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AWtrmet of Thesis. J .&# Br&àing.
The styaotore o f  the yoXyaaooharlde from Bl?a lAsWea#

The p o ljsaech arid e  has hoea p u r ifie d ; a f te r  n i tr io  ae id  

ox ld a tiou  em ail q u a u titiee  o f  mueio and eaeeharlo acid s have 

teen  obtained» The carbohydrate has been m ethylated by 

repeated tre#nent with SesSQd* laOH* the ch lorofci®  so lu b le  

fr a c t io n  being farther m ethylated w ith  Mel, AggO to  a product 

wi'Ui Om , ÿiX%m Prior treatment a to  g iv e  am aoety la ted  product 

or su lphate free  product* su ita b le  for  m éthylation* were 

um dueoesefal• The p rop erties  o f  f u l ly  m ethylated amd OIOI3 
in so lu b le  fr a c t io n s  have been in v e stig a te d ; the former fra o tio n  

was su b iested  to methamoXysis and the products sepsurated and 

in v e e t i^ t e d ,  Mvlà&me fo r  £:3;4-trijaethyl-I»rham ao«e and no 

other sim ple end group, p a r t ia l ly  m ethylated hexose and rhamnose, 

an anhydro stru ctu re  aM an e s te r  was obtain ed .

On autohydrolysia most o f  the uronic acid and/or pentose 

i s  hydrolysed with about 50^ o f  the rhamoose, leaving an 

unstable maoromoleoular residue*
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i^eaoDOCgiou

'Ihe iavestlgatioa  of a lgal polysaccharides has 

dcT^ped darlag th is  ceatury and revealed e variety  of 

structural types. Lihe other polysaccharides, they are 

hydrolysed to sisiple sugar units by the action of ac id s. 

Early investigators id en tified  some of the sugars present 

in  the hydrolyse tes by tMens o f derivatives such as 

osasoues and during the same period fa ir ly  sp ec if ic  colour 

reactions with phenols were established for detecting  

hetoses, uronie acids, e t c . ,  and methods «ere developed for 

the quantitative estimation of certain  sugar types, e .g .  

by d is t il la t io n  with hydrochloric acid . Î ôre precise  

information, particu larly  with regard to the linking of the 

sugars la  the macronolecole. followed with the application  

of méthylation techniques to polysaccharides, and the 

developnent o f periodate oxidation for «.-glycol groups and
I

chroir^atographio analysis of migar® aad augar derivatives, 

wii^xln recent years, provide a new and powerful methods for 

confirming the resu lts  of méthylation and for elucidating  

fin er d eta ils  o f structure,

ât the present time the survej of a lgal polysaccharides 

i s  very incof%lete» the red ( rhodoplx^oeae ) and brown 

(piiaoophyceae) have been more extensively  investigated than 

the green ( ohloroph*^oeae ) and blue-»green (mjroph^ceae) 

seiiweeds, but generalizations are baaed on scant evidence.
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Many o f the polysacohariâes are acid ic , tee  to the 

presence of sulphuric acid ester  or carboxylIc acid  

groups. Different sugar types occur, the hexoses 

glucose and galactose, pentoses and ü^ethyl-ijeatosea, 

although, so far , none of those discovered ere exclus

ive to a lga l carbohydrates and structural investigation  

follows eloag sim ilar lines^ and has many d if f ic u lt ie s  

in common with work in other branches of polysaccharide 

chemistry.
Sulphate e s te r s .

Silphate cetera were îiown to be present in  the 

polysaccharides frtei many red and brown algae by lieas a t  

a l ,  [l , k ] , (qualitative tea ts  showed that the ash frmn 

ign ition  of the polysaccharides consisted mainly o f metal 

sulphate, and was not removed by d ia ly s is  of the 

polysaccharide. She original m aterials gave ion ic  

reactions for metal but not for sulphate, although these 

were obtained after hydrolysis with acid or a lk a li .

"hen the sa lts  o f sulphate esters  are ashed alone, only 

half o f Ihe sulphate prei^nt i s  retained in the ash, but 

a l l  the sulphate i s  retained i f  the substance i s  Ignited 

in  the presence of excess sodium carbonate, or estimated in 

solution after to ta l hydrolysis.
2 SOS%OMb i g a i t ^  and 1^0)

2 KCB(̂ Offe + ------- > 2 (and C(g& ï%0)

tean tita tive  estim ations of sulphate under these
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cô M itio a s  Ÿtfore carried  oat aad the auiphste la  the ash  

trcm  the m l t s  was t&mà to be approxliiiateiy h a lf  th at  

obtmlhed b^ the other two methods| th is  was eoofirmed 

ladepoBdeatly bj laade Heeu & % [3],

Correspoiidjjag aaalyæ s on the Uiva lactuoa 

pôl^ôacoharide [4] showed the preseac© of sulphate ester» 

although aoehrate figures oould m t  be obtaiaed la  ea iH er  

luveatigatious owlag to d if f ic u lt ie s  la  purification» and 

owlug to the preseace o f carboxYlic acid grouping which 

also retains aodiuEii la  the s a lt  fona of the poljrsaccharide. 

I t  i s  noteworthy that galactose i s  alEK>st always found in  

polyeaecharides coutalalng sulphate e s te r . In many cases 

the sulphate has m>t been proved to be attached to th is  

sugar» but when the c&rbohydrate con sists Eiaiuly o f  

galactose, e .g . Agar [d] » Iridaea Wnlmorbides [ë], the 

sulphate mu t̂ be attached to i t  and the iso la tio n  of 

anhydro-galactose derivatives { gee next section) confirms 

th is . Fuooldiu seejKîs to be an exception for-8(^v i s  

accounted for as fucose, motels and sulphate [s]^

Galactose may be detected by oxidetion with 25^ 

n itr ic  acid» when insoluble imclo acid i s  formed and can 

be f ilte r e d  o f f .  Phenylmethyl hydrazine i s  also used for  

separating galactose from sugar mixtures [?» 3 ] ,  llucio 

acid has been obtained from the tJlva polysaccharide» but 

not with the ease» nor in quantities which indicate that
 ̂k-'l % ga I txĉ -Sc., 3*3 MTOrtic a ci and I’SVca x̂ |o4e. k»xi?e i\(?uj i>e&r\ jte+'exz.f'eii [
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galaotoae I s  a la^or constifaiB ut,

Hy4rol.vai3 o f  sm sr galphate e s t e r s .

^ 6  âis«»irory o f  uatisual d er iT atires  from sulphate  

e s te r  polysaccharide I . e .  3j6-aahydro ga la cto se  d er iv a tiv es  

from sgar [@] s t lm la te d  the la v e s t ig a iio a  o f  sitiq>le 

sugar su lp h ates. A Sj6-aahydro oot^oaud, methy1 -3 ;d- 

fiuhydro-/3-J)-glucoside. ( i i )  was f i r s t  obtained by f le c h e r  

sad 3aeh [iC ]  on a i r l i n e  h yd ro ly sis  o f  mathyl-6-broEsotrl- 

aoety l-^ -i> -slu oosid e (1 )

CAe

(1) (11)

Anhydro oompoaads are also obtained on hydrolysis of 

suitable sugar sul^dwtes [u] .

H OH

Ba( m )g
GMe

H

( lll)^B »thyl-/3-i>-gslactopyraao- i iv)  m ethyl-3;6-snhydro-a-D - 
s id e -ô -sulphate galaotopyrenoslde

a e  f i r s t  stage la  the hydrolysis o f  ( i )  i s  the lo s s  of 

Br with the fom etioa  of a cartoouium cation . .hen e sters
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of eulj^mric or solphoulc acids are hydrolysed i t  la  

hamm that the oxygen of the ester  l ia k ^ e  nm eias  

attached to the acid group so that a oarhoalisa cation la  

formed
4- oi%B ;ca +

end the rnechanim of anhydro ring foxsietion i s  imdonbtedly 

sim ilar in a l l  these cases.

Daring hydrolysis there i s  very l i t t l e  tendency for  

the lo s t  -ve group to be replaced by a -ve ion ttam the 

hydrolysing agent {0H~ from Ba( GH)g or aiB~ from îiaœe)

Sttt i t  i s  readily replaced i f  a su itably placed nucleophilic  

group i s  available in  the auger molecule, such a s  -ü  from 

the -OH g^up on whltdi can approach % on the opposite 

aide £r<m the receding group. In such nucleophilio  

substitu tion  at a carbon atom, the carbonium ion i s  never 

actually  free and inversion o f configuration occurs,

Shat th is  meohanlam operates in  enhydro ring formation has 

bcw  fmply confirmed, mainly from an in vestigation  o f 16e 

hydrolysis of Toayl { % p- toluene sulphonyl-)

derivatives [l2 , 15, I d ] , Alhallne hydrolysis of a 
»

to sy l grov^ attached to an asymmetric carbon atom occurs 

quite readily i f  there ie  a trans -CH group attached to 

on adjacent carbon atom, when an e%ylene oxide ring structoio  

i s  formed (v ) , or i f  there i s  an -DH group so situated  

Qiat a hydrofuranol ring can be formed, liaxed  in the 

p ositioa  traas to tAat ooci^ied by the to sy l group (v i)



ir) \

p ro to n  rem oval! ^
0% H %'fa H

6.

H li

(?1)

.hea there i s  uo saitatoly placed free  -OH groap, 

Jïyâroiyals does aot ocoar readily* l^erclral e t  al. hare 

i^iaeu that the eatie general conclasioaf. apply to the 

alkaline hydrolysis of sulphate e ster s  [l5 , 16, 1"]»

0 ;6-hydro-farenol rings are formed readily  ©.g. ( i r i  

aM ethylea© oxides have also been ohteined e .g .  hy 

treating barium S-Biethyl-l;«.-ra6aoacetoue-glaeofuranose-6- 

salphate (v i i )  with iiaCtle, at 40^ l;S-iaoaoaeetoa«-St6- 

auhydrogloeo^ f v i i i )  i s  obtained, substitution  at % 

prereating the foremtion o f & sxy&toïurmml r in g .

(v i i )

ïh e  2 - s a lp h e te  g ro u p  o f  b s r iw v  ls6 -a iifcy d ro -/9 -D -g e lac ts>  

p y r^ U io se -i.-s \ilp h a te  ( i x )  earn be h y d ro ly s e d  y le ld i .%  a 

5 - anhydro  s t r u c t i t r e  (x )  when th e  s t a b l e  i * 6- fu ih v a ro
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(Sroup protects the g l^ cosiâ ic  oeatre [lô] out e £;-sulpha te  

group suema to make a glycoaidlc methyl group very la b ile  

to a lk a li, since barium o-Rsethyl-p-metJiyl-s-galactopyraiiosc- 

(z i)  taidsrgoos exteaslTS âe^mjr>oâition on treatment 

with a lk a li [l7]

(1%)

m

Ixi)

S h ie  TOrk h a s  im p o r ta n t  b e a r in g  o a  to e  Im re a  t  I g a  t l o a  

o f  s u lp h a te  c o n ta in in g  po2y e a c o h a r id e a ,  r e l a t i v e l y  f a c i l e  

retàOTal o f  s u lp h a te  by a l k a l i  iiü ilô î> tlîig  t o a t  a iib y d ro  

r l a g  fo r^ m lio n  is p o s s ib le  l a  tl:e m a c ro îso le c u le , aim  to e  

i s o l a t i o n  o f  an h y d ro  oomponnds a a s i s t i n g  to  f i z  th e  p o a i t i o a  

o f  to e  o r i g i n a l  e e te r l f y im g  s u lp h a te ^  

gjMtpgr t i c s  Qg m ihsûTo  s u g a r s .

E toylem e o z id e  rtogè» a r e  u n s ta b le  to  a c id  and  a l k a l i

o .g *  IlaCIle a t  90^ w i l l  . e f f e c t  s c i s s i o n  o f  to e  to reem m abered

r in g ^  an g ro u p  b e in g  in t r o d u c e d  w ith  i n v e r s i o n

o c c u r r in g  on  th e  c a rb o n  atom  id iic h  l a  a t t a c k e s  by to e  

rietîiozyl union.

11

Ht
nydrofura^iol rings are iriar© stable % when ii:



as:^5C la t iu a  w ith  pÿrsuios© u iigar s tru c to r© ^  tîie  i^ o le c u lo  

i ü  s l i g t i t l ÿ  û t r a l a e â  c liauges to  tk e  a o r e  s t a b l e  

ïïîG-Moiiÿdru f u r a a o a a  s t r u c t u r a  i £  p o s s i b l e ;  c r e u  whsa 

m e th j l  ^ ly c o s iâ e fc  a r«  uüuû^ h. trac©  e r  rlü l i a  v a r i a u s  

c o l r e - i t a  v . i i l  e£f©ci t a i s  càaag e  [ l^ ]*

,jttk  îuoCîi'iiCi tliÈ p.yr&aos6 r i a g  o peus îm& d in æ th y l  

a©ët.j',l i s  p roâttcesl e , g ,  a ic tliy l-S s& -aK iiyû ro -(3 -D -ge iac topy raaO ' 

ü id e  ( x i i ) ,  furaaoB©  ioiisi u o t  s te s '- ie a llj»  p o s s i b l e ,  g iv e s  

£îù-fuilîyàri>“J>—galaütoaü-diiùBtiiyleaetal { x i i i )  [ko] ,

- r * r :

ht

OH

H m

( x i i  ) (xx i l ]

-:qaeoas ncià rc*idil,y ï^cüL'olysea the gljfooside grosp 

with ucisüiüii oX ti arid ù moiabcred r lag s to give

sii ĵara e*g,

D-^glucopyretïKJslào (x iv i '/ie lds ^îô-auhyüro-E i4-.dtoatoyX« 

ri r ; ivdf o- ]> " jrln co i:G ( )

GHO

{> ir  )

'hiôss prcducta ^Ive trie reactions of free
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e .g ,  reetoratloîi o f tiie colour to Sjhiff reagent [iio] , a 

reaction which i s  frequently used to detect tiwe*

Anhydro sugars also give e p o sitiv e  uellwnnoff te s t  

(red colour with UGL and resorciao il which was formerly 

thought sp ec if ic  for itetoses,

.valphate ea ter  alRaX p o lysacch arid es.

Detailed verk. oa the structure o f  sulphate ester  a lg a l 

polysaccharides has been carried out on products frees a 

few red algae.

Hsssid investigated the polysaccharide from Irideae 

larainamldes [o] and showed that i t  contained galactose and 

imlphate in  equivalent proportions. fhs sulphate was 

removed by the action of 0,8 ii %8% or by Baf OBlg a t  

70° witiJOttt a ffecting  the polysaccharide ser io u sly , 

b«e thylatiou and iïyârolysls o f the polysaccharide yielded  

a dime toyi- galec to se and méthylation a fter  removal o f  

sulphate gave trim ©thyl-galactose. C rystalline derivatives  

were a ct obtained and there tms ao suggestion o f  the 

formation of anhydro compounds.

Agar i s  also a polygalactose sulphate [si] but shows 

marked d ifferences in  behaviour, the sulphate content i s  

imoh lower and i t  y ie ld s  OL-galaetoee-heptacetste by 

ece to ly s is  [82], %* sæthylated product [23] contains

no sulphate and y ie ld s  2 $4:6-trimethyl-D-gfilactopy%%noae 

(x v ii ,  as main product, and methyl laevulate, on hydrolysis 

with aqueous sulphuric acid , lîepeatsu méthylation with
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aii4 gave a proâaet of o siy  S0-3S $ OKe; a fter  

breaMoaa by ma thaaolysls the glyeoside o f (xv l) axiâ, 

£î4«aiaethyl-S;6-afihydro-jUgalactose {X7Ü> were obtalaeâ 

by ïe r c ir a i aad i'orbes [<i4] aud by Haads aad Peat [Pb],

Hm

(XTli)

ia r e e t ig a t io a  o f the properties o f (z v l i ) showed 

that i t  gave a p o sitiv e  seliwaiasff reaction eM  deooi%osed 

to m thyl laevolate on treatment with eqaeous acid;

S :6-Qahydrogelecto8e was shoeai [S6] to give DL-gelaotose- 

heptacetate oa treatment with AcgO and Shns the

ea r lier  observations of P ir le  sad Perelval [S8, hs] and 

the low maxlrmiffl methoxyl ware explained by tlw presence o f  

8:6-anhydro-L.gal@oto^ n n its , and the iso la tio n  of 

(xvi) indioated h -galactose to be linked in  toe 1 and 8 

p o sitio n s . Jones esoA Peat [2î] obtained, in  addition, 

raÊthyl-îiîSsésô-tetramethyl-û-gfilactopyraaoBide froia the 

iion-rednclag end grovcp and £*S-din®thyl-Sjd-nnhydro-L- 

gelseton ic  acid (x v i i i )  from an agar fraction  o f high 

ash content; which iiad been dlalysed under acid  
conditions.
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(X T lii)

She preéactlea o f aldehyde forms from 3*d-swhydro 

structutres has already beeu diseussed aad i t  caa e a s ily  be 

seen how th is  galaotonic acid ooald ar ise  tx&Bi Std-aahydro- 

L'golaotose by ring opening undar acid conditions aad 

aubsequeat ready czidatioa of the -CHO group. She 

Std-snhydro group preswmbly being formed ^  removal o f  

sulphate îttm  % .

suaati tive assay o f the re la tiv e  proportions o f tliese 

laotiaylated derivatives indicated e stra ig h t «hRin structure  

of 9 j)-galaotoae u n its , linised in  the l iS -  p osition s, 

terminated by L-galactose linked in  the 4 position  (x ix)  

the la s t  residue appearing as 3*6-anhydrcs as shorn*, 

Imgalaetonie acid d erivatives, a structure in  agreement 

witai the absence o f  attack by psriodirt» idn [26].
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H

'um

m

m

CHs

(six)
coateiaiag galâctoee sulphate is also 

o h W æ â  îTxm. ôhoaâros crli^us emd gigartiaa Stella ta 
{caragheeu), la this case sulphate is tenaciously 
retained aud a zwk- acidic derlTatlve has been iselaWd.
She eax’ly  woJMc of îîaas {l, s] established  tlie presenee of 

sulphate* ?ereira l e t  e l. have shsowu #ieee polyeeocharides 

to be very sim ilar, except fo r  the ^ esaaee of glucose in  

the former; chondrus erispue [stj , gigartina s t e l la te  [sc, 3:̂  , 

üy «cetylating and then uiethylating tiie polysaccharide 

with iiaOH, Me-iiaÔ  repeatedly, a product of âtie

could be obtained. Direct méthylation o f  the polysaccharide 

with tiaCEÎ MegôQĝ  was not successfu l, nor could the QM 
of the above product be increased with these reagents, or 

by the £1 method. On hydrolysing the product wltti 0,511 

o xa lic  sold  at 100°, 2*6-dimethyl»galactose was obtained.
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M ethaoo ljrB ls was d i f f i c u l t  au d  p ro lo iig e d  re p e a W d  

t r e a t s i e a t  with ixi th e  p re se ja c e  o f  BafiOL̂  w as

a e < ^ s s a r^  to  e f f e c t  breakdow n aM  rcxiW # s u lp h u r^

:&^dlmet3iyl~galactopyraruo6lde ix&) was the only 

p r o d u c t  I d e n t i f i e d ,  liidlGXztlng t h a t
-0

onXs th e  ÜE g r o ^ s  o a  %  and  %  a r e  

exposed i n  the p o ly  oa vcharlde ̂  

dC-70^ of thé j^iolaeule i& acoom tei 

Ixxï t o r  ia  terms of gal me to 5# aM malphaW*

Diillke agar, the sulphate groups allot? remarjcsble 

reaiataaoe to hydrolysis, f£ hours treatiaeut %lth XI 

haOH a t  IvO" o n ly  ra n o v e s  6S%= o f  th e  s u lp h a te  and 

p r a c t i c a l l y  nane was remmred d u r in g  m é th y la t io n .

By an a lo g y  w ith  th e  b e h a v io u r  o f  s im p le  h ^ x o m  s u lp h a t e s ,  

ieraival assm:es ih^t the s u lp h a te  g ro u p  is  p ro b a b ly  e t t a o h M  

to ( I f  i t  is  l l a k e d  to  galactose and n o t  to th e  

mnmown part of tlie molecule), since any other arrangas^ut 

would p e rm it  th e  f o rm a tio n  o f  anhydro  r i n g s  when SO4 

rem o v a l m m ld  b e  e x p e c te d  to be much e a s i e r *  Anhydre 

derlTatives have not so far been I s o l a t e d ,  a l th o u g h  

p o s i t i v e  c o lo r im e t r i c  e l iw a n o f f  '" s e to s e ” r e a c t i o n s  

g iv e n  by th e  u n i d e n t i f i e d  p o r t i o n  may be due to  th e s e  

s u b s ta n e e a .

I t  f o l lo w s  fro m  t h i s  t h a t  th e  g a l e c t o ^  i a  p ro b a b ly  

l in k e d  th ro u g h  th e  1 and 3  p o s i t i c ^ s ,  a s  I n  ^ a r ,  a l th o u g h  

th e  s i t u a t i o n  o f  th e  -3 0 ^  g ro u p  i s  a lm o s t  c e r t a i n l y
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a iffe r e a t from fâiat In agar. e .g .  ixxi}
CHgOH

•C—

Abseaoe o f rea ctio n  «(Ith p eriodate io n , len d s  

support to  th is  etractn rs [ id ] .

She hehaviottr of #ie snlphate group in the Dire 

polysaccharide seems to resemble that o f caragheen 

much more c losely  than that o f agar, comparable 

d if f ic u lt ie s  in  purification  hare a lso  been experienced

Young and Rice [%̂  here iso la ted  keto-gluconic 

acid ( z x i i ) ,  r ia .  i t s  diecetone d erirative, from 

gigortina s te lla te  polysacolmrlde a fter  oxa lic  acid  

hydrolysis in ültrogQa.

c o m
Ic ~0 
1

5 0 - c - a  

H-ti-aa 

l i - c - m

( xatli 1

She preaeaoe of th is  rare substance has not been 

coxifiEtîeà by the B ritish  workers, nevertheless the 

reactions of ketogluoonio acid are worthy of note, sad

(open chain form)
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d e m o ü s tra tô  u a c e r t a i ü tÿ  v&ich. m ust a ttao tw id  to  

c o lo u r  r e a c t io n s ^  e t c # ,  jnh&xi a p p l ie d  to  uukaowu m ix tu re s ^  

Chi d i m  i ic to g lu e o iia te  g iv e s  a  b ro w n ish  r e d  ( r e d  

when lE ^ u re )  w ith  a a p h th o r e s o r c in o l ,  s l i a l l a r  to  K c to s e s .  

Oil b o i l i n g  w ith  HCl i t  g iv e s  f u r f u r a l  ( e s t im a te d  a s  

p h io r o g iu c id e ) in  am ouîits co u ip arab le  w ith  th o s e  o b ta in e d  

from  u r o n ic  a c i d s j  u n d er s i m i l a r  t r e a tm e n t  0%  e v o lu t io n  

was u o t  I n v e s t i g a t e d ,  b u t  u u d a u b ts d l^  th e  s u b s ta n c e  

would r e a d i l j  l o s e  C% a t  tlie same tim e*

/d « a l  p o l .? s a c e h a r iâ e s  c o a ta la if t^ . .iTgoaic a c M .

'J ro a io  a c id s  be d e te c te d  by th e  e v o lu t io n  o f  

cOg on b o i l i n g  & ith  1%^ H d  and  by c o lo u r  r e a c t i o n s ,  

su ch  a s  th a t  w ith  HCl and a a p h th o r e s o r c in o l  [ f]  ,

^ .Ig in ic  a c id ,  th e  f i r s t  a l g a l  p o ly  s a c c h a r id e  to  

be in v e s t i g a t e d  l e  a  p o ly m aan u ro n ic  a c id ,  and o c c u rs  

q u i t e  w id e ly  in  bz*om a lg a e .  e , g .  i^'ucus a e r r e t u s  

L am in a ria  and H a c ro c y s t i s  ^ llo ag lan d  and L ieb  

i s o l a t e d  p e n to sa z o n e  from  t h i s  sub  s ta n c e  [34] , b u t  th e  

p e n to s e  was p ro b a b ly  a  soTOudary p ro d u c t  a r i s i n g  by l o s s  

o f  cqg f ro îs  u r o n ic  a c id  d a r in g  i t s  t r e a tm e n t  w i th  h o t  

a c i d ,  l401son and C re tc h e r  h y d ro ly s e d  a l g i n i c  a c i d  w ith  

c o ld  00^  H2SO4 and o b ta in e d  m am m ronio  a c id  ( x % i i i )

[3 5 , 36] ,

oom QOOMe

H 

01

(xxili)
H H

(sxiv)
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yaaatitative estlB atieas of eqnivaleat ^ ig h t  ao4

CCfe eroiatioa  with HCl iadieateâ that there wee no ether

im$or eonstitaent.
Die meaner ia  whieh the simple n a its  are linked  

in  Wie maeroasleeuLe was elnei& ited by H irst e t  a l. [3?] . 

M ginle aeid i t s e l f  was foand to he oztremely re s is ta n t  

to aoetjrlatioa or méthylation by the mssal methods hut 

a degraded s lg ia io  acid i . e .  p a rtia lly  hrokea down 

by t&b&M,SCl treatment, conld he ^ th y la ted  using thallium  

hydroxide and ethoxide, followed by KeI.^AggO#

Hydrolysis was exceptionally d if f itm lt  but & %S-diRi@thyl- 

D -mannuronio ester  (xx ir) was obtained a fter  metimnolysis 

with Mem. H a .

the extreme resistance to hydrolysis excludes the 

p o ss ib ility  o f  furenose ring fsrm so that a lg in ie  acid  

con sists  of D-maanuronio acid residues linked l in e a lly  

tliroagh positions 1 md 4, tw  ^toufiguration a t % i s  

probably |3 as tiie polysaccharide shows a large negative 

rotation  end i s  in  agreement with X  Hay investlgatione on 

alginate f ib r e s .

A lgiaio acid has only recently been p a r tia lly  

aoetylated using ketane [88].

Maanuronle acid has so far only been obtained from 

algal polysaccharides but both galaoturonle and 

gluouroaie acids occur commonly e .g .  in  p ectie  m aterial 

and gums frma l$md p lan ts. A lginie acid resembles üie
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other polyuronides in  i t s  resistance to Bm%ylatlcn 

and subsequent hydrolysis.
She lOLTa polysaccharide Is thought to contain  

uroaic (or hetogluoonle) acid and i s  res is ta n t to 

méthylation. 2h@ tWLlium method has been tried  by 

another Inrestlgator [S9], lïlthont sueeess, probably 

owing to the presence o f sulphate,

A lginie acid i s  often  eceompaaied by polysaccharide 

eoataining pentose, so s t  ooiœonly the methyl-pentose 

L-fnoose. folyfnoose also occurs wlQi sulphate

containing m aterial. She mefâiyl pentose,

L-rhiamJose (ixr) has been siuswa to be

m . CHI

( x ï t )

present in  the TXLra polysaccharide- [4 ], th is  i s  the 

f i r s t  instance o f the occurrence of Ahacmose in  a lgal 

polysaccharides, although i t  i s  hnotvn to occur in gmi 

arable and mucilages.
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smiAHY OF im E S T ia A T lo m  01̂  T m  ÏÏLTÂ POLYSACCHARIDE.

m  i n v e s t i g a t i o n  o f  th e  p o ly s a c c h a r id e  m a te r i a l  

o f  o th e r  g re e n  a lg a e  h a s  been  p u b l i s h e d .  E a r l i e r  w ork 

on  th e  p o ly s a c c h a r id e  from  the  g re e n  a lg a .  D iva L a c tu c a , 

by M .M .f. P la n t  and B .D . Johnson  [4] in v o lv e d  

i s o l a t i o n  o f  an a c id  p o ly s a c c h a r id e  a s  i t s  sodium  

s a l t .  A ttem pted  f r a c t i o n a t i o n  by p r e c i p i t a t i o n  

in to  a lc o h o l  a t  d i f f e r e n t  pH v a lu e s  d id  n o t  y i e ld  

p r o d u c ts  Y/hich showed m arked d i f f e r e n c e  i a  p r o p e r t i e s ,  

e x c e p t  th o s e  v/hich would be e x p e c te d  from  v a r i a t i o n  

i n  th e  p r o p o r t io n  o f  a c id  and s a l t  fo rm . The p re s e n c e  

o f  s u lp h a te  e s t e r  was e s t a b l i s h e d  a l th o u g h  q u a n t i t a t i v e  

a s s a y  was n o t  p o s s i b l e ,  and L -rhnm nose was i d e n t i f i e d  

i n  th e  m e th y la te d  a c id  h y d r o ly s i s  p r o d u c ts  a s  the  

c r y s t a l l i n e  2 ;3 ;4 - t r im e th y l-L - rh a m n o s e - a n i l i d e  and 

-p h e a y liiy d ra z o n e . E v idence  f o r  u ro n ic  a c id  was 

in c o n c lu s iv e ,  --1000  g .  o f  v a r io u s  f r a c t i o n s  y i e ld i n g  

44 g ,  CC^. Q u a n t i t a t iv e  e s t im a t io n  o f  m e th y l p e n to s e ,  

by d i s t i l l i n g  w ith  12^  HCl, and w e ig h in g  me th y  1 - f u r  f u r  a l -  

p h lo r o g lu c id e , assum ing  u r o a ic  a c id  to  be  a b s e n t ,  

i n d ic a t e d  t h a t  rhainnose form ed 2 0 -2 5 ^  o f  th e  p o ly s a c c h a r id e ,  

the  p r o p o r t io n  b e in g  g r e a t e r  in  m a te r i a l  s o lu b le  in  

50jt> a c i d i f i e d  a lc o h o l  th a n  in  th e  i n s o lu b le  f r a c t i o n ;  

th e s e  e s t im a t io n s  a l s o  i n d ic a t e d  t h a t  sm a ll q u a n t i t i e s  

o f  p e n to s e  a n d /o r  u ro n ic  a c id  v/ere p r e s e n t  i n  b o th
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f r a c t i o n s  b u t  n o t  p r e s e n t  i n  s im p le  h y d r o ly s i s  

p ro d u c ts  from  th e s e  f r a c t i o n s .

S ie  i s o l a t i o n  o f  2 : o - t e t r a m e th y l  - g a l  a c t  o s e -

a n i l i d e  from  m e th y la te d  h y d r o ly s ia ^ r o d u c ts  by 

M.M.T Georg ( P la n t )  [39] , e s t a b l i s h e d  th e  p re s e n c e  o f  

g a la c to s e  a l th o u g h  i t  c o u ld  n o t  b.e o b ta in e d  a s  th e  

p h e n y l-m e th y l-h y d ra z in e  d e r i v a t i v e .

P r a c t i c a l l y  co m p le te  p u r i f i c a t i o n ,  e x c e p t  f o r  

th e  s e p a r a t io n  o f  a  s m a ll  am ount o f  v e ry  t e n a c io u s ly  

h e ld  p r o t e i n ,  h a s  b een  a c h ie v e d  i n  r e c a n t  w ork by 

D.M. H ardy [40] who h a s  d e te rm in e d  th e  s u lp h a te  and  

u ro n ic  a c id  c o n te n t ,  e q u iv a le n t  v /e ig h t and i> e r io d a te  

u p ta k e  o f th e  p r o d u c t .  C h ro m ato g rap h ic  a n a l y s i s  o f  

f r a c t i o n s  o b ta in e d  a f t e r  m e th a n o ly s is  h a s  e s t a b l i s h e d  th e  

p re s e n c e  o f  n - x y lo s e ,  i s o l a t e d  a s  c r y s t a l l i n e  

à ib e n 2y l id e n e - ] > - x y lo s e - d im e th y la c e ta l | a l s o  u r o n ic  

a c id  and s u lp h a te  e s t e r ,  i n  ag reem en t w ith  o th e r  w ork ; 

and a l s o  i n d i c a t e s  t h a t  g lu c o s e ,  b u t  n o t  g a l a c t o s e ,  i s  

p r e s e n t  in  th e  s o lu b le  m e th a n o ly s is  p r o d u c t s .

In  th e  p r e s e n t  w ork , p u r i f i c a t i o n  o f  th e  D iva 

c a rb o h y d ra te  h a s  b een  c a r r i e d  o u t ,  A f te r  n i t r i c  

a c id  o x id a t io n  m ucic a c id  h a s  been  o b ta in e d ,  b u t  

n o t w ith  th e  e a s e ,  n o r  i n  q u a n t i t i e s  i n d i c a t i n g  

s im p ly  bound g a la c to s e  a s  a  m a jo r c o n s t i t u e n t ;

e v id e n c e  f o r  s a c c h a r ic  a c id  was a l s o  o b ta in e d ,  i n
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ag reem eu t w ith  th e  c h ro m a to g ra p h ic  work o f  D*M. H ard y ,

The p o ly s a c c h a r id e  h a s  b een  m e th y la te d  by  r e p e a te d  

t r e a tm e n t  w ith  Meg 50^, Ha OH, th e  c h lo ro fo rm  s o lu b le  

f r a c t i o n  b e in g  f u r t h e r  u ie th y la te d  w ith  M el, AggO to  a  

p ro d u c t w ith  OKle, 3 1 ^ , î? r io r  t r e a tm e n t s  to  g iv e  an  

a c e ty l a t e d  p ro d u c t o r  s u lp h a te  f r e e  p r o d u c t ,  s u i t a b l e  

f o r  m é th y la t io n ,  w ere n o t  s u c c e s s f u l ,  The p r o p e r t i e s  

o f  th e  f u l l y  m e th y la te d  and CHCI3 i n s o l u b le  f r a c t i o n s  

have been  i n v e s t i g a t e d ,  The fo rm e r  f r a c t i o n  was 

s u b je c te d  to  m e th a n o ly s is  and th e  p r o d u c ts  s e p a r a te d  

and i n v e s t i g a t e d ;  e v id e n c e  f o r  E ;3 % 4 -tr im e th y lrh a m io se  

and no o th e r  s in g le  end  group, a l s o  e v id e n c e  f o r  p a r t i a l l y  

m e th y la te d  h ex o se^ rh a im io se , anhydro  s t r u c t u r e s  and an  

e s t e r  was o b ta in e d .

On a u to h y d r o ly s is  b iu r o n ic  a c id  seem s to  be  

p r e f e r e n t i a l l y  h y d ro ly sed , le a v in g  an  u n s ta b le  m acro- 

m o le c u la r  r e s id u e ,

From th e s e  r e s u l t s  s t r u c t u r a l  f e a t u r e s  o f  th e  p o ly 

s a c c h a r id e  a r e  d is c u s s e d  ( P .9 4 ) ,  c a l c u l a t i o n s  b a s e d  on 

SO4 c o n te n t ,  E qu, w t , ,  e t c . ,  a r e  s u b je c t  to  scaae e r r o r ,  

owing to  th e  c o n ta m in a tin g  p r o t e i n ,  p a r t  o f  w hich  

p e r s i s t s  th ro u g h o u t th e  m é th y la t io n  o f  th e  p o ly s a c c h a r id e .  

I t  a l s o  seem s p ro b a b le  t h a t  th e  p o ly s a c c h a r id e  

u sed  by E ,0 . Johnson  and i n  much o f  th e  p r e s e n t  w ork i s  

somewhat d i f f e r e n t  from  t h a t  u se d  by D.M, H ardy and f o r
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the  p r e p a r a t io n  o f  th e  seco n d  h a tc h  o f  g ly c o s id e s ,  

p a r t i c u l a r l y  w ith  r e s p e c t  to  p e n to s e  c o n t e n t ,  tJ lv a  

f ro n d s  u se d  in  th e  e a r l i e r  w ork w ere lo n g  and t h i n  and h ad  

b een  c o l l e c t e d  from  th e  S o u th  o f  E n g lan d  i n  e a r l y  summer; 

th e  m a te r i a l  u sed  l a t e r  c o n s is te d  o f  b ro a d  f l e s h y  f r o n d s  

and was o b ta in e d  from  M i l lp o r t ,  S c o t la n d ,  i n  l a t e  sum m er. 

I t  i s  q u i t e  p o s s ib le  t h a t  th e  p o ly a a c o h a r id e  w ould v a ry  

s l i g h t l y  w ith  th e  h a b i t a t  and tim e o f  y e a r ,  p a r t i c u l a r l y  

i f  one w ere a  h a p lo id  and th e  o th e r  a  d i p l o i d  fo rm .
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KtmtAffîiQU Am gaegamiigs m  fM  toLYSAce^Rigg.

Muoh of the p i j ^ a t  ims resaved fPtm the fronds by 

«BE traction with aqaeoaa ace tone; tW acid ic  poly saccharide 

was than extracted as sodium s a lt  by boilin g  toe froads 

wito d ila te  sodium carbonate, purified  by d ia lysiag  tl»  

extract ia  "Gallophaae" agalast d ila te  a c e t ic  acid and 

d is t i l le d  water, oomrerted to sodium ;%lt, wnceatrated  

and precipitated as a white fibrous product by pouring 

in to  alcohol.

kronerties ere described on Î.G8
Th& free acid form obtained at the end of d ia ly s is  was 

not ( x ^ le t e ly  free of inorganic m aterial (@ -  a to , 

mainly Ga88^), but rather than furtoer prolong d ia ly s is  

i t  was found m»re e ffe c t iv e  to remove the la s t  traces of 

m etallic  ions by an ion exchange reaction , using the 

resin  Zeooafb SlSj

toe reaction, itesia K + ^ Ce = Be sin   ̂ Ga  ̂ S i . e .  

the exchange o f metal for hydrogen, i s  p ra c tica lly  

stoichiom etric up to 0.05 -  O.IO U. {4% to is  m s  carried  

out by another experimenter [4o] and a fter  further  

d ia ly s is  a product of 0 8^ ash, pore acid form, was obtained. 

ëractionatigu^ of the product was not att@sg)ted at th is  

point since ea r lie r  a tte in ts  at fractionation  [4j had not 

yielded products which were s ig n ifica n tly  d ifferen t in  

cerbohydzute c o o ^ s it io n .



ES,

NITRIC ACID QXIDATIOM OF THE POLYSACCHARIDE

N i t r i c  a c id  o x id a t io n  o f  th e  p o ly s a c c h a r id e  was 

c a r r i e d  o u t  s in c e  p o ly s a c c h a r id e s  c o n ta in in g  g a l a c to s e  

o r  g a l a c t u r o a ic  a c id  g iv e  m ucic a c id ,  and th o s e  

c o n ta in in g  g lu c o s e  o r  g lu c u ro n ic  a c id  g iv e  th e  

c o r re sp o n d in g  g lu c o s a c c h a r ic  a c id  v/hich may be  i s o l a t e d  

a s  th e  p o ta s s iu m  h ydrogen  s a l t .

I n i t i a l  o x id a t io n  a t te m p ts  gave o n ly  s l i g h t  

i n d i c a t i o n  o f th e  p re s e n c e  o f m ucic  a c id ,  ow ing to  th e  

p re s e n c e  o f  in o r g a n ic  m a t e r i a l ,  p a r t i c u l a r l y  c a lc iu m  

s u lp h a te ,  w hich  i s  o f  s im i l a r  s o l u b i l i t y .  O x id a tio n  

was r e p e a te d  on w e ll  d ia ly s e d  a c id  fo rm  c a rb o h y d ra te  

( a sh  ^ 6^ ) and a  s m a ll q u a n t i t y  o f  m ucic a c id  was 

o b ta in e d .

An o rg a n ic  a c id  p o ta s s iu m  s a l t  was a l s o  i s o l a t e d  

and  had s im i l a r  p r o p e r t i e s  to  iC H sacch ara te .



£ 4 ,

SSgMllfigMSa

AcetYlfetioa o f the taoJLYsaccttaglM.
I t  i s  geaeraily found that when a polysaccharide can .

be f ir s t  acetylated, méthylation with slmtiltaaeous

deacstylation can be effected  smoothly and e a s ily . In

view o f the d if f ic u lty  o f methylating the polysaccharide

d irectly  the p o ss ib ility  o f  preliaiixiary acéty la tion  was

I n v e s t i g a t e d .  ïh e  action o f pyridine and a ce tic  anhydride

ia  the cold had been attempted [4] j the main d if f ic u lty

was that the carbohydrate formed a herd intractable so lid

in pyridine. However, the method o f Carson and Kaelay [42]

^ 3  used for the acétylation  of pectii^waa tried  as i t

involved a d ifferen t method for the preparation of the

carbohydrate in p y r id in e ,i.e . tlie water ia  a swollen aqueous

gel was gradually replaced partly by acetone and then by

pyridineÎ but the carbohydrate s t i l l  formed hard granules

in the la tte r  solvent which were not attached by a cetic

anhydride, only y ie ld ing  a product with lea s  than one

acety l group per two anhydro hexose u n its a fter  repeated

treatment. Much material was lo s t  in  aqueous washings, as

the product was s t i l l  water soluble, so that i t  did not

seeia advantageous to pursue further the p o s s ib ility  of

acétylation  prior tc méthylation,

^ r y t s  hyciroiysis of the colysoocharide followed b? 
iÆ /-acetylation. (b) methylationT

She product obtained from the polysaccharide a fter  

hydrolysis with baryta was submitted to acéty lation  and
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m é th y la t io n .  V ary in g  c o n d i t io n s  o f  "b a ry ta  t r e a tm e n t  

w ere i n v e s t i g a t e d ;  m a te r i a l  co u ld  be  i s o l a t e d  i n  

25-30^0 y i e l d  c o n ta in in g  -^10^  o r g a n i c a l l y  bound 

s u lp h a te ,  and b a riu m  s u lp h a te  w hich  c o u ld  n o t  be 

c o m p le te ly  rem oved, wuhen a c e t y l a t e d  i n  th e  m anner 

d e s r c ib e d  e a r l ie r ^  a h a rd  p ro d u c t  o f  -^12^ OAc was 

o b ta in e d .  A lthough  th e r e  was no m arked d ev e lo p m en t o f  

re d u c in g  power on i jy d r o ly s i s  and th e  r o t a t i o n  o f  th e  

p ro d u c t was s t i l l  n e g a t iv e ,  i t  m ust have b een  s e r i o u s l y  

d e g ra d e d , f o r  a f t e r  D iethyl a  t i n g  once w ith  NaOH and 

MegSQ .̂ th e r e  was much l o s s  on d i a l y s i s ,  m aking i t  

a p p a re n t  t h a t  p re tre a tm ie n t vd.th b a r y ta  d id  n o t  y i e l d  

m a te r i a l  s u i t a b l e  f o r  m é th y la t io n .

Auto h .y d ro ly s is  (P ,8 9 )  gave an  u n s ta b le  m a c ro m o le c u la r  

r e s id u e ,  u n s u i t a b le  f o r  m é th y la t io n .
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M é th y la t io n  o f  th e  p o ly s a c c h a r id e .

U sing m e th y l s u lp h a te  and a l k a l i .

F o r the m é th y la t io n  e x p e r im e n ts , c ru d e  sodium  s a l t ,  

p r e c i p i t a t e d  i n  a l c o h o l ,  c e n t r i f u g e d ,  b u t  n o t  d i a ly s e d ,  

vias u s e d . In o rg a n ic  and o th e r  im p u r i t i e s  o f  sm a ll 

m o le c u la r  w e ig h t sh o u ld  u l t i m a t e l y  be l o s t  i n  th e  d i a l y s e s  

in v o lv e d , any t r a c e s  o f  p r o t e i n  n o t  h y d ro ly s e d  by th e  

a l k a l i  w ould n o t  be e x p e c te d  to  become s o lu b le  i n  

o rg a n ic  s o lv e n ts  by t h i s  t r e a tm e n t .

I n i t i a l l y ,  the  a d d i t i o n  o f  c o ld  NatH and MegSO^ 

o v e r  te n  h o u r s ,  i n  an  a tm o sp h ere  o f  n i t r o g e n ,  w as t r i e d ;  

th e  q u a n t i t i e s  o f  r e a g e n t s  b e in g  co m parab le  w ith  th o s e  

em ployed f o r  th e  m é th y la t io n  o f  a g a r  [e?] , A f te r  

seven  t r e a tm e n ts ,  v/hen th e  p ro d u c t  had n o t  changed  i n  

ap p e a ran c e  d u r in g  th r e e  m é th y la t io n s ,  th e  p ro d u c t was 

worked up and i t  was p o s s ib le  to  e x t r a c t  a s m a ll  am ount o f  

c h lo ro fo rm  s o lu b le  m a te r i a l  (3 0 ^  (Me) from  th e  s o l i d  

p ro d u c t  o b ta in e d ,  b u t  i t  was o b v io u s  t h a t  th e r e  had  b een  

much l o s s  o f  o rg a n ic  m a t e r i a l .

P o s s ib le  c a u se s  o f  l o s s  w ere i n v e s t i g a t e d  and th e  

m é th y la t io n  p ro c e d u re  v a r i e d  i n  o r d e r  to  im prove th e  

y i e ld  o f  p r o d u c t .  H y d ro ly s is  o f  unused  m e th y l s u lp h a te  

a t  1 00“ was o m it te d ,  b u t th e  HaOH was o n ly  p a r t i a l l y  

n e u t r a l i z e d  so th a t  th e  m ix tu re  rem ain ed  J u s t  a l k a l i n e  

to  th e  end o f  d i a l y s i s ;  a l th o u g h  50^ HgSO^ was

added v /ith  i c e  c o o l in g  i t  was fo u n d  t h a t  th e  y i e l d
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o f  p ro d u c t was ijqproirsû i f  t h i s  s t a g s  was o s i i t t e t l
I

s a t i r e l y ,

to e  e f f e c t  o f  w a m ia g  th e  m a th y la t io a  m ix ta ire  w ith  

r s â u c t io u  i n  to e  tim e  o f  m é th y la t io n ,  a f t e r  to e  f i r s t  

t r e a tm e n t ,  was i n v e s t i g a t e d ,  s in c e  a f t e r  one t r e a tm e n t  

th e  p o ly s a c c h a r id e  to o u ld  be  somewhat m ore s t a b l e .  In  

c o E ^ a ra tiv e  e x p e r im e n ts , a t  th e  h ig h e r  te m p e ra tu re  o f  

35-40° s l i g h t l y  lo w e r  y i e l d  o f  a l c o h o l  s o lu b le  m a t e r i a l  

o f  2^  h ig h e r  m e th o zy l c o n te n t  was o b ta in e d ;  to u s  warm ing 

sp eed ed  up th e  m é th y la t io n  p ro c e d u re  w i to o u t  s i g n i f i c a n t  

e f f e c t  on  th e  p r o d u c t ,

to e  m ethoxy l f i g u r é  o f  a lc o h o l  s o lu b le  p r o d u c t  was 

n o t  in c r e a s e d  a f t e r  s i x  to  se v en  t r e a tm e n t s ,  to e  

c a rb o liy d ra te  was g e n e r a l l y  g iv e n  se v e n  t r e e t e i e a t s ,  u s in g  

to e  jiT ocedure da s c r ib e d  i n  to e  e x p e r i i s e n ta l  s e c t i o n .

In t h i s  way a h a rd  y e llo w  w h ite  s o l i d  laroduo t waa o b ta in e d ,  

Ib E tra c tio a  w ith  o r a a a io  s o l v e n t s .

E x t r a c t io n  w itJi C H d jj  E t® * t  10* 1 g av e  m a t e r i a l  

w ith  2ô;i«*te i n  16;^ y i e l d  ; t h i s  s o l v e n t ,  when a c i d i f i e d ,  

e x t r a c t e d  f u r t h e r  m a t e r i a l  and a c i d i f i e d  a lc o h o l  

e x t r a c t e d  a  t h i r d  am oun t, l e a v in g  a  d u l l  g re e n  sw o lle n  r e s 

id u e .  S h is  s u g g e s te d  t h a t  m e th y la te d  a c i d i c  m a te r i a l  

was p r e a e a t .  o n ly  becom ing s o lu b le  when l i b e r a t e d  from  

th e  s a l t  fo rm .

In  o r d e r  to  o b ta in  a s  much m a t e r i a l  a s  p o s s i b l e  f o r
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f u r t h e r  t r e a t o s a t  th e  e ru d e  m e tl^ la te d . p ro d u c t  was 

i a i t i a l l y  e x t r a c t e d  w ith  f i lc o h o l t o  w hich o o m c e a tra te d  

HCi was aûàed  m t i l  a  f a i n t  a c id  I 'e a c t io n  on m o is t  

Congo p a p e r  was o b ta in e d ,  l a t e r  i t  was fou n d  more 

s a t i s f a c t o r y  to  e x t r a c t  o n ly  th e  f r a c t i o n  s o lu b le  

i n  a c i d i f i e d  f o r  f u r t h e r  t r e a tm e n t  ( s e e  s e c t i o n

o n  m é th y la t io n  w i th  M el, AggO).

ÜM ââx
file  q u a n t i  t j  o f  a lc o h o l  s o lu b le  m a te r i a l  

v a r ie d  a s  m o is tu re  was n o t  r i g i d l y  e x c lu d e d  and i t s  

p re s e n c e  u n d o u b te d ly  in c r e a s e d  th e  y i e l d  o f  s o lu b le  

m a t e r i a l ,  w ith  c o r  r e  p o n d in g  lo w e r in g  o f  me th o x y l 

f i g u r e  and in c r e a e ë  i n  in o r g a n ic  c o n ta m in a n ts .

The y i e l d  o f  c h lo ro fw m  s o lu b le  p ro d u c t  fro m  

l a r g e  s c a le  m é th y la t io n  was ID^BO^, (Me, 5 0 -£ 4 ^ .

llie  o rg a n ic  c o n te n t  o f  th e  i n s o l u b le  f r a c t i o n  was 

a s sa y e d  and in d i c a t e d  t h a t  th e  o v e r a l l  r e c o v e ry  o f  

m a te r i a l  was ^ 8 5 ^ .

A ll  th e s e  f r a c t i o n s  vmre h y g r o s c o p ic .
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A f te r  t r e a tm e n t  o f  m e th y la ted ^  a l c o h o l  æ l u b l e  m f e r i a l  

w ith  Mel end % ^ 0  i t  was p o s s ib le  to  e x t r a c t  ^ 4 5 ^  o f  th e  

p ro d u c t  w ith  Œ GI3 ,  I t  w as n o t p o s s i b l e  to  in c r e a s e  t h i s  

y i e l d  s i g a i f i c e a t l y  by th e  u s e  o f  o th e r  s o lv e n t s  w i th o u t  

heavy c o a tsm iia a tio n  by s i l v e r ,  p o s s i b ly  due to  oom^Xex 

f o rm a tio n  w ith  f r a c t i o u s  c o n ta in in g  M o r  S % . By 

u s in g  m e th y la te d  c h lo ro fo rm  s o lu b le  m a t e r i a l  f o r  

tr e a tm e n t  w ith  l u r d i e  r e a g e n t s  s a t i s f a c t o r y  y i e l d s  o f  

p ro d u c t  w ere o b ta in e d ,  th e  m e th o x y l f i g u r e  was n o t  

in c r e a s e d  beyond 51^ d u r in g  f i v e  t r e a tm e n ts *  B ie re  

was a  r e l a t i v e l y  l a r g e  in c r e a s e  a f t e r  one t r e a tm e n t ,  

s u g g e s t in g  e s t é r i f i c a t i o n ,  %i&ieh was c o a f im e d  by # ie  

p r o d u c t io n  o f  MeOH on  b a r y t a  h y d r o ly s is *  

k ro n e r  t i e s  o f  th e  m e th y la te d  u o lv s a c c h a r ld e .

l 'a i e  y e llo w  p o w d er. Ash {lla*C a,S04, t r a w  o f  A gi) 

œ e ,  31}.; c o r r e c te d  f o r  ash*

G, H, 7.5d^>} H, E*40^-| c o r r e c t e d  f o r  a s h

(W e lle r  and  S tr a u s s  1 

= - 3 4  {C = 0 .4  ̂ in caOLZ)

Io n ic  s u lp h a te  0 ,4 ^

T o ta l  s u lp h a te  3 .



V ig o ro u s  t r e a t o e u t  w ith  hyd rogen  c h lo r id e  i a  d ry  m e th y l 

a lc o h o l  was a c c e s s a r y  to  c a u se  g ^ p r e o ie b le  breakdow n o f  

th e  m e th y la te d  p o ly s a c c h a r id e  to  e t h e r  s o lu b le  la ria te r ia l; 

t r e a tm e n t  w ith  b a r y ta  e n a b le d  a  b a r iu m  s a l t  t e  he  

s e p a r a te d  from  g ly c o s id e s  by v i r t u e  o f  i t s  i n s o l u b i l i t y  

i n  d ry  e t h e r ,  and tiie  s a l t  w as th m i e o a v e r te d  to  m e th y l 

e s t e r .  The s e p a r a t io n  was c a r r i e d  o u t  a c c o rd in g  te  

th e  fo l lo w in g  schem e, a v e ra g e  r e s u l t s  a r e  g iv en *

M e th a a o ly s ia  p ro d u c t

e t h e r e x t r a c t io n

S o lu b le  p ro d u c t (40-50^,) r e s id u e s

1

E t h e r  e x t r a c t i o n
r ----------------------------------------- 1

S o lu b le  g ly c o s id e s  .( 30^1 Barium  s a l t s

l a t e r  ( - 10^) 

R o ta t io n s  c o u ld  a o t  be o b s e rv e d  d u r in g  m e th a n o ly s is ,  

b u t  th e  olmiAge i a  r o t a t i o n  o f  -2 0  { s ta i^ t in g  m a t e r i a l )  to  ^^0 

( e t h e r  s o lu b le  p ro d u c t)  i n d ic a t e d  e x te n s iv e  b reakdow n.

g ly c o s id e s  d id  n o t  c o n ta in  n i t r o g e n  an d  were 

f r a c t i o n a t e d  in  v a c u o .

The o s t e r  f r a c t i o a  was f u r t h e r  p u r i f i e d  aa d  i n v e s t i 

g a te d  s e p a r a t e ly ,  i t  d id  n o t  c o n ta in  n i t r o g e n ,

iSie r e s id u e s  w ere b la c k  aa d  e x tre m e ly  v i s c o u s ;
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H itro g a a  a a â  s i l v e r  w ere p r e s s â t ,  o f  th e  l a t t e r

c o u lâ  be  p r e o i p i t a t e d  fro ©  a  s o lu t io n  o f  r e s i d u e s  i u  

b j  th e  a c t i o n  o f  % 3 ,
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I n v e s t i g a t i o n  o f  r i ly c o s id e s .

The g ly c o s id e s  w ere f r a c t i o n a l l y  d i s t i l l e d  i n  

v acu o , and th e  s p e c i f i c  r o t a t i o n ,  r e f r a c t i v e  in d e x  and 

m ethoxy l c o n te n t  o f  each  f r a c t i o n  v/ere m e asu red . Sam ples 

w ere h y d ro ly se d  w ith  aq u eo u s a c id ,  l o s s e s  w ere heavy  

w here S c h i f f  r e a c t i o n s  i n d ic a t e d  th e  p re s e n c e  o f
$

anhydro  s t r u c t u r e s ,  and th e  d e t e c t i o n  o f  l a e v u l i c  a c id  

in  one such  in s ta n c e  a g re e d  vi th  th e  d e s t r u c t i o n  o f  

anhydro  com pounds.

In  o r d e r  to  i d e n t i f y  th e  r e d u c in g  m e th y la te d  s u g a r s ,  

p a r t i t i o n  p a p e r  ch rom atog raphy  and th e  p r e p a r a t io n  o f  

a n i l i d e a  was a p p l ie d ,  a  sam ple o f  a  m a jo r  f r a c t i o n  was 

a l s o  f u l l y  m e th y la te d  and i n v e s t i g a t e d .  The r e s u l t s  

showed t h a t  a l l  f r a c t i o n s  w ere m ix tu r e s ;  L -rham nose, i s o l a t e d  

a s  2 : 3 : 4 - tr im e th y l-L -rh a m n o s e  a n i l i d e  a f t e r  æ l v e n t  

e x t r a c t i o n ,  was th e  o n ly  s im p le  end g ro u p  p r e s e n t ,  a l th o u g h  

anhydro  s t r u c t u r e s ,  p ro d u ced  by h y d r o ly s i s  o f  s u lp h a te ,  

may a l s o  fo rm  end g ro u p s  in  a  b ra n c h e d  s t r u c t u r e ,

E v idence f o r  g lu c o se  r a t h e r  th a n  g a la c to s e  was g iv e n  by 

ch ro m ato g rap h y , b u t th e  a n i l i d e s  i s o l a t e d  in d ic a t e d  

g a l a c t o s e .  R e s u l t s  fro m  ch ro m ato g rap h y  a l s o  showed some 

d i f f e r e n c e  betw een  th e  two b a tc h e s  o f g ly c o s id e s  w hich 

were f r a c t i o n a t e d ,  th e  l a t e r  m a te r i a l  p ro b a b ly  c o n ta in in g  

2 :3 -  dime th y l - x y lo  s e ,



33.

I n v e s t i g a t i o n  o f  e s t e r .

Tkie i s o l a t i o n  o f  e s t e r  m a te r i a l  co n firm ed  th e  

in d i c a t i o n s  o f  th e  p re s e n c e  o f  -GOOH from  m é th y la t io n  

e x p e r i iæ n ts  and f u r f u r a l  e s t im a t io n s ,  The p r o p e r t i e s  

o f  t h i s  f r a c t i o n  su g g e s te d  a  m e th y l e s t e r  o f  a  

d im e th y l-m e th y l-h e x u ro n ic  a c id ,  a  c r y s t a l l i n e  p r o d u c t  

was o b ta in e d ,  b u t  i t  was n o t  i d e n t i c a l  w ith  any 

e s t a b l i s h e d  com pound.of t h i s  ty p e ;  a n o th e r  p o s s i b i l i t y  

i s  t h a t  some anhydro  h e x o n ic  e s t e r  i s  p r e s e n t ,

" These r e s u l t s  a r e  d is c u s s e d  i n  th e  l a s t  s e c t i o n .
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q u a n t i t a t i v e  and t h i s  r e a c t i o n  i s  u sed  i n  m ethods f o r  

th e  e s t im a t io n  o f  u r o a ic  a c i d s ,  ( s e e  P ,8 6 ) ,

D e te rm in a tio n s  on  th e  p u r i f i e d  p o ly s a c c h a r id e  w ere 

c a r r i e d  o u t  by D.M. H ardy [4l] . The ca rb o n  d io x id e  

l i b e r a t e d  from  f u l l y  m e th y la te d  m a te r i a l  and from  th e  

m é th y la t io n  r e s id u e s  in s o lu b le  i n  CHClg was d e te rm in e d . 

R e s u l ts  in d ic a t e d  a  l o s s  o f  - 5 0 ^  o f  u ro n ic  a c id  i n  

th e  fo rm er and o n ly  s l i g h t  l o s s  i n  th e  l a t t e r  f r a c t i o n  

a s  com pared w ith  th e  s t a r t i n g  m a t e r i a l ,

F u r f u r a l  and many o f  i t s  d e r i v a t i v e s  g iv e  p r e c i p i t a t e s  

w ith  s o lu t io n s  o f  c e r t a i n  r e a g e n t s ,  e . g .  p h lo r o g lu e in o l , 

t h i o b a r b i t u r i c  a c i d .  The fo rm e r  was c o n s id e re d  to  be 

th e  m ost g e n e r a l ly  s a t i s f a c t o r y  by N o r r is  e t  a l*  [44] and 

was u se d  f o r  th e  e s t im a t io n s  on th e  U lva  p o ly s a c c h a r id e .  

However, th e  y i e l d s  o f f u r f u r a l  and r e l a t e d  p ro d u c ts  

a re  n o t q u a n t i t a t i v e ,  and th e  p r e c i p i t a t e s  fo rm ed  w ith  

p h lo r o g lu e in o l  a r e  o f  i l l  d e f in e d  c h em ic a l c o m p o s itio n ; 

hence r i g i d l y  s ta n d a r d iz e d  c o n d i t io n s  f o r  c a r r y in g  o u t  

th e  r e a c t i o n s  have been  recom m ended. R e l ia b le  

e m p ir ic a l  t a b l e s  w hich g iv e  th e  e q u iv a le n c e  b e tw een  

w e ig h t o f  p h lo r o g lu e in o l  p r e c i p i t a t e  and s u g a r ,  u n d e r  

s ta n d a rd  c o n d i t io n s ,  w ere f i r s t  drawn up by K ro b e r,

T o lle n s  e t  a l . ,  u s in g  s in g l e  s u g a rs  ( e . g .  [45] f o r  m e th y l 

p e n to s e s ) .  L a te r  w o rk e rs  have  a t te m p te d , by d is c o v e r in g  

the  c a u se s  o f  th e  d e s t r u c t io n  o f  m e th y l f u r f u r a l  f o r
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exam ple , to  im prove p ro c e d u re , so t h a t  r e s u l t s  a r e  

l e s s  d ep en d en t on  a r b i t r a r y  c o n d i t io n s .

k u l lg r e e n  and Tyden |46] recommended th e  a d d i t i o n  o f  

s a l t  to  1 3 .1 5 ^  HCI f o r  th e  d i s t i l l a t i o n ,  th e  s a l t  

s t a b i l i z i n g  th e  a c id  c o n c e n t r a t io n s  a t  t h i s  l e v e l ,  f o r  

l o s s e s  o f  m e th y l f u r f u r a l  a r e  v e ry  d ep en d en t on a c id  

c o n c e n t r a t io n  [4?] w hich v a r ie d  d u r in g  the o ld e r  

p ro c e d u re  o f  d i s t i l l i n g  w ith  12^ HCI. L o sse s  due to  

o x id a t io n  can be av o id ed  by w ork in g  in  n i t r o g e n  [47] . 

Q u a n t i ta t iv e  y i e ld s  o f m e th y l f u r f u r a l  can  be o b ta in e d  

by d i s t i l l i n g  i t  o f f  i n  s team  a t  11o' from  1 3 .1 5 ^  HCI 

s a tu r a te d  w ith  NaCl [48, 49] ,

N o r r is  e t  a l*  c a r r i e d  o u t  e s t iD ia t io n s  on v a r io u s  

s u g a rs  and o b ta in e d  e x p r e s s io n s  r e l a t i n g  w e ig h t o f  

su g a r  to  w e ig h t o f  p h lo r o g lu e in o l  p r e c i p i t a t e ^  P. 

e . g .  F o r  anhydro  rhainnose^ R.

R = 1 .0 4 3 3 ?  i-' 0 .0118  i  0 .0 0 0 3  

f o r  0 .0 4  g .  to  0 .1 6  g .  Rhamnose.

B ut H iese i n v e s t i g a t o r s  p o in te d  o u t t h a t  th e  

c o n v e rs io n  f a c t o r s  a re  v e ry  d ep e n d en t on c o n d i t io n s  

and s t r e s s e d  th e  n e c e s s i t y  f o r  i n v e s t i g a t o r s  to  

d e te rm in e  th e  c o n s ta n ts  f o r  t h e i r  own c o n d i t io n s ,

-r They a l s o  i n v e s t i g a t e d  m ix tu re s  o f  two su g a r  ty p e s .



37.

e . g .  m e th y l p e n to s e  and u r o n ic  a c id ,  such  a s  o c c u r  

i n  n a t u r a l  p o ly s a c c h a r id e s .  In  g e n e ra l  th e  c o u rse  o f  

th e  d i s t i l l a t i o n  o f  one com ponent was a f f e c t e d  by th e  

p re se n c e  o f  th e  o th e r ,  so  t h a t  e x p r e s s io n s  o b ta in e d  f o r  

s in g le  s u g a rs  c a n n o t be a p p l ie d  w ith  accu racy *  W ith 

u ro n ic  a c id  a s  one com ponent, a  s a t i s f a c t o r y  r e l a t i o n  

co u ld  be deduced i f  th e  u r o n ic  a c id  was in d e p e n d e n t ly  

e s t im a te d  by H ezoses in c r e a s e d  th e  w e ig h t o f

p h lo r o g lu e in o l  p r e c i p i t a t e  ow ing to  th e  p r o d u c t io n  

o f  sm a ll am ounts o f  O H -m e th y l- fu r fu ra l .

I n  th e  p r e s e n t  w ork, th e  m ethod o f  N o r r is  was 

m o d if ie d  f o r  u se  w ith  s m a lle r  q u a n t i t i e s  o f  s u g a r s ,  

u s in g  rham nose , a r a b in o s e  and g a l a c t u r o n ic  a c i d .

I t  was c l e a r  t h a t  th e  m ethod o f  Van d e r  H aar [50] f o r  

s e p a r a t in g  m e th y l f u r f u r a l  p h lo r o g lu c id e  p r e c i p i t a t e  

from  f u r f u r a l  p h lo ro g lu c id e  by v i r t u e  o f  th e  s o l u b i l i t y  

o f  th e  fo rm e r i n  a lc o h o l  a t  60" was u n r e l i a b l e  ( a s  

s t a t e d  by N o r r is )  a l th o u g h  i t  was u sed  to  g iv e  a  

c o m p ara tiv e  m easure o f  rham nose l o s t  and r e t a i n e d  in  

th e  m acrom olecu le  d u r in g  a u to h y d r o ly s i s .

The ap p e a ra n c e  and s o l u b i l i t y  o f  th e  j ,rv c ip i+  

from  th e  U lva p o ly s a c c h a r id e  w ere v e ry  l i k e  th o se  from  

a ra b in o s e  and g a l a c tu r o n ic  a c id ,  a lth o u g h  th e
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p r o p o r t io n  o f  a lc o h o l  s o lu b le  m a te r i a l  was much 

g r e a t e r ,  c o n f irm in g  the  p re s e n c e  o f  m e th y l p e n to s e .

In  th e  e a r l i e r  work [4] th e r e  was no i n d i c a t i o n  o f  

p e n to se  i n  th e  m e th y la te d  h y d r o ly s i s  p r o d u c ts ,  and th e  

ev id en c e  f o r  u ro n ic  a c id  was in c o n c lu s iv e ,  b u t  t h i s  

work su g g e s te d  t h a t  u ro n ic  a c id  a n d /o r  p e n to s e  was 

p r e s e n t ,  and was su p p o r te d  by th e  p r e s e n t  m é th y la t io n  

and ch ro m a to g rap h y  s tu d i e s  [40] .

A u to h .y d ro ly s is  and f u r f u r a l  e s t im a t i o n s .

S in ce  th e r e  was e v id e n c e  t h a t  th e  p r o p o r t io n  

o f  m e th y l p e n to s e  i n  a lc o h o l  s o lu b le  h y d r o ly s i s  

p ro d u c ts  was g r e a t e r  th a n  t h a t  i n  th e  o r i g i n a l  [4] 

th e re  was th e  p o s s i b i l i t y  t h a t  i t  co u ld  be p r e f e r e n t i a l l y  

h y d ro ly se d  from  th e  m a c ro m o lec u le . A u to h y d ro ly s is  o f

th e  a c id  fo rm  o f  th e  U lva p o ly s a c c h a r id e  was c a r r i e d  

o u t and th e  p ro d u c t  d i a ly s e d ;  th e  m e tliy l p e n to s e  

and p e n to s e  o r  u r o a ic  a c id  i n  d i a l y s a b l e  and non  d i a ly s a b l e  

f r a c t i o n s  were a p p ro x im a te ly  a s s a y e d .

The r e s u l t s  i n d ic a t e d  a  p r e f e r e n t i a l  h y d r o ly s i s  o f  

u ro n ic  a c id  (o r  p e n to s e ) ,  and t h a t  d i -  and p o s s i b ly  

t r i - s a c c h a r i d e  f ra g m e n ts  m ust have b een  l i b e r a t e d  on 

a u to h y d r o ly s is ,  th e  u ro n ic  a c id  may be l i b e r a t e d  a s  

a ld o b io n ic  a c id  a s  i s  fo u n d , a f t e r  th e  h y d r o ly s i s  o f
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v a r io u s  p l a n t  gums and m u c ila g e s  e . g .  gum a r a b le  [5 1 ] . 

The n o n - d ia ly s a b le  p o r t i o n  c o n ta in e d  s u lp h a te  e s t e r .
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U lva l a e t a o a  was o b ta in e d  fro m  th e  M sr ia e  b i o l o g i c a l  

S t a t i o n ,  M i l l p o r t .

Hsgtoval of oijsiaeata.

P ig m en ta  w ere e x t r a c t e d  fro m  t&e f r o n d s  by  c o v e r in g  

them w ith  85^ a c e to n e  i n  s b a l lo e  ta n k a  and a l lo w in g  them 

to  s ta n d  ex p o sed  to  s u n l i g h t  f o r  $ -4  d a y s , s t i r r i n g  

Q c e a s io a a l ly .  T h ree  t r e a tm e n ts  y ie ld e d  p a l e  y e l lo w  

c o lo u re d  f ro n d s  w h ich  w ere d r i e d  i n  a i r .  

o r i g i n a l  e x t r a c t i o n  p ro c e d u re .

I n i t i a l l y  th e  p ro c e d u re  d e v e lo p e d  by S .D , Johnson  

[4  ] was ea p lo y ed  w lto  s l i g h t  m o d i f i c a t i o n .

i . e .  100  g ,  d ry  f r o n d s  w ere h e a te d  w ith  8 h  0 , 5^  

sodium  c a rb o n a te  s o lu t io n ,o n  a  b o i l i e ^  w a te r  b a th  f o r  

Û h o u r s  and th e  e x t r a c t  f i l t e r e d  o f f  th ro u g h  c a l i c o ,  

to e  f ro n d s  w ere f u r t h e r  e x t r a c t e d  by th r e e  t r e a tm e n ts  

w ith  8 1  ,0,25/) sodium  c a rb o n a te ,  in v o lv in g  30  h o u rs

BK>re h e a t in g .  to e  c o s h in e d  e x t r a c t s  w ere c o n c e n tr a te d  

on a  w a te r  b a th  to  a b o u t IB L, f i l t e r e d  th ro u g h  f i n e  

c l o t h  to  s e p a r a ta  from  a  s lu d g e , w hich  was m a in ly  

in o r g a n ic ,  end f a r t h e r  c o n c e n tr a te d  to  a  volume o f  

a p p ro x im a te ly  600  m l .  The p o ly s a c c h a r id e  was 

p r e c i p i t a t e d  i n  a  t o i t e  f i b r o u s  form  by p o m 'iu g  th e  

d a rk  c o lo u re d , th i c k  s o lu t io n  i n  e  f i n e  s tre a m  i n t o
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5 L, a lc o h o l  w hich waa r a p id ly  s t i r r e d  j th e  f i n a l  

a l c o h o l  c o n c e n t r a t io n  b e in g  88-90^*

She o n ly  a l t e r a t i o n  to  t h i s  p ro c e d u re  was t h a t  

c o n c e n tr a te d  h y d r o c h lo r ic  a c id  was added  to  th e  

s o d im  c a rb o n a te  s o l u t io n  d u r in g  c o n c e n t r a t io n ,  i n  

o r d e r  to  re d u c e  th e  a l k a l i n i t y  and h en ce  m in im ise  th e  

h y d r o ly s i s  o f  s u lp h a te  e s t e r  g ro u p s  known to  be  p r e s e n t*  

The s o lu t io n  was k e p t  a l k a l i n e  to  l i t e u s ,  th e  t o t a l  

volum e o f  c o n c e n tr a te d  HCI u sed  i n i t i a l l y  was - 3 0  m l.  

e q u iv a le n t  to  o f  th e  sodium  c a rb o n a te  used*

The p ro d u c t waa k e p t  u n d e r  a lc o h o l  u n t i l  r e q u i r e d .  

I t  c o u ld  be worked up to  a f a i r l y  w h ite  s o l i d  by 

c e n t r i f u g in g  o f f  te e  a lc o h o l^  t r i t u r a t i n g  tw ic e  w ith  

a lc o h o l  and  th e n  w ith  e t h e r .

T h is  c ru d e  p o ly s a c c l ia r id e  was fo u n d  to  h av e  a  v e ry  

h ig h  in o r g a n ic  c o n te n t ,  a sh  4 0 -5 0 ^  o f  d ry  w e ig h t ,  A 

l a r g e  p a r t  o f  t h i s  in o r g a n ic  m a te r i a l  c o n s is te d  o f  

sodium  c h lo r id e  and soditm i c a rb o n a te ,  ^A icii have o n ly  

s l i g h t  s o l u b i l i t y  l a  a lc o h o l  ( 0 ,3  g l " ^  IfeC l,0 .2  gL"^ 

Na^CÛ5 i n  90^  a lc o h o l )  b u t  w hich sh o u ld  be rem oved by 

d i a l y s i s  a g a in s t  w a te r ;  Oa ’ and w ere a l s o  known

to  be p r e s e n t .

P ieJL ysis e z u e r im e a ts  f o r  te e  a u r i f i c a t i o n  o f  te e  
polysacchagidiLa

C ello p h an e"  c a s in g s  w ere u se d  f o r  d i a ly s i s *  ahen

d ry  th e y  a r e  e a s i l y  damaged by  c o n ta c t  w ith  brown p ap e r

e t c * ,  and  so w ere s to r e d  in  a  damp a tm o sp h ere  (o v e r  1 ^
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fo rm a lin  s o lu t io n )  when n o t  i n  u s e .

The p e rfo rm an ce  o f  th e  c a s in g s  was f i r s t  

in v e s t ig a te d  by d ia ly s in g  a  s o l u t i o n  c o n ta in in g  

known am ounts o f  sodium  c h l o r id e ,  c a lc iu m  s u lp h a te ,  g lu c o s e  

and s t a r c h  a g a in s t  d i s t i l l e d  w a te r ,  2he s o lu t io n  

in s id e  the  c a s in g  and th e  d i a l y s a t e s  w ere t e s t e d  f o r  

the  s u b s ta n c e s  u s e d .

G lucose was e s t im a te d  by h y p o io d i te  t i t r a t i o n ,  

the lo s s  in v o lv e d  on c o n c e n t r a t in g  was c o r r e c te d  f o r  

by c a r r y in g  o u t  a com parab le  c o n c e n t r a t io n  o f  a  

s ta n d a rd  s o lu t i o n ;  io n s  w ere a s sa y e d  by s u i t a b l y  

c o n c e n tr a t in g  and d i l u t i n g  u n t i l  th e  l i m i t s  o f  

s e n s i t i v i t y  o f  th e  fo l lo w in g  t e s t s  w ere reac h e d ^ a n d  by 

com paring v /ith  s ta n d a rd  s o l u t i o n s ,

C l^ , 0.8  m l. (2 d ro p s )  3^ AgNOg s o lu t io n  added to

1 m l. Cl^ s o l u t i o n ,  c lo u d  d e t e c t a b l e  a t  

1 ^ 10"®g. d '  L“ l .

3%^ 0 ,8  m l, (2 d ro p s )  12^ BaClg s o lu t io n  added to

1 m l, SO  ̂ s o l u t io n ,  c lo u d  d e t e c t a b le  a t  

7 X 10-3g. SO4  L-1.

Ca 2 d ro p s  s a tu r a t e d  ( ) ^ . Fe(  CN)g s o lu t io n  ^ 1  d rop  

a lc o h o l  added  to 1 d rop  Ca s o lu t io n ,  c lo u d  

d e t e c t a b le  a f t e r  -f- m in , a t  5 x 10“^ g , Ca”
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R e s u l t s  showed t h a t  th e  i a o r g a n ic  i o n s ,  g lu c o s e  and 

a sm a ll p r o p o r t io n  o f  th e  s t a r c h  ( g iv in g  a  r e d  c o lo u r  

w ith  Ig )  d ia ly s e d  r e a d i l y  and t h a t  th e  re m a in d e r  o f  

the  s ta r c h  ( Ig  c o lo u r ,  b lu e )  was r e t a i n e d  th ro u g h  

p ro lo n g e d  d i a l y s i s .

A s o lu t io n  o f  th e  c ru d e  p o ly s a c c h a r id e ,  8 g .  o rg a n ic  

m a t e r i a l ,  was d ia ly s e d  a g a in s t  d i s t i l l e d  w a te r ,  and 

th e n  a g a in s t  d i l u t e  HCI o f  pH 3 (b rom pheny l b l u e ) ,  th e  

pH o f  the a c id  fo rm  o f  th e  p o ly s a c c h a r id e  [4 J . The l o s s  

o f  in o r g a n ic  io n s  was e s t im a te d  a p p ro x im a te ly  u s in g  

th e  n e p h e lo m e tr ic  t e s t s ,  P .4 2 ,

A f te r  
2 days 2 d ay s 6 d ay s 3 t r e a tm e n ts  HCI (pH 3)

Cl

S04

Ca

0 .4  g .  

0 .6 9  g . 

O.OS g .

0 .015  g .

0.01  g .  

0.001  g .

0.02 g .  

0.02 g . 

0.001  g .

0 .016  g .  0 .016  g .  0 .016  g .

0 .0 1  g .  O.OCA g .

F in a l  y i e l d  6 g .  o r g a n ic  m a te r i a l  i . e .  - 7 5 ^ .

The lo s s  o f  25^  o rg a n ic  m a te r i a l  on d i a l y s i s  i s  n o t  

m a in ly  c a rb o h y d ra te  i n  n a tu r e  a s  M o lisch  t e s t s  on 

d i a l y s a t e s  w ere o n ly  s l i g h t l y  p o s i t i v e ,  The s te a d y  l o s s  

o f  s u lp h a te  i s  p ro b a b ly  due to  the  f a c t  t h a t  s o l id  GaSO^ 

i s  p r e s e n t  and i s  o n ly  rem oved s lo w ly  b ecau se  o f  i t s  low
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s o l u b i l i t y  ( 0 .2  a t  18* I .  D ia l y s i s  a g a in s t  d i l u t e  HCi 

resioved  c a lc iu m  more r a p i d l y  b u t  p ro lo n g e d  ex p o su re  to  

m in e ra l  a c id  was n o t  c o n s id e re d  s a fe  f o r  th e  p o ly s a c c h a r id e ,  

p a r t i c u l a r l y  I f  i t  c o n ta in e d  u r o n ic  a c i d .

A p ro d u c t  w orked up a s  sodium  s a l t  gave 22^ a s h  on 

i g n i t i o n ,  A p r o d u c t  w orked up a s  a c i d ,  by p r e c i p i t a t i n g
ÔSodÎHSitSaî

a  s o lu t io n n â t  pH 3  ̂ i n  o loohol^  g ave  X I f  a s h  on  i g n i t i o n ,  

b u t  t h i s  was p ro b a b ly  p a r t l y  s o d im  s a l t ,  aad  % u ld  

c o n ta in  sodium  c h lo r id e  a s  t h i s  w as n o t  r e e v e d  by 

d i a l y s i s ;  Ca and Pe w ere a l s o  p r e s e n t .

Sam ples o f  sodium  s a l t  p u r i f i e d  in  t h i s  way. (2 5 ^  

a sh )  w ere i g n i t e d  and th e  s u lp h a te  e s t im a te d  g r a v lm e t r i -  

c a l l y  a s  B aS % .

On i g n i t i o n  w ith o u t  sodium  c a rb o n a te .  9p  S%

" w ith  " " . 13$  a %

liie  a s h  fx‘om sodium  s a l t  w hich  had  o n ly  b een  

d ia ly s e d  f o r  a  s h o r t  p e r io d  a g a in s t  d i s t i l l e d  w a te r  was 

found  to  c o n ta in  28$ p h o sp h a te  (by  "molybdenum b lu e "  t e s t ,  

e s t im a te d  c o lo rim e  t r i  c a l l y ) .  In  v iew  o f  th e  p re s e n c e  

o f  c a le im a  and  p h o sp h a te  i t  was o b v io u s ly  n e c e s s a r y  to  

d ia ly s e  a g a i n s t  a  s o l u t i o n  s u f f i c i e n t l y  a c id  to  d i s s o lv e  

ca lc iu m  p h o s p h a te .  D ia ly s i s  a g a i n s t  a c e t i c  a c id  was 

t l i e r e f o r e  t r i e d  a s  t h i s  w ould n o t  a f f e c t  th e  c a rb o h y d ra te ,  

The c o n c e n tr a te d  sod im a c a rb o n a te  e x t r a c t s  w ere n o t  

p r e c i p i t e t e d  I n to  a l c o h o l ,  b u t th e  s o lu t io n  wa^ n e u t r a l i z e d  

and d i a l y s e d : -
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(1) âgalAst rapidly flowing tap water for 24 boara; 

th is  reimved m ch of the I&aCl aad provided that the 

flow waa fast, Cas% did not precip itate in  the 

"eeliopbaiie*’,

(2} Against flowing d ila te  acetic  acid .

(S) Against flowing d is t i l le d  water.

am #les of acid form polysaccharide solation

were withdrawn a t th is  point and could he concentrated

a t 80* without charring. On a^ in g  the dry so lid ,

tstie fs o f the acid could be obtained. Ideally

th is product should not leave eay residue on ig n itio n .

fhe $ aa^ was used as a criterion  o f improvement in

purification  as (2) and (S) were varied . In (2)

^100,^/ 60 and '2 5  AeGB were tried  and i t  was found
K/

that three days d ia ly s is  against SO AeCH was necessary 

for the eo i^ lete  removal o f phosphate. In {3} the 

time o f d ia ly s is  against d is t i l le d  water was varied frenot 

three to s ix  days, ash figu res showed only s lig h t  

improvcæieat a fter  four days ( see  o v e r l e a f ) .

, Assistance from Miss S.H.M,Saunders in  the 

experimental work involved in  extracting the polysaccharide, 

e t c . ,  i s  gratefu lly  acknowledged.
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Batch HAc
d ia ly sis

D is tille d
water
d ia ly sis

Ash from acid form Ash from 
sodium s a lt .

62 ^ '*^100  3  daja 3 days

(SĈ Ca SZySO i 1 .5 ^ 0 ^

260 pptd pH 9

63 % 0  2i  " ! "
I

3 " i

i 4 ".. -....... i

;
5,5)1 (PQ4 - 1;̂  of ash)

21.14 " " 11

;

69 3 " 5 ”
6 ”

5 .4 ^ 0 4  = o f  ash) i
5 .4 ^  1

1 !

L a te r  b a tc h e s  w ere d ia ly s e d  a g a in s t  '2 5  HAc f o r  1 day , 

^/ôO  HAc f o r  tv;o. d ay s  and d i s t i l l e d  w a te r  f o r  4 d ay s and 

g a re  f i g u r e s  g e n e r a l l y  v a ry in g  b e tw een  5 .5  and 6.0ÿb a sh  

in  a c id  fo rm . I lh is  a s h  c o n s i s te d  m a in ly  o f  CaSO^; Ca 

was rem oved by th e  io n  exchange r e s i n  "Z eocarb"215  i n  i t s  

a c id  fo rm  and th e  3O4 by  d i a l y s i s  {D.M, H ardy[4o]U

f o r  p r e c i p i t a t i o n  th e  s o l u t io n  was made a l k a l i n e  w ith  

2 14. i4a<H; i t  was n e c e s s a ry  to  b r in g  th e  pH up to  

9 .5  ( (Thymol v i o l e t )  to  o b ta in  a  p r e c i p i t a t e  v/hich s e t t l e d  

w e ll  in  a l c o h o l .  S h is  r e q u i r e d  - 5 6  m l. 214 IfeOH, On th e  

b a s i s  o f  a  maximum y i e l d  o f  2 1 g , M aSalt( c o r r e c te d  f o r  

CaSO^ p r e s e n t )  and knovm e q u iv a le n t  w e ig h t d e te r m in a t io n s ,  

580 g ,  a c id  fo rm  r e q u i r in g  25 g .  Ne. f o r  n e u t r a l i z a t i o n  

( 40] ,  t h i s  i s  5 m l. i n  e x c e s s  o f  th e  t h e o r e t i c a l  am ount 

r e q u i r e d  f o r  n e u t r a l i z a t i o n .  The c a rb o h y d ra te  s e p a ra te d  

e a s i l y  a s  a  w h ite  s o l i d  when th e  f i n a l  a lc o h o l  c o n c e n t r â t ion^ 

a f t e r  p r e c i p i t a t i o n ^  was 90r#4/6. She s u p e rn a ta n t  a lc o h o l
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was le s s  coloured tiiaa that obtained with crude m aterial, 

e lth o u ^  i t  was cloudy; however only a small amount of badly 

coloured carbohydrate material could be obtained oa 

eoaeeutratlug the alcohol from three batches; th is  was 

not rataiaed, 

f ia a l  ■Drocedare.

100 g , dry pi#m at 'extracted froads were treated with 

sodium carbonate as h ith erto . Each extract was allowed to 

stand before eoaceatratiou aad additioa. o f H d . shea i t  

could be deeaoated fwm a precip itate mas mainly

acid soluble GaOQg. «hmi tM volume of the eoabiued 

extracts was about 12 L i t  was égala deeaated from a 

residue which coataiaed le s s  than 3(^ organic m aterial.

During the coaceatratioa 12 L.to 300 ml. ma^ m re H d  

was added so that the to ta l volume { ^190 ml. i was 

equivalent to e l l  the HagCĈ  used. &e rem ltaat solution, 

which was s t i l l  alkaline,w as mde neutral to litm us and

dialysed against rapidly flowing tap water for 24 h r .,
lly IV

against flowing '25 HAc for 24 h r ., '50  HAo for 48 hr,

and d is t i l le d  water for four days.

#%e solution was neutralised end coneeatrated to 

^ 400 m l., the pH adjusted to 9 .5  and # e  solution  

poured into 4 1 alcohol so that the f in a l alcohol 

concentration was not le s s  than The white fibrous

product w uld be oonverted to a white powder by trituration  

witli alcohol and ether.
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ïieXd 20g. sodium sa it  from 100 g . fronds {corrected for

Ash £1.7^

S%  1 4 .2 #  o f  sodium  s a l t  t ” }

y' = -47 ( C = 0.%ÿ m %0)

(figuras varied s lig h tly  for d ifferen t batches( ,

v>ith iodine solution^ the acid form of the carbohydrate 

gives an intense blue*violet colour, sim ilar to that given  

by starch, «dii<âi p ers ists  on d ilu tio n . She sa lt  form 

gives only a a ligh t colouration,

h iS B ic  ACio S

Oxidation o f b.?drolV8is aroducte.

Hydrolysis of the sodium sa lt  fons of # e  polys&<»haride 

was carried out by boiling with S B %SOg for So hr. (reducing

power, 1 g . = 25 ml. 0,1 K Ig ), $be acid was neutrelieed wibh

baryta and the f i l t r a te  concentrated.

0 .7  g . product was oxidised by 15 ml. HNQg (B -  1 .5) 

at 70°. conditions which are used for the oxidation o f  

lactose , but only inorganic cry sta llin e  fractions were 

obtained on concentrating. Ihe hydrolysis product was 

extracted with 95;̂  alcohol in order to reduce the maonnt of 

inorganic material and the extracted sugars were oxidised  

with ShOs at 65°. After slow evaporation two crops o f  
inorganic material were rwoved, and on standing at room 

temperature another crysta llin e  fraction which contained 

organic material was obtained, th is darkened a t 180° and 

showed some softening at 190°, but contained inorganic
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material as i t  l e f t  an appreciable aah oa ign ition .

M rac-tjtitric acid toarolreis mû oxidatioa of ^  noivsaeobarid#:
Diàlymà acl6*form pol^mcch&jtiûe tach was uaeû 

tor  »ubaequeat o z ld a t io a a  a s  th e  mparatiou of maoic ac iâ ^  

s e e i^ û  ta  be ia d io a te ô  above, sà o u lâ  be e a s i e r  w ith  

l e s s  ia o rg a a ic  m a te r ia l  p re s e a t*  The pronmûnre was based  

on th a t  o f  D sree |MI f o r  the  i s o l a t i o n  o f  maolo aoSd 

frcm  pol;^ sa o d h a rid s  (x m ta in ia ^  o iil^  sm all sm onats o f  

g a la c to se *

5*5 g . acid form carbohydrate was reflused with 15 ml*
3/Ü lillQs for B hours* i%e solution was separated tnm  
unattached material and concentrated la  vacuo at 40" with 

a vigorous a ir stream* to remove oxides of nitrogen*
v̂hea the volume was -8  ml* and -4 ml* cryeteliine îüorgfeiiic 

material was filtered  off* ^ e  viscous solution was tWn 
heated with 10 ml* ^50 at 55 in an evaporating dish* 

when the volume was -5  ml* i t  was sXlmmd to stand at 

room temperature* The f ir s t  product to (TystaHise was sminly 
inorganio, that which came down slowly contained organic 

material, l^} More of th is solid  material was prepared on 

similar lin es  and extraction with a small amount of  
solution followed by acidification  with yielded 

crystalline mucio acid m*p* ZXf\  mixed m*p* with an 

authentic sample 216 * The yield  was very @mll.
The zolutlon from (I) was tested for the presence of 

saccharic acid by adding saturated potassium acetate 

solution u n til there was no laore prooipitatlon of solid
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m a te r ie l*  th e  4K>lutlom sm elled  o f  a c e t i c  a c id *  The 

s o l id  was f i l t e r e d  o f f*  washed w ith  a l i t t l e  w a te r  mid 

r e c r y s t a l l i a e d  from  h o t w ater*  æ  c r y s t a l s  were very  

em ail b u t acme d id  show t r a p e z o id a l  f a c e t s  .on 

exQiniuatHou u n d er the  m icroscope, and ap p eared  s im ila r  to  

an a u th e n t ic  e a s ^ e  o f  kH saco iia ra te*  p re p a re d  f r ^

The s i l v e r  s a l t  wee p rep a red  by d is s o lv in g  0*12 g* 

o f  the  s a l t  I n  th e  miaimmm volume o f w a te r  m à  p o u rin g  t h i s  

s o lu t io n  in to  a  co ld  s o lu t io n  o o a ta iu in g  0*16 g«

The p r e c i p i t a t e  was al2x>wed to  s ta n d  in  t.he d a rk  f o r  2 

h o u rs  when d ark en in g  o ccu rred *  i t  m s  f i l t e r e d *  washed w ith  

a  l i t t l e  co ld  w a te r and d r ie d  in  th e  d a rk  o v e r  c o n e e a tra te d  

HgS%* ^ i s r #  was ob v io u s d ecom position  d u r in g  the d ry ing*  

Oh i g n i t i o n  in  a  p la fm u m  , c r u c ib le  th e  Ag s a l t  m^s 

found  to  c o n ta in  58*80 Ag ( T h e o re t ic a l  50*910 Ag ) * h ig h e r  

f ig u r e s  were a ls o  o b ta in e d , th e  Ag d id  n o t  c o n ta in  %G1" a s  

th e re  was no l o s s  in  w eigh t o a  e x t r a c t io n  w ith  am m nia 

s o lu t io n *  D eccm pasilion would acco u n t f o r  th e  d isc rep an cy *  

e s  a l s o  # o u ld  th e  p resen ce  o f  aotm Ag o x a la te  (?1 &(^ ilgi* 

üenu lne  Ag s a e o h a ra te  was p re p a re d  end a n a ly se d  u nder 

the  same co n d itio n s*  a g a in  th e re  was some deoc^posi tion*  

b u t  i t  was n o t so marked# l^ormâ 51*080 Ag# S i lv e r  

t a r t r a t e  was a ls o  l e s s  e a s i l y  decoi^ipoaed#

O xalic  a c id  h y d ra te  m#p# 100’ was o b ta in e d  on f u r th e r  

c o n c e n tra t io n  o f  th e  s o lu t io n  a t  {%) to  2 /3  voluB^ o r  l e s s .  

The re s id u e  w hich was n o t  a t ta c k e d  i n  th e  p re lim in a ry  

h y d ro ly s is  ( -1 5 0  o f  s t a r t i n g  m a te r ia l  ) was h e a te d
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w ith  î%S% o s  a  w a te r  b a th  a t  8 0 ' f o r  30 m iss , no  

a p p re c ia b le  c h a r r in g  took p lace*  S u f f ic i e n t  c o s o e s tr a te d  

MiO^ was added to  make a  150 o o s c e s t r a t io n  and the 

e o la t io n  was h e a te d  f o r  e  f u r th e r  hour#  A fte r  s ta n d in g  a n i 

d e c a n tin g  from  u n a tta c k e â  s o l i d  th e  s o lu t io s  was made 

a lk a l in e  w ith  m<M and f i l t e r e d *  I t  wee e a s i e r  to  f i l t e r  

from  f l o e c u l e s t  m a te r ia l  when a lk a l in e ,  and imcic a c id  

would s o t  be l o s t ;  a d i i t i o s  o f  a lc o h o l a i m  a id e d  f i l t r s t i o a ,

The f i l t r a t e  was a c id if ie d  w ith  n i t r i c  ac id ^  whsa a  a m l l
»■

q u a n t i ^  o f  o rg a n ic  a c id  m a te r ia l  { f lo c o u le n t*  p o ly sa c c h a r id e  

l i k e ) ,  mtB p r e c ip i ta te d *  th e  s o lu t io n  was a llo w ed  to  

e v a p o ra te  a t  room tem p era tu re  f o r  two days* S u f f ic i e n t  

w a te r was added to  d is s o lv e  th e  la r g e  c r y s t a l s  o f  

le a v in g  two p ro d u c ts ,  (a )  w h ite  c r y s t a l l i n e  m t e r i a l  M i i ^  

was p a r t l y  in o rg a n ic ,  and fb )  p a le  y e llo w  m a te r ia l  %&idh 

adhered  to  th e  s id e s  o f  th e  d is h  and f i l t e r  s t ic k #

T h is hardened  on  c o l le c t in g  to g e th e r  and w ashing w ith  a  

sm all amount o f  co ld  w ater*  m#p# a f t e r  r e  c r y s t a l l i z i n g  

from  h o t %mter 212" .

AOM%JL̂ UQ̂  0» f('LY3ACGHARIDB.
Jodium s a l t  m a te r ia l ,  co rre sp o n d in g  to  6 gm* d ry  o rg a n ic  

m atte r*  \sdiich had been t r i t u r a t e d  w ith  a lco h o l*  was made 

in to  a  am )oth g e l  w ith  38 m l. w ater* d i lu t e  HGl was added 

u n t i l  the  m ix tu re  gave a  s tro n g  a c id  r e a c t io n  to  conga 

and 67 m l. a c e to n e  were added , The a c id  form  o f  th e
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carbohydrate, aa a f ia e  fXoceulent p r e c ip ita te , was 

centrifuged  o f f  end 68 m l, pyridine added, the mixture 

wea s tir r e d  for 5 minutes end allowed to stand for 3 

hours, pyridine was centrifuged o f f  and replaced by 

60 till, fr e sh , th is  was repeated three tim es, She m ild  

was thou s tir r e d  rigorously  with 40 gm, pyridine and 

6 gm. fresh ly  d i s t i l l e d  a c e t ic  mihydrlde on a water bath 

a t 4 5 ° , After an hour^Ô gm, Acgü were added and s t ir r in g  

continued fo r  a further two hours. After staadiag  

overnight the supernatent liq u id  was d aunted  in to  ISO m l.

3)b HQ. and the resid u e . R. was re ta in ed . A sm all miount o f  

f lo c c u le n t p r e c ip ita te  formed in  the HCl. which a fte r  

standing fo r  12 hours was cen trifu ged , washed w e ll with  

Sy. RQ and water and then w ith a lcohol end e th e r . 0 .5  gm« 

o f m aterial w ith  7;;̂  a ce ty l « in ten t was obtained. æ>me 

product had been l o s t  la  the aqueous washinga.

%he residue H. a fte r  washing with pyridine end - 

centrifuging  was allowed to stand with 10 m l. water, i t  

sw elled  to a so ft  g e l .  sue 11log  strongly o f  pyrid ine; 

on addition, o f  SO e l .  pyridine with s t ir r in g  e  more 

f lo c c u le n t p r e c ip ita te  was obtained , %e pyridine was 

removed by cen trifu g in g  and three further pyridine  

treeW ants app lied , each with 24 hours standing; the 

rather hard product was acety la ted  in  the same way as 

before, i t  did not go in to  so lu tio n . After standing a t  

room temperature for  48 hours the whole v ss  poured in to
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150 m l. %  HQl axià worked a a  b e f o r e .

A c e ty l CO A t e a t  130 ( -  ^  gp p e r  aiihydrobexoae u c i t i .

O v e ra ll  y ie ld  4 5 -5 0 0 ,

^atim m tlom  o f  a c e ty l  c o i i te a t  was c a r r i e d  o u t  by 

s t i r r l a g  a kaomi w e ig h t o f  i m t e r l a l  %iith 0 .5  N a lc o h o l ic  

iiaOH f o r  2^  ho u r a a t  55" l a  a  s tre a m  o f  u i t r o g e a ,  t i t r a t i n g  

ex o esa  NaOH w ith  0.6  HCl u s in g  p h en o l p h th a le l a  i n d i c a t o r  

and com paring w ith  a  b la n k  e x p e rim e n t,

e .g . ë# d ry  w t. o f  m a te r ia l  t r e a t e d

w ith  10  m l. 0*6 a  a l c o h o l i c  K a® . 

Bxoess l 4 ®  10 .039  m l. 0 .4 6 3  ïi  H d .

Blank 11.075

1 gEi. oarbobyârate coatalzis f

=0.1S gm, Oac,

BARYTA HÏ0R0LY3XS.

A 6)4 aolutloa of oarbohyâr&t« la  baryta was heated 

at 70° In aa atmosphere of a ltrcgea, %fium sa lt  was 

precipitated aad at ao point did a l l  the organic 

matter go into solution,
R/ -1Seating time Bedncing power as ml, / l o

2^ hours 1 .6 'ml,

5 hours 2 .6  ml.

Baryta concentration increased to 10^

22 hours 2 ml.

Oa acid ification  with HjjSOij (to  coago) the precipitate  
could be centrifugea off, leaving a dark pungent sm ilin g
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saXutitm# Ylel4, a fte r  co&oeatratlog aad p r e c lp lte t lo a  with

aleohaX, {luolaâlng ash)#

A s im i la r  h y â r o ly s ia  a t  8 8 “ showed a  re d u o iu g  f i g u r e  
N/

3#5 ml# 10 % a f t e r  s ix  h o u rs  w hich f e l l  to  u e a r

ze ro  o v e rs ig h t#  I fe h lia g e  ahd tW lw a a o f f  t e s t e  a e g a tiv e #

Thé s o l t t t i o a  was r o t i e a t a d  w im  b a r y te  a t  80" m à  worked 

up a a  b e fo re #

250 re c o v e ry  o f  o rg a n ic  m a te r ia l  (w ith  320 a ah)#

C'^] *30 (10 aqueous s o lu t io n *  c lo u d y ) .

B a ry ta  h y d r o ly s is  a t  100" y ie ld e d  a  v e ry  v is c o u s  

d eg rad ed  p ro d u c t#

A c é ty la t io n  o f  b a ry ta  t r e a te d  m a te r ia l*  a e o o rd ia g  to  

p ro c ed u re  given* y ie ld e d  a  sm a ll q u a n t i ty  o f  h a rd  m a te r ia l  

O le = 1&0 #

5 gm# was m e th y la te d  w ith  Me^SO^ and lia ®  a t  room

tem p era tu re*  v e ry  l i t t l e  s o l i d  s e p a ra te d  o u t  on d i a ly s i s #  

T o ta l  y i e ld  300* c o n ta in in g  Ba3(%; 130 C@W#

M̂ THTLATiUB #  WJu HOLYSACmAMm.
w ly ^ a m h m rid e  m iim  m ethy l s u lp h a te  and

Preliminary experimentm#
Crude sodium s a l t  f o m  ca rb o h y d ra te*  p r e c i p i t a t e d  in to  

a lc o h o l  and c e n tr ifu g e d *  was u sed  w ith o u t f u r t h e r  t r e a tm e n t ,  

e#g* d ry ing#

M a te r ia l  c o rre sp o n d in g  to  6 .2  gm# dry  d ia ly s e d  o rg a n ic
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m aterial was swallea to a g e l with water euid œ th ^ la teâ  

at room temperatare with 89ü ml. SÔ  MeOR and 140 ml. 

MegiO*, using the apparatus shewa in  diagram 1 . îhe 

reageata were added slow ly, through the two tap fu aaels, ia  

tenth portions a t hourly in terra is; a steady stream of 

nitrogen was passed in to  the f la sk  through the tuhe. A, 

and the mlrture was stirred  r igorou sly , At the end o f  

ton hours, any methyl sulpha te remaining was hydrolysed 

by heating on a bo ilin g  water baih fo r  45 minutes, with  

slow s t ir r in g , The carbohydrate darkened oa treatment 

with a lk a l i ,  more so on heating. After n eutralizing  

with the product was d ialysed  against d is t i l le d

water for  -  5 days. ïhe dialysed so lu tion  was 

concentrated a t 45° and then remethylnted setreral tim es, 

using gradually reduced q u an tities  o f  reagents with 

addition o f acetone.

Second m éthylation, as f i r s t .

%ird to f i f t h  m éthylations, 240 m l. 8(^ lieCM,

100 m l, Keg30^, 80 ml. acetone.

3 lith  end seventh m éthylations, 220 m l. 80^ IkcH,

90 m l, Meg9%, 120 ml. acetone,

The appeerenoe o f the product and i t s  in so lu b ility  in  

water did not appreciably a lte r  a fte r  4-5 treatm ents.

Üie f in a l d ia ly s is  was allowed to run for  17 days and 

oa concentrating to dryness 1 ,7  g . o f  a l ig h t  yellow
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powder was obtained* which was extracted three times with 

b oilin g  chloroform.

Yield* Ü.27 gm.; m e,

Methoxjrl figu res were estlEiated by the semi-micro 

Z eleel method.

Factors causioK lo s s  o f rriaterial.

M aterial must hare been lo s t  during the dialyses*  

concentrât ion o f d ia ly j^ tes  from two m éthylations showed 

that there was a steady small lo s s  o f organic s^iaterial, and 

that m)st o f  the aodima sulphate was dialysed a fter  

56 hours with d is t i l le d  water* changed every e ig h t  

hours. Hence* except for  p u r ifica tio n  in  the la s t  stages* 

lauch slîorter d ia ly s is  times were employed ( see account of 

f in a l method employed.)

tlhe action  o f  cold and hot 30^ teCM was in vestiga ted ,

Ji 2̂  ̂ so lu tion  of the carbohydrate in lleœ  was s tirred  

vigorously^ in  an atsiosphere o f  nitrogen^ at room temperature^ 

for 10 hours, followed by 1 hour oa a b o ilin g  water bath. 

ât the tiiaes indicated a liquot portions were withdrawn 

and neutralised* and the reducing power determined by the 

w ills ta t te r  hyixsLolite method as ïiod ified  by Baker and 

Hultou [63], ^ i s  i s  not as accurate as la te r  HK>difications 

using cai'efu lly  buffered s l ig h t ly  a lk a lin e conditions 

e .g .  [53] arid was further complicated by the fa c t  that
z' *

iodofona could be detected a fter  t itr a t io n , however ciianges 

ia  iodine uptake g iv e  au in d ication  o f the lib era tio n  of
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reducing groups.

Hours at
20° in  2%

ml. /lO  l£ gm-1
0.1

1:
0 ,3 |4 .0

H  |g-
i . ^ . 4

H 8 |

4,7 4 .6 4 .4 |8 .0 i l .$ : |1 .4

Hours at 100" la  %

m l.% 0  %gia”^ 2 .4

1 ilO hr. a t 2 0 “ ia  a ir .  

8 ,0  14,8

Ketfiylatiott was repeated, om itting the hydrolysis of 

Me&3%, only about 25;̂  o f the 50^ HgS% required fo r  complete 

n eu tra liza tion  was added before d ia ly s is  (except for  

seventh lœ thylation) and lo s se s  were v is ib ly  much l e s s ,

1Ï16 dry product was extracted with CSClSjEtCHs { lO tl, 

Yield, lô̂ <u| 0M@, 26^,

She residual m aterial was treated with the sasæ so lvent 

mixture to which concentrated HCl was added u n t i l ,a f t e r  

fa k in g  and standing, a fa in t  acid reaction  with m oist 

Congo red paper was obtained.

Yield, 16%,

Alcohol extracted a further 16^, and the residue  

had become swollen and green coloured. On standing, the 

dry m aterial very rapidly absorbed iw lstu re and the methyl

ated carbohydrate was damp a t th is  third extraction  stage ,

The residue was dried; y ie ld , 52^; Cble, 18^,,

Overall y ie ld , 70^,

A cid ified  Eton was then used for extraction  o f m aterial 

su itab le  for  further treaW ent.
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jiÆfegt o f warailag âiaüAog m etterlatioa.

A t r ia l experiraeat in which the m aterial was wan^d to 

40' ia  the la te r  stages of trethylatioa, (6 treafeaeats), 

gave a good y ie ld  of m aterial o f  Okie, 24^', Tkvo méthylations 

were carried out siiuultaneoasly with id en tica l conditions, 

except that one was given six  10 hour treatments a t room 

temperature, and the other s ix , 7 hour treatments, (except 

the f i r s t ) ,  a t temperatures increasing from 30° (second 

treatment) to 40° ( f i f t h  treatm ent).

10 hour m éthylations 49^ y ie ld  CKe

7  " ”  4 5 * ; "  2 4 ^  "

%ere was uo s ig n if ic a n t d ifferen ce in  tee colour, e t c , ,  

o f  m aterial during the two procedures, the a lig h t d ifference  

in  y ie ld  and ® e i s  possib ly  due to alcohol extracting  

«are m aterial of lower $ (Me, owing to the presence of 

m oisture, in  the f i r s t  ooso.

Variation in  tiie number of trea W ants.

After four m éthylations, product of OKSb,  19^^obtained. 

After s ix  m éthylations, ty p ica l methoxyl f ig u res  for  

alcohol soluble m aterial were:-

Batch IV V VI VII
--------- —1
VIII

j% cm 24 26 23 20 20

p Yield 47 35

After seven m éthylations products w ite 25.3;%, and 22,6js, 

Qtâe were obtained, a sample o f  the la t t e r ,  a fter  working 

up, was given two more treatiaeuts, the product had 22,8'i
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We with iS^i lo s s .  lu general m te r ia l  waa given seven 

ti'eatuæuts, p articn larly  as the larger sca le  procedure, 

used a fter  lœ thylatioii VII, did not mem to give as good 

y ie ld s  of so luble m ateria l.

Rotation -10 -13 { C = 8% in  HgO,

cloudy solution)

At th is  point, chloroform extraction  o f  m aterial, for  

m etliylation by furdie reagents, was used, and the eietiiyl- 

ation  procedure was only modified in  minor ways, described  

in  the next sec tio n . 

jPinal laeth-vlation urocedure.

Crude sodium s a l t ,  precip itated  into a lcoh o l, was 

centrifuged and the moisture and ash content estimated} 

i t  was ground up to a smooth g e l with water, using about 

1.5  ml. water fo r  1 gm. dry weight of organic m ateria l,

Eor IS giTi. m aterial 670 m l. 30|S BaCf£ and 250 ml. Meg3% 

were run ia  slowly in  tenth portions at hourly in terv a ls , 

the mixture was w ell s tirred  and nitrogen passed in to  the 

f la sk . The product was d ialysed  in "Cellophane" tubes 

or bags, to remove sodium sulphate; i t  was necessary to 

rock the bags mechanically for  e f f ic ie n t  d ia ly s is .

D is t il le d  water, renewed tvjlce, a fte r  E and than 8 hours, 

waa f i r s t  used, th is  removed much of the free  a lk a li, i t  was 

then p ossib le  to d ia lyse  against f a s t  running tap water 

overnight witbout serious p rec ip ita tio n  o f calcium carbonate 

or sulphate on the membrane, and f in a lly  the so lu tion
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Was dlalyseü agaiust d is t i l le d  water fo r  Uiree hears.

Ia la te r  treataeats the reactiou  mixtare was heated; fo r  

the f i f t h  to seventh w ethylatlons, flowing d is t i l le d  

water was used throughout d ia ly s is  to avoid coatamiaatioa 

with inorganic m aterial from tap water,

The resu ltin g  so lu tion  was neutralized , i f  necessary, 

and concentrated ia  vacuo a t  45°, Much froth ing occurred 

when aqueous so lu tion s o f polysaccharide were concentrated; 

the apparatus shown in  d isg . B, was found su itab le  for  

removing water from large volumes o f  such so lu tio n s .

She twaperature of the heating bath, B, was brought to 

40-45° and the bolthead flaahs^vacuated before solution  was 

run into the f la sk , D, through the tube, A; the rate o f 

entry o f liq u id  was adjusted by the screw c l ip ,  G, so 

that i t  v.as approximately equal to the rate o f d i s t i l l 

ation  and liq u id  did not accumulate ia  0 . fhe receiver  

was cooled by a fa s t  spray o f water.

Much of the organic m t e r ia l  s e tt le d  out as a g e l  

from the so lu tion  to be concentrated and was centrifuged  

o f f  in  order to avoid heating i t ,  i t  was added to the 

concentrate for further B®thylatiou, s u ff ic ie n t  60^

IleCH so lu tion  being used in  methylating to compensate for  

the water present, After foiur trea tm n ts, siuch of the 

organic m aterial separated out very coi% letely and by 

adjusting the height of the siphoning tube A, could be 

l e f t  in the v e sse l of so lu tion  to be concentrated and

was not separated by cen tr ifu g in g , m@ product was
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re-m ethylated, seven tiiaes in  a l l ;  gradually iaoreasiag
»

amounts o f acetone were used, the q u an tities  o f Eæthyl- 

ating reagents were reduced and when the reaction  mixture 

was warmed on a water bath, additions were saads at 45 

instead o f 60^ in te r v a ls . Q uantities of reagents used 

fo r  the repeated méthylation o f 14 gm m aterial are 

shown in  the follow ing tab le .

ml 30^ Ma(2l ml 1ml Acetone temperature Onratioa
600 250 - Boom 10 hr.

530 225 50 30 - 10 "

530 ■ £25 100
•

40 7 "

360 150 100 40 7 ”

360 150 150 40 7 ”

275 - HE 5; 00 40 7 "

275 112 BOO 40 ? "

After the l a s t  m éthylation the so lu tion  was d ialysed  

against flowing d is t i l le d  water u n til i t  gave a negative  

reaction  for  sulphate ( th is  took about e ig h t days), and 

was concentrated to dryness a t  40-45°, benzene being 

added to remove the la s t  traces of water, so lid  was

extracted four times by b o ilin g  with GHClg under re flu x , 

using 300 ml. neutral, 300 ml, »- Z<X> ml 200 ml, a c id if ie d  

so lven t, ( concentrated HCl added u n t il  fa in t  p o s itiv e  

reaction  to moist congo-red paper a fter  standing),

CHClg was removed ia  vaouo with good aeration so that 

aïiy free  Hd was driven o f f .
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$he product was a lig h t  browa g la s s , d i f f ic u l t  to 

recKJve from the f la s k . By p ree ip ita tio g  the product 

from ooueeatrated CHGlg so lu tlou  aad tr itu ra tin g  with  

petroleum ether a st*.lte powder was obtained more e a s i ly ,  

The organic content of the residues was a lso  assayed ia  

some ca ses , The y ie ld s  given below show varia tion , there 

i s  a tendency for higher y ie ld s  to correspond with lower 

me thoxyl fig u res , as would be expected, the y ie ld s  have 

been corrected for known lo s s e s , e .g .  due to cellophane 

leaking ia  d ia ly s is .

‘p CMe ^ Yield $ o v e r a ll y ie ld .
XIII 29.9 19

X7I 27.8 10 50

XVII 29.7 . 15 85
XVIII 24 30 100

XIX 31.5 12 85 1
j

XX £3,4 20 90 1

XXI 35.1 12 50

m i 24,7 ( separate Îîatches)

£3.6

P roperties o f  methylated m aterial, so lub le ia  a c id if ie d  
Chloroform. ' ' '   ' " '

{Yellow white powder)

-27 (C = 0-63, in  CKGlgjj ash, s l i g h t

positivée reaction  for nitrogen by sodinrs fusion*

M ettolatcd material  inaolubla _ia a c id if ie d  chloroform.

The^ residues had a high ash content o f 22-
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H /

£0 gia were dialysed against '60  lîAc for  7-| days and 

d is t i l l e d  water for 8 days; oa a o u trs liz ia g  with 

and working up 14 g product with 11,4^ ash waa obtained, 

a'urthcr d ia ly s is  y ielded  m aterial with 10.5^ ash;

Ca, ES;i,; 10,6^; C% p o s it iv e .

SJie m aterial was a green-brown m lour and contained

nitrogen . MNe 2 .8 $ .

QMe, 17.2;:; organic sulphate 13$,

Croaio acid estim ation ( see indicated one

-CÛÜH group present in  1010 g .

I t  was not p ossib le  to prepare a so lu tion  su itab le  for

measurement o f ro ta tion  as the m aterial did not form a 

homogeneous so lu tion  except at very low concentrations, 

Farther laeth-vlatioa o f  resid u es.

M aterial which was in so lu b le in  EtOE was E*thylated  

twice with l-legSQ ,̂ 5o$ fiaOH and acetone, a t  40°,

Extraction w itti.a c id ified  EtCSJ y ielded  m aterial o f  19^ CHS©. 

Thus further treatment y ie ld f%  l i t t l e  more soluble  

product but there i s  uo appreciable lucreasc in  content.

M aterial which was so lub le in  £t€S was extracted with  

CHdg (for  siethylatioakLth Mel, AggO); the residue  

(so lu b le  ia-EtCHi, inso lub le in ŒlCïg; 8 , 0 = 0 .6 3

lu  Ktoa) was submitted to further méthylation with

but t ills  was not. sa tis fa c to r y . There was 

mudti darkening during méthylation, there vas lo s s  oâ  

d ia ly s is  for removing end m aterial could not be
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extracted from isagSO  ̂ in  good y ie ld  by the use of 

orgaaio aolveuts* The ueoood),imtho4 yielded  a product 

of 22,3%

PaFtM xjBethylntlon. usia^ matkvl iodide and a lly eg  o x id e .

Alcohol soluble m aterial. A, 21$ 0 ^ ,  was used, i t  

was not appraoiably solub le ia  methyl iod ide and so 2g 

waa refluxed with 4 ml M«OH, 4 ml Mel and 3 gm AggO, the 

condensor boiog closed by a mercury trap . 3ie aæthyl 

alcohol was dried by the magnesium methylate method, 

methyl iodide was fresh ly  d is t i l le d  from C edk. and s ilv e r  

oxide was fresh ly  prepared and dried in  vacuo at 45°.

Four q u an tities  o f 1 gra, AggO were added at two hourly 

in terv a ls  and then 8 ml Mel mra s tirred  ia ,  fo r  the mixture 

was almost s o lid . A fter reflu x iag  for a further tiiree 

hours the mixture was extracted with dry CHClg and the 

ex trec t dried with Mg80 .̂

Yield, 45$; €»?e, 25$.

Further extraction  with MeOH yielded  dark m aterial 

containing Ag,

A was extracted witii chlorofona, y ie ld , 60$; (Me, 23.5$, 

and methylated as before; y ie ld , 72$; Olfe, 29 ,0$ , read ily  

obtained oa QlClg ex tra ctio n . In th is  case the fraction  

insoluble In CMClg i s  a lso  preserved. The products from 

both experiiaents were combined and treated twice more in  

the same way g iv ing  a product witîi C8fe, 29$; y ie ld  82$.
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The r e la t iv e ly  large increase in  me thoxyl figu re  

ou one traatmeat with Meî, Aggû suggested the formation 

o f  methyl e s te r , 0 ,73 g ,  wns reflaxeâ  with 20 ml,

S$ bmryta %t- @0-65° for 3 hours and the product 

d is t i l le d  ca re fu lly » The f i r s t  m i, o f d i s t i l la t e  

oootaiued %eOH ( sm ell) and gave a strong p o sitiv e  te s t  

for  MeOH by oxidation  to ECHO follow ed by resorcin ol 

colour te s t  for HGHO,

D ilute Hg@û  was added to the resid u al mixture u n til  

i t  was ueutral to coago red . Ëxtractioh with CHClg gave 

0,67 g . (92$) m aterial 85,4$ 0 ^ .  cw itaiulag a very 

l i t t l e  haS%.

The methoxyl figu re  of th is  product, by comparisou 

with that o f  the sta rtin g  m aterial (23.5$) iad icated  that 

there was some m éthylation other than e s te r if ic a t io u .
9

gm. q u au tities  o f CEUI3  soluble m aterial (ash  

4;C) were each boiled  with 30 m l. înel, + 4 g ,  AggO for  

& hours, + 4g . Aĝ O fo r  £ hours, + 4 g . AggO for  2 

hours, + 10 m l. Mel and 4 g , AggO for 2 hours, + 4 g .

-iggO fo r  2  hours. Total heat log time ten hours.

The pxoducts were extracted  with GECig etc*  ia  fâi® 

usual way, and retreated with the same q u a n tities  of 

reagents,

Ihird treatment ; f ie ld ,  14.38 g .;  tSIe, 29.7$

F ifth  treatment; Y ield, 13.2 g , 79$; ONe, 29 ,8$ , ash 4,1^
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I . e .  (mw, 31$. ccarecting for  ash.

Thus the meOioxyl figu re  did not se@a to be 

s ig a lf le a iit ly  Im w ea^d a fter  three or four m etl^ letiohs  

with lu rd le  reagents.

Properties o f  fu lly  methylated CHClg soluble polyaaeoharide.

Pale yellow  so lid , (#e , 31$; ash 4*1$ (ha, Ca, 8%,

trace of %1)

Analysis C, BG.%; H, 7,&6$; 2,4^1; corrected

fur (w eiler and atraass)

= - 34 (C = 0 .4$  iu  CHClg)

loo io  sulphate 0 .4 $ . Hrouie acid , 1 g .e .  COCH

Total sulphate 3 in  2150 g ,

Although it. seemed u u llk ely  that protein  would p e r s is t  

through the methylatiou procedure, which involved prelôuged 

a lk a li trea tinea t  and d irilyses, uo p o s it iv e  evidence for  

the presence o f smUio sugar iu  the polysaccharide end 

d if f ic u lty  iu  removing th e la st tz%ees of protein  have 

been found by another in vestiga tor  [4c] . Accordingly 

te s ts  for  protein were carried out on the méthylation  

product.

Biuret t e s t ,  n egative . After hydrolysis with 20$

HCl on n b o ilin g  water bath fo r  6 hours the resu ltan t  

so lu tion  was b oiled  with c iw rw el, f i l t e r e d  and neu tra lised ;  

uiiAiydria t e s t ,  n ega tive . After h yd i^ lysis  with 35$ 

i«aOH oa a b o ilin g  water bath fo r  12 hours the so lu tion  

was charm aled, f i l t e r e d  and neutralized; a s lig h t  

p o s i t i v e  n in h y d r in  t e s t  w as o b ta in e d .
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im m m oîjm is æ  m m riM m  kOLiéîACcnÆim^

Dry MeOH coutaiaiag dry HCl gas was used fo r  metbsuoly- 

s i s ,  the methylated polysaecdiarlde rea d ily  formed a 

(cloudy) so lu tion  in  th is  so lv en t. In e l l  expw iim nts

e x its  were closed  with % traps.

The so lu tion  was boiled  for  the times sp e c if ie d ,  

and a fter  cooling any remaining HCl was neutralized  with 

dry, fresh ly  prepared AggCC ,̂ The so lu tion  was f i l t e r e d  

o ff  through a I» , 44 f i l t e r  paper, which, retained mudi 

of the sem i-co llo id a l s i lv e r ,  and the residues ïære 

further extracted  with I^OM. After drying with  

the so lvent was evaporated and the jaroduot extracted with 

eth er.

11 hours heating ia  îleCH, HCl {2.5$} gave a hard 

white so lid  product, ind icating  very l i t t l e  breakdown,

47 hours heating iu  MeOK, H d (4$) gave s  dark

viscous product, ^4 , in  a m ll  y ie ld .

60 hours heating gave 41/, y ie ld , and 60 Iiours, 66$ 

y ie ld  of ether soluble m ateria l. As H d waa evolved 

during Bjothanolysis further q u an tities  were passed into  

the mixture a t ~ lo  hour in te r v a ls . I t  was not p ossib le  

to fo llow  ro ta tion s as the m aterial •ms very dark coloured 

a t th is  stag© and heating was not further p ro lon ^ d .

Much o f the acid  was removed by aeration at ^35' before 

treatment with AggC%.
fro m

M aterial was recovered /AgCl e t c .  in  good y ie ld  ( -
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aad «ras treparateâ in to  etbar soluble and la m lu b le  

fi'aobioas. !£M black insolub le residue eoutaiued 

which could be p recip itated  by % 8, there should be ao 

free  organic acid present a t  th is  sta^ie to reta in  Ag 

es s a l t ,  but possib ly  a eœ^^ez was formed with  

nitrogen containing m aterial whitdi was iso la te d  in  th is  

fr a c tio n , 'ihe methozyl content o f the etW r soluble  

fra ctio n  was 41-48 ÿ  when m aterial. Cite, 50 f, was used, 

an Increase ofCKe^» con sisten t with ezten sive  breakdown,

3ie ro ta tio n  was p o s it iv e  (+20) as eœapared with a value 

-20  for ttie starti% m ateria l used in  a particu lar  

experiment.

At th is  stage any a c id ic  m aterial would be present 

as methyl e s te r , the ether soluble fra ctio n  was therefore 

treated with 3^ baryta a t 45 -SO” fo r  3 hours; CĈ  

was passed in to  the so lu tion  to p rec ip ita te  excess  

Ba(QH)g as BaCOg and a fte r  f i l t r a t io n  the so lid  was 

washed w ell with hot water. The aqueous ex tracts were 

concentrated and dried w ell by d i s t i l l in g  with dry benzene, 

leaving a w h itish , aztremely v iscou s s o lid , This 

m aterial ««ts extracted  with dry ether fo r  r^ooval o f  

g lycosid es; i t  was important that the ether contained 

no water or alcohol or Barium s a lt s  were p a r tia lly  

d isso lved , and contaminated the g ly co sid es .

S a lts  wore converted to e s te r  by b o ilin g  gentl.y with  

Meffli, H d (lf>i) fo r  8 - 5  hours, n eu tra lizin g  with
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AggOOg fUld extracting with MeoH| the extract vsas 
dried wi# and tie OH removed. ühe product
contained traces of Ba toad A§ salts hut could he freed 
froBi these by €H<3.g extraction.

I in rotation
I

II

I

II

Starting material 
-12
-20

ëther soluble product 
25

Methanolysis I ( t r ia l ) I I IIIA 1 IIIB IV

f, cm
sta rtin g  m aterial 24

not Ittrdied
30 27 Î 29 30

Heating 
time. ÎÎP, 47 60

' ..... i
i

81 j 60 66

^ f ie ld  
ether s o l . 9 66 «  156 41

' fl cm 40 41 42,8 i
V i

43 .8 m

% Yield 
glycosid es % 35

i ' ;

28
■

p 'em 43,7 H'O
% Yield 
ester m ̂ 16 7 8

p-. OMe m
.

33.8 37.8 40,6

p Y ield, 
residues  
{Ag removed)

_ 17 40 58

' -p CSîe 32 32

20
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In I .  alcohol extracted 74^ o f the residue, and 

th is  fra ctio n  contained a cr y s ta llin e  4g complex 

19 »6ÿi (%*e.

im& îQAfiQH Li' %-m aiYGô ioas.
jfractioiM tion.

The g lycoside fra c tio n s  from sr® fâiaaolyses II and 

I II  were fra c tio n a lly  d is t i l le d  in  vacuo, using a small 

e la isen  f la sk  with sp ira l condenser in  the aide l l i *  

(d iag . 4 ) ,  lecqperatures recorded fey the tiiersios^ter 

in  the f la sk  are not s ig n if ic a n t as b o ilin g  points  

since ^rate of d i s t i l la t io n  was slow. Refractive in d ices  

were measured with an Abbé Refrac tome te r .

The g lycosides from IV were fr a c tioaeted  in  the 

apparatus shown la  d ia g , o , in  which the rece ivers could 

be changed without lowering the vacuum. After a 

preliminary rough fraction ation  ttie mixture was 

refractionated  by d i s t i l l in g  most of the f i r s t  fraction  

before adding tdie second, as in d icated . Addition o f  

fra c tio u s  involved washing ia  with ether and removal 

of so lven t.
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Ctlyoosiâes II and III

Rrao. pres
sure 
wm 1%

A 1.

Bath
“C

0,12

IA 2,:0.08

A 5,: 0.09

100-

104-

106

115-

m -

118
133-

35

Flask

56-

67-

74

80-

84

Yield

0.633

0.880

A 4. 0.08 I 140- i
i 1 
I 105 .

  _  . I
A a. 0.05 I 158-

i
I  j 172

A 6,’ Flask allowed to 
I drain

Hosil 
due .I

2.495

0.138

0.520

0.053

G;ia

M  M
5780 5461

1.45C®43.6

43.6

41.6

1 .4524 i 38 47.4 1.2

1,4586 50 56.5 1 .3

40.01

latei^iediate drop.

1.4641 66 80.6 1.4

j 0.273

A p o sitiv e  Sehiff reaction was given by fractions A 2 and A 5, 

only a very s lig h t  reaction was given by A 5 .
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UlycoBiüe^ IV#

jeres8ure throoghoat botii d is t i l la t io n s  2 x i%.

Fraction Bath Î  
'C

Yield ;
g .  ' 1

1 . 115 -  120 0.8600

2 . 110 - 124 o.m »?

8 . 140 -  144 0.3013

4 . 148 - 152 0,3057

At 148' c r y sta llin e  m aterial formed in  side arm of  

d is t i l l in g  f la s k . Residue was allowed to r«aeia  in  f l a s k .

I Fraction Bath S 
°C

Yield f p (Me
_ _ _ J _ _ _ _ _ _ _ _ _

a

B,1 106 -  106 0,233 49 .1 1.4503 (26° >

: Added fra  

B.2

e . 2 1 

110 -  115 ' 0.055 Intermeit ia te
Added 5 & 

B.3
j

4

115-

122 - 130

0.619 45.S 1.4562 (25°)

B,4 144 -  148 

i . B.5 158 - 168

0.199 51.3 1.4633 (18°)

0.045

i B.6 

Hesidue

170 - 175 0.10

1.094

44.7

A p o sitiv e  S cîiiff reaction  was given by fra ctio n s B, 3 and 

fl, 4; only a s l ig h t  reaction , a fter  24 hotars,\ms given by 

B, 6 , ïhs lower fra ctio n s were in vestigated  by hydroly

sing and attempting to prepare d eriva tives from the
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p a r tia lly  methylated rednclog sugars. la s s é s  oa 

hydrolysis were heavy where the presence o f  aahydro
' . t

con^ouad was aagiieated by the Soh lff reaction  and the 

iso la t io n  o f the dialtrophenyl hydrazone o f la e v u lic  

acid in  one e sse , a lso  agreed with aahydro d erivatives
f ■

being present in i t i a l l y ,

The hydrolysis products vfere a lso  in vestigated  by 

the p a rtitio n  paper ctooiiatogrephy technique, SMs 

method of an a lysis  was developed by Oousden Gordon and 

Martin for  mixtures o f amino acids as obtained from

proteins and peptides, extended to free  sugars by 

Partridge [ss] and to methylated reducing sugars by 

H irst e t  a l ,  [5d] . I t  involves placing a spot o f the 

so lu tio n  to be analysed, about 8 cm,, from the top o f 

a s tr ip  o f f i l t e r  paper {ahatraan lio. 1 ) |  the paper i s  

then hung v e r t ic a lly  from a trotxgh containing a m te r 

se tura ted organic so lven t, see d iag. 6 , with the top 

edge o f the paper iBViiersed in  the so lv a it , md passing  

over a support, 3, to prevent cap illary  siplioning. 2ie  

whole i s  enclosed in  a sealed g la ss  v e sse l so that the 

atmosphere i s  maintained saturated with w»t®r and organic 

solvent vapours.

A sharp liq u id  fron t advances down t fe  paper and the 

d iffe r e n t con stitu en ts of the sugar mixture a lso  move 

dom at varying speeds and hence become separated into  

d iscrete  spots, their r e la t iv e  p o sitio n s  depending on the



74.

type o f  so lvent mixture need, fhese p o sitio n s may be 

detected by drying the f i l t e r  paper a fter  the 

ciiTomatogram has run for a su itab le distea.ce, and then 

spraying with an appropriate reagent* in  ti® present 

¥«>ri£ a lcoh olic  s ilv e r  n itra te  jsol-atioa was used, and 

the paper redded at 100° for3-5 siinutes,

She separation of the d ifferen t sugar derivativea  

depends mainly on the d ifferen ces in  p artition  

c o e ffic ie n ts , since p a r titio n  of each so lu te takes 

place betïïecn *mter bound by the c e llu lo se  end the 

organic solvent moving over the c e llu lo se  surface.

Adsorption plays some, but a mndi le s s  s ig n if ic a n t, 

part. In general the most sa tisfa cto ry  so lvents  

are those which are only p a r tia lly  miscûûB wiaa Tmter,

For a given solvent B iiiture,
R, values o f so lu tes , where by constituent

Distance imved by solvent fron t

remain p ra c tica lly  constant and may be used to esta b lish

the constituents in  a mixtxctQ once they have been measured

usin^ known oogyjounds. H irst et al* [56] found that Rp

values o f sugars varied somewhat with the d istance moved and

they use more constant Kg values to characterize

sugars and methylated d erivatives

Distance moved by constituent

Distance moved by tetrameth y l-i-g lu co se  

A spot of 10^ te trafficthyl-B-glucose i s  run alongside
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th e  s p o t  o f  s o l u t i o n  u n d e r  l u v e s t l g a t i o n  (A an d  B i n  

diai5* o * )

Hg v a lu e s  o f  th e  c o u s t i t u e a t a  o f  th e  l o v ^ r  g ly c o s id e  

f r a c t i o u s  w ere m easu red  u s in g  th e  &mm s o lv e n t  m ix tu re  a s  

th e s e  iu v e o t ig a to r s *

iïâsM aaJt*

A sm itple o f  f r a c t i o n  B , 1 .  was h y d ro ly s e d  by  t r e a t e e u t  

w i th  0 ,1  fo l lo w e d  by M HOI a s  #ho%m^ th e  h y d r o ly s i s  

w as fo llo w e d  p o l a r i m e t r i o a l l y  by  c o o l in g  to  room  

te m p e ra tu re  (BO'' ) a t  kuowu tim e  i a t e n r a l s  and im a s u r ia g  

th e  r o t a t i o n  o f  th e  s o l i i i i c u *

I Time ( h r )I H: 0

ïn c re a a ô d  to  II,

_^.S

3 S .4

1 i i . S  

3 9 . 3 14 1 .3

2 .5 2 ,5

4 1 ,5

3,51 5

4 2 ,5  4 1 .5 4 1 ,6|4 5 ,1

A f te r  5,5 h r ,  heating j^ c h llu g s  r e a c t i o n  positive (8 a t  70° ) 

HCl vms rem oved by passing the solution down a  column of 

resta "dcmoidite I h i a  re a lm  was found  to be satisfactory

for the rem o v a l o f  HOI u se d  for th e  hydrolysis o f  a 

m ix tu re  of t r i »  and tetra-methyl fmthyl g lu c o s i d e s ,  The 

p ro d u c t  was taicea up iu e t h e r  to  rmmve traces o f  

îTisterial fro m  the resin.

Yield, 95;.; * m e, 4B,0^;

C h r o m a h y a r o l ^ s i s j p r o d u o t j ^ ,

S o lv e n t 1 4C^' a - b u ta n o l ,  10 e t h a n o l ,  49;. w a te r ,  1.,, a im m aia , 

C pray j 10, s o l u t i o n  o f  fu a o o a iac a l s i l v e r  n i t r a t e .

+ 46 .2

A ^l0y4.L. s p o t  f  a  lO ^  so l u  t  iom  o f  t e  tram e th y l  g lu c o s e  was
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u sed  fo r  re fa r e n o o  compouad and s p o ts  o f  a

■ ^20^  a o lu tilo o  o f  p rod uct was u s e d . Ruas were 

made f o r  20 h r .  mt 1 8 ° C.

‘fh r ee  o o a a t i t u s a t s  were ia d ic a te d ^  l a ,  l b ,  I c ,  w ith  

the f o l lo w iu g  Rg v a lu e s ; -  

l a  , %  0 ,8 2

lb  %  0 .8 6 -0 ,8 7

Ic Rg 1,01

•Itie Hg v a lu e  o f  lb  v a r ie d  o v er  the w ide rea g e  

0 ,8 5 4 -0 ,8 8  b u t c o u s i s t e a t  v a lu e s  fo x  l a  aad l o  were 

o b ta iu e d , ïh© Rg v a lu e  o f  1 ,0 1  su g g e s te d  th a t  

2 {3 j4 -tr iia e t} iiy lr h a m o sô  waa 2 * 3 * 4 * 6 -1©tr a s ie th y l-

g a la c to s e  aad S;4-dlB ® tJiyirh8m aose a re  qw>ted [56] a s  

show ing Eg v a lu e s  o f  0 ,8 8 ,  A d d it io n a l chroRiatogrtans were 

then  ruii w ith  a  th ir d  sp o t  o f  te tr a D J sth y lg a ia c to so  s o lu t io n  

in  o rd er  to compare the p o s i t io n  o f  t h i s  coBq)Ouad w ith  l b .

2 :3 * 4  : 6 - te  tram et h y lg a la c t o s e  was f a s t e r  m oving th©u l b ,  

From the r e l a t i v e  l a t e a s ! t i e s  and a r e a s  o f  the s i l v e r  

u l t r a t o  s p o t s ,  l a ; l b : 1 c  i s  ro u g h ly  2 * 2 : 3 .  

preparation af_2i8i4-% im eth2lr% G m ose^^illda^

c ia c o  chrom atography in d ie a to d  th a t t r im s th y l-  

rhamnose was p r e s e n t ,  0 ,1 2 6 8  g .  was e x tr a c te d  w ith  

p etro leu m  e th e r  a t  room tem perature in  o rd e r  to s e p a r a te  i t  

to some e x t e n t  from tiie two o th e r  su gar d e r iv a t iv e s ;

Y ie ld  0 ,0 7 2 3  g,,  5 7 ; ,  S h is  p ro d u ct was r e f lu x e d  fo r  

S h r . w ith  0 .0 3 1  g. dry f r e s h ly  d i s t i l l e d  a n i l in e  and
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5 m l. ItO E. /iftt.r  removal o f so lve a t  aad t r l t a r a t lo m  

w ltil petrolem a e th e r  a c r y s ta l l in e  i^o d u o t waa o b ta in ed , 

which formed fe a th e r- llk ©  c r y s ta ls  over the w a ils  o f the 

f la sk .
Y ield , 0.03B g . crude, s l ig h t ly  d isco lo u red  p ro d u c t; 

m .p. 107-109°.

iro d u c t  r e c r y s ta l l i z e d  from a lc o to l :  e th e rs  petroleum  

e th e r ts  I t l t B ,  f lu o  w hite n e e d le s ; m .p. 110°; the p ro d u c t 

d id  n o t dep ress the m .p. o f  B t r l m e t h y l r h m m o s e

H'°=+62 { C = 2 .4 iu H o O )Sif.61 —̂

•u ilid e ;W  -130(0 .3  in  CmeA C, 64 .Q ;j ii. U, 5 .1 5 ; ̂ ofbtr Ib-lu-
{«O iler and S tr a u s s ); Theory 64.1^ 8.B4, 4 .9 8 , 5 5 .1 .

3?^ractlon £ .

A£.

A sample o f f r a c t io n  AB was hydrolysed w ith  0,1 D 

and B HCl a s  shown, the h y d ro ly s is  being  follow ed 

p o la r im e tr ip a l ly •

w:

(h r i

0 .1

0.5

i'4 BC] 

1

L (C 

1 .5

Î  ̂ 3 . 

3
lo 
57 ro 56.7 55.7 51.7 5 5 .0

67.20
\Shbl 50 .0 57.9 60.4

55.4

60.5

Ô

501)

11 

51ja
14

51.Ê

60.5

In i; HCl

3 .3 5

47

51

6 .5

46

47

8.7

47

47 ,5

A fte r 11 h r s ,  h e a tin g ,ife h lin g ’ s r e a c t io n  p o s i t iv e  (1 0 ' a t  

60’ ) .  The product was n e u tra liz e d  w ith  BaCOg, tai^en down to  

d ryness in  vacuo and e x tra c te d  w ith  e th e r .

Y ield , 60^-, a f t e r  0 .1  M HCl treatD ient; (p roduc t on 

smbsequent treatm ent w ith  H HCl recovered  in  81;.- y ie ld ) .
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.aie, 33.5^. Wl^-+103 H "-+106.
fr e p ^ a t^ u  of^AnilidGji^

0*100 g* of tîie  h y d ro ly se d  f r a c t i o n  was t r e a t e d  w ith  

0*060 g* f r e s h ly  d i s t i l l e d  a n i l i n e  and 4 m l. a lc o h o l  and 

b o i le d  f o r  B h r s . ,  a f t e r  c o o l in g ,  t r i t u r a t i n g  w ith  

p e tro le u m  e t h e r ,  and a llo w in g  to  s ta n d  f o r  B d a y s , e  

c r y s t a l l i n e  p ro d u c t was o b ta in e d ,  m e  p ro d u c t was 

t r i t u r a t e d  w ith  co ld  a lc o h o l  f i l t e r e d  and washed w ith  

a  l i t t l e  p e tro le u m  e t h e r  M.Bt 1 E 6 -1 B 7 \ Y ie ld  BO mg,

{ 1 s t  c ro p ) 0 ,134  g .  t r e a t e d  0 ,0 7 0  g .  a n i l i n e  gave 50 îog,

( 1 s t  c rop)xa .p , 1 2 9 -1 5 2 '’, The a n i l i d e  was r e  cry  s t a l l !  zed 

from  a lc o h o l  p e tro le u m  e th e r  (1 ,1 }  v d iite  n e e d le s  

1 s t  c ro p  m .p . ISO ; 128" (Me^ 22.54% 2nd cro p  m .p . 127 ; 

œ e. B3.7;â.

Oirorostoiîr^j^T_of iiÿdxolis^dj^ .

P ro c e d u re , a s  f o r  f r a c t i o n  B . l ,

Three c o n s t i t u e n t s  were in d ic a te d  w ith  th e  fo l lo w in g  

Hg v a lu e s

Ba %  0 ,6 1

2b Hg 0 .8 2

20 Hg 0 .87

A Chromatogram ru n  w ith  2 ; 5 : 4 ; 6 - t e  tram s th y  I g e la c  to  se 

f o r  CHMaparison showed t h a t  t h i s  compound was f a s t e r  moving 

th a n  2 o . 2 î S î 6 - tr im e th y lg lu c o s e  aad  2 :S :6 - tr i iB e th y lm a a a o se  

a r e  quo ted  [56] a s  showing; Hg v a lu e s  o f  0 ,8 1 ; th e re  i s  

e v id en c e  from  th e  work o f  D, it .H ardy t h a t  Diannose i s  n o t
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p r e s e n t  i n  ITlva p o X y eaco h arid e ; s p o t  Eb d id  move a t  

th e  same r a t e  a s  É tB iG -tr i tu e th y lg lu c o s e  In  two 

ciiTom atogrm as, r tm  f o r  c o iï^ a r iso n , b u t m v e û  s l i g h t l y  

more s lo w ly  in  a  t h i r d .

F r a c t io n  5 .

F r a c t io n  A3 became y e llo w  a f t e r  s ta n d in g  f o r  a b o u t 

two d a y s ,

A3 H"%65 +73 {C = 5 ,7  i n  % 0 )S’? VO J-qfc,

0 . 1  sA  l i C l (c = 2 . 8  J : % S %  1

S l i n ©  ( h r )
I

 ̂ 0 .5
T  

: 1 1 .7 5 2 . 7 5 5 .2 5

M : L 6 8 , 3  * 7 0 , 4 7 4 ,3 7 5 .5 7 5 . 5 8 6 . 8 C o n s t a n t  d u r i î i g

j
3  h r s .  h e a t i n g .

7 7 .7 ^ 8 0 , 9 8 2 . 8 8 3 .4 8 5 . 4  1|9 6 .8

Fehlings i*eBOtioa positive after 5 hr. hÿârolysls,
The p ro d u c t was worked up a s  f r a c t i o n  A2,

Y ie ld , ùlfp a f t e r  0 ,1  HCl t r e a tm e n t ,  p ro d u c t oa

su b séq u en t tr e a tm e n t w ith  M Eg5%  re c o v e re d  i n  91ÿ y i e l d ,;
%e, 30^,  ̂ (,C5

^JULj^de, fo ri? ia tio a  was a t te m p te d  b u t o n ly  a  amall a c o m t  

o f  very  s o f t  c r y s t a l l i i i e  material was o b ta in e d  on 

s ta n d in g ,  w hich was l o s t  on t r i t u r a t i n g  w ith  a lc o h o l  o r  

p e t r o l o m  e t h e r ,

j [ s o la t io u  o f  i ^ e v u l l c  •

By e x t r a c t in g  tiie  Barium  s a l t s ,  rem a in in g  a f t e r  

e t h e r  e x t r a c t i o n ,  w ith  warm w a te r  and ad d in g  a  s o lu t io n  o f
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2 ; 4 - d i a l  tro p h e n y l h y d ra z in e  In  î î d ,  a sm a ll m o v u t  o f  

y e llo w  p r e c i p i t a t e  yma o b ta in e d .  T h is  was r a o r y a te i l l i z a d  

from  OHClg, m .p . EOS'*. Mixed m .p , w ith  th e  same

d e r iv a t iv e  o f  l a e v u l l e  a c id  p re p a re d  from  cane s u g a r , E05“.  

^ l e g n l e r  o f  A3, was d e te rm in ed  o ry o s c o p ic a l ly  i n

b en z en e ,

0 .1200  g .  i n  1 7 .5 0  g .  C , s h o w e d  a  d e p re s s io n  o f  f z  P t 

o f  0 .1 6 1 ' • M.Wt. 2 1 2 ,

F u r th e r  m e th .v la tlo n  o f  F r a c t io n  A3.

1 ,0 3 2  g .  f r a c t i o n  A3 was r e f lu k e d  w ith  3 m l. m i  + 1 .0  g ,  

f r e s h  d ry  Ag^O; 0 ,5  g .  AggO was added a f t e r  two h o u rs ,

0 .5  g .  AggO-»-£ ml T#1 a f t e r  f o u r  h o u rs  h e a t in g ,  and 

0 ,5  g ,  A ^O  a f t e r  s ix  and  e i g h t  h o u rs  h e a t i n g .  Ihe 

p ro d u c t was e x t r a c te d  w ith  CHClg, the  e x t r a c t  d r ie d  wifâi 

MgS04, and  s o lv o u t  d i s t i l l e d  o f f .

1 s t  t r e a tm e n t ,  y i e ld  0 ,986  g , 5 3 .5 ^  (me

3 rd  " 0 .9 1 4  g , 5 5 .4 6 ^  ”

4 th  0 .840  g , 5 6 .4 ^  ”

5 th  *’ 0 .652  g , 5 5 .9 ^

The p ro d u c t was d i8 t i l ] .6 d  in  v acuo , u s in g  a  s m a ll  

f l a s k  w ith  w ide s id e  arm and no f r a c t i o n a t i n g  coluBm;

0 .5 2 3  g ,  m ain f r a c t i o n  was o b ta in e d ,  B ath  T 9 6 -1 0 1 ° /

0 .21  em, H g. The p a le  y e llo w  r e s id u e  i n  th e  f l a s k  

was n o t  v o l a t i l e  a t  1 4 0 ° .

gl.4432; m e, 8 6 ,2 ;,
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Sydrolxs^Sj,

C = 1 2 .1  i n  0 .1  K HCl. 

lïim e  (3ir), 0 .2 5  0 .5  1 .2 5  E.Oi 4 .0  e .S ' l O . s jn93 193.5 193 93 93 93 j

Y ie ld  58^1 { H y d ro ly s is  o f  m ethy l te  tram s th y l  g lu c o s id e  

gave 84^ y i e ld )  4 3 .9 ^  C ^ ,

-119 W ^^g-llO (C - £ .8  i n  B tce)

=1B9.0  (C = 0 .8  in  HgO)

F o rm a tio n  o f_ _ % ilid e  from  m e th y la te d  f r a c t i o n  A3.

0 .1 0  g . was r e f lu x e d  f o r  3 h r .  w ith  0 .06  g . f r e s h l y  

d i s t i l l e d  a n i l i n e  i n  EtOH, A fte r  rem oval o f  s o lv e n t  

a  sm a ll amount o f  c r y s t a l l i n e  p ro d u c t was o b ta in e d .

M p t  c rude  p ro d u c t 1 6 5 ° , a f t e r  t r i t u r a t i o n  w ith  a lc o h o l  

p e tro le u m  e th e r  (1 :2 )

O iro m a to ^ r^ h y ^ o f  j^ _ a n d _ fu lly _ ræ  th y la te d  A3^ a f t e r  

hYlrolysis^.^

P ro c e d u re  a s  f o r  f r a c t i o n  B . l .

Three c o n s t i tu e n t s  v/ere in d ic a te d  in  f r a c t i o n  A3, w ith  

the fo l lo w in g  Rg v a lu e s ,

3a Rg 0 .47 ( t r a c e )

3b Rg 0 ,62

3c Rg 0.82

A fte r  m é th y la t io n  the  fo l lo w in g  Rg v a lu e s  were o b ta in e d .
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3Pa Rg 0 .8 9 -0 .9 1  ( t r a c e )  *

3Pb Rg 1 .0

3Pc Rg 1 .0 1  (m ain)

Thus rham nose and g lu c o se  a re  p r e s e n t  a lth o u g h  

th e  t h i r d  s p o t does n o t c o rre sp o n d  to  any v a lu e  

q u o ted  f o r  a  f u l l y  m e th y la te d  su g a r  l i k e l y  to  be 

p r e s e n t ,  n e i t h e r  i s  i t  due to  a  t r im e th y l  g a la c to s e  

( 2 : 3 : 4 - a n i l i d e ,  m .p . 1 6 8 ° ) .

F r a c t io n  4 .

F r a c t io n  B4 was in v e s t ig a te d  s in c e  t h i s  showed 

a  r i s e  o f  m ethoxyl f i g u r e ,  s u g g e s t in g  some s e p a r a t io n  

o f  a  more c o m p le te ly  m e th y la te d  b io s e ,  w hich was n o t 

a p p a re n t in  th e  f i r s t  f r a c t i o n a t i o n ,  A. iVlso 

c r y s t a l l i n e  m a te r ia l  form ed d u r in g  th e  p r e l im in a ry  

f r a c t i o n a t i o n  a t  b a th  T . 144^• On t r i t u r a t i n g  a  

sam ple o f  f r a c t i o n  B4 w ith  d ry  MeOH a  sm a ll amount 

o f  c r y s t a l l i n e  m a te r ia l  was o b ta in e d ,  m . p . , a f t e r  

d r a in in g  on p o ro u s  t i l e  and r e o r y s t a l l i z i n g  once 

from  m eth y l a lc o h o l ,  ch lo ro fo rm  (1 : 1), 4 4 ^4 5 °.

F r a c t io n  B4 became y e llo w  on s ta n d in g  f o r  24 

h o u r s .



Sydroljiais^

In  0 .2  N HCl (c  = 1 .3 )

1
89,2

8 5 .

In  N HCl

Time, h r . : 0 ! 0 .£5 0 .5

- |96 .8 95

1 .7 5

9 6 .5

2 .75 » 0 .5 1 .5
r-----"

.8 ,5

3 .6_ 95 9 3 .5 _ 9 3 .5 9 3 .5

She p ro d u c t was worked up a s  f r a c t i o n  IB , u s in g  

" d e - a c id i t e "  B.

Y ie ld  7 5 ;^  c o n ta in in g  a  l i t t l e  m a te r ia l  from  r e s i n .  

Clirpmato£rap^_of È^drol^sis_j)rodu£tj5_

4 a  Rg 0 .54

4b Rg 0 .7 4

4c Hg 0 .8 6 - .8 7 .
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immriQATiOM o f Emm fe a c tio m *

A c id ic  m a te r i a l ,  a f t e r  s e p a r a t io n  a s  Barium  s a l t s  was 

e a t e r i f l e d  w ith  MeOH/HCOL (1 * 5 ^ J , HCl was rem oved by 

a e r a t io n  and Ag^CO^^aad th e  e s t e r  e x t r a c te d  w ith  MeOH (p ,6 9 )  

A oample o f  th e  e s t e r  fro?n m e th a n o ly s is  I I  was 

c o n v e r te d  back  to  B arium  s a l t  by r e f lu x in g  % ith  4tf. b a r y ta ,  

Uie s o lu t io n  vms b a i l e d  g e n t ly  aad  ^  0 .5  m l. d i s t i l l a t e  

c o l l e c t e d  w hich c o n ta in e d  MeOH ( o x id a t io n  to  ECHO and 

re B o rc in o l  c o lo u r  t e s t ) .  The s o lu t io n  was made j u s t  a c id  

to  a>ngo, c o n c e n tra te d  somewhat a t  4 0 ° , and e x t r a c te d  w ith  

CHCls. A d a rk  y e llo w  v is c o u s  sy ru p  was o b ta in e d  orvle,

i . e .  O .E l g .  18;& OPm 0.094 34 '  mie 0.066 g .  £3^ 0^
-5> ->

Ba s a l t  E ste r F ree ac id  + MeOH,

F r^ c  ti£ iiA l_ d 4 s t  i l  j £ t  i o n .

0 .4 0  g .  a s t e r  from m & thanolysis I I I ,  37.8ÿ, dtio, %ms 

f r a c t io n a l ly  d i s t i l l e d ,  ms lag a ^ m l l  d i s t i l l i n g  f la s k  w ith  

wide s id e  arm and no f r a c t io n a t in g  coltm n, C.1S6 g , 

main f r a c t io n  was o b ta in ed , b a th  T 146° /0 .2 0  % ,

40,2 ;: Qf.e, 1 .4628, M = + 4 9 . There waa an 

ap p rec iab le  re s id u e , ao i v o l a t i l e  below 1 8 0 '.

The e s t e r  f r a c t io n  froia m ethanolysis I?  was ob ta ined  

s im ila r ly  and then reco n v erted  to  Barium s a l t  and 

r e - e s to r i f l e d  in  o rd e r to  remove g ly co sid as  more com plete ly , 

A fter r e - e s t e r i f i c a t i o i i  m a te r ia l  was recovered  in  poor

y ie ld  ( 51;;) b u t p a r t  o f the product c r y s ta l l i z e d  on
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a ta a d in g  f o r  6 d a y s , «

mrodgot.
Mpt ortide m a te r ia l  118 \

% t  a f t e r  r e  c r y s t a l l i z a t i o n  from  a lc o h o i /p e  tro leu m  

e th e r  118-119%

R o ta t io n .  The p ro d u c t was a p p a re n t ly  I n s o lu b le  in  

w a te r , aac .o o p t i c a l  a c t i v i t y  could be d e te c te d  l a  aa  aqueous 

s o lu t io n  a f t e r  s ta n d in g  o v er t h i s  c r y s t a l l i n e  m a te r ia l*

A p o s i t i v e  iodofo rm  r e a c t i o n  was g iv e n , 

m e ,  0 9 .8 ^ .

A ttem pted  p r e p a r a t io n  o f  am ide,

A s o lu t io n  o f  0 .063  g .  d i s t i l l e d  e s t e r  i n  8 m l. d ry  

l40(H was s a tu r a te d  w ith  d ry  and l e f t  a t  f o r  3 d a y s .

Oa rem oval o f  s o lv e n t  a  sy ru p  wee o b ta in e d ,  . The 

tre a tc te ii t  was r e p e a  te  and a f t e r  p ro lo n g ed  s ta n d in g  a t  

E° th e re  was n o t  s u f f i c i e n t  c r y s t a l l i n e  m a te r ia l  to  

i s o l a t e ,  b u t  am ide fo rm a tio n  had  ta k en  p la c e ,  s in c e  a f t e r  

r e p e a te d  e v a p o ra t io n  w ith  Me CM to  d r iv e  o f f  f r e e  M g , the  

p ro d u c t y ie ld e d  11% on h e a t in g  w ith  b a r y t a .
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diagram 7

r-;>. A +
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UROmiG ACID ESTIMATima.

The u ro i i ic  a c id  ( o r  k e to  g ly o o n ic  a c id )  c o n te n t s  

o f  th e  f u l l y  m e th y la te d  and c h lo ro fo rm  in s o lu b le  

f r a c t i o n s  o f  m e th y la te d  p o ly s a c c h a r id e  w ere  e s t im a te d  

by d i s t i l l a t i o n  w i th  HCl, a c c o rd in g  to  th e  p ro c e d u re  o f  

D ick so n  e t  a l ,  [57] ,  îh e  a p p a r a tu s  was m o d if ie d  

{ D iag , 71 by th e  u se  o f  a l l  g l a s s  J o i n t s  w here p o s s i b l e ,  

and th e  C% a b s o r p t io n  in v o lv e d  o a  in t r o d u c in g  b a r y ta  

i n  th e  o r i g i n a l  m ethod w as e l i e d u a t e d  b y  th e  u se  o f  an  

e n c lo s e d  s ip h o n in g  a rra n g e m e n t f o r  d ra w in g  b a r y t a  i n t o  th e  

b u r e t t e  from  th e  r e  se  v o i r ,  iC, by th e  th re e -w a y  t a p ,  J ,  

c o n n e c te d  to  a  pump, to  th e  a tm o sp h e re  and th ro u g h  a  so d a  

lim e  tu b e  to  th e  b u r e t t e ,

A s tr e a m  o f  a i r ,  f r e e d  fro m  0%  by p a s s a g e  th ro u g h  th e  

so d a  l im e  to w e rs  AA, was draw n th ro u g h  th e  a p p a r a tu s  by a  

w a te r  pung> a t t a c h e d  to  th e  s a f e ty  v e s s e l  H , The sa m p le , 

c o n ta in in g  0 ,3  g .  u r o n ic  a c id  w as p la c e d  in  th e  r e a c t i o n  

f l a s k  C, w i th  100 m l ,  1 3 , IS^? HCl and jio ro u s  p o t ;  th e  

h e i g h t  o f  th e  o i l  b a t h ,  B, w as a d j u s t e d  so t h a t  th e  

a c id  l e v e l  was J u s t  be low  t h a t  o f  th e  o i l ,  fh e  a i r  

s tr e a m  was p a s s e d  f o r  a b o u t tw en ty  l a ia u te s ,  and th e n  

h e a t in g  o f  th e  f l a s k  commenced,  A h en  th e  a c id  b o i l e d ,  

a p p ro x im a te ly  £0 m l, 0 ,2  H b a r y t a  was r u n  i n t o  the  

a b s o rb in g  to w er G, f i l l e d  w i th  g l a s s  b e a d s ,  an d  th e  r a t e  o f  

a i r  f lo w  in c r o a s c d .  The b a s e  o f  0 was f l a n g e d  o u tw a rd s , 

and  th e  upw ard a i r  s tr e a m  p r e v e n te d  th e  b a r y t a  ru n n in g
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i n t o  th e  Bucixiier f l a s k ,  F ,  !0ie t r a p ,  D, c o n ta in in g

a n i l i n e ,  rem oved f u r f u r a l  end th e  t r a p  E , c o n ta ix i in g

s i l v e r  n i t r a t e  s o l u t i o n ,  rem oved any HCl n o t  r e  f lu x e d

b a c k  by  th e  c o n d e n s e r ,  o r  rem oved by FhAH .£
H e a tin g  was c o n t in u e d  f o r  5 h r ,  w ith  th e  te m p e r a tu r e  

o f  th e  o i l  b a th  m a in ta in e d  a t  1 3 5 -1 4 0 “ an d  th e  a i r  f lo w  

a d ju s te d  to  2 - 8  b u b b le s  p e r  s e c o n d . A t ikm en d  o f  

t h i s  p e r io d  th e  to w er w as w ashed down w ith  COg , f r e a  

w a te r  and e x c e s s  b a r y t a  t i t r a t e d  w i th  0 ,1  lî HCl i n  an 

a Ü30s p h e re  o f  n i t r o g e n ,  u s in g  p h a a o lp h th a le in  i n d i c a t o r ,  

The c h lo ro fo rm  ix is o lu b le  m a t e r i a l  w as b o i l e d  w ith  

a  l i t t l e  I p  HCl to  rem ove th e  s tt ia ll  am ount o f  f r e e  

c a rb o n a te  p r e s e n t  and  th e  a c id  c o n c e n t r a t io n  th e n  made 

up to  1 3 ,1 5 ^  b e f o r e  e s t im a t in g  u r o n ic  a c i d .
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H e s u i t s .

HCl 0 .0 9 7 0  m.

D ir e c t  t i 
t r a t i o n ,  
m l HCl =
1 0  m l b a r y t i i

B lan k  e s t im a t io n
\

£ 4 ,7 8  

£ 4 ,7 8

m l b a r y t a  
u se d  i n  
to w er

10,0

1 0 . 0

m l HCl I m l HCl 
r e q u i r e d  sC% 
to  n eu - ! 
t r a l i z e , '

2 4 .7 0

£ 4 .7 1

0 ,0 8

0 ,0 7

B lan k  c o r r e c t i o n  = -0 .0 8  bjI  HCl ml Hca s ccfe

c o r r e c t e d  
Cor b la n k

Ctoeck e s t i m a t i o n  o n  g a l a c t u r o a i c  a c id

0 .1 9 8 6  g 2 4 ,7 8 2 6 ,2 4 4 3 .4 1

i 'u l l y  m e tiiy ln te d  m a t e r i a l  ( c o r r j  f o r  a s t i l

0 .5 6 1 0  g . j  2 4 ,7 8

0 ,4 3 1 4  g .  

0 .5 0 0 5  s .

2 0 .8 3

2 0 .8 3

1 9 ,9 7

1 9 .0 4

2 0 .3 2

4 3 .7 1  

3 5 ,5 0  

3 7 ,3 9

C H C lg la so l. m a t e r i a l  ( c o r r :  f o r  a s h )

0 .8 4 9  g . £ 0 ,8 3 3 4 .3 4 6 7 ,5 1

£ 1 ,5 1

m l IÎC1 

s i  gBl

1
108

( % e o re t lo @ l 106)

5 .6 3

4 .1 2

4 ,8 6

1 7 ,4 8

10,0

2 0 ,5 0

•'.2150  g .  i i s t h y l a t e d  m a t e r i a l  (3(^0M e) c o n ta in s  1 g , e ,  COCSI,

i . e .  1 a c id  g ro u p  p e r  9 (m e th y la te d  auhydroheaK is e ) u n i t s .

..  1006 g .  GHGlg i n s o l u b l e  m a t e r i a l  ( 1 9 ;  ORle) c o n ta in s  

1 g . e ,  CO0H, i . e .  1 a c id  g ro u p  p e r  - 5  u n i t s .
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Aim îim iohtsïB.

A u to h y û ro ly s is  o f  a  0 , 5 ;  s o l u t i o n  o f  a c id  fo rm  p o ly s a c c 

h a r i d e ,  pH 3 ,  w as c a r r i e d  o u t  on  a  b o i l i a g  w a te r  b a th  i n  

B n i t r o g e n  a t ia o s p h e re ,  fh© h y d r o l y s i s  w as fo l lo w e d  b y  th e  

d ev e lo p m e n t o f  r e d u c in g  p o w er, u s in g  th e  h y p o io d i t*  

t i t r a t i o n  Bisthod o f  B aiter an d  H u lto n  [43} a a d  p o la r im e t r  1 c a l l y  

when th e  s o l u t i o n  had  c l e a r e d  s u f f i c i s i t l y .  B o th  m ethods 

i n d i c a t e d  t h a t  a  s te a d y  s t a t e  w as r e a c h e d  a f t e r  4 3 -5 0  h r .  

h e a t i n g .

■ 1SCime ( h r , )

W Slio
m l. o . l h  Ig

1 .2 5  0 .25- 14 : 2 0
& m j

32 4 0 .8  4 3 .2 5

- 1
6 ,5 1 5 ,3

-7 2  165 -5 9  r4 7
- t  i----

m
50

-36

58*2 5 5 .£ 55 ,£

Tbe r s s u i t i i i g  a o l a t l o i i  \m a  j e l l o w  brovm  m û  o o a ta iu e G  a  

l i g h t - w e i g h t  brown s u s p e a a io a .  I t  was c o t tc e a t r a t e â  to  a b o u t  

one t h i r d  volum e i n  vacuo  a t  45° i n  1%; a  l i t t l e  CaSO^ 

w as p r e c i p i t a t e d ,  t h e  s o l u t i o n ,  c o n ta in in g  £ .1  g .  o r g a n ic  

m a t t e r ,  v/as d i a l j s e d  a g a i n s t  t l i r e e  5 0 0  m l* vo lum es o f  d i s t i l l e d  

w a te r  o v e r  a  p e r io d  o f  £ i  d a y s .  D u rin g  t h i s  tim e  th e  

l ï j a t e r i a l  i n s i d e  th e  d i a l y s e r  d a rk e n e d  c o n s id e r a b ly ,  The 

d i a l y s e  t e s  w ere c o n c e n t r a t e d  a t  4 5 “ i n  %  and  g a v e  a  p o s i t i v e  

n a p h th o r e s o r o in o l  r e a c t i o n  f o r  u r o n i c - a c i d ,  t h e r e  w as no 

m a rle d  r e a c t i o n  fro m  th e  n o n - d ia ly s a b le  m t e r i a l ,  a l th o u g h  i t s  

d a r k  c o lo u r  made r e s u l t s  in c o n c lu s iv e ,  -A l iq u o t  p o r t i o n s  o f  

b o th  f r a c t i o n s  w ere b o i l e d  w i th  HCl to  a s s e s s  th e  d i s t r i b u t i o n  

o f  m e th y l p e n to s e  and u r o n ic  a c id  ( a n d /o r  p e n t o s e ) .
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i'wCwel ana cigttol.furfural EgtiiaaU<»ia.
a ll -g la s s  apparatus used i s  shomi in  diagram 8 . 

A sample of the m aterial under in vestig a tio n , containing

0 . 0 2  g . L-rhBmiom tma placed in the 1 0 0  ml. round 

f la sk  together with 2 0  ml. 15.15^ HCl, saturated wiüi 

%C1 .  fhe flajG  ̂ was immersed in  an o i l  hath to the 

le v e l o f the liq u id  and a steady stream of nitrogen was 

passed through the apparatus before and during toe 

heating periodj the nitrogen in let^  1 , did not dip 

below the surface lu order to avoid blocking.

The o i l  bath was heated to 170-175° and maintained 

a t th is  temperature, Vhen the contents o f the f la s k ,  

boiled  30 ml, 13.15 HCl, saturated with J%G1. was added 

through the tap funnel, three more sim ilar additions were 

made at 15 irlmito in terv a ls  and the liq u id  boiled  for a 

to ta l of l |  hours. During th is  time the voltuw stayed 

in  the range 2C,50 ml.

The rate o f d is t i l la t io n  was not fa s t  enou#i to 

further shorten the heating time; increased heating  

time did not y ie ld  increased weights of phloroglucide 

p recip ita te  from a fixed  quantity of rhamnose hydrate,

%e liq u id  refiiaiaiog in  the f la sk  was only s lig h t ly  

discoloured when rhamaose was used and eon trained much 

so lid  HaCl,

Phlorogluciaol solution  was prepared accoarding to 

Browne & £erban [7] , 11 gm AnaleR phlorogluciaol

was d issolved in  300 ml. b o ilin g  12 .̂ HCl and poured in to
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1200 Ril 12^ HCl I a fter  standing at le a s t  a ViBBk the 

so lu tion  was f il te r e d  before use.

1 0  ml phloroglucinol solution  was added to the 

d is t i l la t e  and the to ta l volume made up to 130 ml with 

13.15^ HCl, i f  necessary. The solution  darkened and a 

p recip ita te  formed slow ly, i t  was f i l t e r e d  o ff  in  a 

Grade 4 sintered g lass crucible a fter  standing for  

24 hours. The p rec ip ita te  was wa^ed, using 50 ml 

water, dried in  an a ir  oven at 1 0 0 " for  an hour and 

weighed.

There was a n e g lig ib le  blank correction .

The p rec ip ita te  was then extracted with ttoee 6  ml. 

portions of 96^ alcohol at 60% toe crucible being heated 

in a beaiier iiomersed in  a water bath at su itab le  

temperature.

Using rhamnose, the p recip ita te  was l ig h t  brovm in  

colour and was soluble In 96^ alcohol except for a very
sm^^ll ilar .e r  r e s id u e  ( -1;  ) ,  Using araU iu ose ,  the p h i o r o g l a c i d e  

p r e c i p i t a t e  was b lac^  and p a r t l y  s o l u b l e  in  a l c o h o l  ( - l u - ),  

u-ider the c o n d i t i o n s  spoo l  l e d .  The a l c o h o l  e x t r a c t  was dar^ 

g r e e a  in c o l o u r ,  he appearance and s o l u b i l i t y  o f  the  

p h lo r o g lu c id e  p r e c i p i t a t e  from j>-gr^lacturonic a c id  was 

3ir . i la .r  to  th a t  o b ta in ed  when u s in g  a r a b in o s e ,

x a appearance, the phloroglucile precipitatefrom the lllva 
polysaccharide was liKe that obtained when using arabihose, 
but a greater proportio . of It was soluble in 9bf alcohol.
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Results

Mass of L -

rhamose hydrate, a .

Mass of

phloroglucinol ppt^

Proportion lasol 

in 96%; Etmi at 60"

0.01764 g .  

0.03296 g .

0.00996 g A m an  of
4 results.)

0.02145 g.(mean of
4 results.i

1#

/. H = 1.352? + 0.00452

H’ 1.273? > 0.00418 vûmre E* = mass o f anhydrous 

rhamixose.

0,02194 g . L-rhamnose hydrata gave 0.01320 g . p p t., 

la agreement with th is expreselon (0.01320 g , ppt. from 

0.2190 g .  r h s m i i o s e  hydrate).

0.02052 g . îiTablaosa gave 0,01620 g , ppt. 10^ soluble 

la  alcohol,

Estimations on^a^atohy^drolysia ^roducjts^

2 . 1  g . carbohydrate material present before d ia ly s is .

1.Ul g . carbohydrate^ naphthore^rcinol reaction, 
p o sitiv e .

On d is t i l la t io n  with Hd of th is  material gave 

0.05158 g , phlorogluciaol ppt, 0.02154 g . insoluble in  

96^ alcohol at 60"  ̂ indicating

0.365 g , ,  36^, methyl pentose = 44 ml. 0.1 M Ig

0,27 g . ,  27% pentose, or

0,34 g . .  34;., uronio acid = 43 ml. 0,1 1Î Xg

Total reducing power of d ialysate -56 ml. 0,1 Ig ,
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This discrepancy i s  probably due to the fa c t that 

the fragments hydrolysed from the macromolecule are o f  

the di (and tr i? ) saccharide order.

This so lu tion , which had become very dark, was 

concentrated; smiipies were used for b o ilin g  vdth HCl and 

the r e s t  worked up to a herd dark so lid  by tr itu ration  

with alcohol and ether. Yield 0.85 g . ,  allowing for  

sarapliag; there were known lo sse s  on working up,/-estimate

1 . 0  g . non-dialysable m aterial.

On d is t i l la t io n  with HCl of th is  m aterial gave 

0.01363 g . phlorogluciaol ppt. 0.(X)204 g . in æ l .  in 96^ 

alcohol at 60% indicating

0.38 g . ,  38ÿ methyl pentose

0.06 g . ,  6 ^, pentose or 0.06 g . ,  8 ^. uronic acid .

Rotations and ca lcu lation s o f ^ are a l l  based on ash 

free organic carbohydrate m aterial.

These figu res are approximate as the d is t i l la t io n  of 

standard mixtures of methyl pentose, pentose and uronic acid  

with HCl v/as not investigated^ and for ca lcu lation  they have 

been assumed to d i s t i l  Independently, OOg estim ations for  

assay o f uronic acid were not performed. But the r e su lts  

show that -5C^j of the carbohydrate i s  broken dovm to 

dialysable fragments on autohydrolysis and that th is  portion  

contains p ra ctica lly  a l l  the pentose or uronic acid whereas

the d istr ib u tion  of methyl pentose i s  not s ig n if ic a n tly



d ifferen t in  the two cases.

The in s ta b ility  of the residual u âcro molecule 

after  autohydrolysis suggests that i t  would not be 

su itab le for m éthylation.

DISCUSSION OF STRUCTURAI FEATURES.

Tlie follow ing r e su lts , obtained by D.M.Hardy on the 

purified  polysaccharide [41], are also considered 

Total SQ̂  in  sodium s a lt ,  16.3^; on ashing Ha s a lt  alone, 

30  ̂ retained, 1£.3'^.X 

After baryta hydrolysis,

Total 30  ̂ in sodium s a lt ,  13.8^; on ashing Ha s a lt  alone, 

30  ̂ retained, 9 .4^ .

Free acid polysaccharide, Equ.Wt., 386; 44 g . COg from

896 g .;  reaction  with 1 g . mol 10% by 820 g. ,  formic 

acid lib era tio n  very s lig h t ly  p o s it iv e .

The sulphate content of purified  startin g  m aterial 

as used for méthylation, 14.2^% and the above, indicate  

1 SO4  group to 3 (16.3^) to 4 (13^) un its (un it - anhydro
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hexose); r e su lts  varied on d ifferen t batches, probably 

owing to small d ifferen ces in  extraction  procedure.

The 13^ SO4  content of methylated m aterial insoluble in  

GHCI3 , shows no change compared with the startin g  

m aterial, allowing for the introduction o f 17.2^ (Me, 

there is  therefore no concentration of a sulphate 

containing polysaccharide in  th is  portion . The almost 

complete absence o f sulphate and evidence of anhydro 

structures in  fu lly  methylated m aterial suggests that 

some sulphate removal has occurred during méthylation; fAt 

lo s se s  on hydrolysis of glycoside fraction s giving a 

Sch iff reaction  are compatible with the orig in a l .̂ u 

SÛ4  ester u n its having given a corresponding amount of 

anhydro d eriva tives. But i t  i s  d i f f ic u l t  to recon cile  

th is  with the reten tion  of most of the sulphate on heating ' 

with baryta, and the absence of any Seliwanoff reaction  

from the products. P ossib ly  during méthylation breakdown 

occurs (a lso  indicated by dialyaable fragments, p .63) 

making availab le a su itably situated  -OH group for  

anhydro ring formation; -SG4  on Cg renders g a lactosid le  

groups la b ile  (p .7 ) .

The uronic acid in the polysaccharide appears to 

occur in 1 in  4-5 u n its  (protein^w ill introduce a 

s ig n ifica n t error in  COg estim ations) and the quantity o f  

uronic acid in  insoluble methylated m aterial i s  only
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s lig h t ly  le s s ,  1 in  5 u n its (P .8 8 ) . The ra tio  of

SO4  to COOH a g r e e t^  with the 804 figures, X,on P .94,

In the fu lly  methylated material only 1 in  9 un its  

y ie ld  CO2  with HCl, allo?/ing for introduction of OMe,
Thus the insoluble material does not .appear to be 

s ig n if ic a n tly  d ifferen t from the startin g  material i . e .  

i f  the la t te r  were a mixture of polysaccharides, no 

particu lar component has been fraction ated . Consequently, 

as overa ll lo s se s  on méthylation are not heavy { ^^15^), 

the solub le, completely methylated product ( ^ 2 0 ^) must 

also be related  to the startin g  m aterial; i t  i s  degraded, 

SO4  has be n removed and -h a lf  the uronic acid lo s t ,  

possib ly  by fissu re  at point A in  a part of the structure 

of the type
A A

' Hexose \ Hexose
Uronic-Rh, 4 SO4  (or Uronic 1 S0 4  )

( lo s t  on 
d ia ly s is )

I t  i s  not possib le  to decide whether a l l  the u n its which 

carried sulphate form anhydro structures. The d if f ic u lty  of 

removing sulphate makes i t  impossible to compare methylated 

de-sulpha ted material v/ith these products.

Of the other constituents 3746 appears to be rhamnose 

(p. 92), confirmed in other work of D.M. Hardy; n itr ic  acid  

oxidation in d icates that only a small proportion of other 

sugar i s  glucose or galactose, or their corresponding uronic
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acids; glucose i s  confirmed by chromatography, but 

i f  significant q uantities o f galactose are present i t  

must presumably be as sulphate, so linked to SO4  and 

other residues that SO4  i s  not e a s ily  hydrolysed,

A possib le repeating u n it could be 3 hexose sulphate, 

2 uronic acid, 3 rhamnose, andlother sugar, M,Wt,, 1624; 

Eq.Wt,, 333; COg from 812; SÔ4 , 16.6^ of HaSalt;

rhamnose 30,3^ of acid^W
......

; A2Fraction, B1

B.Pt.(bath)

OMe

106

49.1

 ̂ OMe
after  hydrol, 42 

hydrol !

117

43,6

33,5

1,4503 1.4524

A3

135 

41,6

30,0

::AS fu lly  
Kmethyltd

56.2

43.9

Rg values
after hydrol.

0.61

0,82
0,87

1.45861
 ■ - |
0 ,4 7 (tr)

0,62

0.82

0.9 ( tr ^
1 . 0
1 . 0 1

51,3

1,4633

0,54

0,74

*0,86-0,87

1.4432

0,82
0,87

I 1.01

The more v o la t i le  constituents are sim ilar in  

fraction ations A and B, but s ig n ifica n t d ifferen ces appear 

in  the 130 - 140" b .p t. region, second fraction s show a

r ise  in p OMe and chromatography shov/s d ifferen t  

con stitu en ts. As there was very l i t t l e  evidence for 

pentose in  ea r lier  work of E.D, Johnson and now xylose
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has been detected by D.M.Hardy, it seems probable that 
spot Rg 0.74 is due to 2;3-dimethyl-r-xylose 
(Rg = 0.74 [56] ).

In fraction Bl, 2;5;4-trimethyl-u-rhamnose is 
definitely present, confirmed by anilide, to the extent of 
50^ from chromatography. The second constituent is 
probably 3:4-(or other)dimethyl-l-rhamnose; 3:4- is the 
only dimethyl rhamnose investigated, A high proportion of 
rhai nose is in agreemcu" wit/, tne i ethoxyl
conte.it, increase in the positive sense oi rota 11 m  in 
w.eter as compared with that iu organic solvent, and 
the changes i_ rotation ou hydrolysis [U?, 58], The 
observed value or n^is high for trimstl.yl- plus 

■ d i m e i G  tnyl-rhamnosède plus other i'ul̂ y methylated 
5Û y r. hut the presence of trims thy 1-hexose wo "Id 
accou it for the observed high value of U;.. TrimetUyl- 
glucpse lucms probable from chromaiography, spot Rg 
'-.82, and this constituent is present in A3, which 
gives lul_y methylated glucose on treatment with 
fux*die reagents. Irinethylglucose would also, con
tribute the a d:i t i ana1 positive rot a t dr y pow er  

shown by this fraction as compared with rha uose 
derivelives alone.

Physical constants of the pure me thylated 
glycosides under considérai ion are shown overleaf.



^OMe
af ̂ hyc

)| %  ber befre
irol

P-,af ter 
^hydrol

50^ 2s3s4-methy 1 trimethyl-b-rhamnosid€
25^ 3:4-me thyldirae thyl- u -rhamno side
25^ 2;3:6-methyltrimethyl-j>-glucoside

[54l

56
45
52

45
32
42

1.4415
1.45
1.4583

20

19
70

Mixture 52 41 1.45 42
figures agreeing well with those found. Thus a 
rhamnose end group forms -5^ of the glycosides. She 
probable 3:4-dimethyl-l-rhamnose has been obtained from 
various mbcilages where 2-i>-galacturonido-L-rhamnose occurs 
eg, [5oJ ; oxidation by Brg, for the isolation of 

3:4-dim0thyl-L-rhamnonolactone has not yet been tried. 
Although its properties all suggest material more 

fully methylated than dimethylhexoee, the anilide from 
fraction A2 was similar to the dime thylgalac to se anilide, 
m,p, 130% prepared by Robertson and Lamb [6l], and thought 
to be the 2;3-dimethyl compound. Since the anilide from 
A3 purdied had a m.p. corresponding to 2:3:4-trimethyl-T)- 
galactose anilide, it seemed that galactose was present. 
However authentic 2:3-dimethylgalactose anilide has now been 
synthesised by D.J. Bell and does not possess the 
properties of the compound obtained by Robertson and Lamb; 
neither can any evidence of dimethyl hexose in A2^or 
tri- or tetra-methylgalactose in A3 purdied,be obtained 
by chromatography, 2:3-dimethylrhamnose and 2:3;ô trimethyl-
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glucose do not form crystalline anilides, so that the 
anilide from A2 is probably not a mixture, confirmed 
by lack of fractionation in repeated crystallizations.

Rotations of A3 before and after hydrolysis indicate 
the absence of significant quantities of di- and 
trimethyl-L-rhamnose, in agreement with the absence of 
spots Rg 1,01 and 0,87 on chromatography, Rg 0,82 is 
presumably trimethyl glucose and one of the other 
constituents is a rhamnose derivative since rhamnose is 
indicated by chromatography after complete méthylation.
The properties of fully methylated A3, except rotation, 
suggest that it is mainly methylated rhamnose, but as 
tetramethylmethylglucoside is present there must also be 
a fully methylated compound with high positive rotation.

In B4 the constituent Rg 0,86-0,87 is probably due 
to the same trimethyl glucose, persisting through the 
other fractions, Rg 0,74 is possibly due to 2:3-dime thyl-j>- 
xylose, quoted Rg 0,74 [56] , xylose is known to be present 
in the carbohydrate [41] . The rise of ^ OMe at this 
b,p, suggests fully methylated bio se ; Rg 0,54 is not due 
to dime thylhexose or monome thylrhamno se, (Rg values of 
this order quoted)for the ^ (Me of B4 is too high. It is 
more likeljj to be due to unhydrolysed biose, but fully 
methylated sugar should appear from hydrolysis of this 
constituent.

Since there are many methylated sugars (e,g, dimethyl-
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rhainaose other than 3:4) which have not yet been 
investigated by paper chromatography, other 
conclusions concerning the glycosides are possible 
and none ivill be reliable until comparison with 
authentic compounds has been carried out in more than 

- one solvent mixture.
Concerning the anhydro compound, a tiethylated anhyd *o- 

glycoside (B,p, -90" ) or corresponding dimethyl acetal
(B,p, -110") could be formed on methanolysis^ both being

¥likely at the strength H d  used, if the structures are 
comparable with 3:6- anhy drogalac to se s [20], Dimethyl- 
acetal would shov/ a higher f, OMe and fall in ^ OMe on 
hydrolysis than is found; a monomethy13%6-anhydro-methyl- 
hexoside seems probable, ouch a structure would be 
expected to give the corresponding aldehyde compound on 
0,1 H and hydrolysis, without extensive decomposition, 
but oxidation can easily occur and may account for the 
losses during the hydrolysis of fractions A2 and A3,

The crystalline material of the ester fraction could 
be a dimethyl-anhydro-hexonic ester (39,1^ OMe) although 
the galactose compound of this type [20] does give an 
aqueous solution vjith positive rotation; a methylated 
saccharic ester is not likely. The properties of the 
distilled portion suggest a mixture of the methyl esters 
of methyl-mono- and di-methylhexuronic acid {39,4^ OMe)

but not fully methylated compound. Physical
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constants do not permit of any distinction to be made 
between glucuronic and galacturonic acids, The 
undistilled residue is probably a bionic ester (fully 
methylated rhamnobionic ester has 49,5^ CMe).

The fractions of the fully methylated material not 
so far investigated cannot have very much lower methoxyl 
content and are probably merely less completely hydrolysed. 

It is not possible to draw conclusions as to the 
structure of the mecro molecule, A repeating unit might 
be of the type :-

Uronic - Hiiamnose - Hexose SOu (?)1------------- 1 ^
Â

2 Glucose y
Rhamnose - or - Uronic - Hiiamnose - Hexose S0^(Q)

I_______M iose «------------- »
C _  B

^  ? Hexose 3Q4\ ^
fragment A being lost in dialysis by fissure at X during 
Me^cO^,NaOH méthylation,A biose fragment is probable 
owing to the known stability of links of type W, this 
making possible a loss of oO^ from P with formation of 
anhydro structures e.g. by liberating C^-OH if C^-D80gH were 
present. After methanolysis,B wuld yield uronic 
and biuronic acid, 6ome of the link Y might be broken 
during extraction with acidified CEd^, but subsequent 
conditions are not those in which Q, would be expected to 
form an anhydro structure. The rhamnose end group and 
methylated glucose and xylose and biose come from C, In
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view of the iso la tio n  of galactose by M. Georg [39] the 

hexose, PQ, i s  p ossib ly  ga lactose.

It i s  not possib le to reconcile th is  structure, nor 

even the methylated fragments ( i f  and £:3:6-

methylated compounds)'with the periodate uptake of the 

polysaccharide; the rhamnose end group should give  

s ig n ifica n t q u an tities of H.GOOH, which was not found [4l] 

I f  lin k s  W and Z are 1:3- and not 1:4- the th eoretica l 

periodate uptake (£ molecules) i s  in  b etter  agreement 

with that found.



1 0 4 .

Bibllo^raplw.

1 . P. Haas. Biochem. J .,

2 . p . Haas, B. Husaell Wells . "

3 . G. Lunde, E. Ileen, E, Qy.Z, P hysiol. Ghem.,

4 . E.D. Johnson Œiesls, University

of London,

5 . H.W, P ir ie .  Biochem. J .,

6 . W.E, Hassid. J. Amer.Chem.Soe.,

7 . Handbook of sugar analys

i s .  Browne&Zerban.

8 . E.L. H irst, J.E.N.Jones,

E.A. Woods. J .,

9 . E.G.7. P erciva l,

J.C. Som erville, I.A .forbes. J .,

10. E, Fischer, L. Each. B er,,

11. R.B. Duff, B.G.V.Perci- 

v a l. J .,

12. 3 .  Peat, L.F. Wiggins. J .,

13. W.H.G. Lake, S. Peat. J . ,

14. Recent Advances in  

Carbohydrate Chemistry,II.

15. E.G.V. P ercival, 2.H.

Soutar. J .,

15. E.G.V. P erc iv a l. J . ,

17. R.B. Duff, B.G.V.Perclval, J .,

18. R.B. Duff. J . ,

1921, 15, 

1923, 17,

1937,

1941. 

1936, 

1933, 55,

1939.

1947,

1939,

1912,

1941,

1938, 

1938,

4 6 9 .

696.

247.

369.

4163

1048.

1844.

456.

830.

1088.

1417.

1940,

1945,

1947,

1949,

1475

119

1675

1597



1 0 5 .

19. VV.N.Haworth, I.E.Owen.,

F.Stoith. J*, 1941, 8 8 .

2 0 . W.H.Haworth,J,Jackson,

F.Smith. J*, 1940, 620.

2 1 . C. Neuberg , H. Ohle. Biochem.Z,, 1921, 125. 311.

2 2 . N.W ,Pirie. Biochem, J*, 1936, 2 0 , 369.

23. E.G.V.Percival,

J . G. Sommerville., J* 9 1937, 1615.

24. E.G.V.Percival, I.A.Forbes. J ., 1939, 1844.

25. Chem, & Ind,, 1938, 57, 937.

26. Î .L .C ottrell,

E.G.V.Per c iv a l. J ., 1942, 749.

27. W.6 .M.Jones, S .Peat. t 1942, 225.

28. V.C.Barry. Soi,Broc.Roy,

Dublin Soc., 1943, 152. , 538.

29. J.Buchanan, E .E .Percival,

E.G.V.Percival. J .. 1943, 51.

SO. E.T.Dewar, E.G.V.Percival .Nature, 1945, 156. 633.

31. E.T.Deirar, E.G.V.Percival 1947, 1622.

32. E.G.Young, F.A.H.Rice. J. B io l, Chem., 1946, 164. 35.

33. Stanford. Chem, News, 1883, 254,

• 267.

34. D*R,Hoagland L L. Lieb, J ,B io l, Chem., 1915 25, 287.

35. Y/.L, Nelson, L,H,Cretcher,. J .Amer,Ghem.Soc.,1929 51, 1914.

36. W.L. Nelson, L.H*Greteller , J, Amer. Chem. So c.,p.9 3 0 52, 2130.

37. E.L.H irst, Jones,

V/.O, Jones, J ., 1939 1 8 8 0 .



1 0 6 .

38. A, Wasserman.

39. M, Georg,

40. D.M.Hardy.
41. D.R. layers.

42. J.F . Carson, W.D.

Maclay.

43. J.L.Baker,

H.F.E.Hulton.

44. C.R,Marshall,

F.W.itorrls.

45. W .B.Ellet, B .Io llea s . Ber.,
46. C.Kullgreeii, H.Tydea. ingen.Vetaask,

Akad.Handb,,

47. C,R.Marshall,F.Vf.Norris.Biooh.J,

J ., 1948 197.

Unpublished.

Unpublished.

Ind.Eng.Chem., 1941 ^  1 2 (0 .

J .Amer.Chem.Soc.,1945 67 787.

Bloch. J .,

B loch .J .,

1920 14 754.

1937 31 1939.

1905 38 492.

1929 No94,

1937 31 1053.
48. E.E.Hughes, o.F.Acree. j,R 8 o}ij%t.Bur, 1938 21 327.

1939 2 3 293.Stdds., __

49. C.Hockett, A.Guttag,

M.E.Smith. J .Amer.Ch.Soc., 1943 65
50 Van der Haar. Nachweig.lSfennung und Bestimiming der

Monosaccharide und Aldehydesauren.
51. F .anith
52. C. Dorée.

53. Hawthorne.

54. R.Consden,A.H.Cordon,

A.J.P.I'tertin.

J ..
C ellulose

Qiemistry,

Nature,

B ioch .J .,

1940

1.

79.

1933 411.

1947 1 ^  714.

1944 % 224.



1 0 7 .

55. S.M .Partridge. Nature,

B io c h .J .,

56. F.Brovm,E.L.Hirst,L.Hough,

J.K .il. Jones, H. Wadman. Nature,

B.L.Hirst,L.Hough,

J.E .N .Jones. J . ,

57 . E.L. H irst, AxMacbeth J . ,

58. R.A.Laidlaw, E .G .V .Percival J . ,

59. J.C. Irv in e , E.L. H ir st. J , ,

60. R .E .G ill, E .L .H irst,

J.K.N. Jones. J . ,

61. G .J. Robertson, R,A, Lamb, J . ,

1946 158 2 7 0 .

1948 ^  238.

1948 161 720.

1949

1926

1949

1922

1939

1934

928.

2 2 .
1607.

1213.

1469.

1321.
62. A.G.Ross. T h esis, U niversity  o f Edinburgh, 

’.'tuarterly Reviews.1949 III  561.

The author os to express h,ar thau'-ks for  

-ran ts from s’ivo Choaical lo o ie ty  for  the of

■Jlva,rr«B the Central ooonrch rund snd the ulxon 

i?una of t i s i  k n iv ersity  of honaon for  the purchase or 

a cer.trii'Uvvs arid a rhrx-acto-. ros^xxitively , and

for fin a n c ia l a ss is ta n c e  from Ireperial Chemical 

Industries Ltd.


