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Synthesis and Properties of Mixed Ligand Complexes of Diorganotin(IV):
Part(VIl) — Synthesis and Characterisation of Some Antibacterial
Dibenzoylmethane Diorganotin(lV)-O-alkyl Trithiophosphates

Leena Chordia and Alok Chaturvedi*
Department of Chemistry, Government College, Ajmer — 305001, India

A series of some new mixed ligand complexes have been synthesized with an objective for evaluation
as antimicrobials. Reactions of diorganotin(IV) dichloride with dibenzoyl methane and O-alkyl trithio-
phosphates in a 1:1:1 molar ratio in refluxing benzene yield products of the type [PhCOCHCOPh]R,Sn-
[SSH(S)POR'] [where R = Me, Bu, Ph; R" = Me, Et, Pr', Bu', Ph]. The newly synthesized complexes are
light yellow colored crystalline solids, non-volatile, soluble in common organic solvents, monomeric in
nature and highly sensitive towards atmospheric moisture. These complexes are characterized by elemen-
tal analysis, IR and multinuclear NMR ('H, *'P and '"”Sn) spectral studies. Spectral studies of these com-
plexes indicate that dibenzoyl methane and O-alkyl trithiophosphate moieties are bidentate and the central
tin atom is hexacoordinated in nature. A few of these compounds were tested for their antibacterial activity

using standard drugs.

Keywords: Diorganotin(IV); O-Alkyl trithiophosphate and dibenzoyl methane.

INTRODUCTION

In recent years, considerable interest has been evinced
in the field of chemistry of metallic moieties bonded with
sulfur ligands such as dithiolates,’ thio-B-diketonates,2
dithiocarbamates® and O,0'-dialkyl and alkylene dithio-
phosphates.*”

Organic trithiophosphate esters have been used as de-
foliants,’ insecticides,”® nematodicials® and inhibitors® of
steel corrosion. The persual of the literature revealed only a
few publications of metallic esters of trithiophosphoric ac-
ids.”!" Trithiophosphates of the element tin have received
very little attention to the best of our knowledge.'>"* The
B-diketonates in general depict a facile reactivity towards
metal alkoxides in which the alkoxy group undergoes facile
replacement by the enolate form of B-diketonates.'*"

This is a continuation of our earlier investigations on
mixed ligand complexes of diorganotin(IV) with O,0'-di-

1617 acetates'® and O-

alkyl and alkylene dithiophosphates,
alkyl trithiophosphates,' in addition to p-diketonate moi-
ety. The proposed work has been extended to investigate
the effect of the bonding modes of O-alkyl trithiophosphate
and dibenzoyl methane moieties towards the central tin

atom.

RESULTS AND DISCUSSION

Synthesis of dibenzoyl methane diorganotin(IV)-O-
alkyl trithiophosphates have been successfully carried out
by the reactions of dialkyltin dichloride with dibenzoyl
methane and O-alkyl trithiophosphates in a 1:1:1 molar ra-
tio in dry benzene. The KCI formed during the reaction is
removed by filtration in an alkoxy funnel in anhydrous
conditions.

R,SnCl, + R'OP(8)S,K, + PhCOCH,COPh

dry benzene

PhCOCHCOPh]R H(S)POR’
0 o [PACOCHCOPh]R;Sn[SSH(S)POR']

(where R = Me, Bu, Ph; R’ = Me, Et, Pr', Bu', Ph)

The complexes formed are a light yellow colored crys-
talline solid, soluble in common organic solvents, non-vol-
atile, monomeric in nature and sensitive towards atmo-
spheric moisture.

SPECTRAL ANALYSIS

IR SPECTRA
The tentative assignments of some of the important
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bands have been made and are recorded %nTable 2 w |z22232222232222z2¢
1. Presence of a new sharp absorption band in the re- & % E g E g g g E % § é E § E g
gion 2379.6-2351.2 cm™ indicates the formation of an S-H - MMM MmoomnoOnan
bond which was absent in the parent ligand moiety.
2. The bands present in the region between 1594.9- o) > E LLNL DL L DL LB E
1568.5 cm™ and 1471.1-1428.5 cm™ have been attributed G |9RESEERaLdT ey
. . . . > SR A B A T T A
to coordinated vC=C and vC=O stretching vibrations, re-
spectively.
p y . . -1 U [2el g vl v i g v vn v vn v B nl
3. Absence of the band in the region 1200-1100 cm 3 geoozndanaSng®
indicates that a P=0 linkage is absent in these complexes £ |3ecgeTereieeeesee
and also indicates that O-alkyl trithiophosphate moiety is
present in thiono form, not in thiolo form. w
. . R L EZE2EL88 0888 ELEE
4. Due to strong chelation of the P-S group with the = R R
central tin atom, its absorption band shifted towards a 0NN 00 AN 0 AN 0 N N 0 N 0 0
lower frequency (30-40 cm™).
5. The appearance of one new sharp and one weak in- “n 2@ E 224 E 2 E L% & z 2 &
. . . ) A : O RA e TR = !
tensity band in the regions of 459.8-441.3 cm™ and 396.3- 5 |8 BRELRTRERECRRELS
361.3 cm™, respectively, indicates the formation of Sn-O
and Sn-S bonds, respectively. %) EEEEEEEEEEEEEEE
b R DRI R R R B I B i
S |IECYgRFIrcbega
"H: Characteristic signals in the "H NMR spectra of o
. . € E o E EEE E E EE
these complexes are summarised in Table 3; PMR spectra ” S EnAa S S EN—®0S T Ex < o
e ’ : 8] @ |Radeo T RIS s T8O =
of these complexes show characteristic resonance signals Bl = § S 3 § § 3 Es=s83 § g3 8
. . Q_ — — g p— p— p— — p— p—
due to dibenzoyl methane moiety, alkyl and aryl protons 2 -
=
present on tin atom and alkoxy protons present on phos- 5 5 228 E 24 E PRI é P
phorus atom. A singlet at § 2.53 ppm may be assigned to the % U ot dadggsn s
methoxy protons of O-alkyl trithiophosphate moiety. A sin- z R R i A A R R A R
gletatd 1.57-1.78 ppm and a multiplet at ~5 7.15-7.40 ppm F
1 1 O| £ (g 2] v ) (g 175 2] ; 17¢] wn wn 2] ) 7]
are observed due to tin-methyl and tin-phenyl protons, re- 2l [FasAEI 228880 A
spectively. The dibenzoyl methane moiety shows a methine =l © CELISIREGSIS A SIS
pectively Y Y E e e A g B
(CH) singlet at & 5.13-5.54 ppm, a multiplet for phenyl pro- g
tons at 6 7.15-7.40 ppm. The SH proton shows a singlet at & B U R B
2 R R R BB s B R B
~63~1317-3~3317ppm- o] 2 |deRCeTaeERReRRes
P: 'P NMR spectra shows the presence of a single _§ " RSN II[RII]SS
resonance signal for these complexes in the region of ?E)
93.12-98.93 ppm. There is a marked. sh1ft1r.1g. of.51gnal to- E; ﬁ E-E'E E ﬁ EAEE E g E'?E?E E
wards downfield by 15-20 ppm from its position in the cor- S eeLee °02992 S0999
responding parent compounds. This is probably due to the = PR R R R R R DD DD
dative bonding P = S—»M indicative of formation of a °© 27057 L L
g = NADANDADLADPDANDRRLLRGL
strong metal-sulfur bond and also suggests that there is an 3 E E E E E E E E E E § E E E §
isomerisation of S-alkyl trithiophosphate to O-alky] tri- E g g g g g EEEERREEELEL
3 — P e
thiophosphate in these derivatives. 2. fE A E RS EELELEER
"Sn: In contrast to 'H and *'P NMR spectra which o_ﬁ = § § § § § § § é § § § é § § §
show the presence of a single species, the ''’Sn NMR spectra o § 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
of dibenzoyl methane diorganotin-O-alkyl trithiophosphates = E |O000000000TU0000
. . | & |EEEEEEEEZEEZEEZ
show three resonance signals (Table 4). A comparison of = o oo oo s s
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Table 3. PMR spectral data of dibenzoyl methane diorganotin(IV)-O-alkyl trithiophosphates

S.No. Compound

Chemical Shift (6 ppm)

1 [PhCOCHCOPh]Me,Sn[SSH(S)POMe]

2 [PhCOCHCOPh]Me,Sn[SSH(S)POE]

3 [PhCOCHCOPh]Me,Sn[SSH(S)POPr]

4 [PhCOCHCOPh]Me,Sn[SSH(S)POBu']

5 [PhCOCHCOPh]Me,Sn[SSH(S)POPh]

6 [PhCOCHCOPh]Bu,Sn[SSH(S)POMe]

7 [PhCOCHCOPh]Bu,Sn[SSH(S)POE]

8 [PhCOCHCOPh]Bu,Sn[SSH(S)POPr']

9 [PhCOCHCOPh]Bu,Sn[SSH(S)POBu']

10 [PhCOCHCOPh]Bu,Sn[SSH(S)POPh]

11 [PhCOCHCOPh]Ph,Sn[SSH(S)POMe]
12 [PhCOCHCOPh]Ph,Sn[SSH(S)POE(]
13 [PhCOCHCOPh]Ph,Sn[SSH(S)POPr']

14 [PhCOCHCOPh] Ph,Sn[SSH(S)POBU']

15 [PhCOCHCOPh]Ph,Sn[SSH(S)POPh]

1.57, s, 6H (Sn-CH;); 2.52, s, 3H (OCH,); 3.46, s, H (SH);
5.42,s, 1H (CH); 7.21-7.33, m, 10H (C¢Hs)

1.73, s, 6H (Sn-CH3); 2.12-2.24, t, 3H (CH3); 2.65-2.79, q,
2H(OCHS,); 3.38, s, 1H (SH); 5.27, s, 1H (CH); 7.24-7.38,
m, 10H (C¢Hs)

1.67, s, 6H (Sn-CH3); 2.15-2.19, d, 6H (CHj3); 2.71-2.83,
m, 1H (CH-Pri); 3.51,s, 1H (SH); 5.54, s, 1H (CH); 7.21-
7.37, m, 10H (C¢Hs)

1.78, s, 6H (Sn-CH3); 2.54-2.58, d, 6H (CH3); 3.37, s, IH
(SH); 4.37-2.42, m, 1H (CH); 5.12-5.17, d, 2H (OCH,);
5.54,s,1H (CH); 7.25-7.38, m, 10H (C4Hs)

1.69, s, 6H (Sn-CH3); 3.21, s, 1H (SH); 5.13, s, 1H (CH);
7.22-7.34, m, 10H (C¢Hs); 7.60-7.75, m, SH (OC¢Hs)
0.71-0.82, t, 6H (CH3); 1.65-1.78, m, 12H (Sn-(CH,)5);
2.53, s, 3H (OCH3); 3.41, s, 1H (SH); 5.14, s, 1H (CH);
7.13-7.25, m, 10H (C¢Hs)

0.75-0.87, t, 6H (CHs); 1.51-1.63, m, 12H (Sn-(CH,)3);
2.15-2.24, t, (CH3); 2.65-2.79, q, 2H (OCH,); 3.27, s, 1H
(SH); 5.31, s, IH (CH); 7.29-7.91, m, 10H (C¢Hs)
0.81-0.87, t, 6H (CHs); 1.72-1.84, m, 12H (Sn-(CH,)5);
2.21-2.27, d, 6H (CH;-Pr'); 2.71-2.83, m, 1H (OCH);
3.17,s, 1H (SH); 5.36, s, 1H (CH); 7.24-7.35, m, 10H
(CsHs)

0.72-0.78 ,t, 6H (CH3); 1.84-1.92, m, 12H (Sn(CH,)3);
2.12-2.23, t, 6H (CH;-Bu'); 2.42-2.55, m, 1H (CH-Bu');
2.91-2.96, d, 2H (OCH,); 3.35, s, 1H (SH); 5.32, s, 1H
(CH); 7.21-7.33, m, 10H (C¢Hs)

0.85-0.92, t, 6H (CHs); 1.75-1.82, m, 12H (Sn-(CH,)5);
3.35,s, IH (SH); 5.42, s, 1H (CH); 7.24-7.36, m, 10H
(C6H5), 751-767, m, 5H (OC6H5)

2.72,'s, 3H (OCH3); 3.31, s, 1H (SH); 5.23, s, 1H (CH);
7.21-7.33, m, 20H (CgHs)

2.25-2.31, t, 3H (CH3); 2.82-2.91, q, 2H (OCH,); 3.13, s,
1H (SH); 5.34, s, 1H (CH); 7.24-7.37, m, 20H (C¢Hs)
2.33-2.40, d, 6H (CH,); 2.71-2.83, m, 1H (CH-Pr'); 3.24,
s, 1H (SH); 5.36, s, 1H (CH); 7.15-7.32, m, 20H (C¢Hs)
2.31-2.38, d, 6H (CH5); 2.45-2.53, m, 1H, (CH); 2.85-
2.92,d, 2H (OCH,); 3.31, s, 1H (SH); 5.42, s, 1H (CH);
7.21-7.37, m, 20H (C¢Hs)

3.34,s, 1H (SH); 5.25, s, 1H (CH); 7.25-7.40, m, 20H
(CeHs); 7.62-7.71, m, 5H (OC4Hs)

the chemical shift values with those of the corresponding
R,Sn[C¢HsCOCHCOCgHs], and R,Sn[SSH(S)POR'],
compounds obtained under similar conditions, indicates
the presence of those species with the mixed derivative
R,Sn[C¢HsCOCHCOCgH;][SSH(S)POR']. The above re-
sults indicate that an equilibrium as a result of dispropor-
tionation of the following type exists in these deriva-
tives.

2 R,Sn[C¢HsCOCHCOCH;s][SSH(S)POR'] =

639

stn[C6H5COCHCOC6H5]2 + RQSH[SSH(S)POR']Z

HsCs
C——0O R S
NN / ~ /S
el O F
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e |
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ANTIBACTERIAL ACTIVITY

A few synthesized compounds were screened for
their antibacterial activity against £. Coli, Enterococci and
Klebsiella using Muller Hinten Agar Media (Hi Media).
The activity was carried out using the paper disc method.
DMF was used as a solvent. Imipenem and Linezolid were
used as standard drugs for comparison. The compounds
were tested at a 1000 pg/mL concentration. Complex-10
shows maximum activity against E. coli while complex-13
exhibits a minimum against it. Against Enterococci, maxi-
mum activity is exhibited by complex-4 and minimum by
complex-10 while against Klebsiella, antibacterial action
of complex-10 is maximum.

Chordia and Chaturvedi

EXPERIMENTAL

Moisture was carefully excluded throughout the ex-
perimental manipulation. All the chemicals used during
these investigations were of analytical reagent grade.
O-alkyl trithiophosphate and their potassium salt were pre-
pared by a method reported earlier. Carbon and hydrogen
were estimated by Coleman C, H, N analyzer. Sulfur and tin
were estimated gravimetrically as barium sulphate (Mes-
senger’s method)'® and tin oxide, respectively. Molecular
weights were determined by Knauer vapour pressure os-
mometer in chloroform. FTIR spectra were recorded on a
Shimadzu 8201 PC spectrophotometer in the range of 4000-
400 cm™ using Csl cells. 'H NMR spectra (in CDCls) and

Table 4. *'P and '"°Sn NMR spectral data of dibenzoyl methane diorganotin(IV)-O-alkyl trithiophosphates

Chemical Shift (6 ppm)

S.No Compounds 3 19Sn NMR
P NMR
I I

1 [PhCOCHCOPh]Me,Sn[SSH(S)POMe] 93.12 -174.1 -249.3 -371.3
2 [PhCOCHCOPh]Me,Sn[SSH(S)POE] 94.23 -166.2 -241.7 -365.1
3 [PhCOCHCOPh]Me,Sn[SSH(S)POPr'] 96.71 -154.8 -237.8 -360.8
4 [PhCOCHCOPh]Me,Sn[SSH(S)POBu'] 97.17 -171.3 -252.6 -368.5
5 [PhCOCHCOPh]Me,Sn[SSH(S)POPh] 98.29 -184.2 -284.9 -395.8
6 [PhCOCHCOPH]Bu,Sn[SSH(S)POMe] 93.85 -173.5 -253.5 -376.1
7 [PhCOCHCOPH]Bu,Sn[SSH(S)POEt] 94.73 -168.4 -243.2 -366.3
8 [PhCOCHCOPh]Bu,Sn[SSH(S)POPr'| 95.87 -161.9 -239.3 -359.7
9 [PhCOCHCOPh]Bu,Sn[SSH(S)POBu'] 96.67 -179.0 -256.5 -369.5
10 [PhCOCHCOPH]Bu,Sn[SSH(S)POPh] 98.51 186.7 -285.1 -396.5
11 [PhCOCHCOP]Ph,Sn[SSH(S)POMe] 94.27 -174.0 -255.2 -378.0
12 [PhCOCHCOPK]Ph,Sn[SSH(S)POEt] 95.38 -169.3 -247.7 -371.6
13 [PhCOCHCOPh]Ph,Sn[SSH(S)POPr'] 96.64 -161.1 -240.3 -356.8
14 [PhCOCHCOPh]Ph,Sn[SSH(S)POBu'] 97.71 -176.5 -258.8 -373.1
15 [PhCOCHCOPH]Ph,Sn[SSH(S)POPh] 98.93 -188.3 -287.9 -398.5

I and III resonance peaks corresponds to the R,Sn[C¢HsCOCHCOC4H;], and R,Sn[SSH(S)POR'],,

respectively.

Table 5. Antibacterial activity of a few dibenzoyl methane diorganotin(IV)-O-alkyl trithiophos-
phates (zone of inhibition measured in mm)

Comp. No. Compound E. coli  Enterococci  Klebsiella
3 [PhCOCHCOPh]Me,Sn[SSH(S)POPr] 24 18 18
4 [PhCOCHCOPh]Me,Sn[SSH(S)POBuU] 20 28 15
5 [PhCOCHCOPh]Me,Sn[SSH(S)POPh'] 20 17 14
9 [PhCOCHCOPh]Bu,Sn[SSH(S)POBu'] 18 20 12
10 [PhCOCHCOPh]Bu,Sn[SSH(S)POPh] 28 12 20
12 [PhCOCHCOPI]Ph,Sn[SSH(S)POEt] 19 22 17
13 [PhCOCHCOPh]Ph,Sn[SSH(S)POPr'] 14 18 10
A Imipenem 30 12 22
B Linezolid 10 18 11
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3P and ""”Sn NMR spectra (in benzene) were recorded on
Bruker DRX — 300 spectrophotometer using TMS (for 'H),
H,PO, (for *'P) and Me,Sn (for ''?Sn) as external refer-
ences.
Synthesis of [PhCOCHCOPh]Me,Sn[SSH(S)POPh]
Dimethyltin dichloride (1.04 g; 4.64 mmole), diben-
zoyl methane (1.04 g; 4.64 mmole) and dipotassium salt of
O-phenyl trithiophosphate (1.38 g; 4.63 mmole) were
mixed in 30 mL benzene. After stirring and refluxing for
about 10 hours, precipitate of KCI is formed, is being re-
moved by filtration in alkoxy funnel in anhydrous condi-
tion. After removal of excess of benzene in vacuo, the resi-
due was first washed with acetone to give the desired prod-
uct. Products were recrystallized from acetone/benzene re-
sults in the formation of light yellow coloured crystalline
solid (2.63 g; 96.34%). (Calcd. for [PhCOCHCOPh]Me,Sn-
[SSH(S)POPh]: C=46.54%; H=3.88%; S =16.19%; Sn=
20.07%; Found: C=46.42%; H=3.82; S=15.98% and Sn
=19.91%).
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