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SYNTHESIS AND STRUCTURE OF BIS(THIOPHENE-2-ALDOXIMATO)-
TRIS(5-BROMO-2-METHOXYPHENYL)ANTIMONY

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

Synthesis of bis(thiophene-2-aldoximato)tris(5-bromo-2-methoxyphenyl)antimony (1) has
been carried out by the oxidative addition reaction of #ris(5-bromo-2-methoxyphenyl)antimony
with thiophene-2-aldoxime in the presence of fert-butyl hydroperoxide with the 1:2 molar ratio of
the reactants. The compound has been characterized by IR spectroscopy and X-ray diffraction
analysis. According to the X-ray diffraction analysis data, in the crystal there are two types of
crystallographically independent the molecules, geometrical parameters of which are slightly
different. Coordination polyhedron of antimony atoms in a molecule is a distorted trigonal
bipyramid. The sum of the CSbC angles equals 360°, the values of the individual angles differ
from the theoretical 120° by no more than 8.6(8)°. The axial OSbO angle is 175.8(4)°. The OSbC
angles vary within the range 85.8(6)°-97.6(6)°. The average value of the Sb—C bond lengths is
2.13(2) A. The Sb—O distances equal 2.08(1) A. The distances between the Sb atom and N atoms of
the iminoxy groups are 2.80(2)-2.94(2) A. The distances between the N and O atoms do not depend
on the distances between the Sb and N atoms; they are equal to 1.39(2)-1.43(2) A. In the molecules
there are contacts between the Sb and O atoms of methoxy groups, the corresponding distances are
within the range of 3.13(1)-3.23(1) A. The molecules in a crystal are connected by intermolecular
hydrogen bonds between the aromatic H and Br (2.883 A), S (2.992 A) and N (2.715 A) atoms.
In the molecules there are intramolecular short contacts between the iminoxy group O atom and S
(2.72(1)-2.80(1) A), as well as the methoxy group O atom (2.93(2)-3.03(2) A).

Keywords: tris(5-bromo-2-methoxyphenyl)antimony, thiophene-2-aldoxime, oxidative addi-
tion, structure, X-ray diffraction analysis, IR spectroscopy.

Introduction

It is known that triarylantimony dioximates are biologically active compounds, having antibacterial,
antifungal [1] and antitumor [2, 3] activity. Various triarylantimony dioximates Ar;SbX, (Ar = Ph, p-
Tol, o-Tol, m-Tol, 3-F-C¢Hy, 4-F-C¢Hy; X = ONCHR, ONCRR') were obtained by substitution [1, 2,
4-7] and oxidative addition reactions, with the molar ratio of triaryl antimony and oxime 1:2 [8—18].
Synthesis of #ris(5-bromo-2-methoxyphenyl)antimony oximates has been described in a few papers only
[17-19]. Obviously, such compounds have not been studied enough, and a further investigation is
required.

The present work concerns the study of the interaction of #ris(5-bromo-2-methoxyphenyl)antimony
with thiophene-2-aldoxime in the presence of tert-butyl hydroperoxide at 1:2:1 molar ratio of the
reactants, and the structure determination of the reaction product.

Experimental

Synthesis of bis(thiophene-2-aldoximato)zris(5-bromo-2-methoxyphenyl)antimony (1).

Tris(5-bromo-2-methoxyphenyl)antimony (0.1 g, 0.14 mmol) and thiophene-2-aldoxime (0.037 g,
0.29 mmol) were dissolved in 10 ml of diethyl ether, then 70 % aqueous solution of fert-butyl
hydroperoxide (0.019 g, 0.14 mmol) was added. The mixture was kept for 24 h at 20 °C. After the
solvent evaporation, the solid residue was recrystallized from amyl acetate. 0.151 g (97 %) of colorless
crystals of 1 with MP 136 °C was obtained.

IR spectrum, v, cm : 3438, 3096, 3065, 3003, 2961, 2932, 2837, 1572, 1472, 1437, 1420, 1375,
1351, 1283, 1269, 1254, 1209, 1180, 1144, 1092, 1049, 1016, 912, 862, 823, 808, 741, 711, 667, 619,
602, 555, 525, 467, 436.

Found, %: C 39.94, H 2.81. For CeoHsp BrgN4O10S4Sb, calculated, %: C 40.00, H 2.75.

IR spectra of compound 1 were recorded on a Shimadzu IRAffinity-1S FTIR-spectrometer;
samples were prepared by pelletting with KBr (absorption region 4000-400 cm ).
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X-ray diffraction analysis of crystalline substance 1 was performed on a Bruker D8 QUEST
automatic four-circle diffractometer (Mo K,-emission, A2 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 [20]. All calculations aimed at solving and refining the
structure of compound 1 were performed in SHELXL/PC [21] and OLEX2 software [22]. 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 C¢,Hs,N40,0BrsSb,S, (M 1864.28 g/mol): triclinic, space group P1, a 9.565(10) A,
b 17.472(18) A, ¢ 24.42(3) A, 0.97.25(7)°, B 92.12(8)°, ¥ 98.46(6)°, V' 3999(8) A°, Z 2, jimo 3.827 mm ',
D, 1.548 g/cm3, 29317 reflections measured, 5456 unique reflections (R, 0.0522), the number of
refinement variables 800, GOOF 1.118, R factors for F* > 20(F2): R, 0.0580, wR, 0.1635, R factors for
all reflections R, 0.0680, wR, 0.1700.

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the
Cambridge Crystallographic Data Centre (CCDC 1901674 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
Sb(1)-C(1) 2.15(2) 0O(4)Sb(1)O(5) 175.8(4) O(4)Sb(1)C(11) 87.3(6)
Sb(1)-C(11) 2.14(2) C(1)Sb(1)C(11) 120.6(7) O(4)Sb(1)C(21) 85.8(6)
Sb(1)-C(21) 2.11(2) C(1)Sb(1)C(21) 112.5(7) O(5)Sb(1)C(1) 86.1(6)
Sb(1)-0(4) 2.08(1) C(11)Sb(1)C(21) 126.9(7) O(5)Sb(1)C(11) 92.7(6)
Sb(1)-0(5) 2.08(1) 0(4)Sb(1)C(1) 97.6(6) 0O(6)Sb(1)C(21) 90.8(6)
N(1)-C(35) 1.30(3) O(4)N(1)C(35) 110(1)
N(2)-C(45) 1.28(3) O(5N(2)C(45) 113(2)
b
Sb(2)-C(51) 2.16(2) O(D)Sb(2)0() 175.2(5) O(D)Sb(2)C(61) 87.8(6)
Sb(2)-C(61) 2.12(2) C(51)Sb(2)C(61) 125.9(8) O(D)Sb(2)C(71) 85.2(6)
Sb(2)-C(71) 2.13(2) C(51)Sb(2)C(71) 122.5(7) O()Sb(2)C(51) 89.4(6)
Sb(2)-0(D) 2.10(1) C(71)Sb(2)C(81) 111.4(8) O(J)Sb(2)C(61) 87.6(6)
Sb(2)-0(J) 2.04(1) O(D)Sb(2)C(51) 92.2(6) O()Sb(2)C(71) 97.7(6)
N(3)-C(85) 1.23(3) O(DN(3)C(85) 112(2)
N(4)-C(95) 1.21(4) O()N(4)C(95) 113(2)

Results and Discussion

It has been found that the oxidative addition reaction of #ris(5-bromo-2-methoxyphenyl)antimony
with thiophene-2-aldoxime in the presence of tert-butyl hydroperoxide at 1:2:1 molar ratio goes by a
standard pathway with the formation of triarylantimony dioximate:

Br Br
< Sb + 2@\/NOH + t-BUOOH —> < SbON / \ + t-BUOH + H,0
3 S 3 S /2

OMe OMe

1

Compound 1 is a crystalline substance, highly soluble in aromatic hydrocarbons, resistant to
moisture and air oxygen.

Structure 1 has been determined by X-ray diffraction analysis and confirmed by IR spectroscopy.

In the IR spectrum of compound 1, there are absorption bands at 2932 cm ™' (thiophene C—H, s7),
708, 712 ecm' (thiophene C—H, §). Characteristic bands are observed at 1472 c¢cm' (C=N bond),
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1375cm™ (OH, §), 912 cm ' (N-0O) [23]. Vibrations at 436 cm ' indicate the presence of the Sb—C
bond in the molecule of compound 1 [24]. The absorption bands at 1180 cm ™' and 1283 cm ™ correspond
to vibrations of the C,—Br and C,—OMe bonds, respectively [23].

According to X-ray diffraction data, in crystal 1 there are two types of crystallographically
independent molecules @ 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 have a
distorted trigonal-bipyramidal coordination with oxygen atoms in axial positions (Fig. 1). The SbC;
fragment lying in the equatorial plane is almost flat. The Sb atom deviates from the [C;] plane toward
the axial oxygen atom by 0.001 A (a) and 0.053 A (b). The sum of the CSbC equatorial angles is 360°
for both molecules, the values of the individual angles differ from the theoretical 120° by no more than
8.6(8)°. The axial OSbO angle is 175.8(4)°. The OSbC angles vary within the ranges 85.8(6)°—97.6(6)°.
The NOON torsion angles accept large values (140(1)° (a), 117(1)° (b)) because Sb interacts with N
from different sides. The angles between SbON planes equal 40.54° (a), 63.42° (b).

The average values of the Sb—C bond lengths are 2.13(2) A (a) and 2.14(2) (b) A. The Sb—-O
distances equal 2.08(1) A what is approximately equal to the sum of covalent radii of Sb and O atoms
(2.07(1) A). The Sb---N distances between the Sb atom and N atoms of iminoxy groups (2.80(2),
2.94(2) A (a), 2.82(2) A (b)) are considerably less than the sum of Van der Waals radii of the Sb and N
atoms (3.8 A [25]). The N-O distances do not depend on Sb---N distances and are equal to 1.43(2) A (a)
and 1.39(2), 1.41(2) A (b). The geometrical parameters of 1 are close to the ones for bis(thiophene-2-
aldoximato)tri(o-tolyl)antimony [12]. The average values for N-O (1.41 A) and N-C (1.26(4) A)
distances, as well as ONC angles (112(2)°) in 1 are close to the ones for thiophene-2-aldehyde (1.394(3)
A, 1.269(8) A, 111.6(3)°) as well [12].

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

In molecule 1 there are contacts Sb(1,2)---OMe, the corresponding distances equal 3.18(1)-3.23(1)
(@), 3.13(1)-3.23(1) A (b).

Molecules a and b in crystal 1 are linked by intermolecular contacts H,--Br (2.883 A) and Hye S
(2.992 A) (Fig. 2). Molecules of b type are connected via Hy-N interactions (2.715 A). In the
molecules there are such intramolecular short contacts as S---O (2.80(1) A (a), 2.72(1), 2.74(1) A (b)),
Omeo -0 (2.97(2), 2.93(2) A (a), 3.03(2), 2.93(2), 2.79(2) A (b)).

BectHuk OYpIlY. Cepusa «Xumus». 37
2020. T. 12, Ne 1. C. 35-41



Xnmusa anemMeHToopraHn4ecKkmMx coeguHeHUn

Fig. 2. The intermolecular interactions in 1

Conclusion

The oxidative addition reaction of #ris(5-bromo-2-methoxyphenyl)antimony with thiophene-2-
aldoxime at 1:2 molar ratio leads to formation of #ris(5-bromo-2-methoxyphenyl)antimony dioximate,
the structural organization of which is due to hydrogen bonds and other short contacts.
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YOK 546.86+547.53.024+548.312.5 DOI: 10.14529/chem200104

CUHTE3 U CTPOEHUE BUC(TUODEH-2-AlIbJOKCUMATO) TPUC(5-
BPOM-2-METOKCUDEHWUI)CYPbMbI

E.B. Apmembega
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YenssibuHck, Poccus

[lo peaknuy OKHCIMTENBHOTO MPUCOECTUHEHUS mpuc(5-6poM-2-MeTOKCU(PEHNUIT)CYPbMBI
¢ THO(eH-2-alIbIOKCUMOM B TPUCYTCTBHH mpem-0yTHATUAPOIIEPOKCHIA TPH COOTHOLICHUH
peareHToB 1:2 CHHTE3HMpOBaHa ouc[(tnoden-2-amprokcumaro)mpuc(5-opom-2-
Merokcudpenmn)cyppeMma] (1). Coenqunenune oxapakTepruzoBaHo Meronamu MK-cnexTpockonuu u
PEHTIeHOCTPYKTypHOro aHanu3a. CorflacHO JaHHBIM PEHTITEHOCTPYKTYPHOTO aHajiHu3a, B
KpHCTaJUle  HaXoAATCS [Ba THUINA  KPUCTAUIOTpPAdUUECKH  HE3aBHCHUMBIX  MOJIEKYJ,
TEOMETPUUYCCKHE I1apaMeTpbl KOTOPHIX HE3HAYUTENbHO oOTInYaoTcs. KoopanHanmoHHBINH
MOJIMB/Ip aTOMOB CYpPbMBI B MOJIEKyJie — TpUroHayibHas Oumupamuaa. Cymma yrioB CSbC
coctasisieT 360°, Mpy 3TOM 3HAYCHMS WHAMBHIYAIBHBIX YIJIOB OTIMYAIOTCS OT TEOPETHIECKOTO
120° we Ooxpme, yeM Ha 8,6(8)°. AxcmampHble yriael OSbO paBeel 175,8(4)°. Yrmer OSbC
BapbHUPYIOT B Tpenenax 85,8(6)°-97,6(6)°. Cpemuue 3HaueHHs IIHH cBsieit Sb—C cocTaBisroT
2,13(2) A. Paccrosuus Sb—O pasnbi 2,08(1) A. Paccrosuus mexmy atomamu Sb u aromamu N
MMHHOKCH-TPYHH  cocTaBiusioT 2,80(2)-2,94(2) A. Paccrosuus mexay atomamu N u O
HE 3aBUCAT OT paccTosAHMI Mexkmy aromamu Sb u N u pasusr 1,39(2)-1,43(2) A. B monexysax
HMEIOT MECTO KOHTAaKTHl MEeXAy aromMaMu Sb u aromamMu O METOKCH-TPYIIL, COOTBETCTBYIOIIHE
paccTostHus nexkar B npenenax 3,13(1)-3,23(1) A. Monekynsl B KpUCTaiiax CBA3aHbI
MEXMOJIEKYIIAPHBIME BOJIOPOHBIMH CBI3AMH Mexky aromamu H u Br (2,883 A), S (2,992 A)u N
(2,715 A). B Monekysiax IpUCyTCTBYIOT KOPOTKHE KOHTAKTh MEXKTy aToMOM O MMHHOKCH-TPYTIT H
aromamu S (2,72(1)-2,80(1) A), a Taxxe aromamu O metokcu-rpymnm (2,93(2)-3,03(2) A).

Kniouesvie cnosa: mpuc(5-6pom-2-memoxcugpenun)cypoma, muoghen-2-anb00KCuM, OKUC-
JaumenbHoe npucoeounenue, CmpoeHue, penmeeHoCmpykmypHolil anaius, HK-cnexmpockonusi.
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