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n l h e  s o - c a l l e d  v e g e t a b l e  r n ~ ~ c i l a g e s  a r e  d e r i v e d  from 

t h e  b a r k s ,  r o o t s ,  l e a v e s ,  s e e d s ,  and i n  some c a s e s ,  t h e  

f l o w e r s  of  p l a n t s .  They a r e  t h e  p r o d u c t s  o f  normal p l a n t  

metabol ism a n d  may s e r v e  as food r e s e r v e s  i n  much t h e  

same rmnner as s t a r c h  i n  Inany p l a n t s  and g lycogen  i r r  

a n i m a l s .  

E x c e l l e n t  s o u r c e s  o f  n i u c i l a ~ e s  composed of  n e u t r a l  

s u g a r  r e s i d u e s  a r e  t h e  s e e d s  o f  Legurninosae such  as t h e  

l o c u s t  bean o r  c a r o b  bean ( C e r a t o n i a  s i l i e  '11. ) , guar 

(Cyamopsis t e t r a g o n o l o b u s )  , Kentucky c o f f e e  bean 

(Gymnocladus - .  d i o r i x ) ,  honey l o c u s t  ( G l e d i t s i a  t r i c a n t h o s ) ,  

and  many o t h e r s .  Palm s e e d s  a l s o  p r o v i d e  a n e u t r a l  

muc i l ag inous  p o l v s a c c h a r i d e .  

P o l y s a c c h a r i d e s  composed o f  3-marnose - and &ga la -  - 

c t o s e  a r e  most commonly found i n  t h e  s e e d s  of  t h e  

T,e~uminosae and a r e  i n  p a r t i c u l a r  l o c a l i z e d  i n  t h e  

endosperm. They a r e  a l s o  found i n  t h e  s e e d s  o f  non- 

leguminous  p l a n t s  such as t h e  A f r i c x n  o i l  palm ( E l a e i s  

p i n e n s i s ) ,  d a t e  palm (Phoen ix  d a c t y l i f e r a )  ( I ) ,  Cocus 

muc i f e r a  and Coffee  a r a b i a .  The r e l a t i v e l y  small s e e d s  -.- 

o f  c l o v e r s ,  conimon t o  t h e  n o r t h  and s o u t h  t empera t e  

zone ,  f o r  exiimple , T r i f o l . i ~ ~ r n  p r a t e n s e ,  Lo tus  c c ) r n i c ~ ~ l . a t u s ,  



sovretimen c;lJ . led l u c e r n e  and yurp le  ~-r~edi:z, a l s o  c o n t a i n  

g:tl:tc t onlm-ulan. 

A l t l l o ~ ~ g h  t h e  i n d u s t r i a l  tmportance of galactomnnnans 

(gums) may have been p a r t i a l l y  o f f s e t  by t h e  i n t r o d u c t i o n  

of s p e c i a l t j  s y n t h e t i c  polymers, they  s t i l l  f i n d  

c o n s i d e r a b l e  use i n  paper and c l o t h  s i z i n g ,  and emulsion 

s t a b i l i z e r s  i n  t h e  food i n d u s t r y  ( e . ~ . ,  i c e  cream 

e x t e n d e r ,  puddings,  t h i c k e n e r s ) .  Huge q ~ m n t i t i e s  of gum 

were used ,  p a r t i c u l a r l y  d u r i n g  World 'Aar I1 ( 1939-45) , 
i n  t h e  f l o t a t i o n  process  f o r  o re  s e p a r a t i o n s .  The much 

r e s t r i c t e d  i m p o r t a t i o n  of gums and mucilages i n t o  t h e  

United S t a t e s  from t h e  middle and f a r  E a s t  dur ing  t h e  

w a r  (1939-45),  l e d  t o  an i n v e s t i g a t i o n  of  the  seeds  of  

a  number of leguminous p l a n t s  t h a t  commonly grow i n  

North and South America. The galactomannan concerned 

i n  t h e  p r e s e n t  i n v e s t i g a t i o n  i s  i s o l a t e d  from seed of 

C r o t a l a r i a  mucronata which can be grown i n  North America. 

The growing h a b i t  o f  t h i s  p l a n t  i s  r a t h e r  similar t o  

t h a t  of a l f a l f a  a l though  t h e  s tems a r e  more h i g h l y  

l i g n i f i e d .  

I n  a s tudy of t h e  endosperm of leguminous s e e d s ,  

Anderson ( 2 )  examined 163 s p e c i e s  and by v i s u z l  inspec-  

t i o n  found t h a t  abou t  t h r e e  f o u r t h s  of t h e s e  c o n t a i n l ~ d  

m u c i l a ~ e - ~ { i e l d i i  endosperms i n  amount? u p  t o  60 p e r  

cent: of t h e  seed .  The ga1;ictomannan was i s o l a t e d  from 

t h e  endosperm of s e v e r a l  s p e c i e s  by aqueous e x t r a c t i o n  



and i t s  compos i t ion  d c t e r n i n e d  by hydro1.ysis w i t h  2 2cr 

c e n t  s u l . f u r i c  a c i d  fc,llowcd by a n a l y s i s  o f  t h e  2-~wr l r~ose  - 

and l)-pl:- tctosc as  t h e i r  phenylhydrazones .  The r e l a t i v e  - 

amounts of D-illqnnose and D-galactose  v a r i e d  from 61 p e r  - - 

c e n t  inxlmose a n d  1 6  p e r  c e n t  s a l a c t o s e  i n  Sopora j a p o n i c a  

t o  5 2  p e r  c e n t  mannose and '58 p e r  c e n t  g a l a c t o s e  i n  

g la r  ( 3 ) .  I n  comparison,  the galactomannan h e r e i n  

d e s c r i b e d  c o n t a i n s  a h n u t  75 p e r  c e n t  I)-rmnnose and 25 - 

p e r  c e n t  3 - g a l a c t o s e .  - 



The i d e n t i f i c a t i o n  of a s p c c i m e n  o f  a gum o r  

u ~ ~ i c i l a g e  rnay be ~ * e l a t i v e l y  s i m p l e  i f  f u l l  u s e  i s  ~ c a d e  

o f  t h e  p r e s e n t  knowledge  o f  t h e s e  s u b s t q n c e s  a n d  t h e  

a v a i l a b l e  a~ l : - t l y t i caL  t e c h n i q u e s .  The metllods thl i t  have 

b e e n  d e v e l o p e d  f o r  s t u d y i n g  t h e  f i n e  s t r t ~ c t u r e  o f  t l ? e  

p o l y s a c c h a r i d e s  i iave r e a c h e d  s u c h  a d e g r e e  o f  p r e c i s i o n  

that t h e  p u r i t y  of the s t a r t i n g  p r o d u c t s  becomes 

i n c r e a s i n g l y  more i m p o r t a n t .  The p r e s e n c e  o f  s m a l l  amoun t s  

of o t h e r  p o l y s a c c h a r i d e s  imy c o n s i c l e r a b l y  i n f l u e n c e  t h e  

s t r l ~ c t u r a l  d e d u c t i o n  t h a t  c a n  b e  made. I t  i s  t h e r e f o r e  

o f  t h e  u t m o s t  i m p o r t a n c e  t o  a t  l e a s t  a t t e m p t  t o  e s t a b l i s h  

t h e  h o m o g e n e i t y ,  o r  o t h e r w i s e ,  o f  t h e  s t a r t i n g  m a t e y i a l  

( 4 )  

P o l y s 3 c c h a r i d e s ,  a f t e r  e x t r a c t i o n  w i t h  w a t e r ,  c a n  

be  p u r i f i e d  by f r a c t i o n a l  p r e c i p i t a t i o n  w i t h  e t h a n o l ( 5 ) .  

P e h l i n g  s o l u t i ~ n  has b e e n  w i d e l y  employed f o r  p u r i f y i n g  

p o l y s a c c h a r i d e s ,  e s p e c i a l l y  t h o s e  c o n t a i n i n g  Ci r e l a t i v e l y  

h i g h  p r o p o r t i o n  o f  mannopyrarlose u n i t s  j o i n e d  by (1-4)- 

e n - g l j i c o o i d i c  bonds  (6, 7 ,  8, 9 ,  1 0 ) .  I t  a p p e a r s  t h a t  

t h e  a x i a l ,  e q u a t o r i a l , C : ,  - C. h y d r o x y l s  a r e  i n v o l v e d  i n  3 
complex  f o r m a t i o n .  I n  a d d i t i o n  t o  F e h l i n g  s o l u t i o n ,  

c u p r i c  c h l o r i d e  ( 1 1 ) ,  c u p r i c  s u l f a t e  ( 1 2 ) ,  c u p r i c  a c e t a t e  

( 1 3 ,  1 4 ) ,  and c t ~ p r i e t h y l e n c d i a m i n e  ( 9 ,  1 0 ,  1 5 )  h a v e  b e e n  

employed f o r  t l l n  :;;me purpos ta ,  14o:;t, i f  n o t  a l l ,  t h e  



,pilactom;tnnan g ~ w ~ s  extracted from seeds of the Legurni~l- 

osae civc copper con~plexes wj th Pehling solution and 

this offers a means for their purification and identif- 

ication. The homo~eneity of the pol-ysaccharide can 

further be shown by electrophoresis (glass paper or 

moving boundary) and by ultracentrifugation. 

The purified gum is further characterized by the 

determination of the specific o~tical rotation either 

in water or dilute alkali and by hydrolysis to its 

individual sugar constituents by heating at 95-1 OOOC 

with 1 to 2 - M sulfuric acid. 
Paper partition chromatography introduced in 1944 

for the separation and determination of amino acids, has 

been highly sucessful for the separation of sugars and 

probably even more sucessful for their quantitative 

determination. It was demonstrated (16, 17) that closely 

related sugars could be separated from each other 

provided a suitable solvent or combination of solvents 

could be selected. Under a given set of conditions of 

temperature, solvent, type of paper, and pH (18, 19, 20, 

21), the rate of movement of a particular sngar will be 

fairly constant. This rate of movement relative to the 

movement of the solvent front, the XF value, is x 

measurement which now assumes in or~pnic chemistry 

almost as much importance as the boiling point or melting 



point. Tha su+rs are located on the dried p a p c r a  by 

vari.ous color yeaction::. The re;ti;ents selected make use 

o f  the reducing (aldehydic) properties of the snpar  or 

sugar derivative. For most  research purposes two or 

three reac;ents are usually sufficient . Eot onl;l has 

paper parti tion ~iirolnato~raphyr provided a mmns for the 

pl-eli 1qin:wy ictentificat ion o f  the sugars, b u t  by ltsirg 

thicker or larger sheets o f  paper it is  possible to 

separate the components of the hydrolysate from a gum 

in sufficient amounts to enable the components to be 

characterized, either by direct crystallization or by 

transformation into a suitable crystalline derivative. 

Quantitative determination may for instance be accompl- 

ished by the phenol-sulfuric acid method (33). In 

addition to the above, vapor phase chromatography (22) 

has now been developed to the point where it may be 

generally employed for the qualitativs and quantitative 

analysis of sugars and sugar derivatives. 

After purification o f  the gum or mucilage by one 

or more fractionation methods, determination of the 

composition by paper chromatography and vapor phase 

chromatography, v n d  characterization of the component 

sugars by crystallization or by preparation of 

derivatives, one is faced with the problem of determining 

(a) the mode of union of various component sngars, 



(b) the seqliential order of the components, (c) the 

anorrieric nature of the glycosidic linkages uniting the 

components, and (d) the average number of indiviCina1 

sugar residues that make up the molecule of the polymer. 

One approach adopted in the study of the constit- 

ution of gums is to apply methylation studies to the 

polysaccharides themselves. Generally the nethylation 

proceeds normally with methyl sulfate and alkali (24). 

To obtain complete alkylation, this may be followed by 

treatment with sodium hydride in methyl sulfoxide and 

methyl iodide, a process which gives better methylation 

within reasonably short time (26, 27) .  The results 

obtained will show the composition of the gum, the nature 

of the building units, how they are joined together, and 

the number of the residues in the sverage repeating 

unit. The findings also enable the terminal units and 

the units at which branching occurs to be designated. 

However, by themlselves, methyl-ation studies on the 

polysaccharides provide little knowledge concerning the 

exact sequence of the building units unless the number 

of structural possibilities i3 limited by the fact that 

the structure of the polysaccharide is relatively sim~~le, 

being built up of only one or two types of sugar units. 

Elethylatjon results will become more diagnostic when 

considered in conjunction with periodate oxidation 



studies. 

Non-red~icin~ terminal. ulli ts in a polysaccharide 

or (1+6)-linked non-terminzrl units having three 

adj9cent hydroxyl (youps will be cleaved by two rnolecltla-r 

proportions of periodate to give one molecular proportion 

of formic acid. Nan-terminnl units joined by ( 1 4 2 )  or 

(1-4) bonds undergo cleavage by one molecular proportion 

of periodate, but no formic acid is generated. Units 

which do not possess adjacent hydroxyl groups such as 

non-terminal units joined by (1-3) bonds or units 

involved in branching at C 2  and C are not affected hy 4 

periodate. Thus oxidation of a polysacchnride and 

quantitative deterninat ion of the proportion of the 

surviving su-zar units will give information concerning 

the nature and proportion of the glycosidic linkages 

present in the polg~accha~ide (3, 28, 29, 3 0 ) .  

Smith et a1 ( 31 ,  32, 33) reported that periodate 

oxidation followed by reduction with either hydrogen 

and Rancy nickel cxtalyst or with sodium borohydride 

(34) in aqueous solution represented a general analytical 

procedure which can be applied to polymccharjdes. '&en 

a sugar residue of a polys:i,cchnride is cleaved by 

periodate and reduced, the resultins alcoholic derivative, 

being a l.rw acctal, is sensitive to mild acid hydroly- 

sis, whereas, when a sujytr unit which  survive:^ cl-eavage 



is joined to a unit which is cleaved, the surviving 

unit a p p e a r s  an a ~1;rcos ide  which is relatively stable 

to mi3 d acid hy(ir~ly~is, Recause of the niwked d i f fe rence  

in stability between t r u e  acetnls and glycosides, it is 

no'. possible to obtain glycosides of'mono-, di-, and 
- 

-. . -- - ., 
01igoaacchnrj.des from a wide variety of polysaccharides 

after the Smith periodate degradation. The analysis of 

the structures of these glycosides will throw light on 

the fine structure of the  garent polysaccharides (3, 35, 

3 6 ) .  
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A .  I s o l a t i o n  o f  Gnlactornannan 

Broken s e e d  o f  C r o t a l a r i a  mucronata w a s  s l u r r i e d  

i n  b o i l i n g  w a t e r  f o r  3 t o  4 h o u r s  a f t e r  which t h e  s o l i d s  

were  removed by c e n t r i f l q p t i o n .  The c o o l e d ,  v i s c o i ~ s  

s o l u t i o n  w a s  s l o w l y  poured w i t h  v i g o r o u s  s t i r r i n g  i n t o  

4 volumes of e t h a n o l  whereupon a l i g h t  g r e y ,  s t r i n g y  

p r e c i p i t a t e  formed. The s o l i d  m a t e r i a l  w a s  removed by 

f i l t r a t i o n ,  washed w i t h  a c e t o n e  and d r i e d  i n  a 

d e s i c c a t o r .  

B. P u r i f i c a t i o n  of Galactornannan w i t h  Copper A c e t a t e  

To a p o r t i o n  ( 2  grams)  of p o l y s a c c h a r i d e  i n  0.5 - N 
sodium hydroxide  (400 ml) w a s  added w i t h  s t i r r i n g  5$ 

c o p p e r  a c e t a t e  (w/v) ( 7 5  ml) .  A g e l a t i n o u s  p r e c i p i t a t e  

r e s u l t e d  which w a s  removed by c e n t r i f u g a t i o n .  A d d i t i o n  

o f  a f u r t h e r  volume ( 7 5  r n l )  o f  copper  a c e t a t e  s o l u t i o n  

r e s u l t e d  i n  f u r t h e r  p r e c i p i t a t i o n  o f  a copper  c o ~ l ~ p l e x  

which was n o t  f u r t h e r  i n v e s t i g a t e d  a t  t h i s  ti ine. The 

g e l a t i n o u s  complex w a s  suspended i n  a l c o h o l  and a c i d i f i e d  

w i t h  h y d r o c h l o r i c  a c i d  and a f t e r  m a c e r a t i o n  i n  a Waring 

b l e n d o r ,  t h e  l i g h t  g r e y  p r e c i p i t a t e  was removed by 



Ccntrifll;;nt;ion rind washed free of acid with F L ~ C O ~ O ~ .  

C0rnplexnt;ion with CU++ was repeated twice nlore as 

described and resulted in a non observable chan~e in 

sugar ratio (see succeeding section), yield 1.2 grams, 

["(lE2 9 * lo ( c  0.3, 0.1 g sodium hydroxide). 

Solutions of galactoma.nnan (0.5 to 175 concentration) 

in a l k a l i  (1 to 5 - N sodium hydroxide) were centrifuge? 
for 2 hours, rotor speed 60,000 r.p.m. The sedimentation 

pattern (0.8% galactomannan in 5 - N sodium hydroxide) 
(Figure IV) showed that the polysaccharide was 

homo.geneous and that the molecular weight was about 

60,000 when compared to a pattern obtained forp-amyla.oe 

of known molecular weight (62,500). 

D. Hydrolysis of Polysaccharide 

(a) With 1 - N sulfuric acid 
A small portion (250 mg) of the po1ysacchnri.de 

was refluxed (6 hours) in 1 2 sulfuric ac id  (25 ml) 

f o l l owed  by neutralization (barium carbonate) rind pape r  

( Whatman T:o. 1 ) chy-omatograpp~y of the syrupy residue 

7.c:ft  nf1 .c :~  evaporat;i~n of thc f i l - t rate.  L>-manmse - a n d  



n-galactose - were identified as the only s~gar components 

using solvents 14 (Ethyl acetate:acctic acid:water 8 : 2 : 2 )  

and 13 (13thyl acetate:pyridine:water 8 : Z :  1 ) , spray re:i;ent 
F (p-anisicline-trich1oro:icetic acid (37) ) . Separation 
(iihatman ~D::\I) of a portion (100 me) of the mixture using 

I solvent B gave D-mannose, 60 mg, further characterized - 
as the phenylhydrneone, ru.p. 19g0c, [4g2 33' (C 0.9, 

pyridina) (lit. m.p .  199 - 200'~) and B-gslactose, - 28 mg, 

wg2 80' (c 0.7, water). The molar ratio of the two 

sugars was further confirmed by elution of each sugar 

from a single chromatoyram followed by analysis employing 

the phenol-sulfuric acid method (23) : to 1 ml of the 

eluted solution of the corresponding sugar was  added 

1 ml 20% pk~enol solution fo'l ",led by 5 rnl concentrated 

sulfuric acid. The solution was shaken for a few minutes 

and allowed $0 stand for 30 minutes. The absorbance of 

the solution was measurea at 490 mu in a spectrophotometer. 

The anolr,t of su;{ar present ;vas de t2rmined by ref ereme 

to standard curves f ron I)- annos nose 2nd a-plat tose whick - - 

are shown in Figure I and 11. 

The sigar ratio was also determined by V.P.C.  of 

the mixture of t i r i m e t h y l s i l y l  derivative:: (22) usine :t 

5 '  x stainless steel column packed- with 2Q$ SZ 30 on 

;TIC!% treated chromosorh 'ff. A. - I>-msnr~one : - p-pl:tc t o s e  r a l ; i o  

of 3: 1 was oht:*ined in all czucs. (To preyare t?.ir:eth;rl- 



s i l y l  dc r iv : i t i ve  : A f e w  mG o f  sample was d i s s o l v e d  i n  n 

few d r o p s  of p y r i d i n e .  S i x  d rops  of  hexarne thy ld i s i lxzane  

w a s  t h e n  added fo l lowed  by t h r e e  d rops  of t r i m e t h y l -  

c h l o r o s i l a n e .  The mix ture  was s t i r r e d  f o r  a few r t l inutes) .  

( b )  H y d r o l y s i s  w i t h  Emulsin 

To a s t e r i l e  s o l u t i o n  ( 1 5  m l )  pH 7.0, of  g a l a c t o -  

mannan ( 2 5  mg) w a s  added ernulsin' (10 mg). The s o l u t i o n  

w a s  s t o r e d  a t  room t empera tu re  f o r  3 days .  No o b s e ~ v a b l e  

change i n  t h e  r e d u c i n g  power ( 3 , T - d i n i t r o s a l i c y 1 . i ~  a c i d  

r e a g e n t )  w a s  observed .  The s o l u t i o n  w a s  evapo ra t ed  and 

t h e  r e s i d u e  w a s  shown, by pape r  (Nhatman No.1) 

chromatography,  s o l v e n t s  A and B,  s p r a y  r e a g e n t s  F and 

G ( T o l l e n s  s o l u t i o n  ( 1 6 ) ) ,  t o  c o n t a i n  no d e t e c t a b l e  

D-gaLactose ( o r  g-mannose) and no ev idence  of  small - - 
o l igomers .  

# o b t a i n e d  from N u t r i t i o n a l  B i  ocheol icals  ; b a c t e r i a l  

o r i g i n  ( B a c i l l u s  nubt i  l u a )  . 



A portion (2 grams) of the galactornannan was 

initially treated with 3055 sodium hydroxide and methyl 

sulfate (24) followed by treatment with sodium hydride 
- - 

/ 

-.__ - 
- .*' 

in methyl sulfoxide and methyl iodide (26, 27). A 

fully methylated polymer (1.5 grams) (no OH- absorption 

evidence in the I.R. spectrun) was dissolved in cold 

75;: sulfuric acid (5rn1) ( 3 9 ) ,  the mixture was held at 

room temperature for 1 hour after which the solution 

was diluted with ice-water to approximately 1 and 

boiled for 7 hours. The syrupy mixture (1.2 grams) 

which was obtained after neutralization (barium carbon- 

ate) and evaporation of the filtrate was anslysed by 

paper chromatography (Whatman ~0.1) using solvents C 

(~utanone-wa'er azeotrope), D (n-~utano1:ethanol:water 

(upper phase) 4:1:5), Z (~enzene:etha.nol:water 85:15:1). 

The molar ratio of the partially methylated sugars was 

determined by the phenol-sulfuric acid procedure 

(Table 11) and by V.P.C. of trimethylsilyl derivatives 

(205 n e o p c n t y l ~ l y c o l s u c c i ~ t a t e  on Gas Chrorn. 900, 7/16" 

by 17' column, 1&30•‹c, helium flow rate 100 ml/min., 

flame ionization detector) (40) (Table I). The mixtime 

was s e p  ).a Led u s i n g  Whatman ';Si.1!'4 paper, sol.vent C , rind 
the individud pxrti:~l.ly i~ethylatec'i nuprs charac terizecl 



Table I 

V a ~ o r  phase chrornatocraphy o f  triniethylsilyl derivatives 

of partially methylated sugars 

Trirnethylsilyl derivative Retention time Molar ratio 
(min. ) 

2,3,4,6-tetra---methy@- - 16.5 1 

manno s e 
2,3,4,6-tetra-0-methyl-D- - - 15.3 (4 2'3 

galactose 18.1 ( p )  
2,4,6-tri-0-methyl-& - - 12.2 1 1  

manno se 

3,4,6-tri-0-methyl-2- - - 10.6 4 
manno s e 

2,3,6-tri-0-methyl-& - - 13.5 28 

manno se 

2,3-di-0-methyl-D-mannose - - 8.5 26 





Component 1 ,  was i d e n t i f i e d  as fol lows:  Authent ic  

?,3,4,6--be tra-0-rnc - thyl-&rmnnose w a s  p repared  by - 
!ne t h y l a t i o n  of m e  t h y 1  4-n-manriopyranoside wi th  sodium - 
)1yc1rj.de i n  alethy1 su1fovi.de and rrleth)l iodide  (26 ,  27)  

followed by hydro lys i s  (1 - R s u l f u r i c  a c i d ,  8 hours)  t o  

genera te t h e  f r e e  t e  tra-0-11:e thy3 sugar .  Component 1  and - 
t h e  s y n t h e t i c  tetra-0-methyl - s u j a r  showed i d e n t i c a l  RF, 

0.79 i n  solvent C end K~', 0.96 i n  s o l v e n t  D and re t en -  

t i o n  t im of t r i r n e t h y l s i l y l  d e r i v a t i v e s  ( 1  6.5 mimites) . 

s'onponent 2 ,  38 mg, [A]:' 115* ( e q u i l . )  ( c  0.4, v x t e r ) ,  

gave upon t rea tment  wi th  a n i l i n e  i n  d r 2  e thano l  conta in-  

i n g  a t r a c e  of g l a c i a l  a c e t i c  a c i d ,  2,3,4,6-tetra-0-methyl- - 
3-phenyl - I ) -~a lnc tos~~lamine ,  - n.p. 190 - 191 O C ,  li0' 

( e q u i l . )  ( c  0.5, ace tone)  ( l i t .  r..p. 1 9 2 ' ~ ,  [% 41' i n  

ace tone)  ( 4  1  ) . Further confirrcat ion of i t l e n t i t y  was . 

e s t a b l i s h e d  by s y n t h e s i s ,  zs descr ibed  for component 1. 

Component 2 and au then t ic  ?,3,4,6-tetra-&methyl-@- - - 
g a l a c t o s e  showed i d e n t i c a l  Rp,  C.69 i n  s o l v e n t  C and RG, 

0.83 i n  s o l v e n t  1) and r e t e n t i o n  time of t r i r n e t h y l s i l y l  

d e r i v a t i v e s  (15.3 minutes,  d-anomer; 1P,.1 minutes, panomer ) .  

f /  mobi l i ty  wi th  reference t o  t h a t  of ? ,3 ,4 ,h- te t ra-0-  - 
ne thyl-G-plul~o:;e. - 



Component 3 ,  18 rng, [()g2 15' (epuil.) ( c  0.3, water), 

was t r e a t e d  w i t h  a n i l i n e  as above t o  ~ i v e  2,4,6-tri-0- - 
22 

methyl-Ti-phrnyl-e-manriosylumine, - rn. p. 133 - 135 '~ ,  [gD 
(e(11~i.l.) ( c  0.4, methanol) ( l i t .  m.p. 130 '~ ,  LdD - 1 5 0 4 8 ~ )  

( 4 2 ) .  The i d e n t i t y  of cornponelzt 3 was f u r t h e r  e s t a b l i s h e d  

hy t h e  follo:l~ing s e r i e s  of r e a c t i o n s :  A s m a l l  p o r t i o n  

( abou t  10 mg) was subjec ted  to sodium borohydride reduct -  

ion  (24  ho~urs ,  room t e r a p r a t u r e )  follnwed by t rea tment  

with methsnol-hydro5e:r c h l o r i d e  t o  remove bora te .  The 

product was t r e a t e d  wi th  pe r iod ic  a c i d  (0.5 I!) a t  5 ' ~  f o r  

2 da~rs. T h  s o h i t i ~ n  ( 2 5  n1) was t r c a t e d  w i t h  h a r i m  

carbonate  t o  remove i o d a t e  and pe r ioda te  and a f t e r  evap- 

o r a t i o n ,  t h z  r e s idue  was hydro?ysed ( I  ~o 'c )  with 755: 

hydrobyonic a c i d  f o r  30 minutes t o  a f f e c t  demethylation. 

2-rnannitol - was i d e n t i f i e d  by comparative 8) gaper chron- 

atography, b) vapor phase chromatography. 

Co~.?;onent 4 ,  51 , i4]g2 -9' (equil*) ( c  0.99 wate r ) ,  

was dissolveC i n  d r y  pyr id ine  und 10;: nolar excess  

1)-nitrobenzoyl c h l o r i d e  added followed by h s a t i n g  a t  

6 5 ' ~  f o r  30 minutes. The mixture was cooled,  s a t u r a t e d  

sol -a t ior l  of sodiun bicnrbo-mte w a s  added followed bir 

t?>rtmction w i t h  chloroform. A f  t a r  r e c r y s  tn l I . iza t j -cm from 

e t h s n o l ,  t he  1,4-dj--~~-nitrobcnznyl-2,~,6-tri-O-methyl- - 
- -22 +33' ( n  1 .3 ,  c h l n r o -  @-::wnn,ne h:td m. p. 1S7 - lEi3'~, [-I!~~ 

form) ( l i t .  I . .  1H7 - 188('0, l i b  +33' i n  chlorofor i i i )  ( 4 3 ) .  



Component 4 was further anslysed as follows: Thin 1a;rer 

chron~;-ltograph on si1ic.a gel showed using solvent C, 

three components with RG values of 0.78, 0.76 and 0.68. 

In solvent E, thl-ee components were also evident with 

RG values of 0.52, 0.50 and 0.45 thus indicating three 

tri-0-methyl - sugars. V . P . C .  analysis of trimethyl.sily1 

derivatives (40) (conditions described previously) 

showed the presence of 2,4,6-tri-0-methyl-l)-mannose, - - 
12.2 minutes (minor proportion) , 3,4,G-tri-0-methyl-& - - 

mnnnose, 10.6 minutes (minor proportion), and 2,3,6-tri- 

0-methyl-3-mannose, 13.5 minutes (major proportion). A - - 
portion of component 4 was subjected to the following 

series of reactions : (a) reduction with borohydride, 

(b) oxidation with periodic acid, ( c )  reduction with 

borohydride, (d) denethylation with 35% hydrobromic acid, 

( e )  deionization and (f) identification by paper and gas 

chromatography of products. Ethylene glycol and erythr- 

it01 were identified and would arise from 2,3,6-tri-0- - 
methyl-D-mannose. 2-arabinitol was identified by - - 
comparison with authentic n-arabinitol - obtained via the 

above series of reactions carried out on 3,4,6-tri-0- - 
methyl-3-mannose - prepared by a published procedllre (44). 

The retention time of authentic D-arahinitol - and that 

obtained from component 4 was identical (3.4 minutes, 

170•‹, otherwise conditions as described previously), 



-.pa of pr,ltncetate 75 - 77'~ (lit. n.p. 76'). U-arabin- - 
i to1 would arise fronl 3,4,6-tri-O-meth;rl-2-1nannose - - ( the 

same pentitol would arise from 2,3,4-tri-2-methyl-D- - 
niannase; however, the a3serce of this sugar was esttiblisll- 

ed previously Er3n V.P.C. results - see Table I). 
0-~~annitol - was identified by comparison with authentic 

I compound, the trimethylsilgl derivatives of both having 

I retention time of 4.4 minutes (170•‹c, otherwise conditions 
i 
i a:: described previously). a-~nannitol would be derived - 

from 2,4,6-tri-0-methyl-l)-aanfiose - - via the above series 

of reactions. 

Conponmt -9 5 51 rng, [dg2 -15' (equil.) ( e  1.0, 

water), gave upon treatment with p-nitrobenzoyl chloride, 

as above, 1,4,6-tri-p-nitrobenzoyl-2,3-di-2-methyl-3- - 
mannose, m.p. 192 - I~S'C, [dg2 +65O (c 1.0, chloroform) 

(lit. m.p. 1 9 4 ~ ~ ~  [A& +65O in chloroform) (3). Further 

confirmation of identity was established by synthesis 

via me thy1 4,6-'oenz,ylidene-,~-D-r~annoside (38). Corq~onent 

5 and authentic 2,3-di-0-methyl-I3~~mnose - - showed ident- 

ical Rp, 0.21 in solvent 9 and retention time of 

trirnethylsilyl derivatives (8.5 minutes). 



F. Smith P e r i o d a t e  Degradation 

To a p o r t i o n  (500 me) of galactcmannan d i s s o l v e d  

i n  water  (200 ml) w a s  added 0.5 - M p e r i o d i c  ac id  (10  m l )  

and t h e  s o l u t i o n  s t o r e d  a t  5 ' ~ .  Pe r ioda te  consumption 

reached 0.95 moleiJ p e r  hexose unit i n  2 days wi th  l i t t l e  

change t h e r e a f t e r .  To t h e  polyaldehyde was added sodium 

borohydri.de (500 mg) and t h e  s o l u t i o n  s t o r e d  a t  room 

tempera ture  f o r  16 hours .  Analys is  of t h e  s o l u t i o n  of 

po lya lcoho l  wi th  pheno l - su l fu r i c  a c i d  i n d i c a t e d  i n t a c t  

hexose t o  t he  e x t e n t  of 18 - 20", ( i n  terms of I)-mannose) - 

of t h e  o r i g i n a l  polysacchar ide .  The s o l u t i o n  w a s  passed 

through a c a t i o n  exchange column (Amberl i te  120-H'), the 

a c i d i c  s o l u t i o n  evaporated and bora te  removed by repea ted  

e v a p o r a t i o n  wi th  methanol. The r e s i d u e  was d i s s o l v e d  i n  

0.5 - N hydroch lo r i c  a c i d  (50 ml), s t o r e d  a t  room 

tempera ture  f o r  8 hours ,  followed. by d e i o n i z a t i o n  w i t h  

c a t i o n  and an ion  exchange r e s i n .  

To a flask c o n t a i n i n g  1.5 grams of sodium b ica rbona te  

an  excess  of s t andard  sodium a r s e n i t e  s o l u t i o n  w a s  

added, w i t h  shaking ,  a 5-rnl a l i q u o t  of t h e  p e r i o d a t e  

o x i d a t i o n  s o l u t i o n  followed by 1  r n l  of 20% p o t a s s i u n  

i o d i d e  s o l u t i o n .  A f t e r  s t a n d i n g  15 minutes ,  t h e  
excess  sodium a r s e n i t e  was t i t r a t e d  with s tandard  

0.1 - I\J i o d i n e  s o l u t i o n  us ing  s t a r c h  a s  t h e  i n d i c a t o r .  

The amount of p e r i o d a t e  consumed by t h e  polysacchar ide  

was c a l c u l a t e d  i n  moles per  hexose u n i t .  



P a p e r  chromatog~*nphy,  s o l v e n t s  A and B ,  i n d i c a t e d  t h e  

p r e s e n c e  o f  g l -yce ro l  and e r y t h r i t o l ,  molar  r a t i o  1 : 2  

as deterruined by t h e  per ioda te -chromot rop ic  a c i d  method 

( 4 5 )  ( d e s c r i b e d  i n  the f o l l o w i n g  s e c t i o n )  and two 11011- 

r e d u c i n g  components Sl~lan = 0.61 (component I )  and 

5 1 a n  = 0.33 (component 11). The compounds were s e p a r a t e d  

by pape r  chromatography ( s o l v e n t  B, Xhatman 3 MM p a p e r )  

and c h a r a c t e r i z e d  as f o l l o w s :  

G l y c e r o l  ( a b o u t  30 mg) - was d i s s o l v e d  i n  d r y  p y r i d i n e ,  

10$ molar  e x c e s s  p -n i t robenzoy l  c h l o r i d e  added and t h e  

m i x t u r e  h e a t e d  a t  7 5 ' ~  f o r  30 minutes .  A f t e r  c o o l i n g  

t o  room t e v l p e r n t l ~ r e ,  e x c e s s  s a t ~ ~ r a t e d  sodium b i ~ a ~ b o n a t e  

s o l u t i o n  was added and t h e  i n s o l u b l e  p r e c i p i t a t e  

c o l l e c t e d  and washed w i t h  wa te r .  The t r i - p - n i t r o b e n z o a t e ,  

a f t e r  r e c r y s t a l l i z a t i o n  from e t h a n o l  hsd m.p. and mixed 

m.p. 1 9 1 ' ~ .  

E r y t h r i t o l  ( a b o u t  60 mg) - w a s  t r e a t e d  i n  t h e  same 

manner as g l y c e r o l .  The t e t r a - p - n i t r o b e n z o a t e  had m.p. 

and mixed. m.p. 2 5 0 ' ~ .  

Component I ( a b o u t  5 rng) - w a s  hydro lysed  i n  1 - N 

s u l f u r i c  a c i d  ( 1 0  ml) and t h e  h y d r o l y s a t e  shown by 



p a p e r  ch romatography ,  u s i n g  s o l v e n t s  A and  B and s p r a y  

r e a g e n t  G ,  t o  c o n t a i n  3-mannone and  e r y t h r i t o l  i n  a 1 :1  - 

m o l a r  (D-mannose - - by p h e n o l - s u l f u r i c  a c i d  ; - 
e r y t h r i t o l  - d e t e r m i n e d  as  f o r m a l d e h y d e  by  p e r i o d a t e -  

c h r o m o t r o p i c  a c i d ) .  

Co~r.por;ent I1 ( a b o u t  8 mg) - a p o r t i o n  ( 4  mg) was hydro-  

l y s e d  as I above  and  t h e  h y d r o l y o a t e  shown t o  c o n t a i n  

3-mannose - and e r y t h r i t o l  i n  2:1 m o l a r  r a t i o .  The 

r e m a i n i n g  p o r t i o n  o f  I1 w a s  d e g r a d e d  w i t h  p e r i o d a t e  

( S m i t h  d e g r a d a t i o n )  whereupon 1 m o l a r  p r o p o r t i o n  o f  

formaldehyde w a s  p roduced  ( a n a l y s e d  b e f o r e  b o r o h y d r i d e  

r e d u c t i o n )  and  g l y c e r o l  and  a n o n - r e d u c i n g  component  (111) 

w i t h  s l i g h t l y  f a s t e r  m o b i l i t y  t h a n  I were  formed upon 

m i l d  a c i d  h y d r o l y s i s .  Complete  h y d r o l y s i s  o f  111, as 

d e s c r i b e d  f o r  I ,  g ive  3-mannose - a n d  g l y c e r o l  i n  a 1 :1 

m o l a r  r a t i o .  

P e r i o d a t e - c h r o m o t r o p i c  acid p r o c e d u r e  f o r  q u a n t i t a t i v e  

d e t e r m i n a t i o n  o f  e r y t h r i t o l  and  g l y c e r o l  

To 5 r r l l  of t h e  s a m p l e  s o l u t i o n ,  1  m l  0.1 - Y 
p e r i o d i c  t i c id  w a s  added and  t h e  s o l u t i o n  w a s  a l l o w e d  

t o  s t a n d  f o r  10 m i n u t e s .  B a r i u m  c a r b o n a t e  w a s  :+ddeiI t o  

j)-?-ccJ o i t : ,  t e  t h e  i o d a t e  arid p e r i o d a t e .  To I 1rl1 o f  t h e  



f i l t e r e d  solution, w a s  added 5 ml chxornotropic a c i d  

r e x g e n t  ( 1 g r m  1 , 8 - d i h ~ ~ d r o x y n a p h t h a l e n e - 3 , 6 - d i ~ ~ 1 f o r ~ i c  

a c i d  i n  100 ml water p l u s  400 ml aqueous  s u l f u r i c  a c i d  

( s u l f u r i c  a c i d : w a t e r  2 : l ) ) .  The p r e c i p i t a t e  t h a t  formed 

w a s  c e n t r i f u c e d  off  and  t h e  clear s o l u t i o n  was h e a t e d  i n  

a b o i l i n g  water  b a t h  f o r  30 minutes  i n  the absence  of 

l i g h t .  The s o l u t i o n  w a s  coo led  t o  room tempera ture  qnd 

the  abso rbance  measured a t  560 mu i n  a s p e c t r o p h o t o m e t e r .  

The amount of  formaldehyde p r e s e n t  w a s  determified by 

r e f e r e n c e  t o  a s t a n d a r d  curve from a u t h e n t i c  e r y t h r i t o l  

( F i g u r e  111). The p rocedure  i s  s e n s i t i v e  t o  l e s s  t h a n  

1 ug/ml of formaldehyde.  



D I S C U S S I O N  

A rather large number of gums of varying conposi- 

tion and varyine degree of structural complexity have 

been isolated from seed of lesumes. 'Ordinarily, the - -.__ - 
- - ./ 

neutral gums most often found in the endosgerm are less 

corn~lex structurally (conposed of - D-mannose and - &gal- 
actose in varying ratios) than the acid polysaccharides 

which are more characteristically asscciated with seed 

coats and usually contain more than just two sugar 

building units. 

. I~olation and hydrolysis of the galactomannan 

The polysaccisaride w t ~ s  purified by repeated com- 

plexation with copper acetate (13, 14)  to give a product 

wixh a low specific rotation ( [d ] z2  9 & lo in 0.1 N - 
s o d i m  hydroxide). This l o w  value suggests that the 

glycosidic linkages in the main chain have the bets anorn- 

eric configurat5on which is commonly observed for most 

ealactomannans that had been isolated (3). Siwe the 

Gslac tomail~l:in was unaffected by prolonged treatwnt ni t h  

cmulsin, it would appear that the g-galactnse units are 
4 

attached by aipha linkages (for most galactomsnnans thxt 

!lave besn isolated it has been observed thnt the 



2-gn1:tctose units are attached by alpha linkages (3) ). 

Ultracentrif~rpit i o l i  showed a single peak, indic:iting a 

monodl_3perse system and a relatively narrow molecular 

weight range for the po1.ymer. Hydrolysis of the 

polysaceharide gave &mannose - and - D-galactose - in a molar 

ratio of 3 : l .  The g-galactose content is higher than - 
that found in some of the more commonly known galacto- 

mannans such as Suar (1676 D-galactose), - Carob bean ( l ~  - 
277; &galactose), - and Kentucky coffee bean ( 2 0 6  D-gal- - - 
actose), although some galactonannans are known which 

have up to 507: P-galactose - (3). 

. Ivlethylation Analysis 

Hydrolysis of the fully methylated em gave the 

following partially methylated sugars : 2,3,4,6-tetra- 

0-methyl-l)-galactose, 2,3,4,6-tetra-0-methyl-D-mannose, - - - - 

2,4.,6-tri-+methyl-l)-mannose, - - 2,3,6-tri-0-mehtyl-2-mannose, - - 

3,4,6-tri-O-methyl-Q-m~nnose - - and 2,3-di-0-xethyl-&mannose, - - 

molar ratio 23:1:11:28:4:26 (from vapor phase chromato- 

gr:aphy). The presence of the above sugars is in agreement 

with the periodate oxidation results (see succeeding 

section), namely, approximately one of every six IJ-mannose - 

units is linked (1-3). The occurence of a small number 

of (1-7)-linkages is also demonstrated. Although 



( 1-+2)-l inkages are n o t  uncommon i n  y e a s t  manrims (401, 

t h i s  z l y c o s i d i c  l inl tage has n o t  been p r c v i o n s l y  a s s o c i a t e d  

w i t h  l c ,yme  seed enlnctomannans.  A l l  t h e  2-ga1:tctosc - 
w i t s  occ~!py t e r j n i n a l ,  n o n - r e d u c i x  "branch p o i n t "  

p o s i t i o n s  ;;ince t h e  r s t i o  o f  t h e  tetra-0-methyl-2- - - 

g a l a c t o s e  t o  di-0-iliethyl-~-mznnose - - i s  e s s e q t i a l l y  I : ?  

( t h e  s l i g h t l y  l ower  tetra-0-methyl-D-galtictose - - q u a n t i t y ,  

Table  I ,  i s  p robab ly  due t o  i n a d v e r t e n t  l o s s  d u r i n s  

e v a p o r a t i o n ) ,  The absence  of 2,4-di-0-me - t!lyl-B-mannose - 

i n d i c a t e d  t h e  absence  of  (1-3) - l i n k e d  3-mnnose - u n i t s  

a s s o c i a t e d  w i t h  b r a n c h i n e  a t  C6. The approxiniate D.P. of 

t h e  r e p e a t i n g  u n i t  based on t h e  amount of  te t ra -0-methyl -  - 

Q-vannose formed was found t o  be a b o u t  80. From t h e  - 
approximate  mo lecu la r  weigh t  deduced f r o m  u l t r a c e n t r i -  

f u g a t i o n ,  i t  would a p p e a r  t h a t  f o u r  such  u n i t s  c o n s t i t u t e  

one molecu le .  It i s  assumed t h a t  t h e  u se  o f  a l k a l i  as 

t h e  s o l v e n t  ensured  t h a t  a nonod i spe r se  system was 

a n a l y s e d  i n  t h e  u l t r a c e n t r i f u g e .  

C .  Smith  Degrada t ion  

The d i s t i n g u i s h i n g  f ' ea turo  of t h e  S p i  t h  l~eriodrztc.  

d ~ , ? g r a d a t j o n  i s  based on t h e  r e l a t i v e  l a b i l i t y  t o  a c i d  

h;r(irolysis found for t r u e  a c e t a l  sys tems cnrllpared t o  

g l y c o s i d e s ,  b o t h  of which may be formed i n  p e r i o d a t e  



degradation of polysacchnrides. Treatment of the 

~olysncchnride with periodute ( 4  - 5'~) resulted in 

Periodate cons~mption of slightly lens than 1 mole per 

hexose unit. This indicates the preslnce of periodate 

resistant hexose ~mits, e.g., (I-3)-linkages. 

Reduction of the polyaldehyde with borohydride followed 

by mild acid hydrolysis in which only acetnl systems 

would be cleaved, gave glycerol, ergthritol, (no threitol) 

and two non-reducing components (glycosides) with slower 

paper chromatographic mobilities than &galactose. - 

Analysis of the hydrolysis mixture for intact hexose by 

the phenol-sulfuric acid method indicated that 18 - 20% 

had survived periodate attack. The appearance of glycerol 

can primarily be attributed to terminal, non-reducing 

D-mannose and &galactose units, mostly the latter since - - - 

no t h r e i t o 1  was detected. Thrcitol would arise from 

D-galactose - units consecutively linked (1-4). The rel- 

atively major quantity of erythritol produced shows that 

the main chain of the polysaccharicle is composed of 

D-mannopyranose units predominantly linked (1-4). The - - 

r e s u l t s  also indicate that the D-gdhctose - u n i t s  are 

present as sins]-e unit branch points primarily linked 

(1-6) to approximntely every third &mannose - unit of 

the 111ain chain, for example, 



However, studies of a large number of galactomannans (3) 

(1-6) to the main chain. The presence of two non- 

reducing oligosaccharides fractions indicated that a 

small proportion of other t h ~ n  (1-44)- and (1-4) - (I-+6,)- 
linkages existed. liydrolysis of component I , R~vian = 0.61, 

gave Z)-loannose - and erythritol in a ratio of 1 : 1. This 

finding indicates that a minor proportion of g-rnznnose - 

units were linked (1-3) and these were flanked by 

0ligoo;iccharida 1 1  RIvian = 0.33, the molar ratio of I 

and I1 being approximately 1:1, when hydrolysed gave 

g-mnnnofie - ~ ~ n d  erythritol in a ratio of 2:1 indicating a 

small p r o p o r t i o n  of p-mannose - units consecatively linked 

( 1-3) , f o r  example, 



D-Nan-1- ( 1 + 4 ) -I)-Pian-2- ( 1 - - - -+)-@- an-p-( - 1-3)-&Nan-p( - l-.4)-, 

A further ;;rnith type periodnte degradation of I1 gave 

a non-reducing component (shown by hydrolysis to consist 

of p-mannose - and glycerol, molar ratio 1:1), glycerol 

and formaldehyde. Formaldehyde would be expected from 

C4 of the eqrthritol moiety of 11, whereas glycerol 

would arise from the terminal, %on-reducing" ( 1-3) - 
linked 3-mannose unit. The internal ( 1-43) - D-mannose - - 

unit would survive. 

D. Structural notation 

From the methylation and periochte oxidation 

experiments, a reasonably simple structure for the par- 

ticular galactomarman may be assigned with relative 

certainty, since the polysaccharido was immune to action 

of emulsin and the identity of the methylated sugars 

and periodate degradation products was definitely 

established directly or through specific degradation. 

The following structure is consistent with the experi- 

mental results obtained. 





The low i n c i d e n c e  of (I--&')-].inkages i n  t h e  main 

D-mannose chain ( 4  i n  70) i s ,  due t o  complexi ty  o f  -- -- 

r e p r e s e n t a t i o n ,  n o t  i nc luded  i n  the above s t r u c t u r a l  

n o t a t i o n .  Al.though t h e  above no t a t i o n  p rov ides  t h e  

s i m p l e s t  s t r u c t u r e  t h a t  can be envisaged based on t h e  

expe r imen ta l  r e s u l t s  o b t a i n e d ,  i t  is i n  no way intended 

t o  i n d i c a t e  a h i g h l y  r e g u l a r i z e d  sequence.  Such 

i n f o r i m t i o n  could on ly  be ob ta ined  from a s e q u e n t i a l  

l i n k a ~ e  - a n a l y s i s  which i s  n o t  as y e t  a v a i l a b l e .  It  

seems r easonab le  t o  assume t h a t  t h e  t o t a l  s t r u c t u r e  of  

p o l y s a c c h a r i d e s  such as t h e  one i n v e s t i g a t e d  a r i s e s  from 

a rather  o r d e r l y  co -o rd ina t ion  o f  enzyme c n t a l y s e d  

e v e n t s  and a r a t h e r  r e g u l a r i z e d  s t r u c t u r e  such as 

i n d i c a t e d  by t h e  above n o t a t i o n  appea r s  more a t t r -  

a c t i v e  than a comple te ly  random sequence 





Concentration ug/ml 

Figure I. Standard curve for 3-mannose - (phenol- 

sulfuric acid procedure). 



Concentration ug/ml 

Figure 11. Standard curve for 8-galactose - (phenol- 

sulfuric acid procedure). 
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Concentration ug/ml (formaldehyde) 

Figure 111. Stagdard curve for erythritol (chromotropic 

acid procedure). 
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PART 11 

STRUCTUHE STUDY OF A GALACTOPUNNAN FROM 
- 

SEED OF 

C A E S A L P I N I A  PULCHERIMA 



INTRODUCTION 

Caesalpinia pulcherima is a thorny, bushy legume 

which is widely distributed in tropical and sub-tropical 

regions. Its thorny character (thorns are extremely 

hard and approximately one to two inches long) make 

this plant ideal for barriers. The mature plant produces 

an abundance of flowers and the pods which subsequently 

developed contain from two to eight large seeds (z 0.7 
to 1.0 cm. dia., 0.2 to 0.4 cm. thick). In contrast, the 

Crotalaria mucronata plant is small (eight to sixteen 

inches tall) and the seed pods resemble the spiral seed 

Pod of alfalfa plants. Characteristic of legumes, the 

seeds of Caesalpinia pulcherima contain a liberal 

quantity of neutral gum (galactomannan) in the endospern. 

Whereas the galactomarman from mesquite is of 

tremendous comnercial value due to ease of harvesting, 

the thorny character of the Cnesalpinia pulcherima plant 

renders it relatively ineffective as a potential 

industrial source of neutral gum. 



EXI'ERIMENTAL METHODS AND RESULTS 

A .  Isolation of Galactomannan 

Galactomannan was extracted from coarsely ground 

seed  as described in Yart I. The grey, stringy - 

Precipitate was dried by solvent exchange. 

B. Purification of Galactomannan with Copper Acetate 

The crude galactomannan was purified by repeated 

complex formation with copper acetate as described in 

part  I, [&]E2 +6O ( c  1.0, 0.1 - N sodium hydroxide). 

C. Ultracentrifugation 

Solutions of galactomannan (0.5 to 191 concentration) 

in alkali (1 to 5 - N sodium hydroxide) were centrifuged 
for 3 hours, rotor speed 60,000 r.p.m. The sedimentation 

pattern (O.R$ galactomannan in 5 rJ sodium hydroxide) 
showed that the polysaccharide was homogeneous (one 

single, relatively sharp peak) (Figure I). The molecular 

weight was estimated to be about 60,000 by comparison 

to the sedimentation rate abserved for a-amylase with 

a known ~nolecular weight of 62,500- 



D. Hydrolysis of ~olysaccharide 

(a) With 1 - N sulfuric acid 

The galactomannan was hydrolysed and analysed as 

described in Part I. The ratio of D-nannose - and 

D-galactose as determined by paper chromatography and - - 
- 

gas-liquid chromatography was found to be 3 : 1 .  The 

individual sugars were further identified as described 

in the comparable section in Part I. 

(b) Hydrolysis with Emulsin 

The polysaccharide was treated (see Part I for 

methodology) with emulsin. After extended incubation, 

no D-galactose - (or - D-rnannose) was detected by paper 

chromatography, neither was any evidence obtained for 

the formation of small oligomers. 

E. Methylation Analysis 

The polysaccharide was methylated and analysed 

as described in Part I. The molar ratio of the partially 

methylated sugars is shown in Table I and 11. The 

rnixt~lre of sugars was separated using Whatnan 3 MM paper 

with but~cone-water azeotrope ( 1 )  and the individual 



Table I 

Vapor phase chromatography of trimethylsilyl derivatives 

of partially rnethylated sugars 

Trimethylsilyl derivative Retention time Molar 
- 

(min. ) ratio 

2,3,4,6-tetra-0-methyl-?- 16.5 1 - - 
manno s e 

2,3,4,6-tetra-0-methyl-D- - - 15.2 (4) 27 

galactose 18.0 

2,4,6-tri-0-methyl-D- - - 12.0 4 
mannos e 

3,4,6-tri-0-methyl-D- - - 10.4 2 

mannos e 

2,3,6-tri-0-methyl-D- - 13.4 60 - 
rnannose 

2,3-di-0-methyl-D-mannose - - 8.6 32 



Component Etl tanone- n-Butanol- Proposed compound Molar 

water e than01 

azeotrope water 

ratio 
#$ 

2,3,4,6-tetra-0- - 
methyl-D-rnannose - 
2,3,4,6-tetra-0- - 1 

methyl-&galactose - 
2,4,6-tri-0- - 
methyl-8-mannose - 
2,3,6- tri-0- - 
methyl-?-mannose - 

and 2 

3,4,6-tri-0- - 
methyl-D-mannose - 
2,3-di-0-methyl- - 1 

I)-manno se  - 







l0.4 minutes (minor proportion), and 2,3,6-tri-0-methyl- - 
D-mannose, - I 3.4 minutes (major proportion). A portion 

(100 me) of component 4 was subjected to the following 

Series of reactions : (a) reduction with borohydride, 

(b) oxidation with periodic acid, (c) reduction with 

borohydride, ( d )  demethylation with 35% hydrobromic 

acid, ( e )  deionization and (f) identification of products 

by paper and gas chromatography. Ethylene glycol and 

erythritol were identified and would arise from 2,3,6- 

tri-0-methYl-~-rnannose. - D-arabinitol was identified by - - 
comparison with zuthentic D-arabinitol - obtained via the 

above series of reactions carried out on 3,4,6-tri-0- - 
methyl-g-mannose - prepared by a published procedure (5). 

The retention time of the trimethylsilyl derivatives of 

authentic - D-arabinitol and that obtained from component - 
4 was identical (3.4 minutes, 170•‹c, otherwise conditions 

as described previously), pentaacetate derivative was 

not prepared due to insufficient quantity. g-arabinitol - 
would arise from 3,A,6-tri-0-methyl-B-mannose - - (the same 

pentito1 would arise from 2,%,4-tri-2-methyl-%mannose; - 
however, the absence of this sugar was established 

previously from v.P.C. results - see Table I). - g-mannit01 
w a s  identified by comparison with authentic compound, 

the trimctQlsily1 derivatives of both having a retention 

time of 4.4 minutes (170•‹, conditions as described 



Previously). - D-mannit01 would be derived from 2,4,6- - 
t r i - ~ - r n e t h ~ l - ~ - n ~ ~ n ~ ~ s e  - - - via the above series of reactions. 

gave upon treatment with p-nitrobenzoyl chloride, as 

F. Smith Periodate Degradation 

The p01ysacchari.de ( 1  gram) was treated with 

periodic acid and analysed as described in Part I. 

Periodate consumption reached 1.2 moles per hexose unit 

in 3 days with little change thereafter. Analysis of 

the polyalcohol solution by the phenol-sulfuric acid 

method indicated intact hexose to the extent of 4 - 6$ 

(in terms of - - D-mannose) of the o r i g i n a l  polysaccharide. 

Glycerol and erythritol (molar  ratio 1:2.85) were 

detected and the molar ratio determined as d.escribed 

in Part I. Two non-reducing components RMan = 0.64 

(component I) and Rplan = 0.35 (component 11) were also 

evident upon paper chromatographic analysis. The 

compounds were separated using Whatman 3 MII paper, 

ethyl acetate:pyridine:water (8:2:1) and chnrscterized 

as follows : 



Erythritol (about 140 mg) - The derived tetra-p- 
nitrobenzoate had m.p. and mixed m.p. 2 5 0 ~ ~ .  

- 

Component I (about 4 mg) - was hydrolysed in - N 
s~lfuric acid (10 ml) and the hydrolysate after the usual 

work up was S~OWII by paper (Whatman Vo.1) chromatography, 

using ethyl acetate :pyridine :water (8: 2: 1 ) and silver 

nitrate spray, to coctain D-mannose - and erythritol in 

a 1:1 molar ratio (procedures described in Part I). 

Component I1 (about 7 me) - A portion ( 3  mg) was 

h~drolys~d as I above and the hydrolysate shown by paper 

chromatograp~,y (Whatman No.1, ethyl acetate:pyridine:water 

(8:2:1)) to contain - - 3-mannose and erythritol in a 2:1 

molar ratio, The molar ratio was determined u s i x  phenol- 

sulfuric acid method in conjunction with the periodate- 

chrornotropic acid reagent. The remaining portion of 11 

was degraded with periodate (Smith degradation) whereupon 

1 molar proportion of formaldehyde (assayed with 

chromotrogjc acid) was produced and a non-reducing 

Component 111 with slightly faster mobility than I were 

formed upon mild ac id  hydrolysis. Complete hydrolysis 



of 111, as described f o r  I ,  gave - D-mannose and g l y c e r o l  - 
i n  a 7 : 7  molar r a t i o .  



DISCUSSION 

A .  Isolation and hydrolysis of the galactomannan 

The purified polysaccharide had ~ 0 9 2 ~  +6O (0.1 - N 
sodium hydroxide) and was in this respect very similar 

to Crotalaria gum. This low specific rotation indicates 

that the glycosidic linkages in the main chain have the 

beta anomeric configuration. Since the galactomannan 

was unaffected by treatment with emulsin, the D-galact- - 
ose units are evidently attached to presumably the main 

D-mannose chain by alpha linkages. This is strikingly - - 
similar to the linkage pattern for Crotalaria 

galactomannan. 

B. Methylation analysis 

The results obtained from V.P.C. analysis of the 

partially methylated sugars generated by hydrolysis of 

the fully methylated galactomannan are essentially in 

agreement with the periodate oxidation results in that 

approximately one of every twenty a-mannose - units is 

linked ( 1 - 3 ) .  The occurence of a small proportion of 

(1-2)-linka,ges was noted by the Presence of t h e  

requisite sugar. All the - - D-galactose units occupy 



terminal, non-reducing "branch point* positions since 

the ratio of t e t r a -0 -me th ly l -~ -~a l ac to~e  to di-(+ethyl- - - 
D-mannose is essentially 1:1. The absence of 2,4-di-0- - - - 
methyl-D-mannose - - indicated the ,absence of (I-43)-linked 

22-mannose - units associated with branchine at C6* The 

approximate D.Y. of the repeating unit, based on the 
-. 

amount of tetra-(I-methyl-IJ-mannose found, was 120 which - - 
is considerably larger than the value for Crotalaria 

gum. From the results of ultracentrifugation, it is 

evident that three such units constitute one molecule. 

C. Smith degradation 

The appearance of glycerol can be attributed to 

terminal non-reducing - a-mannose and &galactose - unito, 

mostly the latter since no threitol was detected. 

Threitol would, as was indicated earlier, arise from 

8-galactose - units consecutively linked (1+4).  The 

relatively major quantity of erythritol produced shows 

that the main chain of the polysaccharide is composed 

of L)-mannopyranose - units predominantly linked (1--4). 

The above indicated, as was t h e  case for the methylation 

y e s u l t s ,  that the n-galactose - units are prevent as - 
single unit branch points exclusively linked (1-46) to 

approxirnntely every third - @-mannose unit of the  main 



chain, for example, 

The presence of the two non-reducing components described 
. -. 

in the experimental section indicated a significant 

incidence of isolated and consecutive (1-'3)-1in1c&~es, 

D. Structural notation 

From the methylation and periodate oxidation 

experiments, a reasonably simple structure for this 

particular ~alactornannan may be assigned with relative 

Certainty. This is believed possible since the 

polysaccharide w a s  immune to the action of emulsin and 

the identity of the methylated sugars was definitely 

established directly or through degradation. The 

following structure is consistent with the experimental 

results obtained : 





As in the case of the galactomannan from 

C p o t a l n r i a ,  the low incidence of (l--t2)-linkages ( 2 s )  

cannot be conveniently included in the structural 

notation.  Again, the structural notation does not 

necessary imply a regularized sequence. 





a, 
a 
(I) 





PART 111 

STRUCTTJRE STUljIES OF OLIGOSACCHABIDXS 

PRODUCED BY 

VERTICILLIUM DAHLIAE 



INTRODUCTION 

Until quite recently, interest in oligosaccharides 

was largely confined to a limited number of compounds 

occuring free in nature or which could be easily prepared 

from simple sugar polymers such as cellulose and starch. - 

The advent of chromatographic techniques has brought 

with it the rlpid development of relatively easy methods 

for the effective fractionation of complex mixtures of 

oligosaccharides and many new compounds in the 

oligosaccharide series have now been isolated and 

characterized. The synthesis of oligosaccharides by 

either chemical or enzymic means has been receiving very 

Considerable attention particularly in imunobi~chemistr~. 

Both types of syntheses have primarily been aimed at an 

understanding of the structure and biological formation 

of the physiologically important sugars occuring in 

nature. In the course of such work many other oligosac- 

charides have been prepared, often in the case of 

enzymic synthesis under conditions of doubtful phyaiol- 

ogical significance. These - in vitro enzymic synthesis 

do, however, represent important preparative routes for 

a number of useful oligosaccharides. 

The present investigation deals with the synthesis 



of oligosnccharides by the plant pathogenic fungus, 

Verticillium dahliae, from sucrose. The structural 

analysis of' several of a series of oligosaccharides 

(disaccharides) are presented. 



LITERATURE REVIEW 

A limited number of naturally occ~ring oligosacc- 

harides may be isolated by relatively simple crystalli- 

zation procedures. Of great concern, however, is the 

isolation in a pure state of the many compounds which - 

are obtained in complex mixture and which are often only 

present as minor constituents of these mixtures. Such 

isolations involve the use of various methods of 

partition and adsorption chromatography. A detailed 

review of the application of chromatographic techniques 

to the preparation and purification of oligosaccharides 

is given by Bailey and Yridham (1). 

Relatively large amounts of monosaccharides can 

be quite easily separated by adsorption chromatography 

on charcoal. Charcoal-celite ( 1 )  mixtures are commonly 

used although charcoal-cellulose (2) and stearic acid- 

treated charcoal (3) have also been recommended. The 

basis of charcoal fractionation is that di- and higher 

saccharides are adsorped on the charcoal and eluted 

with aqueous ethanol, the D.Y. of the eluted oligosacc- 

haride increasing as the ethanol concentration increases, 

In simple flrctionation, elution is attained in a 

stepwise manner; monosaccharides being removed by water, 



( u s i ~  5 - 7 per cent ethanol) ( 4 ,  5) followed by 

trisaccharides ( 9  - 15 per cent ethanol) ( 4 ,  5) and so 

on. This procedure is,therefore,most useful for separa- 

ting the members of an homologous series, or by freeing 

a particular sugar from saccharides of higher and lower 

D.P. 
. - 

Although adsorption chromatographic methods 

mentioned above are excellent for separating oligosacc- 

harides of different D.P., they are not always suitable 

for separating isomeric compounds of the same D.Y. In 

this latter case, partition methodsoften offer the only 

means of effectively separating closely related 

oligosaccharide isomers. Although the application of 

cellulose column chromatography has proved very effective 

for the resolution of monosaccharide mixtures, it has 

not proved SO suitable for separating oligosaccharides, 

mainly because of slowness and the fact that many of 

the solvents which give good separations of oligosacch- 

aride mixtures on papers (1) are not suitable for use 

with cellulose columns. Various modifications have 

therefore, been developed. By the use of thicker paper 

it is;comparatively easy matter to isolate 30 to 50 mg 

of pure oligosaccharide. Such quantities are often 

ample for structural studies. 

Although the above chromatographic procedures 



&€merally separate individual oligosaccharides from 

mixtures or from traces of sugar impurities, the isolated 

compounds must often be freed from troublesome traces 

of non-sugar impurities and must always be checked for 

homogeneity so far as the sugar itself is concerned. 

Traces of inorganic material can usually be conveniently 
- 

removed by dissolving the anhydrous sugar in dry methanol 

and filtering off the insoluble inorganic impurities. 

Tetra- and higher saccharides are often not very soluble 

in methanol, however, they may be purified by dissolving 

in anhydrous ethanol followed by addition of the minimum 

amount of water needed to effect solution (5). Inorganic 

ions may also be removed with ion-exchange resins which 

show little or no tendency for irreversible adsorption 

of oligosaccharides. It is particularly important that 

weak anion exchange resins be used. Homogeneity of the 

oligosaccharide should be checked by paper chromatogra- 

phic analysis in a variety of solvents (acidic, basic 

and neutral) which are known to give good separations 

of these substances (1) when the D.P. is below four. 

Certain chemical properties are Common to the whole 

general class of oligosaccharides and are mainly relevent 

to the determination of structure. These are briefly 

reviewed below, ~ligosaccharides are commonly divided 

into two main classes, reducing and non-reducing. It 



should be mentioned at this point, however, that oligo- 

Saccharides with a substituent on C-2 of a reducing 

aldose unit are virtually non-reducing to the commonly 

used copper reagents (6). 

The chromatographic techniques which have had such 

a major impact on preparative methods have also had a 

marked effect on the methods used in investigating 

structure. The classical chemical transformations used 

to establish the structures of compounds which were 

readily available in large amounts have to a large extent 

given way to methods requiring much smaller ( 1  - 10 mg) 

amounts of material. This means that the structure of 

a new oli~osaccharide can now often be assigned with a 

fair degree of certainty when only a few milligrams of 

pure sugar are available ( 1 , 7 , 8) 
There are two general aspects of structural 

studies. Firstly, establishment of proof of identity of 

an isolated compound with a compound of known structure 

and secondly, establishment of the structure of a 

hitherto unknown compound. The first may be largely 

achieved by paper chromatographic studies without neces- 

sarily isolating the compound. Such identifications 

should be based on a direct comparison with an authentic 

specimen both with respect to movement in a wide variety 

of solvents and the reactions with several spray reagents, 



S o l e  reliance, in chromatographic studies, on published 

Rp and RG values should be resorted to only if no 

authentic specimen can be obtained. 

There are quite a number of classical methods used 

in the structural analysis of oligosaccharides, e.g., 

Paper chromatography, partial linkage analysis and total - 

acid hydrolysis, periodate oxidation, methylation 

analysis, enzymic hydrolysis, optical activity, etc. The 

Present investigation is confined to the characterization 

of sone disaccharides. Due to the very limiting quanti- 

ties available, only a few methods for characterization 

could be employed. 

The first task in ascertaining the constituents 

of oligosaccharides is the identification of the mono- 

saccharides of which the oligosaccharide is composed. 

This is effected either by acid or enzymic hydrolysis. 

The identification of cleavage products by means of 

paper chromatography (9, 1 0 )  or V.P.C. (18) presents no 

difficulty. 

Methylation analysis is an important technique 

for the study of oligosaccharide structure. The classical 

methylation methods are, however, unsuitable for micro- 

scale work on 1 - 5 mg of sugar. This presented a 
problem of some considerable magnitude since more often 

than not only very small amounts of oligosaccharide are 



available. A recent methylation procedure using methyl 

iodide in N,N-dimethylformamide with silver or barium 

oxide, developed by Kuhn and associates ( 1  1  ) , has largely 
overcome this difficulty. Coupled with identification 

and quantitive measurement of the methylated monosacch- 

arides by gas-liquid chromatography this method has 

enabled Perila and Bishop (12) to assign structures to 

oligosaccharides using only 0.5 - 2.0 W of compound. 

The methylation method, proved to be as effective as 

the one described, used in the present investigation 

involved the use of sodium hydride in methyl sulfoxidc 

and methyl iodide (13, 1 4 ) .  



EXPERIMENTAL METHODS AND RESULTS 

Solvents systems used in paper chromatography were: 

A. Ethyl acetate :acetic acid :water (8:2:2) 

B. Ethyl acetate:pyridine:water (8:2:1) 

C. n-Propano1:ethyl acetate:water (7:1:2) (17) 
. -- 

D. Butanone-water azeotrope (20)  

A .  Isolation of oligosaccharides 

Oligosaccharides which were mixed with a large 

quantity of - D-glucose and a-fructose were eluted from - - 
a charcoal-celite column (1 :1 ratio), 4 x 50 cm., by 

washing with 10 litres of water. A mixture of oligosac- 

charides was eluted by passage of 5$ aqueous ethanol. 

acid) (16), four components were located. In solvent B, 

four components were also evident having RSucrose, 1.56, 

1.22, 1.0 and 0.75 respectively ( D l ,  D2, D3, D4). 

Another two fractions were again eluted by 1% and 50% 

aqueous ethanol, but were not further investigated at 

this time. The fraction eluted by 5% aqueous ethanol 

was further purified by dissolving in methanol, filtered 

and evaporated. Final reoolution was affected by paper 



Table I 

Paper chromatography of hydrolysate of methylnted D 4 

-- - -- 

Component Paper chromatography Thin layer Proposed 

Butanone-water chromatography compound 

azeotrope Butanone-water 
aeeotrope 

R ~ #  

193,496- 
tetra-0- - 
methyl-l>- - 
fructose 

2,394- 
tri-0- - 
methyl-& - 
glucose 

# Mobility with reference to 2,3,4,6-tetra-2-methyl- 



Table I1 

Vapor phase chromatography of trimethylsilyl derivatives 

of partially methylated sugars 

Component Retention time Proposed compound Molar 

(min. ) ratio 

8.7 1,3,4,6-tetra-0- - 1 
me t h ~ l - d - ~  - 
fructose 
1,3,4,6-tetra-0- - 
me thyl-p-D- - 
fructose 

2,3,4-tri-0- 4 - 
me thyl-2- - 
glucose 



Be Analysis of component D4 

The compound, D4, 13 mg, had c~I;' +Go ( c  0.65, 

water), [a];* -24' (c 0.65, methanol), was shown to be 

homogeneous by paper chromatography u s i ~  the three 

solvent systems, A, B and C. It had a mobility slower 

solution was added, On heating, a reddish brown precip- 

itate was formed indicating that D4 was a reducing sugar. 

The approximate molecular weight was found to be 330 

(Molecular weight machine, Model 115, Hitachi-Perkin- 

Elmer). 

A portion (5 mg) of D4 was hydrolysed (lOoOc, 15 
hours) with 1 - N sulfuric acid (5 ml). After deionization, 

and evaporation, the hydrolysate was found by paper 

chromatography, solvents A, B, spray reagents E and F, 

to contain D-glucose - and &)-fructose. The hydrolysate - - 
wan separated (Whatman Noel, solvent B) and the molar 

ratio was found to be 1:1 as determined by the phenol- 

sulfuric acid procedure (described in Part I). The ratio 



also determined by V.P.C. of the trirnethylsilyl 

derivatives (18, 19), usiq 20% neopentylglycolsuccinate 

on Gas Chrom. 900, 9/76" by 12 '  column, 1 1 1 0 ~ ~ ,  helium 

flow rate 100 ml/min., flame ionization detector, and 

was found again to be 1:l (allowance was made for the 

loss of _D-fructose - during hydrolysis). - 

The remaining portion was rnethylated using sodium 

h~dride in methyl sulfoxide and methyl iodide (13, 14). 

The fully methylated disaccharide was hydrolysed ( 10oO~, 

Ih hours) with 7 N sulfuric acid ( 5  ml) The hydrolysate - 
after neutralization with barium carbonate was analysed 

as follows : Thin layer chromatography on silica gel 

using solvent D, showed two components, R/ values 7.0 

and 0.78, Paper chromatography in solvent showed two 

components with RF values 0.82 and 0.61. V.P.C. analysis 

of the trimethylsilyl derivatives showed three peaks 

with retention times 8.7 minutes, 10.7 minutes and 11,5 

minutes, The results are summarized in Tables I and 11. 

mobility with respect to the mobility of ?,3,4,6-tetra- 

O-methyl-p-glucose. - - 



Further confirmation of identity was establiohed 

by Preparing 1,3, 4,6-tetra-0-methyl-D-fructosc - - and 

9 3,4-tr i-0-methyl-&glucose.  - - These were conveniently 

obtained by hydrolysis of 

Component 1 and authentic 

fructose showed identical 

fully methylated raffinose. 

1,3,4,6-tetra-0-methyl-& - - 

Rp 9 0.82 in solvent D (paper 
- 

chromatography), RG, 1.0 in solvent D (thin layer 

chromatography), and retention times of trimethylsilyl 

derivatives (8.7 minutes, 4-anomer; 10.7 minutes, p-  
anomer ) . 

Component 2 and authentic 2,3,4-tri-2-methyl-D- - - 

glucose showed identical RF, 0.61 solvent D (paper 

chromatography), RG, 0.78, solvent D ( t h i n  layer 

chromatography on silica gel), and retention time of 

trirnethylsilyl derivatives ( 11 .5 minutes). The molar 

ratio of the two components was found by V.P.C. to be 

1:l. 

C. Analysis of component D3 

D3 * 8 mg, after fieionization was found'to be non- 

reducing to alkaline Fehling solution. Paper chromatog- 

raphy using solve~~t systems A, B, C, indicated the 

presence of one component, which had the same RF value 

a8 authentic sucrose. On hydrolysis by 1 sulfuric 



D* Analysis of component D2 

found to be a reducing sugar (by positive test with 

alkaline Fehling solution) and homogeneous as shown by 

Paper chromatography, using solvents A and B 

(*sucrose ' 1.22 and RMnltose9 1.8, in solvent 3). 
A portion (3 ng) was hydrolysed with 1 _N sulfuric 

acid (10 ml) and after neutralization with barium 

Carbonate, filtration and evaporation of solvent, only 

D-fructose was identified by paper chromatography, - - 

The remaining portion ( 4  W )  Was methylated by 

sodium hydride in methyl sulfoxide and methyl iodide. 

After hydrolysis (10 ml 1 - M sulfuric acid, IOO~C, 30 

minutes) and neutralization (barium carbonate), the 

hydrolysate was shown to contain three components by 



thin layer chromatography on silica eel, solvent D, RG 

Val-ues 1 .0, 0.79 and 0.70. Paper chromatography, solvent 

D, three components were evident (1, 11, 111) with 

Rp values 0.82, 0.62, 0.51. Component 1 and authentic 

l,j,4,6-tetra-~-methyl-n-fructose showed identical RF - - 
value 0.82 (paper chromatography, solvent D) and RG - 

value 1.0 (solvent D, thin layer chromatography on sil- 

ica gel). Components 11 and I11 were tentatively 

identified as a mixture of tri-0-methyl-3-fructoses - 
which could not be analysed in detail due to insufficient 

quantity, A significant loss of methylated a-fructoses - 

during hydrolysis may be attributed to the apparent 

inherent instability of fructose derivatives to hot 

mineral acid. 

Ee Analysis of component Dl (12 ng) 

Compound Dl, migrating faster than than sucrose 

in solvent 3, gave after previously described isolation 

techniques, [dl:* -25' (c 0.6, methanol). Paper chromat- 

ography (Whatman Noel) using three solvent systems A, 

solution was added. On heating a reddish brown 



p r e c i p i t a t e  was obtained i n d i c a t i n e  t h a t  Dl i s  a reducing  

sugar .  Another por t ion  ( 4  mg) was hydrolysed wi th  1 

s u l f u r i c  a c i d  ( 1 OO'C, I +  hours) .  The n e u t r a l i z e d  (barium 

ca rbona te )  hydrolysa te  was found by paper chromatography, 

s o l v e n t s  A and R ,  t o  conta in  D-glucose - and &fruc tose  - 
i n  a molar r a t i o  of 1:1 (phenol -su l fur ic  a c i d  procedure) ,  - 

The remaining p o r t i o n  w a s  methylated by sodium 

hydr ide  i n  methyl su1foxi.de and methyl iod ide .  The f u l l y  

methylated d i sacchar ide  w a s  then hydrolysed by 1 - N 
s u l f u r i c  a c i d  ( I O O ~ C ,  I-& hours ) .  A f t e r  n e u t r a l i z a t i o n  3y 

barium carbonate ,  t h e  hydrolysa te  was analysed as fo l lows:  

Thin l a y e r  chromatography on s i l i c a  g e l  us ing  s o l v e n t  D, 

showed the presence of two components having R v a l u e s  1,o G 

and 0.71. Paper chronatagraphy i n  s o l v e n t  D,  two 

components were aga in  ev iden t ,  Rp va lues  0.82 and 0.55. 

V.P.C. a n a l y s i s  of t r i ~ e t h y l s i l y l  d e r i v a t i v e s  ( l g ) ,  

t h r e e  peaks were obta ined ,  r e t e n t i o n  t imes,  0.7 minutes ,  

10.7 m i n ~ ~ t e s  and 12.2 minutes. The r e s u l t s  a r e  

summarized i n  Tables 111 and I V .  

Fu r the r  confirrna,tion o f  i d e n t i t i e s  w ~ s  e s t a b l i s h e d  

by p repar ing  a u t h e n t i c  samples of 1,3,4,6-tetra-0-methyl- - 
& f r u c t o s e  - from r a f f i n o s e  (as descr ibed p r e v i o u s l y )  and 

2,3,6-tri-O-methyl-~-g11~cose - - from ztrnylose by stantlard 

~ n e t h y l n t i o n ,  h ~ r d r o l y s i s  and i s o l a t i o n  of ma jo r  sugar .  

Component 1 and authen t i c  1  ,3,4,6-tetra-0-me - ~ ! I Y ~ - D -  - - 



Table 111 

Paper chromatography of hydrolysnte of methylated D~ 

Component Paper chromatography Thin layer Proposed 
Butanone-water chromatography compound 

azeotrope Butanone-water 
azeo trope 

R ~ #  

19'39496- 
tetra-0- - 
me thyl-D- - - 
fructose 

2,396- 
tri-0- - 
me thyl-B- - - 
glucose 

# Mobility with reference to 2,3,4,6-tetra-0-methyl- - 
D-glucose. - - 



Table IV 

Vapor phase chromatography of trimethylsilyl derivatives 
of partially methylated sugars 

-. 

Component Retention time Proposed compound Molar 

(min. ) ratio 

8-7 1,3,4,6-tetra-0- - 1 
me thyl-4-F - 
fructose 

1,3,4,6-tetra-0- - 
methyl- p-3- - 
fructose 

2 , 3 , 6 -  tri-0- - 
methyl-Eglucose - 



fructose showed identical RF, 0.82 in paper (Whatman Not) 

chromatography (solvent D), RG, 1.0 in thin layer 

chromatography on silica gel (solvent D), and retention 

times of trimethylsilyl derivatives (8.7 minutes, 4- 

anon~er, 10.7 minutes, (3-anomer). component 2 and authe- 

ntic 2,3,6-tri-0-methyl-D-glucose - - showed identical RF, 

0.55 in paper chromatography (solvent D) RG, 0.71 in 

thin layer chromatography on silica gel (solvent D) and 

retention time of trimethylsilyl derivatives (12.2 min.). 

The molar ratio of the two components was found by vapor 

phase chromatography to be 1:l. 



DISCUSSION 

While some 40 or more oligosaccharides are found 

free in Nature the are obtained either by 

synthesis or by hydrolysis of a higher polymers or 

glycosides. More recently the enzymic synthesis of oli- 

gosaccharides has interested a significant number of 

carbohydrate chemists as well as immunobiochemsits. 

The - in vitro enzymic syntheses represent important 

preparative routes for a number of useful ~ligosaccharide~, 

IJsually , these enzymes are obtained from bacterial 
systems. In this investigation, bacterial synthesis was 

discounted in that no contamination Was evident (micro- 

scopic examination of culture filtrates). 

A .  Isolation of oligosaccharides 

Before purification, it was difficult to effecti- 

vely separate the oligosaccharides even by paper 

chromatography on Vhatman 3 PiM sheets since the solution 

Contained very large amount of a-glucose - and g-fructose - 

(over 99 p e r  cent). Ilowever, charcoal-celite column 

chromatography provides a very effective means of 

Separating the oli~osaccharides from monosaccharides by 

elution with a large quantity of water. Water containinG 



5'it ethanol eluted a mixture of disaccharides. Further 

Separation of disaccharides could be accomplished by paper 

chromatography. Although both Whatman No. 1 and 3 1IM 

paper may be usec?, the former gives a somewhat clearer 

resolution and sufficient amounts of the individual 

compounds may be isolated for further structural 
- 

investigations. 

B. Structure of D4 

From the results of paper chromatography in which 

D4 showed 'sucrose 0 * 7 5 ,  %altose 1.03, and molecular 

weight determination, it became evident that D was a 4 

disaccharide. This is in agreement with the results 

obtained by 'Yhistler et a1 (4) and '&elan et a1 (5) in 

that 5 - 7$ aqueous ethanol eluted disaccharides from 
a mixture of higher oligomers. The purified compound 

had [d.]g2 +6' (c 0.65, water), [dl;' -24' (c 0.65, met- 

hanol). The low specific rotation suggests that the 

Hydrolysis gave - - D-glucose and D-fructose - in a molar 

ratio of 1 : 1. The reduction of alkaline Fehling solution 

D-glucose or D-fructose unit could occupy the reducinz 

end position. On nethylation and hydrolysis, 1,3,4,6- 



The disaccharide, D4, appears to be identical in 

all respects to a compound isolated by Nhelan and Jones 

(21)  from digests containing emethyl fructoside, glucose 

and invertase solution and to a substance isolated by 

Deli and Bdelnan ( 2 2 )  from a sucrose-yeast invertase 

dieest. The same type of disaccharide has also been 

i s o l a t e d  by Feingold et a1 (23) from a sucrose-levansu- 

crase  di-cst. The identification of l a rge  quantities of 

@-glucose and 8-fructose in the orig'inal culture - - 
filtrate indicated that the fungus contains or produces 



invertase. It is therefore not entirely unexpected that 

at least a limited synthetic ability is associated in 

which minor amounts of disaccharides and possibly other 

~ligosacchnrides are generated which are normally 

associated with sucrose-invertase or levansucrase systems. 

C. Structure of Dj 

Compound D- was a non-reducing disaccharide and 
3 

was found to be identical with respect to RF values to 

sucrose. On hydrolysis it gave B-fructose - and &glucose - 
in the molar ratio of !:I.  It is of interest to note 

that since sucrose served as the sole carbon source f o r  

the fungus, the very small drrm.int of D (sucrose) which 3 
remained escaped a rapid hydrolysis to &glucose - and 

a-fructose - or represented a slow resynthesis of the 

disaccharide. 

D. Structure of D2 

Cornpound U2 had l-4g2 -16' (c 0.6, water). This low 

valu~ indicated, as in the case of 7) that the glycos- 4 ' 
idic l i nkage  has the b e t a  anomeric confi&ration. It 

was found to be a reducing substance (disaccharide). On 

hydrolysis, D2 gave only D-fructose. - Nethylation and 



hydrolysis gave 1,3,4,6-tetra-2-methyl-g-fructose - and 

a mixture of two tri-0-methyl-D-fructoses - - which could 

not due to lack of sufficient quantity be positively 

characterized. It would therefore appear likely that 

D2 is composed of a minimum of two closely related 

disaccharides and the constituents are most probably 
- 

fructosylfructoses. These could be two disaccharides 

which would be formed by a glycosyl transfer to a 

primary alcoholic group on fructose, viz., 7-0-(3-B- - - 
f ruc to fu ranosy l -&fruc tose  - and 6-2-(3-3-fructof~ranos~l- - 
IJ-fructose. The difructoses isolated appear to be - 
similar to those isolated by Bacon ( 2 4 ) ,  Bell and 

lidelman (22) and Feingold et al (23) .  The relatively 

major proportion of 1,3,4,6-tetra-2-methyl-+fructose - 
could also indicate a difructose linked (2-2) while 

the reducing property could have arisen from two 

disaccharide$ giving rise to the small amount of tri-0- - 
methyl->-fructoses. - 'hereas in the glucobiose series, 

4,d-trehalose, d ,  (3- trehalose and p,p-trehalose are 

known to occur in nature, the corresponding fructobioses, 

((2-2)-linkage), have not been isolated. 



The disaccharide w a s  found to he reducing based 

on a ponilive Fehling's tent. The low specific rotation, 

[qg2 -25' (C 0.6, methanol) of Dl suggests that tha 

glycosidic linkage had the  b e t a  anomeric configuration. 

IIydrolysis cave D-fructose - m d  D-glucose - in a molar 

ratio of 1:1. It would appear  fro^ this that as for D4, 

either - 3-fructose or D-glucose - occupied the reducing 

end position. On methylation followed by hydrolysis, 

Dl gave 1,3,4,6-te%ra-0-methyl-~-fructose - - and 2,3,6- 

tri-0-methyl-D-glucsoe - - in the molar ratio o f  1 : l .  The 

above findings showed that the D-glucose - unit is at the 

reducing end while the D-fructose - unit is joined to the - 
D-glucose unit by a (2--4)-linkage. The following - 
structure is consistent with the results described. 



The disaccharides synthesized by Verticillium 

dahl.iae are quite similar if not identical to those - 
obtained from levansucrase, yeast invertase, yeast 

fructosidase as well as disaccharides obtained from 

other species of fungi. The experiments described in 

the previous sections of this part gave similar results 
- 

first noted by Bdelman ( 2 5 ) ,  Bacon and Xdelman (26) ,  

Blanchard and Abon (27 ) ,  and Bacon (28) in that the 

suerase preparations from both yeasts and moulds are 

capable of synthesizing oligo- and hetcro-saccharides 

apparently by the transfer of the fructose residue from 

sucrose to suitable glycosyl acceptors. Bealing and Bacon 

( 2 9 )  suggested in 1953 that all the previously described 

invertase preparations from moulds had similar 

transferring ability. Pazur and Gordon ( 3 0 )  have shown 

by paper chronatographic techniques that the oligosacc- 

harides produced enzymatically from Sucrose contain the 

sucrosyl and inulobiosyl moiety. Later work (1956) by 

Feingold e t  a1 ( 2 3 )  has indicated that oligorepetitive 

transfructosylation is a property of ordinary mould 

and yeast fructosidases as well as levansucrase. 



SUMMARY 

( 1 )  T h e  disaochgride f r a c t i o n  e l u t e d  from a cha rcoa l -  

c e l i t e  column w a s  found t o  c o n t a i n  a minimum of 

f o u ~  components as  deduced from paper  c h r o m a t o g r a p  

h . i c  analysis. 

Compound D4 

I+elucose. - 
Compound D 3 

was found t o  be 6-2-f3-3-fructofurano~~l-  - 

is 8uc rosc .  

Component D p  was found t o  c o n t a i n  a mix tu re  of at 

l e a s t  t h r e e  d i f r u c t o s e s .  The major component is  
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Figure I. Standard curve for Q-glucose (phenol- 

sulfuric acid procedure). 
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Figure 11. Standard curve for D-fructose (phenol- 

sulfuric acid procedure). 
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PART IV 

A CONVENIENT AND UNAMBIGUOUS SYNTHESIS . 



The use of methylation techniques has been widely 

applied in the structural elucidation of ~ligosaccharide~ 

and polysaccharides in spite of some inherent limitations, 

In some early work, the isolation of unknown methyl 

ethers as cleavage fragments from the hydrolysis broduct 

of rnethylated polysaccharides frequently gave sufficient 

material to establish the positions of mcthoxyl groups 

by chemical means, In such cases, the proof of structure 

of these sugar ethers by synthesis was not critical. 

With the introduction of more delicate microanalytical 

procedures, such as g.l.c., for the analysis of complex 

mixtures of partially methylatea sugars, it has becone 

necessary, if not mandatory, to prepare known compounds 

in order to standardize the procedures both qualitatively 

and quantitively. 

D-mannose - is commonly found in the carbohydrate - 
fraction of glycoproteins, glycolipids, and many 

polysaccharides. Reference samples of the various methyl 

ethers required for structural studies may be synthesized 

unambiguously by methylation of known derivatives of 

&mannose, - and from which the protecting groups can be 

finally removed to give the corresponding free methyl 

ethers, ~t is the object of the prevent investigation 



to synthesize one to t h e s e  s u g a r s  which had i n c i d e n t a l l y  

been i s o l a t e d  a s  early as 1941 from yeast mannan ( I ) ,  

i.e., 2,4,6-tri-0-methyl-&mannose. - - Cur ious ly ,  a s i m p l e ,  

unambiguous s y n t h e s i s  o f  t h i s  compound has not been 

r e p o r t e d  p rev ious ly .  



LITERATURE' REVIEW 

2,4,6-Tri-0-methyl-3-mannopyranose - - was isolated 

as  its monohydrnte from the hydrolysis products of methy- 

l a t e d  yeast mannan and its structure was proved by 

Haworth, Heath and Peat (1). - 

It is known that the secondary hydroxyl group at 

the 3-position of methyl d-l>-mannopyranoside - is more 

reactive towards p-toluenesulfonyl chloride than the 

hydroxyls at the 2 and 4-positions (2) .  Advantage ha3 been 

taken of this characteristic to protect the 3-position 

of me thy1 d-D-mannopyranoside - in further synthetic work. - 
The 4 and 6-positions of methyl 4-h?Emnopyranoside - 

may be easily blocked by preparation of the corresponding 

methyl 4,6-benzylidene-*S)-ma~opyranoside - (3) and this 

may in fact be preferred over the formation of the 6-0- - 
trityl derivative. ~onotosylation should preferentially 

occur at the hydroxyl of the 3-position which is 

equatorial, while very little tosylation should occur 

a t  the 2-position as this hydroxyl flmctiOn is axially 

oriented, Henoval of the benzylidene G O U P  has been 

shown to readily occur in an aqueous acetone s o l u t i o n  of 

very d i l u t e  hydrochloric acid ( 3 ) .  



Methyl 4.6-benzylidene-4-Q-mannopyranoaide - ( 3 )  - 

F i n e l y  powdered methyl d-&mannopyranoside - (20 

grams) (m.p. l g l O ,  14, +80•‹) was heated with f r e s h l y  
- 

d i s t i l l e d  benzaldehyde (100 m l )  under about 330 mm 

p r e s s u r e  i n  a c u r r e n t  of dry  carbon dioxide a t  150' - 
1 5 5 ~ ~ .  When t h e  sugar  had dissolved (2  - 3  hours ) ,  t h e  

excess  benzaldehyde w a s  d i s t i l l e d  a s  completely as 

p o s s i b l e  a t  t h e  same temperature by f u r t h e r  diminut ion 

of t h e  p r e s s u r e .  The res idue  was poured while h o t  i n t o  

200 m l  of a b s o l u t e  e thano l ,  and a c r y s t a l l i n e  p r e c i p i t a t e  

which i s  known t o  be t h e  methyl 2,3-4,6-dibenzylidene- 

o(-D-mannopyranoside w a s  obtained. The a l c o h o l i c  f i l t r a t e  - 
c o n t a i n i n g  t h e  so lub le  4,6-monobenzylidene d e r i v a t i v e  

was evaporated t o  dryness  under reduced pressure .  The 

d ry  s y r u p  w a s  dissolved  i n  e t h y l  a c e t a t e ,  the  s o l u t i o n  

was f i l t e r e d  and evaporated t o  dryness.  The res idue  

c r y s t a l l i z e d  f ron  petroleum e t h e r  - abso lu te  e thano l .  

The c r y s t a l l i n e  compound, 8.5 Crams (3% y i e l d ) )  had 

m.p. 1 38• ‹~ .  The product thus obtained Was r e c r y s t a l l i z e d  

f rom petroleum e t h e r  - absolu te  e thanol  g iv ing  p u r e  

4 ,  6 - b e n z y l i d e n e - e ( - ~ - ~ ~ ~ a n n ~ ~ y r m o s i d e  i n  the  f o r a  of 

s l e n d e r  n e e d l e s ,  m.P- 142 '~,  [dg2 +70•‹ ( c  1.0, c h l o r o f o r m ) ,  



Lit. m.p. 142O~, [% +71.7' in chloroform (3). 

Methyl 4,6-benzylidene-3-0-p-toluenesulfonyl-d-D- - - - 
mannopyranoside - 

Methyl 4,6-benzylidene-H-D-mannopyranoside (4.5 

grams) in dry pyridine (70 ml) was esterified by addition 

of p-toluenesulfonyl chloride (3.5 grams) during a 

period of 12 hours at roo!n temperature. The reaction 

mixture was poured into ice-water. The product was 

extracted with chloroform and the combined extracts 

were washed successively with dilute hydrochloric acid, 

Sodium carbonate solution, water, and finally dried over 

anhydrous sodim sulfate and evaporated. The product 

was fractionated on a silica gel column, using chloroform 

as solvent, to remove traces of impurities. The syrupy 

product thus obtained was induced to crystallize by 

addition of petroleum ether, yield 6.1 grams (90%). 

When recrystallized from petroleum e the r  - chloroform, 
it gave lustrous crystals, m.p. 155 - 156O~, [qg2 +24.S0 
(c 1.0, chloroform)* 

Analysis for C21A2408S : C, 57.79; H ,  5.54. 

Found : C, 57.1; H, 5.56. 



Methyl 3-0-p-toluenesulfonyl-o(-D-mnnnopyranoside - - - 

Methyl 4,G-benzylidene-3-~-p-tolunensulfonyl-~-~- - - 
mannopyrnnoside ( 5  grams) was dissolved in a mixture of 

acetone (90 ml), water (40 ml), and - N hydrochloric acid 
( 6  ml). The mixture was boiled for 2 - 3 hours ( 3 ) .  The 

-- 

hydrolysis was followed by t.1.c. on silica gel using 

aCetone:chloroforrn (5:35). The reaction mixture was 

neutralized with barium carbonate, the insoluble material 

was removed by filtration, and solvent evaporated under 

din~inished pressure. The aqueous residue was extracted 

twice with chloroform (10 ml) to remove benzaldeh~de 

and traces of unreacted compound. The solvent was removed 

in the presence of a minor amount of dissolved carbonate. 

The d r y  syrupy residue was extracted with chloroform 

and the combined extracts, when evaporated and dried 

under vaculim, gave a syrup, yield 3.6 Grams (925) The 

product crystallized on standine in 

p 7z0c. \qhen recrystallized from chloroform - Ptr0- 
leuln ether, fine white needles, m*P* 87 - gooc* 
[dgz +cj1 ( 1.0, chloroform) were obtained* 

Analysis for c ~ ~ H ~ ~ ~ ~ S  : C, 48*27; *, 5*79* 
Found : C, 47.7; 11, 5.74. 



Methyl 3-0-p-toluenesulfonyl-2,4,6-tri-2-methyl-d- - 
3-mannopyranoside - - 

Methyl 3-0-p-toluenest~lfonyl-d-)-mannopyranoside - - 
(3 grams) was treated with methyl iodide (40 ml) and 

silver oxide (4 grams) (7) (acetone was added to affect 
- 

complete solution), Filtration and evaporation gave a 

product which after s i x  such further methylations yielded 

the fully methylated compound (no OH absorption in IR spect- 

rum ) , 3.1 grams (94%). The product crystallized 

spontaneously and after recry~tallization from ether had 

m. p. 118 - 720•‹c, +44O (c 1.0, chloroform). 

Analysis for C17H2608S : C, 52.29; H, 6.71; O C H ~ ,  

31.7. Found : C, 52.1; H t  6 * 7 R ;  0 C H 3 ,  31.3. 

Methyl 2,4,6-tri-0-methyl-0(-D-mannopyranoside - - 

Methyl 3-0-p-toluenesulfonyl-2,4,6-tri-0-methyl-~- - - 
Q-mannopyranoside - (2 grams) was dissolved in a solution 

of sodium rnethoxi.de (2.5 grams of sodium in 50 ml 

methanol) ( 5 ) ,  and the solution was refluxed for 12 hoursb 

'dater (25 rnl) was added to the cooled solution, organic 

solvents were distilled off, and the suspension was 

extracted with chloroform ( 5  x 25 ml). The extract was 

dried over anhydrous sodium sulfate and evaporated to 



a syrup (1.1 grams, 92%).  The product was chromatograp 

hically pure (t.1.c. on silica gel), having an Rp value 

of 0.55  (butanone-water azeotrope). It had the sane 

retelltion time (14 minutes) as a sample of methyl 2,4,6- 

tri-0-methyl-+l)-mannopyranoside - - obtained by partial - 
me thylation of me thy1 d-D-mannopyranoside - (9) with - - 

subsequent separation by V. P. C. ( 20$ ne~pentylglycolsu- 

ccinate, column 3/16' by lo', 170•‹c, helium flow rate 

100 ml/ninutes) (8). The compollnd had +51 

(c 2.0, chloroform) and failed to crystallize, 

Analysis for OCIIg, 52.7:bi found, 51.?$. 

Methyl 2,4,6-tri-0-methyl-d-g-mannopyranoside - - (1.0 

grams) was heated with N sulfuric acid (20 ml) at 10oO~, 
and the hydrolysis, the course of which was followed by 

t.1.c. on silica gel (butanone-water azeotrope), was 

complete in 12 hours. The s0l1lti011 Was neutralized 

(barium carbonate), and the filtered solution evaporated 

to give a syrup (0.94 gram, 98%) The product crystall- 

ized upon addition of a small quantity of a t h y l  acetate. 



Paper chromatography using Whatman N0.1 paper, butanone- 

water azeotrope and p-anisidine spray, showed a single 

componentt having RF, 0.55, which had the same mobility 

obtained by partial methylation of methyl ~-D-rna.rnop~~- 

anoside (both gave pink C O ~ O U ~  reactions with p-anisidine 
- 

spray). Thin layer chromatography on silica gel, using 

butanone-water azeotrope, p-anisidhe spray and sulfuric 

qcid spray, also showed one single component having the 

same nobility (Ap,  0.48) as a previously described 

sample of 2,4,6-tri-O-methyl-1,-rnannopyranose. - - Noreover, 

V.P.C. of the trimethylsilyl derivative of the unambig- 

uously synthesized compound also showed one component 

( the 4 and a pnoners do not separate under the conditions 

used). The compound had the same retention time (4.2 

minutes) as 2,4,6-tri-2-methyl-D-mannopyranose - - obtained 

from partial methylation experiment previously described 

(2O$ neopentylglycolsu~cinate , 3/16" by 10' column, 170•‹c, 

helium flow rate 100 rfll/min. ). 

A portion (100 ng) was aiabjected to the following 

series of reactions : (a) reduction with borohydride, 

(b) oxidation with periodic acid, (c) reduction with 

borohydride, ( d )  demethylation with 35% hydrobromic acid, 

(e) deionization and (f) identification by paper and 

gas chronlatography of degraded products. D-mannitol - was 





DISCUSSION 

2,4,6-Tri-0-methyl-l+~annopyranose - is known to - 
present in a large number of hydrolysed methylated 

mannans and galactomannans. The object of the present 

experimentwas to unambiguously synthesize this compound 
- 

which could subsequently be used in structural studies 

of mannose containing polysaccharides, The synthesis of 

this tri-0-methyl - sugar can easily be achieved by 

blocking the 3-position of methyl d-&mannopyranoside - 
via the 4,6-benzylidene derivative. 

The 4,6-benzylidene derivative of methyl c(-D- - - 
mannopyranoside was prepared by the facile condensation 

of benzaldehyde with the nle thy1 d-D-mannopyranoside - . 
The yield of the desired monobenzylidene compound is 

not particularly high due to the fact that the hydroxyl~ 

on C2 and C3 are in the axial-equatorial cis conformation. 

This leads to a facile formation of the dibenzylidene 

derivative. EIowever, the dibenzylidene derivative can 

be easily removed by precipitation in dry ethanol in 

which the monobenzylidene derivative is soluble. 

Monotosylation of the 4,6-benzylidene derivative 

could be best perforrncd in pyridine solution at room 

temperature, Nigher temperatures are not reconr~nended as 

it leads to ditosylation. Tosylation preferentially 





2,4,6-Tri-0-methyl-)-manuopyranose - - crystallized 

in ether to give two lustrous forms ( 4  and f-anomers). 

The mixture gave a depressed map. being about 30' lower 

than that reported for an apparently pure anomer ( 1 ) .  

The report of the higher melting point involved a 

mechanical separation of the two crystal forms. The 

separation of the two anomers could not be affected by 

t.1.c. on silica gel, paper chromatography m d  even 

vapor phase chromatography. 

Apart from the above, the analysis of the tri-0- - 
methyl sugar by comparative t.1.c. on silica gel, paper 

chromatography and V.P.C. provided a useful means of 

positive characterization. The conpound, after exposure 

to periodic acid and other reagents described above, 

showed the presence of D-mannit01 - which could only have 

arisen from 2,4,6-tri-0-methyl-3-mannopyranose. - The 

derived 17-phenylglycosylamine gave a sharp m. p. 

and a specific optical ratation (C!!$), Consistent with 

values reported for this cornp3und when obtained from 

h y d r o l y s i s  of rnethylnted mannans, galactomannans and 

other D-mamose containing natural products. - 



SUMMARY 

( 1 ) Condensation of methyl o(-g-mannopyranoside readily - 
affords the 2,3-4,6-dibenzylidene and 4,6-monobenz- 

ylidene derivatives. The dibenzylidene derivative 

is easily removed by precipitation in dry ethanol. 
- 

(2) Preferential tosylation of the hydroxyl on the C 
3- 

position was shown to occur and can be rationalized 

on stereochemical grounds. 

(3) Hemoval of the 4,6-benzylidene group is easily 

affected by acid hydrolysis, 

(4) Me thylation by the Purdie method, although somewhat 

time consuming, results in a high yield of tri-0- - 
me thy1 derivative. 

(5) Removal of the 3-g-tosyl group by a strong base 

(sodiwo methoxide in methanol) proceeded by oxygen- 

sulfur cleavage (no Walden inversion). 

( 5 )  Hydrolysis of the glycoside by mineral acid 

(sulfuric acid) gave the free tri-2-methyl sugar 

with little or no destruction. 

(7) Identification of the product through comparative 

chromatography, degradation and formation of 

suitable derivative conclwsively showed it to be 

2,4,6-tri-0-methyl-a-mannopyranoSee - - 





PART V 

A CONVENIENT AND UNAMBIGUOUS SYNTHESIS 
- 



INTRODUCTION 

As previously mentioned in Part IV, D-mannose is - 
commonly found in polysaccharides and other compounds 

which are widely distributed in Nature, As might be 

expected, the usual procedures employed in structural 
- 

studies of polysaccharides lead to the formation ofvarious 

isomeric 0-methyl sugars and considerable reliance must - 
therefore be placed in independent synthesis of these 

compounds preferrably through unambiguous routes, As in 

the case of 2,4,6-tri-0-methyl-&mannose - - (Part IV), 

such a synthesis had, to the best of our knowledge, not 

been affected or reported. It is the object of this part 

of the thesis to describe a convenient and unambiguous 

synthesis of one of the tri-0-methyl - ethers of - a-mannose 
which occurs very frequently in methylation experiments 

concerned with galactomannans. The particular - 0-methyl 
sugar in question, namely 2,3,6-tri-2-methyl-I)-mannose, - 
arises from a linkage which is ordinarily associated 

with the - g-mannose "backbone of commonly occuring 

galactomannans. The synthesis was easily affected through 

the application of a few additiocnl h u t  simple stops in 

to the synthesis of 2,4 , 6-tri-0-methyl-& - - 
mR:lylopyranOse prev ious ly  described 



LITERATUWI REVIEW 

2,3,6-Tri-0-methyl-_D-~uannopyr:*no.se - - is present in 

large proportion in methyleted galactornannans ( 1 ) .  1% 

is a constituent of the hydrolysis products of the 

methylated polysaccharides containing D-mannoee - units 
- 

linked (1-4). The structural deduction of the sugar 

follows from the work of Haworth, Hirst and Streight ( 3 ) .  

Since the C hydroxyl of methyl d-D-mann~pyranosid~ 3 - 
is more reactive towards acylating agents ( 3 ) ,  the direct 

blocking of the C4 hydroxyl cannot be achieved by direct 

reaction of the 6-0-substituted - d-a-mannopyranoside. - 

Closer examination revealed that upon application of a 

few additional but easy steps should produce in high 

yield the desired compound, namely 2,3,6-tri-0-methyl- - 
&narinopyranose - 



EXPXH INEIITAL METEODS AND RXSULTS 

Methyl 4,6-benzylidene-d-D-mannopyranoside (4) - - 

Methyl 4,6-benzylidene-ot-D-mannopyranoside was - 
prepared as described in Part IY, mop. 142O, [dl;* +70•‹ - 
(c 1.0, chloroform). 

Methyl 4,6-benzylidene-2,3-di-~-methyl-o(-D-mannopy- - 
ranoside (4) - 

Methylation w a s  carried out with methyl iodide and 

silver oxide (6) with the addition of acetone to effect 

complete solution of the material ( 3  grams). Seven 

successive treatments were necessary to effect maximun 

methylation. The final product contained one single 

component on t.1.c. (silica gel), RF, 0.80 (acetone: 

chloroform 5:95), [dg2 + 6 2 O  ( C  2.0, chloroform), yield 

3.2 grams (97s).  

The product (3.2 grams) described in t he  previous 

section w 3 s  dissolved in a mixture of acetone ( 5 0  ml), 

water ( 2 2  ml) and - N hydrochloric acid (3 ml) ( 4 ) .  The 



mixture was refluxed and the progress in the hydrolysis 

followed by t.1.c. on silica gel (~cetone:chloroform 

5:95).  Complete hydrolysis was attained in 2 hours, The 

reaction mixture was neutralized with barium carbonate, 

filtered, and the solvent evaporated under diminished 

pressure. The wet residue was extracted twice with 

chloroform (2 x 5 ml) to remove benzaldehyde and-traces 

of unchanged startine compound after which the solution 

was evaporated to dryness. The dry residue was extracted 

with chloroform followed by evaporation of the combined 

extract, yielding a syrup (2.2 grams, 96$) having RF 

0.15, t.1.c. on silica gel (acetone:chloroform 10:90), 

rd]g2 +43O (c 1.0, chloroform). 

Methyl 2,3-di-0-methyl-6-2-trity1-d-g-mannopyranoside - - 
( 4 )  - 

Xethyl 2,3-di-0-methyl-a(-D-mannop~ranoside - - - (2.1 

grams) and t r iphenylchloroi ' lethane (2.8 grams) were dis- 

solved in dry pyridine (20 ml) and heated on a boiling 

water bath for 2 hours. The reaction mixture was poured 

j.nto ice water. The product which precipitated was 

fractionated by silica gel column chromatography. 

TriphenylcarbinOl and trityl chloride were removed by 

elution with ch:oroform ( 1  litre). Pure methyl 2,3-di-0- - 
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Methyl 2,3-di-O-rnethyl-4-O-p-toluenesulfonyl-c(-3- - - - - 
mannopyrsnoside - 

The product (4 grams) described in the above sec- 

tion was dissolved in 10 ml chloroform and kept at OOC 

on an ice bath. The chloroform solution was quickly 
- .  

saturated with anhydrous hydrogen chloride and kept at 

the same temperature for 1 hour. A few drops of saturated 

solution of sodium bicarbonate were first added followed 

by a further addition of solid sodium bicarbonate to 

neutralize the hyd.rogen chloride. The residue was 

fractionated on a silica gel  column by firstly elution 

with chloroform to remove triphenylme thanol followed by 

elution with ethanol:chloroform 5:95 to remove the 

desired compound. The syrupy product (2.2 grams, 91$) 

showed a single component, having on t.1.c. (silica gel), 

22 +41.3O an RF 0.15 (ace tone : chloroform 5 : 95), [dll) 

(c 2.54, chloroform). 

Analysis for OCHJ, 24.7%; found, 24.4%. 



and evapo~ation gave a product which after seven such 

further treatments yielded the fully methylated compound 

( 1 .96 grams, 9675). The resulting compound crystallized 

on standing in ethyl acetate and petroleum ether. On 

recrystallization from petroleum ether, it gave lustrous 

cubes, m.p. 91 - 92O~, [dl:* +3B0 (c 1.0, chloroform). 
- 

The compound was chromatographically pure, having XF 0.3,  

t.1.c. on silica gel (acetone:chloroform 5:95). 

Analysis for Cl7Hp6O8S : C, 52.29; a, 6.71; 0CH3, 
31.7. Found : C, 52.60; H, 6.76; OCHj, 31.1. 

Methyl 2,3,6-tri-0-methyl-o(-D-mannopyranoside - - - 

Methyl 4-0-p-toluenesulfonyI-2,3,6-tri-O-methyl- - - 
d-a-mannopyranoside - (1.94 grams) was dissolved in a 

solution of sodium methoxide (from 2.5 grams of sodium 

in methanol (50 ml) ) ( 7 ) ,  and the mixture was refluxed 

for 12 hours. Water (25 ml) was added to the cooled 

solution, organic solvent was distilled off, and the 

suspenoion was extracted with chloroform (5 x 75 ml). 

The extract was dried over anhydrous sodium sulfate 

and evporated to a syrup (1 . 1 grams, 94$). The product 

wafi pure (t.1.~. On s i l i c a  gel), 

having RF 0.52 (butanone-water azeotrope). It had the 

same retention time (17.2 minutes) as a s ~ m p l e  of methyl 



2 , 3 , 6 - t r i - 0 - m e t h y l - w n n o p y r a n o s i d e  - - obtained via 

methylation of guar gum (a galactomannan) (20s neopent- 

ylglycolsuccinate, 3/16" by 10' column, 170•‹c, helium 

flow rate 100 ml/rnin.) (8). The compound had [id]:* +3z0 

(C 2.8, chloroform), 

Analysis for OCH 52.7%; found, 3' 

Methyl 2,3,6-tri-0-methyl-o!-2-mannopyrano~id~ - 

(1 gram) was heated with - N sulfuric acid (20 ml) at 10oO. 

The hydrolysis, which was followed by t.1.c. on silica 

gel (butanone-rater azeotrope) was complete in 1 1  hours. 

The acid was neutralized (barium carbonate) and the 

filtered solution was evaporated to give a syrup (0.93 

gram, 97%).  Paper chromatography using butanone-water 

azeotrope, Nhatman Xo.1 paper, and p-anisidine spray, 

showed a single component, having Rp 0.50, which was 

identical to the mobility of "authentic" 2,3,6-tri-0- - 
methyl-n-mannopyranose obtained from guar gum via - 
methylation and hydrolysis. Both gave reddish brown 

colour reactions with p-anisidine spray, Thin layer 

chrolnatography on silica g e l  using hutanone-water 

aeeotrope, p-anisidine spray and sulfuric acid spray, 

a l so  sflowed one single component having the same mobility 



RB llau-thentic'l compound (RF 0.40). Moreover, V. P.C. 

(conditions described in the previous section) of the 

trim thylsilyl derivative of the synthesized compound 

showed one single peak and had an identical retention 

time (4.8 minutes) as the lfauthentic1I specimen. The 

synthesized compound had ~g~ -1 l o  (c 2.0, water). 
--- - 

A portion (220 mg) of the compound was dissolved 

in dry pyridine (12 ml) to which p-nitrobenzoyl chloride 

(900 me) was added. The mixture was heated for 30 

minutes at 65 - 7 5 ' ~  and left overnight at room tempe- 

rature. A saturated solution of sodium bicarbonate was 

then added until no further effervescence of C o p  was 

observed, The product was extracted with chloroforn 

(3 x 50 rnl). The combined extract was evaporated to 

about 5 ml. Petroleum ether was added to induce crysta- 

llization. The derived 1,4-bis-p-nitrobenzoate on 

recrystallization from methanol gave fine needles 

having m.p. and mixed m.p. 1 8 8 O ~ ,  [d;2 +34O (c 1.0, 

chloroform). 



DISCUSSION 

2,3,6-Tri-0-methyl-&mannopyranose - i s  present  - 
i n  l a r g e  q u a n t i t i e s  i n  the hydro lys i s  products of a 

large number of methylated galactomannans and mannans. 

The s y n t h e s i s  of t h i s  p a r t i a l l y  methylated sugar  
- .  

involves  the  e f f e c t i v e  and s p e c i f i c  blocking of t h e  

C hydroxyl funct ion .  Since the  hydroxyl on the  C 4 3 
p o s i t i o n  has  been shown t o  be more r e a c t i v e  towards p- 

to luenesu l fony l  ch lo r ide  ( 3 ) ,  t he  d i r e c t  blocking of 

the  3-C-position could n o t  the re fo re  be achieved by the  

a c t i o n  of p- toluenesulfonyl  ch lo r ide  on the  methyl 6- 

0-trityl-d-D-mannopyranoside. - - 
The hydroxyls on C2 and Cj can first he blocked 

by rnethylztion of methyl 4,6-benzylidene-c(--nnopyr- - 
anos ide .  Removal of the  benzylidene group can be r e a d i l y  

a f f e c t e d  followed by f a c i l e  t r i t y l a t i o n  o f  the C6 

primary hydroxyl func t ion  l eav ing  the  C 4 hydroxyl f r e e  

for f u r t h e r  s u b s t i t u t i o n .  S u b s t i t u t i o n  with t o s y l  

c h l o r i d e  can r e a d i l y  be a f f e c t e d  and i s  d e s i r a b l e  

because t h e  4-0-tosyl - d e r i v a t i v e  i s  r a t h e r  s t a b l e  as 

such and shows no d e t e c t a b l e  tendency towards a c y l  

migra t ion .  The bulk iness  of t h e  6 - 0 - t r i t g l  - group nade 

t o s y l a t i o n  a t  the  Cq hydroxyl r a t h e r  d i f f i c u l t  a t  room 

temperature,  however, r e a c t i o n  a t  h igher  temperature 



(50' or above), rendered the 4-0-toxyl - derivative in 

very high yield. 

After removal of the trityl group, methylation 

wns carried out by the usual Purdie method to obtain 

methyl 4-0-p-toluenesulfonyl-2,3,6-tri-&methyl-d-g- - - - 
mannopyranoside in rather good yield. The very 

- .  

effective Hakomori methylation method (10) cannot be 

used in this instance since it involves the use of a 

very strong base (sodium hydride) (11) which readily 

hydrolyses the tosyl group. After the Purdie methylation, 

detosylation was readily achieved by using a strong 

alcoholic solution of sodium methoxide. 'dalden inversion 

was not observed as it involved the sulfur-oxygen 

fission (9). Xpoxide formation would not occur since 

no free trans hydroxyl function is present on the 

neighboring carbon. After hydrolysis of the methyl 

glycoside with mineral acid, pure 2,3,6-tri-0-methyl- - 
s-mannopyranose was obtained in high yield. The - 
analysis of the sugar by comparative t.1.c. on silica 

eel, paper chromatography and V.P.C. showed that the 

synthetic compound was identical in all respects to 

2,3,6-t~i-O-methyl-~zmannopyrnnone - - obtained via methy- 

lation and hydrolysis of gUar gum (a galactomannan). 

The derived 1,4-bis-p-nitrobenzoate had a sharp mixed 

map. and consistent specific optical rotation with 



r e p o r t e d  values for this compound (again obtained via 

a natural product). 



I. A simple, unambiguous synthesis of 2,3,6-tri-0- - 
methyl-3-mannopyranose - was affected by 

(a) preparation of 4,6-benzylidene by condensation 

of methyl d-D-mannopyranoside with benzaldehyde 
- 

(b) methylation by Yurdie procedure 

(c) removal of the benzylidene group 

(d) introduction of the trityl group at the C6 

hydr oxyl 

( e )  blocking of the C hydroxyl by p-toluene- 4 
sulfonyl chloride 

(f) removal of the trityl group 

(6) methylation by Purdie procedure 

(h) removal of the tosyl group by hydrolysis with 

R strong base 

(i) hydrolysis of the methyl glycoside with 

mineral acid. 

TI. The synthesized product was identified and charac- 

terized through comparative chromatography (t.l.c., 

paper, V.P.C.), optical rotation, and prapsration 

of a suitable derivative. 




