
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Mass Spectrometry in the Structural Studies of Oligosaccharides
Maheshwari P. Kharea; Anakshl Kharea

a Department of Chemistry, Lucknow University, Lucknow, India

To cite this Article Khare, Maheshwari P. and Khare, Anakshl(1987) 'Mass Spectrometry in the Structural Studies of
Oligosaccharides', Journal of Carbohydrate Chemistry, 6: 3, 523 — 535
To link to this Article: DOI: 10.1080/07328308708057940
URL: http://dx.doi.org/10.1080/07328308708057940

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308708057940
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY 6(3) 523-535 (1987)  
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ABSTRACT 

On t h e  b a s i s  o f  t h e  r e p o r t e d  l o w - r e s o l u t i o n  e l e c t r o n  i m p a c t  ( E I )  
mass s e c t r a l  d c o m p o s i t i o n  p a t t e r n s  o f  a few u n d e r i v a t i s e d  s i m p l e  
disaccRaridesl-Q and t h e  r e s u l t s  o f  a h igh- reso lu t ion  e l e c  ron  impact  
mass spectrum o f  a model d i  sacchari de B-methyl pachybi os i  de) a common 
fragmentat ion pathway o f  such compounds cou ld  be worked out. Using t h e  
d e r i v e d  s t a n d a r d  d e c o m p o s i t i o n  p a t h w a y s ,  s t r u c t u r e  o f  a n o v e l  
t e t r a s a c c h a r i  de, o r thenthose,  has been e l  u c i  d a t e d  as o l  eandrose 
te t rasacchar i  de. 

INTRODUCTION 

A1 though use o f  mass s p e c t r o m e t r y  i s  w e l l  e s t a b l  i s h e d  i n  t h e  

s t r u c t u r a l  e l  u c i  d a t i o n  o f  natura l  products, i t s  use i n o l  i gosaccharide 

s t r u c t u r e  e l u c i d a t i o n  has y e t  t o  f i n d  a s u i t a b l e  place. Because o f  t h e  

l o w  v o l a t i l i t y  o f  such substances, very l i t t l e  i s  repor ted  f o r  t h e  mass 

spect ra l  i n t e r p r e t a t i o n  o f  under ivat ised carbohydrates. I n  s tud ies on 

t h e  mass s p e c t r a l  anal  y s i  s o f  u n d e r i  v a t i  sed o l  i gosacchar i  des, i t i s  

apparent t h a t  t h e  technique o f  f i e l d  i o n i s a t i o n  ( F I )  i n  con junc t ion  w i t h  

t h e  usua l  e l e c t r o n - i m p a c t  ( E I )  m e t h o d s  o f f e r s  some a p p r e c i a b l e  

#Presented a t  t h e  13 th  I n t e r n a t i o n a l  Carbohydrate Symposi um, I thaca, New 

York, U.S.A. August  10-15, 1986. 
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advantage. I n  p a r t i c u l a r ,  h igh-mass i o n  peaks such as m o l e c u l a r  i o n s  

a r e  more e v i d e n t  i n  F I  s p e c t r a ,  b u t  t h e  i o n i s a t i o n  does n o t  g i v e  

fragment i o n s  as ex tens ive ly  as do E I  mass spectra, which o f t e n  prov ide  

more  v a l u a b l e  s t r u c t u r a l  i n f o r m a t i o n .  S t u d i e s  o f  E I - i n d u c e d  

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

v a l u a b l e  a n a l y t i c a l  t e c h n i q u e  i n  t h i s  area. A l i m i t a t i o n  o f  t h i s  

approach, however,  i s  t h e  i naccess i  b i l  i t y  o f  f i n e r  s t e r e o c h e m i c a l  

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

01 i gosacchar i  des o f  - 0-methy l  deoxyhexoses o r  d i  deoxyhexoses do n o t  

s u f f e r  f r o m  t h e  d r a w b a c k  o f  l o w  v o l a t i l i t y ,  a s  shown b y  t h e  

under iva t ised  mono- and ol igosacchar ides o f  normal sugars, which 1 i m i  t s  

t h e  observat ion o f  high-mass i o n  peaks. 

W i t h  t h e  a i m  o f  u s i n g  mass s p e c t r o m e t r y  i n  t h e  s t r u c t u r a l  

e l u c i d a t i o n  o f  o l igosacchar ides, a h igh- reso lu t ion  E I  mass spectrum o f  a 

model 2-deoxyhexose d i s a c c h a r i d e ,  B-methyl pachybioside, was taken t o  

e s t a b l i s h  t h e  p r i n c i p l e s  which migh t  govern f ragmentat ion pathways f o r  

these compounds. The high-resol  u t i o n  mass spect ra l  resul  ts,  i n  a d d i t i o n  

t o  g i v i n g  i n f o r m a t i o n  about t h e  elemental composi t i o n  o f  t h e  compound, 

a1 so f u r n i s h  e q u a l l y  we1 1 i n f o r m a t i o n  on t h e  c o m p o s i t i o n  o f  f r a g m e n t  

i o n s  and t h u s  g r e a t l y  a s s i s t  i n  t h e  c o r r e c t  i n t e r p r e t a t i o n  o f  a mass 

spectrum. The v e r i f i c a t i o n  o f  t h e  e l e m e n t a l  c o m p o s i t i o n  o f  an i o n  i s  

q u i t e  impor tant ,  whenever i t s  genesis i s  discussed, f o r  t h e  purpose o f  

determin ing a f ragmentat ion mechani sm f o r  t h e  g iven s t ructure.  

RESULTS AND DISCUSSION 
The high-resol  u t i o n  mass spectrum o f  methyl pachybioside shows i t s  

highest-mass i o n  peak a t  - -  m/z 318.1678 (1, - M-H20, C15H2607'). The f i r s t  

decomposition pathway (Scheme 1) shows t h e  fo rmat ion  o f  those fragments 

which a r e  formed by t h e  usual loss  o f  t h e  elements o f  water, methanol, 

and CH3CHO i n d i f f e r e n t  sequences. I t  a1 so i n c l  udes t h e  r e t r o - D i  e l  s-  
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526 KHARE AND KHARE 

Alder f ragmentat ion i n i t i a t e d  by t h e  double bond created by t h e  l o s s  o f  

water o r  methanol, y i e l d i n g  species hav ing t h e  f o l l o w i n g  - -  m/z values: 

318.1678 (1, - M-HzO, C15H2607) 

260.1243 (2, - 318-CH2CHOCH3, C12H2006) 

228.1000 (3, - 260-CH30H, CllH1605) 

305.1602 (4,  - M-OCH3, C14H2507) 

273.1326 ( - 5 , 305-CH30H, C13H2106) 

229.1071 (6, - 273-CH3CH0, CllH1705) 

197.0816 (7, - 229-CH30H, C10H1304) 

272.1257 (8,  - M-2CH30H, C13H2006) 

260.1243 (9, - M-CH30H-CH3CH0, C13H2006) 

Bes i  des these,  one can a1 so v i  sual  i z e  f r a g m e n t a t i o n  pathway I I 

(Scheme 2) wherein t h e  fo rmat ion  o f  t h e  r a d i c a l  i o n  a t  t h e  oxygen atom 

of t h e  2-OH group o f  t h e  normal  sugar  1 eads t o  a 2-3 bond c l e a v a g e  and 

l o s s  o f  a smal l  f ragment - 10 (C3H602) o f  mass - -  m/z 74.0373. The same type 

of  f r a g m e n t a t i o n  can be  a n t i c i p a t e d  i n  t h e  2-deoxy sugar  u n i t  by  

r a d i c a l - i o n  f o r m a t i o n  a t  t h e  C-3 oxygen atom r e s u l t i n g  i n  t h e  cleavage 

o f  t h e  C3-C4 bond which again loses  a smal l  f ragment - 11 (CgHgO2) o f  mass 

m/z 101.0603. - -  
F r a g m e n t a t i o n  r o u t e  I 1 1  i s  p r e s e n t e d  i n  Scheme 3 i n  w h i c h  H- 

t r a n s f e r s  break t h e  d i  sacchari de i n t o  monosacchari de un i  t s  whi ch undergo 

f u r t h e r  f ragmentat ion y i  e l  d i  ng speci es hav i  ng t h e  f o l  1 owi ng m/z - Val ues: 

145.8815 (12, - 176-OCH3, C7H1303) 

113.0601 (13, - 145-CH30H, CgHg02) 

95.0498 (14, - 113-H20, C6H7O) 

144.0753 (15, - 176-CH30H, C7H12O3) 

100.0519 (16, - 144-CH3CH0, C5H802) 

118.0616 (17, - 176-CH3CH=CHOH, CsH10O3) 

87.0450 (18, - 118-OCH3, C4H702) 

117.0551 (19, - 118-H, CtjHg03) 

161.0814 (20, - C7tt1704) 

129.0549 (21, - 16l-CH30H, CgHg03) 

111.0443 (22, - 129-H20, CgH702) 
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532 KHARE AND KHARE 

Fragmentation r o u t e  I V  (Scheme 4) def ines t h e  genesis o f  ions  t o  be 

found i n t h e  rearrangement i nvol v i  ng m i g r a t i o n  o f  t h e  methoxyl group5 

a f t e r  r a d i c a l - i o n  cleavage o f  t h e  c 1 - C ~  bond, f o l l o w e d  by t h e  m i g r a t i o n  

o f  t h e  C-3 methoxyl group t o  C-1, r e s u l t i n g  i n  t h e  cleavage o f  a normal 

sugar u n i t .  F u r t h e r  f r a g m e n t a t i o n  o f  t h e  monosacchar ide u n i t  i s 

presumed t o  be a r i s i n g  f rom t h e  c h a r a c t e r i s t i c  f ragmentat ion p a t t e r n  of 

2,6-di deoxyhexoses repor ted  by Brown e t  a1 .6 Thi  s r o u t e  g ives species 

w i t h  t h e  f o l l o w i n g  - -  m/z values: 

219.1231 (23, - C10H1905) 

159.1021 (24, - 219-MeOCHO, C8H1503) 

127.0758 (25, - 159-CH30H, C7H11O2) 

188.1059 (26, - 219-OCH3, CgH1604) 

187.0951 (27, - 219-CH30H, CgH1504) 

143.0708 (28, - 187-CH3CH0, C7H1103) 

Based on t h e  major  f ragmentat ion pathways t h a t  a r e  operat ive i n  t h e  

mass spectra o f  under iva t ised  d i  sacchari des s tud ied  so far ,  a1 most a l l  

t h e  prominent f ragment ions o f  the  te t rasacchar i  de orthenthose7 coul d be 

i n t e r p r e t e d  i n  t h e  contex t  o f  t h e  proposed s t ruc tu re .  The mass spectrum 

of orthenthose f a i l s  t o  d isp lay  i t s  molecular  ion, as i t  conta ins mass 

peaks o f  o n l y  s m a l l e r  f r a g m e n t s  c o m p r i s e d  o f  monosacchar ide and 

dissachar ide un i ts .  A s t r u c t u r a l l y  s i g n i f i c a n t  i o n  peak i s  recorded a t  

- -  m/z 306 (681, w h i c h  cor responds t o  a d i s a c c h a r i d e  f ragment .  The 

r e l a t i v e l y  i n t e n s e  peak i n  t h e  h igher-mass r e g i o n  a t  m/z 290 (100%) 
corresponds t o  a f r a g m e n t  fo rmed f r o m  t h e  d i s a c c h a r i d e  f r a g m e n t  

r e s u l t i n g  f rom t h e  rearrangement-cl eavage o f  - 1. Fragmentat ion routes I 

and I 1  (Scheme 5) represent repeated H- t ransfers  i n  t h e  ol igosaccharide, 

accompani ed b y  t h e  e l  i m i  n a t i o n  o f  t e r m i n a l  sugars  1 ess w a t e r ,  g i v i n g  

r i s e  t o  an i o n  o f  t h e  same m i n i m a l  mass as t h e  m o l e c u l a r  i o n  o f  t h e  

corresponding o l  i gosacchari de w i t h  one 1 ess monosaccharide residue, and 

so on u n t i l  o n l y  t h e  monosaccharide remains. 

- -  

Fragmentation rou tes  I 1 1  and I V  (Scheme 5) show t h e  genesis o f  i o n s  

formed i n t h e  rearrangement i nvol v i  ng m i g r a t i o n  o f  t h e  methoxyl group 
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SPECTRAL STUDIES OF OLIGOSACCAHARIDES 533 

a f t e r  r a d i c a l - i o n  cleavage o f  t h e  Cl-C2 bond, f o l l o w e d  by t h e  m i g r a t i o n  

of  t h e  C-3 methoxy l  group t o  C - 1 ,  r e s u l t i n g  i n  t h e  c l e a v a g e  o f  t h e  

ol igosaccharide. F u r t h e r  f ragmenta t ion  o f  t h e  s m a l l  e r  monosacchar ide 

u n i t s  i s  1 i k e l y  v i a  processes c h a r a c t e r i s t i c  o f  t h e  f r a g m e n t a t i o n  

p a t t e r n  o f  2,6-dideoxyhexoses repor ted by Brown e t  a1.6 These account 

f o r  most  o f  t h e  m a j o r  peaks i n  t h e  spec t rum t h a t  f u l l y  s u p p o r t  t h e  

s t r u c t u r e  f o r  01 eandrotetrose. 

EXPERIMENTAL 
General. 

mass spectrometers. 

o f  t h i s  g lycos ide were obtained by ex t rac t ion8 o f  t h e  d r i e d  a e r i a l  p a r t  

o f  t h e  p l a n t  Sarcostemma brevist igma: mp 135-36 OC, [di5 - -38O (MeOH) 

( i d e n t i c a l  w i t h  an au thent ic  sample). Mass spectrum (m/z) - -  o f  6-methyl 

pachybiosi de: 

Mass spectra were determined on AEI-MS-30 and JEOL-300 

6-Methyl pachybi osi  de: Chromatographical l y  pure c r y s t a l  1 i ne cubes . 

- 

318.1678 (1, - C15H2607) 

305.1602 (5, C14H2507) 

273.1326 (5, - C13H2106) 

272.1257 (g, C13H2006) 

260.1243 ( 2  - -  8 9, C12H2006) 

229.1071 (a, CllH1705) 

228.1000 (3, - CllH1605) 

219.1231 (23, C10H1905) 

197.0816 (7, - C16H1304) 

188.1059 (26, CgH1604) 

187.0951 (27, CgH1504) 

161.0814 (20, - C7H1704) 

159.1021 (24, CgH1503) 

145.0865 (12, C7H1303) 

144.0753 (15, C7H1203) 

143.0708 (28, - C7H11O3) 
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534 KHARE AND KHARE 

113.0601 (13, - C6Hg02 

111.0443 (22, CgH702 

101.0603 (11, - C5HgO2 

100.0519 (16,  C5H802 

95.0498 (14, - CgH70) 

87.0450 ( - 18, C4H7O2 

74.0373 (10, - C3H6O2) 

- 

- 

O r t h e n t h o s e .  Chromatographically pure amorphous orthenthose (41 

mg) was i s o l a t e d  from t h e  a c i d  hydrolysate o f  the  e x t r a c t  obtained by a 

method repor ted e a r l i e r 8  from t h e  shade tw igs  o f  Orthenthera viminea: 

The compound gave a b lue  c o l o r a t i o n  ( f o r  a 2-deoxy 

sugar) w i t h  v a n i l l  i n-perchlor ic  a c i d  spray reagent,9 gave p o s i t i v e  t e s t  

i n  b o t h  t h e  x a n t h y d r o l l O  and K e l l e r - K i l  i a n i  r e a c t i o n s , l l  and reduced 

F e h l i n g ' s  s o l u t i o n .  Mass spec t rum (m/z) - -  o f  o r thenthose:  594 (M+ n o t  

observed), 420 (6%), 366 (2), 349 (9) ,  324 (2). 318 (21, 317 (21, 308 

(281, 306 (61, 290 ( l o o ) ,  283 (21, 276 (38), 273 (171, 260 (31, 254 (61, 

246 (4), 242 (3), 222 (31, 211 (21, 205 (12), 196 (31, 190 (21, 178 

(161, 162 (511, 148 (121, 145 (91, 130 (211, 113 (311, 101 (291, 97 

(421, 95 (541, 86 (13) and 78 (5). 

t47.5O (MeOH). 
- 

Very m i l d  a c i d  h y d r o l y s i s  o f  or thenthose.  To a s o l u t i o n  o f  

orthenthose (2 mg) i n  methanol (0.5 mL) was added 0.01 M HCL (0.5 m L )  i n  

99.5% aqueous methanol, and t h e  s o l u t i o n  was m a i n t a i n e d  a t  room 

t e m p e r a t u r e .  A f t e r  7 days,  i t  showed four s p o t s  on p a p e r  

chromatography, t w o  zones h a v i n g  m o b i l i t i e s  i d e n t i c a l  t o  t h o s e  o f  

o l  eandrose (R01 e 1.0) and o r t h e n t h o s e  (R01 0.291, r e s p e c t i v e l y ;  t h e  

t h i r d  s p o t  (R01 e 0.77) and t h e  f o u r t h  s p o t  (R01 e 0.38) were  presumably  

t h e  p a r t i a l l y  h y d r o l y s e d  p r o d u c t s ,  i.e., t h e  d i s a c c h a r i d e  a n d  

t r isacchar ide,  respectively. A f t e r  15 days, t h e  hydro lysate showed on ly  
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one s p o t  w h i c h  had t h e  same m o b i l i t y  as o l  eandrose. C o n c e n t r a t i o n  o f  

t h e  s o l u t i o n  a f f o r d e d  a c o l o r l e s s  syrup  (2  mgl h a v i n g  +13.4O 

(MeOH), a s p e c i f i c  r o t a t i o n  comparable t o  t h a t  o f  a sample authent ic  L- - 
- - 

01 eandrose.12 
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