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C.H;F,-2,3, and C/F,)

V. V. Sharutin® *, O. K. Sharutina®, D. A. Zherebtsov*, and O. S. El’tsov®

% South Ural State University (National Research University), Chelyabinsk, Russia
b Ural Federal University, Yekaterinburg, Russia
*e-mail: sharutin50@mail.ru
Received May 24, 2021; revised June 30, 2021; accepted July 5, 2021

Abstract—Tris(3-fluorophenyl)antimony dicarboxylates (3-FC¢H,);Sb[OC(O)R], (R = CH,CcH,F-3 (1),
C¢H3F,>-2,3 (IT), and C¢F;5 (IIT)) are synthesized via oxidative addition from tris(3-fluorophenyl)antimony,
carboxylic acid, and fert-butyl hydroperoxide in a diethyl ether solution. The structures of the compounds are
characterized by IR spectroscopy, 'H, 3C{'H}, and "YF{'H} NMR spectroscopy, elemental analysis, and sin-
gle-crystal X-ray diffraction (CIF files CCDC nos. 2055807 (I), 2055816 (II), and 2055817 (III)). The crys-
tals of complexes I—III contain the trigonal bipyramidal molecules with the axially arranged carboxylate

ligands.
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INTRODUCTION

A sufficiently broad series of triarylantimony dicar-
boxylates was synthesized and studied [1]. Interest in
compounds of this type is associated with high possi-
bilities of their application. Some of the indicated
derivatives manifest anticancer activity [2—4] and are
used for the treatment of leushmaniasis [5—8]. The
chemistry of antimony-containing polymers is
actively developed. There are published data on the
introduction of metallic antimony in the colloidal
state into polymethyl methacrylate and polyacrylic
acid [9, 10]. The organoantimony derivatives be incor-
porated as substituents in both the main and side chain
of macromolecules [11, 12]. Acrylates, methacrylates,
vinyl benzoates, and other antimony derivatives capa-
ble of polymerizing have already been used for the syn-
thesis of metal-containing polymers based on methyl
methacrylate, styrene, vinyl acetate, and acrylic acid
manifesting fungicidal and biocidal activity [13, 14].
Additives of these compounds to polymeric materials
improve their thermal stability [15] and X-ray radia-
tion absorption [16]. Note that the properties of triary-
lantimony dicarboxylates depend on the nature and
type of the ligands at the metal atom [1] and, there-
fore, the synthesis of the dicarboxylates with heteroat-
oms in the aryl substituents is an urgent task. Triary-
lantimony dicarboxylates with halogen atoms in the
aryl ligands are known [1, 17—20], and among them a
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few tris(3-fluorophenyl)antimony dicarboxylates can
be emphasized [19, 20].

Continuing the studies of the pentavalent antimony
compounds, we synthesized tris(3-fluorophenyl)anti-
mony dicarboxylates [(3-FC¢H,);Sb][OC(O)R], (R =
CH,C¢H,F-3 (I), C4H;F,-2,3 (II), and C4F5 (1II))
and studied their structures.

EXPERIMENTAL

Commercial reagents (Alfa Aesar) were used for
the syntheses.

Synthesis of bis(3-fluorophenylacetato)tris(3-fluo-
rophenyl)antimony (I). A mixture of tris(3-fluorophe-
nyl)antimony (203 mg, 0.5 mmol), 3-fluoropheny-
lacetic acid (154 mg, 1.0 mmol), and a 70% solution
(64 mg) of tert-butyl hydroperoxide in diethyl ether
(20 mL) was stirred for 1 h. After 18 h the formed crys-
tals were filtered off and dried in air. The yield was
290 mg (81%), T,, = 99°C.

For C34H24F504Sb
Anal. calcd., % C, 57.22 H, 3.37
Found, % C, 57.18 H, 3.51

IR (v, cm™"): 3088, 3065, 1659, 1616, 1585,1522,
1489, 1472, 1450, 1425, 1310, 1287, 1265, 1217, 1163,
1140, 1088, 1053, 997, 962, 924, 893, 870, 853, 783,
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766, 721, 679, 658, 633, 584, 555, 538, 523, 486, 440.
'H NMR (CDCl;; 8, ppm) 7.58—7.49 (m, 6H), 7.39
(td, J = 8.0, 5.4 Hz, 3H), 7.25—7.14 (m, 5H), 6.90 (td,
J=28.5,2.6 Hz, 2H), 6.80 (d, J = 7.6 Hz, 2H), 6.69
(dd, J = 9.8 Hz, 2.0 Hz, 2H), 3.43 (s, 2H). BC{'H}
NMR (CDCly; 8, ppm): 175.33, 162.77 (d, J = 245.8
Hz), 162.71 (d, J = 251.4 Hz), 139.15 (d, J = 5.5 Hz),
137.10 (d, J = 8.3 Hz), 130.80 (d, J/ = 7.4 Hz), 129.92
(d, /=79 Hz), 129.31 (d,/J=3.3 Hz), 124.88 (d, /=
2.2 Hz), 120.95 (d, J = 22.8 Hz), 118.79 (d, J =
20.8 Hz), 116.06 (d, J = 21.7 Hz), 113.77 (d,
J=120.8 Hz), 42.39. YF NMR (CDCl;; 8, ppm):
—109.36 m, —113.40 m.

Compounds II and III were synthesized similarly.

Bis(2,3-difluorobenzoato)tris(3-fluorophenyl)anti-
mony (II). The yield was 83%, T,,, = 183°C.

For C32H18F7O4Sb
Anal. calcd., %
Found, %

C,53.24
C, 53.20

H, 2.50
H, 2.58

IR (v, em™Y): 3102, 3073, 1634, 1587, 1487, 1474,
1425, 1348, 1273, 1215, 1184, 1163, 1151, 1088, 1067,
999, 959, 899, 878, 853, 835, 789, 773, 762, 675, 660,
635, 544, 511, 492, 459, 440. 'H NMR (600 MHz;
chloroform-d; 6, ppm) 7.85—7.81 (m, 3H), 7.80 (d,
J= 7.8 Hz, 3H), 7.48—7.37 (m, 5H), 7.21-7.10 (m,
5H), 6.95 (tdd, J = 8.0, 4.6, 1.4 Hz, 2H). BC{'H}
NMR (151 MHz; chloroform-d; &, ppm): 167.43 (t,
J=3.6 Hz), 162.94 (d, J = 251.8 Hz), 151.16 (dd, J =
248.1, 13.5 Hz), 150.49 (dd, J = 260.2, 14.0 Hz),
138.84 (d, J = 5.4 Hz), 131.20 (d, J = 7.5 Hz), 129.58
(d, /J=3.3 Hz), 127.27 (d, /= 3.3 Hz), 124.49—123.36
(m), 122.61 (d, /= 6.6 Hz), 121.28 (d, J = 23.0 Hz),
120.99 (d, J = 17.5 Hz), 119.16 (d, J = 20.7 Hz). “F
NMR (565 MHz; chloroform-d; &, ppm): —108.93 to
—109.03 m, —135.74 (dt, J = 20.6, 6.3 Hz), —137.21
(ddd, /= 21.2,9.7, 4.1 Hz).

Bis(pentafluorobenzoato)tris(3-fluorophenyl)anti-
mony (IIT). The yield was 79%, T,, = 131°C.

For C32H1204F13Sb
Anal. calcd., %
Found, %

C,46.32
C,46.24

H, 145
H, 148

IR (v, cm™): 3102, 3074, 1699, 1682, 1653, 1591,
1522, 1499, 1476, 1427, 1333, 1252, 1217,1167, 1105,
1090, 1059, 995, 926, 870, 856, 822, 787, 748, 698,
677, 660, 623, 582, 523, 492, 440. '"H NMR (chloro-
form-d; 8, ppm): 7.79—7.70 (m, 6H), 7.49 (td, J = 8.0,
5.4 Hz, 3H), 7.21 (ddd, J = 8.3, 2.5, 1.0 Hz, 3H).
BC{'H} NMR (151 MHz; chloroform-d; &, ppm):
163.07 (d, J = 252.9 Hz), 162.18, 145.16 (dtd, J =
255.2,7.6,3.9 Hz), 142.57 (dm, J = 259.7 Hz), 137.72
(dddd, J = 253.0, 17.4, 12.8, 5.5 Hz), 136.56 (d, J =
5.9 Hz), 131.63 (d, /J=7.2 Hz), 129.52 (d, /= 3.9 Hz),
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128.47, 121.13 (d, J = 23.7 Hz), 119.86 (d, J =
20.8 Hz), 110.18 (td, J = 17.0, 3.9 Hz). "F{'H} NMR
(CDCls; 8, ppm): —104.82 to —114.20 m, —139.75 to
139.81 m, —150.43 (t, J = 20.6 Hz), —160.72 (td, J =
20.2, 6.1 Hz).

IR spectra were recorded on a Shimadzu IR Affin-
ity-1S FT-IR spectrometer in KBr pellets in a range of
4000—400 cm™!. '"H (600 MHz), BC (151 MHz), and
YF (565 MHz) NMR spectra were recorded for solu-
tions of the compounds in CDCl; on a Bruker
AVANCE NEO 600 MHz NMR spectrometer
equipped with a Prodigy Cryoprobe accessory. Signals
of the solvent served as the internal standard for 'H
(7.26 ppm) and 3C (77.16 ppm) NMR spectra, and
CFCl, was used as the external standard for ’F NMR
spectra.

Elemental analyses to C and H were carried out on
a Carlo Erba CHNS-O EA 1108 elemental analyzer.
Melting points were measured on a Netzsch 449C
Jupiter synchronous thermoanalyzer.

X-ray diffraction (XRD). The structures of single
crystals of compounds I—III were studied on a Bruker
D8 QUEST diffractometer (MoK, radiation, A =
0.71073 A, graphite monochromator). Data were col-
lected and edited, unit cell parameters were refined,
and an absorption correction was applied using the
SMART and SAINT-Plus programs [21]. All calcula-
tions were performed using the SHELXTL/PC [22]
and OLEX2 [23] programs. The structures were solved
by a direct method and refined by least squares in the
anisotropic approximation for non-hydrogen atoms.
The parameters of the crystals, data collection, and
refinement details for compounds I—III are given in
Table 1.

The full tables of atomic coordinates, bond lengths,
and bond angles were deposited with the Cambridge
Crystallographic Data Centre (CIF files CCDC nos.
2055807 (I), 2055816 (II), and 2055817 (III);
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.
ac.uk).

RESULTS AND DISCUSSION

It is known that the oxidation of triarylantimony by
tert-butyl hydroperoxide in the presence of carboxylic
acids affords triarylantimony dicarboxylates of the
general formula Ar;Sb[OC(O)R)], [24—27]. We found
that the reactions of tris(3-fluorophenyl)antimony
with such carboxylic acids as 3-fluorophenylacetic,
2,3-difluorobenzoic, and pentafluorobenzoic acids in
the presence of fert-butyl hydroperoxide (molar ratio
1:2:1) occurred in ether to form tris(3-fluorophe-
nyl)antimony dicarboxylates isolated in the yield up to
83%.
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Table 1. Crystallographic data and experimental and structure refinement parameters for compounds I—III

Value
Parameter
I 11 I
Fw 713.28 721.21 829.17
Crystal system Monoclinic Triclinic Monoclinic
Space group C2/c P1 C2/c
a, A 18.813(12) 8.751(7) 26.308(15)
b, A 9.851(6) 11.126(8) 13.078(10)
c, A 16.259(11) 15.367(16) 19.015(11)
o, deg 90 99.40(3) 90
B, deg 97.05(3) 95.22(3) 111.121(14)
v, deg 90 93.21(2) 90
v, A3 2990(3) 1466(2) 6103(7)
Z 4 2 8
Peale> /M’ 1.584 1.634 1.805
w, mm~! 0.992 1.022 1.022
F(000) 1424.0 712.0 3232.0
Crystal size, mm 0.48 x 0.24 x 0.2 0.65 x 0.46 x 0.45 0.48 x 0.36 x 0.17
20, deg 6.256—56.994 5.77-57 5.88—59.26
Ranges of reflection indices —25<h<25, —11<h<l, —36<h <33,
—13<k<13, —14<k< 14, —18<k<18,
=21<1<21 —20</<20 —26</<26
All reflections 37362 60514 138680
Independent reflections (R;,;) 3783 (0.0275) 7436 (0.0327) 8583 (0.0381)
Number of refined parameters 210 401 451
GOOF 1.099 1.157 1.050
R factors R, =0.0293, R, =0.0367, R, =0.0307,
for F2>26(F?) wR, =0.0882 wR, =0.0872 wR, =0.0737
R factors for all reflections R, =0.0300, R, =10.0416, R, =0.0458,
wR, =0.0903 wR, =0.0902 wR, = 0.0838
Residual electron density (max/min), e/A™3 1.71/-0.63 1.77/-0.99 0.74/-0.69

(3-FC,H,);Sb + 2HOC(O)R + t-BuOOH
— (3-FC,4H,);Sb[OC(O)R)], + #-BuOH + H,0,
R = CH,C(H,F-3 (I), CH;F,-2.3 (II), C.F; (III).

According to the XRD data, in compounds I—III
the Sb atoms have a distorted trigonal bipyramidal
coordination with the oxygen atoms of the carboxylate
ligands in the axial positions and with the aryl substit-
uents in the equatorial plane (Figs. 1-3).

The axial OSbO angles are 175.96(9)°, 174.63(8)°,
and 171.32(7)° in compounds I, II, and III, respec-
tively. The Sb—C bond lengths in compounds I—III
vary in a range of 2.094(2)—2.123(3) A, and the Sb—O
distances (2.099(2)—2.128(2) A) are somewhat lower
than the sum of covalent radii of antimony and oxygen
atoms (2.14 A [28]). The sums of the CSbC angles in

the equatorial plane of molecules I—III are 360°. The
planar aryl rings in the structures are turned around
the Sb—C bonds in such a way that intra- and intermo-
lecular contacts would be reduced to minimum. Mol-
ecules I—III contain intramolecular contacts
Sb-O(=C) that change in a range of
2.862(9)—3.381(3) A. The dihedral angles between the
planes of the carboxyl groups in compounds I and II
are 13.93° and 2.62°, and the carboxylate ligands have
a cis orientation relative to the SbC; fragment. This is
characteristic of the most part of triorganylantimony
dicarboxylates [29]. Dihedral angles arranged in such
a way that the Sb---O(=C) intramolecular contacts
would be formed inside one equatorial angle, the value
of which increases to 138.30(14)° and 144.20(12)°,
respectively, with a decrease in two other equatorial
angles. In molecules III, the dihedral angle between
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F(1Aa)

F(1A)

Fig. 2. Structure of compound II.

the planes of the carboxyl groups is unusually high
(76.27°) due to which the carbonyl oxygen atoms are
opposite to different equatorial angles and the CSbC
angles (111.99(9)°, 117.56(10)°, 130.37(9)°) vary in the
range usual for compounds of the general formula
Ar;SbX, (120° £ 10° [30]).

It can be concluded from a comparative analysis of
the XRD data for tris(3-fluorophenyl)antimony dicar-
boxylates (Table 2) that the strengthening of intramo-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 48

lecular contacts in the (3-FC¢H,);Sb[OC(O)R], mol-
ecules leads to an increase in one of the equatorial
angles (from the side of the intramolecular contacts)
and, on the contrary, the differences in the equatorial
angles are less appreciable at the lowest intramolecular
contacts.

The IR spectra of compounds I-III exhibit an
intense absorption band of stretching vibrations of the
SbC, fragment at ~440 cm~!. The intense bands at

No.4 2022
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Fig. 3. Structure of compound III.

1659 (I), 1634 (IT), and 1682 cm~! (III) originate from
stretching vibrations of the carbonyl C=0 groups. The
absorption bands at 1585, 1471, and 1425 cm~' (I);
1587, 1473, and 1425 cm~' (II); and 1591, 1476, and
1427 cm~! (III) characterize stretching vibrations of
the carbon skeleton of the aryl rings. The absorption
bands of medium intensity at 3088 (I), 3102 (II), and
3102 (IIT) cm™~! correspond to stretching vibrations of
the C,,—H bonds, and the intense bands at 766, 762,
and 748 cm~' correspond to out-of-plane bending
vibrations of the same bonds. The IR spectra of com-
pounds I, II, and III contain absorption bands of the
C—F stretching vibrations at 1217, 1215, and 1252 cm™..
Since the molecules of the complexes are symmetric,
the signalsin all '"H, BC, and ’F NMR spectra are iso-

chronous. The fluorine atoms induce an additional
signal splitting in the "H NMR spectra and character-
istic splitting of a series of signals in the *C NMR
spectra with the appearance of typical C—F spin-spin
coupling constants.

Thus, different numbers of electronegative fluorine
atoms in the organic radical of carboxylic acid exert no
effect on the scheme of the oxidative addition involv-
ing tris(3-fluorophenyl)antimony. The geometric
characteristics of the synthesized tris(3-fluorophe-
nyl)antimony dicarboxylates (Sb—C and Sb—O bond
lengths, intramolecular Sb--O contacts, and bond
angles) are close to each other for the same coordina-
tion polyhedron and coordination number of the anti-
mony atom.

Table 2. Selected geometric parameters of (3-FC¢H,4);Sb[OC(O)R], molecules

Bond, A Angle, deg

: Sb--O=C (average)| Sb—O (average) Sb—C (average) OSbO CSbC (max.)
CH=CHPh 2.601 2.142 2.116 175.81 152.12 [19]
CH,Br 2.872 2.119 2.105 175.92 143.09 [19]
C¢F,H-2 2.878 2.131 2.114 175.72 142.47 [20]
C¢H;F,-2,3 (II) 2.906 2.120 2.122 174.63 144.20
C¢H3(NO,),-3,5 2.931 2.127 2.111 174.70 141.08 [19]
CH,C¢H4F-3 (I) 3.122 2.099 2117 175.96 138.30
CgFs (I1T) 3.246 2.115 2.098 171.32 130.37

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 48

No. 4 2022



SYNTHESIS AND STRUCTURES OF Tris(3-FLUOROPHENYL)ANTIMONY

CONFLICT OF INTEREST

The authors declare that they have no conflicts of

interest.

10.

11.

12.

13.

14.

REFERENCES

. Sharutin, V.V., Poddelsky, A.l., and Sharutina, O.K.,

Russ. J. Coord. Chem., 2020, vol. 46, no. 10, p. 663.
https://doi.org/10.1134/S1070328420100012

Silvestru, C., Haiduc, 1., Tiekink, R.T., et al., Appl. Or-
ganomet. Chem., 1995, vol. 9, p. 597.
https://doi.org/10.1002/a0¢.590090715

Liu, R.C., Ma, Y.Q., Yu, L., et al., Appl. Organomet.
Chem., 2003, vol. 17, p. 662.
https://doi.org/10.1002/ao0c.491

Wang, G.C., Xiao, J., Yu, L., et al., J. Organomet.
Chem., 2004, vol. 689, p. 1631.
https://doi.org/10.1016/j.jorganchem.2004.02.015

Mishra, J., Saxena, A., and Singh, S., Curr. Med.
Chem., 2007, vol. 14, p. 1153.
https://doi.org/10.2174/092986707780362862

Islam, A., Da Silva, J.G., and Berbet, F.M., Molecules,
2014, vol. 19, p. 6009.
https://doi.org/10.3390/molecules19056009

Ali, M.I., Rauf, M.K., Badshah, A., et al., Dalfon
Trans., 2013, vol. 42, p. 16733.
https://doi.org/10.1039/c3dt51382¢c

Duffin, R.N., Blair, V.L., Kedzierski, L.,
Andrews, P.C., Dalton Trans., 2018, vol. 47, p. 971.
https://doi.org/10.1039/c7dt04171c¢

and

Cardenas-Trivino, G., Retamal, C., and Klabun-
de, K.J., Polym. Bull., 1991, vol. 25, p. 315.
https://doi.org/10.1007/BF00316900

Cardenas-Trivino, G., Retamal, C., and Tagle, L.H.,
Thermochim. Acta, 1991, vol. 176, p. 233.
https://doi.org/10.1016/0040-6031(91)80278-Q

Naka, K., Nakahashi, A., and Chujo, Y., Macromole-
cules, 2006, vol. 39, p. 8257.
https://doi.org/10.1021/ma0612201

Naka, K., Nakahashi, A., and Chujo, Y., Macromole-
cules, 2007, vol. 40, p. 1372.
https://doi.org/10.1021/ma0622332

Coton, M.M., Metalloorganicheskie soedineniya i radi-
kaly (Organometallic Compounds and Radicals), Mos-
cow: Nauka, 1985, p.13.

Carraher, C., Sheats J.E., and Pittman, C.U., Organo-
metallic Polymers, New York: Academic, 1978.

. Dodonov, V.A., Gushchin, A.V., Kuznetsova, Yu.L.,

and Morugova, V.A., Vestnik NNGU. Ser. Khimiya,
2004, vol. 14, p. 86.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 48

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

223

Kensuke, N., Akiko, N., and Yoshiki, C., Macromole-
cules, 2006, vol. 39, p. 8257.
https://doi.org/10.1021/ma0612201

Lobanova, E.V., Vestnik YuUrGU. Ser. Khim., 2020,
vol. 12, no. 2, p. 23.
https://doi.org/10.14529/chem200203

Khaibullina, O.A., Vestnik YuUrGU. Ser. Khim., 2021,
vol. 13, no. 1, p. 39.
https://doi.org/10.14529/chem210104

Sharutin, V.V., Sharutina, O.K., Efremov, A.N., and
Andreev, P.V., Russ. J. Coord. Chem., 2018, vol. 44,
no. 10, p. 635.
https://doi.org/10.1134/S107032841810010X

Sharutin, V.V., Sharutina, O.K., Efremov, A.N., and
Slepukhin, P.A., Russ. J. Inorg. Chem., 2020, vol. 65,
no. 7, p. 992.
https://doi.org/10.1134/S0036023620070190

SMART and SAINT-Plus. Versions 5.0. Data Collection
and Processing Software for the SMART System, Madi-
son: Bruker AXS Inc., 1998.

SHELXTL/PC. Versions 5.10. An Integrated System for
Solving, Refining and Displaying Crystal Structures from
Diffraction Data, Madison: Bruker AXS Inc., 1998.

Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., et al., J.
Appl. Crystallogr., 2009, vol. 42, p. 339.
https://doi.org/10.1107/S0021889808042726

Dodonov, V.A., Gushchin, A.V., and Brilkina, T.G.,
Zh. Obshch. Khim., 1985, vol. 55, p. 73.

Senchurin, V.S. and Orlenko E.D., Vestnik YuUrGU.
Ser. Khim., 2019, vol. 11, no. 2, p. 66.
https://doi.org/10.14529/chem 190207

Maleeva, A.l., Gushchin, A.V., Kalistratova, O.S.,
et al., Vestnik YuUrGU. Ser. Khim., 2019, vol. 11, no. 3,
p. 66.

https://doi.org/10.14529/chem 190308

Gushchin, A.V., Maleeva, A.l., Kalistratova, O.S., and
Khamaletdinova, N.M., Vestnik YuUrGU. Ser. Khim.,
2021, vol. 13, no. 1, p. 5.
https://doi.org/10.14529/chem?210101

Batsanov, S.S., Zh. Neorg. Khim., 1991, vol. 36, no. 12,
p. 3015.

Cambridge Crystallographic Data Center, 2020.

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

Sharutina, O.K. and Sharutin, V.V., Molekulyarnye
struktury organicheskikh soedinenii sur’my(V), (Molec-
ular Structures of Organic Compounds of Antimo-
ny(V)), Chelyabinsk: Izdatel’skii Tsentr YuUrGU,
2012.

Translated by E. Yablonskaya

No.4 2022



	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	REFERENCES

		2022-04-11T13:38:01+0300
	Preflight Ticket Signature




