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1 ,2 ,3 ,4-Tetrahydrobenzo[h]quinol ine  is obtained along with benzo[h]quinoline when benzo[h]- 
quinoline is syn thes ized  via  the Skranp method f rom 1-naphthylamine without an oxidizing 
a g ~ t .  I t  is demons t r a t ed  that the dehydrat ion of 3 -hydroxy- l , 2 ,3 ,4 - t e t r ahydrobenzo[h ] -  
quinoline by acids p roceeds  with the in te rmedia te  format ion  of e s t e r s .  N - A c y l - l , 2  (or 1,4)- 
dihydrobenzo[h]quinolines a re  obtained by the action of alkal i  on N - a c y l - 3 - c h l o r o - l , 2 , 3 , 4 :  
t e t r ahydrobenzo  [h]quinolines. 

For  a long t ime  the only method for  the p repa ra t ion  of benzo [h]quinoline (I) was the Skraup synthes is  
[2]. A subs tant ia l  d isadvantage  in the synthes is  of I v ia  the Skraup method is the low yield of product  and 
i ts  inconvenient  i sola t ion f r o m  the reac t ion  mix tu re .  At tempts  by o thers  [3-7] to r a i s e  the yield of I by 
changing the ra t io  of s t a r t ing  m a t e r i a l s ,  oxidizing agent, and reac t ion  t e m p e r a t u r e  did not r e su l t  in a sub-  
s tant ia l  i nc r ea se  in the yield of I.  The highest  yield of benzo[h]quinoline via  the Skraup method did not ex-  
ceed  45% [8, 9]. 

The mos t  p robable  scheme  for  the fo rmat ion  of benzo [h]quinoline under  the conditions of the Skraup 
synthes is  includes dihydrobenzo[h]quinoline,  which is oxidized to benzo[h]quinoline, as an in te rmed ia te .  
However ,  in l a t e r  s tudies it was indicated that  dihydrobenzo[h]quinoline read i ly  d i sp ropor t iona tes  to benzo-  
[h]qainoline and 1 ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (II), not only in acid med ia  but also in alkaline or  
neu t ra l  med ia  and at c o m p a r a t i v e l y  low t e m p e r a t u r e s .  However ,  the fo rmat ion  of II v ia  the Skraup method 
has not been noted.  

In o r d e r  to c l e a r  up this contradict ion,  we made a t tempts  to obse rve  whether  II is fo rmed  in the 
Skr aup syn thes i s .  

The p r e s e n c e  of II in the reac t ion  mix tu re  is detected in those ca se s  when the synthes is  is c a r r i e d  
out in the absence  of oxidizing agents .  Thus the following yie lds  were  obtained f r o m  1-naphthylamine (III), 
g lycero l ,  and sul fur ic  acid in a ra t io  of 1 : 1 : 1 . 5 ;  15% I, 7~c II, and 12% s ta r t ing  III .  The reac t ion  was c a r -  
r i ed  out at 165-170~ with r e m o v a l  of the wa te r  fo rmed  in the p r o c e s s .  The yield of II d e c r e a s e s  as the 
amount  of g lyce ro l  is i nc r ea sed .  The format ion  of II can apparent ly  be explained by dispropor t ionat ion of 
dihydrobenzo [h]quinoline, the fo rmat ion  of which is specif ied in the Skraup syn thes i s .  In addition, the 
isolat ion of II  con f i rms  that  dihydro de r iva t ives  of quinoline a re  fo rmed  during the action of acrole in  on the 
amine .  In the p repa ra t ion  of quinoline, the dihydro der iva t ive  is a romat ized ,  t he reby  inc reas ing  the yield 
of quinoline, while in the p repa ra t ion  of benzo[h]quinoline the dihydro der iva t ive  d i spropor t iona tes  to 
benzo[h]quinoline and i ts  1 ,2 ,3 ,4 - te t rahydro  de r iva t ive .  Under the conditions of the Skraup synthes is ,  the 
II  f o rmed  is lost  in side reac t ions  with both the oxidizing agent and acro le in .  This  apparent ly  may  also ex-  
plain the fact  that  the yie ld  of I does not exceed 50%. 

The high tendency for  oxidation and the absence of d ispropor t ionat ion  of dihydroquinoline were  noted 
in [13]. 
*See [1] for  communica t ion  XIH. 
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As pointed out in [11], I and II are formed from 3-hydroxy-l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine (IV) 
through disproportionation of dihydrobenzo[h]quinoline. In a fur ther  study of the dehydration of IV by poly- 
phosphoric acid (PPA) it was observed that an es te r  of phosphoric acid and 3 -hydroxy- l ,2 ,3 ,4 - t e t r ahydro -  
benzoffa]quinoline (V), which is converted to I and II on heating to 200 ~ in PPA, is formed at 160 ~ Conse-  
quently, the dehydration of IV by PPA proceeds with the intermediate formation of e s t e r  V, f rom which 
phosphoric acid is split out, and the result ing dihydrobenzo[h]quinoline disproport ionates to I and II. 

Heating of IV with concentrated hydrochlor ic  acid [10] gives I and II, the formation of which is ex- 
plained by disproportionation of the dihydro derivative obtained by splitting out of water  f rom IV. Since 
the formation of I and II by the action of PPA on IV proceeds through es te r  V, it seemed of in teres t  to fol-  
low the dehydration of IV with hydrochlor ic  acid, namely,  to ascer ta in  whether a water molecule is split 
out d i rec t ly  f rom IV or whether the hydroxyl group is replaced by a chlorine atom with subsequent splitting 
out of hydrogen chloride f rom 3-ch loro- l ,2 ,3 ,4 - te t rahydrobenzo  [h]quinoline. A mixture of I and II is formed 
when 3-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (VI) is heated with hydrochlor ic  acid at 1900 . 

Compound VI and 2-(chloromethyl)benz [g]indoline (VIII) were isolated along with the s tar t ing mater ia l  
and slight amounts of I and II as a resul t  of heating 2- (hydroxymethyl)benz [g]indoline (VII) with hydrochlor ic  
acid at 180 ~ . When VIII is heated with hydrochloric  acid at 190 o it is smoothly converted to a mixture of I 
and II. Under these conditions, the react ion apparently proceeds via the scheme 

HN /CH:OH 
I I. ~ J"  HO. 

VII Vl l l  Vl 

The t ransformat ions  of IV are s imi lar .  

~HCI[ 

11 I 1,2-  Of' 1,4- 

Azirido[1,2-a]benz [g]indoline was obtained in an attempt to obtain dihydrobenzo[h]quinoline by the ac-  
tion of alkali on VI [14]. In a study of the reaction of N-acyl -3-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ines  
with alkalis it was established that it gives compounds that do not contain halogen, but the  acyl group at-  
tached to the nitrogen is retained.  In this case,  the splitting out of hydrogen chloride apparently proceeds 
with elimination of hydrogen f rom C 2 or  C 4. Thus N-benzoy l - l , 2 - (o r  1,4)-dihydrobenzo[h]quinoline (X) is 
obtained f rom N-benzoyl-3-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (IX), while N - a c e t y l - l , 2 - ( o r  1,4)- 
dihydrobenzo[h]quinoline (XII) is obtained f rom N-acety l -3-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine .  
The s t ruc tures  of X and XII were confirmed by the lR and PMR spect ra .  A mixture of I, II, and a dimeric  
compound s imi lar  to that descr ibed in [12] is obtained when XII is heated under p res su re  with hydrochloric  
acid at 140 ~ Consequently, in the action of alkalis on N-acyl-2-(chloromethyl)benz [g]indolines, the r e a c -  
tion proceeds with the formation of an aziridine ring [14], while dihydrobenzo[h]quinoline derivatives are 
formed in the case of N-acyl -3-chioro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ines .  

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

The PMR spect ra  were recorded  with a Varian A56/60A spec t romete r  (60 MHz). The IR spec t ra  
were recorded  with a UR-20 spect rophotometer .  

B_enzo[h]quinoline (D and 1,2,3,4-Tetrahydrobenzo~]quinol ine (II). A. The calculated amount  of 
g lycero l  was added dropwise with s t i r r ing  at 165-170 ~ in the course  of 40-50 rain to a mixture of 43.0 g 
(0.3 mole) of III and 45 ml of concentrated sulfuric acid. The mixture was then diluted with water to 1000 
ml, and the aqueous solution and viscous precipitate were t reated with alkali and extracted with ether .  The 
ether  was removed,  and the residue was vacuum-distil led (2-3 ram) under ni trogen.  Two fract ions were 
obtained - one with bp 135-140 ~ ccasis t ing p r imar i ly  of III, and the other with bp 155-160 ~ consist ing of I 
and II. Compounds I and II were separated by a known method by t reatment  with hydrochloric  acid [11]. 
The resul ts  of the experiments  are presented in Table 1. 
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TABLE 1. Exper imental  Results  

No. 
Ratio of III and 

glycerol 

1:0,75 
1:1 
1:1,5 
1:1,5 

Reaction 
time, h 

Isolated, % 

I I II  

,5'~ I 31 5,5 
33 Iraces 

I I I  

36 
12 
5 

B. Two ampules were each charged with 1.2 g (5 mmole) of VIII and 20 ml of concentrated hydro-  
chlor ic  acid and heated at 190 ~ for 4 h. The contents were made alkaline with sodium hydroxide and ex- 
t rac ted  with e ther .  The ether  was removed,  and the residue was purified by extraction with petroleum 
ether  and t rea ted  with 5 ml of 15% hydrochlor ic  acid. The subsequent separat ion of I and II was accom-  
plished as in exper iment  A to give 0.7 g (39%) of I. The yield of the hydrochlor ide of II was 0.6 g (27~ 

C.  When VI was used under the conditions of experiment  B, 0.7 g (39%) of I and 0.7 g (32%) of the 
hydrochtor ide of II were  isolated.  

Approximately  the same yields were  obtained when the react ion of VI or VIII with hydrochlor ic  acid 
was ca r r i ed  out at 200 ~ for 4 h. 

D. An ampule was charged with 0.55 g (2.5 mmole) of XII and 10 ml of concentrated hydrochlor ic  
acid and heated at 140 ~ for 4 h. The contents were made alkaline with sodium hydroxide and extracted 
with e ther .  Th in- layer  chromatography  (TLC) on aluminum oxide established the formation of I and II (Rf 
0.58) and the previously  descr ibed [12] d imer ic  compound (Rf 0.25) [e ther -heptane  (3 : 2)]. 

Action of Nitrobenzene on 1,2,3,4-Tetrahydrobenzo[h]quinoline under the Conditions of the Skraup 
Synthesis.  A mixture  of 7.3 g (0.04 mole) of II, 5.0 g (0.04 mole) of nitro_benzene, and 6.0 g (0.06 mole) of 
concentra ted sulfuric acid was heated at 160-170 ~ for 1 h. The mass  was t reated with alkali and ethanol. 
Th in- layer  chromatography  on aluminum oxide established the absence of both s tar t ing II and I. 

Action of Acrolein on 1,2,3,4-Tetrahydrobenzo[h]quinoline under the Conditions of the Skraup Synthe- 
s is .  A mixture of 9.1 g (0.05 mole) of II, 7.0 g (0.075 mole) of glycerol ,  and 8.0 g (0.075 mole) of concen-  
t r a t e d  sulfuric acid was heated at 165-170 ~ for  1 h. Thin- layer  chromatography on aluminum oxide es tab-  
l ished that s tar t ing II was absent in the react ion mixture .  

Es te r  of Phosphor ic  Acid and 3-Hydroxy- l ,2 ,3 ,4-Tetrahydrobenzo[h]quinol ine  (V). A 10.0-g (0.05 
mole) sample of IV was added to polyphosphoric acid, prepared  f rom 20 ml of orthophosphoric acid and 30 
g of phosphorus pentoxide, and the mixture  was s t i r red  at 160 ~ for 1 h. The mixture was then poured into 
500 ml of water  and cooled.  The result ing precipitate was removed  by fittraLion and washed with water  to 
give 13.2 g (95%) of V with mp 182.5-184.5 ~ (from dilute orthophosphoric acid). Found: N 4.8%. C13H14NQ4P. 
Calculated: N 5.0%. 

3-C h loro-1 ,2 ,3 ,4- te t rahydrobenzo [h] quinoline (VD and N-Ben zoy l -2 -  (chloromethyl)benz [g ]indoline. 
Each of three ampules was charged with 0.6 g (2.5 mmole) of the hydrochlor ide of VII and 10 ml of concen-  
t ra ted hydrochlor ic  acid and heated at 180 ~ for  6 h. The contents were made alkaline with sodium ca rbon-  
ate and ext rac ted  with e ther .  The resul t ing mixture of VI and VIII was separated f rom the unchanged VII 
by chromatography  on aluminum oxide with elution by e t h e r - h e p t a n e  (3 : 2). The mixture of VI and VIII in 
d ry  ether  was t rea ted  with benzoyl chloride in the presence  of potassium carbonate at room tempera ture ,  
and the resul t ing N-benzoyl-2-(chloromethyl)benz  [g]indoline was removed by fi l tration and washed with 
e ther  and water  to give 0.2 g (8%) of a product with mp 172.0-174.0 ~ No melting-point depress ion was ob-  
served  in a mixture  of this product and an authentic sample [15]. The ether  f i l trate yielded 0.2 g (12%) of 
VI, which did not depress  the melting point of the previously  descr ibed compound [11]. 

The star t ing mate r ia l  was p r imar i ly  isolated in the reaction of IV with hydrochlor ic  acid under the 
same conditions. Th in- layer  chromatography on aluminum oxide revealed only t races  of the chloro de r iva -  
tive (Rf 0.55) [ e the r -hep tane  (3 : 2)] and t r aces  of I and II. When the t empera tu re  was ra i sed  to 190 ~ thin- 
layer  chromatography  establ ished that there  was an increase  in the amount of I and II in the react ion mix-  
ture  and a dec rease  in the amount of s tar t ing IV (Rf 0.44) [ ch lo ro fo rm-e thano l  (66 : 1)], and only t r aces  of 
the chloro derivat ive were detected. 
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N-Benzoy l - l , 2 (o r  1,4)-dihydrobenzo[h]quinoline (X). A mixture  of 6.4 g (0.02 mole) of IX, 100 ml of 
ethanol, 15 ml of pyridine,  and 1.2 g (0.02 mole) of potassium hydroxide was refluxed for 2 h. The mixture  
was cooled, and the c rys ta l s  were  removed by fi l trat ion and washed with water  to give 5.0 g (88~) of X with 
mp 198.0-199.0 ~ (from absolute ethanol). Found: N 4.9%. C20HIsNO. Calculated: N 4.9~c. IR spec t rum 
(KBr pellet) ,  9,  cm- t :  2900, 2860 (CH2) , 1655 (amide CO). PMR spec t rum ~m CC1F2COOH), 6,  ppm: 3.6- 
4.2 (multiplet, 2H, CH2) , 6.3-7.5 (group of signals,  13H). 

N-Acetyl-3-chloro- l ,2 ,3~4-te t rahydrobenzo[h]quinol ine  (XI). A mixture  of 4.4 g (0.02 mole) of VIII 
and 15 ml of acetic anhydride was heated at 70 ~ for 6 h. The mixture  was diluted with water ,  made alkaline 
with sodium carbonate ,  and ex t rac ted  with benzene.  The benzene solution was washed with water ,  the ben-  
zene was removed,  and the c rys ta l s  were  washed with ethanol to give 4.8 g (92%) of a product  with mp 90.5- 
91.5 ~ (from ethanol).+ Found: C113.8; N 5.4%. C15HI4C1NO. Calculated: C113.7; N 5.4%. 

N-Ace ty l - l , 2  (or 1,4)-dihydrobenzo[h]quinoline (XII). A mixture  of 2.6 g (0.01 mole) of XI, 0.6 g (0.01 
mole) of potassium hydroxide,  and 30 ml  of absolute ethanol was ref luxed for 20 rain. The precipi ta ted 
potassium chlor ide was removed  by fi l trat ion,  and the ethanol was removed .  The res idue was washed with 
water  and e ther  to give 1.8 g (81%) of XII with mp 101.5-102.5 ~ (from dilute ethanol). Found: N 6.4%. 
C15Ht3NO. Calculated: N 6.3%. PMR spec t rum (in CC14) , 5 ,  ppm: 1.64 (singlet, 3H) (methyl protons of 
the acetyl  group), 3.3-3.6 (multiplet, 1H) and 5.25-5.6 (multiplet, 1H) (apparently methylene protons),  6.03- 
6.24 (multiplet, 1H) and 6.43-6.6 (doublet of doublets, 1H, Ji = 10 Hz, J2  = 2 Hz) (protons attached to the 
double bond), 7.0-7.8 Group of signals,  6H) (aromatic protons).  
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