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SYNTHESIS OF BENZO[g]QUINOLINE DERIVATIVES 

II. 4-  Aminobenzo[g]quinol ine*  
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The synthesis of 4-aminobenzo[g]quinoline has been effected by the 
following three methods: 1) replacement of the halogen in 4-chloro- 
benzo[g]quinoline by an amino group; 2) dehydrogenation of the oxime 
of 1,2,3,4-tetrahydro-4-oxobenzo[g~quinoline; 3) direct condensation 
of 1,2,3,4-tetrahydro-4-oxobenzo[g]quinoline with ammonia. 

4 -Aminobenzo[g ]qu ino l ine  (IV), the  s t r u c t u r e  of 
which is c l o s e  to tha t  of o t h e r  g roups  of t h e r a p e u t i c a l -  
ly  v a l u a b l e  h e t e r o c y c l e s ,  has  r e m a i n e d  a compound 
e x t r e m e l y  d i f f icu l t  to  obta in  up to the  p r e s e n t  t i m e .  
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UV s p e c t r u m  of 4 - aminobenzo [g ]qu in -  
o l ine  

The c o m p l e x i t y  of the  me thods  fo r  the  s y n t h e s i s  of IV 
tha t  have  been  p r o p o s e d  can be  s een  f r o m  a p a p e r  [1] 
the  a u t h o r s  of which,  a f t e r  a n u m b e r  of u n s u c c e s s f u l  
a t t e m p t s ,  managed  to s y n t h e s i z e  IV by  a m u l t i s t a g e  
s e r i e s  of r e a c t i o n s .  

We have found new me thods  fo r  s y n t h e s i z i n g  4 -  
aminobenzo[g]qu ino l ine  which  a r e  b a s e d  on the u se  a s  
a s t a r t i n g  m a t e r i a l  of 1 , 2 , 3 , 4 - t e t r a h y d r o - 4 - o x o b e n -  
zo[g]quinol ine  (I), which can  be e a s i l y  s y n t h e s i z e d  
f r o m  2 , 3 - a m i n o n a p h t h o i c  ac id ,  a s  we have d e s c r i b e d  
p r e v i o u s l y  [2]. When I was  d e h y d r o g e n a t e d  with p a l l a -  
d ium on c a r b o n ,  4 -hyd roxybenzo [g ]qu ino l ine  was  ob -  
t a i n e d  [2]. The  l a t t e r ,  on be ing  hea ted  wi th  p h o s p h o -  
r u s  o x y c h l o r i d e  was  c o n v e r t e d  into 4 - c h l o r o b e n z o [ g ] -  
qu inol ine  (ID. The c h l o r i n e  in th i s  compound is h igh ly  
m o b i l e  and II has  a t e n d e n c y  to h y d r o l y z e  in an ac id  
m e d i u m  with  the  f o r m a t i o n  of I. I t  i s  a p p a r e n t l y  f o r  
t h i s  r e a s o n  tha t  the  cons t an t s  of II  a r e  not g iven  in the  
l i t e r a t u r e .  Then ,  b y  hea t ing  the  4 - c h l o r o b e n z o [ g ] q u i n -  
o l ine  in phenol  in a c u r r e n t  of a m m o n i a ,  4 - a m i n o b e n -  
zo[g]quinol ine  was  ob ta ined  with  a y i e l d  of 90.3%. 

* F o r  c o m m u n i c a t i o n  I ,  s e e  [2]. 

We have p r e v i o u s l y  e s t a b l i s h e d  that  under  d e h y d r o -  
gena t ing  cond i t ions ,  on be ing  hea ted  with p a l l a d i u m  on 
c a r b o n  [3], the  ox ime  of I (lII) d e h y d r o g e n a t e s  a t  the  
r i ng  with  the  s i m u l t a n e o u s  r educ t i on  of the  ox ime  
group  and the f o r m a t i o n  of IV with  a y ie ld  of 56~o. 

In add i t ion ,  in a s tudy of the  r e a c t i o n  of I with a m -  
mon ia ,  IV was ob ta ined  (yield 24.4%), t o g e t h e r  with 
benzo[g]qu ino l ine ,  f o r m e d  a s  a b y - p r o d u c t .  Ques t ions  
r e l a t i n g  to the  m e c h a n i s m  of th i s  r e a c t i o n  wi l l  be  d i s -  
c u s s e d  l a t e r .  
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The s a m p l e s  of IV tha t  we obta ined  by  a l l  t h r e e  
r o u t e s  have the s a m e  high me l t i ng  poin t  (241-242 ~ C) 
a s  c o m p a r e d  with the  m a t e r i a l  ob ta ined  p r e v i o u s l y  [1] 
(rap 233 ~ C). We have s u c c e e d e d  in i so l a t ing  the hy-  
d r o c h l o r i d e  of IV with mp 274-275  ~ C, which has  not 
been  r e p o r t e d  in the  l i t e r a t u r e  h i the r to .  It was  found 
tha t  the  l a t t e r  i s  not s t a b l e  and on d r y i n g  it u n d e r g o e s  
a p a r t i a l  l o s s  of hydrogen  c h l o r i d e  and g ives  a low 
c h l o r i n e  content  of a n a l y s i s .  

C h r o m a t o g r a p h y  of a l l  t h r e e  s a m p l e s  of IV in a 
th in  nonf ixed l a y e r  of a l u m i n a  in the  so lven t  s y s t e m  
d i o x a n e - - w a t e r  (15:1) gave the s a m e  R f  va lue  
(0.675). 

The  UV s p e c t r u m  of IV with two ma in  a b s o r p t i o n  
m a x i m a  has  a c u r v e  i den t i ca l  in shape  with tha t  of 4-  
aminoqu ino l ine  [4], but  sh i f ted  into the  10ng-wave r e -  
gion and v e r y  c l o s e  to the  s p e c t u m  of 9 - a m i n o a c r i d i n e  
[5, 6]. 

In the  IR s p e c t r u m  of IV in c h l o r o f o r m ,  the  p o s i -  
t ions  of the  bands  c o r r e s p o n d i n g  to a n t i s y m m e t r i c  and 
s y m m e t r i c  v i b r a t i o n s  of the  NH2 group  a r e  in a g r e e -  
men t  wi th  M a s o n ' s  da t a  [7]. When the IR s p e c t r a  of IV 
in the  c r y s t a l l i n e  s t a t e  w e r e  r e c o r d e d ,  t h e s e  bands  
w e r e  sh i f ted  in the  l o n g - w a v e  d i r e c t i o n  [8]. 

EXPER]]VIENTAL 

4-Chlorobenzo[g]qutnoline (II). A mixture of 1.5 g (7.7 mM) of 4- 
hydroxybenzo[g]quinoline and 15 ml of phosphorus oxychloride was 

: heated at 125 ~ C for an hour. After the phosphorus oxychloride had 
been distilled off in vacuum, the residue was dissolved in dichloroeth- 
ane and treated with a mixture of ice and aqueous ammonia. The or- 
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ganic layer was separated off, washed with water, and dried with sodi- 
um sulfate. After the dichloroethane had been distilled off, 4-ehlom- 
benzo[g]quinoline was obtained in the form of green crystals, yield 1.3 
g (79.2%), mp 126.5-127.5 ~ C. Found, %: C1 16.17, 16.14; N 6.20, 
6.50. Calculated for ClsH~C1N, %: C1 16.60; N 6.55. 

Oxime of 1,2,8,4-tetrahydro-4-oxobenzo[g~tutnoltne (III). A satu- 
rated aqueous solution of 2.5 g (0.075 mole) of hydroxylamine hydro- 
chloride was added to a solution of 5.0 g (0. 025 mole) of 1,2,3,4-tetra- 
hydro-4-oxobenzo[g]quinoline in 1OO ml of ethanol and the mixture 
was heated to boiling for 1 hr. After cooling, it was neturalized with 
aqueous alkali. The yellow crystalline oxime that deposited was fil- 
tered off and washed with aqueous ethanol; yield 4.7 g (89.0%), mp 
220-221 ~ C (from aqueous ethanol). Found, %: N 13.58, 12.99. Cal- 
culated for C13H12N20, %: N 13.20. 

4-Aminoben~.o[g]quinoline (IV), a) Ammonia was passed into a 
mixture of 0.8 g (3.7 raM) of 4-ehlorobenzo[g]qutnoline and 4 g of 
phenol at 170-175 ~ C for 4 hr. The reaction mixture was poured into 
10% sodium hydroxide solution and the precipitate that separated was 
filtered off. Yield 0.65 g (90.3%), mp 241-242 ~ C (in a sealed capri- 
lary; from a mixture of dioxane and petroleum ether). 4-Aminoben- 
zo[g]quinoline forms a light yellow crystalline powder readily soluble 
in ethanol and dioxaue, soluble in benzene and ether, and hlsoluble in 
petroleum ether and water. Alcoholic solutions of IV have a blue fluo- 
rescence. Found, %: C 80.41, 80.22; H 5.33, 5.23; N 14.64, 14.46. 
Calculated for CI3H10N2, %: C 80.38; H 5.19; N 14.42. UV* spectrum: 
Xma x 255 nm (log s 4.806), 398 nm (log s 3.845). IR* spectrum in chlo- 
roform-3520, 3433 cm'~: in the crystalline state (tablets with KBr)-- 

3350. 3225 em "1. 
The hydrochloride of IV was obtained by adding ethanolie hydrogen 

chloride to an ethanolic solution of the base until it was acid to Congo 
Red and precipitating the product with dry ether. Yellow crystalline 
powder, mp 274-275 ~ C, soluble in water and ethanol, insoluble in 
ether; alcoholic solutions give a blue fluorescence. Found, %: Ct 
14.74, 14.75. Calculated for C13H10N2 �9 HCt, %: C1 15.3% 

b) A mixture of 0.5 g (2.4 mM) of the oxime of 1,2,3,4-tetrahydro- 
4-oxobenzo[g]quinoline and 0.5 g of 20% palladium on carbon was 
heated in a thick-walled glass tube in a vacuum of 25 mm for 30 rain 
in a metal bath, the temperature slowly being raised to 240-250 ~ C 
and kept there for 15 min. Then, after the vacuum had been increased 
to 3 ram, the mixture was heated for another 15 min. Under these con- 
ditions, the 4-aminobenzo[g]quinoline sublimed onto the cold walls of 
the robe. After crystallization from a mixture of dioxane and petrole- 
um ether, a yellow crystalline powder was obtained in a yield of 0.25 
g (54.6~ mp 241-242 ~ C (in a sealed capillary); a mixture with a 
sample of the 4-aminobenzo[g]quinokine obtained by method (a) gave 

no depression. 
c) A mixture of 5.0 g (0.025 mole) of 1,2,3,4-tetrahydro-4-oxoben- 

zo[g]quinotine, 8.5 g of phenol, and 1.0 g (0.007 mole) of o-nitrophe- 
nol was stirred at 120-130 ~ C (bath temperature) with the passage of a 

current of ammonia for 25 min. Then the reaction mixture was poured 

into 10% aqueous sodium hydroxide, and the precipitate that deposited 
was filtered off and washed to neutrality. The reaction product (5 g) 
was extracted with boiling benzene. The insoluble residue was filtered 
off and treated with concentrated hydrochloric acid. The acid solution 
was separated from the resin formed and was made alkaline. This gave 
IV in the form of a light yellow precipitate; after crystallization from 
a mixture of dioxane and petroleum ether, mp 241-242 ~ C, yield 1.2 
g (24.4%); the melting point of a mixture with the samples obtained by 
methods (a) and (b) gave no depression. The benzene was distilled off 
from the benzene filtrate and the residue was extracted with ether, and 
the ethereal solution was washed with water and dried with potassium 
carbonate. After the ether had been driven off, the residue was dis- 
tilled in vacuum to give a yellowish transparent oil [bp 150-155 ~ C 
(1 ram)], which crystallized on cooling. It was purified by fractional 
precipitation from acid solution; at pH 4 a smai1 amount of resin de- 
posited and at pH 8 benzo[g]quinoline in the form of light-colored 
crystals, mp 116-117 ~ C (according to the literature [9], mp 116-117 ~ 
C). Found, %: N 7.66, 7.94. Calculated for ClaH�N, %: N 7.82. 3en- 
zo[g]quinoline is readily soluble in ether and ethanol, and almost m- 
soluble in water. Concentrated aqueous solutions give a green fluores- 
cence and dilute solutions a blue-violet fluorescence. 

Benzo[g]quinoline hydrochloride was obtained by adding an etha- 
nolle solution of hydrochloric acid to an ethereal solution of the base. 
It formed a yellow crystalline powder, mp 198-199 ~ C (according to 
the literature [10], mp 196-197 ~ C); benzo[g]quinoline picrate forms 
a yellow crystalline powder with mp 256-257 ~ C (according to the lit- 

erature [10], mp 258 ~ C). 
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*The UV spectrum was taken in alcohol on an EPS- 3 instrument and 
the IR spectrum on a UR-10 instrument, The authors express their 

thanks to E. M. Peresleni for recording the spectra. 
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