organic compounds

Acta Crystallographica Section C
Crystal Structure
Communications

ISSN 0108-2701

1-(4-Bromophenyl)-3-(4-methyl-
phenyl)prop-2-en-1-one’

Lei Wang, Yong Zhang, Cheng-Rong Lu and De-Chun
Zhang*

Department of Chemistry, Suzhou University, Suzhou 215006, People’s Republic of
China
Correspondence e-mail: dczhang@suda.edu.cn

Received 2 April 2004
Accepted 21 July 2004
Online 21 August 2004

In the molecule of the title compound, C;sH;3BrO, the two
benzene rings are rotated in opposite directions with respect
to the central C—C=—C—C part of the molecule. The phenone
O atom deviates from the least-squares plane of the molecule
by 0.300 (3) A. In the crystal structure, molecules are paired
through C—H- - -7 interactions. The molecular pairs along
[001] are hydrogen bonded through three translation-related
co-operative hydrogen bonds in the ‘bay area’, forming
molecular chains, which are further hydrogen bonded through
C—H- - -Br weak interactions, forming (010) molecular layers.
In the third direction, there are only weak van der Waals
interactions. The co-operative hydrogen bonds in the ‘bay
area’ are discussed briefly.

Comment

Chalcones with the general formula Ar—-CH=—CH-CO-Ar
belong to an important class of compounds. The common and
interesting part in the molecules of these compounds is the
central part, ie. —CH=—CH—C=—O0—, in which the H atoms
may or may not be substituted. The C—C double bond can be
photoreactive, in which case it can react with suitable reagents
through photocycloaddition to synthesize various products,
and it is therefore widely used in organic solid photochemistry
(Satish Goud et al., 1995).

On the other hand, with appropriate substitutents, chal-
cones are a class of non-linear optical materials (Indira et al.,
2002). In these materials, the C=0 bond acts as the electron-
withdrawing group, and electron-rich substituents in the
aromatic rings serve as electron-donating groups, forming a
so-called D—m---A-type molecule. When the electron-rich
groups are located on the 4 and/or 4’ positions, the electron
flow follows a A-shaped path, and therefore the molecule is
called a A-shaped molecule (Devia et al., 1999). During our
search for chalcone non-linear optical materials, the title
compound, (I), was synthesized. We present here a study of
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the molecular packing in the crystal of (I) and a brief study of
the C—H- - -O hydrogen bonds in (I) and some similar crystals.
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The molecule of (I) (Fig. 1) is not planar. Taking the C1-C6
benzene ring as plane 1 (P1), the C7-C12 benzene ring as
plane 2 (P2) and the central C1—C13=C14—C15 as plane 3
(P3), the dihedral angles between them, A,, A3 and A,;, are
47.0 (1), 11.7 (0) and 35.4 (1)°, respectively, showing that the
two benzene rings are rotated in opposite directions with
respect to the central part, plane 3. The C1—C13=C14—C15
torsion angle is 175.1 (3)°. The angle between the C=0 bond
and plane 3 is 14.2 (3)°. Further geometric parameters are
given in Table 1.

In the crystal structure of (I), molecules are paired through
C—H- - -7 interactions (Suezawa et al., 2001) (Table 3). The
shortest distance between parallel C—C double bonds is
4.557 (4) A, much longer than the 4.2 A reference value for a
photoreactive crystal (Turowska-Tyrk et al., 2003). The dihe-
dral angle between plane 3 and the plane formed by the two
C=C double bonds is 45.6 (3)°, which deviates significantly
from the perfect value of 90° for 2+2 photocycloaddition. This
is consistent with the fact that the crystal of (I) is photoinert.

The packing in (I) is illustrated in Fig. 2. The molecules
along [001] interact via three C—H---O interactions
(Desiraju, 1991), namely C12—H12---01, C2—H2---O1 and
C14—H14- - -O1 (Table 2), and form hydrogen-bonded mole-
cular chains. These chains interact further through C5—
HS- - -Brl and C16—HI16A- - -Brl hydrogen bonds (Table 2),
forming (010) molecular layers. In the third direction, [010],
there are only weak ordinary van der Waals interactions.

The most interesting features in the structure of (I) are the
above-mentioned co-operative hydrogen bonds, formed by
the phenone O atom and the three C—H bonds in the ‘bay
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Figure 1

A view of the molecular structure of (I), showing the atom-numbering
scheme. Displacement ellipsoids are drawn at the 30% probability level
and H atoms are shown as small spheres of arbitrary radii.
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Figure 2

A packing diagram for (I), viewed down the c axis.

area’, namely the area encircled by C2'—C1'—C,—C,=C,—
C1—C2. From the scheme, one can see that the three C—H
bonds almost point to the same site. When this site is occupied
by a phenone O atom from a neighbouring molecule, the
formation of three C—H---O hydrogen bonds with nearly
perfect geometries can be expected. Depending on the mutual
arrangement of the two molecules involved, the most
favourable symmetry relation between them is a translation
vector, the size of which is dependent on the size of the
substituents, followed by a screw axis and a glide plane. It is
almost impossible for a centre of symmetry to connect the
molecules in such a manner.

From the viewpoint of designing second-harmonic gener-
ating crystals (Desiraju, 1989), which must not be centro-
symmetric, the above molecular self-assembling mode is
desirable. Therefore, a brief study of some similar 4,4'-
substituted chalcones was carried out, and the results are
summarized in Tables 4 and 5.

As shown by Tables 4 and 5, the symmetry elements
involved are indeed translation vectors and their size is around
6 A. The co-operative C—H- - -O hydrogen bonds in the ‘bay
area’ certainly play an important role in the crystal packing, as
shown by the ESM% column in Table 5, which expresses the
interaction energy between the molecules involved as a
percentage of the total packing energy, as calculated using the
program OPEC (Gavezzotti, 1983). However, this is not the
unique factor determining the crystal packing. The dipole
moment of the molecule of (I) is relatively large when
compared with the others in Table 4, which leads to the
molecules of (I) being arranged in an antiparallel fashion in
the crystal. This may be the reason that the crystal of (I) is
centrosymmetric.

Experimental

The synthesis of the (I) was carried out according to the procedure of
Migrdichian (1957). An aqueous solution of sodium hydroxide (10%,
10 ml) was added to a solution of 4-bromoacetophenone (0.02 mol)
and 4-methylbenzaldehyde (0.02 mol) in 95% ethanol (30 ml). The
reaction mixture was stirred at room temperature for 4 h and yielded
a light-yellow solid, and the mixture was then neutralized with
hydrochloric acid (10%) and water. The product was recrystallized
three times from dry acetone. After 3 d, light-yellow crystals of (I)

were obtained by slow evaporation from dry acetone at 286 K.
Elemental analysis (Perkin—Elmer 240C elemental analyzer): calcu-
lated for C;sH;3BrO: C 63.79, H 4.32%; found: C 63.66, H 4.19%. IR
(KBr pellets, v, cm™'): 3030 (Ar-H), 2914 (C—H), 1658 (-C=0),
1598 (-CH=CH-), 1563 (Ph), 1332 (-CH3;), 1007 (-CH=C—H), 810
(Ar-H), 737 (Ar-H). 'H NMR (Bruker AV-400 NMR spectrometer,
CDCl;, 399.97 MHz, ambient temperature, p.p.m.): 2.40 (s, 3H, —
CH;), 7.25 (d, 2H, Ph), 7.45 (d, 1H, -CH=CH-), 7.55 (d, 2H, Ph),

7.64 (d, 2H, Ph), 7.81 (d, 1H, -CH=CH-), 7.89 (d, 2H, Ph).

Crystal data

C,6H,3BrO
M, = 301.17
Monoclinic, P2,/c
a=15600 (3) A
b=14235(3) A
c=58621(11) A
B = 92.029 (4)°

V =1301.0 (4) A®
Z=4
D,=1538Mgm™

Data collection

Rigaku MercuryCCD area-detector
diffractometer

 scans

Absorption correction: multi-scan
(Jacobson, 1998)
Tmin = 0.356, Tax = 0.382

12 258 measured reflections

Refinement

Refinement on F?

R[F? > 20(F?)] = 0.043

wR(F?) = 0.091

S=124

2267 reflections

166 parameters

H-atom parameters constrained

Mo Ko radiation
Cell parameters from 4569
reflections
0 =3.1-25.0°
©n =314 mm~
T=1932)K
Block, light yellow
0.35 x 0.31 x 0.30 mm

1

2267 independent reflections
2144 reflections with I > 20(1)
Rint = 0.051

Omax = 25.0°
h=-18 - 18
k=-16 - 16
I=—6—>6

w = 1/[o*(F,%) + (0.0295P)*
+ 1.5303P]
where P = (F,” + 2F.2)/3
(Al0)max = 0.001
ApPmax = 0.53 ¢ A_g
APmin = —034e A3

Table 1 .
Selected geometric parameters (A, °).
Brl—C10 1.895 (3)
01-Cl5 1.228 (4)
Cl—Cl13 1.460 (4)
C3—C4 1.394 (4)
C2—C1-C6 117.8 (3)
C2—C1—Cl13 1229 (3)
C6—C1—Cl3 1192 (3)
C5—C4—C3 1182 (3)
C5—C4—C16 1214 (3)
C3—C4—Cl6 120.3 (3)
C12—C7—C8 119.0 (3)
C12—C7—Cl5 122.6 (3)
Cl13—-C1—-C2—-C3 176.0 (3)
C13—C1—-C6—-C5 —177.1 (3)
C15—C7—-C8—C9 —178.1 (3)
C8—C9—-C10—Brl —178.9 (2)
Br1—-C10—C11—-C12 177.7 (2)
C15—-C7—C12—C11 176.7 (3)
C2—Cl1—-C13—-C14 9.5 (5)
C6—C1—-C13—-Cl14 —173.3 (3)

C4—C16 1.524 (4)
C7—C15 1.493 (4)
C13—Cl4 1.330 (4)
Cl14—Cl15 1.482 (4)
C8—C7—CI15 1183 (3)
C9—C10—Cl1 1215 (3)
C9—C10—Brl 119.1 (2)
C11—C10—Brl 1193 (2)
C14—C13—Cl 1275 (3)
C13—Cl14—Cl5 120.6 (3)
01—Cl15—Cl4 1213 (3)
01-C15—C7 120.1 (3)
C1—C13—Cl4—C15 —1751 (3)
C13—Cl14—C15—01 138 (5)
C13—C14—C15—C7 —167.5 (3)
C12—C7—C15—01 —154.7 (3)
C8—C7—C15—01 227 (5)
C12—C7—C15—Cl4 265 (4)
C8—C7—C15—Cl4 —156.1 (3)

H atoms were placed in geometrical positions and treated as
riding, with C—H distances in the range 0.95-0.98 A and with

Uiso(H) =12 Ueq(c)'
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Table 2 i

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
C2'—H2'---01 0.95 2.82 3.627 (3) 144
Cl4'—H14" - .01 0.95 2.80 3.702 (4) 160
C12'—H12"--01 0.95 291 3.722 (4) 145
C5'—H5" - -Brl 0.95 3.17 3.953 (5) 141
C16°—H16A" . .Brl 0.98 3.15 4.026 (4) 149

Symmetry codes: (i) x,y,z —1; (i) x — 1, y, z.
Table 3 .
C—H- - -7 interactions (A, °) in (I).

P1is the centre of plane 1 (the C1-C6 ring) and P2 is the centre of plane 2 (the
C7-C12 ring).

c H P H.--P C.--P C—H---P
c3 H3 pl 2.82 3.530 (4) 132
ci HI1 P2t 2.94 3.608 (3) 129
c8 H8 P2t 3.01 3.568 (4) 119
c13 HI3 Pov 3.07 3.641 (4) 120

Symmetry codes: (i) x, 1 —y, z — % (i) —x, 1 —y, 1 —z; (iii) x, 1 =y, z+ % (iv) —x,
1—y, —z

Table 4
Comparison of crystal data for (I) and analogous compounds.

Ay, is the dihedral angle between planes 1 and 2 (defined in Table 3), and p is
the dipole moment, calculated by MOPAC (Dewar et al., 1985).

Space Shortest Ap (°) n (D) Substituents
group axis (A)
@O P2y/c 5.862 (1) 47.0 (1) 491 4-CH;, 4-Br
(I P2,2:2, 5.906 49 2.88 44'-CH,
(ITD)§ Pc 5.991 (1) 48 375 4-Br, 4-OCH;
av)| Ce 5.917 (3) 48.6 (1) 1.95 4-Br

+ This study. # Rabinovich & Shakked (1974). § Li, Huang er al. (1992). ¢ Li, Pa
& Su (1992).

Data collection: CrystalClear (Rigaku, 2001); cell refinement:
CrystalClear; data reduction: CrystalStructure (Rigaku, 2001);
program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: SHELXL97; software used to prepare material
for publication: SHELXL97.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DE1246). Services for accessing these data are
described at the back of the journal.

Table 5 .
Comparison of C—H---O hydrogen bonds (A, °) in (I) and analogous
compounds.

A, B and C represent C—Ha---O, C—H2---O and C—H2'---O hydrogen
bonds, respectively; see scheme in Comment for definitions of Ha, H2 and H2'.
ESM% is the interaction energy between the molecules involved, expressed as
a percentage of the total packing energy.

Bond H---O C---0 C—H---O Typet ESM%
(1) Al 2.80 3.702 (4) 160 T 9.73
B! 2.82 3.627 (5) 144 T
c' 291 3.722 (6) 145 T
n Al 2.77 3.718 (3) 164 T 10.03
Bt 2.71 3.561 (5) 142 T
ch 3.06 3.841 (6) 140 T
(111) Alll 2.97 3.876 (3) 158 T 9.24
B 2.90 3.761 (5) 150 T
ci 2.94 3.737 (4) 141 T
(1V) A" 2.87 3.787 (5) 161 T 9.86
BY 2.80 3.622 (6) 144 T
cv 2.97 3.795 (4) 142 T

+ For type, T is a translation. Symmetry codes: (i) x, y, z — 1; (ii) x, y — 1, z; (iii) x, y,
z—1(@Gv)x,y,z+1.
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