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ABSTRACT: A series of organotin(IV) thiocarboxy-
lates have been synthesized with the general for-
mula R,SnL, and R;SnL (R = Ph,(I), Me;(II),
n-Bus(ITI), Phy(IV), Cys(V), Mes(VI), n-Bus(VII),
and L = piperidine-1-thiocarboxylic acid) in anhy-
drous toluene under the reflux conditions. The com-
plexes were characterized by microanalysis, IR, 'H
and 3C NMR, mass spectrometry, and XRD. NMR
data revealed that thiocarboxylic acid acts as biden-
tate, and complexes exhibit the four-coordinated ge-
ometry in solution state. In solid state, diorgan-
otin complexes exhibit the hexa-coordinated geom-
etry whereas the triorganotin(IV) compounds show
the five-coordinated geometry. These complexes were
also tested for their antimicrobial activity along with
the ligand against different animals, plant pathogens,
and Artemia salina. All complexes with few excep-
tions show high activity as compared to the lig-
and. © 2007 Wiley Periodicals, Inc. Heteroatom Chem
18:664-674, 2007; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/hc.20380
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INTRODUCTION

Complexes containing 1,1-dithiolato ligands have
been used as fungicides, pesticides, vulcanization
accelerators, flotation agents, lubricant additives,
and in deposition of ZnS or CdS thin film by
metal organic chemical vapor deposition [1]. 1,1-
Dithiolate ligands have recently attracted much
attention mainly because of their interesting pho-
tophysical properties derived from their extensive
electron delocalization onto all of the ligand atoms
[2]. Indeed, the increasing renewed interest nowa-
days to these species is due to their high stability,
solvatochromic behavior, room temperature lumi-
nescence in solution [3], and their status as excel-
lent candidates for applications such as photocataly-
sis [4]. In addition, the variable coordination modes
of 1,1-dithiolate ligands to metals make the struc-
tural studies more interesting [5]. The 1,1-dithiolate
ligands have also been used to stabilize unusually
high-oxidation states [6] or to facilitate the synthesis
of clusters [5-7], and to the synthesis of inorganic-
organic hybrid materials, which have potential in
various applications such as electrical conductivity,
magnetism [8], ion exchange separation, and catal-
ysis [9].

Metal thiolato complexes have been exten-
sively studied because of their ability to adopt
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FIGURE 1 Structure of piperidine-1-thiocarboxylic acid.

various nuclearities and their relevance in biology,
because they form the inorganic part of the biolog-
ically active centers of some metalloproteins and
enzymes [10-13]. It has been well established that
dithiocarbamates are a group of compounds that
are active against fungi [14,15] and insects [14]. Ex-
tensive work has been done on dithiocarbamates
to study their mode of bonding [16-20] and their
biocidal activity [15,21]. Organotin compounds as
well as dithiocarbamates ligands [22] are known
for their antifungal [23], antibacterial [24], and an-
titumoral [25-28] activities. In the continuation of
our interest in synthesis, structural elucidation, and
antimicrobial activity of organotin(IV) complexes
of thiocarboxylic acid [29-31], we report here the
synthesis, structural elucidation, and antimicrobial
activity of stannic(IV) complexes of piperidine-1-
thiocarboxylic acid (Fig. 1).

RESULTS AND DISCUSSION

The complexes obtained in this investigation are
solid. They are thermally stable, and their melting
points with other physical data are listed in Table 1.
The complexes are soluble in organic solvents. The
complexes are characterized on the basis of a num-
ber of spectral techniques.

Infrared Spectral Studies

Infrared spectral studies of complexes (I)-(VII) were
made to understand the nature of complexes in the
solid state. The type of bonding between thiocar-
boxylic acid and the tin atom was deduced using the
ve—n and ve_g vibrations.

It has been reported [14] that the observation
of a single vc—g absorption in the region around
1000 cm™! is indicative of dithiocarbamate groups
that are bonded symmetrically or bidentate in na-
ture. Splitting of this band around 1000 cm™' has
been reported for dithiocarbamate groups that act
as a monodentate ligand or are unsymmetrically
bonded [32-34]. As shown in Table 2, both di- and
tri-thiocarboxylate compounds exhibit single vc—g
vibrations between 971 and 979 cm™! and vc_y vi-
brations between 1422 and 1482 cm™!. The observed
vc—x vibrations lie between the range for C—N sin-
gle bonds (1250-1360 cm™!) and C=N double bonds
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(1640-1690 cm™!). This suggests that the C—N bonds
in the complexes have some partial double bond
character, which would result in some partial dou-
ble bond character, for the C—S bonds. This type
of bonding for the two C—S bonds can be achieved
through the bonding of the two sulfur atoms with the
tin atom. This interaction can be viewed as the co-
ordination of one normal Sn—S bond and one weak
Sn—S bond. The weak Sn—S bond is possible through
7 overlapping of the empty d-orbitals of the tin atom
and the p-orbitals of sulfur. De Vries and Herber [19]
have used the term “anisobidentate” to describe this
type of bonding for a series of triphenyltin dithio-
carbamates. This type of bonding would result in
observing two Sn—S bond distances in the com-
pound. In the present work, two different Sn—S bond
distances were identified in the crystal structure of
tricyclohexyltin N-n-butyldithiocarbamate [35]. One
(oiistance was 2.472 A, and the another was 3.239
A. Another example of this type of bonding can be
found in Ph;SnS,CN(CH,)s [18]. The crystal struc-
ture of this compound showed Sn—S bond lengths
of 2.481 and 2.919 A. Other examples are cited in a
review by Tiekink [36]. The data show that the ab-
sorption at about 412-452 cm™! for the complexes
(I-VII) is assigned to the Sn—S stretching mode of
vibration and Sn—C in the range 525-553 cm™! indi-
cates the formation of the complexes [37].

Mass Spectrometry

The conventional EI mass spectral data for the com-
plexes I-VII are recorded, and different fragments
obtained through various routes along with their ni/z
(%) are given in Table 3. In the mass spectral data,
most fragment ions occur in a group of peaks as a
result of tin isotopes. For simplicity, the mass spec-
tral fragmentation data reported here are related to
the principal isotope '*°Sn [38]. Molecular ion peak
of low intensity was observed for the organotin(IV)
derivatives. As the fragmentation pattern depends
on the structure of the compounds, therefore, the
base peak for organotin(IV) derivatives is derived
by adopting a different fragmentation pattern. Base
peak for complex I, I, V, and VI is due to fragment
[CcH (NS]* at m/z (%) 128(100).

NMR Spectral Studies

'"H NMR spectral data of the synthesized thiocar-
boxylic acid and reported compounds (I-VII) are
given in Table 4 along with their coupling values.
The signals are assigned by their peak multiplicity,
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TABLE 2 Assignments of Characteristic FT-IR Vibrations of 1-Piperidine Thiocarboxylic Acid and Their Organotin(IV)

Complexes
IR Peak (cm~ 7)

Compound VCH, VCN ve=s ve—s VSH VSn—C VSn—8§
HL 2862 m 1482 s 978 m 1045 m 2724 s - -

| 2870 m 1475 s 971 m 1072 m - 232s 420 m
Il 2852 m 1470 s 976 m 1065 m - 532 m 412 s
]l 2835 m 1462 s 974 m 1060 m - 525 m 429 w
v 2823 m 1453 s 977 m 1043 m - 252's 432 w
\" 2845 m 1445 s 979 m 1025 m - 540 m 441 m
Vi 2840 m 1422 s 973 m 1082 m - 545 w 449 m
Vil 2861 m 1432 s 974 m 1053 m - 553 m 452 w

Abbreviations: s = strong, m = medium, w = weak.

intensity pattern, integration, and the satellites. The
absence of the —SH proton resonance in the com-
plexes is proposed as the formation of organotin(IV)
dithiocarbamates by deprotonation. This informa-
tion agrees with what the IR data have revealed. All
the protons present in the synthesized compounds

(I-VII) have been identified at position and number
with the protons calculated from the incremental
method [39].

The 'H NMR spectra of the triphenyltin(TV)
complex contained absorption in two regions. One
region is assignable to the thiocarboxylate ligand

TABLE 3 Mass Spectral Data of Organotin(IV) Complexes of 1-Piperidine Thiocarboxylic Acid at 70 eV

m/z %
Fragment lon 1 n v v vi vii
§ 433 (15.2) - - - 309 (17.2) 393 (10.8)
i::?w —i'—s—ﬁnﬁt:‘ )
s - 324 (16.1) 450 (20.5) 510 (12.6) 387 (20.1) - -
Yoy —LI'—S—H|1J1:| '
—‘ : 128 (100) 128 (100) 128(89.6) 128(92.6) 128 (100) 128 (100) 128 (97.2)
g
B
_—l ; 83(130.2) 83 (25.2) 83 (100) 82 (100)  83(85.6)  83(77.9) 83 (100)
=5t
~‘ , 55(42.5)  55(10.2)  55(19.2)  55(80.2)  55(55.2)  55(42.9)  55(39.2)
L1
snl 120 (12.2)  120(8.9) 120 (12.5)  120(7.6) 120 (20.1) 120 (16.2) 120 (17.3)
—‘ 4 56 (30.5) 56 (42.5) 56 (30.2) 56 (60.2) 56 (19.6) 56 (31.2) 56 (46.3)
Ll
LT 77 (8.2) 77 (19.8)  77(20.6) 77 (183) 77 (11.3) 77 (8.6) 77 (6.9)
ReSnT - 164 (30.2) 290 (31.2) 347 (20.6) 324 (9.6) - -
RsSnT 271(50.2) 149 (25.6) 233 (19.6) 271(33.6) 216(26.3) 149 (26.6) 233 (18.9)
RSnT 195 (26.4) 134 (16.3) 176(12.3) 194 (17.8) 108 (7.6) 134 (15.6) 176 (16.3)

R = CH3, C4Hg, CsHs, and CGH12.
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TABLE 4 'H NMR Data? ¢ of 1-Piperidine Thiocarboxylic Acid and Their Organotin(IV) Complexes

Chemical Shift (ppm)
Proton HL ) /) 114 "4 Vi vii
b,b’ 3.82m 3.70m 3.80m 3.76 m 3.72m 3.65m 3.60m 3.58 m
c,c 1.36 m 1.32m 1.37m 1.31m 1.38 m 1.36 m 1.36 m 1.39m
d,d 1.72m 1.74m 1.77m 1.75m 1.73m 1.78 m 1.76 m 1.79m
e 1.12s - - - - - -

aCompound I: Sn—CgHs, 7.91d 2J[57.2], 7.50-7.58 m, 7.42-7.50 m. Compound ll: Sn—CH;, —0.01 2J[58.3]. Compound Il
Sn—CH,CH,CH,CHg, 0.56-0.90 m, 0.20t(7.0). Compound IV: Sn—CsHs, 6.69-6.92 m, 6.86—7.30 m. Compound V: Sn—CgH;o, 1.42—-1.58 m.
Compound VI: Sn—CHg, 0.39t [77.8]. Compound VII: Sn—CH,CH,CH,CHg, 0.64—1.1 m, 0.23t (7.2).

bChemical shifts () in ppm. 2J['°Sn,'H] and 3J('H, H) in hertz are listed in square brackets and parenthesis, respectively. Multiplicity is given

as: s =singlet, d =doublet, t= triplet, m = multiplet.
c

(1.12-3.82 ppm) and the other region to the triph-
enyltin moiety (6.69-6.92 ppm). Furthermore, the
phenyl proton regions consisted of two groups of
peaks. The ortho protons were observed at a lower
field (6.86-7.30 ppm) and those for the meta and
para protons at 6.69-6.92 ppm. These results are
in agreement with values reported by Domazetis et
al. [17] for a series of triphenyltin dithiocarbamate
compounds. In addition, these authors reported that
the difference in chemical shift resonances between
the ortho and the meta and para protons (0.30-
0.40 ppm) is an indication of anisobidentate bond-
ing in the compounds. The difference in these res-
onances in the present study was in the range of
0.23 and 0.44 ppm, indicating that the dithiocarba-
mate compounds are also anisobidentate in solution.
The 'H NMR spectra of the tricyclohexyltin(IV) com-
plex also contained absorption in two regions. The
resonance in the region of 1.78-3.65 ppm was as-
signed to the thiocarboxylate ligand, and those in
the range from 1.42 to 1.58 ppm was assigned to the
tricyclohexyltin group. 2J[!'?Sn, 'H] coupling values
for compounds I, II, and V are 57.2, 58.3, and 77.8
Hz, respectively, indicating the four-coordinated ge-
ometry in the solution state [40]. Table 5 lists the
chemical shifts of *C and tin-carbon coupling con-
stants for the reported complexes (I-VII). The 3C
NMR chemical shifts owing to the phenyl and cyclo-
hexyl groups are observed at positions comparable
to other similar compounds [40,41]. The *C NMR
chemical shift owing to —CS, carbon atom in the
complexes was observed in the range from 195.9 to
195.1 ppm. Coordination of the tin atom in di- and
triorganotin has been related to "J(***Sn-3C) cou-
pling constants. The "J (1'°Sn-'3C) coupling for com-
plexes VI and VII is 378.6 and 578.6 Hz, respectively,
which is indicative of four-coordinated geometry

[41] in the solution state. These values are quite sim-
ilar to the 'J(**Sn-13C) coupling constant (335 Hz)
for the four-coordinated tricyclohexyltin-2-[(E)-2-(2-
hydroxy-5-methylphenyl)diazenyl]benzoate [42].

In order to gain further information about the
possible coordination geometries in the solution,
a close examination of 'J[''“Sn-'*C] and 2J['"°Sn-
'H] coupling constants was undertaken, as struc-
tural details, such as the determination of C—Sn—C
bond angles, can be enumerated by use of the lit-
erature methods [43,44]. Data are summarized in
Table 6. As indicated by Nadvornik and coworkers
[44,45], 'J['?Sn-13C] coupling constant is, instead,

TABLE 5 '3C NMR Data? of 1-Piperdidine Carbodithioic
Acids and Their Organotin(lV) Complexes

Chemical Shift (ppm)
Carbon HL I n m 1 4 vi i
a 211.0 195.2 195.8 195.7 195.5 195.9 195.4 1951
b,b’ 52.4 52.8 525 52.6 522 521 529 523

c,c/ 257 254 252 258 253 259 256 255
d,d’ 240 244 241 247 245 248 243 246

aCompound I: Sn—Cg¢Hs, (C—a) 143.1, (C—-p) 136.3 2J[46.2], (C—y)
128.2 3J[65.9], (C—5) 129.6 “J[14.6]. Compound II: Sn—CHj, (C—a)
—2.0 'J[395.6]. Compound HlI: Sn—CH,CH,CH,CHj;, (C—) 20.9
1J[558.3], (C—p) 28.6 2J[33.9], (C—y) 27.6 3J[86.4], (C—5) 14.0. Com-
pound IV: Sn—CgHs, (C—a) 142.1 1J[638.1], (C—p) 136.02J[47.8], (C—
y) 135.9, (C-8) 129.2. Compound V: Sn—C¢Ho, (C—a) 27.3, (C-p)
32.6, (C—y) 30.8, (C—58) 27.6. Compound VI: Sn—CH,, 2.2 'J[378.6].
Compound VII: Sn—CH,CH,CH,CHj, (C—«) 22.6 'J[578.6], (C—p)
28.7 2J[34.29], (C—y) 27.6 3J[87.2], (C-5) 14.2

bChemical shifts (§) in ppm. "J['°Sn,"®C] in hertz are listed in
parenthesis.

Heteroatom Chemistry DOl 10.1002/hc



TABLE 6 C-Sn—-C Angles Calculated from NMR

1yMesn-13¢y C—Sn—C Angles (°)

Compound (Hz) Calculated
Vi 378.6 109.9
Vil 578.6 127.5

quite amenable for making predictions about the ge-
ometry around the tin atom. For the diorganotin(IV)
species, for which earlier results indicate five coor-
dination geometries, the calculated C-Sn-C angles
are consistent with the skew-trapezoidal bipyrami-
dal geometries, with the lower apparent coordina-
tion number arising from the asymmetric coordina-
tion mode of the thiocarboxylate ligand.

X-ray Analysis

The atomic structure of piperidine-1-thiocarboxylic
acid (HL) as an ion pair is given in Fig. 2. It crys-
tallizes in monoclinic system with P2, space group.
The structure shows that pairs are formed between
piperidine dithiolate and piperidine in such a way
that nitrogen atom of piperidine is directed toward
the sulfur atoms of piperidine dithiolate. The OR-
TEP diagram reveals that four pairs are formed
with almost equal C—S bond distances in the range
172.3(19)-171.1(2) A and C—N bond distances in the
range 147.3(3)-134.2(2) A. Similarly, the angle be-

Synthesis of Stannic(IV) Complexes 669

TABLE 7 Crystal Data and Structure Refinement Parame-

ters for Compound (HL)

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions
a(A)

(A)
(A)
°)
()

c

o

B

14

Vv (A3)

V4

Dc(g cm=3)

Crystal size (mm)

F (000)

Total reflections

Independent reflections

Rindices (all data)

Final Rindices [/ > 20(/)]

Goodness-of-fit

Theta range for data
collection (°)

Data/restraints/parameters

C11H22N2 S,
246
Monoclinic
P24

12.346 (2)
15.369 (2)
14.258 (2)
90.00
93.01 (1)
90.00
2702.02 (7)
8
1.212
0.4 x 0.3x0.2
1072
10919
10049
Ry = 0.0361, wR, = 0.0739
Ry = 0.0308, wR, = 0.0712
1.060
1.0-23.5

10919/9/574

tween different bonds is almost equal. The crystal
data and selected bond lengths and bond angles are
given in Tables 7 and 8, respectively.

The structure of compound IV is shown in Fig.
3, whereas the crystal data and selected bond lengths

FIGURE 2 ORTEP drawing of ligand (HL) as ion pair with atomic numbering scheme.

Heteroatom Chemistry DOl 10.1002/hc
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TABLE 8 Selected Bond Lengths (A) and Angles (°) of Com-
pound (HL)

Bond Lengths (A)
s(1)-c() 172.3 (19)
S(2)-C(1) 171.1 (19)
S(3)-C(7) 1711 (2)
S(4)-C(7) 171.3 (2)
S(5)-C(13) 172.3 (19)
S(6)-C(13) 170.8 (19)
S(7)-C(19) 172.1 (19)
S(8)-C(19) 1711 (2)
N(1)-C(1) 134.0 (2)
N(1)-C(2) 146.6 (2)
N(1)-C(6) 146.6 (2)
N(2)-C(7) 134.2 (2)
N(2)-C(8) 147.0 (3)
N(2)-C(12) 147.3 (3)
N(3)-C(13) 134.0 (2)
N(3)-C(18) 145.9 (3)
N(4)-C(19) 134.3 (2)
Bond Angles (°)
C(2)-N(1)-C(6) 111.8 (15)
C(7)-N(2)-C(8) 123.9 (19)
S(3)-C(7)-S(4) 119.4 (11)
N(4)-C(19)-S(8) 120.4 (15)

and bond angles are given in Tables 9 and 10. The
crystal structure shows that the tin atom is coor-
dinated to two sulfur atoms of the ligand and three
carbon atoms of the phenyl groups. The Sn—S bonds
(Sn(1)-S(1) 2.47(4)A and Sn(1)-S(2) 2.90(4)A) lies
closely to the analogues complex Ph;SnS,CN(CH,)s
[18]. Thus, shorter bond length is closed to the sum
of the covalent radii of tin and sulfur (2.42 A) but
longer Sn—S bond length is much smaller than the
van der Waals radii (4.0 A) [46]. In this way, the
ligand behaves as a bidentate ligand or more cor-
rectly as anisobidentate ligand and chelates the tin

e i f
cis1 Cle)

FIGURE 3 ORTEP drawing of compound IV with atomic
numbering scheme.

TABLE 9 Crystal Data and Structure Refinement Parame-
ters for Compound (IV)

Empirical formula CoqHosNS-Sn
Formula weight 510.26
Crystal system Monoclinic
Space group P24/n
Unit cell dimensions

a(A) 9.984 (2)

b (A) 15.878 (3)
c(A) 14541 (2)
a (%) 90.00

B (°) 102.412 (1)
v (%) 90.00
V(A3) 2251.49 (7)
V4 2

D¢ (g cm—3) 1.505
Crystal size (mm) 0.4 x 0.25 x 0.2
F (000) 1032
Total reflections 5150
Independent reflections 4840

R indices (all data)
Final Rindices [/ > 20(/)]

Ry = 0.0203, wR, = 0.0431
Ry = 0.0134, wR, = 0.0422

Goodness-of-fit 1.085

Theta range for data 1.0-27.5
collection (°)

Data/restraints/parameters 5150/0/254

atom by means of sulfur atoms giving cis-trigonal
bipyramid geometry around the tin atom similar
to Ph;SnS,CN(C,Hs)(C;H;) [47]. The cis-trigonal
bipyramid environment around tin is defined with

TABLE 10 Selected Bond Lengths (A) and Angles (°) of
Compound (IV)

Bond Lengths (A)
Sn(1)-C(13) 213 (14)
Sn(1)-C(7) 2.14 (15)
Sn(1)-C(19) 217 (14)
Sn(1)-S(1) 2.47 (4)
Sn(1)-S(2) 2.90 (4)
S(1)-c(1) 1.75 (16)
S(2)-C(1) 1,69 (17)
Bond Angles (°)
C(13)-Sn(1)-C(7) 120.17 (6)
C(13)-Sn(1)-C(19) 103.87 (6)
C(7)-Sn(1)-C(19) 101.60 (6)
C(13)-8n(1)-S(1) 111.42 (5
C(7)-sn(1)-s(1) 121.19 (4)
C(19)-8n(1)-5(1) 91.14 (4)
C(13)-Sn(1)-S(2) 88.89 (4)
C(19)-Sn(1)-S(2) 156.63 (4)
S(1)=Sn(1)=S(2) 65.79 (13)
C(1)-S(1)=Sn(1) 94.69 (5)
C(1)-S(2)-Sn(1) 81.95 (5)
C(12)-C(7)-Sn(1) 117.93 (11)
C(8)-C(7)-Sn(1) 124.64 (12)
C(14)-C(13)-Sn(1) 121.81 (12)
C(18)-C(13)-Sn(1) 119.57 (12)
C(24)-C(19)-Sn(1) 119.59 (11)
C(20)-C(19)-Sn(1) 122.35 (11)

Heteroatom Chemistry DOl 10.1002/hc



TABLE 11
Organotin(lV) Complexes

Synthesis of Stannic(IV) Complexes 671

Antibacterial Activity¢ (Diameter of Inhibition Zone After 20 h) of 1-Piperidine Thiocarboxylic Acid and Their

Inhibition Zone Diameter (mm)

Bacterium (ATCC No.) HL ) n mn v 4 Vi vii Reference Drug
Escherichia coli 15 20 - 16 - 12 24 - -
Bacillus subtilis (11774) 15 40 24 40 25 49 40 22 22
Shigella flexenari (700390) 15 24 30 17 26 16 40 30 30
Stephlococcus aureus (25923) 20 20 20 16 12 17 21 22 22
Pseudomonas aeruginosa (10145) 20 22 15 38 24 22 12 30 30
Salmonella typhi (10749) 20 25 21 20 17 20 23 30 30

2ln vitro, agar well diffusion method, conc. 3 mg/mL of DMSO.
bReference drug, imipenum.

Clinical implication: Escherichia coli, infection of wounds, urinary tract and dysentery; Bacillus subtilis, food poisoning; Shigella flexenari,
blood diarrhea with fever and severe prostration; Staphlococcus aureus, food poisoning, scaled skin syndrome, endrocarditis; Pseudomonas
aeruginosa, infection of wounds, eyes, septicemia; Salmonella typhi; typhoid fever, localized infection.

C(19) and S(2) at the apical position and S(1), C(13)
and C(7) at the equatorial position. The sum of
the equatorial angle, C(13)-Sn(1)-S(1) 111.42(5)°,
C(7)-Sn(1)-C(13) 120.17(4)°, and C(7)-Sn(1)-S(1)
121.19(4)°, is 352.8° instead of the ideal 360° thus
bipyramid is distorted. Being a part of chelate, the
angle S(1)-Sn(1)-S(2) is not 90° but only 65.79(13)°,
so the S(2) cannot occupy exactly the corresponding
trans apical position of C(19) and the angle between
the apical groups is 156.63(4)°, closely related to the
value (156.50(6)°) found in Ph;SnS,CN(C,Hs)(C;H;)
[47]. The Sn—C bond length, Sn(1)-C(7) 2.14(15)
A, is very similar to equatorial ones, Sn(1)-C(13)
2.139(14) A, Sn(1)-C(7) 2.14(14) A and is very close
to the Sn—C distances in Ph;SnS,CN(CH;)(C,H,)
[48]. Finally, the S—C bond lengths are characteris-
tic of the dithiocarbamate group, as these distances
are both intermediate between the values expected
for single and double bonds [49].

Biological Activity

Antibacterial Activity. The synthesized com-
plexes and free ligand are screened for antibacterial
activity by the agar well-diffusion method [50], and
the zone of inhibition is measured in millimeters.
The antibacterial activity data are reported in Table
11. The complexes show high-antibacterial activity
as compared to the free ligand. Some complexes also
show high-antibacterial activity than the reference
drug.

Antifungal Activity. The percent inhibition of
the free ligand and their organotin(IV) complexes is
reported in Table 12. Miconazole and amphotericin
B were used as standard drugs. When the reported
complexes (I-VII) were screened against different
plant pathogens using the tube diffusion method
[50], it was observed that the complexes show high-
antifungal activity than the free ligands. It may be

TABLE 12 Antifungal Activity?—¢ (% Inhibition) of 1-Piperidine Thiocarboxylic Acid and Their Organotin(IV) Complexes

Inhibition (%)

MiC
Fungus (ATCC No.) HL I n m v "4 vi vi (ng/mL)
Trichophyton longifusus (22397) 20 40 52 30 0 40 0 80 70.0
Candida albicans (2192) 10 20 30 40 0 50 70 60 110.8
Aspergillus flavis (1030) 0 10 20 0 40 55 70 60 20.0
Microsporum canis (9865) 20 60 0 50 55 60 80 0 98.4
Fusarium solani (11712) 28 0 30 70 0 40 60 90 73.2
Candida glaberata 30 0 70 60 40 80 60 95 110.8

2Concentration: 100 ug/mL of DMSO.
5MIC: Minimum inhibitory concentration.
°Percent inhibition (standard drug) = 100.
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TABLE 13 Brine Shrimp (Artemia salina) Lethality Bioassay of 1-Piperidine Carbodithioic Acid and Their Organotin(IV)

Complexes

Comp. Dose (ug/mL)  Number of Shrimps ~ Number of Survivors  LDsg (wg/mL)  Standard Drug  LDsq (ng/mL)

HL 100 30 30 - Etoposide 7.46
10 30 30
1 30 30

| 100 30 30 - Etoposide 7.46
10 30 30
1 30 30

1l 100 30 30 - Etoposide 7.46
10 30 30
1 30 30

]l 100 30 24 - Etoposide 7.46
10 30 30
1 30 30

v 100 30 0 1.12 Etoposide 7.46
10 30 3
1 30 16

Vv 100 30 0 3.72 Etoposide 7.46
10 30 1
1 30 30

Vi 100 30 17 - Etoposide 7.46
10 30 30
1 30 30

Vil 100 30 20 - Etoposide 7.46
10 30 30
1 30 30

concluded that metal coordination increases the ac-
tivity as compared to free ligand.

Cytotoxicity. LDs, data have been determined
for 1-piperidine carbodithioic acid and their organ-
otin(IV) complexes (I-VII) by the brine shrimp
bioassay method [51], and the results are summa-
rized in Table 13. Highest toxicity was shown by
compound V with LDs, value 3.78 ug/mL and mini-
mum by compound IV, whereas the rest of the com-
pounds do not show any cytotoxicity. Etoposide was
used as a standard drug with LDs, value 7.46 ug/mL.

EXPERIMENTAL
Reagents

All the glass apparatus with standard quick fit
joints were used throughout the work after clean-
ing and drying at 120°C. Carbon disulfide was pur-
chased from Aldrich Chemical Company (USA) and
was used as such. Piperidine was obtained from
Merck Chemicals (Germany). Organotin(IV) chlo-
rides were purchased from Aldrich Chemical Com-
pany (USA). Toluene, acetone, dichloromethane, di-
ethyl ether, methanol, and chloroform were obtained
from Merck Chemicals (Germany). All the solvents
were purified and dried by the reported methods
[52].

Spectroscopic Measurements

Elemental analysis was carried with a Perkin—Elmer
2400 series II instrument. Infrared spectra were
recorded as KBr/CSI pellets or thin film on a Bio-
Rad Elmer 16 FPC FT-IR instrument in the range
4000400 cm™!'. Mass spectra were recorded on a
MAT 8500 Finngin (Germany). The 'H and *C NMR
spectra were recorded on a Bruker AM-300 MHz us-
ing CDCI; as an internal reference.

Crystallography

X-ray single crystal analyses were made on Nonius
Kappa CCD diffractometer with graphite monochro-
mated Mo K, radiation. The figures were plot-
ted with the aid of ORTEPII [53]. The comput-
ing data collection was done by COLLECT [54],
and computing cell refinement and data reduction
were done by SCALEPACK [55] and DENZO [56]
and SCALEPACK and SORTAV [55] method, respec-
tively. The experimental absorption correction type
was multiscan [55].

Procedure for the Synthesis of PipDTC (HL)

The stoichiometric amount of carbon disulfide was
added dropwise to a solution of piperidine in
methanol (100 cm?) in a round bottom two-necked
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5
i) Dry MeOH I
/=T, s, i 4h Stirring N—C—SH
©iii) Room temperature
S ]
< o . i) Dry toluene S N . . )
2R—C—5SH + RySnCh + 2ELN — R—C—54—58nR, + 2ELNHCI
i) 4 h reflux 2
.l i) Dry toluene |
R—C—SH + R,SnCl + Et;N = R—C—5—Sn—R; + Ei;NHCI
’ ii) 4 h reflux ’
where
’_ N—
R oy
R.= Phs(1) Mea (VD) Bua(VII)
R;= Mes(Il) Bus (1) Phs(IV) Cys(V)

SCHEME 1

flask, and the mixture was stirred at room tem-
perature for 1 h. The solid product obtained was
washed with diethyl ether and air-dried. Recrystal-
lization (chloroform) of the solid gave piperidine-1-
thiocarboxylic acid as white solid.

General Procedure for the Synthesis
of the Complexes

Synthesized piperidine-1-thiocarboxylic acid (1
mmol) was suspended in dry toluene (100 cm?®) and
was treated with triethylamine in a round bottom
two-necked flask equipped with water condenser.
The mixture was refluxed for 2-3 h. To a solution of
triethyl ammonium salt of the ligand in dry toluene,
diorganotin dichloride (2 mmol)/triorganotin chlo-
ride (1 mmol) was added as solid to a reaction flask
with constant stirring and reaction mixture was re-
fluxed for 4 h. After cooling the reaction mixture to
room temperature, Et;NHCI was filtered off and the
solvent was evaporated by rotary apparatus under
reduced pressure. Solid product was obtained. Re-
crystallization (chloroform) of the solid gave thio-
carboxylates as white solid. The synthetic sequence
for the preparation of the ligand and our target com-
pounds is given in Scheme 1.

CONCLUSIONS

Di- and triorganotin(IV) complexes of piperidine-1-
thicarboxylic acid have been synthesized and char-
acterized. Detailed studies of the reported com-
plexes indicate that triorganotin compounds exhibit
the trigonal bipyramidal geometry whereas hexa-

Heteroatom Chemistry DOl 10.1002/hc

coordinated geometry was exhibited by diorgan-
otin compounds in solid state. These complexes
show four-coordinated geometry in the solution
state. These complexes were also checked for their
antimicrobial activity, and screening results show
that reported compounds (I-VII) exhibit high-
antimicrobial activity as compared to free ligand
(piperidine-1-thiocarboxylic acid).

Supplementary Material

Crystallographic data for the structural analy-
sis have been deposited with the Cambridge
Crystallographic Data Centre, CCDC nos. 296361
and 280266 for (HL) and complex IV, respec-
tively. Copies of these information may be ob-
tained free of charge from the Director, CCDC,
12 Union Road, Cambridge, CBZ 1EZ, UK (Fax:
+44-1223-336033; email:deposit@ccdc.cam.ac.uk or
www:http://www.ccdc.cam.ac.uk).
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