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NUCLEOSIDES AND NUCLEOTIDES, 2 ( 4 ) ,  327-334 (1983) 

STRUCTURE OF 2',3'-O-ISOPROPYLIDENE-5-BROMOURIDINE 

t t t Yuriko Yamagata , Yukari Kobayashi , Nobu Okabe , 
Ken-ichi Tomitat* and Tohru Ueda tP 

'Faculty of Pharmaceutical Sciences,  Osaka Universi ty ,  

Pharmaceutical Sciences,  Hokkaido Universi ty ,  Kita-12, 
Nishi-6, Kitaku, Sapporo 060, Japan 

Yamadaoka 1-6, S u i t a ,  Osaka 565 and ??Faculty of 

Abstract:  The c r y s t a l  and molecular s t r u c t u r e  of t h e  t i t l e  compound 
has been determined by t h e  X-ray d i f f r a c t i o n  method. The c r y s t a l s  are 
orthorhombic, space group P212121 (Z=4),  .with t h e  u n i t  c e l l  dimensions 
a=5.244(2),  b=14.916(6) and c=19.068(5) A. The s t r u c t u r e  was solved 
by d i r e c t  methods and r e f i n e d  up t o  t h e  R value o f  0.058 by t h e  f u l l  
matr ix  l ea s t - squa res  method. The g l y c o s i d i c  t o r s i o n  ang le  is 
13.5( 11) ( a n t i  conformation),  t h e  sugar  puckering being C(3')-exo, 
C(4')-endo. The Or ien ta t ion  of t h e  C(5*)-0(5*)  bond is gauche-gauche. 

INTRODUCTION 

X-Ray, NMR and c i r c u l a r  dichroism (CD) i n v e s t i g a t i o n s  on 

pyrimidine nucleoside s t r u c t u r e s  have ind ica t ed  t h a t  almost a l l  t h e  

pyrimidine nucleosides  have a n t i  conformations ( t o r s i o n  ang le  x, 
C(6)-N(1)-C(11)-O(10;O-800) around t h e  g l y c o s i d i c  bond both i n  t h e  

s o l i d  s t a t e  and i n  so lu t ion .  However, s t u d i e s  o f  t h e  nuclear  

Overhauser effects (NOE) and CD on 2' ,3*-0-isopropylidene pyrimidine 

nucleosides  i n d i c a t e  t h a t  t h e  molecules exis t  i n  syn conformation ( X ;  
"240' 1 i n  d ime thy l su l fox ide l ,  1 , 2 - d i ~ h l o r o e t h a n e ~  o r  cyclohexane3. 

Therefore,  i t  is of i n t e r e s t  t o  e l u c i d a t e  t h e  molecular s t r u c t u r e s  of 
2*,3*-0-isopropylidene pyrimidine nucleosides  i n  t h e  s o l i d  s ta te  by 
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328 YAMAGATA ET AL. 

t h e  X-ray d i f f r a c t i o n  method. U n t i l  now, o n l y  t h e  s t r u c t u r e  of  

21,3'-O-isopropylideneuridine ( i-U)4 h a s  been r e p o r t e d ,  and its 
g l y c o s i d i c  conformat ion  i s  a n t i .  We have now under t aken  t h e  X-ray 

s t r u c t u r a l  a n a l y s i s  of 21,31-0-isopropylidene-5-bromouridine ( i -Br  U) 

i n  o r d e r  t o  compare t h e  g l y c o s i d i c  conformat ion  w i t h  t h o s e  of t h e  

r e l a t e d  compounds i n  s o l u t i o n  o r  i n  t h e  s o l i d  state. 

5 

EXPERIMENTAL 
5 i - B r  U was c r y s t a l l i z e d  from an aqueous e t h a n o l  s o l u t i o n  as 

c o l o r l e s s  needles .  

orthorhombic w i t h  space  

determined based on t h e  

i n  t h e  measurement by a 

X-Ray photographs  showed t h e  c r y s t a l s  t o  be 

group P212121. The u n i t - c e l l  d imens ions  were 

2 8  v a l u e s  o f  24 r e f l e c t i o n s  t h a t  were o b t a i n e d  

d i f f r a c t o r n e t e r .  The r ange  of  t h e  20 v a l u e s  

was between 35"  and 5 5 "  (Cu Ka), and t h e  c a l c u l a t i o n  o f  t h e  u n i t - c e l l  

dimensions were done by a l e a s t - s q u a r e s  procedure .  The 

c r y s t a l l o g r a p h i c  d a t a  are summarized i n  TABLE 1 .  

The i n t e n s i t y  d a t a  w i t h i n  sinWX=0.58 were c o l l e c t e d  o n  a 
Bigaku au tomat i c  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  Cu Ka r a d i a t i o n  and 

t h e  0-20 scan  technique .  The t o t a l  number of re f lec t ions  measured 

was 1407, o f  which 1215 had i n t e n s i t i e s  g r e a t e r  t han  3U(Fo) and were 
used i n  t h e  s t r u c t u r e  a n a l y s i s .  I n t e n s i t i e s  were c o r r e c t e d  f o r  t h e  

usua l  Lorentz  and p o l a r i z a t i o n  f a c t o r s ,  bu t  due t o  t h e  small s i z e  of 
t h e  c r y s t a l  ( 0 . 0 2 ~ 0 . 0 8 ~ 0 . 3  mm), an a b s o r p t i o n  c o r r e c t i o n  was not 
app l i ed .  

The s t r u c t u r e  was so lved  by d i r e c t  methods u s i n g  t h e  program 

MULTAN 785, and r e f i n e d  by t h e  f u l l  matrix l e a s t - s q u a r e s  method w i t h  

a n i s o t r o p i c  t empera tu re  f a c t o r s  for  a l l  t h e  nonhydrogen atoms. A l l  t h e  

TABLE 1. C r y s t a l  d a t a  

ClaHlsNzOsBr FW 363.2 
orthorhombi co Space group P2,2,2, 

b=14.916( 6) F(000)=736 

A(Cu Ka)=l.54173-! Dm=l.613(2) Mg m-' 
p(Cu Ka)=4.45 mm Dx=l .620 

a=5.244(2) A 2=4 

c=19.068(5) 0 V=1491.4(9) i3 
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2',3'-O-ISOPROPYLIDENE-5-BROMOURIDINE 329 

hydrogen atoms could be l o c a t e d  on a d i f f e r e n c e  Four i e r  map. The 

f i n a l  refinement inc lud ing  hydrogen atoms with i s o t r o p i c  temperature  

f a c t o r s  reduced t h e  R value t o  0.058. A l l  t h e  numerical  c a l c u l a t i o n s  

were c a r r i e d  o u t  on an ACOS S e r i e s  77 NEAC ACOS 700 a t  t h e  
Crys t a l log raph ic  Research Center ,  I n s t i t u t e  f o r  P ro te in  Research, 

Osaka Un ive r s i ty ,  u s ing  t h e  programs of  The Universal  Crys t a l log raph ic  

Computing System-Osaka (1979) . S c a t t e r i n g  f a c t o r s  used were those 6 

c i t e d  i n  I n t e r n a t i o n a l  Tables f o r  X-ray Crystal lography (1974) '. 

RESULTS AND DISCUSSION 

P o s i t i o n a l  and thermal parameters are g iven  i n  TABLE 2. Fig.  1 

shows an ORTEP' s t e r eograph ic  r e p r e s e n t a t i o n  of t h e  molecular 
5 4 conformation of  i - B r  U ,  which is very similar t o  i - U  . The t o r s i o n  

ang le  about t h e  g l y c o s i d i c  bond (x) is 13.5", which corresponds t o  an  

a n t i  conformation, not  t o  a syn conformation as  expected from NOE or  
CD studies(TABLE 3 ) .  However, on ly  two c r y s t a l l o g r a p h i c  de t e rmina t ions  

are no t  s u f f i c i e n t  t o  reach a conclusion t h a t  t h e  a n t i  conformation is 
predominant i n  21,31-0-isopropylidene pyrimidine nuc leos ides ,  because 

t h e  conformation around t h e  g l y c o s i d i c  bond might be in f luenced  

by t h e  s o l v e n t  used i n  c r y s t a l l i z a t i o n :  CD p a t t e r n s  of  

21,31-O-isopropylidene pyrimidine nuc leos ides  i n  water o r  methanol 

show t h a t  t h e i r  g l y c o s i d i c  conformations are a n t i ,  while t h e  syn 

conformation might be found i n  s o l v e n t s  such as 1,2-dichloroethane,  

dimethylsulfoxide o r  cyclohexane. 

The sugar  conformation is C(3')-exo,C(4')-endo (P=211", Tm=22"), 

similar t o  t h a t  i n  2 '  , 3  I-0-isopropylidene adenosine (i-A; P=215", 

~ ~ = 3 1 ) ' '  o r  i - U  (P=216", ~ ~ = 2 4 " ) ~ ,  but d i f f e r e n t  from t h a t  found i n  
t y p i c a l  nuc leos ides  (C(2'1-endo type,  P=144-180", o r  C(3'1-endo type ,  

P=o-36"). I n  TABLE 4 are l i s t e d  t h e  pseudoro ta t ion  paramaters  and 
g l y c o s i d i c  conformations for 2t ,3f-0- isopropyl idene and t h e  r e l a t e d  

21 ,31 -cyc l l c  nuc leos ides  o r  nucleot ides .  It I s  seen t h a t  t h e  sugar 
r i n g  puckering o f  t h e  nucleosides  o r  n u c l e o t i d e s  having a n  a d d i t i o n a l  

five-membered r i n g  c i s  t o  t h e  r i b o s e  about C(2')-C(3') shows a maximum 

amplitude smaller than t h a t  (.r,'38.7")'' o f  unmodified nuc leos ides  o r  
nuc leo t ides  but t h a t  t h e r e  are s e v e r a l  puckering conformations,  i .e. ,  
p l ana r  , C(4')-exo type,  C(2'1-endo type,  C(4')-endo,C(3')-exo type  , 
o r  O( 1 ) -endo type.  
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330 YAMAGATA ET AL. 

TABLE 2 .  Final positional and thermal parameters w i t h  their estimated 
standard deviationsa. 

a tom X 

-418(3) 
-2829( 17) 
-1 121 (20) 

481 ( 18) 
840(24) 

-741 (23) 
-2598( 21 ) 
-1 148( 1 3) 

-4920(19) 
-3943( 20) 
-5787( 22) 
-7093(21) 
-5971 (23) 
-6796 (1 3 )  
-4477 (1 6 )  
-7596 ( 15) 
-3256( 16) 
-6297( 26) 
-4857( 39) 
-8206( 30) 

-382( 27) 
-558( 28) 
-182(29) 
-51 1 (30) 
-925( 28) 
-704( 28) 
-674( 27) 
-257( 30) 
-595 (28) 
-420 (28) 
-347( 28) 
-698( 30) 
-875 (28) 
-943( 29) 

2521 (1  9) 

189(27) 

Y 

7964( 1 ) 
6898( 5 )  
7236(6) 
7887 ( 5 )  
8152(6) 
7713(6) 
7129(6) 
6960 ( 5 )  
8683(5) 
6303(6) 

5162(8) 
6216(5) 
5228( 5 )  
4519( 6)  
5230( 5 )  
4563(9) 
3655( 10) 
4791 (1 4)  

808(9) 
681 ( 8 )  
658( 8 )  
523(9) 
41 8 (  8 )  
531 ( 8 )  
568(8) 
452( 8 )  
476 ( 9 )  
344( 8 )  
345(8) 
381 ( 8 )  
483( 9 )  
551 (8 )  
443(8) 

L 

81 24( 1 ) 
6253(4) 
5762(5) 
5990 ( 4 )  
6669 ( 5 )  
71 73( 5 )  
6960(5) 
51 55 ( 3 )  
681 3( 4)  
5985 [ 4) 
5782( 5) 
61 58( 5 )  
6721 ( 5 )  

6501 ( 3 )  
5045( 3) 
5634(4) 
7430(4) 
4977(6) 
4872 (8 )  
4426 ( 7 )  

557(6) 
729(6) 
561 (6)  
591 (6 )  
631 (6)  
680(6) 
773(6) 

769 ( 7 )  
466(6) 
534(6) 
436(6) 
398(7) 
454(6) 
437(6) 

7449(5) 

757( 7 )  

5.45( 3) 
2.7(4) 
2.7(5) 
2.9(4) 

3.1 ( 4 )  
2.9(5) 
2.7(3) 

2.3(4) 
2.6(5) 
3.1 ( 5 )  
3.0(5) 
3.8(5) 
2.8(3) 

4.0(4) 

3.5(5) 

5.3(4) 

3.7(4) 

4.5(4) 
4.7(7) 
7.9( 10) 
7.9(10) 

a 4 3 
A l l  values are mult ip  ied by 10 for the nonhydrogen atoms and 10 

for the hydrogen atoms. 'The equivalent isotropic temperature factors 
for the nonhydrogen atoms were computed using t h e  expression: 
B =3/4Cpij(ai*aj). =The isotropic temperature factors for the 

"2  hydrogen atoms are 5 . 0  A . eq iJ 
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Fig. 1. Stereoview of the molecular conformation 
with atomic numberings. 

TABLE 3. Tors ion  a n g l e s (  ") 

Designat ion  

0(1 ' )-C( 1 ' ) -N ( l  ) -C(6) 

C( 1 I ) - O (  1 I ) -c(  1 ' )-C( 2 ' ) 
O (  1 I )-C( 1 I ) -C (2 l ) -C (  3 ' )  
C(  1 ' ) -C(2 ' )  -C(  3 ' ) -C (4 ' )  
C( 2 I )-C( 3 '  ) -C(4'  ) - O (  1 ' ) 
C( 3 '  )-C( 4 ' ) - O (  1 ' )-C( 1 ' ) 
O (  1 I ) -C( 4 ' )  -C( 5 I ) - O (  5 '  ) 
C( 3 '  )-C( 4 ' )  -C( 5 I ) - O (  5 ' ) 
O (  2 ' )-C( 6 ' ) -0( 3 I ) - C (  3 '  ) 
C(6 ' ) - O (  3 ' )  -C( 3 '  )-C( 2 ' ) 
O( 3 '  )-C( 3 '  ) -C( 2 ) -0( 2 I ) 
C( 3 '  )-C( 2 I ) - O (  2 '  )-C(6 I ) 
C( 2 ) - O (  2 I )  -C(6 ) - O (  3 '  ) 

13.5( 11 ) 
4.5( 10) 
8.7(10) 

-18.0( 10) 

-16 . O (  10) 
-69.7( 11 ) 

21 .O( 10) 

48.0( 12) 

29 .O(  10) 
-32.1 (1  1 ) 

-15.9( 10) 
-3.2( 10) 
21 .3(11) 

The conformation about C(4')-C(5') bond is t h e  u s u a l  gauche- 
gauche. 

5 The bond d i s t a n c e s  and a n g l e s  ( F i g s  2 and 3) i n  1 - B r  U are i n  
good agreement w i t h  those  found i n  related nuc leos ides .  

The packing of molecules viewed a long  t h e  a ax i s  i s  shown i n  Fig.  
4 .  The i - B r 5 U  molecules are l i n k e d  t o g e t h e r  through e i t h e r  an  

i n t e r m o l e c u l a r  hydrogen bond (N(3)-H---0(2); 2.819( 10) A) a l o n g  t h e  
two f o l d  screw a x i s  p a r a l l e l  t o  t h e  a a x i s  or a hydrogen bond 

0 
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TABLE 4. Conformational parameters' f o r  2 '  ,3'-0- 

P( " )  .r,(O) x r e f .  
isopropylidene and r e l a t e d  nuc leos ides  and nuc leo t ides  

i -A (A)  p l a n a r  4 a n t i  10 
i -BreA(A)a p l a n a r  2 SY n 12 
2 '  , ~ ' - c C M P * N ~ ( B ) ~  p l a n a r  2 sYn 13 

i - C N ~ U =  
2 ,3 -cCMP*Na( A )  
i-mnm's'U 
i -Br"AQB) 
i - B r a  I 

2 '  ,3 ' -cCMPg 

i -Br' U 
i -A( B) 
i -U 
2 I ,3 -cUMPh 

Abbreviations; 

d 

IlUllUf 

51 (4E) 
81(OT4) 

125( iE )  
146(:T) 
157 ( 'Tl ) 
163('E) 
173( ' T3 )  

21 5( 4,T) 
216(43T) 
261 ( o T 1 )  

2 1 q 3 ~ 4 )  

30 syn 14 
35 sYn 13 
40 a n t i  15 
27 sYn 12 
33 sYn 16 
23 a n t i  17 
29 a n t i  18 
21 a n t i  t h i s  work 
31 a n t i  10 
24 a n t i  4 

23 a n t i  18  

a 2 1  , 3  1-O-isopropylidene-8-bromoa$enosine, 
bsodium sa l t -  of c y t i d i n e  2 '  , 3 ' - c y c l i c  phosphate, 2' ,3'-0- 
isopropylidene-6-cyanouridine, '2 1 , 3  '-0-isopropylidene-5- 
m e t h y l ~ i n o m e t h y l - 2 - t h i o u r i d i n e ,  e2-methyl-8-bromo-21 ,3'-  
0-isopropylideneinosine, f21 ,3~-O-methoxymethyleneuridine, 
gcyt id ine  2 '  , 3  ' - c y c l i c  phosphate, htriethylammonium salt o f  
ur idine  2 ' , 3 1 - c y c l i c  phosphate. 

0 

Fig. 2. Bond l engths  (A) w i th  
estimated standard deviations 

i n  parentheses.  
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Fig .  3 .  Bond a n g l e s  ( ">  w i t h  
e s t ima ted  s t a n d a r d  d e v i a t i o n s  

i n  pa ren theses .  

F ig .  4 .  Molecular packing  a long  t h e  a ax is .  Dashed l ines  
i n d i c a t e  t h e  hydrogen bonds. 
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334 YAMAGATA ET AL . 
0 

(0(5')-H---0(4); 2.749(12) A) a long  t h e  two f o l d  screw a x i s  p a r a l l e l  

t o  t he  b ax i s .  The base s t a c k i n g  i s  no t  observed. The o v e r a l l  

arrangement of i - B r  U molecules i n  c r y s t a l s  is q u i t e  similar t o  t h a t  5 

of  

1 .  

2. 

3. 

4.  

5. 

6.  

7 .  

8. 

9. 

4,19 i-u . 
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