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New bis-o-benzosemiquinonato tin(IV) complexes (3,6-SQ),SnCl,, (3,6-SQ),SnBr; and (3,6-SQ),SnPh,
(3,6-SQ is radical-anion 3,6-di-tert-butyl-o-benzosemiquinone) were synthesized by different methods.
The reaction of tin(IV) catecholates (3,6-Cat)SnX,-2THF (X =Cl, Br) with nitrogen(IV) oxide leads to
EPR-active six-coordinated mono-o-benzosemiquinonato complexes of (3,6-SQ)SnX,(NO,)-THF type
which undergo symmetrization to the corresponding diradical bis-o-benzosemiquinonato species (3,
6-SQ),SnXj,. Diphenyltin(IV) catecholate (3,6-Cat)SnPh,-THF reacts with Br, I; and NO, to give five-coor-
dinated species (3,6-SQ)SnPh,X (X = Br, I, NO,) which transform to bis-(0-benzosemiquinonato)diphenyl-
tin(IV) (3,6-SQ),SnPh,. The molecular structures of (3,6-SQ),SnBr, and (3,6-SQ),SnPh, were determined

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The coordination chemistry of tin(IV) complexes containing re-
dox-active o-quinonato ligands is rapidly developing [1]. Despite
this, there are only two examples of bis-o-semiquinonato tin(IV)
complexes which have been isolated and characterized by physico-
chemical methods [2]. Some techniques to synthesize tin(IV) com-
plexes, based on o-quinonato ligands, such as interaction of tin
salts with o-quinones and o-semiquinonato alkali metal or thal-
lium derivatives, as well as fixation of small molecules, for example
halogens, by catecholate tin(IV) complexes are well known at pres-
ent [3]. However, neither of these methods, nor a new method -
disproportionation - has been exploited to synthesize tin(IV) bis-
o-semiquinolates. In this paper, we report the synthesis of new
bis-o-benzosemiquinonato tin(IV) complexes, along with physico-
chemical and EPR investigations of these compounds.

2. Experimental

Infrared spectra of complexes were recorded in the 400-
3500 cm~! range on a FSM-1201 spectrophotometer in Nujol mulls
and reported in cm~!. X-band EPR spectra were recorded on Bruker
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EMX (working frequency ~9.7 GHz) spectrometer. The g; values
were determined using DPPH as the reference (g;=2.0037). HFC
constants were obtained by simulation with the wiNEPr siMFoNIA Soft-
ware (Bruker).

X-ray diffraction data for 8 and 13 were collected using Oxford
Diffraction (Gemini S) diffractometer with graphite monochromat-
ed Mo-Ka radiation (i =0.71073 A) and with CCD detector Sap-
phire III in the w-scan mode. X-ray data on samples 8 and 13
were collected at temperature 100 K. The crystal structure was
solved by direct methods (sHELx97) [4] and refined by full matrix
method (wincx and sHELx97) [5]. The reflection data were processed
using the analytical absorption correction algorithm [6]. All non-
hydrogen atoms were refined with anisotropic correction. All H
atoms were placed in calculated positions and refined in the “rid-
ing-model” (Ujso(H) = 1.2-Ueq(carbon) A? for aromatic hydrogen
and 1.5-Ueq(carbon) A? for alkyl hydrogen). The follow minimal
R,-factors obtained for 8 and 13 correspond to R, =0.0346 and
0.0399, respectively. The selected bond distances and angles for 8
and 13 are given in Table 1. Table 2 summarizes the crystal data
and some details of the data collection and refinement.

The 3,6-di-tert-butyl-o-benzoquinone was obtained using
method described in [7a]. Other starting reagents were purchased
in Aldrich. Solvents were purified following standard procedures
[7b]. All manipulations on complexes were performed under
conditions excluding air oxygen and moisture. (3,6-Di-tert-butyl-
o-benzosemiquinonato)tallium(l) ((3,6-SQ)TI, 1) [8], bis-(3,
6-di-tert-butylcatecholato) tin(IV) ditetrahydrofuranate ((3,6-
Cat),Sn-2THF, 2) [1c], (3,6-di-tert-butylcatecholato)dichlorotin(IV)
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Table 1
Selected bonds and angles in complexes 8 and 13.

Bond, A (3,6-5Q),SnBr; (3,6-SQ)2SnPh,
Sn(1)-0(1) 2.0804(13) 2.124(2)
Sn(1)-0(2) 2.1080(14) 2.217(2)
Sn(1)-0(3) 2.0805(13) 2.111(2)
Sn(1)-0(4) 2.1080(14) 2.188(2)
0(1)-C(1) 1.298(2) 1.295(3)
0(2)-C(2) 1.293(2) 1.260(4)
0(3)-C(7) 1.298(2) 1.301(4)
0(4)-C(8) 1.293(2) 1.283(4)
C(1)-C(2) 1.470(3) 1.485(4)
C(1)-C(6) 1.427(3) 1.412(4)
C(2)-C(3) 1.415(3) 1.453(4)
C(3)-C(4) 1.363(3) 1.337(5)
C(4)-C(5) 1.424(3) 1.433(5)
C(5)-C(6) 1.365(3) 1.372(4)
C(7)-C(8) 1.470(3) 1.469(4)
C(7)-C(12) 1.427(3) 1.418(4)
C(8)-C(9) 1.415(3) 1.441(4)
C(9)-C(10) 1.363(3) 1.359(5)
C(10)-C(11) 1.424(3) 1.416(5)
C(11)-C(12) 1.365(3) 1.371(5)
Sn(1)-Br(1) 2.4902(3)

Sn(1)-Br(2) 2.4902(3)

Sn(1)-C(13) 2.155(3)
Sn(1)-C(14) 2.146(3)
Angle

0(1)-Sn(1)-0(2) 77.21(5) 75.07(8)
0(1)-Sn(1)-0(3) 153.93(8) 151.34(8)
0(1)-Sn(1)-0(4) 83.39(5) 83.53(8)
0(2)-Sn(1)-0(4) 83.50(8) 76.66(8)
0(2)-Sn(1)-0(3) 83.39(5) 82.19(8)
0(3)-Sn(1)-0(4) 77.21(5) 74.31(8)
0O(1)-Sn(1)-Br(1) 93.22(4)

0(1)-Sn(1)-Br(2) 103.50(4)

0(2)-Sn(1)-Br(1) 168.31(4)

0(2)-Sn(1)-Br(2) 88.79(4)

0(3)-Sn(1)-Br(1) 103.50(4)

0(3)-Sn(1)-Br(2) 93.22(4)

0(4)-Sn(1)-Br(1) 88.79(4)

0(4)-Sn(1)-Br(2) 168.31(4)

Br(1)-Sn(1)-Br(2) 100.100(13)

0O(1)-Sn(1)-C(13) 92.77(10)
0(1)-Sn(1)-C(14) 103.52(10)
0(2)-Sn(1)-C(13) 162.48(10)
0(2)-Sn(1)-C(14) 88.47(10)
0(3)-Sn(1)-C(13) 104.33(10)
0(3)-Sn(1)-C(14) 93.66(10)
0(4)-Sn(1)-C(13) 90.10(10)
0(4)-Sn(1)-C(14) 162.13(10)
C(13)-Sn(1)-C(14) 106.33(12)

ditetrahydrofuranate ((3,6-Cat)SnCl,-2THF, 3) [3c], (3,6-di-tert-
butylcatecholato)dibromotin(IV)  ditetrahydrofuranate  ((3,6-
Cat)SnBr,-2THF, 4) [3d], (3,6-di-tert-butylcatecholato)diphenyl-
tin(IV) tetrahydrofuranate ((3,6-Cat)SnPh,-THF, 9) [3b] were syn-
thesized according to literature procedures.

2.1. Bis-(3,6-di-tert-butyl-o-benzosemiquinonato)tin(1V) dichloride,
(3,6-5Q),SnCl> (7)

Method I, Scheme 1: SnCl, (2.5 mmol, 0.29 ml) was added to the
solution of complex 1 (5mmol, 2.13g) in 50ml of toluene.
The white residue of TICI precipitated from reaction mixture. The
dark-green solution of complex 7 was filtered using glass Shott fil-
ter No. 4. The dark-green fine-crystalline powder of complex 7
(1.23 g, yield is 78.4%) was obtained by recrystallization from tol-
uene-hexane mixture.

Method III, Scheme 1: The solution of SnCl,-diox (1 mmol,
0.277 g) in 10 ml of acetonitrile was drop added to the solution

of 3,6-di-tert-butyl-o-benzoquinone (2 mmol, 0.440 g) in 20 ml of
the same solvent. The color of reaction mixture turned from
green-red to dark-green. The dark-green residue of complex 7
(0.480 g, yield is 76%) precipitated from reaction mixture after
some minutes.

Method IV, Scheme 1: The one equivalent of gaseous NO,
(1 mmol, 0.046 g) was added to the solution of complex 3 (1 mmol,
0.554 g) in the mixture of 10 ml of acetonitrile and 10 ml of tolu-
ene. The dark-green crystals of complex 7 (0.205 g, yield is 65%)
was obtained after 12 h storage at —12 °C.

Anal. Calc. for CogH40Cl,045n,%: C, 53.36; H, 6.40; Cl, 11.25; Sn,
18.84. Found: C, 53.41; H, 6.37; Cl, 11.28; Sn, 18.93.

IR (nujol,cm™'): 1482s.,1437s.,14165.,1392 m., 13665., 1351 w.,
1332 w,, 1281 m., 1208 m., 1183 w., 1027 w., 970 m., 954 s., 931 w.,
850 w., 842 w., 806 w., 685 s., 652 m., 581 m., 494 m.

2.2. Bis-(3,6-di-tert-butyl-o-benzosemiquinonato)tin(1V) dibromide,
(3,6-5Q).SnBr; (8)

Method II, Scheme 1: The solution of Br,-diox (1 mmol, 0.248 g)
in 10 ml of THF was drop added to the solution of 2 (1 mmol,
0.559 g) in 20 ml of THF. The color of reaction mixture changed
from yellow to dark-green). The solvent was evaporated and the
residue was dissolved in 15 ml of toluene. The dark-green crystals
of 8 (0.575 g, yield is 80%) were isolated from this solution after
12 h storage at —12 °C.

Method III, Scheme 1: The solution of SnBr,-diox (1 mmol,
0.367 g) in 10 ml of acetonitrile was drop added to the solution of
3,6-di-tert-butyl-o-benzoquinone (2 mmol, 0.440 g) in 20 ml of the
same solvent. The color of reaction mixture turned from green-red
to dark-green. The dark-green residue of complex 8 (0.582 g, yield
is 81%) precipitated from reaction mixture after some minutes.

Method 1V, Scheme 1: The one equivalent of gaseous NO,
(1 mmol, 0.046 g) was added to the solution of complex 4 (1 mmol,
0.643 g) in the mixture of 10 ml of acetonitrile and 10 ml of tolu-
ene. The dark-green crystals of complex 8 (0.244 g, yield is 68%)
suitable for X-ray analysis were obtained after 12 h storage at
—12°C.

Anal. Calc. for C,gH40Br,045n,%: C, 46.76; H, 5.61; Br, 22.22; Sn,
16.51. Found: C, 46.71; H, 5.65; Br, 22.15; Sn, 16.48.

IR (nujol, cm~'): 1484s.,14155s.,1391s.,1370 m., 13605s., 1351 w.,
1334 m,, 1289 w., 1276 m., 1208 m., 1183 w., 1029 w., 968 s., 956 s.,
932 w., 836 s., 807 m., 686 s., 651 s., 578 m., 494 s.

2.3. Bis-(3,6-di-tert-butyl-o-benzosemiquinonato))dipheny! tin(1V),
(3,6-5Q),SnPh; (13)

Method I, Scheme 2: The one equivalent of gaseous NO,
(1 mmol, 0.046 g) was added to the solution of complex 9 (1 mmol,
0.565 g) in 20 ml of acetonitrile. The dark-violet residue of complex
13 (0.271 g, yield is 76%) precipitated from reaction mixture imme-
diately. The suitable crystals for X-ray analysis were obtained after
prolonged crystallization from the mixture of toluene and
acetonitrile.

Method 1II, Scheme 2: The solution of Br,-diox (0.5 mmol,
0.124 g) in 10 ml of acetonitrile was drop added to the solution
of complex 9 (1 mmol, 0.565¢g) in 20 ml of the same solution.
The dark-violet residue of complex 13 (0.253 g, yield is 71%) pre-
cipitated from reaction mixture immediately.

Method III, Scheme 2: The solution of I, (1 mmol, 0.254 g) in
10 ml acetonitrile was drop added to the solution of complex 9
(1 mmol, 0.565 g) in 20 ml of the same solvent. The dark-violet res-
idue of complex 13 (0.267 g, yield is 75%) precipitated from reac-
tion mixture immediately.

Anal. Calc. for C4oH50045n,%
C, 67.21; H, 7.12; Sn 16.71.

: C,67.33; H, 7.06; Sn, 16.64. Found:
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Maximum and minimum transmission
Reflections collected

Independent reflections (Rin)
Absorption correction

1 and 0. 88993
4767

3148 (0.0324)
Multi-scan

Table 2
Summary of crystal and refinement data for complexes 8 and 13.

Formula CygH40Br,04Sn C40H5004Sn

M 719.11 713.49

T (K) 100 (2) 100 (2)

Crystal system Monoclinic Monoclinic

Space group C12/c1 C12/c1

Unit cell dimensions

a (A) 16.7018 (5) 35.1558 (8)

b (A) 12.8969 (3) 10.2093 (2)

c(A) 15.7698 (4) 20.6444 (5)

o (°) 90 90

B (%) 111.628 (3) 96.520 (2)

y(°) 90 90

V(A% 3157.69 (15) 7361.7 (3)

VA 4 8

F(000) 1440 2976

Calculated density, (mg/m?) 1.513 1.288

Absorption coefficient, (mm™') 3.368 0.731

0(°) 344 <0<3291 343 <0<23.26

Limiting indices —-23<h<23 —28 <h<38
-10<k<18 -11<k<11
-21<1<22 —21<1<22

0.948 and 0.872
5264

3817 (0.0411)
Analytical

Refinement method
Data/restraints/parameters
Final R indices [I > 2a(I)]

R indices (all data)
Goodness-of-fit (GOF) on (F?) 0.849
Apmax/Apminv (e A73)

Full-matrix least-squares on F?
3148/0/159

R; = 0.0346, wR; = 0.0668

R; =0.0585, wR; = 0.069

1.748/-0.711

Full-matrix least-squares on F?
3817/0/406

Ry =0.0399, wR, = 0.0768

Ry =0.0604, wR, = 0.0798
0.997

2.549/-0.611

IR (nujol, cm™'): 1578 w., 1548 w., 1493 m., 1428 s., 1356 m.,
1338 m., 1277 w., 1201 w., 1182 w., 1154 w., 1074 w., 1059 w.,
1024 w., 997 w., 967 m., 955 s., 930 w., 834 m., 807 w., 697 s.,
679 m., 652 m., 552 m., 496 m.

3. Results and discussion

The main methods of synthesis of nontransition metal o-semi-
quinonato complexes consist in the interaction of low valence me-
tal salts or metal amalgams with o-quinones, the addition of the
different species to catecholate nontransition metal complexes
and the exchange interaction of o-semiquinonato alkali metal or
thallium complexes with nontransition metal salts [3a].

For the preparation of o-quinonato nontransition metal com-
plexes, the solution medium plays an important role [2b,3¢,9]. As
shown in work [3c] the addition of 3,6-di-tert-butyl-o-benzoqui-
none to SnCl, in THF solution leads to the oxidation of Sn(Il) to
Sn(1V), the reduction of o-quinone to catecholate dianion and the
formation of catecholate complex (3,6-Cat)SnCl,-2THF (3). The
complex 3 is generated independently of the molar ratio of 3,6-
di-tert-butyl-o-quinone to tin (1:1 or 2:1). This fact can be ex-
plained by the high coordination ability of THF towards tin as
shown in work [10]. The formation of catecholate tin(IV) complex
stabilized by two THF molecules is more thermodynamically
advantageous than the replacement of coordinated THF in complex
3 by 3,6-di-tert-butyl-o-benzoquinone followed by the intramolec-
ular redox process between redox-active ligands. However the
change of THF with acetonitrile as weaker base [11] allows to ob-
tain diradical tin(IV) complex 7 (Scheme 1, method III). Worthy of
note that the dissolution of diradical complex (3,6-SQ),SnCl, (7) or
its dibromine analogue (3,6-SQ),SnBr; (8) and their storage in THF
leads to the elimination of 3,6-di-tert-butyl-o-benzoquinone and
the formation of corresponding monocatecholates (3,6-Cat)SnCl,_
-2THF (3) or (3,6-Cat)SnBr,-2THF (4).

The interaction of o-semiquinonato alkali metal or thallium
derivatives with nontransition metal salts is one of the widely
used synthetic methods to o-semiquinonato metal complexes
[3a,12]. As shown in present work, the exchange interaction of
3,6-di-tert-butyl-o-benzosemiquinonato tallium(I) and SnCl; in
toluene solution in the molar ratio 2:1 (Scheme 1, method I) leads
to the formation of bis(3,6-di-tert-butyl-o-benzosemiquinona-
to)tin(IV) dichloride (7).

As shown earlier, the fixation of O-, N-, S-centered free radicals
and other species, for example halogens, by catecholate non-tran-
sition metal complexes is attended by one-electron oxidation of
the catecholate dianion to the o-semiquinonato radical-anion [3].
As reported in [3d] the addition of halogens to the catecholate ti-
n(IV) complexes 3 and 4 yields the monoradical (3,6-di-tert-bu-
tyl-o-benzosemiquinonato)trihalogenotin(IV) complexes. The
interaction of nitrogen dioxide NO, with 3 and 4 gives firstly 3,6-
di-tert-butyl-o-benzosemiquinonato tin(IV) species 5 and 6 with
the appearance of EPR activity (see Section 3.2), however at the
next stage the symmetrization of these complexes to the diradical
derivatives 7 and 8 takes place (Scheme 1, method IV). The oxida-
tive addition of Br, to bis-catecholate 2 in equimolecular ratio also
leads to diradical complex 8 (Scheme 1, method II).

The oxidative addition of halogens and NO, to (3,6-di-tert-bu-
tyl-catecholato)diphenyltin(IV) tetrahydrofuranate (9) resulting
at the first stage in formation of monoradical species 10-12 which
are characterized by EPR (see Section 3.2, Table 3), leads to the
symmetrization of these monoradical species to the stable diradi-
cal complex 13 (Scheme 2, methods I-III).

It should be noted that authors [13] supposed that the product
of exchange interaction between Ph,SnCl, and (3,5-SQ)Na (molar
ratio 1:2) in n-hexane-dichloromethane mixture - bis-(3,5-di-
tert-butyl-o-benzosemiquinonato)diphenyltin(IV) - is unstable
and undergoes intermolecular electron-transfer process with for-
mation of catecholate tin(IV) complex and free neutral 3,5-di-



tert-butyl-o-benzoquinone. The present results demonstrate that
bis-o-benzosemiquinonato tin(IV) complexes (SQ),SnX; are stable
compounds and can be isolated without decomposition under cer-
tain conditions.
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Complexes were characterized by IR, EPR spectroscopy and ele-
mental analysis. The typical vibration bands in 1460-1350 cm™
range in IR-spectra corresponding to C:--O one-and-half bonds con-
firm the radical-anion nature of complexes 7, 8 and 13.

1
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Table 3
EPR spectral parameters on complexes 5, 6 and 10-12.
Complex g a(*H), G a("""Sn)/a('"%Sn), G  g;(Hal), G
5 20033 2'H386 7.31/7.65 35C1/37C1 0.6/0.5
6 2.0036 2'H3.9 495/5.18 79Br/®'Br 2.26/2.44
10 2.0012 'H2.96 16.25/17.0
H 4.7
11 2.0038 'H2.81 15.97/16.7
H4.71
12 2.004 'H 2.88 15.53/16.24
'H4.72
Toluene, RT.

3.1. Structural studies

The X-ray suitable crystals of 8 and 13 were obtained by the
prolonged crystallization from the mixture of toluene and acetoni-
trile. Fig. 1 shows the molecular structures of 8 and 13. The se-
lected bond lengths and angles are listed in Table 1. The tin(IV)
atom in both complexes has the distorted octahedral environment
formed by two o-benzosemiquinonato ligands and two bromine
atoms (complex 8) or two carbon atoms of phenyl groups (complex
13). The geometrical features of chelating ligands confirm their
radical-anion forms. The O-C distances in both o-benzosemiquino-
nato ligands of complexes 8 and 13 lie in the range of 1.293-
1.301 A and correspond the one-and-half O-C distances in such
type ligands [3d,9,14] but shorter than in catecholate dianion li-
gands (1.33-1.39A) [3b,3c,14a,15]. The six-membered carbon
rings of chelating ligands demonstrate the quinoid-type distortion
expressing by nonequivalence of C-C distances. Both complexes
adopt cis-configuration and the angle between chelating ligands
planes is 76.45° in 8 and 73.27° in 13. The trans effect of bromine
and phenyl ligands in complexes 8 and 13 is reflected in the elon-
gation of the corresponding Sn-O bonds (Sn(1)-0(2) and Sn(1)-
0(4)) and the shortening of the corresponding O-C bonds of SQ li-
gands (0O(2)-C(2) and 0(4)-C(8)) (Table 1).

3.2. EPR studies

The addition of NO, to 3,4 and 9 and Br, and I, to 9 leads firstly
to the formation of paramagnetic mono-o-benzosemiquinonato
complexes 5, 6 and 10-12, respectively. The EPR spectral parame-
ters on complexes are collected in Table 3. Figs. 2 and 3 show the
X-band EPR spectra of complexes 5 and 11, respectively.

Br(2) Br(1)

H,G
3432 3434 3436 3438 3440 3442 3444 3446 3448 3450

Fig. 2. Experimental X-band EPR spectrum of complex 5 (RT, toluene) and its
computer simulation (wINEPR siMFONIA Software).

The hyperfine structure (HFS) of EPR spectra of these complexes
is caused by hyperfine coupling (HFC) of unpaired electron with
two equivalent protons (1H, 99.98%, I = 1/2, piy = 2.7928 [16]) (4th
and 5th positions of aromatic ring of 3,6-SQ ligand) and halogen
atom in apical position (3°Cl, 75.77%, I=3/2, un=0.82187, 3°Cl,
24.23%, 1=3/2, ux=0.68412; 7°Br, 50.69%, I=3/2, un=2.1064,
81Br, 49.31%, I=3/2, uy=2.2706 [16]) in case of six-coordinated
complexes 5-6 and with two nonequivalent protons in case of
five-coordinated complexes 10-12. The satellite splitting on !’Sn
and ''°Sn magnetic isotopes (1'’Sn, 7.68%, I=1/2, pyn=—1.000,
1195, 8.58%, I=1/2, py = —1.046 [16]) also takes place in all EPR
spectra of obtained o-benzosemiquinonato derivatives (Figs. 2
and 3).

According to EPR data, complexes 5 and 6 are six-coordinated
and have the octahedral environment with the first halogen atom
and oxygen atom of THF molecule in the apical positions and

Fig. 1. The molecular structures of complexes 8 (left) and 13 (right) with ellipsoids of 30% probability. The hydrogen atoms are omitted for clarity.
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sim.

H, G
T
3455

T T T T T T T T T
3420 3425 3430 3435 3440 3445 3450

Fig. 3. Experimental X-band EPR spectrum of complex 11 (RT, toluene) and its
computer simulation (wiNEpr siMrFoNIA Software).

oxygen atoms of 0o-benzosemiquinonato ligand, the second halogen
atom and NO,-group in the basal plane. Complexes 10-12 are five-
coordinated and have a square-pyramidal geometry with phenyl
group in the apical position and oxygen atoms of o-semiquinonato
ligand, other phenyl group and substituent Y (NO,, Br, I) in the
basal plane. The unsymmetrical position of substituents at tin
atom relative to the plane of SQ ligand reflects in the unequiva-
lence of protons in 4th and 5th positions of SQ ligand (Table 3).
The values of ''7Sn and '°Sn HFC constants for complexes 5-6
are typical for six-coordinated o-semiquinonato tin(IV) complexes
while for 10-12 are typical for five-coordinated o-semiquinonato
tin(IV) complexes (4-7 G for six-coordinated and 9-20 G for five-
coordinated complexes [3,1a,1b,17]).

Bis-o-benzosemiquinonato complexes 7, 8 and 13 are charac-
terized by EPR signals in normal and half-field (Am,=2) at low
temperature in the glass solvent matrix, typical for diradical spe-
cies with S=1 (Fig. 4). The zero-splitting parameters D and E of
complexes are the following: 268 G and 61 G for 7, 340 G and 60
G for 8, 325 G and 42 G for 13. The average distances r between
radical centers calculated from D using the approximation of dot
dipoles [18] (r=(55600/2D)'?) are the following: 4.7 A for 7,

————
1660 1700 1760

H, G
3100 3200 3300 3400 3500 3600 3700 3800

Fig. 4. The anisotropic X-band EPR spectrum of complex 13 (150K, toluene).
Parameters D) = 650 G, E =42 G. The transition Ams=2 is shown in the insertion.

4.3 A for 8 and 4.4 A for 13. These values are very close to the dis-
tances between the centroids of the bands C-C of SQ chelating
rings (4.25 A in 8 and 4.28 A in 13).

4. Conclusions

New bis-o0-benzosemiquinonato tin(IV) complexes (3,6-SQ),SnX;
(X =Cl, Br, Ph) were synthesized by different methods such as the
substitution reaction between tin(IV) halide and alkali metal o-semi-
quinolate (1:2); the oxidative addition of o-quinone to SnX; in aceto-
nitrile; oxidation of bis-catecholato tin(IV) with bromine. It is
important to note that, in some methods, the solvent nature plays
a crucial role: the target synthesis of tin(IV) bis-o-benzosemiquino-
lates SQ,SnX, proposes the use of acetonitrile instead of THF which
is common solvent in syntheses of tin(IV) catecholates.

The reaction of tin(IV) monocatecholates (3,6-Cat)SnX,-nTHF
(X=Cl, Br,n=2; X=Ph, n=1) with NO, proceeds through the for-
mation of monoradical five- or six-coordinated o-semiquinonato
species which undergo symmetrization to the corresponding
diradical complexes (3,6-SQ),SnX,. The same transformations take
place in the case of mono-o-semiquinonato-diphenyltin(IV) com-
plexes with halides (3,6-SQ)SnPh,X (X =Br, I) and lead to (3,6-
SQ)zsnth.
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Appendix A. Supplementary material

CCDC 863613 and 863612 contain the supplementary crystallo-
graphic data for compounds 8 and 13, respectively. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

References

[1] a Al Prokofev, S.I. Pombrik, Z.K. Kasymbekova, N.N. Bubnov, S.P.
Solodovnikov, D.N. Kravtsov, M.I. Kabachnik, Izv. Akad. Sci. SSSR, Ser. Chim. 3
(1982) 540;
b A.G. Davies, J.A.-A. Hawari, J. Organomet. Chem. 251 (1983) 53;
c AV. Piskunov, AV. Lado, G.K. Fukin, E.V. Baranov, L.G. Abakumova, V.K.
Cherkasov, G.A. Abakumov, Heteroatom Chem. 17 (2006) 481;
d AV. Piskunov, A\V. Lado, E.V. llyakina, G.K. Fukin, E.V. Baranov, V.K.
Cherkasov, G.A. Abakumoyv, ]. Organomet. Chem. 693 (2008) 128.
a A.S. Batsanov, ]J.A.K. Howard, M.A. Brown, B.R. McGarvey, D.G. Tuck, Chem.
Commun. 7 (1997) 699;
b A.\V. Lado, A.V. Piskunov, O.V. Kuznetsova, M.I. Timoshenkov, M.S. Piskunova,
S.V. Maslennikov, Russ. ]. Coord. Chem. 34 (2008) 329.
a A.V. Piskunov, A.L. Poddel’sky, Glob. ]. Inorg. Chem. 2 (2011) 110;
b A.V. Lado, A.V. Piskunov, V.K. Cherkasov, G.K. Fukin, G.A. Abakumov Russ, J.
Coord. Chem. 32 (2006) 173;
c AV. Lado, Al Poddel'sky, A.\V. Piskunov, G.K. Fukin, E.V. Baranov, V.N.
Ikorskii, V.K. Cherkasov, G.A. Abakumov, Inorg. Chim. Acta 358 (2005) 4443;
d E.V. Ilyakina, A.L. Poddel’sky, A.V. Piskunov, N.V. Somov, Inorg. Chim. Acta 380
(2012) 57.
[4] C. Katayama, Acta Crystallogr., Sect. 42 (1986) 19.
[5] LJ. Farrugia, J. Appl. Crystallogr. 32 (1999) 837.
[6] G.M. Sheldrick, Acta Crystallogr., Sect. 64 (2008) 112.
[7] a V.A. Garnov, V.I. Nevodchikov, L.G. Abakumova, G.A. Abakumov, V.K.
Cherkasov, Russ. Chem. Bull. 36 (1987) 1728;
b D.D. Perrin, W.LF. Armarego, D.R. Perrin, Purification of Laboratory
Chemicals, Pergamon, Oxford, 1980.
[8] V.A. Muraev, G.A. Abakumov, G.A. Razuvaev, Dokl. Akad. Nauk USSR 217 (1974)
1083 (in Russian).
[9] A.V. Piskunov, A.V. Lado, G.A. Abakumoyv, V.K. Cherkasov, O.V. Kuznetsova, G.K.
Fukin, E.V. Baranov, Russ. Chem. Bull. 56 (2007) 97.
[10] S.T. Zenchelsky, P.R. Segatto, J. Am. Chem. Soc. 80 (1958) 4796.

[2

[3


http://www.ccdc.cam.ac.uk/data_request/cif

288

[11]
[12]

(13]

[14]

E.V. Ilyakina et al./Inorganica Chimica Acta 394 (2013) 282-288

Y. Marcus, J. Sol. Chem. 13 (1984) 599.
a Al Prokofev, SI Pombrik, Z.K. Kasymbekova,
Solodovnikov, D.N. Kravtsov, M.I. Kabachnik, Rus. Chem. Bull. 31 (1982) 482;

b A.V. Piskunov, LN. Mescheryakova, A.S. Bogomyakov, G.V. Romanenko, V.K.

Cherkasov, G.A. Abakumov, Chem. Commun. 12 (2009) 1067;
c C.W. Lange, BJ. Conclin, C.G. Pierpont, Inorg. Chem. 33 (1994) 1276.

Martyn.A. Brown, Bruce.R. McGarvey, Andrzej. Ozarowski, Dennis.G. Tuck, J.

Organomet. Chem. 550 (1998) 165.
a C.G. Pierpont, Coord. Chem. Rev. 219-221 (2001) 415;

b A.V. Piskunov, A.V. Maleeva, G.A. Abakumov, V.K. Cherkasov, G.K. Fukin, A.S.

Bogomyakov, Russ. J. Coord. Chem. 37 (2011) 243;

¢ G.A. Abakumov, V.K. Cherkasov, A.V. Piskunov, A.V. Lado, G.K. Fukin, E.V.

Baranov, Dokl. Chem. 410 (2006) 145;

N.N. Bubnov, S.P.

(15]

d A.V. Piskunov, A.V. Maleeva, G.K. Fukin, E.V. Baranov, A.S. Bogomyakov, V.K.
Cherkasov, G.A. Abakumov, Dalton Trans. 40 (2011) 718.

a T.A. Annan, B.R. McGarvey, A. Ozarovski, D.G. Tuck, RK. Chadha, J. Chem. Soc.,
Dalton. Trans.1989, 439;

b Al Poddel'sky, L.V. Smolyaninov, Yu.A. Kurskii, G.K. Fukin, N.T. Berberova,
V.K. Cherkasov, G.A. Abakumov, J. Organomet. Chem. 295 (2010) 1215;

¢ V.K. Cherkasov, G.A. Abakumov, E.V. Grunova, A.l. Poddel’sky, G.K. Fukin, E.V.
Baranov, Yu.A. Kurskii, L.G. Abakumova, Chem. Eur. ]. 12 (2006) 3916.

[16] J. Emsley, The elements, Pergamon press, Oxford, pp. 350.

(17]

Z.K. Kasymbekova, A.l. Prokof'ev, A.A. Khodak, et al., Khim. Fiz. 3 (1983) 401.

[18] J.E. Wertz, ]J.R. Bolton, Electron Spin Resonance. Elementary Theory and

Practical Applications, McGraw-Hill Book Company, New York, 1972.



	New bis-o-benzosemiquinonato tin(IV) complexes
	1 Introduction
	2 Experimental
	2.1 Bis-(3,6-di-tert-butyl-o-benzosemiquinonato)tin(IV) dichloride, (3,6-SQ)2SnCl2 (7)
	2.2 Bis-(3,6-di-tert-butyl-o-benzosemiquinonato)tin(IV) dibromide, (3,6-SQ)2SnBr2 (8)
	2.3 Bis-(3,6-di-tert-butyl-o-benzosemiquinonato)diphenyl tin(IV), (3,6-SQ)2SnPh2 (13)

	3 Results and discussion
	3.1 Structural studies
	3.2 EPR studies

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary material
	References


