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S p e c t r a l  d a t a  f o r  t h e  known compounds are r e p o r t e d .  
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F. BIOLOGICAL ACTIVITY 

A. INTRODUCTION 

Since no natural product seems to contain lc-pyrrola[3,2-b_]qu- 

inoliae skeleton (I), relatively little work has been done on this 

system. The earlier work of synthesis was done to find new anti- 
2 

malarial drugs analogous to quinine and harmaline .Later on the 

synthesis of l - r . 1 e t h y l - l ~ - p y r r o l o [ 3 , 2 - ~ ~ ] q u i n o l i n e  was carried out 

to establish the identity of a base with molecular formula C12U10N2 

obtained during the degradation of calycanthine but was found to 

be non identical and hence eliminatinz the possibility of 1H-pyrro- 
3 

lo[3,2-k]quinoline as being the basic skeleton of calycsnthine . 

I 

B. SYNTHESES 

B.l Reduced 15-pyrrolo[3,2-bJquinolines 

The only reduced Iq-pyrrol0[3,2-~]~uinolines reported in the 

literature were obtained by a Friedlinder base-catalyzed candensa- 

tion of 2-aminobenzaldehyde with pyrrolidin-3-ones (11) (chart 1). 

The yield of I11 varied : 5% (from IIa) to nearly quantitative 
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c h a r t  1 

e t h a n o l i c  0 + AaOH 

0 
N''2 room t e m p .  

I I a  R = A c  

I I b  R = C 0 p t  

I I I a  R = h c ,  R =X 

I I I b  R = C 0 2 E t ,  R =U 

I I I c  R = R  =I l  

I I I d  ?.'C02Ct, ': =G-O:Ic 

I I I c  R = C 0 2 L t ,  I? =7-0:Ie 

( f r o m  111 , ) .  I n  t h e  c a s e  o f  I I h  t h e  r a t i o  o f  I I I c  t o  I I T h  d e p e n d f d  

u p o n  t h e  c o n d i t i o n s  o f  t i l e  r e a c t i o n .  U s i n e  1 Z  e t h a n o l i c  s o d i u m  

i y d r o x i d e  I I I b  was f o r m e d  i n  2 0 1  y i e l d  u h i l e  w i t h  n 12: e t h a n o l i c  

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

T h e  i s o m e r i c  2 z - p y r r a l o [ 3 , 4 - j ? l q u i n o l i n e  ( I V )  was h o w e v e r  f o r c e d  i n  

t h e s e  r e a c t i o n s  i n  r e s g e c t i v e  y i e l d s  o f  1 5  a n d  19Z t o g e t h e r  w i t h  

I I I b  a n d  I I I c .  Xhen  a c i d  c a t a l y s t s  were u s e d  i n  t h e  a b o v e  s y n t h e -  

s i s ,  t h e  p r e d o m i n a n t  f o r m a t i o n  o f  I V  was  o b s e r v e d  i n  t h e s e  r e a c -  

t i o n s .  T h e  6 -  a n d  7 - m e t h o x y  d e r i v a t i v e s  ( I I I d  a n d  I I I e )  w e r e  a l s o  

s ; r n t l ~ e s i z e d ,  a l b e i t  i n  low y i e l d s ,  by s i n i l a r  r e a c t i o n s .  T h e  c o ! ; : ~  

i iound I I I c  i s  f o r m e d  by  i ~ y J r o l y s i s  o f  I I I b  d u r i n e  t h e  course o f  t i > c  

I 
r e a c t i o n  . T h e  p r e d o r l i n a n t  f o r m a t i o n  o f  I I I a  a n d  I I I b  u n d e r  

Suit r e a c t i o n  c o n d i t i o n s  w a s  e x p l a i n e d  ns due t o  t h e  : = c a t e r  



5 
stability of the enolate ior Va as compared to Vb . Also under the 
acid catalysed condensations IIIc was not formed since the condi- 

tions w e r e  not favorable for hydrolysis . 

B.2 Totally aromatic l~-pyrrolo[3,2-b_]quinolines 

The first synthesis of totally aromatic system I was accomp- 

lished by Robinson &. who obtained 3-acylamino-2-quinaldines 

(VI) from a reaccion of 3-amino-2-quinaldine with formic acid, 

acetic anhydride, or benzoyl chloride. Vhen VIa-VIc were treated 

with sodium ethoxide at a temperature of 260-270' in the presence 

of copper powder, I, VIIa , and VIIb were formed in the yields of 
chart 2 -- 

I R=H 

VIIa R=Me 

VIIb R=Ph 
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2 2 ,  2 2 ,  a n d  42): r e s p e c t i v e l y .  C y c l i z i n g  a z e n t s  s u c h  as z i n c  c h l o -  

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

p h o s p h o r o u s  p e n t o x i d e ,  f u s e d  p o t a s s i u m  a c e t a t e ,  o r  s o d i u m  a n i d e  
2 

f a i l e d  t o  b r i n g  a b o u t  t h e  c y c l i z a t i o n  o f  V I  (chart 2). 
2 

h l t h o u ~ h  R o b i n s o n  &. had  b e e n  u n a b l e  t o  c y c l i z e  t h e i r  

3 - a c y l a m i n o - 2 - q u i n a l d i n e s  ( V I a - V I c )  by u s i n -  z i n c  c h l o r i d e  as  t h e  
3 

c y c l i z i n g  a g e n c ,  l i t e r  and 2a;y , h o w e v e r ,  were s u c c e s s f u l  i n  

t h e i r  a t t e x p t s  t o  o b t a i n  V I I I  u n d e r  t h e s e  c o n d i t i o n s .  T h e i r  s y n -  

t h e t i c  schec te  i s  ? r e s e n t e d  i n  c h a r t  3 .  T h e  cooipound V I I I  was i s o -  

l a t e d  i n  7 .52  o v e r a l l  y i e l d  ( s t a r t i n g  f r o m  3 - h y d r o x y - 2 - q u i n a l d i n e )  

ci lnr  t 3  

VIII 

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

3 - a n i n o - 2 - q u i n a l d i n e ,  P a r r i c k  a n d  c o - w o r k e r s  o b t a i n e d ,  i n  o n e  

s t e p ,  t h e  3~-forniyl-l~-pyrrolo[3,2-~quinoline (IX) b y  a r e a c t i o n  
6 

o f  p n o s p h o r y l  c h l o r i d e  a n d  i J , E - d i s i e t h y l f o r m a n i d e  . The b a s i c  r i n g  



2 

s y s t e m  ( I ) ,  r e p o r t e d  e a r l i e r  by R o b i n s o n  e t  &. , was a l s o  

o b t a i n e d  b y  I ' r r r i c l c  a n d  co-vorkers  i n  a r e a c t i o n  o f  t r i e t h y l  

o r t h o f o r m a t e  w i t h  t h e  a m i n o q u i n a l d i n e  . The p r o d u c t s  I X  and I 

w e r e  o b t z i n e d  i n  s o o d  y i e l d s  ( c h a r t  4 ) .  

c h a r t  4  

3 4 . 6 2  y i e l d  

11c (Or: t )  
63.6Zjf iC1 y i e l d  

, T i n a l l y ,  3 - a c y l - l i i - p y r r o 1 0 [ 3 , 2 - ~ ~ u i n o l i n e s  - ( X I a - X I c )  w e r e  

r e c e n t l y  o b t a i n e d  i n  a  r e a c t i o n  o f  2 - a n i n o - 7 - c h l o r o - S - p 1 1 e n y l - 3 ~ -  

l , 4 - b e n z o d i a z e p i n e  (X) w i t h  1 , 3 - d i c a r b o n y l  coimnounds i n  y i e l d s  o f  

2 4 . 2 ,  1 1 . 5 ,  a n d  3 2 %  r e s p e c t i v e l y  ( c h a r t  5 ) .  These  p r o d u c t s  a r e  t h e  

r e s u l t  o f  a r e a r r a n g e m e n t .  To e x p l a i n  t h e  f o r a ~ u t i o n  o f  XIa-KIc  

S z m u s z k o v i c z  .- e t  .- a l .  p r o p o s e d  a  n e c k a n i s e  f o r  t i  r e a r r a n g e x l e n t  
8 

w h i c h  i s  p r e s e n t e d  i n  t h e  c h a r t  6  . 
T h e s e  w o r k e r s  t r i e d  t o  s y n t h e s i z e  7-chloro-2-nethyl-9-?heny1- 

l&-pyrrolo[3,2-~l~uinoline ( X I I I )  f r o m  X I 1  ( c h a r t  7 )  b u t  o n l y  t r a c e  

o f  X I 1 1  r o z e t h e r  w i t h  i t s  r i o n o c h l o r o  d e r i v a t i v e  was d e t e c t e d  i n  

t h e  n a s s  s p e c t r u m  o f  t h e  m i x t u r e  o b t a i n e d  o n  r e f l u x i n g  X I 1  w i t h  
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o p e n  chain amino k e t o n  . -- 



c h a r t  7 

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

T h e  r e a c t i o n  o f  X I 1  w i t h  p o t a s s i u m  t - h u t o x i d e  a t  255-270' a l s o  

gave o n l y  a t r a c e  o f  XI11 as  was  d e t e c t e d  i n  t h e  n a s s  s p e c t r u n  o f  
8 

t h e  r e a c t i o n  m i x t u r e  . 
C .  REACTIONS 

C . l  : I - A l k y l a t i o n  
2 

l a b i n s o n  a n d  c o - w o r k e r s  f o u n d  t h a t  V I I L  o n  t r e a t m e n t  w i t h  d i -  

m e t h y l  s u l f a t e  g i v e s  a 5 u a t e r n a r y  s a l t  X I V  w h i c h  when t r e a t e d  w i t h  

s o d i u m  h y d r o x i d e  hives t h e  " n n h y d r o n i u n  b a s e n -  h-nethyl-4!--?yrro- 

l o [ 3 , 2 - ~ ] ~ u i n o l i n e  (XV) ( c h a r t  8 ) .  T h e  s l k y l a t i o n  o f  ::In h a s  a l s o  

V I I b  .- NaOH 

\ + / \ - 
Y e  . , 

rie :leSOL 

X I'I x 11 
b e e n  c a r r i e d  o u t  i n  ? , : -disethylforma:aide u s i n g  3-g,!!-di i : le thylanino-  -. 

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

7 - c h l o r o - 1 - ( 3 - 3 , N - d i u e t h y l a i i n o P r 0 p y l ) - ? - ~ y r r o -  - - 
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l o [ 3 , 2 - ~ ~ q q u i n o l i n e - 3 - c a r b o x y l a t e  (XVI) i n  22X y i e l d  ( c h a r t  9 ) .  

c i a r t  9 --- 

T h e  coril>ound I I I c  vhen  t r e a t e d  xzi th a c e t i c  a n h y d r i d e  s a v e  t h e  
I 

c o r r c s p o n d i n d  T - a c e t y l  compound I I I a  . On a c e t y l a t i o n  t h e  compound 
6 

I X  S a v e  t h e  N - a c e t y l  d e r i v a t i v e  X V I I  i n  40X y i e l d  ( c h a r t  1 0 ) .  The 

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

p r o d u c t  I a  ( c h a r t  4 ) .  

C . 3  E l e c t r o p i i i l i c  s u b s t i t u t i o n s  

The i o r ~ a y l a t i o n  of  I u n d e r  V i l s ~ ~ i e i e r - t l a a c k  c o n d i t i o n s  gave 

6 1 . 2 2  y i e l d  o f  I:< , which  v a s  i d e n t i c a l  w i t h  t h e  c y c l i z a t i o n  

p r o d u c t  o i  t h e  r e a c t i o n  a f  3-ac i ino-2-quina ld inee  v i t h . n , T - d i u e t h y l -  

f o r n a n i d e  i n  t h e  p r e s e n c e  o f  p : ~ o s p h o r y l  c h l o r i d e  d e s c r i b e d  



6 
c a r l i e r  . The n i t r a t i o i l  o f  I :>as a l s o  !,een c a r r i e d  o u t  i n  Cu?iin& 

n i t r i c  a c i d  a t  3' t o  c i v e  3 - n i t r o - l ~ - l , y r r o l o [ 3 , 2 - ~ q u i n o l i n e .  T h e  
7 

y i e l d  o f  X V I I I  i i a s  n u t  r e c o r d e d  I lovever  . 

S V I I I  

C . h  : : o d i f i c a t i o u  o f  s u 5 s t i t u e n t  

l e l a t i v e l y  few a o d i f i c a t i o n s  oi t h e  g r o u p s  oT t h e  r e c o r d e d  

l i i - p y r r o l o [ 3 , Z - ~ J q u i n o 1 i r l e s  - have  been  c a r r i e d  o u t .  The a l d e h y d e  

6 rouy  of 1;; h a s  b e e n  n o d i f f e d  by r e a c t i o n  w i t h  h i p p u r i c  a c i d  i n  

t he  p r e s e n c e  of  a c e t i c  a n h y e r i d e  t o  ~ i v e  t h e  a z a l a c t o n e  X I X .  T h e  

c o n v e r s i o n  of  the a l d e h y d e  t o  an  oxii.le r i a s  a l s o  c a r r i e d  o u t .  T h e  

oxi l re  X X  on h e a t i n s  i n  a c e t i c  a n h y d r i d e  u n d e r  r e f l u x  gave  t h e  
6 

c o r r e s p o n d i n :  n i t r i l e  X X I  ( c i l a r t  1 1 ) .  

c h a r t  1 1  

XIS 
I;i:i20ii 



HETEROCYCLES, Yo1 6, No. 1 1 ,  1977 

, .. i ~ r c  h y d r o l y s i s  o f  t h e  e s t e r  XIb w a s  a c c o m p l i s h e d  b y  t r e a t u e n t  

w i t h  t r i f l u o r o a c c t i c  a c i d  and t h e  c o r r e s p o n d i n s  a c i d  (KXII )  v a s  
8 

o b t a i n e d  i n  702  y i e l d  . 

X X L I  

SPECTIlA 0,- 

U . 1  U l t r a v i o l e t  s p e c t r a  

Ti le  r e c o r d e d  u l t r a v i o l e t  s p e c t r a  f o r  t h e  v a r i o u s  l c - p y r r o l o -  

[ 3 , 2 - ~ ] ? l c , u i n o l i n e s  a r e  p r e s e n t e d  i n  T a b l e  1 t o z e t h e r  w i t h  t h e i r  

e x t i n c t i o n  c o e f f i c i e n t s  ( l o g  c )  a n d  t!be s o l v e n t  u s e d  f o r  t h e  

m e a s u r e m e n t  o f  t h e  s p e c t r a .  The u l t r a v i o l e t  s p e c t r a  o f  t h e  compo- 

u n d s  X I S ,  XIb ,  a n d  X I c  were v e r y  s i ~ n i l a r  t o  e a c h  o t h e r  and t!lus 

i n d i c a t i n g  t h a t  t h e s e  compounds p o s s e s  t!le sane c h r o n o p h o r e  a n d  

b e l o n g  t o  t h e  sane b a s i c  s t r u c t u r e  . T h i s  l e n t  more  s u p p o r t  f o r  
8 

t h e  p r o p o s e d  s t r u c t u r e s  f o r  t h e  r e a r r a n g e m e n t  p r o d u c t s  . 
D . 2  P r o t o n  i , i a g n e t i c  r e s o n a n c e  s p e c t r a  

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

o f  lg-pyrrolo[3,2-~Iquinolines ( b o t h  t h e  r e d u c e d  as w e l l  as  t h e  

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

a n d  t h e s e  a r e  t a b u l a t e d  i n  t h e  T a b l e  2 .  The s p e c t r a  w e r e  o f  s p e c i a l  

help i n  e l u c i d a t i n g  t h e  s t r u c t u r e s  o f  t h e  r e a r r a n g e d  p r o d u c t s  

d e r i v e d  f r o m  a r e a c t i o n  o f  t h e  d i a z e p i n e  X w i t h  v a r i o u s  1 , 3 - d i -  
8 

c a r b o n y l  compounds . 



TABLE 1. ULTRAVIOLET SPECTRA OF 1~-PYRROLO [3,2-b] QUIXOLIXES 
- -- - - - -- -- 

compd. nra (log~) solvent Ref. 
NO. 'max. 

IIId 

IIIe 

IX 

XIa 

XIb 

XIC 

XVI 

XXII 

270(4.08), 346(3.98), and 355(4.00). YeOll 

250(4.81) and 329c4.18). >leOH 

280(4.20), 329(4.06), and 355c3.88). Ye011 

238 sh.(4.61), 249(4.73), 334(4.10), 354(3.98), 

and 368 sh.(3.92). L toll 

205(4.54), 238 sh.(4.59), 252(4.72), 320 Sh. 

(3.87), 334(4.09), 354C3.97). and 367 s!>.(3.91). BtOH 

209(4.44), 248(4.80),280(4.35), 319 sh.(3.87), 

333(3.08), 355(4.00), and 369(3.95) EtOH 

230 sh.(4.45), 256(4.81), 322 sh.(3.81), 336 

(4.08). 357(3.97), and 370 sh. (3.91). E toli 

204(4.50), 236 sh.(4.60), 251(4.75), 332(4.11), 

358(3.95), and 372 sh.(3.91). EtOB 

-- - 

D.3 Infrared spectra 

The infrared spectra o f  various 15-pyrrolo[3,2-k]quinalines 

have been recorded in the literature. The NH absorption for the 
-1 

various derivatives was observed between 2900 and 3450 cm , often 
8 

as a broad band . The other characteristic absorptions for the 
substituents had also been reported. The recorded data is accunu- 

lated in th'e Table 3. 
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TABLE 3 .  INFRARED SPECTRA OF 15-PYRROLO [3,2-k]  QUINOLIZIES 

-- -- - 
i n f r a r e d  a b s o r p t i o n  cm 

-1 
compd. r e f .  

n o .  
-- 

I 3150(NH) (KBr) 7  

I a  1 6 9 0 ( C = 0 )  (KBr) 

a  1 6 6 5 ( C = 0 ) ; 1 6 1 0 ,  a n d  1 5 7 0  ( K B ~ )  

1 I I b  1 7 0 5 ( C = 0 ) ; 1 6 1 5 ,  a n d  1 5 7 5  (KBr) 

I I I c  3 2 0 5 ( N H ) ; 1 6 2 5 ,  a n d  1 5 7 5  ( K B ~ )  

I 1 6 9 5 ( C = 0 )  a n d  1 6 2 5  (KBr) 

I I I e  1 7 0 0 ( C = 0 )  and 1 6 1 5  (KBr) 

I X  3350(NH) a n d  1650(C=O) (KBr) 6  

x I a  2 9 0 0 ( b r .  ,NH) , 1 6 8 5 ( C = 0 )  ;1630,1595,1550,15OO(~=~/~=C); 

X V I I  1 7 5 0 ( a m i d e C = O ) ,  and 1 7 1 0 ( a c e t a t e C = 0 )  (KBr)  6  

X V I I I  3450(Nll) (RBr)  

X I X  1 7 7 5  a n d  1 7 0 1 ( C = 0 )  (KBr) 

X X I  2 2 3 5 ( C y X ) ,  a n d  1 7 2 2 ( C = 0 )  ( K B ~ )  6 



xx11  3 1 4 0 ( b r . )  , 3 0 5 0 , 2 7 6 0 , 2 7 0 0  s h . ( ~ H / a c i d  OH) ;l7OO(C=O) ; l 6 2 5 ,  

1 6 0 0 , 1 5 6 5 ( ~ = C / C = N )  ,l29O,ll75,ll65,ll35,l075(~-0/~-11); 

8 2 5 , 7 7 5 ,  and 700(arora)  ( n u j o l )  8  

- -- - 

0 . 4  Mass s p e c t r a  

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

1H-pyrrolo[3,2-b]quinolines w e r e  r e p o r t e d  i n  c o n n e c t i o n  w i t h  t h e  
* 6 8  

s t r u c t u r a l  p r o o f  o f  t h e  i s o l a t e d  p r o d u c t s  ' ' .The mass s p e c t r a  

we re  u s e d  t o  s u p p o r t  t h e  s t r u c t u r e s  o f  t h e  r e a r r a n g e d  p r o d u c t s  o f  

t h e  c h a r t  5 .  T h e  mass s p e c t r a  g a v e  a  peak  a t  m/e 4 1  (I4eCN) which 

i n d i c a c e d  t h e  p r e s e n c e  o f  a Me-C-N m o i e t y  and t h u s  c o n f i r n i n e  t h e  
8 

S t r u c t u r e s  . 
E. X-RAY 

The s t r u c t u r e  o f  X V I  was d e t e r m i n e d  by s i n g l e  c r y s t a l  x - r a y  

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

i s  f l a t  and t h e  p l a n e  o f  t h e  p h e n y l  r i n g  i s  a p p r o x i n a t e l y  p e r p e n d -  

i c u l a r  ( 8 5  and  88O) t o  t h e  p l a n e  o f  t h e  f u s e d  r i n e s  w h i l e  t h e  ca r -  

b o x y l  g r o u p  i s  t w i s t e d  a b o u t  10' o u t  o f  t h e  p l a n e  o f  t h e  f u s e d  

r i n g s .  The p a t t e r n  o f  l o n g  and s h o r t  bond l e n g t h s  i n  t h e  q u i n o l i n e  

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

t h e  l i t e r a t u r e  f o r  q u i n o l i n e  and a m i d i n e  r i n g  s y s t e m s  and c a n  h e  

e x p l a i n e d  by  r e s o n a n c e  s t r u c t u r e s  . 
F. BIOLOGICAL ACTIVITY 

No d a t a  i s  a v a i l a b l e  on t h e  b i o l o g i c a l  a c t i v i t y  o f  t h e  r e p o r t  

e d  IF-pyrrolo[3,2-b]quinolines a l t h o u g h  t h e  work o f  R o b i n s o n  g.  
2 

was i n i t i a t e d  i n  a t t e m p t s  t o  f i n d  new a n t i m a l a r i a l s  . 
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