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Abstract

C16H11N303, monoclinic, P121/c1 (no. 14), a = 9.3959(2) A,
b =5.7085(1) A, c= 24.8921(7) A, B =96.885(1)°,
V=1325.5 A3, Z=4,Rg(F)=0.041, eref(F2) =0.152,
T=100 K.

Source of material

2-Acetylbenzimidazole (1.5 g, 10 mmol) was dissolved to a solu-
tion of EtOH (40 ml) and 3 g (75 mmol) of NaOH. To this solu-
tion, 10 mmol of 3-nitrobenzaldehyde was added. The mixture
was stirred at ambient temperature during 5 h. The resulting mix-
ture was neutralized with a 4 N solution of HCI. The precipitate
was dried and recrystallized from a mixture of toluene/EtOH (4 :
1, v/v) (yield 68 %, m.p. > 533 K). Yellow crystals of parallel-
epiped shape suitable for single-crystal diffraction were grown by
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slow evaporation at ambient temperature and in air from a hot so-
lution in acetonitrile. NMR data are available in the CIF.

Experimental details

All H atoms were treated as riding atoms in geometrically ideal-
ized positions with d(C—H) = 0.95 - 0.97 A, dIN—H)=0.88 A,
and Uiso(H) = 1.2 - 1.4 Ueg(C,N).

Discussion

Benzimidazole and its derivatives constitute one of the most ex-
tensively studied families of organic compounds in regard to the
number of articles published on these compounds. This great at-
tention is essentially due to their wide range of biopharmacologi-
cal activities including antihelminthic [1], antitumoral [2],
antimicrobial [3], antifungal [4], antiviral [5], antihistaminic and
antiallergic [6] properties. The benzimidazole derivatives
showed to be also excellent inhibitors of HIV-1 reverse transcrip-
tase [7]. The benzimidazole nucleus system, whose inestimable
virtues seduced the scientific community, was moreover classi-
fied as an important pharmacophore in the discovery of modern
drug [8]. From this point of view, the benzimidazole nucleus sys-
tem constitutes a basic molecular scaffold in the design of new
molecules of pharmacological interest.

The title molecular structure consists of three main parts: the
benzimidazole ring and the nitrophenyl ring related by enone
group (figure, top). In the benzimidazole ring the bond lengths
and angles are in good agreement with those observed in the 1-
(1H-benzimidazol-2-yl)-3-(3-chlorophenyl)-prop-2-en-1-one
[9]. The C10=N2 double bond and C16—N2 single bond in the
imidazole ring are clearly distinguishable with bond lengths of
1.323(2) and 1.387(1) A, respectively. The benzimidazole ring
makes dihedral angles of 2.66(3)° and 1.16(3)° with phenyl ring
and mean plane of enone group, respectively. It confers to the
molecule an almost planar structure. The magnitudes of structural
parameters of phenyl ring are within normal ranges [10], with a
light opening of intramolecular angle at C4 atom due to the pres-
ence of nitro group which is twisted of 13° with respect of phenyl
ring. The N3—O2 and N3—O3 bonds of nitro group have similar
distances of 1.226(2) and 1.233(1) A in good agreement with
those observed in electron density analysis of 1,3,4-trinitro-7,8-
dizapentalene [11].

Intramolecular interactions analysis performed with PLATON
[12] suggest existence of two intramolecular hydrogen bonds
C7-H7--O1 (d(H7--O1) = 2.46 A, d(C7--Ol) = 2.7966 A,
ZC7-H7--01 = 101°) and C8-H8---N2 (d(H8--N2) = 2.60 A,
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d(C8--N2)=2.9437 A, ZC8-HS8---N2 = 102°). Each of these hy-
drogen bonds generates an S(5) ring motif [13].
In the title crystal structure, molecules form a supramolecular net-

Table 1. Data collection and handling.

work structure constituted by complex layers. Each layer is stk yellow parallelepiped,

.. 2 2 . . size 0.28 x 0.49 x 0.70 mm
formed by combination of R“2(10) and R"2(18) basic motifs [14] Wavelength: Mo K, radiation (0.71073 A)
arranged alternately and obtained from the following hydrogen u: 1.05cm™
bonds: N1-H9---O1' (d(H9---O1) = 2.02 A’ d(N1---01) = Diffractometer, scan mode: Nonius Kappa CCD, ¢
2.824(2) A and ZN1-H9--Ol = 154°) and C2-H2.-N2" IZV‘?% N 3(5)-67;6 3155

R 2 measured, unique: s

(d(H2--N2)=2.84 A, d(_CZ~~~N2) = 3.792 A and ZC2-H2---N2 = Criterion for ops, N(hkl;lgl: Tobe > 2 0(Lops). 2905
149°) (symmetry code i: 1-x,2—y,~z; ii: 2—x,2—y, 2—z), respec- N(param)refinea: 200
tively. Within these layers, we note also the presence of H---H Programs: PLATON [12], DENZO [14],
(d(H3---H15)=2.266(4) A) intermolecular interactions which are CRYSTALS [15], SIR92 [16],

well known for their stabilizing nature. The layers forming stack WinGX [17], ORTEP [18]

in the block units and arranged in alternate fashion are stabilized
by 7.7 (d(C2--C10) = 3.372(2) A) and 7---C (d(C12---C7) =

3.293(2) A) interactions. Each molecule in a layer is bound to Table 2. Atomic coordinates and displacement parameters (in A%).

next molecule of adjacent layer in [010] direction via an _

C14-H14---03!" intermolecular hydrogen bond: d(H14--03) = ~ Atom  Site x y 2 Uiso

248 A, d(C14--03)=3.144(2) A, £C14-H14---03 = 126°; sym-

metry code iii: 1+x,Y2—y,—V2+z, so forming infinite chains (figure HEG) de 0.9595 0.3649 0.8399 0.0242

y s X7y, 7242, SO | g gUS,  H7) e 0.8192 0.3046 0.9110 0.0243

bottom). Propagation of these chains by the space-group symme- H(8) de 0.8142 0.6251 0.9963 0.0249

try operations generates supramolecular structure controlled by H(13)  4e 0.3149 0.3665 1.2134 0.0271

hydrogen bonding. H(l)  4e 0.9655 0.8676 0.9569 0.0285
H(12) 4e 0.3492 0.1106 1.1417 0.0250
H(9) 4e 0.5001 0.0964 1.0492 0.0273
H(15) 4e 0.5979 0.8376 1.1629 0.0303
H(14) 4e 0.4359 0.7221 1.2232 0.0310
H(@3) 4e 1.1987 0.9490 0.8303 0.0339
H(2) 4e 1.1259 1.0887 0.9124 0.0364

Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site x y z Ui U Us3 Uy Uiz Uy

o(1) 4e 0.66190(9)  0.1299(2) 0.97184(4)  0.0286(5) 0.0355(6) 0.0215(5) -0.0130(4) 0.0091(3) —0.0070(4)
0(2) 4e 1.1148(1) 0.3472(2) 0.76883(4)  0.0296(5) 0.0487(7) 0.0273(5) -0.0032(4) 0.0105(4) —0.0047(4)
0®3) 4e 1.1977(1) 0.6904(2) 0.75211(5)  0.0352(6) 0.0590(7) 0.0420(6) 0.0018(5) 0.0244(5) 0.0239(5)
N(1) 4e 0.5362(1) 0.2243(2) 1.06480(4)  0.0214(5) 0.0238(6) 0.0161(5) -0.0065(4) 0.0058(4)  —0.0029(4)
N(2) 4e 0.6536(1) 0.5678(2) 1.07415(4)  0.0184(5) 0.0214(5) 0.0200(5) 0.0001(4) 0.0059(4) 0.0015(4)
N@3) 4e 1.1358(1) 0.5544(2) 0.78004(4)  0.0189(5) 0.0431(7) 0.0242(5) 0.0011(4) 0.0082(4) 0.0107(5)
C(11) 4e 0.4957(1) 0.3253(2) 1.11059(4)  0.0174(5) 0.0211(6) 0.0155(5) -0.0003(4) 0.0017(4)  —0.0001(4)
C(1) 4e 0.9962(1) 0.8103(2) 0.92387(5)  0.0257(6) 0.0215(6) 0.0243(6) —0.0010(5) 0.0008(5) 0.0025(4)
C(12) 4e 0.4000(1) 0.2552(2) 1.14641(4)  0.0190(5) 0.0230(6) 0.0195(6) -0.0016(4) 0.0038(4) 0.0026(5)
C(8) 4e 0.7924(1) 0.4877(2) 0.97562(5)  0.0199(5) 0.0248(6) 0.0182(6) —0.0019(5) 0.0036(4) 0.0010(4)
C(10) 4e 0.6291(1) 0.3753(2) 1.04485(5)  0.0168(5) 0.0249(6) 0.0174(6) -0.0019(4) 0.0028(4) 0.0030(4)
C(16) 4e 0.5699(1) 0.5403(2) 1.11598(5)  0.0153(5) 0.0210(6) 0.0196(5) 0.0001(4) 0.0035(4) 0.0023(4)
C(5) 4e 0.9920(1) 0.5107(2) 0.85530(5)  0.0159(5) 0.0246(6) 0.0183(5) -0.0010(4) 0.0031(4) 0.0040(4)
C(3) 4e 1.1350(1) 0.8613(2) 0.84933(6)  0.0203(6) 0.0306(7) 0.0345(7)  —0.0045(5) 0.0016(5) 0.0145(5)
C4) 4e 1.0858(1) 0.6469(2) 0.82967(5)  0.0170(5) 0.0311(7) 0.0214(6) 0.0007(5) 0.0048(4) 0.0097(5)
C©) 4e 0.6931(1) 0.3164(2) 0.99526(5)  0.0181(5) 0.0267(7) 0.0168(5) —0.0030(4) 0.0020(4) 0.0008(4)
C(15) 4e 0.5491(1) 0.6912(2) 1.15882(5)  0.0200(6) 0.0215(6) 0.0309(6) —0.0020(4) 0.0072(5)  —0.0041(5)
C(7) 4e 0.8471(1) 0.4455(2) 0.92944(5)  0.0174(5) 0.0229(6) 0.0194(6)  —0.0020(4) 0.0025(4) 0.0027(4)
C(2) 4e 1.0908(1) 0.9419(2) 0.89733(6)  0.0288(7) 0.0217(7) 0.0344(7)  -0.0055(5) —-0.0015(5) 0.0060(5)
C(6) 4e 0.9458(1) 0.5926(2) 0.90311(5)  0.0170(5) 0.0215(6) 0.0181(5) —-0.0003(4) 0.0026(4) 0.0033(4)
C(14) 4e 0.4542(1) 0.6225(2) 1.19392(5)  0.0212(6) 0.0310(7) 0.0243(6) 0.0013(5) 0.0067(4)  —0.0065(5)
C(13) 4e 0.3810(1) 0.4062(2) 1.18792(5)  0.0181(5) 0.0293(7) 0.0192(5) 0.0019(4) 0.0042(4) 0.0025(5)

Acknowledgments. This work was funded by the Agence Universitaire de la
Francophonie: AUF (Bourse de perfectionnement a la recherche 2010) and
IUCr. Yvon B.M.B. thanks the both institutions for the post-doctoral scholar-
ship allocated and expresses his gratitude towards E. Wenger for help in X-ray
data collection.

References

1. Mavrova, A. Ts.; Anichina, K. K.; Vuchev, D. I.; Tsenov, J. A.; Denkova, 2. Gowda,N.R.T.;Kavitha, C. V.; Chiruvella, K. K.; Joy, O.; Rangappa, K.:
P.: Antihelminthic activity of some newly synthesized 5(6)-(un)substi- Synthesis and biological evaluation of novel 1-(4-methoxyphenethyl)-
tuted- 1 H-benzimidazol-2-ylthioacetylpiperazine derivatives. Eur. J. 1H-benzimidazole-5-carboxylic acid derivatives and their precursors as
Med. Chem. 41 (2006) 1412-1420. antileukemic agent. Bioorg. Med. Chem. Lett. 19 (2009) 4594-4600.



128

Ci6H11N303

3. Tuncbilek, M.; Kiper, T.; Altanlar, N.: Synthesis and in vitro antimicrobial
activity of some novel substituted benzimidazole derivatives having po-
tent activity against MRSA. Eur. J. Med. Chem. 44 (2009) 1024-1033.

4. Goker, H.; Ku, C.; Boykin, D. W; Yildiz, S.; Atlanlar, N.: Synthesis of
some new 2-substituted-phenyl-1H-benzimidazole-5-carbonitriles and
their potent activity against candida species. Bioorg. Med. Chem. 10
(2002) 2589-2596.

5. Bonfanti, J.-F.; Meyer, C.; Doublet, F.; Fortin, J.; Muller, P.; Queguiner,
L.; Gevers, T.; Janssens, P.; Szel, H.; Willebrords, R.; Timmerman, P.;
Wayts, K.; Van Remoortere, P.; Janssens, F.; Wigerinck, P.; Andries, K.:
Selection of respiratory syncytial virus fusion inhibitor clinical candidate.
2. Discovery of a morpholinopropylaminobenzimidazole derivative
(TMC353121). J. Med. Chem. 51 (2008) 875-896.

6. Nakano, H.; Inoue, T.; Kawasaki, N.; Miyataka, H.; Matsumoto, H.;
Taguchi, T.; Inagaki, N.; Nagai, H.; Satoh, T.: Synthesis and biological ac-
tivities of novel antiallergic agents with 5-lipoxygenase inhibiting action.
Bioorg. Med. Chem. 8 (2000) 373-380.

7. Roth, T.; Morningstar, M. L.; Boyer, P. L.; Hughes, S. H.; Buckheit, Jr.,R.
W.; Michejda, C. J.: Synthesis and Biological activity of novel Non-
nucleoside Inhibitors of HIV-1 Reverse Transcriptase. 2-Aryl-Substituted
Benzimidazoles. J. Med. Chem. 40 (1997) 4199-4207.

8. Tebbe, M. J.; Spitzer, W. A.; Victor, F.; Miller, S. C.; Lee, C. C;
Sattelberg Sr, T. R.; Mckinney, E.; Tang, C. J.: Antirhino/Enteroviral
Vinylacetylene Benzimidazoles: A Study of Their Activity and oral
Plasma Levels in Mice. J. Med. Chem. 40 (1997) 3937-3946.

9. Adohi-Krou, A.; Ouattara, M.; Zoro-Diama, E. G.; Akonan, L.; Aycard, J.
P.: 1-(1H-Benzimidazol-2-yl)-3-(3-chlorophenyl)prop-2-en-1-one. Acta
Crystallogr. E63 (2007) 04761.

10. Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A. G.;
Taylor, R.: Tables of Bond Lengths determined by X-Ray and Neutron
Diffraction. Part 1 .Bond Lengths in Organic Compounds. J. Chem. Soc.
Perkin Trans. IT (1987) s1-s18.

11.Chen, Y.-S.; Stash, A. L.; Pinkerton, A. A.: Chemical bonding and
intermolecular interactions in energetic materials: 1,3,4-trinitro-7,8-
diazapentalene. Acta Crystallogr. B63 (2007) 309-318.

12.Spek, A. L.: Single-crystal structure validation with the program
PLATON. J. Appl. Crystallogr. 36 (2003) 7-13.

13. Bernstein, J.; Davis, R. E.; Shimoni, L.; Chang, N.-L.: Patterns in Hydro-
gen Bonding: Functionality and Graph Set Analysis in Crystal. Angew.
Chem., Int. Ed. 34 (1995) 1555-1573.

14. Otwinowski, Z.; Minor, W.: Processing of X-ray Diffraction Data Col-
lected in Oscillation Mode. In: Methods in Enzymology (Eds. C. W.
Carter, Jr., R. M. Sweet), 276, pp. 307-326. Academic Press, New York
1997.

15. Betteridge, P. W.; Carruthers, J. R.; Cooper, R. L.; Prout, K.; Watkin, D. J.:
CRYSTALS. version 12: software for guided crystal structure analysis . J.
Appl. Cryst. 36 (2003) 1487.

16. Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla, M.
C.; Polidori, G.; Camalli, M.: SIR92 - a program for automatic solution of
crystal structures by direct methods. J. Appl. Crystallogr. 27 (1994) 435.

17.Farrugia, L. J.: WinGX suite for small-molecule single-crystal
crystallogrphy. J. Appl. Crystallogr. 32 (1999) 837-838.

18. Farrugia, L. J.: ORTEP-3 for Windows - a version of ORTEP-III with a
Graphical User Interface (GUI) J. Appl. Crystallogr. 30 (1997) 565.



