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1,4,5,6,7,8-Hexahydroquinoline der ivat ives  are formed in the unsymmet r i ca l  th ree -ca rbon  
condensation of a f l-aminovinylcarbonyl compound, dimedone, and an aldehyde, r egard less  of 
the medium. Hexahydroquinolines were isolated in neutral  and basic media, in the condensa-  
tion of a f l-aminovinylcarbonyl compound with acetoacetic es te r  and an aldehyde. 1,2,3,4,5,6,- 
7 ,8 ,9 ,10-Decahydroacr id ine- l ,8-dione  der ivat ives  are formed in acidic media. 

We have previously shown [1, 2] that two-r ing and th ree - r ing  sys tems  containing a 1, 4 -d ihydropyr i -  
dine ring are  readily formed in the condensation of an aldehyde, a f l -dicarbonyl  compound, and a f l-amino- 
vinylcarbonyl compound or  bisacetonitr i le .  In this case,  we always used cyclic der ivat ives  as one of the 
las t  two components.  Inasmuch as three different compounds enter  into this reaction, this method is a 
var ie ty  of unsymmet r i ca l  th ree -ca rbon  condensation (for example, see [3]). Only a few communicat ions 
[4, 6] regarding  the application of this react ion for the prepara t ion of 3 ,5 -unsymmet r ica l ly  substituted mono-  
nuclear  1,4-dihydropyridine derivative are  known. Mononuclear 1,4-dihydropyridine sys tems  were f i rs t  ob-  
tained by one of us in [7] by unsymmet r ica l  th ree -ca rbon  condensation. 

In the present  r e sea rch  we s t rove  to ascer ta in  some factors  that promote the formation of p r imar i ly  
symmet r ica l  or  unsymmetr ica l  condensation products.  With this end in mind, we first  var ied the reaction 
media and then var ied the combination of f l-aminovinylcarbonyl and fi-dicarbonyl compounds. Up until now, 
dimedone (I) has been used as the fl--deearbonyl compound, whereas  ethyl /3-aminocrotonate (IIa, R'  = 
COOC2H5), acetylacetone imine (IIb, R'  = COCH3), benzoylacetone imine (IIc, R'  = COC6H5), bisacetonitr i le 
(IId, R'  = CN), and 4-aminourac i l  [2] (method A) have been used as the f i-aminovinylcarbonyl component. 
In the present  r e sea rch  we have expanded the range of application of the method by using dimedone imine 
(IV) and acetoacetic e s t e r  (V) (method B) as the start ing reagents.  
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I I I a  R = H ,  R'=COOC~Hs; b R=CHs,  R'=COOC2Hs; e R=C6Hs, R'=COOC2Hs; 
IVa R " = H ;  b R"=CHs;  V i a  R=C~H~, R " = H ;  b R = R " = C H 3  

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga. Transla ted from Khim- 
iya Geterotsiklicheskikh Soedinenii, No. 2, pp. 228-230, February ,  1975. Original  art icle submitted July 7, 

1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this pub#cation may be reproduced, 
s[ored in a retrieval system, or transmitted, in atLv form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

196 



Synthesis  via methods  A and B were  c a r r i e d  out in alkaline (ethanol plus t r ie thylamine) ,  neut ra l  (etha-  
nol), and acidic (acetic acid) media ,  as  well  as  in d imethyl  sulfoxide (DMSO) in a few cases .  In alkaline 
media  (and probab ly  in neu t ra l  media)  the anion of the f l -dicarbonyl  compound, which a t tacks  the aldehyde 
nucleophit ical ly,  is  fo rmed  init ially,  accord ing  to the data in [8], this  is  the r a t e - d e t e r m i n i n g  step.  The 
product  of condensat ion of the aldehyde and the fi-diketone subsequent ly  r e a c t s  with the f l - aminov iny lca r -  
bonyl compound with subsequent  spli t t ing out of wa t e r  and cycl iza t ion to the hexahydroquinoline der iva t ive .  
An a t tempt  to r ea l i ze  u n s y m m e t r i c a l  t h r e e - c a r b o n  condensat ion with ace toace t ic  e s t e r  in acidic media  was  
unsuccessfu l .  Ins tead  of the expected  hexahydroquinoline III, s y m m e t r i c a l  reac t ion  p roduc t s  - decahydro -  
acr id inediones  (VI) [9] - w e r e  isolated;  this is  explained by the inabil i ty of ace toace t ic  e s t e r  under  these 
condit ions to fo rm a r eac t ive  anion. A di f ferent  r eac t ion  o c c u r s  p r i m a r i l y  in acidic media:  the f l -amino-  
v inylcarbonyl  compound (IV) nucleophi l ical ly  a t tacks  the carbonyl  group of the aldehyde to give a ca rbon ium 
ion, which r e a c t s  with another  molecule  of reagent  IV. The las t  step in the reac t ion  is cycl iza t ion  with the 
l ibera t ion  of a molecule  of ammonia .  

In the condensat ion of dimedone with a f l -aminovinylcarbonyl  compound (or b isace toni t r i le )  and a lde-  
hydes the dec i s ive  f a c t o r  is  p robab ly  the high ac id i ty  of dimedone (pKa 5.2) a s  c o m p a r e d  with ace toace t i c  
e s t e r  {pKa 9.0), which p r o m o t e s  the fo rmat ion  of i ts  anion even in ace t ic  acid.  In the f i r s t  s tep in ethanol,  
a lkal ine  ethanol,  and ace t ic  acid media  the dimedone anion t he re fo re  nueleophil ieal ly a t tacks  the aldehyde, 
a f t e r  which the reac t ion  p r o c e e d s  with the fo rmat ion  of hexahydroquinoline IH. Consequent ly,  r e g a r d l e s s  
of the med ium,  the combinat ion of d imedone,  a ~ -aminoviny lca rbonyl  compound, and an aldehyde m a k e s  it 
poss ib le  to obtain u n s y m m e t r i c a l  condensat ion produc ts .  The condensat ion p roceeds  in alkal ine media  to 
give high y ie lds  of p roduc t s  even at  room t e m p e r a t u r e .  When the reac t ion  was c a r r i e d  out under  condi-  
t ions that  supp re s s  the d issoc ia t ion  of dimedone (glacial  ace t ic  acid plus concent ra ted  HC1), the hexahy-  
droquinoline was not detected.  

It follows f rom the expe r imen ta l  data that  the p r e sence  of a basic  agent that fac i l i ta tes  the format ion 
of anion of the fl-diketone p r o m o t e s  the fo rmat ion  of p roduc t s  of u n s y m m e t r i c a l  t h r e e - c a r b o n  condensation 
fo a f l -dicarbonyl  compound, a f l -aminovinylcarbonyl  compound,  and an aldehyde. The u n s y m m e t r i c a l  t h r e e -  
ca rbon  condensat ion p r o c e e d s  in acidic  medea only with f i -dicarbonyl  compounds that  a r e  capable  of d i s -  
soc ia t ion  to a sufficient  d e g r e e  under  the given condit ions.  

EXPERIMENTAL 

The electronic spectra of ethanol solutions of the compounds were recorded with a Specord UV-vis 
spectrophotometer. The IR spectra of mineral oil suspensions of the compounds were recorded with a 
UR-20 spectrometer. The molecular weights were measured with an MKh-1303 mass spectrometer. The 
purity of the synthesized compounds was investigated by means of ascending chromatography on Filtrak 
FN-I paper in 4 % sodium citrate solution. 

5-Oxo-2,7,7-trimethyl-4-phenyl-3-ethoxycarb0nyl-l,4,5,6,7,8-hexahydroquinoline (IIIc). A mixture of 
1 g (7.2 mmole) of dimedone imine (IVa), 0.94 g (7.2 mmole) of acetoacetic ester iV), and 0.76 g (7.2 mmole) 
of benzaldehyde was refluxed in 20 ml of ethanol for 20 h. The solvent was partially removed by distillation, 
several drops of water were added, and a light-yellow crystalline substance precipitated. The product was 
soluble in alcohol and benzene and gave a dark-yellow coloration in alcoholic alkali. The yield of product with 
mp 216-217 ~ (from aqueous alcohol) and Rf 0.63 was 0.98 g (21%). No melting-point depression was ob- 
served for a mixture of this product with the substance previously synthesized in [I]. LR spectrum: 1608, 
1645, 1697, 3190, and 3265 cm -i. UV spectrum (in ethanol), }~max, nm (s): 241 (33,000), 275 (shoulder), 
and 365 (15,500). 

Hexahydroquinoline IIIc was obtained in 35% yield by heating the product in the presence of triethyl- 
amine for II h. The yield was 62 % when it was prepared at room temperature via method A (for 7 days); 
when it was prepared by method A by heating the reaction mixture in acetic acid for 1 h the yield was 45 %, 
as compared with 82 % in the case of heating for 8 h in DMSO containing 0.i ml of triethylamine. A mixture 
of hexahydroquinoline IIIc and 2,6-dimethyl-4-phenyl-3,5-diethoxycarbonyl-l,4-dihydropyridine was obtained 
in the absence of triethylamine in DMSO. 

5-0xo-2,7,7-trimethyl-3-ethoxycarbonyl-l,4-5,6,7,8-hexahydroquinoline (Ilia). This compound, with 
rap 173-174 ~ (from dioxane), was obtained as a light-yellow crystalline substance in 13 % yield via method B. 
In alcoholic alkali solution it gave a dark-yellow coloration. UV spectrum (in ethanol), ~max nm (~): 240 
(18,800), 260 (shoulder), and 382 (7150). Found: C 69.1; H 7.9; N 5.2%. CIsH21NO3. Calculated: C 68.4; 
H 8.0; N 5.3 %. 
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5-Oxo-2 ,4 ,7 ,7 - t e t r ame thy l -3 -e thoxyca rbony l - l , 4 ,5 ,6 ,7 ,8 -hexahydroqu ino l ine  ~IIb). This  compound, 
with mp 202-=204 ~ (from aqueous ethanol),  was  obtained in 40 % yield as  a l ight-yel low c rys ta l l ine  substance  
by method B. It  d issolved in alcoholic alkal i  to give a yellow solution. UV spec t rum (in ethanol),  ;~max, nm 
(e): 240 (43,000), 258 (shoulder),  and 363 (18,000). Found: C 69.2; H 8.6; N 5 .5~ .  Ci6H2~NO 3. Calculated:  
C 69.3; H 8.4; N 5.1%. 

3 ,3 ,6 ,6 -Te t r ame thy l -9 -pheny l - l , 2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 ,10 -decahydroac r id ine - l , 8 -d ione  (Via). A mix ture  of 
I g (7.2 mmole)  of imine IVa, 0.94 g (7.2 mmole)  of e s t e r  V, and 0.76 g (7.2 mmole)  of benzaldehyde - was  
ref luxed in 40 ml  of acet ic  acid for 1 h. Two th i rds  of the solvent was r emoved  by dist i l lat ion,  and a few 
drops  of wa t e r  were  added to the res idue  to give a yellow c rys ta l l ine  substance  that gave a yellow c o l o r a -  
tion with g reen  f luorescence  in sodium methoxide.  The product  had mp 292 ~ UV spec t rum (in ethanol),  
~max, nm (e): 250 (14,500), 375 (7350). The product  had Rf  0.61 [9]. Found: C 78.8; H 7.7; N 4.0 %. 
C2~H27NO 2. Calculated: 79.1; H 7.7; N 4.0%. 

3 ,3 ,6 ,6 ,9 ,10-Hexamethy l - l , 2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 ,10-decahydroac r id ine - l ,8 -d ioae  (VIb). This  compound was  
obtained by refluxing 1 g (6.5 mmole)  of imine IVb, 0.85 g (6.5 mmole)  of e s t e r  V, and 0.29 g (6.5 mmole)  
of acetaldehyde in 30 ml  of acet ic  acid for  1 h. A c rys ta l l ine  yellow substance with mp 216-217 ~ (from 
aqueous ethanol) p rec ip i t a ted  a f t e r  pa r t i a l  r emova l  of the solvent  by dis t i l la t ion f rom the yellow reac t ion  
mix tu re  and the addition of water .  The yield was  0.5 g (26 {c). UV s p e c t r u m  (in ethanol and ethanol con-  
taining alkali) ,  Xmax, nm (e): 255 (37,000), 275 (22,000), and 375 (12,500). IR spec t rum:  1545, 1620, and 
1645 c m  -1. Found: C 75.8; H 9.0; N 4.6%. M 301 (from m a s s  spec t rum) .  C19H27NO2. Calculated:  C 75.7:~ 
lated: C 75.7; H 9.0; N 4.6 %. 
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