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- ABSTRACT 

- 2a w i t h  methanol and choTesteFol under various conditions demon- 
strated t h a t  stereocontrolled glucosyl transfer with inversion of 
configuration a t  the anomeric center i s  best carried o u t  in di- 
chloromethane a t  low temperatures with boron trifluoride-ether as 
a catalyst .  Under these conditions P-glucoside 4p and p-disaccha- 
rides - -  5p - 9p were obtained in good t o  excellenryields.  

With Brdnsted acids, fas t  glucosyl transfer t o  the acid anion 
was mainly observed and required no further acidic catalysis.  With 
strong acids formation of the thermodynamically more stable pro- 
duct dominated. However, with the weaker carboxyl i c  acids highly 
diastereoselective inversion of configuration a t  the anomeric 
center led, f o r  instance, t o  p-l-0-acyl derivatives l l p  - 18p, re- 
vealing a convenient method for t?ie synthesis of 0-gTjFosyl7arb- 
oxylates. This method was also applied t o  resolution of racemic 
carboxyl i c aci ds . 

Model reactions of O-(a-Q-glucopyranosyl )trichloroacetimidate 

Similar results were obtained with N-nucleophiles. Hydrazoic 
acid gave exclusively a-azide 19a. Nitrogen heterocycles gave with 
boron trifluoride-ether c a t a l y n  mainly p-nucleosides 20p - 23p. 
Reaction of trichloroacetimidate 2a w i t h  O-nucleophiles- a c x -  
n i t r i l e  as solvent led t o  d i f f e r e x  products due t o  competition 
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142 SCHMIDT AND MICHEL 

o f  the a c e t o n i t r i l e  nitrogen-atom i n  the react ion course. The re- 
s u l t s  were compared w i t h  an analogous react ion o f  the corresponding - 0-glucosyl-N-methyl-acctimidate. - 

INTRODUCTION 

Glycoside bond formation v i a  - 0-glycosyl t r ich loroacet imidates 
has proven q u i t e  successful concerning y i e l d  and diastereoselect-  
i v i t y .  2 s 3  Appl icat ion o f  neighboring group p a r t i c i p a t i o n  fo r  
stereosel ec t i ve  contro l  af. the react ion gave 1,2-trans - glycosides 
excl  us i vel  y . 
l e d  mainly t o  invers ion products when the reac t i on  was ca r r i ed  out 
w i t h  boron t r i f l u o r i d e  ca ta l ys i s  a t  low temperatures. 
stronger c a t a l y s t  system t r i m e t h y l s i l y l  t r i f l a t e  (CF3S03SiMe3) 
favored formation o f  the thermodynamically more s tab le product. 

" Nonpart ic ipat ing neighboring p ro tec t i ve  groups 

2, 6-8 The 

9 

T r i  chloroacetimidate a c t i  vated p-gl ucopyranoside forma ti on w i  t h  
nonpar t ic ipat ing groups a t  the 2-posi t i o n  was successful ly demon- 
s t ra ted  i n  a synthesis o f  cel lo te t raose and der ivat ives.  '' We 
have now invest igated the in f luence o f  d i f f e r e n t  reac t i on  para- 
meters (cata lyst ,  sol  vent, temperature) on the reac t i on  o f  - O-ben- 
zylated - 0-(a-Q-glucopyranosy1)trichloroacetimidate - - 2a w i t h  d i f f e -  
r e n t  - 0- and - N-nucleophiles leading t o  a more de ta i l ed  p i c t u r e  o f  
t h i s  g lycosy lat ion method. Compound - 2a i s  e a s i l y  obtained from the 
corresponding 1-OH unprotected glucose - 1 (Scheme 1) .  2,3,11 

Scheme 1 
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GLUCOSYL DONOR 

Scheme 1 cont. 
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RESULTS AND DISCUSSION 

A. Reaction o f  Trichloroacetimidate - 2a w i t h  Methanol, Cholesterol 
and Other A1 coho1 i c - 0-Nucl eophi 1 es  . 
Catalyt ic  act ivat ion o f  0-glycosyl-N-methyl -acetimidates w i t h  

12 - p-toluenesulfonic acid was reported by Sinay and coworkers. 
Here we report  the resu l t s  of experiments w i t h  - O-glycosyl-tri- 
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144 SCHMIDT AND MICHEL 

Experiment 

Table 1. Reaction o f  - 2a w i t h  methanol under various conditions.  
Formation of glycosides - 3a and - 313. 

Temp. Time Yield Ratio 
[ h l  1 [%I &I:% [Zal: [HeOH] : [TsOHI Sol vent [ocI I 

1 
2 
3 
4 
5 

6 

I I I 

1 1 0 CH2C12 20 24 0 a 

1 1 1 CH2C12 20 24 100 3: 7 
1 1 1 CH2C12 20 1.5 90 1: 4 
1 1 0.25 CH2C12 -12 8 70 1:lO 

1 0 1 CH2C12 20 0.03 

1 b  0 MeOH 60 5 100 c 1 : 2 0  

chloroacetimidate - 2a as a glucosyl donor, methanol as an acceptor,  
w i t h  and without - p-toluenesulfonic acid c a t a l y s i s  (Table 1). Ex- 
periments 1 and 2,  where no c a t a l y s t  was added, a re  borderline 
cases: react ion w i t h  one equivalent o f  methanol a t  room tempera- 
ture gave no glycoside - 3; however, react ion i n  methanol as so l -  
vent and reactant  a t  elevated temperature led exclusively t o  P- 
glucoside - 3P,  a result not obtained w i t h  o ther  a lcohol ic  nucleo- 
phi les .  Therefore ac id ic  c a t a l y s i s  of the t r ichloroacet imidates  
i s  commonly required f o r  glycosyl t r a n s f e r .  

quant i ta t ive ly  methyl glucoside -- 3a,P (a:@ - ra t io .u3:7;  Exp. 3 ) .  
More p-anomer - 3p is  obtained by s h o r t e r  react ion time ( E X ~ .  4 )  
indicat ing anomerisation under the reaction conditions.  Therefore, 
decreasing the amount of c a t a l y s t  and 1 oweri ng the react ion tem- 
perature (Exp. 5 ) ,  led t o  preferred p-glucoside formation. 

Catalysis  w i t h  - p-toluenesulfonic acid a t  room temperature gave 
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GLUCOSYL DONOR 145 

Reaction of trichloroacetimidate - 2a with equivalent amounts of 
- p- to1 uenesul foni c acid (Exp. 6 )  without any other nucl eophi 1 e 
present yielded i nstantaneously 0-( a-D-g1 ucopyranosyl ) tosyl a te .  
The structure of this compound was assigned from H NMR d a t a  and 
comparison with 1 i terature values. l3 The p- anomer was not  de- 
tected. This result  clearly indicates a t  least  partial  intermedia- 
cy of - 0-glycosyl tosylates i n  glycoside bond formation w i t h  - p-to- 
1 uenesul foni c acid catalysis.  l4 Because ear l ie r  glycosidation 
reactions w i t h  - O-benzylated 1-0-tosyl - -glucopyranose derivatives 
synthesized from appropriate glycosyl ha1 ides gave only modest 
results 13’15, - p-toluenesul fonic acid and presumably Brdnsted 
acids in general seemed not  t o  be the most promising catalysts.  
This finding might be also pertinent t o  the glycosylation with 
- 0-glycosyl -N-methyl-acetimidates. - 

1 - - 

12,16 

Investigations with trichloroacetimidate - 2a and cholesterol in 
different solvents and w i t h  different Brdnsted acid catalysts 
confirmed this observation (Table 2 ) .  Acceptable yields of glyco- 
side - 4 b u t  with low diastereoselectivit ies were obtained (Exp. 

Again, lowering the temperature (Exp. 10, 11) led t o  preferenti- 
a l  inversion of the trichloroacetimidate configuration; p-anomer 
- 4p was mainly obtained. This effect  was quite dramatic when boron 
trifluoride-ether was chosen as the catalyst  (Exp. 14, 15),  this 
catalyst being favored for stereocontrol led p-g1 ucosylation. Other 
Lewis acid catalysts l ike zinc chloride (Exp. 13) o r  an a lky la t ing  
agent (Exp. 12)  d i d  not show any advantage. 

1-9) .  

The efficiency of P-glucoside bond formation with trichloro- 
acetimidate - 2a dissolved i n  dichloromethane a t  low temperatures 
w i t h  boron trifluoride-ether as the catalyst  lo was demonstrated 
in disaccharide formation with carbohydrate hydroxyl i c  group 
donors (Scheme 1, Table 3) .  Under these reaction conditions gen- 
tiobiose derivative - 5P and cellobiose derivatives - 6p and - 7P were 
clearly the preferred products over the corresponding ma1 tose and 
isomaltose derivatives - -  5a, 6a and - 7a, respectively (Exp. 1-4).  The 
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146 SCHMIDT AND MICHEL 

Exp. 

1 
2 
3 
4 

5 
6 

Table 2. Reaction of - 2a w i t h  cholesterol a under various conditions.  
Formation o f  glycosides 3 and - 413. 

Solvent Catalyst  [2al: [ROHla :  [Cat.] 

CH2C12 TsOH 1.5 1 1 

C6H6 TSOH 1 1 0.1 

CH2C12 HBF4 1 1 0.01 

Et20 TsOH 1.4 1 0.75 

THF TsOH 1 1 1 

CH2C12 HBF4 1 1 0.03 

Temp. Time 
CoC1 [ h l  

20 24 
20 72 
20 2 
20 2 

20 24 
20 72 
20 0.5 
20 1 
20 72 

7 I CH2C12 HBF4 11 1 0.10 

Yield Ratio 
[%I - -  4a : 413 

80 1 : 1 
75 2 : 1 
75 1 : l  
70 2 : l  

low - 
70 1 : 1 
80 1 : 1 
80 1 : l  
45 1 : 1 

8 
9 

1 0.10 
2 

- -  

CH2C12 CF3S03H 
Et20 IR120,H 

10 
11 

CH2C12 TsOH 1 1 0.25 
CH2C12 TsOH 1.3 1 1 

-10 48 
-40 36 

p-disaccharides - 5p and - 6p were obtained i n  excel lent  y ie lds  
(Exp. 2, 3 ) .  Sa t i s fac tory  r e s u l t s  were a l s o  obtained i n  the 
formation of 6-azido-6-deoxy-cel lobioside der iva t ive  - 88 against  
the corresponding maltoside L 8a (Exp. 5 ) .  Applying s imi la r  re- 
act ion conditions t o  3-O-unprotected - lY6-anhydrogl ucopyranose 
gave exclusively the p-anomer - 9P, though i n  modest chemical y ie ld  
(Exp. 6 ) ;  the a-anomer was not detected.  1,2:5,6-Di-0-isopropyli- - 
dene-a-D-glucopyranose - i s  an i n t e r e s t i n g  model case due to  the 
low r e a c t i v i t y  of the hydroxylic group i n  3-position. Reaction 

80 1 : l  
61 1 : 5  

12 
13 
14 
15 

~ 

CH2C12 Et30+BF;i 1 1 1 20 1 55 1 : l  
CH2C12 ZnC12 1 1 6 20 20 80 2 : 3  
CH2C12 BF3.0Et2 1 1 3 20 20 70 2 : 3  
CH2C12 B F 3 * O E t 2  1.3 1 1 -18 2.5 78 1 :13 
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GLUCOSYL DONOR 147 

Table 3. Reaction o f  - 2a w i t h  d i f f e r e n t  a lcoho ls  ROHa i n  CH2C12 and 
BF3*0Et2 as ca ta l ys t .  Formation o f  compounds 58-1013, 5a- -- - 
8a, 10a. - -  

1 
2 
3 
4 
5 
gb 
7 
- 

12~1: [ROHla [Cat.] 

1.33 1 1 
1.30 1 0.035 
1.16 1 0.12 
1.50 1 0.8 
1.25 1 0.62 
1.20 1 0.12 
1 1 1 

Temp. Time 
[ O C I  [ h l  

-18 2.5 
-40 2 
-38 1.5 
-30 2.5 
-30 2.5 
-35 3.5 
-40 2.5 

~ ~ 

Y i e ld  Product Rat io 
[%I 

5a : 58 = 1 : 16 
5a : 513 = 1 : 19 
6a : 613 = 1 : 10 
7 a : 7 8 = 1 :  4 
8 a : 8 1 3 = 1 :  4 

- -  90 
85 

90 
81 
63 
32 
30 10a : lo8  = 4 : 1 

- -  
- -  
- -  
- -  

913 - 
--  

a For ROH see Scheme 1. 
F i r s t  run  resu l t ;  the a-anomer was no t  detected; f o r  y i e l d :  see 

Experimentel. 

w i t h  compound - 2a gave disaccharides - 10 i n  a 4 : l  lOa/ lOp-rat io 

(Exp. 7) .  Th is  r e s u l t  c l e a r l y  i nd i ca tes  anomerisation i n  the  cata- 
l y s t  ac t i va ted  t r i ch lo roace t im ida te  intermediate o r  even carboca- 
t i o n  format ion be fore  a t tack  o f  t he  poor nucleophi le takes place. 
Formation o f  some a-Q-glucopyranosyl - f l u o r i d e  as a by-product i n  
t h i s  reac t i on  favors the intermediacy o f  species w i t h  s t rong car-  
bocat i  on character. 17  

B .  Reaction o f  Tr ich lo roacet im ida te  - 2a w i t h  Carboxy 
Racema t e  Resol u t i on. 

The d i r e c t  uncatalysed glycosyl  a t i o n  o f  Brdnsted 

i c  Ac 

acids 

ds . 

by - 0- 
glycosyl  t r i ch lo roacet im ida tes  i s  a favorable p roper ty  of these 
newly developed glycosyl  donors. 2'11y18 Reaction o f  t r i c h l o r o -  
acet imidate - 2a w i t h  phosphorous a c i d  es ters  demonstrated the  ease 
o f  g lycosyl  phosphate formation. l8 

the system used, e i t h e r  P- o r  a-products were formed. Therefore 
Depending on the  a c i d i t y  o f  
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148 SCHMIDT AND MICHEL 

- O-(a-Q-gl - ucopyranosyl ) t o s y l  a t e  format ion (see above), presumably 
v i a  i ntermediacy o f  t h e  corresponding P- t osy l  ate, i s  n o t  s u r p r i  s- 
ing .  

Carboxyl i c  acids, being weaker acids, gave w i t h  - O-a-gl ucosyl 
t r i c h l o r o a c e t i m i d a t e  2a v i a  i nve rs ion  o f  t r i c h l o r o a c e t i m i d a t e  con- 

19 f i g u r a t i o n  mai n l y  o r  e x c l u s i v e l y  P-O-acyl - compounds (Scheme 2). 

The reac t ions  were c a r r i e d  o u t  a t  room temperature w i t h  equimolar 
amounts o f  a c i d  w i thou t  a d d i t i o n  o f  any o the r  a c i d i c  c a t a l y s t .  
Compounds - -  l l p  - 18p were obtained i n  h igh  y i e l d s .  The examples 
i n  Scheme 2 demonstrate the  v e r s a t i l i t y  o f  t h i s  convenient method 
f o r  - 0-1 a c y l a t i o n  o f  carbohydrate molecules, which might be a l so  

- 

Scheme 2 

H. 0 
R-COOH & BnO 

81-10 

OH 0 OBn 0 

11 - 

12 - 

13 - 

14 - 

1 5  - 

1113 - X - ( R ) , ( S )  - 

-0,C-R 

16 -02C-CH3 - 

-02C-H 

-O2C--Q 

~ - O 2 C 3 9  

61 

-0,C-p 

OAc 

17 - 

18 - 

15A-13 

16A-13 

-- 

-- 
- O X - R  

H 

-02c 
OMe 

Y? 0 0  

x 
Me Me 

- 0 , C - C H a  I - 
OMe 
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GLUCOSYL WNOR 149 

of use for pharmacological drug modification. 2o The method i s  
competing with the different methods pub1 ished for  1-0-acylation - 
of carbohydrates. I t  i s  re1 ated t o  the tri chl oroacetoni t r i  1 e 
activated esterification of carboxyl i c  acids by Cramer and cowor- 
kers. 22 I t  i s  less cumbersome t h a n  using glycosyl halide de- 
rived - 0-glycosyl-N-methylacetimidates - as intermediates in this 
reaction. 23 Hydrogenolytic debenzylation of compounds - 15p and 
- 16p gave cleanly the corresponding unprotected p-D-91 - ucopyranosyl 
carboxylates -- 15A-p and -- 16A-p, respectively. 

Racemi c a-methoxyphenyl acetic aci d was used i n these experi - 
ments and led cleanly t o  the diastereoisomers - 18P-(R) and - 18P-(S) 
(Scheme 3)  , which were completely separated by column chromato- 
graphy. Treatment of these compounds with sodium hydroxide 1 ibe- 
rated the enantiomeric acids and s tar t ing material - 1, which i s  
ready for further transformation into trichloroacetimidate - 2a. 
This sequence demonstrates a new method for  the resolution of 
racemi c carboxyl i c acids . 
C. Reaction of Trichloroacetimidate - 2a with - N-Nucleophiles 

Hydrazoic acid i s  a strong acid; therefore i t  i s  not  surprising 
t h a t  via direct  uncatalysed reaction w i t h  trichloroacetimidate - 2a 

Scheme 3 

2 ?Me 
BnO Ph BnO e P h  

OBn 0 
OBn 

- 18t3- IS) - ( R )  
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150 SCHMIDT AND MICHEL 

21 R - -  2 0 0  : 2 0 a  (%9:1) - 

the a-Q-91 - ucopyranosyl azi de - 19a was obtai ned (Scheme 4 ) .  However , 
nitrogen heterocycles required acidic catalysis f o r  reaction t o  
take place. Benzotri azole gave w i t h  boron tri f l  uori de-ether as a 
catalyst  a t  low temperature again P-connection t o  the nitrogen 
-atom a t  position 2 (51 %, r a t i o  of compounds - 20@:20a~9:1)  and 
t o  the nitrogen-atom a t  position 1 (24  %, - 21p; the corresponding 
a-anomer was not  detected). The structures of compounds -- 20a, ZOP, 
and - 21P were assigned from 'H NMR data and by comparison of UV 
d a t a  wi t h  UV data of 1-methyl - and 2-methyl benzotriazol e .  24 The 
UV d a t a  from the l a t t e r  benzotriazole were i n  good agreement w i t h  

those observed for  - 21P and - 20a,P, respectively. Simi 1 ar ly ,  reac- 
t i o n  of trichloroacetimidate - 2a w i t h  bistrimethylsilylated uracil 
and thymine and boron tr if luoride-ether catalysis gave even a t  
room temperature excl usively the P-connected nucleosides - 22P and 
- 23P, respectively. 25 The @-configuration and the - C - 1  t o  - N - 1  
connection i n  these compounds was assigned from 'H NMR d a t a .  

D. Reaction of Trichloroacetimidate - 2a i n  Acetoni t r i l e .  

sion of configuration v i a  intermediate n i t r i l i u m  sa l t s  26 
Previous successful a-glucoside bond formation by double inver- 

led us 
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GLUCOSYL DONOR 15 1 

O h  Scheme 5 
< -  

r- 
CI I - -  

A OBn - 

t o  investigate the reaction of trichloroacetimidate - 2a with - o- 
chlorobenzoic acid. Products were the l-0-acyl - compound - 14p and 
the - N-bisacylated - N-glucoside - 24p, which gave w i t h  sodium methox- 
ide the - N-monoacylated - N-glucoside - 25p (Scheme 5 ) .  Compounds - 248 
and - 25p were obtained exclusively when - 0-glucosyl -N-methyl - acet- 
imidate was used instead of trichloroacetimidate - 2a. 
assumed reaction course i s  ini t ia ted by proton assisted carbo- 
cation formation, then reaction t o  a nitrilium s a l t  (structure 
- A 26) which leads t o  - O-aroyl acetimidate - B .  l2 Compound - B then 
rearranges t o  reaction product 24p. 

The 

- 
The higher reactivity o f  trichloroacetimidate - 2a compared with 

- O-glucosyl-N-methyl-acetimidate - i s  aga in  demonstrated by this  dif-  
ference i n  results.  Proton transfer f rom o-chlorobenzoic acid t o  
the trichloroacetimidate group generates - o-chlorobenzoate and 

- 
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152 SCHMIDT AND MICHEL 

subsequently f a s t  formation o f  compound - 14p, presumably v i a  a 
t i g h t  i o n  p a i r .  Competing nuc leoph i l i c  a t tack  o f  t he  n i t r i l e  n i -  
trogen-atom t o  g i ve  n i t r i l i u m  s a l t  - A i s  favored by i o n  separation, 
which i s  more probable f o r  more s t a b l e  protonated im ida te  species. 

Comparable r e s u l t s  were obtained when t r i c h l o r o a c e t i m i d a t e  - 2a 
and methyl 2,3,4-tri-0-benzyl-a-~-glucopyranoside - - were t rea ted  
w i t h  boron t r i f l u o r i d e - e t h e r  i n  a c e t o n i t r i l e .  Competit ion between 

the  nucl eophi 1 i c  6-hydroxyl i c group and the  acetoni  tri 1 e n i  trogen- 
atom gave p-disacchar ide - 5p (43 %), - 0-acetylated compound 26 
(21 %), and hyd ro l ys i s  product - 1 (35 %).  Formation o f  compound 26 
i s  assumed t o  take place by reac t i on  o f  the  6-hydroxy l i c  group 
w i t h  in te rmed ia te  - A and subsequent hyd ro l ys i s .  A t tack  o f  the  
hyd roxy l i c  group a t  - C - 1  o f  in te rmed ia te  - A which would g i v e  r i s e  
t o  the  correspondi ng a-di  saccharide was n o t  observed. 

EXPERIMENTAL 

General Procedures. Me1 ti ng p o i n t s  a re  uncorrected. 'H NMR 
spectra were recorded i n  the  so lvents  noted (MeqSi, 0.00 ppm) 
w i t h  a Bruker CP 80 CW and a Bruker WM 250 Cryospec. RF values 
r e f e r  t o  TLC performed on s i l i c a  gel  (Merck) w i t h  the  so l ven t  
systems noted. Col umn chromatography was performed under normal 
pressure wi th  s i l i c a  gel (Merck, 70-325 mesh) and under medium 
pressure w i t h  s i l i c a  gel  (Merck, "LiChroprep" S i  60, 40-60 urn) 
w i t h  the  so l ven t  systems noted. Prepara t ive  t h i n - l a y e r  chromato- 
graphy was done using glass p la tes  (20 cm x 20 cm) coated w i t h  
s i l i c a  gel (PF-254, Merck) w i t h  the  so l ven t  systems noted. Opt ica l  
r o t a t i o n  was determined w i t h  a Perkin-Elmer 241 MC. 

IR-spectra were recorded w i t h  a Perk in  Elmer Model 621 and UV 
spectra w i t h  a Cary 118. 

0-( 2,3,4,6-Tetra-O-benzyl -a-D-gl ucopyranosyl ) t r i c h l o r o a c e t -  - 
imidate  (2a). Compound 2a was prepared from 2,3,4,6-tetra-O-ben- 
zyl-Q-glucose - according t o  r e f .  11. 

- - - 
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GLUCOSYL DONOR 153 

Methyl 2,3,4,6-Tetra-O-benzyl-a- and -p-D-glucopyranoside (3a - 
and - 3p). All experiments of Table 1 were car r ied  out w i t h  1 mmo1 
compound - 2a i n  10 ml solvent.  After the reaction times indicated 
i n  Table 1 the reaction mixtures were t rea ted  w i t h  s o l i d  sodium 
hydrogen carbonate and then extracted w i t h  dichloromethane/sodium 
hydrogen carbonate solution i n  water. The dichloromethane ex t rac ts  
were concentrated and the anomers separated by chromatography on 
s i l i c a  gel (petroleum ether/ethyl ace ta te  = 1:1, normal pressure):  
y ie lds  and a/p-ratios are summarized i n  Table 1; TLC (petroleum 
ether le thylacetate  = 1:l) - 3a: RF = 0.43, - 3p: RF = 0.62. 

Compounds 3a and 3P gave 'H-NMR spectral  and opt ical  ro ta t ion  
27 - - 

data ident ical  w i t h  t h a t  reported f o r  authentic mater ia l .  

Chol es teryl  2,3,4,6-Tetra-O-benzyl -a- and -P-D-gl ucopyranoside 
(4a - and - 4p). Experiment 10 i n  Table 2: Compound ?a - (1.61 g,  2.35 
mnol) and cholesterol (909 mg, 2.35 mnol) were dissolved i n  25 mL 
of dry dichloromethane, the solut ion cooled t o  -10 OC,  and then - p- 
toluenesulfonic acid (101 mg, 0.59 mmol) added. After 48 h a t  
-10 OC excess s o l i d  sodium hydrogen carbonate was added t o  the re- 
action mixture and then extracted w i t h  dichloromethane/sodium 
hydrogen carbonate solution i n  water. The dichl oromethane ex t rac t  
was washed w i t h  water, d r i ed  w i t h  sodium s u l f a t e ,  and then con- 
centrated.  The o i l y  residue was separated by chromatography on 
s i l i c a  gel (chloroform/petroleum ether = lO:l, medium pressure): 
y i e l d  855 mg (40 %) of compound - 4a; [CLI~;~ = +46.0° ( c  = 1.5,  
CHC13) [ l i t .  
(chloroform/petroleum e ther  = 1:l); mp 140-142 OC from ethanol  
( l i t .  28 mp. 142 O C ) ;  y i e l d  855 mg (40 %) of compound - 4a; 
+0.Zo ( c  = 1.6, CHC13) [ l i t .  
TLC RF = 0.41 (chloroform/petroleurn ether = 1:l ) ;  mp. 108-109 O C  

from chloroform/ethanol = 1 : l O  ( l i t .  28 mp. 96-97 O C  from ethanol) .  

28 23 = + 44O ( c  = 1 . 2 ,  CHC13)1;  TLC RF = 0.53 

20 = 
28 23 = -0.4' ( c  = 1.2, CHC13)1; 

Anal. Calcd f o r  C61H8006 (909.3): C ,  80.57. H ,  8.87. 
Found: - 4a: C ,  80.09, H .  8.87. - 4p: C ,  80.40; H ,  8.79. 
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154 SCHMIDT AND MICHEL 

Experiments 1-9 and 11-13 i n  Table 2 were carried out  as de- 
scr ibed above. 

Experiments 14 and 15 i n  Table 2: The react ions were car r ied  out 
as  described above. Boron t r i f luor ide-e ther  was added as 0.4 molar 
solut ion i n  dichloromethane w i t h i n  45 min. 

Methyl 6-0-( 2,3,4,6-Tetra-0-benzyl-a- and -p-D-glucopyranosyl ) -  
2,3,4-tri-0-benzyl-a-D-glucopyranoside (5a - and - 55;). Experiment 1 i n  
Table 3. Compound 2a 71.10 g, 1.60 mmol) and methyl 2,3,4-tri-O- - 

nn - 
LY benzyl-a-D-glucopyranoside - (558 mg, 1.2 mmol) were dissolved 

i n  20 mL of dry dichloromethane, the solut ion cooled t o  -18 O C ,  

and then boron trifluoride-ether ( 3  mL of a 0.4 molar so lu t ion)  
added d u r i n g  45 m i n .  After 2 h a t  -18 O C  the react ion mixture was 
t rea ted  w i t h  excess s o l i d  sodium carbonate and then w i t h  dichloro- 
methane/sodium hydrogen carbonate so lu t ion  i n  water. The dichloro- 
methane e x t r a c t  was washed w i t h  water, d r i e d  w i t h  sodium s u l f a t e ,  
and then concentrated. The o i l y  residue was f i l t e r e d  through s i l i -  
ca gel (chloroformlethyl ether = 20:l):  y i e l d  1.07 g (90 %) pure 
mixture of compounds - 5a and - 5p; this material was chromatographed 
on s i l i c a  gel (chloroform/petroleum ether /e thyl  ether = 20:8:1, 
normal pressure): y i e l d  62 mg ( 5  %) of sirupy - 5a; [a]589 = +57O 
( c  = 1.2,  CHC13) ;  TLC RF = 0.46 (chloroform/ethyl ether = 20:l ) ;  
y i e l d  1005 mg (85 %) colourless  c r y s t a l s  of - 5p; [a]578 = +17.9O 
(c  = 1, C H C 1 3 ) ;  TLC RF = 0.43 (chloroform/ethyl ether = 20: l ) ;  mp. 
133-134 OC from chloroform/ethanol = 1:15 ( l i t .  30 mp. 131-133 OC) 

20 

20 

€ompounds 5a and - 5P gave 'H-NMR spectral  and opt ical  ro ta t ion  
data ident ical  w i t h  t h a t  reported f o r  authent ical  mater ia l .  13 Y 

27, 33 

Experiment 2 i n  Table 3 was car r ied  out as described above. 

1,6-Anhydro-4-0-( 2,3,4,6-tetra-O-benzyl -a - and -p-D-gl ucopyrano- 
syl)-2,3-di -0-benzyl -p-D-gl ucopyranose (6a - and - 6p) . Experiment 3 
i n  Table 3: Compound - 2a-(9.59 g, 14.0 mmol) and 1,6-anhydro-2,3- 
di-0-benzyl-p-D-glucopyranose - - 31 (4.11 g, 12.0 mmol) were d i s -  
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GLUCOSYL DONOR 155 

solved i n  150 mL of dry dichloromethane and the r eac t ion  c a r r i e d  
ou t  a s  descr ibed f o r  compounds - 5a and - 5p. The o i l y  r e s idue  ob- 
ta ined  was chromatographed on s i l i c a  gel (chloroformlethyl  ether = 

20:1, normal pressure) :  y i e l d  0.85 g (8 .2  %) of  compound - 6 a  a s  
co lou r l e s s  o i l  
( c  = 2, CHC13) ; TLC RF = 0.53 (chloroform/ethyl  ether = 2O:l) ;  
13C NMR (62.97 MHz, CDC13) 6 100.74 (C-1); 97.91 (C-1 ' ) .  - Yield 
8.5 g (81.8 %) of  compound - 6p; 
33 25 [a]589 = -19.7' ( c  = 2.5, CHC13); TLC RF = 0.38 (chloroform/ 
e thyl  ether = 2O:l);  13C NMR (22.5 MHz, CDC13) 6 102.59 ( C - l ' ) ,  
100.89 ( C - 1 ) ;  mp. 88-89 O C  from methanol ( l i t .  34 86-87 O C  from 
e thyl  e the r /pe t ro l  eum ether). 

20 = +9.6O ( c  = 1, CHC13) [ l i t .  32 = 7.7' 

20 = -18.5' ( c  = 1, CHC13) [ l i t .  

Anal. Calcd f o r  C54H56010 (865.0):  C ,  74.98; H ,  6.53. 
Found: - 6a: C ,  74.79; H ,  6.43. - 6p: C ,  74.33; H ,  6.71. 

Methyl 4-0-(2,3,4,6-Tetra-O-benzyl-a- and -p-D-glucopyranosy1)- - - 
2,3,6-tri-0-benzyl-a-D-glucopyranoside (7a  - and - 7P).  Experiment 4 
i n  Table 3: Compound - ?a (1.54 g,  2.25 mmol) and methyl 2 ,3 ,6 - t r i -  
- O-benzyl -a-!-gl ucopyranoside 34 (697 mg , 1.50 mmol ) were d i  s so l  v- 
ed i n  25 mL o f  dry dichloromethane and the reac t ion  c a r r i e d  o u t  
a s  descr ibed f o r  compounds - 5a and - 513. The o i l y  r e s idue  obtained 
was chromatographed on si 1 i c a  gel (chl oroform/ethyl ether = 20: 1 , 
normal pressure); y i e l d  290 mg (19 %) o f  compound - 7a a s  an o i l ;  

CHCL3; TLC RF = 0.64 (chloroform/ethyl  ether = 2O:l);  'H NMR 

Yield 910 mg (62 %) co lour l e s s  c r y s t a l s  of compound - 7p; [a]578 = 

+25.3' ( c  = 1, CHC13); TLC RF = 0.55 (chloroform/ethyl  ether = 

2O:l); mp. 85-88 O C  from methanol. 

= +39.5' ( c  = 1, CHC13) [ l i t .  l2 [a]589 2o = +48O ( c  = 1.05,  578 

(CDC13) 6 5.72 ( d ,  l H ,  H-1'; J 1 ~ , 2 1  = 3 H z ) ,  3.40 ( s ,  3H, O C H 3 ) .  - 
20 

Anal. Calcd f o r  C62H66011 (987.2) :  C ,  75.43; H ,  6.74 
Found: 7a: C ,  75,54; H ,  6.64. 7p: C ,  75.34; H ,  6.77. - - 

Benzyl 6-Azido-4-0-(2,3,4,6-tetra-O-benzyl-a- and -p-D-gluco- 
pyranosyl)-ZY3-di  -0-benzyl-6-deoxy-a-D-g1 ucopyranoside (8a  - and - 8p) .  

- - 
- 
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156 SCHMIDT AND MICHEL 

Experiment 5 i n  Table 3: Compound 2a (627 mg, 0.90 mmol) and ben- 
zyl -6-azi do-2,3-di -0-benzyl - -a-Q-g1 - ucopyranosi de (380 mg , 0.80 
mmol) were dissolved i n  20 mL o f  d ry  dichlormethane and the  re -  
a c t i o n  c a r r i e d  o u t  as described f o r  compounds - 5a and - 5p. The o i l y  

29 
- 

residue obtained was chromatographed on s i l i c a  gel ;  petroleum 
e ther /e thy l  e the r  = 3:2 (medium pressure); y i e l d  90 rng (11 %) o f  
compound - 8a as an o i l ;  [a]578 = +91.7' ( c  = 1.6, CHC13); TLC RF = 

0.87 (chloroform/ethyl  e the r  = 2 O : l ) ;  I R  (NaC1) 2090 cm" (N3); 
'H NMR (CDC13) 6 5.59 (d, l H ,  H - 1 ' ;  J1i,2i = 3.7 Hz). - Y i e l d  

420 mg (53 %)  o f  compourd - 8p as an o i l ;  
CHC13); TLC RF = 0.71 (chloroforrn/ethyl e ther  = 2O:l); I R  (NaC1) 
2090 crn-l (N3). 

20 

20 - = 58.6' ( c  = 1, 

Anal. Calcd f o r  C61H63N3010 (989.2): C, 73.40; H, 6.36; 

N 4.21. Found: - 8a C, 73.25; H, 6.36; N, 4.09. - 8p C, 73.78; H, 6.59; 
N, 4.57. 

1,6-Anhydro-3-0-(2,3,4,6-tetra-0-benzyl-p-D-glucopyranosyl)- - 
2,4-di-O-benzyl-p-D-glucopyranose (9P). - Experiment 6 i n  Table 3: 
Compound - 2a ( 1.32 9, 1.93 mmol ) and 1,6-anhydr0-2,4-di -0-benzyl- - 
p-Q-g1 - ucopyranose 31y 35 (550 mg, 1.61 mmol) were d isso lved i n  
20 mL o f  d ry  dichloromethane and the reac t i on  c a r r i e d  o u t  as de- 

sc r ibed f o r  compounds - 5a and - 50. The o i l y  residue obtained was 
chromatographed on s i l i c a  gel (toluene/acetone = 9:1, normal 
pressure): y i e l d  500 mg 2,3,4,6-tetra-O-benzyl - -a-Q-glucopyranosyl - 
f l u o r i d e  
6 5.59 (dd, l H ,  H-1; J1,2 = 2.5 Hz; J 
mg ( 5 1  %) of 1,6-anhydr0-2,4-di -0-benzyl -p-Q-gl ucopyranose; TLC 

RF = 0.22 (toluene/acetone = 9 : l ) .  - Y i e l d  220 mg (32 %, based on 
used 1,6-anhydro-2,3-di-0-benzyl-p-~-glucopyranose) - - o f  compound 
9p as an o i l ;  [alZo - +17.1° ( c  = 1, CHC13); TLC RF =.0.54 
(toluene/acetone = 9: l ) ;  'H NMR (CDC13) 6 7.4-7.1 (m, 30 H, 6C6H5), 
5.50 ( s ,  l H ,  H-1), 5.0-3.2 (m, 25 H ) .  

17 
; TLC RF = 0.77 (toluene/acetone = 9 : l ) ;  'H NMR (CDCl,) 

1 ,F = 53.5 Hz); - y i e l d  280 

- - 

578 - - 

Anal. Calcd fo r  C54H56010 (865.0): C, 74.98; H, 6.53. 
Found: C, 74.44, H, 6.55. 
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3-0- (2 , 3,4,6-Tetra-O-benzyl -a- -. and 13-D-g1 ucopyranosyl ) -1 : 2 , 5 : 6- 
di-0-isopropyl idene-a-D-glucofuranose (lca - and - 1013). Experiment 7 
in Table 3: Compound - 2: (342 mg, 0.50 mmol) and 1:2,5:6-di-O-iso- - 
propyl idene-a-D-g1 - ucofuranose (130 mg , 0.5 mmol ) were dissol ved 
in 10 mL of dry dichloromethane and the reaction carried out as 
described for compounds - 5a and - 513. The oily residue obtained was 
chromatographed on sil ica gel (petroleum ether/ethyl ether = 2: 1, 
medium pressure): yield 95 mg (24 %) of compound - 10a as an oil; 

CHC13)1; TLC RF = 0.50 (chloroform/ethyl ether = 20:l); IH NMR 

5.38 (d, lH, H-1'; J1,,21 = 3.6 Hz), 5.25-3.43 ( m y  20 H), 1.50, 
1.45 (2s, 6H, 2CH3), 1.33 ( s ,  6H, 2CH3). - Yield 22 mg (6 %) of 
compound - lOR as colourless crystals; = +1l0 (c = 1, CHC13); 
TLC RF = 0.30 (chloroform/ethyl ether = 20:l); 'H NMR (CDC13) 6 
7.6-7.2 (my 20 H, 4 C6H5), 5.88 (d, lH, H-1; J1,2 = 3.7 Hz), 5.05- 
4.38 (my  13 H), 4.15 (d, 1 H, H-lay J11,21 = 7.4 Hz), 3.9-3.3 (m, 
7 H), 1.50, 1.44, 1.34, 1.25 (4s, 12 H, 4 CH3). - Yield 25 mg (9 %) 
2,3,4,6-tetra-O-benzyl-a-D-gl - - ucopyranosyl fluoride (see procedure 
for compound - 98). 

Anal. Calcd 

20 26 20 = t40.4' (c = 2, CHC13) [lit. = +43O (c = 2, 

(CDC13) 6 7.6-7.2 ( m y  20H, 4C6H5), 6.03 (d, 1H, H-1; J1,2 = 3.7 Hz), 

20 

for C46H54011 (782.9): c, 70,57; H, 6.95 
Found: - 10a C, 70.35; H, 6.80. - 1013 C, 70.44; H, 6.81. 

1-0-Acetyl-2,3,4,6-tetra-O-benzyl-P-D-glucopyranose (11 - ) .  A 
solution of compound - 2a (380 mg, 0.55 601) in 8 mL of dry dichlo- 
romethane was treated at room temperature with acetic acid (115 mg, 
1.92 mmol). The reaction mixture was concentrated after 2 h and 
excess acetic acid was removed by azeotropic distillation with to- 
luene under reduced pressure (10 torr). The oily residue obtained 
was chromatographed on sil ica gel (chloroform/ethyl ether = 20:1, 
normal pressure): Yield 270 mg (84 %).  = t13.1' (c = l.h, 
CHC13); IR (NAC1) 1750 cm" (CO); 'H NMR (CDC13) 6 5.61 (d, 1 H, 

The compound llp gave H NMR spectral and optical rotation 

H-1; J = 7.2 Hz), 2.00 (s, 3 H, COCH3). 
1 

1Y2 

37 - 
data identical with that reported for authentic material. 
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1-0-Formyl-2,3,4,6-tetra-0-benzyl-p-D-glucopyranose (12 - ). 
A solut ion of compound - 2a (650 mg, 0.95-mol) i n  5 mL of  dry d i -  
chloromethane was t rea ted  a t  room temperature w i t h  formic acid 
(175 mg, 3.80 mmol). As described f o r  1 1 P ,  380 mg (70 %) of com- 
pound - 12p were obtained as  an o i l .  [a]578 = t23.7' ( c  = 1.4, CHC13); 
TLC RF = 0.62 (chloroform/ethyl ether = 20:l); IR (NaC1) 1738 cm-1 
( C O ) ;  'H NMR (CDC13) 6 8.0 ( s ,  1 H ,  C H O ) ,  - 6.56 ( d ,  1 H ,  H - 1 ;  J l Y 2  
= 7.0 H z ) .  

20 

Anal. Calcd f o r  C35H3607 (568.7): C ,  73.93; H .  6.38. 
Found: C ,  74.07; H ,  6.24. 

1-0-Benzoyl-2,3,4,6-tetra-0-benzyl-B-D-glucopyranose (13B). - 
To a solut ion of compound - 2a (1.07 g ,  1.?6 mmol) i n  6 m L  of dry d i -  
chloromethane was added a t  room temperature benzoic acid (210 mg, 

1.72 mmol). After 5 h excess acid was removed by washing the re- 
act ion mixture w i t h  aqueous hydrogen carbonate so lu t ion .  The d i -  
chloromethane e x t r a c t  was concentrated and the residue crystal  1 ized 
from methanol. Yield 824 mg (82 %) of compound - 138 a s  colourless  
needles; mp. 91-92 O C ;  = -24.2' ( c  = 2.0, CHC13); TLC RF = 

0.66 (chloroform/ethyl ether = 20: l ) ;  IR (NaC1) 1735 cm" ( C O ) ;  
'H-NMR (CDC13) 6 5.92 ( d ,  1 H ,  H - 1 ;  J 

20 

= 7.0 Hz). 1Y2 
Anal. Calcd f o r  C41H4007 (644.8): C ,  76.38; H,  6.25. 

Found: C ,  76.07; H ,  6.45. 

2,3,4,6-Tetra-0-benzyl-l-0-(2-chlorobenzoyl)-~-D-glucopyranose 
(9). To a solut ion o f  compound 3 (750 mg, 1.095-mol) i n  5 mL of 
dry dichloromethane was added a t  room temperature 2-chlorobenzoic 
acid (172 mg, 1.095 mmol). As described for  - 13B a so l id  residue was 
obtained, which  was recrystal  1 ized from ethyl e ther /petrol  eum 
ether. Yield 595 mg (80 %) colourless  c r y s t a l s  o f  compound 148; 
mp 107-108 OC; [a]578 = -16.0 
cm 

20 ( c  = 1.0, CHC13); IR (NaC1) 1740 
-1 ( C O ) ;  'H NMR (CDC13) 6 5.92 ( d ,  1 H ,  H - 1 ,  J l Y 2  = 7 Hz). 

Anal. Calcd f o r  C41H39C107 (679.2) : C ,  72.50; H ,  5.79. 
Found: C ,  72.60; H ,  5.91. 
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1-0-(2-Acetoxybenzoy1)-2,3,4,6-tetra-0-benzy1-13-D-g1ucopyranose 
(1513). - To a solution of compound - 2a  (3.0 g ,  4.38 m i )  i n  30 m L  of 
dry dichloromethane was added a t  room temperature 2-acetoxybenzoic 
acid (790 mgY4.38mmol). After 3 h the reaction mixture was con- 
centrated and the sol i d  residue recrystal l ized from methanol : 
Yield 2.41 g (78 X )  colourless needles of compound - 1513; mp 85-86 
0 20 0 

ethyl ether = 20:l);  IR (NaC1) 1765 cm" ( C O ) ,  1730 cm" ( C O ) ;  
'H NMR (CDC13) 6 5.95 ( d ,  1 H ,  H - 1 ;  JlY2 = 7 Hz). 

C ;  = -11.0 ( c  = 1.0, CHC13); TLC RF = 0.69 (chloroform/ 

Anal. Calcd for C43H4205 (702.8): C ,  73.49; H ,  6.02. 

When the mother l iquor from the recrys ta l l iza t ion  was concen- 

Found: C ,  73.30; H ,  5.98. 

t ra ted,  an o i l y  residue was obtained, which was chromatographed 
on s i l i c a  gel (chloroform/ethyl ether = 2 O : l ;  medium pressure): 
y ie ld  200 mg ( 7  %) of compound - 15p and 200 mg ( 7  %) of the car- 
responding a-anomer; TLC RF = 0.62 (chloroform/ethyl ether = 

2O: l ) ;  'H NMR (CDC13 ) 6 6.59 ( d ,  1 H ,  H - 1 ;  J lY2 = 3.0 Hz),  2.34 
( s ,  3 H ,  CH3CO). 

1-0-( 2-Acetoxybenzoyl )-p-D-g1 ucopyranose (15A-p) - Compound - 
(300 mg, 0.43 mmol) was dissolved i n  a mixture of 15 mL of metha- 
nol, 10 mL of ethyl acetate ,  and 10 mL of ace t ic  acid.  After addi- 
t i o n  of 200 mg of palladium black ca ta lys t  38 hydrogenation was 
monitored by TLC (chl oroform/methanol = 3: 1). After complete for-  
mation of  a s ingle  product w i t h  RF = 0.52 the reaction mixture 
was f i l t e r e d  and then the f i l t r a t e  several times concentrated 
w i t h  toluene: y ie ld  135 mg (96 %) of compound 15A-p - as a colour- 
l e s s  foam; 20 = -22.6' ( c  = 1.0, methano1)TH NMR (CD30D) 
6 5.75 ( b r . d ,  1 H ,  H - 1 ) ,  2.37 ( s ,  3 H,  CH3CO). 

pyranose (B). Compound - 2a (3.0 g, 4.38 m o l )  and indolyl-3- 
ace t ic  acid (767 mg, 4.38 m o l )  were added t o  50 mL of dry d i -  
chloromethane a t  room temperature. The  suspension obtained be- 
came c lear .  The reaction mixture was concentrated after 6 h and 

2,3,4,6-Tetra-O-benzyl-1-0-[2-i ndolyl-( 3)-acetyl I-p-D-g1 uco- 
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160 SCHMIDT AND MICHEL 

the residue obtained filtered through silica gel (chlorofom/ethyl 
ether = 20:l). The filtrate was concentrated and the solid re- 
crystallized from methanol: yield 2.4 g (77 %) colourless crystals 
of compound 16p; mp 104-105 OC; CalZo = +0.4' (c = 1.0, CHC13); 
TLC RF = 0.47 (chloroform/ethyl ether = 20:l); IR (NaC1) 3400 cm" 
(NH), 1750 cm" (CO); 'H NMR (CDC13) 6 8.04 (s, 1 H, NH), 5.71 (d, 

578 - 

1 H, H-1; J = 7.6 Hz). 192 
Anal. Calcd for C44H43N07 (697.8): C, 75.73; H, 6.21; 

N, 2.01. Found: C, 75.87; H, 6.32; N, 1.96. 

When the mother liquor from the recrystal 1 ization was concentrated 
an oily residue was obtained, which was chromatographed on silica 
gel (chloroform/ethyl ether = 20.1, medium pressure), yield 150 mg 
(5 %) of compound - 16p and 190 mg of a compound which seemed to be 
the a-anomer; TLC RF = 0.53 (chloroform/ethyl ether = 20.1). 

l-O-C2-Indolyl-(3)-acetyl]-p-D-glucopyranose (16A-p). -- Compound 
- 16p (440 mg, 0.63 mmol) was hydrogenated as described for 15A-p. - 
The product obtained was chromatographed on silica gel (chloro- 
form/methanol = 3:1, medium pressure): yield 150 mg (71 %) of 
compound -- 16A-I3 as a colourless foam; 
methanol), TLC RF = 0.43 (chloroform/methanol = 3:l); 'H NMR 
(CD3CD) 6 7.6 - 6.9 (m, 6 H), 5.53 (d, 1 H, H-1, J1,2 = 7.6 Hz), 
3.9-3.2 (m, 8 H). 

20 = +2.8 (c = 1.0, 

Methyl 5-0-( ZS3,4,6-tetra-0-benzyl -R-D-gl ucopyranosy1)-2,3-0- 
isopropyl idene-6-D-ribofuranosiduronate 71713). To a solution of 
compound - 2a (510 &, 0.74 mnol) in 6 mL of dry dichloromethane was 
added methyl 2,3-0-isopropylidene-I3-~-ribofuranosiduronic - - acid 
37y 39 (162 mg, 0.74 mnol) at room temperature. After 4 h the 
reaction mixture was concentrated and the oily residue chromato- 
graphed on silica gel (chloroform/ethyl ether = 20:1, normal 
pressure): yield 420 mg (76 %) of compound 17B as a colourless 
oil; [a]578 = 9.2 

- 

- 20 0 (c = 1.5, CHC13); TLC RF = 0.48 (chloroform/ 
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GLUCOSYL DONOR 161 

ethyl ether 2O:l); IR (NaC1) 1774 cm" (CO); 'H NMR (CDC13) 6 

4.4 and 3.9-3.5 (2 m ) ,  3.32 (s, 3 H, OCH3), 1.48 and 1.30 (2 s, 
6 H, 2 CH3). 

7.4-7.1 (m, 20 H, 4 C6H5), 5.63 (d, 1 H, H-1; J1,2 = 7.0 Hz), 5.2- 

Anal. Calcd for C43H48011 (740.8): C, 69.72; H, 6.53. 
Found: C, 69.45; H, 6.44. 

According to TLC of the reaction mixture there was a trace 
(>5 %) of the a-anomer with RF = 0.57 (chloroform/ethyl ether = 

20:l) present. Identification of the a-anomer was possible by an 
authentical example. 40 

2,3,4,6-Tetra-O-benzyl-l-O-[ (R)-2-methoxy-2-phenylacetyll-B-D- - 
91 ucopyranose [l8R-( R) 1 and - 2,3,4,6-Tetra-O-benzyl-l-O- (S)-2- 
methoxy-2-phenyl acetyl 1-R-D-ql ucopyranose t18O-( - S) I. 

a) Synthesis and Diastereoisomer separation. To a solution of 
compound - 2a (2.60 g, 3.80 ml) in 15 mL of dry dichloromethane 
was added (R,S)-2-methoxy-2-phenylacetic acid (631 mg, 3.80 mi) 
at room temperature. After 2 h the reaction was complete as indi- 
cated by TLC. The reaction mixture was concentrated and chromato- 
graphed on silica gel (chloroformlethyl acetate = 20:1, normal 
pressure). The resulting mixture of diastereoisomers was separated 
by chromatography on silica gel (petroleum ether/ethyl ether = 

2:l; medium pressure): yield 1.17 g (45 X )  of compound - 188-(S) and 
1.18 g (45 X )  of compound - 188-(R); both compounds were obtained 
as colourless crystals from petroleum etherlethyl ether; mp c- 
(R): 87-88 OC, - 188-(S): 78-79 'C; [a]$8 S - ( R )  = -27.1 (c = 
1.0, C H C 1 3 ) ,  - 186-(S) +18.3 O (C 

0.33, - 186-(S): RF = 0.41 (petroleum ether/ethyl ether = 2:l); 
'H-NMR (CDC13) 6 188-(R): 5.67 (d, 1 H, H-1; J = 7.93 Hr), 
3.40 ( 5 ,  3 H, OCH3); - 188 ( S ) :  5.67 (d, 1 H, H-1; J1,* = 7.78 H t ) ,  

- 

1, CHC13); TLC - 188-(R): RF = 

1 9 2  - 
3.40 ( I ,  3 H, OCH3). 

 AM^. Calcd for C43H4408 (688.8): C, 74.98; H, 6.44. 
Found: - leb-(R): C,  75.13; H, 6.30. - le6-(S): C, 74.85; H, 6.60. 
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162 SCHMIDT AND MICHEL 

b) Cleavage o f  Compound 18(3-(R) i n t o  Compound - 1 and (R)-2-Me- 
thoxy-2-phenylacetic Acid. To a so lu t i on  o f  compound - 18B-(R) 
(650 mg, 0.94 mnol) i n  15 mL o f  dioxane was added a so lu t i on  o f  5 mL 

3 N sodium hydroxide i n  water a t  10 OC. A f t e r  2.5 h q u a n t i t a t i v e  
cleavage was ind icated by TLC. The organic solvent was evaporated 
under reduced pressure (10 t o r r )  . The residue was t reated w i t h  
e thy l  ether/water and the phases separated. The aqueous phase was 
washed w i t h  e thy l  ether (50 mL) and then the combined ether ex- 
t r a c t s  were washed w i t h  2 N sodium hydroxide (20 mL). The ether 
phase gave a f t e r  concentrat ion and f i l t r a t i o n  through s i l i c a  gel 
(e thy l  ether)  482 mg (95 %) o f  compound~l. - The aqueous phases were 
a c i d i f i e d  w i t h  1 N hydrochlor ic ac id  t o  pH 1.5 and extracted w i t h  

ethy l  ether (5 x 40 mL). The ex t rac t  was d r ied  w i t h  sodium s u l f a t e  
and concentrated: y i e l d  151 mg (96 %) (R)-2-methoxy-2-phenylacetic 
ac id  as s l l ' gh t l y  ye l low o i l ,  which contained no impur i t i es  accord- 
i n g  t o  TLC. Treatment w i t h  ethanol gave colour less crysta ls ;  mp 

62-64 OC ( l i t .  41 65-66 OC) ;  ( c  = 0.57, ethanol) 
[lit. 41 = -146 
methanol = 6~1). 

= -145' 
(c = 0.5, ethanol) ] ;  TLC RF = 0.38 (chloroform/ 

c )  Cleavage o f  Compound - 18B-(S) i n t o  Compound - 1 and (S) 2-Me- 
thoxy-2-phenylacetic Acid. As described f o r  18R-(R) from - 18B-(S) 
(750 mg, 1.09 ml) 176 mg (97 %) (S)-2-methoxy-2-phenylacetic 
ac id  were obtained as s l i g h t l y  ye l low o i l ,  which gave a f t e r  etha- 
nol treatment colour less crysta ls ;  mp 62-64 OC (lit. 41 64-65 OC); 

2o = +144 (c = 0.57, ethanol) [lit. 41 = +146 ( c  = 0.5, Ca'589 
ethanol) ] ;  TLC RF = 0.53 (chloroform/methanol = 3:l). 

- 

l-Azid0-2,3,4,6-tetra-O-benzyl -a-D-gl ucopyranose (19a). - To a 
so lu t i on  o f  compound - 2a (340 mg, 0.5 mmol) i n  5 mL o f  dry  d i -  
chloromethane 0.5 m l  hydrazoic ac id  i n  e thy l  ether 42 (1 N solu- 
t i o n )  was added a t  room temperature. A f t e r  10 h again 1 mL o f  t h i s  
hydrazoic ac id  so lu t i on  was added. A f t e r  3 h the react ion mixture 
was concentrated under reduced pressure (10 t o r r )  and the residue 
chromatographed on s i l i c a  gel (petroleum ether/ethyl  ether = 1: 1): 
y i e l d  170 mg (61 %) o f  compound 19a as colour less oi.1; 20 - - - 
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+68.3 (c = 1.5, CHC13); TLC RF = 0.62 (petroleum ether/ethyl 
ether = 0.70); IR (NaC1) 2100 cm" (N3); 1 H NMR (CDC13) 6 7.5-7.0 

(my 20 H, 4 C6H5), 5.22 (d, 1 H, H-1; JlY2 = 3.7 Hz), 5.0-4.3, 
4.0-3.4 (2 m ) .  

Anal. Calcd for C34H35N305 (565.7): C, 72.19; H, 6.24; N, 7.43. 
Found: C, 72.03; H, 6.28; N, 7.29. 

2-(2,3,4,6-Tetra-O-benzyl-a- and -13-D-glucopyranosyl)-l,2,3- 
benzotriazole (20a - and -- 2013) and 1-(2,3,4,6-Tetra-O-benzyl)-B-D- 
glucopyranosyl-1,2,3-benzotriazole (2113). - Compound - 2a (1.27 g: 
1.85 mmol) and 1,2,3-benzotriazole (220 mg, 1.85 mmol) were dissolv- 
ed in 25 mL of, dry dichloromethane, the solution cooled to -22 OC, 
and thenboron trifluoride - ether (1.25 mL of a 0.4 molar solution 
in dichloromethane) added. After 2 h the reaction mixture was 
treated with sol id sodium carbonate and then with dichloromethane/ 
aqueous sodium hydrogen carbonate solution. The dichloromethane 
extract was washed with water, dried with sodium sulfate, and con- 

centrated. The oily residue was chromatographed on silica gel 
(chloroform/ethyl ether = 20:1, normal pressure) which gave 280 mg 
(24 %) of compound - 2113 as a colourless oil and 730 mg (61 %) of a 
mixture of compounds - 20a and - 2013. Treatment with 60 m L  of methanol 
gave 420 mg (35 %) of compound - 2013 as colourless crystals. The 
mother 1 iquor was concentrated and chromatographed on silica gel 
(petroleum etherlethyl ether = 3:2; medium pressure): yield: 180 
mg (16 %) of compound - 2013 and 70 mg (6 %) of compound - 20a as colour- 
less oil. 

(c  = 0.5, CHC13); TLC RF = 0.81 (chloro- 
form/ethyl ether = 2O:l); 'H NMR (CDC13) 6 8.1-7.8 (m, 2 H), 7.6- 
7.1 ( m y  22 H), 6.64 (d, 1 H, H-1'; J11,21 = 6.0 Hz), 5.2-3.5 (my 

14 H); UV (nm in methanol, lgc) 282.5 (4.01), 278.6 (4.07), 273 
(4.04). 

- 2013: mp 108-109 OC from methanol; = -34.6 (c = 1, 
CHC13); TLC RF = 0.74 (chloroform/ethyl ether = 2O:l); 'H NMR 
(CDCI3) 6 8.1-8.2 (m, 2 H), 7.5-6.7 (my 22 H), 5.96 (d, 1 H, H-1'; 

- - 

20 0 - 20a: [a]578 = +93.0 

0 
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= 9.0 Hz), 5.0-3.7 (m, 14 H); UV (run i n  methanol, l g c )  J1' ,2' 
285.5 (4.01), 281.3 (4.11), 273.6 (4.01). 

( c  = 1, CHC13); TLC RF = 0.51 (chloroform/ 
e t h y l  e the r  = 2O:l); 'H NMR (CDC13) 6 8.3-8.0 (m, 2 H), 7.8-6.6 
(m, 22 H), 6.02 (d, 1 H, H - l ' ,  J11,21 = 9.0 Hz),  5.1-3.6 (m, 14 H); 
UV (nm i n  methanol, l g e )  283 (3.68), 255 (3.92). 

20 0 - 2113: [a]578 = -22.8 

Anal .ea lcd  f o r  C40H39N305 (641.8): C, 74.86; H, 6.13; N, 6.55. 
Found - 20a: C, 74.37; H, 6.28; N, 6.57. - 208: C, 74.85; H, 6.12; 
N, 6.56. - 218: C, 74.81; H, 6.12; N, 6.58. 

1-( 2,3,4,6-Tetra-O-benzyl -p-D-g1 ucopyranosyl )u rac i  1 (22p). 
Compound 2a (0.50 g, 0.73 m l ) - a n d  2,4-bis ( t r i m e t h y l s i l y l o x y )  
p ~ r i m i d i n r ~ ~  (0.50 g, 1.9 m l )  were dissolved i n  25 mL o f  d ry  d i -  
ch l  oromethane and then a t  room temperature boron t r i f l u o r i d e - e t h e r  
(1.5 mL of  a 0.5 molar s o l u t i o n  i n  dichloromethane) added. A f te r  
2 h the  reac t i on  m ix tu re  was t rea ted  w i t h  a concentrated aqueous 
s o l u t i o n  o f  sodium hydrogen carbonate. The dichloromethane e x t r a c t  
was d r i e d  w i t h  sodium s u l f a t e  and the  o i l y  residue chromatographed 
on s i l i c a  gel (toluene/acetone = 2:1, medium pressure). Y i e l d  0.30 
g (62 %) of compound - 22p as co lour less  o i l ;  
1, CHC13); TLC RF = 0.41 (toluene/acetone = 2 : l ) ;  'H NMR (CODC13) 
6 9.7 (br.s, 1 H, NH), 7.5-7.0 (m, 20 H, 4 C6H5), 6.95 (d, 1 H, 

4.3 and 4.0-3.3 ( 2  m). 

20 = -14.8' ( c  = 

H-6; J 8.0 HZ), 5.90 (d, 1 H, H - 5 ) ,  5.70 (d, 1 H, H-1'),  5.0- 596 

Anal. Calcd f o r  C38H38N207 (652.7): C ,  71.89; H, 6.04; H, 4.41. 
Found: C, 71.69; H, 5.96; N, 4.39. 

1-(2 ,3 ,4 ,6-Tetra-O-ben~yl -p-0-plucopyra~syl ) th~i~  .I (9). 
Compound - 2a (0.5 g, 0.173 ml) and S-mthyl-2,4-bis ( t r i m e t h y l -  
s i l y1oxy)pyr im id inc  45 (0.5 g, 1.8 -1) were d isso lved i n  25 m l  
o f  d r y  dichlorollrethane and t rea ted  w i t h  boron t r i f l u o r i d e - e t h e r  
(0.75 ml) and worked up a$ dcscr ibcd f o r  codhpound 22 . Y i e l d  
0.31 g (61  x )  o f  compound 238 as a co tour less  o i l ;  
( c  * 1, CHC13); TLC RF 1 0.44 ( t o l u & W r c e b f M  * 2:1);5'! 

- -43.30 
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GLUCOSYL DONOR 

(CDC13) 6 8.9 

4.0-3.3 ( 2  m ) ,  

Anal. Calcd 

( s ,  1 H ,  H-6), 

165 

br.s, 1 H ,  N H ) ,  7.6-7.1 ( m y  20 H ,  4 C 6 H 5 ) ,  6.75 
5.65 ( d ,  1 H ,  H-1'; J l l , 2 1  = 8 Hz) ,  5.05-4.3 and 
1.70 ( s ,  3 H, C H 3 ) .  

f o r  C39H40N207 (666.7): C ,  70.25; H ,  6.04; N ,  4.20. 
Found: C ,  70.03; H ,  6.16; N, 4.24. 

N-Acetyl-N-( 2,3,4,6-tetra-O-benzyl-D-D-g1 ucopyranosyl )-Z-chloro- 
benzamide (24P) - and compound - 14p. To a solut ion of compound - 2a 

(1.23 g,  1.80 mmol) i n  15 mL of dry a c e t o n i t r i l e  was added 2- 
chlorobenzoic acid (282 mg, 1.80 mmol) a t  room temperature. After 
20 h according t o  TLC, complete formation of two new products had 
occurred. The reaction mixture was concentrated under reduced 
pressure and chromatographed on si 1 ica  gel ( to1 uene/ethyl acetate  
= 14:1, medium pressure): y ie ld  720 mg (56 %) of compound 24p as a - 
colourless o i l  and 290 mg (24 %) of compound 1413 (see  above); 
24p: [a]578 20 = -3.8' ( C  = 1, CHC13) [ l i t .  l2 [q78 = -3.4 0 ( C  = - 

1 6.26, CHC13)3; H NMR (CDC13) 6 6.09 ( d ,  1 H ,  H i l ' ;  J 1 1 , 2 1  = 7.0 
Hz) [ l i t .  46 (C6Ds) 6 6.18 ( d ,  1 H ,  H - 1 ' ;  J l I  2 i  = 7 . 2  Hzl;  IR 
(NaCl) 1725 cm-1 ( C O ) ,  1688 cm'l ( C O )  ( l i t .  46 1730 and 1675 cm-l). 

N-(  2,3,4,6-Tetra-O-benzyl -p-D-g1 ucopyranosyl ) -2-chlorobenzarnide 
(25p).  - To a solut ion of compouni - 24p (540 mg, 0.75 mmol) i n  10 mL 
o r  dry dichloromethane was added 1 mL o f  a 1 N sodium methoxide/ 
methanol solution a t  room temperature. After 1 .5  h compound 24p 
had reacted completely (TLC-analysis). Then 50 mL of dichlorome- 
thane were added t o  the reaction mixture and two washings w i t h  
20 mL water were carr ied out.  The dichloromethane ex t rac t  was 
dried w i t h  sodium s u l f a t e ,  concentrated and the o i l y  residue f i l -  
tered through s i l i c a  gel (chloroform/ethyl ether = 2O:l): yie ld  

(c  = 1, CHC13); TLC RF = 0.56 (chloroform/ethyl ether = 2O:l); 
IR (NaC1) 1660 crn" and 1525 cm" (CONH) ;  'H NMR (CDC13) 6 6.04 

- 

430 rng (84 %) of compound 25p as a colourless o i l  ; [a]578 20 = t65' - 

(dd, 1 H, H - 1 ' ;  J N H , 1 1  = 9 Hz,  J11,2' = 4.50 H z ) .  
1 Compound 25p gave H NMR spectral  data ident ical  w i t h  authen- 

1 2  t i c  material .  
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Methyl 6-0-Acetyl-2,3,4-tri-O-benzyl-a-D-glucopyranoside - (26) 
and compound --- 1 and 5. To. a s o l u t i o n  o f  compound - 2a (1.20 g, 1.75 
ml) i n  10 mL o f  d ry  a c e t o n i t r i l e  was added boron t r i f l u o r i d e -  
e the r  (3.6 mL o f  a 0.4 molar s o l u t i o n  i n  a c e t o n i t r i l e ,  1.44 mmol) 
a t  -15 OC. A f t e r  15 min methyl 2,3,4-tri-O-benzyl-a-D-glucopyra- - - 
noside 29 (650 mg, 1.40 mnol) d issolved i n  5 mL o f  d r y  acetoni- 

t r i l e  was added dur ing  10 min. A f t e r  20 h the  r e a c t i o n  mix tu re  
was worked up as described f o r  compound - l l p .  The o i l y  residue 
obtained was chromatographed on s i  1 i c a  gel  ( t o 1  uene/ethyl acetate 
= 9:1, medium pressure and petroleum e ther /e thy l  e the r  = 1:1, me- 
dium pressure): y i e l d  590 mg (43 % )  o f  compound - 5p,  150 mg (21 %) 
of compound 26 and 265 mg (35 %) o f  compound - 1. 

'H NMR (CDC13) 6 7.5-7.2 (m, 15 H, 3 c6H5), 5.1-3.5 (m, 13 H), 
3.36 (s, 3 H, OCH3), 2.00 (s, 3 H, CH3CO). 

- 26: [ a ] ~ ~ 8  = +29O ( c  = 1.2, CHC13); I R  (NaC1) 1740 cm" (CO); 

Compound - 26 gave 'H NMR spec t ra l  and o p t i c a l  r o t a t i o n  data 
i d e n t i c a l  w i t h  t h a t  from a compound obtained by a c e t y l a t i o n  o f  
methyl 2,3,4-tri-O-benzyl - -a-Q-glucopyranoside. - 29 
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