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ABSTRACT 

A s tudy  was made concern ing t h e  e f f e c t  o f  s u b s t i t u e n t s  a t  
- 0-3, 0-4 and 0-6 o f  Q - g a l a c t a l  and D-g lucal  ( lY5-anhydro-2-deoxy-  
D- lyxo-  and -D-arabino-hex-1-eni t o l l  r e s p e c t i v e l y )  on t h e  double 
6ond r e a c t i v i ? y m  c h l o r o a z i d e  a d d i t i o n  r e a c t i o n .  Resu l t s  
f rom t h e  quantum chemical c a l c u l a t i o n s  o f  t h e  model s t r u c t u r e s  
(- ab ~ i n i t i o )  and a l s o  o f  t h e  whole c y c l i c  molecules i n  t h e  h a l f -  
c h a i r  conformat ion (MINDO-3) t o g e t h e r  w i t h  t h e  r e a c t i o n  i n d i c e s  
o f  o l e f i n  carbon atoms a r e  presented.  These s t u d i e s  show t h a t  
(1) t h e  double bond r e a c t i v i t y  and t h e  c h l o r o a z i d e  a d d i t i o n  
mechanism a re  o n l y  a f f e c t e d  by t h e  s u b s t i t u e n t  a t  0-3; ( 2 )  t h e  
i n f l u e n c e  o f  t h e  a c y l  group i s  o n l y  due t o  i t s  i n d u c t i v e  e f f e c t ;  
( 3 )  no i n t e r a c t i o n  between t h e  a c y l  and t h e  o l e f i n  fragments 
through space was de tec ted .  
g a l a c t a l s  were syn thes i zed .  

Three - 0-ace ty l -d i -g -benzy l -D-  - 

INTRODUCTION 

P r o t e c t i n g  groups a re  capable o f  s i g n i f i c a n t l y  changing t h e  

r a t e s  and even pathways o f  chemical r e a c t i o n s  o c c u r r i n g  a t  t h e  

ad jacen t  r e a c t i n g  c e n t e r s .  I n  t h e  development o f  a method f o r  

t h e  p r o d u c t i o n  o f  2-azido-2-deoxyglycosyl h a l i d e s ,  g l y c o s y l a t i n g  
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250 BOVIN, ZURABYAN, AND KHORLIN 

agents f o r  the synthesis of 2-amino-2-deoxy-a-;-glycosides, we 
have observed the  e f f e c t  of protecting groups on the  addi t ion  o f  

chloroazide t o  the  double bond of glycals.’  T h i s  work t r e a t s  i n  
more de t a i l  the  e f f e c t  o f  subs t i tuents  a t  0-3, 0-4 and 0-6 of 
D-galactal - and Q-glucal - on the double bond r e a c t i v i t y  in this 
reac t ion .  

RESULTS AND DISCUSSION 

The Addition of Chloroazide t o  Acetylated and Benzylated 
Glycals. 
azide i n  tetrachlorornethane both in  the dark and under U V  i r r a d i a t i o n  
t o  give a mixture o f  four  substances ( o u t  o f  e i g h t  poss ib le )  of 

The completely ace ty la ted  g lyca ls  1_ and 5 a t t ach  chloro- 

types 4, B-, C and (Scheme 1) 

CH20R 

””@ 
- 1 R = A c  

- 3 R=PhCO 
- 4 R = M e  

- 2 R=PhCH2 

The r a t i o  of t he  products i n  the 

RO 6 
- 5 R = A c  
- 6 R=PhCH2 

dark and under i r r ad ia t ion  conditions i s  the  same, f o r  the  ga lac ta l  
- 1, ( A t  K):C-:g = 9:1:2, the  only d i f fe rence  being t h a t  under 
i r r ad ia t ion  conditions the  reaction r a t e  increased by E. two 
orders of magnitude. T h i s  suggests t h a t  i n  the two cases ,  i n  the  
dark and under i r r a d i a t i o n ,  the reaction occurs by the same ( r a d i c a l )  
mechanism ( f o r  more d e t a i l s  see Ref. 1 ) .  

In con t r a s t ,  for the  benzylated g lyca ls  1 and a one observes 
a sharp d i f fe rence  i n  the  composition of the  addition products 
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EFFECT OF SUBSTITUENTS 25 1 

obtained i n  the  dark o r  under i r r a d i a t i o n .  T h u s ,  i n  the  case of 
the ga lac ta l  1. i n  the  dark the glycosyl azide of type g ( i n  90% 
y i e l d )  is  the only adduct whereas i r r ad ia t ion  gives r i s e  to  a 
mixture of ( 3 7 % ) ,  (39%) and (8%). A very p laus ib le  explana- 
t ion  f o r  t h i s  r e s u l t  i s  the occurrence of two para l le l  processes, 
- v iz . ,  radical and ion ic ,  the  former predominating under the  i r r a -  
d i a t ion  conditions and the  l a t t e r  i n  t he  dark. 

SCHEME 1 
-0 

2 
-0 -JAc + 3oAc + -0 -)(N3 

N3 CI 
C - D - 

The r a t e  of chloroazide addition t o  the  benzylated g lyca ls  

With a twofold excess of chloro- 
- 2 and 5 i n  tetrachloromethane shows a very strong d i f fe rence  from 
t h a t  of the ace ta tes  1 and 5. 
azide the former reaction p rac t i ca l ly  immediately a f t e r  mixing 
the  reagents whereas the  l a t t e r  require much longer reac t ion  times 
( 2  h under i r r ad ia t ion  and 200 h i n  the  dark) .  
az ide  addition r a t e  between the benzyl ethers and the  ace t a t e s  
d i f f e r s  by a t  l e a s t  two orders of magnitude f o r  the radical 
reaction while the ionic  reaction f o r  the  ace ta tes  ( i n  t e t r ach lo -  
romethane) does not take place a t  a l l .  
chloroazide to  benzylated g lyca ls  (carbon 
dark) Ferrier-type products of elimination were not found. 

s t a t ed  most s ign i f i can t  d i f fe rences  one m i g h t  propose t h a t  the 

Thus ,  the chloro- 

I n  i on ic  addi t ion  of 
t e t r ach lo r ide  i n  the  

The Type of the  Effect of Subs t i tuents .  To explain the  above 
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252 BOVIN, ZURABYAN, AND KHORLIN 

aromatic ring of the  benzyl group acce lera tes  the  addition reaction 
due to  a po lar iza t ion  in t e rac t ion  through space. Such an i n t e r -  
action would a l so  account f o r  t he  absence of type C compounds in 
the reactions of the  benzylated g lyca ls .  Al te rna t ive ly ,  the  C=O 
group of the acetyl subs t i t uen t  dece lera tes  the reaction due to  
an inductive e f f e c t .  

0- 

H H 

In order t o  determine what influence i f  any the  "through 
space" a n d / o r  "inductive e f f e c t "  has on the  course of the  chloro- 
azide addition reac t ion ,  two novel g lyca ls  ( 3  and 5) have been 
synthesized by Q-galactal - benzoylation and methylation, respec t ive ly  
The subs t i tuents  i n  ?con ta in  both an aromatic r ing  and an acyl 
group whereas 5 contains ne i the r .  The benzoylated glycal ?was 
found t o  r eac t  just  as the  ace ty la ted  one does ( t h e  addition 
r a t e s  and the r a t i o s  of the  products f o r  1. and 3 a r e  p rac t i ca l ly  
the  same), and the  methylated glycal 5 just a s  t he  benzylated 
glycal does. This implies t h a t  the acyl group i s  responsible 
f o r  t he  d i f fe rences  in the  chloroazide addition r a t e s  and ru les  
aga ins t  a glycal-phenyl 71-n through space polar iza t ion  in t e rac t ion .  

reactions with a de f i c i en t  amount of chloroazide ( i n  t h i s  and a l l  
other cases ) .  
from 'H NMR da t a .  

The r e l a t i v e  addition r a t e s  were determined in  competitive 

The s t ruc tu re  of the  addition products was confirmed 
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EFFECT OF SUBSTITLJENTS 253 

The nature of the e f f e c t  t h u s  detected was spec i f ied  by means 
of quantum chemical ca lcu la t ions .  To study the in te rac t ion  through 
space i n  a pure form, 1.g. without superimposition of the  inductive 
e f f e c t ,  a consideration was given to  the model systems with no 
covalent bonds between the  functional fragments (F ig .  1 ) .  

extended bases. The mutual posit ion of the studied fragments i n  
space was widely varied from 2.9 t o  5.0 8.  No gain in energy, 
exceeding 0 .9  kcal/mol , was observed, and the  reaction ind ices  
f o r  the  C - 1  and C - 2  atoms remained unchanged i n  a l l  cases .  On 
the  other hand, the  s t ruc tu re  7 - lo whose in te rac t ing  fragments 
a re  covalently bonded but have maximum spa t i a l  separa t ions ,  the 
inductive e f f e c t  was studied in  a pure form, as a f i r s t  approxi- 
mation, f r e e  o f  any polar iza t ion  component (MINDO-3). 
l i s t s  the r e s u l t s  of these ca lcu la t ions  which bear out the  induc- 
t i v e  e f f e c t  of the  acyl group on the  double bond r e a c t i v i t y .  

The ab i n i t i o  ca lcu la t ions  were performed in  the  minimal and 

Table 1 

8 R = M e  
R-O-L/oH - 9 R = C H O  

TABLE 1. 

-- Ab i n i t i o  Calculations of the Reaction Indices 
f o r  the St ruc tures  7 - lo 

Struc ture  Charge Charge Free valence 
a t  C-1  a t  C-2 index a t  C-2 

- 7 +O .329 -0.263 0.623 
- 8 +O.  330 -0.264 0.623 
- 9 +O .320 -0.087 0.513 
- 10 +0.328 -0.259 0.620 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



254 BOVIN,  ZURABYAN, AND KHORLIN 

- 0-Benzyl ( L ) ,  Q-methyl (g) and OH (10) der iva t ives  show almost 
ident ica l  reaction ind ices ,  b u t  formate (S) d i f f e r s  from 
- 7 ,  S a n d  2 and c a r r i e s  nearly zero negative charge. 
3-0-acyl der iva t ives  have low r e a c t i v i t y  i n  i on ic  and rad ica l  
processes. 

T h u s ,  the reason f o r  the  subs t an t i a l  d i f fe rence  i n  the  
r e a c t i v i t i e s  of the  completely benzylated and completely acety- 
la ted  glycals l i e s  i n  the inductive e f f e c t  of the  acyl s u b -  
s t i t u e n t  a t  0-3 which lowers the double bond r e a c t i v i t y .  

The individual e f f e c t s  of each 
of the acetyl groups a t  0-3, 0-4 and 0-6 f o r  0-galactal  - were a l so  
determined. 
were synthesized (Scheme 2 ) .  

the same r a t e  a s  the glycal g d o e s ,  whereas compound 
l e a s t  one order of magnitude slower. The quantum chemical calcu- 
l a t iona l s  (MINDO-3) performed f o r  the s t r u c t u r a l l y  re la ted  molecules 
- 14 - 1_Ldemonstrate t h a t  the e f f e c t  of the acetyl group takes place 
a t  0-3 only. 
b u t  ra ther  t o  the  whole cyc l i c  molecules in t h e i r  ha l f -cha i r  con- 
formation w i t h  t he  geometric parameters being unoptimized. 

Therefore, 

Subs t i tuents  a t  O_-4 and 0-6. 

To do so, th ree  new subs t i t u t ed  D-galactals (11 - e) 
The g lyca ls  12 and 13 were found t o  a t t ach  chloroazide w i t h  

reacted a t  

This time, consideration was given not the  fragments 

FIG. 1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



EFFECT OF SUBSTITUENTS 255 

R ' O g  " 

R' AC , R'= Ru= PhCH2 
- 12 R = R'L PhCH2 'R'= Ac 
- 13 R = R'= PhCH2 I R*= Ac 
14 R = R'= Re= H - 
L 15 R = AC, R'= R#= H 
- 16 R = RU=H, R'=AC 
- 17 R = R'= H , R"= A c  
L 18 R = R'= PhCH2 ,f= H 
- 19 R = R'L PhCH2, R'= H 
20 R =  H, R'= R"= PhCH2 - 

The Synthesis o f  Sta r t ing  Glycals. The g lyca ls  11 - 13 a r e  
Hydratine ace t a t e  was used synthesized as shown below (Scheme 2 ) .  

t o  s e l ec t ive ly  remove the  1-0-acetyl group2 in  compounds 21 - 3, 
then the  r e su l t an t  reducing der iva t ives  were acylated with p-nitro- 
benzoyl chloride.  After t h a t  the p n i  trobentoates were converted 
in to  glycosyl bromides by use o f  hydrogen bromide. W i t h  the  a id  o f  

CH20R" 

1)N2H4 AcOH 
b 

R'OQOAc 2)NBzCL+ l'y 

OAc 
21 R = Ac, R'= R'= PhCH2 
- 22 R = R"= PhCHZ R'= Ac 
- 23 R= R'=PhCH2 R'kAc 

C H2 0 R" 
I 

R'o@oNBz 

c H *O R" 

RioQBr 

- 11 - 13 NBz = p-nitrobenzoyl 
SCHEME 2 
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256 BOVIN,  ZURABYAN, AND KHORLIN 

r e d u c t i v e  e l i m i n a t i o n  t h e  bromides gave t h e  g l y c a l s  11 - 13. 
d i r e c t  s y n t h e s i s  o f  t h e  bromides f rom t h e  a c e t a t e s  - 21 - 23 by  

t h e i r  r e a c t i o n  w i t h  hydrogen bromide i n  d ich loromethane o r  i n  

a c e t i c  a c i d  was n o t  successfu l  because o f  p a r a l l e l i n g  debenzy la t i on .  

A l l  t h e  s y n t h e s i s  stages ( f r o m  t h e  a c e t a t e s  t o  t h e  g l y c a l s )  

were c a r r i e d  o u t  w i t h  no p u r i f i c a t i o n  o f  t h e  i n t e r m e d i a t e s .  
t h e  l a s t  s tage t h e  d e s i r e d  g l y c a l s  were i s o l a t e d  by  column chro-  

matography (substances w i t h  the  maximum Rf v a l u e )  i n  25-35% 

y i e l d s  r e l a t i v e  t o  t h e  s t a r t i n g  ace ta tes .  An a t t e m p t  t o  produce 

- 12 by s e l e c t i v e  b e n z y l a t i o n  o f  0 - g a l a c t a l  - - 14 w i t h  benzy l  bromide 
( 2  e q u i v . )  showed t h a t  i n s t e a d  o f  t h e  expected g a l a c t a l  19% a 
4 ,6 -de r i va t i ve  x w a s  formed ( c f .  Ref. 3 ) ,  i d e n t i c a l  t o  t h e  de- 

a c e t y l a t i o n  p roduc t  o f  11. 

benzyl idene-  a -g-galactopyranoside 24 (Scheme 3 ) .  

The 

A t  

The s t a r t i n g  compound 2 was syn thes i zed  f rom methy l  4,6-0- 

Ph 
AllCl+ NaH 
aq. AcOH 
PhCH2CL+NaH 

OH 
- 24 

Al I = ally1 
Bn= Benzyl 

CH20Bn 
I 

SCHEME 3 

The p r o t e c t i n g  a l l y 1  groups i n  compound - 25 were removed w i t h  

The s t a r t i n g  compound 23 (a-anomer) was o b t a i n e d  by s e l e c t i v e  

10% Pd/C i n  t h e  presence o f  p - t o l u e n e s u l f o n i c  a c i d .  4 

a c e t o l y s i s 5  o f  l y 2 - d i - k - a c e t y l  -3,4,6-tri-~-benzyl-~-galactopyranose 
which i n  t u r n  was syn thes i zed  f rom t h e  o r t h o e s t e r  3, as desc r ibed  

f o r  a D-gluco - analogue. 5 
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EFFECT OF SUBSTITUENTS 257 

The key s tage  o f  t h e  s y n t h e s i s  o f  t h e  a c e t a t e  22 c o n s i s t e d  i n  

a p a r t i a l  b e n z y l a t i o n  o f  t h e  o r t h o e s t e r  x w i t h  two e q u i v a l e n t s  o f  

benzy l  c h l o r i d e  (Scheme 4 ) .  The s t r u c t u r e  o f  12 and, hence, o f  22 
i s  con f i rmed  by  t h e  f a c t  t h a t  t h i s  g l y c a l  d i f f e r s  f rom 11. and 13 
by  i t s  I n  o t h e r  words, 

t h e  o r t h o e s t e r  3, as d i s t i n c t  f rom t h e  g l y c a l  - 18, undergoes ben- 

z y l a t i o n ,  as expected, a t  0-3 and 0-6. 

1 H NMR spectrum and a l s o  by an Rf  va lue .  

1)aq. AcOH 
2) A c ~ O  + Py -- 22 

Me M e  
26 Bn = PhCHZ - 

SCHEME 4 

Conclus ions.  The exper iments desc r ibed  suggest t h a t  (1) t h e  

r e a c t i v i t y  o f  t h e  g l y c a l  double bond i s  o n l y  a f f e c t e d  by  t h e  sub- 

s t i t u e n t  a t  - 0-3, i t  be ing  s h a r p l y  lowered by  t h e  a c y l  groups; 

( 2 )  t h e  l ower  r e a c t i v i t y  i s  caused by  t h e  i n d u c t i v e  e f f e c t  o f  these 

groups.  

EXPERIMENTAL 

General Methods. M e l t i n g  p o i n t s  were determined w i t h  a 

Boe t ius  apparatus.  O p t i c a l  r o t a t i o n s  were measured w i t h  a P e r k i n  

Elmer Model 141 p o l a r i m e t e r  a t  20" i n  c h l o r o f o r m  (c 1.0). 

s p e c t r a  were reco rded  w i t h  a Var ian  XL-100 i n s t r u m e n t  a t  100 MHz 

w i t h  t e t r a m e t h y l s i l a n e  as i n t e r n a l  s tandard  and I R  spec t ra  w i t h  a 

UR-20 spect rophotometer .  TLC was performed on 60F-254 s i l i c a  g e l  

p l a t e s  ( E .  Merck, Darmstadt) and column chromatography on s i l i c a  
ge l  L 40-100 pm (Chemapol , Czechoslovak ia) .  So lven ts  were evapo- 

r a t e d  i n  vacuo a t  30-40'. 

'H NMR 

A m e r c u r i c  UV lamp w i t h  a wide spectrum 
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258 BOVIN, ZURABYAN, AND KHORLIN 

was used as t h e  i r r a d i a t i o n  source,  r e a c t i o n s  were c a r r i e d  o u t  i n  
a q u a r t z  vessel  a t  0 " C .  

1,2,3-Tri -O-acetyl-4,6-di -0-benzyl -a-P-gal actopyranose ( 2 1 ) .  

Methy l  4,6-~-benzylidene-a-~-galactopyranoside6 (24, 30 mmol) and 

sodium h y d r i d e  (65 mmol) were s t i r r e d  f o r  1 h i n  d imethy l formamide 

(150 m L )  and then  t o  t h e  m i x t u r e  was added a l l y 1  c h l o r i d e  ( 7  mL). 

A f t e r  15 h t h e  m i x t u r e  was t r e a t e d  w i t h  methanol ( 5  mL) , d i l u t e d  

w i t h  ch lo ro fo rm,  washed w i t h  w a t e r  and evaporated.  

was heated f o r  2 h w i t h  80% a c e t i c  a c i d  (200 m L )  a t  100" and 

evaporated. 

(150 mL) and t r e a t e d  w i t h  benzy l  c h l o r i d e  and sodium h y d r i d e  

(65 mmol each). 

( 5  m L ) ,  d i l u t e d  w i th  ch lo ro fo rm,  washed w i th  wa te r  and evaporated.  

Compound a w a s  i s o l a t e d  by  column chromatography i n  to luene-  

acetone ( 1 9 : l )  i n  86% y i e l d ,  [a], t 51"; 'H NMR (CC14):6 3.34 

( s ,  3H, Me), 5.20 (m, 4H, 2 CH2=), 5.85 ( m y  2H, 2 CH=), 7.21 

( s ,  10H, 2 Ph). 

p - t o l u e n s u l f o n i c  a c i d  ( 1  g) was b o i l e d  f o r  72 h w i t h  s t i r r i n g  i n  

90% aqueous dioxane (200 m L ) .  The c a t a l y s t  was f i l t e r e d  o f f ,  

washed w i t h  methanol and t h e  f i l t r a t e  was evaporated.  The r e s i d u e  

was b o i l e d  f o r  6 h i n  a m i x t u r e  o f  a c e t i c  a c i d  (130 mL) w a t e r  

(130 m L )  and M h y d r o c h l o r i c  a c i d  (50 mL) and evaporated. The 

r e s i d u e  was a c e t y l a t e d  w i t h  a m i x t u r e  o f  a c e t i c  anhydr ide  and p y r -  

i d i n e  i n  t h e  usua l  manner, a f t e r  which a-anomer (21) was i s o l a t e d  

by column chromatography i n  t o l u e n e - e t h e r  ( 9 : l )  i n  63% y i e l d ;  

[a], t 36"; 'H NMR (CC14):6 1.90, 1.98, 2.11 (each s, each 3 H, 

The r e s i d u e  

Then t h e  r e s i d u e  was d i s s o l v e d  i n  d imethy l formamide 

A f t e r  15 h t h e  m i x t u r e  was t r e a t e d  w i t h  methanol 

A m i x t u r e  o f  5 (20 m m o l ) ,  10% Pd/C (10 g )  and 

3 AC), 6.22 (d ,  l H ,  J 3.5 Hz,  H - l ) ,  7.23 (s, 10H, 2 Ph). 
1 Y 2  

Anal .  Calcd f o r  C26H3009: C ,  64.19; H, 6.22. 

1,2,6-Tri -O-acetyl-3,4-di -0-benzyl -a-P-galactopyranose (23) . 
1 ,2-Di -&-acety l -3 ,4,6- t r i  -&-benzyl -LJ-galactopyranose - was ob ta ined  

from o r t h o e s t e r  26 by  t h e  method desc r ibed  i n  t h e  l i t e r a t u r e 5  and 

then  ace to l yzed  f o r  20 h as desc r ibed  i n  t h e  same work. Reac t ion  

progress was mon i to red  by  TLC u s i n g  to luene-acetone ( 7 : l ) .  The 

Found: C,  64.10; 
H, 6.31. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



EFFECT OF SUBSTITUENTS 259 

yie ld  of g w a s  81%, syrup; [aID + 51"; 'H NMR (CC14):6 1 - 9 0 ,  
1.93, 2.04 (each s, each 3H, 3 Ac), 6 .24  ( d ,  lH ,  J 
7.26, 7.30 (each s, each 5H, 2 P h ) .  

H, 6.27. 

3.6 Hz, H - l ) ,  

Found:  C,  64.14; 

1 Y 2  

Anal. Calcd f o r  C26H3009: C ,  64.19, H, 6.22. 

3-0-Acetyl-4,6-di-0-benzyl-D-Galactal ( 1 1 ) .  A mixture of 21 
( 8  mmol) and hydrazine ace t a t e  ( 9  mmol) in  dimethylformamide (40  mL) 
was stirred f o r  5 h a t  30",  d i lu t ed  w i t h  chloroform, washed w i t h  
water,  dried and evaporated. The residue was dissolved i n  dichloro- 
methane (50  mL) and then to  the  so lu t ion  were added p-nitrobenzoyl 
chloride (10 mmol) and pyridine ( 4  mL). 
obtained was d i lu ted  w i t h  chloroform, washed w i t h  water,  M hydro- 
ch lo r i c  ac id ,  a sodium hydrogencarbonate so lu t ion ,  dried and 
evaporated. 
bromide i n  dichloromethane (50  mL), sa tura ted  a t  0-5". 
lu t ion  was kept f o r  30 min a t  0", evaporated a t  20" and the  residue 
was t r ea t ed  with a c e t i c  ac id .  e-Nitrobenzoic acid was f i l t e r e d  
of f  and the  f i l t r a t e  was added, w i t h  vigorous stirring a t  0-5" ,  t o  
a mixture of zinc dus t  (20 g )  , sodium ace ta t e  t r i hydra t e  ( 1 5  g ) ,  
cupric s u l f a t e  pentahydrate (0,5 g )  and 60% a c e t i c  acid (60  mL). 
The mixture was s t i r r e d  f o r  another 1 h and  f i l t e r e d .  The f i l t r a t e  
was d i lu t ed  by half  w i t h  water and ex t rac ted  with dichloromethane. 
The e x t r a c t  was washed w i t h  water,  a sodium hydrogencarbonate so- 
l u t ion ,  dried and evaporated. 
(11) was i so la ted  by column chromatography of the  residue i n  
toluene-ethyl acetate-hexane (20:2:3) i n  25% y ie ld  ( r e l a t i v e  t o  g), 
syrup; [aID -34"; 'H N M R  (CC14); 1.94 ( s ,  3H, Ac), 6.30 dd, l H ,  

1749 cm-l. 

After the  15 h the  mixture 

The residue was dissolved i n  a so lu t ion  of hydrogen 
The so- 

The most mobile reaction product 

J1,2 6 . 4  Hz, J 1.6 Hz, H-1),  7.22 ( s ,  10H, 2 P h ) ;  IR: 1650, 1,3 

Anal. Calcd f o r  CZ2Hz4O5: C, 71.72; H, 6.57. 

4-O-Acetyl-3,6-di-0-benzyl-tJ-galactal ( 1 2 ) .  To a so lu t ion  of 

Found: C, 71.71; 
H, 6.63. 

the or thoes te r  26 (20 mmol) i n  dimethylformamide (100 mL) was added 
benzyl ch lor ide  (44  mmol) and then to  the  mixture obtained was 
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260 BOVIN, ZURABYAN, AND KHORLIN 

added sodium h y d r i d e  (44  mmol) a t  20" w i t h  v igo rous  s t i r r i n g  f o r  

3 h .  A f t e r  15 h t h e  m i x t u r e  was d i l u t e d  w i t h  ch lo ro fo rm,  washed 
w i t h  wa te r ,  evaporated, t r e a t e d  w i t h  90% a c e t i c  a c i d ,  evaporated 

t o  dryness and a c e t y l a t e d  w i t h  a m i x t u r e  o f  a c e t i c  anhydr ide  and 
p y r i d i n e .  

t o  column chromatography i n  ether-hexane (3:2)  and then  i n  to luene-  
1 e t h y l  a c e t a t e  ( 4 : l )  t o  g i v e  anomeric m i x t u r e  22 ( i n  t h e  H NMR 

spectrum t h e  r a t i o  o f  a c e t y l  t o  benzy l  p ro tons  was 3:2) i n  56% 

y i e l d .  
- 11, i n  29% y i e l d ;  mp 51" (e ther-hexane) ;  [a], -19"; 'H NMR 

( s ,  10H, 2 Ph) ;  I R :  1640, 1735 cm-l.  

A f t e r  t h e  s tandard  t rea tmen t  t h e  r e s i d u e  was sub jec ted  

Then t h e  g l y c a l  - 12 was o b t a i n e d  f rom 22, as desc r ibed  f o r  

(CC14):6 1.98 ( S ,  3H, Ac), 6.22 d, l H ,  J 6.5 Hz, H - l ) ,  7.26 
132 

Anal .  Calcd f o r  CZ2Hz4O5: C, 71.72; H, 6.57. 

6-O-Acetyl-3,4-di -0-benzyl -D -ga lac ta l  ( 1 3 ) .  The compound was 

Found: C, 71.71; 
H, 6.63. 

ob ta ined  f rom 3, as desc r ibed  above, i n  35% y i e l d ;  mp 47"; ( e t h e r -  

hexane); [a], -71"; 'H NMR (CC14):6 1.97 ( s ,  3H, Ac), 6.22 (dd, l H ,  

1735 cm-'. 
J1,2 6.1 Hz,  J 1.2 Hz,  H-1), 7.26 ( s ,  10H, 2 Ph); I R :  1655, 153 

Anal .  Calcd f o r  CZ2Hz4O5: C ,  71.72; H, 6.57.  

4,6-Di -0-benzyl +gal a c t a l  (20 ) .  

Found: C, 71.61; 
H, 6.67. 

The ti t l  e compound was ob- 
t a i n e d  by  d e a c e t y l a t i o n  o f  - 11 by  t h e  Zemplgn method ( i n  q u a n t i t a t i v e  

y i e l d )  or by  p a r t i a l  b e n z y l a t i o n  of D - g a l a c t a l  , as desc r ibed  f o r  t h e  

b e n z y l a t i o n  of 3; mp 68" ( e t h e r ) ;  [ a ]  -17"; 'H NMR (DMSO-d6): D 
6 3-30 ( 5 ,  1H, OH), 6.29 (dd, l H ,  J1,2 6 . 1  Hz, J1,3 1 . 5  Hz, H - I ) ,  
7.31 (s, 10H, 2Ph); I R :  1650, 3300 cm-1. 

Anal .  Calcd f o r  CZ0Hz2O4: C, 73.60; H, 6.79. Found: C,  73.62; 
H, 6 .76.  

3,4,6-Tri-O-methyl -D -ga lac ta l  ( 4 ) .  T r i  -g -ace ty l  -D -ga lac ta l  - 

(22 mmol) was d e a c e t y l a t e d  b y  t h e  Zemplen method, t h e  r e s u l t i n g  

compound fi was d i s s o l v e d  i n  dimethylformamide (80 mL), and t o  t h e  
s o l u t i o n  o b t a i n e d  was added sodium h y d r i d e  (100 mmol) and then  i n  

15 min, dropwise, methy l  i o d i d e  (100 mmol). The m i x t u r e  was kep t  
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EFFECT OF SUBSTITUENTS 261 

f o r  15 h,  t r e a t e d  w i t h  methanol (10  mL), d i l u t e d  w i t h  ch loroform,  

washed w i t h  wa te r  and d r i e d .  
by  column chromatography i n  e t h e r  i n  71% y i e l d ,  syrup; 'H NMR 

(CC14): 3.45 (9H, 3 Me), 6.17 ( d ,  l H ,  JlY2 5.6 Hz, H-1); I R :  
1640 cm-1. Th is  compound underwent decomposi t ion d u r i n g  1-5 days 

a t  0". 
3,4,6-Tri -0-benzoyl -D-galacta l  - ( 3 ) .  T r i - 0 - a c e t y l - 0 - g a l a c t a l  - - 

( 2 2  mmol) was deace ty la ted  by  t h e  Zemple'n method, t h e  r e s u l t i n g  

compound 14 was d i s s o l v e d  i n  p y r i d i n e  (80 mL) and t o  t h e  s o l u t i o n  

was added benzoyl c h l o r i d e  (90 mmol) a t  20". A f t e r  48 h t h e  m ix -  

t u r e  was d i l u t e d  w i t h  ch lo ro fo rm,  washed w i t h  water ,  M h y d r o c h l o r i c  

ac id ,  a sodium hydrogencarbonate s o l u t i o n ,  water ,  and d r i e d .  The 

chromotographica l  l y  homogeneous p roduc t  (3 ,  98% y i e l d )  was ob ta ined  

a f t e r  evapora t i on  o f  t he  s o l u t i o n ;  syrup; [a], -133"; 'H NMR 

(CC14) :6  6.56 ( d ,  l H ,  J1,2 6.0 Hz, H-1) ,  7.90 (in, 10H, 2Ph); I R :  

1645 cm-'. 

The t i t l e  compound 5 was i s o l a t e d  

Anal. Calcd f o r  C27H2207: C ,  80.74; H, 4.84. 

Comparison of t h e  React ion Rates o f  G l y c a l s .  

Found: C,  70.69; 

The r e l a t i v e  

H, 4.90. 

r a t e s  o f  t h e  c h l o r o a z i d e  a d d i t i o n  r e a c t i o n s  were determined i n  a 

c o m p e t i t i v e  r e a c t i o n  w i t h  t h e  g l y c a l  2. 
pound 2 ( 4  mmol) and o t h e r  g l y c a l  ( 4  mmol) i n  te t rach lo romethane  

a t  0" was added c h l o r o a z i d e  ( 2  mmol) i n  t h e  da rk .  

g l y c o s y l  az ides  ob ta ined  were i s o l a t e d  by column chromatography. 

The y i e l d s  o f  t h e  az ides  corresponded t o  t h e  r e l a t i v e  r a t e s  o f  t h e  

c o m p e t i t i v e  r e a c t i o n s .  A s i m i l a r  method was used t o  compare t h e  

r a t e  o f  t h e  r e a c t i o n  o f  t r i - 0 - a c e t y l - g - g a l a c t a l  - w i t h  t h e  g l y c a l  
- 3 under i r r a d i a t i o n .  

To a s o l u t i o n  o f  t h e  com- 

A f t e r  24 h 

ACKNOWLEDGEMENT 

We w i s h  t o  thank D r .  S .  P.  Z i l b e r g  ( I n s t i t u t e  o f  Organic  

Chemist ry ,  USSR Academy o f  Sciences, Moscow) f o r  h i s  u s e f u l  h e l p  
i n  quantum chemical c a l c u l a t i o n s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



262 BOVIN,  ZURABYAN, AND KHORLIN 

REFERENCES 

1. N .  V .  Bovin, S .  E. Zurabyan, and A .  Ya. Khor l in ,  Carbohydr.  
- -  Res., 98, 25 (1981) .  

2.  G .  E x c o f f i e r ,  D. Gagnai re ,  and J.-P.  U t i l l e ,  Carbohydr.  Res. ,  
- 39, 368 (1975) .  

3 .  

4. R .  Boss and R .  S c h e f f o r d ,  Angew. Chem. I n t .  Ed. Engl . ,  15, 
H. M .  Flowers, Carbohydr.  Res., 3, 245 (1975) .  

558 (1976) .  

5. R .  Eby, S.  J .  Sondheimer,  and C .  Schuerch,  Carbohydr.  Res., 
- 73, 273 (1979) .  

6.  G .  J .  Robertson and R .  A .  Lamb, J .  Chem. SOC., 5, 1321 (1934) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


