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Abstract - Pyrrolo[3,2,1-gl- and pyrazolo[4,3,2-ijl-quinolinones 
were synthesized by the intramolecular aldol condensation of 1,8-diacyl- 

indolizines and 3.4-diacylpyrazolol1.5-alpyridines, respectively. These 

compounds showed properties analogous to those of 1E-phenalen-1-ones. 

The chemistry of lz-phenalen-1-one (la) is of particular interest because of its 
unusual properties (high bacisity, high dipole moment, low frequency shift of the 

ir carbanyl absorption, and so on). These properties have been attributed to an 

important contribution of ionic structure (f_b) to the resonance hybrid.' A 

similar behavior would be expected for the pyrrolo [3,2,l-al- and pyrazolo [4,3,2- 

Pi]-guinolinones and it was of interest to investigate their synthesis and 

properties. 

Synthesis - The synthetic route is outlined in the next page. The 1.3-dipolar 

cycloaddition of y-ethoxycarbonylmethyl-3-acetylpyridinium salt (el with ethynyl 
phenyl ketone in tetrahydrofuran in the presence of base gave the isomeric 

indolizines (3a) and (e)' in 33 and 26% yields, respectively. The structural 

differentiation between the two isomers was readily made on the basis of the 

SpeCtrOSCopi~ evidence.3 Intramolecular condensation of the indolizine (2 )  was 



achiwed by passing a solution of (2) in benzene through an alumina column to 
give the pyrrolo[3,2,1-~Iquinolinone (g), mp 216-21g°C, in 82% yield. 

The 1.3-dipolar cycloaddition of the 3-benzoyl congener ( Z _ b )  with 

&hylnyl methyl ketone again gave two indolizines (32)  131%) and (ebb) (5%). Intra- 

molecular aldol condensation of (3:) gave (72). mp 182-184'C, in 78% yield. 

similar reactions starting from the E-amine salts (22) and (Z_d) gave the corre 

sponding pyrazolo[l,5-a]pyridines (z.2) and (4_c,$) ,3r5 the former two of which 

were converted into the pyrazolo[4,3,2-iilquinolinones (2). mp 222-224'C, and 

(z), mp 174-175'C. in 59 and 71% yields, respectively. 

FOR' FOR' $ORz 

Table 1. 1.3-Dipolar cycloaddition of (22-$1 

Yields ( % )  
R~ R x Conditions (3)4 (q) 

a Me Ph CC02Et Et3N in THF 33 26 

b Ph Me CC02Et K2C03 in MeCN 31 5 

c Me Ph N Et3N in MeCN 30 21 

d Ph Me N Et,N in MeCN 32 23 
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Physical  P roper t i e s  - The w absorption maxima of (2 )  and I J )  are l i s t e d  i n  

Table 2. The 7-ox0 de r iva t ives  (La) and 15_b) a r e  red c r y s t a l s  and have longer 

absorption bands than the  9-ox0 der ivat ives  (751 and (7Jl which a r e  

yellow c r y s t a l s .  

Table 2. The w spec t ra  f o r  151 and (Z) 

Compd. imax m ( l o g  E) i n  EtOH 

The i r  carbonyl absorption band ( i n  CHC13) of 15a) 11645 cm-l) and 1%) (1660 cm-') ,. 
i s  s h i f t e d  t o  a lower frequency (E. 40-45 cm-'1 than t h e  ace ty l  carbonyl 

absorption of 13:) 11690 cm-l) and (c) (1700 cm-l) . The carbonyl absorpt ion band 

of 15) (1645 cm-l) and (72) 11650 cmT1) i s  again  shi f ted  t o  the  lower frequency but 

t h e  s h i f t  i s  small  (E. 15 cm-l) i f  compared t o  the a c e t y l  carbonyl absorpt ion of 

( 3 _ b )  (1660 c m l )  and (z) (1665 cm-l) which have the  vinylogous amide s t r u c t u r e s  

with highly polar ized carbonyl group. These r e s u l t s  demonstrate t h a t  t h e  

con t r ibu t ions  of t h e  ion ic  s t r u c t u r e s  (6 and 9 are important t o  t h e  resonance 

hybrids of (5) and (2) as i n  t h e  case  of lg-phenalen-1-one. 

In  t h e  'ti-mr spec t ra  (Table 3 )  of (2) and I:), the s i g n a l s  of t h e  r i n g  protons 

a r e  s h i f t e d  0.28-0.95 ppm f o r  (52) and 15:) and 0.36-0.94 ppm f o r  (72) and (Tb) 

t o  lower magnetic f i e l d  by addi t ion  of a few drops af CF3C02D t o  t h e  CDC13 

so lu t ion ,  ind ica t ing  t h a t  protonation t akes  p lace  a t  t h e  carbonyl 'group a t  t h e  7- 

and 9-posit ions t o  g ive  ($1 and (12) ,, respect ively .  This behavior is a l s o  

s i m i l a r  t o  t h a t  of lpphenalen-1-one (1) and i t s  re la ted  compounds. 
6 



Table 3 .  The lit-nmr s p e c t r a  f o r  (5) and  (Z) (200 MHz1 

Chemical  s h i f t s  ( 6 )  Coupl ing  c o n s t a n t s  (Hz) 
Compd. S o l v e n t  H-l H-4 H-5 H-6 H-8 J 4.5 '4,6 '5.6 

+ C F ~ C O ~ D ~  8 .20 10 .20  8.04 9 .30  7 .54  8  1 6 . 5  
( s )  (dd)  (ddl  (dd)  ( 5 )  

t h e  d i f f e r e n c e  -0.50 -0.58 -0 .71 -0 .94  -0.95 

(?I CDC13 8 .38  8.90 7 .41  8.50 6 .71 7  1 7 
( s l  (dd)  ( t )  (dd)  ( s )  

~ C F ~ C O ~ D  8.66 9.26 b  8.99 7 .26  7  -1 7 
( 5 )  ( b r  d )  ( b r  d l  ( 5 )  

t h e  d i f f e r e n c e  -0 .28 -0 .36  -0 .49  -0.55 

1 % )  CDC13 8 .16  9 .55 7.20 7.74 6.83 9  1 7 
(s )  (dd)  (dd)  (ddl ( 5 )  

+CF3C02D 8.54 10.07 7.88 8.68 7 .52  6 . 5  -1 8 
IS)  ( h r  d )  (dd)  ( b r  d )  IS) 

t h e  d i f f e r e n c e  -0 .38  - 0 . 5 2  -0 .68 -0.94 -0.69 

(Lb) CDC13 8.70 8 .75  7 .24  7 .86 6.86 7  - 0  7  
(Sl (d l  ( t )  Id) (S )  

,.n n 
' - &  3--2" 9 .05 8.1% 7.69  8 . 4 u 7 ? ?  7 * n 7 

( S )  ( d )  ( t )  (d l  (51 

t h e  d i f f e r e n c e  -0 .36  -0 .43  -0 .45 -0 .58  -0.47 

a A few d r o p s  o f  CF3C02D was added t o  t h e  CDC13 s o l u t i o n .  Cver l apped  w i t h  

s i g n a l s  o f  t h e  p h e n y l  g roup .  
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