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Andrds Lipt5k and Lajos Szabd 

L. Kossuth University, Institute of Biochemistry, 
P.0.Box 55, H-4010 Debrecen, Hungary 
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ABSTRACT 

Trimethylsilyl ethers of 2,3-di-g-substituted glycopyranosides o r  
their thioglycopyranoside analogues were reacted with methyl pyruvate in 
the presence of trimethylsilyl triflate to give pyruvylated hexo- 
pyranosides in yields of 60-75 %, and the ratio of the dia- 
stereoisomers was found to be ca. 1:1. The reaction can also be applied 
f o r  cellobioside derivatives, providing suitable building blocks for the 
preparation of pyruvate-containing oligosaccharides. 

INTRODUCTION 

Many polysaccharides contain pyruvic acetal, linked as a cyclic 
acetal to a glycosyl residue. The occureince of such type of structures 
in agar, in which the pyruvic acetal is bonded to 0-4 and 0-6 of 
p-0-galactopyranosyl residues was published by Hirase. * In polysac- 
charides the hexopyranosyl building blocks are mainly pyruvylated at 0-4 

and 0-6 as 4,6-Q-acetals, but dioxolane-type acetals can also be formed 
between either ~&-axial/equatorial,~~~ or  t=-diequatoria15 hydroxyl 
groups. Most recently pyruvylated oligosaccharides have also been 
isolated from C-mycosidic glycopeptidolipide antigens of the Mycobacte- 

Dedicated to Professor Hildebert Wagner in celebration of his 60th 
birthday. 
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6 30 LIPTAK AND SZABO 

rium -- avium - Mycobacterium i n t r a c e l l u l a r e  - Mycobacterium scrofulaceum 

complex ,6 and from the g l y c o l i p i d s  o f  Mycobacterium smegmatis7 having 

the  f o l l o w i n g  s t ructures:  

A : 4 , 6 4 4  1 ’ -carboxy )e thylidene-3-O-Me-P-P-Glcp-(l-+3) -d-L-Rhap- (1 + 

+2) -6-deoxy-LTalp, 

4 ) 6-Q-(1 ~-ca~boxy)ethylidene-3-CJ-Me-~-Q-Glcp-(l+3)-4,6-Q-( 1 ’ -carb- 

oxy Iethylidene-B-Q-Glcp-( - 1 -~4)-P-Q-Glcp-( - 1+6) -d-Q-Glcp-( - 1-t 

C : 3-g-Me-p-P-Glcp- (1 +3) -4,6-_O-(lY -carboxy )e thy1  idene-P-Q-Glcp- - (1 9 

D : 4,6-&(1) -carboxy Iethylidene-6-Q-Glcp- - (1 -4 )-P-lJ-Glcp- - (1 -6) -A+ - 

B : 

i 1 )  -d-lJ-Glcp, - 
7 

+4 )-P-Q-Glcp- ( 1 3 6 )  -d-Q-Glcp-(l+l) -M-Q-Glcp, 
7 - - - 

GlCp-( l ~ l ) - d - D - G l c p .  - 

These pyruvylated ol igosacchar ides are ant igens o f  these bac ter ia ,  and 

t h e i r  immunological p roper t ies  may depend on the  pyruvate content and on 

the absolute conf igura t ion  o f  the aceta ls .  Recent i n t e r e s t  i n  

mycobacteria a r ises  from t h e i r  occurence as o p p o r t u n i s t i c  pathogens i n  

many p a t i e n t s  with acquired imnunodef i c i e n c y  syndrome (AIDS). 

To determine the absolute conf igura t ion  o f  the  pyruvate-containing 

n a t u r a l  products syn the t ic  model compounds were used. Three 

papers 5y12’13 from two groups have d e a l t  with the synthesis o f  pyruvate 

aceta ls  us ing the f o l l o w i n g  route:  hexopyranosides were t r e a t e d  with 

1-acetoxy-2-propanone and t h e  isomers o f  the  ace ta ls  formed were 

separated. These aceta ls  were transformed i n t o  hydroxyisopropyl idene 

der iva t ives  by saponi f icat ion.  The methyleneoxy groups were ox id ized  

with the  platinium-oxygen system and the formed carboxy l  groups were 

methylated with diazomethane. The y i e l d s  a r e  genera l ly  ra ther  low; the 

h ighest  publ ished y i e l d  was B X, but  i n  most cases i t  was below 1 %. 

This rou te  provided s u i t a b l e  q u a n t i t i e s  o f  t h e  des i rcd  compounds f o r  

spectroscopic measurements wi thout  s a t i s f y i n g  prepara t ive  purposes. Our 

i n t e r e s t  i n  synthes iz ing some ol igosacchar ides o f  mycobacteria 

antigens14915 prompted us t o  inves t iga te  t h e  synthes is  of the pyruvate 

aceta ls  of carbohydrates i n  d e t a i l .  

8-11 
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TRIMETHYL TRIFLATE-CATALYSED ACETAL FORMATION 631 

RESULTS AN0 DISCUSSION 

Our e f f o r t s  t o  condense methyl pyruvate with s u i t a b l y  p ro tec ted  

carbohydrate d i o l s  i n  the presence of p r o t i c  or  Lewis ac ids f a i l e d ;  n o t  

even t races o f  condensation products cou ld  be detected. The aceta l  

exchange reac t ions  resu l ted  only  i n  mixed acetals," and we were unable 

t o  f o r c e  the r ing c losure and produce f u l l  aceta ls .  

Recently the  Yoshimura group17 success fu l l y  synthesized 

glycosylideneglycoses, a type o f  s p i r o - c y c l i c  o r thoes ter  compounds, by 
us ing  aldonolactones and t r i m e t h y l s i l y l  e thers  o f  d i o l s  i n  the presence 

o f  t r i m e t h y l s i l y l  t r i f l a t e  as the condensing agent. On the o t h e r  hand, 

the  1 - 0 - t r i r n e t h y l s i l y l  aldoses have been found t o  serve as g lycosy l  

donors i n  var ious glycoside syntheses, 19-23 and these condensations 

l i b e r a t e  hexamethyldisiloxane ins tead o f  water. 

On the  bas is  o f  these observations we chose methyl 2,3-di-_0- 
benzyl-4 , 6-bis-Q-( t r i m e t h y l s i l y l )  -oc-8-glucopyranoside - and phenyl 

2,3-di-~-benzyl-4,6-bis-~-(trimethylsilyl)-P-Q-galactopyranoside - (I; ) as 

d i o l  components. Compound 1 was prepared by convent ional  s i l y l a t i o n  of 
phenyl  2,3-di-g-benzyl-P-~-galactopyranoside - 24 us ing  hexamethyl- 

d is i lazane i n  dry  dichloranethane i n  the presence o f  a c a t a l y t i c  amount 

of t r i f l u o r o a c e t i c  acid. The two d i s i l y l a t e d  compounds were t r e a t e d  with 

2 equiva lents  o f  methyl pyruvate i n  dichloromethane s o l u t i o n  i n  the  

presence o f  0.1 equiva lent  o f  t r i m e t h y l s i l y l  t r i f l a t e .  The reac t ions  
requ i red  16-18 hours a t  roan temperature, and the r a t i o  o f  isomers 

was near ly  1:l. The diastereoisomeric ace ta ls  /z(R); 2(S) and Z(R); 
I ( ? ) /  were separated by s i l i c a  g e l  column chromatography. 

These two react ions showed t h a t  the  pyruvate a c e t a l  format ion can 

be achieved by t h i s  method both i n  the gluco- and galacto-pyranoside 
s e r i e s  i n  the presence of benzyl  p r o t e c t i v e  groups. To get  more i n s i g h t  

i n t o  the c o m p a t i b i l i t y  of d i f f e r e n t  b lock ing  groups with th is  procedure, 

methyl  4 ,6-_0-ben~ylidene-~-0-glucopyranoside~~ was benzoylated and the  

benzylidene group was removed from compound 4 t o  a f f o r d  methyl  

2,3-di-_0-benzoyl-~-~-glucopyranoside - ( 5 ) .  Compound 5. was s i l y l a t e d  us ing 

the general  procedure t o  ob ta in  compound 4 .  Treatment o f  4 methyl 

pyruvate r e s u l t e d  i n  two diastereomeric isomers / I (R)  and I ( S ) /  which 

were separated by Chromatography. 

the  

w i t h  
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632 LIPTAK AND SZABO 

I t  was a lso i n t e r e s t i n g  t o  explore whether t h i s  method cou ld  be 

appl ied i n  the case o f  th iog lycos ides s ince  these compounds are 

s e n s i t i v e  against  s t rong Lewis acids, and a l s o  whether the pyruvy la ted  

th iog lycos ides could serve as g lycosy l  donors i n  the synthesis o f  the 

ta rge t  oligosaccharides. To answer these questions the f o l l o w i n g  

experiments were c a r r i e d  out. Methyl 4,6-tj-benzylidene-l-thio-/3-D- 

glucopyranoside26 was benzoylated t o  y i e l d  methyl  2,3-di-Q-benzoy;- 

4 , 6-~-benzylidene-l-thio-p-0-glucopyranoside - (4). Acid hydro lys is  o f  the 

benzylidene group r e s u l t e d  i n  the d i o l  9 and th is  was t r e a t e d  with 

hexamethyldisilazane t o  y i e l d  lo. 
and the 

temperature was al lowed t o  reach room temperature which was then 

maintained for 18 hours. Two isomers were formed i n  favour o f  the  l-l(s) 
isomer, b u t  l l ( R )  could a lso be i s o l a t e d  i n  a y i e l d  of 20 %. 

A d d i t i o n a l  t a r g e t  compounds were the  pyruvate a c e t a l s  o f  

3-fl-methyl-D-glucose, - being the  te rmina l  residues of t h e  t r i s a c c h a r i d e  A 
27,28 and t h a t  of the pentasaccharide B. Using the  Schneider procedure 

2,4,6-tri-~-acetyl-3-~-rnethyl-4-0-glucopyranosyl bromide29 was converted 

i n t o  methyl  2,4,6-tri-~-acetyl-3-~-methyl-l-thio-/3-~-glucopyranoside 
(12). Conventional Zemp16n3' deacety la t ion  resu l ted-  i n  94 % 

mono-0-acetyl der iva t ive ,  which was proved t o  be methyl  2-Q-acetyl- 

3-~-methyl-l-thio-p-~-glucopyranoside (U) . Our f i r s t  o b ~ e r v a t i o n ~ ~  t h a t  

the  C-2 Q-acyl groups o f  3-Q-substituted galactopyranoside d e r i v a t i v e s  

can n o t  be removed by c a t a l y t i c  amount o f  NaOCH3 was found t o  be a 

common feature f o r  3-g-subst i tuted hexopyranosides. 32-36 However, upon 

forced condi t ions methyl 3-Q-methyl-l-thio-P-D-glucopyranoside - (14) was 

obtained. 

y i e l d .  

A s i m i l a r  treatment o f  l5, as described f o r  HI, r e s u l t e d  i n  two isomeric 

compounds; the major  product was proved t o  be the 5-isomer / E ( s /  and 

the minor component was E(R). 
I n  the tetrasacchar ides C and D pyruvy lated c e l l o b i o s y l  un i ts  are 

present. For t h i s  reason the  p y r u v y l a t i o n  r e a c t i o n  o f  methyl  

1 - thio-p -ce l lob ios  i d e j 7  was s tud ied by t reatment wi th 2,2-dime thoxy 

propane and the formed mono-isopropylidene d e r i v a t i v e  was d i r e c t l y  

benzoylated and methyl 2,3,6,2y,3y-penta-~-benzoyl-4~y6y-Q-iso- 

The aceta l  format ion was conducted a t  -20 OC f o r  2 hours 

Comoound 11 was s i l y l a t e d  and 15 was obtained i n  exce l len t  
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13C NMR Data of the Pyruvate Acetaka 
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C-6 

63.24 
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64.14 

97.78 
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CH3 

17.79 
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25.09 
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25.12 
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25.30 

25.01 

c=o 

168.78 

170.26 

168.35 
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168.31 

169.90 

168.46 

169.80 

168.30 

169.88 

169.43 

0 
C-DCH3 OCH3/SCH3 

52.72 

52.53 

52.59 

52.37 

52.31 

52.21 

52.79 

52.60 

52.65 

52.57 

52.50 

55.26 

55.31 

55.38 

55.40 

- 
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11.65 

11.51 

11.15 

11.06 
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a. in CDC13. 
b. Data of the nonreducing end. 
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636 LIPTAK AND SZABO 

propylidene-1-thio-P-cellobioside (17) was i s o l a t e d  and cha rac t e r i zed .  
Hydrolysis of t h e  isopropylidene group of i7 gave which was s i l y l a t e d  
t o  ob ta in  19. Compound p was t r e a t e d  with methyl pyruvate a t  -20 OC and 
l a t e r  on a t  room temperature. In  t h e  k i n e t i c  phase of t h e  r e a c t i o n  both 
isomers were formed i n  a s i m i l a r  r a t i o ,  b u t  a f t e r  complete conversion 
t h e  amount of t h e  s-isomer /2CJ(S)/ i nc reased  t o  90 96 and on ly  t h i s  
isomer was i so l a t ed .  

In a l l  pyruvylated thioglycosides  p a r t i c i p a t i n g  groups a r e  p r e s e n t  
so they a r e  s u i t a b l e  glycosyl  donors f o r  t h e  p repa ra t ion  of 

38 1,2-trans-glycosides.  These r e s u l t s  w i l l  be publ ished sepa ra t e ly .  
The configurat ion of t h e  newly formed a c e t a l i c  c h i r a l  c e n t e r s  was 

assigned on t h e  b a s i s  of t h e  I3C NMR chemical s h i f t  values  of methyl 
groups. It was shown e a r l i e r  t h a t  t h e  13C NMR chemical s h i f t  va lue  of 
t h e  methyl group i n  t h e  4,6-Q-i~opropylidene-,~~ 4,6-tJ-(l'-methyl)- 
b e n ~ y l i d e n e - ~ '  or  4,6-Q-(1 '-carboxymethy1)ethylidene 5y12,13 d e r i v a t i v e s  
of hexopyranosides is s t r o n g l y  dependent on t h e  steric arrangement. The 
a x i a l  methyl groups r e sona te  a t  h ighe r  magnetic f i e l d  than  t h e  
e q u a t o r i a l  ones, and t h e  d i f f e r e n c e  may be as high a s  10 ppm. The 
occurence of t h e  high f i e l d  resonance can be  r a t i o n a l i z e d  on t h e  b a s i s  
of t h e  general  gauche effect .41 As a consequence of t h e  gauche e f f e c t ,  
t h e  C-6 and C-4 of a l l  E-isomers a l s o  resonated a t  high f i e l d ,  t h u s  t h e  
a c e t a l y s a t i o n  s h i f t s  (A&= Jc-4 or  dc-6 of a c e t a l s -  dc-4 or  dc-6 of 
d i o l s )  have very low values.  The chemical s h i f t  va lues  of acetalic 
carbons a r e  a l s o  c h a r a c t e r i s t i c ;  t h e s e  carbons of t h e  !-isomers 
resonated a t  higher  magnetic f i e l d ,  and t h e  d i f f e r e n c e  is nearly 1 ppm. 
In  t h e  case  of t he  galactopyranoside d e r i v a t i v e s  t h e  I3C NMR s h i f t  
values a r e  reversed. The complete I3C NMR s p e c t r o s c o p i c  assignments a r e  
given i n  t h e  Table. 

It  is a l s o  t o  be noted t h a t  t h e  chromatographic m o b i l i t i e s  a r e  
a l s o  c h a r a c t e r i s t i c  f o r  t h e  isomers; i n  t h e  g luco- se r i e s  the 3-isomers 
a r e  t h e  f a s t e r  moving compounds. 

EXPERIMENTAL 

Melting po in t s  were determined on a Kofler  apparatus and a r e  
uncorrected.  Optical  r o t a t i o n s  were determined with a Perkin-Elmer 241 
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TRIMETHYL TRIFLATE-CATALYSED ACETAL FORMATION 637 

polar imeter .  NMR spectra were recorded f o r  s o l u t i o n s  i n  CDC13 ( i n t e r n a l  

Me4Si) with a Bruker WP-200 s p e c t r a e t e r  a t  room temperature. TLC was 

performed on K iese lge l  60 F254 (Merck) wi th de tec t ion  by char r ing  w i th  

su lphur ic  acid. Short-column chromatography was e f f e c t e d  on K i e s e l g e l  G 

(Reanal) adsorbent. 

Methyl  2,3-Di-O-benzoyl-4,6-0-benzylidene-d-~-glucopyranoside - (41, 
A s o l u t i o n  o f  methyl  4,6-Q-benzylidene-d-Q-glucopyranoside - (2.82 g, 1 

mmol) i n  abs p y r i d i n e  (10 mL) was t rea ted  with benzoyl c h l o r i d e  (4.2 g, 
3 mmol) a t  0 % f o r  24 h. The r e a c t i o n  mix tu re  was poured onto crushed 

i c e  (100 g) and the  p r e c i p i t a t e d  s o l i d  was washed w i t h  c o l d  water. The 

crude product was c r y s t a l l i z e d  frm ethanol  (95 mL) t o  g i v e  4 (4.20 g, 
85.6%), mp 156-157 OC, [dI0 +85.9' (_c 0.7 chloroform),  R f  0.52 (d ich lo ro-  

methane-acetone, 95:5). 

Anal. Calcd for C28H2608: C, 68.56; H, 5.34. Found: C, H, 

Methyl  2,3-Di-O-benzoyl-d-Q-glucopyranoside (5 ) .  Compound 4 (2.5 

g) was d isso lved i n  dichloromethane (25 mL) and t r e a t e d  with t r i f l u o r o -  

a c e t i c  a c i d  (2.5 mL) i n  the presence o f  water (0.05 mL) a t  room 
temperature, A f t e r  3 min complete h y d r o l y s i s  occurred and the r e a c t i o n  

mixture was d i l u t e d  with dichloromethane (75 mL) , washed with saturated 

NaHC03 s o l u t i o n  and with water t o  n e u t r a l .  The s o l u t i o n  was d r i e d  

(Na2S04) and concentrated t o  g i v e  syrupy 2 (1.96 g, 95.5%),  [&lo +142.6' 

(_c 0.57, chloroform), R f  0.27 (dichloromethane-acetone, 9: l ) .  1 3 C  NMR 

(C-5), 61.72 (C-61, 55.26 (O-CH3), 166.96 and 165.97 (2 CO). 

Anal .  Calcd f o r  C21H2208: C, 62.67; H, 5.51. Found: C, H, 
5.60. 

Methyl  2,3-0i-0-benzoyl-4,6-O-benzylidene-l-thio-/3-~-gluco- -~ 
pyranoside (8 ) .  Methyl 4,6-~-benzylidene-l-thio-p-D-glucopyranoside - 

(1.49 g, 0.5 mmol) was benzoylated i n  abs p y r i d i n e  (10 mL) with benzoyl 

c h l o r i d e  (2.31 g, 1.66 mmol) as descr ibed f o r  compound 4. The 

c rys ta l l . ine  crude product was r e c r y s t a l l i z e d  from ethanol  t o  g i v e  8 
(1.80 g, 71.2%) mp 170 'C, bdD +17.3' (c 0.7863, chloroform),  Rf  0.68 

(n-hexane-ethyl acetate, 6:4). 

Found: C, 

68.65; 

5.40. 

(CDC13): d 97.03 ( C - l ) ,  71.75 (C-2), 73.78 (C-3), 69.38 (C-4), 71.41 

62.86; 

Anal. Calcd f o r  C28H2607S: C, 66.38; H, 5.17; S, 6.32. 

66.45; H, 5.21; S, 6.39. 
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638 LIPTAK AND SZABO 

Methyl  __ 2,3-0i-0-benzoyl-l-thio-~-Q-glucopyranoside (9 ) .  Compound 

(1.8 g) was dissolved i n  dichloromethane (20 mL) and hydrolyzed with 

t r i f l u o r o a c e t i c  a c i d  (2 mL) i n  the  presence o f  water (0.04 mL) f o r  10 
m i n ,  and worked-up as descr ibed i n  the  case of compound 3. The syrupy 

compound 9 (1.46 g, 98.1%) proved t o  be homogenous. [dID +59.5' (c_ 0.40, 

chloroform), Rf 0.50 (dichloromethane-acetone, 8:2). 

Anal. Calcd f o r  C21H2207S: C, 60.27; H, 5.30; '3, 7.66. C, 
60.39; H, 5.39; S, 7.70. 

Methyl  2,4,6-Tri-O-acetyl-3-O-methyl-l-thio-/3-~-glucopyranoside 
(12). 2,4,6-Tri-~-acetyl-3-Q-methyl-d-~-glucopyranosyl bromide (7 .O g) 

1.83 mmol) and 4.45 g o f  th iourea i n  50 ml dry acetone were heated 60 

min a t  the b o i l i n g  po in t .  The r e a c t i o n  mix tu re  was concentrated and the 

s o l i d  residue was d isso lved i n  dichloromethane (100 mL> and water (100 

mL). The w e l l  s t i r r e d  s o l u t i o n  was t r e a t e d  with sodium carbonate (6.36 

g) and sodium s u l p h i t e  (3.57 g) for 1 h a t  room temperature. The organic  

l a y e r  was separated, d r i e d  and t r e a t e d  with iodomethane (4.3 mL) i n  the 

presence o f  t r ie thy lamine ( 5 . 8  mL) a t  room temperature. A f t e r  1 h the  

s o l u t i o n  was washed with water, dried (MgS04), f i l t e r e d ,  and 

concentrated t o  g i v e  12. (4.05 g, 63.7%), mp 66 OC (from ether-n-hexane), 

(dj0 -7.9' (g 1.4, chloroform); I 3 C  NMR (CDC13): d 83.01 (C-11, 70.17 

Found: 

(C-21, 82.73 (C-31, 69.32 (C-41, 76.17 ( C - 5 ) ,  62.42 (C-61, 11.04 

( S-CH3), 59.16 (O-CH3). 

Anal .  Calcd f o r  Cl4HZ2O8S: C, 47.98; H, 6.32; S, 9.15. C, 

Methyl 2-O-Acetyl-3-O-methyl-l-thio-~-r]-glucopyranoside ( i 3 ) .  To a 

s o l u t i o n  o f  12 (3.82 g) i n  dry  methanol (30 mi) was added sodium 

methoxide ( 3  mg). A f t e r  24 h a t  room temperature, the  mix tu re  was 

neut ra l i sed  with Amberl i te IR-120 (H+) r e s i n ,  f i l t e r e d ,  and 

concentrated. The c r y s t a l l i n e  res idue (2.9 g) was r e c r y s t a l l i s e d  from 

e t h y l  acetate (5 mL) and cyclohexane (20 mL) mixture,  t o  y i e l d  13 (2.84 

g, 9 7 . 8 % ) ,  mp 100 OC, L+, -25.3' (_c 0.9, chloroform),  R f  0.44 ( d i -  

chloromethane-acetone, 7:3). 'H NMR (CDC13): d 4.88 (dd, lH, Jl,2 = 9.8 

Found: 

48.10; H, 6.28; S, 9.10. 

Hz, J = 9.1 Hz, H-2), 4.25 (d, lH,  H-11, 3.49 ( s ,  3H, CH3-O), 2.12 

( 5 ,  3H, CH3-S), 2.08 ( S ,  3H, AcO-2). 
2Y3 

Anal. Calcd f o r  CIOH1806S: C, 45.09; H, 6.81; S ,  12.03. Found: C, 
45.12; H, 6.88; S, 12.10. 
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TRIMETHYL TRIFLATE-CATALYSED ACETAL FORMATION 639 

Methyl  3-O-Methyl-l-thio-/3-~-glucopyranoside (14). Compound 12 
(300 mg) i n  dry  methanol (5 mL) was t r e a t e d  with sodium methoxide (40 

mg). A f t e r  24 h a t  room temperature the s o l u t i o n  was heated t o  50 OC fo r  

1 h. The usual  workup r e s u l t e d  i n  a s o l i d  res idue which was 

r e c r y s t a l l i s e d  from e t h y l  acetate (6 mL) t o  g i v e  14 (185 mg, 96.3%), mp 
138-139 OC, I.(], -38.8 (c 0.7 methanol), R f  0.35 (d i -  

chloromethane-methanol, 9 : l ) .  

Anal. Calcd f o r  C8H1605S: C, 42.84; H, 7.19; S, 14.29. Found: C, 

42.91; H, 7.22; S, 14.23. 

Methyl  2,3,6,2',3'-Penta-0-benzoyl-4~,6~-O-isopropylidene-l-thio- 
/3-cellobioside (17). Methyl 1- th io-P-ce l lob ios ide (2.3 g) was suspended 

i n  2,2-dimethoxypropane (15 mL) i n  the  presence o f  toluene-p-sulphonic 

a c i d  (250 mg) and s t i r r e d  for 1 h. A f t e r  20 min complete d i s s o l u t i o n  

occurred and the s t a r t i n g  compound disappeared. The r e a c t i o n  mix tu re  was 

d i l u t e d  with dry  p y r i d i n e  (50 mL), cooled i n  i c e  bath and t r e a t e d  with 

benzoyl c h l o r i d e  (5.2 g) f o r  24 h. The r e a c t i o n  mix tu re  was poured i n t o  

ice-water (200 g) and the p r e c i p i t a t e d  syrup was d isso lved i n  

d ich lo rmethane (200 mL), washed with 1M H2S04 (3x50 mL), with sa tura ted  

NaHC03 s o l u t i o n  (5x100 mt) .  and with water (3x100 mL), d r i e d  (MgS04) and 

evaporated t o  the  syrupy 12. The crude product  was p u r i f i e d  by column 

chromatography t o  g i v e  glassy 17 (4.8 g, 84.7%), [&Io +62.8' (c  1.2, 

chloroform), Rf  0.67 (dichloromethane-acetone, 9 5 : 5 ) .  'H NMR (C0Cl3) :  d 
2.11 (s, 3H, S-CH3), 1.61 and 1.38 (25, 6H, 2 CH3). 

Anal. Calcd f o r  C51H48015S: C, 65.65; H, 5.18; S, 3.43. Found: C, 

66.00; H, 5.28; S, 3.40. 

Methyl  2,3,6,2 ' ,3'-Penta-O-benzoyl-l-thio-6-cellobiosi~ (g). 
Compound JJ (1.75 g) was d isso lved i n  dichloromethane (10 mL) and 

t r e a t e d  with t r i f l u o r o a c e t i c  a c i d  (1 mL) in t h e  presence of water (0.02 

m l )  f o r  15 min a t  room temperature. Workup procedure was fo l lowed as 

descr ibed f o r  compound2 t o  g i v e  syrupy 18 (1.15 g, 68.6%), [djo +77.7' 
(E: 1.1, chloroform), R f  0.73 (dichloromethane-acetone, 85:15). 

C, 
64.60;  H, 5.06; S, 3.65. 

Anal. Calcd f o r  C48H44015S: C, 64.56; H, 4.96; S, 3.59. Found: 

T r i m e t h y l s i l y l a t i o n  of d i o l s :  To a s o l u t i o n  o f  d i o l  (2 mmol) and 

hexamethyldisilazane (16 mmol) i n  dichloromethane (3 mL) were added one 

drop o f  t r i f l u o r o a c e t i c  a c i d  a t  0 OC, and the  mix tu re  was s t i r r e d  
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6 40 LIPTAK AND SZABO 

overnight at roan temperature. After the reaction was complete, the 
mixture was concentrated. Purification of the residue was achieved by 
crystal.lization or by column chromatography. 

Phenyl 2,3-Di-O-benzyl-4,6-bis-O-(trimethylsilyl)-/3-Ej-galacto- - 
pyranoside (I). Yield: 78%, rnp 86-88 'C (from g-hexane), -16.25' (c 
1.6, chloroform). 13C NMR (CDC13): 6 101.59 (C-11, 82.21 (12-21, 84.59 
(C-31, 70.84 (C-41, 76.61 (C-51, 61.99 (C-61, 75.37 and 74.92 
(2xCH2-Ph), 0.49 (Me3Si). 

Anal. Calcd f o r  C32H4406Si2: C, 66.17; H, 7.63. Found: 66.08; 
H, 7.59, 

Me thy1 2,3-Di-0-benzoyl-4,6-bis-O-(trimethylsilyl)-d-~-gluco- -- 
pyranoside (6). Yield: 82%, rnp 76-78 OC (from B-hexane), [dlO 126.9' (c 

NMR (CDC13): 6 96.90 (C-l), 69.39 (C-21, 72.34 (C-3), 72.24 (C-41, 73.78 
( C - 5 ) ,  61.35 (C-61, 55.26 (MeO-11, 0.165 and -0.36 (2Me3Si). 

Anal. Calcd for C27H3808Si2: C, 59.31; H, 7.00. Found: 59.40; 
H, 7.06. 

Methyl 2,3-Di-O-benzoyl-l-thio-4,6-bis-O-( trimethylsilyl)-p-Ejz - 

glucopyranoside (Lo). Yield: 78%, mp 58-60 C (from n-hexane), [d lO 

+69.6' (c_ 0.32, chloroform), Rf 0.67 (dichloromethane-ethyl acetate, 

Found: 

C, 

0.36, chloroform), Rf 0.86 (dichloromethane-ethyl acetate, 95:s). l3C 

C, 

0 

95:5). 
Anal. Calcd for C27H3807SSi2: C, 57.62; H, 6.80; S, 

C, 57.70; H, 6.91; S, 5.75. 
Methyl 2-O-Acetyl-3-O-methyl-l-thio-4,6-bis-0-(trimethylsilyl)- 

P-D-glucopyranoside (u). Yield: 91.8%, syrup, Id], ,  -34.26' (c_ 1.8, 
chloroform), R f  0.65 (dichloromethane-acetone, 98:2). 13C NMR (CDC13): 

5.69. 

83.06 ( C - l ) ,  70.54 (C-2), 86.09 (C-31, 80.78 (C-4), 71.46 
(C-61, 169.39 (C=O), 60.65 (O-CH3), 20.85 (CH3-CO), 11.18 (S-CH3), 

(C-51, 61.81 
0.26 

(Si(CH3)3). 

C, 47.00; H, 8.39; S, 7.90. 
2,3,6,2' ,3 ~-Penta-O-benzoyl-l-thio-4' ,6'-bis-0-( trimethyl- 

sily1)-P-cellobioside (22). Yield: 89%, foam, [do +70.4' (c 1.2, 
chloroform), Rf 0.62 (E-hexane-ethyl acetate, 6:4). 

Anal. Calcd for C54H62015S Si2: C, 62.40; H, 6.01; S, 3.08. Found: 
C, 62.60; H, 6.06; S, 3.00. 

Anal. Calcd fo r  C16H3406SSi2: C, 46.79; H, 8.34; S, 

Methyl 

7.81. Found: 
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TRIMETHYL TRIFLATE-CATALYSED ACETAL FORMATION 641 

Reaction o f  t r i m e t h y l s i l y l a t e d  d i o l s  with methyl  pyruvate: 

T r i m e t h y l s i l y l a t e d  d i o l s  (1 mnol) were d isso lved i n  dry  

dichloromethane (5 mL) and were t r e a t e d  w i t h  methyl  pyruvate (2 mmol). 

The ca ta lys t ,  t r i m e t h y l s i l y l  t r i f l a t e  (0.1 mmol), was added t o  the 

r e a c t i o n  mixture a t  roan temperature ( in  t h e  case o f  the  Q-glycosides) 

or  a t  -20 OC using th iog lycos ide der iva t ives .  A f t e r  2 h the temperature 

was al lowed t o  reach roan temperature f o r  18-24 h. The reac t ion  mix tu re  

was d i l u t e d  with d ich lormethane (50 mL) and immediately n e u t r a l i z e d  

with saturated NaHC03 so lut ion.  The organic l a y e r  was washed with water, 

dr ied,  concentrated and the  isomers were separated by s i l i c a  g e l  column 

chromatography. 

Methyl  2,3-di-O-bentyl-4,6-0-( 1 '-methoxycarbony1)ethylidene-d-D- _- 
glucopyranoside /z(fl) and 2(S)/. 2_(R): Yield: 27.1%, mp 104-106 OC (from 

cyclohexane) ,I (410 -7.84' (c 0.6, chloroform), R f  0.50 (n-hexane-ethyl 

acetate, 6:4). 

Anal. Calcd f o r  C25H3008: C, 65.48; H, 6.59. Found: C, 65.52; H, 

- 2(5). Yield:  32.8%, mp 104-106 OC (from cyc lo  hexane), (4, +43.4' 

Anal. Found: C, 65.56; H ,  6.54. 

Phenyl 2,3-Di-O-benzy1-4,6-0-( 1 '-methoxycarbonyl)ethylidene-fl-!l- _ -  

galactopyranoside />(R) and 1(S)/. z(R) : Yie ld :  28%, amorphous powder, 

[dJ0 -53.1' (c - 1.5, chloroform), R f  0.61 (dichloromethane-ethyl acetate,  

69.40; H, 

6.62. 

(c 1.0, chloroform), Rf 0.70 (n-hexane-ethyl $acetate, 6:4). 

93:7). 

Anal. Calcd f o r  C30H3208: C, 69.21; H, 6.19. Found: C, 

- 3.(5): Yield:  31.6%, foam, [Jj0 -7.7' (g  1.4, chloroform),  

Anal. Found: C, 69.35; H, 6.30. 
Methyl  2,3-D~-~-benzoyl -4 ,6-O-( l~-methoxycarbonyl )e thyl idene-~-~~ 

6.24. 
R f  0.68 

(dichloromethane-ethyl acetate, 93:7). 

0 glucopyranoside /_7(R) and I (S) / .  I ( B ) :  Yie ld:  20.5%, mp 117 C,  [dl 

+88.3O (c_ 0 .9 ,  chloroform), Rf 0.17 (n-hexane-ethyl acetate, 65:35). 
Anal. Calcd f o r  C25H26010: C, 61.72; H, 5.38. Found: C, 61.91; 

5.45. 
I(S): Yield:  48%, syrup, @lo +124.4' (c 0.8 chloroform),  

H, 

Rf 0 . 2 4  

(_n-hexane-ethyl acetate, 65:35). 
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642 LIPTAK AND SZABO 

Anal. Found: C, 61.47; H ,  5.39. 

Methyl  2,3-0i-O-benzoyl-4,6-0-(1 '-methoxycarbony1)ethylidene-l- 
thio-P-0-glucopyranoside -- /u(fj) and ll(s)/. Q(R):  Y ie ld :  19%, syrup, 

(do +75O (c 0.7, chloroform), R f  0.34 (n-hexane-ethyl acetate, 65:35). 
Anal. Calcd f o r  C25H2609S: C, 59.75; H, 5.21; S ,  6.38. Found: C, 

60.01; H ,  5.26; S, 6.42. 
- ll(s) :  Yield:  28.9%, syrup,[o(lo +23.9' (c_ 0.8, chloroform), Rf  

0.52 (n-hexane-ethyl acetate, 65:35). 

Anal. Found: C, 59.92; H, 5.19; S, 6.46. 

Methyl 2-0-Acetyl-4,6-0-( 1 ~-methoxycarbonyl)ethylidene-3-0-methyl- 
l-thio-b-D-glucopyranoside /E(_R) and l&(s)/. E(R): Yie ld:  35.1%, foam, 

@I, +31.6' (c 1.4, chloroform), R f  0.54 (n-hexane-ethyl acetate, 7:3). 
Anal. Calcd f o r  C14H2208S: C, 47.99; H ,  6.32; S ,  9.15. Found: C, 

48.10; H ,  6.40; S, 9.26. 

- 16(5): Yield:  40.3%, foam, [dj0 +81.6' (g 1.2, chloroform), Rf 0.62 

(n-hexane-ethyl acetate, 7:3). 
Anal. Found: C, 48.02; H, 6.31; S ,  9.18. 

Methyl  2,3,6,2' ,3 '-Penta-O-benzoyl-4 ' ,6 '-O-(l '-methoxycarbony1)- 

e thy l idene- l - th io-  -ce l lob ios ide  /a(S)/. Yie ld :  35.2%, s o l i d  powder, 

@lo +59.35' (G 1.4, chloroform), Rf 0.61 (8-hexane-ethyl acetate, 6:4). 

C, 
64.08; H, 5.03; S, 3.31. 

Anal. Calcd for C52H48017S: C, 63.92; H ,  4.95; S, 3.28. Found: 
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