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This review deals with the known chemistry of 

pyrrolo[3,2-z]quinolines including their syntheses and 

spectra. 
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A. INTRODUCTION 

The alkali-fusion of an indigo dye "Ciba yellow" save a by product, 

characterized as indolo[3,~-4~uinoline, which o n  oxidation with chromic aeid 

produced 1 H - p y r r o l o [ 3 , 2 - c ] q u i n o l i n e - 2 , 3 - d i e ~ r b ~ ~ y l i  - acid. When heated above its 

melting point, the dicarboxylic aeid underwent decarboxylation to give the parent 

ring system- l ~ - p y r r o l o [ 3 , 2 - ~ ] ~ u i n o l i n e  ( I ) 2 .  Later on various other derivatives of 



this newly discovered ring system were obtained from diverse reactions ( s e e  below) 

R. SYNTHESES - 
B.l  educed 1~-p~rrolo[3,2-~]quinolines - 

The Schiff bases derived from anilines and 2-acetylbutyrolactone when 

tieated with phosphoryl chloride give 4-ehloro-3-(2-chloroethy1)quinaldines (11) 

which when heated in phenol at temperatures ranging between 155 and 18n0 in the 

presence of diffetent amines give rise to v a r i o u s  2,3-dihydro-l5-pyrr010[3,2-~] 
3 - 1  . quinalines (111) (chart 1) . The yields in these syntheses were variable ( 53 

to 81%). 

chart 1 - 

R 0 \ NU2 + A c  D2RQpA \ M e  T 5 q  %a1 \ N / He 

I1 / 
R'NH2/PhOH 

R = H, 6-OMe, 7-OMe, 8-OMe, 6-OH, 7-OH. 

8-OH, 6-OEt, 8-OEt, 8-MeNHCO, 6-C1, 

& / A  

8-Cl, 9-OMe, 7,8(OEt)2. R 

R ' =  11, Me, PhCH2. Et2NCH2CH2. CH2CH20W, Vle 

Ph, p-HeC6H4, 2-MeOC6H4, m-PleOC 6 FI 4' 111 

p-NeOC6H4, o--CLC6H4, z-I<OC 6 H 4 '  m-WOC - 6 B 4 ,  

During the.investigations of the reactions of substituted malonic esters, 
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the dianilide (IV) obtained from aniline and ethyl (2-ethoxyethy1)malonate on 

heating in diphenyl ethet cyelired to give 2.3-dihydro-l-phenyl-12-pyrro10[3,2-el- - 
quinolin-&-one (V) in 59% yield (chart 2). The srructure of V was established by 

.it6 transformation into other derivatives (see section 6.2) a s  well as its 

synthesis from 2 , 3 - d i b y d r o f u r 0 [ 2 . 3 - ~ ~ u i n o l i n e  (VI)'. 

chart 2 - 

EtO-(CH2)2-CH(C02Et)2 + 2PhNH2 _t PhNHCOCHCONHPh 
I 

(CH2)2-OEt 

IV 

In another reaction 2,4,7-trichloro derivative of 3-(2-chloroethy1)- 

quinoline (VIIa) when made to react with benzylamine gave l-benzyl-4-benzylamino- 

7-chloro-2,3-dihydro-lH-pyrrolo[3,2-~~quinoline (VIIIa) in 13% yield together with 

28.6% of the isomeric 2,3-dihydro-1~-pyrrolo[2,3-~]quinoline (IX). A similar 
9 

reaction of VIIb with ammonia gave a very low yield (3.5%) of VIIIb (chart 3) . 

4-Nitroquinoline l-oxide undergoes interestins reactions with the 

carbanian derived from malonie ester and with ipobutyraldehyde enamines. The subs- 

tituition takes place at the 3 position of the quinoline with ring closure 

involving the nitro group thus leading to the formation of 2.3-dihydro-llJ-pyrrolo- 



[3,2-r]quinalines. T h u s  vhen 0-nitroquinoline 1-oxide (I) was treated vith diethy1 

sodiomalonate, the reaction occurred at the 3 position of quinoline instead of thc 

expected nueleophilic substituition of the 4-nitro group. Successive alkylation 

and reduction furnished ethyl 2,3-dihydro-3-methyl-2-0x0-1~-pyrr010[3,2-~]q~in01- 
1 0  

ine-3-carboxylate 5-oxide (XI) (chart 4) . In another reaction X, under mild 

chart 4 - 

conditions, on treatment with a chloroform solution of isobutyraldehyde enamines 

g a v e  49% yield of 2,3-dihydro-3.3-dimethyl-l-hydroxy-l~-pyrrolo[3,2-c]quinolin-2 - 

one 5-oxide (XII). In some reactions XI11 was also isolated in yields r a n ~ i n ~  

between 9 and 22%. The mechanism postulated for this reaction is ~ i v e n  in chart 5. 



HETEROCYCLES. Vol 12. No 6 .  1979 

chart 5 

XIIa b 

t, 
XIIb 

According to this mechanism proton elimination and N-C bond formation between the 

nitrogen atom of the nitro group and the imrnonium carbon proceed in a concerted 

manner from the intermediate XIIa and thus leadins to XIIb which in successive 

steps gives XI1 (cf benzimidazole N-oxide - formation from N.5-disubstituted %-nit- 
1 1  

roanilines via an aci-nitro intermediate ) .  con duet in^ this reaction at higher - 
temperatures ( refluxing in dichloramethane) or at room temperature in K,N-dimeth- 

I ,  I *  
ylformamide or in tetrahydrofuran Eave XI11 in good yields ' 

B . 2  Totally aromatic l~-pyrralo[3.Z-~]quinolines 

A s  was mentioned in the introduction the first example of the system was 

all aromatic l~-pyrrolo[3,2-5]quinnline (I) ohtained from the chemical degradation 

of the indigo dye "Ciba yellow" . The other derivatives of I were obtained in a 
different way a s  described below. 

The dil$ydropyrr0Io[3,2-~jquinoline (V) (chart 2) w a s  dehydrogenated by 

refluxing with 10% palladium charcoal in diphenyl ether to give l-phenyl-lE- 

pyrrol0[3,2-~]quinolin-4-one (XIV) (chart 6 ) '  

chart 6 ph-rT 

XIV 



By a slight variation of the methdd used for the synthesis of dihydro-lE- 

p y r r o l o [ 3 , 2 - g q u i n o l i n e s ,  Nogaoka prepared 4-methyl-l-phenyl-1~-pyrrolo[3.2-5]- 

quinoline ( X v I a )  in 7 7 %  yield and its 8-methoxy derivative ( X V I b )  from 4-chloro-3- 
1 * 

vinylquinolines ( X V )  by the route presented in the chart 7  . 

XV X V I  ( a ) R - R  

( b ) R - O E l e  ' 

D u r i n g  the Pschorr cyelization studies of pyrrole derivatives, Beverid~e 
I S  

and lluppatz obtained a spiroindoline ( X V I I I )  from the copper-catalyzed deeompo- 

sition of the diazonium salt derived from X V I I .  The spiroindoline ( X V I I I )  on 

treatment with concentrated hydrochloric acid gave 84% yield of ethyl 3.4-di- 

m e t h y l - 1 ~ - p y r r o l o [ 3 , 2 - r ~ q u i n ~ l i n e - 2 - ~ a r b ~ y l t e  ( X I X ) .  The expected phenylpy-role 

derivative ( X I ) ,  though proposed a s  an intermediate in this reaction;was not 

isolated from this reaction. The reaction scheme is   resented in chart 8. 

X I X  
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2-Chloroallylaniline. have been found to h e  excellent intermediates in 
." 

the synthesis of indoles and thus McDonald and Proctor extended this reaction 

to the corresponding quinoline derivatives in order to varify its effectiveness in 

the synthesis of 1 ~ - p ~ r r o l o [ 3 , 2 - ~ ] q u i n a l i n e s .  7-chloro-4-[E-(2-chloroallyl)ethyl- 

aminolquinoline (XXIa), prepared from 4,7-diehl~ro~uinoline and E-(2-chloroallyl?- 

ethylamine, when treated with palyphosphoric acid at 90-94' save 42% yield of 

7-chloro-l-ethyl-2-methyl-lH-pyrr~1~[3.2-~]~uinoline - (XXIIa). A similar reaction of 

XXIb gave XXIIb in 30% yield (chart 9). 

XXI ( a )  R =  Et 

(b) R=Ph 

XXII ( a )  R-Et 

(b) R=Ph 

The Pischer "Indolization" method although an ohvious choice far the 

synthesis of lH-pyrr01o[3,2-~]quinolines from the corresponding 4-hydrazinoquino- 

lines had in the past posed problems in the quinoline series due to the use of 

acid condifions for cyclizations of the hydrazones. This difficulty has only 

recently been overcome by effecting cyclizations of the quinoiylhydfltaneB in 
1 I 

hieh boilinR solvents. Thus Parriek and Wilcox synthesized 2.3-dimethyl-, 2.3- 

diphenyl-, and 2,3,4-trimerhyl-1~-pyrro10[3,2-5~quinolines in respective yields of 

82, 70, and 822 by effecting eyclizations of the corresponding 4-quinolylhydrazones 
I 8 , I J  

in diethflenc elycol (DEG). Independantly Khan and Roeha have also prepared a 

large number of 1 5 - p y r r o l o [ 3 , 2 - e ] q u i n a l i n e  - derivatives (XXIV) in excellent yields 

(generally over 60%) uodrr thermal conditions of eyclizations in diethylene ~ l y c o l  

Or in d o w t h e m  starting from the 4-hydrnzinoquinolines (XXIII). The synthetic 

scheme for these cyclizations is presented in the chart 10. 



chart 10 -- 

XXIII 

DEG o r  

R 2  Dowtherm 
1 R. 

XXV XXIV 

R =H, i l e ,  It; R2=H, I le ,  Et; R 3 - M e ,  Et, Ph; R4-R, Ne; R5-H, 6-C1. 1 

7-C1, 8-C1, 6-':c, 1--He, 8-!lc , 6 - O l l e .  7 - O P l e ,  8-Olle 

C. REACTIOlqS 

C.l Salt fornation 

noth the reduced as well as totally aromatic l ~ - l - p y r r o l o [ 3 , 2 - 5 ] q u i n o l i n e s  

a r e  capable of formine salts and in fact many derivatives of the system were 
1 1 7 - 9  

isolated and characterized as hydrochlorides and hydrobromides ' ' . Some other 
I 

salts such as maleate or naphthalenedisulfonates have also been prepared . 
C.2 - N-alkylations 

W-Alkylations of some reduced derivatives have been accomplished and lead .. 

to the formation of 1-alkyl , or I-aralkyl derivatives as examplified for the 

N,iJ-dinethylaninoethylation - of 2,3-dihydro-6-methoxy-4-nethyl-liJ-pyrrolo [ 3 , ~ - ~ ] -  
I 

quinoline (chart 11) . 
chart 11 

Me NCH CH - & 12NCl12CH2Cl _____f & 
\ e NaNH2/xylene 47X ., / 

N N Me 

OMe OMe 
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same XXIV when alkylated with methyl or ethyl iodide gave c a .  907 yield 
1 9  

of the corresponding 5-alkylated 1g-pyrrolo[3,2-~]ouinolines (XXV) (chart 10) . 
C.3 ilodification of substituent 

Very few reactions for the modification of the substituents have been 

carried out. In some c a s e s  the substituent undersoin8 modification was not e v e n  on 

the parent ring system such as in the demethylation of 2,3-dihydro-I-methoxyphenyl- 
J 1 

4 - m e t h y l - 1 ~ - p y r r a l o [ 3 , 2 - e ] q ~ i n ~ l i n e .  with hydrobromic acid ' . 
A hydrony eroup in the 4 position of pyrrol0[3,2-~]~uinoline ring was 

converted into the chlaro group by treatment with phosphoryl chloride and in this 

manner 4 - c h l o r a - l - p h e n y l - 1 ~ p y r r ~ 1 ~ [ 3 , 2 - C ] q ~ i n 0 1 i e  was obtained in 84% yield by 

refluxing XIV with phosphoryl chloride for one hour. A similar treatment of V 
(I 

led to the corresponding derivative XXVI and of XXVII to the corresponding chlora 

derivative XXVIII in the yields of 81 and 40% respectively (chart 12). 

chart 12 

R=H, R'=Ph (V) 

R-C1, 8'-PhCH2 (XXVII) 

XXVI R-11, R'.Ph 

XXVIII R-C1, R'-PhCH2 

The chloro group introduced in the 4 position can also undergo other 
0 

reactions. Thus the catalytic reduction of XXVI removes the chloro group , while 
the reaction of XXVIII with benrylamine gives VIIIa in 96.5% yield by a nucleo- 

9 
philic substiruition . 

The N-oxide function can be deoxygenated by reduction with zinc and 
1 2  1 0  

acetic acid or with phosphorous trichloride . Thus on heatinp with phosphorous 
1 0  

trichloride the N-oxide (XI) was deoxygenated in 53% yield . 
The methyl group in the 4 position may be oxidized to the acid and the 

acid thus obtained could either be decarboxylated or be converted to the amides . 
The decarboxylation of the 2.3-dicarboxylic acid has already been mentioned in 

connection with the first example of the system . 



The product (XII) ohtained from the reaction of 4-nitroquinoline 1-oxide 

with isobutyraldehyde enamines has heen subjected to various reactions such a s  the 

reduction 0f.N-hydraxy - function, deoxygenation, Reissert reaction etc. These are 
1 2  

outlined in chart 13 . The reduction of XI1 or XI11 with zinc and acetic acid 
chart 13 

XXX XXXII XXXI 

removes both the N-hydroxy as well as the 5-oxide function to give XXIX while - 

hydrazine preferentially reduces the 5-hydroxy group of XII. The Reissert reactions 
1 0  

of XI1 as well as of the XIII, like quinoline N-oxide , give the corresponding 
4-eyano derivatives XXX and XXXI respectively with the concomitant formation of the 

X-benzoate in the e a s e  of XII. The treatment of XI1 with benroyl chloride and - 
aqueous potassium hydroxide g a v e  14% yield of 1-benzoylnxy-2,3-dihydro-3,3-dimeth- 

yl-la-pyrrolo [3,2-e]q~in01in-2.4-dione (XXXII). 

D .SPECTRA 

D.1 Ultraviolet spectre 

The ultraviolet spectra of some of the derivatives of lR-pyrrol0[3,2-~]- 

quinolines as reported in the literature are presented in the Table 1. The ultre- 
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violet spectrum of XIX showed an a-band system characteristi" of polycyclie arom 

atic compounds. This information together with other spectral data helped in 
1 5  

esteblishing its structure . 
TABLE 1. ULTRAVIOLET SPECTRA OF P Y R R O L O [ ~ , ~ - ~ ] Q U I N O L I N L S  

compd. 'max . nm (log E )  solvent r e f .  
no. 

-. 
5 

V 232(4.62), 268(3.96), 331(4.12). - 8 

VIIIb 230(4.64), 267(4.45), 341(4.05). Wen11 9 

XIV 238(4.80), 274(3.86), 284(3.84), 315(3.98), 328(4.05). - 8 * 
XIX 267(4.63), 293'(4.03), 3105(3.92), 324(3.46), 340(3.20). - 15 

*approx.: measured from the published figure 

'inflection 

.D..Z Proton magnetic r e s o n a n c e  spectra 

The proton magnetic resonance spectra of a nkmber of derivatives of 15- 

pyrrolo[3,2-r]quinoline ( reduced a s  well a s  totally aromatic) have been reported 
9 1 2  1 5 - 1 7  1 9  

in the literature ' ' . ' and were helpful in proving the structures of the 

cyclized products. 

The proton magnetic resonance spectrun of the dihydro compound (VIIIb) 

measured in a mixture of deuterochloroform and trifluoroacetic acid shows two 

triplets at 3.24 and 4.12 ppm with a coupling constant of 9 Hz due to the protons 

at C-3 and C-2 respectively of the pyrrolidine ring of the molecule . 
The t o t a l l y  aromatic 1 ~ - p y r r o l o [ 3 , 2 - ~ q u i n o l i n e s  show a l l  the usual 

signals due to the substituent groups a s  well as due to the protons of the benzene 
1 5 - 1 7  1 9  

ring of the system (with the enpecred coupling constants) ' . In the rest of 

the spectrum the proton due to a free NH gives a broad signal between 11.72 and 
1 7  I 9  

12.60 ppm and could easily be exchanged with deuterium ' . The signal for the 
proton at C-2 appears between 7.05 and 7.40 ppm but at 6.77 ppm in the 5-alkylated 

2 9 1 6  
products . The signal for the proton at C-3 appears between 6.77 and 6.93 ppm 

1 6  L1 I 9  
and far the proton at C-4 as a dawnfield oinfilet between 8.72 and 9.18 ppm ' ' . 

D.3 Infrared spectra 

The infrared spectra of l~-pyrro1o[3,2-~]quinoIines were also of great 

help in assigning the structures of the reaction products and some of the most 

characteristic absorption bands are collected in Table 2. 



TARLE 2 .  INFRARED SPECTRA OF 1~-PYRROLO[3.2-5]QUINOLINES 

compd. I n f r a r e d  a b s o r p t i o n  cm-I r e f .  
no. 

V 1 6 4 0 ( C - 0 )  (KRr) 

V I l I b  1 6 2 0 ,  1 5 9 0  s h . ,  1 5 7 0  ( n u j o l )  

X I  176O(C =O) ,  1715 (C-0 )  

X I 1  3640 -2200  b r .  (ON) ,  1 7 4 0 ( C - 0 )  (KBr) 

x111 3700 -2100  b r , ( N l l ) ,  1 7 3 0 ( c - 0 )  (KBr) 

X I V  1650 (C=O)  (KRr) 

X I X  , 3 3 1 0 ( N l l ) ,  1662 (C-0 )  ( n u j o l )  

XXVI.lIC1 2 4 2 1 ( 3 h )  (KBr)  

XxIX 3600 -2300  b r .  (NH), 1730 (C-0 )  (KBr) 

xxx 2225 (C  E N ) ,  1781 (C-O) ,  1763 (C-0 )  ( n u j o l )  

Xxxr 3600-2600 b r .  (NH) , 2245 (C  3) , 1 7 2 5 ( C = 0 )  (KBr) 

X X X I I  3200 -2400  b r . ( N I I ) ,  1 7 8 5 ( C - 0 ) .  1 7 5 3 ( C - 0 ) .  1655 (C-0 )  

The i n t e n s e  i n f r a r e d  a b s o r p t i o n  b a n d s  a t  1 6 4 0  a n d  1 6 5 0  ern-',due t o  t h e  

2 - q u i n o l o n e  s t r u c t u r e  o f  V a n d  X I V  r c s p e e t i v e l y ,  g a v e  s t r o n g  s u p p o r t  i n  f a v o u r  o f  

t h e  pyrrolo[3 ,2-?Jqlquinol ine  r a t h e r  t h a n  t h e  f u r o [ 2 , 3 - b _ l q u i n a l i n e  s t r u c t u r e o .  

1 9  
Numerous 1 H - p y r r o l o [ 3 , 2 - d q u i n o l i n e s  - s y n t h e s i z e d  hy Khan and  Rocha 

showed a b r o a d  a b s o r p t i o n  b a n d  b e t w e e n  3500  a n d  2500  cm-l d u e  t o  an  i n t e r m o l e c u l a r  

h y d r o ~ e n  bond in^ a s  d e p i c t e d  i n  X X X I I I .  T h i s  a h s o r p t i o n  b a n d  t o t a l l y  d i n a p p e a r s  on  

D.4 Mass s p e c t r a  
XXXIII 

The molecular ions o b s e r v e d  i n  t h e  mass s p e c t r a  w e r e  o f  g r e a t  h e l p  i n  
I I I S  

e s t a b l i s h i n g  t h e  s t r u c t u r e s  o f  compounds  X I 1  a n d  X I 1 1  . a n d  o f  XIX . A  s c h e m e  
1 2  

s h o w i n g  t h e  f r a g m e n t a t i o n  p a t t e r n s  o f  X I I ,  X I 1 1  and  XXIX h a s  a l s o  b e e n  s u ~ g e s t e d  

a n d  i s  p r e s e n t e d  i n  t h e  c h a r t  1 4 .  The f i r s t  f r a g m e n t  p e a k s  a p p e a r  t o  b e  p r o d u c e d  
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chart 14 

mle 244 mle 22,8 XXIY 

mle 228 . rille 212 mle 197 

mle 200 mle 211 mle 184 m/e 169 mle 179 

mle 183 mle 156 

by elimination of an oxygen atom. This is Eollowed by the elimination of other 

fragments such as CO. Me, H20. HCN etc. 

E.BIOLOGICAL ACTIVITY 

Very few 15-pyrrolo[3,2-dquinolines h a v e  undergone biological t c s t i n ~  
3 I 

and of those tested w e r e  found t o  b e  useful a s  antimalarials . amebicides , and 

a s  hypotensive agents . 
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