
I N V E S T I G A T I O N  O F  T H E  P R O D U C T S  OF T H E  R E A C T I O N  

OF E P I C H L O R O H Y D R I N  W I T H  A R O M A T I C  A M I N E S  

XI.* 4-HYDROXY-1,2,3,4-TE TRAHYDROBEN Z O [h]QUINOLINE 

S.  I .  K u t k e v i c h u s  a n d  V .  A .  D a r a s h k a i t e  UDC 547.832:542.95 

4-Hydroxy -  and 4 -oxo- l , 2 ,3 ,4 - t e t r ahydrobenzo  [h]quinolines were  synthes ized.  Benzo [h]- 
quinoline, 1,2,3,4-tetrahydrobenzo[h]quinoline,  and a "d imer ic"  compound ar'e fo rmed  
when the 4-hydroxy der iva t ive  is heated with hydrochlor ic  acid or  without it. The react ion 
of 4-hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  with thionyl chloride was c a r r i e d  out. 

Benzo[h]quinoline and i ts  1 ,2 ,3 ,4- te t rahydro  der iva t ives  are  fo rmed  when 3 - h y d r o x y - l , 2 , 3 , 4 - t e t r a -  
hydrobenzo[h]quinoline is heated with hydrochlor ic ,  phosphoric ,  or  polyphosphoric  acids [2,3]. In develop-  
ing this r e s e a r c h ,  we inves t igated s i m i l a r  t r ans fo rma t ions  of 4 -hydroxy- l ,2 ,3 ,4 - te t rahydrobenzo[h]qu in-  
oline (i). The s ta r t ing  4 -oxo- l , 2 ,3 ,4 - t e t r ahydrobenzo  [h]quinoline (II) could not be obtained by the method 
in [4] (the yield of II did not exceed 5~c). Compound II was obtained in good yield by heating 3- (1-naphthyl -  
amino)propioni t r i le  with anhydrous aluminum chloride in chlorobenzene.  We were  unable to isolate  I f rom 
the react ion mix ture  on reduction with l i thium aluminum hydride [5]. The reduction of II with sodium a m a l -  
gam in 95% ethanol gave I in a lmos t  quantitative yield.  

Benzo [h]quinoline (III), 1 ,2 ,3 ,4- te t rahydrobenzo [h]quinoline (IV), and a base  with molecu la r  weight 
360, which is capable  of forming azo dyes as azo components ,  were  obtained when I was heated with con-  
cen t ra ted  hydrochlor ic  acid in sea led  g lass  tubes .  Since the format ion  of III and IV proceeds  through a s tep 
involving 1,2-dihydro der iva t ives ,  1,2-dihydrobenzo[h]quinoline in this case ,  the dihydro compound not only 
d ispropor t iona tes  to III and IV but is apparent ly  also conver ted  to "d imer ic"  compound C26H20N 2. 
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The format ion  of III,  IV, and the "d imer"  occurs  on heating or during vacuum dist i l lat ion of I and also 
on refluxing the la t te r  in chlorobenzene .  Consequently,  I is more  read i ly  dehydrated than 3 -hyd roxy - l , 2 , 3 , 4 -  
t e t rahydrobenzo  [h]quinoline, and the dispropor t ionat ion of the dihydro der iva t ive  p roceeds  not only in acid 
[2] and alkaline [3] media  but also in neut ra l  media  at compara t ive ly  low t e m p e r a t u r e s .  

As noted in [6, 7], 3 -hyd roxy -6 -ch l o ro - l , 2 , 3 , 4 - t e t r ahyd robenzo  [h]quinoline is Init ial ly fo rmed  in the 
react ion  of thionyl chloride with 3 -hydroxy- l , 2 ,3 ,4 - t e t r ahydrobenzo  [h]quinoline at room t e m p e r a t u r e ,  while 
6-chlorobenzo[h]quinoline is init ial ly fo rmed  on heating [2], i .e. ,  in the la t te r  case ,  chlorination at the 6 
posit ion and a romat iza t ion  of the t e t rahydropyr id ine  ring occur .  It  s eemed  of in te res t  to us to es tab l i sh  
how 6-chlorobenzo ~n]quinoline f o r m s .  On repeat ing  the indicated invest igat ions with 3 -hyd roxy - l , 2 , 3 , 4 -  
te trahydrobenzo[h]quinoline,  we were  unable to isolate  any in te rmedia te  compounds.  Subsequent inves t iga-  
tions of the reac t ion  with thionyl chloride were  the re fo re  c a r r i e d  out in the case  of 4 - h y d r o x y - l , 2 , 3 , 4 -  
te t rahydrobenzo  [h]quinoline. When I was ref iuxed with thionyl chlor ide for 15-20 rain, only 6 -ch lorobenzo-  
[h]quinoline (V) was isolated.  The la t te r  is  also obtained f rom the react ion of I with thionyl chlor ide at 

*See [1] for communicat ion X. 
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room tempera tu re  for 4-5 days.  Compound V and 6-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine (VI) were  
isolated f rom the react ion of I with thionyl chloride for 5 h. The formation of VI is apparently possible only 
through a step involving the formation of 6--chlorodihydrobenzo[h]quinoline, which disproport ionates to V 
and VI. When the react ion t ime of I with thionyl chloride was shortened to 15-30 min with subsequent t r ea t -  
ment of the mass  with a mixture of water  and ice, the major  react ion product was a crystal l ine substance 
with the composit ion CI3H12C1NO~S , which is quite soluble in dilute alkali solution. Compounds V, VI, and 
sulfur dioxide are  formed when it is refluxed in o-dichlorobenzene.  Only V is isolated when it is refluxed 
in thionyl chloride.  On the basis of the above, it is apparent that the compound obtained in the reaction of I 
with thionyl chloride with subsequent t rea tment  of the mass  with a mixture of water and ice is an es te r  of 
sulfuric acid and 4-hydroxy-6-ehloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (VII), which is apparently formed 
f rom the intermediate  chlorosulf i te  derivat ive of 4 -hydroxy-6-ch lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo  [h]quinoline 
(VIII). 
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The formation of chlorosulf i tes  during the action of thionyl chlor ide on secondary  aliphatic alcohols 
was also noted previously [8] in a study of the chlorinating action of thionyl chloride.  The intermediate 
chlorosulf i te  loses sulfur dioxide to form a c a r b o n - h a l o g e n  bond. 

On the basis of l i te ra ture  data [7, 9-11] and our investigations, the formation of 6-chlorobenzo[h]-  
quinolines during the action of thionyl chlor ide on I can apparently be represented  as follows. As in the 
ease of 3 -hydroxy- l ,2 ,3 ,4 - te t rahydrobenzo  [h]quinoline [7], I is initially chlorinated in the 6 position followed 
by ester i f icat ion of the hydroxyl  group, which is apparently replaced by chlorine.  The dihydro compound, 
which disproport ionates  to 6-ehlorobenzo [h]quinoline and its 1 ,2 ,3 ,4- te t rahydro derivative,  is subsequently 
formed f rom the 4-ehloro  derivative or the es te r .  The low yield of the 1,2,3,4- te t rahydro derivatives as 
compared  with the yield of V can be explained by the fact that 6-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  
reac ts  with thionyl chloride even at room tempera ture ,  and its derivatives cannot be isolated. At higher 
t empera tu res ,  or when the react ion mass  is held at room tempera ture  for a longer time, all of the VI 
formed reac t s  with thionyl chloride,  and only 6-chlorobenzo[h]quinoline is isolated f rom the reaction mass .  
The fact that the yield of V f rom I and the yield of its derivatives do not exceed 50~ is also evidence in 
favor of the formation of 6-chlorobenzo[h]quinoline through a step involving disproportionation of the di-  
hydro der ivat ives .  

It must  be assumed that the formation of V f rom 3-hydroxy-l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine on 
reaction with thionyl chloride proceeds s imilar ly ,  i.e., through a step involving disproportionation of the di-  
hydro derivat ive.  

E X P E R I M E N T A L  

4-Oxo-l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine (II). A solution of 39.2 g (0.2 mole) of 3-(1-naphthylamino)-  
propionitr i le  in 80 ml of chlorobenzene was heated to 70-80 ~ and 106.7 g (0.8 mole) of anhydrous aluminum 
chloride was added gradual ly with s t i r r ing .  The mixture was then heated at 115-120 ~ for 2 h, 3 ml of con- 
centra ted hydrochlor ic  acid was added, and the mixture was heated for another hour.  The reactien mass  
was poured careful ly over ice.  The chlorobenzene was removed by s team distillation, and the residue was 
extracted with benzene.  Removal  of the solvent gave 16.1 g (41~c) of smal l  yellow needles with mp 160.5- 
162.0 ~ (from ethanol) (rap 157.6-158.6 ~ [4]). Found: N 7.2, 7.2%. CI3HilNO. Calculated: N 7.1%. 

4-Hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (I). A solution of 54 g (0.27 mole) of 4-oxo derivative 
II in 380 ml of ethanol was added to sodium amalgam prepared  f rom 18.6 g (0.82 g-atom) of sodium and 
1550 g of m e r c u r y .  The flask was immediately  sealed and shaken vigorously,  with removal  of the stopper 
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f r o m  t i m e  to t i m e  fo r  p r e s s u r e  e q u a l i z a t i o n .  The  t e m p e r a t u r e  r o s e  r a p i d l y  to 40-50  ~ A f t e r  shak ing  for  
1 h and 20 min ,  the  m e r c u r y  was  s e p a r a t e d  and w a s h e d  wi th  a l coho l ,  and the  a l c oho l  so lu t ion  was  d i lu t ed  
wi th  2 l i t e r s  of co ld  w a t e r .  The m i x t u r e  was  e x t r a c t e d  wi th  e t h e r ,  the e t h e r  was  r e m o v e d ,  and the  r e s u l t i n g  
o i l  began  to c r y s t a l l i z e  on s t and ing  ove r  c a l c i u m  c h l o r i d e  to g ive  39.5 g (73%) of c o l o r l e s s  n e e d l e s  wi th  m p  
78 .5-80 .5  ~ (from c h l o r o b e n z e n e ) .  Found :  N 7.1, 6.9%; M 198. CI3H13NO. C a l c u l a t e d :  N 7.0~;  M 199. 

Benzo[h]qu ino l ine  (HI) and  1 , 2 , 3 , 4 - T e t r a h y d r o b e n z o [ h ] q u i n o l i n e  (IV). A) Seven g l a s s  t u b e s  w e r e  e a c h  
c h a r g e d  wi th  1.0 g of I and 25 m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  ac id .  The s e a l e d  t u b e s  w e r e  h e a t e d  on an 
o i l  ba th  (bath t e m p e r a t u r e  195-205 ~ fo r  8 h.  The  con ten t s  of  the  t ubes  w e r e  m a d e  a l k a l i n e  wi th  25% s o d i u m  
h y d r o x i d e  so lu t ion  and e x t r a c t e d  wi th  e t h e r - b e n z e n e  (1 : 1). A p o r t i o n  of the  m a s s  began  to  c r y s t a l l i z e  a f t e r  
r e m o v a l  of the  s o l v e n t .  The  c r y s t a l s  w e r e  r e m o v e d  by  f i l t r a t i o n  and w a s h e d  wi th  e t h e r  to g ive  1.25 g (10%) 
of a b a s e  wi th  m p  195-196.5  ~ (from e thano l ) .  Found :  C 86.2, 86.4; H 5.4, 5,5; N 8.0, 7.8%; M 360 (by m a s s  
s p e c t r o m e t r y ) .  C26H20N 2. C a l c u l a t e d :  C 86.6; H 5.6; N 7.8%. The  o i l  ob t a ined  a f t e r  r e m o v a l  of the  c r y s -  
t a l s  was  d i s s o l v e d  in 30 m l  of 10% h y d r o c h l o r i c  ac id .  The  r e s u l t i n g  h y d r o c h l o r i d e  of IV was  r e m o v e d  by 
f i l t r a t i o n  to  g ive  1.55 g (20%) of  a p r o d u c t  wi th  m p  261 ~ (dec .) [12]. A l k a l i n i z a t i o n  of the  f i l t r a t e  gave  2.0 g 
(32%) of I I I  wi th  rap  51 .0-52 .0  ~ [13]. 

B) A C l a i s e n  f l a s k  wi th  a r o d  and d i s k  f r a c t i o n a t i n g  co lumn was  c h a r g e d  wi th  10 g (0.05 mole )  of I 
and i m m e r s e d  in a ba th  h e a t e d  to  130-140 ~ . A f t e r  the  s u b s t a n c e  m e l t e d ,  a s t r e a m  of n i t r o g e n  was  bubb l ed  
in,  and the v a c u u m  pump was  s w i t c h e d  on. The  b a t h  t e m p e r a t u r e  was  r a i s e d  to 200 ~ (10-15 ram) ,  and the 
m i x t u r e  was  h e a t e d  fo r  20 ra in .  The  m a j o r  po r t i on  of the m a s s  was  then d i s t i l l e d  at  160-170 ~ (5 r am) .  The 
r e s i d u e  was  r e c r y s t a l l i z e d  f r o m  e thano l  to  g ive  0.8 g (4.5%) of a s u b s t a n c e  wi th  m p  195-196.5  ~ . The  d i s t i l -  
l a t e  was  d i s s o l v e d  in 20 m l  of 10% h y d r o c h l o r i c  ac id ,  and the  r e s u l t i n g  h y d r o c h l o r i d e  of IV was  r e m o v e d  by  
f i l t r a t i o n  to g ive  3.2 g (29%) of a p r o d u c t  wi th  m p  260 ~ (dec.) .  The  f i l t r a t e  was  m a d e  a l k a l i n e  to g ive  2.1 g 
(23%) of III  wi th  m p  51-52 ~ 

C) A 10-g (0.05 mole )  s a m p l e  of I was  h e a t e d  at  150 ~ fo r  1 h and at  300 ~ fo r  1.5 h u n d e r  n i t r o g e n .  
The r e a c t i o n  m a s s  was  d i s s o l v e d  in e thano l  and a l lowed  to s t a n d  a t  0-5  ~ fo r  10 h.  The  r e s u l t i n g  c r y s t a l -  
l ine  p r e c i p i t a t e  was  r e m o v e d  by  f i l t r a t i o n  to  g ive  1.85 g (10%) of a s u b s t a n c e  wi th  m p  195-196.5  ~ . The  
e thano l  was  r e m o v e d ,  and the  r e s i d u a l  o i l  was  d i s s o l v e d  in 10% of h y d r o c h l o r i c  a c i d .  The  r e s u l t i n g  h y d r o -  
c h l o r i d e  of IV was  r e m o v e d  by f i l t r a t i o n  to  g ive  2.75 g (25%) of a p r o d u c t  wi th  m p  261 ~ (dec .). A l k a l i n i z a -  
t ion of the  f i l t r a t e  gave  2.9 g (32~c) of  I I I  w i th  m p  50 .5 -51 .0  ~ . 

D) A m i x t u r e  of  7 g (0.035 m o l e )  of I and 125 m l  of c h l o r o b e n z e n e  was  r e f l u x e d  for  4 h.  The  so lu t ion  
was  t r e a t e d  wi th  a c t i v a t e d  c h a r c o a l ,  and the c h l o r o b e n z e n e  was  r e m o v e d  by  d i s t i l l a t i o n .  The  r e s u l t i n g  
m a s s  began  to p a r t i a l l y  c r y s t a l l i z e  on s t and ing .  The  c r y s t a l s  w e r e  r e m o v e d  by  f i l t r a t i o n  to g ive  0.5 g (4%) 
of a s u b s t a n c e  wi th  m p  194-196 ~ (from e thano l ) .  The  so lve n t  was  r e m o v e d  by  d i s t i l l a t i o n ,  and the r e s u l t i n g  
o i l  was  d i s s o l v e d  in 10% of h y d r o c h l o r i c  a c i d  to g ive  0.7 g (9%) of the h y d r o c h l o r i d e  of IV wi th  m p  260 ~ 
(dec .) and 0.83 g (9%) of the  h y d r o c h l o r i d e  of III With m p  212 ~ (rap 213 ~ [14]). 

6 - C h l o r o b e n z o [ h ] q u i n o l i n e  (V), 6 - C h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o b e n z o [ h ] q u i n o l i n e  (VI), and 4 - H y d r o x y - 6 -  
c h l o r o - l , 2 , 3 , 4 - t e t r a h y d r o b e n z 0 [ h ] q u i n o l i n e  Sul f i te  (VII). A) A 2-g (0.01 mole )  s a m p l e  of I was  added  
g r a d u a l l y  to 7 m l  of  t h iony l  c h l o r i d e  coo l ed  to - 7  ~ A f t e r  I had  d i s s o l v e d ,  the  r e a c t i o n  m i x t u r e  was  he ld  at 
75 ~ fo r  15 ra in .  The  r e s u l t i n g  h y d r o c h l o r i d e  of V was  r e m o v e d  by f i l t r a t i o n  and d i s s o l v e d  in e thano l .  The  
e thano l  so lu t i on  w a s  t r e a t e d  wi th  5% aqueous  p o t a s s i u m  c a r b o n a t e  so lu t ion  to g ive  1.06 g (50%) of V wi th  
m p  99.5-100.5  ~ (from e thanol )  (rap 101 ~ [15]). 

B) A m i x t u r e  of 2 g (0.01 mole )  of I and 7 m l  of th iony l  c h l o r i d e  was  he ld  a t  r o o m  t e m p e r a t u r e  for  
4 -5  d a y s .  The  r e s u l t i n g  h y d r o c h l o r i d e  of V was  r e m o v e d  by  f i l t r a t i o n  and d i s s o l v e d  in a l c o h o l .  The  a l c o -  
hol  so lu t ion  was  t r e a t e d  wi th  aqueous  p o t a s s i u m  c a r b o n a t e  so lu t i on  to  g ive  1.0 g (48%) of V wi th  m p  99 .7 -  
100.5 ~ . 

C) A 2-g (0.01 mole )  s a m p l e  of I was  added  g r a d u a l l y  to 7 m l  of t h iony l  c h l o r i d e  c o o l e d  to  - 7  ~ The  
r e a c t i o n  m a s s  was  he ld  at  r o o m  t e m p e r a t u r e  for  5 h and then p o u r e d  o v e r  i c e .  The  m i x t u r e  was  m a d e  
a l k a l i n e  and e x t r a c t e d  wi th  e t h e r .  The so lven t  was  r e m o v e d ,  and the  r e s u l t i n g  m a s s  was  s e p a r a t e d  by  
c h r o m a t o g r a p h y  on a l u m i n u m  oxide  wi th  e lu t ion  by  p e t r o l e u m  e t h e r - e t h e r  (9 :1)  to g ive  0.3 g (15%) of V 
wi th  m p  100-101 ~ and 0.09 g (4%) of VI wi th  m p  67-68.5  ~ [7]. 

D) A 3-g (0.015 mole )  s a m p l e  of I was  added  g r a d u a l l y  to 10 m l  of  t h iony l  c h l o r i d e  c o o l e d  to - 7  ~ and 
the m i x t u r e  was  he ld  at  15-20 ~ fo r  15 ra in .  The  r e a c t i o n  m a s s  was  p o u r e d  o v e r  i c e ,  and the  m i x t u r e  was  
m a d e  a l k a l i n e  and e x t r a c t e d  wi th  e t h e r .  The  e t h e r  was  r e m o v e d ,  and the  r e s i d u e  (0.8 g) was  s e p a r a t e d  b y  
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ch roma tog raphy  on a luminum oxide with elution by pe t ro leum e t h e r - e t h e r  (9 : 1) to give 0.3 g (9~c) of V with 
mp 100-101~ and 0.1 g (3%) of VI with mp 65.5-67.5 ~ The alkaline solution remain ing  a f te r  r emova l  of V 
and VI was acidified with concent ra ted  hydrochlor ic  acid and allowed to stand at 3-5 ~ for  s eve ra l  hours  to 
give 3.05 g (68%) of sulfite VII with mp 178.5 ~ (dec., f rom concent ra ted  hydrochlor ic  acid). Found: C112.4,  
12.5; N 4.7, 4.9; S 9.9, 10.3%. Ci3H12C1NO3S. Calculated:  C111.9;  N 4.7; S 10.7~c. 

E) A mix tu re  of 2.9 g (0.01 mole) of VII and 10 ml of thionyl chlor ide was heated at 75 ~ for  2 h. The 
resul t ing  prec ip i ta te  was r em oved  by f i l t ra t ion,  washed with 2 ml  of thionyl chlor ide,  and dissolved in 
ethanol.  The ethanol solution was t r ea t ed  with 20% sodium hydroxide solution and diluted with wa te r  to 
give 0.9 g (42%) of V with mp 100-101 ~ 

F) A 1-g (0.003 mole) sample  of VII was ref luxed with 35 ml  of 21% hydrochlor ic  acid for 8 h. The 
mix tu re  was cooled, diluted with wate r ,  made  alkaline with 20% sodium hydroxide solution, and ex t rac ted  
with e the r .  The e ther  was r emoved ,  and the reac t ion  m a s s  was sepa ra t ed  by ch romatography  with elution 
with h e x a n e - e t h e r  (7:3) to give 0.3 g (47v/c) of V with mp 99.5-100.5 ~ and a ve ry  sma l l  a m o u n t o f  VI with 
mp 65.5-66.5 ~ 

G) A 3-g (0.01 mole) sample  of VI was ref luxed with 12 ml  of o-dichlorobenzene under ni t rogen for  
1.5 h. The c leaved  sulfur  dioxide was absorbed  with 120 ml  of wa te r .  The o-d iehlorobenzene  was r emoved  
by vacuum dist i l lat ion,  and the res idue  began to c rys t a l l i ze  to give 0.8 g (37~c) of V with mp 99-100 ~ (from 
ethanol).  A v e r y  sma l l  amount of VI with mp 66-67.0 ~ was obtained f rom the mother  l iquor a f te r  r emo v a l  
of V. 
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