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The synthesized compounds inhibit strong antifungal activity even
higher than the standard drug, Turbinafine. Keeping in view their anti-
fungal activity, they might be used as potent antifungal agent.

Trimethyl (1), tributyl (2), and triphenyl tin (3) derivatives of sodium (R)-4-((3R,5R,8R,
9S,108,12S,13R,148S,17R)-3,12-dihydroxy-10,13-dimethyl-hexadecahydro-1H-cyclopenta[a]phenan-
thren-17-yl)pentanoate (sodium deoxycholate) were synthesized by refluxing sodium deoxycholate
with the corresponding triorganotin(IV) chloride in 1 : 1 M ratio. All the three compounds were char-
acterized by elemental analysis, infrared spectroscopy, 'H, >C, "?Sn NMR, and X-ray diffraction
studies. From FT-IR spectra, Av values proposed bridging or chelating behavior of the ligand. The
three compounds gave a trigonal bipyramidal geometry in the solid state and tetrahedral geometry in
solution. Single crystal of 1 showed polymeric trigonal bipyramidal geometry. Synthesized com-
pounds obtained were screened for their antimicrobial and antitumor activities against A2780 cell
line. Results revealed that only 2 showed significant antibacterial activity. However, all the three
compounds exhibited promising antifungal and anticancer activities.

Keywords: Deoxycholate; Triorganotin(IV) complex; Antitumor activity

1. Introduction

Interests in organotin(IV) carboxylates stem from their diverse structural and effective
antitumor activity [1, 2]. Organotin(IV) compounds act as pesticidal, antiviral, fungicidal,
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bactericidal, and antitumor agents [3, 4]. Number and nature of groups attached to tin deter-
mine the activity of these compounds [5]. Although organotins with various ligands show
exciting properties and activities, results show that oxygen-containing organotins are even
more effective than cis-platin [6]. The lipophilic and hydrophilic properties of the com-
pounds are very important as lipophilic properties are essential for crossing the cell mem-
brane and hydrophilic character for being accepted by the water-rich cell [7].

Sodium deoxycholate is commonly known as a bile salt and is recognized to kill local-
ized body fat by emulsification [8]. Bile salts are steroidal detergents which facilitate fat
digestion and absorption through intestinal wall by the formation of mixed micelles with
lipids/fats/cholesterol [9]. They have been used as a delivery vehicle in medications [10].
Mammary tumor is considered as directly related to fat intake during initiation or promotion
stages [11]. Organotin(IV) compounds are already known for their role in anticancer drugs.
Deoxycholate in conjugation with tin may improve liposolubility for better interaction
within the cells.

Thus, we have developed some new organotin(IV) deoxycholate derivatives. Their inter-
esting topologies mediate exciting antitumor and antifungal properties.

2. Experimental setup

2.1. Materials and methods

All the chemicals used for synthesis were of analytical grade and used without purification.
Solvents were dried and distilled before use. All compounds were synthesized in nitrogen
under reflux in toluene for 7-8 h. IR spectra were recorded on a Perkin-Elmer FT-IR 2000
system from 4000 to 200 cm™'. Elemental analyses were performed by using a Thermo Sci-
entific Flash 2000 CHN/S organic elemental analyzer. 'H and '*C NMR spectra were
recorded on an Avancelll 400 MHz BBFO-Plus 5mm TOPSPIN 3. ''Sn NMR spectra
were recorded on an Avance 400 MHz TXO 10 mm XWINNMR. *J ('"*Sn—"C) and %/
(""”Sn—"H) coupling constants are expressed in Hertz and are provided in square brackets.

2.2. Synthesis

Triorganotin(IV) compounds of sodium deoxycholate were synthesized by reacting equimo-
lar ratios of sodium deoxycholate with triorganotin(IV) chlorides in dry distilled toluene, re-
fluxing for 7-8 h. Sodium chloride was removed by filtration and the soluble product was
separated by evaporating toluene under vacuum using rotoevaporation. The product
obtained was recrystallized in chloroform: n-hexane (1 : 2).

2.2.1. Synthesis of (R)-trimethylstannyl 4-((3R,5R,8R,9S,10S,12S,13R,14S,17R)-
3,12-dihydroxy-10,13-dimethyl-hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pen-
tanoate [Me;SnC,4H3904], (1). (Yield: 0.97 g, 73.4%). m.p. 118-119 °C. Elemental anal-
ysis, % Calculated (Found) for [C,7H4304Sn],: C, 58.39 (57.68); H, 8.71 (8.56). FT-IR
(em™"): 1564 WCOO0)asym, 1407 W(COO)sym, Av=157, 557 v(Sn—-C), 439 v(Sn-0), 615
(O-Sn-0). '"H NMR (ppm): 1.27-2.05 (m, Heyeloalkane), 0.84—1.14 (m, Hy—Hs, Hyg, Hys),
3.43 (bs, Hyg, Hay), 0.37 (s, Sn—CH; [2/=51.0], 0=107.6°). ">*C NMR (ppm): 177.9 (C-1),
12.3, 152, 17.3, 23.3, 24.4, 25.4, 25.4, 26.2, 26.9, 28.5, 30.3, 31.6, 33.2, 34.1, 35.5, 36.1,
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40.6, 42.2, 46.4, 47.7, 48.0 (Co—Cys, C17~Caps, Cr5—Csg), 73.3 (Cys), 72.2 (Ca3), 10.2
(Sn—CH,), J ['"”Sn-"*C =352, #=107.6°] ''°Sn (ppm): 340.

2.2.2. Synthesis of (R)-tributylstannyl 4-(3R,5R,8R,9S,10S,12S,13R,14S,17R)-3,
12-dihydroxy-10,13-dimethyl-hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pen-
tanoate [BuzSnC,4H3004], (2). (Yield: 1.36 g, 83.9%). m.p. 63—65 °C. Elemental analysis,
% Calculated (Found) for [C3¢Hes04Sn],: C, 63.44 (62.94); H, 9.76 (9.66). FT-IR (cm™'):
1571 w(COO)aeym, 1404 v(COO)gym, Av =167, 572 v(Sn—C), 439 v(Sn-0), 618 (O-Sn-0).
'"H NMR (ppm): 1.24-2.07 (m, Heycloatkane), 0.85-1.15 (m, Hpo—Hs, Hjo, Has), 3.47 (bs,
Hie, Hag), 0.33-0.81 (m, H,, 4 , 5). °C NMR (ppm): 178.3 (C-1), 12.2, 15.1, 17.2, 23.4,
24.5,25.2,25.7, 26.2, 27.5, 28.5, 30.4, 31.5, 33.4, 34.0, 35.5, 36.1, 40.1, 42.7, 46.3, 47.5,
48.3 (Cy—Ciy4, C177Csa, C15Ca3, Ca5—Cos), 73.4 (Cys), 72.5 (Cay), 28.1 (C,p), 26.9 (Cp),
17.5 (C,), 20.5 (C5). ""*Sn (ppm): 310.

2.2.3. Synthesis of (R)-triphenylstannyl 4-(3R,5R,8R,9S,10S,12S,13R,14S,17R)-3,
12-dihydroxy-10,13-dimethyl-hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pen-
tanoate [Ph3;SnC,4H3004], (3). (Yield 1.49 g, 84.6%). m.p. 67—70 °C. Elemental analysis,
% Calculated (Found) for [C4,Hs5404Sn],: C, 68.02 (68.03); H, 7.34 (7.34). FT-IR (cm_l):
1521 ¥(COO)asym, 1408 W(COO)sym, Av =113, 282 v(Sn—-C), 440 v(Sn-0), 610 (O-Sn-0).
"H NMR (ppm): 1.26-2.03 (m, Heyeloalkane)> 0.83—1.13 (m, Hy—Hs, Hy, Hys), 3.43 (bs, Hyg,
Hs4), 7.77 (Hortho, d) 7.42 (Hpeta, dd), 7.48-7.56 (Hpara, dd). 3C NMR (ppm): 181.4 (C-1),
12.6, 15.4, 17.3, 23.1, 24.4, 25.1, 25.7, 26.1, 27.2, 28.6, 30.5, 31.7, 33.6, 34.1, 35.3, 36.0,
40.2, 42.1, 46.5, 474, 48.2 (Cy—Ci4, C17—Cy, Cr5-Cyg), 73.1 (Cyg), 72.2 (Cyy), 138.5
(Cipso)s 136.9 (Cortho)> 1294 (Cneta)s 131.3 (Cpara)- '*Sn (ppm): 95.

2.3. Antibacterial assay

The organotin(IV) compounds were tested against different bacterial strains, Escherichia coli
(8739), Klebsiella pneumonia (700603), Bacillus subtilis (6633), and Staphylococcus aureus
(25923), by agar well diffusion method [12]. Cefixime was used as a standard drug. One
milliliter of Broth culture containing 10*~10° colony forming units per mL was added to 100
mL of nutrient agar medium at 45 °C, mixed well, and then poured into a 14 cm sterile petri
plate. The medium was allowed to solidify, and then 6 mm wells were dug with a sterile
metallic borer (which is used to cut the agar plate). Then, a DMSO solution of the test sample
(100 uL) at 1 mgmL ™" was added to the wells. DMSO served as a negative control, and the
standard antibacterial drug Cefixime (1 mgmL™") was used as positive control. The plates
were incubated aerobically at 37 °C for 24 h. The activity was determined by measuring the
diameter of the zone showing complete inhibition (mm). Growth inhibition was calculated
with reference to the positive control.

2.4. Antifungal assay

Synthesized compounds were screened for their antifungal activities against five different
strains of fungi [Mucor species (90364), Fusarium solani (62877), Helminthosporium
oryzae (38851), Aspergillus flavus (9643), and Aspergillus Niger (16404)] by using agar
tube dilution method [12]. Turbinafine was used as standard drug.
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Stock solutions of pure compounds 200 ug mL ™" were prepared in sterilized DMSO. A
stock solution of sabouraud dextrose agar (SDA) medium was prepared in distilled water.
SDA medium (4 mL) was then dispensed in screw-caped test tubes and autoclaved at
121 °C for 15 min. The tubes were allowed to cool to 50 °C and non-solidified SDA was
loaded with known amounts of test compounds from the stock solution. The tubes were
then allowed to solidify in a slanting position at room temperature. Each tube was inocu-
lated with a 4 mm diameter piece of inoculum from seven-days-old fungal culture. Media
supplemented with DMSO and Turbinafine (200 ugmL™") were used as a negative and a
positive control, respectively. The tubes were incubated at 28 °C for 7 days and growth was
determined by measuring the linear growth (mm), and growth inhibition was calculated
with reference to growth in the control as shown in the equation below:

li thin test sampl.
% Growth inhibition = 100 + <mear growth in test sample (mm) 1oo>

linear growth in control (mm)

2.5. Cytotoxic activity

Cytotoxic activities of the three compounds were performed by MTT-Method [13] to assess
the effect of compounds on the growth of cells. The human ovarian carcinoma cell line
(A2780) was chosen. This method is based on the principle of reduction of yellow-colored
tetrazolium salt, MTT [3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl tetrazoleum bromide] to
purple formazan product, by mitochondrial dehydrogenase of metabolically active cells.
MTT solution was prepared by dissolving it at 5gmL ™" in phosphate buffer saline. About
20 uLL of this solution was added to each of 96 well plates containing 100 uL of culture
medium and was incubated at 37 °C for 3—4 h. The medium was aspirated carefully without
disruption of purple-colored formazan crystals. The resulting purple color zone was solubi-
lized in 100 pL. of DMSO and quantified by spectrophotometer. Micro ELISA plate was
used to read the plate at 590 nm to determine the ICs, value.

3. Results and discussion

3.1. IR data

IR spectra of these compounds were recorded from 200 to 4000 cm™'. Peaks of interest in
IR spectrum are that of v(COQ), v(Sn—C), and v(Sn—O). IR stretching vibrations of
carboxylate are useful in defining the structure of complexes. Vvism (CO,) appeared at

R ,
O R
AN AV b
C R o /O»Sn/—o \0+Sn—o
R Sn\// N ]L R/ \R
J |
R

Figure 1. Proposed structures of triorganotin(IV) compounds.
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1521-1571 cm™ !, while vibrations observed at 1404—1418 cm ! are characteristic of Veym
(CO2); Av (CO3) (AV=Va5ym — Vsym) between 150 and 250 cm” ! suggests a bridging coordi-
nation, while difference below 150 cm™' suggests a chelating mode of coordination [14].
The Av for 2 and 3 indicates bidentate bridging and chelating coordination, respectively.

Two possible solid state structures are shown in figure 1. For 1, polymeric bridging mode
is confirmed by single-crystal analysis. FT-IR data suggest two types of geometry in solid
state, five-coordinate polymeric, or chelated compound.

3.2. Multinuclear NMR data

'H, *C, and '"”Sn NMR spectra of the compounds were recorded in CDCl;. However, due
to complex structure, no fine pattern was observed. Owing to their multiplicity and intensity
in a narrow range, multiplets and broad signals were obtained. In 1, methyl group protons
gave a sharp singlet at 0.37 ppm with well-defined satellites due to Sn—"H coupling in
region expected for tetrahedral geometry [15], which shows dissociation of the polymeric
structure in solution. For 2 and 3, due to complex peak pattern, no couplings were
observed.

In C NMR spectra, new peaks for alkyl and aryl groups favor the formation of com-
pounds. However, the environment of different carbons does not differ too much, and does
not resonate at very different frequencies and appear in a narrow range. Methyl groups
attached to Sn gave a peak in the upfield region. Coupling constant value of 352 for 1 sug-
gests a tetrahedral geometry in solution [15], in agreement with '"H NMR spectroscopic
results. Carbons of butyl groups were assigned peak values by comparison to the literature.
In 3, ipso carbon gave a signal at 138.5 ppm, which is a characteristic of tetrahedral
geometry [16].

Confirming solution state geometry, their ''°Sn NMR spectra were taken in chloroform,
where the chemical shift value gave information about geometry in solution. Increase in
coordination number gives a large upfield shift. Only tetrahedral complexes are reported to
show a positive chemical shift value and appear in the most downfield region. An increase
in electron-releasing power of the alkyl group results in shifting of ''°Sn value to higher
field, as a consequence of increased shielding [17]. Appearance of single peaks in ''°Sn
NMR spectra supports the formation of one species and purity of the compounds. Accord-
ing to Holecek and co-workers, four, five, six, and seven coordination compounds give
chemical shifts in the range of +200 to —60, —90 to —190, —210 to —400, and —440 to
—540 ppm, respectively [18].

Compounds 1 and 2 gave resonances at a very downfield region at 340 and 310 ppm,
respectively, which could be due to tetrahedral geometry. A peak appearing at 95 ppm for 3
suggests tetrahedral geometry in solution. It is evident from the 'H, '*C, and '"”Sn NMR
spectra that all three compounds do not retain their five-coordinate geometry and exist as
tetrahedra in solution.

3.3. X-ray crystal structure of 1

The crystal structure of the monomeric unit along with atom numbering scheme and
polymeric unit of 1 are shown in figures 2 and 3, respectively. Packing diagram is shown in
figure 4. Crystallographic data, selected bond lengths, and angles are collected in tables 1
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Figure 2. ORTEP diagram of 1 with atom numbering scheme. Labels with letter A refer to equivalent atoms
obtained by symmetry.

Figure 3. ORTEP view of polymeric structure of 1.

and 2, respectively. The apparent geometry around tin is five-coordinate. Exact geometry
can be best described by the 7 value,

(B =)
60
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Figure 4. Packing diagram of 1, viewed down the c-axis, showing its H-bond network.

where f is the largest basal angle around tin, while a is the second largest angle. The
value is zero for a perfect square pyramid (a=/=180°) and unity for perfect trigonal
bipyramidal geometry (o= 120 and £=180°) [19]. For 1, 7 is 0.81 (#=0(5)A-Sn(1)-0O(2)
= 173.1(2) and a=C(3)-Sn(1)-C(2) = 124.2(4)), which shows that geometry is distorted
trigonal bipyramidal where O1 and OS5 of two ligands occupy the axial positions and three
methyl groups lie in the equatorial plane. Sn1-O2 and Sn1-O5 bond lengths 2.356(5) and
2.173(6) A, respectively, are less than the sum of the covalent radii (2.56 A) and van der
Waals radii of Sn and O (3.68 A), which shows a strong interaction of oxygen with tin [20].

Thus, 1 adopts a linear polymeric geometry with trans-R3;SnO, structural motif, in which
adjacent SnR; moieties are bridged by a single bidentate carboxylate. This geometry is fre-
quently shown by many triorganotin carboxylates as reported [21, 22].

3.4. Antimicrobial and cytotoxic activity

3.4.1. Antimicrobial studies. Antibacterial activities of 1-3 were tested against four bacte-
rial strains (table 3). Cefixime was used as a standard drug. Generally, inhibition zone above
20 mm is considered as significant; 1820 mm is thought to be good and below 11-14 mm
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Table 1.  Crystal data and structure refinement for 1.

Empirical formula
Formula weight
Temperature

Wavelength

Crystal system

Space group

a ()

b (A)

0N

a (%)

Q)

7 ()

Volume

VA

Density (Calcd)
Absorption coefficient
F(©0O00)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to =25.00°
Absorption correction
Refinement method
Data/restraints/parameters
Goodness-of-fit on F*
Final R indices [/>20(])]
R indices (all data)
Absolute structure parameter

Cs4HosO5Sn,
1110.69
1402) K
0.71073 A
Orthorhombic
P2,2,2
29.202(6)
14.136(3)
17.265(4)

7127(2) A®
4
1.035mgm™>

0.739 mm™"

2336

0.29 x 0.17 x 0.14 mm®

2.74°-25.57°

-35<h<35 -17<k<17, —20<1<20
12,814

12,814 [R(int) = 0.0000]

97.6%

None

Full-matrix least-squares on F>
12,814/0/579

0.984

R, = 0.0687, wR, = 0.1783

R, = 0.0860, wR, = 0.1894

0.06(3)

Extinction coefficient 0.0134(7)
Largest diff. peak and hole 0.743 and —0.504 ¢ A3

Table 2.  Selected bond lengths (A) and angles (°) for 1.
Bond lengths ()

Sn(1)-C(3) 2.12(1) Sn(1)-C(1) 2.190(8)
Sn(1)-C(2) 2.166(8) Sn(1)-0(2) 2.356(5)
Sn(1)-0O(5)A 2.173(6)

Bond angles (°)

C(3)-Sn(1)-C(2) 124.2(4) O(5)A-Sn(1)-C(1) 89.5(3)
C(3)-Sn(1)-0O(5)A 93.8(3) C(3)-Sn(1)-0(2) 88.3(3)
C(2)-Sn(1)-0O(5)A 94.5(3) C(2)-Sn(1)-0(2) 89.6(3)
C(3)-Sn(1)-C(1) 115.6(4) O(5)A-Sn(1)-0(2) 173.1(2)
C(2)-Sn(1)-C(1) 119.5(4) C(1)-Sn(1)-0(2) 83.6(3)

Note: Letter A refers to the symmetry —x+1/2, y—1/2, —z+1, used to generate equivalent atoms.

is considered as insignificant [23]. All compounds display less activity than the standard
drug. Compounds 1 and 3 did not show any significant activity against any of the four bac-
terial strains, however, 2 showed some activity against B. subtilis and S. aureus; 2 showed
insignificant activity against K. pneumoniae and E. coli.

Similarly, compounds 1-3 were tested against five different types of fungi to establish
their antifungal activity. The results are shown in table 4 and a graphical picture is pre-
sented in figure 5. Compound 1 was ineffective against H. oryzae and A. flavus and showed
some reasonable activity against M. species, while 2 and 3 exhibited good activities. Com-
pound 2 was competitive with standard drug.
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a—c

Table 3.  Antibacterial activity of organotin(IV) derivatives of sodium deoxycholate.

Average zone of inhibition (mm) inhibition + SD

Compound Escherichia coli Klebsiella pneumonia Bacillus subtilis Staphylococcus aureus
(ATCC No.) (8739) (700603) (6633) (25923)

1 = - - -

2 - 13 20 18

3 _ _ _ _

Cefixime® 40 40 30 40

 Insignificant activity.

PReference drug used for antibacterial evaluation.

“Clinical implication: E. coli, infection of wounds, urinary tract, dysentery; K. pneumonia, urinary tract infection (UTI), cholecysti-
tis, diarrhea, upper respiratory tract infection, wound infection, osteomyelitis, meningitis, bacteremia, septicemia; B. subtilis, food
poisoning; S. aureus, food poisoning, scaled skin syndrome, endocarditis.

Table 4.  Antifungal activity of organotin(IV) complexes of sodium deoxycholate.“‘b

Mean value of percent growth inhibition

Mucor Fusarium Helminthosporium Aspergillus Aspergillus
species solani oryzae flavus niger
Compound (ATCC No.) (90364) (62877) (38851) (9643) (16404)
1 224091 30+0.51 0 0 64+0.19
2 100 100 98 £0.66 100 100
3 97+0.51 85+0.63 92+0.34 89+0.43 94+0.78
Turbinafine 100 100 100 100 100

“Reference drug for antifungal activity.

®Clinical implication: M. species, opportunistic, necrotizing infections known as zygomycosis; F. Solani, keratitis, fungal infections;
H. oryzae, none; A. flavus, hepatitis, immunosuppression, hepatocellular carcinoma, neutropenia, infarction; A. niger, Aspergillosis,
Otomycosis (fungal ear infections).

100 -

90 4 2

80 - W Mucor Species
= 70 - m Aspergillus Solani
= 604
E 50 W Helminthosporium Oryzae
= 40 - m Aspergillus Flavus
e 30 4

20 - m Aspergillus Niger

10 4

0 T T T T
1 2 3 Turbinafine
Compound

Figure 5. Antifungal activity of organotin(IV) derivatives of sodium deoxycholate against various fungi.

3.4.2. Cytotoxic activity. All synthesized compounds were tested for their cytotoxic activ-
ity against cell line A2780 and results are presented in table 5. Compounds 1-3 present less
ICso than cis-platin which shows that 1-3 are more active than standard drug. Electron
acceptor properties of organotin(IV) compounds make it possible for them to interact with
electron donor sites of biomolecules [24].
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Table 5. ICso values (ugmL™") of com-
pounds tested against human ovarian tumor
cell lines A2780.%

Compound 1C5
1 2.66
2 1.58
3 1.67
dcis-Platin 3.28

Standard drug cis-[Pt(NH;),CL,].

Lipophilic characters of drugs also play a part in improving such an interaction. Lipo-
philic character increases with increasing chain length, so tributyl tin complex is assumed
to be more active than trimethyl complex; however, taking advantage of small size, it is eas-
ier for 1 to diffuse more rapidly into the membrane. The cytotoxic activity of these com-
pounds against given cancer cells showed that coupling of ligand with R3Sn(IV) metal
center results in remarkable cytotoxic activity. Bulky phenyl groups in 3 can interact
through 7z—z interactions with biomolecules in cells.

Because of their lipophilicity, organotins are considered as interacting with cellular mem-
branes. There is evidence that the intracellular as well as cytoplasmic membrane could be
the possible site of action of organotin compounds. However, it is not known whether cell
surface adsorption or accumulations within the cell or even both actions are liable for its
toxicity [25].

4. Conclusion

New organotin(IV) compounds of sodium (R)-4-((3R,5R,8R,9S,10S,12S,13R,14S,17R)-3,
12-dihydroxy-10,13-dimethyl-hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentano-
ate have been synthesized and characterized. The compounds exhibited five-coordinate
geometry in solids, while dissociated in solution to four-coordinate. Crystal structure of 1
shows that the compound exists as a polymer and exhibits a slightly distorted trigonal bipy-
ramidal geometry, for which three methyl groups lie in the equatorial plane, while single
oxygen from two carboxylates occupies axial positions. Packing diagrams are stabilized by
non-covalent interactions. Antimicrobial and cytotoxic assay showed that compounds do
not show appreciable antibacterial activity. Only 2 showed activity against B. subtilis and
S. aureus. However, all compounds displayed good activity against fungal strains. Cytotoxic
studies revealed that compounds 1-3 exhibit good antitumor properties.

Supplementary material

CCDC 996466 contains the supplementary crystallographic data for 1. These data can be
obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the
Cambridge Crystallographic Data Center, 12 Union Road, Cambridge CB2 1EZ, UK; Fax:
(+44)1223-336-033; or E-mail: deposit@ccdc.cam.ac.uk.
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