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Conformational analysis of 3,4-dihydropyridine and its aikyl derivatives 
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The geometry of dihydropyridine and its alkyl derivatives was studied by the molecular 
mechanics method. The dihydrocycle was found to be mobile; however, substituents exert 
little effect on its distorted sofa conformation. The alkyl groups attached to the saturated 
carbon atoms occupy pseudo-equatorial position in monosubstituted and pseudo-axial 
positions in disubstituted 3,4-dihydropyridines. Unusually high barriers to inversion of the 
dihydrocycle were observed in cis-3,4-dialkyl-3,4-dihydropyridines caused by the eclipse of 
the substituents in the transition state. 
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It is known that  3 ,4-d ihydropyr id ines  exist ill two 
tau tomer ic  f o r n l s ,  1 - 3  and that  among the factors deter-  
mining the posi t ion of  the tau to-  
meric  equi l ibr ium steric effects 
of  the  subst i tuents  play the  main  
role.  4 In  th is  c o n n e c t i o n ,  it 
seemed proper  to analyze the 
spatial  s tructure and conforma-  
t ional  flexibili ty of  3 ,4-d ihydro-  
pyridine and its alkyl derivatives. 
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mechanics  using the MMP212 program modif ied for the 
calculat ion of  n i t rogen-conta in ing  heterocycles.  13 The 
parameters  for the torsional angle N = C - - C - - C  (V l = 
0.0, V 2 = 0.0, V 3 = - 0 . 2 ) ,  absent in the s tandard force 
field, were selected by reproducing the exper imental  
geometry  of  the model  compounds ,  s -7  The folding pa- 
rameters character izing the form of  the cycle were cal-  
culated by adopting the results of  Zefirov et al. 14 The 
data obtained ill our study are presented in Tables 1 
and 2. 

Exper imenta l  data  about  the  spatial  structure of  
3 , 4 - d i h y d r o p y r i d i n e  der ivat ives  5-7 are very scarce.  
However ,  a compar i son  of  the  available data about the 
geomet ry  of  these compounds  with those for the consid-  
erably bet ter  s tudied 1 ,3-cyc lohexadiene  derivatives 8 
shows the great  s imilar i ty  in their  structures. This makes 
it reasonable  to assume that  the factors determining the 
conformat ions  of  both dihydrocycles  are similar. Oll the R ~r (P2 Ester /deg /kcal 
one hand,  there  is conjugat ion between the n-systems of  

mol- 1 S 0 
double  bonds,  which reaches its m a x i m u m  in the p lanar  
conformat ion  o f  the  molecule .  On the other  hand,  there  H 13.9 39.8 6.40 0.51 
is deformat ion o fva len t  angles of  saturated carbon atoms, 2-Me 16 .2  40.6 5.68 0.52 
which is min imized  in a non-p lana r  conformat ion.  9A~ 2-Et 16.1 41.1 7.56 0.53 
The actual ly  observed conformat ion  of  the part ial ly 2-i-Pr 15.3 40.8 7.88 0.52 
hydrogenated  aromat ic  cycle, which is in termediate  be-  2-t-Bu 16.1 41.3 9.03 0.53 

3-Me 13.8 38.7 5.53 0.49 
tween the sofa and ha l f -boat  ( identif ied according to the 3-Et 1 4 . 5  40.l 7.35 0.5l 
folding parameters  of  Ze f i rov - -Pa lyu l in - -Dashevskaya  11 3-i-Pr 14.7 40.9 8.90 0.52 
(Table 1) as a dis torted sofa), attests to the p redomi-  3-t-Bu 14.4 42.4 11.47 0.53 
nance of  the  f lat tening factors. 6-Me 15.3  42.3 6.50 0.53 

In this work, the 3 -d iment iona l  structure and inver- 6-Et 15.2 43.0 7.69 0.53 
sion barriers of  3 ,4-d ihydropyr id ine  and its alkyl deriva- 6-i-Pr 15.1 43.5 9.01 0.55 

6-t-Bu 15.7 44.5 10.79 0.56 
tives have been ca lcula ted  by the me thod  of  molecular  

Table 1. Conformational parameters, steric energy, and inver- 
sion barriers for 3,4-dihydropyridines with substituents at un- 
saturated atoms 

Folding Inversion 
parameters barrier 

~J /kcal tool -1 

37.5 29.9 1.68 
34.6 29.5 1.74 
35.0 28.2 1.78 
36.1 28.9 1.78 
35.1 28.9 1.89 
36.9 27.8 1.71 
36.4 28.8 1.80 
36.6 29.8 2.t2 
37.4 27.4 1.94 
35.4 29.0 2.06 
35.7 29.3 2.29 
37.1 26.2 2.33 
36.5 26.4 2.65 

Translated from Izvestiya Akademii NaMe. Seriya Khimieheskaya, No. 6, pp. 1009--1012, June, 1994. 
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Fig. 1. Correlation between the steric energy (kcat tool -l) and the torsional angles q)l and q02 in 3,4-dihydropyridine. 

The molecules of 3,4-dihydropyridine and 1,3-cyclo- 
hexadiene exist as two mirror-symmetric conformers: 

The transitions between them are possible by chang- 
ing the torsional angles C(2)--N(1)--C(6)--C(5) (q~i) or 
C(5)- -C(4)- -C(3)- -C(2)  (02). The study of the inver- 
sion routes of the dihydropyridine cycle shows that only 
torsional angle q~2 may be considered as the reaction 
coordinate. Changing the angle qq results not in the 
inversion of the cycle but only in an increase in the 
steric energy, while the angle q02 remains almost un- 
changed. It is seen from the conformational pattern 
plotted in the space of torsion angles q)l and ep2 (Fig. 1) 
that the valley in which the points of the minima and 
the transition state lie has a Z-like form. Thus, scamfing 
over angle (Pl results in a shift of the molecule from 
the minimum point to the side branch of the valley, 
which does not result in the transition state. 

The replacement of the carbon atom in the conju- 
gated 1,3-cyclohexadiene system with nitrogen brings 
about a decrease in the non-valent interactions in the 
unsaturated part of the molecule. As a result, the inver- 
sion barrier of the dihydrocycle in 3,4-dihydropyridine 

becomes considerably lower than that in 1,3-cyclo- 
hexadiene (1.68 and 3.15 kcal tool -1, respectively). 

In contrast to 1,4-dihydropyridine, 14 the attachment 
of alkyl substituents to the dihydroheterocycle has practi- 
cally no affect on its conformation; only the degree of 
folding, S, is slightly changed. A comparison of the 
conformation of the dihydrocycle in the 2-alkyl deriva- 
tives of 3,4-dihydropyridine shows that sequentially in- 
crease the volume of the substituent has almost no affect 
on the folding parameters (see Table 1). The degree of 
folding is somewhat more sensitive to the increase in the 
volume of the alkyl group for 3- and 6-alkyl-substituted 
derivatives of 3,4-dihydropyridine due, possibly, to non- 
valent interactions of the substituent with the hydrogen 
atoms of the adjacent methylene group, which are ab- 
sent in the 6-alkyl derivatives. 

The orientations with the syn-periplanar arrange- 
ment of the C---H- or C--C-bonds of the substituent 
with respect to the double bond are possible for ethyl 
and isopropyl substituents. The data of the calculations 
show that the eclipse with the C--H-bond is approxi- 
mately by 0.3=0.4 kcal tool -t  more favorable. 

Substituents at saturated carbon atoms affect the 
degree of folding of the dihydrocycle more strongly (see 
Table 2). The position of the alkyl group is very impor- 
tant. The axial conformers are more flattened than the 
equatorial ones due to the stronger non-valent interac- 
tions of the substituent with the other atoms of the cycle 
for the axial arrangement of the alkyl group. A similar 
tendency occurs in the case of disubstituted derivatives. 



946 Russ. Chem.Bull., Vol. 43, No. 6, June, 1994 Shishkin et al. 

Table 2. Conformational parameters, steric energy, and inversion barriers for 3,4-dihydropyridines 
with substituents at saturated carbon atoms 

R Con- q~l tO2 Ester Folding parameters Inversion 
former /deg /deg /kcal mol -I S 0 W barrier 

/kcal mo1-1 

4-Me a -14.4 -41.4 6.88 0.53 37.4 27.3 1.77 
e 14.3 40.8 6.49 0.52 37.3 27.8 

4-Et a -12.9 35.9 8.95 0.46 37.0 29.5 1.81 
e 14.1 40.8 8.71 0.53 37.2 27.1 

4-i-Pr a -13.3 37.3 10.59 0.49 37.2 29.8 2.12 
e 14.2 40.8 10.14 0.51 37.5 28.2 

4-t-Bu a -14.6 -39.4 12.36 0.51 36.7 27.9 2.95 
e 13.9 39.4 11.91 0.51 37.3 27.6 

5-Me a -13.9 40.1 6.77 0.5l 37.7 28.7 2.01 
e 14.1 40.5 6.41 0.52 37.6 28.5 

5-Et a -12.3 -34.8 8.76 0.46 37.0 29.5 2.41 
e 14.0 39.8 8.64 0.51 37.4 29.8 

5-i-Pr a -12.8 -36.3 10.43 0.48 37.2 29.8 2.50 
e 13.6 38.5 9.82 0.51 38.0 27.4 

5-t-Bu a -13.6 -39.2 12.29 0.49 37.5 29.3 2.22 
e 13.6 38.5 11.92 0.49 37.5 29.3 

4,5- aa -14.6 -42.0 7.74 0.54 37.7 29.1 1.83 
di-Me 2 ee I3.4 37.7 7.78 0.52 37.2 29.9 

ae 15.0 43.1 8.42 0.55 37.8 30.0 3.13 

4,5- aa -12.0 -32.9 11.73 0.42 36.8 29.0 1.59 
di-Et 2 ee 15.1 43.4 11.98 0.55 37.7 29.4 

ae 13.9 40.4 14.84 0.54 37.3 29.9 3.35 

4,5- aa -13.0 -35.2 14.27 0.36 37.6 29.5 2.28 
di-i-Pr 2 ee 14.2 39.7 14.76 0.51 37.5 27.4 

ae 16.0 44.3 15.61 0.57 37.0 27.0 6.8 

The or ientat ion of the substituent with the antipe- 
riplanar ar rangement  of the terminal  methylene group 
with respect to the hydrogen atom of the corresponding 
methylene group in the cycle is the most favorable for 
the ethyl and isopropyl groups in 3- or 4-substituted 
derivatives. 

By contrast, the axial conformers become energeti- 
cally more favorable than the equatorial conformers for 
3,4-disubstituted derivatives. For example, the conformer 
with the diaxial arrangement  of the substituents is more 
stable for the trans-isomers with a lower energy than for 
cis-isomers, and increasing the volume of the alkyl 
groups results in a greater difference in the energies of 
the diaxial and diequatorial conformers. This change in 
the relative stability of axial and equatorial conformers 
as compared with the 3- and 4-monosubst i tu ted deriva- 
tives is related to the appearance of unfavorable non-  
valent interactions,  which are particularly strong for the 
equatorial ar rangement  of the vicinal alkyl groups. 

The calculation of the inversion barriers of the dihy- 
dropyridine cycle shows that increasing the volume of 
the alkyl group for all of the compounds  studied prima- 
rily increases the energy of the ground state and affects 
the energy of the t ransi t ion state less. This brings about 
only an insignificant increase in the inversion barrier as 

the steric capacity of the molecule increases. In some 
cases, for example, on passing from 5-isopropyl to 5-tert- 
butylsubstituted derivatives, the inversion barrier even 
decreases. It is noteworthy that the values of the barriers 
for the cis- and trans-3,4-dialkyl derivatives are mark- 
edly different (by 2--3 times). This is related to the 
eclipse of the two alkyl groups of the cis-derivatives in 
the transition state, which results in a sharp increase in 
the energy of the transition state. 
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