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a b s t r a c t

The complexation of triphenylantimony(V) catecholates (3,6-DBCat)SbPh3 (1), (4,5-pip-3,6-DBCat)SbPh3

(2) and (4,5-Cl2-3,6-DBCat)SbPh3 (3) with neutral 4-(2,6-dimethylphenyliminomethyl)pyridine (Py-CH]
NeAr) leads to the formation of hexacoordinated complexes (3,6-DBCat)SbPh3$(Py-CH]NeAr) (4), (4,5-
pip-3,6-DBCat)SbPh3$(Py-CH]NeAr) (5) and (4,5-Cl2-3,6-DBCat)SbPh3$(Py-CH]NeAr) (6) (where 3,6-
DBCat is 3,6-di-tert-butyl-catecholate, 4,5-pip-3,6-DBCat is 4,5-(N,N0-piperazine-1,4-diyl)-3,6-di-tert-
butyl-catecholate, 4,5-Cl2-3,6-DBCat is 4,5-dichloro-3,6-di-tert-butyl-catecholate) containing NPyridine-
coordinated neutral donor ligand Py-CH]NeAr. In the absence of donor ligands chlorine-containing
catecholate 3 undergoes rearrangement in acetonitrile to form ionic complex [Ph4Sb]þ[(4,5-Cl2-3,6-
DBCat)2SbPh2]- (7). Complexes have been isolated and characterized by spectroscopic methods and cy-
clic voltammetry. The pyridine-containing catecholate (3,6-DBCat)SbPh3$Py (8) was also synthesized in
order to compare it's the electrochemical behaviour with those of iminopyridine complexes 4e6. The
presence of NPyridine-coordinated iminopyridine ligand changes the mechanism of catecholate oxidation
in 4 and 6: the first oxidation wave (at Eox1p¼ 0.94 V for 4 and 0.99 V for 6) is two-electron and corre-
sponds to the oxidation of dianionic catecholate ligand to a coordinated o-benzoquinone. In contrast to
catecholates 4 and 6, the electrochemical behaviour of piperazine-containing catecholate 5 does not
practically differ from that one for initial catecholate 2. The molecular structures of complexes 3e7 in
crystals have been determined by single-crystal X-ray analysis.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

The antimony compounds find an application as the components
of polymerization catalysts, reagents in fine chemical synthesis,
antiseptic agents, antioxidants and much more [1]. The variety of
structural types, coordination possibilities, Lewis acidity properties
of antimony-containing complexes [2] makes them to be attractive
objects for the development of fundamental ideas about the
“structure-property" influences in the coordination chemistry. In the
case of antimony(V) catecholates, in the absence of steric hindrances,
the metal center is able to complete its coordination number to six
[3] by means of the intermolecular interactions or the additional
neutral donor ligands. The introduction of the donor ligands to the
metals coordination sphere has a significant impact on the structure,
magnetic properties [4], redox properties of the complexes formed
[5]. Iminopyridines represent a widely used class of neutral ligands
[6]. However, iminopyridines can also serve as the redox-active li-
gands forming radical-anionic and dianionic derivatives [7]. Their
metal complexes possess the wide variability of the molecular and
electronic structure, and such compounds are the attractive and
interesting objects for both the fundamental and applied sciences (a
design of catalysts, coordination polymers, MOFs, polyfunctional
materials etc) [8,9]. A combination of antimony(V) complexes con-
taining redox-active catecholate ligand with iminopyridine as N-
donor ligand should cause modifications in the chemical and elec-
trochemical behaviour of such complexes which is of interest in the
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view of their potential application as radical scavengers [10], O2-
binding agents and carriers [11], destructors of peroxides [12] etc. In
the present paper we report on the complexation of mononuclear
triphenylantimony(V) 3,6-di-tert-butyl-catecholate (3,6-DBCat) and
related complexes containing electron donor- (piperazine-1,4-diyl)
or acceptor (chlorine) substituents in 4th and 5th positions of 3,6-
DBCat ligand with the additional neutral N-donor ligand 4-(2,6-
dimethylphenyliminomethyl)pyridine (Py-CH]NeAr).

2. Experimental

2.1. General considerations

Solvents were purified by standard methods [13]. Syntheses of
complexes were carried out in vacuum. The 1H and 13C NMR spectra
were recorded on Bruker AVANCE DPX-200 spectrometer, using the
CDCl3 solvent and the internal standard tetramethylsilane. The IR
spectra were recorded on Specord M-80. The X-ray structure
analysis was carried out on ‘‘Smart Apex” diffractometer (Bruker
AXS).

4,5-(N,N0-piperazine-1,4-diyl)-3,6-di-tert-butyl-o-benzoqui-
none, 4,5-di-chloro-3,6-di-tert-butyl-o-benzoquinone, (3,6-di-tert-
butyl)-catecholato)triphenylantimony(V) (3,6-DBCat)SbPh3 (1), 4,5-
(N,N0-piperazine-1,4-diyl)-3,6-di-tert-butyl-catecholato)tripheny-
lantimony(V) (4,5-pip-3,6-DBCat)SbPh3 (2) were synthesized by the
known methods [14e16], 4-(2,6-dimethylphenyliminomethyl)pyri-
dine - as described in Ref. [17].

2.2. Synthesis

2.2.1. (4,5-Dichloro-3,6-di-tert-butyl-catecholato)
triphenylantimony(V) (4,5-Cl2-3,6-DBCat)SbPh3 (3)

A toluene solution of 4,5-dichloro-3,6-di-tert-butyl-o-benzo-
quinone (100mg, 0.34mmol, 20ml of toluene) was added with
stirring to a toluene solution of triphenylstibine (120mg,
0.34mmol, 20ml of toluene) over a period of 10min. After the
addition was complete, the reaction mixture became yellow.
Removal of solvent under vacuum yielded a solid material.
Recrystallization of this crude material from the appropriate sol-
vent (see below) yielded microcrystalline product 3 (195mg, 89%).

Elemental analysis calcd (%) for С32H33Cl2O2Sb (642 gmol�1): C
59.81, H 5.18, Cl 11.04, Sb 18.96; found: C 59.68, H 5.11, Cl 10.99, Sb
18.98.

IR (Nujol, ῡ, cm�1): 1610m,1578m, 1478 s, 1463 s, 1433 s, 1397 s,
1370 s, 1303m, 1245 s, 1214 s, 1187m, 1155m, 1068m, 1062m,
1032m, 1021m, 997m, 978 s, 927m, 917m, 838 s, 775 s, 730 s,
693 s, 674m, 656m, 633m, 590 w, 552 w, 500m, 452 s.

1H NMR (CDCl3, 293 К, d/ppm, J/Hz): 1.64 (s, 18H, t-Bu), 7.4e7.54
(m, 9H, o-, p-H, 3Ph), 7.66e7.78 (m, 6H, m-H, Ph).

13C{1H} NMR (СDCl3, ppm): 32.24 (CH3, t-Bu), 38.52 (C, t-Bu),
128.87 (Ar), 129.31 (m-C, SbPh3), 131.34 (p-C, SbPh3), 134.77 (o-C,
SbPh3), 136.24 (i-C, SbPh3), 137.23 (CeCl, Ar), 145.57 (CO).

2.2.2. (4-(2,6-Dimethylphenyliminomethyl)pyridine) (3,6-di-tert-
butyl-catecholato)-triphenylantimony(V) (3,6-DBCat)SbPh3·(Py-
CH]NeAr) (4)

A solution of (3,6-di-tert-butyl-catecholato)triphenylantimo-
ny(V) (1), (257mg, 0.45mmol) in toluene (20mL) was added to a
stirred solution of 4-(2,6-dimethylphenyliminomethyl)pyridine
(119mg, 0.45mmol) in toluene (15mL). The reaction was allowed
to proceed over half an hour at room temperature, during which
time the mixture gradually changed color from cherry red to or-
ange. The resulting solution was concentrated to 15mL and stored
for a day at 0 �C. The product 4 was isolated by filtration and
recrystallized over a longer period from toluene to yield yellow
crystalline sample of 4 (260mg, yield is 69%);
Elemental analysis calcd (%) for С50H57N2O2Sb (839 gmol�1): C

71.51, H 6.79, Sb 14.51; found: C 71.28, H 6.51, Sb 14.40.
IR (Nujol, cm�1): ῡ¼ 1650w, 1632 s, 1606 s, 1580m, 1557m,

1416 s, 1401 s, 1377 s, 1355 s, 1318 s, 1306 s, 1282 s, 1262 s, 1241 s,
1200 s,1173 s,1161m,1144 s,1106m,1096m,1075 s,1063m,1057 s,
1023m, 1004 s, 998m, 977 s, 941 s, 925m, 884m, 848m, 827m,
801m, 789 s, 762 s, 733 s, 727 s, 694 s, 661m, 658m, 648 s, 628m,
601m, 559 w, 547 w, 540 w, 526m, 510 w, 464 s, 454 s.

1H NМR (CDCl3, 293 К, d/ppm, J/Hz): 1.18 (d, 6.8 Hz, 12H, i-Pr),
1.43 (s, 18H, t-Bu), 2.90 (sept, 6.8 Hz, 2 H, CH, i-Pr), 6.62 (s, 2H, arom.
C6H2), 7.17 (m, 3H, arom. C6H3), 7.38e7.55 (m, 9H, o-,p-H of Ph),
7.70e7.86 (m, 8H: 6m-H of Ph and 2H of Py), 8.20 (s, 1H, CH]N),
8.78 (d, 4.1 Hz, 2 H of Py).

13C{1H} NMR (СDCl3, d/ppm): 23.39 (CH3, iPr), 28.02 (CH, iPr),
29.58 (CH3, t-Bu), 34.15 (C, t-Bu), 114.24, 122.14, 123.16, 124.75,
129.07 (m-C, SbPh3), 130.94 (p-C, SbPh3), 132.14, 135.02 (o-C,
SbPh3), 137.16 (i-C, SbPh3), 138.48, 142.57, 145.34, 148.46 (CeO),
150.54, 160.24 (CH]N).

2.2.3. (4-(2,6-Dimethylphenyliminomethyl)pyridine) (4,5-(N,N0-
piperazine-1,4-diyl)-3,6-di-tert-butyl-catecholato)
triphenylantimony(V) (4,5-pip-3,6-DBCat)SbPh3·(Py-CH¼NeAr)
(5)

The pure sample of complex 5 was obtained from 100mg
(0.15mmol) of (4,5-(N,N0-piperazine-1,4-diyl)-3,6-di-tert-butyl-
catecholato)triphenylantimony(V) (2) and 4-(2,6-
dimethylphenyliminomethyl)pyridine (41mg, 0.15mmol) by the
same method as described for complex 4. The yield of 5 is 129mg
(72%).

Elemental analysis calcd (%) for С54H63N4O2Sb (921 gmol�1): C
70.36, H 6.84, Sb 13.25; found: C 70.28, H 6.71, Sb 13.28.

IR (Nujol, ῡ, cm�1): 1652 w,1638 s, 1606 s, 1561m,1477 s, 1433 s,
1414m, 1377 s, 1345m, 1334m, 1318m, 1297m, 1275m, 1260m,
1234 s, 1225 s, 1202m, 1175m, 1109 w, 1092 w, 1072m, 1059m,
1052m, 1038 s, 1023m, 995 s, 986 s, 934 s, 886 w, 870 w, 854m,
825m, 796m, 773m, 758m, 732 s, 696 s, 658m, 628 w, 594 w,
561m, 520m, 461 s.

1H NMR (CDCl3, 293 К, d/ppm, J/Hz): 1.18 (d, 6.8 Hz, 12H, CH3, i-
Pr), 1.61 (s, 18H, t-Bu), 2.55e3.10 (m, 10H, 2 CH of i-Pr and 8H of
N(CH2CH2)2N), 7.17 (m, 3H, arom. C6H3), 7.35e7.55 (m, 9H, o-, p-H of
Ph), 7.65e7.85 (m, 8H, m-H of Ph; 2H of Py), 8.20 (s, 1H, CH]N),
8.79 (d, 5.1 Hz, 2H of Py).

13C{1H} NMR (СDCl3, d/ppm): 11.40, 14.08, 18.75, 22.64, 23.39,
28.03, 25.29, 28.03, 29.06, 30.73, 31.58, 32.35, 34.51, 34.68, 35.47,
50.17, 122.07, 123.15, 124.74, 128.53,129.0 (m-C, SbPh3), 130.89 (p-C,
SbPh3), 135.08 (o-C, SbPh3), 137.16, 138.30, 141.13, 142.51, 143.67,
148.49 (CeO), 150.68, 160.29 (C]N).

2.2.4. (4-(2,6-Dimethylphenyliminomethyl)pyridine) (4,5-dichloro-
3,6-di-tert-butyl-catecholato)triphenylantimony(V) (4,5-Cl2-3,6-
DBCat)SbPh3·(Py-CH¼NeAr) (6)

Complex 6 was obtained by the same method as described for
complex 4 from 100mg (0.15mmol) of (4,5-dichloro-3,6-di-tert-
butylcatecholato)-triphenylantimony(V) (3) and 41mg (0.15mmol)
of 4-(2,6-dimethylphenyliminomethyl)pyridine. Yield of 7 is 99mg
(70%).

Elemental analysis calcd (%) for С50H55N2Cl2O2Sb (908 gmol�1):
C 66.08, H 6.06, Sb 13.44; found: C 66.10, H 6.04, Sb 13.44.

IR (Nujol, ῡ, cm�1): 1656w, 1636 s, 1610 s, 1578m, 1558m,
1478 s, 1431 s, 1417m, 1395 s, 1365 s, 1316 s, 1266m, 1250 s, 1233m,
1202 s, 1182 s, 1159m, 1112m, 1092m, 1071m, 1065m, 1059m,
1042m, 1028m, 1006m, 998m, 980 s, 970m, 930m, 885m, 835 s,
796m, 772 s, 759 s, 733 s, 693 s, 668m, 658m, 630m, 617 w, 590 w,
559 w, 546 w, 532 w, 513m, 494m, 461 s, 453m.
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1H NMR (CDCl3, 293 К, d/ppm, J/Hz): 1.18 (d, 6.8 Hz, 12H, CH3, i-
Pr), 1.64 (s, 18H, t-Bu), 2.90 (sept., 6.8 Hz, 2H, CH, iPr), 7.18 (m, 3H,
C6H3), 7.40e7.58 (m, 9H, o-, p-H, Ph), 7.66e7.80 (m, 8H: 6m-H, Ph;
2H, Py), 8.20 (s, 1H, CH]N), 8.70 (d, 5.1 Hz, 2H, Py).

13C{1H} NMR (СDCl3, ppm): 23.38 (CH3, i-Pr), 28.0 (CH, iPr),
32.26 (CH3, t-Bu), 38.51(C, t-Bu), 122.12, 123.15,123.54, 124.78,
128.58, 128.85, 129.16 (m-C, SbPh3), 129.7, 131,03 (p-C, SbPh3),
134.75(o-C, SbPh3), 136.22 (i-C, SbPh3), 137.13, 138.28, 142.75,
145.73, 148.41 (CeO), 150.35, 160.08 (CH]N).

2.2.5. Tetraphenylstibonium(V) bis-(4,5-dichloro-3,6-di-tert-
butylcatecholato)-diphenylantimonate(V) [Ph4Sb]

þ[(4,5-Cl2-3,6-
DBCat)2SbPh2]

-(7)
A sample of triphenylantimony(V) catecholate 3 (100mg) was

dissolved in acetonitrile (30ml) and heated at 60 �C for three days.
Then 20ml of toluene was added, and the resulting solution was
stored at ambient temperature for 1 week. The X-ray quality crys-
tals 7$0.5toluene formed (65mg), they were collected and dried on
air. The yield is 62.7%.

Elemental analysis calcd (%) for С67.5H70Cl4O4Sb2, 7$0.5toluene,
(1330.5 gmol�1): C 60.93, H 5.30, Cl 10.66, Sb 18.30; found: C 60.69,
H 5.20, Cl 10.41, Sb 18.15.

1H NМR (CD3CN, 295 К, d/ppm): 1.29 (s,18H, t-Bu),1.62 (s,18H, t-
Bu), 7.24e7.36 (m, 4H, Ph), 7.51e7.62 (m, 4H, Ph), 7.62e7.80 (m,
20H, SbPh4), 8.10e8.25 (m, 2H, Ph).

13C{1H} NMR (СD3CN, d/ppm): 32.46 (CH3, t-Bu), 32.76 (CH3, t-
Bu), 39.15 (C, t-Bu), 39.34 (C, t-Bu), 129.05 (m-C, SbPh2), 129.48,
129.66, 129.91, 130.09, 130.36 (p-C, SbPh2), 131.95 (m-C, SbPh4),
134.28 (o-C, SbPh2), 134.65 (p-C, SbPh4), 135.28 (i-C, SbPh2), 135.35
(i-C, SbPh4), 136.66 (o-C, SbPh4), 143.20 (CeO), 145.16 (CeO).

2.2.6. (3,6-Di-tert-butyl-catecholato)-pyridine-
triphenylantimony(V) (3,6-DBCat)SbPh3·Py (8)

Pyridine (0.020ml, 0.248mmol) was added with a micropipette
to the toluene solution of (3,6-di-tert-butyl-catecholato)tripheny-
lantimony(V) (1) (100mg, 0.175mmol, toluene 20mL). The reac-
tion mixture was stirred for an hour at room temperature. The
resulting solutionwas concentrated to 10mL and stored for a day at
room temperature. The pale yellow powder precipitated. The
product 8was isolated by filtration and dried on air. The yield of 8 is
88mg (77%).

Elemental analysis calcd (%) for С37H40NO2Sb (652 gmol�1): C
68.11, H 6.18, Sb 18.66; found: C 68.22, H 6.23, Sb 18.39.

IR (Nujol, cm�1): ῡ¼ 1595m, 1584 w, 1577 w, 1541 w, 1480 s,
1443 s, 1433 s, 1408 s, 1353m, 1311m, 1285 s, 1269 s, 1243 s, 1214 s,
1205 w, 1199 w, 1183 w, 1147m, 1067 s, 1036m, 1025m, 1003m,
997m, 979 s, 944 s, 928m, 875 w, 849 w, 812m, 794 s, 753 s, 733 s,
730 s, 696 s, 659 w, 649 w, 623m, 601 w, 551 w, 463 s.

1H NМR (CDCl3, 293 К, d/ppm, J/Hz): 1.43 (s, 18H, t-Bu), 6.61 (s,
2H, arom. C6H2), 7.20e7.30 (m, 2H of Py), 7.37e7.53 (m, 9H, o-,p-H
of Ph), 7.62e7.72 (m, 1H of Py), 7.74e7.85 (m, 6m-H of Ph), 8.55 (d,
4.4 Hz, 2 H of Py).

13C{1H} NMR (СDCl3, d/ppm): 29.55 (CH3, t-Bu), 34.12 (C, t-Bu),
114.11, 123.74, 128.58 (m-C, SbPh3), 130.78 (p-C, SbPh3), 132.08 (o-C,
SbPh3), 134.99, 136.29, 138.93 (i-C, SbPh3), 145.39 (CeO), 149.44.

2.3. X-ray diffraction

X-ray suitable crystals of complexes 3, 4 and 5 were obtained
from the mixture hexane-toluene (the mixture 2:1 vol for 3 and
1:1 vol for 4 and 5), 6 e from toluene, and 7 e from a mixture
toluene-acetonitrile (2:3).

X-ray diffraction intensity data for compounds 3e7 were
collected at 100 K on Agilent Xcalibur E (3, 4, 6, 7) and Smart Apex I
(5) diffractometers with graphite monochromated Mo-Ka radiation
(l¼ 0.71073 Å) using u scans. The structures were solved by direct
methods and were refined on F2 using SHELXTL [18] and Crysalis Pro
[19] packages. All non-hydrogen atoms in 3e7 were refined
anisotropically. The H atoms were placed in calculated positions
and were refined in the riding model with Uiso(H)¼ 1.2 Ueq and
Uiso(H)¼ 1.5 Ueq for the hydrogen atoms of their parent atoms.
SADABS [20] and ABSPACK (Crysalis Pro) [19] were used to perform
area-detector scaling and absorption corrections. The single crys-
tals of 6 have the poor quality andweak diffraction. Crystal data and
details of data collection and structure refinement for the different
compounds are given in Table 1. The CCDC 1875551 (3), 1875552
(4), 1875553 (5$1.6n-hexane), 1875554 (6) and 1875555
(7$0.5toluene) contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge via ccdc.cam.
ac.uk/community/requestastructure.

2.4. Electrochemistry

Electrochemical studies were carried out using IPC-Pro poten-
tiostate in three-electrode mode. The stationary glassy carbon
(d¼ 2mm) disk was used as working electrode; the auxiliary
electrode was a platinum-flag electrode. The reference electrode
was a Ag/AgCl/KCl (sat.) with watertight diaphragm and ferrocene
was added as internal standard (E1/2(Fcþ/Fc)¼ 0.51 V vs. Ag/AgCl/
KCl(sat.)). All measurements were carried out under argon. The
samples were dissolved in the pre-deaerated solvent. The rate scan
was 200mV s�1. The supporting electrolyte 0.1M Bu4NClO4 (99%,
‘‘Acros”) was undergone twice recrystallization from aqueous EtOH
and then it was dried in vacuum (48 h) under 50 �C. The com-
pounds 3e6 and 8 show linear dependencies of the first anodic
current peaks with the square root of the scan rate (v1/2) indicating
a diffusion controlled system in the range of potential sweep from
0.05 to 1.00 V s�1.

In order to determine a number of electrons transferred in
electrode processes, microelectrolysis of complexes 4, 6 and 8 was
performed using potentiostate “VersaSTAT-3” at 25�С in a dia-
phragmless three-electrode cell at controlled-potential conditions
(E¼ 1.1 V). The platinum flag electrodes with the surface area of
0.7 cm2 were applied. The coulometric measurements have shown
that the amounts of transmitted electricity in microelectrolysis
were 2.0e2.1 F/mol.

3. Results and discussion

3.1. Synthesis and characterization

As it was shown previously, the initial pentacoordinated tri-
phenylantimony(V) catecholates (3,6-DBCat)SbPh3 (1) and (4,5-
pip-3,6-DBCat)SbPh3 (2) (Scheme 1) have the tendency to in-
crease the coordination number to six either through the inter-
molecular interactions between neighboring complex molecules or
via the coordination of solvents such as methanol, acetonitrile etc
[3b,16]. In the course of this study we have synthesized tripheny-
lantimony(V) 4,5-dichloro-3,6-di-tert-butyl-catecholate complex
(4,5-Cl2-3,6-DBCat)SbPh3 (3) containing electron-withdrawing
chlorine substituents in the aromatic ring of catecholate ligand.
Complex 3 was isolated from a hexane-toluene (2:1) solution as
yellow-orange crystals suitable for single crystal X-ray analysis. In
crystal of 3, the additional intermolecular interaction between one
of two chlorine atoms in Cat ligand of one complex molecule and
the central antimony atom of another molecule was observed
leading to the fulfilling the antimony(V) coordination sphere and to
the formation of 1D polymeric structure (see part 3.2).

http://www.ccdc.cam.ac.uk/community/requestastructure
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Table 1
Crystallographic and refinement data for 3, 4, 5$1.6n-hexane, 6, 7$0.5toluene.

Complex 3 4 5$1.6n-hexane 6 7$0.5toluene

Empirical formula C32H33Cl2O2Sb C50H57N2O2Sb C63.6H85.4N4O2Sb C50H55Cl2N2O2Sb C67.50H70Cl4O4Sb2
Formula weight 642.23 839.72 1059.70 908.61 1330.53
Т /K 100 (2) 100 (2) 100 (2) 100 (2) 100 (2)
Crystal system Monoclinic Monoclinic, Triclinic Monoclinic Monoclinic
Space group P2 (1)/n P2 (1)/n P-1 P2/c P2 (1)/n
a/Å 10.46407 (15) 16.9251 (2) 14.0502 (6) 43.6526 (11) 12.78510 (10)
b/Å 13.78279 (19) 14.48910 (10) 14.6311 (7) 10.35473 (14) 34.3294 (4)
c/Å 19.9636 (3) 18.9547 (2) 14.9242 (7) 20.2919 (4) 13.71590 (10) A
a/deg 90 90 72.3930 (10) 90 90
b/deg 96.9271 (14) 105.7390 (10) 73.3120 (10) 102.911 (2) 91.3600 (10)
g/deg 90 90 86.0330 (10) 90 90
V/Å3 2858.22 (7) 4473.97 (8) 2800.6 (2) 8940.3 (3) 6018.28 (10)
Z 4 4 2 8 4
r/g cm�3 1.492 1.247 1.257 1.350 1.468
m/mm�1 1.180 0.656 0.539 0.778 1.123
F (000) 1304 1752 1124 3760 2708
Crystal size/mm 0.300� 0.250 x 0.200 0.400� 0.200 x 0.200 0.400� 0.350 x 0.220 0.300� 0.200 x 0.050 0.856� 0.278 x 0.167
q range for data collection/deg 2.956e32.652 3.025e30.435 1.803e27.999 2.964e25.000 3.030e28.999
Limiting indices �15� h<¼13

�20� k<¼20
�29� l<¼29

�24� h<¼24
�20� k<¼20
�27� l<¼27

�18� h<¼18
�19� k<¼19
�19� l<¼19

�51� h<¼51
�12� k<¼12
�24� l<¼24

�17� h<¼17
�46� k<¼46
�18� l<¼18

Refls. collected 35748 98939 28361 70907 112046
Unique refls. collected 9683 13536 13397 15723 15979
Rint 0.0514 0.0318 0.0202 0.0808 0.0387
Data/restraints/parameters 9683/0/340 13536/43/525 13397/166/705 15723/1020/1018 15979/102/799
Goodness-of-fit on F2 1.029 1.031 1.050 1.075 1.065
R1/wR2 (I> 2s(I)) 0.0350/0.0662 0.0513/0.1494 0.0349/0.0848 0.1182/0.2746 0.0411/0.0831
R1/wR2 (all data) 0.0595/0.0755 0.0536/0.1507 0.0388/0.0874 0.1235/0.2792 0.0463/0.0848
Largest diff. peak and hole/e�Å�3, rmax/rmin 0.869/�1.002 1.078/�1.592 1.056/�0.647 2.463/�3.189 0.705/�1.473

Scheme 1. The preparation of complexes 4-6 from 1-3.
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We have investigate the reactions of The interaction of
triphenylantimony(V) 3,6-di-tert-butyl-catecholate (1), 4,5-(N,N'-
piperazine-1,4-diyl)-3,6-di-tert-butyl-catecholate (2) and 4.5-
dichloro-3,6-di-tert-butyl-catecholate (3) with 4-(2,6-
dimethylphenyliminomethyl)pyridine (Py-CH]NeAr) in toluene
leads to the coordination of pyridine group to the central antimony
atom with the formation of corresponding complexes 4e6 of the
common type (Cat)SbPh3$(Py-CH]NeAr) (Scheme 1).

Triphenylantimony(V) 4,5-dichloro-3,6-di-tert-butylcatecholate
(4,5-Cl2-3,6-DBCat)SbPh3 (3) is stable in such solvents as toluene,
benzene, however 3 undergoes a slow rearrangement under
heating in a mixture of polar solvents acetonitrile-methanol to
form ionic derivative [Ph4Sb]þ[(4,5-Cl2-3,6-DBCat)2SbPh2]- (7)
containing tetraphenylstibonium(V) cation and bis-catecholato-
diphenylantimony(V) anion (Scheme 2). 3,6-Di-tert-butyl-cat-
echolate 1 and its piperazine-substituted analog 2 do not undergo
such transformation in polar solvents [14,16]. However, earlier it
was found that other types of triphenylantimony(V) catecholates
(for example, phenanthrene-9,10-diolato)triphenylantimony(V)
[3a] or (4,5-(1,1,4,4-tetramethyl-butane-1,4-diyl)-catecholato)tri-
phenylantimony(V) [21]) undergo such rearrangement with a for-
mation of related ionic compounds of the type
[Ph4Sb]þ[Cat2SbPh2]-.

Complex 7was isolated as X-ray quality crystalline material (see



Scheme 2. Rearrangement of 3 to ionic complex 7.
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part 3.2) from the mixture toluene-acetonitrile.
Starting from 1 and unsubstituted pyridine we have synthesized

complex with coordinated pyridine ligand - (3,6-DBCat)SbPh3$Py
(8) - in order to compare its electrochemical behaviour with the
electrochemical behaviour of iminopyridine-containing complexes
4e6.

The composition and structures of the synthesized compounds
3e8 have been determined by means of IR, 1H and 13C NMR spec-
troscopy, elemental analysis and single-crystal X-ray analysis (3e7).

The IR spectra of the obtained complexes contain the intense
absorption bands in the region of 1640e1580 cm�1 characteristic
for double and aromatic bonds C]N [22], in the region of
1400e1180 cm�1 - for single CeO and CeN bonds. The IR spectra
also contain valence vibrations of Sb-CPh bonds in the region of
510e450 cm�1, SbeO - 620-650 cm�1, deformation vibrations of
SbPh3 fragment at 930-690 cm�1.

The 1H NMR spectra of the synthesized catecholates 4e6 have
Table 2
The selected bond distances and angles for 3 and 7.

3 7

Bond d/Ǻ Bond

Sb(1)eO (1) 2.029 (2) Sb(1)eO (1)
Sb(1)eO (2) 2.035 (2) Sb(1)eO (2)

Sb(1)eC (15) 2.128 (2) Sb(1)eO (3)
Sb(1)eC (21) 2.135 (2) Sb(1)eO (4)
Sb(1)eC (27) 2.109 (2)

C (1)eO (1) 1.359 (2) C (1)eO (1)
C (2)eO (2) 1.360 (2) C (2)eO (2)

C (1)eC (2) 1.409 (3) C (1)eC (2)
C (1)eC (6) 1.402 (3) C (1)eC (6)
C (2)eC (3) 1.405 (3) C (2)eC (3)
C (3)eC (4) 1.413 (3) C (3)eC (4)
C (4)eC (5) 1.406 (3) C (4)eC (5)
C (5)eC (6) 1.414 (3) C (5)eC (6)

Cl (1)eC (4) 1.746 (2) Cl (1)eC (4)
Cl (2)eC (5) 1.752 (2) Cl (2)eC (5)

Angle u/º Angle

O (1)-Sb(1)-O (2) 77.16 (6) O (1)-Sb(1)-O (2)
O (1)-Sb(1)-C (27) 100.00 (7) O (1)-Sb(1)-O (3)
O (2)-Sb(1)-C (27) 97.52 (8) O (1)-Sb(1)-O (4)
O (1)-Sb(1)-C (15) 86.30 (7) O (2)-Sb(1)-O (3)
O (2)-Sb(1)-C (15) 153.20 (7) O (2)-Sb(1)-O (4)
C (27)-Sb(1)-C (15) 106.10 (9) O (3)-Sb(1)-O (4)
O (1)-Sb(1)-C (21) 150.01 (7) O (1)-Sb(1)-C (29)
O (2)-Sb(1)-C (21) 85.21 (7) O (2)-Sb(1)-C (29)
C (27)-Sb(1)-C (21) 106.28 (9) O (3)-Sb(1)-C (29)
C (15)-Sb(1)-C (21) 99.81 (8) O (4)-Sb(1)-C (29)
common features such as singlet from the equivalent tert-butyl
groups in the region of 1.43 (for 4) and 1.61e1.64 (for 5 and 6) ppm,
the doublet from CH3 groups and the multiplet from CH protons of
isopropyl substituents of 4-(2,6-diisopropylphenyliminomethyl)
pyridine ligand in the region of 1.18 and 2.8e3.0 ppm respectively,
two multiplets from aromatic protons in triphenylantimony(V) in
the region of 7.40e7.84 ppm. At the same time, 1H NMR spectra of
complexes 4e6 have the differences due to the presence or absence
of substituents in the 4th and 5th positions of 3,6-di-tert-butylca-
techolate ligand: the presence of a singlet at 6.62 ppm from two
protons of 3,6-di-tert-butylcatecholate ligand to complex 4, and its
absence in the spectra of complexes 5 and 6; a multiplet from
methylene protons of piperazine groups in the region
2.55e3.10 ppm for complex 5.
3.2. X-ray structures

X-ray suitable crystals of complexes 3, 4 and 5 were obtained
from the mixture hexane-toluene (the mixture 2:1 vol for 3 and
1:1 vol for 4 and 5), 6 e from toluene, and 7 e from a mixture
toluene-acetonitrile (2:3). Crystals of piperazine-substituted cat-
echolate 5 contain 1.6 solvated molecules of n-hexane per each
complex molecule (5$1.6n-hexane), the crystals of 7 contain 0.5
solvated toluene molecule per each complex molecule
(7$0.5toluene). The unit cell of 6 contains two independent mole-
cules of complex. The selected bond lengths and angles for com-
plexes 3 and 7 are given in Table 2, 4e6 e in Table 3.

The molecular structure of 3 in crystals is shown on Fig. 1.
In molecule of 3, the central atom Sb(1) disposes in a distorted
d/Ǻ Bond d/Ǻ

2.052 (2) Sb(1)eC (29) 2.139 (3)
2.020 (2) Sb(1)eC (35) 2.145 (3)

2.023 (2) Sb(2)eC (41) 2.099 (3)
2.013 (2) Sb(2)eC (47) 2.091 (3)

Sb(2)eC (53) 2.091 (3)
Sb(2)eC (59) 2.094 (3)

1.341 (3) C (15)eO (3) 1.355 (3)
1.362 (3) C (16)eO (4) 1.355 (3)

1.427 (4) C (15)eC (16) 1.425 (4)
1.408 (4) C (15)eC (20) 1.402 (4)
1.405 (4) C (16)eC (17) 1.405 (4)
1.413 (4) C (17)eC (18) 1.409 (4)
1.394 (4) C (18)eC (19) 1.397 (5)
1.414 (4) C (19)eC (20) 1.411 (5)

1.752 (3) Cl (3)eC (18) 1.750 (3)
1.751 (3) Cl (4)eC (19) 1.754 (3)

u/º Angle u/º

78.68 (8) O (1)-Sb(1)-C (35) 168.50 (10)
83.51 (8) O (2)-Sb(1)-C (35) 91.40 (9)
91.53 (8) O (3)-Sb(1)-C (35) 90.72 (10)
89.72 (8) O (4)-Sb(1)-C (35) 97.25 (10)
166.54 (8) C (29)-Sb(1)-C (35) 98.70 (11)
79.93 (8) C (47)-Sb(2)-C (53) 111.84 (12)
88.64 (10) C (47)-Sb(2)-C (59) 107.83 (11)
98.77 (10) C (53)-Sb(2)-C (59) 107.98 (11)
167.12 (10) C (41)-Sb(2)-C (47) 110.53 (11)
90.12 (10) C (41)-Sb(2)-C (53) 108.70 (12)

C (41)-Sb(2)-C (59) 109.92 (12)



Table 3
The selected bond lengths (Å) and angles (º) in 4 and 5.

4 5

Bond d/Ǻ Bond d/Ǻ

Sb(1)eO (1) 2.031 (2) Sb(1)eO (1) 2.021 (2)
Sb(1)eO (2) 2.039 (2) Sb(1)eO (2) 2.035 (2)
Sb(1)eC (33) 2.148 (3) Sb(1)eC (37) 2.137 (2)
Sb(1)eC (39) 2.151 (3) Sb(1)eC (43) 2.141 (2)
Sb(1)eC (45) 2.143 (3) Sb(1)eC (49) 2.144 (2)
Sb(1)eN (1) 2.509 (2) Sb(1)eN (3) 2.576 (2)
C (1)eO (1) 1.357 (3) C (1)eO (1) 1.359 (2)
C (2)eO (2) 1.362 (3) C (2)eO (2) 1.365 (2)
N (2)eC (20) 1.264 (5) N (4)eC (24) 1.267 (3)
N (2)eC (21) 1.419 (4) N (4)eC (25) 1.428 (2)
C (1)eC (2) 1.407 (4) C (1)eC (2) 1.425 (2)
C (1)eC (6) 1.404 (4) C (1)eC (6) 1.404 (3)
C (2)eC (3) 1.406 (4) C (2)eC (3) 1.403 (2)
C (3)eC (4) 1.404 (4) C (3)eC (4) 1.410 (3)
C (4)eC (5) 1.388 (4) C (4)eC (5) 1.390 (3)
C (5)eC (6) 1.406 (4) C (5)eC (6) 1.409 (3)

4 5
Angle u/º Angle u/º

O (1)-Sb(1)-O (2) 79.27 (8) O (1)-Sb(1)-O (2) 78.45 (5)
O (2)-Sb(1)-C (33) 162.09 (9) O (2)-Sb(1)-C (43) 161.44 (6)
O (1)-Sb(1)-C (39) 158.02 (10) O (1)-Sb(1)-C (49) 156.42 (7)
C (45)-Sb(1)-N (1) 177.46 (9) C (37)-Sb(1)-N (3) 173.31 (6)

Fig. 1. The molecular structure of (4,5-Cl2-3,6-DBCat)SbPh3 (3) in crystals (ellipsoids of
30% probability). The hydrogen atoms are omitted.
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tetragonal pyramidal environment with the base formed by oxygen
atoms O (1) and O (2) of catecholato ligand and carbons C (15), C
(21) of two phenyl groups. The metallocycle in 3 is not planar, the
torsion angle O (1)C (1)C (2)O (2) is 4.25�, the bending angle along
O (1) … O (2) line is 23.10�. The aromatic ring C (1e6) is also dis-
torted due to the staggered conformation of tert-butyl groups.

The apical bond Sb(1)eC (27) of 2.109 (2) Å is slightly shorter
than the equatorial bonds Sb(1)eC (15) and Sb(1)eC (21) (2.128 (2)
and 2.135 (2) Å, respectively). The bond angles O (2)-Sb(1)-C (15)
and O (1)-Sb(1)-C (21) are close (153.20 (7) and 150.01 (7)º,
respectively).

The parameter describing pentacoordinated compounds
t¼ 0.053 meaning that the coordination polyhedron may be
described as a distorted tetragonal pyramid. However, in crystal the
additional intermolecular contacts between chlorine atom Cl (2) of
one complex molecule with the central antimony atom Sb(1) of
another complex molecule are observed. The distance Sb(1) … Cl
(2) are 3.457 (2) Å that is shorter than the sum of Van-der-Waals
radii of these elements (2.2 þ 1.8 ¼ 4.0 Å [23]). Thus, the coordi-
nation number of Sb(1) increases to six. The molecules of 3 are
situated in crystal is such a way that they form 1D coordination
chains (Fig. 2). It is worthy of note that the crystal packingmotif of 3
differs significantly from packing motifs for complex 1 [3b]. The
solid-state structure of 1 contain ‘‘dimeric’’ packing motif. In crys-
tal, complex (3,6-DBCat)SbPh3 has square-pyramidal geometry and
packs in a “back-to-back” fashion with the bases of the pyramids
facing each other. In the case of complex 2 it was crystallized only as
a hexacoordinated antimony(V) complex 2$MeOH with a coordi-
nated methanol molecule [16].

The molecular structures of complexes 4, 5 and 6 in crystal state
are shown in Fig. 3. The coordination environment of the central
antimony atom in 4e6 is a distorted octahedronwith the equatorial
plane formed by oxygen atoms O (1), O (2) of the chelating cat-
echolate ligand and atoms with two phenyl substituents. The apical
positions are occupied by the nitrogen atom of the pyridine frag-
ment (atom N (1) in 4 and 6, and N (3) in 5) and carbon atom of the
third phenyl group (atom C (45) in 3, C (37) in 4, and C (21) in 5).

The quality of crystals of 6 was poor and therefore in order to
avoid some speculative discussion we will compare the X-ray data
of complexes 4 and 5. The deviation of the central antimony atom
Sb(1) from the octahedron base plane is 0.290 Å for 4 and 0.312 Å
for 5. The deviation of Sb(1) from the plane of catecholate ligand
formed by atoms C (1)eC (6), O (1), O (2) is 0.198 Å for 4, 0.455 Å for
5. The Sb(1)eO (1) and Sb(1)eO (2) bond lengths (Table 3) are
typical for antimony(V) catecholates [3,24,25]. The bond length
between antimony and nitrogen atom of pyridine group Sb(1)eN
(1) in 4 is 2.509 (2) Ǻ, Sb(1)eN (3) in 5 is 2.576 (16) Ǻ. These bond
distances are some longer than the sum of covalent radii of the
corresponding elements (1.43 þ 0.74 ¼ 2.17 Å) [23], however they
are significantly less than the sum of the corresponding van der
Waals radii (2.2 þ 1.6 ¼ 3.8 Å) [23]. Thus, these SbeN distances
correspond to the donor-acceptor binding. It should be noted that
the distance Sb-NPy shortens in the row (4,5-pip-3,6-DBCat)
SbPh3$(Py-CH]NeAr) (5), (3,6-DBCat)SbPh3$(Py-CH]NeAr) (4),
(4,5-Cl2-3,6-DBCat)SbPh3$(Py-CH]NeAr) (6) meaning the
increasing donor-acceptor bonding SbeN with the increasing
electron-withdrawing properties of catecholato ligand.

Metallocycles Sb(1)O (1)C (1)C (2)O (2) in complexes are not
planar. The torsion angle O (1)C (1)C (2)O (2) in 4 is 0.43�, in
5e3.02�. The bend angle along the line O (1) ….O (2) - 8.33� (in 4),
18.90� (in 5), respectively. These differences are due to the fact that
the presence of the piperazine group in 5 leads to a reversal orders
of tert-butyl substituents in eclipsed conformation: the methyl
groups of tert-butyls facing the central antimony atom lie in the
plane of the catecholate ligand, thereby increasing the steric ten-
sion in the metal cycle.

The X-ray structure of complex 7 is shown on Fig. 4. The selected
bond lengths and angles are listed in Table 2. The Sb(1) atom in
complex anion [(4,5-Cl2-3,6-DBCat)2SbPh2]- adopts the distorted
octahedral environment, and Sb(2) in cation [Ph4Sb]þ is tetrahe-
dral. The geometrical characteristics of O,O0-chelating ligands are
typical for catecholates [3,24,25]. In general, molecular structure of
complex 7 in solid state is close to earlier reported structures of
complexes [Ph4Sb]þ[(beetle-Cat)2SbPh2]- [16] and
[Ph4Sb]þ[(PhenCat)SbPh2]- [3a].

3.3. The electrochemical properties

The electrochemical behaviour of complexes was studied by
means of cyclic voltammetry in dichloromethane solutions using
glass carbon working electrode, Ag/AgCl/KCl(sat.) reference



Fig. 2. The intermolecular Sb(1) … Cl (2) interactions in 1D coordination polymeric chain (methyl groups of tert-butyls, phenyls, hydrogen atoms are not shown for clarity).

Fig. 3. The molecular structures of complexes 4 (a), 5 (b) and 6 (c) in crystals of 4, 5$1.6n-hexane and 6, respectively. The ellipsoids are given with 50% probability. The hydrogen
atoms are omitted for clarity.

Fig. 4. The molecular structure of 7 in crystals (ellipsoids of 50% probability). The hydrogen atoms are omitted.
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Table 4
The CV data for triphenylantimony(V) catecholates (CH2Cl2, GC anode, С¼ 3$10�3М,
in argon, 0.15M Bu4NClO4, vs Ag/AgCl/KCl).

N Compound Eox1pb, V n Eox2pb, V

1 (3,6-DBCat)SbPh3 0.96 (0.89) 1 1.40
2c (4,5-pip-3,6-DBCat)SbPh3

a 0.76 1 1.23 (1.15)
3 (4,5-Cl2-3,6-DBCat)SbPh3 1.03 (0.97) 1 1.33
4 (3,6-DBCat)SbPh3$(Py-CH]NeAr) 0.94 2 1.83
5c (4,5-pip-3,6-DBCat)SbPh3$(Py-CH]NeAr) 0.74 1 1.15 (1.09)
6 (4,5-Cl2-3,6-DBCat)SbPh3$(Py-CH]NeAr) 0.99 2 1.84
8 (3,6-DBCat)SbPh3$Py 0.93 2 e

a The data from Ref. [17].
b The values of Eox1/2 for quasi-reversible processes are given in brackets.
c Eox3p¼ 1.48 V.

Fig. 5. The CVs of (3,6-DBCat)SbPh3$(Py-CH]NeAr) (4) (curve 1 e the potential range
from �0.60e1.40 V; curve 2 e the potential range from �0.60e2.1 V) and (4,5-Cl2-3,6-
DBCat)SbPh3$(Py-CH]NeAr) (6) (curve 3 e the potential range from �0.60 to 2.1 V).
(CH2Cl2, GC electrode, C¼ 3� 10�3M, 0.1 М NBu4ClO4, V¼ 0.2 V s�1, vs. Ag/AgCl/
KCl(sat.)).
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electrode. The electrochemical data are given in Table 4.
The oxidation of initial triphenylantimony(V) catecholate 1

proceeds as two successive one-electron oxidations (Scheme 3):
the first one, Eox11/2¼ 0.89 V, is the reversible oxidation wave Cat/
SQ, the second one, Eox2p¼ 1.40 V, is irreversible wave SQ/Q
[5b,11a]. The electrochemical oxidation of chloride-substituted
complex 3 has the same electrochemical profile as in the case of
compound 1 (Scheme 3, Fig. S15). The modification of catecholate
ring of the redox-active ligand in the fourth and fifth positions by
the electron withdrawing chlorine atoms decreases the stability of
the o-semiquinonato form 4,5-Cl2-3,6-DBBQ of redox-active ligand
(Ic/Ia¼ 0.65) formed during the oxidation as compared with pre-
viously studied complex 1 (for 1, the current ratio Ic/Ia¼ 0.82
[5b,26]). The first oxidation peak for complex 3 is shifted to the
anodic area (0.07 V) in the accordance with electron withdrawing
effect of chlorine atoms.

The electrochemical behaviour of triphenylantimony(V) cat-
echolate 8 containing a coordinated pyridine molecule differs from
that one for 1 (Fig. S13): one two-electron peak is observed instead
of two anodic peaks. The general mechanism of the oxidation in-
cludes one irreversible two-electron stage (at Eoxp¼ 0.93 V) insig-
nificantly shifted to the cathode region as compared with Eox1p for
1. A controlled-potential microelectrolysis of 8 was performed at
1.1 V that corresponds to the potential value at which the cat-
echolate ligand is oxidized. The data of coulometric measurements
have established that pyridine adduct 8 is double-electron-
oxidized yielding a dicationic derivative 82þ (Scheme 3).

The same situation takes place in the case of iminopyridine-
containing complexes 4 and 6. In the range of potentials
from �0.6e1.4 V the oxidation of these compounds also proceeds
as one two-electron irreversible stage at 0.94 and 0.99 V
(Fig. 5(1,3)). The first oxidation process leads to the formation of
dicationic species 42þ (Scheme 4) and 62þ containing doubly
oxidized form of redox-active ligand. The coulometric measure-
ments performed at the potential 1.1 V have confirmed that com-
plexes 4 and 6 undergo two-electron-oxidation at this stage. In case
of the targeted compounds, the small variation of electrochemical
Scheme 3. The electrochemical oxidation of complexs 1 and 8.
potentials (Eox1p) suggests a partial transfer of electron density
from the iminopyridine ligand to the central antimony atom.

The irreversibility of the first anodic stages in both cases (4 and
6) implies the subsequent chemical stage in the solution - the
decoordination of o-benzoquinone ligand from the dicationic in-
termediates 42þ and 62þ. This is confirmed by the impulse potential
sweep: in the range from �0.7e1.4 V in the pulse potential scan-
ning mode, it possible to observe the quasi-reversible redox tran-
sition at the value of potential �0.53 V corresponding to the
reduction of decoordinated о-benzoquinone (Fig. S14). The
expansion of potential range to 2.1 V (Fig. 5(2)) allows to observe
another anodic peak at the high anodic value of potential (1.83 V).
This oxidation step corresponds to the oxidation of iminopyridine
ligand in species [Ph3Sb∙(Py-CH]NeAr)]2þ. Free iminopyridine
Py-CH]NeAr undergoes the electrochemical oxidation at
Eoxp¼ 1.66 V [27]. Thus, the general scheme of redox-processes for
complexes 4 and 6may be presented as it is shown on the example
of complex 4 (Scheme 4):

In contrast to catecholate 4 and 6, the electrochemical behaviour
of piperazine-containing catecholate 5 (Scheme 4) does not prac-
tically differ from that one for initial catecholate 2 [16]. The
oxidation mechanism in case of 5 does not change (Scheme 5).

The coordination of iminopyridine ligand to 2 with a formation
of 5 does not leads to the remarkable redistribution of electron
density. It may be connected with the influence of piperazine
moiety, and the initial participation of piperazine moiety in the
oxidation and intramolecular electron transfer between two redox-
active fragments of ligand (Scheme 5). The values of peak potentials
of the first and the second anodic processes shift slightly to the
cathode region due to the increase of the electron density caused by
a coordinated pyridine-containing ligand Py-CH]NeAr. The third
anode stage at 1.48 V for 5 (as well as 2) corresponds to the deeper
oxidation of redox-active ligand.

Also the fourths oxidation stage was observed at the high anodic
potential at 1.85 V. As well as in the case of 4 or 6, the wave at 1.85 V
is the oxidation of iminopyridine ligand in species [Ph3Sb∙(Py-CH]
NeAr)]2þ.

It should be noted that piperazine-containing catecholate 5
despite the pyridine coordination on the antimony atom has the



Scheme 4. The electrochemical oxidation of 4.

Scheme 5. The electrochemical oxidation of 5.
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tendency to interact with air oxygen. The fixation of CV in the
presence of oxygen leads to the changes in CV curve (Fig. 6): the
shift of the oxidation peaks to the cathode region, the decrease of
their current intensity, and the appearance of the additional redox-
stage at þ1.34 V corresponding to the oxidation of spiroendoper-
oxide [16]. The analogical changes take place in the reaction of
triphenylantimony(V) 4,5-dimethoxy-3,6-di-tert-butyl-catecholate
with bromide anion under aerobic conditions. This complex as
compound 4 is able to bind molecular oxygen. Aeration of solution
promotes bromide anion elimination from the antimony coordi-
nation sphere with the formation of spiroendoperoxide compound
[28].
4. Conclusions

Triphenylantimony(V) catecholates (3,6-DBCat)SbPh3 (1), (4,5-
pip-3,6-DBCat)SbPh3 (2) and (4,5-Cl2-3,6-DBCat)SbPh3 (3) readily
react with 4-(2,6-dimethylphenyliminomethyl)pyridine (Py-CH]
NeAr) or pyridine to form new hexacoordinate complexes (3,6-
DBCat)SbPh3$(Py-CH]NeAr) (4), (4,5-pip-3,6-DBCat)SbPh3$(Py-
Fig. 6. The CVs of compound (4,5-pip-3,6-DBCat)SbPh3$(Py-CH]NeAr) (5) (curve 1 e

under argon conditions; curve 2 e after 20min under aerobic conditions) at the po-
tential range from �0.70 to 1.6 V (CH2Cl2, GC electrode, C¼ 1� 10�3M, 0.1 М NBu4-

ClO4, V¼ 0.2 V s�1, vs. Ag/AgCl/KCl(sat.)).
CH]NeAr) (5), (4,5-Cl2-3,6-DBCat)SbPh3$(Py-CH]NeAr) (6) and
(3,6-DBCat)SbPh3$Py (8) where the central antimony atom is
additionally coordinated by Py-CH]NeAr or Py as a neutral donor
ligand. In the absence of donor ligands chlorine-containing cat-
echolate 3 undergoes rearrangement in acetonitrile to form ionic
complex [Ph4Sb]þ[(4,5-Cl2-3,6-DBCat)2SbPh2]- (7). Complexes have
been isolated and characterized by spectroscopic methods and
cyclic voltammetry.

The molecular structures of complexes 3e7 in crystals have
been determined by single-crystal X-ray analysis. In crystal of 3,
complex molecules form 1D polymeric structure due to the addi-
tional intermolecular interactions between chlorine atoms in Cat
ligand and the central antimony atoms. Complexes 4e6 possess a
distorted octahedral geometry with the equatorial plane formed by
oxygen atoms of the chelating redox-active catecholato ligand and
atoms with two phenyl substituents, while NPyridine-coordinated
iminopyridine is disposed on the apical site. The cyclic voltammetry
studies have shown the different effect of a iminopyridine coordi-
nation on the electrochemical behaviour of complexes. Complexes
undergo a series of. The presence of NPyridine-coordinated imino-
pyridine ligand changes the mechanism of catecholate oxidation in
4 and 6 (as compared with 1 and 3): the first oxidationwave is two-
electron and corresponds to the oxidation of dianionic catecholate
ligand to a coordinated o-benzoquinone (the initial complexes 1
and 3 undergo two successive one-electron oxidation stages lead-
ing to monocationic o-semiquinonato and dicationic quinonato
derivatives, respectively). In contrast to catecholates 4 and 6, the
electrochemical behaviour of piperazine-containing catecholate 5
does not practically differ from that one for initial catecholate 2.
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