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TRANSFORMATIONS OF 1,3-DISUBSTITUTED URACIL-CARBENE ADDUCTS 

R I N G  EXPANSION TO 1,3-DIAZEPINE DERIVATIVES. 

Organic Chemistry Labora tory ,  Un ive r s i ty  of Amsterdam, Nieuwe 
Achtergracht  129, Amsterdam, The Netherlands.  

A f a c i l e  convers ion  of u rac i l - ca rbene  add- 

u c t s  (1) t o  d iazepinediones  ( 2 )  i s  desc r ibed .  

2 I n  a  previous  paper we have r e p o r t e d  a convenient  procedure 

f o r  t h e  p r e p a r a t i o n  of  carbene  adducts  of  g e n e r a l  s t r u c t u r e  i. 

This  communication p r e s e n t s  t h e  s y n t h e s i s  of  s u b s t i t u t e d  2,4- 

dioxo-1,3-diazepines 2 v i a  r i n g  expansion of t h e  l a t t e r  adducts .  

I n d i c a t i o n  t h a t  s u i t a b l e  h a l o  adducts  (1) could  be  rinq-expand- 

ed thermal ly  was based upon t h e  s p e c t r o s c o p i c  r e c o g n i t i o n  (NMRI 

o f  & i n  t h e  mixture ob ta ined  by h e a t i n g  2 i n  d e c a l i n .  The pro- 

duc t  2 was, however, t o o  uns t ab le  t o  a l low i t s  i s o l a t i o n  i n  a  

pure  s t a t e .  I n  o r d e r  t o  conve r t  t h e  r e a c t i o n  product  " i n  s i t u "  

i n t o  a  more s t a b l e  d e r i v a t i v e ,  t h e  r e a c t i o n  was r epea ted  i n  metha- 

no l  a t  110' ( s e a l e d  tube,  5 h ) ,  whereupon 1 ,3-d iazepine  d e r i v a t i v e  

8 3 2b was formed i n  34% y i e l d  [G: I R ~  1630, 1650, 1680 cm-l; PMR , - 
6 2.78 s (3H, 0CH3), 4.71 d ,  J=1.5 ( l H ,  H , ) ,  6.30 d ,  J=1.5 (lH, 
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H 5 ) ,  4.85 and 4.59, AB p a t t e r n  J=15 (2H, N1-CH2), 5.00 and 5.40. 

AB p a t t e r n  J=15 (2H, N3-CH2)] .  The h igh  f i e l d  chemical  s h i f t  o f  

t h e  methoxy group i s  presumably due t o  t h e  s h i e l d i n g  e f f e c t  of  

t h e  a roma t i c  r i n g s .  When dibromide 9 was al lowed t o  r e a c t  under 

t h e  same c o n d i t i o n s ,  & was formed i n  q u a n t i t a t i v e  y i e l d .  

I n  an  e f f o r t  t o  improve t h e  e x t e n t  of  convers ion  of la ( t o  2&) 

t h e  adduct  was h e a t e d  (130° ,  24h) i n  methanol c o n t a i n i n g  2  eq .  

of  t r i e t h y l a m i n e .  The l a t t e r  was added t o  t r a p  t h e  a c i d  formed 

d u r i n g  t h e  r e a c t i o n .  Sepa ra t ion  o f  t h e  r e a c t i o n  mixture  (S i02 ,  

e t h y l  ace t a t e / cyc lohexane  1:3) gave,  i n  a d d i t i o n  t o  t h e  a n t i c i -  

p a t e d  product  & ( 3 9 % ) ,  2 (13%) and t h e  pyr imidine  aldehyde 5 
( 1 9 % ) .  [z: I R  1640, 1680 cm-l, PMR 6 2.77 s (3H, C7-0CH3), 3.50 

S (3H, C6-0CIi3), 4.52 d ,  J=2  ( l H ,  H 7 ) ,  5 .21 d ,  J=2 ( l H ,  t i5 ) ,  AB 

p a t t e r n s  of  benzyl  methylene p ro tons  a t  4.68, 4.75, 4.97 and 5.41. 

MS m/e 367 (M++l) ,  366 ( M + )  . 5: I R :  1715, 1695, 1660, 1610 cm-l; 

PMR 6 ,  5.00 s (2H, N1-CH2), 5.15 s (2H, N 3 - C H 2 ) ,  8.04 s ( l H ,  H 6 ) ,  

10.00 s ( l H ,  a l dehyde ) ] .  Formation of  2 can be . r ead i ly  exp la ined  

by a d d i t i o n  of methanol t o  2& fol lowed by e l i m i n a t i o n  of  H C 1 .  For 

t h e  g e n e s i s  of  aldehyde 5, r ing-opening l e a d i n g  t o  5 s e e m s  an  es- 

s e n t i a l  s t e p .  The l a t t e r  i s  presumably hydrolyzed d u r i n g  t h e  work- 

up of t h e  mixture  (Scheme 11) . 
Attempts t o  reduce -la wi th  t r i - n - b u t y l t i n h y d r i d e  ( 3  e q . )  a t  135' 

( 6  h )  y i e l d e d  (S i02 ,  e t h y l  ace t a t e / cyc lohexane )  t h r e e  p roduc t s :  

I d  ( 1 2 % ) ,  & ( 8 % )  and 3 ( 2 1 % ) .  No cou ld  be d e t e c t e d  i n  t h e  re- - 
a c t i o n  mixture .  : I R  1640, 1670, 1700, 1720 c m - l .  PMR 6 3.63 d ,  

J=7  ( Z H ,  H 7 ) ,  4.58 s ,  5.12 s ,  (4H, benzyl  me thy lene ) ,  6.12 d ,  J=10 

( l H ,  H 5 ) ,  6.47 AB p a t t e r n ,  J=10,  lower f i e l d  p ro ton  s p l i t s  i n t o  



t r i p l e t s  J=7 ( l H ,  H 6 ) ,  3: I R  1660, 1710 cm-l; PMR 6 3.05 d ,  J=J  

(2H, H 5 ) ,  4 .71 s ,  5.02 s ,  (4H, benzyl  methylene) ,  5.51 q ,  J=7 

( l H ,  H 6 ) ,  6.00 d ,  J=7 ( l H ,  H ~ ) ]  7. The i d e n t i f i c a t i o n  of  isomers & 

and 3 is ,  i n  view of  c h a r a c t e r i s t i c  d i f f e r e n c e s  i n  t h e i r  I R  spec- 

t r a ,  s i g n i f i c a n t  f o r  t h e  s t r u c t u r a l  assignment of  a l l  t h e  1,3-di- 

azepine  d e r i v a t i v e s  r e p o r t e d  i n  t h i s  communication. 

For t h e  s y n t h e s i s  of  5 - f l u o r o u r a c i l -  o r  5- f luorour id ine-  homo- 

logues ,  t h e  r i n g  expans ion  of t h e  ch lo ro - f luo ro  carbene  adducts  

2 l e  and if were of p a r t i c u l a r  i n t e r e s t .  Heating t h e  &-chloro - 
adduct  & , i n  methanol ,  ( l l o O ,  5 h ) ,  gave, b e s i d e s  &3 ( 3 0 % ) ~ ~  a 

new product  ( 3 0 % ) ~  t o  which, based  upon i t s  s p e c t r a l  d a t a ,  s t r u c -  

t u r e  4 has  been a s s igned .  & UVmax(CH2Cl2) 268 (8600) ; PMR 6 3.25 s 

(6H, 0CH3), 4.96 s ( l H ,  a c e t a l  p ro ton ) ,5 .19  s (2H, N1-CH2), 

5.26 s (2H. N3-CH2), 6.10 s ( l H ,  H ~ ) ] .  The s t r u c t u r e  of  ? w a s  

a t t e s t e d  by i t s  h y d r o l y s i s  ( aq .  ace t ic  a c i d )  t o  1,3-dibenzyl-6- 

4  for rnylurac i l  . Under t h e  same r e a c t i o n  c o n d i t i o n s  t h e  z - c h l o -  

r o  isomer if was recovered  unchanged. The aforementioned r e s u l t s  

a r e  i n  agreement w i t h  t h e  t h e o r e t i c a l  c o n s i d e r a t i o n s  of  an e l e c -  

t r o c y c l i c  r ing-opening r e a c t i o n 5 .  A conce r t ed  d i s r o t a t o r y  cyclOPr0- 

pane r ing-opening is  s t e r i c a l l y  p r o h i b i t e d  i n  t h e  c a s e  of  t h e  

exo-chloro adduct6 .  Furthermore,  s i n c e  t h e  a l l y 1  c a t i o n  formed - 
d u r i n g  t h e  e l e c t r o c y c l i c  r e a c t i o n  would be  s t a b i l i z e d  by a  neigh- 

bour ing  n i t r o g e n  atom and d e s t a b i l i z e d  by a  carbonyl  group,  r i ng -  

openings i n  --chloro adducts  would be expected  t o  g ive  1,3- 

d i azep ine  d e r i v a t i v e s  o f  g e n e r a l  s t r u c t u r e  2 r a t h e r  than  3.  This  

indeed corresponds  t o  t h e  observed r e s u l t s .  

S ince  HC1 i s  l i b e r a t e d  i n  t h e  r e a c t i o n  of  i n  methanol, t h e  
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p o s s i b i l i t y  t h a t  4 might be formed from Zd under a c i d i c  condi- 

t i o n s  was i n v e s t i g a t e d .  Treatment  of  w i t h  p-toluenesulphonic 

a c i d  i n  methanol y i e l d e d  4 q u a n t i t a t i v e l y .  This  f a c t  suppor t s  

t h e  aforementioned sugges t ion .  Formation o f  4 may be r a t i o n a l -  

i z e d  t o  proceed v i a  a n  a z i r i d i n i u m  in t e rmed ia t e  a s  i n d i c a t e d  i n  

Scheme 111. Heating & i n  methanol / t r ie thylamine  suppressed  t h e  

secondary r e a c t i o n  and gave 3 e x c l u s i v e l y ,  i n  h igh  y i e l d .  

(Scheme 111). 

For  t h e  s y n t h e s i s  of  f l u o r i n e  s u b s t i t u t e d  1 ,3-d iazepines  t h e  

r e a c t i o n s  l e a d i n g  t o  % and 4 have t o  be suppressed .  This  could  

be  convenient ly  achieved by h e a t i n g  & ( l l o O ,  10 h )  i n  benzene 

w i t h  a  l i m i t e d  amount ( 2  e q )  of  methanol and a  c a l c u l a t e d  quan t i -  

t y  of t r i e t h y l a m i n e .  P u r i f i c a t i o n  by TLC (S i02 )  y i e l d e d  83% o f  

2f [IR: 1640, 1670, 1700 cm-l; PMR 6 2.82 s ,  (3H, 0CH3), 4.66 dd, - 
JHH=1.5, JHF=13 ( l H ,  H 7 ) ,  5.85 dd,JHH= 1 .5 ,  JHF=13 (IH, H 5 ) ,  

4.86, 4.57, 5.40,  4.94, 2 AB systems (benzylne thylene)]  . Trea t -  

ment of Zf w i t h  excess  methanol / t r ie thylamine  a t  90' y i e l d e d  %, 

a s  expected ,  a t  a  r a t e  cons ide rab ly  h i g h e r  t han  t h a t  of  t h e  d i -  

r e c t  t r ans fo rma t ion  of & i n t o  under t h e  same c o n d i t i o n s ;  

thereby suppor t ing  t h e  assumption t h a t  g is  a n  in t e rmed ia t e  i n  

t h e  p rocess  k- - 2d. The secondary r e a c t i o n  o f  Zf i n v o l v i n g  

a d d i t i o n  of  methanol ,  fol lowed by e l i m i n a t i o n  o f  HF, could  con- 

ce ivab ly  be suppressed  by employing a  s t e r i c a l l y  h indered  a lco-  

h o l .  Th i s  was suppor ted  by t h e  obse rva t ion  t h a t  i n  t-butan011 

t r i e t h y l a m i n e  (110~.  2.5 h )  & was conver ted  q u a n t i t a t i v e l y  i n t o  

t h e  6- f luoro- l ,3-d iazepine  system 2. 

Appl i ca t ion  o f  t h e  r i n g  expansion r e a c t i o n  t o  a d d i t i o n  p roduc t s  



o f  v a r i o u s  ca rbenes  t o  s u i t a b l y  p r o t e c t e d  u r i d i n e  d e r i v a t i v e s 2  i s  

b e i n g  c u r r e n t l y  i n v e s t i g a t e d .  
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