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SYNTHESIS OF ortho- AND para-QUINONES OF THE BENZINDOLE SERIES 

I. N. Nesterova, A. N. Grinev,* 
and N. M. Rubtsov 

UDC 547.759.3'655.6'466.5.07 

Ethyl esters of ~-(3-chloro-l,4-naphthoquinon-3-yl)crotonic or cinnamic acids 
were obtained by the reaction of 2,3-dichloro-l,4-naphthoquinone with ethyl 
esters of N-substituted ~-aminocrotonic or ~-aminocinnamic acids. These 
esters were converted by alkaline fusion into benz[f]indole-4,9-dione-3-car- 
boxylic acids, and into ethyl esters of benz[g]indole-4,5-dione-3-carboxylic 
acid by the action of acetic acid. 

Linear benzindoles are of interest as compounds with possible biological activity, but 
are presently difficult to obtain [i, 2]. The aim of the present work was to study a new 
approach to the synthesis of benz[f]- and benz[g]indoles, containing an o-quinoid type frag- 
ment in their structure. In contrast with the previously described [3] method of synthesis 
of compounds of this type, we chose as the starting compounds 2,3-dichloro-l,4-naphthoquinone 
(I) and esters of N-substituted fi-aminocrotonic (IIa, c) and B-aminocinnamic (IIb) acids. 
The reaction of quinone I with esters IIa-c leads at the first stage to a-naphthoquinonyl-3- 
enamino esters IIIa-c, in which the presence of an intramolecular hydrogen bond (IMHB) be- 
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cween the enamine NH group and the B-ethoxycarbonyl group is characteristic. The presence 
of a strong IMHB is indicated by the fact that bands of the NH group are present in the 3240- 
3260 cm -~ region of the IR spectra of solutions of compounds IIIa-c, which do not change 
their strength on dilution to a concentration of 5-0.02% (CHCI3). 

Alkaline fusion of enamino esters IIIa, b leads to linear benzindoles IVa, b. The cy- 
clization is accompanied by saponification of the ethoxycarbonyl groups, as a result of which 
the derivatives of benz[f]indole-4,9-dione-3-carboxylic acid IVa, b are obtained. A similar 
cyclization product of IIIc could not be obtained because of strong resinification of the 
reaction mixture. The use of acetic acid as the cyclizing agent results in a different path 
of pyrrole ring closure - the previously described [4] derivatives of benz[g]indole-4,5- 
dione Va-c are formed. The presence of the o-quinoid structure for these compounds is con- 
firmed by the formation of quinoxalino[2,3-e]benz[g]indoleVI on heating quinone IVb with 
o-phenylenediamine. It can thus be seen that the saponification of the ethoxycarbonyl group 
in compounds IVa, b already occurs durin B the indole cyclization. However, the correspond- 
ing carboxylic acid cannot be obtained by saponification of the ester group in compound Va. 
In all cases (in both acid and alkaline media) strong resinification of the reaction medium 
is observed. The corresponding carboxylic acid was synthesized by a different scheme: by 
the alkaline saponification of l-phenyl-2-methyl-3-ethoxycarbonyl-5-acetoxybenz[g]indole 
(VII), acid VIII was obtained, the oxidation of which by nitric acid resulted in l-phenyl-2- 
methylbenz[g]indole-4,5-dione-3-carboxylic acid (IX). However, the latter could not be de- 
carboxylated. In contrast to this, when heated to 230~ in the presence of copper, acids 
IVa, b undergo decarboxylation with the formation of benz[f]indoles Xa, b. 
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EXPERIMENTAL 

The IR spectra were recorded on a Perkin-Elmer 599 spectrophotometer in mineral oil 
in chloroform solution at a concentration of 5-0.02%. The PMR spectra were run on a Varian 
XL-200 spectrometer (in CDCI3), using TMS as internal standard. The course of the reaction 
was monitored chromatographically on Silufol UV-254 plates in benzene--acetone, 9:1, chloroform 
systems with development in UV light. 

The characteristics and yields of the compounds obtained are given in Table i. The 
data of the elemental analysis for C, H, CI, and N correspond to the calculated values. 

Ethyl Ester of ~-Phenylamino-~-(3-chloro-l~4-naphthoquinone)crotonic Acid (IIIa), Ethyl 
Ester of ~-Methylamino-~-(3-chlor0-1~4-naphth0quinone)crotonic Acid (IIIc)~ and Ethyl Ester 
of $-Benzylamino-~-(3-chloro-l,4-naphthoquinone)cinnamic Acid (IIIb). A 20-mmole portion 
of sodium acetate and i0 mmoles of dichloronaphthoquinone I are added with stirring to a 
suspension of i0 mmoles of compounds IIa-c in 30 ml of absolute alcohol. The reaction mix- 
ture is boiled for 2 h, cooled, the precipitate is filtered, and the filtrate is evaporated 
in vacuo. The residue is recrystallized from a I:i ethyl acetate--petroleum ether mixture. 

l-Phenyl-2-methylbenz[f]indole-4~9-dione-3-carboxylic Acid (IVa), l-Benzyl-2-phenyl- 
benz[f]indole-4~9-dione-3-carboxylic Acid (IVb)~ and l-Phenyl-2-methyl-5-hydroxybenz[~]indole- 
3-carboxylic Acid (VIII). Two drops of water are added to 30 mmoles of sodium hydroxide, 
and the mixture is heated to 150~ A 10-mmole portion of compounds IIIa, b or 5-acetoxy- 
benz[g]indole VII [5] is added at 170-175~ to the melt formed, and the mixture is stirred 
for 5 min. It is then cooled, and after adding 15 ml of water, is acidified with dilute 
hydrochloric acid to pH 5. The precipitate is filtered, and recrystallized from dioxane. 
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TABLE i. 

O O 

Ilia 

III 

IIlc 

IVa 

IVb 
Vb 

VI 
VIII 

IX 
Xa 
Xb 

Characteristics of Synthesized Compounds 

Empirical 
formula 

C22H18CINO4 

C28H22CINO4 

CITH,oCINO4 

C20H,3NO4 

~p, ~ 

142...143 

161...162 

101.. .102 

282** 

289** 

IR spectrum, V, 
Cm- i 

1670 
1700 
1670 
1710 

C=O NH OH 

I6~0 3240 -- 
1680 

1650 3260 
1675 
1650 3260 
1675 

-- 2660 

-- 2700 C26H,rNO4 

204...205 
254...256 
260...261 

298 
217...218 
253...254 

C28H2,NO~ 
C34H25N302 
C2oH,sNO~ 
C2oH,3NO4 
C,gH,~NO2 
C25H,TNO2 

1670 

PMR spectrum, 

6, .ppm 

1,14 (3H, t, CH2CH~); 
1,87 (3H, s, CHa); 4,11 
(2H, q,CH~CH3);7,81... 
. . .7,19 (m, CH a tom. ) ;  
9,89 ( l H, s ,  NHC6Hs) 

1,12 (3H, t ,  CH=CH3); 
1,84 (3H, s ,  CH3); 3.02 
(3H, d, NHCH3); 4,11 
(2H, q,  CH2CH3) ; 8,02 . . .  
. . .7,27 (m, CH arom.);  
9.66 (1 H, s ,  NHCH3) 
2,50 (3H, s ,  CH3) : 7,70...  
. . .  7,27 (m,CH a tom. ) ;  

31 

36 

30 

50 

34 

60 
98 
34 
55 
30 
25 

*Compounds Va, c were obtained in a yield of 83 and 75%, re- 
spectively. 

**Decomposition. 

l-Phenyl-2-methyl-3-ethoxycarbonylbenz[g]indole-4~5-dione (Va)~ l-Benzyl-2-phenyl-3- 
ethoxycarbonylbenz[g]indole-4~5-dione (Vb)~ and l~2-Dimethyl-3-ethoxycarbonylbenz[g]indole- 
4~5-dione (Vc). A mixture of 1 mmole of compounds llla-c, 2 mmoles of sodium acetate, and 
20 ml of glacial acetic acid is boiled for i h. A 20-ml portion of water is added, the pre- 
cipitate is filtered and recrystallized from methanol. 

l-Benzyl-2-phenyl-3-ethoxycarbonylquinoxaline[2r3e]benz[g]indole (VI). A mixture of 
0.45 g (i mmole) of compound Vb, 0.2 g (2 mmoles) of o-phenylenediamine, and 7 ml of glacial 
acetic acid is boiled for 5 min. The mixture is cooled, and the precipitate formed is fil- 
tered, washed with water, methanol, and dried to yield 0.49 g of compound VI. 

l-Phenyl-2-methylbenz[g]indole-4,5-dione-3-carboxylic Acid (IX). A 0.3-ml portion of 
nitric acid (d 1.35) is added with stirring to a suspension of i g (3 mmoles) of 5-hydroxy- 
benz[g]indole VIII in i0 ml of glacial acetic acid. The mixture is boiled for 5 min, cooled, 
and 20 ml of water are added. The precipitate is filtered and recrystallized from DMFA to 
yield 0.6 g of compound IX. 

lyPhenyl-2-methylbenz[f]indole-4~9-dione (Xa) and l-Benzyl-2-0henylbenz[f]indole-4,9- 
dione (Xb). A mixture of 3 mmoles of acid IVa, b and I.i g of copper powder is held for 
3 min at 250~ The reaction mxiture is cooled, 20 ml of dichloroethane are added, the pre- 
cipitate is filtered, and the filtrate is dried in vacuo. The residue is recrystallized 
from ethanol. 

i. 

, 

3. 
4. 
5. 
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