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The complexes K2[PtCln] (n = 4 or 6) react with pyrazoles 3,5�MeRpzH (R = H or Me) in
0.1 M HCl at 20—25 °C to form the isomerically pure cis�[PtCln(3,5�MeRpzH)2] complexes
(n = 2 or 4) (1a,b and 3a,b), whereas a decrease in the acidity of the medium leads to a
substantial decrease in selectivity of the reaction. Thermal isomerization of complexes 1a,b and
3a,b both in solution (MeNO2) and in the solid state affords the trans�[PtCln(3,5�MeRpzH)2]
complexes (n = 2 or 4) (2a,b and 4a,b). Platinum(II) complexes 1a,b and 2a,b were also
prepared by selective reduction of genetically related PtIV compounds (3a,b and 4a,b) with the
phosphorus ylide Ph3P=CHCO2Me in chloroform. Platinum(IV) complexes (3a,b and 4a,b)
were synthesized by oxidation of the corresponding PtII complexes (1a,b and 2a,b) with mo�
lecular chlorine. X�ray diffraction study demonstrated that coordination of 3(5)�MepzH to
PtIV in complex 4a stabilizes the sterically least hindered tautomer in the solid state.
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Preparative coordination chemistry of pyrazoles is
rather versatile due to the presence of two nucleophilic
centers in these compounds and the possibility of easily
changing the electronic and steric properties of the rings by
introducing various substituents. The ability of pyrazoles
to act as neutral and anionic monodentate and exo� or
endo�bidentate ligands opens a route to numerous mono�
or polynuclear complexes.1—4 Many such compounds have
ferromagnetic properties, serve as luminophores, and ex�
hibit catalytic, antibacterial, antifungal, antiproliferative,
antiviral, and antitumor activities (see the reviews1—4 and
references herein). These complexes are studied and used
as light emitting diodes, pH sensors, anionic receptors,
synthons in supramolecular and coordination chemistry,
models of the active sites of metalloenzymes and metallo�
proteins, and models for studying homogeneous catalysis
(see the reviews1—4 and references herein). In particular,
pyrazole�containing platinum(II) complexes are exten�
sively studied and/or used as luminescence sensors,5,6

reagents in preparative coordination chemistry,7—10 and
antitumor agents.11—13

In platinum chemistry, the geometric configuration of
complexes is of particular importance for the prediction
of their properties and, correspondingly, for the determi�
nation of the field of their application. This is associated
with the difference in the reactivity and biological activity
of cis and trans isomers.14—17 Generally, platinum(II) com�

plexes with N�donor ligands in the cis configuration ex�
hibit much higher antitumor activity than their trans ana�
logs.18 At the same time, the molecular design and syn�
thesis of some polynuclear complexes require the use of
precursors in the trans form.7 For pyrazole�containing
complexes, this is true for the platinum(II) compound
cis�[PtCl2(pzH)2] (pzH is pyrazole), which displays con�
siderable antitumor activity.11 The trans isomer of this
compound is a convenient synthon for the preparation of
polynuclear complexes.7

In spite of the fact that the platinum(II) pyrazole com�
plexes [PtCl2(R1R2pzH)2] have been known for many
years, the problems of their geometric isomerism and sys�
tematic synthesis of isomeric pairs remained to be solved,
and most of the known methods for the synthesis of these
complexes are characterized by relatively low selectivity
and afford mixtures of cis and trans isomers.19,20 In addi�
tion, methods for the synthesis of platinum(IV) pyrazole
complexes have been applied only to the synthesis of the
cis�[PtCl4(pzH)2] compound.21 Platinum(IV) pyrazole
complexes, which can potentially possess such properties
as antitumor activity,22 are poorly known. The aim of the
present study was to develop procedures for the directed
synthesis of isomerically pure PtII and PtIV pyrazole com�
plexes and examine the possible factors responsible for
the formation of isomeric mixtures for some PtII pyrazole
complexes synthesized earlier.
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Results and Discussion

To study the influence of substituents in ligands on
the processes, we chose PtII and PtIV complexes with
mono� and disubstituted pyrazoles (3(5)�MepzH and
3,5�Me2pzH, respectively). Investigation of complexes
with unsymmetrical pyrazole 3(5)�MepzH was of special
interest because heterocycles characterized by this type of
substitution are convenient models for studying stabiliza�
tion of a particular tautomeric form of the ligand by a
metal center. The isomeric compositions of all complexes
were analyzed by 1H NMR spectroscopy and TLC.

Earlier, the platinum(II) pyrazole complexes
cis�[PtCl2(3,5�R2pzH)2] (R = H,11,20,23 Me,11,19

Me2CH,11 or COOH/K 11) were synthesized by the reac�
tion of K2[PtCl4] with pyrazoles 3,5�R2pzH in 0.02,11

0.1,11,19 or 1.5—2.0 M HCl (see Refs 20 and 23) or by the
reaction of K2[PtCl4] with Me2C(pz)2. The latter reaction
was accompanied by splitting of Me2C(pz)2 and gave the
cis�[PtCl2(pzH)2] complex.20 The cis�[PtCl2(pzH)2] com�
plex was also prepared by the reaction of PtCl2 with pzH
or Me2C(pz)2 in chloroform.20 The syntheses in aqueous
solutions required low pH to prevent the formation of
[PtCl4][Pt(3,5�R2pzH)4]23 and to avoid the formation of
bridging pyrazolato or hydroxo complexes. The latter
are generated due to deprotonation of the coordinated
pyrazole and/or water molecules.11 Scarce data published
in the literature show that it is preferable to perform the
reaction in 0.1 M HCl to achieve high selectivity and high
yield of the target products.11

The platinum(II) trans�pyrazole complexes
trans�[PtCl2(3,5�R2pzH)2] (R = H 20,23 or Me 19) were
synthesized earlier by refluxing [Pt(pzH)4]Cl2 in concen�

trated HCl,23 by the reaction of trans�[PtCl2(PhCN)2]
with pzH,20 and by the reaction of [PtCl2(MeCN)2] with
1�CH2OH�3,5�Me2pz (in the latter case, the ligand
is generated in situ as a result of splitting of the latter
reagent to form 3,5�Me2pzH and CH2O),19 the reac�
tions being performed under drastic conditions. All
other known procedures for the synthesis of platinum(II)
pyrazole complexes give isomeric mixtures of cis� and
trans�[PtCl2(3,5�R2pzH)2] (R = H 20 or Me 19). The task
of increasing the selectivity of the reactions and isomeric
purity of the reaction products was beyond the scope of all
the cited studies,7,11,19,20,23 and conditions of the synthe�
sis of PtII pyrazole complexes in the cis configuration
were chosen without considering the possibility of isomer�
ization of the resulting complexes in the reaction mixture.

Before the present study, the synthesis of only
one platinum(IV) pyrazole complex [PtCl4(pzH)2] in
the cis configuration has been documented. This com�
plex was prepared by the reaction of K2[PtCl6] with
pzH in water at 70 °C. However, we have demon�
strated earlier24 that this method was accompanied
by side reactions giving rise to the trans�[PtCl4(pzH)2]
and [PtCl3(pz)(pzH)2]Cl compounds along with
cis�[PtCl4(pzH)2]. Earlier, platinum(IV) pyrazole com�
plexes in the trans configuration have remained unknown.

In the present study, we performed the directed syn�
thesis of cis�platinum(II) complexes (1a and 1b) and
cis�platinum(IV) complexes (3a and 3b) with pyrazoles
characterized by different degrees of substitution by the
reactions of K2[PtCln] (n = 4 or 6) with 3,5�MeRpzH
(R = H or Me) in 0.1 M HCl at 20—25 °C (Scheme 1,
paths a and c). The reaction a of unsymmetrical pyrazole
3(5)�MepzH (see Scheme 1) is complicated by the for�

Scheme 1

R = H (a), Me (b)

Reagents and conditions: a, c. 2 pzH, 0.1 M HCl; b, d. ∆; e, f. Ph3P=CHCO2Me; g, h. Cl2.



Synthesis of PtII and PtIV pyrazole complexes Russ.Chem.Bull., Int.Ed., Vol. 55, No. 2, February, 2006 249

mation of yet unidentified products, whose number
and ratio substantially depend on pH of the solution
and the reagent ratio. One of by�products, viz.,
[PtCl4][Pt(5�MepzH)4], which is generated upon the ad�
dition of 3(5)�MepzH to K2[PtCl4] in one portion in a
ratio of 1 : 2, was isolated and characterized by elemental
analysis, 1H NMR spectroscopy, and X�ray diffraction.25

It was also found that the yield of product 1b changes only
slightly if the insoluble product cis�[PtCl2(3,5�Me2pzH)2]
(1b) is removed from the reaction mixture from time to
time, which method was recommended for the syntheses
of cis�[PtCl2(pzH)2] 11 and cis�[PtCl2(5�MepzH)2]. In ad�
dition, the synthesis of cis�platinum(IV) complexes (3a
and 3b) by the reaction of K2[PtCl6] with 3,5�MeRpzH
(R = H or Me) under the reaction conditions, which were
used in the synthesis of platinum(II) complexes 1a and 1b,
occurs with high selectivity and affords the target prod�
ucts in good yield. For example, the cis�platinum(IV) com�
plexes (3a and 3b) were prepared by the reaction of
K2[PtCl6] with 3,5�MeRpzH in 0.1 M HCl at 20—25 °C
in 85% (3a) and 76% (3b) yields.

We synthesized the trans�PtII and trans�PtIV complexes
[PtCln(3,5�MeRpzH)2] (n = 2 or 4; R = H or Me) (2a,
2b, 4a, and 4b) from their cis analogs (1a, 1b, 3a, and 3b,
respectively) by refluxing in nitromethane or by heating
in the solid state (see Scheme 1, paths b and d). These
transformations are the first examples of thermal isomer�
ization of platinum pyrazole complexes, which proceeds
according to the rule for thermal isomerization.26,27 The
thermal transformation of the cis�PtII complexes occurs
quantitatively both in solution and in the solid state. By
contrast, although isomerization of PtIV complexes oc�
curs almost quantitatively in solution, the solid�state
isomerization of such complexes is accompanied by de�
composition and, consequently, cannot be recommended
as a preparative procedure.

One of the most convenient methods for the synthesis
of PtII complexes is based on mild and selective reduction
of genetically related PtIV complexes with the phosphorus
ylide Ph3P=CHCO2Me in nonaqueous media.28 In the
present study, we used this method for the synthesis of the
cis�[PtCl2(3,5�MeRpzH)2] (1a,b) and trans�[PtCl2(3,5�
MeRpzH)2] (2a,b) complexes from the corresponding
platinum(IV) complexes 3a,b and 4a,b (see Scheme 1,
paths e and f ). In spite of relative instability on silica gel,
we purified complexes 1a,b and 2a,b by flash chromatog�
raphy on this sorbent.

On the contrary, the platinum(IV) complexes
[PtCl4(pzH)2] can be prepared by oxidation of the corre�
sponding platinum(II) complexes [PtCl2(pzH)2].29

We synthesized the isomerically pure compounds
cis�[PtCl4(MeRpzH)2] (3a,b) and trans�[PtCl4(3,5�
MeRpzH)2] (4a,b) by the reactions of the corresponding
platinum(II) complexes cis�[PtCl2(3,5�MeRpzH)2] (1a,b)
and trans�[PtCl2(3,5�MeRpzH)2] (2a,b) with molecular

chlorine (see Scheme 1, paths g and h) in chloroform.
Both reactions gave the products in nearly 100% yields.

The purity, compositions, and structures of complexes
1a—4a and 1b—4b were established by elemental analy�
sis, TLC, positive�ion FAB mass spectrometry, IR spec�
troscopy, 1H and 13C{1H} NMR spectroscopy, and X�ray
diffraction (for compounds 2b, 3b•CH2Cl2, 3b•O=CMe2,
and 4a).

The elemental analysis data for all the reaction prod�
ucts are consistent with the calculated data. The FAB
mass spectra of platinum(II) complexes 1a,b and 2a,b con�
tain peaks, whose m/z and the isotopic pattern corre�
spond to the molecular ion peak [M]+. The peaks in the
spectra of platinum(IV) complexes 3a,b and 4a,b corre�
spond to the [M – 2 H]+ fragmentation. The TGA data
for complexes 1a—4a and 1b—4b indicate that thermal
stability of dimethyl�substituted platinum pyrazole com�
plexes 1b—4b is higher than that of monomethyl�substi�
tuted complexes 1a—4a, thermal stability of trans�com�
plexes 2a,b and 4a,b is higher than that of cis�complexes
1a,b and 3a,b, and platinum(IV) complexes 3a,b and 4a,b
are thermally more stable than platinum(II) complexes
1a,b and 2a,b.

The number of peaks, their positions, and intensities
in the IR spectra of all the complexes synthesized are
similar to those in the spectra of free methylpyrazoles
3,5�MeRpzH (R = H or Me). The absorption bands were
assigned based on the data published in the literature.30,31

The IR spectra of free pyrazoles show intense broadened
absorption bands at 3120 and 764 cm–1 for 3(5)�MepzH
and at 3109 and 856 cm–1 for 3,5�Me2pzH, which were
assigned to the stretching (ν(C—H)) and out�of�plane
bending (γ(C—H)) vibrations of the C—H bond of the
ring. In the IR spectra of the platinum(II) complexes,
these bands appear as narrow peaks of the same intensity
at 3139—3113 and 792 cm–1 for 1a and 2a and at 3145
and 808—800 cm–1 for 1b and 2b, whereas these bands in
the spectra of the platinum(IV) complexes appear at
3145—3130 and 788—787 cm–1 for 3a and 4a and 3149—
3116 and 814 cm–1 for 3b and 4b and their intensities are
substantially lower. Presumably, the intensity of absorp�
tion bands in the stretching and out�of�plane bending
regions of the C—H bond of the ring can serve as an
indicator for obtaining indirect data on the oxidation
state of platinum in the [PtCln(RMepzH)2] complexes
(n = 2 or 4; R = H or Me).

In the 1H NMR spectra of complexes 1b and
2a,b—4a,b, all signals are shifted downfield relative to the
corresponding signals in the spectra of free pyrazoles
3,5�MeRpzH (by 0.1—0.5 ppm for platinum(II) com�
pounds 1a,b and 2a,b and by 0.3—0.6 ppm for platinum(IV)
compounds 3a,b and 4a,b) due to coordination of pyrazole
to the metal centers.32 The only exception is the spectrum
of compound 1a, in which, like in the spectrum of the
platinum(II) complex cis�[PtCl2(pzH)2] synthesized ear�
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lier,20 the signal for the corresponding C(3)H proton of
the pyrazole ring is shifted upfield (by 0.16 ppm).

In the 1H NMR spectra of free pyrazoles 3,5�MeRpzH
(R = H or Me), all signals are broadened due to the
presence of a tautomeric equilibrium in solution
(Scheme 2, path i).33 In symmetrical 3,5�Me2pzH, the
protons of the Me groups are equivalent and, as a conse�
quence, give one broadened signal. In the spectra of com�
plexes 1a,b—4a,b, all peaks are narrowed, whereas the
spectra of the complexes with pyrazole 3,5�Me2pzH
(1b—4b) show two signals for the protons of the Me groups.
The latter fact indicates that these protons are non�
equivalent. Presumably, this change in the spectral pat�
tern upon coordination of pyrazoles is evidence that one
of tautomers is present in a substantially larger amount
(see Scheme 2, path j).33,34 This is consistent with the
X�ray diffraction data. Only one of the possible tautomers,
viz., the sterically least hindered tautomer, was found in
the crystals of the complex with unsymmetrical pyrazole
3(5)�MepzH (4a).

Scheme 2

All signals in the 13C{1H} NMR spectra of complexes
1a,b—4a,b, like those in the 1H NMR spectra, are shifted
downfield relative to the corresponding signals in the spec�
tra of free pyrazoles 3,5�MeRpzH, except for the peaks
assigned to the carbon atoms of the Me groups. For ex�
ample, the signal for the carbon atom of the Me group in
the spectra of complexes 1a—4a is shifted upfield relative
to the corresponding signal in the spectrum of free pyrazole
3,5�MeRpzH. The 13C{1H} NMR spectra of compounds
1b—4b, like the 1H NMR spectra, show two resonances
for the coordinated Me groups (these groups are equiva�
lent in the free state), one of them being shifted downfield
and another signal being shifted upfield (by 2.0 and
1.0 ppm, respectively) relative to their positions in free
pyrazole 3,5�Me2pzH. In the 13C{1H} NMR spectrum of
free unsymmetrical pyrazole 3(5)�MepzH, the signal for
the C(5) atom (for the tautomer of 3�MepzH) is substan�
tially broadened due to exchange processes fast on the
NMR time scale.35 In the spectra of complexes 1a—4a,
no broadening is observed due, apparently, to stabiliza�
tion of only one tautomer upon coordination to PtII and
PtIV (see Scheme 2, path j).34

Compounds 2b, 3b•CH2Cl2, 3b•O=CMe2, and 4a
were structurally characterized by X�ray diffraction
(Figs 1—4). The coordination polyhedron is a distorted
planar square (2b) or an octahedron (3b•CH2Cl2,
3b•O=CMe2, and 4a) formed by two N atoms and two
(2b) or four (3b•CH2Cl2, 3b•O=CMe2, and 4a) Cl atoms
at the Pt atom. The N—N (1.35—1.37 Å), N—C
(1.33—1.36 Å), and C—C (1.36—1.40 Å) bond lengths in
the pyrazole rings of all four structures are typical of these
heterocycles. In the structures of free pyrazoles 3,5�R2pzH
(R = H or Me), the N—N, N—C, and C—C distances in
the rings are in the ranges of 1.33—1.36, 1.31—1.35, and
1.33—1.42 Å, respectively.36,37 In the structures of the
analogous pyrazole complexes cis�[PtCln(3,5�R2pzH)2]
(n = 2 or 4; R = H or Me), the distances vary in
ranges of 1.32—1.39, 1.29—1.39, and 1.29—1.43 Å, re�

Fig. 1. Molecular dimeric structure of complex 2b.
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Fig. 2. Molecular structure of complex 3b•CH2Cl2. The di�
chloromethane solvate molecule is omitted.
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spectively.19—21 The Pt—N (2.00—2.06 Å) and Pt—Cl
(2.30—2.32 Å) bond lengths in compounds 2b,
3b•CH2Cl2, 3b•O=CMe2, and 4a are comparable with
those in the analogous complexes cis�[PtCln(3,5�R2pzH)2]
(n = 2 or 4; R = H or Me) (1.93—2.04 Å and 2.28—2.32 Å,
respectively).19—21 For complex 4a with pyrazole
3(5)�MepzH, like for analogous complexes with unsym�
metrical pyrazoles 3(5)�RpzH (R = Me,32,38 Ph,39,40 or
But 40,41), the stable and sterically least hindered tau�
tomer is that in which the heterocycle is coordinated to
the metal center through the nitrogen atom most distant
from the Me group.

Complex 2b forms dimers through intermolecular hy�
drogen bonding between the NH groups of the pyrazole
fragments of one molecule and the Cl atoms of the adja�
cent molecule. The N...Cl distances are in the range
of 3.159(4)—3.215(5) Å (see Fig. 1). In compounds
3b•CH2Cl2 and 3b•O=CMe2, there is an intramolecular
hydrogen bond between the NH groups of the pyrazole
fragments and two adjacent Cl atoms. The N...Cl dis�
tances are 3.158(3)—3.259(3) and 3.134(3)—3.232(2) Å,
respectively (see Figs 2 and 3).

To summarize, we developed procedures for the
directed synthesis of the isomerically pure com�
plexes cis� and trans�[PtCln(3,5�MeRpzH)2] (n = 2 or 4;
R = H (1a—4a) or Me (1b—4b); see Scheme 1), prepared
new platinum(II and IV) pyrazole complexes (1a,b, 3a,b,
and 4b), studied their interconversions and thermal
cis—trans isomerization, and revealed the possible fac�
tors responsible for the formation of isomeric mixtures
for some already known platinum(II) pyrazole com�
plexes. Owing to the harsh reaction conditions, the
primary product in the cis configuration undergoes
isomerization and is completely or partially transformed
into the trans conformation, whereas the reactions per�
formed under mild conditions and at optimal pH se�
lectively afford cis isomers. This assumption accounts
for the formation of both isomerically pure complexes
trans�[PtCl2(3,5�MeRpzH)2]19,20 and isomeric mixtures
of cis� and trans�[PtCl2(3,5�Me2pzH)2] 19,20 in reactions,
which have been performed earlier under drastic condi�
tions. Coordination of pyrazoles to platinum(II or IV) leads
to stabilization of one particular tautomer. Coordination
of unsymmetrical pyrazole results in stabilization of the
sterically least hindered tautomer (see Scheme 2).

Experimental

Thermogravimetric studies were carried out on a Mettler
Toledo TGA85 derivatograph in aluminum crucibles at a heat�
ing rate of 8 K min–1 (temperature range was 20—1000 °C, the
rate of air flow was 3 L h–1, the weight of samples was 5—10 mg).
The TLC analysis was performed on Merck 60 F254 plates. Posi�
tive�ion fast atom bombardment mass spectra were obtained on
a Kratos MS�50C instrument using 3�nitrobenzyl alcohol as a
matrix; samples were bombarded with 8�keV Xe atoms. The
IR spectra were recorded in KBr pellets on a Bruker Vector 22
FTIR instrument in the 4000—400 cm–1 region. The 1H and
13C{1H} NMR spectra were measured on a Bruker DPX 300
spectrometer at room temperature.

Commercial solvents and reagents, viz., 3(5)�methylpyr�
azole, 3,5�dimethylpyrazole (Aldrich), and the phosphorus ylide
Ph3P=CHCO2Me (Lancaster), were used without additional
purification.

The cis�[PtCln(MeRpzH)2] complexes (n = 2 or 4; R = H
or Me) (1a,b and 3a,b) were synthesized according to a modified
procedure, which has been developed earlier for the synthesis of
cis�[PtCl2(pzH)2].11 Pyrazole 3,5�MeRpzH (1.00 mmol) was

Fig. 3. Molecular structure of complex 3b•O=CMe2. The ac�
etone solvate molecule is omitted.
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added with stirring to a solution of K2[PtCl4] (1.00 mmol)
(K2[PtCl6] in the case of 3a,b) in 0.1 M HCl (5 mL). The
reaction mixture was vigorously stirred at room temperature for
1 day, after which the beige precipitate (yellow precipitate in the
case of 3a,b) that formed was filtered off. Then an additional
amount of 3,5�MeRpzH (1.00 mmol) was added to the filtrate.
The reaction mixture was stirred for 5 days (7 days in the case of
3a,b) at room temperature. The product that precipitated was
filtered off every day until the precipitation ceased. All portions
of the reaction product were combined, washed with distilled
water (5 mL), rapidly washed with acetone (5 mL) at room
temperature (washing with acetone was not required only
for 3a,b), and dried in air at 20—25 °C. The yields were 53% (1a),
47% (1b), 85% (3a), and 76% (3b).

The trans�[PtCln(MeRpzH)2] complexes (n = 2 or 4; R = H
or Me) (2a,b and 4a,b) were synthesized by refluxing
cis�[PtCln(MeRpzH)2] (1a, 1b, 3a, or 3b) (0.11 mmol) in
nitromethane (5 mL) for 10, 30, 13, or 18 h, respectively, fol�
lowed by removal of the solvent in an air flow and drying in air at
room temperature for 1 day. The trans�[PtCln(MeRpzH)2] com�
plexes (2a, 2b, 4a, and 4b) were also synthesized by heating solid
complexes 1a and 1b at 150 °C for 8 and 10 h, respectively, and
complexes 3a and 3b at 170 °C for 23 and 35 h, respectively. The
temperature mode of thermal isomerization of the complexes
was chosen based on the TGA data for the starting compounds.
Thermal isomerization was monitored by TLC (Merck 60 F254
plates; CH2Cl2—Me2CO, 12 : 1, as the eluent). Both procedures
gave the platinum(II) complexes in nearly quantitative yields. In
the first case, the yields of the platinum(IV) complexes were 87%
(4a) and 92% (4b). In the second case, the yields were 52% (4a)
and 65% (4b). Complex 4a (or 4b) was separated from the start�
ing compound 3a (or 3b) by flash chromatography (Fluka Silica
gel 60; CH2Cl2—Et2O, 5 : 1, as the eluent).

The cis�[PtCl2(MeRpzH)2] compounds (R = H (1a) or Me
(1b)) were prepared also by reduction of cis�[PtCl4(MeRpzH)2]
(R = H (3a) or Me (3b)) with the phosphorus ylide
Ph3P=CHCO2Me. The latter reagent (0.040 g, 0.12 mmol) was
added to a suspension of complex 3a (or 3b) (0.10 mmol) in
chloroform (5 mL). The reaction mixture was vigorously stirred
at room temperature for 30 min, after which product 1a (or 1b)
was purified by flash chromatography (Fluka Silica gel 60;
CH2Cl2—Et2O, 5 : 1, as the eluent). Compound 1a (or 1b) was
additionally purified, if necessary, by rapid washing of the pre�
cipitate with acetone. Analogously, the trans�[PtCl2(MeRpzH)2]
complexes (R = H (2a) and Me (2b)) were obtained without
additional purification. The yields were 64% (1a), 85% (1b),
88% (2a), and 86% (2b).

The cis�[PtCl4(MeRpzH)2] complexes (R = H (3a) or
Me (3b)) were synthesized by oxidation of complex 1a (or 1b)
(0.50 mmol) with molecular chlorine in chloroform (3 mL) at
room temperature for 20 min. The solvent was removed from
the resulting bright�yellow solution in an air flow. Compound
3a (or 3b) was dried in air at 20—25 °C for 1 day. Analogously,
the trans�[PtCl4(MeRpzH)2] complexes (R = H (4a) or Me (4b))
were prepared by chlorination of complex 2a or 2b. In both
cases, the products were prepared in nearly quantitative yields.

c i s� D i c h l o r o [ b i s ( 5 � m e t h y l p y r a z o l e ) ] p l a t i n u m ( I I ) ,
cis�[PtCl2(5�MepzH)2] (1a). DTA/TG: at 155 °C the gradual
mass loss started; the mass loss was: 155—240 °C, 3.8%;
240—330 °C, 11.4%; 330—500 °C, 38.7%. Rf 0.59
(CH2Cl2—Me2CO, 12 : 1, as the eluent). Found (%): C, 22.36;

H, 2.85; N, 13.06. C8H12N4Cl2Pt. Calculated (%): C, 22.34;
H, 2.81; N, 13.02. MS, m/z: 430 [M]+, 358 [M – 2 Cl – H]+.
IR, ν/cm–1: 3209 (N—H); 3137, 3113 (C—H); 1571, 1536
(C=N + C=C). 1H NMR (acetone�d6), δ: 12.49 (s, 1 H, NH);
7.29 (d, 1 H, C(3)H, J = 2.2 Hz); 6.20 (d, 1 H, C(4)H, J =
2.2 Hz); 2.37 (s, 3 H, Me). 1H NMR (CDCl3), δ: 12.20 (s, 1 H,
NH); 7.35 (d, 1 H, C(3)H, J = 2.2 Hz); 5.94 (d, 1 H, C(4)H, J =
2.2 Hz); 2.21 (s, 3 H, Me). 13C{1H} NMR (CDCl3), δ: 142.8
(C(5)Me); 141.6 (C(3)H); 106.0 (C(4)H); 11.2 (Me).

cis�Dichloro[bis(3,5�dimethylpyrazole)]platinum(II),
cis�[PtCl2(3,5�Me2pzH)2] (1b). DTA/TG: at 230 °C the gradual
mass loss started; the mass loss was: 230—290 °C, 16.1%;
290—365 °C, 57.3%. Rf 0.60 (CH2Cl2—Me2CO, 12 : 1, as the
eluent). Found (%): C, 26.37; H, 3.49; N, 12.06. C10H16N4Cl2Pt.
Calculated (%): C, 26.21; H, 3.52; N, 12.23. MS, m/z: 458 [M]+,
423 [M – Cl]+, 387 [M – 2 Cl]+. IR, ν/cm–1: 3269 (N—H);
3145 (C—H); 1635, 1572 (C=N + C=C). 1H NMR (acetone�d6),
δ: 12.18 (s, 1 H, NH); 5.99 (s, 1 H, C(4)H); 2.27 and 2.16
(both s, 3 H each, Me). 1H NMR (CDCl3), δ: 12.10 (s, 1 H,
NH); 5.77 (s, 1 H, C(4)H); 2.40 and 2.14 (both s, 3 H each,
Me). 13C{1H} NMR (CDCl3), δ: 150.1 (C(5)Me); 142.4
(C(3)Me); 105.2 (C(4)H); 13.8, 10.4 (Me).

trans�Dichloro[bis(5�methylpyrazole)]platinum( I I) ,
trans�[PtCl2(5�MepzH)2] (2a). DTA/TG: at 180 °C the gradual
mass loss started; the mass loss was: 180—285 °C, 3.3%;
285—330 °C, 6.6%; 330—380 °C, 7.8%; 380—550 °C, 16.9%;
550—1000 °C, 11.5%. Rf 0.52 (CH2Cl2 as the eluent). Found (%):
C, 22.58; H, 2.89; N, 12.97. C8H12N4Cl2Pt. Calculated (%):
C, 22.34; H, 2.81; N, 13.02. MS, m/z: 430 [M]+. IR, ν/cm–1:
3245 (N—H); 3139, 3114 (C—H); 1570 (C=N + C=C).
1H NMR (acetone�d6), δ: 12.14 (s, 1 H, NH); 7.90 (d, 1 H,
C(3)H, J = 2.2 Hz); 6.24 (d, 1 H, C(4)H, J = 2.2 Hz); 2.43 (s,
3 H, Me). 13C{1H} NMR (acetone�d6), δ: 141.8 (C(3)H); 107.0
(C(4)H); 10.8 (Me).

trans�Dichloro[bis(3,5�dimethylpyrazole)]platinum(II),
trans�[PtCl2(3,5�Me2pzH)2] (2b). DTA/TG: at 220 °C the
gradual mass loss started; the mass loss was: 220—285 °C, 12.3%;
285—410 °C, 45.5%. Rf 0.37 (CH2Cl2 as the eluent). Found (%):
C, 26.35; H, 3.56; N, 12.12. C10H16N4Cl2Pt. Calculated (%):
C, 26.21; H, 3.52; N, 12.23. MS, m/z: 458 [M]+, 387 [M – 2 Cl]+.
IR, ν/cm–1: 3211 (N—H); 3145 (C—H); 1618, 1577
(C=N + C=C). 1H NMR (acetone�d6), δ: 12.01 (s, 1 H, NH);
5.98 (s, 1 H, C(4)H); 2.59 and 2.17 (both s, 3 H each, Me).
1H NMR (CDCl3), δ: 11.81 (s, 1 H, NH); 5.75 (s, 1 H, C(4)H);
2.66 and 1.99 (both s, 3 H each, Me). 13C{1H} NMR (ac�
etone�d6), δ: 150.9 (C(5)Me); 142.5 (C(3)Me); 105.8 (C(4)H);
13.9, 9.9 (Me). 13C{1H} NMR (CDCl3), δ: 150.8 (C(5)Me);
141.9 (C(3)Me); 105.0 (C(4)H); 14.2, 10.0 (Me).

cis�Tetrachloro[bis(5�methylpyrazole)]platinum(I V),
cis�[PtCl4(5�MepzH)2] (3a). DTA/TG: at 160 °C the gradual
mass loss started; the mass loss was: 160—280 °C, 13.9%;
280—305 °C, 3.9%; 305—560 °C, 24.8%; 560—1000 °C, 14.3%.
Rf 0.40 (CH2Cl2—Me2CO, 12 : 1, as the eluent). Found (%):
C, 19.36; H, 2.47; N, 11.19. C8H12N4Cl4Pt. Calculated (%):
C, 19.18; H, 2.41; N, 11.18. MS, m/z: 498 [M – 2 H]+, 463
[M – Cl – 2 H]+, 427 [M – 2 Cl – 3 H]+. IR, ν/cm–1: 3311
(N—H); 3130 (C—H); 1563, 1504 (C=N + C=C). 1H NMR
(acetone�d6), δ: 12.50 (s, 1 H, NH); 7.79 (d, 1 H, C(3)H, J =
2.2 Hz); 6.47 (d, 1 H, C(4)H, J = 2.2 Hz); 2.54 (s, 3 H, Me).
13C{1H} NMR (acetone�d6), δ: 142.4 (C(3)H); 107.6 (C(4)H);
11.0 (Me).
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cis�Tetrachloro[bis(3,5�dimethylpyrazole)]platinum(IV),
cis�[PtCl4(3,5�Me2pzH)2] (3b). DTA/TG: at 190 °C the gradual
mass loss started; the mass loss was: 190—250 °C, 11.43%;
250—350 °C, 7.1%; 350—780 °C, 45.2%. Rf 0.44
(CH2Cl2—Me2CO, 12 : 1, as the eluent). Found (%): C, 22.94;
H, 3.16; N, 10.25. C10H16N4Cl4Pt. Calculated (%): C, 22.77;
H, 3.05; N, 10.59. MS, m/z: 491 [M – Cl – 2 H]+, 456
[M – 2 Cl – 2 H]+, 421 [M – 3 Cl – 2 H]+, 385 [M –
4 Cl – 2 H]+. IR, ν/cm–1: 3325 (N—H); 3116 (C—H); 1619,
1573 (C=N + C=C). 1H NMR (acetone�d6), δ: 11.89 (s,
1 H, NH); 6.20 (s, 1 H, CH); 2.47 and 2.11 (both s, 3 H each,
Me). 13C{1H} NMR (acetone�d6), δ: 109.5 (C(4)H); 13.7,
10.9 (Me).

trans�Tetrachloro[bis(5�methylpyrazole)]platinum(IV),
trans�[PtCl4(5�MepzH)2] (4a). DTA/TG: at 200 °C the gradual
mass loss started; the mass loss was: 200—260 °C, 13.3%;

260—285 °C, 5.3%; 285—520 °C, 39.1%. Rf 0.60
(CH2Cl2—Me2CO, 12 : 1, as the eluent). Found (%): C, 19.38;
H, 2.59; N, 11.18. C8H12N4Cl4Pt. Calculated (%): C, 19.18;
H, 2.41; N, 11.18. MS, m/z: 498 [M – 2 H]+, 463 [M – Cl –
2 H]+, 428 [M – 2 Cl – 2 H]+. IR, ν/cm–1: 3315 (N—H); 3145
(C—H); 1565, 1529 (C=N + C=C). 1H NMR (acetone�d6), δ:
12.47 (s, 1 H, NH); 8.01 (d, 1 H, C(3)H, J = 2.2 Hz); 6.46 (d,
1 H, C(4)H, J = 2.2 Hz); 2.52 (s, 3 H, Me). 13C{1H} NMR
(acetone�d6), δ: 140.9 (C(3)H); 108.1 (C(4)H); 11.1 (Me).

trans�Tetrachloro[bis(3,5�dimethylpyrazole)]platinum(IV),
trans�[PtCl4(3,5�Me2pzH)2] (4b). DTA/TG: at 240 °C the
gradual mass loss started; the mass loss was: 240—260 °C, 9.4%;
260—310 °C, 6.6%; 310—480 °C, 44.2%. Rf 0.49 (CH2Cl2 as the
eluent). Found (%): C, 22.87; H, 3.08; N, 10.42. C10H16N4Cl4Pt.
Calculated (%): C, 22.70; H, 3.05; N, 10.59. MS, m/z: 493
[M – Cl]+, 457 [M – 2 Cl – H]+, 385 [M – 4 Cl – 2 H]+. IR,

Table 1. Crystallographic data and details of structure refinement for complexes 2b, 3b•CH2Cl2, 3b•O=CMe2,
and 4a

Parameter 2b 3b•CH2Cl2 3b•O=CMe2 4a

Molecular formula C10H16Cl2N4Pt C11H18Cl6N4Pt C13H22Cl4N4OPt C8H12Cl4N4Pt
Molecular weight 458.26 614.08 587.24 501.11
Crystal system Monoclinic Triclinic Triclinic Monoclinic
Space group P21/c P1

–
P1

–
C2/c

a/Å 16.1467(9) 9.1204(3) 9.2420(6) 12.0969(9)
b/Å 10.9909(3) 9.9721(2) 9.8553(6) 11.0746(10)
c/Å 17.6103(9) 11.9160(3) 11.8541(8) 10.5266(6)
α/deg 90 111.3240(10) 111.436(5) 90
β/deg 111.981(2) 109.0570(10) 107.621(5) 99.049(5)
γ/deg 90 90.939(2) 90.735(7) 90
V/Å3 2898.1(2) 942.93(4) 948.54(11) 1392.68(18)
Z 8 2 2 4
dcalc/mg m–3 2.101 2.163 2.056 2.390
µ/mm–1 10.037 8.290 7.967 10.825
Scan range/deg 2.72—27.45 3.00—26.36 2.50—27.50 3.92—25.98
Number of measured reflections 34664 13951 17459 5211

(Rint)  (0.0463) (0.0306) (0.0383) (0.0466)
R1 (I ≥ 2σ) 0.0309 0.0189 0.0237 0.0258
wR2 (I ≥ 2σ) 0.0643 0.0395 0.0349 0.0537

Table 2. Selected bond lengths (d) and bond angles (ω) in complexes 2b, 3b•CH2Cl2, 3b•O=CMe2, and 4a

Parameter 2b 3b•CH2Cl2 3b•O=CMe2 4a

A B

Bond d/Å
Pt(1)—Cl(1) — — 2.3035(7) 2.2958(8) 2.3153(12)
Pt(1)—Cl(2) 2.3070(13) 2.2989(13) 2.3133(7) 2.3152(8) 2.312(2)
Pt(1)—Cl(3) 2.3011(13) 2.3072(13) 2.3045(7) 2.2947(7) 2.310(2)
Pt(1)—Cl(4) — — 2.3226(7) 2.3039(8) —
Pt(1)—N(1) 2.015(4) 2.004(4) 2.050(2) 2.044(3) 2.013(4)
Pt(1)—N(3) 2.013(4) 2.003(5) 2.055(3) 2.046(2) —
N(1)—N(2) 1.361(6) 1.368(6) 1.360(4) 1.349(3) 1.352(6)
N(3)—N(4) 1.346(6) 1.355(6) 1.360(3) 1.350(3) —

Angle ω/deg
Cl(1)—Pt(1)—Cl(4) — — 89.11(3) 88.26(3) —
Cl(2)—Pt(1)—Cl(3) 178.80(5) 178.45(5) 88.04(3) 88.84(3) 180.0
N(1)—Pt(1)—N(3) 177.15(18) 177.73(18) 90.36(10) 90.38(10) —
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ν/cm–1: 3332 (N—H); 3149 (C—H); 1621, 1574 (C=N + C=C).
1H NMR (acetone�d6), δ: 11.72 (s, 1 H, NH); 6.16 (s, 1 H,
CH); 2.76 and 2.52 (both s, 3 H each, Me). 13C{1H} NMR
(acetone�d6), δ: 109.0 (C(4)H); 15.0, 10.4 (Me).

X�ray diffraction analysis. Single crystals of complexes 2b,
3b•O=CMe2, and 4a suitable for X�ray diffraction study were
grown by slow evaporation of solutions of these compounds in
acetone (crystals of 3b•CH2Cl2 were grown from dichloro�
methane) at 20—25 °C. Before X�ray data collection, crystals of
complexes 2b, 3b•O=CMe2, 3b•CH2Cl2, and 4a were mounted
in a nylon loop and soaked in a cryo protectant. X�ray diffrac�
tion data sets were collected on a Nonius KappaCCD diffracto�
meter at 100(2) K (3b•CH2Cl2) or 120 K (2b, 3b•O=CMe2,
and 4a) (monochromator, Mo�Kα radiation, λ = 0.71073 Å).
The unit cell parameters were refined and the X�ray data were
merged using the Denzo�Scalepack42 or EvalCCD43 program
packages. The structures were solved by direct methods with the
use of the SIR97,44 SIR2002,45 and SHELXS9746 program pack�
ages and the WinGX graphics interface.47 Absorption cor�
rections were applied based on the intensities of equivalent
reflections with the use of the XPREP program from the
SHELXTL v.6.14�1 program package48 and the SADABS v.2.10
program49 (Tmin/Tmax were 0.2842/0.3327, 0.2418/0.4900,
0.3045/0.4146, and 0.1380/0.6136 for 2b, 3b•CH2Cl2,
3b•O=CMe2, and 4a, respectively). All structures were refined
using the SHELXL97 program package.50 The hydrogen atoms
of the NH groups in complexes 3b•CH2Cl2 and 3b•O=CMe2
were located from difference Fourier maps and were not refined.
All other hydrogen atoms were placed in calculated positions.
The atomic coordinates and complete tables of bond lengths and
bond angles were deposited with the Cambridge Structural Da�
tabase. Principal crystallographic parameters and details of struc�
ture refinement are given in Table 1. Selected bond lengths and
bond angles are listed in Table 2.

This study was financially supported by the Russian
Foundation for Basic Research (Project No. 06�03�
32065).
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