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A method for  the introduction of a quinoline res idue  into an a roma t i c  r ing by means  of 
1-acylquinol inium sa l t s  was  developed.  The effect  of the anion was examined.  A num-  
b e r  of quinolylindoles and quinolyl te t rahydroquinol ines  were  synthesized by this method.  
I t  is shown that e l e c t r o n - a c c e p t o r  or  e l ec t ron -donor  subst i tuents  in the benzene r ing of 
the quinolinium sal t  have p rac t i ca l l y  no effect on the course  of the p r o c e s s .  

A method for  the introduct ion of a quinoline res idue  into an act ivated benzene r ing by means  of 1- 
acylquinolinium sa l t s ,  obtained by the reac t ion  of quinoline with acyl hal ides ,  was  desc r ibed  in [1]. In de-  
veloping this method we found that  d i f ferent  (e lec t ron-donor  or  e l ec t ron-accep to r )  subst i tuents  in the benz-  
ene r ing of the quinolinium sal t  have v i r tua l ly  no effect  on the reac t ion  with dimethylani l ine.  In all  c a se s ,  
the cor responding  1 -acy l -2 - (p -d ime thy laminopheny l ) - l , 2 -d ihydroqu ino l ines  (I) a re  fo rmed  in good yields  
(see Table  1). This  is  p a r t i c u l a r l y  valid for  the 8-methylquinol in ium salt ,  where  the CH 3 group can have a 
substant ia l  effect  on the coplanar i ty  of the acyl group and, consequent ly,  can d is rupt  the ent i re  conjugation 
sys t em.  

I 
1 R , - - C = O  ! 

R ' - - C = O  

As for  substi tut ion in the pyr id ine  por t ion  of the molecu le ,  our  p r e l i m i n a r y  observa t ions  [1] r e g a r d -  
ing the poss ib i l i ty  of introducing quinaldinium or  lepidinium sa l t s  into this reac t ion  were  not conf i rmed.  
The p r e s e n c e  of CH 3 groups  in both the c~ and 7 posi t ions  turns  out to be sufficient to block the react ion.  

It is in te res t ing  to note that the nature  of the anions of the N-acylquinol inium sal ts  has  a substant ia l  
effect  on the yie lds  of I.  Thus ,  in the reac t ion  of quinoline and benzoyl  f luoride,  benzoyl chlor ide ,  benzoyl 
b romide ,  and benzoyl  iodide with dimethylani l ine under  s tandard  conditions (100 ~ S h), the yie lds  of 1- 
benzoy l -2 -  (p-d imethylaminophenyl ) -  1,2-dihydroquinoline inc reased  r egu la r ly  with inc reas ing  nueleophi l ic-  
ity of the acylquinolinium salt  anion (24, 45, 90, and 95%, respec t ive ly ) .  The obse rved  r egu l a r i t y  should 
apparen t ly  be assoc ia ted  with the i nc r ea s e  in the r eac t iv i ty  of the benzoyl hal ides  in this s e r i e s  in connec-  
t ion with the fact  that the h a l o g e n - c a r b o n  bond s t rength  d e c r e a s e s  apprec iab ly  in this d i rec t ion [2]. Such 
r egu la r i t y  in the change in the r eac t iv i ty  in the aeyl halide s e r i e s  during the acylat ion of amines  was also 
obse rved  by Litvinenko and c o - w o r k e r s  [3], who assoc ia ted  the obse rved  phenomenon with the change in the 
h a l o g e n - c a r b o n  bond s t rength .  In addition, the r e su l t s  of our  expe r imen t s  with the va r ious  benzoyl  hal ides  
make it poss ib le  to a s s u m e  the par t ic ipa t ion  in the r eac t ions  of a c h a r g e - t r a n s f e r  complex,  fo rmed  due to 
t r a n s f e r  of a va lence  e lec t ron  of the anion to the lower  vacant  mo lecu l a r  orbi ta l  of the quinolinium cation, 

*See [I] for  Communicat ion VI. 
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as  occurs  in pyr id in ium [4] and alkylquinolinium [5] sa l t s ,  r a t h e r  than the par t ic ipat ion of an N-acylquinol-  
inium cation:  

r_te=o t R - - C = O  

The fo rmat ion  of a complex  of this type is  faci l i ta ted with inc reas ing  anion nucleophil ici ty,  and the 
r egu la r i t y  we obse rved  can be explained by this .  

This  method of quinolination of act ivated a roma t i c  r ings  was suitable for  the introduction of a quinol- 
ine re  sidue into the benzene r ing of 1-a lkyl -2 ,3-d ihydro indole  s and 1-a lky l -  1 ,2 ,3 ,4- te t rahydroquinol ine s ,  
as we have b r i e f ly  r epo r t ed  in [6, 7]: 

I I 
R - - C = O  r '  R - c = o ' ' ~ \ N ' ~  ' I 

II  R' 

The benzene r ing in indoline and te t rahydroquinol ine  molecu les  is  act ivated by two e lec t ron-donor  
subst i tuents  - t h e  amino group and the alkyl res idue .  Several  i s o m e r i c  p roduc t s  of quinolination can t h e r e -  
fo re  be fo rmed  under  conditions of e leot rophi l ic  a t tack.  However ,  when the reac t ion  is c a r r i e d  out under  
mild  conditions (50-60 ~ under  nitrogen) only one i s o m e r ,  to which we ass igned s t ruc tu re  II on the ba s i s  of 
the analogy of the UV and IR spec t r a  with the spec t r a  of the cor responding  quinolinated dialkylani l ines (I), 
was  a lways  obtained. 

Fo r  a m o r e  r igorous  proof  of the s t ruc tu re  of the compounds obtained, 2-  ( 1 - m e t h y l - l  ,2 ,3 , 4 - t e t r a -  
hydro-6-qu ino ly l )qu ino l ine -4-earboxyl ic  acid was  obtained by reac t ion  of anil ine,  1 - m e t h y l - 6 - f o r m y l -  
1 ,2 ,3 ,4- te t rahydroquinol ine ,  and pyruvic  acid; decarboxyla t ion  of the product  acid led to 1 - m e t h y l - 6 -  (2- 
qu inoly l ) - l ,2 ,3 ,4- te t rahydroquinol ine ,  which was identical  to a sample  obtained by hydro lys i s  of the p rod -  
uct of reac t ion  of the 1-benzoylquinol inium salt  with 1 -me thy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine :  

+ O H C ~  

NH~ I 

CH 3 

I 

COOH 
COOH 1 

+ C~O ~ 
I - -  I CIt a CH 3 

I 
CIt 3 

Thus,  as in the case  of quinolination of dia lkylani l ines ,  r ing-coupl ing  at the ~ posit ion of the quinol- 
ine r ing and in the pa ra  posi t ion with r e s pec t  to the amino group linked to the benzene r ing occu r s  during 
reac t ion  of N-acylquinol inium sa l t s  with 1 -a lky l -2 ,3 -d ihydro indoles  and 1 -a lky l - l , 2 ,3 ,4 - t e t r ahydroqu ino l -  
ines (Table 2). 

Der iva t ives  I and II we re  conver ted  to the cor responding  2-subs t i tu ted  quinolines (Table 3) by a lka l -  
ine or  acidic hydro lys i s .  M o r e o v e r ,  in con t ras t  to the hydro lys i s  of I ,  in which two compounds are  fo rmed  
[1], hydro lys i s  of I t  in all  c a s e s  led only to a r o m a t i c  s t ruc tu re  II t .  T r a c e s  of the second compound were  
not detected:  

I 
i l l  R' 

Thus we were  able to show that quinolination is a method that is  quite b road  in i ts  synthetic  p o s s i -  
bi l i t ies .  Our  r e s u l t s  on quinolination by this route of thiophene and p y r r o l e  de r iva t ives  will be the subject  
of one of our  future  communica t ions .  
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EXPERIMENTAL 

The pur i ty  of the coke- indus t ry  byproduct  quinoline used in this invest igat ion of the synthesized 
quinoline s, 1 -a lkyl -2 ,3-d ihydroindole  s, and 1 -a lky l -  1 ,2 ,3 ,4- te t rahydroquinol ines  was ve r i f i ed  by gas- l iquid  
ch romatography  (UKh-1 chromatograph ,  140 ~ column length 6 m,  d i ame te r  4 m m ,  s ta t ionary  phase  0.4% 
ethylene o x i d e - t e t r a h y d r o f u r a n  copo lymer  on sodium chlor ide ,  hel ium gas  c a r r i e r ) .  Th in - l aye r  c h r o m -  
a tography on a luminum oxide (activity II) in all ca ses  was c a r r i e d  out with elution with a b e n z e n e - h e x a n e -  
ch lo ro fo rm mix ture  (6 : 1 : 30) with development  with iodine v a p o r s  in UV light. The UV spec t r a  in ethanol 
were  obtained with an SF-4 spec t rophotomete r ;  the IR spec t r a  of the compounds were  obtained with a UR- 
10 spec t ropho tomete r  (in KBr pe l le t s  or  in 5-10% ch lo ro fo rm solutions).  

1 -Aeyl -2- (p -d imethy laminophenyl ) - l ,2 -d ihydroquino l ines  (I). These  were  obtained as p rev ious ly  de-  
scr ibed  in [1] (Table 1). 

The 6 -me thy l - ,  6 -n i t ro - ,  6 -d imethy lamino- ,  6 - b r o m o - ,  7 - m e t h y l - ,  and 8-methylquinol ines  used in 
the reac t ions  were  obtained v ia  the Skraup synthes is  [8]; a f te r  dis t i l la t ion in vacuo or  r ec rys t a l l i za t ion  (in 
the case  of 6 -n i t ro -  and 6-dimethylaminoquinol ine) ,  the pur i ty  of the p r epa ra t i ons  was no l e s s  than 98-99% 
according to gas- l iquid  chromatography .  

Furoyl  Chloride.  This  was  obtained by oxidation of furfura l  to fu r an -2 -ca rboxy l i c  acid with subse -  
quent refluxing of this acid with thionyl chlor ide.  The product  had bp 89-90 ~ (32 mm) [9]. 

Benzoyl Fluor ide .  This  was obtained f r o m  benzoic anhydride and po t a s s ium fluoride [10] and had bp 
150-155 ~ and 35-38 ~ (5 mm) .  

Benzoyl Bromide .  This  was obtained f rom benzoic acid and phosphorous  t r i b romide  [11] and had bp 
216-218 ~ and 75-78 ~ (5 mm).  

Benzoyl Iodide. This  was  obtained via  the method in [12] and had bp 116-118 ~ (8 ram) and 95-97 ~ (5 
mm). 

Reaction of Quinoline with Dimethylanil ine and Benzoyl Hal ides .  A reac t ion  mix ture  consis t ing of 
0.08 mole of anhydrous quinoline, 0.04 mole  of f r e sh ly  dis t i l led (over zinc dust) dimethylani l ine,  and 0.04 
mole  of f r e sh ly  dis t i l led benzoyl halide was heated at 100 + 5 ~ under  ni t rogen for  8 h. The reac t ion  m a s s  
was then s t eam dist i l led,  and the res idual  amorphous  product  was ex t rac ted ,  dr ied,  and r e c r y s t a l l i z e d  
f r o m  ethanol.  The yields  of 1-benzoyl-2-(p-dimethylaminophenyl)-l,2-dihydroquinolines, r e spec t ive ly ,  
were :  3.4 g (24%) in the reac t ion  with benzoyl f luoride,  6.4 g (45%) with benzoyl chloride,  12.8 g (90%) with 
benzoyl b romide ,  and 13.5 g (95%) with benzoyl iodide. The product  had mp 180-181 ~ Mixtures  of s amples  
obtained in expe r imen t s  with the va r ious  benzoyl hal ides  did not give a melt ing-point  depress ion  with an 
authentic sample .  

1-A1ky1-1,2,3,4-tetrahydroquinolines. These  were  obtained as desc r ibed  in [13]. The pur i ty  of the 
s amples  used was no l e s s  than 98% according to gas- l iqu id  chromatography .  

1-Alkyl -2 ,3-d ihydroindoles .  These  were  obtained by alkylation of indoline [14]. The pe rcen tage  of 
pure  substance in the s amples  ranged f r o m  97 to 98%. 

1 -Benzoy l -2 -  ( l ' - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - 6 - q u i n o l y l ) - i  ,2-dihydroquinoline (11) (R = C6H$, R '  = CH~, 
R" = H, n = 2). A mix tu re  of 32.3 g (0.25 mole) of anhydrous quinoline, 17.6 g (0.125 mole) of f r e sh ly  d i s -  
t i l led benzoyl chloride,  and 18.4 g (0.125 mole) of l -methy1-1 ,2 ,3 ,4- te t rahydroquinol ine  was  heated at 50- 
60 ~ under  d ry  ni t rogen for  8 h. The reac t ion  mix ture  was then decomposed with ammonium hydroxide,  
s t eam dist i l led,  and the res idua l  solid product  was separa ted ,  dr ied,  and r e c r y s t a l l i z e d  f r o m  acetone to 
give 36 g (76%) of snow-white c r y s t a l s  of 1 - b e n z o y l - ( 1 - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - 6 - q u i n o l y l ) - l , 2 - d i h y d r o -  
quinoline. 

The other  1 -benzoy l -2 - (1 -a lky1-1 ,2 ,3 ,4 - t e t r ahydro -6 -qu ino ly l ) - I  ,2-dihydroquinoline s and -1 , 2 -d i -  
hydroindoles  (If) were  s i m i l a r l y  obtained. The yields and c h a r a c t e r i s t i c s  a re  p re sen ted  in Table  2. 

1 -Methy l -6- (2-qu ino ly l ) - l ,2 ,3 ,4 - te t rahydroquino l ine .  A. Fused sodium hydroxide (288 g) was  added 
to a solution of 76 g of 1-benzoy1-2-  (1-methyl -  1,2,3,4-t  e t r ahyd ro -  6-quinolyl) - 1,2-dihydroquinoline in 1 
l i t e r  of 70% ethanol,  and the mix ture  was  ref luxed for  3 h. Af ter  this ,  1 l i t e r  of wa te r  was added to the r e -  
action mix ture ,  the ethanol was  removed  by dist i l lat ion,  and the res idual  reac t ion  m a s s  was repea ted ly  ex-  
t r ac ted  with benzene.  The benzene ex t r ac t s  were  dr ied,  half  of the solvent was r emoved ,  400 ml  of n i t r o -  
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benzene was added, and the mixture was refluxed for 2 h. After this, the solution was repeatedly extracted 
with 10% hydrochloric acid. The acid extracts  were made alkaline to pH 9-10, the resulting precipitate was 
separated and repeatedly washed with distilled water,  dried, and recrysta l l ized from ethanol to give 25 g 
(46%) of 1 emon-yellow crystal  s of 1-methyl- 6- (2-quinolyl) -1,2,3,4-tetrahydroquinoline with ~ max 284, 325, 
377 nm, log e 4.14, 4.17, 4.37. The picrate (bright-red crystals) had mp 204-205 ~ (from acetone). 

The hydrolysis of other compounds of the I and II type was similarly carr ied out. The yields and 
character is t ics  of the compounds obtained are presented in Table 3. 

B. One drop of sulfuric acid was added to a solution of 3.5 g (0.02 mole) of 1-methyl-6-formyl-  
1,2,3,4-tetrahydroquinoline (see below) and 1.87 g (0.02 mole) of aniline in 25 ml of absolute ethanol, and 
the mixture was heated for 1 h at 100 ~ After this, a solution of 1.76 g (0.02 mole) of freshly distilled pyr-  
uric acid in 10 ml of absolute ethanol was added to the reaction mixture with cooling and stirring. The 
dark-red reaction mixture was heated at 100 ~ for 20 h, and the solvent was removed to give 2 g of 2-(1- 
methyl-l ,2,3,4-tetrahydro-6-quinolyl)quinoline-4-carboxylic acid with mp 120-122 ~ This acid, without ad- 
ditional purification, was heated slowly to 300 ~ on a metal bath for 1 h. The solid melt which formed was 
distilled in vacuo to give a light-brown, crystalline substance with bp 230-240 (20 ram), mp 110-112 ~ and 
R f  0.70. The spot on the chromatogram was identical to the spot of 1-methyl-6-(2-quinolyl)-l ,2,3,4- 
tetrahydroquinoline with respect  to the Rf  value and gave bright-blue fluorescence in UV light. The pic- 
rate was red and had mp 206-207 ~ (from ethanol); a sample mixed with the picture of the preparation ob- 
tained by method A did not give a melting-point depression. 

1-Methyl-6-formyl-l ,2,3,4-tetrahydroquinoline.  Phosphorus oxychloride [11.5 g (0.075 mole)] was 
added dropwise with adequate st i rr ing and cooling to a solution of 11.1 g (0.075 mole) of 1-methyl- l  ,2 ,3 ,4- 
tetrahydroquinoline in 16.4 g (0.225 mole) of dry dimethylformamide at such a rate that the temperature 
did not r ise above 20 ~ After this, st irr ing was continued for another 1 h at the same temperature,  and the 
mixture was then heated at 100 ~ for 3 h. The reaction mixture was poured over ice, and the resulting mix- 
ture was neutralized with 0.5-N alkali and allowed to stand overnight in the cold. The precipitated crystals  
of l 'methyl-6-formyl- l ,2 ,3 ,4- te t rahydroquinol ine  were then filtered. Distillation in vacuo gave 8.4 g (67%) 
of light-yellow plates with mp 28-29 g and bp 216-2180 (20 ram). According to [15], 1-methyl-6-formyl-  
1,2,3,4-tetrahydroquinoline with bp 219-221 ~ (15 mm) is obtained in 47~ yield by Willsmayer formylation 
of 1-methyl- 1,2,3,4-tetrahydroquinoline with N-methylformanilide. 
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