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Abstract—The triclinic crystalline modification of p-oxo-bis(bromotriphenylantimony) has been synthesized
by the reaction of triphenylantimmony dibromide with water in benzene. The Sb atoms have distorted trigonal
bipyramidal coordination with the bromine atoms and bridging oxygen atoms in the axial positions. The dis-
tances are Sb—-C 2,104(2)-2.123(2), Sb(1)-Br(1) 2.7492(2), Sb(2)-Br(2) 2.7235(2), Sb(1)-O 1.986(1), and
Sb(2)-0 1.987(1) A, and the Sb(1)OSb(2) angle is 138.19(6)°.
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INTRODUCTION

It is known that the crystallization conditions some-
times influence the type of the crystal lattice and geo-
metric parameters of the molecules in a crystal. For
instance, the recrystallization of p-oxo-bis(iodotriphe-
nylantimony) from acetonitrile affords yellow crystals
containing molecules with the bent SbOSb fragment,
while in dichloromethane, colorless crystals with the
linear SbOSD group are formed [1].

In this paper, we report the synthesis of structural
isomers of U-oxo-bis(bromotriphenylstibium) (I, II)
and the results of X-ray diffraction analysis of triclinic
modification II.

EXPERIMENTAL

Synthesis of the monoclinic modification of p-
oxo-bis(bromotriphenylantimony) (I). Water (1 ml)
was added to a solution of triphenylantimony dibro-
mide (1.03 g, 1.0 mmol) in acetone (50 ml), and the
mixture was refluxed for 1 h. After acetone evaporated,
colorless crystals of compound I were obtained as rect-
angular plates with mp 247°C (mp 247°C) [2, 3]. The
yield was 0.73 g (83%).

Synthesis of triclinic modification II. A mixture of
triphenylantimony dibromide (1.03 g, 1.0 mmol) and
water (1 ml) in benzene (100 ml) was refluxed for 1 h.
Heptane (10 ml) was added to the cooled solution, and
the solvent was evaporated slowly. Large pale yellow
crystals of isomer II with mp 247°C were obtained. The
yield was 0.60 g (68%).

The IR spectrum of isomer II was recorded on a Shi-
madzu spectrometer in Nujol (KBr plates). IR (v, cm™):
418.55, 451.34, 688.59, 736.81, 777.31, 848.68,
896.90, 937.40, 970.19, 997.20, 1020.34, 1066.64,

1089.78, 1157.29, 1180.44, 1271.09, 1305.81,
1330.88, 1435.04, 157391, 2852.72, 2922.16,
2951.09.

X-ray diffraction study of crystals II was carried
out on a SMART-1000 CCD diffractometer (MoK,
radiation, A = 0.71073 A, graphite monochromator).

The structure was solved by the direct method and
refined by the least-squares calculation in the anisotro-
pic approximation for non-hydrogen atoms. The posi-
tions of the hydrogen atoms were calculated geometri-
cally and included into the refinement in the riding
model.

The data were collected and edited and the unit cell
parameters were refined using the SMART and SAINT-
Plus programs [4]. All calculations for the structure
determination and refinement were performed using the
SHELXTL/PC program packages [5].

The main crystallographic data and results of refine-
ment of structure II are listed in Table 1, coordinates
and temperature factors of atoms are summarized in
Table 2, and bond lengths and bond angles are pre-
sented in Table 3.

RESULTS AND DISCUSSION

The geometries of the molecules of compounds
(Ar;SbX),0 with trigonal bipyramidal coordination of
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Table 1. Crystallographic data and experimental and refine-

ment details for structure II

Parameter Value
Empirical formula C54H3(Br,0Sb,
FwW 881.92
T,K 203(1)
Crystal system Triclinic
Space group Pl
Unit cell parameters:
a, A 9.4599(3)
b, A 11.1069(4)
oA 16.0196(5)
o, deg 82.684(1)
B, deg 84.320(1)
v, deg 74.394(1)
vV, A3 1604.2(1)
Z 2
pcalcd, g/em? 1.826
Upgo, Mmm™! 4.202
F(000) 852

Crystal shape (size, mm)
0 range, deg

Index range

Total number of reflections
Number of unique reflections

Number of reflections
with 7> 2c6(])

Number of refined parameters
GOOF

R factors for F? > 26(F?)

R factors for all reflections

Residual electron density
(min/max), e/A3

0.20 % 0.20 x 0.10
2.68-31.51
“13<h<12,
_16<k<13,
“16<1<23
13644
10032 (R;, = 0.0645)
8176

370
1.036
=0.0332, wR, = 0.0828

R, =0.0449, wR, = 0.0885

—-1.315/0.853
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the antimony atoms mainly differ in the structure of the
SbOSb fragment. In most cases, the bent SbOSb frag-
ment is observed, while molecules with the linear
arrangement of atoms are rarely encountered [1-3, 6].

Ar
O\ Ar\ /Ar |

Ar\ S S X—Sb— O—/SQ—X

X Ar r/ Ar Ar Ar

Although the structures of many compounds of the
type considered have been determined by the present
time, the question about the factors affecting the value
of the angle at the bridging oxygen atom remains open.
We attempted to determine the influence of the synthe-
sis conditions of p-oxo-bis(bromotriphenylantimony)
on the crystal geometry of the molecules.

The colorless crystals of compound I (mp 247°C)
prepared by hydrolysis of Ph;SbBr, (acetone, 20°C,
1 h) are monoclinic [2, 3]:

2Ph3SbBl‘2 + H20 - (Ph3SbBr)2O + 2HBr.

The crystal of compound I contains two types of
crystallographically independent and almost linear
molecules (SbOSb 168.4° and 174.7° [2]; 170.05° and
175.65° [3]).

When the reaction is carried out in benzene, large
pale yellow trigonal prisms (mp 247°C)) of triclinic
crystalline modification II were isolated from the reac-
tion mixture.

The structural units of crystal II are y-oxo-bis(bro-
motriphenylantimony) molecules in which two
(C¢H;);SbBr fragments are joined by the bridging oxy-
gen atom (figure). The Sb(1) and Sb(2) atoms have
slightly distorted trigonal bipyramidal coordination.
The CSb(1,2)C equatorial angles lie in the intervals
115.97(7)°-124.32(6)° and 117.53(8)°-124.13(7)°, and
the BrSb(1,2)O angles are 175.30(3)° and 178.45(3)°,
respectively. The Sb(1)-O, Sb(2)-0, and Sb(1)-Br(1),
Sb(2)-Br(2) distances in compound II (1.986(1),
1.987(1) and 2.7492(2), 2.7235(2) A) are somewhat
longer than the analogous Sb-O (1.930-1.958 A) and
Sb-Br (2.692-2.722 A) distances in complex I [3]. The

Sb—C(Ph) bond lengths in Compound II (2.1042)-
2.123(2) A) are typical of organic antimony(V) deriva-
tives. The SbOSb angle in compound IT (138.19°) is
much smaller than similar angles in compound I [2, 3].

In the bridged antimony compounds, the bent shape
of molecules suggests that its peripheral fragments
draw together, possibly, due to the m-interaction of the
phenyl group at one Sb atom with the second Sb atom,
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Table 2. Coordinates of atoms (x10%) and their isotropic
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equivalent temperature parameters (x103) in structure IT

177

Table 3. Selected bond lengths and bond angles in
structure III

Atom . Y ¢ Uegy A® Bond d A Angle o, deg
Sb(l) | 8153.7(1) | 613.9(1) | 2730.19(6) | 21.16(2)
Sb(2) | 5299.3(1) | 3611.1(1) | 2315.60(6) | 21.66(2) gy 1.986(1) | 0Sb(DC(11) 98.30(5)
Br(1) | 10554.5(2) | -1410.7(2) | 2576.3(1) | 36.38(5)
Br(2) | 3818.02) | 5754.8(2) | 1421.6(1) | 39235)  gp1)_c(11) |2.1042) | 0Sb(1)CGI) 90.51(5)
o] 6423(1) 2042(1) | 2943(1) 24.0(3)
CT)| 8646(2) 1163(2) | 1452(1) 24.7(4) Sb(1)-C(31) [2.110(2) |C(11)Sb(1)C(31) | 118.94(7)
C(12)| 9726(2) 1797(2) | 1234(1) 40.2(5)
C(13)| 10044(2) | 2168(2) | 390(1) 47.76)  Sb(1)-C(21) [2.120(2) |OSb(1)C(21) 90.27(5)
C(14)| 9269(2) 1924(2) | —226(1) 43.2(6)
C(15)| 8210(3) 1299(2) ~7(1) 44.1(5)  Sb(1)-Br(1) [2.7492(2) |C(11)Sb(1)C(21) | 115.97(7)
C(16)| 7875(2) 928(2) | 835(1) 35.9(4)
C21)| 6801(2) -652(2) | 2970(1) 27.6(4) Sb(1)-Sb(2) |3.7108(2) |CBDSb(1)C(21) | 124.32(6)
C2)| 7017(2) | -1644(2) | 2482(1) 38.6(5)
C(23)| 5980(2) —2336(2) 2547(2) 47.4(6) Sb(2)-0 1.987(1) OSb(1)Br(1) 175.30(3)
C(24)| 4751(2) | -2054(2) |3101(2) 51.2(6)
C25)| 45562) | -10962) | 3604(2) 4696) ~ Sb@-CGD) |21132) |CADSHDBI(1) | 86.26(4)
C(26)| 5578(2) | —373(2) | 3536(1) 36.8(5)
col| 927402) 102(1) | 3658(1) 2473 SP@-CED |2.1152)  |CGEDSHBr() | 86.26(4)
C(32)| 8507(2) 1374(2) | 4428(1) 28.9(4)
com| o3 1757 | s04601) 105 SP@-C@D 121232 |CQDSHIBI) | 88.74(4)
CG4)| 105882) 1873(2) | 4890(1) 9300 g0y Br2) [272352) |0Sb@)ICG1) 92.83(5)
C(35)| 11347(2) 1631(2) | 4120(1) 40.8(5)
CEOT0710@) ) 12032) ) 3507(h) 1 343 11y c16) [1.374G3) | 0Sb@)C(61) 92.41(6)
C@l)| 3978(2) | 4137(2) | 3428(1) 28.7(4)
C(42)| 4456(3) | 3554(2) | 4194(1) 608®)  can-c12) [1.3843) | CGDHSHQR)CO61) | 124.13(7)
C43)| 3592(4) 3867(3) | 4933(2) 79.6(10)
Cid)| 2281(3) | 4753(2) | 4900(2) 60.8(7)  C(12)-C(13) {1.391(3) |OSb(2)C(41) 90.82(5)
C45)| 1800(2) 5325(2) | 4138(2) 48.3(6)
C(46)| 2639(2) 5029(2) | 3403(1) 37.6(5) C(13)-C(14) |1.379(3) |C(51)Sb(2)C(41) | 117.96(7)
C(51)| 4515(2) 2618(2) | 1501(1) 27.1(4)
C(52)| 4026(2) 1589(2) | 1863(1) 30.8(4)  C(14)-C(15) [1.361(3) |C(61)Sb(2)C(41) | 117.53(8)
C(53)| 3602(2) 849(2) | 1345(1) 42.1(5)
C(54)| 3703(2) 11392) | 478(1) 46.3(5)  C(15)-C(16) | 1.390(3) | OSb(2)Br(2) 178.45(3)
C(55)| 4176(2) 2168(2) | 123(1) 46.6(6)
C(56)| 4579(2) 2924(2) 637(1) 37.9(5) C(21)-C(26) [1.389(2) [C(51)Sb(2)Br(2) 86.87(4)
C61)| 7192(2) | 4295(2) | 2029(1) 33.0(4)
c6)| 75442) | 48172 | 12342) 4506 ~ CCD-C22) [13913) |CODSH2)BI(2) | 86.51(5)
C(63)| 8815(3) 5234(2) | 1106(2) 67.8(8)
c6d)| 9696(3) 51532 | 17470) 771100 C@P-C23) |1.3893) | CADSHBr(2) | 90.66(4)
C(69)) 9392) | 46272) | 2544) 09-7%) C(23)-C(24) [1.382(3) |Sb(1)OSb(2) 138.19(6)
C(66)| 8091(2) | 4184(2) |2687(2) 43.1(5)
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 34 No. 3 2008
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Structure of a molecule of complex II.

which is also coordinatively unsaturated (by analogy
with the additional coordination in [7]).
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