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The crystal and molecular structure of 1 ,2,4,4,6-pentamethyl-l ,4-dihydropyridine-3,5-dicarbo
nitrile was solved by direct methods and anisotropically refined by the full-matrix least-squares 
method to a final R value of 0·045 for 1 280 observed reflections (l > 3a(I)). The compound 
crystallizes in the Pbca space group with lattice parameters of a = 12·021(1), b = 14·271(2), 
c = 13·465( I) A, z = 8. The six-membered 1,4-dihydropyridine ring of the title compound 
assumes the boat conformation, while the l,4-dihydropyridine ring in the related compound, 
l-ethyl-2,4,4,6-tetramethyl-1 ,4-dihydropyridine-3,5-dicarbonitriIe, has the envelope conforma
tion. The difference in the fluorescence intensities of these substances can be explained on the 
basis of this conformational difference. No intermolecular hydrogen bonds were found in the 
structure, indicating that the crystal is held together by van der Waals interactions. 

In the last twenty years, 1,4-dihydropyridines have become increasingly important, 
primarily because of their importance in medicine1. These substances, with general 
formula I, act as Ca2+ antagonists during interaction with the cell membrane 
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proteins, i.e. they block passage of Ca 2+ ions through the membrane. Consequently 
detailed knowledge of the structures of 1,4-dihydropyridines is very important in 
elucidation of the relationship between the structure and the biological action. At 
present, a number of structures of 1,4-dihydropyridines have been found by dif-
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fraction methods 2 -15, where the dihydropyridine ring mostly has the boat conforma
tion. l,4-Dihydropyridines have been employed in other fields 1 ,16 in addition to 
their biological applications. For example, some l,4-dihydropyridine derivatives 
have been found to have interesting luminescence properties 17 - 22. Of the type-II 
compounds, I Ibis employed in the scintillation technique23 . Study of the fluorescence 
of a number of analogous type-II derivatives with long alkyl chains (ref. 22) revealed 
that substance lIb exhibits the most intense fluorescence in the crystal state. The 
intensity of the fluorescence of type-II compounds decreases with increasing alkyl 
length (from methyl to pentyl) and only substance lIb constitutes an important ex
ception to this trend. It is thus probable that the conformation of the fluorophore 
in the crystal state will be different for substance lIb than for the other type-II 
compounds. The X-ray structural analysis of substance lIb has already been carried 
out24 and consequently this work deals with solution of the structure of substance 
lIa. As the fluorescence intensity increases with increasing planarity of the molecule 
in SI (ref. 2s) and the Stokes shift is approximately the same22 ,26 for both substances 
lIa and lIb, then it can be assumed that the dihydropyridine ring in the ground 
state of II a will be less planar than in II b. 

EXPERIMENTAL 

The title compound, I ,2,4,4,6-pentamethyl-1 ,4-dihydropyridine-3,5-dicarbonitrile, I1a, C I2 HIS N3 
(20)'3) was prepared by the published procedure22 • M.p. 172-174°C, ref.22: m.p. 169-170°C. 
Crystals for X-ray structural analysis were obtained by slow crystallization from an ethanolic 
solution. 

Crystal Structure Determination 

Orthorhombic, space group Pbca, a = 12'021(1), b = 14'271(2), c = 13'465(1) A, V = 

= 2309'8(2)A3, Z= 8, Qo = 1'16(3), Qc = 1-157gcm- 3, f.1.= 0'67cm- 1, F(OOO) = 864, 
MoK., .Ie = 0'71073 A. The density was measured by the flotation method in a diiodomethane
-toluene mixture at 23°C. The parameters' for the intensity data set, structural solution and 
refinement are listed in Table I. 

DISCUSSION 
\ 

The final coordinates and the equivalent isotropic thermal parameters for the non-H 
atoms are listed in Table II and the bond distances, bond angles and endocyclic 
torsion angles are given in Table III.* The optimal least-squares planes fitted through 
the atoms of the molecule are given in Table IV. A perspective view of the molecule 
with the atomic numbering scheme is depicted in Fig. 1 and the molecular packing 
is shown in Fig. 2. 

* Tables of the 1£01, Fc, values, anisotropic temperature factors ahd H-atom positions are 
available on request from the authors. 
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The bond distances and angles in the molecule correspond to the expected values. 
The six-membered dihydropyridine ring assumes the boat conformation, with the 
Cl, C2, C4 and C5 atoms located close to one plane and the N land C3 atoms at 

TABLE I 

Data collection and structure refinement parameters 

Crystal dimensions 

Diffractometer used 

Scan technique 

No. and e range of reflections for lattice 
parameter refinement 

Maximum value of (sin e)/). 
Range of h, k and I 

Standard reflections 

Standard reflections monitored 
in interval, intensity fluctuation 

Total number of reflections measured; 2e range 

No. of observed reflections 

Criterion for observed reflections 

Method used to solve structure 

Method used to find H-atoms 

Function minimized 

Weighting scheme 

Parameters refined 

Value of R 

Value of wR 

Value of S 

Ratio of max. LS shift to e.s.d. (,1/0") 

Max. and min. heights in final AQ map 

Source of atomic scattering factors 

Program used 

Computer used 

0·25 X 0·20 X 0·15 mm 

Enraf-Nonius CAD4 equipped with 
a graphite monochromator 

w/2e 

19; 10.2-15.8° 

0·703 A-1 

o ---> 16, 0 ---> 19, 0 ---> 18 

-1,3, -2; 1,2,-2 

120 min; 1% 

3 779; 2e ;;;; 60° 

1280 

I> 3a(1) 

Direct methods, subsequent 
difference Fourier 

Located from difference Fourier 
map and refined isotropically 

Lw(lFol- IFcl)2 
w = 4F; /[0"(F;)]2 

197 

0·045 

0·054 

I-362 

0·03 

0·15; -0·14 e A - 3 

SDP system (ref.27) 

SDP system 

DEC PDP 11/73 

Collect. Czech. Chern. Commun. (Vol. 55) (1990) 



I ,2,4,4,6-Pentamethyl-1 ,4-dihydropyridine-3, 5-dicarbonitrile 

TABLE II 

Positional (.104) and equivalent isotropic thermal parameters. Beq = !~~Bijaiaj 

Atom x y 

NI 2577(2) 5239(1) 
N2 5121(2) 3981(2) 
N3 5040(2) 7800(2) 
CI 3144(2) 4668(2) 
C2 4034(2) 5013(1) 
C3 4379(2) 6038(2) 
C4 3990(2) 6384(2) 

C5 3096(2) 6033(2) 
C6 2744(2) 3677(2) 
C7 4629(2) 4423(2) 
C8 5639(2) 6143(2) 
C9 3775(3) 6586(2) 
CIO 4559(2) 7171(2) 
CII 2630(2) 6447(2) 
CI2 1481(2) 4952(2) 

FIG. I 

Perspective view of the title compound with 
the atomic numbering scheme 

COliect. Czecb. Chem. Commun. (Vol. 55) (1990) 

z 

5363( I) 
7742(2) 
4733(2) 
6035(2) 
6516(2) 
6474(2) 
5466(2) 

4998(2) 
6155(2) 
7184(2) 
6587(2) 
7294(2) 
5046(2) 
4055(2) 
4982(2) 

FIG. 2 

Crystal packing 

, J 

Beq, A2 

3-41(4) 
5'71(6) 
5'22(5) 
2'97(4) 
2'96(4) 
3'18(4) 
2'98(4) 

3'08(4) 
4'23(6) 
3-69(5) 
5'54(6) 
4'93(6) 
3-66(5) 
4'54(6) 
5'22(6) 
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positions well outside this plane. In contrast, this ring in the related compound, 
l-ethyl-2,4,4,6-tetramethyl-l,4-dihydropyridine-3,5-dicarbonitrile (see ref. 24) has the 
envelope conformation. The difference in the observed fluorescence intensities between 
these compounds can probably be explained on the basis of this different conforma
tion. A plane can be ideally fitted through the el2, Nl, e3, e8 and e9 atoms. 
This plane is almost perpendicular to the plane of the dihydropyridine ring (with 
a dihedral angle of 89'78(8)°). 

No intermolecular hydrogen bonds were found in the structure. Examination of the 
intermolecular distances between the non-H atoms indicates that the crystal is 

TABLE III 

Interatomic distances (A), angles C) and selected torsion angles (") 

Bond BOnd~ng~~ __ J Bond Bond length 
~--.-.~-- - --- -.-~----

NI-CI I· 395(3) C2-C7 1'426(3) 
NI-C5 I· 385(3) C3-C4 1'519(3) 
NI-CI2 1-473(3) C3-C8 1'530(4) 
N2-C7 1'146(3) C3-C9 1'536(4) 
N3-CIO 1'149(3) C4-C5 1'342(4) 
CI-C2 !-343(3) C4-CIO 1'432(3) 
CI-C6 I· 503(3) C5-C11 I· 509(3) 
C2-C3 1'522(4) 

Atoms Angle Atoms Angle 

-,------- ------- ----~-- --- --- ----

C1-NI-C5 ~ 19'2(2) C4-C3-C8 Ill· 3(2) 
C1-N1-C12 120'1(2) C4-C3-C9 109'4(2) 
C5-N1-CI2 120'5(2) C8-C3-C9 110'3(3) 
N1-C1-C2 119'2(2) C3-C4-C5 123'0(2) 
N1-C1-C6 117'6(2) C3-C4-C10 117'4(2) 
C2-C1-C6 123'2(3) C5-C4-CIO 119'4(3) 
C1-C2-C3 12304(2) N1-C5-C4 119'9(2) 
C1-C2-C7 119'2(2) NI-C5-CII 117'0(2) 
C3-C2-C7 117'0(2) C4-C5-C11 123'1(3) 
C2-C3-C4 105'2(2) N2-C7-C2 177-2(3) 
C2-C3-C8 111'1(2) N3-C10--C4 177-9(3) 
C2-C3-C9 109'5(2) 
C5-N1-CI-C2 17-8(3) CI-C2-C3-C4 -29-4(3) 
CI-NI-C5-C4 -17'4(3) C2-C3-C4-C5 29'8(3) 
N1-CI-C2-C3 8'3(3) C3-C4-C5-N1 -9·1(3) 
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TABLE IV 

Least squares planes fitted through the atoms in the molecule. Each plane is defined as AX + 
BY+ CZ- D= 0 

Atoms 

Cl* 
C2* 
C4* 
C5* 
Nl 
C3 

Deviation from 
the plane, A 

Plane Ia 

0'003(2) 
-0'002(2) 

0'002(2) 
-0'003(2) 
-0'185(2) 
-0'382(2) 

Atoms 

C12* 
Nl* 

Deviation from 
the plane, A 

Plane lIb 

-0'001(3) 
0'001(2) 

C3* less than 0'000 
C8* less than 0'000 
C9* less than 0'000 

Plane 1IIc 

(the plane fitted through the atoms of the dihydropyri
dine ring in l-ethyl-2,4,4,6-tetramethyl-l,4-dihydro-3,5-
-pyridinedicarbonitrile - see ref. 24) 

0'020 
-0'015 

0'001 

-0'015 
0'001 
0'007 

a A = 0'6021, B = -0'4552, C = -0'6559, D = -6'0914, X2 = 5; b A = -0'0212, B = 

= 0'8093, C = -0'5871, D = 1'7421, X2 = 0; C A = -0'7011, B = 0, C = -0'7131, D = 
-- 1'7413. The pla"nes are fitted only through the atoms designated by an asterisk. 

sta bilized by van der Waals interactions alone; the shortest distances are N2 - C6 i = 

3'51(3) A and Cl2 - Cl2ii = 3'56(3) A, where i: x + 1/2, y, 1·5 - z and ii: 
.x, 1 - y, 1 - z. 
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