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Abstract—Triphenylantimony(V) o-amidophenolate complexes (AP-OMe)SbPh; (I) and (AP-
C(O)Ph)SbPh; (IT) have been synthesized from N-(2-methoxyphenyl)- and N-(2-benzoylphenyl)-4,6-di-
tert-butyl-o-aminophenols. The structures of the complexes in the crystalline state have been determined by
X-ray diffraction (XRD) (CIF files CCDC 2205058 (I'-n-hexane) and 2205059 (II)). The Sb(1)...0(2) dis-
tances in complex I (3.018(3) A) and Sb(14)—0(24) and Sb(1B)—O(2B) distances in two independent mol-
ecules A and B in complex I1 (2.503(3) and 2.878(3) A, respectively) are less than the sum of the van der Waals
radii of the antimony and oxygen atoms, indicating the Sb(1)...0(2) intramolecular interaction. However, the
theoretical electron density studies show no interatomic interaction between the antimony atom and the oxy-
gen atom of the methoxy group in the case of complex I but confirm these interactions in complex II. Accord-
ing to the Espinosa—Molins—Lecomte equation, the energy of these interactions is 11.9 and 4.1 kcal/mol for

molecules A and B in complex II, respectively.
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INTRODUCTION

Organometallic and coordination antimony deriv-
atives are attractive objects for investigation, since they
demonstrate diverse and sometimes unusual struc-
tures and reactivity [1—9] and also have a high poten-
tial of applying as components of catalysts for various
reactions of organic chemistry, as reagents in fine
organic and organoelement synthesis [10—13], and in
medicine [14—17]. The antimony(V) complexes with
the redox-active ligands of the o-quinone/o-imino-
quinone type are interesting from the viewpoint of
their reactivity: they are used as traps of halide anions,
sensors to halide anions [18, 19], nontrivial ligands in
the coordination chemistry of transition metals [20],
reversible fixators for molecular oxygen [21-—25],
interceptors of radicals (including those in biochemi-
cal processes) [26—30], and others.

Coordination chemistry of o-iminoquinone
ligands with additional functional groups has inten-
sively been developed in the recent years [31—36]. This
is related to the fact that similar ligands allow one not
only to change the structure of the internal coordina-
tion sphere of the metal but make the change purpose-
ful and controllable, including that depending on the
external conditions (e.g., by changing the reduction
state of the ligand and oxidation state of the metal). As
aresult, directed changes in the magnetic properties of
the complexes and in their chemical behavior also

occur. In this work, we synthesized triphenylanti-
mony(V) o-aminophenolate complexes with addi-
tional functional groups (methoxy and benzoyl) in the
N-aryl substituent and studied their structures.

EXPERIMENTAL

The solvents used were purified according to stan-
dard procedures [37, 38]. o-Aminophenols L! and L?
were synthesized using known procedures [36, 39].
'H and *C NMR spectra were recorded on a Bruker
DPX 200 spectrometer (frequency 200 MHz (‘H),
50 MHz (C); internal standard tetramethylsilane,
solvent CDC;). Elemental analysis (C, H, Sb) was
carried out by the pyrolytic method.

The complexes were synthesized in evacuated
ampules in the absence of oxygen and moisture using
the following procedures: a solution of the corre-
sponding o-aminophenol (0.5 mmol, 20 mL of tolu-
ene) was added to a solution of triphenylantimony
dibromide (0.260 g, 0.5 mmol, 25 mL of toluene) at
room temperature with stirring. After o-aminophenol
was added completely, a solution (0.15 mL) of triethyl-
amine (1 mmol) in toluene (10 mL) was poured to the
resulting solution with stirring. The solution turned
turbid, and a precipitate of the ammonium salt
formed. The reaction mixture was stirred additionally
for 1 h at room temperature, and the precipitate was
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filtered off on a vacuum filter. Toluene was removed in
vacuo from the obtained yellow solution, the solid res-
idue was dissolved in warm (~50°C) n-hexane
(30 mL), and the formed yellow-orange solution was
left at —18°C for 24 h. The formed fine crystalline pre-
cipitates were filtered off and dried in vacuo. Com-
plexes I and II were obtained as crystalline light yellow
powders sensitive to oxygen. The yield of complex I
was 0.27 g (79%). The yield of complex II was 0.29 g
(77%). The crystals of the complexes suitable for XRD
were grown from mother liquors in #-hexane at —18°C
for 5 days.

For (4,6-di-tert-butyl- N-(2-methoxyphenyl)-o-
amidophenolato)triphenylantimony(V) (I):

'H NMR (200 MHz; 8, ppm): 1.18 (s, 9H, ‘Bu),
1.49 (s, 9H, ‘Bu), 3.30 (s, 3H, OMe), 6.24 (d, *J 3y 1) =
2.0 Hz, 1H, arom. C¢H,), 6.34 (s, 3J 1) = 8.0 Hz,
1H, arom. C¢Hy), 6.70 (dt, *J iy 1) = 7.5 Hz, 3y 1) =
1.2 Hz, 1H, atom. C4H,), 6.85 (dm, *Jy i, = 7.8 Hz,
1H, arom. C4Hy), 6.78 (d, *J 43 15, = 2.0 Hz, 1H, arom.
Ce¢H,), 7.07 (dt, *J g iy = 7.8 Hz, *J 33 14y = 1.2 Hz, 1H,
arom. C¢Hy), 7.20—7.40 (m, 9H, Ph), 7.50—7.62 (m,
6H, Ph).

3C NMR (50 MHz; 8, ppm): 29.96, 31.82, 34.32,
34.78, 54.42, 107.27, 110.47, 112.36, 120.17, 126.81,
128.06, 129.45, 129.90, 131.60, 133.82, 135.33, 136.69,
137.27, 139.27, 146.32, 155.63.

For C39H42N028b

Anal. calcd., % C, 69.04 H, 6.24 Sb, 17.95

Found, % C, 68.89 H, 6.18 Sb, 18.12
For (4,6-di-tert-butyl- N-(2-benzoylphenyl)-o-

amidophenolato)triphenylantimony(V) (II):

'H NMR (200 MHz; 8, ppm): 1.07 (s, 9H, ‘Bu),
1.38 (s, 9H, '‘Bu), 6.08 (d, 4J(H’H) = 2.3 Hz, 1H, arom.
C¢H,), 6.54 (d, *Ji3y 15y = 2.3 Hz, 1H, arom. C¢H,),
6.85—7.05 (m, 2H, arom. C¢H,), 7.07—7.17 (m, 2H,
Ph), 7.20—7.38 (m, 11H, Ph and arom. C4H,), 7.40—
7.48 (m, 1H, Ph), 7.50—7.60 (m, 2H, Ph), 7.62—7.78
(m, 6H, Ph).

13C NMR (50 MHz; 8, ppm): 29.75, 31.75, 34.13,
34.60, 109.90, 112.77, 124.28, 127.82, 127.98, 129.35,
130.50, 130.63, 131.18, 131.95, 132.80, 134.87, 135.01,
135.33, 136.64, 137.25, 138.81, 141.53, 145.44, 149.04,
197.02.

For C45H44N025b
Anal. calcd., % C, 71.82 H, 5.89 Sb, 16.18
Found, % C, 71.90 H, 5.97 Sb, 16.05

XRD. Diffraction data for crystals of compounds I
and IT were collected on an Oxford Xcalibur Eos sin-
gle-crystal X-ray diffractometer at 100 K. Experimen-
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tal sets of intensities were integrated using the Crys-
AlisPro program [40]. The structures were solved by a
direct method and refined by full-matrix least squares

for Fh2k, in the anisotropic approximation for all non-
hydrogen atoms in the SHELXTL program package
[41]. Hydrogen atoms were placed in the geometrically
calculated positions and refined isotropically. An
absorption correction was applied using the SCALE3
ABSPACK program [40]. One of the fert-butyl groups
in compound I, one fert-butyl group in the first inde-
pendent molecule of compound II, and the phenyl
ring of the benzoyl group in the second independent
molecule of compound II were disordered over two
positions. The solvate molecule of n-hexane disor-
dered over three positions was found in the crystal of
compound Iin the 1 : 2 ratio to the antimony complex.
The crystallographic data and X-ray experimental and
structure refinement parameters for the complexes are
given in Table 1. The structural data were deposited
with the Cambridge Crystallographic Data Centre
(CIF files CCDC 2205058 (I-n-hexane) and 2205059
(Il); deposit@ccdc.cam.ac.uk; http://www.ccdc.
cam.ac.uk).

Theoretical electron density. One-point DFT cal-
culations of the periodical three-dimensional struc-
tures of complexes I and II were performed in the
framework of the B3LYP exchange correlation poten-
tial [42, 43] in the CRYSTALI17 program [44] using
the DGDZVP full-electron basis set [45—48]. The
atomic coordinates for the one-point DFT calculation
were taken from the data of routine XRD experiments
for compounds I and II. The contraction coefficient of
reciprocal space was established to be four, which cor-
responded to 30 K points in the irreducible Brillouin
zone in which the Hamiltonian matrix was diagonal-
ized.

The PLATON program (version 60119) [49] was
applied to generate 98274 and 52949 independent
Miller indices Akl for compounds I and II with the
reverse resolution to s = 1.16 A=!. The XFAC option of
the CRYSTALI17 program was used to obtain a set of
theoretical structural factors Fy;; from the electron
density function determined by the one-point calcula-
tions of the non-optimized crystal structures of com-
pounds I and II.

The populations of the spherically symmetric
valence shell (P,) and multipole parameters (P,,)
describing its deformation along with the correspond-
ing expansion—contraction coefficients (k, k') were
obtained for each atom of complexes I and II from the
calculated structural amplitudes Fj,;; using the MoPro
program [50] in terms of the Hansen—Coppens multi-
pole formalism [51]. Prior to multipole refinement,
the C—H bond lengths were normalized to the values
obtained from the neutron diffraction data [52]. The
multipole expansion levels were hexadecapole for the
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antimony atom and octapole for all other atoms except
for hydrogen atoms, and one dipole level was used for
hydrogen atoms. The obtained values of P,,;, Py, X,
and k' were used for the construction of the theoretical
electron density. The topology of the theoretical func-
tion p(r) was analyzed using the WINXPRO software
[53].

PODDEL’SKY et al.

RESULTS AND DISCUSSION
The triphenylantimony(V) o-amidophenolate
complexes (AP-OMe)SbPh; (I) and (AP-

C(O)Ph)SbPh; (IT) were synthesized by the exchange
reactions of triphenylantimony dibromide with the
corresponding o-aminophenol (L! and L?) and two
equivalents of triethylamine (Scheme 1).

tBu Bu
OH EtN (2 equiv.) (0)
3Toluene \
+ Ph;SbBr, /SbPh3
—2[Et;NH]Br
Bu NH tBu N
R R
tBu tBu "
Ph
O (0] Ph
N Ph \s’b v
tBu tBu 0
O
N Ph
(AP-OMe)SbPhs (I) (AP-C(O)Ph)SbPh; (II)
Scheme 1.

In the solid state, compounds I and II are finely
crystalline light yellow powders sensitive to oxygen.
The complexes were characterized from the data of '"H
and BC NMR spectroscopy and elemental analysis.
The molecular structures of the complexes in the crys-
talline state were determined by XRD.

According to the XRD data (Fig. 1), in methoxy-
containing o-amidophenolate (AP-OMe)SbPh; 1,
antimony exists in a distorted trigonal bipyramidal
environment. The base of the pyramid is formed of the
N(1), C(28), and C(34) atoms. The sum of the bond
angles N(1)—Sb(1)—C(34), C(34)—Sb(1)—C(28), and
N(1)-Sb(1)—C(28) is 357.04°. The Sb(1)—C(22)
bond with the apical phenyl group is longer than the
equatorial Sb(1)—C(28) and Sb(1)—C(34) bonds by
0.03—0.04 A. The O(1)-Sb(1)—C(22) angle is
171.46(8)°. The parameter applied for the quantitative
description of the coordination polyhedron of the
complexes with the coordination number 5is T=0.72
(in an ideal trigonal bipyramid, T = 1; in an ideal
tetragonal pyramid, T = 0 [54]). Similar distinctions in
lengths of the bond around the central antimony
atom and close values of T were found earlier for the
related triarylphenylantimony(V) catecholates of
the distorted trigonal bipyramidal structure [55—57].
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The O(1)—C(1) and N(1)—C(2) bonds (1.354(3)
and 1.408(3) A, respectively) correspond to these
ordinary bonds in a series of other o-amidophenolate
complexes of antimony(V) [21, 23, 58, 59] and other
metals [60—62], and the six-membered carbon ring
C(1-6) is aromatic with an average C—C bond length
of 1.400 £ 0.008 A.

A weak intramolecular interaction is observed
between the O(2) oxygen of the methoxy group and
central antimony atom Sb(1) in the molecule of com-
plex I in the crystalline form. The Sb(1)...0(2) dis-
tance is 3.018(3) A, which considerably exceeds
the observed similar distances in antimony(V) cate-
cholates with coordinated alkoxy groups (e.g.,
2.4207(11) A in (6-HexOCH,-3,5-DBCat)SbPh;:
2MeOH [63]) but is less than the sum of the van der
Waals radii of antimony and oxygen (2.2 and 1.5 A
[64]; 2.06 and 1.52 A [65]). Similar short contacts
Sb---OMe  (2.808(2)—3.152(2) and 2.933(3)—
3.082(3) A in tris(2-methoxyphenyl)antimony(V)
3-carboxycatecholate and 4-carboxycatecholate,
respectively) were also observed [66]. The crystalline
cell of o-amidophenolate II contains two independent
molecules A and B of the complex (Figs. 2 and 3,
respectively) with somewhat different structures.
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Fig. 1. Molecular structure of o-amidophenolate (AP-
OMe)SbPh; (I) according to the XRD data (hydrogen
atoms are omitted). Selected bond lengths (A) and bond

angles  (°):  Sb(1)=O(1) 2.0764(15), Sb(1)—N(1)
2.0489(19), Sb(1)—C(22) 2.160(2), Sb(1)—C(28) 2.127(2),
Sb(1)—C(34) 2.121(2), Sb(1)...0(3) 3.018(3), O(1)—C(1)
1.354(3), N(1)—C(2) 1.408(3), N(1)—C(15) 1.421(3),
C(1)—-C(2) 1.408(3), C(1)—C(6) 1.403(3), C(2)—C(3)
1.392(3), C(3)—C(4) 1.397(4), C(4)—C(5) 1.394(4), and
C(5)—C(6) 1.405(3); N(1)=Sb(1)—O(1) 78.11(7), N(1)—
Sb(1)—C(34) 115.37(8), C(34)—Sb(1)—C(28) 113.28(8),
N(1)—=Sb(1)—C(28) 128.39(8), and O(1)—Sb(1)—C(22)
171.46(8).

The geometric characteristics of the O,N-chelating
moieties O(14)N(14)C(14—64) and O(1B)N(1B)-
C(1B—6B) of the ligands correspond to those
for the earlier studied o-amidophenolate complexes
[21, 23, 58, 59, 67]. The distances Sb(1)—C(28),
Sb(1)—C(34), and Sb(1)—C(40) (2.130—2.160(2) A in
molecule A; 2.134(2)—2.146(2) A in molecule B) and
Sb(1)—0(1) and Sb(1)—N(1) (2.0612(14),
2.0711(18) A in molecule A; 2.0716(15), 2.0534(18) A
in molecule B, respectively) are also typical of the
antimony o-amidophenolate complexes [21, 23, 58,
59]. The coordination sphere of the central antimony
atom in both independent molecules A and B is sup-
plemented to 6 due to the interaction between the cen-
tral antimony atom Sb(1) and the oxygen atom O(2) of
the carbonyl group of the benzoyl substituent in
N-aryl. The Sb(1A4)...0(24) and Sb(1B)...O(2B) dis-
tances differ significantly: the Sb(14)—0(24) distance
is 2.503(3) A, whereas the Sb(1B)—O(2B) distance is
2.878(3) A. In molecule A, this bond is close to a sim-
ilar bond between the central antimony atom and the
oxygen atom of the acetone molecule in the (3,6-
DBCat)Sb(p-Cl-Ph); complex (2.497(15) A) [68].

As mentioned above, the sum of the van der Waals
radii of the antimony and oxygen atoms shows the
intramolecular Sb(1)...0(2) interaction (3.018(3) A)
in complex I. We decided to check this conclusion
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Fig. 2. Structure of molecule A in the crystal of (AP-
C(O)Ph)SbPh; (II) according to the XRD data (hydrogen
atoms are omitted). Selected bond lengths (A) and bond
angles (°): Sb(14)—0O(14) 2.0612(14), Sb(14)—N(1A4)

2.0711(18), Sb(14)—C(284) 2.137(2), Sb(14)—C(34A)
2.130(2), Sb(14)=C(404) 2.160(2), Sb(14)—O(24)
2.5025(15), O(1A)—C(14) 1.358(2), O(24)—C(214)
1.234(3), N(A)—CQA) 1.407(3), N(14)—C(154)

1.405(3), C(14)—C(24) 1.411(3), C(14)—C(6A) 1.408(3),
C(24)—C(34) 1.392(3), C(34)—C(44) 1.390(3), C(44)—
C(54) 1.400(3), and C(54)—C(64) 1.404(3); O(1A4)—
Sb(14)—N(14)  78.37(6),  N(14)—Sb(14)—C(344)
146.20(8), O(14)—Sb(14)—C(404) 169.52(7), C(284)—
Sb(14)—0Q24)  176.52(7),  O(14)—Sb(14)—0(24)
89.71(5), N(14)—Sb(14)—0(24) 73.06(6), C(344)—
Sb(14)—0(24) 76.18(7), and C(404)—Sb(14)—O(24)
82.74(6).

from the viewpoint of theoretical electron density. As
can be seen from Fig. 4, the theoretical molecular
graph of complex I contains no bond path and critical
point (3, —1) (CP(3, —1)) between the Sb(1) and O(2)
atoms.

According to Bader’s theory [69], the absence of
the bond path and CP(3, —1) indicates the absence of
interatomic interactions. However, Bader’s theory
does not always reproduce all expected bond paths and
CP(3, —1). This situation is observed most frequently
in the complexes containing m-carbocyclic ligands
[70—73], because the electron density curvatures
between the metal atom and ligand is very low in these
complexes. We have recently proposed to use an
approach for a system with a low electron density cur-
vature [74, 75] based on the simultaneous use of the
source function [76—78] and index of noncovalent
interactions [79—81]. In this approach, we propose to
use the isosurface of the index of noncovalent interac-
tions to choose points for comparison of the source
function. The use of the approach showed no interac-
tion between the Sb(1) and O(2) atoms in complex I.

No.12 2022



906

PODDEL’SKY et al.

Fig. 3. Structure of molecule B in the crystal of (AP-
C(O)Ph)SbPh; (II) according to the XRD data (hydrogen
atoms are omitted). Selected bond lengths (A) and bond
angles (°): Sb(1B)—O(1B) 2.0716(15), Sb(1B)—N(1B)
2.0534(18), Sb(1B)—C(28B) 2.134(2), Sb(1B)—C(34B)
2.135(2), Sb(1B)—C(40B) 2.146(2), Sb(1B)—O(2B)
2.8778(18), O(1B)—C(1B) 1.355(3), OQ2B)—C(21B)
1.219(3), N@1B)-C(2B) 1.413(3), N@1B)—C(15B)
1.425(3), C(1B)—C(2B) 1.404(3), C(1B)—C(6B) 1.400(3),
C(2B)—C(3B) 1.389(3), C(3B)—C(4B) 1.403(3), C(4B)—
C(5B) 1.391(3), and C(5B)—C(6B) 1.412(3); O(1B)—
Sb(1B)—N(1B) 78.16(6), N(1B)—Sb(1B)—C(34B)
141.06(8), O(1B)—Sb(1B)—C(40B) 172.45(7), C(28B)—
Sb(1B)—0O(2B) 175.49(7), O(1B)—Sb(1B)—0O(2B)
93.73(6), N(1B)—Sb(1B)—O(2B) 68.59(6), C(340B)—
Sb(1B)—O(2B) 77.70(7), and C(40B)—Sb(1B)—O(2B)
82.29(7).

(a)

Fig. 4. Theoretical molecular graph and isosurface
(0.17 a.u.) of the index of noncovalent interactions in com-
plex I. Only CP(3, —1) are shown.

In turn, the intramolecular Sb(14,B)...0(24,B) inter-
actions are observed in complex IT (Fig. 5). According
to the Espinosa—Molins—Lecomte equation [82], the
energy of these interactions is 11.9 (2.503(3) A) and 4.1
(2.878(3) A) kcal/mol for molecules A and B of com-
plex II, respectively. Thus, a distance of ~3 A can be
considered to be a conventional boundary of the pres-
ence/absence of interactions between the Sb(V) and
oxygen atoms.

(b)

Fig. 5. Theoretical molecular graph for complex II. Only CP(3, —1) are shown.
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