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A B S T R A C T 

T h e r e a c t i o n s of v a r i o u s t y p e s of n i t r e n e s to g i v e h e t e r o c y c l i c 

p r o d u c t s is r e v i e w e d . 

A s e r i e s of v i n y l a z i d e s , m o s t l y o r t / z o - s u b s t i t u t e d a z i d o c i n n a m a t e s , 

w a s p r e p a r e d a n d t h e i r d e c o m p o s i t i o n r e a c t i o n s s t u d i e d . 

T h e t h e r m a l d e c o m p o s i t i o n of ortho-alkyl a z i d o c i n n a m a t e s g a v e 2 , 4 -

d i s u b s t i t u t e d i n d o l e s , 1 , 3 - d i s u b s t i t u t e d i s o q u i n o l i n e s , 1 , 3 - d i s u b s t i t u t e d 

- 1 , 2 - d i h y d r o i s o q u i n o l i n e s , a n d e n a m i n e s , the a m o u n t s of e a c h v a r y i n g w i t h 

t h e ortho-group a n d t h e c o n d i t i o n s u s e d , i o d i n e h a v i n g a m a r k e d e f f e c t 

o n the p r o d u c t r a t i o s . 

A z i d o c i n n a m a t e s w i t h <?r t /zc>-unsaturated g r o u p s w e r e t h e r m o l y s e d a n d 

i t w a s f o u n d t h a t , i n a d d i t i o n to s m a l l a m o u n t s o f i n d o l e s , a v a r i e t y o f 

h e t e r o c y c l i c p r o d u c t s w a s f o r m e d w h i c h c o u l d b e r a t i o n a l i s e d b y i n t e r -

a c t i o n of t h e v i n y l a z i d e a n d v i n y l n i t r e n e w i t h t h e u n s a t u r a t e d 

s u b s t i t u e n t . 

T r e a t m e n t of ortho-carbonyl a z i d o c i n n a m a t e s w i t h t r i e t h y l p h o s p h i t e 

g a v e i s o q u i n o l i n e s , o f t e n in h i g h y i e l d , p r e s u m a b l y via i m i n o p h o s p h o r a n e 

d e r i v a t i v e s . N o t a l l of the v i n y l a z i d e s so t r e a t e d w e r e c o n v e r t e d to 

i s o q u i n o l i n e s h o w e v e r . T h e r m a l d e c o m p o s i t i o n of ortho-carbonyl a z i d o -

c i n n a m a t e s g a v e 2 , 4 - d i s u b s t i t u t e d i n d o l e s in v a r y i n g y i e l d s . A n e x c e p t i o n 

w a s a n C2?t/zc>-carboxy a z i d o c i n n a m a t e w h i c h g a v e a n o v e l f u s e d a z i r i d i n e . 

T h e r e is s c o p e f o r f u r t h e r i n v e s t i g a t i o n o f o r t / z o - c a r b o n y l a z i d o c i n n a m a t e s , 

in p a r t i c u l a r t h e i r r e a c t i o n s w i t h t r i v a l e n t p h o s p h o r u s r e a g e n t s . 



T h e p h o t o l y s i s of ovtho-alkyl a z i d o c i n n a m a t e s g a v e u n u s u a l a z i r i n e 

t r i m e r s , w h i l s t a n ovtho-allyl a z i d o c i n n a m a t e g a v e a d i m e r o n p h o t o l y s i s 

T h e f o r m a t i o n of t h e s e p r o d u c t s is r a t i o n a l i s e d a n d a c o m m o n m e c h a n i s m , 

i n v o l v i n g a z i r i n e d i m e r i s a t i o n f o l l o w e d b y r i n g o p e n i n g to g i v e a n a z o -

m e t h i n e y l i d e i n t e r m e d i a t e , is p r o p o s e d . V i n y l a z i d e s c o n t a i n i n g 

u n s a t u r a t e d o r n u c l e o p h i l i c g r o u p s w e r e a l s o i r r a d i a t e d a n d the i n t e r -

m e d i a t e n i t r i l e y l i d e s t r a p p e d i n t r a m o l e c u l a r l y b y t h e u n s a t u r a t e d g r o u p 

o r n u c l e o p h i l e . 
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C H A P T E R O N E . I N T R O D U C T I O N : N I T R E N E S IN H E T E R O C Y C L I C S Y N T H E S I S 

1 . 1 . I N T R O D U C T I O N 

N i t r e n e s (1) (R = a c y l ) w e r e f i r s t p r o p o s e d b y T i e m a n n i n 1891"^" 

a s s h o r t - l i v e d i n t e r m e d i a t e s i n t h e L o s s e n r e a r r a n g e m e n t . T h e 

n i t r e n e m e c h a n i s m w a s a l s o a d o p t e d b y S t i e g l i t z a n d C u r t i u s f o r t h e 

2 
C u r t i u s r e a c t i o n , a l t h o u g h t h e r e i s n o w c o n s i d e r a b l e e v i d e n c e 

3 

a g a i n s t n i t r e n e s b e i n g i n v o l v e d i n t h e s e r e a c t i o n s . T h e e l e c t r o n i c 

a b s o r p t i o n b a n d a t 366 n m of t h e p a r e n t n i t r e n e (2) w a s f i r s t 

o b s e r v e d in 1 8 9 2 , a n d w a s a s s i g n e d to N - H (2) b y F r a n k a n d R e i c h a r d t 
4 

i n 1 9 3 6 , a n d b y K e y s e r in 1 9 6 0 . 

RN: HN: 
(1) (2) 

N i t r e n e s a r e d e f i n e d a s d e r i v a t i v e s of t h e n e u t r a l m o l e c u l e N - H 

( i m i d o g e n o r n i t r e n e ) . T h e y a r e u n c h a r g e d , e l e c t r o n d e f i c i e n t , 

r e a c t i v e i n t e r m e d i a t e s , in w h i c h t h e n i t r o g e n a t o m p o s s e s s e s a s e x t e t 

of e l e c t r o n s in i t s o u t e r s h e l l . T w o of t h e s e a r e l o c a t e d i n a 

c o v a l e n t b o n d , t w o i n a l o n e p a i r o r b i t a l , a n d t h e r e m a i n d e r m a y 

b e a r r a n g e d i n e i t h e r a s p i n p a i r e d c o n f i g u r a t i o n in a n o n - b o n d e d 

o r b i t a l g i v i n g r i s e to a n e l e c t r o p h i l i c s i n g l e t n i t r e n e ( 3 ) , o r 

a l t e r n a t i v e l y , o r t h o g o n a l l y a n d u n p a i r e d g i v i n g t h e b i r a d i c a l t r i p l e t 

n i t r e n e ( 4 ) . 

RN/. RN: 

(3) (4) 
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In general nitrenes have triplet ground states. E.s.r. signals, 

o b t a i n e d f r o m H N , a l k y l n i t r e n e s a n d e t h o x y c a r b o n y l n i t r e n e u p o n 

i r r a d i a t i o n of t h e c o r r e s p o n d i n g a z i d e s a t l o w t e m p e r a t u r e , i n d i c a t e 

that they have a triplet ground state (or at least a triplet state a 

f e w c m a b o v e g r o u n d s t a t e ) . ^ S i m i l a r l y , p a r a m a g n e t i c r e s o n a n c e 

s p e c t r a of a r y l - a n d a r e n e s u l p h o n y l n i t r e n e s g e n e r a t e d b y p h o t o l y s i s 

a t 4 K i n d i c a t e t h a t t h e s e a l s o h a v e t r i p l e t g r o u n d s t a t e s . T h e o r e t i c a l 

c a l c u l a t i o n s h a v e a l s o p r e d i c t e d t r i p l e t g r o u n d s t a t e s f o r m a n y n i t r e n e s . 

A s i n g l e t n i t r e n e h a s a l s o b e e n s p e c t r o s c o p i c a l l y observed*, n a n o s e c o n d 

l a s e r p h o t o l y s i s o f 1 - a z i d o p y r e n e g i v e s t h e S
0
 n i t r e n e ( ^

m a x
 4 5 0 n m ) w h i c h 

d e c a y s t o t h e t r i p l e t g r o u n d s t a t e T
x
 (A 4 1 5 n m ) . ̂  

m a x 

N i t r e n e s a r e o f t e n g e n e r a t e d b y t h e r m a l or p h o t o c h e m i c a l d e c o m p o -

s i t i o n of t h e c o r r e s p o n d i n g a z i d e s . T h e t h e r m a l r e a c t i o n g i v e s a s i n g l e t 

n i t r e n e i n i t i a l l y b e c a u s e of s p i n c o n s e r v a t i o n . P h o t o l y s i s c a n g i v e b o t h 

s i n g l e t a n d t r i p l e t n i t r e n e s . 

W h i l e n i t r e n e s c a n b e o b s e r v e d a s d e s c r i b e d a b o v e , i n m o s t of t h e 

r e a c t i o n s w h i c h w i l l b e p r e s e n t e d i n t h i s w o r k n o d i r e c t o b s e r v a t i o n of 

a n i n t e r m e d i a t e n i t r e n e is c l a i m e d . T h e i n t e r m e d i a c y of n i t r e n e s i s 

i n f e r r e d f r o m a s t u d y o f t h e r e a c t i o n k i n e t i c s ( f i r s t o r d e r r e a c t i o n , 

s o l v e n t i n d e p e n d e n t , etc.), b y s h o w i n g t h a t s e v e r a l p o s s i b l e n i t r e n e 

p r e c u r s o r s g i v e t h e s a m e p r o d u c t o r p r o d u c t m i x t u r e s , a n d b y a s t u d y 

of t h e t y p e s of p r o d u c t s , a n d b y c o m p a r i s o n w i t h s i m i l a r r e a c t i o n s i n 

w h i c h n i t r e n e s a r e b e l i e v e d to b e i n v o l v e d . S o m e t i m e s , w h e n a g i v e n 

p r e c u r s o r g i v e s t w o s e t s o f p r o d u c t s , d e p e n d i n g o n t h e m o d e of d e c o m p o s i t i o n , 

a n i t r e n e m e c h a n i s m i s l o g i c a l l y p r o p o s e d f o r o n e r e a c t i o n . T h e c l a i m 

t h a t n i t r e n e s a r e i n t e r m e d i a t e s in m a n y r e a c t i o n s of n i t r o c o m p o u n d s w i t h 

d e o x y g e n a t i n g r e a g e n t s i s b a s e d o n t h e s i m i l a r i t y o f t h e p r o d u c t m i x t u r e s 

to t h o s e p r o d u c e d b y d e c o m p o s i t i o n of t h e c o r r e s p o n d i n g a z i d e s . 
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W h e t h e r a s i n g l e t or t r i p l e t n i t r e n e i s i n v o l v e d in a p a r t i c u l a r 

r e a c t i o n i s o f t e n h a r d to d e t e r m i n e . S i n g l e t n i t r e n e s a r e b e l i e v e d 

to u n d e r g o c o n c e r t e d r e a c t i o n s a n d r e a c t i o n s w i t h n u c l e o p h i l e s , 

w h e r e a s t r i p l e t n i t r e n e s u n d e r g o s t e p w i s e r e a c t i o n s via r a d i c a l s . 

S p e c u l a t i o n o n w h i c h t y p e of n i t r e n e i s i n v o l v e d i s o f t e n b a s e d o n 

t h e r e a c t i o n s p r o d u c t s a n d t h e i r s t e r e o c h e m i s t r y , a n d o n t h e m e t h o d 

of g e n e r a t i o n . 

T h e r e a c t i o n s of n i t r e n e s c a n b e s u b d i v i d e d i n m a n y w a y s , a n d i n 

t h i s r e v i e w e a c h t y p e of n i t r e n e w i l l b e d e a l t w i t h s e p a r a t e l y . 

T h e t y p e s of r e a c t i o n s w h i c h n i t r e n e s u n d e r g o i n c l u d e t h e 

f o l l o w i n g : 

(1) H y d r o g e n a b s t r a c t i o n to g i v e a m i n e s . T h i s i s u s u a l l y a t r i p l e t 

r e a c t i o n . 

R-N: • R-NH2 

(2) , I n s e r t i o n i n t o a R - H b o n d . T h i s c a n b e e i t h e r a t r i p l e t o r s i n g l e t 

n i t r e n e r e a c t i o n . T h e s i n g l e t n i t r e n e i n s e r t s i n a c o n c e r t e d m a n n e r 

a n d a n y c h i r a l i t y i n R ' i s m a i n t a i n e d . A t r i p l e t n i t r e n e p r o b a b l y 

i n s e r t s i n a s t e p w i s e m a n n e r a n d o p t i c a l a c t i v i t y a t t h e p o i n t of 

i n s e r t i o n i s o f t e n l o s t . 

R-N: R-H R-N 
nH 

(3) A d d i t i o n t o m u l t i p l e b o n d s , i n c l u d i n g a r o m a t i c r i n g s . A d d i t i o n of 

s i n g l e t n i t r e n e s is s t e r e o s p e c i f i c a n d t h a t of t r i p l e t n i t r e n e s i s 

o f t e n n o n - s t e r e o s p e c i f i c . 
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e.g. 

R-N: R-N > 
(4) I s o m e r i s m a s s h o w n i n e q u a t i o n (1) i s t h o u g h t to o c c u r f o r s o m e 

s i n g l e t n i t r e n e s . 

X= \ r 

N: 
X—77R 
( T 
N 

(l) 

(5) R e a r r a n g e m e n t of n i t r e n e s c a n o c c u r a s s h o w n i n S c h e m e 1, 

M : 

R ^ R 
[1,2] 

NR 

N a
 r i 2

i 

R 

/ c / 
Si / 
X 

N 
III 
C 
1 

X 
\ R 

W y ^ H 
[ 1 , 4 ] 

NH 

S C H E M E 1 

(6) E l e c t r o c y c l i c r e a c t i o n s . E l e c t r o c y c l i c r i n g c l o s u r e s (e.g 

e q u a t i o n 2) a r e c o n s i d e r e d to b e s i n g l e t n i t r e n e r e a c t i o n s . 
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(7) D i m e r i s a t i o n . 

R _N; ^ ^ RN—N R 

T h i s i s u s u a l l y o b s e r v e d i n t r i p l e t n i t r e n e s . 

(8) R e a c t i o n w i t h n u c l e o p h i l e s . 

- + 
R-N: + Nu R-N-Nu 

T h i s i s c o n s i d e r e d to b e c h a r a c t e r i s t i c of s i n g l e t n i t r e n e s . 

T h e m a t e r i a l p r e s e n t e d in s e c t i o n s 1 . 2 - 1 . 9 is s u m m a r i s e d i n 

s e c t i o n 1 . 1 0 i n t e r m s of t h e r e l a t i o n s h i p b e t w e e n t h e s t r u c t u r e s of 

n i t r e n e s a n d t h e t y p e s of r e a c t i o n s t h e y u n d e r g o . 

In t h e l a s t t h i r t y y e a r s t h e g e n e r a t i o n a n d r e a c t i o n s of n i t r e n e s 

h a v e b e e n w i d e l y i n v e s t i g a t e d b o t h f o r m e c h a n i s t i c s t u d i e s a n d s y n t h e t i c 

a p p l i c a t i o n s . T h i s i n t r o d u c t i o n i s i n t e n d e d to i l l u s t r a t e t h e u s e of 

n i t r e n e s to p r e p a r e h e t e r o c y c l i c p r o d u c t s . T h e g e n e r a t i o n of n i t r e n e s 

a n d t h e i r r e a c t i o n s to g i v e n o n - h e t e r o c y c l i c p r o d u c t s w i l l o n l y b e 

b r i e f l y m e n t i o n e d , a s w i l l r e a c t i o n s of n i t r e n e p r e c u r s o r s via n o n -

n i t r e n e p a t h w a y s . T h i s r e v i e w i s n o t i n t e n d e d to b e c o m p r e h e n s i v e b u t 

w i l l g i v e r e p r e s e n t a t i v e e x a m p l e s o f t h e m a n y h e t e r o c y c l i c c o m p o u n d s 

of v a r i o u s r i n g s i z e s w h i c h c a n b e f o r m e d f r o m n i t r e n e s . 
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8 9 
R e v i e w s of t h e l i t e r a t u r e o n n i t r e n e s i n c l u d e t h o s e b y L w o w s k i , ' 

a n d W e n t r u p , " ^ t h e a n n u a l r e v i e w c o n t a i n e d i n t h e O r g a n i c R e a c t i o n 

M e c h a n i s m series,"'""*' a n d m o r e s p e c i a l i s e d r e v i e w s o n t h e f o r m a t i o n o f 

1 2 , 1 3 
f i v e - m e m b e r e d h e t e r o c y c l i c s . ' 

1 . 2 . A L K Y L N I T R E N E S 

1 . 2 . 1 . G e n e r a t i o n . 

A l k y l n i t r e n e s a r e u s u a l l y g e n e r a t e d f r o m t h e c o r r e s p o n d i n g a z i d e s 

14 
b y p h o t o l y s i s o r t h e r m o l y s i s . T h e y a r e h i g h l y r e a c t i v e s p e c i e s . 

1 . 2 . 2 . I m i n e f o r m a t i o n . 

T h e m o s t c o m m o n r e a c t i o n of a l k y l a z i d e s (5) is d e c o m p o s i t i o n w i t h 

r e a r r a n g e m e n t to g i v e i m i n e s ( 6 ) . T h e r e i s s t r o n g e v i d e n c e to s u g g e s t 

t h a t a l k y l a z i d e s r e a r r a n g e t h e r m a l l y via t h e n i t r e n e (7) b u t t h a t t h e 

p h o t o l y t i c r e a c t i o n i s a n o n - n i t r e n e p r o c e s s . " ^ 

R1 

2
 I 

r - c - n 3 

(5) R 3 

h v 

R - C - N : 

R 3 (7) 

/ = N R 

R 3
 (6) 

If t w o o f t h e g r o u p s in n i t r e n e (5) {e.g., R
1

 a n d R
2

) f o r m p a r t 

of a r i n g , t h e n m i g r a t i o n of R
1

 o r R
2

 l e a d s to h e t e r o c y c l e f o r m a t i o n . 
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E x a m p l e s o f f o r m a t i o n o f f o u r - , " ^ f i v e - , ^ a n d s i x - m e m b e r e d " ^ ' " ^ r i n g s 

a r e s h o w n i n S c h e m e 2 . 

N3, .0 
* 150 c r = N 
t 

^ r O O
 r

>
 r 1 = A r y l 

NR" k x N 
R

 70% 

20 21 
R i n g e x p a n s i o n to s e v e n - m e m b e r e d r i n g s ' i s l e s s f a v o u r a b l e a s 

d e m o n s t r a t e d b y t h e r e l a t i v e a m o u n t s o f t h i a z e p i n e (10a) a n d p h e n y l 

21 
i m i n e (9a) f o r m e d o n d e c o m p o s i t i o n of (8a) ( e q u a t i o n 3 ) . A n e i g h t 
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m e m b e r e d h e t e r o c y c l e w a s s i m i l a r l y p r e p a r e d , t h o u g h t h e p a t h w a y m a y 

22 
n o t i n v o l v e a n i t r e n e ( e q u a t i o n 4 ) . 

Ph N NPh 

h v o r A 

( 9 a , X = S) ( 1 0 a , X = S) 1 3 % 

(3) 

4 5 % 
X = 0 , S , S e , C O 

(4) 

1 . 2 . 3 . I n s e r t i o n r e a c t i o n s . 

S o m e a l k y l n i t r e n e s w e r e s u f f i c i e n t l y long, l i v e d to r e a c t i n t r a -

m o l e c u l a r l y w i t h a r o m a t i c C - H b o n d s to g i v e 9 , 1 0 - d i h y d r o p h e n a n t h r e n e s 

15 23 

(13) i n l o w y i e l d s . ' O t h e r p r o d u c t s a r o s e f r o m l o s s o f H N
3
 f r o m t h e 

a z i d e (11) a n d b y 1 , 2 - s h i f t s to g i v e i m i n e s f r o m t h e n i t r e n e ( 1 2 ) . 

R R R R R R 

N . 250°C 

(11) (12) (13) R = 

R = 

M e , 6 . 5 % 

P h , 1 . 7 % 



P y r r o l i d i n e s h a v e b e e n r e p o r t e d a s p r o d u c t s of p h o t o l y s i s of 

n—butyl a z i d e a n d o t h e r l o n g c h a i n a z i d e s , b u t t h e a u t h o r s c o u l d n o t 

2 4 , 2 5 
r e p r o d u c e t h e i r r e s u l t s . M o r e r e c e n t l y t - o c t y l n i t r e n e (14) w a s 

p r o p o s e d a s a n i n t e r m e d i a t e i n t h e f o r m a t i o n of s o m e s u b s t i t u t e d 

26 
p y r r o l i d i n e s (15) . A z i r i d i n e (16) i s f o r m e d i n m o d e r a t e y i e l d s 

15 27 
( 3 5 - 4 6 % ) o n p y r o l y s i s of e t h y l a z i d e m t h e gas p h a s e . ' 

V 
/ N - N s 

R R 

CONHPh 

tk 
H 

(15) 

N' 
I 

S02NHR 

R = C ( C H
3
)

2
C H

2
C ( C H

3
) 3 

EtN3 ^ y 
H 

(16) 
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1 . 3 . V I N Y L N I T R E N E S 

1 . 3 . 1 . G e n e r a t i o n ^ A z i r i n e i n v o l v e m e n t . 

V i n y l n i t r e n e s (18) a r e c o n s i d e r e d to b e i n t h e r m a l e q u i l i b r i u m 

w i t h a z i r i n e s ( 1 7 ) . T h e t h e r m o l y s i s p r o d u c t s o f a z i r i n e s a r e u s u a l l y 

t h o s e of t h e c o r r e s p o n d i n g v i n y l n i t r e n e ( f o r m e d via C - N b o n d c l e a v a g e ) 

N i t r e n e s h a v e b e e n t r a p p e d b y t r i v a l e n t p h o s p h o r u s r e a g e n t s i n 

. . 1 8 - 3 1 
r e a c t i o n s k n o w n to i n v o l v e a z i r i n e s . 

(17) 

5 = < R 
N: 

(18) 

PPh R w R — ( 
NPPh-

R
1

 = C H ; R " = R
3

 = 

>1 + 

F ^ N 
R1 

(19) 

r ! 
: > = N 

V 

F u r t h e r e v i d e n c e f o r t h i s e q u i l i b r i u m is p r o v i d e d b y t h e f a c t t h a t 

a c h i r a l a z i r i n e (20) r a c e m i s e s 2 0 3 9 t i m e s f a s t e r t h a n i t r e a c t s to g i v e 

32 
p r o d u c t s , p r e s u m a b l y v i a a v i n y l n i t r e n e i n t e r m e d i a t e . 

Ph N 

(20) 

185°C 
PRODUCTS 
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A z i r i n e s h a v e b e e n f o u n d to u n d e r g o C - C b o n d c l e a v a g e , o n 

p y r o l y s i s i n t h e g a s p h a s e , t o g i v e n i t r i l e y l i d e s ( 1 9 ) , t h e n o r m a l 

p r o d u c t s of p h o t o l y s i s of a z i r i n e s . ^ S u c h n i t r i l e y l i d e s u n d e r g o 

i n t e r - a n d i n t r a m o l e c u l a r c y c l o a d d i t i o n s to g i v e a v a r i e t y o f h e t e r o -

n
. , 1 0 , 1 1 , 3 3 - 3 5 

c y c l i c p r o d u c t s . 

3 6 — 3 8 
T h e s y n t h e s i s of a z i r i n e s h a s b e e n w e l l r e v i e w e d . T h e m o s t 

36 
c o m m o n m e t h o d s a r e t h e N e b e r r e a c t i o n a n d i t s m o d i f i c a t i o n s , a n d 

37 38 

t h e t h e r m o l y t i c a n d p h o t o l y t i c d e c o m p o s i t i o n of v i n y l a z i d e s . ' 

V i n y l n i t r e n e s h a v e a l s o b e e n p r o p o s e d a s i n t e r m e d i a t e s in t h e r e a c t i o n s 

of n i t r o a l k e n e s w i t h t r i v a l e n t p h o s p h o r u s c o m p o u n d s , a n d in t h e p h o t o l y s i s 
3 9 

of v i n y l i s o c y a n a t e s . T h e d e c o m p o s i t i o n of v i n y l a z i d e s t o g i v e 

a z i r i n e s i s b e l i e v e d t o b e a c o n c e r t e d r e a c t i o n w h i c h d o e s n o t i n v o l v e 

. _ . 3 8 , 4 0 , 4 1 
v i n y l n i t r e n e s . 

1 . 3 . 2 . R e a c t i o n s n o t l e a d i n g to h e t e r o c y c l i c p r o d u c t s . 

If o t h e r r e a c t i o n s a r e n o t o p e n to t h e m , o r a r e d i s f a v o u r e d , t h e n 

36 
v i n y l n i t r e n e s ' w i l l r e a r r a n g e to k e t e n i m i n e s a n d n i t r i l e s . S o m e 

4 2 4 3 t 

e x a m p l e s a r e s h o w n in e q u a t i o n s (5) a n d ( 6 ) . T h e a b i l i t y of 

v i n y l n i t r e n e s to e q u i l i b r a t e w i t h a z i r i n e s , t h u s m a k i n g t h e m r e l a t i v e l y 

s t a b l e , m e a n s t h a t s u c h r e a r r a n g e m e n t r e a c t i o n s t a k e p l a c e f a r l e s s 

r e a d i l y t h a n in t h e c a s e o f a l k y l n i t r e n e s . H i g h t e m p e r a t u r e s a r e o f t e n 

r e q u i r e d . T h e a b s e n c e of a 3 - s u b s t i t u e n t r e n d e r s a n a z i r i n e l e s s 

s t a b l e a n d r e a r r a n g e m e n t o c c u r s m o r e r e a d i l y . It i s p o s s i b l e t h a t 

r e a r r a n g e m e n t t o k e t e n i m i n e s a n d n i t r i l e s d o e s n o t i n v o l v e a d i s c r e t e 

n i t r e n e s p e c i e s b u t is a c o n c e r t e d r e a c t i o n of t h e a z i r i n e . 

f 
T h r o u g h o u t t h i s t e x t E w i l l b e u s e d to d e n o t e C 0

2
E t . 
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N V 7 1 
N 

+ RN=C=CH (5) 

5 0 - 6 0 % 5 - 1 0 % 

R = A r y l 

450°C 

ci H y E 

6 C c n 
(6) 

E = C 0
2
E t 

r 

W h e n e i t h e r R
l

 o r R
2

 in t h e a z i r i n e (17) i s u n s a t u r a t e d t h e n 

o t h e r r e a c t i o n s a r e p o s s i b l e ( S e c t i o n s 1 . 3 . 3 . - 1 . 3 . 5 . ) . 

1 . 3 . 3 . R e a c t i o n s of 1 - n i t r e n o b u t a d i e n e d e r i v a t i v e s a n d a n a l o g u e s . 

(a) A c y c l i c . 

P y r r o l e s a n d p y r i d i n e s a r e t h e t h e r m o l y s i s p r o d u c t s of 1 - b u t a d i e n y l -

4 4 - 5 0 
n i t r e n e s ( S c h e m e 3 ) . S o m e e x a m p l e s a r e s h o w n in S c h e m e 4 . 

= M e 

T V 

R R' 
f\j R R3,—,R2 

R4 o . 

[o] R V W 

R 

SCHEME 3 



H 
s O i 

R =E 
N < r

^ P h - N C ^ P h O ' 
H 

.R 1 = E " 
R 2 = H 

R 1 = Ph 
R 2 = CN, E " 
R 3 = CN 

£ X = R R 

H M e ^ . ^ P h 

u 

60% 

26% 
P h k v ^ N 

Ph 

40% 

M e — v 

H 

» 24% 

M e C ^ E "
 4 9 % 

H 

C 0 2 R , R = Me, Et 

SCHEME 4 
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T h e p y r r o l e s a r e p r o b a b l y f o r m e d b y e l e c t r o c y c l i c r i n g c l o s u r e 

of a s i n g l e t n i t r e n e ; t h e p y r i d i n e s b y i n s e r t i o n of a s i n g l e t o r 

t r i p l e t n i t r e n e i n t o t h e C - H b o n d , o r b y a [ 1 , 6 ] H s h i f t f o l l o w e d b y 

a n e l e c t r o c y c l i c r i n g c l o s u r e . E v i d e n c e f o r t h e l a t t e r p a t h w a y w i l l 

In m a n y of t h e c a s e s w h e r e t h e a z i r i n e w a s d e r i v e d f r o m a v i n y l 

a z i d e , t h e v i n y l a z i d e w a s s h o w n to g i v e t h e s a m e p r o d u c t s a s t h e r m o l y s i s 

of t h e a z i r i n e . 

T r i e n y l n i t r e n e s s u c h a s c o m p o u n d (21) d o n o t c y c l i s e to g i v e a n 

3 0 

a z e p i n e r i n g a s o n c e r e p o r t e d , b u t g i v e t h e c o r r e s p o n d i n g v i n y l 

52 p y r r o l e s . S i m i l a r l y p h e n y l - s u b s t i t u t e d b u t a d i e n y l n i t r e n e s s u c h 
45 

a s (22) d o n o t g i v e b e n z a z e p i n e s b u t p h e n y l - s u b s t i t u t e d p y r r o l e s . 

b e p r e s e n t e d l a t e r [ S e c t i o n 1 . 3 . 3 . ( b ) ] . 
5 1 

E w Ph 
H 

E E (21) 

Ph 

E 



E
f

 = C 0
2
M e 

H e t e r o a n a l o g u e s o f t h e a b o v e s y s t e m s , (23) (X = N R , 0) u n d e r g o 

53 

c y c l i s a t i o n to g i v e i s o x a z o l e s (X = 0 ) , e.g.
3
 ( 2 4 ) , o r p y r a z o l e s 

(X = N R ) e.g., ( 2 5 ) .
3 0 

(16) 
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T h e f o r m a t i o n of i s o x a z o l e s f r o m c i s — 3 - k e t o v i n y l a z i d e s i s 

p r o b a b l y a c o n c e r t e d n o n - n i t r e n e ) p r o c e s s . T h e trans i s o m e r s 

d e c o m p o s e t o g i v e a z i r i n e s a n d w h i l e t h e s e a r e c o n v e r t e d to o x a z o l e s 

via a c o n c e r t e d , i r r e v e r s i b l e p r o c e s s , t h e y g i v e i s o x a z o l e s i n a 

r e v e r s i b l e n i t r e n e r e a c t i o n ( S c h e m e 5 ) . ^ 

R

Y ^ r
R 

O C I 

3

 NaN< 

O N o 

R3 -N; 
R * R

3 

C o n c e r t e d 

A o r h v 

, ^ 3 

R W R 

O N: 

O R3 

R3 t y V 11 V 

C o n c e r t e d 

[ 1 , 3 ] 

R ' O l 

R" 
R ^ ^ N : 

O R3 

R
3

 = H 

i r 

9 P 
R-C-CHCN 

SCHEME 10 
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T h e r e a r r a n g e m e n t of a z i r i n e s w i t h 2 - v i n y l , 2 - i m i n o o r 2 - k e t o 

g r o u p s o c c u r r e d a t r o o m t e m p e r a t u r e i n t h e p r e s e n c e of M o ( C O )
6
 to 

g i v e h i g h y i e l d s o f t h e c o r r e s p o n d i n g p y r r o l e s , p y r a z o l e s a n d 

54 

i s o x a z o l e s . S u c h r e a c t i o n s p r o b a b l y p r o c e e d via c o m p l e x e d n i t r e n e s . 

(b) A n n e l a t e d . 

V i n y l n i t r e n e s d e r i v e d f r o m 2 - a r y l - a z i r i n e s b e h a v e i n a m a n n e r 

s i m i l a r to t h e n o n - a n n e l a t e d b u t a d i e n y l n i t r e n e s d i s c u s s e d a b o v e . 

F u s e d f i v e - m e m b e r e d n i t r o g e n h e t e r o c y c l e s , s u c h a s i n d o l e s r e s u l t 

f r o m c l o s u r e of t h e n i t r e n e s o n t o t h e ovtho-position of t h e a r y l 

g r o u p . T h i s r e a c t i o n w a s f i r s t d i s c o v e r e d b y I s o m u r a a n d c o - w o r k e r s . 

A s i n t h e n o n - a n n e l a t e d c a s e s , t h e i n t e r m e d i a t e a z i r i n e s h a v e b e e n 

i s o l a t e d a n d s h o w n to g i v e t h e s a m e p r o d u c t s a s t h e v i n y l a z i d e s w h i c h 
. 5 5 , 5 6 

a r e t h e i r p r e c u r s o r s . 

Ph N hv N 

£ Azi rine J 

— C=NH 
Ph 

Ph CN 



e ' ^ N 

(30) 
E

1

 = C0
2
Et or C0

2
Me 

SCHEME 6 
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T h i s r e a c t i o n h a s f o u n d w i d e a p p l i c a t i o n i n t h e s y n t h e s i s of 

5 5 — 6 5 

p y r r o l e s f u s e d to o t h e r a r o m a t i c r i n g s ( S c h e m e 6 ) . T h e y i e l d s 

o f s u c h r e a c t i o n s a r e u s u a l l y v e r y h i g h . S u b s t i t u e n t s i n t h e 3 -

p o s i t i o n of t h e a z i r i n e s t a b i l i s e i t , a n d d e c r e a s e t h e a m o u n t s of 

n i t r i l e s f o r m e d . 3 - K e t o a z i r i n e s a r e e x c e p t i o n s , h o w e v e r , g i v i n g 66 

n i t r e n e s r e a d i l y o n h e a t i n g . 

In t h e d e c o m p o s i t i o n of v i n y l a z i d e s ( 2 6 ) , ( 2 8 ) , a n d ( 3 0 ) , o n l y 

o n e p r o d u c t w a s f o r m e d i n e a c h c a s e , e v e n t h o u g h t w o i s o m e r i c p r o d u c t s 

a r e p o s s i b l e . O n e e x p l a n a t i o n f o r t h i s i s t h a t t h e e l e c t r o p h i l i c 

n i t r e n e c y c l i s e s o n t o t h e p o s i t i o n of h i g h e s t e l e c t r o n d e n s i t y { i . e . , 

t h e 1 - p o s i t i o n in t h e n a p h t h a l e n e (28) r a t h e r t h a n t h e 3 - p o s i t i o n ) . 

In t e r m s of v a l e n c e b o n d t h e o r y t h i s s e l e c t i v i t y i s t h e r e s u l t of 

" b o n d - f i x a t i o n " in t h e n i t r e n e e.g., h y b r i d ( 2 8 b
1

) i s c o n s i d e r e d to 

c o n t r i b u t e m u c h m o r e t h a n h y b r i d ( 2 8 b " ) to t h e s t r u c t u r e of t h e 

n a p h t h a l e n e a n d t h u s r e a c t i o n o c c u r s via ( 2 8 b ' ) to g i v e t h e o b s e r v e d 

p r o d u c t ( S c h e m e 7 ) . T h i s i s a l s o t h e c a s e in t h e c y c l i s a t i o n o f 

t h e s e c o n d v i n y l n i t r e n e in t h e d e c o m p o s i t i o n of t h e b i s - a z i d e ( 3 0 ) , 

a n d i n t h e d e c o m p o s i t i o n of v i n y l a z i d e ( 2 6 ) . 

( 2 8 b ' ) 

S C H E M E 7 ( c o n t i n u e d o v e r l e a f ) 
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( 2 8 b " ) 

S C H E M E 7 

C y c l i s a t i o n of t h e n i t r e n e o n t o t h e h e t e r o a t o m X d o e s n o t o c c u r 

i n t h e d e c o m p o s i t i o n of v i n y l a z i d e s (27) a n d ( 2 9 ) . H o w e v e r , t h i s 

m a y b e j u s t t h e r e s u l t of r e v e r s i b l e y l i d e f o r m a t i o n . T h e n i t r e n e 

c a n , h o w e v e r , c y c l i s e o n t o a h e t e r o a t o m if the p r o d u c t i s t h e r m a l l y 

s t a b l e , a s in t h e f o r m a t i o n of t h e p y r a z o l o p y r i d i n e ( 3 1 ) . ^ A s 

b e f o r e t h e n i t r e n e c y c l i s e s to t h e p o s i t i o n of g r e a t e s t e l e c t r o n 

d e n s i t y . T h i s is a n u n u s u a l r e a c t i o n o f a - k e t o v i n y l a z i d e s w h i c h 

u s u a l l y r e a r r a n g e r a p i d l y to n i t r i l e s . 

COR 

R = £ - t o l y l , £ - c h l o r o p h e n y l 

T h e w h o l e r a n g e of v i n y l n i t r e n e r e a c t i v i t y w a s o b s e r v e d i n t h e c a s e 

o f s o m e b e n z o f u r a n y l v i n y l a z i d e s ( S c h e m e 8 ) . T h e f o r m a t i o n of f u s e d 

p y r i d i n e s p a r a l l e l s t h e r e a c t i o n s of t h e b u t a d i e n y l n i t r e n e s s h o w n 

i n S c h e m e 3 . A n e w t y p e of r e a c t i o n w a s o b s e r v e d w i t h t h e f o r m a t i o n 

o f a c o n d e n s e d a z e p i n e . ^ 
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S C H E M E 8 

O t h e r e x a m p l e s o f f u s e d p y r i d i n e a n d a z e p i n e f o r m a t i o n a r e s h o w n 

4 3 , 6 4 , 6 7 
i n S c h e m e 9 . 



S C H E M E 9 

It h a s b e e n p r o p o s e d t h a t t h e r e a c t i o n of t h e n i t r e n e s (32) to 

g i v e f u s e d p y r i d i n e s i s n o t a n i n s e r t i o n b u t o c c u r s via s i g m a t r o p i c 

h y d r o g e n s h i f t s a n d a n e l e c t r o c y c l i c r i n g c l o s u r e . E n a m i n e s (33) 



h a v e b e e n i s o l a t e d b y t h e r m o l y s i s a t 35°C a n d h a v e b e e n c o n v e r t e d 

i n t o t h e d i h y d r o b e n z o f u r o p y r i d i n e s (34) a n d b e n z o f u r o p y r i d i n e s (35) 

a t h i g h e r t e m p e r a t u r e s . " ^ 

CR1R2R3 

(33) 

R
1

 = R
2

 = R
3

 = 

CR1 R2R3 

R
2

 o r R
3

 = H 

o 

(35) 
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C H O y ^ Y
E 

O N= 
CHO 

6 8 . 4 % 

8 
(36) 7 . 6 % 

R = C H O 

( 3 7 ) 81% 

O O + ( 3 7 ) 
OEt 

(38 ) 

( 4 0 ) 
( 3 9 ) 4 

C H , 

S 

(41) 

CH 
N-

E 

( 4 2 ) 

SCHEME 10 
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O t h e r r e a c t i o n s i n w h i c h v i n y l n i t r e n e s f o r m s i x - m e m b e r e d n i t r o g e n -

c o n t a i n i n g r i n g s i n c l u d e t h e f o r m a t i o n of f u s e d p y r i d o n e s (36) a n d (37) 

a n d t h e f u s e d p y r i d i n e s ( 3 8 ) , ( 3 9 ) , a n d (40) [ b y f o r m a l i n s e r t i o n i n t o 

63 68 
C - H b o n d s ] ( S c h e m e 1 0 ) . ' I n t r a m o l e c u l a r t r a p p i n g o f a n i t r e n e b y 

a s u l p h u r n u c l e o p h i l e g a v e t h e y l i d e s (42) a n d (44) f r o m v i n y l a z i d e s 

6 9 
(41) a n d (43) ( S c h e m e 1 0 ) . 

1 . 3 . 4 . R e a c t i o n s o f l - n i t r e n o - l , 4 - p e n t a d i e n e d e r i v a t i v e s a n d a n a l o g u e s , 

T h e t h e r m o l y s i s of 2 - a l k e n y l a z i r i n e s ( 4 5 ) - ( 4 7 ) h a s b e e n w i d e l y 

_ , 3 0 , 4 7 , 7 0 , 7 1 
s t u d i e d . 

(45) (46) (47) 

A z i r i n e s (45) h a v e b e e n d i s c u s s e d i n t h e p r e v i o u s s e c t i o n 

[ 1 . 3 . 3 . ( a ) ] a n d a z i r i n e s (47) w i l l b e d i s c u s s e d i n t h e n e x t s e c t i o n 

( 1 . 3 . 5 . ) . T h e a l l y l - s u b s t i t u t e d a z i r i n e s (48) r e a c t e d via 1 - n i t r e n o -

1 , 4 - p e n t a d i e n e s to g i v e a v a r i e t y of p r o d u c t s , d e p e n d i n g o n t h e 

s u b s t i t u e n t s . ^ T h e 3 - a z a b i c y c l o [ 3 , 1 , 0 ] h e x - 2 - e n e s (49) f o r m e d w e r e 

c l e a n l y c o n v e r t e d t o p y r i d i n e s (50) o n f u r t h e r h e a t i n g . T h e r m o l y s i s 

of (48d) ( R
1

 = C H
3
, R

2

 = H ) g a v e a n e w p r o d u c t , t h e p y r r o l i n e ( 5 1 ) . 

T h e a z i r i n e ( 4 8 e ) ( R
1

 = C 0
2
C H

3
, R

2

 = H ) g a v e p y r i d i n e (50e) i n 4 7 % y i e l d 

a n d p y r r o l e (52) in 3 7 % y i e l d . 
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(48) ( a ) , R
1 =

R
2

= H 

( b ) , R
1 =

H , R
2

= C H
3 

( c ) , R
1 =

P h , R
2

= H 

R 1 

(49) (a) 9 0 % 

(b) 5 8 % 

(c) 0% 

} 
C H 3 

R ^ P h 

R 1 

(50) (a) 1 0 % 

(b) 2 5 % 

(c) 4 9 % 

250°C 

1.5 h 

(48d) R
l

= C H
3
, R

2

= H 

(49) + (50d) 

7 1 % <5% 

(51) 2 1 % 

C H -

Ph 

Ph 

N
/ 250°C 

1 . 5 h 

( 5 0 e ) +' 

4 7 % 
H C A C H 2 ^ 1 1

3 

C O 2 C H 

(52) 3 7 % 

(48e) R
1

= C 0
2
C H

3
, R

2

= H 

T h e f o r m a t i o n o f t h e c y c l i c p r o d u c t s ( 4 9 ) - ( 5 1 ) c a n b e r a t i o n a l i s e d 

a s p r o c e d i n g via a b i c y c l i c a z i r i d i n e (53) w h i c h i s f o r m e d b y a d d i t i o n 

of t h e n i t r e n e to t h e C = C b o n d . S u b s e q u e n t r e a r r a n g e m e n t of 

(53) g i v e s t h e o b s e r v e d p r o d u c t s . 
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(53) 

R
1

 = H 

/ K " 

R1 

( 4 9 ) 

-
1

 = C H
3 

R
2

 = H 

( 5 1 ) 

It w a s p r o p o s e d ^ t h a t t h e p y r r o l e (52) w a s f o r m e d b y a [ l , 4 ] H 

s h i f t to g i v e t h e i m i n e (54) w h i c h c y c l i s e d via a M i c h a e l a d d i t i o n . 

P h

 [ 1 , 4 JH 

CO2CH3 

( 5 2 ) 

T h e v i n y l n i t r e n e d e r i v e d f r o m a z i r i n e (55) g a v e p r o d u c t s r e s u l t i n g 

f r o m a d d i t i o n of t h e n i t r e n e to t h e d o u b l e b o n d a n d c y c l i s a t i o n of 

t h e n i t r e n e o n t o t h e p h e n y l g r o u p . 

F l a s h v a c u u m p y r o l y s i s of t h e a c e t y l e n e (56) g a v e t h e p y r i d i n e (57) 

in 3 4 % y i e l d a s t h e o n l y c h a r a c t e r i s a b l e p r o d u c t . ^ 



1 . 3 . 5 . R e a c t i o n s of 1 - n i t r e n o - l , 5 - h e x a d i e n e d e r i v a t i v e s a n d a n a l o g u e s . 

T h e r m o l y s i s of t h e a z i r i n e s (58) ( a , X = H b , X = C 0
2
M e ) g a v e 

p y r i d i n e (59) a n d / o r t h e s u b s t i t u t e d b e n z e n e s ( 6 0 a , b ) . S i m i l a r 

t r e a t m e n t of t h e a n a l o g o u s a l d e h y d e (61) a f f o r d e d t h e p y r i d i n e (59) 

in q u a n t i t a t i v e y i e l d . ^ 
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Ph 

'N 
7 

(58) 

X = H , 1 0 0 % 

X = C O , M e , 12% 

JL = C 0
2
M e 

5 9 % 

- C H
3
C 0

2
M e 

6 Ph 

X 

( 6 0 a , b ) 

100% 

- H
2
0 

(59) 

T h e s e r e a c t i o n s o c c u r b y a s e r i e s o f h y d r o g e n s h i f t s f o l l o w e d b y 

c y c l i s a t i o n . 

1 , 3 . 6 . I n t e r m o l e c u l a r r e a c t i o n s . 

T h e t r a p p i n g of v i n y l n i t r e n e s w i t h p h o s p h o r u s r e a g e n t s i s t h e 

o n l y k n o w n i n t e r m o l e c u l a r r e a c t i o n of s u c h n i t r e n e s . A z i r i n e s d o , 

h o w e v e r , u n d e r g o i n t e r m o l e c u l a r r e a c t i o n s a n d t h e r e i s a l a r g e v o l u m e 

of l i t e r a t u r e o n t h e s e r e a c t i o n s . 

T h e r e a c t i o n s of a z i r i n e s b y n o n - n i t r e n e p a t h w a y s a r e s u m m a r i s e d 

3 8 , 7 2 , 7 3 

in r e c e n t r e v i e w s . 

1 . 4 . C A R B O N Y L N I T R E N E S 1 . 4 . 1 . G e n e r a t i o n . I s o c y a n a t e f o r m a t i o n . 

T h e p r e p a r a t i o n a n d r e a c t i o n s of a c y l n i t r e n e s a r e w e l l 

r e v i e w e d . ^
1

^ A s m e n t i o n e d p r e v i o u s l y t h e C u r t i u s a n d r e l a t e d 

3 
r e a r r a n g e m e n t s to g i v e i s o c y a n a t e s a r e n o t t h o u g h t to i n v o l v e n i t r e n e s . 
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W e n t r u p , h o w e v e r , p r e s e n t s e v i d e n c e f a v o u r i n g t h e i n t e r m e d i a c y o f 

_ 10 

n i t r e n e s m s o m e c a s e s a t l e a s t . 

A c y l n i t r e n e s a r e p r o d u c e d b y p h o t o l y s i s of a c y l a z i d e s a n d 

h a v e b e e n s h o w n n o t to u n d e r g o t h e C u r t i u s r e a r r a n g e m e n t . O t h e r 

p r e c u r s o r s i n c l u d e s u l p h i m i d e s ( 6 2 ) , n i t r i l e o x i d e s ( 6 3 ) , a n d t h e 

h e t e r o c y c l i c s (64) a n d ( 6 5 ) . ^ 

i - + + - / T 9 

(62) (63) (64) (65) 

A l k o x y c a r b o n y l n i t r e n e s c a n b e p r e p a r e d b y t h e r m o l y s i s o r p h o t o l y s i s 

13 

of t h e c o r r e s p o n d i n g a z i d e s a n d b y a - e l i m i n a t i o n . N e i t h e r t h e s e 

n i t r e n e s n o r t h e i r p r e c u r s o r s u n d e r g o t h e C u r t i u s r e a c t i o n . 

1 . 4 . 2 . I n s e r t i o n r e a c t i o n s . 

(66) ( a ) , R = a l k y l 

O ( b ) , R = a r y l 

II 

R / C N N < ( c ) , R = 0 a l k y l 

(66) 
( d ) , R = 0 a r y l 

( e ) , R = N R R
1 

A c y l n i t r e n e s (66a) u n d e r g o i n t r a m o l e c u l a r i n s e r t i o n i n t o s a t u r a t e d 

C - H b o n d s to g i v e 2 - p y r r o l i d o n e s a n d 2 - p i p e r i d o n e s ( e q u a t i o n 7 ) . S u c h 

r e a c t i o n s a r e t h o u g h t to o c c u r via s i n g l e t n i t r e n e s b e c a u s e i n s e r t i o n 
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R2 R1 

v v J N 3 
R 

R5 

(66a) 

R3 R2 

- " f t * 

R5 H 

1 - 5 6 % 

fit 
H 

R1 (7) 

2 1 - 2 3 % 

a t a c h i r a l c e n t r e o c c u r s w i t h r e t e n t i o n o f s t e r e o c h e m i s t r y . ^ S u i t a b l y 

s u b s t i t u t e d a r o y l n i t r e n e s (66b) g i v e b e n z o f u s e d p y r r o l i d o n e s ( e q u a t i o n 

A l k o x y c a r b o n y l n i t r e n e s (66c) a l s o i n s e r t e d , via t h e s i n g l e t s p e c i e s , 

i n t o C - H b o n d s to g i v e 2 - o x a z o l i d i n e s a n d 2 - o x o t e t r a h y d r o - l , 3 - o x a z i n e s . 

8 0 — 8 2 
E x a m p l e s a r e s h o w n in S c h e m e 1 1 . 
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- y v e •"Hl 
1 N3 ^N 0 H 

O A / — O R ^ O 

. _ _ • / J L .
 +

 I L 

N O N O N O 
3 H H 

S C H E M E 1 1 

1 . 4 . 3 . R e a c t i o n w i t h a l k e n e s . 

E t h o x y c a r b o n y l n i t r e n e (67) c a n a d d to c a r b o n - c a r b o n d o u b l e b o n d s 

to g i v e a z i r i d i n e s (68) w h i c h , if p a r t of a 1 , 3 - d i e n e s y s t e m , c a n 

74 

i s o m e r i s e to p y r r o l i n e s ( 6 9 ) , t h e a p p a r e n t 1 , 4 - a d d i t i o n p r o d u c t s . 

H o w e v e r , n o i n i t i a l 1 , 4 - a d d i t i o n is o b s e r v e d . 

EtOCON'. 

(160) 

(68) (69) 
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T h e a d d i t i o n is s t e r e o s p e c i f i c f o r s i n g l e t n i t r e n e s a n d n o n - s t e r e o -

s p e c i f i c f o r triplet n i t r e n e s . A c y l n i t r e n e s a l s o a d d to a l k e n e s , b o t h 

74 75 
i n t e r - a n d i n t r a m o l e c u l a r l y . ' A d d i t i o n of a c y l n i t r e n e s to 

d i k e t e n e g a v e t h e r e a r r a n g e d p r o d u c t ( 7 0 ) . 
8 3 

RCON, rf hv t 

Y 
COR 

OH 

I 

COR 

(70) 

T h e r e a c t i o n of 2 , 5 - d i m e t h y l t h i o p h e n e w i t h e t h o x y c a r b o n y l n i t r e n e 

84 

g a v e 2 , 5 - d i m e t h y l - z y - e t h o x y c a r b o n y l p y r r o l e ( 7 1 ) . P y r r o l e s r e a c t in 

t h e s a m e w a y . It w a s p r o p o s e d t h a t t h i s r e a c t i o n p r o c e e d s via a b r i d g e d 

t h i o p h e n e (72) ( e q u a t i o n 9) , w h i c h w a s f o r m e d b y t h e s a m e m e c h a n i s m 
74 

a s l e d t o t h e p y r r o l i n e ( 6 9 ) . T h e m e c h a n i s m m a y , h o w e v e r , i n v o l v e 

e l e c t r o p h i l i c a t t a c k o f t h e n i t r e n e o n t h e a r o m a t i c r i n g f o l l o w e d b y 

r i n g o p e n i n g (see S e c t i o n 1 . 4 . 6 . a n d 1 . 4 . 7 . ) . A s i m i l a r r e a c t i o n i s 
85 

t h e f o r m a t i o n of t h e 3 - o x o t h i a z o l i n e (74) f r o m t h e d i t h i o l o n e ( 7 3 ) . 

T h e r e a c t i o n of a c y l a z i d e s w i t h a l k e n e s i s o f t e n c o m p l i c a t e d b y 

t h e f o r m a t i o n of t r i a z o l i n e s b y 1 , 3 - d i p o l a r c y c l o a d d i t i o n of t h e a z i d o 

g r o u p to t h e a l k e n e . T h e s e t r i a z o l i n e s c a n t h e n d e c o m p o s e to g i v e a z i r i -

d i n e s . 
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s 

EN: 

N 

( 7 2 ) 

+ s 
E 

(71) 

Ph 
EN: 

S' 
(73) 

Ph 

E 

(74) 

1 . 4 . 4 . R e a c t i o n w i t h c u m u l e n e s . 

86 8 
E t h o x y c a r b o n y l n i t r e n e g e n e r a t e d b y a z i d e p h o t o l y s i s o r a - e l i m i n a t i o n 

a d d e d to t h e l e a s t s u b s t i t u t e d d o u b l e b o n d of a l l e n e s to g i v e a z i r i d i n e s 

86 87 
w h i c h r e a r r a n g e d to g i v e o x a z o l i n e s { e . g .

}
 e q u a t i o n 1 0 ) . ' T h e y a r e 

+ Et02CN • CN V ^ N. O (10) 

V 
OEt 

a l s o k n o w n t o r e a c t w i t h k e t e n i m i n e s ( e q u a t i o n 1 1 ) . C a r b o n y l n i t r e n e s 

r e a c t e d w i t h i s o c y a n a t e s to g i v e 1 , 5 - d i s u b s t i t u t e d - l , 3 , 4 - o x a d i a z o l - 5 -

89 9 0 
o n e s ( e q u a t i o n s 12 a n d 1 3 ) . * T h i s r e a c t i o n m a y b e c o n s i d e r e d to b e 
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n i t r e n e a d d i t i o n to a d o u b l e b o n d f o l l o w e d b y r e a r r a n g e m e n t , o r , m o r e 

p r o b a b l y , 1 , 3 - a d d i t i o n of t h e c a r b o n y l n i t r e n e to t h e i s o c y a n a t e C = N b o n d . 

EN: + H , C = C = N R RN R N ^ s
N
^ O E t ( I D 

O 

R2NCN3 

9 
R,N-C-N* 

RON-N-C-0 

N R
2 

N-N 
0 ^ s

0

N

) n R
; 

(12) 

R1CON. 

h v 

R1CON: + R2NCO 

. R
2 

N - N 
(13) 

R
l

 = O C H
3
, 0 C

2
H

5
, A r ; 

R
 —

 C H 3 , C
2
H ; 

1 . 4 . 5 . R e a c t i o n w i t h a c e t y l e n e s a n d n i t r i l e s . 

A g e n e r a l m e t h o d of s y n t h e s i s of o x a z o l e s is the a d d i t i o n of 

13 74 

a c y l n i t r e n e s to a c e t y l e n e s ( e q u a t i o n 1 4 ) . ' T h i s is r e g a r d e d a s 

a 1 , 3 - c y c l o a d d i t i o n of t h e c a r b o n y l n i t r e n e to t h e t r i p l e b o n d . 

1 , 3 , 4 - O x a d i a z o l e s a r e f o r m e d b y a d d i t i o n of a c y l n i t r e n e s to n i t r i l e s 
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1 3 74 8 1 9 1 92 

( e q u a t i o n 1 5 ) ' ' ' ' In c o m p e t i t i o n e x p e r i m e n t s n i t r i l e s 

w e r e l e s s r e a c t i v e t o w a r d s c a r b o n y l n i t r e n e s t h a n w e r e a l k e n e s . 

R
1 

I : N
 R

 ) t ~ N 

1,1 + JL 3 ** R
2

< ^ R 3 

| O ^ R
3 K

^ 0
 R 

R
2 

u p to 3 5 % 

N - N 

R C O N : + R ' C N • R ' - ^ Q ^ R (15) 

j i 

R = O E t , a l k y l 

R C O N 

1 . 4 . 6 . R e a c t i o n w i t h a r o m a t i c s . 

B e n z o f u s e d f i v e - m e m b e r e d h e t e r o c y c l e s a r e f o r m e d b y d e c o m p o s i t i o n 

of a r y l c a r b o n o y l a z i d e s a n d a r o y l a z i d e s . T h e r m o l y s i s o f t h e a r y l -

82 
o x y c a r b o n y l a z i d e (75) g a v e t h e b e n z o x a z o l i n e ( 7 6 ) . P h o t o l y s i s of 

err 
(75) 

• 0> 
H 

(76) 
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d i p h e n y l c a r b a m o y l a z i d e (77) g a v e b e n z i m i d a z o l i n - 2 - o n e ( 7 8 ) . T h e r m o l y s i s 

93 
g a v e a 90% y i e l d o f t h e i n d a z o l o n e (79) via the i s o c y a n a t e . O t h e r 

8 9 94 
b e n z i m i d a z o l i n - 2 - o n e s h a v e b e e n p r e p a r e d i n t h e s a m e w a y . ' T h e s e 

Ph Ph 

^ N H Ph2NCON3 

O (77) H 

> 0 

(79) 
(78) 

— N 
H

 (80) 

r e a c t i o n s m a y o c c u r b y i n s e r t i o n of t h e n i t r e n e i n t o t h e C - H b o n d o r 

b y c y c l i s a t i o n of t h e n i t r e n e o n t o t h e r i n g f o l l o w e d b y r e a r r a n g e m e n t . 

I n t e r m e d i a t e s s u c h a s (80) c a n b e e n v i s a g e d . 

A z i d o c a r b o n y l n i t r e n e a n d e t h o x y c a r b o n y l n i t r e n e r e a c t e d i n t e r -

95 
m o l e c u l a r l y w i t h b e n z e n e to g i v e i l / - a z i d o c a r b o n y l a z e p i n e a n d 

96 
i V - e t h o x y c a r b o n y l a z e p m e S i m i l a r l y i n t r a m o l e c u l a r a d d i t i o n of t h e 

c a r b o n y l n i t r e n e (81) o n t o a b e n z e n e r i n g g a v e t h e a z e p i n e (82) w h i c h 

97 

d i m e r i s e d u n d e r t h e r e a c t i o n c o n d i t i o n s . S u c h r e a c t i o n s a r e t h o u g h t 

to p r o c e e d b y i n i t i a l a d d i t i o n of t h e n i t r e n e to t h e a r o m a t i c r i n g 

to g i v e an a z a n o r c a r a d i e n e (a r e a c t i o n a n a l o g o u s to t h e a d d i t i o n o f 

n i t r e n e s to a l k e n e s ) f o l l o w e d b y r i n g o p e n i n g to g i v e t h e o b s e r v e d 

a z e p i n e s . T h e i n t e r m o l e c u l a r r e a c t i o n s of e t h o x y c a r b o n y l n i t r e n e s 

w i t h t h i o p h e n e s a n d p y r r o l e s h a v e a l r e a d y b e e n p r e s e n t e d ( s e c t i o n 1 . 4 . 3 . ) 
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XCON 

COX o 
cox 

X = N
3
, O E t 

(81) 

1 . 4 . 7 . R e a c t i o n w i t h n u c l e o p h i l e s . 

S u b s t i t u t e d b e n z o y l n i t r e n e s c a n r e a c t i n t r a m o l e c u l a r l y w i t h 

98 99 
n u c l e o p h i l e s . S o m e e x a m p l e s a r e s h o w n i n S c h e m e 1 2 . ' 

- C O . 

m i n o r 

N 

m a j o r 

oc 
o 

X

N 

OH 

SCHEME 12 
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T h e f i r s t s t e p i n t h e r e a c t i o n o f e t h o x y c a r b o n y l n i t r e n e w i t h 

t h i o p h e n e s ( e q u a t i o n 9) a n d p y r r o l e s a n d i n t h e r e a c t i o n s o f t h e 

c a r b o n y l a z i d e s (75) a n d (77) c a n b e c o n s i d e r e d to b e a n e l e c t r o p h i l i c 

a d d i t i o n of t h e n i t r e n e to t h e a r o m a t i c r i n g . I n t h e c a s e o f t h i o p h e n e s 

a n d p y r r o l e s , t h e s p e c i e s g e n e r a t e d c o u l d t h e n u n d e r g o r i n g o p e n i n g 

a n d r i n g c l o s u r e to g i v e t h e o b s e r v e d e t h o x y c a r b o n y l p y r r o l e s . 

r\ 

t P :NC02Et 

R 

^ V X N 

R 

re (A 
1 . 4 . 8 . I s o m e r i s a t i o n . 

T h e r e i s n o e v i d e n c e f o r t h e f o r m a t i o n of t h e p o t e n t i a l l y 

a n t i a r o m a t i c o x a z i r i n e (83) f r o m c a r b o n y l n i t r e n e s . S u c h a r e a c t i o n 

w o u l d b e a n a l o g o u s to t h e v i n y l n i t r e n e - a z i r i n e e q u i l i b r i u m . It i s 

p o s s i b l e , h o w e v e r , t h a t s u c h a s p e c i e s i s i n v o l v e d i n t h e w e l l k n o w n 

t h e r m a l a n d p h o t o c h e m i c a l r e a r r a n g e m e n t of n i t r i l e o x i d e s to i s o c y a n a t e s 

( S c h e m e 1 3 ) .
1 0 0 
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o 

R-C-N 

(83) 

0 

R-C-N 

R-NCO A o r h v R-CsN-0 

S C H E M E 1 3 

T h e a n a l o g o u s 3 - p h e n y l t h i a z i r i n e (84) w a s f o r m e d b y p h o t o l y s i s 

of a v a r i e t y of p r e c u r s o r s a t 1 0 - 1 5 K b u t n o e v i d e n c e f o r t h e i n i t i a l 

101 
f o r m a t i o n of t h i o a c y l n i t r e n e s w a s o b t a i n e d , 

r e a r r a n g e d to b e n z o n i t r i l e s u l p h i d e o n w a r m i n g a b o v e 2 0 K . 

T h e t h i a z i r i n e (84) 

102 

N-N 

P h O 

N-S 
Ph A 

(84) 

Ph- C=N —S 

1 . 5 . I M I D O Y L N I T R E N E S . 

1 . 5 . 1 . G e n e r a t i o n . 

I m i d o y l n i t r e n e s c a n b e g e n e r a t e d b y t h e r m a l o r p h o t o c h e m i c a l 

f r a g m e n t a t i o n of c o m p o u n d s of t h e g e n e r a l s t r u c t u r e ( 8 5 ) , a s w e l l a s 

b y p h o t o l y s i s of s u l p h i m i d e s , a n d b y o x i d a t i o n o f /l/-arylbenzamidines. 
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R
1

 , R 

) r
N

, 
N Y 

A o r h v 

Ry /R 
:N x=y 

(85) 

X - Y = N = N, O -C , C - 0 , 0 - P , o-s . 
II II D U ii 0 0 3 o 

y NH 
P b ( O A c ) 

c h
2
C ^ : 

R
f

 = P h , C H
2
P h 

1 . 5 . 2 . A c y c l i c i m i d o y l n i t r e n e s . 

(a) R e a c t i o n s of d i a r y l i m i d o y l n i t r e n e s . 

I m i d o y l n i t r e n e s c a n b e c o n s i d e r e d a s a z a a n a l o g u e s o f b o t h v i n y l -

n i t r e n e s a n d a c y l n i t r e n e s , a n d t h e y e x h i b i t a n a l o g o u s r e a c t i o n s . 

1 , 5 - D i p h e n y l t e t r a z o l e f o r m e d a m i x t u r e of 2 - p h e n y l b e n z i m i d a z o l e (86) 

(23%) a n d d i p h e n y l c a r b o d i i m i d e (87) (76%) o n t h e r m o l y s i s a b o v e 2 0 0°C.'^
4 

P h o t o l y s i s g a v e o n l y t h e b e n z i m i d a z o l e (86) 
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Ph Ph 

V 

Ph Ph 

w 
N: 
•• (88) 

0> 
H 

h + PhN=C=NPh 

(87) 

(86) 

G e n e r a t i o n of t h e i m i d o y l n i t r e n e (88) f r o m a v a r i e t y of p r e c u r s o r s 

u n d e r d i f f e r e n t c o n d i t i o n s g a v e v a r y i n g a m o u n t s o f t h e b e n z i m i d a z o l e 

a n d c a r b o d i i m i d e . " ^ W h e n t h e N-phenyl g r o u p i n t h e i m i d o y l n i t r e n e (88) 

i s s u b s t i t u t e d in t h e o - p o s i t i o n o t h e r r e a c t i o n s a r e p o s s i b l e . T h e 

r e l a t i v e a m o u n t s of e a c h of t h e p r o d u c t s ( 9 0 ) - ( 9 3 ) d e p e n d e d o n t h e 

c o n d i t i o n s u s e d (A o r h v ) a n d o n t h e i m i d o y l n i t r e n e p r e c u r s o r 

O t h e r e x a m p l e s of t h i s r e a c t i o n h a v e b e e n r e p o r t e d . ^
<

^
,

" * " ^ 

(89) 

R Ph 

V 

(89) 

A o r hv 
N v ^ P h 

(89) 

RN=C=NPh + 
(90) 

(91) 

( 9 0 ) + ( 9 3 ) 

R = 2 , 6 - d i m e t h y l p h e n y l (92) 
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C y c l i s a t i o n o n t o t h e b l o c k e d p o s i t i o n of t h e r i n g f o l l o w e d b y 

r e a r r a n g e m e n t s o c c u r r e d . T h e r e a c t i o n s of i m i d o y l n i t r e n e s d i f f e r 

in t h i s r e s p e c t f r o m t h o s e of v i n y l n i t r e n e s a n d c a r b o n y l n i t r e n e s . 

B o t h v i n y l n i t r e n e s a n d c a r b o n y l n i t r e n e s c a n f o r m a l l y i n s e r t i n t o 

a d j a c e n t m e t h y l g r o u p s a n d do n o t c y c l i s e to a b l o c k e d a r o m a t i c 

p o s i t i o n . D i r e c t m e c h a n i s t i c c o m p a r i s o n w i t h c a r b o n y l n i t r e n e r e a c t i o n s 

is n o t p o s s i b l e a s t h e r i n g c l o s u r e r e a c t i o n c a n n o t b e a n e l e c t r o c y c l i c 

o n e . T h e r e a s o n for t h i s d i f f e r e n c e in b e h a v i o u r b e t w e e n v i n y l - a n d 

i m i d o y l n i t r e n e s i s n o t o b v i o u s . U n d e r t h e c o n d i t i o n s n e c e s s a r y to 

g e n e r a t e the i m i d o y l n i t r e n e (89) (hv or h i g h t e m p e r a t u r e s ) , a z i r i n e s 

o f t e n , b u t n o t a l w a y s , u n d e r g o C - C b o n d c l e a v a g e , or r e a r r a n g e m e n t to 

72 

k e t e n i m i n e s or n i t r i l e s . No c y c l i s a t i o n of t h e v i n y l n i t r e n e 

o n t o a b l o c k e d p o s i t i o n is o b s e r v e d . 

(b) R e a c t i o n s of /l/-alkenylimidoylnitrenes. 

A v a r i e t y of 1 , 5 - d i s u b s t i t u t e d t e t r a z o l e s h a v e b e e n p r e p a r e d , 

w h i c h on p h o t o l y s i s g i v e r i s e to /l/-alkenylimidoylnitrenes. T h e s e 

n i t r e n e s b e h a v e a n a l o g o u s l y to t h e N—arylimidoylnitrenes (88) i n t h a t 

t h e y c y c l i s e g i v i n g i m i d a z o l e s in g o o d y i e l d s . No c a r b o d i i m i d e s w e r e 

o b s e r v e d , h o w e v e r . T h i s m e t h o d of p r e p a r a t i o n of i m i d a z o l e s a p p e a r s 

_ , 1 0 8 
to b e q u i t e g e n e r a l . 

R \ R
2

, R
3

 = H , M e , ( C H
2
) P h , C 0

2
M e ; 

= H , M e , P h 
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(c) R e a c t i o n w i t h a r o m a t i c s a n d a l k e n e s . 

I n t e r m o l e c u l a r r e a c t i o n s of i m i d o y l n i t r e n e s i n c l u d e a d d i t i o n t o 

a b e n z e n e r i n g to g i v e a z e p i n e s , ^ a d d i t i o n to a l k e n e s to g i v e 

a z i r i d i n e s ^ a n d a f o r m a l 1 , 3 - d i p o l a r c y c l o a d d i t i o n to a l k e n e s to 

1 0 9 

g i v e i m i d a z o l e s a n d d i h y d r o i m i d a z o l e s . 

T h e i m i d o y l n i t r e n e s (94a) a n d (94b) w e r e g e n e r a t e d b y t h e r m o l y s i s 

o r p h o t o l y s i s of t h e c o r r e s p o n d i n g a z i d e s . G e n e r a t i o n of (94a) i n 

b e n z e n e g a v e a 6 0 % y i e l d of t h e a z e p i n e ( 9 5 ) . T h e n i t r e n e (95b) d i d 

n o t r e a c t w i t h b e n z e n e . B o t h n i t r e n e s a d d e d s t e r e o s p e c i f i c a l l y to 
96 

o l e f i n s to g i v e a z i r i d i n e s (96) . 

E t O ^ N : 

(94a) X = C N EtO 

o 
(94b) X = S 0

2
C H

3 

CN 
(95) 

N "
X

 R
i /

X 

jy 
EtO N: 

X = C N , S 0
2
C H

3 

+ f Wf R1 

R2 

( 9 6 ) 

T h e r e a c t i o n of i m i d o y l n i t r e n e s (97) w i t h e n a m i n e s (98) to g i v e 

d i h y d r o i m i d a z o l e s a n d / o r i m i d a z o l e s w a s r a t i o n a l i s e d a s a 1 , 3 - d i p o l a r 

c y c l o a d d i t i o n , o r b y a n i n i t i a l a d d i t i o n of t h e n i t r e n e to t h e d o u b l e 
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b o n d f o l l o w e d b y r e a r r a n g e m e n t . I n t r a m o l e c u l a r 1 , 4 - a d d i t i o n of a n 

i m i d o y l n i t r e n e i s t h o u g h t to b e r e s p o n s i b l e f o r t h e f o r m a t i o n o f t h e 

t r i a z i n e ( 1 0 0 ) , b y t h e r m a l d e c o m p o s i t i o n of a z i d e ( 9 9 ) . 

HN 

NCI 

P y r i d i n e 

R1 

R
1

 = H , C H
3 

R
2

 = C H
3
P h 

CHC/: 

Ph - <
N
> R

2

 R
1

 = H 

I 

Ph 

X - ^ P h 

(98) X = H , C H
3 

C6H4R1 

(99) 

(d) M i s c e l l a n e o u s r e a c t i o n s . 

P h o t o l y t i c d e c o m p o s i t i o n o f 4 - p h e n o x y - t e t r a z o l e (101) g a v e a h i g h 

y i e l d of 2 - a m i n o b e n z o x a z o l e (102) (90%) / V - A c y l i m i d o y l n i t r e n e s 

( 1 0 3 a ) w e r e f o u n d to c y c l i s e to 1 , 2 , 4 - o x a d i a z o l e s ( 1 0 4 a ) in y i e l d s 

of u p to 7 0 % . ^ " ^ ^ - T h i o a c y l i m i d o y l n i t r e n e s ( 1 0 3 b ) b e h a v e d i n t h e 
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s a m e way.^""'"^ T h e s e r e a c t i o n s a r e a n a l o g o u s to t h e c y c l i s a t i o n of 

i V — a l k e n y l i m i d o y l n i t r e n e s to i m i d a z o l e s . 

PhO 

N-N 
JL N 

N' 
H 
(101) 

hv 

(102) 

NCOR1 

N=SMe2 _3Me2 

R 

N 

rvv JH , 
N: X 1 v > R 1 

^ X ' 

(10^ 

( 1 0 3 b ) , X = S ( 1 0 4 b ) , X = S 

2

 R

V v ( 1 0 3 a ) , X = 0 ( 1 0 4 a ) , X = 0 

1 . 5 . 3 . A n n e l a t e d i m i d o y l n i t r e n e s . 

I m i d o y l n i t r e n e s t h a t a r e p a r t o f a n a r o m a t i c s y s t e m w i l l b e d e a l t 

w i t h i n s e c t i o n 1 . 6 . T h e a n n e l a t e d i m i d o y l n i t r e n e s ( 1 0 5 ) a n d (106) 

w h i c h a r e g e n e r a t e d b y f l a s h v a c u u m p y r o l y s i s of t h e c o r r e s p o n d i n g 

t e t r a z o l e s w e r e f o u n d t o u n d e r g o r i n g c l e a v a g e a n d r e - c l o s u r e to g i v e 

116 
t h e x V - c y a n o p y r r o l i n e s ( 1 0 7 ) a n d (108) r e s p e c t i v e l y . 
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N ^ N : 

(105) 

o 
CN CN 

(107) 

ĈN 
(106) 

- O 
Nk i u 

NH 
i 

CN 

o N' 
l 
CN 

(108) 

1 . 6 . A R Y L N I T R E N E S . 

T h e e a r l y w o r k o n t h e g e n e r a t i o n a n d r e a c t i o n s of a r y l n i t r e n e s 

h a s b e e n r e v i e w e d b y S m i t h
1 0

" ^ a n d B o y e r ,
1 1

^ a n d t h e r e c e n t r e v i e w b y 

W e n t r u p
1 0

 i n c l u d e s a d i s c u s s i o n o n t h e g e n e r a t i o n a n d i n t r a m o l e c u l a r 

r e a c t i o n s of a r y l n i t r e n e s . 

1 . 6 . 1 . G e n e r a t i o n . 

A r y l n i t r e n e s h a v e b e e n w i d e l y s t u d i e d , p r i m a r i l y b e c a u s e t h e y a r e 

e a s i l y o b t a i n a b l e f r o m a w i d e r a n g e of p r e c u r s o r s a n d r e a c t to f o r m 

m a n y u s e f u l p r o d u c t s . M u c h m e c h a n i s t i c i n v e s t i g a t i o n i n t o t h e i r 

r e a c t i o n s h a s a l s o b e e n c a r r i e d o u t . A r y l n i t r e n e s c a n b e p r o d u c e d b y 

t h e r m o l y s i s a n d p h o t o l y s i s of a r y l a z i d e s , b y d e o x y g e n a t i o n of a r y l 

n i t r o s o - a n d n i t r o - c o m p o u n d s , b y r e a r r a n g e m e n t s of c a r b e n e s , b y r i n g 

o p e n i n g of a n t h r a n i l s a n d i n d a z o l e s , a n d b y a - e l i m i n a t i o n f r o m 

i V - a r y l h y d r o x y l a m i n e d e r i v a t i v e s .
1 0

 '
 1 1 8 - 1 2 7 
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1 . 6 . 2 . I n t r a m o l e c u l a r r e a c t i o n s . 

(a) C a r b e n e - n i t r e n e , n i t r e n e - n i t r e n e i n t e r c o n v e r s i o n s . F o r m a t i o n 

of a z e p i n e s , 1 , 2 - d i a m i n e s a n d p y r i d i n e s . 

A s m e n t i o n e d a b o v e , n i t r e n e s c a n i n t e r c o n v e r t w i t h c a r b e a e s . 

T h i s r e a c t i o n i s t h o u g h t to o c c u r via a z a c y c l o h e p t a t r i e n y l i d e n e s ( 1 0 9 ) , 

a n d / o r a z a c y c l o h e p t a t e t r a e n e s ( 1 1 0 ) , a n d / o r b e n z a z i r i n e s (111) a n d ( 1 1 2 ) . 

W e n t r u p
1 0

 p r e s e n t s t h e e v i d e n c e f o r a n d a g a i n s t t h e s e i n t e r m e d i a t e s , 

a n d c o n c l u d e s t h a t a n e q u i l i b r i u m p r o b a b l y e x i s t s b e t w e e n ( 1 1 0 ) a n d 

(109) o r ( 1 1 2 ) , ( 1 1 0 ) b e i n g t h e m o s t s t a b l e of t h e t h r e e s t r u c t u r e s . 

A z a a n a l o g u e s of c y c l o h e p t a t e t r a e n e c a n b e d e t e c t e d . 

CH 

(ill) 

N: 

o r 

(110) (109) (112) 

R2NH 

+ 
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W h e n a r y l n i t r e n e s a r e g e n e r a t e d i n t h e p r e s e n c e of n u c l e o p h i l e s 

s u c h a s a m i n e s , t h e p r o d u c t s i s o l a t e d a r e a z e p i n e s a n d 2 - s u b s t i t u t e d 

a n i l i n e s . T h e a z e p i n e s c a n o f t e n b e f o r m e d in q u i t e r e a s o n a b l e y i e l d s . 

S o m e e x a m p l e s a r e s h o w n i n S c h e m e 1 4 , a n d m a n y o t h e r s a r e k n o w n . 

h v 

RNH-

OCH, 

h v 

M e O H , 

N a O M e , 

T M E D A 

h v 

R N H
: 

SCHEME 12 
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T h e p o s t u l a t e d e q u i l i b r i u m b e t w e e n a r y l n i t r e n e s a n d b e n z a z i r i n e s 

(112) is a n a l o g o u s to t h e e q u i l i b r i u m b e t w e e n v i n y l n i t r e n e s a n d 

a z i r i n e s . T h e r e a c t i o n o f (112) [or (109) o r ( 1 1 0 ) ] w i t h n u c l e o p h i l e s 

i s a n a l o g o u s to t h e f a c i l e r e a c t i o n of a z i r i n e s w i t h n u c l e o p h i l e s . 

T h e r i n g o p e n i n g r e a c t i o n to g i v e t h e s e v e n - m e m b e r e d r i n g s (110) or 

(109) (and h e n c e t h e 2 - a m i n o a z e p i n e s ) w h i l e n o t t y p i c a l of t h e r m a l 

r e a c t i o n of a z i r i n e s , i s t y p i c a l of p h o t o c h e m i c a l r e a c t i o n s o f a z i r i n e s 

a n d l e d m a n y w o r k e r s to p r o p o s e i n t e r m e d i a t e (112) i n t h e c o n v e r s i o n of 

a r y l n i t r e n e s to a z e p i n e s a n d 1 , 2 - p h e n y l e n e d i a m i n e s . 

T h e a r y l n i t r e n e s (113) a n d (114) c a n i n t e r c o n v e r t a n d t h e i n t e r -

o 1 2 8 
m e d i a t e c y c l i c c a r b o d i i m i d e (115) w a s d e t e c t e d a t — 1 9 6 C . 

(115) 

N: 
(114) 

A r y l n i t r e n e s s u c h a s (116) w i t h a n ovtho-methyl g r o u p do n o t 

u n d e r g o i n s e r t i o n to g i v e a f o u r - m e m b e r e d r i n g . I n s t e a d , r e a r r a n g e m e n t 

, . . . . . 1 0 , 1 2 9 , 1 3 0 
to c a r b e n e s c a n o c c u r , g i v i n g p y r i d i n e s . 
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(b) R e a c t i o n w i t h s a t u r a t e d s i d e c h a i n s . 

T h e t h e r m o l y s i s of a r y l a z i d e s o r t h e d e o x y g e n a t i o n of n i t r o -

b e n z e n e s w i t h a l k y l s i d e c h a i n s l e a d s to i n d o l i n e d e r i v a t i v e s a n d 

s m a l l a m o u n t s of t e t r a h y d r o q u i n o l i n e d e r i v a t i v e s . T h e r e a c t i o n i s 

o f t e n r e g i o s p e c i f i c g i v i n g i n d o l i n e s o n l y . W h e n t h e p r e c u r s o r i s a n 

a z i d e h i g h s t e r e o s p e c i f i c i t y o c c u r s o n f l a s h v a c u u m p y r o l y s i s , b u t 

s o l u t i o n t h e r m o l y s i s l e a d s to l o w e r s t e r e o s e l e c t i v i t y (60% r e t e n t i o n 

12 103 
of c o n f i g u r a t i o n ) d u e to t h e f o r m a t i o n of t r i p l e t n i t r e n e s . ' 
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/V-Alkyl- or i l Z - c y c l o a l k y l - o - a m i n o p h e n y l n i t r e n e s g i v e the s i d e 

13 1 0 3 

c h a i n i n s e r t i o n p r o d u c t s b e n z i m i d a z o l i n e s a n d b e n z i m i d a z o l e s . ' 

B e n z i m i d a z o l e s s u b s t i t u t e d in t h e 1 - a n d / o r 2 - p o s i t i o n s a r e the 

i s o l a t e d p r o d u c t s of t h i s r e a c t i o n , b u t t h e i n t e r m e d i a t e b e n z i m i d a z o l i n e s 
103 

w e r e t r a p p e d u n d e r n o n - o x i d a t i v e c o n d i t i o n s . S o m e e x a m p l e s a r e 

g i v e n in S c h e m e 1 5 . 

r r 

H 
N ^ P h 

F e C
2
0

A 

^ ^ X ^ N O , 2 2 0 - 2 4 0° C 

Ha 
PhNO-

1 6 5 - 1 7 0 C 

n = 3 , 4 , 5 

S C H E M E 15 

(c) R e a c t i o n w i t h u n s a t u r a t e d s i d e c h a i n s . 

A r y l a z i d e s w i t h an u n s a t u r a t e d g r o u p at t h e o—position o f t e n 

d e c o m p o s e a t r e l a t i v e l y l o w t e m p e r a t u r e s , via a c o n c e r t e d p a t h w a y 

w h i c h d o e s n o t i n v o l v e n i t r e n e s . T h u s , a r y l a z i d e s w i t h c - n i t r o , 
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a c y l a n d t h i o a c y l g r o u p s g a v e b e n z o f u r o x a n s , a n t h r a n i l s a n d t h i o -

a n t h r a n i l s r e s p e c t i v e l y , a n d o - i m i d y l a n d azo g r o u p s g a v e 2 H -

i n d a z o l e s a n d 2 # - b e n z o t r i a z o l e s r e s p e c t i v e l y ( S c h e m e 1 6 ) . 

03" 
X = C H , N; Y = N 

S C H E M E 16 

R e a c t i o n s o f a z i d e s i n w h i c h t h e o - g r o u p i s - C R = C R
2
 o r - N = C R

2 

u s u a l l y o c c u r via n i t r e n e s ( e q u a t i o n s 16 a n d 17) a s d o s o m e r e a c t i o n s 

i n w h i c h a n i t r o g r o u p i s t h e n i t r e n e p r e c u r s o r .
1 0 , 1

" ^ D e o x y g e n a t i o n 

of c>-nitroso o r o - n i t r o b e n z a l d i m i n e s (117) g a v e 2 - a r y l - 2 # - i n d a z o l e s 

13 
(118) ( e q u a t i o n 1 7 ) . S i m i l a r l y , i t h a s b e e n p r o p o s e d t h a t 
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c > - c y a n o p h e n y l n i t r e n e is in e q u i l i b r i u m w i t h t h e c y c l i c c o m p o u n d (119) 

1 3 1 

( e q u a t i o n 1 8 ) . T h i s r e a c t i o n s e e m s f a r l e s s l i k e l y t h a n t h o s e 

s h o w n in S c h e m e 16 d u e to t h e l i n e a r s t r u c t u r e o f t h e n i t r i l e . 

C02Me 
x CO,Me 

X = 0 , S , Se 

N ^ R 

X 
I y-R (16) 

N 
H 

X = N 3 , NO2 

nc
x 

(117) (118) 

(17) 

X = NO, N02 
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T r e a t m e n t of t h e n i t r o c i n n a m a t e d e r i v a t i v e (120) w i t h t r i e t h y l 

p h o s p h i t e d i d n o t p r o d u c e a n i n d o l e , b u t r a t h e r t h e q u i n o l i n e 

d e r i v a t i v e ( 1 2 1 ) . It w a s p r o p o s e d t h a t t h i s r e a c t i o n o c c u r r e d via 

1 3 2 
t h e c o r r e s p o n d i n g n i t r e n e . 

P ( O E t ) 

NO2 

(120) 

(d) C y c l i s a t i o n o n t o a n a d j a c e n t r i n g . 

In t h e p r e v i o u s s e c t i o n [ 1 . 6 . 2 . ( c ) ] c y c l i s a t i o n o n t o ^ - u n s a t u r a t e d 

s i d e c h a i n s g a v e r i s e to f u s e d f i v e - m e m b e r e d h e t e r o c y c l e s . C y c l i s a t i o n 

of n i t r e n e s o n t o a d j a c e n t r i n g s l e a d s to t h e f o r m a t i o n of b o t h five--

a n d s i x - m e m b e r e d h e t e r o c y c l e s . 

C a r b a z o l e s (122) a r e f o r m e d f r o m s i n g l e t 2 - n i t r e n o b i p h e n y l s , 

p r o b a b l y via e l e c t r o c y c l i c r i n g c l o s u r e to a n i n t e r m e d i a t e 4 a # - c a r b a z o l e 

( 1 2 3 ) . T r i p l e t n i t r e n e s g a v e a m i n e s a n d a z o b i p h e n y l s via h y d r o g e n 

a b s t r a c t i o n a n d n i t r e n e d i m e r i s a t i o n , r e s p e c t i v e l y . T r i p l e t n i t r e n e s a r e 

a l s o r e s p o n s i b l e f o r t h e f o r m a l i n s e r t i o n r e a c t i o n l e a d i n g to p h e n a n -

1 3 3 

t h r i d i n e s ( 1 2 4 ) . T h e t e t r a c y c l i c r i n g s y s t e m s ( 1 2 5 ) h a v e b e e n 

p r e p a r e d in t h e s a m e w a y .
1

" ^ 

C y c l i s a t i o n c a n a l s o t a k e p l a c e o n t o f i v e - a n d s i x - m e m b e r e d h e t e r o -

c y c l i c r i n g s t o g i v e a v a r i e t y of f u s e d n i t r o g e n - c o n t a i n i n g h e t e r o -
1 3 5 c y c l i c s . T h i s r e a c t i o n h a s b e e n r e v i e w e d . W h e n t h e h e t e r o c y c l i c r i n g 
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(124) 

P ( O E t ) 

NO 

(125) 

X - C ( C 0
2
E t )

2
, N M e , N C H

2
P h , 0 , S , S 0

2
, S - S , C H

2
- 0 , C ( O M e ) = C H , C ( O M e ) = N . 

w a s a t t a c h e d via t h e h e t e r o a t o m a s in (126) a n d ( 1 2 9 ) , s i n g l e t n i t r e n e s 

g a v e m e s o i o n i c s t r u c t u r e s (127) a n d (130) w h e r e a s t r i p l e t n i t r e n e s 

r e a c t e d w i t h a l k y l g r o u p s to g i v e s i x - m e m b e r e d r i n g s [e.g.
3
 ( 1 2 8 ) ]. 

M e s o i o n i c h e t e r o c y c l e s of t h i s t y p e h a v e b e e n m a d e b y p h o t o l y s i s of 

2 - ( 2 ' - a z i d o a r y l ) p y r i d i n e s a n d b y d e o x y g e n a t i o n of 2 - ( 2 ' - n i t r o a r y l ) -

p y r i d i n e s a n d 2 - ( 2 ' - n i t r o s o a r y l ) p y r i d i n e s w i t h t r i e t h y l p h o s p h i t e 

( e q u a t i o n 1 9 ) . 
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X = N
3
, N O , N 0

2 

(19) 

T r i p l e t n i t r e n e s c a n n o t i n s e r t i n t o a d j a c e n t m e t h y l g r o u p s 

in a c o n c e r t e d m a n n e r . T h e m e c h a n i s m is m o s t likely to b e s t e p w i s e 

b y i n i t i a l H* a b s t r a c t i o n , f o l l o w e d b y s p i n p a i r i n g o f t h e d i r a d i c a l , 

w h i c h t h e n c y c l i s e s . D e h y d r o g e n a t i o n t h e n g i v e s t h e o b s e r v e d p r o d u c t s 

(124) a n d ( 1 2 8 ) ( S c h e m e 1 7 ) . 

W h e n t h e a d j a c e n t h e t e r o c y c l e i s a t t a c h e d via c a r b o n t h e n t h e 

n i t r e n e c y c l i s e s to g i v e f u s e d i n d o l e a n d i n d a z o l e d e r i v a t i v e s , o r 

if it i s a h e t e r o a r y l n i t r e n e , f u s e d p y r r o l e d e r i v a t i v e s ( S c h e m e 1 8 ) . 
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(126) 

CH2 

NH 

( 1 2 4 ) 

-H< 

(128) 
SCHEME 17 

X = N 3 , NO 2 

X = S , NR 
SCHEME 18 
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A s w a s t h e c a s e w i t h v i n y l n i t r e n e s [ S e c t i o n 1 . 3 . 3 . ( b ) ], a r y l -

n i t r e n e s c y c l i s e o n t o p o s i t i o n s of h i g h e s t e l e c t r o n d e n s i t y ( e q u a t i o n 

1 9 ) , a n d o n t o t h e p o s i t i o n s w h i c h g i v e t h e m o s t s t a b l e p r o d u c t s 

( S c h e m e 1 8 ) . M a n y m o r e e x a m p l e s o f t h e a b o v e r e a c t i o n s a r e d e s c r i b e d 

1 0 , 1 2 , 1 3 , 1 3 2 , 1 3 6 . . 
m r e c e n t r e v i e w s . T h e a r y l n i t r e n e s of t h e t y p e 

d e s c r i b e d a b o v e c a n a l s o b e f o r m e d b y c a r b e n e - n i t r e n e r e a r r a n g e m e n t . 

(e) C y c l i s a t i o n b e t w e e n b r i d g e d r i n g s . 

2 - A z i d o d i p h e n y l m e t h a n e g a v e t h e 1 0 # - a z e p i n o [ 1 , 2 - a J i n d o l e ( 1 3 1 ) 

1 3 6 

i n 5 6 % y i e l d o n p y r o l y s i s i n t h e l i q u i d p h a s e . T h i s r e a c t i o n i s 

a n a l o g o u s to t h e r e a c t i o n s of c a r b o n y l n i t r e n e s w i t h a r o m a t i c r i n g s 

( s e c t i o n 1 . 4 . 6 . ) , a n d to t h e i n t e r m o l e c u l a r r e a c t i o n of i m i d o y l -

n i t r e n e s w i t h b e n z e n e [ s e c t i o n 1 . 5 . 2 . ( b ) ] . T h i s i n t r a m o l e c u l a r r e a c t i o n 

of a r y l n i t r e n e s ( e q u a t i o n 20) h a s r e c e n t l y b e e n o b s e r v e d f o r e l e c t r o n 
1 3 7 

d e f i c i e n t a r o m a t i c r i n g s . T h e p r e s e n c e of p y r r y l , f u r y l a n d t h i e n y l 

r i n g s o n t h e m e t h y l e n e b r i d g e l e d to s u b s t i t u t i o n a n d r e a r r a n g e m e n t 

p r o d u c t s w h i c h c o n t a i n e d f i v e - a n d s i x - m e m b e r e d n i t r o g e n - c o n t a i n i n g 

r i n g s .
1 0

 A n e x a m p l e is s h o w n in e q u a t i o n 2 1 . 

(20) 

(131) 
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W h e n t h e b r i d g i n g g r o u p i s S , 0 , N R , S 0
2
 o r C O t h e n t h e m a j o r 

p r o d u c t s w e r e t h e f u s e d s i x - m e m b e r e d h e t e r o c y c l i c s (132) a n d (133) 

( S c h e m e 1 9 ) . C y c l i s a t i o n w i t h r e a r r a n g e m e n t via a s p i r o i n t e r -

m e d i a t e (134) g a v e ( 1 3 3 ) , w h e r e a s c y c l i s a t i o n w i t h o u t r e a r r a n g e m e n t 

g a v e ( 1 3 2 ) . 

X = s, so
: 

X = s , S 0
2
, 0 

C O , N R 

S C H E M E 19 

T h e a b o v e r e a c t i o n s ( e q u a t i o n 2 0 , S c h e m e 1 9 ) a r e e x a m p l e s o f 

e l e c t r o p h i l i c a t t a c k of a n i t r e n e o n an a r o m a t i c r i n g a n d a r e a n a l o g o u s 

to t h e m e c h a n i s m s p r o p o s e d f o r t h e i n t e r m o l e c u l a r r e a c t i o n of e t h o x y -

c a r b o n y l n i t r e n e w i t h t h i o p h e n e s a n d p y r r o l e s ( s e c t i o n 1 . 4 . 7 . ) , a n d 

t h e i n t r a m o l e c u l a r r e a c t i o n s o f a r y l c a r b a m o y l n i t r e n e s a n d a r o y l -

n i t r e n e s ( s e c t i o n 1 . 4 . 6 . ) . 

T h e s y s t e m w h i c h h a s b e e n m o s t s t u d i e d is t h a t w i t h a s u l p h u r 

1 3 8 

b r i d g i n g g r o u p . W h e n the 5 - a r y l c h a i n h a s o - m e t h y l g r o u p s t h e n 

r e a r r a n g e m e n t g i v e s t h e a z e p i n e (135) a n d t h i a z e p i n e ( 1 3 6 ) . T h i o -
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a m i n o p h o s p h o r a n e s , e.g.
3
 (137) w e r e i s o l a t e d w h e n t h e n i t r e n e w a s 

g e n e r a t e d b y d e o x y g e n a t i o n of n i t r o g r o u p s b y t r i v a l e n t p h o s p h o r u s 

r e a g e n t s . T h e p r o p o s e d a z e p i n e (135) p r e c u r s o r , a b e n z a z i r i d i n e 

(138) c o u l d be f o r m e d f r o m t h e s p i r o i n t e r m e d i a t e (134) (X = S) or 

c o u l d c o n c e i v a b l y b e f o r m e d d i r e c t l y f r o m t h e n i t r e n e b y a d d i t i o n 

to t h e a r o m a t i c r i n g . 

X = N
3
, 

NO
 2 

(138) 

(136) 

Z Z T \ + O T H E R P R O D U C T S 

(135) 

Ph 

U n e x p e c t e d l y , t h e o r t A z c - a z i d o b e n z o a t e (139) g a v e c a r b a z o l e s (140) 

139 

o n f l a s h v a c u u m p y r o l y s i s . C y c l i s a t i o n onto a n i m i d a z o l e r i n g 

p r o c e e d e d via r e a r r a n g e m e n t to g i v e the i m i d a z o p y r i m i d i n e ( 1 4 1 ) , 
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t o g e t h e r w i t h s m a l l a m o u n t s of t h e p r o d u c t of d i r e c t c y c l i s a t i o n o n t o 

1 4 0 

n i t r o g e n ( 1 4 2 ) . A g a i n , a m e c h a n i s m i n v o l v i n g e l e c t r o p h i l i c a t t a c k 

of t h e n i t r e n e o n t o t h e h e t e r o - r i n g c a n b e i n v o k e d . 

Cl

0&> 
(141) 

(142) 

(f) R e a c t i o n w i t h n u c l e o p h i l e s . 

A r y l n i t r e n e s c a n r e a c t i n t r a m o l e c u l a r l y w i t h n u c l e o p h i l e s to g i v e 

a v a r i e t y of h e t e r o c y c l i c p r o d u c t s . T h e r e a c t i o n w i t h t h e h e t e r o a t o m 

o n a n a d j a c e n t h e t e r o c y c l e to f o r m m e s o i o n i c c o m p o u n d s c a n b e c o n s i d e r e d 

a s e x a m p l e s of t h i s t y p e of r e a c t i o n [ s e c t i o n 1 . 6 . 2 . ( d ) ] a s c a n t h e 

r e a c t i o n s d e s c r i b e d i n t h e p r e v i o u s s e c t i o n [ 1 . 6 . 2 . ( e ) ] to g i v e s p i r o 
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i n t e r m e d i a t e s . A r y l n i t r e n e s a l s o r e a c t w i t h a z i d o g r o u p s , a m i n e s 

a n d a z o g r o u p s . E x a m p l e s of t h i s i n c l u d e t h e p h o t o l y s i s of t h e 

b i s - a z i d e (143) a t 77 K to g i v e benzo[<? J c i n n o l i n e ( 1 4 4 ) , t h e 

f o r m a t i o n of benzo[<? <i]indazole (146) b y i r r a d i a t i o n of 1 , 8 - d i a z i d o -

1 4 2 
n a p h t h a l e n e in a m a t r i x a t 77 K , a n d t h e f o r m a t i o n of t h e d i h y d r o -

1 4 3 

b e n z i n d a z o l e (149) b y t h e r m o l y s i s of t h e a z i d e ( 1 4 8 ) . P h o t o l y s i s 

of t h e b i s a z i d e (143) a t r o o m t e m p e r a t u r e g a v e t h e a z i d o c a r b a z o l e 

( 1 4 5 ) .
1 4 1 

(145) 

hv 

2 9 3 K 

(143) 

hv 

77 K 

hv 

N: N3 N = N 

-N; 

(146) 

(148) (149) 
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T h e n i t r e n e s d e r i v e d f r o m 3 - a z i d o t h i o p h e n e s (150), - f u r a n ( 1 5 1 ) 

a n d a r y l a z i d e s (152) w e r e i n t e r c e p t e d b y s u l p h u r n u c l e o p h i l e s to g i v e 

c y c l i c s u l p h u r - n i t r o g e n y l i d e s , a n a l o g o u s to t h o s e d e s c r i b e d i n 

i o w i ^ 69 ,144 
s e c t i o n 1 . 3 . 3 . ( b ) . 

N3 SR A , — / N ~ S R .—f""3 SR 
E 

(150) X = S , R = M e , P h 8 0 - 8 5 % 

(151) X = 0 , R = P h 

N 
SR 

•E 

(152) R = P h , M e 

1 . 6 . 3 . I n t e r m o l e c u l a r R e a c t i o n s . 

(a) R e a c t i o n s w i t h a l k e n e s . 

T h e r e a r e f e w e x a m p l e s o f a d d i t i o n of a n a r y l n i t r e n e to a l k e n e s 

to g i v e a z i r i d i n e s . M a n y of t h e e a r l y a t t e m p t s t o g e n e r a t e a n i t r e n e 

i n t h e p r e s e n c e o f a n a l k e n e w e r e c o m p l i c a t e d b y t h e f a c t t h a t a z i d e 

p r e c u r s o r s a d d e d to t h e a l k e n e to g i v e t r i a z o l i n e s a t t e m p e r a t u r e s 

l o w e r t h a n t h o s e r e q u i r e d f o r n i t r e n e f o r m a t i o n . P h o t o l y s i s of p e n t a -

f l u o r o p h e n y l a z i d e a n d d e o x y g e n a t i o n of n i t r o p e n t a f l u o r o b e n z e n e g a v e 

p e n t a f l u o r o p h e n y l n i t r e n e w h i c h a d d e d s t e r e o s p e c i f i c a l l y to a v a r i e t y 

1 4 5 
of a l k e n e s g i v i n g a z i r i d i n e s . S i m i l a r l y p h e n y l n i t r e n e , g e n e r a t e d 
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b y a - e l i m i n a t i o n of t h e h y d r o x y l a m i n e d e r i v a t i v e (153), a d d e d to 

c y c l o h e x e n e to g i v e a l o w y i e l d of t h e c o r r e s p o n d i n g aziridine. 
146 

hv 

C I 

C I 

CRF 61 5 
H ^ C I 

27% 

/ S I M e g 

Ph N 
OSiMe2 

(153) 

- •PhN: PhNH2 + 

5 3 % 

2% 

(b) R e a c t i o n w i t h n i t r i l e s . 

T h e n i t r e n e g e n e r a t e d f r o m t h e a z i d o t r i a z i n e (154) r e a c t e d w i t h 

n i t r i l e s to g i v e t h e f u s e d 1 , 2 , 4 - t r i a z o l e s ( 1 5 6 ) - ( 1 5 8 ) , p r o b a b l y in 

M e O N ^ N v ^ N 

N^ N V 
OMe 

(154) 

Me 

MeN N ^ 4 

V R 

(156) 

R C N i r r .. 
N^ N +CR 

V 
MeO 

(155) 

MeN T R 
(157) 

MeO 

V 
OMe 

Me 
i 

X , R OMe 

(158) 

R = M e , E t , P h 
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a s t e p w i s e m a n n e r via (155) . T h i s r e a c t i o n i s a n a l o g o u s to t h e 

r e a c t i o n of c a r b o n y l n i t r e n e s w i t h n i t r i l e s ( s e c t i o n 1 . 4 . 5 . ) . 

(c) R e a c t i o n w i t h b e n z e n e . 

I n t r a m o l e c u l a r e x a m p l e s o f t h e a d d i t i o n of n i t r e n e s to b e n z e n e 

r i n g s h a v e a l r e a d y b e e n d i s c u s s e d . T h e f o r m a t i o n of / V - p h e n y l a z e p i n e 

b y d e o x y g e n a t i o n of n i t r o s o b e n z e n e in b e n z e n e m a y b e a n i n t e r m o l e c u l a r 

1 4 8 

e x a m p l e of t h i s r e a c t i o n . T h e a u t h o r s , h o w e v e r , b e l i e v e t h a t a 

n i t r e n o i d (159) m a y b e t h e s p e c i e s i n v o l v e d in t h e r e a c t i o n . 

(d) R e a c t i o n w i t h a n h y d r i d e s . 

D e r i v a t i v e s of p h e n y l a z i d e s u b s t i t u t e d b y e l e c t r o n - w i t h d r a w i n g 

g r o u p s a n d w i t h t h e p - p o s i t i o n b l o c k e d g i v e h i g h y i e l d s o f 2 , 6 - d i -

s u b s t i t u t e d b e n z o x a z o l e s w h e n d e c o m p o s e d i n t h e p r e s e n c e of a n h y d r i d e s . 

T h e m e t h o d of d e c o m p o s i t i o n m a y b e e i t h e r t h e r m a l o r p h o t o c h e m i c a l , 

a n d t h e a n h y d r i d e m a y b e p r e f o r m e d o r g e n e r a t e d i n s i t u b y t h e a c t i o n 

o f p o l y p h o s p h o r i c a c i d o n c a r b o x y l i c a c i d s . A r y l a z i d e s o t h e r t h a n 

p h e n y l a z i d e s h a v e a l s o b e e n u s e d to g i v e a v a r i e t y of a n n e l a t e d 

b e n z o x a z o l e s . ^ 5 , 1 4 7 , 1 4 8 R
e
p

r e s e n
t a t i v e e x a m p l e s a r e s h o w n i n S c h e m e 

20. 
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OCOR F ^ V 

+ (RCOLO 

NCOR 

OCOR 

SCHEME 20 

H aNCOR , OCOR 

X = N 0
2
, R = M e , E t 

X = C 0
2
H , R = M e 

1 . 6 . 4 . R i n g C o n t r a c t i o n o r R i n g O p e n i n g . 

W h e n n o o t h e r i n t e r - o r i n t r a m o l e c u l a r p a t h w a y i s a v a i l a b l e 

a r y l n i t r e n e s w i l l u n d e r g o r i n g c o n t r a c t i o n to a f i v e - m e m b e r e d r i n g 

o r w i l l r i n g o p e n . M a n y f i v e - m e m b e r e d n i t r o g e n - c o n t a i n i n g r i n g s c a n 

b e f o r m e d i n t h i s w a y ( S c h e m e 2 1 ) .
1 0

 T h e s e r e a c t i o n s a r e f o r m a l l y 

a n a l o g o u s to t h e r e a r r a n g e m e n t s of v i n y l n i t r e n e s to n i t r i l e s ( s e c t i o n 

1 . 3 . 2 . ) , a n d t h e r i n g c o n t r a c t i o n r e a c t i o n s of a n n e l a t e d i m i d o y l -

n i t r e n e s ( s e c t i o n 1 . 5 . 3 . ) , t h o u g h d i f f e r e n t m e c h a n i s m s m a y b e i n v o l v e d . 

1 . 6 . 5 . F i v e - M e m b e r e d H e t e r o a r y l n i t r e n e s . 

T h e m o s t c o m m o n r e a c t i o n o f f i v e - m e m b e r e d h e t e r o a r y l n i t r e n e s i s 

r i n g o p e n i n g .
1 0

 2 - S u b s t i t u t e d - 3 - a z i d o t h i o p h e n e s (160) (X = S M e , S P h ) , 

h a v e b e e n d e s c r i b e d w h i c h d o n o t r i n g o p e n b u t s u c h t h i o p h e n e a z i d e s 
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(X: O-CN 

X = CH, N 

N: 

N 

N j ) O - o N' 
i 

CN 

fragment with loss of acetylene when X = N
3
. 150 

r - C
N > x o> E X = SMe, SPh 

(160) 
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R i n g o p e n i n g r e a c t i o n s w e r e p o s t u l a t e d to a c c o u n t f o r t h e 

t r a n s f o r m a t i o n of t h e a z i d e s (161) i n t o t e t r a z i n e s ( 1 6 2 ) ( e q u a t i o n 

22) a n d f o r t h e f o r m a t i o n o f t r i a z o l e s ( 1 6 5 ) a n d t r i a z i n e s ( 1 6 4 ) f r o m 

d i a m i n e s ( 1 6 3 ) ( e q u a t i o n 2 3 ) . 

N - N 

R ^ N : N 
NH. 

t 110°C 

N-N 

NK 

(161) 

N=N 
R-(\ CN 

N—NH2 

(162) 

R = H , P h 

(22) 

R V - N 

NH: 

( 1 6 3 ) 

MnO-

R S ^ N v ^ N H fT 
( 1 6 4 ) ca. 1 0 % 

(23) 

(165) ca. 5 0 % 
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1 . 7 . A M I N O N I T R E N E S ( 1 , 1 - D I A Z E N E S ) . 

1 . 7 . 1 . G e n e r a t i o n . 

A m i n o n i t r e n e s a r e r e l a t i v e l y s t a b l e , h a v i n g a r e s o n a n c e s t a b i l i s e d 

1 , 1 - d i a z e n e f o r m . T h e g r o u n d s t a t e i s p r o b a b l y a s i n g l e t n i t r e n e . 

R \ .. R , \ + -N—N: N=N 

R 2 / R 2 / 

D e t a i l s of t h e g e n e r a t i o n a n d g e n e r a l r e a c t i o n s of a m i n o n i t r e n e s 

a r e c o n t a i n e d i n s e v e r a l r e v i e w s . T h e r e a c t i o n s o f c y c l i c 

a m i n o n i t r e n e s a r e s i m i l a r to t h o s e of h e t e r o a r y l n i t r e n e s i n t h a t 

10 
f r a g m e n t a t i o n r e a c t i o n s a r e c o m m o n . 

1 . 7 . 2 . R e a c t i o n w i t h a l k e n e s . 

L e a d t e t r a a c e t a t e o x i d a t i o n of 3 - a m i n o b e n z o x a z o l i n e in t h e p r e s e n c e 

rrv 

O 
R" 

Pb(OAc~)-. 

NH. 
N R2 

I
 3 

R3 

6 0 % , R
1

 = M e , R
: 

6 7 % , R
1

 = H , R
: 
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of a l k e n e s a n d d i e n e s l e d to a z i r i d i n e f o r m a t i o n , s t e r e o s p e c i f i c a l l y , a n d 

154 
in h i g h y i e l d . 1 , 4 - A d d u c t s w e r e n o t f o r m e d b u t c o u l d b e p r e p a r e d 

155 
f r o m the 1 , 2 - a d d u c t s b y t h e r m a l r e a r r a n g e m e n t . 

A n i n t r a m o l e c u l a r e x a m p l e of t h e a d d i t i o n of a m i n o n i t r e n e s to 

a l k e n e s is the f o r m a t i o n of t h e c a g e c o m p o u n d (168) b y o x i d a t i o n of 

t h e h y d r a z i n e ( 1 6 7 ) . O t h e r e x a m p l e s of i n t e r - a n d i n t r a m o l e c u l a r 

a d d i t i o n of a m i n o n i t r e n e s to a l k e n e s a r e c o n t a i n e d in the l i t e r a t u r e . 

P b ( O A c ) 

(168) 

1 . 7 . 3 . R e a c t i o n w i t h a c e t y l e n e s . 

T h e a d d i t i o n of an a m i n o n i t r e n e to a c e t y l e n e s i n i t i a l l y g a v e 

a n t i a r o m a t i c 1H—azirines w h i c h r a p i d l y i s o m e r i s e d to 2 - a m i n o - 2 # 

, 158 
a z i r i n e s ( e q u a t i o n 2 2 ) . 

RON-NH. 
EtCSECEt 
Pb(OAc). 

Et Et w 
N 
NR. 

~ V
Et 

NR. 

(22) 

R 2 N- Q3-
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1 . 7 . 4 . R e a c t i o n w i t h a r o m a t i c s . 

T h e a m i n o n i t r e n e g e n e r a t e d b y e x t r u s i o n f r o m ( 1 6 9 ) , o r b y l e a d -

t e t r a a c e t a t e o x i d a t i o n of t h e h y d r a z i n e (170) a s b e f o r e , a d d e d to 

w - d i m e t h o x y b e n z e n e to g i v e t h e b i c y c l i c a z i r i d i n e (171) w h i c h r e a r r a n g e d 

to t h e a z e p i n e (172) or t h e a n i l i n e ( 1 7 3 ) d e p e n d i n g o n t h e m e t h o d o f 

159 

f o r m a t i o n . When t h e a m i n o n i t r e n e a n d t h e a r o m a t i c r i n g w e r e l i n k e d 

t h e n a n i n t r a m o l e c u l a r r e a c t i o n a n a l o g o u s to t h e f o r m a t i o n o f a n i l i n e 

( 1 7 3 ) o c c u r r e d . 

OMe 

Qm) 

N-NR 2 
A 

OMe 

t 
N R 2 

OMe 

(172) 
(171) 

NHNR 2 

R2N-NH2
 P b

<
0 A c

^ • (171) 

(170) 

1 , 3 - d i m e t h o x y -
• 

b e n z e n e M 
OMe 

(173) 

R
2
N = P h t h a l i m i d o 
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1 . 7 . 5 . R i n g e x p a n s i o n . 

T h e m a j o r r e a c t i o n of f i v e - a n d s i x - m e m b e r e d c y c l i c a m i n o n i t r e n e s 

i s to r i n g o p e n o r to f r a g m e n t . S o m e f i v e - m e m b e r e d a m i n o n i t r e n e s c a n 

r e a r r a n g e to s i x - m e m b e r e d h e t e r o c y c l i c s . T h e n i t r e n e d e r i v e d f r o m 

3 - a m i n o b e n z o x a z o l m e ( 1 6 6 ) d i d n o t f r a g m e n t w h e r e a s t h e a n a l o g o u s 

1 - a m i n o i o . ^ i j o l e (174) r i n g e x p a n d e d o n o x i d a t i o n . ^ ^ S i m i l a r l y , 

o x i d a t i o n of 1 - a n d 2 - a m i n o o x i n d a z o l e s (175 a , b ) g a v e t h e r i n g 

e x p a n d e d 1 , 2 , 3 - t r i a z i n e s ( 1 7 7 ) . T h e s e w e r e a l s o f o r m e d b y o x i d a t i o n 

161 
of l - a m i n o q u i n a z o l - 2 - o n e s ( 1 7 6 ) . F l a s h v a c u u m p y r o l y s i s o r p h o t o l y s i s 

162 
of t r i a z i n e s (17 7) (X = C H ) g a v e b e n z a z e t e s . 

00° 
NH. 

(174) 

P b ( O A c ) 
OH 

( 1 7 5 a ) 

OCsK̂O 

N-NH 

NH 

420°C 

X = C H 

X = C H , N 

(176) 
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Oil t r e a t m e n t of t h e s u l p h o n y l h y d r a z i n e (178) w i t h s o d i u m 

m e t h o x i d e i n m e t h a n o l 1 , 4 , 5 , 6 - t e t r a h y d r o p y r i d a z i n e w a s f o r m e d , 

.. , , . . 1 5 2 
p r e s u m a b l y v i a t h e a m i n o n i t r e n e . 

1 . 8 . C Y A N O N I T R E N E . 

1 . 8 . 1 . G e n e r a t i o n a n d r e a c t i o n s . 

T h e r m a l d e c o m p o s i t i o n of c y a n o g e n a z i d e in c y c l o o c t a t e t r a e n e 

g a v e a m i x t u r e of p r o d u c t s (179) a n d (180) d e r i v e d f r o m 1 , 2 - a n d 1 , 4 -

a d d i t i o n of t h e n i t r e n e . I t w a s s h o w n t h a t (180) i s n o t d e r i v e d f r o m 

(179) a n d i t w a s p r o p o s e d t h a t (179) w a s f o r m e d f r o m a s i n g l e t n i t r e n e 

16 3 

a n d (180) f r o m a t r i p l e t n i t r e n e . T h e 1 , 4 - a d d i t i o n r e a c t i o n is 

v e r y r a r e . 

H NHTs 
(178) 

+ 

(179) (180) 

C y a n o g e n a z i d e r e a c t e d r e a d i l y w i t h a r o m a t i c s u b s t r a t e s to g i v e 

164 
/l/-cyano a z e p i n e s . 
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X X 

45-60°C 

N3CN A 
D I M E R S 

CN 

X = H , C H
3
, Ct, F , C F 3 

1 . 9 . S U L P H O N Y L N I T R E N E S . 

1 . 9 . 1 . G e n e r a t i o n a n d p r o p e r t i e s . 

S u l p h o n y l n i t r e n e s a r e u s u a l l y p r e p a r e d b y t h e r m o l y s i s of t h e 

m e n t , b u t s u c h a r e a r r a n g e m e n t h a s b e e n r e p o r t e d i n a t l e a s t o n e c a s e . 

T h e r e a c t i o n of s u l p h o n y l a z i d e s w i t h a l k e n e s to g i v e a z i r i d i n e s i s 

t h o u g h t n o t to i n v o l v e n i t r e n e s . A t r i a z o l i n e m a y b e i n v o l v e d . 

1 . 9 . 2 . R e a c t i o n w i t h a r o m a t i c s . 

S u l p h o n y l a z i d e s (181) a r e k n o w n to r e a c t w i t h a r o m a t i c c o m p o u n d s 

to g i v e a z e p i n e s (182) w h i c h m a y b e t r a p p e d b y d i e n o p h i l e s . T h e 

p r o d u c t of t h i s r e a c t i o n i s u s u a l l y a s u l p h o n a n i l i d e (183) w h i c h i s 

1 6 5 

f o r m a l l y t h e r e s u l t of i n s e r t i o n i n t o a n a r o m a t i c C - H b o n d . T h i s 

is a n a l o g o u s to t h e r e a c t i o n o f e t h o x y c a r b o n y l n i t r e n e a n d i m i d o y l -

n i t r e n e s w i t h a r o m a t i c s [ s e c t i o n s 1 . 4 . 6 . a n d 1 . 5 . 2 . ( b ) ] . 

I n t r a m o l e c u l a r r e a c t i o n s of t h i s s o r t g a v e s i x — a n d s e v e n — m e m b e r e d 
1 6 7 — 1 6 9 

h e t e r o c y c l e s ( S c h e m e 2 2 ) . T h e r e a c t i o n of t h e s u l p h o n y l n i t r e n e 

(184) w i t h t h e b e n z e n e r i n g d i d n o t p r o c e e d b y r e a r r a n g e m e n t via a 

s p i r o i n t e r m e d i a t e of t h e t y p e d e s c r i b e d in s e c t i o n 1 . 7 . 2 . ( e ) . ^ ^ 

c o r r e s p o n d i n g a z i d e s . 
1 6 5 

T h e y r a r e l y u n d e r g o a C u r t i u s t y p e r e a r r a n g e -

166 



R S 0 2 N : 
n - s o 2 r 
(181) 

r s o 2 n 3 

(181) 

n s o 2 r 
(183) 

(i) R S C - C R S 

R = a l k y l , a r y l ; R
1

 = C N 

T h e r m o l y s i s of a z i d e s ( 1 8 5 a , b ) g a v e s e v e n - m e m b e r e d h e t e r o c y c l e s 

( 1 8 6 a , b ) , t h e s i x - m e m b e r e d h e t e r o c y c l e (187b) b y r e a r r a n g e m e n t , a n d 

p r o d u c t s d e r i v e d f r o m h y d r o g e n a b s t r a c t i o n a n d n i t r e n e i n s e r t i o n i n t o 

168 

t h e s o l v e n t . T h e r m o l y s i s of ( 1 8 5 c ) (X = S 0
2
) g a v e n o c y c l i c 

p r o d u c t s . S e e a l s o s e c t i o n 1 . 9 . 3 . 

S 0 2 n : 
(184) 

s o 2 n 3 

S C H E M E 22 ( c o n t i n u e d o v e r l e a f ) 
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S - N H 

(185) (a) X = 0 ( 1 8 6 ) (a) X = 0 , R = H 

(b) X = C O (b) X = C O , R = H 

(c) X = S 0
2 

+ 
S ' 

o ( 1 8 7 b ) 

R 

S C H E M E 22 
( f r o m 1 8 5 b ) 

1 . 9 . 3 . I n s e r t i o n i n t o a l k y l C - H b o n d s . 

T h e d e c o m p o s i t i o n of s u l p h o n y l a z i d e s (188) (n = 2 - 5 ) p r o v i d e d 

m o r e e x a m p l e s of t h e a b o v e r e a c t i o n , a s w e l l a s e x a m p l e s of i n s e r t i o n 

i n t o h y d r o c a r b o n C - H b o n d s , a w e l l k n o w n i n t e r m o l e c u l a r r e a c t i o n o f 

t h e c o r r e s p o n d i n g s u l t a m s (189) a n d (190) a s w e l l a s t h e r e a r r a n g e m e n t 

p r o d u c t s (191) a n d ( 1 9 2 ) , a n d , i n t h e c a s e of ( 1 8 8 ) (n = 3 ) , t h e 

t e t r a h y d r o q u i n o l i n e ( 1 9 3 ) , f o r m e d a t t h e e x p e n s e o f t h e s u l t a m a t 

h i g h e r t e m p e r a t u r e s . T h e p y r i d i n e s (191) a n d (192) a r e t h o u g h t to 

b e f o r m e d via n i t r e n e a d d i t i o n to t h e b e n z e n e r i n g , f o l l o w e d b y S 0
2 

e x t r u s i o n a n d r i n g o p e n i n g via a d i r a d i c a l i n t e r m e d i a t e .
1

^
0

 T h e 

s u l p h o n y l a z i d e ( 1 8 8 ) (n = 4) g a v e b o t h t h e e i g h t - m e m b e r e d s u l t a m 

(195) a s t h e m a j o r p r o d u c t a n d t h e s i x - m e m b e r e d s u l t a m (194) b y 

i n s e r t i o n i n t o t h e a l k y l c h a i n . W h e n n - 5 t h e o n l y o b s e r v a b l e r e a c t i o n 

w a s s i d e c h a i n i n s e r t i o n l e a d i n g to t h e s i x - m e m b e r e d s u l t a m ( 1 9 6 ) . 

A f u r t h e r e x a m p l e of i n t r a m o l e c u l a r i n s e r t i o n i n t o a s a t u r a t e d 

C - H b o n d i s t h e r e a c t i o n of 2 , 6 - d i m e t h y l p h e n y l s u l p h o n y l a z i d e s to g i v e 

2 , 3 - d i h y d r o - l , 2 - b e n z i s o t h i a z o l e - l , 1 - d i o x i d e s ( e q u a t i o n 2 4 )
#
^ 5 , 1 6 6 

s u l p h o n y l n i t r e n e s . 
1 6 9 

T h e s u l p h o n y l a z i d e s (188) (n = 2 , 3 ) g a v e 
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(195) 

N - S O 2 

H 
( 1 9 0 ) 

(192) 

(193) 
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1 . 9 . 4 . C y c l i s a t i o n o n t o a d j a c e n t h e t e r o a t o m s . 

U n l i k e i t s o x y g e n a n a l o g u e ( 1 8 5 a ) , i n w h i c h t h e n i t r e n e r e a c t e d 

w i t h t h e a d j a c e n t a r o m a t i c r i n g , c - ( p h e n y l t h i o ) p h e n y l s u l p h o n y l a z i d e 

(197) g a v e a n i t r e n e w h i c h a t t a c k e d t h e b r i d g i n g s u l p h u r a t o m to 

g i v e 3 - p h e n y l b e n z o - l , 3 , 2 - d i t h i a z o l e 1 , 1 - d i o x i d e (198) i n 2 8 % y i e l d .
1 6 7 

A r y l s u l p h o n y l n i t r e n e s w i t h o - a m i n o g r o u p s u n d e r w e n t a d d i t i o n to t h e 

a m i n o n i t r o g e n a t o m g i v i n g c y c l i c a m i n o s u l p h a m i d a t e s (199) o r 2 , 3 -

di
fc
\

 1 7 2 

d i h y d r o b e n z o t h i ^ / z o l e d i o x i d e s (200) . 

aS P h 

SO,N 2 3 C O 
o '2 

(197) (198) 
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1 . 1 0 . S U M M A R Y . 

A v a r i e t y of c y c l i c c o m p o u n d s a r e p r o d u c e d in n i t r e n e r e a c t i o n s . 

F i v e - a n d s i x - m e m b e r e d r i n g s a r e t h o s e m o s t f r e q u e n t l y f o r m e d , t h u s 

g i v i n g a wi-de r a n g e of n i t r o g e n - c o n t a i n i n g h e t e r o c y c l i c s , p a r t i c u l a r l y 

a r o m a t i c s . T h e t h r e e - m e m b e r e d r i n g s , a z i r i n e s a n d a z i r i d i n e s , a n d 

t h e s e v e n - m e m b e r e d a z e p i n e s a n d t h e i r a n a l o g u e s c a n a l s o b e f o r m e d in 

g o o d y i e l d s . F o u r - a n d e i g h t - m e m b e r e d n i t r o g e n - c o n t a i n i n g r i n g s a r e 

r a r e l y , if e v e r , m a d e b y n i t r e n e r e a c t i o n s . 

T h e d i f f e r e n t t y p e s o f r e a c t i o n s o u t l i n e d i n s e c t i o n 1 . 1 w i l l 

n o w b e c o n s i d e r e d b r i e f l y a n d t h e i r u t i l i t y or o t h e r w i s e i n h e t e r o -

c y c l i c s y n t h e s i s d i s c u s s e d . 

(1) H y d r o g e n a b s t r a c t i o n . 

T h i s r e a c t i o n l e a d s to c y c l i c p r o d u c t s o n l y w h e n it i s t h e f i r s t 

s t e p i n t h e i n s e r t i o n o f a t r i p l e t n i t r e n e i n t o a C - H b o n d . 

(2) I n s e r t i o n r e a c t i o n s . 

T h e m o s t u s e f u l a p p l i c a t i o n s of t h i s r e a c t i o n a r e t h e f o r m a l 

i n s e r t i o n of v i n y l n i t r e n e s i n t o a d j a c e n t m e t h y l g r o u p s to g i v e p y r i d i n e s , 

t h e i n s e r t i o n r e a c t i o n s of c a r b o n y l n i t r e n e s to g i v e f i v e - a n d s i x -

m e m b e r e d r i n g s , a n d t h e i n s e r t i o n r e a c t i o n s of a r y l n i t r e n e s i n t o 

s a t u r a t e d s i d e c h a i n s to g i v e i n d o l i n e s , b e n z i m i d a z o l e s , a n d b e n z i m i d -

a z o l i n e s . F o r m a l i n s e r t i o n of t r i p l e t a r y l n i t r e n e s i n t o a l k y l g r o u p s 

o n a d j a c e n t r i n g s is a p o t e n t i a l l y u s e f u l r e a c t i o n b u t f e w e x a m p l e s 

a r e k n o w n . S u l p h o n y l n i t r e n e s a l s o i n s e r t i n t r a m o l e c u l a r l y b u t o f t e n 

t h e y i e l d s of i n s e r t i o n p r o d u c t s a r e n o t s y n t h e t i c a l l y u s e f u l . I n s e r t i o n 
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r e a c t i o n s h a v e n o t b e e n o b s e r v e d f o r a m i n o n i t r e n e s o r i m i d o y l n i t r e n e s , 

n o r d o v i n y l n i t r e n e s i n s e r t i n t e r m o l e c u l a r l y . L o w y i e l d s of i n s e r t i o n 

p r o d u c t s a r e o b t a i n e d f r o m a l k y l n i t r e n e s . T h i s i s p o s s i b l y d u e t o t h e 

f r a g m e n t a t i o n a n d r e a r r a n g e m e n t r e a c t i o n s w h i c h a r e o p e n to t h e s e 

n i t r e n e s , a n d w h i c h c o m p e t e s u c c e s s f u l l y w i t h i n s e r t i o n r e a c t i o n s . 

T h e f o r m a l i n s e r t i o n of m a n y n i t r e n e s i n t o a r o m a t i c C - H b o n d s m a y 

p r o c e e d via i n i t i a l a d d i t i o n t o t h e r i n g a n d t h u s w i l l n o t b e d i s c u s s e d 

ir. t h i s s e c t i o n . [ l , X ] H s h i f t s f o l l o w e d b y c y c l i s a t i o n c a n a l s o g i v e t h e 

p r o d u c t s of f o r m a l i n s e r t i o n [ c . f . , v i n y l n i t r e n e s , s e c t i o n 1 . 3 . 3 . ( b ) ] . 

T h i s m a y n o t a l w a y s b e t h e c a s e h o w e v e r , a s f o r e x a m p l e , h i g h l y r e a c t i v e 

a l k y l n i t r e n e s m a y i n s e r t d i r e c t l y . T h e r e a c t i o n o f a r y l n i t r e n e s w i t h 

a n h y d r i d e s h a s b e e n p o s t u l a t e d t o o c c u r via i n i t i a l i n s e r t i o n o f t h e 

n i t r e n e i n t o a C - 0 b o n d of t h e a n h y d r i d e . 

(3) A d d i t i o n to m u l t i p l e b o n d s , i n c l u d i n g a r o m a t i c r i n g s . 

T h i s i s a g e n e r a l r e a c t i o n of n i t r e n e s , t h o u g h i t d o e s n o t a l w a y s 

o c c u r b o t h i n t e r - a n d i n t r a m o l e c u l a r l y . V i n y l n i t r e n e s do n o t a p p e a r 

to r e a c t w i t h a r o m a t i c s b y a d d i t i o n t o t h e a r o m t i c r i n g ; h o w e v e r , 

a d d i t i o n to d o u b l e b o n d s h a s b e e n o b s e r v e d . T h e u s u a l p r o d u c t s of 

a d d i t i o n to C = C b o n d s a r e t h e s y n t h e t i c a l l y u s e f u l a z i r i d i n e s . 

a n d , b y r e a r r a n g e m e n t , f i v e - m e m b e r e d r i n g s s u c h a s p y r r o l i n e s . 

A d d i t i o n o f n i t r e n e s to a r o m a t i c r i n g s f o l l o w e d b y r i n g e x p a n s i o n 

i s p r o b a b l y t h e m o s t g e n e r a l m e t h o d o f m a k i n g t h e s e s e v e n - m e m b e r e d 

r i n g s . B o t h i n t e r - a n d i n t r a m o l e c u l a r e x a m p l e s o f t h i s r e a c t i o n a r e 

k n o w n , t h e i n t r a m o l e c u l a r p r o c e s s b e i n g p a r t i c u l a r l y u s e f u l i n t h a t it 

y i e l d s a z e p i n e s w h i c h w o u l d b e d i f f i c u l t to o b t a i n b y o t h e r m e t h o d s . 

If r i n g e x p a n s i o n d o e s n o t o c c u r t h e n a r o m a t i c a m i n o c o m p o u n d s a r e 

f o r m e d - t h e p r o d u c t s of f o r m a l i n s e r t i o n i n t o a n a r o m a t i c C - H b o n d . 
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N i t r e n e a d d i t i o n s to t r i p l e b o n d s s u c h as a c e t y l e n e s a n d n i t r i l e s 

a r e n o t q u i t e a s c o m m o n . T h e r e a c t i o n w i t h n i t r i l e s i s t h o u g h t e i t h e r 

to b e a s t e p w i s e p r o c e s s i n v o l v i n g i n i t i a l n u c l e o p h i l i c a t t a c k of 

t h e n i t r i l e N o n t h e n i t r e n e N , o r c y c l o a d d i t i o n of t h e n i t r e n e o n t o 

t h e n i t r i l e . 

(4) I s o m e r i s m . 

T h e i s o m e r i s m d e s c r i b e d i n s e c t i o n 1 . 1 b e t w e e n n i t r e n e s a n d 

a z i r i n e s or t h e i r a n a l o g u e s i s k n o w n o n l y f o r t h e v i n y l n i t r e n e -

a z i r i n e e q u i l i b r i u m . It is q u i t e l i k e l y t h a t s u c h a n e q u i l i b r i u m 

e x i s t s b e t w e e n a r y l n i t r e n e s a n d b e n z a z i r i n e s , b u t s u c h b e n z a z i r i n e s 

c a n n o t b e i s o l a t e d . W h i l e e q u i l i b r i a h a v e b e e n p r o p o s e d to e x i s t 

b e t w e e n i m i d o y l n i t r e n e s a n d d i a z i r i n e s , a n d a c y l n i t r e n e s a n d o x a z i -

r i n e s , t h e r e i s a s y e t n o c o n c r e t e e v i d e n c e f o r s u c h i n t e r m e d i a t e s . 

(5) R e a r r a n g e m e n t o f n i t r e n e s . 

T h i s c a n b e t h e m o s t f a c i l e r e a c t i o n of s o m e n i t r e n e s . A l k y l -

n i t r e n e s r e a r r a n g e so f a s t t h a t f e w o t h e r i n t e r - o r i n t r a m o l e c u l a r 

r e a c t i o n s o c c u r . It i s a l s o a n i m p o r t a n t r e a c t i o n f o r s o m e v i n y l - a n d 

i m i d o y l n i t r e n e s . T h e i m i n e s , k e t e n i m i n e s , a n d c a r b o d i i m i d e s f o r m e d 

a r e s y n t h e t i c a l l y u s e f u l , in p a r t i c u l a r t h e c a r b o d i i m i d e s w h i c h c a n 

b e t r a p p e d to g i v e a v a r i e t y of h e t e r o c y c l i c p r o d u c t s .
1 0

 T h e r e a r r a n g e -

m e n t of c a r b o n y l a z i d e s to i s o c y a n a t e s is not t h o u g h t to o c c u r via 

n i t r e n e s b u t i s a c o n v e n i e n t s y n t h e s i s of i s o c y a n a t e s . S u l p h o n y l n i t r e n e s 

r a r e l y r e a r r a n g e , b u t c e r t a i n c y c l i c a m i n o n i t r e n e s r e a r r a n g e 

i n g o o d y i e l d t o s i x - m e m b e r e d r i n g s . 
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(6) E l e c t r o c y c l i c r e a c t i o n s . 

E l e c t r o c y c l i c r e a c t i o n s a r e n o t p o s s i b l e f o r a l k y l - , c a r b o n y l - , 

a m i n o - , c y a n o - , a n d s u l p h o n y l n i t r e n e s . T h e y a r e c o n f i n e d to v i n y l - , 

i m i d o y l - , a n d a r y l n i t r e n e s , a n d t h e y a r e o f t e n t h e m a j o r r e a c t i o n s 

of t h e s e s p e c i e s . P h e n y l n i t r e n e s w i t h o - v i n y l , i m i d y l , a n d p h e n y l 

g r o u p s c y c l i s e r e a d i l y to g i v e i n d o l e s , b e n z i m i d a z o l e s , a n d c a r b a z o l e s 

r e s p e c t i v e l y . A n a l o g o u s c o m p o u n d s c a n b e m a d e w i t h o t h e r a r y l n i t r e n e s . 

V a r i o u s n i t r e n e p r e c u r s o r s c a n b e u s e d , a n d t h e r e a c t i o n s a r e u s u a l l y 

h i g h y i e l d i n g . 

H i g h y i e l d s o f 1 , 2 , 4 - o x a d i a z o l e s , 1 , 2 , 4 - o x a t h i a d i a z o l e s , i m i d a z o l e s , 

a n d b e n z i m i d a z o l e s c a n o f t e n b e o b t a i n e d b y c y c l i s a t i o n of iV-acyl-, 

/l/-thioacyl-, il/-alkenyl-, a n d / V - a r y l i m i d o y l n i t r e n e s r e s p e c t i v e l y . 

C y c l i s a t i o n of B - s u b s t i t u t e d v i n y l n i t r e n e s g i v e s i s o x a z o l e s , p y r a z o l e s , 

p y r r o l e s , i n d o l e s a n d a z e p i n e s . 

(7) D i m e r i s a t i o n . 

T h i s i s u s u a l l y a n i n t e r m o l e c u l a r r e a c t i o n o f t r i p l e t a r y l n i t r e n e s 

w h i c h d o e s n o t g i v e r i s e to h e t e r o c y c l i c p r o d u c t s . 

(8) R e a c t i o n w i t h n u c l e o p h i l e s . 

V i n y l - , a r y l - , a n d s u l p h o n y l n i t r e n e s c a n b e t r a p p e d i n t r a m o l e c u l a r l y 

b y s u l p h u r a n d n i t r o g e n n u c l e o p h i l e s . C a r b o n y l n i t r e n e s c a n b e t r a p p e d 

i n t r a m o l e c u l a r l y b y o x y g e n a n d n i t r o g e n n u c l e o p h i l e s . H e t e r o a r y l -

n i t r e n e s c a n a l s o r e a c t a s e l e c t r o p h i l e s w i t h n i t r i l e s . F u r t h e r 

e x a m p l e s i n c l u d e t h e i n t e r m o l e c u l a r t r a p p i n g of v i n y l n i t r e n e s w i t h 

t r i v a l e n t p h o s p h o r u s r e a g e n t s , o f a c y l n i t r e n e s w i t h s u l p h o x i d e s , a n d 

of i m i d o y l n i t r e n e s w i t h s u l p h o x i d e s a n d p h o s p h o r u s r e a g e n t s , t h o u g h 

t h e s e r e a c t i o n s d o n o t l e a d to t h e f o r m a t i o n of n e w r i n g s . T h e 



r e a c t i o n s of a r y l n i t r e n e s a n d c a r b o n y l n i t r e n e s w i t h a r y l g r o u p s to 

w h i c h t h e y a r e n o t c o n j u g a t e d c a n b e c o n s i d e r e d to o c c u r b y e l e c t r o -

p h i l i c a t t a c k of t h e n i t r e n e o n t h e a r o m a t i c r i n g . C a r b o n y l n i t r e n e s 

c a n r e a c t i n t e r m o l e c u l a r l y in a s i m i l a r m a n n e r w i t h t h i o p h e n e s a n d 

p y r r o l e s . 

A l k y l n i t r e n e s a n d a m i n o n i t r e n e s a p p e a r n o t to r e a c t w i t h nuclfio 

p h i l e s . T h e u n s u b s t i t u r e d N a t o m o f a n a m i n o n i t r e n e i s n u c l e o p h i l i c 

p r o t o n a t i n g e a s i l y , u n l i k e a l l o t h e r n i t r e n e s . C y a n o g e n a z i d e r e a c t 

w i t h L e w i s b a s e s to g i v e y l i d e s , b u t s u c h r e a c t i o n s d o n o t a p p e a r to 

i n v o l v e c y a n o n i t r e n e . 

T h e m o s t u s e f u l n i t r e n e s f o r h e t e r o c y c l i c s y n t h e s i s a p p e a r to 

b e a r y l - , c a r b o n y l - , i m i d o y l - , a n d v i n y l n i t r e n e s . T h e m a j o r u s e of 

a l k y l n i t r e n e s i s t h e f o r m a t i o n cf c y c l i c i m i n e s . T h e s y n t h e t i c 

u s e f u l n e s s of a m i n o - , c y a n o - , a n d s u l p h o n y l n i t r e n e s i s l i m i t e d , 

a l t h o u g h f r a g m e n t a t i o n r e a c t i o n s of a m i n o n i t r e n e s a r e u s e f u l i n n o n -

h e t e r o c y c l i c s y n t h e s i s {e.g., b e n z y n e f o r m a t i o n ) . 
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CHAPTER TWO: PREPARATION OF ALDEHYDES AND VINYL AZIDES 

2.1. INTRODUCTION 

The purpose of this investigation was to examine the thermal and 

photochemical decomposition reactions of some c-substituted azido-

cinnamates (201). The thermal reactions of azidocinnamates with 

0-alkyl groups are described in Chapter 3, those of the azidocinnamates 

with <3-alkenyl groups in Chapter 4 and those of the azidocinnamates with 

c>-carbonyl groups in Chapter 5. The photochemical work undertaken is 

described in Chapter 6. 

The reason why particular azidocinnamates were chosen will be 

explained in each of the Chapters. This Chapter will deal solely with 

their preparation, and will also describe some of the difficulties 

encountered in the attempted preparation of some aldehydes and vinyl 

azides. 

Most of the vinyl azides were prepared by condensation of the 

appropriate aldehyde with ethyl azidoacetate in ethanolic sodium ethoxide 

46 174 

solution. ' The yields of these reactions will be detailed in 

section 2.3. . Some of the vinyl azides were prepared from other vinyl 

azides by modification of the 2-substituent (section 2.4.). 

The stereochemistry about the vinyl bond is not known but is 

assumed to be Z, as written in Scheme 23, the thermodynamically more 

stable isomer. This is based on analogy with a-azidovinylketones 

which have the Z-configuration, and on consideration of the instability 

of certain vinyl azides which have two bulky groups { e . g . phenyl and 
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ester) a i s to one another. Throughout this work vinyl azides will 

be written in the Z-form. 

2.2. PREPARATION OF ALDEHYDES 

The precursors which were found to be most useful in aldehyde 

synthesis were aryl halides and aryl carboxylic acids, the former by 

formation of the corresponding Grignard reagent followed by reaction 

with DMF, and the latter by reduction to the corresponding alcohol, 

followed by oxidation to the required aldehyde. 

(a) The following aldehydes were purchased!- pyridine-2-carbaldehyde (203), 

2-tolualdehyde (211), 2-formylbenzoic acid (228), and benzaldehyde (230) . 

(b) 2-Benzyloxybenzaldehyde ( 2 0 2 ) w a s prepared by treatment of sali-

cylaldehyde with benzyl chloride in the presence of potassium carbonate 

in refluxing acetone, a modification of a literature procedure for 

176 
alkylating phenols. 

+ 
See footnote in section 1.3.2. 
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(c) 2-Benzylbenzaldehyde ( 2 0 4 ) w a s prepared by the carbonylation of 

the Grignard reagent of 2-bromodiphenylmethane
1 7 7

 with DMF, followed by 1 7 8 

acid work-up. 

us 
(d) Fluorene-l-carbaldehyde (205) was prepared as outlined in Scheme 24. 

(209) 91% (205) 88% 
SCHEME 24 

179 
The oxidation of fluoranthene to fluorenone-l-carboxylic acid (206) 

18 0 
proceeded smoothly. Some authors have reported the failure of the 

1 Ol 
Wolff-Kishner method for the reduction of the keto acid (206) but others 
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claim high yields of the acid (207) by this method. Several attempts 

to reduce the keto acid (206) by the Huang-Minion modification of the 

180 
Wolff-Kishner reaction failed; intractable tars were formed. On 

treatment of the keto acid (206) with hydrazine hydrate in an attempt 

179 
to form the hydrazone, the pyridazolone (210) was formed in 90% yield. 

CO2H 

(206) 

n h
2
n h

2
. h

2
o 

ch
2
(ch

2
oh)

2 

N H
2
N H

2
. H

2
0 , NaOH 

C H
2
( C H

2
0 H )

2
 A 

(210) 90% 

CO2H 

The keto acid (206) was reduced to fluorene-l-carboxylic acid (207) 

using sodium amalgam.
1 7

^ 

Attempts to reduce fluorene-l-carboxylic acid (207) with lithium 

aluminium hydride failed. A mixture of six to eight products was obtained 

182 
However, reduction of methyl fluorene-l-carboxylate (208) with lithium 

182 

aluminium hydride in ether gave fluorene-l-methanol (209) (91%) which 

was then oxidised using the Jones reagent to fluorene-l-carbaldehyde (205) 

( 8 8 % ) .
1 8 1 
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18 3 
(d) 2-Isopropylbenzaldehyde (212) was prepared from 2-isopropyl-

aniline by a general procedure used for transforming anilines to 

ben^aldehydes. This involves diazotisation of the aniline, followed 

184 
by treatment with formaldoxime and acid hydrolysis (equation 25). 

CI 

(e) 2-(3-Methylbut-2-enyl)benzaldehyde (213). An unsuccessful attempt 

was made to prepare the benzaldehyde (213) (Scheme 25). l-Bromo-3-methyl-

but-2-ene ('prenyl bromide') (214) was prepared by reaction of isoprene 

with hydrogen bromide in glacial acetic acid. 4,4-Dimethyl-2-phenyl-A
2

-

185 35 
oxazoline was treated with n-butyllithium followed by the bromide (214) 

to give 4,4-dimethyl-2-[2-(3-methylbut-2-enyl)-phenyl]-A
2

-oxazoline (215) 

(55%). The oxazoline (215) was then ^-methylated with methyl iodide in 

186 
nitromethane giving the 2-aryl-3,4,4-trimethyloxazolinium iodide (216) 

186 
in 74% yield. Reduction with a large excess of sodium borohydride produced 

the oxazolidine (217) (70-90%). Attempted hydrolysis of the oxazolidine 

35 18 7 

to the required aldehyde (213) in 30% aq. oxalic acid ' and in 2N 

hydrochloric acid resulted in hydration of the double bond in the side 

chain, leaving the oxazolidine ring intact. Treatment of the 185 
oxazoline (215) with 3N hydrochloric acid at reflux temperature gave 
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A-
1) BuLi-hexane 

|| 2) prenyl 
bromide 

A-
0 . . N 

OH 

+ 

A-
o a 

(215) 

CHO 

Mel 

MeNO. 

OH 

rise to partial hydrolysis of the oxazoline ring, but the side chain 

was completely hydrated. 

The attempted preparation of the aldehyde (213) was then abandoned. 
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202 
(f) 2-Allylbenzaldehyde. 2-Allylchlorobenzene (219) was prepared by 

treatment of 2-bromochlorobenzene with magnesium in ether, thus forming 

the mono-Grignard reagent, followed by addition of allyl bromide, giving 

189 

(219) in 62% yield. When this chlorobenzene (219) was added to active 

190 

magnesium the corresponding Grignard reagent was made which was treated 

in situ with DMF to give 2-allylbenzaldehyde (218) (25-50%) after work 

up. 

Br 

£ r 1) Mg, Et
2
0 • 

2) Allyl bromide 

1) Mg, THF CHO 

2) DMF 

(219) 62% (218) 25-50% 

The use of 2-bromochlorobenzene to give o-disubstituted benzenes 

appears to be a synthetically useful reaction. The only limitation is 

that the group first introduced must be stable to both Grignard reagents 

and mild hydrolysis. This reaction sequence was not applied to the 

synthesis of 2-(3-methylbut-2-enyl)benzaldehyde (213) as 2-allylbenz-

aldehyde (218) was used as a substitute, and it was also feared that even 

mild acid hydrolysis might cause the side chain double bond to hydrate as 

it had done in the previous attempted synthesis. 

(g) 2-Allyl-3-hydroxy-4-methoxybenzaldehyde (220) was prepared from 

191 
isovanillin (221) as outlined in Scheme 26. 
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CHO CHO 

OMe 
(221) 

OMe 
70% 

SCHEME 26 

CHO 

(ii) 

(i) K
2
C 0

3
, allyl bromide, MeOH,A 

(ii) PhNMe
2
, A 

(h) 2-Vinylbenzaldehyde (222) was prepared by treatment of 3,4-dihydro-

isoquinoline with an excess of methyl sulphate in aqueous sodium hydroxide. 
192 

1) HC0
2
H,A 

2

 2) PPA 

EXCESS Me
2
S0* 

NaOH ^ v ^ ^ C H O 

(222) 

193 
(i) E-Stilbene-2-carbaldehyde (223) was prepared as shown in Scheme 27 

194 by lithium aluminium hydride reduction of E-stilbene-2-carboxylic acid 

195 
giving E-stilbene-2-methanol, followed by oxidation with the Jones reagent 
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(i) (ii) 
(iii) 
(iv) 

Ph 

CO2H 

(vi) 

CH,OH 

(i) PhCH
2
C0

2
H, NaOAc, A; 

(ii) Zn, KOH; 
(iii) KOH, digol; 
(iv) H

3
0+; 

(v) LiA^H^, diethyl ether; 
(vi) Cr0

3
, H

2
S 0

4
, H

2
0 . 

SCHEME 27 

(j) 2-Benzoylbenzaldehyde (224). Commercially available 2-benzoylbetizoic 

acid was reduced with lithium aluminium hydride to give the diol (225). 

Oxidation of the diol (225) with selenium dioxide in acetic acid and 

196 
xylene gave the required aldehyde (224). 

P h ^ O 

C02H LiA/Hi 

Et
 2
0 

P h v ^ - O H P h v ^ . 0 

CH2OH Se0
2 

CHO 

(225) 
(224) 



97 

(k) Fluoren-9-one-l-carbaldehyde (226) was prepared by ozonolysis of 

197 
fluoranthene. 

CHO 

t-BuOH 

(1) 2-Acetylbenzaldehyde (227) was similarly prepared by ozonolysis 

198 
of 1-methylnaphthalene. 

199 

(m) Ethyl 2-formylbenzoate (229) was prepared by esterification of 

2-formylbenzoic acid with ethyl iodide in the presence of potassium 

carbonate. 

2.3. PREPARATION OF VINYL AZIDES FROM ALDEHYDES. 

The vinyl azides ArCH=C(N
3
)C0

2
Et, (231)-(243), were prepared from 

the corresponding aldehydes by the method outlined in Scheme 23. The 

yields are given in Table 1. 

An attempt to condense 2-acetylbenzaldehyde (227) with ethyl 

azidoacetate failed. The aldehyde was consumed but no recognisable 

products formed. When ethyl 2-formylbenzoate (229) was treated with 

ethyl azidoacetate in the presence of sodium ethoxide under the same 
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TABLE 1. Preparation of azides ArCH=C(Ns)C0
2
Et from ArCHO. 

ALDEHYDE (ArCHO) AZIDE YIELD 

(202) Ar = 2-PhCH
2
0C

6
H<

t 
(231) 34% 

(203) Ar = 2-pyridyl (232) 36% 

(204) Ar = 2-PhCH
2
C

6
H

4 
(233) 56-64% 

(205) Ar = 1-fluorenyl (234) 80% 

(211) Ar = 2-MeCsH* (235) 54-74% 

(212) Ar = 2—£PrC
6
H^ (236) 63% 

(218) Ar = 2-allyl-C
6
H

4 
(237) 54% 

(220) Ar = 2-allyl-3-0H-4-0Me-C
6
H

2 
(238) 40% 

(222) Ar = 2-CH
2
-CHC

6
Hi, (239) 28% 

(223) Ar = 2- F-PhCH=CHC sH^ (240) 63% 

(224) Ar = 2-PhC0C
6
H„ (241) 35% 

(226) Ar = 1-fluoren-9-one (242) 7.5% 

(228) Ar. = 2-H0
2
CC

6
H/» (243) 59% 

(230) Ar = Ph (244) 50% 

conditions the product isolated was the 0-carboxyazidocinnamate (243) 

(41%), not the expected <?-ethoxycarbonylazidocinnamate (245). It is 

possible that the hydrolysis occurred via an intermediate lactone 

(Scheme 28). 
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(i) N
3
C H

2
E , NaOEt, EtOH, -15°C 

SCHEME 28 

The low yield of the vinyl azide derivative (242) may have been 

due to the high dilution of the reactants in THF, necessitated by the 

insolubility of fluorenone-1—carbaldehyde (226) . An attempt to condense 

pyridine-2-carbaldehyde with ethyl azidoacetate in 2% aqueous sodium 

hydroxide failed and the starting materials were recovered unchanged. 

An attempt to prepare the anion of ethyl azidoacetate with sodium 

ethoxide in ether at -78°C caused rapid decomposition of the azidoacetate/ 

Thus, even though the method used to prepare the azides (231)-(243) was 

sometimes low yielding, it was the best of those tried. 
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2.4. MODIFICATION OF tf-SUBSTITUENTS IN AZIDOCINNAMATES. 

Azidocinnamate (243) has proved to be a useful precursor for 

other c-substituted azidocinnamates. Treatment of the acid (243) with 

hydrogen chloride gas in ethanol gave the corresponding ethyl ester 

(245) in 70% yield. 

CO2H C02Et 

EtOH, EC€ 

20°C, 48 h 

(243) (245) 

The amide derivatives (246) and (247) were prepared in the following 

way. The acid (243) was added to a suspension of the DMF/oxalyl chloride 
+ 

complex [ Q-C (H) C=NMe
 2
 C^] in DMF and acetonitrile at -20°C and then treated 

(246) R = Et 

(247) R = H 

201 

with a solution of diethylamine in acetonitrile. On warming to room 

temperature, followed by work-up the amide (246) was isolated in 50% 

yield. Treatment of the acid (243) and diethylamine with dicyclohexyl-
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202 
carbodiimide (DCC) gave a 2:3 mixture of the amide (246) and the 

urea (248). 

CO2H 

(243) 

Et
 2
NH, DCC 

CH 2 C^• 

CONEt 

H 
I 

11 

^
C

6
H

1 1 

(248) 

The amide (246) was also prepared by formation of the carboxylate 

anion of (243) with sodium hydride at room temperature and cooling to 

-20°C, followed by addition of an excess of thionyl chloride and then 

an excess of diethylamine. The amide was isolated in 69% yield after 

aqueous work-up. 

Synthesis of the primary amide (247) was accomplished in a similar 

manner, although in general the yields were lower than those of the 

tertiary amide (246) . Addition of the acid to DMF/oxalyl chloride at 

-20°C, followed by saturation of the solution with ammonia gas gave the 

required amide (247) (30%). The amide was also prepared in similar 

yield by treatment of the anion of the acid (243) with thionyl chloride 

followed by ammonia gas. 
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Attempts to prepare the acid chloride derivative of (243) were 

unsuccessful. When the acid (243) was added to a suspension of the 

DMF/oxalyl chloride complex at room temperature the compound isolated 

was the isoquinolone (249) (61%). Similarly, when thionyl chloride 

was added to a suspension of the sodium salt of the carboxylic acid (243) 

at -20°C and allowed to warm to room temperature the isolated product 

was again the isoquinolone (249) (73%). 

SOC/, 

or DMF, (COCO
 2 

(243) 
o 

(249) 

It seems likely that the intermediates (250) and (251) formed at 

-20°C can react with amines to form amides, but when they are warmed up 

(250) (251) 

they decompose to give the isoquinolone (249) either directly or 

via the acid chloride. This is a formal reduction reaction and could 

occur via an intermediate i!/-chloroisoquinolone (252) . 



(250) or (251) Q Q k i 
(252) 

The vinyl azides (253) and (254) were produced by epoxidation of 

the azides (218) and (223) respectively with 3-chloroperbenzoic acid 

(MCPBA). 

(218) 

MCPBA 

CH
2
C/ 

(253) 

MCPBA 

CH
2
C/

; 

(223) (254) 



C H A P T E R T H R E E 

T H E R M A L D E C O M P O S I T I O N O F A Z I D O C I N N A M A T E S 

B E A R I N G ORTHO-ALKYL G R O U P S 
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CHAPTER THREE! THERMAL DECOMPOSITION OF AZIDOCINNAMATES BEARING 

ORTHO-kLKXL GROUPS. 

3.1. INTRODUCTION 

Many natural products contain fused heterocyclic systems. One family 

is the alkaloids, some of which contain the indole (255), or isoquino-

line (256) rings. Methods of making such systems are of considerable 

interest both to the pharmaceutical industry and to natural product 

chemists. 

(256) 

isoquinoline 

There are numerous syntheses of indoles, including the Fischer, 

Madelung, Bischler and Reissert syntheses. Methods of making isoquino-

205 

lines are not quite as numerous, and often require strongly acidic 

conditions or high temperatures. Examples include the Pictet-Spengler, 

the Bischler-Napieralski, and the Pommeranz-Fritsch syntheses, some of 

which require acidic conditions. 
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3.2. SYNTHESIS OF INDOLES AND THEIR ANALOGUES. 

The thermal decomposition of ovtho-substituted azidocinnamates 

(257) provides a convenient synthesis of 2,4-disubstituted indoles 

(259). This reaction has been shown to proceed via the isolable azirine 

59 

intermediates (258) (equation 25). On conversion to azirines the 

distinction between E and Z isomers of vinyl azides is lost. The stereo-

chemistry about the vinyl bond is thus irrelevant in this Chapter. 

E 
N 
H 

(257) (258) (259) 

R = Br, C/, CH
3
, 0CH

3 

Indole-2-carboxylates have been hydrolysed and decarboxylated,
6

^'^
6 

thus increasing the usefulness of this 4-substituted indole synthesis. 

207 

4-Substituted indoles are often difficult to obtain. 

The thermal reactions of some simple 3-arylvinyl azides were first 

investigated. Refluxing a solution of 2-azido-3-(2-pyridyl)propenoate 

(232) in toluene for 16 h gave the pyrazolo[l,5-a]pyridine (260) as the 

sole product (94% after chromatogrpahy). No cyclisation onto the 3-

position of the pyridine ring was observed. This is entirely analogous 

to the formation of the 2-aroylpyrazolopyridine (31) [section 1.3.3.(b)], 

although the yield of (260) is higher. No nitrile was formed. 
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Vinyl azide (231) with an <3-benzyloxy substituent was heated in 

refluxing toluene for 3.75 h and the corresponding indole (261) was 

isolated in 88% yield. No insertion into the benzyloxy side chain was 

observed. 

3.3. SYNTHESIS OF FUSED PYRIDINES 

3.3.1. Introduc tion. 

Recent work on the thermolysis 

corresponding azirines has provided 

synthesis [Schemes 8 and 9, section 

particular interest when applied to 

of 3-arylvinyl azides and the 

a new method of fused pyridine 

1.3.3.(b)tf
3

'
5 1

'
6 4

 This is of 

the synthesis of isoquinolines. 
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The azidocinnamates were formed at -20 to 0°C and the thermolyses 

were conducted in neutral solution at relatively low temperatures (110-

140°C). As the usual syntheses of fused pyridines require strongly 

acidic conditions or vigorous heating, the heterocyclic ring is formed 

early in the synthetic sequence, leaving much subsequent manipulation 

of substituents. By the above method involving vinyl azides the pyridine 

ring is formed under relatively mild conditions and thus it should be 

possible to incorporate substituents before formation of the hetero-

cyclic ring. 

Formal insertion into an o-methyl group occurs only when cyclisation 

onto the aromatic ring is blocked (Scheme 9) or is disfavoured (Schemes 

8 and 9). If an 2-position is unsubstituted then cyclisation usually 

occurs to give 4-substituted indoles (equation 25), or analogues (Scheme 

6). 

This is a serious limitation on the use of this reaction in isoquino-

line synthesis. An investigation of the thermal decomposition reactions 

of various azidocinnamates with only one c-substituent (258, R = alkyl) 

was undertaken to determine which, if any o-alkyl substituents would 

lead to isoquinoline production. The compounds first investigated were 

chosen as models for possible natural product precursors. Possible 

209 
retrosyntheses for the alkaloids eupolauridine (262), imerubrine 

210 

(263), and norrufescine (264) are outlined in Scheme 29. 

2-Azido-3-(2-benzylphenyl)propenoate (233) and 2-azido-3-(l-

fluorenyl)propenoate (234) seemed the best models for such precursors. 
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N s LL s>N 

MeO 
MeO 

OMe 

MeO 

SCHEME 29 

( 2 3 3 ) ( 2 3 4 ) 
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3.3.2. Thermolysis of ethyl 2-azido-3-(2-phenylmethylphenyl)propenoate 

(233). 

Decomposition of (233) in boiling toluene under nitrogen for 2.5 h 

gave the indole (265) (42%), the dihydroisoquinoline (266) (26%), and 

the isoquinoline (267) in trace amounts (0-2%). This appears to be 

the first example of formal insertion of a vinyl nitrene into an ovtho-

alkyl group when the nitrene can do an electrocyclic ring closure onto 

a free ert/zo-position. 

Toluene, 110 C, N
2 

2.5 h 

(233) (265) 42% 

O C / w 
Ph 

(266) 26% 

As the yields of fused pyridines have been increased in at least 

one case by the use of the oxidising system iodine/potassium acetate it 

was decided to repeat the thermolysis in the presence of iodine. It was 

found that thermolysis under the same conditions in the presence of 0.1 
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molar equivalents of iodine gave the isoquinoline (267) (40%), indole 

211 

(265) (13%) and the enamine (268) (20%), characterised as its N-acetyl 

derivative (269). The enamine (268) decomposed slightly on chromatography. 

An n.m.r. spectrum of the total crude reaction mixture indicated that the 

yield should have been "30%. No dihydroisoquinoline (266) was isolated 

under these conditions. It seemed likely that the enamine (268) was 

(ii) 
(233) • (265) + (267) 

7% 52% 

(i) Toluene, 110°C, I
2
 (0.1), 2.5 h; (ii) toluene, I

2
 (1.0), K

2
C0

3
 (1.0) 2.5 h. 

being formed from an intermediate nitrene by hydrogen-abstraction from the 

1,2-dihydroisoquinoline. In an effort to suppress enamine formation 

and increase the yield of isoquinoline (267) the decomposition was 

performed in the presence of 1.0 molar equivalents of iodine and potassium 

acetate as oxidant. No enamine (268) was isolated but the yield of 

isoquinoline (267) was only increased to 52%, indole (265) being the 

other isolated product. 
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A sample of 1,2-dihydroisoquinoline (266) was recovered unchanged 

when heated in refluxing •• toluene for 2.75 h, but was converted 

rapidly into isoquinoline (267) when treated with one equivalent of 

iodine at 35°C in deuterochloroform. The reaction was essentially 

complete after 0.3 h. The oxidation of dihydroisoquinoline (266) to 

isoquinoline (267) also occurs rapidly in the presence of a catalytic 

amount of iodine. This is probably due to reoxidation of hydrogen iodide 

produced to iodine by oxygen dissolved in the solvent. Such 1,2-dihydro-

212 

isoquinolines are relatively rare, unlike tiB isomeric 3,4-dihydroiso-

quinolines. They usually oxidise rapidly to isoquinolines. 

A sample of indole (265) was heated in refluxing toluene with 1.0 

equivalents of iodine and was found- to slowly convert into a monoiodo-

derivative which was observed on t.l.c. and by mass spectrometry. 

The presence of iodine has a substantial and unexpected effect on 

the amount of isoquinolines [ (266) and (267) ] produced on decomposition 

of vinyl azide (233), increasing it from a total of 26-28% in the absence 

of iodine to 52% in the presence of 1.0 molar equivalents of iodine. 

Even 0.1 molar equivalents caused a substantial increase in the amount 

of isoquinoline produced. Possible reasons for and mechanisms for this 

effect will be discussed later. 

3.3.3. Thermolysis of ethyl 2-azido-3-fluoren-l-ylpropenoate (234). 

A similar effect was observed on thermolysis of the vinyl azide 

(234). Refluxing in xylene for 1 h gave the indole (270) (84-90%) and 

the azafluoranthene (271) (4-5%). When the azide was thermolysed in 

the presence of 0.1 molar equivalents of iodine then the yield of 

(271) increased to 10% and the yield of indole (270) dropped to 50%. 
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Increasing the amount of iodine to 1.0 molar equivalents increased the 

yield of isoquinoline (271) to 18-24%, but decreased the amount of isolated 

indole (270) to 5%. The total crude reaction mixture was very messy. 

No enamine corresponding to (268) was isolated. 

E E 

84-90% 4-5% 

(234) illl ^ (270) 50% + (271) 10% 

(iii) 
(234) • (270) 5% + (271) 18-24% 

(i) xylene, 140°C; (ii) xylene, I
2
 (0.1), 140°C; (iii) xylene, I

2
 (1.0), 

140°C. 

The low yields of isoquinoline (271) from (234) did not bode well 

for the possibility of forming alkaloids such as imerubrine and 

eupolauridine by formal insertion reactions of vinylnitrenes. However, 

the effect of iodine which had been discovered seemed worth investigating, 

in the hope that other isoquinolines could be formed in good yields. 
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3.3.4. Thermolysis of ethyl 2-azido-3-(2-methylphenyl)propenoate (235). 

To test the effect of iodine further the thermal decomposition of 

vinyl azide (235) was carried out, both in the presence and absence of 

iodine. Thermolysis of (235) in boiling toluene (2.75 h) gave exclusively 

the indole (272) as previously reported, whereas thermolysis with 0.1 

molar equivalents of iodine reduced the yield of indole to 28% and gave 

213 

the isoquinoline (273) (20%) and the enamine (274) (13.5%) (Scheme 30). 

When the amount of iodine was increased to 1.0 molar equivalents then 

the yield of isoquinoline (273) was 32%. An n.m.r. spectrum of the total 

crude reaction mixture indicated that the yield of isoquinoline should 

have been higher (40-45%), but 32% was the highest isolated yield (Table 
2). 

t 

+ 

(275) (274) 

A 

(272) + (273) + (274) 

SCHEME 30 
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TABLE 2. Thermolysis of vinyl azide (235) in refluxing toluene for 

2.75 h. 

Experiment Added Reagents Method of Products (%) 
Number (molar equivalents) Analysis (272) (273) (274) 

1 A 100 - -

2 l a (0.1) A 28 20 13.5 

3 la (0.1), K 2
C 0

3
 (2.0) B 55 15 5 

4 l a (1.0), KOAc (2.0) A - 32 -

5 l a (1.0), K
2
C 0

3
 (2.0) A 8 30 -

6 K
2
C 0

3
 (2. 0) B 100 - -

A:- products isolated by chromatography; B*. - Yields estimated on the basis 

of n.m.r. spectra of the total crude reaction mixture. 

Even though the maximum yield of isoquinoline is low, the effect of 

iodine is dramatically shown in this example. In the absence of iodine 

only indole is formed. 

During the thermolys is in the presence of only 0.1 molar equivalents 

of iodine, the iodine colour gradually disappeared, but some iodine was 

recovered on evaporation of the solvent. This was probably due to 

reoxidation of hydrogen iodine by air. When bases such as potassium 

carbonate or potassium acetate were used the hydrogen iodide was consumed 

and no iodine was produced on work-up. This could be the reason for the 

slightly reduced yields of isoquinoline (273) and enamine (274) in 

experiment 3. When the vinyl azide (235) was thermally decomposed in 

the presence of potassium carbonate only, the indole (272) was the sole 

product. 
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Decomposition of (235) in refluxing toluene for 1 h gave a 111 

mixture of the indole (272) and azirine (275) (Scheme 30). The petrol-

soluble azirine could be separated from the non petrol-soluble solid 

indole but dimerised on chromatography. The azirine was also produced 

on irradiation (300 nm, 25 C) of the azide (235). Thermolysis of the 

azirine (275) in refluxing toluene with and without iodine gave results, 

by n.m.r., very similar to those obtained when the vinyl azide was the 

starting material (Table 2), although the reactions involving iodine 

were not quite as clean. It thus appears that iodine has an effect on 

the vinylnitrene, not on the vinyl azide. Azirine (275) was recovered 

unchanged after treatment with iodine in toluene at 25°C. 

3.3.5. Mechanism of the iodine effect. 

A series of experiments (Tables 3,4) was undertaken to try to elucidate 

the mechanism of the reactions involving iodine. It seems likely that 

thermolysis of azidocinnamates in the absence of iodine gave singlet 

nitrenes via azirines, and that these nitrenes were responsible for the 

production of indoles and dihydroisoquinolines. This is in agreement 

38 51 
with mechanisms proposed for similar reactions. ' 

It was necessary therefore, to propose the existence, in the ther-

molyses carried out in the presence of iodine^ of" an intermediate (X) 

which behaved in a different manner and gave rise to isoquinolines and 

enamines. The formation of enamines seemed to suggest that this species 

had radical character, and therefore a triple nitrene (276) or a radical 

of the type (277) were likely possibilities. 
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TABLE 3. Thermolysis of 2-azido-3-(2-methylphenyl)propeiioate (235) 

in the presence of added reagents. 

Experi-
ment 
Number 

Solvent* 
Tempera-
ture, 
time 

Added Reagents 
(Molar equivalents) 

———————i 

Method of 
Analysis 

Products (%) 
(272) (273) (274) 

7 a HI (0.1) B 100 

8 a KI (1.0) B 100 

9 b B 100 

10 c B 100 

11 a I
2
 (0.1), HI (0.1) B Similar to exp. 2 

slightly more (273) 

12 a Hydroquinone (2.0) B 100 

13 a I
a
 (0.1), hydro- A 51 - 26 

quinone (1.0) B 58 2 39 

14 c Hydroquinone (2.0) B 100 

15 a P h
2
S e

2
 (0.1) B 100 

16 a P h
2
S

2
 (1.0) B 100 

17 a Bu
2
0

2
 (0.2) B 100 

18 a (PhC0
2
)

2
 (0.1) B 100 

19 a I
2
 (0.1), a-methyl-

styrene (1.0) 
B Similar to exp. 2, 

but less (274). 

a: Toluene, 110°C, 3.25 h 

bl Iodopropane, 102°C, 6 h 

c'. Bromobenzene, 110°C, 3 h 

A: Products isolated by chromatography 

Bl Yields estimated on the basis of n.m.r. spectra of the total 

crude reaction mixtures. 
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R (X) R 

(276) (277) 

The radical character of this intermediate (X) was further demonstrated 

by the formation of enamines in larger quantities when the thermolyses 

were done in the presence of a hydrogen donor - hydroquinone (1.0 molar 

equivalents) - in addition to the iodine (0.1 molar equivalents)(experiment 

numbers 13 and 23). In experiment 13 very little isoquinoline was formed, 

whereas in experiment 23, the production of isoquinoline was only slightly 

reduced. When R = H intermolecular hydrogen abstraction by (X) competed 

very effectively with the intramolecular reaction, whereas this is not 

the case when R = Ph (experiment 23) where intramolecular hydrogen 

abstraction would be expected to be more favourable. 

Hydrogen iodide and potassium iodide had little or no effect on the 

decomposition reactions of (235) (experiments 7, 8, and 11). The slightly 

increased yields (2-5%) of isoquinoline (273) in experiment 11 were 

probably due to aerial oxidation of hydrogen iodide to iodine. 

When the decomposition of (235) was carried out in the presence of 

' heavy atom' solvents such as iodopropane (experiment 9) or bromobenzene 

(experiment 10) no isoquinoline (273) was produced, indole (272) being 

the sole product. This indicat es that I2 was not acting simply as a 
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TABLE 4. Thermolysis of 2-azido-3-(2-phenylmethylphenyl)propenoate (233) 

in toluene for 2.75 h, under N
2
 in the presence and absence of 

added reagents. 

Experiment Added Reagents Method of Products (%) 

i 

Number (molar equivalents) Analysis (265) (266) (267) (268) 

20 A 41 26 0-2 0 

21 Hydroquino-ne . (1.0) B Similar 

enamine 

to exp. 20 

(268) 

22 la (0.1 A 13 0 40 20 

B VL3 0 ^40 ^30 

23 I 2 (0.1), hydroquino-
^e (1.0) 

B VL0 0 ^35 V)0 

24 la (1.0), KOAc (1.0) A 7 0 52 0 

A: Products isolated by chromatography. 

B: Yields estimated on the basis of n.m.r. spectra of the total crude 

reaction mixture 

heavy atom and facilitating singlet to triplet intersystem crossing. 

Some direct interaction of iodine with the nitrene or azirine must have 

been involved. 

The presence of free radical initiators di-t-butyl peroxide and 

dibenzoyl peroxide in the thermol-yses did not lead to isoquinoline (273) 

formation, nor did diphenyldiselenide or diphenyldisulphide. Whilst 

a-methylstyrene, a radical trap, caused a decrease in the amount of 

enamine (274) formed there was no substantial decrease in the amount of 

isoquinoline (273) formed. The above results are inconclusive. 



R 

SCHEME 31 

Indoles + 
Dihydroisoquinolines 

I 
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A few of the most likely routes to isoquinolines are outlined in 

Scheme 31. The mechanism must involve iodine as a true catalyst as the 

increase in the amounts of isoquinolines plus enamines in the presence 

of 0.1 molar equivalents of iodine is greater than 20% which is the 

maximum expected if iodine were non-catalytic. 

The experiments carried out did not distinguish between a mechanism 

involving triplet nitrenes (276) and one involving radicals (277), but 

indicate that the role of iodine is unique and cannot be mimicked by 

radical initiators, diaryl-disulphides or -diselenides, 'heavy atom' 

solvents or iodine-containing organic or inorganic compounds. 

Attempts to increase the yield of isoquinolines by using co-oxidants 

with iodine were marginally successful. Thermolysis of azide (233) 

in refluxing toluene for 2.75 h in the presence of iodine (0.1 molar 

equivalents) and chloranil (2 molar equivalents) gave isoquinoline (267) 

and enamine (268) in roughly the same ratio as without chloranil. In 

a separate experiment chloranil was shown to dehydrogenate the 1,2-

dihydroisoquinoline (266) rapidly. It appears that either the radical 

intermediate (X) is a better dehydrogenating agent than chloranil or 

that dihydroisoquinolines are not involved in the reaction. When two 

molar equivalents of manganese dioxide were used instead of chloranil a 

slight increase (^5%) in the amount of isoquinoline (267) produced was 

observed, and there was a substantial decrease in the amount of enamine 

(268). The mixture was not very clean, however. The use of iodine (0.1 

molar equivalents) and barium manganate (2 molar equivalents) gave the 

best results. No enamine (268) was isolated, isoquinoline (267) was 

isolated in 49% yield and the indole (265) in 12.5% yield. The fact 

that very little or no enamine was formed may have been caused by the 
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oxidising reagent destroying any enamine formed, in which case the 

increased yield of isoquinoline could be due to reoxidation of hydrogen 

iodide to iodine. On the other hand, if no enamine were formed at all, 

due to manganese dioxide or barium manganate oxidising the dehydro-

isoquinoline then the increased yield could be due to a greater 

percentage of the intermediate (X) reacting to form isoquinoline (267). 

3.3.6. Decomposition of ethyl 2-azido-3-(isopropylphenyl)propenoate (236). 

An attempt was then made to design a system where the formal insertion 

product of the vinylnitrene into an <?-alkyl group is a 1,1-disubstituted 

-1,2-dihydroisoquinoline (i) in order to eliminate enamine formation 

and thus, hopefully, increase isoquinoline formation, and (ii) to 

214 

act as a model for possible precursors for Erythrina alkaloids in which 

the 1-position in the isoquinoline ring is spiro. The system chosen was 

the (9-isopropylazidocinnamate (236). When the thermolysis was carried 

out in refluxing xylene the products isolated were the indole (278) 

(61-65%), the dihydroisoquinoline (279) (2-3%), and the enamine (280) 

(6-16%). The isolated yield of enamine (280) was low due to decomposition 

on chromatography. Analysis of the n.m.r. spectra of the total crude 

reaction mixtures shows that there is aa. 20% of (280) present before 

chromatography. 

Heating a solution of the azide (236) in xylene in the presence of 

0.1 molar equivalents of iodine reduced the yield of indole (278) to 30% 

and the yield of enamine'(280) to trace amounts, but increased the yield 

of dihydroisoquinoline (279) to 14% and produced a new compound, the 

naphthalene (281) (17%). When 1.0 molar equivalents of .iodine and 

potassium acetate were used the only isolated product was the indole (12%). 

and the reaction mixture was very messy. 
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(i) 

(236) (278) 61-65% 
(279) 2-3% 

(280) 26% 

(236) —
( l l )

 • (278) + (279) + (280) + 

30% 14% <5% 

(281) 17% 

(236)
 ( i i i )

» (278) 12% 

(i) xylene, 140°C, 0.75 h; (ii) xylene, I
2
 (0.1), 140°C, 0.75 h; 

(iii) toluene, I
2
 (1.0), KOAc (1.0), 110°C, 2.75 h. 

Enamines such as (280) have been formed by interaction of vinyl-

nitrenes with adjacent isopropyl and ethyl groups [section 1.3.3.(b)].^ 

It seems likely that the production of indole (278), dihydroisoquinoline 

(279), and enamine (280) (equation 26) involved a singlet nitrene, as 

51 

has been postulated, but that the increased quantity of dihydroiso-

quinoline (279) produced in the presence of iodine was due to a radical 

intermediate of type (X). 
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The production of the naphthalene (281) is slightly puzzling. The 

simplest mechanism for its formation is an electrocyclic ring closure 

reaction of the enamine (280), followed by loss of ammonia (equation 27), 

but it is difficult to see why this thermal reaction should have occurred 

only in the presence of iodine. 

One possible explanation is that a radical intermediate (282) 

abstracted a hdyrogen radical from one of the methyl groups rather than 

the tertiary H to give a reactive primary radical which rearranged to 

the more stable benzylic radical (283) . Loss of a hydrogen radical followed 

by loss of NH
2
I would give the observed naphthalene (Scheme 32). 

(27) 

(280) (281) 

(283) 

E 
NHI 

(282) 
-H* 

E 
E E 

- H
2
N I NHI NHI 

(281) 

SCHEME 32 
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3.4. CONCLUSION 

Only in the very simple o-alkyl-azidocinnamate (258) (alkyl-

substituent R = Me) was indole formation the sole reaction on thermolysis. 

When R = i-propyl, or benzyl, or is part of the fluorenyl system, 

reaction of the intermediate nitrene with the o-group occurs to greater 

or lesser extents, depending on the particular o-group. The yields of 

indoles vary from 41 to 90%. The presence of iodine decreased the yields 

of indoles and increased the yields of products derived from reaction 

with the o-alkyl group. While the mechanism of this interaction is not 

clear, its effect is quite definite and reproducible. 



C H A P T E R F O U R 

T H E R M A L D E C O M P O S I T I O N O F A Z I D O C I N N A M A T E S 

W I T H U N S A T U R A T E D flflZtfO-SUBSTITUENTS 
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CHAPTER FOUR! THERMAL DECOMPOSITION OF AZIDOCINNAMATES WITH 

UNSATURATED ORTHO-SUBSTITUENTS. 

4.1. INTRODUCTION. 

In the preceding Chapter it was shown that vinylnitrenes could 

interact with adjacent c-alkyl groups, iodine increasing the extent 

of this interaction. Azidocinnamates bearing o-alkenyl groups were 

then studied in order to find out if the unsaturated groups become 

involved in the reactions of the azides or the corresponding nitrenes. 

In each case only one o-position was substituted in order that the 

interactions with the unsaturated blocking groups would be in competition 

with the usual electrocyclic ring closure reaction. 

4.2. DECOMPOSITION OF ETHYL 2-AZ,IDO-3-(2-ALLYLPHENYL)PROPENOATE (237). 

The system first studied was azidocinnamate (237). 

H C O O H 
N—( 

N 
H 

R 

(237) R = H (285) 

(284) R = Me 
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It was originally hoped to study the system (284) since prenyl 

groups are common in natural products (e.g. terpenes and alkaloids 

215 

such as clavicipitic acid (285) ). However, when the synthesis of 

the required aldehyde was unsuccessful the simpler system (237) was 

studied. This compound was quite stable at room temperature but on 

heating was decomposed to give a mixture of four compounds, to which 

the structures (286)-(289) were assigned, based on the spectral data 

No ethyl l-vinylisoquinoline-3-carboxylate was observed. 

(288) (289) 

The yields obtained at different temperatures are given in Table 5. 

The yields of indole (286) and aziridine (288) were found to increase 

with an increase in temperature, whereas the yields of aziridine (287) and 

benzazepine (289) decreased with an increase in temperature. Both 
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(287) and (288) decomposed slightly on chromatography and so both the 

isolated yields and the yields based on the n.m.r. spectra of the crude 

reaction mixtures are quoted. 

TABLE 5. Thermolysis of ethyl 2-azido-3-(2-allylphenyl)propenoate (237). 

REACTION PRODUCTS 

SOLVENT 

AND 

TEMPER-

ATURE 
Estimated yields* (isolated yields) 

X 

TIME (°C) (286) (287) (288) (289) 

(i) 80 5
+ 

44
+ 

23
+ 

28
+ 

(ii) 110 9 (8) 35-39 (12) 34 (24-31) 22 (21-22) 

(iii) 140 11 (11) 33 (20) 37 (29) 17 (16) 

(iv) 190 20 (20) 13 (13) 44 (20) 7 (6) 

* Yields estimated on the basis of n.m.r. spectra of the total crude 

reaction mixture 

Yields of products isolated by chromatography 

t 

Products not isolated 

(i) Benzene, 4.5 h 

(ii) Toluene, 1.5-1.6 h 

(iii) Xylene, 0.75 h 

(iv) Decalin, 0.12 h 

The o-allylazidocinnamate (237) was then heated in benzene at 60°C 

for 24 h in the presence of 1.0 molar equivalents of iodine. After 

work-up, involving washing with sodium thiosulphate solution, a yellow oil 
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was obtained which was identified as the iodinated enamine (290) (30-

40%). An n.m.r. spectrum of the total crude reaction mixture after 

work-up showed that (290) was the sole product. 

Thermolysis of (237) in refluxing toluene for 1.5 h in the presence 

of 0.1 molar equivalents of iodine gave the iodoenamine (290) in 13% yield, 

and compounds (286)-(289) were also present. 

The indole (286) is probably produced by cyclisation of the 

corresponding vinylnitrene onto the unblocked c-position, followed by 

a [1,5]H shift. The formation of the aziridine (288) is rationalised by 

an intramolecular ene reaction of the intermediate azirine (291). Ene 

216 

reactions involving C=N bonds are rare, and although two examples involve 

217 azirines, this appears to be the first intramolecular example. 

H 
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Several mechanisms of formation can be proposed for the two 

remaining compounds (287) and (289). The aziridine (287) can be visualised 

as being formed by simple addition of the singlet vinylnitrene to the 

allyl double bond, either in a concerted (pathway a) or stepwise manner 

(pathway c). The benzazepine (289) could arise via stepwise addition of 

the nitrene followed by rearrangement (pathway d) or by rearrangement of 

(287) (pathway e) (Scheme 33). 

Alternatively, the azido group of (237) could have acted as a 

1,3-dipole and added to the double bond giving an intermediate triazo-. 

line (292), which could then have lost N
2
 with, or without, rearrange-

ment to give the benzazepine (289) and aziridine (287) respectively 

(Scheme 34). 

E 

(289) 

SCHEME 33 
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(287) (289) 

SCHEME 34 

If the azepine (289) were formed via pathway (e) [i.e., from (287)] 

then one would not expect to isolate any of (287) at higher temperatures. 

This is not the case however. Furthermore, a sample of (287) heated in 

toluene under the same conditions failed to give (289). Addition of 

nitrenes to double bonds is a well known reaction, although in the case 

of vinylnitrenes the intermediate vinyl aziridines have not been isolated. 

The addition of azides, including vinyl azides, to C=C bonds to 

give 1,2,3-triazolines is a well documented reaction. Such triazolines 

rearrange with loss of N
2
 to imines and aziridines (Scheme 35). Both 
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inter- and intramolecular examples of triazoline formation are known, 

216—218 
but the triazoline is not always isolated. 

R2 R3 n2 D 3 

w 
R R 

4 \ / r.5 

R4 R5 R1I\I , N 
RN 3 + f = \ A w R H f - R 

s i n / 
N 

R2 R 3 R2
 R 3 

R4>T7<R5 + ) r^rR 
R V R R1N R5 

R1 

SCHEME 35 

A related example of the above reaction is the transformation of the 

218 
azide (293) to the aziridine (295) via the isolable triazoline (294). 

(i) 0°C, 3 days; (ii) 80°C, 14 h 
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The most reasonable mechanism for formation of (287) and (289) is 

via the triazoline (292). It explains why the yields of both (287) and 

(289) decrease with an increase in temperature, whereas the yields of 

indole (286) and aziridine (288) increase with an increase in temperature 

This is due to a greater conversion of the vinyl azide (237) to the 

azirine (291) [in equilibrium with the corresponding nitrene (296)] 

at higher temperatures, thus reducing the production of triazoline (292) 

and hence the yields of (287) and (289) (Scheme 36). 

NITRENE (296) H 
AZIRINE (291) 

t -N
2
 | A 

AZIDE (237) 

I 
TRIAZOLINE (292) 

INDOLE (286) 

AZIRIDINE (288) 

(287) + (289) 

SCHEME 36 

The isolation of the iodinated enamine (290) as the only product 

on treatment of (237) with iodine in benzene at 60°C suggests that the 

iodine diverted all of the vinyl azide (237) from azirine and triazoline 

formation, otherwise some of the products (286)-(289) might have been 

expected. A possible decomposition route is outlined in Scheme 37. 
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(237) 

N - N 2 

work up 

N - N . 

(290) 

SCHEME 37 

4.3. DECOMPOSITION OF ETHYL 2-AZIDO-3-(2-ALLYL-3-HYDROXY-4-METHOXYPHENYL)-

PROPENOATE (238). 

On thermal decomposition the vinyl azide (238) gave products 

similar to those observed from the simpler system (237). However, only 

the indole (297) was isolated, in a yield considerably higher than that of 

the corresponding indole (286). Thermolysis of (238) in refluxing toluene 

for 0.75 h gave (297) in 28% yield. This is presumably due to the 

increased nucleophilicity of the ring causing it to interact more 

readily with the electron deficient nitrene. 



136 

4.4. DECOMPOSITION OF ETHYL 2-AZIDO-3-(2-VINYLPHENYL)PROPENOATE (239> AND 

ETHYL 2-AZID0-3-(2-STYRYLPHENYL)PROPENOATE (240). 

Having observed that the azidocinnamate (237) and the corresponding 

azirine interacted so readily with an c-allyl group, it was decided that 

the reactions of azidocinnamates with <2-vinyl groups would be of 

considerable interest. Two such systems were prepared - (239) and (240). 

The vinyl azide (239) was found to be thermally unstable, decomposing 

slowly at 5°C over several weeks to ethyl l-methylisoquinoline-3-carboxylate 

(298). Thermolysis in refluxing diethyl ether (19 h) or in deutero-

chloroform at 35°C (21 h) showed a similar conversion into isoquinoline 

(298). The reaction was followed by n.m.r. but no intermediates could 

be observed. On heating a sample of the azide (239) in refluxing toluene 
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for 1.5 h the isoquinoline (298) was isolated in 75% yield, and the 

indole (299) in 7% yield. 

(i) toluene, 110°C, 1.5 h 

The c-styryl derivative (240) was, however, thermally stable at room 

temperature but on heating decomposed to give a mixture of isoquinoline 

(300), benzazepine (301), and indole (302). The yields varied with 

temperature, the amount of benzazepine (301) increasing with an increase 

in temperature. 

(240) 

Toluene, 

110°C, 2.25 h 

(301) 37% 

(240) 
Xylene 

140°C, 1.25 h 
(300) 

36% 

(301) 

40% 

+ (302) 

8% 
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When the decomposition was carried out in refluxing benzene (4.5 h) 

the ratio of (301) (300) was lower than in toluene, whereas in 

refluxing decalin (190°C, 0.25 h) the ratio was higher than in xylene. 

No trace of the aziridine (303) was ever observed, but when this compound 

was isolated, (from a reaction which will be described in section 4.6), 

it was shown to be cleanly converted to the benzazepine (301) on 

refluxing in toluene for 2 h. This suggests that (301) is formed from 

(240) via (303) under the above reaction conditions. 

Toluene 

110°C, 2 h 

H / ^ P H 
H 

(301) 

(303) 

Possible pathways for the formation of isoquinolines (298) and 

(300) and azepine (301) are outlined in Schemes 38 and 39. Vinyl azide 

(239) decomposed at temperatures lower than those required for thermal 

decomposition of vinyl azides to azirines. A n c h i w e Y * a s s i s t a n c e 

from the adjacent vinyl group is thus inferred. 

Pathway (a) is unlikely as it would predict that (240) (X = Ph) 

should be thermally less stable than (239) (X = H) due to the greater 

stability of the intermediate (304b). This is not the case, however. 

The intermediate (304) might also be expected to collapse to give 

aziridines (303) and (305), but products derived from (305) are not 

observed on thermolysis of (239). 
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N. 

(239) X = H 

(240) X = Ph 

* = + , - , 

(304a) X = H 

(304b) X = Ph 

AZEPINES 

(305) X = H 

(303) X = Ph 

(298) X = H 

(300) X = Ph 

SCHEME 38 

The triazoline (306) is a likely precursor of the isoquinolines 

(298) and (300), which can be formed by ring opening of the triazoline 

followed by rearrangement and loss of N
2
, in a manner similar to the 

formation of the azepine (289) from the azidocinnamate (237). 

There are two possible routes to the aziridine (303), and hence 

to the azepine (301): addition of vinylnitrene (307b) to the double 

bond (pathway d) and decomposition of the triazoline (306) (X = P h ) 

(pathway e). The fact that, the intermediate triazoline (306a) is not 

observed by n.m.r. on decomposition of the vinyl azide (239) in 

deuterochloroform at 35°C indicates that the slow step in the reaction 

is triazoline formation followed by fast triazoline decomposition 

(Scheme 40). 
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(239) X = H 

(240) X = Ph 

X (307a) X = H 

(307b) X = Ph 

INDOLES 

c o ; -N
: 

0 
N 

(306a) X = H 

(306b) X = Ph 
(298) X = H 

(300) X = Ph 

-N-

(305) X = H 

(303) X = Ph 

(301) X = Ph 

SCHEME 39 

The triazoline decomposition reaction is often the slow step, but 

may have become the fast step in this example as a stable aromatic compound 

is being formed. 

X 
X = H, Ph 

SCHEME 40 



141 

If this is so when X = H, then it should be equally true when X = Ph, 

hence no aziridine (303) should be formed. To attempt to determine 

whether or not the aziridine (303) was produced from nitrene addition 

to the C=C bond (pathway d) the azirine (308) was prepared by photolysis 

of the azide with a low intensity lamp, at 350 nm in petrol 

for 1 h. This azirine was then heated in refluxing benzene for 4.5 h 

and the product mixture analysed by n.m.r. and isolation. No isoquino-

line (300) had been produced, but a mixture of indole (302) and azepine 

(301) was produced in a ratio of 1 part indole to 4 parts azepine 

(quantities determined by separation by chromatography). 

Ph 

(308) (302) (301) 

As this is roughly the ratio in which they are produced on thermolysis 

of the azide (240) it is almost certain that the azepine (301) was 

produced by pathway (d), not pathway (e) (Scheme 39). This also explains 

why the ratio of azepine (301) to isoquinoline (300) increases with 

temperature. The increase is due to increased nitrene production at 

higher temperatures as observed in decompo sition of the o—allyl azido— 

cinnamate (237). 
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The observed decrease in the rate of triazoline formation in going 

from a vinyl-substituted azidocinnamate (238) to a styryl-substituted 

azidocinnamate finds precedent in the reactions of substituted styrenes 

with 1,3-dipoles where introduction of a second phenyl group into the 

a- or 3-position of styrene is always accompanied by a decrease in 

220 

reaction rate. The ease with which the vinyl azide (239) reacts 

intramolecularly to give the triazoline (306a) accounts for the very low 

yields of products which are nitrene derived, even at high temperatures 

(110°C). 

A simple picture thus emerges; isoquinolines (298) and (300) are being 

formed from the azides (239) and (240) via triazolines (306) (pathway b) 

and the indoles (299) and (302) and the azepine (301) is being formed via 

a nitrene intermediate (307) (pathways c and d) . 

X = H P h 
TRIAZOLINES (306) ' » ISOQUINOLINES (298) 

| (300) 

AZIDES (239), (240) 

l 
AZIRINES 

t j 
X = P h 

NITRENES — lil*. [AZIRIDINE (303) ] — • A Z E P I N E (301) 

|x = H , Ph 

INDOLES (299), (302) 

The reaction of the azidocinnamates (237), (239), and (240) to 

give intermediate triazolines, sometimes at relatively low temperatures 

suggests that the azidocinnamates exist in the Z'-form as written 

(see section 2.1). 
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3 

E 

It is unlikely that E !Z isomerisation occurred prior to reaction. 

The low temperature decomposition of azidocinnamates (250) and (251) 

suggests that these compounds also exist in the Z-form. 

4.5. EXTENSIONS 

Possible extensions of this investigation include the azidocinnamates 

with unsaturated o-substituents (309)-(313). 

CO2R 

3 

E 

(309) (310) R' = OR" 

(311) R
f

 = NR"
2 

(312) (313) 
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The reaction of (309) to give triazolines is expected to be very 

202 
fast, by analogy with the reaction of phenyl azide with methyl acrylate. 

High yields of isoquinolines are expected . On the other hand, triazoline 

formation from (310) and (311) should be very slow for electronic reasons, 

the addition of a nitrene onto the electron-rich double bond being the 

expected reaction, giving aziridines, and eventually azepines. The 

azidocinnamtes (312) and (313) may not be stable to the temperatures 

required for cycloaddition of azides to nitriles or acetylenes. The 

4-substituted indoles are the expected major products. 

4.6. 'PROTECTION' OF THE SIDE CHAIN C=C BOND. 

In an attempt to prevent interaction of the azido group or the 

nitrene with adjacent C=C bonds the vinyl azides (237) and (240) were 

treated with 3-chloroperbenzoic acid in methylene chloride to epoxidise 

the side chain double bonds. The epoxidation of (240) proceeded readily 

at room temperature, whereas (237) required refluxing in methylene chloride 

for several days. No epoxidation of the azido-substituted C=C bond was 

observed. 

The azidocinnamate (254) was isolated as a white crystalline solid 

in 56% yield and appeared to be stable to chromatography. However, the 

epoxide (253), an oil, was very unstable to chromatography on both 

silica gel and basic alumina. 

When a solution of (254) in toluene was heated at 110°C for 4.5 h 

the corresponding indole (314) was isolated in 78.5% yield. A sample 

of (253) when decomposed under the same conditions for 1.75 h was 
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N. 

MCPBA, CH
2
C/

: 

45 C, 3 days 

(237) (253) 

MCPBA, CH
2
C/

; 

20°C, 2 h 

(240) (254) 

cleanly converted to the indole (315), as shown by an n.m.r. spectrum 

of the total pyrolysate. 

Treatment of the epoxide (254) with TEP (1.1 molar equivalents) 

in THF at room temperature for 12 h gave the aziridine (303) as the 

major product (40%), presumably via an iminophosphorane intermediate. 

Iminophosphanes are known to react intermolecularly with epoxides to 

221 

give both aziridines and imines. No trace of the corresponding imines 

(300) and (301) were observed however. As described previously, 

thermolysis of the aziridine (303) gave the azepine (301). 

The indoles (314) and (315) should prove to be useful precursors 

for a variety of other 4-substituted indoles as epoxides can be modified 

by reaction with nucleophiles to give ring-opened species and deoxygen-

ation to give alkenes. 
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(254) 

TEP 
(303) 

(314) 78.5% 

N, 

(253) 
(315) Quantitative by 

n.m.r. 

A general picture thus emerges of interaction with an adjacent 

unsaturated substituent in preference to indole formation. However, 

when the unsaturation is removed by epoxidation interaction with the 

aromatic ring is preferred over reactions with the side chain, and 

indoles are the major products. 



147 

C H A P T E R F I V E 

D E C O M P O S I T I O N O F A Z I D O C I N N A M A T E S C O N T A I N I N G 

ORTHO"CARBONYL GROUPS 
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CHAPTER FIVE*. DECOMPOSITION OF ALIDOCINNAMATES CONTAINING ORTHO-

CARBONYL GROUPS. 

5.1. INTRODUCTION 

Iminophosphoranes (316) have found wide use in the synthesis of a 

variety of nitrogen-containing compounds, including heterocyclics. 

They behave analogously to phosphoranes and react with carbonyl compounds 

to give C=N bonds, as shown in Scheme 41. The most common method of 

preparation of iminophosphoranes is by treatment of azides with 

221 

phosphorus (III) reagents . The initially formed triazenes (317) 

decompose to give the ylides (316) . 

(RO) 3 P + PhN 3 ^ ( R O ) 3 P = N — N = NPh 

(317) 

+ 
(RO)0P— NPh 

R'CHO (RO)3P = NPh 

(316) 

(RO)3PO + R'CH = NPh 

SCHEME 40 
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This ready conversion of the a-nitrogen of an azide into a good 

nucleophile suggested that a variety of heterocyclic compounds could 

be formed from azidocinnamates with c-side chains containing carbonyl 

groups (equation 28). In particular, the formation of isoquinolines 

[X = (CH
2
)o1 would be a synthetically useful reaction. 

5.2. REACTION OF AZIDOCINNAMATES WITH 0-CARBONYL GROUPS WITH 

TRIETHYLPHOSPHITE (TEP). 

Several c-carbonylazidocinnamates were prepared to test this 

hypothesis. Treatment of vinyl azides (241) with triethylphosphite 

(TEP) (3 molar equivalents) in cyclohexane at 35°C for 1 h gave a 

quantitative yield of the isoquinoline (267). 
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3 

E 
P(OEt)3 

Ph Ph 

(241) (267) 

The structurally similar fluorenone derivative (242) did not, 

however, give any of the expected azafluoranthene (271) on treatment 

with TEP, even on heating. Decomposition of the azide did occur but 

no cyclisation to the 9-position on the fluorene ring was observed. 

This parallels the low yields of (271) from the vinyl azide (234) 

on thermolysis. On examination of the models of the iminophosphoranes 

derived from (241) and (242) it can be seen that the rigidity of the 

fluorenone system renders attack of the iminophosphorane moiety on the 

C=0 bond very much less favourable than attack in the non-constrained 

benzophenone system. 

E E 
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Ethyl l-ethoxyisoquinoline-3-carboxylate (318) was obtained in 

90% yield on treatment of vinyl azide (245) with TEP (2 molar equivalents) 

in benzene at 50-60°C for 0.5 h. 

(i) 

OEt 
(245) (318) 

(i) TEP (2.0), benzene, 50-60°C, 0.5 h 

However, when azide (243) was treated with TEP under similar 

conditions only 28% of the expected isoquinolone (249) was obtained. 

The only other identified product was the isoquinoline (318) (25%). 

TEP 

Benzene 

The isoquinoline (318) was not formed by alkylation of (249) by 

the triethylphosphate produced in the reaction mixture. Both the 

starting material (243) and the isoquinolone (249) were recovered unchanged 

after treatment with triethylphosphate under the same conditions. 
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Surprisingly, no isoquinoline ( 3 1 8 ) was produced when 2 equivalents of 

triethylphosphate were added to the reaction mixture, and the yield of 

isoquinolone ( 2 4 9 ) was increased to 8 0 . 5 % . A similar effect was observed 

when other solvating compounds were added to the benzene solution. 

When ( 2 4 3 ) was treated with TEP in benzene in the presence of small 

amounts of DMF or DMSO, the isoquinolone ( 2 4 9 ) was again the major 

product, with no isoquinoline ( 3 1 8 ) observed, and when the reaction was 

carried out using THF as solvent, instead of the less polar benzene, 

the isolated yield of ( 2 4 9 ) was 7 4 % . 

( 2 4 9 ) 80 .5% 

(ii) 
( 2 4 3 ) • ( 2 4 9 ) 74% 

(i) TEP ( 1 . 1 ) , Benzene, 0 P ( 0 E t ) 3 ( 2 . 2 ) , 2 0 ° C ; 
(ii) TEP ( 1 . 1 ) , THF, 2 0 ° C . 

It is likely that the ethoxyisoquinoline ( 3 1 8 ) is produced by an 

intramolecular alkylation in the intermediate ( 3 1 9 ) via a six
-

membered 

transition state (Scheme 4 2 ) . This reaction is apparently disfavoured 

in good solvating media such as DMF, DMSO, triethylphosphate, and THF. 
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OEt 
'P-. 

H 0 6 - > f o 
(319) 

OEt 

TEP 

(243) 

SCHEME 42 

P(OEt)2 

Eto' OH 0 

-OP(OH)(OEt) 

When the amides (246) and (247) were treated with TEP in THF, the 

corresponding isoquinolines (320) were not isolated. It may be possible, 

by varying conditions, or reagents to achieve this transformation. 

TEP 

THF ,N 

NR2 

(320) 

Iminophosphoranes derived from vinyl azides and TEP have previously 

222 
been prepared, and have been shown to be stable to heat. On 

chromatography they rearranged to give 2-diethoxyphosphinylamino-2-

alkenoates (321). 



154 

P(OEt)
a
 ^ H

2
0 

/
r =

i
E

 o 
R N 3 R N -EtOH 

// 
R N-P(OEt). 2 

P(OEt)3 

81% (321) 87% 

R = Me, Et, n -Pr, Pr, Ph. 

While these ylides have not been reacted with electrophiles, there 

200 
is one intramolecular example in the literature. 

While a variety of heterocyclic compounds have been prepared by 

inter- and intramolecular reactions of iminophosphoranes, there are 

apparently no examples of isoquinoline formation by such reagents; 

quinolines, however, have been formed by treatment of 0-azidocinnamates 

223 
with TEP, followed by photolysis. 

The above results show that vinyl azide decomposition with TEP 

provides a mild and high yielding route to isoquinolines (323, R = Ph, 

OH, OEt). The generality of this route has yet to be fully demonstrated. 

R R 

(322) (323) 
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Attempts to prepare the systems (322, R = H, Me) were unsuccessful. 

These would give 1-unsubstituted- and 1-methylisoquinolines respectively. 

Attempts to condense 2-acetylbenzaldehyde (227) with ethyl azidoacetate, 

not surprisingly, failed probably due to self-condensation of the 

aldehyde. The condensation of o-phthalaldehyde also failed, although it 

may be possible to prepare (322, R = H) from the monoacetal of 

<?-phthalaldehyde by condensation, followed by deprotection. Routes to 

o-ketoazidocinnamates (322)(R = Alk, Ar) via reactions of organometallic 

reagents with the intermediates (250) and (251) (section 2.4) may prove 

feasible. 

A further extension of this C=N bond forming reaction to the 

synthesis of rings of larger sizes, i.e., X = CH
2
 or C2H4 in equation 

28, in particular benzazepines (324) when X = CH
2
, may also be possible. 

5.3. THERMAL DECOMPOSITION OF AZIDOCINNAMATES WITH 0-CARBONYL GROUPS. 

R 
(324) 

The vinyl azides described above (241)-(243), (245) and (247) were 

expected to give either 4-substituted indoles or products derived from 

interaction with the c-carbonyl groups on thermolysis. When the 
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c-substituent was an alkene then 80-90% of the products obtained were 

derived from reaction with the unsaturated substituent (Chapter 4). 

However, heating solutions of the azides (241), (242), (245) and (247), 

in toluene (2.5-5 h) gave the corresponding indoles (325)-(328) in 

poor to good yields (Scheme 43). 

(325) R = Ph 10% 
(245) R = OEt 

(327) R = OEt 79% 
(247) R = NH

2 

(328) R = NH
2
 50% 

E 

SCHEME 43 

Vinyl azides (241) and (247) gave product mixtures on thermolysis 

that were difficult to separate and identify. No recognisable products 

other than the indoles could be isolated. 
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The c-carboxyazidocinnamate (243) behaved differently. On heating 

in toluene for 2.5-22 h (243) gave, after chromatography, 83-89% of a 

colourless crystalline compound to which the structure (329) was 

assigned based on spectral data. The corresponding indole (330) was 

also isolated (6%). The formation of the aziridine (329) is rationalised 

by intramolecular nucleophilic attack of the carboxylate ion on the 

protonated azirine in the intermediate (331) (Scheme 44).. 

o 
(330) 6% (329) 

SCHEME 44 

The intermolecular reaction between carboxylic acids and azirines 

is well documented, but the intermediate aziridines were not isolated 

72 

as they rearranged to amides, e.g., Scheme 45. The steric constraints 

on the cyclic system (329) prevents such a rearrangement occurring in this 

case. 
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O 

P.h 
O 

Ph 
V P h 

O 
N 
H 

On treatment with concentrated sulphuric acid in ethanol the aziridine 

(329) formed an addition product. The structure (332) fits the spectral 

2 
data. Addition of ethanol to aziridines is known to give {3-ethoxyamines. 

When a solution of (329) and triethylamine in ether at -60°C was treated 

with a solution of nitrosyl chloride in carbon tetrachloride and allowed 

to warm to room temperature the isocoumarin (333) was isolated in 75% 
225 

yield. /l/-Nitrosoaziridines are known to extrude N
2
0 readily. The 

structure of (333) was confirmed by conversion to the corresponding methyl 

ester (334), m.p. 172-175°C (lit.
2 2 6

 173-174°C) and the acid (335) m.p. 

250-253°C (lit.
2 2 7

 245-246°C). 

(329) (332) 
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H 
.N 

C O " 

N0C/-CC/, 

Et
a
0, -60 C 

O 

NO i 
N 

~ o O £ 
0 

h60°C to 20°C 

- N
2
O 

0 

(335) 

5.4. CONCLUSIONS 

The decomposition of <?-carbonylazidocinnamates (322) provides routes 

to 1,3-disubstituted isoquinolines and 2,4-disubstituted indoles. The 

substituents, e.g., C0NH
2
, can be further modified to give synthetically 

useful heterocyclics. 4-Formylindoles are precursors for many natural 

207 
products and are often difficult to obtain. The isoquinolone ring 

228 
system is contained in alkaloids such as thalactamine and doryamine. 

Both the thermal decomposition of o-carbonylazidocinnamates to give 

indoles and decomposition with phosphorus reagents to give isoquinolines 

and isoquinolones should prove to be general and easily extended reactions. 



C H A P T E R S I X 

P H O T O C H E M I C A L D E C O M P O S I T I O N O F V I N Y L A Z I D E S 
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CHAPTER SIX! PHOTOCHEMICAL DECOMPOSITION OF VINYL AZIDES. 

6.1. INTRODUCTION 

36—38 

Vinyl azides decompose on photolysis to - azirines. Whereas 

the thermal reactions of azirines usually occur via reversible C-N bond 

cleavage to give vinylnitrenes, photochemical reactions occur via 

irreversible C-C bond cleavage to give nitrile ylides, which can react 

as 1,3-dipoles or as carbenes in both inter- and intramolecular reactions. 

R 2 

R 1 N 3 

hv / V 7 / 
R1 N 

hv 

R 1 > : 

R 2 

J — N = CR2 r = N z = r 
R1 

R' 

The photochemical reactions of azirines have been summarised in 

33 35 229 230 

recent papers and reviews. ' ' ' Typical reactions are 

exemplified in equations 29 - 31.. Both inter- and intramolecular 

1,3-dipolar cycloaddition occur (equation 29). Included in this type 

of reaction are the dimerisation and crossed-dimerisations of azirines 

(equation 30). These dimers were found to be photolabile rearranging 

to - diOL^Ohexatrienes (337) (equation 31). The formation of (339) 
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by irradiation of the azirine (338) is an example of the 1,1-cycloaddition 

reactions of 2#-azirines. 

R1 R2 

N R" 

hv 

R4 >=x 

R2 

n _ L r 2 

X R 4 

(29) 

= CH
2
, R

3

 = H, R* = C0
2
Me, CN; 

= 0, R
3

 = OEt, R* = CN; 

= S, R
3

 = SMe, R
4

 = Ph; 

= 0, CH
2
, R

3

,R
4

 = NR, CHR. 

R Ph 

w 
N 

Ph 

kN 

hv 

hv R = Ph 

Ph 

Ph p h 

/ N N 

r r 
h Ph 

hv 

(336) 

P h ^ Ph 

Ph 

Ph Ph JH 
/ n n 

H - T Y 
(30) 

H R 

I II ^ (31) 

(337) 

N 

hv 

(338) (339) 
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6.2. PHOTOCHEMICAL DECOMPOSITION OF AZIDOCINNAMATES TO GIVE AZIRINE 

TRIMERS. 

The photochemistry of azidocinnamates and the corresponding 

2-arylazirine-3-carboxylates has not been previously studied. 

Solutions of the azidocinnamates (233)-(236) and (244) in petrol 

were irradiated at 300 nm. The major products isolated were trimers 

of the azirines (340), the triazatricyclononenes (341, a-e) (Table 6). 

In a separate experiment, azirine (340, Ar = 2-tolyl) was isolated by 

photolysis of (235) at lower light intensity, and shown to be converted 

into the trimer (341c) on further irradiation. 

Ar _ 
/=<E S • V Ar N 3 300 nm N 

(340) 

The structure and relative stereochemistry of the trimer (341c) 

was determined by X-ray crystallography (Figure 1). Only one stereoisomer 

of the trimer was observed. N.O.e. difference spectra of (341c) allowed 

assignment of the various
 l

H n.m.r. signals to particular groups in the 



165 

\ / 

Figure 1. X-ray structure of triethyl 2,4,9-tri-(2-methylphenyl)-

3 5 

1,3,8-triaza-tricyclo[4.3.0.0 ' ]non-7-ene-5,6,7-

tricarboxylate (341c). 
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TABLE 6. Photolysis of azidocinnamates (233)-(236) and (244). 

Starting Material Reaction Yields of 
Time (341, a-e) 

ArCH=C(N 
3
) E (%) 

(233) Ar = 2 - P h C H
2
- C

6
m 1 h (a) 40 

(234) Ar = Fluoren-l-yl 0.13 h (b) 60 

(235) Ar = 2-Me-C«H* 1 h (c) 56 

(236) Ar = M e
2
C H - C

6
m 1 h (d) 57 

(244) Ar = Ph 1 h (e) 66 

molecule and showed that the compound had the same average conformational 

structure in deuterochloroform solution as in the solid state (see 

Appendix). 

The trimer (341) is probably produced by initial formation of a 

dimer (342), followed by either addition of another azirine (pathway a) 

or a nitrile ylide (pathway b) (Scheme 45). 

Evidence for the formation of dimer (342) as an intermediate in 

the photolysis reactions was sought. Although an intermediate could 

be detected by n.m.r., there was insufficient evidence to assign it 

the structure (342) unambiguously. 

Only one diastereomer of the trimer (341) was isolated, in contrast 

to the previously reported dimers (equation 30) which were formed as 

diastereomeric mixtures. In order to account for the observed stereo-
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hv 

Ar E 
W 

N 

(340) 

h 
+ N K Ar 

f Ar 
^ E 

^ N N N 

Y Ar (342) 

b 

hv 

E E T 
A r - \ I \ N 

N N — / Y Ar Ar 
(341) 

(340) 

Ar 

H Y Ar 
(343) 

SCHEME 45 

specificity by either pathway (a) or (b) the additions must occur as 

shown in Scheme 46. 

In pathway (a) the addition of the nitrile imine to the azirine 

(340) to give the dimer (342) must be stereospecific, as shown, and 

this must be followed by a stereospecific addition of a nitrile ylide 

to the more hindered face of the dimer to give the observed trimer 

stereochemistry. 

In pathway (b) the formation of (342) does not have to be stereo-

specific as the ring opening reaction to give the azomethine ylide 

(343) destroys the stereochemistry at two of the centres. The ylide 
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E N + H E N + 

. w k Ar Ar 

(340) 

\ A " ( f 
A . \

+

N 
H Ar >v|| 

H ^ A r 
(342) 

a / e 

H ' V ' . E E 
H'. 7 T V , 

A r Ar 
(343) 

A r ^ H E | 

v - f 
. A . H 

Ar 

H Ar 

(341) (341) 

SCHEME 46 

(343) must then add to the least hindered face of the azirine (340) 

to give the observed product (341). 

These steric factors therefore indicate that the most likely 

mechanism for formation of (341) is pathway (b) (Scheme 46). 
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6.3. PHOTOLYSIS OF VINYL AZIDES CONTAINING UNSATURATED OR NUCLEOPHILIC 

GROUPS. 

Azirines containing unsaturated substituents would be expected to 

undergo intramolecular photochemical reactions. This is indeed the 

case. 

6.3.1. Photolysis of ethyl 2-azido-3-(2-allylphenyl)propenoate (237). 

Photolysis of the c-allylazidocinnamate (237) in petrol at 300 nm 

for 1 h gave the azirine dimer (344) (44-54%). No trimeric products 

were observed. The stereochemistry was determined by n.O.e. experiments 

(see Appendix). 

E 

(237) 

(344) 44-45 % 

Ar = o-allylphenyl 
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Two mechanisms can again be proposed:- (i) intramolecular cyclo-

addition of the nitrile ylide (346) to give a 'monomer' (347), followed 

by intermolecular cycloaddition of another nitrile ylide to (347) 

(pathway a), or (ii) intermolecular addition of the nitrile ylide (346) 

to the azirine (345) to give a dimer (348), followed by ring opening 

to give the azomethine ylide (349) which undergoes an intramolecular 

cycloaddition to give the isolated product (344) (pathway b) (Scheme 47). 

(347) 

hv 

r= n 11 

/ \ 

[ 4 + 2 ] 

(349b) 

SCHEME 47 
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Pathway (a) requires the nitrile ylide (346) to undergo intra-

molecular 1,3-dipolar cycloaddition into the unactivated C=C bond. 

In the similar system (338) no 1,3-dipolar cycloaddition occurred and 

the nitrile ylide acted as an iminocarbene. Only when the C=C bond 

is electron deficient (350) does the [4+2] cycloaddition occur to give 

two fused five-membered rings. 

(338) R = H, Me 

(350) R = C0
2
Me 

hv 

R = C0
2
Me 

hv 
R = H, Me 

In the present work cycloaddition of nitrile ylide (346) to the 

unactivated C=C bond to give two fused five-membered rings is also 

unlikely on steric and electronic grounds. Therefore the 'monomer' 

(347) is unlikely to be involved. 

However, if (347) were formed, then, in order to achieve the correct 

stereochemistry in the product (344), nitrile ylide addition to the C=N 

bond in (347) must occur from the more sterically hindered (exc ) face. 

Both these facts argue strongly against pathway (a). 
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E 

r 

A r 

(347) (344) 

Therefore, the reaction involves the initial dimerisation of 

the azirine (345). Assuming this dimerisation parallels the dimerisation 

of 2,3-diphenylazirine (equation 31), then a mixture of diastereomers 

(348) should be formed resulting from addition of the nitrile ylide to 

the least hindered face of the azirine, i.e., from the side opposite 

the aryl group. Photochemical disrotatary ring opening of the aziridine 

ring would give the cis azomethine ylide (349a) which would rapidly 

isomerise to the thermodynamically more stable trans ylide (349b). 

Ar 

H Ar 
(348) 

Ar 

w 

E E E E 

Ar Ar 
(349b) (349a) 
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A similar ois to trans isomerisation has been observed for other 

231 2 3 2 
azomethine ylides (e.g.. Scheme 48). 

H H 

y ^ c o A r 

Ar H 

hv 

A ^ ' K p . C O A r —| 
H H OIS 

R 
1 

Ar 
p C O A r 

H 
trans 

R 

V v C 0 A r Ar" \ T ' H 
1 y° 

R 

SCHEME 48 

R
1

CHO 

Addition of the azomethine ylide (349b) to the allyl C=C 

bond would then occur so that the allyl group approaches the nitrile 

ylide from the least hindered side, i.e., opposite the aryl group, 

thus giving the observed stereoisomer of (344). 
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E 
E 

(349b) (344) 

The azomethine ylide (349) is more likely to react with the allyl 

double bond than is the nitrile ylide (346) , because (349) is inherently 

more reactive and its bent structure allows the two groups to approach 

one another more easily. 

Therefore, the most likely mechanism for formation of (344) is 

pathway (b) (Scheme 47). 

In the light of this conclusion the formation of the trimer (341) 

(Scheme 46) can be re-examined. The first step in both mechanisms is 

the formation of the azirine dimer (342). Pathway (a) requires that 

this is a stereospecific addition to give (342a), whereas for pathway 

(b) diastereomers (342a) and (342b) can be formed as in the dimerisation 

of 2,3-diphenylazirine. 

Ar H 
(342a) R

1

 = Ar, R
2

 = H 

(342b) R
1

 = H, R
2

 = Ar 

Ar as in Table 6. 
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The second nitrile ylide addition (pathway a) must occur on the 

most highly hindered face, containing both bulky aryl and ester groups, 

and must be stereospecific with respect to the nitrile ylide, a feature 

not observed in the formation of the 3-phenylazirine dimers (equations 

30 and 31). 

H H E 

E _ 

^ ^ V - f - H 

K

kx 
A r H ^ < / A r 

Ar 

(342a) 
(341) 

Ar as in Table 6 

This mechanism does not give any explanation of why trimer formation 

should be faster than dimer formation and why tetramers are not formed 

by addition of another nitrile ylide to the trimer. Sterically, such 

a process is no more difficult than trimer formation by this mechanism. 

Pathway (b), however, allows the formation of two diastereomers 

of the dimer (342) which ring open on photolysis to give the cis-

azomethine ylide (343a) which then isomerises to the trans-ylide (343b) 

as in the case when Ar = c-allylphenyl. 

w 

T b ^ Y a ^ Y Ar Ar Ar 
(342) (343a). (343b) 

Ar as in Table 6 
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Addition of the more stable trans-azomethine ylide (343b) to the 

azirine (340) so that their bulky aryl groups cause least steric 

hindrance to the addition gives the observed trimer stereoisomer (341) 

It should be noted that the relative configuration at the five chiral 

centres in (341) is determined solely by the geometry of (343b), which 

contains only one chiral centre. 

(342) 

(343b) 

(341) 

The ring opening of the aziridine ring in (341) is less likely 

than in (342) since the resulting azomethine ylides are of different 

stability. The azomethine ylide (343) from (342) is more stable due to 

delocalisation of the negative charge both into the ester group and into 

the C=N bond of the ring. Therefore, no tetramers are formed. Clearly, 

the stabilisation in (343) is such that ring opening of the dimer (342) 

is favourable and occurs ceadily whilst the azirine (340), a good 

dienophile, is still present. 
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Therefore, the mechanism involving azomethine ylides (343) (pathway 

b, Scheme 46) is preferred as it explains the isolation of the 

trimers (341) as the major products in preference to dimers or tetramers, 

and the observed stereochemistry of (341). 

A common decomposition pathway is proposed for all the azidocinnamates 

so far described and is summarised in Scheme 49. 

AZIRINE
 h V

 • NITRILE YLIDE AZIRINE ^ DIMER 

jhv 

AZIDE 

DIMER (344) 
Ar = 2-allylphenyl 

[4+2] 

R = Ar in Table 6 

[4+2] 

hv 

ais-AZOMETHINE YLIDE 

\ 
trans-AZOMETHINE YLIDE 

Ar = R AZIRINE 
[4+2] 

TRIMER (341) 

SCHEME 49 

6.3.2. Photolysis of ethyl 2-azido-3-(2-styrylphenyl)propenoate (240). 

Irradiation of the vinyl azide (240) at 300 nm for 1 h gave (351) 

as a colourless crystalline solid (68%). The intermediate nitrile 

ylide reacted via its iminocarbene form. The addition was stereospecific. 

No isomerisation to the cis-system was observed. No dimeric or trimeric 

products were isolated. 
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N hv 
, n 3 • 

Ph 

N 

H / H 

E 
Ph 

(240) (351) 68% 

Similar photochemical 1,1-cycloadditions of iminocarbenes (Scheme 

33 
50) have been postulated to occur via a stepwise mechanism but it 

has been proposed that the apparent non-stereospecificity was due to 

229 
epimerisation of the products, rather than a stepwise reaction. 

hv 
P h ^ N 

11 

+ 
SCHEME 50 

Ar N 

6.3.3. Photolysis of ethyl 2-azido-3-(2-pyridyl)propenoate (232). 

Whilst 2-vinylazirines isomerise to pyrroles on photolysis, no 

examples of cyclisation onto 2-phenyl substituents to give isoindoles 

229 230 
have been reported. ' The only example of isoindole formation from 
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a nitrile ylide/iminocarbene intermediate is the formation of isoindole 

on pyrolysis of l-phenyl-l,2,4-triazole where the carbene (352) was 

233 
proposed as an intermediate. 

N r ^ 
V P h 

Ph H 

-N; 

NH 

(352) 

The conditions used in this reaction were quite different from 

those under which most photolytic decompositions of azides are carried 

out. 2-Pyridylazirines might, however, be expected to give imidazo-

pyridines on photolysis, in a reaction analogous to the formation of 

229 230 

imidazoles from 2-imidoylazirines. ' 

This has been found to be the case in the photochemical decomposition 

of the azide (232) to give (354) (55%) which presumably occurs via the 

azirine (353). A small amount of the thermal product (260)
 w a s

 also 

produced, probably due to the heating of the solution, during the 

irradiation. No dimeric or trimeric products were observed. 
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E 

hv 

(353) 
E

 (354) i i 

ca. 40°C 

15% 

110°C 

95% 

hv 
/ H 

(260) 

The pyrazolopyridine (260) was recovered unchanged after irradiation 

under the same conditions. The mechanism involves rapid trapping of the 

nitrile ylide by the nucleophilic pyridine nitrogen to give (354). 

6.4. SUMMARY 

In summary, photochemical decomposition of azidocinnamates gives 

azirine trimers except when there are unsaturated substituents present. 

In the latter case intramolecular cycloaddition onto the unsaturated 

group occurs, either by nitrile ylide/iminocarbene or by azomethine ylide 

intermediates to give monomeric or dimeric products. Nitrile ylides 

E 
(354) 
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can also be trapped by internal nucleophiles to give stable hetero-

cyclic products. 



P A R T T H R E E 

E X P E R I M E N T A L . A P P E N D I X A N D R E F E R E N C E S 

C H A P T E R S E V E N 

E X P E R I M E N T A L 

. 1 . G E N E R A L P R O C E D U R E S A N D C O N D I T I O N S 



183 

7.1. GENERAL PROCEDURES AND CONDITIONS. 

Spectra 

Infra-red spectra (i.r.) were recorded in the range 600-4000 cm 

using Perkin-Elmer 257 and 298 spectrophotometers and calibrated against 

polystyrene. Spectra of solids were taken as Nujol mulls and liquids 

as thin films between sodium chloride plates or in solution cells with 

the appropriate solvents. All values quoted are medium to strong 

stretching bands in the spectra, and only structurally significant bands 

are quoted. 

Ultra-violet and visible spectra (u.v.) were recorded in the range 

200-700 nm or 200-450 nm using a Pye-Unicam SP 800 ultraviolet spectro-

photometer using cells of 0.5 or 1.0 cm path length. Solvents used are 

indicated in the experimental data. 

Proton nuclear magnetic resonance spectra (
X

H n.m.r.) were recorded 

using Varian T60 (60 MHz), EM 360 A (60 MHz), Perkin-Elmer R32 (90 MHz), 

or Bruker WM 250 (250 MHz) instruments, with tetramethylsilane as internal 

standard. Unless otherwise stated the spectra were recorded on the 

Perkin-Elmer R32 (90 MHz). Signals are quoted as singlets (s), doublets 

(d), triplets (t), quartets (q), heptets (h), multiplets (m), or broad 

(br). A doublet of doublets is given by (dd), a doublet of triplets as 

(dt), etc.
 1 3

C Nuclear magnetic resonance spectra (
1 3

C n.m.r.) were 

recorded using the Bruker WM 250 (&2.9 MHz) instrument with tetramethyl-

silane as internal standard. Signals are quoted as above for
 1

H n.m.r. 
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Low and high resolution mass spectra were recorded on A.E.I. MS 

12 and VG Micromass 7070 B instruments. Spectra were recorded at 70 

or 12 eV using a direct insertion probe or septum inlet. 

Melting Points. 

Melting points were carried out on a Kofler Hot Stage apparatus and 

are uncorrected. The abbreviation for decomposed is dec. 

Solvents. 

Petroleum ether b.p., 40-60° and 60-80° c was disti^ed before use. 

Petrol in the experimental refers to 40-60°Cb.p. range unless otherwise 

stated. Dichloromethane was distilled before use. Acetonitrile, 

dimethylformamide, and dimethylsulphoxide were dried over calcium hydride 

and distilled before use. Diethyl ether (ether) was dried over sodium 

wire, and when distilled was distilled from sodium and benzophenone and 

stored under nitrogen. The diethyl ether used for chromatography was 

not always distilled. Benzene, toluene, and xylene were dried over 

sodium wire and distilled before use. Tetrahydrofuran was dried over 

potassium and benzophenone and distilled and stored under dry nitrogen. 

Decalin and bromobenzene were distilled before use. Acetone, ethanol, 

and methanol were used as supplied commercially in AR grade. All 

water used was distilled . 

Chromatography 

Column chromatography was carried out using Silica gel H (type 60) 

(Merck or Rose Chemicals) at medium pressure using a hand bellows, or 

silica gel MFC under gravity, or aluminium oxide 60 H basic (type E) at 
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medium pressure. Approximately 20 g of silica gel or aluminium oxide 

per 1 g compound or mixture. Unless otherwise stated the use of silica 

gel and aluminium oxide (alumina) in the experimental will refer to 

silica gel H (type 60) and aluminium oxide 60 H basic (type E) 

respectively. When more than one eluant is quoted the column is started 

with the first mentioned solvent and then the percentage of the second 

solvent gradually increased until only the second solvent is used. 

When a third solvent is used the same procedure applies. Thin layer 

chromatography (t.l.c.) was used extensively to monitor reactions. 

Silica gel G F
2 5 4

 (Merck) on glass plates, silica gel 60 F
2 5 i 4

 precoated 

on aluminium sheets, and aluminium oxide PF
2 5
<, (Merck) on glass plates 

were used. Preparative layer chromatography (p.I.e.) was carried out 

on 20 x 20 cm and 20 x 40 cm plates using silica gel PF
2 5 i

, and silica 

gel G F
2 5 A

 (Merck). 

Photolysis 

Photochemical reactions were carried out using a Rayonet photochemical 

reactor of lamps 300 or 350 nm wavelength. The solvent used was degassed 

with dry nitrogen. Nitrogen was bubbled into the reaction mixture 

throughout photolysis. The Rayonet instrument has four lamps. When a 

lower intensity light was required only one of these lamps was used. 

Drying Agents 

Dried magnesium sulphate was used to dry organic solutions during 

work-up unless otherwise stated. 
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Removal of Solvents 

In many of the work-up procedures the organic solutions were 

" dried and evaporated" . In this context evaporation will be taken 

to mean distillation at reduced pressure on a rotary evaporator at the 

lowest temperature necessary to remove the solvent. 
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7 , 2 , E X P E R I M E N T A L T O C H A P T E R T W O 
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2-Benzyloxybenzaldehyde 

A mixture of salicylaldehyde (24.4 g, 0.2 mol), benzyl chloride (27.8 g, 

0.22 mol) potassium carbonate (27 g, 0.2 mol), and acetone (150 ml) was refluxed 

176 

for 48 h. The acetone was then distilled from the reaction mixture and water 

(200 ml) added to the residue. The product was extracted with ether 

(2 x 100 ml) and then the combined organic extracts washed with aqueous 

sodium hydroxide (10%; 3 x 100 ml), dried and evaporated, to give the title 

compound (8 g, 40%) after distillation. 

2-Bromodiphenylmethane.
1 7 7 

A solution of 2-bromobenzoic acid (30 g, 0.149 mol) in excess 

thionyl chloride (165 g, 100 ml) was refluxed for 1.5 h, and then the 

excess thionyl chloride distilled under reduced pressure. The last 

traces of thionyl chloride were removed by azeotropic distillation with 

benzene to give the corresponding acid chloride as yellow oil (32.6 g, 
98%), v (film) 1790 cm"

1

, 
max 

To a stirred solution of the acid chloride (32.6 g, 0.148 mol) in 

benzene (200 ml) in a round bottomed flask, fitted with a reflux condenser 

and cooled to 0°C, powdered aluminium chloride (60 g) was added slowly. 

The contents of the flask were then stirred at room temperature for 1 h 

and poured onto ice. The two phases were separated, the aqueous phase 

extracted with ether (2 x 150 ml), the organic phases combined, washed 

with aqueous sodium bicarbonate solution (2 x 40 ml), and water (40 ml), 

dried and evaporated to give 2-bromobenzophenone as a pale green oil 

(35.4 g, 91.4%), v (film) 1670 cm"
1

, 5 (CDC/
3
) 7.5-7.9 (m). 

max 

Zinc wool (60 g) was shaken for 0.25 h with mercuric chloride 

solution [mercuric chloride (3 g) in water (60 ml) and concentrated 

hydrochloric acid (3 ml)], and the amalgam so obtained was washed several 
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times with water by decantation. To this amalgam crude 2-bromobenzo-

phenone (35 g) and concentrated hydrochloric acid (200 ml) were added, 

and the mixture refluxed for 48 h. The reaction was not complete after 

24 h as had been reported.
1 7 7

 The cooled reaction mixture was carefully 

diluted with water (200 ml), decanted from the remaining amalgam and 

extracted with dichloromethane (3 x 120 ml). The organic extracts were 

combined and washed with water (70 ml), dried and evaporated to give 

crude 2-bromodiphenylmethane as a yellow oil (26.9 g, 80%). Distillation 

of the crude material gave 2-bromodiphenylmethane as a colourless liquid 

(17.85 g, 53%), b.p., 84°C at 0.05 mmHg (lit.,
1 7 7

 175°C at 22 mmHg), 

v (film) 3033-3065, 1609, 1571, 1498, 1456, 1024, 745, 685 cm"
1

, 
max > > > > > > > 

6(CDC/
3
) 4.02 (2H, s), 6.87-7.27 (8H, m), 7.35-7.60 (1H, m). 

2-Benzylbenzaldehyde (204),
1 7 7 

2-Bromodiphenylmethane (14 g, 0.057 mol) in dry THF (200 ml) was 

added slowly to magnesium filings (1.5 g, 0.06 g atom) in THF (10 ml) 

over a period of 1 h. The Grignard reagent formation was initiated using 

a crystal of iodine and a drop of methyl iodide. The mixture was 

refluxed for 0.4 h and then cooled to ice-bath temperature. A solution 

of dry DMF (4.7 g, 0.064 mol) in THF (70 ml) was added dropwise to the 

cooled solution, which was then stirred at room temperature for 2.5 h. 

Water (50 ml) and 2N hydrochloric acid (50 ml) were then added and the 

aqueous solution extracted with ether (3 x 100 ml), and the organic 

extracts combined, dried and evaporated. Ether (25 ml) and alcohol (25 ml) 

were added to the crude aldehyde and the resulting solution allowed to 

o 

stand at 5 C overnight, whereupon anthracene, a side product, precipitated. 

This was filtered off and the remaining aldehyde separated from residual 
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starting material by chromatography on silica gel MFC (petrol/ether). 

2-Benzylbenzaldehyde
1 7 7

 (204) was obtained as a colourless liquid 

(7.6 g, 69%), v (film) 1700 cm"
1

, 5 (CDC/
3
) 4.31 (2H, s, CH

2
Ar), 

° max 

7.00-7.30 (8H, m, ArH), 7.60-7.80 (1H, m, ArH), 10.13 (1H, s, CHO). 

Fluoren-9-one-l-carboyylic acid (206). 

Fluoranthene (50 g) was treated with chromium trioxide in glacial 

acetic acid and water and gave fluoren-9-one-l-carboxylic acid (206) 

179 

(37 g, 69%) after work-up. Recrystallisation from glacial acetic acid 

gave (206) as dark brown crystals, m.p., 190-191°C (lit.,
1 7 9

 191-193°C). 

Attempted reduction of fluoren-9-one-l-carboxylic acid (206) by the 
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Huang-Minion modification of the Wolff-Kishner reduction. 

A mixture of fluoren-9-one-l-carboxylic acid (9 g, 0.04 mol), 

sodium hydroxide (5.4 g, 0.135 mol), hydrazine hydrate (99%; 5 . 4 m l , 

5.56 g, 0.11 mol) and 1,3-propanediol (70 ml) was heated at reflux 

temperature (150°C) for 3 h. The condenser was then removed and the 

contents heated more strongly. Fumes were evolved and the heating 

continued until the contents started to boil again. By this time the 

temperature of the contents of the flask had reached 195-200°C. The 

condenser was replaced and the refluxing resumed for a further 2.5 h. 

The reaction mixture was then cooled and poured into an ice cold solution 

of hydrochloric acid (2H). A black sticky oil precipitated. Attempts 

to purify portions of this oil by recrystallisation from glacial acetic 

acid or by dissolving it in dichloromethane, extracting it into saturated 

aqueous sodium bicarbonate solution and reprecipitating by addition of 

acid, failed, as did an attempted sublimation. 
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Attempted reduction of fluoren-9-one-l-carboxylic acid (206) using a 

234 

further modification of the above method. 

Fluoren-9-one-l-carboxylic acid (206) (1.1 g, 4.5 mmol) and 

hydrazine hydrate (1 ml, 20 mmol) were dissolved in propan-l-ol (80 ml) 

and the solution heated at reflux for 1 h. The solution was cooled in 

ice and the precipitated solid filtered off. The product was not the 

expected h^drazone but the pyridazolone (210) (0.87 g, 90%), m.p., 262-

266°C (d) (lit.,
1 8 0

 262°C) v (Nujol) 3120-3204, 1670, 1630, 1620 cm"
1

, max
 J

 ' 

<5[(CD
3
)

2
S0] 12.2-13.3 (1H, br s), 7.1-8.4 (9H, m) , m/e 220 (M

+

) , 164. 

A solution of the pyridazolone (210) (375 mg, 1.57 mmol) and 

potassium t-butoxide (200 mg, 1.78 mmol) in dry toluene (10 ml) was 

refluxed for 4.5 h. Water (20 ml) and dichloromethane (10 ml) were added 

and a brown solid precipitated. This was filtered off and was found 

to be identical to the pyridazolone (210) by i.r. and t.l.c. The organic 

phase was separated from the aqueous phase and was dried and evaporated 

to give a further quantity of the pyridazolone. No reaction had occurred. 

A solution of the pyridazolone (210) (0.177 g, 0.80 mmol) and 

potassium t-butoxide (0.1 g, 0.89 mmol) in freshly distilled DMSO (20 ml) 

was heated at reflux temperature for 12.5 h, added to hydrochloric acid 

(2N) and the resulting precipitate filtered off. This solid was found 

to be identical to the starting material (210) as was the solid which 

precipitated from the aqueous DMSO solution on concentrating and cooling. 

179 Reduction of fluoren-9-one-l-carboxylic acid with 4% sodium amalgam. 

235 

The 4% sodium amalgam was prepared by a standard method. Fluoren-

9-one-l-carboxylic acid (5 g, 0.022 mol) was added over a period of 1.5 h 

to 4% sodium amalgam (133 g) in distilled water (200 ml), heated on a 

steam bath. The mixture was well stirred by a mechanical stirrer. Care 
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was taken to maintain the pH of the solution near the neutral point by 

addition of hydrochloric acid (6N) at intervals. When all of the keto 

acid (206) had been added a further 55 g of amalgam was added and the 

mixture refluxed for a further 2 h, and stirred at 40°C for 3 h, after 

which it was shown by t.l.c. that only the product acid was present. 

The alkaline solution was then decanted from the amalgam, filtered, and 

acidified whereupon fluorene-l-carboxylic acid (207) precipitated as 

an off-white solid. This was then filtered off, washed and dried 

(4.22 g, 90%), m.p., 237-240°C (lit.,
1 7 9

 245°C), v (Nujol) 2100-IHcLX 
3000, 1685 cm""

1

, 6 [(CD
3
)

2
S0] 11.7-13.5 (1H, br s) , 6.66-7.80 (7H, m), 

3.70 (2H, s). 

Attempted reduction of fluorene-l-carboxylic acid (207) with lithium 

aluminium hydride. 

A solution of fluorene-l-carboxylic acid (207) (3.82 g, 18.2 mmol) 

in dry THF (100 ml) was added dropwise to a well stirred solution of 

lithium aluminium hydride (1.75 g, 46 mmol) in dry ether (40 ml) at a 

rate which maintained the solution refluxing gently. The mixture was 

then stirred at room temperature for 1.5 h and then the excess lithium 

aluminium hydride destroyed by addition of ethyl acetate (30 ml). The 

organic solution was then washed with hydrochloric acid (IN; 150 ml) and 

water (50 ml), dried and evaporated to give a brown oil (4 g) which 

was shown by t.l.c. and n.m.r. to be a mixture of six to eight compounds. 

Attempted separation of this mixture by silica gel chromatography failed. 
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Fluorene-l-carbaldehyde (205) . 

A solution of fluorene-l-carboxylic acid (14.5 g, 0.069 mol) and 

concentrated sulphuric acid (2 ml) in methanol (350 ml) was refluxed for 

48 h. The solvent was then removed under reduced pressure and the 

residue dissolved in ether (150 ml), washed with sodium hydroxide 

solution (IN; 2 x 50 ml) and water (50 ml), dried and evaporated to give 

a dark brown solid (12 g). Chromatography on silica gel MFC (petrol/ 

chloroform) gave methyl fluorene-l-carboxylate (208) as colourless prisms 

(8.5 g, 55%), m.p., 87°C (lit.,
1 8 2

 84-85°C), v (Nujol) 1722 cm"
1

. 
max 

Lithium aluminium hydride (0.8 g, 21 mmol) was added slowly to 

a stirred solution of methyl fluorene-l-carboxylate (208) (7.2 g, 32 mmol) 

in dry ether (120 ml). The reaction mixture was warmed for 2 h and then 

allowed to stand at room temperature for 14 h. Ethanol (10 ml), water 

(10 ml), and hydrochloric acid (2N; 70 ml) were then added, and the 

phases separated. The aqueous phase was washed with chloroform (50 ml), 

the organic extracts combined, washed with water (50 ml), dried and then 

evaporated to give fluorene-l-methanol (209) as a colourless crystalline 

solid (5.65 g, 91%), m.p., 144.5-146.5°C (lit.,
1 8 2

 145.5-146.5°C), 

v (Nujol) 3100-3530 cm"
1

, 
max 

The Jones reagent (1.18 M) was prepared by addition of concentrated 

sulphuric acid (18.3 ml) to a solution of chromium trioxide (21 g, 0.23 mol) 

in water (150 ml). 

The Jones reagent (17.8 ml, 21.08 mmol) was added dropwise over 

a period of 0.3 h to a well stirred solution of fluorene-l-methanol (209) 

(6.2 g, 31.6 mmol) in acetone (200 ml). The mixture was stirred at room 

temperature for 0.3 h, then the solution was decanted from the precipitated 

green solid and this solid washed with chloroform (100 ml). The organic 
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solutions were combined, washed with sodium thiosulphate solution (10%; 

50 ml), sodium hydroxide solution (2NJ 50 ml) and saturated sodium 

chloride solution (50 ml), dried and evaporated to give fluorene-1-

carbaldehyde (205) as a yellow solid (5.4 g, 88%), m.p., 89-90°C (from 

cyclohexane) (lit.,
1 7 8

 90°C), v (Nujol) 1693 cm"
1

, 5 ( C D C / 3 ) 4.00 
max 

.(2H, br, s, CH
2
) 7.20-7.90' (7H, m , ArH), 10.06 (1H, s, CHO). 

2-Isopropylbenzaldehyde (212). 

The following is a modification of a general procedure for conversion 

of anilines to benzaldehydes.
1 8

^ 

A mixture of 2-isopropylaniline (33.75 g, 0.25 mol) and water (50 ml) 

was placed in a 1 litre three-necked round-bottomed flask fitted with a 

stirrer, a dropping funnel and a thermometer. The stirrer was started and 

concentrated hydrochloric acid (57 ml) was added slowly. The mixture was 

cooled to room temperature, ice (100 g) added and the temperature of the 

o o 

mixture maintained between -5 and 5 C using an ice/salt bath. A solution 

of sodium nitrite (17.5 g, 0.25 mol) in water (25 ml) was then added. The 

mixture was stirred for 0.25 h and then made neutral to Congo red by 

addition of a solution of sodium acetate (22 g) in water (35 ml). 

An aqueous formaldoxime solution (10%\ 0.38 mol) was prepared by 

184 

the literature method and placed in a 2 litre three-necked round-bottomed 

flask. To this was added hydrated cupric sulphate (6.5 g, 0.026 mol), 

sodium sulphite (1.0 g, 7.9 mmol), and a solution of hydrated sodium acetate 

(160 g) in water (180 ml). The solution was stirred vigorously and 

maintained at 10°C by means of a cold water bath. The diazonium salt 

solution was then syphoned slowly into this flask and the mixture stirred 
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for 1 h, treated with concentrated hydrochloric acid (230 ml) and then 

refluxed for 2 h. The reaction product was steam distilled from the 

reaction mixture. The distillate was saturated with sodium chloride, 

extracted with ether (3 x 150 ml) and the organic extracts washed with 

saturated sodium chloride solution (3 x 20 ml), aqueous sodium bicarbonate 

(10%; 3 x 20 ml), and saturated sodium chloride solution (3 x 20 ml). 

The organic solution was then evaporated to give a red oil. To this 

oil was added aqueous sodium metabisulphite (40%; 90 ml), previously 

heated to 60°C. The mixture was shaken for 1 h and allowed to stir for 

14 h. The solid addition product was filtered, washed well with ether 

then suspended in water (200 ml) in a round-bottomed flask. Concentrated 

sulphuric acid (40 ml) was added to this suspension and the mixture 

heated under reflux for 2 h. After cooling, the aqueous solution was 

extracted with ether (3 x 100 ml), the ether extracts combined and washed 

with saturated sodium chloride solution (3 x 15 ml), dried, and evaporated 

183 
to give 2-isopropylbenzaldehyde as a colourless oil (14 g, 38%), 

v (film) 2980, 2860, 2730, 1680, 1594 cm"
1

, 5 ( C C / J , 1.24 (6H, d, 
max 

J 6.5 Hz),' 3.98 (1H, h, J 6.5 Hz) 7.15-7.54 (3H, m), 7.68-7.80 (1H, m), 

10.25 (1H, s, CHO). 

l-Bromo-3-methylbut-2-ene (prenyl bromide) (214). 

To isoprene (68.6g,l mol), cooled to 0°C,a solution of hydrogen 

bromide in glacial acetic acid (45% w/vj 165 ml, 0.915 mol) was added 

dropwise over a period of 1.5 h. The mixture was then stirred at this 

temperature for 0.75 h after which it was diluted with dichloromethane 

(100 ml) and quickly washed with ice-cold aqueous sodium hydroxide (2N; 

2 x 500 ml) and water (300 ml). The organic solution was dried and 

evaporated to give a colourless liquid (98.77 g). Distillation gave 

l-bromo-3-methylbut-2-ene as a colourless liquid (55.7 g, 41%), b.p., 65-



196 

70°C at 94-97 romHg, 6 (CC/J 1.65-1.85 (6H, m, 2 x CH
3
) , 3.96 (2H, d, 

J 11 Hz), 5.40-5.68 (1H, m). Some of the product was lost on distillation 

due to decomposition to isoprene and hydrogen bromide, both gases at 

this temperature. 

185 

4,4-Dimethyl-2-phenyl-A
2

-oxazoline was prepared by a literature method 

and was obtained in 70% yield as a semisolid, m.p., oa., 20 C (lit., 

23-24°C). 

4,4-Dimethyl-2-[2-(3-methylbut-2-en-l-yl)phenyl]-A
2

-oxazoline (215). 

A solution of 4,4-dimethyl-2-phenyl-A
2

-oxazoline (40.5 g, 0.23 mol) 

in THF (200 ml) cooled to -45°C and maintained under argon, was treated 

with a solution of rc-butyl lithium in hexane (1.3M; 219 ml, 0.285 mol, 

1.24 equivalents) and stirred at -45°C for 1.5 h. A solution of 1-bromo-

3-methylbut-2-ene (42.6 g, 0.286 mol) was added dropwise and the solution 

allowed to warm to room temperature, and stirred for 2 h. This solution 

was then poured into water (300 ml) and extracted with ether (3 x 150 ml), 

the organic extracts combined, dried, and evaporated to give a colourless 

oil (60 g). The oil was dissolved in ether (200 ml), extracted with 

hydrochloric acid (2N; 2 x 150 ml), the aqueous layer separated and 

washed with petrol (100 ml), basified with aqueous sodium hydroxide and 

the liberated oil taken up in ether. The etheral solution was dried and 

evaporated to give an oil (32 g) from which some of the contaminants had 

been removed. Chromatography on silica gel MFC (petrol/ether) yielded 

4,4-dimethyl-2-phenyl-A
2

-oxazoline (11.2 g, 27%), and 4
3
 4-dimethyl-2-

[2-(3-methylbut-2-en-l-yl)phenyl]-k
2

-oxazoline (215) (15.2 g, 27%), 
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v (film) 1642 cm
 1

, 6 (CC/J 1.25 (6H, s, 2 x CH
3
 on ring), 1.65 

max 

(6H, br s, 2 x CH
3
 on side chain), 3.65-3.85 (2H, br d, CH

2
 in side 

chain), 3.85 (2H, s, CH
2
 in ring), 5.15-5.40 (1H, br t, side chain), 

7.00-7.25 (3H, m, ArH), 7.75-7.80 (1H, m, ArH), m/e 243 (M
+

, 100%),200. 

The organic solution which had been washed with acid above was 

dried, evaporated and later chromatographed as before to give a further 

28% of (215). 

2-[2-(3-Methylbut-2-en-l-yl)phenyl]-3,4,4-trimethyloxazolidine (217). 

A solution of oxazoline (215) (2.43 g, 0.01 mol) and methyl iodide 

(2.13 g, 0.015 mol) in nitromethane (6 ml) was heated at 70-75°C for 

19 h, then cooled and added to ether (6 ml). No solid precipitated 

186 

as expected, so an additional volume of ether (5 ml) was added. An oil 

was then liberated which solidified on cooling in ice. It was isolated 

by filtration and was washed well with petrol to give 2-[2-(Z-methylbut-2-

en-l-yl)phenyl]-3
3
4
J
4rtrimethyl-k

2

-oxazolinium iodide (216) (2.85 g, 
74%), v (Nujol) 1642 cm"

1

, 5 (CDC/
3
) 1.55-1.81 (6H, m, 2 x CH

3
 in 

max 

side chain), 1.88 (6H, s, 2 x CH
3
 on ring), 3.44 (3H, s, N-CH

3
), 3.30-

3.51 (2H, m, CH
2
 in side chain), 5.23 (2H, s, CH

2
 in ring), 5.05-5.28 

(1H, m, side chain), 7.37-7.78 (3H, m, ArH), 8.12-8.25 (IH, m, ArH). 

Sodium borohydride (0.55 g, 0.029 mol) was added over a period of 

0.5 h to a solution of oxazolinium iodide (216) (5.6 g, 0.0145 mol) in 

abosolute alcohol (20 ml) cooled in ice. The mixture was stirred at 

5°C for 2 h, when a further portion (0.55 g) of sodium borohydride was 

added. After stirring at room temperature for 3 h sodium borohydride 

(0.25 g) was again added and the stirring continued. After 8 h t.l.c. 

showed that all the starting material had been consumed. The mixture 

was then poured into sodium hydroxide solution (5%; 30 ml) and extracted 
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with ether (3 x 50 ml). The ethereal extracts were combined, dried and 

evaporated to give a pale yellow oil (3.63 g, 90%) which was shown 

by n.m.r. spectroscopy to consist mostly of the required oxazolidine (217). 

Chromatography on silica gel (petrol/ether) followed by distillation 

gave clean 2-[2-(3-methylbut-2-en-l-yl)7phenyl}-3
3
 4

3
 4-tvimethyloxazolidine 

(217) (1.95 g, 52%), b.p., 133°C at 0.3 mmHg (Kugelrohr) (Found*. M
+

 + 2 

261.2091. C
1 7
H 2

7
N O requires 261.2093) , v (film) 1455, 1055 cm"

1

, filcL2£ 
6 (CDC^a) 1.13 (6H, br s, 2 x CH

3
 on ring), 1.73 (6H, s, 2 x CH

3
 in 

side chain), 2.08 (3H, s, N-CH
3
), 3.43 (1H, s, ring), 3.30-3.47 (2H, 

d, CH
2
 in side chain), 3.61 (2H, s, CH

2
 in ring), 5.10-5.37 (1H, m, 

side chain), 7.14-7.50 (4H, m, ArH), m/e 261 ( M
+

 + 2), 230 (100%). 

In carbon tetrachloride the hydrogen at the 2-position in the oxazolidine 

ring is shifted upfield to 6 3.34. 

Attempted hydrolysis of 2-[2-(3-methylbut-2-en-l-yl)phenyl]-3,4,4-

trimethyloxazolidine (217). 

A solution of oxazolidine (217) (94.8 mg, 0.37 mmol) in hydrochloric 

acid (2N; 2 ml) and toluene (2 ml) was refluxed for 1 h. The organic 

layer was then separated and the aqueous layer extracted with ether 

(3 ml), the organic extract combined with the toluene solution, then 

dried and evaporated but a negligible quantity of material was obtained 

(4.1 mg). The aqueous solution was basified with aqueous sodium hydroxide 

(4N; 2 ml) and extracted with ether ( 2 x 4 ml). The ethereal extracts 

were combined, dried, and evaporated to give a colourless oil (51.6 mg), 

which was found to be 2-[2-(3-hydroxy-3-methylbut-l-yl)phenyl]-3
3
4
3
 4-

tvimethytoxazolidine, v (film) 3100-3700 cm"
1

, 6 (CDC/
3
) 1.14 (6H, s, 

max 

2 x CH
3
 on side chain), 1.22 (6H, s, 2 x CH

3
 on ring), 1.55-1.85 (2H, 
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m, CH
2
 oil side chain), 2.04 (3H, s, NCH

3
), 2.67-3.20 (3H, m, ArCH

2
 in side 

chain and OH), 3.45 (1H, s, ring), 3.64 (2H, s, CH
2
 in ring) 7.08-7.35 

(4H, m, ArH). 

An attempted hydrolysis of oxazolidine (217) (75 mg, 0.25 mmol) in 

35 187 

30% aqueous oxalic acid solution ' (0.5 ml) at reflux temperature 

for 2 h gave the same alcohol. No aldehyde (213) was observed. 

185 

Attempted hydrolysis of 4,4-dimethyl-2-[2-(3-methylbut-2-en-l-yl)-

phenylj-A
2

-oxazoline (215). 

Oxazoline (215) (339 mg, 1.39 mmol) was dissolved in hydrochloric 

acid (3N; 3 ml) and the solution refluxed for 0.3 h. The solution was 

then quickly cooled, diluted with water (5 ml), extracted with chloroform 

( 3 x 6 ml) and the organic extracts combined, dried, and evaporated to 

give an oil (125 mg). An n.m.r. spectrum of this oil shows that the 

signals corresponding to the 3-methylbut-2-en-l-yl side chain had 

disappeared, and that signals corresponding to the 3-hydroxy-3-methylbut-

1-yl group were present J
 v

m a x
 (film) 3100-3700, 1715, 1635 cm Some 

hydrolysis of the oxazoline ring had occurred but the side chain had 

been hydrated completely. A solid precipitated from the aqueous phase 

on prolonged standing. This was shown to be the hydrolysed alcohol 
acid, v (Nujol) 2400-3600, 1725 cm"

1

, 
max

 J 

2-Allylbenzaldehyde (218). 

189 

2-Allylchlorobenzene (219) was prepared from 2-bromochlorobenzene 

in 62% yield, b.p., 62-68°C at 5 mmHg (lit.,
1 8 9

 60-70°C at 5 mmHg). 

Active magnesium (oa. 0.14 mol) in THF (250 ml) was prepared 190 

according to a literature procedure. To this was added 2-allyl-

chlorobenzene (219) (11.60 g, 0.08 mol) in THF (20 ml) and the mixture 
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stirred at room temperature under nitrogen for 3 h. An excess of DMF 

was then added and the mixture allowed to stir overnight. Hydrochloric 

acid (3N; 50 ml) and water (50 ml) were then added, and the two phases 

separated. The aqueous phase was washed with ether (2 x 50 ml), the 

ether extracts added to the organic phase, and the combined organic 

soutions washed with saturated aqueous sodium bicarbonate (2 x 50 ml) 

and saturated aqueous sodium chloride (2 x 50 ml), dried and evaporated 

to give a yellow oil (9.5 g). This oil was then chromatographed on 

188 

silica gel (petrol/ether) to give 2-allylbenzaldehyde (2.30 g, 21%), 

v 1790, 1600, 1210, 754 cm"
1

, 5 (CCtfJ 3.65-3.87 (2H, m, ArCH
2
R), IPciX 

4.78-5.17 (2H, m, -C(H)=Ctf
2
), 5.72-6.25 (1H, m, -C(#)=CH

2
), 7.10-7.60 

(3H, m, ArH), 7.65-7.85 (1H, m, ArH), 10.14 (1H, s, CHO). 

2-Allyl-3-hydroxy-4-methoxybenzaldehyde (220) was prepared from 3-hydroxy-

4-methoxybenzaldehyde in 52% yield,
1 9 1

 b.p., 142-144°C at 0.8 mmHg, and 

recrystallised from ether, m.p., 57-58°C (lit.,
1 9 1

 58-59°C). 

1 Q O 

2-Vinylbenzaldehyde (222) b.p., 88-92°C at 7 mmHg (lit., 113-115°C 

at 18 mmHg). 

ff-Stilbene-2-carbaldehyde (223). 

194 

Treatment of £-stilbene-2-carboxylic acid with lithium aluminium 

hydride in ether gave a quantitative yield of £"-stilbene-2-methanol, 

m.p., 87-91°C (lit.,
1 9 5

 92°C). This alcohol was then oxidised with an 

excess of the Jones reagent to give Z?-stilbene-2-carbaldehyde (223) 

(85% after distillation), b.p., 164°C at 1 mmHg, v (film) 2740, 1685, max 

1595 cm"
1

 5 (CDC/
3
) 6.99 (1H, d, J 16 Hz), 7.20-7.83 (9H, m, ArH), 8.00 

(1H, d, J 16 Hz), 10.21 (1H, s, CHO). 
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+ 193 
m/e 208 (M ), 105 (100%). The literature quotes this compound as 

having a m.p. of 83°C. The above sample did not, however, solidify. 

2-Benzoylbenzaldehyde (224). 

2-Benzoylbenzoic acid was treated with lithium aluminium hydride 

to give 2-(1-hydroxyphenylmethyl)benzyl alcohol, which was then treated 

with selenium dioxide in acetic acid and xylene giving 2-benzoylbenzaldehyde 

(224), m.p., 65-67°C (lit.,
1 9 6

 64-67°C). 

Fluoren-9-one-l-carbaldehyde (226) was prepared by ozonlysis of fluor-

anthene in 60% yield,
1 9 7

 m.p., 188-192°C (lit.,
1 9 7

 193-194°C). 

2-Acetylbenzaldehyde (227). 

A procedure similar to that used in the preparation of 9-fluoreneone 

-1-carbaldehyde was used to prepare 2-acetylbenzaldehyde from 1-methyl-

naphthalene.
1 9 8 

Ethyl-2-formylbenzoate (229) was prepared by esterification of 2-formyl-

benzoic acid with ethyl iodide in the presence of potassium carbonate, 

b.p., 108°C at 2 mmHg (lit.,
1 9 9

 240-3°C) . 

Ethyl azidoacetate. 

The procedure is basically that used for the preparation of butyl 

azidoacetate. 

In a 1 litre round bottomed flask fitted with a reflux condenser 

were placed ethyl chloroacetate (73.5 g, 64 ml, 0.6 mol), sodium azide 

(72.15 g, 1.11 mol), acetone (162 ml) and water (108 ml), and the mixture 

refluxed for 18 h. After cooling,water (45 ml) was added and the two 
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phases separated. The aqueous phase was washed with ether (2 x 75 ml), 

the extracts added to the organic phase which was then dried and 

evaporated to give a colourless oil. Distillation gave ethyl azido-

o 238 
acetate as a colourless liquid, b.p., 102 C at 8.5 mmHg. (lit., 44-

46°C, 2 mm Hg). 

Preparation of the vinyl azides (231)-(244). 

The vinyl azides (231)-(244) were prepared according to the 

procedure given below, a modification of literature procedures. 

A sodium ethoxide solution was prepared by addition of sodium 

(1.84 g, 0.08 mol) to ethanol (55 ml). When all the sodium had reacted 

this solution was cooled to -20°C in a carbon tetrachloride/dry ice bath. 

A mixture of the aldehyde (0.02 mol) and ethyl azidoacetate (10.32 g, 

0.08 mol) was added dropwise to the above stirred solution, the addition 

being regulated to maintain the temperature below -10°C. When the 

aldehyde contained an acidic group [ i.e., (220) and (228) ] 0.10 mol 

of sodium was used. When the aldehyde was insoluble in ethyl azido-

acetate ether or THF were used to dissolve the aldehyde before addition. 

The reaction mixture was stirred at -15°C to -10°C for 1 to 5 h 

until t.l.c. showed the reaction to be complete. The solution was then 

allowed to warm slowly to room temperature, was poured into ice /water 

(200 ml), or-.hydrochloric acid (IN), and extracted with ether (3 x 100 

ml). The combined organic extracts were washed with saturated sodium 

bicarbonate solution (50 ml) [ except in the case of (243) ] and water 

(50 ml), dried and evaporated to give the crude vinyl azide as an oil 

or solid. Chromatography on silica gel (petrol/ether) gave pure azides 

(231)-(244). Some of these azides were then recrystallised. 
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Ethyl 2-azidjO-3-(2-benzyloozyphenijl)r)ropenoate (231) (34%) Colourless 

needles, m.p., 97.5-98.5°C from ether and petrol, v (Nujol) 2120, 

1697 cm"
1

, 5 (CDC/
3
) 1.30 (3H, t, J 7 Hz), 4.29 (2H, q, J 7 Hz), 5.05 

(2H, s), 6.80-7.50 (8H, m, ArH), 7.56 (1H, s), 8.15-8.32 (1H, m, ArH), 

m/e 295 (M
+

 -28) . 

Ethyl-2-azido-3-(2-pyridyl)propenoate (232) (32%), pale yellow prisms from 

ether, m.p., 36-38°C (Found: C, 54.75; H, 4.70; N, 25.41. C
x o
H i o N

4
0

2 

requires C, 55.04; H, 4.62; N, 25.41%) , ( N u j o l ) 2120, 1710, 1617 cm"
1 

5 (CDC/3) 1.36 (3H, t, J 7 Hz), 4.38 (2H, q, J 7 Hz), 7.00-7.30 (2H, m, 

5'-H and vinyl H) 7.50-7.85 (1H, m, 4'-H), 8.10-8.30 (1H, m, 3'-H), 

8.50-8.70 (1H, m, 6'-H), m/e 218 (M
+

), 190, 162, 144, 118 (100%), 90, 

78, X (EtOH) 213, 310, 319 nm. 
max 

Ethyl 2-azido-3-(2-benzylphenyl)propenoate (233) (56-64%), pale yellow 

needles, m.p., 61-62°C (Found: C, 70.38; H, 5.63; N, 13.69. C
1 8
H

1 7
N

3
0

2 

requires C, 70.34; H, 5.57; N, 13.67%), v (Nujol) 2130, 1725 cm"
1

, 
max 

5 (CDC/
3
) 1.33 (3H, t, J 7 Hz), 4.03 (2H, br s), 4.30 (2H, q, J 7 Hz), 

7.00-7.40 (9H, m), 7.90-8.05 (1H, m), m/e 307 (M
+

), 279 (100%), 233, 

202, 179, A (EtOH) 206, 225, 306 nm. 
max ' 

Ethyl 2-azidjo-3-fluoren-l~ylpropenoate (234) (80%) pale yellow needles 

from dichloromethane and petrol, m.p., 110-112°C (Found: C, 71.04', 

H, 4.99; N, 13.44. C
1 8
H

1 5
N

3
0

2
 requires, C, 70.81; H, 4.95; N, 13.76%), 

v (Nujol) 2110, 1703 cm"
1

, 6 (CDC/
3
) 1.35 (3H, t, J 7.2 Hz), 3.68 IIlcL2€ 

(2H, br s), 4.35 (2H, q, J 7.2 Hz), 6.95 (1H, s), 7.15-7.80 (4H, m), 

7.98-8.12 (1H, m), m/e 305 (M
+

), 277, 203, 194, 165 (100%). 
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Ethyl 2-azido-3-(2-methylphenyl)propenoate (235) (54-74%),m.p., 53-54°C 

from ethanol (lit.,
1 7 4

 55-56°C). 

Ethyl 2-azido-3-(2-isopropylphenyl)propenoate (236) (63%), pale yellow 

oil (Found! C, 65.23; H, 6.77; N, 16.17. C
1 A
H

1 7
N

3
0

2
 requires C, 64.85; 

H, 6.61; N, 16.20%), v (film) 2130, 1715 cm"
1

, 6 (CC/
A
) 1.25 (6H, 

max 

d, J 7 Hz), 1.48 (3H, t, J 7 Hz), 3.19 (1H, h, J 1 Hz), 4.37 (2H, q, 

J" 7 Hz), 7.05-7.35 (3H, m), 7.70-7.90 (2H, m, ArH and vinyl H), m/e 259 

(M
+

), 231, 216, 189, 172, 158, 144 (100%). 

Ethyl 2-az-idD-3-(2-allylphenyl) propenoate (237) (54%), pale yellow oil, 

v (film) 2125, 1713 cm"
1

, 6 (CDC/
3
) 1.39 (3H, t, J 1 Hz), 3.43 (2H, m , 

max 

allyl CH
2
), 4.37 (2H, q, J 7 Hz), 4.37-5.20 (2H, m, H

2
C=CHR), 5.72-

6.20 (1H, m , H
2
C=C#R), 7.10-7.35 (4H, m , ArH and vinyl H), 7.88-8.09 

(1H, m, ArH), m/e 257 (M
+

), 229, 200, 156 (100%), A (petrol) 307 nm. max 

Ethyl 2-az-i,do-3-(2-allyl-3-hydroxy-4-methoxyphenyl)propenoate (238) 

(40%), pale yellow needles from ether and petrol, m.p., 97-99 C (Found: 

C, 59.14; H, 5.64; N, 13.67. C
1 5
H

1 7
N

3
0fc requires C, 59.40', H, 5.65', 

N, 13.85%), v (Nujol) 3510, 2120, 1710, 1610 cm"
1

, 6 (CDC/
3
) 1.37 

max 

(3H, t, J 7 Hz), 3.40-3.60 (2H, m), 3.92 (3H, s, 0CH
3
), 4.36 (2H, q, 

c/ 7 Hz), 4.80-5.12 (2H, m), 5.65 (1H, s, OH), 5.62-6.10 (1H, m), 6.75 

(1H, d, J 8 Hz, ArH), 7.13 (1H, s), 7.65 (1H, d, J 8 Hz, ArH), m/e 303 

(M
+

), 275 (100%), 248, 246, 229, 202, 186, 174, 144, A (EtOH) 207, max 

250, 311 nm. 
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Ethyl 2-azido-3-(2-vinylphenyl)propenoate (239) (28%), pale yellow oil, 

v (film) 2120, 1710, 1617 cm"
1

, 5 (CDC/
3
) 1.32 (3H, t, J 7 Hz), 4.33 

max 

(2H, q, J 7 Hz), 5.37 (1H, dd, J 1.5,11 Hz), 5.60 (1H, dd, J 1.5, 17 Hz), 

6.95 (1H, dd, J 11 17 Hz), 7.15-7.55 (4H, m), 7.77-7.95 (1H, m), m/e 215 

(M+ - 28, 100%), 186. 

Ethyl 2-azido-3-(2-E-styrylphenyl)propenoate (240) (63%), pale yellow 

needles from ether and petrol, m.p., 69-70 C (Found: C, 71.37', H, 5.34; 

N, 12.99. C19H17N3O2 requires C, 71.46; H, 5.37; N, 13.16%), v (Nujol), 
max 

2120, 1705 cm"
1

, 6 (CDC/
S
) 1.36 (3H, t, J 7.2 Hz), 4.40 (2H, q, 

J 7.2 Hz), 6.98 (1H, d, J 15 Hz), 7.30-8.05 (11H, m), m/e 291 (M
+

 - 2 8 ) , 

100%), 262, 245, 219, 217. 

Ethyl 2-az-ido-3-(2-benzoylphenyl)propenoate (241) (35%), pale yellow oil, 

v (film) 2120, 1710, 1660, cm"
1

, 6 (CDC/
3
) 1.20 (3H, t, J 7 Hz), 

max 

4.15 (2H, q, J 1 Hz), 7.00 (1H, s) , 7.20-8.20 (9H, m) , m/e 293 ( M
+

 -28)., 

254, 209 (100%), 194. 

Ethyl 2-azido-3-(fluoren-9-on-l-yI)propenoate (242) (7.5%), bright 

yellow needles, m.p., 110-115°C (dec.), v (Nujol) 2120, 1750, 1710 cm"
1

, 

5 (CDC/
3
) 1.45 (3H, t, J 7.2 Hz), 4.43 (2H, q, J 7.2 Hz), 7.15-7.70 (6H, m) 

8.00-8.22 (2H, m), m/e 319 (M
+

), 291, 245 (100%). 

Ethyl 2-azido-3-(2-carboooyphenyI)propenoate (243) (59%), colourless needles 

from chloroform and petrol, m.p., 118-120°C, v (CHC/
3
) 3450-2450 (br ), 

max 

2125, 1710 (br ), 1620 cm"
1

, 6 (CDC/
3
) 1.40 (3H, t, J 7.2 Hz), 4.43 (2H, 
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q, J 7.2 Hz), 7.30-8.25 (5H, m) (vinyl H at 7.87), 11.91 (1H, br ), 

m/e 233 ( M
+

 - 28), 217, 189, 160, 143, 134, 132 (100%). 

Ethyl 2-azido-3-phenylpropenoate (244) (50%), pale yellow prisms, m.p., 

43°C (lit.,
1 7 4

 42-43°C). 

Condensation of ethyl 2-formylbenzoate (229) with ethyl azidoacetate. 

Ethyl 2-formylbenzoate (3.56 g, 0.02 mmol) and ethyl azidoacetate 

(10.32 g, 0.08 mol) were added dropwise to a stirred solution of sodium 

ethoxide (0.08 mol) in ethanol, cooled to -20°C as before. The solution 

was stirred for 3 h at -15°C and then allowed to warm to room temperature, 

was poured into water (200 ml) and acidified. The aqueous solution was 

then extracted with ether (3 x 100 ml) and the combined organic extracts 

dried and evaporated to give an orange solid (3.5 g). This mixture 

was then chromatographed on silica gel (petrol/ether) and the major 

fraction recrystallised from petrol and ether to give ethyl 2-azido-3-

(2-carboxyphenyl)propenoate (243) (41%). 

Attempted condensation of pyridine-2-carbaldehyde (203) with ethyl 

azidoacetate in 2% aqueous sodium hydroxide. 

A mixture of pyridine-2-carbaldehyde (203) (2.14 g, 0.02 mol) and 

ethyl azidoacetate (10.32 g, 0.08 mol) was added dropwise to a well 

stirred solution of sodium hydroxide (0.75 g) in water (35 ml) at room 

temperature. The mixture was stirred for 24 h, but no reaction was 

apparent by t.l.c. The mixture was then extracted with ether (2 x 30 ml) 

and the extracts combined, dried and evaporated to give a yellow oil 

which was shown, by n.m.r. to consist of the aldehyde (203) and ethyl 

azidoacetate. 
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Ethyl 2-azido-3-(2-ethoxycarbonylphenyl)propenoate (245). 

A solution of ethyl 2-azido-3-(2-carboxyphenyl)propenoate (243) 

(1.2 g, 4.6 nnnol) in ethanol (50 ml) was cooled in an ice bath and 

saturated with hydrogen chloride gas. The flask was stoppered and 

allowed to stand at room temperature for 50 h. Solid sodium bicarbonate 

was then added to neutralise the solution which was then filtered and 

evaporated. The resulting oil was dissolved in ether (50 ml), washed 

with saturated sodium bicarbonate solution, dried, and evaporated, and 

the residue chromatographed on silica gel (petrol/ether) to give 

ethyl 2-azido-3-( 2-ethoxycarbonylpheny I) propenoate (245) (0.93 g, 70%), 

as a colourless oil, v (film) 2125, 1715, 1685 cm"
1

, 5 (CDC/
3
) 1.56 

max 

(6H, t, J 7 Hz), 4.48 (4H, q, J 7 Hz, can be seen to be splitting into 

two quartets), 7.26-7.65 (2H, m), 7.68 (1H, s), 7.85-8.05 (2H, m), m/e 

279 (M
+

), 261 (100%), 215. 

Ethyl 2-azido-3-(2-iV, /l/-diethylcarbamoylphenyl) propenoate (246) . 

(a) Preparation from ethyl 2-azido-3-(2-carboxylphenyl)propenoate 

201 

(243) using oxalyl chloride and DMF. 

DMF (1.0 ml) and acetonitrile (0.5 ml) were placed in a flask fitted 

with a nitrogen inlet and a septum, and cooled to -20°C. To this well 

stirred solutoin oxalyl chloride (90 y/, 1.05 mmol) was added whereupon + 
a white precipitate of C/(H)C=NMe

2
 appeared. The mixture was stirred 

at -20°C for 0.12 h and then a solution
 0

f the acid (243) (261 mg, 1.0 

mmol) in acetonitrile (0.5 ml) and DMF (1.0 ml) was added. The reaction 

mixture cleared and upon addition of diethylamine (219 mg, 3.0 mmol) 

became pale red and cloudy. The mixture was then allowed to warm to 

room temperature and saturated sodium bicarbonate solution (10 ml) added. 

This solution was then extracted with dichloromethane (2 x 10 ml), and 
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the organic extracts combined, dried, and evaporated to give an oil 

which was shown by n.m.r. to contain a quantity of DMF. This oil was 

then dissolved in petrol (20 ml) and ether (7 ml), washed well with 

water (4 x 10 ml),and was then dried and evaporated to give ethyl-

2-azido-3-(2-^^—diethyloarbamoylpheny I) propenoate (246) (159 mg, 50%) 

as a pale yellow oil, v (CC/J 2122, 1715, 1635 cm"
1

, 5 (CDC/
3
) m a x 

1.20 (3H, t, J 7 Hz), 1.46 (3H, t, J 7 Hz), 1.52 (3H, t, J 7 Hz), 3.24 

(2H, q, J 7 Hz), 3.75 (2H, br q, J 7 Hz), 4.48 (2H, q, J 7 Hz), 7.06 

(1H, s), 7.30-7.60 (3H, m), 8.25-8.45 (1H, m), m/e 288 (M
+

- 28), 260, 

216, 189 (100%), 160. 

202 

(b) Preparation from (243) using dicyclohexylcarbodiimide. 

Dicyclohexylcarbodiimide (DCC) (95.7 mg, 0.46 mmol) was added to a 

solution of the acid (243) (109 mg, 0.42 mmol ) and diethylamine (31 mg, 

0.42 mmol) in dichloromethane (10 ml) and the solution stirred at room 

temperature under nitrogen for 2.5 h. A solid appeared in the reaction 

mixture after 0.5 h. The reaction mixture was then filtered, washed 

with hydrochloric acid (IN; 10 ml) and saturated sodium bicarbonate 

solution (10 ml), then dried and evaporated to give an oil which was 

shown by n.m.r. to be a mixture of two compounds. This mixture was 

separated by chromatography on silica gel (petrol/ether) and was shown 

to be composed of ethyl 2-azido-3-(2-Zl/, /V-diethylcarbamoylphenyl) propenoate 

(246) (49 mg, 35%) and ethyl 2-azido-3~[2-(N-(N-cyclohexylcarbamoyl 

oyclohexylcarbamoyl)phenyl]propenoate (248) (106 mg, 50%), a pale 

yellow oil, 6 (CDC/
3
) 0.60-2.40 (29H, m), (23H expected), 3.20-3.70 

(1H, m, NC#R
2
), 3.80-4.25 (1H, m, NC#R

2
), 4.39 (2H, q„ J 7 Hz), 6.87 

(1H, br d, NH), 7.07 (1H, s), 7.30-7.60 (3H, m), 7.86-8.04 (1H, m),
 m
/

e 

469 (M
+

, 100%), 395, 354. 
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(c) Preparation from (243) using sodium hydride and thionyl chloride. 

The sodium salt of (243) was prepared by treating the acid (243) 

(261 mg, 1 mmol) with sodium hydride (2 fold excess) in ether (5 ml). 

The suspension of the salt was then cooled to -20°C, thionyl chloride 

(1 ml) was added dropwise, whereupon the solution cleared. An excess of 

diethylamine was then added and the reaction mixture allowed to warm 

to room temperature. Water (10 ml) was then added slowly and the two 

phases separated. The aqueous phase was extracted with ether (10 ml) and 

the organic phases combined, washed with saturated sodium bicarbonate 

solution, dried and evaporated. The residue was chromatographed on 

silica gel to give the amide (246) (218 mg, 69%). 

Ethyl-2-azido-3-(2-carbamoylphenyl)propenoate (247) . 

(a) Acetonitrile (5 ml) and DMF (5 ml) were placed in a round-

bottomed flask fitted with a nitrogen inlet and a septum and cooled to 

-20°C. To this well stirred solution oxalyl chloride (0.68 ml, 8.0 mmol) 

+ 
was added whereupon a white precipitate of C/CH=NMe

2
 C/ appeared. 

This mixture was stirred at -20°C for 0.12 h and then a solution of the 

acid (243) (2 g, 7.6 mmol) in DMF (10 ml) was added. When the 

reaction mixture became clear ammonia gas was bubbled through. The 

solution went a pale red colour. The ammonia gas was continually bubbled 

through the reaction mixture while it was allowed to warm to room 

temperature. The work-up procedure was the same as that used for the 

preparation of (246). Chromatography on silica gel (petrol/ether/ethyl 

acetate) gave ethyl 2-azido-Z-(2-oavbamoylphenyl)-pvo-penoate (247) 

(601 mg, 30%) as pale yellow/green crystals which were recrystallised 
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from chloroform and petrol, m.p., 135 C (d ec.) (Found: C, 55.8\ 

H, 6.65; N, 21.4. C
1 2
H i

2
N * 0

3
 requires C, 55.4; H, 6.65; N, 21.5%), 

v (Nujol) 2875, 2700, 2125, 1714, 1643, 1620 cm"
1

, 5 (CDC/
3
) 1.38 

max 

(3H, t, J 7 Hz), 4.40 (2H, q, J 7 Hz), 5.50-6.25 (2H, br s, N H ^ , 7.30-

7.70 (4H, m, ArH and vinyl H), 7.90-8.20 (1H, m , ArH),m/e 233 ( M
+

 -28), 

186, 133 (100%). 

(b) The amide (247) was prepared from the acid (243) by 

treatment of the acid with sodium hydride, thionyl chloride and ammonia 

gas. The procedure was similar to that used to prepare (246). The 

yield of (247) was 20-25%. 

Attempted preparation of the acid chloride derivative of ethyl 2-azido-3-

(2-carboxylphenyl)propenoate (243). 

(a) To a well stirred solution of the acid (243) (261 mg, 1 mmol) 

and oxalyl chloride (87.2 y/, 1 mmol) in ether (10 ml), DMF (1 drop) was 

added and the mixture stirred at room temperature under nitrogen for 

0.5 h. The mixture started to bubble immediately, and the bubbling 

ceased after 0.2 h. The solvent was evaporated and an i.r. spectrum of 

the residue taken. This showed no peaks corresponding to a vinyl azide 

or to an acid chloride. Chromatography on silica gel (petrol/ether) 

gave ethyl l-isoquinolone-3-carboxylate (249) (133 mg, 61%) which was 

recrystallised from dichloromethane and petrol, m.p., 146.5-148.5°C 

(lit.,
2 3 9

 147-148°C), v (CC/J 3390, 1720, 1680 cm"
1

, 6 (CDC/
3
) 1.44 

(3H, t, J 7 Hz), 4.50 (2H, q, J 7 Hz), 7.41 (1H, s, vinyl H), 7.50-7.80 

(3H, m , ArH), 8.40-8.60 (1H, m , ArH), 9.30-9.65 (1H, br s, exch. D
2
0 ) , 

m/e 217 (M
+

, 100%), 189, 155. 
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(b) Sodium hydride (5 fold excess) was added to a solution of the 

acid (243) (261 mg, 1 mmol) in ether (15 ml) and the mixture stirred at 

room temperature until it was shown by t.l.c. that all of the acid had 

been converted into its salt. The mixture was then cooled to -17°C and 

an excess of thionyl chloride (1.6 ml, 20 fold excess) added. The 

solution became clear, except for a suspension of unreacted sodium 

hydride. The mixture was allowed to warm to room temperature and heated 

at 35°C for 1 h, then cooled and water added dropwise until all of the 

unreacted sodium hydride and thionyl chloride had been destroyed. The 

ether solution was then washed with water (10 ml), dried and evaporated 

to give an oily solid which on chromatography on silica gel (petrol/ether) 

gave ethyl l-isoquinolone-3-carboxylate (249) (159 mg, 73%). 

Ethyl 2-azido-3-(2-oxiran-2-ylmethylphenyl)propenoate (253). 

A solution of MCPBA (80%; 233.3 mg, 1.35 mmol) in dichloromethane 

(5 ml) was added dropwise to a solution of ethyl 2-azido-3-(2-allylphenyl)-

ptopenoate (218) (285 mg, 1.11 mmol) in dichloromethane (5 ml) and the 

resulting solution refluxed for 10 h. By this time a precipitate had 

appeared in the solution, which dissolved when dichloromethane (10 ml) 

was added. The reaction mixture was then washed with aqueous sodium 

sulphite (10%, 10 ml) and saturated aqueous sodium bicarbonate (10 ml), 

and water (5 ml), dried and evaporated to give a red oil (190 mg). An 

n.m.r. spectrum of this oil indicated that the allyl group had been 

epoxidised. The material was then columned on alumina (petrol/ether) but 

the product decomposed on the column and only one fraction was obtained 

- ethyl 2-azido-3-[2-(oxii
,

an-2-ylmethylphenyl]pvopenoate (253) (7 mg,2%) 
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as a colourless oil, v ( C C / J , 2120, 1715, 1620, 1240 cm"
1

, 5 (CDC/
3
) 

max 

1.39 (3H, t, J 6.9) 2.45-2.62 (1H, m), 2.70-2.85 (1H, m), 2.87-3.22 

(3H, m), 4.41 (2H, q, J 6.9 Hz), 7.22 (1H, s, vinyl H), 7.20-7.45 (3H, 

m), 7.85-8.05 (1H, m), m/e 273 (M
+

), 245 (100%), 199. A comparison of 

the n.m.r. spectrum of (253) with that of the total crude reaction 

mixture indicated that there was a large quantity of (253) (> 50%) 

present before chromatography. 

Ethyl 2-azido-3-[2-(3-phenyloxiran-2-yl)phenyl]propenoate (254). 

A solution of MCPBA (80%; 0.833 g, 3.8 mmol) in dichloromethane 

(10 ml) was added dropwise to a solution of ethyl 2-azido-3-(2-E-

styrylphenyl)propenoate (223) (1.12 g, 3.5 mmol) in dichloromethane 

(5 ml) and stirred overnight at room temperature. A precipitate appeared 

in the solution which dissolved on addition of chloroform (10 ml). The 

reaction mixture was then washed with sodium sulphite solution (10%; 

10 ml), saturated sodium bicarbonate solution (10 ml), and water (10 ml), 

then dried and evaporated. The solid residue was chromatographed on 

alumina (petrol/ether) to give ethyl 2-azido-Z[2-(Z-phenylox-iran-2-yl)-

phenyl]-propenoate (254); (662 mg, 56%) as colourless needles recrystallised 

from ether and petrol, m.p., 153.5-155°C (Found*. C, 74.2; H, 5.55; N, 4.6. 

C i ^ H
1 7

N
3
0

3
 requires C , 7 4 . 2 5 ; H , 5 . 6 ; N, 4 . 5 5 % ) , v (Nujol) 2 1 1 5 , 1 7 0 0 

max 

cm"
1

, 6 (CDC/
3
) 1.12 (3H, t, J 7 Hz), 3.78 (1H, d, J 2 Hz), 4.02 (1H, d, 

J 2 Hz), 4.23 (2H, q, J 7 Hz), 7.14 (1H, s), 7.25-7.55 (8H, m), 7.90-8.05 

(1H, m), m/e 307 (M
+

), 278 (100%), 234, 204, 127, 105. 
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7 , 3 , E X P E R I M E N T A L T O C H A P T E R T H R E E 
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T h e r m o l y s i s of e t h y l 2 - a z i d o - 3 - ( 2 - p y r i d y l ) p r o p e n o a t e ( 2 3 2 ) . 

A s o l u t i o n o f v i n y l a z i d e (232) ( 1 0 1 m g , 0 . 4 6 m m o l ) i n t o l u e n e (25 m l ) 

w a s r e f l u x e d u n d e r n i t r o g e n f o r 16 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d 

a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e 

ethyl pyrazolo [1
3
 5-a]pyridine-2-oarboxylate (260) (82.5 m g , 9 4 % ) w h i c h 

w a s r e c r y s t a l l i s e d f r o m d i c h l o r o m e t h a n e a n d p e t r o l , m . p . , 47-48°C ( F o u n d ! 

C , 6 3 . 0 ; H , 5 . 3 5 ; N , 1 4 . 6 . C
1 0

H
1 0

N
2
0

2
 r e q u i r e s C , 6 3 . 1 5 ; H , 5 . 3 ; N , 1 4 . 7 % ) , 

X ( M e O H ) 2 2 0 , 2 4 0 , 2 4 7 , 3 1 0 n m , v ( N u j o l ) , 1 7 4 4 , 1 6 3 5 c m "
1

, 5 ( C D C /
3
) 

m a x m a x 

1 . 4 6 ( 3 H , t , J 1 H z ) , 4 . 5 4 ( 2 H , q , J 7 H z ) , 6 . 8 5 - 7 . 0 5 ( 1 H , m , 6 - H ) , 7 . 1 5 

( 1 H , s , 3 - H ) , 7 . 1 8 - 7 . 3 5 ( 1 H , m , 5 - H ) , 7 . 5 8 - 7 . 7 5 ( 1 H , m , 4 - H ) , 8 . 5 0 - 8 . 6 8 

( 1 H , m , 7 - H ) , m/e 1 9 0 ( M
+

) , 1 6 2 , 1 4 5 , 1 1 8 ( 1 0 0 % ) , 9 0 , 7 8 . 

T h e m o l y s i s of e t h y l 2 - a z i d o - 3 - ( 2 - b e n z y l o x y p h e n y l ) p r o p e n o a t e ( 2 3 1 ) . 

A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - b e n z y l o x y p h e n y l ) p r o p e n o a t e (231) i n 

t o l u e n e (20 m l ) w a s r e f l u x e d f o r 3 . 7 5 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d 

to g i v e a s o l i d r e s i d u e w h i c h w a s r e c r y s t a l l i s e d f r o m d i c h l o r o m e t h a n e a n d 

2 0 8 

p e t r o l t o g i v e e t h y l 4 - b e n z y l o x y i n d o l e - 2 - c a r b o x y l a t e (261) (77 m g , 

6 0 % ) . T h e f i l t r a t e w a s c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to 

g i v e a f u r t h e r q u a n t i t y of (261) (36 m g , 2 8 % ) . T h e c o m b i n e d y i e l d of 

(261) ( 1 1 3 m g , 8 8 % ) w a s r e c r y s t a l l i s e d f r o m c h l o r o f o r m a n d p e t r o l , m . p . , 

169-171°C ( F o u n d : C , 7 2 . 9 5 ; H , 5 . 8 ; N , 4 . 7 5 . C
l 3

H
1 7

N 0
3
 r e q u i r e s C , 7 3 . 2 ; 

H , 5 . 8 ; N , 4 . 7 5 ) , v ( N u j o l ) , 3 3 2 5 , 1 6 8 5 c m "
1

, 6 ( C D C /
3
) 1 . 3 7 ( 3 H , t , 

m a x 

J" 7 H z ) , 4 . 4 1 ( 2 H , q , J 7 H z ) , 5 . 2 1 ( 2 H , s ) , 6 . 4 5 - 6 . 7 0 ( 1 H , m , A r H ) , 

6 . 9 0 - 7 . 6 0 ( 8 H , m ) , 9 . 0 5 - 9 . 4 5 ( 1 H , b r s , N H ) , m / e 2 9 5 (M
+

), 2 2 2 , 2 0 4 , 9 9 , 

8 5 , 83 ( 1 0 0 % ) . 
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T h e r m o l y s i s o f e t h y l 2 - a z i d o - 3 - ( 2 - p h e n y l m e t h y l p h e n y l ) p r o p e n o a t e ( 2 3 3 ) . 

(i) W i t h o u t i o d i n e . A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - p h e n y l m e t h y l -

p h e n y l ) p r o p e n o a t e ( 2 3 3 ) (92 m g ) i n t o l u e n e (25 m l ) w a s r e f l u x e d 

f o r 2 . 7 5 h , t h e n t h e s o l v e n t e v a p o r a t e d . C h r o m a t o g r a p h y o n s i l i c a g e l 

( p e t r o l / e t h e r ) g a v e ethyl 4-benzylindole-2-oarboxylate (265) (35 m g , 4 2 % ) 

m . p . , 1 6 4 - 1 6 5°C ( f r o m c h l o r o f o r m a n d p e t r o l ) ( F o u n d ! C , 7 7 . 5 ; H , 6 . 1 5 ; 

N , 5 . 0 . C i
a
H i 7 N O 2 r e q u i r e s C , 7 7 . 4 ; H , 6 . 1 5 , N , 5 . 0 % ) , A ( E t O H ) 2 0 7 , 

m a x 

2 3 2 , 2 9 6 n m , v ( N u j o l ) 3 3 1 5 , 1 6 8 2 c m "
1

, 5 ( C D C /
3
) 1 . 3 9 ( 3 H , t , J 7 H z ) , 

m a x 

4 . 2 9 ( 2 H , s , A r C H
2
) , 4 . 4 4 ( 2 H , q , J 7 H z ) 6 . 8 5 - 7 . 0 5 ( 1 H , m ) , 7 . 1 4 - 7 . 6 0 

( 8 H , m ) , 9 . 0 5 - 9 . 5 0 ( 1 H , b r s , N H ) , m/e 2 7 9 ( M
+

, 1 0 0 % ) , 2 3 3 , 2 0 4 , 1 7 8 ; 

and ethyl 1
3
 2-dihydro-l-phenylisoquiv^line-Z-carboxylate (266) (22 mg, 

2 6 % ) , m . p . , 69-74°C ( f r o m p e t r o l ) , v ( N u j o l ) 3 3 9 0 , 1 6 7 7 c m "
1

, 6 ( C D C /
3
) 

m a x 

1 . 3 5 ( 3 H , t , J 7 . 3 H z ) , 4 . 3 0 ( 2 H , q , J 7 . 3 H z ) , 4 . 7 3 - 4 . 9 2 ( 1 H , b r s , N H ) , 

5 . 6 6 ( 1 H , s , 1 - H ) , 6 . 4 7 ( 1 H , s , 4 - H ) , 6 . 7 2 - 6 . 7 8 ( 1 H , m ) , 7 . 0 5 - 7 . 2 0 ( 3 H , m ) , 

7 . 2 7 - 7 . 4 2 ( 5 H , m ) , m/e 2 7 9 ( M
+

), 2 0 5 , 2 0 2 ( 1 0 0 % ) , 1 5 6 , 1 2 8 ; a n d ethyl 

l-phenylisoquinoline-3-carboxylate (267) (ca.2 m g , ca. 2 % ) . A satisfactory 

a n a l y s i s o f ( 2 6 6 ) w a s n o t o b t a i n e d . T h e s p e c t r a a n d a n a l y t i c a l d a t a f o r 

( 2 6 7 ) w i l l b e g i v e n i n t h e n e x t e x p e r i m e n t . 

( i i ) W i t h i o d i n e ( 0 . 1 m o l a r e q u i v a l e n t s ) . A s o l u t i o n o f v i n y l 

a z i d e ( 2 3 3 ) ( 1 2 1 m g , 0 . 3 9 m m o l ) a n d i o d i n e ( 1 1 . 3 m g , 0 . 0 4 m m o l ) i n t o l u e n e 

(40 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 2 . 5 h . T h e i o d i n e c o l o u r g r a d u a l l y 

d i s a p p e a r e d b u t i o d i n e s u b l i m e d f r o m t h e r e a c t i o n m i x t u r e w h e n t h e s o l v e n t 

w a s e v a p o r a t e d . T h e r e s i d u e w a s c h r o m a t o g r a p h e d to g i v e e t h y l 4 - b e n z y l -

i n d o l e - 3 - c a r b o x y l a t e ( 2 6 5 ) (14 m g , 1 3 % ) ; e t h y l l - p h e n y l i s o q u i n o l i n e - 3 -

c a r b o x y l a t e , m . p . , 1 0 0 - 1 0 1 C ( f r o m e t h e r a n d p e t r o l ) ( F o u n d ! C , 7 7 . 7 ; 

H , 5 . 5 5 ; N , 4 . 9 . C
1 8

H i
5
N 0

2
 r e q u i r e s C , 7 7 . 9 5 ; H , 5 . 4 5 ; N , 5 . 0 5 % ) , 

v ( N u j o l ) 1 7 4 0 c m "
1

, 5 ( C D C /
3
) 1 . 4 7 ( 3 H , t , J 7 H z ) , 4 . 5 2 ( 2 H , q , J 7 H z ) , 
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7 . 4 5 - 8 . 3 0 ( 9 H , m ) , 8 . 5 9 ( 1 H , s , 4 - H ) , m/e 2 7 7 ( M
+

) , 2 3 3 , 2 0 5 ( 1 0 0 % ) , 

176, 102; and ethyl 2-amino-3-(2-benzylphenylJpropenoate (268) (23 mg, 

2 0 % ) a s a c o l o u r l e s s o i l , v ( f i l m ) 3 4 8 5 , 3 3 9 0 , 1 7 0 1 , 1 6 3 3 c m "
1

 6 ( C D C /
3
) 

m a x 

1 . 3 3 ( 3 H , t , J 6 . 9 H z ) , 3 . 9 6 ( 4 H , b r s , A r C H
2
P h a n d N H

2
) , 4 . 2 5 ( 2 H , q , 

J 6 . 9 H z ) , 6 . 3 7 ( 1 H , s , v i n y l H ) , 6 . 9 7 - 7 . 3 0 ( 8 H , m ) , 7 . 4 0 - 7 . 5 5 ( 1 H , m ) , 

m/e 2 7 9 (M
+

)\ ^-acetyl derivative, m . p . , 143-145°C ( f r o m d i c h l o r o m e t h a n e 

a n d p e t r o l ) ( F o u n d : C , 7 3 . 9 ; H , 6 . 5 5 ; N , 4 . 3 . C
2 O

H
2 1

N 0
3
 r e q u i r e s C , 7 4 . 3 ; 

H , 6 . 5 5 ; N , 4 . 3 % ) , v ( N u j o l ) 3 2 6 0 , 1 7 2 5 , 1 6 5 5 c m "
1

, 6 ( C D C /
3
) 1 . 3 6 , 

m a x 

( 3 H , t , J 6 . 8 H z ) , 1 . 8 5 - 2 . 0 5 ( 3 H , b r s , C H
3
) , 4 . 0 6 ( 2 H , s , A r C H

2
P h ) , 

4 . 3 1 ( 2 H , q , J 6 . 8 H z ) , 2 . 6 0 - 2 . 7 3 ( 1 H , b r s , e x c h . D
2
0 , N H ) 7 . 0 5 - 7 . 5 0 

(ca. 1 0 H , m ) , m / e 3 2 3 (M
+

), 2 6 4 , 2 0 8 ( 1 0 0 % ) , 1 9 1 , 1 7 8 . 

(iii) W i t h i o d i n e ( 1 . 0 m o l a r e q u i v a l e n t s ) a n d p o t a s s i u m a c e t a t e 

(1.0 m o l a r e q u i v a l e n t s ) . P o t a s s i u m a c e t a t e (38 m g , 0 . 3 9 m m o l ) w a s 

a d d e d to a s o l u t i o n of (233) (119 m g , 0 . 3 9 m m o l ) a n d i o d i n e (98.5 m g , 

0 . 3 9 m m o l ) i n t o l u e n e (20 m l ) a n d t h e m i x t u r e r e f l u x e d u n d e r n i t r o g e n 

f o r 2 . 7 5 h . T h e c o o l e d r e a c t i o n m i x t u r e w a s d i l u t e d w i t h e t h e r (20 m l ) 

w a s h e d w i t h s a t u r a t e d a q u e o u s s o d i u m t h i o s u l p h a t e (20 m l ) , s a t u r a t e d 

a q u e o u s s o d i u m c h l o r i d e (10 m l ) , w a s d r i e d a n d e v a p o r a t e d . T h e r e s i d u e 

w a s c h r o m a t o g r a p h e d o n a l u m i n a to g i v e e t h y l 4 - b e n z y l i n d o l e - 2 - c a r b o x y l a t e 

(265) (8 m g , 7%) a n d e t h y l l - p h e n y l i s o q u i n o l i n e - 3 - c a r b o x y l a t e (267) 

(56 m g , 5 2 % ) . 
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P r e p a r a t i o n o f e t h y l 2 - a c e t a m i d o - 3 - ( 2 - b e n z y l p h e n y l ) p r o p e n o a t e ( 2 6 9 ) . 

A s a m p l e o f t h e e n a m i n e (268) (ca. 2 0 m g ) w a s d i s s o l v e d i n a c e t i c 

a n h y d r i d e , c o o l e d to 0°C, a n d t h e n p y r i d i n e (2 d r o p s ) a d d e d . T h e s o l u t i o n 

w a s t h e n a l l o w e d to s t i r a t r o o m t e m p e r a u r e f o r 0 . 7 5 h , a n d t h e n w a t e r 
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(4 m l ) a d d e d . A f t e r s t i r r i n g f o r a f u r t h e r 1.5 h , w a t e r (19 m l ) w a s 

a g a i n a d d e d . O n s t a n d i n g f o r 8 h c o l o u r l e s s c r y s t a l s p r e c i p i t a t e d 

f r o m t h i s s o l u t i o n . T h e s e w e r e c o l l e c t e d b y f i l t r a t i o n . T h e a q u e o u s 

f i l t r a t e w a s e x t r a c t e d w i t h e t h e r a n d t h e e t h e r e x t r a c t s c o m b i n e d , 

w a s h e d w i t h d i l u t e h y d r o c h l o r i c a c i d , d i l u t e a q u e o u s s o d i u m h y d r o x i d e 

a n d w a t e r , d r i e d a n d e v a p o r a t e d . T h e r e s i d u e w a s c o m b i n e d w i t h t h e 

c r y s t a l s f i l t e r e d o f f a n d t h e t o t a l p r o d u c t r e c r y s t a l l i s e d f r o m d i c h l o r o -

m e t h a n e a n d p e t r o l to g i v e 2 - a c e t a m i d o - 3 - ( 2 - b e n z y l p h e n y l ) p r o p e n o a t e (269) 

m . p . , 1 4 3 - 1 4 5°C. T h e s p e c t r a l a n d a n a l y t i c a l d a t a h a v e a l r e a d y b e e n 

g i v e n . 

R e a c t i o n s o f e t h y l 1 , 2 - d i h y d r o - l - p h e n y l i s o q u i n o l i n e — 3 - c a r b o x y l a t e (266) . 

(i) A s o l u t i o n of e t h y l 1 , 2 - d i h y d r o - l - p h e n y l i s o q u i n o l i n e - 3 - c a r b o x y -

l a t e ( 2 6 6 ) (22 m g , 0 . 0 8 m m o l ) i n t o l u e n e (5 m l ) w a s r e f l u x e d i n a i r f o r 

2 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d a n n . m . r . s p e c t r u m o f t h e r e s i d u e 

t a k e n . T h e s p e c t r u m w a s e s s e n t i a l l y t h a t o f t h e d i h y d r o i s o q u i n o l i n e 

(266). 

(ii) A s a m p l e of t h e d i h y d r o i s o q u i n o l i n e (266) (8 m g , 0 . 0 3 m m o l ) i n 

d e u t e r o c h l o r o f o r m (0.5 m l ) w a s p l a c e d i n a n n . m . r . t u b e a n d i o d i n e (7.3 m g , 

0 . 0 3 m m o l ) a d d e d . N . m . r . s p e c t r a w e r e t a k e n a t r e g u l a r i n t e r v a l s a n d 

s h o w e d a r a p i d a n d c l e a n c o n v e r s i o n o f ( 2 6 6 ) to t h e i s o q u i n o l i n e ( 2 6 7 ) . 

No p r o d u c t s o t h e r t h a n (267) w e r e o b s e r v e d . T h e r e a c t i o n w a s e s s e n t i a l l y 

c o m p l e t e a f t e r 0.3 h , t h o u g h oa. 5 0 % o f t h e d i h y d r o i s o q u i n o l i n e ( 2 6 6 ) 

h a d r e a c t e d a f t e r 3 0 s . 

(iii) A s o l u t i o n o f d i h y d r o i s o q u i n o l i n e (266) (21 m g , 0 . 0 7 5 m m o l ) 

a n d i o d i n e (2 m g , 0 . 0 0 7 8 m m o l ) i n t o l u e n e (4 m l ) w a s r e f l u x e d u n d e r 

n i t r o g e n f o r 0.5 h . A f t e r 0 . 3 h o n l y t h e i s o q u i n o l i n e (267) w a s o b s e r v e d 
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in t h e r e a c t i o n m i x t u r e , b y t . l . c . T h e d i h y d r o i s o q u i n o l i n e ( 2 6 6 ) h a d 

r e a c t e d c o m p l e t e l y . T h e h e a t i n g w a s s t o p p e d a f t e r 0.5 h a n d t h e s o l v e n t 

e v a p o r a t e d . A n n . m . r . s p e c t r u m o f t h e r e s i d u e i n d i c a t e d t h a t o n l y t h e 

i s o q u i n o l i n e (257) w a s p r e s e n t . 

(iv) A s a m p l e of t h e d i h y d r o i s o q u i n o l i n e (266) i n t o l u e n e a t r o o m 

t e m p e r a u r e w a s t r e a t e d w i t h a n e x c e s s o f c h l o r a n i l . T h e d i h y d r o i s o q u i n o l i n e 

(266) w a s i m m e d i a t e l y c o n v e r t e d to t h e i s o q u i n o l i n e ( 2 6 7 ) . T h i s w a s s h o w n 

b y t . l . c . 

R e a c t i o n of e t h y l 4 - b e n z y l i n d o l e - 2 - c a r b o x y l a t e (265) w i t h i o d i n e . 

A s o l u t i o n of t h e i n d o l e (265) (20 m g ) , i o d i n e (70 m g ) a n d p o t a s s i u m 

a c e t a t e ( 2 0 0 m g ) in t o l u e n e (10 m l ) w a s r e f l u x e d f o r 2 h . T h e r e a c t i o n 

w a s f o l l o w e d b y t . l . c . a n d t h e c o n v e r s i o n o f (265) i n t o a n o t h e r c o m p o u n d 

o f s l i g h t l y l o w e r r . f . w a s o b s e r v e d . T h e s o l v e n t w a s t h e n e v a p o r a t e d 

a n d t h e m a s s s p e c t r u m o f t h e r e s i d u e i n d i c a t e d t h a t a n i o d i n a t e d 

i n d o l e ( M
+

 4 0 5 ) w a s p r e s e n t . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - b e n z y l p h e n y l ) p r o p e n o a t e (233) 

i n t h e p r e s e n c e of h y d r o q u i n o n e . 

(i) W i t h o u t i o d i n e . A s o l u t i o n of h y d r o q u i n o n e ( 2 8 . 6 m g , 0 . 2 6 m m o l ) 

a n d v i n y l a z i d e (233) (40 m g , 0 . 1 3 m m o l ) in t o l u e n e (10 m l ) w a s r e f l u x e d 

f o r 2 . 7 5 h . T h e s o l u t i o n w a s t h e n c o o l e d , d i l u t e d w i t h e t h e r (20 m l ) , 

t h e n w a s h e d w i t h a q u e o u s s o d i u m h y d r o x i d e ( 1 0 % , 2 x 1 0 m l ) a n d w a t e r (10 m l ) , 

d r i e d , a n d e v a p o r a t e d . A n n . m . r . s p e c t r u m of t h e r e s i d u e s h o w e d t h a t i t 

w a s c o m p o s e d of i n d o l e (265) a n d d i h y d r o i s o q u i n o l i n e (266) i n r o u g h l y t h e 

s a m e r a t i o a s w h e n t h e a z i d e (233) w a s t h e r m o l y s e d w i t h o u t h y d r o q u i n o n e . 

N o e n a m i n e (268) w a s p r o d u c e d . 



219 

(ii) W i t h i o d i n e . A s o l u t i o n of v i n y l a z i d e (233) (74 m g , 0 . 2 4 m m o l ) ^ 

i o d i n e (6 m g , 0 . 2 4 m m o l ) a n d h y d r o q u i n o n e (53 m g , 0 . 4 8 m m o l ) i n t o l u e n e 

(15 m l ) w a s r e f l u x e d f o r 2 h . T h e s o l u t i o n w a s t h e n c o o l e d a n d d i l u t e d 

w i t h e t h e r (10 m l ) , w a s h e d w i t h a q u e o u s s o d i u m h y d r o x i d e (10%*, 2 x 1 0 m l ) 

a n d w a t e r (10 m l ) , d r i e d a n d e v a p o r a t e d . A n n . m . r . s p e c t r u m o f t h e 

r e s i d u e s h o w e d t h a t it w a s c o m p o s e d of t h e f o l l o w i n g p r o d u c t s ! i n d o l e 

(265) ( c a . 1 0 % ) , i s o q u i n o l i n e (267) (ca. 3 5 % ) , a n d e n a m i n e (268) (ca. 5 0 % ) . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - b e n z y l p h e n y l ) p r o p e n o a t e (233) 

in t h e p r e s e n c e of i o d i n e a n d a n o t h e r o x i d i s i n g a g e n t . 

(i) W i t h i o d i n e a n d c h l o r a n i l . A s o l u t i o n o f v i n y l a z i d e (233) 

(70 m g , 0 . 2 3 m m o l ) , i o d i n e (6 m g , 0 . 0 2 3 m m o l ) a n d c h l o r a n i l (113 m g , 

0 . 4 6 m m o l ) in t o l u e n e (12 m l ) w a s r e f l u x e d f o r 2 . 7 5 h . T h e s o l v e n t w a s 

t h e n e v a p o r a t e d a n d a n n . m . r . s p e c t r u m of t h e r e s i d u e i n d i c a t e d t h a t i t 

w a s a m i x t u r e of t h e i s o q u i n o l i n e ( 2 6 7 ) a n d e n a m i n e (268) i n r o u g h l y t h e 

s a m e r a t i o a s h a d b e e n o b s e r v e d for a s i m i l a r r e a c t i o n w i t h o u t c h l o r a n i l . 

(ii) W i t h i o d i n e a n d m a n g a n e s e d i o x i d e . M a n g a n e s e d i o x i d e (35 m g , 

0 . 5 0 m m o l ) w a s a d d e d to a s o l u t i o n o f t h e v i n y l a z i d e (233) (61 m g , 0 . 2 0 

m m o l ) a n d i o d i n e (5 m g , 0 . 0 2 m m o l ) i n t o l u e n e (10 m l ) a n d t h e m i x t u r e 

r e f l u x e d f o r 2 . 7 5 h . T h e m i x t u r e w a s t h e n a l l o w e d to c o o l , w a s f i l t e r e d , 

a n d t h e s o l v e n t e v a p o r a t e d . A n n . m . r . s p e c t r u m o f t h e r e s i d u e i n d i c a t e d 

t h a t t h e m i x t u r e c o n t a i n e d t h e i s o q u i n o l i n e (267) (ca. 4 5 % ) , a n d t h e 

e n a m i n e ( 2 6 8 ) (ca. 5 % ) , b u t t h e m i x t u r e w a s m e s s y a n d n o o t h e r p r o d u c t s 

c o u l d b e i d e n t i f i e d . 

( i i i ) W i t h i o d i n e a n d b a r i u m m a n g a n a t e . B a r i u m m a n g a n a t e (305 m g , 

1 . 2 m m o l ) w a s a d d e d to a s o l u t i o n of t h e a z i d e (233) ( 1 8 4 . 4 m g , 0.6 m m o l ) 

a n d i o d i n e (30 m g , 0 . 1 2 m m o l ) in t o l u e n e (30 m l ) a n d t h e m i x t u r e r e f l u x e d 

f o r 2 . 7 5 h . T h e m i x t u r e w a s t h e n c o o l e d , f i l t e r e d , a n d e v a p o r a t e d . A n 
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n . m . r . s p e c t r u m of t h e r e s i d u e s h o w e d t h a t t h e m a j o r p r o d u c t w a s t h e 

i s o q u i n o l i n e ( 2 6 7 ) . N o e n a m i n e (268) w a s p r e s e n t . C h r o m a t o g r a p h y o n 

s i l i c a g e l ( p e t r o l / e t h e r ) g a v e t h e i n d o l e (265) (21 m g , 1 2 . 5 % ) a n d t h e 

i s o q u i n o l i n e ( 2 6 7 ) ( 8 1 m g , 4 9 % ) . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( f l u o r e n - 1 - y l ) p r o p e n o a t e ( 2 3 4 ) . 

A s o l u t i o n o f t h e a z i d e (234) ( 1 5 1 m g , 0 . 4 9 5 m m o l ) i n t o l u e n e (30 m l ) 

w a s r e f l u x e d u n d e r n i t r o g e n f o r 24 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d 

t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e ethyl 

pyrrolo[3
3
2-a]fluorene-5-earboxylate (270) (125 m g , 90%), m . p . , 210-211.5°C 

( F o u n d ! C , 7 8 . i ; H , 5 . 4 5 ; N , 5 . 0 5 . C
1 8

H i
3
N 0

2
 r e q u t t e s C , 7 7 . 9 5 ; H , 5 . 4 5 ; 

N , 5 . 0 5 % ) , v ( N u j o l ) , 3 3 3 0 , 1 7 2 4 , 1 6 3 5 c m "
1

, 6 ( C D C /
3
) 8 . 9 0 - 9 . 3 0 ( 1 H , 

m a x 

b r s , N H ) , 7 . 1 0 - 7 , 9 0 ( 7 H , m ) , 4 . 4 6 ( 2 H , q , J 7 H z ) , 4 . 0 3 ( 2 H , b r s , C H
2
) , 

1 . 4 0 ( 3 H , t , J 7 H z ) , m/e 277 (M
+

), 2 0 4 , 1 9 4 , 1 6 5 ( 1 0 0 % ) , a n d ethyl 1-

azafluoranthene-2-carboxylate (271) (5 m g , 4 % ) . T h e s p e c t r a l a n d o t h e r 

d a t a f o r (271) w i l l b e g i v e n i n a l a t e r e x p e r i m e n t . W h e n t h e t h e r m o l y s i s 

w a s c a r r i e d o u t i n r e f l u x i n g t o l u e n e f o r 1 h t h e y i e l d s of (270) a n d 

(271) w e r e 8 4 % a n d 4 % r e s p e c t i v e l y . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( f l u o r e r t - l - y l ) p r o p e n o a t e (234) 

i n t h e p r e s e n c e of i o d i n e . 

(i) A s o l u t i o n o f t h e a z i d e (234) ( 1 0 0 m g , 0 . 3 3 m m o l ) a n d i o d i n e 

(8.7 m g , 0 . 3 4 m m o l ) i n x y l e n e (20 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 

1 h . T h e s o l v e n t w a s e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a 

g e l ( p e t r o l / e t h e r ) to g i v e t h e i n d o l e (270) (45 m g , 4 9 % ) a n d t h e a z a -

f l u o r a n t h e n e (271) (10 m g , 1 0 % ) . 
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(ii) A s o l u t i o n of t h e a z i d e (234) ( 1 4 1 m g , 0 . 4 6 m m o l ) a n d 

i o d i n e (117 m g , 0 . 4 6 m m o l ) i n x y l e n e (30 m l ) w a s r e f l u x e d f o r 0 . 5 h . 

T h e s o l u t i o n w a s a l l o w e d to c o o l , t h e n w a s h e d w i t h s o d i u m t h i o s u l p h a t e 

s o l u t i o n ( 1 0 % , 2 x 15 m l ) a n d w a t e r (10 m l ) , d r i e d a n d e v a p o r a t e d . T h e 

r e s i d u e w a s c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e t h e 

p y r r o l o f l u o r e n e (270) (6 m g , 5 % ) a n d e t h y l 1 - a z a f l u o r a n t h e n e - 2 - c a r b o x y l a t e 

(271) (30 m g , 2 4 % ) , m . p . , 1 2 4 . 5 - 1 2 6 . 5°C (Found*. M
+

 2 7 5 . 0 9 4 2 . C
1 8

H
1 3

N 0
2 

r e q u i r e s 2 7 5 . 0 9 4 6 ) , v 1 7 4 4 , 1 6 3 5 c m "
1

, 6 ( C D C /
3
, 2 5 0 M H z ) , 1 . 5 3 ( 3 H , t , 

m a x 

J 7 H z ) , 4 . 5 6 ( 2 H , q , J 7 H z ) , 7 . 3 5 - 7 . 9 5 ( c a . 8 H , m ) , 8 . 2 2 - 8 . 2 8 (ca. 

1 H , m ) , 8 . 5 2 ( 1 H , s ) , m / e 2 7 5 (M
+

), 2 0 3 ( 1 0 0 % ) . 

W h e n t h i s e x p e r i m e n t w a s r e p e a t e d i n r e f l u x i n g t o l u e n e i n t h e p r e s e n c e 

of i o d i n e (1 m o l a r e q u i v a l e n t ) a n d p o t a s s i u m a c e t a t e (2 m o l a r e q u i v a l e n t s ) 

t h e y i e l d o f (271) w a s 1 8 % . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - m e t h y l p h e n y l ) p r o p e n o a t e ( 2 3 5 ) . 

(i) N o r e a g e n t a d d e d . A s o l u t i o n o f v i n y l a z i d e (235) ( 1 3 1 m g , 

0 . 5 7 m m o l ) in t o l u e n e w a s r e f l u x e d f o r 2 . 7 5 h . T h e s o l v e n t w a s t h e n 

e v a p o r a t e d a n d t h e s o l i d r e s i d u e w a s s h o w n b y n . m . r . to b e e t h y l 4 - m e t h y l -

i n d o l e - 2 - c a r b o x y l a t e (272) m . p . , 139-140°C ( f r o m d i c h l o r o m e t h a n e a n d p e t r o l ) 

( l i t . ,
5 9

 140.5°C). 

(ii) W i t h p o t a s s i u m c a r b o n a t e . A n h y d r o u s p o t a s s i u m c a r b o n a t e w a s 

h e a t e d to 150°C u n d e r v a c u u m f o r 16 h , t h e n a p o r t i o n (158 m g , 1 . 2 m m o l ) 

a d d e d to a s o l u t i o n of t h e v i n y l a z i d e (235) (139 m g , 0.6 m m o l ) in t o l u e n e 

(30 m l ) . T h e m i x t u r e w a s t h e n r e f l u x e d f o r 2 . 7 5 h , c o o l e d , f i l t e r e d , a n d 

e v a p o r a t e d . T h e r e s i d u e w a s s h o w n , b y n . m . r . to b e c o m p o s e d s o l e l y of 

t h e i n d o l e ( 2 7 2 ) . 
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(iii) W i t h h y d r o g e n i o d i d e . A s o l u t i o n o f h y d r o g e n i o d i d e i n 

2 4 0 

t o l u e n e (0.06 M ) w a s p r e p a r e d a n d a por.tion (1.6 m l , 0 . 1 m m o l ) a d d e d 

to a s o l u t i o n of t h e a z i d e (235) (231 m g , 1 m m o l ) i n t o l u e n e ( 3 0 m l ) . 

T h i s s o l u t i o n w a s t h e n r e f l u x e d u n d e r n i t r o g e n f o r 2 . 7 5 h , c o o l e d a n d 

e v a p o r a t e d to g i v e a s o l i d r e s i d u e w h i c h , b y n . m . r . , c o n t a i n e d o n l y 

t h e i n d o l e ( 2 7 2 ) . 

(iv) W i t h p o t a s s i u m i o d i d e . P o t a s s i u m i o d i d e (199 m g , 1 . 2 m m o l ) 

w a s a d d e d to a s o l u t i o n o f ( 2 3 5 ) (138 m g , 0.6 m m o l ) i n t o l u e n e (30 m l ) 

a n d t h e m i x t u r e r e f l u x e d f o r 2 . 7 5 h , c o o l e d , f i l t e r e d , a n d e v a p o r a t e d 

to g i v e a r e s i d u e w h i c h , b y n . m . r . , c o n t a i n e d o n l y t h e i n d o l e ( 2 7 2 ) . 

(v) W i t h h y d r o q u i n o n e . A s o l u t i o n of h y d r o q u i n o n e (33 m g , 0 . 3 5 m m o l ) 

a n d ( 2 3 5 ) (81 m g , 0 . 3 5 m m o l ) i n t o l u e n e (18 m l ) w a s r e f l u x e d f o r 2 . 7 5 h 

T h e s o l u t i o n w a s t h e n d i l u t e d w i t h e t h e r (20 m l ) w a s h e d w i t h a q u e o u s 

s o d i u m h y d r o x i d e (2 x 1 0 m l ) to r e m o v e u n r e a c t e d h y d r o q u i n o n e a n d t h e n 

d r i e d a n d e v a p o r a t e d . T h e r e s i d u e w a s s h o w n , b y n . m . r . , to c o n s i s t 

s o l e l y o f t h e i n d o l e ( 2 7 2 ) . 

(vi) W i t h d i p h e n y l d i s e l e n i d e . D i p h e n y l d i s e l e n i d e (10.3 m g , 0 . 0 3 3 

m m o l ) w a s a d d e d to a s o l u t i o n o f t h e a z i d e (235) (76 m g , 0 . 3 3 m m o l ) i n 

t o l u e n e (10 m l ) a n d t h e r e s u l t i n g s o l u t i o n h e a t e d a t r e f l u x f o r 3 h . T h e 

s o l v e n t w a s t h e n e v a p o r a t e d , a n d a n n . m . r . s p e c t r u m of t h e r e s i d u e s h o w e d 

t h a t i t w a s c o m p o s e d of t h e i n d o l e (272) a n d d i p h e n y l d i s e l e n i d e o n l y . 

N o i s o q u i n o l i n e (273) w a s o b s e r v e d . 

(vii) W i t h d i p h e n y l d i s u l p h i d e . D i p h e n y l d i s u l p h i d e (218 m g , 1 m m o l ) 

w a s a d d e d to a s o l u t i o n of v i n y l a z i d e (235) ( 2 3 1 m g , 1 m m o l ) i n t o l u e n e 

(50 m l ) . T h e s o l u t i o n w a s r e f l u x e d f o r 2 . 7 5 h , t h e n e v a p o r a t e d . T h e 

r e s i d u e w a s shown b y n . m . r . a n d t . l . c . to c o n t a i n t h e i n d o l e (272) a n d 

d i p h e n y l d i s e l e n i d e o n l y . 
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( v i i i ) W i t h d i - t - b u t y l p e r o x i d e . A s o l u t i o n of v i n y l a z i d e (272) 

(120 m g , 0 . 5 2 m m o l ) a n d d i - t - b u t y l p e r o x i d e (15 m g , 0 . 1 0 m m o l ) i n x y l e n e 

(25 m l ) w a s r e f l u x e d for 0 . 2 5 h , t h e n e v a p o r a t e d . A n n . m . r . s p e c t r u m 

of t h e r e s i d u e s h o w e d t h a t a l l o f t h e a z i d e (235) h a d b e e n c o n v e r t e d 

i n t o i n d o l e ( 2 7 2 ) . 

(ix) W i t h d i b e n z o y l p e r o x i d e . D i b e n z o y l p e r o x i d e (6 m g , 0 . 0 2 6 m m o l ) 

w a s a d d e d to a s o l u t i o n of (235) (57 m g , 0 . 2 5 8 m m o l ) in t o l u e n e (16 m l ) 

a n d t h e s o l u t i o n r e f l u x e d f o r 3 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d . 

A n n . m . r . s p e c t r u m of t h e r e s i d u e s h o w e d t h a t t h e i n d o l e (272) w a s t h e 

o n l y p r o d u c t . 

(x) W i t h i o d i n e . A s o l u t i o n of v i n y l a z i d e (235) (241 m g , 1 . 0 4 

m m o l ) a n d i o d i n e (25 m g , 0 . 1 0 m m o l ) i n t o l u e n e (40 m l ) w a s r e f l u x e d f o r 

3 h a n d t h e n e v a p o r a t e d . A s t h e s o l v e n t w a s e v a p o r a t e d s o m e i o d i n e 

d i s t i l l e d o v e r a l s o , e v e n t h o u g h t h e r e d i d n o t a p p e a r to b e a n y i n t h e 

p a l e y e l l o w c r u d e r e a c t i o n m i x t u r e . T h e r e s i d u e w a s c h r o m a t o g r a p h e d 

o n s i l i c a g e l to g i v e e t h y l 4 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e (272) (59 m g , 

2 8 % ) , e t h y l i s o q u i n o l i n e - 3 - c a r b o x y l a t e (273) (42 m g , 2 0 % ) , p i c r a t e , m . p . , 

1 5 6 - 1 5 8 C ( l i t . , 1 5 4 - 5 C ) , a n d ethyl 2-amino-Z-(2-methylphenyl)-

jvvoyenoate (274) ( 28 m g , 1 3 . 5 % ) . T h e s p e c t r a l d a t a f o r t h e e n a m i n e 

(274) i s d e s c r i b e d i n a l a t e r e x p e r i m e n t . T h e s p e c t r a l d a t a f o r (273) 

2 1 3 

w a s i d e n t i c a l to t h a t of a n i n d e p e n d e n t l y p r e p a r e d s a m p l e o f e t h y l 

i s o q u i n o l i n e - 3 - c a r b o x y l a t e . 

(xi) W i t h i o d i n e ( 0 . 1 m o l a r e q u i v a l e n t s ) a n d p o t a s s i u m c a r b o n a t e . 

P o t a s s i u m c a r b o n a t e (158 m g , 1 . 2 m m o l ) w a s a d d e d to a s o l u t i o n of v i n y l 

a z i d e (235) (138 m g , 0.6 m m o l ) a n d i o d i n e (15.3 m g , 0 . 0 6 m m o l ) in t o l u e n e 

(30 m l ) a n d t h e m i x t u r e r e f l u x e d f o r 2 h . T h e c o l o u r o f t h e i o d i n e h a d 

d i s a p p e a r e d c o m p l e t e l y a f t e r 0 . 7 5 h . T h e m i x t u r e w a s a l l o w e d to c o o l 
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a n d w a s f i l t e r e d a n d t h e f i l t r a t e e v a p o r a t e d . N o i o d i n e d i s t i l l e d o v e r 

w i t h t h e s o l v e n t . A n n . m . r . s p e c t r u m of t h e r e s i d u e i n d i c a t e d t h a t t h e 

f o l l o w i n g c o m p o u n d s w e r e p r e s e n t : i n d o l e (272) ( 5 5 % ) , i s o q u i n o l i n e (273) 

( 1 5 % ) , a n d e n a m i n e (274) ( 5 % ) . 

(xii) W i t h i o d i n e ( 1 . 0 m o l a r e q u i v a l e n t ) a n d p o t a s s i u m a c e t a t e . 

P o t a s s i u m a c e t a t e (62 m g , 0 . 6 6 ramol) w a s a d d e d to a s o l u t i o n o f v i n y l 

a z i d e (235) (154 m g , 0 . 6 6 m m o l ) a n d i o d i n e (169 m g , 0 . 6 6 m m o l ) i n t o l u e n e 

(33 m l ) a n d t h e m i x t u r e r e f l u x e d f o r 2 . 7 5 h . E t h e r (10 m l ) w a s t h e n 

a d d e d a n d t h e s o l u t i o n w a s h e d w i t h s o d i u m t h i o s u l p h a t e s o l u t i o n (10%*, 

2 x 1 0 m l ) a n d w a t e r (10 m l ) , d r i e d a n d e v a p o r a t e d . A n n . m . r . s p e c t r u m 

of t h e r e s i d u e i n d i c a t e d t h a t i t w a s oa. 50% c o m p o s e d of e t h y l i s o q u i n o l i n e -

3 - c a r b o x y l a t e ( 2 7 3 ) . C h r o m a t o g r a p h y o n s i l i c a g e l ( p e t r o l / e t h e r ) g a v e 

i s o q u i n o l i n e (273) (42.4 m g , 3 2 % ) . 

( x i i i ) W i t h i o d i n e (1.0 m o l a r e q u i v a l e n t s ) a n d p o t a s s i u m c a r b o n a t e . 

P o t a s s i u m c a r b o n a t e (1.65 g , 0 . 0 1 2 m m o l ) w a s a d d e d to a s o l u t i o n o f v i n y l 

a z i d e (235) ( 1 . 3 8 g , 0 . 0 0 6 m o l ) a n d i o d i n e ( 1 . 5 2 g , 0 . 0 0 6 m o l ) i n t o l u e n e 

(300 m l ) a n d t h e m i x t u r e r e f l u x e d f o r 2 . 7 5 h . T h e s o l u t i o n w a s t h e n 

c o o l e d a n d w a s h e d w i t h s o d i u m t h i o s u l p h a t e s o l u t i o n , (10%J 3 x 75 m l ) a n d 

w a t e r (50 m l ) , d r i e d , a n d e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n 

s i l i c a g e l to g i v e i n d o l e ( 2 7 2 ) (98 m g , 8 % ) a n d i s o q u i n o l i n e ( 2 7 3 ) ( 3 5 9 

m g , 3 0 % ) . 

(xiv) W i t h i o d i n e a n d h y d r o q u i n o n e . A s o l u t i o n of v i n y l a z i d e (235) 

(87.4 m g , 0 . 3 7 8 m m o l ) , h y d r o q u i n o n e ( 4 1 . 6 m g , 0 . 3 7 8 m m o l ) a n d i o d i n e 

(9.6 m g , 0 . 0 3 8 m m o l ) i n t o l u e n e (20 m l ) w a s r e f l u x e d f o r 3 . 2 5 h t h e n 

c o o l e d a n d d i l u t e d w i t h e t h e r (20 m l ) . T h i s s o l u t i o n w a s t h e n w a s h e d 

w i t h s a t u r a t e d s o d i u m t h i o s u l p h a t e s o l u t i o n (10 m l ) , s o d i u m h d y r o x i d e 

s o l u t i o n ( 1 M , 3 x 1 0 m l ) , s a t u r a t e d s o d i u m c h l o r i d e s o l u t i o n (10 m l ) w a s 

d r i e d a n d e v a p o r a t e d . A n n . m . r . s p e c t r u m of t h e r e s i d u e i n d i c a t e d t h a t 

i t w a s c o m p o s e d o f i n d o l e (272) ( o a . 5 8 % ) , i s o q u i n o l i n e (273) (oa. 2 % ) 
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a n d e n a m i n e (274) (ca. 3 9 % ) . C h r o m a t o g r a p h y o n s i l i c a g e l g a v e i n d o l e 

(272) (39 m g , 5 1 % ) a n d a f r a c t i o n w h i c h c o n t a i n e d e n a m i n e ( 2 7 4 ) (20 m g , 

2 6 % ) . T h e i s o l a t e d y i e l d o f e t h y l 2 - a m i n o - 3 - ( 2 - m e t h y l p h e n y l ) p r o p e n o a t e 

(274) w a s ca. 2 0 % . It w a s c o n t a m i n a t e d w i t h t w o m i n o r p r o d u c t s b u t 

t h e f o l l o w i n g s i g n a l s i n t h e n . m . r . s p e c t r u m of t h e m i x t u r e c o u l d b e 

a s s i g n e d to ( 2 7 4 ) , 5 ( C D C /
3
) , 1 . 3 7 ( 3 H , t , J 7 H z ) , 2 . 3 0 ( 3 H , s , A r C H

3
) , 

3 . 7 5 - 4 . 3 0 ( 2 H , b r s , e x c h . D
2
0 , N H

2
) , 4 . 3 2 ( 2 H , q , J 7 H z ) , 6 . 3 7 ( 1 H , 

s , v i n y l H ) , 7 . 0 5 - 7 . 5 5 ( 4 H , m ) . 

(xv) W i t h i o d i n e a n d a - m e t h y l s t y r e n e . A s o l u t i o n of v i n y l a z i d e 

(235) (93 m g , 0 . 4 0 m m o l ) , i o d i n e (10 m g , 0 . 0 4 m m o l ) a n d f r e s h l y d i s t i l l e d 

a - m e t h y l s t y r e n e (47.5 m g , 0 . 4 0 m m o l ) w a s r e f l u x e d f o r 3 h . T h e s o l v e n t 

w a s t h e n e v a p o r a t e d a n d a n n . m . r . s p e c t r u m o f t h e r e s i d u e t a k e n . It w a s 

f o u n d to c o n t a i n i n d o l e (272) a n d i s o q u i n o l i n e (273) i n ca. 5 0 % a n d 2 5 % 

y i e l d r e s p e c t i v e l y , b u t t h e a m o u n t of e n a m i n e (274) w a s s u b s t a n t i a l l y 

d e c r e a s e d (ca. 2 % ) . 

(xvi) In b r o m o b e n z e n e . A s o l u t i o n o f t h e a z i d e (235) (60 m g , 

0 . 2 6 ramol) i n b r o m o b e n z e n e (17 m l ) w a s h e a t e d a t 110°C u n d e r n i t r o g e n 

f o r 3 h . T h e s o l v e n t w a s t h e n d i s t i l l e d u n d e r r e d u c e d p r e s s u r e . A n n . m . r . 

s p e c t r u m o f t h e r e s i d u e i n d i c a t e d t h a t i t w a s c o m p o s e d s o l e l y o f t h e 

i n d o l e ( 2 7 2 ) . 

( x v i i ) In i o d o p r o p a n e . I o d o p r o p a n e w a s d o u b l y d i s t i l l e d to e n s u r e 

t h a t it w a s n o t c o n t a m i n a t e d w i t h i o d i n e . A s o l u t i o n of v i n y l a z i d e (235) 

(60 m g , 0 . 2 6 m m o l ) in i o d o p r o p a n e w a s r e f l u x e d f o r 6 h . T h e s o l v e n t w a s 

t h e n e v a p o r a t e d a n d t h e r e s i d u e w a s s h o w n , b y n . m . r . to b e e t h y l 4 - m e t h y l -

i n d o l e - 2 - c a r b o x y l a t e ( 2 7 2 ) . 
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E t h y l 2 - ( 2 - m e t h y l p h e n y l ) - 2 f f - a z i r i n e - 3 - c a r b o x y l a t e ( 2 7 5 ) . 

A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - m e t h y l p h e n y l ) p r o p e n o a t e (235) (167 m g , 

0 . 7 2 m m o l ) i n t o l u e n e (30 m l ) w a s r e f l u x e d f o r 1 h , t h e n e v a p o r a t e d . A n 

n . m . r . o f t h e r e s i d u e i n d i c a t e d t h a t it w a s a 1 t 1 m i x t u r e of e t h y l 

4 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e (272) a n d ethyl 2-(2^ethylpb£nyl)-2li^zi,ri>ne-

Z-oarboxylate (275). T h e n . m . r . s o l v e n t w a s e v a p o r a t e d a n d p e t r o l (5 m l ) 

a d d e d to s e p a r a t e t h e m i x t u r e . T h e i n d o l e (272) w a s i n s o l u b l e i n t h e 

p e t r o l w h e r e a s t h e a z i r i n e (275) w a s t a k e n u p i n t o t h e p e t r o l , w h i c h w a s 

t h e n f i l t e r e d a n d e v a p o r a t e d to g i v e e t h y l 2 - ( 2 - m e t h y l p h e n y l ) - 2 # - a z i r i n e -

3 - c a r b o x y l a t e (275) a s a n o i l , (oa. 5 0 m g ) , v ( C C / J 1 7 6 0 , 1 7 2 5 c m " \ 
m a x 

X ( E t O H ) , 2 1 2 , 2 9 3 n m , 6 (CDCtf
 3
) , 1 . 3 5 ( 3 H , t , J 7 . 2 H z ) , 2 . 4 9 ( 3 H , 

m a x 

s , A r C H
3
) , 3 . 5 2 ( 1 H , s , 2 - H ) , 4 . 4 5 ( 2 H , q , J 7 . 2 H z ) , 6 . 7 0 - 6 . 8 7 ( 1 H , m ) , 

7 . 0 0 - 7 . 3 0 ( 3 H , m ) , m / e 2 0 3 ( M
+

, 1 0 0 % ) , 1 5 7 , 1 3 1 , 1 3 0 , 1 0 4 , 1 0 3 , 7 7 . 

O n s i l i c a g e l c h r o m a t o g r a p h y ( p e t r o l / e t h e r ) a s i m i l a r r e a c t i o n 

m x i t u r e g a v e i n d o l e (272) (38%) a n d s e v e r a l d i m e r s o f t h e a z i r i n e ( M
+  

4 0 6 ) , w h i c h w e r e n o t i d e n t i f i e d . T h e a z i r i n e ( 2 7 5 ) w a s u n s t a b l e to 

c h r o m a t o g r a p h y o n s i l i c a g e l . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 2 - ( 2 - m e t h y l p h e n y l ) - 2 f f - a z i r i n e - 3 - c a r b o x y l a t e 

(275) . 

T h e a z i r i n e (275) w a s p r e p a r e d b y p h o t o l y s i s of e t h y l 2 - a z i d o - 3 -

( 2 - m e t h y l p h e n y l ) p r o p e n o a t e ( 2 3 5 ) a s d e s c r i b e d i n s e c t i o n 7 . 6 . 

(i) A s a m p l e of t h e a z i r i n e (275) w a s d i s s o l v e d i n t o l u e n e a n d 

r e f l u x e d f o r 1 . 5 h . T h e s o l v e n t w a s e v a p o r a t e d a n d a n n . m . r . s p e c t r u m 

o f t h e r e s i d u e i n d i c a t e d t h a t i t w a s c o m p o s e d of i n d o l e (272) o n l y . 

(ii) P o t a s s i u m c a r b o n a t e (298 m g , 2 . 2 6 m m o l ) w a s a d d e d to a s o l u t i o n 

o f (275) ( 2 6 1 m g , 1 . 1 3 m m o l ) a n d i o d i n e ( 2 8 . 7 m g , 0 . 1 1 m m o l ) i n t o l u e n e 

(56 m l ) a n d t h e m i x t u r e r e f l u x e d u n d e r n i t r o g e n f o r 2 . 7 5 h . T h e s o l u t i o n 

w a s t h e n f i l t e r e d a n d e v a p o r a t e d . A n n . m . r . s p e c t u r m of t h e r e s i d u e s h o w e d 
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a s i m i l a r r a t i o o f p r o d u c t s ( 2 7 2 ) , (273) a n d (274) a s i n t h e t h e r m a l 

d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - m e t h y l p h e n y l ) p r o p e n o a t e (235) u n d e r 

t h e s a m e c o n d i t i o n s . T h e r e a c t i o n m i x t u r e w a s n o t q u i t e a s c l e a n 

h o w e v e r . 

(iii) P o t a s s i u m c a r b o n a t e (219 m g , 1 . 6 6 m m o l ) w a s a d d e d to a 

s o l u t i o n of (275) (192 m g , 0 . 8 3 m m o l ) a n d i o d i n e (211 m g , 0 . 8 3 m m o l ) in 

t o l u e n e (41 m l ) a n d t h e m i x t u r e r e f l u x e d u n d e r n i t r o g e n f o r 2 . 7 5 h . T h e 

m i x t u r e w a s t h e n c o o l e d , d i l u t e d w i t h e t h e r (20 m l ) , w a s h e d w i t h s o d i u m 

t h i o s u l p h a t e s o l u t i o n ( 1 0 % ; 2 x 20 m l ) , a n d s a t u r a t e d s o d i u m c h l o r i d e 

s o l u t i o n (10 m l ) , d r i e d a n d e v a p o r a t e d , a n d a n n . m . r . s p e c t r u m o f t h e 

r e s i d u e t a k e n . T h e s p e c t r u m w a s s i m i l a r b u t n o t a s c l e a n a s t h a t of 

t h e c r u d e t h e r m o l y s i s m i x t u r e of v i n y l a z i d e (235) u n d e r t h e s a m e 

c o n d i t i o n s . E t h y l i s o q u i n o l i n e - 3 - c a r b o x y l a t e (273) w a s t h e m a j o r p r o d u c t . 

(iv) A s a m p l e of a z i r i n e (275) (43 m g , 0 . 2 1 6 m m o l ) w a s d i s s o l v e d in 

b e n z e n e (10 m l ) a n d i o d i n e (5.5 m g , 0 . 0 2 m m o l ) a d d e d . T h e s o l u t i o n w a s 

s t i r r e d a t r o o m t e m p e r a t u r e f o r 4 h , t h e n t h e s o l v e n t e v a p o r a t e d . A n 

n . m . r . s p e c t r u m o f t h e r e s i d u e i n d i c a t e d t h a t t h e a z i r i n e h a d b e e n 

u n c h a n g e d b y t r e a t m e n t w i t h i o d i n e a t r o o m t e m p e r a t u r e . 

T r e a t m e n t o f e t h y l 4 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e (272) w i t h i o d i n e . 

A s o l u t i o n of i n d o l e (272) (95 m g , 0 . 4 1 m m o l ) in t o l u e n e (20 m l ) w a s 

t r e a t e d w i t h i o d i n e (104 m g , 0 . 4 1 m m o l ) a n d p o t a s s i u m c a r b o n a t e (108 m g , 

0 . 8 2 m m o l ) a n d the m i x t u r e r e f l u x e d f o r 2 h , t h e n c o o l e d , f i l t e r e d , a n d 

e v a p o r a t e d . A n n . m . r . s p e c t r u m of t h e r e s i d u e i n d i c a t e d t h a t t h e i n d o l e 

(272) h a d b e e n u n c h a n g e d b y t h i s t r e a t m e n t . 
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T r e a t m e n t of e t h y l i s o q u i n o l i n e - 3 - c a r b o x y l a t e ( 2 7 3 ) w i t h i o d i n e . 

A s o l u t i o n o f i s o q u i n o l i n e (273) (140 m g , 0 . 5 0 5 m m o l ) i n t o l u e n e 

(25 m l ) w a s t r e a t e d w i t h i o d i n e (128 m g , 0 . 5 0 5 m m o l ) a n d p o t a s s i u m 

c a r b o n a t e (139 m g , 1 . 0 1 m m o l ) a n d t h e m i x t u r e r e f l u x e d f o r 2 . 5 h . T h e 

m i x t u r e w a s t h e n c o o l e d , w a s h e d w i t h s o d i u m t h i o s u l p h a t e s o l u t i o n (10%,* 

2 x 2 0 m l ) a n d w a t e r (10 m l ) , d r i e d a n d e v a p o r a t e d to g i v e i s o q u i n o l i n e 

(273) u n c h a n g e d , a s s h o w n b y n . m . r . 

E t h y l i s o q u i n o l i n e - 3 - c a r b o x y l a t e ( 2 7 3 ) . 

T h i s c o m p o u n d w a s p r e p a r e d f r o m p h e n y l a l a n i n e b y a l i t e r a t u r e 

2 1 3 - 1 
m e t h o d ,

 J

 v ( f i l m ) 1 7 5 0 , 1 7 3 0 , 1 6 3 0 c m , 6 ( C D C /
3
, 6 0 M H z ) , 1 . 4 7 ( 3 H , 

m a x 

t , J 7.4 H z ) , 4 . 5 5 ( 2 H , q , J 7.4 H z ) , 7 . 5 0 - 8 . 3 0 ( 4 H , m , A r H ) , 8 . 5 3 ( 1 H , 

s , 4 - H ) , 9 . 3 6 ( 1 H , s , 1 - H ) . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - i s o p r o p y l p h e n y l ) p r o p e n o a t e (236) . 

< i ) N o a d d e d r e a g e n t . A s o l u t i o n o f t h e a z i d e (236) ( 0 . 2 1 2 g , 

0 . 8 2 m m o l ) i n x y l e n e (40 m l ) w a s r e f l u x e d f o r 0 . 7 5 h . T h e s o l v e n t w a s 

t h e n e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d to g i v e ethyl 4-iso-

propyUndole-2-oarboxylate (278) ( 1 2 2 . 5 m g , 6 5 % ) , m . p . , 105-108°C (f r o m 

e t h e r a n d p e t r o l ) ( F o u n d : C , 7 2 . 5 ; H , 7 . 4 5 ; N , 6 . 1 . C
u
H

1 7
N 0

2
 r e q u i r e s 

C , 7 2 . 7 ; H , 7.4; N , 6 . 0 5 % ) , v ( N u j o l ) 3 3 4 5 , 1 6 8 6 c m "
1

, 5 ( C C / J 1 . 3 7 
m a x 

( 6 H , d , J 7 H z ) , 1 . 4 1 ( 3 H , t , J 7 H z ) , 3 . 3 5 ( 1 H , h e p t e t , J 7 H z ) , 4 . 4 4 

( 2 H , q , J 7 H z ) , 6 . 8 5 - 7 . 0 0 ( 1 H , m , A r H ) , 7 . 1 3 - 7 . 3 5 ( 3 H , m , A r H ) , 1 0 . 1 0 

( 1 H , b r s , N H ) , m/e 2 3 1 ( M
+

, 1 0 0 % ) , 2 1 6 , 1 8 5 , 1 7 0 a n d ethyl 2-amino-3-

(2-pvopen-2-ylphenyl)pvopenoate (280), a c o l o u r l e s s o i l , v ( f i l m ) , 
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3 4 6 0 , 3 3 7 0 , 1 7 0 5 , 1 6 3 0 c m "
1

, 6 ( C C / J 1 . 3 6 ( 3 H , t , J 7 H z ) , 2 . 0 5 ( 3 H , 

m , s i d e c h a i n C H
S
) , 3 . 7 5 - 4 . 3 5 ( 2 H , b r s , e x c h . D

2
0 , N H

2
) , 4 . 3 1 ( 2 H , q , 

J 1 H z ) , 4 . 9 5 ( 1 H , m , s i d e c h a i n v i n y l H ) , 5 . 2 3 ( 1 H , m , s i d e c h a i n v i n y l 

H ) , 6 . 4 1 ( 1 H , s , v i n y l H ) , 7 . 0 5 - 7 . 3 7 ( 3 H , m , A r H ) , 7 . 5 0 - 7 . 6 6 ( 1 H , m , A r H ) , 

m/e 231 ( M
+

), 216, 170, 140, 115, N-acetyl derivative m.p., 145-146°C, 

and ethyl 1
3
 l-dimethyl-l

3
2-dihydvoisoquinoline-3-oarboxylate (279) 

(5.7 m g , 3 % ) . T h e spectral d a t a f o r (279) w i l l b e g i v e n i n a l a t e r 

e x p e r i m e n t . 

W h e n t h i s e x p e r i m e n t w a s r e p e a t e d i n r e f l u x i n g x y l e n e f o r 2.5 h 

t h e p r o d u c t s i s o l a t e d w e r e ! (278) ( 6 1 % ) , ( 2 7 9 ) ( 3 % ) , a n d ( 2 8 0 ) ( 6 % ) . 

T h e y i e l d s o f (280) a r e l o w e r t h a n e x p e c t e d o n e x a m i n a t i o n o f t h e 

n . m . r . s p e c t r a o f t h e c r u d e r e a c t i o n m i x t u r e , w h i c h i n d i c a t e t h a t t h e 

y i e l d s o f (280) s h o u l d be oa. 2 0 % . 

(ii) W i t h i o d i n e ( 0 . 1 m o l a r e q u i v a l e n t s ) . A s o l u t i o n o f v i n y l 

a z i d e (236) (184 m g , 0 . 7 1 m m o l ) a n d i o d i n e (18 m g , Q . 0 7 m m o l ) i n x y l e n e 

(35 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 0 . 7 5 h . T h e s o l v e n t w a s t h e n 

r e m o v e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) 

a n d then o n s i l i c a g e l p l a t e s to g i v e e t h y l 4 - i s o p r o p y l i n d o l e - 2 - c a r b o x y l a t e 

(278) (49 m g , 3 0 % ) , e t h y l 1 , 1 - d i m e t h y l - l , 2 - d i h y d r o i s o q u i n o l i n e - 3 - c a r b o x y l a t e 

(22 m g , 1 4 % ) w h i c h w a s r e c r y s t a l l i s e d f r o m d i c h l o r o m e t h a n e a n d p e t r o l to 

g i v e p a l e y e l l o w p r i s m s , m . p . , 89-91°C ( F o u n d : M
+

 2 3 1 . 1 2 5 4 . C
I
^ H i

7
N 0

2 

r e q u i r e s 2 3 1 . 0 8 4 8 ) , v ( N u j o l ) 3 3 6 5 , 1 6 9 0 , 1 6 2 0 c m "
1

, 6 ( C C / J , 1 . 3 0 
m a x 

( 3 H , t , J 7 H z ) , 1 . 4 8 ( 6 H , s , 2 x C H
3
) , 3 . 5 2 ( 1 H , b r s , e x c h . D

2
0 , N H ) , 

4 . 2 9 ( 2 H , q , J 7 H z ) , 6 . 3 2 ( 1 H , s , v i n y l H ) , 6 . 9 7 - 7 . 2 0 ( 4 H , m , A r H ) , 

m/e 231 ( M
+

) 216, 170, 142, 115, and ethyl 1-methylnaphthalene-S-oarboxy-

late (281) (20 m g , 1 7 % ) , a c o l o u r l e s s o i l , v (film) 1 7 1 3 c m "
1

, 
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6 ( C C / J 1 . 4 5 ( 3 H , t , J 7 H z ) , 2 . 7 5 ( 3 H , s , A r C H
3
) , 4 . 4 1 ( 2 H , q , J 7 H z ) , 

7 . 4 5 - 7 . 7 0 ( 2 H , m , 6 - H a n d 7 - H ) , 7 . 8 2 - 8 . 0 5 ( 3 H , m , 2 - H , 5 - H a n d 8 - H ) , 

8 . 4 1 ( 1 H , b r s , 4 - H ) , m/e 214 ( M
+

, 1 0 0 % ) , 1 9 9 , 1 8 6 , 1 6 9 , 1 4 1 , 1 1 5 . O n l y 

a t r a c e of t h e e n a m i n e (280) (< 5 % ) w a s o b s e r v e d . 

(iii) W i t h i o d i n e (1.0 m o l a r e q u i v a l e n t s ) . P o t a s s i u m a c e t a t e (98 m g , 

1 m m o l ) w a s a d d e d to a s o l u t i o n o f v i n y l a z i d e (236) (259 m g , 1 m m o l ) 

a n d i o d i n e ( 2 5 4 m g , 1 m m o l ) i n t o l u e n e (40 m l ) a n d t h e m i x t u r e r e f l u x e d 

f o r 2 . 7 5 h . T h e m i x t u r e w a s t h e n c o o l e d , w a s h e d w i t h a q u e o u s s o d i u m 

t h i o s u l p h a t e ( 1 0 % , 2 x 4 0 m l ) a n d w a t e r (20 m l ) , d r i e d a n d e v a p o r a t e d , 

a n d a n n . m . r . s p e c t r u m t a k e n o f t h e r e s i d u e . T h i s w a s v e r y m e s s y . F e w 

r e c o g n i s a b l e p r o d u c t s w e r e p r e s e n t . C h r o m a t o g r a p h y o n a l u m i n a ( p e t r o l / 

e t h e r ) g a v e e t h y l 4 - i s o p r o p y l i n d o l e - 2 - c a r b o x y l a t e (278) (28 m g , 1 2 % ) 

a s t h e o n l y c h a r a c t e r i s a b l e p r o d u c t . 
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7 , 4 , E X P E R I M E N T A L T O C H A P T E R F O U R 
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T h e r m o l y s i s of e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e (237) w i t h o u t 

i o d i n e . 

A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e (237) (107 m g , 

0 . 4 2 m m o l ) in t o l u e n e (20 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 1.6 h . 

T h e s o l v e n t w a s r e m o v e d b y r o t a r y e v a p o r a t i o n a n d a n n . m . r . s p e c t r u m 

t a k e n of t h e r e s i d u e . T h i s m i x t u r e w a s t h e n c o l u m n e d o n s i l i c a g e l 

( p e t r o l / e t h e r ) to g i v e (a) ethyl 4-allylindole-2-oarboxylate (286) (8 m g , 

8%); (b) ethyl l-azabenzo[b]bicyolo[5.1.0]oot-2-ene-2-oarboxylate (287) 

(11.5 mg, 12%); (c) ethyl 8-azabenzo[e]bicyolo[5.1.0]oct-Z-ene-l-

oarboxylate (288)(29.5 mg, 31%); and (d) ethyl 2-methyl-3H-benzo[d]-

azeptne-7-oarboxylate (289) (20 m g , 2 1 % ) . A n n . m . r . s p e c t r u m of t h e c r u d e 

r e a c t i o n m i x t u r e i n d i c a t e d t h a t t h e y i e l d s s h o u l d h a v e b e e n oa. (286) 

( 9 % ) , (287) ( 3 5 - 3 9 % ) , (288) (34%) a n d (289) ( 2 2 % ) . T h e t h e r m o l y s i s of 

(237) w a s a l s o c o n d u c t e d i n r e f l u x i n g b e n z e n e f o r 4 . 5 h . T h e p r o d u c t s 

w e r e n o t i s o l a t e d b y c h r o m a t o g r a p h y b u t t h e y i e l d s b a s e d o n t h e n . m . r . 

s p e c t r u m of t h e t o t a l c r u d e r e a c t i o n m i x t u r e w e r e (286) ( 5 % ) , ( 2 8 7 ) ( 4 4 % ) , 

( 2 8 8 ) ( 2 3 % ) , a n d ( 2 8 9 ) ( 2 8 % ) . H e a t i n g a s o l u t i o n of (237) i n x y l e n e a t 

140°C f o r 0 . 7 5 h g a v e (286) ( 1 1 % ) , ( 2 8 7 ) ( 2 0 % ) , 2 8 8 (29%) a n d (289) ( 1 6 % ) . 

T h e y i e l d s b a s e d o n t h e n . m . r . s p e c t r u m o f t h e t o t a l c r u d e r e a c t i o n 

m i x t u r e w e r e 286 ( 1 1 % ) , 287 ( 3 3 % ) , 2 8 8 ( 3 7 % ) , a n d (289) ( 1 7 % ) . O n 

t h e r m o l y s i s in r e f l u x i n g d e c a l i n (190°C, 0 . 1 2 h) (237) g a v e (286) ( 2 0 % ) , 

(287) ( 1 3 % ) , (288) ( 2 0 % ) , a n d (289) ( 6 % ) . T h e y i e l d s b a s e d o n t h e n . m . r . 

s p e c t r u m of t h e t o t a l c r u d e r e a c t i o n m i x t u r e w e r e 2 8 6 ( 2 0 % ) , (287) ( 1 3 % ) , 

(288) (44%) a n d ( 2 8 9 ) ( 7 % ) . 

(a) E t h y l 4 - a l l y l i n d o l e - 2 - c a r b o x y l a t e ( 2 8 6 ) , c o l o u r l e s s p r i s m s 

f r o m e t h e r a n d p e t r o l , m . p . , 89-91°C, v ( N u j o l ) 3 3 1 0 , 1 6 9 2 c m "
1 

m a x
 J 

6 ( C D C /
3
, 2 5 0 M H z ) 1 . 4 4 ( 3 H , t,J 7 H z ) , 3 . 6 8 (2H, b r d , C H

2
 of a l l y l 

g r o u p ) , 4 . 4 1 ( 2 H , q , J 7 H z ) , 5 . 0 6 - 5 . 2 2 ( 2 H , m , - C H = C #
2
) , 6 . 0 0 - 6 . 1 7 
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( 1 H , m , - C # = C H
2
) , 6 . 9 2 - 7 . 0 0 ( 1 H , m , A r H ) , 7 . 2 0 - 7 . 4 0 ( 3 H , m , A r H ) , 8 . 9 1 

( 1 H , b r s , N H ) , m/e 2 2 9 ( M
+

) 1 8 9 , 1 8 3 , 1 5 6 , 1 4 3 , 1 1 9 ( 1 0 0 % ) , 1 1 6 , 1 0 5 . 

(287) 

(b) E t h y l l - a z a b e n z o [ & ] b i c y c l o [ 5 . 1 . 0 ] o c t - 2 - e n e - 2 - c a r b o x y l a t e ( 2 8 7 ) , 

a c o l o u r l e s s o i l , v ( C C / J 1 7 1 5 c m "
1

, 6 (
l

H , C D C /
3
, 2 5 0 M H z ) 1 . 4 0 ( 3 H , 

m a x 

t , J 7 H z ) , 1 . 5 7 ( 1 H , b r d , * J 5 . 5 H z , 8 - H ) , 2 . 2 3 ( 1 H , b r d,* J 7 H z , 

8 - H ) , 2 . 3 5 ( 1 H , d d , J 1 5 , 2 1 . 5 H z , 6 - H ) , 3 . 0 0 ( 1 H , d d d d , J 5 . 5 , 6 . 7 , 15 H z , 

7 - H ) , 3 . 3 0 ( 1 H , d d , J 6 , 2 1 . 5 H z , 6 - H ) , 4 . 3 4 (2H, q , J 7 H z ) , 6 . 9 5 ( 1 H , 

s , 3 - H ) , 7 . 1 5 - 7 . 3 2 ( 4 H , m , A r H ) , [* d e c o u p l i n g e x p e r i m e n t s a l s o s h o w e d a 

s m a l l c o u p l i n g (<_ 1 H z ) b e t w e e n t h e t w o p r o t o n s a t t h e 8 - p o s i t i o n ] , 

6 (
X 3

C , C D C / 3 , 62.9 M H z ) , 1 4 . 6 (q, e s t e r C H
3
) , 3 1 . 9 (t, 6 - C o r 8 - C ) , 3 7 . 7 

(t, 6 - C o r 8 - C ) , 4 2 . 2 (d, 7 - C ) , 6 1 . 2 (t, e s t e r C H
2
) , 1 1 8 . 8 , 1 2 7 . 1 , 1 2 7 . 2 , 

1 2 8 . 6 , 1 3 0 . 9 ( f i v e d o u b l e t s , 3 - C a n d t h e a r y l C H ' s ) , 1 3 5 . 7 , 1 3 8 . 9 , 1 4 0 . 5 

( t h r e e s i n g l e t s , 2 - C , 4 - C a n d 5 - C ) , 1 6 5 . 7 (s, C = 0 ) , m/e 2 2 9 (M
+

), 2 0 0 , 

1 5 5 , 1 1 5 , 8 5 , 8 3 ( 1 0 0 % ) . 

(288) 
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(c) E t h y l 8 - a z a b e n z o [ e ] b i c y c l o [ 5 . 1 . 0 ] o c t ~ 3 - e n e - l - c a r b o x y l a t e ( 2 8 8 ) , 

a c o l o u r l e s s o i l , v ( C C / J , 3 3 0 0 , 1 7 2 0 c m "
1

, 6 (
X

H , C D C /
3
, 2 5 0 M H z ) 

m a x 

1 . 3 4 ( 3 H , t , J 7 H z ) , 2 . 1 1 ( 1 H , b r s , e x c h . D
2
0 , N H ) , 2 . 5 0 [ 1 H , d d , 

J 8 , 15 H z , 2 - H (H ) ] , 2 . 9 1 [ 1 H , dd,J 5.7,15 H z , 2 - H ( H
b
) ] , 3 . 2 3 [ 1 H , b r . s , 

7 - H (H ) ] , 4 . 3 1 ( 2 H , A B q u a r t e t of q u a r t e t s , J 2 . 5 , 7 H z , e s t e r C H
2
) , 

6 . 0 5 [ 1 H , d d d , J 5 . 7 , 8 , 1 1 . 5 H z , 3 - H (H ) ] , 6 . 5 9 [ 1 H , d , J 1 1 . 5 H z , 

4 - H ( H ^ ) ] , 7 . 0 5 - 7 . 6 5 ( 4 H , m , A r H ) , d e c o u p l i n g e x p e r i m e n t s d e t e r m i n e d 

t h e c o u p l i n g s s h o w n a b o v e a n d a l s o i n d i c a t e d t h a t s m a l l c o u p l i n g s (< 

1 H z ) e x i s t b e t w e e n H ^ a n d H ^ , H ^ a n d H ^ , H ^ a n d H
g
 (w c o u p l i n g ) a n d 

p o s s i b l e b e t w e e n H a n d H , 5 (
1 3

C , C D C /
3
, 6 2 . 9 M H z ) , 1 4 . 2 ( q , e s t e r , C H

3
) , 

a e 

2 7 . 7 (t, 2 - C ) , 4 4 . 2 (d, 7 - C ) , 6 1 . 9 (t, e s t e r C H
2
) , 6 2 . 0 (s, 1 - C ) , 1 2 6 . 9 , 

1 2 7 . 4 , 1 2 8 . 2 , 1 3 0 . 4 , 1 3 1 . 3 , 1 3 1 . 8 ( s i x d o u b l e t s , 3 - C , 4 - C a n d a r y l C H ' s ) , 

1 3 5 . 1 , 1 3 5 . 2 (two s i n g l e t s , 5 - C a n d 6 - C ) , 1 7 2 . 4 (s, C = 0 ) , m/e 229 (M
+

), 

2 0 0 , 1 8 3 , 1 5 6 , 1 1 9 ( 1 0 0 % ) , 1 1 7 . 

(289) 

(d) E t h y l 2 - m e t h y l - l # - 3 - b e n z a z e p i n e - 4 - c a r b o x y l a t e (289) , a c o l o u r l e s s 

o i l , ( C C / J 1 7 1 0 , 1 6 3 5 c m "
1

, 6 (
X

H , C D C /
3
) 1 . 4 1 ( 3 H , t , J 7 H z ) , Il laX 

2 . 2 8 ( 3 H , s , C H
3
) , 3 . 1 5 ( 2 H , b r s , C H

2
) , 4 . 3 9 ( 2 H , q , ^ 7 H z ) , 7 . 2 5 - 7 . 5 0 

( 4 H , m , A r H ) , 7 . 8 2 ( 1 H , s , v i n y l H ) , 6 (
1 3

C , C D C /
3
, 6 2 . 9 M H z ) , 1 4 . 4 (q, 

e s t e r , C H
3
) , 2 6 . 6 (q, r i n g C H

3
) , 4 2 . 6 (t, r i n g C H

2
) , 6 1 . 4 ( t , e s t e r C H

2
) , 

1 2 4 . 6 , 1 2 6 . 7 , 1 2 7 . 4 , 1 2 9 . 3 , 1 3 0 . 8 (5 d o u b l e t s , 5 - C to 9 - C , 1 3 1 . 3 , 1 3 3 . 2 , 

1 3 8 . 6 (3 s i n g l e t s , 4 - C , 5 a - C , a n d 9 a - C ) , 1 6 0 . 5 , 1 6 6 . 1 (2 s i n g l e t s , C = 0 

a n d C = N ) , m/e 229 (M
+

), 2 0 0 ( 1 0 0 % ) , 1 4 3 , 1 2 9 , 1 1 5 . 
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T h e r m o l y s i s of e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e (237) w i t h i o d i n e . 

A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e (237) (53 m g , 

0 . 2 0 6 m m o l ) a n d i o d i n e ( 5 2 . 4 m g , 0 . 2 0 6 m m o l ) in b e n z e n e (15 m l ) w a s 

h e a t e d a t 60°C u n d e r n i t r o g e n f o r 24 h . T h e s o l u t i o n w a s t h e n w a s h e d 

w i t h a q u e o u s s o d i u m t h i o s u l p h a t e (10%*, 1 0 m l ) a n d w a t e r (10 m l ) , w a s 

d r i e d a n d e v a p o r a t e d a n d a n n . m . r . s p e c t r u m of t h e r e s i d u e t a k e n . 

C h r o m a t o g r a p h y in s i l i c a g e l ( p . I . e . ) ( p e t r o l / e t h e r 2 : 1 ) g a v e ethyl 2,3-

dihydro-2-iodomethyl-lR-3-benzazepine-4-carbo2cylate (290) as a colourless 

o i l (30 m g , 4 0 % ) , v ( C C / J 3 3 9 0 , 1 6 9 7 , 1 6 2 5 c m "
1

, 5 ( C D C /
3
 o r C C / J 

m a x 

1 . 4 0 ( 3 H , t,J 7 H z ) , 2 . 9 4 ( 1 H , d d , J 7 . 4 , 1 0 . 1 H z , - C H
2
I ) , 3 . 0 2 

( 1 H , d d , J 7 . 3 , 1 0 . 1 H z , - C H
2
I ) , 3 . 0 3 (1H, d , J 1 4 . 7 H z , 1 - H

1

) , 

3 . 3 0 ( 1 H , d d , J 6 . 2 , 1 4 . 7 H z , 1 - H
2

) , 3 . 9 5 ( 1 H , m , a p p r o x i m a t e l y q u i n t e t 

i n C C /
A
, c o u p l e d to 1 - H

2

, - C #
2
I , a n d N H , q u a r t e t i n D

2
0 o r i n C D C /

3
) , 

4 . 3 3 ( 2 H , q , J 7 H z ) , 5 . 5 5 ( 1 H , b r d i n C C / * , J 5 . 3 H z , e x c h . D
2
0 , 

N H , v e r y b r o a d i n C D C *
3
) , 6 . 4 9 ( 1 H , d , J 2 H z i n C C / ^ , 5 - H c o u p l e d to 

N H i n C C t
u
 b u t n o t i n C D C /

3
) , 7 . 0 5 - 7 . 3 7 ( 4 H , m , A r H ) , t h e c o u p l i n g 

c o n s t a n t s w e r e c o n f i r m e d a n d a c c u r a t e l y d e t e r m i n e d b y d e c o u p l i n g e x p e r i m e n t s , 

m/e 357 ( M
+

, 1 0 0 % ) , 2 3 0 , 2 1 6 , 2 0 0 . 

T h e n . m . r . s p e c t r u m o f t h e t o t a l c r u d e r e a c t i o n m i x t u r e i n d i c a t e d 

t h a t (290) w a s t h e s o l e p r o d u c t . In a s e p a r a t e e x p e r i m e n t u n d e r t h e 

s a m e c o n d i t i o n s t h e y i e l d of (290) w a s 3 0 % . 

W h e n a s o l u t i o n o f t h e a z i d o c i n n a m a t e (237) w a s h e a t e d in t o l u e n e 

at 110°C f o r 1 . 5 h i n t h e p r e s e n c e of i o d i n e (0.1 m o l a r e q u i v a l e n t s ) t h e 

i s o l a t e d p r o d u c t s w e r e : ( i s o l a t e d y i e l d , n . m . r . y i e l d s ) ( 2 8 6 ) ( o a . 3 % , 

oa. 3 % ) , (287) ( 1 2 % , 1 7 % ) , (288) ( 1 5 % , 2 4 % ) , (289) ( 1 2 % , 2 6 % ) a n d (290) 

( 1 3 % , 1 5 % ) . 
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D e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l - 3 - h y d r o x y - 4 - m e t h o x y p h e n y l ) -

p r o p e n o a t e ( 2 3 8 ) . 

A s o l u t i o n of t h e a z i d o c i n n a m a t e ( 2 3 8 ) (207 m g , 0 . 6 8 m m o l ) i n t o l u e n e 

(30 m l ) w a s h e a t e d a t 110°C f o r 0 . 7 5 h a n d t h e s o l v e n t t h e n e v a p o r a t e d . 

A n n . m . r . s p e c t r u m o f t h e r e s i d u e s h o w e d t h a t t h e p r o d u c t s w e r e a n a l o g o u s 

to t h o s e o b t a i n e d f r o m e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e ( 2 3 7 ) . 

C h r o m a t o g r a p h y o n s i l i c a g e l ( p e t r o l / e t h e r / d i c h l o r o m e t h a n e ) g a v e e t h y l 

4-allyl-5-hy<h>03ty-6-methoxyindale-2-oca
>

boxylate (297) (53 mg, 28%), as 

w e l l a s o t h e r p r o d u c t s w h i c h w e r e n o t c h a r a c t e r i s e d . T h e i n d o l e (297) 

w a s r e c r y s t a l l i s e d f r o m c h l o r o f o r m a n d p e t r o l to g i v e c o l o u r l e s s 

p r i s m s , m . p . , 1 7 9 - 1 8 0 . 5°C (Found*. C , 65.3*, H , 6.3*, N , 5 . 1 . C
1 5

H i
7
N 0 * 

r e q u i r e s C , 6 5 . 4 5 ; H , 6 . 2 ; N , 5 . 1 % ) , v ( n u j o l ) 3 5 4 8 , 3 4 6 5 , 1 6 8 7 , 1 6 3 7 
m a x 

c m "
1

, 6 ( C D C /
3
) 1 . 4 0 ( 3 H , t , J 6 . 8 H z , e s t e r C H

3
) , 3 . 6 9 ( 2 H , m , A r C H

2
R ) , 

3 . 9 5 ( 3 H , s , 0 C H
3
) , 4 . 4 3 ( 2 H , q , J 6 . 8 H z , e s t e r C H

2
) , 4 . 9 6 - 5 . 3 0 ( 2 H , m , 

- C ( H ) = C #
2
) , 5 . 6 3 ( 1 H , s , O H ) , 5 . 8 5 - 6 . 3 0 ( 1 H , m , - C ( # ) = C H

2
) , 6 . 7 7 • ( 1 H , 

s , A r H ) , 7 . 2 2 ( 1 H , s , A r H ) , 8 . 7 4 - 9 . 0 5 ( 1 H , b r s , N H ) , m/e 2 7 5 ( M
+

, 1 0 0 % ) , 

2 2 9 , 2 0 2 , 1 8 6 . 

D e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - v i n y l p h e n y l ) p r o p e n o a t e ( 2 3 9 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - v i n y l p h e n y l ) p r o p e n o a t e (239) (168 m g , 

0 . 6 8 9 m m o l ) in t o l u e n e (38 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 1 . 5 h a n d 

t h e s o l v e n t t h e n e v a p o r a t e d . A n n . m . r . s p e c t r u m of t h e c r u d e r e a c t i o n 

m i x t u r e i n d i c a t e d t h a t o n e m a j o r p r o d u c t h a d b e e n f o r m e d . C h r o m a t o g r a p h y 

o n s i l i c a g e l / . p e t r o l / e t h e r ) g a v e ethyl 4-vinylindole-2-oarboxylate (299) 

(oa. 1 0 m g , 7 % ) , 5 ( C D C /
3
) 1 . 4 0 ( 3 H , t , J 7 H z ) , 4 . 4 4 ( 2 H , q , J 1 H z ) , 

5 . 4 6 ( 1 H , d d , J 1 . 5 , 1 1 - H z ) + 5 . 9 5 ( I H , d d , J 1 . 5 , 17 H z ) , 7 . 1 4 ( 1 H , d d , 

J 1 1 , 17 H z ) , 7 . 2 0 - 7 . 5 2 ( 4 H , m , A r H ) , 8 . 7 0 - 9 . 1 0 ( 1 H , b r s , N H ) , a n d 

ethyl l-methylisoquinoline-Z-oarboxylate (298) (112 m g , 7 5 % ) , m . p . , 104°C 

( f r o m c h l o r o f o r m a n d p e t r o l ) (Found*. C , 7 2 . 8 5 ; H , 6 . i ; N , 6 . 5 5 . C
1 3

H
1 3

N 0
2 
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r e q u i r e s C , 7 2 . 5 5 ; H , 6 . 1 ; N , 6 . 5 % ) , v ( N u j o l ) 1 7 2 7 c m
 1

, 6 ( C D C /
3
) 

m a x 

1 . 4 6 ( 3 H , t , J 7 H z ) , 3 . 0 0 ( 3 H , s , A r C H
3
) , 4 . 5 3 ( 2 H , q , J 7 H z ) , 7 . 5 5 -

8 . 2 0 ( 4 H , m , A r H ) , 8 . 3 7 ( 1 H , s , 4 - H ) , m/e 2 1 5 (M
+

), 1 7 1 , 1 7 0 , 1 4 3 ( 1 0 0 % ) . 

W h e n a s o l u t i o n o f (239) i n d e u t e r o c h l o r o f o r m o r d i e t h y l e t h e r w a s 

h e a t e d a t 35°C for 1 9 - 2 1 h t h e a z i d e (239) w a s s h o w n b y n . m . r . to b e 

c o n v e r t e d to the i s o q u i n o l i n e (298) i n oa. 7 5 - 8 0 % y i e l d . T h e r e a c t i o n 

i n C D C /
3
 w a s f o l l o w e d b y n . m . r . No i n t e r m e d i a t e s w e r e o b s e r v e d in t h e 

d e c o m p o s i t i o n of ( 2 3 9 ) to ( 2 9 8 ) . 

W h e n (239) w a s a l l o w e d to s t a n d a t 5°C fo r 21 d a y s oa. 5 0 % of t h e 

s a m p l e h a d b e e n c o n v e r t e d i n t o t h e i s o q u i n o l i n e (298) w h i c h p r e c i p i t a t e d 

f r o m t h e l i q u i d a z i d e ( 2 3 9 ) . 

D e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - £ ' - s t y r y l p h e n y l ) p r o p e n o a t e ( 2 4 0 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - £ - s t y r y l p h e n y l ) p r o p e n o a t e (240) 

(254 m g , 0.8 m m o l ) i n t o l u e n e (40 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 

2 . 2 5 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d a n n . m . r . s p e c t r u m o f t h e 

r e s i d u e t a k e n w h i c h i n d i c a t e d t h a t two m a j o r p r o d u c t s h a d b e e n f o r m e d . 

T h i s m i x t u r e w a s t h e n c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to 

g i v e (a) ethyl 1-benzylisoquinoline-Z-oarboxylate (ZOO) (84 m g , 3 6 % ) , 

w h i c h w a s r e c r y s t a l l i s e d f r o m c h l o r o f o r m a n d p e t r o l , m . p . , 94°C (Found*. 

C , 7 8 . 2 ; H , 5.9*, N , 4 . 7 5 . C
1 9

H
1 7

N 0
2
 r e q u i r e s C , 78.3*, H , 5.9J N , 4 . 8 % ) , 

v ( N u j o l ) 1 7 2 5 , 1 2 4 0 , 1 2 1 0 c m "
1

, 6 ( C D C /
3
) 1 . 4 5 ( 3 H , t , J 7 . 1 H z ) 

m a x 

4 . 5 4 ( 2 H , q , J 7 . 1 H z ) , 4 . 7 9 ( 2 H , s , A r C H
2
P h ) , 7 . 1 0 - 7 . 3 8 ( 5 H , m , A r H ) , 

7 . 4 5 - 7 . 7 5 ( 2 H , m , A r H ) , 7 . 8 0 - 8 . 0 0 ( I H , m , A r H ) , 8 . 0 7 - 8 . 2 5 ( 1 H , m , A r H ) , 

8 . 4 7 ( 1 H , s , 4 - H ) , m/e 2 9 1 ( M
+

) , 2 6 2 , 2 4 5 , 2 1 7 , 216 ( 1 0 0 % ) , a n d (b) 

ethyl 2~phenyl-TA-Z-benzazepine-4-oarboxylate (or i t s i s o m e r ! e t h y l 

4 - p h e n y l - l H - 3 - b e n z a z e p i n e - 2 - c a r b o x y l a t e , s e e A p p e n d i x ) (301) (86 m g , 



238 

3 7 % ) a y e l l o w / o r a n g e o i l , b . p . , 160°C a t 0 . 3 m m H g ( K u g e l r o h r ) ( F o u n d : 

C , 7 7 . 9 5 ; H , 5 . 9 ; N , 4 . 8 5 . C i
9
H

1 7
N 0

2
 r e q u i r e s C , 7 8 . 3 ; H , 5 . 9 ; N , 4 . 8 % ) , 

v ( C C / J 1 7 2 2 , 1 6 3 4 c m "
1

, 6 (
1

H , C D C /
3
) 1 . 3 2 ( 3 H , t , J 1 H z ) , 3 . 3 0 -

m a x 

3 . 9 0 ( 2 H , b r s , r i n g C H
2
) , 4 . 3 4 ( 2 H , % , J 7 H z ) , 7 . 2 8 ( 1 H , s , v i n y l H ) , 

7 . 3 0 - 7 . 6 5 ( 8 H , m , A r H ) , a n d 7 . 8 5 - 8 . 0 3 ( 2 H , m , A r H ) , 5 i
1 3

C , C D C /
3
, 

2 5 0 M H z ) , 1 4 . 2 ( q , e s t e r C H
3
) , 3 6 . 8 ( t , r i n g C H

2
) , 6 2 . 1 ( t , e s t e r C H

2
) , 

1 1 7 . 3 ( d ) , 1 2 6 . 3 ( d , p h e n y l g r o u p 2 - C o r 3 - C ) , 1 2 6 . 9 ( d ) , 1 2 8 . 0 ( d ) , 

1 2 8 . 4 ( d ) , 1 2 8 . 6 ( d , p h e n y l g r o u p , 2 - C o r 3 - C ) 1 2 8 . 9 (d) , 1 2 8 . 9 ( s ) , 

1 3 0 . 1 ( d ) , 1 3 5 . 0 ( s ) , 1 3 9 . 0 (s), 1 4 4 . 9 (s), 1 4 7 . 2 (s) , 1 6 3 . 2 (s) , m/e 

2 9 1 (M
+

) 2 1 9 , 1 0 2 ( 1 0 0 % ) , a n d (c) ethyl 4-E-styvylindole-2-oarboxylate 

(302) (oa. 2 0 m g , oa. 9%) r e c r y s t a l l i s e d f r o m e t h e r , m . p . , 1 7 3 - 1 7 4°C, 

( F o u n d : C , 7 8 . 5 5 ; H , 5 . 9 ; N , 4 . 8 ; C
l 9

H
1 7

N 0
3
 r e q u i r e s . C , 7 8 . 3 ; H , 5 . 9 ; 

N , 4 . 8 % ) , v 3 3 5 0 , 3 3 1 5 , 1 6 9 0 , 1 6 7 2 c m "
1

, 6 ( C D C /
3
) 1 . 4 3 ( 3 H , t , J 7 H z ) , 

m a x 

4 . 4 8 ( 2 H , q , J 7 H z ) , 6 . 9 7 - 7 . 8 0 ( c a . l l - 1 4 H , m ) , 8 . 9 0 - 9 . 2 0 ( 1 H , b r s , N H ) , 

m / e 2 9 1 ( M
+

, 1 0 0 % ) , 2 4 5 , 2 1 7 , 2 1 6 . 

W h e n t h e t h e r m o l y s i s w a s c a r r i e d o u t i n r e f l u x i n g x y l e n e t h e y i e l d s 

of t h e i s o l a t e d p r o d u c t s w e r e (300) ( 3 0 % ) , (301) ( 4 0 % ) , a n d ( 3 0 2 ) (oa. 

8 % ) . W h e n t h e t h e r m o l y s i s o f (240) w a s c a r r i e d o u t i n r e f l u x i n g b e n z e n e 

(4.5 h ) t h e r a t i o o f ( 3 0 1 ) : ( 3 0 0 ) w a s l o w e r (by n . m . r . ) t h a n i n t o l u e n e , 

a n d w h e n t h e t h e r m o l y s i s w a s c a r r i e d o u t i n r e f l u x i n g d e c a l i n (0.25 h ) 

t h e r a t i o of ( 3 0 1 ) 1 ( 3 0 0 ) w a s h i g h e r t h a n i n x y l e n e . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 7 - p h e n y l - l - a z a b e n z o [ d j b i c y c l o [ 4 . 1 . 0 ] n o n -

2 - e n e - 2 - c a r b o x y l a t e ( 3 0 3 ) . 

A s a m p l e of t h e a z i r i d i n e (303) w a s h e a t e d in t o l u e n e f o r 2 h a n d 

t h e s o l v e n t t h e n e v a p o r a t e d . A n n . m . r . s p e c t r u m of t h e r e s i d u e i n d i c a t e d 

t h a t (303) h a d b e e n c l e a n l y c o n v e r t e d i n t o t h e b e n z a z e p i n e ( 3 0 1 ) . No 

t r a c e o f t h e i s o q u i n o l i n e (300) w a s o b s e r v e d . 
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P r e p a r a t i o n of e t h y l 2 - g - s t y r y l p h e n y l — 2 H — a z i r i n e - 3 - c a r b o x y l a t e (308) 

a n d i t s t h e r m a l d e c o m p o s i t i o n . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - £ ' - s t y r y l p h e n y l ) p r o p e n o a t e (240) 

i n p e t r o l ( b . p . , 60-80°C) (0.5 m g / m l ) w a s i r r a d i a t e d w i t h a l o w i n t e n s i t y 

3 5 0 n m l a m p f o r 1 h , w h e n it c o u l d b e s e e n , b y t . l . c . , t h a t a l l of t h e 

a z i d e (240) h a d r e a c t e d . T h e s o l v e n t w a s t h e n e v a p o r a t e d a t r o o m 

t e m p r a t u r e a n d a n n . m . r . s p e c t r u m t a k e n o f t h e r e s i d u e . T h i s i n d i c a t e d 

t h a t i t w a s a m i x t u r e of t h e azirine (308) a n d t h e p h o t c n p r o d u c t (351) 

o f ( 2 4 0 ) . A n a t t e m p t e d s e p a r a t i o n o f t h i s m i x t u r e f a i l e d . 

T h e m i x t u r e w h i c h c o n t a i n e d (3 08) a n d (351) i n a r a t i o of 2 p a r t s 

(308) to 1 p a r t (351) w a s t h e n d i s s o l v e d i n b e n z e n e a n d h e a t e d a t r e f l u x 

f o r 4 . 5 h . T h e s o l v e n t w a s t h e n r e m o v e d a n d a n n . m . r . s p e c t r u m o f t h e 

r e s i d u e i n d i c a t e d t h a t i t c o n t a i n e d b o t h t h e i n d o l e ( 3 0 2 ) a n d t h e 

b e n z a z e p i n e ( 3 0 1 ) , b u t n o t t h e i s o q u i n o l i n e ( 3 0 0 ) , a s w e l l a s t h e 

p h o t o - p r o d u c t ( 3 5 1 ) . A p o r t i o n of t h i s m i x t u r e w a s c h r o m a t o g r a p h e d o n 

a s i l i c a g e l p l a t e a n d t h e i n d o l e (302) (10 m g ) a n d t h e b e n z a z e p i n e ( 3 0 1 ) 

(42 m g ) i s o l a t e d . 

In a s e p a r a t e e x p e r i m e n t t h e p h o t o - p r o d u c t (351) w a s s h o w n to b e 

r e l a t i v e l y s t a b l e to t h e s e c o n d i t i o n s , d e c o m p o s i n g s l o w l y i n r e f l u x i n g 

t o l u e n e . No b e n z a z e p i n e (301) o r i n d o l e (302) w a s p r o d u c e d i n t h i s 

r e a c t i o n . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 2-azido-3.-[ 2 - ( 3 - p h e n y l o x i r a n - 2 - y l ) p h e n y l _ ] -

p r o p e n o a t e ( 2 5 4 ) . 

A s o l u t i o n o f ( 2 5 4 ) (59.4 m g , 0 . 1 7 7 m m o l ) in t o l u e n e (5 m l ) w a s 

r e f l u x e d f o r 5 . 5 h a n d t h e s o l v e n t t h e n e v a p o r a t e d . A n n . m . r . s p e c t r u m 

o f t h e r e s i d u e i n d i c a t e d t h a t t h e r e w a s o n e m a j o r p r o d u c t . T h e m i x t u r e 

w a s c h r o m a t o g r a p h e d o n a l u m i n a to g i v e ethyl 4-( Z--phenyloxiran-2-yl) -
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indole-2-cavboxylate (314) (42.7 m g , 7 8 . 5 % ) , w h i c h w a s r e c r y s t a l l i s e d 

f r o m c h l o r o f o r m a n d p e t r o l to g i v e c o l o u r l e s s n e e d l e s , m . p . , 1 5 3 . 5 - 1 5 5°C 

( F o u n d : C , 7 4 . 2 ; H , 5.55', N , 4 . 6 . C
1 9

H i
7
N 0

3
 r e q u i r e s C , 7 4 . 2 5 ; H , 5 . 6 ; 

N , 4 . 5 5 % ) , v ( N u j o l ) 3 3 0 0 , 1 7 0 0 c m "
1

, 6 ( C D C /
3
) 1 . 3 8 ( 3 H , t , J 7 H z ) , 

m a x 

4 . 1 0 ( 1 H , d , J 2 H z ) , 4 . 2 3 ( 1 H , d,J 2 H z ) , 4 . 4 3 ( 2 H , q , J 7 H z ) , 7 . 0 5 -

7 . 6 0 ( 9 H , m ) , 9 . 3 5 - 9 . 6 0 ( 1 H , b r s , N H ) , m/e 307 (M
+

), 2 7 8 ( 1 0 0 % ) , 2 3 4 , 

2 0 4 , 1 2 7 , 1 0 5 . 

D e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - [ 2 - ( 3 - p h e n y l o x i r a n - 2 - y l ) p h e n y l ]-

p r o p e n o a t e (254) w i t h t r i e t h y l p h o s p h i t e . 

A s o l u t i o n o f t h e a z i d o c i n n a m a t e (254) (95 m g , 0 . 2 8 m m o l ) a n d t r i e t h y l 

p h o s p h i t e ( 5 1 . 8 m g , 0 . 3 1 m m o l ) i n T H F (5 m l ) w a s a l l o w e d to s t i r a t r o o m 

t e m p e r a t u r e f o r 12 h . T h e s o l v e n t w a s t h e n r e m o v e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n a l u m i n a ( p e t r o l / e t h e r ) . Ethyl 7-phenyl-l-azabenzo[d]-

bicyclo[4.1.0 ]hz$-2-ene-2-carboocylate (303) (33 mg, 40%), was isolated 

a s a c o l o u r l e s s o i l , v ( C C / J 1 7 1 0 , 1 6 2 5 c m "
1

, 5 ( C D C /
3
) 1 . 3 0 ( 3 H , t , 

m a x 

J 6 . 9 H z ) , 2 . 8 4 ( 1 H , d , J 3 H z ) , 3 . 4 6 ( 1 H , d , J 3 H z ) , 4 . 3 0 ( 2 H , q , J 6 . 9 H z ) , 

7 . 1 0 ( 1 H , s , v i n y l H ) , 7 . 1 5 - 7 . 5 5 ( 9 H , m , A r H ) , m/e 2 9 1 ( M
+

, 1 0 0 % ) , 2 6 2 , 2 1 9 . 

2 4 2 

T h e s t e r e o c h e m i s t r y w a s a s s i g n e d a s t r a n s b y a n a l o g y w i t h s i m i l a r s y s t e m s . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - [ 2 - ( o x i r a n - 2 - y l m e t h y l ) p h e n y l ] -

p r o p e n o a t e ( 2 5 3 ) . 

A s o l u t i o n o f t h e a z i d e (253) (ca. 6 m g ) i n t o l u e n e (5 m l ) w a s 

r e f l u x e d f o r 1 . 7 5 h a n d t h e n t h e s o l v e n t w a s r e m o v e d . A n n . m . r . s p e c t r u m 

of t h e r e s i d u e i n d i c a t e d t h a t i t c o n t a i n e d o n l y t h e c o r r e s p o n d i n g i n d o l e -

ethyl 4-(oxiran-2-ylmethylHndole-2-carboxylate (315),
 v

m a x 

3 4 7 5 , 1 7 1 5 c m "
1

, ( F o u n d : M
+

 2 5 4 . 1 0 5 2 . C i J U s N O s r e q u i r e s 2 5 4 . 1 0 5 2 ) , 

5 ( C D C /
3
, 2 5 0 M H z ) , 1 . 4 4 ( 3 H , t , J 7 H z ) , 2 . 5 5 - 2 . 6 0 ( 1 H , m ) , 2 . 7 7 - 2 . 8 3 

( 1 H , m ) , 3 . 0 5 - 3 . 3 0 ( 3 H , m ) , 4 . 4 2 ( 2 H , q , J 7 H z ) , 7 . 0 0 - 7 . 4 0 (ca • 7 H , m ) , 
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9 . 8 5 - 1 0 . 0 ( 1 H , b r s , N H ) , m / e 2 4 5 ( M
+

, 1 0 0 % ) , 1 9 9 , 1 5 6 . It w a s n o t 

p o s s i b l e to p u r i f y t h i s s a m p l e , w h i c h w a s f o u n d to d e c o m p o s e s l o w l y 

o n s t a n d i n g . 
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R e a c t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - b e n z o y l p h e n y l ) p r o p e n o a t e (241) w i t h T E P . 

A s o l u t i o n of T E P (53 m g , 0 . 3 2 m m o l ) in c y c l o h e x a n e (1 m l ) w a s 

a d d e d to a w e l l s t i r r e d s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - b e n z o y l p h e n y l ) -

p r o p e n o a t e (241) (103 m g , 0 . 3 2 m m o l ) i n c y c l o h e x a n e (2 m l ) . A g a s w a s 

f o r m e d i m m e d i a t e l y , a n d b u b b l e d o f f s l o w l y . A f t e r 0 . 1 5 h , a f u r t h e r 

m o l a r e q u i v a l e n t of T E P w a s a d d e d a n d a f t e r 0.6 h y e t a n o t h e r m o l a r 

e q u i v a l e n t w a s a d d e d . T h e s o l u t i o n w a s t h e n w a r m e d t o 35°C a n d s t i r r e d 

a t t h i s t e m p e r a t u r e f o r 1 . 3 h , w h e n i t w a s s h o w n b y t . l . c . t h a t t h e v i n y l 

a z i d e (241) h a d b e e n c o n v e r t e d to a s i n g l e p r o d u c t . T h e s o l v e n t w a s 

t h e n r e m o v e d b y r o t a r y e v a p o r a t i o n a n d p e t r o l (4 m l ) a d d e d to p r e c i p i t a t e 

t h e p r o d u c t . T h e p r o d u c t p r e c i p i t a t e d w a s e t h y l l - p h e n y l i s o q u i n o l i n e - 3 -

c a r b o x y l a t e (267) (59 m g , 6 4 % ) , w h i c h w a s s h o w n b y n . m . r . to b e i d e n t i c a l 

w i t h t h a t o b t a i n e d f r o m o t h e r r e a c t i o n s ( C h a p t e r 3 ) . U p o n s t a n d i n g a 

f u r t h e r q u a n t i t y o f i s o q u i n o l i n e (267) (28 m g , 3 0 % ) p r e c i p i t a t e d . B y 

t . l . c . n o o t h e r p r o d u c t s w e r e o b s e r v e d . 

R e a c t i o n of e t h y l 2 - a z i d o - 3 - ( f l u o r e n - l - y l ) p r o p e n o a t e (242) w i t h T E P . 

A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( f l u o r e n - l - y l ) p r o p e n o a t e (242) (70 m g , 

0 . 2 2 m m o l ) a n d T E P (73 m g , 0 . 4 4 m m o l ) i n e t h e r (10 m l ) w a s h e a t e d a t 

35°C fo r 1 h . S a m p l e s o f t h e r e a c t i o n m i x t u r e w e r e a n a l y s e d b y t . l . c . 

a t i n t e r v a l s a n d t h e c o n v e r s i o n of t h e a z i d e (242) to o n e m a j o r p r o d u c t 

c o u l d b e s e e n . T h i s p r o d u c t w a s b r i g h t o r a n g e a n d n o n - p o l a r o n t h e 

t . l . c . p l a t e . T h e r e w a s n o t r a c e of t h e a z a f l u o r a n t h e n e ( 2 7 1 ) . T h e 

s o l v e n t w a s r e m o v e d b y e v a p o r a t i o n a n d a n n . m . r . s p e c t r u m o f t h e r e s i d u e 

t a k e n . T h e s a m p l e w a s t h e n d i s s o l v e d i n b e n z e n e (10 m l ) a n d r e f l u x e d 

f o r 2 h . N o c h a n g e w a s o b s e r v e d b y t . l . c . o r n . m . r . No a z a f l u o r a n t h e n e 
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(271) w a s o b s e r v e d . T h e s a m p l e w a s c h r o m a t o g r a p h e d r a p i d l y o n s i l i c a 

g e l ( e t h e r ) a n d a n o r a n g e c o m p o u n d o b t a i n e d , w h i c h , t h o u g h n o t c h a r a c t e r i s e d , 

a p p e a r e d , b y n . m . r . , to c o n t a i n b o t h t h e f l u o r e n o n e s y s t e m a n d a 

p h o s p h a t e / p h o s p h i t e p o r t i o n . 

T h e d i f f i c u l t i e s e n c o u n t e r e d i n o b t a i n i n g l a r g e q u a n t i t i e s o f t h e 

v i n y l a z i d e (242) p r e v e n t e d f u r t h e r i n v e s t i g a t i o n of t h i s r e a c t i o n . 

R e a c t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - e t h o x y c a r b o n y l p h e n y l ) p r o p e n o a t e (245) 

w i t h T E P . 

T E P (290 m g , 1 . 7 5 m m o l ) w a s a d d e d d r o p w i s e to a s o l u t i o n o f e t h y l 

2 - a z i d o - 3 - ( 2 - e t h o x y c a r b o n y l p h e n y l ) p r o p e n o a t e (245) ( 2 5 3 m g , 0 . 8 7 5 m m o l ) 

i n b e n z e n e (20 m l ) a n d t h e s o l u t i o n h e a t e d i n a w a t e r bath a t 50-60°C f o r 

0 . 5 h . T h e s o l v e n t w a s t h e n r e m o v e d b y r o t a r y e v a p o r a t i o n a n d a n n . m . r . 

s p e c t r u m of the r e s i d u e t a k e n . T h i s i n d i c a t e d t h a t t h e a z i d e (245) h a d 

b e e n c o n v e r t e d to o n e m a j o r p r o d u c t . A f t e r c h r o m a t o g r a p h y o n s i l i c a 

g e l ( p e t r o l / e t h e r ) ethyl l-ethoxyisoquinoline-3-oavboxylate (318) (192 m g , 

9 0 % ) w a s o b t a i n e d a s c o l o u r l e s s n e e d l e s w h i c h w e r e r e c r y s t a l l i s e d f r o m 

c h l o r o f o r m a n d p e t r o l , m . p . , 93-94°C ( F o u n d : C , 6 8 . 4 ; H , 6 . 1 5 ; N , 5 . 7 . 

Ci i»Hx 3 N O 3 r e q u i r e s C , 6 8 . 5 5 ; H , 6.15', N , 5 . 7 % ) , v ( C C / J , 1 7 3 5 , 1 7 1 5 , 
m a x 

1 6 1 7 , 1 5 7 0 c m "
1

, 5 ( C C / J 1 . 4 3 ( 3 H , t , J 7 H z ) , 1 . 5 3 ( 3 H , t , J 1 H z ) , 

4 . 4 2 ( 2 H , q , J 7 H z ) , 4 . 7 2 ( 2 H , q,J 1 H z ) , 7 . 5 5 - 7 . 9 5 ( 3 H , m , A r H ) , 8 . 0 4 

( 1 H , s ) , 8 . 2 0 - 8 . 3 7 ( 1 H , m , A r H ) , m/e 245 (M
+

), 2 3 0 , 2 1 7 ( 1 0 0 % ) . 

R e a c t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - c a r b o x y p h e n y l ) p r o p e n o a t e (243) w i t h T E P . 

(i) A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - c a r b o x y p h e n y l ) p r o p e n o a t e (243) 

( 2 1 3 m g , 0 . 8 2 m m o l ) a n d T E P (145 m g , 0 . 8 8 m m o l ) in b e n z e n e (30 m l ) w a s 

s t i r r e d a t 30-50°C f o r 2 h . U p o n a d d i t i o n o f t h e T E P to t h e b e n z e n e 
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s o l u t i o n of t h e a c i d t h e s o l u t i o n b e c a m e c l o u d y . W h e n it c o u l d b e s e e n 

b y t . l . c . t h a t a l l of t h e a z i d e (243) h a d r e a c t e d the s o l v e n t w a s 

e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) 

to g i v e (a) e t h y l l - e t h o x y i s o q u i n o l i n e - 3 - c a r b o x y l a t e (318) ( 5 1 m g , 

2 5 % ) , (b) e t h y l i s o q u i n o l - l - o n e - 3 - c a r b o x y l a t e (249) (50 m g , 2 8 % ) , m . p . , 

1 4 6 . 5 - 1 4 8 . 5°C ( l i t . ,
2 3 9

 1 4 7 - 1 4 8°C), v ( C C / J 3 3 9 0 , 1 7 2 0 , 1 6 8 0 , c m "
1

, 
m a x 

6 ( C D C /
3
) 1 . 4 4 ( 3 H , t , J 7 H z ) , 4 . 5 0 ( 2 H , q , J 7 H z ) , 7 . 4 1 ( 1 H , s , 4 - H ) , 

7 . 5 0 - 7 . 8 0 ( 3 H , m , A r H ) , 8 . 4 0 - 8 . 6 0 ( 1 H , m , A r H ) , 9 . 3 0 - 9 . 6 5 ( 1 H , b r s , 

e x c h . D
2
0 , N H ) , m/e 2 1 7 ( M

+

, 1 0 0 % ) , 1 8 9 , 1 5 5 and (c) a c o l o u r l e s s oil 

(46 m g , oa. 2 6 % ) , v ( f i l m ) 2 1 1 5 , 1 7 7 8 5 , 1 7 1 0 c m "
1

, 5 ( C D C /
3
) 1 . 3 0 

m a x 

( 3 H , t , J 7 H z ) , 4 . 3 3 ( 2 H , q , J 7 H z ) , 6 . 5 7 (1H, s ) , 7 . 4 8 - 8 . 0 5 ( 4 H , m ) , 

m/e (140°C) 2 1 7 , 1 8 9 , 1 4 5 , 1 4 3 . T h i s l a s t c o m p o u n d h a s n o t y e t b e e n 

i d e n t i f i e d . 

(ii) A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - c a r b o x y p h e n y l ) p r o p e n o a t e 

(243) (104 m g , 0 . 4 m m o l ) , T E P (73 m g , 0 . 4 4 m m o l ) a n d t r i e t h y l p h o s p h a t e 

(160 m g , 0 . 8 8 m m o l ) i n b e n z e n e (5 m l ) w a s s t i r r e d a t r o o m t e m p e r a t u r e 

f o r 1 6 h . T h e r e a c t i o n m i x t u r e d i d n o t b e c o m e c l o u d y , a n d a f t e r 16 h , 

w a s s h o w n , b y n . m . r . , to b e c o m p r i s e d m a i n l y o f the i s o q u i n o l o n e ( 2 4 9 ) , 

t h e e t h o x y i s o q u i n o l i n e (318) b e i n g c o m p l e t e l y a b s e n t . T h e s o l v e n t w a s 

r e m o v e d b y e v a p o r a t i o n a n d a n n . m . r . s p e c t r u m o f t h e r e s i d u e t a k e n . T h e 

r e a c t i o n m i x t u r e w a s t h e n c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) 

to g i v e e t h y l i s o q u i n o l - l - o n e - 3 - c a r b o x y l a t e (249) (70 m g , 8 0 . 5 % ) . No 

t r a c e of t h e i s o q u i n o l i n e (318) w a s o b s e r v e d , b u t a s m a l l a m o u n t (oa. 1 0 % ) 

if t h e o i l , a b o v e , w a s p r e s e n t in t h e c r u d e r e a c t i o n m i x t u r e . 
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(iii) A s o l u t i o n of t h e v i n y l a z i d e (243) (49 m g , 0 . 1 9 m m o l ) a n d 

T E P (34 m g , 0 . 2 1 m m o l ) in T H F (2.5 m l ) w a s a l l o w e d to s t i r a t r o o m 

t e m p e r a t u r e f o r 16 h , a n d t h e n t h e s o l v e n t r e m o v e d b y e v a p o r a t i o n . 

A n n . m . r . s p e c t r u m w a s t a k e n o f t h e r e s i d u e w h i c h w a s t h e n c h r o m a t o g r a p h e d 

o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e e t h y l i s o q u i n o l - l - o n e - 3 - c a r b o x y l a t e 

(249) (30.5 m g , 7 4 % ) . No t r a c e o f t h e i s o q u i n o l i n e ( 3 1 8 ) w a s o b s e r v e d . 

(iv) A s o l u t i o n o f t h e a z i d e ( 2 4 3 ) (52 m g , 0 . 2 0 m m o l ) , T E P (36 m g , 

0 . 2 2 m m o l ) , a n d D M F (160 m g ) i n b e n z e n e (2.5 m l ) w a s a l l o w e d to s t i r a t 

r o o m t e m p e r a t u r e f o r 16 h , a n d t h e s o l v e n t w a s t h e n e v a p o r a t e d . T h e 

r e s i d u e w a s s h o w n , b y n . m . r . a n d t . l . c . , to c o m p r i s e m o s t l y (oa. 8 0 % ) o f 

t h e i s o q u i n o l o n e (249) a s w e l l a s D M F a n d p h o s p h a t e c o m p o u n d s . N o 

i s o q u i n o l i n e ( 3 1 8 ) w a s o b s e r v e d , a n d t h e s o l u t i o n h a d r e m a i n e d c l e a r 

t h r o u g h o u t t h e r e a c t i o n . 

(v) A s o l u t i o n o f the a z i d e ( 2 4 3 ) (52 m g , 0 . 2 0 m m o l ) , T E P (36 m g , 

0 . 2 2 m m o l ) a n d D M S O (160 m g ) i n b e n z e n e (2.5 m l ) w a s s t i r r e d a t r o o m 

t e m p e r a t u r e f o r 16 h . T h e s o l u t i o n d i d n o t go c l o u d y a t a n y s t a g e 

d u r i n g t h e r e a c t i o n . T h e s o l v e n t w a s t h e n r e m o v e d a n d a n n . m . r . s p e c t r u m 

o f t h e r e s i d u e t a k e n . T h i s i n d i c a t e d t h a t t h e m a j o r p r o d u c t w a s t h e 

i s o q u i n o l o n e ( 2 4 9 ) (oa. 8 0 % ) . No t r a c e of t h e i s o q u i n o l i n e (318) w a s 

o b s e r v e d b y n . m . r . o r t . l . c . 

(vi) B l a n k E x p e r i m e n t s . A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 -

c a r b o x y p h e n y l ) p r o p e n o a t e (243) (126 m g , 0 . 4 8 m m o l ) a n d t r i e t h y l p h o s p h a t e 

(99 m g , 0 . 5 3 m m o l ) i n b e n z e n e (5 m l ) w a s s t i r r e d a t r o o m t e m p e r a t u r e 

f o r 1 h , t h e n h e a t e d a t 60°C f o r 1 h . No r e a c t i o n o c c u r r e d u n d e r t h e s e 

c o n d i t i o n s , b y t . l . c . , a n d w h e n T E P (85 m g , 0 . 5 3 m m o l ) a n d t r i e t h y l 

p h o s p h a t e (99 m g , 0 . 5 3 m m o l ) w e r e t h e n a d d e d , t h e a z i d e (243) d e c o m p o s e d 

to g i v e a s i m i l a r m i x t u r e of p r o d u c t s a s o b s e r v e d i n e x p e r i m e n t ( i i ) . 

N o e t h y l l - e t h o x y i s o q u i n o l i n e - 3 - c a r b o x y l a t e w a s f o r m e d . 
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A s o l u t i o n of e t h y l i s o q u i n o l - l - o n e - 3 - c a r b o x y l a t e (249) (26 m g , 

0 . 1 2 m m o l ) a n d t r i e t h y l p h o s p h a t e ( 2 1 . 8 m g , 0 . 1 2 m m o l ) i n b e n z e n e (2 m l ) 

w a s s t i r r e d a t 45°C f o r 2 . 2 5 h , a n d t h e n a t r o o m t e m p e r a t u r e f o r 14 h . 

N o r e a c t i o n of t h e i s o q u i n o l o n e (249) w a s o b s e r v e d b y t . l . c . a n d n o 

i s o q u i n o l i n e (318) w a s f o r m e d . 

R e a c t i o n of e t h y l 2 - a z i d o - 3 - ( 2 ~ N
t
# - d i e t h y l c a r b a m o y l p h e n y l ) p r o p e n o a t e 

(246) w i t h T E P . 

A s o l u t i o n o f t h e a z i d e (246) (188 m g , 0 . 5 9 m m o l ) a n d T E P (197 m g , 

1 . 1 9 m m o l ) in b e n z e n e (6 m l ) w a s s t i r r e d a t r o o m t e m p e r a t u r e f o r 16 h . 

T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d a n n . m . r . s p e c t r u m of t h e r e s i d u e 

t a k e n . T h i s i n d i c a t e d t h a t t h e m a j o r p r o d u c t w a s e i t h e r d i m e r i c i n 

n a t u r e o r t h a t t h e r e w a s a n a p p r o x i m a t e 1 : 1 m i x t u r e of t w o p r o d u c t s . 

T h e m i x t u r e w a s c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) a n d a n 

n . m . r . s p e c t r u m o f t h e m a j o r f r a c t i o n t a k e n . T h e s p e c t r u m w a s e s s e n t i a l l y 

h 
t h a t o f t h e c r u d e r e a c t i o n m i x t u r e w i t h s o m e of t h e trietj^yl p h o s p h i t e a n d 

t r i e t h y l p h o s p h a t e r e m o v e d . T h e s a m p l e w a s a g a i n c h r o m a t o g r a p h e d a s 

b e f o r e b u t t h i s p r o c e d u r e f a i l e d to s e p a r a t e t h e m i x t u r e , if it w e r e 

a m i x t u r e . O n l y o n e s p o t is a p p a r e n t b y t . l . c . T h i s c o m p o u n d a l s o 

c o n t a i n s e t h o x y g r o u p s w h i c h a r e b o u n d to p h o s p h o r u s , a s c a n b e s e e n i n 

t h e n . m . r . s p e c t r u m . T h e n . m . r . s p e c t r u m h a s t h e f o l l o w i n g p e a k s : 

5 ( C D C /
3
) 1 . 0 0 ( o a . 6 H , t , J 7 H z ) , 1 . 1 5 - 1 . 5 3 (oa. 6 6 H , m ) , 3 . 1 5 (oa. 4 H , 

q , J 7 H z ) , 3 . 9 7 - 4 . 4 0 (oa. 4 4 H , m ) , 6 . 6 4 (1H, s ) , 6 . 7 3 ( 1 H , s,) 7 . 2 7 -

7 . 5 0 ( 7 H , m ) , 8 . 8 7 - 9 . 0 1 [ 2 H , m (oa. d ) ] , 1 0 . 6 8 ( 1 H , s ) . W h i l s t it 

a p p e a r s t h a t t h i s i s n o t t h e r e q u i r e d i s o q u i n o l i n e ( 3 2 0 , R = E t ) , a 

s t r u c t u r e h a s n o t y e t b e e n a s s i g n e d to t h i s c o m p o u n d (or m i x t u r e of 

c o m p o u n d s ) . 
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R e a c t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - c a r b a m o y l p h e n y l ) p r o p e n o a t e (247) w i t h T E P . 

A s o l u t i o n of t h e a z i d e (247) (40 m g , 0.15 ramol) i n T H F (5 m l ) w a s 

t r e a t e d w i t h T E P (30 m g , 0 . 1 8 m m o l ) a n d a l l o w e d to s t i r a t r o o m t e m p e r -

a t u r e f o r 14 h . T h e s o l v e n t w a s t h e n r e m o v e d u n d e r r e d u c e d p r e s s u r e . 

A n n . m . r . s p e c t r u m of t h e r e s i d u e i n d i c a t e d t h a t t h e a z i d e (247) h a d 

b e e n c o n s u m e d a n d t h a t t h e r e w a s o n e m a j o r p r o d u c t p r e s e n t . C h r o m a t o -

g r a p h y o n s i l i c a g e l ( p e t r o l / e t h e r ) f a i l e d to g i v e a n y m a j o r p r o d u c t . 

O n l y t h e m i n o r p r o d u c t s w e r e o b s e r v e d . It i s p o s s i b l e t h a t t h e p r o d u c t 

d e c o m p o s e d o n c h r o m a t o g r a p h y . T h e n . m . r . s p e c t r u m of t h e c r u d e r e a c t i o n 

m i x t u r e c a n n o t b e u n a m b i g u o u s l y a s s i g n e d to the r e q u i r e d i s o q u i n o l o n e 

( 3 2 0 , R = H ) 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - b e n z o y l p h e n y l ) p r o p e n o a t e ( 2 4 1 ) . 

A s o l u t i o n o f v i n y l a z i d e (241) (253 m g , 0 . 8 5 m m o l ) i n t o l u e n e 

(42 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 2 . 5 h . T h e s o l v e n t w a s t h e n 

e v a p o r a t e d a n d a n n . m . r . s p e c t r u m o f t h e r e s i d u e t a k e n . T h i s i n d i c a t e d 

t h a t t h e r e a c i o n m i x t u r e w a s a m i x t u r e of m a n y p r o d u c t s . C h r o m a t o g r a p h y 

o n s i l i c a g e l ( p e t r o l / e t h e r ) f a i l e d to s e p a r a t e m a n y o f t h e s e p r o d u c t s , 

b u t o n e f r a c t i o n (32 m g ) w a s c o m p o s e d o f oa. 70% o f ethyl 4-benzoyl-

-inch le-3-oarboxy late. T h i s i n d i c a t e s t h a t the i n d o l e w a s p r e s e n t i n 

t h e c r u d e r e a c t i o n m i x t u r e i n oa. 8 - 1 0 % y i e l d . T h e n . m . r . s p e c t r u m 

o f t h e m i x t u r e (32 m g ) w a s : 5 ( C D C /
3
) 1 . 1 5 - 1 . 5 5 ( 3 H , oa. t ) , 4 . 4 0 ( 2 H , 

oa. q ) , 7 . 0 0 - 8 . 2 0 (oa. 1 2 H , m ) , 9 . 3 5 - 9 . 8 5 ( 0 . 7 H , b r s ) . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( f l u o r e n - 9 - o n - l - y l ) p r o p e n o a t e ( 2 4 2 ) . 

A s o l u t i o n o f t h e v i n y l a z i d e (242) (32 m g , 0 . 1 0 m m o l ) i n t o l u e n e 

(10 m l ) w a s h e a t e d a t r e f l u x u n d e r n i t r o g e n f o r 2 h . T h e s o l v e n t w a s 

t h e n r e m o v e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d to g i v e ethyl pyrrolo[3,2-a ]-

fluorenone-5-oarboxylate (326) (17.7 m g , 6 0 % ) , m . p . , 267-269°C ( f r o m 
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c h l o r o f o r m ) (Found*. M
+

2 9 1 . 0 8 9 5 . C
1 8

H
X 3

N 0
3
 r e q u i r e s 2 9 1 . 0 8 9 5 ) , v 

' m a x 

( N u j o l ) 3 3 2 2 , 1 6 9 2 ( w i t h s h o u l d e r s a t 1 7 1 0 a n d 1 6 8 5 ) , 1 6 1 0 c m "
1

, 

6 [ ( C D
3
)

2
S 0 j 1 . 4 5 ( 3 H , t , J 6 . 5 H z ) , 4 . 4 4 ( 2 H , q , J 6 . 5 H z ) , 7 . 1 3 -

7 . 8 0 ( 7 H , m ) , 1 2 . 2 0 - 1 2 . 5 5 ( 1 H , b r s , N H ) *, m/e 2 9 1 ( M
+

) , 2 4 5 (1'00%) , 

2 1 7 , 1 8 9 . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - e t h o x y c a r b o n y l p h e n y l ) -

p r o p e n o a t e ( 2 4 5 ) . 

A s o l u t i o n o f t h e a z i d e (245) ( 2 3 1 m g , 0 . 8 0 m m o l ) i n t o l u e n e (30 m l ) 

w a s r e f l u x e d u n d e r n i t r o g e n f o r 4 h . T h e s o l v e n t w a s r e m o v e d u n d e r 

r e d u c e d p r e s s u r e a t t h e l o w e s t p o s s i b l e t e m p e r a t u r e i n o r d e r to p r e v e n t 

t h e p r o d u c t f r o m s u b l i m i n g . T h e r e s i d u e w a s c h r o m a t o g r a p h e d o n s i l i c a 

g e l ( p e t r o l / e t h e r ) to g i v e d i e t h y l i n d o l e - 2 , 4 - d i c a r b o x y l a t e (327) (165 m g , 

7 9 % ) w h i c h w a s r e c r y s t a l l i s e d f r o m d i c h l o r o m e t h a n e a n d p e t r o l to g i v e 

c o l o u r l e s s n e e d l e s , m . p . , 142-143°C ( l i t . ,
2 4 1

 131-132°C) (Found*. C , 6 4 . 2 5 ; 

H , 5.75*, N , 5 . 3 . C
X A

H
X S

N 0 < , r e q u i r e s C , 6 4 . 3 5 ; H , 5 . 8 0 ; N , 5 . 3 5 % ) , 

v ( N u j o l ) 3 3 3 0 , 1 7 0 2 , 1 6 8 5 c m "
1

, 5 ( C D C /
3
) 1 . 4 2 ( 3 H , t , J 7 H z ) , 1 . 4 6 

m a x 

( 3 H , t , J 7 H z ) , 4 . 4 9 ( 2 H , q , J 7 H z ) , 4 . 5 2 (2H, q , J 7 H z ) , 7 . 2 7 - 8 . 0 8 

( 4 H , m ) , 9 . 7 5 - 1 0 . 1 0 ( 1 H , b r s , N H ) , m/e 2 6 1 ( M
+

, 1 0 0 % ) , 2 1 5 , 1 8 8 , 1 8 7 , 

1 7 0 . 

T h e r m a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - c a r b a m o y l p h e n y l ) p r o p e n o a t e ( 2 4 7 ) . 

A s o l u t i o n o f t h e v i n y l a z i d e (247) (100 m g , 0 . 3 8 m m o l ) i n t o l u e n e 

(20 m l ) w a s r e f l u x e d f o r 5 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d t h e 

r e s i d u e c h r o m a t o g r a p h e d to g i v e a compound (51 m g , 5 8 % ) , w h i c h w a s 

r e c r y s t a l l i s e d f r o m e t h y l a c e t a t e to g i v e y e l l o w / b r o w n p r i s m s (44 m g , 

5 0 % ) , m . p . , 232-234°C (Found*. M
+

 2 3 2 . 0 8 5 1 . C
X 2

H
X 2

N
2
0

3
 r e q u i r e s 2 3 2 . 0 8 4 8 ) 

v ( N u j o l ) 3 4 9 5 , 3 2 8 0 , 3 2 2 0 , 1 6 8 0 , 1 6 4 6 , 1 6 2 0 , 1 6 0 8 c m "
1

, 5 [ ( C D
3
)

2
S 0 ] 
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1 . 3 5 ( 3 H , t , J oa. 7 H z ) , 4 . 3 5 ( 2 H , q , J oa. 7Hz) 6 . 6 0 - 7 . 0 0 ( 1 - 2 H , b r s ) , 

7 . 2 0 - 7 . 9 0 ( 4 - 5 H , m ) , 8 . 0 5 - 8 . 3 0 (oa. 2 H , m ) , 9 . 7 5 - 1 0 . 2 0 (oa. 0 . 7 H , b r s) , 

m/e 2 3 4 ( M
+

 + 2) 2 3 3 ( M
+

 + 1 ) , 1 7 4 , 1 3 0 , 1 1 7 ( 1 0 0 % ) , to w h i c h t h e s t r u c t u r e 

ethyl 4-oarbamoylindole-2-oarboxylate (328) is t e n t a t i v e l y a s s i g n e d . 

T h e r e a c t i o n m i x t u r e w a s v e r y messy", n o o t h e r p r o d u c t s w e r e i s o l a t e d . 

T h e r m a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - c a r b o x y p h e n y l ) p r o p e n o a t e ( 2 4 3 ) . 

A s o l u t i o n of t h e v i n y l a z i d e (243) (330 m g , 1 . 2 6 m m o l ) i n t o l u e n e 

(50 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 22 h . T h e s o l v e n t w a s t h e n 

e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) 

to g i v e ethyl 3-occo-7-aza-2-occabenzo[d ]bioyolo[4.1.0 ]heptane-l- oarboxylate 

(329) (262 m g , 8 9 % ) , w h i c h w a s r e c r y s t a l l i s e d f r o m e t h e r a n d p e t r o l to 

g i v e c o l o u r l e s s p r i s m s , m . p . , 100-101°C ( F o u n d ! C , 6 1 . 8 5 ; H , 4 . 7 5 ; N , 6 . 0 . 

C12Hii.N0z» r e q u i r e s C , 6 1 . 8 ; H , 4 . 7 5 ; N , 6 . 0 % ) , v ( N u j o l ) 3 3 0 0 , 1 7 3 3 , 
m a x 

1 7 1 7 c m "
1

, 5 ( C D C /
3
) 1 . 3 6 ( 3 H , t, J 7 H z ) , 3 . 0 7 ( 1 H , b r d , J 10 H z , e x c h . 

D
2
0 , N H ) , 3 . 7 8 ( 1 H , d , J 1 0 H z , s i n D

2
0 , 6 - H ) , 4 . 4 4 ( 2 H , q , J 7 H z ) , 

7 . 4 0 - 7 . 8 3 ( 3 H , m , A r H ) , 8 . 1 5 - 8 . 3 5 ( 1 H , m , oa. d , A r H ) , 6 (
1 3

C , C D C /
3
, 

2 5 0 M H z ) , 1 4 . 0 5 ( q , e s t e r C H
3
) , 3 7 . 2 (d, 6 - C ) , 6 3 . 5 ( t , e s t e r C H

2
) , 6 9 . 9 

( s , 1 - C ) 1 2 2 . 1 ( s , 5 - C ) , 1 2 8 . 8 , 1 2 9 . 1 , 1 3 1 . 2 , 1 3 4 . 1 , (4 d o u b l e t s , a r o m a t i c 

C - H ) , 1 3 8 . 4 (s, 4 - C ) , 1 6 0 . 8 , 1 6 6 . 7 (2 s i n g l e t s , 2 x C = 0 ) , m/e 2 3 3 (M
+

), 

1 5 9 , 1 3 2 ( 1 0 0 % ) . 

W h e n t h e a z i d e (243) (253 m g , 0 . 9 7 m m o l ) w a s h e a t e d in r e f l u x i n g 

t o l u e n e (30 m l ) f o r 2.5 h t h e y i e l d of (329) a f t e r c h r o m a t o g r a p h y w a s 

8 3 % (187 m g ) . A n o t h e r p r o d u c t w a s a l s o p r o d u c e d i n oa. 5% y i e l d , b u t 

s u f f i c i e n t q u a n t i t i e s w e r e n o t o b t a i n e d to d e t e r m i n e w h e t h e r o r n o t 

t h i s w a s t h e i n d o l e ( 3 3 0 ) . 
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(329) 

R e a c t i o n of e t h y l 3 - o x o - 7 - a z a - 2 - o x a b e n z o [ < i ] b i c y c l o [ 4 . 1 . 0 ] h e p t a n e - l -

c a r b o x y l a t e (329) w i t h s u l p h u r i c a c i d in e t h a n o l . 

A s o l u t i o n o f (329) ( c a . 5 0 m g ) i n e t h a n o l (20 m l ) w a s s t i r r e d a t 

r o o m t e m p e r a t u r e a n d c o n c e n t r a t e d s u l p h u r i c a c i d (3 d r o p s ) a d d e d . A f t e r 

0 . 1 5 h s o l i d s o d i u m b i c a r b o n a t e w a s a d d e d to n e u t r a l i s e t h e s o l u t i o n 

w h i c h w a s t h e n d i l u t e d w i t h e t h e r (20 m l ) , f i l t e r e d , a n d e v a p o r a t e d . 

T h e r e s i d u e w a s s h o w n , b y n . m . r . , to c o n s i s t m a i n l y (> 9 0 % ) of o n e 

p r o d u c t . T h e compound w a s i s o l a t e d a s a c o l o u r l e s s o i l a f t e r c h r o m a t -

o g r a p h y o n s i l i c a g e l ( p e t r o l / e t h e r ) , v (film) 3 4 0 0 , 3 3 2 0 , 1 7 4 0 (br ) , 
m a x 

1 6 6 5 c m "
1

, 6 ( C D C /
3
) 1 . 0 5 - 1 . 3 5 ( 6 H , 2 x t , J ca. 7 H z ) , 1 . 6 0 - 2 . 0 0 

( 2 H , b r s , N H
2
) , 3 . 4 0 - 4 . 2 0 ( 2 H , A B q u a r t e t of q u a r t e t s , 3 . 5 6 , 3 . 9 6 , J 7 , 9 H z ) , 

4 . 2 9 ( 2 H , q , J 7 H z ) , 4 . 4 0 ( 1 H , s ) , 7 . 3 0 - 7 . 7 8 ( 3 H , m ) , 8 . 0 5 - 8 . 1 8 (1H, m ) , 

m/e 2 8 0 ( M
+

 + 1 ) , 2 6 1 ( M
+

 - 1 8 ) , 234 ( M
+

 - 4 5 ) , 2 3 3 ( M
+

 - 4 6 ) , 206 ( M
+

 -

7 3 , 1 0 0 % ) , 1 8 7 . T h e s t r u c t u r e e t h y l 4 - a m i n o - 3 , 4 - d i h y d r o - 3 - e t h o x y - l - o x o -

2 - b e n z o p y r a n - 3 - c a r b o x y l a t e (332) w a s a s s i g n e d to t h i s c o m p o u n d . 
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R e a c t i o n o f e t h y l 3 - o x o - 7 - a z a - 2 - o x a b e n z o [ d ] b i c y c l o [ 4 . 1 . 0 ] h e p t a n e - l -
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c a r b o x y l a t e (329) w i t h n i t r o s y l c h l o r i d e a n d t r i e t h y l a m i n e . 

A s o l u t i o n o f n i t r o s y l c h l o r i d e i n c a r b o n t e t r a c h l o r i d e ( 0 . 4 1 7 M ; 

0 . 4 4 m l , 0 . 1 8 5 m m o l ) w a s a d d e d d r o p w i s e t o a s o l u t i o n o f (329) (43 m g , 

0 . 1 8 5 m m o l ) a n d t r i e t h y l a m i n e ( 1 8 . 7 m g , 0 . 1 8 5 m m o l ) i n T H F (5 m l ) , c o o l e d 

to -60°C. A p r e c i p i t a t e a p p e a r e d a n d t h e s u p e r n a t a n t l i q u i d t u r n e d 

y e l l o w . T h e m i x t u r e w a s a l l o w e d to w a r m s l o w l y to r o o m t e m p e r a t u r e , b y 

w h i c h t i m e t h e y e l l o w c o l o u r h a d d i s a p p e a r e d . T h e m i x t u r e w a s a l l o w e d to 

s t a n d a t r o o m t e m p e r a t u r e f o r 14 h , t h e n d i l u t e d w i t h e t h e r (10 m l ) , 

f i l t e r e d , a n d e v a p o r a t e d . T h e r e s i d u e w a s c h r o m a t o g r a p h e d to g i v e 

ethyl l-oxo-lR-2-benzopyran-3-carboxylate (333) (30.3 m g , 7 5 % ) , w h i c h w a s 

r e c r y s t a l l i s e d f r o m d i c h l o r m e t h a n e a n d p e t r o l , to g i v e c o l o u r l e s s n e e d l e s , 

m . p . , 124-125°C ( F o u n d ! M
+

 2 1 8 . 0 5 7 6 . C
1 2

H
l o

0 < , r e q u i r e s 2 1 8 . 0 5 7 9 ) , 

v ( C C / J 1 7 5 4 , 1 7 2 7 c m "
1

, 5 ( C D C /
3
, 2 5 0 M H z ) , 1 . 4 2 ( 3 H , t , J 7 H z ) , IDclX 

4 . 4 5 ( 2 H , q , J 7 H z ) , 7 . 5 0 ( 1 H , s , v i n y l H ) , 7 . 5 5 - 7 . 7 2 ( 2 H , m , A r H ) , 

7 . 7 6 - 7 . 8 6 ( 1 H , m , A r H ) , 8 . 3 4 - 8 . 4 0 ( 1 H , m , A r H ) , m/e 2 1 8 ( M
+

) , 1 4 5 , 89 

(100%). 

A s a m p l e o f t h i s e s t e r (333) w a s d i s s o l v e d i n m e t h a n o l a n d s o l i d 

s o d i u m m e t h o x i d e ( 0 . 1 m o l a r e q u i v a l e n t s ) a d d e d . T h e m i x t u r e w a s h e a t e d 

to r e f l u x f o r 1 h , t h e n c o o l e d a n d d i l u t e d w i t h e t h e r , w a s h e d w i t h 

w a t e r , d r i e d a n d e v a p o r a t e d . T h e r e s i d u e w a s c h r o m a t o g r a p h e d to g i v e 

m e t h y l l - o x o - l # - 2 - b e n z o p y r a n - 3 - c a r b o x y l a t e (334) ( o a . 6 0 - 7 0 % ) , m . p . , 

o 2 2 6 o - 1 
1 7 2 - 1 7 5 C ( l i t . , 1 7 3 - 1 7 4 C) v ( C H C /

3
) 1 7 3 0 , 1 7 2 0 c m . m a x 

A s a m p l e o f t h e e s t e r (333) w a s a d d e d to c o n c e n t r a t e d h y d r o c h l o r i c 

a c i d a n d t h e m i x t u r e h e a t e d a t r e f l u x f o r 1 h . T h e m i x t u r e w a s t h e n 

c o o l e d , d i l u t e d w i t h w a t e r a n d e x t r a c t e d w i t h e t h e r , t h e e t h e r e x t r a c t s 

c o m b i n e d , d r i e d a n d e v a p o r a t e d to g i v e t h e c r u d e l - o x o - l # - 2 - b e n z o p y r a n -

3 - c a r b o x y l i c a c i d ( 3 3 5 ) . A s a m p l e o f t h i s c o m p o u n d w a s s u b l i m e d to g i v e 

2 6 7 
c o l o u r l e s s p r i s m s m . p . , 250-253°C ( l i t . , 2 4 5 - 2 4 6°C). 
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7 , 6 , E X P E R I M E N T A L T O C H A P T E R S I X 
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P h o t o c h e m i c a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - b e n z y l p h e n y l ) p r o p e n o a t e 

( 2 3 3 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - b e n z y l p h e n y l ) p r o p e n o a t e (233) 

(185 m g , 0 . 6 0 m m o l ) i n p e t r o l ( b . p . , 60-80°C; 1 5 0 m l ) w a s d e g a s s e d w i t h 

n i t r o g e n a n d i r r a d i a t e d a t 3 0 0 n m f o r 1 h . N i t r o g e n g a s w a s b u b b l e d 

t h r o u g h t h e s o l u t i o n d u r i n g i r r a d i a t i o n . T h e s o l v e n t w a s t h e n e v a p o r a t e d 

a n d a n n . m . r . s p e c t r u m o f t h e r e s i d u e t a k e n . T h i s m i x t u r e w a s t h e n 

c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e tviethyl 2,4,9-

3 5 

tri-(2-benzylphenyl)-l- 3,8-tviazatrioyolo[4.3.0.0
 3

 ]non-7-ene-5, 6, 7-

trioarboxylate (341a) (66 m g , 4 0 % ) a s c o l o u r l e s s p r i s m s w h i c h w e r e 

r e c r y s t a l l i s e d f r o m e t h e r a n d p e t r o l , m . p . , 1 3 5 - 1 3 6 . 5 C (Found.* C , 7 7 . 6 5 ; 

H , 6 . 2 ; N , 5 . 0 5 . C
S A

H
3 1

N
3
0

6
 r e q u i r e s C , 77.4J H , 6 . 1 5 ; N , 5 . 0 % ) , v 

m a x 

( N u j o l ) 1 7 5 8 , 1 7 4 0 , 1 7 1 9 , 1 6 4 6 c m "
1

, 6 ( C D C /
3
, 2 5 0 M H z ) 0 . 8 0 ( 3 H , t , 

J 7 H z ) , 1 . 3 2 ( 3 H , t , J 7 H z ) , 1 . 3 5 ( 3 H , t , J 7 H z ) , 3 . 1 5 ( 1 H , d , J 15 H z , 

A r C H
2
P h ) , 3 . 1 8 ( 1 H , d , J 15 H z , A r C H

2
P h ) , 3 . 6 6 ( 1 H , d , J 15 H z , A r C H

2
P h , 

c o u p l e d to p r o t o n a t 3 . 1 8 ) , 3 . 6 9 ( 1 H , d , J 15 H z , A r C H
2
P h , c o u p l e d to 

p r o t o n a t 3 . 1 5 ) , 3 . 8 1 ( 1 H , d q , J 1 2 , 7 H z , e s t e r m e t h y l e n e p r o t o n c o u p l e d 

to p r o t o n s a t 0 . 8 0 a n d 3 . 9 4 ) , 3 . 9 4 ( 1 H , d q , J 1 2 , 7 H z , e s t e r m e t h y l e n e 

p r o t o n c o u p l e d to p r o t o n s a t 0 . 8 0 a n d 3 . 8 1 ) ( 3 . 8 1 a n d 3 . 9 4 m a k e a n A B 

q u a r t e t of q u a r t e t s ) , 4 . 0 6 ( 1 H , s) , 4 . 2 2 - 4 . 5 2 ( 5 H , m , 2 x e s t e r C H
2
 a n d 1 x 

b e n z y l C H
2
) , 5 . 1 0 ( 1 H , s ) , 6 . 5 9 ( 1 H , s ) , 6 . 6 0 - 6 . 7 5 ( 4 H , m , A r H ) , 6 . 9 0 -

7 . 0 5 ( 3 H , m , A r H ) , 7 . 0 5 - 7 . 3 3 ( 1 6 H , m , A r H ) , 7 . 3 5 - 7 . 4 5 ( 1 H , m , A r H ) , 7 . 4 5 -

7 . 5 4 ( 1 H , m , A r H ) , 7 . 5 7 - 7 . 6 8 ( 1 H , m , A r H ) , 8 . 5 2 ( 1 H , d , A r H ) , m/e 8 3 7 

( M
+

) , 7 4 8 , 6 4 4 . 
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P h o t o c h e m i c a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - f l u o r e n - l - y l p r o p e n o a t e ( 2 3 4 ) . 

A s o l u t i o n of e t h y l 2 - a z i d o - 3 - f l u o r e n - l - y l p r o p e n o a t e (234) (93 m g , 

0 . 3 0 m m o l ) i n p e t r o l ( b . p . , 4 0 - 6 0 C; 1 0 0 m l ) w a s d e a e r a t e d b y a s l o w 

s t r e a m o f n i t r o g e n g a s a n d t h e n i r r a d i a t e d a t 3 0 0 n m f o r 0 . 1 3 h . T h e 

s o l v e n t w a s e v a p o r a t e d a n d a n n . m . r . s p e c t r u m of t h e r e s i d u e t a k e n . 

T h e r e w a s n o e v i d e n c e of t h e a z i d e (234) o r the c o r r e s p o n d i n g a z i r i n e 

i n t h e s a m p l e so i t w a s c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to 

3 5 

g i v e triethyl-2
3
4
3
9-trifluoren-l-yl-l

3
Z
3
 8-triazatricyclo[4.3.0.0

 3

 \non-7-

ene-5
3
 6

3
 7-tricarboxylate (341b) (52 m g , 6 1 % ) w h i c h w a s r e c r y s t a l l i s e d f r o m 

c h l o r o f o r m a n d p e t r o l to g i v e c o l o u r l e s s n e e d l e s , m . p . , 1 5 9 - 1 6 0°C. 

v 1 7 4 2 , 1 7 2 5 c m "
1

, 6 ( C D C /
3
, 2 5 0 M H z ) , 0 . 6 6 ( 3 H , t , J 7 H z ) , 1 . 3 3 

m a x 

( 3 H , t , J 7 H z ) , 1 . 3 5 ( 3 H , t , J 7 H z ) , 2 . 9 5 (1H, d , J 2 3 H z ) , 3 . 2 2 ( 1 H , 

d , J 23 H z ) , 3 . 6 3 ( 1 H , d , J 23 H z ) , 3 . 7 2 ( 1 H , d , J 23 H z ) , 3 . 7 0 - 4 . 0 0 

( 2 H , m , e s t e r C H
2
, a p p r o x i m a t e AJB q u a r t e t o f q u a r t e t s ) , 4 . 1 9 ( 2 H , s , A r C H

2
A r ) , 

4 . 2 5 - 4 . 5 0 ( 5 H , m , 2 x e s t e r C H
2
, a n d 1 H , s a t 4 . 4 2 ) , 5 . 5 1 ( 1 H , s ) , 6 . 3 5 

( 1 H , s ) , 7 . 0 6 - 7 . 8 3 ( c a . 2 0 H , A r H ) , 8 . 1 3 ( 1 H , m , A r H ) , m/e 8 3 1 ( M
+

) . 

P h o t o c h e m i c a l d e c o m p s o t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - m e t h y l p h e n y l ) p r o p e n o a t e ( 2 3 5 ) . 

(i) A s o l u t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - m e t h y l p h e n y l ) p r o p e n o a t e ( 2 3 5 ) 

(312 m g , 1 . 3 5 m m o l ) i n p e t r o l (60-80°C, 2 0 0 m l ) w a s d e a e r a t e d w i t h n i t r o g e n 

g a s a n d i r r a d i a t e d a t 3 0 0 n m f o r 1 h . T h e s o l v e n t w a s t h e n r e m o v e d a n d 

t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e a 

c o l o u r l e s s s o l i d w h i c h w a s r e c r y s t a l l i s e d f r o m c h l o r o f o r m a n d p e t r o l to 

3 5 

g i v e triethyl 2
3
 4

3
 9-tri- (2-methylphenyl)-l

3
 3

3
 8-triazatrioyolo[4. 3.0.0' ' ]-

non-2-ene-5
3
6
3
7-tricarboxylate (341a) (138 m g , 5 0 % ) a s c o l o u r l e s s p r i s m s , 

m . p . , 135-136°C ( F o u n d ! C , 7 0 . 7 5 ; H , 6.45', N , 6 . 9 . C
3
6 H 3 9 N

3
0

6
 r e q u i r e s 

C , 7 0 . 9 ; H , 6 . 4 5 ; N , 6 . 9 % ) , v ( N u j o l ) 1 7 5 5 , 1 7 3 3 , 1 6 5 2 c m "
1

, X ( E t O H ) 
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2 1 8 ( e , 1 0 8 0 0 ) , 264 ( e , 1 , 4 6 0 ) , 5 ( C D C /
3
, 2 5 0 M H z ) 0 . 7 7 ( 3 H , t , J 7 H z ) , 

1 . 3 4 ( 3 H , t , J 7 H z ) , 1 . 3 8 ( 3 H , t , J 7 H z ) , 1 . 7 7 ( 3 H , s ) , 1 . 7 9 ( 3 H , s ) , 

2 . 5 8 ( 3 H , s ) , 3 . 7 1 - 3 . 9 7 ( 2 H , A B q u a r t e t o f q u a r t e t s , e s t e r C H
2
) , 4 . 1 8 

( 1 H , s ) , 4 . 2 3 - 4 . 5 0 ( 4 H , m , 2 x e s t e r C H
2
) , 5 . 2 0 ( 1 H , s ) , 6 . 3 9 ( 1 H , s ) , 

6 . 8 0 - 6 . 9 0 ( 2 H , m , A r H ) , 7 . 0 0 - 7 . 3 8 ( 7 H , m , A r H ) , 7 . 4 4 - 7 . 5 0 ( 2 H , m , A r H ) , 

8 . 4 4 ( 1 H , d , A r H ) , ( s e e A p p e n d i x f o r a n a s s i g n m e n t 

o f t h e s e p e a k s ) , 5 (
1 3

C , C D C /
3
, 6 2 . 9 M H z ) , 1 3 . 3 3 , 1 3 . 9 9 , 1 4 . 0 8 (3 x e s t e r 

C H
3
) , 1 8 . 3 8 , 1 8 . 4 4 , 1 9 . 6 4 (3 x a r y l C H

3
) , 5 6 . 5 5 ( 2 - C , 4 - C , o r 9 - C ) , 6 1 . 1 1 , 

6 2 . 2 6 , 6 2 . 4 2 (3 x e s t e r C H
2
) , 6 3 . 4 9 ( 5 - C ) , 8 7 - 1 9 ( 6 - C ) , 8 7 . 5 4 ( 2 - C , 4 - C 

o r 9 - C ) , 8 8 . 9 6 ( 2 - C , 4 - C o r 9 - C ) , 1 2 5 . 2 7 , 1 2 5 . 4 5 , 1 2 6 . 0 7 , 1 2 7 . 4 0 , 1 2 7 . 4 4 , 

1 2 7 . 8 0 (2 x a r y l C ' s ) , 1 2 8 . 6 4 , 1 2 8 . 7 0 (2 x C ) , 1 2 9 . 4 8 , 1 2 9 . 7 5 , 1 3 0 . 1 2 , 

1 3 4 . 2 6 , 1 3 4 . 8 2 , 1 3 6 . 3 6 , 1 3 6 . 5 8 , 1 3 7 . 1 3 , 1 5 9 . 0 9 , 1 6 1 . 0 9 , 1 6 7 . 3 0 , 1 6 8 . 4 4 , 

m/e 6 0 9 (M
+

), 5 3 6 , 4 1 7 , 3 1 5 , 3 1 1 , 2 3 9 , 2 2 2 ( 1 0 0 % ) , 1 6 8 . 

( i i ) A s o l u t i o n of t h e a z i d e ( 2 3 5 ) (246 m g ) i n p e t r o l (b.p.60-80°C; 5 0 m l ) 

w a s d e a e r a t e d a s b e f o r e a n d i r r a d i a t e d a t l o w i n t e n s i t y a t 3 0 0 n m f o r 

3 . 5 h . T h e s o l v e n t w a s r e m o v e d a t r o o m t e m p e r a t u r e b y r o t a r y e v a p o r a t i o n . 

A n n . m . r . s p e c t r u m o-f t h e r e s i d u e s h o w e d t h a t i t w a s c o m p o s e d of t h e 

a z i r i n e ( 3 4 0 , A r = c - t o l y l ) = ( 2 7 5 ) , w h o s e s p e c t r a l d a t a h a v e a l r e a d y b e e n 

d e s c r i b e d . T h i s a z i r i n e w a s r e d i s s o l v e d in p e t r o l ( b . p . . 6 0 - 8 0°C; 5 0 m l ) 

a n d i r r a d i a t e d a t t h e n o r m a l i n t e n s i t y a t 3 0 0 n m f o r 1 h . T h e s o l v e n t 

w a s a g a i n r e m o v e d a n d a n n . m . r . s p e c t r u m of t h e r e s i d u e t a k e n . T h e 

r e s i d u e w a s s h o w n , b y n . m . r . to c o n t a i n t h e t r i m e r ( 3 4 1 c ) i n oa. 6 0 % y i e l d . 

P h o t o c h e m i c a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - i s o p r o p y l p h e n y l ) -

p r o p e n o a t e ( 2 3 6 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - i s o p r o p y l p h e n y l ) p r o p e n o a t e (236) 

( 3 9 3 m g , 1 . 5 m m o l ) i n p e t r o l ( b . p . , 40-60°C', 2 0 0 m l ) w a s i r r a d i a t e d a t 

3 0 0 n m f o r 1 h . D u r i n g t h e i r r a d i a t i o n a s l o w s t r e a m o f n i t r o g e n g a s 

w a s p a s s e d t h r o u g h t h e s o l u t i o n . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d 
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r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e tviethyl 

3 5 

2
3
 4

3
 9-tvi-(2—isopropyIphenyl)-l

3
 3

3
 8-friazatvicyclo[4.3.0.0

 3

 jnon-

7-ene-5
3
 6

3
 7-tri,oarboxylate (341d) (200 m g , 5 7 % ) a s c o l o u r l e s s p r i s m s , 

w h i c h w e r e r e c r y s t a l l i s e d f r o m c h l o r o f o r m a n d p e t r o l , m . p . , 128-130°C 

( F o u n d ! C , 7 2 . 9 5 ; H , 7.45', N , 6 . 0 5 . C < .
2
H

S 1
N

3
0

6
 r e q u i r e s C , 72.7*, 

H , 7 . 4 ; N , 6 . 0 5 % ) , v ( N u j o l ) 1 7 5 0 , 1 7 4 0 c m "
1

, 5 ( C D C /
3
, 2 5 0 M H z ) , 

1113 X 

0 . 3 7 ( 3 H , d , J 6 H z ) , 0 . 6 6 - 0 . 8 3 ( 6 H , m , e s t e r C H
3
 (t) a n d s i d e c h a i n 

C H
3
 ( d ) ) , 1 . 0 0 ( 3 H , d , J 6 H z ) , 1 . 1 0 ( 3 H , d , J 6 H z ) , 1 . 2 5 - 1 . 4 0 ( 9 H , 

m , 2 x e s t e r C H
3
 a n d 1 x s i d e c h a i n C H

3
) , 2 . 6 0 ( 1 H , h e p t e t ) , 1 . 8 8 ( 1 H , 

h e p t e t ) , 2 . 6 5 - 2 . 9 7 ( 3 H , m , e s t e r C H
2
 a n d s i d e c h a i n C H ) , 3 . 2 0 - 3 . 4 5 ( 5 H , 

m , 2 x e s t e r C H
2
 a n d r i n g C H ) , 5 . 4 2 ( 1 H , s ) , 6 . 5 1 ( 1 H , s ) , 6 . 9 5 - 7 . 3 7 

( 9 H , m , A r H ) , 7 . 4 8 ( 1 H , d , J 5 H z , A r H ) , 7 . 5 6 ( 1 H , d , J 5 H z , A r H ) , 8 . 3 6 

( 1 H , d , J 5 H z , A r H ) , m/e 6 9 3 (M
+

), 6 4 7 , 6 2 0 , 5 0 3 , 4 7 2 ( 1 0 0 % ) . 

P h o t o c h e m i c a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - p h e n y l p r o p e n o a t e ( 2 4 4 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - p h e n y l p r o p e n o a t e ( 2 4 4 ) ( 4 1 1 m g , 1 . 8 9 

m m o l ) i n p e t r o l ( b . p . , 60-80°C', 2 5 0 m l ) w a s i r r a d i a t e d a t 3 0 0 n m f o r 1 h . 

A s l o w s t r e a m o f n i t r o g e n g a s w a s p a s s e d t h r o u g h t h e s o l u t i o n d u r i n g t h e 

i r r a d i a t i o n . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o -

g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e triethyl 2
3
4
3
9-triphenyl-

3 5 

1
3
 3

3
 8-triazatrioyolo[4. 3.0.0

 3

 ]non-7-ene-5
3
 6

3
 7-tr-ioarboocylate (341e) 

(236 m g , 6 6 % ) , a s c o l o u r l e s s p r i s m s w h i c h w e r e r e c r y s t a l l i s e d f r o m 

c h l o r o f o r m a n d p e t r o l , m . p . , 105-106°C ( F o u n d : C , 6 9 . 7 ; H , 5 . 8 5 ; N , 7 . 4 . 

C
3 3

H
3 3

N
3
0

6
 r e q u i r e s C , 6 9 . 8 5 ; H , 5.85', N , 7 . 4 % ) , v ( N u j o l ) oa. 1 7 4 5 

( b r o a d ) , 1 6 4 0 c m "
1

, 6 ( C D C /
3
, 2 5 0 M H z ) , 0 . 8 4 ( 3 H , t , J 1 H z ) , 0 . 9 0 ( 3 H , 

t,J7 H z ) , 1 . 3 6 ( 3 H , t , J 7 H z ) , 3 . 7 9 - 4 . 1 7 ( 4 H , m , 2 x e s t e r C H
2
, 2 A B 

q u a r t e t s o f q u a r t e t s ) , 4 . 2 8 ( 1 H , s ) , 4 . 2 2 - 4 . 4 6 ( 2 H , m , e s t e r C H
2
, A B 

q u a r t e t o f q u a r t e t s ) , 5 . 4 7 (1H, s ) , 6 . 0 1 ( 1 H , s ) , 7 . 1 5 - 7 . 3 7 ( 1 1 H , m , 

A r H ) , 7 . 4 2 - 7 . 5 5 ( 4 H , m , A r H ) , m / e 5 6 7 ( M
+

) , 5 2 1 , 4 9 4 , 3 0 1 , 2 9 9 ( 1 0 0 % ) . 
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P h o t o c h e m i c a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e 

( 2 3 7 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - a l l y l p h e n y l ) p r o p e n o a t e ( 2 3 7 ) (100 m g , 

0 . 3 9 m m o l ) i n p e t r o l ( b . p . , 60-80°C; 1 0 0 m l ) w a s i r r a d i a t e d a t 3 0 0 n m 

f o r 1 h . A s l o w s t r e a m of n i t r o g e n g a s w a s p a s s e d t h r o u g h t h e s o l u t i o n 

d u r i n g i r r a d i a t i o n . T h e s o l v e n t w a s t h e n r e m o v e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d t w i c e o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e e t h y l 1 - a z a b e n z o -

[b ]bicyclo[5.1.0]oct-2-ene-2-carboxylate (287) (26 m g , 29%) and diethyl 

2 6 
11-(2-aIlyIphenyZJ-1

3
 10-d-iazabenzo[£]tvioyclo[6.3.0.0

 3

 ]undeo-9-ene-

diearboxylate (344) (39 m g , 4 4 % ) , a s a c o l o u r l e s s o i l , ^ ^ ^ ^ ( C C / * ) 

1 7 4 2 , 1 7 2 5 , 1 6 3 8 c m "
1

, 5 ( C D C /
3
, 2 5 0 M H z ) 1 . 2 8 ( 3 H , t , J oa. 7 H z ) , 1 . 3 2 

(3H, t, Joa.7Kz), 1.98 (1H, dd, J 5, 13 Hz), 2.71 (1H, dd, J 6, 17 Hz) 

3 . 0 3 - 3 . 2 7 ( 4 H , m ) , 3 . 4 7 - 3 . 6 5 ( 1 H , m ) , 4 . 2 6 ( 2 H , d q , J 2 , 7 H z ) , 4 . 3 1 ( 2 H , 

q , </ 7 H z ) , 4 . 8 2 - 4 . 9 5 ( 2 H , m , a l l y l - C ( H ) = C #
2
) > 5 . 0 0 ( 1 H , d , J 7 H z ) , 

5 . 6 0 - 5 . 7 7 ( 1 H , m , a l l y l - C # = C H
2
) , 6 . 1 3 ( 1 H , s ) , 6 . 7 7 ( 1 H , d , A r H ) , 6 . 9 2 -

7 . 3 0 ( 6 H , m , A r H ) , 7 . 7 0 - 7 . 7 5 ( 1 H , m , A r H ) , (For a m o r e d e t a i l e d a n a l y s i s 

of t h e s p e c t r u m a n d n . O . e . e x p e r i m e n t , s e e A p p e n d i x ) , <5 (
l 3

C , C D C /
3
, 6 2 . 9 

M H z ) , 1 4 . 0 ( e s t e r C H
3
) , 1 4 . 1 ( e s t e r C H

3
) , 3 6 . 4 , 3 9 . 0 , 3 9 . 1 , 4 6 . 5 ( 5 - C , 6 - C , 

7 - C a n d C H
2
 of a l l y l g r o u p ) , 6 1 . 5 ( e s t e r C H

2
) , 6 2 . 0 ( e s t e r C H

2
) , 7 3 . 0 

(2-C o r 1 1 - C ) , 8 7 . 7 ( 8 - C ) , 8 9 . 0 (2-C o r 1 1 - C ) , 1 1 5 . 8 ( a l l y l - C ( H ) = £ H
2
) , 

1 2 5 . 3 , 1 2 6 . 2 , 1 2 6 . 7 , 1 2 6 . 9 , 1 2 8 . 0 (2 x C ) , 1 2 8 . 7 , 1 2 9 . 1 , 1 3 6 . 8 (9 x C - H , 

8 x a r o m a t i c C - H a n d a l l y l g r o u p - £ ( H ) = C H
2
) , 1 3 8 . 1 , 1 3 8 . 2 , 1 3 9 . 0 , 1 4 5 . 3 

(4 a r o m a t i c q u a t e r n a r y c a r b o n s ) , 1 6 1 . 4 , 1 6 2 . 2 ( C = N , a n d C = 0 o n 8 - C ) , 1 7 1 . 3 

( C = 0 o n 9 - C ) , m/e 4 5 8 ( M
+

) , 3 8 5 ( 1 0 0 % ) , 3 3 9 , 3 1 1 , 2 6 9 . 
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P h o t o c h e m i c a l d e c o m p o s i t i o n of e t h y l 2 - a z i d o - 3 - ( 2 - g - s t y r y l p h e n y l ) -

p r o p e n o a t e ( 2 4 0 ) . 

A s o l u t i o n of t h e 2 - a z i d o - 3 - ( 2 - £ ' - s t y r y l p h e n y l ) p r o p e n o a t e (240) 

( 4 1 0 m g , 1 . 2 8 m m o l ) i n p e t r o l ( b . p . , 60-80°C, 2 0 0 m l ) w a s i r r a d i a t e d a t 

3 0 0 n m f o r 1 h . A s l o w s t r e a m o f n i t r o g e n g a s w a s p a s s e d t h r o u g h t h e 

s o l u t i o n d u r i n g t h e i r r a d i a t i o n . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d 

t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e ethyl 

?-phenyl-2-azabenzo[d]bicyclo[4+l.0]hzfe-2-ene-l-carboxylate (351)(254 mg, 

6 8 % ) , w h i c h w a s t h e n r e c r y s t a l l i s e d f r o m e t h e r a n d p e t r o l to g i v e 

c o l o u r l e s s p l a t e s , m . p . , 92-93°C (Found*. C , 7 8 . 4 5 ; H , 5 . 9 ; N , 4 . 8 . 

C
1 9

H
1 7

N 0
2
 r e q u i r e s C , 78.35*, H , 5 . 9 ; N , 4 . 8 % ) , v ( N u j o l ) 1 7 4 3 , 1 6 1 7 , 

m a x 

1 1 4 0 c m "
1

, 6 ( C D C /
3
) 1 . 0 4 ( 3 H , t , J 1 H z ) , 1 . 9 0 ( 1 H , d , J 1 H z ) , 3 . 8 2 

( 1 H , d , J 7 H z ) , 4 . 0 6 ( 2 H , A B q u a r t e t of q u a r t e t s , J 3 , 7 H z ) , 7 . 2 0 -

7.66 ( 9 H , m ) , 8 . 2 4 ( 1 H , s) ,m/e 2 1 9 ( M
+

) , 2 6 2 , 2 4 5 , 2 1 8 ( 1 0 0 % ) . T h e s t r u c t u r e 

243 

w a s a s s i g n e d t h e trans (exo) i s o m e r b y c o m p a r i s o n w i t h s i m i l a r s y s t e m s . 

P h o t o c h e m i c a l d e c o m p o s i t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - p y r i d y l ) p r o p e n o a t e ( 2 3 2 ) . 

A s o l u t i o n o f e t h y l 2 - a z i d o - 3 - ( 2 - p y r i d y l ) p r o p e n o a t e (232) (158 m g , 

0 . 7 2 m m o l ) i n p e t r o l ( b . p . , 60-80°C-, 1 5 0 m l ) w a s i r r a d i a t e d a t 3 0 0 n m 

fo 1 h . A s l o w s t r e a m of n i t r o g e n g a s w a s p a s s e d t h r o u g h t h e s o l u t i o n 

d u r i n g i r r a d i a t i o n . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n s i l i c a g e l ( p e t r o l / e t h e r ) to g i v e e t h y l p y r a z o l o [ l , 5 - a ]-

p y r i d i n e - 2 - c a r b o x y l a t e ( 2 6 1 ) ( 2 1 m g , 1 5 % ) a n d ethyl -imidazo[lj 5-a]pyridine-

3-oarboxylate (354) (74 m g , 5 4 % ) , m . p . , 80°C ( f r o m d i c h l o r o m e t h a n e a n d 

p e t r o l ) ( F o u n d ! C , 6 3 . 1 5 ; H , 5.3*, N , 1 4 . 7 . C i o H
1 0

N
2
0

3
 r e q u i r e s C , 64.15*, 

H , 5.3*, N , 1 4 . 7 5 % ) , v 1 6 8 7 , 1 6 3 3 c m "
1

, 5 ( C D C /
3
) 1 . 4 9 ( 3 H , t , J 1 H z ) , 
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4 . 5 7 ( 2 H , q , J 7 H z ) , 6 . 8 6 - 7 . 2 3 ( 2 H , m , 6 - H a n d 7 - H ) , 7 . 6 0 - 7 . 7 7 ( 2 H , m , 

1 - H , a n d 8 - H ) , 9 . 2 7 - 9 . 4 6 ( 1 H , m , 5 - H ) , m/e 1 9 0 ( M
+

, 1 0 0 % ) , 1 4 5 , 1 3 1 , 

118. 

A s o l u t i o n o f t h e p y r a z o l o p y r i d i n e (261) w a s r e c o v e r e d u n c h a n g e d 

a f t e r i r r a d i a t i o n u n d e r t h e s a m e c o n d i t i o n s . 



A P P E N D I X 

C H A P T E R E I G H T 
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8 . 1 . N U C L E A R Q \ E R H A U S E R E F F E C T S P E C T R A O F T R I E T H Y L 2 , 4 , 9 - T R I - ( 2 -

M E T H Y L P H E N Y L ) - 1 , 3 , 8 - T R I A Z A T R I C Y C L O [ 4 . 3 . 0 . Q
3

'
5

] N O N - 2 - E N E - 5 , 6 , 7 -

T R I C A R B Q X Y L A T E ( 3 & * c ) . 

T h e *H n . m . r . s p e c t r u m ( C D C £
3
, 2 5 0 M H z ) of ( 3 4 1 c ) is g i v e n i n 

a i 

F i g u r e 3 , s h o w i n g t h e s i g n a l s H - H w h i c h w e r e i r r a d i a t e d . T h e n . O . e . 

d i f f e r e n c e s p e c t r a a r e g i v e n i n F i g u r e s 4 a n d 5 . R e f e r e n c e w i l l b e 

m a d e to t h e t h r e e d i m e n s i o n a l d r a w i n g of ( 3 4 1 c ) in F i g u r e 2 . A 

m o l e c u l a r m o d e l w a s a l s o u s e d to p r o v i d e t h e f o l l o w i n g i n t e r p r e t a t i o n 

of t h e n . O . e . s p e c t r a . 
a 6 

I r r a d i a t i o n of C H
3
 s h o w s a n e f f e c t o n C H

2
 w h i c h is a c o m b i n a t i o n 

a e 
of t h e n . O . e . a n d i n d o r e f f e c t s . C H

3
 is t h e r e f o r e c o u p l e d to C H

2
 , b u t 

t h i s s i g n a l c a n n o t b e a s s i g n e d to a p a r t i c u l a r e s t e r g r o u p i n t h e 

m o l e c u l e . 

f g h 
H a n d H ® h a v e a l a r g e e f f e c t o n o n e a n o t h e r , b u t n o t o n H . F r o m 

f g h 
t h i s o n e c a n c o n c l u d e t h a t H a n d H

&

 a r e 2 - H a n d 4 - H , i m p l y i n g t h a t H 

is 9 - H . T h i s t h e n a s s i g n s C H
3
" to C H

3
^ as b e i n g t h e c l o s e s t m e t h y l 

g r o u p to 9 - H , a n d t h u s h a v i n g t h e l a r g e s t e f f e c t o n i t . H
1

 is t e n t a t i v e l y 

h e 
assigned as H "

M

 as it has an effect on H (9-H) and vice versa. C H
3
 has 

g . d f 
a large effect on H , and vice Versa and C H

3
 has a l a r g e effect on H 

and vice versa. 

g h i f g 
H h a s a w e a k e f f e c t o n H a n d H , w h e r e a s H h a s n o n e . H ® is 

t h e r e f o r e a s s i g n e d to 2 - H , a n d t h u s H"^ to 4 - H . I t t h e r e f o r e f o l l o w s t h a t 

C H
3

G

 is. C H
3
" a n d C H

3

d

 is C H
3
" ' . T h e o b s e r v e d s h i f t s o f 2 - H , 4 - H a n d 

9 - H a r e s i m i l a r to t h o s e w h i c h w o u l d b e p r e d i c t e d o n t h e b a s i s of c a l c u l a -

t i o n s a l o n e . F r o m a s t u d y of t h e n . O . e . s p e c t r a a n d a m o l e c u l a r m o d e l 

o f ( 3 4 1 c ) it w a s a p p a r e n t t h a t t h e a v e r a g e c o n f i g u r a t i o n of ( 3 4 1 c ) in 

d e u t e r o c h l o r o f o r m s o l u t i o n w a s s i m i l a r to t h a t i n the s o l i d s t a t e . 
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FIGURE 2 
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8 . 2 . N U C L E A R O V E R H A U S E R E F F E C T S P E C T R A O F D I E T H Y L 1 1 - ( 2 - A L L Y L P H E N Y L ) -

1 , l O - D I A Z A B E N Z O U ] T R I C Y C L O [ 6 . 3 . 0 . 0
2

'
6

 ] U N D E C - 9 - E N E - 8 , 9 - D I C A R B O X Y -

L A T E (344) . 

T h e
 X

H n . m . r . s p e c t r u m ( C D C £
3
, 2 5 0 M H z ) of (344) is s h o w n in F i g u r e 

• a. i 

6 . T h e s i g n a l s o f i n t e r e s t a r e s h o w n , i . e . , H - H . T h e s i g n a l s f r o m 

t h e a l l y l g r o u p h a v e n o t b e e n m a r k e d . 

T h e n . O . e . s p e c t r a a r e s u m m a r i s e d i n T a b l e 7 . T h e e f f e c t s a r e g i v e n 

a s s t r o n g ( s ) , m e d i u m ( m ) , w e a k ( w ) , o r n o n - e x i s t e n t ( - ) . 

T A B L E 6 . S u m m a r y o f n . O . e . s p e c t r a o f ( 3 4 4 ) . 

E f f e c t P r o t o n I r r a d i a t e d 

o n 
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B o t h t h e n . O . e . a n d d e c o u p l i n g e x p e r i m e n t s i n d i c a t e t h a t H - H 

e x i s t a s s h o w n in F i g u r e 7 . 

a b c d 
W h i l e H , H , H a n d H a r e a t t a c h e d to 5 - C a n d 7 - C i t w a s n o t 

p o s s i b l e to u n a m b i g u o u s l y a s s i g n e a c h p a i r . 

T h e e x i s t e n c e of a n n . O . e . b e t w e e n H
8

 ( 1 1 - H ) a n d H
a

 a n d H ^ , a n d t h e 

2 c d e 
a b s e n c e of a n e f f e c t b e t w e e n H a n d H , H a n d H s u g g e s t e d t h a t t h e 

s t e r e o c h e m i s t r y s h o w n i n F i g u r e 8 w a s c o r r e c t . 

M o l e c u l a r m o d e l s o f t h e v a r i o u s d i a s t e r e o i s o m e r s w e r e s t u d i e d a n d 

t h e d i a s t e r o m e r s h o w n b e s t f i t s t h e d a t a . It a l s o e x p l a i n s t h e 

h i f 
e x i s t e n c e of a n n . O . e . b e t w e e n t h e a r y l p r o t o n s H a n d H a n d b o t h H 

g h i 
a n d H . H a n d H a r e p r o b a b l y t h e ortho-protons, H ' a n d H " , a n d t h u s 

c l o s e to b o t h H
f

 ( 2 - H ) a n d H
8

 ( 1 1 - H ) . 

T h e r e l a t i v e l y w e a k n . O . e . b e t w e e n H
a

 a n d H ^ w h i c h a r e c l o s e to o n e 

a n o t h e r i n s p a c e i s d u e to l a r g e a m o u n t s of r e l a x a t i o n t h a t t h e s e p r o t o n s 

c d 
o b t a i n f r o m H a n d H r e s p e c t i v e l y . 
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8 . 3 . I S O M E R I S M I N T H E B E N Z A Z E P I N E S (289) A N D ( 3 0 1 ) . 

T h e l # - 3 - b e n z a z e p i n e s (289) a n d (301) c a n e x i s t i n two f o r m s , 

(a) a n d .(b) . 

( 2 8 9 a ) R = C H
3 

( 3 0 1 a ) R = P h 

( 2 8 9 b ) R = C H
3 

( 3 0 1 b ) R = P h 

A s u r v e y of t h e l i t e r a t u r e p r o v i d e s o n l y t w o e x a m p l e s o f Iff-3-

2 4 4 

b e n z a z e p i n e s , t h e a m i n o b e n z a z e p i n e s (355) w h i c h a r e n o t h e l p f u l in 

d i s t i n g u i s h i n g b e t w e e n t h e (a) a n d (b) i s o m e r s a b o v e . 

NH2 

X 

(355) X = B r , I 

T h e o b s e r v e d a n d c a l c u l a t e d n.ra.r. c h e m i c a l s h i f t s f o r t h e 1 - a n d 

5 - p o s i t i o n p r o t o n s a r e g i v e n i n T a b l e 7 . 

T h i s d a t a i n d i c a t e s t h a t (289) is a l m o s t c e r t a i n l y i n t h e (a) f o r m . 

W h i l s t t h e o b s e r v e d c h e m i c a l s h i f t s o f ( 3 0 1 ) a r e c l o s e r to t h o s e of 

( 3 0 1 b ) t h a n ( 3 0 1 a ) , it i s n o t p o s s i b l e , d u e to t h e a p p r o x i m a t i o n s u s e d 
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i n t h e c a l c u l a t i o n s , to d i s t i n g u i s h b e t w e e n t h e two i s o m e r s o n t h e 

b a s i s o f t h e d a t a g i v e n . T h e i . r . s p e c t r a of (289) (v 1 7 1 0 , 1 6 3 5 
° m a x 

c m a n d (301) ( 1 7 1 5 , 1 6 2 5 c m d o n o t p r o v i d e a m e a n s o f d i s t i n g u i s h -

i n g t h e i s o m e r s . I t m a y b e p o s s i b l e to d o so b y o b t a i n i n g a f u l l y 

c o u p l e d
 1 3

C n . m . r . s p e c t r u m . 

T A B L E 7 . C h e m i c a l s h i f t s o f t h e 1 - a n d 5 - p r o t o n s i n (289) a n d ( 3 0 1 ) . 

S t r u c t u r e 

N u m b e r 

V i n y l H (5-H) M e t h y l e n e H ' s (1-H) S t r u c t u r e 

N u m b e r C a l c u l a t e d O b s e r v e d C a l c u l a t e d O b s e r v e d 

( 2 8 9 a ) 7 . 4 - 7 . 8 7 . 8 0 3 . 2 - 3 . 4 3 . 1 5 

( 2 8 9 b ) 6 . 3 - 6 . 6 7 . 8 0 3 . 4 - 3 . 7 3 . 1 5 

( 3 0 1 a ) 7 . 5 - 7 . 8 7 . 2 8 3 . 7 - 3 . 9 3 . 5 2 

( 3 0 1 b ) 6 . 9 - 7 . 1 7 . 2 8 3 . 4 - 3 . 7 3 . 5 2 
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