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Abstract—The extraction of a suspension, which is prepared by mixing of iron dichloride, pivalic acid, and
triethylamine, with hexane and keeping of the resulting solution at —5°C in a refrigerator result in the forma-
tion of single crystals of the binuclear dimeric lantern Fe,(u-OOC'Bu),(NEt;), (I). The decantation of the
single crystals at room temperature gives an orange product oxidized in air to form a red powder. The disso-
lution of the powder in a benzene—acetonitrile (10 : 1) mixture in air and the subsequent crystallization give
single crystals of complex {[Fe;(u*-0)(OH,)(u-O0CBu)s(n>-O0C'Bu)[O(C'Bu)OHNEL;)] - MeCN} (II).
The interaction of the mother liquor with 3,5-dimethylpyrazole (HDmpz) affords complex Fe3(u3—0)(u—
OOC'Bu)¢(HDmpz), (IIT). Complexes I-III are characterized by elemental analysis, IR spectroscopy, and
X-ray diffraction analysis (CIF files CCDC nos. 1959111 (I), 1959112 (IT), and 1959110 (III)).
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INTRODUCTION

Binuclear pivalates of 3d metals with triethylamine
are convenient initial reagents for the study of the pro-
ton transfer from the coordinated organic molecule
capable of deprotonating, in particular, heterocyclic
3,5-dimethylpyrazole molecules [1—6]. These com-
plexes are characterized by similar structures. On the
one hand, they are dimers with the Chinese lantern
geometry fairly traditional for the carboxylate chemis-
try and, on the other hand, their axial position con-
tains the coordinated amine molecule capable of act-
ing as a proton acceptor. Undoubtedly, it is important
that these molecules contain no oxygen and hydroxyl
bridges, which can also accept hydrogen atoms and
mainly determine features of pivalate transformations.

It has previously been shown that the reactions of
3d-metal pivalates, regardless of the synthesis meth-
ods, with triethylamine afford complexes M,(u-
OOC'Bu)4(NEt;), (where M = Zn, Cu, Ni, and Co) in
an almost quantitative yield. The complexes are highly
soluble in various solvents, including saturated
organic solvents, and their geometry is determined by
the transition metal nature (Table 1). Unlike other 3d
metals, manganese(Il) forms complex Mn,(u-
O0OCBu)4O(C'Bu)OHNE;], in which the electron-
deficient metal atom (S = 5/2) is not bound to the
nitrogen atom of amine, which donates two electrons

to the metal, but is linked with the oxygen atom, being
an adduct of pivalic acid and triethylamine capable of
additional electron density donating.

When the complex-lanterns were used in the
reactions with heterocyclic  3,5-dimethylpyrazole
(HDmpz), the deprotonation of pyrazole leading to the
pyrazolate-bridged dimers M,(u-Dmpz),(HDmpz),-
(OOC'Bu), was found for the zinc and cobalt(II) com-
pounds in hexane at room temperature [7, 10]. A mixture
of mononuclear M(HDmpz),-(OOC’Bu), and binuclear
M,(u-OOCBu)4,(HDmpz), complexes, whose ratio
depends on the nature of the solvent used and crystalliza-
tion conditions, is formed for copper and nickel, while
the Mn(HDmpz),-(OO’Bu), monomer was isolated in
the case of manganese [8, 9, 11, 12]. The binuclear
Cu,(u-O0OCBu),(HDmpz), complex contains the
hydrogen bond of the pyrrole NH fragment of the het-
erocycle with the oxygen atom of the bridging pivalate
anion and can be deprotonated by thermolysis at 165°C
with pivalic acid removal to form the pyrazolate-bridged
dimer isostructural to the zinc and cobalt complexes. In
the case of nickel, this bond is absent and the thermolysis
of the complexes affords only the Ni, cluster containing
no pyrazolate anions [12, 13].

In this work, the considered approach is accom-
plished to obtain the iron(II) pivalate complex Fe,(u-
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Table 1. Geometry of the M,(u-OOC'Bu),(NEt;), complexes

Metal M--M M-O M-N MMN References
Zn(1I) 3.0001(8) 2.034(1)—2.045(1) |2.112(1) 177.5 7
Cu(1l) 2.681(1) 1.963(4)—1.967(4) |2.300(4) 177.7 8
Ni(II) 2.778(2) 2.004(5)—2.023(5) |2.106(6) 177.7 9
Co(1l) 2.7588(9) 2.019(2)—2.033(2) |2.165(2) 178.3 10
Mn(II) 3.1089(8) 2.054(9)—2.179(9) |2.044(3) (M—0O) 177.9 11

«—O(C'Bu)O(H)NEt;

OOC'Bu)4(NEt;), and the structures of the products
of its reactions with air oxygen and HDmpz are dis-
cussed.

Note that iron(II, 1IT) carboxylates bearing coordi-
nated heterocyclic molecules (pyrazole or imidazole and
their analogs) are often considered as structural analogs
of the active moiety of natural metalloenzymes responsi-
ble for diverse catalytic processes [14—17].

EXPERIMENTAL

All procedures on the synthesis and isolation of the
complexes, except for specially indicated cases, were
carried out in pure argon using anhydrous solvents.

Synthesis of complexes Fe,(n-OOC'Bu),(NEt;),
(D, {[Fey(’-0)(OH,)(n-OOCBu)s(n*-OOCBu)[O-
(C'Bu)OHNEL;)] - MeCN} (II), and Fey(pn*-O)(u-
OOCBu)s(HDmpz); (III). A mixture of iron dichlo-
ride (0.2 g, 1.2 mmol) and triethylamine (1 mL,
7.1 mmol) was stirred for 0.5 h. Pivalic acid (0.39 g,
3.8 mmol) was added to the obtained mixture, and
stirring was continued at room temperature for 1 h. A
green-brown suspension was dissolved in a benzene—
heptane (1 : 20) mixture on reflux for 1 h, cooled to
room temperature, filtered from a white precipitate,
and concentrated on reflux in an oil bath in an argon
flow to a volume of 5 mL. The resulting solution was
kept at —5°C in a refrigerator for 24 h. The yellow-
green crystals formed were decanted from the mother
liquor, washed with cold hexane, and dried in an argon
flow. The color of the crystals gradually changed to
orange during this procedure. The yield of complex I
was 0.026 g (12%). At room temperature the crystals
are transformed into an orange powder. In air
the orange powder is instantly transformed into com-
plex IL.

The yellow-green single crystals of complex I suit-
able for X-ray diffraction (XRD) analysis were isolated
directly from a cold mother liquor and rapidly trans-
ferred to a diffractometer into a vaporizing nitrogen
flow.
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In the absence of argon, the orange color of the
powder nearly instantly changed to red. The obtained
powder was washed with cold hexane (10 mL), dis-
solved on heating to 50°C in a benzene—acetonitrile
(10 : 1) mixture (5 mL), concentrated to 3 mL, and
kept at 5°C in a refrigerator. The red crystals of formed
complex II were separated from the solution by decan-
tation, washed consequently with benzene (5 mL) and
hexane (5 mL), and dried in an argon flow. The yield
of complex II was 0.002 g (4.7%).

For C43H84N2016FC3
Anal. caled., % C, 49.06
Found, % C, 48.62

H, 8.04
H, 7.95

N, 2.66
N, 2.47

IR for IT (v, cm™"): 3456 w, 2880 s.br, 2808 m, 2676 s,
2520 m, 2352w, 100 w, 1652 w, 1628 w, 1476's, 1444 s,
1396 s, 1364 m, 1332w, 1288 w, 1172 s, 1072 m, 1036 s,
852 m, 808 m, 760 w, 620 w, 460 w.

The red mother liquor was added with HDmpz
(0.15 g, 1.6 mmol), and the mixture was stirred on
reflux for 1 h. The solvent was removed to dryness on
reflux in an argon flow. The powder was washed with
hexane (10 mL) and dissolved in a benzene—acetoni-
trile (10 : 1) mixture (10 mL). The red-brown solution
was concentrated to 5 mL and kept at 5°C in a refrig-
erator. The brown crystals formed were decanted from
the solution, sequentially washed with cold benzene
(10 mL) and hexane (10 mL), and dried in an argon
flow. The yield of complex III was 0.16 g (37%).

For C45H75N6013Fe3
Anal. caled., % C, 50.25
Found, % C,49.12

H, 7.03
H, 6.95

N, 7.81
N, 7.68

IR (KBr; v, cm™!): 3648 w, 2964 s, 2932 s, 2872 m,
2352 w, 1692 s, 1608 s, 1560 s, 1536 s, 1484 s, 1424 s,
1456 m, 1404 s, 1380 s, 1332 m, 1260 w, 1228 s,
1204 m, 1096 w, 1032 w, 940 w, 900 w, 872 w, 788 m,
652w, 604 s, 536 w, 444 m.
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Table 2. Crystallographic parameters and structure refinement details for complexes I—II1

Value
Parameter
I I 11
Empirical formula C3,HgeFe,N,Og C43HgyN,O¢Fes C4sH7,5NgO3Fe;
Fw 718.57 1052.67 1075.66
Color Yellow-green Red Brown
Crystal system Monoclinic Monoclinic Trigonal
Space group P2,/c P2,/n R3m
a, A 10.1191(14) 12.6314(8) 35.9865(12)
b, A 17.453(2) 25.2627(15) 35.9865(12)
¢, A 12.0964(17)) 17.9889(10) 14.0825(11)
o, deg 90 90 90
B, deg 111.396(3) 103.8840(10) 90
v, deg 90 90 120
v, A3 1989.1(5) 5572.6(6) 15793.9(16)
VA 2 4 9
Peale» Mg/m> 1.200 1.255 1.018
u, mm~! 0.773 0.831 0.660
F(000) 776 2248 5121
Crystal size, mm 0.22 x 0.20 x 0.18 0.24 x 0.22 x 0.20 0.24 x 0.22 x 0.20
Scan range over 0, deg 2.15-30.00 1.61-30.00 2.36—28.99
Ranges of reflection indices —13<h< 14, —17<h<17, —38<h<21,
—24< k<21, —17< k<35, —46<k<19,
—16</<17 =25<I<17 —18<I<5
Number of measured reflections 15524 36298 9042
Number of independent reflections (R;,,) 5791 (0.0373) 16047 (0.0431) 4556 (0.0398)
GOOF 1.165 1.007 0.827
R, wRy (I >25(1)) 0.0543, 0.1157 0.0746, 0.1649 0.0346, 0.0686
R, wR, (for all reflections) 0.0898, 0.1229 0.1289, 0.1826 0.0551, 0.0733
Residual electron density (max/min), e A3 0.930/-0.321 2.414/—-1.484 0.376/—0.213

The IR spectra of the crystalline samples were
recorded in a range of 4000—550 cm~! (KBr pellets) on
a NEXUS FT-IR spectrometer (NICOLET) using a
MIRacle accessory (PIKETechnologies) with the dia-
mond crystal.

XRD analyses of complexes I—III were carried out
using a standard procedure on a Bruker SMART Apex I1
automated diffractometer equipped with a CCD
detector (MoK, A = 0.71073 A, graphite monochro-
mator, ® scan mode) at 7'= 150 K. The structures
were calculated using the SHELXTL PLUS program
package (PC version). Structure refinement was per-
formed using the SHELXTL-97 program [18—21].

The solvate molecule of acetonitrile in complex III
was disordered over several positions and removed
from the refinement by the SQUEEZE program [21].
The crystallographic data and structure refinement
details are presented in Table 2. Selected geometric
parameters of the studied complexes are given in
Tables 3—5.

The full tables of atomic coordinates, bond lengths,
and bond angles were deposited with the Cambridge
Crystallographic Data Centre (CIF files CCDC
nos. 1959111 (I), 1959112 (II), and 1959110 (III);
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.
uk/data_request/cif).
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Table 3. Selected bond lengths and bond angles in complex I*

333

Bond d A Bond d, A
Fe(1)—0(4) 2.0495(19) Fe(1)—0(2) 2.0507(18)
Fe(1)-0(3) 2.0545(18) Fe(1)—O(1) 2.0552(19)
Fe(1)—N(1) 2.193(2) Fe(1)—Fe(1)*! 2.8614(7)

Angle o, deg Angle , deg
O(4)Fe(1)0(2) 88.25(8) O(4)Fe(1)0O(3) 161.32(8)
O(2)Fe(1)0(3) 89.14(8) O(4)Fe(1)O(1) 89.31(9)
O(2)Fe(1)O(1) 161.89(8) O(3)Fe(1)O(1) 87.46(8)
O(4)Fe(1)N(1) 100.06(8) O(2)Fe(1)N(1) 98.34(8)
O(3)Fe(1)N(1) 98.61(8) O(1)Fe(1)N(1) 99.75(8)
O(4)Fe(1)Fe(1)*! 81.61(6) O(2)Fe(1)Fe(1)*! 79.65(6)
O(3)Fe(1)Fe(1)*! 79.72(6) O(1)Fe(1)Fe(1)*! 82.24(6)
N(1)Fe(1)Fe(1)*! 177.38(6) C(HO(1)Fe(1) 125.05(18)
C(1)*'0(2)Fe(1) 128.60(18) C(6)O(3)Fe(1) 128.80(18)
C(6)*10(4)Fe(1) 126.17(18) C(15)N(1)Fe(1) 108.21(15)
C(11)N(1)Fe(1) 108.47(15)

* Symmetry transforms used for the generation of equivalent atoms: #_x+2, —y, —z+ 2.

RESULTS AND DISCUSSION

It is found that the extraction of the suspension
obtained by mixing of iron dichloride, tricthylamine,
and pivalic acid (room temperature, stirring, 1 h) with
hexane results in the formation of a green-brown solu-
tion from which very unstable on heating yellow-green
single crystals of the binuclear complex Fe,(u-

OOC'Bu)4(NEt,), (I) were obtained at —5°C in a yield
of 12%.

According to the XRD data, centrosymmetric
complex I (Tables 2, 3; Fig. 1a) is a traditional dimer-
lantern for the metal pivalates with Et;N (Table 1) in
which the metal atoms exist at a nonbonding Fe--Fe
distance of 2.8614(7) A and are connected by four
bridging pivalate anions (Fe—O 2.0495(19)—
2.0552(19) A). The axial position of each metal atom
contains coordinated triethylamine molecules (Fe—N
2.193(2) A). The crystals of complex I are very unsta-
ble and at room temperature are transformed into an
orange compound, which is possibly the trinuclear
complex Fe;(u-OOC’Bu)4(NEt;), by analogy to the
transformations M, — M; found for cobalt(Il) piva-
lates with triethylamine (color change from green to
violet at room temperature for 10 h) or manganese(II)
(thermal heating to 145°C) [10, 11].

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 46

The orange powder is instantly oxidized in air to form
red crystals of the {[Fe;(u3-0O)(OH,)(u-OOCBu)s(n?-
OOCBu)[O(C'Bu)OHNE;)| - MeCN} complex (II).

In trinuclear complex II (Tables 2, 4; Fig. 1b),
three iron atoms (Fe(1)--Fe(2) 3.2634(8),
Fe(1)--Fe(3) 3.3127(8), Fe(2)-Fe(3) 3.2861(8) A) are
linked by the tridentate-bridging oxygen atom (Fe(1)—
O(1) 1.831(3), Fe(2)—0O(1) 2.059(3), Fe(3)—0(1)
1.842(3) A). Such a substantial difference in the
metal—oxygen distances shows that the Fe(l) and
Fe(3) atoms are in the oxidation state +3, which is
confirmed by the distribution of bond lengths with the
oxygen atoms of the bridging pivalate anions (Fe(1)—O
1.972(3)—2.044(3), Fe(3)—O 1.983(3)—2.026(3) A),
which are noticeably shortened compared to
similar distances for the Fe(2) atom in the oxidation
state +2 (Fe(2)—0 2.102(3)—2.149(3) A). The dis-
torted octahedral environment of the Fe(1) atom was
supplemented by the oxygen atom of the terminal
adduct «<O(C'Bu)O(H)NEt; (Fe(1)—0O(7) 2.044(3),
N(1)-+0(6) 2.737(4) A). Note that the same adduct
was observed in the axial position of the Mn,(u-
OOC’Bu),/O(C'Bu)O(H)NEt;], complex obtained by
the reaction of manganese(Il) pivalate with triethyl-
amine [11]. The distorted octahedron of the Fe(3)
atom is supplemented by the oxygen atoms of the 12-

pivalate anion (Fe(3)—O 2.063(3), 2.227(3) A),
whereas that of the Fe(2) atom is supplemented by the

No.5 2020
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Table 4. Selected bond lengths and bond angles in complex II

Bond d, A Bond d,A
Fe(1)—0(1) 1.831(3) Fe(1)—0(4) 1.972(3)
Fe(1)—0(2) 2.022(3) Fe(1)—0(10) 2.027(3)
Fe(1)—0(7) 2.044(3) Fe(2)—0(1) 2.059(3)
Fe(2)—0(12) 2.102(3) Fe(2)—0(5) 2.110(3)
Fe(2)—0(16) 2.112(3) Fe(2)—0(3) 2.149(3)
Fe(2)—0(9) 2.158(3) Fe(3)—0(1) 1.842(3)
Fe(3)—0(13) 1.983(3) Fe(3)—0O(11) 2.022(3)
Fe(3)—0O(8) 2.026(3) Fe(3)—0(14) 2.063(3)
Fe(3)—0(15) 2.227(3)

Angle o, deg Angle , deg
O(1)Fe(1)O(4) 108.21(12) O(1)Fe(1)O(2) 98.12(12)
O(4)Fe(1)0O(2) 90.00(13) O(1)Fe(1)O(10) 98.30(12)
O(4)Fe(1)0O(10) 87.20(12) O(2)Fe(1)0O(10) 163.39(12)
O(1)Fe(1)O(7) 102.19(12) O4)Fe(1)O(7) 149.58(12)
OQ)Fe(1)O(7) 86.83(12) O(10)Fe(1)O(7) 87.32(12)
O(1)Fe(2)0(12) 92.96(11) O(1)Fe(2)O(5) 92.86(11)
O(12)Fe(2)O(5) 88.44(13) O(1)Fe(2)O(16) 176.56(11)
O(12)Fe(2)0O(16) 83.73(12) O(5)Fe(2)O(16) 86.15(12)
O(1)Fe(2)O(3) 93.43(10) O(12)Fe(2)0(3) 173.56(12)
O(5)Fe(2)0(3) 90.45(12) O(16)Fe(2)0(3) 89.87(12)
O(1)Fe(2)O(9) 92.96(10) 0O(12)Fe(2)0O(9) 93.53(12)
O(5)Fe(2)0O(9) 173.76(11) O(16)Fe(2)0O(9) 88.18(11)
O(3)Fe(2)0O(9) 86.93(11) O(1)Fe(3)0(13) 104.19(12)
O(1)Fe(3)O(11) 96.98(12) O(13)Fe(3)0O(11) 86.63(14)
O(1)Fe(3)O(8) 98.16(12) O(13)Fe(3)0(8) 92.63(13)
O(11)Fe(3)O(8) 164.55(12) O(1)Fe(3)0(14) 100.78(12)
O(13)Fe(3)0(14) 154.80(12) O(11)Fe(3)O(14) 87.07(14)
O(8)Fe(3)0(14) 87.09(12) O(1)Fe(3)0(15) 161.48(11)
O(13)Fe(3)0(15) 94.23(11) O(11)Fe(3)0O(15) 81.98(12)
O(8)Fe(3)0(15) 82.69(11) O(14)Fe(3)0(15) 60.72(11)
O(1)Fe(3)C(31) 131.32(14) O(13)Fe(3)C(31) 124.36(14)
O(11)Fe(3)C(31) 83.49(14) O(8)Fe(3)C(31) 84.21(13)
O(14)Fe(3)C(31) 30.54(13) O(15)Fe(3)C(31) 30.18(12)
Fe(1)O(1)Fe(3) 128.80(15) Fe(1)O(1)Fe(2) 113.89(13)
Fe(3)O(1)Fe(2) 114.62(13) C(1)O(2)Fe(1) 135.7(3)
C(1)O(3)Fe(2) 125.8(3) C(6)O(4)Fe(1) 123.3(3)
C(6)O(5)Fe(2) 139.3(3) C(1D)O(7)Fe(1) 100.1(3)
C(16)O(8)Fe(3) 135.1(3) C(16)0(9)Fe(2) 129.1(3)
C(21)O(10)Fe(1) 131.7(3) C(21)O(11)Fe(3) 133.2(3)
C(26)0(12)Fe(2) 136.0(3) C(26)0(13)Fe(3) 127.0(3)
C(31)O(14)Fe(3) 93.4(3) C(31)O(15)Fe(3) 86.2(3)

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 46 No. 5
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Table 5. Selected bond lengths and bond angles in complex IIT*
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Bond d,A Bond d,A
Fe(1)-O(1) 1.955(3) Fe(1)-0(2) 2.058(3)
Fe(1)—O(7) 2.068(3) Fe(1)—N(1) 2.145(4)
Fe(1)-0(2)*! 2.058(3) Fe(1)—0(7)*! 2.068(3)
Fe(2)—O(1) 1.869(2) Fe(2)—0(3) 2.015(3)
Fe(2)—O0(4) 2.038(3) Fe(2)—0(5) 2.046(3)
Fe(2)—0(6) 2.047(3) Fe(2)—N(3) 2.194(3)

Angle o, deg Angle o, deg
O(1)Fe(1)0(2) 93.42(12) O(1)Fe(1)O(7) 93.86(11)
O(1)Fe(1)N(1) 175.47(13) O(1)Fe(1)0(2)*! 93.42(11)
O(1)Fe(1)0(7)*! 93.86(10) O(2)Fe(1)0(7) 172.65(12)
O(2)Fe(1)N(1) 89.97(13) 0(2)Fe(1)0(2)*! 83.11(12)
O(2)Fe(1)0(7)*! 97.46(12) O(7)Fe(1)N(1) 82.71(13)
0(2)*'Fe(1)0(7) 97.46(12) O(7)Fe(1)0(7)*! 81.04(11)
O(2)*'Fe(1)N(1) 89.97(12) O(7)*1Fe(1)N(1) 82.71(12)
0(2)*'Fe(1)0(7)*! 172.65(12) O(1)Fe(2)0(3) 95.52(12)
O(1)Fe(2)0(4) 96.18(12) O(1)Fe(2)0(5) 96.25(11)
O(1)Fe(2)0(6) 96.18(13) O(1)Fe(2)N(3) 176.52(12)
0(3)Fe(2)0(4) 95.61(12) O(3)Fe(2)0(5) 88.50(12)
O(3)Fe(2)0(6) 168.21(13) O(3)Fe(2N(3) 85.92(12)
O(4)Fe(2)0(5) 166.48(12) O(4)Fe(2)0(6) 84.58(12)
O(4)Fe(2)N(3) 80.51(13) O(5)Fe(2)0(6) 88.79(12)
O(5)Fe(2)N(3) 86.96(13) O(6)Fe(2)N(3) 82.48(12)
Fe(1)O(1)Fe(2) 119.42(11) Fe(1)O(1)Fe(2)*! 119.42(12)
Fe(2)O(1)Fe(2)*! 121.12(14) Fe(1)0(2)C(1) 131.0(3)
Fe(2)0(3)C(1) 131.4(3) Fe(2)O(4)C(6) 132.2(3)
Fe(2)0(5)C(11) 131.8(3) Fe(2)0(6)C(16) 132.5(3)
Fe(1)0(7)C(6)"! 132.4(3) Fe()N(1)N(2) 113.9(3)
Fe(1)N(1)C(20) 139.3(3)

* Symmetry transforms used for the generation of equivalent atoms: #l_x+1, —y+1,z
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Fig. 1. Structures of complexes (a) I, (b) II, and (c) III.
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oxygen atom of the coordinated water molecule
(Fe(2)—O 2.112(3) A). The hydrogen atoms of the
water molecule form hydrogen bonds with the oxygen
atoms of the bridging pivalate anions of the adjacent
Fe; molecule (O-0 2.745(6)—2.884(6) A) to produce
dimers in the crystal cell. Solvate molecules of polar
donating acetonitrile are arranged above and below
the dimers and have no appreciable contacts (Fig. 2a).

The interaction of the mother liquor, which was
obtained after the single crystals of complex I were iso-
lated, with HDmpz excess in air affords complex
Fe;(u*-0)(u-OO0CBu)((HDmpz); (III) in a yield of
37% (Tables 2, 5; Fig. 1¢). According to the XRD data,
similarly to complex II, complex III, whose molecule
exists in the partial position and the Fe(2) and Fe(24)
atoms are arranged symmetrically, contains the oxy-
gen atom bound via the tridentate mode (Fe(1)—O(1)
1.955(3), Fe(2)—O(1) 1.8687(17) A), and all iron
atoms are linked pairwise by two pivalate bridges
(Fe(1)-0O 2.058(3)—2.068(3), Fe(2)—O 2.015(3)—
2.047(3) A). The distribution of the M—O bond
lengths in the complex shows that the Fe(1) atom has
the oxidation state +2 and the Fe(2) atoms are in the
oxidation state +3. Each iron atom in the complex is
coordinated by the pyrazole molecule (Fe(1)—N
2.145(5), Fe(2)—N 2.194(3) A) and has a distorted
octahedral environment, and the pyrrole NH frag-
ments of HDmpz form hydrogen bonds with the oxy-
gen atoms of the bridging anions (N---O 2.744(5)—
2.944(6) A). In the crystal the molecules are packed
into piles, and the crystal has pores (d = 3 A). How-
ever, no solvate guest molecules were observed in the
pores (Fig. 2b).

Thus, although the pivalate-bridged dimer of
iron(II) containing the proton acceptor was obtained,
its reaction with pyrazole affords no pyrazolate-
bridged complexes by analogy to the zinc(II), copper,
and cobalt(Il) complexes. The final products are the
traditional stable trinuclear iron(II, III) complexes
containing the tridentate-bridging oxygen atoms
formed due to the oxidation of iron pivalates with air
oxygen [22, 23]. It should be mentioned that the hex-
anuclear cluster {[Fe;(u*-0)(u-OOCBu),(OOCBu),-
(HDmpz)(u,n’-Dmpz)(u-K)], - 2HDmpz} is pres-
ently the single structurally characterized pyrazolate-
bridged iron complex with carboxylate anions [23].
The studies of the possibility of the deprotonation of
pyrazole and its analogs in the presence of iron car-
boxylates are being continued.
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