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Ober i m  P i le  bcs trah ltcs  Cystln.

6' Durch die Beobachtung, daC bei der Reaktion ®*S [n, y) Î 
zwei y-Quanten in entgegengcsetzten Richtungen abgegeben ? 

V' werden kônnen, die Rückstoüenergie des ^^S-Kemes in einigen 
| ;  Fallen also Null sein kann, wurden B a l l , S o l o m o n  und Coo- j  
» PER̂ ) veranlaût, die Umwandlung des im Cystinschwefel ent- :1 
p. haltenden *'‘S-Isotops durch direkte Bestrahlung des Cystins ^ 
 ̂ m it thcrmischen Neutronen durchzufiihren. Durch Bestrah-1̂  

t lung von Cystin im Oak-Ridge-Pilc crhielten sie ein Produkt.^
I mit einer A ktivitat von 5 jxC. Gegeniiber der envarteten J 

Aktivitat von 7 mC sind dies nur 0.07%. Die Autoren stellten q 
g' von diesemCystin verschicdeneDcrivateher, die allediegleiche i 

molekulare A ktivitat zeigten, und folgerten hieraus, daû der ;
. radioaktive Schwefel des bestrahlten Praparates Cystin- j 

t schwefel sein musse. , . ^
y \  Wir haben Cystin untersucht, das im Pile von H a r w e l l  j
K in England mit gebremsten Neutronen bestrahlt worden war,  ̂
^ und konnten die Befunde von B a l l , S o l o m o n  und C o o p e r ^  
t  nicht reproduzieren.
b Die Aktivierung des Cystinschwefels erfolgte ohne Ruck- ^

sicht auf seine chemische Bindung und in gleicher Weise wie î 
r, die des elementaren Schwefels. DaB die radioaktive Substanz  ̂
i. in dem bestrahlten Praparat das *®S-Isotop ist, lieB sich sicher-^ 

 ̂.stellen, indem der Schwefel quantitativ in BaSO* überführt| 
£ und dessen Aktivitat mit der des eingesetzten Cystins ver-1  
L glichen wurde. Kohlenstoff, Stickstoff, Wasserstoff und 

Sauerstoff wurden hierbei nicht radioaktiv. --i
| .  b a s  mehrmals umgefailte Prâparat wurde in Benzyl-Ü
^ cy ste in  übergeführt, dieses in Cystein gcspalten und letzteres  ̂
p z u m  Cystin oxydiert*). Dadurch sollte das bestrahlte Pra-1 
[ parat von radioaktiven Verunreinigungen befreit werden. Die-^
 ̂ Aktivitatsmessungen zeigten, daB hierbei die radioaktive Sub- ; 
t stanz vom Cystin vollstandig abgetrennt wird. Mehr als 5 5 % 1 
f: des radioaktiven Schwefels konnten aus der Mutterlauge alsq  
k. Sulfat ausgefailt werden. ^
K Die Umwandlung des stabilen Schwefelisotops "S, das im |
1.'natiirlichen Schwefel des Cystins mit 4 ,lS% enthalten ist, ;. 
if in das radioaktive Schwefelisotop nach einem (n, y)-  ̂
bProzeB durch direkte Bestrahlung des Cystins mit gebremsten 

, r Neutronen im Pile gelingt also nicht, ohne daB der gesam te;'4 
• i; an der Kernreaktion beteiligte Schwefel infolge seiner groBen  ̂

f  RiickstoBenergie aus der Cystinmolekel herausgeschleudert .1 
r wird. Inwiefern dabei die Molekel in anderer Weise umge- ij 
t  wandelt wird, ist noch ungeklart. . "5
I Dem Atomic Energy Research Establishment in Harwell-.^
k  (England) und der Medizinischen Forschungsanstalt der Max- 
t Planck-Gescllschaft in Gôttingen dan ken wir fur die U n te r -j  
k stiltzung unserer Arbeit. < . , - j

Aachen, Organisch-Chetnisches Inslitui der Rheinisch-West- % 
)^_fülischen Technischen Hochschule. J j

M a r ia  L i p p  und H e l m u t  W e ig e l . ' 
Eingcgangen am 26. Marz 1952. J

r - *) B a l l ,  G .E .,  A. K. S o lom on  u. O. C oop er: J . B iol. Chem. 4
F177, 81 (1949 ). A
5- *) W ood , J . L ., u. V. du  V ig n ea u d : J , Biol. Chem. 130, 109 1
1(1939). , ■ .  ' 4
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Reprinted from Chemistry and Industry, 1954, p, 132 2 .

P^C]-CELLULOSE FRO M  A C E T O B A C T E R  
A C E T IG E N U M

 ̂ By E. J. Bourne and H. Weigel 
Chemistry Department, The University, Edgbaston, Birmingham, 15

It has been proved recently in two laboratories^’  ̂ that the 
highly-swollen water-insoluble polysaccharide produced by 
growing cultures of Acetobacter acetigenum (T. K. Walker’s strain) 
is a cellulose. We now report studies of the utilization of 
DL-[car6o%y-^^C]-lactic acid by the organism and of the ultimate 
distribution of die labelled atoms in the cellulose structure. 

^_^T he DL-[carèoxy-^^C]-lactic acid was prepared from acetal- 
'"^^hyde and sodium p^C]-cyanide in the presence of an acidic 

-xmberlite resin, which served both to take up the cations and 
to catalyze the hydrolysis of the cyanide group. The crude 
product contained R^C]-formic acid, which was removed as 
hydrogen and [^^C]-carbon dioxide by treatment with a palladium 
catalyst on a barium sulphate carrier, as described by Paal and 
Poethke.^ The DL-[car6oTy-^^C]-lactic acid was isolated as its 

' zinc salt in a yield of 65—70%, based on sodium [^^C]-cyanide. 
The possibility that any significant isotopic exchange had occurred 
during this synthesis was dismissed when it was shown th a t . 
9 8 *6% of the was liberated as p^C]-carbon dioxide, during 
treatment of the DL-R^C]-lactic acid, with sodium metaperiodate.

The organism was grown at 29° for 27  days on a medium 
(500 c.c.) containing N H 4+, K+, Mg++, Ca++, Fe++, Zn++, 
PO4 , SO4 , CO3 , DL-alanine, L-asparagine, d l - valine, 
L-leucine, DL-woleucine, L-glutamic acid, p-aminobenzoic acid, 
nicotinic acid, calcium DL-pantothenate, riboflavin, biotin, and 
D-glucose (concentrations 0 *0004—0 'i% ) , commercial ammo­
nium lactate (4%), and DL-[car6o%y-^^C]-lactic acid (160 pc). 
The pH was maintained at 5*8 by periodic additions of lactic 
acid.

The p^C]-cellulose produced (233 mg.) was purified by wash­
ing well with water, dissolving in cupranimonium solution, 

^ e c ip ita tin g  with acid, and washing again. Paper chromato- 
,/" x p h ic  analysis of a hydrolysate showed only one radioactive 

yOt, having an i?, value identical with that of a glucose reference 
. spot. An aniline hydrogen phthalate spray revealed only the 

same spot. The hydrolysate was -mixed with D-glucose (950 mg.) 
and purified by crystallization, to give R^C]-D-glucose with a 
specific activity of 139*9 pc/mole.

The distribution of the radioactivity in the R'^C]-D-glucose 
was determined by converting each individual carbon position 
into barium carbonate. The method employed was essentially 
that described by Bevington, Bourne and Turton,^ and was 
based on glycol-cleavage of potassium D-gluconate, D-glucose 
phenylosotriazole and 6-0-benzoyl-D-glucose phenylosotriazole. 
The results, shown in Table I, revealed that the carbon

Table I
Distribution of *̂■0 in glucose •

Carbon position Specific activity Percentage
of glucose in /ic/mole carbon distribution

1-6  13 9 *9* 100
1 2*6 2
2 16*6 12
3 50*2 36
4 51-7 37 '
5 ' I5 '4  II
6  1*1  I  .

* . /xC/mole glucose

chain of the glucose was labelled symmetrically. Positions 3 
and 4  were three times as active as positions 2 and 5 ; positions i 
and 6 carried only traces of activity. Such a distribution sug­
gests strongly that the glucose units of the cellulose arise by 
the fusion of two three-carbon fragments. Experiments are in 
progress to provide further evidence on this point, and to 
correlate the pathways of carbohydrate metabolism in this 
organism, and in the starch-synthesizing. Polytomella caecal^ 
which do not involve photosynthesis, with those followed during 
the production of cellulose and starch by plants. '

The authors are indebted to Prof. M. Stacey, F.R.S., and 
Prof. M. Lipp for their interest, to Dr. J. C. Bevington for 
providing facilities for the activity assays, to Dr. T. K. Walker 
for details of the medium used, and to the Kulturministerium des 
Landes Nordrhein-Westfalen for the award of, a scholarship to 
one of them (H. W.). ■

Received December 28, 1953
R eferences
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* Barclay, Bourne, Stacey & Webb, Abstracts X l l ï th  Int. Cong. Pure 

Applied Chem., Stockholm, 1953, 230
* Paal &  Poethke/fifcT . dtsch. chem. G es., 1926, 59, 1511
* Bevington, Bourne & Turton, Chem. & Ind ., 1953,1390
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{ R c p r i i i i c d  f r o m  Nci l i i rc,  Vo l .  183 , p p .  9 8 1 - 9 8 2 , A p r i l  4 , 1959 )

Synthesis of Dextran Sulphate 
labelled with Carbon-14 and Tracer 

Experiments in the Rat
PREVIOUS experiments’-̂  w ith the heparinoid 

anticoagulant, dextran sulphate, in experimental 
animals and man have established th a t between 40 
and 50 per cent of a single intravenous dose of dextran 
sulphate of a  molecular size suitable for clinical use 
was excreted in the urine in 48 hr.

Autoradiogi’aphs of the tissues of animals given 
dextran sulphate of similar molecular characteristics 
labelled with sulphur-35 suggested th a t the portion 
of the dose imaccounted for by urinary excretion was 
broken down within the body but th a t the ^®S-sulphate 
residue was retained in the general body pool of ester 
sulphate since, as with the adm inistration of 
N a 2̂ ®SÜ4 radioactivity was demonstrable in gastric 
mucin, skin and, to a lesser extent, in cartilage 
(Walton, unpublished work). This redistribution of 
the labelled sulphate residue rendered difficult the 
interpretation of the results obtained in terms of the 
distribution of dextran sulphate in the tissues. 
Accordingly, fm ther experiments have been imder- 
taken using dextran sulphate labelled in the dextran 
part w ith carbon-14.

’‘‘C-Dextran was prepared by inoculating an 
aqueous buffered medium containing yeast extract 
and i^C-sucrose (3-76 gm., 3 3 me.) w ith Leuconostoc 
mese7iteroides and incubating the mixtm-e for 3 days 
a t 25° C. ’^C-Dextran and protein were precipitated 
with ethanol. The precipitate was redissolved and 
freed from protein by treatm ent w ith trichloracetic 
acid yielding 1-162 gm. i‘‘C-dextran w ith a specific 
radioactivity of 22-39 me./mole of carbon.

The ’‘‘C-dextran so obtained was partially hydio- 
lysed w ith A/1 sulphuric acid and fractionated by the 
addition of successive increments of acetone. A 
fraction (232 mgm.) of viscosity comparable to  th a t 
used for the preparation of clinical dextran sulphate 

I was selected for sulphation by treatm ent w ith
chlorosulphonic acid in pyridine as previously 
described^.

The ’“C-dextran sulphate (413 mgm.) (found : 
C, 20-40; H, 2-15; S, 16-85. [CgHg.ieOs {SO^'Na.),.sAn 
requires C, 20-59; H, 2-35 ; S, 16-86 per cent) 
had a specific radioactivity of 22-39 me./mole carbon 
or 0-45 gc./mgm. and an anticoagulant activ ity  of



T’a b l ü  1 . L a h e l l b i )  O a k h o n  C o n t e n t s  o f  l l K S P i i t K o  C a u h o n  D i o x i d e  
A N D  OF T I S S U E S  OF l l A T  F O L L O W I N G  [N J E O T I O N  O F 5 MOM. (2*25 f t C . )  

OF “ C - D e x t i i a n  S u l p h a t e  i n  B x p e h i m e n t  l a s t i n g  4 8  i i u .

Source
Weight
(gm.)

Carbon 
content 

(per cent)

Specific
radio­

ac tiv ity
(/uc./mole
carbon)

Total
rad io ­

activ ity
(/<c.)

Concentra­
tion o f 

injected 
radio­

activ ity  
(per cent)

" Cjirboii 
dioxide 
respired 126-G74 6-085 0-13 0-08 3-55

Liver 13-366 18-35 1-19 0-18 8-0
Spleen 0-650 9-15 1-00 0-005 0-22
Lungs 2-810 9-08 0-19 0-004 0-18
Kidneys 2-423 23 -20 1-68 0-08 3-55
Muscle
(sample) 1 -120 9-73 0-17

Total
m uscula­
ture 123-94* 0-17 7-56

Bone
(femur) 0-86 5-62 0-15

Whole
skeleton 14-80* — — 0-01 0-44

Total rad ioactiv ity  accounted lor : 23 *50 per cent of dose.
♦ Average figure derived from published d a ta , ref. 10.

13 iinits/ingm. ]̂ *apei* chromatography revealed 
results similar to those obtained with the dextran 
sulphate jirevioiisly employed^.

A male albino rat weighing 273 gm. was injected 
intravenously via the tail-vein with a solution of ^̂ C- 
dextran sulphate (5 mgm., that is, 2*25 gc. and dose, 
equivalent to 18-3 mgm./kgm./body-weight) in 
saline and plaôed immediately in a closed-circuit 
apparatus^, allowing collection of the respired air. 
'̂ rtie rat was maintained thus for 48 hr., being allowed 
access to food and water ad libitum. The expired 
carbon dioxide was collected in 3 iV sodium hydroxide 
and converted into barium carbonate. Aliquots 
were used for the determination of specific radio­
activity.

At the end of the experimental period the animal 
was killed by a blow on the head, various organs 
were removed, weighed and portions homogenized 
by grinding under liquid air. Other portions were 
submitted to histological examination which confirmed 
that the injected material, like previously tested 
examples of dextran sulphate for clinical use®, was 
not segi'egated in reticulo endothelial cells.

Dextran and dextran sulphate were burned 
in a stream of oxygen free of carbon dioxide, and 
aliquot parts of the homogenized tissues were treated 
with boiling chromic acid combustion fluids The 
carbon dioxide produced in each case was converted 
into barium carbonate and the radioactivity determ­
ined by the infinitely thick disk m ethod’-® using



an end-window counter and a sample of poly-(^^C- 
methyl) methacrylate supplied by the Radiochemical 
Centre, Amersham, as a standard source for barium 
^^C-carbonate. The results tabulated are corrected 
for background and paralysis time of the counting 
equipment.

Excretion of carbon dioxide labelled with carbon- 
14 in the expired ah indicated complete oxidation 
of a portion of the administered '̂’C-dextran sulphate. 
The rate at which this occuned appeared to be 
somewhat slower than the rate of excretion of 
labelled carbon dioxide from ^^C-dextran in rats since 
3-55 per cent of the injected dose of ^^C-dextran 
sulphate was accounted for after 48 hr. in the present 
experiment as compared with 8-10 per cent of 
^'•C-dextran” in the same period. The radioactivity 
of the expired air together with that found in the 
organs examined accounted for 23-50 per cent of the 
dose administered. Assuming minary excretion of a 
further 40-50 per cent in the first 48 hr. as previously 
foundU2 about 30 per cent remained unaccounted 
for and presumably was distributed in the body 
fluids and tissues not sampled.

The distribution of radioactivity in the tissues 
suggested that the major sites of retention (and 

■ therefore possibly of metabolism) of the material 
were in the liver and in muscle (8 per cent each), as 
has also been found for ^^C-dextran^h High retention 
in the liver has previously been foimd for other 
labelled polysaccharide sulphates (namely, 7-2 per 
cent for cellulose ®®S-sulphate^® and 9-0 per cent for 
one preparation of low molecular weight xylan 
®®S-sulphate^®). > The significance of the relatively 
high radioactivity foimd in the kidneys in the present 
experiment (3-55 per cent) is less clear since this might 

. be accounted for partly by this organ being the one 
chiefly concerned in the excretion of dextran sulphate^ 
and therefore probably containing ^^C-dextran sul­
phate in process of excretion in the mine.

The sample of dextran sulphate used for the 
experiments described undei'v ent decomposition 
before further biological experiments could be carried 
out. It seems likely that decomposition was initiated 
by self-irradiation and continued autocatalytically 
imder acidic conditions. Details of this work will 
be published elsewhere.

We thanlv Profs. M. Stacey and J. R. Squire for 
their interest and for providing facilities. We are 
indebted to Prof. E. J. Bourne and Dr. C. R. 
Ricketts for helpful discussions throughout the 
work, and to Dr. W. F. R. Pover for advice and the 
loan of the closed-circuit apparatus used. We also



acknowledge gratefully generous linancial assistance 
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H. W e i g e l

Department of Chemistry,
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K. W a l t o n  

Department of Experimental Pathology,
University of Birmingham.
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{Repr imed from Nature,  Vol.  188, N o .  4748, pp.  384-387, 
October  29, I960)

SELF-DECOM POSITION O F  
C O M P O U N D S  LABELLED W IT H  

RADIOACTIVE ISOTOPES
By D r .  R. J. BAYLY

The Radiochemical Centre, Amersham  
A N D  -

D r .  H. WEIGEL
Chemistry Departm ent, Royal Holloway College, 
University of London, Englefield Green, Surrey

rT is ({Liite evident that before an isotopically 
labelleil compound can be profitably used its pmdty 
must be known. This will normally be determined 

following the preparation of the material and, if it is 
purchased, the information will be provided by the 
commercial supplier. However, if the material is not 
used at once, it may undergo significant decomposition 
imder the influence of its own radiation, and there are 
some aspects of this problem of which we feel users of 
tracer compounds are insufficiently aware. I t is true 
there is a substantial literature on radiation chemistry 
generally, but most of it is concerned with irradiation 
of solutions rather than of pure organic substances, 
while the actual phenomenon of radiation self-decom­
position has been dealt with in relatively few papers^'^. 
The object of this article is to analyse the problem 
with particular reference to carbohydrates and to 
present some further quantitative information.

It is important to distinguish in what follows be­
tween a chemical and a radiochemical impurity, and 
to be clear what is meant by the latter. VVe define a 
radiochemical impurity as being any radioactive 
species other than the declared isotope in the stated 
position(s) of the given comi^ound. In passing, we may 
note that it commonly happens that a small quantity 
of radiochemical impurity can be critical whereas a 
comparable amount of inactive impurity is unim­
portant.

Types o f  Sel f-decomposit ion
The decomposition of a compound labelled with a 

radioactive isotope can be due to one or more of four 
effects :

(i) Primary (internal) radiation effect, that is, the 
decomposition or transformation of a molecule caused



by the disintegration of one of its unstable atomic 
nuclei. This atom, transformed into another element, 
might or might not bo eliminated from the molecule. 
However, in either case, providing the daughter nuclei 
are stable, this will only give rise to a radiochemical 
impurity il* the molecule contains a further radio­
active atom.

(ii) Primary (external) radiation effect, that is, the 
decomposition or transformation of a molecule by 
interaction with a nuclear particle. I f  the molecule 
is a labelled one, this will contiibute to the radio­
chemical im] unity.

(iii) Secondary radiation effect, that is, the decom­
position or transformation of a molecule of the labelled 
compound due to its reaction with reactive species, for 
(u\ani])le, free radicals, jiroduced as a lesult of primary 
r adiation decom])osition. The reactive species may not, 
nec(issarily be produced from the labelled coni])ound 
but from its environment, for exam]de, residual water 
in freeze-dried sanqdes.

(iv) Chemical effect, that is, the deconqiosition or 
transformation of the radioactive material caused by 
chemical reactions which are not connected with 
radiation. Clearly, this is a hazard faced by any 
chemical compound, but it may be more probable in 
the case of a labelled one for several reasons. First, in 
an effort to obtain a good yield of material of high 
specific radioactivity, the highest chemical purity is 
not always achieved, and it is often difficult or 
oxjiensivo to determine this purity. The inqnirities 
may then react with the conqiound. Further, the 
small amount—possibly only a few rniciograms —of 
radioactive material which is commonly synthesized 
or distributed by supjdiers may suffer chemical 
decomposition in unexpected ways which would not 
normally be observed with larger quantities. It could 
be due, for example, to the atmos])here above a solid, 
or' non-inertness of the container-.

Magnitude o f  the  Radiation Effects

The magnitude of the primary (internal) effect can 
be calculated in any particular case from the available 
data. Commonly it is a greater practical concern to 
know the amoirnt of radiochemical impurity produced, 
and this can be calculated if the pattern of labelling 
is known. An example of this is given in the subse- 
(jlient section on macromoleculos.

One of the factors influencing the amount of decom­
position due to primary (external) and secondary 
effects is the fraction of its own radiation energy 
absorbed by the labelled material. For a pure -emitter



distributed over a relatively large area in a layer of 
even thickness I (cm.) this fraction, F, is given by :

where p  is the density (mgm. cm. -‘h and r is the mean 
range of the particles, expressed in m g m . c m . ~ 2  units. 
Fn this it is assumed that r -< pi and that all particles 
have the energy corresponding to their mean energy. 
A more exact value may be obtained for definite 
values of ^ and I using a known beta-spectrurn, but 
the error is generally small. No allowance is made for 
back-scatter from the container or for edge effects, 
though for a given area these latter will, of course, be 
of increasing significance with increasing energy of 
the jS-particle. The calculation involves determination 
of the average range of a /3-particle by a double inte­
gration, the first for the solid angle around a point in 
a layer of the material, and the second for the contri­
bution of all layers throughout the thickness of the 
solid.

The magnitude of decomposition (per cent) due 
to the primary (external) radiation effect is 
(1 — exp(— FcciSob- 614  X 1 0 1 0 0 ,  where F is  tFie 
fraction of its own radiation energy absorbed by the 
compound, e is the mean energy of the radiation in 
electron-volts, a is the number of molecules irrever­
sibly damaged per 100 eV., ,9o is the initial s]3ecific 
radioactivity of the compound in curies/mole, and t is 
the" time in seconds. For compounds labelled with 
relatively short-lived isotopes, the term t in this 
expression should, of course, be replaced by 
1/À {1 — exp(— U) }, where A is the radioactive decay 
constant.

Remedial  Measures

It is clearly desirable to reduce the magnitude of 
decomposition of labelled compounds to a minimum. 
Setting aside the decomposition due to the primary 
(internal) radiation effect as being beyond control, we 
can consider the possible remedies for the other tliree 
types of decomposition.

Considering decomposition due to the chemical 
effect first, it is evident that the highest possible degree 
of freedom from harmful impurities is desirable, con­
sistent with the requirements for specific radioactivity. 
Storage under \^acuum is a common and useful pre­
caution. Attention should also be paid to the inertness 
of the storage vessels, particularly for liquids or freeze- 
dried syrups. In our experience the allialinity of 
normally washed ‘Pyrex’ glass is detrimental to the

3



stability of carbon-14 carbobydralsyiM ips. Storage 
at as low a tcniiporaturo as possible can also liolp by 
reducing the I'ato of otherwise unavoidable chemical 
I’oactions.

The two fundamental methods foi* reducing the 
magnitude of primary (external) radiation decompo­
sition are dis])oi’sion over a large area and dilution.

As already pointed out, the fraction of its own 
radiation energy absorbed by a radioactive com])ound 
distributed over a ] elati\ ely large area is de]iendent on 
the thickness and density of the layer. Thus, the 
])rinciplo of such dispersion is to ensure that the 
nuclear jiarticle escapes from the body of the radio­
active material with the minimum interaction on the 
way. This method has been widely utilized in storage 
of labelled compounds—]iarticularly for small quan­
tities at high s])ecitic radioactivities— but frequently 
the niatei'ial may need to be distributed over an area 
too large to be practical in order to reduce the self- 
inadiation to a satisfactory level.

I ’he object of dilution is to inter])Ose inactive mole­
cules in the ])ath of the radiation. This can bo achieved 
either b) adding the inactive form of the coni])ound 
itself or by introducing other substances. Tlie former 
avoids the necessity of subsequent isolation of the 
radioactive compound, but as it involves a drop in 
specific radioactivity it is not always acceptable.

It is not jiossible to suggest a universal method 
which will ])revent the decomposition due to secondary 
radial ion effects. However, it is evident that either 
dispei'sion over an area or dilution with the substance 
itself will reduce this type of decomposition, but the 
effect of dilution with a foreign sul)stance will depend 
on the nature of that substance. On the credit side it 
will absorb radiation which might produce radioactive 
impurities, and in certain cases it may terminate chain 
reactions which would otherwise I’esult in substantial 
decomposition following the radiolysis of a few radio­
active molecules"''^. ( Vmversoly, if unwisely chosen, it 
may ])roduce, by interaction with the radiation, 
reactive species which will interact with the labelled 
compound, and so do more harm than good. It is 
important to appreciate how wide is the range of 
susceptibilities to radiation for different compounds'*. 
Storage of radioactive materials at low temperatures 
will usually reduce tliQ decomposition due to secondary 
radiation effects, but will not, in general, completely 
prevent it. A high standard of chemical purity, 
already stressed for another reason, may also reduce 
this decomposition, since, although the impurity 
may not be harmful in itself, the products of its 
interaction with the nuclear particles may be. An

4



example of such an impui’ity is water in tiie case of 
carbohydrates.

Observat ions  on Carbon-14  Carbohydrates
'The stabilities of samples of uniformily labelled

-sucrose and glucose with relatively high
specific radioactivities are shown in Table 1. The 
com%)ounds were prepared by photosynthesis, purified 
by ion-exchange and paper chromatography and 
finally crystallized. No radiochemical impurity was 
detected in either case by reverse isotope dilution 
analysis, and their chromatographic radiochemical 
purities were both found to be 99-9 per cent. After 
being dispensed from aqueous solutions, sam]iles were 
stored in the freeze-dried form or uniformly distributed 
on Whatman No. 3 paper. In either ease they were 
eontained in ‘Pyrex’ tiilDes which had been filled with 
water and autoelaved for 2 hr. at 15 Ib./sq. in. to 
remove surface alkalinity. The tubes of those samples 
which Avere stored in vaouo were evacuated to a 
pressure of 0 01 mm. mercury for several hours before 
being sealed in order to reduce the moisture content 
to a minimum.

The radiochemical impurities produced diming 
storage were determined by scamiing of paper chrom­
atograms. Spots with R f values corresponding to 
those of glucose and fructose were the principal 
impurities in the case of sucrose.

Many other experiments covering a wide range of 
specific radioactivities have shown that, under given 
storage conditions, the amoimt of decomposition is 
proportional to the specific radioactivity, provided 
that the substance is not allowed to decompose too far.

A comparison of tubes 7-10 suggests that, in at 
least the fii’st three of these, secondary radiation 
effects take a major role in the decomposition. This is 
perhaps not surprising, since freeze-dried glucose will 
retain non-bonded water as ‘impurity’. Sucrose, on 
the other hand, can with efficient freeze-drying tech­
niques be obtained anhydrous, and the small difference 
in magnitude of decomposition between tubes 1 and 2 
suggests that m these cases decomposition is to a great 
extent due to prhnary radiation effects. This view is 
supported by the relatively high calculated value for 
the apparent energy required to disrupt one molecule 
(24 eV. for tube 2). By the same criterion the most 
stable freeze-dried glucose sample (tube 10) is probably 
still greatly susceptible to decomposition due to 
secondary radiation effects.

It is clear from the high Q(-M) values for tubes 3-6, 
11, 12, that such decomposition as does occui* when 
radioactive sugars are distributed on paper is due to
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secondary radiation effects, probably as a result of the 
moisture content of the paper. However, under 
optimum conditions, the overall magnitude of decom- 
jiosition is markedly reduced by storage under such 
conditions and so, since it is easy to recover the sugar 
(juantitatively, this method is now used to facilitate 
the sup])ly of carbohydrates with high specific radio­
activities from the Radiochemical Centre.

An example of the varied decomposition by 
secondary radiation effects was recently observed by 
us. [*'*C]-dextran sulphate containing c. 20 glucose 
units per molecule was prepared by sulphation of an 
appropriate [*̂ *0]-dextran hydrolysate. It had the 
relatively low specific radioactivity of 22 *4 me. per gm. 
atom of carbon (c. 3 mc./m.mole dextran sulphate). 
It was stored in the freeze-dried form, but when 
inspected after three weeks it was charred and became 
a total loss, whereas inactive dextran sulphate did not 
decompose during storage for several months. The 
decomposition of the labelled dextran sulphate was 
presumably due to a secondary radiation effect arising 
from the ]3rior liberation of sulphuric acid. The 
sulphuric acid, being fortified rather than diluted in 
the pi’ocess, destroyed the rest of the material.

Macromolecules
We quoted earlier an expression for the magnitude 

of the primary (external) effect which includes a term 
for specific radioactivity, so, ex])ressed in cmles per 
mole. While it is, of coui’se, true for all compoimds, 
it is particularly important when dealing with macro- 
molecules to ajipreciate that this term needs to be 
expressed on a molar, and not on a unit weight, basis. 
To illustrate this we may consider the case of some 
glucose, maltose and amylose (containing n  glucose 
units), all prepared from -carbon dioxide of the 
same specific radioactivity, and stored under identical 
conditions, so that the irradiation per unit mass is the 
same in each case. It is clear that for each destructive 
interaction between a /3-particle and a carbohydrate 
molecule the impurity jiroduced vdll contain x, 2x, 
and 7ix atoms of carbon-14 respectively in the three 
cases. Nevertheless, if we hydrolyse such partially 
decomposed samples, the resultant glucose will have 
the same purity in each case, neglecting any effects 
due to other causes.

How secondary effects will vary with increasing 
chain-length will depend on what the result of the 
particular effect is. In some cases the above principle 
will hold, whereas in others—such as attack on 
reducing end-groups—it will not.

It̂  is sometimes necessary to consider the contribu­
tion of the primary (internal) effect to the production



of radioohüinical impurity from a labelled maoro- 
molecule. This will depend, of course, on the pattern 
of labelling. Î 'or example, in a polysaccharide pre­
pared dii*(Hdiy from | •*0]-carbon dioxide, so that the 
labelling is statistically uniform throughout all its 
molecules, the number of radioactive atoms in the 
form of an impurity initially ]) rod need per nucleus 
disintegrating is the multi])le of its isotopic abundance 
ex]jressed as a fraction and [n — 1), where n is the 
numbei' of atoms of the given element in the molecule. 
Production of radiochemical inqiurity duo to this 
cause, will, of course, fall exponentially with time, as 
nuclei in the resultant impurity themselves rfisinte- 
grate; but it is important to appreciate that a similar 
compound, jaepared from |'' *C]-carbon dioxide at 
twice the specilie radioactivity, and then diluted with 
an equal weight of inactive carrier, will produce a 
different amount of radiochemical imjairity as a result 
of the primary (internal) effect, even though its pattern 
and degree of labelling appears superficially to be 
identical with the compound first mentioned.

Tho amount of radiochemical impurity arising as a 
result of this effect can be surprisingly large with 
macromolecules, even when the isotope has a long 
half-life. For example, a glucose ]3olymer containing 
1,000 glucose units, and prepared from [*'*C]-carbon 
dioxide having the same isotopic abundance as that 
used to prei^are the sucrose quoted in Table 1, would 
give rise to 0*28 per cent of radiochemical impurity 
in one week as a result of this effect.

Conclusion

W e-have not attempted to give a comprehensive 
review of this subject. We have rather aimed at 
illustrating certain %)rinci])les and have endeavoured 
to show that material of very high specific radio­
activities can be used, and even stored, under certain 
conditions, but that a constant awareness of the 
})henomeiion is called for on the jjart of all users of 
compounds labelled with radioactive isotopes.

We are indebted to Prof. K. J. Bourne, Dr. J. K. 
Catch, and Dr. J. S. Clover for helpful discussions.
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P rep rin ted  from  the Jou rn al of th e C hem ical S ociety , 
D ecem b er, 1960, (993), p a g es  5153— 5159.

993 .  tSelJ-decomposition of [^^C]Glucose. 
b y  E . J. B o u r n e ,  D . H . H u t s o n ,  an d  H . W e ig e l .

D-[i‘C]01ucoso undergoes appreciable self-decomposition when stored 
in vacuo as a freeze-dried sample. Some of the products have been identified 
by chromatography, electrophoresis, and carrier-dilution analysis. A 
comparison of these products w ith the products of the oxidation of D-glucose 
with Fenton’s reagent suggests a similarity of the two reactions, and the 
participation of hydroxyl radicals in the self-decomposition.

In  the application of [*^C]-traccr techniques to chemical or biochemical reactions, it is 
normally important tliat the [*^C]-compounds employed should be chemically pure, and 
it is freciuently assumed that such compounds are virtually stable during storage before 
their use. In 1953, Tolbert et a l}  and Lemmon  ̂ reported that considerable radiation 
decomposition had occurred to [*^C]-labelled amino-acids, amino-alcohols, purine 
derivatives, calcium glycollate, cholesterol, thyroxine, and succinic acid during storage. 
The products of self-decomposition of [*^C]methanol were examined by Scraba et a l.}  who 
identified some of them as methane, hydrogen, ethylene glycol, glycerol, and erythritol. 
Wagner and Guinn  ̂ have studied the self-decomposition of [*^C]methyl iodide. From 
the magnitudes of the decompositions of these compounds it appears that various groups 
of [**C]-labelled compounds are differently affected by radiation self-decomposition.

Bayly and Weigel  ̂ reported the self-decomposition of [*^C]carbohydrates, stored 
under various conditions, and noted that this decomposition could be due to one or more 
of four effects, i.e., primary (internal) radiation, primary (external) radiation, secondary 
radiation effect, and chemical decomposition. They concluded that the self-decom­
position of [**C]sucrose when stored as a freeze-dried sample in  vacuo at room temperature 
was due mainly to the primary (external) radiation effect, and that the secondary radiation 
effect was prevalent in the decomposition of d-[*^C]glucose stored under the same conditions. 
A further illustration of the importance of chemical structure in determining the sus­
ceptibility of a -compound to self-decomposition is the rapid destruction of [*̂ C]- 
dextran sulphate {ca. 100% in 3 weeks) which was attributed to a secondary radiation 
effect involving the liberation of sulphuric acid.

The products of self-decomposition are of interest as their presence can lead to erroneous 
interpretations of tracer experiments, and a knowledge of their nature can give a guidance 
to the purification of labelled compounds before use. We now report the analysis of the 
products of self-decomposition of freeze-dried d-[*^C]glucose and evidence regarding the 
reaction mechanism involved.

A sample of D-[*^C]glucose [ca. 6 mg., generally labelled), with a specific radioactivity 
of ca. 14-44 me per mmole, which had been purified by paper chromatography and 
crystallisation, was stored in the freeze-dried state in a vacumu-sealed tube in the dark. 
Analysis after 26 months revealed that appreciable decomposition had occurred. Radio­
chromatograms with a butanol solvent showed the presence of at least 11 new components 
(Table 2) and the disappearance of 14-5% of the glucose. The Rgi„cose values of the 
products suggested that acids and neutral compounds with the same or a smaller number 
of carbon atoms than glucose had been produced, together with polymeric material. 
These included compounds such as gluconic, ketogluconic, arabonic, and smaller acids, 
and arabinose, erythrose, and glycerose.

Electrophoresis of the self-decomposition product in phosphate buffer (pH 7-2) revealed 
the presence of a large quantity of acidic compounds (8-2%). Although at least three 
fractions, in addition to neutral compounds, could be distinguished, considerable streaking 
prevented their quantitative estimation. Similarly, electrophoresis in borate buffer ® did



not yield siiilicicnt separation lor the Iractions to i)e determined (p ianlilatively , although  
at least 9 com ponents were evident.

A high resolution of the products was achie\ ed liy two-dimensional paper chrom ato- 
graphy-paper electrophoresis, which revealed the presence of 37 com ponents (Fig. and 
Table 3). The fractions were numbered according to their Agi„oosc values as shown in 
Table 2; the letters refer to their sc(;uence in electrophoresis. Fractions 5-C, 7-B, 9-B, 
and 12-A had A\,uh,osc and ilfgi„cose values identical with those of glucose (86-4% ), arabinose 
(0'44%), erythrose (0-59%), and glycerose (0-12%). Other fractions corresponded to 
aldohexonic acids, aldopentonic acids, their keto-dcrivativcs, and the lactones of these 
acids.

In order to make a more accurate determination of some of the products of the self- 
decom position, the m ixture was analysed for specific conqiounds by the carrier-dilution  
technique. W ith those com pounds which establish equilibria in aipieous solution, such 
as a- and (3-sugars, acids and lactones, it was necessary to allow sufficient time for the 
carrier to equilibrate w ith  the P'^CJ-product of the self-decomposition (cf. 2-keto-D-gluconic 
acid results). N eglect of this step could have given a determination of only one of the 
com ponents of the equilibrium. The results arc shown in Table I. It will be seen that

T a ble  1. P roducts  o f  se lf-deconiposition  o f  D-[^^C]glucosc and  o x ida tion  o f  \o-glncose

Yield (%) on 
self-decompn. 

for 20

by F en to n  s
Yield (%) on 

oxidn. by 
h'enton's

reagent.
Yield (%) on 
self-decompn. 

for 20

Yield (%) o 
oxidn. by 
Fenton’s

Compound months reagent Compound months reagent
D-Cdiicose .............. 79-95 40-12 n-GIucurone ....... < 0-10
D-Arabinose .......... 0-48 0-49 D-Arabonic acid 0-07 1-11
D-Erythroso .......... * Oxalic acid ........ <0-0005 1 -02
Glycerose .............. * n-Glucosone ....... . 12-0 *
D-Gluconic acid ......
2-Keto-D-glucoiiic 

acid .......................

9 02 

O-.’IS

11-08 

2 32

Formaldehyde ... 
Carbon dioxide

0-02
0-49

* Id en tified  b y  ch ro m a to g ra p h y , f  T o ta l o so n cs  c a lc u la ted  a s o -g lu co so n c .

these measurements indicated that the [*^CJglucose sample had decom posed to the extent 
of 20% in 26 m onths, giving in te r  a lia  D-arabinose (0-43%), D-gluconic acid (0-62%), and  
2-keto-D-gluconic acid (0-38%). N o attem pt was made to determine all the m any  
products because the pattern was already evident and because of the small am ount (6 mg.) 
of the stored parent com pound at our disposal.

The G( — M )  values of freeze-dried samples of sucrose and D-p^C]glucose, when 
stored in vacuum -sealed tubes at room temperature, have been found to be 4 and 53 
respectively.®

Sucrose can, with efficient freeze-drying techniques, be obtained anhydrous. A freeze- 
dried sample of D-glucose, prepared in the same w ay as the radioactive sample, was shown, 
b y  the presence of a broad absorption band at 1640 cm."* in its infrared spectrum, to  
contain an appreciable quantity of non-bonded water. It is therefore reasonable to  
assume that the freeze-dried D-p^C]glucose sample also contained non-bonded water. 
The interaction of the (3-particles from with the water could thus produce hydroxyl 
radicals, which on reaction with D-p^C]glucose would enhance the degree of decom position.

To test the va lid ity  of this theory a comparison was made with the oxidation of 
D-glucose w ith F enton’s reagent,’ which is known ® to generate hydroxyl radicals in 
solution, according to the process +  F V ^ — >■ Fe® ' - f  0 H “ - f  OH*. A m ixture
of the products formed by F enton’s reagent and by self-decom position was analysed by  
paper chromatography. A radiochromatogram showed seven com ponents, six of which  
had AgUicose values identical w ith six of the eight coloured spots which appeared when the 
chromatogram was sprayed w ith alkaline silver nitrate ® and which arose from the chemical 
oxidation (Table 4).



A q u a n ti ta t iv e  d e te rm in a tio n  of som e of th e  p ro d u c ts  from  th e  chem ical o x id a tio n  w as 
m ade b y  tre a tin g  freshly  purified  D-[*^C]glucose w ith  F e n to n ’s reag en t (1-014 m ol. of 
jieroxide) an d  ap p ly in g  c a rrie r-d ilu tio n  tech n iq u es  for n-glucose, D -arabinose, D-gluconic 
acid , 2-keto-D -gluconic acid , D -glucurone, D -arabonic acid , a n d  oxalic  acid . D-Gluco- 
sone ,’’*® form aldehyde,** a n d  carbon  d iox ide  w ere also d e te rm in ed . T he  re su lts  a re  
show n in T ab le  1. T he p ro d u c tio n  of D -glucosone w as confirm ed w hen p a p e r  c h ro m a to ­
g ra p h y  in p h e n o l-w a te r  ( 4 : 1 ;  to  g ive a c lear sep a ra tio n  from  glucose) rev ea led  a  com ­
p o n en t w ith  R y  0-25, id en tica l w ith  th a t  p rev io u sly  r e p o r t e d . A  rad io ch ro m a to g ram  
of th e  p ro d u c ts  of th e  self-decom position  of D-[*^C]glucose d id  n o t reveal D-glucosone.

Immobile components were present on paper chromatograms of the products from both  
the self-irradiation and the chemical oxidation of D-glucose. That from the former was 
treated with sulphuric acid and then with barium carbonate, but no radioactivity was 
found in the filtrate. It is suggested that this material was a non-glycosidic acidic polymer, 
which was either precipitated by the sulphuric acid or formed an insoluble barium salt; 
this is supported by its streaking towards the anode during electrophoresis. It is possible 
that it arose by synthesis of carbon-carbon bonds from radicals, since it is known ® that 
[*^C]methanol gives ethylene glycol, glycerol, and erythritol. The immobile product from 
the chemical oxidation of D-glucose was precipitated from aqueous solution by acetone 
and contained 17-9% of iron. It may have been similar to an iron complex found by  
Kiichlin,*® and was not necessarily related to the material formed by self-irradiation.

Clearly, there is a marked similarity between the products arising from self-decom­
position of D-[*‘*C]glucose and those formed when glucose is oxidised by Fenton’s reagent. 
The only significant difference was the absence of D-glucosone from the products of 
irradiation. This may have been due to the fact that the irradiation decomposition  
proceeded in the absence of air, whereas no precautions were taken to exclude air during 
the chemical oxidation. Moreover, glucosone is a very reactive compound and may well 
have undergone considerable chemical change during the long storage period, but not 
during the rapid chemical oxidation.

The similarity between the products of the chemical and radiation-induced reactions 
suggests that they arise by similar routes, presumably involving the participation of 
hydroxyl radicals. Abstraction of hydrogen by these radicals would yield polymers, 
keto-groups, and carboxyl groups, thus producing gluconic acid and keto-gluconic acids. 
In conjunction with C-C bond fission, lower aldoses and their acids and keto-derivatives 
would result. This is also supported by the work of Phillips et al F  and Grant et al. F  
who studied the action of ionising radiation on aqueous solutions of D-glucose in the 
presence of oxygen and in  vacuo, respectively. The similarity between some of their 
products and those produced by self-decomposition suggests a similarity of the reaction 
mechanisms.

E x p e r im e n t a l

M aterial.— D-[i‘‘C]Glucose, generally labelled, was ob tained  from  th e  R adiochem ical Centre, 
Am ersham . I t  had  been prepared  by  photosynthesis and  had  been purified by  chrom atography 
and crystallisation, a fte r w hich no im purities could be detected .

Determination o f Radioactivity.— R adioactiv ity  was determ ined a fte r conversion of the  
com pound in to  carbon dioxide, and thence in to  barium  c a r b o n a t e . T h e  am ount used was 
sufficient to  give a th ickness grea ter th a n  20 mg. per cm .2. The (3-emission was m easured by  
using a  G eiger-M iiller end-window tu b e  w ith  an EK CO  scaler (type N 529A) and  for tim es 
sufficient to  give a  s tan d ard  erro r of b e tte r  th a n  ± 2 % , except for sam ples of specific rad io­
ac tiv ity  lower th an  1-G pc per g .-atom  of carbon. All figures quoted  are corrected for back­
ground and paralysis tim e. A sam ple of p o ly ([*^0]m ethyl m ethacry late), supplied by  the 
Radiochem ical Centre, A m ersham , was used as a  s tan d ard  source of barium  [i‘*C]carbonate.

Chromatography.— (i) Solvents. The solvents used in paper ch rom atography w ere: (a)
b u tan o l-e th an o l-w ate r ( 4 : 1 : 5 )  (organic phase) ; {h) ace tone-w ater (4 : 1) ; (c) pheno l-w ater 
(4: 1).

(ii) Radiochromatograms. R adiochrom atogram s were ob tained  b y  exposure of th e  paper



ch rom atog ram s to  Ilfo rd  % -ray  films (In d u stria l G) for an  ap p ro p ria te  leng th  of tim e, or by  
scanning  th e  p a p e r ch rom atog ram s w ith  a G eiger-M iiller end-w indow  coun ter.

Chromatography and Electrophoresis o f Self-decomposition Products Jrom \:>-}‘̂ C]Glucose.—  
D-[**C]Glucose (481 pc contained in ca. G mg. ; spec, radioactivity ca. 2400 m e per g.-atom  of 
carbon) was stored in the freeze-dried state in a vacuum -sealed tube in the dark for 20 months. 
A radiochromatogram in solvent {a) revealed the presence of 11 com ponents in addition to 
glucose, as shown in Table 2. Fractions No. 2, 3, 5, 0, 8, 9, and 11 had Aj,i,„<nsL> values similar 
to those of reference samples of D-gluconic acid and 2-keto-D-gluconic acid, D-arabonic acid, 
D-glucose and D-glucosone, D-arabinose, D-gluconolactone, D-arabonolactone and D-erythrose, 
and glycerose, respectively.

T a b l e  2. R adiochrom atograni o f  stored fo r  20 m onths.
Fraction no  1 2 3 4A 4B* 5 (5 7 8 !) 10 II 12 13 f
Rgiueoso .....................................  0 0 1 0 2 0 3 1 0 1 3 1 5 2 1 2 0 2 0 3 1 3 5
Radioactivity (% of total) 2 0 2 0 1-0 12 11 85-5 1-4 1-3 0-7 1-0 0-3 0-2 0-1 0-1

* Trail between fractions 4.A and 5. f Trail between fraction 12 and bottom  of chromatogram.

E lectrophoresis (15 v  p e r cm.) of th e  self-decom position  p ro d u c t in 0-2M -phosphate buffer 
(pH  7-2) an d  estim a tio n  of th e  d is tr ib u tio n  of th e  rad io a c tiv ity  show ed th a t  8-2% of th e  m a te ria l 
m oved  tow ards th e  an o d e  an d  w as th u s  acidic. In  ad d itio n  to  th e  n e u tra l m ateria l (91-8% ), 
th ree  frac tions hav in g  Mgiuconic add values of 1-00, 1-13, an d  2-43 could be d istingu ished , b u t th e  
considerab le streak in g  d id  n o t allow th e ir  in d ep en d en t q u a n tita tiv e  d e te rm in a tio n .

P a p e r e lectrophoresis in 0-2M -borate buffer ® (pH  10), w ith  subseq u en t exposure to  A '-ray 
film, revealed  nine com ponen ts w ith  M q. values of 0-12, 0-25, 0-37, 0-00, 0-70, 0-80, 1-00, 1-15, 
an d  1-87. S treak in g  p rev en ted  th e ir  q u a n tita tiv e  d e te rm in a tio n .

T w o-dim ensional p a p e r ch ro m ato g rap h y  [solvent (rt)]-paper e lectrophoresis (0-2M -borate 
buffer, p H  10), w ith  su b seq u en t exposure to  A '-ray film and  d e te rm in a tio n  of th e  d is tr ib u tio n  
of th e  ra d io a c tiv ity , revealed  th e  presence of 37 com ponen ts (Fig. an d  T ab le  3).

T a b l e  3. Self-decom position  products fr o m  D-[*^C]g/7/fose after 2 0  m onths storage.
Trailing

Fraction ................ 1-A 1-B 2,3-A 2,3-B 2,3-C 2,3-D 2,3-E of 4-A 4-A
R adioactiv ity*  ... 0-04 0-11 2-14 1-40 0-07 0-04 0-02 0-44 0-80
Fraction ................ 4-B 4-C 5-A 5-B 5-C 5-D 0-A 0-B 7-A 7-B
Radioactivity * ... 0-01 0-03 0-30 0-30 80-4 0-03 0-00 0-47 0-00 0-44
Fraction ................ 7-C 7-D 8-A 8-B 8-C 8-1) 8-E 0-A 0-B O-C
R atioactivity * ... 3-10 0-04 0-04 0-00 0-32 0-70 0-08 0-11 0-50 0-25
Fraction ................ 0-D 10-A 11-A 11-B ll-C  11-D 12-A 12-B 12-C
Radioactivity * ... 0-11 0-00 0-05 0-05 0-15 0-04 0-12 0-08 0-02

* I.e., radioactivity as % of total.

F rac tio n s  2,3-A, 2,3-B , 4-A, 5-C, 7-B, 8 -D, 9-B, 9-D, an d  12-A h ad  Agincose a,nd Mgi„(,ose 
values sim ilar to  those  of aldohexonic  acids an d  th e ir  ke to -d eriv a tiv es , a ldopen ton ic  acids 
an d  th e ir  ke to -d eriv a tiv es , D -glucuronic acid , D-glucose, D-arabinose, lac tones of frac tio n  2,3-A) 
D -erythrose, D -arabonolactone, an d  D-glycerose, respectively .

P a p e r ch ro m ato g rap h y  of frac tio n  5 (Table 2) in  so lven t (c) revealed  on ly  one com ponen t 
w ith  jRp value iden tica l w ith  th a t  of D-glucose. D-Glucosone w as th u s  n o t p resen t.

Carrier-dilution A n a lys is  o f  Self-decomposition Products fro m  -D-[^^C]Glucose.— (i) a-D-Giucose 
(3-998 g.) w as d issolved in an  a liq u o t p a r t  of a  so lu tion  of th e  self-decom position  p ro d u c t 
(20-83 pc) in  w a te r  (15 m l.). T he p H  of th e  so lu tion  w as a d ju s te d  w ith  am m onia  so lu tion  to  
7-5. T he so lu tion  w as s to red  u n til  th e  op tica l ro ta tio n  h ad  reached  equ ilib rium  value, and 
th e n  freeze-dried. T he solid  w as crysta llised  b y  dissolving i t  in boiling  90%  m ethano l (15 ml.) 
an d  add ing  p ro p an -2 -ol (10  m l.), an d  w as recrysta llised  u n til  th ree  consecutive sam ples possessed 
co n s ta n t specific ra d io a c tiv ity  (125-07 pc p e r g .-a tom  of carb o n ; 79-95% ; m . p. 147°).

(ii) D -Glucono-S-lactone (1-019 g.) w as dissolved in  an  a liq u o t p a r t  of a  so lu tion  of th e  self­
decom position  p ro d u c t (9-98 pc) in  w a te r  (10 m l.). T he so lu tion  w as allow ed to  eq u ilib ra te  
for 12  h r., as i t  w as found  b y  m easu rem en t of th e  op tica l ro ta tio n  th a t  m ax im um  co n cen tra tio n  
of free acid  w as o b ta in ed  a fte r  7 h r. T he so lu tion  w as neu tra lised  w ith  aqueous po tassium  
hydrox ide . P o tassium  D -gluconate w as o b ta in ed  b y  ev ap o ra tio n  to  ca. 5 m l., ad d itio n  of 
e th an o l (15 ml.) to  inc ip ien t cloudiness, an d  crysta llisa tio n  a t  0°. T he m a te ria l w as recry sta l-



Used from aqueous ethanol un til th ree consecutive sam ples possessed constan t specific rad io ­
ac tiv ity  (1-81 pc per g.-atom  of carbon; 0 62% ; m. p. 170°).

(iii) A solution of 2-keto-D-gluconic acid in w ater (10 ml.), ob tained  by trea tm en t of calcium  
2-keto-D-gluconate (0-034 g.) w ith  A m berlite IR-120 [H '] , was added to  an aliquo t p a r t  of the  
self-decom position p roduct (13-87 pc) in w ater (15 ml.). The solution was allowed to  equili­
b ra te  for 18 hr., then  trea ted  w ith  l)e-A ciditc T .F . (carbonate form) (15 g.). The acid was 
desorbed by trea tm en t w ith  3% am m onium  carbonate  solution (50 ml.). The solution was 
freed from cations by trea tm en t w ith  A m berlite lR -120 [H' ]  (10 g.) and neutralised  w ith  
aqueous potassium  hydroxide. Potassium  2-keto-D-ghiconate (2-98 pc per g .-atom  of carbon ;
0-38% ; m. p. 152°) was ob tained  as described for potassium  D-gluconate.

Self-decom position  produ cts o f  T>-\^^C]glucose.

2,3-D
0 Q 4 - C

*'’ ■ ' '0  0  4 - 6

5 - B ^ ^  7-B o i l - B

LÜ

9-C Y  0 " - B
9-B

8 -EU  9 -A O n - A

i-B O G
lo -A

ŒD C> G-A
1-A 5 -A

O l 2 - B

CP
12-A

Chromatography  in b u t a n o l - e t h a n o l - w a t e r

(iv) Potassium  2-keto-D-gluconate (0-471 g.) was dissolved in an  aliquo t p a r t  of th e  self­
decom position p ro d u c t (19-04 pc) in w ater (25 ml.), and th e  solution stored  for 1 hr. Potassium
2-keto-D-gluconate (1-43 pc per g .-atom  of carbon ; 0-09% ; m. p. 152°) was ob tained  as 
described for potassium  D-gluconate.

(v) D-Glucurone (0-994 g.) was dissolved in an  aliquo t p a r t  of th e  self-decom position p roduct 
(15-09 pc) in w ate r (10 ml.). The solution was set aside for 20 h r., evaporated  to  a syrup, and 
seeded w ith  a trace of D-glucurone. The crystalline p ro d u c t d id  n o t show constan t specific 
rad ioac tiv ity  a fte r 11 recrysta llisations (0-45 pc per g .-atom  of carbon ; m axim um  0-10%).

(vi) A solution of D-arabonic acid in  w ater (10 ml.), ob tained  by  tre a tm e n t of potassium  
D -arabonate (0-517 g.) w ith  A m berlite IR -120 [H+], was added to  a solution of th e  self-decom­
position p roduc t (8-33 pc) in w a te r (10 ml.). The solution was allowed to  equilibrate for 24 hr. 
D-Arabonolactone was separa ted  by  pap er ch rom atography in solvent (a). Potassium  
D -arabonate was ob tained  a fte r neu tra lisa tion  w ith  aqueous potassium  hydroxide and  crysta l­
lisation  from aqueous ethanol. I t  was recrystallised frOm aqueous e thanol u n til th ree  
consecutive sam ples possessed constan t specific rad io ac tiv ity  (0-45 pc per g.-atom  of carbon;
0-07% ; m. p. 219°, decom p.).

(vii) Oxalic acid (0-5 g.) was dissolved in an  aliquo t p a r t  of th e  self-decom position product 
(4-75 pc) in boiling w ater (0-5 ml.), and crystallised by  cooling. A fter 0 recrystallisations its  
specific rad ioactiv ity  (0-002 pc per g.-atom  of carbon ; m axim um  0-0005%; m. p. 99°) was 
below the  lim it of accurate de term ination .

(viii) D-Arabinose (0-544 g.) was dissolved in an aliquo t p a r t of th e  self-decom position



p ro d u c t (19 10 pc) in w a te r (10 ml.) and  iso lated  by ch ro m ato g rap h y  on W h a tm an  p ap er No. 3 
in so lvent {a). T he e hi a te  w as freeze-dried, an d  th e  solid crysta llised  by d issolving it in boiling 
m ethano l (4 ml.) an d  add ing  p ro p an -2 -ol (10  m l.). It w as recrystalliscd  unt i l  th ree  consecutive 
sam ples possessed c o n s ta n t specific rad io a c tiv ity  (4-58 pc per g .-a tom  of carb o n ; 0-43% ; 
m. p. 159°).

(ix) D-M annitol (1-974 g.) w as dissolved in an  a liquo t p a r t  of th e  self-decom position  p roduct 
(4-75 pc) in boiling 90%  m ethano l (40 m l.), and  crystallised  by cooling. Six rec ry sta llisa tions 
y ielded n o n-rad ioac tive  D -m annitoI (m. p. 100°).

E xam ina tion  o f Polym eric Component o f the Self-decomposition Products from  D-\^K']Olucose.—  
T his com ponent, rem ain ing  im m obile du ring  p ap er ch ro m ato g rap h y  (F raction  1, T able 2), was 
e lu ted  w ith  boiling  w ater. S u lphuric  acid was added  to  po rtio n s of th e  e lua te  to  o b ta in
0-05N- an d  0-5N -sulphuric acid , severally . T he so lu tions w ere k ep t a t  100° for 2-5 hr., 
n eu tra lised  w ith  bariu m  ca rb o n a te , and  co n cen tra ted . No ra d io a c tiv ity  could be d e tec ted  in 
th e  concen tra tes.

A n a lysis  o f Products o f O xidation o f 'D-Olucose by Fenton's Reagent.— (i) Chromatography. 
H ydrogen  peroxide (20-vol.) (10 X 0-32 ml.) was added  to  a so lu tion  of ferrous su lp h a te  h ep ta -  
h y d ra te  (30 mg.) an d  D-glucose (1 g.) in w a te r  (10 m l.). A fter each ad d itio n , tim e  w as allow ed 
for th e  deep yellow  colour to  d isap p ear ,or fade to  a  lig h t yellow . P ap er ch ro m ato g rap h y  
[solvent (6)] of th e  so lu tion  in ad m ix tu re"w ith  th e  self-decom position p ro d u c ts  from  d-[1‘‘C]- 
glucose, exposure to  A '-ray h im , an d  sp ray ing  w ith  ace to n e-silv er n itra te -a lco h o lic  sodium  
h ydrox ide  revealed  8 coloured spots, 0 of w hich  had  Agiucose values sim ilar to  those of 0 of th e  7 
com ponen ts p resen t in th e  self-decom position  p ro d u c t, as show n in T able  4.

T a b le  4. Comparison of self-decomposition products of Ti-\f^C\ghicose with products
fr o m  D-glucose and  F en to n 's  reagent.

Fraction 1 2 3 4 5 0 7 8
p . , . pv /F e n to n ’s reagent ...... 0 0-00 0-77 1-00 1-20 1-37 1-57 1-70
V'giurnde ^  soiveiit /Self-clecompu.................. 0 0-70 0-78 TOO 1-22 1-37 1-50 —

P a p e r ch ro m ato g rap h y  of th e  ox id a tio n  p ro d u c t in so lven t (a), e lu tion  of th e  com ponents 
w ith  Agiiicose POO, an d  ch ro m ato g rap h y  of th e  e lua te  in so lvent (c) revealed th e  presence of a  
com ponen t w ith  R y  0-25, iden tica l w ith  th a t  of D-glucosone.

In  th e  five follow ing experim en ts, th e  sam e cond itions w ere used b u t th e  w eight of sa lt and  
th e  volum e of th e  p o rtio n  of perox ide  were varied  on a scale no ted  in paren theses.

(ii) Carrier-dilution analysis o f oxidation products from  D-[i-*C]g/HC05e. 'The reagen ts  (one- 
te n th  scale) w ere used w ith  freshly  purified  D-[i-*C]glucose {ca. 100 m g., 1105 or 1229 [jlc p e r g.- 
a to m  of carbon) in w a te r  (1 m l.), as described  above. A ca rrie r com pound  w as d issolved in 
each  so lu tion  an d  allow ed to  eq u ilib ra te  for 24 hr. D-Glucose, po tassium  D -gluconate, 
D -m annitol, an d  oxalic  acid  w ere iso lated  an d  recrysta llised  as described for th e  carrie r-d ilu tio n  
analysis of th e  self-decom position  p ro d u c t. P o tassium  2-keto-D -gluconate, po tassium  
D -arabonate, an d  D -arabinose w ere sep a ra ted  by  p ap e r ch ro m ato g rap h y  on W h a tm a n  p ap e r 
No. 3 in  so lven t {a) an d  th en  purified  as described for th e  carrie r-d ilu tio n  analysis of th e  self­
decom position  p ro d u c t. T he  de ta ils  of th e  analysis are  show n in I 'a b le  5.

T a b le  5. Carrier-dilution analysis o f products from  pure D-}'^C\glucose and Fenton's 
reagent.

.S|
Carrier compound (/xc per g.- IT,. (^c per g.- Yield

(mg.) atom of C) (g.) atom of C) (%)
D-Glucose .......................................... 100 1229 3-988 12-24 40-12
K  D-gluconate .................................  100 1229 0-980 17-25 11-68*
K  2-keto-D-gluconate .....................  98-7 1105 0-503 0-29 2-32*
D-Arabinose ......................................  90-9 1165 0-500 1-10 0-49
K  D-arabonate ..................................  99-0 1165 0-502 3-13 M l *
Oxalic a c id .........................................  100 1229 0-500 2-51 1-02
D-Mannitol .........................................  100 1229 2-000 0 0

Wq =  Weight of D-[i'’C]glucose oxidised. =  Specific radioactivity of D-[**C]glucose. Wc =  
Weight of carrier added. S-, =  Specific radioactivity of isolated sample. * Calc, for free acid. .

(iii) Osones. T he reagen ts (original scale) w ere used w ith  D-glucose (1 g.) in  w a te r  (10 m l.). 
Acids w ere rem oved  b y  tre a tm e n t w ith  b a riu m  carb o n a te  (2 g.). A cetone (50 m l.) w as added .



anil the ])recipitalc ccntrifugcd off. Tlic acetone was distilled oft, and  the  solution concen­
tra ted  to ca. 4 ml. A ddition of phenylhydrazinc (2 g.) in glacial acetic acid (To ml.) and w ater 
(15 ml.) produced an im m ediate p recip ita te . T his w^as filtered off a fte r 10 min. and  dried 
in  va cu o  over P.,Or, (0-25 g. ; 12-(5%, calculated  as D-glucosone). The recrystallised D-glucosazone 
ha.d m. p. 204°, —77°.”  u-Cducose, trea ted  wôth phenylhydrazinc for 10 min. a t  room
tem ])erature, did no t give a precip itate.

(iv) F o rm a ld e h y d e , l l i e  reagents (10-fold scale) were used with D-glucose (10 g.) in water 
(100 ml.). The mixture was steam-distilled, and formaldehyde determined w ith chromotropic 
acid (2 3 mg. ; 0-02%).

(v) C a rb o n  d io x id e .  The reagents [scale as in (i)] were used w ith  D-glucose (971 mg.) in 
carbon dioxide-free w ater (10 ml.). The solution was w arm ed to  40° for 30 min. The carbon 
dioxide evolved was isolated as barium  carbonate (32 mg., 0-49%).

(vi) hum c o m p le x  o f  o x id a tio n  p ro d u c t.  I 'h e  reagents (2 0 -fold scale) were used w ith  
D-glueose (20 g.) in water  (200 ml.). A ddition of acetone (T2 1.) produced a prec ip ita te  (40 mg.) 
( i-ouud: he,  17-9%)..
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I NFRARED SPEC TR A  O F  CA RBO H Y D RA TES. 
PA R T VI. A V O ID A N CE O F  SPEC TR A L 

CH A N G ES W IT H  PO T A S S IU M  B R O M ID E  
FILM S

Bv S. A. Baricer, E. J. Bourne, H. Weigel and 
D. // .

C/icniisfry Departm ent, The University, Birmingham, 15

In Part V of this series' an account was given of 
attem pts to apply the method of Stimson and O 'D onnelP  
and Schiedt and Reinwein'^ to the determ ination of 
infrared absorption spectra o f carbohydrates; in this 
m ethod the sample is ground with potassium bromide 
and then pressed to form a film. Cases were reported^ 
in which the spectra changed progressively as the films 
were stored, which made the method suspect for routine 
work in the carbohydrate field (and indeed in other 
fields) until the reason for the changes could be ascer­
tained. Meanwhile, Farmer'^ has shown that spectral 
changes occur with phenols, carboxylic acids and simple 
alcohols in alkali halide films and has suggested that in 
these cases the phenomenon is due to adsorption of the 
samples on the alkali halide particles. Evidence is now 
presented that the spectral changes observed with films
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containing carbohydrates are caused by traces o f water 
in  the potassium bromide used; the rate o f change is 
dependent on the water concentration.

A vibration mill^ was used in order to obtain a 
uniform  and finely ground dispersal o f the sample in 
the potassium bromide. T he methods for preparing 
and storing the films and for determ ining the infrared 
absorption spectra were essentially the same as those 
described previously.^ As before, the proportion o f

carbohydrate in each film was ca. i% ;  this meant that,, 
in the case o f a hexose for example, as little as o - i %  
of water in the potassium bromide represented an 
equimolar quantity with respect to the sugar.

In  conformity with earlier results,^ it was found that 
the spectral modification o f a-D-glucose in a potassium 
bromide film was nearing completion in about 7 days 
when the components had been dried for several days 
at 6 0 ° c in vacuo over phosphoric anhydride before being 
mixed. However, when the potassium bromide used 
had not been specially dried (moisture content, 0 -3-
0 -5 % ), the same type and degree of change were 
observed immediately after preparation o f the film. 
By contrast, films prepared from potassium bromide 
which had been dried at 6 5 0 °c for four hours showed no 
spectral changes when stored. T hus water is essential 
for the transformation. Potassium bromide is not 
essential; this was evident when a sample of a-D- 
glucose which had been exposed to water vapour at 
room -tem perature gave the modified spectrum when 
examined by the “ Nujol ” mull technique, as also did 
a syrupy a^-D-glucose mixture.''

Similarly ^-D-glucose afforded different spectra when 
films were prepared from dry and moist potassium 
bromide. In  the latter case, the spectrum exhibited 
absorption peaks at the same frequencies as those 
observed when a-D-glucose was examined under the 
same conditions (see Fig. I). I t  was apparent, there­
fore, that the a - and p-anomers were giving rise to the 
same product in the presence of moisture. Since this 
product absorbed strongly at ca. 850  cm.“ ,̂ it was 
believed to possess the a-configuration for which 
absorption at 847 T  6 cm.~^ is to be expected.’'’ There 
was a strong possibility that it was in fact the mono­
hydrate o f a-D-glucose. This was confirmed by 
examination o f a film of the m onohydrate in dry 
potassium bromide (see Fig. I).

T he infrared spectra of a num ber of other sugars 
have been examined using films prepared from potas­
sium bromide which had been previously dried at 
6 5 0 °c. for four hours ; in no case was a spectral modifica­
tion observed during storage. This drying procedure is 
clearly desirable whenever the compound under 
examination is prone to hydrate formation, whether it is 
a carbohydrate or not. I t should be noted, however, 
that Stimson and O’DonnelH drew attention to the 
possibility of brom ine being liberated from the salt 
at high tem peratures and this may interfere in certain 
cases.

T he authors are indebted to Prof. M . Stacey, F .R .S., 
for his interest. T he expenses of the investigation were 
covered by a grant from the Special Research Fund of 
Birmingham University.
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7.

Some Infrared Studies on the Use of Deuterium in the 
Carbohydrate Group

By M. Stacey,* R. H. Moore,* S. A. Barker,* H. W e ig e l , |  E. J. B ournef and 
D. H. Whiffen*

Previous s t u d i e s ^  of the infrared spectra of a 
large number of glucopyranose, mannopyranose, 
galactopyranose, arabopyranose and xylopyranose 
derivatives revealed th a t absorption peaks in the 
region 960 to 730 cm“i could be correlated with certain 
stereochemical features in the molecules. In par­
ticular Type 2a. absorption shown by all « anomers of 
the first three above-mentioned sugars at ca. 825 to 
844 cm~i was tentatively attributed to the deforma­
tion of the equatorial C(i)-H while the corresponding 
Type 2b absorption shown by jS anomers of the same 
three sugars a t ca. 890 cm~i was attributed to the 
deformation of the axial C(i)-H. In the arabinose 
series the presence or absence of absorption at 830 to 
855 cm~i again seemed a good method of differentiat­
ing between a and forms; in this case, however, it 
was the ^ compounds which showed absorption in this 
region. The xylopyranose series was exceptional inas­
much as neither the a nor the anomers showed 
absorption at 830 to 855 cm -i. To determine whether 
or not Types 2a and 2b absorption were due to 
equatorial and axial C(i)-H deformation frequencies,
1-deutero derivatives of D-glucose, D-galkctose, d - 
mannose, D-arabinose and D-xylose were synthesised.

/ / ^ T h e  result of a comparison of their infrared spectra 
with those of the normal sugars is the subject of the 
present communication.

The same general method {of. Topper and Stetten^) 
was used for the synthesis of all the 1-deutero sugars. 
This involved initial exhaustive replacement of all 
-O H  groups in a sugar lactone with -C D  groups. The 
o;t:y^^«-deuterated lactone was then reduced with 
sodium amalgam 4 in deuterium oxide under slightly 
acidic conditions. The reducing aldose sugar so 
obtained carried a deuterium atom directly linked to 
C(i). All the -C D  groups were then exchanged back to 
-O H  groups by leaving in water (HgO). Such a process 
gave 1-deutero sugars with a high degree (>99% ) of 
isotopic purity. This detection limit was confirmed by 
measurement of the infrared spectra of synthetic

* Chemistry Department, The University, Edgbaston, 
Birmingham.

t  Chemistry Department, Royal Holloway College, Univer­
sity of London, Englefield Green, Surrey.

mixtures of C(])-H and C(])-D sugars. In the case of 
a mixture of a-D-xyloses (98% C(i)-D; 2% C(i)-H), 
peaks at 935 and 760 cm~i due to the C(i)-H com­
pound were clearly visible. To check that all the 
deuterium was attached to C(i), 1-deutero-D-arabinose 
was oxidised to D-arabonic acid. The D-arabonic acid 
obtained had an infrared spectrum which showed the 
complete absence of any absorption due to C-D 
stretching and which was identical -with that of a 
sample of D-arabonic acid obtained by oxidation of 
normal D-arabinose.

EXPERIMENTAL

In  all the syntheses described, heavy water of the 
sam e, isotopic purity (99.78% DgO) and sodium 
amalgam 4 of the same composition (2.44% sodium) 
was used.

Preparation of 1-Deutero-D-Arablnose

D-Arabono-y-lactone (0.42 g, 2.8 mM) was dissolved 
in heavy water (5 g, 0.25 M) in a dry flask, which was 
stoppered, sealed and kept in a desiccator overnight. 
The solid obtained by freeze-drying was redissolved 
in heavy water (5 g) and kept overnight in an open 
flask in a desiccator containing phosphorus pentoxide. 
The solution was freeze-dried and the syrup obtained 
heated at 60° for 5 hr in  vacuo without removing the 
flask from the freeze-drier. Heavy water (5 g) was then 
added together with one drop of concentrated sul­
phuric acid and a crystal of bromocresol purple in­
dicator. Sodium amalgam (8.25 g, =  8.7 mM sodium) 
was added in several portions (during 1.25 hr) with 
vigorous stirring. The pH was maintained below 6 to 7 
by addition of further concentrated sulphuric acid. 
The solution was decanted from the mercury, 
neutralised with sodium hydroxide and freeze-dried. 
The solid was extracted with dry methanol, the 
extract concentrated and the syrup obtained dissolved 
in water (HgO, 100 ml) and left overnight. This 
exchange process was repeated twice. The final solu­
tion was freeze-dried with cellulose powder and placed 
on top of a cellulose column {I, 6.5 cm; diam., 3.5 cm)
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which was washed with the organic phase of an 
n-butanol-ethanol-w ater (4:1:5) mixture. The frac­
tion containing 1-deutero D-arabinose (identified 
by paper chromatography) was concentrated to a 
syrup and crystallised from dry methanol. The 1- 
deutero-/S-D-arabopyranose obtained (0.15 g) had mp 
156.4° and showed [aJn+^i-S-153.5° (3.75 min)-> 
— 106.3° equil. (c, 1.206 in HgO). Admixture with 
jS-D-arabopyranose, mp 158-158.5°, 179° (1.5
m in)-^—107.2° equil. (c, 1.520 in H 2O), caused no 
depression in melting point.

Conversion of 1-Deutero-D-Arabinose to  
D-Arabonic Acid

1-Deutero ;8-D-arabopyranose (0.0771 g) was dis­
solved in a water (0.14 ml)-methanol (1.13 ml) 
m ixture and added to a solution of iodine (0.268 g) 
in methanol (3.6 ml). A solution of sodium hydroxide 
(4%: 4.2 ml) in methanol was added dropwise over 
15 min when the solution became colourless. The 
sodium arabonate (0.09 g; 93%) was filtered, washed 
with methanol and ether and dried tn vacuo. T reat­
ment with warm glacial acetic acid (1.2 ml) gave 
D-arabonic acid (0.057 g; 67%) having mp and mixed 
mp 120-120.5°.

Preparation of 1-Deutero-D-Xylose

D-Xylose (3 g) was dissolved in water (300 ml), and 
bromine (1.2 ml) added. The two-phase system was 
kept in the dark at room tem perature for 9 days. 
Paper chromatographic analysis of an aliquot showed 
that no xylose remained. Excess bromine was removed 
by a stream of air, and hydrogen bromide by neutrali­
sation with silver carbonate. Passage of the solution 
down a column of Amberlite IR-120[H+] and con­
centration in vacuo gave syrupy xylonolactone. Con­
version to 1-deutero D-xylose was effected under 
similar conditions to  those used above for 1-deûtero 
D-arabinose. The preliminary exchange was carried 
out in heavy water (10 g; 15 g) and the reduction 
effected in heavy water (25 g) with sodium amalgam 
(53.5 g). The 1-deutero-a-D-xylopyranose (1.005 g), 
isolated after column fractionation and recrystallisa­
tion from methanol, had mp 146.5-147° and showed 
[a]d20 4-85.7° (1.5 min) 4-19.96° equil. (c, 2.342 in 
H 2O). Admixture with a-D-xylopyranose, mp 147.5- 
148° and [a]D^’ 4-82° (1.7 m i n ) 4-18.7° equil. {c, 
4.946 in H 2O), caused no depression in mp.

^ nth etic  mixtures of 1-deutero a-D-xylopyranose 
containing 2.12%, 4.07% and 10.2% a-D-xylopyranose 
respectively were crystallised and their spectra 
measured.

Preparation of 1-Deutero-D-Mannose

Bromine (1.6 ml) was added to an ice-cold solution 
of D-mannose (4.8 g) and barium benzoate (16 g) in 
water (400 ml). The two-phase system was kept in the 
dark at room tem perature for 60 hr until the solution

no longer reduced Fehling’s solution. Excess bromine 
was removed as above. Barium ions were removed by 
addition of sulphuric acid and the solution decolourised 
with charcoal. Dissolved benzoic acid was removed 
by chloroform extraction ( 4x50 ml). The aqueous 
solution was concentrated in the presence of Amberlite 
IR -1 20 [H+] resin, the resin filtered off and the crystals, 
which separated on further concentration, recrystal­
lised from dry methanol-ethanol and then water. The 
D-mannono-y-lactone (1.7 g) so obtained had mp 149- 
151° and 4-46.7° (c, 1.14 in HgO). Part (0.99 g) 
of the D-mannono-y-lactone was exchanged twice with 
heavy water (10 g) and reduced in heavy water (10 g) 
with sodium amalgam (20 g) as described above. A fter 
column separation and crystallisation from methanol, 
the 1-deutero-a-D-mannopyranose had mp 124-126°' 
(mixed mp with a-D-mannopyranose, 124-126°) and 
showed [a]i)224-25.2° (2 min) + 13° (14 hr) (c, 1.742 
in PI2O). Authentic a-D-mannopyranose had mp 130- 
134° and showed [a]c^^4-25° (2 min) +14.1° equiL 
(c, 2.406 in H 2O). 1-Deutero-^-D-mannopyranose, m p 
123-124° and [ a W ^ - U .4 °  (1.5 min) +12.8° equil. 
(c, 1.154 in H 2O), was obtained by seeding a syrup- 
with ^-D-mannopyranose and crystallising from 
methanol. Authentic ^-D-mannopyranose had mp 
123-124° and showed [a]jy^^-l25° (1 min) +15.8° 
equil. (c, 2.73 in H 2O). Mixed mp 123-125°.

Preparation of 1-Deutero-D-Glucose

Potassium D-gluconate (10 g) in water (25 ml) was 
passed down a column of Amberlite IR -1 20 [H+] 
(100 ml) and the eluate concentrated to  a syrup, which 
was then heated at 60° fw vacuo for 5 hr. P art (0.5 g) 
of the syrupy D-glucono-S-lactone so obtained was 
exchanged twice with heavy w ater (5 g) and reduced 
in heavy water (5 ml) with sodium amalgam (8.2 g) 
as described for 1-deutero-D-arabinose. After column 
fractionation and several crystallisations from dry 
methanol, 1-deutero-a-D-glucopyranose was obtained 
(0.082 g) having mp 145-146° and [a]o^®4-105.6° 
(2 mi n) - > + 5 0 . 2 °  (19.5 hr) (c, 1.676 in HgO). No 
depression in mp was observed on admixture with a-D- 
glucopyranose, mp 145-145.5° and [a]n^^4-108° 
(2 m in )->  + 53° equil. (c, 3.22 in H 2O), crystallised 
from methanol. The anomers of both the 1-deutero 
derivative and the normal sugar were obtained by the 
same procedure. The sugar was dissolved in dry 
pyridine, filtered, kept a t 0° for several days and 
scratched to induce crystallisation. After removal of 
pyridine by drying at 100° in  vacuo 1-deutero-^-D- 
glucopyranosc had 24.6° (1.5 mi n) - > + 4 7 °
equil. (c, 0.406 in HgO) and jS-D-glucopyranose had 
[a]D^‘̂ 4-20.6° (1.25 min) ->  +51.5° equil. {c, 1.842 in 
PI2O).

Preparation of 1-Deutero-D-GaIactose

D-Galactono-y-lactonc (1.5 g) was exchanged twice 
with heavy water (15 g) and reduced in heavy water 
(15 g) with sodium amalgam (24.85 g) as described for
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Table 1. Infrared Spectra of Normal and Deuterium Labelled Sugars (650-1500 cm

a-D-Glucopyranose Glucopyranose
C{1)-W Cm-d C(i)-D

1 1462 s 1462 3 1480 m 1466 m
2 1450 s 1435 m 1455 s 1450 s
3 1430 s 1420 s 1445 vw 1440 w
4 1425 m 1412 s 1420 m 1420 m
5 1412 m 1400 m 1415 s 1413 s
6 1385 s 1375 s 1375 s 1363 s
7 1375 S' 1363 S'
8 1342 s 1350 s 1355 w 1350 s
9 1335 m 1330 s 1345 vw 1332 m

10 1298 m 1292 s 1312 sb
11 1284 mb 1275 s 1270 s
12 1265 w 1267 s 1260 m 1255 w
13 1227 s 1232 s 1227 s 1240 s
14 1206 s 1209 m 1205 s 1208 s
15 1150 vs 1167 vs 1155 vs 1178 vs
16 1120 s 1135 s 1130 m 1130 m
17 1113 vs 1120 s 1112 vs 1115 s
18 1106 s 1106 s 1080 vs 1085 vs

1095 s' 1072 S'
19 1080 s 1065 vs 1070 m 1050 m
20 1054 YS 1043 vs 1035 vs 1032 vs
21 1025 vs 1024 vs 1025 vs 1020 vs
22 998 vs 997 vs 1015 vs 1010 s

[972 sb
965 sb 1965 s

23 917 s 876 s 914 m 900 s
902 s 875 w

24 840 s 810 s 859 vw 835 vw
25 776 s 762 s 735 m 730 m
26 725 m 720 m 705 m 700 m

a-Tt-M annopyranose

a-D Mannopyranose S-d-M annopyranose

1456 m 
1440 w 
1425 s 
1400 m 
1386 s 
1372 s‘ 
1358 m 
1335 w 
1320 vvv 
1285 w 
1275 sb 
1255 s 
1240 m 
1225 w 
1210 s 
1200 w 
1170 w 
1130 s 
1115 w 
1110 s 
1100 m 
1070 vs  
1045 m 
1040 vs 
1020 s

973 s
960 s
940 vw
915 m

1456 m 
1435 w 
1422 s 
1395 m 
1380 s

1358 m 
1330 m 
1318 m 
1305 m

1288 s 
1255 s 
1226 w 
1212 s 
1200 w 
1170 w 
1155 m 
1130 m 
1110 s 
1090 vs 
1080 s 
1065 s 
1045 vs 
1025 s
1000 S '
973 m 
966 m 
945 vw  
930 s 
912 mb

1485 m 
1460 m 
1432 s 
1425 s 
1412 s 
1375 s 
1367 m' 
1350 m 
1336 m 
1324 s» 
1310 s 
1282 m 
1265 s 
1240 s 
1215 m 
1170 s 
1125 w  
1120 s 
1113 m

1087 vs 
1073 vs 
1060 vs 
1045 vs 
1036 s 
1010 s

936 s 
900 s

1480 w  
1452 m 
1430 w 
1420 s 
1405 m 
1373 m

1348 w 
1339 m

1318 m 
1300 w 
127̂ 8 s 
1242 s 
1235 w 
1216 s 
1130 w 
1125 s 
1120 w 
1106 S ' 
1090 vs 
1080 vs 
1066 vs 
1055 vs 
1033 s 
985 w

969 S» 
930 m» 
911 s 
885 m

C(.rW
D-Mannopyranose

885 s f864 s 
(854 s 862 s 856 m

845 m 830 w 856 s 828 s
830 s 818 s 790 m®
810 s 790 s 772 s 758 s
775 vw 765 vw 731 s 725 s
710 m 705 m 685 s 675 s
680 m 670 m

a-D-Xylopyranose 0-D-Arabinopyranose
Cm-H C(„-H
1480 s 1478 s 1472 m 1476 m
1465 w 1460 s 1450 vw 1450 m
1455 s 1450 m 1425 m 1425 m
1445 w 1425 s 1402 w 1397 w
1425 vw 1405 w 1375 s 1375 s -
1398 m 1375 s 1357 s'
1375 s 1360 s 1329 m 1332 s
1360 w 1340 m 1318 sb
1340 s' 1260 s 1266 s
1315 m 1322 s 1247 w 1255 w
1305 sb 1234 s 1227 s
1255 vw 1275 w 1135 vs 1162 vs
1250 w? 1260 m 1115 s'
1240 m 1240 s 1103 s 1108 m
1205 m 1218 m 1093 s 1088 vs
1195 s 1200 s 1065 s 1076 s
1150 s 1188 s 1053 vs 1047 vs
1130 vs 1125 vs 1035 sb
1110 w 1110 w 1001 vs 985 s
1080 m 1095 w 998 s • 974 s
1070 m 1082 m 943 m 920 s

1065 sa 925 vw 893 vw
1055 s 1050 s 893 s 864 s
1035 vs 1033 vs 865 vw 858 vw
1020 s 1022 s 843 s 824 s

975 S' 785 s 777 s

935 s f900 s 710'm 699 m
\881 s

905 s 865 s 675 s ;672 s 
1667 s

762 s 742 s
675 w 675 w

a-T>-Galactopyranose
Cn)-H C(,)-D C(x)-D

1498 S 1498 s 1132 S'
1458 s 1458 s 1105 s 1110 s
1450 m 1442 s 1080 s 1090 s
1427 s 1424 s 1068 vs 1080 vs
1405 m 1405 m 1055 vs 1064 vs
1394 w 1394 w 1046 s 1050 s
1380 vw 1380 vw 1036 mb
1363 S' 998 ra 995 s
1340 w 1340 w 976 s 976 s
1330 s 1322 s 958 s 933 s
1315 mb 890 vw 873 w
1300 s 1290 s 885 vw 864 s
1285 m 1282 m 840 s 822 s
1252 s 1255 s 795 s 788 s
1242,s 1240 s 765 s 760 s
1153 vs 1194 vs 705 m 695 m
1140 m 1148 w 655 m 648 m

'•  b Frequencies so marked are considered as due largely to and
C(,)-D vibrations, the " a "  referring to the higher value in each case.

° Probably impurity due to a anomer.

} Frequencies so paired are believed to arise from Fermi resonance with weak 
summation bands and to have, therefore, only one visible counterpart in the 
companion spectra.
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1-deutero-D-arabinose. The product, after several 
crystallisations from dry methanol and then glacial 
acetic acid, was 1-deutero-a-D-galactopyranose (0.98 
g), mp 165-166° and [a]o^^+145° (2 mi n ) -> + 81° 
equil. (c, 0.78 in HgO). Commercial D-galactose was 
freed from a lactose im purity and was crystallised 
from dry methanol as a-D-galactopyranose, mp 166- 
167° and [«]d^®+140.9° (3.75 min) —> +80.3° equil. 
(c, 1.83 in HgO). Mixed mp of the 1-deutero derivative 
and normal sugar showed no depression.

Infrared Spectra

The spectra of the sugars prepared above were 
measured in a Perkin-E lm er 21 double-beam spectro­
m eter having a sodium chloride prism. The samples 
were dispersed in pressed potassium chloride films; 
the potassium chloride was dried for several hours at 
600° and the sugars at 100° in  vacuo before being 
pressed into disks. Table 1 shows the frequencies 
(cm-i) of the absorption bands together with indica­
tions of their relative intensities after subtracting an 
approximate allowance for overlapping. The intensities 
were roughly related to the molar extinction coeffi­
cients as follows: e > 300, vvs; 100-300, vs; 30-100, s; 
10-30, m; 3-10, w; 1-3, vw; < 1, vvw. Since the area 
of the disk was 1,33 cm^,

_  Mol. wt. of sugar Iq 
'  -  wt. of sugar (mg) 7 '

DISCUSSION

Before discussing in detail the spectral changes 
resulting from the introduction of the deuterium, it is 
desirable to  examine the type of behaviour expected. 
In the approximation of perfect isolated characteristic 
C-H vibrations, the C-H  stretching motion and the 
two perpendicular bending motions could be factorised 
from the secular equation for both the proteo (normal) 
and the deutero compounds. Each frequency would be 
reduced by a factor closely approaching 2 & and the 
intensity would be halved. This approximation is 
reasonably valid for the C-H  and C-D stretching 
motions but is less satisfactory for the bending 
motions as indicated in Table 2 .

Under the characteristic frequency approximation, 
all frequencies but the three C-H /C-D  pairs would 
remain unchanged in intensity and value. If the ap­
proximation is relaxed, then for the sugar molecules

which have no sym m etry all frequencies are lowered 
as a result of the increase of mass. Hence the n th  
fundamental frequency of the deutero compound 
m ust lie below the wth frequency of its proteo analogue.

A guide to the intensities may be obtained from the 
following discussion. The vibrational modes of the 
proteo molecule may be numbered in order of descend­
ing fundamental frequencies and most of these mode 
forms will appear, but slightly modified, in the funda­
mental modes of the deutero analogue and with very 
similar intensities. The counterparts may have a 
different number in the frequency series. Omitting the 
C-H and C-D stretching frequencies which are 
adequately covered by the stricter approximation 
above, there are four cases to consider, (i) The wth 
normal mode of the proteo molecule approximates to 
the nth  mode of the deutero molecule. The deutero 
frequency must be the lower and will have comparable 
intensity. This case applies in two regions, namely, 
above the highest C(i)-H deformation and below the 
lowest C(i)-D. (ii) The n th  mode of the proteo molecule 
approximates to the ( « -  l) th  of the deutero molecule. 
Again the two intensities are comparable but there is 
no requirement th a t the deutero frequency should be 
lower. This case applies for frequencies lying between 
the two C(i)-H deformations and for those between 
the two C(i)-D deformations, (iii) The n th  mode of 
the proteo molecule approximates to the (n —2 )th 
mode of the deutero molecule. Again intensities are 
similar but the frequency bf the deutero molecule must 
lie higher. This is because the natural frequency for 
the mode without adm ixture of C-H or C-D deforma­
tion is depressed by the C-H  admixture, since C-H 
deformations lie at a higher frequency, and raised by 
C-D deformations which lie a t lower frequencies. 
Case (iii) applies to frequencies lying between the 
lower C(i)-H deformation and the higher C(i)-D 
deformation, (iv) The n th  mode, is a C-H deformation 
and approximates to the (« +  /fe)th mode of the deutero 
molecule. The frequency is reduced by about 2 i and 
the intensity by about h  Larger than  average fre­
quency shifts may occur in the n ± l  frequencies of the 
proteo molecule and the m +  ̂  + 1 frequencies of the 
deutero molecule and these m ay be accompanied by 
exchange of intensity between neighbouring fre­
quencies. This last feature results from admixing the 
modes and may make exact identification uncertain 
or even meaningless.

Table 2. Stretching and Bending Frequencies of-C(i)-H and C (i) -D

Pyranose sugar
Stretching frequencies Deformation frequencies Product ratio 

{650-1S00 
cm-')C(,)-H C (,)-n Ratio Higher Lower

Ratio C(,)-H C(x)-D . Ratio

a-D-Glucose C.  2910 s 2180 m C.  1.34 1375 s 1095 s 1.26 1284 m 965 S 1.33 1.914
^-D-Glucose c. 2920 s 2140 m c. 1.36 1363 s 1072 1.27, 1312 s 972 s 1.35 1.943

965 s 1.36
o-D-Mannose c. 2900 s 2200 m c. 1.32 1372 s 1000 s 1.37 1275 s 912 m 1.40 1.885
j3-D-Mannose c. 2860 s 2155 m c. 1.33 1367 m 1106 s 1.24 1324 s 969 s 1.37 1.769
a-D-Galactose c. 2920 s 2195 m c. 1.33 1363 s 1132 s 1.20 1315 m 1036 m 1.27 1.653
^-D-Arabinose c. 2900 s 2180 m c. 1.33 1357 s 1115 s 1.22 1318 s 1035 s 1.27 1.818
a-D-Xylose c. 2870 s 2210 m c. 1.30 1340 s 1065 s 1.26 1305 s 975 s 1.34 1.968
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ALPHA - D -  GLUCOSE
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[ 1-DEUTERO ] -  ALPHA -  D -  GLUCOSE
1466

A: C j - H  dafo i'm ation  v ib ra tio n : B: C j - D  defo rm atio n  v ib ra tio n

Figure 1. Infrared spectra of a-D-glucose and 1-deutero-a-D- 
glucose, A. C(i)-H  deformation vibration. B. C(d - d deformation 

vibration

The way in which these rules apply to the sugars 
can be seen by considering a-D-glucopyranose and
1-deutero-a-D-glucopyranose (Table 1), Twenty-six 
frequencies in the range 1500-700 cm~i m ay be dis­
tinguished for the proteo compound and frequencies 
n = 1 to 6 fall in case (i), and for each there is a slightly 
lower frequency in the deutero compound. Frequency 7 
is fairly clearly a C(i)-H deformation and Fig. 1 shows 
th a t intensity has been lost in this range. Frequency 8 
is in case (ii) w ith a higher frequency in the deutero 
body, whereas 9 and 10 have lower counterparts. 
Frequency 11 a t 1284 cm“i has been chosen as the 
second C(i)-H deformation though this is less certain 
than the choice of the 1375 cm“i band. Frequencies 12 
to 15 all have clear counterparts in the deutero 
molecule at higher frequencies, as is proper for case (iii) 
modes. The strong band a t 1113 cm -i in the proteo 
compound is broad and clearly multiple and not in­
consistent in shape with three unresolved frequencies. 
The deutero body shows four clear frequencies a t 1135, 
1120, 1106 and 1095 cm~i and these appear to  include 
a C(i)-D deformation. If it is necessary to  choose one 
as predominantly a C(i)-D deformation, th a t at 
1095 cm~^ fits this interpretation best, giving a fre­
quency ratio of 1.255 with its counterpart at 1375 cm~i. 
The fact th a t this ratio is less than  1.414 and the 
appearance of neighbouring bands which differ from 
those in the  proteo compound suggests th a t con­
siderable mixing of vibrational modes has occurred. 
Modes 19 to  22  refer to case (ii) and in all cases a drop 
in frequency is to  be observed. The strong band at 
965 cm -i in the deutero compound has no clear 
counterpart and is assigned to the second C(i)-D

vibration. I t has gained intensity through mixing with 
other modes and if related to th a t at 1284 cm~i the. 
frequency ratio is 1.33. Modes 23 to 26 are again under 
case (i), but the falls in frequency for the first three are 
surprisingly large, namely 41, 30 and 14 cm~i. These 
falls again indicate appreciable mixing. The total 
frequency product ratio for these 26 pairs of fre­
quencies is 1.914 compared with the Redlich-Teller 
product rule value of 2 .00 , which shows th a t the fre­
quencies below 700 cm"^ must be almost unchanged 
in value.

As indicated above, the C(i)-D stretching fre­
quencies (some of which appear double) are easily 
identified and are rather more than  2"^ times the 
centre of the C-H stretching regions as shown in 
Table 2 . Although measured with a sodium chloride 
prism and not therefore of great accuracy, it is signifi­
cant th a t the stretching frequency of the axial C(i)-D 
in jS-D-glucose and jS-D-mannose is about 40 cm~i 
lower than the corresponding equatorial C(i)-D in 
a-D-glucose and a-D-mannose. This corresponds to 
findings in the steroids.^ In  the hexoses the higher 
C(i)-H bending frequencies lie within a very narrow 
range, i.e. 1363-1375 cm~i. In those cases where both 
sets of anomers were available the lower C(i)-H bend­
ing frequency was higher (1312, 1324) for the ^  anomer 
than  the a anomer (1284, 1275). W hat is evident from 
Table 2 is th a t Type 2a and Type 2b absorption cannot 
be due to C(])-H deformations as previously suggested.

In all the sugars in Table 1, a strong peak at 
ca. 1150 + 20 cm -i in the normal sugar shows a large 
upward shift (17-48 cm“ )̂ in the corresponding deutero 
anomer. This peak m ay correspond to the very strong 
frequency found at 1097 cm“i in tetrahydropyran and 
allocated by Burket and Badger 6 to a ring stretching 
vibration. The implied correspondence of the very 
weak double peak (890, 885) shown by a-D-galacto- 
pyranose with those of 873 w and 864 m respectively 
in the spectra of the corresponding deutero anomer 
appears justified on examination of the spectra of 
derivatives of a-D-galactopyranose which show absor^^- 

, tion (Type 2c)  ̂near here of very variable intensity.
The results shown in Table 1, especially if considered 

with the spectra themselves, indicate th a t the C-H 
deformations are relatively characteristic and easily 
distinguished by the change of spectra on deuteration. 
The two bands chosen disappear and only minor re­
arrangements of the other frequencies in their vicinity 
occurs. In contrast their appearance as C-D deforma­
tions is less plain and in most cases several possible 
candidates present themselves. All differ by 200 or 
more wave numbers from bands of corresponding 
intensity in the proteo compounds. Although a selec­
tion has been made on the balance of the evidence it is 
, clear th a t the C-D deformations are hardly to  be 
distinguished as characteristic vibrations. Instead all 
vibrations in the relevant range partake of appreciable 
C-D deformation character. This less distinguishable 
nature is to  be expected since in the pure vibration the 
carbon atom must move through twice the amplitude 
of the corresponding C-H case in order to preserve the
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centre of gravity unchanged. Such large carbon 
motions will involve mixing of other modes.

To what can the Type 2a and Type 26 absorption 
be attributed? Since they are not C(i)-H deformations 
and a wide diversity of groups [(O-Gluc)n, OAc, OMe, 
OEt, Br, etc.] can be introduced at position 1 without 
increasing appreciably the small over-all frequency 
standard deviation of Type 2a and Type 26 absorption, 
it is concluded th a t a vibration of the whole grouping 
a t C(i) is responsible for Type 2a and Type 26 absorp­
tion. The frequency exhibited is dependent on the 
stereochemical configuration at C(i) (i.e., a or /9).
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Interaction of Sucrose Stearate with 
Starch

It is gonerally agi’ood th a t changes in the stare ii 
cnrnponont of flour are responsible for the staling 
of breadh Following a  re])ort by Bohn^ th a t the 
sucrose stearates are effective as anti-staling agents, 
a study was made of the interaction of starch with 
a  commercial sample of sucrose stearate, kindly 
supplied by F. I). Snell, Inc.

Addition of a  sucrose stearate solution to  a 1 per 
cent solution of ‘A nalaR’ starch in 0 1 per cent 
sodium chloride resulted in the precipitation of some 
starch. The maximum amovmt of precipitate (about 
20 per cent of the weight of starch) was obtained 
with concentrations of sucrose stearate above 0 -06 per 
cent.

Extension of the study to  undegraded starches 
(Table 1) showed th a t the am ount of precipitate 
depended upon the type of starch. Fractionation of 
the potato starch into amylose and amylopectin^ 
followed by precipitation with excess sucrose stearate 
showed th a t most of the amylose bu t little of the 
amylopectin was precipitated (see Table 2 ). Ti'eat- 
m ent w ith excess sucrose stearate of an artificial 
mixtiu’e of amylose and amylopectin in the ratio  in 

“which they occur in starch gave a figure interm ediate 
between th a t of the whole starch and th a t which 
would be expected on the basis of the separate 
amylose and amylopectin precipitations. These 
results indicate th a t the  amylopectin is precipitated 
more efficiently in the presence of amylose than  in its 
absence.

Controlled acid hydrolysis of potato starch showed 
th a t a  high molecular weight was im portant in
determining the amovmt of precipitate formed with 
sucrose stearate and it is likely th a t the low yield 
of precipitate from ‘A nalaR ’ starch could be attribu ted  
to  this factor.

A study of the change in diam eter of wheat starch 
gi'anules on heating in aquedus suspension in the 
presence and absence of sucrose stearate showed th a t 
the ra te  of swelling was reduced in the presence of 
sucrose stearate. From  an exam ination of the change 
in tiub id ity  on heating wheat starch suspensions 
(0 1 per cent), it appeared th a t in the presence of
0 01 per cent sucrose stearate the gelatinization

' tem perature is raised about 10 deg.

S.



Tivh lc  1. J’KKCIPITATION OF STARCHES BY SUCROSE MONOSTEAJIATE

Type of starch
Polysaccharide 
concentration  

(per cent)

Sucrose 
monostearate 
concentration  

(per cent)

Precipitate 
(per cent o f 

polysaccharide)

‘AnalaJl’ starch 1 0 0 1 21 (i
Potato starch 1 •() 0 1 70 9
Wheat starch 1 U 0 1 92 4
Waxy maize 
starch 1 0 0 1 1 3 0

T a b l e  2 . P r e c i p i t a t i o n  o f  S t a r c h  F r a c t i o n s  b y  S u c r o s e  M o n o - 
s t e a r a t e

Type o f starch  
fraction

Polysaccharide 
concentration  

(per cent)

Sucrose 
monostearate 
concentration  

(per cent)

Precipitate 
(per cent o f  
polysaccharide)

Potato starch 0 4 0 04 72 7
Potato amylose 0 4 0 04 79 9
Potato am ylo­ .

pectin 0-4 0 04 11 1
20 per cent

am ylose, 80
per cent
am ylopeetin 0 4 0 04 43 9 .

As sucrose stearate is firmly bound by starch, 
it seemed likely th a t it would interfere w ith the 
starch/iodine reaction. This was shown to be so, 
and th a t iodine and sucrose stearate compete for 
the amylose fraction. There was no evidence for 
any marked interaction between sucrose stearate ' 
and amylopectin by this technicpie. I t  is possible 
th a t the stearate chain of the sucrose stearate mole­
cule occupies a  position down the centre of an amylose 
helix, in the same way th a t iodine does^.

A complete accoimt of this work will be published 
elsewhere.

We are gi'ateful to  the Sugar Research Foimdation 
for financing these investigations.

E. J . B o u r n e  
A. I. T i f f i n  
H. W e i g e l

Royal Holloway College,
University of London,

Englefield Green,
Surrey.
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(1954).

Printed in Great Britain by Fisher. Kniyht & Co.. Ltd.. St. Albans.



(l{ (‘l> r i i i M  front  X a l ii r c ,  Vol. 184. p.  547 , Aiif/Hut 1.5, 19.59)

Interaction of Anti-Staling Agents 
with Starch

F ollowing  an observation  th a t sucrose stearate, 
a com pound claim ed to  h ave an ti-sta ling  a c tiv ity , pre­
c ip itated  starch  from  solu tion  (to be published), the  
stu d y  was ex ten d ed  to  other substances know n to  have  
an ti-sta lin g  properties.

As most known anti-staling agents have surface- 
active properties, two surfactants were included in the 
programme—a sulphonated hydrocarbon (anionic) and 
cetyl trim ethyl ammonium iodide (cationic). For pu r­
poses of comparison, n-butanol and thym ol (amylose 
précipitants) were also included.

The following compounds, claimed to have anti- 
staling activity , were tested: sucrose m onostearate, 
sucrose distearate, polyoxyethylene m onostearate, 
glyceryl m onostearate (commerical), glyceryl mono­
stearate (pure, Myverol 18-06) and stearoyl ta rtra te .

Solutions of the test agents were added to solutions 
of wheat starch to give final concentrations: starch 
0-5 per cent, sodium chloride 0 05 per cent, test agent 
0 005-0 075 per cent (except in the case of stearoyl 
ta rtra te  where the m aximum concentration was 0 03 
per cent, due to its low solubility). The am ount of 
precipitate was determined turbidimetrically.

Butanol, thym ol and the two ionic surfactants had 
virtually no precipitating effect in this concentration 
range. Among the anti-staling agents only stearoyl 
ta rtra te  showed little precipitating power. The most 
effective précipitants were sucrose monostearate, 
glyceryl m onostearate (pure) and polyoxyethylene 
m onostearate. Glyceryl m onostearate (commercial) 
was slightly less effective and sucrose distearate much 
less effective.

These results show th a t five out of six substances 
with anti-staling activ ity  give a precipitate w ith 
starch. W hether or not this reaction is a pre-requisite 
for all anti-staling agents is not certain, bu t in any 
event this reaction m ust change the characteristics of 
flour products.

Ofelt et al.^ reported th a t glyceryl m onostearate 
decreased the crumb firmness of bread (an anti-staling 
characteristic) and th a t glyceryl distearate had no 
such effect, nor did it act synergistically w ith the 
monostearate. Our results show th a t glyceryl mono­
stearate (pure) is a  more effective precipitant for 
starch than  the commercial m aterial, bu t only slightly 
so. However the commercial glyceryl m onostearate 
employed contained about 33 per cent monostearate



with the remainder largely distearate. I f  there were a 
strict parallel between the baking and precipitation 
tests, it would be expected th a t there would be a 
greater difference between the two samples of glyceryl 
m onostearate in the precipitation tests. Ofelt et al.^ 
also found th a t the crumb softening effect decreased 
in the order polyoxyethylene m onostearate, glyceryl 
monostearate, sucrose m onostearate bu t the pre­
cipitation tests showed little difference between the 
three compounds. In  addition, Axford and his col­
leagues^ have found no direct correlation between the 
am ount of precipitate which we have observed with 
starch and the effectiveness of an anti-staling agent in 
bread. Thus one is led to the conclusion th a t complex 
formation between known anti-staling agents and 
starch m ust occur in flour products and th a t it may 
well explain the action of these agents as bread 
improvers ; if this is so, then the effectiveness of such 
an agent in bread m ust be determined not only by the 
am ount of complex formed, b u t also by the properties 
of th a t complex, such as its perm eability to moisture.

We are grateful to the Sugar Research Foundation 
for financing this investigation and to Dr. D. W. E. 
Axford, of the British Baking Industries Research 
Association, for helpful discussion.

E. J . B o u r n e  
A. I. T i f f i n  
H. W e i g e l

Royal Holloway College,
University of London,

Englefield Green,
Surrey.
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Cereal Chem., 35, 137 (1958).
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INTERACTION OF STARCH WITH SUCROSE STEARATES 
AND OTHER ANTISTALING AGENTS

B y  E . J . B O U R N E , A , I. T I F F I N  a n d  H . W E IG E L

The reaction  of sucrose m on ostearate  (SMS) w ith  starch es and starch  fractions is sim ilar  
to  tlia t of various su b stan ces w ith  ' a n tista lin g  ' a c tiv ity  w ith  starch . SMS form s an  
insolub le com p lex  w ith  starch es and co m p e tit iv e ly  in h ib its  th e  reaction  of iodine w ith  
am ylose. W lieat starch  granules adsorb SMS and it  is su ggested  th a t th e  form ation  of 
an insolub le com p lex  on th e  surface of th e  granules m ay  p la y  a part in th e  ' a n tista lin g  ' 
a c tiv ity  of SMS.

In troduction
It has been reported^ that sucrose stearates are of value as antistaling agents or crumb 

softeners. Since the staling of bread almost certainly involves changes in the starch constituent,^ 
it was decided that a chemical study should be made of the effect of sucrose stearates and other 
' antistaling agents ’ on starch itself and on its components.

E xperim en ta l
(i) M ateria ls

The ‘ sucrose m onostearate ' (SMS) used initially was a commercial sample supplied by the 
Sugar Research Foundation, which contained a considerable proportion of the distearate. A 
small number of experiments was carried out with another sample of the ‘ monoester ’ (SMS 
pure) analysis of which, supplied by the Herstein Laboratories Inc., indicated that it contained 
78-5 % monostearate and 17-3 % distearate. Pure samples of SMS were not available because 
of the facility with which the ester undergoes transestérification.

The sucrose distearate  (SDS) was a commercial sample which was recrystallised from cold 
acetone to remove a small percentage of free sucrose.

A n a la R  Starch  (British Drug Houses Ltd.) was used as supplied.
U ndegraded po tato  starch  was prepared by blending peeled potatoes in water and filtering 

the aqueous suspension through butter muslin. The filtration was repeated three times and 
followed by décantation and washing of the surface of the sedimented starch granules until no 
discoloration remained. The starch was washed three times with acetone and dried in air at room 
temperature.

P otato am ylose and am ylopectin  were prepared from this potato starch by a modification of 
the technique of Greenwood & Robertson. ̂  Oxygen-free nitrogen was bubbled through a 
suspension of 0 -5 % potato starch in o-i%  NaCl. While the mixture was being heated to boiling, 
a pre-determined amount of NaOH was added so that the final dispersion would be neutral. 
With nitrogen still passing, the temperature was kept at 100° for 30 min., then the solution 
was cooled to <-^qo° and centrifuged at 2500 g. The amylopectin (sediment) was washed twice 
with 0 -1% NaCl.

The supernatants were combined, excess of n-butanol was added, the mixture heated to 70 ° 
and shaken overnight at room temperature. The amylose-n-butanol complex was removed 
by centrifugation and washed twice with n-butanol-saturated water. The complex was pasted 
with water until solution was complete and the n-butanol distilled off under reduced pressure. 
The volume of the solution was adjusted to make the amylose concentration approximately 
0 T5 % (assuming tha t 20% of starch is amylose), and thymol was added to give a saturated 
solution. This mixture was heated to 70 °, shaken, centrifuged and washed as before. The 
amylose-thymol complex was pasted with water and the thymol removed by distillation under 
reduced pressure. The amylose was lyophilised and dried at 60° over PgOg. [Care is neces­
sary in this stage tha t the amylose is dried completely as quickly as possible as, if drjdng is not 
complete, the amylose becomes insoluble.] The blue value^ of the amylose was 1-43 .

_  The amylopectin sediment was suspended in o-ofiN-NaOH and the mixture heated to boiling 
under nitrogen until solution was complete ( ^ 3 0  min.) ; the solution was neutralised while hot, 
and treated with excess n-butanol. After being shaken overnight, a small amount of amylose- 
n-butanol complex was removed by centrifugation. The supernatant was dialysed against
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running ta p  w ater for 3 days and  then  against distilled w ater for i  day, w ith frequent changes 
of w ater, before lyophilisation. The blue value of th e  am ylopectin  was o - i8 .

Undegraded wheat starch was prepared from a sam ple of M anitoba w heat flour by a  modifica­
tion of th e  technique of Bechtel & Meisner.^ W heat flour (400  g.) and w ater (300  ml.) were 
thoroughly  kneaded by hand  a t room tem pera tu re  un til the  whole was a cohesi\c  glutinous 
mass. This was kneaded w ith  excess of w ater ('-'-■400 ml.), when m uch of th e  starch  separated  
in aqueous suspension from which loose particles of gluten were rem o\ ed by filtering through 
b u tte r  m uslin. The dough was again ex trac ted  w ith w ater ( ^ 4 0 0  ml.). The com bined starch  
suspensions were w ashed several tim es by décantation , washed three tim es w ith acetone and 
dried in a ir a t  room tem perature.

ll^Æ.rv maize starch was supplied by th e  A m erican M aize-Products Co. I t  had probably 
been slightly degraded during ex traction  since dilu te sulphurous acid had been used in the 
milling process.

In  all experim ents on starches and th e ir com ponents allowance was m ade for the ir m oisture 
contents.

(ii) Precipitation experiments
Starch  solutions (other th an  A nalaR  starch) were prepared in an inert atm osphere to  reduce 

as far as possible degradation due to  oxidation.
(a) Starch and components soluble in water.— The starch  plus 1 0 % of its weight of NaCl was 

m ade in to  a slurry w ith  a little  cold w ater and added to boiling w ater which was being stirred  
vigorously and through  which oxygen-free nitrogen was being passed.

(b) Starch and its components insoluble in water.—The starch  was m ade in to  a slurry  w ith 
a little  cold w ater and added to  boiling d ilute N aO H  solution which was being stirred  vigorously 
and through which was being passed a stream  of oxygen-free nitrogen. The concentration of 
N aO H  was such th a t  after neu tralisation  w ith  HCl, the concentration  of NaCl was 1 0 %  of th a t 
of th e  starch.

The starch  solution so formed, i.e. from {a) or (6), was centrifuged a t ^ 2 5 0 0  g for 15 min. 
to remove any  residual insoluble m aterial. To th e  solution was added a  known volum e of a  
solution of the  ‘ an tista ling  ’ agent. F inal concentrations were in th e  range : starch , o-4 - i ' 0 %  ; 
NaCl, 0 -04 - 0 -1 %  ; ‘ an tista ling  ' agent, 0 -005 - 0 -1 %.

F or spectrophotom etric determ inations using A nalaR  starch , th e  tu rb id ity  was m easured 
im m ediately, using a  Spekker Photoelectric A bsorptiom eter w ith neu tra l filters, as on keeping 
or on heating , flocculation was liable to  occur. F or o ther starches and starch  com ponents, 
the  m ix tu re  was heated  to  1 0 0 °, kep t overnight a t 4 ° and, after shaking, th e  tu rb id ity  m easured 
as above.

F or gravim etric  determ inations, th e  m ix tu re  was heated  to  1 0 0 °, kep t a t  4 ° for 18 h. and 
then  centrifuged a t ^ 2 5 0 0  g. The p recip ita te  and su p ern a tan t were separated  and lyophilised 
and then  dried over P^Og before being weighed.

(iii) Blue value determination
Blue values of starches were determ ined using th e  technique of B ourne et al:^ on solutions 

prepared  as above. The blank in th e  absorp tiom eter was distilled w ater.

(iv) Reaction o f iodine with starch /SM S mixtures
(a) Rate o f reaction o f starch with S M S .— A i  % solution of A nalaR  starch  was prepared  by 

boiling in 0 -1 % NaCl. The te s t solution was prepared  a t 2 5 ° by  adding 0 -1 %  SMS solution 
(100  ml.) to  th e  starch  solution (100 ml.), and th e  control solution was sim ilar except for the 
SMS. Sam ples (10 ml.) were w ithdraw n im m ediately and a t  in tervals from the  te s t solution 
and  p ip e tted  in to  400  ml. of w ater containing 5 ml. of 0 -2 % iodine, 2 % K I and  one drop of cone. 
HCl, and  th e  volum es m ade up  to  500  ml. The visible absorption spectrum  of each solution 
was m easured im m ediately and  com pared w ith  th a t  ob tained  from th e  control solution (see Fig. 3 ).

(b) Effect o f S M S  on the reaction o f amylose with iodine.—Amylose was prepared  from A nalaR  
starch  by  precip ita tion  from 1 % starch  solution w ith  n-butanol.®
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From solutions of o*i%  amylose in o -i%  NaCl, o -i%  SMS in water, and o-2 % iodine in 
2 %  K I, the following three m ixtures were prepared, the reagents being added in the order 
indicated ;
1. amylose solution (5 ml.), w ater (400 ml.), conc. HCl (i drop), I /K I  solution (5 ml.) ;
2 . amylose solution (5 ml.), w ater (400 ml.), conc. HCl (i drop), SMS solution (0*5 ml.), I /K I

solution (5 ml.) ;
3 . [amylose solution (5 ml.) +  SMS solution (0-5 ml.)] heated to 10 0° and cooled, w ater (400 ml.),

conc. HCl (i drop), I /K I  solution (5 ml.).
The m ixtures were made up to 500  ml., their absorption spectra measured immediately and again 
after 48  hours (Fig. 4 ).

(v) Hydrolysis
.\n  approxim ately 1 -5 % solution of starch was prepared in o-oix-N aO H  as described in 

Experim ental (ii) (b). W ith the solution a t 10 0° and the nitrogen flow m aintained, the solution 
was made o-oiN in FICl. Samples were withdrawn a t intervals and neutralised. P a rt of each 
sample was precipitated with half its volume of 0 *3 % SMS as described in Experim ental (ii) ; 
p a rt was kept for \ iscosity m easurem ent as described in Experim ental (vi) (see Fig. 6).

(vi) Viscosity uieasiireuient
Viscosities were measured a t 2 5 ° in a standard  relative U-shaped viscometer. The limiting 

viscosity num ber was determined® for each of the  samples in (v).

(vii) Microscopical techniques
(a) Szoelling of starch granules.—A micro-melting point apparatus (Messrs. A. Gallenkamp & 

Co. Ltd.) was used to determ ine the rate  of swelling of the granules of a 1 % suspension of wheat 
starch in o -i%  NaCl in the  presence and absence of o -i%  SMS. M easurements were made on 
granules, the  initial diam eters of which were in the  range 14- 30 /1. The ra te  of heating was 
approxim ately i° /m in .

(b) Sectioning and staining o f starch granules.— 1 % w heat starch suspensions in 1 5 % gelatin 
were prepared a t 6 0 ° w ith and w ithout 0 -5 % SMS. The solutions were heated a t 75- 8 0 ° for 
5 min. and cooled to  5 0 ° before 15/t sections were cut on a  freezing microtome. The sections 
were stained w ith  very dilute I /K I  solution and examined under a microscope (x io o o ).

(viii) Macroscopic techniques
(a) Swelling o f starch granules.—An 0 -2 % suspension of w heat starch  in 0 -0 2 % NaCl was 

shaken and divided into two parts, each of 100  ml. To one was added 100 ml. of w ater and to 
the  other 100  ml. of 0 *0 2 % SMS. The solutions, in three-necked flasks (fitted w ith stirrer and 
therm om eter), were placed in a w ater b a th  and the tem perature slowly raised to  ^^9 5 °. Samples 
were w ithdraw n a t intervals, the  tem perature noted and the tu rb id ity  m easured against water. 
The rate  of rise of tem perature was approxim ately constant a t i^ ° /m in . (see Fig. 7 ).

(b) Uptake o f S M S  by starch granules.—Three m ixtures were prepared : (P) 1 % suspension 
of w heat starch in w ater ; (Q) 0 *0 2 5 % solution of SMS ; (R) 1 % suspension of wheat starch 
in 0 -0 2 5 % SMS. The m ixtures were kept for 2 h. a t 25 ° and samples of P  and R  were w ithdrawn.

Suspensions P  and R  were heated to 5 0 ° in i  min. and held a t th is tem perature for i  min. 
while samples were w ithdrawn. The tem perature was raised to 7 5 ° in i  min. and further samples 
were withdrawn. All samples were cooled and centrifuged. To p a rt (5 ml.) of the  supernatants 
from samples P  were added solution Q (5 ml.). These solutions (S) were set aside overnight a t 4 ° 
and then  centrifuged.

A nthrone sugar determ inations were carried out on the  nine supernatan ts and on solution Q, 
using two volumes from supernatants S, and only one volume from the  other samples. The 
appropriate blank (see Table III)  was used in th is colorimetric estim ation.

R esu lts
In  the initial series of experim ents, A nalaR starch was used, as it  is readily soluble in w ater 

and  solutions of reproducible characteristics are easily available. An im m ediate precipitate was
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obtained on m ixing solutions of SMS and th is starch  (final concentrations starch  i-o % , NaCl 
0 -1 %). T iirb id im etric  estim ation showed th a t  the  am ount of p recip ita te  was proportional to  
th e  am ount of SMS added, up  to  a certain  level, above which there  was little  increase in pre­
cip itate. O ther substances claim ed to  have ‘ an ti-sta ling  ' ac tiv ity  were found to  behave in 
a  sim ilar m anner. These com pounds are non-ionic and  exhib it some degree of surface ac tiv ity . 
To determ ine w hether th e  phenom enon of starch  precip ita tion  was a general characteristic  of 
su rfactan ts, ‘ Teepol ’—a higher hydrocarbon su lphonate—and cetyltrim ethylam m onium  iodide 
(anionic and  cationic respectively) were tested . As m ay be seen from Fig. i ,  th e  ionic sur­
fac tan ts  gave a  negligible am ount of precip itate.

A series of experim ents under sim ilar conditions w ith undegraded w heat starch  (final con­
centrations starch  0 -5 % , NaCl 0 -0 5 %) and a  m ore com prehensive group of p récip itan ts, showed 
substan tia lly  th e  sam e picture (see Fig. 2 ). As th e  concentration  was increased, solutions con­
tain ing pure SMS and polyoxyethylene m onostearate  (POEMS) showed a tendency  to  flocculate, 
and hence a  considerable drop in tu rb id ity  was observed. This is no t shown in th e  graph. I t  is 
of in terest to  no te  th a t  stearoyl ta r tra te , which is in com m ercial use as an  ‘ an tista ling  ’ agent, 
is v irtua lly  w ithou t effect, although, by reason of its low solubility, concentrations above o 0 3 %  
could n o t be achieved. W eighing th e  precip ita tes produced by 0 -0 2 5 %  of these com pounds 
showed th a t  the  tiirb id im etric  estim ation was a reasonably reliable indication of th e  am ount of 
precip itate, a s tra ig h t line relationship being found betw een optical density  and  log (%  pre­
cipitation) for stearoyl ta r tra te , SDS, GMS, SMS and  POEMS. A t low concentrations bo th  
bu tano l and  thym ol appear to  increase the  solubility  of starch .

W hen A nalaR  starch  (50 g.) was trea ted  w ith SMS (2 g.) (final volum e : 5 1.) and the  resu ltan t 
p recip ita te  and  su p ern a tan t lyophilised, Soxhlet ex trac tion  of th e  solids w ith  acetone resulted in 
the  recovery of only 1-36  g. of SMS (assum ing th a t  all recovered acetone-soluble m ateria l was 
SMS), indicating  th a t  the  SMS is in some w ay bound to  th e  starch.

Confirm ation of th is came from  a s tudy  of th e  in teraction  of iodine w ith  starch  - SMS m ix­
tures. W hen a  m ix ture  of starch  and  SMS was prepared, addition  of iodine to  sam ples a t 
intervals, resulted in a series of solutions, th e  absorption spectra of which showed th a t a gradual

1 4 0 01500
SMS

■^MS  ̂
commercial

/ ^ sdT
SMSp u r e '

10 0 0

lOOOL

tn

5 0 0

a  5 0 0

100 stearoyl ta r tra te

.^ ta n o j   -100
0  0 5  O-O O  0 0 2 5  

®/o PRECIPITANT
O 01 0 0 3 O 0 5 O 0 7 5

Precipitation o f  (F ig .  i )  A nalaR  starch, (F ig .  2) wheat starch
X X SMS (sucrose monostearate) O ---------O SDS (sucrose distearate)
H----------- h POEMS (polyoxyethylene monostearate) # --------- #  Polyoxyethylene sorbitan
O  O Cetyltrimethylammonium iodide X .......... X Teepol

GMS (glyceryl monostearate)
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change occurred in the starch (Fig. 3 ). This change corresponded to a gradual reduction in the 
am ount of amylose component available for complex form ation with the iodine.

Addition of iodine to amylose solutions, before and after the addition of SMS, showed th a t 
SMS prevented the access of iodine to  the amylose helix, b u t th a t on keeping the m ixture for 
some tim e the iodine replaced the SMS to some extent, w ith a resu ltan t increase in the  blue 
am ylose/iodine complex (Fig. 4 ). Thus SMS and iodine are in competition for the same sites

2 5 0
FIG.4

200

ISO

H 100

50

4 0 0 6 0 0 4 0 0
WAVELENGTH, m/i

6 0 0

F ig .  3 .— Rate of reaction of 
iodine with starch/SM S

F ig .  4 .— Effect of SM S on re­
action of iodine with amylose

control 
o min.

8 min. 
48 h.

amylose 
amylose +  SMS

amylose +  SMS (heated) 
amylose +  SMS after 48 h.

on the amylose molecule, presum ably inside the  helix. A similar experim ent, carried out w ith 
amylopectin prepared from A nalaR starch, showed th a t SMS had little  effect on the up take of 
iodine by amylopectin.

G ravim etric determ ination of the precipitate produced from A nalaR  starch (final con­
centrations : starch  i-o% , NaCl o-i% ) and SMS showed th a t a  m axim um  of about 2 0 % of 
th e  starch could be precipitated (Fig. 5 ) ; th is point was reached when the SM S/starch ratio  
reached approx. 7 % by weight. From  this figure and from the experim ents on the interaction 
of iodine w ith SM S/starch, it  seemed probable a t this stage th a t the  precipitation was actually 
a fractionation of the  starch—the amylose being precipitated. As the SMS cannot be ex tracted  
fully from the precipitate and no convenient m ethod of estim ating the  am ount of SMS in the 
precipitate could be found, the  am ount of precipitate is expressed as a percentage of the original 
weight of polysaccharide.

However, on testing undegraded starches, it  was found th a t up to about 9 0 % of w heat 
starch and about 7 0 % of potato  starch  could be precipitated by SMS. In  addition, it  was found 
th a t w ith waxy maize starch, which is composed principally of the  branched polyglucose, 
amylopectin, 1 3 % was precipitated (see Table I).

Precipitation of purified potato  amylose and amylopectin w ith excess SMS gave a pre­
cipitate of alm ost 8 0 % of the amylose and 1 1 % of the amylopectin (cf. precipitate from w axy 
maize starch), whereas from an artificial m ixture of amylose and amylopectin, in the ra tio  

I  : 4 ) in which they  occur naturally , only 4 4 % of the original weight of polysaccharide could be 
precipitated. (The precipitate from amylopectin alone, was soluble in acetone to  the ex ten t of 
2 6 % ; it  gave a purple coloration w ith iodine. Thus there was some polysaccharide precipitated, 
and the precip itate did no t consist solely of the SMS which am ounted to  1 0 % of the  weight of 
amylopectin.) On the  basis of the separate amylose and amylopectin precipitations, the m ixture 
would be expected to give 24 -8 % of precipitate. I t  thus appears th a t in the presence of amylose, 
additional am ylopectin is precipitated. U ndegraded potato  starch gave 7 0 % of precipitate,
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and it is th u s ap p aren t th a t  even m ore am ylopectin  is being precip ita ted  here, a lthough th is 
difference m ay be due in p a r t to  degradation  of th e  am ylose a n d /o r  am ylopectin  during separa­
tion. W heat starch  gives a still larger p recip itate, which m ay be correlated w ith th e  finding of 
Bengough et a lJ  th a t  barley starch  (another cereal starch) is no t readily separated  by the  
technique of B aum  & Gilbert® (cf. ®). An association of am ylose and am ylopectin in the un­
degraded starches is indicated.

Since A nalaR  starch  is prepared  by m ild hydrolysis w ith  HCl, it seemed possible th a t the 
difference in th e  am ounts of p rec ip ita te  obtained  w ith  SMS from A nalaR  starch  and from 
undegraded po ta to  starch  was due to  degradation  of th e  former. P o ta to  starch  was hydrolysed 
a t 1 0 0 ° under n itrogen in o oiN-HCl. Sam ples were w ithdraw n a t in te r\ als, neutralised  and 
used for viscosity m easurem ents, and for determ ination  of th e  am ount of p recip ita te  ])rodiiced 
w ith  SMS. The in trinsic viscosity was ob tained  graphically® and its log p lo tted  against the 
log %  precip ita ted . A sim ilar experim ent was carried out w ith  w heat starch  and ga\ c sim ilar 
results. The am ount of p recip ita te  was found to  be proportional to  the square root of the 
intrinsic viscosity [>/] down to  [vy] = , io "^  and, in th e  case of w heat starch , below th is \ alue of 
[?y] there  was a sudden fall in the  am ount of p recip ita te  (see Fig. 6 ). The hydrolysis of the  po ta to  
starch  was no t sufficiently prolonged to  determ ine w hether its^behaviour was identical w ith th a t  
of the  w heat starch  in the  la te r stage of the  hydrolysis. W hen th e  break in the  curve for w heat 
starch  occurs, th e  intrinsic viscosity has dropped by  a factor of about four, which corresponds to 
the  cleavage of an average of th ree bonds per molecule of starch . Clearly m olecular w eight is 
a m ajor factor in th e  precip ita tion  of starch -type  polysaccharides w ith SMS, th e  larger molecules 
being prec ip ita ted  far more effectively th an  sm aller ones.

As th e  d iam eter of starch  granules shows considerable \ ariation, a simple graphical repre­
sen tation  of observ ations on th e  rates of swelling of w heat starch  granules in presence and absence 
of SMS is of doubtfu l valid ity . A s ta tis tica l trea tm en t of th e  results sub stan tia ted  the  simple 
graphical in te rp re ta tions and is outlined below.

As change in d iam eter is being studied  and th e  in itial diam eters show considerable variation, 
it is logical to  express all values in term s of th e  ra tio  of the d iam eter a t a given tem pera tu re  
to  the  d iam eter a t an a rb itra ry  sta rtin g  tem pera tu re . No change in volum e was observed in 
the range 25 - 5 0 °, so the  arbitrar}^ s ta rtin g  tem pera tu re  was taken  a t 4 5 °. The m eans of th e  
ra tios are given in Table II . H owever, when applying s ta tis tica l tests  to  th e  d a ta , it  appeared 
preferable to  use th e  logarithm s of these ratios, since th e  variab ility  of th e  logarithm s is less 
from tem pera tu re  to  tem peratu re. Also given in th e  tab le  are th e  m ean values of th e  logarithm s 
and th e  s tan d ard  error of these m eans.

T he difference betw een m eans for w ater and  SMS is significant (at the  5 %  level) for those 
tem pera tu res where th e  ‘ t  ' value has an  asterisk. I t  is seen therefore th a t  the  ra tio  for th e  w ater 
group is significantly greater th a n  th a t  for th e  SMS group for all tem pera tu res of 6 0 ° and  over.

20
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UJIO

o o 01 O 0 5 0-1
®/o SMS

P ig .  5 .— P recipitation of A nalaR  starch with  
SM S

17
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0  7
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T able I

Precipitation of starches and starch fractions by SM S
Type of starch or starch Polysaccharide SMS concn., Precipitate

fraction concn.,
%

% (% o f
polysaccharide)

AnalaR starch i-o o-i 2 1 - 6

Potato starch 1 - 0 o - 1 7 0 - 9
W heat starch 1 - 0 O - I 9 2 - 4

\Vaxy maize starch 1 - 0 O - I 1 3 - 0

Potato starch 0-4 0 - 0 4 7 2 - 7
Potato amylose 0-4 0 - 0 4 79 9
Potato am ylopectin 0-4 0 - 0 4 i i - i
2 0 %  amylose, 8 0 %  am ylopectin 0-4 0 - 0 4 43 9

T able II

Statistical treatment of the increase in diameter of wheat starch granules heated in
presence and absence of SM S

_  , diameter of granule at t°
Ratios are expressed as -77—  ̂  ̂ -7diameter of granule at 4 5°

SM S treated
Temp., ° c (/) 45 55 6 0 65 7 0 75 8 0

Mean ratio I - 0 0 0 1 - 0 2 6 1 - 1 3 6 I  435 1 - 6 0 0 1 - 6 6 0 1 - 7 2 0
Mean log ratio 0 - 0 0 0 0 - 0 1 5 4 0 - 0 5 7 2 0 - 1 5 4 6 0 - 2 0 6 5 0 - 2 2 5 2 0 - 2 4 2 5
Standard error of the mean log 0 - 0 0 2 6 0 - 0 0 6 7 0 - 0 1 1 9 0 - 0 1 2 1 0 - 0 1 0 6 0 - 0 0 9 ( 1

Water
Mean ratio I - 0 0 0 1 - 0 5 8 1 - 4 9 0 1 - 6 0 8 1 - 7 4 0 1 - 8 1 2 1 - 9 0 2
Mean log ratio 0 - 0 0 0 0 - 0 2 6 2 0 - 0 9 7 6 0 - 1 9 1 8 0 - 2 4 5 4 0 - 2 6 2 8 0 - 2 8 4 8

Standard error of the mean log 0 - 0 0 5 0 0 - 0 1 4 0 0 - 0 0 6 3 0 - 0 0 9 8 0 - 0 0 9 6 0 - 0 1 5 4

Value of ' t  ’ between means 2 - 1 0 2 - 9 3 * 2 - 3 2 * 2 - 2 4 * 2 -43* 2 - 4 7 *

Thus, in presence of SMS, starch granules swell less than  in w ater alone. (Application of a ‘ t  ' 
test to  each tem perature does no t take into account the increase in diam eter of individual 
granules, bu t a fuller exam ination of variance fully confirmed the simpler treatm ent.)

These results were further substan tia ted  by a study  of the change in tu rb id ity  on heating 
w heat starch suspensions in the presence and absence of SMS (Fig. 7 ). A t tem peratures above 
6 0 °, starch suspensions in the presence of SMS show greater opacity th an  in the control suspen­
sion. I t  should be pointed out th a t although an increase in diam eter of the granules results 
in an increase in the tu rb id ity  of the suspension, there is a  concom itant decrease in the  opacity 
of the granules, so th a t by  this technique only the resu ltan t effect is m easured. I t  will be seen 
th a t 0 -0 1 %  SMS increases the  gélatinisation tem perature of an o -i%  w heat starch suspension 
by approxim ately 1 0 °.

An a ttem p t was m ade to assess the  penetration of SMS into swollen w heat starch granules 
(such as m ight occur in bread) by sectioning such granules and staining the sections w ith a 
very dilute solution of iodine and potassium  iodide. The sections showed, however, an even 
pale blue colour, and were indistinguishable from controls obtained from starch which had no t 
been trea ted  w ith SMS.

As another approach to  the  problem of the up take of SMS by swollen starch granules, it 
was thought th a t it m ight be possible to  detect the adsorption of dissolved SMS by  a suspension 
of starch granules. A lthough the  anthrone determ ination of the sucrose content of SMS had 
not proved satisfactory, the  results were sufficiently reproducible to  enable a  relative estim ation 
of the am ount of carbohydrate in solution to be made. Thus a w heat starch suspension was 
m ade and the  am ount of polysaccharide in solution determ ined against a  w ater blank (Table I I I ,  
A). To th is suspension was added SMS and the am ount of carbohydrate in solution determ ined 

■ against an SMS blank (Table I I I ,  B). Some of the original starch suspension was centrifuged 
and SMS was added to  the supernatant. After further centrifugation the  dissolved carbohydrate 
was again determ ined against an SMS blank (Table I I I , C). A t any given tem perature, if the 
SMS had been w ithout effect, the  set of three figures should have been the  same. I t  m ay be
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T ab le III

Uptake of SM S by luJieat starch granules 

Material

A
B
C

A
B
C

A
B
C
1)

Temperature, 
° c

^5

25

30
30
30

73
73
73

Optical density  
against ap]iropriate 

blank
0-244

- 0 - 0 7 2

- 0 - 0 3 8

0 - 3 S 2
0 - 0 4 4

0 - 0 3 8

I 330
0-799
0 - 5 8 0

0 - 5 6 3

A =  supernatant from w heat starch suspension  
B =  supernatant from SMS +  w heat starch suspension  
C =  supernatant from wheat starch suspension with SMS 

added later
1) =  Si\IS solution, concentration as in A, B  and C

noted  (A and  B in th e  Table) th a t  on addition  of SMS there  is a considerable decrease in the  
am ount of carbohydrate  th a t  would be expected in the  solution. This decrease is less th an  would 
resu lt from th e  com plete p recip ita tion  of th e  SMS (A — D). I t  m ay be explained as a pa rtia l 
precip ita tion  or adsorption of th e  SMS a n d /o r  a  decrease in th e  am ount of starch  going in to  
solution. In  C in Table I I I ,  th e  possibility  of adsorption of th e  SMS on starch  granules has 
been ruled out, and th e  results are close to  those in group B a t  tem pera tu res 2 5 ° and  5 0 °, A t 
7 5 ° th e  difference betw een B and  C is considerable and can only be explained by assum ing th a t 
th e  SMS is prim arily  adsorbed on th e  surface of th e  gelatinised starch  and some starch  is left 
in th e  solution, w hereas in th e  absence of th e  granules, th e  SMS rem oves th e  larger molecules 
from solution. A t th e  lower tem peratu res, th e  difference betw een B and  C is insufficient 
to  allow definite conclusions to  be draw n, b u t th e  indication is th a t  w ith  increasing tem per­
a tu re  up to  7 5 ° there  is a  transition  betw een precip ita tion  and adsorption being of m ajor 
im portance.

F rom  th e  above results it  is clear th a t SMS, even in very  sm all relative concentration , forms 
insoluble complexes w ith  solutions of starches ; in addition  it is adsorbed by swollen starch  
granules. One is led to  th e  inescapable conclusion th a t  sim ilar reactions m ust occur in bread 
which contains SMS. O ther com m ercial ' an tista ling  ' agents have been shown to  form insoluble 
complexes w ith  starches and  these too m ust behave in a  sim ilar fashion when used in bread. 
T he in teresting  question is th u s posed w hether it is th e  form ation of such complexes which p re­
ven ts  th e  staling  of bread. The staling of bread  has been a ttr ib u te d  to  th e  gradual passage of 
w ater from  starch  to  o ther com ponents in th e  bread, and  it  can be seen th a t  th e  form ation of an 
insoluble ou ter coating on th e  surface of swollen starch  granules could restric t th is  passage of 
w ate r and  hence slow down th e  staling  process. T he efficiency of such a  coating as a  w ater 
barrie r w ould depend no t only on its  w eight (i.e. thickness) b u t also on its  perm eability . T hus 
i t  would be expected th a t  a  s ta rch /S D S  complex w ould be less perm eable to  m oisture th a n  a 
starch /S M S  com plex because of its  probable higher fa tty  ester conten t. I t  follows th a t  th e  
above determ inations of th e  am ounts of p recip ita tes ob tained  from  starches w ith  an tista ling  
agents m ay  well provide a guide to  th e  function of these agents in bread , b u t m ay  n o t ac tually  
reflect th e  relative an tista ling  properties of these agents. .
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4 6 9 .  Mechanism, o f the E n zym ic  S yn th esis  o f  a  Branched  
T risaccharide con ta in in y the a-1 : 2-G lucosidic L inkage.

By E. J. Bourne, J. H aktigan, and H. Weigel.

A trisaccharidc produced during the grow th of B. arabinosaceous on a 
[•‘CJsucrose m edium containing lactose has been characterised as 0 -p -D -  
galactopyranosy]- ( J — 4) - O - {[^'C| - a - D  - glucopyranosyl - ( 1 — 2)} - d - 
glucose. The d istribu tion  of in its th ree m onosaccharide units is in 
accordance w ith a m echanism  involving th e  transfer of the glucose residue 
from sucrose to  the reducing m oiety of lactose.

I t  has been shown  ̂ that certain simple sugars can serve as chain initiators when the 
dextransucrase of Leuconostoc mesenteroides (NRRL B-5I2) acts on sucrose. Such sugars 
cause a marked decrease in dextran production, and lead to the synthesis of oligo- 
saccharides. A similar phenomenon was observed with dextransucrase preparations 
and with growing cultures of B . arabinosaceous (B ir m in g h a m ) .T h e  oligosaccharides 
produced in cultures containing sucrose as a substrate, to which isomaltose, maltose, 
methyl a-D-glucoside, or 3-0-methyl-D-glucose had been added as receptors, were formed 
by the successive transfer of glucosyl units from sucrose molecules to the receptor, with 
the formation of a-1 : G-glucosidic linkages. The addition of lactose or cellobiose to a 
culture led to the synthesis of a trisaccharide in which a glucosyl unit was attached through 
an a-I : 2-linkage to the reducing moiety of the disaccharide.^’̂ »̂  Thus the trisaccharide 
produced in a lactose-sucrose medium was characterised as 0-(3-D-galactopyranosyl- 
(1 — 4) -0 - [a-D-glucopyranosyl- ( I — ► 2)]-D-glucose, whilst that produced in the 
presence of cellobiose was analogous, namely, 0 - (3-D-glucopyranosyl-( I — 4)-0 -[a-D- 
glucopyranosyl-(I — >■ 2)]-D-glucose.

These two trisaccharides are of interest for several reasons. They contain the rare 
a-I  : 2-gliicosidic linkage rather than the a -I  : 6-linkage normally synthesised by dextran­
sucrase. They are believed to be the first “ branched ” trisaccharides obtained by a 
controlled enzymic synthesis in  vitro \ their formation involves the use of a carbohydrate 
primer in which a sugar residue, other than the usual non-reducing end unit, has the 
correct structure to act as a receptor of a transferred sugar residue. The mechanism of 
their formation could, in fact, be a general one for the production of branched oligo­
saccharides and, moreover, could represent the first stage in the synthesis of branched 
polysaccharides, by a route which does not involve prior formation of the linear polymer.^ 
It was important therefore to study the synthesis of the branched trisaccharides in greater 
detail. Although it seemed likely that each was formed by transfer of a glucosyl unit 
from sucrose to a preformed lactose (or cellobiose) molecule, as follows:

Glu 1------2 Fru -f- G al 1------4 G lu  Gal 1------4 Glu 2------1 Glu - f  Fru . . (1)

there were other possibilities, such as:

G al 1-------4 G lu - f  G al 1------- 4 G lu  G al 1------- 4 Glu 2------- 1 Glu +  G al . . (2)

We now report the use of ^^C-tracer techniques to elucidate this problem; at the 
same time confirmatory evidence is presented that the structure previously assigned to 
the “ branched ” trisaccharide, derived from lactose, was correct.

A culture of B . arabinosaceous (Birmingham), incubated with lactose and [^^C]sucrose, 
produced a [^^C]trisaccharide (A), which was isolated from the culture medium by 
fractionation on a charcoal-" Celite ” column.® Chromatograms of the trisaccharide 
indicated that it was pure in both the chemical and the radiochemical sense. The specific 
radioactivity of the trisaccharide, determined as barium carbonate by the infinitely thick



disc m eth o d / was 523 (i.c per g.-atom  of carbon, corresponding to 9417 \xc per mole of tri­
saccharide. In a direct determination on the trisaccliaride by the infinitely thin film 
m ethod, the corresponding figures were 519 and 9341. Cliroiiialographic analysis of the 
culture medium during the incubation period revealed [̂ ‘*C]sucrose, [^^CJglucose, /'^C]- 
fructose, the trisaccharide A, and lactose. This indicated that an enzym e system  
involving an equilibrium between sucrose, glucose, and lactose was not present.

The trisaccharide A had the same m obility on paper chromatograms and on electro- 
phoretograms as the trisaccharide 0  - p - d  - galactopyranosyl - ( 1 — 4) - 0  - [a - 1) - gluco - 
pyranosyl-(I — ► 2)]-D-glucose isolated and characterised by Bailey ct al.^ W ith aniline 
hydrogen phthalate, it gave a yellowish colour characteristic of a 2-0-substituted  reducing 
aldose. It was not revealed by alkaline triphcnyltetrazolium chloride which detects all 
reducing glucosaccharides except those with a 2-0-substituent.® Its low m obility in 
borate buffer confiniied the conclusion that the reducing unit was linked through position 2.

Further evidence for the structure of trisaccharide A and qualitative evidence for 
the distribution of in the three monosaccharide units was obtained by total and partial 
hydrolysis. The hydrolysates were analysed by paper chromatography. The total 
hydrolysate was shown to contain galactose and glucose. The partial hydrolysate  
contained galactose, lactose, p^CJghicose, and p^CJkojibiose.

The presence of one a- and one (3-glycosidic link was confirmed by treatm ent of tri- 
saccharide A with almond p-glucosidase which produced galactose and p^Cjkojibiose.

H,OHOH OH
HO

OH OH

HO CH 

HO A ~

HO CH;

H,OHOH OH OH
HO
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The evidence presented so far suggests two possible structures (I and II) for tri- 
saccharide A. The first structure could have resulted from the transfer of a lactosyl unit 
to position 2 of p^C]glucose, derived from p^C]sucrose; the second could have been formed 
by transfer of a p^CJgliicosyl unit from p^CJsucrose to position 2 of the reducing m oiety  
of lactose [eqn. (1)]. Since the radioactivity of the p^CJsucrose em ployed was roughly 
17,000 [xc per mole, the radioactivities of structures (I) and (II) should have been approx. 
8500 (xc per mole, compared with the values 9341 and 9417 actually obtained for 
trisaccharidc A.

The possibility that trisaccharide A arose from two lactose molecules [eqn. (2)] was 
elim inated when it was shown that no galactose was liberated and that the lactose was 
inactive throughout the incubation period. Indeed, even if instantaneous equilibration  
of the glucose units in the lactose and p^C]sucrose had occurred, the radioactivity of the 
trisaccharide produced in this w ay would have been only approx. 2840 (xC per mole.

In an attem pt to determine quantitatively the distribution of in its monosaccharide 
units, trisaccharide A was treated with phenylhydrazine, a technique which is known to  
convert, under suitable conditions, 2 -0-substitu ted  aldoses into their phenylosazones.®  
Thus compounds (I) or (II) should each have yielded D-p^C]glucosazone and lactosazone. 
The products were separated on a " Celite " column w ith a pyridine-benzene-w ater  
solvent, in conditions which had been established w ith artificial mixtures. The specific 
activ ity  of the “ glucosazone " (4203 [xc per mole) was much lower than that expected



(ca. 9400 [xc per mole), whereas the “ lactosazone,” expected to be inactive, had 1184 (xC 
per mole. If specific cleavage of the 1 : 2-linkage had occurred, these values would require 
the specific radioactivity of the trisaccharide to be only 5387 [xC per mole. Clearly, 
phenylhydrazine under these conditions was rupturing also a percentage of the 1 : 4- 
linkages, as was confirmed subsecpiently by treatm ent of lactose itself.

Conclusive evidence for the distribution of ^̂ C in the monosaccharide units of tri- 
saccliaride A was obtained by reduction with potassium  borohydride, followed by hydrolysis 
and radioactivity assay of the products. Paper chromatography of the total hydrolysate 
of trisaccharide A alcohol revealed the presence of galactose, sorbitol, and p^C]glucose. 
These three products were isolated by preparative paper chromatography, and their 
radioactivities determined by the infinitely thin film method.^® The ^-emission measured  
was shown to bear a linear relation to the amount of compound applied and was calibrated  
against a standard P^C]glucose sample. The results are shown in the Table. From the

Counts per min. Counts per min.
per /zmole nc per mole per /nmole /nc per mole

D-Glucose ...........  952 9253 Sorbitol   17 165
D-Galactose .......  6 58 Trisaccharidc A 961 9341

ratio of the emission of the glucose to the sum of the emissions of glucose, galactose, and 
sorbitol, the glucose fragment was calculated to contain 97-6% of the of trisaccharide A 
alcohol. An alternative calculation was based on a direct comparison of the radioactivities 
of the trisaccharide A and the glucose fragment of trisaccharide A alcohol. This indicated  
that 99-1% of the of trisaccharide A was present in the non-reducing glucose unit. 
These results are conclusive in favour of the “ branched ” structure (II) for trisaccharide A, 
rather than (I), which would have given glucose, galactose, and p^C]sorbitol. Moreover, 
they confinn the structure assigned earlier on chemical grounds alone, to a trisaccharide 
prepared in a similar manner.

Thus it is established that the enzym ic synthesis of the ” branched ” trisaccharide 
0-p-D-galactopyranosyl-(l — ► 4)- 0 - [ a - D -glucopyranosyl-(1 — ► 2 )] -D -glucose proceeds 
by transfer, directly or indirectly, of the glucosyl residue from sucrose to position 2 of the 
reducing unit of lactose. W hen p^C]sucrose is used, as above, the equation becomes :

Glu 1 2*Fru +  Gal 1------ 4 G lu  ► Gal 1------ 4 Glu 2------ 1 Glu +  Fru . (3)

where the asterisk denotes a radioactive sugar residue. It remains to be seen whether 
the transfer is catalysed by  dextransucrase itself, or b y  a closely related enzym e which  
accompanies it.

E x p e r i m e n t a l

M aterials.— p^CjSucrose, generally  labelled, w as ob ta in ed  from  th e  R ad iochem ical Centre, 
A m ersham .

D eterm ination o f R adioactivity.— (i) A ppara tus. R ad io ac tiv ities  w ere d eterm ined  b y  m eans 
of a  G eiger-M üller end-w indow  coun ter. T he ^-em ission of a  rad io ac tiv e  specim en was 
m easured  for a  tim e  sufficient to  give a  s ta n d a rd  coun ting  e rro r of b e tte r  th a n  ± 2 % excep t for 
sam ples of specific ra d io ac tiv ity  low er th a n  1-6 (xc p e r g .-a tom  of carbon  w hen m easured  b y  th e  
in fin ite ly  th ic k  disc m ethod , o r 30 pc p e r g .-a tom  of carbon  w hen m easured  b y  th e  in fin ite ly  
th in  film m ethod .

(ii) In fin ite ly  thick disc method. R ad io ac tiv ities  w ere determ ined  a fte r conversion of th e  
com pound in to  carbon  dioxide, an d  thence  in to  b a riu m  carbonate.^ T he am o u n t used  w as 
sufficient to  give a  th ickness of g rea te r th a n  20 m g. p er cm.^. A sam ple of po ly-(p^C ]m ethyl 
m ethacry la te} , supplied  b y  th e  R ad iochem ical C entre, A m ersham , w as used as a  s ta n d a rd  
source of b a riu m  [^^CJcarbonate.

(iii) In fin ite ly  th in  film  method.^^ T hree  drops of a  0-01% “ Teepol ” so lu tion  w ere p laced  
on a  polished a lum in ium  disc (diam . 2-5 cm .). T he disc w as flooded w ith  w a te r, a n d  th e  
"  T eepol ” so lu tion  ev ap o ra ted  to  dryness in  a s tream  of w arm  a ir  an d  u n d er an  in fra red  lam p.



An aqueous so lu tion  of th e  com pound, con ta in ing  30— 600 pg., was placed on the  disc, and  th e  
disc flooded w ith  w a te r in order to  sp read  th e  com pound evenly  over the  surface, l l i e  so lution 
w as ev ap o ra ted  to  dryness as described above. P 'C ]S ugars were used as su b stan d ard s.

Chromatography.— (i) Solvents. T he so lvents used in ch ro m ato g rap h y  were (a) b u ta n - l-o l-  
e th a n o l-w a te r  ( 4 : 1 : 5 )  (organic phase); (/;) b en zen e -p y rid in e -w a tc r  (5 : 4 : 4) (organic 
phase); (c) ace to n e -w ate r (4 : 1); [d) e thy l a c e ta te -a c e tic  a c id -sa tu ra te d  acpieous boric acid 
( 9 : 1 : 1 ) ;  [e] b u ta n - l-o l-p y r id in e -w a te r-sa tu ra te d  aqueous boric acid ((> : 4 ; 2 : 1); (/)
b iita n - l-o l-e th a n o l-w a te r-a m m o n ia  (4 : 1 : 4*9 : 0-1) (organic phase).

(ii) Radiochromatograms. R ad ioch rom atog ram s w ere ob ta in ed  by  scanning  th e  ch ro m a to ­
gram s w ith  a G eiger-M üller end-w indow  coun ter or exposure to  Ilford A '-ray films (In d u stria l G) 
for an  ap p ro p ria te  tim e.

Oligosaccharide Synthesis in  a Lactose-['^K.]Sucrose M edm rn.— An aqueous m edium  (100 ml.) 
con ta in ing  y eas t e x tra c t (1% ), disodium  am m onium  p h o sp h a te  (0-5% ), po tassium  d ihydrogen  
p h o sp h a te  (0-1%), h y d ra te d  m a g n e s iu m ^ u lp h a te  (0 05% ), lactose (10% ), and  [ i‘C]sucrose 
(2% , ca. 100 pc) w as ad ju sted  to  p H  7 w ith  sodium  hydrox ide  and  sterilised  by  filtra tion . T he 
m edium  w as inocu la ted  w ith  Betacoccus arabinosaceous (B irm ingham ) an d  in cu b a ted  a t  25° 
for 4 days. P ap e r ch ro m ato g rap h y  of th e  cu ltu re  m edium  in so lven t [a) revealed  com ponents 
w ith  values iden tica l w ith  those  of lactose (present th ro u g h o u t th e  incub a tio n  period),
sucrose (first 24 h r.), fructose (24 hr. only), glucose, and  0-[3-D -galactopyranosyl-( 1 -------- 4)-0-
[a-D-glucopyranosyl-(l — >- 2)]-D-glucose.^ The sugars were detected by acetone-silver  
nitrate-alcoholic sodium hydroxide. Radiochromatograms showed ‘̂C-activity corresponding 
to  glucose, fructose, sucrose, and 0-^-D-galactopyranosyl-( 1 — ► 4)-0-[a-u-glucopyranosyl- 
(1 — 2)]-D-glucose.

T he cu ltu re  m edium  w as ad ju s ted  to  pH  7 and  h ea ted  a t  90° for 10 m in. T he b ac te ria l cells 
w ere rem oved on a  cen trifuge (30 m in. a t  4500 r.p .m .). A fter th e  add itio n  of e th an o l (100 m l.), 
centrifuging, and  rem oval of th e  e thano l, th e  o ligosaccharide m ix tu re  was frac tio n a ted  on 
a c h a rc o a l-"  Celite "  colum n “ (40 x  4 cm .). W a te r  (2-5 1.) e lu ted  th e  m onosaccharides and  
sa lts : 5%  aqueous e thano l (2-5 1.) rem oved lactose. T risaccharide  A (351 mg.) w as ob ta in ed  
b y  e lu tion  w ith  10% aqueous e thano l (4 1.).

Characterisation o f Trisaccharide A .— (i) P ap er ch ro m ato g rap h y  of trisaccharide  A in so lven t 
(a) an d  of its  benzylam ine d eriv a tiv e  in  so lven t (/) showed th a t  each m oved as a single rad io ­
ac tive  com ponen t w ith  Rgiucose 0 "H an d  0-37, respectively . P ap e r ionophorcsis in b o ra te  
buffer (pH  10) again  show ed a single com ponen t w ith  M q 0-33. I t  w as d e tec ted  w ith  a c e to n e - 
silver n itra te -a lco h o lic  sodium  h y d ro x id e ,’  ̂ an d  w ith  an iline hydrogen  phthalate,^'* b u t  n o t 
w ith  a lkaline tr ip h en y lte trazo liu m  chloride.® In  all of these te s ts  th e  behav iou r of trisaccharide  
A w as iden tica l w ith  th a t  of a u th e n tic  0-p-D -galac topyranosy l-(l — 4)-0-[a-D -glucopyranosyl- 
(1 — ► 2)]-D-glucose.®

(ii) Radioactivity o f trisaccharide A .  T he  specific rad io ac tiv ity  of trisacch arid e  A, d e te r­
m ined b y  th e  in fin ite ly  th ic k  disc m ethod , w as 523 pc per g .-a tom  of carbon , i.e., 9417 pc per 
m ole of trisaccharide.

(iii) H ydrolysis. T risaccharide  A (4-7 mg.) w as hydro lysed  in l-5N -sulphuric acid (I m l.) a t  
100° for 4 hr. P a p e r ch ro m ato g rap h y  of th e  h y d ro ly sa te  in so lven t [a) show ed com ponents 
corresponding to  glucose and  galactose, w hile rad ioch rom atog ram s revealed  ^'*0 on ly  in th e  
form er spot. P ap er ch ro m ato g rap h y  of a  p a r tia l h y d ro ly sa te  (N-sulphuric acid for 1 hr. a t  
90°) of trisaccharide  A (8-4 mg.) in so lven t (a) show ed com ponents w ith  values iden tica l w ith  
th o se  of glucose, galactose, kojibiose, lactose, an d  trisacch arid e  A. R ad ioch rom atog ram s 
revealed  com ponents corresponding to  glucose, kojibiose, an d  trisacch arid e  A.

(iv) Treatm ent with almond em ulsin. T risaccharide A (1 mg.) w as added  to  alm ond (3-glyco- 
sidase solu tion  (0-1 m l.). P ap e r ch ro m ato g rap h y  of th e  d igest a fte r 72 h o u rs’ incub a tio n  
a t  37° revealed  com ponents corresponding  to  [I'^CJtrisaccharide A {ca. 70% ), [ '̂*0]kojibiose, 
galactose, and  glucose (trace, rad io ac tiv ity  n o t determ ined). U n d er sim ilar conditions lactose 
w as com pletely  hydro lysed  an d  m altose gave a trace  of glucose.

(v) Treatm ent w ith phenylhydrazine. T risaccharide  A (74-7 mg.) in  w a te r (1-25 ml.) w as 
tre a te d  w ith  p h eny lhydraz ine  (165 mg.) in acetic  acid  (0-165 ml.) a t  100° for 2-5 h r. and  th e n  
left o v e rn igh t a t  0— 2° before th e  m ix tu re  of phenylosazones (10 mg.) w as iso lated . P ap e r 
ch ro m ato g rap h y  of th e  m ix tu re  of osazones in  so lven t (&) revealed  com ponents corresponding 
to  th e  phenylosazones of glucose (i?p 0-69) an d  lactose {R^ 0-38). T he osazones w ere de tec ted  
b y  u ltrav io le t lig h t and  b y  ace to n e-silv er n itra te -a lco h o lic  sodium  hydrox ide.



T he m ix tu re  of osazones w as frac tio n a ted  on a  "  Celite "  (40 X 1 7  cm.) colum n. D ry  
"  Celite "  w as w etted  w ith  b enzene-sa tu ra ted  w ater, and  m ade in to  a s lu rry  in  so lven t (6 ), 
which w as also th e  developing so lvent. P ap e r ch ro m ato g rap h y  of th e  tw o iso lated  fractions, 
using th e  sam e so lvent, showed th a t  th e y  m oved as single com ponents w ith  values corre­
sponding  w ith  those  of th e  phenylosazones of glucose and  lactose, respectively . T he ir specific 
rad ioactiv ities, de term ined  by  th e  infin itely  th ick  disc m ethod , were 4203 pc per m ole of 
m onosaccharide an d  1184 pc p er m ole of d isaccharide, respectively .

(vi) Reduction o f trisacchavide A . T risaccharide  A (33-8 mg.) in  w a te r  (7-3 ml.) w as reduced  
w ith  po tassium  borohydride  (37-5 mg.) a t  room  te m p e ra tu re  for 20 hr. T he excess of bo ro ­
h ydride  was destroyed  by  3N -sulphuric acid (0-4 m l.), and  th e  volum e m ade up to  15 m l. P a r t  
(3 ml.) of th e  resu lting  so lu tion  w as ad ju sted  to  p H  7 an d  passed  th ro u g h  a  co lum n of P e rm u tit 
"  B iodein in ro lit ” (15 g.) p re tre a te d  w ith  carbon  dioxide, an d  th en  ev ap o ra ted  to  dryness 
in  vacuo. D ry  m eth an o l (3 x  10 ml.) w as added  an d  th e  whole ev ap o ra ted  to  d ryness in  vacuo. 
The residue w as d issolved in w a te r  (10 ml.) and  freeze-dried. P ap e r ch ro m ato g rap h y  of th e  
reduced  trisacch arid e  A in so lv en t (c) show ed th a t  it  m oved as a single com ponen t w ith  Rgiucostj 
0-51. I t  w as de tec ted  w ith  ace to n e-silv er n itra te -a lco h o lic  sodium  h ydrox ide  an d  w ith  
periodate-perm anganate-benzid ine,^®  b u t n o t w ith  an iline hydrogen  p h th a la te . R ad io ­
ch rom atog ram s revealed th a t  i t  m oved as a single rad io ac tiv e  com pound.

(vii) H ydrolysis o f trisaccharide A  alcohol. A no ther p a r t  (10 m l.) of th e  so lu tion  of th e  
reduced trisaccharide  A w as ad ju s ted  w ith  3N -sulphuric acid  (2-4 ml.) to  an  acid  n o rm a lity  of
0-5n , and  h ea ted  a t  100° for 4 h r., th e n  passed th ro u g h  a  colum n of P e rm u tit "  B iodem in ro lit " 
(45 g.), p re tre a ted  as above. P ap e r ch ro m ato g rap h y  of th e  co n cen tra ted  so lu tion  in  so lven t {e) 
showed com ponents w ith  R ^  values corresponding  to  glucose, galactose (Rgiucoso 0-85), and  
sorbitol (Rpiucoae 0-3). Sorb ito l d id  n o t give a d iscrete  spo t, b u t  w as well sep a ra ted  from  
glucose an d  galactose. R ad ioch rom atog ram s revealed th e  presence of in  th e  com ponen t 
corresponding  to  glucose. P o rtions of th e  h y d ro ly sa te  were frac tio n a ted  by  p ap er c h ro m a to ­
g raphy . A pure  glucose frac tio n  w as ob ta in ed  in  th e  above solvent. T he e lu ted  aqueous 
solutions con ta in ing  glucose and  galactose, respectively , w ere freeze-dried. D ry  m eth an o l 
(3 X 25 ml.) w as added  to  each and  th e  w hole ev ap o ra ted  to  dryness in  vacuo. T he  galactose 
frac tion  w as fu r th e r  purified in so lvent {a). A pure  so rb ito l frac tio n  (i?giucose 2-2) w as o b ta in ed  
by  p ap er ch ro m ato g rap h y  in so lven t {d), an d  w as freed from  boric acid  by  th e  above m ethod .

T he co n cen tra tio n s of th e  aqueous so lu tions of glucose an d  galactose w ere d e te rm ined  b y  
th e  m ethods of Som ogyi an d  N e l s o n . T h e  co n cen tra tio n  of so rb ito l w as d e te rm in ed  by  
ox ida tion  w ith  sodium  perioda te  and  d e te rm in a tio n  of th e  fo rm aldehyde p roduced  w ith  ch rom o­
tro p ic  acid.i® T he specific rad io ac tiv itie s  of glucose, galactose, and  so rb ito l w ere determ ined  
by  th e  infin itely  th in  film m ethod , on a liq u o t p o rtio n s of th e  analysed  solu tions of th e  com pounds. 
T he resu lts  ob ta in ed  are show n in th e  Table.

Counts per Average counts
Counts min. per min.

Compound W t. (fig.) per min. per /nmole per /nmole /nc per mole
D-Gliico.se standard....... 44-19 284 1158 1156 11,236

06-63 427 1154
Trisaccharide A ........... 103-3 194 947

221-0 431 984
419-0 795 957 961 9,341
508-0 965 958
607-0 1154 959

D-Gliicose ........................ 32-83 168 922 9,253
52-02 276 956 952
58-83 319 977

D-Galactose .................... 32-12 1 6 6 58
D-Glucitol........................ 53-10 5 17 17 165

Phenylhydrazine Treatm ent o f Lactose.— L actose (68-2 mg.) w as dissolved in  a  so lu tion  of 
acetic  acid  (1-65 ml.) an d  w a te r  (12-5 m l.). P h en y lh y d raz in e  (0-22 g.) w as added  an d  th e  
so lu tion  w as h ea ted  a t  80° for 2-5 hr. an d  k e p t o v ern igh t a t  0— 2°. T he solid p ro d u c t ob ta ined  
w as analysed  b y  p ap er ch ro m ato g rap h y  [solvent (&)], w hich  revealed  a  com ponen t w ith  Rp 
value corresponding to  lactose phenylosazo'ne an d  a  trace  of a  com ponen t w ith  Rp v a lue  
corresponding  to  a  m onosaccharide phenylosazone.
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2 1 9 .  BiosynUicm s of ^.-D-Uluco'pijra nosyl D-(hdaciofura noside and Other 
D-Ckdactose-contaminy Saccharides by Betacoccus arabinosaceous.

B y E. j .  B o u r n e ,  J. H a r t i g a n ,  and H. W e i g e l .

/). avabinosaceous grow n on a galacto.sc-sucrose m edium  produces di- 
und oligo-saccharides. One of th e  d isaccharides has been charac terised  as 
a-D -glucopyranosyl D -galactofiiranoside. T he glucose : galactose ra tio s of 
th e  oligosaccharides suggest th a t  th ey  are form ed by  successive ad d itio n  of 
glucosyl u n its  to  a  galactose-con tain ing  receptor.

I t  has been shown  ̂ that in cultures of Betacoccus arabinosaceous (Birmingham), containing  
sucrose as a substrate and isom altose, m altose, m ethyl a-D-glucoside, or 3-0-m ethyl-D - 
glucose as receptor, oligosaccharides are formed by successive transfer of glucosyl units 
from the sucrose molecules to the receptor, w ith  the formation of a-l,6-glycosidic linkages; 
with isom altose and m altose the transfer was to the non-reducing m oiety. In a previous 
paper  ̂ we established that the synthesis of the “ branched ” trisaccharide O-^-D-galacto- 
pyranosyl-(I — 4 )-0 -[a-D-glucopyranosyl-(I — 2)]-D-glucose in a lactose-sucrose  
medium proceeds by transfer of the glucosyl residue from sucrose to position 2 of the 
reducing unit of lactose. A similar trisaccharide, 0-p-D-glucopyranosyl-(l — ► 4)-0 -  
[a-D-glucopyranosyl- ( I — 2)]-D-glucose is elaborated by the same organism when grown 
on a cellobiose-sucrose medium.® It was thought that the non-reducing moieties, [3-d- 
galactosyl or (3-D-glucosyl, in lactose and cellobiose did not provide suitable acceptor sites 
and thus tended to favour the transfer of the glucosyl residue from sucrose to the reducing 
m oiety (a^-D-glucose) of the receptor disaccharide. The present investigation, in which  
D-galactose was used as receptor, was of interest because the sugar was now present as 
a- and [3-D-galactose and, moreover, for the preferred Cl-conform ation, its 4-hydroxyl 
group was axial, in contrast to the non-glucosidic hydroxyl groups of glucose.

A culture of B . arabinosaceous, grown on a D-galactose-sucrose medium, produced 
three disaccharides (A, B, and C) and two oligosaccharides (D and E). The sugars were 
isolated from the culture medium by fractionation on a charcoal-” Celite ” column  ̂ and, 
when necessary, purified by paper chromatography. W e now report the structure of 
disaccharidc A and som e properties of the other sugars.

Chromatographically pure disaccharide A could be detected on paper chromatograms 
with acetone-silver nitrate-alcoholic sodium hydroxide,® but not w ith  reagents specific 
for reducing sugars. Acid-hydrolysis yielded com ponents identical w ith D-glucose and 
D-galactose on paper chromatography. Disaccharide A was immobile during electro­
phoresis in m olybdate solution.® That it was a disaccharide was shown b y  the ratio 
of the constituent monosaccharides (glucose to galactose, I : T05) together w ith  its rate 
of elution from a charcoal-” Celite ” column and migration during chromatography.

Evidence for the non-reducing nature of disaccharide A was obtained by  oxidation  
with alkaline hypoiodite and Som ogyi and N elson’s alkaline copper reagent,® and was 
confirmed when potassium  borohydride failed to reduce it (paper chromatography of the 
product of an attem pted reduction revealed a single com ponent identical w ith disaccharide 
A; this com ponent did not migrate during electrophoresis in m olybdate solution, as 
would be expected of a disaccharide; ® acid hydrolysis yielded only glucose and galactose).

Disaccharide A was hydrolysed by acid at a rate interm ediate between those of aa- 
trehalose and sucrose and almost as fast as sucrose. This suggested that the glycosidic  
link between the D-glucosyl and the D-galactosyl unit was weakened by the presence of 
a furanosyl residue. '

W hen treated w ith 5 mol. of periodate disaccharide A consumed in 800 min. 3 7 mol.



of periodate and produced I 45 mol. of formic acid and 0-83 mol. of formaldehyde. There 
was im m ediate consumption of I mol. of periodate followed by that of a further 2 mol. 
during the first 260 min. These values can be rationalised only when a i)-glucopyranosyl 
D-galactofuranoside or a D-glucofuranosyl o-galactopyranoside structure is pro]iosed for 
disaccharide A. Theoretically, com plete oxidation of such a disaccharide (I) would  
consume 8 mol. of periodate and produce 4 mol. of formic acid, I mol. of formaldehyde, 
and 1 mol. of carbon dioxide (I— VI). The apparent discrepancy between the theoretical 
and the experim ental values can be explained if the im m ediate oxidation stops with  
compound (III), whose further oxidation is then rate-determining. The resistance to 
periodate oxidation m ight be due to the formation of a cyclic sem iacetal in the furanosyl
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residue. Molecular m odels indicate that this is not so. On the other hand, 1,2-glycols 
derived from hve-m embered ring system s are not oxidised by periodate when the hydroxyl 
groups are securely locked in a tra n s-^o s iiio n , as in compounds (VII)  ̂ and (VIII) 
L-threitan (IX ), which has less securely locked ^m«s-hydroxyl groups, reacts with periodate, 
but more slow ly than the cw-compound erythritan (X) ; further, Mitra and Perlin 12 

have shown that the glucopyranosyl part of sucrose is more rapidly oxidised by periodate 
than the fructofuranosyl part. On the basis of these facts we believe that the rate- 
determining step is the further oxidation of (III), the adjacent hydroxyl groups of which 
are trans  to one another.* Thus in the later stages of the oxidation of disaccharide (I) 
the consum ption of (3 - f  5x) mol. of periodate should give rise to (I 3%) mol. of formic

* Added, 21.10.60: Since this paper was submitted, Kjolberg {Acta CJiem. Scand., 1960, 14, 1118) 
has found that by lowering the temperature to 5° the periodate oxidation of methyl D-galactofuranosides 
and glucofuranosides can be confined to the 5,6-bond.



acid. The consumption of 3-7 mol. of periodate should, on this theory, produce T42 mol. 
of formic acid and T O mol. of formaldehyde. The experim ental results are in good agree­
ment with these values and so, we suggest, prove the pyranosyl furanoside structure of 
disaccharide A.

That the initial attack of periodate on disaccharide A removed a primary, hydroxyl 
group as formaldehyde was shown when use of 1 mol. of periodate produced 0-58 mol. of 
formaldehyde. The oxidation product was reduced with potassium borohydride to an 
acid-labile disaccharide. Paper chromatography of the hydrolysate revealed the presence 
of com ponents corresponding to D-glucose and L-arabinose. This showed that disaccharide 
A was a n-glucopyranosyl D-galactofuranoside. D-Galactopyranosyl D-glucofuranoside 
should have yielded D-galactose and D-xylose.

The configuration of the glycosidic links was investigated by treatm ent of disaccharide 
A with hydrolytic enzym es. The disaccharide was hydrolysed by a m ixture of yeast 
a-glucosidase and a-galactosidase, but not by the same m ixture when the a-glucosidase 
was inhibited by the addition of D-glucono-S-lactone.^^ xt was not hydrolysed by almond  
(3-glucosidase. We conclude that the D-glucopyranosyl unit had an ^-configuration. There 
was not sufficient evidence to a s s ig n  the configuration of the D-galactofuranosyl unit as 
it is likely that the a-galactosidase was specific for galactopyranosides.

The evidence presented thus characterises disaccharide A as a-D-glucopyranosyl d -  

galactofuranoside. This is of considerable interest since the synthesis of a furanoside 
was involved.

Disaccharides B and C could be detected on paper chromatograms with acetone-silver  
nitrate-alcoholic sodium hydroxide and w ith reagents specific for reducing sugars. Acid- 
hydrolysis of each yielded com ponents identical w ith D-glucose and D-galactose on paper 
chrom atography. They had a glucosyl-galactose structure as reduction w ith potassium  
borohydride followed by hydrolysis and paper chrom atography revealed glucose and a 
hexitol.

The chrom atographically pure oligosaccharides D and E yielded, when com pletely  
hydrolysed, com ponents w ith values identical w ith those of glucose and galactose 
in the ratios of 2 : 1 and 3 : 1 ,  respectively. Partial hydrolyses gave com ponents corre­
sponding to glucose, galactose, and isom altose on paper chromatograms. These oligo­
saccharides m ay thus be formed b y  successive addition of glucosyl units to a galactose- 
containing receptor molecule.

It is  th u s  e s t a b l is h e d  t h a t  a S -D -g a la c to s e  s e r v e s  a s  r e c e p to r  o f  a -D -g lu c o se  u n it s  t r a n s ­
fe r r e d  fr o m  su c r o s e  b y  Betacoccus arabinosaceous, th o u g h  in  v ie w  o f  t h e  r e la t iv e ly  lo w  
y ie ld s ,  m u c h  le s s  e f f ic ie n t ly  t h a n  D -g lu c o s e .

E x p e r i m e n t a l

Chromatography.— T he so lven ts used in  ch ro m ato g rap h y  w ere (a) b u ta n - 1 -o l-e th a n o l-w a te r  
( 4 : 1 : 5 )  (organic phase); (5) b u ta n - l-o l-b e n z e n e -p y rid in e -w a te r  ( 5 : 3 : 2 :  1); (c) b u ta n - l-o l-  
p y rid in e -w a te r-s a tu ra te d  aqueous boric  acid  ( 6 : 4 : 2 :  1).

Oligosaccharide Synthesis in  a Galactose-Sucrose M ed ium .— An aqueous m edium  (150 ml.) 
con ta in ing  y eas t e x tra c t (1% ), sodium  am m onium  hydrogen  p h o sp h a te  (0-5% ), po tassium  
d ihydrogen  p h o sp h a te  (0-1% ), h y d ra te d  m agnesium  su lp h a te  (0-05% ), and  sucrose (2%) was 
ad ju s ted  to  p H  7 w ith  sodium  hydro x id e  an d  sterilised, th e n  inocu la ted  w ith  a  strong ly  
grow ing cu ltu re  of Betacoccus arabinosaceous (B irm ingham ) and  in cu b ated  a t  25° for 60 hr. 
G alactose (20 g.), w hich h ad  been  jDurified b y  charcoal-colum n ch rom atog raphy , w as added  and  
in cu b a tio n  con tinued  for a  fu rth e r 5-5 days. S terile  6 % sucrose solutions (2-5 ml.) were added 
to  th e  cu ltu re  a t  in te rv a ls  of 4  h r. th ro u g h o u t th e  first th ree  days of th e  second incubation  
IDcriod.

T he cu ltu re  m edium  w as ad ju s ted  to  p H  ^  an d  inv ertase  (B .D .H . co n cen tra te ; 2 ml.) 
added  to  rem ove th e  residual sucrose. A fter incub atio n  a t  room  tem p era tu re  for 1-5 hr. pap er 
ch ro m ato g rap h y  in  so lven t (a) and  p ap e r ionophoresis in  b o ra te  buffer (pH  10) revealed 
glucose, fructose, galactose, and  oligosaccharides o th e r th a n  sucrose, T he bac te ria l cells were



rem oved b y  cen trifugation  (1 hr. a t 5000 r.p .in .). . \f tc r  add ition  of e thano l (200 ml.) to  
p rec ip ita te  d ex tran , th e  e thano l was rem oved from th e  sn p e rn a lan l l iquid,  and the residual 
so lu tion  w as applied  to  a c h a rco a l-"  Cel it e " colum n ‘ (30 X S cm.). I'he m onosaccharides 
w ere e lu ted  w ith  w a te r (4 1.), and  th e  d isaccharides wi th 5%  atqieous e thano l (0 1.). H igher 
o ligosaccharides w ere elu ted  w ith  10% (0 1.) and 15% aqueous e thano l (10 1.), respectively . 
P ap e r ch rom atog raphy  of th e  d isaccharide fraction in so lvent (a) showed th e  presence of one 
com ponen t w ith  Pgi„eose 6 40 and  two com ponents w ith  hb|„e„ÿ(. ra. 0-3S; ionophoresis in bo ra te  
buffer (pH 10) revealed th e  presence of th ree com ponents wi th il/(j 0 54, 0 43, and 0 34, 
respectively .

P a rtia l frac tiona tion  of th e  m ix tu re  of d isaccharides w as on a ch a rc o a l-"  Celite " colum n 
(41 X 2 5 cm.) im pregnated  w ith  0 H i-borate  buffer (pi 1 10), by  elu tion  wi th  0-lM -borate 
buffer (2-5 1.) and  th en  w ith  b o ra te  buffer con ta in ing  2-5% of e thano l (3 1.).*'' P e frac tio n a tio n  
b y  p ap er ch ro m ato g rap h y  in so lven t («) g w e  d isaccharide (47-0 m g.), 13 (32-7 m g.), and C 
(40-5 mg.).

O ligosaccharides D and  E  w ere ob ta ined  as ch rom atog raph ica lly  pu re  frac tions w hen th e  
ch a rc o a l-"  Celite ’’ colum n w as e lu ted  w ith  10% and 15% aqueous e thano l, respectively .

Properties o f Disaccharide A .— (i) On a p ap er chrom atogram  irriga ted  w ith  solvent (a) th e  
d isaccharide m oved as single com ponen t w ith  i?gu,co3o 0 40. I 'a p e r  ionophoresis in b o ra te  
buffer (pH  10) again  show ed a single com ponen t w ith  M q 0-44. T he d isaccharide w as 
revealed  by  ace to n e-silv er n itra te -a lco h o lic  sodium  hydrox ide   ̂ as a w eak spo t th a t  appeared  
slow ly and  a t  th e  sam e ra te  as th a t  due to  aa-trehalose. I t  w as n o t revealed  w ith  aniline 
hydrogen  phthalate,^'» /?-anisidine hydrochloride,^" or trip h en y lte trazo liu m  chloride.

T he ca rb o h y d ra te  co n ten t, d e term ined  by  th e  an th ro n e  m e t h o d , w a s  90-1% .
(ii) D isaccharide A (ca. 1-5 mg.) w as hydro lysed  in 0-25N-sulphnric acid (2 ml.) a t  100° 

for 40 m in. P a p e r ch ro m ato g rap h y  of th e  h y d ro ly sa te  in so lven t (a) show ed com ponen ts 
corresponding  to  glucose and  galaetose in equal q u an titie s . The tw o com ponents were isolated  
b y  p ap er ch rom atog raphy . D ete rm in a tio n  of th e  glucose and galactose " in a liq u o t p a r ts  of 
th e  eluates revealed  th a t  th e y  were p resen t in th e  ra tio  of 1 : 1-05.

(iii) D isaccharide A (2-2 m g.), on o x ida tion  w ith  a lkaline hy p o io d ite ,’ consum ed iodine 
eq u iv a len t to  0-078 m g. of glucose or galactose (0-7% of th e  th eo re tica l value for a disaccharide). 
W hen  tre a te d  b y  th e  m eth o d  of Som ogyi and  N elson ® d isaccharide A h ad  no reducing  pow er.

(iv) D isaccharide  A (2 mg.) w as left in 0-05% j)otassium  borohydride  so lu tion  (0-5 ml.) 
o v e rn ig h t a t  room  tem p era tu re . T he so lu tion  w as de-ionised by  A m berlite  resin  IR -120  (H '"), 
th e n  ev ap o ra ted  to  d ryness and  d istilled  w ith  d ry  m eth an o l ( 3 x 2  m l.). P ap e r c h ro m a to ­
g rap h y  of th e  residue in so lven ts (a) and  (b) revealed  a  single com ponen t iden tical w ith  d i­
saccharide  A, im m obile d u rin g  electrophoresis in  m o ly b d ate  solution."

T h is residue w as hydro lysed  w ith  l-5N -sulphuric acid a t  100° for 4 hr. Paj^er ch ro m ato ­
g ra p h y  of th e  de-ionised h y d ro ly sa te  in so lven t (c) revealed com ponents corresponding  to  
glucose an d  galactose.

(v) D isacch arid e  A (0-4 m g.), aa-trehalose  (ca. 2 m g.), and  sucrose (ca. 2 mg.) w ere sep ara te ly  
hydro lysed  w ith  0-25N -sulphuric acid (0-25 ml. and  1 ml.) a t  100° for 15 m in. P ap er ch ro m a to ­
g rap h y  of th e  de-ionised h y d ro ly sa tes  showed th a t  d isaccharidc A had  been a lm ost com pletely  
hyd ro lysed  (ca. 90% ) to  glucose an d  galactose. Sucrose h ad  been com pletely  hydro lysed  to  
glucose and  fructose. O nly a  tra c e  of glucose ( <  10% ) w as lib era ted  from  aa-trehalose.

(vi) Periodate oxidation. T re a tm e n t of d isaccharide A (10-3 mg.) w ith  0-015M-sodium 
m etap e rio d a te  (10 ml.) in  th e  d a rk  a t  room  tem p e ra tu re  gave th e  follow ing resu lts. T he 
p e rio d a te  consum ption , expressed in m oles p e r m ole of d isaccharide A, w as 1-2 (10 m in.), 2-5 
(150 m in.), 2-9 (200 m in.), 3-3 (480 m in.), 3-5 (700 m in.), 3-7 (800 m in.). A fter 24 hr. all th e  
p e rio d a te  h a d  been  reduced . A fter 800 m in. 1-45 m oles of form ic acid and  0-83 m ole of 
fo rm aldehyde  w ere p roduced  p e r m ole of d isaccharide A.

O n tre a tm e n t of aa-trehalo se  u n d er th e  sam e conditions, th e  perio d a te  consum ption  w as
0-7 (10 m in.), 3-2 (240 m in.), 3-5 (300 m in.), 3-0 (540 m in.), 3-0 (1380 m in.). A fter 540 min.
1-4 m oles of form ic acid w ere produced  p e r mole of aa-trehalose. No fo rm aldehyde w as 
p roduced .

W hen  th e  d isaccharide A (0-34 m g.), dissolved in w a te r (10 m l.), w as tre a te d  w ith  O-OOHi- 
sod ium  m etap erio d a te  (1 ml.) th e  fo rm aldehyde produced  (mole p e r mole) w as 0-30 (7 hr.), 
0-58 (23 hr.), 0-58 (48 h r.). T he so lu tion  w as th e n  de-ionised w ith  P e rm u tit  "  B iodem inro lit "



resin, prcircated witli carbon dioxide. Potassium  borohydride (50 mg.) in water (1 ml.) was 
added and the solution left overnight at room temperature, de-ionised by Amberlite resin 
IK-120 (IP ), and eva]X)rated to dryness. 1 he residue was distilled with dry methanol (8 x  2 
ml.), then treated with 0-25N-siilphuric acid (5 ml.) at 100° for 15 min. The de-ionised hydro­
lysate was analysed by paper chromatography in solvent (b) which revealed com ponents 
corresponding to D-glucose and L-arabinose, but not to galactose and xylose. They were 
detected with acetone-silver nitrate-alcoholic sodium hydroxide " and p-anisidine hydro­
c h l o r i d e . T h e  latter reagent gave a pink stain, typical of pentoses w ith the com ponent 
corresponding to L-arabinose and a yellowish stain with that corresponding to D-glucose.

(vii) A so lu tion  of d isaccharide A (1%) w as sealed in a  cap illa ry  tu b e  w ith  an  equal volum e 
of alm ond ^-glycosidase solution.^" P ap e r ch ro m ato g rap h y  of th e  d igest a fte r incuba tion  a t  
35° for 72 hr. showed th a t  no hydro lysis had  occurred. U nder th e  sam e conditions cellobiose 
w as com pletely  hydro lysed , lactose p a rtia lly  hydro lysed , and  m altose w as n o t hydrolysed. 
A 1 % solu tion  of d isaccharide A w as sealed in a cap illa ry  tu b e  w ith  an  equal volum e of y east 
a-glucosidase solution. P ap er ch ro m ato g rap h y  of th e  digest a fte r incuba tion  a t  20° for 48 hr. 
revealed  com ponen ts corresponding  to  glucose and  galactose. U nder th e  sam e conditions, 
m altose w as com pletely  hydro lysed  and  m elibiose p a r tia lly  hydrolysed. L actose and  cellobiose 
w ere n o t hydro lysed . A 1 % so lu tion  of d isaccharide A w as sealed in a  cap illa ry  tu b e  w ith  
an  equal volum e of y east a-glycosidase so lu tion , to  w hich D-glucono-S-lactone (2%) had  
been ad d ed : pap er ch ro m ato g rap h y  of th e  d igest a fte r incubation  a t  26° for 72 hr. revealed
absence of hydrolysis. U nder th e  sam e conditions m altose w as n o t hydro lysed  and  m elibiose 
w as p a r tia lly  hydro lysed .

Jnvestigaiion o f Disaccharides B  and C.— (i) On a  p ap er ch rom atog ram  irrig a ted  w ith  so lven t 
[a) th e  d isaccharides B and  C m oved w ith  Pgi„co.so 0 39 and  0 36, and M q 0 60 an d  0 34, respec­
tive ly . D isaccharide B w as p ro b ab ly  co n tam in a ted  w ith  a trace  of leucrose. F o r de tec tion  
see p.

(ii) M ateria ls B (I mg.) and  C (1 mg.) in N -sulphuric acid a t  100° for 4 hr. gave glucose 
and  galactose (identified by  p ap er c h ro m a to g rap h y ). Sugar B also gave a trace  of fructose.

(iii) D isaccharides B  (2 mg.) an d  C (2 mg.) w ere sep ara te ly  tre a te d  w ith  po tassiu m  boro­
hyd rid e  (as above). The reduc tion  p ro d u c ts  w ere hyd ro lysed  w ith  15N -sulphuric  acid a t  100° 
for 4 hr. P ap er ch ro m ato g rap h y  of th e  h y d ro ly sa tes  in so lvent (c) revealed  com ponents 
corresponding  to  glucose and  a hexito l, b u t  n o t galactose.

Investigation o f Oligosaccharides D  and E .— C hrom atograph ica lly  pure  o ligosaccharides D 
and  E  [/?gi„coso 0 16 an d  0 18, respectively , in  so lven t (a)] w ere sep ara te ly  hydro lysed  in L 5n- 
su lphnric  acid a t  100° for 4 h r. P a p e r ch ro m ato g rap h y  th en  revealed  com ponents corresponding 
to  glucose and  galactose in  th e  ra tio s  of 2 ; 1 and  3 : 1 ,  respectively . P a r tia l  hydro lysis of 
D and  E  in N -sulphuric acid a t 90° gave glucose, galactose, and isom altose on p a p e r ch rom ato- 
g raphy .

T he a u th o rs  are  indeb ted  to  D r. R . W . B ailey  for helpfu l discussions and  th e  D e p a rtm en t 
of Scientific and  In d u s tr ia l R esearch, th e  R oyal Society, an d  th e  C entral R esearch  F un d s 
C om m ittee  of th e  U n iversity  of L ondon, for financial assistance.

R oyal H olloway College, U niversity of London,
E nglefield Green , Surrey . [Received, March 22nd, I960.]

’ Bailey, Barker, Bourne, and Stacev, / . ,  1957, 3530, 3536; Barker, Bourne, Grant, and Stacey, f., 
1958, 601.

2 Bourne, Hartigan, and Weigel, J ., 1959, 2332.
" Bailey, Barker, Bourne, Grant, and Stacey, / . ,  1958, 1895.
•’ (rt) W histler and Durso, / .  Anier. Chem. Sac., 1950, 72, 677; Lindberg and Wickberg, Acta Chem. 

Scand., 1954, 8 , 569; [b) Barker, Bourne, and Theander, / . ,  1955, 4276.
^  " Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444.

" Bourne, Hutson, and Weigel, Chem. and Ind., 1959, 1047.
’ Van der Plank, Biochem. / ., 1936, 30, 457.
" Nelson, f .  Biol. Chem., 1944, 153, 375; Somogyi, ibid., 1945, 160, 61.
® Dimler, Davis, and Hilbert, J . Amer. Chem. Sac., 1946, 68 , 1377.

Alexander, Dimler, and M ehltretter, / .  Amer,. Chem. Sac., 1951, 73, 4658,
Klosterman and Smith, J . Amer. Chem. Sac., 1952, 74, 5336.
Mitra and Perlin, Canad. J. Chem., 1959, 37, 2047.
Concilie and Levvy, Biochem. J., 1957, 65, 389.

1» Foster, / . ,  1953, 982.



’•*’ P a rtr id ge, N a /u ie ,  1949, 164, 443.
H o u g h , Jon es, and  W a d m a n , / . ,  1950, 1702.

*' F ein g o ld , A v ig a d , and  H cstr in , B iochem . / . ,  1950, 64, 3 5 1.
B a iley , B iochem . J . ,  1958, 6 8 , 009.
O nslow , " P ra ctica l P la n t  B io c h e m istr y ,” C am b ridge Ih iiv . P ress, 1929. 
K ricb lc, Slcan, and L o \e r in g , / .  A m cr. Chem . Soc., 1927, 49, 1728.

P r i n t e d  in  G r e a t  B r i t a i n  b y  R ic h a r d  C l a y  a n d  C o m p a n y , L t d . 
B u n g a y , S u f f o l k .



15

e

(Reprin ted  from  Nature, Vol.  196, N o .  4858 , p.  984 only,  
D ecem ber  8, 1962)

Substrate  Cleavage Point with 
Glucamylase

T h e  glycosidic link  can , th eo re tica lly , be hyd ro ly sed  
b y  tw o  a lte rn a tiv e  ro u tes , p roceed ing  w ith  th e  fission 
of th e  bond  betw een  (a) th e  anom eric  carb o n  a to m  an d  
th e  g lycosidic oxygon or (6 ) th e  ag lycon  g roup  a n d  th e  
glycosidic oxygen. F o r  a  n u m b er o f g lycosides th e  
m echan ism  o f th e  acid ic a n d /o r en zym atic  hyd ro lysis  
h as  been investigated^-". Since i t  becam e possib le 
to  preiDare h ig h ly  purified  g lucam ylase i t  w as in te re s t­
ing  to  in v es tig a te  th e  cleavage p o in t w hen  tliis  
enzym e a c ts  on m alto se .

A n aqueous e x tra c t (8 m l.)" o f ru p tu re d  A sperg illus  
niger ‘152’ cells w as fra c tio n a ted  on a  cohunn  (29 x 
1*5 cm) o f d ie th y l - am ino  -e thy l cellulose (W h atm an  
D E  50) b y  th e  m e th o d  of P a z u r  a n d  Ando^", u sing  th e  
sam e c itric  ac id  p h o sp h a te  buffer b u t  a  sm aller p H  
g ra d ie n t for e lu tion . E lu tio n  w as com m enced w ith  
buffer so lu tio n  (100 m l.) o f  p H  7*5 a n d  follow ed 
successively  w ith  th e  sam e v ohune  o f buffer so lu tions 
o f p H  7 0 a n d  6 5. F ra c tio n s  o f th e  e lu a te  (5 m l.) 
w ere an a ly sed  for tran sg lu co sy lase  an d  g lucam ylase 
a c tiv ity  b y  in cu b a tin g  p o rtio n s  in  d igests co n ta in in g  
(a) am ylose a n d  (b) m alto se . T ransglucosylase  
a c tiv ity  w as fo im d in  frac tio n s N o. 13-16 a n d  g luc­
am ylase  a c tiv ity  in  frac tio n s N o. 14-20. F ra c tio n s  
N o. 17-20 co n ta in ed  g lucam ylase  a c tiv ity  only. T he 
iod ine-ab so rp tio n  va lue  red u c in g  pow er c u rv e ”  o f th e  
p u re  g lucam ylase  frac tio n  w as found  to  be id en tica l 
w ith  th a t  o f  g lucam ylase  purified  b y  ac id  tre a tm e n t"  
a n d  rem ain ed  u n a lte re d  a f te r  such  tre a tm e n t.

T he p o in t o f cleavage of th e  a-1 : 4-glucosidic link  
w hen  g lucam ylase ac ts  on m alto se  w as in v es tig a ted  
b y  co n d u c tin g  th e  h y d ro lysis  in  Ho^®0 .

T he  en zy m atica lly  p ro d u ced  glucose w as iso la ted  
as its  pheny losazone. T hus, fission o f th e  C(i)-0 bond , 
ro u te  (a), w ou ld  lead  to  a  g lucosazone, a ll oxygen 
a to m s o f w hich  w ould  be iso top ica lly  n o rm al, w hereas 
fission o f th e  C 4 -O  bond , ro u te  (b), w ould  give a  
g lucosazone, one oxygen a to m  of w hich w ould  be 
iso top ica lly  half-en riched .

A  d igest co n ta in in g  m a lto se  (1 1 2  m g) in  Hg^^O 
(1-5 m l.;  oxygen-18 en rich m en t 4 2 p e r  cen t), M-ace- 
ta te  buffer (p H  4 0; 0-1 m l.) an d  g lucam ylase  so lu tion  
(0  4 m l.) w as in c u b a te d  a t  50° C for 16 h , w hen  all th e  
m a lto se  h a d  been  h y d ro ly sed  to  glucose. T h is w as 
iso la ted  as its  pheny losazone w ith  m .p . 204°-205° C



which was not dopressod on admixture with authentic 
glucosazone. A control experiment was carried out in 
normal water. Samples of glucosazone were pyro- 
lysod by a method similar to that described by Oita ■ 
and Conway” . Mass-spectrometric analysis of the 
carbon dioxide obtained showed no enrichment in 
oxygen-18.

The results show that the hydrolysis of maltose by 
glucamylase proceeds almost entirely by the fission of 
the bond between the anomeric carbon atom and the 
glycosidic oxygen. This is in contrast to the acidic 
hydrolysis of maltose where 78 per cent of the reaction 
apparently proceeds by this route". On the other hand, 
with few exceptions such as the hydrolysis of a -D -  
glucose- 1 -phosphate by prostatic acid phosphatase^, 
enzymatic reactions studied seem to proceed by route A
(a). Thus, the hydrolysis of maltose by glucamylase ^
follows a general pattern for hydrolases and trans- 
glycosylases.
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877. S yn thes is  o f  Sucrose Labelled w ith  Carhon-14: in  the 
Fructose P ar t .

B y  E . j .  B o u r n e , J . P e t e r s , a n d  H . W e i g e l .

A dextransucrase preparation  from Leiiconostoc mesenteroides (B irm ing­
ham) syntlicses, from sucrose and D-[i‘‘C]fructose, sucrose labelled in the  
fructose p art, and o ther [̂ '‘C ]fructose-containing saccharides.

Tt is generally accepted that the reaction between sucrose and dextransucrase to give 
dextran and D-fructose proceeds through several stages, involving association of the 
enzyme with donor and receptor molecules.^’  ̂ In the present work an investigation on the 
effect of added D-p'^C]fructose is described.

When dextransucrase preparations from Leuconostoc mesenteroides (Birmingham)  ̂
were incubated with sucrose and D-p‘*C]fructose, radiochromatograms showed that carbon- 
14 was incorporated into four components, B, C, D, and E, which had, in solvent [a], 

^ f r u c t o s e  values of 0 * 5 0 ,  0 - 3 8 ,  0 - 2 2 ,  and 0 * 1 1 ,  respectively. Components C, D, and E  were 
produced only in relatively small quantities. This phenomenon was also observed with 
dextransucrase preparations from Streptococcus bovis, kindly supplied by Dr. R. W. Bailey. 
In the absence of any enzyme preparation, D-p^C]fructose remained the only labelled com­
pound in the mixture.

The following evidence shows that component B was in fact p^C]sucrose: (a) in several 
solvents it migrated as a single component with an R y  value identical with that of sucrose ;
(b) hydrolysis by acid, and by invertase gave glucose and p^C]fructose; (c) carrier dilution 
with sucrose gave crystalline p^Cjsucrose, the specific radioactivity of which was not affected 
by recrystallisation. The fact that acid and enzymic hydrolysis of p^C]sucrose gave 
P^Cl fructose as the only component containing carbon-14 also showed that carbon-14 was 
present in the fructose portion only.

The specific radioactivity of the p'^C]sucrose present at the end of the incubation period 
(8 hr.) was 60-0 mc/mole by the infinitely-thin film method (Fig. 1), and 60-8 mc/m ole by 
the infinitely-thick disc method. Based on the quantities (and radioactivity) of sucrose 
and D-p^C]fructose present initially, a complete interchange of D-p^C]fructose between 
sucrose and free D-fructose should give p^C]sucrose with a specific radioactivity of ca. 
62 0 mc/mole. The results show that this interchange is, within experimental error, 
virtually complete after 8 hours’ incubation.

T h is  in v e s t ig a t io n  h a s  sh o w n  th a t  d e x tr a n s u c r a se  p r e p a r a t io n s  are c a p a b le  o f tr a n s ­
ferr in g  D -g lu c o p y r a n o s y l u n it s  r e v e r s ib ly  fro m  su c r o se  to  th e  r e d u c in g  p o s it io n  o f D -fru cto -  
fu r a n o se . I f  th e  su c r o se  s y n th e s is in g  e n z y m e  is  in  fa c t  d e x tr a n s u c r a se  th e n  th e  fo r m a tio n  
o f a  D -g lu c o s y l-d e x tr a n su c r a se  c o m p le x  a n d  D -fru c to se  fro m  su c r o se  is  a  r e v e r s ib le  p ro cess . 
O n th e  o th e r  h a n d , th e  s y n t h e s is  o f  a -1 ,2 - a n d  a -1 ,6 - lin k a g e s  b y  o u r  e n z y m e  p r e p a r a tio n s   ̂
a p p e a r s  to  b e  ir r e v e r s ib le  ;  ̂ d e x tr a n  s y n t h e s is  is  c e r ta in ly  v e r y  m u c h  s lo w e r  th a n  th e  
D -fru c to se  in te r c h a n g e .

The component C was, in several solvents, chromatographically identical with leucrose 
(5-0-a-D-glucopyranosyl-D-fructose). No hydrolysis occurred under mild acid conditions 
suitable for the complete hydrolysis of sucrose, or by treatment with invertase. More 
drastic conditions, however, gave glucose and a trace of p^C]fructose, by chromatographic 
evidence. The conditions of this hydrolysis were such that most of the fructose would 
have been converted into hydroxymethyIfurfuraldehyde, which would not have been 
detected in the chromatographic analysis. It is therefore suggested that component C was, 
in fact, p^C]leucrose; leucrose is known to be formed in this type of system.^-? The 
apparent ability of dextransucrase preparations to transfer D-glucopyranosyl units from 
sucrose also to C-5 of D-frnctose is in agreement with our findings that six-membered ring



compounds will act as receptors only if they possess two hydrogen atoms and one oxygen  
atom cis related on C-1, C-3, and C-5d 

The properties of components D and E suggest that they were produced by successive 
addition of glucosyl units to sucrose.

E x p e r im e n t a l

Materials.— D-[^‘C]Fructose, generally labelled, was obtained from the Radiochemical 
Centre, Amersham.

Determination of Radioactivity.— The apparatus and the m ethods used were those described 
previously.®

Chromatography.— (i) Solvents. The solvents used in chrom atography were {a) b u ta n -l-o l-  
e thano l-w ater ( 4 :1 :  5) (organic phase) ; (h) ethyl ace ta te-acetic  ac id -w ater (9 : 1 : 1) ; (c) ethyl 
ace ta te-py rid ine-w ater-acetone  (10 : 5 : 10 : 2),,.to which ethyl acetate  was added until two layers 
separated  (organic phase).

(ii) Radiochromatograms. They were obtained by  exposure of chrom atogram s to  Ilford 
% -ray films (Industrial G) for an appropria te  time.
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Concentration and specific radioactivity  
of [̂ '‘Cjsucrose during incubation of 
digest.

Hr. o f  i n c u b a t i o n

Oligosaccharide Synthesis in  the Presence of r>-\}^C]Fructose.— A digest containing sucrose 
(10 mg.), D-E^C]fructose {ca. 100 m g.; spec, rad ioactiv ity  10-88 m c/g.-atom  of carbon, i.e., 
65-28 m c/mole of D-fructose), and dextransucrase prepara tion  (2-5 units) in 0-05M-acetate 
buffer (pH 5-0 ; 1 ml.) was incubated  a t  25° for 8 hr. The com ponents of portions (0-05— 0-1 ml.), 
w ithdraw n a t intervals, were fractionated by paper chrom atography in solvent {a). This 
revealed, in addition to  D-[ '̂‘C]fructose, A, four com ponents containing carbon-14, B, C, D, 
and E. The com ponents B and C had /?f,u values identical w ith  those of sucrose (0-50) and 
leucrose (0-38), respectively. The /?fru values of com ponents D and E  were 0-22 and 0-11, 
respectively.

Specific Radioactivity o f Component B  at Tim e Intervals.— E ach  fraction containing com­
ponen t B, obtained by  chrom atographic fractionation, was diluted w ith  w ater to  25 ml. 
Portions (1 ml.) were analysed for carbohydrate  con ten t by  th e  an throne method.® The 
specific rad ioactiv ity  of com ponent B in each fraction was determ ined by th e  infinitely-thin 
film m ethod ® and expressed per mole of disaccharide. The results are shown in the  Figure.

Characterisation o f Component B .— (i) In  each of th e  th ree solvents used com ponent B moved 
as a  single radioactive and chemical com ponent w ith  an  Pp value identical w ith  th a t  of sucrose.

(ii) Hydrolysis. A sample of com ponent B was hydrolysed w ith  0-25N-sulphuric acid a t  
100° for 15 min. A nother sam ple of com ponent B was incubated  w ith  invertase (B.D.H. 
concentrate) a t  20° for 1 hr. Chrom atographic analysis of the  hydrolysates revealed in each 
case com ponents which had  i?p values identical w ith  those of glucose and [^^CJfructose.

(iii) Carrier dilution. Sucrose (255-7 mg.) was dissolved in a portion  of th e  fraction con­
tain ing  com ponent B (0-22 mg.) obtained a fter Incubation of th e  digest for 8 hr. A fter being



freeze-dried, th e  sucrose was crystallised from dry  m ethanol and propan-2-ol. R ecrysta ll­
isation did no t cause a decrease in specific rad ioac tiv ity  (52*26 pc/m ole, by  infin itely-th ick  disc 
m ethod ®). From  th is the  specific rad ioac tiv ity  of com ponent B a t  th e  end of th e  incubation  
period was calculated  (60*8 m c/m ole of disaccharide).

Investigation of Component C.— (i) In  each of the  th ree solvents used com ponent C m oved as 
a single radioactive and chem ical com ponent w ith an 7?p value identical w ith  th a t  of leucrose.

(ii) Sam ples of th e  com bined fractions of com ponent C were {a) heated  w ith  0*25N-sulphuric 
acid a t  100° for 15 min. and {b) incubated w ith  invertase (B.D .H . concentrate) a t  20° for 1 hr. 
R adiochrom atogram s revealed only a single rad ioactive com ponent identical w ith  com ponent C. 
A nother sam ple was heated  w ith  l*5N-sulphuric acid a t  100° for 4 hr. C hrom atography of the  
hydro lysatc  revealed th e  presence of glucose and a trace  of a com ponent contain ing carbon-14 
and having identical to  th a t  of fructose.

Investigation o f Components D and E .— Sam ples of com ponents D and E  were separately  
heated  w ith  1 5N-sulphuric acid a t  100° for 4 hr. C hrom atography revealed in each case 
com ponents corresponding to  glucose and [̂ '‘CJfructose (trace). C hrom atographic analysis of 
p artia l hydrolysates (N-sulphuric acid; 90°; I hr.) revealed in each case th e  presence of com­
ponents w hich had values identical w ith  those of isom altose, glucose, and [ ‘̂*C]fructose.

Incubation o f Sucrose with D-[^‘̂ C]Pructose.— Sucrose (10 mg.) and D-E^C]fructose (100 mg.) 
dissolved in 0 05M-acetate buffer (pH 5*0; 1 ml.) were kep t a t  25° for 25 hr. R adiochrom ato­
gram s of th e  solution revealed only a single rad ioactive com ponent w ith  Rp identical to  th a t of 
fructose.

The au thors are indebted  to  Im perial Chemical Industries L im ited  and th e  D .S .I.R . for 
financial assistance, and to  Dr. R. W . Bailey for the g ift of an enzym e p repara tion  and  helpful 
discussions.
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E n g l e f i e l d  G r e e n , S u r r e y . [Received, February Uh, 1964.]
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(R eprin ied from  Nature, Vol. 186, N o. 4724, pp. 553-554, 
M ay  14, 1960)

Action of a Bacterial Dextranase on 
Branched Dextrans

S k v e r a l  m ould species^,* an d  stra in s  of B act- 
epoides® have been shown to  secrete dextranases 
w hich hydrolyse, to  different degrees, d ex trans of 
various branched structu res. A lthough glucose, 
taom altose an d  esom altotriose’̂ -® have  been shown to  
be am ong th e  m ain  p roducts of th e  hydrolysis, no 
oligosaccharides contain ing th e  glucosidic branch 
linkages have  so far been identified  in  th e  enzym e 
hydrolysates. R ecently , several rum en stra in s o f an  
organism , closely resem bling Lactobacillus bifidus*, 
were found to  secrete a  dex tranase  w hich hydrolysed 
an  unbranched  Streptococcus bovis^ d ex tran  to  a 
m ix tu re  o f wom alto-triose, -tetraose, -pentaose and  
-hexaose®. The enzym e also hydrolysed a  dex tran  
(produced by  Leuconostoc mesenteroides, B irm ingham  
stra in) contain ing 12-15 per cen t o f a -1,3-branch 
links’ to  a m ix tu re  o f tr i-  an d  higher saccharides, 
w hich w ere n o t exam ined fu rth er. W e have now 
investigated  th e  oligosaccharide m ix tu re  produced by 
th e  enzym e from  th is  and  o ther b ranched  dex trans.

Solutions w ere p repared  contain ing dextranase® 
(10 m gm .), purified’ d ex tran  (30 m gm .), an d  c itra te  
buffer (0 2 M , p H  5-5, 5 m l.). A  so lu tion  of th e  
above com position, contain ing unbranched  S . bovis 
d ex tran , was used as a  control. The solutions were 
incubated  under to luene a t  37° C. for 36 hr,, a fte r 
w hich tim e  th ere  w as no fu rth e r increase in  reducing 
sugars. The final digests w ere desalted  w ith  ‘Bio- 
dem inrolite’, concen tra ted  u n d er reduced  pressure to  
a  sm all volum e, and  analysed  b y  paper chrom ato­
g raphy  using th e  e th y l ace ta te , pyrid ine, acetone, 
w ater so lvent o f M alpress an d  Hytton®. R educing 
sugars were located  w ith  silver nitrate®. In ten se  spots, 
corresponding to  %gomalto-triose, -tetraose an d  -p en ta ­
ose, were presen t on chrom atogi’am s o f all th e  
hydro lysed  dex trans. In  add ition , chrom atogram s of 
th e  Leuconostoc b ranched  d ex tran  digest showed tw o 
m inor reducing com ponents m oving ju s t in fro n t of 
Momalto -tetraose an d  -pentaose respectively. These 
chrom atogram s also revealed a  m ass of unresolvable 
reducing com ponents, R g <  «som altopentaose, which 
w as absen t from  th e  contro l d igest. Portions o f th e  
tw o e x tra  oligosaccharides were e lu ted  and  h y d ro ­
lysed in  N  sulphuric acid for 4 h r. a t  100° 0 . The 
hydro lysates contained  a  single com ponent w hich 
w as chrom atographically  iden tical to  glucose.



Table 1. PossiubB O liq osaooh ajh d h s IN A d d it io n  t o  isoMAiiTo-
TRIOSE— -FKNTAOSH DKTEüTKD IN DKXTIIANASH-DEXTIIAN DIGESTS

Ucxtnin ; orgauisiu 
ami type of branch 

link

Fast-
moving
tetraose

Fast-
moving

pentaose
Saeciiarides of lia < 

isomaitopeutaose

(1) S. bovis ; un­
branched (ref. 5)

absent absent immalto-iiexao8c+++, 
-iieptaose^ +

(2) L. rnesenieroUles 
(Uinuinghain) ; 
modified, 2 per 
cent a-1,3- (ref. 9)

trace trace isomalto-iiexaoso^-+,
-iieptaose*-

(3) L. inesentej-oides 
(Birmingham) ; 
12-15 per cent 
a-1,3- (ref. 7)

+  + 4-4- + Intense unresolved 
mixture Ra < iso- 
maltopentaose

(4) L. mesenteroides
(N.Il.ll.L.
V1G12) ; 5 per 
cent a-1,3- (ref. 
10)

(5) Betabacterium
verinifonne. ;
5 per cent a-1,3-,
6 per cent a-1,4- 
(ref. 11)

trace trace possible hexaoBe'*++, 
hoptaose+++, 
octaose++

trace trace possible hexao8o+++, 
heptaose+++, 
octao8e+^

(0) Acetobacter cap- 
sulatum ; 10 per 
cent a-1,4- (ref. 
12)

absent absent possible hexaose+++, 
heptaose+'+, 
octaose++, nona- 
ose+ and unresolved 
liigher saccharides

Gradings allocated on the basis: trace, just visible: + , clearly 
visible : +  + -1-, definite black spot. Under the conditions used iso- 
inaltotriose spot =  +  +  +  +  +  + .

The three m ain  com ponents in th e  digest have 
been shown, by  m ovem ent in  five so lven t system s 
and  reaction w ith  four sp ray  reagents, to  be chrom ato­
graphically identical w ith  w om alto-triose, -tetraose 
and -pentaose, respectively. I t  seems likely, therefore, 
th a t  th e  tw o ex tra  saccharides contain, in addition 
to  a - l ,6 -linlcs, th e  a-1,3-branch links of th e  original 
dex tran . T heir absence from  th e  control digests seems 
to  rule o u t th e  possibility  th a t  th ey  were form ed by 
an  enzymic transferase ac tion  on the  w om altodextrins 
produced in  th e  digests. A ttem p ts  are now being 
m ade to  elucidate th e  s tru c tu re  o f these tw o sugars. 
As th e  dextranase has been shown to  hydrolyse 
Momalto -heptaose and -octaose, th e  m ass of higher 
saccharides presen t in  th e  branched d ex tran  digest 
probably  also contains a-1,3-branch links which p re ­
vented th e ir  fu rth e r hydrolysis. Two acid-degraded 
specimens of th e  branched Leuconostoc dex tran , 
mol. w t. 300,000 and  p lasm a grade, were also trea ted  
w ith dextranase. The sam e tw o e x tra  saccharides 
were detected  on chrom atogram s of th e  digests a t  
possibly lower concentrations. The th ree  womalto- 
d ex trin s and th e  unresolved m ix tu re  o f R q <  iso- 
m altopentaose were also presen t.

Several o ther dex trans, th e  s truc tu res of which 
, have been exam ined by  chemical m ethods, were 
trea ted  w ith  th e  dex tranase an d  th e  hydi'olysates 
exam ined by  paper chrom atography. T h e ,resu lts,



w ith  those already  ob tained , are listed  in  Table 1.
I t  appears th a t  L . bijidas dex tranase  is unable to  

cleave branching  links in  dex trans. T his is n o t 
surprising  as th e  organism  was cu ltured  in a  m edium  
containing unbranched  S . bovis dex tran . The m ix ­
tu re  o f saccharides produced seems to  deiiend not only 
on th e  ty p e  of branching, b u t also on th e  degree 
of branching  ; com pare dex trans Nos. 3 and  4 in 
which there  appears to  be a definite difference in th e  
com position of th e  saccharide m ix tu re  of R q <  iso- 
m altopentaose. A nother dex tran , produced by 
L . mesenteroides (N .R .R .L ., B742) and  containing 
36 per cen t of a-1,3- and  a -1 ,4 -links", was also trea ted  
w ith  th e  enzym e. T his d ex tran  w as n o t hydrolysed 
by th e  d ex tranase , a  resu lt w hich is in agreem ent 
w ith  th e  m arked ly  different serological properties 
re p o rte d "  for a  sim ilarly  b ranched  d ex tran  produced 
by ano th er s tra in  (N .R .R .L .-R 742-LR ) of th is  o rgan­
ism. The possib ility  th a t  dex tranases produced by  
L. bifidus and  o ther organism s m ay  be of help in 
establishing th e  s tru c tu res  of dex trans is being 
investigated  fu rth e r.

This w ork w as carried  o u t as p a r t  of a  program m e 
of research supported  by  th e  D ep artm en t of Scientific 
an d  In d u stria l R esearch and  d irected  b y  Prof. E . J .  
B om ne. T h anks are  due to  D r. A. E . Jam es, of 
G laxo, L td . (B arnard  Castle), for th e  g ift of th e  
sam ples o f degraded Leuconostoc dex tran .
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Oligosaccharides in Dextran-Producing Cultures of Streptococcus bovis
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Chemistry Department, Royal Holloway College, University of London, Englefield Qreen, Surrey
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Species of Leuconostoc mesenteroides an d  Strepto­
coccus bovis produce d ex tran  an d  fructose w hen 
grow n in  m edia contain ing sucrose (H ehre, 1951; 
T suchiya et al. 1952; Bailey, B arker, B ourne & 
Stacey, 1957 ; D ain, N eal & Seely, 1956; B ailey & 
O xford, 1958 a). In  addition, reducing disaccharides 
contain ing glucose and  fructose un its  are  formed. 
One o f these, leucrose (5-0 -D -glucopyranosyl-D - 
fructopyranose), has been isolated from  cultures of

L . mesenteroides (N R R L  B-512F) an d  characterized 
b y  Stodola, Sharpe & Koepsell (1956), who also 
m entioned  th e  form ation of isom altulose (Sharpe, 
Stodola & K oepsell, 1954). B ailey & B ourne (1959) 
have isolated leucrose from  dextran-producing cu l­
tu res o f S . bovis and  no ted  th a t  a  second disac­
charide was produced. The presen t paper reports a 
closer exam ination  o f th e  oligosaccharides p ro ­
duced in  cultures of S . bovis.
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E X P E R IM E N T A L

Organism. Streptococcus bovis (strain I; Lai ley & Oxfonl, 
1958a, b) was used.

Culture medium. The organism was grown in a medium 
containing yeast extract (1 %, w/v), Bacto-tryptosc (1-5%. 
w/v), sucrose (8 5%, w/v) and separately sterilized potas­
sium carbonate (O-OOIm), pantothenic acid (20 mg./l.) and 
biotin (0 01 mg./l.). A 1 1. culture was incubated at 37° for 
24 hr.; when more sucrose (30 g.) and sodium bicarbonate 
(1 g.) were added. The pH of the medium was adjusteil to 
0 5 with N-NaOH and the culture incubated for a further 
3 days.

Paper chromatography. Whatman no. 1 filter paper was 
used. The solvent systems were : (a) organic phase of ethyl 
acetate-water-pyridine (2 :2 : 1, by vol.); (6) ethyl acetate- 
acetic acid-water (9:2:2, by vol.); (c) butanol-benzene- 
pyridine-water (5:1:3:2, by vol.); (d) water-saturgiled 
butanol.

Paper ionophoresis. Ionophoresis was conducted on 
Whatman no. 3 JMM filter paper in O lM-borate, pH 10 
(Foster, 1953), and 0-1 M-molybdate, pH 5 5 (Bourne, 
Hutson & Weigel, 1959), at 80 v/cin. for about 1 hi*.

Selective spray reagents. The spray reagents used were : 
(a) acetone-silver nitrate-ethanolic sodium hydroxide 
(Trevelyan, Procter & Harrison, 1950), for the general de­
tection of carbohydrates; (6) urea-phosphoric acid (Wise, 
Dimler, Davis & Rist, 1955), for the detection of ketoscs, 
particularly compounds containing a leucrose unit, which 
stain a dull brown, strongly fluorescent in u.v. light; 
(c) aniline-diphenylamine-phosphorio acid (Schwimmer & 
Bevenue, 1956), found to give a specific green spot with 
6-0 -substituted glucose (e.g. isomaltoso); {d) triphenyltetra- 
zoliura chloride (Feingold, Avigad & Hestrin, 1956), re­
action with which was regarded as evidence that reducing 
glucose units were unsubstituted at the C-2 hydroxyl 
group.

Reduction of aldoses and ketoses. Aqueous solutions of 
the sugars (about 1 %) were mixed with an equal volume 
of potassium borohydiide solution (1 %) and allowed to 
stand overnight (Bragg & Hough, 1957). The solutions were 
deionized by treatment with Amberlite resin IR-120 (H ‘ ) 
followed by evaporation to dryness and repeated distil­
lation with dry methanol. Completion of reduction was 
checked by ionophoresis in molybdate solution (Bourne 
et al. 1959). The product was always purified by paper 
chromatography.

Acid hydrolysis. Hydrolysis was effected at 96° in 0-5 n - 
sulphurio acid for 3 hr. (complete) or 1 hr. (partial). The 
solutions were deionized by treatment with Amberlite resin 
IRA-400 (carbonate).

R E SU L T S 

Isolation o f oligosaccharides

A t th e  end of th e  incubation  period d ex tran  was 
rem oved from  th e  cu lture  fluid (1 1 .) by  p rec ip ita ­
tio n  w ith  acetone (2 vol.). The su p e rn a tan t liquid  
was evapora ted  to  200  ml. an d  frac tionated  on a  
charcoal-C elite colum n (40 cm. x 7 cm. ; W histler & 
D urso, 1950). W ater e lu ted  fructose an d  a  sm all 
am oun t o f glucose. Di- and  tri-saccharides were

elu ted  w ith  aqueous 1 -0  %  an d  0 -1 0  %  ethanol 
respectively. A sm all q u a n tity  of m ateria l elu ted  
w ith  aqueous 15 %  ethanol was no t exam ined 
fu rther.

Leucrose (m.p. 150°, m ixed m .p . 150°) was 
crystallized from the disaccharide fraction in ethy l 
ace ta te  (Bailey & Bourne, 1959). The m other 
liquor was frac tionated  on a  cellulose colum n 
(W hatm an cellulose pow der, s tan d ard  grade;
00 cm . X 4 5 cm .) w ith  so lv e n t (c) as th e  irrigant.
The fraction  contain ing disaccharide A was con­
cen tra ted , dissolved in w ater an d  freeze-dried. 
From  th e  fraction  contain ing leucrose a  d isac­
charide B was isolated in  trace  q u a n tity  by  paper 
ch rom atography w ith  solvent (h).

P aper chrom atography of th e  trisaccharide 
fraction  (300 mg.) w ith  solvent (a) revealed a  trace  
q u an tity  of a  trisaccharide A, which w as isolated 
by  th is  m ethod. The m ain  trisaccharide fraction  th en  
appeared  to  be hom ogeneous in th e  four ch rom a­
tog raphy  solvents, b u t 100 m g. was resolved in to  
tw o com ponents, trisaccharide B (about 50 mg.) 
an d  C (about 40 m g.), by  paper ionophoresis in 
borate  solution. The yields of oligosaccharides from 
a l l .  culture are shown in Table 1.

Structural examination of the 
oligosaccharides

IJisuccharide A .  D isaccharide A sta ined  blue 
w ith  sp ray  {b) (ketose-type) an d  had  th e  ch a rac te r­
istics shown in T able 2 . I ts  high ra te  o f m obility  
during  ionophoresis in  m olybdate  solution was in ­
dicative of a  6 -0 -substitu ted  fructose (Bourne, 
H u tso n  & W eigel, 1960). Acid hydrolysis gave 
glucose an d  fructose (paper chrom atography), 
sho^vn by elu tion an d  determ ination  w ith  an th rone 
(Yemm & W illis, 1954) to  be p resen t in  th e  ra tio
1 : 0 75. D eterm ination  of glucose an d  fructose in 
an  artificial m ix tu re  (ratio 1 : 1), tre a te d  w ith  acid 
in th e  sam e w ay as th e  disaccharide, revealed a 
glucose/fructose ra tio  of 1 : 0 81.

D isaccharide A was reduced  w ith  po tassium  b o r o - / ^  
hydride (Bragg & H ough, 1967). Ionophoresis in 
m olybdate  solution (pH  5*5) showed th a t  th e  
alcohol m igra ted  as a  single com ponent, w ith

T able 1. Yields of oligosaccharides from  a l l .  cul­
ture o f S treptococcus bovis groum on sucrose (115 gr.)

The expected yield of dextran would be about 40 ,g.

Compound Yield
Leucrose 1*8 g.
Disacoharide A (isomaltulose) 250 mg.
Disaccharide B (isomaltose) Trace
Trisaccharide A (isoraaltotriulose) Trace
Trisaccharide B (isomaltotriose) 160 mg.
Trisaccharide C (5-0 -a-isomaltosyl-D-fructose) 120 mg.
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m obility  reieiTod to  so rb ito l (M^) 0*8 (identical 
w ith  th a t  o f a  5- or 6-0-glycosyl-sorbito l or -m anni- 
tol), an d  th a t  on hydro lysis i t  gave glucose an d  
hexito l b u t  n o t fructose.

W hen estim a ted  by  th e  Shaffer & H a rtm a im  
(1921) m eth o d  d isaccharide A  (4 m g.) h a d  a  r e ­
ducing  pow er eq u iv a len t to  1-84 m g. of fructose. 
T'his corresponded  to  87-7 %  of th e  ca lcu la ted  value 
for a  d isaccharide.

D isaccharide A  w as in cu b a ted  w ith  a lm ond  /S- 
glycosidase a t  25° for 24 h r. P a p e r ch ro m a to ­
g rap h y  show ed th a t  no  hydro lysis h a d  occurred. 
U nder th e  sam e conditions l-O-jS-D-glucopyran- 
osyl-D -fructose w as com pletely  hydro lysed .

D isaccharide A  (50 m g.) w as converted  in to  its  
phenylosazone (30 m g.) b y  th e  m eth o d  o f A vigad  
(1959). T he recrysta llized  phenylosazone h a d  m.jD. 
171-173°. A d m ix tu re  w ith  isom altose p h e n y l- 
osazone, m .p . 173-175°, caused  no  depression in 
m elting  p o in t. T he phenylosazone b eh av ed  as a  
pu re  d isaccharide phenylosazone du rin g  ch ro m a to ­
g rap h y  in  so lvents {a) a n d  (d). I t s  in fra red  sp e c t­
ru m  w as iden tica l w ith  th a t  o f isom altose p h e n y l­
osazone. T hus d isaccharide A  w as isom altulose.

Disaccharide B . D isaccharide B could  be d e ­
te c te d  on p ap er ch rom atog ram s a n d  ionophoreto- 
g ram s w ith  sp ray  reag en ts  (a), (c) a n d  (d), a n d  w as 
ind istingu ishab le  from  isom altose (Table 2). S pray
(c) gave  a  green  sp o t ch a rac te ris tic  for a  6 -0 -sub- 
s ti tu te d  glucose. A cid  hydro lysis gave only  glucose 
(paper ch rom atog raphy). T hus th e  tra c e  d isac­
charide  B  w as a lm ost ce rta in ly  isom altose.

Trisaccharide A .  T risaccharide  A  could  be d e ­
tec ted  on p ap e r ch rom atog ram s a n d  ionophoreto- 
gram s (Table 2 ) w ith  th e  sp ra y  reag en ts  (o) an d  (6 ). 
C h rom atog raphy  a n d  ionophoresis o f th e  com plete 
acid  h y d ro ly sa te  revealed  th e  presence o f com ­

pon en ts  iden tica l w ith  glucose a n d  fructose (small 
am oun t), a n d  a  p a r tia l h y d ro ly sa te  con ta ined  also 
com ponents iden tica l w ith  isom altose a n d  iso­
m altu lose.

T risaccharide A  alcohol, ob ta in ed  b y  red u c tio n  
of trisaccharide  A  w ith  po tassiu m  borohydride  
(B ragg & H ough , 1957), h a d  0 75, iden tical 
w ith  th a t  o f 6 -0 -isom altosylsorbito l a n d  different 
from  all b u t 5- o r 6 -D -biosyl-sorbitols or -m annito ls. 
C om plete hydro lysis o f th e  alcohol gave com ­
po nen ts iden tica l w ith  glucose a n d  a  h ex ito l; a  
p a r tia l h y d ro ly sa te  con ta ined  isom altose an d  
glucose as th e  only  reducing  com ponents. T hus 
trisaccharide  A w as m o st p ro b ab ly  isom alto- 
triu lose.

Trisaccharide B . T risaccharide B  could  be d e ­
te c te d  on p ap er ch rom atogram s a n d  ionophoreto- 
gram s w ith  sp ray  reag en ts  (a), (c) (characteristic  
g reen  for a  6 -0 -su b stitu ted  glucose) a n d  (d). I t  was 
ind istingu ishab le  from  isom alto triose (Table 2). 
Com plete acid  hydro lysis gave only  glucose, w h ere­
as a  p a r tia l  acid  hydro lysis gave  isom altose a n d  
glucose. I t  w as n o t h yd ro lysed  b y  a lm ond  8̂ - 
glycosidase.

T risaccharide B  w as reduced  w ith  po tassiu m  
borohydride  (B ragg & H ough , 1957). Ionophoresis 
in  m o ly b d a te  so lu tion  (pH  5 5) show ed th a t  th e  
alcohol m ig ra ted  a t  th e  sam e ra te  as 6 -0 -isom alto- 
sy lso rb ito l {Mg 0-75; see above). C om plete h y d ro ­
lysis o f th e  alcohol gave glucose a n d  a  hex ito l. A  
p a r tia l h y d ro ly sa te  o f th e  alcohol w as show n, b y  
ch ro m ato g rap h y  in  so lven ts (a) a n d  (6 ) a n d  iono­
phoresis in  m o ly b d a te  so lu tion  (pH  5 5), to  co n ta in  
tw o  reducing  com ponents iden tica l w ith  glucose 
a n d  isom altose, a n d  tw o  non-reducing  com ponents 
iden tica l w ith  a  h ex ito l a n d  6 -O -glucopyranosyl- 
sorb ito l, as weU as th e  u nchanged  alcohol.

T ab le  2. Properties o f some oligosaccharides compared w ith those isolated 
fro m  S trep tococcus bovis cultures

Solvents: (a) organic phase of ethyl acetate-water-pyridine (2:2:1, by vol.); (&) ethyl acetate-acetic acid- 
water (9:2:2, by vol.); (c) butanol-benzene-pyridine-water (5:1:3:2, by vol.); {d) water-saturated butanol.

Chromatography Eg
A

Ionophoresis

Solvent Solvent Solvent Solvent Mg M s Phenylosaz(
Compound (a) (6) (c) id) (borate) (molybdate) (m.p.)

1 -0-/S-Glucopyranosyl- 0*59 0*41 0*57 0*28 0*74 0*25 —
XI IX v u U o o

Sucrose 0-74 063 0*81 0*50 0*10 0 ____

Turanose 0-75 0*54 0*81 0*51 0*69 0*1 202-204'
Maltulose 0 6 3 0*44 0*64 0*39 0*63 0*15 202-204
Leucrose 0 5 5 0-50 0*50 0*32 0*56 0*35 186-188
Isomaltulose 0 64 0*50 0*68 0*33 0*60 0*64 173-175
Isomaltose 0-58 0*27 0*50 0*31 0*70 0 173-175
Isomaltotriose 0 3 5 0*15 — ,0*10 0*58 0 —

Disaccharide A 0*63 0*50 0*69 0*35 0*61 0*65 171-173
Disaccharide B 0-59 0*28 0*50 0*31 0*70 0 —

Trisaccharide A 0*41 0*24 — 0*15 0*50 0*47 —

Trisaccharide B 0*35 0*15 — 0*10 0*57 0 —

Trisaccharide C 0*35 0*15 — 0*10 0*44 0*30 —
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Trisaccharide C. Trisaccliaride C could be d e ­
tec ted  on paper chrom atogi’am s an d  ionogram s 
(Table 2) w ith  sp ray  reagen t (6 ) as a  brow n spot 
which fluoresced in u .v . light (as d id  leucrose). 
Acid hydrolysis yielded glucose an d  a  sm aller q u an ­
tity  of fructose (paper chrom atography). A pa rtia l 
hydro lysate  contained glucose, isom altose and  
sm all am ounts of leucrose and  fructose, as well as 
th e  unchanged trisaccharide. C hrom atography of 
an  equim olar m ix tu re  of isom altose and  leucrose, 
a fte r th e  sam e trea tm en t w ith  acid, gave a sim ilar 
p a tte rn .

Trisaccharide C was reduced w ith  potassium  
borohydride (Bragg & H ough, 1957). D uring iono­
phoresis in m olybdate  solution (pH  5-5) th e  p ro ­
duc t m igra ted  w ith  Mg 0 75 (see above). Complete 
acid hydrolysis of th e  alcohol gave glucose as th e  
only reducing hexose together w ith  a  hexitol. 
C hrom atography and  ionophoresis (m olybdate) of 
a  p a rtia l hydro lysate  o f th e  alcohol revealed th e  
presence of com ponents identical w ith  glucose, a  
hexitol, isom altose, 5- or 6-0-glycosylsorbitol and  
unchanged m ateria l.

Trisaccharide C was not hydrolysed by almond 
jS-glycosidase; thus it was m ost probably 0-a-D- 
glucopyranosyl - (1 -> 6 ) - 0  - a - D - glucopyranosyl - 
(I -> 5)-D-fructose (5-0-a-isomaltosyl-D-fructose).

Action o f partially purified  S treptococcus bovis
dextransucrase on leucrose in  the presence of
sucrose

Leucrose (50 mg.) an d  sucrose (50 mg.) were in ­
cubated  a t  37° w ith  dex transucrase (2 mg.) in 
0'05M -acetate buffer (pH  5*2, 2 m l.) for 24 h r. The 
dextransucrase p repara tion  was supplied b y  D r 
R . W . B ailey and  p repared  according to  B ailey 
(1959). C hrom atography o f th e  digest revealed a  
sm all am o u n t of a  com ponent w ith  Rg 0-35, 0-15 
an d  OTO in  solvents (a), (6) an d  [d) respectively. I t  
could be detec ted  w ith  sp ray  reagents (o) an d  (6 ). 
The la tte r  gave a  brow n spo t w hich fluoresced 
strongly  in  u .v . light. Some of th is  com ponent was 
isolated b y  paper chrom atography an d  subjected  
to  th e  sam e analysis as trisaccharide C. In  all these 
te sts  th e  com pound was identical w ith  trisaccharide 
C. T he enzym e did  n o t produce detectab le  am ounts 
of th is  trisaccharide from  leucrose or sucrose 
separately . This confirm ed th e  stru c tu re  assigned 
to  th e  trisaccharide.

DISCU SSIO N

The evidence presen ted  here an d  by  B ailey & 
B ourne (1959) characterizes th ree  of th e  oligo­
saccharides in  S . bovis cu ltures as isom altulose, 
leucrose an d  O-a-D-glucopyranosyl-( 1 -> 6)-<9-a-D- 
glucopyranosyl-( 1 5)-D-fructose (5-0-a-isom alto-

syl-D-fructose); o ther products were alm ost cer­
ta in ly  isom altose, isom altotriose and  isom altotri- 
ulose. A large q u an tity  of fructose an d  a  sm aller 
am om it of glucose were also present ; all of the  
sucrose had  been utilized.

I t  has been shown th a t  certa in  simple sugars can 
ac t as receptors of transferred  glucosyl u n its  w hen 
dextransucrase p repara tions from  L . mesenteroides 
(N R R L  B-512) (Koepsell ct al. 1953), L . rnesen- 
teroidcs (Birm ingham ) (Bailey et al. 1957) an d  S . 
bovis (Bailey, 1959) ac t on sucrose. Such sugars lead 
to  th e  synthesis of oligosaccharides. Isom altoso 
an d  isom altotriose were found, in th e  Leuconostoc 
system , to  be good receptors wliereas glucose, 
fructose and  leucrose ac ted  as poor receptors. The 
p resen t work show’s th a t  th e  sam e is tru e  for th e  S. 
bovis dex transucrase system .

Glucosyl transfer of th e  above ty p e  can occur 
during d ex tran  synthesis an d  be responsible for b y ­
products. The am oun t of such by-products wUl d e ­
pend  n o t only on th e  efficiency of th e  receptor 
molecules b u t also on th e ir  re la tive  concentrations. 
T hus transfer to  fructose, w hich is a  poor receptor 
b u t p resen t in  large quan tities, resu lts in  relatively  
large am ounts of leucrose (mainly) an d  isom alt­
ulose. T ransfer to  glucose would resu lt in  m uch less 
isom altose. The concentrations of disaccharides 
could increase un til th ey  com peted w ith  fructose as 
receptors, th u s leading to  5-0-a-isom altosyl-D - 
fructose and  isom altotriulose. The p roduction  of 
isom altotriose is alm ost certa in ly  v ia  isom altose. 
T h a t th e  la tte r  was found only in  very  sm all 
am oun t is reasonable as i t  is a  good recep tor and  
w ould be soon converted  in to  isom altotriose. I t  is 
in teresting  th a t  fructose appears to  a c t as a  r e ­
ceptor in b o th  th e  pyranose an d  furanose form s, to  
give leucrose an d  isom altulose respectively, th e  
form er being preferred.

A fter th e  presen t w ork h ad  been com pleted, 
Sharpe, S todola & Koepsell (1960) confirm ed th e  
form ation of isom altulose as a  by-p roduct during 
th e  synthesis o f d ex tran  by  enzym e prepara tions of 
L . mesenteroides (N R R L  B-512F).

SUMMARY

1. Streptococcus bovis, w hen grow n in a  m edium  
contain ing sucrose, has been show n to  p ro ­
duce leucrose, isom altulose, isom altose, isom alto­
triose, 5-0-a-isom altosyl-D -fructose an d  isom alto­
triulose.

2. The m echanism  of th e  form ation  o f these 
oligosaccharides is discussed.

The authors thank Professor E. Pacsu for a gift of 
l-O-jS-D-glucopyranosyl-D-fructose, Dr R. W. Bailey for 
helpful discussions and the Department of Scientific and 
Industrial Research for financial assistance.
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I t  has been show n th a t  a n  ex trace llu lar d e x ­
tra n a se  of a  ru m en  s tra in  o f Lactobacillus bifidus, 
w hen  in cu b a ted  wdth th e  essen tia lly  u n b ran ch ed  
d e x tra n  o f Streptococcus bovis, p roduces isom alto ­
triose, isom alto te traose , isom aitopeu taose, isom al- 
tohexaose an d  traces  o f isom altohep taose, b u t no 
glucose or isom altose (B ailey & Clarke, 1959). A 
s tu d y  o f th e  ac tio n  o f th e  L . bifidus d ex tran ase  on 
various d ex tran s  revealed  th a t  th e  m ix tu re  of 
o ligosaccharides p roduced  varied  wdth th e  ty p e , 
a n d  degree of b ranch ing , o f th e  d e x tra n  (Bailey, 
H u tso n  & W eigel, 1960). W e h av e  now  exam ined  in 
de ta il th e  ac tio n  of th is  d ex tran ase  on th e  b ran ch ed  
d e x tra n  e lab o ra ted  b y  Leuconostoc mesenteroides 
(Betacoccus arabinosaceous, B irm ingham  stra in ).

E X P E R IM E N T A L

Dextranase. The dextranase was isolated from cell-free 
culture fluid of a rumen strain of Lb. bifidus by one of us 
(R.W. B.) in the Laboratories of the Plant Chemistry 
Division, D.S.I.R., Palmerston North, New Zealand, 
according to the method described by Bailey & Clarke 
(1959).

Dextrans. Leuconostoc mesenteroides (Birmingham strain) 
dextran was synthesized from sucrose. The dextran wa^

from the same batch as was that used for structural studies 
of the dextran, which was shown to contain, as well as 
a-l:6-linkages, 12-15’% of a-l:3-branch linkages (Barker, 
Bourne, Bruce, Neely & Stacey, 1954). A virtually un­
branched dextran (Bailey, 1959) was isolated from a 
sucrose-containing culture of S. bovis (strain I) (Bailey & 
Oxford, 1958).

Paper chromatography and ionophoresis. The solvents 
used for paper chromatography were : (a ) the upper layer of 
ethyl acetate-water-pyridine (2:2:1, by vol.) (Jermyn& 
Isherwood, 1949); (6) ethyl acetate-water-pyridine-
acetone (Malpress & Hytten, 1958); (c) upper layer of 
butanol-ethanol-water (4:1:5, by vol.); {d) ethyl acetate- 
acetic acid-water (9:2:2, by vol.); (e) butanol-benzene- 
pyridine-water (5:1:3:2, by vol.). Ionophoresis was 
carried out at about 50v/cm. in borate solution, pH 10 
(Foster, 1953), and in molybdate solution, pH 5 5 (Bourne, 
Hutson & Weigel, 1959). I t  will be noticed that some of the 
Mg (mobility with respect to sorbitol) values reported here 
differ slightly from those reported earlier. This is due to the 
application of smaller quantities, thus allowing a more 
accurate determination of the rates of migration. In all 
cases comparison was made with known compounds.

The reagents used for the detection of compounds were : 
(a) silver nitrate in acetone-ethanolic sodium hydroxide 
(Trevelyan, Procter & Harrison, 1950); (6) aniline hydrogen 
phthalate (Partridge, 1949); (c) p-anisidine-HCl (Hough, 
Jones & Wadman, 1950); (d) aniline-diphenylamine-
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phosphoric acid (Schwimmer & Ocvcnuo, Ihôh); (c) tri­
phenyltetrazolium  chloride (F einpdd , Avit^ad & Hestrin, 
lOotij.

Dexlm nase digest-^. Standard digests wer(' pix'pared fi'om 
dextran solution (15 mg. in 2 ml. o f water), dextranase solu­
tion (5 mg. in 1 nd. o f water) and 0 2 M-eitrate bulfer, 
pH  5 5 (2 m l.). The digests were incubated under a layer of 
toluene a t 37° for 60 hr.

Bcducimj sugars. Reducing sugars produced were deter­
m ined at tim e intervals by the cuprimetric m ethod o f  
Shatter & H artm ann (1021). The results were calculated in 
terms o f isom altotriose (Fig. 1). The solutions Avere de­
salted w ith B io-H em inrolit, pretreated with carbon dioxide  
and evaporated to dryness in- vacuo. The residues wore dis­
solved in water (0 2 ml.) for chrom atographic analysis.

R ESU LTS

Oligosaccharides produced by the action of the 
dextranase on Leuconostoc m esenteroides dextran

The ra te  of liberation  of reducing sugars from 
1j . mesenteroides d ex tran  by  Lb. bifidus dex tranase  is 
com pared w ith  th a t  from bovis d ex tran  in Fig. 1. 
The am ounts of reducing sugars released indicates 
th e  effect of branching on th e  enzym ic hydrolysis. 
P ap er chrom atography in solvent (6 ) of th e  digest 
contain ing L . mesenteroides d ex tran  revealed, a fter 
30 hr. incubation , "the form ation  of th ree  oligo­
saccharides, A, B and  C, w ith  R,«omauotrio8o (^ imt) 
values of 0-75, 0 50 and  0 35 respectively, in ad d i­
tion  to  isom altotriose, isom alto tetraose, isom alto- 
pentaose, isom altohexaose and  isom altoheptaose, 
also ob tained  from  S . bovis dex tran . Glucose, iso­
m altose and  oligosaccharides w ith  a  degree of 
polym erization g reater th a n  seven glucose un its  
were absen t from  th e  digest contain ing S . bovis 
d ex tran . Glucose an d  isom altose were also absen t 
from  th e  digest containing L . mesenteroides

2-0

1-2

0-4

Time (hr.)

Fig 1. Liberation of reducing sugars in dextran-dextran- 
ase digests. Solutions contained dextran (7-5 mg./ml.; 
10 ml.), dextranase (5 mg./ml.; 5 ml.) and citrate bujffer 
(0-2M, pH 5-5; 10 ml.). O, S. bovis dextran; # , L. 
mesenteroides dextran.

T a b le  1. Yield.s of oligosaccharides produced by the 
action of L b . b if id u s  dextranase on L e u c o n o s to c  
m e s e n te r o id e s  ( liirtuinghaui strain) dextran

Sol niions containing dextran (15 m g./2 ml. o f water), 
dextranase (5 m g./l ml. of water) and citrate bulfer (0 -2M, 
})H 5-5; 2 ml.) were incubated at 37° for 60 hr. O ligo­
saccharides wore resolved by chrom atography in solvent 
{!)) and determ ined by the anthrone m ethod, (had in g
schem e in visual estim ai ion : -1- (trace) to  -1- -1- 4- -1
(intense). L. 'mesenteroides S. bovis

dextran (% of (lex t rail
recovered (by visual
material) estim ation)

Isom altotriose 8-8 -t- 4 - - f  - f

Isom altotetraose 9-4 4- 4- 4- 4-

Tetrasaccharide A 3 3 Absent
Isom aitopeutaose 11-4 4- 4 - 4- 4-

Pentasaccharide B 3-5 Absent
H exasaccharide fraction 8-6 4- 4- -t-

H eptasaccharide fraction 13-1
Unresolvable fraction 41-9 Absent

large am oun t of unresolvable 
<  0-20  was produced.

dex tran , b u t a 
m ateria l w ith B

A  p a r t  of th e  digest contain ing L . mesenteroides 
dex tran  (3-76 mg. of th e  original d ex tran ; cor­
rected  for m oisture content) was frac tionated  by 
paper chrom atography  in solvent (6 ). The glucose 
e(|u ivalent of each elu ted  frac.tion was determ ined 
by th e  an th rone m ethod  (Yemm & Willis, 1954). 
The resid ts are shown in Table 1. Q ualita tive 
results ob tained  from  B. bovis d ex tran  are  included 
for com parison.

A digest (500 ml.) contain ing  - A. mesenteroides 
d ex tran  (1-90 g.) was incubated  under s tan d ard  
conditions. A fter desalting, th e  m ix tu re  of oligo­
saccharides was frac tionated  by  paper ch rom ato ­
g raphy  in solvent (5) on \V liatm an no. 3 filter paper. 
Purification  of th e  fractions contain ing oligosac­
charides A and  B by th e  sam e paper-ch rom ato ­
graphic m ethod , followed by desalting  and  freeze- 
drying, yielded chrom atographically  pure oligo­
saccharide A (30 mg.) and  B (30 mg.).

Structural examination of oligosaccharide A . 
Oligosaccharide A could be detec ted  on paper 
chrom atogram s w ith  sp ray  reagents (a), (5), (c) 
(green spot) and  {d) (pink spot). D uring iono­
phoresis in  bo ra te  solution (pH 10) it m igrated  
w ith  th e  sam e M q (m obility w ith  respect to  g lu ­
cose) as isom alto tetraose (0-65). W hen estim ated  by 
th e  Shaffer & H artm an n  (1921) m ethod  oligosac­
charide A (5 mg.) h ad  a reducing power equ ivalen t 
to  1-15 m g. of glucose. This corresponded to  
85-2 %  of th e  calculated  value for a  te trasaccharide . 
I t  was n o t possible to  determ ine th e  ash and  
m oisture contents.

Oligosaccharide A (250 p,g.) was h ea ted  for 4 hr. 
a t  100° in  1-5N-HC1 (1 ml.) and  th e  solution evapor­
a ted  to  dryness in  vacuo over solid N aO H  to



19(U

rem ove th e  acid. T lie h y d ro ly sa te  con ta ined  a  
single com ponen t w hich was c iirornatographically  
iden tical w ith  glucose. A jja rtia l hyd ro ly sa te , 
o b ta in ed  by heating  for 1 h r. a t  100° in n-HC'1 an d  
deionizing w ith  A m berlite  lK A -400 (carbonate), 
was show n by ])aper ch ro m ato g rap h y  to  con tain  
isom alto triose , isom altose an d  glucose.

O ligosaccharide A (12 mg.) w as reduced  w ith  
po tassium  borohydride (B ragg & H ough, 1057). 
'The so lu tion  w as deionized by tre a tm e n t w ith 
A m berlite  1 B -i 20  (H  ' ) followed by ev ap o ra tio n  an d  
rep ea ted  d is tilla tio n  w ith  d ry  m ethanol. O ligosac­
charide A alcohol was j)urified an d  iso lated  by  
p ap er ch ro m ato g rap h y  in so lven t {a) (7aY 0-32). 
Ionophoresis in  m o ly b d ate  so lu tion  (pH  5-5) 
(B ourne et al. 1050) show ed th a t  it  m ig ra ted  w ith  
th e  sam e as O -O -a-isom altotriosylsorbitol
(0-50).

O ligosaccharide A alcohol w as p a rtia lly  h y d ro ­
lysed by h ea tin g  for 4 h r. a t  100° in  1 %  aqueous 
oxalic acid  (5 m l.). T he h y d ro ly sa te  w as deionized 
w ith  A m berlite  IR A -400 (carbonate) an d  frac tio n ­
a te d  by p ap er ch ro m ato g rap h y  in so lven t (a) (see 
Table  2) in to  5 com ponents in  ad d itio n  to  im- 
changed  m ate ria l (abou t 40 % , v isual es tim atio n  on 
chrom atogram s). E ach  frac tio n  w as su b jec ted  to  
ionophoresis in  m o ly b d a te  so lu tion  (pH  5-5), w hen 
frac tions 3, 4 an d  6 were resolved in to  trisaccharide  
D a n d  trisaccharide  E  alcohol, isom altose an d  
6-0-a-D -glucopyranosylsorbito l, D-glucose an d  so r­
b ito l respectively . T he id e n tity  o f th e  jDroducts of 
hydro lysis w ith  th e  corresponding n am ed  com- 
pom ids w as confirm ed b y  ionojihoresis in  b o ra te  
so lution.

T risaccharide  D , w hich w as im m obile during  
ionophoresis in  m o ly b d a te  so lu tion  (pH  5-5), w as 
e lu ted  an d , a f te r  rem oval o f m o ly b d a te  w ith  
A m berlite  IR -120  (H+) an d  A m berlite  IR A -400 
(carbonate), reduced  w ith  po tassiu m  borohydride  
(B ragg & H ough , 1957). T he so lu tion  w as deionized 
as described above. Ionophoresis in  m o ly b d a te  
so lu tion  (pH  5-5) revealed  th e  presence o f trisac-
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(Mg 0) a n d  trisaccharide  Echaride E  alcohol 
alcohol (Afg 0 -0 2 ).

To sep ara te  so lu tions o f oligosaccharide A 
(500ju,g.) an d  isom alto te traose  (500 pg.) in  w ate r 
(I m l.) was added  0-03M-sodium p erio d a te  (0-5 m l.). 
A fte r s tan d in g  for 10 h r. a t  room  tem ^oerature th e  
excess of perio d a te  w as d estroyed  w ith  0-03m- 
ethy lene  glycol (0-5 m l.). H ydroch lo ric  acid  was 
added  to  give 2n-HC1 solutions. These w ere h ea ted  
for 0 hr. a t  100° an d  th e n  ev ap o ra ted  in  vacuo over 
solid N aO H . A lthough  p ap er ch ro m ato g rap h y  in 
so lven t (a) o f th e  h y d ro ly sa te  of oxidized oligo­
saccharide A revealed  an  in tense  8%3o t of glucose, 
th e  hyd ro ly sa te  of oxidized isom alto te traose  w as 
show n to  co n ta in  only traces  of glucose. M easured 
p o rtions o f th e  hyd ro ly sa tes  (contain ing  250 pg. o f 
original oligosaccharides) w ere frac tio n a ted  by 
p ap er ch ro m ato g rap h y  in  so lven t (a). T he com ­
p o n en ts  corresponding to  glucose w ere e lu ted  w ith  
w a te r an d  d e te rm ined  b y  th e  benzidine m eth o d  
(Jones & P rid h am , 1954), w ith  glucose as a  
s ta n d a rd . T he y ields of glucose from  oligosaccharide 
A a n d  isom alto te traose  corresponded  to  27 %  an d  
5 %  respectively  o f th e  glucose p resen t in a  t e t r a ­
saccharide con ta in ing  glucose only.

Structural exam ination o f oligosaccharide B . The 
m ethods w ere as for o ligosaccharide A. O ligosac­
charide B could be d e tec ted  on p ap er ch ro m a to ­
gram s w ith  sp ray  reagen ts  (a), (6 ), (c) (green spot) 
a n d  (d) (pink spot). D uring  ionophoresis in  b o ra te  
so lu tion  (pH  10) i t  m ig ra ted  w ith  th e  sam e as 
isomaltoiDcntaose. C om plete hydro lysis  gave a 
single reducing  com pound w hich w as ch ro m a to ­
graph ica lly  iden tica l w ith  glucose, w hereas a 
p a r tia l h y d ro ly sa te  w as show n to  con ta in , by  
p ap er ch ro m ato g rap h y  h i so lven ts (a) a n d  (6 ), 
iso m alto te traose , isom alto triose , isom altose an d  
glucose. O ligosaccharide B  alcohol m ig ra ted  
d u ring  ionophoresis in  m o ly b d a te  so lu tion  (pH  5-5) 
w ith  th e  sam e Mg as O -O -a-isornaltotetraosyl- 
so rb ito l (0-44). A  p a r tia l acid  h y d ro ly sa te  of 
o ligosaccharide B alcohol show ed, on ch ro m a to ­

T ab le  2. Fractionation o f products fro m  partial hydrolysis o f oligosaccharide A  alcohol

Paper chromatography 
in solvent (a)

Fraction
Ionophoresis in molybdate solution

no. J/g Identity
I 0-32 0-50 Oligosaccharide A alcohol
2 0-45 0-60 6-0 -a-Isomaltosylsorbitol
3 0-55 0 Trisaccharide D

0-00 Trisaccharide E alcohol
4 0-75 0 Isomaltose

0-75 6-0-a-D-Glucopyranosylsorbitol
5 0-85 0 Nigerose
G 1-0 0 Glucose

1-0 , Sorbitol
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graphy  in solvents (a) and (r/), in add ition  to 
unchanged m aterial (al)ont 50 Mo, visual est im a­
tion), intense spots eorresponding to glucose and 
6 -C-a-isom aItotriosylsoj‘bit()l. Only very small 
ti*aces of isomaltose, O-O-a-o-glucopyranosylsor- 
bitol and sorbitol were detectable.

W hen oligosaccharide B (500^g.) was oxidi/.('d 
w ith  sodium  periodate and  hydrolysed in the  sam e 
way as oligosaccharide A and isom altotetraose, the 
yield of glucose corresponded to  24 %  of t he glucose 
presen t in a jjentasaccharide (containing only 
glucose.

Arf /on of the dextranase on V)-()-y.-isoni(dtohexaos}il- 
and 0-O-x-iso)n(dtoheptaosi/l-sorhitol

O -O -a-lsom altohexaosylsorbitol (S mg.) and  0 - 
C-a-isomaltoliepta(.).sylsorbitol (8 mg.), prej)ared 
by reduction  of isom altoheptaose and  isomalto- 
octaose respectively w ith potassium  borohydride, 
were separately  dissolved in 0-25M-citrate buffer 
(pH  5 5) ( 1 ml.) and incubated w ith dex tranase 
(4 and  6 mg. respectively) for 26 hr. a t  37°. Paper 
ionophoresis in m olybdate  solution of th e  d e ­
ionized digest contain ing 6 -0 -a-isom altohexaosyl- 
sorbito l revealed, in addition  to  non-m igrating  
m ateria l, th e  presence of tw o com ponents which 
m igrated  a t  th e  sam e ra te  as 6 -G-a-isomaltosyl- 
and  6 -0 -a-isom altotriosyl-sorbitol res])octively. 
The non-m igrating  m ateria l was e lu ted  from  the 
paper and  deionized. P aper chrom atograpliy  in 
solvent (a) revealed com ponents corres]3onding to  
isom altotriose and  isom alto tetraose. 6 -0 -a-Iso- 
m altosylsorbito l, 6 -0 -oc-isom alto triosyIsorbito l, 6 - 
0 -a-isom alto tetraosylsorbito l, isom altotriose, iso­
m alto te traose  and  isom altopentaose were identified 
in a sim ilar m anner in th e  digest contain ing 6 -0 -%- 
isom altoheptaosylsorbitol. V isual exam ination  of 
th e  paper ionogram s and  chrom atogram s suggested 
th a t  all th e  p roducts were presen t in approxim ately  
equal quantities.

D ISCUSSION

The evidence presented shows th a t  oligosac­
charide A is a  reducing te trasaccharide  of glucose. 
The results of th e  partia l acid hydrolysis of te t r a ­
saccharide A and  th e  reduction  p roduct showed th e  
presence o f an  isom altotriose u n it, together w ith 
ano th er glucose u n it jo ined b y  a  linkage of a  m ore 
labile type . One glucose u n it was shown to  be 
re sis tan t to  oxidation by  periodate. This dem on­
s tra te s  th e  presence of one l:3-glucosidic linkage in 
te trasaccharide  A. As th e  1:3- as well as th e  1:6- 
glucosidic linkages in d ex tran  are of th e  a-type it  is 
reasonable to  assum e th a t  th e  l:3-glucosidic 
linkage in  te trasaccharide  A also is an  a-l:3-linkage.

T here are four possible stru c tu res  (I-IV ) (Fig. 2) 
for a  te trasaccharide  containing an  isom altotriose

un it to which a fourth glucose un it is joined by an  
a - 1:3-glucosidic linkage. The results of periodate 
oxidation elim inate stru c tu res  (111) and (IV). The 
m igration of te trasaccharide  A alcohol during 
icavophoresis in m olybdate solution conclusively 
elim inates struc tu ivs (III) and (IV) because a
3-D -snbstituted sorl)itol does no t form a  com plex 
w ith m olybdate  (Bourne et al. 1059). This m igra­
tion and the reaction of te trasaccharide  A w ith 
triphenylte trazo linm  chloride also elim inate 
the  possibility of snbst itnt ion a t  C(j)- and 
C(2)-b.yfiroxyl groups respectively of the  re­
ducing glucose unit.

The s tru c tu re  of te trasaccharide  A was eluci­
dated  fu rther by a ])artial hydrolysis of the  reduc­
tion product (V or VI) (Fig. 3). Products which 
would be expected from both structu res, nam ely 
6 - G - i som alt osy Isor hi to 1 (V I1), isom altose (X II), 
6 -G-o:-i)-glnco{)yranosylsorbitol (X III) , nigerose /   ̂
( X l \  ), glucose (XV) and sorbitol (X V I), were 
identified by paper ch rom atography and  iono­
phoresis. As wonld be exjiected if (VI) were presen t, 
tw o trisaccharide alcohols were obtained (Table 2).
One of these (fraction 2) was identical w ith  6-0- 
isom altosylsorbitol (V II), th e  only trisaccharide 
alcohol expected from (V). The o ther, trisaccharide 
E  alcohol, m ust have stru c tu re  (IX ), which is con­
sisten t w ith  its .

The possible struc tu res of the  reducing trisac ­
charide D of fraction  3 are (V III) and  (X). Io n o ­
phoresis in m olybdate  solution (pH  5 5) of the  
reduced trisaccharide D revealed trisaccharide E  
alcohol (IX ) an d  a  non-m igrating  trisaccharide F  
alcohol. As 3 -0 -substitu ted  sorbitols do n o t m i­
g rate , trisaccharide F  alcohol m ust have s tru c tu re  
(X I), and  hence trisaccharide D m ust have con­
ta ined  both  (V III) and  (X).

These results show th a t  te trasaccharide  A is a  
m ix tu re  of 3^-glucosylisomaltotriose (I) and  3 -̂ 
glucosylisom altotriose (II).

T he results ob tained  w ith oligosaccharide B 
provide evidence th a t  it is a  reducing pentasac- /  \  
charide B containing an  isom alto tetraose u n it to  
which a fifth glucose un it is joined by a  1:3-

G—G—G,

G
(I)

G—G—G, 

(III)

G—G—G, 

G
(II) 

G—G—G

k
(IV)

Fig. 2. Possible structures of a tetrasaccharide containing 
an isomaltotriose unit and a fourth glucosyl unit joined by 
an a-l:3-link. —, a-l:6-link; | , a-l:3-link; G , reducing 
glucose unit; G, glucosyl unit.
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(1)

KBIT,

(V) (!—({—S (VI)

G
I Hydrolysis 

(Vil) G -G —S 

(Vlll) G -G , k BH,

G

(II)
KBH,

G _ G _ S

G
Hydrolysis

(X)

(VII) G—G - s  
(IX) G—8

I
G
G—G,

G

(XII) G—G,
(XIII) G—8

(XIV) G,

G

KBH, (XI) G— 8 

G

(XII) G—G,
(XIII) G—8

(XIV) G,

G
(XV) G (XV) G
(XVI) 8 (XVI) S

Fig. 3. Products of reduction-hydrolysis of tetrasaccharides (I) and (II). —, a-l:6-link; | , a-l:3-link, 
Gp, reducing glucose unit; G, glucosyl unit ; 8 , sorbitol.

G—G—G—G—G—G—G,

i i

G—G—G—G—G—G—G—Gr

i ;  i

Fig. 4. Action of Lb. bifidus dextranase on isomaltodextrins, 
—, a-l:G-Link; G,, reducing glucose unit; G, glucosyl unit; 
 alternative points of hydrolysis.

glueosi>ic linkage sim ilar to  th a t  in  (I) or (II). T he 
.jjetfrTThat te tra sacch a rid e  A is a  m ix tu re  o f 3^^-glu- 
cosy lisom alto triose a n d  3^-glucosylisom altotriose 
suggests th a t  p en tasacch arid e  B  is also a  m ix tu re  
o f pen tasaccharides w ith  these  ty p es o f s tru c tu res .

T e trasaccharides (I) an d  (II) a n d  p e n ta sa c ­
charide B could  h av e  arisen  b y  enzym ic hydro lysis 
o f L . mesenteroides d e x tra n  or b y  chem ical or 
enzym ic transg lu co sy la tio n  ac tio n  on iso m alto ­
d ex trin s . T he la t te r  possib ility  is unliliely  as, in  th is  
case, th e y  w ould  be expected  to  h av e  been  p ro d u ced  
in  th e  con tro l d igest con ta in ing  S . bovis d ex tran . 
T he presence o f a  l;3-glucosidic linkage in  t e t r a ­
saccharides (I) a n d  (II) an d  p en tasacch arid e  B 
ind ica tes th a t  th e  enzym e can n o t hydro lyse  th e

l:3-linkage. W e believe th a t  th e  jDresent w ork is th e  
first occasion in  w hich oligosaccharides con tain ing  
th e  b ran ch  linkages of th e  original d ex tran  have  
been fovmd.

B ailey  & Clarke (1959) estab lished  th a t  th e  
ac tio n  o f Lb. bifidus d ex tran ase  involves random  
hydro lysis o f th e  d e x tra n  chain  an d  th a t  th e  sm allest 
isom altodex trin  read ily  h yd ro lysed  is isom alto ­
hep taose. T he ac tion  of th e  enzym e on 6-0-a- 
isom altohexaosyl- an d  6 -0 -a-isom altoheptaosyl- 
so rb ito l shows th a t  i t  has no preference for a  
p a rticu la r  ty p e  o f chain  end, a  re su lt w hich is in 
accordance w ith  th e  p roperties o f  a n  endopolysac- 
charase. I t  is p robab le , therefore , th a t  th e  d e x ­
tra n a se  hydro lyses d e x tra n  or a n  isom altodex trin  
con ta in ing  n o t less th a n  seven glucose im its a t  a  
p o in t n o t less th a n  th ree  glucosidic linkages from  
a  chain  end, as show n in  F ig. 4.

T he p ro d u c tio n  o f 3^-glucosylisom altotriose (I) 
an d  3^-glucosylisom altotriose (II) an d  p en ta sac ­
charide B  suggests th a t  th is  ty p e  o f hydro lysis of 
d e x tra n  b y  th e  d ex tran ase  is n o t inh ib ited  b y  th e  
presence o f 1:3-branch  linkages. T he s tru c tu re  of 
these  p ro d u c ts  an d  th e  absence from  th e  digest of 
oligosaccharides in  w hich th e  reducing  glucose u n it 
is su b s titu te d  a t  suggests th a t  th e  a -1 :6 -link on 
th e  reducing  side o f th e  b ran ch  p o in t o f th e  m ain  
d e x tra n  chain  is re s is tan t to  hydro lysis b y  th e  
dex tran ase . T he b ranch ing  of L . mesenteroides 
d e x tra n  has b een  rep o rted  to  occur once in  each 6 or 
7 anhydroglucose u n its  (B arker et al. 1954). I t  can 
be calcu la ted  th a t  d ex tran s  o f regu lar s tru c tu res
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w ith  branch links on every six th , seventh  and  
eigh th  anhydroglucose u n it respectively will yield, 
on hydi’olysis w ith Lh. hifidits dex tranase, oligosac­
charides in unequal proportions. The app ro x i­
m ately  equal quan tities of isom alto-triose, -tetraose 
and  -pentaose p roduced indicate th a t  the  branching 
of th is  d ex tran  is random . The presence in the 
digest of m uch m ateria l containing m ore than  six 
glucosyl un its  is fu rth er support for a  random  
branching of the  d ex tran  molecule.

I t  is significant th a t  th e  ‘b ran ch in g ’ in te tra sa c ­
charide A and  pentasaccharide B consists of only 
one glucosyl un it. 3^-Glucosylisomaltotriose (I) 
and  3^-glucosylisomaltotriose (II) could arise from 
a  p a r t  of th e  d ex tran  molecule where the  branching 
was a  single glucosyl im it, or from  p a rts  of a 
random ly  branched d ex tran  molecule. Bovey 
(1959), on th e  grounds of physical m easurem ents, 
has suggested th a t  80 %  of th e  branches in L. 
mesenteroides (N R R L-B 512) d ex tran  consist of 
only one glucosyl un it.

SUMMARY

1. Lactobacillus bifidus dex tranase  has been 
shown to  hydrolyse Leuconostoc mesenteroides 
(B irm ingham  strain) d ex tran  to  a complex m ix tu re  
of oligosaccharides.

2. In  add ition  to  isom alto-triose, -tetraose, -pen­
taose, -hexaose and  rm iesolvable m ateria l of degree 
o f polym erization g reater th a n  6 , a  te trasaccharide  
(A) and  a  pentasaccharide (B) were isolated.

3. T etrasaccharide (A) was shown to  be a 
m ix tu re  of 3^-glucosylisom altotriose an d  3^-gluco- 
sylisom altotriose. P en tasaccharide (B) contained 
one glucose u n it joined th rough  a l:3-linkage to  a 
glucose u n it, o ther th a n  th e  reducing one, of iso­
m alto te traose  and  is p robably  a m ix tu re  of isomers.

4 . T h e  d e x tr a n a s e  h a s  b e e n  sh o w n  to  h y d r o ly s e  
0 -D -a - is o m a lto h e x a o s y l-  a n d  6 -D -o c -iso m a lto h ep ta -  
o s y l- s o r b ito l  a t  tw o  a n d  th r e e  a lt e r n a t iv e  g lu c o ­
s id ic  l in k a g e s  r e s p e c t iv e ly .

5. T h e  im p lic a t io n s  o f  th e  r e s u lts , a s  fa r  a s  
d e x tr a n a s e  a c t io n  a n d  d e x tr a n  s tr u c tu r e  a re  c o n ­
c e r n e d , h a v e  b e e n  d is c u s se d .

The authors are indebted to I’rofessor E. d. Bourne for 
his interest and encouragem ent, and to the D epartm ent o f  
Scientific and Industrial Research for financial assistance.
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S tud ies on th e  degree an d  ty p es o f b ran ch in g  of 
various d ex tran s  h av e  been carried  o u t b y  a  v a rie ty  
o f chem ical m ethods, e.g. m é th y la tio n , perio d a te  
o x id a tio n  a n d  cup ram m onium  com plex fo rm ation  
(Neely, 1960). T here has been, how ever, no sy s­
tem a tic  a t te m p t to  s tu d y  th e  s tru c tu re s  o f d ex tran s  
b y  enzym ic m ethods such as those used  b y  M anners 
(1959) a n d  B ines & W helan  (1960) for glycogens 
a n d  starches. D ex tran ases  h av e  been  o b ta in ed  
from  a  v a r ie ty  o f sources. E x o d ex tran ases have  
been  ob ta in ed  m o stly  from  an im al sources, 
e.g. various ty p es  o f m am m alian  tissue, th e  in testin e  
o f H elix  pom atia  an d  hog  in testine . M ould a n d  
b ac te ria l sources u sua lly  y ie ld  endodex tranases . 
T he field h as  been  fu lly  review ed u p  to  1959 b y  

^  F ischer & S te in  (1960).
B ailey , H u tso n  & W eigel (1961) rep o rted  a  

d e ta iled  s tu d y  o f th e  ac tio n  o f Lactobacillus bifidus 
d ex tran ase  on th e  b ran ch ed  d e x tra n  o f Leuconostoc 
mesenteroides (B irm ingham  stra in ). W e h av e  now  
exam ined  th e  m echan ism  of ac tio n  of tw o m ould  
dex tranases.

T he P én ic illium  d ex tran ases  h av e  been  chosen 
for fu r th e r  s tu d y  because, w hen  th e  m oulds are 
grow n in  m ed ia  con ta in ing  d ex tran , cu ltu re  filtra tes  
con ta in in g  v e ry  h igh  en d o d ex tran ase  ac tiv ities  are  
read ily  o b ta inab le . In d u c ib le  p ro d u c tio n  of d e x ­
tra n a se  b y  ce rta in  of these  m oulds w hen  grow n on 
L . mesenteroides (N R R L  B-512) d e x tra n  w as first 
n o ted  b y  T such iya, Jean es, B ricker & W ilham

* Part 1; Bailey, Hutson & Weigel (1961).

(1952). T he resu lting  ex trace llu lar dex tran ases  w ere 
show n to  cleave d e x tra n  ran d o m ly  to  glucose, iso- 
m altose  a n d  isom alto triose . H igh ly  b ran ch ed  
d ex tran s  w ere n o t read ily  h yd ro lysed  b y  these  
p rep ara tio n s, b u t  no d e ta iled  stud ies w ere repo rted .

T he av a ilab ility  of essen tia lly  u n b ran ch ed  
d e x tra n  from  Streptococcus bovis (Bailey, 1959) p re ­
sen ted  th e  p o ssib ih ty  o f inducing  th e  p ro d u c tio n  of 
a  m ou ld  d ex tran ase  v ir tu a lly  u n co n tam in a ted  b y  
o th e r carbohydrases,. as th e  su b s tra te  con ta ined  
only  a -1 ^ 6 -linkages. T his has in  fa c t been  realized 
an d  th e  p ro d uction , p roperties  a n d  ac tio n  o f tw o 
m ould  dex tran ases  on oligosaccharides an d  b ran ch ed  
d ex tran s  are  now  repo rted .

E X P E R IM E N T A L
Organisms. Streptococcus bovis (strain I), used for the 

production of virtually unbranched dextran, was obtained 
from the National Institute for Research in Dairying, 
Shinfield, Reading. Pénicillium lilacinum [strains I.M.I. 
27830 (NRRL 895) and I.M.I. 79197 (NRRL 896)] and 
Pénicillium fiinicidosum [strains I.M.I. 79195 (NRRL 1132) 
and I.M.I. 40235 (NRRL 1768)] were obtained from the 
Commonwealth Mycological Institute, Perry Lane, Kew, 
Surrey.

Dextrans. Most dextrans were from our Departmental 
Collection. Others were isolated from cultures on sucrose of 
Leuconostoc mesenteroides, the particular strains of which 
were obtained from the National Collection of Industrial 
Bacteria, Torry Research Station, Aberdeen. S. bovis 
dextran, used as substrate for the moulds, was isolated from 
a 16 1. culture as described by Bailey & Oxford (1958).

Dextranase production. The moulds were inoculated into a
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sterile m edium  containing bovis dextran (1 %, w /v) and 
M armite Co. yeast extract (1% , w /v). The cultures were 
shaken at 28° for 4 days. Each mould was taken through  
five subcultures o f  the same com position. The u ashed 
m ycelia were then introduced into six  200  ml. batches o f  
m edia in Erlenm eyer flasks and shaken at 28° for ü days. 
Solid m aterial was rem oved by centrifuging at 3000g. The 
culture fluids were then m ade 5 nnu with resjiect to sodium  
citrate, pH  6 0, and dialysed against four changes o f  
5 lUJt-sodium citrate, pH  G O, at 0°. The fluids were then  
centrifuged at 6000g and freeze-dried to  brown powders. 
Yields were about 5 g ./ l  2 1. o f  culture fluid.

Dextranase activities. The m ethod used was similar to that 
o f Tsuchiya et al. (1952) except that digests were carried out 
in 0 -lM -sodium  citrate buffer and 1 mg. o f enzym e prepar­
ation was used instead o f 1 ml. o f  culture filtrate, lle -  
ducing powers were determ ined by the m ethod o f  Shalfer & 
H artm ann (1921), w ith isom altose as a standard. One unit; 
o f enzym e is defined as the am ount tlia t w ill produce 
1 m -m ole o f isom altose m onohydrate from S. bovis dextran  
in 1 hr. a t 40° under the conditions described above.

De.vtmn-dextranase digests. D igests u ere prepared from  
dextran solutions (100  mg. in 10 ml. o f water), 0  2 M-sodium 
citrate buff'd', pH  5 0 (20 m l.), and dextranase (various 
am ounts in 10 ml. o f water), and incubated at 37° under 
toluene.

Variations o f dextranase activ ities w ith digest conditions 
were measured at the above concentrations, varying the  
pH  o f the buffer and the incubation tem perature. Libera­
tion o f reducing sugar was measured by the m ethod o f  
Shaffer & H artm ann (1921).

Oligosaccharides. Isom altodextrins, i.e. oligosaccharides 
o f the isom altose series, were isolated from a partial 
hydrolysate o f S. bovis dextran according to  the m ethod o f  
T urvey & W helan (1957). Tsom altodextrinols, i.e. oligo­
saccharides o f the isom altose series in which the reducing 
glucose un it is converted into sorbitol, were m ade by  
reduction o f the corresponding isom altodextrins w ith  
potassium  borohydride (potassium  tetrahydroborate) 
(Bragg & H ough, 1957). 6-0-a-Tsom altotriosylfructose  
(isonialtotetraulose) was m ade by the epim erization o f iso- 
m altotetraose according to  the m ethod o f A vigad (1959). 
Other oligosaccharides were from our D epartm ental Col­
lection, except m ethyl a-isom altotrioside for which we are 
indebted to Dr A. Jeanes. The purity o f the carbohydrates 
was checked by paper chrom atography.

Oligosaccharide-dextranase digests. Oligosaccharide (about 
10 m g.) inO'2M-citrate buffer, pH  5 0 (1 m l.), was incubated  
w ith dextranase (2 mg. in 1 ml. o f  water) at 37° for 16 hr. 
D igests were de ionized w ith Am berlite resin lR -1 2 0  (H ' 
form) follow ed by Am berlite resin IR -45 (0 H ~  form), con­
centrated in a vacuum  desiccator and analysed by paper 
chrom atography and ionophoresis in m olybdate solution.

P aper chromatography. The upper layer o f an eth y l  
acetate-pyrid in e-w ater m ixture (2 : 1 :2 , by  vol.) was used  
as a solvent. Compounds were detected w ith acetone-silver  
nitrate-ethanolic  sodium  hydroxide (Trevelyan, Procter & 
Harrison, 1950). U rea-phosphoric acid (W ise, Dim ler, 
D avis & R ist, 1955) was used for the detection  o f ketoses. 
A niline-diphenylam ine-phosphoric acid (Schwim m er & 
B evenue, 1956) was used for the detection of, and distinc­
tion  betw een, oligosaccharides w ith  a m altose- (blue spot) 
and an isom altose-type reducing group (green spot).

P aper ionophoresis. Ionophoresis was conducted in  
0-lM -m olybdate, pH  5 5 (Bourne, H utson & W eigel, 1959).

R ESU LTS

rroduetion  of de.vtrmuise by strains of Penicillhiin 
lilaciniim  and  Renicilliuni I'uniculosiim. Two stra in s 
of P . Ulacinuni [I.M .l. 27830 (N R R L  895) and
I.M.T. 79197 (N R R L  896) | and  of 1 \  fim ictdosum  
[I.M .l. 79195 (N R R L  1132) an d  I.M .l. 40235 
(N R R L  1768)] grow readily  in m edia contain ing 
sucrose, th e  culture fluid exhib iting  a  very  w eak 
dex tranase  ac tiv ity . A fter subculture  in to  m edia 
contain ing S . bovis dex tran , in w hich th e  m oulds 
also grew readily , high dex tranase  ac tiv ity  was 
exhibited  by th e  filtrates of the  cu ltu re  fluids. The 
ac ti\ ity  increased to  a  m axim um  afte r incubation  
for 5 days and  did n o t cliange in a  fu rth e r four 
subcultures. H ow ever, it dropped  to  its original 
very  low level w hen th e  m oulds were again grown 
in m edia contain ing sucrose.

F o u r freeze-dried dex tranase  p repara tions were 
ob tained  and  th e ir activ ities (see th e  E xperim en ta l 
section) determ ined. The results are  show n in 
Table 1.

A ction o f dextranases on S treptococcus bovis 
dextran. D igests were incubated  for 20  h r., d e ­
ionized and  analysed by  paper chrom atography . 
Com ponents w ith  B q values identical w ith  those of 
glucose, isom altose and  isom altotriose only were 
detected . Jeanes, William,^ Jones, Tsuchiya & R is t
(1953) characterized these com pounds and  found 
them  to  be the  m ain  products w hen F . fim icu losnm  
(N R R L  1132, i.e. I .M .l. 79195) dex tranase  h y d ro ­
lysed L . mesenteroides (N R R L  B-512) dex tran . The 
liberation  of reducing sugar w ith  tim e in  a  s tan d a rd  
d igest was followed an d  is show n in Fig. 1. No 
significant increase of reducing sugars was observed 
a fte r ab o u t 3 hr., except w ith  P . fun icu losum  
(I.M .l. 40235) dextranase.

Effect o f p H  and temjierature on dextranase 
activity. S tan d ard  digests, contain ing S . bovis 
dex tran , were incubated  for 0 5 h r., except those of

Table 1. Activities of dextrana,se preparations

Experim ental details are given in the tex t.

Dextranase Organism
A ctiv ity

(units/m g.)

A P . lilacinum  (I.M .l. 79197; 
N R R L  896)

2 0 *

B P . funiculosum  (I.M .l. 79195; 
N R R L  1132)

1 1

C P . lilacinum  (I.M .l. 27830; 
N R R L  895)

1 8

D P . funicidosum  (I.M .l. 40235 ; 
N R R L  1768)

0 2

* The activ ity  o f the culture fluid from which the
dextranase preparation w as isolated was at least 8 3 units/ 
ml. (based on the volum e and w eight-yield). T he activ ity  
o f the culture fluid, w hen the organism was grown in a 
m edium  containing sucrose, was 0 90 unit/m l.
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r .  fu n icu lo su m  (I.M .l. 402.‘35), w hich wore in cu ­
b a te d  for 13 h r., a t  various tem p era tu res  a n d  p H  
values. T he hydro lysis w as th en  s to p p ed  by  boiling 
for I m in. an d  th e  reducing  pow ers of th e  solu tions 
were m easured . T he P . lilacinum  d ex tran ases  
possessed m ax im u m  a c tiv ity  a t  p H  4-5-5-5 an d  
45-50°, a n d  P . f  uniculosum  dextranast^s a t  pH  4 3 -
5-0 an d  45-50°. Tlio resu lts  a rc  in ag reem en t w ith  
those  o f T such iya  el al. (1952). T he dex tran ases  of 
th e  tw o s tra in s  o f each m ould  d id  n o t seem  to  differ 
ap p rec iab ly  from  each o th er, an d  therefo re  th e  
d ex tran ase  o f one s tra in  of each m ould  w as selected 
fo r fu r th e r  s tu d y . T hese were d ex tran ase  A of 
P . lilacinum  (I.M .l. 70197) an d  d ex tran ase  13 of 
P . fu n icu lo su m  (I.M .l. 79195).

Et la 08
CO O  

«3
b e  " -I 0-4

Time (hr.)

Fig. 1. Liberation of reducing sugars in S. bovis dextran- 
dextranase digests. Identical solutions containing S. bovis 
dextran (about 10 mg./ml.; 10 ml.); 0-2 i\i-citrate buffer, 
pH 5-0 (20 ml.), and dextranase (10 mg./ml. ; 10 ml.) were 
incubated at 37°. O, P . lilacinum (I.M.l. 27830) dex­
tranase; # , P. lilacinum (I.M.l. 79197) dextranase; A, P. 
funiculosum (I.M.l. 79195) dextranase; A, P . funiculosum 
(I.M.l. 40235) dextranase.

T ab le  2. Relative m olar yields o f glucose, isomaltose 
and isomaltotriose fro m  isom altodextrins and dextran  
on hydrolysis w ith  dextranases A  and B

Substrates were digested with enzymes under standard 
conditions, and the products separated by paper chromato­
graphy and determined with anthrone. Experimental 
details are given in the text.

Products
. A

Iso­ Isomalto­
Substrate Glucose maltose triose

Dextranase A on:
Isomaltotetraose 16 100 18
Isom altopentaose 27 100 79
Isomaltohexaose 23 100 47
S. bovis dextran 20 100 59

Dextranase B on:
Isomaltotetraose 18 100 10
Isomaltopentaose 23 100 41
Isomaltohexaose 33 100 46
S. bovis dextran 38 100 46

A ction  o f the dextranases on isomaltodextrins. T he 
p a tte rn  of hydro lysis o f isom altodex trin s w as 
s tu d ied  b y  in cu b a tio n  w ith  th e  d ex tran ases  u n d er 
s ta n d a rd  conditions. T he p ro d u c ts  (glucose, iso- 
rnaltose an d  isom alto triose) w ere frac tio n a ted  b y  
pap er ch ro m ato g rap h y  (Lederer & L ederer, 1957) 
an d  th e ir  re la tiv e  m o lar y ields de te rm ined  w ith  
an th ro n e  (Y em m  & W illis, 1954). T he resu lts are 
show n in T able  2, w here th e y  are  com pared  w ith  
those ob ta in ed  from  S . bovis d ex tran . T he only  
significant difference betw een  th e  ac tiv ities  of 
dex tran ases  A an d  B seem ed to  be th a t  th e  la t te r  
p roduced  sligh tly  m ore glucose an d  less iso m alto ­
triose from  isom altodex trin s th a n  th e  form er. Two 
digests w ere p rep ared  con ta in ing  isom alto triose 
(10 mg.) in 0-1 M -citrate buffer, p H  5-0 (2 m l.), an d  
d ex tran ase  (10 m g.), an d  in cu b a ted  a t  37° for 
3 days. D e-ion ization  a n d  analysis b y  ch ro m a to ­
g rap h y  revealed  th a t  slow hydro lysis to  isom altose 
an d  glucose h a d  occurred. T his hydro lysis h a d  p ro ­
ceeded fu r th e r  w ith  d ex tran ase  B  th a n  w ith  
dex tran ase  A. E lu tio n  o f sugars from  ch ro m a to ­
gram s a n d  d e te rm in a tio n  w ith  an th ro n e  revealed  
th a t, u n d er those  conditions, d ex tran ase  A  h y d ro ­
lysed a b o u t 1 5%  of th e  isom alto triose , a n d  d e x ­
tra n a se  B a b o u t 30 % .

A ction  o f the dextranases on isomaltodextrinols. 
Isom alto d ex trin o ls  were d igested  u n d er s ta n d a rd  
conditions ; th e  p ro d u c ts  w ere frac tio n a ted  b y  p ap er 
ch ro m ato g rap h y  an d  su b jec ted  to  ionophoresis in  
m o ly b d a te  so lu tion , w hen  reducing  a n d  n o n ­
reducing  sugars w ere qu ick ly  sep a ra ted  (B ourne, 
H u tso n  & W eigel, 1961). T he resu lts  a re  show n in 
T able  3. V isual e s tim a tio n  of th e  ch rom atogram s 
a n d  ionophoretogram s show ed th a t  ap p ro x im ate ly  
equal q u an titie s  o f th e  alcohols a n d  reducing  sugars 
o f a  p a r tic u la r  degree of po lym eriza tion  w ere 
form ed. D ex tran ases  A  a n d  B  ap p eared  to  h y d ro ­
lyse th e  su b s tra te s  in  th e  sam e m anner.

T ab le  3. Products o f the action o f dextranases A  and B  
on isomaltodextrinols

Incubations were carried out under standard conditions 
for 16 hr., and the products separated by chromatography 
and ionophoresis in molybdate solution. Experimental 
details are given in the text.

Isomaltodextrinol
Isomaltitol 
Isomaltotri-itol

Isomaltotetraitol

Isomaltopentaitol

Isomaltohexaitol

Products
Unchanged isomaltitol 
Unchanged isomaltotri-itol and traces 
of isomaltitol, isomaltose, glucose and 
sorbitol

Isomaltose, isomaltitol and traces of 
glucose and sorbitol 

Isomaltotriose, isomaltotri-itol, iso­
maltose, isomaltitol and traces of 
glucose and sorbitol 

Isomaltotriose, isomaltotri-itol, iso­
maltose, isomaltitol and traces of 
glucose and sorbitol
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Action o f the dextranases on other modified iso­
maltodextrins. F our oligosaccharidos were incu ­
b a ted  w ith  dextranases under s tan d a rd  conditions. 
The jDroducts were identified by  chrom atography 
w ith  th e  silver n itra te  an d  anilinc-diphenylam ino 
reagents. Ionophoresis in m olybdate  solution, a 
specific te s t for 6 -0 -substitu ted  fructoses (Bourne, 
H u tso n  & IVeigel, 1960), and  th e  u rea  phosphoric 
acid sp ray  were used to  d etec t isom altulose in the  
hydro lysate  of isonialtotetraulose. I t was n o t ev i­
dent, from  chrom atographic analyses, th a t  the  
pentasaccharide was clea\ ed preferen tially  to a 
p articu la r m ix tu re  of di- and  tri-saccharide. The 
results are shown in Table 4.

Action of the dextranases on branched dextrans. 
D extranases A and  B were separa te ly  incubated  
under s tan d a rd  conditions w ith  a  num ber of 
dex trans of various types an d  degrees of branching. 
All th e  dex trans (except 8 . bovis d ex tran  as control) 
were from  various stra ins of L . niesenteroides. The 
reducing sugar liberated  was m easured as iso­
m altose a t  in tervals over 10 hr. No significant

Table 4. Froducts of the action of dextranases A  and  
B  on isomaltodextrins containing anomalous lin k ­
ages and moieties

Experimental details are given in the text.
Products of 

dextranase action*
Isomaltose, isomaltulose

Modified 
‘ isomaltodextrin ’

6-0 -a-lsomaltotriosyl- 
fructose

4-0-a-lsomaltotriosylglucose Isomaltoso, maltose
4 -0 -3c-lsomaltotetraosyl- Isomaltotriose, panose,

glucose isomaltose, maltose
Methyl a-isomaltotrioside Isomaltose, methyl a-

glucosidef
* Traces of glucose were present in the products; how­

ever, only the main hydrolysis products, as revealed by the 
aniline-diphenylamine spray, are shown above, 

t  Slow reaction with silver nitrate reagent.

increase of reducing sugar was observed a fte r 
incubation  for ab o u t 3 hr. The average values 
ob tained  a fte r incubation  for a fu rth er 7 hr. are 
shown in Table 5.

D ISCUSSION
Production  of ex tracellu lar dex tranases by 

stra ins of F . Ulacinntn an d  F . fun icu losum  is 
induced w hen the  m oulds are grow n in m edia 
contain ing the  v irtua lly  unbranched  8 . bovis 
dex tran . T heir general properties do no t seem  to 
differ from th e  prepara tions elaborated  in m edia 
contain ing the  branched  d ex tran  of L. mesenteroides 
(N R R L  B-512) (Tsuchiya e /a / . 1952).

Y" Tlie products of th e  action  of the  dextranases on 
bovis d ex tran  are glucose, isom altose an d  iso­

m alto triose, isomaltoso being the m ain  p roduct. 
This suggests th a t  isom alto tetraose is th e  sm allest 
read ily  hydrolysed isom altodextrin . This has been 
shown to  be th e  case, th e  m olecule being hydrolysed 
principally  a t  th e  cen tral glycosidic linkage to give 
isom altose.

The com position of th e  liydrolysate of isom alto- 
2̂ entaitol shows th a t  th e  tw o non-term inal glyco­
sidic linkages are hydrolysed a t  sim ilar ra te s  and  
m uch faster th a n  th e  term inal linkages. Likewise 
th e  non-term inal glycosidic linkages of th e  iso­
m altohexaito l are readily  hydrolysed. I t  can be 
assum ed th a t  th e  sam e is tru e  for isom altojientaose 
an d  isom altohexaose.

W hen th e  reducing glucose u n it o f isom alto ­
te traose  was replaced by  sorbito l (6 -0 -a-isom alto- 
triosylsorbito l), fructose (6 -0 -a-isom altotriosyl- 
fructose), an  a-l->4-linked glucose u n it (4-0-a-iso- 
m altotriosylglucose) or a  m ethy l grouf) (m ethyl 
a-isom altotrioside), hydrolysis still occurred a t  
approx im ate ly  th e  sam e ra te  an d  there  w as no 
change in th e  p a tte rn  of the  hydrolysis. This shows 
th a t  th e  dex tranases have  no preference for a

T able 5. Liberation o f reducing sugars fro m  various dextrans by dextranases A  and B  
Incubations were carried out under standard conditions for 10 hr. Experimental details are given in the text.

Percentage of linkage present

Origin of dextran 1 ^ 6 l->4 l->3
S. bovis* 100 — —

L. mesenteroides (Birmingham; NRRL 98 — . 2
B-1375) modifiedf

L. mesenteroides (NRRL B-512)f 95 — 5
L. mesenteroides (NRRL B-1383)f 84 16 —

L. mesenteroides (Birmingham; NRRL 81 6 13
B-1375)î

L. mesenteroides (NCIB 2706)f 79 3 18
L. mesenteroides (NRRL B-742)f 67 21 12
L. mesenteroides (NRRL B-1399)f§ 65 6 —

* Bailey (1959).

Percentage of reducing sugar 
liberated by dextranases 

(as isomaltose)

1-^2 Dextranase A Dextranase B
96 6 96-6
86-4 —

87-9 87-5
463 —

44-4 49-2

22-7 22-7
12-5 17-4
36-6 —

t  Barker, Bourne, James, Neely & Stacey (1955).

29
X Jeanes et al. (1954).
§ Scott, Heilman & Senti (1957).
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l)articu lar ty p e  of d iain -eiid , a  resu lt wliich is in 
accordance w ith  th e  ])ro2)ertics of cndo])olysac- 
charases. I t  th u s  seems th a t  th e  essential recjiiire- 
m cnts for ready  hydi oiysis to  occur arc realized in 
m ethyl a-isom altotrioside, w here th e  term inal 
glucosidic linkage a t  the ‘reducing end ’ is m erely an  
a-glucosidic linkage. I t  is therefore prohahle th a t  
(he dex tranases hydrolyse read ily  v irtu a lly  un- 
hranclu 'd  d ex tran , isom altodextrins or m odified 
isom altodextrins contain ing  n o t less th a n  th ree 
glucosidic linkages, th e  hydrolysis being princijjaliy  
a t  glucosidic linkages o ther th a n  th e  term inal ones, 
as si 1 own in Fig. 2.

Hmall am oun ts of glucose were found in all cases 
w hen d ex tran  or isom altodextrins were ac ted  on 
by th e  dex tranases. Sim ilarly, traces of glucose an d  
sorbito l were found w hen isom altodextrino ls were 
hydrolysed. As ox^Dected from  these resu lts, iso­
m alto triose  w as hydro lysed  only very  slowly. 
W hereas W alker & W helan (1960) found  th a t  
s ta rch  an d  m alto te traose  re^Drcsent th e  tw o 
extrem es of m olecular size on which salivary  
a-am ylase ac ts  rap id ly , th e  ex trem e m olecular 
sizes for th e  dex tranases are rep resen ted  by  
d e x tra n  an d  m ethy l a-isom altotrioside. The m arked  
difference in ra te  of hydro lysis betw een m ethy l 
a-isom alto trioside an d  isom alto triose m igh t be due 
to  such i^roperties as m u ta ro ta tio n  of reducing 
sugars, th e  electronic s tru c tu res  of th e  su b stitu en ts  

n  th e  term inal glucosidic oxygen, or bo th .
A nom alous linkages in n a tu ra l d ex tran s usually  

occur as b ranch  linkages an d  it  is likely th a t  th ey  
will affect th e  jDattem of enzym ic hydrolysis. 
T able 5 shows th a t  th e  final am o u n t of reducing 
sugar lib era ted  is m arked ly  low ered w ith  increasing 
degree o f branching . This indicates th a t  th e  p ro ­
d uc ts from  a  b ranched  d ex tran  are of g rea ter 
average m olecular size th a n  those from  a n  u n ­
b ranched  dex tran . I t  is likely th a t  these lim it

G— G -t-G -
I
I

R

G -G -t-G -t -G  R

Fig. 2. Action of dextranases on dextran, isomaltodextrins 
and modified isomaltodextrins. — , a-1-»-6-link; • • -, a- 
link; G, glucosyl unit; R, glucose, fructose, sorbitol or 
methyl group; ---->, ])rincipal points of hydrolysis.

dex trins con ta in  th e  anom alous linkages an d  will be 
form ed for tw o reasons: (i) th e  dex tranases are  in- 
cajDable of hydrolysing th e  anom alous linkages and  
(ii) th e  anom alous linkage renders a  neighbouring 
region in th e  d ex tran  m olecule incapable of being 
hydro lysed  by  th e  dextranases. A nalysis of th e  
lim it dex trins contain ing  th e  anom alous linkages 
w ould aid  bo th  s tru c tu ra l studies of d ex trans and  
investigations of th e  m echanism  of dex tranase  
action.

SUMMARY

1. E x trace llu la r dex tranases are ad ap tive ly  p ro ­
duced by  stra in s o f P énicillium  lilacinum  an d  
1*. fun icu losum  grow n in m edia contain ing th e  
v irtu a lly  unb ranched  Streptococcus bovis dex tran .

2. The i^roducts o f th e  action  o f th e  dextranases 
on S . bovis d ex tran  are glucose, isom altose an d  iso­
m alto triose , isom altose being th e  m ain  product.

3. The dex tranases read ily  hydro lyse v irtu a lly  
u nb ranched  d ex tran , isom altodextrins or m odified 
isom altodextrins contain ing  n o t less th a n  th ree  
glucosidic linkages, th e  hydrolysis being principally  
a t  glucosidic linkages o ther th a n  th e  term inal ones.

4. The num ber of reducing groups libera ted  from  
various d ex trans b y  th e  dex tranases is m arked ly  
low ered w ith  increasing degree of b ranching  of th e  
d e x tra n  molecule.

The authors are indebted to the Department of Scientific 
and Industrial Research for financial assistance.
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Studies on Dextrans and Dextranases
3. ST R U C T U R E S O F O LIG O SA C C H A R ID ES FR O M  L E U C O N O ST O C  M E S E N T E R O ID E S

(B IR M IN G H A M ) D E X T R A N *

B y  E . j .  b o u r n e ,  D. H . H U T SO N  a n d  H . W E IG E L  
Chemistry Department, Royal Holloway College, U niversity o f London, Englefield Green, Surrey

{Received 18 Ju n e  1962)

I t  has been show n th a t  th e  ad ap tiv e ly  produced  
dex tranases o f P énicillium  lilacinum  ( IM .I . 79197 ; 
N R R L  896) an d  of P . fun icu losum  ( IM .I . 79195; 
N R R L  1132) hydrolyse th e  v irtu a lly  unb ranched  
d e x tra n  o f Streptococcus bovis to  give m ain ly  iso­
m altose an d  th a t  th e  degree o f hydrolysis of 
d ex tran s  possessing anom alous linkages depends on 
th e  percentage of such linkages in  th e  d ex tran s

* P art 2: Bourne, H utson & W eigel (1962).

(Bourne, H u tso n  & W eigel, 1962). This suggested 
th a t  th e  dex tranases could n o t hydro lyse th e  
anom alous linkages of b ranched  dex trans. Iso la ­
tion  of th e  oligosaccharides w hich can n o t be 
hydro lysed  b y  th e  dex tranases should  a id  th e  
s tru c tu ra l analysis of d ex tran s an d  also elucidate 
fu rth e r  th e  m echanism  of dex tran ase  action. A n 
analysis o f th e  s tru c tu res  o f ‘b ra n c h e d ’ oligosac­
charides produced  b y  th e  ac tion  o f th e  d ex tranase  
o f Lactobacillus bifidus (Bailey & Clarke, 1959) on
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L eu co n o sto c  m e se n tc ro id e s  (B inningluiiu) d cx tran  
has a lready  boon m ade (Bailoy, H u tson  & Woigol, 
1961). The sm allest ‘b ra n c h e d ’ oligosaccharides 
produced were -glucosylisom altotriose and  9^- 
glucosylisom altotriose. W e have now exam ined the 
oligosaccharides produced by the  action  of the  
dex tranases from  th e  tw o m oulds on the  sam e 
dex tran .

E X P E R IM E N T A L

Dcxiranases. The dextranase preparations o f P. Ulncinnni 
(I.M.T. 79197; N R R L  896) (dextranase A) and P . fu n i­
culosum  (I.M.T. 79195; N R R L  IL‘12) (dextranase R) nsed in 
the present investigation were as described by Bonrne ct al. 
(1962).

Dextran. L. mesenteroides (Birm ingham ) dextran was 
from the sam e batch as was th at nsed for structural studies 
and was shown to  contain 12-15%  o f a - ( l—>-3)-linkages' 
(Barker, Bourne, Bruce, N eely  & Stacey, 1954).

Dextranase digests. Digests contained dextran (2% , w /v) 
and dextranase preparation (0 -2 %, w/v) in 0 -lM -sodium  
citrate, pH  5 0. The digests were incubated under toluene 
for 16 hr. at 37°. The final number o f reducing groups 
liberated was the same when the ratio o f dextran to 
dextranase preparation was 10:1, 4 :1  or 2 :1  (by weight).

P aper chromatography and ionophoresis. The solvents 
used for paper chrom atography were : (a) the upper layer  
o f ethy l acetate-w ater-pyrid ine (2 :2 : 1, by vol.) (Jertnyn  
& Isherwood, 1949) ; (6 ) ethyl aceta te-w ater-p yrid in e-  
acetone (Malpress & H ytten , 1958). Ionophoresis was 
carried out at about 50y/cm . in m olybdate solution, pH  5 5 
(Bourne, H utson & W eigel, 1961), and in borate solution, 
pH  10 (Foster, 1953). Som e o f the il/g (m obility with  
respect to  sorbitol) values reported hero differ slightly from  
those reported previously. This is due to  the application o f  
sm aller quantities, thus allowing a more accurate deter­
m ination o f the rates o f migration. In  all cases comparison 
was m ade w ith known compounds.

The reagents used for the detection  o f com pounds were : 
(a) silver nitrate in acetone-ethanolic  sodium  hydroxide  
(Trevelyan, Procter & Harrison, 1950); {h) aniline hydrogen  
phthalate (Partridge, 1949); (c) p-an isidine-H C l (H ough, 
Jones & W adm an, 1950); (J) an iline-d iphenylam ine- 
phosphoric acid (Schwimmer & B evenue, 1956); (e) tri- 
phenyltetrazolium  chloride (Feingold, A vigad & Hestrin, 
1956).

Borohydride reduction. Aqueous solutions o f the sugars 
(about 1 %, w /v) were m ixed w ith an equal volum e o f 
potassium  borohydride (tetrahydroborate) solution (1 %, 
w /v) and allowed to  stand overnight. The solutions were 
then de-ionized by treatm ent w ith Am berlite TR-120 
(H^ form) followed by repeated distillation w ith anhydrous 
m ethanol. The sugar alcohols were alw ays purified by  
paper chrom atography.

Degree of polym erization of oligosaccharides. The degree o f 
polym erization o f the oligosaccharides was determ ined by  
the following m ethods: (a) m easurem ent o f values, 
D g [ l / ( i2o “  1)]» where R q is the distance travelled com ­
pared w ith  glucose; (6) com parison o f Afg values (Bourne  
et al. 1961) o f the reduced oligosaccharides w ith those o f  the  
reduced oligosaccharides o f the isom altose series; (c) deter­
m ination o f  reducing power relative to  glucose (Shaffer & 
H artm ann, 1921), w ith corrections for carbohydrate

conlciit; llie carbohydnite content was determ ined by acid 
hydrolysis and m easurem ent of the reducing sugar pro­
duced (Shalfer & Hartmann, 1921), by applying the cor­
rection of P irt & W helan (1!)51) for the dégradai ion o f 
glucose by acid ; (</) comparison o f anthrone values before 
and after reduction with potassium  borohydride (I’eat, 
W helan & Roberts, 1!)56).

UE!SUi;i\S

Olujosaccharides produced' by the action of dextra,li­
ases .1 and B  on LouooiiOHtoc inosontoroido.s 
(Biroiinghain) dextran

D igests contain ing L. mesenteroides ( R irininghain) 
d ex tran  were separately  incubated  w ith  dex tran - 
ases A and  IL P aper ch rom atography  in solvent 
(a) o f the  digest w ith  dex tranase  A revealed the  

^ p re se n c e  of com ponents w ith  7% values identical 
w ith  those of glucose, isom altose, isom altotriose 
and  oligosaccharides which had  slightly  higher 7% 
values th a n  isom alto-pentaose, -hexaose, -heptaose 
and  -octaose. The digest w ith  d ex tranase  B con­
ta ined , in add ition  to  th e  above, a  com ponent 
w hich had  a slightly  higher 7% th a n  th a t  o f iso­
m alto te traose . U nresolvahle m ateria l w ith  77  ̂
sm aller th a n  th a t  of isom alto-octaose was presen t 
in bo th  digests. As glucose, isom altose an d  iso­
m alto triose are th e  only products w hen th e  d e x tra n -

14

1-2

1 0

0 6

0 4

0-2

- 0 2
Degree o f polym erization

Fig. 1. 7 2 values (see the tex t) in ethyl aceta te -w a ter -  
pyridine (2 :2 :1 , by vo l.). O , Oligosaccharides o f the  
isom altose series; # ,  ‘branched’ oligosaccharides produced 
by the action o f dextranases A and or B  on L. mesenteroides 
(Birm ingham ) dextran. 3^- (or 3^-)GIueosylisoraaltose 
(Bailey et al. 1961) has been included for comparison.
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Tal)lo I. Ionophoresis of reduced oligosaccharides of the isomaltose series and reduced 'branched' 
oligosaccharides produced by dextranases A  and B

ICx peri montai details are given in the tex t. m obility  w ith respect to  sorbitol in m olybdate solution
Bourne et al. lüü i ).

Dogroo of 
polym onzation  

of reduced  
oligosaeoharides of 

isom altose series

R educed ‘ branched’ 
oligosaccharides produced  
by dextranases A and B

ilfs

A B
2 0-78 _
3 0 62 -- _
4 0-53 Tetrasaccharide alcohol -- 0-52
5 0-44 Pentasaccharide alcohol 0-45 0-44
6 0-39 H exasaccharide alcohol 0-39 0-39
7 0-35 lleptasaccharide alcohol 0-35 0-35
8 0-33 Octasaccharidc alcohol 0-33 0-33

ases a c t on tlie vii-fciially iinbranched d ex tran  of
S . bovis (B ourne et al. 1902), th e  add itio n a l oligo­
saccharides produced from  L . mesenteroides (B irm ­
ingham ) d e x tra n  p robab ly  con ta in  its a -(l-> 3 )- 
linkages.

In  Fig. 1 th e  values of these oligosaccharides 
are p lo tted  against th e ir  expected  degree o f p o ly ­
m eriza tion  an d  com pared w ith  those of th e  oligo­
saccharides o f th e  isom altose series. A linear 
re la tionsh ip  w as observed in  b o th  series, as was 
n o ted  for th e  la tte r  by  T urvey  & W helan (1957). 
IT- (or 3^-)Glueosylisomaltose an d  isom altose do 
n o t obey th is  re la tionsh ip . This ind icates th a t  in th e  
so lven t used th e  te trasacch arid e  m u st be regarded  
as th e  low est m em ber o f th e  form er polym eric 
series w hereas th a t  of th e  la tte r  is isom altotriose.

T he oligosaccharides con tain ing  one glucose u n it 
jo ined  th ro u g h  a  (1 ^ 3 ) -linkage to  a  glucose u n it of 
isom alto triose or isom alto te traose  have  sligh tly  
h igher R q values th a n  those o f isom alto tetraose 
an d  isom altopentaose respectively . As th e  tw o 
p lo ts  of jRm against degree of po lym erization  in 
F ig. 1 are paralle l i t  is reasonable to  assum e th a t  
th e  oligosaccharides produced  b y  th e  dex tranases 
are m em bers of a  hom ologous series of ‘ b ranched  ’ 
oligosaccharides o f w hich a 3 -glucosylisom alto - 
triose is th e  low est m em ber.

T he ‘b ra n c h e d ’ oligosaccharides were e lu ted  
from  pap er chrom atogram s, reduced  w ith  p o ta s ­
sium  borohydride an d  sub jec ted  to  ionophoresis in 
m o lybda te  solution. The il/g values (Table 1) were 
iden tica l w ith  those of th e  reduced  oligosaccharides 
o f th e  isom altose series of th e  sam e expected  
degree of po lym erization .

The p ro d u cts  of th e  ac tion  of th e  dex tranases on 
th e  d e x tra n  were e lu ted  q u a n tita tiv e ly  from  p ap er 
ch rom atogram s an d  th e ir  re la tiv e  concen trations 
determ ined  b y  th e  an th ro n e  m eth o d  (Y em m  & 
W illis, 1954). The resu lts are  show n in T able 2, th e  
assignation  of degree of po lym erization  being 
based  on ch rom atog raphy  an d  ionophoresis.

'.fable 2. Relative weight yields o f oligosaccharides 
produced by the action of dextranase A  and B  re­
spectively on Leuconostoc m esenteroides {B irm ing­
ham) dextran

E xperim ental details are g iven in the tex t. T he relative  
w eight yield  is expressed relative to  isom altose ( =  100).

R elative  w eight yield

W ith W ith
Compound dextranase A dextranase

Glucose 21 17
Isom altose 100 100
Isom altotriose 71 56
Tetrasaccharide — 8
Pentasaccharide 9 6
H exasaccharide 21 16
H eptasaccharide 29 22
Octasaccharidc and 107 58

unresolvable m aterial

Structural exam ination o f oligosaccharides 
produced by dextranase A

The oligosaccharides (series A) produced  by  th e  
ac tion  o f dex tranase  A on L . mesenteroides (B irm ­
ingham ) d ex tran  (10  g.) were frac tio n a ted  on a 
charcoal-C elite  cohunn ("Whistler & D urso, 1950) 
an d  f iu th e r  p iu ified  by  p ap er ch rom atography . 
The yields, ca rb o h y d ra te  con ten ts , reducing 
powers, optical ro ta tio n s an d  periodate  consum p­
tions o f th e  iso lated  oligosaccharides are  show n in 
T able  3. The p roperties of th e  oligosaccharides are 
consisten t w ith  th e ir  m olecular sizes a lready  
assigned.

Pentasaccharide A .  P en tasaccharide  A could be 
d e tec ted  on p ap er chrom atogram s w ith  sp ray  
reagen ts (a), (6 ), (c), {d) (green spot, specific for 
6 -0 -su b stitu ted  glucose) an d  (e). D uring  iono­
phoresis in bora te  so lution, p H  10, i t  m ig ra ted  w ith  
th e  sam e M q (m obility  w ith  respect to  glucose) as 
isom altopentaose (0-60).
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P entasaccharide  A (l mg.) was h eated  for 4 hr. a t  
100° in 1 -5N -hydrochloric acid (2 ml.). C hrom ato­
g raphy  of th e  de-ionized hydro lysa te  showed a 
single com ponent identical w ith  glucose. A p artia l 
hydro lysate , ob tained  by heating  for 4 hr. a t  100° 
in aq. 1 %  (w/v) oxalic acid was shown by paper 
chrom atography  in solvents (a) an d  {b) to  contain  
glucose and  isom alto tetraose as th e  m ain  products. 
Isom altose and  isom altotriose were presen t as 
traces. A fter e lu tion  from  paper chrom atogram s 
th e  isom alto tetraose was fu rth e r identified by 
incubation  w ith  dex tranase  A, which resu lted  in 
rap id  hydrolysis w ith  isom altose as th e  m ain 
p ro d u c t (Bourne et al. 1962).

P en tasaccharide A alcohol (Table 1) was 
pa rtia lly  hydrolysed by heating  for 4 hr. a t  100° in 
aq. 1 %  oxalic acid. The de-ionized hydro lysate  
was frac tio n a ted  by  paper chrom atography  in 
so lvent (a) in to  six fractions in add ition  to  u n ­
changed m ateria l (Table 4). E ach  fraction  was 
sub jec ted  to  ionophoresis in m olybdate  solution, 
pH  5-5, w hen fractions 3, 4, 6 and  7 were each 
resolved in to  tw o com ponents. The non-m igrating  
frac tion  3 (i) was, a fte r fu rth e r reduction  w ith  
po tassium  borohydride, m obile during  ionophoresis

in m olybdate  solution. F rac tion  5 was likewise 
reduced. Ionophoresis in m olybdate  solution 
resolved th is reduction p roduct into two com po­
nents, fractions 5 (i) and 5 (ii).

Hexasaccharide .1. H exasaccharide A could bo 
detected  w ith  th e  sam e s]jray reagents as p e n ta ­
saccharide A. Paper chrom atography  of a  com ­
plete hydro lysate  showed a  single com ponent 
identical w ith glucose, w hereas a jm rtial h y d ro ­
lysate  showed glucose and  isom altopentaose as the 
m ain  products.

H exasaccharide A alcohol (Table 1) was partia lly  
hydrolysed and  th e  | )rod nets were frac tionated  by 
paper chrom atography. In  addition  to  isom alto­
p en ta ito l and  its expected  hydrolysis p roducts, 
com ponents were found w hich had  th e  sam e R q 

Y values as those of th e  p a rtia l hydro lysate  of 
pen tasaccharide A alcohol shown in T able 4. The 
fractions which corresponded to  fractions 1, 3 an d  5 
{Rq values 0 17, 0 29 and 0 44 respectively) wore 
subjected  to  ionophoresis in m olybdate  solution. 
Those corresponding to  fractions 1 and  3 were each 
resolved in to  an  im m obile (corresponding to  
‘b ran ch ed ’ pen tasaccharide and  frac tion  3a  re ­
spectively) an d  a m obile (il/g 0 45 and  0 50 re-

T able 3. Some properties of oligosaccharides produced by dextranase A

Experimental details are given in the text. The calculated periodate consumption is for oligosaccharides 
containing one (I->3)-‘branch’-link/molecule.

Pentasaccharide A 
Hexasaccharide A 
Heptasaccharide A 
Octasaccharide A

Carbo­ Reducing Periodate consumption
hydrate power (mol.prop.)

Yield [“Id content (% of ^-------------------------------A-----------------------------

(mg.) in water (%) theoretical) Found Calc.
100 178° 980 90 1 9-3 9
340 186 942 105-6 11-1 11
570 190 954 97-7 13-2 13
560 194 96 6 95-6 14-3 15

T able  4. Fractionation o f products fro m  partia l hydrolysis o f pentasaccharide A  alcohol 

Experimental details are given in the text.

Ionophoresis in molybdate solutionPaper chromatography 
in solvent (a)

Fraction
Before further reduction After further reduction

no. Ro Afg Identity A/g Identity
1 0-17 0-45 Pentasaccharide A — —

alcohol
2 0-21 0-50 (VIII) _ —

3 0-29 (i) 0 (IX) or (XI) 0-50 (X) or (XII)
(ii) 0-50 (X) — —

4 0-34 (i) 0 (XV) — —
(ii) 0-65 (XIV) — ---

5 0-44 0 (XVI) and (XVIII) (i) 0 (XXIV)
(ii) 0-65 (XVII)

6 0-60 (i) 0 (XX) — —
(ii) 0-78 (XIX) — —

7 1-0 (i) 0 (XXII) — —
(ii) 1-0 (XXIII) — —
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spectivoly) com ponent. T h a t w ith  i7,j 0 44 (frac­
tio n  5) rem ained  im m obile during  ionophoresis.

Heptasaccharide A .  H ep tasaccharide  A could be 
detec ted  w ith  th e  sam e sp ray  reagents as p e n ta ­
saccharide A. Com plete hyrolysis was shown, by 
paper chrom atography , to  give only glucose. The 
p a rtia l liydro lysate  con ta ined  glucose and  iso­
m altohexaose as the  m ain  products.

H ep tasaccharide  A alcohol (Table 1) was p a r­
tia lly  hydrolysed an d  th e  hyd ro lysa te  frac tio n ­
a ted  as described for pen tasaccharide A alcohol. In  
add ition  to  isom altohexaito l and  its expected  
hydrolysis p roducts, com ponents were found th a t  
had  th e  sam e values as those of th e  p a rtia l 
h ydro lysa te  of pen tasaccharide  A alcohol show n in 
T able 4. Ionophoresis in m o lybdate  solu tion  re ­
solved th e  frac tion  corresi^onding to  frac tion  1 
(Ro 0-17) in to  an  im m obile (‘b ra n c h e d ’ pentasac- 
charide) an d  a  m obile com ponent w ith  A/g 0-45 
(reduced ‘ b ra n c h e d ’ pentasaccharide). T he frac ­
tions corresponding to  fractions 3 (Rg 0-29) an d  5 
(R(j 0-44) d id  n o t m igrate  during  ionophoresis in 
m o lybdate  solution.

Octasaccharide A . O ctasaccharide A could be 
d etec ted  w ith  th e  sam e sp ray  reagents as p e n ta ­
saccharide A. T he com plete h y d ro lysa te  con tained  
only glucose w hereas th e  p a rtia l h yd ro lysa te  con­
ta in ed  glucose, isom altohexaose, possibly isom alto - 
heptaose, and  a  com ponent w ith  Rq iden tical w ith  
th a t  o f hep tasaccharide  A.

O ctasaccharide A alcohol (Table 1) w as p a rtia lly  
hydro lysed  and  frac tio n a ted  as described for 
pen tasaccharide  A alcohol. In  add ition  to th e  m ain  
p roducts w hich h ad  Rq values corresponding to  
those of th e  ‘ b ranched  ’ hep tasaccharide  A, possibly 
isom altoheptaose, isom altohexaose, ‘ b ran ch ed  ’ 
hexasaccharide A, isom altopentaose an d  glucose, 
com ponents were found w hich h ad  th e  sam e Rq 
values as those of th e  p a rtia l h yd ro lysa te  of p e n ta ­
saccharide A alcohol (Table 4). Ionophoresis in 
m o lybdate  so lu tion  of th e  fractions w ith  Rq values 

^ 1̂  0-17, 0-29 and  0-44 gave th e  sam e resu lts  as th e  
V corresponding fractions of th e  p a rtia l hyd ro lysa te  

of hep tasaccharide  A alcohol.

Structural exam ination o f oligosaccharides 
produced by dextranase B

T he te tra - , pen ta - an d  hexa-saccharides (series 
B) produced by  th e  ac tion  o f dex tranase  B on 
L . mesenteroides (B irm ingham ) d e x tra n  (40 g.) were 
frac tio n a ted  an d  purified as described for those of 
series A. D eterm inations of th e  degree o f po ly ­
m erization  by  th e  m ethod  o f P e a t et al. (1956) gave 
values o f 4-2, 4-9 an d  6-0 respectively . T he p re ­
lim inary  assignation  of m olecular size (Fig. 1 and  
T able 1) was th u s  correct.

Tetrasaccharide B . T he m ethods used  w ere as for 
p en tasaccharide  A. T etrasaccharide  B could be

d e tec ted  on paper chrom atogram s w ith  sp ray  
reagents (a), (6), (c), (d) (green spot) and  (e). 
D uring  ionophoresis in  b o ra te  so lution, pH  10, it 
m ig ra ted  w ith  th e  sam e M^. as th a t  of isom alto ­
te trao se  (0-65). Com plete hydrolysis gave a  single 
reducing  com ponent th a t  w as ch rom atograph ic- 
ally  iden tical w ith  glucose, w hereas a  p a rtia l 
h yd ro ly sa te  contained  com ponents corresponding 
to  glucose an d  isom altotriose, as th e  m ain  products, 
an d  isom altose an d  nigerose.

The com ponent corresponding to  isom alto triose 
was isolated  by  pap er ch rom atography . W hen 
benzoylated  (T urvey & W helan, 1957) it  gave a  
c rystalline  p roduct, w hich h ad  m .p. 223-225° 
(F ound : C, 69-2; H , 4-6. Cg^H-gOgY requires C, 
69-2; H , 4-6% ). Adm ixtm -e w ith  au th en tic  un- 
deca-G -benzoyl-^-isom altotriose (m .p. 225-227°) 
caused no depression in  m elting  poin t.

T he disaccharide corresponding to  nigerose 
m ain ta in ed  its id en tity  during  ionophoresis in  
bo ra te  solution, p H  10. W hen reduced  w ith  p o ta s ­
sium  borohydride i t  did  n o t m ig ra te  during  iono­
phoresis in m olybdate  solution, p H  5-5. This shows 
conclusively th e  presence of a  (1-^3)-glucosidic 
linkage (B om ne et al. 1961). T he disaccharide 
was n o t hydro lysed  by  jS-glucosidase, unlike lam in- 
aribiose, th u s  coniu-ming th e  presence of an  
a-linkage.

T etrasaccharide  B consum ed 7-1 m ol.prop. of 
periodate . A fter d estruc tion  o f th e  excess of perio ­
date , th e  ox idation  p ro d u c t w as reduced  w ith  
po tassium  borohydride an d  hydro lysed  w ith  
hydrochloric acid  (Bailey et al. 1961). T he h y d ro - 
ly sa te  was frac tio n a ted  by  p ap er ch rom atog raphy  
in  so lvent (a) w hen a  com ponent corresponding to  
glucose w as revealed. This com ponent w as d e te r­
m ined  by  th e  an th ro n e  m eth o d  (Yem m  & W illis, 
1954). T he y ield of glucose from  te trasacch arid e  B 
corresponded to  2 8 %  of th e  glucose p resen t in  a 
te trasacch arid e  contain ing  glucose only.

T etrasaccharide  B  alcohol w as p a rtia lly  h y d ro ­
lysed by  h ea ting  for 4 h r. a t  100° in  aq. 1 %  oxahc 
acid. B y  th e  m ethods described b y  B ailey et al. 
(1961) i t  w as show n th a t  th e  h yd ro lysa te  con tained  
6-a-isom altosylsorbitol, 3^-glucosylisomaltose, iso­
m altose, 6-a-D -glucopyranosylsorbitol, nigerose, 
glucose an d  sorbitol. 6-N igerosylsorbitol an d  3^- 
glucosylisom altose w ere ab sen t from  th e  h y d ro - 
lysate .

Pentasaccharide B  and hexasaccharide B . The Rq 
values an d  th e  com positions of th e  com plete an d  
p a r tia l hyd ro lysa tes were iden tica l w ith  those of 
pen tasaccharide  A an d  hexasaccharide A re ­
spectively . T he p a rtia l hyd ro lysa tes of p en tasac ­
charide B alcohol an d  hexasaccharide B alcohol 
(Table 1) con tained  th e  sam e com ponents as those 
of th e  alcohols of p en tasaccharide  A  an d  h exasac­
charide A respectively .
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D ISCU SSIO N

The assigiiincnt of the stru c tu res  of th e  oligo­
saccharides produced by the action  of dextranases 
A and B on L . mesenteroides (B inninghain) dex tran  
is based on th e  facts th a t  : (a) in th e  solvents used 
th e  reducing sugars have th e  sam e R q values as 
th e ir reduction  p roducts; {b) oligosaccharides of th e  
isom altose series have slightly  lower R q values th a n  
th e ir  isom ers contain ing ( I->3)-linkages; (c) glucose 
and  oligosaccharides of glucose do no t m igrate 
during  ionophoresis in m olybdate  solution and  can 
th u s be separa ted  from  th e ir reduction  products, 
provided the  la tte r are no t 3-substitu ted  sorbitols ; (d) 
3-substitu ted  sorbitols do n o t m igrate  during iono­
phoresis in m olybdate  so lu tion ; (e) isomeric oligo­
saccharide alcohols contain ing th e  sam e su b stitu ted  
polyol com ponent, e.g. 6-a-isom altosylsorbitol and
6-a-nigerosylsorbitol, have identical il/g values 
during  ionophoresis in m olybdate  solution.

T he evidence presen ted  shows th a t  th e  oligo­
saccharides investigated  in detail are te tra - , p en ta -, 
hexa- and  hepta-saccharides in whicli one glucose 
im it is joined th rough  a  (l->3)-linkage to  a glucose 
u n it, o ther th a n  th e  reducing one, of isom alto­
triose, -tetraose, -pentaose and  -hexaose re ­
spectively. I t  was also shown th a t  pen tasaccharide 
A and  hexasaccharide A are identical w ith  p e n ta ­
saccharide B and  hexasaccharide B respectively. 
As th e  (l->3)- as well as th e  (l->6)-glucosidic 
linkages in th is  dex tran  are of the  a-typo it is reason­
able to  assum e th a t  th e  (l->3)-glucosidic linkages 
in th e  oligosaccharides also are  a-(l->3)-linkages. 
This is confirm ed by th e  characteriza tion  of 
nigerose as one of th e  p roducts of the  hydrolysis o f 
te trasaccharide  B and  its reduction  product.

T etrasaccharide B was shown conclusively to  be 
3  ̂- a- glucosy lisom alto tr iose (I) (Fig. 3), The p ro ­
d uc ts expected  from  th e  3^-isomer were absen t 
from  th e  hydro lysa te  of te trasaccharide  B alcohol.

There are th ree  possible struc tu res, (II)-(IV ) 
(Fig. 2), for a  pentasaccharide contain ing one 
glucose u n it joined th rough  an  a-(l->3)-linkage to  
a  glucose u n it, o ther th a n  th e  reducing one, of 
isom alto tetraose. The s tru c tu re  was elucidated  
fu rth e r by  a  p a rtia l hydrolysis of th e  reduction  
p ro d u c t (V), (VI) or (V II).

The p roducts th a t  w ould be expected  from  all 
th ree  stru c tu res  (Fig. 2), nam ely  6-isom altotrio- 
sylsorbitol (V III) (fraction 2), 6-isom altosylsor- 
b ito l (XIV) (fraction 4ii), isom altotriose (XV) 
(fraction 4i), 6-glucosylsorbitol (X IX ) (fraction 
6ii), isom altose (X X ) (fraction 6i), glucose (X X II) 
(fraction 7i) an d  sorbito l (X X III)  (fraction 7ii), 
w ere identified by  paper chrom atography  and  
ionophoresis. U nder th e  conditions used it  was n o t 
possible to  de tec t nigerose (X X I), which also w ould 
be expected  from  all th ree  structu res.

S tru c tu re  (IV) is e lim inated for the  p en tasac ­
charide since (X III) and (X V II) have been shown 
to  be absen t from  the  p artia l liydro lysate  of th e  
pentasacchari(lo alcohol.

G -C k-G —G, G—G G— Gp G— G (}— Gp

G G G
(II) (111) (IV)

1 K B II. 1 K B IL 1 K U II4

G— G— G—S G ~ G — G -  
1 1

-S G -
1

-G — G— S
1 1 

G G G
(V) (VI) (VU)

1 Ilyilrolysis |  Hydrolysis 1 Hydrolysis

G— G— G— S
(V III) (V III) (V III)

G— G— G, G— G— S G— G— S

i
(IX ) (X )

/
K B i h y

(X II)

G— Ck-G , ^  G-—G— Gp

G L
(XI) (X III)

G— G—S
(XIV) (X IV ) (XIV)

G— G— G,
(XV ) (XV) (XV)

G— G, G— s

i
K IIB 4

G
(XVI) (XVI) (X VII)

G— G, G— S
1 K B H 4 1
G G

(X V III) (X XIV) (X V III)

G—S
(X IX ) (X IX ) (XIX)
G—G,
(XX) (XX) 

?'

(XX)

G
(X X I) (X X I) (X X I)

G
(X X II) (X X II) (X X II)
s

(X X III) (X X III) (X X III)

Fig. 2. Products of reduction-hydrolysis of pentasac­
charides (II), (III) and (IV). —, a-(l—)-6)-Link; | , a-(l->3)- 
link; G„ reducing glucose unit; G, glucosyl unit; S, 
sorbitol.
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Roduction of the  braiiclied trisaccharide frag ­
m ents (fraction  5) followed by ionophoresis in 
m o lybdate  solu tion revealed th e  presence in th e  
hydro  lysate  of (XV I) and  (X V III). As s tru c tu re  
(IV) has been elim inated  the presence of 3^- 
glucosylisom altose (X V III) in th e  hycholysato 
shows conclusively th a t  the  pen tasaccharide con­
ta in s s tru c tu re  (III) . 3-kGlucosylisom altotriose 
(IX ) is th e  only fragm ent derivable solely from  
stru c tu re  (II) for th e  pentasaccharide. H ow ever, 
the  m ethod  used did no t d istinguish  betw een th is 
an d  3^-glucosylisom altotriose (X I) [from  (III)]. 
T hus th e  pen tasaccharides A an d  13 are 3^-glue- 
osylisom alto totraose (III) , alone or in adm ix tu re  
w ith  3Lglucosylisom alto tetraose (II).

H exasaccharides A and  B on p a rtia l hydrolysis 
gave glucose and  isom altopentaose. T heir red u c­
tion  p roducts likewise gave isom altopen taito l, a  
‘b ra n c h e d ’ pen tasaccharide, pen tasaccharide A 
alcohol an d  th e  sam e hydrolysis p roducts as th e  
pen tasaccharide  A alcohol. T hus it  is concluded 
th a t  each hexasaccharide is 3^-glucosylisom alto- 
pentaose (X X V I), alone or in ad m ix tu re  w ith  3^- 
(XXV) or 3^-glucosylisom altopentaose or bo th .

The resu lts ob ta ined  w ith  hep tasaccharide  A 
show th a t  i t  con ta ined  one glucose u n it joined 
th ro u g h  a  (1 ^ 3 ) -linkage to  a  glucose un it, o ther 
th a n  th e  reducing one, o f isom altohexaose. P a r tia l 
hydrolysis o f hep tasaccharide  A alcohol produced  
in add itio n  to  isom altohexaito l an d  its  expected  
hydrolysis p roduc ts  com ponents w hich h ad  th e  
sam e R q values as those of th e  p a rtia l h y d ro lysa te  
o f pen tasaccharide  A alcohol. T he s tru c tu re  of th e  
hep tasaccharide  could th u s  have  been sim ilar to  
those of th e  pen ta- an d  hexa-saccharides. H ow ­
ever, w hen th e  com ponents w ith  R q values corre-

G—G— G,

I

g— g— g— g ,

G

G—G—G—G, 

&
/ r

(I)
G—G—Gt-Gt-Gr

A
(XXV)

G _G —G—G—G—G,

(II) (III)

G—G—Gk-G—G,

d
(XXVI)

i
(XXVII)

G—G—G—G—G—G—Gp

i
(XXVIII)

G—G—G—G—G—Gf

G G
(XXIX)

Fig. 3. Structures of oligosaccharides produced by the 
action of dextranases on L. mesenteroides (Birmingham) 
dextran. —, a -(l—>G)-Link; |, a -( l—>-3)-link; G„ reducing 
glucose unit; G, glucosyl unit.

spending  to  ‘ b ranched ’ tri- and  te tra-saccharides 
or th e ir reduction  p roduc ts  were sub jec ted  to  iono­
phoresis in  m o lybdate  solu tion  fragm ents w ith  
s tru c tu res  (X) or (X V II) could n o t bo detected . 
H ence th e  com ponent th a t  h ad  th e  sam e R q and 
Mg values as pentasaccharide  A alcohol m u st have 
s tru c tu re  (V). T hus i t  is concluded th a t  h ep tasac ­
charide A is 3^-glucosylisom altohexaose (X X V II), 
alone or in adm ix tu re  w ith  isom ers in which th e  
branching  occurs fu rth e r tow ards th e  non-reducing 
end of th e  isom altohexaose un it.

O ctasaccharide A consum ed 14 3 m ol.prop. of 
periodate. The theoretical consum ption o f periodate  
of an  octasaccharide contain ing  one glucose u n it 
jo ined th ro u g h  a  (1-^3)-linkage to  isom altoheptaose 
(X X V III) is 15 m ol.prop., w hereas th a t  contain ing 
tw o glucose u n its  joined th rough  (l->3)-linkages to  
isom altohexaose (X X IX ) is 13 m ol.prop. I t  is 
th u s  likely th a t  octasaccharide A is a  m ix tu re  of 
com pounds w ith  s tru c tu res  sim ilar to  (X X V III) 
an d  (X X IX ). This is supported  by th e  fac t th a t  
th e  m ain  p roduc ts  of th e  p a rtia l hydrolysis of 
octasaccharide A were glucose, isom altohexaose, 
possibly isom altoheptaose an d  a  com ponent w ith  
R q iden tical w ith  th a t  of hep tasaccharide  A. The 
resu lts of th e  p a rtia l hydrolysis of octasaccharide A 
alcohol show th a t  th e  octasaccharide contains a  3^- 
glucosylisom alto tetraose rm it as does h ep tasac ­
charide A. I t  is th u s concluded th a t  octasaccharide 
A is a  m ix tu re  of 3^-glucosyhsom altoheptaose
(X X V III), possibly isom ers in  w hich th e  branching  
occurs fu rth e r tow ards th e  non-reducing end  o f the  
isom altoheptaose u n it, an d  octasaccharides w ith  
stru c tu res  sim ilar to  th a t  of (X X IX ).

A n in teresting  fea tu re  is th e  p roduction  of 3^- 
glucosylisom altotriose (I) by  d ex tran ase  B b u t  n o t 
b y  dex tranase  A. D ex tranase  B hydrolyses iso­
m alto trio se  appreciab ly  fa ste r th a n  does d e x tra n ­
ase A  (B ourne et al. 1962). I t  is th u s  possible th a t  
dex tran ase  B is capable of hyd i’olysing th e  m am  
d e x tra n  chain  closer to  th e  non-reducing side of 
th e  b ran ch  p o in t th a n  d ex tran ase  A. A lte r­
na tive ly , dex tranase  B could be co n tam ina ted  w ith  
an  enzym e capable o f hydro lysing  term inal a- 
(1-^6) -glucosidic linlvages a t  th e  non-reducing end 
of th e  chain. T he presence, or absence, of such an  
enzym e m u st be investiga ted  before a  full assess­
m en t of th e  above resu lts  can  be m ade.

F u rth e r , th e  ‘ b ranch ing  ’ of th e  oligosaccharides 
consists of only one glucosyl u n it, as w ith  th e  oligo­
saccharides produced  by  th e  ac tio n  of L . bifidus 
dex tran ase  on th e  sam e d e x tra n  (Bailey et al. 1961).

SUMIVIARY

I. T he dex tranases o f P énicillium  lilacinum  
(I.M .l. 79197; N R B L  896) (dex tranase  A) and  
P . fun icu losum  (I.M .l. 79195; N R R L  1132) (dex-
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tran ase  B) have been shown to  hydrolyse Leuco­
nostoc mesenteroides (Birm ingham ) d ex tran  to  
com plex m ix tu res of oligosaccharides.

2. B o th  dex tranases produced glucose, isom alt­
ose, isom altotriose and ‘b ra n c h e d ’ pen ta-, hexa-, 
hep ta - and  octa-saccharides. D ex tranase  B p ro ­
duced, in addition , a  ‘ b ranched  ’ te trasaccharide . 
U nresolvable m ateria l of degree of ^polymerization 
g rea ter th a n  8 was produced by bo th  dextranases. 
T he ‘ b ranched  ’ oligosaccharides were shown to  be 
m em bers of an  hom ologous series.

3. T he te trasaccharide  produced  by dex tranase  
B was show n to  be 3®-a-glucosylisomaltotrioso.

4. T he pen tasaccharides produced by  doxtran- 
ases A and  B were identical and  show n to  bo a
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Tlio oxtracollular ondodoxtranasos Pénicillium  
lilacinum  (I.M .l. 79197 ; N R R L  896) (doxtranaso A) 
an d  Pénicillium, fun icidosum  (I.M .l. 79195; N R R L  
1132) (doxtranaso B) woro show n to  hydrolyse 
roadily tho alm ost unbranchod dox tran  of Strepto­
coccus bovis, isom altodextrins an d  m odified iso­
m altodex trin s contain ing  n o t less th a n  th ree  
a-glucosidic linkages, th e  hydrolysis being p rinci­
pally  a t  glucosidic linkages o ther th a n  th e  term inal 
ones ; th e  e x te n t of hydrolysis of various dex trans 
was m arked ly  lowered w ith  increasing degree of 
branching  of th e  d ex tran  molecule (Bourne, 
H u tso n  & W eigel, 1962). The (1-^3)-branched 
d ex tran  of Leuconostoc mesenteroides (B irm ingham ) 
was hydro lysed  by  each d ex tranase  to  glucose, iso­
m altose, isom alto triose an d  a  com plex m ix tu re  of 
‘b ra n c h e d ’ oligosaccharides (Fig. 1) (Bourne, 
H u tso n  & Weigel, 1963). The sm allest ‘ b ranched  ’ 
oligosaccharide produced  by  d ex tranase  A was a 
pentasaccharido [3^-glucosylisom altotetraose (II), 
alone or in a  m ix tu re  w ith  3 ‘-glucosylisom alto- 
te traose  (III)] , w hereas th a t  p roduced  by  d e x tra n ­
ase B was a te trasaccharide  [3^-glucosylisom alto- 
triose (I)]. The p roduction  o f th e  la tte r  b y  d e x tra n ­
ase B only could have been due to  a  difference in 
specificity o f th e  tw o dex tranases or to  co n tam in a­
tio n  of d ex tranase  B  w ith  ano ther, perhaps m ain ly  
in tracellu lar, enzym e. W e have now  investigated  
cell ex trac ts  of th e  tw o m oulds. A n a tte m p t has been 
m ade to  in te rp re t these an d  previous resu lts w ith  
regard  to  b o th  th e  m echanism  of d ex tranase  ac tion  
an d  th e  s tru c tu re  o îL n . mesenteroides (B irm ingham ) 
dex tran .

E X P E R IM E N T A L

Cell extracts. Washed mycelia of P. lilacinum (I.M.l. 
79197; NRRL 896) and P. funiculosum (I.M.l. 79195; 
NRRL 1132), that had been grown in media containing 
Streptococcus bovis dextran (1%) and yeast extract (1%), 
were freeze-dried (Bomne et al. 1962). The freeze-dried 
material (0 4 g.) was suspended in 0-05 M-citrate buffer, pH 
5 5 (20 ml.), and shaken with cooling in a Mickle disinte­
grator (no. 4 glass balls) for a total of 45 min. The super­
natant liquid was decanted and the solid material washed 
with 0-05 M-citrate buffer, pH 5 5 (20 ml.). The fluids were

combined and centrifuged at 10 000g- for 30 min. to remove 
debris. The resulting extracts were dialysed against 2 1. of 
0 05 M-citrate buffer, pH 5 5, after which they were used as 
such or stored at about 5°. Extracts of P. lilacinum (I.M.l. 
79197) and P . funiculosum (I.M.l. 79195) are referred to as 
extracts A' and B' respectively.

Enzyme digests. Except where otherwise stated digests 
were made up from carbohydrate (10 mg.) in 0 2M-citrate 
buffer, pH 4.8 (1 ml.), and cell extract (1 ml.), and were 
incubated for 24 hr. at 37°. Deionization was effected with 
Amberlite IR-120 (H^ form) and Amberlite IR-45 (OH 
form) resins.

Paper chromatography and ionophoresis. The solvent used 
for chromatography was the upper layer of ethyl acetate- 
water-pyridine (2:2:1, by vol.). Ionophoresis was carried 
out at about 50 v/cm. in molybdate solution at pH 5 5 
(Bourne, Hutson & Weigel, 1961). The sugars were detected 
with silver nitrate in acetone-ethanolic sodium hydroxide 
(Trevelyan, Procter & Harrison, 1950).

R E SU L T S

A ction of extracts A '  and B ' on isomaltodextrins and  
isomaltodextrinols. The various com pounds were 
separa te ly  incubated  under s ta n d a rd  conditions 
w ith  ex trac ts  A ' an d  B ' respectively . The digests 
were analysed  b y  paper chrom atography  an d  iono­
phoresis in  m olybdate  solution. The resu lts are 
show n in  T able I.

Effect o f p H  and temperature on the action of 
extract A '  towards isomaltotriose. D igests contain ing 
isom alto triose (6 mg.) in  0-2M -citrate buffer of 
various p H  values (I m l.) an d  cell ex tra c t A '

Table I. Products of action of extract A '  or extract B ' 
on isomaltodextrins and isomaltodextrinols

Experimental details are given in the text.

Substrate Products
Isomaltose
Isomaltotriose
Isomaltotri-itol
Isomaltotetraose
Isomaltotetraitol
Isomaltopentaose

None
Glucose and isomaltose* 
None
Isomaltose
Isomaltose and isomaltitol 
Glucose, isomaltose and 
isomaltotriose (traces)

Part 3: Bourne, Hutson & Weigel (1963).
* Hydrolysis was complete ifter incubation for about 

35 hr.
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(0-5 ml.) woro incubated  for 24 hr. a t  33°. D igests 
contain ing  th e  sam e com ponents in 0-2M -citrate 
buffer, p H  5 0, were incubated  a t  various tem p era ­
tures. The increase in reducing power of th e  solu­
tions was determ ined by  th e  m ethod  of Shaffer & 
H a rtm a n n  (1921). The results ob tained  showed th a t  
th e  e x tra c t possessed optim um  ac tiv ity  tow ards 
isom altotriose w ith in  th e  pH  range 4-5  and  tem ­
p era tu re  range 30-40°.

Action of extracts A ' and B ' on 'branched' oligo­
saccharides elaborated from  Leuconostoc m esen ter­
oides {Birmingham) dextran by dextranases A  and B. 
The ‘b ra n c h e d ’ oligosaccharides (see Fig. 1) were 
separa te ly  incubated  for 24 hr. w ith  ex trac ts  A '

Dextranase A

G—G—G—Gj.

I,
( H )

G— G— G— G f  

G
(III)

G—G—G—G—G, 

G
(IV)

G—G—G—G—G,

G
(V)

G—G—G—G—G—Gj. 

G
(VI)

G—G—G—G—G—G—Gy

G
(VII)

G—Gt-G—G ^G —Gr

Dextranase B 
G—G—G,

G
(I)

(II)

(III)

(IV)

(V)

G G
(VIII)

Fig. 1. ‘Branched’ oligosaccharides produced by the 
action of dextranases A and B on Leuconostoc mesenteroides 
(Birmingham) dextran. —, a-(l->6)-Link; | , a-(l—>3)- 
link; Ĝ , reducing glucose unit; G, glucosyl unit; : , 
alternative a-(l—»-3)-links. The penta-, hexa and hepta- 
saccharides were shown to be (II), (IV) and (VI), alone or in 
admixture with isomers in which the branching occurs 
further towards the non-reducing end of the isomalto­
dextrin unit, e.g. (Ill) and (V). Dextranase B also pro­
duced ‘branched’ hepta- and octa-saccharides, the struc­
tures of which were not elucidated.

and  B ' rospoctivoly. P ap er chrom atography  re ­
vealed th a t  the  te tra - (I) and  jjenta-saccharides (II, 
or I I  and  I I I )  were n o t significantly hydrolysed. 
B o th  ex trae ts  produced from tho ‘ b ran c lied ’ hexa-, 
hep ta- and  octa-saccharides, in add ition  to  iso­
m altose, significant am ounts of m ateria ls w ith  B q 
(m igration w ith  respect to  glucose) values cor­
responding to  ‘branched ’ te tra -, penta- and  hexa- 
saccharides.

D ISCU SSIO N

The cell ex trac ts  A ' and  B ' were m ade in a 
search for an  enzym e th a t  would cause th e  sm allest 
‘ b ranched  ’ oligosaccharides to  be different (see 
F ig. 1) w hen the  ex tracellu lar dex tranases A and  B 

R espectively ac ted  on L n . mesenteroides (B irm ing­
ham ) dex tran . The ex trac ts  A ' and  B ' were found  to 
con tain  a  hydrolase th a t  hydrolyses oligosacchar­
ides of th e  isom altoso series contain ing a t  least 
th ree glucose un its  in th e  m anner show n in Fig. 2. 
This is unlike th e  action  of th e  ex trace llu lar- 
dex tranase  prepara tions A and  B th a t  required  for 
ready  hydrolysis a t  least th ree  glucosidic linkages, 
th u s hydrolysing 6-oc-isomaltotriosyIsorbitol and  
m ethy l a-isom altotrioside (Bourne et al. 1962), b u t 
isom altotriose only very  slowly. E x tra c ts  A ' and  
B ' were found n o t to  hydrolyse th e  ‘ b ranched  ’ 
te tra -  and  jDenta-saccharides (Fig. I), b u t to  
hydrolyse slowly th e  prepara tions of ‘ b ranched  ’

G—G—Gr

I

i

G—G-e-G— 

&

G—G—G—S
I
I

I

G—G-#-G—

I

G—G—G—G-*-G—

A

G—Gt—G—G-#-G—

I &
I

Fig. 2. Action of extracts A' and Bk —, a-(l-> 6)-Link; 
I, a-(l—>3)-link; G, glucosyl unit; G,, reducing glucose unit;
S, sorbito l; point of hydrolysis; a-(l—>-6)-link
resistant to hydrolysis due to presence of ‘ branch ’ point in 
isomaltosyl unit.
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liGxa-, ho})ta- and  octa-saccharidos. Tho la tto r 
throo woro know n to  con ta in  3^-glucosylisomalto- 
pontaoso (IV), îP-gliicosylisom altohexaose (VI) and  
3'‘-glucosylisoinaltohoptaose (V II) respectively. 
H ow ever, con tam ination  w ith  th e  isomers in w hich 
th e  b ranching  occurs fu rth e r tow ards th e  n o n ­
reducing  end  of th e  isom altodex trin  u n it was n o t 
excluded. Tho m ain  p roducts were isom altoso and  
oligosaccharides th a t  h ad  R q values corresponding 
to  ‘b ra n c h e d ’ te tra - , pen ta - an d  hexa-saccharides 
respectively. The s tru c tu res  of these ‘ b ranched  ’ 
oligosaccharides are n o t necessarily th e  sam e as th e  
‘b ra n c h e d ’ te tra - , pen ta- an d  hexa-saccharides 
produced  by  th e  ac tion  of th e  ex tracellu lar 
dex tranases on th e  L n . mesenteroides (B irm ingham ) 
d ex tran , as isom ers of th e  ty p e  3^- or 3^-glucosyliso- 
m alto triose  have th e  sam e R q in th e  solvent used 
(Bailey, H u tso n  & W eigel, 19G1). These results 
ind icate  th a t  th e  m ain ly  in tracellu lar hydrolases 
ac ted  only  on those b ranched  oligosaccharides (IV, 
V I an d  V II) th a t  contained  a t  th e  non-reducing end 
an  u n su b s titu ted  isom altose u n it (Fig. 2).

B ailey & R obertson  (1962) have  show n th a t  a  cell 
e x tra c t o f Lactobacillus bifidus contains an  a -(1 ^6 )- 
glucosidase th a t  hydrolyses readily  isom alto ­
d ex trin s of degree of polym erization  2-9  to  glucose, 
th e  hydrolysis proceeding b y  th e  cleavage of single 
glucose u n its  from  th e  non-reducing end  of th e  
m olecule.

N o difference betw een ex trac ts  A ' an d  B ' in  th e ir  
ac tion  on isom altodextrins, isom altodextrino ls and  
‘ b ranched  ’ oligosaccharides w as observed. H ence 
i t  is unlikely  th a t  th e  consisten t differences in th e  
n a tu re  of th e  ‘b ra n c h e d ’ oligosaccharides produced  
from  L n . mesenteroides (B irm ingham ) d ex tran  by  
p rep ara tio n s of d ex tranases A an d  B were caused b y  
con tam in a tio n  w ith  th e  m ain ly  in tracellu lar h y d ro ­
lase. This is s tren g th en ed  b y  th e  fac t th a t  these 
‘ b ranched  ’ oligosaccharides are  form ed w ith in  th e  
first 1-2 h r. o f incubation , a fte r w hich no signifi­
can t change in th e ir  concen tra tion  is observed, 
w hereas th e  m ain ly  in tracellu lar hydrolases ac ted  
only slowly on some of these. W e th u s  believe th a t  
th e  d ifferent actions of th e  tw o dex tranase  p re p a ra ­
tions A an d  B are  in h eren t in  th e  dex tranases 
them selves an d  n o t due to  o th er enzym es.

I t  has been  show n th a t  th e  ex tracellu lar d e x tra n ­
ases A  an d  B  hydrolyse read ily  an  alm ost u n ­
b ranched  d ex tran , isom altodextrins or m odified 
isom altodextrins, con tain ing  n o t less th a n  th ree  
a-glucosidic linkages, p rincipally  a t  glucosidic 
linkages o th e r th a n  th e  term inal ones (Bourne et al. 
1962). T he p roduction  o f te tra - , p en ta -, hexa-, 
h ep ta - an d  octa-saccharides contain ing  one glucose 
u n it jo ined th ro u g h  an  a-(l->3)-linkage to  a  glucose 
u n it o f th e  corresponding oligosaccharide o f th e  iso- 
m altose series (Fig. 1), w hen th e  ex tracellu lar 
d ex tranases a c t on th e  b ranched  d ex tran  o f L n .

mesenteroides (B irm ingham ), suggests th a t  th is  ty p e  
of hydrolysis of d ex tran  is inh ib ited  by  th e  presence 
o f a-( 1-4-3)-linkages. This is in  co n tras t w ith  th e  
action  of Lb. bifidus dex tranase  (Bailey et al. 1961.) 
The s tru c tu re  o f these oligosaccharides indicates 
(see Fig. 3) th a t :  (a) th e  enzym es canno t hydrolyse 
th e  a -(I->3)-linkages; (6) a t  least tw o a - ( I^ 6 )-  
linkages on th e  reducing side of th e  b ranch  po in t of 
th e  m ain  d ex tran  chain  are re s is tan t to  hydrolysis 
by  b o th  enzym es; (c) one a-( 1-^6)-link on th e  n o n ­
reducing side of th e  b ranch  po in t of th e  m ain  
d ex tran  chain is re s is tan t to  hydrolysis by  d e x tra n ­
ase A, i.e. d ex tranase  B is capable of hydrolysing 
th e  m ain  d ex tran  chain  closer to  th e  non-reducing 
side of th e  b ranch  po in t th a n  d ex tranase  A ; an d  {d) 
one add itional a -(1 ^ 6 ) -link on th e  non-reducing 
side of th e  b ranched  oligosaccharides produced by  
th e  dex tranases is re s is tan t to  hydrolysis by  b o th  
enzym es.

Of th e  oligosaccharides show n in Fig. 1 th e  p e n ta ­
saccharide (III) , if  p roduced  b y  dex tranase  A, 
w ould preclude such a  m echanism . The elucidation 
of th e  s tru c tu re  of th e  pen tasaccharide produced b y  
d ex tranase  A established w ith  ce rta in ty  only th e  
fo rm ation  of (II) ; how ever, its  con tam ination  w ith  
(III)  was n o t excluded (Bourne et al. 1963). I t  is 
th u s  possible th a t  th is  pen tasaccharide is 3^- 
g lucosylisom altotetraose (II) alone.

The ‘ b ranch ing  ’ of th e  oligosaccharides produced 
from  L n . mesenteroides (B irm ingham ) d ex tran  by  
th e  ac tion  of e ither th e  bac te ria l dex tranase  of Lb. 
bifidus (Bailey et al. 1961) or th e  m ould  dex tranases 
A  an d  B  (Bourne et al. 1963) consists of only one 
glucosyl u n it. I t  w as n o t possible to  decide 
w hether th e  dex tranases are  capable of hydrolysing 
a -(1-^6)-linkages of b ran ch  chains, if  such b ranch  
chains were p resen t in  th e  d ex tran  molecule. H ow ­
ever, oligosaccharides in  w hich th e  ‘ b ranching  ’ is 
an  isom altosyl u n it, expected  from  b ranch  chains 
contain ing tw o, four or m ore glucosyl un its , have 
n o t been found in  th e  hydro lysates. This suggests

—G—G+G-#-G-»-G-#-Gk-G—

t

—G—G—j—Gr#-G-#-G—G—

G
B

Fig. 3. Segments of the dextran molecule showing gluco­
sidic linkages in the vicinity of the branch point which arc 
resistant to hydrolysis by dextranase A and B. G, Glucosyl 
unit; —, a-(l—>-6)-link; ^ , a-(l-4-3)-Iink; resistant 
glucosidic link in dextran and oligosaccharides ; -j-, addi­
tional resistant link in oligosaccharides.
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th a t  those ‘b ra n c h e d ’ oligosaccharides arise from  
p a rts  of th e  d ex tran  m olecule w here th e  branching  
is in fac t a  single glucosyl u n it. I t  can th u s  be ca l­
cu la ted  from  th e  y ield of th e  iso lated  ‘ b ranched  ’ 
pen ta-, hexa-, hep ta- and  octa-saccharides p ro ­
duced by tho action  of d ex tranase  A (Bourne et al. 
19(53) th a t  m ore th a n  18%  of all branches of L n . 
mesenteroides (B irm ingham ) d ex tran  consist of only 
one glucosyl un it. B ovey ( 1959), on tho grounds of 
])hysical m easurem ents, has suggested th a t  80 %  of 
th e  branches in L n . mesenteroides (N R R L  B-512) 
d ex tran  consist of only one glucosyl un it.

SUM M ARY

1. Cell ex trac ts  from  P énicillium  lilacinum  and  
Pénicillium  fun icu losum , grow n on Streptococcus 
bovis dex tran , con ta in  an  enzym e th a t  hydrolyses 
oligosaccharides of th e  isom altose series w ith  a t  
least th ree  glucose un its. The effect of th e  presence 
o f (l->3)-branch linkages on fhe hydrolysis is 
discussed.

2. The failure of th e  ex trac ts  to  hydrolyse th e  
sm allest oligosaccharides produced  by  th e  ac tion  of 
th e  ex tracellu lar endodex tranases of P . lilacinum  
(dex tranase A) an d  P . f  uniculosum  (dex tranase B) 
on Leuconostoc mesenteroides (B irm ingham ) d ex tran  
perm its certa in  conclusions to  be reached ab o u t th e  
specificity of these enzym es.

3. In  th e  v ic in ity  of th e  a-(l->6)-branch  po in t, 
w hich th e  enzym es canno t hydrolyse, several 
a-(l->6)-linkages of th e  m ain  d ex tran  chain  are

res is tan t to  hydrolysis by  th e  dextranases. On th e  
reducing side of th is  po in t a t  least tw o ad jacen t 
linkages are re s is tan t to  hydrolysis by  dex tranase  A 
or d ex tranase  B, an d  on th e  non-reducing side of 
th is  po in t one ad jacen t linkage is re s is tan t to  
hydrolysis by  dex tranase  A.

4. In  th e  b ranched  oligosaccharides produced  
from  L n . mesenteroides (B irm ingham ) d ex tran  by  
dextranases A an d  B, one add itional a -(1 ^ 6 )-link 
on th e  non-reducing side of th e  b ranch  po in t is 
re s is tan t to  hydrolysis b y  b o th  enzym es.

5. The size of branches in  L n . mesenteroides 
(B irm ingham ) d ex tran  is discussed.

The authors are indebted to Professor E. J. Bourne for 
helpful discussions and to the Department of Scientific and 
Industrial Research for financial assistance.
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P rep rin ted  from  the Jou rn a l of th e  C h em ica l S o c ie ty , 
O ctober 1965, (960), p a g es  5157— 5162.

I I

960 . S tu d ies  on D extrans a n d  D extranases.  P a r t  V.^ S yn th es is  o f  the 
Three Carboxylic  A c id s  derived f r o m  M e th y l  ^ -M altoside

B y D. A b b o t t  a n d  H. W e ig e l

'I'he ca ta ly tic  oxidation  of m ethyl p-m altoside to  give tw o m onocarboxylic 
acids and one dicarboxylic acid is described. Evidence for th e ir  s truc tu res 
is presented.

In Part IV  ̂ we .suggested that more than 18% of all branches of Leuconostoc mesenteroides 
(Birmingham) dextran consist of only one glucosyl unit. This view was based on the 
yields and structures of branched oligosaccharides produced when this a-1 — ► 3-branched 
dextran was treated with certain dextranases,^ as well as on the mechanism of the action 
of the dextranases. A similar indication has now been obtained for the a-I  — >- 4- 
branched dextran of L . mesenteroides (NRRL B-1415).^ It seemed to us that con­
firmatory evidence could be obtained by converting all primary hydroxyl groups of the 
dextrans into carboxyl groups and, after hydrolysis, isolation of the corresponding aldo- 
biuronic acids. It thus became necessary to have available the uronic acids formed from 
disaccharides of D-glucose by oxidation of one or both primary hydroxyl groups. The 
recently reported synthesis of 4-0-(a-D-glucopyranosyluronic acid)-D-glucose  ̂ prompts us 
to describe our syntheses of all three uronic acids derived from maltose.^

The oxidation of m ethyl p-maltoside with oxygen in the presence of a platinum  
catalyst (Adams platinum dioxide reduced with hydrogen) yielded two acidic fractions 
(A and B, see Figure). Their mobilities during paper electrophoresis in phosphate solution

R elative  concentrations of mono- {A) and  di- 
carboxylic acids {B) p roduced from  m eth y l 
p-m altoside

±  6
oum

o
.■Ë 4IEL-
o

ou
o.o

IS5 10 20
Du ra t ion  of o x i d a t i o n  (hr.)

(pH 7-2) [A, Mga(F*) 0-77; B, M g a (P )  1 3 3 ; for definition of all m obilities see E xperi­
m ental section] and their rate of form ation (and disappearance) on prolonged oxidation  
ind icated  th at fraction A contained m eth yl 4-0-(a-D -glucopyranosyluronic acid)-(3-D- 
glucopyranoside (I) and/or m eth yl 4-0-a-D -glucopyranosyl-p-D -glucopyranosiduronic acid  
(II) and th a t fraction B w as m eth yl 4 - 0 - (a-D-glucopyranosyluronic acid)- p-D-glucopyrano- 
siduronic acid (111). For the preparation of the m onocarboxylic acids (A) and the  
dicarboxylic acids (B) m eth yl p-m altoside w as oxidised  for 8-5 and 16 hr., respectively .

It was conceived that chromatographic resolution of the two monocarboxylic acids 
(I and II) might be possible after treatment with benzaldehyde since only acid (II) could 
easily form a benzylidene derivative (involving the hydroxyl groups on C-4 and C-6 of the 
D-glucose portion). Indeed, this method gave the expected two components. Partial 
hydrolysis of the benzylidene derivative gave acid (II).



The following evidence, in addition to the above, shows that the component remaining 
unaffected by benzaldehyde was in fact acid (I) contam inated with small (piantities of 
acid (II). Hydrolysis gave, as the main product, 4-0-(oc-n-glucopyranosyluronic acid)- 
D-glucose (IV) and small quantities of materials which had R q values identical with those 
of glucuronic acid, glucurone, glucose, and m ethyl p-D-gluco])yranosiduronic acid (V I1). 
Owing to the relative stabilities to acid hydrolysis of glycosides of n-glucuronic acid and 
D-glucose,® acid (IV) would indeed be expected as the main product from acid (I), whereas 
D-glucose and acid (VII) are expected from acid (II). l ln is ,  the acid hydrolysis also 
degraded effectively the contam ination (II), making the isolation of acid (IV) possible. 
Successive treatment of acid (IV) with (a) methanolic hydrogen chloride, (6) m ethyl 
iodide-silver oxide, and (c) lithium aluminium hydride gave a syrup which had OMe 47-5%, 
close to that expected for a m ethyl hexa-O-methylmaltoside (OMe, 49-3%). The hydrolysis 
products of this syrup were 2,3,0- and 2,3,4-tri-O-methyl-D-glucose. The former was

CO2H CHyOH CH2-OH COjH
OMe

C0 2 H C0 2H

CH2-0H CHi-OMe

OMe

CO,H CHi-OH

OMe

H,OH

COjMe CH^-OAc
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MeO AcO

OMe
(V)

CO2H

OH
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CH2-OAC

OAc

OAc

AcO

COjMe

(VI)

COjMe

OAc

C02Me
OMe

AcO
OAc OAc

OAc

OAc OAc
(VII) (VIII) (IX)

obtained crystalline. The latter, obtained as a syrup, was converted into the crystalline 
2,3,4-tri-O-methyl-A^-^-nitrophenyl-D-glucosylamine. The tri-(?-methyl-D-glucoses were 
further characterised by reduction, periodate oxidation, and subsequent dém éthylation  
to give products which were chromatographically and electrophoretically identical with  
threose (from 2,3,6-tri-O-methyl-D-glucose) and xylose (from 2,3,4-tri-O-methyl-D-glucose). 
This showed that the syrup was the m ethyl hexa-O-m ethylmaltoside (V). Acid (IV) also 
gave a m ethyl ester hepta-acetate which exhibited absorption at 835 and 885 cm." ,̂ 
indicative of a- and ^-configurations at the anomeric carbon atom s and expected for 
l,2,3,6-tetra-0-acetyl-4-0-(m ethyl2,3,4-tri-0-acetyl-a-D-glucopyranosyluronate)-(3-D-gluco- 
pyranose (VI).

Chromatography of the acid hydrolysate of acid (II) revealed the expected components. 
Acid (II) was esterified, m ethylated, and then reduced. The hydrolysate of the product



contained tw o com ponents w hich had m igration rates (chrom atography and electro­
phoresis) identical w ith those of 2 ,3 ,4 ,6-tetra- and 2,3-di-O -m ethyl-D -glucose. A cid (II) 
also gave a m ethyl ester hexa-acetate w hich exh ib ited  absorption at 840 and 895 cm."^. 
These results show that acid (II) and its m eth y l ester hexa-acetate  were in fact m ethyl
4-0-a-D-glucopyranosyl-[3-D-glucopyranosiduronic acid (II) and m ethyl [4-0-(2 ,3 ,4 ,6-tetra- 
0-acetyl-a-D -glucopyranosyl) (m ethyl-2,3-di-0-acetyl-[3-D -glucopyranosidj]uronate (VIII), 
respectively.

The equivalent w eight (198) of the acid fraction B  was close to  th a t expected  for a 
com pound with structure (III) (192) and confirm ed the conclusion drawn from electro­
phoresis. H ydrolysis w ith 90%  form ic acid produced a reasonable q u an tity  of 
D-glucuronic acid (isolated as D-glucurone). Partial hydrolysis gave a d icarboxylic acid  
(electrophoretic evidence) which was converted  in to  a diester (m ethyl) hexa-acetate . This 
exhib ited  absorption at 845 and 890 cm.~^. Thus, acidic fraction B was m ethyl 4-0-(a-D - 
glucopyranosyluronic acid)-(3-D-glucopyranosiduronic acid (III) and the di-ester hexa- 
acetate w as m ethyl [l,2 ,3 -tr i-0 -a cety l-4 -0 -(m eth y l 2,3,4-tri-O -acetyl-a-D -glucopyranosyl- 
uronate)-[B-D-glucopyran]uronate (IX ).

/  E x p e r i m e n t a l

General.— (i) Paper chromatography. The solvents used were (a) ethyl acetate-acetic acid- 
formic acid-water ( 1 8 : 8 : 3 : 6 ) ;  (b) butan-l-ol-ethanol-w ater ( 4 0 : 1 : 1 9 ) ;  (c) b u tan -l-o l-
ethanol-water-am m onia (40: 1 0 : 4 9 :  1, organic phase); (d) ethyl acetate-acetic acid-water 
( 9 : 2 : 2 ) .  Migration rates are expressed relative to the movements of D-glucose (Pq) and
2,3,4,6 -tetra-O-methyl-D-glucose (i?TMo) •

(ii) Paper electrophoresis. Migration rates are expressed relative to the m ovements of 
D-glucuronic acid [iWoA(P)], sorbitol [Mg(Mo)], D-ribose [M^(.ds)], and D-glucose [M q {B )]. 
The symbols P , M o, A s, and B  refer to the electrolytes used: (a) 0-2M-sodium phosphate, 
adjusted to pH 7*2 (P) ; (6) 2%  sodium molybdate dihydrate, adjusted to pH  5 (Mo) ; ® 
(c) sodium arsenite (As), AsgOg (19-8 g.) dissolved in 0*13N-sodium hydroxide (1 1.);® 0-2m- 
sodium borate (P).^”

(iii) Spray reagents. The sp ray  reagents used for th e  detection  of com pounds were: 
(a) silver n itra te  in acetone-ethano lic  sodium  hydroxide; (b) ^ -an isid ine-hydrochloric  acid;
(c) po tassium  periodatocup rate-rosan iline  ; (d) aniline hydrogen ph th a la te .

Rates o f Formation o f M ono- and Di-carboxylic Acids from  M ethyl ^-M altoside.— P latinum  
ca ta ly st [Adams p la tinum  dioxide (0-5 g.) reduced w ith  hydrogen was added  to  a  solution 
contain ing m ethy l ^-m altoside (1-025 g.) and  sodium  hydrogen carbonate  (0-1 g.) in w ater 
(25 ml.). The m ix tu re  was s tirred  a t  60° and oxygen passed th rough. A dditional q u an tities of 
sodium  hydrogen carbonate  were added to  m ain ta in  p H  7-5— 8-5. A liquot portions w ere 
w ithdraw n a t tim e in tervals, tre a te d  w ith  A m berlite  resin IR-120(H ^), and  exam ined by  paper 

N. electrophoresis in electro ly te  (a) using sp ray  reagen t (a). The sta ined  electrophoretogram s
were rendered tran slu cen t by  im pregnation  w ith  liquid paraffin. The re la tive  op tical densities 
of th e  spots w ith  M q ^ ( P )  0-77 (fraction A) and 1-25 (fraction B) were th en  m easured w ith  an 
E E L  Scanner w hich incorporates a ligh t source, a  selenium  cell, and  a m icroam m eter. The 
resu lts are shown in th e  Figure.

Preparation o f Monocarboxylic Acids from  M ethyl ^-M altoside.— (i) M ethyl [3-maltoside 
(4-1 g.) was oxidised in a  m anner sim ilar to  th a t  described above except th a t  th e  reaction  was 
te rm in a ted  a fte r 8-5 hr. A fter cooling, th e  reaction  m ix tu re  was filtered th ro u g h  “ Celite." 
The solution was trea ted  w ith  A m berlite resin IR-120(H+) followed by  tre a tm e n t w ith  D uolite 
resin A4 (OH"). F rom  th e  la tte r  acidic m ateria ls were elu ted  w ith  N-sodium hydroxide. The 
e luate  was freed from  sodium  ions b y  tre a tm e n t w ith  A m berlite resin  IR -120(H ‘̂ ) and  then  
evapora ted  to  a syrup. P rep ara tiv e  pap er chrom atography  of th e  syrup  using solvent 
( a )  yielded tw o sy rupy  fractions : A (1-23 g.), w ith  R q  0-61 and  M q ^ ( P )  0-77; B (132 mg.), w ith  
R q  0-73 and  M q ^ ( P )  1-25.

(ii) Separation o f monocarboxylic acids. A m ix tu re  of th e  acidic frac tion  A (1-5 g.), 
benzaldehyde (4 g.), and freshly fused zinc chloride (1-5 g.) was shaken for 15 hr. M ost of th e  
excess of benzaldehyde was distilled off in  vacuo. E th an o l (10 ml.) was added  followed by  ligh t



p etro leum  (b. p. 100— 120°; 20 m l.). The lower layer of th e  tw o-phase m ix tu re  was con­
cen tra ted  in  vacuo. P rep ara tiv e  pap er ch rom atog raphy  using so lvent (6) and  sp ray  reagen t (a) 
y ielded m eth y l 4-0-(a-D -glucopyranosyIuronic acid)-[3-i)-glucopyranoside (1; 900 m g.; R q
0*79), co n tam ina ted  w ith  sm all q u an titie s  of unchanged m ethy l 4-0-a-D-glucopyranosyl-[^-D- 
g lucopyranosiduronic acid (II) (see below), and  the  0 -benzylidene deriva tive  of acid (11) [305 mg. 
R q  3 2 (streak)].

T he 0 -benzylidene deriva tive  of acid (II) (300 mg.) was h eated  in 0-iN -m ethanolic hydrogen 
chloride (10 ml.) a t  60° for 30 min. A fter n eu tra lisa tion  w ith  N-sodium m ethoxide, th e  solution 
w as evapora ted  to  dryness in  vacuo. T he residue was ex trac ted  w ith  e thanol, th e  ex trac t 
concen tra ted , and  th e  sy rupy  residue h ea ted  in  vacuo a t  125° for 30 m in. F rac tio n a tio n  by 
p ap er ch rom atog raphy  using so lven t (a) gave acid (II) (150 mg.), w ith  R q  0 61 and  M n^(P ) 0*77, 
as th e  m ain  com ponent. In  add ition , sm all am oun ts of com ponents w ith  R q  values identical 
w ith  those of glucuronic acid, glucose, and m ethy l ^-D -glucopyianosiduronic acid were present 
in  th e  hyd ro lysa te .

Characterisation o f A cid  (I).— (i) Acid (I) could be de tec ted  on paper ch rom atogram s and 
electrophoretogram s w ith  sp ray  reagen t (a) b u t no t w ith  (b).

(ii) P artia l hydrolysis. Acid (I) (900 rfi'g.) was partially hydrolysed with N-sulphuric acid 
(25 ml.) at 90° for 2 hr. After cooling, sulphuric acid was removed by extraction with a 5%  
solution of W -d i-n -octy lm eth ylam in e in chloroform (4 x  20 ml.). Preparative paper chrom­
atography of the concentrated aqueous layer, using solvent (d) and spray (a), gave 4 -0 - (a-D- 
glucopyranosyluronic acid)-D-glucose (IV, 660 mg.) w ith R q  0 29, M qa(P) 0 77, and [a]^ -1-113° 
(water). Small amounts of com ponents w ith R q  values identical w ith those of glucuronic acid, 
glucurone, glucose [all revealed by spray (a)], and m ethyl p-D-glucopyranosiduronic acid 
[revealed by sprays [b and c)] were also present in the hydrolysate.

(iii) O-Methyl-'D-glucoses from  acid (IV). Acid (IV) (0-56 g.) w as h ea ted  u n d er reflux w ith  
2%  m ethanolic hydrogen  chloride (150 ml.) for 6 hr. T he so lu tion  w as neu tra lised  w ith  silver 
carbonate , filtered, and  concen tra ted  in  vacuo. T he sy ru p  was m e th y la ted  according to  th e  
m ethod  of K uhn, Baer, and Seeliger.^’ T he m e th y la ted  m ateria l was dissolved in a m ix tu re  of 
d ioxan  and  e th e r (1 : 1 v /v ; 80 ml.). A solution  of lith ium  alum inium  hy d rid e  (75 mg.) in th e  
above so lvent (80 ml.) was added  dropw ise w ith  stirring . A fter ca. 18 hr. th e  excess of lith ium  
alum inium  hydride  w as destroyed  by add ition  of e th y l ace ta te  (1-5 m l.), followed b y  w a te r 
(5 m l.). The reaction  m ix tu re  was ad ju sted  to  p H  8 w ith  N -sulphuric acid, filtered , and  
ex trac ted  w ith  chloroform . R em oval of the  chloroform  by  d is tilla tio n  in  vacuo left a  clear 
sy ru p  (0-49 g.) w hich had  OMe, 47-5% .

T he sy rup  [ca. 0-4 g.) w as hydro lysed  w ith  2N -hydrochloric acid (80 ml.) a t  100° for 4 hr. 
T he solu tion  w as neu tra lised  w ith  silver carbonate , filtered, and  co ncen tra ted  in  vaciio. P ap e r 
ch rom atog raphy  of th e  residue using so lven t (c) and  sp ray  (6) revealed th e  presence of only  two, 
n o t w ell separa ted , com ponents w ith  J?tmg 0 90 and  0-88. T he faster-m oving  com ponent 
gave a  yellow -brow n stain , w hereas th e  slow er sta ined  p ink . The rem ainder of th e  residue 
w as frac tio n a ted  in to  tw o com ponents on a  charcoal-C elite  colum n (3-5 x  44 cm.) w ith  
aqueous e th y l m eth y l ketone  as th e  e lu an t [linear g rad ien t ; 2-5% solution  (1-5 1.), 5-5% solution  
(1-5 1.)].

T he com ponent w hich w as e lu ted  first s ta ined  p in k  w ith  sp ray  reagen t (d) and  was 
crysta llised  (90 mg.) from  ether, m. p. 116°, [aj^^i -f 70° (equilibrium , in w ater) (F ound: C, 
48-2; H , 8-0. Calc, for CgH^gOg: C, 48-6; H , 8-2%). A dm ix tu re  w ith  au th en tic  2,3,6-tri-O- 
methyl-D-glucose,i® m . p. 115— 116°, caused no depression in  m. p.

T he second com ponent (145 m g., syrup) sta ined  yellow -brow n w ith  sp ray  reag en t (6) and  
gave a crystalline A T-^-nitrophenylglycosylam ine, m. p. 220— 222°. A dm ix tu re  w ith  au th en tic
2 ,3 ,4-tri-0-m ethyl-V -^-nitrophenyl-D -glucosylam ine,^° m. p. 219— 222°, caused no depression 
in m . p.

(iv) Further characterisation o f the tri-O-methyl-JO-glucoses. T he tri-O -m ethyl-D -glucoses 
(4— 5 mg.) w ere sep ara te ly  reduced  w ith  sodium  borohydride. T rea tm en t of th e  deionised 
solutions w ith  sodium  m etap erio d a te  in  th e  d a rk  a t  room  te m p era tu re  gave th e  following resu lts. 
T he reduced  2,3,6- an d  2,3,4-tri-O -m ethyl-D -glucose respective ly  consum ed 0-92 and  1-05 m oles 
of perio d a te  an d  gave 0 an d  1-04 m oles of form aldehyde p e r m ole of tri-O -m ethy lhex ito l.

T he excess of perio d a te  in  each  so lu tion  w as destroyed  b y  add itio n  of e thy lene  glycol. T he 
deionised solutions w ere concen tra ted , an d  th e  residues d ried  in  vacuo an d  d em eth y la ted  w ith  
boron  t r i c h l o r i d e . P a p e r  ch rom atog raphy  and  electrophoresis of th e  d em eth y la ted  m ateria ls



revealed in each case the  presence of a  single p roduct. T h a t from  2,3,6-tri-O-methyl-D-glucose 
iiad R q 2-0 [solvent (/;)] and M q(M o) 0-56 identical w ith  those of threose. The p roduct from
2,3,4-tri-O-m ethyl-D-glucose had  R q  1-6 [solvent (c)] and M ji(A s) 0-18, iden tical w ith  those 
of xylose.

(v) M ethyl ester hepta-acetate o f acid (IV). Acid (IV) (80 mg.) in m ethanol (7-5 ml.) was 
trea ted  w ith  a solution of d iazom ethane in e th e r 22 (pa. 30 ml.). A fter 30 min. th e  solution was 
evaporated  to dryness. Acetic anhydride (15 ml.) and anhydrous sodium  aceta te  (75 mg.) were 
added, the  m ix ture  was heated  on th e  w ater-b a th  for 2 hr., and then  poured in to  ice-w ater. 
The w ater was ex trac ted  w ith chloroform . The residue obtained a fte r rem oval of chloroform  
was crystallised  from m ethanol to  give 1,2 ,3 ,6 -te tra-0 -acety l-4 -0 -(m ethy l 2,3,4-tri-O -acetyl- 
(x-D-glucopyranosyluronate)-^-D-glucopyranose (VI, 60 mg.), m. p. 193— 195°, [a]^ -f 79° (in 
chloroform ) (Found; C, 48-8; PI, 5-6; MeO, 4 9; Ac, 43-8. Calc, for Cg^HagO^g: C, 48-8; 
H, 5-5; MeO, 4-7; Ac, 45-3%). I t  exhib ited  absorp tion  a t  835 and 885 cm."^. D u tton  and 
vSlessor repo rt m. p. 197— 198°, [a]j, + 7 7 °  (in chloroform).'*

Characterisation o f A cid  (11).— (i) Hydrolysis. Acid (II) (5 mg.) was hydrolysed w ith  
N-sulphuric acid a t  80° for 2 hr. Sulphuric acid was rem oved by  ex trac tion  w ith  5%  of W - d i -  
n-octy lm ethylam ine in chloroform . P ap er ch rom atography  of th e  aqueous solu tion  using 
solvent (d) revealed th e  presence of com ponents w ith R q values identical w ith  those of acid (IV) 
(trace), glucuronic acid, glucose (large spot), m ethy l [i-D-glucopyranosiduronic acid (large 

y  spot), and glucurone (trace).
(ii) O-Methyl-o-glucoses from  acid (II). Acid (II) (150 mg.) was esterified by  tre a tm e n t 

w ith  d iazom ethane, m ethy la ted , reduced, and hydrolysed under conditions sim ilar to  those 
described for acid (IV). P ap er chrom atography  and electrophoresis of th e  hydro lysa te  revealed 
th e  presence of only tw o com ponents which had P tm g 1 0  and 0-68 [solvent (c)], M q [B] 0 and 
0-12, identical w ith  those of 2,3,4,6-tetra-O -m ethyl-D -glucose and 2,3-di-O-methyl-D-glucose, 
respectively.

(iii) M ethyl ester hexa-acetate o f acid (II). Acid (II) (40 mg.) was esterified and ace ty la ted  
as described for acid (IV) to  give m ethy l \^-0-[2f^A,%-tetra-0-acetyl-a.-v>-glucopyranosyl){methyl 
2,'^-di-0-acetyl-^-T)-glucopyranosid)'\uronate (V III; 22 mg.), m. p. 173— 177°, [a]j, + 8 0 °  (in 
chloroform ) (Found: C, 49-2; H , 5-7; MeO, 9-6; Ac, 38-5. CggHggOig requires C, 49-1; H ,
5-7; MeO, 9-8; Ac, 40-6%). I t  exhib ited  absorp tion  a t  840 and 895 cm.”*-.

Preparation o f A cid  ( II I ) .— M ethyl p-m altoside (2-5 g.) was oxidised w ith  oxygen in th e  
presence of p la tin u m  ca ta ly st, as described above except th a t  th e  oxidation  w as continued for 
18 hr. when acid (III) was th e  m ain acidic p ro d u c t (181 mg.). I ts  equ ivalen t w eight, determ ined  
by titra tio n  w ith  a l k a l i ,w a s  198.

Characterisation o f A c id  ( III) .— Acid (III) (181 mg.) was hydrolysed w ith  N-sulphuric acid 
(90 ml.) a t  100° for 15 hr. Sulphuric acid was ex trac ted  w ith  5%  V V -di-n-octyIm ethylam ine 
in chloroform . P rep ara tiv e  paper chrom atography  of th e  concen tra ted  aqueous layer using 
solvent (a) and  sp ray  [b) gave a com ponent (90 mg.) w ith  R q 0-31 and M q^[P) T3. (The 
h ydro lysa te  contained also a sm all q u a n tity  of a  com ponent w ith  chrom atographic  and  electro­
phoretic properties iden tical w ith  those of glucuronic acid.) This w as esterified and  acety la ted  
as described for acid (IV) to  give methyl \\,1 ,^-tri-0-acetyl-^-0-[m ethyl 2,ZA-tri-0-acetyl-a.-'D- 

% glucopyranosyluronate)-^-o-glucopyrarï\uronate (IX , 42 mg.), m. p. 215— 220° (from m ethanol),
[a]jj + 88° (in chloroform ) (Found: C, 48-4; H , 5-4; MeO, 9-7; Ac, 38-4. CggHg^Oig requires 
C, 48-0; H , 5-3; MeO, 9-5; Ac, 39-7%).

A nother sam ple of acid (III) (70 mg.) was hydrolysed w ith  90% form ic acid (10 ml.) a t  100° 
for ca. 15 h r. The solution was evapora ted  to  dryness and  th e  residue fu rth e r hydro lysed  w ith  
N-sulphuric acid (2 ml.) a t  100° for 2 hr. Sulphuric acid was rem oved by  ex trac tio n  w ith  5% 
A V -d i-n -octy lm ethy lam ine in chloroform . T he aqueous solution was tre a te d  w ith  A m berlite 
resin IR -4B (O H “) and  th e  resin e lu ted  w ith  10% aqueous form ic acid. Form ic acid was 
ex trac ted  from  th e  e luate  w ith  e ther. A fter rem oval of w a te r b y  d istilla tion  in  vacuo th e  
residue was crystallised  from  glacial acetic acid to  give a p ro d u c t (15 mg.) w ith  m. p. 174— 175°, 

_|_10° (in w ater). A dm ixture w ith  au th en tic  D-glucurone,^^ m. p. 174— 175°, caused no 
depression in m. p.

W e th a n k  Professor E . J . B ourne for discussions.
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Part VIA Type and Degree ofStudies on Dextrans and Dextranases. 
Branching in Two Dextrans
By D. Abbott and H. Weigel

The dextrans elaborated by Leuconostoc mesenteroides NRRL B-1415 (dextran A) and NRRL B-1416 (dextran
8) have been shown to have branched structures. Dextran A contains 14% (a-1 ----- ► 4) branching glucose units.
Dextran B contains 17% (10% a-1 ----------3 and 7% a-1  4) branching glucose units.

P r e v io u s  Reports in this Series have been concerned 
m ainly with the a - 1  — ►- 3 -  branched dextran of Leu­
conostoc mesenteroides (Birmingham). By the action of 
various dextranases on this dextran we obtained 
branched oligosaccharides.^ On the grounds of their 
structures and yields we reached certain conclusions 
regarding the detailed structure of this dextran. I t  
seemed of interest to extend our studies to dextrans 
containing branch linkages other than the a - 1  — 3 ,  

e.g., an a - 1  — ► 4-branch linkage. I t  was thus imper­
ative to establish first the type and degree of branching 
in such dextrans. We chose for these investigations the 
dextrans elaborated by L. mesenteroides N R R L B-1415 
(dextran A) and N R R L B-1416 (dextran B), since 
periodate-oxidation studies ® had suggested th a t these 
contain 1 — ► 2- and/or 1 — 4-branch linkages.

The dextrans A and B were shown to be D-glucans. 
Paper-chromatographic analysis of the hydrolysates 
revealed trace quantities of a m aterial which might have

 ̂ Part V, D. Abbott and H. Weigel, J . Chem. Soc., 1965, 5157.
* (a) E. J. Bourne, D. H. Hutson, and H. Weigel, Biochem. 

J., 1963, 8 6 , 555; (5) D. H. Hutson and H. Weigel, ibid., 1963, 
8 8 , 588.

® A. Jeanes, W. C. Haynes, C. A. Wilham, J. C. Rankin, 
E. H. Melvin, M. J. Austin, J. E. Cluskey, B. E. Fisher, H. M. 
Tsuchiya, and C. E. Rist, J. Amer. Chem. Soc., 1954, 76, 5041.

* R. W. Bailey, S. A. Barker, E. J. Bourne, M. Stacey, and 
O. Theander, Nature, 1957, 179, 310.

been fructose and could have arisen from dextran 
molecules term inated by a fructose unit.^

Partial hydrolysates of each dextran were shown by 
paper chrom atography to contain the oligosaccharides 
of the isomaltose series and traces of maltose. In 
addition, nigerose was revealed in the partial hydrolysate 
of dextran B. Fractionation on charcoal-Celite columns 
of the partial hydrolysate of each dextran gave iso­
maltose and isomaltotriose, which were characterised 
as their acetate and benzoate, respectively.

Acetolysis.—The value of acetolysis of polysaccharides 
containing more than  one type of glycosidic linkage has 
been dem onstrated in several cases,® and disaccharides 
containing a linkage which would easily be cleaved 
under the conditions of acidic hydrolysis ® have been 
obtained by this method. Accordingly, dextrans A and 
B were acetolysed and the products obtained were 
deacetylated. Both dextrans gave isomaltose and 
maltose, bu t dextran B gave, in addition, nigerose (all 
characterised as the octa-O-acetyl derivatives of their 
p-anomers). In the separation of isomaltose, maltose, 
and nigerose obtained from dextran  B use was made

® (a) K. Matsuda, H. W atanabe, K. Fujimoto, and K. Aso, 
Nature, 1961, 191, 278; (b) I. J. Goldstein and W. J. Whelan, 
J. Chem. Soc., 1962, 170.

• K. Fujimoto, K. Matsuda, and K. Aso, Tohôku J. Agric. 
Res., 1962, 18, 61.
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of the  ab ility  of the  reducing glucose u n it of isom altose 
and nigerose to  form fu ran o sid es/

M éthylation.— E ach d ex tran  was m ethy la ted  w ith  
sodium and m ethyl iodide in liquid ammonia.® P aper 
chrom atography of a hydro lysate  of m ethy la ted  dex tran  
A revealed three com ponents which had properties 
identical w ith those of 2,3,4,6-tetra-, 2,3,4-tri-, and
2.3-di-O-methyl-D-glucoses. T heir id en tity  was con­
firmed on larger-scale fractionation  of the hydrolysate 
on a charcoal-C elite colum n. The 2,3,4,6-tetra-O - 
methyl-D-glucose was ob tained  as its crystalline a-anom er 
and fu rther characterised as its  aniline derivative. 
The 2,3,4-tri-O-methyl-D-glucose was characterised  by  
conversion into A -^-nitrophenyl-2 ,3 ,4-tri-0-m ethyl-D - 
glucosyiamine. The 2,3-di-O-methyl-D-giucose was ob­
ta ined  as the crystalline a-anom er of its  py ran ose form 
and  fu rther characterised as its aniline derivative and 
m ethyl a-glycoside. R eduction  of the sugar, followed 
by periodate oxidation and  dém éthylation  gave the re­
sults expected for a 2,3-di-O-methyl-D-glucose.

P aper chrom atography of a hydrolysate of m ethy l­
a ted  dex tran  B revealed four com ponents which had 
properties identical w ith  those of 2 ,3 ,4,6-tetra-, 2,3,4-tri-,
2.3-di-, and 2,4-di-O-methyl-D-glucoses. They m ain­
ta ined  the ir iden tity  during electrophoresis in borate  
solution.® The iden tity  of the  2,3- and 2,4-di-O-m ethyl- 
D-glucoses was confirmed by trea tm en t w ith  potassium  
borohydride, sodium m etaperiodate, and finally w ith 
boron trichloride to  give threose and xylose, re­
spectively.

Periodate Oxidation.— D extran  A consum ed T88 mol. 
of periodate, and produced 0-85 mol. of formic acid, per 
anhydroglucose un it. The corresponding figures for 
dex tran  B were T73 and 0 83.

Fragmentation o f Periodate-oxidised Dextrans.—The 
controlled degradation of b o th  dex trans by  periodate 
oxidation, reduction, and hydrolysis, a  procedure de­
veloped by  Sm ith  and  co-workers,^® gave glycerol 
(characterised as the tribenzoate) and ery th rito l 
(characterised as the te trabenzoate). D ex tran  B gave, 
in addition, D-glucose w hich was characterised  as the 
penta-O -acetyl-derivative of its  p-anomer. No s tru c ­
tu ra l significance can reasonably be a ttach ed  to  the trace 
am ounts of glucose detected  in the hydrolysate of dex tran  
A. The results ob tained  from dex tran  A, expressed as 
m olecular proportions, were glycerol, 86*9; ery thrito l, 
12 6; D-glucose, 0*5. The corresponding figures for 
d ex tran  B were 83 2, 6 7, and lOT.

Structure o f Dextran A .— The isolation of isom altose, 
isom altotriose, and m altose from dex tran  A (and the 
detection of the oligosaccharides of the  isom altose series 
in a partia l hydrolysate) shows th a t th is d ex tran  
contains a-1 — ► 6- and a-1 — 4-glucosidic linkages. 
M altose could arise from a segm ent of an unbranched  
dex tran  molecule where a continuous chain of a-1 — ► 6- 
linked glucose u n its  is in tersected  by  an  a-1 — 4-

’ D . M. O’Mant, Thesis, Birm ingham , 1955.
® K. Frcudenberg and H. Boppel, Ber., 1938, 71, 2505.
• A. B. Foster, A dv. Carbohydrate Chem., 1967, 12, 81.

linkage (I). Such a segm ent should give rise, on m éthy l­
ation and hydrolysis, to  2,3,6-tri-O-methyl-D-glucose. 
However, we were able to  detec t (and isolate) only one 
tri-O-methyl-D-glucose, nam ely the 2,3,4-isomer, which 
results from 1 — 6-linked glucose un its  (cf. detection 
and separation  of 2,3,4- and  2,3,6-tri-O-methyl-D-glu- 
coses reported  in P a rt V )̂. We are thus led to the 
conclusion, which is supported  by  the isolation of 
2,3-di-O-methyl-D-glucose, th a t  th is dex tran  has a 
branched s tru c tu re  (II) where the b ranch  linkages are 
of the  a-1 — 4-type.

Possible segments of dextran containing anomalous linkages.

G->G^G

G-^G-^G

G
4

G-^-Gi^G
(I) (II)

G, D-Glucopyranosyl unit; ->-,a-l 
linkage: /^, a-1  ► 3-linkage.

G>G ->-G
T

G-^G-^G
(III)

 ►  6-linkage; 4 ,̂ a-1

I t  is now possible to  calculate th e  percentage of 
branching glucose u n its  in th is d ex tran  from [a) the  
ra tio  of the  0-m ethyl-D-glucoses produced by  hydrolysis 
of the  m ethy la ted  dex tran  A ; (6) th e  am ounts of
periodate consum ed and formic acid produced on tre a t­
m ent of the  dex tran  w ith sodium  m etaperiodate; and 
(c) the  ra tio  of the acyclic polyols (glycerol and e ry th ri­
tol) produced by  the  procedure of Sm ith  and  co-workers 
(see Table). These independent de term inations are in

Percentage of branching glucose units in dextrans
M ethod °

No. of
(i) (ii) (iii) (iv) Average units *

11 2 13 5 18 12 6  14 3 7
— 3 0 6 Negligible

17 1 14 9 7 6 7 6 9 6
10 101 101

Type of 
D extran branching

A a-1 —► 4 
a-1 —► 3

B  a-1 —►  4 
a-1 —► 3

" (i) M éthylation, from m olecular proportion of di-O -m cthyl- 
ether. (ii) M éthylation, from molecular proportion of tetra- 
0 -m eth y l ether, (iii) Periodate oxidation, (iv) Sm ith de­
gradation. * No. of anhydroglucose units in average repeating  
unit of dextran.

good agreem ent, and  show th a t, on average, the  re­
peating  u n it of dex tran  A contains ca. 7 anhydro­
glucose units.

Structure o f Dextran B .—D extran  B possessed s tru c ­
tu ra l features sim ilar to  those of dex tran  A, i.e., a-1 — ► 
4-branch linkages (cf. m altose, 2,3-di-, and  2,3,4-tri-O - 
m ethyl-D-glucose). Acetolysis of th is d ex tran  yielded 
nigerose, in addition  to  m altose and  isom altose. N iger­
ose could arise from a segm ent of the  dex tran  molecule 
such as (III). H owever, as was the  case w ith  d ex tran  A, 
2,3,4-tri-O-methyl-D-glucose was the  only trie th e r of 
D-glucose detectab le  in the  hydro lysate  of m eth y la ted  
dex tran  B. This hydro lysate  contained, in add ition  to  
th e  ethers nam ed above, 2,4-di-O-methyl-D-glucose. 
This was identified by  paper ch rom atography and, a fter

“  I. J. G oldstein, G. W . H ay, B . A. Lewis, and F. Sm ith, in 
“ M ethods in Carbohydrate Chem istry,” ed. R. L. W histler, 
Academ ic Press, N ew  York, 1965, vol. V, p. 361.
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isolation, by reduction, periodate oxidation, and 
finally dém éthylation. Thus, dextran B contains 
a - 1  — ► 4-(II) and a - 1  — ► 3-branch linkages ( IV ) . 
The percentage of branching glucose units in this dextran 
(Table) has been calculated from experiments similar 
to  those described for dextran A. On average, the 
repeating unit of dextran B contains ca. 6 anhydro­
glucose units.

EXPERIMENTAL

General.— (i) Paper chromatography. The solvents used 
were {a) ethyl acetate-pyridine-w ater ( 2 : 1 :  2, organic 
phase) : (6) butan-l-ol-ethanol-w ater-am nionia
(4 0 :1 0 :4 9 :1 , organic phase); (c) butan-1 -o l-ethan ol-  
water (40 : 11 : 19). Migration rates are expressed relative 
to  the m ovem ent of D-glucose [i?Q (solvent)] and 2,3,4,6- 
tetra-O-methyl-D-glucose [i?TMO (solvent)].

(ii) Paper electrophoresis. The electrolytes used were 
{a) 0 2M-sodium borate (B);* (h) 2% sodium molybdate, 
adjusted to pH 5 (Mo)." The symbols used to express 
rates of migration have been described in Part V.^

(iii) Spray reagents. The spray reagents used for the 
detection of compounds were (a) silver nitrate in acetone- 
ethanolic sodium hydroxide; "  (6) Aniline hydrogen-
phthalate; (c) ^-anisidine-hydrochloric acid."

Preparation and Purification of Dextrans.—The dextrans 
were isolated by precipitation with excess of acetone from 
culture media [1-2 1. containing sucrose (10%), yeast 
extract (1%), peptone (1%), NHjNaHP0j,4H20 (0-5%), 
and KHgPOj (0-1%)] of Leuconostoc mesenteroides NRRL 
B-1415 (dextran A) and L. mesenteroides NRRL B-1416 
(dextran B) after incubation for 3—4 days at 25°. The 
crude dextrans were dissolved in boiling water (1-5 1.) 
and the insoluble material removed by centrifuging (10 
min. at 1500 r.p.m.). Ethanol (1-18 1.) was added to the 
supernatants and the precipitated dextrans were redissolved 
in boiling water (1-51.). After cooling, protein was removed 
by the method of Sevag et a /."  The dextrans were again 
precipitated with ethanol, redissolved in water, dialysed, 
freeze-dried, and finally dried in  vacuo over phosphoric 
oxide at 60°. The average yields (based on sucrose used) 
of dextrans A and B were 9 and 14% respectively. The 
dextrans A and B had, respectively, ash, 1-2 and 0-1 ; 
N, <0-1% ; [ay «  4-202° and +204° {c 1 in N-NaOH); 
[a]„*" +215° and +216° (c 1 in HCONHg).

A cidic H ydrolysis of Dextrans.—(i) Dextrans A and B 
{ca. 1-2 g.) were separately hydrolysed with 1-5n-sulphuric 
acid (10 ml.) a t 100° for 9 hr. Paper chromatography 
using solvent (a) of each deionised hydrolysate revealed, as 
the main component, a material which had migration and 
staining properties identical with those of glucose. A trace 
component in each hydrolysate had properties similar to 
those of fructose. Preparative paper chromatography of 
each hydrolysate gave a-D-glucose (0-94 g. from dextran A ; 
0-86 g. from dextran B), having m. p. and mixed m. p. 
144— 146°, [ay o  + n o °  (3 6 m in.)— ► 52° (equil.) (c 
0-4 in HgO).

E. J. Bourne, D. H. Hutson, and H. Weigel, J . Chem. See., 
1960, 4252.

W. E. Trevelyan, D. P. Procter, and J. S. Harrison, Nature, 
1950, 166, 444.

"  S. M. Partridge, Nature. 1949, 164. 443.
"  L. Hough, J. K. N. Jones, and W. H. Wadman, J . Chem. 

Sac., 1950, 1702.

After hydrolysis of another sample of each dextran 
(20 mg.) the amount of glucose was determined by cupri- 
metric t i t r a t i o n .T h e  results, corrected for ash and loss 
in reducing power of glucose under the above conditions,’̂’ 
were dextran A, 98-0%; dextran B, 98-5%.

(ii) Each dextran {ca. 2-5 g.) was separately hydrolysed 
with l-5N-sulphuric acid (100 ml.) at 100° for 2 hr. Paper 
chromatography, using solvent (a), of each deionised hydro­
lysate revealed the presence of glucose and the oligosac­
charides of the isomaltose series. In addition, the hydro­
lysate of dextran A contained traces of a component 
with Rq identical with that of maltose, while that of dex­
tran B contained traces of components with Rq identical 
with those of maltose and nigerose.

The remainder of each hydrolysate was fractionated on 
charcoal-Celite columns (3-5 x 40 cm.) "  to give samples 
of glucose and the oligosaccharides of the isomaltose series 
(chromatography and optical rotatory evidence). Those of 
isomaltose and isomaltotriose were respectively converted 
into octa-O-acetyl-p-isomaltose {m. p. and mixed m. p. 
143—145°; [a]gZ0 +100° (c 0-4 in CHCI3)} and undeca-0- 
benzoyl-p-isomaltotriose (m. p. and mixed m. p. 226— 
228°; [ay® +131° {c 0-35 in CHCI3)}.

Acetolysis of Dextrans.— (i) Dextrans A (4-2 g.) and 
B (4-6 g.) were separately treated with a mixture {ca. 52 
ml.) of acetic anhydride, glacial acetic acid, and concen­
trated sulphuric acid (24: 16: 3, v/v) at 30° for 7 days. 
The mixtures were then heated at 80° for 30 min. and, after 
cooling, poured on to crushed ice {ca. 100 g.). The pre­
cipitated acetates were dissolved in chloroform {ca. 370 
ml.), the chloroform solutions washed with sodium hydrogen 
carbonate solution, and dried (Na^SOJ. The syrups 
obtained after evaporation of chloroform were dissolved in 
absolute methanol (50 ml.). Deacetylation was effected 
by addition of a small piece of sodium to each solution. 
After 2 days the solutions were neutralised with hydro­
chloric acid and evaporated in vacuo. The residues were 
dissolved in water, deionised and evaporated to syrups. 
A portion of each syrup was fractionated by paper chromato­
graphy using solvent (a). That from dextran A gave 
materials which had Rq (a) identical with those of fructose 
(1-30), glucose (1-0), maltose (0-75), isomaltose (0-69), 
and isomaltotriose (0-39). The syrup obtained from 
dextran B gave, in addition to the above, a material corre­
sponding to nigerose [i?o(a) 0-81]. The disaccharide frac­
tions maintained their identity during electrophoresis in 
electrolyte (a) and, after treatment with potassium boro­
hydride, had Mg(Mo) identical with those of the corre­
sponding reduction products, i.e., nigeritol (0), maltitol 
(0-46), and isomaltitol (0-78).

(ii) Fractionation of disaccharides from  dextran A on 
charcoal-Celite column. The remainder of the above syrup 
was dissolved in water (80 ml.) and the solution applied 
to a charcoal-Celite column "  (3 x 50 cm.). Elution 
with water (2 1.) removed glucose and trace amounts of 
fructose (chromatographic evidence). The column was 
then eluted with mixtures of ethanol and aqueous borate

M. G. Sevag, D, B. Lackman, and J. Smolens, J . Biol. 
Chem., 1938, 124, 425.
I "  P. A. Shaffer and A. F. Hartmann, J . Biol. Chem., 1921, 
45, 365.

" S. J. Pirt and W. J. Whelan, J . Set. Food Agric., 1951, 2, 
224.

"  R. L. Whistler and D. F. Durso, J . Amer. Chem. Soc., 1950, 
72, 677.

"  J. R. Turvey and W. J. Whelan, Biochem. J ., 1957, 67, 49.
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solution {linear gradient; ethanol ( 1  1 .), aqueous sodium 
borate [boric acid (0-75%), sodium hydroxide (0-4%), 
pH 10; 1 1.]}. The fractions obtained with 1-5 —3% and
5— 1 0 % ethanol contained isomaltose and maltose, re­
spectively, as the major component. The fractions con­
taining only a single component were deionised and then 
freeze-dried to give isomaltose (365 mg.) and maltose 
(368 mg.). They were respectively converted into octa- 
0-acetyl-S-isomaltose " (m. p. and mixed m. p. 140 -142°, 

+99° (c 0-35 in CHCI3)} and octa-0-acetyI-(i-maltose 
(m. p. and mixed m. p. 158— 161°, 4 62° {c 0 2 in
CHCI3)}.

(iii) Fractionation 0/  disaccharides from  dextran B on 
charcoal-Celite column. The remainder of the above 
syrup was dissolved in 4% methanolic hydrogen chloride 
(60 ml.) and the solution left at room temperature for ca. 
3 days. The solution was neutralised with silver carbonate. 
Methanol was removed by distillation in vacuo (below 35°) 
over barium carbonate. The residue was extracted with cold 
water (30 ml.) and the solution applied to a charcoal- 
Celite column (acid-free, 3-6 x 50 cm ). Elution with water 
( 2  1 .) removed glucose and traces of fructose as glycosides 
(chromatographic evidence).

Elution of the column with 2% aqueous ethanol (800 ml.) 
gave fractions, the major component of which had M q{B ) 
0-53. The residue, obtained after evaporation of the solvent, 
was dissolved in O-OlN-hydrochloric acid (100 ml.) and the 
solution kept at 45—56° for 2 days. The component of this 
reaction mixture which migrated in solvent {a) at the same 
rate as isomaltose {Rq 0-69) was isolated by paper chromato­
graphy to give chromatographically pure material (136 
mg.). This was converted into octa-O-acetyl-^-isomaltose," 
m. p. and mixed m. p. 143— 145°, +99° {c 0-4 in
CHCla).

Fractions obtained with 5% ethanol (900 ml.) contained 
a major component with Rcfib) 0-33 and M q {B) 0-31, 
identical with those of maltose. Purification by paper 
chromatography gave a material (108 mg.) which was 
converted into octa-0-acetyI-(3-maltose,*^ m. p. and mixed 
m. p. 157— 159°, [a]p*® +62° {c 0-4 in CHCI3 ).

Elution of the column with 10— 15% ethanol gave 
fractions the major component of which had Ra{b) 1-25 
(streak) and M q{B) 0-30. They were treated as those ob­
tained with 2 % ethanol to give chromatographically pure 
material (118 mg.) with R a{a) 0-81 and M q{B) 0 69. This 
was converted into octa-0-acetyl-|3-nigerose,^ m. p. and 
mixed m. p. 149— 150°, [ajj," +82° (c 0 - 2  in CHCI3).

M éthylation o f D extrans.—Dextrans A (4 g.) and B (2 g.) 
were separately methylated by several treatments with 
sodium and methyl iodide in liquid ammonia until the 
OMe contents had become constant.® The methylated 
dextrans A (2-61 g.) and B (138 g.) had OMe, 44-0 and 
44-1% ; ash, 0-4 and 0-5%, respectively.

Isolation  and D eterm ination o f M ethylated Ti-Glucoses 
obtained from  M ethylated D extran A .—Methylated dextran 
A (2-1 g.), in dry chloroform ( 6  ml.), was treated with 
8 % methanolic hydrogen chloride ( 6  ml.) in a sealed tube 
at 100° for 7-5 hr., and then, after removal of the solvent 
in  vacuo, with N-hydrochloric acid (30 ml.) at 100° for

•® S. A. Barker, E, J. Bourne, and O. Thcandor, J. Chem. Soc., 
1955, 4270.

“  C. S. Hudson and J. M. Johnson, J. Amcr. Chem. Soc., 1915, 
87. 1276.

•® E. L. Hirst, L. Hough, and J. K. N. J< h i c s , J . Chem. Soc., 
1949, 928.

6-5 hr. Paper chromatography [solvent (5)] of the de­
ionised reaction mixture revealed three components which 
had migration rates and staining properties identical with 
those of 2,3,4,6 -tetra-O-methy 1-D-glucose [J?tmg( )̂ TO; 
orange-pink and red-pink stains with spray reagents {b) 
and (c), respectively], 2,3,4-tri-O-methyl-D-glucose [Rtmq(I )̂ 
0-90; salmon pink and yellow-brown stains with spray 
reagents (6 ) and (c), respectively], and 2,3-di-O-methyl- 
D-glucose [i?xMa( )̂ 0-68; orange-brown and yellow-brown 
stains with spray reagents {b) and (c), respectively].

A portion of the above hydrolysate was used for the 
quantitative determination of each component by the 
hypoiodite method.*® The results, expressed as molecular 
proportions, were as follows: tetra-O-methyl-D-glucose,
13 5; tri-O-methyl-D-glucose, 75-3; di-O-methyl-D-glucose, 
11 - 2 .

The remainder of the hydrolysate was fractionated on 
a charcoal-Celite column (3-5 x 46 cm.) by the method of 
Liudberg and Wickberg.*® Three fractions were obtained. 
The main component of each was removed by paper 
chromatography using solvent (6 ) to give chromatbgraph- 
ically pure syrups C [Rtmg(^) 0-69; 320 mg.], D [Rtmg(^) 
0-90; 985 mg.] and E [J?tmg( )̂ TO; 295 mg.].

C haracterisation o f M ethylated n-Glucoses obtained from  
M ethylated D extran A .— (i) Syrup C {ca. 315 mg.), crystall­
ised from ether, gave 2,3-di-O-methyl-a-D-glucopyranose 
(260 mg.), m. p. 86— 87°, [«]„" +50° (equil.) {c 0-4 in 
MegCO). The residue obtained after evaporation of the 
mother-liquors was converted into Af-phenyl-2 ,3-di-O- 
methyl-D-glucosylamine (18 mg.), m. p. 131— 133° 
(Found: MeO, 21-4. Calc, for Ci^HjjOjN: MeO, 21-9%). 
A portion (200 mg.) of the crystalline 2,3-di-O-methyl-D- 
glucose was converted into methyl 2,3-di-O-raethyl-a-D- 
glucopyranoside ** (120 mg.), m. p. 80— 82°, [a]p*̂  +145° 
{c 0-4 in H 3 O) (Found: MeO, 41-0. Calc, for CgHigO,: 
MeO, 41-9%).

Another portion of the crystalline 2,3-di-O-methyl- 
D-glucose (30 mg. ; concentration determined by hypoiodite 
method **) was dissolved in water ( 1 0 0  ml.) and reduced with 
potassium borohydride (100 mg.). The solution was de­
ionised [by treatment with Amberlite resin IR-120(H^) 
followed by repeated distillation with dry methanol] 
and then treated with sodium periodate. The results, 
expressed per mole of di-O-methylhexitol, were as follows: 
periodate consumed, 1-94 moles; formic acid and form­
aldehyde produced, 0-98 and 0-96 moles, respectively.

Ethylene glycol was added to the above reaction mixture, 
the solution deionised with Amberlite resins IR-120(H^) 
and IR-45(OH“), and then evaporated to dryness in  vacuo. 
The residue was treated with boron trichloride in dichloro- 
methane.*® Paper chromatography and electrophoresis of 
the product revealed a single component with migration 
rates identical with those of threose [R© {c) 2-0; M s{M o) 
0-56].

(ii) Syrup D {ca. 100 mg.) was converted into N -p -n itro -  
pheny 1-2,3,4-tri-O-methyl-D-glucosy lamine (65 mg.) by 
the method of Van Cleve et a/.,*’ m. p. and mixed m. p.
224— 226°, [a]j,*® -2 5 0 °  (equil.) {c 0-5 in pyridine).

”  B. Lindberg and B. Wickberg, Acta Chem. Scand., 1954, 8 , 
569.

E. J. Bourne and S. Peat, Adv. Carbohydrate Chem., 1954, 
5, 145.

*® E. Schlüchterer and M. Stacey, J. Chem. Soc., 1945, 776,
*• T, G. Bonner, E. J. Bourne, and S. McNally, J . Chem. Soc., 

1960, 2929.



820 J. Chem. Soc. (C), 1966
(iii) Syrup E  (295 m g.), crysta llised  from ether, gave

2 ,3 ,4 ,6 -tetra-O -m ethyl-a-D -glucopyranose (136 m g.),
m. p. and m ixed m. p. 87— 88°, + 8 3 -5 °  (equil.) (c 0 3
in HgO). T he residue ob ta ined  after evaporation  of the  
m other-liquors was converted  in to  2 ,3 ,4 ,6-tetra-O -m ethyl- 
V -p henyl-D -g lucosy lam in e (22 m g.), m. p, and m ixed  
m . p. 135— 137°, [a]„" + 2 2 8 -5 °  (equil.) (c 0-4 in Me^CO).

Identification  and D eterm ination  o f M ethylated  v-G lucoses  
obtained from  M ethylated  D extran B .— M ethylated  dextran  
B  ( 1-1 g.) w as m eth anolysed  and hyd rolysed  as described  
for m eth y la ted  dextran  A. P aper chrom atography  
[so lvent (5)] of a portion  of the h y d ro lysa te  revealed  the  
presence of com ponents F, G, H , and J w h ich  had  i?TMo(I’) 
iden tica l w ith  those of 2 ,3 ,4 ,6 -te tra - (1-0), 2 ,3 ,4 -tri- (0-90), 
2,3-di- (0-68), and 2 ,4-d i-O -m ethyl-D -glucose (0-64), re­
sp ectiv e ly . E ach  w as rem oved  from  chrom atogram s 
(only the faster and slow er edges of com ponents H  and J, 
resp ectively , were rem oved) and show n to  m ain ta in  their  
id e n tity  during electrophoresis in e lectro ly te  (a).

T he concen trations of th e  aqueous so lu tion s of com ­
p on en ts H  and J were determ ined b y  th e  h y p o iod ite  
method.*® T hey  were then  treated  w ith  potassiu m  boro­
hydride, sod ium  m etap eriodate  and finally  w ith  boron  
trichloride as described for 2,3-d i-O -m ethyl-D -glucose  
ob ta in ed  from  dextran  A. C om ponent H  consum ed 1-94 
m ol. of periodate, and produced 0-98 and 0-96 m ol. o f form ic  
acid  and form aldehyde, respectively . T he corresponding  
figures for com ponent J w ere: periodate, 0-96; form ic  
acid, O; form aldehyde, 0-92. T he fragm ents ob ta ined  from  
com ponent H  and J b y  th e  a b ove  trea tm en t had  chrom ato­
graphic and electrophoretic m igration  rates id en tica l w ith  
th ose  o f threose and xy lose , respectively .

A portion  o f th e  h yd ro lysa te  o f m eth y la ted  dextran  
B  w as used for th e  q u a n tita tiv e  determ ination  of its  
com ponents. T he d i-O -m ethylgiucoses, i.e ., com ponents  
H  and J, were determ ined together. T he results, expressed  
as m olecular proportions, w ere: tetra-O -m ethyl-D -glucose, 
14-9; tri-O -m ethyl-D -glucose, 68-0; di-O -m ethyl-D -glu- 
coses, 17-1.

Periodate O xidation o f D extrans A  and B .— T o separate  
so lu tion s of dextrans A  and B  {ca. 0-2— 0-4 g.) in  w ater  
(250 m l.) w as added 0-3M -sodium m etap eriodate  {ca. 
10— 20 m l.). E ach  so lution  w as m ade up to  500 m l. and  
kep t in th e  dark at 25°. A t in tervals portions were w ith ­
drawn for th e  e stim a tio n  of periodate consum ed (by sp ectro­
p h otom etry  ®® and titra tion  w ith  arsenite and iod ine so lu ­
tio n s ®°) and form ic acid  liberated  (by titra tion  w ith  sodium  
hyd roxid e so lu tion ). T he va lues becam e con sta n t after  
ca. 100 hr. T he num ber of m oles of periodate consum ed

J. W. van Cleve, W. C. Schaefer, and C. E. Rist, J . Amer. 
Chem. Soc., 1956, 78, 4435.

®® S. A. Barker, E. J. Bourne, G. T. Bruce, W. B. Neely, and 
M. Stacey, J . Chem. Soc., 1954, 2395.

(average of both methods) per unit of anhydroglucose of 
dextrans A and B were then 1-88 and 1-73, respectively. 
The corresponding figures for formic acid liberated from 
dextrans A and B were 0-85 and 0-83, respectively.

Fragmentation of Periodate-oxidised Dextrans.—Dextrans 
A and B {ca. 9—10 g.) were separately oxidised with sodium 
metaperiodate (43 g.) as described above. Each solution 
was worked up in the following manner. Ethylene glycol 
(25 ml.) was added to destroy the excess of periodate. 
The solutions were then dialysed against running water 
for 3 days. Potassium borohydride (2-2 g.) in water 
(30 ml.) was added over 24 hr. After a further 6 hr. the 
solutions were neutralised with acetic acid and then con­
centrated in vacuo to ca. 300 ml. each. Concentrated 
hydrochloric acid was added until the pH was 1. The solu­
tions were heated at 60—70° for 10 hr. After treatment 
with Amberlite resin IR-120(H+) the solutions were 
concentrated in vacuo to syrups. These were repeatedly 
distilled with dry methanol. Paper chromatography 
(Whatman No. 3) revealed each syrup to contain four com­
ponents with R q { c )  4—5, 3-2, 2-2, and 1-0 (only trace from 
dextran A), identical with those of glycollic aldehyde, 
glycerol, erythritol, and glucose, respectively.

A portion {ca. 1 g.) of each of the above syrups was 
fractionated by paper chromatography (Whatman No. 
3MM) in solvent (c). The amounts of glycerol and erythritol 
in the fractions were determined from the quantities of 
formaldehyde (estimated by chromotropic acid method ®̂) 
produced on oxidation with sodium metaperiodate. Those 
of glucose were determined by the cuprimetric method.*® 
The results obtained from dextran A, expressed as molecular 
proportions, were glycerol, 86-9; erythritol, 12-6; D-glu­
cose, 0-5. The corresponding figures for dextran B were 
83-2, 6-7, and 10-1.

Fractionation by paper chromatography [Whatman No. 
3; solvent (c)] of the remainder of each syrup gave syrupy 
samples of glycerol (4-28 and 4-09 g. from dextran A and B, 
respectively), erythritol (0-68 and 0-40 g. from dextran A 
and B, respectively), and glucose (0-68 g. from dextran B). 
They were respectively converted into tri-O-benzoyl- 
glycerol (m. p. and mixed ni. p. 71-5°), tetra-O-benzoyl- 
erythritol (m. p. and mixed m. p. 184—185°), and penta-
0-acetyl-p-D-glucopyranose {m. p. and mixed m. p. 130— 
132°, [a]„*« +4-0° {c 0-4 in CHCI3)}.

The authors are indebted to Dr. W. C. Haynes for gifts 
of bacterial cultures.

C h e m i s t r y  D e p a r t m e n t , R o y a l  H o l l o w a y  C o l l e g e , 
U n i v e r s i t y  o f  L o n d o n , E n g l e f i e l d  G r e e n ,

S u r r e y .  [5/1084 Received, October 13/A, 1965]
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Studies on Dextrans and Dextranases. Part VII.^ S tructures of O ligo­
saccharides from  an a - 1  — ► 4-Branched Dextran

By D. Abbott and H. Weigel

Dextranases produce from the dextran of Leuconostoc mesenteroides NRRL 8 - 1 4 1 5  oligosaccharides which
contain one g lucose unit joined by an a-1   4-link to a g lucose  unit of a hom ologue of isomaltose. A
method for locating the branching glucose unit in branched oligosaccharides is described.

D e x t r a n a s e s  have been shown to produce complex 
mixtures of branched oligosaccharides from the a-1 —  
3-branched dextran of Leuconostoc mesenteroides (Bir­
mingham).^ These oligosaccharides contain one glucose 
unit joined through an a-1 — ► 3-linkage to a glucose 
unit of a homologue of isomaltose. We now report the 
structural analysis of branched oligosaccharides pro­
duced by the action of the dextranases of Pénicillium 
lilacinum (I.M.I. 79197; NRRL 896) (dextranase A), 
P. funiculosum (I.M.I, 79195; NRRL 1132) (dextranase 
B), and Lactobacillus hifidus (dextranase C) on the 
a-1 — ► 4-branched dextran of L. mesenteroides NRRL 
B-1415. (It is appreciated that some of these oligo­
saccharides and degradation products described below 
possess only one non-reducing end-group. Thus, the 
term branched is used to indicate the attachment of 
a glucose unit to isomaltose or its homologues by an 
a-1 — 4-link.) The repeating unit of this dextran 
has been shown  ̂ to contain, on average, ca. 7 anhydro­
glucose units, i.e., its size is similar to that of the L. 
mesenteroides (Birmingham) dextran.®

The rates and amounts of reducing sugars liberated 
from the dextran by the dextranases (Figure 1) are

digests revealed, in addition to the products expected 
from unbranched sections of the dextran,^ the presence 
of branched oligosaccharides (series A, B, and C from 
dextranase A, B, and C, respectively). The latter were

c 60

4 0

2 0

12 ( a  and 

6 0  (C )20 4 0

Incubat ion (hr.)

F i g u r e  1 R ates of liberation of reducing sugars (as isom altose) 
in dextrajj-dextranase digests. A, D extranase A; B, d ex­
tranase B ; C, dextranase C

T able 1
Yields and properties of branched oligosaccharides produced by dextranases A, B, and C

R educing power f (% of
Yield (g. from 100 g. dextran *) Carbohydrate content (%) theoretical)

Branched oligosaccharide A B C A B C A B C
Tetra ......................................... 2 33 2-67 98-0 99-2 98-0 98-8
Penta ......................................... 1 94 1 90 2-01 97-2 98-0 99-0 95-7 98-5 100-0
H exa ......................................... 4 97 4-82 1-18 96-5 9 5 2 99 2 96-9 102-9 91-7
H c p ta ......................................... 6  34 5-83 96-0 96-0 102-1 94-4
Octa ......................................... 4 73 4-03 95-0 96-0 101-6 99-0

P eriodate oxidation

Branched 
oligosaccharide 

Tctra .....................

I ’criodate consum ed (mol.) 
Found

HCOjH produced (mol.) Glycerol/erj'thritol (mol. prop.)

R e n ta ...........................  10 2
H exa ...........................  12 0
H c p ta ...........................  13-9
O cta ...........................  15 5

B  
7 9 

10 1 
121
14 1
15 4

C
7 9 
9 9 

1 1 9

Calc. I 
8 

10 
12 
14 
16

Found Found

A B C Calc.J A B C
3-9 3-9 4 2-8 2-9

5-2 4-9 4-9 5 3-9 3-8 3-8
6-1 6-2 5-9 6 4-9 5-2 4-9
7-1 6-8 7 5-8 5-8
7-6 7-4 8 6-1 6-2

Calc, I
3
4
5
6 
7

t Corrected for* The actual quantities of dextran treated w ith  dextranases A, B, and C were 30, 30, and 6 8 g., respectively, 
carbohydrate content, f Calculated for oligosaccharides of the isom altose series to  which one glucopyranosyl unit is joined by  
an 1 — 4-linkagc.

those found, under the same conditions, with dextrans 
possessing a similar degree of branching.^

Paper chromatography of the dextran-dextranase

 ̂ Part VI, D. A bbott and H. W eigel, preceding Paper.
* E. J. Bourne, D. H . H utson, and H. W eigel, Biochem. J .,  

1963, 8 6 , 555.

isolated by methods similar to those used for a-1 — ►- 
3-branched oligosaccharides.® The properties of the 
branched oligosaccharides (Tables 1 and 2 and Figure 2)

® S. A. Barker, E . J. Bourne, G. T. Bruce, W . B. N eely, and 
M. Stacey, J . Chem. Sac., 1954, 2395.

* E. J. Bourne, D. H. H utson, and H. W eigel, Biochem. J ., 
1962, 85, 158.
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show th a t they are members of a homologous series. 
The tetra-, penta-, hexa-, and hepta-saccharides (see 
below for structures of octasaccharides) are, in fact, 
compounds (with n glucose units) in which one D-gluco- 
pyranosyl unit is joined through an a-1 — 4-linkage to 
a glucose unit, other than the reducing one, of a homo­
logue of isomaltose (isomaltodextrin) (with n — 1 
glucose units). This assignment is based on the follow­
ing da ta : {a) paper-chromatographic m igration rates
(Figure 2) ; {b) optical rotations (Figure 2) ; (c) identific-

T a b l e  2

Paper chrom atography of g lucam ylase-saccharid e d igests
Time of incubation (days)

m ent of the saccharides w ith sodium periodate (Table 1) ; 
(e) ratios of glycerol/erythritol found after periodate

Saccharide

Component 0 5 1 2-5
revealed in Relative density of

digest spots (visual estimation)
Amylose Glucose + 4-4- 4 -4 -4 -4 -
Maltose Glucose

Maltose
-t- -f

Tetrasac­
charide B

rGlucose 
< Isomaltotriose 
[Tetrasaccharide B

+  4- 
-f- 4-

4-

4- -f 4- 
4-4-4-

Pentasac­
charide A

f Glucose
j Isomaltotetraose 
I Pentasaccharide A, 
L B

4-
4-

-f 4- 4~ 4-

-H4-
4--H

4-4-4-

4 -4-4-
4-4--H

4-

Hexasac- 
charide A

r Glucose
J Isomaltopentaose 
1 Hexasaccharide A,

4-
4-

4- 4-4-4-

4-4- 
4-4- 

4- -f -f-

4 -4-4-  
+  +  +  

4-

ation of maltose in the partial hydrolysate of each 
branched oligosaccharide or its reduction product 
(branched oligosaccharide alcohol) ; [d) am ounts of
periodate reduced and formic acid liberated on treat-

2 4 0 0

2000

Û 1 6 0 0

0 - 5  J h
1200

8 0 0

84 6
No. of glucose units in oligosaccharide

F i g u r e  2 Optical rotations and paper-chromatographic 
migration rates of oligosaccharides

1, Molecular rotation, [Af]n*°, of branched oligosaccharides of 
series A, B, and C. 2, R m values [i?n =  log (1/J?im — 1)] of 
branched oligosaccharides of series A, B, and C. The branched 
tetrasaccharides are only those of series B and C, whereas the 
branched hepta- and octa-saccharides are only those of series 
A and B. 3, Ru  values of homologues of isomaltose. The 
i?iM values have been measured using solvent (a). The mole­
cular rotation (D. French, P. M. Taylor, and W. J. Whelan, 
Biochem. J ., 1904, 90, 616) of 6-0-a-maltosyl-D-glucose and 
the 7?m value of branched trisaccharides (Table 3. fraction 11a) 
have been included for comparison

fragm entation (Table 1) ; (/) mobilities of the branched 
oligosaccharide alcohols during electrophoresis in molyb-

T a b l e  3

P rod ucts of hyd ro lysis o f branched oligosaccharide alcohols  
Oligosaccharide alcohol Fraction ■Rim {a) M . (Mo) Identity

1 0 09 0 31 Branched octasaccharide alcohol
2 0 12 0 36 1 somal toheptaitol
3a 0 1 4 0 Branched heptasaccharide
3b 0 1 4 0 35 Branched heptasaccharide alcohol
4a “ 0 19 0 I somaltohexaose
4b 0 1 9 0 39 I somaltohexaitoi
5a 0 23 0 Branched hexasaccharide
5b 0 23 0 39 Branched hexasaccharide alcohol
6a ‘ 0 29 0 Isomaltopentaose
6b 0 2 9 0 44 Isomaltopentaitol
7a 0 32 0 Branched pentasaccharide
7b 0 32 0 44 Branched pentasaccharide alcohol
8a « 0 40 0 I somaltotetraose
8b 0 40 0 53 Isomaltotetraitol
9a 0 45 0 Branched tetrasaccharide
9b 0 45 0-53 Branched tetrasaccharide alcohol

10a* 0 56 0 Isomaltotriose
10b 0 56 0 6 2 Isomaltotri-itol
11a 0 59 0 Branched trisaccharide
11b/ 0 59 0 62 Branched trisaccharide alcohol (XI)
12a 1 0 0 Isomaltose
12b 1 0 0 77 Isomaltitol
13 1 08 0 Maltose
14a 1-45 0 Glucose
14b 1-45 1 0 Glucitol

2, Branched heptasaccharide alcohols A and B. 3, Branched hexasaccharide

“ Only from branched octasaccharide alcohols. * Only from branched hepta- and octa-saccharide alcohols. * Only from 
branched hexa-, hepta-, and octa-saccharide alcohols. ** N ot from branched hepta- and octa-saccharide alcohols. • N ot from 
branched tetrasaccharide alcohols. /  Only from branched tetra-, penta-, and hexa-saccharide alcohols of series C.
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d a t e  s o l u t i o n  ^  ( T a b l e  3 ) ;  ( g )  f o r m a t i o n  o f  i s o m a l t o -  
d e x t r i n s  w i t h  n — l g l u c o s e  u n i t s  a n d  g l u c o s e  o n  p a r t i a l  
h y d r o l y s i s  o r  g l u c a m y l o l y s i s  o f  b r a n c h e d  o l i g o s a c c h a r ­
i d e s  w i t h  n  g l u c o s e  u n i t s  ( T a b l e  2 ) ;  a n d  {h) f o r m a t i o n  
o f  r e d u c e d  i s o m a l t o d e x t r i n s  ( i s o m a l t o d e x t r i n o l s )  w i t h  
n — 2 g l u c o s e  u n i t s  o n  p a r t i a l  h y d r o l y s i s  o f  b r a n c h e d  
o l i g o s a c c h a r i d e  a l c o h o l s  w i t h  n  —  l  g l u c o s e  u n i t s  ( T a b l e  3 ) .

M é t h y l a t i o n  o f  t e t r a s a c c h a r i d e  B ,  f o l l o w e d  b y  
h y d r o l y s i s ,  f u r n i s h e d  2 , 3 , 4 , 6 - t e t r a - ,  2 , 3 , 4 - ,  a n d  2 , 3 , 6 -  
t r i - O - m e t h y l - D - g l u c o s e .  T h e  m o l e c u l a r  r a t i o  o f  t r i - /  
t e t r a - e t h e r s  w a s  2 * 8 5 .  T h i s ,  t o g e t h e r  w i t h  t h e  e v i d e n c e  
a b o v e ,  s h o w s  c o n c l u s i v e l y  t h a t  t h i s  s a c c h a r i d e  i s  i n  f a c t  
4 ® - 0 - a - D - g l u c o p y r a n o s y l - i s o m a l t o t r i o s e  *  ( X I I ) .

M é t h y l a t i o n  s t u d i e s  w o u l d ,  h o w e v e r ,  n o t  d i s t i n g u i s h  
b e t w e e n  a l l  p o s s i b l e  s t r u c t u r e s  o f  t h e  h i g h e r  b r a n c h e d  
s a c c h a r i d e s ,  e.g., i d e n t i c a l  r e s u l t s  w o u l d  b e  o b t a i n e d  
f r o m  s a c c h a r i d e s  ( X V )  a n d  ( X V I ) .  W e  f e e l  t h a t  t h e  
m e t h o d  e v e n t u a l l y  a d o p t e d ,  a  d e v e l o p m e n t  o f  o n e  u s e d  
e a r l i e r , 2 c a n  b e  a p p l i e d ,  w i t h  m i n o r  m o d i f i c a t i o n s ,  t o  
o t h e r  t y p e s  o f  b r a n c h e d  o r  c o m p l e x  o l i g o s a c c h a r i d e s  
a n d  w e  t h e r e f o r e  d e s c r i b e  i t  i n  d e t a i l .

Location o f Branching Glucose Unit in  Oligosaccharides. 
— ( i )  General procedure. T h e  m e t h o d  i s  b a s e d  o n  t h e  
f o l l o w i n g  f a c t s :  ( a )  b r a n c h e d  o l i g o s a c c h a r i d e s ,  t h e
m a i n  s e g m e n t  o f  w h i c h  i s  a n  i s o m a l t o s e  h o m o l o g u e  u n i t ,  
a n d  h o m o l o g u e s  o f  i s o m a l t o s e  o f  t h e  s a m e  m o l e c u l a r  
s i z e  c a n  b e  s e p a r a t e d  c h r o m a t o g r a p h i c a l l y ;  ( 6 )  i n  t h e  
s o l v e n t  u s e d  r e d u c i n g  s a c c h a r i d e s  h a v e  t h e  s a m e  7 ? i m  
v a l u e s  ( s e e  E x p e r i m e n t a l  s e c t i o n  f o r  d e f i n i t i o n  o f  m i g r a ­
t i o n  r a t e s )  a s  t h e  c o r r e s p o n d i n g  s a c c h a r i d e  a l c o h o l s ;  
( c )  g l u c o s e  a n d  i t s  o l i g o s a c c h a r i d e s  d o  n o t  f o r m  c o m p l e x e s  
w i t h  m o l y b d a t e  o r  t u n g s t a t e  ^  a n d ,  t h u s ,  d o  n o t  m i g r a t e  
d u r i n g  e l e c t r o p h o r e s i s  i n  m o l y b d a t e  o r  t u n g s t a t e  s o l u ­
t i o n s ;  {d) I -  a n d  3 - m o n o - ,  a n d  1 , 3 - d i - O - g l y c o p y r a n o s y l -  
L - g u l i t o l s  f o r m  c o m p l e x e s  w i t h  m o l y b d a t e  a n d  t u n g s t a t e ;  
a n d  [e] t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s ®  o f  I - O - g l y c o -  
p y r a n o s y l - L - g u l i t o l s  a r e  e x p r e s s e d  b y  e q u a t i o n s  ( I )  
a n d  ( 2 ) :

H M f M o )  =  I  - f -  0 3 1 » ,  ( I )

=  I  - f  0 3 2 » ,  ( 2 )

w h e r e a s  t h o s e  o f  3 - m o n o -  a n d  1 , 3 - d i - O - g l y c o p y r a n o s y l -  
L - g u l i t o l s  a r e  g i v e n  b y  e q u a t i o n s  ( 3 )  a n d  ( 4 )  :

llM ,{M o) =  1 * 5 2  +  0 * 6 5 » ,  ( 3 )

I IM, {W)  =  4 * 0 7 - b  I - 8 1 » ,  ( 4 )

where n =  number of D-glucopyranosyl units.

I n  t h i s  m e t h o d  f o u r  e s s e n t i a l  s t e p s ,  o u t l i n e d  i n  F i g u r e  
3 ,  e r o d e  t h e  s a c c h a r i d e  f r o m  i t s  r e d u c i n g  e n d :  (a) r e ­
d u c t i o n  ( R )  o f  t h e  b r a n c h e d  o l i g o s a c c h a r i d e  [ ( I ) ,  n 
g l u c o s e  u n i t s ]  t o  t h e  c o r r e s p o n d i n g  a l c o h o l  [ ( I I ) ,  »  —  1

* The nom enclature used is essentia lly  that suggested by W . J . 
W helan {Ann. Rev. Biochem., I960, 29, 106). In th is system  the  
com pounds are nam ed as derivatives of disaccharides or their  
hom ologues (root chain), e.g. hom ologues of isom altose. The 
position  num ber of the oxygen  atom  of the m onosaccharide unit 
in the root chain to  which the su bstitu en t is attached precedes 
the nam e of the substituent. The superscript numeral indicates 
the serial num ber of the m onosaccharide unit of the root chain 
involved in substitu tion , the reducing unit being No 1.

glucose units] ; [h] partial hydrolysis (H) of the branched 
saccharide alcohol (II) ; {c) chromatographic separation 
(C) of the next lower branched oligosaccharide [(III), 
» — I glucose unit] and/or branched oligosaccharide 
alcohol [(IV), n — 2 glucose units] from other products

G(i)—G—G(y)—Gr
(I)

Reduc tion (R)

G<t)—G—G(̂ )—S
( II)

•V 1. Hydrolysis (H)
2. C hrom a tography  (C)

G(z)— G— G(y _ 1)— Gr
( I I I )

G(*-i)— G— G(„)— S
( I V )

other products

Elect rophoresis  (E)

r
(III)

1

i
(IV)

RHCE

G(i,— G— G(, _ ,)— Gr
(V)

G G G

G i  " G(I) Gr ------
1

►- Gu) S -
HC 1

-----G— S -j- C(x)— S 4- other products

( V I ) (V I I ) ( V I I I )  ( I X )

G G

G -  G r — ^ L s
( X ) (X I)

F i g u r e  3 R eductive erosion of branched oligosaccharides
G. D-Glucopyranosyl unit; Gr, reducing D-glucose unit; S, L-gulitol 

(sorbitol); x and y, number of D-glucopyranosyl units; — , a-1 — 6- 
and a-1 — I-link between D-glucose units and D-glucose and 
L-gulitol, respectively; |, a -1 —> - 4 -  and a - 1 3 - l i n k  between  
D-glucose units and D-glucose and L-gulitol, respectively.

of the hydrolysis; {d) electrophoretic separation (E) 
in molybdate or tungstate solutions of the branched 
oligosaccharide (III) from the branched oligosaccharide 
alcohol (IV).

One or more reductive erosions give, depending on 
the structure of the original branched oligosaccharide, 
the products (VI) or (X). The latter, 6-0-a-maltosyl- 
D-glucose, is obtained only from saccharides in which a

 ̂ H . W eigel, A dv. Carbohydrate Chem., 1963, 18, 61.
« H. J. F. Angus and H . W eigel. J . Chem. Soc., 1964, 3994.
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glucose unit is joined by an a-1 — 4-link to the non­
reducing end-group of an isomaltodextrin, e.g., (XII). 
Its  reduction product, I-O-a-maltosyl-L-gulitol (XI), 
has Ms{Mo) 0-62 and Ms(Ik) 0 61. Reduction of the 
saccharide (VI) gives the branched saccharide alcohol
(VII), the electrophoretic mobilities of which are 
expressed by equations (3) and (4). Partial hydrolysis 
of the alcohol (VII), followed by chromatographic 
separation of the products, yields the isomaltodextrinol
(IX) with electrophoretic mobilities given by equations 
(1) and (2) (« =  x), and 1,3-di-O-a-D-glucopyranosyl- 
L-gulitol (VIII) with Ms{Mo) 0 38 and hU{W) 0 13.

The branched penta-, hexa-, hepta-, and octa-sac- 
charides A were shown to be identical with the corre­
sponding saccharides of series B. The corresponding 
saccharides (AB) are thus described together.

(ii) Tetrasaccharide B  (XII). One reductive erosion 
gave a branched trisaccharide (Table 3, fraction I la). 
The corresponding alcohol had MJ^Mo) 0*62 and My,{W) 
0 61, identical with those of I-O-a-maltosyl-L-gulitol 
(XI). The tetrasaccharide was thus 4^-0-a-D-gluco- 
pyranosyl isomaltotriose (XII), confirming the conclusion 
reached above.

(iii) Branched pentasaccharide A B  (XV). Two re­
ductive erosions gave a branched trisaccharide. The 
reduction product of this material had Ms{Mo) 0 38 
and M^{W) 0T3, identical with those of 1,3-di-O-a-n- 
glucopyranosyl-L-gulitol (VIII). The branched penta­
saccharide AB was thus 4®-0-a-D-glucopyranosyliso- 
m altotetraose (XV).

(iv) Branched hexasaccharide A B  (X V III and XIX ). 
Two reductive erosions of the saccharide gave a branched 
tetrasaccharide fraction. Reduction of this material, 
followed by fractionation in electrolyte (c) gave two 
branched tetrasaccharide alcohols w ith Mfi(IV) 0*53 
and 0*08. The former yielded, on partial hydrolysis, a 
branched trisaccharide, the alcohol of which had mobili­
ties identical with those of 1,3-di-O-a-D-glucopyranosyl- 
L-gulitol (VIII) [M.(Mo) 0 38 and M,{W) 0 13]. Partial 
hydrolysis of the branched tetrasaccharide alcohol with 
M f y / )  008  gave the alcohol (VIII) and I-O-a-iso- 
maltosyl-L-gulitol (isomaltotri-itol) (IX ; x =  2). The 
branched hexasaccharide AB was thus a m ixture of the 
isomeric 4®- (XIX) and 4‘*-0-a-D-glucopyranosyliso- 
maltopentose (XVIII).

(v) Branched heptasaccharide A B  (XXI). Three 
reductive erosions gave a branched tetrasaccharide, the 
alcohol of which had M^{Mo) 0 33 and M jyV) 0-08. 
Hydrolysis of this alcohol gave 1,3-di-O-a-D-gluco- 
pyranosyl-L-gulitol (VIII) [Mf Mo)  0-38 and Mf,{W)
0-13] and isomaltotri-itol (IX ; x =  2). Structure 
(XXI) (4'*-0-a-D-glucopyranosylisomaltohexaose) is thus 
assigned to the branched heptasaccharide AB.

(vi) Branched octasaccharide A B  (X X II and X X III). 
The results of the periodate oxidation of the saccharide 
(Table I) are interm ediate between those expected of 
octasaccharides containing {a) one glucose unit joined 
through a I — ► 4-linkage to isomaltoheptoase and [b) 
two glucose units joined through I — ► 4-linkages to

isomaltohexaose. Partial hydrolysis of the branched 
octasaccharide alcohol AB gave, in addition to I-O-a-iso- 
maltohexaosyl-L-gulitol (isomaltoheptaitol) (IX ; x =  6) 
and a branched heptasaccharide, products which had 
the same chromatographic and electrophoretic mobilities 
as those produced from branched heptasaccharide

G—G—G.- 
(X II) (B,C)

G

G—G - G —Gr 
(XV) (A.B.C)

G

G—G—G—G—Gr 
(X V I11) (A.B.C)

G—G-G r  
( X l l l )  (C)

G

G—G—G—Gr 
(X V I) (C)

f
G—G—G—G—Gr 
(X IX ) (A.B.C)

G G
/ \  I

G—G—G—G—G—Gr 
(X X II) (A.B)

G—G -G -G r  
(X IV ) (C)

G
1

G—G—G—G—Gr 
(X V II) (C)

G
I

G—G—G—G—Gr 
(X X ) (C)

G
I

G—G—G—G—G—G—Gr 
(X X III)  (A.B)

G—G—G—G—G—Gr 
(X X I) (A.B)

F ig u r e  4 Branched oligosaccharides produced b y  the action 
of dextranases on dextran of L. mesenteroides NRRL B-1415

G. D-Glucopyranosyl unit; Gr. reducing D-glucose unit; — . a-1 — 
6-link; |. a - 1 4 - l i n k ;  1. alternative a-1 — 4-links. The 
letters A. B. and C indicate the dextranase producing the oligosacchar­
ide

alcohol AB (Table 3). The smallest branched saccharide 
alcohol present in the hydrolysate was a branched 
pentasaccharide alcohol (Table 3, fraction 7b; cf. 
branched heptasaccharide alcohol AB). Hence, the 
first three glucose units on the reducing end of the 
octasaccharide do not carry branches, whereas the fourth 
unit (from the reducing end) is a branch point. I t  is 
thus suggested th a t the branched octasaccharide AB is 
a m ixture of 4^-0-a-D-glucopyranosylisomaltoheptaose 
(X X III) and saccharides (XXII) in which two glucose 
are joined by an a-1 — 4-linkage to glucose units of 
isomaltohexaose.

(vii) Branched tetrasaccharide C (XII) and (X III). 
One reductive erosion gave a branched trisaccharide 
fraction (Table 3, fraction I la). Electrophoresis in 
electrolyte {a) showed this to be a m ixture of 6-0-a- 
maltosyl-D-glucose (X) and 4,6-di-O-a-D-glucopyranosyl- 
D-glucose (VI; x =  I) with M q[B) 0-66 and 0-29, re­
spectively. The reduction products of the branched 
trisaccharide fraction were the alcohols (VIII) and (XI). 
This shows tha t the branched tetrasaccharide C is a 
mixture of the isomeric 4^- (X III) and 4^-0-a-D-gluco- 
pyranosylisomaltotriose (XII).

(viii) Branched pentasaccharide C (XIV), (XV), and 
(XVI). One reductive erosion gave a branched te tra ­
saccharide fraction (Table 3, fraction 9a). Reduction 
of this material, followed by electrophoresis in electro­
lyte' (c) gave the alcohol (VII ; x =  2) [Mb{W) 0-08] 
and another branched tetrasaccharide alcohol fraction 
with MffW)  0-53. Hydrolysis of the la tte r furnished
1-0-a-maltosyl-L-gulitol (XI) and a branched trisac­
charide fraction. The reduction products of the la tte r



Org. 825

were th e  trisaccharide alcohols (V III) and (XI). I t  is 
thus concluded th a t branched  pentasaccharide C is a 
m ix tu re  of 4^- (XVI), 4^- (XV), and 4^-0-a-D-gluco- 
pyranosylisom alto tetraose (XIV).

(ix) Branched hexasaccharide C. P artia l hydrolysis of 
branched  hexasaccharide C alcohol gave, inter alia,
1-0-a-m altosyl-L-gulitol (XI) and  a branched  te tra ­
saccharide fraction  (Table 3, fractions I l b  and  9a, re 
spectively). The la tte r  was shown to  contain the three 
branched te trasaccharides th a t  were obtained from the 
b ranched  pentasaccharides C. The branched hexa­
saccharide C is thus a  m ix tu re  of 4^-0-a-D-glucopyranosyl- 
isom altopentaose (XX) and  isomers in which the  b ranch ­
ing occurs fu rther tow ards th e  non-reducing end of the 
isom altopentaose un it, i.e., (X V II), (X V III), and/or 
(X IX ).

Mechanism of Actions of Dextranases.— (i) Dextranases 
A and B. The s truc tu res of th e  branched oligosac­
charides produced by th e  action of dextranases A 
[(XV), (X V III), (X IX ), (X X I,) (X X II), and (X X III)] 
and  B [(X II), (XV), (X V III), (X IX ), (X X I), (X X II), 
and  (X X III)] on the  a-1 — ► 4-branched dex tran  of L.  
mesenteroides N R R L  B-1415 are sim ilar to  those produced 
b y  the  sam e dextranases from an a-1 — ► 3-branched 
dextran.* The fact th a t the branched pentasaccharides 
A and B of the  present investigation were 4*-0-a-D- 
glucopyranosylisom altotetraose (XV) strengthens our 
previous suggestion th a t 3^-0-a-D-glucopyranosyliso- 
m alto te traose  [(III) in ref. 7] is not produced when the 
dextranases act on the a-1 — 3-branched dex tran  of 
L. mesenteroides (Birm ingham ). Tlius, we reach con­
clusions regarding the m echanism  of the actions of the 
dextranases in the v icinity  of the a-1 — >- 4-branch 
linkages in the dextran  of the present investigation, 
and the stru c tu re  of this dex tran , sim ilar to those made 
when the  branch linkages were of the a I — 3-type.’

(ii) Dextranase C. Previously,® we suggested th a t 
dex tranase C hydrolyses dex tran  or an isom altodextrin  
containing not less than  seven glucose un its at a point 
no t less than  three glucosidic linkages from a chain end, 
b u t th a t the a-1 — ► 6-link on the reducing side of the 
b ranch  point, and an a-1 — ►- 3-branch link, are re­
s is tan t to  hydrolysis. The structu res of the branched 
oligosaccharides of series C (X II— XX) allow a sim ilar 
conclusion to  be m ade when the dex tran  contains 
a-1 — ► 4-branch linkages.

EXPERIMENTAL
General.— (i) P aper chromatography. The solvents used 

were (a) and {b) of Part VI;  ̂ (c) acetone-water ( 1  : 1 ). 
Reference compounds used to express migration rates 
were isomaltose [7?im (solvent)] and 2,3,4,6-tetra-O-methyl- 
D-glucose [R'i'mo (solvent)].

(ii) P aper electrophoresis. The electrolytes used were 
(a) and (6 ) of Part VI;  ̂ (c) 2% sodium tungstate (IP).®

’ D. H. Hutson and H. Weigel, Biochem. J., 1963. 88. 688.
• R. W. Bailey. D. H. Hutson, and H. Weigel. Biochem. J ., 

1061. 80. 514.
• O. Smithies, Biochem. 'J., 1955. 61. 629.

(iii) Spray reagents. The spray reagents used for the 
detection of compounds were (a), {b), and (c) of P art VI;  ̂
{d) Ainido-black.®

Dextran.—The dextran used is elaborated by L. mesen­
teroides N RRL B-1415 and has been described in P art VI.^ 

Dextranases.—The dextranase preparations of Pénicillium  
lilacinum  (I.M.I. 79197; NRRL 896) (dextranase A), 
P . funiculosum  (I.M.I. 79195; N RRL 1132) (dextranase B), 
and Lactobacillus hifidus (dextranase C) used in the present 
investigation were as described previously.'*'®

Rates of Liberation of Reducing Sugars.—The rates of 
liberation of reducing sugars (as isomaltose) in d ex tran - 
dextranase digests were determined as described pre­
viously.'*-® The results are shown in Figure 1.

Degradation of Dextran by Dextranases to Branched 
Oligosaccharides.—The dextran was treated separately 
with the dextranases A. B̂  and C in a manner similar to 
th a t described for the dextran of L. mesenteroides (Birming­
ham).®’® The branched oligosaccharides produced (series 
A, B, and C) were isolated by the same methods as those 
obtained from L. mesenteroides (Birmingham) dextran. 
Their yields are shown in Table 1. The molecular size of 
the oligosaccharides was assigned from properties determined 
as described before,® i.e., (Figure 2), [M]d (Figure 2), 
and reducing power (Table 1) of the oligosaccharides, and 
Mg(Mo) of the reduced oligosaccharides which are expressed 
by equation (1). The dextranases A and B produced, in 
addition, glucose, isomaltose, isomaltotriose, and un- 
resolvable material, whereas the additional products 
obtained with dextranase C, were isomaltotriose, isomalto­
tetraose, isomaltopentaose. isomaltohexaose, isomalto- 
heptaose, and unresolvable material (chromatographic 
evidence).

Acidic Hydrolysis of Branched Oligosaccharides.—Each 
oligosaccharide {ca. I mg.) was hydrolysed with I-5n- 
hydrochloric acid (2 ml.) at 100° for 4 hr. Chromatography 
of the deionised hydrolysate showed in each case a single 
component identical with glucose.

Partial hydrolysates of each branched oligosaccharide, 
obtained by heating for 45 min. a t 100° in N-hydrochloric 
acid, were shown by paper chromatography in solvent
(a), using spray reagents {a—c), to contain a small quantity  
of a component which had migration and staining pro­
perties identical with those of maltose. The main products 
from the branched tetra-, penta-, hexa-, and hepta-sac­
charides {n glucose units) were glucose and a homologue 
of isomaltose (« ~  1 glucose units) whereas those from 
the branched octasaccharides were glucose and isomalto­
hexaose. Small quantities of isomaltoheptaose and a 
component with R^^ identical with th a t of the branched 
heptasaccharides were detected in the partial hydrolysates 
of the branched octasaccharides.

Periodate Oxidation of Branched Oligosaccharides.— 
Aqueous solutions of each oligosaccharide (15—25 mg. ; 
concentrations determined by the anthrone method *®) 
were separately treated with sodium metaperiodate. At 
time intervals portions were withdrawn for the estimation 
of periodate consumed ** and formic acid liberated.*® 
The values, which became constant after ca. 24 hr., are 
shown in Table 1.

The remainder of each solution was worked up (with

*° E. W. Yemm and A. J. V/illis. Biochem. J., 1954, 57, 60S.
** G. O. Aspinall and R. J. Perrier, Chem. and Ind., 1957, 1216. 
*® T. G. Halsall, E. L. Hirst, and J. K. N. Jones, J. Chem. Soc., 

1947, 1427.
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m inor m odifications) as described in P art VI.* T he am ounts  
of erythrito l and glycerol produced were q u a n tita tiv e ly  
determ ined by ox id ation  w ith  periodate and estim ation  of 
the form aldehyde thus produced (by the chrom otropic  
acid m ethod *®). T he results, expressed as m olecular  
proportions, are show n in T able 1 .

G lucam ylolysis of Branched Oligosaccharides.— (i) P u rific ­
a tion  of glucam ylase. A g lucam ylase preparation obtained  
b y  the m ethod of Barker and F leetw ood  ** from  a culture  
(4 1.) of A sperg illu s niger “ 152 " w as fractionated  by  
paper chrom atography (W hatm an N o. 3 AIM) a t 0° using  
spray reagent (d) to  g ive  fractions w ith  jRf (c) 0 04— 0-14 
and 0 47— 0 57. (The la tter  w as shown, by a m ethod  
essen tia lly  the sam e as th a t described below , to  conta in  
a -1 — ^  6 -glucosidase a c tiv ity , since it  liberated  an ap  
preciable q u a n tity  of g lucose from isom altose). T he com ­
pon en t w ith  jRp(c) 0 04— 0 14 w as elu ted from  the chrom ato­
gram s w ith  0-02M -phosphate buffer (pH  6 18).

(ii) Effect o f glucam ylase on saccharides. T o separate  
so lution s of kojibiose, sophorose, nigerose, lam inaribiose, 
cellobiose, isom altose, isom altotriose , gentiob iose, and the  
saccharides listed  in T able 2 (ca. 15 m g.) in w ater (1 m l.) were  
added O-lM -acetate buffer (pH  4-6; 2 m l.) and th e  e lu ate  
(5 m l.) of th e  g lucam ylase fraction  w ith  /?p(c) 0 04— 0T 4. 
T he d igests were incubated a t 40°. Sam ples were w ith ­
drawn a t in terva ls and, after deion isation  w ith  A m berlite  
resins IR -120(H +) and IR -4 5 (O H “), exam in ed  b y  paper  
chrom atography in  so lv en t (a) using spray reagents (a) and
(6). Of the saccharides exam in ed  on ly  those listed  in T able 2 
were appreciab ly  affected b y  glucam ylase. V ery sm all 
traces of glucose w ere revealed  after 2 5 d a y s incub ation  
in the d igests conta in ing  isom altose  or isom altotriose  ; 
these, how ever, did n ot increase on prolonged incubation .

(iii) C haracterisation and determ ination o f -D-glucose and  
isom altotriose produced by action o f glucam ylase on tetra­
saccharide B .  T etrasaccharide B  (100 m g.) in  w ater  
(50 m l.) and O-lM -acetate buffer (pH  4 5; 100 m l.), and  
glucam ylase  preparation (25 m l.) were incubated  a t 40° for 
36 hr. T he d igest w as deionised w ith  A m berlite  resins 
IR -120(H +) and IR -45(O H “) and fractionated  b y  paper  
chrom atography using so lv en t (a). T he fraction  corre­
spond ing to  glucose w as converted  in to  1 ,2 ,3 ,4 ,6-penta- 
0-acetyl-p-D -glucopyranose (30 m g.), m . p. and m ixed  
m. p. 131°, [a]jj®* 4-3  6° (c 0  4 in C H C y . T he m aterial 
corresponding to  isom altotriose w as converted  in to  undeca- 
0 -benzoyl-p-isom altotriose (43 m g.), m . p. and m ixed  m . p.
225— 227°, [a]p*® 4-132° (c 0-4 in C H C g .

T he am ounts of D-glucose and isom altotriose  (separated  
as above) produced from  tetrasaccharide B  (15 2 m g.) b y  
glucam ylase preparation (5 m l.) were determ ined b y  
cuprim etric titrations.*® T he results, expressed as m ole­
cular proportions, were : D-glucose, 1-02; isom altotriose, 1.

M ethylated  D-Glucoses' from  Tetrasaccharide B .— T he  
d eta ils of th e  m éth y la tion  procedure were k in d ly  supplied  
b y  Professor R . K uhn. T he saccharide (500 m g.) was 
disso lved  in  d im eth y l form am ide (25 m l.) w h ich had been  
dried for 3 days over barium  oxide. T o the cooled so lution  
(0°) were added barium  ox id e  (2-42 g., dried a t 200°) and  
barium  hyd roxid e octahydrate  (1-66 g.). D im eth y l  
su lp hate  (3-2 m l.) w as added dropw ise under n itrogen w ith  
continuou s stirring and cooling in an ice-bath . The

1* L. H. Adcock, Analyst. 1957, 82. 427.
S. A. Barker and J. G. Fleetwood. J . Chem. Soc., 1957, 4857.
P. A. Shaffer and A. F. Hartmann, J . Biol. Chem., 1921, 45.

365.

tem perature of the reaction m ixture rose to  20°. After  
24 hr. a t 20° concentrated  am m onia solution  (1-5 ml.) w as 
added and the reaction  m ixture stirred at 20° for 3 hr. It  
w as extracted  w ith  chloroform  (100  m l.) and the chloro­
form ex tract washed w ith  w ater un til th is w as neutral to  
litm us. T he chloroform  so lution  w as dried (Na^SO^) and 
the so lv en t rem oved b y  d istilla tion  in vacuo. The residue 
(510 m g.) w as subjected  to  another m éth ylation . The  
m aterial thus obtained w as d istilled  at 240° (oil-bath)/0-02  
m m . to  g ive  the methylated tetrasaccharide B (456 mg.) 
(Found: MeO, 49-5. CagH^oOgi requires MeO. 50-3% ).

T he m eth ylated  saccharide (425 m g.), in dry chloroform  
(5 m l.), w as treated  w ith  4% m ethanolic hydrogen chloride 
(40 m l.) in a sealed tube at 100° for 4 hr. The cooled  
so lution  w as neutralised  w ith  silver carbonate, clarified 
in the centrifuge, and evaporated in vacuo. The residue 
w as hydrolysed  w ith  0-5N-hydrochloric acid a t 100° for 
4 hr. T he so lution  w as neutralised  w ith  silver carbonate  
(as before) and evaporated in vacuo to  a syrup. Paper  
chrom atography of th e  syrup revealed  com ponents w ith  
Rtmg(^) 1 0  and 0-87— 0-91 (tri-O -m ethyl-D -glucose).

A portion  of th e  hyd ro lysa te  w as used for the q u a n tita tiv e  
d eterm ination  *® of th e  above com ponents. T he results, 
expressed as m olecular proportions, w ere as follow s : tetra- 
O -m ethyl-D -glucose, 1; tri-O -m ethyl-D -glucose, 2-85.

T he rem ainder o f th e  above hyd ro lysa te  w as fractionated  
b y  paper chrom atography (W hatm an N o. 3 MM) using  
so lv en t (6) to  g ive  2 ,3 ,4 ,6 -tetra-O -m ethyl-D -glucose (65 m g.), 
m . p. and m ixed  m . p. 84— 86°, [a]j,®® 4-84-5° (equil.) (c 
0-4 in water) and th e  tri-O -m ethyl-D -glucose fraction  
(325 m g.).

T he tri-O -m ethyl-D -glucose fraction  w as resolved by  
the m ethod described in  P art V.** T his gave 2,3,6-tri-O - 
m ethyl-D -glucose *® (42 m g.), m . p. and m ixed  m . p. 118°, 
[a]j,®® 4-71° (equil.) (c 0-4 in  water) and syrup y 2,3,4-tri-O - 
m ethyl-D -glucose (181 m g.). T he la tter  w as converted  
in to  2 ,3,4-tri-O-m ethyl-iV-^-nitrophenyl-D-glucosylam ine,*®  
m . p. and m ixed  m . p. 223— 225°.

Reductive Erosion of Branched Oligosaccharides.— T he  
branched oligosaccharide {n glucose units) [ca. 0 -02— 1 g.) 
w as reduced w ith  potassium  borohydride [ca. 3— 160 m g.) 
(Figure 3, step  R ). T he reaction  m ixture w as deionised by  
treatm ent w ith  A m berlite  resin IR -120(H +) and repeated  
d istilla tion  w ith  dry m thanol. T he branched oligosac­
charide alcohol obtained  (electrophoretic m ob ility  shown  
in T able 3) w as then  partia lly  hydrolysed  in 1% oxalic  
acid a t 100° for 3— 4 hr. (Figure 3, step  H ). T he deionised  
[w ith A m berlite  resin IR A -400  (CO,®")] hyd rolysate  w as  
fractionated  b y  paper chrom atography (F igure 3, step  C ) 

using so lven t (a). E ach  fraction w as exam ined  by paper  
electrophoresis in e lectro lyte  (6 ) (see T able 3). The fraction  
contain ing th e  n e x t lower branched oligosaccharide ( n — l  
glucose units) [Mg(Mo) 0] and branched oligosaccharide  
alcohol (n — 2 g lucose units) [electrophoretic m ob ility  
expressed by  equation  (1), see T able 3] w as further fraction­
ated b y  paper electrophoresis (Figure 3, step  E ) in electro­
ly te  (5). T he fraction  contin ing the branched o ligo ­
saccharide ( n — l  glucose units) w as deionised by  trea t­
m ent w ith  A m berlite  resin IR -120(H +) and IR A -400

*® E. L. Hirst, L. Hough, and J. K. N. Jones. ] .  Chem. Soc., 
1949. 928.

** D. Abbott and H. Weigel. J. Chem. Soc., 1965. 5157.
*® E. Schlüchterer and M. Stacey. J . Chem. Soc., 1945, 776,
*® J. W. van Cleve. W. C. Schaefer, and C. E. Rist. J . Amer. 

Chem. Soc., 1956. 78. 4435.
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(COg®"). Where applicable the procedure was repeated borohydride it had M f M o )  046  and M^{W)  0 17, identical
with the saccharide thus obtained. with those of maltitol.

The fraction corresponding to maltose (Table 3, fraction „ ^. . . . .. . , ... , , . , . . Chemistry Department, Royal Holloway College,
13) maintained its identity during paper electrophoresis in University of London, Englefield Green,
electrolyte (a) [iWa(S) 0-31]. When reduced with potassium Surrey. [5/1085 Received, October 13th. 1965]
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Studies on Dextrans and Dextranases. 
of Branches in Some Dextrans

Part VIII.^ Size and Distribution

By D. Abbott, E. J. Bourne, and H. Weigel

Catalytic oxidation of the dextrans of Leuconostoc mesenteroides NRRL 8 -1 3 7 5  (Birmingham) and NRRL 8-141 5, 
followed by hydrolysis, furnished 3- and 4-0-(a-D-glucopyranosyiuronic  acid)-D-glucose, respectively, Gluc­
amylase liberates D-glucose from the dextrans of L. mesenteroides NRRL 8-141 5 and NRRL 8 -1 4 1 6 .  Quantitative 
evaluation of the results, and the effect of a dextranase on dextrans pretreated with glucamylase. show  that the 
branches in the above dextrans consist mainly, if not exclusively, of single glucose units. More than 17% of all
branches in the dextran of L. mesenteroides NRRL 8 -1 3 7 6  (8irmingham) are joined to two adjacent a-1 ------►-
6-linked glucose units.

T h e  structures of branched oligosaccharides produced 
from dextrans of strains of Leuconostoc mesenteroides 
by the action of bacterial or mould dextranases suggested 
to us that a large portion of the branches in these 
dextrans consist of only one D-glucopyranosyl unit.^“* 
Several workers arrived at similar conclusions on the 
grounds of physical measurements and these have been 
reviewed.^ We now report ® what we believe to be the 
first chemical evidence for the size of branches in the 
dextrans elaborated by the strains NRRL B-1415 
(dextran A). NRRL B-1416 (dextran B), and NRRL  
B-1375 (Birmingham) (dextran C). The type and 
degree of branching in these dextrans are shown in 
Table 1.

T able  1
Type and degree of branching in dextrans

Strain of 
L. mesen­ D ex­ Type of

Branching
glucose

units
Anhydro­

glucose
teroides tran branching (%) content • Ref.

N R R L  B-1415 A a-1 — 3 
a-1 —►- 4

Negligible 
14 3

7 0 12

N R R L  B-1416 B a-1 — 3 
a-1 —►- 4

10 1
6 9

6 9 12

N R R L  B-1375 
(Birmingham)

C a-1 —►- 3 
a-1 —►- 4

15 7 
Negligible

6 4 13

* Number of anhydroglucose units in the average repeating
unit of dextran.

Some possible structures of a segment of a dextran 
molecule in the vicinity of a branch point are (I— IV) 
(Figure I). However, for the above dextrans, structures 
(HI) and (IV) can be eliminated since 2,3,6- and/or 
2,4,6-tri-O-methyl-D-glucose were not present in the 
hydrolysates of the corresponding methylated dextransi 
Indeed, evidence from méthylation has shown that a

* Part VII, D. Abbott and H. Weigel, preceding Paper.
* R. W. Bailey, D. H. Hutson, and H. Weigel, Biochem. J ., 

1961, 80, 514.
* D. H. Hutson and H. Weigel, Biochem. J ., 1963, 88 , 688 .

glucose unit linked through position 3 (or 4) is always 
linked also through position 6.

It was conceived that a distinction between structures 
(I) and (II) could be made by modifying the non­
reducing end-groups of dextrans and, after hydrolysis.

G
4

(I)

Gi->-G
Y

■>G>G->G>
(II)

G

->-G->-G->-G->-
(III)

Gx->-G
Y

->-G->-G-^G->-
(IV)

->*G— ^G-^G-^G-^G^G-^ 
(VI)

G G
4" 4"

^G-^G-^-G-^G-^- 
(V)

F i g u r e  1 Segm ents of dextran molecule in the vicinity of 
possible branch points

G, D-Glucopyranosyl unit; a-1 — 6-link; x  and y,  
number of G units; (la), (lia ), (I lia ), (IV a ): a-1 —► 4-
link; (Ib), ( lib ), (I llb ), (IVb), (V), (VI): a-1 —►  3-link;
ÿ ,  alternative a-1 — 3-link

isolation of the disaccharides containing the modified 
group. Since the relative stabilities to acid hydrolysis ® 
of glycosides of D-glucuronic acid and D-glucose facilitate 
the isolation of aldobiuronic acids from acidic poly­
saccharides, the non-rreducing end-groups of dextrans A 
and C were oxidised catalytically to D-glucopyranosyl- 
uronic acid groups. The properties (Table 2) of the 
products (carboxy-dextrans A and C) show that ca. 12 
and 80% of the non-reducing end-groups of dextrans A 
and C, respectively, had been oxidised. Hydrolysis of 
each carboxy-dextran furnished, inter alia, D-glucurone 
and an aldobiuronic acid.

The aldobiuronic acid obtained from carboxy-dextran

* W. B. Neely, Adv. Carbohydrate Chem., 1960, 16. 341.
® Presented at Internat. Symp. über die Chemie der Kohlen- 

hydrate, Münster (Germany), July 1964.
• D. B. E asty, J .  Org. Chem., 1962, 27. 2102.



Equiv. 
Found * Calc. X 

1619 1149
1350 1052

CO.H (%) 
Found t Calc. ̂

2 84 3 92
3 43 4-28
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A w as in  fa c t  4 -0 -(a -D -g lu co p y ra n o sy lu ro n ic  acid)-D - 
g lu cose  (VII), w h ich  w a s ch aracter ised  as it s  m e th y l  
ester  h e p ta -a c e ta te  ( V I I I ) . E stér ifica tio n  of ac id  (VII) 
fo llow ed  b y  red u ction  g a v e  3 -0 -a -D -g lu co p y ra n o sy l-  
L -gulito l (m a ltito l) b u t n o t  I-O -a-D -g lu copyranosyl-L - 
g u lito l (iso m a ltito l). T h is  sh ow s th a t  th e  acid  (VII)

T able  2
Y ie ld s  an d  p ro p er tie s  o f c a rb o x y -d e x tr a n s  

Yield  
(g. from  

Carboxy- 5 g. of 
dextran dextran)

A 3 6
C 3-8
* Determ ined by the m ethod of R. L. W histler and M. S. 

Feather (" M ethods in Carbohydrate Chem istry," ed. R. L. 
W histler, Academ ic Press, N ew  York, 1962, vol. I, p. 467. 
t  Determ ined by the m ethod of Johansson et al.^  ̂ f Based  
on size of average repeating un it of dextran (Table 1).

was not contaminated by detectable quantities of 6-(9-(a- 
D-glucopyranosyluronicacid)-D-glucose (IX) [cf. (I),/?Q(i) 
0 29; (IX),8%((^) 0-27].

T he aldobiuronic acid ob tained  from carboxy-dextran  
C was shown to  be 3-0-(a-D -glucopyranosyluronic acid)- 
D-glucose (X). This assignm ent is based on th e  d a ta : 
(a) reduction  of acid (X) w ith  sodium  borohydride, 
followed b y  hydrolysis gave D-glucitol and D-glucuronic 
acid; (6) reduction  of the  ester of acid (X) gave a 
m ateria l which was chrom atographically  and  electro- 
phoretically  identical w ith  3-0-a-D-glucopyranosyl-D- 
glucitol (nigeritol); (c) estérification of acid (X), 
followed by  m éthy la tion , reduction, and hydrolysis, 
gave 2,3,4- and  2,4,6-tri-O-m ethyl-D-glucose; and  {d) 
th e  high optical ro ta tio n  of acid (X) and th e  fact th a t 
the  b ranch  linkages in d ex tran  C are of the a-1 — ►- 3- 
type. Again, the  acid (X) was no t contam inated  by  
detectab le  quan tities  of acid (IX ).

The yields of acid (VII) and (X) represent ca. 50 and 
62%, respectively, of those expected from the sizes of 
the average repeating units (Table I) of the corre­
sponding dextrans. Alternatively, the yields of acid 
(VII) and (X), when corrected for incomplete oxidation 
of the corresponding dextrans, are ca. 70 and 78%, 
respectively. Thus, we reach the conclusion that the 
branches in dextrans A and C consist mainly, if not 
exclusively, of single D-glucopyranosyl units, i.e., (la) 
and (Ib), respectively.

Oxidation of dextran B, followed by hydrolysis would 
give rise to a mixture of the aldobiuronic acids (VII) 
and (X) if the branches in this dextran also consist of 
single glucose units. Since the resolution of such a 
mixture would complicate the structural analysis, it 
was of interest to examine the effect of glucamylase 
(known to remove single a-1 — 4-linked glucose units 
stepwise from non-reducing chain ends ®) on dextrans 
containing a-1 — 4-branch linkages (dextrans A and 
B). Paper chromatography of the digests showed 
indeed that glucose was liberated from both dextrans.

’ D . A bbott and H. W eigel, J .  Chem. Soc., 1965, 6167.
® D. A bbott and H. W eigel, unpublished results.
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The extents of conversion of dextrans A and B into 
glucose by glucamylase were shown by cuprimetric

CHj-OHCOjH

H,OH

(VII)

AcO

COzMe CHz-OAc

■ O .  OAc

(V III )

CHyOHCOzH

H,OH

titration to be 9-4 and 5-5%, respectively. Thus, based 
on the degree of branching of the a-1 — 4 type in 
these dextrans, ca. 66 and 80% of all a-1 — 4-linked 
glucose units of dextrans A and B, respectively, are 
liberated by glucamylase and, hence, constitute chain 
ends (la) or (Ilia ). Since méthylation evidence has 
eliminated structure (Ilia ) the branch must be of the 
(la) type.

The extent of conversion of the residual dextran A' 
[i.e., dextran A pretreated with glucamylase) into 
reducing sugars (estimated as isomaltose) by a dextranase 
(dextranase B of Part II ®̂) was shown to be 95%. It 
thus seems that dextran A' is virtually unbranched 
(cf. dextran of Streptococcus bovis ®̂). This suggestion is 
supported by an analysis of the dextran A'-dextranase B 
digest, which revealed the presence of glucose, iso­
maltose, and isomaltotriose, but none of the branched 
oligosaccharides produced  ̂ from dextran A by dex­
tranase B.

The extent of conversion of the residual dextran B' 
[i.e., dextran B pretreated with glucamylase) into 
reducing sugars (59%, estimated as isomaltose) by  
dextranase B is that expected of a dextran with  
ca. 10% branching glucose units (cf. degree of a-1 —  
3-branching in this dextran). The dextran B '-dex- 
tranase B digest was shown by paper chromatography to

® J. Lamer in " The Enzymes,” eds. P. D, Boyer, H. Lardy, 
and K. Myrback, Academic Press, New York, 1960, vol. IV, p. 
370.

E. J. Bourne, D. H. Hutson, and H. Weigel, Biochem. J.,  
1962, 85, 158.



Org. 829

contain the same com ponents as were produced when 
dextranase B acted on dextran  C, i.e., glucose, iso­
maltose, isomaltotriose, and branched oligosaccharides. 
We thus suggest th a t the a-1 — 4- and a-1 — ►- 3- 
linked branches in dex tran  B consist mainly, if not 
exclusively, of single D-glucopyranosyl units, i.e., (la) 
and (Ib), respectively. Since it has been shown th a t the 
branches in three dextrans consist m ainly of single 
glucose units, it is possible th a t this s tructu ral feature 
is common to m any other branched dextrans.

Previously, we suggested  ̂ th a t the pattern  of branch­
ing in the a-1 — ► 3-branched dextran  C is random,
i.e., the structure  cannot be represented by a regular 
repetition of an average repeating unit. Confirmatory 
evidence has now been obtained by fragm entation of the 
periodate-oxidised dextran. This furnished I-O-a-D- 
glucopyranosyl- and I-O-a-isomaltosyl-glycerol, the 
glucose units of which originate from the branch points 
of the  dextran. I t  can now be calculated from the yield 
of I-O-a-isomaltosylglycerol th a t more than 17% of all 
branches in this dex tran  are joined to  two adjacent, 
a-1 — ► 6-linked glucose units (V).

I t  is interesting to  note th a t a  dextranase 
(dextranase A of P a rt II  ®̂) produced from dextran  C, 
inter alia, a branched octasaccharide corresponding to 
( V I ) . T h e  yield of this m aterial (calculated from the 
to ta l yield of branched octasaccharides and results of 
their periodate oxidation) indicates th a t a segment as 
(VI) represents ca. 2% of all glucose un its in dextran  C.

EXPERIMENTAL
General.— (i) Paper chromatography. The solvents used 

were [a), [b), and (c) of P art VI; [d) ethyl acetate-acetic 
acid-water (9 :2 :2 ) .

(ii) Paper electrophoresis. The electrolytes used were 
[a) and [b) of P art V.’ and (c) of P art VII.^

(iii) Spray reagents. The spray reagents used for the 
detection of compounds were those described in P art V I."

(iv) Dextrans. The dextrans used were elaborated by the 
following strains of Leuconostoc mesenteroides-. NRRL 
B-1415 (dextran A )," NRRL B-1416 (dextran B ),"  and 
NRRL B-1375 (Birmingham) (dextran C)."

(v) Dextranase. The dextranase preparation used was 
tha t of Pénicillium funiculosum  (I.M.I. 79195; NRRL 1132) 
(dextranase B) and was described in Part I I ."

(vi) Glucamylase preparation. The purified glucamylase 
preparation described in Part VII i was used.

Catalytic Oxidation of Dextrans to Carboxy-dextrans.—A 
typical experiment was as follows. Separate solutions of 
dextran (5_g.) in water (150 ml.) and sodium hydrogen 
carbonate (0-5 g.) in water (100 ml.) were shaken with 
platinum catalyst (10 mg. ; Adams platinum dioxide 
reduced with hydrogen *̂) a t room temperature for ca. 2 hr. 
to remove possible poisons. The catalyst was removed 
from each suspension by centrifugation. The solutions 
were combined and fresh platinum catalyst (1 g.) added. 
The mixture was stirred at 70° for 23 days while oxygen

"  E. J. Bourne, D. H. Hutson, and H. Weigel, Biochem. j ., 
1963, 86, 555.

"  D. Abbott and H. Weigel, J . Chem. Soc. (C), 1966, 816.
S. A. Barker, E. J. Bourne, G. T. Bruce, W. B. Neely, and 

M. Stacey, J . Chem. Soc., 1954, 2395.
3  I

w a s passed  through . W a ter  w as added  a t  interv^als to  
com p en sa te  for th a t  lo st  b y  ev ap oration . A fter  cooling, 
th e  c a ta ly s t  w as rem oved  b y  cen trifu gation  and th e  p o ly ­
saccharid e p rec ip ita ted  w ith  e th an o l (750 m l.). T he  
p recip ita te  w as d isso lved  in  w a ter  (250 m l.), th e  so lu tion  
trea ted  w ith  A m b erlite  resin IR -120(H + ), and th e  p o ly ­
saccharide rep recip itated  w ith  eth an o l (500 m l.). T he  
p olysaccharid e, a fter  d isso lu tion  in w ater, w as then  freeze- 
dried. Y ie ld s and properties o f th e  ca rb oxy-d extran s are  
show n in T able  2.

v-Glucuronic Acid from Carboxy-dextrans.— T he m eth od  
used for th e  h y d ro lysis o f carb o x y -d ex tra n s A  (800 m g.) 
and C (800 m g.), and th e  iso la tion  of D-glucurone, w as th a t  
o f Jon es and P e r r y . T h e  sp ecim en from  carb oxy-d extran  
A (45 m g.) had  m . p. and m ixed  m . p. 175— 176°, [a]p" -f-18° 
{c 0-2 in w ater), w hereas th a t from  ca rb oxy-d extran  C 
(51 m g.) had  m . p. and m ixed  m . p. 173— 176°, [a]p“° - f  17° 
{c 0-2 in  w ater).

Aldobiuronic Acid (V II) from Carboxy-dextran A .— C arb­
o x y -d ex tra n  A  (7-5 g.) w as h yd ro lysed  w ith  N-sulphuric  
acid  (100 m l.) a t  100° for 6 hr. Su lphuric acid  w as  
rem oved b y  ex tra ctio n  w ith  5% iV A -d i-n -o cty lm eth y la m in e  
in chloroform  (4 x  30 m l.). T he aqu eou s so lu tion  w as  
evaporated  in vacuo to  a syrup . F ra ctio n a tio n  b y  paper  
chrom atograph y g a v e  4 - 0 - (a-D -glucopyranosyluronic acid )-  
D -glucose (V II) (835 m g.), w ith  J?g(^) 0 29, M qJ^P) 0-77, 
id en tica l w ith  th o se  of an a u th en tic  sp ec im en .’ A  portion  
(60 m g.) o f th e  acid  w as converted  in to  4 -0 -(m eth y l 2 ,3 ,4-  
tr i-O -acety l-a-D -g lu cop yran osy luronate) -1 ,2 ,3 ,6-tetra-O - 
acety l-p -D -g lucopyranose ’ (V III) (41 m g.), m . p . and m ixed  
m . p. 193— 196°. [a]p" + 7 5 °  (c 0-2 in  CHCI3).

A n other  portion  (100 m g.) o f th e  acid  (V II) w as con ­
verted , as described  p rev io u sly ,’ in to  its  m eth y l ester  b y  
trea tm en t w ith  d iazom eth ane. A  so lu tion  of th e  ester  
[Mqx (P) 0] in w a ter  (10 m l.) w as added , over 18 hr., to  a 
so lu tio n  o f sod iu m  borohydride (60 m g.) in w ater  (6 m l.). 
T he so lv en t w a s rem oved  in vacuo and th e  residue trea ted  
w ith  m ore sod iu m  borohydride (60 m g.) as above. P aper  
e lectroph oresis and chrom atograph y of th e  deion ised  so lu tion  
[w ith  A m b erlite  resin  IR -I2 0 (H + ) and rep eated  d istilla tio n  
w ith  dry m eth anol] revea led  a co m p on en t w ith  m igration  
rates id en tica l w ith  th ose  o f m a ltito l [M^[Mo) 0-46, R q 
[a) 0-75] and traces o f a m aterial w ith  Ro,{a) 1-2 [presum ably  
3 - 0 - (m eth y l a-D -glucopyranosyluronate) -L -gulito l].

From  anoth er h y d ro ly sa te  o f ca rb oxy-d extran  A  (I g.) 
th e  acid (V II) w as q u a n tita tiv e ly  rem oved  b y  paper chrom ­
atography. T he am o u n t iso la ted , w h en  e stim a ted  b y  the  
m eth od  of Johan sson , L indberg, and T h ean d er ,"  w as  
156 m g.

Aldobiuronic Acid (X ) from Carboxy-dextran C.— C arboxy- 
dextran  C (7-5 g.) w as h yd rolysed  as described for carb o x y -  
dextran  A. P rep arative  paper ch rom atograph y o f th e  
h y d ro ly sa te  g a v e  2-0-{oi-x>-glucopyranosyluronic acid)-ro- 
glucose (X ) (730 m g.), w ith  RQ[d)  0-33, M q a  (P) 0-76, 
[a]„ 113° {c 0-5 in w ater), E q u iv ., 361.

From  anoth er h y d ro ly sa te  of ca rb oxy-d extran  C (0-95 g.) 
th e  acid  (X ) w as q u a n tita tiv e ly  rem oved  b y  paper chrom ­
atography. T h e a m ou n t iso la ted  w as e stim a ted  to  be  
198 m g.

"  K. H eyns and H. Paulsen, Adv. Carbohydrate Chem., 1962, 
17, 109.

“  J. K. N. Jones and M. B. Perry, J . Amer. Chem. Soc., 1957, 
79, 2787.

A. Johansson, B. Lindberg, and O. Theander, Svensk 
Papperstidn., 1954, 57, 4L
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Characterisation of Aldobiuronic Acid (X ) .— (i) Hydrolysis. 
A  p o r tio n  o f th e  a c id  (X ) (ca. 5  m g.) in  90%  fo rm ic  a c id  
(5 m l.) w a s h e a te d  a t  100° for 20  hr. T h e  resid ue, o b ta in ed  
a fter  r em o v a l o f  fo rm ic  ac id  b y  d is t il la t io n  in vacuo, w a s  
furth er  h y d ro ly se d  w ith  N -su lph uric  ac id  (1 m l.) a t  100° 
for  2 hr. A fter  co o lin g , su lp h u ric  ac id  w a s rem o v ed  b y  
e x tr a c tio n  w ith  5%  A A -d i-n -o c ty lm e th y la m in e  in  ch lo ro ­
form  ( 2 x 5  m l.). P a p er  c h r o m a to g ra p h y  o f th e  a q u eo u s  
la y er  r ev ea led  th e  p resen ce  o f c o m p o n e n ts  w ith  s ta in in g  
p ro p erties  a n d  m ig ra tio n  ra tes  id e n tica l w ith  th o se  o f  
g lu co se  [i?o(^i) I'O], g lu cu ro n ic  ac id  iRa(d) 0 90], and  
g lu cu ro n e  [Roid) 2 90].

(ii) X)-Glucitol and D-glucuronic acid from aldobiuronic 
acid (X ) , A  so lu tio n  o f th e  a c id  (X ) (100 m g.) in  w a ter  
(100  m l.) w a s  tr ea te d  w ith  so d iu m  b oro h y d rid e  (150  
an d  20 m g .) a s  d escr ib ed  for th e  m e th y l e ster  o f  a ld o ­
b iu ro n ic  ac id  (V II). A fte r  d e io n isa tio n , th e  p r o d u ct w a s  
sh o w n  to  b e  a  s in g le  c o m p o n e n t w ith  R^id) 0 34, M q x { P )  
0-77, a n d  Mg{Mo) 0-77. T h is  w a s h y d ro ly se d  w ith  90%  
fo rm ic  a c id  (10  m l.) a n d  N -su lph uric  ac id  (2 5 m l.) a s  
d escr ib ed  a b o v e . A fter  tr e a tm e n t w ith  A m b er lite  resin  
1 R -1 2 0 (H ^ ), th e  h y d r o ly sa te  w a s p a ssed  th ro u g h  a  co lu m n  
o f A m b er lite  resin  IR -4 B (O H “ ). T h e  e lu a te  co n ta in e d  a  
s in g le  c o m p o n e n t w ith  Rqid) 1 0 ,  M q x { P )  0, an d  M^(Mo) 
1 0 ,  w h ich  w a s c o n v e r te d  in to  h e x a -O -a ce ty l-D -g lu c ito l 
(38 m g .) , m . p . an d  m ix e d  m . p . 98— 99°, [a% " -(-9 0° 
\c 0  2 in  CHCI3). E lu tio n  o f th e  co lu m n  w ith  10%  a q u eo u s  
fo rm ic  a c id  (100 m l.), an d  r em o v a l o f form ic  ac id  from  th e  
e lu a te  b y  e x tr a c t io n  w ith  e th er  (3 X  30  m l.), g a v e  m a ter ia ls  
w ith  Raid) 0  90  and  2 90, an d  M g x ( P )  1 0  an d  0, id e n tica l  
w ith  th o se  o f a n  eq u ilib r iu m  m ix tu r e  o f g lu cu ron ic  ac id  an d  
glu cu ro n e . C r y sta llisa tio n  from  g la c ia l a c e t ic  ac id  g a v e  
D -glucurone (12  5 m g .) , m . p . an d  m ix ed  m . p . 173— 175°,

+18° (in  water).
(iii) Reduction of ester of aldobiuronic acid (X ). T h e  ac id  

(X ) {ca. 5 m g .) w a s c o n v e r te d  in to  it s  m e th y l e s ter  a n d  th en  
red u ced  w ith  so d iu m  b o ro h y d r id e  as d escr ib ed  for a ld o ­
b iu ro n ic  a c id  (V II). T h e  rea c tio n  p ro d u ct w a s a sin g le  
co m p o n e n t w ith  7?(;(c) 0 -55 , Ri\(d)  0*82, an d  M y(M o) 0, 
id e n tica l w ith  th o se  o f n ig er ito l.

(iv ) O-Methyl-D-glucoses from aldobiuronic acid ( X ) . T h e  
ac id  (X ) (600  m g .) w a s  e ster ih ed  b y  tr e a tm e n t w ith  
m e th a n o lic  h y d ro g en  ch lorid e , m e th y la te d , red uced , and  
h y d ro ly se d  u n d er  c o n d it io n s  d escr ib ed  for 4 -0 -(a -D -g lu c o -  
p y r a n o sy lu ro n ic  a c id )-o -g lu c o se  (V II) in  P a rt V .’ P a p er-  
ch ro m a to g ra f^ iic  a n a ly s is  o f  th e  h y d r o ly sa te  rev ea led  th e  
p resen ce  o f tw o  c o m p o n e n ts  w ith  0  85  a n d  0-89.
T h e  h y d r o ly s ta te  w a s  fr a c tio n a te d  o n  a  c h a r co a l-C e lite  
co lu m n  (44  x 3 5  cm .) a s  d escr ib ed  p r e v io u s ly .’ F ra c tio n s  
co n ta in in g  b o th  c o m p o n e n ts  w ere  fu rth er  fra ctio n a te d  b y  
p a p er  ch ro m a to g r a p h y  u s in g  so lv e n t  (5).

T h e  c o m p o n e n t (1 8 6  m g .;  sy ru p ) w h ich  w a s e lu ted  first  
h a d  i?'j-MG(5) 0 -89  a n d  w a s  c o n v e r te d  in to  2 ,3 ,4 -tr i-O -  
m eth y l-N -/> -n itro p h en y l-D -g lu co sy la m m e,^ ’ m . p . a n d  m ix ed  
m . p . 222— 223°, — 242° (c 0*2 in  p y r id in e ).

T h e  seco n d  c o m p o n e n t (180  m g .;  syru p ) h a d  RrMo(b) 
O'86 a n d  w a s  c ry s ta llised  from  e th er  to  g iv e  2 ,4 ,6 -tr i-O -  
m eth y l-D -g lu co se  "  (68 m g ,) , tn. p . an d  m ix ed  m . p. 117—  
120°. [a]„>® 4 -7 2 -5 ° (eq u il., c  0 2  in  M eO H ).

R ates of Liberation of Reducing Sugars from Dextrans 
A and B by> Glucamylase.— D e x tr a n s  A  an d  B  [100  m g. 
(corrected  for  a sh ), d r ied  in vacuo o v er  PjOg a t  50° for  
2 d a y s] w ere  se p a r a te ly  d is so lv ed  in  w a ter  (10 m l.).

"  J. W. van Cleve, W. C. Schaefer, and C. E. Rist. J. Amer. 
Chem. Soc., 1956. 78, 4435.
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Acetate buffer ( 0 - I m ; pH 4  5 ;  2  ml.) and the eluate ( 5  ml.) 
of the glucamylase fraction of P art V ll  ̂ were added to 
each solution which was then made up to 2 5  ml. and 
incubated a t 40° for 8 days. Portions (2 ml.) were w ith­
drawn a t intervals and the reducing sugars estim ated by 
the method of Shaffer and H artm ann ,"  with D-glucose as a 
standard. The results are shown in Figure 2. After 8 days 
incubation, paper chromatography revealed the presence of 
glucose in each digest.
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A and B. D-glucose liberated from dextrans A and B, respectively, 
by glucamylase. A' and B', reducing sugars (as isomaltose) 
liberated from dextrans A' and B', respectively {i.e., dextrans 
A and B  after pretreatment with glucamylase) by dextranase 
B [from P . funiculosum  (I.M.I. 79195; N R R L  1132)]

Action of Dextranase on Dextrans Pretreated with Gluc­
amylase {Dextrans A ' and B ').—The remainder of each of 
the above digests {ca. 15 ml.) was dialysed against running 
w ater for 2 days, when glucose was shown to be absent 
(chromatographic evidence). They were then freeze-dried 
to  give the modified dextrans A' (49 mg.) and B ' (52 mg.).

The modified dextrans A ' and B ' were dissolved in water 
(25 ml.). Citrate buffer ( 0 - 2 m ; pH 5 0 ;  25 ml.) and
dextranase B "  (100 mg.) in water (10 ml.) were added. 
The digests were incubated a t 37°. Portions (I ml.) were 
withdrawn a t intervals and the reducing sugars estimated 
by the method of Shaffer and H a r tm a n n ,w ith  isomaltose 
as a standard. The results are shown in Figure 2.

The remainder of each digest was then deionised by 
treatm ent w ith Amberlite resins IR-I20(H+) and IR- 
45(OH") and concentrated in vacuo. Paper chrom­
atography of the digests of dextrans A ' and B ' revealed the 
presence of components with i?iM(^) values identical with 
those of glucose (1 45), isomaltotriose (0 56), and iso­
maltose (10) in concentrations increasing in th a t order 
(visual estimation). The digest of dextran B ' contained, in 
addition, components with i?iM( t̂) values 0 49, 0 36, 0 24, 
0*16, and 0 09, identical w ith those of the branched tetra-, 
penta-, hexa-, hepta-, and octa-saccharides, respectively, 
produced from dextran C by dextranase B.^^

Isolation of D-Glucose Liberated from Dextran A by

E. J. Bourne and S. Peat, Adv. Carbohydrate Chem., 1954, 
5, 145.

"  P. A. Shaffer and A. F. Hartmann, J. Biol. Chem., 1921, 45, 
365.
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CAiicanxylase.— D ex tra n  A (500 m g.) and th e  e lu a te  (25 m l.) 
of th e  g lu cam ylase  fraction  of P art V II  ̂ w ere incu b ated  
under th e  co n d itio n s described above . T he com ponent  
(41 m g., syrup) corresponding to  g lucose w as iso la ted  from  
th e  deion ised  d igest by  paper chrom atograph y  usin g  so lv en t
(a) and converted  in to  I,2 ,3 ,4 ,G -p en ta -0 -acety l-p -D -g lu co-  
p yranose (30 m g.), m . p. and  m ixed  m . p. 131— 132°, 
[ a y o  4-3-8° (c 0-4 in C H C y .

F ragm entation  o f  P erioda te-ox id ised  D extran  C .— (i) 
G lycerol and  l-0 -a .-v-g lu copyran osy lg lyccro l. D ex tra n  C 
(1-85 g.) w as trea ted  w ith  sod ium  m etap eriod ate  (6-42 g.) 
and then  w ith  potassiu m  borohyd rid e (0-6  g.) b y  th e  m eth od  
described earlier ."  C oncentrated  hyd roch loric  acid  w as  
added to  th e  so lu tio n  of th e  resu ltin g  m ateria l to  g iv e  
p H  I. T he so lu tion  w as k ep t a t  20° for 12 hr., treated  
w ith  A m b erlite  resin  IR -I2 0 (H + ), and con cen tra ted  in  
vacuo. T h e  residue w as rep ea ted ly  d istilled  w ith  dry  
m eth an o l. I t  w as th en  d isso lved  in  a sm all vo lu m e of 
w ater, th e  so lu tion  trea ted  w ith  A m b erlite  resin  IR -4 0 0  
(CO3*"), and evap orated  in  vacuo  to  a syrup . F ra ctio n a tio n  
of th e  syrup  b y  paper chrom atograph y  g ave  g lycero l [Ro(c) 
3 -2 , 362 m g. (con cen trate)], characterised  as th e  crysta llin e  
tr is-/)-n itrob en zoate  (m . p. and m ixed  m . p. 180— 187°),

and I-O -a-D -g lucopyranosy lg lycero l [/?g( )̂ 1 0 ;  152 m g.].
T he syrup  also  co n ta in ed  a  sm all q u a n tity  o f a m aterial 
w ith  R q { c )  0-75 (1 -0 -a -iso m a lto sy lg ly cero l).

T reatm en t o f I-O -oc-D -glucopyranosylglycerol (65-0 m g. 
in 7-5 m l. o f w ater; co n cen tra tion  determ ined  b y  the  
a n th ron e m eth od  ") w ith  0 -lM -sodium  m etap eriod ate  
(15 m l.) in the dark a t room  tem p erature g a v e  th e  fo llow in g  
resu lts: per iod ate  con su m p tion , 3-15 m ol., form ic
acid  and form ald eh yde produced, 0-90 and 0-86 m ol., 
resp ectiv e ly . T h e g lucoside  w as n ot degraded w hen  
in cu b ated  w ith  p-glucosidase.

(ii) \ -O - 0L-lsom altosylglycerol. D ex tra n  C (5 g.) w as  
fragm ented  as described above. I-O -a-Isom altosy l g lycerol 
[Rc,{c) 0-76; 175 m g.] w as iso lated  b y  paper chrom atograph y. 
P er iod ate  o x id a tio n  of th is  m ateria l (cond itions as above) 
ga v e  th e  fo llow in g  resu lts: period ate  co n su m p tion : 4-62 
m o l.; form ic acid  and form aldehyde produced; 1-80 and  
0-75 m ol., resp ectiv e ly . In cu b ation  w ith  p-glucosidase  
caused no degradation  of th e  m aterial.

C h e m i s t r y  D e p a r t m e n t , R o y a l  H o l l o w a y  C o l l e g e , 
U n i v e r s i t y  o f  L o n d o n , E n g l e f i e l d  G r e e n ,

S u r r e y . [ 5 /1 0 8 6  Received, October 1 3 ///, 1 9 6 5 ]

»“ E. W. Ycmm and A. J. Willis, Biochem. J ., 1954, 57, 508.
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Extraction with Chloral Hydrate . .. .V

By E. j .  Bourne and H. Weigel ; •
Royal Holloway College, University of London,

Englefield Green, Surrey, England

Introduction
Aqueous chloral hydrate is an excellent solvent for starch (i) and 

lowers very materially its gelatinization point (2). Whereas solvents 
such as ethylenediaminc and hydrazine hydrate cause appreciable hy­
drolysis of the polysaccharide (3), treatment with chloral hydrate solu­
tion has a negligible effect upon the blue value of potato starch (4 ). 
Bourne and co-workers reported a procedure for the extraction of pro- • 
tein-frce amylose from a pea variety (â) and starch from the protozoon 
Polytomella coeca [4)^ This is based on a method described by Meyer 
and Bernfeld (S) who utilized the above properties of chloral hydrate 
in their studies on starch. By this procedure, polysaccharides of the 
amylopcctin type have been extracted from cells of Clostridium huty^ 
ricum (S), Cycloposthium (7), and Holotrich ciliates (5). Although 
chloral hydrate has been used principally for the extraction of polysac­
charides of the amylose and amylopectin type, it might find wider 
application since it  readily dissolves a complex polysaccharide such as 
gum arabic (9). . ’ ;

Co;rbol,Yt£rti.k , ,
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- Procedure •

Extraction of Starch _ ' _

Polytomella coeca cells, cultured in a synthetic medium containing 
ethanol or acetic acid as the carbon source, are collected in a Sharpies 

' centrifuge. The ceils are ruptured by grinding with sand. The material 
obtained is suspended in 0.01 M  phosphate or 0.02 M  citrate buffer (pH 
7). Centrifuging a t low speed yields a sediment which consists mainly 
of starch, together with small amounts of minerals, proteins, and other 
cellular debris.

The starch-containing sediment (dry weight, 2 g.) is stirred 1 hr. at
• 80° with a 33% solution (100 ml.) of chloral hydrate in water. The 

insoluble residue, which is collected in a centrifuge, is stirred with two 
fresh portions (20 ml. each) of warm chloral hydrate solution.

The combined extracts' are filtered through fritted glass and injected ' 
in a fine stream into acetone (250 ml.). The fiocculent polysaccharide is ' ' 
collected and hardened by trituration with acetone. The last traces of 
chloral hydrate are removed by extraction in a Soxhlet apparatus with 
acetone for 2 hr. and then with ether for 1 hr. The product is dried at 
60° in a vacuum over phosphorus pentaoxide; yield about 1.7 g. ' -

Reprecipitation of Starch ' •

A suspension of the starch in a small volume of ethanol is heated in a -
■ boiling water bath and stirred at high speed while water (150 ml. per
• 1 g. of polysaccharide) is added. The stirring and heating are continued 

for 20 min. At this stage most of the polysaccharide is dissolved, the 
rest remaining as a very fine suspension. The addition of a few drops

. of 10% sodium hydroxide solution causes rapid completion of the solu- ^
■ tion process. After 5 min., the solution is allowed to cool and then . .
, neutralized with hydrochloric acid. The polysaccharide is precipitated [
. w ith'1.5 volumes of ethanol, triturated with ethanol and then with ether, : 

and dried as above.
The product contains about 0.8% ash but no detectable protein. I t  has .. 

'  ; a blue value of 0.36, [« ]"d  +  160° [0.5N  sodium hydroxide), and gives 
, only D-glucose when hydrolyzed with acid; with soya bean jff-amylase/.
' • the limiting conversion into maltose is 54% (see Vol. IV [57]).; , • V ;
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METAL CHELATES OF POLYHYDROXY  
CO M PO UNDS

By E. J. Bourne, R. Nery and H. Weigel

Royal Holloway College, University o f  London, 
Englefield Green, Surrey

Polyhydroxy com pounds have long been known to 
form chelates with a num ber o f polyvalent metallic 
ions in alkaline m e d i a . T h e y  can also be pre­
cipitated as heavy metal chelates by barium  hydroxide. 
However, the products obtained with sodium  
hydroxide redissolve with excess alkali.^ Metal 
chelates o f polyhydric alcohols and sugars have been 
isolated,14 some as their water-insoluble alkaline 
earth salts'^* 16 and shown to contain the poly­
hydroxy com pound and the metal in varying ratio. 
Traubei7 found that the am ount o f copper oxide 
dissolved in an alkaline solution o f glycerol, m annitol, 
or sucrose is dependent upon the ratio of alkali to 
polyhydroxy com pound and on the concentration of 
the solution, and he postulated that alkali alcoholates 
were interm ediates in the form ation o f the copper 
chelates.

We have examined the chelation o f metals with 
polyhydroxy com pounds in sodium hydroxide solution 
at pH  12. W ith D-mannitol as the chelating agent, the 
metallic ions which form ed soluble chelates were: 
Cu++, Ti++++, Zr++++, Pb++, Sb+++, B1+++, Fe++, 
Fe+++, Co++, Ni++, Th++++ and U02'^+. N o soluble 
chelates were obtained with Ag+, Ca++, Ba++, Cd++, 
and Hg++. The results o f a quantitative determ ination 
o f the power of some polyhydroxy com pounds to 
form water-soluble chelates with Cu++, Fe+++, Co++ 
and Ni++ are shown in the Table. The chelating 
power was determined by adding an excess o f a 
solution of the metal salt to a 0*125 m solution of the 
chelating agent adjusted to pH  12 with sodium 
hydroxide, immediate centrifugation and determ ina­
tion o f the am ount o f precipitated metal ion with 
ethylenediamine tetra-acetic acid (EDTA). Similar 
results were obtained by titration of the alkaline 
solution of the chelating agent with the solution of 
the metal salt until the appearance o f a visible 
precipitate. In two cases (*) the results o f the latter 
m ethod only are reported. The values of the chelating

power o f D-mannitol with Co++ and Ni++ could not 
be reproduced accurately. The analytical m ethod used 
will need further refinement.

The chelating power (g.-atom  m etal/m ole chelating 
agent) o f the polyhydroxy com pounds for Cu++, 
Co++, and Ni++ is not greater than expected if a pair 
o f hydroxyl groups is involved in chelate form ation 
with each metal ion. The results for the copper 
chelates indicate a similarity between these chelates 
and the copper salts of polyhydroxy com pounds 
prepared by Lieser and Ebert. 14 However, the 
immediate products are not, in a num ber o f cases, 
the same as those formed after a prolonged reaction 
time. Iron chelates with hexitols to a much greater 
extent that the other three metals. It is well known 
that ferric hydroxide, as long as it is kept under water, 
is com posed of molecular aggregates which are 
separated by layers o f water. 18 It is thus suggested 
that in the chelation o f ferric ion with hexitols in 
alkaline solution, the hexitols are incorporated into 
these aggregates and thereby confer solubility, a 
behaviour which makes the hexitols superior to other 
chelating agents.

Applications of metal chelates of polyhydroxy com­
pounds, in addition to those already d e s c r i b e d , 9 - i 3 .  16 
may be found in the fields o f p lant and animal 
nutrition, where a deficiency of metals can give rise 
to serious problems, e.g. iron chlorosis in plants. It 
has been pointed outi9 that the high cost o f chelates 
in practical use, e.g. ethylenediamine tetra-acetic acid 
(EDTA) or closely related com pounds, is perhaps the 
biggest deterrent to their widespread use in soil 
application. It is suggested that the chelates of 
polyhydroxy com pounds might remedy this difficulty. 
I t is also envisaged that these chelates will find a 
wider use in the separation of mixtures o f metallic 
s a l t s , 20 in fields where trace metals are not desirable, 
and in the growth o f micro-organisms {cf. Basu, 
et /z/.2i who found that the presence o f m annitol 
prom otes growth o f a copper-tolerant pénicillium 
species in a saturated  copper sulphate solution).

The authors express the gratitude to the Sugar 
Research Foundation  Inc. for financial support.

Received June 17. 1959
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Table

Chelating Power o f  Polyhydroxy Compounds
Fe+++ Co++ M + +

mg. Cu g.-atoms mg. Fe g.-atoms mg. Co g.-atoms mg. N i g.-atom s
per g. Cu per mole per g. Fe per mole per g. Co per mole per g. N i per mole

Chelating agent chelating chelating chelqting chelating chelating chelating chelating chelating
agent agent agent agent agent agent agent agent

D-Glucitol 988 2 83 3295 10*75 140 0*43 298 0 9 2
D-Mannitol 668 1 91 2302 7*51 224-719 0*69-2*22 114-666 0*35-2*07
Dulcitol 546 1-57 2319 7 56 35 Negligible 69 Negligible
Pentaerythritol 19 Negligible 43 Negligible 23 12
D-Glucose 684* 1*94* 30

0*80
17 — ------

D-Fructose 649* 184* 248 366 1*12 321 0*99
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PAPER lOiNOPHORESIS OF CARBOHYDRATES 
IN MOLYBDATE SOLUTIONS

By E. J. Bourne, D. H. Hutson and H. Weigel

Chemistry Department, Royal Holloway College, 
University o f  London, Englefield Green, Surrey

It is known' that molybdate reacts with polyhydroxy 
compounds and causes changes in their specific 
rotations, particularly at pH values less than about
2-5.2 A comparison of the rates of elution of oligo­
saccharides from charcoal-* Celite ’ columns, im­
pregnated with borate and molybdate separately, 
suggested that borate and molybdate complex across 
different positions and might therefore be used in 
separations of different pairs of sugars. We have 
examined this phenomenon further and found that the 
ionophoresis of carbohydrates in molybdate solution 
is a method which may well find wide application; it 
is a technique complementary to ionophoresis in
other electrolytes.3-5

Ionophoresis was carried out on W hatman 
No. 3MM paper at 15 volts/cm. in 0-1 m  sodium 
molybdate adjusted to pH 5 with sulphuric acid. 
The compounds were located with acetone silver 
nitrate-alcoholic sodium h y d r o x id e .6  o-Glucitol was 
used as a standard for the comparison of rates of 
migration, and glycerol as a non-migrating marker 
for the correction of electro-osmosis. Hence the 
migration rate is expressed as an Ms value. Under 
the above conditions D-glucitol migrated 6 cm. per 
hour, i.e. the rates are not as slow as might have been 
expected at pH  5. Some of the results are shown in 
the Table.

Table

M s Values o f Carbohydrates in Molybdate Solution
Compound Ms value Compound M s value
o-Glucitol 1-0 Turanose 0-14
D-Mannitol 1-0 Leucrose 0-43
Dulcitol 1 0 Sophorose < 0-1
Ribitol 1-1 Nigerose < 0-1
D-Arabitol 1-1 Laminaribiose < 0-1
Xylitol 1-1 Maltose < 0-1
D-Altrose < 0-1 Cellobiose < 0-1
D-Olucose < 0-1 Lactose < 0-1
D-Mannose 0-..0-9 Isomaltose < 0-1
o-Gulose 1-1 Gentiobiose < 0-1
D-Galactose < 0-1 Melibiose -  < 0-1
D-Talose 0-7 Sophoritol (p-1:2)* 0-9
D-Rlbose 0 4 Nigeritol (a-l:3)* 0
D-Arabinose < 0-1 Laminaribiitol ((3-1 ;3)* 0
.D-Xylose < 0-1 Maltitol («-1:4)* 0 4
D-Lyxose 1-1 Cellobiitol (p-l:4)* 0-4
D-Erythrose 0 9 Lactitol (p-l:4)* 0 4
D-Threose 0-6 , Isomaltitol (a-1:6)* 0 8
D-Fructose 0-5 Gentiobiitol (3-1:6)* 0-8
L-Sorbose 0-3 McUbiitol (3-1:6)* 0-8

*Glycosidic link in parentheses

By this method a very quick and efficient separation 
of some pentoses and hexoses from the corresponding 
alcohols is effected. The separation within the 
series of monosacchârides is complementary to

OH
OH OH

separations in other electrolytes.3-5 It is of interest 
to note that, of the aldohexoses and aldopentoses 
examined, only those which possess a cis-cis-\ : 2 : 3- 
triol system and thus, in at least one of their con­
formational isomers, have one equatorial hydroxyl 
group neighboured by two axial 
hydroxyl groups^ (I), complex signifi­
cantly with molybdate. Similar 
results have been obtained with 
inositols. (0

The technique has proved m ost useful in characteris­
ing the position at which the glucose reducing end- 
group o f  oligosaccharides is linked. This arose 
from  studies o f  the changes o f  the optical rotation o f  
derivatives o f  D-glucitol. 3 -0-Substitu ted  D-glucitol 
will not com plex with m olybdate. Each m olecule o f  
4-0 -substitu ted  D-glucitol w ill form a com plex  
containing one m olybdenum  atom  and each m olecule  
o f  2-deoxy-D-glucitol and 6-0-substitu ted  D-glucitol 
a com plex containing tw o m olybdenum  atom s. 
H ence the M s  values o f  0-g lycosyI D-glucitoIs 
obtained by reduction o f  oligosaccharides with  
glucose as the reducing end-group, fall into three well 
defined groups, i.e. with 1 : 3-, 1 : 4-, and 1 : 2 -  or 
1 : 6-glycosidic linkages, allow ing thus an efficient 
separation (see Table). W e have used this m ethod  
also to distinguish the tw o trisaccharides, 0 -a-D -gluco- 
pyranosyl -(1  3 )-0 -a -o -g lu cop yran osy l-(l —> 4 )-d -  
glucose (A) and 0-a-D -glu copyranosyl-(l—U )-0 -a -D -  
glucopyranosyl-(l->3)-D -glucose (B). obtained on  
hydrolysis o f  nigeran.s Reduction o f  the trisac­
charides follow ed by ionophoresis in m olybdate  
effected marked separation, (B) being im m obile.

Frahn and MillsS have briefly examined the paper 
ionophoresis of hexitols and monosaccharides in 
molybdate solution but reported that, under their 
conditions, some did not separate and others streaked 
too badly for measurement.

Further work is in progress to determine the 
behaviour of other 0-glycosyl poly alcohols.

The authors are indebted to the Royal Society and 
the Central Research Funds Committee of the Uni­
versity of London for financial assistance and to 
Drs. R. W. Bailey, L. Hough, N. K. Richtmyer, and 
W. J. Whelan for gifts of chemicals.
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PAPER IONOPHORESIS OF 
GLUCOPYRANOSYL FRUCTOSES

AND OTHER SUBSTITUTED FRUCTOSES

liy E. J. Bourne, D. H. Hutson and H. Weigel

Chemistry Department, Royal Holloway College, University of 
London, Englefield Green, Surrey

Oligosaccharides possessing fructose as the reducing 
unit form a class o f carbohydrates which is now more 
frequently encountered, but they are not easy to 
characterise. Fructose has a greater tendency to 
complex with inorganic oxy-acids than the common 
aldoses and their glycosides and therefore these 
oligosaccharides should readily lend themselves to 
characterisation by ionophoresis in a number of 
separate electrolytes.

Ionophoresis o f sugars in borate solution has been 
well established by Foster,' and a technique using 
molybdate solution was reported r e c e n t l y .^ .  3 i n  
addition, Frahn and Mills^ have investigated the 
behaviour o f many compounds in a number of 
electrolytes. Borate, molybdate, arsenite, and sodium  
hydroxide solutions were chosen for the present work. 
The electrolytes were prepared as described in the 
references quoted above. Ionophoresis was carried

of a disaccharide molecule and the nature o f the 
glucosidic linkage (i.e. a or p) have only little effect 
on the mobility.'“ 3 Hence the a- and [3-isomers o f  
the above compounds will behave more or less 
identically. Higher saccharides, e.g. maltosyl- 
fructoses, should migrate slightly* slower than the 
disaccharidcs but with the same relative differences.

In m olyb d ate  so lu tio n , 1 -0 -m eth y l-D -fru ctose  
(M s 0  30) and  1 - O -p-D -glucopyranosyl-D -fructose  
(M g 0 25) have sim ilar m ob ilities , as a lso  d o  6-d eoxy-  
D -fructose (M g  0 70) and  isom altu lo se  (M g  0  64). 
A  strik ing feature is that the m igration  rates for  the  
latter pair o f  co m p o u n d s are h igher than  th at o f  
fru ctose itse lf  (M g  0-50), w hich  in d ica tes th at  
m olyb d ate  com p lexes m ore readily w hen  a fructo-  
pyranose ring ca n n o t be form ed.

Mobility during paper ionophoresis in electrolytes 
of the above type depends very much more on 
structure than on molecular size (contrast paper 
chromatography) and it is clear that ionophoresis in 
several electrolytes may be used as a much firmer 
characterisation of the above oligosaccharides. The 
method is also o f general value in distinguishing 
mono- 0-substituted fructoses as long as the sub­
stituent plays no part in complexing. The m on o-0-  
methyl-fructoses, for example, should be readily

Table

Migration rates o f some glucopyranosyl-fructoses

Borate 
( 0 - lM , 
pH 10)

Molybdate 
( 0 - lM , 

pH 5 0)

Arsenite 
(0-2m, 

pH 9 6)

NaOH
( 0 - lN )

Reference Compound 
Non-migrating marker

D-Glucose
Levo­

glucosan

Sorbitol
Glycerol

D-Ribose
Levo­

glucosan

D-Ribose
Glycerol

Compound Linkage M g  value Ms value M b  value M b  value
D-Fructose 0 89 0 50 0-75 0-89
\-0 - P-D-Glucopyranosyl- 

D-fructose (3-1,1 0 74 0 25 0-78 0-35
Sucrose a-1,2 0 10 0 0-25 £0-15
Turanose a-1,3 0 69 0 10 0-80 0-28
Maltulose a-1,4 063 0 15 0-76 0-60
Leucrose a-1,5 LO-56 0 35 0-62 0-28
Isomaltulose a-1,6 0 60 064 0-72 0-73

out at 80 volts/cm. for ca. 1 hour. It has not been 
found possible to find a reference compound and a 
non-migrating marker generally applicable to all the 
electrolytes.2 Those used are shown in the Table. 
The ketoses were located with the urea phosphate 
reagent,4 and reference compounds and non-migrating 
markers with acetone silver nitrate-alcoholic sodium  
hydroxide,5 except levoglucosan on papers impreg­
nated with arsenite, which was located by heating with 
acidic molybdate.

The results (see Table) reveal that the gluco­
pyranosyl-fructoses can be clearly distinguished by 
measurement o f their rates o f migration in the four 
electrolytes. The non-reducing glucopyranosyl moiety

separated and characterised by ionophoresis in these 
electrolytes.

We thank Prof. E. Pacsu for a gift o f l-O-^-D- 
glucopyranosyl-D-fructose, and the Royal Society and 
the Department o f Scientific and Industrial Research 
for financial assistance.
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831. Paper lonophoresls of Sugars and Other Cyclic Polyhydroxy- 
compounds in Molyhdate Solution.

By E. j .  B ourne, D. H. H utson, and H. W eigel.

Paper ion op lioresis in  m o ly b d a te  so lu tio n  a t  p H  5 h as p ro v ed  a u sefu l 
a n a ly tica l m eth o d  for carb oh yd rates, co m p lem en ta ry  to  th e  tech n iq u e  in  
o th er  e lec tro ly tes . E x a m in a tio n  o f a ld oses, d e r iv a tiv es  o f a ldoses, and  
c y c lito ls  has rev ea led  th a t  co m p ou n d s w ith  a six -m em b ered  ring sy s tem  
form co m p lex e s  w ith  m o ly b d a te  if th e y  p o ssess th ree  h y d ro x y l groups in  a  
d s - a s - l , 2 ,.‘{-triol arran gem ent.

T he fact, long known,^ th a t m olybdate forms complexes w ith polyhydroxy-com pounds 
found little  practical use un til R ichtm yer and Hudson  ̂ a ttem pted  to use quan tita tive ly  
the greatly  increased specific ro tations of the  hexitols in acidified am m onium  m olybdate 
solutions. B arker et al.,^ com paring the rates of elution of the  oligosaccharides of the 
m altose series from charcoal columns im pregnated w ith borate and m olybdate severally, 

/ suggested th a t the two ions formed complexes in different m anners and m ight be 
used for separations of different pairs of sugars. Complex-formation from polyhydroxy- 
com pounds and borate  has been of great value as the complexes, possessing a  negative 
charge, m igrate in an electric field,^ and borate ionoplioresis has been studied extensively 
and brought into general use by Foster.®

Use of m olybdate complexes in paper ionoplioresis was studied for a  few sugars by 
F rahn  and Mills.® We have exam ined the paper ionophoresis of a num ber of cyclic 
carbohydrates in m olybdate solution at. pH  5-0. This pH  was chosen after trials had 
confirmed th a t m olybdate forms complexes more strongly in acidic than  in alkaline 
solution.^’2 The investigation has given some insight into the structu re  of the  m olybdate- 
carbohydrate complex, a h itherto  unexplored field, and in terp re ta tion  was aided by 
dividing the com pounds into groups according to  the ir structure. Sorbitol was used as a 
s tandard  for the com parison of ra tes of m igration, and glycerol as a non-m igrating m arker 
for correction of electro-osmosis. Hence, the m igration  ra tes are expressed as Mg values.

Aldoses and Derivatives.—Mg values of aldoses and th e ir derivatives are given in the  
Table. G lyceraldehyde and  the tetroses were included for completeness. The separation 
of the  two tetroses, which takes ca. 20 min. by  this technique, is difficult by  any  other 
simple m ethod.

G lycosid e form ation  red uced  th e  ten d en cy  to  m igrate  to  a neg lig ib le  or v e r y  low  lev e l 
(cf. D -m annose, D -ribose, an d  D -lyxose, an d  th e  corresponding m eth y l g lycosid es), and  th is  
su ggested  th a t co m p lex  form ation  m a y  h a v e  been  due to  sm all am ou n ts o f aldehydo-iorms, 

'  as in  th e  case of b o ra te-com p lex  form ation.® H ow ever, th e  am ou n ts of th ese  form s in  
aq u eous so lu tion  {e.g., D-ribose 8*5% and  D -lyxose 0-4% ’ ) w ou ld  n o t exp la in  sa tisfa cto r ily  
th e  re la tiv e  ra tes of m igration . T he p o ss ib ility  of th e  form ation  of a "  tr id en ta te  " 
co m p lex  w as th en  exam in ed  and  it w as found  th a t o n ly  th ose  a ld oh exoses and  a ld op en toses  
w h ich  possess a  c fs -c fs-l,2 ,3 -tr io l sy s tem  and  th u s, in  a t lea st one of their  conformations,®»® 
one eq u atoria l h y d ro x y l group n eighb oured  b y  tw o  a x ia l h y d ro x y l groups (cf. I), m igrated  
during ionop horesis. T h is ty p e  of “ tr id en ta te  ” co m p lex  is  b e liev ed  to  occur b etw een  
p eriod ate  and  D-ribose an d  other com p ou n d s p ossessin g  th e  a s -c fs - l ,2 ,3 -tr io l sy s tem , e.g.,
1,6 -an h yd ro-p -D -allopyranose. S im ilar stru ctu res h a v e  b een  p o stu la ted  for scy llo -  
q u ercito l b ora te  (II) and  p en ta ery th r ito l arsenite.^^

In  a ll cases, ex cep t D -ribopyranose and  D -talopyranose, th e  cfs-c fs-I ,2 ,3 -tr io l sy s tem  
in clu d es th e  h y d ro x y l group on th e  anom eric carbon a tom . S u b stitu tio n  in , or rep lace­
m en t of, a t lea st one o f th e  h y d ro x y l groups of th is  sy stem  d estroys th e  a b ility  to  form  a  
“ tr id en ta te  ” com p lex . T h is is  exem p lified  b y  3 ,4-d i-O -m ethyl-D -m annose, m eth y l



^-D-mannopyranosidc, m ethyl a- and ^-ndyxojivranosidn, and 2-(k'ox>'-i)-ril)opyninosc. 
D-Ribopyranose possesses the 1 (rtA'),2(fîÇ'),3( îA')-tnol system (1) in both the CL and the 1C 
conformation (Reeves’ nomenclature). Methyl a-D-ribopyranoside, however, has this 
system  only in the 10 conformation.

HO
HO OH

(I)

(IVb)

CHvOH

OH

HO 1

(III a]
OH

OH

CHj-OH

HO

A?
OH

(Va)

OH

lO H  
HO (V llI)

HO-HîC OH
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Of the D-^/yecro-aldoheptoses examined, the T>-gulo-, 'D-allo-, and L-7;tanwo-compounds 
possess the l(a%),2(gg),3((%%)-triol system  (I) in one of their conformations of the pyranose 
ring. The 4-, 6-, and 7-hydroxyl groups of all heptoses can be brought, without distortion  
of bond angles, into the same relative positions as those of the 1 (<%%),2(g^),3(a%)-triol 
system  (I).

C yclito ls.— Less ambiguous results might be obtained from an exam ination of the 
behaviour of the cyclitols where the possibility of open-chain and five-membered ring 
structures does not arise. Of the eleven cyclitols examined, only myoinositol (III), 
alloinositol (IV), and epi-inositol (V) (Angyal and Anderson’s nomenclature ^̂ ) possess 
the cîs-â's-l,2,3-triol system  and hence migrated. Their rates of migration can be 
related to the instability factors ® of their conformations which have the l{ax),2{eq)'^{ax)- 
triol system  (I). Of the two chair conformations of m yoinositol (I l ia  and b) only the 
less favoured conformation (I llb ), which has five axial hydroxyl groups, has the 
1 (a%),2(gg),3(a%)-triol system . The two chair conformations of alloinositol (IVa and b) 
are mirror images and both have three axial hydroxyl groups. Both chair conformations 
of epi-inositol (Va and Vb) possess the 1 (a%),2(g$'),3 (a%)4riol system , but (Va) is very much 
more favoured than (Vb) and it has only two axial hydroxyl groups.

\,Q -Anhydro-^-'D -aldopyranosCs.— Of those examined (Table) only l,0-anhydro-(3-D- 
mânnbpyranose (VI) migrated. The steric arrangement of the three hydroxyl groups 
(eq, ax, ax) occurs also in 1,6-anhydro-p-D-galactopyranose (VII). However, a unique 
feature of I,6-anhydro-p-D-mannopyranose is the ax, eq, ax  relation of the 2- and 3-hydroxyl 
groups and the anhydro-ring oxygen atom. A possible explanation for com plex formation 
in this compound is that a cyclic Complex across the 2- and 3-hydroxyl groups is stabilised  
by hydrogen bonding between a m olybdenum-hydroxyl group and the oxygen atom of the



M g
C om p lex-form in g  M a  v a lu e  

Aldoses and their derivatives.

V alues o f  po lyhydroxy-com pounds.
N o t co m p lex -fo rm in g  (M's < 0  1)

G ly cera ld eh yd e
n -E r y t1irose 0  0 2-D eo x y -D -r ib o se M eth y l a -D -g lucopyranosid e
L-Threose 0  G D -A rabinose P h e n y l jS-D -glucopyranoside ‘
n -R ib o se 0 4 M eth y l a -D -arabop yran oside C atech o l jS-D -glucopyranoside
M ethyl a -n -n ljo ])yr- 0 1 M ethyl jS-D -arabopyranoside 3 ,4 -D i-O -m eth y l-D -m a n n o se

anosid c 1,2 -D id eo x y -D -a ra b in o se M eth y l a -D -m an n op yran osid e
D -I.yxose i l D -X y lo se M eth y l ^ -D -m an nop yran oside
D-M annose 0 - >  0  0 M eth y l a -D -xy lo fu ran osid e D -G alactose
D-Gulo.sc M M eth yl a -n -ly x o p y ra n o s id e Sop horose
D -T alose 0-7 M eth yl ^ -D -lyxop yran osid e N igerose
L -R h an inosc 0 O G n -A ltro se L am in arib iose
D -^/Vfcra-D -a//oH eptose 0  0 D-G lucose M altose
D -glycero-i.-g luco\le\)tos,c 0  2 3-0 -M eth y l-D -g lu co sc C ellob iose
o-glycero-'L-mannol-lG-ptose 0-8 2 ,3 ,4 -T ri-O -m eth y l-D -g lu cose L a cto se
D -glyce  >̂ 0 - D -^1/ /o 11 ep to se M 2 ,3 ,G -T ri-0 -m eth y l-D -g lu cose Iso m a lto se
T>-glycero-T>-ido\-lQ\ytos>e 1 0 2 ,3 ,4 ,G -T etra -0 -m eth y l-D -g lu co se G en tiob iose
r)-glycero-T)-gala H ep to se 0 4 2 -D eo x y -D -g lu co se M elib iose
X)-glycero-'L-galal\cy>tose 0 4

C yclito ls.

M yo in o sito l (III) 0  2 M ucoin osito l Q uebrach ito l
A llo in o sito l (IV) 0 4 S cy llo in o s ito l ( — )-V ib o q u erc ito l
E p i-in o s ito l (V) M M y tilito l S cy llo q u erc ito l

P in ito l ( - f  ) -P ro to q u erc ito l
1 ,6 -^  nh ydro-B -n-a ldopvranoses.

1 .G-Anhydro-jS-D-m anno- 0-5 l,6 -A n hyd ro-j3-D -g lu cop yran ose
p y ra n o se  (VI) l,G -A nhydro-)3-D -gulopyranose

l,6 -A n h yd ro-j3 -D -ga lactop yran ose  (V II)

Ketoses.
D -F ru ctose  (V III) 0*5 Su crose
L -Sorbose 0-3
D -G lucosone 0-9
D -g /«coH ep tu lose  (IX ) 1-0
D -w a«w oH ep tu lose  (X ) 0-4
L eucrose  0 4
T u ran ose  0 1

anhydro-ring. There was no evidence from the behaviour of other compounds to refute
this suggestion.

K etoses .— The general tendency of ketoses in this section to migrate (see Table) suggests 
that an exam ination of the behaviour of more ketoses is warranted. Cornparison with  
the aldoses shows that several ketose-aldose separations are possible. These m ay be of 
particular use in the oligosaccharide field. The nature of the m olybdate-ketose com plex 
is uncertain but three possibilities could arise: [a) complex-forrnation b y  an open-chain  
form; [b] slight énolisation of the keto-group and complex-formation b y  the resultant 
ene-diol with m olybdate; and (c) “ tridentate ” com plex formation w ith either the 
furanose or the pyranose ring form. For exarnple, in the furanose and pyranose form of 
D-fructose (V lll)  and L-sorbose, the 1-, 2-, and 3-hydroxyl groups are able to form a 
structure of the same relative spacings as those of the \{a x ),2 \eq ),^ [q x )-\n o \ system  (I). 
It is probable, by virtue of the oc-^-equilibrinm and the free rotation of the 2-hydroxy- 
m ethyl group, that unsubstituted 1-, 2-, and equatorial 3-hydroxyl groups of the pyranose 
form of any 2-ketose can form a structure approximating to that of (I). The same applies 
for unsubstituted 1-, 2-, and 3-hydroxyl groups of the furanose form of any 2-ketose. 
The large difference in Mg values of D-g/wcoheptulose (IX) and D-ma%%oheptulose (X) 
confirms this, as the latter, when in the pyranose form, has an equatorial 3-hydroxyl group 
only in its unfavoured conformation (X). The relatively high migration rate of leucrose 
(5-0-substituted fructopyranose), the low migration rate of turanose (3-0-substituted  
fructopyranose), and the im m obility of sucrose (2-Orsubstituted fructofuranose) support 
this,



General O bservations.— Tt is thus established that sugars and other six-incinbercd 
cyclic polyhydroxy-compounds form complexes significantiy with molybdate only if they  
possess a chs-as-l,2,3-triol system , or can assume an equivalent system. It can be seen 
from the Table that several useful separations are obtained by ionophoresis in molybdate 
solution which are very dillicult by chromatography or ionophoresis in borate solution. 
The rapidly migrating sorbitol, used as a standard, is \'cry quickly separated from glucose 
and the aldose-alditol separation is fairly general. In an investigation of the action of 
Fenton’s reagent on so r b ito l,w h e r e  the main products are n-glucose, i.-gulose, n-fructose, 
and i.-sorbose, the technique was most useful. Ionophoresis of such a mixture in borate 
solution was virtually useless. Also molybdate forms its complexes most strongly in acid, 
whereas the borate complexes are more stable in alkali. I'he two methods can thus be 
regarded as complementary.

It is generally accepted that when a borate ion reacts with a poly hydroxy-compound a 
cyclic diester is usually formed.^ Angyal and McHugh postulated the formation of a 
“ tridentate ” borate complex (II) ^with certain cyclitols. Molybdate, however, seems to 
form complexes with sugars and other six-membered cyclic polyhydroxy-compounds only 
when three or more hydroxyl groups are available in the correct relative positions. There 
is one exception to this rule. Compounds containing the " ene-diol ” group, e.g., ascorbic 
acid and o-dihydroxybenzene, form stable complexes with molybdate at pH ca. 5-0, giving  
deep orange solutions. This complex has been used by Pridliam and by Halmekoski 
for the ionophoresis and chromatography of phenolic compounds. //;-Dihydroxybenzcne 
does not form a complex with molybdate, and an “ ene-diol ” group seems to be essential. 
The participation of only two hydroxyl groups in the “ ene-diol ” system  need not be at 
variance with our suggestion. The intense colour of the complex of " ene-diol ” compounds 
indicates a conjugated system . Thus the diester structure could be resonance-stabilised. 
When only two suitable hydroxyl groups were involved in a sugar complex, as in I,G- 
anhydro-p-D-mannopyranose (VI), the complex was probably stabilised by hydrogen- 
bonding.

Ionophoresis of sugars and other six-membered cyclic polyhydroxy-compounds in 
molybdate solution is not only a tool for the separation of such compounds. Applications 
might be found in the determination of structures. Affinity for m olybdate can be regarded 
as a diagnosis for the ability of a compound possessing a cîs-cîs-1,2,3-triol system  to adopt 
a conformation with a \[ax),2(eq),2>[ax)-iY\o\ system . For example, a-D-ribopyranose 
possesses this system  in the Cl and the IC conformation. p-D-Ribopyranose has this 
spatial arrangement of three hydroxyl groups in the IC conformation. The equilibrium  
mixture of D-ribose thus migrates during ionophoresis in m olybdate solution. However, 
m ethyl a-D-ribopyranoside possesses the \{ax),2{eq),Z{ax)-ino \ system  only in the IC 
conformation and its low rate of migration suggests that it will not easily adopt this.

In the discussion above only “ chair ” conformations of six-membered ring compounds 
have been considered. Reeves® concluded that a “ chair ” conformation is adopted in 
preference to any “ boat ” conformation whenever both are structurally possible. 
However, complex formation with m olybdate could also easily occur with “ boat ” conform­
ations of the compounds possessing the cî'.s-cw-I,2,3-triol system , as at least one of their 
“ b o a t ” conformations possesses a \{bax),2{bs),Z[bax)-iY\o\ system  (Angyal and Mills’s 
nomenclature 1®), which is spatially identical with the \{ax),2[eq),'^{ax)-ix\o\ system.

E x p e r i m e n t a l

Paper Ionophoresis.— The ap p a ra tu s  used  w as b u ilt according to  a design k ind ly  p rovided  by  
D r. D. Gross of T a te  and  Lyle, L td ., an d  w as capable of delivering up  to  5000 v  a t  100 inA. 
Ionophoresis w as carried  o u t on 10 cm. wide sheets of W h a tm an  No. 3MM filter paper. T he 
electro ly te  was p repared  b y  dissolving sodium  m olybdate  d ih y d ra te  (25 g.) in  w a te r (1200 ml.) 
an d  ad justing  th e  whole to  p H  5 0 w ith  concen tra ted  su lphuric acid. lonophoretogram s were 
p repared  b y  apply ing  a  voltage of 30— 60 v/cm . for 1— 2 hr. C om pounds were d etec ted  b y



I

sp ray in g  w ith ace to n e-silv er n itra te -e th an o lic  sodium  hydrox ide  or ^-an isid ine  h y d ro ­
chloride in bu tan -l-o l.-"  M igration ra te  w as expressed re la tive  to  th e  m ovem ent of sorbitol 
w hich m igra ted  ca. 25 cm . in 2 hr. a t  60 v /cm . B y com parison w ith  2,3,4,6-tetra-O -m ethyl-D - 
glucosc, glycerol was shown n o t to  form  a com plex an d  w as used for th e  correction  of e lectro­
osmosis.
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7 . Co7nplexes between M olyhdate  a n d  A cyc l ic  P o lyh yd ro x y -
com pounds.

B y  E . J .  B o u r n e , D . H . H u t s o n , a n d  H . W'e ig e l .

Tlie com positions of com plexes betw een m olybdate  an d  some acyclic 
po lyhydroxy-com pounds have been determ ined . Ionophoresis of reduced 
oligosaccharides in m olybdate  so lu tion  has been shown to  be a useful m ethod  
for de term in ing  th e  jDosition of th e  glycosidic linkage to  th e  reducing  group 
of th e  original oligosaccharide.

I t  is know n  ̂ t h a t  com plexes of m o ly b d a te  w ith  p o ly h y d ro x y -c o m p o u n d s  in  aq u eo u s 
so lu tio n  h av e  a  m a x im u m  s ta b i l i ty  a t  ac id ic  p H  v a lu es  a n d  a re  d eco m p o sed  b y  a lka li. 
In  a  p rev io u s  p a p e r   ̂ we d iscu ssed  th e  b e h a v io u r  of su g ars  a n d  o th e r  cyclic  p o ly h y d ro x y -  
co m p o u n d s, w ith  six  a to m s  in  th e  rin g , d u r in g  iono p h o resis  in  m o ly b d a te  so lu tio n . W e 
now  re p o r t s tu d ie s  on th e  com plexes b e tw een  m o ly b d a te  a n d  acyclic  p o ly h y d ro x y -  
c o m p o u n d s.

T h e  effect of p H  on th e  specific ro ta t io n s  of som e acyclic  p o ly h y d ro x y -c o m p o u n d s  in  
m o ly b d a te  so lu tio n  w as e x a m in e d  in  o rd e r  to  find  su ita b le  c o n d itio n s  fo r iono p h o resis . 
I t  can  be seen from  th e  re su lts  (F ig . I) t h a t  m a x im a l ch an g es in  specific ro ta t io n , a n d  
hence  m a x im a l co m p lex -fo rm a tio n , o ccu rred  a t  ca. p H  2, b u t  t h a t  th e re  w as som e 
c o m p lex -fo rm a tio n  o v e r th e  w hole  ra n g e  of p H  I — 8. Io n o p h o re s is  w as th e re fo re  
c a rr ie d  o u t a t  p H  5, a  v a lu e  w h ich  is low  en o u g h  to  assu re  p resence  of su ffic ien t co m p lex  
a n d  h ig h  en o u g h  to  a llow  reaso n ab le  io n isa tio n . T h e  M s v a lu es  of acyclic  p o ly h y d ro x y -  
co m p o u n d s  a re  show n  in  T ab le  I .

T a b l e  I . M g V alues o f acyclic po lyhydroxy-com pounds.
_  true distance of migration of compound 

® true distance of migration of sorbitol 
Compound Mg Compound Mg

Ethane-1,2-diol   < 0  1 2,3-Di-O-methylsorbitol..................................  < 0  1
Propane-1,2-diol   < 0  1 4-0-a-D-Glucopyranosylsorbitol .................  0 4
Propane-1,3-dioI .............................................  < 0 1  4-0-jS-D-Glucopyranosylsorbitol .................  0*4
Butane-2,3-diol   < 0  1 4-0-j8-D-Galactopyranosylsorbitol ............. 0 4
Butane-1,3-diol   < 0  1 4-0-a-IsomaltosylSorbitol .............................. 0 4
Butane-1,4-diol   < 0  1 4-0-a-Nigerosylsorbitol .................................. 0 4
Pentane-i,5-diol   < 0  1 5-G-a-D-GIucopyranosylsorbitol .................  0 8
Hexane-1,6-diol   < 0  1 6-0-a-D-Glucopyranosylsorbitol .................  0 8
2-Methylpentane-2,4-diol   < 0  1 6-0-)3-D-Glucopyranosylsorbitol .................  0 8
2-Methy Ihexane-1,3-diol  < 0  1 6-0-a-D-Galactopyranosylsorbitol ............. 0 8
Pentaerythritol   < 0  1 6-0-a-Isomaltosylsorbitol .............................. 0-7
Glycerol   < 0  1 6-0-a-Isomaltotriosylsorbitol .....................  0 6
E ry th rito l.......................................................... 10  6-0-a-Isomaltotetraosylsorbitol .................  0-5
D -Threitol.......................................................... 0-5 6-0-a-Isomaltopentaosylsorbitol .................  0 4
Ribitol ..............................................................  11 6-0-a-Isomaltohexaosylsorbitol .................  0 3
D-Arabitol .....................................................  11 6-0-a-Isomaltoheptaosylsorbitol .................  0 25
3-0-a-D-Galactopyranosyl-D-arabitol   < 0  1 D-Mannitol ....................................................... 10
Xylitol ..............................................................  11 1-Deoxy-D-mannitol ..................... ................  10
Sorbito l..............................................................  10  2-0-Methyl-D-mannitol .................................. 10
2-Deoxysorbitol .............................................  10  2-0-a-D-Glucopyranosyl-D-mannitol ........  0 8
2-0-)3-D-Glucopyranosylsorbitol   0 9 2-0-a-D-Mannopyranosyl-D-mannitol ......... 0-8
3-0-Methylsorbitol     < 0  1 3-0-a-D-Mannopyranosyl-D-mannitol ........  < 0  1
3-0-a-D-Glucopyranosylsorbitol   < 0  1 1,2-Di-O-methyl-D-mannitol.........................  10
3-0-)3-D-Glucopyranosylsorbitol   < 0  1 G alactito l........................................................... 10
3-0-a-Maltosylsorbitol   < 0  1 6-Deoxy-D-galactitol ...................................... 10

A fu r th e r  e x a m in a tio n  w as m a d e  of th e  effect of th e  re la tiv e  c o n c e n tra tio n s  of th e  
p o ly h y d ro x y -c o m p o u n d s  a n d  m o ly b d a te  on  th e  specific ro ta t io n s  of th e  fo n n e r  a t  p H  
v a lu es  b e tw een  2 (F ig. 2) a n d  5. T h e  ro ta t io n  b ecam e  c o n s ta n t  w hen  e ith e r  one o r tw o



mol. of molybdate had been added. This revealed the compositions of the complexes 
which were found to be unchanged over this pH range, although the specific rotations 
were lower at the higher pH value. The specific rotations, when based on the poly­
hydroxy-compounds, were also found to be independent of the absolute concentrations 
of the solutions.

The behaviour of the complexes between polyhydroxy-compounds and molybdate 
during paper chromatography was examined as a possible analytical method. Impreg­
nation of the paper with acidic molybdate solution  ̂ before chromatography did not yield  
reproducible results. When the complexes were formed by dissolving sodium molybdate 
and the polyhydroxy-compounds in the molar ratio of 2 : I, and the sodium ions removed

F ig . 1. Effect o f  p H  on [a]i> o f  p o ly ­
hydroxy-com pou nds in  m olyhdate  
so lu tions {m olar ra tio  m olybdatej 
p o ly  hydroxy-com pou nd  =  3).

F i g . 2 . E ffect o f  re la tive  concentrations o f  
polyh ydroxy-com pou n ds an d  m olyhdate on 
[a]r> o f  po lyh yd ro x y-co m p o u n d s at pH  2.
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2 0aI--- 1

A

4 0

82 4 6

2 0 0
X '- '

160

120

uhh g o

4 0
1—I - 1  - 1  - 1  -  i - i - t - 1 — ) — I —( - 1 - 1 - 1

32

A , Sorbitol.
B , M a n n ito l.

pH
C, 2-D eoxysorbito l.
D , 'D-Arahitol.

M ol ybd a t e :  p o l y h y d r o x y - c o m p o u n d  
(mol. r o t i o j

1, 4t-0-^-'D-GlucopyranosylsoYbitol. 2, 6 -O -a-D- 
G alactopyran osylsorb ito l. 3, Sorbitol. 4, 
'D -M annitol. 5, 2-D eoxysorbito l. 6 , d -  
A rabitol.

with an ion-exchange resin, the resulting solutions could be chromatographed. Paper 
chromatography in acidic or neutral solvents revealed (Table 2) a trace of m olybdic acid 
remaining on the origin line and traces of the polyhydroxy-compounds which migrated  
at their normal rate. In each case, between these two spots one or two components could 
be detected. We believe that these are mono- and di-molybdate complexes of the 
polyhydroxy-com pounds.

The dihydroxy-compounds examined did not migrate during ionophoresis (Table 1) 
and hence do not form complexes with m olybdate. This suggests that at least three 
hydroxyl groups are required for complex-formation with molybdate, as is the case for 
sugars and other cyclic polyhydroxy-compounds with six ring-atoms.^ In agreement 
with Richardson's results,^ glycerol did not form a complex.

It can be seen from Fig. 2 and Table 2 that sorbitol and 2-deoxysorbitol will each form  
a com plex containing two molybdenum atoms per molecule. A 3-0-substituted sorbitol 
does not migrate during ionophoresis in m olybdate solution (Table I) and hence does not 
give a complex. Since the a- and p-D-glucopyranosides and D-galactose do not give a 
complex,^ it is evident that each molecule of 4-0-substituted  sorbitol will form a complex 
containing one molybdenum atom, and each molecule of 6-0-substituted sorbitol a complex 
containing two molybdenum atoms (Fig. 2). As a mixture of 6-0-a-D-glucopyranosyl- 
sorbitol and 2-0-a-D-glucopyranosyl-D-mannitol, obtained by  reduction of leucrose, 
migrated during ionophoresis at the same rate as 6-0-a-D-galactopyranosylsorbitol it is 
reasonable to assume that a 5-0-substituted  sorbitol also will form a com plex containing 
two molybdenum atoms.



D-Mannitol and D-arabitol each form a complex containing two molybdenum atoms 
(Fig. 2 and Table 2). 3-0-Substituted  D-arabitol does not form a com plex (Table 1). 
Richardson  ̂ has found by conductometric measurements that erythritol forms a complex 
containing one molybdenum atom: our chromatographic method (Table 2) has confirmed 
this.

It is clear that more studies are necessary before the detailed structures of the com­
plexes between m olybdate and acyclic polyhydroxy-com pounds can be assigned. The 
problem is more difficult than in the case of cyclic polyhydroxy-compounds: e.g., the 
number of conformations which can be adopted by an acyclic polyhydroxy-com pound is 
very much greater. It was thought that the application of ionophoresis of polyhydroxy- 
compounds in m olybdate solution was of greater immediate value than the assignment 
of the structure of the complexes.

In a previous p a p e r   ̂ we reported the M s values (defined in Table 1) of sugars and 
other cyclic polyhydroxy-compounds. It can now be seen that the common sugars m ay  
easily be separated from their reduction products. The method has found routine use 
in checking the com plete reduction of sugars during treatment with sodium borohydride.

The com positions of the com plexes between m olybdate and substituted sorbitols 
suggested that the Mg values of 0-glycosylsorbitols obtained by reduction of oligo­
saccharides with D-glucose as the reducing end-group would fall into three well-defined 
groups, i.e ., of those with 1,3-, 1,4-, and 1,2- or 1,5- or 1,6-glycosidic linkages.^ This has 
been shown to be so (Table 1). The Mg values of the three groups of 0-glycosylsorbitols 
derived from di- and tri-saccharides are < 0 1 ,  0 4, and 0-7— 0-9, respectively, thus 
allowing an efficient separation. Foster ® has shown that disaccharides of D-glucose with  
1,2- or 1,4-glucosidic linkages can be differentiated from those with 1,3- or 1,6-glucosidic 
linkages by ionophoresis in borate solution. Ionophoresis in m olybdate solution is hence 
com plem entary to that in borate solution.

Ionophoresis in m olybdate solution can be applied also to the reduction products of 
oligosaccharides containing up to 8 glucose units, as the Mg values are reasonably high, 
especially if the reducing glucose unit of the original oligosaccharide was linked by a
1,6-linkage. Table 1 shows the Mg values of the reduced oligosaccharides of the 
isom altose series.

Table 1 also shows that 3-0-glycosyl-D-m annitol and 2-0-glycosyl-D-m annitol can be 
readily separated b y  ionophoresis in m olybdate solution.

E x p e r i m e n t a l

Effect o /p H  on Optical Rotation o f Acyclic Polyhydroxy-compounds in  Molybdate Solutions.—  
Several solutions con ta in ing  h y d ra te d  sodium  m olybdate  an d  th e  po lyhydroxy-com pound 
[ca. I— 3% ) in th e  m olar ra tio  of 3 : 1 w ere ad ju s ted  w ith  su lphuric  acid  to  p H  values betw een 
1 and  8. T he op tica l ro ta tio n s m easured w ere expressed as [aj^ an d  based  on th e  po lyhydroxy- 
com pound. T he resu lts  are show n g raph ically  in Fig. 1.

Paper Ionophoresis.— P ap er ionophoretogram s w ere p repared  b y  app ly ing  a vo ltage of 
20— 80 V  p er cm. across 10 cm. w ide lengths of W h a tm an  No. 3 m m  filter-paper for 1— 2 hr. in 
an  ap p a ra tu s  sim ilar to  th a t  described b y  Gross,^ to  w hom  we are gra tefu l for advice. The 
e lec tro ly te  consisted  of h y d ra ted  sodium  m oly b d a te  (25 g.) in w a te r (1200 ml.) ad ju s ted  to  p H  5 
w ith  su lphuric  acid. C om pounds w ere d e tec ted  w ith  acetone-silver n itra te -a lco h o lic  sodium  
hydrox ide  ® or b y  sp ray ing  th e  p ap er w ith  O-lN-sulphuric acid  and h ea tin g  i t  a t  120° for 10 m in. 
T he la t te r  t re a tm e n t caused all com pounds con ta in ing  p rim ary  h y d roxy l groups to  ap p ear as 
b lu ish-green spots. M igration  ra te s  (Table 1) w ere expressed as M g values."

Effect o f Relative Concentrations o f Acyclic Polyhydroxy-compounds and Molyhdate on the 
Optical Rotation o f the Former.— Solutions con ta in ing  th e  po lyhydroxy-com pound [ca. 1— 14%) 
an d  h y d ra te d  sodium  m olybda te  in  vary in g  m olar ra tio s  w ere ad ju s ted  to  p H  2 w ith  su lphuric 
acid. T he op tica l ro ta tio n s  m easured  w ere expressed as [ajj, an d  based on th e  po lyhydroxy- 
com pound. T he resu lts  a re  show n graphically  (Fig. 2) b y  p lo ttin g  [a]p against th e  m olar ra tio  
of m o lybdate  and  polyhydroxy-com pound. R ep e titio n  of th e  experim ents a t  p H  5 resu lted  
in  low er values of [a]p b u t  no change in  th e  shapes of th e  curves.



P a p e r  Chroniatof(rapJiy o f  P re -fo rm ed  C om plexes  between M o ly b d a te  a n d  A c yc l ic  P o ly h y d ro x y -  
co m p o u n d s .— Com plexes were form ed by  dissolving po lyhydroxy-com pounds (I mol.) and  
h y d ra ted  sodium  m olybdate  (2 mol.) in w a te r and  ad ju stin g  th e  solu tions to  pH  2 w ith  A m berlite 
IR -I2 0  (H'^ ). T he so lu tions were th en  sp o tted  on to  W h atm an  No. 1 filter-paper an d  th e  
pap er was irriga ted  w ith  th e  organic layer of a  m ix tu re  of b u ta n -l-o l-a c e tic  ac id -w a te r  (4 : 1 : 5) .  
A cetone-silver n itra te -a lco h o lic  sodium  hydrox ide  ® was used to  locate polyhydroxy-com - 
ponents, and  an  aqueous solu tion  of catechol  ̂ (5%) to  locate m olybdate-con ta in ing  com ponents. 
The resu lts are shown in T able 2.

T a b l e  2.
Compound Aoiucohd A'ciucose of components of pre-formed complexes

Sorbitol .................................................  1-0 0 9* 0-G 0 5* f Of
2-Deoxysorbitol....................................  1-2 12 * 0-7 *f 0-4 *f Of
D-Mannitol .............................................  M  0 9 * 0-7 *f 0-5 *f Of
Galactitol .............................................  M  11 * 0-7 *f 0-5 *f Of
D-Arabitol .............................................  11 11 * 0-7 *f 0-4 *f Of
Erythritol .............................................  17 17 * 1-2 *f Of
Glycerol .................................................  2 2 2 2 * Of
Molybdic acid .....................................................................................  Of

* Detected with acetone-silver nitrate-alcoholic sodium hydroxide, 
f Detected with aqueous solution of catechol.

T he organic phase of a  m ix tu re  of b u ta n o l-e th a n o l-w a te r  ( 4 : 1 : 5 )  gave a w ider separa tion  
of th e  com ponents b u t th e  spo ts were less d iscrete.

The au th o rs  are  indeb ted  to  Professor S. P ea t, D rs. G. O. A spinall, R . W . B ailey, L. H ough, 
and  W. J . W helan, and  Mr. W . M. C atchpole, for gifts of chem icals, and  to  th e  R oyal Society, th e  
C en tral R esearch  F u n d s C om m ittee of th e  U n iversity  of L ondon, and  th e  M inistry  of E d u ca tio n  
for financial assistance.
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1 2In  p re v io u s  p ap ers  * we have shown t h a t  m o lybdate , i n  common w ith  

io n s  o f  o th e r  in o rg a n ic  o x y -a c id s^ , form s io n ic  con ç lex es w ith  c e r t a in  

polyhydroxy-com pounds. I t  was a lr e a d y  known t h a t  tu n g s ta te  enhances th e  

s p e c i f i c  r o t a t i o n  o f  D -m an n ito l^ . The u se  o f  tu n g s ta te  complexes in  

pap er e le c t r o p h o r e s is  was b r i e f l y  s tu d ie d  by Frahn and M i l l s ^ ,  The 

p re s e n t  i n v e s t i g a t i o n ,  in  w hich tu n g s ta te  was u sed  as th e  in o rg a n ic  

o x y -a c id  io n ,  was o f  i n t e r e s t  because  o f  th e  c lo s e  resem blance betw een 

th e  c h e m is try  o f  m olybdenum ^ and th a t  o f  t u n g s t e n ^ ,  p a r t i c u l a r l y  w ith  

r e s p e c t  to  t h e i r  oxygen con founds.

The s p e c i f i c  r o t a t i o n s  o f  D-mannose and D -rib o se  in  tu n g s ta te  s o lu ­

t i o n s  o f  pH 6 .0  and pH 6 ,7 ,  r e s p e c t iv e ly ,  where maximal changes o c c u r , 

a re  a f f e c te d  by th e  r e l a t i v e  c o n c e n tra tio n  o f  th e  two com ponents. The 

r e s u l t s  a re  t y p i c a l  o f  an e q u il ib r iu m  r e a c t io n .  M easurements w ith  

con tin u o u s v a r i a t i o n  o f  c o n c e n tra tio n  o f  b o th  components have shown th a t  

th e  complexes form ed from  D-mannose and D -rib o se  c o n ta in  th e  tu n g s te n  

atom and th e  m onosaccharide i n  th e  r a t i o  1 :1 .  I t  i s  re a so n a b le  to  assume

55
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that complexes formed from the compounds discussed below and which cont­

ain the same essential structural features as D-mannose and D-ribose are 
of the same type.

An examination was made of the behaviour of sugars and other cyclic 
polyhydroxy-compounds during paper electrophoresis in tungstate solution 
of pH 5. D-Glucitol was used as a standard for comparison of rates of 
migration, and glycerol or hydroxymethylfurfural as a non-migrating 
marker for correction of electro-osmosis. Migration rates are thus 
expressed as Mg(W) or N^(Mo) values. W and ^  refer to the electrolytes 

tungstate and molybdate, respectively.

Previously, we established that sugars and other six-membered cyclic 
polyhydroxy-compounds complex significantly with molybdate only if they 

possess a cis-cis-l,2,3~triol system and thus, in one of their chair 
conformations, one equatorial hydroxyl group neighboured by two axial 
hydroxyl groups [l(^),2(e^),3(ax)-triol system, (l)].^ Alternatively, 
complexing with molybdate occurred when three hydroxyl groups could 

assume an equivalent spatial disposition, e.g. when one of the hydroxyl 
groups was not attached to a ring carbon atom (II). The present results 
show that the same type of "tridentate" complexes are formed with 

tungstate.

OH

HO

OHH

HO  
P —  ■

OH

III
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Values---------- of polyhydroxy-compounds
Migrating compounds

MgW ^(Mo)
Q-Erythrose 0.2 - 1,1 0.9^
Lr-Threose o.o5 0.6^
2-Lyxose 0 - 1.0 1.1^
D-Ribose 0.2 o.lp-

D-Gulose 1.1 1.1^
6-Deoxy-D-gulose 1.1 1.1
P-Mannose 0 - 1.1 0 - 0.9^
6-D e oxy-I^mann os e 0 - 1.1 0 - 0.6^
5-Deoxy-D-xylo-hexose 0.3 0.7
Alloinositol 0.1 0,h^

Epi-inositol 1.0 1.1^

Non-migrating compounds Ï^(W) <  0.05
Glyceraldehyde
^Arabinose
Methyl a-D-lyxopyranoside 
Methyl a-Q-ribopyranoside 
2-xylose
2-Deoxy-D-erythro-pentose
2-Galactose
6-Deoxy-D-galactose
2-Glucose
3-0-Methyl-D-glucose 
U-O-Methyl-D-glucose 
6-0-Kethyl-D-glucose

6-Deoxy-D-glucose 
Methyl a-D-glucopyranoside 
3, U-D i-O-methyl-D-mannos a 
Methyl a-D-mannopyranoside 
2-Deoxy-D-arabino-hexose 
2-Deoxy-D-lyxo-hexos e 
2-De oxy-D-ribo-hexose 
2-Deoxy-D-xylo-hexose 
(+) - Inositol 
Mucoinositol 
Myoinositol 
Scylloinositol
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C y c l i t o l s The rates of migration of cyclitols during electro­

phoresis in molybdate solution have been related to the instability 
factors of the conformations which have the l(ax),2(eq),3(ax)-triol 
system ( I ) T h i s  influence of instability factors is more pronounced 
in the case of tungstate.

Aldoses.- The overall pattern of electrophoretic mobilities of 
aldopentoses and -hexoses in tungstate solution is similar to that in 

molybdate solution, although the enhanced effect of instability factors 
described above was again observed (cf. D-ribose and methyl 

a-D-ribo-pyranoside in molybdate and tungstate). Substitution in, or 
replacement of, at least one of the hydroxyl groups of the cis-cis- 
1,2,3-triol system destroys the ability to form a complex with tungstate. 

On the other hand, substitution in or of hydroxyl groups other than 
those of the cis-cis-l,2,3-triol system has no effect on complex- 

formation.
^-Deoxy-D-xylo-hexose is so far the only monosubstituted derivative

of 2“glucose (or ^idose) which has been shown to complex with tungstate
or molybdate. It could complex in its aldehydo form since the spatial

disposition of the hydroxyl groups on (̂ (2) ̂ ^(3) ' planar
zig-zag conformation is identical with that in (I). The same should
apply for D-glucose which, however, shows no tendency to adopt this
form. On the other hand, evidence is now accumulating that one of the

6 7ring atoms of five-membered ring systems is out of plane ' . The 

result is that atoms attached to adjacent ring-atoms become slightly 
staggered. Similarly, S-deoxy-D-xylo-hexofuranose could be out

of plane. The hydroxyl groups on smd of its p-anomer
could then be brought into the same spatial disposition (III) as those 

of (I). Thus, electrophoresis in tungstate (or molybdate) solution
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can be regarded as a method to distinguish between the aldehydo, 
furanose and pyranose forms of D-glucose; it might well be applied in 
the future to other appropriate sugars.

Doth the aldotetroses, erythrose and threose, migrate during 
electrophoresis in tungstate (and molybdate) solution. The argument 
applied to ^-deoxy-D-xylo-hexose can be extended to both compounds. 
n-Erythrose possesses three hydroxyl groups in a spatial disposition 
approximating to that of (I) only in its a-furanose form, whereas the 
hydroxyl groups of the aldehydo form only of ^threose can be brought, 
without distortion of bond angles, into this arrangement.

2-Amino-2,6-dideoxy-D-talo-hexose (hydrochloride) migrated during 
electrophoresis in tungstate and molybdate solutions (pH 5) towards the 
cathode and at approximately the same rate as 2-amino-2-deoxy-D-gluco- 
hexose hydrochloride. In tungstate solution (pH 7.7) 2-amino-2, 
6-dideoxy-P-talo-hexose migrated towards the anode with a mobility of 
ca. 6 - 12 X 10“  ̂cm.^ sec.” ,̂ whereas 2-amino-2-deoxy-D-gluco- 
hexose remained immobile. This indicates that at least one hydroxyl 
group of the triol system (I) can be replaced by a primary amino group.

The authors are indebted to Professors W.G. Overend and T. Reichstein, 
Drs. J.S. Brimacombe and N.K. Richtmyer, for gifts of chemicals. The 
financial support by the Sugar Research Foundation and the Department of 
Scientific and Industrial Research is gratefully acknowledged.
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757. Complexes hef/ween Polyhydroxy-compounds and Inorganic Oxy- 
acids. Part IV.^ Dirnolybdate and Ditungstate Ions as Complexing 
Agents, and, Paper Electropho7'esis of Maltodextrinols and Isomalto- 
dextrinols in Molyhdate and Tungstate Solutions.

B y H. J .  F. A ngus an d  H . W e ig e l .

I ) im o ly b d a te  a n d  d i tu n g s ta te  io n s  h a v e  b e e n  sh o w n  to  b e  a g e n ts  c o m ­
p le x in g  w ith  p o ly h y d r o x y -c o m p o u n d s . T h e  c o m p le x e s  c o n ta in  e ith e r  o n e  or  
tw o  p o ly o l c o m p o n e n ts . E q u a t io n s  for th e  p a p e r -e le c tr o p h o r e tic  m o b il it ie s  o f  
m a lto d e x tr in o ls  a n d  iso m a lto d e x tr in o ls  are  p r e se n ted .

M o l y b d a t e  a n d  t u n g s t a t e  h a v e  b e e n  s h o w n  t o  f o r m  a n i o n i c  c o m p l e x e s  w i t h  c e r t a i n  
p o l y h y d r o x y - c o m p o u n d s .  I n  t h e s e  t h e  M / p o l y o l  r a t i o ,  w h e r e  M  r e p r e s e n t s  a  m o l y b d e n u m  
o r  t u n g s t e n  a t o m ,  i s  e i t h e r  o n e  o r  t w o . ^ - ' ^  O n  t h e  b a s i s  o f  e v i d e n c e  p r e v i o u s l y  p r o v i d e d  
i t  w a s  n o t  p o s s i b l e  t o  a s s i g n  d e t a i l e d  s t r u c t u r e s  t o  t h e s e  c o m p l e x e s ,  a l t h o u g h  t h e  t e c h n i q u e  
o f  p a p e r  e l e c t r o p h o r e s i s  i n  m o l y b d a t e  o r  t u n g s t a t e  s o l u t i o n s  (pH 5), w h e r e  w i d e l y  
d i f f e r i n g  m o b i l i t i e s  h a v e  b e e n  o b s e r v e d ,  h a s  f o u n d  m u c h  u s e  i n  t h e  s e p a r a t i o n  a n d  i d e n t i f i c ­
a t i o n  o f  p o l y h y d r o x y - c o m p o u n d s .  I n  s e v e r a l  i n s t a n c e s  t h e  a f f i n i t i e s  o f  p o l y h y d r o x y -  
c o m p o u n d s  f o r  i o n s  o f  i n o r g a n i c  o x y - a c i d s ,  i.e.,  b o r a t e ,  g e r m a n a t e ,  a n d  s t a n n a t e ,  h a v e  
b e e n  r e l a t e d  t o  t h e  k n o w n  s t r u c t u r e s  o f  t h e  a n i o n s  e x i s t i n g  i n  a q u e o u s  s o l u t i o n s  o f  t h e  
p a r t i c u l a r  pH e m p l o y e d . ®  I t  w a s  d i f f i c u l t  t o  a c c o u n t  f o r  t h e  M / p o l y o l  r a t i o s  o f  o n e  
[e.g.,  D - m a n n o s e ,  D - r i b o s e ,  a n d  3 - 0 - g l y c o p y r a n o s y l - L - g u l i t o l s  ( 4 - 0 - g l y c o p y r a n o s y l - D -  
g l u c i t o l s ) ]  a n d  t w o  [e.g.,  D - m a n n i t o l ,  D - g l u c i t o l ,  2 - d e o x y - D - a ^ a 6 m o - h e x i t o l  a n d  I - O - g l y c o -  
p y r a n o s y l - L - g u l i t o l s  ( 6 - 0 - g l y c o p y r a n o s y l - D - g l u c i t o l s ) ] ,  i f  t h e  n o r m a l  i o n s ,  M o O / “  o r  
o r  i n d e e d  t h e  i o n s  o f  t h e  i s o p o l y - a c i d s  d e r i v e d  t h e r e f r o m  a n d  k n o w n  t o  e x i s t  i n  a q u e o u s  
s o l u t i o n s ,  w e r e  a s s u m e d  t o  b e  t h e  c o m p l e x i n g  a g e n t s .  T h u s ,  i t  w a s  n e c e s s a r y  t o  a s c e r t a i n  
t h e  n a t u r e  o f  t h e  i n o r g a n i c  c o m p l e x i n g  a g e n t s  b e f o r e  a n y  a t t e m p t  c o u l d  b e  m a d e  t o  i n t e r p r e t  
p r e v i o u s  r e s u l t s  i n  r e l a t i o n  t o  t h e  s t r u c t u r e s  o f  t h e  c o m p l e x e s .

The steps involved in the form ation of the ions of isopoly-acids, e.g.,  isopolytungstates:

pH 6 pH 4 pH<3
w o / -  H W « 0 ,/ -  - ►  H ,W « 0 ,/ -  - ►

have already been deduced from physicochem ical studies.’̂ W e have essentially confirmed 
these findings. Thus, the potentiom etric and conductim etric titrations of sodium  tung­
state solutions w ith dilute sulphuric acid gave the results shown in Figs. 1(A) and 2(A). 
The inflexion points occur at H^/WO^^' ratios (Fig. lA , IT 7  and 1 45; Fig. 2A, 1T3  

^  and 1.50) close to those expected for the form ation of HWgOgi^' (1.17) and HgWgOgi^" 
(1.50) (or HgWigO^Q®") according to equations (1— 3).

7H ' 4- O W O /- — ^  HWgOgi^- 4- 3 H 2O (1)

2 H+ 4- HWgOgi®- H^W gOg/- (2 )

SHgWgO^i^- H gW iA o® - 4- 2 H 2O (3)

The potentiom etric titration of sodium  m olybdate w ith sulphuric acid gave a curve 
(Fig. IB) w ith no distinct inflexion point. This is probably not surprising since it is 
claim ed ® th at the condensation gives, in the first instance, three coexisting polym olybdates  
according to  equations (4a— c).

8H+ 4- 7 M o O /- M07O24®- 4- 4 H 2O (4a)

H + 4- M07O24®-—► HM07O2/ -   ....................................  (4b)

H+ 4-  HM07O2/ -  — ► H 2M07O2/ -  (4c)

51



I
CL

lO

9

8

7

6

5

4

3

2

15I O0  5

F ig . 1. P o te n tio m e tr ic  t itr a t io n s  of tu n g s ta te  
a n d  m o ly b d a te  so lu tio n s . A , S o d iu m  tu n g ­
s ta te ;  B , so d iu m  m o ly b d a te ;  C, D -m an n ito l 
and  so d iu m  tu n g s ta te  (m olar ra tio  =  0-2 ; 1); 
D , D -m a n n ito l an d  so d iu m  m o ly b d a te  (m olar  
r a tio  =  I 15 : 1). M rep resen ts  W  or M o.

FiG . 2. C o n d u ctim etr ic  t itr a t io n  o f tu n g s ta te  
so lu tio n s . A , S o d iu m  tu n g s ta te ;  B , D -m an- 
n ito l  a n d  so d iu m  tu n g s ta te  (m olar ra tio  =  
1 15 : 1).
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F ig .  .3. Reciprocals of paper-electrophoretic 
mobilities of malto- and isomaltodextrinols 
in molybdate and tungstate solutions. A, 
Isomaltodextrinols in m olybdate; B, isomal­
todextrinols in tungstate ; C, m altodextrinols 
in m olybdate; D, maltodextrinols in tungstate.

No. of D -g lucopyranosy l  units 
in d e x lr ln o l



H owever, when the titrations were carried out in the presence of excess D-mannitol {i.e.,  
M /polyol < 2 ) ,  inflexion points occurred at H'/W O^^- or H+ZMoO^ '̂  ̂ ratios of ca. 1 00  
(higs. 1C, ID , 2B). In a similar manner sodium tungstate was titrated  in the presence of 
other polyhydroxy-com ])ounds. The results (Table 1) show that in all cases, except for

T a b le  1.
P f)te n lio m etr ic  t i tr a t io n  o f  tu n g s ta te  in  p r e se n c e  o f  p o ly o ls .

Added polyol Inflexion points ( I I  ' Added polyol Inflexion points (H ^ /̂WO^ '̂)
None .......................  117 1-45 Erythritol ......................... 0 97
n-G lucose ..................  117 1 49 M elibiitol ...................................  1 04
D-M annitol .............  1 00 D-M annose ..............................  1 00
D -G lu c ito l..................  0-98 L -R h am nose  1 03
G alactito l ..................  1-02 D -Fructose ..............................  0 99

L-Sorbose .................................  0 96

D-glucose, inflexion points occurred at H ' / WÔ "̂̂  ca. TO. It is interesting to note that all 
com pounds exam ined, except D-glucose, m igrate during paper electrophoresis in 
tungstate or m olybdate solutions.

The m olybdate and tungstate ions which m ight form ally be produced from a 
ratio of I, where M is a m olybdenum  or tungsten atom , are HMO4",

H M gO j/”, and MgOgi®", or their hydrated forms. H owever, it is reasonable to  
assume that the com plexes of the various polyhydroxy-com pounds shown in Table I 
are all produced from the same type of inorganic ions.

W ith the exception of the ions HMO4" and all can be elim inated as possible
com plexing species for the following reasons; the com plexing ions are likely to contain  
either one or an even number of m olybdenum  or tungsten atom s since polarim etric measure­
m ents have shown that in some com plexes the M /polyol ratio is 2.2’“* H owever, it is difficult 
to perceive w hy the ions containing four (or six) Mo or W  atom s can also form com plexes 
in which the M /polyol ratio is I.̂ ~̂  Exam ination of molecular m odels of the conceivable  
structures of an ion containing six  m olybdenum  or tungsten atom s shows that it is im ­
possible to arrange around it three m olecules of a hexitol or pentitol known to g ive com plexes 
in which the M /polyol ratio is 2.

The normal m olybdate and tungstate ions (MO^^"), and presum ably the ions correspond­
ing to HMO4", h 3.ve a tetrahedral symmetry,®’ ®̂ whereas in their known poly-acids Mo and 
W are 6 -co-ordinated.^ It is also reasonable to  assume th at the com plexes are co-ordin­
ation com pounds w ith 6 -co-ordinated Mo or W. To com plete the 6 -co-ordination the  
ions HMO4" would require only tw o hydroxyl groups. H owever, no com pound possessing  
fewer than three hydroxyl groups showed any tendency to  com plex w ith either m olybdate  ̂
or tungstate.^

On the other hand, the M /polyol ratios in the com plexes are related to structures of the  
polyhydroxy-com pounds: {a) a ratio of 2 is found for com plexes formed from acyclic 
polyhydroxy-com pounds possessing at least four adjacent hydroxyl groups; (6) compounds 
possessing a triol system , which can assum e a spatial disposition approxim ating to  that 
of (I), give rise to com plexes in which the M /polyol ratio is I. It is thus likely that the  
com plexing species are the dim olybdate, MogO^^", and ditungstate, WgO^^", ions, or their 
hydrated forms and that the com plexes are formed by reaction betw een either one molecule 
(II; M /polyol =  2) or tw o m olecules (III; M /polyol = 1 )  of a polyhydroxy-com pound  
and one dim olybdate or ditungstate ion. In each case four hydroxyl groups, provided  
by either one (II) or tw o (III) m olecules of a poly hydroxy-com pound, have com pleted the  
6 -co-ordination of the tw o Mo or W  atom s. H owever, in (III) a third hydroxyl group of 
each m olecule of the polyhydroxy-com pound has reacted by elim ination of water.

In  ord er to  s u b s ta n t ia te  th e  a b o v e  c o n c lu s io n s  w e  h a v e  e x a m in e d , b y  p a p er  e le c tr o ­
p h o resis , th e  red u ced  o lig o sa c c h a r id e s  o f th e  is o m a lto se  ser ie s  [ iso m a lto d e x tr in o ls ;  i.e.,
I -O -a -g ly c o p y r a n o sy l-L -g u lito ls  ( 6 - 0 - oc-g lycop yran osy  1-D -g lu cito ls)] a n d  th e  m a lto se  ser ies  
[m a lto d e x tr in o ls ;  i.e. ,  3 -0 -a -g ly c o p y r a n o s y l-L -g u lito ls  (4 -0 -a -g ly c o p y r a n o sy l-D -g lu c ito ls ) ]



i n  m o l y b d a t e  a n d  t u n g s t a t e  s o l u t i o n s .  T h e s e  w e r e  c h o s e n  b e c a u s e  {a) i n  e a c h  t h e  h e x i t o l  
p o r t i o n  o f  t h e  m o l e c u l e  a c q u i r e s  a  n e g a t i v e  c h a r g e  b y  c o m p l e x i n g ,  a n d  {b) 1 -  a n d  3 - 0 - g l y c o -  
p y r a n o s y l - L - g u l i t o l s  f o r m ,  a t  l e a s t  w i t h  m o l y b d a t e ,  c o m p l e x e s  i n  w h i c h  t h e  M / p o l y o l  
r a t i o s  a r e  2  a n d  1 , r e s p e c t i v e l y .

T h e  p l o t  o f  t h e  r e c i p r o c a l s  o f  t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  {IIn)  a g a i n s t  t h e  n u m b e r  o f  
D - g l u c o p y r a n o s y l  u n i t s ,  n,  p r e s e n t  i n  t h e  d e x t r i n o l s  g i v e s  a  s t r a i g h t  l i n e  ( F i g .  3 ) .  I t  i s  
u n l i k e l y  t h a t  t h e  c h a r g e  a c q u i r e d  b y  t h e  h e x i t o l  p o r t i o n  i s  a f f e c t e d  b y  t h e  m o l e c u l a r  s i z e  
o f  t h e  d e x t r i n o l s .  T h u s ,  t h e  f r i c t i o n a l  r e s i s t a n c e  t o  m o t i o n  i n c r e a s e s  l i n e a r l y  w i t h  t h e  
n u m b e r  o f  D - g l u c o p y r a n o s y l  u n i t s .  E x t r a p o l a t i o n  t o  =  0  g i v e s  t h e  r e c i p r o c a l  o f  t h e  
p a p e r - e l e c t r o p h o r e t i c  m o b i l i t y  o f  t h e  u n s u b s t i t u t e d  h e x i t o l  p o r t i o n  ( D - g l u c i t o l ,  5 - 8 8  X  
1 0 ^  c m .“2 V  s e c . )  o n l y  i n  t h e  s e r i e s  o f  i s o m a l t o d e x t r i n o l s  ( F i g .  3 ,  p l o t s  A  a n d  B ) .  T h u s  
D - g l u c i t o l  b e h a v e s  a s  t h e  f i r s t  m e m b e r  i n  t h e  i s o m a l t o d e x t r i n o l  s e r i e s ,  w h e r e a s  m a l t i t o l  
b e h a v e s  a s  t h e  f i r s t  m a l t o d e x t r i n o l .  F o r  p r a c t i c a l  u s e  {e.g.,  d e t e r m i n a t i o n  o f  m o l e c u l a r  
s i z e  o f  d e x t r i n o l s )  t h e  M g  ( M o  a n d  I T )  v a l u e s  ( M g  =  m o b i l i t y  r e l a t i v e  t o  D - g l u c i t o l ;  M o  a n d  
W  r e f e r  t o  t h e  e l e c t r o l y t e s  m o l y b d a t e  a n d  t u n g s t a t e ,  r e s p e c t i \ T l y )  o f  i s o m a l t o d e x t r i n o l s  
c a n  b e  e x p r e s s e d  b y  e q u a t i o n s  ( 5 )  a n d  ( 6 ) ,  r e s p e c t i v e l y :

l / M g ( M o )  =  1 +  0 3 1 » ,  ( 5 )

l / M g ( B ’ )  =  1  +  0 - 3 2 w ,  ( G )

w h e r e a s  t h o s e  o f  t h e  m a l t o d e x t r i n o l s  a r e  g i v e n  b y  e q u a t i o n s  ( 7 )  a n d  ( 8 ) ,  r e s p e c t i v e l y :

l / M g ( M o )  =  1 - 5 2  +  0 - G 5 „ ,  ( 7 )
l / M g ( H O  =  4 0 7  +  h S l n .  ( 8 )

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  M r q .  v a l u e s  ( m o b i l i t i e s  r e l a t i v e  t o  A ^ - b e n z y l - D - g l u c o s y l  
a m m o n i u m  i o n )  o f  t h e  N - b e n z y  1- g l y c o s y  1 a m m o n i u m  i o n s  o f  m a l t o s e ,  m a l t o t r i o s e ,  m a l t o -  
t e t r a o s e ,  a n d  m a l t o p e n t a o s e  {n =  1 , 2 , 3 ,  a n d  4 ,  r e s p e c t i v e l y )  r e p o r t e d  b y  B a r k e r ,  B o u r n e ,  
G r a n t ,  a n d  S t a c e y , ^ ^  o b e y  a  s i m i l a r  r e l a t i o n  [ e q u a t i o n  ( 9 ) ]  :

I / M b g  =  1  +  0 - 3 4 n .  ( 9 )

T h e s e  c o m p o u n d s ,  o f  c o u r s e ,  m i g r a t e  a s  c a t i o n s .
T h e  p l o t s  o f  I jn  a g a i n s t  n  ( F i g .  3 )  c a n  b e  a f f e c t e d  b y  {a) t h e  s i z e  o f  t h e  c o m p l e x i n g  

a g e n t s  ; [b] t h e  n u m b e r  o f  d e x t r i n o l  m o l e c u l e s ,  P ,  c o m b i n i n g  w i t h  t h e  c o m p l e x i n g  a g e n t s ;  
( c )  t h e  i o n i c  c h a r g e ,  z,  o f  t h e  c o m p l e x e s ;  a n d  (d) t h e  s t a b i l i t y  o f  t h e  c o m p l e x e s .  I t  i s  
r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  c o m p l e x i n g  a g e n t s  a r e  o f  t h e  s a m e  t y p e  a n d ,  s i n c e  t h e  
i n t e r a t o m i c  d i s t a n c e s  i n  M o O / “  a n d  ( a n d  p r e s u m a b l y  i n  t h e  l o w e r  p o l y - a n i o n s )
a r e  c o m p a r a b l e , ® * ^ ®  i t  i s  n o t  s u r p r i s i n g  t h a t  D - g l u c i t o l  h a s  t h e  s a m e  m o b i l i t y  i n  b o t h  
e l e c t r o l y t e s .  I t  h a s  a l s o  b e e n  s h o w n  t h a t ,  u n d e r  t h e  c o n d i t i o n s  o f  t h e  e l e c t r o p h o r e s i s ,
I -  a n d  3 - 0 - g l y c o p y r a n o s y l - L - g u l i t o l s  a r e  c o m p l e t e l y  c o n v e r t e d  i n t o  t h e i r  m o l y b d a t e  
c o m p l e x e s . 2 '^  T h u s ,  v a r i a t i o n  o f  P  a n d  z  f o r  t w o  s e r i e s  o f  c o m p l e x e s  ( S j  a n d  S g )  s h o u l d  
g i v e  t h e  r e l a t i o n s  b e t w e e n  t h e  p l o t s  o f  I / w  vs. n  s h o w n  i n  T a b l e  2 .  T h e  r e s u l t s  ( F i g .  3 )

T a b l e  2 .
Effect of variations of P  and z  on plots of 1 ju  against n  of two series of complexes

(Sj and Sa).
P z R elation betw een plots

(in Sj and Sg) (in and Sg) Theor.* E xp. (series)
Identical Identical WofSfl/WofSs) =  A(Sa)/A(SJ =  1 A, B
Identical N o t identical Mo(Sd/Wo(Sa) =  A(Sa)/A(Sd (A, B) ; C, D
P(Sa) >  P (S i) Identical A ( S a ) / A ( S J  =  2, 3 . . . A, C; B , C
N ot identical N ot identical MQ(SJ/MQ(Sa) #  A(Sa)/A(SJ A, D ; B, D

* Uq =  m obility  when w =  0; A =  slope of p lot Ifu vs. n.

s h o w  t h a t  t h e  c o m p l e x e s  o f  s e r i e s  A  ( m o l y b d a t e - i s o m a l t o d e x t r i n o l s ) ,  B  ( t u n g s t a t e -  
i s o m a l t o d e x t r i n o l s ) ,  a n d  C  ( m o l y b d a t e - m a l t o d e x t r i n o l s )  h a v e  i d e n t i c a l  c h a r g e s ,  b u t  t h o s e



of c  contain twice as m any dextrinol m olecules as are contained in the com plexes of 
series A or B. Since the com plexes of series C and D (tungstate-m altodextrinols) contain  
the same number of dextrinol molecules, it is concluded that those of D also contain twice  
as m any dextrinol m olecules as are contained in the com plexes of series A or B, but are 
less stable. These results are in agreement w ith our conclusions drawn from potentio­
metric and conductim etric measurements.

It would now be expected that three distinct com plexes are formed from m ixtures 
of two m altodextrinols (M  ̂ and M.̂ ) containing {a) only Mj, (6) only Mg, and (c) and Mg. 
In order to test this hypothesis m ixtures of two m altodextrinols (M  ̂and Mg) were subjected  
to paper electrophoresis in m olybdate solution. In all cases (Table 3) a third com ponent

T a b l e  3.

Electrophoresis of m ixtures of two m altodextrinols (Mj and Mg) in m olybdate solution.
No. of glucopyranosyl units 

in maltodextrinol (») Mh(Mo) of components of mixture
M,{Mo) of Mi,j 

(calc.)
M, M, M, Ma Mi.a
1 4 0-46 0-24 0 33 0 32
1 f) 0-40 0 21 0 29 0 29
3 4 0 29 024 0-27 0 20

(Mi,g), in addition to those corresponding to the added m altodextrinols (M  ̂ and Mg) was 
detected. The m obilities of the com ponents M̂  g are in good agreement w ith those cal­
culated from equation (7) and n =

Since 3-deoxy-D -n6o-hexitol, 3-deoxy-D-am6fwo-hexitol, and 2-deoxy-D-^ry/Aro-pentitol 
do not form com plexes w ith m olybdate or tungstate it now becom es clear that an acyclic 
com pound, not possessing four adjacent hydroxyl groups, w ill form a com plex only if it 
contains a l,2 ,3 (a , aT)-triol system  (IV) (Barker and Bourne’s nom enclature ^̂ ) or, pre­
sum ably a l,2 ,3(aT , aT)-triol system  (V). The hydroxyl groups of (V), when the carbon 
chain is in the planar zig-zag conform ation, are in the same relative disposition as those in
(I), whereas those of (IV) can be brought, w ithout distortion of the conform ation of the 
carbon chain, into this spatial arrangement. Considerable distortion of the planar zig-zag  
conformation of the carbon chain would be required to bring other acyclic triol system s  
[e.g., l,2 ,3 (a , aC)-, in 3-deoxy-D -nio-hexitol] into a spatial disposition approxim ating to that 
of (I).

HO
-QHO

OH

(III)HO —

OH(IV)

1 OH

- C - 0  I OH

i O

- C - O '"  I ""OH 
1 OH

—  OH 
HO —

(II)

OH (V)

If the M -0  (M =  Mo or W) distances in the co-ordination com pounds do not differ 
greatly from those in AggMoO^ and BaWO^ ® the 0 - 0  distances in octahedral m olybdate  
and tungstate can be estim ated to be 2 59 and 2 56 Â, respectively. These values are close 
to  the 0 - 0  distances in (I) (Oq',-0(2), 2*82 Â; O^)-O(g), 2 51 Â). Thus (III) is suggested  
as the structure (partial) of m olybdate and tungstate com plexes of five- or six-m em bered  
ring com pounds possessing a m -a s - l,2 ,3 -tr io l system , and acyclic com pounds which 
contain a l,2 ,3 (a , ocT)- or I,2,3(aT , aT)-triol system . <



E x p e r im e n t a l

Materials.—These were obtained from our D epartm ental Collection.
Potentiometric Titrations.—Several solutions containing sodium molybdate or sodium

tungstate  and the polyhydroxy-compound {ca. 1%) in the molar ratio of ca. ()• 1 ; I—0-2: 1 
were titra ted  w ith 0-iN-sulphuric acid. The pH of the solutions was measured initially and 
after each addition of acid. The results are shown in Fig. I and Table 1. In control experi­
ments, solutions containing only sodium molybdate or sodium tungstate were titrated  with
0-lN-sulphuric acid.

Conductimetric Titrations.— A so lu tio n  c o n ta in in g  so d iu m  tu n g s ta te  an d  D -m a n n ito l (1-2% ) 
in  th e  m olar  ra tio  o f 115 : 1 w a s t itr a te d  w ith  ()• iN -su lp h u r ic  acid . T h e  c o n d u c ta n c e  o f th e  
so lu tio n  w a s m ea su red  in it ia l ly  a n d  a fter  e a ch  a d d itio n  o f a c id . In  a co n tro l ex p e r im en t a 
so lu tio n  co n ta in in g  so d iu m  tu n g s ta te  o n ly  w a s t itr a te d  w ith  ()• iN -su lp h u ric  ac id . T h e  resu lts  
are sh o w n  in F ig . 2.

Paper Electrophoresis.—The apparatus used was capable of delivering u]> to 10,000 v a t 
100 m .\. Electrophoresis was carried out on sheets of W hatm an No. 3MM filler paper 10 cm. 
wide. The electrolytes consisted of 2% aqueous sodium molybdate or sodium tungstate solu­
tions, adjusted to pH  5 w ith concentrated sulphuric acid. Klectrophoretogranis were pre­
pared by applying a voltage of ca. 70 v/cm. for ca. 1 hr. Compounds were detected by spraying 
with acetone-silver nitrate-ethanolic sodium h y d r o x id e .U n d e r  the conditions used
D-glucitol had a mobility [u] of 17 X 10”̂  cm.- v'^ sec.“  ̂ in both electrolytes. Glycerol or V
hydroxym ethylfurfural were used as non-migrating markers for correction of electro-osmosis.
The results are shown in Fig. 3 and 1 able 3.

The authors are indebted to the Sugar Research Foundation and the D .S.I.R . for financial 
support, to Mr. 1). Abbott for technical assistance, and to Professor E. J. Bourne for helpful 
discussions.
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4. Complexes between Polyhydroxy-com pounds and Inorganic Oxy- 
acids. F art  FA Tungstate Complexes of Acyclic  Polyhydroxy-  
compounds. 

B y H. J. F. A n g u s ,  E. J. B o u r n e ,  and H. W e i g e l .

I 'he  paper-electrophoretic behaviour of acyclic polyhydroxy-com pounds 
in tungsta te  solution is described. The m ethod can be used to determ ine 
the position of the glycosidic linkage in oligosaccharides. S tructures have 
been suggested for the complexes formed between the d itungstate  ion (and 
dim olybdate ion) and acyclic vicinal tetritols.

> I n Part IV  ̂ we have shown that ionic com plexes are formed by  reaction between one or 
two m olecules of a polyhydroxy-com pound, depending on its structure, and one d im olyb­
date or d itungstate ion. We now report studies on the com plexes formed betw een tung­
state and simple polyhydroxy-com pounds.

Fig. 1 shows the effect of pH  on the specific rotation of D-mannitol in tungstate solu­
tions. Curve A -B  was obtained when {a) solutions containing D-mannitol and sodium  
tungstate were acidified to pH  2— 10 by addition of sulphuric acid, and {b) D-mannitol 
was added to sodium  tungstate solutions previously adjusted to pH 6— 9, the optical 
rotation being measured im m ediately. On addition of D-mannitol in case (6) the pH  
increased when in itially  > c a . 7 and decreased when in itially  < ca . 1. On storage of the 
m ixture, the rotation, which, after addition of sulphuric acid or D-mannitol, had pH  
> c a . 6, increased and the final rotations corresponded to curve A'— B. pH  values in 
Fig. 1 were recorded at the tim e of the polarimetric m easurem ents: the exact reproduci­
b ility  of curve A depends, of course, on the tim e required for m easurem ents of optical 
rotations. Similar results have been obtained w ith D-glucitol. A lthough paper electro­
phoresis in tungstate solution has shown that 1-0-a-D-galactopyranosyl- and 3 -0 -p-D- 
glucopyranosyl-L-gulitol form com plexes w ith tungstate (see below ), their specific rotations 
were not m arkedly affected b y  the presence of tungstate.

The com position of the tungstate com plexes of D-mannitol and D-glucitol formed at 
pH  5-5, i.e., where im m ediate form ation of stable com plexes occurs, was determ ined as 
for m olybdate complexes.^ The rotations became constant (Fig. 2) when 2 mol. of 
tungstate had been added. Since the ditungstate ion, is the com plex-form ing
agent the com plexes are derived from one molecule of D-mannitol or D-glucitol and one 
ditungstate ion. The same com position, i.e., W /D-m annitol =  2, has been found for the 
D-mannitol com plex, which shows a negative rotation and is formed by  the addition of the  
hexitol to a sodium tungstate solution of pH  7T5. The conversion of the (—)-com plex  
into the (-(-)-com plex is a first-order reaction w ith a rate constant k =  4 31 X 10“̂  min."^; 
possibly an intramolecular reaction.

Paper electrophoresis in tungstate solution was carried out at ca. pH  5, which allows the  
im m ediate formation of stable com plexes and m oderate ionisation. The m obilities of 
polyhydroxy-com pounds relative to D-glucitol in tungstate [Mj(fT)] and m olybdate solu­
tions [Ms{Mo)]  2 are shown in Tables 1— 3. Since m ethyl D-gluco-, D-manno-, and 
D-galactopyianoside do not form com plexes w ith tungstate ® (or m olybdate ^), studies on 
the effect of substitution in hexitols on com plex formation were also possible b y  the use of 
glycopyranosyl-hexitols.



T a b l e  1.

M ob ilities  an d  stru c tu res  o f tu n g s ta te  an d  m o ly b d a te  c o m p lex e s  o f a c y c lic  p o ly o ls  
p o sse ss in g  a  v ic in a l te tr ito l sy s te m .

Carbon atom s in polyol corresponding w ith positions 
1— 4 in (II— V)

1,2,3,4 2,3,4,5 3,4,5,6
t  ̂ \ t * <----------- \

Polyol M,{\V) M,{Mo)  R» * R= * * R^ * R»
Tetritols

E rythritol ......................  0 81— 0 94 1 11 H 11
L -T heito l...........................  0 24 0 6» IV  H H

Pentiiols
D-Arabinitol .................. 1 04 11= V H 6 111"' H H
(D -)R ib ito lt .................. 1-03 11= III H 5
(D dX ylito l t  .................. 1 04 11= IV  H 11

Deoxy-pentitols
1-D eoxy-D -arabinitol... T09 1 03 111 H H
1-D eoxy-D -lyxitol ........  0 58— 0 06 0 95 V 1 H
1-D eoxy-D -xylitol ........  0 82 0 96 V H  11

Hexitols
(D-)Allitol t   0 86— 0 97 0 94 III H 5,6 III  1 6
D-Altritol ......................  0 83— 0 97 0 99 V  H 5,6 III  H  6 III 2,1 H
(D-)Galactitol t ............. TOO 10= IV  H  5,6 II H H
D-Glucitol ......................  TOO 10= IV  H H V H 6 III II H
D -M an n ito l......................  TOO 10= II H H V I  6
L-Iditol ...........................  TOO IV  H H V H H

M  onodeoxy-hexitols
1 -D eoxy-D -a ltrito l  0 88— TOO 0 98 III  II 6 111 2,1 II
1-D eoxy-L-galactitol ... 1 0 3  10= III H H IV  2,1 H
1-D eoxy-D-glucitol ... 0 98 0 98 V H 6 III  H H
1-Deoxy-L-gulitol ........  0 98 0 94 V I  H IV  H II
l-D eoxy*D -m annitol ... TOO 10= V I  6 III  H  H
1-D eoxy-D -talitol ........  0 83— 1 04 1 04 II 1 H  V  2,1 H
2-Deoxy-D-ara6m o-

h e x ito l ...........................  TOO 10= H I H H
2-Deoxy-D-Zy%o-hexitol 0 42— 0 61 0 80 V  2,1 H
2-Deoxy-D-r/I)o-hexitol 0 17— 0 57 0 13—  III 2,1 H

0 57
2-Deoxy-L-;vy/o-hexitol T09 T07 IV  H H

Dideoxy-hexitols
1.6-D ideoxy-D -altritol 1 05 0 90 III  H 6
1.6-D ideoxy-galactito l T09 0 98 II H  H
1.6-D ideoxy-L-m annitol 0-87— 0 95 TOO IV 1 6

O-Methylhexitols
1-0-M ethyl-L-gulitol ...  0 89 0 93 V I  H IV  H II
2-0-M ethyl-D -m annitol 0 98 1 0= III  H H
1,2-Di-O-m ethyl-D-

m annitol ......................  0 95 1 0= III  H  H
* The num bers ind icate the carbon atom s of the polyol present in the substitu en ts R= or R=. 

t  The prefix d ind icates th a t the D-isomer on ly  of the 1,2,3,4-com plex is illustrated.

T a b l e  2.

Electrophoresis in tungstate and molybdate solutions of acyclic polyols possessing a
vicinal triol system.

P olyo l 
3-0-M ethyl-L-gulitol ...  
3-Deoxy-L-Ary/o-hexitol

M ,{W )  
0 09 
0

M ,{M o)  
0 47 
0 21

N o t com plex-form ing  
[M ,{W  or Mo) <  0 05] 

G lycerol
2-Deoxy-D-gry/Aro-pentitol 
2 ,3-D i-O -m ethyl-D-glucitol
3-0-M ethyl-D -glucitol
3-Deoxy-D-ara6iwo-hexitol
3-D eoxy-D -n6o-hexitol



Acyclic (liols do not migrate during electrophoresis in m olybdate solution.^ The same 
com pounds have now been shown not to form com plexes w ith tungstate. Also, 1-deoxy- 
2,5-di-O-methyl-L-mannitol did not migrate in either electrolyte. Of the compounds 
exam ined that possess only three adjacent hydroxyl groups (in the acyclic polyol portion), 
only 3-substituted L-gulitols formed com plexes, i.e., those w ith a l,2,3(a,aT )-triol system  
(Barker and Bourne’s nomenclature )̂. We have already shown  ̂ that the com plexes of 
compounds containing such structural features are formed from two m olecules of the

T a b le  3.
Mobilities of glycopyranosyl-hexitols.

Com pound  
Derivatives o f  v-gluciiol

Derivatives o f  v-inannitol
2-0-a-D -G lucopyranosyl- . 
2-0-a-D 'M annopyranosyl-

M ,[M o) M ,{W ) Com pound  
Derivatives o f  L -gu lito l

M ,{M o)

0-69 0 78 1-0-a-D -G alactopyranosyl- . .. 0-80 0 68
0-70 0 73 1-0-a-D -G lucopyranosyl- ... . 0 78 0 76
0 0 l-0-/3-D -G Iucopyranosyl- . .. . 0-69 0 66
0 0 2-0-a-D -G lucopyranosyl- ,.. 0 72 0 76

3-0-jS-D -G alactopyranosyl- . .. 0 40 0 10
3-G -a-D-G lucopyranosyl- . . . . 0 46 0 17

0 72 0 70 3-0-^-D -G lucopvranosyl- ..., 0 37 0 10
0-80
0 0

polyol and one ditungstate (or dim olybdate) ion (I, partial structure; M =  W  or Mo). 
It would be expected that glycerol and 3-deoxy-L-yy/d-hexitol also form com plexes w ith  
tungstate, though this is less likely w ith glycerol owing to the greater freedom of rotation  
about C-C bonds. The Tables show that the smaller the 3-substituent of L-gulitol the 
smaller the m obility (cf. 3-0-glycopyranosyl-L-gulitols, 3-0-m ethyl-L-gulitol, 3-deoxy- 
L-rv/o-hexitol). On the other hand, 3-deoxy-L-yy/o-hexitol does form a com plex w ith  
m olybdate, although its M.v(Mo) value is lower than would be expected. These results 

O' O"

(I)

HO — M

agree with our earlier findings that com plex form ation is less affected b y  conform ational 
factors w ith  m olybdate than w ith tungstate.^

All com pounds w ith at least four adjacent hydroxyl groups (in the acyclic polyol 
portion) form com plexes w ith tungstate (or m olybdate), presum ably w ith the same 
com position as those produced from D-mannitol and D-glucitol (cf. m olybdate com plex 
of 2-àeoxy-'D-arahino-he.xiio\ )̂. There are four possible structures (II— V) for such 
com plexes, the 2 ,3-diol groups having erythro (II and III) and threo (IV and V) con­
figurations. Table I shows that the electrophoretic m obilities, and thus the stabilities of 
the com plexes, are influenced by  the sizes of the substituents and in (II— V). The



m obilities of the  polyols w ith  only four ad jacen t hydroxyl groups (1-deoxypentitols, and 
2-deoxy- and 1,6-dideoxy-hexitols) th a t  form  a com plex in which and /o r R'* contain 
carbon  atom s are sm aller th an  those of com pounds of the  sam e m olecular size th a t form 
th e  sam e type  of com plex [i.e., type  II and  III, or IV and  V), th e  su b stitu en ts  R^ and/or 

of which, however, are hydrogen atom s {i.e., I-deoxy-n-lyx ito l, I-deoxy-D -xylitol ;
2-deoxy-D-n'6o-hexitol, 2-deoxy-D-a^a6mo-hexitol ; 2-deoxy-D-/)'%o-hexitol, 2-deoxy-l- 
yv/o-hexitol ; 1,6-dideoxy-D-altritol, 1,6-dideoxy-galactitol).

O n th e  o th er  h and , p e n tito ls , h e x ito ls , and  I -d e o x y -h e x ito ls  m ig h t form  tw o  or th ree  
co m p lex es  in v o lv in g  th e ir  v a r io u s v ic in a l te tr ito l sy s tem s. T h e  facts th a t  g a la c t ito l,  
D -glu cito l, D -m an n ito l, an d  L -id itol h a v e  id en t ica l m o b ilit ie s  and  th a t th o se  o f I -d e o x y -  
L -ga lactito l, -D -g lu cito l, -L -gu lito l, an d  -D -m an n ito l are com p arab le  in d ica te  p referen tia l 
fo rm a tio n  of co m p lex es  in  w h ich  an d  R^ are h yd rogen . T h e  su b s titu e n ts  R^ a n d /o r  
R3 of a ll p oss ib le  co m p lex es  o f a llito l, D -a ltr ito l, I -d eo x y -D -a ltr ito l, an d  I -d e o x y -D -ta lito l  
c o n ta in  carbon  a to m s. C o n seq u en tly , th e se  co m p o u n d s streak  d u rin g  e lec trop h oresis  in  
tu n g s ta te  so lu tio n  (less so  for m o ly b d a te ;  see a b o v e).

+ 2 0

6 ID2

+20

+ 10"

+ 5"
Q

- 5

- lO "

-15

32I

pH
F ig . 1. E ffe c t  o f p H  on  

[ajo o f D -m a n n ito l in  
tu n g s ta te  so lu tio n .

T ungstate/polyol (mol. ratio)

F ig . 2. E ffe c t  o f  r e la t iv e  c o n c en tra tio n s  
o f p o ly o ls  a n d  tu n g s ta te  on  [a]n o f  
p o ly o l. A , D -m a n n ito l, m e th o d  (i) ; 
B , D -m a n n ito l, m e th o d  (ii) ; C, d - 
g lu c ito l, m e th o d  (i).

The mobilities of erythritol and L-threitol suggest that complexes of types (II) and 
(III) are generally more stable than those of types (IV) and (V).

T a b l e  3  s h o w s  t h a t  d u r i n g  e l e c t r o p h o r e s i s  i n  t u n g s t a t e  s o l u t i o n ,  g l y c o p y r a n o s y l -  
h e x i t o l s  f a l l  i n t o  t h e  s a m e  t h r e e  c l a s s e s ,  a s  i n  m o l y b d a t e  : ^  {a) 3 - 0 - g l y c o p y r a n o s y l - D - g l u c i -  
t o l s ;  ( 6 )  2 - 0 - g l y c o p y r a n o s y I - D - g l u c i t o l s ,  1 -  a n d  2 - g l y c o p y r a n o s y I - L - g u l i t o l s  ; a n d  ( c )
3 - 0 - g l y c o p y r a n o s y l - L - g u I i t o I s .  I n  a d d i t i o n ,  t h e  a - i s o m e r s  o f  D - g l u c o p y r a n o s y l - D - g l u c i t o l s  
a n d  - L - g u l i t o l s  h a v e  s l i g h t l y  h i g h e r  m o b i l i t i e s  t h a n  t h e i r  c o r r e s p o n d i n g  p - i s o m e r s .  T h u s ,  
e l e c t r o p h o r e s i s  o f  D - g l u c o p y r a n o s y l - D - g l u c o s e s  ® a n d  t h e i r  r e d u c t i o n  p r o d u c t s  i n  b o r a t e  
a n d  t u n g s t a t e  o r  m o l y b d a t e  ^  s o l u t i o n s ,  r e s p e c t i v e l y ,  c a n  i n d i c a t e  t h e  p o s i t i o n  o f  t h e  
g l y c o s i d i c  l i n k a g e  t o  t h e  r e d u c i n g  m o i e t y  i n  t h e  o r i g i n a l  d i s a c c h a r i d e .

F u r t h e r  e v i d e n c e  f o r  p r e f e r e n t i a l  f o r m a t i o n  o f  c o m p l e x e s  w i t h  t h e  s m a l l e s t  i n t e r a c t i o n s  
b e t w e e n  R ^  a n d  R ^  ( I I — V )  w a s  p r o v i d e d  b y  p e r i o d a t e  o x i d a t i o n  o f  h e x i t o l - t u n g s t a t e  
c o m p l e x e s .  S o l u t i o n s  o f  c o m p l e x e s  w e r e  p r e p a r e d  b y  a d j u s t i n g  s o l u t i o n s  c o n t a i n i n g  
s o d i u m  t u n g s t a t e  a n d  t h e  p o l y o l s  i n  t h e  m o l a r  r a t i o  o f  2 1 — 3  0  : 1  t o  ca.  p H  5 - 2  a t  w h i c h  
i m m e d i a t e  f o r m a t i o n  o f  s t a b l e  c o m p l e x e s  o c c u r s ,  a n d  t h e n  t o  p H  7 - 8 ,  i n  o r d e r  t o  c a r r y  o u t  
t h e  p e r i o d a t e  o x i d a t i o n s  i n  m o r e  n e u t r a l  s o l u t i o n s .



Tlie tu n g s ta te  com plexes of D-glucitol, n -m ann ito l, g a lac tito l, allitol, D -altritol, an d
2-deoxy-i)-<îra/;îno-liexitol were tre a te d  w ith  2 mol. (j^er polyol) of sodium  periodate . 
The com ponen ts of th e  reaction  m ix tu res, disclosed by  pap er-ch ro m ato g rap h ic  analysis, 
b o th  before and  a fte r a d ju s tm e n t of th e  so lu tion  to  pH  2, are show n in T able  4. (We 
had  a lread y  found  th a t  th e  A’k values of com plex-form ing polyols are affected by  th e  
presence of tu n g s ta te  a t  pH  7— 8, b u t are unaffected  w hen th e  so lu tions are a d ju s te d  to  
pH  2.) T he m ateria ls  ob ta in ed  from th e  com plexes of D-glucitol, D -m annitol, an d  g alac tito l 
were frac tio n a ted  on charcoal colum ns, fu rth e r  purified b y  p ap er ch ro m atog raphy , an d  
co nverted  in to  d erivatives.

TABLE 4.

Periodate oxidation of po lyol-tnngstate  complexes.
C om ponent of reaction m ixture C om p on^ t^ o^  reaction

I’aper-chromatographic D erivative Paper-chromatographic
Polyol identity (m. p.) Polyol identity

D-Cducitol L-Xylose 155— 156°* Allitol (DL-)Ribo.se
D-Arabinose 182— 183 f o-A ltritol D-Altritol
o-Glucitol 128— 129 J 2-Deoxy-D-am5hro- 2-Deoxy-D-araftwo-

D-Mannitol D-Arabinose 182— 183 f hexitol hexitol
D-Mannitol (trace)

Galactitol Galactitol 169— 170 §
* L-Xylose /j-nitrophenylhydrazone. f D-Arabinose ^-nitrophenylhydrazone. f Hexa-O-benz- 

oyl-D-glucitol. § He.xa-O-acetylgalactitol.

The results shown in Table 4 are not those expected from the partial periodate oxidation  
of the polyols them selves and should thus indicate the vicinal tetritol system  of the 
polyols involved in com plex formation. It is evident that tungstate forms com plexes 
with the tetritol system s on C-1, C-2, C-3, and C-4 of allitol and D-mannitol, and those on 
C-2, C-3, C-4, and C-5 of D-altritol and galactitol. Table 1 shows that the interaction  
betw een and of the com plexes formed w ith these tetritol system s is the sm allest. 
The materials obtained from D-glucitol arise from its three possible com plexes of com ­
parable stability . As expected, the tungstate com plex of 2-deoxy-D-am&fno-hexitol 
was unaffected by periodate.

The results of the periodate oxidation of the p olyol-tungstate  com plexes are thus in 
agreement w ith the above correlation between their structures and m obilities during 
paper electrophoresis.

E x p e r i m e n t a l

Effect o f p H  on Optical Rotations o f Acyclic Polyhydroxy-compounds in  Tungstate Solution.—
(i) S e v e ra l so lu t io n s  c o n ta in in g  so d iu m  tu n g s t a t e  a n d  D -m a n n ito l or  D -g lu c ito l {ca. 0 6— 1%) 
in  th e  m o la r  r a t io  o f  3 : 1 w ere  a d ju s te d  w it h  su lp h u r ic  a c id  to  p H  v a lu e s  b e tw e e n  2 a n d  10. 
T h e  o p t ic a l  r o ta tio n s , e x p r e s se d  a s [ajj, a n d  b a se d  o n  th e  p o ly h y d r o x y -c o m p o u n d , w e re  m e a su r ed  
im m e d ia te ly .  T h e  r e su lts  o b ta in e d  w it h  D -m a n n ito l are  sh o w n  g r a p h ic a lly  (F ig . I, cu rv e  
A — B ). T h e  r o ta tio n  o f so lu t io n s  a d ju s te d  to  p H  >ca. 6 in c re a se d  o n  s to r a g e , th e  f in a l r o ta t io n s  
a f te r  2 d a y s  c o r r e sp o n d in g  to  c u r v e  A '— B . D -G lu c ito l e x h ib ite d  m a x . [a]j, 13-5°. A d d it io n  
o f  a lk a li  to  so lu t io n s  a t  p H  4  r e s u lte d  in  c h a n g e s  in  o p t ic a l  r o ta t io n  r ep r e se n te d  e s s e n t ia l ly  b y  
c u r v e  A '— B  (F ig . I, for  D -m a n n ito l) .

(ii) D -M a n n ito l (0-12 g.) or  D -g lu c ito l (0*12 g.) in  w a te r  (1 m l.) w a s  a d d e d  to  e a c h  o f  se v e r a l  
so lu t io n s  o f a n h y d r o u s  so d iu m  t u n g s ta te  (0-4 g.) in  w a te r  (15 m l.)  p r e v io u s ly  a d ju s te d  to  pH  
v a lu e s  b e tw e e n  6 a n d  9 b y  tr e a tm e n t  w ith  A m b e r lite  IR-120(H+). T h e  pH  a n d  th e  o p t ic a l  
r o ta tio n , e x p r e s se d  a s [a ]p  a n d  b a se d  o n  th e  h e x ito ls ,  o f  th e  so lu t io n s  w e re  m e a su r e d  im ­
m e d ia te ly  (F ig . 1, c u r v e  A — B ) a n d  a g a in  a fte r  ca. 18 hr. (F ig . 1, c u r v e  A '— B ). T h e  r e su lts  
o b ta in e d  w ith  D -m a n n ito l a n d  D -g lu c ito l w ere  e s s e n t ia l ly  id e n t ic a l , e x c e p t  fo r  th e  m a g n itu d e  
o f r o ta t io n a l c h a n g e s  (D -g lu c ito l:  m in . —9 3°, m a x . -fl4-0°). O n a d d it io n  o f  h e x ito ls  to  th e  
tu n g s t a t e  s o lu t io n s  th e  pH  in c r e a se d  w h e n  in it ia l ly  > 7  a n d  decrea ,sed  w h e n  in i t ia l ly  < 7 .

Kinetic M easurements.— D-Mannitol (0-22 g.) in w ater (5 ml.) was added to  a solution of 
anhydrous sodium tu n g sta te  (0-8 g.) in w ater (10 ml.) adjusted  to  pH  7-15 by  trea tm en t w ith 
Am berlite IR-120(H+), and the whole was m ade up to  25 ml. and kep t a t  room tem perature.



T h e  o p t i c a l  r o t a t o r y  p o w e r  o f  t h e  s o l u t i o n  w a s  m e a s u r e d  (4 d m .  t u b e ,  s o d i u m  l i g h t )  i n i t i a l l y  
(«(,), a t  t i m e  i n t e r v a l s  (a ) a n d  a f t e r  ca. 18 h r .  (aoo)- T h e  p l o t  o f  l o g  [(aoo — a„)/(aoo  — a)J  
a g a i n s t  t i m e  g a v e  a  s t r a i g h t  l in e .  F r o m  t h i s  t h e  r a t e  c o n s t a n t  k — 4 31 X 10 '^ m i n .“  ̂ w a s  

c a l c u l a t e d .
Effect of Relative Concentrations of Acyclic Polyhydroxy-conipounds and Tungstate on Optical 

Rotation.— (i) T h e  s a m e  m e t h o d  w a s  u s e d  a s  f o r  m o l y b d a t e  c o m p l e x e s , -  b u t  w i t h  p H  ca. 5 -5 . 
O p t i c a l  r o t a t i o n s  w e r e  e x p r e s s e d  a s  [aJ i), b a s e d  o n  t h e  p o l y h y d r o x y - c o m p o u n d .  T h e  r e s u l t s  a r e  

s h o w n  g r a p h i c a l l y  in  F i g .  2 .
( ii)  T o  e a c h  o f  s e v e r a l  s o l u t i o n s  o f  h y d r a t e d  s o d i u m  t u n g s t a t e  (0-8  g . )  in  w a t e r  ( 1 0  m l . )  

a d j u s t e d  t o  ca. p H  7 w a s  a d d e d  4 -4 2 %  n - m a n u i t o l  s o l u t i o n  o f  s u c h  v o l u m e  t o  g i v e  m o la r  r a t io  
o f  t u n g s t a t e  t o  D - m a n n i t o l  b e t w e e n  0-5  ; 1 a n d  3 : 1 . T h e  w h o l e  w a s  m a d e  n p  t o  25  m l .  I 'h e  
o p t i c a l  r o t a t i o n ,  e x p r e s s e d  a s  [a ]j , a n d  b a s e d  o n  D - m a n n i t o l ,  w a s  m e a s u r e d  i m m e d i a t e l y .  I 'h e  
r e s u l t s  a r e  s h o w n  g r a p h i c a l l y  in  F i g .  2 . Y

Paper Electrophoresis.— T h e  m e t h o d s  u s e d  w e r e  t h o s e  d e s c r ib e d  p r e v i o u s l y .^ - ‘
Paper Chromatography.— T h e  s o l v e n t  s y s t e m  w a s  b n  t a n - 1 - o l - e t h a n o l - w a t e r  (4 : 1 : 5 ) 

( o r g a n ic  p h a s e ) .
Periodate Oxidation of Polyol-Tnngstate Complexes.— (i) S e p a r a t e  s o l u t i o n s  c o n t a i n i n g  

s o d i u m  t u n g s t a t e  a n d  D - g lu c i t o l  ( 1-8 % ), D - m a n n i t o l  ( 1 -8 % ), g a l a c t i t o l  ( 1-8 % ), a l l i t o l  (0 -2 % ),  
D - a l t r i t o l  (0 -2 % ), o r  2 - d e o x y - D - u r a 6 m o - h e x i t o l  ( 0 - 4 % )  in  t h e  m o la r  r a t io  o f  2 - 1— 3-0  : 1 w e r e  
f i r s t  a d j u s t e d  w i t h  2 N - s u lp h u r ic  a c id  t o  p H  5-2  a n d  t h e n ,  a f t e r  ca. 1 h r . ,  w i t h  N - s o d iu m  h y d r o x i d e  
t o  p H  7 -8 . T o  e a c h  w a s  a d d e d  s t a n d a r d  s o d i u m  p e r i o d a t e  s o l u t i o n  (2 m o l . ,  r e l a t i v e  t o  p o l y o l )  
a n d  t h e  w h o l e  s e t  a s i d e  o v e r n i g h t .  T h e  m i x t u r e s  w e r e  a n a l y s e d  b y  p a p e r  c h r o m a t o g r a p h y .  
S m a l l  p o r t i o n s  w e r e  a d j u s t e d  w i t h  2 N - h y d r o c h l o r i c  a c id  t o  p H  2 a n d ,  n e x t  m o r n in g ,  w e r e  
a n a l y s e d  b y  p a p e r  c h r o m a t o g r a p h y .  T h e  r e s u l t s  a r e  s h o w n  in  T a b le  4 .

(ii) C haracter isa t ion  o f  p rodu cts  f ro m  i^-glucitol-, V)-mannitol-,  a n d  g a lac t i to l - tungs ta te  com ­
plexes.  T h e  c o m p o n e n t s  o f  t h e  r e a c t i o n  m i x t u r e s  w e r e  f r a c t i o n a t e d  o n  a  c o l u m n  (50  X 3-5  c m .)  
o f  U l t r a s o r b  S .C . 1 20 /140  ( a c t i v a t e d  c h a r c o a l )  ( s u p p l i e d  b y  B r i t i s h  C a r b o  N o r i t  U n io n ,  L t d . ) .  
W a t e r  {ca. 500  m l . )  r e m o v e d  i n o r g a n i c  m a t e r i a l s .  A q u e o u s  e t h a n o l  (3 : 1) e l u t e d  (a ) L - x y lo s e ,  
D - a r a b in o s e ,  a n d  D - g lu c i t o l  ( f r o m  t h e  D - g lu c i t o l  c o m p l e x  a n d  in  t h a t  o r d e r ) ,  {b)  D - a r a b in o s e  
( f r o m  t h e  D - m a n n i t o l  c o m p l e x ) ,  a n d  (c) g a l a c t i t o l  ( f r o m  t h e  g a l a c t i t o l  c o m p l e x ) .  T h e s e  
m a t e r i a l s  w e r e  f u r t h e r  p u r i f ie d  b y  p a p e r  c h r o m a t o g r a p h y .  T h e  p e n t o s e s  w e r e  c o n v e r t e d  i n t o  
t h e i r  ÿ - n i t r o p h e n y l  h y d r a z o n e s ,  D - g lu c i t o I in t o  i t s  h e x a b e n z o a t e ,  a n d  g a l a c t i t o l  i n t o  i t s  h e x a -  
a c e t a t e  (m . p . s  u n c h a n g e d  w h e n  m i x e d  w i t h  a u t h e n t i c  s p e c im e n s ) .
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C O M P L E X E S H E I W E E N  

P O L Y H Y D R O X Y -C O M P O U N D S  A N D  IN O R C iA N lC  O X Y -A C ID S

V I. P A P E R  E L E C T R O P H O R ItS IS  IN ST A N N A T lt SO LU TIO N *

K. M. I.EES AND 11. WICK'.EE
Cheniistyy Departm ent, Royal H oil away Col h\qe, U niversity  oj London,

Lnglefield (ireen, Surrey {Credf Britain)

'Rccei\c(l March (>th, 19O4)

Polyols are known to form com plexes w ith the anions of several inorganic oxy-acids, 
e.g. borate-’ ,̂ arsenite^, g e r m a n a te b ^ ,  antimonate*’, molybdate'^, and tungstateC Such 
com plexes form the basis for paper electrophoresis of carbohydrates ;ind related 
compounds. In m any cases their electrophoretic m obilities have been correlated 
with the structures of both the inorganic com plexing agents and the polyols. We now  
report the paper electrophoretic behaviour of polyols in stannate solution.

E X P E R IM E N T A L

Electrophoresis was carried out on 10 cm wide sheets of W hatm an No. 3 MM filter 
paper. The electrolyte was a solution of sodium stannate in water (2 %, pH 11 .5 )*. 
Compounds were detected with acetone-silver n itrate-ethanolic sodium hydroxide*. 
D-Glucitol was used as a standard for comparison of rates of m igration, and hydroxy- 
m ethylfurfural as a non-m igrating marker for correction of electro-osmosis. Migration 
rates in stannate solution are thus expressed as Ms[Sn)  values. Under the conditions 
used, D-glucitol had a m obility  [u) of 14.3 X io~^ cnY sec“C

R E S U L T S  A N D  D IS C U S S IO N

In all cases exam ined the m obilities {u) of polyols in stannate solution are appreciably 
higher than in o .i  N  sodium  hydroxide*. Moreover, the sequence of m obilities of the 
polyols in stannate solution is m arkedly different from that in o .i A  sodium  hydroxide. 
Thus, m igration in stannate solution of the com pounds exam ined is due primarily to 
com plex form ation rather than ionisation  of hydroxyl groups, and the m ethod can 
be regarded as com plem entary to  those in other electrolytes'^.

Table I shows th at only tw o hydroxyl groups are required for com plex form ation. 
It is interesting that the m obility  of erythro-2 ,j,-h\iid.r\eàio\ is about half that of the 
threo-isomei. On the other hand, the m obility  of ery^Aro-2 ,3 -butanediol in borate*, 
arsenite*, and sulpho-benzeneboronic acid® is ca. 2 5 , 18 , and 0 %, respectively, of 
that of ^Aygo-2 ,3 -butanediol. Neither of these isomers m igrates in germ anate solution^*. 
From the S n -0  distances^^ in sodium  stannate, NagSn(OH)g, and potassium  stannate.

* For Part V see ref. i .
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POLYOL-INORGANIC ACID COMPLEXES. VI. 3 6 1

T A B L E  I

Mg(Sn) V A L U E S  OF P O L V U Y Ü R O X Y  C O M P O U N D S

I’olyhydroxy compounds MglSn) x /o*

A c yc l ic  co m p o u n d s

1.2 -E U ia n e t l io l  1
1 . 2 - P r o p a n e d io l  1
e r i / /n 'o - 2 ,3 - B u t a n e d io l  z
/ /n '6 'o -2 ,3 -B iita n e d io l 4
G ly c e r o l  23
E r y t h r i t o l  57
L -T h r e ito l 62
D -A r a b in ito l  95

i - d c o x y -  58
D - L y x it o l ,  i - d e o x y -  78
K ib ito l  72
X y l i t o l  1 0 0

i - d e o x v - D -  88
A ll i t o l  ' 88
D -A ltr ito l  9 5

i - d c o x y -  8 0
1 .6 -d id e o x y -  45

G a la c t i t o l  9 9
i - d e o x y - L -  87
1 .6 - d id e o x y -  72

D -G lu c ito l  10 0
i - d e o x y -  8 9
3 -O - n ie t h y l -  3 0

L -G u lito l
1 - d e o x y -  9 4
3 - O - m e t h y l-  8 5

v>-arabino-HeyAto\
2 - d e o x y -  4 8
3 - d e o x y -  24

D - n 6 o - H e x i t o l ,  3 - d e o x y -  2 4
D -M a n n ito l 9 3

1 - d e o x y -  9 4
i , 2- d i - 0 - m e t h y l -  6 6
2 -O - m e th y l-  8 8

L -M a n n ito l, 1 ,6 - d id e o x y -  6 7

C yclito ls

^ / / o in o s i t o l  1 0 0
( - f - ) - in o s i t o l  55
i i /J i in o s i t o l  101
M w c o in o s ito l  67
M y o in o s i t o l  42
S c v / /o in o s i t o l  5 0

A ld o se s  a n d  der iva t ives

D L -G ly c e r a ld e h y d e  9 4
D -E r y th r o s e  10 7
L -T h r eo se  1 0 3
D -A r a b in o s e  8 4

. m e t h y l  a - p y r a n o s id e  4 8
D -L y x o s e  1 1 5

m e t h y l  a -p y r a n o s id e  53
D -R ib o s e  1 0 4

m e t h y l  j3-p y r a n o s id e  1 0 4

(continued on p. 3 6 2 )
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3 6 2 E . M. L E E S , H . W E IG E L  

T A B L E  1 {continiicd)

I \>l yh y it TO.X y compo u mis

D -e rv t h r o -V c n io s c
’ - d e o x y - -4
1 ,2 - t l id c o x y - 1 9

D - X y lo s e 8 1

m e t h y l  a - f i ir a n o s i t le 3
n - . \ ] t r o s e ,  1 ,( ) -a n h y d r o - /f -p y r a i io s e 8 0

n - G a la c lo s e 78
I , ( ) -a n h y d r o - /h p \T a n o s e 8 1

m e t h y l  /L p y r a n o s id e 43
i .-G a la c to s e ,  t ) -d e o x y -  ( i .- f i ico se ) . ()9
D -t'd u c o se 63

1 ,( ) -a n h y d r o - /f -p y r a n o s e 0

( ) -d e o x y - 63
3 - t ) - m e t h y l - 78
4 - O - m e t h y l- 44
m e t h y l  a -p y r a n o s id e 2 8

d - G u Io s c 107
I , ( } -a n h y d r o -A p y r a n o s e 77
b - t le o x y - i " 5

D-arabino-Hcxosc,  2 - d e o x y - 31
n - / \ ’.v o -H c x o s e , 2 - d e o x  y - ^3
D -r /6 o -H e x o s c ,  2 - d c o x y - 5 ^
D -M a n n o s e 10 0

I ,(> -a n h y d ro -/9-p y r a n o s e 9 6
3 ,4 -d i- (  ) - m e th y l- 7 '
m e t h y l  a -p y r a n o s id e 4 '

L -M a n n o se , b - d e o x y -  (L -r h a m n o se ) 100

Ketoses and derivatives

D -F r u c t o s e
i - O - m e t h y l -  

D -e n 'M r o -H e x u lo s e ,  3 - d e o x y -  
L-vSorbose

Di saccharides

a ,a -T r e h a lo s e
Sophorose
Nigerose
L am inaribiose
M altose
Cellobiose
Isom altose
G entiob iose

91
8 0
6 0

94

11
57
57 
75
65
O2
58 
65

K 2S n ( 0 H ) g ,  a n  a v e r a g e  0 - 0  d i s t a n c e  i n  S n ( O H ) g * ~  i o n s  o f  2 .7 7  A c a n  b e  c a l c u l a t e d .  
T h i s  i s  p r o b a b l y  g r e a t  e n o u g h  t o  a l l o w  t h e  f o r m a t i o n  o f  a  n o n - p l a n a r  5 - m e m b e r e d  
r i n g  ( I ,  f r o m  / ^ r e a - 2 , 3 - b u t a n e d i o l ) .  I n  t h i s  e v e n t ,  t h e  c o m p l e x  o f  erythro-2 ,;^-but'dne- 
d i o l ( I I )  w i l l  b e  m o r e  s t a b l e  ( r e l a t i v e  t o  t h a t  o f  t h e  threo-isomer)  t h a n  t h o s e  f o r m e d  
f r o m  t h e  o t h e r  o x y - a c i d  a n i o n s .

T h e  o r d e r  o f  m o b i l i t y  o f  a c y c l i c  p o l y o l s  o f  i d e n t i c a l  m o l e c u l a r  s i z e  i s ,  w i t h  t h e  
e x c e p t i o n  o f  i - d e o x y - D - m a n n i t o l ,  r e l a t e d  t o  t h e  n u m b e r  o f  threo- i ,2-dio\  g r o u p i n g s  
i n  e a c h .  T h i s  i s  n o t  u n e x p e c t e d  a s ,  i n  t h e  p l a n a r  z i g - z a g  c o n f o r m a t i o n  o f  t h e s e  c o m ­
p o u n d s ,  t h e  0 -0  d i s t a n c e  i n  threo- i ,2 -dio\  g r o u p s  ( 2 .8 2  A) i s  c l o s e  t o  t h a t  i n  t h e
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POLYOL-INOKGANIC ACID COMPLEXES. VI . 3 6 3

Sn(OII)g*“ ion. T lius, th e  co n trib u tio n  to  m o b ility  arising  from  threo-disposed  ad ­
jacen t h y d ro x y l groups is larger th a n  th a t  from erythro- i ,2-dio\  groupings.

I n  t h e  s e r i e s  o f  a  I d o  p e n t  o s e s  a n d  - h e x o s e s  t h e  l a r g e s t  c o n t r i b u t i o n  t o  m o b i l i t y  
s e e m s  t o  a r i s e  f r o m  c Ê s ' - r , 2 - d i o l  g r o u p i n g s  o f  t h e i r  p y r a n o s e  f o r m s ,  a l t h o u g h  t h e  0 - 0  

d i s t a n c e s  i n  t h e  c h a i r  c o n f o r m a t i o n  o f  cis-  a n d  / r a w . s - i , 2 - d i o l s  o f  s i x - m e m b e r e d  r i n g  
c o m p o u n d s  a r e  i d e n t i c a l  ( 2 .8 2  A). T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  d i f f e r e n c e s  i n  r e a c t i v ­
i t y  o f  1 , 2 - c y c l o h e x a n e d i o l s  o b s e r v e d  i n  o t h e r  c y c l i s a t i o n  r e a c t i o n s ' * .  S u b s t i t u t i o n  i n  
o r  o f  o n e  o f  t h e  c A - d i s ; x ) s e d  a d j a c e n t  h y d r o x y l  g r o u j x s  r e d u c e s  t h e  m o b i l i t y  {e.g. 
D - m a n n o s e ,  2 - d e o x y - D - r t m 6 f w o - h e x o s c ,  D - r i b o s e  ; 2-dc.oxy-D-erythro-pentüse) .  B y  
v i r t u e  o f  t h e  a , / f - e { ] u i l i b r i u m  a l l  p y r a n o s e s  c a n  p o s s e s s  a  c h s - i , 2 - d i o l  g r o u p i n g .  T h u s ,  
i n  a l l  c a s e s  e x a m i n e d ,  e x c e p t  D - r i b o s e ,  g l y c o s i d e  f o r m a t i o n  a l s o  r e d u c e s  t h e  m o b i l i t y .  
I t  i s  n o t e w o r t h y  t h a t  D - r i b o s e  i s  t h o u g h t  t o  e x i s t ,  i n  a q u e o u s  s o l u t i o n ,  a l m o s t  e n ­
t i r e l y  i n  i t s  / ^ - p y r a n o s e  f o r m ' * ,  w h i c h  p o s s e s s e s  t h e  s a m e  n u m b e r  o f  c f s - i , 2 - d i o l  
g r o u p i n g s  a s  i t s  m e t h y l  p y r a n o s i d e .

T h e  c o m p le x -fo r m in g  i,6 -a n h y d r o -/9 -p y r a n o se s  h a v e  h ig h er  Ms{Sn)  v a lu e s  th a n  
e x p e c te d  {of. i,6 -a n h y d r o -/9 -D -g a la c to p y r a n o se , m e th y l /3 -D -g a la c to p y ra n o s id e ; 1 ,6 - 
a n h y d r o -/i-D -m a n n o p y r a n o se , m e th y l a -D -m a n n o p y ra n o s id e ). I t  is  p ro b a b le  th a t , 
o w in g  to  th e  fo rm a tio n  o f th e  1 ,6 -a n h y d ro -r in g , th e ir  m - r e la te d ,  a d ja c e n t h y d r o x y l  
g ro u p s h a v e  m o v e d  in to  a  s p a t ia l d is p o s it io n  e v e n  m ore  fa v o u r a b le  for c o m p le x  
fo r m a tio n .

Of th e  i,6-anhydro-/5-pyranoses exam ined  th e  glucose de riv a tiv e  is th e  only  
com pound  w hich d id  n o t m ig ra te  d u ring  electrophoresis in  s ta n n a te  so lu tion . I ts  
py ranose  ring  can , th eo re tica lly , ad o p t th e  iC  an d  3 B conform ations (R e e v e s ’ 
n o m en cla tu re ''') , possessing, respectively , ax ia lly  an d  eq u a to ria lly  disposed hydroxy l

CH OH
2 -

(I)

- | 2 -

F ig .  I .

OH
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g ro u p s. T h e  fa c t  th a t  a i((y ;),2 (67y)-d io l g r o u p in g  can  c o m p le x  w ith  s ta n n a te  {cf. 
m e th y l  a -D -g lu c o p y r a n o s id e , D -g lu cose , 6 -d e o x y -n -g lu c o s e )  su g g e s ts  th a t  th e  p y ­
ra n o se  r in g  in  i , 6 -a n h y d r o - /)- i) -g lu c o p y r a n o se  e x is t s  in  th e  iC  c o n fo r m a tio n .

T he cvclito ls possessing four cÊs-i,2 -diol g roupings A /)finositol and  R//oinositol) 
have  higher m obilities th a n  those possessing o n ly  tw o {inuco-, de.xtro-, an d  );^yeinositol). 
H ow ever, scy/Zoinositol, w hich possesses on ly  /D D /s-arranged h y d ro x y l groups, 
m ig ra tes faster th a n  ;;iyoinositol. A tr i i le n ta te  s tru c tu re , as projiosed for b o ra te  
com plexes of ce rta in  cyclitols'* , w ould no t accoun t for th is  effect unless tw o s ta n n a te  
ions could com bine w ith  .sT\’//oinositol, w hen all h y d ro x y l groiqxs are ax ia lly  disposed.

T in  an d  germ an iu m  are m em bers of th e  sam e, g roup  in th e  period ic tab le  of 
e lem ents a n d  form  th e  sam e ty p e  of an ion , i.e. Sn(OH)g*- an d  (ie(OH)^*-. T he se­
quences of e lec tro p h o re tic  m obilities of polyols in s ta n n a te  an d  g e rm a n a te ' so lu tions 
show  ce rta in  sim ilarities, e.g. in th e  series of aldohexoses, m e th y l pyranosides of 
aldohexoses, an d  cyclito ls. H ow ever, th e  sam e sim ila rities  are no t observed in the 
series of a ldopen toses an d  acyclic polyols. T he in v estig a tio n  has also show n th a t  
s ta n n a te  form s com plexes w ith  a g rea te r  range of polyols th a n  do m o ly b d a te  and  
tu n g sta te" , w hich require , for com plex fo rm atio n , very  specific s tru c tu ra l features.
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SU M M A R Y

P ap er e lectrophoresis in s ta n n a te  so lu tion  has show n th a t  s ta n n a te  form s com plexes 
w ith  several acyclic a n d  cyclic polyols. T h reo -i,2 -d\o\ g roups in acyclic com pounds 
com plex m ore stro n g ly  th a n  th e  correspond ing  erythro g roupings. W ith  six-m em bered  
ring  com pounds th e  la rgest co n tr ib u tio n  to  m o b ility  arises from  a s - i , 2 -diol groups, 
a lth o u g h  tra n s-i,2 -d \o \ g roups can  com plex. T he p ap er e lec tro p h o re tic  m obilities of 
th e  polyols are  discussed from  th e  v iew -poin t of th e  co n fo rm ations of th e  polyols an d  
th e  s tru c tu re  of th e  s ta n n a te  ion. /
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UE I j M I ' T  WE I d E I j .  Ijomlnn: h'oiniileir von Poh/hiiilroxifl- 
Verbhhlunqen uiil anorqniûschen SKiirislii/Jaiinrni.

Dio o]itischo Drcliunz niciirorcr Rolyli \ f lmxyl -Vorliimliiiu^on isl. 
ill GoirPiiwiirl oiniiipr iinoryanisclipr Saiicrsiofrsiiun'Ti orliohl. In 
(iciipuwart von Molybclal orroiclil dir o|iti<flir Drriinnir rin Maxi­
mum lini |i„ ra. 2. Mit Wolframal i rin ilirsrs Maximum In i |i„ n.n 
auf. Jtoi i>„ 5.5 rrliilfific \Volframat-Kom|i lrxo sind nocli boi 
p„ s  bis ;i Ix'siiindi'.'.

Dir Kompirxr find Aniourn nnd konnrn /.nr i’apirrrirktropho-  
rrsr von Kohlohydralcn und vrrwandlm Vrridndunc'cn bennlzt 
wrrdrn. Cyclischc Polyhydroxyl-Vrrbindonirrn mit <> Rim^atomrn 
bildrn Kompirxr mit Midybdat odrr Wolframal.  wrnn sic rin ris- 
ris-1.2.:t-Triol-Sys(.rm bosi lzm.  Solriic Vrr.bimlnn^’rn. habrn in 
mindrslrns rinrr ilirrr Konstcllationrn rin 1 (a.x), 2(c(| ), 3 (a x )- 
Trioi-Syslrm. Dio M.s-Wrrtr ( Wandrrunirs.slrrrkr wahrrnd dcr 
ICIrktropliorrsr. rrlaliv zu drr von Sorhii ) sind von drr rrlativrn 
Mr.standiukril drr mlsprrrl irndi  n Konslrliaiion brrinUnlit. Myo- 
inosil  bat MslM" in .Midybdat' 0.2, .M„(W) (in Wolframal)  o; 
Kpi-inosif hat. M Mo) 1.1, (W) 1,0.

Dir Znsamiir n^ r̂lziiii'/ drr Kompirxr,  mowir dir MyWrrtr  von 
suiistil uirrtrn aryclisrhrn I'oly hydroxy I-Vrr bind nnirrn sind von 
drr Strlir drr Substitution abhan^i": 2-(i lurosyl-sorbit,  .Ms(.Mo) 
0.0. .Ms(W) n.7; :t-(!luro,syl-sorbit. My'Mo) und Mw(W) 0: 4-f:ln- 
rosyl-s"'-ldt. M̂ t Mo) 0.1, M, W; 0,2; 5- nnd (I'-tJlucosyl-sorbir, 
M, ,M.. ",H. M 4 W ,  0,7.

Oxydation von D- Sm hit mit I'rrjodat in (I'rirrnwart von Wolf- 
ra mat lirfrri o-Soriiit,  i>-.\ rabinosr nnd t.-Xylosr zn rjrirlirn Tri- 
Irn. n M a unit lirfrrt n-Arahinosr.  Dnb it wird nirht. alnrrhant.  
Drmnarb ist rin 1.2.1 y T, ST i- odrr 1.2. l(a'i'. ,5 s-Triol-Systrm an 
drr Koinplrxldldnny lo iidii^l. . _

Durch Klrktrophorcso in Midybdat- odor Wolframat-Ldmuntf 
wurdrn Vcrbindunpcn wic 3 .t)-Di-a-glncosyl-sorbit.  MgfMo) 0, und 
e-a-Nigcrosyl-sorbit.  Mg(Mo) 0,f..5, grtrcnnt,  die durch Rcduktion 
von cnzymatiBchrn Abbauproduktrn rinrs verzwrigt.cn Drxtran  
(3 ‘-a-r. luro8 yl-i8 omaltoae,  bzw. iU-a-Clnrosyl-iflomaltose) crhal- 
ten warden.

y »
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I .  I n t r o d u c t i o n

The technique of electrophoresis^ involves the migration of charged 
substances in a conducting solution under the influence of an applied 
electrical fleld. Boundary electrophoresis refers to migration in free solu­
tion, whilst the term zone electrophoresis is applied to the process of 
migration in supported electrolytes. In the field of carbohydrate chem­
istry, the most commonly used support for the electrolyte is filter paper, 
although others have been used when this seemed desirable.^^~^

The development of paper electrophoresis of neutral carbohydrates^ 
stems from the observation that certain polyhydroxy compounds react

(1) T he d istinction  betw een  th e  term s electrophoresis and ionophoresis is arbitrary. 
Som e authors use th e former for th e m igration of large m olecules and particles, 
and reserve the la tter for the m ovem en t of sm all ions.

( la )  S. Gardell, A. H . Gordon, and S. Â qvist, Acta Chem. Scand., 4, 907 (1950).
(2) E . J. Bourne, A. B . F oster, and P . M . Grant, J . Chem. Soc., 4311 (1956).
(3) D . R . Briggs, E . F . Garner, and F . Sm ith, Nature, 178, 154 (1956).
(4) R . C onsden and W . M . Stanier, Nature, 169, 783 (1952).

61
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with borate to give anionic complexes/'’ Electrophoresis of carbohydrates 
in the presence of borate has been excellently reviewi'd in this Series by 
Foster.'  ̂ It was then stated that ‘hvhilst chromatography has reached its 
majority, zone electrophoresis is currently adolescent, although its pot.en- 
tialities have been fully recognized.” The teclnh(|ne has since undergone 
considerable expansion, the most important development being the ex­
ploration of electrolytes other than borate solution. All these methods 
can be regarded as complementary tools in the analysis of carbohydrates, 
and it now becomes* increasingly possible to separate and identify com­
ponents of hitherto nnresolvable mixtures. The present review is to be 
regarded as a continuation of Foster’s article.® Its aim is to describe the 
behavior of carbohydrates during electrophoresis in the various electro­
lytes, to discuss the modes and posit ions of attachment of the complexing 
agents to the polyhydroxy compounds, and to indicate the use of these 
methods in current problems. The facts descrilied in Foster’s article® will 
not 1)0 repeated here, except where completeness seems desirable. For 
this reason, mobility values of carbohydrates during electrophoresis in 
borate solution have been included in the Tables (see pp. 84-87).

I I .  S P E C I F K a ' l ' Y  O F IClvFC I a o L v r F S

Molecules which possess a net charge, or which may be given one by 
simply controlling the pH of their environment (for example, carboxylic 
acids and amines), will migrate in an applied electrical field as anions or 
cations according to the properties of their functional groups. A number 
of formally neutral poly hydroxy compounds also migrate toward the anode 
during electrophoresis in sodium hydroxide solution. This is probalily due 
to the ionization of hydroxyl groups. However, in electrolytes containing 
a variety of inorganic oxy acids, anionic complexes are formed by reac­
tions between the acid ions and the formally neutral poly hydroxy com­
pounds. On the other hand, basic lead acetate and cations of the a l k a l i , 
metals and alkaline-earth metals afford cationic complexes. Greatly dif­
fering electrophoretic mobilities of polyhydroxy compounds have been 
observed in these electrolytes. Clearly, the structures of the inorganic 
complexing agents and of the polyhydroxy compounds will, together, 
decide their point or points of attachment, if any.

The index of electrophoretic mobility as used in this article is defined 
in Section IV (p. 82).

(5) J. B oeseken, Advan. Carbohydrate Chem., 4, 189 (1949).
(6) A. B . Foster, Advan. Carbohydrate Chem., 12, 81 (1957).
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1. Borate

Tlie Raman spectrum of the aqueous borate io if and x-ray studies on 
boron minerals^ have shown that the borate ion has tetrahedral symmetry 
and is, in all likelihood, B (011)4®. In 3 71/ sodium perchlorate solution at 
25° and with a total concentration of boron of B <0.025 71/, essentially 
the mononuclear species boric acid, 13(011)3, and the anion B(0H)4® seem 
to be present, whilst, for 13 >0.025 71/, two polynuclear species, B303(0 I i)4® 
and 11303(011)5̂ ®, can also be detected.® This means that boric acid does 
not act as a proton donor but as a Lewis acid, accepting the electron pair 
of the base (for example, OH®) to form the tetrahedral anion B(0H)4®.

Most esters and complexes between boric acid and borate ions, respec- 
^ ^ t iv e ly ,  and polyhydroxy compounds can be formulated as follows:

(1)

R

O

B

,OH

OH

0

(2)

©

/ ° \
R B  R R — 0 — B — OH_ V _v _

(3) (4)

0

The ionic species (2), (3), and (4) migrate during electrophoresis.®
The 0 - 0  distances for trigonal and tetrahedral boron are 2.36 to 2.39 

À. and 2.40 to 2.44 Â., respectively.^® It thus appears that the borate ion 
would form complexes with those polyhydroxy compounds in which the 
oxygen atoms of at least two hydroxyl groups are separated by, or can 
easily approach each other to, a distance of approximately 2.4 A. Such a 
distance is found in the cfs-l ,2-diols of five-membered ring compounds

(7) J. 0 .  E dw ards, G. C. M orrison, V. F . R oss, and J. W . Schultz, J .  Am. Chem. Soc., 
77, 266 (1955).

(8) M . Fornaseri, Periodico mineral. (R om e), 18, 103 (1949); 19, 157 (1950); Pic. 
Sci. S u p p l ,  21, N o . 7, 1192 (1951).

(9) N . Ingra, G. Lagerstrom , M . Frydinan, and L. G. Sillén, Acta. Chem. Scand., 11, 
1034 (1957).

(10) C. L. Christ, J. R. Clark, and H. T . E vans, Jr., Acta Cryst., 11, 761 (1958).
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(2.49 these react more strongly with borate ions lhan do their trans
isomers^ (Ü -0 , 3.40 A.). Jii the planar, zigzag eonfornuition of acyclic 
cis- and /ra?2s-l , 2-diols,“‘' the oxygen atoms are separated by a distance 
of 3.65 and 2.82 A., respectively, but con, in an eclipsed conformation, 
approach each other to a distance of 2.49 A. The greater electro[)hore(ic 
mobility of the acyclic traïis-1,2-d\o\, as compared with that of the cis 
isomer, has been related to the interaction energy of the nonbonded atoms 
in the essentially planar diol-borate c o m p l e x . ®

The 0 - 0  distances in the planar, zigzag conformation of 1,3-propane­
diol and acyclic trails- and cfs-1 ,3-diols are 4.84, 3.43, and 2.51 A., respec­
tively. By rotation about C-C bonds, these can be reduced to 1.74 A., 
when C-1, C-2, C-3, and the oxygen atoms are coplanar. Thus, with 
such compounds, the borate ion, B (0 II)4®, would fit well, to form puck- 
ered, six-membered rings. The resolution of cfs-(5a)[A/G(B) 0.18] and 
/?’ans-2,4-pentanediol (6a)[il/G(B)0]^^ shows that the mobility is de­
creased when the six-membered ring [(5b) and (6b )] contains an axial 
alkyl group. 2-Methyl-l ,3-pentanediol yielded, when subjected to elec­
trophoresis, two components [71 /g(B ) 0.08 and 0.24].*^ Presumably, the sub-

CH

HCOH

HCOH
aoH

(5a) (5b)

C H ,

HCOH

HOCH

CH3

(6a)

CH2OH
HCCH3

HCOH
I

Ç H 2

CH 3

(7a)

Me

HCCH.
I

HOCH
Me

CH,OH OH

( 7 b ) (8a) ( 8 b )

(11) In  calculating 0 - 0  distances in diol groupings, the bond angles a t all carbon 
atom s were taken as being the tetrahedral angle (109°28') and the bond lengths 
as C -C  1.54 and C -O  1.42 Â. In  the case of cyclic com pounds, the calculations 
have been based on the cyclopentane and cyclohexane ring-system s.

(11a) In  th is article, the term s cis and irans refer to  Fischer projection formulas.
(12) D . H . B arton and R . C. Cookson, Quart. Rev. (London), 10, 44 (1956).
(13) J. L. Frahn and J. A. M ills, Australian J. Chem., 12, 65 (1959).
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stance was a mixture of two diols [(7a) and (8a)], and, based on the 
mobilities of (5b) and (6b), the faster migrating diol is, in all likelihood, 
(7a). Their borate complexes are (7b) and (8b). In agreement with other 
observations on six-membered ring compounds,’'̂ two axial groups on the 
same side of the ring (6b) will decrease the electrophoretic mobility more 
than do two axial groups on opposite sides (8b). The relative stabilities 
of crystalline sodium borate complexes of acyclic 1 , 3-diols have been 
interpreted in a similar manner.

cfs-1 ,3-Cyclohexanediol does not migrate during electrophoresis in bo­
rate solution,^® although the 0 - 0  distance in one of its conformations is 
the same as that in the planar, zigzag conformation^^ of acyclic a s-1 ,3 -  
diols (2.51 A.). This is to be expected, as the axial interactions in the 
complex (9) would be too great to allow its formation. On the other hand, 
the cyclic boric ester of cfs-l ,3-cyclohexanediol (1; R =  C 6Hio), in which 
the axial interactions are diminished, has been obtained.

OH OH

HO

(9) (10)

When the six-membered ring compound contains a czs-as-1 ,3,5-triol 
system, a cage structure (10) can readily be formed. Cyclitols containing 
such a system exhibit marked electrophoretic mobilities. Angyal and 
McHugh^® have correlated these with the disposition of the remaining 
hydroxyl groups. The migration during electrophoresis of pentaerythritol 
is presumably due to the formation of a complex having a similar cage 
structure.

The 0 - 0  distances in the chair conformation of cis- and trans-1,2- 
cyclohexanediol are identical (2.82 A.). However, only in the former can 
this distance r e a d i l y diminished to a value (2.49 A. in a boat or half­
chair conformation) small enough for complexing with the borate ion. 
Consequently, only the cis isomer exhibits electrophoretic mobility.^®

J1 4 ) W . K lyn e, Progr. Stereochem., 1, 36 (1954).
(15) J. D ale , J . Chem. Soc., 922 (1961).
(16) S. J. A ngyal and D . J. M cH ugh, J . Chem. Sac., 1423 (1957).
(17) S. A. Barker, E . J. Bourne, and D . H . W hiffen, J . Chem. Soc., 3865 (1952)



()() II. W K K i E L

2. Sulfanaied Benzeneboronic Aeid

Bcnzoiiel)oroiiic acid, PhB(0 H )2, is three times as strong as boric acid.'® 
Its ion, P1iB(0 II)3®, might be expected to have a tetrahedral structure 
similar to that of the borate ion, B (011)4®. Diols or triols having the 
stereochemical modifications discussed in the preceding Section should 
thus have similar aflinities for benzeneboronatc and borate ions. This 
\'iew is confirmed by.^he results of Oaregg and Lindberg,'^ who found, at 
pH 7, no significant increase in the relative electrophoretic mobility of 
sugars in solutions containing benzeneboronic acid instead of boric acid. 
However, sulfonated benzeneboronic acid gave, at neutral pH values, 
much more selective reactions than is the case with borate at pH 10. 
With reducing sugars and glycosides, by far the largest contribution to 
the mobilities was found to arise from ciVl,2-diols of five-membered ring 
compounds, but, in contrast to borate at pH 10, none arises from cis-l ,2- 
diols of six-membered ring compounds or from such a diol group as that 
on C-4 and C-O in n-glucopyranose.

The effect of the sulfonic acid group on the boronic acid group is to 
decrease its ionization, thus leading to trigonal boron. Because of this 
circumstance, the products formed under the conditions of the electro- 
plioresis are, in all likelihood, esters of boronic acid, their migration being 
attributable to the ionization of the sulfonic acid group.

A comparison of the absolute mobilities during electrophoresis in these 
two electrolytes, respectively, shows that, in all cases except those of 
cpf-inositol and, })robal)ly, methyl a-n-mannofuranoside, the values are 
appreciably smaller in the solutions containing sulfonated benzeneboronic 
acid. The extent of the decrease is probably too great to be due solely to 
the difference in ionic radii of pairs of the migrating substances. Although 
different degrees of ionization of such pairs will contribute to this effect, 
it also seems that sulfonated benzeneboronic acid has, in general, a lower 
affinity for diols than has the borate ion.

The different affinities of sulfonated benzeneboronic acid and of the 
borate ion for cfs-1 ,2-diols of cyclic compounds might be explained by the 
relative stabilities of five-membered rings containing tiigonal and tetra­
hedral boron. Hubert, Hargitay, and Dale'̂ ® have shown that the five- 
membered ring is strained if it contains trigonal boron but not if it con­
tains tetrahedral boron. Thus, whilst the oxygen atoms of true cfs-1 , 2-diols 
(as in furanoid compounds) are in such a position that the difference

(18) W . Gerrad, “ T he Organic C hem istry of B oron,” Academ ic Press Inc., London, 
E ngl, and N ew  York, N . Y ., 1961, p. 67.

(19) P . J. Garegg and B . Lindberg, Acta Chem. Scand., 15, 1913 (1961).
(20) A. J. H ubert, B . H argitay, and J. D ale, J. Chem. Soc., 931 (1961).
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hetwccii the free-eiiergy changes involved in the two reactions is approxi­
mately that for the interconversion of structures containing trigonal and 
teti’ahedral boron, only a fraction, / ,  of the molecules of d,s-l , 2-diols of 
six-nieniber(‘d ring compounds have the oxygen atoms in that position. 
Thus, an entro{)y t(‘rm, RT  In 1/ / ,  has to be added to the free-energy 
changes involved in the reactions. This term could reduce the affinity of 
sulfonated benzeneboronic acid for the latter diols to such an extent that, 
under the condit ions of electrophoresis, no reaction would occur.

d'he lower affinity of sulfonated benzeneboronic acid for diols, together 
with this entropy effect, probably also explains the observation that, in 
contrast to borate solution, no contribution to mobility arises from such 
a diol grouping as that on C-4 and C-6 in D-glucopyranose (shortest 0 - 0  
distance, 2.51 A.). However, there is an indication that sulfonated ben­
zeneboronic acid reacts with czs-l,3-diol groupings of six-membered ring 
compounds when, in the most stable conformation, the two hydroxyl 
groups are axially disposed [as in epf-inositol, ilf^/(PhB) 1.8].

3. Germanate

The complexes formed between polyhydroxy compounds and germanic 
acid have been found^^’̂  ̂ to contain the former and germanium in the 
ratios 1 :1, 2 :1, or 3 :1. Germanic acid readily undergoes polymerization 
reactions. At pH 9.4, the pentagermanate ion, GesOiP®, is present in 
solution. Decrease or increase in pH results in gradual depolymerization, 
and, at pH 11, the ion Ge(OH)e^® becomes the major component in a 
germanate solution. Lindberg and SwaiP^ have investigated the behavior 
of carbohydrates and related compounds during paper electrophoresis in 
sodium germanate solution of pH 10.7 at 40°. It is probable that, under 
the conditions of the electrophoresis, complexes of structures (11) or (12) 
are formed.

O,

R Ge

OH 

(11)

2 0 OH

OH

(12)

2 0

(21) P . J. A ntikainen, Acta Chem. Scand., 13, 312 (1959).
(22) D , A. E verest and J. C. Harrison, J. Chem. Soc., 1745 (1960).
(23) B . Lindberg and B . Swan, Acta Chem. Scand., 14, 1043 (1960). M obilities of

selected  com pounds a t lower tem peratures and a t pH  10 are given by  W . J.
Popiel, Chem. Ind. (London), 434 (1961).
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The G e-0  distance in Go (Oil) has not yet been determined. How­
ever, if it does not differ very greatly from that in tetrahedral germanium 
compounds,-^-® the 0 - 0  distance can be calculated to be-̂  approximately 
2.G4 A. This value falls between those of the 0 - 0  distances in m ’- l , 2- 
diols of five- (2.49 A.) and six-membered ring compounds (2.82 A. ; a chair 
conformation). Thus, Lindberg and Swan-'  ̂ have shown that compounds 
possessing such structural features will form ionic complexes during elec­
trophoresis in germanate solution. The value of 2.49 A. is considerably 
smaller than that calculated for the 0 - 0  distance in Ge(OIl)c^®. On the 
other hand, Beevers and Crochran-® have shown that C-4 of the n-fructo- 
furanose moiety of sucrose is out of the plane by about 0.5 A., affording 
a nonplanar conformation. The result is that atoms attached to ad­
jacent ring-carbon atoms become slightly staggered, increasing thereby 
the distance of their separation. The 0 - 0  distance in d s-1 ,2-diols of 
furanosides could thus approach that in the Ge(OH)r® ion. Indeed, Lind­
berg and Swan̂ ® have noted that the germanate complexes of such diols 
are particularly strong.

The mobilities of the methyl n-glucopyranosides and n-xylofuranosides 
during electrophoresis in borate solution have been attributed to complex- 
formation involving 0-4 and 0-G, and 0-3 and 0-5, respectively.® The 
complex-formation of such 1 ,3-diols seems to be very limited with ger­
m anate.H ow ever, it is interesting to note that the order of mobility of 
substituted n-glucoses (for example, 0-methyl-D-glucoses and disaccha­
rides of D-glucose and of deoxy derivatives thereof) is the same in borate 
and in germanate. The sequence of mobilities in borate solution has been 
rationalized by postulating that the aldehydo form of the sugar is the princi­
pal form involved in complex-f ormation and that the pair of hydroxyl 
groups sterically most favorable for complex-f ormation are those® on C-2 
and C-4. Thus, the same could be true for complex-f ormation with ger­
manate. On the other hand, the sequence of mobilities in germanate 
solution of monosubstituted D-glucitols differs from that of the correspond­
ing D-glucose derivatives; for example, the 7lf(?(Ge) values of 2-0-mcthyl- 
D-glucitol and 2-0-methyl-D-glucose are 1.5 and 0, respectively. This 
indicates that complexes of germanate with reducing sugars are formed 
exclusively by 1 ,2-diol groupings in a cyclic form of the su g a r .T h e  same 
authors suggested that this is also true for borate complexes with sugars. 
The mobilities in borate solution of monosubstituted D-glucitols have not 
yet been determined. However, periodate oxidation of the D-glucitol-

(24) L. Pauling, “T he N ature of the Chemical B on d ,” Cornell U niversity  Press, 
Ithaca , N . Y ., 2nd E dition , 1948, p. 179.

(25) Y . G inetti, Bull. soc. chim. Beiges, 63, 209, 460 (1954).
(26) C. A. B eevers and W . Crochran, Proc. Roy. Soc. (London), S er .A ,  190, 257 (1947).
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borate complex yielded L-xylose as the major p ro d u ct.T h is  result indi­
cated that D-glucitol forms a complex with borate similar to that suggested 
for D-glucose,® through participation of the hydroxyl groups on C-2 and C-4.

Lindberg and SwaiT® suggested that, in the case of cyclitols, cfg-l ,2-diol 
groupings and cfs-rclatcd hydroxyl groups at C-1, C-3, and C-5 are in­
volved in complex-f ormation with germanate. Indeed, the sequence of 
electrophoretic mobilities in germanate solution of cyclitols is again paral­
lel to that in borate solution, thus lending substance to this suggestion.

For the reason discussed in the case of borate, it is improbable that 
germanate forms complexes involving cis related hydroxyl groups on C-1 
and C-3 of six-membered ring compounds.

4. Stannate

The alkali stannates (for example, N a20*Sn02*3 H 2O) derive from the 
anion Sn(0Ii)6^®, in which the 6-coordination shell of tin is filled. From 
the S n -0  distances^® in sodium stannate, N a2Sn(0 H) 6, and in potassium 
stannate, K 2Sn(0 H) 6, an average 0 - 0  distance in Sn(OH)c^® ions of 2.77 
A. can be calculated.

Electrophoresis in sodium stannate solutioiF^ has shown that polyhy­
droxy compounds form anionic complexes with the stannate ion. Only 
two hydroxyl groups are required for their formation and, from the 0 - 0  
distance in the Sn(0 H )6̂ ® ion, it was to be expected that complexes would 
be formed from acyclic 1 , 2-diols. It is interesting that the mobility of 
a s-2 , 3-butanediol is about half that of the trans isomer. This result is 
in contrast to that for other electrolytes discussed in this review, particu­
larly for sulfonated benzeneboronic acid, although the absolute mobilities 
of these isomers are much lower in stannate solution. The 0 - 0  distance 
in Sn(0 H )6̂ ® is probably great enough to allow the formation of a non­
planar 5-membered ring. In this event also, the complex of a s -2 ,3-bu­
tanediol should be relatively stable.

The order of mobility of pentitols and hexitols is related to the number 
/[ frans-1 ,2-diol groupings in each. This is not unexpected as, in the 

planar, zigzag conformation of these compounds, the 0 - 0  distance be­
tween trans arranged hydroxyl groups (2.82 A.) is close to that in the 
Sn(OH)e^® ion. Thus, although the a s -1 ,2-diol grouping can complex 
with stannate, by far the largest contribution to mobility comes from 
trans disposed hydroxyl groups.

It is not certain whether equatorially disposed trans-1, 2-diol groupings

(27) D . H . H utson  and H . W eigel, J . Chem. Soc., 1546 (1961).
(28) C. 0 .  Bjorling, Arkiv Kemi, Mineral. Geol., 15, N o . 2 (1941).
(29) E . M . Lees and H . W eigel, unpublished results.
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of (3-nicmberc'(l ring coinponnils can form complexes with stannate. Cer­
tainly, of those cyclitols whose mobilities have been measured, those 
having four ds-1,2-diol groupings exhibit greater mobility than those 
having only two. However, sc/y/Zo-inositol, which possesses only trans 
arranged hydroxyl groups, migrates faster than va/ye-inositol. A tridentate 
structure, as proposed for borate complexes of certain cyclitols,'® would 
not account for this effect unless two stannate ions could combine with 
scylio-inosiiol when all its hydroxyl groups are axially disposed.

In the series of “pentoses and hexoses, by far the largest contribution 
seems to arise from cis arranged 1,2-diol groujis. Substitution in or of 
one of the cis disposed hydroxyl groups reduces the mobility. However, 
it is possible that vicinal hydroxyl and hydroxy methyl groups, present 
in some glycosides, also complex with stannate ions.

5. Arsenite

Arsenious acid, As(0II)3, behaves as a weak acid with a dissociation 
constant®® of about 8X 10“'® at 25°. As is the case with boric acid,® the 
addition of n-mannitol to afpieons solutions of arsenious acid increases 
the acidity of the solution.®' The formation constants for complexes be­
tween polyhydroxy compounds and the arsenite ion have been found to 
be considerably smaller than those for the corresponding borate com­
plexes.®  ̂This is also reflected in the absolute mobilities of such compounds 
during electrophoresis in arsenite solution.

Little information is available about the structure of the arsenite ion 
that complexes with poly hydroxy compounds. Most of the salts of arseni­
ous acid are not derived from the ortho but from the meta acid, HAsOg. 
Roy, Laferriere, and Edwards®  ̂ found that the logarithms of formation 
constants for arsenite and Ijorate complexes form a good straight line on 
the linear, free-energy plot. This result indicates that the two ions have 
similar steric properties. As the liorate ion is known to be tetrahedral,^ 
these authors suspected the arsenite ion to be As(0 II)4® and to have a ^  
distorted, tetrahedral structure. However, as they found no evidence fo^ 
the existence of complexes containing a polyhydroxy compound and ar­
senic in the ratio of 2:1, as is the case with borate, the alternative struc­
ture, AsO(OH)2® was not excluded. Arsenic trioxide, AS4O6, has a tetra­
hedral structure.®® It might be expected that the same would be true for 
the ion AsO(OH)2®. In this event, the 0 - 0  distance in AsO(OH)2® might

(30) F . Ishikaw a and I. Aoki, Bull. Inst. Phys. Chem. Research (T okyo), 19, 136 (1940).
(31) B . E nglund, Rec. trav. chim., 51, 135 (1932).
(32) G. L. R oy, A. L. Laferriere, and J. 0 .  Edw ards, J. Inorg. Nucl. Chem., 4 , 106 

(1957).
(33) G. 0 .  H am pson and A. J. Stosick, J . Am. Chem. Soc., 60, 1814 (1938).



I’A P E It  E L E C T R O I’H O R E SIS  OF C A R BO HY D RA TES 71

n o t  d iffe r v e ry  g r e a t ly  f ro m  t h a t  in  AS4O 6, w h ic h  is 2 .76  A . H e n c e , th e  
a rs e n i te  io n  sh o u ld  re a d i ly  fo rm  c o m p le x es  w ith  s ix -m e m b e re d  r in g  c o m ­
p o u n d s  c o n ta in in g  cis- \ , 2-d io l g ro u p in g s  a n d  w ith  a c y c lic  , 2-d io ls .
I n  fo rm in g  su c h  c o m p lex es , v e ry  l i t t l e  d is to r t io n  of th e  c h a ir  o r  p la n a r  
z ig zag  c o n fo rm a tio n , r e s p e c tiv e ly , w o u ld  be r e q u ir e d .  F r a h n  a n d  Mills'® 
h a v e  sh o w n  t h a t  th e  m o b ilit ie s  of in o s ito ls  a n d  a c y c lic  p o ly h y d ro x y  c o m ­
p o u n d s  b e a r  a  r e la t io n s h ip  to  th e  n u m b e r  of su c h  g ro u p in g s  p r e s e n t  in  
th e  m o lecu le . T h is  is a lso  e x e m p lif ie d  in  th e  b e h a v io r  of so m e  g ly c o p y -  
ra n o s id e s . H o w e v e r , w h e n  b o th  h y d ro x y l  g ro u p s  of th e  ^ ra n s -1 ,2 -d io l 
g ro u p in g  of s ix -m e m b e re d  r in g  c o m p o u n d s  a re  in  e q u a to r ia l  p o s itio n s , 
th e  0 - 0  d is ta n c e  is  th e  s a m e  a s  t h a t  in  th e  a s - 1 ,2 -d io l g ro u p in g . T h u s ,  
so m e  c o n tr ib u t io n  to  th e  m o b ilit ie s  s h o u ld  be  e x p e c te d  f ro m  su c h  s tru c -  

' ^ ^ i r a l  f e a tu re s ,  a s  is in d e e d  s h o w n  b y  th e  m o b il i ty  of trans-1,2-cyclohex- 
a iie d io l.

F r a h n  a n d  Mills'® e x p e c te d  t h a t ,  fo r  s u c h  r e a g e n ts  a s  a r s e n i te ,  w h ic h  
p r e f e re n t ia l ly  a ffo rd  f iv e -m e m b e re d  cy c lic  co m p le x es , th e  m o s t  f a v o ra b le  
s ite  fo r  c o m p le x in g  w o u ld  be  p ro v id e d  b y  th e  a s - 1 , 2-d io l g ro u p in g  of 
f iv e -m e m b e re d  r in g  c o m p o u n d s , a n d  t h a t  re d u c in g  s u g a rs  w h ic h  h a v e  a  
h ig h  c o n te n t  of fu ra n o s e  fo rm  (b e c a u se  of c o n fo rm a tio n a l  in s ta b i l i ty  of 
th e  p y ra n o s e  fo rm )  s h o u ld  sh o w  h ig h  m o b ilit ie s  in  a rs e n i te  s o lu tio n , p ro ­
v id e d  t h a t  tw o  a d ja c e n t  a s - h y d r o x y l  g ro u p s  a re  f re e . A l th o u g h  su c h  a  
g e n e ra liz a tio n  n e g le c ts  th e  s te r ic  p r o p e r t ie s  of th e  c o m p le x in g  io n  (see 
s ta n n a te ) ,  th is  e x p e c ta t io n  is r e a liz e d  f a i r ly  c o m p le te ly  a m o n g  th e  a ld o se s . 
A s is p o in te d  o u t  b y  th e  sa m e  a u th o r s ,  th e  m o b il it ie s  of r e d u c in g  s u g a rs  
in  0.1 W  s o d iu m  h y d ro x id e  a lso  sh o w  a  t r e n d  to w a rd  h ig h e s t  r a t e s  fo r  
c o m p o u n d s  p o ssess in g , in  th e i r  c h a ir  c o n fo rm a tio n s , a  c o n s id e ra b le  d e g re e  
of c o n fo rm a t io n a l  in s ta b i l i ty .  A l th o u g h  th e  a b s o lu te  m o b ilit ie s  o f re d u c in g  
s u g a rs  in  s o d iu m  a r s e n i te  s o lu t io n  (p H  9 .6 ) a re  a p p re c ia b ly  sm a lle r  t h a n  
th o s e  in  0.1 W  s o d iu m  h y d ro x id e , n o  a p p re c ia b le  m ig ra t io n  w a s  o b s e rv e d  
in  0 .1  M  s o d iu m  c a rb o n a te  a t  p H  10. T h is  s u g g e s te d  t h a t  th e  o b s e rv e d  
m ig ra t io n s  o f fo rm a lly  n e u t r a l  p o ly  h y d ro x y  c o m p o u n d s  in  s o d iu m  a rse -  

'^ ^ . i t e  s o lu t io n  a re  d u e  o n ly  to  th e  f o rm a t io n  of co m p le x es , a n d  u o t  in  p a r t  
10 th e  a lk a l in i ty  o f th e  e le c tro ly te . C le a r ly , fo r  a  m o re  s a t i s f a c to r y  ex ­
p la n a t io n  of th e  b e h a v io r  o f r e d u c in g  s u g a rs  d u r in g  e le c tro p h o re s is  in  
a rs e n i te  so lu tio n , m o re  k n o w le d g e  a b o u t  th e  c o m p o s itio n  of th e  e le c tro ly te  
is n e e d e d , a s  i t  m ig h t  b e  p o ss ib le  t h a t  u n c h a rg e d  p r o d u c ts  a re  fo rm e d  
w h ic h  w o u ld  c o m p e te  w i th  th e  c h a rg e d  c o m p lex es .

6. Molybdate and Wolframate

M o ly b d a te s  a n d  w o lf ra m a te s  ( tu n g s ta te s )  in  a lk a l in e  s o lu t io n  a re  r e p re ­
s e n te d  b y  th e  fo rm u la s  M 2M 0O 4 a n d  M 2W O 4, re s p e c tiv e ly . E a c h  te n d s  to
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co n d e n se  in  ac id ic  s o lu tio n  to  fo rm  a n io n s  w h ich  c a n  lie fo rm u lâ t,ed  to  co n ­
ta in  se v e ra l m o lecu le s  of th e  a c id  a n h y d r id e , as, fo r  ex a m p le , AfgO-M, 
A lo O s-aq . S e v e ra l iso p o ly  a c id s  ( th a t  is, th o se  c o n ta in in g  o n ly  o ne  ty p e  of 
a c id  a n h y d r id e )  a n d  h e te ro p o ly  a c id s  a re  k n o w n . A In c h  co n fu s io n  h a s  
e x is te d , a n d  to  so m e e x te n t  s till  e x is ts , a b o u t  th e  s t r u c tu r e  of th e  isopo ly  
a c id s  a n d  th e  m e c h a n ism  of th e ir  fo rm a tio n .

I t  h a s  lo n g  b e e n  k n o w n  t h a t  molybdate^'^-^^ a n d  wolframate^®~^^ fo rm  
co m p lex es  w ith  p o ly h y d ro x y  c o m p o u n d s . W h e re a s  th e  r e a s o n a b ly  w ell- 
k n o w n  s t r u c tu r e s ,  of th e  a n io n s  d e sc r ib e d  in  th e  p re c e d in g  S e c tio n s  co u ld  
re a d i ly  be c o rre la te d  to  th e i r  m o d es  a n d  p o s itio n s  of a t t a c h m e n t  to  p o ly ­
h y d ro x y  c o m p o u n d s , th e  c o m p le x ity  of a c id  s o lu tio n s  of m o ly b d a te  a n d  
w olf r a m a te  d id  n o t  a llow  log ica l p re d ic tio n s  to  be  m a d e . F o r  th is  re a so n , 
th e  b e h a v io r  of p o ly h y d ro x y  c o m p o u n d s  in  th e  p re s e n t  of m o ly b d a te  a n ^  
w o lf ra m a te  w ill be  d isc u sse d  firs t. I t  w ill bo soon la te r  t h a t  th e se  in v e s t i ­
g a tio n s  h a v e  y ie ld e d  in fo rm a tio n  a b o u t  th e  n a tu r e  of th e  co m p lex in g , 
c o n d e n se d  ac id s . W ith  c e r ta in  e x c e p tio n s , th e  r e s u l ts  o b ta in e d  w ith  m o ly b ­
d a te  a n d  w o lf ra m a te  a re  id e n tic a l  o r s im ila r . H e n c e , th e  tw o  a n io n s  w ill 
be  d iscu ssed  s im u lta n e o u s ly .

P a p e r  e le c tro p h o re s is  in  m olybdate^^  (p H  5.0) a n d  wolframate'*® (p H  
5.0) s o lu tio n s  h a s  re v e a le d  t h a t  o n ly  th o se  a ld o h e x o se s  a n d  a ld o p e n to s e s  
w ill m ig ra te  w h ic h  possess  in  th e ir  cyc lic  fo rm s , m o s t p ro b a b ly  th e ir  
p y ra n o s e  fo rm , a  a s - a s - l , 2 , 3 - t r i o l  s y s te m  a n d , th u s , in  a t  le a s t  on e  of 
th e i r  c h a ir  c o n fo rm a tio n s , o ne  e q u a to r ia l  h y d ro x y l g ro u p  n e ig h b o re d  b y  
tw o  ax ia l h y d ro x y l g ro u p s  (13). T h e  su g g e s tio n  t h a t  th e  p y ra n o s e  fo rm

is in v o lv e d  in  c o m p le x -fo rm a tio n  is b a se d  o n  th e  f a c t  t h a t  m e th y l  
r ib o p y ra n o s id e , w h ic h  o n ly  possesses  th e  la ,2 e ,3 a - tr io l  s y s te m  (13) in  th e

(34) A. Honnehiitre, A n n . chim . (Paris), 3, 5 (1925).
(35) N . K. Richtm yer and C. S. Hudson, J .  A m . Chem. Soc., 73, 2249 (1951).
(36) J. Lefort, C om pi. rend., 82, 1182 (1876). A. Rosenheim, Ber., 26, 1191 (1893). 

H. Grossmann and H. Kramer, Z . anorg. Chem., 41, 43 (1904). A. Rosenheim and 
H. Itzig, B er., 33, 707 (1900).

(37) G. G. Henderson, T. W. Orr, and R. J. G. W hitehead, J .  Chem. Soc., 75, 542 
(1899).

(38) D . Klein, Com pl. rend., 89, 484 (1880).
(39) E . J. Bourne, D . H. Hutson, and H. Weigel, J .  Chem. Soc., 4252 (1960).
(40) H. J. F. Angus and H. Weigel, unpublished results.
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1C  c o n fo rm a tio n , e x h ib its  a p p re c ia b le  m o b ility  in  ( a t  le a s t)  m o ly b d a te  
so lu tio n . M ig ra tio n  of D-r/Zyccro-aldoheptoses w h ich , in  th e ir  p y ra n o s e  
fo rm , do  n o t  possess  a  a s - a s - 1 ,2 ,3 - t r i o l  s y s te m  co u ld  be d u e  to  co m p lex - 
fo rm a tio n  in v o lv in g  th e  h y d ro x y l g ro u p s  o n  C -4 , C -6, a n d  C -7 . T h e se  
c a n  be b ro u g h t, w i th o u t  d is to r t io n  of b o n d  an g les , in to  th e  sam e  re la ­
t iv e  p o s itio n s  as  th o se  of th e  l a ,2 e ,3 a - t r io l  system.'*®^

S im ila r  su g g e s tio n s  h a v e  b e e n  m a d e  fo r  k e t o s e s . B y  v ir tu e  of th e  
e q u il ib r iu m  a n d  th e  free  r o ta t io n  a ro u n d  th e  C-1 to  C -2  b o n d , u n s u b -  
s t i tu te d  h y d ro x y l g ro u p s  o n  C-1 a n d  C -2  a n d  a n  e q u a to r ia l  h y d ro x y l 
g ro u p  o n  C -3 of th e  p y ra n o s e  fo rm  of 2 -k e to se s  c a n  fo rm  s t r u c tu r e s  a p ­
p ro x im a tin g  t h a t  of (13). T h e  sa m e  a p p lie s  fo r  th e  fu ra n o se  fo rm  of a n y  
2 -k e to se  h a v in g  u n s u b s t i tu te d  h y d ro x y l g ro u p s  o n  C -1, C -2 , a n d  C -3. 

^ ^ . l i u s ,  c o m p o u n d s  n o t  p o ssess in g  su c h  s t r u c tu r a l  f e a tu re s  sh o w  l i t t le  o r 
lio te n d e n c y  to  fo rm  co m p lex es  w ith  m o ly b d a te  a n d  w o lf ra m a te .

L ess  a m b ig u o u s  re s u l ts  h a v e  b e e n  o b ta in e d  b y  e x a m in a t io n  of th e  e lec­
t ro p h o re t ic  b e h a v io r  of cy c lito ls . W ith  th e se , th e  p o s s ib ili ty  of co m p lex - 
fo rm a tio n  w ith  o p e n -c h a in  a n d  w ith  f iv e -m e m b e re d  r in g  s tru c tu re s ,  a s  in  
th e  case  of a ld o se s  a n d  k e to se s , d o es  n o t  a rise . T h e  c o m p le x -fo rm in g  
c o m p o u n d s  of th is  g ro u p  a ll po ssess  a  c f s - a s - 1 ,2 ,3 - t r io l  sy s te m . T h e ir  
r a te s  of m ig ra tio n  h a v e  b e e n  re la te d  to  th e  in s ta b i l i ty  factors*^ of th e i r  
c o n fo rm a tio n s  p o ssess in g  th is  tr io l  s y s te m  a s  in  (13).

O f th e  1 , 6 -an h y d ro -/5 -D -a ld o p y ran o ses , o n ly  1 , 6 -anhyd ro -/3 -D -m anno- 
p y ra n o s e  h a s  b e e n  fo u n d  to  m ig ra te  in  m o ly b d a te  s o lu tio n . A  u n iq u e  
f e a tu re  of th is  c o m p o u n d  is th e  a , e , a  r e la t io n  of th e  h y d ro x y l g ro u p s  on  
C -2  a n d  C -3  a n d  th e  a n h y d ro - r in g  o x y g e n  a to m .

M o ly b d a te  a n d  w o lf ra m a te  d iffe r f ro m  th e  co m p le x in g  a g e n ts  d iscu ssed  
in  th e  p re c e d in g  S e c tio n s  a s  th e y  o n ly  fo rm  re la tiv e ly  s tro n g  co m p lex es  
w ith  su g a rs  a n d  o th e r  s ix -m e m b e re d  cyc lic  p o ly h y d ro x y  c o m p o u n d s  w h e n  
th re e  o r  m o re  h y d ro x y l g ro u p s  a re  a v a ila b le  in  th e  c o rre c t  r e la t iv e  p o s i­
tio n . H o w e v e r , c o m p o u n d s  c o n ta in in g  th e  en e d io l g ro u p in g , a s  in  L- 
asco rb ic  a c id  a n d  p y ro c a te c h o l (o -d ih y d ro x y b e n z e n e ) , fo rm  s ta b le  com - 

^ ^ N le x e s  w i th  m o ly b d a te  a t  p H  5.0 . T h e se  co m p lex es  h a v e  b e e n  u se d  fo r  
ih e  e le c tro p h o re s is  a n d  c h ro m a to g ra p h y  of p h e n o lic  c o m p o u n d s ^ ^ a n d  
th e i r  in te n s e  co lo r in d ic a te s  a  c o n ju g a te d  s y s te m . I n  th is  case , a  d ie s te r  
s t r u c tu r e  is p ro b a b ly  re so n a n c e -s ta b iliz e d . A  s im ila r  c o m p lex  w ith  1 ,6 -  
a n h y d ro -/3 -D -m an n o p y ran o se  co u ld  th u s  b e  s ta b iliz e d  b y  h y d ro g e n  b o n d ­
in g  to  th e  a n h y d ro - r in g  o x y g e n  a to m .

(40a) Recent work in collaboration with Professor W. G. Overend suggests that deriv­
atives of D-glucofuranose having unsubstituted hydroxyl groups on C-1, C-3, 
and C-6 complex with molybdate and wolframate.

(41) J. B. Pridham, J .  Chromatog., 2, 605 (1959).
(42) J. Halmekoski, Suom en  K em isiileh ii, B32, 170 (1959).
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C om plexes betw een certain acyclic poly hydroxy com pounds and m olyb­
date or woll’ram ate seem  to be more stable than the corresponding ones 
of sugars, where, in som e cases, oxidation  of the reducing group occurs. 
C onsequently, more atten tion  has been focused on the former. Since 
i)-gluco-, D-manno-, and D-galacto-pyranosides do not com plex w ith  either  
reagent,''*® ■‘*® use has also been made of reduced disaccharides for studying  
the effect (on com plex-form ation) of substitu tion  in a hexitol.

C hanges in optical rotation of solutions (adjusted to pH  2, where m ax­
im al changes occur) containing substituted  n-glucitols (L-gulitols) and 
m olybdate in variôus relative concentrations show that the substituted  
D-glucitols (L-gulitols) fall into three classes: (a) 3-substituted  D-glucitols 
do not form a com plex; ( b )  2-siibstituted  D-glucitols and 1-substitu ted  l -  

gulitols form com plexes containing the substitu ted  hexitol m olecule a n j j^  
the m olybdenum  atom  in the ratio of 1:2; and (c) 3-substitu ted  L-gulitols 
form com plexes containing the substituted  hexitol and the m olybdenum  
atom  in the ratio'*  ̂ of 1:1 . Similar deductions have been made for the 
corresponding com plexes w ith  wolfram ate, where m axim al changes in 
optical rotation occur'*® at pH  5.5, although the 3-siibstituted  L-gulitols 
form a m uch weaker com plex w ith  w olfram ate than w ith  m olybdate. 
These effects can be extrem ely useful in deducing the point of linkage in  
disaccharides containing a D-glucose residue as the reducing m oiety.

A s regards electrophoresis in molylxlate'*^ and wolframate'*® solutions, 
the substitu ted  D-glucitols fall into the sam e classes: (a) 3-substituted  
D-glucitols; (5) 2-substituted  D-glucitols and 1- and 2-substituted  L-gulitols; 
and (c) 3-substituted  L-gulitols.

N o  acyclic com pound containing fewer than four hydroxyl groups m i­
grates during electrophoresis in either electrolyte. W hen these hydroxyl 
groups are not on adjacent carbon atom s, the m obility  is dim inished (as 
w ith  3-0-a-D-gl ucopyranosy 1-L-gul ito l) or the com pound does not m igrate  
at all (for exam ple, 3-0-a-D-glucopyranosyl-D -glucitol and 2-deoxy-D- 
e r y t h r o - p e n t i t o ]  ).

T he w olfram ate com plexes are m uch less readily decom posed by a lka!^ ^  
than are the corresponding m olybdate com plexes, and th ey  can thus bc^ 
used for selective reactions. For exam ple, oxidation of the D -glucitol- 
w olfram ate com plex w ith  2 m oles of periodate'*® per m ole furnished D-arab­
inose and L-xylose in the ratio of 1:0 .76 , representing a 40%  oxidation of 
the D-glucitol. In  the absence of wolfram ate, DL-glycerose would have  
been the major p r o d u c t .S im ila r  investigations on w olfram ate com plexes 
of other acyclic polyhydroxy com pounds, notab ly  galactitol and 2-deoxy- 
D - a r a b i n o - h e x ï t o \  (^^2-deoxy-D-gIucitoh^) w hich are not oxidized, have

(43) E. J. Bourne, D . H. Hutson, and H. W eigel,./. Chem. Soc., 35 (1961);
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sh o w n  th a t ,  in  coin}hcxcs w h ic h  c o n ta in  th e  p o ly h y d ro x y  c o m p o u n d  a n d  
th e  wo It ra m  ( tu n g s te n )  a to m  in  th e  r a t io  of 1 :2 , fo u r  a d ja c e n t  h y d ro x y l 
K ronps a re  in v o lv e d  in  c o m p le x -fo rm a tio n .

T h e  s te p s  in v o lv e d  in th e  fo rm a tio n  of th e  ions of iso p o ly  a c id s  (fo r 
e x a m p le , isopo ly  w o lfra m a te s )

pll  G pH 1 pH 3
W O . ,28 H 2W 12O 40''’®

h a v e  b e e n  d e d u c e d  fro m  p h y s ic o c h e m ic a l studies.'^'* N o n e  of th e  d e sc rib ed  
iso p o ly m o ly b d a te s  o r iso p o ly  w o lf ra m a te s  seem  to  be of th e  species  w h ich  
co m p lex es  w ith  p o ly h y d ro x y  c o m p o u n d s , e x c e p t fo r th e  d im o ly b d a te , 
MogO?^®, b u t  i t  is d o u b tfu l  w h e th e r  th is  io n  e x is ts  a t  a ll in  s im p le  a q u e o u s  

^^«^olution.^® H o w e v e r, 1.0 H® io n  p e r  W O r®  io n  is c o n su m e d  w h e n  so d iu m  
,ro ll"ram ate, N a 2W ().4, is p o te n t io m e tr ic a l ly  t i t r a t e d  in  th e  p re se n c e  of 
D - m a n n i t o l .T h i s  re s u lt, to g e th e r  w ith  th e  re s u l ts  of e le c tro p h o re s is  in  
w o lf ra m a te  so lu tio n , show s t h a t  a  d iw o lf r a m a te  ion , W  207^®, is th e  co m ­
p lex in g  species. I t  is lik e ly  th a t ,  in  th e  case  of m o ly b d a te , th e  d im o ly b d a te  
ion , M o 20?^®, is th e  co m p lex in g  species, s ince  th e  in te ra to m ic  d is ta n c e s  
in  W 04^® a n d  M o Ü 4̂ ® a re  a lm o s t i d e n t i c a l ® a n d  D -m an n ito l h a s  th e  
sa m e  a b s o lu te  m o b ility  in  w o lf ra m a te  a n d  in  m o ly b d a te  so lu tio n s .

T h e  s tr u c tu r e s  (14) a n d  (15) h a v e  th u s  b een  p o s tu la te d  fo r  m o ly b d a te  
o r w o lf ra m a te  co m p lex es  of acy c lic  p o ly  h y d ro x y  c o m p o u n d s  c o n ta in in g  
fo u r  a d ja c e n t  h y d ro x y l g ro u p s , (14) b e in g  fo rm e d  f ro m  su c h  a  t e t r i to l  
s y s te m  w h e re  th e  h y d ro x y l g ro u p s  o n  C -2 a n d  C -3 a re  in  cis a r ra n g e m e n t,

(14)

(44) H. J. Emeléus and J. S. Anderson, “Modern Aspects of Inorganic Chemistry,’ 
Routledge and Kegan Paul, Ltd., London, Engl., 2nd Edition, 1952, p. 210.

(45) I. Lindqvist, N ova A cta  Regiae Soc. Sc i. U psaliensis, 15, N o. 1 (1950).
(46) L. G. Sillén and A. Nylander, A rk iv  K em i, M inera l. Geol., 16B, No. 7 (1943).
(47) J. Donohue and W. Shand, J . A m . Chem. Soc., 69, 222 (1947).
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HO

HO

O M

OH

OH•M

(15)

w h e re a s  th o se  in  (15) a re  in  a  trans a r ra n g e m e n t. M  is e i th e r  a n  o c t a h ^ J ^  
d ra l  m o ly b d e n u m  o r w o lfra m  a to m . I t  is a p p a r e n t  t h a t  th e  sizes of th e  
s u b s t i tu e n ts  R i  a n d  Rz sh o u ld  in flu en ce  th e  s ta b i l i ty  of th e  co m p lex , a n d , 
h e n c e , th e  m ig ra tio n  d u r in g  e le c tro p h o re s is . In d e e d , i t  w a s  fo u n d  t h a t  
p e n ti to ls  a n d  h e x ito ls  (o r th e i r  d e r iv a tiv e s )  w h ic h  h a v e  M / W )  v a lu e s  of 
less t h a n  0 .95  a n d  w h ic h  s tr e a k  o n  m ig ra tio n  b e a r  c a rb o n  s u b s t i tu e n ts  a t  
p o s it io n s  R 2 o r  % .

O n  th e  b a s is  of th e  e ffec tiv e  r a d i i  o f th e  co m p lex es  b e tw e e n  3 -0 -D -g lyco - 
p y ran o sy l-L -g u lito ls  a n d  m o ly b d a te ,^ ^  i t  is su g g e s te d  t h a t ,  in  th e se , tw o  
m o lecu le s  of th e  p o ly h y d ro x y  c o m p o u n d  c o m b in e  w ith  th e  d im o ly b d a te

(48) H. W eigel, unpublished results.
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ion . T h is  co n c lu s io n  is in  a g re e m e n t  w ith  th e  r e s u l ts  of p o la r im e tr ic  studies^^ 
a n d  th e  fact'^® t h a t  e le c tro p h o re s is  of m ix tu re s  of tw o  3 -0 -g ly c o p y ra n o sy l-L -  
g u lito ls  (fo r e x a m p le , A  a n d  B ) in  m o ly b d a te  so lu tio n  re v e a ls  th e  p re se n c e  
of th re e  c o m p o n e n ts  w h ich  c o n ta in  (a) A ; (b) B ; a n d  (c) A  a n d  B . S im ila r  
r e s u l ts  h a v e  b een  o b ta in e d  w ith  a  m ix tu re  of a  3 -0 -g ly c o p y ra n o sy l-L -  
g u lito l a n d  D-gulose. T h e  s t r u c tu r e  [p a r t ia l  (16)] h a s  b e e n  suggested^® fo r 
c o m p lex es  c o n ta in in g  th e  m o ly b d e n u m  o r w o lfra m  a to m  a n d  th e  p o ly ­
h y d ro x y  c o m p o u n d  in  th e  r a t io  1 :1 . T h e se  a re  p ro d u c e d  f ro m  c o m p o u n d s  
w h ic h  c a n  ea sily  possess  th re e  h y d ro x y l g ro u p s  in  a  s p a tia l  a r r a n g e m e n t  
a p p ro x im a tin g  to  t h a t  of (13).

O © o

OH HO

(16)

7. Sodium Hydroxide

M ig r a t io n  of p o ly h y d ro x y  c o m p o u n d s  d u r in g  e le c tro p h o re s is  in  so d iu m  
h y d ro x id e  s o lu tio n  is p ro b a b ly  d u e  to  io n iz a tio n  of h y d ro x y l  g ro u p s  r a th e r  
t h a n  to  f o rm a tio n  of cyc lic  com plexes.^^ A lth o u g h  i t  is  d iff ic u lt to  p e rc e iv e  
a  c o m m o n  s te r ic  p r in c ip le  w h ic h  w o u ld  a c c o u n t  fo r  th e  w id e  d iffe ren ces  
in  a c id i ty  d isp la y e d  fo r  s te re o iso m ers , F r a h n  a n d  Mills^^ h a v e  o b se rv e d  

/ ^ ^ e r t a i n  p a t t e r n s  in  th e  e le c tro p h o re tic  m o b ilit ie s . T h u s , th e  m o b ilit ie s  
sh o w  a  t r e n d  to w a rd  h ig h e s t  r a te s  fo r  th o se  re d u c in g  su g a rs  a n d  cy c lito ls  
fo r  w h ic h  both c h a ir  c o n fo rm a tio n s  p o ssess  g r e a t  e le m e n ts  of in s ta b il i ty .  
H o w e v e r , th e  r e la t iv e  h ig h  r a te s  of m ig ra tio n  of D -glucose a n d  D -m annose  
sh o w  t h a t  su c h  a  s t r u c tu r a l  f e a tu re  a lo n e  is  n o t  th e  o n ly  f a c to r  d e te rm in ­
in g  e le c tro p h o re tic  m o b ility .

T h e  b e h a v io r  of (acyc lic ) p e n ti to ls  a n d  h e x ito ls  in  s o d iu m  h y d ro x id e  
so lu tio n  sh o w s a  good  c o rre la t io n  b e tw e e n  m o b il ity  a n d  th e  n u m b e r  of 
C25- 1 ,2 -d io l g ro u p in g s . T h is  e ffec t is in  c o n tr a s t  to  th e  m o b ilit ie s  in  s ta n -  
nate,2® arsenite,^^ a n d  b a s ic  le a d  acetate^^ so lu tio n s . S ince  th e  g ro u p  RO^  
is m o re  s tro n g ly  s o lv a te d , a n d  th u s  h a s  a  g re a te r  e ffec tiv e  v o lu m e  th a n  
th e  g ro u p  B O H , i t  is  p ro b a b ly  to  b e  e x p e c te d  t h a t  th e  a c id i ty  (a n d  h e n c e
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m o b il ity )  is th e  g re a te r ,  th e  g r e a te r  th e  0 - 0  d is ta n c e s  in  th e  p o ly h y d ro x y  
c o m p o u n d s . T h e  f le x ib ility  of th e  c o n fo rm a tio n s  of th e se  a c y c lic  c o m ­
p o u n d s  m a k e s  a  ( tu a n t i ta t iv e  t r e a tm e n t  of th is  a s jie c t  d if lic u lt. H o w e v e r , 
o n  th e  b a s is  of th e  p la n a r  z ig zag  c o n fo rm a tio n  of p a ir s  of a c y c lic  h e x ito ls  
w h ic h  po ssess  th e  s a m e  ty p e s  of 1 ,3 -d io l  g ro u p in g , i t  c a n  be se en  t h a t  th e  
s te p  a l l i to l^ L - id i to l  in v o lv e s  a  to ta l  d im in u tio n  (A) in  0 - 0  d is ta n c e  (in  
th e  1 ,2 -d io l  g ro u p in g s )  of 2 .49  A ., w h e re a s  t h a t  in v o lv e d  in  th e  s te p s  
i ) -a I tr i to l-^ i) -g lu c ito l  a n d  D -m a n n ito l-^ g a la c t i to l  is 0 .8 3  A . T h e  d iffe re n c e  
b e tw e e n  e le c tro p h o re t ic  m o b ilit ie s  fo llow s a  s im ila r  p a t t e r n ;  th u s  A il//e i(N a) 
a ll i to l-L - id ito l, n - a l t r i to l -n - g lu c i to i , a n d  n -m a n n i to l -g a la c t i to l  a re  0 .16 , 
0 .05 , a n d  0 .04 , re s p e c tiv e ly .

8. Acetates of Aik'ali Metals and Alkaline-Earth Metals

C o m p le x in g  of p o ly  h y d ro x y  c o m p o u n d s  w ith  al k a li-m e t a l h y d ro x id e s  
a n d  a c e ta te s  in  n o n a q u e o u s  m e d ia  is a  f a ir ly  g e n e ra l phenom enon.'*^ I n  
a d d it io n , s e v e ra l c a r b o h y d r a te s  h a v e  lo n g  b een  k n o w n  to  fo rm  c ry s ta ll in e  
a d d i t io n  c o m p o u n d s  w ith  s o d iu m  a n d  c a lc iu m  sa lts . R e c e n tly ,  IMills^® h a s  
p ro v id e d  e v id e n c e  fo r  th e  e x is te n c e , in  d i lu te  a q u e o u s  s o lu tio n s , o f c o m ­
p lex e s  of n e u tr a l  p o ly h y d ro x y  c o m p o u n d s  w ith  c a tio n s  of th e  a lk a li  m e ta ls  
a n d  a lk a l in e -e a r th  m e ta ls .  W h e n  s u b je c te d  to  p a p e r  e le c tro p h o re s is  in  
s o lu t io n s  c o n ta in in g  th e  m e ta l  a c e ta te s ,  m a n y  c o m p o u n d s  m ig ra te d  to ­
w a rd  th e  c a th o d e  (fo r e x a m p le s , see T a b le  I ) ,  h lx ce p t fo r  c /s - in o s ito l,

T a b l e  I

Relative M ig ra tio n s o f P o lyh yd ro xy  C om younds in  the Presence o f M eta llic  lons^^

C ationic mobility'^

C om pound M ( f ® K®

m - I n o s i t o l 82 20 10 6
e p t - I n o s i t o l 25 2 3 3
L - I d i t o l 13 1 1 1 t
A l l i t o l 5 1 1 1
D - T a l o s e IS 0 2 2

“ Cationic mobilities are given as percentages of the anionic migration (about 10 
cm.hr."^ at 20 V. cm ."9 of p-nitrobenzenesulfonic acid,^  ̂ with 2 , 3 , 6-tri-O-methyl-D- 
glucose as the nonmigrating marker. The electrolyte was a 0.1 M  solution of metal ace­
tate in 0.2 M  aqueous acetic acid.

(49) J. A. Rendleman and J. E . Hodge, A bstracts P ap ers  A m . Chem . Soc., 140, 1 3 d  

(1961).
(50) J. A. M ills, B iochem . B io p h ys . R es. C om m un ., 6, 418 (1961/62).
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th e  m o v e m e n t of c o m p o u n d s  sh o w ed  a  n e a r ly  l in e a r  d e p e n d e n c e  o n  th e  
c o n c e n tra t io n  of th e  m e ta l  ions. O f th e  r e d u c in g  su g a rs , o n ly  D -talose a n d  
D -rihose sh o w ed  a p p re c ia b le  m ig ra tio n  in  s o lu tio n s  c o n ta in in g  th e  a c e ta te s  
of c a lc iu m , s tro n t iu m , a n d  b a r iu m , re sp e c tiv e ly . T h e  m ig ra tio n  of acy c lic  
p o ly h y d ro x y  c o m p o u n d s  in  th e se  s o lu tio n s  co u ld  be r e la te d  to  th e  n u m b e r  
of /m n s -1 ,2 -d io l  g ro u p in g s  in  e ach . M i l l s s u g g e s t e d  t h a t  th e  p re se n c e  
of se v e ra l, c lo se ly  a d ja c e n t  h y d ro x y l g ro u p s  s u i ta b ly  p la c e d  fo r  s im u l­
ta n e o u s  close a p p ro a c h  to  a  c a tio n  (as in  a s - in o s i to l  a n d  jS -n -ta lo p y ran o se ) 
r e s u l ts  ill s tro n g  c o m p le x in g  p o w er. H e  f u r th e r  d rew  a t t e n t io n  to  th e  f a c t  
t h a t  o u a b a in , w h ic h  is p h y s io lo g ic a lly  v e ry  a c tiv e  a n d  w h ic h  se le c tiv e ly  
in flu en ces  th e  t r a n s p o r t  of s o d iu m  a n d  p o ta s s iu m , h a s  a  c o n fo rm a tio n  
[ p a r t ia l  s t r u c tu r e  (1 7 ) ]  in  w h ic h  th e  h y d ro x y l  g ro u p s  a t  C -1, C -5  ,a n d

R h am n osy l

O

OH
HO

OH

CH10

(17)

C -1 9 c a n  h a v e  th e  sa m e  s p a t ia l  d isp o s itio n  a s  th e  th re e  a x ia l h y d ro x y l  
g ro u p s  in  m - in o s i to l .

9. B asic Lead Acetate

T h e  p re se n c e  of b as ic  le a d  a c e ta te  h a s  b e e n  sh o w n  to  a ffe c t th e  o p t ic a l  
r o ta t io n  of a q u e o u s  s o lu tio n s  of su c ro se , D -glucose, a n d  D-fructose.®^’^̂  
F r a h n  a n d  Mills^^ fo u n d  th a t ,  d u r in g  e le c tro p h o re s is  in  b a s ic  le a d  a c e ta te  

/ ^ S o lu t io n  (p H  6 .8 ), p o ly h y d ro x y  c o m p o u n d s  m ig ra te  a s  c a tio n ic  co m p lex es . 
L e a d  fo rm s  tw o  se rie s  of b a s ic  s a lts , f r e q u e n tly  fo rm u la te d  a s  P b ( O H ) X  

a n d  P b X 2 * 2 P b (O H )2 . W e in la n d  a n d  c o w o r k e r s s h o w e d ,  b y  m e a s u re ­
m e n ts  of e le c tr ic a l c o n d u c tiv ity , t h a t ,  in  s o lu tio n s  of s a lts  of b o th  se ries, 
a  b iv a le n t  c a tio n  [(18) a n d  (19), r e s p e c t iv e ly ]  w a s  p re s e n t .  I t  is th u s  
p o ss ib le  t h a t ,  in  th e  c a tio n ic  c o m p lex es  fo rm e d  f ro m  a  p o ly  h y d ro x y  co m ­
p o u n d  a n d  b a s ic  le a d  a c e ta te ,  a  d io l g ro u p in g  of th e  fo rm e r  c o -o rd in a te s

(51) F. Bates and J. C. Blake, Z. Ver. deui. Zucker-Ind., 614, 314 (1907).
(52) J. T . N . Gaskin and R. J. M esley, Intern. Sugar / . ,  60, 65 (1958).
(53) R. Weinland and R. Stroh, Ber., 55, 2706 (1922).
(54) R. Weinland and F. Paul, Z. anorg. Chem., 129, 243 (1923b
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w ith  th e  lea d  a to m  [ a s  in  (2 0 )] .  S u c h  c o m p le x es  h a v e  n o t ,  to  th e  b e s t  o f

OH HO

Pb Pb P b
\  /  \  /

OH HO

r  HO 1
2 ©

y  \
Pb Pb

\  /
HO

(18) (19)

■s*'

OH HO

X t b  ^ P b

(20)

2 ©

th e  a u th o r 's  k n o w le d g e , b e e n  c h a ra c te r iz e d . H o w e v e r , a  c o m p o u n d  of 
e th y le n e  g ly co l ( 1 ,2 -e th a n e d io l)  a n d  c o p p e r  s u lfa te , h a v in g  th e  s t r u c tu r e
(21), h a s  b e e n  i s o l a t e d . O n  th e  o th e r  h a n d , P fe if fe r  a n d  coworkers^® 
re g a rd  th e  c o p p e r  c o m p le x es  p r e s e n t  in  P e h lin g  s o lu t io n  a s  h a v in g  s t r u c ­
tu r e  (22 ). T h e  e x is te n c e  of c o m p le x e s  of th is  ty p e  h a s  b een  d e m o n s t r a te d

8 O 4 ' H P

"HoC— OH HO— CH ,
\ /
Cu

/ \
HgC— OH HO— CHgJ

(21)

o — c = o  o = c — o
\ /

Cu

HC— J  O— CH

R R

2 0

(22 )

b y  p a p e r  e le c tro p h o re s is  of c u p r ic , p lu m b o u s , a n d  fe r r ic  s a l ts  in  D -m an - 
n i to l  s o lu tio n  (p H  12), w h e n  th e  m e ta l  io n s  m ig r a te d  to w a rd  th e  a n o d e .

(55) A. Werner, ‘‘Neuere Anschauungen auf dem Gebiete der anorganischen Chemie,”
revised by  P. Pfeiffer, Vieweg, Braunschweig, Ger., 1923, p. 202.

(56) P. Pfeiffer, H. Simons, and E . Schm itz, Z . anorg. Chem ., 256, 318 (1948).
(57) A. J. F . Angus and H. W eigel, unpublished observation.
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I t  is  n o t  y e t  p o ss ib le  to  c o rre la te  th e  s t r u c tu r e  of th e  c a tio n  in  b as ic  
lea d  a c e ta te  w i th  th e  s te re o c h e m is try  of th e  s ite  of a t t a c h m e n t  in  th e  
p o ly h y d ro x y  c o m p o u n d s . F r a h n  a n d  M ills '^  fo u n d  t h a t  no  c o m p o u n d  
c o n ta in in g  a  s in g le  p a ir  of c o m p le x a b le  h y d ro x y l g ro u p s  m ig ra te d  d u r in g  
e le c tro p h o re s is  in  Im sic le a d  a c e ta te  so lu tio n . T h e re  w a s  a lso  no  e v id e n c e  
fo r  th e  fo rm a tio n  of s ix -m e m b e re d  r in g  co m p lex es . In d e e d , th e  b e h a v io r  
o f a c y c lic  p o ly  h y d ro x y  c o m p o u n d s  sh o w ed  t h a t  th e  fo rm a tio n  of h v e -  
m e m b e re d  cyc lic  co m p le x es  o n ly  is th e  d o m in a n t  r e a c tio n . A s in  s ta n n a te  
a n d  a rs e n i te ,  th e  m o b il i ty  of h e x ito ls  in  b a s ic  le a d  a c e ta te  s o lu tio n  in ­
c re a se s  w ith  a n  in c re a se  in  th e  n u m b e r  of trans-l ,2-ô.ïo\ g ro u p in g s . S im i­
la r ly , th e  m o b ilit ie s  of th e  c y c lito ls  c a n  be fa ir ly  w ell c o rre la te d  w ith  th e  
n u m b e r  of cis r e la te d  h y d ro x y l g ro u p s  o n  a d ja c e n t  c a rb o n  a to m s . H o w - 

y ^ w e r ,  th e  sa m e  c o rre la t io n  c a n n o t  be m a d e  fo r  th e  g ly c o p y ra n o s id e s . T h e  
a u th o r s  a lso  fo u n d  i t  d iff ic u lt to  p e rc e iv e  a  s te re o c h e m ic a l  p r in c ip le  w h ic h  
w o u ld  a c c o u n t  fo r  th e  r a te s  of m ig ra tio n  of re d u c in g  su g a rs .

10. Vanadate

P r e l im in a ry  s tu d ie s  h a v e  sh o w n  t h a t  r e d u c in g  s u g a rs  a n d  th e i r  r e d u c ­
t io n  p r o d u c ts  m ig ra te , d u r in g  e le c tro p h o re s is  in  so d iu m  m e ta v a n a d a te  
s o lu tio n , a s  a n io n ic  c o m p l e x e s . H o w e v e r ,  th is  e le c tro ly te  h a s  n o t  b e e n  
e x a m in e d  fu r th e r .

11. Tellur ate

T he acid ity  of telluric acid  is enhanced by  the presence of a num ber 
of polyhydroxy c o m p o u n d s , ^ 2 , 5 9  during electrophoresis in  tellurate
solution  (pH 10), the poly  hydroxy com pounds m igrate as a n i o n s . T h e  
follow ing order of m igration has been observed: D-m annitol, D-glucitol, 
galactito l, D-ribose >  D-mannose, D-fructose >  D-galactose, glycerol, myo- 
inositol, D-arabinose >  1 , 2-propanediol >  D-glucose, D-xylose, ethylene g ly ­
col (1 ,2-ethaned io l), cellob iose> sucrose. W ith  the exception of the hexi- 

'" '^ n ls, all com pounds studied gave rather elongated  spots.

12. Hydrogen Sulfite

P a p e r  e le c tro p h o re s is  of re d u c in g  s u g a rs  a n d  c a rb o n y l  d e r iv a tiv e s  of 
c a rb o h y d r a te s  in  s o lu tio n s  c o n ta in in g  h y d ro g e n  su lf ite  h a s  b e e n  re v ie w e d  
in  th is  S e ries  b y  Foster®  a n d  Theander.® ^

(58) J. L. Frahn and J. A. M ills, Chem. In d .  (London), 578 (1956).
(59) A. Rosenheim and M. Weinheber, Z . anorg. Chem., 69, 266 (1911).
(60) W. J. Popiel, Chem . In d . (London), 434 (1961).
(61) 0 .  Theander, A d va n . Carbohydrate Chem., 17, 223 (1962).
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I I I .  E l e c t r o l y t e s  N o t  A f f o r d i x g  I o n i c  C o m p l e x e s

E le c t ro ly te s  w h ic h  do  n o t alTord io n ic  c o m p le x es  w ith  c o m m o n  h e x ito ls  
a n d  reducing s u g a rs  a re  a q u e o u s  s o lu tio n s  of le a d  a c e ta te ,  c o p p e r  s u lfa te , 
z in c  s u lfa te , fe r ro u s  a m m o n iu m  s u lfa te , c a lc iu m  c h lo r id e , p o ta s s iu m  
d ic h ro m a te ,  fe r r ic  c h lo r id e  ( p l l  8 ), a lu m in u m  s u lfa te , m a g n e s iu m  s u lfa te , 
s o d iu m  s u lfa te , p o ta s s iu m  a n tim o n y l  t a r t r a t e ,  so d iu m  a r s e n a te  o r  a rse n ic  
a c id , s o d iu m  p h o s p h a te ,  a n d  h y d ro c h lo r ic  acid.'® I t  is n o t  c e r ta in  w h e th e r  
s o d iu m  a lu m in a te  (in  0.1 N  s o d iu m  h y d ro x id e )  a ffo rd s  io n ic  c o m p le x es  
w ith  c a rb o h y d ra te ^ ,  a s  acp ieous a lk a li ,  a lo n e , p e rm i ts  th e i r  m ig ra t io n  
d u r in g  e le c tro p h o re s is .

E le c t ro ly te s  in  w h ic h  p o ly h y d ro x y  c o m p o u n d s  d o  n o t  m ig ra te  d u r in g  
e le c tro p h o re s is , su c h  a s  p h o s p h a te  s o lu t io n  (p H  7 .2 ), c a n  b e  u se d  fo r  the_ 
s e p a r a t io n  of a c id ic  f ro m  n e u tr a l  c o m p o u n d s .

IV . D e s c r i p t i o n  o f  T a b l e s

T a b le  I I  g iv e s  th e  a b s o lu te  m o b ilit ie s  d u r in g  p a p e r  e le c tro p h o re s is  of 
re fe re n c e  c o m p o u n d s  w h ic h  h a v e  b e e n  u se d  fo r  m e a s u re m e n ts  of r e la t iv e  
m o b ilit ie s , M r {E),  w h e re  R  a n d  K  re fe r  to  th e  re fe re n c e  c o m p o u n d  a n d  
e le c tro ly te , re s p e c tiv e ly , and®

tr u e  d is ta n c e  o f m ig ra tio n  of s u b s ta n c e
M  R = --------- ;-------------------- ;------- ;-------------------------------------------  .

t r u e  d is ta n c e  of m ig r a t io n  o f re fe re n c e  c o m p o u n d

S u i ta b le  n o n m ig r a t in g  m a r k e rs  a re  a lso  g iv e n . T h e  a b s o lu te  m o b ilit ie s  of 
th e  re fe re n c e  c o m p o u n d s  p ro v id e  a n  in d ic a t io n  o f th e  t im e  r e q u ir e d  fo r  
th e  r e s o lu tio n  o f a  p a r t i c u la r  m ix tu re  of c o m p o u n d s . I t  s h o u ld  be b o rn e  
in  m in d  t h a t  th e  a b s o lu te  a n d  r e la t iv e  m o b ilit ie s  m a y  v a r y  w i th  p H  a n d  
c o n c e n t r a t io n  o f th e  e le c tro ly te .

T a b le s  I I I  to  X V  g iv e  th e  r e la t iv e  m o b il it ie s  { W K M r) of c a rb o h y ­
d r a te s  a n d  r e la te d  c o m p o u n d s . T h e  s y m b o ls  u se d  fo r  th e  v a r io u s  e le c tro ­
ly te s  a re  g iv e n  in  T a b le  I I ,  c o lu m n  1. T h e  re fe re n c e s  a re  g iv e n  in  th  
h e a d in g  to  e a c h  c o lu m n , u n le s s  o th e rw is e  s ta t e d .  T h e  l e t te r s  e a n d  s 
in d ic a te  e lo n g a te d  s p o ts  a n d  e x te n s iv e  s tr e a k in g , r e s p e c tiv e ly . I t  m u s t  
b e  a p p re c ia te d  t h a t  n o t  a ll m e a s u re m e n ts  h a v e  b e e n  m a d e  u n d e r  s ta n d a r d  
c o n d it io n s  (fo r e x a m p le , w i th  p re c is io n  e le c tro p h o re s is  e q u ip m e n t) .  H o w ­
e v e r, th e  v a lu e s  g iv e n  p ro v id e  a  g e n e ra l  g u id e  to  th e  b e h a v io r  of th e s e  
c o m p o u n d s  d u r in g  p a p e r  e le c tro p h o re s is .

T w o  re fe re n c e  c o m p o u n d s  h a v e  b e e n  u s e d  fo r  e le c tro p h o re s is  in  so lu -

(62) E . J .  Bourne, D . H. Hutson, and H. W eigel, J . Chem . Soc., 5153 (1960).
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t io n s  c o n ta in in g  s u lfo n a tc d  b c n z c n e b o ro n ic  a c id . n -M a n n i to l  is th e  re fe r ­
en ce  c o m p o u n d  fo r  v a lu e s  q u o te d  in  T a b le s  X , X I ,  X I I ,  X IV , a n d  X V . 
A lso , th e  v a lu e s  g iv e n  fo r  2 -0 -m e th y l-L -a ra b in i to i a n d  2 -0 -m e th y l-L -  
ly x ito l ill g c rm a n a te  so lu tio n  (see T a b le  X I )  w ere  m a d e  w ith  re fe re n c e  to  
D -m an n ito l. All o th e r  r a te s  of m ig ra tio n  in  so lu tio n s  c o n ta in in g  s u lfo n a tc d  
b e n z en e b o ro iiic  ac id  h a v e  b een  m e a su re d  w ith  D -glucose as  th e  re fe re n c e  
c o m p o u n d .

T h e  m o b ility  v a lu e s , m a in ly  in  b o ra te  so lu tio n , of m a n y  d i- a n d  o lig o ­
s a c c h a r id e s  (o th e r  t h a n  th o se  q u o te d  in  T a b le s  V I I I  a n d  IX )  h a v e  b e e n  
re p o r te d , b u t  th e se  h a v e  n o t  b een  in c lu d e d  hero , s ince  m a n y  h a v e  b e e n  
m e a s u re d  u n d e r  d iffe re n t c o n d itio n s . T h e y  a re  to  be fo u n d  in  th e  l i te r a ­
tu re  (ch ie fly  u n d e r  th e  c o m p o u n d  c o n c e rn e d ).

T h e  d iffe re n t p ro b le m s  e n c o u n te re d  in  th e  r e s o lu tio n  of m ix tu re s  a n d  
th e  c h a ra c te r iz a t io n  of c a rb o h y d ra te s  m a k e  i t  im p ra c t ic a b le  to  d isc u ss  
a p p lic a t io n s  of p a p e r  e le c tro p h o re s is . F o r  in d iv id u a l p ro b le m s, re fe re n c e  
sh o u ld , th e re fo re , b e  m a d e  to  th e  T a b le s ;  fo r  e x a m p le . T a b le s  V I I I  a n d  
X I V  to g e th e r  show  t h a t  th e  e le c tro p h o re s is  of d isa c c h a r id e s  a n d  re d u c e d  
d isa c c h a r id e s  in  b o ra te  a n d  m o ly b d a te  o r w o lf ra m a te  so lu tio n s , re sp e c ­
t iv e ly , c a n  b e  u se d  fo r  d e te rm in in g  th e  p o s it io n  of th e  g ly co s id ic  lin k a g e  
to  th e  re d u c in g  m o ie ty  of th e  o rig in a l s a c c h a r id e .
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C H A P T E R  8

SPECIFICITY OF IN O R G A N IC  OXY-ACIDS  
IN PAPER ELECTROPHORESIS OF  

C ARBO H Y D RA TES A N D  RELATED C O M P O U N D S

H. W e ig e l
Department of Chemistry, Royal Holloway College, University of London

/^^NCREASED in te res t in th e  n a tu ra lly  o ccu rrin g  ph en o lic  glycosides h as  p a ra l­
leled the  d ev e lo p m en t o f  new ana ly tica l tech n iq u es . A  g rea t deal is now  k n o w n  
a b o u t th e  c a rb o h y d ra te  c o m p o n e n ts  o f  these  c o m p o u n d s  an d  m uch  o f  th is  
know ledge has com e to  light u sing  p a p e r  c h ro m a to g ra p h y  an d  p a p e r  e lec tro ­
pho resis . B oth  th e  tech n iq u es  m ak e  it increasing ly  possib le  to  iden tify  
c a rb o h y d ra te s  a n d  re la ted  c o m p o u n d s  an d  to  se p a ra te  h ith e r to  u n reso lv ab le  
m ix tu res. T h e  fo llow ing  d iscussion  describes th e  types o f  ions fo rm ed  fro m  
these  co m p o u n d s  an d  used in p a p e r  e lec tro p h o res is  an d  o u tlin es  ap p lic a tio n s  
o f  th is  tech n iq u e .

E lec tro p h o res is  is th e  m o v em en t o f  charg ed  su b stan ces  in a  co n d u c tin g  
so lu tio n  u n d e r the  influence o f  an  app lied  e lec trica l field. B o u n d a ry  e le c tro ­
p ho resis  refers to  m ig ra tio n  in free so lu tio n , w h ilst th e  te rm  zone  e le c tro ­
p h o resis  is ap p lied  to  th e  p rocess o f  m ig ra tio n  in su p p o rte d  elec tro ly tes. 
T h e  m o st co m m o n ly  used  s u p p o rt fo r  the  e lec tro ly te  is filter p a p e r , a lth o u g h  
o th e rs  have  been used  w hen  th is  seem ed d e s i r a b l e . F i g u r e  1 illu s tra te s  
schem atica lly  a n  a p p a ra tu s  fo r  p a p e r  e lec tro p h o resis .

+

D D

Fig. 1. Schematic illustration of paper electrophoresis apparatus: A, Cooling blocks with 
inlets and outlets for water. B, Polythene insulators. C, Filter paper. D , Electrode vessels.

E, Electrodes.

5 1

M olecu les possessing  a  n e t cha rg e , o r  th o se  w hich  m ay  be given one  by  
c o n tro llin g  th e  p H  o f  th e ir  en v iro n m en t, e.g. ca rboxy lic  acids a n d  am ines, 
w ill m ig ra te  in a n  ap p lied  e lec trica l field as an io n s  o r  c a tio n s  a c co rd in g  to

97
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the properties of their functional groups. On the other hand, formally neutral 
polyhydroxy compounds react with a variety of inorganic oxy-acids and 
basic salts of lead and copper to give anionic and cationic complexes, 
respectively. These, in addition to the anions produced from polyhydroxy 
compounds in strongly alkaline solutions, form the basis for paper electro­
phoresis o f carbohydrates and related compounds.

A convenient index of the relative mobility o f a compound during paper 
electrophoresis is the Mn{E) value, where R and E refer to the reference 
compound and electrolyte, resjiectivcly, and

M u  =
true distance of migration of compound 

true distance of migration of reference compound

The true distance of migration takes into account the effect of electro- 
osmosis on the migration. This is found by measuring the displacement of  
substances which either do not ionize, form no ionic complexes or have an 
electrophoretic mobility sufficiently low for it to be taken as zero. The true 
distance of migration is thus

D =  De ±  D0)

where De is the observed movement of the compound and Do the displace­
ment due to electro-osmosis. Table 1 gives the absolute mobilities during 
paper electrophoresis of reference compounds which have been used for 
measurements o f relative mobilities.

T a b le  1. R e f e r e n c e  c o m p o u n d s

Electrolyte (E)
Reference 

compound (R)
Mobility 
10' cm" 

sec“^

N on­
migrating

marker
Reference

Sodium hydroxide (Na) D-Ribosc (Ri) 9-6 (01 N) a, b 4
Borate (B) D-Glucose (G) 14 8 (pH 9-2) a, c 4

12 2 (pH 10 0) 2
Sulpho-benzeneboronic D-Glucose (G) M  (pH 6-5) d 10

acid (PhB) D-Mannitol (M ) 9 4 (pH 6 5) d 10
Germanate (Ge) D-Glucose (G) 6 2 -8 1  (pH c 11

10 7; 40")
Stannate (Sn) o-Glucitol (S') 14 3 (pH 115) d ' 12
Arsenite (As) o-Ribose (Ri) 5 9 (pH 9 6) a, c 4
Molybdate (Mo) D-Glucitol (S) . 17 0 (pH 5 0) d, e 17
Tungstate (IV) D-Glucitol (S) 17 0 (pH 5 0) d, e 17

Non-m igrating makers: a, caffeine; b, L-//irco-2,3-butanediol; c, 2,3,4,6-tetra-O -m ethyl- 
D-glucose; d, 5-hydroxymethylfurfural ; e, glyceritol.
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S P E C I F I C I T Y  O F  E L E C T R O L Y T E S

Greatly differing electrophoretic mobilities of polyhydroxy compounds 
have been observed in the various electrolytes. Clearly, the structures of the 
inorganic complexing agents and the polyhydroxy compounds will together 
decide their point of attachment, if any. Thus, paper electrophoresis of 
polyhydroxy compounds is not only a tool for their separation, but can also 
be used to detect certain spatial arrangements of hydroxyl groups in organic 
compounds. In the following sections only the specificities of the electrolytes 
containing inorganic oxy-acids are discussed. For paper electrophoretic 
mobilities of the majority of compounds in all electrolytes reference should 
be made to the original literature.

/ ^ l .  Sodium Hydroxide
Migration of polyhydroxy compounds during electrophoresis in sodium 

hydroxide solution is due to ionization of hydroxyl g r o u p s . Since the group 
R 0 “ is more strongly solvated and hence has a greater effective volume than 
the group ROH it is to be expected that the acidity (and hence mobility) 
is the greater, the greater the O—O distances in the polyhydroxy compound. 
Thus, the hydroxyl groups of erythro-\,2-6io\s, when in their planar zigzag 
conformation (I) (O—O, 3 65 A), should ionize more readily than those of 
the //zreo-isomers (II) (O—O, 2*82 A).* The behaviour of acyclic pentitols

c
\

\

V
\ \

c
/
H

TL

o ,md hexitols in sodium hydroxide solution shows a good correlation between 
mobility and the number of erythroA,2-d\o\ groupings.

2. Borate
The products of the reactions between borate ions, B(0H)4 (III), and 

polyhydroxy compounds have structures of the types IV -V I.(5) The borate 
ion (III) has a tetrahedral symmetry and its oxygen atoms are separated by

* In calculating O—O distances in diol groupings the bond angles at all carbon atoms were 
taken as the tetrahedral angle (109° 28') and the bond lengths as C—C, 1-54, and C—O, 
1*42 A. In the case of cyclic compounds the calculations have been based on the cyclo- 
pentane and cyclohexane rings systems.
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a distance of 2-40-2-44 U thus appears that the borate ion can form 
complexes with those polyhydroxy compounds in which the oxygen.atoms 
of at least two hydroxyl groups are separated by, or can easily approach 
each other to a distance of approximately 2*4 A.

OH

R —  —

HO 'OH

0
-B  OH

< >

v:

OH

HIT r :

OH

'OH

IV

The oxygen atoms of acyclic erydiro- and ///m;-l,2-diols can, in an eclipsed 
conformation, approach each other to a distance of 2*49 A. The greater 
electrophoretic mobility of the borate complex of acyclic ///m;-l,2-diols 
(VII), as compared with that of the ert/iro-isornQvs (VIII), has been related 
to the interaction energy of the non-bonded atoms.

HQ OH

V  \

OH

;g:
pH

viir

The borate ion, B(OH)4“, also fits well to form puckered six-memberer'"^ 
rings with acyclic 1,3-diols. The stability o f the complexes formed, and hence 
their rate of migration during electrophoresis, is decreased by the presence 
of axial alkyl groupŝ '̂  ̂ [e.g. ^rj^//7ro-2,4-pentanediol (IX a and IX b). Me? (B) 
0*18; ?/ir^o-2,4-pentanediol (X a and X b). Mg? (B) O].

CHa 

H—^ —OH 

CHa 

H— —OH

IXa

CH,

Mo

Me \
B - O H

OH

H—C - O H  

CHa 
HO— —H

i n .

K̂o

0 _ \^ 0 H

IXb X a

^ 8
Me ÔH

Xb
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C/.y-I,2-diols of five-membered ring compounds (O—O, 2*49 A) react 
more strongly with borate ions than their //wzj-isomers^^) (O—O, 3*40 A).

The O—O distances in the chair conformations of cis- (XI a) and trans- 
1,2-cyclohexanediol (XII) are identical (2-82 A). However, only in the former 
can this distance easily be reduced to a value [2-49 in a boat (XI b) or “half­
chair” (XI c) conformation] small enough for complex formation. Con­
sequently, only the m-isomer exhibits electrophoretic mobility.

I OH 
OH

XI Q

OH
\

OH

HO-

XT b X I c
OH

XE

C/j-1,3-cyclohexanediol does not migrate during electrophoresis in borate 
solution. It is probable that the interactions of non-bonded atoms in the 
complex would be too great to allow its formation.

Inositols possessing a c/5-c/5-l,3,5-triol system yield a “tridentate” complex 
(XIII). Their electrophoretic mobilities have been correlated with the dis­
positions of the remaining hydroxyl groups.

OH

L©
/

\ ^ 0

xm

The sequence o f  m obilities o f  substituted D-glucoscs (i.e. O -m ethyl- and  
deoxy-D-glucoses, and reducing disaccharides o f  D-glucose) has been ration­
alized by postulating that the aldehydo form o f  the sugar is the principal 
one involved in com plex form ation, and that the hydroxyl groups sterically  
m ost favourable for com plex form ation are those on C2 and C4 (XIV).

CHO

H C 0

HO C-------

OH

H OH

-OH

CH2OH

ixnz:
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The mobilities of methyl pyranosides o f aldohexoses arc attributable to 
complex formation with n 5- l ,2-diol groupings and/or the hydroxyl groups 
on C4 and Q , the m - l ,2-diol grouping having, however, a greater allinity 
for the borate ion.

3. Sulpho-benzeneboronic Acid 
The products formed from o-sulpho-benzeneboronic acid (XV) and 

polyhydroxy-compounds under the conditions of the electrophoresis (pH 
are in all likelihood esters of the boronic acid (XVI), their migration 

being due to the ionization of the sulphonic acid group. With reducing 
sugars and glycosides, by far the largest contribution to the mobilities was

SO,H

X V :xvT

OH

HO

HO
OH

-OH

OH

2 © OH

Ge

OH

OH

OH

2 ©

found to arise from c/5- l ,2-diols o f hve-membered ring compounds, but in 
contrast to borate at pH 10, no contribution arises from c75- l ,2-diols of 
six-membered ring compounds or from a diol group such as that on C4 and 
C6 in glucopyranose. The different affinities of sulpho-benzeneboric acid 
and the borate ion for c/j-l,2-diols o f six-membered ring compounds are 
probably due to the relative stabilities of hve-membered rings containing 
trigonal and tetrahedral boron.

4. Germanate
Germanic acid readily undergoes polymerization reactions, the degree of 

polymerization being dependent on the pH of the solution. At pH 11 the 
ion Ge(OH)6̂ “ (XVII) is the major component. The O— O distance in this 
ion has been estimated to be approximately 2 64 This value falls in

between those of the O—O distances in oj-l,2-diols o f hve- (2-49 A) and 
six-membered ring compounds (2-82 A; chair conformation). Compounds 
possessing such structural features will form ionic complexes during electro­
phoresis in germanate solution ( X V I I I ) . T h e  sequence of mobilities of 
substituted D-glucoses is the same as that in borate solution.
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5. St annate
Electrophoresis in sodium stannate solution has shown that polyhydroxy 

compounds form anionic complexes with the stannate ion, Sn(OH)e^~ 
( X I X ) . O n l y  two hydroxyl groups are required for their formation.

HO

HO'

OH

Sn

OH

XIX

.OH

OH

The order of mobility of pentitols and hexitols is related to their number 
of threoA ,2-d\o\ groupings. This is expected, as in the planar zigzag com 
formation of these compounds the distance between the oxygen atoms of  
the threoA ,2-dio\ grouping (2-82 A) is close to that in the Sn(0H)g2- ion 
(2*77 A). Although erythro-X,2-à\oh can complex with stannate, by far the 
largest contribution to mobility comes from threo- disposed hydroxyl groups.

6 . Arsenite
Little information is available about the structure o f the arsenite ion  

complexing with polyhydroxy compounds, although the ions As(OH)4 ~ 
and AsO(OH)2 “ have been suggested, If the O— O distance in the complex­
ing ion does not differ greatly from that in AS4 O6 (2-76 A) arsenite com­
plexes should easily be formed from six-membered ring compounds con­
taining m -l,2-d io l groupings (O—O, 2*82 A; chair conformation) and 
acyclic threo-X,2-éïo\^ (O—O, 2-82 A; planar zigzag conformation). 
This is in agreement with the electrophoretic behaviour of inositols, glyco- 
pyranosides, pentitols, and he x i t o l s . Ho we v e r ,  contribution to electro­
phoretic mobility should also be expected from trans-X,2-dioX groupings of 
six-membered ring compounds if both hydroxyl groups are in an equatorial 
position (O—O, 2-82 A).

0 ®

0 - /  

' 0

-M-

\  0 
0

XX
7. Molybdate and Tungstate 

The specific rotation of several polyhydroxy compounds is markedly 
affected by the presence of molybdate^^^-iG) and t u n g s t a t e a t  acidic pH
H '
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values. The complexes formed are anionic and migrate during electro­
phoresis. The complexing species are the dimolybdate, M0 2 O7-", and ditiing- 
state ions, W2 O7-" (XX; in this and the following structures M represents 
Mo or W), which, in complex formation, expand from tetrahedral to octahedral 
structures.

Acyclic polyhydroxy compounds possessing at least four adjacent hydroxyl 
groups aflbrd complexes containing two of the metal atoms per molecule 
of polyhydroxy compound, thus:

R(OH)i +  M2O7®- -> [R • M2O11H1P ( 1)

The structures XXI-XXIII have been postulated for these complexes,^ '̂ )̂ 
XXI being formed from such a tetritol system where the hydroxyl groups on

.0 ,

HO
\

0

HO

/p 3

0
/  /

pH

0 '=’

OH

Ç, R,

X X L

X X IL xxni

C2 and C3 are in an erythro arrangement, whereas those in XXII and XXIII 
are in L>-threo and L-threo arrangements, respectively. It is apparent that 
the sizes o f the substituents R2 and Rg should influence the stability o f the 
complex. It has indeed been found that the rate of migration during electro­
phoresis of acyclic polyhydroxy compounds of equal molecular size is 
influenced in this way.
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Six-membered ring compounds complex with molybdate^^^) and tung- 
state<̂ '̂ ) only if they contain a m-c/.s'-l,2,3-triol system (XXIV a). Such 
compounds possess in at least one of their conformations one equatorial 
hydroxyl group neighboured by two axial hydroxyl groups (XXIV b). The

OH OH

HO OH

7 HO

complexes formed contain one molybdenum or tungsten atom per molecule 
of the polyhydroxy compound, that is:

2R (0 H )3  —> [R 2 ' M 2 O i l  H2]^ +  2 H 2O (2)

The same type of complex is also produced from compounds possessing 
a triol system which can assume a spatial arrangement approximating to 
that of XXIV b, e.g. the hydroxyl groups on C l, C2, and C3 of a 4-sub- 
stituted D-glucitol (XXV), and presumably those of a xyIo-l,2,3-tnol system

OH OH

CH,OH
I

- C - O H
I

HO C -
i

X X V a

OH

?

H O - C -
i

- C - O H
I

H O - C -

X X V Ia

OH

HO-

XXVI 6

(XXVI). The O—O distances in the octahedral molybdate and tungstate 
have been estimated to be ca. 2*59 and 2-57 Â, respectively, whereas those 
in the triol system XXIV b are 2*82 Â (0 1 -0 2 )  and 2*51 Â (0 1 -0 3 ) . Thus

©

the dimolybdate and ditungstate ions would fit well to give XXVII. Since 
XXVII contains two polyol components care has to be exercised in the 
interpretation of the elephoretic analysis o f mixtures of polyhydroxy com­
pounds which can give rise to this type of complex.
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d -GIuco-, D-manno-, and D-galactopyranosides do not complex with 
either reagent^ '̂^’ as they lack the triol system X X IV . Thus the reduction 
products o f  disaccharides with D-glucose as the reducing end group will 
fall, during electrophoresis in molybdate or tungstate solutions, into three 
classes^^^’ according to the position o f  the glycosidic linkage to the 
D-glucitol moiety: (a) 3-substituted D-glucitols, which do not complex;
(b) 4-substituted D-glucitols, which form complexes according to eqn. (2);
(c) 2-, 5- and 6-substituted D-glucitols, which form complexes according  
to eqn. (I). Table 5 shows that measurements o f  rates o f  migration o f  reduc­
ing disaccharides o f  D-glucose in borate solution^^» and o f  their reduction 
products in molybdate solution^^^* will jointly determine the nature o f  
the glucosidic linkage in the original disaccharide.

2 5

^ 2 0

5 62 3 4
No. of glucopyronosyl units

o  , \/M^{Mo)o\ isomoltodexfrinols 
•  , of moHodextrinols

F ig . 2. Relative m obilities o f  isom altodextrinol and m altodextrinol m olybdate solutions.

Members of the isomaltodextrinol (reduced oligosaccharides o f the 
isomaltose series) and maltodextrinol series (reduced oligosaccharides of 
the maltose series) can be effectively separated by paper electrophoresis 
in molybdate solution (Fig. 2). The method can be used for determination
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of molecular size.™  The paper electrophoretic mobilities of isomaltodextri- 
nols can be expressed by

\ !Ms{ Mo)  =  1 4- 0-3 A?, (3)

where Ms  is the m obility with respect to D-glucitol and n is the number o f  
glucopyranosyl units present in the m olecule. The m obilities o f  m alto- 
dextrinols are given by

\ I M m { M o ) =  1 4- 0 3 (/? -  I), 

where maltitol is used as the reference compound.

E L E C T R O P H O R E T I C  M O B I L I T I E S  
T able  2. A ldoses

(4)

C om pound ^(5) p/^5 (1 0 ) ^(17)

DL-GIycerose 7 9 2 94 0 0
D-Erythrose 107 90 1108
L-Threose 103 60 5
D-Arabinose 84 0 0
L-Arabinose 79 76 240 150 30
D-Lyxose 97 7H 230 190 115 42 1 1 0 1 0 4 s
D-Ribose 1 0 0 77 470 2 1 0 104 1 0 0 40 2 0
D-Xylose 93 1 0 0 180 140 81 17 0 0
D-AI lose 68 834 180 75
o-A ltrose 96 9 7 4 580 77 0
D -G alactose 65 93 180 130 78 28 0 0
d - G I ucosc 80 1 0 0 1 0 0 1 0 0 63 16 0 0
d - G u Iosc 70 824 107 53 1 1 0 1 1 0
L-Idose 96 1024 115
D-M annose 84 72 1 1 0 140 1 0 0 35 90S n o s
o-T alose 103 874 119 70

T able  3. K etoses

C om pound Aa<4> R(B) Xf(4) jy m )

o-Fructose 89 90 930 2 1 0 91 75 50 2 5 s
D-Psicose 125 764 188
L-Sorbose 8 8 95 850 2 0 0 94 73 30 2 0 s
D-Tagatose 82 9 5 4 860 240 103 IO51’ n o s

The absolute mobilities o f reference compounds (Table 1) will give an 
indication o flh e  time required for the resolution of a particular mixture of 
compounds.

Tables 2 to 5 give the relative mobilities (10  ̂ x  M r  {E)) o f carbohydrates 
and acyclic polyhydroxy compounds. The symbols used for the various
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T a b l e  4 . A c y y l i c  p o l y h y d r o x y  c o m p o u n d s

Compound /J(4) A v '4> ^(17)

Glyceritoi 0 49 0 40  ̂ 23 24 0 0

Erythritol 3 75 10 1 0 0 57 53 1 0 0 90 L
L-Threitol 3 75 30 62 96 50 24
D-Arabinitol 7 87 95 124 n o 104
Ribitol 10 85 30 1 2 0 72 76 1 1 0 103
Xylitol 3 79 90 170 1 0 0 155 1 1 0 104
Allitol 23 90 8 8 92 9417 9 7  L

D-Altritol 16 89 95 138 9917 9 7 E

Galactitol 8 97 1 0 0 2 1 0 99 145 1 0 0 1 0 0
D-Glucitol 11 83 130 190 1 0 0 161 1 0 0 1 0 0

L-Iditol 7 81 173
D-Mannitol 12 81 1 0 0 190 93 130 1 0 0 1 0 0

T a b l e  5 . d - g l u c o p y r a n o s y l - d - g l u c o s e s  a n d  d - g l u c o p y r a n o s y l - d - g l u c i t o l s

D-Glucopyranosyl-D-glucosc d-G lucopyranosy 1-D-glucitol

Linkage 1 0 2  X M e (B)'^' Linkage 1 0 2  X M s  (M o)(".

i3— 1 - > 6 75 a— 1 -> 6 78
a— 1 -> 6 69 jS— 1 - > 6 69
a— 1 -> 3 69 a— 1-> 5 72
jS— 1 -> 3 69 a— 1 -> 2 69

j3— 1 -> 2 70
a— 1 —> 4 32
^— 1 ^ 4 23 a— 1 4 46
a— 1 - ^ 2 3219 i3— 1 -> 4 37
i3— 1 - > 2 24

a— 1 -> 3 0
j3— 1 -> 3 0

electrolytes are found in Table 1. The references are given in the heading to 
each column, unless otherwise stated. The letters E  and S  indicate elongated 
spots and extensive streaking, respectively.

Two reference compounds have been used for paper electrophoresis in 
solutions containing sulpho-benzeneboronic acid. The mobility values 
quoted in Tables 2 and 3 are with reference to D-glucose and those in Table 
4 are with reference to D-mannitol.
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Preprin ted  from  the Journal of the C hem ical Society,
A pril, 1961, (303), p ages 1546—1552.

3 0 3 . Parti((l Periodate Oxidation  of i>-Olucitol and its Borate  
Co'tnplex.

J3y D. H . H utson  an d  H . W e ig e l .

'I'he products of oxidation of u-glucitol witli a lim ited q uan tity  of periodate 
have been characterised and determ ined. The results show th a t the order 
of susceptibility of the C-C bonds in D-glucitol to  cleavage by periodate is:
3,4 (aT-glycol) >  2,3 (aT-glycol) >  4,5 (aC-glycol) >  5,6 (a-glycol) > 1 ,2  
(a-glycol). In borate buffer the favoured complex between D-glucitol and 
borate involves the participation  of the 2- and the 4-hydroxyl group. U nder 
suitable conditions the g lucito l-borate complex produces ca. 30% of 
L-xylose.

I t  h a s  b e e n  s h o w n   ̂ t h a t  t h e  o x i d a t i o n  o f  D - m a n n i t o l ,  g a l a c t i t o l ,  a n d  D - g l u c i t o l  w i t h  a  
l i m i t e d  q u a n t i t y  o f  s o d i u m  p e r i o d a t e  i n v o l v e s  p r e f e r e n t i a l  a t t a c k  o n  a T - g l y c o l  g r o u p s  
( B a r k e r  a n d  B o u r n e ' s  n o m e n c l a t u r e - ) .  S i m i l a r  o x i d a t i o n  o f  e r y t h r i t o l  s h o w e d  t h a t  a  
C H  ( O H )  ' C H g ' O H  g r o u p  w a s  m o r e  r e a d i l y  c l e a v e d  t h a n  a  C H ( O H ) * C H ( O H )  g r o u p ,  b u t  t h e  
r e v e r s e  w a s  f o u n d  f o r  h e x i t o l s . ^  O f  a c y c l i c  c o m p o u n d s  t h e  threo- ( a T )  w a s  o x i d i s e d  m o r e  
r a p i d l y  t h a n  t h e  erythro-isom eY  ( a C )  a n d  f o r  A / z r ^ o - c o m p o u n d s  t h e  r a t e  o f  o x i d a t i o n  d e c r e a s e s  
w i t h  i n c r e a s i n g  l e n g t h  o f  t h e  s u b s t i t u e n t s  o n  t h e  g l y c o l  g r o u p . ^  T h u s  i t  b e c a m e  i n t e r e s t i n g  
t o  s t u d y  q u a n t i t a t i v e l y  t h e  r e l a t i v e  e a s e  o f  c l e a v a g e  o f  t h e  v a r i o u s  C - C  b o n d s  o f  D - g l u c i t o l  
w i t h  p e r i o d a t e ,  p a r t i c u l a r l y  a s  D - g l u c i t o l  c o n t a i n s  t w o  a T -  a n d  a - g l y c o l  g r o u p s ,  a n d  o n e  
a C - g l y c o l  g r o u p .  I t  w a s  f u r t h e r  t h o u g h t  t h a t  l i m i t e d  o x i d a t i o n  o f  D - g l u c i t o l  i n  w a t e r  
a n d  i n  p h o s p h a t e  ( p H  1 0 )  a n d  b o r a t e  b u f f e r  ( p H  1 0 )  w o u l d  c l a r i f y  t h e  s t r u c t u r e  o f  t h e  
D - g l u c i t o l - b o r a t e  c o m p l e x .  B u f f e r  o f  p H  1 0  w a s  c h o s e n  a s  t h e  c o n c e n t r a t i o n  o f  t h e  
c o m p l e x e s  b e t w e e n  p o l y h y d r o x y - c o m p o u n d s  a n d  b o r a t e  i s  g r e a t e s t  i n  a l k a l i . ^  C h a r a c t e r ­
i s a t i o n  a n d  d e t e r m i n a t i o n  o f  t h e  p r o d u c t s  o f  o x i d a t i o n  w e r e  a i d e d  b y  t h e  u s e  o f  ^ ^ C - t r a c e r  
t e c h n i q u e s .

D - G l u c i t o l  w a s  s e p a r a t e l y  o x i d i s e d  i n  w a t e r  a n d  i n  O - ô M - p h o s p h a t e  ( p H  1 0 )  a n d  0 - 5 m -  
b o r a t e  b u f f e r  ( p H  1 0 )  w i t h  0 - 2 5  m o l .  o f  s o d i u m  p e r i o d a t e .  T h e  m o l a r  r a t i o  o f  b o r a t e  
o r  p h o s p h a t e  t o  D - g l u c i t o l  w a s  3 .  T h e  p r o d u c t s  e x p e c t e d  f r o m  t h e  c l e a v a g e  o f  t h e  v a r i o u s  
C - C  b o n d s  w e r e  d i s c l o s e d  b y  c h r o m a t o g r a p h i c ,  i o n o p h o r e t i c ,  a n d  c o l o r i m e t r i c  m e t h o d s .  
T h e  r e s u l t s  s h o w n  i n  T a b l e  1  i n d i c a t e  t h a t  9 7 — 1 0 0 %  o f  t h e  c a r b o n  w a s  a c c o u n t e d  f o r .

W hen oxidised  in w ate r, 7 5 %  of th e  D-glucitol rem ained  u nchanged  an d  less th a n  
0 T %  of th e  carbon  ap p eared  as form ic acid  (Table 1). As th e  am o u n t of p e rio d a te  tak en  
w as on ly  5 %  of th a t  needed  for th e  com plete o x ida tion  of D-glucitol i t  is likely  th a t  th e  
o th e r p ro d u c ts  arose alm ost exclusively  b y  d irec t o x ida tion  of D-glucitol ra th e r  th a n  b y  
fu rth e r  o x ida tion  of p rim ary  p roduc ts . I t  is th u s  possible to  assess th e  suscep tib ilities 
of th e  various glycol g roups of D-glucitol to  pe rio d a te  by  ca lcu la ting  th e  re la tiv e  am o u n ts  
of perio d a te  used for th e  p ro d u c tio n  of th e  corresponding  p roducts .

T a b l e  2  s h o w s  t h a t  t h e  s u s c e p t i b i l i t i e s  o f  t h e  v a r i o u s  g l y c o l  g r o u p s  o f  D - g l u c i t o l  t o  
p e r i o d a t e  f a l l  i n  t h e  f o l l o w i n g  o r d e r :  a T  >  aC >  a. O f  t h e  t w o  a T -  a n d  t w o  a - g l y c o l  
g r o u p s ,  t h e  3 , 4 -  a n d  t h e  5 , 6 - g r o u p ,  r e s p e c t i v e l y ,  a r e  c l e a v e d  m o r e  r e a d i l y .

V a r i o u s  m e c h a n i s m s  f o r  t h e  o x i d a t i o n  o f  g l y c o l s  b y  p e r i o d a t e  a n d  s t r u c t u r e s  o f  t h e  
i n t e r m e d i a t e  “ c o m p l e x ,  c o m p o u n d  o r  i o n ,  h a v e  b e e n  s u g g e s t e d .  T h e  g e n e r a l l y  a c c e p t e d  
t h e o r y  *  i s  t h a t  a  c y c l i c  e s t e r  i n t e r m e d i a t e , - w h i c h  m a y  b e  n e u t r a l  o r  m o n o -  o r  d i - n e g a t i v e l y  
c h a r g e d )  i s  f o r m e d  f r o m  t h e  g l y c o l  a n d  H g l O g  o r  i t s  d i s s o c i a t i o n  p r o d u c t s . *  B u i s t ,  B u n t o n ,

* [Added 30.11.60.] Since this paper was submitted. Keen and Symons {Proc. Chem. Soc., 1960, 
383) have found that ions such as H JO g- or, possibly, àre the major component of saturated
aqueous solutions of sodium periodate.



and Miles suggested the formation of an intermediate with a j)uckered live-atom ring 
in which the iodine atom is octahedral. They discussed the effect of the stereochemistry 
and electronic factors of this cyclic intermediate on the equilibrium constant for the 
formation of the intermediate and the rate constant for the decomposition to products. 
None of the proposed structures has however been proved. Nor do our results assist 
towards this or the reaction mechanism; but they are best understood by assuming a 
planar zig-zag conformation with large substituents in staggered positions,* the glycol 
group being attacked by HglOg or its dissociation products to form an intermediate with 
a puckered five-atom ring in which tlie iodine atom is octahedral.”

The 0 - 0  distance  ̂ in crystalline ammonium trihydrogen paraperiodate, (NH^)2l%1 0 g, 
in which the iodine is octahedral, is 2 73 Â. This is close to the calculated distance 
(2-83 Â) for a- and aT-glycol groups in which the large substituents on adjacent carbon 
atoms are fully staggered.^® Thus, a- and aT-glycol groups can form with HglOg cyclic 
ester intermediates (I and 11, respecti\ely) with almost strainless five-atom rings and

T able  1. O xidation o f T>-glucitol w ith  0-25 mol. o f sodium  periodate 
in  water and in borate and phosphate buffers (pH 1 0 ).

In water In borate In phosphate
Yield Yield Yield

Product (mol.) C (%) (mol.) C (%) (mol.) C (%)
(D-Glucitol)  0-750 75-00 0-912 91-20 0-898 89-80
D-Arabinose   0-005 0-42 0-008 0-00 0-005 0-42
L-Xylose ...........................  0-009 0-75 0-021 1-75 O-OII 0-92
D-Erythrose   0-047 3-13 0-003 2-00 0-008 0-53
L-Threose .......................  0-015 1-00 0-001 0-07
DL-G lyceraldehyde   0-209 13-45 0-015 0-75 0-037 1-80
Glycolaldehvde   0-085 2-83 0-072 2-40 0-082 2-73
hormaldehvde   0-015 0-25 0-010 0-27 0-012 0-20
Formic acid ...................  0-005 0-08 0-042 0-70 0-078 1-30

Total   90-91 99-80 97-70

T able  2. Percentage o f periodate (0-25 mol.) consumed by the various 
C-C bonds o f o-glucitol in  water.

C-C Type of Based on IO4 -  used C-C Type of Based on IO4 -  used
Bond glycol yield of; (%) Bond glycol yield of: (%)

1.2 a D-Arabinose 2-0 4,5 aC L-Threose 0  0
5,0 a L-Xylose 3-0 2,3; 4,5 aT, aC Glycollaldehydc 34-0
1,2; 5,0 a, a Formaldehyde 0-0 3,4 aT Glyceraldehyde 53-8
2.3 aT D-Erythrose 18-8 Oxidation of products Formic acid 2-0

without significant distortion of the planar zig-zag conformation of the carbon chain. 
aC-Glycol groups, the calculated 0 - 0  distance of which is 3*68 Â, can form a cyclic 
intermediate (1 1 1 ) only after considerable distortion of the carbon chain from the planar 
zig-zag conformation. As the non-bonded interaction in the three cyclic intermediates 
is (1 ) <  (1 1 ) <  (1 1 1 ) the order of susceptibility to cleavage by periodate should be 
a- >  aT- >  aC-glycol groups.^^ However, a-glycol groups of D-glucitol are least readily 
attacked by periodate. Whereas the oxygen atoms of aT-glycol groups seem to be 
already in a position required for the formation of the cyclic ester intermediate, owing 
to the almost unhindered rotation of the hydroxymethyl groups about the C-C bonds, 
only a fraction, / ,  of the molecules will have the oxygen atoms of a-glycol groups in this 
position and an entropy term, R T  In 1//, has to be added to the free-energy change 
involved in the reaction. This could make a-glycol groups less susceptible to oxidation 
by periodate than aT-glycol groups of D-glucitol. For aC-glycol groups, a compression 
energy term has to be added to the free-energy change of the reaction. It is possible that 
the difference between these two terms makes the a-glycol groups of D-glucitol least 
readily attacked by periodate.

The difference in ease of cleavage of the two aT-glycol groups can be due to the stereo­
chemistry of the ester intermediates. In (IV) and (V) the hypothetical intermediates



involving C(3)-C(4) and C(gj-C(3), respectively, are depicted with a puckered five-atom ring 
in which the iodine atom is octahedral. In (IV) and (Va) the 1- and 6 -hydroxyl groups 
extend the planar zig-zag conformation of the carbon chain: in both cases a hydroxyl 
group and a hydrogen atom, HO(g), and H(g), H 0 (4) and H(i), respectively, lie close to two 
of the oxygen atoms attached to the iodine atom. The situation remains the same when 
the hydroxymethyl groups of (IV) rotate freely. However, a fraction of the molecules 
of (V) will have the 1-hydroxyl group in a position as shown in (Vb), in which two hydroxyl 
groups, H 0 (4) and H 0 (4), lie close to two of the oxygen atoms attached to the iodine atom. 
The resulting greater steric compression could make the aT-glycol group involving C(g) 
and C(3) less susceptible to oxidation by periodate than that involving €(3) and €(4).

Since it is established that aT-glycol groups are more readily oxidised by periodate 
than aC-glycol groups it is reasonable to assume that, in a statistical sense, the 5-hydroxyl 
group is more readily available for the formation of an intermediate involving Q 5) and

Four of the oxygen atoms attached to the iodine atom are omitted. Two of these lie towards the observer in 
positions equivalent to the oxygen atoms attached also to the carbon atoms.

H O H H O H,

1 c \ J \  A  \

OH O H d  OH H
(IV) HO O  H (Va)

! /I I

(Vb) i f  I i
'  ̂ O OH H

Atoms lying below the plane of the carbon atoms and two of the oxygen atoms attached to the iodine atom are 
omitted. The latter lie towards the observer in positions equivalent to O 3 , O 4 and Og, O 3 , respectively.

C(Q) than the 2 -hydroxyl group for the formation of an intermediate involving and 
C(2). Thus, of the two a-glycol groups, the 5,6-bond is more readily cleaved than the
1 ,2 -bond.

It was now possible to examine the effect of borate ions on the reaction. From the 
sequence of Mg values of substituted aldoses in borate solution at pH 10, Foster  ̂concluded 
that the aldehydo-iovm  of D-glucose is the principal one involved in complex formation 
and the pair of the 2- and the 4-hydroxyl group are sterically most favourable for complex 
formation. This, and the relative stabilities of cyclic acetals of D-glucitol,^® suggested 
that a similar complex is favoured for D-glucitol. Partial periodate oxidation of such 
a complex (VI) should yield a larger quantity of L-xylose (VII) than a reaction in the 
absence of borate.

There was a possibility of anomalous reactions at pH 10.  ̂ Certain discrepancies have 
been found in the periodate oxidation in phosphate buffer at pH 7-5.^  ̂ It was thought 
that similar discrepancies might arise with a borate buffer and that comparison between



the oxidation of D-glucitol in 0-5]\i-borate (pH 10) and O-fiM-phosphatc buffer (pH 10) 
would be valid.

Oxidation of D-glucitol w ith 0-25 mol. of sodium periodate in the presence of borate 
(pH 10) or phosphate (pH 10) yielded very different results from those obtained w ith  
the unbuffered solution (Table 1). Only ca. 10% of the D-glucitol was oxidised in the 
alkaline solutions whereas the theoretical amount of 25% was oxidised in the unbuffered 
solution. E xtensive secondary reactions (cf. formic acid production) under the alkaline' 
conditions made detailed comparison w ith the unbuffered solution impossible.

The ratios of the yields of L-xylose to D-arabinose (primary reactions) in the unbuffered, 
borate-, and phosphate-buffered solutions are T 8 , 2-(i, and 2 2, respectively. The ratios 
of the yield of L-xylose in borate- and phosphate-buffered solutions relative to that in the 
unbuffered solution are 2 3 and 1 2 , respectively. This indicated that the yield  of L-xylose 
could be significantly increased by the presence of borate ions. Accordingly, D-glucitol 
dissolved in 4.\i-borate buffer (pH 10*7) (borate to D-glucitol ratio 5 : 1 )  was oxidised w ith  
2 5 mol. of sodium periodate. The com ponent which had been characterised by carrier

HO-

CHyOH
O CHO

X  HO-----

■OH
HO

-OH

CH,*OH
(VI) CHj-OH (VII)

dilution analysis as L-xylose was the major product. This was separated by paper 
chrom atography and determ ined quantitatively. It was found that the yield  of L-xylose 
could be raised in this w ay to ca. 30%.

The results indicate that D-glucitol forms a com plex with borate ions similar to that 
of D-glucose,^ i.e., participation of HO(g) and H 0 (4). H owever, a com plex involving  
HO(i) and H 0 (4) is not excluded as the resulting 7-atom  ring could have the 2- and the 
3-hydroxyl group in Arans-relation, when they would react w ith periodate more slow ly  
than a CH (OH) "CH^'OH g r o u p . O n  the other hand, it has been shown that borate 
ions have no tendency to form com plexes involving 7-atom  or larger rings. The results 
clearly establish that the principal site of attack of periodate on the D-glucitol-borate 
com plex is the 5,6-bond. The pair of hydroxyl groups involved in the form ation of the 
com plex are probably those on C(g) and €(4).

I t  is of interest that com plex-form ation w ith boric acid has been used sim ilarly to  
effect selective substitution  in D-glucose,^®’ ®̂ D-mannitol,^ '̂^"^ D-glucose diethyl mercaptal,i® 
and m ethyl a- and p-glucopyranoside,^* and to block the oxidation of carbohydrates in 
tissues b y  lead tetra-acetate.^®

E xperim ental

M aterials.— D-P^C]Glucitol, uniform ly labelled, was obtained from the  Radiochem ical Centre, 
Am ersham . Glycollaldehyde was prepared as described by Powers et al.^^

Chromatography.—The solvents used in chrom atography were (a) bu tan - 1-ol-benzene- 
p y rid ine-w ater (5 : 1 : 3 : 2) ; (6) e thy l ace ta te-acetic  ac id -w ater ( 9 : 2 : 2 ) ;  (c) m ethyl ethyl 
ketone sa tu ra ted  w ith  w ater;  ̂ (d) bu tan-1-o l-e thano l-w ater ( 4 : 1 : 5 )  (organic phase).

Determination o f Radioactivity.— R adioactiv ities were determ ined a fter conversion of th e  
com pound in to  carbon dioxide, and thence in to  barium  carbonate. The am ount used was 
sufficient to  give a  thickness of g reater th a n  20 mg. per cm .2. The [3-emission of a  radioactive 
specimen was m easured by m eans of a  Geiger-M üller end-window counter and for tim es sufficient 
to  give a standard  counting error of less th a n  ± 2 % .

Periodate Oxidations.—To m ixtures of 0-166M-aqueous D-glucitol (1 mol.) w ith  0 5M-borate 
buffer (pH 10 6; 3 mol.) or 0-5M-phosphate buffer (pH lO T; 3 mol.) (final pH  10-0) was added 
s tandard  sodium  periodate solution (0*25 mol.). A fter 10 m in., Am berlite IR-120(H+) was 
stirred  in to  th e  buffered solutions to  ad ju st th e  pH  to  5.



1 dentification o f Products.— D-Glucitol, D-arabinose, L-xylose, and DL-glyceraldehyde were 
identified by paper chromatography in solvents {a) and (6 ) and by treatment of the chromato­
grams with acetone-silver nitrate-alcoholic sodium hydroxide or ^-anisidine hydrochloride 
in butanol."'* D-Erythrose and L-threose were separated from other products by paper chroma­
tography in solvent (c),* resolved, and identified by paper ionophoresis in molybdate solution.-^ 
Glycollaldehyde was shown to be ])resent by treatment with diphcnylamine in acetic acid and 
measurement of absorption at (>80 mp.-"' Formaldehyde was shown to be present by the 
chromotropic acid m e t h o d . F o r m i c  acid was assumed to constitute the total titratable 
acid present.

Charactevisation and Deterinination o f Products.— (i) \i-Glucitol, u-arabinose, and 'L-xylose. 
i)-[*‘ClGlucitol was separately oxidised with sodium periodate (0-25 mol.) in water, 0-5M-borate 
buffer (pH 10), and 0-5M-phosphate buffer (pH 10) as described above. A carrier compound 
(D-glucitol, D-arabinose, or L-xylose) was dissolved in each solution and allowed to equilibrate 
overnight. Boric acid was removed by repeated distillation with methanol, and phosphoric 
acid by precipitation with aqueous barium hydroxide. The products were separated by 
chromatography on Whatman paper no. 3 in solvent {a). D-[^^C]GlucitoI was converted into 
the hexa-acetate which was recrystallised from ethanol until consecutive samples possessed con-

T a b l e  3 . Carrier d ilu tion  analysis o f products fro m  oxidation o f 
T>-{^^C]gkicitol w ith  0-25  mol. o f sodiitm  periodate.

IG,
(mg.)

So (/AC per 
g.-atom of 

carbon) Product Medium
1P„

(mg.)
M. p. of 

deriv.

Si (/xC
per g.- 

atom of 
carbon)

Yield
(mol.)

72 3104 (D-Glucitol) Water 250 99° 501-90 0-750
72 3104 n-.\rabinose Water 254 103 3-43 0-005
72 3104 L-Xylose Water 341 4 104 5-03 0-009
72 3104 u-Erythrose * Water 242-3 185 29-40 0-047
72 3104 DL-Glyceralclehyde f Water 254 72 117-52 0-269
72 3104 (n-Glucitol) Borate 247 99 004-40 0-912
72 3104 D-Arabinose Borate 233 163 6-14 0-008
72 3104 L-Xylose Borate 220 104 17-54 0-021
72 3104 n-Erythrosc * Borate 250 185 1-77 0-003
72 3104 DL-Glyceraldehydc f Borate 242-3 72 7-00 0-015

400 821 (D-Glucitol) Phosphate 724-7 98 272-00 0-898
72 3104 u-.Arabinose Phosphate 275-1 163 3 24 0-005
72 3104 L-Xylose Phosphate 195-5 164 10-25 0-011
72 3104 D-Erythrose * Phosphate 255-3 185 4-71 0-008
72 3104 DL-Glyceraldehydc f Phosphate 242-3 72 17-66 0-037

W(i =  W eight of D-[*‘*C]glucitol oxidised. Sj, =  spec, radioactivity of D-P'*C]gIucitol. 1% 
weiglit of carrier added. .9; =  spec, radioactivity of parent compound of isolated derivative.

* Carrier com pound w as erythrito l. f  Carrier com pound w as glycerol.

stant m. p. and specific radioactivity. D-Arabinose and L-xylose were converted into their 
phenylosazones wdiich were recrystallised twice from water and twice from benzene, after which 
consecutive samples possessed constant m. p. and specific radioactivity. The details of the 
analysis are shown in Table 3.

(ii) 'D-Erythrose and  DL-glyceraldehyde. D-P‘*C]Glucitol samples were oxidised w ith  sodium 
periodate (0-25 mol.) as described above. The solutions were trea ted  w ith  potassium  boro- 
hydride a t  room tem perature  for 12 hr. and then  w ith  A m berlite IR-120(H  ‘̂ ). E ry th rito l 
and glycerol were added as carrier compounds. A fter equilibration for 1 hr. boric acid was 
rem oved by repeated d istillation w ith  m ethanol. [^^C]Erythritol and [^^C]glycerol were 
separated by chrom atography on W hatm an  paper no. 3 in solvent {d) and converted into the  
te tra - and tri-benzoate, respectively, which were recrystallised from aqueous pyridine and 
aqueous ethanol, respectively, un til consecutive samples possessed constan t m. p. and specific 
radioactiv ity . The details of the analysis are shown in Table 3.

(iii) L-Threose. D-[i‘*C]Glucitol (20 mg.) was separately  oxidised w ith sodium periodate 
(G'25 mol.) in w ater and O'ôM-borate buffer (pH 10) as described above. The borate-buffered 
solution was trea ted  w ith  Am berlite IR-120(H+), and th e  boric acid rem oved as above. 
L-[^^C]Threose and D-[^‘‘C]erythrose were separated  by  paper chrom atography in solvent (c). 
The eluted tetroses were subjected to  ionophoresis in m olybdate solution (pH 5).^"' ^-Anisidine



hydrochloride in butanol and ultraviolet light revealed the  positions of the tetroses on the 
ionophoretogram s. From  a com parison of the ^-emission of the two spots the  ratio  of the 
yields of L-threose and D-erythrose was found. The yield of L-threose was calculated from the 
results of the  determ ination of D-erythrose. The results are shown in Table 4.

(iv) Glycollaldehyde. The results of Dische and Borenfreund show th a t  glycollaldehyde, 
after trea tm en t w ith diphcnylam ine in acetic acid, can be determ ined by m easurem ent of the 
optical density  a t  080 mp and th a t the  presence of glyceraldehyde will cause an error no t 
g reater th an  ca. 3% . M easurem ent of the  optical density  of s tandard  solutions of glycoll­
aldehyde (0-1%) containing also D-erythrose, form ate, phosphate, borate, and iodate showed 
th a t  only the la tte r  interfered seriously w ith the determ ination  of glycollaldehyde. Iodate 
was thus removed from the  unbuffered and phosphate-buffered reaction m ixtures by trea tm en t 
w ith Am berlite IRA-400(OAc). To avoid possible loss of glycollaldehyde by adsorption on the 
resin as the glycollaldehyde-borate complex, the  borate-bufiered reaction m ixture was treated  
w ith much glucitol, w ith which borate  reacts preferentially , before trea tm en t w ith  the resin.

D-Glucitol (0-91 g.) was oxidised as described above. A fter rem oval of the  iodate, glycoll­
aldehyde was determ ined colorimetrically."** The m easurem ent of th e  optical densities a t 
680 m p (Ilford filter no. 608) of the  solutions obtained from the unbuffered and borate- and 
phosphate-buffered m ixtures corresponded to  yields of 0-085, 0-072, and 0-082 mole of glycoll- 
aldehyde per mole of D-glucitol, respecti\'ely.

T able 4. D eterm ination  o f  'L-threose fro m  ox ida tion  o f  
'D-\ffQi]glncitol w ith  0-25 mol. o f  periodate .

Y ield  of
R a d io a c tiv ity  R atio , L-threose *

P rod uct M edium  (counts per m in.) L-threose : D -erythrose (mol.)
L-Threose W ater 216 \  n m r
D -E rythrose W ater 693 i
L-Threose B orate (pH  10) 50 \  ^
D-E rythrose B orate  (pH 10) 222 J

* B a sed  on y ie ld  of D -erythrose.

(v) Formaldehyde. D-Glucitol (0-91 g.) was oxidised as described above. A fter rem oval 
by steam -distillation from the  reaction m ixtures, form aldehyde was determ ined by the chrom o­
tropic acid method.-® M easurem ent of the  optical densities (Ilford filter no. 606) of th e  solutions 
obtained from the unbuffered and borate- and phosphate-buffered m ixtures corresponded to  
yields of 0-015, 0-016, and 0-012 mole respectively of form aldehyde per mole of D-glucitol.

(vi) Formic acid. D-Glucitol (0-91 g.) was separately oxidised as described above. Form ic 
acid was determ ined by titra tio n  w ith O-OlN-sodium liydroxide, a pH -m eter being used for 
end-point detection. A blank titre  was found after oxidation of ethylene glycol w ith 0-125 mol. 
of sodium periodate. From  th e  buffered solutions the  formic acid was first separated  by 
acidification and distillation  of th e  reaction m ixture. True titre s ; 2-5 ml. (water), 21-0 ml. 
(borate buffer), 39-0 ml. (phosphate buffer). These correspond to  yields of 0-005, 0-042, and 
0-078 mole, respectively, of formic acid per mole of D-glucitol.

Determination o f L-Xylose from  Oxidation o f D-Glucitol in  \u.-Borate Buffer  (5 Mol.) with 
2-5 Mol. o f Sodium Periodate.— To a solution of D-glucitol (1-82 g.) in 4M-borate buffer (pH 10-7) 
(12-5 ml.) was added a solution of sodium periodate (5-45 g.) in w ater (25 ml.). A fter 10 min. 
sodium ions and boric acid were rem oved by trea tm en t w ith A m berlite IR -120(H ') and 
repeated d istillation  w ith  m ethanol, respectively. The residue was ex trac ted  w ith  m ethanol. 
P aper chrom atography in solvent (a) showed th a t  the  m ajor com ponent had an value 
identical w ith  th a t  which had  been characterised by carrier dilution analysis as L-xylose. 
E lu tion  and quan tita tiv e  determ ination  of th is com ponent by the  an thronc m ethod 7̂ showed 
a 30-6% yield.

The au thors are indebted to  Professor E. J . Bourne and Dr. J . C. P. Schwarz for helpful 
discussions, and to  the  Central R esearch Funds Com m ittee of th e  U niversity  of London and 
th e  M inistry of E ducation, for financial assistance.

R o y a l  H o l l o w a y  C o l l e g e , U n i v e r s i t y  o f  L o n d o n ,
E n g l e f i e l d  G r e e n ,  S u r r e y .  [Received, October I2thj I 960 .]
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(R e c e iv e d  O cto b er  i 8 th , 1 9 6 2 )

The w ell-know n reaction of polyhydroxy-com pounds w ith  borate ions to  form anionic  
com plexes has been used ex ten siv e ly  for the separation of carbohydrates and related  

.‘Compounds b y  paper electrophoresis in borate solution^ and chrom atography on  
colum ns of anion exchange resins^ and charcoal*. The presence of boric acid has also  
been show n to  affect th e paper chrom atographic behaviour of carbohydrates'^, the  
increase or decrease in R p  value being dependent on th e pH  of the solvent*. W e now  
report th e  paper chrom atographic behaviour of carbohydrates and related com pounds 
in th e presence of benzeneboronic acid.

^ , e x p e r i m e n t a l
S o lven ts

T he so lven ts used for descending chrom atography on W hatm an No. i  paper were 
(a) e th y l a ce ta te -a cetic  ac id -w ater  (9 :2 : 2  v /v ) and (b) 0 . 5 5  % solution  of benzene­
boronic acid  in e th y l a ce ta te -a cetic  a cid -w ater (9 :2 : 2  v /v ). The so lven t front m oves  
about 3 0  cm  in 4 - 5  h.

S p r a y  reagent

T he com pounds were d etected  on paper chrom atogram s w ith  potassium  periodatocu- 
prate and  rosaniline®.

r e s u l t s  a n d  d i s c u s s i o n

The products of th e  reactions betw een  boric acid  or borate ions and p olyhydroxy- 
com pounds have structures of th e ty p es I -IV .

R  B — O H

(I)

y O H - | -  

R  B  I

X o /  X o H  !

(II)

’■  / ° \ / ° \  T '  / ° \
R  B  R R - O - B — O H

_ \ o / \ o / J X o /

(III) (IV )

/ .  C h ro m a to g . ,  11 ( 1 9 6 3 ) 2 5 3 - 2 5 7
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Since boric acid, B(OH)g, does not act as a proton donor but a Lew is acid^, ac­
ceptin g  the electron pair of the base, e.g. OH", to form the anion B(OH).,~, the com ­
pounds formed at acidic pH  values are neutral esters (I) w hereas those formed under 
alkaline conditions are anionic com plexes ( I l - lV ) .  Com pounds w ith  structure I 
should  have higher R p  va lues in so lven ts w ith  a sta tion ary  acjueous phase than those  
w ith  structures I I - I V . This is indeed confirm ed by the chrom atographic behaviour of 
D-glucitol in so lven ts con ta in ing  (i) boric acid and acetic acid (R a  2 .2 ; m ovem ent 
w ith  respect to glucose) and (ii) boric acid and pyridine (R a  0 .3 )*.

B enzeneboronic acid, P h -B(OH)g, is known to  react w ith  several polyh yd roxy-  
com pounds to  give esters w ith  structure The detailed  structures of som e of these  
have been elucidated^L 12.

NX

R B— Ph

X ) /

(V)

The replacem ent of the h ydroxyl group of I by  a phenyl group should  increase  
the affinity of the ester for the organic so lven t and thus result in an increase in R p  
value. The results (Table I) show  that th is is indeed the case; in so lven t (b), in which  
the boric acid has been replaced by benzeneboronic acid , D-glucitol m oves w ith  an 
R a  value of 5 .6 .

T.ABLE I

R p '  V A L U E S  O F  C A R B O H Y D R A T E S A N D  R E L A T E D  C O M P O U N D S
IN S O L V E N T S  ( a ) A N D  ( b )

R p  value
Compound ------------- ----------- -----—---

Solvent (a) Solvent (h)

G lycerol 0.32 0.3.5
E ry th r ito l 0 . 2 3 0.31
D -.\rab ito l 0.14 0 .50

i-d e o x y - 0 -4.5 Ü.7I
5 -d eox  y - 0.4b 0.85

R ibitol 0.14 0.48
2-deoxy-D - 0.32 0 .46

X v lito l 0.14 0.4.5
A llito l 0.1 7 0 .49
D-.Vltritol 0 .16 0.51

I -d eo x y - 0 .36 0 .85
1 ,0 -d id eoxy- 0 .57 0 .97

G alactito l 0 .07 0 .47
i-d eoxy -D - 0.31 0 .68
1,6 -d id eo x y - 0.58 0.85

D -G lucitol 0 .08 0 . 4 5
2 -d eo x y - 0.22 0.60
3-O -m eth  yl- 0 .19 0.44
4 -O -m eth y l- 0.30 0 .40

D -M annitol 0.08 0 . 4 3
I .b -d id eoxy - 0.58 0 .96
i-O -m e th y l- 0.22 0 .70
i.i-d i-O -m e th y l- 0 .46 0 . 8 2

(conttnued on p . 255)

J .  Chromatog. ,  11 (1963) 2 5 3 -2 5 7
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T A B L E  1 [continued)

255

Com pound
R p  value

.Solvent (a) Solvent (b)

DL-Glycerose 0.38 0 .40
D-Erythrosc* 0.31 0.84
L -riircosc 0.31 " 5 3
D -.\ra b inose 0. 12 0. I I
D -L yxose 0 . 18 0.18
D-K ibose 0 .25 0 .50

2-cleoxy- 0 .40 0.4 i
D - X y lo se 0.15 0.15
D -,\ltrose

1,6 -anhyciro-/5-pyranosc 0 .20 0 .19
D -G alactose 0 .06 O.Ô8

6 -d eo x y - 0. 19 0.18
1,6-an h yd ro-^ -p yran ose 0.33 0.38

D -G lucose 0 .08 0.08
3 -()-m eth y l- 0.2 I 0 .23
5 -d eoxy - 0.28 0 .27
m eth y l a -p yran osid e 0.20 0.2 I
1,0-anhydro-/S-pyranose 0 33 0.31

D-Gulose 0.13 0 .27
1,6-anhydro-)5-pyranose 0.31 0 .30

L -ldose 0 .09 0 .16
D-M annose 0.08 0 .09

6 -d eoxy - 0.22 0 .25
3 ,4 -d i-Ô -m eth yI- 0 . 5 5 0.59
m eth y l a -p yran osid e 0.42 0.42
1,6-anhydro-/3-pyranose 0 33 0.39

D - F ructose 0 . 11 0.12
L -Sorbose 0 .10 0 .16
a //o -In osito l 0.04 0.1 I
(ffA'/ro-inositol

3 -O -m eth y l- 0 .09 0 .08
Inosito l 0.01 0.04

/f  no-Inosito l 0 .03 0.02
2-C )-m ethyl- 0 .07 0 .07

m irro-Inositol 0 .05 0.05
i-d e o x y - o.oS o.oS

wn't)-Inositol 0 .02 0.02
i-d e o x y - 0 .07 o.oO

,<:c\7/o -In o sito l 0 0

Table I show s the R p  values of som e carbohydrates and related com pounds in the  
so lven t conta in ing  the benzeneboronic acid [solvent (b)]. In all cases com parison w as 
m ade w ith  a so lven t from which benzeneboronic acid  w as om itted  [solvent (a)]. 
It can be seen that a num ber of useful separations are obtained, e.g. m ost aldoses and  
ketoses are w ell separated from their reduction products w ith in  4  to  5  hours.

The iso la ted  benzeneboronates of m an y p o lyhydroxy-com pounds are easily  hydro­
lysed , even  during chrom atography, w ith  a so lven t conta in ing  water, e.g. so lven t (a). In 
th is so lven t the benzeneboronic acid, which can be d etected  under U.V. light, m oves  
alm ost w ith  the so lven t front and hence is easily  separated  from th e p o lyh yd roxy- 
com pounds. Thus, so lven t (b) offers an advantage for separations on a preparative  
scale. N orm ally, boric acid is rem oved from an elu ate b y  repeated d istilla tion  w ith  
m ethanol. Howev er, the benzeneboronic acid can be separated fi;om th e polyh yd roxy-

J .  Chromatog. ,  i i  (1963) 253-257
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com pounds by  re-chrom atography of the eluate in so lven t (a), avoid ing  an y  destruc­
tion  of the polyhydroxy-com pounds which m ight occur when boric acid is rem oved  
b y  repeated d istilla tion  w ith  m ethanol.

It seem s reasonable to assum e th at on ly  com pounds which have at least tw o  
hydroxyl groups in an appropriate spatia l arrangem ent to react w ith  benzeneboronic  
acid w ill have sign ificantly  higher R p  values in so lven t (b) than  in so lven t (a). H ow ­
ever, com parison of the R p  va lues in the tw o so lven ts cannot be regarded as a sa tis­
factory m ethod to d etect such an arrangem ent in a com pound, since e.g ., th e  R p  
values of glycerol and D-glucose are not appreciably altered by  th e presence of ben­
zeneboronic acid, although crystalline benzeneboronates of th ese have been ob- 
ta ined^bi2 . It is likely  th at, under th e conditions of the chrom atography, the equilib­
rium does not favour the form ation of certain benzeneboronates, which will of 
course have differing relative stab ilities according to  ring size, su b stitu en ts, etc. 
On the other hand. Table I show s th at th e aldoses and cyclito ls, th e  R p  va lues of 
w hich are m arkedly affected  b y  the presence of benzeneboronic acid, have in their  
more stab le conform ation a i  [ax), 3  (a.r)-diol grouping. wzfco-Inositol and 1 ,6 -anhydro- 
/9-D-glucopyranose also possess such a diol grouping, but as m entioned  earlier the con­
d itions of the chrom atography m ight not favour the form ation of their benzeneboro­
nates. 2 -D eoxy-D -ribose, th e R p  value of which is the sam e in both so lven ts, possesses  
such a diol grouping on ly  in the C i conform ation ( R e e v e s ' nomenclature)^* of its  
a-anom er. It is not possible to  decide which anom er and conform ation  of D-ribose 
reacts w ith  benzeneboronic acid.

D uring the course of th is work G a r e g g  a n d  L i n d b e r g '̂* reported th e paper 
electrophoretic behaviour of carbohydrates in so lu tion s of su lphonated  benzeneboro­
nic acid. Presum ably, under th e cond itions used, the esters form ed m igrate due to  
the ionisation  of the su lphonic acid group. , ^
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SUM M ARY

T he R p  va lues of a num ber of p o lyhydroxy-com pounds are,m arkedly increased by  the  
addition  of benzeneboronic acid to  the so lven t. The increase is due to  th e form ation of 
esters betw een  benzeneboronic acid and the polyhydroxy-com pounds. For certain  
carbohydrates and cyclito ls the increase has been related to  their structures. A cyclic  
p olyhydroxy-com pounds have, in general, m uch higher Rp values in the so lven t con ­
ta in ing  benzeneboronic acid than th e  aldoses or ketoses from w hich th ey  derive. 
T his provides a rapid m ethod  for th e separation, of pairs of such com pounds.
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695. Pheriylboronates of Acyclic Polyhydroxy-compounds 
Hy E. J. B ourne, E. M. L ees, and H. W e ig e l

The ])rcparation of phenylboronates of several acyclic polyhydroxy- 
com pounds (and of D-glucose) is described. The derivatives of glycerol and 
galactitol have been shown to be the  1,2- and 1,3-4,6-diphenylboronate, 
respectively. Conform ational aspects are discussed.

P h e n y l r o r o n i c  a c i d  reacts with certain cyclic and acyclic diols and polyols to give 
cyclic pheny]boronates. With the exception of phenylboronates of some glycosides,^ 
detailed structures have not been assigned to the derivatives of polyols. Previously ® we 
reported the effect of the presence of phenylboronic acid on the chromatographic behaviour 
of polyols. We now report the preparation of phenylboronates of some acyclic polyols 
(and D-glucose) and the structural analysis of the derivatives of galactitol and glycerol.

The properties of the phenylboronates are shown in Table 2. In the determination 
of the boron content of these compounds use was made of the absorption peak at 219 m^ 
of solutions of phenylboronic acid in aqueous methanol. Polymeric structures can be 
discarded on the basis of molecular-weight determinations made on the phenylboronates 
of glycerol, D-mannitol, and D-glucose.

Glycerol Phenylboronate .— The two possible structures of a glycerol phenylboronate are 
(la) and (Ila). As in the case of galactitol bisphenylboronate (see below) it was not 
possible to effect satisfactory toluerie-/)-sulphonylation or méthylation of the unsubstituted  
hydroxyl group. However, treatment with phenyl isocyanate gave an 0-phenylcarb- 
amoylglycerol phenylboronate (Ib or Ilb). Its hydrolysis and the separation of the 
products (III or IV and phenylboronic acid) was effected by paper chromatography,® but 
the 0 -phenylcarbamoylglycerol, an oil, could not be distilled without decomposition.

4 0 .

HjC-O^ H^C-O CHzO-CO-NHPh GHz'OH
I HC'OR ,BPh HC-OH HCO'CG-NHPh

HC-O I /  I I
I H.C-O GHz'OH GHz'OH

GHzOR (III) (IV)
( l a :  R =  H)  ( I l a :  R = H)

(lb: R= GO-NHPh) (Tib: R= GO-NHPh)

In order to establish the structure of the 0-phenylcarbamoylglycerol (III or IV) the 
mixture of 0 -phenylcarbamoylglycerol and phenylboronic acid, obtained by addition of 
water to a solution of the 0-phenylcarbamoylglycerol phenylboronate (Ib or Ilb) in 
dioxan, was treated directly with sodium periodate. The effect of the presence of phenyl­
boronic acid was ascertained by periodate oxidation of glycerol phenylboronate, and 
phenylboronic anhydride (PhBO)g. Under the same conditions 0-phenylcarbamoyl­
glycerol phenylboronate, glycerol phenylboronate, and phenylboronic anhydride con­
sumed, respectively, I '81, 2*82, and 2-40 mol. of periodate. Thus, the 0-phenylcarb­
amoylglycerol consumed I'O mol. of periodate and in addition it produced T1 mol. of 
formaldehyde. These results are compatible with structure (III) and show that the 
glycerol phenylboronate was in fact the 1 ,2 -phenylboronate (la). They also confirm the 
structure postulated by Bowie and Musgrave on the grounds of relative rates of hydro­
lysis of cyclic-phenylboronates with 5- and 6 -membered heterocyclic rings.

Galactitol B isphenylboronate .— By heating solutions containing varying molar propor­
tions of galactitol and phenylboronic acid in anhydrous or aqueous acetone, Sugihara and 
Bowman obtained in each case a galactitol trisphenylboronate.* However, our method 
(method I) always gave a bisphenylboronate, even when phenylboronic anhydride and 
galactitol were used in the molar ratio of 1 : 1 .



As in the case of glycerol 1,2-pheuylboronate, the galactitol bisphenylboronate could  
not be satisfactorily  toliienc-T’-sulphonylated or m ethylated.

B enzoylation  of galactito l bisphenylboronate, followed by treatm ent w ith an acctolysing  
mixture,® gave the known l,3 ,4 ,6-tetra-0-acety l-2 ,5-d i-0-b en zoylgalactito l. T reatm ent 
of ga lactito l b isphenylboronate with phenyl isocyanate g a \e  a bis-O -pheiiylcarbam oyl-

Ph^ Ph
B

.Ph

(V)

X
Ph

(VI)

(VII)

a

A
(V III)

P h j B - O  RzB CMe
4 "cH , A Au I2 O. ^CH

c
OEt

I /
(IX) H2N - C H 2 c  (X)

galactito l b isphenylboronate which, on hydrolysis in aqueous dioxan, yielded a bis-O- 
phenylcarbam oylgalactitol. This com pound proved to be not \ ery su itable for studies 
w ith sodium  periodate or lead tetra-aeetate, because of its low solub ility  in water and its  
ready hydrolysis in glacial acetic acid.

For the above reason, and in view  of the low yields of l,3 ,4 ,()-tetra -0 -acety l-2 ,5 -d i-0 -  
benzoylgalactitol and bis-O -phenylcarbam oylgalactitol b isphenylboronate, an alternative  
approach to  elucidate the structure of the galactito l bisphenylboronate was the preparation  
of a bis-(9-phenylcarbam oylgalactitol by an unam biguous route. Thus, 1,3-4,0-di-O- 
benzylidenegalactitol was converted into l,3-4,6-di-(9-benzylidene-2,5-bis-(9-phenylcarb- 
am oylgalactitol w h ich , on hydrolysis, gave 2,5-bis-O -phenylcarbam oylgalactitol. This 
was identical w ith  the bis-(9-phenylcarbam oylgalactitol obtained from galactito l b isphenyl­
boronate. The latter was thus galactito l 1,3-4,6-bisphenylboronate.

G eneral O bseri^ations.— The above results show that reactions of acyclic polyols with  
phenylboronic anhydride yield both 5- and (5-membered ring system s. The galactitol
1,3-4,6-bisphenylboronate m ight have the conform ation [(V) ; for clarity the Q g-C (4) bond  
is enlarged and C-bond H atom s are om itted] w ith  intram olecular hydrogen bonding  
betw een the unsubstitu ted  hydroxyl groups and the ring oxygen  atom s. In this case, 
absorption at ca. 3580 cm."^ would be e x p e c te d .® * H o w e v e r , it exh ibited  only one sharp  
absorption band at 3636 cm."^, characteristic of a free hydroxyl group.® The com plete 
absence of intram olecular hydrogen bonding suggests that the oxygen atom s on C(g) and  
C(gj co-ordinate w ith  the corresponding boron atom s (VI). (The co-ordinating electron  
pair of the oxygen  is not d irectly involved  in the 0 - H  bonding. Thus, the influence of 
th is typ e  of co-ordination on the 0 - H  stretching frequency should be sm all.) This is sup­
ported b y  the fact th a t phenylboronic acid m arkedly affects the chrom atographic m obility  
of only those six-m em bered cychc polyhydroxy-com pounds which possess a c fs -a s-1,2,3- 
triol g r o u p .® * S tr u c tu r e  (VII) has been suggested as th a t being formed during the  
chrom atographic process. I t is evident th at the hetero-ring system s in (VI) and (VII) 
are identical.

The glycerol 1,2-phenylboronate exh ib ited  absorption bands at 3630 and 3597 cm."^, 
the ratio of intensities being ca. 1 : 2. The appreciable am ount of intram olecular hydrogen  
bonding (3597 cm .“ )̂ probably arises in  the sam e w ay as th at in cyclohexane-1,2-d iols, 
since the oxygen  atom  of the h ydroxym ethyl group and th at on C(g) can be brought into  
the sam e spatial d isposition as those in cyclohexane-1,2-d iols. The sm aller am ount of



free hydroxyl absorption (3030 cmr^) m ay be due to {a) the ring strain inherent in forming 
a hydrogen bond from the extra-annular hydroxym ethyl group and/or [h] co-ordination  
of the oxygen atom  of the hydroxym ethyl group w ith the boron atom , resulting in non­
planarity of the phenylboronate ring (VIII).

Boron is strongly electrophilic by virtue of its tendency to fill the vacant orbital and 
com plete the octet. Consequently, the properties of m any boron com pounds have been  
explained by postulating internal co-ordination of an electron-donating atom  w ith boron, 
e .g ., 2-am inoethyl diphenylborinate (IX) and 2-ethoxycarbonyl-l-m ethylv inyl d \ -n -  
butyl- and diphenyl-borinate (X, R =  n-butyl or phenyl).^® Such co-ordination would  
render the unsubstituted hydroxyl groups in galactitol 1,3-4,6-bisphenylboronate and 
glycerol 1 ,2 -phenylboronate less reactive towards the reagents used {i.e.,  m ethyl iodide, 
benzoyl chloride, toluene-^-sulphonyl chloride) than in the case of hydrogen bond form­
ation. The failure or low vields of the reactions are thus com patible w ith structures (VI) 
and (VIII).

E xperim ental

Boron A n a ly s i s .— The plot of absorption at 219 mg against concentration of solutions of 
phenylboronic acid (0-01— OTium) in 50% aqueous methanol gave a straight line. The 
graph was used to determine the quantity of boron (in the form of PhBc^) in solutions of 
phenylboronates in 50% aqueous methanol.

M olecular W eigh ts .— These were determined according to the method of Finch and Gardner 
using benzene as solvent.

P repa ra t ion  o f  Phenylboronates of P o ly o ls .—The quantities used, the yields obtained, and 
properties of the phenylboronates are shown in Tables 1 and 2.

Table 1 
Preparation of phenylboronates

Phenylboronic
anhydride Polyol

Weight Solvent Weight Solvent Yield 
Parent polyol Method (g.) (ml.) (g.) (ml.) (g.)

Glycerol ...............................  1 2-3 10" 22 10* 2 5
Erythritol...............................  1 17 15" 10 15* 2 0
D-Arabinitol...........................  1 0 69 5 " 0 50 5 * 0 90
Galactitol ...............................  1 5 0 25" 4 4 150* 7 0
D-Glucitol...............................  1 8 6 25" 5 0 25* 13 0

2,4-0-benzylidene- ...........  2 0T2 0 15 25® 0 24
1.3-2,4-di-O-ethylidene- ... 2 0 09 0 20 25® 0 27

D-Mannitol ...........................  1 8  6  25" 5 0 25* 13 0
1.6-di-O-benzoyl - ...............  2 0 06 0 10 25® 0 13

D-Glucose ...............................  1 5 8  20" 5 0 20" 7 0
" Methanol. * Water. ® Acetone.

Table 2 
Properties of phenylboronates

M C (%) H (%) B (%)
Parent polyol M. p. Formula Found Reqd. Found Reqd. Found Reqd. Found Reqd.

Glycerol ' 74-5—76-5° * CgH^BOg 178 178 0 60 0 60 7 6  1 6  2 6  0 6  1
Erythritol 8 8  CigHmBgO  ̂ 7 4 7 4
D-Arabinitol ...........  114—116 C^^HigBgOg 6  7 6  7
Galactitol .................  125—130 CigHggBgOg 59 9 61 1 6  0 5-7 6 3 6  1
D-Glucitol ....................  189 C2 4 H 2 3 B3 O8  62 8  65 5 4 8  5 3 7 4 7-4

2.4-0-benzylidene- 199 * CggHĝ BgOg 67 5 67 9 5 0 5 5
1,3-2,4-di-O-ethyl-

idene- ...................  8 8 * CigHgiBOg 59 6  60 0 6-1 6  6  3 3 3 4
D-Mannitol T  137 * 440 439-9 62-9 65-5 4-9 5 3 7-4 7-4

1.6-di-O-benzoyl- 150 * CggHggBgOg 67-9 68-4 4-9 5-0
D-Glucose ....................  166 CigHigBgOg 325— 352-0 61-2 61-4 5-3 5-2 6-1 6-2

365
, * Recrystallised from dry hexane.

The m. p. of the known phenylboronates, i.e., of glycerol,’ D-glucitol,® and D-mannitol,® agree with 
those reported in the literature,



M ethod  L P h en y lb o ro n ic  an h y d rid e  in m e th an o l w as a d d ed  to  th e  polyol in w a te r. A fter 
ca. 1 h r. th e  solid  p ro d u c t w as filte red  off, w ashed  w ith  h o t w a te r  an d  cold m eth an o l, an d  
d ried .

M ethod  2. P h en y lb o ro n ic  a n h y d rid e  an d  th e  polyol in ace to n e  w ere refluxed  for ca. 1 hr. 
T he so lv en t w as d istilled  off an d  th e  residue  w as rec ry sta llised  from  d ry  hexane.

P aper Chrom atography.— T he so lv en t w as b u ta n -1 -o l-e th a n o l-w a te r  (40 : 11: 19). U nder 
th e  con d itio n s used th e  p h en y lb o ro n a te s  hy d ro ly sed  to  g ive th e  polyols, d e te c ta b le  w ith  
silver n i t r a te  in  ace to n e-a lco h o lic  sod ium  h y d r o x i d e , a n d  p h en y lb o ro n ic  acid , d e te c ta b le  
u n d e r u ltra v io le t ligh t.

In fra red  Spectra.— T hese w ere m easu red  in 4 cm . layers in CCI., so lu tio n  on th e  U nicam  
S .P . 100 sp e c tro m e te r  using  a  3000 l.p .i. g ra tin g . C o n cen tra tio n  of co m pounds w as <0-005m .

A ttem pted  Tohiene-y>-sulphonylation o f Galactitol B isphenylboyonate.— Toluene-/>-sulphonyl 
ch lo ride  (1 6  g.) w as ad d ed  to  a so lu tion  of g a lac tito l b isp h en y lb o ro n a te  (1 g.) in d ry  p y rid in e  
(25 m l.) an d  k e p t a t  room  te m p e ra tu re  for 48 hr. P a p e r  c h ro m a to g ra p h y  revealed  co m ­
p o n e n ts  w ith  R-p 0 18 (m ajor, id en tica l w ith  g a lac tito l) , 0 37 (trace), an d  0 55 (trace).

B enzoylation  o f Galactitol B isphenylboronate.— B enzoyl ch lo ride  (0-66 ml.) w as ad d ed  to  an  
ice-cooled so lu tio n  of g a lac tito l b isp h e n y lb o ro n a te  (1 g.) in d ry  p y rid in e  (15 m l.), a n d  th e  m ix tu re  
k e p t o v e rn ig h t a t  room  te m p e ra tu re . P y rid in e  w as rem oved  by  d is tilla tio n  u n d e r reduced  
p ressure . T he  sy ru p y  residue  w as t r e a te d  o v e rn ig h t w ith  a m ix tu re  of ace tic  an h y d rid e , 
g lacial ace tic  acid , an d  c o n c e n tra ted  su lp h u ric  acid  (35 : 15 : 1, v o l./vo l./vo l. ; 15 m l.) a n d  th en  
p o u red  on  ice. T he  solid  w as rec ry s ta llised  from  ab so lu te  e th a n o l to  give l ,3 ,4 ,6 - te tra -0 -  
ace ty l-2 ,5 -d i-0 -b en zo y lg a lac tito l ® (150 m g.), m. p. 156° (F o u n d : C, 59-6; H , 5-7% . Calc, for 
CogHgoOig: C, 60-2; H , 5-4% ). T he  in fra red  sp e c tru m  rev ea led  th e  p resence  of carb o n y l 
groups a n d  th e  absence  of h y d ro x y l g roups.

2,6-B is-O -phenylcarbam oyl-galactitol \ ,3-4:,6-Bisphenylhoronate.— P h e n y l iso cy an a te  (3-5 ml.) 
w as a d d ed  to  a suspension  of g a lac tito l b isp h en y lb o ro n a te  (5 g.) in d ry  benzene (50 m l.). H e a t­
ing  gave  a  so lu tio n  w hich w as refluxed  for 18 h r. T he  solid  m a te ria l o b ta in e d  on cooling w as 
rec ry sta llised  from  benzene to  give 2,5-bis-O -phenylcarham oylgalactitol lfi-4-,(\-bisphenylboronate  
(1 g.), m . p. 223— 224° (F o u n d : C, 64-7; H , 5 3; N , 4-8% . CggHggB^N.Og req u ires  C, 64-9;
H . 5-1; N, 4-7% ).

2 .5-Bis-O -phenylcarbam oylgalactitol fro m  2,5-Bis-O -phenylcarbam oylgalactiiol 1 ,3-4,G-Bis- 
phenylboronate.— W a te r  (25 ml.) w as ad d ed  to  a so lu tio n  of 2 ,5 -b is-O -p h en y lca rb am o y lg a lac tito l
I ,3 -4 ,6 -b isp h en y lb o ro n a te  (0-5 g.) in  d io x an  (5 m l.). T he  bis-O -phenylcarbam ate  p ro d u ced  (0-27 
g.) h a d  m . p. 257° (F o u n d : C, 57-8; H , 5-6; N , 6-6% . CggHogNgOg req u ires  C, 57-4; H , 5-3; 
N, 6-7%).

1.5-4:,6-D i-0-benzylidene-2,5-bis-0-phenylcarbatnoylgalactitol.— P h en y l iso cy an a te  (3 m l.) w as 
ad d ed  to  a so lu tio n  of 1 ,3 -4 ,6 -d i-O -benzy lidenegalac tito l ® (5 g.) in  d im e th y lfo rm ara id e  (50 m l.). 
H e a tin g  to  60° fo r 30 m in . p ro d u ced  c ry s ta llin e  l,3-4 ,G -di-0-henzylidene-2 ,5-b is-0-phenylcarb- 
am oylgalactitol (5*5 g.), m . p . 343° (F o u n d : C, 68-2; H , 5-3; N , 4-8% . Cg^HggN^Og req u ires  
C, 68-4; H . 5-4; N , 4-7% ).

2 .5-B is-O -phenylcarbam oylgalactito lfrom  1,3-4, G-Di-O-benzylidene-2, G -bis-O-phenylcarbamoyl- 
galactitol.— A suspension  of l,3 -4 ,6 -d i-0 -b en zy lid en e -2 ,5 -b is-0 -p h en y lca rb am o y lg a lac tito l (5 g.) 
in  d io x an  (25 m l.) a n d  w a te r  (250 m l.) w as refluxed  in  th e  p resence  of A m b erlite  IR -120(H + ). 
A fte r f iltra tio n  th e  resin  w as w ashed  w ith  d io x an  (50 m l.) . 2 ,5 -B is-O -p h en y lca rb am o y lg a lac tito l 
(0-48 g.) w as d ep o sited  b y  a d d itio n  of w a te r  (250 m l.) to  th e  f iltra te . I t  h a d  m . p. 257°. A d m ix ­
tu re  w ith  th e  m a te r ia l o b ta in e d  from  2 ,5 -b is-O -p h en y lca rb am o y lg a lac tito l 1 ,3 -4 ,6 -b ispheny l­
b o ro n a te  caused  no dep ression  in  m . p.

A ttem pted  Toluene-^-su lphonyla tion  o f  Glycerol Phenylboronate.— T h e p ro ced u re  w as t h a t  
u sed  fo r g a la c tito l b isp h e n y lb o ro n a te . C h ro m a to g ra p h y  of th e  re a c tio n  m ix tu re  revea led  
g lycero l as th e  o n ly  p o lyo l co m p o n en t.

\-0 -P henylcarbam oylg lycero l 2 ,3-Phenylboronate.— P h e n y l iso cy an a te  (3 m l.) w as a d d ed  to  
a  so lu tio n  of g lycero l p h e n y lb o ro n a te  (5 g.) in  d ry  benzene (100 m l.), a n d  th e  w hole refluxed  
fo r 6 h r . T h e  resid u e  o b ta in e d  a f te r  e v a p o ra tio n  w as rec ry s ta llised  from  b e n z e n e -lig h t 
p e tro le u m  (b. p . 60— 80°) to  g ive \-0 -phenylcarbam oylg lycero l phenylboronate  (5 g.), m . p. 117° 
(F o u n d : C, 64-5; H , 5-3; N , 4-9% . CigHigBNO^ req u ire s  C, 64-7; H , 5-4; N , 4-7% ).

Periodate O xidations.— P h en y lb o ro n ic  a n h y d rid e  (PhBO)g (24-7 m g.), g lycero l 1 ,2 -pheny l- 
b o ro n a te  (44-7 m g.), a n d  1-0 -p h en y lca rb am o y lg ly ce ro l 2 ,3 -p h en y lb o ro n a te  (52-3 m g.) w ere 
s e p a ra te ly  d isso lved  in  d io x an  (25 m l.). W a te r  (65 m l.) a n d  0-lN -sod ium  p e rio d a te  (10 m l.)



were added to  each solution. After 28 hr. the periodate consum ptions (mol.) were as follows: 
phenylboronic anhydride, 2 40; glycerol 1,2-phenylboronate, 2*82; 1-0-phenylcarbam oyl- 
glycerol 2,3-phenylboronate, 181. 1 -0-PhenyIcarbam oylglycerol 2,3-phenylboronate p ro ­
duced 1 10 mol. form aldehyde, estim ated by the chrom otropic acid m ethod and identified 
as its dim edone derivative. U nder the same conditions ethyl N -phenylcarbam ate did not 
consume periodate.^’

The au thors are indebted to the D .S.I.R . for financial assistance, and Dr. D. Steele for 
collaboration in infrared analysis.
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Synthesis of Deoxy-compounds from Carbohydrate ToIuene-/;-sulphonylhydrazones
By A. N. de Beider and H. Weigel 

Clieniistry Department, Royal Holloway College {University o f  London), Englefield Green, Surrey

Toluene-/;-sulphonylhydrazones (tosylhydrazones) 
of aldoses are, generally, obtained crystalline in high 
yields. The recent reports by Gaglioti et aid that 
treatment of a tosylhydrazone with lithium aluminium 
hydride or sodium borohydride affords a conversion 
of the original carbonyl group into a methylene group 
prompted us to apply this reaction to tosylhydrazones 
of carbohydrates.

A solution of D-glucose tosylhydrazone^ (5g.) and 
potassium borohydride (3g.) in methanol (150 ml.) 
was heated under reflux for ca. 12 hours. After 
destruction of the excess of borohydride and removal 
of potassium borate the reaction mixture was frac­
tionated on a cellulose column using butan-l-ol 
saturated with water as eluant. The fraction con­
taining a component which had i^cLucosE 2T 
(b u ta n -l-o l-e th an o l-w a te r , 40:11:19) and M^{M6) 
1 03 was evaporated to a syrup. Trituration with 
ethanol afforded crystalline 1-deoxy-D-glucitol (I) 
(TOg.), m.p. 128-129° (from ethyl acetate). Acétyla­
tion gave a pentaacetate, m.p. 103-104°.

L-Arabinose tosylhydrazone^ afforded, in a similar 
~>^^pigl^anner, 1-deoxy-L-arabinitol (II), m.p. 131-133°. 

This gave, on acétylation a tetraacetate, m.p. 113-

114°, and on benzoylation a tetrabenzoate, m.p. 
134-135°.

We could not obtain a crystalline tosylhydrazone 
of D-fructose. However, paper chromatographic 
and electrophoretic analysis of a reaction mixture 
obtained by treatment of a suspected syrupy d -  
fructose tosylhydrazone with potassium borohydride, 
revealed a component which had the same migration 
rate as 2-deoxy-D-orj6mo-hexitoI.

Thus, this facile method seems to be generally 
applicable in the carbohydrate field. The structures 
of the tosylhydrazones of carbohydrates and the 
synthesis of other deoxy-compounds, as well as the 
mechanism of the reaction, are under investigation.

Satisfactory elemental analyses were obtained for 
compounds (I) and (II).

The authors are indebted to Professor E. J. Bourne 
for his interest. Received June 26,
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