912 Bull. Korean Chem. Soc. 1995, Vol. 16, No. 10

Hyun-So Shin et al.

The Crystal and Molecular Structure of 1-(3-Chloro-2-hydroxypropyl)-
2-methyl-5-nitroimidazole (Ornidazole), C;H;¢CIN3;O;

Hyun-So Shin, Hyun Song, Euisung Kim, and Kwang-Bo Chung®

Department of Chemical Engineering, Dongguk University, Seoul 100-715, Korea
*Department of Chemical Engineering, Hanseo University, Chung-Nam 352-820, Korea
Recetved February 11, 1995

Ornidazole, C;H;oCIN;Qs, crystallizes in the triclinic, space group P1, with a=13.605(2), b=14.054(1), c=8.913(5) A
a=7159(2), p=78.73(2), y=64.86(1)°, n=3.26 cm™!, Dc=1.499 g/cm?, Dm=1.497 g/cm®, F(000)=684, and z=6. Intensi-
ties for 2693 unique reflections were measured on a CAD4 diffractometer with graphite-monochromated Mo-Ka radia-
tion. The structure was solved by direct method and refined by block-diagonal least squares to a final R of 0.081
(Rw=0.047) for 1952 reflections with Fo>36 (Fo). The asymmetric unit contains three independent molecules of
the title compound. The bond lengths and bond angles are comparable with the values found in the other nitro-
substituted compounds. The nitro groups are rotated (6.9°, 6.6°, 2.6° for the three independent molecule, respectively)
about the C-N axes from the imidazole planes. The crystal structures are linked by two intermolecular hydrogen
bonds of O-H—N type and one intermolecular hydrogen bond of O-H--O type.

Introduction

Nitroimidazoles are very often associated with antimicro-
bial activity, whereas imidazolines are often present in drugs
acting as the adrenegic agents. These suggest, as a working
hypothesis, that these particular imidazole derivatives are
essential parts of the respective pharmacophoes. The crystal
structures of 5-nitro-substituted imidazole derivatives which
are biologically active against both anerobic protozoa and
bacteria have been reported to obtain a better understanding
of the structure-activity relationship.!~® The crystal structure
of ornidazole has been determined to establish its solide
state conformation and to compare the geometric properties
with the other nitroimidazole derivatives.

Experimental

Pale-yellow, transparent crystals were grown at room tem-
perature by slow evaporation from benzene-toluene (1:1)
solution. The crystal density was measured in carbon tetra-
chloride and benzene by the flotation mathod. A crystal of
approximate dimensions of 0.03X0.13X0.49 mm was used
for data collection with graphite-monochromated Mo-Ka ra-
diation on a CAD4 automated diffractometer. The cell con-
stants and their estimated standard deviations were refined
by least-squares methods from the setting angles of 25 ref-
lections with 18°<26<23°. Total 3138 reflections were collec-
ted by the w-20 scan mode with Aw=(0.84+0.34 tan0)°® in
indices range of ~13<h<14, 0<k<15, —9<IL9 (20,,,,>46°).
Of these, 2693 reflections were considered as observed (I,2
1.26(1,)). Three standard reflections (—2 6 —1), (50 1), (4
1 1) checked after every 200 reflections showed 0.3% inten-
sity change during data collection. The intensity data were
corrected for Lorentz and polarization effects but not for
absorption. The structure was solved by the direct method
(shelxs-86)° and refined by block-diagonal least squares me-
thods (shelx-76).” The E map computed with the best set
of phase showed all non-hydrogen atoms. Most hydrogen
atoms were located from difference Fourier synthesis, but

the hydrogen atoms of methyl groups were calculated assum-
ing an idealized geometry (1.08 A). The structure was refin-
ed with anisotropic thermal parameters for non-hydrogen
atoms and with isotropic thermal parameters for the hydro-
gen atoms. The refinement converged at the final R=0.081
and Rw=0.047. The final weighting scheme used was w=4/
[c*(Fo)+dFoJ?, where, k and d were 1929 and 0.00009. In
the final cycle of refinement the maximum parameter shift
(A/0)mar was 0.07. The maximum and minimum residual den-
sity in the final difference map were 0.31 and —0.29 e,
respectively. Atomic scattering factors for non-hydrogen
atoms were taken from International Tables for X-ray Crystal-
lography, those for H atoms from Stewart, Davidson & Simp-
son®~*

Results and Discussion

The final atomic coordinates and equivalent isotropic ther-
mal parameters are listed in Table 1. The bond lengths and
angles are given in Table 2 and 3. The molecular structures
with atomic numbering scheme are shown in Figure 1. The
bond lengths in the imidazole ring are comparable with the
values found by neutron diffraction for pure imidazole.* The
bond lengths of C(5)-N(12) vary from 1.409(11) to 1.434(14)
& for the independent molecules (II) and (III) in the unit
cell. The mean bond length of 1.419(14) Lis slightly longer
than those in the other nitroimidazole compounds. The two
N-O bond lengths (from 1.208(12) to 1.22%(11) &) of the nitro
groups agree very well with those observed in the other
nitro-substituted compounds such as carnidazole, sulnidazole,
metronidazole, tinidazole, misonidazole!™® and niridazole."
The imidazol rings in the three independent molecules are
planar. The maximum deviations from the least square
planes are 0.01 for C(4), 0.01 for C(4*) and 0.009 & for C@4"),
respectively. The nitro groups are rotated (6.9°, 6.6°, 2.6°)
about the C-N axes from the imidazole planes. The N(1)-C
(5)-C(4) angles vary from 106.9(8)° to 108.3(8)° for the inde-
pendent molecules (II) and (III), respcetively. These values
are larger than those of imidazole. This pattern is probably
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Table 1. The final atomic coordinates and equivalent isotropic thermal parameters of non-hydrogen atoms

atoms X y z Ueq

atoms X y z Ueq

molecule (I)

molecule (II)

N1 8844( 6) 4607( 6) 2969( 9)  0.032 N1 1064( 6) 9523( 6) 1766( 8) 0.033
C2 9719( 8) 4184( 7) 3803(11) 0.034 C@2% 641( 8) 10368( 7) 2420(10) 0.036
N@3) 10426( 6) 4649( 7) 3187(10)  0.045 N@G3* —406( 6) 10623( 6) 2866( 8) 0.039
C@) 9998( 9) 5428( 9) 1866(13)  0.048 C(4" —665( 8) 9899( 9) 2519(12) 0.044
C® 9013( 9) 5432( 8) 1708(13)  0.045 C(5%) 196( 8) 9231( 8) 1821(10) 0.035
C(6) 7883( 8) 4325( 9) 3408(14)  0.039 C@6*) 2194( 8) 9040( 8) 1136(12) 0.035
C 7927( 8) 3425( 8) 2836(12)  0.037 (™ 2881( 7) 8051( 7) 2391(11) 0.030
0(8) 8489%( 4) 2428( 5) 3903( 7> 0.037 0@’*) 2864( 5) 8364( 5) 3769( 8) 0.042
CO® 6789 8) 3572( 9) 2666(14)  0.041 CO"» 4040( 9) 7647( 1) 1710(15) 0.054
CL(10) 6763( 2) 2455( 2) 2187( 3)  0.048 CLQ10% 4849( 2) 6398( 2) 3033( 3) 0071
C1b 9908(14) 3291(12) 529(17)  0.059 ca11 1282(13)  10949(12) 2607(25) 0.064
N(12) 8307( 8) 6077( 7) 474(11)  0.056 N(12*) 273( 7 8393( 6) 1202( 9) 0.042
0(13) 8529( P 6795( 6) —493( 9 0.09 013" —583( 6) 8299( 5) 1202( 7) 0.058
0(14) 7525( 6) 5885( 6) 412( 9  0.083 0(14%) 1138( 5) 7780( 5) 729( 8) 0.062
molecule(II)
N19 3781( 5)  11501( 6) —5121( 9) 0.037 08" 2381( 6) 13835( 7) —5333(10) 0.053
C2) 3394( 7) 11128 9) —3623(13) 0.043 C@H9" 3750( 9) 14302(10) —7194(16) 0.073
N@3") 3192( 6)  10255( 7) —3478(10) 0.052 CLQ0") 2804( 2) 15548( 2) —8229( 3) 0.075
C4) 3458( 8)  10053( 8) —4919(14) 0.048 C(11") 3197(13) 11608(15) —2249%(17) 0.063
C() 3802( 7y 10816( 7) —5935(11) 0.031 N@129) 4149( 6) 10918( 8) —7584(12) 0.057
C(6") 4092( 9)  12444( 9) —5632(14) 0.041 0(13") 4414( 6) 11677( 6) —8352( 8) 0.074
(7 3213( 8)  13483( 8) —6475(13) 0.043 0(14") 4130( 6) 10234( 6) —814%( 9) 0.084
Table 2. The bond lengths () of ornidazole Table 3. The bond angles (°) of ornidazole
molecule (I) molecule (II) molecule (IIT) molecule (I) molecule(Il) molecule(III)
N(1)-C(2) 1.34(1) 1.34(1) 1.36(1) N(@3)-C(2)-N(1) 113.4( 8) 1124( 8) 111.8( 9)
N(1)-C(5) 1.40(1) 1.39(1) 1.37(1) C(4)-N(3)-C(2) 106.0( 8) 1054( 7) 105.9( 8)
N(1)-C(6) 147(1) 147(1) 1.47(1) C(4)-C(5)-N(1) 107.2( 9) 106.9( 8) 108.3( 8)
C(2)-N(3) 1.33(1) 1.32(1) 1.33(1) C()-N()-C2) 104.5( 7) 104.6( 7 104.8( 7)
C2)-Ccayn 1.49(2) 1.48(2) 1.51(2) C(5)-C(4)-N(3) 108.9( 9) 110.6( 8) 109.2( 8)
N(3)-C(4) 1.36(1) 1.34(1) 1.35(1) C(6)-N(1)-C(2) 126.4( 8) 126.5( 8) 124.2( 8)
C(4)-C(5) 1.37(2) 1.34(1) 1.36(1) C(6)-N(1)-C(5) 128.9( 8) 128.9( 7) 131.0( 8)
C(5)-N(12) 1.41(1) 141(0) 1.43(1) C(7)-C(6)-N(1) 116.1( 8) 111.1( 8) 113.2( 8)
C©)-C(7) 1.48(1) 1.54(1) 1.52(2) 0(8)-C(N-C(6) 108.7( 8) 1104( 7) 107.5( 9)
C(D-0(®) 1.41(1) 1.42(1) 1.40(1) C(9)-C(D)-C®6) 109.4( 8) 108.3( 8) 105.8( 8)
C(N-C(9) 1.50(1) 1.50(2) 1.53(2) C(9)-C(N-0®) 112.5( 8) 107.8( 7) 110.6( 8)
C(9)-CL(10) 177D 1.80(8) 1.76(1) CLQ10)-C(9)-C(7) 1121( 7 110.2( 8) 110.0( 7)
N(12)-0(13) 1.21(1) 1.23(1) 1.23(1) C(AD-C(2)-N(1) 125.1(10) 1234( 9 126.4(10)
N(12)-0(14) 1.22(1) 1.22(1) 1.23(D) C(11)-C(2)>-N(3) 121.5(10) 124.1( 9) 121.8(10)
N(12)-C(5)-N(1) 124.4( 9) 123.6( 8) 123.8( 8)
N(12)-C(5)-C(4) 128.3(10) 129.5( 9 127.9( 9
. . . . 0(13)-N(12)-C(5) 117.1¢ 9 116.0( 7) 119.7( 8)
due to the electron withdrawing properties of the nitro-grou
and is also observed in the o%hir I:ﬁtroimidazales.‘z~“gr ThIe) 0(14)-N(12-C(5) 119.8C 9) 12230 8) 116.3( 8
0(14)-N(12)-0(13) 123.2( 9) 121.7( D 124.0(10)

lone-pair-induced alternations of the bond angles at N(1) and
N(3) are also observed. In imidazole and 2-nitroimidazole
the C(2)-N(1)-C(5) angles are is significantly larger than the
C(2)-N(3)-C(4) angle. The same results have been found in
2-methyl-4-nitroimidazole,* carnidazole and sulnidazole. But
in ornidazole, the C(2)-N(3)-C(4) angles are larger than C(2)-
N(1)-C(5) angles for the three independent molecules in
asymmetric unit, and the same pattern has been found in

1,3-bis(carboxymethyl)-imidazole!® and metronidazole. A com-
mon feature of the imidazole ring is that C(2)-N(3) bond
is the shortest in most cases, indicating a more or less local-
ized double bond between these atoms. In the ornidazole
the C(2)-N(3) bond lengths vary from 1.323 to 1.330 A with
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Figure 2. Steroscopic drawing of the crystal packing Dotted

. . . li indicated i ing.
Figure 1. Steroscopic drawing of the molecular structure with ines indicated intermolecular hydrogen bonding

numbering scheme Dotted lines indicated intermolecular hydro-
gen bonding.

Table 4. comparison of bond lengths &) and angles (°) in imidazole ring of ornidazole

ORN 1 ORN 2 ORN 3 MEAN SUL CAR MET TIN IMI MIS
N1-C2 1337(11) 1.334(11) 1.361(14) 1.344(149) 1.349(4) 1.341(4) 1.351(2) 1.357(4) 1.342(5) 1.359(3)
C2-N3 1.325(12) 1.323(12) 1.342(12) 1.330(12) 1.315(4) 1.343(5) 1.334(2) 1.335(4) 1.332(5) 1.308(3)
N3-C4 1.355(14) 1.342(12) 1.350(14) 1.349(14) 1.367(4) 1.357(5) 1.359(2) 1.354(5) 1.367(5) 1.366(3)
C4-C5 1.372(15) 1.338(14) 1.335(14) 1.348(15) 1.335(4) 1.355(5) 1.356(5) 1.362(4) 1.359(6) 1.356(3)
C5-N1 140113) 1.393(12) 1.365(10) 1.386(13) 1.356(4) 1.401(5) 1.383(2) 1.388(4) 1.362(4) 1.362(3)
N1-C6 147012) 1468(13) 1471(13) 1470(13) 1471(5) 1.475(4) 1.475(2) - - 1.466(3)
C2-C11 1486(17) 1484(16) 1.506(18) 1.492(18) 1.479%(6) 1.481(6) 1.479(3) - - -
C5-N12 1413(12) 1409(11) 1.434(14) 1419(14) 1411(4) 1.401(5) 1.414(2) 1.412(4) - -
C5-N1-C2  104.5(7) 104.6(7) 104.8(7) 104.6(7) 106.5(3) 105.5(3) 105.5(1) - 106.7(3) 104.5(2)
N1-C2-N3 11348 112.4(8) 111.8(9) 112.5(9) 111.1(3) 112.1(3) 111.5(1) - 112.0(3) 113.8(2)
C2-N3-C4  106.0(8) 105.4(7) 105.9(8) 105.8(8) 106.3(3) 105.4(3) 106.2(1) - 105.0(3) 104.2(2)
N3-C4-C5  108.9(9) 110.6(8) 109.2(8) 109.6(9) 108.5(3) 109.9(3) 109.1(1) - 109.9(3) 110.0(2)
C4-C5-N1  107.2(9 106.9(8) 108.3(8) 107.5(9) 107.5(3) 107.1(3) 107.6(1) - 106.4(3) 107.6(2)

*ORN: 1-(3-Chloro-2-hydroxypropyl)-2-methyl-5-nitroimidazole(Ornidazole). *SUL: O-Methyl[2-(2-ethyl-5-nitroimidazol-1-yl)ethyl]thio-
carbamate(Sulnidazole). *CAR: O-Methyl[2-(2-methyl-5-nitro-1H-imidazol-1-ylethyl]thiocarbamate(Carnidazole) H,0. *MET: 2-(2-
Methyl-5-nitro-1-imidazolyl)ethanol(Metronidazole). *TIN: 1-[2-(Ethylsulfonyl)ethyl]-2-methyl-5-nitro-1H-imidazole(Tinidazole). *IMI:
Imidazole. *MIS: a-(Methoxymethyl)-2-nitro-1H-imidazole-1-ethanol(Misonidazole).

a mean value of 1.326 .&, which are in good agreement with (10) A, 162.5(7)°] and one intermolecular hydrogen bond of

the value of the other imidazole derivatives. The three N(3)-
C(4) bond lengths [ mean value 1.346(14) A] are intermediate
between a double bond (1.265 A) and a single bond (1.470
K). A comparison of the major bond lengths and angles in
the imidazole derivatives is summarized in Table 5. The pro-
pyl groups are twisted with respect to the imidazole rings
as indicated by the torsion angles 9, ¥ and t, where 0=[C2-
N1-C6-C7]), x=[N1-C6-C7-C9] and ©=[C5-N1-C6-N7].
These conformations are is also observed in other nitroimi-
dazoles.””™" The torsion angles 0,(89(1)°), x:(153(1)°) and
T(—97(1)°) for the molecule (I) are very different from those
values [0,(—95(1)°), %(176(1)°), w(85(1)°), 65(98(1)°), x3(170
(1)°) and t3(—82.(1)")] for the independent molecules (II)
and (III). This is probably due to the strong intermolecular
hydrogen bonds of hydroxyl group O(8)-H. The packing dia-
gram is shown in Figure 2. The crystal structures are linked
by two intermolecular hydrogen bonds of O-H---N type [O
(8)-H--N@3*); 2.692(9) &, 171.9(7)° and 0O(8)-H---N(3); 2.821

O-H--08)[1—x, 1—y, 1—2z] type[2.779(9) A, 158(6)°].
References

1. Declerco, J. P.; Germain, G.; Van Meerssche, M. Acta
Cryst. 1977, B33, 2269-2270.

2. De Ranter, C. ].; Peeters, O. M.; Blaton, N. M. Acta Cryst.
1979, B35, 2465-2467.

3. De Ranter, C. J.; Peeters, O. M.; Blaton, N. M. Acta Cryst.
1979, B35, 753-755.

4. Wood, S. G.; Scott, P. W.; Herick, K. J. Chem. Soc. 1984,
491-492.

5. Jenkins, T. C.; Walton, A. R. Acta Cryst. 1988, C44, 1095.

6. Sheldrick, G. M. SHELXS-86. Program for Crystal Struc-
ture Determination; Univ. of Cambridge; England, 1986.

7. Sheldrick, G. M. SHELX-76. Program for Crystal Structure
Determination; Univ. of Cambridge; England, 1976.

8. International Tables of X-ray Crystallography; Kynoch



Charge Calculation of Si and Al. Containing Molecules

Press: Birmingham, 1974; Vol IV.

9. Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J. Chem.
Phys. 1965, 42, 3175-3187.

10. Craven, B. M.; Mc Mullan, R. K; Freeman, H. C.; Bell,
J. D. Acta Cryst. 1977, B33, 2585-2589.

11. Ranter, C. J.; Blaton, M. M.; Peeters, O. M. Acta Cryst.
1984, C40, 1748-1750.

12. Larsen, 1. K. Acta Cryst. 1984, C40, 285-287.

Bull. Korean Chem. Soc. 1995, Vol. 16, No. 10 915

13. Simon, K.; Kalman, A.; Schwartz, J. Acta Cryst 1980,
B36, 2323-2328.

14. Kalman, A.; Van Meurs, F. A. Cryst Struct. Commun.
1980, 9, 709-712.

15. Kratochvil, B.; Ondracek, J.; Hasek, J. Acta Cryst 1988,
C44, 1579-1582.

16. Johnson, C. K. ORTEP Report ORNL-3794; Oak Ridge
National Lab.; Tennesse, 1965.

Determination of Net Atomic Charges Using a Modified Partial
Equalization of Orbital Electronegativity Method
V. Application to Silicon-Containing Organic Molecules and Zeolites

Jae Eun Suk and Kyoung Tai No'

Department of Chemistry, Soong Sil University, Seoul 156-743, Korea
Received March 18, 1995

The parameters for an empirical net atomic charge calculation method, Modified Partial Equalization of Orbital Electro-
negativity (MPEOE), were determined for the atoms in organosilicon compounds and zeolites. For the organosilicon
family, the empirical parameters were determined by introducing both experimental and ab initio observables as
constraints, these are the experimental and ab initio dipole moments, and the ab snitio electrostatic potential of the
organosilicon molecules. The Mulliken population was also introduced though it is not a quantum mechanical observa-
ble. For the parameter optimization of the atoms in the aluminosilicates, the dipole moments and the electrostatic
potentials which calculated from the 6-31G** ab initio wave function were used as constraints. The empirically calcula-
ted atomic charges of the organosilicons could reproduce both the experimental and the ab inifo dipole moments
well. The empirical atomic charges of the aluminosilicates could reproduce the ab initio electrostatic potentials well

also.

Introduction

Several empirical net atomic charge calculation methods
have been developed for both saturated!? and unsaturated
molecules®>~® However, the parameters for each empirical
method were developed mainly for typical organic molecules.
The empirical methods are not suitable for the net atomic
charge calculation of inorganic molecules, for example, zeo-
lites. Since silicon shows similar chemical behavior with car-
bon, silicon is an important component of not only many
inorganic compounds like zeolites but also organosilicon com-
pounds.

Since net atomic charge is not a quantum mechanical observ-
able in spite of the fact that it is one of the most important
physical quantities in chemistry, many models have been
proposed for calculating the net atomic charge. Two main
roles of the magnitude of the net atomic charge are (i) to
describe the deficiency or sufficiency of the electron popula-
tion of the atom in a molecule and (ii) to reproduce the
electrostatic potential around a given molecule.

The electrostatic interation energy is an important compo-
nent in the description of the intermolecular interaction en-
ergy of polar molecules. Therefore there are lots of efforts
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to describe the electrostatic potential accurately. One of the
most popular quantum mechanical approaches for point cha-
rge calculation is Mulliken population analysis method.®
Though the charges are calculated from the electron density
of a molecule, the Mulliken charge poorly describes the elec-
trical moments and the electrostatic potential which are cal-
culated from quantum mechanical wave functions.

Momany’ and Cox and Williams® calculated the point
charges located on every atomic centers in a molecule using
the electrostatic potentials as constraints, namely Potential
Derived (PD) method. In the method, it was assumed that
the point charges which can reproduce the electrostatic po-
tential well can be a good representation for the electrostat-
ic interaction. The dipole moments of molecules which calcu-
lated with the PD point charges usually agreed well with
the experimental dipole moments when a large basis set
is used for the ab initio electrostatic potential calculation.
Though the PD charge set is a good representation for the
electrostatic potential, the point charges are not transferable
between the molecules which have similar chemical environ-
ments.

For the calculation of the point charges of large molecules,
for example, proteins and nucleic acids, several empirical
methods were proposed on electronegativity equalization con-
cept introduced by Sanderson (Electronegativity Equalization



