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ABSTRACT 

X-Ray c r y s t a l l o g r a p h y  c o n f i r m e d  t h e  L - e r y t h r o - c o n f  i g -  
u r a t i o n  o f  3-(2-0-acetyl-l,3-dibromo-1,3-dideoxy-glycerol- 
l-yl)-l-phenyl-2-pyrazoline-4,5-dione 4 - ( p h e n y l h y d r a z o n e )  t h a t  
r e s u l t s  f r o m  t h e  r e a c t i o n  o f  h y d r o g e n  b r o m i d e  i n  a c e t i c  a c i d  
w i t h  t h e  c o r r e s p o n d i n g  o f  L-three-glycerol-1-y1 a n a l o g .  

INTRODUCTION 

T h e  u s e  o f  b r o r n o d e o x y s u g a r s  i n  s y n t h e s i s  a n d  t h e  c h e m o -  

4 -  6 t h e r a p e u t i c  v a l u e  o f  b r o m o d e o x y p ~ l y o l s ~  l 3  a n d  

a t t r a c t e d  o u r  a t t e n t i o n  t o  t h e  s y n t h e s i s  o f  b r o m o d e o x y  d e r i -  

v a t i v e s  o f  a c y c l i c  C - n u c l e o s i d e  a n a l o g s  ,' 9 8  s u c h  a s  t h o s e  

h a v i n g  t r i a z o l e ,  f l a v a z o l e  a n d  p y r a z o l i n e  r i n g s .  I n  t h i s  

n u c l e o s i d e s  
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5 20 EL ASHRY ET A t .  

p a p e r  w e  r e p o r t  o n  t h e  c o n f i r m a t i o n  o f  t h e  a b s o l u t e  c o n f i g u -  

r a t i o n  o f  C - 1  o f  t h e  g l y c e r o l y l  r e s i d u e  o n  t h e  p r o d u c t  f r o m  

t h e  r e a c t i o n  o f  h y d r o g e n ' b r o m i d e  i n  a c e t i c  a c i d  w i t h  3 - ( L -  

t h r e o  -glycerol-l-yl)-l-phenyl-2-pyrazoline-4,5-dione 4 - ( p h e n y l -  

h y d r a z o n e )  (1). 

RESULTS AND D I S C U S S I O N  

+ R  R F: HYOH 7 CH3-p$=-0 Br-CH I 

I R =  
H ?OR' 

0-CH AcO 5: H I 
CH,Er CH2Br 

R'0yI-l 
CH~OR' 

1 R ' = H  3 4 5 
2 R'= AC 

T r e a t m e n t  o f  1 w i t h  h y d r o g e n  b r o m i d e  i n  a c e t i c  a c i d  

g a v e  a p r o d u c t  ( 5 )  w h o s e  e l e m e n t a l  a n a l y s i s  i n d i c a t e d  i t s  

f o r m u l a t i o n  a s  C2,3H18Br2N403.  T h e  p o s i t i o n  o f  e a c h  b r o m i n e  

a t o m  was d e d u c e d  f r o m  a c o m p a r a t i v e  s t u d y  o f  t h e  'H NMR 

s p e c t r u m  o f  5 w i t h  t h a t  o f  l - p h e n y l - 3 - ( 1 , 2 , 3 - t r i - 0 - a c e t y l - l - L -  

three -g l y  c e r o l - 1 - y l )  -2-py  r a z o  l i n e - 4 . 5 - d i o n e  4 - (  p h e n y  l h y d r a z o n e )  

( 2 ) .  T h e  s p e c t r u m  o f  5 s h o w e d  t h e  H - 2  m u l t i p l e t  (6 5 . 9 0 )  a t  a 

s i m i l a r  c h e m i c a l  s h i f t  t o  t h a t  o f  2 ( 6  5 . 8 5 )  i n d i c a t i n g  t h e  

l o c a t i o n  o f  t h e  a c e t o x y l  g r o u p  o n  5 .  T h e  H - 1  d o u b l e t  o f  5 

( 6  5 . 4 2 )  i s  more s h i e l d e d  t h a n  H - 2 .  T h i s  i n d i c a t e d  t h a t  t h e  

t w o  b r o m i n e  a t o m s  may b e  l o c a t e d  o n  t h e  C - 1  a n d  C-3 o f  t h e  

g l y c e r o l y l  r e s i d u e .  T h e  e r y t h r o  c o n f i g u r a t i o n  o f  5 was c o n f i r m e d  

by  X - r a y  c r y s t a l l o g r a p h y  a s  s h o w n  i n  E x p e r i m e n t a l .  T h e  r e a c t i o n  

o f  h y d r o g e n  b r o m i d e  i n  a c e t i c  a c i d  w i t h  a v i c i n a l - d i o l  may 

o c c u r  v i a  p a r t i a l  a c e t y l a t i o n  t o  f o r m  a 1 , 3 - d i o x o l a n - 2 - y l i u m  

i o n  i n t e r m e d i a t e  t h a t  g i v e s  a t r a n s  b r o m o a ~ e t a t e . ~ ' ~ ~  
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X-RAY CRYSTALLOGRAPHY OF L-ERYTHRO-CONFIGURATION 521 

C o n s e q u e n t l y ,  t h e  m e c h a n i s m  o f  t h e  r e a c t i o n  d e s c r i b e d  h e r e  may 

p r o c e e d  v i a  t h e  d i o x o l a n - 2 - y l i u m  i o n  3 ,  w h i c h  a f t e . r  two s u c -  

c e s s i v e  r e a c t i o n s  w i t h  b r o m i d e  i o n ,  g a v e  5 t h r o u g h  4. 

EXPERIMENTAL 

G e n e r a l  P r o c e d u r e s .  T h e  m e l t i n g  p o i n t  was d e t e r m i n e d  

w i t h  a Y a n a g i m o t o  m i c r o  m e l t i n g  p o i n t  a p p a r a t u s  a n d  is u n c o r -  

r e c t e d .  'H NMR a n d  IR s p e c t r a  w e r e  r e c o r d e d  w i t h  JEOL GSX-270 

a n d  JASCO FT-IR8000S s p e c t r o m e t e r s ,  r e s p e c t i v e l y .  

3-( 2- O-Acetyl-l,3-dibromo-l,3-dideoxy-L-eryth~o-glycerol-l- 

y l ) - l - p h e n y l - 2 - p y r a z o  l i n e - 4 , 5 - d i o n e  4-( P h e n y l h y d r a z o n e )  ( 5 )  . 
A m i x t u r e  o f  1 ( 1 . 0 0  g )  a n d  h y d r o g e n  b r o m i d e  i n  a c e t i c  a c i d  

( 1 0  m L )  was s t i r r e d  f o r  2 h a t  room t e m p e r a t u r e  a n d  t h e n  l e f t  

f o r  eve-rnight. T h e  m i x t u r e  w a s  d i l u t e d  w i t h  i c e - c o l d  w a t e r  

a n d  t h e  p r o d u c t  w a s  c o l l e c t e d  by f i l t r a t i o n ,  w a s h e d  w i t h  

w a t e r  a n d  r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  y e l l o w - o r a n g e  

p r o d u c t  ( 8 5 %  y i e l d ) :  mp 2 0 2 - 2 0 4  O C ;  d m a x ( K B r )  1 6 6 5  (OCN),  

1 7 4 0  c m - I  ( O A c ) ;  'H NMR (CDC13) 6 A c ) ,  4 . 0 8  ( d ,  

2H,  H - 3 , 3 ' ) ,  5 . 4 2  ( d ,  l H ,  J1 ,2  = 8 . 0  H z ,  H - l ) ,  5 . 9 0  ( m ,  1 H ,  

H - 2 ) ,  7 . 2 9  a n d  7 . 9 6  ( e a c h  m ,  1 0 H ,  A r - H ) ,  1 3 . 7 6  ( s ,  l H ,  NH). 

2 . 0 4  ( s ,  3H, 

A n a l .  C a l c d  f o r  C 2 0 H 1 8 B r 2 N 4 0 3 :  C ,  4 6 . 0 ;  H ,  3 . 5 ;  N ,  1 0 . 7 .  

F o u n d :  C ,  4 5 . 7 ;  H ,  3 . 2 ;  N ,  1 1 . 0 .  

X-Ray A n a l y s i s  of 5 .  S i n g l e  c r y s t a l s  w e r e  g r o w n  by slow 

e v a p o r a t i o n  o f  a n  e t h a n o l  s o l u t i o n  a t  room t e m p e r a t u r e .  

N i c o l e t  P 3 / F  f o u r  c i r c l e  d i f f r a c t o m e t e r  w i t h  g r a p h i t e  mono- 

c h r o m a t e d  Cu K a r a d i a t i o n .  A p r i s m a t i c  c r y s t a l  o f  a p p r o x i m a t e l y  

0 . 3 5  x 0 . 2 5  x 0 . 1 5  mm i n  s i z e  w a s  u s e d .  T h e  s p a c e  g r o u p  was 

d e t e r m i n e d  f r o m  s y s t e m a t i c  a b s e n c e s .  T h r e e  s t a n d a r d  r e f l e c -  

t i o n s  m e a s u r e d  e v e r y  100 r e f l e c t i o n s  d e c r e a s e d  i n  i n t e n s i t i e s  

b y  2 0 % ,  t h u s  a l i n e a r  d e c a y  c o r r e c t i o n  w a s  a p p l i e d .  O f  2 0 7 6  

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



522 EL ASHRY ET A L .  

T a b l e  1. F r a c t i o n a l  Atomic C o o r d i n a t e s  , f n d  e q u i v a l e n t  
i s o t r o p i c  t h e r m a l  p a r a m e t e r s  ( A  ) w i t h  e . s . d ' s  
i n  p a r e n t h e s e s .  

Beq = 8/3x2xiCjiJija * *  i a  .a-a * 

I l J  

z Y Beq X 

N 1  

N2 

c3 
c4 

c 5  

C6 

c 7  

C8  

c 9  

c 1 0  

c11 
c 1 2  

C 1 3  
C14  

Br15 

01 6 

C17 

018 

c 1 9  

Br20 

N2 1 

N22 
C23 

C24 

c 2  5 
C2 6 

C27 

C2 8 

0 2  9 

-0 .405  ( 2 )  

-0.390 (3) 

- 0 . 2 1 0 ( 3 )  

- 0 . 0 8 9 ( 4 )  

-0 .225 (3) 

- 0 . 5 9 1 ( 3 )  

-0 .761 ( 4 )  

-0 .943 ( 4 )  

-0.954 ( 4 )  

-0 .797 (5)  

-0.616 ( 4 )  

-0.140 (3) 

-0 .203  (3) 

-0 .171 ( 4 )  

- 0 .3330(5 )  

-0.044 ( 2 )  

-0 .151 ( 5 )  

-0.345 ( 4 )  

0 .066  (5) 

0.1652 (5) 

0 .100  ( 2 )  

0 . 1 8 5  (3)  

0 .380 ( 3 )  

0.496 ( 4 )  

0 . 6 9 4  ( 4 )  

0 .779  (3)  

0 . 6 5 9  ( 5 )  
0 . 4 8 1  ( 4 )  

-0 .189 (3 )  

0 .7473  (8) 

0.6151 (10 )  

0 . 5 9 6 1 ( 1 1 )  

0 . 7 1 4 1 ( 1 0 )  

0 . 8 1 0 5 ( 1 1 )  

0 . 7 9 6 1 ( 1 3 )  

0 .7150 (15 )  

0 .7625  (16 )  

0 . 8 9 3 3 ( 1 7 )  

0 .9736(17)  

0 .9275  (13) 

0 . 4 6 4 4 ( 9 )  

0 . 3 6 5 3 ( 1 2 )  

0 .2286(11)  

0 .42856 ( 1 5 )  

0 .3901  ( 8 )  

0 .3493  (15 )  

0 .2917 (16 )  

0.3858 (19 )  

0 .19742(16)  

0.7174 ( 9 )  

0 . 8 3 0 9 ( 9 )  

0 . 8 4 8 6 ( 1 5 )  

0 .9633  (15)  

0.9872 ( 1 9 )  

0 .8764 (26 )  

0 . 7 6 5 0 ( 1 8 )  

0 .7506  (15 )  

0 .9262  ( 8 )  

0 .1029 (3)  

0 . 1 0 7 8 ( 3 )  

0 .1289 (3) 
0 . 1 4 1 1 ( 3 )  

0 .1221  (4 )  

0 . 0 7 9 9 ( 4 )  

0 .0616  ( 5 )  

0 . 0 4 0 0 ( 4 )  

0 . 0 3 2 9 ( 4 )  

0 . 0 5 0 5 ( 6 )  

0 . 0 7 4 7 ( 4 )  

0 .1412 (3) 
0 . 1 1 3 1  ( 5 )  
0 . 1 2 7 9 ( 5 )  

0 . 1 8 5 6 3 ( 4 )  

0 . 0 8 4 4 ( 2 )  

0 - 0 5 2 1  ( 4 )  

0 .0489 ( 5 )  

0 . 0 2 6 0 ( 5 )  

0 .14301(8 )  

0.1649 (3) 
0 .1715  ( 3 )  

0 .1954 ( 4 )  

0 . 2 0 0 5 ( 4 )  

0 .2233  ( 5 )  
0 . 2 4 3 8 ( 5 )  

0 . 2 4 1 9 ( 6 )  

0 .2158  ( 4 )  

0 .1248 ( 2 )  

3 . 8 ( 5 )  

4 . 8 ( 5 )  

4 .O ( 6 )  

4 . 1 ( 6 )  

3 . 9 ( 5 )  
4 . 1 ( 6 )  

4 . 8 ( 6 )  

5 . 9 ( 7 )  

6 . 3 ( 8 )  

7 . 9 ( 9 )  

6 . 3 ( 7 )  

3 .7  ( 5 )  

5 . 2 ( 6 )  

5 . 9 ( 7 )  
6.14 ( 8 )  

4 . 3 ( 4 )  

6 . 7 ( 8 )  

1 1 . 5 ( 9 )  

8 . 9 ( 9 )  

9 - 2 6  ( 1 2 )  

3.9151 

5 . 0 ( 5 )  

4 . 8 ( 6 )  

6 . 8 ( 7 )  

7 . 6 ( 8 )  

9 . 2 ( 9 )  

9 . 1 ( 9 )  

5 . 9 ( 7 )  

5 . 8 ( 5 )  
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T a b l e  2 .  B o n d  D i s t a n c e s  (i) a n d  Bond  Angles ( O )  w i t h  
e.s.d's i n  p a r e n t h e s e s .  

distance distance 

Nl----N2 
Nl----C5 
N1---- C6 
N2----C3 
c3----c4 
C3----C12 
c4----c5 
C4----N21 
C5----029 
C6----C7 

C6---- c11 
C7----C8 
C8---- c9 
C9----C10 
ClO----Cll 
C12----C13 

1.41(2) 
1.37 (2) 
1.41 (2) 
1.25 (2) 
1.47 (2) 
1.51 (2) 
1.43 (2) 
1.34 ( 2 )  

1.24 (2) 
1.42 ( 3 )  

1.41 (3) 
1.35 (3) 
1.41 (3) 
1.36 (3) 
1.41 (3) 
1.53 (2) 

C12----Br15 
C13----C14 
C13----016 
C14----Br20 
016----C17 
C17----018 
C17----C19 
N21----N22 
N22----C23 
C23----C24 
C23----C28 
C24----C25 
C25----C26 
C26----C27 
C27----C28 

2.00(2) 
1.56(3) 
1.40(2) 
1.89(2) 
1.41(3) 
1.19(4) 
1.56(3) 
1.30(2) 
1.38(2) 
1.37 (3) 
1.40(3) 
1.37 (3) 
1.47(3) 
1.34 (3) 
1.37 (3) 

angle angle 

112.2(12) 
118.8(12) 
129.1 (13) 
106.4 (13) 
112.8 (14) 
121.7 (15) 
125.4(14) 
103.4 (13) 
123.4 (14) 
133.2 (14) 
105.1(13) 
129.1 (14) 
125 -7 (14) 
121.2(15) 
120.7 (15) 
118.1(16) 
121.0(18) 
120.6(19) 
119.5 (20) 
120.9 (20) 
119.6 (18) 

C3--C12--C13 111.4 (13) 
C3--C12--Br15 108 .O (10) 
C13--C12--B~15 109.9 (10) 
C12--C13--C14 111.3 (14) 
C12--C13--016 106.1(13) 
C14--C13--016 112.8 (14) 
C13--C14--Br20 111.8(13) 
C13--016--C17 111.7 (14) 
016--C17--018 125.8 (25) 
016--C17--C19 100 . O  (17) 
018--C17--C19 133.8 (25) 
C4--N21--N22 113.9(13) 
N21--N22--C23 120.3(17) 
N22--C23--C24 123.0 (17) 
N22--C23--C28 122.9 (16) 
C24--C23--C28 114.1(17) 
C23--C24-C25 126.1 (19) 
C24--C25--C26 114.4 (19) 
C25--C26--C27 121.6 (22) 
C26--C27--C28 117.6(22) 
C23--C28--C27 125.1(19) 
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5 24 EL ASHRY ET AL. 

Fig. 1. ORTEP d r a w i n g  of 5 

i n d e p e n d e n t  r e f l e c t i o n s  m e a s u r e d  w i t h i n  1' < 2 8  < 1 5 0 ° ,  

1 5 0 1  h a d  i n t e n s i t i e s  g r e a t e r  t h a n  3 u ( l F o l )  a n d  w e r e  u s e d  f o r  

t h e  s t r u c t u r e  a n a l y s i s .  T h e  s t r u c t u r e  w a s  s o l v e d  by t h e  

d i r e c t  m e t h o d  a n d  r e f i n e d  b y  f u l l - m a t r i x  l e a s t - s q u a r e s  

m e t h o d .  H y d r o g e n  a t o m s  w e r e  l o c a t e d  a t  t h e  g e o m e t r i c a l l y  

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

t h o u g h  e x c l u d e d  f r o m  t h e  r e f i n e m e n t .  T h e  w e i g h t i n g  s c h e m e  

u s e d  in t h e  f i n a l  s t a g e  was w = l / u  2 ( F o )  + 0 . 0 0 2 7 ( F 0 ) ~ .  T h e  

a b s o l u t e  c o n f i g u r a t i o n  w a s  d e t e r m i n e d  f r o m  c o m p a r i s o n  o f  

p r e c i s e l y  m e a s u r e d  i n t e n s i t i e s  f o r  s i x t e e n  u n i q u e  F r i e d e l  

p a i r s ,  a l l  o f  w h i c h  i n d i c a t e d  t h e  L - e r y t h r o  c o n f i g u r a t i o n .  

C r y s t a l  d a t a :  C 2 0 H 1 8 B r z N 4 0 3 ,  Mr=522 . 2 ,  O r t h o r h o m b i c  

PZ1Z1Z1, a = 5 . 2 6 1 ( 1 ) ,  b = 1 0 . 5 6 5 ( 2 ) ,  c=37 . 6 9 3 ( 8 )  i , U = 2 0 9 5  . l ( 6 ) l 3 ,  

2 = 4 ,  D x = 1 . 6 6  M ~ u I - ~ ,  ~ ( C U  K(X)=1.5418 w, ~ ( C U  K01)=48.3  c m  -1 , 

F ( 0 0 0 ) = 1 0 4 0 ,  T = 2 9 8 K ,  R = 0 . 0 8 8 ,  w R = 0 . 0 9 4 .  

T h e  f i n a l  a t o m i c  p a r a m e t e r s  a r e  l i s t e d  i n  T a b l e  1 .  T h r e e  

b o n d  l e n g t h s  a n d  a n g l e s  a r e  l i s t e d  i n  T a b l e  2 .  T h e  ORTEP 
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d r a w i n g  o f  t h e  m o l e c u l e  w i t h  t h e  n u m b e r i n g  is s h o w n  i n  

F i g .  1 .  

T h e  s u b s t i t u t e d  g l y c e r o l y l  m o i e t y  i s  in a n  e r y t h r o  c o n -  

f i g u r a t i o n ,  w h i c h ,  c o n f i r m e d  t h e  p r e d i c t i o n  b a s e d  o n  t h e  p r o -  

p o s e d  i n t e r m e d i a t e  3.  T h e  l-(phenyl)-2-pyrazoline-4,5-dione 

4 - ( p h e n y l h y d r a z o n e )  m o i e t y  ( N l - C 1 2 ,  N21-029)  is n e a r l y  p l a n a r  

w i t h  t h e  maximum d e v i a t i o n  o f  0 . 2 7  8 .  T h e  s u b s t i t u t e d  g l y -  

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

in C4-C3-C12-C13 a n d  C3-C12-C13-C14 o f  - 1 5 3 . 8 '  a n d  - 1 7 1 . I o ,  

r e s p e c t i v e l y .  An i n t r a m o l e c u l a r  h y d r o g e n  b o n d  is f o r m e d  b e -  

t w e e n  N22 a n d  0 2 9 ( 2 . 8 3 A ) .  
0 
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