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I. V. D i p a n ,  a n d  Bo S. C h e k a v i c h u s  

Twenty-six es te rs  of 2,6-dihydropyridine-3,5-dicarboxylie acid were obtained by means of the 
Hantzsch pyridine synthesis. The synthesized compounds were oxidized by chloranil to the cor-  
responding pyridine derivative. 

1,4-Dihydropyridine derivatives [11 have recently acquired practical  value as agents for the t r ea t -  
merit of cardiovascular diseases [2] and as antioxidants [3, 4]. Dihydropyridines are generating great in- 
te res t  as analogs and model compounds of the redox coenzyme HAD �9 H [1, 5] and as reducing agents [6]. 
From this point of view, y-unsubstituted 1,4-dihydropyridines, in which the electron- and hydrogen-donor 
propert ies  are most markedly expressed, are of greatest  interest .  However, little study has been devoted 
to this group of compounds, and the investigations that have been made are extremely er ra t ic .  There are 
a ra ther  large number of papers dealing with 1,4-dihydronieotinamide derivatives and 2,6-dimethyl-3,5- 
diethoxycarbonyl-l ,4-dihydropyridine (the so-called "Hantzsch ester") ,  but only the methyl [1] and ethyl 
[4] es te rs  of 2,6-dimethyl-l ,4-dihydropyridine-3,5-dicarboxylic acid are known. 
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We have proposed [3] a simple and convenient modification of the Hantzsch pyridine synthesis [1] for 
the synthesis of new es ters  of 2,6-dimethyl-l ,4-dihydropyridine-3,5-dicarboxylic acid (A). The use of 
acetoacetic es ters ,  hexamethylenetetramine (urotropin), and ammonium acetate in alcohol for the synthesis 
of such es ters  makes it possible to obtain them easily and in good yields .  The amounts of urotropin and 
ammonium acetate (catalyst) can be varied over broad limits. In the presence of a larger  excess of these 
reagents the reaction time is reduced to 5 min, and this may be extremely important in the case of un- 
stable easily oxidized compounds. The following es te rs  of 2,6-dimethyl-l ,4-dihydropyridine-3,5-dicar-  
boxylic acid were synthesized: alkyl up to C16 (I-XVI), hydroxyethyl (XVII), alkoxy- and phenoxy-ethyl 
(XVIII-X~I), benzyl (XXIII), cinnamyl (XXV), carbethoxymethyl (XXIV), and furfuryl (X~r (Table 1). 
Characterist ic  blue fluorescence in UV light [1] is observed for all es ters  A. The melting points decrease 
and pass through a minimum when R =C6H13 as the length of the alkyl grouping of the es te r  group be- 
comes longer. 

The UV spectra (Table 3) of all of the investigated alkyl and alkoxyalkyl es ters  (I-XXI) almost coin- 
cide with the spectrum of the ,Hantzsch es te r"  (A, R ~-C~H~) [8, 9]. There are also character is t ic  maxima 
at 232, 251, and ~373 nm. A change in the es te r  group has little effect on the spectrum: A hypsochromic 
shift of the long-wave maximum of only ~1 nm (i.e., within the limits of the e r r o r  in the measurements) is 
observed even on passing from the methyl or ethyl es te r  to t e r t -bu ty les te r  V. The introduction of a strong 
electron acceptor - a carbethoxy group (XXIV) - in the es te r  group causes a bathochromic shift of the long- 
wave maximum of only 5 nm. The presence of phenyl groups in es ters  A (XXII, XXIII, and XXV) naturally 

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga. Translated from 
Khimiya Geterotsikllcheskikh Soedinenii, No. 9, pp. 1230-1237, September, 1975. Original article submit- 
ted October 8, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 We~t 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any 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. 

070 



T A B L E  1. 2 , 6 - D i m e t h y l - l , 4 - d i h y d r o p y r i d i n e - 3 , 5 - d i c a r b o x y l i c  Acid  
E s t e r s  (A) 

C o r n  - 

pound 

iii n-Cgqr 
i-C,r, H7 

III n-C~Hg 
IV i-C4H~ 
V t-C4H9 

VI n-CsH, 

VII i-CsH, 

VIII n-C6H~a 

IX Cyclohexyl 

X n-CrH~ 
XI n-CsHl7 

XII n-C~H~9 
XIlt n-Cl0H2~ 
XIV n-CnH=a 
XV n-C~2H~ 

XVI n-C16Haa 
XVII C2H~OH 

XVIII C2H4OCH,~ 

X1X C~H~OC2IIs 

XX C.~H4OC4H9 

XXI C~H4OC~H~3 
XXII C2H4OC~H~ 

XXlll CHiCr 

XXIV CH~COOC~Hs 

XXV CH.~CH=CHC~H~ 

XXVI Furfuryl 

mp, ~ (crys- 
tallization 
solvent*) 

Empirical' Found, ~ I Calc. 
formula 

I / 

I40--143 I C~sH~aNO~ 
123--125 CIsH~aNO4 
I16--118 CITH27NO4 
128--129 C17H27NO4 
152--154 CIrH2~NO4 
102--103 C19Ha~NO4 

~thanol-water) 
117--119 

ethanol-water) 
86--89 

~thanol-water) 
104--I07 
(hexane) 

90--92 
81--82 
89--90 
86--90 
89--92 
93--94 
95--97 

185--192 
(methanol) 

95--99 
ethanol-water) 

100--193 
(ethanol--water) 

85--86 
(ethanol-water) 

84--85 
128--129 
113--115 
(benzene) 
104--107 

(ethanol-water) 
147--150 

(benzene) 
130--131 

Calc..~ 

[64,01 88,65. ]640  8,; 
64,1[ 5:2 64:01 8,2 

66,0{ 8,8i 
1 66,0/ 8,8 
662/ 8,8 
67,6 9,3 

67,6, 9,3 

69 01 9,7i 

72,11 
72,91 

52 
5,0 
4,5 
4,5 
4,5 
4,2 

4,2 

3,8 

3,9 

3,6 
3,3 
3,1 
2,9 

73,6 I1,0 2,8 
74,3 ll,li 2,6 
76,2 11,7i 2,2 
54,7 6,7] 4,9 

57,5[ 7,41 4,5 

59,8 8,0] 4,1 

63,5] 8,9[ 3,5 

66,2[ 9,6 ~, 3,1 
68,6r 6,2 ~, 3,2 
73,2 63] 3,7 

55,3 6,3] 3,8 

755 ~ 6,3] 3,3 

63:8 5,41 3,9 

Yield, 
qo 

i 

71 
63 
65 
61 
65 
51 

53 

47 

57 

60 
50 
60 
66 
82 
82 
76 
49 

70 

78 

82 

85 
90 
79 

59 

73 

84 

* I f  the solvent  is not indicated,  the compound was  r e c r y s t a l l i z e d  
f r o m  95% ethanol .  

c o m p l i c a t e s  the s p e c t r u m ,  p a r t i c u l a r l y  in the case  of  the c innamyl  e s t e r .  A new abso rp t ion  m a x i m u m  at 
200-220 n m  a p p e a r s  in the s p e c t r a  of  t he se  compounds ,  but the c h a r a c t e r i s t i c  abso rp t ion  is a l so  s imu l t an -  
eous ly  changed.  T h e  abso rp t i on  bands  at 220-230 nm a r e  s u p e r i m p o s e d  in the s p e c t r u m  of  fu r fu ry l  e s t e r  
XXVI. 

All  of  the e s t e r s  obta ined (I-XXVI), like o t h e r  y - u n s u b s t i t u t e d  1 ,4 -d ihyd ropyr id ines ,  a re  oxidized 
e x t r e m e l y  r ead i ly  to the c o r r e s p o n d i n g  pyr id ine  de r iva t i ve s  (13). This  oxidat ion o c c u r s  even unde r  the in-  
f luence of  a i r  oxygen on s t o r a g e .  The s tab i l i t i es  of  I -XXVI di f fer .  A m o n g  the alkyl  e s t e r s  (I-XVI), e s t e r s  
with a long alkyl  chain (XII-XVI) a r e  a l so  s table  in addit ion to the methy l  and e thyl  e s t e r s .  These  e s t e r s  
undergo  l i t t le  change even on p ro longed  s t o r a g e .  On the o the r  hand, e s t e r s  V - X  and XVIII-XX are  rap id ly  
conve r t ed  to the oxid ized  f o r m  on s t o r a ge  in a i r .  The oxidat ion p r o c e s s  is a c c e l e r a t e d  app rec i ab ly  in 
l ight.  It is a s s u m e d  tha t  the r e a s o n  fo r  th is  d i f fe rence  c o n s i s t s  ma in ly  in the d i f ferent  mel t ing  points  of  
B. When the mel t ing  points  of  1 , 4 - d i h y d r o p y r i d i n e s  and pyr id ines  a re  suf f ic ient ly  high, the oxidat ion 
of  the f o r m e r  o c c u r s  in the sol id  phase ;  in addit ion,  the oxid ized  f o r m  pa r t i a l l y  p r o t e c t s  the p a r t i c l e s  of  
e s t e r s  A f r o m  f u r t h e r  oxidat ion.  The low mel t ing  points  of  py r id ines  B p romo te  the fo rma t ion  of  a l iquid 
phase ,  and this  fac i l i t a tes  oxidat ion.  P h o t o c h e m i c a l  p r o c e s s e s  [10] a l so  p lay  a c e r t a i n  ro le ,  as  a t t e s t ed  
to  by a c c e l e r a t i o n  of  autooxidat ion  in l ight .  

1 , 4 -D ihyd ropy r i d i ne s  I -XXVI are oxid ized  v e r y  ea s i l y  by the usua l  chemica l  methods :  oxidat ion 
with sod ium ni t r i te  in ace t i c  ac id  [7] does  not even  r equ i r e  beat ing.  However ,  in some  c a s e s  this  method 
cannot  be used .  Thus ,  fo r  example ,  e s t e r  XXV u n d e r g o e s  r e s in i f i ca t ion  dur ing oxidat ion by this  method.  
In c a s e s  such as th i s ,  a m o r e  sui table  method is oxidat ion with ch lo ran i l  [9] in benzene ;  th is  method 
m a k e s  it poss ib le  to  avoid ac id ic  med ia  and c a r r y  out the r e a c t i o n  without heat ing o r  only with b r i e f  
heat ing.  Diff icul t ies  a r i s e  in the  pur i f i ca t ion  of  py r id ine s  B with low mel t ing  poin ts .  The oxidat ion p r o -  
ducts  a r e  obtained in r e l a t i v e l y  pure  f o r m  (the UV s p e c t r a  c o r r e s p o n d  exac t ly  to the s p e c t r a  of  the 
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T A B L E  2. 2 , 6 - D i m e t h y l p y r i d i n e - 3 , 5 - d i c a r b o x y l i e  Ac id  E s t e r s  (B) 

C o m -  

pound  

XXVII 

XXVIII 

XXIX 
XXX 

XXXI 

XXXII 
XXXIII 
Picrate 
XXXIII 
XXXIV 
Picrate 
XXXIV 
XXXV 

XXXVI 
Pierate 
XXXVI 

XXXVII 
Picrate 
XXXVII 

XXXVIII 
Picrate 

XXXVIII 
XXXIX 

Picrate 
XXXIX 

XL 

Pierate 
XL 

XLI 

XLII 

XLIII 

XLIV Picrate 
XLIV 
XLV 

XLVI 

XLVII 

XLV, III 

XLIX 

n-CzH7 

i-CaH7 

n-C~H~ 
I i-C~H~ 
r--C4H~ 

n-CsHu 
i-CsH ~i 

n-C6H~ 

Cyelohexyl 
n-CTHI~ 

n-CsH~e 

n-C~H~. 

n-CaoH.~t 

n-CuH~ 

n-CI~H~ 

n-C~6H~z 

C2H4OH 

C~H~OCH~ 

C:H4OC6H~z 
C~H~OC~Hz 

CH~CsHs 

CH~COOC~Hs 

CH~CH= CHC,~H~ 

Fuffuryl 

. rap, ~ (erys- ] 
: tallization i Empirical 
solvent* ) ! formula 

! 

.1 44--50 
/ (ethanol -water) 

65--66 
(ethanol-water) 

zU--30 
33--34 

108--109 
(ethanol-water) 33:g4 

77--78 

31--32 
80---81,5 

51--52 
22--23 
65--66 

28-- 29 
69--70 

23- 24 
72--73 

26---27 
72--73 

38--39 
(ethanol) 

72--73 

36--37 
(ethanol) 
53--54 

(dioxane) 
151--152 

(ethyl acetate) 
30--31 
96--98 

from 0 .to 3 
62--63 

(hexane) 
88--89 

(hexane) 
76--77 

(hexane) 
85--86 

(hexane) 
69--71 

(hexane) 

Found, % 

C~H~INOI 

C~dh~NO~ 

C~7H~sNO~ 
CI7H2sNO4 
CI~He~NO~ 

CIgH~N'O4 
CIgH~NO4 
CLoH2~NO4X 
xCsHoNoOr 

CelH3~NO4 X 
XC6H~NaO7 
C.~IH~gNO4 

C2aHavNO4 X 
xC6H~N3Ov 

C~sI-t41NO4 X 
>(C61-t~N30." 

C,_,71-145NO4 • 
xC61"I~N307 

C~[-I~9N04 X 
• C6tI~N~O7 

C31Hs,NO4 • 
• 
C~HsvNO4 

C4tHr3NO4 

C~aIt~rNO6 

ClsH21NOa• 
• CaH~NzOv 
C~I-t4tNO6 
CzsH.~sNO6 

C2aI-I~NO4 

C~rH2tNOs 

C2;H~NO4 

C19HtTNO6 

Calc,, ~]o iYield, 

i. Ni 

7.6 

7,6 

8,2 
82 
8,2 

8,7 

5.7 

6,2 

8,1 

6,5 

6,8 

7,2 

t 

c . I N  c i "  

I 
5,0 67 

5,0 82 

4,6 37 
4,6 49 
4,6 62 

4,2 60 
72 

9,9--- 

9,5 _52 

3,9L   
9,0 / - 

177 
8,6 ..... 

80 
8,31 - 

8.0 _6_:! 
!8.: 

7,7-- 

2,6 88 

2,2 60 

5,0 72 

70 
10,4 - - 

3,1 76 
3,2189 

3,7] 96 

3,8 7{) 

3,3 90 

7.4 

7,7 

10,8 

11,4 

6,1 
l , 

10,3 46,7l 4,5 

3,0 66,5l 9,2 
3,0 69,01 5,8 

3,8 73,61 5,6 i 
I 

3,7 5561 58 

3,5 75,91 5,9 

3.7 64,2t 4.8 3,9i 72 

I 
* If  the  s o l v e n t  i s  not  i n d i c a t e d ,  the  compound  was  r e e r y s t a l l i z e d  
f r o m  95%ethano l  by  coo l ing  (except  f o r  the  p i e r a t e s ) .  

known a n a l o g s  [8, 9]), but  i t  i s  i m p o s s i b l e  to  s u b j e c t  t h e m  to f u r t h e r  p u r i f i c a t i o n  by  d i s s o l v i n g  the  p y -  
r i d i n e  b a s e s  in a c i d  b e c a u s e  of  t h e i r  l y o p h i l i c  c h a r a c t e r ,  and d i s t i l l a t i o n  r e q u i r e s  the  u se  of a v e r y  
h igh  v a c u u m .  Some p y r i d i n e s  B w e r e  p u r i f i e d  by c r y s t a l l i z a t i o n  (with cool ing) ,  whi le  o t h e r s  w e r e  

c h a r a c t e r i z e d  in the  f o r m  of  t h e i r  p i c r a t e s  (Table  2). 

The UV s p e c t r a  of  p y r i d i n e s  XXVII -L  have t h r e e  a b s o r p t i o n  bands :  An i n t e nse  m a x i m u m  at  207 
nm,  a band  at  236 nm,  and a l o w - i n t e n s i t y  a b s o r p t i o n  band  (double m a x i m u m )  at  270-280 n m  (Table  
3). More  c o m p l e x  s p e c t r a  a r e  o b s e r v e d  in the  e a s e  of  XLVI,  XLIX, and L .  In the  c a s e  of  L,  the  band  
at  236 n m  is  a l m o s t  u n n o t i c e a b l e  b e c a u s e  of  a b s o r p t i o n  of  the  fu ran  r i n g .  

B e c a u s e  of  the  s p e c i f i c  c h a r a c t e r  o f  the  s t r u c t u r e  of  the  1 , 4 - d i h y d r o p y r i d i n e s  (a c o m p l e x  a m i n o -  
v i n y l c a r b o n y l  s y s t e m )  t h e s e  c o m p o u n d s  d i s p l a y  p e c u l i a r  c h e m i c a l  p r o p e r t i e s :  The  p r e s e n c e  of  f l - e a r -  
bony l  g r o u p s  d e p r i v e s  t h e s e  compounds  of  the  b a s i c i t y  c h a r a c t e r i s t i c  fo r  s e c o n d a r y  a m i n e s ,  and t hey  
do not  d i s p l a y  the  u s u a l  p r o p e r t i e s  of  c a r b o n y l  g r o u p s .  T h i s  s t r u c t u r a l  p e c u l i a r i t y  a l s o  a f f e c t s  the  
IR s p e c t r u m .  Some i n v e s t i g a t o r s  [11] a s s e r t  t ha t  b e c a u s e  of  con juga t ion  of  the  a m i n o v i n y l c a r b o n y l  s y s -  
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T A B L E  3. E l e c t r o n i c  S p e c t r a  of  A and B 

Com- 
pound m z,,,...nm tl~ e 

I* 
XXI1 

XXlll 
XXIV 
XXV 

XXV t 
XXVII "f 
XLVI 

XLVII 
X LVI I I 

XklX 

n-C3H: 231 (4,12); 250 sh (3,85): 373 (3,74) 
C2H4OC6H+ 202 (4,48); 222 (4,51); 234 sn (4,33); 252 sh (4.09); 

270 sh (3,74); 278 {3,58}; 376 {3,95) 
CH2C+H5 2ll (4,38); 230 (4,33): 251 sh {4,04); 374 (3,85) 
CH2COOC2Hs 233 (4,15); 251 s;~ (3,94): 378 (3~3) 
CH2CH:CHC6H+ 204 (4,72); 210 sn (4,69); 216 sn (4,55); 251 (4,66); 283 

(3,60); 292 (3,51)~ 377 (3,86) 
~uffuryl 221 (4,41): 252 sn (3,97); 378 (3,86) 
n-C3H: 207 {4,47): 235 (4,03); 274 (3,56)~282 (3,48) 
C2H4OC+H~ 207 (4,63): 221 sh (4,39): 236 sn (4,11): 271 (3,86); 277 

(3,81) 
CH~C~Hs 207 (4.59): 236 (4,09); 274 (3,62): 282 (3 56} 
CH2COOCcH5 1207 (4,59); 236 (4,12); 274 (3,60); 282 (3,51) 
CH~CH~CHC+Hs 204 (4,91); 210 sh (4,89); 216 sn (4,67); 250 

~ . {3,92): 292 (3,56) 
eurmryl 207 (4,65); 236 sn (4,23); 274 (3,64); 282 (3,56) 

(4,66); 282 

* E s t e r s  I I -XXI  have p r a c t i c a l l y  i d e n t i c a l  s p e c t r a :  232•  
(4 .11-4 .29) ;  sh  251 •  (3 .85-4.03)  and 373 =~2 (3 .75-3 .88) .  
~ P y r i d i n e s  XXVII I -XLV have  p r a c t i c a l l y  i d e n t i c a l  s p e c t r a :  
207+1  (4 .41-4.59) ;  235=~1 (3 .89-4 .13) ;  274=~1 (3 .48-3 .62) ;  
282 +1 (3 .40-3 .56) .  

t e m ,  the  a b s o r p t i o n  p e a k s  should  be a s s i g n e d  to  the  v i b r a t i o n s  of  the  e n t i r e  c on juga t e d  s y s t e m  r a t h e r  than  
to  the  v i b r a t i o n s  o f  de f in i t e  bonds .  H o w e v e r ,  the  a b s o r p t i o n  a s s o c i a t e d  wi th  the  s t r e t c h i n g  v i b r a t i o n s  of  the  
NH g roup  and,  to a c e r t a i n  d e g r e e ,  o f  the  CO g roup  can  be i n d i c a t e d  s u f f i c i e n t l y  de f i n i t e l y  (a l though t h e r e  
a r e ,  of  c o u r s e ,  d e v i a t i o n s  f r o m  the e x p e c t e d  v a l u e s ) ,  and the  a b s o r p t i o n  c a u s e d  by s u b s t i t u e n t s  tha t  do not  
e n t e r  into con juga t ion  with  the  r i n g  o r  the  e a r b o n y l  g roup  can  be i n d i c a t e d  c o m p l e t e l y  de f in i t e ly .  

The IR s p e c t r a  of  e s t e r s  A (I-XXVI and the m e t h y l  and e thy l  e s t e r s )  a r e  e x t r e m e l y  s i m i l a r  to  
one a n o t h e r  (Table  4). The  i n t e n s i t y  of  the  UCU v i b r a t i o n s  i n c r e a s e  a s  the  a lky l  o r  a l k o x y e t h y l  g r o u p i n g  
of  the  e s t e r  g roup  of  e s t e r s  A b e c o m e s  longer:~2and v ~ o ~ u  (~2970 cm-1) ,  w ~ r  (~2950 c m  -1) v - ~  

( 2890 c m  ), and VsCH2 ( 2870 c m  ) can  be d i s t i n g u i s h e d .  The  t s o p r o p y l  and t e r t - b u t y l  g roups  ( e s t e r s  
II and V) g ive  i n c r e a s e d  VasCH 3 v a l u e s .  The i n t e n s i t y  of  the  YsCH2 band i n c r e a s e s  in the  s p e c t r a  of  c o m -  
pounds  in which  the  n u m b e r  of  m e t h y l e n e  g r o u p s  i s  h i g h e r  than  four ,  and one o b s e r v e s  s u p e r i m p o s i t i o n  on 
the  VsCH3 band;  of  c o u r s e ,  c y c l o h e x y l  e s t e r  IX does  not g ive  a v C H  3 band .  The i n t r o d u c t i o n  of a pheny l  g roup  
in the  e s t e r  g r o u p i n g  ( e s t e r s  XXII, XXIII,  and XXV) i s  a l s o  r e f l e c t e d  in the  IR s p e c t r a :  the  a b s o r p t i o n  at  
3000 c m  - i  is  o v e r l a p p e d ,  but c h a r a c t e r i s t i c  m a x i m a  a p p e a r  at  NT00, N750, and " 1 6 0 0  e m  -1. 

A change  in the  e s t e r  g roup  a p p a r e n t l y  has  l i t t l e  e f fec t  on the  a b s o r p t i o n  band  of  the  CO g roup  at  
1700 c m  -1. The  u n e x p e c t e d  d e c r e a s e  in the  f r e q u e n c y  of  t h e s e  v i b r a t i o n s  in the  ca se  of  the  i s o p r o p y l  e s t e r  
(II) a p p a r e n t l y  should  be e x p l a i n e d  by i n t e r m o l e c u l a r  i n t e r a c t i o n ,  i n a s m u c h  as  t h i s  s o r t  of  d e c r e a s e  in the  
f r e q u e n c y  i s  not o b s e r v e d  in a e e t o n i t r i l e  so lu t ion .  

The  p r e s e n c e  in XXIV of  e s t e r  g r o u p s  tha t  a r e  not  c on juga t e d  with  the  a m i n o v i n y l c a r b o n y l  s y s t e m  of  
the  d i h y d r o p y r i d i n e  b r i n g s  about  the  a p p e a r a n c e  of  an a b s o r p t i o n  band  of  CO g r o u p s  at  1753 c m  - t ,  and m a x -  
i m a  at  1714 and 1688 c m  - t  a r e  o b s e r v e d  in p l a c e  of  the  a b s o r p t i o n  at  1700 and 1650 e m  -1. It s e e m s  l i k e l y  
tha t  the  a b s o r p t i o n  at  N l 1 2 5  and ~1220 c m  - I  c o r r e s p o n d s  to  the  s t r e t c h i n g  v i b r a t i o n s  of  the  e s t e r  g roup .  

The  a b s o r p t i o n  at  ~3360 c m  -1 is  due to  v i b r a t i o n s  of  the  N - H  bond of e s t e r s  A, on which  c ha ng es  in 
the  e s t e r  g roup  have l i t t l e  e f f ec t .  

J udg ing  f r o m  the  IR s p e c t r u m ,  h y d r o x y e t h y l  e s t e r  XVH has  a s t r o n g  i n t e r m o l e c u l a r  h y d r o g e n  bond.  
V i b r a t i o n s  of  the  OH g roup  at  3400-3700 e m  - I  a r e  t h e r e f o r e  not o b s e r v e d  in the  s p e c t r u m  of  so l id  XVII 
(KBr  p e l l e t  o n N u j o l  s u s p e n s i o n ) ,  and t h i s  band  a p p e a r s  only  as  a s h o u l d e r  at  3260 c m  -1 on the a b s o r p t i o n  
band  of  the  NH g roup .  

A s t r o n g  a b s o r p t i o n  band  at  ~ 760 c m  -1 i s  o b s e r v e d  in a l l  of  the  s p e c t r a  of  e s t e r s  A,  p r o b a b l y  b e c a u s e  
of  v i b r a t i o n s  of  the  r i n g  C -  H bonds .  

The  IR s p e c t r a  of  the  o x i d i z e d  p r o d u c t s  a r e  s i m i l a r  to  the  s p e c t r u m  of  the  known e thy l  e s t e r  of  2 ,6 -  
d i m e t h y l p y r i d i n e - 3 , 5 - d i c a r b o x y l i c  a c i d  (Table  4). The a b s o r p t i o n  in the  r e g i o n  of  v i b r a t i o n s  of  double  bonds  
c h a n g e s  m a r k e d l y .  The  f r e q u e n c y  of  the  v i b r a t i o n s  of  the  CO g roup  i n c r e a s e s .  In the  i n v e s t i g a t e d  e a s e s  
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TABLE 4. IR Spectra of Esters  A and Pyridines B* 

Corn- 2800-3600 cm -1 1500-1750 cm -1 
pound ! R 

I n-CaH7 

II i-Call; 

III n-C4H9 

IV i-C4H9 

V tert-C4H9 

VI [n-CsHl~ 

VII t i-CsH,., 

VIII I n-C~H13 

IX Cyelohexyl  

X n-CTHls 

XI ]n-CsH~7 

XII t~.-CgHI9 

XIII n-CioH21 

XIV rt-C ~!t-I:3 

X\ r It-Ct9I-1z5 

XVI ]I-C,6H 33 

XVII c~H~oH 

XVIII C2tt40CH3 

XlX IC~H,OC~H~ 

XX C2H4OC4H9 

XXI C2H4OC6H13 

XXII C~H4OCcH5 

xXIil  CH2C6H~ 

XXIV CH2COOC2Hs 

XXV 

XXVI'I" Furfuryl 

XXVIII Ii-C3Hv 
XXXI [tert-C4H9 

XXXII ]n-CzHll 
XLVIII IC  Cooc. H  

3363vs, 2980 s, 2950 m, 1700 vs, 1661 vs, sh 1635 s, 
2895 m ~ 1510 vs 

33732888VS,w 2990 s, 2947 m,  1673 vs, 1650 vs, 1508 vs, 

3355 vs, 2973 s, sh 2948m, 11702 vs 1661vs, sh 1650 s, 
2887m / sh 1635s, 1507 vs, 

3358 vs, 2975 s, 2948 m,  ~ 1703 vs, 1661 vs, 1507 vs 
2887 m ! 

3335 vs, 3114 w, 2980 m,  i1697 vs, 1647 vs, 1500 vs 
2944 w ! 

3356 vs, 2972 s, 2944 s, 1698 vs, 1660 vs, 1649 vs, 
2883 m 1508vs, 

3353 vs, 2971 s, 2945s, 1702 vs, 1660vs, sh 1650 vs, 
2885 m sh 1635 s,1508 vs 

3363 vs, 2970 s, 2941 1700 vs, 1564 vs, sh, 1655vs, 
sh, 2884 w, 2870 m sn, 1535 s, 1517 vs, 

3363vs, 2949 vs, 2870vs, 1701 vs, 1661vs, sn, 1635 s, 
1505 vs, 

3363 vs, 2970 vs, 2940 vs, 1698vs, 1663vs, sh, 1635 s, 
2868s, 1518 vs 

3363 vs, 2968 vs, 2937 vs, 1699 vs, 1662vs, sh, 1635 s, 
2867 s, 1517 vs, 

3362 vs, 2968 vs, 2933 vs, 1698 vs, 1660vs, sh, 1635 s, 
2862 vs 1518 vs 

3359vs, 2968s, 2933 vs, 1697 vs, 1660 vs, sh, 1635 s, 
2861 vs, 1517 vs, 

3360 vs, 2968 s, 2934 vs, 1597 vs, 1661 vs, sh,  1635 s, 
2861 vs, 11520 vs, 

3358 vs, 2969s, 2932 vs, 1697 vs, 1650vs, sh, 1635 s, 
2862 vs, 1517 v~, 

3357 vs, 2967 s, 2932 vs, 1697 vs, 1660vs, sh, 1634 s, 
2861 vs, 1520 vs, 

3360 vs, 2974m, 2940 m, 1702 s, 1659 vs, sh, 1635 s, 
2887m, 2875 m, 1508 vs, ,_ 

3363vs, 2998m, 2955 m, 1699 vs, 1661 vs, sn,  1635 s, 
2910 m, 2875 m, 2833 w, 1517vs 

3363 vs, 2987 m,  2875 m, 1699 vs, 1663 vs, sh, 1633 s, 
5 9 v s  

'.3365 vs, 2973 s, 2945 s, 1700 s, 1663 vs, sh, 1633 s, 
2877s, 5t8 vs, . ~  vs sh 

3363 vs, 2970 s, 2943 vs, 1700 vs, lt~u0 , 1635 s, 
2870 vs I 1518 vs 

3365 vs, 3078 w, 2988 w, 1705 vs, 1650 vs, 1603 s, 
2953 w, 2890 w, 2865w, 1589 m,  i500 vs 

3360vs(Weakabsorption wfttlq703m, 1645 ys, sh, 1635 vs, 
out distinct max ima)  sh. 1588 m, 1500 vs, 

3402 vs, 3000 w, 2955 w, 1753 vs, 1714 vs, 1688 vs, 
2875 w, 1662 s, 1635 m, 1500 vs, 

CH.~CH~CHC6Hs 3362 vs, 2936 w, 2888w, 
2870 w 

'3375 vs, 3168 w, 2970 w, 
2935w, 2900 w, 2875 w, 

2997 s, 2948 w, 
3015w, 2991m, 2950 w 
2973 s, 2947 s, 2885 w 
3025 w, 2992 m 

I 

sh,1695 s, 1670 vs, 1650 vs, 
sh, t635 s, sh, 1600m, 1515 vs 
1698vs, 1660 vs, sh, 1635 vs, 
sh, 1615m, 1507vs, 

1720 vs, lb98m, 1553.m, 
1717 vs, 1599m, 1551 m,  
1728 vs, 1600 m,  1558 w, 
1752 vs, 1731 vs, t603 w, 

1557m 

* T h e  I R  s p e c t r a  w e r e  r e c o r d e d  a t  7 0 0 - 3 6 0 0  c m  - !  b u t  a r e  p r e s e n t e d  

c o m p l e t e l y  f o r  e t h y l  e s t e r s  A a n d  B :  A ,  R = C 2 H 3 - 3 3 6 4  v s ,  3 1 3 0  w ,  

2 9 9 8 - 2 9 9 0  m ,  2 9 5 0  w ,  2 9 3 5  w ,  2 9 1 0  w ,  2 8 7 5  w ,  1 6 9 5  v s ,  1 6 5 9  v s ,  s h ,  

1 6 3 5  s ,  1 5 1 0  v s ,  1 4 7 3  w ,  1 4 5 0  w ,  1 3 9 2 w ,  1 3 7 0  m ,  1 3 2 3  s ,  1 3 0 3  v s ,  

1 2 6 8  m ,  1 2 1 7  v s ,  1 1 5 4  w ,  l 1 2 1  w ,  1 0 9 5  s , 1 0 6 2  s ,  1 0 2 5 - 1 0 1 5  w ,  8 5 0  w ,  

760  S;  B ,  R = C 2 H  5 -  2 2 9 7 - 2 9 9 0  m ,  2 9 4 6  W ,  1 7 2 6  v s ,  1 5 9 5  m ,  1 5 5 8  w , 1 4 7 9  

w ,  1 4 4 7  m ,  s h ,  1 4 0 0  m ,  1 3 8 2  m ,  1 3 7 0  S,  1 2 9 9  v s ,  1 2 5 6  s ,  1 2 2 6  v s ,  1 2 0 9  m ,  

1 1 6 3  w ,  1 1 2 8  v s ,  1 1 1 3  s ,  1 0 5 0  m ,  1 0 3 0  w ,  9 7 0  w ,  8 7 0  w ,  7 7 7  s .  

T h e  s p e c t r a  w e r e  t a k e n  i n  n u j o l  a n d  h e x a c h l o r o b u t a d i e n e  ( 1 5 0 0 - 1 3 0 0  c m - ~ ) ~  

1 0 7 4  



(XXVIII, XXXI, XXXII, and XLVIII) tt is noted that t ransi t ion f rom the ethyl or  pentyl e s t e r  (XXXII) to the 
i sepropyl  e s t e r  (XXVIII) and then to the te r t -bu ty l  e s t e r  (XXXI) is accompanied by a shift of this band f rom 
1726 to 1714 cm -1, and a small  shift to the opposite side is observed in the case of carbethoxymethyl  e s t e r  
X LVIII. Another e s t e r  carbonyl  group at 1752 cm -1 is also observed  in the spec t rum of XLVIII. All py-  
r idines  B absorb at 777 cm -1, and this  probably cor responds  to the vibrat ions of the 7 -CH bond. In contras t  
to e s t e r s  A, these vibrat ions are  observed at higher  f requencies .  

EXPERIMENTAL 

The IR spectra were recorded with a UR-20 spectrometer. Most of the spectra were obtained from 
KBr pellets (I.0 mg of the compound per 500 mg of KBr). The UV spectra of ethanol solutions were re- 
corded with a Specord UV-vis spectrophotometer. 

The starting reagents for the synthesis of the dihydropyridines - acetoacetic esters - were obtained 
by known methods: from the appropriate alcohols (hydroxy compounds) and diketene [12] for the synthesis 
of I-VIII, XVII-XX, XXIV, and XXVI, and from ethyl acetoacetate by transesterification [13] for the re- 
maining acetoaoeilc esters. 

2,6-Dimethyl-l,4-dihydropyridine-3,5-dicarboxylic Acid Esters (Table i). A mixture of 0.2 mole of 
acetoacetic ester, 4.2 g (0.03 mole) of hexamethylenetetramine, 3.9 g (0.05 mole) of ammonium acetate, 
and 50 ml of ethanol was refluxed for 20 rain. The mixture was then cooled, and the light-yellow* precipi- 
tate was removed by filtration and recrystallized. 

In the preparation of V-VIII and XVIII-XX the reaction mixtures were diluted with water for more com- 
plete isolation of the products. Ester IX was obtained as an oil, which slowly began to crystallize. It is 
preferable to synthesize ester XVII in 90% dioxane. The synthetic results and the physical constants for 
the esters obtained in this research are given in Tables I, 3, and 4. 

2,6-Dimethylpyridine-3,5-dicarboxylic Acid Esters (Table 2). A mixture of 0.03 mole of 2,6-dimethyl- 
1,4-dihydropyridine-3,5-dicarboxylic acid ester (A) and 7.38 g (0.03 mole) of chloranil in 50 ml of benzene 
was heated to the boiling point. ARer the solid dihydropyridine had dissolved completely and the yellow 
color  of the solution (from chloranil)  had disappeared,  the solution was cooled, and the resul t ing precipi tate  
of te t rachlorohydroquinone was removed  by f i l t rat ion and washed with a cold 10% solution of NaOH andwater .  
The solution was dr ied  with anhydrous sodium sulfate, and the benzene was evaporated to give color less  
pyr idines  B. 

Compound X-LIII was only slightly soluble in benzene,  and it was the re fo re  isolated f rom the react ion 
mixture  with hydrochlor ic  acid. Purif icat ion by dissolving in acid can be also be used for  XXVII-XXX. 
The physical  constants,  yields,  and spec t ra l  cha rac te r i s t i c s  of B are  given in Tables  2-4. 

Prepara t ion  of P ic ra t e s .  A hot 5% solution of p ic r ic  acid in absolute ethanol was mixed with a hot 
solution of pyridine base B in ethanol.  The mixture  was then cooled, and the resul t ing bright-yel low pic-  
ra te  was removed  by f i l t rat ion and r ec rys t a l l i z ed  f rom ethanol. 

The melt ing points and resu l t s  of microana lyses  of the p ic ra tes  are  given in Table 2. 
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