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NUCLEOSIDES AND NUCLEOTIDES, 2 ( 4 ) ,  335-343 (1983) 

STRUCTURE OF 2',3'-O-ISOPROPYLIDENE-6-CYANOURIDINE 

Yuriko Yamagatat Yukari Kobayash Nobuo Okab 
Ken-ichi Tomita t', Tomoharu San Hideo Inoue 

and Tohru Ueda 
Ti-, 9t 

tFaculty o f  Pharmaceutical Sciences,  0s 
Yamadaoka 1-6, S u i t a ,  Osaka 565 and "Faculty of 

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

a Un ive r s i ty  

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. C r y s t a l s  belong 
t o  t h e  orthorhombic space group P212121,and t h e  ce l l  dimensions a r e  
a=7.832(1),  b=20.466(2) and c=9.159(1) A .  The s t r u c t u r e  was solved by 
d i rec t  methods and r e f i n e d  by t h e  f u l l  matrix l eas t - squa res  method t o  
R=0.070. The conformation about t h e  g l y c o s i d i c  bond i s  syn probably 
because of t h e  s te r ic  hindrance between t h e  sugar  moiety and t h e  cyano 
group a t  t h e  C(6) p o s i t i o n  of t h e  base.  The sugar  puckering is 
C(4')-exo, and t h e  o r i e n t a t i o n  of C(5')-0(5')  bond is gauche-trans. 

INTRODUCTION 

From s t u d i e s  by NOE and CD, 21,31-0-isopropylidene pyrimidine 

nucleosides  are expected t o  have t h e  syn-conformations i n  s o l u t i o n  . 
However, a s  descr ibed i n  t h e  previous paper , t h e  molecular conforma- 

t i o n s  of t h e  two 21,31-0-isopropylidene pyrimidine nucleosides  so far  

reported a r e  a n t i .  Therefore,  t h e  s t r u c t u r a l  f e a t u r e s  of 21,31-0-1so- 

propylidene pyrimidine nucleosides  with t h e  syn conformation are still 
obscure. Usually,  t h e  replacement of hydrogen a t  C(6) p o s i t i o n  of 

base with a bulky s u b s t i t u e n t  l e a d s  t o  a nucleoside with a syn 

1- 3 

4 

335 

Copyright 0 1983 by Marcel DekJcer, Inc. 073283 1 1/83/02044335%3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



336 YAMAGATA ET AL. 

conformation because of  t h e  s te r ic  hindrance between t h e  sugar  moiety 
6 5 and t h e  s u b s t i t u e n t .  The t i t l e  compound ( I - C N  U) was synthesized 

f o r  i n v e s t i g a t i o n  o f  t h e  e f f e c t  of t h e  cyano s u b s t i t u e n t  on t h e  

o v e r a l l  conformation of t h e  molecule i n  t h e  s o l i d  s ta te .  

EXPERIMENTAL 
6 C r y s t a l s  of  I -CN U were obtained from methanol s o l u t i o n  by t h e  

vapor d i f f u s i o n  technique us ing  e t h e r  as p r e c i p i t a n t .  X-Ray 

photographs showed t h e  c r y s t a l s  t o  be orthorhombic with space group 

P212121. The u n i t  ce l l  dimensions were determined by a l eas t - squa res  

procedure based on t h e  2 0  va lues  of  25 diffractometer-measured 

r e f l e c t i o n s  i n  t h e  range 35"<28<55" (Cu Ka). The d e n s i t y  was 
determined by t h e  f l o t a t i o n  method i n  a benzene/carbon t e t r a c h l o r i d e  

mixture. 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 .  

I n t e n s i t i e s  of 1377 r e f l e c t i o n s  w i t h i n  sln0/X=O .58 i-' were 

co l l ec t ed  from a c r y s t a l  of  dimensions 0 . 0 7 ~ 0 . 1 2 ~ 0 . 3  mm on a Rigaku 
automatic f o u r - c i r c l e  d i f f r a c t o m e t e r  (Cu Ka). O f  t hose ,  1142 with 

I Fo 1 >3a I Fo I were used f o r  t h e  s t r u c t u r e  a n a l y s i s .  The d a t a  were 
co r rec t ed  f o r  Lorentz and p o l a r i z a t i o n  f a c t o r s  but no t  f o r  abso rp t ion .  

The s t r u c t u r e  was solved by d i r e c t  methods us ing  t h e  program 

MULTAN 78 , and r e f i n e d  by t h e  f u l l  matr ix  l ea s t - squa res  method with 

a n i s o t r o p i c  temperature f a c t o r s  f o r  a l l  t h e  non-hydrogen atoms. A l l  

H atoms were loca ted  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  t h e  H 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  0.070. A l l  numerical c a l c u l a t i o n  were 
c a r r i e d  o u t  on an ACOS 700 Computer 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  

6 

TABLE 1 .  C rys t a l  d a t a  

c,  3 Hl, N3 0 6  FW 309.28 
orthorhombi co  Space group P2,2,2, 

b=20.466(2) F(000)=648 
c=9.159( 1 ) V=1468.2(3) A3 
A(Cu Kcc)=l.54173 
~ ( C U  Ka)=0.97 mm-' Dx=1.394 

a=7.832(1) A 2=4 

Dm=l .394(1) Mg m-' 
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2',3'-O-ISOPROPYLIDENE-6-CYANOURIDINE 337 

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

a tom X 

N(1) 4394 (8 )  
3798( 11 ) 
4241 (1 0 )  

C(4) 5273( 13 )  
5879( 1 1 ) 
5436 (1 0)  
2949 ( 8) 
5593( 12 )  
6067( 12)  
6596 (1 4 )  

C(1 ' 1  4038( 10 )  
C ( 2 ' )  2190(9) 
C ( 3 ' )  2228( 10 )  

4073( 11 ) 
4655 (1 3 )  
5048(7) 

C(2) 
N(3) 

C(5) 
C(6) 
O(2) 
O(4) 
C(7) 
N(7) 

C(4' 1 
C ( 5 ' )  

1 7 i i i 7 j  
11 09( 7) 
508( 10)  

608( 13 )  
467( 1 1 ) 
677( 11 )  
433(11) 

1 
1 

-1 265( 12 )  
C 1 

H ( 2 ' j  120 
H ( 3 ' )  190 
H(4' 1 417 
H(5 ' )  453 
H(5") 369 
H(05 ' )  699 
H(7 '1)  -1 23 

-1 99 
H 7 ' 3  -145 
H(8'1) 172 
H(8'2) 37 
H(8 '3)  - 39 

Y 

4924 ( 3 )  
5249 (3) 
5899 (3)  
6235 ( 4 )  
5869(4) 
5237(4) 

6817(3) 
4854(4) 
4587(4) 
4206 ( 3 )  
4021 ( 3 )  
3598( 3) 
3388( 3) 
3311(5) 
3902 ( 2 )  
3559( 2 )  
3060(2) 
3132(4) 
341 2 ( 4 )  
2467 ( 4 )  
607 ( 4 )  
616(4)  
405 ( 4 )  
442 ( 4 )  
381 ( 4 )  
300(4) 
382 ( 4 )  
306 ( 4 )  
269(4) 
391 ( 4 )  
309(4) 
352(4) 
234(4) 
258(4) 
222( 4) 

4994(3) 

z 

8068(6) 
6825( 8 )  
6789 ( 7 )  
7751 (1 0) 
8960 (8) 
9078( 8) 
5901 ( 6 )  
7537 (8) 

10308( 9 )  
11 269( 10 )  

81 59 (8) 
7904( 7 )  
6544( 8) 
6439( 8) 
4857( 11 ) 
7110(6) 
9013(5) 
6843(6) 
8349(9) 
831 2 (  11 ) 
9112(10) 
600(9)  
960(9) 
931 ( 9 )  
796 ( 9 )  
538(9) 
707(9) 
401 ( 9 )  
408( 9 )  
430(9) 

903(9) 
892( 9 )  

1024( 10 )  
866 (9 )  

775(9) 
774(9) 

"2 b 
Beq(A 1 
2.7(2)  
3 .2(3)  
3 .8(3)  

3.1 (3)  
4.2(3) 

4 .0 (4 )  
7 .5 (6 )  
2.7(3) 
2 .5(3)  
2 .7(3)  
3 .0(4)  

3 .7 (2 )  
2 .8(2)  
3 .4 (2 )  
3.1 ( 4 )  

4 .5 (4 )  
3 .3(4)  

7 .4 (4 )  

5 .7(5)  

4 .4 (4 )  
4 .3 (4 )  

a A l l  values are multiplied by l o 4  for the nonhydrogen atoms and l o 3  
for the hydrogen atoms. %he equivalent isotropic temperature 
factors for the nonhydrogen atoms were computed using the expression: 
B =3/4;8.. (a i*a . ) .  
eq lJIJ J 

" 2  atoms are 3 . 0  A . 
CThe isotropic temperature factors for hydrogen 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



338 YAMAGATA ET AL. 

programs of  The Universal  Crys t a l log raph ic  Computing System-Osaka 

(1979)7. The atomic s c a t t e r i n g  f a c t o r s  used were those  c i ted i n  

I n t e r n a t i o n a l  Tables f o r  X-ray Crystal lography (1974) . 8 

RESULTS AND DISCUSSION 
F i n a l  atomic parameters are given i n  TABLE 2. The molecular 

conformation of i - C N  U is s t e r e o s c o p i c a l l y 9  shown i n  Fig. 1 .  A s  

expected, t h e  conformation about t h e  g l y c o s i d i c  bond is syn with t h e  

t o r s i o n  angle  x, 257.4" (TABLE 3 ) ,  which i s  similar t o  those  found i n  

pyrimidine nucleosides  and nuc leo t ides  with t h e  syn conformation 

(TABLE 4 ) .  The al lowable x range is remarkably narrow ( c a .  20'1, i n  

comparison with those f o r  t h e  a n t i  conformation ( p u r i n e  X; 0-130", 

pyrimidine x; 0-80") o r  t h e  syn conformation found i n  purine 

nucleosides  and nuc leo t ides  (x; 21 0-280") lo, probably because of t h e  

s h o r t  c o n t a c t s  between t h e  O(2) atom i n  t h e  base and some atoms i n  t h e  

sugar  moiety beyond t h e  al lowable x range. 

The sugar conformation is C(4t)-exo, which is ,  as  shown i n  TABLE 

4 ,  one o f  two t y p i c a l  sugar  conformations (C(4')-exo type ;  P=35-51", 

C(2l)-endo type;  P=139-169") found i n  pyrimidine nuc leos ides  and 

nuc leo t ides  w i t h  t h e  syn conformation. The usua l  C(3')-endo 

conformation (P=18") of pyrimidine nuc leos ides  bears unacceptable 

s h o r t  c o n t a c t s  between t h e  O ( 2 )  atom and t h e  sugar  atoms when t h e  X 
angle  i s  r o t a t e d  up t o  t h e  syn region.  On t h e  o t h e r  hand, t h e  i n t r a -  

6 

Fig. 1. Stereoview of  t h e  molecular conformation 
with atomic numberings. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



339 

TABLE 3 .  Torsion angles( O )  

Designation 

O (  1 )-C( 1 I )-N( 1 )-C(6) 
C(4' ) - O (  1 I )-C( 1 I )-C( 2 I )  

O(1 I )-C( 1 I )-C( 2 ' )-C( 3' ) 
C( 1 I )-C(2 I )-C( 3' )-C(4' ) 
C( 2 #)-C( 3 ')-C(4' ) - O (  1 I )  

C( 3 I)-C(4')-C( 5')-0(5 I )  

C( 3 I )  -C(4')-0( 1 I )-C( 1 ' ) 
O (  1 I )-C(4 )-C( 5 I )-O( 5 I ) 

O( 2 ')-C(6' ) -O(  3')-C( 3') 
C(6 I ) -0( 3 I )  -C( 3 I )  -C( 2 I ) 
O (  3 I )  -C( 3 I )  -C( 2 ' ) - O (  2 ' ) 
C( 3')-C( 2 ' )  -0( 2 ' ) -C( 6 ' ) 
C( 2 ')-O( 2 ' )-C(6 ' )-O( 3 I ) 

257.4( 7) 
-16.1(7) 
-2.5(7) 

-28.6 (7) 
18.7(7) 

28.3(7) 
65.2( 8) 

-1 78.2( 7) 
-1 9.5( 7) 
-3.4(7) 
24.5 ( 7) 

36 .O( 7) 
-37.4( 6) 

TABLE 4. Conformational parameters *O for pyrimidine nucleosides and 
nucleotides in syn conformation. 

2' ,~'-CCMP-N~(A)~ 

2 I -f , 3  ' ,5 I -ac, dF 
3',5'-cTMP derivd 
3',5'-cUMP derive 
i -CN6U 
2 I ,3 ' -cCMP- Na ( B) 
m6d$ 
m, - ri bg - L ( A) 
m6U(A) 
m,-ri bo-L( B )  
m6U(B) 

s 4  ub 
254 
263 
252 
26 3 
251 
25 7 
243 
242 
254 
251 
26 1 
253 

planar 
35 
39 
49 
50 
51 
81 
139 
151 
155 
163 
169 

2 gt no 
40 99 no 
35 tg imposs 
47 tg imposs 
47 tg imposs 
30 gt no 
36 gg no 

31 99 Yes 
39 99 Yes 
35 99 Yes 
38 99 Yes 
37 gt no 

ble 
bl e 
b l  e 

ref. 

15 
1 1  
16 
17 
18 

this work 
15 
12 
19 
13 
19 
13 

Abbreviations; asodium salt of cytidine 2' ,3 '-cyclic phosphate, b4- 
thiouridine, c31 ,5 1-0-diacetyl-21-deoxy-2'-fluorouridine, %hymidine 
3',5'-cyclic-N,N-dimethyl hosphate, e21-acetyluridine-31,51-cyclic 
phosphate benzyl ester, &methyl-2'-deoxyuridine, g6,7-dimethyl-N-l- 
-D-ribof uranosyllumazine , h6-me thyluridine. 
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molecular c o n t a c t s  when a 
pyrimidine nucleoside i n  t h e  syn 

range t akes  t h e  C(2'1-endo o r  

C(4')-exo,C(3')-endo conf or- 

mation, f o r  example, H(3')--- 

O(2) (2.27 i) i n  s 4 U l 1 ,  H(2')- 

--O(2) (2.30 i n  m6dU12,H(2') 
---0(2) (2.29 A )  i n  m 6 U(A) and 

H(2')---0(2) ( 2.26 i i n  

m6U( B ) 1 2 ,  a r e  acceptable ,  and 

p a r t i c u l a r l y  i n  t h e  present  

ca se ,  t h e  C(4')-exo conformation 

Fig. 2 .  The atomic d i s t a n c e s  (i) is favorable  t o  a v i d  such 

0 

- 
ster ic  hindrance ( s e e  Fig.  2 ) .  from O ( 2 )  atom t o  some atoms of  

the  ribose moietv i n  i-CN61'.  
Therefore,  t h e  sugar  confor- 

mation i n  pyrimidine nucleosides  

with t h e  syn conformation w i l l  adopt a C(4')-exo type including 

C(4')-exo,C(3')-endo twist type r a t h e r  than a usual  C(3')-endo type. 

It is i n t e r e s t i n g  t h a t  31 ,51 -cyc l i c  nuc leo t ides ,  with predominantly 

C(4'1-exo sugar puckering and 21-fluoro-21-deoxynucleosides, with a 
s t rong  preference f o r  t h e  C(4')-exo,C(3*)-endo conformationz1 e x i s t  i n  

t h e  syn conformation with unmodified bases. The pyrimidine 

nucleosides  having t h e  C(2')-endo sugar  puckering i n  t h e  syn range 

gene ra l ly  have t h e  gauche-gauche conformation about C(4')-C(5') bond, 

causing intramolecular  0(5')-H---0(2) hydrogen bond formation, but 

I-CN6U with C (  4')-exo sugar  puckering t a k e s  a gauche-trans 

conformation. 

The bond l e n g t h s  and angles are shown i n  Figs.  3 and 4.  I n  s p i t e  

of t h e  s u b s t i t u t i o n  of a hydrogen with a cyano group a t  t h e  C(6) 

pos i t i on ,  t h e  bond l e n g t h s  and ang le s  i n  t h e  base moiety are i n  good 

agreement with those of t h e  s tandard u r a c i l  skeleton14. The angle 
d i s t o r s i o n s  around t h e  C(2') and C(3')  atoms are commonly observed i n  

2 ' ,3 '-&isopropylidene nucleosides.  

The molecular packing viewed along t h e  a a x i s  is shown i n  Fig.  5. 

The molecule is held toge the r  w i th  t h r e e  k inds  of unusual hydrogen 

bonds, N(3)-H---0(2') (2.872 i), 0(5')-H---0(3') (2.863 and 
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0 

Fig. 3. Bond lengths (A) with 
estimated standard deviations 

in parentheses. 

G"G'-V' W.76) 

Fig. 4 .  Bond angles ( " >  w i t h  
estimated standard deviations 

in parentheses. 
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342 YAMAGATA ET AL. 

Fig. 5. Molecular packing along t h e  a a x i s .  
Dashed l i n e s  i n d i c a t e  t h e  hydrogen bonds. 

0 

C(5)-H---0(5') (3.125 A ) ,  where t h e  oxygen atom of t h e  e t h e r  bond and 

a hydrogen at tached t o  a carbon atom i n  t h e  pyrimidine r i n g  are 

involved. 

1. 

2. 

3. 

4. 

5. 
6. 
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