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A b s t r a c 6  - I n t e r n a l  a c y t o t i o n  of i n d o l o [ 2 ,  3 - o l q u i n o z i z i d i n e  d e r i v a t i v e s  
moy l e a d  e i t h e r  t o  3 - o c y l i n d o l e n i n e s  OF t o  i n d o Z i z i n o [ 8 , 7 - b l i n d &  
derivatives d e p e n d i n g  on t h e  s t r u c t u r o L  p r o p e r t i e s  of t h e  s t a r t i n g  
m a t e r i a l s .  

1 I n  our  p rev ious  communication we repor t ed  the  formation o f  a 3-acyl indolenine  

d e r i v a t i v e  ( _1 )  by r e a c t i n g  ca rboxy l i c  a c i d  with e t h y l  chloroformate  i n  THF i n  

t h e  presence o f  N-methylmorpholine a t  0 - 2 5  OC. 

HOOC 

I n v e s t i g a t i n g  t h e  scope and l i m i t a t i o n s  o f  t h i s  unusual a c y l a t i o n ,  t h e  l evoro ta -  

t o r y  a c i d  2, prepared f i r s t  by B a r t l e t t  and ~a ) . lo r '  and c o n t a i n i n g  a one 

methylene group s h o r t e r  s i d e  chain  than g ,  has been r e a c t e d  under t h e  same 

cond i t ions .  I n s t e a d  of t h e  expected 3-acylindolenine type  compound. only  rexranged 

lac tam _4 has  been ob ta ined  i n  64  % y ie ld .  Lactam 4 is  supposed t o  be formed via 

an  in t r amolecu la r  a c y l a t i o n  l ead ing  t o  in termedia te  _3 followed by n u c l e o p h i l i c  

c leavage o f  t h e  c4-N bond. Analogous in termolecular  N-acylation o f  a t e r t i a r y  



ni t rogen followed by C-N c leavage i n  p y r r o l i d i n e  r i n g  h a s  a l r e a d y  been cbserved by 

4  
Martin e t  a1.3 and Calver ley  . 

I n  a d d i t i o n  t o  spec t roscop ic  s t r u c t u r e  e l u c i d a t i o n  of $', a few chemical  t r a n s -  

formations have been c a r r i e d  o u t  s t a r t i n g  from t h i s  compound. On r e f l u x i n g  4 
6 7 (4h)  wi th  96 % e thano l ,  i n  62 % y i e l d  and i n  34 % y i e l d  have been formed. 

8 m e n  reduced wi th  LAH i n  THF ( r e f l u x ,  2 h )  i fu rn i shed  2 ( y i e l d  12 % )  and & 

(y ie ld  78 %19. 3 could  a l s o  be  ob ta ined  as a r e s u l t  of r educ t ion  o f  ( y i e l d  

89 8 ) under t h e  same cond i t ions .  On r e f l u x i n g  i w i t h  KCN i n  e thano l  (50 h  ), t h e  

1 0  cyan0 d e r i v a t i v e  (s) has  been i s o l a t e d  i n  86 % y i e l d  . A l l  t h e s e  t r ans fo rmat ions  

are i n  accord  wi th  t h e  dep ic t ed  s t r u c t u r e  o f  4.  The above rearrangement ( 2  - 4 )  
i n d i c a t e s  t h a t ,  i n  a d d i t i o n  to t h e  t e r m i n a l  atoms o f  t h e  N C indole-enamine 1, C2, 3 

system, t h e  b a s i c  n i t rogen  o f  t h e  p i p e r i d i n e  r i n g  can t a k e  p a r t  as nucleophi le  i n  

the  in t r amolecu la r  a c y l a t i o n  process  o f  indolo[2,3-alquinolizidine-1-aliphatic 

acids. Fur the r  i n v e s t i g a t i o n s  t o  decide  whether what k ind  of s t r u c t u r a l  o r  s t e r e o -  

chemical f a c t o r s  i n f l u e n c e  the  a c t u a l  nuc leoph i l i c  a t t a c k  a r e  i n  p rogress .  
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2 5 5 .  Compound 4: mp 1 7 4 - 1 7 6  OC ( e t h a n o l  ); [ a l D  -107' ( c = 1 . 0 ,  e t h a n o l  ); MS m / z  ( % )  

3 3 0  (M+,  1 0 0 ) .  3 2 9  ( 2 6  1, 3 0 1  ( 1 9  1, 2 5 3  ( 2 4  ) ,  2 3 7  ( 1 1 ) .  1 7 1  ( 4 7 ) ,  1 7 0  ( 7 4 ) ,  1 6 9  

( 7 6 ) .  1 4 3  ( 2 1 ) ;  I R  ( K B r )  3 3 0 0  cm-I ( i n d o l e  NH, b o n d e d ) ,  1 6 6 9  cm-' ( l a c t a m  C O ) ,  

6 5 0  ( C C 1 ) ;  ' H - N M R ~ ~  6 ( p p m )  0 . 6 8  ( 3 H ,  t, J = 7 . 2  Hz ,  -CH2-Cg3), 1 . 3 1  ( 2 s .  g ,  

-C_H2-CH3), 1 . 6 - 2 . 2  ( 4 H ,  m. C12-H2+C13-Hz), 2.36 ( l B ,  d ,  Jmen=16 Hz,  C2-HA),  

2 . 4 6  (1H. d, C2-HB), 2 . 6 - 3 . 1  (3H. m,  C6-H2+C50-H), 3 . 6 7  (2H. m, C14-HZ), 4 . 5 6  

( l H ,  m, CSg-H) ,  4 . 8 0  (1H.  s ,  Cllb-H ), 7.0-7 .6  (4H,  n, a r o m a t i c  ), 8 . 1 7  ( l H ,  

b r o a d  s ,  i n d o l e  NH); 1 3 c - N ~ ~ 1 1  6 ( p p m )  8 . 3  (-CH2-CH3), 2 1 . 0  ( C 6 ) .  2 7 . 5  

(-CH2-CH ), 2 8 . 4  (C13),  3 5 . 0  ( C I Z ) ,  3 7 . 7  !C5) ,  4 1 . 2  ( C 2 ) ,  4 4 . 4  ( C l ) ,  4 5 ; 3  ( C  ), 3 1 4  
+ + + 6 2 . 5  (Cl lb) ,  1 1 0 . 5  ( C s a ) ,  111.1 (ClO), 1 1 8 . 3  ( C 7 ) ,  1 1 9 . 8  ( C 8 ) ,  1 2 2 . 2  ( C 9 ) ,  

1 2 6 . 8  ( C 6 b ) ,  1 2 9 . 8  (Cl la ) ,  1 3 6 . 7  (ClOa), 1 7 2 . 4  ( C 3 ) ;  C a l c .  f o r  C19H23C1N20 

(330 .85)  C, 6 8 . 9 7 ;  H, 7 . 0 1 ;  C1,  1 0 . 7 2 :  N, 8 . 4 7 .  F o u n d  C,  6 9 . 1 2 ;  H, 6 . 9 7 ;  

C1.  1 0 . 7 6 ;  N, 8 . 5 1 .  

2 5 6 .  Compound 2: mp 1 3 4 - 1 3 6  OC ( e t h a n o l ) ;  L n l D  - 240° ( c = 1 . 0 ,  e t h a n o l  ); MS m / z  ( % )  

2 9 4  ( ~ + , 7 7 ) ,  2 9 3  ( 4 9 ) ,  2 6 5  ( 1 0 0 ) .  2 6 4  ( 1 1 ) .  263 ( 1 1 1 ,  2 3 7  ( 9 ) ;  I R  ( K B r )  1 6 9 4  cm-' 

( l a c t a m  co ); 'H-NMR 6 ( p p n )  0.7-1.4 ( 5 ~ .  m, - C H ~ - C H ~  ), 1 . 6 - 2 . 4  ( 4 ~ .  m, 

Cll-H2+C10-H2 ), 2 . 4 1  ( l H ,  d, JAB=15.2  Wz, C1-HA ), 2 . 5 4  ( l H ,  d ,  C1-HB ), 2.8-3 .3  

(3H,  m, C4-H2+C3n-H), 3 . 9 7  ( l H ,  m, C9-HA), 4 .45-4 .8  (2H,  m, C3D-H+C9-HB), 4 . 8 3  

(1H. t, J - 1 . 5  Hz ,  Cllb-W ) ,  7 . 1 - 7 . 7  ( 4 H ,  m, a r o m a t i c  ); 6 ( p p m )  7 . 1  

(-CH2-cH3 ). 2 0 . 9  (-CH -CH ), 2 1 . 0  ( C 4 ) ,  2 4 . 8  ( C  1, 3 4 . 3  ( C  1, 3 7 . 0  ( C 3 ) ,  4 3 . 4  2 3 10 11 

( C , ) ,  4 4 . 5  ( C l l a ) ,  6 2 . 9  (Cl lb) ,  1 0 6 . 7  ( C 4 a ) ,  1 0 8 . 7  (C8 ), 1 1 8 . 1 ~  ( c ~ ) ,  1 1 9 . 0 ~  

(C, ). 1 2 1 . 3 '  ( C 7 ) ,  1 2 6 . 3  ( C 4 b ) ,  1 3 2 . 6  ( C l l a ) ,  1 3 6 . 5  ( C B a ) ,  1 7 2 . 9  (C2 ); C a l c .  

for C19H22N20 ( 2 9 4 . 3 9 )  C,  7 7 . 5 1 ;  H ,  7 . 5 3 ;  N, 9 . 5 2 .  F o u n d  C, 7 7 . 5 0 ;  H, 7 . 5 8 ;  



N, 9 . 6 0 .  

7. Compound e: mp 1 5 9 - 1 6 1  OC ( t ~ l u e n e ! : [ o ] ~ ~  -101° ( c = 1 . 0 ,  e t h a n o l ) ;  MS m h  ( % )  

3 4 0  ( M + ,  l o o ) ,  3 3 9  ( 1 4 ) ,  3 1 1  ( 3 3 ) ,  2 6 5  ( 1 3 ) ,  2 5 3  ( 3 5 ) ,  1 7 1  ( 1 6 ) ;  I R  ( K B r )  

3 3 2 5  cm-' ( i n d o l e  NH, b o n d e d ) ,  1 6 7 0  an-' ( l a c t a m  C O ) ,  1110 cm-' (C-0-C) ;  'H-w 

5 ( p p r n )  0 . 6 2  ( 3 H r  t ,  J = 7 . 2  HZ, -CH -CH ) ,  1 . 1 8  (2H,  q ,  -CH -CH ), 1 2 1  (3H. t, 
2 - 3  2 3 '  

J = 7 . 0  Hz, -0-CH -CH ), 1 . 5 5 - 1 . 8 5  ( 4 H ,  m, C12-H2+C13-Hz), 2 . 2 9  ( l H ,  d, JAB=16 Hz, 2 - 3  

C2-HA), 2 . 3 5  ( l H ,  d ,  C2-HB), 2 . 5 5 - 3 . 0 0  ( 3 H ,  m, C -H +C - H ) ,  3 . 5 0  (ZH, m, 6 2 50 

C14-H2), 3 . 5 4  ( 2 H ,  q, -0-Cg2-CH3), 4 . 4 6  ( l H ,  m ,  C - H ) ,  4 . 7 9  ( l H ,  b r o a d  s ,  
5 8  

Cllb-HI, 6 . 9 5 - 7 . 5 0  ( 4 8 ,  m ,  a r o m a t i c ) ,  8 . 3 3  ( l H ,  b r o a d  s,  indo le  NH);  1 3 c - ~ M R  

6 ( p p m )  8 . 2  (-CH2-CH3), 1 5 . 3  (-0-CE2-cH3),  2 1 . 1  (C6 ), 2 5 . 1  (C13), 2 7 . 0  

(-CH2-CH3), 3 3 . 3  (C12) ,  3 7 . 6  ( C 5 ) ,  4 1 . 1  ( C 2 ) ,  4 4 . 8  ( C l ) ,  6 2 . 2  (Cllb) ,  6 6 . 5  

(-0-CH -CH ) ,  7 0 . 7  (C14 1, 110.0 ( C s a ) ,  111.1 (ClO), 1 1 8 . 1 X  ( C 7 ) ,  1 1 9 . 5 ~  ( C 8 ) ,  
2 3 

1 2 1 . 9 ~  ( C g ) ,  1 2 6 . 8  ( C s b ) ,  1 3 0 . 2  ( C l l a ) ,  1 3 6 . 7  (ClOa),  1 7 2 . 6  ( C 3 ) ;  C a l c .  f o r  

C21H28N202 ( 3 4 0 . 4 5 )  C ,  7 4 . 0 8 ;  H, 8 . 2 9 ;  N,  8 . 2 3 .  F o u n d  C,  7 3 . 9 9 ;  H, 8 . 3 2 ;  

N, 8 . 2 6 .  

8.  Compound 2: mp 1 1 5 - 1 1 8  OC ( n - h e x a n e  ); [ a ] i 5  - 3 0  O (c=1.0, e t h a n o l ) ;  MS mlz 

( 8 )  2 8 0  (M+, 6 5 ) .  2 7 9  ( 1 0 0 ) .  2 5 1  ( 1 8 ) .  2 5 0  ( a ) ,  2 4 9  ( 1 3 ) ;  I R  ( K B r )  n o  

i n d o l e  NH a n d  CO s i g n a l s :  'H-NMR 6 (ppm)  0 . 7 4  (3H, t, J = 7 . 2  Hz ,  -CH -CH ), 
2 - 3  

1 . 2 3  (2H. q ,  -Cg2-CH3), 1 . 2 5 - 1 . 6 0  (ZH, rn, ClO-HZ), 1 . 7 5 - 2 . 3 5  (4H, m ,  C1-HZ+ 

Cll-H2 ) ,  2 . 7 - 3 . 3  (6H.  m, C -H +C -H +C -H ), 3 . 5 5  (1H. broad s ,  Cllb-H ), 2 2 3 2 4 2  

3 . 6 5  ( l H ,  ddd, J A B = 1 3 . 8  Hz ,  C -H ), 4 . 4 9  ( l H ,  d d d ,  C9-H ), 6 . 9 5 - 7 . 5 5  9 A B 

(4H, m, a r o m a t i c ) ;  1 3 c - ~ m  5 ( p p m )  7 . 5  (-CH -CH , 2 2 . 5  ( C 4 ) ,  2 2 . 9  (-CH2-CH3), 
2 - 3  

2 4 . 9  (CIO), 3 4 . 5  (C1 ), 3 5 . 9  ( C  ), 4 5 . 6  ( C q ) ,  4 6 . 5  ( C l l a ) ,  4 9 . 9  ( C 3 ) ,  5 2 . 1  
11 

('2,). 6 8 . 1  (Cl lb) ,  1 0 8 . 1  ( C 4 a ) ,  1 0 8 . 7  ( C 8 ) ,  118.1X ( C 5 ) ,  1 1 8 . 6 ~  ( C 6 ) ,  1 2 0 . 4 X  

(C, ), 1 2 7 . 0  (C4b ) ,  1 3 6 . 5  (Cllc ), 1 3 7 . 0  ( C a a  ); C a l c .  f o r  Cl9HZ4N2 ( 2 8 0 , . 4 0 )  

C, 8 1 . 3 8 :  H, 8 .63 :  N, 9 . 9 9 .  F o u n d  C, 8 1 . 6 2 ;  H,  8 .61 ;  N, 9 . 9 7 .  

9 .  Compound e: mp 1 4 3 - 1 4 4  OC ( n - h e x a n e ) ; [ a ] ?  -24' ( c = 1 . 0 ,  e t h a n o l ) ;  MS m/z  

( a )  2 8 2  ( M + , 2 2 ) ,  2 8 1  ( 1 2 ) ,  1 8 4  ( 1 0 0 ) .  1 5 6  ( 1 1 ) ;  IR  ( K B r )  3 4 3 0  cml ( i n d o l e  

NH), 2 7 7 5  cm-I ( B o h l m a n n  b a n d ) ;  'H-NMR 6 ( p p m )  0 . 9 1  ( 3 8 ,  t ,  J = 7 . 2  H z ,  

-CH2-C33 ) ,  1 . 1 6  (3H. m, C14-H3), 1 . 3 - 2 . 2  (8H. m, C2-H2+C12-H2+C13-H2+CH2 - C H 3 ) ,  

2 . 6 - 3 . 5  (6H,  m, C3-H2+C5-H2+C6-H2 ), 3 . 7 0  ( l H ,  t ,  J - 1 . 5  H z ,  Cllb-H), 7 .1-7 .7  

( 4 8 ,  m, a r o m a t i c ) ,  7 . 7 8  ( l H ,  b r o a d  s, i n d o l e  NH); 1 3 c - ~ M R  6 (pprn)  8 . 8  (-CH2-CH3), 

1 5 . 1  (C14),  1 8 . 7  (C13), 2 0 . 8  ( C 6 ) ,  2 8 . 5  ( - c H ~ - c H ~ ) ,  3 4 . 6  ( C 2 ) ,  4 1 . 3  (C12) ,  

4 7 . 5  (C1), 4 8 . 7  ( C 5 ) ,  51.3 ( C 3 ) ,  6 7 . 6  (Cllb) ,  1 1 0 . 3  ( C s a ) ,  1 1 0 . 6  (ClO),  

1 1 8 . 0 ~  ( C 7 ) ,  1 1 9 . 2 ~  ( C 8 ) ,  1 2 1 . 2 X  ( C g ) ,  1 2 7 . 3  ( C s b ) ,  1 3 3 . 8  ( C l l a ) ,  1 3 5 . 9  
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(Cloa); C a l c .  for ClgH26N2 ( 2 8 2 . 4 2 )  C, 8 0 . 8 0 ;  H, 9 . 2 8 ;  N, 9 . 9 2 .  F o u n d  

C, 8 0 . 7 7 ;  H, 9 . 2 4 ;  N, 9 . 9 5 .  

10. Compound 2: mp 1 9 9 - 2 0 0  OC ( e t h a n o l  ); [ , I ?  -115 O ( c = 1 . 0 ,  e t h a n o l ) ;  IR ( K B r )  

3 2 6 0  cm-' ( i n d o l e  NH, b o n d e d ) ,  2 2 4 0  cm-' (CN) ,  1 6 6 8  cm-' ( l a c t a m  CO);  

'H-NMR 6 ( p p m )  0 . 6 8  ( 3 H ,  t ,  J = 7 . 2  H z ,  -=Hz-Cg3) , 1 . 3 2  ( 2 H ,  q, -CFj2-CH3), 

1 . 6 - 2 . 1  ( 4 H ,  m,  C12-H2+C13-HZ), 2 . 3 6  ( 1 H .  d, JAB=16Hz, C -H ), 2 . 4 3  ( l H ,  
2 A 

d ,  C2-HB),  2 . 2 5 - 2 . 7  ( 2 H ,  m, C14-H2), 2 . 7 - 3 . 1  (3H,  m, C6-H2+CSa-HI, 4 . 5 5  

( l H ,  m, C5@-H ), 4 . 7 9  ( l H ,  b r o a d  s ,  Cllh-H), 7 . 0  - 7 . 6  ( 4 H ,  m, a r o m a t i c  ), 8 . 4  

( l H ,  b r o a d  s ,  i n d o l e  NH); C a l c .  for  C20H23N30 ( 3 2 1 . 4 0 )  C,  7 4 . 7 4 ;  H ,  7 . 2 1 ;  

N, 1 3 . 0 7 .  F o u n d  C,  7 4 . 7 2 ;  H, 7 . 1 9 ;  N ,  1 3 . 0 4 .  

1 L  A l l  NMR spectra h a v e  b e e n  recorded i n  CDC13. T h e  c h e m i c a l  s h i f t  v a l u e s  s i g n e d  

w i t h  i den t i ca l  s y m b o l s  are i n t e r c h a n g e a b l e .  

R e c e i v e d ,  9 t h  S e p t e m b e r ,  1985 


