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AN UNUSUAL R E A C T I O N  OBSERVED I N  SULFONYLATION AND 
A C Y L A T I O N  OF 2',3'-e-ISOPROPYLIDENENEBULARINE 

Hiroyuk i  Hayakawa, H i r o s h i  Ashizawa,  H i romich i  Tanaka,  
Tadashi  Miyasaka* and Kentaro  Yamaguchi 

School  of Pha rmaceu t i ca l  S c i e n c e s ,  Showa U n i v e r s i t y ,  
Ha tanoda i  1 - 5 - 8 ,  Shinagawa-ku,  Tokyo 1 4 2 ,  J apan  

t r a c t :  Trea tment  of 2',3'-0-isopropylidenenebularine w i t h  
o l u e n e s u l f o n y l  c h l o r i d e  i n p y r i d i n e  a f f o r d e d  7 , 8 - d i h y d r o -  
3'-O-isopropylidene-N7-(~-toluenesulfonyl)-8(R),5~-O- 
l o n g b u l a r i n e  as  t h e  major  p r o d u c t ,  t h e  s t r u c t u r e  of-which 

d e t e r m i n e d  by X-ray c r y s t a l l o g r a p h y .  The r e a c t i o n s  w i t h  
e r  s u l f o n y l  and a c y l  ( a r o y l )  c h l o r i d e s  were a l s o  examined.  

During o u r  c o n t i n u i n g  e f f o r t s  t o  employ o r g a n o m e t a l l i c s  
i n  t h e  s y n t h e t i c  c h e m i s t r y  o f  n u c l e o s i d e s , ' )  we  were i n t e r -  
e s t e d  i n  t h e  use  o f  organocopper  r e a g e n t s  € o r  C-C bond form- 
i n g  r e a c t i o n s  a t  t h e  5 ' - p o s i t i o n .  A s e r i e s  o f  r e a c t i o n s  
u s i n g  u r a c i l  n u c l e o s i d e s  s u g g e s t e d  t h a t  t h e  5 ' - p - t o l u e n e s u l f -  
o n a t e s  would be s u i t a b l e  s u b s t r a t e s  € o r  o u r  Furpose .  21 

However, when 2 ' , 3 ~ - 0 - i s o p r o p y l i d e n e - 5 ' - 0 - ( p - t o l u e n e -  - - 
s u l f o n y 1 ) a d e n o s i n e  (1)  - was r e a c t e d  w i t h  a Gilman r e a g e n t ,  
Me,CuLi, i n  THF-ether  f o r  4 h a t  0 " C ,  t h e  s o l e  p r o d u c t  i s o -  

Scheme 1 
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1288 HAYAKAUA ET AL. 

l a t e d  was found t o  be a S , S ' - N - c y c l o i m i d a z o l e  - n u c l e o s i d e  ( 2 )  - 
a s  shown i n  Scheme l ( T s =  p - t o l u e n e s u l f o n y l ) .  3,  

t i o n  o f  a p p a r e n t l y  r e s u l t e d  from two c o n s e c u t i v e  p r o t o n -  
a b s t r a c t i o n s  from t h e  6-amino group i n  1. T h i s  r e s u l t  l e d  US 

t o  p r e p a r e  t h e  5'-0-(p-toluenesulfonyl) - -  d e r i v a t i v e  of  t h e  
s i m p l e s t  p u r i n e  n u c l e o s i d e ,  n e b u l a r i n e .  

The forma- 

2',31-~-Isopropylidenenebularine ( 3 )  - was s u l f o n y l a t e d  i n  
p y r i d i n e  a t  0 " C  f o r  18 h by t h e  u s e  of 1 . 2  e q u i v  of - p - t o l u -  
e n e s u l f o n y l  c h l o r i d e  ( T s C l ) ,  whereupon t h r e e  p r o d u c t s  were 
d e t e c t e d  by T L C  ( C H C 1 , : E t O H  = 1 5 : 1 ) ,  The d e s i r e d  p r o d u c t  (4) 
was i s o l a t e d  i n  19% y i e l d  a f t e r  s i l i c a  g e l  column chromato-  
graphy.  Both t h e  two o t h e r  p r o d u c t s ,  which r a n  f a s t e r  t h a n  
- 4 ,  showed an i d e n t i c a l  mass s p e c t r a l  p a t t e r n  w i t h  t h e  i n t e n -  
s i t y  o f  [M': m/z  4461  be ing  h i g h e r  t h a n  t h a t  of  [M+- Me: m/z 
4 3 1 1 .  This  o b s e r v a t i o n  was s u g g e s t i v e  o f  a m o n o - s u l f o n y l a t e d  
c y c l o - s t r u c t u r e  f o r  t h e s e  p r o d u c t s .  Although t h e r e  i s  seem- 
i n g l y  no o t h e r  p o s i t i o n  a v a i l a b l e  i n  - 3 f o r  t h e  s u l f o n y l a t i o n ,  
one p o s s i b l e  p r o c e s s  t h a t  can  t h w a r t  t h e  d e s i r e d  S ' - O - s u l f o -  - 

n y l a t i o n  i s  f o r m a t i o n  o f  7,8-dihydro-8,5'-~-cyclo d e r i v a t i v e  
- a p r o c e s s  t h a t  can  be i n i t i a t e d  w i t h  s u l f o n y l a t i o n  a t  t h e  
N ' - p ~ s i t i o n . ~ )  

Of t h e  two p r o d u c t s  ( 5 a , b ) ,  t h e  l e s s  p o l a r  one  (5a :  
y i e l d  3 9 % )  was c r y s t a l l i z e d  from MeOH and i t s  X-ray c r y s t a l -  
l o g r a p h i c  a n a l y s i s  was t h e n  c a r r i e d  o u t .  The r e s u l t  i s  d e -  
p i c t e d  i n  F ig .  1 by an ORTEP drawing .  Though t h e  q u a l i t y  o f  
c r y s t a l 5 )  was n o t  h i g h  enough t o  de t e rmine  t h e  l o c a t i o n  of 
hydrogens ,  F i g .  1 c l e a r l y  shows i t s  8 ( R ) - c o n f i g u r a t i o n ,  - i n d i -  

T h i s  t u r n e d  o u t  t o  be t h e  c a s e .  

- 

Ts 

0 0  
x 3  

Scheme 2 
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SULFONYLATION OF 2',3'-O-ISOPROPYLIDENENEBULARINE 1289 

c a t i n g  t h a t  r e - f a c e  a t t a c k  of t h e  S ' -hydroxy l  had o c c u r r e d  a t  
t h e  C-8 p o s i t i o n  of t h e  co r re spond ing  N7-su l fony lpur in ium i n -  

6)  t e r m e d i a t e .  
S i n c e  t h e  o t h e r  p roduc t  

(5b:  - y i e l d  1 4 % ) ,  which cou ld  
n o t  be o b t a i n e d  i n  a c r y s t a l -  
l i n e  form,  gave an  a lmos t  
i d e n t i c a l  UV spec t rum wi th  
t h a t  o f  Sa ,  w e  assumed it t o  
be t h e  e p i m e r i c  8 ( S )  - - c o u n t e r -  
p a r t .  Examinat ion o f  a mo- 
l e c u l a r  model s u g g e s t e d  t h a t  
t h e  c o n f i g u r a t i o n a l  d i f f e r  - 
ence  would be r e f l e c t e d  i n  
t h e i r  NOE s p e c t r a .  To a s c e r -  
t a i n  t h i s  p o i n t ,  t h e  two-d i -  
mens iona l  NOE (NOESY) s p e c t r a  
o f  - 5a and 5b were measured i n  

- 

CDCl3. 

I N 

C 2  

ORTEP drawing of  7 , 8 -  In t h e  c a s e  o f  t h e  
fo rmer ,  an  NOE c o r r e -  
l a t i o n  was obse rved  be-  
tween H-8 ( s i n g l e t :  6 .51  
ppm) and CH2-5' ( m u t i p l e t :  3.97 ppm), w h i l e  i n  t h e  case  of  
t h e  l a t t e r ,  i t s  H-8 ( s i n g l e t :  6.72 ppm) c o r r e l a t e d  w i t h  H-2' 
( d o u b l e t :  4.86 ppm), b u t  n o t  w i th  CHz-Sf ( d o u b l e t :  3.37 ppm, 
d o u b l e - d o u b l e t :  3.77 ppm). 

I n  c o n t r a s t  t o  t h e  above r e s u l t s ,  when a s i m i l a r  s u l f o -  
n y l a t i o n  of  - 3 was c a r r i e d  o u t  by t h e  u s e  of me thanesu l fony l  
c h l o r i d e ,  t h e  S ' -O-methanesul fonyl  - d e r i v a t i v e  was i s o l a t e d  
i n  71% y i e l d  w i t h o u t  concomi tan t  fo rma t ion  o f  t h e  c y c l i z e d  
p r o d u c t .  

To see whether  a s i m i l a r  t y p e  o f  r e a g e n t s  would b r i n g  

s o - 2 '  ,3' - 0 - i s o p r o p y l i d e n e -  
N7 - (p- t o l u e n e s u l f o n y l )  -8 ( R )  ,5 - 
0 - c y c l o n e b u l a r i n e  ( S a ) .  - - - 

abou t  t h e  c y c l i z a t i o n  p r o c e s s ,  w e  n e x t  s u b j e c t e d  benzoyl  and 
p - t o l u o y l  c h l o r i d e s  t o  t h e  r e a c t i o n  wi th  - 3 i n  p y r i d i n e .  T L C  
a n a l y s i s  of b o t h  r e a c t i o n  m i x t u r e s  showed t h e  fo rma t ion  of  
t h e  c o r r e s p o n d i n g  5 ' - c - a r o y l  d e r i v a t i v e s ,  bu t  a g a i n  N7-a roy l -  
7,8-dihydro-2',3f-0-isopropylidene-8(R),S1-O-cyclonebularines - - 
were t h e  major  p r o d u c t s  (6 :  70%, L: 65%). 7 , m  
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HAYAKAWA ET AL. 1290 fp 
- 6 R= benzoyl  

- 8 R =  a c e t y l  
O x o  R =  p - t o l u o y l  - 

2 ORTEP drawing  of N 7 - a c e t y l -  
ydro-2',3'-Q-isopropylidene- 

8(R) - , 5 ' - 0 - c y c l o n e b u l a r i n e  - ( 8 ) .  

Most d r a m a t i c a l l y  and q u i t e  u n e x p e c t e d l y ,  t h e  u s e  o f  
a c e t y l  c h l o r i d e  f u r n i s h e d  o n l y  t h e  c y c l i z e d  p r o d u c t  ( 8 )  - i n  
78% y i e l d ,  which was c r y s t a l l i z e d  from E t O H  and a n a l y z e d  by 
X-ray c r y s t a l l o g r a p h y .  In F i g .  2 i s  v i s u a l i z e d  t h e  8 ( R ) -  - 

s t e r e o c h e m i s t r y  o f  - 8') by ORTEP drawing  w i t h  a l l  hydrogens  
be ing  d e p i c t e d  i n  t h e  obse rved  p o s i t i o n s .  The a tomic  c o o r d i -  
n a t e s  a r e  g i v e n  i n  Tab le  1. 

In  c o n c l u s i o n ,  t h e  p r e s e n t  a r t i c l e  has  shown t h a t  t h e  
fo rma t ion  o f  7,8-dihydro-8,5'-0-cyclonebularines - w a s  t h e  
dominant  r e a c t i o n  p a t h  when 2',3'-0-isopropylidenenebularine - 

was t r e a t e d  wi th  p - t o l u e n e s u l f o n y l  - o r  a c y l  ( a r o y l )  c h l o r i d e s  
i n  p y r i d i n e .  Although a s i m i l a r  r e a c t i o n  p a t h  h a s  been  r e -  
p o r t e d  i n  t h e  c a s e  of 2',3'-g-isopropylideneadenosine, con-  
c u r r e n t  f o r m a t i o n  of  b o t h  t h e  8 ( R ) -  - and B(SJ-s tereoisomers  
seems t o  b e  unpreceden ted .  F i n a l l y ,  we would l i k e  t o  add a 
comment t h a t  t h e  obse rved  c y c l i z a t i o n  p r o c e s s  can  be  e l i m i -  
n a t e d  by changing  r e a c t i o n  c o n d i t i o n s .  Fo r  example,  w e  have  
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SULFONYLATION OF 2',3'-O-ISOPROPYLIDENENEBULARINE 1291 

T a b l e  1 Atomic c o o r d i n a t e s  o f  n o n - h y d r o g e n  a toms  
used f o r  c r y s t a l l o g r a p h i c  ana lys i s  of compound 8. 

Atom 
01 
02 
03 
04  
05 
N6 
N7 
N8 
N9 
c 1 0  
c11 
c12 
C13 
C14 
c 1 5  
C16 
C 1 7  
C18 
c 1 9  
c20 
c2 1 
c22 
C23 
C 2 4  

x / a  
0 .5309 ( 2 )  
0 .5803  ( 3 )  
0 .7448 ( 2 )  
0 .6455 ( 2 )  
0 .2138(3 )  
0 .3392 ( 3 )  
0 . 2 2 8 4 ( 3 )  
0 .4254 ( 3 )  
0 .0350 ( 3 )  
0 . 5 3 5 3 ( 4 )  
0 .2382 ( 4 )  
0 .6873 ( 4 )  
0 .4652 ( 4 )  
0 . 6 5 0 0 ( 4 )  
0 . 3 2 3 3 ( 4 )  
0 .5223(4 )  
0 .6709(4 )  
0 . 2 9 3 1  ( 3 )  
0 . 7 0 1 5 ( 4 )  
0 . 1 0 5 9 ( 4 )  
0 .0964(5 )  
0 .7841  ( 6 )  
0 .4428  ( 6 )  
0 . 6 3 6 0 ( 7 )  

Y/b 
0.4162 (1 )  
0 .6712 (1 )  
0 .6208 (1) 
0.5264 (1) 
0.2878 ( 1 )  
0 .3873(1 )  
0 .5695(2 )  
0 .4992 (2 )  
0 .4971  (2 )  
0 .6002 (2 )  
0 .4386(2 )  
0 . 6 8 8 1 ( 2 )  
0 . 4 2 4 6 ( 2 )  
0 . 5 6 4 2 ( 2 )  
0 . 3 1 3 1  (2 )  
0 .5581  (2 )  
0 . 4 2 9 8 ( 2 )  
0 .5074  ( 2 )  

. O .  5068 (2 )  
0 .4345  ( 2 )  
0 .558  5 (3) 
0 .7335  ( 4 )  
0 .2684(3 )  
0.7 24 3 (3 )  

z / c  
0 .5341  ( 3 )  
0.4694 ( 4 )  
0 .6110 (5)  
0.3262 ( 3 )  
0 . 4 1 8 7 ( 5 )  
0 . 4 0 0 0 ( 5 )  
0 . 3 8 9 9 ( 6 )  
0 .3623 ( 4 )  
0 .4388 ( 6 )  
0 .5066 ( 5 )  
0 . 4 1 0 4 ( 5 )  
0 . 5 7 4 4 ( 6 )  
0 .3879 (5)  
0 .5936  ( 5 )  
0.3997 ( 6 )  
0 . 3 5 2 0 ( 5 )  
0 .5211  ( 7 )  
0 . 3 8 8 0 ( 5 )  
0 .4799 ( 6 )  
0 .4366  ( 6 )  
0 . 4 1 6 9 ( 8 )  
0 .4821  (10 )  
0 .3763 ( 9 )  
0 . 7 2 2 4 ( 8 )  

Beq. 
4 .04 (7 )  
4 . 8 1 ( 8 )  
5 . 2 1  ( 1 0 )  
4.60 ( 9 )  
6 . 0 6 ( 1 1 )  
4 . 1 3 ( 1 0 )  
5 . 2 9 ( 1 2 )  

5 .99 ( 1 4 )  
3 . 5 7 ( 1 0 )  
3 .90 ( 1 2 )  
4.55 ( 1 3 )  
3.80 ( 1 1 )  
3 . 7 1 ( 1 1 )  
4.57 (13) 
4 . 0 7 ( 1 2 )  
4 .7  5 (13 )  
3 .88 ( 1 1 )  
4 .23  ( 1 2 )  
4.70 ( 1 3 )  
5.98(  1 7 )  
7 . 0 4 ( 2 2 )  
5 .94 ( 1 7 )  
6 .54  ( 1 8 )  

3 . 9 9 ( 9 )  

b e e n  s u c c e s s f u l  i n  a h i g h - y i e l d  p r e p a r a t i o n  of 4 f r o m  - 3 by 
t h e  u s e  of T s C l  i n  a CH3CN-DMAP-Et3N s y s t e m .  10 ) -  

EXPERIMENTAL 
M e l t i n g  p o i n t s  were d e t e r m i n e d  w i t h  a Yanagimoto 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  a r e  u n c o r r e c t e d .  PMR s p e c t r a  
were m e a s u r e d  w i t h  TMS as  an  i n t e r n a l  s t a n d a r d ,  w i t h  a J E O L  
J N M - G X  400 NMR s p e c t r o m e t e r .  The a b b r e v i a t i o n s  u s e d  a r e  a s  
f o l l o w s :  s ,  s i n g l e t ;  d ,  d o u b l e t ;  dd, d o u b l e - d o u b l e t ;  m ,  mu l -  
t i p l e t ;  b r ,  b r o a d .  Mass s p e c t r a  were t a k e n  on a J E O L  JMS-D 
300 s p e c t r o m e t e r .  UV s p e c t r a  were r e c o r d e d  on a Shimadzu W- 
2 4 0  s p e c t r o p h o t o m e t e r .  Column c h r o m a t o g r a p h y  was c a r r i e d  o u t  
on s i l i c a  g e l  (WakogelB C-200) .  TLC was p e r f o r m e d  on p r e -  
c o a t e d  s i l i c a  g e l  p l a t e s  F , , , ,  Merck. 
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1292 HAYAKAWA ET AL. 

X-ray  c r y s t a l l o g r a p h y -  The c r y s t a l l o g r a p h i c  d a t a  were 
c o l l e c t e d  on a R igaku  AFC-5 d i f f r a c t o m e t e r  u s i n g  g r a p h i t e  
monochromated CuKa, r a d i a t i o n  by 8-28 s c a n  me thod .  The s c a n  
s p e e d  was 16"  m i n - ' .  The d a t a  were c o r r e c t e d  f o r  Lorenz a n d  
p o l a r i z a t i o n  f a c t o r s ,  b u t  no a b s o r p t i o n  c o r r e c t i o n  was a p -  
p l i e d .  The c r y s t a l  s t r u c t u r e s  were d e t e r m i n e d  by t h e  d i r e c t  
method and  r e f i n e d  by t h e  f u l l - m a t r i x  l e a s t - s q u a r e s .  

5 - A m i n o - N 5 , 5 ' - a n h y d r o - l - ( 2 , 3 - O - i s o p r o p y l i d e n e - ~ - D - , r i b o -  
furanosyl)imidazole-4-carbonitrile (2)- A THF ( 6  m l )  s o l u -  
t i o n  o f  1 (305  mg, 0 . 6 6  mmol) was a d d e d  t o  a n  e t h e r  ( 6  ml) 
s o l u t i o n  of  Me,CuLi, p r e p a r e d  from CuI ( 3  eq. )  a n d  MeLi (6 

e q . ) ,  a t  0 "C u n d e r  p o s i t i v e  p r e s s u r e  o f  d r y  a r g o n .  The r e -  
s u l t i n g  y e l l o w  s o l u t i o n  was s t i r r e d  f o r  4 h a t  t h e  same t e m -  
p e r a t u r e .  A f t e r  b e i n g  q u e n c h e d  w i t h  A c O H ,  t h e  r e a c t i o n  m i x -  
t u r e  was e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  who le  r e s i d u e  was 
c h r o m a t o g r a p h e d  on  a s i l i c a  g e l  column.  E l u t i o n  w i t h  2 %  E t O H  
i n  C H C 1 ,  g a v e  2 (84 mg, 4 9 % ) ,  which was c r y s t a l l i z e d  f rom 
E t O H  t o  g i v e  an a n a l y t i c a l  s ample  (mp 279-280 " C ) .  A n a l .  
C a l c d .  f o r  C l z H l , N , O , :  C ,  5 4 . 9 6 ;  H ,  5 . 3 8 ;  N ,  21 .36 .  Found: C ,  

5 4 . 7 4 ;  H ,  5 . 2 7 ;  N ,  2 1 . 1 4 .  W a b s o r p t i o n  i n  MeOH:  max 2 4 9  nm 
( E  1 2 6 0 0 ) ,  min 2 1 2  nm ( E  2 8 0 0 ) .  IR (KBr) :  2200 cm-' (CN). 

PMR (CDC1,) 6 :  1 . 3 4  and  1 . 5 4  (6H, e a c h  a s  s ,  i s o p . - M e ) ,  3 .29  
( l H ,  d d ,  J= 1.5 and  1 3 . 2  Hz,  H - 5 ' ) ,  3 .40 ( l H ,  m ,  H - 5 ' ) ,  4 .63  
( l H ,  d ,  J= 5 . 5  H z ,  H - 3 ' ) ,  4 . 6 8  ( l H ,  m ,  H - 4 ' ) ,  4 . 7 7  ( l H ,  b r ,  

2 ) .  MS m / z :  262 (M'), 2 4 7  (M+- Me). 

- 

- 

- 

NH), 4 . 9 1  ( l H ,  d ,  H - 2 ' ) ,  5 . 7 7  ( l H ,  S ,  H - l ' ) ,  7 . 2 1  ( l H ,  S ,  H -  

G e n e r a l  p r o c e d u r e  € o r  s u l f o n y l a t i o n  o r  a c y l a t i o n  o f  3 
- A m i x t u r e  o f  3 ( 1 . 0  mmol) a n d  t h e  c h l o r i d e  ( 1 . 2  mmol) i n  
p y r i d i n e  ( 6  ml )  was s t i r r e d  a t  0 " C  f o r  3 - 2 0  h .  A f t e r  i c e  
was a d d e d ,  t h e  r e a c t i o n  m i x t u r e  was p a r t i t i o n e d  b e t w e e n  H z O  
and  C H C 1 , .  The o r g a n i c  l a y e r  was s e F a r a t e d ,  d r i e d ,  and  e v a p -  
o r a t e d  t o  d r y n e s s .  The r e s i d u e  was c h r o m a t o g r a p h e d  t o  g i v e  
t h e  r e s p e c t i v e  p r o d u c t .  

- 

2',3~-O-Isopropylidene-5~-O-(p-toluenesulfonyl)nebula- 
r i n e  (4)- T h i s  compound was o b t a i n e d  i n  1 9 %  y i e l d  a s  a 
s y r u p .  UV a b s o r p t i o n  i n  MeOH: max 2 2 5  a n d  260 nm, min 2 4 2  
nm. PMR (CDC1,) 6 :  1 . 3 9  a n d  1 . 6 2  (6H, e a c h  as s ,  i s o p . - M e ) ,  
2 .40 (3H, s ,  FLC6Hu) ,  4 . 2 4  (2H, m ,  C H 2 - 5 ' ) ,  4 . 4 6 - 4 . 5 9  (1H, 
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m ,  H - 4 ' ) ,  5.07 ( lH,  d d ,  J= 2.9  and 5.9 H z ,  H - 3 ' ) ,  5.38 ( lH,  
d d ,  J= 5 .9  and  2.0 H z ,  H-2 ' ) ,  6.16 ( lH,  d ,  H - l ' ) ,  7.18 and 
7.62 (4H, e a c h  a s  d ,  J= 8 .3  H z ,  P h ) ,  8 .15,  8 .90 ,  and 9.15 
(3H, each  a s  s ,  p u r i n e  r i n g  p r o t o n s ) .  MS m / z :  446 (M') , 431 
(M+- Me). 

7 ,8  - Dihydro- 2 , 3  ' -0- i sop ropy  li dene - N 7  - (p - t o l u e n e  s u l  f o - 
n y l )  -8(R) , 5 '  - 0 - c y c l o n e b u l a r i n e  (5a)- Th i s  compound was ob-  
t a i n e d  i n  39% y i e l d .  C r y s t a l l i z a t i o n  from MeOH gave an ana -  
l y t i c a l  sample (mp 176-177 "C). Anal.  - Calcd. f o r  C 2 0 H 2 2 N u 0 6  
S: C ,  53.80;  H ,  4 .93;  N ,  12 .55 .  Found: C ,  54.05;  H ,  4 .97;  N ,  

12.60.  W a b s o r p t i o n  i n  MeOH: max 230 nm (E 14000) ,  257 nm 
(E 10700) ,  and  286 nm ( E  7900) ,  min 219 nm ( E  l l O O O ) ,  244 nm 
( E  SSOO), and 279 nm (E 7800).  PHR (CDC1,) 6 :  1 .29  and 1.52 
(6H, each  a s  s ,  i sop . -Me) ,  2 .43  (3H, s ,  &C6Hu) ,  3 .93-4.01 
(ZH, m ,  CH2-5 ' ) ,  4 .63-4.67 (3H, m ,  H - 2 ' ,  H-3 ' ,  and H - 4 ' ) ,  

5.74 ( lH,  s ,  H - l ' ) ,  6 . 5 1  ( lH,  s ,  H-8),  7.31 and 7 . 7 7  (4H, 
e a c h  a s  d ,  J= 8 .1  H z ,  Ph ) ,  8.18 and 8.40 (ZH, each  a s  s, H-6 
and H-2).  MS m / z :  446 (M'), 431 (M+- Me). 

7,8-Dihydro-2',3'-0-isopropylidene-N7-(p-toluenesulfo- 
n y l )  -8 (S )  , 5 ' - 0 - c y c l o n e b u l a r i n e  (5b)- This  compound was ob- 
t a i n e d  i n  14% y i e l d  a s  a powder. Attempted c r y s t a l l i z a t i o n s  
gave a g e l .  UV a b s o r p t i o n  i n  MeOH: max 228 nm,. 256 nm, and 
287 nm, min 218 nm, 241 nm, and 2 7 7  nm. PMR (CDC1,) 6 :  1 .34  
and 1 . 4 9  (6H, each  a s  s ,  isop.-Me),  2.43 (3H, s ,  Me-C,H,), 
3.37 ( lH,  d ,  J= 13.7 Hz, H - 5 ' ) ,  3.77 (lH, dd ,  J= 13.7 and 
5 .4  H z ,  H - S ' ) ,  4.30 ( lH,  d ,  H - 4 ' ) ,  4.86 ( lH,  d ,  J= 5 .4  H z ,  
H-Z ' ) ,  4 . 9 9  ( lH,  d ,  H - 3 ' ) ,  5.99 ( lH,  S ,  H - l ' ) ,  6 . 7 2  ( lH,  S ,  

H-8),  7.31 and 7.76 (4H, each  a s  d ,  J= 7 . 7  Hz, Ph ) ,  8 .49 (ZH, 
b r ,  H - 2  and H - 6 ) .  MS m / z :  446 (M'), 431 (M+- Me). 

N7-Benzoyl -7 ,8-d ihydro-2 ' ,3 ' -0- i sopropyl idene-8(R)~5 ' -  
0 - c y c l o n e b u l a r i n e  (6)- T h i s  compound was o b t a i n e d  i n  70% 
y i e l d .  C r y s t a l l i z a t i o n  from E t O H  gave an a n a l y t i c a l  sample 
(mp 2 1 1 - 2 1 2  " C ) .  - Anal.  Calcd. f o r  C r o H , o N , O , :  C ,  60 .60;  H ,  

5 .09 ;  N ,  14.13. Found: C ,  60.73; H ,  5.02; N ,  14.18.  UV a b -  
s o r p t i o n  i n  MeOH: max 265 nm ( E  13000) and 291 nm (E  10600) ,  
min 243 nm (E 9600) and 285 nm (E 10500) .  PMR (CDC1,) 6 :  
1 .33  and 1 .53  (6H, e a c h  a s  s, i sop . -Me) ,  3.33 ( lH ,  b r ,  H - 5 ' ) ,  
3.74 (13, d ,  J= 12.8 H z ,  H - 5 ' ) ,  4.53 ( lH,  S ,  H - 4 ' ) ,  4.66 ( lH ,  
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d ,  J= 5 . 9  H z ,  H - 3 ' ) ,  4.77 ( l H ,  d ,  !4-2'), 5.83  ( l H ,  S ,  H - l ' ) ,  
6 .36  ( l H ,  b r ,  H - 8 ) ,  7 . 4 8 - 7 . 6 0  (SH, m ,  P h ) ,  8 . 5 1  (ZH, s ,  H - 2  
and  H-6).  MS m / z :  396 (M') , 381 (M'- Me). 

7,8-Dihydro-2',3'-0-isopropylidene-N7-to1uoy1-8(R),5'- 
0 - c y c l o n e b u l a r i n e  (7)- T h i s  compound was o b t a i n e d  i n  6 5 %  
y i e l d .  C r y s t a l l i z a t i o n  from MeOH gave  a n  a n a l y t i c a l  sample  
(mp 200-201 "C) .  Anal .  -- Calcd .  f o r  C , 1 H , , N 4 0 , :  C ,  61 .45;  H ,  
5 .40;  N ,  13.65.  Found: C ,  61 .57;  H ,  5 .38;  N ,  13 .63 .  UV a b -  
s o r p t i o n  i n  MeOH: max 266 nm ( E  12100)  a n d  292 nm (E 1 0 4 0 0 ) ,  

s h o u l d e r  230 nm ( E  1 1 6 0 0 ) ,  min 2 4 7  nm ( E  9300) and  283 nm 
(E 10000) .  PMR (CDC1,) 6 :  1 . 3 3  and  1 . 5 3  (6H, e a c h  as s,  i s o p .  
-Me), 2 .44  (3H, s ,  & C s H 4 ) ,  3 .44 ( l H ,  b r ,  H - 5 ' ) ,  3.77 ( l H ,  d ,  
J= 13.2 H z ,  H - 5 ' ) ,  4 .54 ( l H ,  S ,  H - 4 ' ) ,  4.66 ( l H ,  d ,  J= 5 . 9  
H z ,  H - 2 ' ) ,  4 .77  ( l H ,  d ,  H - 3 ' ) ,  5 .82 ( l H ,  S ,  H - 1 ' ) ,  6 .38  ( l H ,  
b r ,  H-8) ,  7.29 and  7.50 (4H, e a c h  as d ,  J= 7 . 7  H z ,  P h ) ,  8 .49 
(ZH, s ,  H - 2  and H-6) .  MS m / z :  410 (M'), 395 (11'- Me). 

N7-Acetyl-7,8-dihydro-2~,3'-0-isopropylidene-8(R),5'-O- 
c y c l o n e b u l a r i n e  (8)- T h i s  compound was o b t a i n e d  i n  78% 
y i e l d .  C r y s t a l l i z a t i o n  from E t O H  gave a n  a n a l y t i c a l  sample  
(mp 234-235 "C).  m. C a l c d .  f o r  C I 5 H l 8 N 9 O 5 :  C ,  5 3 . 8 9 ;  H ,  
5 . 4 3 ;  N ,  16.76.  Found: C ,  54 .19;  H ,  5 . 3 6 ;  N, 16.81 .  UV a b -  
s o r p t i o n  i n  MeOH: max 261 nm ( E  11500)  a n d  286 nm ( E  8 6 0 0 ) ,  
min 230 nm ( E  2000) and  2 7 7  nm ( E  8300) .  PMR (CDC1,) 6 :  1 .34  
and  1 .55  (6H, e a c h  as s ,  i s o p . - M e ) ,  2.26 (3H, s ,  A c ) ,  3.89 
and  4.03 (ZH, e a c h  a s  d ,  J= 1 2 . 8  H z ,  CH,-5 ' ) ,  4 .66 ( l H ,  S ,  

H - 4 ' ) ,  4.72 and  4.75 (ZH, e a c h  a s  d ,  J= 5.9 H z ,  H - 2 '  and H -  
3 ' ) ,  5.86 ( l H ,  s, H - l ' ) ,  6 .54  ( l H ,  s ,  H - 8 ) ,  8 .46  a n d  8.69 
(ZH, e a c h  as s ,  H - 2  and  H-6).  MS m / z :  334 (M'), 319 (M+- Me). 
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