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Only a few examples  of syntheses  of  de r iva t ives  of 2 ,3 ,5 ,6 -b i s t r imethy lenepyr id ine  and 2 ,3 - t r ime thy lene -  
te t rahydroquinol ine  a r e  known, and no compounds subst i tuted at  the ni t rogen a tom have been obtained [2, 3]. 

We studied the reac t ion  of 2 ,2 ' -methy leneb iscyc lopentanone  (Ia) and 2- (2 ' -oxocyc lopenty lmethyl )cye lo-  
hexanone (Ib) with p r i m a r y  a rom a t i c  amines  for  the purpose  of a sce r t a in ing  the poss ib i l i t ies  of synthesizing N- 
subst i tuted de r iva t ives  of 2 ,3 ,5 ,6 -b i s t r imethy lenepyr id ine  and 2 ,~ t r ime thy lene te t r ahydroqu ino l ine ,  as well  as  
for the purpose  of compar ing  the r eac t iv i ty  of diketones Ia and Ib in the p resen t  reac t ion  with the prev ious ly  
studied 2 ,2 ' -a lkyl idenedicyclohexanones  (ADCH). 

Unlike the A DCH's ,  diketones Ia and Ib did not r e a c t  with mos t  of the amines  we chose (p-aminophenol ,  
methyl  p -aminobenzoa te ,  p-phenylenediamine ,  and benzidine) with the exception of o-aminophenol  and o-phenyl-  
enediamine.  I t  was poss ib le  to isola te  the products  of the reac t ion  of IIa and IIb only with o-aminophenol ,  and 
in the case  of o-phenylenediamine ,  the reac t ion  was accompanied  by intense res in i f ica t ion .  

Compounds IIa and Hb, like the products  based  on the ADCH's  [4], a r e  de r iva t ives  of oxazol inote t rahydro-  
pyridine.  In the i r  IR spec t r a  there  is no absorp t ion  due to OH groups,  and the i r  is a single absorp t ion  band of 
a C = C  bond at  1670 em -1 instead of the two c h a r a c t e r i s t i c  of the decahydroacr id ines  [4]. Compounds IIa  and 
IIb, like the well-known compound IIc [4], provide solutions of methylene blue a f t e r  being p re l imina r i l y  con- 
ver ted  into the dihydropyridine f o r m  A. The t ime  for the production of the dye by compounds IIb and IIc is ap-  
p rox ima te ly  of the s ame  o rde r  of magnitude (IIb is somewhat  fas te r ) ,  while compound IIa produces  the dye two 
o rde r s  of magnitude more  rapidly.  Since the ra te  of reduct ion of the dye is c l ea r ly  de te rmined  mainly  by the 
r a t e  of the opening of the oxazoline r ing,  i t  may  be postulated t ha t i n the  n o n s y m m e t r i c  compound IIb the oxazo- 
!ine r ing  is in a sp i r e  linkage with the cyclohexane,  r a t h e r  than with the cyclopentane f ragment .  In the la t ter  
case ,  the opening should be s ignif icant ly e a s i e r  owing to the s t r e s s e s .  

The reac t ion  of diketones Ia and Ib with p r i m a r y  amines  in the p re sence  of an oxidizing agent,  viz. ,  c a r -  
bon t e t r ach lo r ide ,  p roceeds  fa i r ly  read i ly  to f o r m  pyr id in ium chlor ides  IIIa,  IIIb, and IIIe,  which were  con- 
ver ted  into the r e spec t ive  pe rch lo ra t e s  IVa, IVb, and IVe. We found that  a convenient  method for the synthes is  
of 4 - a r y l - 2 , 3 , 5 , 6 - b i s t r i m e t h y l e n e p y r i d i n i u m  sa l t s  (in the example  of p e r c h l o r a t e s  IVc and IVd) is to r eac t  
cyclopentanone,  benzaldehyde,  and a p r i m a r y  amine  in a 2:1:1 mo la r  ra t io  in benzene in the p resence  of carbon 
t e t r ach lo r ide  and p- toluenesulfonic  acid.  A s i m i l a r  method has  been desc r ibed  for  cyclohexanone [5]. The IR 
spec t r a  of pe r eh lo ra t e s  IVa- IVe  contain an intense absorp t ion  band of C1Q-  at 1100 e m  -1, but they do not con- 
tain absorp t ion  due to C = C  bonds between 1600 and 1700 cm -1, and in the spec t r a  of pe r ch lo ra t e s  IVb and IVe 
the re  is a l so  absorp t ion  of an e s t e r i c  carbonyl  at  1730 cm - i .  

By ca r ry ing  out the reduct ion of chlor ides  IIIb and IIIc (without isolat ing t hem f r o m  the reac t ion  mix ture  
following the i r  synthes is)  with sodium borohydr ide  in an aqueous solution, we obtained the cor responding  1,4- 
dihydropyridine de r iva t ives  Va and Vb, and f rom chloride IIIf  we obtained the known decahydroacr id ine  Vc [6]. 
Thus,  this  method opens up poss ib i l i t i es  for the t rans i t ion  f r o m  diketones Ia and Ib to compounds with a 1 ,4-di-  
hyd r opy r id ine  s t ruc tu re .  

* For r e p o r t  17, see [1]. 
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The IR spect ra  of compounds Va and Vb have absorption bands at 1660 and 1690 cm -1, which are  s imi lar  
to those for deeahydroacr idines .  In the PMR spect ra  there is no absorption due to vinyl protons, but there is 
a sl ightly split  signal (2 H) at 2.9 ppm, which is assigned to the protons in position 4 of the dihydropyridine 
ring. In accordance  with its s t ruc ture  compounds Va and Vb readily provide solutions of methylene blue. 

Alkaline hydrolysis  of Va yielded the water-soluble  sodium salt VI. This compound readily reduces 
acridine to acr idane and benzalaniline to benzylaniline under mild conditions and may be considered a water-  
soluble model of the coenzyme NADH. 

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

The IR spec t ra  were recorded  on a UR-20 inst rument  in liquid petrolatum and chloroform.  The PMR 
spect ra  were obtained on a Bruker  HE-90X instrument ,  and the internal re ference  was TMS. The TLC was ca r -  
r ied out on Silufol plates in a pe t ro leum e t h e r - e t h y l  acetate sys tem (from 3:1 to 15:1). The charac te r i s t i c s  of 
the compounds synthesized a re  presented in Table 1. 

React ion of 1,5--Diketones Ia and Ib with P r i m a r y  Amines.  A. A solution of 10 g of diketone Ia or  Ib, a 
10~ molar  excess  of o-aminophenol,  and ~50 mg of p-toluenesulfonic acid in 150 ml of benzene was boiled with 
a D e a n - S t a r k  t rap  for 1 h 30 min, the benzene was distilled off, the residue was t reated with 10 ml of ethanol, 
and compounds I I a  and IIb, respect ively ,  were fi l tered off. They rapidly darken during s torage  in the air ;  how- 
ever ,  they a re  fa i r ly  stable in sealed ampuls in the dark. 

B. A 10-g portion of diketone Ia or  Ib and an equimolar  amount of the amine were boiled in a solution of 
60 ml of benzene and 20 ml of CCI 4 for 10 h. The react ion mixture was extracted with water (three 50-ml por-  
tions), the aqueous ext rac t  was extracted with ether  (five 20-ml portions),  a solut tonof  NH4CIO 4 was added to the 
t ransparen t  aqueous layer,  and perchlora tes  IVa, IVb, and IVe were fil tered off. 

4 -Pheny l - l -R-2 ,3 ,5 ,6 -b i s t r ime thy lenepyr id in ium Perch lora tes  (IVc and IVd). A solution of 20 g of cyclo- 
pentanone, 13 g of benzaldehyde, 0.12 mole of the amine, and ~100 rag of p-toluenesutfonic ac id  in a mixture of 
200 ml of  benzene, 30 ml of acet ic  acid, and 20 ml of CCI 4 was boiled with a Dean--Stark trap for 10 h. The 
mixture was extracted with water  (three 50-ml  portions),  the aqueous layer  was neutral ized by a solution of 
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T A B L E  1. D e r i v a t i v e s  of  2 , 3 , 5 , 6 , B i s t r i m e t h y l e n e p y r i d i n e  and :  2 ,  
3 ,  T r i m e t h y l e n e h y d r o q u i n o l i n e s  

COITI- 

pound 

lla 
lib 

IVa 
IVb 
IVc 
IVd 
IVe 
Va 
Vb 

I mp, ~ ; t 

91--92 
83--84 

220---222* 148-= 149" 
222--223 
205--206 
163--164" 

81--82 
70--71 

* F r o m  w a t e r .  
f r o m  e t h a n o l .  

Found. 

C H 

80.1 7,4 
80,9 8,3 
61,2 5,6 
56.9 5,4 
66,8 6,3 
67,3 5.9 
58,2 5,8 
77,1 7,3 
76,9 7, l 

o]~ " Calc..~ % 

5,6 
6.0 
4,3 
3,5 
3,6 
2,9 
3,0 
5,2 
5,0 

Empirica I 
formula 

CiTHtoNO 
CIsH2~NO 
C,THIsNCIO4 
C,gH2oNCIO6 
C~3H~2NCIO4 
C24|1~4NCIO4 
C2oI-t2zNCIO6 
C~91-I21NO2 
C2oH23NO2 

c H 

80.6 7.5 
80.9 8.3 
60.7 5.4 
56.9 5.1 
67.1 5.4 
67.8 5.6 
58,8 5,4: 
77,3 7,t 
77,5 7,4 

Yield, 
N 

5,5 
5,3 
4,2 
3,6 
3,4 
3,3 
3A 
4,8 
4,5 

% 

64 
.61 
43 
~38 
27 
44 
46 
42 
14 

The  r e m a i n i n g  c o m p o u n d s  w e r e  r e d r y s t a l l i z e d  

Na2CO 3 and e x t r a c t e d  with e t h e r  (10 2 0 - m l  p o r t i o n s ) ,  a so lu t i on  of  NH4C10 4 was  added  to the  a que ous  l a y e r ,  and  
p e r c h l o r a t e  IVc o r  IVd was  f i l t e r e d  off. 

1 - ( 4 ' - C a r b o m e t h o x y p h e n y l ) - 2 , 3 , 5 , 6 - b i s t r i m e t h y l e n e - l , 4 - d i h y d r o p y r i d i n e  (Va) and 1- ( 4 ' - C a r b o m e t h o x y -  
p h e n y l ) - 2 , 3 - t r i m e t h y l e n e h e x a h y d r o q u i n o l i n e  (Vb). The  r e a c t i o n  of  d i k e t o n e s  Ia and  Ib wi th  m e t h y l  p - a m i n o b e n -  
zoa t e  was  c a r r i e d  out  a c c o r d i n g  to  v a r i a n t  B up to the  m o m e n t  p r e c e d i n g  the a d d i t i o n  of NH4CIO 4. A s o l u t i o n  
of  an  e q u i m o l a r  a m o u n t  of  NaBH 4 in  20 ml  of  w a t e r  was  a d d e d  d r o p w t s e  with i n t e n s e  s t~vr ing  to  an  aqueous  so lu -  
t ion  of p y r i d i n i u m  c h l o r i d e  coo led  to 5~ T h i s  r e s u l t e d  in  the  i m m e d i a t e  f o r m a t i o n  of a ye l l ow  p r e c i p i t a t e  of 
Va o r  Vb, which  was  f i l t e r e d  off and r e c r y s t a l l i z e d  f r o m  e thano l  in an  a r g o n  a t m o s p h e r e .  

H y d r o l y s i s  of  Va.  A s o l u t i o n  of 2 g of d i h y d r o p y r i d i n e  Va in 30 ml  of  a b s o l u t e  e thano l  w a s  h y d r o l y z e d  by 
an  e q u i v a l e n t  a m o u n t  of  2 N NaOH in a b s o l u t e  e thano l  wi th  b o i l i n g  fo r  2 h. The  p r e c i p i t a t e d  p r o d u c t  VI was  f i l -  
t e r e d  off and w a s h e d  wi th  a b s o l u t e  e thano l .  The  y i e l d  was  90%. 

R e d u c t i o n  of A c r i d i n e  by  VI. A m i x t u r e  of 0.1 g a c r i d i n e  wi th  a t w o - f o l d  m o l a r  e x c e s s  of  VI in  8 ml  of a 
1-1 e t h a n o l - w a t e r  m i x t u r e  was  he ld  fo r  30 re_in a t  r o o m  t e m p e r a t u r e  and d i l u t e d  with  w a t e r .  A c r i d i n e  was  f i l -  
t e r e d  off (the y i e l d  was  quan t i t a t i ve )  and i d e n t i f i e d  by  the  a b s e n c e  of  m e l t i n g - p o i n t  d e p r e s s i o n  in  a m i x t u r e  wi th  
a known s p e c i m e n .  

R e d u c t i o n  of B e n z a l a n i l i n e  by  VI. A s o l u t i o n  of 0.14 g of  b e n z a l a n t l i n e  and a t w o - f o l d  m o l a r  e x c e s s  of VI 
in 7 m l  of  e thano l  was  a c i d i f i e d  by  a c e t i c  a c i d  to pH 5. A f t e r  1 h TLC showed the  d i s a p p e a r a n c e  of the  o r i g i n a l  
compound ,  and t h e r e  was  on ly  a spo t  c o r r e s p o n d i n g  to  b e n z y l a n i l i n e .  
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