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The ethyl group of 3 - h y d r o x y - 6 - e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o b e n z o  [h]quinoline is chlor inated and 
the t e t rahydropyr id ine  r ing is a r o m a t i z e d  under  the influence of thionyl chlor ide .  The c o r -  
responding 6-alkylbenzo[h]quinoUnes and 6-a lkyl - l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ines  a re  
fo rmed  when 3 -hydroxy-6-a lky l - l ,2 ,3 ,4 - te t rahydrobenzo[h]qu ino l ines  a re  heated with poly-  
phosphoric  acid at 200-205~ but only 6-alkylbenzo[h]quinolines a re  fo rmed  at up to 270 ~ 

When 3 -hydroxy-6-methy l - l ,2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  is heated with thionyl chlor ide,  the 
methyl  group is chlor inated and the t e t r ahydropyr id ine  r ing is a romat i zed  [2]. If the methyl  group is in 
another  posit ion,  cMorinat ion p roceeds  at the 6 position [3]. It s eemed  of in te res t  to us to inves t igate  the 
action of thionyl chlor ide  on the 6-ethyl  de r iva t ive  of 3 -hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine .  

To obtain 3 -hydroxy-6-e thy l - l ,2 ,3 ,4 - te t rahydrobenzo[h]qu ino l ine  (II), we synthes ized  (from 4 -e thy l -  
1-naphthylamine and epichlorohydrin)  N - ( y - c h l o r o - f l - h y d r o x y p r o p y l ) - 4 - e t h y l - l - n a p h t h y l a m i n e  {I), which 
was conver ted  by the action of po tass ium cyanide to y - [ N - ( 4 - e t h y l - l - n a p h t h y l a m i n o ) ] - f i - h y d r o x y b u t y r o -  
nit-rile (II1) andto  I Iby  heating in chlorobenzene.  E s t e r  IVwas  obtained by acylation of II with benzoyl  chloride 
in pyr id ine .  

A bas ic  substance  that  contained chlor ine was i so la ted  by heating II  with thionyl chloride af ter  r e -  
mova l  of the excess  thionyl chlor ide and ch roma tog raphy  of the res idue  on a luminum oxide. The doublet 
at 2.3 ppm (J 8 Hz) in i ts  PMR s pec t rum  co r r e sponds  to the t e rmina l  methyl  group of the side chain, and 
the quar te t  at 5.8 ppm (J 6 Hz) c o r r e s p o n d s  to the methyl idyne proton at tached to the carbon atom bonded 
in chlor ine .  Thus,  when II is heated with thlonyl chlor ide ,  the ethyl group at tached to the secondary  carbon 
atom is chlor inated,  and the t e t r ahydropyr id ine  ring is a roma t i zed  to fo rm 6-(1-chloroethyl)benzo [h]- 
quinoline (V). 

As noted in [4], chlorination at the 6 position and a romat iza t ion  of the t e t rahydropyr id ine  ring in 3-  
hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  occur  not only on heating the la t te r  with thionyl chlor ide,  but 
also on standing at room t e m p e r a t u r e  for  20 days .  If the action of thlonyl chlor ide  on 3 -hyd roxy - l , 2 , 3 , 4 -  
te trahydrobenzo[h]quinoline is shor tened  f rom 20 days to 20 rain, 3 - 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 -  
benzo[h]quinoline [5] is fo rmed  as the chief  product  (60% yield). However,  we could not detect  the f o r m a -  
tion of 3 -hydroxy-6-ch lo romethy l - l ,2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  in the reac t ion  of thionyl chlor ide 
with 3 -hydroxy-6-methy l - l , 2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  (VI) at room t e m p e r a t u r e .  The s ta r t ing  VI 
was i so la ted  f r o m  the reac t ion  m a s s  when it was allowed to stand for I h, and t r a c e s  of 6 -ch lo romethy l -  
benzo[h]quinoline (VII) were  detected.  The chief  reac t ion  product  when the reac t ion  m a s s  is allowed to 
stand for 5-6 days is VII. 

S imi la r  r e s u l t s  were  a lso  obtained by the action of thionyl chlor ide  on II, and V was obtained in pure r  
f o r m  than when H was heated with thionyl chlor ide .  

* See [1] for  communicat ion VIII .  
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Heating of 6-methylbenzo[h]quinoline and 6-ethylbenzo [h]quinoline with thionyl chloride for 1.5 h was 
not accompanied by chlorination of the 6-alkyl groups.  It hence follows that the chlorination of the 6-alkyl 
groups in 3 -hydroxy- l ,2 ,3 ,4 - te t rahydrobenzo  [h]quinoline precedes  aromatizat ion of the r ing.  

In developing our previously  published studies [6], we also studied the action of polyphosphoric acid 
(PPA) on 6-alkyl der ivat ives  of 3-hydroxy-l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine .  6-Methylbenzo[h]quinoline 
(VIII) and 6-methyl- l ,2 ,3 ,4- te t rahydrobe~zo[h]quinol ine  (IX) were isolated f rom the react ion mass  when 6- 
methyl  derivative VI was heated with PPA at 200-205 ~ while only VIII is formed on heating to 270-275 ~ 

CH~ ~H H N./C~; tt 2 HN/~'CHOH N~,Cfl  
CH~ CH2 PPA 

VI, II VIII, X IX, XI 

VI, VIII, IX R=CHa; II, X, XI R~C2H 5 

6-Ethylbenzo[h]quinoline (X) and 6-ethyl- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine (XI) or only X are ob- 
tained when II is heated with PPA under the conditions indicated above. The mixtures  of VIII and IX and X 
and XI obtained as a resul t  of the reac t ion  were separated by benzoylation with subsequent saponification 
of the N-benzoyl  der ivat ives .  

The mechanism of the formation of VIII and X when VI and II are  heated with PPA to 270-275 ~ is ap-  
parent ly  s imi la r  to that proposed for the react ion of 3 -hydroxy- l ,2 ,3 ,4 - te t rahydrobenzo  ~]quinoline with 
orthophosphoric acid at 270-280 ~ [6]. 

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

.N-(y-Chloro- f i -hydroxypropyl ) -4-e thy l - l -naphthy lamine  (I). A mixture of 10.3 g (0.06 mole) of 4- 
e thyl - l -naphthylamine  and 5.5 g (0.06 mole) of epichlorohydrin was held at 30-35 ~ in a thermosta t  for 3 
days.  The mass  was t rea ted  with 20 ml of chlorobenzene,  and the precipitate that formed on cooling was 
removed by fil tration and rec rys ta l l i zed  f rom chlorobenzene to give 8.5 g (53.8%) of co lor less  needles with 
mp 83.5-84.5 ~ Found: C1 13.6; N 5.6%. C15HIsC1NO. Calculated: C1 13.4; N 5.3%. 

3-Hydroxy-6-e thyl - l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (II). A) A mixture of 7.9 g (0.029 mole) of I 
and 8 ml of chlorobenzene was heated at 150-155 ~ for 4 h. The c rys ta l s  that formed were  removed by 
filtration, washed with chlorobenzene,  and dissolved in 40 ml  of methanol.  The methanol solution was 
t rea ted  with 25% NaOH and diluted with water .  The resul t ing precipi tate  was rec rys ta l l i zed  f rom dilute 
methanol (1 : 1) to give co lor less  needles of II with mp 106.0-107.0 ~ The yield was 3.3 g (50.0%7. Found: 
N 6.3%. C15H17NO. Calculated:  N 6.2%. 

B) A mixture  of 3.3 g (0.019 mole) of 4 -e thyl - l -naphthylamine ,  1.8 g (0.019 mole) of epichlorohydrin,  
and 6 ml of chiorobenzene was heated at 150-155 ~ for 7 h. Workup as in method A gave 1.0 g (23.2%) of II 
with mp 106.0-107.0 ~ 
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7- [N-(4-Ethy l - l -naphthy lamino) ] - f l -hydroxybutyron i t r i l e  (III). A mixture of 1.1 g (0.004 mole) of I, 
10 ml of methanol, and 0.26 g (0.004 mole) of potassium cyanide was heated at 70-75 o for 1 h. The solvent 
was removed  by distillation, and the residue was washed with water  and alcohol. Recrystal l izat ion f rom al-  
cohol gave 0.6 g (60.0%) of color less  c rys ta l s  of III with mp 95.0-96.5 ~ Found: N 10.8%. Ci6HisN20. Cal-  
culated: N 11.1%. 

N-Benzoyl-3-benzoyloxy-6-e thyl - l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (IV). A 0.45-g (0.002 mole) 
sample of II was dissolved in 4 ml of pyridine,  0.7 g (0.005 mole) of benzoyl chloride was added, and the 
mixture was heated on a boil ing-water  bath for 1 h. The mixture was cooled, t rea ted  with 15 ml of 25% 
H2SO4, and diluted with water .  The viscous oil remaining after  the aqueous layer  was decanted was t reated 
with 10 ml of methanol, and the result ing precipi ta te  was removed by fi l tration and recrys ta l l i zed  from 
methanol to give 0.5 g (57.5%) of color less  needles of IV with mp 180.0-181.0 ~ Found: N 3.3%. C23H25NO 3. 
Calculated: N 3.2%. 

6-(1-Chloroethyl)benzo[h]quinoline {V). A) A mixture of 3.4 g (0.015 mole) of II and 15 ml of thionyl 
chloride was heated at 70-75 ~ for 2 h. The thionyl chloride was removed by vacuum distillation, and the 
res idue was dissolved in alcohol and subjected to chromatographic  separat ion on aluminum oxide with elu-  
tion by benzene to give 1.2 g (33.3%) of l ight-yellow needles with mp 101.0-102.0 ~ (from absolute alcohol). 
Found: N 5.8; C1 14.4%. CIsHI2C1N. Calculated:  N 5.8; C1 14.~c.  

B) A mixture  of 1.1 g (0.005 mole) of II and 10 ml of thionyl chloride was held at room tempera tu re  
for 6 days.  The mixture was then worked up as in method A to give 0.4 g (33.3%) of V with mp 101.0-102.0 ~ . 
This product did not depress  the melting point of the c rys t a l s  obtained in method A. 

6-Chloromethylbenzo[h]quinoline (VII). A mixture of 2.1 g (0.01 mole) of 3 -hydroxy-6 -me thy l - l , 2 ,3 ,4 -  
tetrahydrobenzo[h]quinoline (VI) and 14 ml of thionyl chloride was held at room tempera ture  for 6 days. 
The thionyl chloride was removed  by distillation, and the residue was dissolved in 25 ml of alcohol. The 
solution was t reated with 25 ml of 25% Na2CO 3 and diluted with 30 ml of water  to yield 1.3 g (55.1%) of a 
product  with mp 136.0-136.5 ~ (from alcohol) (rap 136.0-136.5 ~ [2]). 

6-Methylbenzo [h]quinoline (VIII) and 6-Methyl - l ,2 ,3 ,4- te t rahydrobenzo [h]quinoline (IX). A) A mixture 
of 9.2 g (0.037 mole) of the hydrochlor ide of VI and 50 ml of PPA was heated at 200-205 ~ for 2 h. The mass  
was poured into 200 ml of water ,  and the mixture was made alkaline with 25% NaOH and extracted with ether.  
The solvent was removed by distillation, and the residue was dissolved in 50 ml of absolute ether .  Benzoyl 
chloride [3.4 g (0.024 mole)] and 4.0 g of anhydrous potass ium carbonate were added to the solution, and the 
mixture  was heated at 40-45 ~ for 4 h. The precipi tate  was removed by filtration and washed with water .  
Alcohol (40 ml), 4.0 g of potassium hydroxide, and 12 ml of water  were added to it, and the mixture was 
heated for 12 h. The solvent was removed by distillation, and the residue was extracted with ether to give 
1.2 g (33.3%) of color less  plates of IX with mp 52.0-53.0 ~ (from petroleum ether) (rap 52.0-53.0 ~ [7]). The 
ether  f i l trate that remained after  benzoylation was washed with water  and aqueous sodium carbonate,  dried 
with magnesium sulfate, and subjected to chromatographic  separation on aluminum oxide with elution by 
benzene to give 1.3 g (36.1%) of color less  c rys ta l s  of VIII with mp 56.0-57.0 ~ (from petroleum ether) (rap 
5 7 . 0 - 5 8 . 0  ~ [7]). 

B) A mixture of 1.7 g (0.007 mole) of the hydrochlori.de of VI and 15 ml of PPA was heated at 270- 
275 ~ for  4 h. The mass  was poured into 75 ml  of water ,  and the mixture was made alkaline with 25% NaOH 
and extracted with ether .  The solvent was removed  by distillation, and the residue was rec rys ta l l i zed  f rom 
petroleum ether  to give 0.9 g (70.0%) of VIII. 

6-Ethylbenzo[h]quinoline (X) and 6-Ethyl- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine (XI). A) A mixture of 
6.8 g (0.026 mole) of the hydrochloride of II and 60 ml of PPA was heated at 200-205 ~ for 1.5 h. Compounds 
X and XI were  isolated in the same way as VIII and IX. Compound X melted at 40.5-42.0 ~ (from petroleum 
ether) and was obtained in a yield of 1.2 g (34.3%). Found: N 6.8%. CIsH13N. Calculated: N 6.8%. Com-  
pound XI melted at 74.0-75.5 ~ and was obtained in a yield of 1.2 g (32.2%). Found: N 6.7%. Calculated: 
N 6.6%. 

B) A mixture of 1.3 g (0.005 mole) of the hydrochlor ide  of II and'10 ml of PPA was heated at 270- 
275 ~ for  4 h. Compound X was isolated in the same way as VIE (method B). Crystal l izat ion from petroleum 
ether  gave 0.7 g (67.3%) of co lor less  plates of X with mp 40.5-42.0 ~ 
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