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Abstract—The heterometallic complex (L1)Ru(κ2-O2CC5H4)Mn(CO)3(O2CC5H4)Mn(CO)3) (I) (L1 is the
pivalate ligand) is synthesized by the reaction of the ruthenium(II) complex (L1)Ru(κ2-O2CCMe3)(O2CC-
Me3) with cymantrenylcarboxylic acid (HO2CC5H4)Mn(CO)3. The consecutive reactions of nickel acetate
with cymantrenenecarboxylic acid and diimine 1,4-di-tert-butyl-1,4-diazabutadiene-1,3 affords the complex
(L2)Ni(κ2-O2CC5H4Mn(CO)3)2 (II) (L2 = tBu–N=CH–CH=N–tBu). Complexes I and II are identified by
the elemental and X-ray diffraction analyses data (СIF files CCDC nos. 2001354 (I) and 2001355 (II)).
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INTRODUCTION
The studies of the chemistry of transition metal

carboxylates are related to their catalytic [1] and anti-
corrosion properties [2] and the possibility of coupling
with a DNA molecule [3]. The ruthenium carboxylate
complexes are characterized by a high catalytic activity
in dehydration, С–С cross coupling, and metathesis
of olefins [4–9], whereas nickel carboxylates are used
more rarely in homogeneous catalysis [10] and more
frequently as precursors for heterogeneous catalysis
[11–13].

The use of metal-containing carboxylate ligands is
one of the methods for the synthesis of heterometallic
complexes [14–18]. The nickel complexes based on
cymantrenecarboxylic acid with coordinated acetoni-
trile, methanol [19], and triphenylphosphine [20]
have previously been synthesized.

In this work, we propose approaches to the synthe-
sis of metal-containing nickel(II) and ruthenium(II)
carboxylates based on cymantrenenecarboxylic acid,
which can act as an IR label due to the carbonyl groups
at the manganese atom with the sterically loaded
ligands: 4-isopropyl-1-methylbenzene (MeC6 Pr,
L1) and 1,4-di-tert-butyl-1,4-diazabutadiene-1,3
(tBu–N=CH–CH=N–tBu, L2). It is known that the
diazadiene derivatives can act as a bridging or redox-
active chelating ligand [21]. Diazadiene L2 with tert-
butyl substituents as a chelating ligand providing
shielding of the metal center was used in this study.
Bases or silver salts are not used in the synthesis of the
complexes, which makes it possible to avoid the for-

mation of by-products formed upon the destruction of
the cymantrenyl fragment [22].

EXPERIMENTAL
All reactions and procedures for the isolation of

products were carried out under argon and in absolu-
tized solvents (benzene, methanol, hexane, and tolu-
ene). The initial complex (MeC6H4

iPr)Ru(OOCtBu)2
and ligand L2 were synthesized using published proce-
dures [9] and [23], respectively. An ЕА3000 CHNS
analyzer (EuroVector) was used for chemical analysis.
IR spectra were recorded on a Bruker Alpha FTIR
spectrometer with a Platinum ATR accessory for
recording spectra in the attenuated total internal
reflectance (ATR) mode.

Synthesis of (MeC6H4
iPr)Ru(κ2-O2CC5H4)Mn-

(CO)3(O2CC5H4)Mn(CO)3) (I). A solution of
(MeC6H4

iPr)Ru(OOCtBu)2 (100 mg, 0.23 mmol) and
cymantrenecarboxylic acid (113 mg, 0.46 mmol) in
benzene (20 mL) was refluxed for 3 h. The solvent was
removed in vacuo, and the solid residue was triturated
with hexane (10 mL), washed with hexane (3 × 5 mL),
and recrystallized from a benzene–heptane (1 : 1)
mixture. The obtained yellow powder was filtered off,
washed with pentane (2 × 5 mL), and dried in vacuo.
The yield of compound I was 107 mg (64%).

4Hi

For C28H22O10Mn2Ru (FW = 729)
Anal. calcd., % C, 46.10 H, 3.04
Found, % C, 46.59 H, 3.15
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Fig. 1. Molecular structure of complex I. Hydrogen atoms
are omitted for clarity. Selected bond lengths and bond
angles: Ru(1)–O(1) 2.162(2), Ru(1)–O(2) 2.140(2), Ru(1)–
O(6) 2.092(2), O(1)–C(1) 1.263(3), O(2)–C(1) 1.274(3),
O(6)–C(10) 1.286(3), and O(7)–C(10) 1.226(3) Å, and
O(1)C(1)O(2) 118.9(3)° and O(7)C(10)O(6) 126.6(3)°.

Mn(2)

Mn(1)

C(10) C(1)
O(6) O(1)

Ru(1)

O(2)
O(7)
IR (ν, cm–1): 2021 vs, 1929 vs, (CO) 1640 m,
1610 m (OCOаs) 1440 m, 1430 m (OCOs).

Synthesis of (tBu–N=CH–CH=N–tBu)Ni(κ2-
O2CC5H4)Mn(CO)3)2 (II). A solution of Ni(O2CCH3)2·
4H2O (200 mg, 0.8 mmol) and cymantrenecarboxylic
acid (400 mg, 0.8 mmol) in methanol (20 mL) was
refluxed for 2 h. The solvent was removed in vacuo, L2
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Fig. 2. Molecular structure of complex II. Hydrogen atoms are
Ni(1)–N(2) 2.080(3), Ni(1)–O(1) 2.066(3), Ni(1)–O(2) 2.19
1.472(6), C(1)–N(1) 1.265(5), C(2)–N(2) 1.260(5), C(11)–O
C(20)–O(7) 1.263(5) Å.

Mn(2)
C(11)

N(1)

O(1)

O(2)
(190 mg) was added to the solid residue, and the
organics was extracted with toluene (30 mL). Hexane
(5 mL) was added to the resulting yellow-green solu-
tion, and the mixture was kept at –18°С for 4 days.
The yield of green crystals of compound II was 215 mg
(37%).

IR (ν, cm–1): 2973 w, 2936 w, 2023 vs, 1931 vs,
1674 m, 1626 w, 1550 m, 1478 w, 1463 w, 1369 m,
1224 w, 1038 w, 977 w, 927 w, 879 m, 621 m, 530 w.

X-ray diffraction analysis (XRD) was carried out on
a Bruker APEX II CCD diffractometer for complex I
and on a Siemens P4 diffractometer for complex II. An
absorption correction was applied by multiple mea-
surements of equivalent reflections using the
SADABS program [24] for complex I and using the ψ
scan method for complex II. The structures of com-
pounds I and II were determined using the SHELXT
program [25] and refined by least squares for F 2 in the
anisotropic approximation for non-hydrogen atoms
using the SHELX-2014 [25] and OLEX2 [26] program
packages. The positions of hydrogen atoms were cal-
culated geometrically. The crystallographic data and
structure refinement parameters for compounds I and
II are presented in Table 1. Selected bond lengths and
bond angles are given in the captions to Figs. 1 and 2.
The structural contribution of disordered molecules of
the solvate solvent in the crystal of compound II was
removed using the SQUEEZE procedure imple-
mented in the PLATON program [27].

For C28H28N2O10Mn2Ni (FW = 721)
Anal. calcd., % C, 46.64 H, 3.88
Found, % C, 46.79 H, 3.52
  Vol. 47  No. 5  2021

 omitted for clarity. Selected bond lengths: Ni(1)–N(1) 2.086(3),
7(3), Ni(1)–O(6) 2.153(3), Ni(1)–O(7) 2.072(3), C(1)–C(2)

(1) 1.262(5), C(11)–O(2) 1.251(5), C(20)–O(6) 1.262(5), and

Mn(1)

C(20)

N(2)

O(6)

Ni(1)
O(7)
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Table 1. Crystallographic data and structure refinement parameters for complexes I and II

Parameter
Value

I II

Empirical formula C28H22O10Mn2Ru C28H28O10N2Mn2Ni

Radiation (λ, Å) MoKα (λ = 0.71073)

Temperature, K 100(2) 298

Crystal system Monoclinic Orthorhombic

Space group P21/n Pbcn

а, Å 10.4399(5) 15.9854(13)

b, Å 11.6595(6) 13.8462(14)

c, Å 22.7288(11) 29.599(2)

α, deg 90 90

β, deg 96.601(2) 90

γ, deg 90 90

V, Å3 2748.3(2) 6551(1)

Z 4 8

ρcalc, g/cm–3 1.763 1.462

μ, mm–1 1.505 1.382

F(000) 1456.0 2944.0

Range of θ, deg scan, deg 4.13–61.092 3.892–65.142

Scan mode ω

Total number of ref lections 88065 6576

Independent reflections (N1) 8381 (Rint = 0.0716) 3264 (Rint = 0.0314)

Reflections with I > 2σ(I) (N2) 6963 2577

Number of refined parameters 373 389

GOОF (F2) 1.131 1.029

R1 for N2 0.0467 0.0329

wR2 for N1 0.0917 0.0819

Δρmax/Δρmin, e Å–3 0.93/–0.96 0.24/–0.24
The coordinates of atoms and other structural
parameters were deposited with the Cambridge Crys-
tallographic Data Centre (CIF files CCDC
nos. 2001354 (I) and 2001355 (II); http://www.
ccdc.cam.ac.uk/data_request/cif).
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Complex I was synthesized by the substitution of
the pivalate ligands in (MeC6H4

iPr)Ru(OOCtBu)2 by
cymantrenecarboxylate ligands upon the action of
cymantrenecarboxylic acid in boiling benzene.
OORDINATION CHEMISTRY  Vol. 47  No. 5  2021
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According to the XRD data, in the structure of
complex I, the ruthenium atom is linked with the
monodentate and bidentate carboxylate ligands. The
Ru–O bond is shorter in the first case (2.092(2) Å),
whereas the Ru–O distances for the symmetrically
coordinated bidentate (κ2) ligand are 2.162(2) and
2.140(2) Å. The C–O bonds in κ2-carboxylate are also
nearly equal (1.263(3) and 1.274(3) Å), whereas for the
monodentate ligand the C–O distance with the non-
coordinated oxygen atom (1.226(3) Å) is appreciably
shorter than that with the coordinated atom
(1.286(3) Å). The OCO angles for the κ2 and κ1 ligands

also differ noticeably (118.9(3)° and 126.6(3)°, respec-
tively), which is due to the stress in the four-mem-
bered ring RuOCO. These specific features of the
structures of two carboxylate ligands at the Ru atom
were observed in the earlier characterized acetate [28],
pivalate [9], and benzoate complexes [29].

Complex II was synthesized by the consecutive
treatment of nickel acetate with cymantrenecarboxyl-
ate acid (2 equiv) and 1,4-di-tert-butyl-1,4-diazabuta-
diene (L2). The formed green crystals are poorly solu-
ble in benzene, dichloromethane, methanol, and ace-
tone.

According to the XRD data, the Ni–N bonds in
the structure of compound II (2.086(3) and
2.080(3) Å) are close to those in the DipyNi(OOCC-
Me3)2 complex (2.033(3)–2.059(4) Å) [30]. The Ni–
O bonds arranged in the trans position to the oxygen
atoms are by 0.1 Å shorter than the corresponding
bonds in the trans position to the diazabutadiene
ligand (2.066(3) and 2.072(3) Å for the shorter bonds
and 2.197(3) and 2.153(3) Å for the longer bonds). A
similar but less pronounced difference in the Ni–O
distances is observed in the benzoate complex
DipyNi(OOCPh)2 (Ni–O is 2.145 and 2.155 Å in the
trans position to the nitrogen atoms and 2.051 and
2.075 Å in the trans position to the oxygen atoms) [31].
In the complex with more donor pivalates
DipyNi(OOCCMe3)2, there are almost no differences

in the Ni–O distances and the corresponding bonds
are 2.104(4)–2.137(3) Å, whereas monodentate
cymantrenecarboxylate in the Ni[(OOCC5H4)-
Mn(CO)3]2[O(H)Me]4 complex forms the Ni–O
bond equal to 2.0305(14) Å [21]. In the noncoordi-
nated ligand L2 in the trans conformation, the C=N
bond is 1.269(2) Å and C–C is 1.477(2) Å [32]. For the
coordination of the nickel atom, ligand L2 gains the cis
conformation, but this almost does not affect the bond
lengths in this ligand (C–C 1.472(6), C=N 1.265(5)
and 1.260(5) Å).

Thus, the heterometallic nickel(II) and ruthe-
nium(II) complexes with the sterically loaded ligands
(4-isopropyl-1-methylbenzene (L1) and 1,4-di-tert-
butyl-1,4-diazabutadiene-1,3 (L2)) containing the IR
labels as the cymantrenyl group were synthesized.
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N NtBu tBu
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