
INVESTIGATION OF THE PRODUCTS OF THE REACTION 

OF EPICHLOROHYDRIN WITH AROMATIC AMINES 

XII.* 3-SUBSTITUTED 1,2,3,4-TETRAHYDROBENZO[h]QUINOLINES AND 

2-SUBSTITUTED BENZ [g]INDOLINES 

S .  I .  K u t k e v i c h u s  a n d  K .  S .  S h e r e n a s  UDC 547.832' 759-542.95 

The synthesis  of 2-(hydroxymethyl)benz [g]indoline der ivat ives  by heating N-acyl  der ivat ives  
of 2-(chloromethyl)benz[g]indoline in dimethyl sulfoxide is descr ibed .  3 ,6=Dichloro- l ,2 ,3 ,4-  
te t rahydrobenzo [h]quinoline, 5-chloroazi r ido  [1,22 a]benz [g]indoline, and de r iva t ives  of 2- 
substi tuted 5=chlorobenz [g]indoline were  synthesized.  

The synthesis  of 2= (hydroxymethyl)benz [g]indoline (i) f rom 2-(chloromethyl)benz [g]indoline or 3= 
chloro=l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  is descr ibed  in [2]. However,  it is more  convenient to obtain I 
by heating N-acetyl=2-(chloromethyl)benz[g]indoline (iI) in dimethyl sulfoxide in the p resence  of alkali 
metal  sal ts  and weak acids.  The resul t ing 2-(acetoxymethyl)benz [g]indoline (III) is readi ly  conver ted to I. 
For  the synthesis  of II, one can use not only pure 2= (chloromethyl)benz [g]indoline (IV) but also a mixture  
of IV and 3=chloro=l,2,3,4-tetrahydrobenzo[h]quinoline,  which is obtained by the react ion of 3 -hydroxy-  
1,2,3,4-tetrahydrobenzo[h]quinoline {V) with phosphorus oxychloride [2].  oc,lc,:: 
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It would seem that the f i r s t  s tep in this react ion is saponification of II to fo rm IV, which then is con- 
ver ted  to HI by nucleophilic substi tution. However,  a mixture  of HI and 3 -ace toxy- l ,2 ,3 ,4 - t e t r ahydrobenzo-  
[h]quJnoline {VI) is formed in the react ion of IV with potassium acetate under  the same conditions. The 
format ion of only III is observed when II is heated in dimethyl  sulfoxide or  in ethanol.  Thus the p resence  
of an alkali meta l  salt  and a weak acid proves  to be optional. 
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* See [1] for  communication XI. 
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The convers ion  of II to III apparen t ly  p roceeds  in analogy with ~ -ha loalkyl  benzamides  [3-6], with the 
in te rmedia te  fo rmat ion  of an oxazoline der iva t ive ,  which is hydrolyzed under  the reac t ion  condit ions.  

S imi la r  t r a n s f o r m a t i o n s  a re  obse rved  when N-benzoy l -2 - (ch lo romethy l )benz  [g]indoline (VII) or  N-  
ace ty l -2 -ch lo romethy l -5 -ch lo robenz[g ] indo l ine  a re  heated.  In the f i r s t  case ,  2- (benzoxymethyl)benz[g]-  
indoline (VIII) is obtained, while 2 -ace toxymethy l -5 -ch lo robenz  [g]indoline is obtained in the second case .  
Thus this reac t ion  is a gene ra l  one for  the p repa ra t ion  of 2-  g~ydroxymethyl)benz [g]indoline de r iva t ives .  

In o rde r  to obtain 5-chloro  de r iva t ives  of benz[g]indoline, we subjected I to the action of thionyl chlo-  
r ide .  However ,  the subs tance  undergoes  cha r r ing  at both room t e m p e r a t u r e  and -10~ and individual 
compounds cannot be i sola ted .  Thionyl chlor ide  has  a s i m i l a r  effect  on IV and VIII.  However ,  when 3-  
ch loro- l ,2 ,3 ,4 - te t rahydrobenzo[h]qu ino l ine  (IX) is used  at r oom t e m p e r a t u r e ,  one obtains good yields of 
3 ,6 -d ich loro- l ,2 ,3 ,4 - te t rahydrobenzo[h]qu ino l ine  (X), which is conver ted  to 6-chlorobenzo[h]quinoline (XI) 
on refluxing with thionyl ch lor ide .  Thus chlor inat ion in the a romat i c  r ing on reac t ion  with thionyl chlor ide 
occurs  smooth ly  in the case  of 1 ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine de r iva t ives .  In the case  of 2-subst i tu ted  
benz[g]indolines,  the e lec t ron  densi ty  in the 5 posit ion is apparent ly  reduced  as c o m p a r e d  with the 6 pos i -  
tion in 3 -subs t i tu ted  1,2 ,3 ,4- te t rahydrobenzo[h]quinol ine,  which d e c r e a s e s  the labil i ty of Hs, and the in-  
c r e a s e d  bas i c i ty  fac i l i ta tes  the reac t ion  of thionyl chlor ide  with the NH group.  

A mix tu re  of X and 2-ch loromethy l -5-ch lorobenz[g] indol ine  (XIII) is fo rmed  in the reac t ion  of 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 b e n z o  [h]quinoline (XII) with phosphorus  oxychlor ide .  Acylation,  which 
p roceeds  at dif ferent  r a t e s  for benz[g]indoline and 1,2,3,4- tetrahydrobenzo[h]quinol ine de r iva t ives  (which 
is apparen t ly  a s soc ia t ed  with the d i f ference  in the bas ic i t i es ) ,  was used to s epa ra t e  them.  Chiefly XIII 
en te r s  into the reac t ion  when an e ther  solution of the m~xture of X and XIII is t r ea ted  with acet ic  anhydride 
at r o o m  t e m p e r a t u r e .  The N-ace ty l -2 -ch lo romethy l -5 -ch lo robenz [g ] indo l ine  (XIV) fo rmed  is r ead i ly  s e p a -  
ra ted  f r o m  X. Heating of XIV in dimethyl  sulfoxide in the p r e s e n c e  of po ta s s ium b icarbonate  gives 2-  
ace toxymethyl -5-chlorobenz[g] indol ine  (XV), which is r ead i ly  saponified to 2 - h y d r o x y m e t h y l - 5 - c h l o r o -  
benz[g]indoline (X-VI). Compound XVI is f o rmed  along with XIII by saponif icat ion of XIV with hydrochlor ic  
acid.  

The fo rmat ion  of XVI apparent ly  occurs  with in te rmedia te  format ion  of XV, s ince the fo rmat ion  of 
XVI is not obse rved  in the reac t ion  of XIII with hydrochlor ic  acid under  the s ame  condit ions.  Consequently,  
when XIV is heated with hydrochlor ic  acid, two reac t ions  proceed  s i m u l t a n e o u s l y -  saponif icat ion to XIII 
and i n t r amo lecu l a r  cycl iza t ion  to an oxazoline der iva t ive  to fo rm XVI. 

The hydrochlor ides  of X, XIII, and XVI, N-benzoy l -3 ,6 -d ich lo ro - l ,2 ,3 ,4 - t e t r ahydrobenzo[h]qu ino l ine  
(XVII), N - b e n z o y l - 2 - c h l o r o m e t h y l - 5 - c h l o r o b e n z  [g]indoline (XVIII), and N-benzoy l -2 -benzoy loxyme thy l -5 -  
chlorobenz [g]indoline were  also synthes ized .  
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The absorption band of the NH group in the IR spec t ra  of 2-substi tuted benz [g]indolines is found at 
3380-3400 cm -i ,  while that of 3-subst i tuted 1,2,3,4-tetrahydrobenzo[h]quinolines is at 3450-3470 cm -1. A 
s imi la r  regular i ty  is also observed in the H~ spec t ra  of 2-substi tuted 5-chlorobenz [g]indolines and 3- 
substituted 6 -ch loro- l ,2 ,3 ,4 - te t rahydrobenzo  [h]quinolines. 

It has been repor ted  [7] that azirido[1,2--a]benz[g]indoline is formed by the action of alcoholic alkali 
on 3 -ch lo ro- l ,2 ,3 ,4 - te t rahydrobenzo  [It] quinoline or 2-chloromethylbenz [g]indoline. 5-Chloroazir ido [1,2-a]- 
benz [g]iudoline (XIX) is obtained when N-ace ty l -2 leh lo romethy l -5 -ch lo robenz  [g]indoline is heated in a lco-  
holic alkali. The s t ruc ture  of XIX was proved by the IR and PMR spec t ra  and by the capaci ty  of the az i r i -  
dine r ing to  readily undergo opening by polar  reagents  [7]. Thus N-benzoy l -3 ,6 -d ich lo ro - l , 2 ,3 ,4 - t e t r ahydro -  
benzo[h]quinoline is readi ly formed by the react ion of XIX with benzoyl chloride, while 3 -hydroxy-6 -ch lo ro -  
1,2,3,4-tetrahydrobenzo[h]quinoline is readi ly formed by the action of water  in acid media.  

The formation of XIX is also observed during chromatography of XIII (but not of X) on aluminum 
oxide. The increased  lability of the chlorine atom in the fl position in benz [g]indoline derivat ives as com-  
pared with 1,2,3,4-tetrahydrobenzo[h]quinoline derivatives has also been previously noted [2]. 6-Chloro-  
benzo[h]quinoline is formed along with XIX in the reaction of X with alcoholic potassium hydroxide. 

EXPERIMENTAL 

2-(Hydroxymethyl)benz[g]indoline (i). A mixture of 2.6 g (0.01 mole) of N-ace ty l -2 - (ch loromethy l ) -  
benz[g]indoline, 20 ml of dimethy ! sulfoxide, 8 ml of water ,  and 3.0 g of potassium bicarbonate  was s t i r red  
at 105 ~ for 40 rain, and the mixture was diluted with water  and extracted with e ther .  The ether was r e -  
moved, and the residue was refluxed for 1 h with 20% hydrochlor ic  acid (25 ml). The precipitate that 
formed on cooling was removed  by fi l tration and washed with water  to give 2.0 g (85%) of the hydrochloride 
of I. The product did not depress  the melting point of a known sample [2]. 

Similar  resul ts  were obtained by using sodium acetate or potassium cyanide in place of potassium 
bicarbonate.  The yield of II decreased  when the indicated salts were replaced by potassium chloride or 
calc ium chloride.  The yield was 25% when salts  were not added. 

N-Acetyl-2-(chloromethyl)benz[g]indoline ffI). A mixture of 6.5 g (0.03 mole) of IV and 10 ml of 
acetic anhydride was held at room tempera ture  for 6 h. The resul t ing precipitate (a) was removed by 
fil tration and washed with acetic anhydride.  The fi l trate was diluted with water ,  and the solid remaining 
after  decantation was washed with water  and ethanol. The c rys ta l s  were removed by fil tration and added 
to precipitate a to give 6.4 g (82%) of II with mp 144.5-146.0 ~ (from absolute ethanol). Found: C1 14.0; N 
5.4%. CtsHi4C1NO. Calculated:  CI 13.7; N 5.4%. 

2-0kcetoxymethyl)benz[g]indoline ~III~. A mixture of 1.3 g (5 mmole) of II, 10 ml of dimethyl sulf- 
oxide, 4 ml of water,  and 1.5 g of potassium bicarbonate was s t i r r ed  at 105 ~ for 40 min. After extraction 
with ether ,  the substance was chromatographed on aluminum oxide to remove admixed I with elution by 
a c e t o n e - p e t r o l e u m  ether  (1:4).  The oily substance obtained was III. Found. N 5.4%. C15H15NO 2. Calcu-  
lated 5.8%. IR spec t rum (in CC14) , v, cm -1 : 3395 (N-H),  1740, 1226, 1036 (O-C~---O). 

Reactien of 2- (Chloromethyl)benz [g]indoline (IV) with Po tass ium Acetate .  A mixture of 11.0 g (0.05 
mole) of IV, 15.0 g (0.15 mole) of potassium acetate,  and 70 ml of dimethyl sulfoxide was heated at 105 ~ 
for 1 h. The mixture was diluted with water and extracted with ether (50 ml). The ether  solution was 
washed with water ,  dr ied with magnesium sulfate, and cooled to -10  ~ The c rys ta l s  that formed in the 
course  of severa l  days were removed  by fil tration and washed with ether  to give 3.6 g (30%) of VI with mp 
96.5-98.0 ~ (from absolute ethanol). Found: N 6.1%. C15H15NO 2. Calculated: N 5.8%. Saponification of the 
lat ter  gave V, which did not depress  the melting point of a known sample [8]. 

The ether was removed after  VI was separated f rom the fi l trate.  The oily residue was saponified to 
give I mixed with V. The i somers  were identified by chromatography on a thin, loose layer  of aluminum 
oxide with elution by c h l o r o f o r m - e t h a n o l  (66 : 1). The R f  values for I and V were 0.41 and 0.44, r e s p e c -  
t ively.  Compound I took on a blue color  on development with iodine, while V was green in the presence  of 
iodine. 

2-{Benzoxymethyl)benz[g]indoline (VIII). A mixture of 3.2 g (0.01 mole) of VII, 30 ml of dimethyl 
sulfoxide, and 2.5 g of potass ium bicarbonate was heated at 110 ~ for 1 h. The mixture was diluted with 
water  and extracted with ether .  The ether  was removed,  and the residue was rec rys ta l l i zed  f rom methanol 
to give 2.4 g (80%) of VIH with mp 107.0-108.5 ~ the melting point of which was not depressed  by a known 
[2] sample.  
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3,6-Dichloro- l ,2 ,3 ,4- te t rahydrobenzo[h]quinol ine  (X). An 11.0-g (0.05 mole) sample of IX was added 
gradual ly with cooling to - 5  ~ to 35 ml  of thionyl chloride.  The mixture was then allowed to stand at room 
tempera tu re  for 8 h. The resul t ing precipi tate  was removed by fi l tration and washed with thionyl chloride.  
Recrys ta l l iza t ion f rom methanol (with activated charcoal)  gave 10.7 g (74%) of the hydrochlor ide of X with 
mp 198 ~ (dec.). Found: C1 36.9; N 5.0%. C13HltC12N ' HC1. Calculated: C1 36.9; N 4.9%. 

A 5.8-g (0.02 mole) sample of the hydrochlor ide  of X was shaken with aqueous sodium carbonate  in 
the presence  of benzene.  The benzene was removed,  and the solid was c rys ta l l ized  f rom methanol to give 
4.8 g (95%) of X with mp 85.5-87.0 ~ Found: C1 28.3; N 5.8%. CI3HIIC12N. Calculated: C1 28.1; N 5.6%. 
]t~ spect rum,  v ,  c m - l :  3432 {NH). See also the experimental  method for the preparat ion of XIV. 

.6-Chlorobenzo[h]quinoline (XD. A mixture of 2.5 g of X and 6 ml of thionyl chloride was refluxed for 
1 h. The precipi tate  was removed  by fi l tration and washed with thionyl chloride.  Trea tment  with sodium 
carbonate  and rec rys ta l l i za t ion  f rom methanol gave 1.0 g (48%) of XI with mp 99.5-100.5 ~ . The melting 
point of the product was not depressed  by an authentic sample [9]. See also method B for the preparat ion 
of X-VII. 

2-Chloromethyl=5-ehlorobenz [g]indoline (XIII). A mixture of 2.9 g (0.01 mole) of XIV, 15 ml of 
ethanol, and 20 ml of concentra ted hydrochlor ic  acid was heated at 65-70 ~ for 8 h. The mixture was cooled, 
and the resul t ing c rys t a l s  were removed by fi l tration and washed with water .  The yield of a mixture of the 
hydrochlor ides  of XIII and XVI was 2.7 g. The mixture  was chromatographed on aluminum oxide with elu-  
tion with e t h e r - n - h e p t a n e  (3 : 2). The eluent was removed,  and the oily residue was s tored in a des icca tor  
over  calc ium chlor ide.  The resul t ing c rys t a l s  were  removed by fi l tration and washed with absolute ethanol 
to give 0.9 g (36%) of a product  with mp 48.5-50.0 ~ Found: C1 28.3; N 5.7%. C13HI1C12N. Calculated: C1 
28.1; N 5.6%. IR spec t rum (in CHC13) , v,  cm- i :  3387 {N-H). When the aluminum oxide used for the pur i -  
fication of XIII was ext rac ted  with e t h e r ,  0.4 g of XVI with mp 87.0-88.0 ~ was obtained. The hydrochlor ide 
of XIII had mp 208 ~ (dec., f rom absolute ethanol). Found: C1 36.7; N 5.1%. CI3HIIC12N �9 HC1. Calculated: 
C1 36.9; N 4.9%. 

N-Ace ty l -2 -ch lo romethy l -5 -ch lo robenz  [g]indoline (XIV) and 3 ,6 -Dich lo ro - l ,2 ,3 ,4 -Te t rahydrobenzo-  
[h]quinoline (X). A mixture  of 27.0 g (0.1 mole) of the hydrochlor ide of XII and 46 ml of f reshly  distilled 
phosphorus oxychloride was refluxed for  1.5 h. The mixture was then poured over ice, and the result ing 
c rys t a l s  of the hydroehlor ides  of X and XIII were  removed by fil tration and washed with water .  The mix-  
ture  of hydrochlor ides  was shaken with aqueous sodium carbonate in the presence  of e ther .  The ether  solu-  
tion was dried with magnes ium sulfate and t rea ted  with activated charcoal .  Acetic anhydride (14 ml) was 
added, and the mixture  was held at 28-30 ~ for 24 h. It was then t rea ted  with activated charcoal .  The f i l -  
t r a te  was washed with sodium carbonate  solution and water ,  and the result ing c rys ta l s  were removed by 
fi l tration and washed with e ther  to give 8.8 g (30%) of XIV with mp 119.5-120.5 ~ (from methanol).  Found: 
C1 24.0; N 4.9%. CIsHI3CI2NO. Calculated: C1 24.1; N 4.8%. 

The ether  was removed  f rom the f i l t rate  after  separat ion of XIV, and the residue was t rea ted  with 
concentrated hydrochlor ic  acid. The resul t ing hydrochlor ide of X was washed with methanol and acetone 
and rec rys ta l l i zed  f rom methanol.  Trea tment  of the hydrochlor ide with sodium carbonate gave 8.4 g (33.4%) 
of X with mp 84.0-86.0 ~ the melting point of which was not depressed  by the product obtained via the 
method descr ibed  above. 

2-Acetoxymethyl-5-chlorobenz[g] indol ine  (XV). A mixture of 2.9 g (0.01 mole) of XIV, 25 ml of 
dimethyl sulfoxide, 9 ml of water ,  and 3.1 g of potass ium bicarbonate was s t i r red  at 120 ~ for 2 h. The mix-  
ture was diluted with water  and extracted with ether .  The ether was removed,  and the oily residue was 
chromatographed on aluminum oxide with elution by e t h e r - n - h e p t a n e  (4 : 1) to give 0.9 g (33%) of a product 
with mp 76.5-77.5 ~ (from n-hexane) .  Found: C1 12.8; N 5.1%. C15H14CINO 2. Calculated: C1 12.9; N 5.1%. 
IR spec t rum (in CHC13) , v, cm- l :  3392 {N-H). In addition, ether extraction of the aluminum oxide used to 
purify XIV yielded 0.5 g (21%) of XVI. 

2 -Hydroxymethyl -5-ch lorobenz  [g]indoline (XVI). A 2.9-g (0.01 mole) sample of XIV was t rea ted  as 
in the preceding exper iment .  The resul t ing  oily substance was refluxed with 10 ml of 20% hydrochlor ic  
acid for  1 h. The mixture  was cooled, and the resul t ing c rys ta l s  were  removed by filtration, washed with 
water  and methanol,  and rec rys ta l l i zed  f rom methanol (with activated charcoal)  to give 2.2 g (82%) of the 
hydrochlor ide of XVI with mp 225 ~ (dec.). Found: C1 26.2; N 5.3%. CI3HI2C1NO �9 HC1. Calculated: C1 
26.2; N 5.2%. 
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A 1.4-g (5 mmole)  sample  of the hydrochlor ide  of XVI was shaken with aqueous sodium carbonate  
solution in the p r e s ence  of e the r .  The e ther  was r emoved  to give an a lmos t  quanti tat ive yield of XVI with 
mp 87.0-88.0 ~ (from chlorobenzene) .  Found. C115.1;  N 6,1%. CI3HI2C1NO. Calculated:  C115.2;  N 6.0~. 
IR spec t rum (in CHC13) , v ,  c m - l :  3372 (NH). See also the exper imen t s  for the p repara t ion  of XIII and XV. 

N-Benzoy l -2 -benzoxymethy l -5 -ch lo robenz  [g]indoline. A mix tu re  of 0.5 g (2 mmole)  of X-VI, 0.8 g 
(6 mmole)  of benzoyl  chlor ide,  and 4 ml  of pyridine was heated at 100 ~ for  1 h. Workup gave 0.8 g (90~) of 
the N,O-dibenzoyl  der iva t ive  of 2-hydroxymethyl - .5-chlorobenz  [g]indoline with mp 138.5-139.5 ~ (from 
methanol) .  Found: C18.1;  N 3~ C27H20C1NO 3. Calculated:  C18.0;  N 3.2%. 

N-Benzoyl -3 ,6 -d ich loro- l ,2 ,3 ,4 - te t rahydrobenzo[h]qu ino l ine  (XVII). A. A mix tu re  of 0.5 g (2 mmole)  
of X, 0.4 g (3 mmole)  of benzoyl chlor ide,  and 4 ml  of pyridine was heated at 100 ~ for  1 h. Workup of the 
reac t ion  mix tu re  gave  0.7 g (98%) of XVII with mp  179.5-180.5 ~ {from methanol) .  Found: C119.8; N 3.9%. 
C20HIsC12NO. Calculated:  C119.9;  N 3.9%. 

B_.:. A mix tu re  of 5.0 g (0.02 mole)_of X, 3,4 g (0.06 mole) of po tass ium hydroxide,  and 15 ml  of ab-  
solute ethanol was ref luxed for  50 rain. As in the p repara t ion  of XIX, 4.0 g of an oily substance,  in which 
6-chlorobenzo[h]quinoline (X-I) was ch romatograph ica l ly  detected along with XIX, was obtained. The m i x -  
tu re  was dissolved in 30 ml  of d ry  e ther ,  1.8 g of benzoyl  chlor ide was added, and the mix tu re  was held at 
r oom t e m p e r a t u r e  for  2 h. The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion,  washed with e ther ,  and r e -  
c rys t a l l i zed  f rom ethanol to give 3.4 g (54%) of a product  with mp 179.0-180.5 ~ . The mel t ing point was not 
d e p r e s s e d  by the product  obtained in exper iment  A. In addition, 1.1 g (29%) of XI was i so la ted  f rom the 
e the r  f i l t r a te .  

N-Benzoy l -2 - ch lo rome thy l -5 - ch lo robenz  [g]indoline (XVIII). A mix tu re  of 0.5 g (2 mmole)  of XIII, 
0.4 g (3 mmole)  of benzoyl  chlor ide,  0.4 g of po tass ium carbonate ,  and 10 ml  of d ry  e ther  was ref luxed for  
6 h and worked up to give 0.7 g (98%) of XVIII with mp 173.5-175 ~ (from absolute ethanol).  Found: C120.1;  
N 4.3%. C20H15C12NO. Calculated:  C119.9;  N 3.9%. 

5-Chloroazir ido[ l~2-a]benz[gl indol ine (XIX). A mix tu re  of 5.9 g (0.02 mole) of XIV, 4.5 g (0.08 mole) 
of po tass ium hydroxide,  and 20 ml  of absolute ethanol was ref luxed for  20 min.  The mix tu re  was f i l te red,  
and the solution was evapora ted .  The res idue  was ex t rac ted  with pe t ro leum e ther .  The pe t ro leum ether  
was r emoved ,  and the res idue  was allowed to stand over  ca lc ium chlor ide .  The resu l t ing  c ry s t a l s  were  
r emoved  by f i l t ra t ion and washed with pentane to give 3.2 g (74%) of XIX with mp 41.5-43.0 ~ (from pentane).  
Found: C116.4;  N 6.5%. Ci3Hi0C1N. Calculated:  C116.4;  N 6.5%. 

Th in - l aye r  ch roma tog raphy  es tab l i shed  the format ion  of XII [Rf 0.37, elution by c h l o r o f o r m - e t h a n o l  
(66 : 1)] a f te r  t r e a t m e n t  of 0.1 g of XIX with 3 ml  of 20% sulfur ic  acid. 
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