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SYNTHESIS AND STRUCTURE OF p,-OXO-BIS
[(PENTAFLUOROPROPIONATO)-TRIS(5-BROMO-2-
METHOXYPHENYL)ANTIMONY]

E.V. Artem’eva, katriona-art@yandex.ru
South Ural State University, Chelyabinsk, Russian Federation

The synthesis of p,-oxo-bis[(pentafluoropropionato)tris(5-bromo-2-methoxyphenyl)-
antimony] (1) has been curried out by the oxidative addition reaction of tris(5-bromo-2-
methoxyphenyl)antimony with pentafluoropropionic acid in the presence of hydrogen peroxide at
an equimolar ratio of reactants. The compound is characterized by IR spectroscopy and X-ray
diffraction analysis. According to X-ray diffraction data, there are two types of
crystallographically independent molecules with slightly different geometrical parameters in the
crystal. The antimony atoms in each molecule are linked by the bridging oxygen atom (the
SbOSb angle is 167.6(7)°). The trigonal bipyramidal coordination of antimony atoms is distorted,;
the axial OSbO angles are 175.9(4)°, 174.5(4)° for Sb(l) and Sb(2) atoms, respectively.
The sums of valence CSbC angles in the equatorial planes are 359.6(6)° and 356.4(6)°. The mean
values of the Sh(1)-C and Sb(2)-C bond lengths are 2.12(2) A, the Sb-O(u,) distances are
1.89(1), 1.98(1) A. The carboxylate ligands in each molecule are monodentate. The distances
between the antimony atoms and the corresponding terminal oxygen atoms are 2.22(1), 2.39(1)
A, the Sb---O=C distances are 3.38(2), 3.71(1) A. The d(Sb---0O=C)/d(Sb—O) ratios, which can be
used to estimate the asymmetry of the ligand related to metal atom coordination, are 1.67 and
1.41. In crystal 1 there are such contacts as Sb---OMe (2.88(1)-3.16(1), 3.01(1)-3.20(1) A),
hydrogen bonds involving halogen atoms H---F (2.16, 2.50, 2.58 A), H---Br (2.92, 2.96, 3.04 A)
and carbonyl oxygen atoms H---O (2.43, 2.59 A), as well as halogen--halogen F--F interactions
(2.70,2.71 A).

Keywords: tris(5-bromo-2-methoxyphenyl)antimony, pentafluoropropionic acid, oxidative
addition, structure, X-ray diffraction analysis, IR spectroscopy.

Introduction

It is known that triarylantimony complexes with carboxylate ligands are biologically active
compounds, having antibacterial [1, 2], antileishmanial [2-5], photoluminescent [6] properties; they act
as photocatalysts [7] and reagents in organic synthesis [8]. Various triarylantimony dicarboxylates
ArsSbX, were obtained by substitution [1-3, 5-8] and oxidative addition reactions, with the molar ratio
of triaryl antimony and carboxylic acid 1:2 [4, 9-11]. Synthesis of binuclear triarylantimony
carboxylates with monodentate ligands has been described in a few papers only [12-17]. It is obvious
that such compounds have not been studied enough, and a further study of the oxidative addition
reactions of triarylantimony with carboxylic acids with an equimolar ratio of reagents, as well as the
structure determination of the products obtained is of interest.

The present work is related to the study of the interaction of tris(5-bromo-2-
methoxyphenyl)antimony with pentafluoropropionic acid in the presence of hydrogen peroxide at 1:1:1
molar ratio of the reactants and the structure determination of the reaction product.

Experimental

Synthesis of u,-oxo-bis[(pentafluoropropionato)tris(5-bromo-2-methoxyphenyl)antimony] (1)

Tris(5-bromo-2-methoxyphenyl)antimony (0.2 g, 0.29 mmol) and pentafluoropropionic acid
(0.048 g, 0.29 mmol) were dissolved in 10 ml of diethyl ether, then 30 % aqueous solution of hydrogen
peroxide (0.033 g, 0.29 mmol) was added. The mixture was kept for 24 h at 20 °C. 0.221 g (89 %) of
colorless crystals of 1 with MP 203 °C was obtained.

IR spectrum, v, cm*: 1719, 1701, 1576, 1476, 1439, 1376, 1314, 1283, 1254, 1207, 1169, 1151,
1092, 1053, 1024, 881, 864, 808, 727, 708, 676, 619, 538, 521, 440, 424.

Found, %: C 33.85, H 2.16. For Cs3H3,BrsN,OSb calculated, %: C 33.88, H 2.13.
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IR spectra of compound 1 were recorded on a Shimadzu IRAffinity-1S FTIR-spectrometer;
samples were prepared by pelletting with KBr (absorption region 4000400 cm™%).

X-ray diffraction analysis of crystalline substance 1 was performed on a Bruker D8 QUEST
automatic four-circle diffractometer (Mo K -emission, 1 0.71073 A, graphite monochromator).

Data collection and editing, unit-cell parameters refinement, and correction for absorption were
carried out in SMART and SAINT-Plus software [18]. All calculations aimed at solving and refining the
structure of compound 1 were performed in SHELXL/PC software [19]. Structure 1 was determined by
direct methods and refined with the least squares method in the anisotropic approximation for non-
hydrogen atoms. Selected bond lengths and bond angles of 1 are summarized in Table 1.

Crystal Data for CgsH7,025F 20Br1,Sh, (M =3403.46 g/mol): triclinic, space group P1, a 13.156(7) A,
b17.932(11) A, ¢27.102(12) A, @90.05(3)°, B 90.02(2)°, 796.75(3)°, V 6349(6) A3, Z2,
o 4.705 mm™, Deae 1.780 glem®, 130469 reflections measured, 25008 unique reflections (Riy 0.1675),
the number of refinement variables 1399, GOOF 1.016, R factors for F? > 20(F2): R; 0.1012, wR,
0.2748, R factors for all reflections R; 0.1820, wR, 0.3267.

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the
Cambridge Crystallographic Data Centre (CCDC 1912122 for compound 1; deposit@ccdc.cam.ac.uk;
http://www.ccdc.cam.ac.uk).

Table 1
Selected bond lengths and bond angles in structure 1
a
Bond d, A Angle o, deg Angle o, deg
Sh(1)-C(1) 2.12(1) Sh(1)0(6)Sh(2) 167.6(7) 0O(1)Sb(1)C(2) 89.6(5)
Sh(1)-C(11) 2.08(2) 0(6)Sb(1)O(1) 175.9(4) O(1)Sb(1)C(11) 101.2(5)
Sh(1)-C(21) 2.17(1) 0(6)Sb(2)O(10) 174.5(4) 0(10)Sh(2)C(31) 98.4(5)
Sh(2)-C(31) 2.11(2) C(1)Sh(1)C(11) 117.0(6) 0(10)Sh(2)C(41) 73.8(5)
Sh(2)-C(41) 2.15(1) C(11)Sb(1)C(21) 118.2(6) 0(10)Sh(2)C(51) 78.4(5)
Sh(2)-C(51) 2.11(2) C(1)Sh(1)C(21) 124.4(6) 0(6)Sb(1)C(2) 87.2(5)
Sh(1)-0(2) 2.22(1) C(31)Sb(2)C(51) 126.1(6) 0(6)Sb(1)C(11) 82.5(6)
Sh(1)-0O(6) 1.98(1) C(41)Sb(2)C(31) 113.8(6) 0(6)Sb(1)C(21) 105.4(5)
Sh(2)-0(10) 2.39(1) C(41)Sb(2)C(51) 116.5(6) 0(6)Sb(2)C(41) 101.7(5)
Sh(2)-0(6) 1.89(1) O(1)Sb(1)C(21) 74.5(5) 0(6)Sb(2)C(51) 101.2(5)
b

Sh(3)-C(61) 2.08(2) Sh(3)0(17)Sh(4) 167.8(7) 0(12)Sh(3)C(71) 89.2(5)
Sh(3)-C(71) 2.13(1) 0(12)Sh(3)0(17) 175.9(4) 0(12)Sh(3)C(81) 74.8(5)
Sh(3)-C(81) 2.16(1) 0(17)Sh(4)0(21) 175.2(4) 0(21)Sh(4)C(91) 98.1(5)
Sh(4)-C(91) 2.11(1) C(61)Sb(3)C(71) 115.7(6) 0(21)Sh(4)C(101) |  78.4(5)
Sh(4)-C(101) 2.12(2) C(61)Sb(3)C(81) 119.8(6) 0(21)Sh(4)C(111) |  73.4(5)
Sh(4)-C(111) 2.16(2) C(71)Sb(3)C(81) 124.1(5) 0(17)Sh(3)C(61) 82.6(6)
Sh(3)-0(12) 2.21(1) C(91)Sb(4)C(101) 125.2(6) 0(17)Sh(3)C(71) 87.6(5)
Sh(3)-0(17) 1.98(1) C(91)Sb(4)C(111) 114.1(6) O(17)Sh(3)C(81) | 104.9(5)
Sb(4)-0(21) 2.38(1) C(101)Sh(4)C(111) 116.7(6) 0(17)Sh(4)C(91) 85.8(6)
Sb(4)-017) 1.89(1) 0(12)Sh(3)C(61) 101.1(6) O(17)Sh(4)C(111) | 102.5(5)

Results and Discussion

It has been found that the oxidative addition reaction of tris(5-bromo-2-methoxyphenyl)antimony
with pentafluoropropionic acid in the presence of hydrogen peroxide at 1:1:1 molar ratio with the
formation of binuclear organic antimony compound 1 with p,-bridging oxygen atom:

2 (5'Br'2-MEOC6H3)3Sb +2 CF3CF2C(O)OH +2 H202 —>
- [(5'Br'Z'MEOC6H3)3SbO(O)CCF2CF3]20 +2 Hzo
1

Compound 1 is a crystalline substance, highly soluble in aromatic and aliphatic hydrocarbons,
resistant to moisture and air oxygen.
Structure 1 has been determined by X-ray diffraction analysis and confirmed by IR spectroscopy.
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In the IR spectrum of compound 1 there are bands at 521 cm ™, characterizing the Sb—C vibrations
[20], and at 440 cm™ due to the Sh-O vibrations [21]. The intense absorption band at 1719 cm™
characterizes the carbonyl group C=O stretching vibrations, the band at 1375 cm* does it for the C—F
bonds. The absorption bands at 1169 cm™* and 1283 cm* correspond to vibrations of the Ca—Br and
Ca—OMe bonds, respectively.

According to X-ray diffraction data, in crystal 1 there are two types of crystallographically
independent molecules a and b, the geometric parameters of which are equal within the error limits,
therefore, in the following, we discuss the structural data of molecule 1 a. The antimony atoms in 1 have
a distorted trigonal-bipyramidal coordination with oxygen atoms in axial positions (Fig. 1). The
antimony atoms in the binuclear molecule are linked by the bridging oxygen atom, the Sb(1)O(6)Sh(2)
bond angle is 167.6(7)°. The sums of the CSb(1)C and CSh(2)C valence angles in the equatorial planes
are 359.6(6)° and 356.4(6)°, respectively, while the values of the individual angles differ from the
theoretical 120° by no more than 6.2(6)°. The Sb(1,2) atoms deviate from the corresponding equatorial
planes by 0.071 and 0.233 A to the direction of the bridging oxygen atom. The axial OSb(1,2)O angles
are 175.9(4)°, 174.5(4)°. The OmSb(1,2)C angles vary within the ranges 74.5(5)°-101.2(5)°, 73.8(5)°—
98.4(5)°, O(12)Sb(1,2)C — 82.5(6)°-105.4(5)°, 86.3(6)°-101.7(5)°.

Fig. 1. Structure 1la showing thermal ellipsoids at 30% probability.
Hydrogen atoms have been omitted for clarity

The average values of the Sb(1)-C and Sh(2)-C bond lengths are 2.12(2) A. The Sb(1,2)-O(u,)
distances (1.98(1), 1.89(1) A) are less than Sb(1,2)—Oyerm (2.22(1), 2.39(1) A) and less than the sum of
covalent radii of the antimony and oxygen atoms 2.07 A [22].

Carboxylate ligands show anisobidentate properties, coordinated by a carbonyl oxygen atom to the
antimony atom, the Sb(1,2)---O=C distances are 3.71 (1), 3.38 (2) A. The coordination asymmetry of
ligands can be estimated by the d(Sb---O=C)/d(Sb—Om) ratio, which is equal to 1.67 and 1.41.

In the molecule there are contacts Sb(1,2):-*OMe, the corresponding distances equal 2.88(1)-
3.16(1), 3.01(1)-3.20(1) A.

Molecules a and b in crystal 1 are linked by intermolecular contacts F---Ha, (2.50, 2.58 A), F---Hye
(2.16 A). The structural organization of 1 is due to hydrogen bonds, involving oxygen atoms of
carboxylate ligands Ha,---O(=C) (2.43, 2.59 A) and bromine atoms Hye:--Br (2.92, 2.96, 3.04 A), as
well as F---F contacts (2.70, 2.71 A) of the first type (according to the classification given in [23]),
0.,CE(7)F(3) (124(2)°) = 0, ,CF(3)E(7) (125(4)°), 01, CE(12)F(17) (116(4)°) = 6, ,CF(17)F(12) (117(2)°)
(Fig. 2).
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F(12) F(17)

Fig. 2. The intermolecular interactions in 1

Conclusion

The oxidative addition reaction of  tris(5-bromo-2-methoxyphenylantimony  with
pentafluoropropionic acid at 1:1 molar ratio in the presence of hydrogen peroxide leads to formation of
the binuclear compound with a bridging oxygen atom, the structural organization of which is due to
hydrogen bonds and contacts with halogen atoms.
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CUHTE3 U CTPOEHMUE p,-OKCO-
BUC[(MEHTA®TOPIMPOMUOHATO) TPUC(5-EPOM-2-
METOKCU®EHWI)CYPbMbI]

E.B. Apmembeega
FOxHO-Ypanbckuli 2ocyOapcmeeHHbIlU yHUsepcumem, 2. YensbuHck, Poccus

ITo peakiyy OKHCIMTEIBHOTO NpHcoeauHeHus mpuc(5-6poM-2-MeTOKCU(EHUIT)CYPBMBI C
NeHTa(GTOPIPONHOHOBON KHCIIOTOH B MPHCYTCTBHU MEPOKCHIA BOIOPOJAA TPH IKBHUMOJSPHOM
COOTHOIIIEHHH PEAreHTOB CHHTE3UPOBAHA L»-0KCO-Ouc[(rentadropuponuonaro)mpuc(5-6pom-2-
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merokcupenun)cypemal (1). Coenunenne oxapakrepusoBano Merogamu MK-crekrpockomnuu u
PEHTreHOCTPYKTYpHOro aHaiu3a. CorjacHO JaHHBIM pPEHTICHOCTPYKTYpHOTO aHaiu3a, B
KPHCTAJUIE  HAaXOAATCS  JBAa TUMA  KPUCTAUIOTpAQUUYECKM  HE3aBUCHMBIX  MOJIEKYJ,
TEOMETPUYECKUE MapaMeTpbl KOTOPBIX HE3HAYUTEIBHO OTIHYAITCA. ATOMBI CYPbMBI B
MOJIEKYJIC CBS3aHbI MOCTHKOBBEIM aToMoM Kuciopona (yroia SbOSb cocraBmser 167,6(7)°).
TpuroHansHO-OUNUpaMUIATIbHAS KOOPAUHAIIUS aTOMOB CYPbMBI MCKa)XKE€HA, aKCHAJIbHBIE YTIIBI
OSbO paeusr 175,9(4)°, 174,5(4)° mms aromoB Sb(l) m Sb(2) coorBerctBeHHO. CyMMBI
BajeHTHBIX yrioB CSbC B SKBaTOPHANBHBIX IUTOCKOCTSIX COCTaBIIIOT 359,6(6)° m 356,4(6)°.
Cpenuue 3nauenns amun cBaseit Sh(1)-C u Sh(2)-C pasusr 2,12(2) A, paccrosaus Sb-O(py) —
1,89(1), 1,98(1) A. Kap6okcunaTHble JTUraHabl B MOJIEKyIle MOHOEHTATHBL PaccTosHuS MexILy
aTOMaM¥ CypbMBI H COOTBETCTBYIOIINMH TEPMUHAIBFHBIMH aTOMaMHU KUCIIopoaa paBHBI 2,22(1),
2,39(1) A, paccrosuus Sh---O=C pasusI 3,38(2), 3,71(1) A. Orsomenus d(Sb---0=C)/d(Sb-0),
KOTOPBIMH MOYXHO OIICHHTh AaCHMMETPHIO KOODIHWHAI[MK JIMTAHIOB Ha aTOM MeTallia,
cocramsitor 1,67 u 1,41. B xpucramie 1 nabmomarorcest koHTaktsl Sb---OMe (2,88(1)-3,16(1),
3,01(1)-3,20(1) A), BogopomHsle CBA3M C ydacTHeM aToMoB ramoresos H---F (2,16; 2,50; 2,58
A), H---Br (2,92; 2,96; 3,04 A) u xapGoHuIbHEIX aToMoB Kuciopoma H---O (2,43; 2,59 A),
a TaKKe B3auMoeiicTBys TanoreH: - -ranored F---F (2,70; 2,71 A).

Kniouesvie cnosa: mpuc(5-6pom-2-memoxcugpenun)cypoma, neHmagmopnponuonosas
KUCIOMA, OKUCIUMETbHOE NPUCOCOUHEHUE, CINPOEHUE, PEHM2EHOCMPYKIMYPHbLIL AHAIU3.
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