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A  NOVEL ACCESS TO 3-BENLAZEPINES AND TO 3-BENZOXEPINES S R N 1  REACTIONS 

R e n 6  B e u g e l m a n s  a n d  H e l e n e  G i n s b u r g *  

I n s t l t u t  de C h i m i e  d e s  S u b s t a n c e s  N a t u r e l l e s ,  C.N.R.S., 

9 1 1 9 0  G l f - s u r - Y v e t t e ,  F r a n c e  

A b s t r a c t - A  common intermediate f o r m e d  b y  an S R N 1  r e a c t i o n  b e t w e e n  

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

b e n r a r e p i n e s  (&,k,:I o r  t o  b e n r o x e p i n e s  l B a , b , c )  i n  y i e l d s  r a n g l n g  f r o m  
%% % ". 

50 t o  7 0 % .  

The 2- a n d  3 - b e n r a z e p i n e s  c o n s t i t u t e  a c l a s s  o f  h e t e r o c y c l i c  compounds  o f  

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

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

c o n t i n u e s  t o  be  a n  a c t l v e  ~ h a l l e n g e . ~ "  B e n z o x e p l n e s ,  o n  t h e  o t h e r  h a n d  

a l t h o u g h  l e s s  i n t e n s i v e l y  s t u d i e d 4  a r e  a l s o  interesting c o m p o u n d s .  We r e p o r t  

t h a t  t h e  S R N 1  reaction w h i c h  o f f e r s  a w i d e  s c o p e  f o r  t h e  synthesis o f  b e n z e n e  

f u s e d  5 o r  6 m e m b e r e d  r i n g  h e t e r o c y c l e s , '  a l s o  p r o v i d e s  an e a s y  a c c e s s  t o  b o t h  

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

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

b y  b r o r n i n a t i o n )  a n d  t h e  a c e t o n e  d e r i v e d  e n o l a t e  I R  = CH3)  a s  n u c l e o p h i l e  

( e x p .  l), l e d  t o  (60061 t o g e t h e r  w i t h  ( 5 )  ( 4 0 % ) .  I n  t h e  d a r k  l e x p .  2 1 ,  

u n d e r  o t h e r w i s e  r d e n t i c a l  c o n d i t i o n s  n o  r e a c t l o n  o c c u r r e d ,  w h i c h  i s  c o n s i s t e n t  
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with the S R N 1  mechanism ieading to both the substitution product (Ja) (eq.1-&) 

and the reduction product ( 5 )  (eq.5). 

ArX e- r ArX: eq. 1 

ArX: - X- + Rr. 2 

4 

Ar' e -  * A r -  5 

For o u r  synthetic purpose, the side reduction reactlon had two unwanted 

Features i) low yield o f  the substitution reaction leading to (&I; ii) long 

reaction time, eq (5) being a termination step in the radical chain p r o c e s s  

described by e q  (1-4). Iodide i s  a better leaving group than bromide f o r  the 

S R N l  and (21, in spite o f  its less dlrect preparation ( 7 7 x 1 ,  

happened to b e  the substrate o f  choice for the synthesis o f  (&,b,c) (exp. 3). 

T h l s  reaction 1 s  easily scaled up (exp. 51 indicating that the SRNl reaction 

is o f  preparative interest a s  reported on simpler c a s e s .  6 b 

T a b l e  1. The S R N 1  key step reaction o f  1 or 2 with enolates. 

Exp. Substrate Nucleaphlle Reaction Substitution Reduction 

(rnrnol) (rnrnol) time (min) Product 2 ( % I  Product 3 ( % )  

0 -  

6 (2) 1 CH 2 -  -;-t-C4H9 4 15 - 3c 85-90 

a 
~n the dark 



The t r e a t m e n t  o f  ( & , b , c )  u p o n  ammonium a c e t a t e  b y  a p r o c e d u r e  a d a p t e d  f r o m  

t h e  o n e  r e p o r t e d  f o r  t h e  f o r m a t i o n  o f  6 -membered  r i n g  l a c t a m s 7  l e d  

respectively t o  (2) ( 5 0 % )  which being p o o r l y  s o l u b l e  w a s  c o n v e r t e d  t o  ( & I ,  

(a) ( 6 0 % )  a n d  (2) ( 5 6 % ) .  The b e n z o x e p i n e s  ( 9 )  c o u l d  i n  p r i n c i p l e  b e  f o r m e d  

u n d e r  a c i d i c  c o n d i t i o n s ,  b u t  s u c h  was n o t  t h e  c a s e  a n d  t h e  a c y l i n d a n o n e  (g), 8  

c h a r a c t e r i z e d  b y  i t s  p h e n y l h y d r a z i n e  d e r i v a t i v e 9  ( i n d e n o - p y r a r a l e )  (11) was 

o b t a i n e d ,  w h e r e a s  t h e  t e t r a h y d r o - 3 - b e n r o x e p i n - 2 - o n e s  ( e ,b , c )  w e r e  o b t a i n e d  b y  

l a c t o n i z a t i o n  o f  t h e  intermediate a l c o h o l s  ( & , b , c ) .  

EXPERIMENTAL 

The s t a r t i n g  r n a t e r l a l s  w e r e  p r e p a r e d  b y  h a l o g e n a t i o n  o f  h o r n u 1 8 c r a k r i c  a c ~ d  

a c c o r d i n g  t o  l i t e r a t u r e  p r o c e d u r e s .  ( 1 )  mp 116OC ( l i t . ' '  rnp 1 1 5 ° C 1 ;  'H NMR 

6 :  3 . 7 5  ( s ,  Z H ) ,  3 3  ( s ,  6 H ) ,  6 . 7 9  ( 8 ,  I H ) ,  7 . 0 1  ( s ,  1 H ) .  ( 2 1  mp 1 7 0 - 1 7 Z 0 C  

( 1 1 t . l '  mp 1 6 6 - 1 6 5 ° C ) ;  'H NMR 6 :  3 .77  ( s ,  Z H ) ,  3 . 8 3  ( s ,  6 H ) ,  6 . 8 0  ( 5 ,  l H ) ,  

7 . 2 5  ( s ,  1 H ) .  

G e n e r a l  p r o c e d u r e  ( S R N 1  r e a c t l o n l  f a r  t h e  preparation o f  c o m p o u n d s  (&,b,c). 

(1) o r  ( 2 )  ( I  m m a l )  and  f r e s h l y  s u b l i m e d  K-0-+-Bu ( 5  mrnol )  introduced i n  a 

P y r e x  t h r e e  n e c k e d  f l a s k  f l t t e d  w i t h  a d r y  i c e  c o n d e n s e r  a n d  r u b b e r  c a p s  a r e  

d i s s o l v e d  i n  l i q u l d  arnmonla ( 6 0  m l )  p r e p a r e d  b y  c o n d e n s i n g  ammanla  g a s  a t  

-33OC u n d e r  a r g o n .  The c o r r e s p o n d ~ n g  k e t o n e  ( 4  m m a l )  i s  t h e n  a d d e d  t h r o u g h  

t h e  c a p  b y  a s y r i n g e .  The r e a c t i o n  o n  (1) ( e x p .  1 )  was i l l u m i n a t e d  i n  a 

R a y o n e t  a p p a r a t u s  ( 5 . 0 .  E n g l a n d  C o )  e q u i p p e d  w i t h  f o u r  R . U . L .  3 0 0 0  t u b e s  

w h e r e a s  t h e  r e a c t i o n s  on  ( 2 )  ( e x p .  3 - 6 1  w e r e  l l l u m l n a t e d  w i t h  a rnedlum 

p r e s s u r e  U V  l a m p  ( H a n a u  0 8 1 ) .  The e x p .  5  was  c a r r i e d  o u t  s i r n l l a r l y ,  o n  ( 2 )  

( 3 . 3  g ,  1 0 . 5  m m o l )  t r e a t e d  w i t h  m e t h y l  i s o p r o p y l  k e t o n e  ( 5  m l ,  29  mmol )  and 

K - 0 - t - B u  ( 4 . 8 0  g )  i n  l i q u i d  ammonium ( 5 0 0  m l ) .  The r e a c t i o n  was  l l l u r n i n a t e d  

f o r  3 0  m l n  b y  t w o  1 0 0  W ( H a n a u  Q 8 1 )  lamps. The r e a c t ~ o n s  w e r e  m o n i t o r e d  b y  

analyzing ( t . 1 . c . )  a l i q u o t s  a n d  q u e n c h e d  w l t h  arnrnonlum c h l o r i d e  a f t e r  

c o n s u m p t i o n  o f  ( 1 )  o r  ( 2 ) .  The w o r k  u p  was a s  f a l l o w s :  e v a p o r a t i o n  o f  t h e  

s o l v e n t ,  a d a i t i o n  o f  b r i n e ,  n e u t r a l  a n d  a c i d i c  e x t r a c t i o n  b y  CH2C12. The 

c r u d e  SRN1 p r o d u c t  m i x t u r e  o f  a c i d s  ( & , b , t l  a n d  ( $ ) ;  r a t i o  J / $  e s t i m a t e d  

b y  NMRI was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n  ( d i f f i c u l t  a t  t h e  s t a g e )  f o r  

t h e  s y n t h e s i s  o f  (%,b,g) a n d  ( a , b , c )  w h o s e  y i e l d s  w e r e  t h u s  b a s e d  u p o n  ( 2 ) .  
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General procedure for the syntheses o f  benrarepines. The crude product of the 

S R N l  reaction (0.160 g ) ,  added with ammonium acetate (2 g), was  slowly heated 

to 120°C in glacial acetlc acid ( b  ml), and refluxed during 3h (t.1.c. 

monitoring) according to lit.' After cooling and basificetion by slow 

addition o f  solid Na2C03 (3.5 g ) ,  CH2C12 extraction yielded the expected 

7-membered ring lactam. The a q u e o u s  solution was acidified by addition of a 

few drops o f  concentrated HCl and extracted with CH2C12. Euaporatlon o f  the 

solvent g a v e  essentially (4 )  

General procedure f o r  the synthesis o f  benzovepines (&,b,c). 

1) Reduction o f  the keto-acids. The crude product o f  the S R N 1  reaction 

(0.100 g )  dissolved in methanol (5 mll was stirred at roam temperature f o r  

3 0  min wlth sodium borohydride (0.100 g). Addition o f  brine and acidic w o r k  

up (CH Cl 1 yielded the crude hydroxy acids ( a , b , c )  used without further 2 2 

purification 

2) Cyciization of the hydroxy acids. This reaction was carrled out o n  the 

crude ( e , b , c )  by a n  efficient final purification was  achieved 

by sillca gel co lumn  chromatography. 

1 - A c y l - 5 , 6 - d l m e t h o x y - i n d a n - ? - o n e  (10) 

Heating the crude SRN1 product ( g )  ~n b e n z e n e  with p-toluenesulfonic acld 

did n o t  yield the expected 3-benzoxepine ( 9 )  but instead the unstable compound 

(10) (650.1 ,  M . 5 .  m/e 2 > 4  (MI); 'H NMR 6: 2 . 3 5  ( s ,  3H, CO-CJJ), 7.45 ( b r  s ,  

ZH, araml. Crude (2) pr (2) under similar treatment led to no isolable 

product. 

5 , 6 - D i m e t h o x y - 1 , 8 - d i h y d r o - i ~ d e e 0 [ 2 , 1 - ~ ] p y 1  ( g )  

(g) was obtained according to a procedure reported for the treatment o f  the 

I-acyl-indan-2-one with p h e n y l h y d r a z ~ n e . ~  mp 146-148°C; M S .  m/e 106 ( M + ) ;  

'H NMR 6: 2.52 ( s ,  3 H ,  C-Ct13), 3.77 ( b r  s ,  2H, CH2-c<;), 3.77-2.92 ( t w o  8 ,  

6 H ,  5,6-OCH ) ,  7 - 7 . 8 5  ( m ,  7 H ,  a r a m ) .  Ana1.Calcd for Cl9HlnN2O2: C ,  74.49; -3 

H ,  5.92; N ,  9.14. Found: C ,  73.99; H ,  5.99; N ,  9.04. 



Yleld Mp Molecular M.5. IR 'H N.M.R. CDC13 

[%I rocla Formula r m / e l  r c m  J 
-1 r w m  i 

5aC 50 236 233 (M+) 

6 a - 108.115 Cl,,Hl7NO3 247 ( M + )  1630, 1620 2 . 1 8 ( ~ , 3 ~ ) ; 3 . 0 5 ( ~ , 3 ~ )  

247 232 (Mt-15) 6.35(s,lH);6.69(sr1H) 

217 (232-15) 3.&0(s,ZH);3.85(~,6H) 

6.78(s,lH) 

5b 60 202-203 C15H19N03 261 ( M * )  3350,1630,1620 1.2(d,6Hl;2.5(rn,lH) - 

261 3.35(s,lH);3.86(~,6H) 

6.2l(s,lH);6.7>(s,lH) 

6.B(s,lH);B.O(b.s.,1H). 

5c 56 177-179 C16HZON03 275 ( M + )  1350,1630,1620 1.25(~,9H);J.35(s,ZH! - 

275 3,>6(s,6~)f6.>7(s,l~) 

6.77(~,2H);7.5(b.s.ZH!. 

Benzoxeplnes Ba,b,c - - -  

a~eltinq polnts w e r e  not corrected. b5atisfactory microanalysis obtained: C 2 

0.20; H 0.15; N ' 0.20 e x c e p t  2 ( C  + 0.35). '2 Being very poorly soluble 

f o r  I R  and NMR determination was alkylated b y  BrCH3 under phase t r a n s f e r  condi- 

tions and gave & which w a s  fully analyzed. 
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