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In the title compound, C16H14N2O2, the two crystallographi-

cally independent molecules in the asymmetric unit have

different orientations of the phenyl and methoxyphenyl

substituents with respect to the pyrazole ring. Both indepen-

dent molecules exist as OÐH� � �N hydrogen-bonded dimers,

which are interlinked via CÐH� � �N hydrogen bonds to form

one-dimensional double-stranded chains. A three-dimensional

network is formed via CÐH� � �� interactions.

Comment

The structure of pyrazole molecules, containing the fragment

NÐN(H)Ð, is favourable for the formation of various

hydrogen-bonded complexes and assemblies in solid-state

cyclic dimers, trimers, tetramers, linear chains and helical

chains, depending on the substituents (Claramunt et al., 1997;

Elguero et al., 1994; Llamas-Saiz et al., 1994). The variety of

association forms, and of structural and spectroscopic prop-

erties, allows the study of the effects of substitution on the

geometry and thermodynamic characteristics of complexes

and assemblies, the effects of the mutual in¯uence of several

conjugated hydrogen bonds, the splitting of and appearance of

complex structure in �(NH) bands in the IR spectra, chemical

shifts and spin±spin interaction in the NMR spectra, and the

effects of H/D substitution. The existence of cyclic assemblies

gives the unique possibility of measuring the kinetic char-

acteristics of degenerate H-atom transfer in rings of different

dimensions and separating the contribution of the H-atom

tunnelling effect. Helical assemblies, because of their special

chiral geometric features and their occurrence in biological

species, have also received increasing attention (Nozaki et al.,

1998; Gier et al., 1998; Mamula et al., 1998). Based on the

above considerations, we synthesized the title compound, (I),

and now report its crystal structure.

The asymmetric unit of (I) consists of two independent

molecules, which have different orientations of the phenyl and

methoxyphenyl substituents with respect to the pyrazole ring

(Fig. 1). The bond lengths in the pyrazole ring show partial
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aromatic character, which suggests a delocalized �-electron

system throughout the ring. It is likely that the two substituent

groups at the 1- and 5-positions of the pyrazole ring in¯uence

the aromaticity of that ring. The presence of a phenyl ring at

the 1-position results in a lengthening of the NÐN bonds. The

NÐC distances [1.328 and 1.385 (3) AÊ ] deviate signi®cantly

from the mean value of NÐC distances in pyrazole rings

[1.357 (12) AÊ ; Infants et al., 1998; Jimenez-Cruz et al., 2003;

Quiroga-Puello et al., 1997]. The phenyl and methoxyphenyl

rings of the two molecules are oriented at angles of 60.5 (1)

and 40.1 (1)�, and 29.7 (1) and 46.4 (1)�, respectively, to the

pyrazole ring. The dihedral angles between the phenyl and

methoxyphenyl rings are 66.4 (1) and 51.3 (1)�.
Both crystallographically independent molecules exist as

OÐH� � �N hydrogen-bonded dimers (Table 2). These crys-

tallographically independent dimers are interlinked via CÐ

H� � �N hydrogen bonds to form one-dimensional double-

stranded chain structures (Fig. 2); CÐH� � �� interactions

interlink the chains into a three-dimensional network.

Experimental

5-(4-Methoxyphenyl)-1-phenylpyrazolidin-3-one, (II), was ®rst

prepared and recrystallized from ethyl acetate, according to the

method of Masahiko & Kazuyoshi (1999). Analysis calculated for

C16H16N2O2: C 71.61, N 10.44, H 6.02%; found: C 71.37, N 10.35,

H 5.72%; IR (KBr, �, cmÿ1): 3300, 3045, 2902, 2835, 1691, 1595, 1511,

1491, 1245; 1H NMR (CDCl3, �, p.p.m.): 2.5 (q, 1H, CH2CO), 3.3 (q,

1H, CH2CO), 3.8 (s, 3H, CH3O), 4.9 (s, 1H, CHÐN), 6.9±7.4 (m, 9H,

aromatic), 7.9 (s, 1H, NHCO). To prepare (I), compound (II) (4.0 g,

15 mmol) was dissolved in dimethylformamide (100 ml) and mixed

with FeCl3 (0.3 g, 1.5 mmol). The mixture was heated to 353 K and

maintained at that temperature for 1 h, and then stirred for 12 h

without heating. The reaction mixture was then poured into water

(500 ml). The precipitate which formed was ®ltered off, washed with

water and dried under reduced pressure. The crude product was then

crystallized from ethanol±water (1:1.5) to give (I) (yield 2.5 g,

9.5 mmol). Crystals of (I) suitable for diffraction measurements were

grown by slow evaporation of a solution in C2H5OH at room

temperature. Analysis calculated for C16H14N2O2: C 72.17, H 5.30,

N 10.52%; found: C 72.03, H 5.32, N 10.64%; IR (KBr, �, cmÿ1): 3433,

3005, 2843, 1612, 1579, 1599, 1526, 1321, 1247, 1179, 1033, 834,767;

1H NMR (acetone-d6, �, p.p.m.): 3.8 (s, 3H, OCH3), 5.8 (d, 1H, CH,),

6.8±7.4 (m, 9H, aromatic), 10.2 (s, 1H, OH).

Crystal data

C16H14N2O2

Mr = 266.29
Triclinic, P1
a = 9.4266 (19) AÊ

b = 9.938 (2) AÊ

c = 15.347 (3) AÊ

� = 88.90 (3)�

� = 86.63 (3)�


 = 70.37 (3)�

V = 1351.9 (5) AÊ 3

Z = 4
Dx = 1.308 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 2.0±24.1�

� = 0.09 mmÿ1

T = 291 (2) K
Block, white
0.20 � 0.18 � 0.18 mm

Data collection

Bruker P4 diffractometer
2�/! scans
Absorption correction:  scan

(XPREP in SHELXTL; Bruker,
2000)
Tmin = 0.97, Tmax = 0.98

5322 measured re¯ections
5322 independent re¯ections

3789 re¯ections with I > 2�(I)
�max = 26.0�

h = ÿ11! 11
k = ÿ12! 12
l = 0! 18
3 standard re¯ections

every 97 re¯ections
intensity decay: none

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.053
wR(F 2) = 0.138
S = 1.01
5322 re¯ections
361 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.06P)2

+ 0.44P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.37 e AÊ ÿ3

��min = ÿ0.20 e AÊ ÿ3
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Figure 2
The crystal packing of (I). Dashed lines indicate hydrogen bonds. H
atoms not involved in the hydrogen bonding have been omitted for
clarity.

Figure 1
The structures of the two independent molecules of (I). Displacement
ellipsoids are drawn at the 30% probability level. H atoms have been
omitted for clarity.



Table 1
Selected geometric parameters (AÊ , �).

O1ÐC1 1.307 (3)
O2ÐC10 1.368 (3)
O2ÐC7 1.410 (3)
N1ÐN2 1.411 (3)

N2ÐC3 1.328 (3)
C1ÐC2 1.384 (4)
C2ÐC3 1.423 (3)

C10ÐO2ÐC7 116.6 (2)
C1ÐN1ÐN2 103.7 (2)
C3ÐN2ÐN1 110.4 (2)

O1ÐC1ÐC2 123.6 (2)
C1ÐC2ÐC3 102.9 (2)

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

Cg1, Cg2, Cg3 and Cg4 denote the centroids of rings N1/N2/C1±C3, N1A/N2A/
C1A±C3A, C4±C9 and C11±C16, respectively.

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

O1ÐH1� � �N1i 0.82 1.91 2.718 (3) 169
O1AÐH1A� � �N1Aii 0.82 1.89 2.707 (3) 174
C10ÐH10C� � �N1iii 0.96 2.57 3.461 (4) 154
C10AÐH10F� � �N1Aiv 0.96 2.61 3.551 (3) 166
C5ÐH5� � �Cg1v 0.93 3.07 3.495 (3) 110
C5AÐH5A� � �Cg2vi 0.93 2.97 3.434 (3) 113
C8AÐH8A� � �Cg3 0.93 2.91 3.682 (3) 142
C10ÐH10C� � �Cg1vii 0.96 2.76 3.553 (3) 141
C10AÐH10F� � �Cg2iv 0.96 2.85 3.646 (3) 141
C15AÐH15A� � �Cg4iii 0.93 2.81 3.660 (3) 152

Symmetry codes: (i)ÿx; 1ÿ y; 1 ÿ z; (ii) 2ÿ x; 2ÿ y;ÿz; (iii) 1� x; y; z; (iv) xÿ 1; y; z;
(v) 1ÿ x; 1ÿ y; 1ÿ z; (vi) 1ÿ x; 2ÿ y;ÿz; (vii) 1� x; 1� y; z.

All H atoms were placed in calculated positions, with OÐH =

0.82 AÊ and CÐH = 0.93±0.97 AÊ , and allowed to ride on their parent

atoms, with Uiso(H) = 1.5Ueq(O) for the hydroxyl H atoms and

1.2Ueq(C) for the remaining H atoms.

Data collection: XSCANS (Bruker, 2000); cell re®nement:

XSCANS; data reduction: SHELXTL (Bruker, 2000); program(s)

used to solve structure: SHELXTL; program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.

The authors thank the Centre of Test and Analysis,

Zhengzhou University, for support.
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