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Abgtrattt o f  tu tt i»  « flM ttf d for th# o f

9f  Pfalloaophy ia  the g&daMaadWar (üEJUenÊBB 

bv Elizabeth Pent Johnson.

AN INVESTIGATION OP THE CAKBOHypPATS OBTAIÎÎABlEi 

FROM THE GRSSS? AI.GA IILVA,

The carbolydrate obtainable from a smmber o f the 

Ohlorophyoeae has been investigateâ for the f ir s t  time.
This polysaccharide i® o f an acid ic nature and it®  

extraction from tlie alga has been effected  vrith hot d ilu te  

sodium carbonate solution .
W onic acid residue® do not appear to be present 

and the acid ity  o f the m aterial has been shoisn to be 

dependent on the presence o f organically bound sulphur. I t

i s  suggested that such mlphur e x ists  as a sulphuric acid  

ester group o f the type R.O.SOg.OE, but complete quantitative 

confirmation o f th is  view i s  d if f ic u lt  to obtain.
The polysaccharide has been Shown to con sist in  

part o f  methyl pentose u n its, which are appar«xtly removed 

preferentia lly  during d ilu te acid hydrolysis, since the 

simple sugar fractions from such lydrolyses are richer in  

methyl pentose than the original m aterial. Méthylation o f 

simple hydrolysis products has led to the iso la tio n  o f a 

fu lly  methylated methyl pentose and the id en tifica tio n  o f
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the sugar as (1) rharanoee, the presence o f which In algal 

carbohydrates lias not previously been reported. L ittle  

evidence has been obtained as to the constitu tion  o f the 

remaining part o f the carbohydrate complex but i t  apparently 

contains a certain amount o f highly unstable m aterial.

An arbitrary separation o f the polysaccharide 

extract into two fractions according to  th e ir  so lu b ility  in  

50% alcohol has been effected . The fractions d iffer  

appreciably in  th eir equivalent weights but in  view o f th eir  

very sim ilar sulphate figures i t  appears tliat the higher 

equivalent w e i^ t o f the more soluble fraction i s  due to the 

presence in  i t  o f  a certain amount o f sodium s a lt . There 

i s  a w ell-defined difference in  the rhamnose contents o f the 

two fraction s, suggesting that a more profitable separation 

in to a rhamnosan end a rhamnose-free polysaccharide might be 

p ossib le.
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1.

Complex e@rb@hyarat@ m aterial was extracted from 

certain  algae ac early ae 1883(1) • Althci%h the acidic  

nature o f the polysaccharide was noticed m& i t  was given the 

name a lg in ie  acid no further in vestigation  o f i t s  chemical 

composition was made and the m aterial was merely used for 

commercial purposes.

Kylin in  1913(a) reported that a lg in ie  acid on acid  

hydrolysis prodWed only pentose sugars and Boaglmd and 

Lieb (3) two years la ter  showed that the a lg in ie  acid from 

macrocystls ly r ifera  a fter  hydrolysis gave r ise  to  a sugar 

with a phfflcyl osasone eomtspcnding to eith er d-xylose or 

d-lyxose. In 1926 Atsuki sad T^eda(s) attributed the 

acid ic properties o f «dginie acid to the presence in  i t  o f 

uronlc acid residues sin ce , on boiling with hydrochloric 

acid , carbon dioxide was evolved.

Nelson end Cretehor(Ç) have iso la ted  a poly­

saccharide from the brown algae laalnaria sgherd ii, fUcus 

serratue m â macrocyetis pyrlfera by extraction with sodiim 

carbonate solution  and eobeequorrt acid ifica tion  and 

precip itation  into alcohol. 'They have proved conclusively  

in  a l l  three cases that i t  i s  a pelyurimie acid Which on 

hydrolysis y ie ld s  m m uronie acid. This resu lt m e confirmed 

by Bird ajd Baas(6) in  1931 in  the ease o f laminaria.
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Polysaccharide», apparently of a somewhat different
nature, have been iso la ted  by varLous worker» largely but not

en tire ly  fnm  mmbers o f the Hhodoplyeeae. I t  had been

known for some time that the carbohydrate extracted by water

from fon d ras crispue (carrageen) le f t  considerable

quantities o f calcium sulphate on incinération and the

removal o f th is  ash could not be effected  by d ia ly eie .

HaaS(y) in  1921 suggested tlm t th is  calcium sulphate vms not

pre-exieting but was produced fm s a calcium ethereal sulphate

group in  the polysaccharide, possibly represented by some

formula such a st- /O.S02.0v
a ;ca
N),sc2.«r

IHs evidence in  wpport o f th is  view was th at, a lthou^  the 

orig in a l m aterial gave te s ts  for the calcium ion , sulphate 

te s ts  could only be obtained a fter  hydrolysis or ashing and 

the percent sulphate Jb» the aSh was approximately one-half 

o f that in  the hydrolysate.
R ussell W ells(g) has shown that the carbohydrates 

o f other red algae contain ethereal sulphate groups and 

B u tler^ j has investigated further the m aterial obtainable 

by water—extraction o f carrageen and has confirmed the 

presence o f  a sulphate ester group but co n si^ rs that the 

cation contains other metals besides calciw a, notably 

potassium. Apparently l i t t l e  was known o f the nature of



the carbohydrate moiety but the presence o f some galactose 

and o f very small quantities o f pentosan was reported(8) •

By heating the red alga Irid iae laminariodes with 

water , concentrating the extract and precip itating into  

alcohol, Hassid(io) has iso la ted  a polysaccharide Which he 

has Investigated in  some d eta il and shown i t  to be the sodium 

sa lt  o f a sulphate ester  o f a galactan. Unlike the ethereal 

sulphate sa lts  from ch<mdrus crispus, the sodium could 

apparently be removed ea sily  by e lec tro d la ly sis , leaving the 

sulphuric acid ester  o f the galactan which had a lower pH 

than the orig in al sa lt  and a somewhat d ifferen t physical 

form, being flo c c u lo it, whereas the s a lt  was fibrous. The 

ethereal sulphate group could be removed by acid or a lk a li 

hydrolysis leaving a galactan thicHi was investigated by 

méthylation. Hassid found no evidence for the presence o f  

eith er uronlc acid or pentose sugar residues and considered 

the polysaccharide to be made en tirely  o f galactose im its. 

This does not, however, preclude the p o ssib ility  o f other 

carbohydrate m aterial being present in  the alga but not being 

ex tra c t^ le  by water.
Bird and Haas(6) have Sbiown that ethereal sulphate 

groups are also present in  the mucilaginous nmterial «hich 

exudes from certain seaweeds such as laminaria and fucus.

Tills mucilage has long been known as Ibcoidin and Kylin(2) 

as early as 1913, reported the presence in  fucoidin o f the
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methyl pentose fUeose. BiM  and Haas(8) confirmed the 

presence o f  facose and a lso  claimed that fucoidin contained 

a sm all percm tage o f uronic acid . Lundo, Keen and 0y (u )  

biave m de a d eta iled  in vestiga tion  o f fucoid in . They have 

confirmed the presence o f  ethereal sulphate grovq>s and have 

estim ated the fUeose (quantitatively. They conclude that the 

whole o f the oarholydrat® cannot he accounted for as fUcose 

but they disagree with Bird and Haas’ statement that uronic 

acid  residues are present and suggest that the product used 

by these workers was Im îure.

AIÎ4S .Qg ..TIB. nm:8TimTI0H.

The foregoing account susssariees the main lin e s  

whidh the in vestigation  o f a lg a l carbohydrates has follow ed. 

I t  would appear that in  general such polysacdharides are o f  

a Q «#lex type, often  containii^  other than simple si%ar 

residues. N evertheless, the subject has been treated by no 

means exhaustively and since the carbohydrate reserves o f  

the green alg^e do not appear to  have been studied, i t  was 

decided to  in v e s t i^ te  a member o f  the ^orophyoea® from 

th is  point o f  view, A consideration o f  secondary ii^ortanoe 

was that i t  might eventually be p ossib le to  correlate in  some 

way p h o to i^ th etlc  product with the a lg a l pigment. The 

seaweed tJlva was chosen for th is  in vestigation  since i t  could 

be obtained in  quantity.
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BtmCTKM MD imCTIPHATION OF CABBQHamTB.

By analogy with the methods o f extraction used in  

the researches on other a lgae, already described, i t  seemed 

that i t  might be p ossib le to  e ffe c t  an aqueous extraction o f  

caibohydrote fr m  the Ulva. The pigment extracted alga was 

therefore heated on the water-bath with d is t ille d  water.

That m aterial m s being extracted by #d ls method was obvious 

sin ce , on stra in in g o f f  the fronds, a s l i# i t ly  viscous liq u id  

m s obtained which gave a strong !& >lis^-reaction. This 

process o f  extraction  m s repeated once, a fter  which further 

extraction  produced (W y veiy  d ilu te  so lu tion s. When the 

combined extracts m re evaporated to a sm all volume end 

poured in to  alcohol ma almost tb lte  curdy p recip itate was.
i

formed. The iw eelp itated  m atM ial was worked up by 

tr itu ra tio n  with a lcohol, the f in a l product being a white 

powder. The water-extracted frcaaâs v/ero then subjected to  

further sim ilar extractions using 0 .^  sodium carbonate 

so lu tion  instead o f water. On acldlfyi%% the concentrated 

carbonate extrs&cts and pouring in to iileohol a ;^ ec ip ita te , 

resmabling that from the aqueous extract, was obtained In  

appreciable y ie ld s . Hence i t  was concluded that the # :o le  

o f the earbolQrdrate present in  the alga ofmnot be d irectly  

extracted with water. I t  seemed that the extracting power 

o f  the sodltSB carbonate might be due e ith er  to  the formation
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o f  a soluble sodium s a lt  (o f an acid  polysaccharide) Axm a 

p re-ex istin g  insolub le sa lt  or to  the actual disruption o f the 

c e lls  o f  the alga, by the a lk a li end the consequent freeing o f  

th e ir  contents fo r  extraction .

ÎS itll the properties o f  the two extract® could be 

further elucidated i t  was considered desirable to trea t the 

"aqueou®" and "caibonjite" extracts separately.

A preliminary ±nvestigatl<m o f the conditions under 

Which the aqusous-extraeted m aterial could be hydrolysed 

showed th a t, on heating, ly d ro ly sis  occurred whenever the 

pH o f  the solu tion  was le s s  than ? . The aqueous-exbract 

i t s e l f  was, however, s l l # t l y  a c id ic , a 1S6 solution  having 

a pH o f  ^proxim ately 5 m& on heating with water alone 

hydrolysis was ^own to  take place slow ly. I t  was obvious 

therefore th at extraction  laith water and stheequent evapora­

tio n  o f  the aqueous solu tion  was undesirable since the 

prolonged heating necessary would almost certa in ly  cause 

swne degradation. The decision  was therefore made to  extract 

en tire ly  with mdium carbonate and the alga was treated  once 

with 0.5^ sodium carbonate and then three time® with 0,2%  

sodium carbonate. Wlien the combined ex tracts, a fter  

evaporation to a small volume were poured into alcohol so 

that the alcohol/w ater ratio  was 4 :1 , a eœnewhat in tractab le  

fibrous p recip ita te  was produced. I f ,  however, the



concentrated carbonate extract wae a c id ified  and then poured 

in to  alcohol a more tractab le, floccu len t p recip ita te  

resulted* T his, together with pH values mentioned la te r , 

almost undoubtedly indicated the presence o f an acid ic group 

in  the polysaccharide, the m te r ia l obtained a fter  a c id ific a ­

tio n  being the free acid corresponding to  the sodium sa lt  

iso la ted  in  tiie f ir s t  Case. This diffei*enee o f  physical 

form appears to  be not unlike that observed by Haesid^jjQj in  

the case o f the sulphuric acid ester  o f  galactan and i t s  

sodium s a lt . Approximate pH values, obtained by the use o f  

a se r ie s  o f  in d icators, showed th at aqueous-extm eted m aterial 

had a pH o f !#proximt@ ly 5 and carbonate-extracted a c id ified  

m aterial (quite free frim mineral acid) a pH o f approximately

3 .
The precip itated  m aterial, vdiether ‘acid* or ’sa lt* , 

m s generally o f a grem idh-brom  tin g e , probably a ic to  the 

extraction  o f any remalnii^ p lgam t by the caAonate so lu tion . 

This impurity was readily ifmoved by solu tion  and 

re-p rec ip ita tio n . The procedure adopted was, 'ttierefore, to  

p recip ita te  as the sodium s a lt ,  sw ell i t  to a «mooth g e l by 

heating with a m m ll volume o f water and then to  acid ifÿ  with 

concentrated hydrochloric acid  and re-p recip ita te the acid ic  

m aterial with alcohol. I t  m s noticad, however, that during 

such a c id ifica tio n  there was a great decrease in  v isco sity
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and a t the same time the so lu tion  became opaque, ind icating  

the premenco o f water insoluble m aterial. This suggested a 

p ossib le  m thod o f fractionating the product. The acid  

so lu tion  was centrifuged hut the supeme.tant liq u id  was s t i l l  

opaque. Cta adding alcohol, however, t i l l  the alcohol/w ater 

ra tio  was rather la ss  than 1:1 and re-centrifU ging a good 

separation was affeoted . The so lid  proAict was woiked tq» by 

tr itu ra tio n  with alcohol and deelgnated Fraction I .  The 

mother liq u o rs, fr m  Whidi Fraction I had been p recip itated , 

on pouring in to su ffic ien t alcohol to usdce the alcohol/w ater 

r s t io  4: 1 , gave a fbrthar quantity o f lAiite floccu len t 

p recip ita te  designated ÎVacr^oa I I .  I t  was la te r  fbund th at 

the addition o f  some water to  the mother liquors before 

p recip ita tion  o f  Fraction H  wa® advantageous since i t  reduced 

the quantity o f sodium chloride thrown out along w ll* th is  

fraction .

To That extent th is  method o f fractionating the 

earbobytefte extract i s  su itab le w ill  more profitab ly  be 

discussed When a i l  tiso information obtained about tîie two 

fraction s has been prosented.

fURITf OP EXmiCTSD IRMSIAL.
When the carbohydrate extract was subjected to the 

usual protein t e s t s , negative re su lts  were obtained. Since



the te s te  bad been Shown to be applicable In the ease o f a 

etarch-protein mixture contalalr^ as l i t t l e  as 0 . 3® o f  the 

protein  constituent i t  m e aesm ed that i f  the extract 

contained any protein a t a l l  i t  m s present in  n eg lig ib le  

quantity.

The m aterial had, hom ver, a very appreciable ash 

content (15- 40®). Examination o f the residue a fter  

in cin eration  indicated the presence o f sodium, calcium, ircm 

and sulphate ion s. The removal o f th is  inorganic matter by 

e le c tr o -d ia ly s is  across a psrchment simhrsacie was attempted. 

The c o llo id a l suspension to  b@ dialysed was placed between 

two meisibrsncs, a flow o f d is t il le d  water being established  

on the other side o f  each mMsbï’ane- Current d en sities o f  

the order o f  0.001 OEp/cia  ̂ were used. I t  was found that 

some reduction in  mineral content could be achieved by th is  

metîiod, but the re su lts  were disappointing a s, ev®i a fter  

diaSysing for severol days, the ash contm ts o f the products 

iso la te d  were high. Recovery o f  the m aterial a fter  d ia ly s is  

m s also  d if f ic u lt  as p recip ita tion  o f  the acid was not

e a s ily  e ffected .
The Chief ejsperimerital d if f ic u lt ie s  encountered

weres-
(a) the jsaintemnce o f  a flow  o f water on each side  

o f the d ia lysin g  mWwanes a t such a slow rate  
that tlse currm t did not f a l l  below the value 
required. This was p a r tia l3y  remedied by the
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su b stitu tion  o f very d ilu te  IqrdroOhlorle 
acid  fo r  d is t il le d  m iter, #@n i t  was 
p ossib le to use a greater flow.

(b) the prevention o f  m aterial from se ttlin g  to  
the bottom o f the diaJyeer as a sludge, 

caused a clogging o f  the raeoibrane- 
surface. This d iff ic u lty  was, to a 
certa in  exten t, overwme by bubbling 
nitrogen throu# the d ia lysin g  soluticm .

Meazsahile i t  was fbuM possib le to  romove a part o f  the

inor^m io matter from the carbohydrate extract in  a m&Ch

sim pler manner. A considerable proportion o f the aSh mis

evidently calcium sulphate and strate o f th is  was seen to

separate out during coneentratien o f the extracts. Thle

suggested that a part o f  the m inem l isp u rlty  A ould be

capable o f  removal by n itr a t io n  before p recip itation  o f the

carbohydrate. This removal of calcium sulphate effected

by filtro 'tilon , a t the highest concentration practicab le,

f i r s t  through cloth  and thaa through f i l t e r  papers and by

th is  means the products were freed from the greater part o f

the ineolPble inorganic matter present . The p o ss ib ility

o f removing the remaining, largely  so lu b le, aSh was not

pursued farther althou#i i t  i s  conceivable that d ia ly sis

might proceed more readily a fter  the removal o f  the calcium

sulphate. The presence o f such impurity was not n ecessarily

a serious hindrance in  the in vestigation s o f  the carbohydrate

complex to  be described, as the m cessaxy aCh correction

could be made. In méthylation experiments, from udiiCh a



11.

considerable amount o f Inform tlm a has bean gained, the 

inorganic matter was autom atically lo s t  during the méthylation 

processes so that ash-free products were obtained.

pmemams OF mm .æccaACfsa? mmaAL.
FTactiom I was a brownish-wMte smorphoue powder 

vdtloh sw elled readily  with water, in  which i t  was s lig h tly  

soluble to  give a frothy co llo id a l solution* A 1® solu tion  

had a pE o f  ^proxlfflately 3.

The greatly d iffer in g  water s o lu b ilit ie s  o f  th is  

acid and i t s  sodlm  s a lt  was ea sily  idiown by the addition o f  

cau stic soda solu tion  to an aqueous susponsion o f  the a d d . 

A fter shaking for 8<sae time a solu tion  su ff ld e n tly  clear  

for o p tica l use was obtained and the «p acific  rotation  in  

sodium hydroxide solu tion  was determined: -
W 2Q0

= - 74° (c  = 0 .8 8 ).
578

The physical fbrm o f  Fraction II  was very sim ilar  

to  that o f  Rfaetion I except th at Fraction H  was almost 

White. Fracti<m H  exhibited a sim ilar sw elling a ffe c t with 

water, but i t s  so lu b ility  was, as an ticipated , very BwCh 

greater. The solu tion  obtained was, however, never 

su ffic ie n tly  clear for the sp ec ific  rotation  to  be determined, 

so as with Fraction I ,observations were made a fter  treatment 

a lk a l i , .  » «  _

L -I 546 .1
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The pH o f  a 1® so lu tion  o f  Fraction II  was approximately 5«

The inorganic residues remaining a fte r  inclneratifm  

o f  the two fra ctio n s were examined coaparatively and the 

r e su lts  may he w m arlsed  thus*-

Eraetion I . Fraction I I .

S©4++ SO4++
Fe++ Pe+?
Ca+„ C#+
Ka+- Na++

(ash does not fUse} (ash fuses)

I?o t e s t  fo r  tlie ch loride ion  could be obtained on 

the ash o f  e ith er  fra c tio n , in d icatin g  the complete removal 

o f  sodium chloi'ide during the p recip ita tio n  and tr itu ra tio n  

o f  the products. That the removal o f  excess hydrochloric 

acid  m s a lso  complete was Shown by the fa c t th at t e s t s  for  

the d ilo r id e  io n , a fte r  ashing in  the presence o f sodium 

oarbomite, s t i l l  gave negative r e su lts ,

smjmTE: H srim Tiom

In view o f  %e reported occurrence o f  eth ereal 

sulphate groups in  the carbohydrates o f  various a lg a e , the  

a c id ic  nature o f  the Ulva product and the ^ p aren tly  h i #  

sulphate content o f  i t s  ash , i t  seemed desirable to  

in v estig a te  th le  eulphate content more eadm ustlvely.

A sas^ le o f  Fraction I I  m aterial was ashed in  the 

usual way in  a platinum crucib le and another sample was ashed
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slffliL'MPly but in  the Ea*s®eiMse o f  s o d i»  cazbonat®. I f  an 

eth erea l sulplmt® group were i»reseat there should be a greater  

quantity o f  sulphate retained in  the ash when sodium carbonate 

iB presOTits- E.O.SO2.OH— >aOH + 303"^

E.O.iSOg.OH — E. OE + m&gSD* + Co/'
On te s tin g  Ibr sulphate on the two ashes dense 

p rec ip ita te s  were obtained in  both cases and these were veiy  

d if f ic u lt  to  compare*

Wtten barium <âiloride was added to  an aqueous so lu tion  

o f  th e o r ig in a l Inaction  I I  m aterial aaly a vezy fa in t  

p rec ip ita te  was produced, W t on adding a drop o f  concentrated  

hydrochloric acid  and heating, a dense v&ite p recip ita te  o f  

barium sulphate was immediately thrown down. This seemed to  

iiu iica te  th at the sulphate ions present in  the abb were not 

p re-ex istin g  in  the m aterial before in cin eration  or h yd ro lysis.

Q uantitative estim ticm s o f  the sulphate present 

a fte r  hydrolysis with % hydrochloric a d d  were made on 

corresponding sas^ les o f  Fraction I  and Fraction H  m aterial 

and values o f  12® and 1% were obtained resp ectiv e ly .

The sulphate in  the ash o f th is  Fraction I I  m aterial 

was found to  b e;-

7® aShed alone )
13® ashed w ith sodum carbonate)

These fig u res suggest th a t part a t le a s t  o f the sulphate must

be organ ically  bound.
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There i s  reasonably jped agreement between the 

percent sulphate present a fter  bydrolysis and th a t a fte r  

aSbing w ith sodiisa carbonate, ^ ic h  would be the case were 

the source o f  the sulphate an eth ereal sulphate grovp, sin ce  

in  both cases the %Aol@ o f  the sulphur would be estim ated: -

NSmOO.
H.O.SOp.OH R.OH + lI&oSÛA + OOp

R.OJSOo.OH------------ >R.OK + H âOa
Hi'OH hydrolysis

The ra tio  o f  to ta l sulphate to  sulphate in  aSh i s  

seen to  be appro%im.tely 2:1 end th is  %%tio has been 

confirmed In subsequent experiments. Were the Fraction I I  

m aterial undoubtedly a s a lt  th is  ra tio  might be takm  as 

q u an titative evidence o f the presence o f  a slng)le eth ereal 

sulphate group o f  the Vp® H.O.SOg.OX (X = m etal) such as 

laseid(io)C <m sidera to be present in  the carboI%rdrate o f  

Ir id ia e  lam inariodes:*
y

2 R.O.S02. 0Ha— ^  BOH + + KpSOA

2 R.O.mg.C^a >2 HOH + g NagSQA + OOg'̂
NagOO)

Fraction I I  was, however, shown to  be d is t in c tly  a c id ic  and 

to  have a pH approximately 5 (1® so lu tio n ). Equivalent 

weight determlnationB by t itr a tlb a  against deeinormal a lk a li, 

showed th at d ifferen t ©aEçples o f  Fraction II  m aterial had 

equivalent w e i# te  varying from 1,000 to  1,400 and the 

Fraction I I ,  on which the w lphate fig u res quoted above were
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obtained, had an equivalent weight o f  1 ,100. I f  the a c id ity  

were due e n tir e ly  to sulphuric acid  ea ter  groups a to ta l  

sulphate content o f 1 ^  would correspond to  a lower equivalent 

weight than 1,100 (a ctu a lly  to  an equivalent weight o f 730).

I t  semas, th erefore, not unreasonable to  sc^poee th a t 

Fraction H  contains sodium s a lt  as w ell as free  sulphuric 

acid  e s te r , sin ce i t  would then have a M # e r  equivalent 

w o i# t  fbr a  given p ercw t sulphate. The presence o f  a 

certa in  amount o f  sodium s a lt  in  fra ctio n  H  was a lso  in  

agreement w ith the fa c t th a t the ash o f  fraction  H  conteined  

a very considerable quantity o f  sod im , which oould not be 

due to  sodium d ilo r id e . (The ex isten ce o f  sodium s a lt  in  

Fraction H , whiCh was, as already described, p recip ita ted  

in  d is t in c tly  acid  eolu titm , i s  not eejsily  understood. The 

sh iftin g  o f the equilibrium  NaX + Iffil ^  îîaCl + EX in  the 

d irection  <— in  the presence o f  a lcohol might p ossib ly  be 

one o f  the cau ses.) At the same tim e, even i f  Fraction H  

i s  p a r tia lly  sodium s a l t ,  i t  i s  d if f ic u lt  to  understand id y  

so m u# sulphate i s  retained when i t  i s  ashed alone.

Sulphate ^ term inations an the izwrganic residue  

a f t e r  in cin eration  o f a sample Fraction I gave:-

é® ashed alone )
10® ashed with sodium carbonate)

The to ta l percent su lphate, obtained When the m aterial was

ashed with carbonate (10%), i s  in  fa ir  agreement w ith th a t
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quoted fo r  sulphate in  hydrolysate {12$,) • % e equivalent 

w eights o f  various samples o f  Fractioa I  m aterial were found 

to  be docideaiy lower than those o f Fraction I I  and to  vary 

from 450-850. Assuming Fraction I  to  contain only free  

sulphuric acid ester  and no sodium s a lt ,  a to ta l sulphate 

content o f  1%& corresponds to an equivalent w e i# t  o f  800,

On the other hand, I f  the m aterial i s  acid  and not s a lt ,  i t

i s  not c lea r  why sulphate should be retained d&iring aShing

w ilh o u t,sodium carbonate. This unezqwcted reten tion  o f  

sulphate during the ashing o f  both Fractions I  and I I  m ight, 

however, be due to the presence o f oxides o f other m etals or 

to  sm all q u a n tities o f  in o r # n ic  sulphates not detected by 

the sulphate t e s t s  on the m aterial before in cin eration  on 

account o f  the large quantity o f  c o llo id a l m aterial presen t.

% d rolysis o f a sample o f Fraction I I  m aterial by

heating with baryta for 7 hours gave a product with a

very muOh higher éq u iva la it weight v iz . 12,000 end q u a n tities  

o f  barium sulphate, in d icatin g  the removal o f an acid ic  

sulphur oontaining group.

The general Inferences from the various sulphate- 

estiraations appeared to b et-

(1) th at organ ically  bound sulphur was undoubtedly 
present in  the carbohydrate, sin ce m aterial 
o r ig in a lly  g iv in g  no sulphate te a t gave strong 
t e s t s  a fter  ashing and a fte r  h yd ro lysis.
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(2) that the sulphur conts.iniiïg groii^ (p ossib ly  
©n eth erea l sulphate jjroup o f soro kind) 
was responsible fbr the a c id ity  o f the  
m ateria l, since the removal a f  th is  groi^i 

' by baryta-bydroîy^s l e f t  a non-acidic  
polysaccharide.

I I t  i s  im possible to  esta b lish  with any certa in ty  

the r a tio  o f  to ta l sulphate/sulphate in  ash un less m aterial 

which i s  purely a s a lt  o f  th e supposed sulphuric acid  e ster  

( i . e .  containing no free acid) can be obtained, sin ce i f  any 

free  acid  i s  |u'esent there i s  a lw ^ s the p o s s ib ility  o f  

** sulphate in  ash" being low due to  the escape o f  sulphuric 

a cid . The pi^ arm tion  o f  a  s a lt  su itab le £br th is  estim ation  

would o ffe r  considerable d iif io u lty  as the conversion o f acid  

to  sodium s a lt  by addition  o f  sodium carbonate i s  by &e means 

accuzute. The point a t W hl# the exact equivalent o f sodium 

carbonate has been added and there i s  excess o f neith er free  

acid  nor sod im  carbonate cannot be determined u n til more i s  

known about the m ateria l. I t  i s  obvious th a t the presence 

o f  excess sodium carbonate would a lso  render the sulphate 

figu re on the ash spurious since i t  would cause the reten tion  

o f  too m i#  sulphate.

Iim STm TIOE OF FATEHIAl TO THE PRSSgîfCS OP UWEIG MID.

The extracted m aterial was examined fbr the presence 

o f  urcsnic a d d  residues according to  the method desw lbed  by 

Dickson e t  a l(i2 J  with very s lig h t m odifications»
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This âeteminatdlon i s  dépendait on the p ra ctlea lly  

q u an tita tive y ie ld  o f eeA on dioxide from a w'onic aeid  

%hen i t  i s  W iled  v ith  1% hydroeM orle a e id j-

% W 7  —t  + CO2 .
method eonsietad essea itia lly  in  'boiling the 

substance under in v estig a tio n  %ith hydrochloric acid  in  a 

current o f  carbon d iox id e-free a ir  and absorbing any carbon 

dioxide evolved in  a measured w lim e o f  standard baryta 

so lu tio n . %r b a ck -titra tla n  o f the baryta the weight o f  

carbon dioxide given o f f  from a Jsnom weight o f  the carbo­

hydrate could be detem ined.

Determinations were carried  out on a number o f  

d ifferen t s a is ie s  o f  m aterial sad the result©  obtained may 

be summarised th u s:-

Sample Wt. o f  carbol^arate g iv in g  
44 gm caTbm dioxide

<a> Aouooua extracted  
(b) " «
(o> Carbonate extracted  
(d) P a rtia lly  d ialysed  
(®) 2%  hydrolysed 
vf) sractionated  -  Fraction I

(g) ” -  Reaction II

(h) IM rly  s is^ ie  hydrolysis
proÂwt (solub le in  85?? 
alcoh o l.

(1500)
1200

960
1220 (Equivalent weight =

620)
1200 ( “ " =

1020)
1180
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The fa c t  the carTsohydrat© contained an a c id ic  

group o f  aoiae kind and undoubtedly evolved carbon dioxide  

under the prescribed coniSitione mm teâ a t f ir s t  to  in d ica te  

the presence o f  uronic acid resid u es,

^Kaminatlon o f  the figure® quoted above does, 

however, reveal th at the weight o f m aterial y ie ld in g  1 go 

nwleoule o f  carbon dioxide Shows surprisingly l i t t l e  varia tion  

considering the range o f  products examined. Another 

remarkable feature i s  tfia t fraction ation  apparently causes no 

appreciable d ifferen ce in  carboxyl content even when the 

equivalent w eights (detem ined by a lk a li t itr a tio n ) are 

w idely d iffe r e n t.

Again, e t t ^ # s  to  iso la te  a s a lt  o f  a sin g le  

glyeuronic a cid , a fter  acid -î^ d ro lysis o f  the polysaccharide, 

have always fa ile d  (see  la te r  se c tio n ).

These fa c ts , although not n ecessarily  conclusive, 

a l l  seemed to  in d icate th at the source o f  the earb<Hi dioxide 

measured might not be a uronic acid  group. More d e fin ite  

evidence against th e presence o f such groups was obtained  

from fUrfUraldehyde estim ations (described in  d e ta il la te r ) . 

M aterial g iv in g  evidence fo r  uronic acid by carbon dioxide 

evolution  was shovci to  y ie ld  no flirfu ra l but only methyl 

fu rfu ra l resu ltin g  from methyl pentose resid u es. The sample 

(h) in  the ta b le  o f  r e su lts  given can be quoted as an
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example. In a fu rfu ral ea tim tio n  (h) gave a so lu b le brown 

methyl fu rfu ra l phlorogluoide, oorresponding to  2%  methyl 

pentose but no black inaolbble fu rfu ral .^ lo ro g lu c id e .

H irst, Campbell,and Youog(i3 ) conclude th at the  

evolu tion  o f sm all q u an tities o f carbon dioxide cm b o ilin g  

carbohydrate m aterial with î^droehloric a d d  does not 

n ecessa r ily  in d icate th e presence o f  uronic a d d  residues and 

they SÎ10W th a t the y ie ld  o f  carbon dioxide from starch i s  o f  

the same order as tlm t from m altose or glucose (0 , ^ ) . %ey 

g ive values for the percent catbsa dioxide evolved frma a  

large number o f s is p le  sugars (0 .^ -0 ,% ) and in fer  th at the  

e ffe c t  i s  in  some way dependent on the reducing grot# o f  the  

sugar s in ce , w ith laeanitol, there was no evolution  o f carbon 

dioxide.

The mwuht o f  carbon dioxide evolved from the 

m aterial under ia v e e t i^ t io n  was certa in ly  decidedly greater  

than the values quoted by H irst, e t c . ,  fo r  the various s la # l«  

sugars -  being o f  the, order o f 4-5. There has, however, been 

very d e fin ite  evidence in  both hyd rolysis and m éthylation  

experiments o f  the presence o f  la b ile , e a s ily  oxidlaable  

residues, in  the polysaodharide. I t  i s ,  th erefore, suggested  

very te n ta tiv e ly , since there i s  no d irect evidence fo r  tha 

supposition , th a t th is  la b ile  m aterial may be rasixm sible fo r  

the evolu lion  o f  the sm all q u an tities o f  carbon dioxide 

estim ated.



21.

à s m jm m h w is , q f  m  m iysA C cm aim .

In  order to  gate inform ation as to  the nature o f  

the ( in s t itu e n t  u n its o f  the polysaoeharide i t  was desirab le  

to  e f f e c t  a breaM om  to s ii# le r  m aterial and th e standard 

method o f degradation o f  a polysaccharide by h yd rolysis w ith  

m ineral acid  was applied.

Prelim inary t r ia l  eaqperimsnts showed that when the  

extracted  m aterial was boated on the m ter-b ath  with acid  o f  

moderate strength  (about 2H) hydrolysis proceeded very 

rapid ly and a fte r  only 1 hour th e so lu tion  had charred 

considerably, exhib ited  a strong reducing action  on F eh lin g's  

so lu tio n  and read ily  absorbed a lk a lin e iod in e .

With more d ilu te  a d d  (^ /25, and ^/lOO) sm all 

sca le  experiments indicated th at a le s s  vigorous ly d ro ly sis  

occurred vfeiein could be follow ed by withdrawing portions o f  

so lu tion  and t itr a t in g  with iodine (sœthod o f Baker and 

Ihilt©n(i4.) ) .  The rate o f  hydrolysis w ^  evidflsatally

depmident on the strength o f  th e a d d . On beating with  

water alone there was a alow h yd ro lysis, the rate o f  vfaich 

was about h a lf  that Whan ®/lflO acid  was used. This was no 

doubt due to  the acid ic  nature o f  th e m aterial i t s e l f ,  since  

on heating an aqueous so lu tio n , to  Which a lk a li had been 

added t i l l  the pH was 7 , no ly^drolysis occurred and a sim ilar  

re m it  was obtained w ith a so lu tion  udiiCh was d a ^ n lte ly  

a lk a lin e .
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Larger sca le  hydrolyses were then attempted with 

the object o f  iso la tin g  the products, p a r tia lly  or Wholly 

degraded. In the f ir s t  experiments o f  th is  kind aqueous 

extracted m aterial was heated for 24 hours with ^/$D sulphuric 

acid . A fter n eu tra lisin g  with baryta, f ilte r in g  and pouring 

the concentrated f ilt r a te  into a lcoh ol, a white p recip ita te  

not unlike the o r ig in a l m aterial was obtained. The 

alcoh olic  mother liquors on evaporation le f t  a very viscous 

syrup. I t  appeared, therefore, that m aterial o f  varying 

con^lexity was produced and th is  was siq#orted by the fa c t  

that the iodine-abaorptions/gm . o f  the two products were 

markedly d ifferen t. The mean o f these iodine absorptions 

was, however, very considerably lower than that o f the fin a l 

hydrolysis mixture aod th is  lo ss  o f  reducing power was 

confirmed in  subsequent sim ilar experiments. That reducing 

power was lo s t  during evaporation o f the neutralised  hydrolysis 

mixture was Shown by iodine titr a tio n  before and a fter  con- 

cmxtration and in  m  experiment o f th is  kind almost 70% o f  

the reducing power was found to be lo s t  during concentration  

to a th ird  o f the volume. When a hydrolysis-m ixture was 

concentrated in  an atmosphere o f nitrogen there was only a 

very «*«11 decrease in  the iodine-absorption/gm ., suggesting  

th at the previously observed lo ss  o f reducing power was due 

to  an oxidation o f  la b ile  m aterial o f  sane kind. In a l l
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subsequent l^drolyaes both the in i t ia l  treatmmit w ith acid  

and concentration o f  the n eu tra lised  hydrolysis mixture were 

carried  out in  nitrogen and the r e su lts  ind icated  the 

reteoition  o f  reducing power.

Applying these precautions a fw th e r  h yd rolysis  

w ith ^/5Ü acid  was attempted and heating was continued m t l l  

on p lo ttin g  iodine-absorption/gm . against time i t  appeared 

th at the rate o f hydrolysis had bec«me very sm all. On 

working i#  the lydrolysed m aterial and fraction atin g  by 

a lo o h o lfa o ltto llity  products o f  varying cm ^lexH y were again  

iso la te d . The s t a l e s t  o f  these prodiKrts had, however, an 

iod ine a b so rp tio n /^ , o f  only 40 ce . ^/lO ( c f . àbsorption/gra. 

fo r  glucose = 111 cc . ^/3û) in d ica tin g  incosip letely de^aded  

m ateria l. ifence i t  was inferred  thsit ^ /ÿ ) acid  capable 

o f causing only a p a r tia l break-down o f  «te polysaccharide 

and the observation th at no mono8&c< ĝffl*ide m s iso la ted  

pointed to the fa c t th at th is  degradation was not brought 

about by the sc iss io n  o f  s is# le  m gar resid u es.

In  order to  e f fe c t  a more complete degradation the  

extracted  m aterial was treated  with very muCh more concentra­

ted  acid  (H). I t  appeared, however, th a t th is  treatm ent was 

not sa tisfa c to ry  s in ce , although a A u ction  o f fa ir ly  high  

iodine-abeorption (65 cc . ^/IC) was iso la te d , the y ie ld  o f  

m aterial recovered from the hydrolysis mixture was vesy low
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mâ th#r» me & mneM^KUt 3w@ of rodWng pmsr# Àt the 
■»«e time the ei#3eet 3fim«ti«m "imà m  optieal
rot&ttm. After ocmverelm of tliis fTOotkm to methyl 
glyeoeide» # m  the metho^yl oontmt W&mtW that i t  me 

iMPsely mawmWmride, i t  eU ll h@a ne #i^rm t optim l 
retwy power*

SLaoe treatmmt with » m iû  #p@erW to reeult la  a 
too dmetW hreaWom o f the ow%oh#mte md ^/50 aoid to 
omwe only a eHgbt dégradation, m  adlâ o f intermediate 
etrmgth ma next ##loyed, vie,# ^/Ç m â hyâro3y«t.8 with aoiâ 
o f IMe eonoentmtion haa been m m a to give «atiefaotory 
rem it#, fhe loea o f y ield  m â o f reduoing power m e not 
appreoihble md in  a ll  oaeea m m  m terW . m e iaolateâ,
Whi# from ite  eoluMlitsr in  #9*# alooWl and ita  Mgb 
iodlxu9*abeorptimi m e evidently alm et entirely nemo- 
mWkwide, ftetherasKPo# the prodno# o f eueh hydrelyae# 
had meamr#le i#eoifio  rotatim e.

%&P03ye@e of vWoua am#le* o f materiel ware 
effected with ^/5 acid# reaction» being fCHewed hy 
iodine titration  end i t  appeered that the eoume «tf the 
hydrolyMe ma v%y MmUar Vhatemr material m e need 
(aqneoue extracted » ïrootlom I or STOction H ), ^ en  the 
iodine-ahaorpt^!^^/#* plotted againet time i t  oonld he 
Been tJtet in  a ll m«ee there m e an in it ia l fa irly  r ^ d
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reaction , the rate o f wMCh g%%au&Uy decreased so th a t, 

a fte r  SO hours,continued heating caused very, l i t t l e  Change, 

the iodine-absorption than being o f  the order o f  45 cc . N/lO 

per sa .

From such a hydro3ysis-»iixture the degraded 

m aterial was Iso la ted  hy h eu tra lia iz^  with h erfta  and barium 

carbonate, evaporating and fraction atin g  by a lcoh ol-eo lU b ility*  

T itra tion  o f  samples o f  the various fraction s with iodine  

Showed th at the iod ine ab sorp tlm /sa . rose regu lsriy  w ith

in creasin g  a lc o h o l-so lü b ili^ . This i s  not read ily
.1

understood i f  uronic acid  residues ere present in  the poly­

saccharide sin ce barium s a lts  o f  simple glycuremic acids 

would presumably then be found in  the hydrolysis mixture and 

these would have a low a le o h o l-so lu b ility  but high iod ln e- 

absozption. Furthermore, attempts to  reganermte free  

glyeuronic acid s from hydrolysis fracrÜLons w ith moderately 

low a lcoh ol so lu b ility  were unsuccessfu l.

Since s a lt s  o f <^Lyeuronic acids appeared to  be 

absent fT »  the neu tralised  l^ d ro ly sis  m ixture, th e evidence 

was th a t fpactionatloa o f  euCh m ixtures was resu ltin g  in  a  

crude separation o f the products according to  th e ir  cou p lexity . 

Observations o f  the o p tic a l ro ta tion s o f  the fra ctio n s from 

®/5 a c id -l^ d ro ly sis  ©bowed th a t in  a l l  eases there was a 

regular Increase in  sp e c ific  ro ta tio n , in  the p o s itiv e  sen se .
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from the most complex to  the adapleat product ga«3 w h ilst the

fra ctio n s w ith low est a lcohol so lu b ility  were laevorotatery

th e ^ 2 » ^  a lcoh ol solub le m aterial was dextrorotatoiy

(W) being o f the order o f  +l6®. Whan a hyd rolysis o f  
$46*1

FTaotioa I I  m aterial w ith ^ /lû  aeid  was follow ed p o la r i-  

m etrica lly  and arrested « M ist the o p tica l ro ta tion  was s t i l l  

very d e fin ite ly  n egative, the products being iso la te d  as 

described p rev iou sly , a very large proportion o f  m aterial 

recovered w s  fbuad in  the more cmaplex fra c tio n s, having 

very ^ p r e e isb le  negative sp e c ific  ro ta tio n s. There was, 

however, an ex trm ely  sm all quantity o f  99.4% alcohol 

so lu b le product, apparently very sim ilar to  th a t obtained in  

®/5 acid-hydro ly s is .  On a tte i# tin g  to  hydrolyse further by

the use o f more concentrated acid the various fraction s from 

th is  eoJ#aratively m ilâ -îyd ro lysie  there was a considerable 

lo s s  o f m aterial m& a t t te  same tim e, vezy l i t t l e  increase  

in  iodine-absorption and i t  appeared th at a coiqplete break­

down was taking p lace .
Apart from the observatiwa th a t the more eoBplex 

fra ctio n s from ^ /5  ad d -h yd ro lysis mixWres were Character­

ise d  by negative sp e c ific  ro ta tio n s, which showed a d e fin ite  

correla tion  w ith the lodine-absorptions o f  these products, 

v eiy  l i t t l e  further inform ation was obtained as to  the nature 

o f  such fra ctio n s. Sane c®a#arative fig u r e s , r e su ltin g  tr m
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fu rfu ra l estim ations (see next section ) on the fra ctio n s from 

h yd rolysis m ixtures were however obtained and th ese gave some 

in d ica tio n  as to the course such a hydrolysis fo llo w s.

Store d eta iled  in v estig a tio n  was made o f  the nature 

o f  the s1b#1o hydrolysis product, #dCh was a fa ir ly  mobile
r  . 2 0 ®

. f^rxn# and had w l +15 -  tl8®. That th is  m aterial was
■'546,1

alm ost en tire ly  monosaccharide was Cbown fr«m i t s  high ■ 

iodln®-^sorpti<m/@®. and furfural estim ations ind icated  

th a t i t  ^m tained up to  methyl pentose, tlie presence o f  

which has been amply confirmed in  m etl^ lation  e#ariment@ .

I t  seemed th a t the remainder o f  th is  fTOction con sisted  o f  

hexose sugars, there being no in d ication  o f  i t  containing  

pentose. Evidence was therefore sought fo r  the in'eseace o f  

one or more o f  the hexosc sugars most u sually  occurring in  

natural products; v is ,  g lucose, sannose, ga lactose or fru cto se , 

There was, however, no evidence o f  ^ rm m tatien  vhea an 

aqueous so lu tion  o f the sugar mixture was treated  with yea st 

a t 30®e, the y ea st having previously been ^own to  ferment a  

so lu tio n  o f  g lu cose. Of the above-aeirtioned sugars g lu cose, 

mazmose and fru ctose are read ily  fermentable w h ilst ga lactose  

ferments slow ly. I t  i s  p ossib le  th at the presence o f  

galactose a i ^  not be detected by ferm entation u n less . 

galactose-pretreated  y east was used. Likewise fa ilu r e  to
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obtain  G xyetalline luueie a o ü  when the sugar mixture was 

ox id ised  w ith 30% n itr ic  acid  m l# t  not n ecessa rily  in d ica te  

the complete absence o f  galactose sin ce no sp ec ia l re fin e ­

ments wexe employed. I t  seemed a t th is  point B»re p ro fita b le  

to  attempt to  id en tify  the con stitu en ts la  the mixture o f  

sim ple sugars a fte r  e«m#leto m ethylatlm  and fr a c tio a a l 

d is t i l la t io n  o f  the methylated sugars. The r e m its

obtained from methylaticm experiments w il l  be mentioned in
(

a la te r  sec tio n , hydrolysis experiments can, tlierefore , be 

sa id  to  have con sisted  mainly in  determining the s»>st 

su ita b le  conditions fo r  obtaining s i i# le  sugar m aterial from 

the polysaccharide. Apart from the observation that suCh 

m aterial exh ib ited  a scm ll p o sitiv e  sp e c ific  ro ta tion  o f  the 

order o f  +16#, further infom aticm  as to  i t s  nature was 

only obtained as the r e su lt  o f  the in v estig a tio n s described  

in  the two sectio n s fo llow ing.

Q ualitative colour te s t s  appeared to  in d ica te  th a t 

furfuraldéhyde was evolved when the carbohydrate extract was 

b o iled  w ith %dpoChlorlc acid . Some evidence had already 

been obtained th at the m aterial contained uronic acid  

resid u es, # ic h  would y ie ld  furfural under th ese eondltlm s#

+ CO2 + 3 HgO.
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QoawUtmtive «stiaaUca» m m  therofbre mWe with the ohjeet 
of Ending I f  the AwfUrol evolved fro» «my glvm  sample wae 
In exeees o f that «gsUelpated from the eoppeeed urorale meld 
cmxbeat, In lA l#  owe the proemoe o f peatoee eugsro would 
be 8u«##oted.

The m^bed w plogW  wae that o f  la r x ls  m d B ee«h(i5) 

m d i t  eoniKieted In b o ilin g  & im sm  weight v t  m aterial w ith  

12% hydrodtlorie aeid  and proeip iW tlng # e  evolved fbrfbsnsl 

me th e gM rooglwKW ,

In  eeverol exporisaamte &t th is kind the WLght o f 
#aorogW eide inrooipitate ebtaiaod was eomiderotOy In eroeee 
o f ttmt empeeted fnm the uronie m id  thought to be proesnt 
and a value for ihe pontoee em tw t m » ealwüated by using a 
foam la eugieeted % Korx'ie end Ies«h(xé}*'*

A = 0 * 9 9 4 2 2 - 1 .9 0 8 1 0  + 0 * 0 1 3 1 3 where A  =
C = wem lo oaTOon 

dioxide*

Lat«r whoa a pbloroglueide precipitate m e 
exmined aecordlag to the proeedure demnibW by 
van dor m er^y) i t  me IbunS to have a d letiaetly  bromleh 
tinge sod to be partially eoluble in  96% alochol at 6 0 ®* 
ftBPfto®! phloro#u@id# resulting from poatoee w  uronie auaid 
i s  tOam and iw oluhle under these emwSitione, v h llet methyl 
ftofbeml ptOoroglneide from a methyl pentose ie  brow and 
solid»le in  9 #  alcohol. TM preswoe o f methyl pwtoro
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residue# la  Vm aim  preduet me therefbr# atig^sted*
UsM®, however» Maple m terW  prodwmd by 

hydrely#!# o f  the p o ly a w eh o r l#  m # «m daed  la  th l#  w  i t  

m e Samâ to  g iv e  o ptOoreglueide prW LpiW e a l l  o f  # i# n  

m e eoW blo ia  9 0  mloohol, la d im tla g  the presenoo o f  methyl 

peatoee W t the om pleta eW eam  o f  e ith e r  pm toee or oroaie  

ftoM* Ihea th is  a a te s le l m e essaMaad ib r  orm io  aeid» by 

the method deeerihed ia  a  p w lo a #  eeotiem , i t  m e « W #  to  

evolve oarWa dioxide la  th e nme pereeatage a# other preduete* 

% le «teemed to  prom beyemd doubt th a t the mure# o f  mxSti 
eaitxxa M w l#  m@ not a w oa io  aeid  group. A ll euheeqmat 

îxm tose-m ethyl pm W w f i# r o e  wmro therefore oelm Aated oa 

the asraaptioa th a t uroaio aMd r e # !# # #  m m  abeent.

C m im m tive forfarol-m ethyl S\afU ral e e tlm tio a #  m  
a am ber o f  em#le@ o f  ITOotion I  and H  m ateriel revm led  

tM t the two fpm etim # shwofi a m ll-d o fia e d  M fforenee a# 

fa r  a® th e ir  i^ tom M oethyl p w to w  om tea t m e eonoemed •

-Ü# rm m  ^  sroetim  I being 1â~2% m i fo/r m otion  H  
27*30 (the wide range of mla#« i# net ùm  to diffi#üLty la  
ohtalaW  ooaeietmt analyse# hat is  no doOht depmdent on 
the aotm l frmotionatim being emWmt iadofinite). Both 
Fraotion I md Froetion II original extrmt oontaimed m all 
qum titiee of pentose hat when the produet# of their ®/5 m id  
tydrelysie were «ommimd i t  m® fWnd that panto®# m# only
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present In the most complex fra ctio n . At the same time the' 

methyl pentose content increased from the most complex to  

the sim plest fraction  so that the percentage o f methyl 

pentose in  tlie sin g le  "sugar fraction  was considerably greater  

than in  the o r ig in a l m aterial (e .g . 28% on a ssn^pie. o f  

Fraction I ' and 43%'Fraction I I ) .  M éthylation e;q)erimentB, 

described in  the section  fo llow in g , in  # iic h  simple 

h yd rolysis products were fu lly  m ethylated, have confirmed 

the presence o f  metliyl pentose in  these proportions.

This would appear to s u r e s t  th a t during such 

acid -liyd ro lysis o f the polysaccharide there i s  a preferen­

t i a l  removal o f methyl pentose resid u es, although other 

sugars are undoubtedly s p lit  o ff  at the same tim e. 

IvISTIhTLATIOK. : ■. r™ >■

A T m m m .m m cL k T ia ïï o flth b  p o ly sa cch a sib s.
Attempts were made to  e ffe c t  a m éthylation o f  the  

polysaccharide by means o f dimethyl sulphate and alk al i , 

the conditions a t f ir s t  ea^loyed being sim ilar to those  

described by Haworth and Learner(ig) in  the m éthylation o f  

in u lin . A very concentrated aqueous g e l o f  the m aterial 

was treated  w ith dimethyl sulphate and 3% cau stic  soda a t  

500C, a tpMHl 1 volume o f acetone being added during the 

reaction . Ho chloroform -soluble methylated m aterial could  

be iso la te d  when the m ethylation-m ixture was worked up,
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n eith er  did «éth ylation  appear to  he effected  i^ien 

coneider&ble volumee o f «eth y l alcohol were added throughout 

the reaction  nor when dimethyl eulphate and potassium  

Igrdroxide were used in  the co ld .

Likewise e ffo r ts  to  obtain  a methylated d erivative  

o f the polysaeObaride by d e-aeety lation  and m éthylation o f  

an aceta te were unsuccessful sin ce attempts to  introduce 

a c e ty l groups in to  the polysaccharide fa ile d .

More su ccessfu l re su lts  have been attained  in  

a t t e s t s  to  prepare fU lly  methylated d erivatives o f  simple 

h yd rolysis products (designated for convenience H*S*}.

In  a sm all sca le  t r ia l  experiment H.S. m aterial 

(so lu b le  in  85% alcohol) from ®/5 acid hydrolysis o f  

Fraction I  was f ir s t  converted to  methyl g lycosid es by 

treatm ent w ith methyl a lcoh o lic  hydrogen ch lorid e. The 

methoxyl content a t th is  point ind icated  th at the m aterial 

must be largely  monosaccharide# SuccesMve treatm ents o f  

the g lycosid es with the Pw die reagents resu lted  in  the  

production o f chloroform soluble m aterial and a gradual 

increase in  methoxyl content. A fter fiv e  treatm ents the 

methoxyl was 50.3% and th is  was unaltered in  two further  

m éthylations. The y ie ld  o f methylated product was 85% 

which was fa ir ly  sa tis fa c to iy  considering the sm all
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q u a n tities  betng ei^ loyed. Fractional d is t i l la t io n  o f  th is  

m aterial gave t w  fraction s o f methoxyl 54,2% and 44.9% 

resp ec tiv e ly .

In  a somewhat larger sca le  expoiiment g lycosid es

re su ltin g  from F ractlm  I I  H.S. on two treatm ents with

dimetîqrl sulphate end caustic soda ^ v e  a product o f  m»derat@ly

h i^  metbokyl content (4 ^ ) but in  y ie ld  o f  oaaly 6 0 ,  A fter

trea tin g  th is  product tttt'se tim es with the Purdie reagents a

methoîçrl contm t o f 5 2 . 0  % s attained  and th is  was unaltered

in  a fourth m éthylation, the to ta l lo s s  o f m aterial in  the

Purdie treatm ents being only 4%. The m éthylation product on

fr a c tio n a l d is t i l la t io n  y ie ld ed  two major fra c tio n s, th e more

v o la t ile  having- COÎ3 49.1% good the le s s  v o la t ile  OCH3 52. 9%

Since the u n d istiU ab le  residue would undoubtedly have & s t i l l

lower methoxyl content i t  appeared th at m th oayl was lo s t  in

the fractio n a tio n . That tM se products were by no means

pure was revealed When saaples o f  each were hydirolysed with

®/10 acid  for the removal o f  the g lycoa id ic methoxyl grot^.

The hydrolyses were followed p o lariiaetrica lly  and in  both
200

cases discontinuous curves resu lted  When U,] was p lo tted
'■ •‘546.1

again st tin ^ . Such curves could scarcely  represent the  

rcotoval o f  g ly eo sid ic  methoxyl from sin g le  B»thylated sugars, 

nor were the methoxyl figu res on the products e a s ily
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In terp reted , th e ir  order o f magnitude now being reversed  

(39 . 2s  and 3 7 .0  resp ec tiv e ly ).

The l^rdrolysed mad unhydrolysed p ortiom  o f  each 

fra ctio n  were eoatbined end separately treated  again w ith the  

Purdie reagents. Since the methoxyl mntmats o f  each were 

now found to  be increased above th e ir  previous values the  

Purdie treatm ents were continued u n til i t  again appeared 

th a t no more methoxyl rould be introduced (OCH3 55.0% end 

53 . 2s  r e sp e c tiv e ly ).

When the two fraction s were omxhined and 

refraction ated  two major products o f 0CH3 55*3% and 53.2% 

were obtained. There were, however, considerable lo s s se  

# r in g  tlULe fra ctlo a a tio n  and the y ie ld  o f  the higher b o ilin g  

fractltm  was very sm all.

hydrolysis o f  a saaple o f  the f i r s t  fraction  (0CH3 = 

55. 1%) was e ffec ted  ^  b o ilin g  with 3^/10 hydrochloric acid  

Eusd was follow ed p o larlm etrica lly . The hydrolysis curve was

smooth and in d icated  that a fte r  about 30 houre a constant
/  \S p ec ific  ro ta tion  was a tta in ed / M  A2 0 0 ). The product

’ v*- ■'546 .1  /

was iso la te d  in  8ü% y ie ld  and had OCH3 = 44,3%, The 

methoxyl contents before and a fte r  hyd rolysis appeared to  be 

in  ressihiably good agreement with those o f  a trim ethyl- 

methyl pentoeide and a trim tly^l-m ethyl praatose (v is , 56.3% 

and 45 . 2%).
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A ttec^ts to e ffe c t  a c r y s ta llisa tio ii o f  the 

supposed trim ethy1-methyl pentose from ether-petroleum  e% er

were unsuccessfu l but a cry sta llin e  an ilid e was prepared by
' '

b o ilin g  the methylated sugar with dry fr e s h ly -d is t ille d  

a n ilin e  in  e th y l alcohol so lu tion . When r e c r y sta llise d  from 

petroleum ether the an ilid e was deposited in  r o se tte s  o f  

almost co lo r le ss  needle-shaped cry sta ls  which m elted sharply 

(w ith s lig h t  deeoB^osition). a t 113°C. This agreed 

reasonably w ell with the m elting point quoted by Irvin e and 

M oHleoll(i^) for the a n ilid e  o f tr im etiy l rhamnose. '

S im ilarly  the sp e c ific  rotation  o f the f in a l hydrolysis 

m ixture, although o f n ecessity  only approximate, was in  

agreement w ith tiie values quoted for trim ethyl rhamnose.

More conclusive evidence for the presence o f  fu lly  m ethylated 

rhamnose in  such m éthylation mixtures was obtained in  larger  

sca le  m etly la tio a s. r

Hence, m éthylation by the agency o f dimethyl 

sulphate follow ed ty  methyl iodide treatm ent gave in d ica tion  

that the methyl pentose constituent o f the Fraction I I  H.S. 

(about 40%) was rhamnose but l i t t l e  evidence as to the nature 

o f the remaining part o f the hydrolysis product was gained. 

There were considerable lo sse s  throu^iout th is  m éthylation, 

those in  the m etlyl sulphate treatm ent being outstanding.

The fa c t  that there was no sucli serious lo s s  o f y ie ld  during
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the mnall sca le  t r ia l  m éthylation using the Purdie reagents 

on ly , seen#a to  su g g est,the.presence o f la b ile  m aterial 

unable to  w ithstand the a lk a li-trea tm en t. Other in d ica tio n s  

o f the presence o f such la b ile  m aterial had been obtained in  

uronic acid  determ inations and during hydrolyses. In the 

la t te r  case i t  had been shown th at the greater part o f  suCh 

breakdown could be avoided ĥ r ly d r o ly s ls  in  an atmosphere o f  

nitrogen .

When a control dim ethyl sulphate m éthylation o f  

sœne Fraction H  H.S. was carried  out in  n itrogen , the lo s s  

o f  m aterial in  two such treatnmnts was found to be very 

l i t t l e  d iffe r e n t from th a t in  the previous dimethyl sulphate 

m éthylation, a product o f  OCH3 45% again being iso la te d  in  

70% y ie ld . I t  seemed, th erefore, th at althou^i dimethyl 

sulphate m éthylation was e ffe c tiv e  in  g iv ing r is e  to  a product 

o f  r e la t iv e ly  h l# i m ethosyl, there was ,a large and unavoidable 

lo s s  o f  m aterial during such trealanent and in  subsequent 

m éthylations the Purdie reagents were m ployed throughout 

and i t  was hoped th at Tüy th is  means i t  would be p ossib le  to  

gain some in fo rm tio n  as to the nature o f  the non-rhamnose 

p ortion  o f the sisqjle hyd rolysis product.

In  a larger sca le  m éthylation using the Purdie 

reagents only a sample o f  Fraction I I  E .S. (methyl pentose 

content 42%) gave a fte r  8 treatm ents a product viith OCH3 54.2%.
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The lo s s  o f  m aterial during these treatm ents was only 0  and 

most o f th is  occurred during the f ir s t  m éthylation. When 

the m éthylation mixture was fra ctio n a lly  d is t il le d  the  

products ind icated  in  the table below were iso la te d .

Fraction Y ield
Bath

Temt)ta*ature Pressure ÜÇH3

55.0%

^ 2 0

A 2 .5 4  gm. 73® 0.22 mm. 1.4443

B 0 .4 3  '• 94® 0 .2 2  mm. $5 . 7% 1.4456

C 1 .09  " 105® 0 .2 5  mm. 57 . 8% 1.4506

D 0 .6 5  « 110- 170® 0 .3 0  mm. 5 6 . 9% -

OF FEtiCTIOHATED lETHyiATEP I I  H.S.

Fraction A.

This fraction  b o ilin g  a t 440C/0.22 mm. had OCH3

55 .0%. When the g ly eo sid ic  methoxyl group o f th is  product

was removed by liydrolysis a îyd ro lysis-cu rve was obtained

wMch was sim ilar  to tiiat reported by H irst(2% ) fo r  the

ly d r o ly sis  of a mixture o f (X and P methyl rhamno sid es a ^

the methylated sugar iso la te d  a fter  hydrolysis had OCH3 44.4%

Determination o f the sp e c ific  ro ta tion  o f  th is  m aterial in
20®

water and alcohol gave [«<J = +24,Qo (watei) and
D
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1 2 0 ®I  = - 6 . 5® (alcohol) (both determined as W '
^ 546.1

values quoted by H irst and Macbeth/pi for txdmethyl rhamnose 
20® 20® ^

are[oy = +24.9® (water) and M = -9.0® (a lco h o l). The 
D D

ro ta tio n  in  water o f the methylated sus^r from the ulva

product was thus in  reasonably good agreement w ith th at

reported fo r  trim ethyl rhamnose. The value o f the rotation

in  a lcoh ol i s  probably low in  the negative senee on account

o f the alcohol not being en tire ly  w ater-free.

A phenyl hydrazone o f the supposed tr ia e lh y l 

rhamnose was prepared by the method described by Purdie aiM 

young(2o) • A fter re c r y sta llisa tio n  from ether the hydrazone 

was deposited in  lig h t yellow  p rim s having m elting point 

1360c . This m elting point i s  higlier than that quoted by 

Purdie and Young(2o) but m icro-analysis figu res on the product 

agreed more c lo se ly  with the th eo retica l values for trim ethyl 

rhaimose phenyl hydrazone than do those o f Purdie and Young.

A c r y sta llin e  a n ilid e  was again prepared and had 

m elting point 113®C, the value quoted ty  Irvine and M oH icoll(i9 ) 

fo r  the a n ilid e  o f  trim s thy 1 rhamnose being 111-113® C. The 

a n ilid e  exh ib ited  m uta-rotation in  acetone so lu tio n (22) » ih e  

m uta-rotation rapidly proceeding to  con#lotion on the addition  

o f a trace o f hydrogen ch lorid e. The f in a l sp e c ific  ro ta tio n
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•20®

m sjoij = +45 . 5® as compared with a value +46.9® quoted by 
D

Irvin e and M cHicoll.

The evidence was, th erefore, th at the methyl pentose

con stitu en t o f  Fraction II  H.S. was rhamnose.

Fractions B. C and D.

The Z eise l figu res on a l l  these fra ctio n s o f the

m éthylation mixture were h l^ e r  than those o f the fUUy

methylated rhamnose fraction  being 55*7%, 5 7 .0  and 56.9%

resp ectiv e ly . These fraction s were therefore combined and

refraction ated  in  the hope o f separating fU lly  m ethylated

hexose. The major product o f  th is  second fra etio n a tio n ,

which d is t i l le d  over a very sa a ll temperature range, when

b o iled  with ^/lO  acid  gave a smooth hydrolysis curve w ith a 
20®

f i iv il  [fij ^  +83® ; suggesting that the sugar might be 
D /  20® \

tetram ethyl glucose (M  = +83®) . The nmthylated
\  D / ( 2 3 )

sugar vrexs iso la te d  in  good y ie ld  but attem pts to e ffe c t  a

cry s-ta llisa tio n , using authentic tetrom ethyl glucose as

nucleus, were unsuccessfu l. On combining th is  m aterial w ith

the unhydrolysed part o f  the same fra ctio n  and with the other

products o f the la te s t  fraction ation  and re-trea tin g  w ith the

Purdie reagents there appeared to be some deoomposi-tlon as

the product iso la te d  was much darker and had a veiy  pungoat

sm ell, these properties again being present a fter  a further

Purdie -treatment. The product was iso la te d  in  90% y ie ld  and
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the methoxyl content was found to  have fa lle n  to  53. 1%. 

Fractional d is t il la t io n  o f  th is  m aterial gave a major fra ctio n  

o f  OCH3 53*2%. I t  seemed posât h ie  that th is  lo s s  o f methoxyl 

together w ith the pungent odour developed might be due to an 

oxid ation . A somewhat sim ilar observation was made with the 

higher b o ilin g  constituents o f  methylated Fraction I  H.S.

Time aid not permit o f the further in v e s t i^ t io n  o f  

th is  m aterial so that l i t t l e  i s  known o f  the non-rhamnose 

constituent< s) o f  Fraction I I  H.S. but i t  would seem to  

contain  m aterial which i s  undoubtediy unstab le. The 

apparent decrease of methoxyl content during Purdie tr e a t­

ments may be due to  the complete lo ss  o f  h igh ly  m ethylated 

m aterial by breakdown and i t  i s  conceivable th at th is  or some 

sim ilar e ffe c t  i s  responsible for the fa c t that during the 

in i t ia l  Purdie treatm ents o f  üie sugar mixture i t  was never 

p o ssib le  to  obtain a product o f OCH3 greater than 5 0 *

A comparative m éthylation o f Fraction I  H.S.

(methyl pentose content 2 0 )  was carried out using the Purdie 

reagaats only. A methoxyl content o f  54.0% was attained  

a fte r  8 m éthylations. There was, however, a very 

considerable lo s s  during such treatm ent, 12% o f m aterial being  

lo s t  during conversion to methyl glj^cosides and almost 24% 

during the f i r s t  Purdie treatm ent. Since th is  lo ss was veiy
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much greater than that occurring during the m éthylation o f

Fraction I I  H .S ., a lr e a ^  described, and as the two

m ethylations were carried out under exactly sim ilar con d ition s,

i t  appeared th at Fraction I  was much rf.cher in  the unstable

co n stitu en t, the presence o f uMcsh has a.lrea<fy been

p ostu lated .

Fractionation o f the mixture o f m etlylated sugars 

gave the products tabulated below: -

Fraction

(a)

Y ield  

0 .9 5  gai.

' Bath 
Temberature

5Ç0
Pressure

0 .1 7  mm.

0 ^ 3

56.0%

(b) 1 .16  ga. 90® 0 .3 0  an. 58.2%

(c) 0 .21  gm. 91- 160® 0 .3 0  mm. -

Removal o f the g lyeosid ic  methoxyl group from 

Fraction (a) was e ffected  by b o ilin g  with decinormal hydro­

ch lo r ic  acid , the hydrolysis curve resanbling th a t o f  fu lly  

m ethylated rhamnose. The methylated sugar, having OCH3 

4Ç,0% was id e n tifie d  as trim ethyl rhamnose through form ation

o f  the a n ilid e .
Fraction (b) showed no a ltera tio n  in  o p tica l 

ro ta tio n  when b o iled  with decinormal a d d  and vdth 2N acid  

there was only a very Email rotation  change. Attempts to
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Increase the methoxyl content o f fraction s (h) and (c) hy 

further Purdie treatments led , as in  the case o f  the higher
• * i

b o ilin g  fraction s from methylated Fraction II  H .S ., to  the 

production o f  dark colored, pungent sm elling m aterial w ith a 

lower methojqrl content. Here again i t  was not p o ssib le  to  

continue the in vestiga tion  further so that only the rhamnose 

con stitu en t was id en tified .
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SÜMMABY.

Polysaccîiarlde m aterial o f  an acid ic  nature has been 

extracted  from the green alga TJlva by the agency o f  very 

d ilu te  sodium carbonate so lu tion .

Uronic acid  residues appear to be absent and i t  i s  

suggested th at the a c id ity  o f the m aterial i s  due to the 

presence o f a sulphuric acid ester  group o f  the type 

H.O.SO2 .OH. Complete quantitative confinaatlon o f th is  view  

i s  a t  present d if f ic u lt  to  obtain.

Methyl pentose residues have been Showi to  constitute^  

a part o f  the polysacchari.de structure and such residues are 

appaxw tly removed p referen tia lly  during d ilu te  acid  h yd ro lysis, 

sin ce the simple products from such hydrolyses are rich er in  

methyl pentose than the o r ig in a l m aterial. M éthylation o f 

simple hydrolysis products has led  to the iso la tio n  o f  a 

fu lly  methylated methyl pentose and the id e n tific a tio n  o f  the 

sugar as rhamnose (h itherto unlsnovax in  a lg a l products).

L it t le  i s  known as to  the con stitu tion  o f the remaini ng part 

o f  the carbohydrate complex but throughout the in v estig a tio n  

there has been evidence o f  the presence o f a decidedly

unstable c o n stitu a it.

A someivhat arbitrary separation o f  the extracted  

m aterial in to  two fra c tio n s, according to th e ir  so lu b ility  in  

50% alcoh ol, has been e ffec ted . Although the fra ctio n s ^ow
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m definite dlffenmee in tM lr etgulmlmt welghte title be 
due merely to the preseaee of a certain amount o f sodium salt 
In the ma f%%etlw. The two firaetlone do, however, d iffer 
vexy s^preelshly in their xiwmotm wntm t, vbidh eaggeets 
that the method of freetlonaticaQ. employed is  not funtemntal 
and that I t  might he possible to effeet a 'a#amtl@a into a 
rïiËimosm and a r)»nose*free omplm*
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Iraaediatei^ a fter eo ll«etion  the alga was mShed 

several tim es with m ter to fToe i t  frm  a # w in g  im purities 

and then dried thorou^i3y. In th is  sta te  i t  w uld  he stored  

for an in d efin ite  period*

Before extracting the earholydsnte i t  was found 

advantageous to  remove the greater part o f the pigmmt by 

treatm m t with cold 80# aqueous acetone ovœr a period o f sm s 

few days, preferably with exposure to sunlight. 

msmsfnim .PBocgssfgs*

25 m* o f the pigment-extracted alga m e heated for  

12 hours on the m ter hath with 2 litr e s  o f m ter (twgperature 

attained =80®C>* The extract m s then strained o ff  fs?m 

the fronde istoieb were again w bjected to  the same treatment* 

The combined aqueous extracts, a fter evaporatiim to  about 

200 ec. were powed with cxmtinuous stirr in g  in to 6'^ ce . 

alcoh ol, Whm a # i t e  curdy icw cip itate m s fhanwd* This 

p recip ita te was separated from the soperwitmit liq r id  hy 

o«Qtrifuglag and m s th<m tr itw a ted  tw ice with alcohol.

A fter drying in  vacuo a t room temperature the product was 

in  the fhna o f a fin e white pcwsder (y ie ld  * 18# weight o f 

dry fronds).
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The w ater-treated fronde were tw ice extracted  w ith  

0 . 5% eodinm carbonate so lu tion  under the same con d ition s.

ViOaen th e  combined carbonate e x tr a c ts  had been evaporated to  

200 CO. 2H ty d ro ch lo r ic  acid  was added u n t i l  th ere  was fr e e  

m ineral a c id  p resen t and the product was obtained  by
i

p rec ip ita tio n  in to  alcohol and worked up in  the same way as

the aqueous ex tra ct. The y ie ld  was about 10% the w ei^ it o f

the fronds and the m aterial was very sim ilar in  appearance to

the f i r s t  product. There was, however, a d e iln ite  d ifferen ce

in  the pH values o f 1% so lu tion s o f the two ex tra c ts , v iz .

aqueous ex tract pH A 5) 
carbonate " pH *  3)•

2nd Method using Sodium Carbonate on ly .

100 gms o f the pigm ent-extracted ulva together

with 8 l i t r e s  o f  0.$% sodium carbonate were heated a t 80°C

fo r 4 hours. This treatment was follow ed by 3 ex traction s

with 0,2$% sodium carbonate la s tin g  6 , 12 and 12 hours.

The combined extracts a fter  evaporation to  a volume o f about

6 l i t r e s  were f ilte r e d  through fin e  c lo th  fo r  the p a r tia l
Ï

removal o f calcium sulphate. A further quantity o f  calcium  

sulphate was removed by slow f ilt r a t io n  th rou ^  f i l t e r  papers 

wlien the extract had been evaporated to a volume o f 3 l i t r e s .  

A fter further concentration to about 1 l i t r e ,  when the 

ex tra ct was in  the form o f a fa ir ly  s t i f f  g e l, concfflitrated
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hydrochloric acid  was added with constant and rapid s t ir r in g  

u n til most o f the excess sodium carbonate was removed. On 

pouring the s lig h tly  a lk alin e extract in to  4 l i t r e s  o f  95% 

a lcoh o l a fibrous p recip ita te  o f sodium s a lt  was formed.

T his product, a fter  removal o f  the supernatant a lco h o l, was 

broken up and swollen to a smooth g e l by heating on the water 

bath w ith approximately 1$D cc . o f water. A fter coo lin g  to  

room temperature concentrated hydrochloric acid  vraa added 

u n t il free  m ineral acid was present. This resu lted  in  the  

so lu tio n  becoming coiip letely  mobile and a t the same time 

tu rb id . A ddition o f  1$0 cc. absolute a lcoh ol caused a 

s e t t lin g  out o f  the p rec ip ita te , which was centrifuged  o f f  

from the supernatant liq u id  and worked dp by a lcohol 

tr itu r a tio n  (Fraction  I ) .  The mother liq u o rs, from which 

Fraction I  had been p recip ita ted , were d ilu ted  w ith 150 cc . 

o f  water and poured into 1 l i t r e  o f  absolute a lcohol vflien 

Fraction I I  was p recip ita ted .

Fraction I obtained in  y ie ld  o f  8% weight o f the

fronds, was a s lig h t ly  brownish powder having an ash content

o f  4-12% and containing about 10% m oisture. I t  was s lig h t ly

so lu b le in  water, g iv in g  a frothy c o llo id a l so lu tio n . The

pH o f  a 1% so lu tion  was 3 . Measurement o f the sp e c ific

ro ta tio n  in  sodium hydroxide so lu tion  gave:- 
2Q0

M  = -740 (c  = 0 .88)
578
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Fraction I I . The y ie ld  o f  th is  fra ctio n  was 12% 

weight o f the fronds, the m aterial being in  the form o f an 

alm ost w hite powder, with a moisture content o f about 10% «nA 

contain ing 8-16% ash. Fraction I I  was water so lu b le and a  

1% so lu tio n  had pH ^  Ç. The sp e c ific  ro ta tion  in  sodium 

hydroxide so lu tio n  wast-

200
U ]  „ = -75® (C = 1.08) 
'■ ■' 578

The extracted m aterial gave no in d ica tion  o f the 

presence o f p rotein  when tested  with M illon' s reagent or by 

the xanthoproteic t e s t ,  both te s ts  having been shown capable 

o f  d etectin g  0.1% protein  in  a starch-protein  m ixture. 

ELSCTBQDIALYSIS.

A ll attempted d ia ly ses were carried  out in  the  

e a r lie r  stages o f the in vestiga tion  on samples o f m aterial 

fpoffl which calcium  sulphate had not been removed by f i l t r a t io n  

before p rec ip ita tio n . The aSb contents o f  such m ateria l were 

very h igh , being 20-40%.

In prelim inary experim ents, samples o f aqueous- 

extracted  m aterial with ash contents o f the order o f  20% were 

used in  about 3% so lu tion  and d ia lysed  again st d is t i l le d  

w ater. The e lectro d ia ly ser  employed was as shown in  

Figure I  and current d en sitie s  o f the order o f 0 .001  amp/ca^ 

were m aintained.
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Atteng)t8 were made to  estim ate the reduction in  

ash content during d ia ly s is  hy withdrawing from the so lu tio n  

in  the cen tra l compartment a liq u ot portions and evaporating 

and in cin eratin g  them. This method was, however, not 

sa tis fa c to r y , no doubt due to the s e tt lin g  o f so lid  m aterial 

to  the bottom o f the v e sse l. D ia ly sis  was continued fo r  

about ten  days, the d is t il le d  water being changed a t frequent 

in te r v a ls . On working up the d ia lysed  so lu tion  by evapora­

tio n  and a lcoh ol p rec ip ita tio n , very poor y ie ld s  were 

obtained and the products iso la te d  had ash contents not very 

d iffe r e n t from the o r ig in a l m aterial.

Running' d is t il le d  water was next employed w ith a 

larger d la ly ser . The maintenance o f  a flow  o f  water a t such 

a slow rate th at the current did not f a l l  below the required  

value was, however, a matter o f considerable d if f ic u lty . In  

order to  perm it o f  a somewhat greater flow  the inner membrane 

was increased in  s iz e  and the d istance between the e lectrod es  

was decreased as shown in  Figure I I .  Sven w ith th ese

improvements i t  was found in^possible to  adjust the water flow  

so th at a su ff ic ie n tly  large current was obtained. /̂lOOO 

hydrochloric acid  was therefore su b stitu ted  fo r  d is t i l le d  

water in  the reservoir and with t l i is  m odification  a steady  

ciirent could be maintained. At the same tim e, a s t ir r in g  

device was introduced to prevent sludge from s e t t lin g  out
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from the so lu tio n  onto the d ia ly sin g  membrane. This 

s tir r in g  was e ffec ted  tiy bubbling n itrogen  th ro u #  the 

S olu tion , i. ' r  ̂ ;

V Several d ia ly ses were attempted w ith the m odified  

apparatus using samples o f  carbonate-extracted (unfTactiona- 

ted) m aterial o f  ash content o f the order o f  40%.

: , ' In a ty p ic a l experiment 10 gms o f  rsuch m ateria l 

(ash content = 40%) together w ith 700 c c . ^/lOOO hydrochloric 

acid  was placed in  the cen tra l cou^artment o f  the d la ly ser  

(Figure I I )  and a flow  o f  /̂lOOO hydrochloric acid  was 

esta b lish ed  on e ith er  sid e o f  the membrane. , The to ta l  

membrsne-arca was 52 cm̂  and the currents used wei% o f th e  

order o f  0 .0 5  asp. A fter d la ly sln g  fo r  600 hours the  

m ateria l was recovered in  40% y ie ld  and had an ash content 

o f  21%.

SULPHATE SSTimTIQITS. : :

(1) Suloliate in  livdrolvsate. ; . ^

Fraction I . To 0.2063 o f  Fraction I  in  80 c c . 5% hydro­

ch lo r ic  acid  an excess o f barium ch loride so lu tio n  was added. 

There being no in i t ia l  p rec ip ita te  the mixture was heated fo r  

5 hours on the w ater-bath, a fte r  which tim e i t  appeared th a t 

the p rec ip ita tio n  o f  barium sulphate was com plete. The 

barium sulphate was c o lle c te d  on a f in e , a sh less  f i l t e r  

paper, d ried , ig n ited  .with the add ition  o f a l i t t l e
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concentrated sulphuric acid  and weighed = 0.0475 g®- whence

Fraction I I . The to ta l sulphate was estim ated as fo r  

Fraction I ,  O.1300  gm« g iv in g  0.0399 gm. barium su lphate. 

Hence SOa =13%.

(2) Sulphate in  Ash.

Fraction I . 0.2259 gm* Fraction I was heated ca re fu lly  in  

a platinum diSh u n til only inorganic m atter remained. The 

ash was extracted  three tim es by h eating with water on the 

water-bath and the sulphate p rec ip ita ted  ty  a c id ify in g  w ith  

hydrochloric acid  and adding barlim  ch lor id e . The barium 

su lphate, a fte r  c o lle c tio n  in  a sm all Gooch cru cib le was 

dried , ig n ited  and weighed = O.0348  gm. Hence SOa = 6%.

In the Presence o f  Sodium Carbonate.

In a determ ination o f  the t o t a l  sulphate by 

ashing w ith sodium carbonate O.3005  gm. Fraction I  together  

with about 1 gm. o f  anhydrous sodium carbonate were ig n ite d  

as in  the previous estim ation  and the barium sulphate 

p recip ita ted  prom the a c id ifie d  ex tra ct weighed O.0712  go. 

Hence SOa = 9%.

Fraction I I . With sim ilar experim ental procedure a sample 

o f Fraction I I  m aterial gave the fo llow ing fig u res: -
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w ithout carbonate O.5272  gm.-^ 0 .0 9 0 5  gm. barium sulphate.
Hence SOa = 7%.

w ith carbonate O .I8IO gm.—>0.0556 gm. barium sulphate.
Hence SOa = 13%.

HyPBDLYSIS VHTE BARTFA FOR REMOVAL OF SULPHURIC 
ACID aSTSH GBQIIP.

About 2 gm. o f  a saople o f Fraction I I  m ateria l in  

20 cc . water was warmed gen tly  u n t il a c o llo id a l so lu tio n  was 

formed. This was kept a t 70®C and carbon dioxide free  a ir  

passed through W hilst 20 c c . 10% baryta so lu tio n  was added 

through a f i l t e r  (There was an inanediate p rec ip ita tio n  o f  a 

w hite bulky s o lid , most probably a barium eth erea l sulphate 

o f the polysaccharide and th is  made i t  d if f ic u lt  to  see vdien 

barium sulphate was being p rec ip ita ted  and a lso  undoubtedly 

accounted fo r  the poor y ie ld  o f  p ro d u ct,).

The mixture was heated to  70®C fo r  2 hours, a fte r  

which time p rec ip ita ted  barium sulphate (togeth er p ossib ly  

w ith some barium eth erea l sulphate) was removed by c e n tr i­

fuging. Heating was then continued and th e  removal o f  

barium sulphate was carried  out a t in te r v a ls  u n t il i t  appeared 

th at there was no further d ep osition . A fter n eu tra lisin g  

the excess baryta w ith sulphuric a c id , the product was 

iso la te d  by evaporating the so lu tio n  and p r ec ip ita tin g  in to  

a lco h o l. A fter tr itu r a tin g  and drying a w hite powder very 

sim ilar to  the o r ig in a l m aterial was obtained in  50% y ie ld .



53.

.   ̂200
This had w  | = -540 aoa the equivalent weight hy a lk a li

546.1

t itr a t io n  was 12,000.

BOUIVALBtTT VÆIGHT DBTSBMIMATIONS.

A lth ou #  the carbonate-extracted , fraction ated  

m aterial was appreciably a c id ic  i t  could not be t itr a te d  to  a 

d e fin ite  end-point w ith ca u stic  soda. This was probably due 

to  slow acid-base exchange and the d if f ic u lty  was e ffe c t iv e ly  

overcome ty  adding a measured volume o f  aqueous sodium 

hydroxide to  the m ateria l, leav in g  i t  to  stand fo r  10-15  

minutes and then b a ck -titra tin g  the excess cau stic  soda w ith  

d ilu te  hydrochloric a c id , using phenolphthalein as the  

in d ica to r .

In an estim ation o f  th is  kind a sample o f  Fraction I  

m ateria l, having ash content 6% and m oisture content 9% gave 

the fo llow in g  r e s u lts .

(1) 0 .3120  gm. reacted  with 3»28 cc . 0.1228 N sodium
% droxide. Equivalent w e l^ t  = 660 .

(2) 0 .4342  gm. o f  the same sanple reacted  w ith 4 .70  cc .
0 .1228  h a lk a li. .* . Equivalent weight = 640.

Likewise 0 .6 2 7 1  gm. o f  a sample o f  Fraction. I I  m ateria l, w ith  

ash 12% and m oisture 11%, reacted  w ith 3 .9 3  c c . o f  alkal i  o f  

th e same norm ality. The equivalent weight was therefore 1020.

In general i t  was found th at the equivalent w eights 

o f sasgples o f  Fraction I  m aterial were 450-850  and those o f  

Fraction I I  m aterial were 1000-1400.
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m iO T A irO W  OF mTERIAL' FOR ÜROHIG M

The apparatus employed in  examining the extract for  

uronic acid  was as shown in  Figure I I I . The 500 cc. round 

fla sk  C contained the sample o f  m aterial under in vestiga tion  

together with 100 cc. 19% hydrochloric acid . Tlie absorption  

tower G was f i l le d  w ith aaall g la ss  beads and the tap-ftum el 

H was charged with a known volume o f  ^ /5  baryta. A ir, free  

from carbon dioxide by passage throu^  the soda lime towers A, 

was drawn through the apparatus for twenty minutes so that a l l  

carbon dioxide was removed. C was then heated on an o i l  bath 

which was eventually kept a t 135~140®C. When the so lu tion  in  

C ju st began to b o il baryta was introduced into G from H and 

the a ir  current, which was regulated by the screw -clip  L and 

measured by the bubbler B, was a t th is  point increased some­

what to prevent carbon dioxide or liq u id  being sucked back 

from C in to  B, When the so lu tion  was b o ilin g  gently L was 

adjusted so that 2 or 3 bubbles passed th rou ^  B per second 

(E was an a n ilin e  trap for the removal o f  fbrfuraldehyde and 

P contained 10% s ilv e r  n itra te  to ensure that no hydrochloric 

acid  was carried over to  the baiyta tow er,).

A fter 4 hours the heating was discontinued and the 

tower was disconnected from P and M. The baryta in  the tower 

was quickly washed in to the fla sk  with carbon dioxide free  

water and back titr a te d  with ^/lO hydrochloric acid  using
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phenolphthalein as in d icator. The weight o f carbon dioxide 

evolved from the sample was then ca lcu lated . I t  was 

necessary to carry out a blank esqjerioent to ascertain  Whether 

the apparatus was leak-proof and to obtain a value fo r  the 

sm all correction  to be applied to  the ca lcu lation s due to 

carbon dioxide absorption during charging and t itr a t in g .

In an estim ation o f th is  kind 0.634 gm. o f  ash and 

m oisture-free m aterial gave carbon dioxide equivalent to  

13 .4  cc. ^/lO îydrochloric acid , w h ilst in  a blank experiment 

a titaxation in d icating th at carbon dioxide equivalent to  

0 .2  cc. o f  acid  o f the same strength was obtained. The 

weight o f carbohydrate g iv ing 1 gm. molecule o f carbon 

dioxide was, th erefore, given by the expression:-  

2 X 0 .634  X 10*
 13.2  = 960.

A summary o f  the r e su lts  obtained from such determ inations i s  

given in  the th eo re tica l section .

ACID HÏDH)LYSI5 OF THE POLYSAGCHARIHS.

Preliminary experiments having ind icated  that the 

extracted m aterial exhib ited  an increasing iodine absorption  

vihen heated on the water-bath with water or d ilu te  acid but 

that the products iso la ted  a fter  such treatment had iodine
I

absorptions considerably lower than that o f tlie f in a l 

hydrolysis mixture an in vestiga tion  o f th is  pecu liar e ffe c t  

was necessary.
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For th is  purpose 4 gms o f m aterial together with 

500 cc. ^ /50  sulphuric acid  were heated under reflu x  on a 

b o ilin g  water-bath. At in terv a ls su itab le  portions o f  

so lu tion  were p ipetted  from the reaction  fla sk  and titr a te d  

as fo llow s. 20 cc. o f ^/lO iodine vrere run in to  the te s t  

sample and then about 30 cc. o f ^/lO UaOH was added. A fter 

3 minutes the so lu tion  was a c id ifie d  with S’ sulphuric acid  and 

the excess iodine titr a te d  with ^/20 th iosu lphate.

Time (hours) Absorption o f ^/lO iod ine/ga .

0 cc.
12
21 10.6 M
36 16.0 If

The ly d ro ly sis  mixture a fter  n eu tra lisa tion  with 

baryta and removal o f  barium sulphate was concentrated at 

40®C/30 mm. to  15O cc. end the iodine absorption was again 

determined and found to  have fa lle n  to  5*5 cc./gm . 

In vestiga tion  o f the iodine absorption o f the d is t i l la t e  

showed th at th is  only corresponded to  about 1 cc ^/10/gm.

When, however, 4 ©as o f m aterial were hydrolysed 

with 500 ec . ^ /50  sulphuric acid , a stream o f nitrogaa being 

passed through the so lu tion  both during hydrolysis and
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concentration, the follow ing r e su lts  were obtained:-

Time (hours) Absorption o f ^/lO iodine/gra.

0 0 .2  cc.
■ 2 4 .5  "

4 6 .5  *'
11 11.0 "
25 20.0 '•
36 2 3 .5  "
51 25 .3  "

A fter n eu tra lisa tion  and concentration o f  the hydrolysis 

mixture to 100 cc. a t 450C/3O mm. the iodine absorption per gm. 

had only fa lle n  to  21.8 cc . ^/lO .

The hydrolysis mixture m s fractionated  as the tab le  

below in d ica tes and "Wie mean iodine absorption o f the products 

was in  fa ir  agreement w ith that o f  the m ixture.

Fraction
Method o f P reci­

p ita tio n Y ield
Absn o f îf/10  

iodine/gm . r 1 0̂° 
546.1

1 75% alcohol 0 ,8  gm. 17

2 80% « 0 .6  " 20 - 25®

3 90% " 0 .5  " 35 -20®

4 Unprecipitated  
with 90% 
alcohol.

0 .6  " 37 -12®
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HYDROLYSIS WITH K SULPHUBIC ACID.

10 gms o f m aterial were hydrolysed for 9 .5  hours in  

an atmosphere o f nitrogen with $00 cc. ÏÏ sulphuric acid . The 

iodine absorption per gm. was then 80 ec. ^VlO.

The mixture was neutralised  and evaporated in  

nitrogen to 100 cc*, the iodine absorption having fa llen  to 

38 cc. The follow ing products were iso la ted  from the mixture:

Fraction P recip itation Y ield Iodine
Absorption  ̂ ’'546.1

1

2

75% alcohol 

Residue

1 .0  gm.

2.36  "

16.6  cc 

65 cc. 0

0 .96  gm. o f the second fraction  from the hydrolysis 

mixture was converted to methyl glycosides by heating under 

reflu x  for 4 hours with 3% methyl a lcoholic hydrogen chloride 

A fter n eu tra lisation  o f  the acid vdth s ilv e r  carbonate the 

methyl alcohol was removed by d is t illa t io n  to  leave a dark 

syrup weighing 0.89 gm. and having OCH3 19*0%. The product 

had no measurable op tica l rotatory power.

HYDROLYSIS WITH SOLPHURIC ACID.

Aqueous E xtract.

5 gms o f aqueous extracted m aterial (moisture 8%, 

ash 14%) was hydrolysed with $5 cc* ^/5 sulphuric acid in  an 

atmosphere o f n itrogen, the course o f the hydrolysis being
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followed by iodine t itr a tio n . 

Time (hours) 16 21
008 ^/lO Iodine abeorbod/m. 31.5 4$. 5 46.1

A email quantity o f  euepexkled so lid  In the hydrolysate was 

removed by centrifuging sand the clear liq u id  resu ltin g  «as 

neutralised  with baryta and barium carbonate.

A fter evaporation o f the neutralised  m ixture, a t 

40®/20 mm., to  a sm all bulk the products were Iso lated  as 

indicated in  the tab le below: -

Fract*^ Y ield Nature Aai Mois­
ture I2 abs®/ga.

1 0 .3 5  gm. Solid  Guspai- 
sion remaining 
a fter  lydrolysls

67% 1% 27

a 1.2$ gm. P recip itated  by 
8(% alcohol

15% 9% 24 -18®

3 0 .17 gm. Precip itated  by 
92% alcohol

9% 10% 43 - 23®

4 0 .8 5  gm. Precip itated  by 
99 . 4% alcohol

4* 80 +9®

5 0 ,3 6  02. Soluble in  
99 . 4% alcohol

83 +12®

Fraction I M aterial.
10 gins Fraction I exto*act a fter  l^rdrolysis with 

120 cc . ®/5 sulphuric a d d  for 1? hours had an iodine 

absorption o f  48 ec. % /̂10/gm. îmd th is  ^owed no appreciable



6o.

a ltera tion  on heating for a fVirther 3 hours.

The hydrolysis mixture was very dark and there was 

a considerable quantity o f suspended so lid  m atter, which was 

removed by centrifuging and the ranaining clear liq u id  was 

neutralised  with baryta and barium carbonate, concentrated 

and fractionated as indicated in  the appended ta b le .

I

Frac­
tion Y ield Nature Ash I2 abs^/ 

gm.
Baiose
Oantnt

Methyl
Pentose
Content 546.1

1 1 .5  gm Solid  , ,
suspension
a fter
hydrolysis

13%20CC.̂ /10 3% 3% -

2 1 .6  gm P recip ita­
ted by 8$% 
alcohol

8% 55 " 2% 10% -7 .0 °

3 2.4  gm P recip ita­
ted ty
99 . 4%
alcohol

83 " 0 21% +11 . 5®

4 1 .5  gm Soluble in
99 . 4%
alcohol

96 " 0 27% +17 . 2®

The orig in a l Fraction I extract had 2% pentose, l^o methyl 

pentose.

Fraction II M aterial.

9 .0  gm. Fraction II  extract were hydrolysed with 

150 cc ®/$ sulphuric acid , the course of the hydrolysis being 

followed p olarim etrically .
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Time (hours) 2 6 8 ^  24
r -,20®
H i - 60® - 20® - 11® +11® +12®
‘‘ ^546.1

At the end o f the reaction the iodine absorption was 

determined and found to  be 49 cc. ^VlO/gm.

The products tabulated below were iso la ted  in  the 

manner described previously.

Fraction Y ield Nature l 2 absh 
per gm.

I 0 . l 6 gm. Insoluble 
m aterial removed 
a fter  1 hour's 
hydrolysis

II 1.63 Precipitated by 
75% alcohol

16 cc ^/lO - 20®

III 1 .1 P recip itated  by 
90% alcohol

36 « + 3®

IV 0 .4 P recip itated  by 
99*4% alcohol

72 " +80

V 2.7 Soluble in  
99.4% alcohol

93 " + 12® ,

HYDHOLYSIS WITH ^/lO SULPHURIC ACID.

5 gms o f Fraction II extract were hydrolysed in  

120 CC . ^/lO sulphuric acid , the course o f  the reaction being 

followed polarim etrically . The hydrolysis was arrested  

w h ilst the o p tica l rotation  m s s t i l l  very d efin ite ly  

negative so that incom pletely degraded m aterial might be 

iso la ted .
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Tima
(hours)

0
1
4
7

14

20®

- 100®
*93®S
-47®

4,3 cc. V lO  
10,6 «
13.3
Sf.7 "
32.0  "

The products iso la ta d  &s in  the previous hydrolyses m r« t-

Frac­
tio n Y ield Akh Mois­

ture
r .20®
^^546.1

lo  absorption 
per gB Mature

I 1.85 gJB 21% 13% -67® 18 cc . ^/lO Insoluble 
in  83% 
alcohol.

n 0 .91  " 20% -16® 34 Insoluble 
in  99.'% 
alcohol.

n i 0 .50  " 1^. +9® 74 " Soluble 
in  99 . #  
alcohol.

3SM PENTOSK IK  E xrm cT m )

The sample o f  m aterial to  he mmmlned was wei^ted 

in to  a 500 ec . fla sk  and covered with 100 c c . o f  12% hydro- 

eh lorie acid . The reaction  fla sk  m s f it te d  witli a tap- 

Anmel and a condenser, a t the m â  o f  «hieh was an adapter 

dipping in to a conical f l a ^ .

The reaetiw i fla sk  was immersed in  a pam ffin  o i l  

hath maintained a t a temperature o f  170®C and #hem the hydro­
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c h l o r i c  a c i d  r e a c h e d  b o i l i n g  p o i n t  a  f u r t h e r  60 c c .  o f  a c id  

o f  t h e  same s t r e n g t h  w as a d d ed , s i m i l a r  a d d i t io n s  b e in g  made 

a t  20  m in u te  i n t e r v a l s  f o r  2 h o u r s .  By t h i s  t im e  a b o u t  

4 0 0  c c .  o f  d i s t i l l a t e  h ad  c o l l e c t e d  i n  th e  r e c e i v e r  and t o  

t h i s  w as ad d ed  20 c c .  o f  a  s o l u t i o n  o f  p h lo r o g l u c i n o l  i n  12% 

h y d r o c h lo r ic  a c id  ( 1 1  0o /23O  c c . ) . The m ix tu r e  w as a l lo w e d  

t o  s t a n d  o v e r n ig h t  and t h e  p h lo r o g lu c id e s  p r e c i p i t a t e  w as 

th e n  f i l t e r e d  th r o u ^ i  a  s i n t e r e d  g l a s s  c r u c ib le  (G rade G . b . 4 ) , 

w ash ed  w it h  300  c c .  d i s t i l l e d  w a te r ,  d r ie d  a t  100®C f o r  

3 h o u r s  and  w e ig h e d .

The c r u c i b l e  and c o n t e n t s  w ere  th e n  p la c e d  i n  a  

s m a l l  b e a k e r  w i t h  20  c c .  96% a l c o h o l  and h e a t e d  t o  60®C i n  a  

w a te r  b a th  f o r  10 m in u te s ,  a f t e r  w h ich  t h e  a l c o h o l  w as 

su c k e d  o f f  a t  th e  pump and t h e  e x t r a c t i o n  p r o c e s s  r e p e a te d  

t w i c e .  D u r in g  t h i s  t r e a tm e n t  brown m eth y  1 - f u r f u r a l  p h lo r o -  

g l u c i d e ,  r e s u l t i n g  from  m e th y l p e n t o s e  r e s i d u e s  w en t i n t o  

s o l u t i o n  l e a v i n g  t h e  i n s o l u b l e  b la c k  p h lo r o g lu c id e  o f  f u r f u r a l  

form ed  from  p e n t o s e  o r  u r o n ic  a c i d .  Tlie c r u c i b l e  and  

rem siin in g  p r e c i p i t a t e  w as d r ie d  a g a in  f o r  2 h o u r s  and  

r e - w e ig h e d .

A sam p le  o f  F r a c t io n  I I  e x t r a c t  g a v e  th e  f o l lo w in g

f i g u r e s : -

0 .2094  gm ( a s h  13%, m o is tu r e  1 0 % )-^ 0 .0 4 4 5  g n  p h lo r o g lu c id e s

0 .0 0 4 $  gm ( a f t e r  a l c o h o l  
e x t r a c t i o n )
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H ence m e th y l p e n to s e  c o n t e n t  = 27.1%

and  p e n t o s e  c o n t e n t  = 3»0%.

0.2375  gm o f  t h e  s im p le  h y d r o l y s i s  p r o d u c t  o f  t h e  ab ove

m a t e r i a l  ( a s h  8%, m o is tu r e  Siero) O.0892  gm p h lo r o g lu c id e
( E n t i r e l y  s o l u b l e  i n  
96% a l c o h o l )

H ence m e th y l p e n t o s e  c o n t e n t  = 41 ,2% . «

A com p arab le  sam p le o f  F r a c t io n  I  e x t r a c t  h ad  m e th y l p e n t o s e  

c o n t e n t  16 . 2% and p e n t o s e  c o n t e n t  2 . 1% and i t s  s im p le  

h y d r o l y s i s  p r o d u c t  c o n t a in e d  28 .$% l œ t h y l  p e n t o s e ,

M é th y la t io n  o f  1 .$  gm. o f  t h e  p o ly s a c c h a r id e  w as 

a t te m p te d  u s in g  d im e th y l  s u lp h a te  and a l k a l i .  The c a r b o ­

h y d r a te  e x t r a c t  m s  t r e a t e d  w it h  a  s m a l l  vo lum e o f  w a te r  so  

t h a t  a , s t i f f  g e l  w as form ed  and  t o  t h i s  t h e  m e t ï y l a t in g  

a g e n t s ,  20 c c .  d im e th y l  s u lp h a te  and $0 c c .  30% c a u s t i c  so d a  

s o l u t i o n ,  w ere  ad d ed  i n  30 p o r t i o n s  a t  i n t e r v a l s  o f  ^  h o u r .  

The r e a c t i o n  m ix tu r e  w as k e p t  a t  $0®C th r o u g h o u t  t h e  

a d d i t io n s  and w as s t i r r e d  v i g o r o u s l y .  2 $ e c .  a c e to n e  w as  

added  a f t e r  1 h o u r  and when a l l  t h e  r e a g e n t s  h ad  b e e n  add ed  

th e  te m p e r a tu r e  w as r a i s e d  t o  100®C and k e p t  a t  t h i s  v a lu e  

f o r  ^  h o u r  so  t h a t  t h e  e x c e s s  d im e th y l s u lp h a te  w as rem oved . 

The m ix tu r e  w as t h e n  made j u s t  a c id  w it î i  c o n c e n tr a te d  

s u lp h u r ic  a c id  and f i l t e r e d .  The p r e c i p i t a t e  w as e x t r a c t e d  

t w ic e  w ith  b o i l i n g  c h lo r o fo r m , b u t  on  r a a o v a l  o f  t h e  s o l v e n t
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t h e r e  w as n o  r e s id u e  i n d i c a t i n g  t h a t  no c h lo r o f o r m - s o lu b le ,  

m e th y la te d  m a t e r ia l  h ad  b e e n  p r o d u c e d . A s i m i l a r  n e g a t iv e  

r e s u l t  w as o b t a in e d  a f t e r  r  erne th y  l a t i o n  w ith  t h e  same 

q u a n t i t i e s  o f  r e a g e n t s .

I n  a  s i m i l a r  e x p e r im e n t i n  vjhich c a u s t i c  p o ta s h  

w as s u b s t i t u t e d  f o r  c a u s t i c  so d a  and  t h e  r e a c t i o n  m ix tu r e  wee 

k e p t  a t  room te m p e r a tu r e , no c h lo r o fo r m  s o lu b le  m a t e r i a l  w as 

p r o d u c e d . Mor w as m é t h y la t io n  o f  t h e  p o ly s a c c h a r id e  e f f e c t e d  

when f r e q u e n t  a d d i t io n s  o f  m etîq r l a l c o h o l  w ere  made t o  t h e  

m é t h y la t io n  m ix t u r e .

ACKmATION OF THE PQLYSACCmRIDS.

S e v e r a l  a t te m p ts  w ere  made t o  in t r o d u c e  a c e t y l  

g r o u p s  i n t o  3 gm. p o r t i o n s  o f  t h e  e x t r a c t e d  p o ly s a c c h a r id e  

u s in g  v a r io u s  q u a n t i t i e s  o f  p y r id in e  an d  a c e t i c  a n iy d r id e .

I n  o n e  su c h  e x p e r im e n t 3 e a r b o n a te c  e x t r a c t e d  

( u n f r a c t io n a t e d )  m a t e r ia l  w ere  h e a t e d  t o  80®C w it i i  20  c c .  

p y r id in e  and  m a in ta in e d  a t  t h i s  te m p e r a tu r e  f o r  1  h o u r  t o  

e f f e c t  a  s w e l l i n g  o f  t h e  m a t e r i a l .  The m ix tu r e  w as t h e n  

c o o le d  en d  12 c c .  a c e t i c  a n h y d r id e  added  s l o w l y ,  a f t e r  w h ich  

t h e  ten ç> era tu re  w as r a i s e d  t o  $0®C, a t  «ftiich v a lu e  i t  w as 

k e p t  f o r  20  d a y s . The e x c e s s  r e a g e n t s  w ere  th e n  rem oved by  

s t a n d in g  t h e  m ix tu r e  u n d er  w a te r ,  w h ich  w as r e p e a t e d ly  

d e c a n te d  o f f  and r en ew e d , u n t i l  f r e e  from  w a te r  s o lu b le  a c i d .  

The m ix tu r e  was th e n  c e n t r i f u g e d  and t h e  s o l i d  p r o d u c t  w as
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w ashed v e r y  q u ic k ly  w ith  a l c o h o l  and e t h e r  and d r ie d .  The 

a l k a l i - a b s o r p t i o n  w as d e te r m in e d  by tr e a tm e n t  w ith  ^ /2  

c a u s t i c  so d a  f o r  3 h o u r s  a t  , a f t e r  w h ich  t h e  e x c e s s  

a l k a l i  was b a c k - t i t r a t e d .  I n  an  e s t im a t io n  o f  t h i s  k in d  

0 .234  gm. m a t e r ia l  w as fo u n d  t o  a b so rb  o n ly  2 .9  c c .  ^ /2  

a l k a l i ,  w h ich  i s  e o n ^ a r a b le  o n ly  w ith  t h e  a c i d i t y  o f  t h e  

o r i g i n a l  m a t e r i a l .

S im i la r  r e s u l t s  w ere  o b ta in e d  when t h e  m ethod o f  

a c é t y l a t i o n  w as v a r ie d  b y  a l t e r a t i o n  o f  th e  r e l a t i v e  

q u a n t i t i e s  o f  t h e  r e a g e n t s  and  th e  te m p e r a tu r e  and wh«a 

u n d r ie d  m a t e r ia l  w as em p lo y ed .

METHYIATIOK OF SIMPlg  HYDROLYS IS  PRODUCTS.

pRi3i.imHMiar experimbcts.

(1) Small-scale llethvlation using Purdie Reagents only.

The m a t e r ia l  u s e d  f o r  t h i s  m e t b y la t io n  was p a r t  o f  

F r a c t io n s  3 and  4 from  th e  a c id  h y d r o l y s i s  o f  F r a c t io n  I  

e x t r a c t  d e s c r ib e d  on  p a g e  (3O . A l l  t h e  m a t e r ia l  was s o lu b le  

i n  85% a l c o h o l .

1 ,3  gm. f r a c t i o n  3 and 0 .5  gm. f r a c t i o n  4 w ere  

c o n v e r te d  t o  m e th y l g l y c o s i d e s  b y  h e a t in g  u n d er  r e f l u x  f o r  

4  h o u r s  w ith  50 c c .  dry  4% m e th y l a l c o h o l i c  h y d ro g en  c h lo r id e  

A f t e r  n e u t r a l i s a t i o n  o f  t h e  h y d ro g en  c h lo r id e  w ith  d r y ,  

f r e s h l y  p r e p a r e d  s i l v e r  c a r b o n a te  and rem o v a l o f  t h e  s i l v e r  

c h lo r id e  b y  f i l t r a t i o n  t h e  m e t î y l  a l c o h o l  w as d i s t i l l e d  o f f  

u n d er  r e d u c e d  p r e s s u r e  and th e  p r o d u c t  i s o l a t e d  I n  98% y i e l d .



67.

The m e th y l g l y c o s i d e s  t o g e t h e r  w ith  10 c c .  d r y ,  

f r e s h l y  d i s t i l l e d  m e th y l io d id e  and 5 c c ,  dry  m e t i y l  a l c o h o l  

w ere h e a t e d  on t h e  w a t e r - h a th ,  a t  4 5 °C , u n d er  s l i g h t  p r e s s u r e  

f o r  6 h o u r s ,  10 gms d r y , f r e s h l y  p r e p a r e d  s i l v e r  o x id e  b e in g  

add ed  i n  p o r t io n s  a t  1  h ou r  i n t e r v a l s .  A f t e r  m é t h y la t io n  

t h e  m ix tu r e  w as r e p e a t e d ly  e x t r a c t e d  w it h  h o t  m e th y l a l c o h o l  

and t h e  p r o d u c t  w as i s o l a t e d  i n  96% y i e l d  and h ad  OCH3 25 . 2%. 

T h is  p a r t i a l l y  m e th y la te d  m a t e r ia l  w as r e m e th y la te d  u s in g  

7 c c .  o f  m e th y l i o d i d e ,  2 c c .  o f  m e th y l a l c o h o l  and 7 gms o f  

s i l v e r  o x id e ,  a f t e r  v& ich  th e  m e th o x y l c o n t e n t  had  r i s e n  t o  

34 . 0%. The p r o d u c t  was now s o lu b le  in m e th y l io d id e  so  t h a t  

i n  t h e  f i v e  f u r t h e r  m é t h y la t io n s  t o  Which i t  w as s u b j e c t e d  no  

m e th y l a l c o h o l  w as em p loyed  b u t  t h e  q u a n t i t i e s  o f  m e th y l  

i o d id e  and s i l v e r  o x id e  w ere  u n a l t e r e d  and a f t e r  ea ch  

m e t l y l a t i o n  th e  m a t e r ia l  w as e x t r a c t e d  w i t h  b o i l i n g  e h l o r o f o m .  

The metho:%rl c o n t e n t  c o u ld  a p p a r e n t ly  n o t  b e  r a i s e d  above  

50 . 1% and t h e  f i n a l  y i e l d  vf&s 80%.

F r a c t io n a l  d i s t i l l a t i o n  from  a  f l a s k  w ith  no  

f r a c t i o n a t i n g  colum n g a v e  th e  f o l lo w in g  p r o d u c t s : -

F r a c t io n Y ie ld OCH3 M ol.
W t.

B ath
Temp. P r e s s .

1

2

0 .5 8  gm.

0 .25

54 . 2%

44.9%

^  200  

^200
710c

1660c

0 .03  mm. 

0 .03  mm.
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Thé a p p ro x im a te  m o le c u la r  w e i ^ t s  w ere  d e ter m in e d

b y  R a e t ' s  f r e e z i n g  p o in t  m ethod w it h  camphor a s  th e  s o l v a i t .

( 2 )  M é th y la t io n  u s in g 'D im e th y l  S u lp h a te  and A l k a l i  
f o l lo w e d  by t h e  P u r d ie  R e a g e n ts^

7*3  gme o f  s im p le  m a t e r ia l  ( s o l u b l e  i n  85% a lc o h o l )  

from  ® /5  a c id  h y d r o l y s i s  o f  15 g a s  o f  F r a c t io n  I I  e x t r a c t  

w ere c o n v e r te d  t o  m e th y l g l y c o s i d e s  b y  tr e a tm e n t  w it h  b o i l i n g  

3% d ry  m e th y l a l c o h o l i c  h y d ro g en  c h lo r id e  f o r  s i x  h o u r s .

The glycosides, iso la ted  in 95% y ie ld , had OCH3 16 . 2%.

6.95  gms o f  g l y c o s i d e s  w ere  d i s s o l v e d  i n  10 c c .  

w a te r  t o g e t h e r  w it h  28  c c .  a c e to n e  and  t o  t h i s  s o l u t i o n  th e  

m e t h y la t in g  a g e n t s ,  48  c c .  d im e th y l  s u lp h a te  and 3 2 . 5  gms 

sod ium  h y d r o x id e  i n  120  c c .  a q u eo u s s o l u t i o n ,  w ere added i n  

10 e q u a l  p o r t io n s  a t  i n t e r v a l s  o f  12  m in u te s .  The r e a c t i o n  

m ix tu r e  was k e p t  v ig o r o u s ly  s t i r r e d  th r o u g h o u t and im m ersed  

i n  a  w a t e r - b a t h ,  t h e  i n i t i a l  te m p e r a tu r e  o f  v h ic h  w as 45®C, 

t h i s  b e in g  r a i s e d ,s lo w ly  t o  50°C . A f t e r  t h e  a d d i t io n  o f  a l l  

th e  r e a g e n t s  th e  b a th  w as h e a te d  v e i y  c a u t i o u s l y  t o  80®C and  

k e p t  a t  t h i s  te m p e r a tu r e  f o r  4 5  m in u te s  t o  decom pose t h e  

e x c e s s  d im e t l^ l  s u lp h a t e .  The r e a c t i o n  f l a s k  was th ® i c o o le d  

t o  0®C and  t h e  m ix tu r e  made j u s t  n o t  a c id  w it h  c o n c r a itr a te d  

s u lp h u r ic  a c i d ,  a f t e r  w h ich  f i n a l  a c i d i f i c a t i o n  w as e f f e c t e d  

b y  b u b b lin g  ca rb o n  d io x id e  th r o u ^ . t h e  m ix tu r e . Sodium  

s u lp h a te  was r e n o v e d  b y  f i l t r a t i o n  and  t h e  f i l t r a t e  e x t r a c t e d
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t w ic e  w ith  0̂ c c .  o f  c h lo r o fo r m  i n  t h e  c o ld .  The aq u eou s  

s o l u t i o n  w as r e - f i l t e r e d  and e v a p o r a te d  t o  30 c c .  when a  

f u r t h e r  q u a n t i t y  o f  sodium  s u lp h a te  w as f i l t e r e d  o f f .  To 

th e  f i l t r a t e  w as add ed  an e q u a l  volum e o f  a c e to n e  and r e -  

m e t h y la t io n  w as e f f e c t e d  u s in g  30 c c .  d im e th y l s u lp h a te  and

20.3 gms sod ium  h y d r o x id e  i n  75  c c .  w a te r , th e  p r o c ed u r e  

b e in g  s im i la r  t o  t h a t  i n  t h e  f i r s t  m é t h y la t io n .  A f t e r  

n e u t r a l i s a t i o n  o f  t h e  a l k a l i  th e  m é t h y la t io n  m ix tu r e  was 

e x t r a c t e d  tv d c e  v d th  c h lo r o fo r m  i n  t h e  c o ld  and th e  aq u eo u s  

l a y e r  w as e v a p o r a te d  t o  d r y n e s s ,  sod ium  s u lp h a te  b e in g  rem oved  

a t  i n t e r v a l ' s .  A f t e r  th o ro u g h  d r y in g  o f  t h e  r e s id u e  a  f u r t h e r  

e x t r a c t i o n  w ith  h o t  c h lo r o fo r m  w as c a r r ie d  o u t .  The com bined  

sod ium  s u lp h a te  w ere l ik e w is e  d r ie d  and e x t r a c t e d  w ith  

c h lo r o fo r m  i n  th e  h o t .  W h^  t h e  c h lo r o fo r m  e x t r a c t s  w ere  

t o g e t h e r  e v a p o r a te d  t o  d iy n e s s  t h e  y i e l d  o f  m e th y la te d  su g a r s  

w as o n ly  4 .6  gms ( o r  66%). The m e th o x y l c o n te n t  was 45.0% .

( S in c e  t h i s  p o o r  y i e l d  s u g g e s t e d  t h a t  m a t e r ia l  o f  low  

m e th o x y l c o n te n t  and s m a ll  c h l o r o f o r m - s o l u b i l i t y  m ig h t h ave  

b e e n  l e f t  u n e x tr a c te d  i n  t h e  r e s i d u e s  a l l  t h e  r e s id u e s  w ere  

r e - e x t r a c t e d  w it h  m e th y l a l c o h o l .  R em oval o f  sodium  s u lp h a te  

from  t h e s e  e x t r a c t s  w as d i f f i c u l t  and th e  com bined e x t r a c t s  

t o g e t h e r  ? j ith  some r e m a in in g  sod ium  s u lp h a te  w ere  

r e -m e th y la t e d  u s in g  24 c c s  d im e th y l s u lp h a te  and 1 6 . 2  gms 

sod ium  h y d r o x id e  i n  60 c c s  w a te r . E x t r a c t io n  o f  th e
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m é t h y la t io n  m ix tu r e  w ith  h o t  c h lo r o fo r m  g a v e ,  h o w ev e r , o n ly  

0 .03  gm. m a t e r i a l . )

F u r th e r  m é t h y la t io n  was e f f e c t e d  w it h  d ry  s i l v e r  

o x id e  and  m e th y l i o d i d e .  4 .6  gms p a r t i a l l y  m e t ly la t e d  

m a t e r ia l  d i s s o l v e d  i n  I 6 c c .  m etîq rl io d id e  w as r e f lu x e d  a t  

45®C, u n d er  s l i g h t  p r e s s u r e ,  f o r  6 h o u r s  w ith  15  gms d ry  

s i l v e r  o x i d e ,  w îiich  w as added i n  6 p o r t io n s  a t  1  h o u r  

i n t e r v a l s .  The p r o d u c t  w as e x t r a c t e d  w ith  b o i l i n g  c h lo r o ­

form  and a f t e r  rem ova l o f  t h e  s o l v e n t  i t  w as a g a in  m e th y la te d '  

w it h  t h e  same q u a n t i t i e s  o f  r e a g e n t s  and i s o l a t e d  a s  b e f o r e  

i n  y i e l d  o f  4 .6  gm s. The m e th o x y l c o n t e n t  w as 53-«5%.

A f t e r  2 f u r t h e r  tr e a tm e n ts  w i t h  9 c c .  m e th y l  

i o d id e  and 8 gms s i l v e r  o x id e  4 . 5  gms o f  m e th y la te d  m a t e r ia l  

w ere  i s o l a t e d  h a v in g  OCH3 52.8% . The m e th o x y l c o n te n t  w as  

u n a l t e r e d  a f t e r  a n o th e r  tr e a tm e n t  ^«dth t h e  same q u a n t i t i e s  o f  

r e a g e n t s .

The p r o d u c t  w as f r a c t i o n a t e d  amd r e - f r a c t i o n a t e d  a s  

i n d ic a t e d  i n  t h e  t a b l e s  b e lo w . The f r a c t i o n a t i n g  a p p a r a tu s  

em p loyed  i n  b o th  c a s e s  b e in g  a  s n a i l  Q u i c k - f i t  f l a s k  p r o v id e d  

w it h  a  D u fto n  co lum n.
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t f a c t i o n Y i e l d B a th  Tamp. I n t e r n a l  Temp. P r e s s u r e

1 2.19  gm. I 30- 13IOC B3- 8$oc 14 mm.
2 0 .87  " 5Û -130OC 70- 750C 0.06  "
3 9 .05  " 150-160®G 60®C 0 .06  "

.

R e f r a c t io n a t io n :  -

F r a c t io n Y ie ld B ath  Temp. I n t e r n a l  Temp. P r e s su r e OCIÎ3

(a )  , 1.64  gm. 139-1410C IO5-IO 6OC 24 mm. 49 . 1%
(b ) 0 .88  " 92-93°C 45-5o® c 0.06  mm. 52 . 9%
( c ) 0 .18  " 1 1 0 -1 2 5®C 65-70®C 0.06  mm. <41%

R y d r o lv s is  o f  F r a c t io n s  (a )  anà (b ) #

F r a c t io n  ( a ) *

0.39  gm# m a t e r ia l  was d i s s o lv e d  i n  25 c c .  ^ /lO  

h y d r o c h lo r ic  a c id .  The i n i t i a l  o p t i c a l  r o t a t i o n  was 

d eterm in ed  and th e  s o l u t i o n  was h e a te d  un d er r e f l u x  on th e  

b o i l i n g  w a te r -b a th  u n t i l  th e  p o la r im e t r ic  r e a d in g s  in d ic a t e d  

t h a t  h y d r o ly s i s  was c o m p le te : -

Time
T h rs)

 ̂ '̂5 4 6 .3

0 1 2 4 . 5 7 . 5 14 19 25 29 3 8 . 5

-1 0.5® -4 .5 0 0 + 3 . 1 ° +4 .7 0 +1 0 .7 0 +2 2 .2 0 +2 8 .9 0 +31.10 +31 .

The s o l u t i o n  was n e u t r a l i s e d  w ith  s o l i d  barium  

c a r b o n a te , f i l t e r e d  and e v a p o r a te d  t o  d ry n ess#  The d r ie d  

m a t e r ia l  was e x tr a c t e d  3 t im e s  w ith  b o i l i n g  e th e r  and a f t e r
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rem o v a l o f  th e  e th e r  a  t h i n  sy r u p , w ith  a  v e r y  p u n g en t o d o u r , 

was i s o l a t e d .  T h is  p r o d u c t , w e ig h in g  O.38  gm. red u ced  

P e h l in g ’ s  s o l u t i o n  and had  OCH  ̂ 39.2%.

F r a c t io n  ( h ) .

0 . 4 0  gm. o f  F r a c t io n  (h ) w as h y d r o ly s e d  w it h  25 c c .  

^ /lO  h y d r o c h lo r ic  a c id  i n  a  m anner s im i la r  to  t h a t  em ployed  

f o r  f r a c t i o n  ( a ) .  The o p t i c a l  r o t a t i o n s  r e c o r d e d  w e r e : -

Time (h o u r s )
r -.20®

0 0.75 2 4
 ̂ ' i(

8 17.5

wL ^546.1
+22.1® +16 . 6® +18.0®  

L_ ' ........-

+18.0® +35.30 +35.30

0.39  gm. o f  h y d r o ly s e d  m a t e r ia l  was i s o l a t e d  a s  a  t h i n  syru p  

w ith  a  s t r o n g  odour and t h e  methoisQrl c o n te n t  was 37*5^.

F u r th e r  M é th y la t io n  o f  (a )  and ( b ) .

The h y d r o ly s e d  and u n liy d r o ly se d  p o r t io n s  o f  b o th  

f r a c t i o n s  (a )  and (b ) w ere g iv e n  f u r t h e r  tr e a tm e n ts  w ith  th e  

P u r d ie  m e th y la t in g  a g e n t s : -

1.56  gm. o f  f r a c t i o n  (a )  was d i s s o l v e d  i n  5 c c .  

m e th y l io d id e  and r e f lu x e d  f o r  6 h o u rs  a t  45^C w ith  5 o f  

dry s i l v e r  o x id e ,  added i n  p o r t io n s  a t  i n t e r v a l s  o f  1 h o u r .

The p r o d u c t  w as e x t r a c t e d  w ith  h o t  c h lo r o fo r m  and a f t e r  

rem o v a l o f  th e  s o lv e n t  th e  m é th y la t io n  p r o c e s s  was r e p e a te d  

w ith  th e  same q u a n t i t i e s  o f  r e a g e n t s .  A f t e r  3 su ch  t r e a t ­

m en ts t h e  m e th o x y l c o n te n t  wa.s 55*1% ^nd t h i s  c o u ld  a p p a r e n t ly
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n o t  b e  in c r e a s e d  f u r t h e r .  0 .9  gm. o f  p r o d u c t  was i s o l a t e d .

0 . 8c  gna. o f  h y d r o ly s e d  and vm h yd ro lysed  f r a c t i o n  (b) 

w as s i m i l a r l y  t r e a t e d  th r e e  t im e s  w ith  th e  same q u a n t i t i e s  

o f  m e th y la t in g  a g e n t s  a f t e r  w h ich  0 .5 1  gm. o f  m a t e r ia l  w ith  

OCH3 53*2% was i s o l a t e d .

C om b in ation  o f  f r a c t i o n s  (a )  and (b )  f o l lo w e d  b y  

r e f r a c t i o n a t i o n  from  a  f l a s k  w ith o u t  a  colum n g a v e  th e  

f o l lo w in g  p r o d u c t s : -

F r a c t io n Y ie ld B ath  Temp. P r e s s u r e OCH3

A

B

R e sid u e

0 .95  gm.

0 .16  " 

0 .0 5  "

55-56® c

69- 720C

0 .0 7  mm. 

0 .0 7  mm.

55. 1s

53. 5%
mm

H y d r o ly s i s  o f  F r a c t io n  A.

0 .5 5  gm. o f  th e  m ajor f r a c t i o n  (A) w as d i s s o lv e d  

i n  20  c c .  ^ /lO  h y d r o c h lo r ic  a c id  and a f t e r  o b s e r v a t io n  o f  th e  

i n i t i a l  s p e c i f i c  r o t a t i o n ,  t h e  s o l u t i o n  was h e a te d  under  

r e f l u x  on a  b o i l i n g  w a te r -b a th  u n t i l  th e  p o la r im e te r  

r e a d in g s  in d ic a t e d  t h a t  h y d r o ly s i s  was c o m p le te : -
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Tim e (h o u r s ) 0 0 .5 1 .0 1.5 2.5 4 .0

+11.0°+ 5 .0® 0 + 2.5® + 3 . 7® + 6.1®
'■ ■’$46.1

Ij
T im e (h o u r s )  

20®
6.75 9.2$ 14.2$ 19.5 23.5

^*^^$46.1
+ 12.5® +1$.2® +19. 5® +20.0® +20.0®

The h y d r o ly s e d  m a t e r i a l  w as i s o l a t e d  b y  

n e u t r a l i s i n g  w i t h  s o l i d  b a r iu m  c a ib o n a t e ,  f i l t e r i n g ,  

e v a p o r a t in g  t o  d r y n e s s  an d  e x t r a c t i n g  w i t h  b o i l i n g  e t h e r .

The y i e l d  w as 0 . 4 ]  ggi. and  t h e  p r o d u c t  h a d  OCH3 44*3% 

s u g g e s t i n g  t h a t  i t  w as a  t r i m e t h y l  m e th y l  p e n t o s e .

P r e p a r a t io n  o f  A n i l i d e  o f  ï ^ d r o ly s e d  F r a c t io n  A .

0 . 4  gm. o f  t h e  m e t % la t e d  s u g a r  w a s d i s s o l v e d  i n  

5 c c .  o f  d ry  e t h y l  a l c o h o l  c o n t a in i n g  0 . 4  c c .  d r y ,  f r e è h i y  

d i s t i l l e d  a n i l i n e .  The m ix tu r e  w as b o i l e d  u n d e r  r e f l u x  f o r  

3 h o u r s ,  a f t e r  w h ic h  t h e  a l c o h o l  w as d i s t i l l e d  o f f  u n d er  

r e d u c e d  p r e s s u r e  and  th e  t r a c e s  o f  e x c e s s  a n i l i n e  w ere  

rem oved  b y  ©team d i s t i l l a t i o n  t o  l e a v e  a  m a ss  o f  a lm o s t  

c o l o u r l e s s  n e e d le - s h a p e d  c r y s t a l s .  When r e c r y s t a l l i s e d  from  

p e tr o le u m  e t h e r  t h e  a n i l i d e  m e lt e d  s h a r p ly  a t  113®C, w h ich  

w as ta k e n  t o  i n d i c a t e  t h a t  F r a c t io n  A w as f u l l y  m e th y la te d  

r h a m n o se .
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P r e p a r a t io n  o f  P h e a v l H yd razid e  o f  L a c to n e  o f  
H y d ro ly sed  F r a c t io n  A.

0 . 2 4  gm. o f  th e  m e th y la te d  su g a r  was t r e a t e d  w ith  

20 c c .  b r o m in e -w a te r , c o n ta in in g  0 . 6  gm. b ro m in e . The 

m ix tu r e  was m a in ta in e d  a t  30°C f o r  48  h o u r s , a f t e r  w h ich  t h e  

a c id  form ed w as n e u t r a l i s e d  w ith  s i l v e r  o x id e .  The s o l u t i o n  

w as f i l t e r e d ,  th e  p r e c i p i t a t e  b e in g  w ashed w e l l ,  a f t e r  viM ch  

h yd rogen  s u lp h id e  was p a s s e d  th ro u g h  th e  com bined f i l t r a t e  

and -w ash ings, t l ie  p r e c i p i t a t e d  s i l v e r  s u lp h id e  b e in g  

rem oved b y  f i l t r a t i o n .  The f i l t r a t e ,  a f t e r  e v a p o r a t io n  t o  

d r y n e s s ,  w as e x t r a c t e d  w ith  e t h e r .  Rem oval o f  th e  e th e r  

l e f t  a  v e r y  v i s c o u s  syru p  w e i^ i in g  0 .1 1  gm. The sm a ll  

y i e l d  o f  la c t o n e  made p u r i f i c a t i o n  b y  d i s t i l l a t i o n  im p o s s ib le  

and an a tte m p t w as made t o  p r e p a r e  t h e  p h a q r l h y d r a z id e  

d i r e c t l y  by r e f l u x i n g  w ith  t h e  e x a c t  e q u iv a le n t  o f  p h e n y l  

h y d r a z in e  f o r  ^  h o u r  i n  th e  p r e s e n c e  o f  e t h e r  and th e n  f o r  

3 h o u r s  i n  th e  a b sen ce  o f  s o l v e n t .  The p h e i^ l  h y d r a z id e  faiHed 

t o  c r y s t a l l i s e  When th e  r e s u l t i n g  syru p  was t r i t u r a t e d  w ith  

e t h e r .

INVESTIGATION OF LOSS OF MATERIAL HJRIMG DliETHYL 
SüLPmTÉ7ALKAIZ

I n  v ie w  o f  th e  v e r y  c o n s id e r a b le  l o s s  o f  y i e l d  

d u r in g  th e  p r e v io u s  d im e th y l s u lp h a te  m e tie r la t io n  a  secon d  

m é th y la t io n  w as c a r r ie d  o u t  w ith  s p e c i a l  p r e c a u t io n s  t o  

red u c e  su ch  l o s s  t o  a  minimum.
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2 .5  gciG o f  F r a c t io n  I I  H.S* was c o n v e r te d  t o  m eth y l  

g l y c o s id e s  r e f l u x i n g  f o r  6 h o u rs  w ith  2% m e th y l a l c o h o l i c  

h yd rogen  c h lo r id e .  The g l y c o s i d e s ,  i s o l a t e d  i n  96% y i e l d ,  

had OCH3 13 . 8%.

2 .4  gms g l y c o s id e s  w ere d i s s o lv e d  i n  40 c c .  75% 

a c e to n e  and t o  t h i s  s o l u t i o n  w ere added I 6 c c .  d im e th y l  

s u lp h a te  and IX) .8 gms c a u s t i c  so d a  i n  40  c c .  w a te r , i n  10 

p o r t io n s  a t  12 m in u te  i n t e r v a l s .  The m ix tu re  was s t i r r e d  

v ig o r o u s ly  th r o u g h o u t th e  r e a c t io n  and th e  i n i t i a l  tem p era­

tu r e  o f  35^G w as r a i s e d  t o  45^G a f t e r  t h e  f i r s t  3 a d d i t io n s  

o f  r e a g e n t s  and f i n a l l y  m a in ta in e d  a t  45-5G^C. A f t e r  1 hou r  

a  f u r t h e r  20 c c .  a c e to n e  w ere add ed .

When th e  a d d i t io n  o f  th e  r e a g e n t s  was co m p le te  th e  

r e a c t io n  f l a s k  w as h e a te d  s lo w ly  t o  BO^C, a t  w h ich  tem p era tu re  

i t  was k e p t f o r  §  h o u r . T hroughout th e  e n t i r e  r e a c t io n  a  

s lo w  strea m  o f  n i t r o g e n  w as p a s se d  t h r o u ^  th e  s o l u t i o n .

A f t e r  c o o l i n g ,  t l i e  m ix tu r e  was made j u s t  n o t  a c id  

w ith  c o n c e n tr a te d  s u lp h u r ic  a c id ,  th e  f i n a l  a c i d i f i c a t i o n  

b e in g  e f f e c t e d  by p a s s in g  carb on  d io x id e  th ro u g h  th e  

s o l u t i o n .  Sodium s u lp h a te  was rem oved l y  f i l t r a t i o n ,  a f t e r  

v/hich th e  m ix tu r e  was tw ic e  e x t r a c t e d  w ith  ch lo ro fo rm  i n  th e  

c o l d .  The aq u eou s la y e r  was e v a p o r a te d  i n  a n  atm osphere o f  

n it r o g e n  t o  a b o u t 30 c c .  When a  fu r t h e r  q u a n t i ty  o f  sodium  

s u lp h a te  was f i l t e r e d  o f f .  T h is  sodium  s u lp h a te  was w ashed
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c a r e f u l l y  w i t h  $0% a q u e o u s  a c e t o n e  and a f t e r  e v a p o r a t io n  o f  

t h e  f i l t r a t e  and w a s h in g s  t o  10  c c .  a  f u r t h e r  30 c c .  o f  

a c e t o n e  w as a d d ed  and  t h e  m ix tu r e  r e m e th y la t e d  w i t h  10 c c .  

d im e t h y l  s u lp h a t e  and 7 .2  gms sod iu m  h y d r o x id e  i n  27  c c .  

w a t e r ,  n i t r o g e n  b e in g  p a s s e d  th r o u g h o u t  t h e  r e a c t i o n .

The n e u t r a l i s e d  m é t h y la t io n  m ix tu r e  w as t w ic e  

e x t r a c t e d  w i t h  c o l d  c h lo r o fo r m  an d  t h e  a q u eo u s  l a y e r  w as  

e v a p o r a t e d ,  i n  n i t r o g e n ,  t o  a  sy r u p  and t h i s  t o g e t i i e r  w i t h  

th e  com b in ed  so d iu m  s u lp h a t e  r e s i d u e s  w as d r ie d  th o r o u g h ly  

and  E x t r a c t e d  w i t h  h o t  C h lo r o fo r m . On removal o f  t h e  s o l v e n t  

from  t h e  com b in ed  c h lo r o fo r m  e x t r a c t s  a  m o b ile  sy ru p  w i t h  

OCH3 4 5 . 3% w as i s o l a t e d  i n  y i e l d  o f  I .7  gm. ( 69% o f  t h e o r y ) .  

METHyiATIOH USDTG TBB PUHDXB HSAOEHTS OÎILY.

(A) FRACTION X I . BUmiE HyPBOlYSIS PRODUCT.

9 .0  g n s  o f  F r a c t io n  I I  Ï Ï .S .  ( s o l u b l e  i n  8 %  

a l c o h o l ) ,  h a v in g  a  m e th y l  p e n t o s e  c o n t e n t  o f  41%, w ere  

c o n v e r t e d  t o  m e th y l  g l y c o s i d e s  r e f l u x i n g  f o r  2 4  h o u r s  w it h  

260 CO. 1% d ry  m e th y l  a l c o h o l i c  h y d r o g e n  d i l o i i d e . A f t e r  

n e u t r a l i s a t i o n  o f  t h e  m ix tu r e  and  re m o v a l o f  m e th y l  a l c o h o l  

b y  d i s t i l l a t i o n  u n d e r  d im in is h e d  p r e s s u r e  8 .3  gms o f  sy ru p  

w ere  i s o l a t e d ,  h a v in g  OCH3 l6#3% .

PURDIE «THYIATIDI^ OF GLYCOSI^S.

8 . 3  gms m e th y l  g l y c o s i d e s  o f  I I  H . S .  w ere  d i s s o l v e d  

i n  2 0  c c .  d ry  m e th y l  i o d i d e  and 10 cc*  d ry  m e th y l  a l c o h o l  m d
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r e f lu x e d  a t  4$®C un d er s l i g h t  p r e s s u r e ,  20  gms dry  s i l v e r  

o x id e  b e in g  added i n  p o r t io n s  a t  i n t e r v a l s  o f  1  h o u r . The 

p a r t i a l l y  m e tie r la te d  g l y c o s id e s  w ere  e x tr a c t e d  w i t h  b o i l i n g  

m e th y l a lc o h o l  and rem ova l o f  t h e  s o lv e n t  l e f t  7*8  g n s o f  

v i s c o u s  qyrup , w h ich  w as r e m e th y la te d  w ith  14  c c .  m e t ï^ l  

i o d i d e ,  3 c c .  m e t î y l  a lc o h o l  and 14  gms s i l v e r  o x id e .  The 

p r o d u c t  w as e x t r a c t e d  w ith  b o i l i n g  c h lo r o fo r m  and w e i r e d  

7 .7  gm s. A f t e r  4  f u r t h e r  m é th y la t io n s  w ith  14  c c .  m e th y l  

io d id e  and 14 gms s i l v e r  o x id e  7 .7  gms o f  a  v e r y  m o b ile  

sy ru p  r e s u l t e d  i n  h a v in g  OCH3 53.8% . Two more m é th y la t io n s  

w ith  th e  same q u a n t i t i e s  o f  r e a g e n t s  gave  7 .6  @ns o f  p r o d u c t  

w ith  OCK3 $4.2% .

The m é th y la t io n  m ix tu r e  was f r a c t io n a t e d  a s  

in d ic a t e d  i n  t l »  t a b l e s  f o l lo w in g :  -

F r a c t io n Y ie ld B a th  Temp. F resB ure

(a ) 3.04  gm. 7O -72OC 0 .7 0  i m .

(b ) 1 .3 5 Ï» 840c 0 .3 0

( c ) 0.68 tl IQ I-IO 3OC 0 .1 8  mm.
(d ) 0.55 tt HBOC OelB mm.

R e sid u e 0 .76 11 - -

( D i s t i l l a t i o n
w ith o u t
f r a c t i o n a t i n g
colum n)
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Refractionation (from Quickfit apparatus vdth Dufton 
^fractionating column)

Fraction Yield Bath Temp. Internal
Temp. Pressure OCH3 »r

X 0 ,1  gm. <70®C 0 .4  mm.

A 2 .54  gm. 72- 73OC 43-44®C 0 . 2$ mm. 5$.o% 1.4443

B 0.43 gTU. 93- 94OC 41-4$®C 0 . 2$ ram. 55. 7%1.4456

C 1.09 gm. 104-105®c 49- 54OC 0 .2 2  mm. 57. 8%1.4$06

D 0 .65  gm. IIO-I70OC r:=70°C 0.30 mm. $6 .9% -

Residue 0 .13  gm $ — — -
.. __ ______

Hydro ly s is  o f  Fraction A (Fully methylated methyl pentose) 

2.2026  gms in  20 cc. ^/lO hydrochloric acid were 

heated on a b o ilin g  water-bath under reflux u n til hydrolysis 

was complete.

Time (hours)

wrD
0 .5 1 . 2$ 3 . 2$ 8.75 13.0 16.0

—0 . 5® + 4.2° + 10.4® +17 .0® +20.30 +20.40

The Iqrdrolysed material was worked up as described

previously and had OCH3 44.4%. The y ie ld  was 2.0 gms.

The f in a l sp ec ific  rotation o f th is  material in  water was 
20® 20®

[®<J = +24,0® (c = 9 . 2) and in  alcohol [®i] = -6.5®
D D

(c = 4 .0 ) .
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The phenyl Iqrâraaone of the hydrolysed Fraction A 

was prepared hy adding to 0 .4  gm. o f  the methylated sugar 

the exact equivalent o f phenyl hydrazine in  $0% acetic  acid 

solution . The sugar dissolved and an o i l  was precipitated. 

This fa iled  to so lid ify  on standing in  ice  o v e m i^ t  but on 

removal o f  the acetic  acid and water by d is t i l la t io n  and the 

addition of a further quantity o f  water ligh t yellow prismatic 

crysta ls separated slowly. The product a fter  recry sta llisa ­

tion  from ether was iso la ted  in  75% y ie ld  and had melting 

point 136°G. Micro-analysis gave the following figures  

C 6o.9% , H 7 . 967%» N 9 . 7% and OCH3 30.2%. Trimethyl 

rhamnose phenyl hydrazone C1ÇH24O4N2 requires C 60.74%,

H 8 . 18%, K 9 . 4%, OCH3 31 . 2%.

The an ilide o f hydrolysed Fraction A was prepared 

by d issolving 0 .5  gm. o f  the material in  $ cc. dry ethyl 

alcohol containing 0 .5  cc, diy, freshly d is t i l le d  an ilin e. 

After boiling  the mixture under reflux for 3 hours, the 

alcohol was removed by d is t i l la t io n  and the la s t  traces o f  

aniline by steam d is t i l la t io n . The anilide was iso la ted  in  

60% y ie ld  a fter  r e c iy s ta ll i  sation from petroleum ether and 

was in  the form of needle Shaped crysta ls melting sharply at 

113°C. The muta-rotation in  acetone solution was observed.

Time (hours) 0 7 16 Trace o f hydrogen
. 20® chloride added.
M +140.0® +136.0® +129.50 +45.5®
 ̂ ■‘d
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s  m , , : .
0*37 0». B 
0*96 gm. C

snâ 0«6s # .  D m m  msMxmâ «md m frm tlem tM *

Fmetion Yield Bath Intemal To#* i*ressure

(ft) 0*16 m* *0«N3 0 ,^  mm.
(to) 0 * 2 5  m* 8 5 -aoo®c *2-*3O0 0,2* am-
(«) 1.01 m* 12000 #-63% 0*21 «8.
(d) 0,1* # . Î2A-1700C 70% 0*20 am.

Besidoo 0*12 gm# m * # m

0*504 gm* 9t  the major fraetioit (e) mm hydrolysed-with ^/lO 

hydrochlorle aold îm the immer dseerlbeâ previously, fhe 

fipoelfié r o ta t iw  m m  S o m â  te  a lt« r  «dth time as W & e& t#  

îmlowi-

Time (hours)
20»

0 0.5 1.5 2.5 4.5 7.5 13*0

H *
+56® +63» +67® +72® +77® +0C® +03®

The hydrolysed material was ieelated in the usuel 
marner and migWd, O.g? gm. An attw pt to cxystalH»# the 
prodwt by imeleattoe with tetm setl^ l glismee failed , dime 
i t  m s thought tlmt the Aiilure of the meterial to eryetalliee
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be due to the presence o f m a ll quantities o f  

incompletely methylated sugar, th is  product together with 

the unhydrolysed portion o f  fraction  (c) and fractions (a ) , 

(b) and (d) was remethylated with the Pnrdie reagents.

After two such treatments a dark coloured product with a very 

pungent odour was iso la ted  in  90% y ie ld . The methoxyl 

content was found to have f a l la i  to $3 #1%*
(

Jlefractionation gave 2 products, but the fractiona­

tion  was not veiy sharp as the table below shows:-

Fraction Yield Bath
Tenç).

Internal
Temp. Pressure OCH3

1 .37  gm.
fraction­

( 1) 0.40 gm. 110-120®C 45®C 0 . 2$ mm. 53.2

ated ( 2) 0.42 gm. I25- I 70OC 54®C 0 . 2$ mm. -

Residue 0.^0 gm. - - - -

Loss during fractionation = 0.35 0 ».

(B) FRACTION I . S ÎPLB HYPaOLYSIS PRODUCT.

5.6 gm. of Fraction I H.S. (soluble in  85% alcohol) 

having a methyl pentose content o f 26%, were converted to  

methyl glycosides in  the manner described under Fraction II

H.S. 5*0 gm. o f  glycosides were iso la ted , having OCH3

16 . 2%.
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p m m  wmYiATiON o f  o ly co siik s .

$.0 gms methyl glycosides o f I  H.S. were dissolved  

in  1$ cc. dry methyl iodide and 8 cc. dry methyl alcohol.

The mixture was refluxed for 6 hours at 4$®C, under s l i ^ t  

pressure, 15 gms dry s ilv e r  oxide being added in  portions at

1 hour in terva ls. The product was extracted 3 times with 

hot methyl alcohol and on evaporation o f the solvent 3*8 gms 

of a rather viscous ^yrup were obtained. A fbrther méthyla­

tion  o f th is  material was effected  with 9 ec. methyl iodide,

2 cc. methyl alcohol and 9 gms s ilv e r  oxide and the product 

extracted,with boiling  chloroform. After 4 more metlyla- 

tion s with 9 oc. methyl iodide and 9 gms s ilv e r  oxide the 

y ie ld  o f methylated sugars was 3*7 gm. and the methoxyl 

content 51-3%- After a 'seventh méthylation with the same 

quantities o f  reagents the raethsoyl content had risen to  

54.0%, th is  being unaltered by an eighth treatm ait. The 

fin a l y ie ld  was 3*7 gm® ®o that p ractica lly  a l l  the lo ss  o f  

about 24% occurred during the f ir s t  méthylation (c f . lo ss  o f  

8% during :K.rst Purdie treatment o f Fraction II  H .S .).
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The méthylation mixture wa© fractionated as shown 

in the following tab les:-

Fraction Yield Bath
TezQ).

Interjoal
Temp. Pressure

A

B

C

D

Residue

1.03  gm.
0 .30  gm. 

1.32  gm. 

0 .32  gn. 
0 .38  gm.

74-76®C
91-9300

3J08®C

120-180®C

42®C

42®C

580C

=̂ 60®C

0.22 mm. 

0.20 mm. 

0.22 mm.

0.30  mm.

(D istilled
from
Quickfit
apparatus
with
Dufton
fractionating
column.)

Re-
fractiona­
tion .

Fraction Yield Bath
Temp. Pressure OCH3

(a) 0.95 gm. 54-5500 0 .17  mm. 56.0SÊ

(b) 1.16  ga. 85- 91OC G.30  mm. 58. 2?

(c) 0.21 gm. 91- I 60OC 0.30  nm. -

Residue 0.12 gm. - -

(D is t il­
led  
from 
flask  ; 
without

ating
column)

BYDROLYSIS OF mCTIOH (a) CQCK3 ^6.0%).

0*92 of (a) was î^drolysed with 10 cc* ^/lO 

hydrochloric acid in the manner described previously* The 

hydrolysis was followed polarimetrically and was apparently 

coEplete after 19 hours:-
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Time (hours) 
, 20®

1 .5 5 .5 9 .0 16.0 19.0

+5.2® + 12 . 5® +15 . 8® +21 .0® +21 .0®

The hydrolysed material was worked up ae in  

previous I^drolyses and ims ohtrilned in  y ie ld  o f  97%* The 

methoxyl content was 45.1% and the anilide prepared in  the 

same way as that o f  II H.S,A. cry sta llised  in  rosettes o f  

needles melting at 113®. The mixed melting point observed 

with a mixture o f th is  product and the anilide of II  H.S.A. 

was likewise 113®» indicating that the methyl pentose 

constituent o f Fraction I E.S. was ( 1 ) rhamnose.

ÀTTIÎMPTSD ESTDIOLYSIS OF FACTION (h) (OCH3 58.2%).

When a sample o f (h) was heated on the water-hath 

with B/1 0  acid there was no measurable alteration  in  the 

sp ec ific  rotation . Treatmmt with 2N acid resulted in  the 

sp ecific  rotation fa llin g  from +66® to +580 in  8 hours and 

the material iso la ted  a fter  th is  treatment had OCH3 48.2%.

The remainder of Fraction (b) together with 

Fraction (c) was given 2 further tremtments with Ihe Purdie 

reagaats a fter  Which a dark-coloured product was iso la ted  in  

90% y ie ld  and having a pungent odour. The methoxyl content 

was only 56*1%*
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