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Molecules of the title compound, C27H23ClN2O2, are linked

into sheets of alternating large and small rings by a

combination of CÐH� � �O and CÐH� � ��(arene) hydrogen

bonds.

Comment

The title compound, (I), has been obtained from the base-

catalysed condensation of 5-chloro-3-methyl-1-phenyl-

pyrazole-4-carbaldehyde with acetophenone. Evidently, the

intended target 3-(5-chloro-3-methyl-1-phenylpyrazol-4-yl)-1-

phenylpropenone, (II), required as an intermediate for the

synthesis of novel fused heterocyclic systems, has undergone a

Michael-type reaction with a further molecule of aceto-

phenone to form the observed product, (I).

Compound (I) and the analogous 3-(5-chloro-3-methyl-1-

phenylpyrazol-4-yl)-1,5-di-2-thienylpentane-1,5-dione, (III)

(Trilleras et al., 2005), both crystallize in the space group Pbca,

with dimensions which are fairly similar, bearing in mind the

different temperatures for the two determinations [293 (2) K

for (I) and 120 (2) K for (III)], and hence the two compounds

are isomorphous. In addition, the corresponding atom coor-

dinates are very similar, as are the molecular conformations,

with an all-trans and nearly planar aliphatic chain exhibiting

approximate local mirror symmetry (Table 1). Indeed, with the

exception of the N-bound phenyl ring (C11±C16), which

makes a dihedral angle of 42.7 (2)� with the pyrazole ring, the

entire molecule has approximate mirror symmetry. However,

there are some signi®cant differences between the supra-

molecular structures of (I) and (III), so that these compounds

are not strictly isostructural.

The supramolecular aggregation in compound (I) is deter-

mined by a combination of CÐH� � �O and CÐH� � ��(arene)

hydrogen bonds (Table 1). Atom C8 in the molecule at (x, y, z)

acts as hydrogen-bond donor to the C91±C96 ring in the

molecule at (1 ÿ x, 1 ÿ y, 1 ÿ z), so forming by inversion a

centrosymmetric dimer, centred at (1
2,

1
2,

1
2) (Fig. 2). This

behaviour thus mimics that of compound (III), where one of

the thiophene rings acts as the hydrogen-bond acceptor.

However, while the dimers in (III) are not further linked by

any direction-speci®c intermolecular forces, those in (I) are

linked into sheets by a single CÐH� � �O hydrogen bond,

whose action in isolation is to link the molecules into chains.
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Figure 1
A view of the molecule of compound (I), showing the atom-labelling
scheme. Displacement ellipsoids are drawn at the 30% probability level
and H atoms are shown as small spheres of arbitrary radii.



Atom C14 in the molecule at (x, y, z) acts as hydrogen-bond

donor to atom O7 in the molecule at (ÿx, 1
2 + y, 3

2 ÿ z), so

forming a C(12) (Bernstein et al., 1995) chain running parallel

to the [010] direction and generated by the 21 screw axis along

(0, y, 3
4) (Fig. 3). The combined action of the two hydrogen

bonds generates a sheet.

The C14 atoms in the molecules at (x, y, z) and (1ÿ x, 1ÿ y,

1 ÿ z), which form the dimer centred at (1
2,

1
2,

1
2), act as

hydrogen-bond donors to O7 atoms in the molecules at (ÿx,
1
2 + y, 3

2 ÿ z) and (1 + x, 1
2 ÿ y, ÿ1

2 + z), respectively, which form

parts of the dimers centred at (ÿ1
2, 1, 1) and (3

2, 0, 0), respec-

tively. Similarly, the O7 atoms at (x, y, z) and (1 ÿ x, 1 ÿ y,

1 ÿ z) accept hydrogen bonds from the C14 atoms in the

molecules at (ÿx, ÿ1
2 + y, 3

2 ÿ z) and (1 + x, 3
2 ÿ y, ÿ1

2 + z),

respectively, which themselves lie in the dimers centred at

(ÿ1
2, 0, 1) and (3

2, 1, 0). Thus, each dimer is linked to four

adjacent dimers, and propagation of these intermolecular

interactions by the space-group symmetry operations links the

molecules into a (102) sheet containing large and small rings

alternating in chessboard fashion (Fig. 4).

The only direction-speci®c contact between adjacent sheets

is a rather long CÐH� � �O contact with aryl atom C73 as the

donor (Table 2), but whose H� � �O distance is close to the van

der Waals limit. This interaction is, therefore, probably of little

or no structural signi®cance.

In closely analogous 1,5-bis(4-chlorophenyl)-3-(2-chloro-

quinolin-3-yl)pentane-1,5-dione, (IV) (Insuasty et al., 2006),

which also crystallizes in the space group Pbca, although with

unit-cell dimensions markedly different from those of (I) and

(III), a combination of one CÐH� � �N hydrogen bond and one

CÐH� � �O hydrogen bond links the molecules into sheets of

R4
4(26) rings, but CÐH� � ��(arene) hydrogen bonds are

absent.

Experimental

To a solution of acetophenone (1 mmol) and 5-chloro-4-formyl-3-

methyl-1-phenylpyrazole (0.5 mmol) in absolute ethanol (10 ml), a

catalytic amount of sodium hydroxide (1 pellet) was added and the

reaction mixture was stirred at room temperature for 1 h. The

precipitate which formed was isolated by ®ltration, washed with

ethanol, dried and ®nally recrystallized from dimethylformamide to

give colourless crystals suitable for single-crystal X-ray diffraction

(m.p. 390 K, yield 65%). MS (70 eV) m/z (%): 442 (1, M+), 323 (30),

287 (16), 105 (100), 77 (58), 51 (10).
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Figure 2
Part of the crystal structure of compound (I), showing the formation of a
centrosymmetric dimer formed by paired CÐH� � ��(arene) hydrogen
bonds. For the sake of clarity, H atoms not involved in the motif shown
have been omitted. The atom marked with an asterisk (*) is at the
symmetry position (1 ÿ x, 1 ÿ y, 1 ÿ z).

Figure 3
Part of the crystal structure of compound (I), showing the formation of a
C(12) chain along [010] formed by CÐH� � �O hydrogen bonds. For the
sake of clarity, H atoms not involved in the motif shown have been
omitted. Atoms marked with an asterisk (*) or a hash (#) are at the
symmetry positions (ÿx, 1

2 + y, 3
2ÿ z) and (ÿx,ÿ1

2 + y, 3
2ÿ z), respectively.

Figure 4
A stereoview of part of the crystal structure of compound (I), showing the
formation of a (102) sheet by the combined action of CÐH� � �O and CÐ
H� � ��(arene) hydrogen bonds. For the sake of clarity, H atoms not
involved in the motif shown have been omitted.



Crystal data

C27H23ClN2O2

Mr = 442.92
Orthorhombic, Pbca
a = 15.2964 (3) AÊ

b = 17.4366 (2) AÊ

c = 16.8320 (3) AÊ

V = 4489.39 (13) AÊ 3

Z = 8
Dx = 1.311 Mg mÿ3

Mo K� radiation
� = 0.20 mmÿ1

T = 120 (2) K
Needle, colourless
0.25 � 0.07 � 0.03 mm

Data collection

Bruker±Nonius KappaCCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2003)
Tmin = 0.923, Tmax = 0.994

48477 measured re¯ections
5148 independent re¯ections
3253 re¯ections with I > 2�(I)
Rint = 0.076
�max = 27.5�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.049
wR(F 2) = 0.136
S = 1.06
5148 re¯ections
291 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.071P)2

+ 0.5899P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.34 e AÊ ÿ3

��min = ÿ0.36 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0049 (6)

The space group Pbca was uniquely assigned from the systematic

absences. All H atoms were located in difference maps and then

treated as riding atoms, with CÐH distances of 0.93 (aromatic), 0.96

(CH3), 0.97 (CH2) or 0.98 AÊ (aliphatic CH), and with Uiso(H) =

1.2Ueq(C), or 1.5Ueq(C) for the methyl group.

Data collection: COLLECT (Nonius, 1999); cell re®nement:

DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduc-

tion: DENZO and COLLECT; program(s) used to solve structure:

SIR2004 (Burla et al., 2005); program(s) used to re®ne structure:

OSCAIL (McArdle, 2003) and SHELXL97 (Sheldrick, 1997);

molecular graphics: PLATON (Spek, 2003); software used to prepare

material for publication: SHELXL97 and PRPKAPPA (Ferguson,

1999).

The X-ray data were collected by the EPSRC National
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Ciencia y Empresa (Junta de AndalucõÂa, Spain) and the

Universidad de JaeÂn for ®nancial support. JMT also thanks the

Universidad de JaeÂn for a research scholarship supporting a

short stay at the EPSRC National X-ray Crystallography

Service. JT and JQ thank COLCIENCIAS and UNIVALLE

(Universidad del Valle, Colombia) for ®nancial support.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GG3030). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected torsion angles (�).

C72ÐC71ÐC7ÐC6 ÿ169.29 (18)
C71ÐC7ÐC6ÐC41 ÿ165.78 (16)
C7ÐC6ÐC41ÐC8 ÿ157.20 (16)
C3ÐC4ÐC41ÐC6 ÿ116.5 (2)

C92ÐC91ÐC9ÐC8 177.01 (17)
C91ÐC9ÐC8ÐC41 174.85 (16)
C9ÐC8ÐC41ÐC6 166.61 (16)
C3ÐC4ÐC41ÐC8 119.4 (2)

Table 2
Hydrogen-bond geometry (AÊ , �).

Cg is the centroid of the C91±C96 ring.

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C8ÐH8B� � �Cgi 0.97 2.79 3.673 (2) 152
C14ÐH14� � �O7ii 0.93 2.50 3.402 (3) 165
C73ÐH73� � �O9iii 0.93 2.59 3.449 (3) 154

Symmetry codes: (i) ÿx� 1;ÿy� 1;ÿz� 1; (ii) ÿx; y� 1
2;ÿz � 3

2; (iii) x, ÿy� 1
2,

z� 1
2.


