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Four new organoantimony carboxylates, (R-COO),SbR’; [R-COOH = (+)-2-phenoxypropionic acid
and R’ = phenyl (1), 4-fluorophenyl (2), 3-fluorophenyl (3), 3,4,5-trifluorophenyl (4)], were synthe-
sized and structurally characterized by elemental analysis, 'H, '>*C NMR, IR and X-ray single crystal
diffraction. Structural analyses reveal that 1-3 show similar five-coordinate trigonal bipyramidal
geometries, binding with three aryl groups and two deprotonated unidentate ligands. Unexpectedly,
4 exhibits pentagonal bipyramidal arrangement accompanied by two Sb—O (carbonyl) coordination
bonds. In vitro cytotoxic activities of 1-4 have been determined by the MTT method against four
cancer cell lines. Studies reveal that 1-4 have an activity similar to cisplatin on lung cancer cell line
A549 and but also exhibit excellent cytotoxicity against cisplatin-insensitive colon cancer cell lines
HCT-116, Caco-2 and human promyelocytic leukemia cell line HL-60. Additionally, the results
showed that most of these triarylantimony(V) complexes exhibited enhanced cytotoxicity compared
with the ligand and four triarylantimony dichloride precursors, which clearly implied a positive
synergistic effect. Also interestingly, it was found that 3- or 4- mono-fluoro-substituted triphenylanti-
mony, compounds 2 and 3, exhibit higher in vitro cytotoxicities toward the four cancer cell lines
than the tri-3,4,5-trifluoro-substituted and without-fluoro-substituted triphenylantimony complexes.
The structure-activity relationship of the cytotoxicity of 14 is discussed.

Keywords: Organoantimony(V); (+)-2-Phenoxypropionic acid; Crystal structure; MTT; Cytotoxic
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1. Introduction

The quest for alternative drugs to the well-known cisplatin and its derivatives, which are
still used in more than 50% of the treatment regimes for patients suffering from cancer, is
needed [1]. Despite their tremendous success, the use of Pt anticancer drugs is restricted by
severe toxicity and by spontaneous or acquired resistance [2]. To overcome these limits, a
number of other metal compounds have been investigated over the years. Organometallic
compounds have a structural variety (ranging from linear to octahedral and even beyond)
and far more diverse stereochemistry than organic compounds. By rational ligand design,
organometallic compounds can provide control over key kinetic properties (such as hydroly-
sis rate of ligands). An increasing number of organoantimony(V) complexes have received
attention not only for their fascinating structural diversities from discrete monomeric
molecular species to associated structures and supramolecular compounds [3—7], but also
for their biological activities [8—11].

Therapeutic values of antimony have been recognized for more than 100 years, and the
major clinical use of antimony compounds is as a treatment for leishmaniasis [12, 13] and
acute promyelocytic leukemia [14]. Because of the high cytotoxicity of antimony com-
pounds against a broad spectrum of tumor cells, the potential anticancer properties of
organoantimony(V) compounds have been investigated for two decades. In contrast to gen-
eral expectations, evidence suggests that organoantimony(V) compounds exert their antipro-
liferative activities through mechanisms that are substantially different from those of
platinum drugs. Yet, the molecular mechanisms and targets of antimony(V)-based antitumor
metallodrugs remain largely uncharacterized.

It has been widely accepted that the ligands associated with the metal atom in complexes
play an important role during their transport and assimilation at the membrane level and
inside the cell. The cytotoxicity of organoantimony compounds depends on the coordination
number and nature of groups bound to the central antimony atom [15]. Therefore, in order
to replace the Pt-associated anticancer drugs with suitable alternatives, considerable
attempts have been made to synthesize organoantimony(V) complexes, such as organoanti-
mony carboxylates, organoantimony sulphonates and organoantimony oximes [16-21], and
some of them have been reported to exhibit great antitumor activities. To investigate the
influence of the number and electron-withdrawing ability of F atom on the cytotoxic activ-
ity of compounds, four different organoantimony(V) salts, that is tri-phenyl, tri-4-fluo-
rophenyl, tri-3-fluorophenyl or tri-3,4,5-trifluorophenylantiomony dichlorides, were selected
as reactants in our previous report [22]. Studies reveal that, in the case of the same structure
(six-coordinate cyclic structure) and ligand [(+)-mandelic acid], the cytotoxicity against
three cell lines [human lung carcinoma (A549), colon carcinoma (HCT-116) and colon
adenocarcinoma (Caco-2)] tends to enhance with increase of the number of F atoms, that is,
3,4,5-3F-substituted > 4-F-substituted ~ 3-F-substituted > without fluoro-substituted. To fur-
ther investigate this effect, a chiral ()-2-phenoxypropionic acid ligand was selected to react
with the same four triarylantimony dichlorides. In the present study, four five- or pseudo-
seven-coordinate organoantimony(V) compounds were obtained, which are different from
the six-coordinate cyclic structures mentioned above, resulting from the absence of hydro-
xyl group in this ligand. The efficacy of four new compounds in suppressing the growth of
a panel of human cancer cell lines was evaluated in vitro.

In addition, the carboxylate group can coordinate to metals in many ways, including as a
unidentate ligand, chelating ligand, or bridging bidentate ligand [23]. Therefore, we are also
interested in studying the structures of these pentavalent organoantimony complexes Ar;Sb
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(O,CR), and the influences of electronic and steric effects of aryl groups bound to antimony
on the coordination geometry of the antimony center.

2. Experimental

2.1. Materials and measurements

Triphenylantimony dichloride and (+)—2-phenoxypropionic acid were commercially avail-
able and used without purification. The fluoro-substituted triarylantimony dichlorides were
prepared according to the modified literature method [24]. Analytical grade solvents used in
this work were dried before use. Elemental analyses were performed on a PE-2400-II ele-
mental analyzer. IR spectra were recorded on a Nicolet-5700 spectrophotometer using KBr
disks. "H and '*C NMR spectra were recorded on a Varian Mercury Plus-400 NMR spec-
trometer. Chemical shifts were given in ppm relative to Me,Si (‘H, °C) in CDCl; or
DMSO solvent.

2.2. Syntheses of 1-4

2.2.1. [PhO(Me)CHCO,],Sb(CsHs); (1). The reaction was carried out under air with the
use of standard Schlenk technique. 2-Phenoxypropionic acid (0.665 g, 4 mmol) and potas-
sium hydroxide (0.224 g, 4 mmol) were added to methanol (80 mL) and heated under reflux
with stirring for 0.5 h. After the addition of triphenylantimony dichloride (0.848 g, 2 mmol)
to the reactor, the reaction mixture was refluxed for 8 h more. The reaction solution thus
obtained was filtered and evaporated under vacuum to form a white solid, and then recrys-
tallized from dichloromethane-petroleum ether (v/v 3 : 1) to give colorless single crystals of
1. Yield: 74%, m.p.: 156-159 °C. Anal. Calcd for: C36H3306Sb: C, 63.27; H, 4.87%.
Found: C, 63.31; H, 4.90%. IR (KBr, cm "): 1664 w(C=0), 1375 w(C-0), 433 v(Sb-C),
461 v(Sb-0). 'H NMR (400 MHz, CDCl;, ppm): 7.80-6.58 [m, 25H, Ph—Sb, Ph(O-CH)];
4.46 (q, 2H, J=6.8 Hz, -CH-); 1.32 (d, 6H, J= 6.8 Hz, CH;-); '*C NMR (100 MHz,
CDCl;, ppm): 175.55 (COO); 158.14; 136.72, 134.23, 131.41, 129.46, 129.42, 120.93,
115.03 (aryl group); 73.22 (-CH-); 18.56 (CH3-).

2.2.2. [PhO(Me)CHCO,],Sb(4-FC¢Hy); (2). The procedure was the same as that of 1
and crystalline 2 was formed in dichloromethane-petroleum (v/v 3:1). Colorless block-
shaped crystals of 2 were slowly formed at room temperature. Yield: 78%, m.p.: 162—
164 °C. Anal. Calcd for: C36H;30F;04Sb: C, 58.63; H, 4.10%. Found: C, 58.66; H, 4.06%.
IR (KBr, cm™"): 1660 w(C=0), 1371 w(C-0), 433 w(Sb-C), 466 v(Sb-0). 'H NMR
(400 MHz, CDCl;, ppm): 7.76-6.58 [m, 22H, C¢H4—Sb, Ph(O-CH)]; 4.48 (q, 2H,
J=6.8 Hz, -CH-); 1.32 (d, 6H, J= 6.8 Hz, CH;-); >°C NMR (100 MHz, CDCls, ppm):
176.03 (COO); 163.51, 158.00, 136.36, 131.74, 129.44, 121.18, 116.73, 114.93 (aryl
group); 73.06 (-CH-); 18.54 (CH3-).

2.2.3. [PhO(Me)CHCO,],Sb(3-FC¢H,); (3). Complex 3 was prepared in the same way
as 1. The colorless solid was then recrystallized from dichloromethane-petroleum (v/v 3 : 1).
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Colorless block-shaped crystals of 3 were slowly formed at room temperature. Yield: 76%,
m.p.: 159-163 °C. Anal. Calcd for: C36H39F304Sb: C, 58.63; H, 4.10%. Found: C, 58.64;
H, 4.12%. IR (KBr, cm '): 1666 w(C=0), 1373 »(C-0), 441 w(Sb-C), 477 w(Sb-0). 'H
NMR (400 MHz, CDCls, ppm): 7.54-6.58 [m, 22H, C¢H4—Sb, Ph(O—CH)]; 4.53 (q, 2H,
J=6.8 Hz, -CH-); 1.35 (d, 6H, J=6.8 Hz, CH;-); >°C NMR (100 MHz, CDCl;, ppm):
176.35 (COO); 164.05, 161.55, 157.86, 138.22, 131.01, 129.75, 129.50 121.24, 119.08,
114.86 (aryl group); 72.81 (—CH-); 18.52 (CH3-).

2.2.4. [PhO(Me)CHCO,],Sb(3,4,5-F3CcH,); (4). Complex 4 was prepared in the same
way as 1. The colorless solid was then recrystallized from dichloromethane-petroleum
(v/v 3:1). Colorless block-shaped crystals of 4 were slowly formed at room temperature.
Yield: 80%, m.p.: 179-181 °C. Anal. Calcd for: C36Hy4F9OgSb: C, 51.15; H, 2.46%.
Found: C, 51.13; H, 2.47%. IR (KBr, cm™"): 1640 w(C=0), 1367 w(C-0), 439 v(Sb-C),
482 v(Sb-0). 'H NMR (400 MHz, CDCls, ppm): 7.38-6.87 [m, 16H, C¢H,—Sb, Ph(O-
CH)]; 4.63 (q, 2H, J=6.8 Hz, -CH-); 1.37 (d, 6H, J=6.8 Hz, CHy-); '*C NMR
(100 MHz, CDCl3, ppm): 178.21 (COO); 157.44, 150.34, 141.24, 132.48, 129.54, 121.71,
118.44, 114.62 (aryl group); 72.11 (-CH-); 18.38 (CH3-).

2.3. X-ray crystallographic studies

Diffraction data for the 1-4 were obtained on a Bruker Smart 1000 CCD diffractometer
(graphite monochromated Mo Ka radiation, 4 = 0.71073 A). All data were corrected using
SADABS and the final refinement was performed by full-matrix least-square methods with
anisotropic thermal parameters for non-hydrogen atoms on F* using SHELX-97. The hydro-
gens were added theoretically, riding on the concerned atoms and refined with fixed thermal
factors. Crystallographic data and experimental details of the structure determinations are
listed in table 1.

2.4. In vitro cytotoxicities

2.4.1. Cell lines and culture conditions. The cell lines, human promyelocyticfina leuke-
mic cell line (HL-60), human lung cancer cell line (A549) and human colon cell line (HCT-
116, Caco-2) were used for screening. Cell lines were maintained in the logarithmic phase
at 37 °C in a 5% carbon dioxide atmosphere using the following culture media containing
10% fetal bovine serum and 1% antibiotics (50 units mL™" penicillin and 50 pg mL™'
streptomycin): (a) RPMI-1640 medium for HL-60 cells, (b) D-MEM (Dulbecco’s Modified
Eagle Medium) medium for A549 cell, (¢) McCoy’s 5A medium for HCT-116 cells, (d)
I-MDM medium for Caco-2 cells.

2.4.2. Preparation of drug solutions. Stock solutions of the studied organoantimony
compounds were prepared in DMSO (Sigma Aldrich) at concentrations of 10 mg mL™" and
diluted by cell culture medium to various working concentration. DMSO was used due to
solubility problems. MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
was dissolved (5 mg mL™") in phosphate buffer saline pH 7.2 and filtered through Millipore
filter, 0.22 mm, before use.
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Table 1. Crystal data and structure refinement parameters for 1-4.
Complex 1 2 3 4
Empirical formula C36H3306Sb C36H30F304Sb C36H30F306Sb C36H54F904Sb
Formula weight 683.37 737.35 737.35 845.30
Temperature (K) 298(2) 298(2) 293(2) 298(2)
Crystal system Monoclinic Monoclinic Monoclinic Orthorhombic
Space group C2/c C2/c C2/e Pnma
a (A) 19.8929(18) 16.4596(17) 20.7781(19) 13.5960(12)
b (A) 9.5080(10) 10.3241(7) 9.6908(8) 14.2959(13)
c(A) 16.6801(17) 19.231(2) 16.2854(12) 17.3781(15)
a(°) 90 90 90 90
Q) 90.2140(10) 99.1370(10) 93.651(7) 90
y(° 90 90 90 90
Volume (A%) 3154.9(5) 3226.5(5) 3272.5(5) 3377.7(5)
V4 4 4 4 4
Calculated density (g cm™>) 1.439 1.518 1.497 1.662
Absorption coefficient 0.919 0.918 0.905 0.913
(mm™")
F(000) 1392 1488 1488 0.913
Crystal size (mm) 0.44 x0.36 x0.12  0.50 x 0.48 x 0.45 0.42x0.39x031 0.40 x 0.32 x 0.25
6 range for data collection 2.67-25.02 2.49-25.02 2.51-25.01 2.38-25.02
)
Reflections collected 7661 7808 9829 16,199
Independent reflections 2780 2835 2900 3107
R(int) 0.0334 0.0354 0.0745 0.0425
Max. and min. transmission  0.8977 and 0.6879  0.6829 and 0.6569  0.7668 and 0.7025  0.8039 and 0.7116
Data/restraints/parameters 2780/0/197 2835/0/211 2900/36/215 3107/6/252
Goodness-of-fit on F? 1.035 1.099 1.054 1.155
Final R indices [/ > 20(1)] R, =0.0304, R, =0.0344, R, =0.0537, R, =0.0393,
WwR, = 0.0663 wR, = 0.0826 wR, =0.1126 wR, = 0.0895
R indices (all data) R, =0.0380, R, =0.0406, R, =0.0804, R, =0.0682,
wRy =0.0711 wR, = 0.0872 wR2 = 0.1260 wR, = 0.1145

2.4.3. Cytotoxicity assays. The colorimetric MTT assay was used to determine the cyto-
toxicity of 1-4. All cells were seeded into a 96-well plate at cell densities of 1000—-1500
cells/well, respectively, in 100 uL of growth medium and were incubated for 24 h. The
medium was then removed and 200 pL of new growth medium containing various concen-
trations of the organoantimony(V) complexes was added. After 48 h, the medium was
removed, 100 uL of a 0.5 mg mL™" solution of MTT in medium was added, and the plate
was incubated for an additional 4 h. The medium/MTT mixture was aspirated and 100 pL
of DMSO were added to dissolve the purple formazan crystals. The plate was shaken for
10 min on a plate shaker to ensure complete dissolution. The absorbance of the plates was
read at 490 nm. ICsq values were extrapolated from the resulting curves. The reported ICsq
values are the averages from at least three independent experiments, each of which con-
sisted of three replicates per concentration level.

3. Results and discussion

3.1. Syntheses of organoantimony(V) compounds

All the complexes are colorless crystalline solids. Complexes 1-4 were synthesized by reac-
tions of triarylantimony dichlorides (denoted as M: M;—M, hereafter) and the (+)-2-phe-
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noxypropionic acid ligand in the presence of potassium hydroxide. All compounds are
stable in air and soluble in chloroform, acetone, DMSO, mixture of water/DMSO. The syn-
thetic procedures are shown in scheme 1.

3.2. IR spectra

IR spectra of 1-4 were recorded from 4000 to 400 cm™'. The IR spectroscopic data provide
further support for the molecular constitution of these compounds. By comparing the IR
spectra of the complexes with the free (£)-2-phenoxypropionic acid, a remarkable difference
is the complete disappearance of the stretching vibration of O—H (3254 cm™ "), indicating
the deprotonation of hydroxyl group and formation of Sb—O bond [25]. The formation of
Sb—O bond is further supported by the appearance of a weak to medium intensity band at
461-482 cm™ ', which is assigned to the Sb—O stretch [26]. In addition, the frequencies of
Sb—C deformations appear between 433 and 439 cm™ ', consistent with the literature [27].

3.3. NMR spectra

In the "H NMR chemical shifts, the aromatic protons show a complicated multiplet between
6.58 and 7.80 ppm. All the protons in the compounds have been identified and the total
number of protons calculated from the integration curve tallies with what is expected from
the molecular formula. The "H NMR spectra of the ligand show a signal for the -COOH
proton at 10.37 ppm which is absent in the complexes, indicating removal of the proton
and formation of the Sb—O bond. This is consistent with the IR data. The 'H and '*C NMR
spectra of 1-4 did not show significant changes in signal positions of the aryl groups as
compared to those of the initial organoantimony chlorides.

R \\\ fo)
O/ Y\ N )JY \©
o}
o\‘)j\ R= © (m; © @ @ @
R;ShCly F
o :
CH

OH MeOH/KOH
4
T< /'\

CH; CH,

3

Scheme 1. The reaction procedures.
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3.4. Crystal structures

3.4.1. Crystal structures of 1, 2 and 3. Complexes 1, 2 and 3 have similar molecular
structures, as illustrated in figures 1, 3 and 5. Selected bond lengths and angles of 1-3 are
listed in table 2. For 1, 2 and 3 the coordination environment of Sb(V) is a distorted trigo-
nal bipyramid with three C of phenyl groups occupying the equatorial positions, and the
axial positions of the trigonal bipyramid being occupied by two oxygens from the ligand.
The sum of the angles subtended at the antimony in the equatorial plane is 360.01° for 1,
360.02° for 2 and 360.0° for 3. So for Sb(1), three phenyl groups occupy the equatorial
positions, almost in the same plane. The angles of the axial O(1)-Sb(1)-O(1)#1 [175.20
(12)° for 1, 178.23(13)° for 2, 175.1(2)° for 3] slightly deviate from the linear angle of
180°. Thus, the coordination geometry of the antimony center is best described as a dis-
torted trigonal bipyramid. The Sb—O distances [between 2.088(5) and 2.124(2) A] are typi-
cal bond lengths for carboxylate oxygen and triorganoantimony [27]. This indicate that
there is very strong coordination interaction between the carbonyl oxygen and antimony. In
1, 2 and 3 there also exist intermolecular hydrogen bonds, which are listed in table 3. As
shown in figures 2, 4 and 6, the supramolecular structures of 1, 2 and 3 are dominated by a
1-D infinite chain, which is involved in C—H:--O (for 1) and C-H:--'F (for 2 and 3) hydro-
gen bonding. These hydrogen bonds contribute to the crystal stability and compactness.

3.4.2. Crystal structure of 4. The molecular structure of 4 is shown in figure 7 (see
scheme 1 for line diagrams). Selected bond lengths and angles are listed in table 4. Car-
boxylates are versatile ligands which can be either unidentate or bidentate. The molecule

Figure 1. The molecular structure of 1. All hydrogens are omitted for clarity.
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Table 2.  Selected bond lengths (A) and angles (°) for 1, 2 and 3.

Complex 1

Sb(1)-O(1) 2.0975(19) Sb(1)-O(1)#1 2.0975(19)
Sb(1)-C(1) 2.118(3) Sb(1)-C(1)#1 2.118(3)
Sb(1)-C(7) 2.116(4)

O(1)-Sb(1)-O(1)#1 175.20(12) O(1)-Sb(1)-C(7) 87.60(6)
O(1)#1-Sb(1)-C(7) 87.60(6) O(1)-Sb(1)-C(1)#1 89.91(10)
O(1)#1-Sb(1)-C(1)#1 91.94(10) C(7)-Sb(1)-C(1)#1 112.65(9)
O(1)-Sb(1)-C(1) 91.94(10) O(1)#1-Sb(1)-C(1) 89.91(10)
C(7)-Sb(1)-C(1) 112.65(9) C(1)#1-Sb(1)-C(1) 134.71(18)
Complex 2

Sb(1)-O(1) 2.124(2) Sb(1)-O(1)#1 2.124(2)
Sb(1)-C(10) 2.103(3) Sb(1)-C(10)#1 2.103(3)
Sb(1)-C(16) 2.096(5)

O(1)-Sb(1)-O(1)#1 178.23(13) C(10)-Sb(1)-O(1) 92.95(11)
C(10)-Sb(1)-O(1)#1 86.12(10) C(10)#1-Sb(1)-O(1) 86.12(10)
C(10)#1-Sb(1)-O(1)#1 92.95(11) C(10)#1-Sb(1)-C(10) 117.13(18)
C(16)-Sb(1)-O(1) 90.88(6) C(16)-Sb(1)-C(10) 121.43(9)
C(16)-Sb(1)-C(10)#1 121.43(9) C(16)-Sb(1)-O(1)#1 90.88(6)
C(1)-O(1)-Sb(1) 118.1(2)

Complex 3

Sb(1)-O(1) 2.090(4) Sb(1)-O(1)#1 2.090(4)
Sb(1)-C(10) 2.104(6) Sb(1)-C(10)#1 2.104(6)
Sb(1)-C(16) 2.113(8)

O(1)-Sb(1)-O(1)#1 175.1(2) O(1)-Sb(1)-C(10) 92.15(19)
O(1)#1-Sb(1)-C(10) 89.65(19) O(1)-Sb(1)-C(10)#1 89.65(19)
O(1)#1-Sb(1)-C(10)#1 92.15(19) O(1)-Sb(1)-C(16) 87.57(11)
O(1)#1-Sb(1)-C(16) 87.57(11) C(10)-Sb(1)-C(10)#1 136.7(3)
C(10)-Sb(1)-C(16) 111.65(17) C(10)#1-Sb(1)-C(16) 111.65(17)
C(1)-O(1)-Sb(1) 120.2(4)

Notes: Symmetry transformations used to generate equivalent atoms: 1 #1 —x, y, —z+ 1/2; 2 #1 —x + 1, y, =z + 1/2; 3 #1
—x+2,y,—z+1/2

Table 3. Hydrogen bonding geometries for 1-4.

D-H-A d(D-H) d(H:--A) d(D---A) <(DHA)
Complex 1

C(4)-H(4)---O(2)#1 0.93 2.62 3.514(5) 160.7
Complex 2

C(9)-H(9)--"F(2)#1 0.93 2.53 3.227(6) 132.5
Complex 3

C(18)-H(18)F(1)#1 0.93 2.37 3.142(4) 140.8
Complex 4

C(19)-H(19)---F(5) 0.93 2.53 3.325(5) 144.3
C(15)-H(15)"F(3) 0.93 2.47 3.285(5) 145.8

Notes: Symmetry codes: (#1 for 1) x, y, —z + 1/2; (#1 for 2) —x + 1, y, —z + 1/2; (#1 for 3) —x + 2, y, =z + 1/2.

consists of a monomer with a seven-coordinate antimony surrounded by four oxygens and
three aryl groups. The coordination geometry of antimony is a distorted pentagonal bipyra-
mid with four oxygens atoms [O(1), O(2), O(1)#1 and O(2)#1] from two asymmetrically
chelating carboxylate groups and one carbon C(10) from one phenyl group occupying the
equatorial positions, and two carbons [C(14) and C(20)] from phenyl groups occupying the
axial positions. The sum of the angles subtended at the antimony in the equatorial plane is
360.0°, so Sb(1), C(10), O(1), O(2), O(1)#1 and O(2)#1 are in the same plane. The angle of
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Figure 2. The 1-D chain structure of 1, formed by intermolecular C—H:--O hydrogen-bonding interactions. All
hydrogens are omitted for clarity.

jex

OO0Omw

Figure 3. The molecular structure of 2. All hydrogens are omitted for clarity.

the axial C(14)-Sb(1)-C(20) is 149.4(3)°, which deviates from the linear angle of 180°.
The conformation of Sb(1l) is considered to exhibit distorted pentagonal bipyramidal
geometry.

In this compound, there are relatively strong bonding interactions between Sb(1) and the
carbonyl oxygens of the carboxylates, Sb(1)-O(1) [or Sb(1)-O(1)#1, 2.141(3) A)] (#1: x,
—y + 1/2, z). However the intramolecular Sb(1)--O(2) distance of 2.621(3) A is longer than
the general Sb and O bond length (2.05-2.3 A [23, 27]), but is still well within the sum of
the van der Waals radii (3.60 A) [28]. This indicates that there are coordination interactions
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Figure 4. The 1-D chain structure of 2, formed by intermolecular C—H---F hydrogen-bonding interactions. All
hydrogens are omitted for clarity.

Figure 5. The molecular structure of 3. All hydrogens are omitted for clarity.

between the carbonyl oxygens of the two asymmetrical carboxylate groups and antimony.
Compared with the structures of 1-3, the structural difference of 4 can be attributed to
strong —I effect of F of the aryl groups in the molecule. The —I effect of three F' atoms
enhances the Lewis acidity of Sb and leads to the stronger Sb--*O=C coordination [29]. As
shown in figure 8, a 1-D infinite chain structure of 4 is formed by C—H:---F hydrogen bonds.
These hydrogen bonds contribute to the crystal stability and compactness (table 3).

3.5. In vitro cytotoxicities

By means of MTT assays [30, 31], the in vitro cytotoxicities of 1-4 along with their metal
salts M;—M,, free L and the clinical antitumour agent cisplatin towards a panel of estab-
lished human cancer cell lines, human lung carcinoma cell line (A549), human colon cell



Downloaded by [Mizoram University] at 14:39 28 December 2015

2948 H. Geng et al.

Figure 6. The 1-D chain structure of 3, formed by intermolecular C-H---F hydrogen-bonding interactions. All
hydrogens are omitted for clarity.

Figure 7. The molecular structure of 4. All hydrogens are omitted for clarity.

line (HCT-116, Caco-2) and human leukemia cell line (HL-60), were measured. The antitu-
mor activities in vitro are expressed as ICs, the concentration of compound (in ug mL™")
that inhibits a proliferation rate of the tumor cells by 50% as compared to control untreated
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Table 4.  Selected bond lengths (A) and angles (°) for 4.

Sb(1)-0(1) 2.141(3) Sb(1)-O(1)#1 2.141(3)
Sb(1)-C(10) 2.134(3) Sb(1)-C(14) 2.113(6)
Sb(1)-C(20) 2.124(7) Sh(1)-0(2) 2.621(3)
Sb(1)-0(2)#1 2.621(3)

C(14)-Sb(1)-0(1) 90.00(9) C(20)-Sb(1)-O(1) 91.40(9)
C(10)-Sb(1)-0(1) 87.36(14) C(14)-Sb(1)-O(1)#1 90.00(9)
C(20)-Sb(1)-O(1)#1 91.40(9) C(10)-Sb(1)-O(1)#1 87.36(14)
C(1)-0(1)-Sb(1) 103.2(3) O(1)-Sb(1)-O(1)#1 174.51(18)
C(14)-Sb(1)-C(20) 149.4(3) C(14)-Sb(1)-C(10) 105.7(2)
C(20)-Sb(1)-C(10) 104.9(2) C(14)-Sb(1)-0(2) 77.55(17)
C(20)-Sb(1)-0(2) 78.87(18) C(10)-Sb(1)-0(2) 140.82(14)
0(1)-Sb(1)-0(2) 53.46(12) O(1)#1-Sb(1)-0(2) 131.81(12)
C(14)-Sb(1)-O(2)#1 77.55(17) C(20)-Sb(1)-O(2)#1 78.87(18)
C(10)-Sb(1)-0O(2)#1 140.82(14) O(1)-Sb(1)-O(2)#1 131.81(12)
O(1)#1-Sb(1)-02)#1 53.46(12) 0(2)-Sb(1)-02)#1 78.36(16)
C(1)-0(2)-Sb(1) 82.4(3)

Note: Symmetry transformations used to generate equivalent atoms: #1 x, —y + 1/2, z.

Figure 8. The 1-D chain structure of 1, formed by intermolecular C—H---F hydrogen-bonding interactions. All
hydrogens are omitted for clarity.

cells. ICsq values for 1-4, four triarylantimony dichlorides, the ligand and cisplatin obtained
after 48 h of drug treatment in the MTT test are listed in table 5 and the inhibition effects of
1, 2, 3 and 4 on the four cells lines at a concentration of 10 pg mL™" are listed in figure 9.
Based on these data, the possible structure-activity relationships are:

(1) The four triarylantimony dichlorides exhibit a relatively weak activity although the
HL-60 cell proliferation can be inhibited to some extent. The ligand is non-active to
the determined cancer cells. Most of these triarylantimony complexes have in vitro
cytotoxicity not only against cisplatin-sensitive lung cancer cell line A549 but also
against cisplatin-insensitive colon cancer cell lines HCT-116, Caco-2 and human
promyelocytic leukemia cell line HL-60. Additionally, these four triarylantimony
complexes exhibited enhanced cytotoxicity compared with (£)-2-phenoxypropionic
acid ligand and the triarylantimony dichloride precursors, which clearly implied a
positive synergistic effect against all four cancer cell lines. Among these four com-
pounds, 2 and 3 exhibit excellent activity against all the cancer cells.
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Table 5. ICso (ug mL™") of all compounds against four human tumor cell lines.

HL-60 Caco-2 A549 HCT-116
1 16.1+1.2 277+1.5 >60 155+1.2
2 25+04 124+ 1.1 9.3+1.0 39+0.6
3 14+0.2 109+ 1.0 13.52 £ 1.1 3.6+0.6
4 123+ 1.1 21.8+1.3 329+1.5 11.3+£1.1
M, 7.159+£0.9 40.5+3.2 36.6+£29 45.0+3.2
M, 7.848 £0.9 26.6 +2.7 250+24 24.0+2.1
M; 6.947 £ 0.8 29.8+23 263 +2.6 20.0+2.0
M, 6.156£0.8 26.5+£2.0 25.6+£2.0 122+14
L >100 >100 >100 >100
Cisplatin >60 >60 33+£02 >60

a%s
BHOBE
N N

Inhibition (%)

Caco-2 A549 HCT-116
Cell lines

Figure 9. Inhibition (%) of 1-4 (dose level of 10 ug mL™") against human tumor cells.

@

3

Each organoantimony compound exhibited different inhibition for different tumor
cells. With 3, for example, about 10-fold improvement of the antitumor potency in
HL-60 cells compared to A549 cells, 3-fold improvement in HCT-116 cells than
Caco-2 cells.

1, 2 and 3 have similar coordination geometry. Fluoro-substituted 2 and 3 exhibit
higher activity compared with 1, indicating the fluoro-substituent has a positive
effect on cytotoxic activities. This is consistent with the result we reported previ-
ously [22] and many other reports [14, 32]. However, tri-3,4,5-trifluoro-substituted
4 exhibits lower activity than 3- or 4- mono-fluoro-substituted triphenylantimony 2
and 3, which is contrary to the result previously [22]. This may be because of their
different coordination geometry. Though the activity mechanism of these com-
pounds is unclear, further studies are required for establishing clear relationships
with the activity.

4. Conclusion

Four new organoantimony(V) derivatives were synthesized by reaction of 2-phenoxypropi-
onic acid with four different triarylantimony dichlorides, which have also been evaluated
for their in vitro anticancer activities. Structural analyses show that 1-3 have distorted
trigonal bipyramidal geometries, while 4 exhibits pentagonal bipyramidal arrangement
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coordinated by the bidentate chelating ligand. Preliminary in vitro anticancer studies against
a variety of cancer cell lines reveal that mono-fluoro-substituted 2 and 3 show better antitu-
mor activity on four cancer cell lines than 1 and 4. 2 and 3 are highly active against HL-60
and HCT-116 tumor cell lines, making them promising anticancer agents in cisplatin-in-
sensitive cell lines, whereas 1 shows the lowest ICs5, on A549 cells. Our results suggest that
in the case of the same structure, 3- or 4-F-substituted triarylantimony(V) compounds show
higher cytotoxicity than triphenylantimony(V) compound, consistent with our previous
report [22]. However, due to the structural difference, 3,4,5-3F-substituted compound dis-
play lower cytotoxicity than 3- or 4-F-substituted triarylantimony(V) compounds. These
studies are useful in the initial cytotoxicity screening, with the intention of selecting the best
performing compound for subsequent studies involving a much larger pool of human can-
cers and in vivo experiments.

Supplementary material

CCDC 871822 (for 1), 980782 (for 2), 980783 (for 3) and 980784 (for 4) contain the sup-
plementary crystallographic data for this paper. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallo-
graphic Data Center, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: (+44) 1223-336-033;
or Email: deposit@ccdc.cam.ac.uk.
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