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Abstract�The structure of acylamino derivatives of 1-(2,4,6-trichlorophenyl)-4,5-dihydropyrazol-5-one was
studied by X-ray diffraction. 3-Acetylamino-1- (2,4,6-trichlorophenyl)-4,5-dihydropyrazol-5-one and 3-benz-
oylamino-1-(2,4,6-trichlorophenyl)-4,5-dihydropyrazol-5-one exist in crystal as CH tautomers. The nature and
number of acylamino groups were found to affect the nature of intermolecular hydrogen bonds in the crystals
studied.

Pyrazol-5-ones are widely used in medicine, color
photography, analytical chemistry, and agriculture,
which is largely due to structural features of these
compounds, specifically, their tendency for tautomeric
transformations [1�4]. 1-Substituted derivatives can
exist in at least three tautomeric forms (CH, OH,
and NH).

Moreover, the tautomerism involving substituents
R3 and R4 is possible. The abundant evidence shows
that the state of the tautometic equilibrium of pyrazol-
5-ones in solutions strongly depends on the nature of
substituents and the medium [5�12].

As judged from the crystal structures available in
the Cambridge Structural Database [9�16], the pre-
ferred forms of pirazol-5-ones in crystal are those
stabilized by intra- and intermolecular H bonding.

In this connection we considered it of interest to

study the structure of 3-acetylamino-1-(2,4,6-trichloro-
phenyl)-4,5-dihydropyrazol-5-one (Ia, R1 = 2,4,6-
Cl3C6H2, R3 = Ac, R4 = H) and 3-benzoylamino-1-
(2,4,6-trichlorophenyl)-4,5-dihydropyrazol-5-one (Ib,
R1 = 2,4,6-Cl3C6H2, R3 = NHCOPh, R4 = H). The
amide group in compounds Ia and Ib can stabilize
any tautometic form via intermolecular interactions,
acting both as proton donor and as proton acceptor.
Being in the 3 position of the pyrazolone system, this
substituent is also capable of stabilizing the NH form
via intramolecular H-complex formation. Our recent
studies [17] actually revealed a high lability of the
tautomeric equilibria in compounds Ia and Ib in
solvents of different nature.

The samples subjected to X-ray diffraction analysis
were synthesized by known procedures [18] and
purified by recrystallization from dioxane. Principal
parameters of their crystal and molecular structure are
presented in the table and Figs. 1�3.

It is readily seen that the structures of these com-
pounds have both common and distinguishing features.
In both cases, the CH form is realized, but in com-
pound Ia it is stabilized by intermolecular H
bonds involving the substituent only, whereas inter-
molecular bonds in compound Ib involve both
the substituent NH fragment and the carbonyl oxygen
of the pyrazolone system itself. In both cases, �open-
chain� infinite structures are formed. It is interesting
to note that compounds Ia and Ib are rare examples of
pyrazolone systems in which the CH form is the most
stable in the crystal state. A possible reason for this
phenomenon is, along with packing effects (stabiliza-
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Principal geometric parameters of compounds Ia, Ib, and II as given by X-ray diffraction analysis
������������������������������������������������������������������������������������

Parameter � Ia � Ib � II � Parameter � Ia � Ib � II
������������������������������������������������������������������������������������

Bond length � d, � � Bond length � d, �

N1�N2 � 1.413(3) � 1.422(3) � 1.377(3) �C4�C5 � 1.517(3) � 1.509(4) � 1.359(3)
N1�C5 � 1.370(3) � 1.353(3) � 1.352(3) �C5�O5/O20 � 1.205(3) � 1.214(3) � 1.366(3)
N2�C3 � 1.278(3) � 1.279(3) � 1.329(3) �N1�C6 � 1.414(3) � 1.411(3) � 1.420(3)
C3�C4 � 1.485(3) � 1.400(3) � 1.401(3) �C3�N12 � 1.388(3) � 1.377(3) � 1.383(3)

Bond angle � �, deg � Bond angle � �, deg
N2N1C5 � 113.9(2) � 114.3(2) � 110.7(2) �C4C5O5/O20 � 130.6(2) � 129.6(2) � 136.2(2)
N1N2C3 � 105.8(2) � 105.3(2) � 103.9(2) �N1C5O5/O20 � 124.9(2) � 125.9(3) � 115.0(2)
N2C3C4 � 114.7(2) � 114.4(2) � 112.7(2) �N2N1C6 � 118.6(2) � 118.9(2) � 117.4(2)
C3C4C5 � 101.0(2) � 101.5(2) � 103.9(2) �C5N1C6 � 127.2(2) � 126.7(2) � 131.3(2)
C4C5N1 � 104.4(2) � 104.5(2) � 108.7(2) � � � �

Torsion angle � �, deg � Torsion angle � �, deg
C13N12C3N2 � 179.1(2) � 179.9(3) ��172.4(2) �C6N1C5O5/O20 � 3.7(4) � 3.4(4) � 7.4(3)
N2N1C6C7 � �88.4(3) � �95.3(3) � 107.7(2) � � � �
�������������������������������������������	����������������������������������������

tion by intermolecular H bonding), the donor nature of
the 3-acylamino substituents.

One more type of intermolecular H bonding,
dissimilar to the above two, we revealed in examining

the crystal structure of 3-benzoylamino-5-benzoyloxy-
1-(2,4,6-trichlorophenyl)pyrazole [II, R1 = 2,4,6-Cl3 �
C6H2, R3 = NHCOPh, R4 = OC(O)Ph]. Compounds
of this type are usually formed as by-products in
acylation of 3-amino-1-arylpyrazol-5-ones [19].
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Fig. 1. Numbering of atoms and scheme of H bonds in 3-acetylamino-1-(2,4,6-trichlorophenyl)-4,5-dihydropyrazol-
5-one (Ia).
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Fig. 2. Numbering of atoms and scheme of H bonds in 3-benzoylamino-1-(2,4,6-trichlorophenyl)-4,5-dihydropyrazol-5-one
(Ib).

However, the sample in hand was obtained by benz-
oylation of compound Ia under conditions when 3-
alkyl-1-arylpyrazol-5-ones give 4-acyl derivatives [2].
In this case, there is no question as to the preferred
tautomeric form, since compound II has a so-called
�fixed� enol form and present as cyclic dimers
(Fig. 3) formed by two pairs of H bonds between the
substituent NH fragment of one molecule and the
pyrazolone N2 atom of the other.

Hydrogen bonds in compounds Ia, Ib, and II have
the following parameters: Ia: N12�H12���O13� (1/2 + x,
1/2 � y, z), N12�H12 0.74(3), H12���O13� 2.20(3), N12���
O13� 2.929(3), �N12�H12���O13� 171(3)�; Ib: N12��H12����
O5 (1 � x, �1/2 + y, 1/2 � z), N12��H12� 0.815(18),
H12����O5 2.177(18), N12����O5 2.960(2) �, �N12��H12����
O5 161.0(18)�; and II: N12�H12���N2� (3/2 � x, y, �z),
N12�H12 0.89(2), H12���N2� 2.18(2), N12���N2�

3.000(2) �, �N12�H12���N2� 152(2)�.

Concerning the molecular structure of compounds
Ia, Ib, and II we would like to note the following.
The amide fragment is almost coplanar to the py-
razolone ring plane in all the three systems (see table)
and has the N�H and C=O bonds s-trans(anti) to the
central N�C bond. This configuration is consistent
with the conformational effects in other amides, ob-
served experimentally in the crystal and gas phases
[20,21], as well as with MNDO and PM3 semiem-
pirical calculations for these and model compounds
[17, 22]. According to the calculations, the s-cis(syn)
conformers are less stable by 6�8 kJ/mol. The amide
nitrogen atom of the substituent has a nearly planar
trigonal configuration (the sum of N12 bond angles is
359.5, 358.4, and 358.5� in compounds Ia, Ib, and II,
respectively). The length of the central amide bond in
all the three compounds is a normal value (1.35�
1.38 � [20,21]) and equals 1.361(3), 1.366(4), and
1.366(4) � in compounds Ia, Ib, and II, respectively.
The ring carbonyl group involved in H bonding
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Fig. 3. Numbering of atoms and scheme of H bonds in 3-benzoylamino-5-benzoyloxy-1-(2,4,6-trichlorophenyl)pyrazole
(II).

is longer than free carbonyl [dC=O 1.214(3) � in
compound Ib and 1.205(3) � in compound Ia]. The
C=O bond in the amide substituent has almost equally
long in all the compounds (within experimental error)
or slightly longer in compound Ia [1.217(3) �], where
this group is involved in H bonding, compared with
compounds Ib and II [1.213(3) �], where it is free.

The plane of the trichlorophenyl substituent is
almost orthogonal to the plane of the pyrazolone ring
in all the three compounds; the benzoyloxy substituent
in compound II is almost coplanar to the pyrazolone
ring (see table).

EXPERIMENTAL

Thin-layer chromatography was performed on
Silufol UV-254 plates (development in iodine vapor
and fixation with water). Eluent acetone�toluene
(1 : 6, by volume).

The IR spectra were measured on a Specord M-80
instrument at 600�4000 cm�1 for suspensions in Nujol
and 0.1 M solutions (cell thickness d 0.1�0.12 mm).
The measurement accuracy was �1 cm�1.

The 1H NMR spectra were obtained on a Unity-300
instrument at 25�C, operating frequency 300 MHz.
The chemical shifts were determined relative to
residual proton signals of deuterochloroform.

X-ray diffraction analysis of compounds I and II
was performed on an Enraf�Nonius CAD-4 diffracto-
meter at 20�C (CuK

�
radiation, � 1.54184 �).

Crystals of compound Ia, C11H8N3O2Cl3, mono-
clinic. At 20�C: a 9.937(5), b 13.940(7), c
11.339(4) �; 	 95.23(4)�, V 1564(1) �3, Z 4, dcalc
1.552, space group P21/a.

Crystals of compound Ib, C16H10O2N3Cl3, mono-
clinic. At 20�C: a 13.20(1), b 9.40(1)(4), c 14.60(1) �;
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	 110.76(6)�, V 1692(3), dcalc 1.502, Z 4, space group
P21/c.

Crystals of compound II, C23H14O3Cl3N3, mono-
clinic. At 20�C: a 12.203(6), b 12.567(4), c 28.045(5);
	 94.74(3)�, V 4286(3) �3, dcalc 1.509, Z 8, space
group I2/a.

The unit cell parameters and the intensities of 3524
(Ia), 2427 (Ib), and 5891 (II) reflections, 2794 (Ia),
1891 (Ib), and 2586 (II) of which had I > 3
(I), were
measured by �/2� scanning with variable scanning
rate, 16.4 deg/min in �. No intensity decay of control
reflections was observed during measurements.
Empirical absorption corrections were applied (
Cu
55.662, 51.349, and 42.201 cm�1 for structures Ia, Ib,
and II, respectively).

The structures were solved by the direct method
using the SIR program [23] and refined first isotro-
pically and then anisotropically. Hydrogen atoms were
refined isotropically. The final divergence factors
were as follows: structure Ia: R 0.047 and RW 0.061,
on 2607 unique reflections with F 2 � 3
; structure Ib:
R 0.034 and RW 0.043, on 1676 unique reflections
with F 2 � 3
; and structure II: R 0.039 and RW 0.053,
on 2384 unique reflections with F 2 � 3
. All calcula-
tions were performed using the MolEN programs [24]
on Alpha Station 200. The molecular drawings were
obtained and intermolecular contacts, including
hydrogen bonds in crystals, were analyzed using the
PLATON program [25]. The crystal data (except for
structure factors) obtained in the present work were
deposited in the Cambridge Structural Database
(supplementary publication CCDC 161446, 161447,
161448).

3-Acetylamino-1-(2,4,6-trichlorophenyl)-4,5-di-
hydropyrazol-5-one (Ia) was repeatedly recrystal-
lized from dioxane, mp 236�238�C, Rf 0.63. IR spec-
trum, �, cm�1: 3250, 3220, 3100 (N�H), 1730 (hetero-
ring C=O), 1680 sh (substituent C=O), 1620 (C=N),
1600, 1570, 1555 (C=Carom). 1H NMR spectrum, �,
ppm: 2.17 s (3H, CH3), 4.04 s (2H, 4-CH2), 7.45 s
(2H, arom), 8.05 s (1N, 3-NH). Found, %: C 41.64; H
2.39; N 12.99. C11H8Cl3N3O2. Calculated, %: C 41.18;
H 2.49; N 13.10.

3-Benzoylamino-1-(2,4,6-trichlorophenyl)-4,5-di-
hydropyrazol-5-one (Ib), was thrice recrystallized
from dioxane, mp 280�C (the unit cell contain one
solvate dioxane molecule which is in a special posi-
tion in the symmetry center), Rf 0.46. IR spectrum, �,
cm�1: 3160, 3090 (N�H), 1700 (heteroring C=O),
1680 sh [C=O, NHC(O)Ph], 1620 (C=N), 1580, 1560,
1518 (C=Carom). 1H NMR spectrum, �, ppm: 4.22 s
(2H, 4-CH2), 7.44�7.87 m (7H, arom), 8.61 s (1H,

3-NH). Found, %: C 50.20; H 2.61; Cl 27.80. C16H10 �
Cl3N3O2. Calculated, %: C 50.18; H 2.69; Cl 27.60.

3-Benzoylamino-5-benzoyloxy-1-(2,4,6-trichloro-
phenyl)pyrazole (II). A mixture of 2.6 mmol of a
finely ground compound Ib and 30 ml of 1,4-dioxane
was heated to 50�C. Calcium hydroxide, 0.386 g, was
added with vigorous stirring and then, dropwise, over
the course of 1 min, 0.367 g of a freshly distilled
benzoyl chloride (heat release was observed). The re-
action mixture was refluxed for 30 min, cooled, and
poured into a mixture of 2.28 ml of ethanol, 1.51 ml
of concentrated hydrochloric acid, and 1.51 g of ice.
The mixture was allowed to stand for 12 h at 5�C, and
the precipitate that formed was filtered off and recrys-
tallized from aqueous ethanol. A white precipitate was
obtained, mp 190�C, yield 47%, Rf 0.43. IR spectrum
(Nujol), �, cm�1: 3250 (N�H), 1762 [C=O,
C6H5C(O)O], 1680 [C=O, NHC(O)C6H5], 1620 sh
(C=N), 1590, 1550, 1520, 1500 (C=Carom). 1H NMR
specrum, �, ppm: 7.03 s (1H, 4-CH), 7.2�8.0 m (12H,
arom), 8.43 s (1H, 3-NH). Found, %: C 56.28; H 2.55;
Cl 21.80. C23H14Cl3N3O3. Calculated, %: C 56.73;
H 2.87; Cl 21.89.
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