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It has been found that the electron shift in the C(2)=C(3 ) bond, under the in- 
fluence of the substituent attached to the nitrogen atom and the substituents in 
the 3- and 5-positions, occurs via a ~-inductive mechanism. 4-(l~4-Dihydropyridyl) 
functional groups behave as electron donating substituents via an inductive mech-- 
anism. 

Despite the broad spectrumof practical applications of substituted 1,4-dihydropyridines, 
their 13C-NMR spectra have been studied very little. Only a few studies are known [i-3], in 
which the I~C chemical shifts (CS) of several 1,4-dihydropyridines were reported. In another 
study [4], the 13C CS values of a series of 4-aryl-2,6-dimethyl-3,5-diethoxycarbonyl-l,2-di- 
hydropyridines were analyzed, and a linear correlation was established between 6 C(~) and the 
o+-constant for the substituent in the 4-aryl ring: 

6 C(4)=0.779 ~++39.51 (r=0,96). (i) 

In the present paper we have studied substituted 4-phenyl-l,4-dihydropyridines (I), 2,6- 
diphenyl-l,4-dihydropyridines (II), and l-phenyl-l,4-dihydropyridiens (III) by 13C-NMR spec- 
troscopy. 
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The measured I~C-NMR spectral parameters for these compounds are given in Tables i and 
2. Signal assignments were made based on literature data [5, 6], as well as using spectra ob- 
tained without proton (spin-spin) decoupling. 

In the case of N-substituted 4-phenyl-3,5-dicarboethoxy-l,4-dihydropyridines (compounds 
XVI, XIV-XXX) with strongly electron-withdrawing (acceptor) substituents attached to the nitro 
gen atom, the signals corresponding to the C(2,6 ) atoms in the dihydropyridine ring are shift- 
ed upfield, while the C(3,5 ) signals are shifted downfield, reflecting substantial polariza- 
tion of the C(2)m-C(3)double bond under the influence of this substituent. It was not possi- 
ble, however, to obtain a satisfactory correlation of the 13C CS values with substituent con- 
stants for the groups attached to the nitrogen atom. We assume that introduction of a substi- 
tuent to the nitrogen atom significantly changes the role of the nitrogen unshared electron 
pair in the overall conjugation system of the dihydropyridine ring. This assumption is con- 
tradicted, however, by the fact that the sum of the chemical shifts of the C(2 ) and C(3 ) car- 
bon atoms is practically constant, i.e., the electron shift in the C(2)=C(3 ) bond occurs pri- 
marily via a ~-inductive mechanism. This conclusion is supported by the observation that the 
effect of the N-substituent on the laC CS values remains fundamentally unchanged when CH 3 
groups are added to the 2,6-positions, thus interfering with conjugation. It should be noted 
that the greatest substituent effects on the C(2,6 ) CS values as observed in compounds XXVIII 
and XXX, in which the upfield shift of the C(2,6 ) resonance signals can be attributed at'least 
partially to the anisotropic effect of the C=O and S=O functional groups. In the 4-phenyl 
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substitnents in these compounds the n-electron density is shifted considerably in'the direc- 
tion of the C(i ) carbon atom, due to the influence of the electronic effect of the N-substi- 
tuent. This is indicated by the upfield shift of the corresponding resonance signal in the 
series H + Alk + C~H s ~ SO2Me + COPh. 

In the case of the 2,6-disubstituted4-phenyl-3,5-dicarboethoxy-l,4-dihydropyridine der- 
ivatives examined (compounds II, XIII, XVI), increasing the electron withdrawing (acceptor) 
properties of the substituents in the 2,6-positions of the dihydropyridine ring does not lead 
to a clear dependence of I~C CS values on the electronic properties of the corresponding sub- 
stituents. Apparently steric factors play a role here. In addition, we also note that the 
C(p) atom is deshielded and the C(i ) ring atom shielded in the 4-phenyl radical, in the series 
of 2,6-substituents: CH3-H-C6Hs; this is associated with an increase in the ~-inductive effect 
of the complex dihydropyridine substituent. 

In the case of the 4-phenyl-2,6-dimethyl-l,4-dihydropyridine derivatives studied herein 
(compounds I-XII), we have found a correlation of CS values with the electronic properties 
of the substituents located in the 3,5-positions of the dihydropyridine ring. As the electron 
withdrawing characteristics of the R group in the COOR substituent are increased the signals 
corresponding to the C(3,5 ) atoms, as well as the C(4 ) carbon atom in the dihydropyridine ring, 
are shifted upfield. The opposite effect was observed for the carbon atoms located in the 
2,6-positions of the dihydropyridine ring. Using correlation analysis we derived the following 
relationships between the 13C CS values and the Taft o*-constants for the substituents R in 
the 3,5-COOR groups: 

6 C(2,8)= 1.38o*+ 146.53 (r=0,950; s=0,49; n =  I0). (2) 

(3) 

(4) 
6 C(3,5)= -1 ,72o*+102,90 (r=0,989; s=0,54; n=10) .  

6 C~4~= -0.7g~*+39.94 (r=0.994; s=0.37; n=lO). 

In  t h e  c a s e  o f  t h e  C(4) atom t h i s  e f f e c t : i s  p r o b a b l y  r e l a t e d  t o  t h e  f a c t  t h a t  t h e  atom 
i s  s p 3 - h y b r i d i z e d  and t h u s  n o t  i n v o l v e d  in  t h e  o v e r a l l  ~ - e l e c t r o n  s y s t e m ,  which  i s  composed 
o f  t h e  C ( ~ ) ,  C ( 2 ) ,  N, C(6 ) ,  and C(s ) r i n g  a toms ,  as  w e l l  as t h e  C=O f r a g m e n t  in  t h e  e s t e r  
f u n c t i o n a l  g r oups  in  t h e  3 , 5 - p o s i t i o n s  o f  t h e  d i h y d r o p y r i d i n e  r i n g .  The o p p o s i n g  s h i f t s  o f  
t h e  r e s o n a n c e  s i g n a l s  f o r  t h e  C(2 , s  ) v e r s u s  C(~,5 ) a toms can be e x p l a i n e d  in  t e r m s  o f  ~ - i n d u c -  
t i r e  e l e c t r o n  s h i f t  u n d e r  t h e  i n f l u e n c e ,  o f  t h e  3 , 5 - s u b s t i t u e n t s ,  in  t h e  p r e s e n c e  o f  s t a b l e  
( u n c h a n g e d )  c o n j u g a t i # e  i n t e r a c t i o n  o f  t h e  COOR f u n c t i o n a l  g roups  and t h e  C ( 3 ) = C ( 2  ) d o u b l e  
bond.  T h i s  i n t e r p r e t a t i o n  i s  s u p p o r t e d  by t h e  o b s e r v a t i o n  t h a t  t h e  sum o f  t h e  CS v a l u e s  f o r  
t h e  C(3 ) and C(2 ) a toms in  t h e s e  compounds i s  c o n s t a n t .  We d i d  n o t  d e t e c t  a c l e a r  r e l a t i o n -  
s h i p  be tween  t h e  1~C CS v a l u e s  o f  t h e  c a r b o n y l  g roup  c a r b o n  atoms and t h e  i n d u c t i v e  T a f t  sub -  
s t i t u e n t  c o n s t a n t s  f o r  t h e  R g roups  in  COOR. The CS v a l u e s  o f  t h e s e  n u c l e i  a r e  a p p a r e n t l y  
a f f e c t e d  by s t e r i c  f a c t o r s ,  as  w e l l  as  by e f f e c t s  a r i s i n g  f rom r o t a t i o n  o f  t h e  c a r b o n y l  g roups  
r e l a t i v e  t o  t h e  p l a n e  o f  t h e  d i h y d r o p y r i d i n e  r i n g .  

The 13C CS v a l u e s  w i t h i n  t h e p h e n y l  r i n g  can be u sed  t o  a n a l y z e  t h e  e f f e c t s  o f  s u b s t i t u -  
e n t s  in  d i f f e r e n t  p o s i t i o n s  o f  t h e  d i h y d r o p y r i d i n e  r i n g  on t h e  p h e n y l  r i n g  i t s e l f .  We have  
o b t a i n e d ,  f o r  i n s t a n c e ,  a good c o r r e l a t i o n  o f  C(p)  CS v a l u e s  w i t h  t h e  T a f t  o * - c o n s t a n t s  f o r  
t h e  s u b s t i t u e n t s  R in  t h e  3,5-COOR f u n c t i o n a l  g r o u p s :  

Cip)=0.17~*+126,96 (r=0,993; s=O,17 n=lO). (5 )  

No such correlation was observed for the C(i ) atoms. This can be ascribed to the effect 
of anisotropy of the complex 1,4-dihydropyridine residue on the shielding of the proximate 
C(i ) carbon atom. 

Resonance effects between the 4-phenyl ring and the 1,4-dihydropyridin-4-yl residue were 
estimated using the parameter ~ = ~C(p) - ~C(m), which, according to [7], reflects the degree 
of resonance interaction between the two ring systems. The fact that this parameter is con- 
stant indicates that there is little change in the n-electron density (distribution) as the 
alkyl substituent in the COOR group is varied. 

These results contradict somewhat results obtained earlier [4], since the correlation 
expressed in Eq. (i) would seem to assume the presence of direct polar conjugation between 
the 4-phenyl ring and the 4-(l,4-dihydropyridine) substituent. 

Using 13C-NMR spectroscopy and known correlation equations [8] for the CS values of the 
m- and p-carbon atoms in the substituted benzene rings, we were able to determine o I and OR ~ 
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�9 TABLE 3. Calculated Values of o I and OR ~ for 1,4- 
Dihydropyridone Substituents 

Com- 
pound Substituent R aj %~ 

I 

II 

Ill 

IV 

V 

VI 

VII 

I 
R .  ) R 

C H a  H 

l 

I-I 

J 

R 

i 
' COOEt 

I 
R 

P h  

EtOOC I /COOEt 

R 
i 

EtOOC. .-<.COOEt 

CHa ~ CHa �9 

R .too: oo.t 
H 

COOCHa 
COOC2Hs 
COOCH (CHa) 

I COOC(CHa)3 
COOCH2CH=CH (CHa) : 
COOCH2CH=OC2H~ 
COOCH2CH2CN 
COOCH2C (CHa) 3 
COOCH:CH=CH2 
COOCH~C--.~ CH 
CN 
COCHa 

CHa 
H 
CsH~ 
4-OCHa--C6H4 
4-NO2--C~H4 

H 
CHa 
CsH5 
4-OCH3--C6H4 

H 
COC~H5 
C6Hs 
C~Hs 
CH (CHa) 2 
CH~C6Hs 
SO2CHa 
CH~COOCH~CHa 

H 
CHa 

--0,14 
--0,18 
--0,21 
--0.30 
--0,21 
--0,15 
--0.11 
--0,16 
--0,16 

C61-I5 
4-NO~--C6H, 

H 
CHa 
C6H5 

-0,14 
0,14 

-0,06 

--038 
--0,15 
--0,04 
--0,06 

0,01 

-0,18 
--031 
--0,04 
- O,04 

--0,15 
0,04 

--0,06 
--0,12 
--0,15 
--0,15 
- 0,02 
-0 , I I  

0,53 
0,42 

0,42 
0,45 

--0,23 
--0,25 
-0,18 

- 0 . 0 8  
- 0.08 
- 0.06 
- 0.06 
- 0.06 
- 0 . 0 8  
- 0.08 
- 0 . 0 8  
- 0 . 0 8  
- 0 . 0 8  
- 0 . 0 6  
--0,09 

-0.08 
--0.06 
- -  0.08 
-- 0,09 
--0.06 

- 0,08 
- 0,08 
- 0,08 
-0,08 

-0,06 
-0,07 
- 0 . 0 6  

- 0 , 0 6  

-0,06 
--0,06 
- 0 , 0 5  

- 0,07 

-0,18 
-0,05 

-0.05 
-0.05 

0.05 
0.06 
0,06 

constants for the dihydropyridyl functional groups, which are regarded in this case simply as 
complex substituents attached to the benzene ring. The values of the derived reactivity con- 
stants are summarized in Table 3. Based on an inductive mechanism 4-(l,4-dihydropyridyl) func- 
tional groups behave as electron donating substituents. The resonance term has a constant 
value. 

The direct J1ac(~)_~H spin-spin coupling constants were measured for the series of com- 

pounds (I-IV, XIII, XVI, XVIII, XXIV), and were found to change very little as the substituent 
R in the COOR group was varied. This suggests that the geometry of the dihydropyridine ring 
is not affected greatly by substituent effects, with the exception of compound XI, in which the 
increased value of the J1ac(~)_iH coupling constant is due to a more planar conformation of the 
dihydropyridine ring [9]. 
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EXPERIMENTAL 

I~C-NMR spectra were recorded at a frequency of 22.63 MHz on a Bruker WH-90/DS pulse spec- 
trometer, using 10% solutions of deuterodimethyl sulfoxide at a temperature of 40-42~ The 
accuracy of the CS measurements was • ppm. Cyclohexane (~27.44 ppm) was used as the in- 
ternalstandard. The previously unknown 2,6-dimethyl-4-phenyl-l,4-dihydropyridine-3,5-dicar' 
boxylic acid ester derivatives VIII-X were prepared by the Hantzsch reaction. The products 
were recrystallized from ethanol. 

Dineopentyl Ether (VIII). mp 150-151~ IR spectrum (nujol): 3315 (br), 3235 (NH), 1703 
(C----0), 1648 cm -l (C-C). UV spectrum, imax (log E) (ethanol): 2.35 (4.26), 351 nm (3.86). 
IH-NMR spectrum (CDCI3): 0.91 (18H, s, C(CH3)3); 2,37 6H, s,12,6-CH~; 3.64 (2H, d) and 3.80 
(2H, d, 2j = 10.5 Hz, OCH2); 5.14 (IH, s, 4-H); 5.64 (IH, br.s, N-H); 7.23 ppm (5H, m, 4-C6Hs). 

7 

DiDroDar~yl Ester (IX). mp 143-144~ IR spectrum (nujol): 3295, 3270, 3235 (NH), 1686 
(C----0), 1650 cm -l (C<). UV spectrum, Ima x (log e) (ethanol): 239 (4.21), 357 nm (3.83). IH- 
NMR spectrum (CDCIa): 2.36 (6H, s, 2,6-CHa); 2.41 (2H, t, ~CH); 4.65 (4H, d, 4j = 2.4 Hz, 
OCH2); 5.03 (IH, s, 4-H); 5.73 (IH, br.s, N-H); 7.27 ppm (5H, m, 4-C6Hs). 

Diallyl Ester (X). mp I04-I05~ IR spectrum (nujol): 3345 (NH), 1700 (C----0), 1662, 
1650 cm "I (C=C). UV spectrum~ Xma x (log g) (ethanol): 238 (4~ 3.56 nm (3.84). IH-NMR 
spectrum (CDCI3): 2.35 (6H, s, 2,6-CH~); 4.56 (4H, m, ~H = 5.1 Hz, 4j = 1.2 Hz, OCH2); 5.07 
(IH, s, 4-H); 5.21 (4H, m, 3j = 5.1 Hz, 4j = 1.2 Hz, OCH2); 5.59 (IH, br. s, NH); 5.88 (2H, 
m, CH); 7.26 ppm (SH, m, 4-CeHs). 

2~6-Dimethyl-4-phenyl-3~57dinitro-l,4-dihydropyridine (XXXI). This was prepared by 
refluxing for 2 h a mixture of 0.92 g (i0 n~nole) nitroacetone, 0.54 g (5 mole) benzaldehyde, 
and 4.3 g (50 mmole) ammonium acetate in i0 ml acetic acid. Yield of compound (XXXI) 0.97 
g (71%), mp 178~ (from ethanol). IR spectrum (nujol): 3300 (N~), 3240, 3100, 1650, 1630 
C----C) cm -l ~ UV spectrum, ima x (ethanol): 207, 247, 263 (sh), 304, 432 nm. IH-NMR spectrum 
(DMSO-D6): 2.40 (6H, s, 2,6-DHa), 5.56 (IH, s, 4-H), 7.22 (5H, m, 4-%Hs), 10.02 ppm (IH, s, 
NH). 
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