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ABSTRACT. ¢ “H s»

An investigation of the biosynthesis of
phenolic glucosides vivo and vitro has been
carried out. Introdnctory oxporiments using the
broad-bean (Vicia faba) showed that a relatively
higli yield of mono y3-glueosides was obtained when
phenols were fed to geminating broad-boon seeds.

The mono -glucosideo of quinol,resorcinol
and catechol formed in this way have been
characterised- Phenolic and alcoholic glucosicle
derivatives of both o and ji-'W'droxybeasyl alcohols

wore pno(uced» the phenolic derivative predominating

in the latter case and o-hydroxybenzyl -glueoside in
the former, and not the urally occurring phenolic
gluelOside, salicin. A possible route for the

formation of salicin in plants Is discussed.

With two trihyclric phenols, pyrogallol, and
,2,i*-trihycli*oxybenz©ht, all the possible isomeric
mono -glucosidos were obtained, with 2,3-

dihydroxyphonyl -glueoside predominating with



pyrogailol and 2,4-dlhydroxyphonyl y3 -glucoslde
with 1,2,4-trlbydroxybenzone. A possible general
mechanism for the formation of glueosides in vivo
is considered in the light of these results.

The acid-soluble nucleotide content of
broad-bean seeds was examined in an attempt to find
tlie glucose donor for these syntheses. [Ilo definite
conclusion could be reached but tljere were some
indications that uridine diphosphate glucose (UDPG)
was present.

The formation of mono yS-glucosidcs from
phenols and UDPG or precursors of UDPG in the presence
of wheat germ or bean enzymes were studied. There
appeared to be a close similarity between the
glucosides formed by the iji vivo and vitro
syntheses.

o-Ilydroxybeazyl -fructofuranosido was
formed from saligenin, and sucrose in the presence
of i ivertaso; but  -fructofuranosyl transfer to
a phenolic hydroxyl group could not be accomplished in
t!:ic way.

Acidic derivatives of the mono -glucosides



of the dlhydrlc phenols were detected. An
investigation of the structure of the acidic
derivative of resorcinol y9 -glueoside suggested that
the 6-pooitioa of the glucose was substituted ozid the
substituent was tentatively identified as a sulphate.
The reactions of this compound and in particular

the action of alkali wore difficult to interpret so
a model compound ,6’-tosyl arbutin, was synthesised

and its reactions studied.
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A large propoxtioa of tlie aaturally occurring
IOI. molecular weigiit phenols in plante exist as
glycoSiCec. Bourcuelot (1) stated timt glycoeilios
were présent la 205 out of tiie £31 species of seed
plants which he examiiied. The general structure of

t-esc cQapolii..o is

OVAGe 0\ R: -GIIgOH.H.Ciy ,00: H
c.
/A R’ Aromatic
C-W(oW)-—--
n n:- 1-4

With only one or tv/o exceptioar. the naturally occ”nrrlag
glycosides have y@-linns and tiie sugar is in the
pyraaose riix, form. The glycocidcs most frequently
encountered are le)-glucosides hut _]5)-aad i‘galactose,]s?»-
iﬁa.iiioco,;g,-fruetose,&-rhaonoso,g-fucose,D-ecylosc,}?-rihose
aild *arabinosG liavo also beon ieolatecl* Dioaccharide
glycosideG have beea extracted from plant materials,for
GxamplG geatioMosides (6 -0 --D-giucopyraaosyl-D-

glucopyranosides) and rutinooidos (0-O-*-Xj-rhaianopyranosyl*



D-Clucopyranosicle®” while tri- and tetracaccharides
have been isolated from steroid glycosides . The
cardiac glycosides are -Jiown to contain deoxy sugars
whici are not encountered elsewhere in nature

Among the substituted phenyl glycosides,
arbutin, the mono* yS-glucoside of quinol ,is mown to
occur in conjunction wit: notnyl arbutin in plants
including the ilrhutus and Pyrus families.
The blackening of the leaves of certain varieties of
pear is tliouglit to be due to enzymic hydrolysis of
arbutin with the subséquent air oxidation of the
resulting quinol to give a dark product

The glucoside of saligenin, whiCi is found
in the bark,leaves and flowers of Salix and Populus
species, is salicin (o-liydroxymethylpheayl y3 %d-
glucoside ). Rabate, in his biochemical study of the
Salicaceae , showed that salicin was present in all
members of the faiaily as trc predominant glycoside.
Salicin is frequently encountered together with a
C-beazoyl derivative, populin. The 2-benzoyl
derivative, tremuloidin has also been extracted

from the bar. of Populuo tromuloidcs.



The possible fonction of phenolic glycosides
in plants has long been a subject for speculation®
Frey-Wyseling in his review of the subject
listed the following five possible functions of
glycosides;- reserves of sugars in plants, control
of osmotic pressure, stabilisation of labile aglyconos
detoxification and action as plant hormones. Pfoffer
su gested that they formed sugar reserves and Bridol(9)
found tiiat glycosides disappeared during tlic gcrnination
of seeds of annual plants* However, Kerstou®**
stated timt during the iifolding of tiie leaves the
glucose of aesculin disappeared oAXly from t!ie wood and
buds of galix fragilis and Aesculus carnea and not from
the bark of twigs although it comprised /&) of the store
of sugar in the latter* Starvation experiments showed
that the glucoside sugar did not form an important
resei*ve* iTeevers stated tiiat salicin had the
function of a reserve substance and was hydrolysed by
salicinase of the emulsin complex* He also showed that
salicin accumulated in the leaves during illumination
and was depleted during darkness® At the present

time it is still not clear whotlier phenolic glycosides



are important sugar reserves® The glucosides are
probably not but other glycosides of rarer sugars
may be important storage compounds*

Another theory is that glycosides are only
waste products of tl-e plant metabolism but when
the variety of glycosidic residues is considered trio
does not seem feasible. For example, phenolic
derivatives of D-glucose , B-galactose, L-arabinoeo,
D-xylose and rutinosc are all found in apple skin*
The deto::ification of plienols in the plant 'ey

14, 15, Phenols

glucosylation may be of importance
are usually lipophilic but they also contain hydrophilic
groups and are tlierefore surface active compounds.

In view of this they could be deposited in tlie tonoplast
membrane which contains lipoids and consequently upset
the function of the cell vacuole. Glucosylation,
however, would increase the hydrophilic character of
the phenol and tl.e glucoside would pass into the cell

(7)

vacuole Support for the detoxification theory
would appear to be given by the fact that beans
tgerminate more readily in a solution of arbutin than

in an egulmolar solution of quinol.I n this way



glucosiac formation in plants is similar to glucaronatc
formation in animals. The formation of glncnronatee
has also been demonstrated in plant material
flavone glucuronates having boon Isolated.

Glycosides might also govern the biological
reactivity of the phenolic portion of the molecule
by determining which enzsrme can attack the phenol.
Some support for this idea is given by the
strophanthidin glycosides whici'. have widely differing
biological activities depending:: on the nature of the
glycosidic group "8)* in this covwection it is also
interesting to note that in grapefrniit|,2-0-"-L-
riiaraaoeyl-D-glucosidc of diosraetin imparts a bitter
flavour to the fruit but the 6-0-/3-

/TQN '

glucoside is tasteless.

L-rhamnosyl-D-
Glycosides are accompanied in the plant by

specific hydrolysing enzymes Imown as glycosidases

which cleave the glycosidic bond of mono- -glycosides

to give the aglycone and monosaccharide. Disaccharidases

have also been extracted from plant tissue (ghaixius

and Viburnum species) which hydrolyse glycosides of

primverose -xlopyranosyl-D-glucose)
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rutinose and n-vinylphenyl 6-_(L—/3-R-aplosyl-&-glucosldo(ri)
to give disaccharide and aglycone, in each case.

The first investigation of the biosynthesis
of phenolic glycosides was carried out by Ciamician
and Ravenna who fed maize seedlings with a
Solution of saligenin and claimed that salicin was
produced*® In further experiments they claimed tixat
concentrated aqueous extracts of maize seedlings
and whole germinated maize or french bean seeds all
converted saligenin to salicin*® They also
replaced saligenin by quinol and benzyl alcohol and
tentatively ouguested that glucosides were formed with
these compounds* (2k)

Miller obtained 2-chloroGthyl*y3-D-glucoside
from potato tubers, gladioli coras and wiieat seedlings
by exposing them to ethylene chlorohydrin and
2,2,2-trichloroetiiyl*-£-gluco8ide from several
different plants treated with cliloral fiydrate
With both chloral hytoate and o-chlorophenol he also
obtained gentiobiosides ("9,26)

Miwa and coworkers infused leaf discs

with D-glucose and quinol and found that arbutin was



produced. With vanillin and salicylaldéhyde the
corresponding aryl glucosides were again formed.
Replacement of D-glucose by c<-j>giucose-l-phosphate
gave increased yields but grinding the leaves caused loss
of activity. Dialysis of cell-free preparations gave
an inactive preparation but activity was restored on
addition of ’yeast nucleotide' and adenosine
trlphoGphate (ATP).

The. uptake of aqueous solutions of phenols
by broad bean slioots has been studied by Pridhaa (15)
who found that catechol,quinol,resorcinol and
phorogluclnol were all converted to the corresponding
mono /3-glucosides. He found that phenol was highly
toxic to theplant but ITystrom et al (1) fed traces
of phenol to barley and wheat leaves and obtained
phenyl /3-D-glucoside. Recently Trevelloni
h"B extend:d the work of Meyers and smith (33) and
has shown that arbutin is produced when quinol is
Injected into locusts and that nj-arainophenol is also
glucosylated under these conditions. smith and Turbert/"*'A
used 4-methylumbelliferone in the same way and

obtained thecorresponding glucoside. Dutton and



(

Duncan 35) have shown that o-amlnopheaol Is
glucosylated in both beetroot and cocin?oach.  The
glucoside of indole acetic acid was found by Zonk"
to be formed ?Sien opicotylo of Pisum op. wore treated
with the acid. Hnrborne and Corner isolated
D-glucose ester8 of "-coumaric, caffeic and ferulic
acids from Anitirrhlnuia ma.lus loaves whici. had been fed
with the free acids.

Tlie first glucoside syntheses in vitro were
accomplished by Bourcuelot et al
synthesised glucosides of alcohols from excess pP-glucooo
with y3 -glucosidase and alcohols. Salicyl -
glucoside was synthesised in this manner , and
this compound was also found» together with saligenin
and “glucose, when salicin was hydrolysed by enzymes
from”powdered willow leaves, (5) almonds, and broad-beans (4.2)

jS*“Hydroxyphenyl -£-gentiobioside has been synthesised

by incubating arbutin with dlalysed protein préparatlons

from trembling aspen (Populus tremuloldes) and
sweet almond and broad-bcan seeds Courtois and
Leclerc found tliat the glucose from * -D~

glucosides could be transferred to a primary or
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Gocon&ary alcohol group but not to a tertiary
group by almond. y3-glueosidaGo. Synthesis of
phenolic glucooides vitro could not be accomplished
by simple transferase systems.

In 1p50, Leloir and associates
isolated uridine diphospiiate glucose (U PP G)
during an investigation of the interconvei sioxi of

oC-D-galactose-l-phosphate and o("-I1"glueosc-l1-phosp2iate.

uridyl ..
i-roC-D-galactose--"Z:+ al.-v ucose-
{1 UD P Gi-roC-D-gal i+ U D P Gal ol
\ A transferase A
ul-phosphate I-phospliate
galactowaldenase
(2) UDPG — A n DP Gal

The second reaction requires the presence of
diphOBphopyridine nucleotide (D P N ) and proceeds
via an inter#Gdiate U-keto derivative. UDP Gis
formed enzymically from * "*”“glucosc-l-phosphato and
uridine triphospliate ( UTP

. pyrophosphorylase
(3) UT Pv* oc-D-giucose U.D.P.G. -V pyrophosphate

I-phoophate
Many reactions rdth UDP G have been studied*

For example, Leloir and Oardini showed that the



oyntfccsln of cucrone via UDPG- can proceed by two

<53-55),_
(U aDP G4 D-fructoce ~ i DP + aucpose
3) UI P G+ B-fructosG- — U D P tsucrooc phosphate

6-phosphate

la the latter reaction free sucrose could be formed
by the action of sucrose phoaphorylase.  Trehalose
phosphate is syathcsieed from UDPG and D-glucosc-
6-piios: -  Polysaccharides have aiso been
synthesised from U D P G,for example” a yS-1, 3-glucaa
was obtained from a mng-bean seedling preparation
UEia Ik labellssd U D P G, aod starch has boon syat' osised
by Ti-iiloir ~ a1 &7

Sugar nucleotides can also serve as glycosyl
donors to non-carbohydrate accentor molecules. Liver
microsoaes have been shown to transfer the D-
glucopyronuronosyl moiety of UD P  Glucuronic acid
to a wide variety of aromatic and aliplmtic alcohols,
carboxylic acids and amines (58"}9?
As t e "glucose residue in UDP G has an

oq-linkage, the formation of yO0-lialied polymers or
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A-glucosides must proceed with inversion of
configuration in contrast to sucrose synthesis
whore the -lialiage is retained.

The acid-soluble nucleotide content of plants
has been investigated by several workers. Only
nucleotides with a uracil base will be considered
hero. Gabib and coworkers examined tlie
nucleotides present in yeast and isolated uridine
monophosphate (U MP -5'), UDPG- and UD P -g-
ucetylglucosamine. UDP derivatives of D-glucose,
D-galactose, D-sylose and D-arabinose were isolated
‘from aung-bea'l'l seedlings by Oinsburg et * (61).
Using a different extraction technique Bergvist*"A'AAA
studied the acid-soluble nucleotides present in wheat,
barley, and oat plants, and found U MP -5*%, UDPG
and 0 T P.Bdelaan®"*"*" also examined wiieat seedlings
with similar results. The presence of UD P G in
banana fruit was shown by Rowan(65).

It T/ao decided to investigate the structure
of the glycosides formed when solutions of various

phenols were fed to broad-beans (Vicia faba) in order

to determine the possible specificity of reaction.



Mc

These plants were selected because of ease of
germination and because tte seeds were relatively
large and easily handled. It was then planned

to investigate the acid-soluble nucleotide content
of the broad-bean in an attempt to locate UDPG
which was considered to be the litely glucose donor.
Finally it was hoped to carry out in vitro syntheses
of phenolic glucosides and to compare the structures
of these compounds witii those obtained from the

in vivo experiments.
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MAIN SBCTI 0N

A prellrainary Investigation vas carried out
to determine which organ of the plant and wliich stage
of development gave maximum glucoside formation in the
presence of aqueous solutions of phenols. Cut alioots,
dormant and germinated whole seeds aaci isolated
eiahryos and cotyledons were tested. It vfas established
tiiat bean seeds which had been allowed to germinate
for 24 hr., before feeding with the phenols, gave the
highest concentrations of phenolic glucosides. Extracts
prepared from tliio source also contained fewer
interfering phenolic compounds thus facilitating the
separation and characterisation of the glucosides.
however,even the germinated seed extracts contained at
least 20 other phenolic compounds in addition to sugars,
amlno-aclds etc.

Experiments using aqueous solutions of quinol
at different concentrations showed that 1,5,w/v gave
a high yield of arbutin with little of the blackening
of the tissues which resulted with liigher concentrations.

The addition of D-glucose to tlie phenol
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solution appearea to liave little effect on the yield

of glucoside and consequently it was not included in

the large -scale preparations. Aqueous methanol

(90,3,W v) was used for the extraction of the tissues,

as the glucosides were soluble in this solvent and as
fewer contaminating phenolic constituents were extracted
than with, for example, water. The alcohol also
inliihlted the attack of the glucosides by yG-giucosidase
action. Only the formation of mono y”-glucosides a:id
acidic derivatives was studied; the formation of
gentioMosides a:ui other dioacciiaride derivatives

of the phenolic compounds v/as not investigated nor

were the glucosides formed by substitution of noi»e than
one phenolic hydroxyl group. This was to a great extent
due to the difficulty experienced in separating small
amounts of di- or trisaccharide derivatives of phenols
from other coiapone?nts present in plant extracts.

It is also difficult to locate accurately
glucosides with no free phenolic hydroxyl groups on
paper chromato gleams. Diasotised jg-nitroanil ine/NaOH
reagent (A) does not normally react with 0-oubstituted

phenols and reagents such as silver nitrate (g) and



potassium periodstocuprate (P) are not specific.

The mono *-glucosides formed were identified
by paper chromatographic and electrophoretic comparison
with standard compounds, where these were available, hen
none wore available, chromatographic and electrophoretic
mobilities were used to decide whether a compound was
mono y3 -glucosylated. Mono- and di-glucosides are
readily distinguished by these methods, arbutin has
Rp 0.1+0 and 0.51 and *-hydroxyphenyly”-gentiobioside RpQO.0?
and 0.17 (solvents A and B respectively). Melting
points and mixed melting points were obtained when
possible although most of the glucosides examined did
not crystallise and were readily oxidised by air to
dark coloured products. The presence of a glycosicic
link was shown by the fact that glucose and the parent
phenol were produced on treatment with acid. Glucose
was identified by chror+atographic comparison with a
standard in solvent SB using spray 1_3 Two solvent

eystoita (§<arid @ and standard compounds were used
to identify the aglycones. Hydrolysis with *glucosidase

confirmed the coiifigxiration of the glycosidic bond,

the glucose and the phenol produced being again
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identified by cbromatogrnpMc¢ methods.

Tine prsno'ice of a beaseae ring, free phenolic
hydroxyl groups and adjacent phenolic liydroxyl groups were
shoim by u.v. measurements using recognised methods
involving pH change and addition of complcxiag anions.(66’67)

The mono ~-glucoside of quiiiol, *# arbutin,
has well established properties and. can be readily
crystallised. The formation and structure of compound

(I), arbutin, obtained by feeding germinated broad-beaix
seeds with gpinol, were therefore examined in some detail
(Experiment 11.) A firm identification of tills
compound suppox*fcs the structures proposed for other
Ad-glucosidos vhich were less stable or wore obtalnod
in low yield and tinus could be oxasiaod only by
indirect methods. Compound (I) extracted from the
bean seeds VdB crystallised and idontified as arbutin
by determination of melti.:ig a*kl mi.xed .melting points,
analysis and u.v, and i.r. spectrophotometry (hai).(1) also
gave a pontaacetyl dcriv.ntive with blie same melting

Gjid "jixed melting points and i.r. spectrum as authentic
pentaace.tyl arbutin (pig.,.2.) and a coxroct analysis.

Hydrolysis of (I) with botn acid and "-glucosidase



Figure 1 I.R.Spectra

Extracted Arbutin
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Figure 2. I.E. Spectra.
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gave gl'acose aM cuiaol only. ConpapiGoa of the
paper chrooatojiraphic arvl electrophoretic behaviour
of authentic arbatin and (I) sho'eed that the t?/o
conipouada were identical . (Table )

/vTbutin was obtained from tie seedn in
larger yield than any other glucoside 300nig. fi’om 110g.
(dry weight) of dormant hean seeds.

ResorcJjaol y3-glucoeidc v/ac not available
coraiaorcially so an atterajit was made to synthesise
the pentaacetyl derivative using the method of Bembry
a-'d Powell The yiold was casall, but de-
acétylation gave sufficient resorciaol -glucoside
for cliroaatographic and electrophoretic comparisons

with compound (II), which was extracted from bean seeds

which had been fed with resorciaol. The synthetic
product had the same Rp and values as compound (II)
(Table L ).

Analysis of freeze-dried compound (II,) gave
the correct molecular formula. Hydrolysis with acid
and "-glucQsidase yielded resorclnol and glucose a?id
the u.v. spectrim: showed a single sharp peak at 271 m*.

There are few references to the mono



TABLE 1.

Compound Solvent Buffer
(Rp values) (%" values)
A B A B. c D
/
Compound (1) 0.47 0,U3 0.22 0.16 0.00 0.00
Arbutin 0.48 0.45 0.22 0.16 0.00 0.00
Compound (II) 0.50 0.47 0.43 10.34 0.00 0.00

Resorclnol /?-

glucoside ' 0.51 0.47 0.4iL 0.35 0.00 0.00
Compound
(ill) 0.61  0.59 0.40 0.41 0.00 0.00
i
1

Catechol /3-
glucoside 0.62 0.59 0.41 '0.45 0.00 0.00

1
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gluooBide of catechol in tlxe literature
Some impure catec-ol 2"3?4f6-tetra-O-"acGtyl"
glucoside war acetylated ana then de-acetyiatecl to
give the glucoside. Chromatographic and electrophoretic
comparioon of this compound with compound (III)
obtained from bean seeds j*ehowed that they were
identical (Table |. Oomponnd (III) was liyclrolysed
with both acid and y3-glucosidase yielding catechol
and glucose.

Two mono glucosides, compounds (TV) and
(V) in the approximate proportions of 3:1, wore
obtained when pyrogallol was fed to broad-bean seeds
(Bsperiaent 14). Compound (IV) gave a brown coloured
complex v;ith molybdate ions and, load a high
electrophoretic mobility in buffer G but was immobile
in acetate buffer (*) of the same pH. It was also
visible as a brown spot on paper chromatograms
treated with molybdate and moved very slowly v/hen
these papers were developed vd.th solvents A and B.
Only compounds possessing an o-dihydrozy grouping
will complex iruler th se conditions.(70/ compound (V)

was unaffected by the presence of molybdate on paper



TABLE 2.

1 Solvea't Paper Rp values
Compound IV Compound V

A. Normal 0.37 0.52
molybdate 0.03* 0.55
B. = Normal 0.37 0.61
polybdate 0.12 * 0.32

Buffer PS Mbfl values
A. 10.0 0.56 | 0.1)6
B. 10,0 0.43 0.33
C. 5.0 0.69 * 0.00
D. 5.0 0.08 0.00
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chronatograrao asii did not move oa electrophorcois
in buffer C (Table % )

Both, compounds yielded pyrogallol and glucose
on hydrolysis with acid and "-glucoGidacc.

Further p:oof of the structures of the compounds
was obtained from their u.v.spectra. Bathoclu’omic
shifts of the maximaof both coapou;ias were observed
on addition of hydroxyl ions but on addition of borate
ions to tlese solutions a hypsochromic shift was
observed only with the spectrum of compound (IV).
Borate ions complex with 2-"1"%""roxy groupings and
produce a srift towards the u.v. end O"f the spectrum.(67)

Compound (IV) must tierofore be 2,3-
dilydroxyphenjr'l *-B-.glucoaido and compound (V),
2,6-dihydro:{yphenyl *-J>glaicoside.

Extracts prepared after feeding 1,2,4-
triliydroxybenze.ne to broad-bean seeds contained tirce
corapoiuids (VI), (VII) and (VIII) resembling mono- y3-
glucosides on cin?onatosraas , in the approximate
proportions of 6:2:1. Hydrolysis of compbunds (VI)
and (VII) with both acid and y3-glucosidase yielded

1,2,4-tril:ydroxybeasonc and glucose. Insufficient



TABLE 5>

Solvent Compound

(Rp values )

(VD (VID) (VIII)
i

A 0.51 0.40 0.33
A VraolyMate 0.55 0.06® 0.34
B 0.40 0.30 0.49
B +molybdate 0.45 0.05% 0.50
Buffer Mra value0
é 0.46 0.50 0.78
B 0.42
o 0.00 0.77 0.45
£ 0.00 0.05 o.kh

¢ brown c”ot visible before spraying.



(VIII) could be extracted ii a pure state for
liydroljrsis. This material also seemed to be more
unstable tliaa (VI) and (VII).

Compound (VII) gave a brown complex on
paper chromatograms buffered with molybdate ions
and a high value was recorded on electrophoresis
in buffer C. Compound (VII) was stationary in buffer
g (Table 3 ).

A shift of the absorption maxima of both
compounds (VI) and (VII) was observed on addition of
altoli to their solutions. Subsequent addition of
borate ions induced a hypsociiromic shift in the
spectrum of (VII) thus confirming the presence of an
o-dihydroxy grouping. The absorption maximum of
(VIII) disappeared on addition of alliali.

Oxidation of all three compounds with a
solution of ferric chloride followed by chromatographic
examination, sliowed that only compound (VI) was not
oxidised and therefore did not possess a potential
quinonoid structure.

Méthylation of compound (VI) was carried out

using diazo-aethaae; previous attempts to obtain a
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methylated phenol with g,g-dimethylformamide,methyl lodide and
silver or hariura oxide were unsuccessful. Hydrolysis
of the glycoeidic bond of the aetiqriated product was
followed by ciu?omatographic examination of the products
using 2,4-, 2,5- aM 2,6-dimethoxyphenols as
standards. A compound co-ciiroraatographing with
2,4-dimetho)yphenol and giving tiie same blue colour
with spray A was present.e

A control méthylation and liydrolysis of
autl$)ntlc arbutin under the same conditions yielded
quinol monomethyl ether. Bxami.iatlon for methylated
derivatives of “glucose showed that in both experiments
only partial méthylation of the sugar moiety liad
occurred(712

Autlientic 2,5-dimethoxypheaol was synthesised
as follows. The'sodium sulphonate of quinol
dimetl)yletner was obtained by direct sulphonetlon of
the dimethyl ether. The identity of this corapouM
was checked by preparing the “toluidide derivative.
Fusion of the sodiuia sulphonate with alkali,
chloroform extraction anci chromatographic examination

of the products showed the presence of m compound
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whic. stained blue with the diaao spray A, and, had
cliroaatographic properties tyi>ical of a diiaethoxypheaol
The eviderice strongly suggests tliat compouids

(VD) , (VII), and (VIII) have the structures shown

r r r
Y

OH

below:-

(v\V)

_£-Dihydroxy groupings arc more readily oxidised to
ji-benzocpiaones than a corresponding O-dihydrox;”
compound (*2), This fact may account for the apparent
instability of compound (VIII).

Saliciu, the -glucoside of saligenin, is
widespread in plant tissues but in the course of the
present studies (Bxperiments 17-19)* it was found that
saligenin was converted predominantly to salicyl
y3-glucoside (IX) (2-hydroxybenzyl -“glucoside)
by germinating broad-bean seeds. Compound (IX) was
identified by hydrolysis to saligenin and glucose with
both acid and y3 -glucosidase and by chromatographic and



Table 4.

1

Solvent SP valneo
Saligenin  Salleyl/3- Salicin  Oomnoimid  Comaound

I glucoaide A dia i

0.89 0.59 0.56 0.59 . 0.55
0.89 0.50
0.1 0.78 0.?3

Buffer MA 7alnee
0.81 0.28 0.00 0.29 0.00
0.30 0.27 0.00 0.27 010,4)
0.18 0.00 0.00 0.(0 0 0.00

0.09 0.00 0.00 0.00 0.00
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electroplioretic exaalnation using authentic
salicyl -glucoside as a standard. Authentic
salicyl -glucoside and compound (IX) both gave a
red colour with the diazo spray A. A small quantity
of salicin (X) was detected in the bean estract by
viewing the paper chromatograms under a short wave
u.v.lamp,when it appeared as an absorbing spot.
Salicin does not react with the diazo spray.
Separation of compound (x) from the extract was
achieved by chromatograpiiy in solvent A, elution of
the band, containing both compounds (IX) and (X) and,
finally fractionation of those two compounds by
paper electrophoresis in buffer é Compound (X) has
no free phenolic hydroxyl group and is therefore
olectrophoretically iramobile. yg-Glucosidase
hydrolysis of tliis compound yielded saligenin and
glucose and the Rp and values of (X) were tlie same
as those of authentic salicin.

Addition of alkali to a solution of (IX)
caused a bathociiromic shift of the absorption maximum,
flfeutralisation of the alkaline solution of (X)

obtained after elution of the compound from
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TAIg3 5.

Conoound Absorption maximum
Saligenin 275m
Salicin 268m
Salicyl- y3-gl IDaide 27iH »
2-hydroxybonzyl
alcohol 277m *
A-liydroxyao thyl
phonyl y”*glucocido 261i®
j3Hydro:;y'oa.n.zyl

y*-glUCOBIde 279m A

Addition of
hydroxyl long

268mjjc
297a A

26i;m”

290a jA
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eleobropitofetograas c.useii no change In the poeltlon
of the absorption maxlmim (Table 5 ), * only compouncl
(IX) can therefore possess a free phenolic hydroxyl
group. 'This is also supported by the reaction of
(IX) but not (X) with the diazo reagent (A). Rebate
and Raaart-Lucas showed that substitution of
phenolic hydroxyl groups resulted in a liypsochroraic
shift of the absorption maximum whereas substitution
of an alcoholic hydroxyl group in an aromatic ring
fiad little effect. As can be seen (Table 5 ) the
spectra of salicyl * -glucoside (IX) and salicin (x)
are consistent with these observations. The stTOcturc

of compounds (IX* and (X) are therefore as shown below:

O""

(i) m
Ciamician and Ravenna(”*2) stated that salicin
\7as formed when saligenin was fed to maize seedlings.
In view of the results obtained with bean seeds it was

decided to repeat this Italian work (Experiment 19)
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using laaizG seeds at various stages of growth. In
all cases salicyl -glucoside (IX) was readily
formed but salicin could not ho detected. Ciamician and
Raveana identified salicin in their experiments by
melting point, carbon and hydrogen analysis, the
formation of a reel colour wilUi sulphuric acid and
enzymic hydrolysis to saligenin and glucose. Ho
crystalline salicyl y3-glucoside was available for a
melting point determlnrtion hut this glucoside is isomeric
with salicin, it gives a red colour with sulphuric acid
and yields the same products on hydrolysis with
-glucosidase. It seems probable, therefore, tliat the
compound extracted by Ciamician and Ravenna was salicyl
y3 -glucoside and not salicin.

""hen willow shoots were kept in an aqueous
solution of saligenin and then extracted, salicyl
y<3-glucoside and salicin were found. The latter was
also present in a control extract, however. This result
may imply that saligenin is not the precursor of
salicin in the willow. It is possible that saligenin
fed externally docs not reach the correct site of

synthesis. Another possibility is that salicin is
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SMiilaic acid is Imowa to be a prccursop of
protocatecliuic acid (3,4-dihydro% 'bensolc acid)
and it has been proposed that cinnamic acids are also
formed from this same precursor Quercetin was
formed when T>-couidaric acid was fed to buck-wheat
plants. The flavonoid skeleton is 'sM?ra to be m
derived from the condensation of tliree acetate units
with a CgOj fracment synthesised from shikiaic acid*
It is possible that salicylic acid is formed
in the willow and glucosylation of the phenolic
hydroxyl group occurs at that stage with subsequent
reduction of the acid to the corresponding alcohol.
No reference to a glucoside of salicylic acid could
be found but helicin, o-formylphenyl- 4 -R-glucoside,
and violutln, o-carboxyraethylphenyl “6-0-
arabinosyl-y)-P-glucoside, occur in Snirea and Viola
species respectively Ibrahim and Towers
have shown that the following relationship may exist

between salicylic acid and other aromatic acids in plants.

(Pig. 5).



Intereonvergions of Aroimtic Acids

in Plants
@H OgH
HO
benzoic gentisic
H acid acid
acid
H H
(H
(H
o-pyrocatechuic salicylic

acid acid



These reactione i®occur even in thoce plants which do
not contain these acids in either free or hound forms,
Ibrahim and Towers therefore oug”est that
salicylic acid may be a common metabolite of plants.

2»liydro:iqrbenz,71 alcohol was unobtainable at
the start of this study so it was synthesised by
reduction of *-hydrojjybenzoic acid with lithium
aluminium hydride (LAH). The low yield obtained
by this reaction was probably due to tlie formation of
an Insoluble compound between the reagent and starting
m aterial which is then only slowly reduced.
Saligenin may readily be obtained from salicylic acid
by this method in 99* yield.

When £-hydroxybenzyl alcohol was fed to bean
seeds by placing, them on cotton wool moistened with a
solution of the phenol, the glucoside formed ?/as
2-hydrozymethylphenyl -glucoside (XI). If bean
seeds were partially covered with an aqueous solution
of the phenol, however, o-hydroxybenzyl * -glucoside
(XII) v/as also obtained but in lower yield than (XI).

Compound (XI) was visible on paper chromatoetraras

and electrophoretograms (Table U ) as an absorbing



band under a abort wave u.v. lamp but could not bo
detected witl. spray A. Compound (XII) on the other
hand gave a piaii-purple colour T/ith spray A.
Hydrolysis of compound (XI) with both acid and

y3 -glucosidase yielded £-iiydi*osybensyl alcohol and
glucose. Coapound (XI) had sai absorption, maziaum
of 266s  which was unaffected by alliaii” thus
confirming tliat the phenolic 1%”"drozyl group was
substituted.

£-Hydro:iybenzyl -glucoside was syntlesisod

by the biochemical method of Bourquelot and Herlssoy****
using excess B-glucoso, ya-glucosidase and the phenolic
alcohol. -Glucosidase will not catalyse the
glucosylation of phenolic hydroxyl groups.
The product gave the same pink-purple colour as (XiO
with the diazo spray (A) and was liydrolysod with both
acid and yi3-glucosidase to “-hydroxybenzyl alcohol
and glucose. The spectrum of the- compound Imd an
absorption maximum at 27'Mj*i addition of alto?.li
caused a shift to 290ashowing that the compound
contaiaed a free piienolie liydroxyl group. The Rp and

values of this compound and the extracted compound



(XII) were iaenticnl (Table W ). laatxfllclent
coiapound (XII) war. obtai*ied from bean eoeds for
further characterlsatlon.

A couGicleratxon of tiie u.v.spectra of
compounds (XI), synthetic (XII) a:sxl j>-hydroxybenzyl
alcohol shows that the absorption maziaura of (XI) is
close to tliat of the parent phenol whilst that of
compound, (X1li) is shifted towards the u.v.end of the
spectrum. These results are again similar to those
obtained with the glucosidet of saligenin and agree
witii the observations of Rebate and Ramart-Lucas***
regarding the substitution of phenolic and priiaary
I'iydroxyl groups (Table S ).

The tv/o glucosides (hi) and (XII) must

therefore possess the formulae shown



Prom these results it appears that véiea
only a small quantity of phenol was present in the
tissues, glucosylation of the phenolic hydroxyl
group occurred predominantly, but as the ,concentration
of tlie phenol increased tlie alcoholic group was also
glueosylatod.

Glucosylation of the phenolic hydroxyl
group occurred when 2~hitropheaol was fed to oroad-fcean
seeds. The glucoside formed (XIIl) could be detected
on paper chromatograms by reducing it to the amine
with TiClj and subaeguoatly spraying with Slirlich's
reagent (*-dime'thylaminobenzaldetiyde) , Hydrolysis
with acid and yG-glucosidase yielded jg-aitrophenol
and glucose. The u.v. spectrum of the compound was
scanned and a single sliarp peak found at Sghmyu.
Compound (XIIl) was olectrophoretically immobile in
all buffers used. The attempted formation of a
glucoside of 2,4-dinitrophenol using broad-bean seeds
was unsuccessful. This may have been due to the
inability of the phenol to penetrate the tissues or
to the extreme instability of such a glucoside.

The experiments have shown that dihydric



phenols are readily converted to mono y*~glucosldes
by broad-boan seeds. With the two triliycric phenols
which were exaained it was evident liiat one Isomer in
each case was formed preferentially altiiough all the
theoretically possible isoiaers were present.

The enzymic hydrolysis of y9-gincosides is
imown to proceed via hexose-oxygea fission,
Biinton and co-worhers and recently Banfs and
associates have shown tiiat acid-cabalysed
liydrolysis of aryl yd-giacosldes also involves fission
of tlie hexose-oxygen bond with formation of a

carbonitua ion.

Q»—‘I

(H OH

HO

OH OH OH

fast

oH

HOH
HO HO

OH
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If enzymic syathesis proceeds by a similar mocfcaaism
then synthesis of oligosaccharides aM glycosides by
tpanaglycosylation may also involve attach of an
acceptor molecule toy an eiectrophilic agent. Tims
centres of high electron density * phSiiate ions,
will toe glucoaylated most readily. Using this
assumption it is possible in many cases to understand
why certain phenolic groups are glucosylated more
readily than others toy tie bean seed. For cxaanle,
pyrogallol in vivo gave 2,3~di>iydroxyphenyl y 3-
glucooide in greater yield than 2,6-di'ydroxyphenyl” -
glucoside. This is to be expected because the
hydroxyl groups on 01 and 03 of the ring are more
dissociated than the hydroxyl on 0-2. @ M¢éthylation
studies with pyrogallol using either dimothylsulplrnte
or methyl iodide indicate tliat the hydroxyl groups on
0-1 and 03 are the raost reactive towards eiectrophilic
agents. (83)
The formation by the bean of salicyl y3-
glucoside, in preference to salicin, from saligenin

may also bo due to eiectrophilic attack on the most

readily ionised hydroxyl group. Hydrogen bonding occurs
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in saliosnin as shov;:i bolor:-

thus facilitating proton rslcase fron tlie alcoholic
group by stabilisation of the alkoxile ion. The
alcohol group in saligenin is .imonn to be highly
reactive * on heating s:ligcain, 2»2*iihy”roiydibenzyl
ether is formed» (39)

The phenolic hydroxyl gronp was glucosylated
almost exclusively in the case of "--lydroxybenayl
alcohol» With tills compound it may again bo
postulated tliat glucosylation occurs predominantly by
substitution at the phono.te ion. The tendency of the
compound to fom tills ion is greater than its
tendency to give an alkoxidc ion. Tike aesoncric
effect of primary alcohol group is not likely
to be strong enough to suppress, slgnificantly, the
Ionisation of the phenol.

With 1, 2,4*-triliydroxybensurie the results are

more difficult to explain. Three mono /3-glucosides



Msore forced out 2,4-dll"rdrozyphenyly”*glucoslde was present in
the “ighest concentration in the seed, extracts. If the
precedlnfs arguamt is carried over to this phenol

then 2,5- and. 5,4-dinydroxyphenyl glixcooides would

'be expected to he produced hy attack of an eloctrophile
on the raost readily ionised hydroxyl groups ig tliose
on cartoons 2 aM h of ti.e ring. However, tiiase latter
glucosides were present in the lowest coaco.ntratlon

in the seed extracts. It is not Imposslhle,however,
that all three glucosides were formed hut those
possessing o- and 2-dlii.ydroxy groups the 2,5- and
35k~dlhydroxyphenyl y3-gluc.nsides were oxidatively
decomposed chemically and/or eazyaically (jef the

action of FeCl* on these glucosides p su’).

Oxidases and peroxidases are known to occur widely

in plant tissues. It might furtlier be postulated, from
the redoat potentials of and j)-heazoqulnones

(louq.. 0.732 a.id 0.693V. rospectivoiy), tliat the
3,h-diliydroxyphe.iyl y 3»giuG0Glde would be more stable

to oxidising agents tiian the 2,5-isoaer. Tills
explanation could account for the relative concentrations

of the three isomers * 3»h-'~ 2,5-";7



y3 -e{jicosicl© in the oxtraots.

Glucooylatioa of tha phenolic iiydrox'/l
group also occurred v/ith *“Sdtrophenol; tlic presence
of tne Jiitro gi-onp stahilises tie plionate ion in this
case.

The results of this steidy cu'“gest that the
glueosylatlog system of tW seed is unspecific but
that the reaction laay be to some extent controlled
by the reEictivity of tlie liydroxyl groups. Sterle
considérations may also in some cases play a part
but theso effects were not apparent in this present
worn. validity of the lypothesis needs to be
tested by feeding a wider variety of phenolic compounds,
bearing in mind the coi?licatioas which raay arise due
to instability of some glueosides ajvi lack of
penetration of tiie tissues by certain phenolic compounds.

It was slaowa that glucosylatlon occurred vdim
phenols were fed to germinating broad-beaa seeds and
therefore it was decided to investigate the imture
of the glucose donor in the seeds. Recent xiovlt liad
shown that many glucoaylatioa reactions involved

uridine diphospiiate glucose (UDPG)



The sepax*atilon of ribonucleotides usloig an
anion-exchange resin /and elution with acid containing
increasing concentrations of a salt of the acid was
first developed by Goto Cabib et # (~0)
extracted nucleotides from yeast with etloaaol eaid
precipitated the® with mercuric acetate. The
precipitate was then decomposed with ligS, ana
separation of the nucleotides achieved by the use of
a colron of Dowcex-1 (CI¢ form), which was eluted with
increasing ooijcentrations of Gl and had. Ginsburg
and co-woriars (‘61} used a similar leethod for
investigating tiia nucleotides in muag-beazi seedlings
A& Rowan with banazri nucleotides. Jergv.tstA AN
extracted wheat,Mrley and oat plants with ice-cold
1Cx percliiox’ic acid, adsorbed tire naoloo tides on norite
and then eluted them with agiieous etiuinoi containing
coac.aaisonia. Tne solution oas finally adsorbed on
Dowex-1 which was eluted with a oolution of formic
acid and sodium foriaate. Ideliaaii***'* extracted the
nucleotides from wheat seedlings by preparing an
Gthanolle extract, passing it througii a squat carbon

column and eluting with aqueous ethanol. This method



50.

was tried wit. out cuecere 11 tils proreat study.

The iaethoi.’ fi:ially adopted was that of Cabib
ot and an extract prep red of bean seeds
wl'lcb had beeri allowed to geminate for 6 days, A
sim lified elution procedure was employed, however,
as the nucleotide of main interest was rjDPG O.00fW-HCl
was used initially as the eluent and then 0.0I%!;HCI
with increasing conccntr tions of NaCl(0,0IN-0.03N).
Fig* shows the absorbance at 260m” plotted
against the numbers of the fractions collected.
The purine and pyrimidine nuclei absorb strongly in
this region of the spectinim. Comparison of this graph
with those of Cabib and of Ginsburg and associates
enabled the nucleotidos to be tentatively located:-
peak I would be expected to contain adenosine
monophosphate (MP-S’) and DPii: II, UiiP~5° and guaaosino
monophosphate (G?IF-5’): III, adenosine diphosphate
sugar (ADP-"sugar) with some adeaocine diphospliate (ADP)
and AHIP-3*: IV, mainly ADP; V, UBP-sug rs with some iJDP
and UMP-3*: VI, UDP-sugaro and UBP.

Concentration of the extracts was attempted by

adsorption, Ol scuat crrbon colirons, of the nucleotides
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Figure 4.
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Separation of nucleotides on a resin column.

~“KAfw or nk CUVAT» rKwi Atnw
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but chromatographic examination of the ethanol
eluates of those columns did not reveal anji’ ODPG
even a'iter conccnti>ation. There may have been
Insufficient UDPO present to he detected und.cr u.v.
light. It is nnown that acid will liydarolyse
nuclootides a& a coaiJound with a higiier Ry
value than ODPG was visible under u.v. liytit which
may have been a iiydrolysis product.

Abdol-Wahab and El-Kiimwi published their
work on the acid-soluble nucleotides of V.faba whilst
this present study was in progress. Perchloric acid
extracts of h week-old bean plants were used and. the
procedure of Bergvist followed. Ten nucleotides
in all wore identified including a Tjpp sugar
derivative which was present in low concentration.
Comparison of the graph shown in Fig. Iy wit!i that
published by sbdel-r-*".hab and SI-Kinawi sliowed that,
with the exception of peak 111 Milch is smaller in the
published graph, the relative concentrations of
nucleotide fractions were very similar. The authors
stated that only a low yield of nucleotides \7as

o tained but in a later note claimed tiiat 2
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woek-oia soGcHiiOgs gavo a maxlaaa yield of
nucleotides. The UDF sugar derivative ,\?hich was
probably in the taain UDFG, was not furthoz’
identifiod; the concentration of this conpouad at
different stages of develapaoat was fouM to he

as follows

Dormant seeds I1st 2nd 3i*d hth week of
germination
UDFK 0.08 . 0.22 0.50 0.24 O.Sh”"molcs

The concentration of the UDF sugar
derivative reached a laaxiaua after tiie second week of
germination and tliis may explain the poor yield of
UDPG in the experiment described lierein. Tlie bean
seeds used in the- current wrk were 6 days old an': at
this stage AMcl-waiiab ana DI-himiwi found tlie lov/ost
concentration of UDPX’ . ' It seems probable tliat at
this stage of germination the metabolic pool contains
only very little UDPO and other UDPsugarec. Ginsburg
and co-workers used 10 Kilos of 6 day-old auag-boan

seedlings and extracted only *2.7m.moio8 nucleotides

about one half of v/iiich were oerivatives of uridine’
During tiie course of the -mrk described in

this thesis Cardlni and Yamaha publlslied a note



r:corul%c forac: uicn of phenolic j.iicoolCoG from
UDPO, monc-di- and tri-li*/dric phenolr and a ivhcat
gem crizy/nG. ?hic vi;ac aii extension of cu variier
note in which it nac etat&d tliat arbui-in nan
forned when qainol caa need ae a suhatnatCf Mono

-glucoeides of qninol, rcsoi'clnol*carechol,

h”trihy roxyhenacne ,phlorogluciiiol*pyrcgallol
and nctho:c3"hrdpoquinone were all tontatlvcly
Identified by cliroaatographic ne--.ode Ondy
In the caoG oi rcrorcilnol y3-glrnoelde urn a s'"“nndard
conpcund availcihlc for coniparlcon,, ho ctmctiirou
were proposed foe tie glncoGldOG of pf-'rogallol and
122)4"trilijrdro”y"benzene.

In the prenent etndy eomo of Carolnl and

Yamaha  work with wi ear per% (97) % repeated
nod extended# Tlie oinide rhoat ezizyno with IIDPG
and reeopcinol gave h o core :*po:king none *“*glncoside
which was characterised by ciiromatography”naln_ two
colvonLl eyeterns wiW: a r.oorclnol y*-glucoolde (II)
standai'd/WKkQLArhr.tia (I) nuc formed when quinol was used
as an eccept”r and cateéhol «”“glucoside (ill) was

obtained from catechol. Iflth saligenin,gluoosylation



Phenol

Qulnol

ReGorclnol

Catechol

Pj*-rogallol

1,2,4-Trihydroxy-

hcnzeiie

Sallgenln

o-Ilydroxyhenzyl

alcohol
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TABLE 6.

Enzyme

I11

I11

I11

Buffer (pH 7.4)

Trio-nCl

Acetate

TriG-11Cl1

Acetate
Tris-HCI

Tris-ilCl1

Tris-ilCl1

Tris-HCI1

Acetate
Tris-HCI
Acetate

Tris-HCI1

Compound
Produced

Arhutia(l)

Resorcinol
Aglucoside

- (1D
(1T)

Catechol p-
glucoside

(I11)

2,3 diiiydrozy
phG iyl

/3-glucosicle

| C/\)
2,4-dlizydro:{y
phenyl

A-glucoside

(VD)

Salicyl p-
glucoaide (IX)

(IX)
(IX)
(IX)
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of the alcoholic group occurred exclusively to give

salicyl y3-glucosi(le (IX). Yamaha and Oardini

stated tiiat 'a compound migrating on paper like

salicin' pas produced under tiieso conditions hut in

the present study no evidence for the presence of

ealicln could ho obtained. The formation of salicyl
'-glucoaide iroa UDPG and sallgenln. was in keeping with

tﬁe finding that it was the rtajor gjlucoside produced

Mien saligenin was fed to hroad-hean seeds.

Pyrogallol gave one glucoside which was
cni’o:aatograpliically and electrophoretically identical
with the 2,5-diljydroxyphenyl *-glucoside (IV)
obtained from the * $lvo experiments, Miilat 2,4-
dihydroxyphenyl * -glucoside (VI) was ouualned with
1,2,4--trihydroxybe izene . In botii Instances the products
of tne vitro experiments were the saiae as tlie major
glucosides formed by the germinating bean.

No glucoside foi'sation was observed lihen. UDPG
was replaced in the digests by other potential glucose
donors sucli as c¢sC-"-glucose-l-phosphate, maltose,

cellobiose or excess D-glucose. (jof. Yamaha and

Cardini '3 ,‘.%
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The following renctionc can occur tlth plant

enzyme systéme

(3) UIP + ot -D-glucose-lI-phocphato * UDPGHP-P
F (0S)
(6) UDPG + Ar-OH - < UBP+Ar-0O-G
07|
(7) UDP + ATP -k VIP +ADP (

an it has now been shown tliat incubation of phenols with
UTP, ATP, of -J)-glucose-l-phosphate and wheat germ enzyme
produces phenolic glucosides. The mono "-glucoGldo
of resorcinol,catechol, aitl guinol were all proauced
by this system and saligenin gave salicyl “glucoside.
The compounds were identified by comparison with
staidarc corapouade.

ot—PD-GlucosG-1“phospl)ate was replaced by
ot-"galactose-l-phosphate in an unsuccessful attempt
to synthesise quinol galactooide.

The formation of UDPG by reversal of equation
(6) was also attempted by incubating arbutin separately
with UDP and UTP but no UDPG was produced, although
a compound chromatographlcally identical with UFCP-5
was formed. This sru-gestcd tiiat a nucleotidase was
present in the enzyme. Incubation of UDPG and ATP with

the enzyme resulted in complete destruction of these
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compounds. In the presence of HaF, a pyrophosphatase
inhibitor , degradation, was not completely
inhibited but in tiiis instance UMP-S’ and UDP,

and AMP-5* and ADP were produced from UDPG and ATP
respectively.

An enzyme was alsio prepared from bean seeds
whicn catalysed the synthesis of phenolic glucosides from
UDPG. Several unsuccessful attempts wore made to
prepare this enzyme using gerraina.ted bean seeds,
dormant embryos and germinated eabyyos. The enzyme
was finally prepared from whole doriaant bean seeds
macerated in an ’atomix’ to give a concentrated extract.m

The mono -glucosides of guinol, catechol
and resorcinol and salicyl -glucoside were all
synthesised by the bean enzyme aM identified by paper
chroma.tographic methods. Fractional precipitation
of the enzyme with ammonium sulpiuite did not apijear to
increase the activity of tie enzyme.

Incubation of the bean enzyme wltit UDPG and ATP
both with and without HsF allowed tliat a nucleotidase
was present but was less active than in wheat germ

enzyme. Even when llaF was absent the original
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aucleotidGs c:'Uld still be detected, after 20hr.
incubation. UHIP-S’ was tiie main product from UDPG
and AMP-5’ from ATP. Therefore tiic relative
inactivity of the bean preparation was probably not
due to the presence of a nucleotidase but other
inhibitors of the glueoeylating enzyme eg phenols
could have been present. A more lisely explanation
of the low activity is that wheat germ is a richer
source of protein than bean and therefore possibly
a higher conceitration of the glucoside-synthoslsing
enzyme is present in tlie former.

It is therefore suggested that UDM is responsible
for the glucosylatlon of the phenolic compounds which
were fed to bean seeds and is presumably also a substrate
for the formation of the naturally occurring glucosides.
Other UDPsugar- derivatives may give rise to other
phenolic glycosides in the plant.

Alcol.olic glycosides were synthesised in
vitro by Bourquelot and co-workers (37"*%) thout
fission of *high-energy* bonds, * glucosides of
glycerol, ethylene, and propylene glycols and disaccharides

such as cellobiose and gentiobiose. The first
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Bln of a phenolic glncoolf*e in the ahccnce of
UDPG vme carried out 'by Pridham (\82), who o'"btained
I'*esox'cinol cx *eglucoside rroia resorcinol.mitose and an
A'nircer enzyme. In the present study the formtion
of a fructose-containing derivative, (XIV), of
saligenin v/as observed when this phenol vac incubated
with sucrose and invertase, The positive reaction
of this conipound with the diazo spray(:) showed that
the alcoholic group of saligenin was substituted in
(XIV) and not the phenolic hydrozyl group* The Rp
values of (XIV) (ilxporiecnt %) were greater than those of
salicyl -glucoside (IX) in both solvents 4 and B.
Coapound (XT/) was n.ot hydrolycea by y”*-glucosMase but
Wao liyérolysed by yeast Invertnse (a y*-fructofuranosidase)
yielding fructose and seligenin. Hydrolyals with
0.0M-H2S0ij. was complete after 5 rain; salicyl * -
glucoside was not hydrolysed under these conditions.
Coiapound (XIV) could be detected on paper chromatograms
with urea hydrochloride, a spray reagent which is
specific for ketoses The evidence strongly
Bu”ggeGts that (xrv) is o-liydroxybenzyl-y*-fructofaranoside.

Attempts to form fructoeidoB from di- and tri-
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hyclric phenols by the same method were unsuccearful»
LicubGtion of di-and trl-hydrlc phenols with y3 -
glncDsicese and cxc gss “glucose also did not yield

any glucosides . Replacement of D-glucose by other
potential glucose donors such as arbutin, maltose, and
cellobiose had no effect. It appears, tticreforc, that
in most cases -glucoaylatioa of a phenolic hydroBt"l
group does not occur by a ’simple* transferase reaction
and it is possible that the enori’y requirements arc too
great unlesr a ’high-enorgy* glucose donor, eg UDPG

is présent. However,, in the case of A. nlf'or there
appears to be an enzyme capable of synthcclsins phenolic
ot-glucosides using' maltose or isoaaltose as glucose
donors.

It was observed in the preliminary experiments
that acidic derivatives were formed, in addition to tlio
glucosides, when phenols wore fed to broad-boon seeds.
These compounds (XVI), (XVII), (XVIII) and (XIX) were
found when beans were treated with resorcinol,catechol,
qainol and saligenin respectively. All the acidic
compounds liad lower Rp values in solvent A and sligr tly

hltiher values in solvent B tlian the corresponding



TABLE

Compoimd

Resorcinol
A-glucoside (II)
(XVI)

/j?butin (I)
(XVID)

Catechol
y3-glucoside (III)
(XVIII)

Salicyl
y3-gluco08lde (IX)
(XIX)

tR.

7.

Solvent
(Kp valueo)

A $
0,50 0.47
0.18 0.54
0.47 0.45
0.13 0.52
0,62 0.59
0.20 0.66
0.50 0.48
0.17 0.60

Buffer
(MaA valu

A

m

0.44

0.74

0.22
0.48

0.41

0.86

0.28

0.39

es)

0

sa

0.00

0.45

0.00
0.47

0.00

0.52

0.00

0.58
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glucosides, and aigrated on paper electrophoretograas
at pH values as low as 3*5¢« Simple glucosides do not
migrate under acidic conditions. The results showed
that these dériva wives were strongly acidic. The
u.v.spectra were similar to those of the apparently
related glucosides.

Purtlior chromatographic examination of (XVI),
showed that the preceace of ’Cetavlon’ in a solvent (S;AK)
increased tlie Rp value thus confirming the acidity of
tiie compound

Aqueous and alcoholic solutions of (XVI), even at
loTif temperatures,decomposed to form resorcinol -
glucoside (II).

Initially it was believed that the acidic
derivatives of the glucosides wore phosphates. Phosphate,
containing 32p” and qulnol were therefore fed to broad-
bean seeds in an attempt to obtain a labelled specimen
of compound (XVI). However, no radioactivity could be
detected in the acidic compound which vms isolated.

Acid hydrolysis of compound (XVI) wi.ci; had been
purified by separation on two cellulose columns using

an acidic solvent B followed by a neutral solvent A,
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yielded resorcinol aaé¢ glucose. Hydrolysis was
complete after 30 ain. under the standard conditions
(1.57-HCI1;100*.) but 2hr. were required for complete
hydrolysis with 0.5SH-ECI.

Treatment of (XVI) with al*iali caused loss of
the acidic grouping and the formation of a compound
which was chromatographlcally and electrophoretically
identical with resorcinol y3 -glucoside. The latter
yielded resorcinol and glucose on iiydrolysis with both
acid and -glucosidase. Hydrolysis of compound (XVI)
with 0.SH-Ha0H at 70° was complete after lain. Compound
(XVI) was not hydrolysed by oC- or P-glucosidase.

Compound (XVI) therefore appeared to bo a
derivative of resorcinol " -((Lucoslde with an alicali-
labile acidic substituent. As (XVI) \,ao not iiydrolysed
by yg-glucosidase it seemed probable that the substituent
was on the glucose portion of the molecule. The
activity of this enzyme is strongly affected by small
clianges in the carboiiydrato component of glycosides.

If carbons 2,3, or 4 , are substituted by aethoxy or
tosylox;'" groups, the resulting glycoside cannot be

hydrolysed by * -glucosidase. The effect of



substitution at carbon 6 is normally not so marked,
but if a large group such as benzoyl or tosyl is
present the rate of hydrolysis is extremely slow.
Clianges in tlie structure of the aglycono nonz)l)ally
have only slight effects on the rate of enzymic
hydrolysis.

The u.v.spectrum and the positive reaction
with the diazo reagent (A) confirmed that {XVI)
possessed a free phenolic hydroxyl group.

The presence of sulphur in the molecule was
demonstrated by sodium fusion followed by a positive
nitroprusside test. Alkaline hydrolysis ami paper
electrophoretic examination of thv iiydrolysis products
In buffer F , sliowed that an acidic compound which eould
be detected with BDH Universal indicator spray (g) was
present. It behaved like sulphuric acid on paper
chroaatograras and electrophoretograas.

A determination of tiie ash content of compound
(XVI) gave 16.7/" residue. A flame test on tliis showed
tliat sodium and probably some potassium ions were present
A stroafily positive sulphur test was obtained with the

residue using tlie nitroprusside reagent after sodium



fusion. Chroraatographic examination of the residue
again showed the presence of a fragment which co-
chroaatographed with sulphuric acid. Assuming the
residue to he composed of sodium sulphate, anc compound
(XVI) to be tlie sodium salt of the -sulphonate of
resorcinol " -glucoside, MW 374, the residue would
be 19i>  The ane.lysis figures for sulphur and sulphate
in (XVI), however, wore very much lower than the
calculated figures for a phenolic glucoside sulphate.

Tlie position of tlie substituent on (XVI) was
determined by a Kulin méthylation of the co ipound followed
by hydrolysis of the alliali-labile substituent and
finally hydrolysis of the glycosidic bond. The tri-o0-
methyl glucose obtained was identified chromatographlcally
as 2,3»4-tri-0-aethyl-p-glucose. A trace of 2,3,4,6»
tetra-O-methyl-g-glucose was also detected from the
resorcinol ” -glucoside Impurity. A control
méthylation of resorcinol *-glucoside yielded only
2,3,4,6-tetra-0-aethyl*”-glucose.

A second attempt to obtain a labelled sample
of (XVI) was carried out and fed as sulphate,

together with resorcinol, to brond-bean seeds, but the



TA23LE 8.

Compound

2,3,4-tri-O -

metiiyl-D-glucose

2,3,6trl48—
metbyl-g-glucose

2,4,6—¢ri-2

meti:yl-£-glucose

2,3,4,6-tetra-0O-
metliyl-D-glueo se

Sletiylation

produc ts

0.70

0,68

0.66

0.80

0.70
0,80

Oolvoat(Rc values \ Colour
with spaay B
B P
0.74 0.73 yelio w-
. bromi
0.75 0.71 pink-
brown.
0.70 0.70 red-brotm
0.85 0.86 m pinli-rsd
0.74 0.73 yellow-brown
0.35 0.86 pink-red
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(XVI) produced was xiot radioactive. Autoradiographs
of beau cotyledons aiter 2 days ia the 35 sulphate
solution showed that the radioactivity was localised
around the periphery of tlie cotyledon (Pig.5-).
Further autoradiographs of longitudinal sections of
bean cotyledons after 8 days in the radioactive
solution showed that even after that time very little
penetration of the recioaetive sulphate had occurred (Fig.5.)
This suggests that the sulphate was not absorbed
sufficiently into tne bean tiseueo to be metabolised.

To summarise; hydrolysis of (XVI) under
alkaline conditions readily yielded resoi’cinol
p -glucosideyjanci under acidic conditions resorcinol ahA
glucose.(and an acid fragment) Clancy and Turvey (""2)
obtained raetjianol, glucose anc. sulphate on acid
hydrolysis of a met'nyl glucoside sulphate. Percival* """
stated that alicali-catalysed hydrolysis of sulphates of
v-and |3-methyl glueopyranosides and galactopyranosides
gave the corresponding methyl 3,6-anliydrohexosides.
He also said that unless tne removal of a sulphate group
led to the formation of an aalydro ring,She

hydrolysis of the sulphate group proceeded slOY.ly.



i) after 2 days.

ii)after 8 days#

Figure 5#

Autoradiographs of broad-beau seeds fed with

33Sulphate#
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Tke al.'Silisic hydrolyriD of e03,30\m: (XVI)
does not appear to obey aw™cof these rules, for the
substituent, which would appear to be on C-6 of the
hexose, is removed yielding a primary alcohol group#

The i*r. spectra of resorcinol " -glucoside
(IT) and compound (XVI) were scanned (Pig.6.)# ' iio
strong; peaks for sulohato groups were visible but the
spectrum of (XVI) possessed additional peaks not
present in (II), at approx. 830, 930, 1,400 and 1,750 da**
Lloyd aM Lodgson (*04 ) carried out i.r. studies on
sulphate esters and found a peak due to the C-0-8
bonds in the region 820 - 350 i and a second
characteristic peak at 1,240 cni'".j .-

From these results it can be finally concluded
that the derivative of resorcinol "-glucoside formed
by bean seeds has an acidic substituent on the 6-position
of tho sugar moiety. This substituent is removed by
alicali and an acidic fragment rc sembling sulphate results,
dulphur is definitely present in the molecule but
quantitative analytical data for this element were
unsall8factory. Some support for the presence of a

sulphate group in (XVI) is given by the i.r. spectrum.
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It is possible therefore that compound (XVI) is the
sodium salt of resorcinol 6 * -sulphonyl- * -*-glucoBiae
although at present it is difficult to interpret some of
its reactions in the light of the published data on other
sugar sulphates. It must be CTpnasised,hov;ever, that
compounds of this type with large * -limced aglycoae groups
have not been previously studied.

A sulphoglycosyl glycerol compound has been
found recently in Alfalfa by Benson and ascociates"""" e
They suggest that the widespread occurence of sul )hosur;ars
in nature may indicate the participation of sulphate
fixation in certain phases of carbohydrate metabolism.

The tosyl derivatives of carbohydrates have
similar properties to the sulphates and conscgueatly
it was of interest to study the reactions of a 6*-tosyl
derivative of a phenolic glucoside under alkaline
conditions. 6-Tosyl glucose derivatives on al.nllno
hydrolysis yield derivatives of 3,6-anhydrO"pp"glucose.

The mechanism of this reaction is as shown overleaf
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Qv A \AcxOH ROH +

Tiie reaction therefore proceeds by allQ”l-ozygen
fission with the formation of a carbonium ion unlike the
hydrolysis of carbozylic acid esters which generally
involves acyl-oxygen fission. The presence of an
unsubstituted iiydroxyl group at 0-3 is essential for
liydrol'uranol ring formation.

b*-Tosyl arbutin (x.) was therefore synthesised
from molar proportions of toluenesulphonyl chloride
and arbutin in pyridine using Chloroform as diluent.
Peat ~ £1 have recently shown that direct
Qulphonation of aldohexoses occurs mainly at C-6.
Compound (XX) had the correct molecular formula and
the presence of a free phenolic hydroxyl group was

indicated by reaction with the diazo spray (A) and a
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Gliift of the absorption maximum from 286my- to 302my-
on addition of alriali. ”*-Glucosidase did not
liydrolyse (XX) thus showing that the substituent was
on the glucose moiety.

Méthylation of compound (XX) using the Kuhn
procedure followed by hydrolysis gave a compound which
was chromatographically indistinguishable from
tri-O-methyl-D-glucose, thus confirming that the tosyl
group was substituted on C-6 of the glucose
portion.

The treatment of compound (XX) by LAH in an
attempt to obtain a G-deoxy compouni as further proof
of the structure of (XX)(*"9) unsuccessful. Acid
hydrolysis of the product yielded 3,6-anijydroglucose and
quinol. The examples of this reductive desulphopylation
which are quoted by Peat arc of methyl glucooicle
derivatives and it may be that tlic phenyl group has
a steric effect of the reaction.

Alkaline hydrolysis of (XX) “under the same
conditions as those employed for (XVI)* and chromatographic
examination of the products showed that the glucorido,

arbutin, was produced together with szaall amounts of



75

3.6-aiihyuroGl'(icose arid quinol. It appears, therefore,
that the reaction follows a siiailar course to the
allcaline h”rdrolysis of (XVI) and involves eleavace
of the tosyl group with subséquent formation of a
primary hydroxyl group. This acchaaisa ,giving tiie
effect of acyl-oxygen fission, is .nomi to operate when
the tosyl group is substituted on an 'isolated*
primary hydroxyl group; hov\vever in this case fairly
drastic conditions of hydrolysis are apparently required.
In the alkaline hydrolysis of (XVI) and (XX) it is
therefore postulated that some steric hlm-ranoe by
the phenolic group occurs thus Inliibiting the formation
of the ariiiydro ring or zaakln;] the aniydrohexoside very
unstable. In the case of (XX) some anhydro ring
formation apparently occurs together with hydrolysis of
the glycosidic bonds. Arbutin,when treated with
al-'sill , yieldeiglucose and not 1,6-anh”'dro-"glucose
although the normal product of alkaline hydrolysis
of many substituted phenyl * «”“glucosldes is
1.6-anhydro-D-glucose * *

Foster et " hydrolysed phenyl 6-0-

toluene "sulphonyl od-p-glucoside under allcaline
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conditions and obtained phenyl 3,6-aniriydro-D-glucoside
but no reports iiave been found in the literature concerning
the corresponding # -isomer and its reactions or of
any 6-tosyl aldohexosidec with a bully * -Jinked
aglycone group.

In view of tl?e result obtained on LAH treatment
and subsequent hydrolysis of (XX) the products of
acid hydrolysis of (XX) were investigated. It was
found that 3,6-aahydroglucose, glucose and quinol were
all formed. The presence of 3, G-a-'iliydroglucooe was
confirmed by ciirofaatographic examination in solvent &
ai;l electronhoresls in buffers A and Qagainst a standard,
(D-Glucose and its derivatives in ring forms do not
normally complex v/ith aolybdate ions however
3,6-anhydro-g-glucose has an Mgorbitol value of 0.33.
The presence of an anhydro ring la the molecule
enables the coapouid to exist in a boat form so that
a complex can be formed across the 3;ydroxyl groups on
C-1, C-2 and G-4. In the IG conformation,the two
iilydroxyl groups on 0-2 and C-h of 3,6-aahydro-D-glucose
are in axial positions and consequently the formation

of a boat form with three axial hi*droxyl groups will
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not require as much energy as a aoftaal chalr-boat
transformation).

Tosyl groups are reported to le stable to
dilute aqueous mineral acids. On theoretical
grounds when tosyl esters are treated with acid it
is possible tiiat bond fission could occur in the

same manner as in alkaline hydrolysis ie by alkyl-

oxygen bond fission anliydro ring formation
result.
cv\-O—gL—«.' CA(@&g —SI @<,

j' ' A : Vv

A<xsV

\Miw this apparently uoes not occur with other tosyla tes

is not understood,however. Clancy and Turkey

have

shown recently that the rate of liydrolysis of a sulphate

group is greater than tiiat of the glycosidic bond.
Quinol and 6-tosyl glucose may be foi’aed by cleavage

of the glycosidic bond but no trace of the latter

derivative could be detected in the hydrolysate, of (XX).
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Hydrolysis of the 6’-tosyl group could also yield
arbutin which would be further hydrolysed to give
quinol and glucose. In tlic second case the
liydrolysis would follow an analogous course to

rliviline hydrolysis.



EXPERIMENTAL.



QBIlERAL MNETHODS.

Paper chromatography.

Paper chroraatography was cari’led out on

Whatman No.l or ITo.3- papers using the desceniilag

technique and the follord’ig solvent systems) all

proportions given are by volume unless otherwise

stated.

A
B
C

Butan-l-ol, ethanol, water (i|0;11;19)

Ethyl acetate, acetic acid, v;ater. (>;2:2 "
Btliyl acetate, acetic acid, formic acid,
water (9:1.5:0.3:2)

Ethyl acetate, pyridine, water (2:1:2,
organic phase).

ButS'Of-l-0l, acetic acid, water (2:1:1,
organic phase)

Butan-l-ol, pyridine, water (10:3:3)

Amyl alcohol, acetic acid, water (h:l:5)
Butan-l-ol, etiianol, water (3:1:1) containing
’Cetavloa’ (3/S,w/v)

Ethanol,ammonia, water (80:1i-:16)

Ethanol, M-ammonlum acetate buffer (|"i3-7)

(75:30)



L Fthanol, y-amnnrxlixn acetate buffer (pH7.5)
(75:30)

A Pr ei'aa~2-al, hydrochloric acid, water (6.5:10)
containing 0.2g.mol. HCl in 100al,

B HjN-dimetliylforaamide (20;' in bcnse’ie).
stationary phase and petroleum ether (60 -80®)
as the mobile phase.

2 NjH-dimethiylsulphoxide (20;' in. "benzene) and
di-iso propyl other.

Papers "buffered with 0;2M-sodium ''borate were dipped

in the solution and tiie solution t. en allowed to

dry at room temperatiire* The name procedure imo

employed to o*btaia VmolyMat(e:;(\)> papers uslzig 8*1x10%/1y[-
ammonium molyMate solution*

The rates of movement of phenolic compounds
wore calculated as Bpvalues

= distance travelled by tlic substance*
dlIstaiice Ibraveiied the solvent feront*

MobilltioG of carbohydrates were exprésced as

values.

HQ , distance travelled by substance*®
distance travelled lIygluc”?
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psrer eleotrophorGois.
Paper electrophoretic examination of compounds

was carried out nsi'ag ?batman No.l and No.3. papers for

30 j;aia. at 55V/cm. Tiie buffers used were
A 0.2M-3odi'ia borate (pH 10.0)
B 0.05V- glycine (pHIO.O)
0 8.1 %10""M-am.eo:aium molyMate (pH 5%2)*A"
A 0.2M-sodium acetate (pHS.2)
Ji C.py-sodium acetate (pH3.5) ~*
AF 0.2M-sodium phoggll)late (pH 7.,2)

0. IN-sodium iiydroside.
The moM lities of compouMs were o”jrosoed as
AUA values relative to the movement of salicj/'lic acid.
Snray reagents.

The following spray reagents were used to detect
compounds on paper chromatograms and electrophoretograas o
A Mazotioed n-nitrooniline solution and

ji'®0cliuQ hydroxide (Phenolb)

B n-anisidine hydrochloride followed by
heating at 100" for 5 isin* (Reducin
sugars) %XQ

£ Silver nitrate in acetone and e-faianolic

sodium hydroxide (Polyiiydroxy compounds



iorc -Jopic acid and ammonium molyMate

R

& >lutioa followed % Mating to 85'

a'id than spraying wit!: a solution of
quinol (Hiosphateo) ")
J 1130 Uaivopeal Indicaiop adjustM to
SSi 0#5-9.0 by addition of d1l. ammonia
solution. (Acids)

Mtast'iua poriodatocuprato solution and
jposaziiline in acetic acid (Polyhydrosy

%
esxapounﬂey €39



BXPBRIVBNI 1 = Inveotigatloa of the portion of the
niant yield la.;' tliO hlfitest
(Diccntratlon of glucoolde.

Tiie cut ende of "bean ohoots were allowed
to stand in (a) an acueous eolution of resorclnol
( 0.5/%,w/v) and (h) an aqueous solution containing
rerorclnal (0.5, ./v) and g-giucose (0.5, »w/v).

The experiment was repeated using whole bean seeds
whici had been soaked n tap water for 2k lor. and then
transferred to layers of cotton wool soaked in the
solutions (a) and (b) described above.

After 1,2,3, and k days respectively
extracts were prepared by grinding the tissues in cold
aqueous methanol, after removing the testas from the
whole seeds, and filtering at the pump. The clear
yellow solutions obtained were concentrated using a
rotary evaporator and examined on ppper cliroraatogr.ams
usinfi solvents 4 and B.

Both whole bean Goeds azid shoots produced
high concon .rations 0f rcsorciaol”glucoGide, which
stained pinlc with spray A and co-chrooatograj”*ed with
a standard compound* The shoots,however, contained many
more contaminating” phenolic compounds than the so da.

The effect of the added glucose on the yield of glucoside



\7.0 negligible in all cases.

In aclGition to resorclnoly”glucoside, a second
compound (wi) staining the same colour with the dlazo
spray (j|) as resoreinoiy”glucoside was observed. This
compound had a lower Rp value in solvent A and slightly
higher Rp value in solvent B tiian the mono glucoside and

appeared to be present nly in the extracts from tlie seeds#

BXPT. 2. The Portion of the seed yielding the highest

concentration of glucoside.

Tlie followin*”* were placed between layers of cotton
wool soaked in an aqueous solution of resorclnol (1j5,w/v).
(i) Dormant bean seeds.
(ii) Germinated seeds (ie kept moist at room
temperature, for 2h hr.) ,
(ill). Cotyledons (testas removed; * germinated Boeds.)
(iv). Embryos, (ex seeds kept moist at room
temperature for three days)

After 3 days metlianol extracts were prepared,as
described in Experiment 1, and examined on paper
chromatograms using solvents A and B- The intensity
of resorclno”—glucoside was greatest on the chrom atorrams

of the extract from 2k hr.germinated seeds.
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EXI1*.3. The effect of varying; the concentpation of
the phenolic solution

Bean eeeda soaked in water for 24hn at room
temperature '“ere pi ced on cotton wool soaked in aqueous
solutionc of quinol (concentrations rna”“ging from 0.5% ,w/v
to 5%,”/v) with and without *glucose (i;J,w/v).Extracts
were prepared after 3 days and examined on paper
chromatograms using arbutin ( 2-bydroxyphenyl
y3-D-glucopyranoside ) as a standard. Darkening of the
cotyledons ha., occurred in the more concentrated solutions.
A compound which co-cliromatographed with arbutin was
detected together with a less intense phenolic spot
having a slightly higher Rp value in solvent B and lower
value in solvent A than arbutin. The increase 1A
concentration of the phenol did not appear to liave affected
the rate of formation of the glucoside.. The presence of
glucose appeared to increase the yield slightly.

The experiment was repeated using seeds that had
been germinated for 6 days on damp cotton wool. The results
obtained were similar but glucose did not increase the

yield.appreciably in tliis case.
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KX?Trh« Q-opali'intloa of bmno taador anaerobic

Comaactivity water wae uocd to oaM up oolutiono
of Qiiiaol (1 ,w/v) with aiv3 without *-clucooe (1 ,w/v).
Doroont beau ooedo were pieced in thcoc solutl xoo and tiio
beaiiiorn stored la tiio dark, pone otoriilood cotton Xxjool
woo placed on top of tiZE solutions to prevent the bonno
froa floating. After 3 dayo aotMaol extracts woro
prepared qM csani;nod chroantocrophically. , a ooapound
Wiich co-cijpoaatographod with arbutin woo present

but osily a trace of compound @ could be dotootod .

PXPT.S. Extraction of tiio beoa with di feront solvents.
Bean oeodr wcro aos.” <" in water for 2tor. ani then

transferred to cotton wool soc?a3d In an aqueous solution

of resorclnol (1, ,w/v) for 3 days. The beans wore then

divided into three 'ppoupe sM water,dimethyl for ;asjido

ami Ktothanol used as diffd'est cztractiag agents.

Coixontration and, chronatofjrophio exanination of the ests>act8

showed that all the 0%ti%iots contained oinilar concentrations

of recorcinolyd-clucosldo but mny more plienolic C'*anouatla

wore ppOOGnt in thie aqueous extract.



ijptPT.6. Ia.lectlon of uhenols into the plant.

Well developed bean plants ,ap>rox.I12 Ins. in
height, were used. A fine capillary,connected to a
reservoir filled with an aqueous solution of resorclnol
( is;i,w/v), was Injected into the vascular bundle of the
stem and the plant left for 5 days.Methanol extracts
were then prepared of portions of tlie stem and leaves
and examined on paper chromatograms. No resorclnol could
be detected in the extracts but resorcinol®glucoside
was preaentin the extracts from the regions of the stem
directly above and below the point of injection. A
trace of the glucoside was observed in the extract from
the leaf directly above the injection site. Tiiere was no

evidence for the presence of compound f*AvT)e
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INV[SSQIGATIOIT OF MOHO-GLUCOSIDE FORMATION.
General Methods

EXPT.7. Production of glucosldee hy the

broad bean.
let.Method. Beans were allowed to soak for 2A hr.
in tap water at room temperature; they were then
transferred to a tray and placed between layers of
cotton wool soaiced in an aqueous solution ( i;S,?//v)
of the phenol for three days. If nece sary ,water was
added during this period to replace that lost by
evaporation.
2nd.Method. Dormait bean seeds were placed in an
aqueous solution of the phenol (l/i,w/v) for 2h hr».
They were then removed, washed well and aerated
continuously for 3 days in water at room temperature.

Extracts were prepared in both cases
by removing the testas and grinding in cold aqueous
methanol (900,v/v) in an 'Atomix’. The thick slurries
obtained were centrifuged (3,000 r.p.m.;15 min; 5. )
and the clear yellow liquids decanted o ff. Tiiese were
concentrated to small volumes,keeping the temperature
below 50", using a rotary evaporator. At this stage

the ureseace of glucos des was confirmed by paper



cliromatogra phic examination and the extracts then
resolved using cellulose columns. Solvent A was used
to develop the columns and 25 ml. fractions were
collected using an automatic fraction collector. The
fractions containing the glucooides were combined and
concentrated using a rotary evaporator « 50°).

Small scale preparative separations were also
carried out in some instances using Vdiatman ITo.3* paper

and solvents é amd 4]M3.

BXPT. 8. Hydrolyais of glucosldes with/»»p:lucooidase.

Hydrolyses using /y-glucosidase were carried out
in 0.02M - sodium acetate '"buffer (pH 5.5:;2712 days)
Toluene was added to each digest. Control experiments

using boiledyg-glucosldas”Tere also prepared in each case.

EXPT. 9. Acid Hydrolysis of glucosides.

The glucooides were heated (100°; 4 hr.) with
1. SN-HC1 in an ignition tube connected to an air condenser.
The solutions were then evaporated to dryness over sodium
iiydroxide in a vacuum desiccator and the solids thus

obtained dissolved in a little water.

The hydrolysis products from Experiments 8 and 9



were examined on paper chromatograms and compared with
standard compounds- The phenolic aglycone v/as detected
by spray sé after the solution hdd been separated on
Whatman No.3. paper in solvents ¢ and §. The sugar
moiety was detected on Whatman No.l1.paper with spray B

after a long development with solvent g ,
EXPT. 10. Ultra-violet snectra of the glucosides.

The u.v. spectra of the glucooides were measured
in aqueous solutions unless otherwise stated. ' The presence
of free phenolic hydroxyl groups were detected by a
bathochromic shift of the absorption maximum in the
presence of 0*002N- . g-Dihydroxy groupings
were revealed by a hypsochromic shift on addition of

G.002M - boric acid to the alkaline solutions (**).
EXPT.11 Formation of Arbutin by the broad bean.

A methanolic extract was prepared from approximately
GQQig of bean seeds fed with an aqueous solution of quinol
(Iss»w/v) )n cotton wool. The pale yellow syrup obtained
wac shown to contain a compound (I) which co-chromatographed
with authentic arbutin and gave the same purple colour with

spray é._ The syrup was fractionated on a cellulose

coliinin and crysteXs of conipound (1) (0»*Og.)D p* 200*5
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were obtained, Recrystallication from water produced

compound. (1) m.p. 199 (sinters 167)» Commercial

arbutin, on recrystallisation from water has m.p,

198.5 (sinters 16? ). Mixed m.p. 193 ¢ (Found :

0.49.7; H,6.3. Gale, for gz/Elb,O’/\ .HZO: €,49.9; H,6.4:3
in water (c¢,1.8) Lit. value L®""~80.3°3

Hydrolysis of (I™ withyS-glucoGidase and
1. SN-HOI gave quinol and glucose.

The Rp and values of compound (1) and
arbutin are shown in Table 1
The u.v. absorption spectra of authentic and extracted
arbutin showed absorption imxima at 20lmy”a.od 278
respectively. Infra-red spectra of the two as Ifujol
mulls were superimposable , as seen in Pig.l.

The pentaacetyl derivative of compound(I)was
prepared using sodium acetate and acetic aniiydride no
acetylatinfi agents. Recrystallisation of the product
from methylated spirito gave the acetate m.p. 146.5-147.
(Lit.value 145-146) Mixed m.p. 146.5
[pound: 0,54.3; H,5.6: Calc, for *"2726"12°
0,54.7; H,5.4/'0 liifra-red spectra of the pentaacetyl

derivatives of both authentic arbutin and compound(J)

were superimposable (Pig. 3. )



EXPBRIMENT 12 The formation of resorclnol
glucoside by broad bean aeeda.

100 broad bean seeds (approx) were soaked in
water for 4 hr., and then transferred to a tray
containing cotton wool eoaxed in an aqueous solution of
resorclnol (i;S,w/v). An extract was prepared after
5 days and transferred to tlie top of a cellulose column.
A phenolic compound (II) staining pinic wrflth spray A
was then eluted. Thesyrup obtained after concentration
lyas dissolved in water, made acidic by addition of acetic
acid (2N ) extracted four times with ether to remove
tracer of resorclnol, and the aqueous solution finally
concentrated and stored in the refrigerator. Xioa a few
drops of ethanol were added to trio aqueous solution a
cloudiness was observed, however, no solid separated so
the solution was againconcentrated to a meringue. This
f/ao dissolved in water(2 ml. ) and freeze-dried. A
brownish-white solid was left. [Found; 0,49*8;

H,5*8. Calc, for GI2HI607 . H2O: 0,49.7: H,6.2>t].

Compound (II) and resorclnol "3-glucoside had
similar Rp and values in 2 solvent and 4 buffer
systems (Table \.)e

Hydrolysis of compound (II) with yg-glucosldase
yielded resorclnol and glucose. Acid Hydrolysis of (1i)



gave the same products.
Tlie u.v. spectrum ohor/ed a single sharp peak

Resorclnol has 276nfj~.

EXgERIMBET 13.
The formation of catechol

glucoside.

All extract of beans fed with an aqueous
solution of catechol {l%t w/v) vms prepared and
fractionated on a cellulose column. A compound (IIT)
staisiiag red-pink v/ith spray A was obtained. Attempts
to obtain a crystalline specimen failed so compound
(IIT) was dissolved in water, ( 3 ml.) and freeze-dried.

The Rp and MeA values of compound (III) a/id
authentic catechol * —glucoside were similar (Tablel )

Hydrolysis of compound (III) with *-glucosidase
yielded catechol and glucose. mAcid hydrolysis gave tlio

same products.
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BXPBRIVEMI' 14». The formation of pgrogallol
glucosides by the bean.

A methanolic extract of beano fed v/ith an
aqueous solution of pyrogallol (I55?,v//v) was prepared.
Chromatographic examination of the extract cho’vod that
two phenolic compounds were present, compound (IV)
staining a prussian-blue colour, and compound (V)

a green colour with spray

TIC mai,;n extract was then resolved by
chromatography on large sheets of paper and compounds
(IV) and (V) eluted and examined on plain and aolybdate-
treated papers using solvents A and The Rp values
of the two compounds arc listed in Table 3. ,
Compound (IV) ran as a brown spot on tlie molybdate-
treated papers and had a high mobility on paper
electrophoretograms using buffer £. Tlie Mg" values of
both compounde are shown in Table 3.

Hydrolysis of both compounds (IV) and (V)
with yg -glucosidase gave pyrogallol and glucose. Acid
hydrolysis also yielded pyrogallol and glucose in both
oases.

The u.v. spectra of the compounds were scanned*

Compound (IV) s h o w e d sy(ajA; addition of allcali



caused a bathochromic shift to give 'l 283mf*. , and
on further addition of boric acid a hypsochromic
shift to X QQx. 277filli-was observed. Compound (V)
had XgiQg 276m” shifting to X gulia/A. under
alkaline conditions but no satisfactory spectrum

could be plotted with borate.

EXPERIMENT vS The glucosides obtained
from 1.2.4-triljydroxybongene.

Bean seeds wore aerated in water for 3 lir.
and then transferred to cotton wool soaked in an aqueous
solution of 1,2,4-trihydroxybenzene (O.S”sjw/v). The
tray was kept in the dark for 3 days before an extract
was prepared in the usual way.

Chroraatography of the extract in solvents A
and 2 showed that tliree compounds had been fofraed
staining blue-green (VI), pale-blue (VII) and pale-blue
(VIII) with apray A. The proportion of concentrations
of the three compounds v/as approx. 6:2:1 as
determined by visual estimatiom . of chromatograms.

A small scale separation of the three compounds was
carried out on thick paper and compounds (VI) and (VII)

obtained fairly pure in a freeze-dried condition.



Compound (VIII) was further purified by
cliroaatographic methods and freeze dried.

Tlie Rp and M)A vnlucs of the three compounds
are listed in Table 3 . Compound (VII) was
visible as a brovimn spot before treatment with spray
Awhen raolybdate-troated paper wac used for
cliromatograpliy® and had a relatively high MA vnlno
in buffer C but was stationary in buffer

Hydrolysis of compounds (VI) and (VII) with

-glucosidase yielded 1,2,4-trihydroxybenze.ae and
glucose. Acid liydrolysis gave tlie earns products.

The u.v.spectrum of compound (VI) showed
X oax. eliifting to 292m |A in the presence of
allcali; compound (VII) liad X 280m|i_ shifting to
291In on addition of alkali; compound (VIII) had
271m 4. .

The three compounds were each spotted onto
two sheets of Whatman No.3 paper and the starting line
of one Biieet sprayed with aqueous M-FeCl* solution.

The tv"o papers were then developed with solvent A

A# detected with spray Compound (VI) had Rp 0,50
on both papers but (VII) and (VIII) could not be =



detected on the paper sprayed with PeGI*.

Compound (VI) (I0mg.) was shaken with
HjN-dimothyl forraamide (0.2ml.), methyl iodide
(0.0iijnl,) and barium oxide (0.05g*) for C hr.

The mixture was centrifuged and the clear solution
heated with “-raetftanolic HOl (30min. concentrated
and then heated with aqueous H-HCI (3hr.,100°).
Chromatographic examination of the solution sliowed

that no methylated phenol was present. Barium
hydroxide was replaced with silver oxide and the
e”eriraeut repeated but again unsuccessfully.

Dlasomethane was prepared by adding slowly
with shaking N~nitrosometliylurea (5g.) to KOH (10g.)
dissolved in water (15ml.) and ether (50ml.) at 0 .

The ether layer became yellow and was decanted off and
dried ovfr KOHpellets (2hr.,0°).

Preezo-dried compound (VI) (10ng.) was
dissolved in dry methanol (10ml,) and excess
dlazomethane in other (10ml.) added. The flask was
kept at 0° overnight. Glacial acetic acid was then
added dropwiso until the yellow colour disappeared.

The solution was concentrated to dryness, heated with



21|“MoOI/KC1 (Ihr.,100°), aad evaporated to drynose

over I'EXH In a vacum dessicator. The dark residue
was dissolved in chloroform and compared
chrooatographically with 2,4-, 2,6-, 2,5-dimsthoxyphenol
using the two phase solvent systems SI;Iand SIS’ Tiio
methylated compound co-chromatographed with 2,4-

dimethoxyphcnol (see Table 9 ).

TABLE q

Compouiid Solvent Colow with
RB values.
I spray A

sot

Methylated \
compound (VI) /

0.36 0.48 pale-blue
2,4—
dime tiioxyphenol
2,5-
dfmethoxyphenol 0.08 0.21 pale-blue
2,6—
diiaethéxyphcaol 0.33 0.38 deep-blue

A portion of tile residue was hydrolysed wlitli acid
neutralised and the solid dissolved la water and

examined chromatographlcally in solvent A against

standard trl- and tetra-O-racthyl-"glucosoo. Partially
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metiiylated sugars only were detectod ,1a the

hydrolysate by spray

BXPERIMENT &) Flotlr/latloa of ClLulaol
""with diazonethane.

Arbutla (0.5¢g.) was dissolved la dry methanol
(10nl* and dlazomethane la ether (15ml.) adced. The
solution was left overnight (0°). Excess dlazomethane
was decomposed by addition of glacial acetic acid
drop by drop. The solution was then evaporated to
dryness, heated with 2]I-MeOH/HCI (100®,1 hr.) and
evaporated to dryness over ifaOH In a vacuum deslc ator.

Chromatography of the product in solvents )/}
and P against standard guinol laonometiiyl ether sliowod
that the two gave the same colour with spray A and had

identical Rp values in both solvent systems.
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EXPSRIMBHTTY The glucooide; obtaioed from sallgenin.

A methaaolic extract was prepared Pram beano T/I-icb
ilad been fed with saligenin (0-1Tydro:tybenzyl alcohol).
Cliroraatoeraphic examination ohowed tlie ppeoence of a
compound (IX) ,staining pink with spray * which
co-chromatographed witii authentic salicyl /3-glucoside
(0-1%'droxybenzyl -D-glucopyranoolde). The extract was
therefore fractionated on a cellulose column and the
crilTomato Graphic and elec trophorectic behaviour of (IX)
examined. Salicin, (o-hydroxymetliylphe:iyl

y*-*glucopyranoside), saligenin and salicyl y/3-glucoside
were used as standards and the papers viewed unf’er u.v.
light before spraying. Salicin coniot be detected by
spray ggbut it is visible under u.v. as an absorbing spot.

Hydrolyolo of freeser-driecl compound (IX) with
x**glucosidase yielded eall enln and glucooe. Acid hydrolyoi;
gave the same products.

Tlie u.v* epectrum of compound (IX) ohowed a
Dingle peak addition of allmli caused a
shift . Authentic salicyl /3-glucosldc
behaved similarly. Galicin has “niaz# 268mlu“nd is
unaffected by addition of allcali; the absorption

maximum is 275m*for saligenin.
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In o03?dor to establish #mt compouacl (la:) mis ti,e
zaajor coapoucat produced after foefliag beano with
aaligoniii, fixrthor chPO'OQtogrophic examination of tiie
extract ©Oac ca/rieii out uoing loti, hliataan lio.l Olid
Ho.3. paper0.. The chromatograas were developed ia |,
solvents azid D. and viewed u.n2.cr u.v. 11; ht aad
sprayed with opsayc £ aad £« A tvaco of aa absorli-og
©Opot (X) could be detected u:Kler u.v. light whleii
eo-ciironatogra A&Y with salicin in all tbrc- solvents,
vlisea the gapers wore sprayed witi- g . h )wever,G03)ound
(IX) Gouliit W Qcon to cover alaoot ti“o earjo ai™a.

The extract wan ti.orefo:'0 streaked onto T liataao
ifo.3. papers-'wlLic”i wore developed In colvont * and tlie
abeorbia. ba:%d , togotd%er with salicyl y”-tiliacocidec (IX)
eluted wit-, water. The oolutioa mac eoi*eatratod aaQ
strsalajd onto two eioctropiioretograao which were
ficvclopod in buffop The00 were also viewed undor u.v.
light add. tine abG;.)rbing bo'id (X) MY10.0 eluted with water.

The u.v, spoctruQ of thio solution, whiel iwic alkaline,
i:)ad7* 2S?n|4., addition of acid had ao effect, an the

c-icctrua,
’Biodeminorolitc' (carbonate fora ) was added to tiio

aqueous solution whiei ms then fi,itcrov' a:ad freoso-dried.
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A-Glucosidase hydrolysis of coinpound (X) yielded
saligenin and glucose.
The Rjji and values of conpounds (IX) and (X)

and those of the standard compounds are listed in Table

EXPE]%l!miT \8 Willow shoots fed with
saligenin.

The cut ends of 4 willow shoots (Sallx
dapluioides) were placed in an aqueous solution
(I'JU w/v) for 2 days at room temperature. An aqueous
mothanolle extract of the whole shoot was then prepared
and ci-romatographed against a control extract prepared
from N7lllow Bl'ioots placed in water under the same

conditions.

Saligenin, salicyl *"-glucoside and salicin were
all present in the experimental extract but of these only
salicin could be detected in the control.

Tlie experiment was repeated using willow shoots
placed in an aqueous solution of saligenin (1*,w/v) for
2 days. Chromatographic examination of the extract
revealed the presence of saligenin and salicyl y3-glucoslde

wnich were not present in the control extract.
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SGligonla.

Itoiso iiec-alin,,8 wore i.oonb.- teii with an aqooouo
solution of oallgonln (1°’,w/v) for 3 days at 25°
A motlmnoile extract v: s theoproporea aad concentrated
to a oyrup a- rooa toapoi’ature. Paper oh”smtocra -hy
of thin extract against salicia uci.og solvents A and b
am paper eloctrophoroGlc ia lAiffer A olio®ma no abcorblng
spot uMor u.v. which corrocpondod to oaliciii. Spray A
detected a coajou.m staliii.og pink #'aioh bshavod
idoatically with compound IX) and standard salicyl
N«gluoooido on cl'ironjatOLa>aao oad clectz*ophoretosraas.
The experiment was repeated ueing ¢ day old
m ise GoedliapB which, were left on cotton wool soaked
in an aqueous oolutlon of aaiigeain (l,j,w/v) for 2- rr.
Ti'e extract ms prepared as before and chromatOi.,rasG
dcvolo:)8d in solveats A and g against tiie cane
otaadard conpounds. The papers wore vio'.ed u.ider u.v.
light before opmj-lvxg t one Islf of the pnpop together
with the oa.llcin staada3?d was tlian sprayed witl; Q anc tljo
other half, contai dog the salicyl *-gluoosido standard

with opray
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Maize seedlings were finally left for 3 weeks
on cotton wool soaked in the saligenin solution nnn
after t!is time an extract was prepared and examined on
cliroraatograrao. Again no dark band corresponding to
salicin was visible under u.v.light but a compound

staining pink with spray A and co-chromatographing

with a salicyl glucoside was present!
TABLEto
i
'SOLVEOT 1 R17 VALUES.1 1
! ! 1 J
! Salicin Salicyl /3- 1 Dark band ; Pinlc band
¢ T 1 glucoside I from maizel ?rom maize
. e .
¥ 1
u 0. 48 0. 53 0. 21 0. 53
I !
» 0. 51 0. 54 0. 46 * 0. 56
I

; 0. 31 ¢ 6-33 0. 76 1 0. 84

y—



EXPERIMEST 3.0 The glucoGldos obtained from
2 chydrox/'beazyl alcohol.

A methanolic extract r/ao prepared from bean
seeds which had been allowed to. germinate between layers
of cotton wool soaked in an aqueous solution of
£-liydroxybenzyl aléohol (0.5”",w/v). The extract was
concentrated and examined on paper chromatograms, each
paper was viev/ed under u.v. light then cut in half and
one iialf was sprayed with * and the other with spray g.
iio  compound could be detected with the diazo spray (A)
but a compound (XI) was visible as a strongly absorbing
spot under u.v. and could be detected with spray .

The main extract was then resolved on large
ail.eets of % atman No.3. paper. Compound (XI) was located
under u.v. light and eluted with aqueous methanol (90;<,v/v)
from the appropriate strips. The u.v.spectrum of this
solution was scanned and a single sharp peak'“yax.255m|-u
observed. Addition of allcali did not produce a
bathochromic shift.

Hydrolysis of compound (XT) with/3-gluc0sidase
yielded jD-liydi*oxybensyl alcohol and glncooe. Acid
hydrolysis gave the s me products. The Rp and

values of (XI) are listed in Table W,
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FacpERiangrai.

A-Hydroxybenzyl alcohol (0.05g.) vjac dissolved
in 0.02M sodium acetate huffer(pHS5.8» 2 al.) aad
D-glucoce (0,2g) added together with y”-glucooidase
(0.05s)The flask was iricuhat” for 48 hr. at 27° o
Chromatograms of tlo digest afte]r that period showed the
prose KC of a compound (XII) stni iing pln dsh-purple
with spray ~ .

The whole digest was then resolved on large
sheets of rdiatman No.3. paper, and (XII) eluted from the
strips with aqueous methanol (90>t,w/v). Tliis solution

was evaporated to dryness and tine solid dissolved in

absolute etiianol. The u.v. spectrum of this solution
showed 279®* shifting to 290m” on addition of
alkali.

Hydrolysis of an aqueous solution with
A-glucosldaoc yielded n-hydroxybenzyl alcohol and glucose.
Acid hydrolysis gave glucose but the alcohol could not bo

detected. Tiie Rp and Mg" values of this compound are

shown in Table
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Ttie following o”KjrLmonts were oot up
(i) 6 loans ©ore Goalioii in tap raitor for 3 hr.,
tranoforred to o pctri dioli and partially covorod with aa
aqaeouo. oolutioa of alcohol (1 ',t//v).
(ii) 6 boaac, oiailarly oooked in water, were
placed on cotton wool dampened witli the saae oolutioa
of phenol,
iftor incubation at £5° for 2 dayo aethanolic
cxtractc wore propanod and concent;:®tod, Ghromatograzdiy
of tiieoo GXtracto i:i oolvents 1 and g followed by
e:saTiaatlon of tio papers under u.v. light and spraying
with cpray ahowed that extract (ii) contained a
strongly absorbing band (compound XI) Mt no compound
© ic... reacted with the diaso spray * , Extract (!)'
hov?over, contained (XI) aM also a trace of n coapoiiad
(XII) staining pink ©Itli spray * and co-chroaatorrcphing
with glucoside from E:*rimont
(Table " ),
These oxporiaeato wore: repeated, the incubation

period belTig inereaoed to 4 da*/n. Gliromatographle" '
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examination of the extracts prepared sliowod the
presence of compound (XI) in both extracts and

of an increased amount of (XII) in extract (i).

TA3ILE.«\
Compound Solvent Buffer
|
1 (Rji values) (VBA values)
I
' A B a S
(XT) : 0.49 0.52 0.00 1 0,00
(XII) Q.it2 0.47 0.43 0.00
from (2>
glucosidase
(X1I) 0.43 0.47 0.4it 0.00
from
bean
extract
%
"Hydroxy 0.92 0.86 0.53 0.00
[ benzyl
alcohol

1



EXPERIMENT . The glucoside obtained
from p-nitrophenol

A methanolic extract v/ae prepared from 20 bean
seeds which had been fed with an aqueous solution of
o-nitropheaol (I>»,w/v) for 3 days. Chromatographic
examination of the extract in solvent B, showed the
presence of a compound (XIII) which could bo detected
08 a yellow spot by spraying tlie chromatogram with an
acid solution of TiCl g;:* heating (50°,15 min) and then
dipping in an alcoholic solution of Ehrlich's reagent
2 -dimethylaminobcnzaldeliydc)c.«1> The compound did not give
a colour reaction with spray A.

Compound (XIII) was separated from the extract
by chromatograpliy on thick paper. The Ep and Mga values
of (XIII) were ;-

Solvent Buffer.

Hp values values

a A a R
Compound (XIII) 0.60 0.71 0.00 0.00
n-Nitrophenol 0.91 0.95 0.79 0.00

Hydrolysis of this compomid (XIII) with

-glucosidase yielded *-nltrophenol and glucose



Acid hydrolycis gave the name result.

The u.v. epectrum of (XIII) had 294ra”
and was unaffected by the addition of alkali.
2 “Nitropheaol has "X niax. 311®*"

EXPSRIMEIIT 14 2.4-DiInitrophenol fed to
bean seeds. m

Bean seeds were fed with a SX.IO'SMsolution
of 2,4-dinitrophenol on cotton wool for 3 days. A
metimnolic extract was prepared and examined
ciiromatographlcally in solvent & but no phenol could
be detected. The experiment was repeated using
solutions of IAIOH*O{& and 1 on concentration but

o

no 2,4-dinitrophenol could be detected ia the extracts*
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I'XPBRIMmJTas. Atteaptod detoctioa of U.D.P.G.
la bean eecdo.

Cfco)

The fractionation technique of Cahih et al.
was need. All expei’imeatal procedure war ¢ rried out
at 0° unlcrs otherwise stated.

6 day-old peeled hern eecds (1,450g.) were
extracted with absolute ethanol (1.51 ¢) The solution
was heated to the boiling point.nllowed to cool and then
centrifuged (2,000 r.p.m., 15 nin.) SN-Titric acid was
added until the oolutirn was cid to Congo rod paper
and tiie solution again centrifuged. Mercuric acetate
solutionc‘a();3 ml.) vmc added and the solution left
overaifit. The precipitate was filtered off, suspended,
in %-ammonium acetate solution (300 ml.) and left at
room temperature for 2 hr. Mercuric acetate solution
(18 ml) was again adCod together with an equal volume
of ethanol (600 ml.), the solution was stirred well and
left for 2 lir. The precipitate vote filtered of-., suopended
in v; ter (1/.Qral® and HgS bubbled tiorougl for 2§ hr. Ai'ter
filtration the solution war aerated for 3 hr. filtered
again and the pH adjusted to 7.5 wltli dilute ammonia.

A column of De-acidite *PP’ (SRA 63, 100-200

mesh, 2-3" cross-linlced. CI” form) diameter 3 cm., heigjit
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18 cm., wac washed first with g-HCl and then distilled
water until the ahcorhnace at 2GOm”ell below O.03. The
nucleotide solution was then passed down the column at

a flow rate of 6 ml/min. and tlien the column again washed
with water until the absorbance fell below 0.06. The
eluent and receiving vessel were colled in ice.

As the nucleotide of main interest was U.D.P.G.,
the resin column was eluted successively with 0.002N-KC1;
0.0IK-HCI; O.OIN-mCl in O.OIH-HCI; 0.02N-NaGl in O.OLJ-HCI;
0.03N;ifaCl in O.OQVICL 50 ml. fractions were collected
and each eluent passed through the column until the
absorbance of tlie eluate at 260m”*dropped to 0.05; in all
3 litres of eluate were collected. The graph of
absorbance at 260rajiagainst ml. of eluate is shown in
Pig. i+~

The fractions from the first peak using
0.03N-NaCl in O.OIN-HCI as eluent were combined and
concentrated by adsorption on a charcoal column followed
by elution with a solution of ethanol-ammonia-water
(40ml. of S5J Eton A1 ml. conc. PHB made up to 100 ml.
with water ) Fractions ml.) wore collected and the
solutions were immediately adjusted to pH 5.6 by the

addition of acetic acid. The fractions from tlie second



peak were similarly cojiceatrated. Chromatojjraplic
exaiinatioa of the eluates from the carbon columns
was carried out using acetic-acid v/ashed VOiataan No.l.
papers la solvents K, L , and M witii U.D.P.G., U.D.P.
and U.M.P. as standards. Ho absorbing compounds
co-chromatographing with tliese standards wcre present.
U.v. spectra of the combined eluates showed a shoulder

at approx. 255mjN.but no definite peak.

EXPSHIHEHT Xb. Preparation of wheat germ
enzyme.

The method of CardIni and Yamaha was used
for extraction of the wheat germ.

Commercial v/lieat germ (100g) was suspended
in 0.05 Mphosphate buffer (pH 7.0; 300ml.; 0°.) witli
oocasional stirring. The extract was centrifuged
(16,000g; 20 ffl.n,; 0°.) and the supernatent dec nted off
and dialyscd against buffer overnight 5° ). A crude
protein extract (ENZYME I ) was thus obtained.

This extract was fractionated by adding; solid
ammonium sulphate and tlie protein fraction precipitating
between 0.2 and 0.5 saturation centrifuged off. The

precipitate was re-dissolved in 0.05*-phosphate oufier
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(100al.:pH 7.0 containing O.OIM- ethylene
diam_ne tetra-acctic acid (EDTA) and O.OIM-cyoteine)
and the solution dialysed against a neutral solution
of 10-**-EDTA and 10“% -cysteine (21.:;5°;2hr.). Tlie
dlalysate was further fractionated by addition of
saturated ammonium sulpliate solution (pliy.O) and tlie
protein precipitating between 0.2 and 0.33©o0l.
redissolved in the phosphate -BDTA-cyoteine buffer
(ENZYVE 11 ). The pH of'this solution was adjusted to
4.7 with H-acctic acid and 0.05 vol. of saturated
amoaiua sulphate solution (pH4.7) added. The
precipitate was discarded and 0.02 vol. of saturated
aramoniuia sulphate soluti n added to the supernatent.
The precipitate obtained after centrifuging was
redisGolved in tlie phosphate-SDTA-cysteine buffer
(EHZYME 111).

These three enzyme solutions were stored at
5° for up to one week ,after that time new extracts were

prepared as required.
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EXPSRIVESIT 37. Preparation Of
aorioApiglucosides.

The enzyme extractc were incubated with phenols
and U.D.P.G. in tlie following proportional-

IOmg. phenol.

S . U.D.P.G.

0.1ml enzyme

0.1ml buffer.
Theybuffer used was Tris (hydrosymethyl)-aminomethane-UCI
(Trio-HCl;?f)SI)-I 7.4, 0.05M-soditia acetate buffer was used
initially but tills was less satisfactory. A control,
without U.D.P.G., was included in each case and a few
drops of tolue ic placed in all the tubes which were
incubated at 37. The enzyme used in each experiment
is shown in Table 6 . sam des were removed after
0.5iJ2., 2 hr. and 5.hr. and spotted on. paper chronatogra is
which were developed Wwith solvents & and & Tlic papers
were viewed under u.v. llglit before sprayinf.; i-dth spray

o

The phenolic compounds used as acceptors and tlio

glucosidos produced are listed in Table 6 . The

latter were identified by comparison with standard

compounds in boti solvent systems.
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EXPSRIHEIITa.8. Replacencat of U.D.P.G. by
alternative glucose donors.

Enzymes II and III were combined and incubated
with resorcinol and tiie following potential glucose
donors. (The same substrate concentrations wore used
as in the previous experiment(Ho 3L%).

ot- g-glucose-l-phosphate.

Methyl oc-*glucoside.

Maltose

Cellobiose

U.D.P.G.

Samples were removed after 0.5 hr. and 2 hP>
and examined on paper chromatograms using solvents
A and B. Resorcinol yd -glucoside was formed only
when U.D.P.G. was present.

T&PERIL(EAT Formation o" gIxMOBIldes from
U.T.P. and o<--g-glucoso-l-nhooohate
Adenosine triphosphate (A.T.P.,2.4 mg.)»
uridine triphosphate (6.T.P., 1.4 mg.) <<”*D-glucose-
I-phosphate (G-1-P,,2.1 mg) and catechol (1.3 mg.)
wore Incubated with enzyme I (0.1 ml.) and tris-HCI
buffer (pH 7.4, 0.1 ml.)Acontrol reaction containing

only catechol,enzyme and buffer wan also prepared.

Magnesium cliloride (0.5mg.) and sodium fluoride (2mg.)
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were added a-id a few drops of toluene placed on top
of both, solutions b fore tlie tubes wore incubated at
37°. S‘nples were removed after 2, 8 and 24 hr. and
examined on paper chromatograms using solvents * and
B and a catec.ol y3-glucoside standard. After 8 hr.
a trace of coapound(lll) ,staining pink with spray A
and co-cliTomatographing with the stand rd glucoside,
was present in the incubation, the coneentration of
(IIT1) Jiad increased after 20 hr.

The experiment was repeated using quinol and
saligenin in pi: ce of catechol. Small amounts of
phenolic compounds were detected after 2 Iir. incubation
whicn co“Cliromatographed with arbutia and salicyl
yS-glucoside standards, ia both * aad B. After 24 hr.
there was a marked increase in concentrations of these
compounds in the digests. There was no evidence for
any glucoside formation in the control solutions.

c¢T"-D-glucose -1-phosphato was replaced by
AN-D-galactose-l1-phosphate and incubated with quinol,
the other subst: ates and conditions remaining unchanged
Ghroiaatographic examination of tills solution did not

reveal the presence of a galactosido,however.



EXPERIMENT 3o0. Reversal of glucosylatlon

Arbutia (3«0mg.), enzyme I (0.1ml.) and

tris-EC1 biiffer (pH 7.4» O .lal.) were incubated with

a) U.D.P. ( 0.5 mg.) and b) U.T.P. (0.5 mg.) as

described in the previous experiment. Samples were
removed immediately on aixi®-, and after 1,2,3 and i6 hr.,
and examinedon paper chromatograms in solvent Ij with
U.D.P., U.T.P. and U.D.P.G. as reference compoundec.

Tiie papers were viewed under u.v. light but no

absorbing spot correspondin’ to U.D.P.G. other than

the standard, was present.
TiXPERI?,'EUT %% Huclcotidaoeo in the wheat germ.

The following reaction mixtures were prepared;-

-fo; U.D.P.G. A.T.P. Enzyme I i;ri§-::c1 ITaP
mbaffer

1. 0.5mg. — 0.1ml. 0*1ml.

2. 0.5mg« 0.1ml. 0.1ml. 2.0mg.

3. 0.Smg. 0.1ml.

4. 0 .Smg. 0.1ml. 2.0mg.

5. 0.8mg. 0.1ml 0.1ml

6. 0.8mg. 0.1ml. 0.1ml. 2.0mg.

Each solution was covered with toluene a%i the

tubes incubated at 37" for 24 hr. Chromatographlc



V2-0

cxaminntlon of the solutioun was carried out using

solvent L and the papers examined under u.v.light.
Compounds co-chromatographing with U.D.P. and U.M.P.-5*
were shown to ho present in solution 2. No u.v. absorbing
compounds were present in tube 1, and 5 and 4 contained
only U.D.P.G. No compounds visible uinler u.v. were
present in 5» but compounds which co-cioromatographod

with A.P.P. and ''M.P.-5' were present ia 6.
EXPERIMENT3a.e ’Simple’ transferase reactions.

Qulnol (3.0mg.), D-glucooe (26 mg.) and
almond y”-glucosidase were dissolved in 0.05M-sodiua
acetate buffer (pH 5.6, 0.2ml.) and incubated at 27°
for 24 hr. Ciiromatographic examination of the solution
did not reveal the presence of any arbutia. The experiment
was repeated and samples removed after 8, 24hr, and 3 days
but there was no evidence that any glucosylation had
occurred.
Resorcinol and 1,2,4-trihydroxybenzene were
used in place of quinol and the experiment repeated.
Ho glucoside formation was evident however.
1,2,4-Trihydroxybenzene (1.4mg.) was incubated
separately with nrbutin (I4.0mg.) and cellobiose (29mg.)

using “-glucosidase in 0.05M-sodium acetate buffer



(0.2m1.) fiO evidence of glucosylation was obtained.

BXP2RI&IENT 33 Preparation of a glucooide-synthesisinp:
enzyme frora bean seeds.

Dormantbean seeds (35g) were extracted, after
removal of the testas, with 0.05M-piioaphate buffer
(105ml.) in an ’atomix’. The slurry obtained was left
to stand (2hr.5°), centrifuged (16,000g:;0°;?Cmin. ) a-id
the supernatent liquid decanted off and dialysed
against O.OSM-phosphate buffer (500ml.;5°).

Resorcinol was then incubated with this enzyme
together w'ith U.D.P.G. in tris-HCI1 buffer using the
same concentrations and conditions as in Experiment a.?.
Samples were removed after 0.5, 5, and 10fer and
examined chromatographlcally using solvents & and A
with reeorcinol -glucoside (II) as a standard. A trace
of a compound staining pink with spray * and co-
chromatographing with resorcinol "-glucoside in hotJi
solvent systems was present after 30 min. The
concentration increased with prolonged incubation.

This experiment was repeated replacing
resorcinol with quiaol,catechol, and saligenin.
Compounds were produced which co-cliromatagraphed with

authentic arbutia (I) ,catechol y3-glucoside (III)



and salicyl y”*glucoside (IX) respectively in both
solvents A andB. The coaceiitratioa of glucoside was
much greater after 10hr. incubation.

1,2,4-Trihydrozybenzeae and prygallol were
also used as acceptors but no evidence of glucosylation
was obtained with these compounds.

The enzyme was purified by fractionation with
solid ammonium sulphate and the fraction precipitati’og
between 0.2 and 0.5 saturation was redissolved in
0.05M-phosphate buffer containing 0.001L|-EDTA and
0.00slsM-cysteine. ter dialysis against a neutral
solution of 1G”" -”EDIA and 10°*'*'*-cysteine, (I16hr. ;5°)
this enzyme was incubated with resorcinol and UDPG
(see Experiment 27)» A small amount of Pesorciriol
P-glueoside was present after Ihr.
EXPERIMENT 54 Incubation of saligenin with yerst

lavertase and sucrose

Saligenin (1I0mg.), sueroso(20mg.)and
invertsse (HSH concentrate; 0.2ml.) and C.IM-sodiuia
phospliate buffer (pll 7.5; 0.2ml.) were incubated at 25°.

A control solution containing boiled invertase and buffer
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ms also prepared and incutoated at 25°. Samples
wore removed after 5 min. and examined on ppper
chromatograms v/hicn were developed with solvent A.
One chromatogram was sprayed witj.. * and tiie other with
uroa hydrocliloride. Both spray reageats revealed a
compound (XIV) whlc: Md Rp 0.68 and did not co-
chromatograph witn salicyl *-glucoside, RpO.59. The
compound was purified by fractionation of the digest
on t. Ilck paper chromatogi’ams (solvent A). The product
obtained was dissolved in water (0#2ml.) and incubated
in O.I\-phosphate buffer (30min.;25%;0.2m1l.). Samples
were removed and examined ciiromatographically using
D-glucosej D'-fructose and saligeniii os standards.
Compound (XIV) was completely hydrolysed a-id fructose
and saligenin v/ere detected by sprays * and " respectivols”.
On incubation of compound (XIV) with
-glucosldase no hydrolysis was evident after 2 days.
Hydrolysis witli O.01"-HgSOi* (100°) was complete
after 5 rain. Cironatographic examination of the solution

showed the presence of saligenin .Salicyl "-glucoside

(IX) was not hydrolysed under these conditions.



EXPERIMEIT 3 S. Formation of an acidic
conpound ~by bean seeds.
Bean seeds wore fed with an aqueous solution
of resorcinol (I;«,w/v) and an extract prepared as
previously described . Cliromatographic examination
of this extract revealed the presence of resorcinol
y3 -glucoside (II) and also of a compound (XVI)
staining the same colour with spray A. (Experiment 1).
The approximate proportion of (II) to (XVI) was ktl-
Tiie Rp and values of compound (XVI) are shovm in
Table 7 together witli those of resorcinol ji -glucoside.
The extract was therefore fractionated on large
sheets of Whatman No.3 paper using solvent B. A broad
band containing both compounds (II) and (XVI) was eluted
with aqueous metlianol (90?Spw/v) and the solution concentrated
( <50°). This was then resolved oa paper using solvent
A and compound (XVI) eluted from tlie appropriate strips.
The solution was concentrated ( < 50°) and stored in the
refrigerator (5°). Shortly after however, a further
chromatographic examination of the purified compound
(XVI) showed that small amounts of resorcinol -
glucoside were present. Compound (XVI) was therefore

again puril'ied by paper cliroaotography using solvent
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A and the product obtained after elution r/as freeze-
dri.d aid stored in the refrigerator .(5°).

The u.v.spectrum of resorcinol has * 271m*
aid that of compound (XVI) has~X 270-271m*".

The experiment was repeated and extracts of bean
seeds fed with aqueous solutions of (!) quinol (1,.,w/v)
(ii)catechol (I; ,w/v) and (ill) saligenin (i;5,w/v) for
tiire. days wore prepared and examined chromatographically
in solvents A and In all the extracts low
concentrations of compounds were present which
resembled the corresponding mono -glucosides, in that
they stained the same colour with spray A, Those
coapj'jnds were therefore isolated from the plant extracts
by chromatography and elution from thicic papers ttsing
solvents B emd A as described for compound (XVI). The
Rp and Mg”" values of the three mono yS-glucosides and
compounds (XVII), (XVIII), and(XIX), resulting from
quinol, canechol and saligenin respectively are siiomn
in Table 7- -

The u.v. spectrum of (XVII) shovied a peak at
2uSra”l arbutin has \ 266m*". Salicyl yo-

glucoside aiid(XIX) liave '"X .



Examination of the structure of

coniPQtuid ~Cxfl y
EXPI'UIVHIIT 36. General Investigations.

The compound (XVI) appeared to be more stable
than (XVII), (XVIIl), or (XIX) and was therefore chosen
for further investigations. Compound (XVI) (100mg.)
was therefore isolated from a plant extract prepared
from 180g. (dry v/eigiit) bean seeds. As the separation
was on a large scale two cellulose columns were used, the
first was eluted with solvent B and the second with
solvent A.  The compound was freese-driedj la the
presence of water, resorcinol -glucoside was rapidly
formed.

A more detailed study of tiae chromatographic
and electrophoretic behaviour of compound (XVI) was
undertaliba. . Cliromatography in solvent H*  solvent #
containing ’Cetavlon’, showed tliat the Rp value was

Increased in this solvent system.

Compound Solvent Buffer
(Rp values) (%A values)
A i D
Resorcinol -
glucoside (I 0.48 0.48 0.01

Compound (XVI]) 0.15 0.ia 0.50
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Electrophoresis in huTfers of low pH values
showed that compound (XVI)was a relatively strong acid
which had a high value even at pH 2.6$

The i.r. spectra of resorcinol y3-glucoside
(IT) and compound (XVI) as smears deposited on

evaporation from methanol were scanned.

SXPEaili|[ErTT37- Introduction of 32P into
troad'Toah seeds.

32Phospliate (ImC.j carrier free in dil.HCI?
pH 2-3 ) was diluted to 150 ml. with distilled water.
A portion of this solution (50 ml.) was taken and quinol
(0.5g.) dissolved in it. Dormant bean seeds were
then allowed to soak in this solution for 3 days, washed,
well with water and an extract prepared by crushing in
methanol. A control extract was prepared from bean
seeds left in a further portion (50ml.) of the
2Phosphate solution. The extracts were streaked onto
Whatman No.3. papers which were developed with solvents
A and B. Arbutin and compound (XVII) were located by
spraying strips cut fr m the sheets. The distribution
of radioactivity was measured by counting; lem.square

of a further strip using a Geiger-Muller end window



tube with an EK(O scalar (type N592A). Graphs were
plotted of counts per rain, against strip number for both
extracts and the areas covered by arbutin and compound
(XVII) narked. ElectrophoretOfp?ans in buffer E wore
examined in the same way.

As no correlation between the activity and the
position of compound (XVII) could bo found a further
experiment was devised. Bean seeds were allowed to
soak in a portion (50ml.) of the "%hosphate solution
overnight. Quinol (0.5s.) was then dissolved in tlie
solution and the whole left for 3 days. An extract
tras prepared and examined on paper ciiromatograms against
the two previous extracts. No increase in the concentration
of compound (XVIl) was apparent on sprcylng with A and
on counting the strips no relation between the position
of compound (XVII) on the ciiromatograms and the degree

of radioactivity was observed.

EXPBieMEJT 38. Hydrolyses of compound (XVI).

Incubation of y3 -glucosldase with a solution
of compound (XVI) containing some resorcinol ,

glucoside showed that the latter was hydrolysed but



compound (VJI) v/as unaffected. Incutetion with

-glue081daoo alBo did not liydrolyoe (XVI).
hydrolyoio with acid under standard

cjnditioiXG yielded resorcinol and glucose. Pwther

examination of (XVI) under conditions of acid hydrolysis

was carried out using different concentrations of

sulphuric acid, different temperatures and removing

samples after p,10,1b,30 min,, 1, 1|, and 2 lir.

The samples were neutralised by BaCOj and spotted onto

a Whatman Ii0.3* paper whici... was developed vrith solvent

The results are summarisedin Table”

Normality Tem.oerature Result Products.
0.3 80 Hydrolysis Resorcinol
complete < glucose
h\%
1.5 100° liyarolyeis Resorcinol &
complete after ”~-glucose
30 rain.

iillcalxne i'jydi’olysis of compounii (XVI)
(0.SN-NaOH; $0°; 45 min.) followed by neutralisation with
IR -120 (H* form) and chromatographic examination with
solvents é% acid g showed thatonlyresorcinol ﬁ —
glucoside was present in the solution. Tlie hydrolysis

was therefore repeated and samples removed and neutralised



»3o0

after 1,5,10,15, 20 aM 45 min. It was found that
compound (XVI) was completely hydrolyséd after 1 rain.
The initial solution contained a proportion of
resorcinol -glucoside (5:1 approx., XVI:II );after
1 rain, the concentration of the latter increased and
it was tlie only detectable phenolic compound present.

hydrolysis with 0.5SN-HaOH (60°; 10 rain.),
treatment with IR -120 ( H* form) and further hydrolysis
of the solution with 0.5N-Hg80”" (80°; 1 hr.) gave
resoi'cinol and glucose.

Compound (XVI) was treated with 0.5N“Na0H
(60°; 10 rain.) and the solution neutralised as before
and filtered. This solution (0.5ml) was then
incubated with * -glucosldase and 0.05M-sodium acetate
buffer (0.5mlI*iPH5.2; 27°; 2 days.). Clororaatographic
exaalnation of the digest after that time showed that
complete hydrolysis had occurred yielding resorcinol

and glucose.

WIPERIVHIIT 3q Investigation of the acidic
coraponeat of (XVI?

sodium fusion of compound (XVI) followed by

addition of a dilute solution of sodium nitroprusside



gave a transient purple colouration. A control test
was carried out as follows. An extract from lieans
germinated on damp cotton wool was separated on thick
papers which wore developed with solvent B, Thestrips
having Rp values between 0.5 and 0.6, co- respondi:og to
compound (XVI), were eluted and theft concentrated to
dryness. Sodium fusion, followed by addition of
nitroprusside, gave no reaction for sulphur.

Compound (XVI) was treated with O.SN-NaOH
(A.R.; 60°; 10 rain.) neutralised with IR-120 (H* form,
analytical grade) and filtered: Electrophoretic
examination of tills solution, compound (XVI),
0.01N-Hg30i* and salicylic acid in buffer P and spraying
with E showed the presence of a fragment from the
hydrolysate staining pinlc and having the same
value as sulphuric acid. Further examination of the
solution in tie same buffer (||) against O.OIN-solutions
of phosphoric, oxalic and sulphuric acids showed that
all tiree acids and the compound produced on alkaline
lydrolysis of (XVI) had similar Mg" values.

Chromatographic examina.tion of the hydrolysate
on Whatman No.l, paper with solvent J (W hr.development)
and detection of acidic compounds by spray E also showed

the presence of a fragment staining pink and



co-chromatographing with sulphuric acid. Oxalic
acid and phosphoric acids move with lower Rp values
tliaa sulphuric acid in this solvent.
A determination of the ash content of
compound (XVI) was carried out. A crucible was weighed

to constant weight and compound (XVI) (4.2rag.)

introduced. The heating was continued until the
crucible a”ia reached constant weight. The weight of
residue was 0.7mg. * A flame test on this

residue showed that it contained sodium and some
potassium. Sodium fusion of the residue followed by
addition of nitroprusside gave a strong purple
colouration. A test for nitrogen with ferrous sulphate
ferric chloride and acid was Negative.

The residue obtained from ashing (XVI) on a
nickel spatula was dissolved in distilled water (0.5ml.)
contal;iicig IE-120 (H* form) and examined chromatographically
with solvent J using solutions of sodium sulphate,
compound (XVI) and O.Olg-Hgl** as standards. Spray
g showed tioat the sodium salt of the acid gave a
reailing spot. Compounds staining pink with the
indicator spray (g) and co-cliromatographing with

sulphuric acid were present in both ashed (XVI) and a



eolution of (XVI) but in a lower concentration
in the latter*

Analyses of compound (XVI) gave the following
percentages of sulphur i- 1.:>1,0#62 a-id the percentage
of sulphate as determined by Dr.Rees was 2.8.

gKPERIVDVITA0> Méthylation of compound XVI.
Preeze“dried (XVI) (llmg.) was metiiylated

using the method of Kuhn et al with g,"-dimethylformamlde

(0.48ml. ) ,Wthyl iodide (0.08ml.) and silver oxide

(90mg.). The dry chloroform solution finally

obtained was concentrated and the resulting solution

heated with 0. OSg”"methanolio NaOH (0,3ml. ;70%;S nln. ).

The solution was neutralised with IR-120 (H* form) and

the liquid filtered and concentrated. An equal

volume of methanolic HOA (U”*,w/v) was added and the

mixture heated (100”; 30 min: 50%; 12 hr.) and then

evaporated to dryness. Aqueous g—HGl was then added and

the solution again heated (80"; 3 hr.). The acid was

neutralised with (HCO"'"'form) and the

resulting solution of methylated sugars examined

chromatographically with solvents A,B .F and g and

detected with spray B. The following compounds were



used as staMards:- 2,3,4", 2,3,6-, and 2,4.6-
tri-O-methyl-D-glucoGo., A trace of a compound m Ich
co-chromatographed with 2,3,4,6-totra-"O-methyl-D-glucose
was present but tlie major product was chromatographically
indistinguishame from 2,3,4-tri-*"-methyl-D-glucose

in all four solvent systems aM stained the same
yellow-brown colour with spray B# .

A compound staining deep red wltl spray A
and co-cliromatographing with resorcinol monomel ®sMethor
in solvents A and B was also shown to be present.

A "better chromatograoblo separation fcf 2,3,4-
and 2,3,6-tri-O-aethyl-D-glucose was sought and solvent
G tried. Horever, the Rp values found were 0,51 aM
0.63 respectively. In buffer A "both compounds have
®SA values of 0.0. Buffer G was also used and the
paper treated with a chromium trioxide/potasslura
permanconate spray reagent. 2,3,6-tri-G-metliyl-B-
glucose showed clearly as a yellow spot on a pink
"baclsground "but the other methylated sugars could not
be detected. Both r*hatman No.l and No.3» papers wore

used but with no improvement in detection.
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EXPERIVS'ITAYW Méthylation of resorcinol
jS-glucoside "(11).
Resorcinol 'ﬁ -glucosids (ZSm&%was
methylated by the method of Kuhn et al. N,#»
dimethy].formamide {1.2ml), methyl iodide (O.WI*¥)
and silver oxide (hOOmg ) wore added and the same
procedure followed as in the previous experiment
omitting the treatment with methanolic NaOh.
Chromatographic examination of the products in
solvents A and &showed that only a compound co-
chromatographing with 2,3,4,6-tetra-O-methyl#”gluGose

was present.

EXPERIVENT A21. Introduction of 35Sulphur
Tn 'broaa bean seeds.

355 as sulphate (liaC;0.9al.;pH7.0) was
dilixted to 100ml. with distilled water. A (wrtloa
(800ml) was talten and further diluted to 500ml (800").
Dormant bean seeds (100g.) were allox'/ed to soak ia this
solution overnight. Eeoorcinol (3g.) was then
dissolved in tlie solution and the whole aerated for 2
days. Ti10 beans were then removed, washed well with

water and left on damp cotton wool for a further 24 hr.



Chromatographic examination of an extract with solvent
A showed that compounds (II) and (XYI) were both
present. The radioactivity present on a strip
(Icm.wide) of the chromatogram was therefore
counted as described previously (Experiment *7-) and a
graph plotted of strip number against counts per min.
The radioactivity was concentrated near the origin of
the chromatogram.

The experiment was repeated using bean seeds
germinated for 24 hr. before.applying the solution of

resorcinol and 35

sulphate. After 2 days 0 bean
cotyledons were removed, washed well with water and

an autoradiograph taken using a piece of thin polythene,
to prevent wetting of the X-ray paper. The
autoradiograph was developed after 20 hr. (Pig.5 )
Further autoradiographs of bean seeds were taken after

8 days in the aerated radioactive solution. Longitudi?ial
sections of 6 beans were cut and left in contact with the
X-ray paper for 30 hr. before development, two sections
arc shown in Pig 5 . An extract which was prepared
from the same batch of beans and exajaincd chromatograph-
ically with solvent * contained both compounds (II) and (XVI)

An autoradiograph of this chromatogram showed that there

was no radioactivity in the region of compound (XVI).



Preparation of j;-livdroxrceonyl
6-0-toluecae-p-uulphonyl- /3 -D-
illucopyragoqQide. /N
Arbutin (2.7g.), nulphoa.;T chloride
(2.1g.) and pyridine (0.6ml.) wore mired and tlie
Golution diluted with dry cliloroform (5ml.) The
fla.GK une snaucn at room température for 4 hr. end water
(3mlo) then slowly added. Tie resulting organic
layer wan coprrated and sliaken suococcively with dil.
H2 SOg * water, aqueous ilaHGOY anc water and finally
dried over aniiydrous The solution was
concentrated under reduced pressure, cooled and a
white solid obtained. After recrystallisation from
aqueous methanol fine white crystals of compound (XX)
were obtained in low yield, m.p. 69-70" [*Pounds 0,52.7;
11,5.3; a,7.3. G*¢MMlIggSOz. AB(H roquires 0,52.4;
H,5.7; S,7.2>8S]
Conpoiina (XX) gave t e same pupple colouration
as artnitin with spray A. The % and values of

arbutin and conpound (XX) are sliown below: -

Table \3 ,
Gompound Rp values Mia values

) I £ £
(m) 0.JO 0.86 0.00 0.00

Arbutin (1) 0.40 QA5 0.2- 0.00
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Compound (]%) had * 28Gm* shifting
to 302iajn™ on addition of al'call.

Incubation with * -glucosidaoG did not
iiydroiysc compound (iii-)* Ilydrolyuie of an aqueous
methanolic solution of compound (;C) Tdth HCI
yielded a sugar moiety which was detected with
sprays B and 0, having the same Rp value (0.45)
in solvent B as 3> 6-anhydrogp-glacose.

Allialiiie Iiydrolyoio of (%)) with 0.55T-MeOH/
fiaOH (70°; 15 miii,) was followed by neutralisation
using IR-120 (I form) and cjcamination on paper
chromatograms. A4 phenolic co mound was detected
with spray giiaving the same Eg value as arbutin in
the solution. Electrophoretic examinatlon using
buffer A showed tiiat tils phenolic compound and
arbutin had identical values. Gprays B aiid C
detected a low comentrdtion of glucose and a compound
which was chromatographically indiotinguishable
from 3>6-aMydro-D-glucose in solvent B*  The
iiydrolyeate was therefore fractionated by
chromatography on thick paper and tlie suspected
arbutin component eluued and concentrated. hydrolysis

of this compound with acid yielded glucose and a



trace of 3,6-anliyciro-D-clucose but the phenol could
not he detected.

Compound (xX) (60mg#) and LAH (Smg.) were
disBolvod in dry tetrohydrofuran (TIB?;2ml.) and
heated at 65" for 12hr. More LAH (6mg. ) v/ao added
after that time and the solution heated for a further
2hhr»  After décomposition of excess LAH by ethyl
acetate, ice-water (1ml.) was added dropwise and tlie
orgaiiic layer separated and concentrated to dryness.
The solid was triturated twice with cold ethanol,
filtered through Vlhatman No.50 paper and the solution
concentrated to drvnesB. The solid was hydrolysed
with acid and the products examined on paper
ciiromatograms using solvent B with D-glucose, 6-deoxy-
D-glucose and 3,6-anhydro-"glucose as standards.

A compound was dotdoted with spray B from tlie liydrolysis
which co-chromatographed with 3.6-anhydro-"glucose.

ITo 6-dooxy-D-glucose wan apparently present#



TABLE \H
eolvent Oomuouncl
ill? values
D-Slucoae 6-deoxy- 3,6-aaiiyoro- Hydrolysis
D-glucoBe D-glucoce product*
1 0.12 0.32 0.43 0. i3
Buffer
4 1.00 0.72 0.84 0.34
c 1.00 0.00 5.00 5.00

method of Kulm ot al.CO usi-ig H,N-ii;;ietliylforraamitie
(0.45ml. ), metliyl iodide (0.16ml.) and silver oxide
(O.log.). The metliylntcd compound vjas then fieatcd
witli g-metlmnolic NaOll (30°; 2 hr.) the solution v/as
then neutralised with IH-120 (H“) and concentrated to
dryness. 2H-flotlianolic 1liOl \?as then added, the solution
heated (100°; 2 hr.) and evaporated to dryness. 2N-aqueous
HCl was added and the solution amlh heated (100°; 3hr.).
Tiie acid was neutralised with IRii-400 (carbonate form)
and the solution filtered, concentrated and oxamiaod

on paper chromatograms using solvent A. 2,3,"k- 2,3,6-
2,4,6-Tri-O-metliyl-i*SlxicoGes and 2,3,4,6-betra-;0-

met'lyl-D-glueose were used as standards. A compound,
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staining yellow-brovm with spray ﬁ, and co-
ciiromatographing witn 2,3,4-tri-O-mc tliyl-S]%-gluco se

was present#



Iny

i't T (4 Epc'xxt'iitiaa of n-acctorsn: gmyl
4x3,i- .-totra-S-acetyl A-
__UOJBIUG.
Ar-tutia (0. :38.) m- uGO"%0C. by hrmtlnj
v;iti- acetic mnhyiirlde (f.yai») aM sMIm acetate-

(0...54,). A willto cryataillns oo0iid wan obtained,

a.p.lis6,y-i47 [ Pound: C5"4..U;i1,3»6. Cale» for

or., | 6 - nontg.
0-agotyl-A-sl’icooc.

%}—Olucoi ¢ %5S») wan acc-*vlotcsl in tec ucnic-l
;- ol t.; a*-iydrouo DOIii'S acotato (%.) a:id acetic
Q. Tbyiirldo (2531.) . A aslid (4.2c.) tjcs obtoi nofi
o' lei, mea- rccryst-aiiioeC from tac-i-.msaol,
(Lit.value lLiO-1."'®)» [ Foukl; C,é.3.3: Il,;:.6» Oalc.ibr
*16'Y2M 1= n,,*6; . la GsO* (¢,7).

9

Mt. vulac 3.3]

mmmm&jik:. SEsama”-"oec¢oss”
-4

A mgsiao .(*«). /
Eccoi*ci::iol (2.2g.) , 1,2,534,6-peata-g-
ccetyl-r.—sl'ueoce (7»5¢») &xd rodiotllIM ohoGphor+as
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oxychloride (0.6ml.; containing water Ifijtr/v ) XTcre
dissolved in dry benzene and heated under reflux for

3 hr. ilfter cooling the reaction mixture was extracted
with ice-cold water. The benzene layer was slialcen
with N-NaOH and water and then dried over CaClg. The
solution was evaporated to dryness under reduced
pressure and the resultiiig white solid recryotalliscd
from ethanol. Tine crystals (1.35s*) melted over a
range and appeared to be a mixture of two compounds,

one of which was readily soluble in benzene and afforded,
yellow crystals from this solvent, and the other only
slightly soluble in benzene, De-acetylotion of small
portions of these solids with sodium in methanol showed
that only tlie former yielded a compound which stained
red with spray A. Small samples of this compound were
therefore de-acetylated when required as a standard for

compound (II).

BXPERIMEIT HY- Pregaration of a-aeetoxyphenvl
2.3.4,6-totra-0-acelyr
/3-D-gluGosldeT

Impure catechol glucoside tetraacetate (],%.)



dry pyridine (10ml. ) and acetic aniiydride (4nl.)
were refluxed together on an oil bath for 5 min.
After cooling the reaction mixture was poured into
ice-water and stirred well. 7he solid obtained was
filtered and rocrystallised from methylated spirits,
m.p.136.5-137° « [Found ; 0,55%0; H,5*5.Calc, for

°22®26°12* 7, H,5* 4:7

EXPERIMENTJxS. Preparation of
p-hydroxybenfyi alcohol. "

Lithium alumini ma hydride (Li\n) (3*7g*) was
dissolved in dry other (50ml.) and the solution
transferred to a throe-necked flask fitted with a
condenser and stirrer. j)-Hydroxybenzolc acid (13.5g.)
was also dissolved in dry ether and added slowly by
moans of a dropping funnel. The flask was cooled in
ice-water until the addition of acid was complete and
the mixture then refluxed for Ihr* Ethyl acetate (Sml.)
was added to destroy excess LAH followed oy water
(approx.200ml.). The ether layer was separated a»d
evaporated to dryness. The resulting white solid was

recrystallised twice from water.m.p.113°* (Lit.value



124'") m.p, authentic u-Bydroxybenzyl alcohol 114°;
mixed m.p. 114°. j*ound C,S7.7;H,6.5. Calc, for

®»*7.7;H,6.5/i." The compound had an
absorption maximum of 277sij in uater,2-hydroxybenzaldelTyde
had 'Xj3(®j,282ala in water. Pape,r electrophoreecie
of the alcofiol in bufier D showed tliat it was
homogeneous0.20) and it gave an orange-pinl:
colour with spray A. “-Hydroxybenaoic acid has
BA and saligenin has 0.20. The alcohol
was also chromatographically homogeneous Rp 0.86,
2-fiydroxybenzoic acid has Rp 0.95 and saligenin
Rp 0.89 (solvent B).

EXPERIMSIIT M - Premratioa of 1.2.4-
trihydroxybengene

!

1,2 ,H-Triacetoxybengene (5¢g.),methanol
(10ml.) and conc. HCl (10ml.) were refluxed for Ujp.
Tlie mixture wvxs tlien distilled under reduced pressure
( <,30°). The colour of the solution changed from
dark green to brown and on cooling a brown solid

separated. This was recrystallised from other,

m.p.136°. (Lit. value UK) »5°.)
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-'XPTAI-Bi.'T So. Pronaratlon of 2.5-
“laethoxylJenzene sulnlionlc acid.
Conc. (3nl. ) was edclod to quinol
dimetbylethor (6g.) and tiie mlxturo boated on an
oil-bath under reflux for 1 hr. Tlie dnrk green
Golutlon obtained win> cooled and then poured into
ice-water.  SaiiCOj was added to pii6-7,the eolation
heated to boiling, saturated with NaCl and filtered hot.
On cooling the solution deposited viiiite crystals.
Sodium fusion slowed the presence of sulphur in
this compound.
The *-tolu3,dide of the sodium sulphonate of
2,5-dinethosybenzcne was prepared and rocryotalllsed

from hot water, m.p. 203 (Lit. value 202-203 ).

SXPSRIME- T 1- PreMration of 2.5-
'"~dlaethosyplienol.

2,5-Dimethoxybenzene eulphonie acid, sodium

salt, (6g.) was fused with NaOii (10g.) and Kdi (4g.)

in an iron crucible. Tlie solid was dissolved In water,

Analphuric acid added to pH 5-6 and the liquid extracted

with ether. Concentration of the ethereal solution

yielded an oil. Chromatographic examination of this

compound ia solvents A and N showed the p'reseace of
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a phenolic compound stalnizig blue witif spray A
together with impurities from fusion, The compound
was tiier-efore iiirther purified by c3.romatogragiiy

in solvent * and used as a standard for the
examination of the metiiylated .phenol obtained

from compound (VI).
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{Reprinted from the Proceedings of the Biochemical Society, 23 January 1960.
Biochem. J., 1960, Vol. 74, No. 3, 42?.]

The Formation of Phenolic Glycosides by Germinating Broad-bean (Vicia faba) Seeds.
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The majority of the naturally occurring low-
molecular-weight phenols are present in plant
tissues as glycosides (Baruah & Swain, 1957).
D-Glucosides are most common although other
monosaccharides and short oUgosaccharide chains
are also found as phenolic derivatives in plants.
Previous studies on the biosynthesis of glucosides
have been reviewed by Pridham (1960). Hutchin-
son, Boy & Towers (1958) and Pridham (1958), for
example, have infiltrated plant tissues with various
phenols and demonstrated the formation of the
corresponding glucosides.

I't is now shown that glucosides are formed when
broad-bean seeds are allowed to germinate between
layers of cotton wool which have been soaked in
aqueous solutions (1 %, w/v) of various di- and tri-
hydric phenols. Catechol, resorcinol, quinol and
phloroglucinol give the corresponding mono-jS-
glucosides and 2:3- and 2:6-dihydroxyphenyl-j8-
glucosides are produced on infiltration with pyro-
gallol. 2-Hydroxybenzyl-jS-glucoside is the main
product when saligenin (2-hydroxybenzyl alcohol)
is used as the substrate.

Cardini & Leloir (1957) found that phenohc
glucosides can be produced when uridine diphos-
phate glucose is incubated with phenols in presence

of a wheat-germ extract. This work has been sub-
stantiated using enzyme preparations from the
bean. Phenolic glucosides apparently cannot be
synthesized by transferase reactions involving a
phenolic acceptor molecule, a potential glucose
donor (e.g. sahcm or cellobiose) and )3-glucosidase.

The variety and complexity of the naturally
occurring plant glycosides suggests that these com-
pounds are biochemically important. The possible
function of these- compounds in vivo is under
consideration.

We thank Professor E. J. Bourne for his advice and
encouragement and one of us (M.J.S.) is indebted to the
D.S.I.R. for a scholarship.
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