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Heating 3-hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  with phosphorus oxychloride gave a 
mixture  of i somer ic  3 -ch loro-  1,2,3,4-tetrahydrobenzo[h]quinoline and 2- (chloromethyl)-  
benz[g]indoline, which are  conver ted  to a mixture  of 3 -benzoyloxy- l ,2 ,3 ,4 - te t rahydrobenzo-  
[h]quinoline and 2-(benzoyloxymethyl)benz[g]indoline on react ion with potassium benzoate,  
Saponification of 2- (benzoyloxymethyl)benz[g]indoline gave 2- (hydroxymethyl)benz[g]indoline. 
The reac t ion  of the i somer i c  chloro der ivat ives  with potass ium cyanide gave 2-(benz[g]- 
indolinyl)acetoni t r i le .  

We previously  repor ted  [2] that 3-chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (II) is obtained by the 
action of phosphorus oxychloride on 3-hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (I) [3]. Subsequent in- 
vest igations have demonst ra ted  that this react ion gives two products:  the i somer ic  2-(chloromethyl)benz-  
[g]indoline (HI) was isolated along with the previously  descr ibed  H. Compounds II and III form two O-ben-  
zoyl der iva t ives  with potassium benzoate.  One, with mp 124.8-125.6 ~ is identical  to the previously  de- 
scr ibed  [3] 3-benzoyloxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (IV), while the second, with mp 107.2-108.5 ~ 
is 2-benzoyloxymethyl)benz[g]indoline (V). Saponification of e s t e r  V gave 2-(hydroxymethyl)benz[g]indoline 
(vi). 
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To confirm the s t ruc tu res  of the synthesized 2-subst i tuted benz[g]indolines, we prepared  1-benzoyl-  
2 -  (chloromethyl)benz [g]indoline, 2-(benzoyloxymethyl)-  and 2-(hydroxymethyl)benz [g]indoline hydrochlo-  
r ides,  and 1-benzoyl-2-(benzoyloxymethyl)benz[g]indoline.  The s t ruc tu res  of 3-subst i tuted 1 ,2 ,3 ,4- te t ra -  
l~ydrobenzo[h]quinolines and 2-subst i tuted benz[g]indolines were  confi rmed by the PMR spect ra ,  IR spectra ,  
and ionization constants {PKa). 

As compared  with the PMR spect rum of 3-hydroxy- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (I), the signal 
of the 3-H proton in the PMR spec t rum (see Fig. 1) of 3-benzoyloxy- l ,2 ,3-4- te t rahydrobenzo[h]quinol ine  

* See [1] for  communicat ion IX. 

Kaunas Polytechnic Insti tute.  Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii, No. 3, pp. 
362-366, March, 1972. Original  a r t i c le  submitted December  30, 1970. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, ] 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A ] 
copy of this ~rticle is available from the publisher for $15.00. I 

329 



TABLE 1. Frequencies of the ~NH Stretching Vibrations (in solution) 
and Ionization Constants (pK a) of 3-Substituted 1 ,2 ,3 ,4-Tet rahydro-  
benzo[h]quinolines and 2-Substituted Benz [g]indolines 

Com- Name v• I t ,  pK a 
pound cm -I 

I 
VI 
II 

IIl 
IV 
V 

3 - Hydroxy-l,2,3.4-tetrahydrobenzo[h]quinoline 
2 -(Hydroxymethyl)benz[g]indoline 
3-Chloro-l,2j 3,4-tetrahydrobenzo[h]quinoline 
2-(Chlommethyl)benz[~]indoline 
3-Benzoyloxy-l,2, 3,4-[etrahydrobenzo[h]quinoline 
2-(Benzoyloxymethyl)benz[g]indoline 

3472 
3388 
3452 
3403 
3452' 
3401 

3,4 t --+ 0,05 
4,05--+ 0,06 
2,59--+0,06 
3,08--+ 0,07 

N 2.92 
3,54-L-_ 0,06 

6 5 4 3 2 5, ppm 

Fig. 1. PMR spect ra  of 3-sub-  
stituted 1,2 ,3 ,4- te t rahydrobenzo-  
[h]quinolines (I, II, IV) and 2- 
substituted benz[g]indolines (HI, 
V, VI). 

(IV) is shifted to weak field by 1.4 ppm (there is a multiplet at 4.05 
ppm in the case of I, while the multiplet is at 5.45 ppm in the case 
of IV), while the signals of the methylene protons in the 2 position 
are shifted by only 0.2 ppm (3.3 ppm in the case of I and 3.5 ppm in 
the case of IV). This corresponds to the presence of a hydroxyl 
group in the 3 position. 

In Comparing the spectra of 2-(hydroxymethyl)benz[g]indoline 
(VI) with its benzoate (V), it is seen that, in this case, the signals of 
the methylene protons of the methylol group (3.3 ppm in the case of 
VI and 4.45 ppm in the case of V) are shifted by 1.15 ppm to weak 
field when the hydroxyl group is replaced by a benzoyloxy group. The 
multiplet of the 2-11 proton is shifted by only 0.3 ppm (3.8 ppm in the 
case of VI and 4.1 ppm in the case of V). This indicates the presence 
of a methylol group. 

The band of the in-plane vibrations of the aromatic ring at 
1600 cm -1 in the IR spect ra  of the investigated compounds is gener -  
ally more  intense for the 3-substi tuted 1,2,3,4-tetrahydrobenzo[h]-  
quinolines than for the 2-substituted benz[g]indolines. This indicates 
that, in the f i rs t  case,  the nonbonding pair  of electrons of the nitrogen 
atom is conjugated with the ~r electrons of the aromat ic  ring to a 
g rea te r  degree than in the case  of benz[g]indoline derivat ives.  This 
may apparently explain the fact that the ionization constants of benz-  
[g]indoline derivatives are  higher  than those of the corresponding 
1,2,3,4-tetrahydrobenzo[h]quinoline derivatives (see Table 1). The 
change in the frequency of the VNH stretching vibrations (3452-3472 
cm -1 for 3-substi tuted 1,2,3,4-tetrahydrobenzo [h]quinolines and 
3388-3403 cm -1 for 2-substituted benz[g]indolines) is also apparently 
explained by the different degree of conjugation of the nonbonding 
pair  of electrons of the nitrogen atom with the ~ electrons of the 
a romat ic  ring. 

A change in the position of the halogen atom and a change in the basicity affect the lability of the 
chlorine atom in the isomeric chloro derivatives. While 60.5% of the chlorine is ionized in 240 rain in II 
via the method in [4], all of the chlorine atoms in III are converted to the ionic form in 30 rain. The indi- 
cated data on the lability of the chlorine atom are in agreement with the assumed structures of the isolated 
isomers. 

On comparing the IR spectra of the previously described [2] nitrile obtained by the action of potassium 
cyanide on II, of the amide, and of the carboxylic acid, to which the 1,2,3,4-tetrahydrobenzo[h]qninoline-3- 
carboxylic acid structure was ascribed, with the spectra of 3-substituted 1,2,3,4-tetrahydrobenzo[h]quino- 
line and 2-substituted benz[g]indolines, it is apparent that the nitrile (3380 cm-l), amide (3400 cm-l), and 
carboxylic acid (3390 cm -I) are more in accord with the 2-substituted benz[g]indoline structure with re- 
spect to the frequency of the VNH stretching vibrations. 

In order to confirm the indicated assumption, 2-(chloromethyl)benz[g]indoline was used for the syn- 
thesis of (2-benz[g]indolinyl)acetonitrile (VII). The compound obtained proved to be identical to the pre- 
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viously described [2] nitrile, which was obtained using 3-chloro-l,2,3,4-tetrahydrobenzo[h]quinoline. The 
(2-benz[g]indolinyl)aeetonitrile derivative structure was also confirmed by dehydrogenation and decarboxy- 
lation of (2-benz[g]indolinyl)acetic acid (VIII) to 2-methylbenz[g]indole (IX). 

VII  V I I I  IX 

The nitr i le of 1 ,2 ,3,4- te t rahydrobenzo[h]quinol ine-3-carboxyl ic  acid could not be detected in the case 
of the reaction of potassium cyanide with both II and HI. If it is formed, it is apparently formed in very  
smal l  amounts, since the yield of VII in each case exceeds 70%. 

The formation of two i somer ic  compounds in the react ion of II or  III with potassium benzoate and 
also in the reaction of I with phosphorus oxychloride can apparently be explained by the fact that, in each 
case, there is intermediate  formation of azirido[1,2-a]benz[g]indoline,  which is subsequently converted to 
a mixture  of 3-subst i tuted 1,2,3,4-tetrahydrobenzo[h]quinolines and 2-substi tuted benz[g]indolines as a r e -  
sult of opening of the azir idine ring at the 2 - C - N  and 3 - C - N  bonds. 

o~ ~.~oo~ ~ __~ 
I l l  g 

In the react ion of potassium cyanide with II, the azir idine ring in the intermediately formed compound 
is apparently opened pr imar i ly  at the 3 - C - N  bond, which increases  the yield of VII. 

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

The PMR spec t ra  of CDC13 solutions of the compounds were obtained with Varian A56/60A and V a t -  
Jan HA-100 spec t romete r s  with operat ing frequencies of 60 and 100 MHz, respect ively,  with hexamethyl-  
disiloxane as the internal standard.* The IR spec t ra  of 5% solutions in CHC13 and of potassium bromide 
pellets were recorded  with UR-20 and IKS-14 spect rophotometers .  The ionization constants were de te r -  
mined spect rophotometr ica l ly  f rom 1 . 1 0 - S M  aqueous alcohol (95: 5) solutions at 18-23 ~ The optical den- 
si ty was measured  with an SF-4 spect rophotometer ,  while the pH values were measured  with a Ra~elkis 
pH meter .  

3-Chloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (II) and 2- (Chloromethyl)benz[g]indoline (HI). A mix-  
ture  of 400 g (1.7 mole) of the hydrochlor ide of I and 400 ml (4.37 mole) of f reshly distilled phosphorus 
oxychloride was heated with s t i r r ing  at 75-80 ~ for 2 h and then at 105-1]0 ~ for 3 h. The hot reaction mass  
was poured into a beaker  containing 3 kg of ice, and the mixture was allowed to stand overnight. The pre-  
cipitate was removed by fi l tration and washed with water  to give a mixture of the hydrochlor ides  of II and 
III. The yield was 90%. 

A 51.0-g (0.2 mole) sample of the mixture  of the hydrochlor ides  was pulverized and" shaken with aque- 
ous sodium carbonate in the presence  of ether.  The ether  solution was washed with water,  dried with 
magnesium sulfate, and fil tered. The fi l t rate was cooled to 0-2 ~ and the precipitate that formed af ter  sev-  
era l  days was removed by fil tration was washed with ether  to give 18.7 g (39%) of II with mp 92.7-94.0 ~ 
(from ether). PMR spectrum: 6 2.9-2.7 (multiplet 2- and 4-H), 4.1 (NH), 4.2-4.45 ppm (multiplet, 3-H)I 
Found: C 71.6, 71.4; H 5.5, 5.4; C1 16.5, 16.3; N 6.5, 6.3%. C13HI2C1N. Calculated: C 71.7; H 5.6; C1 16.3; 
N 6.4%. 

The filtrate remaining after separation of II was diluted with n-hexane until it became turbid. It was 
then filtered and cooled to 0-2 ~ The rhombic crystals of III that formed after several days were removed 
by filtration and recrystallized from ether-n-hexane (1 : 9) to give 14.8 g (31%) of a product with mp 48.0- 
49.0 ~ . PMR spectrum: 2.5-2.75 (quartet, Jgem =16 Hz, J2,3=7 Hz) and 3.0-3.25 (quartet, Jgem =16 Hz, 
J2,3=9 Hz), methylene protons in the 3 position; 3.35 (doublet, J= 8 Hz), methylene proton of the chloro- 

*We s incere ly  thank N. N. Vorozhtsov,  J r . ,  and V. A. Koptyug for making it possible for us to use the 
spect roscopic  labora tory  of the Novosibirsk Insti tute of Organic Chemist ry ,  and I. K. Korobeinicheva and 
A. I. Rezvukhin for recording the spec t ra  and for the i r  valuable consultations. 
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methyl group; 3.85-4.15 (multiplet), proton in the 2 position; 4.3 ppm, signal of the NH group. Found: C 
71.9, 71.1; tt 5.3, 5.5; C1 16.4, 16.3; N 6,.5, 6.7%. C13HI2C1N. Calculated: C 71.7; H 5.6; C1 16.3; N 6.4%. 

1-Benzoyl-2-(chloromethyl)benz[g]indoline.  A mixture of 1.1 g (5 mmole) of III, 1.0 g (7 mmole) of 
benzoyl chloride, 1.0 g of potassium carbonate,  and 10 ml of dry ether  was refluxed for 2 h. The solid 
mater ia l  was removed by filtration, washed with ether and water,  and recrys ta l l ized  from methanol to 
give 1.4 g (87%) of a product with mp 173.0-174.5 ~ Found: C1 11.1, 11.1; N 4.8, 4.7%. C20HI~C1NO. Cal-  
culated: C1 11.0; N 4.4%. 

3-Benzoyloxy-l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine (IV) and 2-(Benzoyloxymethyl)benz[g]indoline (V). 
A mixture of 87.0 g (0.4 mole) of II, 96.0 g (0.6 mole) of potassium benzoate, and 300 ml of dimethyl sul-  
foxide was heated with s t i r r ing  at 120 ~ for 3 h. The reaction mass  was poured into 1.5 l i ter  of water,  100 
ml of ether  was added, and the mixture was shaken. The result ing crys ta ls  were removed by suction f i l t ra-  
tion and washed with water  and ether  to give 80.4 g of a mixture of i somers  IV and V with mp 88.0-93.0". 
Fract ional  crysta l l izat ion from methanol or  ethanol gave 23.5 g of V with mp 107.2-108.5 ~ (from methanol). 
Found: N 4.9, 4.7%. C20H17NO 2. Calculated: N 4.6%. The hydrochlor ide was prepared as follows. A so-  
lution of 0.6 g (2 mmole) of V in 10 ml of absolute ethanol was saturated with hydrogen chloride at room 
tempera ture .  The result ing precipitate was removed by suction fil tration and recrys ta l l i zed  from methanol 
to give 0.65 g (96%) of a product with mp 228 ~ (dec.). Found: C1 10.3, 10.3; N 4.5, 4.4%. C20I-I17NO2 �9 HC1. 
Calculated: C1 10.4; N 4.1%. 

In addition to V, 27.4 g of IV with mp 124.8-125.6 ~ was isolated. This product did not depress  the 
melting point of 3-benzoyloxy-l ,2 ,3,4- tetrahydrobenzo[h]quinol ine [3]. Similar resul ts  were obtained when 
III or  a mixture of II and III were used as the s tar t ing mater ia l .  

2-(Hydrox~methyl/benz[g]indoline (VI). A mixture of 9.1 g (0.03 mole) of V and a solution of 1.7 g 
of potassium hydroxide in 50 ml of alcohol was shaken for 30 min. The reaction mixture was diluted with 
water  and extracted with 40 ml of ether.  The ether  solution was washed with water  and dried with magne-  
sium sulfate. Ethanol (10 ml) was added, and the mixture was acidified with respect  to litmus with a mix-  
ture  of concentrated sulfuric acid and ethanol (1 : 1). The precipitate was removed by filtration and washed 
with e t h a n o l - e t h e r  (2 : 1) to give 5.3 g (75%) of the hydrochloride of VI with mp 245.0 ~ (dec., from absolute 
ethanol). Found: C1 ]5.0, 14.9; N 6.2, N 6.0%. C13H13NO -HC1. Calculated: C1 15.0; N 5.9%. A mixture of 
2.4 g (0.01 mole) of the hydrochlor ide of VI and an aqueous solution of sodium carbonate was shaken in the 
presence  of ether.  The ether  solution was t rea ted  with activated charcoal ,  the e ther  was removed, and the 
residue was vacuum-dr ied  over  calcium chloride. The result ing oily substance was base VI. The yield was 
a lmost  quantitative. Found: N 7.0, 6.9%. C13H13NO. Calculated: N 7.0% PMR spectrum: 2.4-2.65 (quar- 
tet, Jgem = 16 Hz, J2 3 = 9 Hz), methylene protons in the 3 position; 3.3, methylene protons of the methylol 
group; 3.6-3.9 (mult~plet), proton m the 2 position; 3.9, signal of the NH and OH groups. 

1-Benzoyl-2-(benzoyloxymethyl)benz[g]indolin e. A mixture of 1.5 g (5 mmole) of V, 1.0 g (7 mmole) 
of benzoyl chloride, and 10 ml of pyridine was heated at 100 ~ for 1.5 h. The usual  workup gave 1.9 g (93%) 
of the dibenzoyl derivative with mp 136.0-137.3 ~ (from absolute ethanol). Found: N 3.6, 3.5%. C27tt21NO 3. 
Calculated: N 3.4%. 

(2-Benz[g]indolinyl)acetonitrile (VII). A solution of 2.2 g (0.01 mole) of III in 10 ml of dimethyl sul-  
foxide was added with vigorous s t i r r ing  in the course  of 20 min at 140 ~ to 3.2 g (0.05 mole) of potassium 
cyanide in 4 ml of distilled water  and 5 ml of dimethyl sulfoxide. The react ion mixture  was diluted with 
water  and extracted with e the r -benzene .  The extract  was dried with magnesium sulfate, the solvents were 
removed, and the residue was dried over  CaC12 and stored over  n-butyl alcohol. The result ing c rys ta l s  
were removed by fil tration and washed with ether  to give 1.5 g (72%) of a product with mp 96.5-97.5 ~ [from 
e t h a n o l - e t h e r  (1 : 2)]. The product did not depress  the melt ing point of a genuine sample [2]. 

2-Methylbenz[g]indole (IX). A mixture of 2.3 g (0.01 mole) of VIII and 1.0 g of Raney nickel was 
heated under nitrogen at 160 ~ for 15 min. The react ion mixture was vacuum-dis t i l led,  and the fraction with 
bp 150-153 ~ (2-3 mm) was collected to give 1.0 g (55%) of a product with mp 131.5-132.5 ~ (from methanol) 
(rap 132 ~ [5]). The picrate  was obtained as dark- red  needles with mp 162.0-164.0" (from ethanol) (rap 167 ~ 
[5] ). 
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