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Abstract

5-Chloro-6-nitro-2-cyclohexylmethylbenzoxazole (1) (C4H;5s03N,Cl) has been studied by using an elemental analysis, IR,
'H NMR, X-ray analysis and AM1 semi-empirical quantum mechanical methods. It crystallizes in the monoclinic space group
P2,/c with a = 8.6844(1), b = 5.7169(1), c = 28.8156(1) A, B = 92.063(1)°, V = 1429.703) A>, Z = 4, D, = 1.369 g cm >,
nMo K,) = 0.276 mm~ ! and F(000) = 616. The structure was solved by direct methods and refined to R = 0.0542 for 953
reflections [/ > 20(1)]. The title compound is not planar. Minimum energy conformations from AM1 were calculated as a
function of 6,(01-C7-C8-C9), 0,(N2-C7-C8-C9), 65(C7-C8-C9-C10) and 6,(C7-C8-C9—-C14) varied every 5°. The
optimized geometry of the crystal structure corresponding to the non-planar conformation is the most stable conformation in all

calculations. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Benzoxazole derivatives constitute an important
class of heterocyclic compounds for which pharmaco-
logical properties such as antibacterial and antifungal
[1-4], HIV-1 reverse transcriptase inhibitor [5—10],
topoisomerase inhibitor [11], antitumor [12-17]
activities have been reported.

During the last twenty years, the study of the
synthesis and the biological activities of benzoxazole
derivatives have been investigated extensively [I1—
22]. To examine their chemical properties and anti-
microbial activity, a series of 2,5- and/or 6-substituted
benzoxazole derivatives were synthesized, one of

* Corresponding author. Tel.: +90-312-212-6720.
E-mail address: unver@science.ankara.edu.tr (H. Unver).

which is the title compound. The compound (1) was
obtained by heating cyclohexylacetic acid with
4-chloro-5-nitro-2-aminophenol in PPA (polyphos-
phoric acid) as the cyclodehydration reagent in a
one step procedure [23]. The synthesis of the
compound is shown in Fig. 1. The data obtained for
(1) from the IR and 'H NMR spectra are in agreement
with the proposed structure.

2. Experimental procedures

2.1. Synthesis of 5-chloro-6-nitro-2-
cyclohexylmethylbenzoxazole

A mixture of 4-chloro-5-nitro-2-aminophenol
(0.01 mol) and cyclohexylacetic acid (0.015 mol)

0022-2860/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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Fig. 1. Chemical structure.

was refluxed at 120—130 °C in PPA for 6 h. At the end
of the reaction period, the residue was poured into ice-
water and neutralized with an excess of 10% NaOH
solution. The precipitate was collected, washed, dried
and extracted with benzene to separate from impuri-
ties. The combined benzene extracts were dried over
anhydrous sodium sulfate and evaporated in vacuo.
The crude product was recrystallized by using ether
and petroleum ether [23]. Yield 16%. Mp 64-66 °C.
'H NMR (CDCl,): 8.07 (s, 1H, H2), 7.80 (s, 1H, H5),
2.92-2.83 (d, 2H, CH,, °J = 6.91 Hz), 1.84—1.26 (m,
11H, cyclohexyl protons). IR (KBr, cm™'): 3110,
2950, 1610, 1560, 1540, 1450, 1330 and 1250.

2.2. Reagents and techniques

Kieselgel HF,s, (Merck, Darmstadt, Germany) chro-
matoplate (0.3 mm) was used for TLC and the solvent
system was chloroform/methanol (6:0.2) for compound
(1). The melting point was taken on a Buchi SMP 20
capillary apparatus (Buchi, Flawil, Switzerland) and is
uncorrected. IR spectra were recorded by Unicam SP-
1025 (Pye Unicam, Cambridge, UK) with KBr discs.
'H NMR spectra were obtained with a Bruker 80 MHz
spectrometer (Brucer, Billerica, USA) in dg-chloroform
and tetramethylsilane (TMS) was used as an internal
standard. Elemental analyses were carried out with a
Perkin Elmer model 240-C apparatus. The result of the
elemental analyses (C, H, N) was within =0.4% of the
calculated amounts.

The data collection were performed on a Rigaku
AFC7-S diffractometer employing graphite-mono-
chromatized Mo K, radiation (A = 0.71073 Ae) [24].
Data reduction and corrections for absorption and
crystal decomposition (1.2%) were carried out using
the TEXAN single crystal structure analysis software
[25]. The structure was solved by SHELXS-97 [26] and
refined with SHELXL-97 [27]. The positions of the H
atoms bonded to C atoms were calculated [C—H
distance 0.93 A (H2-H5) and 0.97 A (C8A-C8B-

C10A-C10B-C11A-C11B-C12A-C12B-C13A-
C13B-C14A-C14B)], and included in the structure
factor calculation using a riding model. The positions
of H atoms were generated from the assumed geo-
metries, in Fourier maps and were not refined (except
HS8). The hydrogen atom H8 was found from differ-
ence Fourier map calculated at the end of the refine-
ment process as a small positive electron density.

Theoretical calculations were carried out with the
standard parameters using a locally modified version
of the Morac 6.0 program package [28] which
includes the AM1 Hamiltonian [29] running on a
Pentium II PC starting with the optimized X-ray crys-
tallographic coordinates [30] of (1). The geometry
optimizations of the crystal structure of (1) were
carried out by using the Fletcher—Powell-Davidson
algorithm [31,32], which is implemented in the MOPAC
6.0 package, and the PRECISE option was used to
improve the convergence criteria. To determine the
conformational energy profiles, heat of formation
energies were calculated as a function of the torsion
angles of 6,(01-C7-C8-C9), 0,(N2-C7-C8-C9),
05(C7-C8-C9-C10) and 6,(C7-C8-C9-C14) from
0 to 360°, varied every 5°.

2.3. Microbiology

For both the antibacterial and antimycotic assays,
the compound (1) was dissolved in absolute ethanol
(0.8 mg ml Y. Further dilutions of the compound (1)
and standard drugs in the test medium were prepared
at the required quantities of 400, 200, 100, 50, 25,
12.5, 6.25, 3.12, 1.56, 0.78 p.g ml™! concentrations
with Mueller—Hinton broth and Sabouraud dextrose
broth. The minimum inhibitory concentrations (MIC),
were determined using the method of two-fold serial
dilution technique [33,34]. In order to ensure that the
solvent per se had no effect on bacterial growth, a
control test was also performed containing inoculated
broth supplemented with only ethanol at the same
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Table 1
Crystal and experimental data

Compound C4HsN;0,Cl
Color/shape Yellow/prismatic
Formula weight 294.73
Temperature 293(2) K
Wavelength 0.71069 A
Crystal system Monoclinic
Space group P2/c

Unit cell dimensions a = 8.68440(1) A
b=5.71690(1) A
¢ =28.81560(1) A

B =92.063(1)°

Volume 1429.70(3) A®
z 4
Density (calculated) 1369 gem™?

Absorption coefficient w(Mo K,) = 0.276 mm '
F(000) 616
Crystal size 0.10 X 0.10 X 0.20 mm*

0 Range for data collection 2.35-32.50°

Index ranges 0<h=<10;0<k=<8S;
—43=]=43

Reflections collected 3399

Independent reflections 3109 [R(int) = 0.0688]

Reflections observed (I > 20 (I)) 953

Computer programs SHELXS-97, SHELXL-97, ORTEP3

Refinement method Full-matrix least-squares on F*

Treatment of hydrogen atoms Calculated geometrically and a
riding model was used

Structure solution Direct methods

Data/restraints/parameters 3109/0/185

Goodness-of-fit on F? 0.953

Final R indices [/ > 20 (])] R1 = 0.0542; wR2 = 0.1339

R indices (all data) R1 =0.2124; wR2 = 0.1907

(A0 max 0.011

Largest diff. peak and hole 0.313 and —0.208 ¢. A~

dilutions used in our experiments and found inactive
in culture medium. Compound (1) was tested for their
in vitro growth inhibitory activity against different
bacteria and the yeast Candida albicans RSKK 628.
Origin of bacterial strains are Staphylococcus aureus
ATCC 6538, Streptococcus faecalis ATCC 10541 and
Bacillus subtilis ATCC 6033 as Gram-positive and
Escherichia coli ATCC 10536, and Pseudomonas
aeruginosa RSKK 355 as Gram-negative bacteria.
RSKK strains of the microorganisms used in this
study were obtained from the culture collection of
Refik Saydam Health Institution of Health Ministry,
Ankara and maintained at the Microbiology Department
of Faculty of Pharmacy of Ankara University. Ampi-
cillin, amoxycillin, tetracycline, streptomycin, ketoco-
nazole and fluconazole were used as control drugs.

Table 2

Atomic coordinates (X 10*) and equivalent isotropic displacement
parameters ( X 103 AZ) for (1). U, is defined as one third of the trace
of the orthogonalized Uj; tensor

Atom X y b4 Ue'

CI(1) 7139(2) 7292(3) 1183(1) 109(1)
o(l) 8044(3) 4539(5) —720(1) 73(1)
0Q) 4820(4) 1391(8) 561(1)  1202)
0Q3) 5939(7) 2795(8) 1163(2) 172(2)
N(1) 5702(6) 2694(9) 742(2) 95(1)
N(2) 9239(4) 7820(6) —467(1) 68(1)
C(1) 7711(4) 4814(7) —260(1) 62(1)
C(2) 6822(4) 3436(7) 8(2) 68(1)
C@3) 6683(5) 4198(8) 459(2) 69(1)
C4) 7389(5) 6228(8) 629(1) 68(1)
C(5) 8288(5) 7558(7) 349(1) 67(1)
C(6) 8452(4) 6815(7) — 104(1) 60(1)
C(7) 8960(5) 6442(9) — 814(2) 69(1)
C(8) 9471(5) 6636(9) — 1294(1) 82(1)
C©) 8208(5) 7371(8) — 1648(1) 65(1)
C(10) 7644(5) 9829(8) — 1573(1) 79(1)
C(11) 6418(5) 10,534(9) —1937(2) 99(2)
C(12) 6997(6) 10,213(13) — 2426(2) 121(2)
ca3)  7570(6) 7781(12) —25022)  119Q2)
C(14) 8779(5) 7098(9) —2136(1) 91(2)
H©) 7350(4) 6370(7) — 1628(12) 78

Y Ueq = (113) Y Y, Ugai aj ay-a;.

2.4. Antibacterial and antifungal assay

The cultures were obtained from Mueller—Hinton
broth (Difco) for all the bacterial strains after 24 h of
incubation at 37 = 1 °C. The yeast C. albicans was
maintained in Sabouraud dextrose broth (Difco)
after incubation for 24 h at 25 = 1 °C. Testing was
carried out in Mueller—Hinton broth and Sabouraud
dextrose broth (Difco) at pH 7.4 and the two-fold
serial dilution technique was applied. The final
inoculum size was 10° CFU ml ™" for the antibacterial
assay and 10* CFU ml™' for the antifungal assay. A
set of tubes containing only inoculated broth was kept
as controls. For the antibacterial assay after incubation
for 24 h at 37 £ 1 °C and after incubation for 48 h at
25 = 1 °C for the antifungal assay, the last tube with
no growth of microorganism and/or yeast was
recorded to represent the MIC expressed in wg ml™".
Every experiment in the antibacterial and antifungal
assays was replicated twice in order to define the MIC
values.
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Bond distances (A) and bond angles (°) with e.s.d.s in parentheses, respectively

CI(1)-C(4)
OM)-C(7)
O0(3)-N(1)
N@)-C(7)
C(H-C)
C(2)-CB)
C4)-CG5)
C(N-C®)
C(9)-C(10)
C(10)-C(11)
C(12)-C(13)
C(9)-HO)

CH-0(D)-C(7)
0(2)-N(1)-C(3)
C(N-N(2)-C(6)
C)-C(M)-C(6)
C(1H)-C2)-CB3)
C()-CB3)-N(D)
C(5)-CH-C3)
C(3)-C(4)-CI(1)
C(1)-C(6)-C(5)
C(5)-C(6)-N©2)
N@2)-C(7)-C(@8)
C(N-C®)-C9)
C(10)-C(9)-C(8)
C(9)-C(10)-C(11)

C(13)-C(12)-C(11)

C(13)-C(14)-(C9)

1.728(4)
1.380(5)
1.227(5)
1.288(5)
1.362(5)
1.382(6)
1.373(5)
1.472(5)
1.506(5)
1.521(6)
1.496(7)
0.940(4)

104.0(3)
120.3(5)
104.3(3)
124.2(4)
114.9(4)
114.0(5)
120.5(4)
123.3(4)
120.0(4)
130.7(4)
128.9(4)
114.5(3)
112.9(4)
111.8(4)
111.7(4)
112.3(4)

O(H-C(1)
O(2)-N(1)
N(D-C3)
N(@2)-C(6)
C(D)-C(6)
C(3)-CH
C(5)-C(6)
C(®-CH)
C(9)-C(14)
C(11)-C(12)
C(13)-C(14)

0(2)-N(1)-0(@3)
0(3)-N(1)-C(3)
C@)-C()-0(1)
O(DH-C(1)-C(6)
C(2)-C(3)-C4)
CH-C(3)-N()
C(5)-C(4)-CI(1)
CA-C(5)-C(6)
C(1)-C(6)-N?2)
N@2)-C(7N)-0(1)
O(-C(7)-C(8)
C(10)-C(9)-C(14)
C(14)-C(9)-C(8)

C(10)-C(11)-C(12)
C(12)-C(13)-C(14)

1.375(4)
1.177(5)
1.475(6)
1.396(5)
1.380(5)
1.393(6)
1.384(5)
1.529(5)
1.515(5)
1.526(6)
1.514(6)

123.5(5)
116.0(5)
128.5(4)
107.3(3)
122.8(4)
123.2(4)
116.1(4)
117.6(4)
109.3(3)
115.1(3)
116.0(4)
110.4(4)
109.9(3)
111.1(4)
111.3(5)

3. Results and discussion

3.1. Spectroscopic studies

The observed vibrational bands in the 1250-—

3110 cm ™" in the compound studied are given in
experimental part. Absorption bands at 1610 (vc—),
3110 (vc_p, Ar—H), 1560 (vc—c), 2950, 1540, 1450,
1330 and 1250 cm ™' were observed.

0

The NMR data for (1) were as follows: 6=
8.07 ppm s, 1H (H2), 6 = 7.80 ppm s, 1H (HS), 6 =
2.92-2.83 ppm d, 2H (H8A, H8B) (*J = 6.91 Hz),
0 = 1.84-1.26 ppm m, (11H) cyclohexyl protons.

3.2. Microbiological studies

The compound (1) showed antibacterial activity
against the Gram-positive and Gram-negative bacteria

13
/ o2 o1 C14 :
/ i Pt
D P I T L
03 < ~ \ [ et /
N1 y - 1
N i S\ » o2
{ Y Av 10 -
o )
~ -~ C6
) N2

ol i

Fig. 2. The molecular structure of the title compound (1). Displacement ellipsoids are plotted at the 50% probability level [28].
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Fig. 3. AMI1 calculated conformation energy of the 6,(01-C7-C8-C9) torsion angle.

with a MIC value of 50 pg ml~'. The compound (1)
were also tested against C. albicans for their antimy-
cotic activity and indicated significant antimycotic
activity performing MIC value 25 pg ml "

3.3. Crystal structure and semi-empirical studies

The details of the X-ray data collection, structure
solution and structure refinements were given in Table
1. The final fractional atomic coordinates and thermal
parameters were given in Table 2. Bond distances and
angles are listed in Table 3 and an ORTEP view of the
molecular structure is given in Figs. 1 and 2 [35].

The title molecule is not planar. The compound (1)
4000 -
3500
3000
2500 -
2000 -
1500 -

1000 A

500

Heat of Formation energy (kcal/mol)

00.‘..

moieties A [O1, C1, C2, C3,N1, 02, 03, C4, Cl1, C5,
C6, N2, planar with a maximum deviation of
0.4110(0.0047) A for the O3 atom] and B [C7, C8,
9, Cl10, Cl11, Cl12, C13, Cl4, planar with a
maximum deviation of —0.2965(0.0043) A for the
C13 atom] are inclined at an angle of 76.0(1)°
reflecting mainly the twist about C7-C8 [N2-C7—
C8-C9, —106.3(1)°].

The bond lengths and angles for the benzimidazole
moiety of the molecule are in good agreement, within
experimental errors, with those observed in other
benzimidazole derivatives [36,37]. The N2—-C6 and
N2-C7 bond distances were found to be 1.396(5)
and 1.288(5) A, respectively. The corresponding

®e
*%0000eseee
T

0000®
0 —nmoun“lﬁ i
0 30 60 90 1

T T T T T T
20 150 180 210 240 270 300 330 360

0, (N2-C7-C8-C9) (Degree)

Fig. 4. AMI calculated conformation energy of the 6,(N2—C7-C8-C9) torsion angle.
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values in 2,5-dichloro-1-(p-chlorobenzyl)-1H-benzi-
midazole [36] 1.391(2) and 1.296(2) A and 1-(p-fluor-
ophenylmethyl)-2-(4-methyl-1-piperazinyl)- 1 H-
benzimidazole hydrogen fumarate [37] are 1.395(5)
and 1.319(5) A.

In order to define the conformational flexibility of
the title molecule (1), semi-empirical calculations
using the AM1 molecular orbital method were carried
out. The AM1 optimized geometry and conformations
of the title compound are in agreement with those
crystallographically observed. The molecular energy
can be divided into bonded and non-bonded contribu-
tions. The bonded energy is considered to be indepen-
dent of torsion angle changes and therefore vanishes
when relative conformer energies are calculated as in

our calculations. The non-bonded energy (Ey) is then
further separated into torsional (Er), steric (Es) and
electrostatic (Egg) contributions

EN = ET + ES + EES (1)

where the torsional energy (Et) is that parts of the
total energy which does not arrive from the steric or
electrostatic form.

The theoretical calculations were performed on the
torsion angles of 6,(01-C7-C8-C9) (Fig. 3),
0,(N2-C7-C8-C9) (Fig. 4), 6;(C7-C8-C9-C10)
(Fig. 5), 0,(C7-C8-C9-C14) (Fig. 6) and specially
calculated energy results were given in Table 4.

The energy profile of 6,(01-C7-C8-C9) shows
two maxima at 177 and 236°. The largest energy
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Fig. 6. AMI calculated conformation energy of the 0,(C7-C8-C9-C14) torsion angle.
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Table 4
The calculated energies of selected torsion angles

0, (max.) (°) E; (kcal mol 1) 0, (max.) (°) E, (kcal mol 1)
6,(01-C7-C8-C9) 177 3040 236 1344
0,(N2—C7-C8-C9) 176 3041 237 1345
65(C7-C8—C9-C10) 121 755 242 753
04(C7-C8—C9-C14) 117 920 237 7563

barrier is due to steric interactions between H9 and
HI10A-H10B. The smallest energy barrier arises from
the steric interaction of the HO—HI10A. The energy
profile of 6,(01-C7-C8-C9) also shows two
maxima at 176 and 237°. The largest energy barrier
is due to steric interactions between H9 and H10A—
HI10B. The smallest energy barrier arises from the
steric interaction of the H9—H10A. The 6,(01-C7-
C8-C9) and 0,(N2-C7-C8-C9) torsion angles
control the planarity of (1). The non-planar conforma-
tion of the title compound corresponding to zero
values of the 6,(01-C7-C8-C9) and 0,(N2-C7-
C8-C9) torsion angles is the most stable conforma-
tion (Figs. 3 and 4). The energy profile of 6;(C7-C8—
C9-C10) shows two maxima at 121 and 242°. The
energy barrier for two maxima is due to steric inter-
actions between H9 and H14A (Fig. 5). In the energy
profile as function of 64(C7-C8-C9-C14) torsion
angle, there are two steric interactions maxima at
117 and 237°, one of them is very strong between
H8A and H9 and another weak steric interaction of
the HO—H10A (Fig. 6).

In summary, the AM1 optimized geometry of the
crystal structure of the investigated compound corre-
sponding to non-planar conformation is the most
stable conformation in all considered calculations.
The results strongly indicate that the most stable
conformation is primarily determined by non-bonded
hydrogen—hydrogen repulsions.
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