
5,6-DIHYDRO-4H-IMIDA Z OLE [4,5 , l - i  ,j ]QUINO LI NE 

DERIVATIVES 

I~ SYNTHESIS AND TRANSFORMATIONS OF 2-AMINO DERIVATIVES 

V. G. P o l u d n e n k o  and  A. M. S i m o n o v  UDC 547.781.5'831.3:543.422.6 

2-Alkyl(dialkyl)amino derivatives of I and their respective cyclic ammonium salts were ob- 
tained by reaction of the 2-chloro derivative of 5,6-dihydro-4H-imidazole [4,5,1-i ,j ]quinol- 
ine (I) and its methiodide with amines. The eycloammonium salt was converted into 2- 
amino(alkylimino)-l,2-dihydro derivatives of 5. Methoxy- and methyl-substituted I readily 
formed 2-amino derivatives by reaction with sodium amide. Comparison of the UV spectra 
of the 2-amino derivative of I and its fixed tautomeric form indicates that the 2-amino 
derivative of I exists pr imar i ly  in the amino form in dioxane and CC14. 

Compounds of the 5,6-dihydro-4H-imidazole [4,5,1-i,j ]quinoline (I) ser ies  have been studied to only a 
relatively small extent. We have examined several paths for the synthesis and propert ies  of 2-amino- and 
2-alkyl(dialkyl)amino derivatives of this heterocycle (IV-V) as well as its 2-imino-l ,2-dihydro derivatives 

(X-Xi). 
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The 2-chloro derivative (III) is formed in good yield by reaction of phosphorus oxychloride with 5,6- 
dihydro-4H-imidazolono[4,5,1-i,j ]quinoline (iI). The halogen atom in III can be readily replaced by alkyl 
and dialkylamino groups; however, the starting material  (Ill) was recovered after reaction wi~h ammonium 
hydroxide. Reaction with me thyl iodide quantitatively convert s 2-chloro- 5,6-dihydro-4H-imidazo [4,5,1-i ,j ]- 
quinoline into methiodide VI, in which the chlorine atom is so labile that its replacement by amino and alkyl- 
amino groups to form VIII and IX commences at 20 ~ However, while the formation of 2-amino derivative 
VIII occurs by reaction of VI with ammonium hydroxide, replacement of the chlorine atom by a methyl- 
amino group and subsequent transformation to free imine XI is possible only in absolute alcohol in order  to 
avoid hydrolysis to VII, 

A convenient method for the introduction of an amino group in the 2 position of imidazole systems is 
direct Chichibabin amination. As we previously reported,  5,6-dihydro-4H-imidazo[4,5,1-i,j]quinoline (I) 
and its 8-methoxy derivative are readily converted to 2-amino derivatives by reaction with sodium amide 
[1]. Extending our study of this reaction, we subjected a number of other derivatives of I to amination and 
found that it proceeds successfully in all cases (Table 1). 
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TABLE 1. 

H 
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NH2 
NH2 

NH, 

5 ,6 -Dihydro-4H- imidazo  [4,5,1-i,j  ]quinoline Der iva t ive  s 

R"~R,  

Empirical 
formula R" ~" mp (solvent) / i  HF~ 9 7  ~C I H I NCa lc "  % Yield,% 

H 

C 

H 
CH~ 

CH,~ 

7-CHsO 

8-CH~O 

8-CH3 

7-CH30 
8-CH80 

8-CH3 

127--128 
(n-Octane) 

115--116 
(n-Oxtane) 

I'06-- 107 
(n-Octane) h 

23~-235 
227--298 

Iaqueous alcohoD 
234-235 
(water) 

CtlH12N20 69,96! 6,61 

CI2H14NzO 71,41 6,71 

C,2Ht4N2 77,53 7,34 

CI1HI3NaO 65,10 6,57 
C12HI~N30 66,6'5 6,88 

C12HisN3 71,93 7,27 
I 

14,76170,19 6,43 14,88 89 a 

13,79171,26 6,98 13,85 86 a 

15,12i77,38 7,5@ 15,04 92- a I 
20,52 55,00 6,45 20.67 75 B 
19,45 56,34 6,96 i19.34 50 ~ 

20,89'71,61 7,51 2,0,88 40" 

a. The compound was  obtained by heating the dihydroehlor ide of the 
1 ,2 ,3 ,4- te t rahydroquinol ine  der iva t ive  with fo rmic  acid under  r e -  
flux for  5 h. 
b. Pur i f ied  by subl imation.  
e. A solution of 0.005 mole  of imidazoquinoline in dimethylanil ine 
was added dropwise  to a suspension of 0.01 mole  of sodium amide  in 
dimethylani l ine heated to 120 ~ The mix tu re  was  held at th is  t e m -  
pe r a t u r e  for  1.5 h, cooled, and 5 ml  of wa te r  was added. The p r e -  
cipi tate was f i l te red  and washed with pe t ro l eum ether  and wa te r .  
d. The aminat ion was c a r r i e d  out at  150 ~ under  the same  conditions 
as  in c.  

To obtain the s tar t ing  compounds the methyl  and methoxy de r iva t ives  of o -n i t roan i l ines  were  con-  
ve r t ed  to compounds of the quinaldine s e r i e s  according to the modified method in [2] (45% and 40% yields ,  
r e spec t ive ly ) ,  which were  then subjected to reduct ion according to the method in [3] to 1 ,2 ,3 ,4- te t rahydro  
de r iva t ives .  In o r d e r  to d e c r e a s e  the i r  oxidation, the l a t t e r  were  conveniently isola ted and introduced into 
the cycl iza t ion with fo rmic  acid in the f o r m  of d ihydrochlor ides .  

On the ba s i s  of a study of the IR spec t ra  of 2 - amino -5 , 6 -d ihyd ro -4H- imidazo  [4,5,1-i,j  ]quinoline (XII) 
and i ts  deutera t ion product ,  it was  r ecen t ly  es tabl i shed that  XII ex is t s  p r i m a r i l y  in the amino f o r m  in ch lo ro-  
f o r m  [4] r a t h e r  than the imino f o r m  as Richardson supposed [5]. This  conclusion is a lso  conf i rmed  by 
c o m p a r i s o n  of the UV spec t r a  of IV, XII, and the fixed t au tomer i c  f o r m s  of these  compounds - 2 -d ime thy l -  
amino der iva t ive  V and imines  X and XI. 

In dioxane the UV spec t r a  of IV and XII a re  s im i l a r  to the spec t rum of V and dif fer  f r o m  the spec t r a  
of imines  X and XI. The re  a re  two absorpt ion bands for  these  compounds in dioxane: in the spec t r a  of the 
2 - a m i n o - ,  2 - m e t h y l a m i n o - ,  and 2-d imethylamino der iva t ives  they l ie ,  re  spect ively ,  at 257 and 288, 2 57 and 
291, and 260 and 291 nm,  while for  imines  X and XI they a re  found at 265 and 304, and 275 and 315 nm 
(Fig. 1). A s i m i l a r  phenomenon occu r s  for  the UV spec t ra  in CC14,where one absorpt ion band is  observed:  
291 n m  in the spec t r a  of IV and V, 286 nm for  XII, 314 nm for  X, and 306 nm for  XI. 

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

5,6-Dihydro-4H-imidazolono[4,5 ,1- i , j ]quinol ine  (I1). A mix ture  of 11 g (0.05 mole) of 1,2 ,3 , 4 - t e t r a -  
hydro-8-aminoquinol ine  dihydroehlor ide and 6.0 g (0.1 mole) of u r ea  was  fused at 140 ~ for  30 min.  The 
product  was pur i f ied by rep ree ip i t a t ion  f r o m  10% hydrochlor ic  acid to give 8.4 g (97%) of II with mp 210 ~ 
(210-211 ~ [6]). 

2 -Chloro-5 ,6-d ihydro-4H- imidazo[4 ,5- i , j ]qu ino l ine  (Ill). A mix tu re  of 1.0 g of II and 6 ml  of phos -  
phorus  oxyehlor ide was heated to 140~ af te r  dissolut ion of all of the p rec ip i t a te  the solution was  cooled to 
110 ~ and HC1 was  pas sed  through it for  3 h. The reac t ion  mix tu re  was  cooled, and the excess  POCl~ was  
decomposed  with ice.  The solution was  neut ra l ized  with cooling with 20% NaOH, and the resu l t ing  prec ip i ta te  
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Fig.  1. UV spec t r a :  V) 2 -d ime thy lamino-  
5 ,6 -d ihydro-4H- imidazo  [4,5,1-i ,j ]quinoline; 
X) 2 - i m i n o - l - m e t h y l - 5 , 6 - d i h y d r o - 4 H - i m i d -  
azolino [4,5,1-i,j  ]quinoline; XI) 2 - m e t h y l -  
i m i n o - l - m e t h y l - 5 , 6 - d i h y d r o - 4 H - i m i d a z o l -  
ino [4,5,1-i,j  ]quinoline; XII) 2 - a m i n o - 5 , 6 -  
d ihydro-4H- imidazo  [4,5,1-i ,j ]quinoline. 

was  f i l te red  to give 0.90 g (82%) of co lo r l e s s  c r y s t a l s  with 
mp 75-76 ~ ( f rom water ) .  Found%:  N 14.48. C10HgC1N 2. 
Calculated %: N 14.55. 

2 -Methy lamino-5 ,6 -d ihydro-4H- imidazo[4 ,5 ,1 - i , j  ]-  
quinoline (IV). A mix tu re  of 1.4 g of III and 4.5 ml  of 25% 
aqueous methy lamine  was heated at 150 ~ in an autoclave 
for  4 h. The mix tu re  was  cooled,  and the p rec ip i ta te  was 
f i l te red  to give 1.2 g (92.3%) of co lo r l e s s  p r i s m s  with mp 
222-223 ~ ( f rom toluene).  Found %: C 70.41; H 7.12; N 
22.55. CliH13N 3. Calculated %: C 70.56; H 7.00; N 22.44. 

2 -Dime thy lamino-5 ,6 -d ihydro -4H- imidazo  [4,5,1-i,j ]-  
quinoline (V). A mix tu re  of 1.4 g of III ,  1.62 g of d imethy l -  
amine hydrochlor ide ,  5 ml  of wate r ,  and 1.5 g of sodium 
carbonate  was  heated at 150 ~ for  4 h. The reac t ion  p rod-  
uct was  ex t rac ted  with ch lo ro fo rm and ch romatographed  

o n  a luminum oxide to give 1.32 g (93.7%) of an oil with bp 
195-200 ~ (20 ram). Found%:  N20.68.  C12H15N ~. Calcu-  
lated %: N 20.88. The pure  substance absorbed  wa te r  
avidly to f o r m  a monohydra te  in the f o r m  of co lo r l e s s  
c r y s t a l s  with rap 63-64 ~ (from water ) .  Found %: C 65.98; 
H 7.90; N 18.98. Ct2H15N ~ �9 H 2 0 .  Calculated %: C 65.73; 
H 7.82; N 19.16. 

2-  Ch lo ro -5 ,6 -d ihydro -4H- imidazo  [4,5,1-i,j ]quinoline Methiodide (VI). Compound 111 [0.90 g (0.005 
mole)]  was  dissolved in 2 ml of absolute benzene,  2 ml (0.03 mole) of methyl  iodide was added, and the m i x -  
ture  was  heated on a wa t e r  bath for  15 rain. The prec ip i ta te  which fo rmed  a f t e r  s eve ra l  hours  was  f i l te red ,  
washed with benzene,  and subjected to fu r the r  t r a n s f o r m a t i o n s .  The yield was  a lmos t  quanti tat ive (1.7 g). 

1-Methyl -5 ,6-d ihydro-4H-imidazolono[4 ,5 ,1- i , j ]quinol ine  (VII). A mix tu re  of 1.67 g of VI and 10 ml  
of 25% aqueous methy lamine  was  heated in a wa t e r  bath for  3 h. The solution was evaporated,  and the r e s -  
idue was r e c r y s t a ] l i z e d  f r o m  wa te r  to give 0.52 g (55%) of c o l o r l e s s  p la tes  with mp 120-121 ~ Found %: 
C 69.98; H 6.68; N 14.80. C11HI2N20. Calculated %: C 70.19; H 6.43; N 14.88. 

2 -Amino-5 ,6-d ihydro-4H- imidazo[4 ,5 ,1- i , j ]qu ino l ine  Methiodide (VIII). A mix tu re  of 1.17 g of VI and 
15 ml  of 25% ammonium hydroxide was heated on a w a t e r  bath for  3 h. The mix ture  was cooled, and the 
p rec ip i t a te  was f i l te red  and r e e r y s t a l l i z e d  f r o m  wa te r  to give 0.90 g (60%) of co lo r l e s s  p r i s m s  that  mel ted  
above 305 ~ Found %: N 13.16. CiIHI4IN 3. Calculated %: N 13.33. 

2 -Methy lamino-5 ,6 -d ihydro -4H- imidazo  [4,5,1-i,j ]quinoline Methiodide (IX). A mix tu re  of 1.67 g 
(0.005 mole) of VI and 1.55 g (0.05 mole) of methylamine  in 6 ml  of absolute methanol was  ref luxed for  3 h. 
The mix ture  was  cooled, and the p rec ip i ta te  was f i l te red  to give 1.10 g (60%) of co lo r l e s s  p r i s m s  with mp 
284-285 ~ ( f rom water) .  Found%: N 12.60. Ct2HIsIN 3. Calcu la ted%:  N12.76.  

2 -1mino - l - m e t hy l -5 ,6 -d i hyd ro -4H- i m idazo l i no  [4,5,1-i ,j ]quinoline (X). Compound VIII (0.50 g) was  
dissolved by heating in wa te r  and 10 ml of 10% NaOH was  added. The oil which sepa ra ted  on cooling c r y s -  
ta l l ized to give 0.25 g (83%) of co lo r l e s s  p r i s m s  with mp 91-92 ~ (from b e n z e n e - p e t r o l e u m  ether) .  Found %: 
C 70.36; H 7.16; N 22.50. CtlHI3N 3. Calculated %: C 70.56; H 7.00; N 22.44. 

2 - M e t h y l i m i n o - l - m e t h y l -  5 ,6-d ihydro-4H- imidazol ino  [4,5,1-i ,j ]quinoline (XI). Sodium [0.07 g (0.003 
g-a tom)]  was dissolved in 5 ml of absolute ethanol,  and 0.65 g (0.003 mole) of IX was added to the solution 
in smal l  por t ions .  After  dissolut ion of the p rec ip i ta te  the alcohol was r e m o v e d  b y  dist i l lat ion,  and the 
res idue  was  r e e r y s t a l l i z e d  f rom pe t ro l eum e ther  to give 0.35 g (61%) of eo lo r l e s s  p r i s m s  with mp 93-95 ~ 
Found %: C 71.32; H 7.55; N 20.97. Ct2HIsN ~. Calculated %: C 71.61; H 7.51; N 20.88. 

5-Methoxy-8-aminoquinol ine  (XIII). Stannous chloride [54 g (0.24 mole)] was  d isso lved  in 80 ml  of 
wa te r  and 40 ml  of concent ra ted  hydrochlor ic  acid. The solution was  cooled with ice wa te r ,  and a solution 
of 15 g (0.075 mole) of 5-methoxy-8-n i t roquinol ine  in 100 ml of concent ra ted  hydrochlor ic  acid was  added 
dropwise .  The mix tu re  was s t i r r ed  for  30 rain, a f te r  which it was  heated on a wa t e r  bath for  1 h. The mix -  
ture  was  cooled, made s t rongly  alkaline,  and ex t rac ted  with ch lo roform.  The res idue  a f t e r  r emova l  of the 
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solvent was  dis t i l led in vacuo at 135 ~ (7 mm) to give 6.6 g (50%) of pa le -ye l low p la tes  with mp 90-91 ~ ( f rom 
aqueous alcohol).  Found %: C 68.69; H 5.78; N 16.29. C10H10N20. Calculated %: C 68.95; H 5.79; N 16.08. 

8 -Amino-5 -me thoxy- l , 2 ,3 ,4 - t e t r ahydroqu ino l ine  ( ) IV) .  Sodium (10 g) was added in smal l  por t ions  
with s t i r r ing  to a ref luxing solution of XIII in 80 ml  of absolute ethanol.  The reac t ion  mix tu re  was  heated 
fo r  1.5 h, cooled, 100 ml  of w a t e r  was added, and the mix tu re  was ex t rac ted  with toluene.  The ex t rac t  was  
evapora ted  under  n i t rogen to one- th i rd  of i ts  or iginal  vo lume,  washed three  t i m e s  with wa te r ,  and the di-  
amine  was  ex t rac ted  with hydroch lor ic  acid (1 : 1). The acidic solution was  evapora ted  to give 6.7 g (77%) 
of the dihydrochlor ide .  The p ic ra t e  was obtained in the f o r m  of p a l e - r e d  p r i s m s  with mp 160 ~ ( f rom aque-  
ous alcohol).  Found %: C 47.42; H 4.51; N 17.16. C16H17NsO 8. Calculated %: C 47.18; H 4.21; N 17.19. 

2 -Methy l -6 -methoxy-8-n i t roqu ino l ine  (XV). Acetaldehyde (160 g) was added to a mix tu re  of 500 ml 
of concent ra ted  HC1 and 100 g of 3 -n i t r o -4 -aminoan i so l e  cooled to - 1 5  ~ The mix tu re  was held at - 1 0  ~ for  
1.5 h, 136 g of zinc chloride was  added, and the t e m p e r a t u r e  was slowly r a i s ed  to 0 ~ in 3 h. The mix ture  
was  then heated on a wa t e r  bath at 60 ~ for  4 h. The reac t ion  m a s s  was poured into 2 l i t e r s  of wa te r ,  boiled 
with charcoa l ,  f i l t e red ,  and neut ra l ized .  The prec ip i ta te  was separa ted ,  dr ied ,  ex t rac ted  with toluene,  and 
the ex t rac t  was  t r ea t ed  with hydrochlor ic  acid (1 : 1). The acidic solution was  boiled with charcoa l ,  f i l te red ,  
cooled, and neut ra l ized  with NaOH to give 52 g (40%) of a product  with mp 185-186 ~ ( f rom aqueous alcohol) 
(186 ~ [7]). 

2 ,6-Dimethyl -8-n i t roquinol ine  (XVI). This  was  obtained in 45% yield in the f o r m  of yel lowish-white  
p r i s m s  with mp 118-119 ~ ( f rom aqueous alcohol) f r o m  3-n i t ro -4 -amino to luene  in the same  way as  XV. 
Found %: C 65.46; H 4.77; N 14.04. CllH10N202. Calculated %: C 65.34; H 4.98; N 13.85. 

2 ,6-Dimethyl -8-aminoquinol ine  (XVI'I). This  was  obtained in 70% yield in the f o r m  of yellow p la tes  
with mp 105-106 ~ ( f rom alcohol) f r o m  XVI in accordance  with [8]. Found %: C 76.73; H 7.19; N 16.32. 
CllHi2N 2. Calculated %: C 76.71; H 7.02; N 16.27. 

8 -Amino-2 ,6 -d ime thy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine  (XVIII). The dihydroehlor ide  was obtained in 94% 
yield f r o m  XVII in the same  way used to obtain XIV. The d ip icra te  was obtained in the f o r m  of g r e e n i s h -  
yeUow p la te s  with mp 163-165 ~ (decomp.,  f r o m  alcohol).  Found %: C 43.85; H 3.67; N 17.90. C23H22NsO14. 
Calculated %: C 43.54; H 3.50; N 17.66. 
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