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2-Keto der iva t ives  of N-acyl - l ,2 -d ihydroquinol ine  and isoquinoline were obtained by the r e -  
action of quinoline and isoquinoline with ketones and f l -dicarbonyl  compounds in the p r e s -  
ence of acyl hal ides .  Under s imi l a r  conditions,  9-phenacylacr idines  are  formed by the r e -  
action of acr idine  with acetophenones and acyl halides,  while 5 -acy l -6 -phenacy l -5 ,6 -d ihydro-  
phenanthridines are  fo rmed  in the reac t ion  of phenanthridine. 

The reac t ion  of ketones and 13 -dicarbonyl  compounds with acyl halides in the p resence  of t e r t i a r y  
amines p roceeds  in di f ferent  ways,  depending on the nature of the amine and the carborryl component.  The 
N-acylammonium sal ts  formed in situ as active in termedia tes  in these react ions  are  acylating agents only 
when t e r t i a r y  aliphatic amines are  used, and O- and C-acyla t ion of carbonyl  compounds proceed to an equal 
extent  [2-4]. In the p resence  of pyridine the re  is e i the r  predominant O-acylat ion (in react ions  with fl -d i -  
carbonyl  compounds) or  pyridylat ion (in reac t ions  with ketones),  depending on the nature of the carbonyl  
component [5-7]. 

N-Acylquinolinium sal ts  under  s imi la r  conditions genera l ly  quinolinate both mono-  and f l -dicarbonyl  
compounds [4-5]. 1 -Acyl - l ,4 -d ihydropyr id ine  der iva t ives  are always formed in react ions  with N-acy l -  
pyridinium sal ts ,  while 2-subst i tuted 1-acyl - l ,2 -d ihydroquinol ines  are  fo rmed  with quinolinium sal ts .  

The behavior  of o ther  s i x - m e m b e r e d  ni t rogen he te rocyc les  in these react ions  has not been suff ic ient-  
ly invest igated up to now. We studied the react ion of var ious  acetophenones and some other  mono-  and fl - 
dicarbonyl  compounds with benzoyl chloride in the p resence  of quinoline, isoquinoline, phenanthridine, and 
acr idine.  We found that predominant  he tary la t ion  of the carbonyl  compounds to form N-acyldihydro de r iva -  
t ives  of  these he t e rocyc le s  occurs  in all cases .  

pyridine /~ \ ,H 
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* See [1] for  communicat ion X. 
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Compounds I-IV do not give p icra tes  and display a double bond (tests with Br  2 and KMnO4) , and the IR 
spec t ra  of all of the compounds have intense absorption bands at 1680 cm -1, which are charac te r i s t i c  for 
the valence vibrat ions of the C = O  group of aryl  ketones,  or  at 1730 cm -1, which are  charac te r i s t i c  for  
alkyl ketones and cyclohexanone, and at 1650 cm -1, which correspond to the valence vibrations of the C = O  
group of t e r t i a r y  amides .  In addition, there is an intense band from a C = C  bond conjugated with the benz-  
ene ring at 1620 cm -1 in the IR spec t ra  of these compounds. All of the compounds readi ly form phenyl- 
hydrazones .  The hetarylat ion of f l -dicarbonyl  compounds proceeds just  as readily.  

RcO 
I 

+ R'COCH2COR' ~ CH(COR')2 
COR I- 

In con t ras t  to this,  we unexpectedly obtained 9-phenacylacridines and other ketones of the acridine 
se r i e s  in the reac t ion  of acridine and acyl halides with acetophenones and other ketones, even though there 
is a widespread opinion in the l i te ra ture  that such react ions  do not occur  with acridine [5]. 

CH~COR 

RCO V 
This so r t  of method for the preparat ion of ketones of the acridine se r ies  (V) is considerably more  

convenient than that recent ly  proposed by Hayashi and Nakura [8], and can be recommended as a p r e p a r a -  
tive method. The mechanism of this interest ing react ion is apparently s imi la r  to the one we descr ibed in 
[9] for the reac t ion  of acridine and acyl halides with dialkyl anilines and consis ts  in the following: the ini-  
t ial ly fo rmed 9-phenacyl -10-acyl -9 ,10-d ihydroacr id ine ,  as a resul t  of removal  of a hydride ion by the N- 
acylacr idinium cation in the reac t ion  medium, is conver ted  to the unstable N-acyl  salt  (VIII), which is de-  
composed by acridine to form once again the N-acylacr id in ium salt and V. 10-Benzoylacridine {VII) was 
isolated along with V. 

vI 

I RCO~CH~COR' 

CH,COR' 

J 
RCO RCO 

VII 

CIt ,COW 

Some of the ketones that we synthesized were identical to those descr ibed in [8]. The IR and UV 
spec t ra  of the unrepor ted  V were s imi lar  to the spec t ra  of known ketones, which confi rms their  s t ruc ture .  
An intense band at 1700 cm -l, charac te r i s t i c  for the valence vibrations of the C -~O group of aryl  ketones, 
is observed in the IR spec t ra  of these compounds.  All ketones V form picra tes  and hydrochlor ides  with 
g rea t e r  difficulty than is the case  of I - IV and react  with phenylhydrazine.  The methylene group in the 9- 
phenacylacr idines  and other  V ketones,  which is activated by the proximity to the carbonyl  group and acr id -  
ine ring, readi ly  reac t s  with aldehydes to form chalcones.  The react ion proceeds smoothly in acetic an-  
hydride,  apparently as a consequence of the intermediate  formation of an N-acyl  sal t  (VIII) in which the 
activation of the methylene group is intensified as compared  with V [10]. 

E X P E R I M E N T A L  ' 

The pur i ty  of the c o a l - t a r  by-produc ts  quinoline, isoquinoline, phenanthridine, and acridine was checked 
by gas- l iquid chromatography  (with a UKh-1 chromatograph  with a 6 -m long column, 4 mm in d iameter  with 
0.4% of an ethylene ox ide - t e t r ahyd ro fu ran  copolymer  on salt  as the s ta t ionary phase and helium as the gas 
ca r r i e r )  and was no lower than 98-99%. A b e n z e n e - h e x a n e - c h l o r o f o r m  (6 : 1: 30) mixture was used as the 
eluant in all cases  for chromatography in a loose thin layer  of activity II aluminum oxide, and the ch roma to -  
g r a m s  were developed with iodine vapors  and in UV light. The UV spec t ra  of ethanol solutions were ob- 

604 



TABLE 2. 

f'mp Empirical 
formula 

C6Hs 240--[ C21HlsNO 
1241a,q 

p'CH~C6H, t 2001C-- I CmHn'NO 

2-Thienyl 122278-d[ C10H,3NO'S 
2-Ketocyclo~-208--[ C~sH~sNO 

pentyl I 210el 

�9 ol Found, % Calc.,% ~. I- 
Picra~ 

mp empirical - -  
formula 

t85,0/5,1 4,7 84,8 5,1 ~,7 68 260-- C21H,sNO- 
/ ] [ 261 "C6H3NsO7 

]85 2~5,514,6[84 915,514,5] 611 268--lC22H,zNO �9 
/ ! I I I I I I 269 "C6HsN307 
/75,4~4,3 4,4 75,2 4,3 ~,6 36 261-- C19HI3NOS" 
[ | [ ] [ [ [ ] 262 [ "C6H3NaO7 
/82,4/5,5 [6,0182,7[ 5,815,4[ 311280-- [C18HIsNO. 

N,% 

zalc. 

10,4 10,6 

10,4 10,4 

ll,0 10,5 

11,6 11,4 

a F r o m  benzene.  
bmp  240" [8]. 
CFrom ethanol .  
d F r o m  amyl  alcohol.  
e F r o m  cyclohexane.  

tained with an SF-4A s p e c t r o m e t e r ,  while the IR spec t r a  of ch lo ro fo rm solutions or  KBr pel le ts  were  ob-  
tained with a UR-10 s p e c t r o m e t e r .  

1 - P h e n a c y l - 2 -  (p-phenylbenzoyD-1,2-dihydroisoqninol ine .  Diphenyl -4-c  arboxyl ic  acid chlor ide  [10.8 
g (0.05 mole)]  was added to a mix tu re  of 12.9 g (0.1 mole} of anhydrous isoquinoline and 6.0 g (0.05 mole) of 
d ry  acetophenone,  and the mix tu re  was heated at 100 ~ for  5 h. The reac t ion  m a s s  was then s t e a m  dist i l led,  
and the organic  res idue  was sepa ra t ed  and r e c r y s t a l l i z e d  f rom ethanol to give 20.3 g (70%) of subst i tuted 
1,2-dihydroisoqninol ine with mp 139-140 ~ and Rf  0.26. Found %: C 86.8; H 5.8; N 3.5. C30H23NO 2. Ca lcu-  
la ted %: C 83.9; H 5.4; N 3.3. The phenylhydrazone [rap 195-197 ~ (from hexanol)] was obtained in 70% yield 
by  refluxing a solution of the ketone and phenylhydrazine in g lac ia l  acet ic  acid, and had R f  0.90. Found %: 
C 83.2; H 5.6; N 8.2. C36H2sN30. Calcula ted  %: 83.2; H 5.6; N 8.1. 

Other  keto de r iva t ives  of N-benzoyl - l ,2 -d ihydroquinol ine  and isoquinoline were  s i m i l a r l y  obtained by 
the reac t ion  of quinoline and isoquinoline with ketones  in the p r e sence  of benzoyl  chlor ide (Fable 1). 

5 -Benzoyl -6-phenacy l -5 ,6 -d ihydrophenanthr id ine ,  This  was obtained as desc r ibed  above in 20% yield 
and had mp  149-150 ~ (from ethanol) and Rf  0.35. Found %: C 82.9; H 5.0; N 3.2. C28H21NO 2. Calcula ted  %: 
C 83.3; H 5.2; N 3.5. 

5 -Benzoyl -6-ace to th ieny l -5 ,6 -d ihydrophenan thr id ine .  This  was s i m i l a r l y  obtained in 17% yield and 
had mp 209-210 ~ (from ethanol) and R f  0.20. Found %: C 76.4; H 5.0; N 3.6; S 7.8. C26H19NO2S. Ca l cu -  
l a t ed% :  C 76.3; H 4.7; N 3.4; S 7.8. 

9 - (2-Ketocyc lopenty l )acr id ine .  Cyclopentanone [4.2 g (0.05 mole)] and 7 g (0.05 mole) of benzoyl  
chlor ide  were  added to a solution of 17.9 g (0.1 mole) of acr idine  in 70 ml  of d ime thy l fo rmamide ,  and the 
mi x tu r e  was heated  under  ni t rogen at 110 ~ for  22 h. The mix tu re  was t r ea t ed  with pe t ro l eum e the r ,  washed 
with ammonia  and wate r ,  dr ied,  and ex t rac ted  with e ther .  The e the r - inso lub le  res idue  was r e c r y s t a l l i z e d  
f rom cyclohexane .  Evapora t ion  of the e ther  yielded 3.1 g of 10-benzoylacr id ine  as co lo r l e s s  c r y s t a l s  with 
mp  179-181 ~ (from ethanol} [11]. The ketones  of the acr idine s e r i e s  obtained via the method desc r ibed  
above are  p r e sen t ed  in Table  2. 

1 -Di (e thoxycarbonyl )methy l -2 -benzoy l - l ,2 -d ihydro i soqu ino l ine .  Benzoyl  chlor ide  [7.0 g (0.05 mole}] 
was added dropwise  to a mix tu re  of 12.9 g (0.1 mole) of isoquinoline and 8.0 g (0.05 mole) of malonic  e s t e r ,  
and the mix tu re  was heated at 100 ~ for  3 h. The res idue  a f t e r  s t e am dis t i l la t ion was ex t r ac t ed  with e ther ,  
the e ther  ex t r ac t  was dr ied,  and the e ther  was evapora ted  to give 11.8 g (60%) of a product  with mp 86-87 ~ 
(from pe t ro leum ether} and Rf  0.32 (rap 87 ~ [5]). 

605 



1-Diaeetylmethyl-2-benzoyl-l ,2-dihydroisoquinoline. This was similarly obtained in 70% yield by the 
reaction of isoquinoline with acetylacetone and benzyl chloride in a ratio of 2 �9 1 : 1 and had mp 92-93 ~ (from 
methanol) and R f  0.18. Found %: C 75.7; H 5.8; N 4.4. C2~tII9NO 3. Calculated %: C 75.7; H 5.7; N 4.2. 

1-(Acetylethoxycarbonylmethyl)-2-benzoyl-l,2-dihydroisoquinoline. This was similarly obtained in 
45% yield and had mp 120-122 ~ (from methanol) and Rf 0.22. Found %: C 72.2; H 5.3; N 3.5. C22tt21NO 4. 
Calculated %- C 72.7; H 5.8; N 3.8. 

1- (Cyanoethoxycarbonylmethyl)-2-benzoyl-l,2-dihydroisoquinoline. This was obtained as described 
above in 75% yield and had mp 111-112 ~ (from methanol) and R f  0.52. Found %: C 73.0; H 5.0; N 8.3. 
C21HIsN20 3. Calculated %: C 72.8; H 5.2; N 8.1. 

1-Benzoyl-2-diacetylmethyl-l ,2-dihydroquinoline.  This was similarly obtained in 35% yield by the 
reaction of quinoline with acetylacetone and benzoyl chloride and had mp 136-137 ~ (from ethanol) (rap 138 ~ 
[5]). 

1-Benzoyl-2-(cyanoethoxycarbonylmethyl)-l ,2-dihydroquinoline. This was obtained as described 
above in 15% yield and had mp 149-150 ~ (from butanol). Found %: C 73.0; H 5.3; N 8.2. C21H18N20 3. Calcu- 
lated%. C 7 2 . 8 ; H S . 2 ; N  8.1. 

1-Benzoyl-2-di (ethoxycarbonyl)methyl-l,2-dihydroquinoline. This was similarly obtained in 21% 
yield and had mp 116-117 ~ (from ethanol) and Rf 0.82 (rap 117 ~ [5]). 

9-[~-Benzoyl-(p-dimethylaminostyryl)]acridine.  A solution of 0.72 g (2.5 mmole) of 9-phenacylacrid- 
ine and 0.4 g (2.5 mmole) of p-dimethylaminobenzaldehyde in 15 ml of acetic anhydride was refluxed for 4h, 
after which the acetic anhydride was removed by steam distillation. The precipitated red crystals  were 
fi l tered and recrysta l l ized from ethanol to give 0.78 g (72%) of a product with mp 253-254 ~ and Rf 0.7. 
Found %. C 83.7; H 6.2; N 6.6., C30H24N20. Calculated %. C 84.1; H 5.7; N 6.5. 
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