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ORGANIC PREPARATIONS AND PROCEDURES INT . 14 ( 3 ) , 163-168 ( 1982 ) 

SYNTHESIS OF 6-SUBSTI TUTED-6H-I N D E I I O [ l  ,2-C] I S O Q U I  N3LI NE-5, l l  - D I O N E S  

S t a n  1 ey  Nawzo ne k 

Depar tment  o f C hem i s t r y  
The U n i v e r s i t y  o f  Iowa 
Iowa Ci ty ,  Iowa 52242 

The r e p o r t e d  a n t i - t u m o r  a c t i v i t y  i n  The N a t i o n a l  Cancer I n s t i t u t e  

3P S31 t e s t  f o r  6 -c ie thy l -6H- indeno [ l  , 2 - c ] i s o q u i n o l  i n e - 5 , l l - d i o n e  ( 1 1 ,  

R=CH3) sugges ted  t h e  s y n t h e s i s  o f  o t h e r  6 - s u b s t i t u t e d  d e r i v a t i v e s  o f  t h i s  

system f o r  t e s t i n g .  

p r e p a r e d  by  t h e  m e t h y l a t i o n  o f  t h e  u n s u b s t i t u t e d  comFound ( 1 1 ,  R = H )  i n  

a1 k a l i n e  s o l u t i o n . '  The p r e s e n t  conipounds were p r e p a r e d  b y  h e a t i n g  11-  

k e t o i n d e n o [ l  , 2 -c ] i socoumar in  ( I )  w i t h  a p r i m a r y  amine i n  a m i x t u r e  o f  

The 6 -me thy l  d e r i v a t i v e  ( 1 1 ,  R = C H 3 )  was o r i g i n a l l y  

I II 

2 a )  R = C2H5 

f )  R = CH2CECH 

b)  R = E-C H c )  R = (CH ) CH d )  R = "-C4Hg e )  R = CH2=CHCH 3 7  3 2  
g) R = CH CH OH h )  R = PhCH2 i) R = 2 - F u r f u r y l  2 2  

j )  R = Ph k) R = 3 - P y r i d y l  

e t h a n o l  and benzene. The c o n d i t i o n s  para1 1 e l  t h o s e  r e p o r t e d  e a r l  i e r  f o r  

t h e  c o n d e n s a t i o n  o f  t h e  i s o c o u m a r i n  ( I )  w i t h  - o - p h e n y l e n e d i a m i n e .  2 

The s t r u c t u r e  f o r  t h e s e  compounds was based on  t h e i r  I R  and  IUlR 

s p e c t r a .  The I R  s p e c t r a  showed a b s o r p t i o n s  a t  a p p r o x i m a t e l y  5 .90  and 

6 .0  p f o r  t h e  c a r b o n y l  and a n i d e  g roups  r e s p e c t i v e l y .  The NHR s p e c t r a  

f o r  a l l  t h e  compounds were c h a r a c t e r i z e d  by  two d o u b l e t s  a t  a p p r o x i m a t e l y  

6 8 . 3 0  and  8 . 6 5  f o r  t h e  1-and 4-hydrogens r e s p e c t i v e l y .  These 

163 
@ 1982 by Organic Preparations and Procedures Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



WAWZONEK 

ass ignmen ts  were based on  a compar i son  o f  t h e s e  s p e c t r a  w i t h  t h a t  o b t a i n -  

ed f o r  t h e  i socourna r in  ( I )  w h i c h  showed t h e  1-and 4-hydrogens as  a m u l t i -  

p l e t  a t  6 8 .22 -8 .40 .  

s h i e l d i n g  o f  t h e  4-hydrogen and a s h i f t  t o  t h e  6 8.55 r e g i o n .  S u b s t i t u -  

The amide s t r u c t u r e  i n  I1  wou ld  cause g r e a t e r  de- 

t i o n  o f  e i t h e r  a pheny l  o r  3 - p y r i d y l  g r o u p  i n  t h e  6 - p o s i t i o n  p roduced  i n  

a d d i t i o n  a d o u b l e t  a t  6 5.46 and  5 .52  r e s p e c t i v e l y  w h i c h  i s  a s c r i b e d  t o  

t h e  7 -hyd rogen .  T h i s  ass ignmen t  i s  based s o l e l y  on  t h e  s h i e l d i n g  

obse rved  f o r  t h i s  hydrogen i n  model s o f  t h e s e  compounds ( I 1  j , k )  . 

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

f o r  a l l  o f  t h e  amines t r i e d  w i t h  t h e  e x c e p t i o n  o f  3 - a m i n o p y r i d i n e  and  J- 

b u t y l a m i n e .  The f o r m e r  gave i n  a d d i t i o n  t o  t h e  d e s i r e d  p r o d u c t  a s m a l l  

amount o f  b i p h t h a l y l  , 3  w h i l e  t - b u t y l a r n i n e  gave t h e  d i - t - b u t y l a m i n e  - s a l t  

o f  o,o'-benzoindicarboxylic a c i d  i n s t e a d  o f  t h e  d e s i r e d  i s o q u i n o l i n e ;  t h e  

a c i d  i s  a h y d r o l y s i s  p r o d u c t  o f  b i p h t h a l y l .  

E X PE R I ME NT.1L 

I k l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  I:! s p e c t r a  were  d e t e r m i n e d  w i t h  a 
P e r k i n - E l m e r  :lode1 137B s p e c t r o p h o t o m e t e r .  NYR s p e c t r a  were  o b t a i n e d  
w i t h  a JEOL FX 904 s p e c t r o p h o t o m e t e r .  

General P rocedure  f o r  6 - S u b s t i t u t e d - 6 H - i n d e n o [ l  ___- , 2 - c ] i s o q u i n o l  i n e - 5 , l l -  

.___ d i o n e s . -  

0 .004 mo le  o f  t h e  a x i n e  i n  a m i x t u r e  o f  a b s o l u t e  e t h a n o l  ( 2 5  m l )  and  

benzene ( 2 5  m l  ) f r om 8 t o  24 h o u r s .  

and c o n c e n t r a t i n g  gave t h e  i s o q u i n o l i n e .  

6 -E thy l -SH- indeno [ l  ,2-c]isoquinoline-5,ll-dione ( I I a )  was o b t a  ned as a 

r e d  s o l i d  i n  36% y i e l d ,  mp 131-192" ,  a f t e r  one r e c r y s t a l l i z a t  on  f r o m  

e t h y l  a c e t a t e .  I R ( N u j o 1 ) :  5.92(CO), 6.04(CON) p ;  N11R(DCC13) 6 1 .51 

( t ,  3H, CH3, J=7 Hz, 4 .51 ( q ,  2H, CH2, J=7 Hz) ,  7 .29 -7 .72  (m, 6H, 

a r o m a t i c  Hs ) ,  8 .25 (3 ,  l H ,  1- t i ,  J=3 .4  H z ) ,  8 . 5 8  ( d ,  l H ,  4-H, J=8.1 H z ) .  

The i s o c o u m a r i n  I (0 .759 ,  0.003 m o l e )  was h e a t e d  a t  r e f l u x  w i t h  

The r e s u l t i n g  s o l u t i o n  upon c o o l  i n g  
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SYNTHESIS OF 6-SUBSTITUTED-6H-TNDENO [ 1 .2-r 1 TSOQlJINO18TNF-5 ,11 -DTONES 

~. Anal .  Calcd  f o r  C18H13N02: C ,  7 8 . 5 5 ;  l i ,  4 . 7 3 ;  N ,  5 . 0 9  

Found: C ,  7 8 . 4 4 ;  H ,  4 . 7 8 ;  N ,  4 . 8 7  

6-c-Propyl-6H-indeno[l  , Z - c ] i s o q u i  no1 i n e - 5 , l l  - d i o n e  ( I  I b )  was o b t a i n e d  a s  

an o r a n g e  s o l i d  i n  q u a n t i t a t i v e  y i e l d ,  n p  169 .5-170.5 '  a f t e r  o n e  r e c r y s -  

t a l l i z a t i o n  f r o n  e t h y l  a c e t a t e .  I R ( N u j o 1 ) :  5 . 8 8 ( C 3 ) ,  6 .11 ( C O N )  p ;  

N;1R(CDC13): 

( t ,  Z H ,  N C H 2 ,  J = 7 . 9  H z ) ,  7 . 2 3 - 7 . 7 0  ( m ,  6H, a r o m a t i c  H s ) ,  8 . 2 4  ( d ,  l H ,  1 - H ,  

J = 8 . 8  H z ) ,  8 . 5 7  ( d ,  l H ,  4-H, J = 8 . 5  H z ) .  

__ Anal .  Calcd f o r  C l 9 H l 5 N O 2 :  

~ _ _  

6 1 . 1 2  ( t ,  3H, C H 3 ,  J = 7 . 2  H z ) ,  1 .90 ( s e x t e t ,  2H, C H 2 ) ,  4 .41  

C ,  7 8 . 8 9 ;  H ,  5 . 1 9 ;  N ,  4 . 8 4  

Found: C ,  7 8 . 6 6 ;  H ,  5 . 0 3 ;  N ,  4 . 6 2  

6- I sopropyl -6H-i ndeno [l ,2 -c]  i s o w 1  _____ i n e - 5 , l l  - d i o n e  ( I I c )  was o b t a  i ned a s  

a r e d  s o l i d  i n  75'1 y i e l d ,  mp 234-235" a f t e r  one  r e c r y s t a l l i z a t i o n  from 

e t h y l  a c e t a t e .  I R ( N u j o 1 ) :  5 . 8 8 ( C O ) ,  5.99(CON) p; N:1R(CDC13): 6 0 . 5 8  

( d ,  6H, ( C H 3 ) 2 ,  J = 6 . 5  H z ) ,  4 . 5 6  ( s e p t e t ,  l H ,  N C H ,  J = 6 . 6  H z ) ,  7 . 1 6 - 7 . 7 6  

(m, 6H, a r o m a t i c  H s ) ,  8 . 3 3  ( d ,  l H ,  1 - H ,  J = 8 . 7  H z ) ,  8 . 7 9  ( d ,  l H ,  4-H, J =  

8 . 3  H z ) .  

~-__ __ .__ ___ 

A n a l .  Calcd f o r  C l g H l 5 N O 2 :  C ,  7 8 . 8 9 ;  H, 5 . 1 9 ;  N ,  4 . 8 4  

Found: C ,  7 8 . 9 9 ;  H ,  5 . 2 0 ;  N ,  4 . 6 8  

6-n-Butyl-6H-indeno[l  ,2 -c ; i soquinol  i n e - 5 , l l - d i o n e  ( I I d ) .  was o b t a i n e d  as  a 

r e d  s o l i d  i n  72%: y i e l d ,  mp 157-158" ,  a f t e r  two c r y s t a l l i z a t i o n s  from 

benzene .  I R ( N u j o 1 ) :  5 .93(CO) ,  6.08(CON) p; NYR(DCCl3): 6 0 . 8 - 2 . 0  ( m ,  

7H, C H 3 ( C H 2 ) 2 ) ,  4 . 3 6  ( t ,  Z H ,  N C H 2 ,  J = 7 . 5  H z ) ,  7 . 0 9 - 7 . 8  ( m ,  6H, a r o m a t i c  

Hs), 8 . 2 5  ( d ,  l H ,  1 - H ,  J=8 H z ) ,  8 . 5 7  ( d ,  l H ,  4-H, J = 8 . 0  H z ) .  

__ A n a l .  Calcd f o r  C Z 0 H l 7 N O 2 :  C ,  7 3 . 2 0 ;  H, 5 . 6 1 ;  N ,  4 . 6 2  

Found: C ,  78 .71;  H ,  5 . 3 7 ;  N ,  4 . 5 0  

6-Al ly l -6H- indeno[ l  ,2-c]isoquinoline-5,ll-dione ( I I e )  was o b t a i n e d  a s  a 

r e d  s o l i d  i n  q u a n t i t a t i v e  y i e l d ,  mp 165.6-167" ,  a f t e r  o n e  c r y s t a l l i z a t i o n  

f r o n  e t h y l  a c e t a t e .  I R ( N u j o 1 ) :  5 . 8 9 ( C O ) ,  5.39(CON) p; N:IR(CDC13): 

1 6 5  
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WAWZONEK 

5.03-5.15 (m, 4H, CH2,=CH2), 5.73-6.35 ( m ,  lH,=CH), 7.20-7.77 (m,  GH, 

a r o m a t i c  H s ) ,  3 .27  (d ,  l H ,  1-H, J=8 .0  Hz), 8.61 ( d ,  l H ,  4-H, J=8.7 H z ) .  

__ A n a l .  Ca lcd  f o r  ClgH13N02: C, 79.44; H,  4 .53;  N ,  4.88 

Found: C,  79.31; H, 4 .52;  N, 4.70 

- 6-Propargyl -6H-i ndeno [l ,2-c]  1 soqu i no1 i n e - 5 , l l  - d i o n e  ( I  I f )  was o b t a i  ned as  

an o range  s o l i d  i n  82% y i e l d ,  mp 235-237" ,  and needed no f u r t h e r  p u r i f i c a -  

t i o n .  I R ( N u j o 1 ) :  5.86(CO), 6.02(CON) u ;  N14R(CDC13): 6 2.43 ( t ,  l H ,  !CH, 

,1=2.5 H z ) ,  5 .29 ( d ,  2H, C H 2 ,  3=2 .6  H z ) ,  7 .20 -7 .74  (m,  6H, a r o m a t i c  H s ) ,  

8 .31 ( d ,  l H ,  1-H, 5 ~ 7 . 9  H z ) ,  8 .63 ( d ,  l H ,  4-H, J = 7 . 9  H z ) .  

-- A n a l .  Ca lcd  f o r  ClgHl1NO2: C ,  80.00; H, 3.86; N ,  4 . 9 0  

Found: C ,  79.57; H,  3 .82;  N, 4 .89  

6-~-Hydroxyethyl-6H-indeno[l-2c]isoquinoline-5,ll-dione ( 1 1 s )  was o b t a i n e d  

as o range  need les  i n  q u a n t i t a t i v e  y i e l d ,  mp 207-208", a f t e r  r e c r y s t a l l i z a -  

t i o n  f rom e t h a n o l .  I R ( N u j o 1 ) :  2.80(OH), 5 .84(CO),  5.96(CON) u ;  

Nf1R(CDC13): 

2H, CH2N, J = 5 . 5  Hz) ,  7 .26 -7 .77  ( m ,  6H, a r o m a t i c  H s ) ,  8 .26 (d, l H ,  1-H, 

J=8.1 H z ) ,  8 .61 ( d ,  l H ,  4-H, J=8 .2  H z ) .  

A n a l .  Ca lcd  f o r  C18H13N03: 

6 2.44 ( s ,  l H ,  OH), 4 .18 ( t ,  2H, CH20, J=5 .7  H z ) ,  4 .73  ( t ,  

C ,  74.23; H, 4 .47;  N, 4.81 

Found: C, 74.23; H, 4 .98;  N, 4.61 

______ 6-Benzyl  - W - i n d e n o [ l  , 2 - c ] i s o q u i n o l  i n e - 5 , 1 1 - d i o n e  ( I I h )  was o b t a i n e d  as  

o r a n g e  need les  i n  34% y i e l d ,  mp 202-205", a f t e r  one c r y s t a l l i z a t i o n  f r o m  

benzene. I R ( N u j o 1 ) :  5.92(CO), 6.05(CON) 1-1; NHR(CDC13): 6 5.78 ( s ,  2H, 

CH2). 7 .25-7.83 (m, 11H, a r o m a t i c ) ,  8 . 3 5  ( d ,  l H ,  1 - H ,  J=8 .0  H z ) ,  8 .74 ( d ,  

1H, 4-H, 5 ~ 7 . 7 2  H z ) .  

-- A n a l .  C a l c d  f o r  C23H15N02: C, 81 .90 ;  H ,  4 .45;  N, 4.15 

Found: C,  81 .54; H, 4.29; N, 3.77 

- _ ~  6-  [ 2 - F u r f u r y l ] - 6 H - i  ndeno[ l  , 2 - c ] i  s o q u i  no1 i n e - 5 , l l  - d i o n e  ( I  I i ) was o b t a i n e d  

as o range  n e e d l e s  i n  q u a n t i t a t i v e  y i e l d ,  mp 249-251", a f t e r  one  
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SYNTHESIS OF 6-SUBSTITUTED-6H-INDENO]l,2-r]IS~QUINOLINE-5,ll-DI~NES 

c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e .  I R ( N u j o 1 ) :  5 .8S(CO),  6.03(CON) p; 

NTiR(CDC13): 

5 .90-7 .70  ( m ,  7H, a r o m a t i c  hydro3en and a-ti i n  f u r a n ) ,  8 . 3 2  ( d ,  lH,  1 - H ,  

6 5.71 ( 5 ,  2H, C H 2 ) ,  6 . 3 6  ( b r o a d  s ,  2H, 2 B - H s ( f u r a n ) ) ,  

J = 7  H z ) ,  8 . 6 9  ( d ,  lH,  4-H, J=8.1 H z ) .  

Anal .  Calcd f o r  C Z 1 H l 3 N O 3 :  C ,  7 7 . 0 6 ;  H ,  3 .98 ;  N ,  4 . 2 8  

Found: C ,  7 6 . 6 3 ;  H ,  3 . 7 7 ;  N ,  3 . 9 8  

G-Phenyl-6H-indenoCl ________ ,2-c]isoquinoline-5,ll-dione ( I I j )  was o b t a i n e d  a s  a 

r e d  s o l i d  i n  74% y i e l d ,  mp 241-243",  a f t e r  two c r y s t a l l i z a t i o n s  from 

benzene .  I R ( N u j o 1 ) :  5 .91(CO),  6.01(C3N) p; N11R(CDC13): 6 5 . 4 6  ( d ,  l H ,  

7-H, J = 7 . 3  H z ) ,  6 . 8 0 - 7 . 8 0  ( m ,  10H, a r o m a t i c  Hs),  8 . 3 0  ( d ,  l H ,  1 - H ,  

J = 8 . 0  H z ) ,  8 . 6 5  ( d ,  1 H ,  4-H, J = 8 . 0  H z ) .  

-__ Anal .  Calcd f o r  C Z 2 H l 3 N O 2 :  C ,  81 . 7 3 ;  H ,  4 . 0 2 ;  N, 4 . 3 7  

Found: C ,  8 1 . 4 6 ;  H ,  3 . 9 5 ;  N ,  4 . 1 6  

6-[3-Pyridyl]-6H-indeno[l _ _  , 2 - c ] i s o q u i n o l  i n e - 5 , l l - d i o n e  ( I I k )  .- The re- 

a c t i o n  gave  a n  82% y i e l d  o f  a n  o r a n g e  s o l i d  c o n t a i n i n g  a white i m p u r i t y ;  

mp 240-270".  F r a c t i o n a l  c r y s t a l l i z a t i o n  o r  s e p a r a t i o n  by column chrorna- 

t o g r a p h y  on s i l i c a  u s i n g  c h l o r o f o r m  removed the w h i t e  s o l i d .  The re- 

s u l  t i n g  r e d  compound me1 t e d  a t  274-279" a f t e r  o n e  r e c r y s t a l  1 i z a t i o n  from 

e t h y l  a c e t a t e .  I R ( N u j o 1 ) :  5 .89(CO) ,  5.99(CON) p; Nf12(CDC13): 6 5 . 5 2  

( d ,  l H ,  7-H, J = 7 . 0  H z ) ,  7 .00-7 .90  (m ,  8H, a r o m a t i c  H s ) ,  8 . 3 2  ( d ,  1 H ,  1 - H ,  

J = 8 . 8  H z ) ,  8 . 7 0  ( d ,  2H, 4-H, 6-H ( p y r i d i n e ) ,  J=8.1 H z ) ,  8.88 ( d ,  1 H ,  1 - H  

( p y r i d i n e ) ,  J = 5 . 5 2 ) .  

- Anal .  Calcd f o r  C21H21N202: C ,  7 7 . 7 8 ;  H ,  3 . 7 ;  N ,  8 . 6 4  

Found: C ,  7 7 . 3 6 ;  H ,  3 . 2 9 ;  N ,  8 . 4 5  

The w h i t e  s o l i d  i s o l a t e d  i n  a 2 . 5 %  y i e l d  m e l t e d  a t  344-351" a f t e r  

The m e l t i n g  p o i n t  and  i n f r a r e d  one  r e c r y s t a l l i z a t i o n  from e t h a n o l .  

spec t rum ( 1 7 8 0  c m - ' )  were i n  a g r e e m e n t  w i t h  t h e  v a l u e s  352-354" and 

1780 cm-l f o r  b i p h t h a l y l  i n  the  l i t e r a t ~ r e ; ~  m/e 264.  
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WAWZONEK 

-- A n a l .  C a l c d  f o r  C16H804: C,  72.73; H, 3.03 

Found: C ,  72.74;  H, 2 .82  

R e a c t i o n  o f  I s o c o u m a r i n  ( I )  w i t h  - t -Bu ty1amine . -  

(0 .759 )  was h e a t e d  w i t h  t - b u t y l a m i n e  (1  m l )  i n  a m i x t u r e  o f  e t h a n o l  

( 2 5  m l )  and  benzene ( 2 5  m l )  f o r  72 h r s .  Renoval o f  t h e  s o l v e n t  f o l l o w e d  

by t h e  a d d i t i o n  o f  benzene gave a p a l e  y e l l o w  s o l i d  (0 .539 )  m e l t i n g  a t  

193-195" w i t h  gas e v o l u t i o n .  P u r i f i c a t i o n  by  d i s s o l v i n g  i n  e t h a n o l  and  

p r e c i p i t a t i o n  w i t h  e t h y l  a c e t a t e  gave a w h i t e  s c l i d  m e l t i n g  a t  196-199"d.  

The e l e m e n t a l  a n a l y s i s  and t r e a t m e n t  w i t h  a l k a l i  i n d i c a t e d  t h a t  t h i s  

compound was t h e  d i - t - b u t y l a m i n e  s a l t  o f  o,o'-benzoindicarboxylic a c i d .  

A n a l .  C a l c d  f o r  C24H34N206: 

The i s o c o u m a r i n  ( I )  

C ,  54.57; H, 7 .72 ;  K ,  6.27 

Found: C,  64.77;  H, 7 .32;  N, 6 .05  

The s a l t  (0 .0959)  was d i s s o l v e d  i n  d i l u t e  sodium h y d r o x i d e  and t h e  

r e s u l t i n g  s o l u t i o n  was a c i d i f i e d .  

m e l t e d  a t  263-268" w i t h  d e c o m p o s i t i o n .  I R ( N u j o 1 ) :  3 .04 (3H) ,  5 .75(CO).  

A n a l .  C a l c d  f o r  C16H1206: C,  64.00; H ,  4.00 

Found: C ,  63.90; H ,  3 .56 

The r e s u l t i n g  w h i t e  s o l i d  (0 .0539)  

1 .  

2 .  

3 .  

RE FE RE NCES 

S .  Wawzonek, J .  K .  S t o w e l l ,  and  R .  E .  K a r l l ,  J .  Org .  Chem., 2, 1004  
( 1 9 6 6 ) .  

S .  Wawzonek and J .  K .  S t o w e l l ,  i b i d . ,  33, 896 ( 1 9 6 8 ) .  

F .  Ramirez,  J .  S .  R i c c i ,  J r . ,  H .  T s u b o i ,  J .  F. r l a recek ,  and 
H .  Yamanaka, i b i d . ,  41, 3909 ( 1 9 7 6 ) .  

- 

(Received June 22, 1981; i n  revised form September 28, 1981) 

168 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


