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Abstract—A series of mono- and bimetallic cation-anionic complexes based on the [PtPy4]2+ cation with dif-
ferent single-charge anions of carboxylic acids (RCOO–) is synthesized and structurally characterized. A syn-
thetic approach to the preparation of tetrapyridineplatinum complexes [PtPy4]2+ soluble in polar solvents
from available reagents is developed. The reaction of tetrapyridineplatinum dichloride [PtPy4](Cl)2 with sil-
ver acetate or trif luoroacetate affords compounds [PtPy4](OOCMe)2·6H2O (I) and [PtPy4](OOCCF3)2·
2H2O (II) in the form of crystalline hydrates (CIF files CCDC nos. 2161100 and 2161101, respectively) in high
yields. Other carboxylates can be prepared by the treatment of compound I with an excess of a stronger acid,
for example, trif luoroacetic acid, with the formation of the corresponding complex trif luoroacetate
[PtPy4](OOCCF3)2·4CF3COOH (IIa) (CIF file CCDC no. 2161102). Another method consists of the dis-
placement of acetic acid with an excess of a lowly volatile acid, for example, pivalic acid, when [PtPy4](Piv)2·
5HPiv (III) is formed from the acid melt, and solvatomorph [PtPy4](Piv)2·4HPiv·3C6H12 (IIIa) (CIF files
CCDC nos. 2161103 and 2161104, respectively) is formed in a cyclohexane medium. Heteroanionic hetero-
metallic complex [PtPy4](OOCFc)(OOCMe) (IV) (CIF file CCDC no. 2161105) is shown to be formed by
the reaction of complex I with ferrocenecarboxylic acid under mild conditions.

Keywords: platinum, cation-anionic complexes, crystalline hydrates, synthesis, X-ray diffraction analysis,
crystal chemistry
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INTRODUCTION

The study and modification of coordination com-
pounds of platinum and platinum group metals as a
whole and their chemical and physicochemical prop-
erties are of interest due to potent value of these com-
pounds for using as precursors of supported catalysts
of cracking and reforming of oil fractions [1], for fine
chemical synthesis [2, 3], due to biotherapeutic prop-
erties [4–7], and as sources of metal-containing ions
in reaction mass spectrometry [8, 9].

In many cases, it is important that the synthesized
compounds would not contain halides strongly bound
to the metal center, which results in a broad use of
acetylacetonates [10] or carboxylates of the corre-

sponding metals for synthetic and catalytic applica-
tions [11]. However, unlike convenient and available
for synthesis palladium acetate [Pd3(OOCMe)6] [12,
13], the crystalline form of platinum(II) acetate [14–
16] is a lowly soluble, poorly available, and chemically
lowly inert compound, which restricts its use for syn-
thetic purposes. Another possible starting compound,
acetate platinum blue [17], is efficient in the synthesis
of the heterometallic platinum complexes [18–20] and
a series of cation-anionic and mononuclear complexes
with chelating ligands, for instance, with 1,10-phenan-
throline [21], but the synthesis of palladium blue is
also difficult.

A possible approach that makes it possible to pre-
pare stable containing no chlorine anions plati-
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num(II) carboxylate complexes from available potas-
sium tetrachloroplatinite K2[PtCl4], which are highly
soluble in polar solvents, for example, water or alco-
hols, can be the insertion of chemically stable aromatic
N-donor ligands (e.g., pyridine (Py)) into the coordi-
nation sphere of platinum with the displacement of the
strongly bound chloride anion to the outer sphere of
the complex followed by binding with silver salts. The
present work is devoted to the use of this approach and
study of the properties of the synthesized carboxylates
of the [PtPy4]2+ cation, including heterometallic car-
boxylates.

EXPERIMENTAL
The solvents used (pyridine, n-hexane, cyclohex-

ane, and diethyl ether) were purified according to
standard procedures [22]. Compounds K2[PtCl4]
(REAKHIM, Russia), silver acetate (MeCOOAg
99%, Sigma-Aldrich), silver trif luoroacetate
(CF3COOAg 98%, Sigma-Aldrich), pivalic acid
(Me3CCOOH 99%, Sigma-Aldrich), trif luoroacetic
acid (CF3COOH 99%, Sigma-Aldrich), and ferrocen-
ecarboxylic acid (FсCOOH, 97%, Sigma-Aldrich)
were used as received. The [PtPy4]Cl2·3H2O cation-
ionic complex was synthesized according to a known
procedure [23] and used for the synthesis of the com-
plexes as the starting compound.

Elemental analysis was carried out on a EuroVector
EA3000 automated C,H,N analyzer (Italy, 2008). IR
spectra were recorded on a Bruker Alpha FTIR spec-
trometer by the attenuated total internal reflectance
(ATR) method in a range of 4000–400 cm–1.

Synthesis of [PtPy4](OOCMe)2·6H2O (I). A 250-
mL beaker was filled with [PtPy4]Cl2·3H2O (700 mg,
1.2 mmol), and the contents was dissolved in water
(40 mL). A weighed sample of silver acetate (400 mg,
2.4 mmol) was placed in a 250-mL beaker and dis-
solved in water (60 mL) on heating to 25°С. The
resulting solution of silver acetate was filtered on a
folded filter, and both solutions were mixed together.
The formed finely crystalline precipitate of silver chlo-
ride was filtered off on a Schott filter. The filtrate was
evaporated under reduced pressure to 2 mL and left for
crystallization. The yield of transparent crystals of
compound I was 720 mg (82%).

IR (ATR; ν, cm–1): 2920 s, 2852 m, 1610 w,
1560 m, 1455 m, 1376 m, 1329 w, 1244 w, 1214 w,

For C24H38N4O10Pt

Anal. calcd., % C, 39.08 H, 5.19 N, 7.60

Found, % C, 39.36 H, 4.71 N, 7.45
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1156 w, 1077 m, 1050 w, 1016 w, 949 w, 919 w, 768 m,
696 m, 617 m, 471 m.

Synthesis of [PtPy4](OOCCF3)2·2H2O (II). Com-
pound [PtPy4]Cl2·3H2O (70 mg, 0.120 mmol) was
placed in a 25-mL beaker and dissolved in water
(4 mL). A weighed sample of silver trif luoroacetate
(40 mg, 0.240 mmol) was placed in a 25-mL beaker
and dissolved in water (6 mL) on heating to 25°С. The
resulting solution of silver trif luoroacetate was filtered
on a folded filter to remove impurities, and both solu-
tions were mixed. The formed precipitate of silver
chloride AgCl was filtered off, and an aqueous solu-
tion of the complex was evaporated under reduced
pressure to form a crystalline mixture. The yield of the
product was 92 mg (98%).

IR (ATR; ν, cm–1): 3176 br.w, 3364 br.w, 3103 w,
3079 w, 3032 w, 1679 s, 1608 m, 1482 w, 1455 m,
1417 w, 1375 w, 1172 s, 1150 s.

Synthesis of [PtPy4](OOCCF3)2·4(OOCCF3) (IIa).
A weighed sample of complex I (74 mg, 0.1 mmol) was
placed in a 25-mL round-bottom flask and dissolved
in water (1 mL). A 50% solution of trif luoroacetic acid
in water (3 mL) was poured to the obtained solution,
and the mixture was heated in a steam bath with a
reflux condenser for 1 h and evaporated to dryness.
Then 100% trif luoroacetic acid (3 mL) was added fol-
lowed by heating. A transparent solution formed due
to the reaction was concentrated to 1 mL and left for
crystallization. Colorless transparent crystals of com-
pound IIa was decanted and washed with cold diethyl
ether. The yield of compound IIa was 103 mg (86%).

IR (ATR; ν, cm–1): 1782 br.m, 1701 w, 1613 w,
1459 m, 1317 w, 1195 m, 1143 s, 1077 m, 1021 w, 787 m,
768 s, 693 s, 608 w, 591 w, 516 w, 475 w.

Synthesis of [PtPy4](OOCCMe3)2·5HPiv (III). A
weighed sample of complex I (200 mg, 0.27 mmol) was
placed in a 50-mL round-bottom flask, and pivalic
acid (4 g, 39.16 mmol) was added. The reaction mix-
ture was heated at 90°С in an oil bath for 2 h using
magnetic stirring with a ref lux condenser. A crystalline
precipitate was formed on slow cooling of the pivalic
acid melt. The precipitate was washed from a pivalic

For C24H24N4O6F6Pt

Anal. calcd., % C, 37.26 H, 3.13 N, 7.24

Found, % C, 37.07 H, 3.42 N, 6.89

For C32H24N4O12F18Pt

Anal. calcd., % C, 32.20 H, 2.03 N, 4.69

Found, % C, 32.31 H, 2.10 N, 4.57
ORDINATION CHEMISTRY  Vol. 48  No. 12  2022
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acid excess by consecutive washing with n-hexane and
cold diethyl ether. The yield of the product was
295 mg (89%).

IR (ATR; ν, cm–1): 3101 w, 3034 w, 2958 w, 2930 w,
2869 w, 1733 w, 1701 m, 1665 w, 1611 m, 1562 m,
1479 m, 1458 w, 1391 w, 1279 w, 1184 m, 1149 m,
1078 m, 1018 m, 934 m, 885 m, 862 m, 774 m, 700 s,
603 m, 529 m, 521 m, 403 m.

Synthesis of [PtPy4](OOCCMe3)2·4HPiv·3C6H12

(IIIa). A weighed sample of complex I (150 mg,
0.2 mmol) was placed in a 50-mL round-bottom flask,
and a solution of pivalic acid (102 mg, 1 mmol) in
cyclohexane (10 mL) was added. The resulting solu-
tion was refluxed in an oil bath for 1 h, evaporated on
a rotary evaporator until an oily liquid formed, and left
for crystallization. After 2 days, large transparent crys-
tals were observed, separated by decantation, and
dried in an argon flow from a solvent excess. The yield
of platy crystals was 210 mg (75%).

IR (ATR; ν, cm–1): 2955 m, 2925 s, 2851 m,
1728 m, 1701 s, 1630 m, 1562 w, 1479 s, 1455 s, 1409 w,
1391 w, 1361 m, 1279 m, 1185 s, 1151 s, 1076 s, 936 w,
862 s, 797 s, 773 s, 754 s, 700 s, 662 w, 604 m, 584 w,
523 s, 475 w, 449 w, 405 m.

Synthesis of [PtPy4](OOCFc)(OOCMe)·6H2O
(IV). Ferrocenecarboxylic acid FcCOOH (40 mg,
0.173 mmol) was placed in a 50-mL beaker, and the
contents was dissolved in methanol (13 mL). The
resulting solution was filtered from insoluble impuri-
ties on a folded filter, and compound I (54 mg,
0.073 mmol) in methanol (20 mL) was added.
The obtained solutions were mixed and filtered on a
folded filter from possible mechanical impurities. Yel-
low crystals isolated upon slow dryness of the solution
were decanted from the mother liquor, washed with
n-hexane, and dried in air. The yield of the product
was 24 mg (34%).

For C55H88N4O14Pt

Anal. calcd., % C, 53.95 H, 7.24 N, 4.56

Found, % C, 53.81 H, 7.55 N, 4.36

For C68H114N4O12Pt

Anal. calcd., % C, 59.87 H, 8.03 N, 4.01

Found, % C, 59.38 H, 8.42 N, 4.13

For C33H44FeN4O10Pt

Anal. calcd., % C, 43.67 H, 4.89 N, 6.17

Found, % C, 43.71 H, 4.69 N, 5.87
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
IR (ATR; ν, cm–1): 3375 br.w, 3097 w, 1649 m,
1608 m, 1555 m, 1455 m, 1384 m, 1343 m, 1321 m,
1279 m, 1217 m, 1156 m, 1106 m, 1077 m, 1052 m,
1025 m, 933 m, 914 m, 821 m, 769 m, 739 m, 696 m,
597 m, 562 s.

X-ray diffraction (XRD). The XRD data for com-
plex I were obtained on the Belok beamline at the
Kurchatov synchrotron radiation source of the
National Research Center Kurchatov Institute (Mos-
cow, Russia) in the ϕ scan mode using a Rayonix
SX165 CCD detector at 100 K (λ = 0.74500 Å) [24].
Unit cell parameters were determined and refined,
reflections were integrated, and a reflection intensity
absorption correction was applied using the XDS soft-
ware [25].

The XRD data for complexes II–IV were obtained
on a Bruker D8 Venture Photon diffractometer in the
ϕ and ω scan modes at the Center for Collective Use
of the Kurnakov Institute of General and Inorganic
Chemistry (Russian Academy of Sciences) at 100 K
(150 K for crystals of compound IIa) at the X-ray radi-
ation wavelength λ = 0.71073 Å using an Incoatec IμS
3.0 microfocus X-ray radiation source. In the case of
complex III, the experiment was carried out at λ =
1.54178 Å. Primary indexing, unit cell parameter
refinement, and reflection integration were carried
out using the Bruker APEX3 software [26]. A reflec-
tion intensity absorption correction was applied using
the SADABS software [26].

The structures of complexes I–IV were solved by
direct methods [27] and refined in the anisotropic
approximation by least squares for F 2 for all non-
hydrogen atoms [28] except for f luorine atoms in the
lower disordering component of the CF3 group of the
trif luoroacetic acid molecule in complex IIa and par-
tially occupied position of the cocrystallization pivalic
acid molecule in complex III. The disordered posi-
tions of the atoms of the trif luoroacetate groups in
complex II were refined using restraints imposed on
the geometric parameters of the model (SADI rules),
and the strongly disordered tert-butyl groups of the
pivalate anions and neutral pivalic acid in complex III
were refined using restraints on geometric parameters
(SADI, DFIX, FLAT) and thermal shifts of atoms
(SIMU, RIGU).

Hydrogen atoms were placed in the calculated posi-
tions and refined by the riding model with Ueq(H) =
1.5Ueq(C) for the hydrogen atoms of the methyl groups
and 1.2Ueq(C) for the hydrogen atoms of pyridine and
cyclohexane. The positions of the hydrogen atoms of
water, pivalic acid, and trif luoroacetic acid involved in
hydrogen bond formation were revealed from the elec-
tron density map and refined in the isotropic approxi-
mation without geometric restraints in the case of
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complexes II and IIа and using geometric restraints in
the case of complexes I, III, IIIa, and IV (DFIX or
SADI rules).

The calculations were performed using the
SHELXTL software [28] in the OLEX2 visualization
and data processing medium [29].

The structures were deposited with the Cambridge
Crystallographic Data Centre (CIF files CCDC nos.
2161100–2161105 for compounds I–IV, respectively)
and are available at ccdc.cam.ac.uk/structures
(deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.
ac.uk/data_request/cif).

RESULTS AND DISCUSSION

The popular method for the synthesis of molecular
[23], cation-ionic [30], and mono- and bimetallic [31]
platinum complexes is the use of K2[PtCl4] as the plat-
inum source at the initial stages of the synthesis. At the
same time, the common products of these reactions
are the chlorine-containing complexes of the general
structure [PtL2Cl2], [PtL4](Cl)2, or [Pt(LH)2L2] (in
the case of the possible deprotonation of nitrogen-
containing ligand LH), and these compounds can save
as convenient “building blocks” for the preparation of
heterometallic complexes [32]. The approaches to the
preparation of the acetate and carboxylate systems as a
whole and their chemical properties are less studied
[33], although some noble metal carboxylates were
shown to be capable of transferring to the gas phase
[34] and the platinum complexes with pyridine are
highly volatile [9], and the chemical nature and com-
position of the anion play an important role in the for-
mation of metal-containing ions.

It is known that K2[PtCl4] easily enters complex
formation reactions with the N-donor ligands [23],
which makes it possible to separate platinum from
potassium at the first stage to obtain the platinum
complexes of the cis structure, and the cation-anionic
complex can be isolated at the second stage

(1)

(2)

Compound [PtPy4](Cl)2 is a convenient starting
reagent for ion exchange reactions and substitution of
chloride anions by other carboxylate (acetate or trif lu-
oroacetate) anions using soluble silver salts
MeCOOAg or CF3COOAg, respectively

(3)

+ → +2 4 2 2K PtCl 2Py -Py PtCl 2KCl,[ ] [ ]cis

( )+ →2 2 4 2[ ] exc [-Py PtCl Py . P ](tPy C .)lcis

+
→ +

4 2

4 2

PtPy Cl 2MeCOOAg
[PtPy ](OOCMe) 2A

[ ]( )
gCl.
RUSSIAN JOURNAL OF CO
Complex [PtPy4](OOCMe)2 (I) remains in the
solution due to its high solubility and can be isolated
by concentrating as crystals of hexahydrate
[PtPy4](OOCMe)2·6H2O (Fig. 1). According to the
XRD data, the crystals have the triclinic space
group P , and the platinum atom Pt(1) lies on the
inversion center.

As a whole, the structure is formed by discrete cat-
ions [PtPy4]2+ and acetate anions bound to the water
molecules via hydrogen bonds that do not enter the
nearest coordination environment of the platinum
atoms: the shortest Pt(1)–O(1) distance to the oxygen
atoms of the anion is 4.785(2) Å, which excludes any
direct interaction between the central platinum atom
of the cation and acetate anions. The cation itself
exhibits the expected planar square environment of the
platinum atoms and corresponding nitrogen atoms of
coordinated pyridine with the Pt(1)–N interatomic
distance equal to 2.020(2)–2.025(2) Å, which is char-
acteristic of this cation [35]. The angle between the
basal planes of the adjacent molecules of coordinated
pyridine is 83.52(8)°, and the interplanar angles
formed by four nitrogen atoms of the cation and pyri-
dine planes N(1)C(1)C(2)C(3)C(4)C(5) and
N(2)C(6)C(7)C(8)C(9)C(10) are 66.35(9)° and
72.23(9)°, respectively (detailed information about the
interatomic distances and angles in the crystals of
complexes I–IV is given in Tables 1–3). Water of crys-
tallization forms numerous hydrogen bonds between
both molecules of water itself and water molecules and
acetate anions and separates the layers of cations and
anions in the structure of complex I (Fig. 2), and the
shortest distance between the platinum atoms of the
adjacent cations is 8.6555(10) Å. The hydrogen bond
parameters in the structures of compounds I–IV are
given in Table 4.

Complex [PtPy4](OOCCF3)2·2H2O (II) (Fig. 3)
can be synthesized using a similar procedure by the
exchange reaction with silver trif luoroacetate. As
shown earlier, this complex can form platinum-con-
taining cations in the gas phase upon thermolysis
under the conditions of mass spectrometric experi-
ment [9]. The complex was isolated in the solid phase
as dihydrate [PtPy4](OOCCF3)2·2H2O that crystal-
lizes in the triclinic space group P  with the main geo-
metric parameters of the cation close to those of ace-
tate complex I (Tables 1–3).

The most distinction from the structure of
complex I is the relatively short Pt(1)–O(1S) contact
with an interatomic distance of 3.3315(11) Å between
the platinum atom and neutral molecule of water of
crystallization. This is less than the sum of the crystal-
lographic van der Waals radii (3.60 Å) of platinum and
oxygen of the water molecule (2.05 and 1.55 Å for Pt

1

1

ORDINATION CHEMISTRY  Vol. 48  No. 12  2022
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Fig. 1. Structure and numeration scheme of atoms in [PtPy4](OAc)2·6H2O (I). Thermal parameters of atomic shifts are shown
with 50% probability. Hydrogen atoms of methyl groups and pyridine are omitted.
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and О, respectively) [36]. The oxygen atom enters into
the direct coordination environment of platinum sim-
ilarly to the chloride anions that occupy pseudo-axial
positions in the platinum complexes with substituted
pyridines [37].

The presented synthetic scheme of reactions (1)–(3)
makes it possible to obtain trif luoroacetate or acetate
with the tetrapyridineplatinum(II) cation, and other
complexes can be synthesized from complex I by dis-
placement with the stronger trif luoroacetic acid on
heating. One of the expected products of the reaction
of compound I with a strong acid under these condi-
tions is mononuclear complex trans-[Py2Pt(OOC-
CF3)2]. However, even after prolong heating, only one
product [PtPy4](OOCCF3)2·4CF3COOH (IIa)
(Fig. 4) was isolated from the reaction mixture as large
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
colorless crystals. According to the XRD data, they
crystallize in the monoclinic space group C2/c. Anal-
ogously to the structure of compound II, a shortened
contact is observed between the platinum atom and
oxygen atom of neutral crystallization trif luoroacetic
acid: Pt(1)–O(11) with an interatomic distance of
3.327(2) Å. Very short (2.451(3) Å) hydrogen bonds
O(12)–H(12)…O(22) were also found in the structure.
They are additionally shortened probably due to the
electrostatic interaction of the cation with the anion
via the neutral trif luoroacetic acid molecule.

At the same time, the synthesis of other carboxyl-
ates via Scheme (1)–(3) is also difficult because of a
low solubility of pivalates and other silver salts. Never-
theless, the corresponding complex pivalate
[PtPy4](Piv)2·5HPiv (III) (Fig. 5), which is in fact a
  Vol. 48  No. 12  2022
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Table 2. Selected interatomic distances and angles in the structures of complexes I–IV

Distances, Å I II IIа III IIIа Distances, Å IV

Pt(1)–N(1) 2.020(2) 2.0232(9) 2.019(2) 2.010(5) 2.018(2) Pt(1)–N(4) 2.017(2)

Pt(1)–N(1)#1 2.020(2) 2.0232(9) 2.019(2) 2.010(5) 2.018(2) Pt(1)–N(1) 2.021(2)

Pt(1)–N(2) 2.025(2) 2.0218(9) 2.0181(19) 2.018(4) 2.017(2) Pt(1)–N(3) 2.022(2)

Pt(1)–N(2)#1 2.025(2) 2.0218(9) 2.0182(19) 2.018(4) 2.017(2) Pt(1)–N(2) 2.023(2)

Angles, deg Angles, deg

N(1)Pt(1)N(1)#1 180.0 180.00(5) 180.0 180.00(11) 180.0 N(4)Pt(1)N(1) 90.81(10)

N(1)Pt(1)N(2) 88.48(8) 91.83(4) 88.39(8) 89.70(18) 90.81(9) N(4)Pt(1)N(3) 89.44(10)

N(1)#1Pt(1)N(2) 91.52(8) 88.17(4) 91.61(8) 90.29(18) 89.19(9) N(1)Pt(1)N(3) 178.81(10)

N(1)Pt(1)N(2)#1 91.52(8) 88.17(4) 91.61(8) 90.29(18) 89.19(9) N(4)Pt(1)N(2) 177.25(10)

N(1)#1Pt(1)N(2)#1 88.48(8) 91.83(4) 88.39(8) 89.70(18) 90.81(9) N(1)Pt(1)N(2) 89.56(10)

N(2)Pt(1)N(2)#1 180.0 179.999(19) 180.0 180.0 180.0 N(3)Pt(1)N(2) 90.25(10)

Symmetry proce-
dures

–x + 2,
–y + 1, 
–z + 2

–x,
–y + 1,

–z

–x + 1,
–y + 1, 
–z + 1

–x,
–y + 1,
–z + 1

–x + 1,
–y + 1,
 –z + 1

Fig. 2. Fragment of the crystal packing of complex I (view along with the c crystallographic axis).

a

b

c
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Table 3. Selected torsion angles (ϕ) in the structures of
complexes I–IV

Angle ϕ, deg

I

Pt(1)N(1)C(11)C(12) 178.18(18)

Pt(1)N(1) C(15)C(14) –179.69(18)

Pt(1)N(2)C(21)C(22) 177.8(2)

Pt(1)N(2)C(25)C(24) –179.02(19)

II

Pt(1)N(1)C(11)C(12) 178.01(8)

Pt(1)N(1)C(15)C(14) –177.69(9)

Pt(1)N(2)C(21)C(22) 177.53(8)

Pt(1)N(2)C(25)C(24) –176.81(8)

IIa

Pt(1)N(1)C(1)C(2) –177.9(2)

Pt(1)N(1)C(5)C(4) 177.9(2)

Pt(1)N(2)C(6)C(7) –177.1(2)

Pt(1)N(2)C(10)C(9) 176.6(2)

III

Pt(1)N(1)C(1)C(2) 177.5(6)

Pt(1)N(1)C(5)C(4) –177.9(5)

Pt(1)N(2)C(6)C(7) 178.9(5)

Pt(1)N(2)C(10)C(9) –177.8(5)

IIIа

Pt(1)N(1)C(1)C(2) 176.5(2)

Pt(1)N(1)C(5)C(4) –177.0(2)

Pt(1)N(2)C(6)C(7) 175.7(2)

Pt(1)N(2)C(10)C(9) –175.9(2)

IV

Pt(1)N(1)C(1)C(2) 177.9(2)

Pt(1)N(1)C(5)C(4) –177.7(2)

Pt(1)N(2)C(6)C(7) 179.3(2)

Pt(1)N(2)C(10)C(9) –179.5(2)

Pt(1)N(3)C(11)C(12) –179.1(2)

Pt(1)N(3)C(15)C(14) 179.2(2)

Pt(1)N(4)C(16)C(17) –179.4(2)

Pt(1)N(4)C(20)C(19) 178.7(2)
cocrystallizate of [PtPy4](Piv)2 with pivalic acid, was
prepared on heating in a high yield by the treatment of
complex I with molten pivalic acid being less volatile
and substantially weaker than acetic acid. A change in
the reaction conditions, including the replacement of
the solvent by cyclohexane inert toward the reagents
and a decrease in the ratio of the starting complex and
pivalic acid to 1 : 5, results in a change in the compo-
sition of the synthesized final complex [PtPy4](OOC-
CMe3)2·4HPiv·3C6H12 (IIIa) (Fig. 6), and a fraction
of neutral pivalic acid is substituted by a cyclohexane
molecule. Both complexes III and IIIa that crystallize
in the monoclinic space groups P21/c and P , respec-
tively, include a similar structural motif of interaction
of the [PtPy4]2+ cations, pivalic acid, and its anions.
Each structure contains the neutral acid in the sphere
of coordination interaction of the platinum atoms via
the carbonyl oxygen atom O(11) at a Pt(1)–O(11) dis-
tance of 3.301(5)–3.322(2) Å, and the hydroxyl group
O(12)–H(12) of the acid forms the O(12)–
H(12)…O(21) hydrogen bond with the anion. In turn,
one more pivalic acid molecule coordinates to each
anion also due to the O(32)–H(32)…O(22) hydrogen
bond, which predetermines the composition of
cocrystallizate III and its solvatomorph IIIа.

Interestingly, attempts to insert metal-containing
carboxylic acid (ferrocenecarboxylic) into the anionic
moiety of the complex under mild conditions (without
heating) via the interaction of complex I with an equi-
molar amount of FcCOOH resulted in the isolation of
heteroanionic complex crystalline hydrate
[PtPy4](FсCOO)(OOCMe)·6H2O (Fig. 7), which is
the product of displacement of one acetate anion and
its replacement by the ferrocenecarboxylate ion. This
highly soluble heterometallic compound crystallizes
in the monoclinic space group P21/n, and all atoms of
the independent part of the unit cell and its cationic
moiety [PtPy4]2+ are in the general position, unlike all
complexes considered above. The Pt(1)–O(1S) inter-
atomic distance is 3.286(3) Å, which is somewhat less
than those in compounds I–III. In the anionic moiety
of the molecule, the acetate anion is located closer to
the platinum atom than the ferrocenecarboxylate ion,
whose metal center (Fe(1)), in turn, forms the hetero-
metallic structure with three shortest interatomic dis-
tances Pt(1)–Fe(1) (6.2597(5), 6.5891(5), and
7.0083(5) Å).

Thus, the possibility of synthesizing the highly sol-
uble Pt(II) complexes via the synthesis of the corre-
sponding carboxylates was shown. The series of
new coordination platinum compounds was
synthesized: acetate [PtPy4](OOCMe)2·6H2O (I), tri-
f luoroacetate [PtPy4](OOCCF3)2·2H2O (II), pivalate

1
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Table 4. Hydrogen bond parameters in compounds I–IV

D–H…A Symmetry transform
Distance, Å

Angle DHA, deg
D–H H–A D…A

I

O(2S)–H(2SA)…O(1) 0.825(19) 1.90(2) 2.719(3) 174(4)

O(2S)–H(2SB)…O(1S) –x + 2, –y + 2, –z + 2 0.804(19) 1.95(2) 2.746(3) 173(4)

O(3S)–H(3SB)…O(2S) 0.816(19) 1.95(2) 2.766(3) 175(5)

O(3S)–H(3SA)…O(2) –x + 2, –y + 2, –z + 1 0.821(19) 1.920(19) 2.741(3) 178(5)

O(1S)–H(1SA)…O(1) 0.816(19) 1.88(2) 2.692(3) 171(5)

O(1S)–H(1SB)…O(3S) x – 1, y, z 0.816(19) 1.93(2) 2.744(3) 174(5)

II

O(1S)–H(1SA)…O(12) –x, –y, –z 0.84(2) 1.93(2) 2.7544(14) 164(2)

O(1S)–H(1SB)…O(11) 0.80(2) 2.04(2) 2.7644(15) 150(2)

IIa

O(12)–H(12)…O(22) 1.08(5) 1.38(5) 2.451(3) 178(5)

O(32)–H(32)…O(21) 0.99(6) 1.65(6) 2.633(3) 170(5)

III

O(12)–H(12)…O(21) 0.846(14) 1.67(2) 2.501(6) 167(9)

O(32)–H(32)…O(22) 0.85(2) 1.72(3) 2.559(7) 172(12)

O(42)–H(42)…O(31) 0.84 2.21 2.903(15) 139.7

IIIa

O(12)–H(12)…O(21) 0.99(3) 1.52(4) 2.487(3) 165(5)

O(32)–H(32)…O(22) 0.99(3) 1.61(4) 2.574(3) 165(4)

IV

O(4S)–H(4SB)…O(2) x + 1, y, z 0.827(19) 1.97(2) 2.788(3) 172(4)

O(4S)–H(4SA)…O(5S) 0.821(19) 1.948(19) 2.767(3) 175(4)

O(5S)–H(5SB)…O(1) 0.807(19) 1.943(19) 2.748(3) 175(4)

O(5S)–H(5SA)…O(1A) 0.838(18) 1.94(2) 2.738(3) 158(4)

O(3S)–H(3SB)…O(2S) –x + 1, –y + 1, –z + 1 0.84 1.98 2.737(5) 149.3

O(3S)–H(3SA)…O(6S) x + 1, y, z 0.84 1.95 2.787(4) 172.0

O(2S)–H(2SB)…O(3S) 0.84 1.91 2.740(5) 170.5

O(2S)–H(2SA)…O(2A) 0.84 1.91 2.730(5) 165.9

O(1S)–H(1SB)…O(2) x + 1, y, z 0.840(19) 1.99(3) 2.772(3) 155(5)

O(1S)–H(1SA)…O(2A) 0.840(19) 1.95(2) 2.754(4) 160(5)

O(6S)–H(6SB)…O(1) 0.84 2.20 2.956(4) 149.8

O(6S)–H(6SA)…O(1A) 0.84 1.87 2.698(5) 168.6
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Fig. 3. Structure and numeration scheme of atoms in [PtPy4](OOCCF3)2·2H2O (II). Thermal parameters of atomic shifts are
shown with 50% probability. Hydrogen atoms of pyridine are omitted.
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Fig. 4. Structure and numeration scheme of atoms in [PtPy4](OOCCF3)2·4CF3COOH (IIa). Thermal parameters of atomic
shifts are shown with 50% probability. Hydrogen atoms of pyridine are omitted.
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Fig. 5. Molecular structure and numeration scheme of heteroatoms in [PtPy4](Piv)2·5HPiv (III). Hydrogen atoms of methyl
groups and pyridine are omitted. Thermal ellipsoids are given with 30% probability.

O(32)
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[PtPy4](Piv)2·5HPiv (III) and its solvatomorph
[PtPy4](Piv)2·4HPiv·3C6H12 (IIIa), and heteroan-
ionic acetate ferrocenecarboxylate [PtPy4](OOCFc)-
(OOCMe)·6H2O (IV). The crystal structures of the
synthesized compounds were determined. The high
resistance of the tetrapyridineplatinum complex cat-
ion to hydrolysis and action of strong organic acids was
shown. The resistance to acids was shown for trif luo-
roacetic acid as an example, which completely dis-
places acetic acid from complex I to form solvato-
morph [PtPy4](OOCCF3)2·4CF3COOH (IIa). Under
milder conditions without additional heating, the
exchange of the acetate ligands in complex I treated
with ferrocenecarboxylic acid is incomplete and leads
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
to the isolation of the [PtPy4](OOCFc)-
(OOCMe)·6H2O heteroanionic bimetallic complex in
the crystalline state, which can further be used for the
preparation of supported heterometallic systems.
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Fig. 6. Molecular structure and numeration scheme of heteroatoms in [PtPy4](OOCCMe3)2·4HPiv·3C6H12 (IIIa). Hydrogen
atoms of methyl groups, pyridine, and cyclohexane are omitted. Thermal ellipsoids are given with 50% probability.
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Fig. 7. Molecular structure and numeration scheme of heteroatoms in [PtPy4](FсCOO)(OOCMe)·6H2O. Hydrogen atoms of
methyl groups and pyridine are omitted. Thermal ellipsoids are given with 50% probability.
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