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3-Chloro-4-hydroxy-4’-methylbenzophenone

The title compound, C;4H;,;ClO,, possesses normal geome-
trical parameters. The two benzene rings are twisted by
54.70 (4)°, perhaps as a result of steric repulsion between H
atoms. The crystal packing is consolidated by an O—H---O
hydrogen bond, n—r stacking and C—H:---O and C—H- - &
interactions, resulting in a two-dimensional network.

Comment

The title compound, (I) (Fig. 1), is an intermediate for the
synthesis of podophyllotoxin and its derivatives which have
pharmaceutical applications (Basavaraju & Devaraju, 2002).
More generally, benzophenone derivatives have many appli-
cations in organic chemistry (Sieron et al., 2004; Khanum et al.,
2005).
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Compound (I) possesses normal geometrical parameters
(Allen et al., 1995). The dihedral angle, §, between the mean
planes of the two benzene rings (atoms C1-C6 and C8-C13) is
54.70 (4)°. The C—C, (c = carbonyl) C6—C7 [1.480 (2) z&] and
C7—C8 [1.482 (2) A] bond lengths are only slightly shorter
than normal C—C single bonds, indicating negligible conju-
gation between the two aromatic ring systems. The rings may
be twisted as a result of steric repulsion between the C5 and
C9 H atoms (H5---H9 = 2.40 A; van der Waals contact
distance = 2.40 A), although we note that H9 also participates
in a C—H---O interaction (see below). Many other substi-
tuted benzophenones possess similar geometrical parameters
for the equivalent distances and angles. For example, in 4-
dimethylamino-4'-[bis(2-hydroxyethyl)amino]benzophenone

Figure 1
The molecular structure of (I), with 50% probability displacement
ellipsoids (arbitrary spheres for the H atoms).

Received 21 October 2005
Accepted 9 November 2005
Online 16 November 2005

04146

Harrison et al.

+ Cy4H44ClO,

doi:10.1107/51600536805036780

Acta Cryst. (2005). E61, 04146—04148



organic papers

Figure 2

Detail of (I) showing how 77 stacking (pink line) and C—H- - -O (yellow
lines) and C—H- - -7 (green lines) weak intermolecular interactions help
to establish the crystal packing. Symmetry codes as in Table 1;
additionally (iv) 1 — x, 1 — y, —z.

Figure 3

The packing for (I), with all H atoms except H1 omitted for clarity. The
O—H---O hydrogen bond is indicated by a dashed line. The molecule
containing O2* is generated by the symmetry code (x, 1 + y, z).

(El Sayed et al., 2001), H- - -H = 2.38 A, C—C, = 1.460 (3) and
1484 (3) A, and & = 47.4(1)°, and in (3-chlorophenyl)(2-
hydroxy-5-methylphenyl)methanone (Khanum et al, 2005)
H---H=252A, C—C, = 1.468 (3) and 1.493 (3) A, and § =
57.37 (12)°.

As well as van der Waals forces, the crystal packing in (T)
appears to be controlled by several different intermolecular
interactions (Table 1). The most clearcut is an O—H---O
hydrogen bond that links adjacent molecules of (I) in the b-
axis direction. Fig. 2 shows that m— stacking occurs between
adjacent inversion-related C1-C6 benzene rings, with a

centroid—centroid separation of 3.7642 (10) A and an inter-
planar distance of 3.357 A. Additionally, a PLATON (Spek,
2003) analysis of (I) identified probable C—H---O and C—
H- - -7 interactions (Table 1). Together, these interactions lead
to a two-dimensional network that propagates in the ab plane.
The packing is shown in Fig. 3.

Experimental

A solution of o-chlorophenol (1g, 0.0077 mol) in dry dichloro-
methane (10 ml) was treated with anhydrous aluminium chloride
(1.037 g, 0.0077 mol). The reaction mixture was stirred continuously
for 30 min and then cooled. To this, a solution of toluoyl chloride
(1.203 g, 0.0077 mol) in methylene chloride (10 ml) was added
dropwise and the mixture kept overnight. After 24 h, about 5 ml of
concentrated HCI was added and the reaction mixture was stirred for
another 24 h. Aqueous NaCl solution (10%) was added to break the
emulsion and the lower organic layer was separated and washed with
10% brine. Excess dichloromethane was distilled off on a water bath.
The concentrated solution was kept overnight, resulting in a pale-
brown solid (yield: 89.2%; m.p. 352 K). Colourless single crystals of
(I) were recrystallized from a 1:1 mixture of acetone and acetonitrile.

Crystal data

C4H1,ClIO,
M, = 246.68
Triclinic, P1
a=71062 (3) A
b = 85441 (5) A

Z=2

D, =1410 Mg m™

Mo Ko radiation

Cell parameters from 2534
reflections

¢ =9.8766 (6) A 6 =2.9-27.5°
a = 86.124 (3)° =031 mm™*
B = 83.804 (3)° T=120(22) K

y =77.290 (3)°
V =580.96 (5) A®

Data collection

Nonius KappaCCD diffractometer
® scans

Cut block, colourless
0.32 x 0.16 x 0.10 mm

2037 reflections with I > 20(I)
Rine = 0.048

Absorption correction: multi-scan Omax = 27.8°
(SADABS; Bruker, 2003) h=-9—->9
Tnin = 0.906, Tpax = 0.969 k=-11—11

11199 measured reflections I=—-12— 12

2684 independent reflections

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.041
wR(F?) = 0.115

S =1.05

2684 reflections

158 parameters

H atoms treated by a mixture of
independent and constrained
refinement

w = 1/[06*(Fy?) + (0.0595P)*

+0.1677P]
where P = (F,> + 2F2)/3

(A/0) max < 0.001

ApPax = 025 ¢ A3

APmin = =035 e A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
O1—HI---02! 0.78 (2) 1.93 (2) 2.6418 (17) 150 (2)
C9—H9---01" 0.95 2.48 3375 (2) 157
C13—HI13---Cg1™ 0.95 2.59 3.3908 (17) 142

Symmetry codes: (i) x,y — 1, z; (ii) —x +2, —y + 1, —z; (iii)) —x + 1, =y +2, —z. Cgl is
the centroid of the C1-C6 ring
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The hydroxy H atom was located in a difference map and its
position was freely refined with the constraint Uy,(H) = 1.2U4(O).
Other H atoms were placed in calculated positions (C—H = 0.95-
0.98 A) and refined as riding, with Ujo(H) = 1.2U.q(carrier) or
1.5Uq(methyl carrier). The —CH; group was rotated to fit the
electron density.

Data collection: COLLECT (Nonius, 1998); cell refinement:
SCALEPACK (Otwinowski & Minor, 1997); data reduction:
SCALEPACK and DENZO (Otwinowski & Minor, 1997) and
SORTAV (Blessing, 1995); program(s) used to solve structure:
SHELXS97 (Sheldrick, 1997); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP3
(Farrugia, 1997); software used to prepare material for publication:
SHELXL97.

We thank the EPSRC National Crystallography Service
(University of Southampton) for the data collection.
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