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Addition of halocarbenes t o  u r id ine  d e r i v a t i -  

ves leads  t o  t h e  formation of C5-C6 adducts ,  

which upon heat ing  y i e l d  novel 1,3-diazepine 

nucleosides . 

I n  connection with our continued i n t e r e s t  i n  the  syn thes i s  of 

unconventional nucleoside analogues1 we have r ecen t ly  i n v e s t i g a t e d  

t h e  genera l  syn thes i s2  and transformations3 of 1 ,3 -d i subs t i tu t ed  

uraci l-carbene adducts .  This communication descr ibes  the  u t i l i t y  

of the  observed r e a c t i v i t y - p a t t e r n s  i n  t h e  syn thes i s  of novel 

1,3-diazepine nucleosides.  

Reactlon of 5'-acetoxy-2',3'-0-isopxopy1idene-3-methyluridine (1) 
4 with appropr i a t e  phenylmercurymethyl t r i h a l i d e s  , i n  r e f lux ing  ben- 

zene, y ie lded  diastereomeric mixture of adducts 2-2 i n  y i e l d s  

ranging from 50 t o  70%. The diastereomers were separa ted  by chroma- 

tography ( s i l i c a  g e l  column; e luen t s :  e t h y l  acetate/cyclohexane) and 

c l a s s i f i e d  a s  belonging t o  the  A o r  B type depending upon t h e  s i g n  

'* Dedicated t o  D r .  K.  Takeda on h i s  70th b i r thday .  
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of the  CD maximum and the  chemical s h i f t  of t h e  C1,-H i n  t h e  pro- 

duct .  Diastereomers of type A exhibi ted  the  C1,-H proton i n  t h e  

narrow range of 6 5.58 - 5.64 while  those  of c l a s s  B showed the  

same proton i n  t h e  region 6 6.03 - 6.16 (Table I ) .  CD s p e c t r a l  

curves of diastereomers A and B possessed, i n  t h e  range 248 - 262 

nm, negat ive  and p o s i t i v e  maxima, r e spec t ive ly .  The s t r u c t u r e s  as-  

s igned t o  t h e  carbene-adducts were f u l l y  s u b s t a n t i a t e d  by t h e i r  m i -  

c s o a n a l y t i c a l  and/or s p e c t r a l  ( i r  and nmr) da ta .  

Reduction of diastereomers 2 and 3 with  ( n - C 4 H 9 ) p H ,  follow- 

ed by hydrolys is ,  l e d  t o  t h e  formation of nucleosides 5 and 7 ,  res -  - 
pec t ive ly .  Since these  t ransformations would not  a f f e c t  t h e  conf i -  

gu ra t ion  of the  cyclopropane r i n g ,  5 should belong t o  the  A s e r i e s  

5 and 1 t o  t h e  B s e r i e s .  Kunleda and Witkop have repor ted  a posi- 

t i v e  Cotton e f f e c t  (ORD spectrum) a t  260 nm, f o r  the  5R,6S dia-  

stereomer of 6 .  Since 2 was converted t o  t h e  diastereomer of 5 
with a  negat ive Cotton e f f e c t  a t  258 nm (Table I ) ,  t h e  l a t t e r  can 

be, consequently, assigned the  5S,6R (11) conf igura t ion .  I t  would 

follow from t h i s  c o r r e l a t i o n  t h a t  t h e  s t a r t i n g  dibromo-adduct 

possesses the  corresponding 5S,6S (12) conf igura t ion .  Accordingly, 

t he  s e r i e s  of diastereomers A and B may be assigned the  configu- 

r a t i o n s  5S,6S and 5R,6R, r e spec t ive ly .  

I t  should be pointed o u t  t h a t  the  chemical s h i f t s  of the  C1,- 

protons (Table I )  i n  the  s e r i e s  A and B suggest  a  *-conformation 

f o r  t h e  former and an anti-conformation f o r  t h e  l a t t e r  c l a s s  of 

diastereomers.  Such p re fe r red  conformations could a r i s e  a s  a  re-  

s u l t  of s t e r i c  i n t e r a c t i o n s  of the  halogen atoms with the  r ibose  

frame-work. This suggest ion i s  borne ou t  by t h e  c l o s e  s i m i l a r i t y  

of the  C1,-hydrogens i n  t h e  nucleosides 6 and 1 (Table I ) ,  which 



Compound 

TABLE I 

6 
Chemical S h i f t s  (6 Ia  o f  s i g n i f i c a n t  p ro tons  and CD (ORD) d a t a  of  compounds 1-10. 

C(7)H NMe C ( 1 ' ) H  

3.32 5.70 

3.15 5.60 

3.17 6.10 

3.16 5.62 

3.21 6.16 

3.16 5.58 

3.16 6 - 03  

3.16 5.64 

3.18 6.04 

5.33 3.26 5 .59 

5.41dd 3.23 5.51 

10.05 3.37 5.9 

3.12 5.95 

S p e c t r a  t aken  i n :  a .  CDC13; b. e t h a n o l .  c. The NMR and ORD s p e c t r a  of com- 

pound - 6 were t aken  i n  D 2 0  and H20, r e s p e c t i v e l y ,  f o r  comparison with t h e  r e p o r t e d  d a t a  ( r e f . 5 )  

d - c e n t r e s  of m u l t i p l e t s .  
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5 
lack the  halogens, and is f u r t h e r  supported by t h e  nmr da ta  f o r  

the  two diastereomers of 5. In  c o n t r a s t  t o  t h i s  configuration-con- 

formation c o r r e l a t i o n ,  models of t h e  5R,6R and 5S,6S dias tereo-  

mers of 2 appear t o  s t e r i c a l l y  favour the  w- and the  %-con- 

formations, r e spec t ive ly .  This observat ion ,  coupled with t h e  =- 
sumption t h a t  t h e  cyclopropane r i n g  con t r ibu tes  t o  a cot ton  e f f e c t  

( a t  260 nm) which i s  opposi te  i n  s i g n  t o  t h a t  due t o  t h e  methyl 

group i n  5s-5-methyl-5,6-dihydrouridine, made by Kunieda and W i t -  

kop5 i n  assigning t h e  5R,6S conf igura t ion  t o  5, caut ions  aga ins t  

a d e f i n i t i v e  conf igura t ional  assignment of t h e  diastereomers of 

adducts 2-5. An X-Ray ana lys i s  of t h e  diastereomers of 2 has been 

undertaken i n  order  t o  s e t t l e  t h i s  ques t ion .  

When - 3(A,B) were heated i n  t-butanol ( l l o O ,  s ea led  tube) diaze- 

pinone d e r i v a t i v e  - 8 and t h e  aldehyde 10 were i s o l a t e d  i n  v a r i a b l e  

y i e l d s .  The formation of 8 can be r a t i o n a l i z e d  i n  terms of an e lec-  

t r o c y c l i c  ring-opening process6 such a s  has  been previously pro- 

posed3 f o r  the  ring-expansion of uraci l-carbene adducts.  I n  l i n e  

with t h i s  proposal ,  both diastereomers of 4 gave nucleoside 9 up- 

on heat ing  i n  t-butanol (110') while % and 5B were unaffected - 
under t h e  same condi t ions .  A s  expected, a concerted d i s r o t a t o r y  

cyclopropane ring-opening i s  s t e r i c a l l y  prohibi ted  i n  t h e  case of 

7 the  exo-chloro adducts 5 (A.B) . 

The mechanism of formation of 10 from 3 ( A , B )  i s  no t  c l e a r  a t  

present .  The r o l e  of t h e  r ibose  moiety i n  t h e  l a t t e r  transform- 

a t i o n  i s  suggested by t h e  absence of t h e  aldehyde product (101 i n  

an analogous reac t ion  of t h e  1,3-dibenzyluracil-dibromocarbene 

adduct3. A poss ib le  r o l e  of the  C5,-acetate group i n  t h e  formation 

of 10, v i a  c a t a l y s i s  of the C -C bond-cleavage i n  3 ( A , B ) ,  
6 7 
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has  been e l iminated  by s t u d i e s  involving t h e  5'-deoxy analogue 

of The mechanism of t h i s  r e a c t i o n  i s  r ece iv ing  f u r t h e r  a t -  

t e n t i o n .  

The t ransformat ion  of u r i d i n e  d e r i v a t i v e s  t o  novel nucleosides,  

of which 8 and 2 c o n s t i t u t e  t h e  f i r s t  examples, i s  c u r r e n t l y  i n  

progress .  
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