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Ill .* SUBSTITUTION REACTIONS IN THE 5,6-DIHYDRO-4H-IMIDAZO[4,5,1-i , j ]QUINOLINE 
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9-Subst i tuted 5 ,6-dihydro,-4H-imidazo[4,5 ,1- i , j ]quinol ines  were  synthesized and aminated  
by the act ion of sodium amide and hydroxylated by fusing with po ta s s ium hydroxide.  The 
mononi t ro  and dinitro compounds of some 5,6-dihydro-4H-imidazo[4,5 ,1- i , j ]quinol ine  de-  
r iva t ives  and the corresponding amino and diamino compounds were  obtained. The la t te r  
r e ac t  with ni tr ic  or  fo rmic  acids to fo rm a new he te rocyc l ic  ring. 

To study the substitution reac t ions  in the 5 ,6-dihydro-4H-imidazo[4,5 ,1- i , j ]quinol ine  (I) s e r i e s ,  we 
synthesized i ts  9-phenoxy-  and 9-die thylamino der iva t ives  (XI, XII) s ta r t ing  f rom 7-chloro-8-n i t roquinol ine  
(II) [2] (see the scheme below). 

The reduction of the n i t ro  group in III  and IV with i ron in dilute acet ic  acid leads to 8 -amino  d e r i v -  
a t ives  V and VI. The action of sodium and alcohol on V, VI, and 7-methyl -8-aminoquino[ ine  (VII) [3] con- 
v e r t s  them to 1 ,2 ,3 ,4- te t rahydro  der iva t ives  (VIII-X), which a re  subsequently conver ted  to XI-XIIIa  by 
heating with formic acid. 

The ionization constants of the compounds obtained measured in 5% aqueous alcohol according to the 
method in [4], are 5.00 for XI, 6.90 for XII, and 6.03 for XIIIa; i.e., they lie in the range where the amina- 
tion reaction is possible [4]. In fact, heating XI-XIIIa with sodium amide in dimethylaniline at 120~ gives 
their 2-amino derivatives (XIV-XVI). 

J 
II III. IV V - V I I / / . /  VIII-X 

XIV-XVi X|-X|II a XVII,XVII| 

III,V, VIII, XI, XlV R~OC, sHs; IV, Vl, IX, Xll, XV, XVll R~N(C2Hs)2; 

VII, X, XII~ XVI, XVII[ R=CH 3 

Like other  imidazole-conta in ing  s y s t e m s  [7], XII and XIlIa  could also be hydroxyla ted  at the 2 -p o s i -  
tion by fusing with po ta s s ium hydroxide at 280~ Like 1-methylbenzimidazole  [8], I and the 4 ,8-dimethyl  
and 7-methoxy der iva t ives  of I [6] a r e  smoothly  conver ted  to 2 - m e r c a p t o  der iva t ives  (XIX-XXI) by fusing 
with sulfur.  

* See [1] for  communica t ion  II.  
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T A B L E  i .  

Com- 
pound 

XI 
XII 

XIIIa 

XIV 

XV 
XVI 

XVII 

XVIII 

5 , 6 - D i h y d r o - 4 H - i m i d a z o  [4,5, l - i ,  j] quinoline De r iva t i ve s  

Mp, Solvent "C 
Empirical 
formula 

110--1,12 Ether , C~6HI4NzO 
88~59a -- ] CI4HIgN3 

102--103 IOctane I CHHa2N2 
249--2i50 IButanol C~6H~sN30 
1~4--126 Octane C14H2oN4 

258~-2'5& b Water I ChilloN3 
15~--154, [Octane ClaHIvNsO 

213--214 !Undecaael C.HI2N20 

Found, 

c ! H N 

77,0 5,7 11,4 76,8 
73,4 8,4 16,3 73,4 
76,9 7,1 16,5 76,7 
72,3 5,6 16,0 72,4 

68,5 8,0 22,9 58,8 
70,3 6,7 22,3 70,6 

68,5 7,8 17,0 6~,6 

70,5 5,5 14,9 [ 70,2 
I 

C H 

5,6 
8,4 
7,0 
5,7 

8,2 

7,0 

7,8 

6,4 

N .~ 

11,2 89 
18,3 98 
16,3 96 

15,8 6O 

22,9 45 
22,4 70 

17,1 33 
14,9 58 

a p u r i f i e d  by subl imat ion .  
b w i t h  de comp o sit i  on. 

The n i t r a t ion  of I in su l fur ic  ac id  with an e q u i m o l e c u l a r  amount  of  50% ni t r ic  ac id  at  - 1 5  ~ leads  (ac-  
cord ing  to ana lys i s )  to the fo rma t ion  of  a m i x t u r e  of monon i t ro  compounds  in 81% yield.  T h i n - l a y e r  c h r o -  
m a t o g r a p h y  (TLC) on alu_minum oxide in c h l o r o f o r m  ind ica tes  the f o r m a t i o n  of t h r ee  new subs t ances  with 
c lose  Rf va lues .  Apparen t ly  all  t h r ee  of the poss ib le  monon i t ro  de r iva t ives  a r e  fo rmed .  

Only one monon i t ro  compound  is  obtained in 80 and 83% yield,  r e spec t ive ly ,  by n i t r a t ion  of XIIIa  and 
2 , 9 - d i m e t h y l - 5 , 6 - d i h y d r o - 4 H - i m i d a z o [ 4 , 5 , 1 - i , j ] q u i n o l i n e  (XIIIb) [1] under  s i m i l a r  condi t ions .  I t  can be a s -  
sumed  that  the n i t ro  g roup  e n t e r s  the or tho  pos i t ion  re l a t ive  to the me thy l  group,  i . e . ,  the 8 posi t ion.  E v i -  
dence  in f avo r  of th is  i s  the obse rva t ion  that  XXHa, b, l ike o -  and p - n i t r o t o l u e n e s  [9], give an in tense  y e l -  
low co lo ra t ion  with d imethylani l ine .  

NO 2 

C II 3-"..~,,.~ ~'. N / CH3/'-~/",.N / C H . ' ~ . , , . .  " "~4~" 

Xllla,  b xx l l a ,  b XXllla, b 

CH3" V " N  ~ C H 3 ~ X ~ , /  ~"N / 

XXV - XXIY XXV|  

XXlla xxl l l  a R=H; Xlll b XXII b XXlllb R=CH 3 

The reduc t ion  of XXIIb ~:with s tannous  ch lor ide  leads  to the 8 - amino  de r iva t ive  of XIIIb (XXVII). 

In o r d e r  to a s c e r t a i n  the pos i t ion  of the n i t ro  g roup  in XXIIa ,  b by a l t e rna t ive  syn thes i s ,  we a t tempted  
to obtain 7 - a m i n o - Z , 9 - d i m e t h y l - 5 , 6 - d i h y d r o - 4 H - i r p / d a z o [ 4 , 5 , 1 - i , j ] q u i n o l i n e .  However ,  the hydrogena t ion  
of the s t a r t ing  5 , 8 - d i a m i n o - 7 - m e t h y l q u i n o l i n e  [10], a c c o r d i n g  to [6], i s  a ccompan ied  by e l imina t ion  of  the 
5 - a m i n o  group,  and subsequent  heat ing of the r e su l t i ng  1 ,2 ,3 ,4 - t e t r ahyd ro  der iva t ive  with ace t i c  ac id  gives  
X~Ib .  

A second  n i t ro  g roup  e n t e r s  into the  r ing  of  monon i t ro  compounds  XXHa, b when they  a r e  t r e a t e d  
with a m i x t u r e  of 50% n i t r i c  ac id  and c onc e n t r a t ed  su l fur ic  ac id  at  r o o m  t e m p e r a t u r e .  To a c c e l e r a t e  the 
reac t ion ,  the r e a c t i o n  m i x t u r e  i s  hea ted  on a wa te r  bath at  80 ~ fo r  30 rain. The y ie ld  i s  70-80%. Reduct ion 
of  XXIIIb  with s tannous  ch lo r ide  gave 7 ,8 -d iamino  de r iva t ive  XXIV in 90% yield.  The ac t ion of  n i t r i c  ac id  
o r  hea t ing  with f o r m i c  ac id  c o n v e r t s  XXIV to new h e t e r o c y c l i c  s y s t e m s  (XXV and xxxrI ) .  

EXPERIMENTAL 

7-Phenoxy-8-nitroquinoline (]II). A 62.4 g (0.3 mole) sample of 7-chloro-8-nitroquinoline was added 
in small portions with stirring to a melt of 120 g (1.27 mole) of phenol and 30 g (0.85 mole) of potassium 
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hydroxide heated to 150 ~ The mixture was s t i r red  for 1 h, cooled, and t rea ted  with 20% aqueous potas-  
sium hydroxide. The mixture was extracted with chloroform, and the chloroform extract  was washed 
three tiraes with 10% potass ium hydroxide solution. The solvent was removed by distillation, and the r e s -  
idue was chromatographed on aluminum oxide in chloroform to give 56.1 g (71%) of greenish p r i sms  with 
rap 84-85 ~ (ethanol). Found: C 67.4; H 3.7; N 10.7%. C~H10N203. Calculated: C 67.7; H 3.8; N 10.5%. 

7-Diethylamino-8-ni troquinoline (IV). A mixture of 20.8 g (0.1 mole) of 7-chloro-8-ni t roquinol ine,  
20.8 ml (0.2 mole) of diethylamine, and 10 ral of alcohol was heated at 150 ~ for  6 h. The reaction mass  
was then t rea ted  with 100 ral of water  and extracted with chloroform.  The chloroform extract  was chro-  
matographed on aluminum oxide to give 16.7 g (68%) of yellow p r i sms  with mp 82-83 ~ (octane). Found: 
C 63.7; H 6.0; N 17.3%. C13H15NsO 2. Calculated: C 63.6; H 6.2; N 17.1%. 

.7-Phenoxy-8-aminoqttinoline (V). A mixture of 30.0 g (0.11 mole) of IH, 300 ml of water,  and 6 ml 
(0.1 mole) of acet ic  acid was heated to the boiling point, and 34 g of i ron filings was added in the course of 
3 h with vigorous s t i r r ing.  The mixture was then refluxed with s t i r r ing  for 18 h and extracted with ch loro-  
form. The ext rac t  was dried with sodium sulfate, the solvent was removed by distillation, and the residue 
was vacuum distilled at 245 ~ (7 ram) to give 18 g (70%) of greenish yellow plates with mp 73-74 ~ (aqueous 
alcohol). Found: C 76.0; H 5.1; N 12.1%. C15H12N20. Calculated: C 76.3; H 5.1; N 11.9%. 

7-Diethylamino-8-aminoquinoline (VI). This was s imi lar ly  obtained f rom IV in 46% yield as an oil 
with bp 185 ~ (18 ram). The picra te  was obtained as yel low-green plates with rap 202-203 ~ (dec., alcohol). 
Found: C 51.7; H 4.7; N 18.6%. C13H17N 3- CGH3N3OT. Calculated: C 51.4; H 4.5; N 18.9%. 

7-Phenoxy, 7-Diethylamino, and 7-Methyl Derivat ives of 8-Amino- l ,2 ,3 ,4- te t rahydroquinol ine  
(VHI-~:i. The dihydrochlorides were obtained f rom V-VII in 89, 95, and 94% yields, respectively,  by the 
method in [6]. In view of the ready oxidizability of the compounds, they were introduced immediate ly  into 
the cyclization react ion by the action of formic  acid. 

9-Phenoxy, 9-Diethytamino-,  and 9-1V[ethyl-5,6-dihydro-4H-imidazo[4,5,1-i,j]quinolines (XI-XIIIa). 
These compounds were obtained by refluxing the dihydrochlorides of VIII-X with formic  acid for 5 h. The 
mixtures  were neutral ized with ammonia and extracted with chloroform, and the chloroform extract  was 
chromatographed on aluminum oxide (see Table 1). 

2-Amino Derivat ives of XI-XIIIa (XIV-XVI). A mixture of 10 mmole of sodium amide and 5 mmole 
of XI in 5 ml of dimethylaniline was heated at 120 ~ for  90 rain, cooled, and poured into 5 ral of water.  The 
result ing precipi tate  was removed by filtration and washed with ether and water. Compounds XII andXIIIa 
were s imi lar ly  obtained (Table 1). 

2-Oxo Derivat ives (XVII, XVI~). A 1 g sample of 5,6-dihydro-4H-imidazo[4,5,1-i , j ]quinoline der iv-  
ative (XII, XIIIa) was fused with 5 g of anhydrous potassium hydroxide at 280 ~ for 30 rain. The melt  was 
cooled, and 100 ral of water  was added. The solid was removed by filtration and washed with water  and 5% 
hydrochlor ic  acid (Table 1). 

8-Ni t ro-9-methyl-5 ,6-dihydro-4H-imidazo[4,5 ,1- i , j ]quinol ines  (XXIIa). A 2.58 g (15 ramole) sample 
of XIIIa was dissolved in 10 ml of concentrated H2SO~, the solution was cooled to - 1 5  ~ and a mixture of 
1.4 ml (15 mmole) of HNO s (sp. gr.  1.32) and 3 ml of concentrated tt2SO 4 was added at a t empera ture  no 
higher than - 1 0  ~ The mixture was allowed to stand for 30 rain and poured over 100 g of ice. The ice mix-  
ture  was neutral ized with ammonia and extracted with chloroform. The chloroform extract  was ch roma-  
tographed on aluminum oxide to give 2.5 g (80%) of pale-yel low p r i sms  with rap 232-233 ~ (butanol). Found: 
C 60.9; H 5.2; N 19.4%. C~IHllN302. Calculated: C 60.8; H 5.1; N 19.3%. 

7,8-Dini t ro-9-methyl-5,6-dihydro-4H-iraidazo[4,5,1- i , j ]quinol ine (XXIIIa). A 1 g (5 mmole) sample 
of XXIIa was dissolved at room teraperature  in 2 ml of concentrated H2SO4, 4 ml of HNO 3 (sp. gr.  1.32) was 
added, and the mixture was heated on a water bath at 80 ~ for  30 rain. It was then poured over 30 g of ice, 
and the ice mixture  was neutral ized with amraonia. The result ing precipi tate  was removed by filtration 
and washed with water  to give 1.15 g (88.5%) of greenish plates with rap 202-204 ~ (butanol). Found: C 50.1; 
H 3.7; N 21.4%. CllH10N404. Calculated: C 50.4; H 3.8; N 21.4%. 

8-Nit ro-2,9-dimethyl-5 ,6-dihydro-4I t - imidazo[4,5 ,1_i , j ]quinol ine  (XXIIb). This compound was s imi-  
l a r ly  obtained f rom XlIIb [1] in 83% yield as l ight-yellow p r i sms  with mp 164-165 ~ (butanol). Found: C 
62.1; H 5.6; N 18.2%. C12I-I13N302. Calculated C 62.3; H 5.7; N 18.2%. 
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8-Amino-2,9-dimethyl-5 ,6-dihydro-4H-imidazo[4,5 ,1- i , j ]quinol ine  (XXVII). A 2.5 g (11 mmole) 
sample of XXIIb was introduced into a solution of 10 g (44 nunole) of SnC12 �9 2H20 in 40 ml of HC1 (1 : 1), 
and the mixture was heated on a water bath for 2 h. It was then cooled and neutral ized with 40% sodium 
hydroxide solution and extracted with chloroform. The chloroform extract  was chromatographed on alu-  
minum oxide, and the product  was rec rys ta l l i zed  to give 2.1 g (97%) of yellow p r i sms  with mp 142-143 ~ 
(water). Found: C 71.8; H 7.6; N 20.8%. C12HlsN 3. Calculated: C 71.6; H 7.5; N 20.9%. 

7,8-Dini t ro-2,9-dimethyl-5,6-dihydro-4H-imidazo[4,5,1- i , j ]quinol ine (XX]IIb). This compound was 
s imi lar ly  obtained f rom XXIIb in 67% yield as l ight-green p r i sms  with mp 209-210 ~ (butanol). Found: C 
52.0; H 4.2; N 20.4%. C12H12NtO 4. Calculated: C 52.2; H 4.4; N 20.3%. 

7,8-Diamino-2,9-dimethyl-5,6-dihydro-4H-imidazo[4,5,1- i , j ]quinol ine (XXIV). A 4 g (14.5 re_mole) 
sample of XXIIIb was introduced with s t i r r ing into a solution of 23 g (100 mmole) of SnC12 �9 2H20 in 40 ml 
of HCI (1 : 1), and the mixture was heated on a water  bath for  2 h. It was then cooled and neutral ized with 
40% sodium hydroxide solution, and the diamine was extracted with chloroform.  The extract  was dried 
with potass ium carbonate,  and the solvent was removed by distillation to give 2.8 g (90%) of l ight-brown 
prisms with mp 151-152 ~ (chloroform-ether). Found: C 66.3; II 7.3; N 25.9%. Ci2Ki~N 4. Calculated: C 
66.6; H 7.5; N 25.9%. 

4 ,5-Tr imethylene-6 ,8-d imethyl imidazo[4 ,5- f ]benzot r iazo le  {XXV). A solution of 2.6 g (12 mmole) 
of XX:[V in a mixture  of 4 ml of concentrated HzSO 4 and 10 ml of water  was poured into 60 g of ice. A so-  
lution of 1 g (14.5 mmole) of sodium nitr i te  in 3 ml of water  was added with vigorous s t i r r ing  in the course  
of 30 rain, and the mixture  was s t i r red  until the ice dissolved, af ter  which it was heated on a water bath 
for 3 h. It  was then cooled and neutral ized with ammonia, and the result ing precipi tate  was removed by 
fil tration and washed with ch loroform to give 1.4 g (51%) of l ight -gray  te t rahedra  with mp 355 ~ (dec., di- 
methylformamide) ,  pKa (5% aqueous alcohol) 5.87. Found: C 63.4; H 6.1; N 31.1%. C12HI3N 5. Calculated: 
C 63.4; H 5.8; N 30.8%. 

3 ,4-Tr imethylene-2 ,8-dimethylbenzo[1 ,2-d  : 4,5-d']  diimidazole (XXVI). A mixture of 2 g (9.2 mraole) 
of XXIV, 10 ral of HCOOH, and 1 ml of concentrated HCI was refluxed for 5 h. Water (10 ml) was added, 
and the mixture  was boiled with activated charcoal  and filtered. The fi l t rate was cooled, neutral ized with 
ammonia,  and allowed to stand to precipi tate  2.1 g (almost quantitative) of XXVI as co lor less  p r i sms  with 
rap 300 ~ (dec., water) and pK a (5% aqueous alcohol) 6.88. Found: C 69.1; H 6.4; N 24.9%. C13H14N 4. Cal-  
culated: C 69.0; H 6.2; N 24.8%. 

.2-Mercapto-5,6-dihydro-4H-imidazo[4,5,1-i , j ]quinol ine (XIX). A 0.4 g (2.5 mmole) sample of I was 
t r i tu ra ted  with 0.16 g (5 rag-atom) of sulfur, and the mixture was fused at 175 ~ for 30 rain. The melt  was 
dissolved in 10% sodium hydroxide solution, and the solution was boiled with charcoal  and filtered. The 
f i l t rate  was neutra l ized with acet ic  acid, and the result ing precipi tate  was removed by filtration andwashed 
with water  to give 0.4 g (85%) of l ight-yellow p r i s m s  with mp 214-215 ~ (aqueous alcohol) (rap 214-215 ~ [11]). 

2-Mercapto-4 ,8-dimethyl-5 ,6-dihydro-4H-imidazo[4,5 ,1- i , j ]quinol ine  (XX). This compound was s i m -  
i la r ly  obtained f rom 4,8-dimethyl-5,6-dihydro-4H-imidazo[4,5,1- i , j ]quinol ine [6] in 90% yield as yellowish 
p r i s m s  with mp 210-211 ~ (octane). Found: N 12.7%. CI~H14NzS. Calculated: N 12.8%. 

2-Mereapto-7-methoxy-5,6-dihydro-4H-imidazo[4,5 ,1_i , j ]quinol ine  ~-D~I). This compound was s im-  
i lar ly  obtained f rom 7-methoxy-5,6-dihydro-4H-imidazo[4,5,1- i , j ]quinol ine [6] in 91% yield as  yellowish 
p r i sms  with rap 223-224 ~ (butanol). Found: N 12.6%. CllHl~N2OS. Calculated: N 12.7%. 
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