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ABSTRACT 

T h e  coupling reac t ion  be tween 1,3-di- 0-acetyl-4-0-benzyl-2-  0 - m e -  
thyl-a-1-rhamnopyranose (9) a n d  methyl  4- Gbenzyl-2-  O m e t h y l - a  -1-rhamno- 
pyranoside (4) was c a r r i e d  out  in t h e  p r e s e n c e  of boron t r i f luor ide-e thera te  
fol lowed by deace ty la t ion  to  give t h e  d isacchar ide  (11) containing a f r e e  
3' position. The second glycosylation reac t ion  with 2,3,4,6-tetra-O-acetyl- 

a-D-glucopyranosyl bromide in t h e  p r e s e n c e  of mercur ic  s a l t s  followed by 
removal  of benzyl and  a c e t y l  groups provided t h e  t r i sacchar ide  2. The boron 
t r i f luor ide  ca ta lysed  condensat ion of 1,3,4-tri-O-acetyI-2-0-methyl-L-fuco- 
pyranose  (14) and methyl  2,4,6-tri-O-benzyl-a-D-glucopyranoside (15) gave  
t h e  d isacchar ide  (16) f rom which t h e  pro tec t ing  groups w e r e  removed to 
f o r m  t h e  d isacchar ide  (3). 

INTRODUCTION 

I t  is e s t i m a t e d  t h a t  3 million persons d ie  of tuberculosis  e v e r y  year  

o u t  of 16 million a c t i v e  pat ients ,  while about  I billion people have been 

i n f e c t e d  with tuberculosis  worldwide.' The highly immunoreac t ive  glycolipids 

o b t a i n e d  f r o m  Mycobacteriurn ( M . )  tuberculosis ( s t ra in  C a n e t t i )  belong to 

t h e  t r e h a l o s e  containing l ipool igosaccharides  (LOS). O u t  of t h e  t w o  LOSS 

iso la ted ,  t h e  s impler  glycolipid (LOS-I) was  assigned t h e  s t r u c t u r e  : 2- 

OMe-a-L-Fucp-( I + 3)-&D-Glcp-( I +  3)-2aMe-a-L-Rhap-(  1 +3)-2-OMea-L-Rhap- 

( I  -+ 3)-a-D-Glcp-( 1 + 3)-4-0-Me-a -L-Rhap-(1 -+ 3)-6-0-Me-a-D-Clcp-( I+ l ) - t r i -0  
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900 GURJAR, DAS, AND MAINKAR 

-acyl- a-D-Glcp (l), based  on IR, NMR, FAB-Mass and chemica l  degrada t ion  

studies.2 The  LOS-I1 conta ins  a dis ta l  4-amino-4,6-dideoxy-galactose residue 

for which t h e  absolu te  configurat ion is y e t  not  established. The ant igenici ty  

of glycolipids notably resides  a t  t h e  t e r m i n a l  ol igosaccharide s e g m e n t  and 
3 t h e r e f o r e  synthesis  of t h e s e  d e t e r m i n a n t s  formed t h e  basis of our studies. 

In th i s  repor t ,  t h e  synthesis  of 6 -D-Glcp-( I +. 3)-2-O-Meq-L-Rhap-( 1 + 3)-2- 

O-Me-a-L-Rhap (2) a n d  2-OMe-a-L-Fucp-( 1 +. 31-a-D-Glcp (31, as methyl  glyco- 

s ides  which  c o n s t i t u t e  par t  s t r u c t u r e s  of t h e  larger  ol igosaccharide LOS-I, 
have  b e e n  presented .  

OMc 

H O  Me-? 

I 

H O  Mm 
OM e 

2 

RESULTS AND DISCUSSION 

OHe 

HO 
3 

To i n i t i a t e  t h e  synthesis  of t h e  t r i sacchar ide  (2), t h e  preparat ion 

of t h e  d isacchar ide  ( I l ) ,  containing a f r e e  OH group at 3'-position was  

f i r s t  considered.  The  aglycone, methyl  4-(3-benzyl-2-0-methyl-a-L-rharnno- 

pyranoside (41, chosen for  t h e  present  synthesis  was ear l ier  prepared4 in 
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SYNTHESIS OF TERMINAL OLIGOSACCHARIDES 90 1 

t h e s e  labora tor ies  f r o m  methyl  -L-rharnn3pyranoside. The synthesis  of 

t h e  glycosyl  donor  1,3-di-O-acetyl-O-O-benzyl-2-O-rnethyl-L-rhamnopyranose 
(9), w a s  c a r r i e d  o u t  as follows. T h e  known5 allyl 4-0-benzyl-a-L-rharnno- 

pyranoside ( 5 )  and dibutyl t in  oxide w e r e  h e a t e d  under  ref lux in benzene 

with azeot ropic  removal  of w a t e r  for  3 h and  t h e n  t h e  resul t ing dibutyl- 

s tannylace ta l  der iva t ive  6 w a s  t r e a t e d  with allyl b romide  in N,f+dirnethyl- 

formarnide at 90 "C t o  give t h e  3-0-ally1 der iva t ive  7. The f r e e  01-1 group 
at  C-2 w a s  funct ional ised as i t s  methyl  e t h e r  (8) by using sodium hydride- 

~ w ~ ~ >  - B n O  

B nO Bn 0 

OAc OHe OHe OHe 
9 4 

B n O  

10 R = A c  

1 1  R r H  

BnO 

0 Ot ie  

- 2  

12 R = A c  R O  
13 R = H  

OR 

Scheme 1 
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902 GURJAR, DAS, AND MAINKAR 

methyl  iodide in dry  te t rahydrofuran.  The next  r e a c t i o n  was t h e  removal  

of both t h e  ally1 groups for  which 8 w a s  f i r s t  isomerised in t h e  presence 

of tris(tripheny1phosphine)rhodiurn (1) chlor ide fol lowed by hydrolysis with 

mercury  ( I t )  chlor ide-mercury (11) oxide  in  aqueous  acetone.6 T h e  resul t ing 

herniacetal ,  a f t e r  a c e t y l a t i o n  with a c e t i c  anhydride and  pyridine, gave  t h e  

d i a c e r a t e  (9). 
The coupling reac t ion7  of 4 with 9 was promoted  with boron t r i f luo-  

r i d e  e t h e r a t e  to give t h e  d isacchar ide  (10) whose s t r u c t u r e  w a s  proven by 

t h e  NMR studies. F o r  example ,  in t h e  13C NMR studies, t h e  a n o m e r i c  car -  

bons w e r e  loca ted  at 97.77 (Jc- l ,H-I  = 170 Hz), and  99.35 ( J c - ~ l , H - l l  = 

167 Hz) ppm which w e r e  cons is ten t  with t h e  assigned s t r u c t u r e .  The rerno- 

val  of t h e  acetate group f rom 10 under Zernplen condition g a v e  t h e  requis i te  

d i sacchar ide  (1  11, su i tab le  f o r  f u r t h e r  glycosylation reac t ion  at 3'-position. 

T h e  next  coupling reac t ion  of 11 with  2,3,4,6-tetra-0-acetyl-D-gluco- 
pyranosyl bromide8 w a s  c a r r i e d  out  in t h e  presence of m e r c u r y  (11) cyanide 

a n d  mercury  (11) bromide  to  a f f o r d  t h e  t r i sacchar ide  der iva t ive  12 which 

w a s  isolated a f t e r  deace ty la t ion  as t h e  t e t r a o l  (13). In t h e  13C NMR spec-  

t r u m  of 13, t h e  requis i te  a n o m e r i c  signals w e r e  loca ted  at 97.79 (Jc-l ,H-l  

= 167 Hz), 99.22 ~ J c ~ l l , H ~ l ,  = 174 Hz)  and  103.79 ~ J c ~ l , l , H ~ l l l  = 157 Hz) 

ppm. Finally, t h e  benzyl groups f r o m  13 w e r e  cleaved by hydrogenolysis 

over  palladium-carbon to  a f f o r d  t h e  t r i sacchar ide  (2 ) .  In t h e  'H NMR spec-  

t r u m  of 2 ,  t h e  a n o m e r i c  protons resonated  a t  4.55 (doublet, Jill,2ll = 8.1 
Hz), 4.70 (singlet) a n d  5.05 (singlet) pprn. 

A c  0 OAc 14 Brio+ - 3  

He ~ y + ~  
O H e  

16 

- Me$oHe 

A c O  

+ 

Brio+ HO 

0 He 15 

Scheme 2 
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SYNTHESIS OF TERMINAL OLIGOSACCHARIDES 903 

The synthesis  of methyl  3-~(2-0-meth~l-a-L-fucopy;anosyl)-a-D-g1~~0- 
pyranoside (31, which c o n s t i t u t e s  t h e  te rmina l  d i sacchar ide  s e g m e n t  of LOS-I 

w a s  then  invest igated.  The coupling reac t ion  of 1,3,4-tri-0-acetyl-2-@methyl- 
9 10 L-fucopyranose (14) a n d  methyl  2,4,6-tri-Obenzyl-a-D-glucopyranoside (15) 

w a s  car r ied  out  in t h e  presence  of boron t r i f luoride e t h e r a t e  to a f f o r d  t h e  

d isacchar ide  (16). In t h e  13C NMR spec t rum of 16, t h e  following chemi-  

cal sh i f t s  and t h e  coupling constants :  96.25 (Jc- i ,H-l-  -175 Hz) a n d  97.6 ( J c - l ,  

H - l ,  = 171 Hz) ppm w e r e  observed  f o r  anomer ic  carbons. Removal  of t h e  

a c e t y l  groups by Zemplen  reac t ion  and  t h e  benzyl groups by hydrogenolysis 

gave  t h e  requis i te  d i sacchar ide  3 whose 'H NMR s p e c t r u m  revealed two 

double ts  at 4.66 ( J 1 , 2  = 1.5 Hz) and  5.22 ( J 1 , , 2 ,  = 3.0 Hz) ppm f o r  t h e  ano- 

m e r i c  protons. 

7 

EXPERIMENTAL 

General Procedures. Optical  ro ta t ions  w e r e  d e t e r m i n e d  at 2 5  "C with 

JASCO DIP 370 polar imeter .  NMR w e r e  recorded  on Varian Gemini  200 

MHz a n d  Varian Unity 400 MHz spec t rophotometers  with te t ramethyls i lane  

as a n  internal  s tandard.  Mass s p e c t r a  w e r e  recorded  on a CFC-21-IIOB. 

TLC w a s  per formed on Silica Gel G (Merck) a n d  d e t e c t i o n  being e i ther  by 

charr ing with a-naphthol  or UV de tec tor .  Column chromatography was per- 

formed on  s i l ica  gel  (Mesh-60-120) purchased from A c m e  Chemica l  Com- 

pany, Bombay. 

Ally1 3- 0-Allyl-4- 0-benzyl-2- 0-methyl- a -L-rhamnopyranoside (8). A 

solution of 5 (5.0 g, 17.0 mmol) and  dibutyl t in  oxide (5.0 g, 20.4 mmol) in 

benzeqe  (75 mL) w a s  h e a t e d  under ref lux with a z e o t r o p i c  removal  of water  

for 3 h. Solvent  w a s  removed,  and t h e  residue was  d i lu ted  with dry  N,Ndime- 

thy l formamide  (50  mL) followed by t h e  addi t ion of ally1 bromide (3.08 g, 

25.5 mmol). The  r e a c t i o n  mixture  was  hea ted  at 90 "C f o r  3 h and  then 

concent ra ted .  The  res idue  was  dissolved in e thyl  acetate, washed with water ,  

d r ied  a n d  concent ra ted .  The residue was purified by column chrornatogra-  

phy on s i l ica  gel  by elut ing with ethyl  ace ta te - l igh t  pe t ro leum (1:4) to  give 

7 (4.54 g, 81%): [a], -7.2" ( C  1.0, chloroform); 'H NMR (CDC13) s 1.28 (d, 

P h C E J ,  4.82 ( s ,  IH,  H-I), 5.25 (rn, 4H, 2xCH2=), 5.9 ( m ,  2H, 2xCH=), 7.3 

( s ,  5H, Ph). 

To  7 (4.0 g, 12.0 mmol)  in dry te t rahydrofuran  (40 mL) sodium hydride 

(0.54 g, 80% dispers ion in oil) was added. A f t e r  2 h, methyl  iodide (1.12 

3H, J = 6.3 Hz, 5-CH3), 3.37 ( t ,  IH, 3 = 9.2 Hz, H-4), 4.61, 4.86 (ABq, 2H, 
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904 GURJAR, DAS, AND MAINKAR 

mL) was  introduced,  t h e  reac t ion  mixture  s t i r r e d  f o r  5 h, decomposed with 

methanol  and  c o n c e n t r a t e d .  The residue in ch loroform was  washed with water ,  

d r ied  a n d  c o n c e n t r a t e d  to a f f o r d  a residue which was  purif ied on s i l ica  gel 

by elut ing with e thyl  ace ta te - l igh t  petroleum (1:9) t o  give 8 (3.6 g, 86%): 

[or], -55" ( c  0.9, chloroform);  l H  NMR (CDCl3)6 1.26 (d, 3H, J5,6 = 6.5 Hz, 

5-CH3), 3.40 (t,  IH,  J3,4 = 8.8 Hz, H-41, 3.48 (s, 3H, OMe), 4.54, 4.86 (ABq, 

ZH, PhCI&,), 4.75 fd,  l H ,  J1,2 = 1.0 Hz,  H-l), 5.2 (m, 4H, 2xCtI2=),5.9 (m, 

2H, 2xCH=), 7.3 (m,  5H, Ph). 

Anal. Calcd  for C20H2805: C, 69.0; H, 8.0. Found: C, 68.7; H, 7.9. 

I,3-Di-O-Acetyl-4-(rbenzyl-2-O-methyl-a-L-rhamnopyranose (9). A mix- 

t u r e  of 8 (3.0 g, 8.62 mmol)  a n d  tris(tripheny1phosphine) rhodium (I) chlo- 

r i d e  (150 mg) in e thanol-benzene-water  (7:3:1, 75 mL) was  h e a t e d  under 

ref lux f o r  18 h, a n d  t h e n  f i l t e r e d  a n d  concent ra ted .  The  residue was  diluted 

wi th  e thyl  acetate a n d  washed with IN hydrochlor ic  acid,  sodium bicarbonate  

solut ion,  water ,  d r ied  a n d  concent ra ted .  The  residue w a s  dissolved in I:I 

aqueous a c e t o n e  (40 mL), a n d  mercury  (11) chlor ide (0.75 g) and  mercury 

(11) oxide  (0.3 g) w e r e  added. The r e a c t i o n  mixture  was  s t i r r e d  f o r  2 h, f i l t e red  

a n d  concent ra ted .  The  residue was  chromatographed  on s i l ica  g e l  by elut ing 

with e thyl  ace ta te - l igh t  pe t ro leum (1:2) to  give t h e  diol which was  t r e a t e d  

wi th  a c e t i c  anhydride (2.4 mL), pyridine (2.5 mL) and  N ,N4-dimethylamino-  

pyridine (25  mg) in  ch loroform (15 mL). A f t e r  1 2  h and  usual work-up, t h e  

c r u d e  product  w a s  purif ied by column chromatography on  s i l ica  gel  by using 

e t h y l  ace ta te - l igh t  pe t ro leum (1:4) t o  give 9 (1.73 g, 57%): [ a ] ,  -52.5"(~ 

0.3, chloroform);  I H  NMR (CDC13) 6 1.30 (d, 3H, J5,6 = 6.4 Hz, 5-CH3), 

2.08, 2.14 (Zs, 6H,  ZxOAc), 3.48 (s, 3H, OMe), 4.66 (ABq, ZH, PhCE2),  5.16 

7.3 (m,  5H, Ph). 

(dd, IH,  J = 2.8, J3,4 = 8.8 Hz, H-31, 6.09 (d, IH,  J1,2 = 1.0 Hz, H-I), 
293 

Methyl 4-0-Benzyl-2- ~methyl-3-0-(3-O-acetyl-4- 0-benzyl-2-0-methyl- 
a-L-rharnnopyranosy1)- a-L-rhamnopyranoside (10). To a s t i r r e d  solution of 

4 (0.45 g, 1.59 mmol), 9 (0.61 g, 1.73 mmol) and  4A molecular  s ieves  (1.0 

g) in dry  d ich loromethane  (25  mL) a t  0 "C w a s  added f resh ly  dis t i l led boron 

t r i f luor ide  e t h e r a t e  (30 pL).  A f t e r  2 h, potassium c a r b o n a t e  (0.3 g) was added, 

f i l t e r e d  a n d  t h e  f i l t r a t e  washed with w a t e r ,  dr ied and  concent ra ted .  The 

res idue  w a s  chromatographed  on s i l ica  gel  by elut ing with e thyl  acetate- 
l ight  pe t ro leum (1:3) t o  give 10 (0.55 g, 60%): [a], -36.5" (C 1.9, chloroform); 

I H  NMR (CDCl3)  d 1.29, 1.32 (Zd, 6H, J5,6 = J51,6, = 6.0 Hz,  5-CH3, 5'-CH3), 

2.04 (s, 3H, OAc), 3.15, 3.35, 3.50 (3s, 9H, 3xOMe), 4.62, 4.85 (ABq, ZH, 

0 
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SYNTHESIS OF TERMINAL OLIGOSACCHARIDES 905 

PhCFl2), 4.65 (s, IH,  H-I), 4.69 (ABq, 2H, PhCE2) ,  4-98 (d, 1H, J11,21 = 1.0 

Hz,  H-1'1, 5.22 (dd, IH,  321,31 = 2.5, 331,41 = 9.4 Hz,  H-3'), 7.3 (m, IOH, 
2xPh); 13C NMR (CDC13) 6 97.7 (Jc- l ,H-l  = 170 Hz) a n d  99.35 (Jc- l , ,H-l ,  

Anal. Calcd  for C31H42010: C, 64.8; H,  7.3. Found: C, 64.5; H,  7.1. 

Methyl 4OBenzyl-2-(rmethyl-3~4-CTbenzyl-2-0methyl-3-0(8-D-gluco- 
pyranosy1)- a -L-rhamnopyranosyl&a -L-rhamnopyranoside (13). Compound 10 

(0.43 g ,  0.75 mmol), methanol  (15 mL) a n d  sodium (25 mg) w e r e  s t i r r e d  for  

12 h a n d  t h e n  worked up in a usual fashion t o  give 11 (0.4 g, 100 %). To 
a s t i r r e d  solution of I 1  (0.40 g, 0.75 mmol), 4A molecular  s ieves  (0.8 g), 
m e r c u r y  (11) cyanide  (0.17 g), mercury  ( I t )  bromide (0.06 g) in dry dichloro- 

m e t h a n e  (20 mL) was  added 2,3,4,6-tetra-C-acetyl-Ct-D-glucopyranosyl bromide 

(0.61 g, 1.5 rnmol). Af te r  5 h, t h e  r e a c t i o n  mixture  was worked up in a usual 

fashion, and  t h e n  t h e  residue was  chromatographed  on silica gel  by using 

e t h y l  ace ta te - l igh t  pe t ro leum (1:3) t o  give 12 (0.36 g) which w a s  dissolved 

in methanol  (12 mL) a n d  sodium ( 2 5  mg) was added. A f t e r  1 2  h and  usual 

work-up, t h e  residue was  chromatographed  on silica gel by elut ing with ethyl  

a c e t a t e - l i g h t  pe t ro leum (7:3) to give 13 (0.36 g, 56%): [a], -28" (C 2.26, 

methanol) ,  IH N M R  (CDC13) 6 1.27, 1.29 (2d, 6H, J5,6 = 351,61 = 6.0 Hz, 
5-CH3, 5'-CH3), 3.23, 3.36, 3.46 (3s, 9H, 3xOMe), 5.08 (s, IH,  H-l ' ) ,  7.3 

( m ,  IOH, 2xPh); 13C NMR (CDC13) 6 97.79 (Jc-l,H-l - - 167 Hz), 99.22 ( J c - l l  

= 167 Hz). 

0 

9 

- 174 Hz) a n d  103.79 (Jc- I I I ,H-I l ,  = 157 Hz). H-1' 
Anal. C a l c d  for  C35H50014: C, 60.5; H, 7.2. Found: C, 60.0; H, 7.0. 

Methyl 2-0-Methyl-3-~2~methy1-3-~-D-glucopyranosyl)~-L-rhamno- 
pyranosyll-a-L-rhamnopyranoside (2). A solution of 13 (0.10 g, 0.14 mmol), 

10% pal ladium-carbon (20 mg) in methanol  (10 mL) was  s t i r r e d  under  a hydro- 

g e n  a t m o s p h e r e  f o r  24  h, f i l t e r e d  and  concent ra ted .  The residue was purif ied 

by co lumn chromatography on s i l ica  gel by using chloroform-methanol  (9: 1) 

(0.07 g, 94%): [aID -35" ( c  1.25, methanol); 'H NMR (CDCl3+CD30D)  6 1.31 

OMe), 4.55 (d, I H ,  Jl:,211 = 8.1 Hz,  H-I"), 4.70 (s, IH ,  H-I), 5.05 (s, i H ,  

H-1'); MS : =/L 351 (M -Glcp), 339 (MC-(OMe)2-Rhap). 

Anal. C a l c d  f o r  C21H38014: C, 49.0; H, 7.4. Found: C, 48.3; H, 7.3. 

Methyl 2,4,6-Tri-0-benzyl-3-CT(3,4-di-~acetyl-2~-methyl~-L-fucopyra- 
nosy1)-a-D-glucopyranoside ( 16). To a s t i r r e d  soh t ion of I ,  3,4-t r i- 0-ace tyl-2- 

Omethyl-L-fucopyranose9 (14) (0.30 g, 1.0 mmol), methyl  2,4,6-tri-Gbenzyl- 

a-D-glucopyranoside" (15) (0.55 g, 1.18 mrnol) and 4 i  molecular  s ieves  

( t ,  6H,  J5,6 = J51,61 = 6.5 Hz, 5-CH3, 5'-CH3), 3.37, 3.45, 3.47 ( 3 ~ ,  9H, 3~ 
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(0.6 g) in dichloromethane (30 mL) at 0 "C was added boron trif luoride e the-  

r a t e  (100 U L). After stirring at room tempera ture  for 3 h, t h e  reaction mix- 

t u r e  was worked up as described above for compound 10. The residue was 

chromatographed on silica gel with ethyl acetate-light petroleum (3:7) t o  

give 16 (0.38 g, 54%): [a], -40" ( C  2.4, chloroform); 'H NMR (CDC13) 6 0.56 

(d, 3H, J51,6, = 6.3 Hz, 5'-CH3), 2.04, 2.10 ( 2 ~ ,  6H, ~ x O A C ) ,  3.33, 3.40 ( 2 ~ ,  
= 2.1 6H, 2xOMe), 4.91 (bs, IH, H-4'1, 5.31 (dd, IH ,  J21,31 = 10.5, J 

Hz, H-3'), 5.69 (d, IH,  J = 3.7 Hz, H-I), 7.3 (m, 15H, 3xPh); C NMR 

(CDC13) 696.25 (Jc-l,H-, = 175 Hz), 97.6 ( J c ~ l l , H ~ l l  = 171 Hz). 

Methyl 3- O(2- 0-Methyl- a -L-fucopyranosy1)-a -D-glucopyranoside (3). 
Compound 16 (0.35 g, 0.49 mmol), methanol (20 mL) and  sodium (50 mg) 

were  s t i r red  fo r  3 h, deionised by Amberli te 1R 120 (HI resin and filtered. 

The f i l t r a t e  was  s t i r red  over 10% Pd-C (50 mg) in a hydrogen atmosphere 

for 24 h. The ca ta lys t  was f i l t e red  off and  t h e  f i l t r a t e  concent ra ted  t o  a f ford  

a residue which was purified by column chromatography on silica gel by 

eluting with chloroform-methanol ( 1 O : l )  to give 3 (0.098 g, 56%): [a], -17" 

( c  0.65, methanol); IH NMR (CDC13)6 1.19 (d, IH, J = 6.5 Hz, 5'-CH3), 3.31, 

3.44 (2s, 6H, ZxOMe), 4.66 (d, IH, J1,2 = 1.5 Hz, H-1'1, 5.22 (d, I H ,  J11,21 

Anal. Calcd  for C14H26010: C, 47.5; H, 7.3. Found: C, 47.4; H, 7.3. 

3 l 4 5  

172 

= 3.0 Hz, H-I); CI-MS :m/z 355 (Mf+l ) .  
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