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Abstract
Six novel triorganotin(IV) 2-maleimidopropanoato complexes: R3SnOCOCH3(CH)(COCH)2, (R: Me(1), Et(2), n-Pr(3), n-
Bu(4), Ph(5), Bz(6) have been synthesized. Their solid-state configuration has been determined by FT IR and 119mSn
Mössbauer spectroscopy. The tin(IV) atom is five-coordinated in all the complexes with 2-maleimidopropanoic acid behaving
as a monoanionic bidentate ligand coordinating the tin(IV) atom through a chelating or bridging carboxylate group. The
solution-state configuration has been elucidated by means of 1H-, 13C- and 119Sn-NMR spectroscopy which assigned a
tetrahedron. Elemental analysis and FAB MS data also supported a 1:1 metal to ligand stoichiometry. The title complexes
have been screened in vitro for anti-tumour, anti-fungal, anti-leishmanial and urease inhibition activities and displayed
promising results.
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Introduction

Metal complexes generally and organotin(IV) com-

pounds especially constitute an important class of

compounds which find a number of daily life

biomedical and commercial applications like wood

preservatives, anti-fouling paints, agricultural fungi-

cides etc. [1–4]. During the past few decades,

pharmaceutical properties of organotin(IV) carbox-

ylates have been investigated for their anti-tumour

activity [5–9]. Generally, the toxicity of organotin(IV)

complexes is influenced by the structure of the ligand

and its ability to coordinate and the order of toxicity is

R3SnR0 . R2SnR0
2 . RSnR0

3 [10]. Organotin(IV)

carboxylates containing biologically active ligands like

amino acids and their derivatives have found

considerable attention due to significant bioactivity

[11–19]. Recently, we have reported organotin(IV)

complexes of different N-protected amino acids, but

triorganotin(IV) esters of 2-maleimidopropanoic acid

have not yet been reported and deserve detailed

investigation [19–23]. We are of the view that it was of

interest to synthesize, characterize and assess the

in vitro bio-potential and structure-activity-

relationship of such complexes.

Experimental

Materials

2-Aminopropanoic acid, maleic anhydride, triethyla-

mine, trimethyltin(IV) chloride, triethyltin(IV) chlor-

ide, tripropyltin(IV) chloride, tributyltin(IV) chloride

and triphenyltin(IV) chloride were Sigma or Fluka

products of analytical purity and used as such, while

tribenzyltin(IV) chloride was prepared according to a

reported procedure [24]. Solvents used during this

work were dried as reported [25]. Jack bean and

Bacillus pasteurii urease were obtained from Sigma–

Aldrich.

Instrumentation

Elemental analyses (C, H, N) were performed on a

Yanaco high-speed CHN analyzer; antipyrene was

used as a reference, while the tin content was
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estimated according to reported procedures [26].

Uncorrected melting point was taken on a Reichert

Thermovar (F. G. Bode Co., Austria).

The FT IR spectra of the pure solid samples were

recorded on a Bruker FT IR spectrophotometer

TENSOR27 (ZnSe) using OPUS software covering

5000–400 cm21.

For Mössbauer measurements, the solid samples

were maintained by liquid nitrogen at a temperature of

77.38K, using a V. G. Micromass 7070 F Cryolid

liquid nitrogen cryostat. The multichannel calibration

was performed with an enriched iron foil using 57Co–

Pd source, while the zero point of the Doppler velocity

scale was determined through the absorption spectra

of CaSnO3 (119Sn ¼ 0.5 mg cm22). The resulting

5 £ 105 -count spectra were refined to obtain the

isomeric shift, IS (mm s21), the nuclear quadrupole

splitting QS, r (mm s21) and the width at half-height

of the resonant peaks, G (mm s21).
1H- and 13C NMR spectra (CDCl3) were recorded

on a multinuclear Bruker Biospin AMX 300 MHz, FT

NMR spectrometer using 300 and 75 MHz, respect-

ively, at room temperature employing TMS as internal

reference. 119Sn NMR spectra in CDCl3 were

recorded at 186.50 MHz on a Bruker AMX 500

spectrophotometer using external neat SnMe4

(d 119Sn ¼ 0 ppm). EI mass spectra were recorded

using a model MAT 112, Double-Focusing Mass

Spectrometer (Finnigan).

Methods

Synthesis of 2-maleimidopropanoic acid. Maleic

anhydride (10 g, 101.9782 mmoles) was dissolved

in acetic acid (150 mL) and a cold solution of

2-aminopropanoic acid (9.0852 g, 101.9782 mmoles)

in acetic acid (150 mL) added. The mixture was stirred

at room temperature for 3 h resulting in a white

precipitate which was washed thrice with cold water

and recrystallized from water to get maleamic acid

of analytical purity. Maleamic acid (5 g, 26.7165

mmoles) was suspended in dry toluene (350 mL),

triethylamine (7.4806 mL, 53.433 mmoles) added and

the suspension refluxed with rigorous stirring for 1.5 h

with the concomitant removal of water using a Dean-

Stark separator. The solvent was removed on a rotary

evaporator (Büchi) leaving a hygroscopic solid; HCl

was added up to pH 2 and the residue was extracted

with ethyl acetate and the extract dried over anhydrous

MgSO4 and evaporated. The solid mass left was

recrystallized from hexane (see Scheme I).

Synthesis of organotin(IV) complexes of 2-maleimido-

propanoic acid. A solution of the triethylammonium salt

of 2-maleimidopropanoic acid (0.5 g, 2.9563 mmoles)

in dry toluene (75 mL) was prepared and the

appropriate amount of triorganotin(IV) chloride

(2.9563 mmoles) was added. The mixture was heated

to reflux for 4.5 h which resulted in turbidity due to the

formation of triethylammonium hydrochloride, which

was filtered off and the filtrate was evaporated on a

rotary evaporator. The solid mass was dissolved in a

mixture of C6H6and C6H14 (1:1) and the compound

was recrystallized from CH2Cl2 (Scheme I).

Partition coefficient, in vitro anti-tumour, anti-leishmanial

and anti-fungal activity. Partition coefficient

measurement; and the protocol for in vitro anti-

tumour, anti-leishmanial and anti-fungal activity is

described elsewhere [20–23].

Urease assay and inhibition. A reaction mixture

containing 10 ul/mL of 20 mg/mL and 2.5 mg/mL,

respectively, of Jack bean and Bacillus pasteuri ureases

(Sigma, catalog numbers U1500 and U7127,

respectively) and 10mL of 0.01, 0.02, 0.05 and

0.1 mM of test compound (1–7) were incubated at

308C for 15 min in 96-well plates and then 55mL of

buffers containing 100 mM urea were incubated for

15 min. Then, final urease activity was determined by

measuring ammonia production using the indophenol

method as described by Weatherburn [27]. Briefly,

45mL each of phenol reagent (1% w/v phenol and

0.005% w/v sodium nitroprusside) and 70mL of alkali

reagent (0.5% w/v NaOH and 0.1% active chloride

NaOCl) were added to each well. The increasing

absorbance at 630 nm was measured after 50 min, using

a microplate reader (Molecular Device, USA). All the

reactions were performed in triplicate in a final volume

200mL. The results were processed using SoftMax Pro

software (Molecular Device, USA). All the assays were

performed at pH 8.2 (0.01 M K2HPO43H2O, 1 mM

EDTA and 0.01 M LiCl). Percentage inhibitions were

calculated from the formula 100 2 [(ODtestwell/

ODcontrol) £ 100]. Thiourea was used as the standard

inhibitor of urease.

Scheme 1. Synthesis of organotin (IV) esters.
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Results and discussion

The complexes and the ligand were synthesized by the

general procedure depicted in Scheme I. Analytical

data for the complexes showed metal/ligand 1:1

stoichiometry. All the compounds were quite stable,

obtained in good yield (77–88%) and were soluble in

most organic solvents. Elemental analysis data found

were in good agreement with calculated data. The

physical and analytical data for the investigated

compounds are reported in Table I.

Solid state FT IR and 119mSn Mössbauer spectroscopic

results

Diagnostically important vibrational bands like

n(COO)asym, n(COO)sym, n(SnZC) and n(SnZO)

were assigned in the spectral range 1700–400 cm21

and are presented in Table II for 1–7. The

complexation of the tin(IV) with the ligand was

confirmed by the presence of SnZO and SnZC bands

in the range of 426–451 cm21 and 521–540 cm21

respectively. In the IR spectra of 7, a broad band at

3200–2800 cm21 for ZCOOH was observed which

was absent in the spectra of 1–6. Based on the

difference, Dn between n(COO)sym and n(COO)asym

and the corresponding band position, it is proposed

that the carboxylate group acted as a bidentate in all

these complexes [28]. It is reported in the literature

that Dn values . 200 and ,350 cm21 reflected the

bidentate coordination in chain structures formed by

bridging carboxylate groups for 1–6 (Figure 1a)

[19,21]. Moreover, a characteristic sharp peak at

450 cm21 was seen in the spectrum of 5 which also

confirmed the SnZPh linkage (Table II) [29].119mSn

Mössbauer parameters (QS, IS, G1 and G2) are also

Table I. Physical and analytical data for complexes 1–6 and the ligand 7.

Mol. M.P. Yield
Elemental analysis calculated (found)

Cpd. formula (8C) (%) %C %H %N %Sn

(1) C10H15NO4Sn 95 81 36.18(36.02) 4.55(4.32) 4.22(4.10) 35.76(35.48)

(2) C13H21NO4Sn 82 77 41.75(41.38) 5.66(5.43) 3.76(3.65) 31.74(31.53)

(3) C16H27NO4Sn Gel 83 46.18(46.05) 6.54(6.31) 3.37(3.22) 28.53(28.29)

(4) C19H33NO4Sn 133 86 49.81(49.57) 7.26(7.09) 3.06(2.95) 25.91(25.75)

(5) C25H21NO4Sn 178 88 57.95(57.76) 4.09(4.01) 2.70(2.49) 22.91(22.85)

(6) C28H27NO4Sn 145 88 60.03(59.87) 4.86(4.66) 2.50(2.32) 21.19(21.04)

(7) C7H7NO4 118 84 49.71(49.67) 4.17(4.15) 8.28(8.25) –

Table II. FT IR data for complexes 1–6 and ligand 7 (cm21).

Comp. n(COO)asym n(COO)sym Dn n(SnZC) n(OZSn)

(1) 1590 1387 203 521 461

(2) 1596 1372 224 526 414

(3) 1580 1371 209 531 445

(4) 1574 1365 209 522 437

(5) 1588 1369 219 540 432

(6) 1574 1370 204 525 426

(7) 1695 1357 338 – –

Figure 1. (a) Polymeric geometry, (b) tetrahedral geometry, (c) trigonal bipyrmidal geometry and numbering scheme for NMR.

New biologically active triorganotin(IV) complexes 345
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helpful in the determination of the solid-state

configuration of organotin(IV) carboxylates [15–18].
119mSn Mössbauer spectra of 1–5 showed quadrupole

splitting (QS) value . 3.50 mms21; literature reveals

that triorganotin(IV) esters having QS value . 3

mms21 have a five coordinate chain structure formed

by bridging carboxylate groups (Table III, Figure 1a)

[30]. On the other hand, 6 displayed QS values

3.04 mms21, which recommended trigonal bipyrami-

dal geometry (Figure 1b) [31]. On the basis of FT IR

and Mössbauer spectra, it was concluded that 1–5

were bridged polymers, while 6 displayed cis-trigonal

bipyramidal geometry in the solid phase.

Solution state 1H- 13C- and 119Sn-NMR spectroscopic

results

The 1H NMR parameters of the organotin(IV)

derivatives of 2-maleimidopropanoic acid are shown

in Table IV. The integrated intensities of the spectra

clearly indicated a 1:1 metal-to-ligand stoichiometry

in solution, in agreement with the analytical data on

the solids. Tin satellites were observed from which the

coupling constants to tin can be obtained. Lockhart’s

equations (Equations (1) and (2)) using 1J[119Sn-13C]

and 2J[119Sn-1H] values respectively were successfully

applied to 1–4 for the determination of the CZSnZC

angle, u [32] (Tables IV and V).

u ¼ 0:0161j
2
Jð119Sn;1 HÞj

2

2 1:32j
2
Jð119Sn;1 HÞj þ 133:4

ð1Þ

j
1
Jð119Sn;13 CÞj ¼ 11:4ðuÞ2 875 ð2Þ

uCZSnZC derived from Equations (1) and (2), for

1–4 had values of 1108, 1088, 1128, 1118 and 1118,

1088, 1118, 1088 respectively which confirmed that the

hyper-coordination to Sn(IV) was lost in solution

[33]. Moreover, 1J[119Sn-13C] provided a trend
1J . .2J , 3J, which also indicated a tetrahedral

environment of Sn(IV) [34]. These results clearly

recommended a tetrahedral geometry for 1–4 [35].
119Sn NMR chemical shifts of 1–4 were typical of

four-coordinated Sn(IV) complex; while for 5 and 6

peaks at 94.63 and 2104.55 ppm indicated penta-

coordination of Sn(IV). These results clearly indicated

a tetrahedron for 1–4 and trigonal bipyramid for 5 and

6 in solution [21].

MS Spectrometry

FAB-MS substantiated the 1:1 metal-to-ligand stoi-

chiometry and structural hypothesis based upon the

aforementioned spectral analyses. The title complexes

Table IV. 1H NMR data of 1–7 with 2J(119Sn-1H) in parenthesis.

Proton 1 2 3 4 5 6 7

2 4.85q 4.91q 4.69q 4.77q 4.75q 4.71q 4.82q

3 1.72d 1.77d 1.68d 1.63d 1.60d 1.87d 1.78d

5 6.91s 6.87s 6.61s 6.92s 6.78s 6.99s 6.97s

6 0.14s(56) 0.95q(52) 0.74t(60) 0.85t(58) – 2.76s(33) –

7 – 0.76t 1.321m 1.61m 7.03m – –

8 – – 1.13t 1.33m 7.00m 7.13m –

9 – – – 0.89t 6.93m 7.31m –

10 – – – – – 7.40m –

Table V. 13C NMR data of 1–7 with 1J(119Sn-13C) in parenthesis.

Carbon 1 2 3 4 5 6 7

1 179.87 171.45 175.69 180.36 165.87 171.23 170.34

2 54.21 53.69 55.02 54.33 53.44 53.67 53.55

3 17.11 18.27 18.45 17.02 16.89 17.33 17.42

4 169.88 165.22 163.34 167.41 168.47 168.24 167.31

5 135.62 138.41 137.20 139.79 136.97 137.11 137.25

6 22.13(393) 4.5(371) 20.43(403) 16.74(366) 140(687) 20.35(638) –

7 – 12.34(44) 17.04(13) 27.4(18) 136(63) 139.5(16) –

8 – – 19.25(67) 27.95(60) 128.3(85) 123.6(28) –

9 – – – 11.47 126.7(07) 131.4(40) –

10 – – – – – 119.7 –
119Sn 136.14 117.3 104.46 113.67 294.63 2104.55

Table III. 119mSn Mössbauer spectral data for complexes 1–6

(mm s21).

Compound QS IS G1 G2 r ¼ QS/IS

(1) 3.57 1.31 0.91 0.89 2.72

(2) 3.56 1.29 0.82 0.80 2.69

(3) 3.52 1.41 0.84 0.78 2.50

(4) 3.60 1.36 0.97 0.92 2.64

(5) 3.67 1.29 0.99 0.73 2.84

(6) 3.04 1.48 0.96 0.87 2.05
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followed a fragmentation pattern as earlier reported

[19,23]. The base peak for 1, 4 and 5 was due to the

[LSnR2]þ fragment at m/z 317, 401, 441, respectively;

while in 2, 3 and 6 the [LBSnR]þ fragment was at m/z

318, 330 and 378 [36].

Bioactivity

Compounds 1–7 were tested in vitro for their

bioavailability, against seven human tumoural cell

lines, five human pathogenic fungi and the urease

enzyme. Table VI lists the concentration that inhibits

50% of the cell growth (ID50) for 2-maleimidopropa-

noic acid (7) and its tin(IV) complexes (1–7) against

A498 renal cancer, EVSA-T mammary cancer, H226

lung cancer, IGROV ovarian cancer, M19 melanoma,

MCF-7 mammary cancer and WiDr colon cancer of

human tumour origin along with the corresponding

ID50 values for the clinically used drugs doxorubicin,

cisplatin, 5-fluorouracil, methotrexate and etopside

for comparison. All the complexes displayed signifi-

cant activities in comparison to the ligand and the

reference drugs, however, 5 and 6 were found to be the

most potent.

Table VII represents concentrations of compounds

1–6 inducing 50% (IC50) and 100% (IC100) mortality

for five leishmanial strains. It is quite evident from the

data obtained that the complexes displayed significant

activities in comparison to the ligand.

Promising results were observed during in vitro anti-

fungal screening. The complexes 1–6 were more

effective than the ligand 7. The order of in vitro anti-

fungal effectiveness is 6 . 5 . 4 . 3 . 2 . 1 . .7.

The effect of dose over percent inhibition was plotted

and from that graph we have determined the

Optimum Dose by extrapolating the value up to the

extent that a further increase in dose does not effect

the inhibition (Table VIII). The results show a similar

trend as their toxicity leading to the conclusion

concludes that the higher the toxicity of a compound

the lower is the optimum dose.

Table IX shows the inhibitory of 1–7 on urease. It

was observed that compounds 5 and 6 displayed a

potent inhibitory effect, 3 and 4 were moderate

inhibitors while 1, 2 and 7 were weak inhibitors of

urease.

The bulkiness of R groups attached to Sn(IV),

affected in vitro toxicity against the tumoural cell lines

used. To highlight this statement, the average ID50

data have been plotted versus the percent CH in

Figure 2. The percent CH has been defined as:

PercentCH ðRÞ ¼ ½Cnð12:011ÞþHnð1:0079Þ=

Molecularmassof thecomplex�£100

Table VI. In vitro inhibition doses ID50 (ng/mL) of compounds 1–7 against seven tumoral cell lines of human origin.

A498 EVSAT H226 IGROV M19 MCF7 WiDr

1 222 147 178 255 150 24 361

2 122 145 158 29 177 255 331

3 144 122 255 89 111 158 165

4 36 66 21 112 140 21 187

5 144 20 174 15 08 23 100

6 22 71 128 36 41 28 89

7 336 214 325 258 333 273 239

Do 28 44 68 107 23 35 62

Cp 1432 658 471 478 321 214 105

5-Fu 2214 325 164 205 301 54 82

Mt 3094 210 65 25 212 100 64

Et 514 531 438 328 155 84 103

cell lines: A498 (renal cancer), EVSA-T (mammary cancer), H226 (lung cancer), IGROV (ovarian cancer), M19 (melanoma), MCF-7

(mammary cancer) and WiDr (colon cancer); reference drugs: Do (doxorubicin), Cp (cisplatin), 5-Fu (5-fluorouracil), Mt (methotrexate) and Et

(etopside).

Table VII. In vitro anti-leishmanial effect of 1–7 (mM) in promastigote stage.

Anti-leishmanial IC50/IC100

Compound L. major L major (Pak.) L. tropica L. mex mex L. donovani

(1) 0.42/0.74 0.44/1.08 0.62/0.74 0.96/0.74 0.42/0.74

(2) 0.41/0.81 0.43/0.97 0.53/0.89 0.55/1.03 0.36/1.23

(3) 0.40/1.31 0.32/0.88 0.42/0.77 0.33/0.85 0.32/0.73

(4) 0.29/0.98 0.28/0.66 0.33/0.53 0.22/0.71 0.30/0.44

(5) 0.22/1.02 0.19/0.36 0.21/0.22 0.18/0.54 0.33/0.31

(6) 0.07/0.32 0.10/0.25 0.22/0.14 0.09/0.33 0.04/0.29

(7) 0.97/1.65 1.12/1.33 0.98/1.87 1.05/1.32 1.11/1.25

New biologically active triorganotin(IV) complexes 347
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Where n is the number of carbon or hydrogen atoms in

the R group.

In Figure 2, ID50 decreases almost linearly with the

increase in percent CH. However, some deviations in

the case of alkyl R groups have been observed, which

may be attributed to variation in conformational

behavior and distribution of complexes between phases.

Since it is difficult to judge the bioactivity of

any compound by a single factor, we have tried

another important parameter, the partition coefficient

and the ID50 values have been plotted versus ID50

(see Figure 3). It is interesting to note that the data for

complexes 1–6 show that the ID50 values decrease

linearly with the increase in partition coefficient. It is

certainly encouraging to us that the major controlling

parameter seems to be Pow (partition coefficient in

octanol/water system) or, in other words, the

polarizibility of the R0ZSn bond induced by R groups.

It can be therefore be concluded that in complexes

1–6, lipophillicity increases with the bulkiness of R

groups, which enhances the partition coefficient,

thereby increasing the bioactivity. Moreover, the

Table IX. In vitro inhibition of urease by compounds 1–7.

IC50 ^ Sem IC50 ^ Sem

Compound (Bacillus pasteurii urease) (Jack bean urease)

1 76.04 ^ 0.77 88.35 ^ 0.41

2 71.55 ^ 0.81 85.36 ^ 0.66

3 55.33 ^ 0.72 58.22 ^ 0.31

4 40.64 ^ 0.31 42.03 ^ 0.01

5 11.25 ^ 0.04 22.28 ^ 0.35

6 9.15 ^ 0.25 10.23 ^ 0.11

7 66.92 ^ 0.31 89.74 ^ 0.04

Thiourea (Standard) 16.07 ^ 0.78 22.35 ^ 0.13

Standard mean error of 3–5 assays. All the IC50 values are in mM.

Table VIII. In vitro anti-fungal effect of 1–7.

% Inhibition @ 0.01, 0.02, 0.05, 0.1 mM

Fungi (1) (2) (3) (4) (5) (6) (7)

A 25,28,33,41 33,31,36,40 31,44,52,51 44,22,22,45 56,64,61,72 77,85,88,89 10,23,22,31

B 33,38,39,51 41,43,56,62 35,40,52,63 37,41,33,55 57,61,70,73 65,66,70,71 12,11,22,20

C 08,11,15,22 22,21,42,55 09,18,44,53 36,20,31,39 22,44,38,54 88,90,98,100 11,36,08,01

D 10,28,39,55 22,29,41,45 36,39,66,71 30,39,59,74 23,55,63,74 24,28,29,100 22,28,31,30

E 02,09,14,22 28,29,33,32 44,45,58,88 45,63,65,71 66,68,71,74 66,68,69,73 33,32,39,44

F 33,38,39,51 41,43,56,62 35,40,52,63 37,41,33,55 57,61,70,73 65,66,70,71 12,11,22,20

G 08,11,15,22 22,21,42,55 09,18,44,53 36,20,31,39 22,44,38,54 88,90,98,100 11,36,08,01

H 10,28,39,55 22,29,41,45 36,39,66,71 30,39,59,74 23,55,63,74 24,28,29,100 22,28,31,30

I 02,09,14,22 28,29,33,32 44,45,58,88 45,63,65,71 66,68,71,74 66,68,69,73 33,32,39,44

Od 0.2199 0.1898 0.1514 0.1309 0.1100 0.0874 0.6089

Fungi: A–I: Alternaria padwicki, Botryodiplodia theobromae, Colletotrichum mause 75, Colletotrichum mause 246, Colletotrichum mause,

Colletotrichum gloeosporiodes 282, Pestalotiposis guepini, Phytopohothora palmivora, Phytopohothora palmivora. Od: Optimum Dose.

Figure 2. Dependence of in vitro anti-tumour ID50 on percent CH

for complexes 1–6.

Figure 3. Dependence of in vitro anti-tumour ID50 on partition

coefficients of complexes 1–6.
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polarity of SnZC is also of the same order (Bz .

Ph . Bu . Pr . Et . Me). In conclusion, we can say

that the bulkiness of the attached R group/percent CH

values and polar character of carboxylic group of 2-

maleimidopropanoic acid are interlinked with each

other, which enhance the polarity and partition

coefficients of the complexes. A study is currently

being carried out for the in vivo interactions/mechan-

ism of action of these complexes.
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