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Synthesis and crystal structure of 4-chloro-[2-(4,5-
diphenyl-1H-imidazol-2-yl)-6-(4,5-diphenyl-1H-imidazol-
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Abstract: The symmetrical compound 4-chloro-2,6-bis(4,5-diphenyl-1H-imidazol-2-yl)phenol (1) was
synthetized from the rection of benzil with 2,6-diformyl-4-chlorophenol in presence of ammonium acetate and
glacial acetic acid. After isolation, one arm of the compound was monoprotonated with nitric acid to yield the
nitrate salt (11). The compounds were characterized by physico-chemical analyses, elemental analysis and FTIR
spectroscopy. The structure of the compound Il was determined by single-crystal X-ray diffraction study. The
nitrate salt crystallizes in the monoclinic space group P2,/c with the following unit cell parameters: a = 14.682
(5) A, b=14514 (5) A, ¢ = 18.460 (5) A, p=128.210 (5)°, V = 3090.9 (17) A*>, Z = 4, R, = 0.071 and WR, =
0.203. The dihedral angle between the mean planes of the imidazol rings is 48.91 (2)°. The crystal packing of
compound (Il) is stabilized by intramolecular N(imidazol)-H--O(phenol), O(phenol)-H---N(imidazol) and
intermolecular N(imidazol)-H---O(nitrate), C(phenyl)-H---O(nitrate) and C(phenyl)-H--Cl hydrogen bonds,
leading to the formation of three dimensional network.
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I.  Introduction

Compounds containing one or more imidazole moieties constitute an important class of synthetic [1,2]
or natural heterocyclic molecules [3,4]. They have interesting biological properties. The scientific literature
contains examples of this type of molecules with pharmacological properties and playing an important role in
biochemical processes. Biotin [5], histamine [6] and histidine [7] are examples of imidazole derivatives playing
a central role in biochemistry. The important role that imidazole derivatives play in organic synthesis is well
developed in the literature. Indeed, many compounds with an imidazole moiety have analgesic [8,9],
antibacterial [10,11], antifungal [12,13], antiepileptic [14], antiparasitic [15,16] or antitumor [17,18] properties.
Imidazole derivatives also provide ligands capable of playing a fundamental role in coordination chemistry.
Many complexes derived from ligands containing an imidazole moiety yield important physical properties.
Indeed, these multidentate ligands give complexes with magnetic [19,20], electrochemical [21,22], optical
[23,24], luminescent [25,26] and anticancer [27,28] properties. Because of this wide application of compounds
containing an imidazole moiety, these molecules have received particular attention from researchers. Their
synthesis is often an art for the chemist despite the high cost of starting materials. Since Debus [29] reported the
reaction between ammonia and glyoxal, this pathway is used for the synthesis of compounds having an
imidazole moiety. Based on these facts, many authors have synthesized aryl imidazole compounds with very
important biological properties [30-33]. Herein, we report the synthesis of 4-chloro-2,6-bis(4,5-diphenyl-1H-
imidazol-2-yl)phenol (1) and the crystal structure of its nitrate salt (I1).

I1.  Experimental
2.1. Starting materials and instrumentations
Benzil, 4-chlorophenol, manganese dioxide, and ammonium acetate were purchased from Sigma-
Aldrich and used as received without further purification. All solvents used were of reagent grade. Melting
points were determined on a Blichi 570 melting-point apparatus and were uncorrected. Elemental analyses of C,
H and N were recorded on a VxRio EL Instrument. Infrared spectra were obtained on an FTIR Spectrum Two
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of Perkin Elmer spectrometer in the 4000-400 cm™ region. The *H and **C NMR spectra were recorded in
DMSO-dg on a BRUKER 500 MHz spectrometer at room temperature using TMS as an internal reference.

2.2. Synthesis of 2,6-Diformyl-4-chlorophenol

2,6-Diformyl-4-chlorophenol was prepared, improving the method described in the literature [34] by
crystallizing the compound in n-hexane. Yield 66 %. M.p, = 131-133 °C. Anal. Calc. for CgHsClO; : C, 52.06;
H, 2.73; Cl, 19.21 %. Found: C, 52.01; H, 2.713; Cl, 19.19 %. *H NMR (ppm) 2.84 (3H, s, CH3) ; 7.74 (2H, s,
aromatic) ; 10.15 (2H, s, CHO). FTIR (cm™) 2882 (CH formyl), 1680 (C=0), 125 (C-O).

2.3. Synthesis of 4-chloro-2,6-bis(4,5-diphenyl-1H-imidazol-2-yl)phenol (I)

8 mmol of 2,6-diformyl-4-chlorophenol (1.4766 g) were introduced into a 250 mL flask and 16 mmol
of benzil (3.362 g) and 128 mmol (9.862 g) of ammonium acetate were added. 30 mL of glacial acetic acid were
poured over the above mixture. The mixture was reflux for two hours than a red color was developed. After
two hours under reflux, an abundant yellow precipitate appears. 50 mL of distilled water was added to the
suspension to complete the precipitation before filtering under vacuum. The precipitate is taken up in
dichloromethane and the solution obtained is dried over anhydrous magnesium sulphate. After evaporation of
the dichloromethane, a pasty product of reddish color is obtained which is subjected to slow drying. Yield 93.1
%. Anal. Calc. for C3H,sCIN,O : C, 76.52; H, 4.46; Cl, 6.27; N, 9.92 %. Found: C, 76.50; H, 4.44; Cl, 6.24; N,
9.89 %. IR (v, cm™) : 3389 (O—H), 3160 (N—H), 2924 (C—H) 1583 (C=N), [1545-1420] (CA=Ca), 1280
(C—N).

2.4, Synthesis of the nitrate salt of 4-chloro-[2-(4,5-diphenyl-1H-imidazol-2-yl)-6-(4,5-diphenyl-1H-
imidazol-3-ium-2-yl)]phenol nitrate (1)

To a 5 mL absolute ethanol solution of 4-chloro-2,6-bis(4,5-diphenyl-1H-imidazol-2-yl)phenol (1 mmol), 1
mmol (63 uL) of concentrated nitric acid (70%) was added. The solution was stirred for 30 minutes and left to
slow evaporation. One week later, crystals suitable for X-ray diffraction were isolated. Anal. Calc. for
C3sHsCINsO, @ C, 68.84; H, 4.17; Cl, 5.64; N, 11.15 %. Found: C, 68.82; H, 4.14; Cl, 5.62; N, 11.12 %. IR (v,
cm™) : 3385 (O—H), 3162 (N—H), 2924 (C—H), 1580 (C=N), [1541-1422] (Ca=Ca;), 1380 (NO5), 1282
(C—N).

2.5. Crystal Structure Determination

Crystals suitable for single-crystal X-ray diffraction, of the reported compound, was grown by slow
evaporation of EtOH solution of the compound. Details of the crystal structure solution and refinement are
given in Table 1. Diffraction data were collected using a Bruker APEX-II CCD diffractometer with graphite
monochromatized MoKa radiation (A =0.71073 A). All data were corrected for Lorentz and polarization effects.
The structure was solved and refined using the Bruker SHELXTL Software Package [35]. All the structures
were refined on F? by a full-matrix least-squares procedure using anisotropic displacement parameters for all
non-hydrogen atoms [36]. H atoms of the NH group was located in the Fourier difference maps and refined
without restraints. Other H atoms were geometrically optimized and refined as riding on their carriers with
Uiso(H) = 1.2Ueq(C)(1.5 for CHs groups). Molecular graphics were generated using ORTEP-3 [37].

Table 1. Crystallographic data and refinement parameters for compound I1.

Chemical formula

C36H25CIN5O4

M

628.07

Crystal shape/color

Prismatic/yellowish

Crystal size (mm)

0.30 x0.20 x 0.15

Crystal system, space group

Monoclinic, P2;/c

a(d) 14.682 (5)
b (A) 14.514 (5)
c(A) 18.460 (5)
B () 128.210 (5)
V (39 3090.9 (17)
z 4
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Dea (g cm™®) 1.337
Temperature (K) 293
Radiation type Mo Ka
p(mm™) 0.17

Index ranges 20<h<19;-18<k<20;-17<1<25
F(000) 326

0 range (°) 2.5-25

No. of measured reflections 32366

No. of independent reflections 8973

No. of observed [I > 26(1)] reflections 3107

Rint 0.110
R[F? > 26(F9)] 0.071
WR(F) 0.203
Goodness-of-fit (GOF) 0.93

No. of parameters 515

No. of restraints 0

Apmax, Apmin (& A7) 0.24,-0.32

I11.  Result and discussion

3.1. General study

The compound, 4-chloro-2,6-bis(4,5-diphenyl-1H-imidazol-2-yl)phenol (1), is obtained by the reaction
between benzil, 2,6-diformyl-4-chlorophenol and in 2:1 ratio with a large excess of ammonium acetate in acetic
acid medium, under reflux (Scheme 1). Elemental analysis is in accordance with the proposed formula
CasH25CIN4O. Upon protonation, a nitrate salt (11) is obtained with a proposed formula of CssH,6CINsO4 which
agree with the elemental analyses. The FT-IR spectra of the compounds are recorded and analyzed. The two
spectra are quite similar with an additional sharp band at 1380 cm™ for 1. This band is characteristic of a free
nitrate group. The main bands appearing in the two spectra are in the ranges [3490-3480 cm™], [3165-3160 cm’
1, [1585-1580 cm™], [1545-1540 cm™] and [1285-1280 cm™]. These bands are, respectively assigned to vo_,
VN-H, VeaN, Ve, =C and vc.n. These bands confirm the presence of the phenolic group and the imidazole ring.
The lowering of the band vc-y at ca. 1582 cm™ is due to the strong conjugation with aromatic systems [38].
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Scheme 1. Synthetic scheme of the compounds and the two superposed resonance structures.
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Scheme 2. Proposed mechanism.
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3.2. Proposed mechanism

As shown in Scheme 2, the in situ-generated ammonia by ammonium acetate performs a nucleophilic
attack on the two carbonyl moieties of the aldehyde 2,6-diformyl-4-chlorophenol which is more reactive and
one of the carbonyl functions of the benzil ketone, which is less reactive, resulting in the formation of the
imines A and B. The azomethine of A performs a nucleophilic attack on the atom carbon of the remaining
carbonyl of B, leading to the formation of the intermediate C. The terminal imine function of intermediate C
performs an internal nucleophilic attack through the azomethine on the carbon atom of the internal imine
function, followed by a loss of one water molecule, resulting in a cyclisation reaction. Thus, imidazole rings are
formed yielding the final product I.

3.3. Crystal Structure

The compound (1) crystallizes in a solution of ethanol left for slow evaporation. The crystallographic
data and the selected bonds lengths and angles values are recorded in Table 1 and Table 2, respectively. The
ORTEP diagram is shown in Figure 1. The compound crystallizes in the monoclinic system with a space group
P2.c.

The molecule consists of one imidazole ring substituted at the 2-, 4-, 5-positions with benzene rings
and one imidazol-3-ium moiety substituted at the 2-, 4-, 5-positions with benzene rings. The phenyl substituent
which carries a hydroxy at the 1-position and a chloride atom at the 4-position, acts as bridge between the
imidazole and the imidazol-3-ium rings and is linked to the two moieties at their 2-positions, respectively. The
imidazole and the imidazol-3-ium rings form dihedral angles of 7.10 (2) and 43.52 (2)° with the above benzene
ring, indicating a twist in the molecule. The benzene rings C9-C14 and C16-C21 at the 4- and 5-positions of the
imidazole ring subtend dihedral angle of 30.49 (2)° and 35.08 (1) respectively and form a dihedral angle of
54.01 (1)° between them. The benzene rings C24-C29 and C31-C36 at the 4- and 5-positions of the imidazol-3-
ium ring subtend dihedral angle of 61.90 (1)° and 53.60 (1)° respectively and form a dihedral angle of 28.60
(2)° between them. The imidazole and the imidazol-3-ium rings are quite planar with respective rms of 0.0086
A and 0.0054 A. The H-hydroxy atom is quite-in-plane of the phenolic group as shown by the torsion angles
C2—C1—01—H1 (178.39 (3)°) and C6—C1—01—H1 (-0.44 (3)°).

The bond lengths C7—N3 and C7—N4 have different values [C7—N3 = 1.339 (3) A] and [C7—N4 =
1.318 (4) A] in the imidazole ring, but the distances values of the equivalent bonds in imidazol-3-ium rings are
quite identical within standard uncertainties [C22—N2 = 1.323 (3) A] and [C22—N1 = 1.327 (3) A]. These
bond lengths are comparable to those reported for similar compounds [39,40]. In fact, upon protonation the
structure of the resulting imidazole-3-ium can be described as a superposition of two resonance structures as
shown in Scheme 1.

In the imidazole ring, the C7—N1 and C8—C15 are formally double bond character, while the other
ring bonds are formally simple character (Table 2). In the imidazole-3-ium ring C23—C30 is double bond
character, while C22—N1 and C22—N2 bond lengths values are slightly superior to the typical double bond
value, but inferior to the typical simple bond value (Table 2). This fact is due to the superposition of two
resonance structures (Scheme 1). The O—N—O angles values of 119.5 (3)°, 122.8 (3)° and 117.6 (3)° with sum
of 360°, differ from the ideal value of 120° and reflect a non-perfect trigonal-planar geometry. The N—O bond
distances of 1.189 (3) A [N—02], 1.233 (3) [N—03] A and 1.248 (3) [N—04] A are comparable to those
reported for the compound 1-{(Z)-1-(2,4-Dichlorophenyl)-1-[2-(4-methylphenoxy)ethoxy]prop-1-en-2-yl }-1H-
imidazol-3-ium nitrate " and indicate a  delocalization over the two oxygen atom O3 and O4.

The crystal packing of compound (11) is stabilized by intramolecular O(phenol)-H---N(imidazole) and
N(imidazol)-H---O(phenol), and intermolecular N(imidazol)-H---ONO,, C(phenyl)-H---ONO, and
C(phenyl)-H---Cl hydrogen bonds. Intramolecular hydrogen bonds, NZ1(imidazol)-HO01:--O1(phenol) and
O1(phenol)-H1:--N4(imidazol, which close in S(6) ring are observed. Intermolecular N1(imidazol)-
HO1---O4'NO, (i : -1+, 1/2-y,-1/2+z), N2(imidazol)-HO02:--O3"NO, (ii : -1+x, Yy, z), N3(imidazol)-
HO03:--04"NO, (iii : 1-x,-1/2+y, 1/2-z), C5(Phenyl)-H5---03"NO,, C26(Phenyl)-H26---CI" (iv : x, 1/2-y,-
1/2+z) and C32(Phenyl)-H32--- 02"NO, (v : 1-x, 1/2+y,1/2-z) lead to the formation of a three dimensional
network (Figure 2, Table 3).

Table-2. Selected geometric parameters (A, °) of compound (I1).

01—C1 1.337 (3) C7—N3 1.339 (3)
N1—C22 1.323 (3) c7—C6 1.467 (4)
N1—C23 1.371 (4) N3—C8 1.387 (4)
N2—C22 1.327 (3) C5—C4 1.376 (4)
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N2—C30 1.387 (3) C5—C6 1.386 (4)
C2—C22 1.461 (4) C23—C24 1471 (4)
C3—C4 1.381 (4) C30—C31 1.473 (4)
N4—C7 1.318 (4) c8—C9 1.469 (4)
C15—C16 1.474 (4) N5—03 1.233 (3)
N5—02 1.189 (3) N5—04 1.248 (3)
N1—C22—C2 1249 (2) N3—C7—C6 127.2 (3)
N2—C22—C2 128.9 (2) N1—C23—C24 1213 (2)
N4—C7—C6 122.1 (3) N4—C15—C16 119.6 (3)

Table-3. Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D--A D—H---A
O1—H1---N4 0.77(5) 1.83(4) 2.545(4) 154(4)
N1—H01.--01 0.73(3) 2.51(3) 2.774(4) 104(2)
N1—HO01...04' 0.73(3) 2.13(3) 2.832(4) 160(3)
N2—H02.--03" 0.78(3) 1.99(3) 2.749(4) 163(3)
N3—H03:--04™ 0.84(3) 2.19(3) 3.032(4) 176(3)
C5—H5---03" 0.86(3) 2.53(3) 3.298(4) 150(2)
C26—H26---CI1V 1.06(7) 2.79(5) 3.623(6) 136(4)
C32—H32.--02" 0.91(4) 2.58(3) 3.306(7) 138(2)
Symmetry codes : i = -1+x, 1/2-y,-1/2+z; ii = -1+X, Y, z; iii = 1-x,-1/2+y, 1/2-z; iv = X, 1/2-y,-1/2+z; v = 1-X,
1/2+y,1/2-z.

Figure 1. Crystal structure of the compound 1.
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Figure 2. The packing of the compound in the crystal structure

IV.  Conclusion
The compound (11) namely, 4-chloro-[2-(4,5-diphenyl-1H-imidazol-2-yl)-6-(4,5-diphenyl-1H-imidazol-3-
ium-2-yl)]phenol nitrate was prepared by protonation of compound (1) 4-chloro-2,6-bis(4,5-diphenyl-1H-
imidazol-2-yl)phenol which was successfully prepared by multi-steps reaction of 2,6-diformyl-4-chlorophenol,
benzil and ammonium acetate. The structure of compounds (1) and (11) was confirmed by elemental analysis
and FT-IR spectroscopic. The mechanism of the formation of compound (1) is depicted. The molecular structure
compound (11) was also determined by and X-ray diffraction technique.

V.  Supporting information
CCDC-2169226 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44)-1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk (or www:http://www.ccdc.cam.ac.uk).
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