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Synthesis and Characterization of O-Alkyl, O-Cycloalkyl
and O-Aryl Trithiophosphato Derivatives of Trimethyl
Tin(IV) Chloride and Tributyl Tin(IV) Chloride

Umesh N. Tripathi
Deepak K. Sharma
School of Studies in Chemistry, Vikram University, Ujjain, India

Trimethyltin(IV)trithiophosphates [(RO)P(S)S2][Sn(Me)3]2 and tributyl
tin(IV)trithiophosphates [(RO)P(S)S2][Sn(Bu)3]2 (R CH3, C2H5, C3H7,

C3Hiso
7 C4Hn

9, C4Hiso
9 , C4Hscc

5 , C5Hiso
11 C6H11, C6H5) were prepared

in methanolic solution of R3SnCl and dipotassium salt of trithiophosphates in
2:1 molar ratio. These newly synthesised derivatives have been characterized
by elemental analysis, molecular weight measurements, IR, 13C, 31P, and
119Sn,NMR spectral studies. Coordination number of four suggested for tin(IV) in
these derivatives.

Keywords Phosphorotrithioate; tin(IV)

INTRODUCTION

In the recent years considerable interest has been evinced in the chem-
istry of metallic moieties bonded with sulfur ligands such as thiolates,
dithiolates,1 thioβ-diketonates,2 dithiocarbamates and O,O′-alkylene
dithiophosphates.3−5 Some mono di- and tri-organo tin(IV) derivatives
of dialkyl dithiophosphates have been synthesised and characterized
by 119Sn, 13C, 31P, and 119Sn, NMR and mossbauer spectral studies.
The 119Sn, NMR chemical shifts and [1J(119Sn-13C)] and [2J(119Sn-1H)]
of triorgano tin(IV) dialkyl dithiophosphates are consistent with tetra-
hedral geometry and four coordinated Sn, although mossbauer study
indicates five coordinated tin in solid state. These studies also reveal
that in mono and diorgano tin(IV) dithiophosphates Sn atom is weakly
coordinated to ligand.6−7 Organic trithiophosphates esters have been
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FIGURE 1

used as defoliants,8 insecticides,8−9 nematodicidal,9 and inhibitors10 of
steel corrosion. Potassium trithiophosphates exist in two isomeric form.

The persual of literature revealed only two publications on the metal-
lic ester of trithiophosphoric acids.11,12 Trithiophosphates of tin ele-
ment have received no attention to best of our knowledge. Hence it was
thought worthwhile to study the trithiophosphates of tri-methyl tin(IV)
and tributyl tin(IV). The main bonding pattern of trithiophosphates lig-
ands with metal are shown in Figure 2.

EXPERIMENTAL

Dipotassium salt of O-alkyl, O-cycloalkyl, and O-aryl trithiophosphates
were prepared by reaction of the requisite anhydrous alcohol with P2S5
and triethylamine in 1:3:3 molar ratio respectively in anhydrous ben-
zene. The reaction mixture was stirred for 1/2 an hour on water bath.

FIGURE 2
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After stirring salt was precipitated out. All chemicals were of A.R. grade
and were used after drying process. The derivatives described in the
present paper were synthesised by the following general routes.

SYNTHESIS OF [(RO)P(S)S2][Sn(R)3]2

A methanolic (2 mL) solution of anhydrous trimethyl tin(IV) chloride
and methanolic solution of [(RO)P(S)S2]K2 were mixed and refluxed for
8 hrs. The reaction were carried out in 2:1 molar ratio, after refluxing
the solid were precipitated. Insolubles were filtered off and the product
was obtained from the filtrate by removal of volatiles under reduced
pressure. The complex number 1–20 were prepared by this same pro-
cedure (where R′ CH3, C2H5, C3Hn

7, C3Hiso
7 , C4Hn

9, C4Hsec
9 ,

C4Hiso
9 , C5Hiso

11 , C6H11, C6H5 and R = methyl and butyl).

MEASUREMENTS

IR spectra were recorded in nujol mulls using Csl cells on a Perkin
Elmer 577 spectrometer. In the range 4000–200 cm−1. 13C NMR, 31P
NMR, and 119Sn NMR spectra of these derivatives have been recorded
in CDCl3 on a Bruker DRX-300 spectrometer using TMS, H3PO4 and
tetramethyltin standards, respectively. Molecular weight were mea-
sured on a Knauer Vapour pressure osmometer in CHCl3 at 45◦C. Ele-
mental analysis for Sn and S were carried out by standards procedure.13

Carbon, hydrogen, and nitrogen were estimated by Coleman C.H.N.
analyzers.

RESULT AND DISCUSSION

[(RO)P(S)S2][(Me)3Sn)2]

All 10 compounds are white, solid, and soluble in common organic sol-
vents (benzene, dichloromethane, chloroform, etc.) and coordinating
solvents. The complex are quite stable at room temperature. The stoi-
chiometry of the compound is fixed irrespective of the concentration of
ligand used. The molecular weight measurements indicate monomeric
nature of these compounds in dilute chloroform solution at 45◦C.

The IR spectra of the complexes have been recorded in the 4000–
200 cm−1 region. The bands observed in the region 945–965 and 870–
840 cm−1, have been assigned to ν[(P O (C)] and ν[(P) O C], respec-
tively. The ν[P S] mode may be characterized by the presence of a band
in the 700–660 cm−1 region, indicating the bidentate nature of trithio-
phosphate ligand. The band present in the 690–625 cm−1 region may be
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1564 U. N. Tripathi and D. K. Sharma

ascribed to ν[P S] stretching mode. Appearance of a new band (in com-
parison to free ligand) in the 400–360 cm−1 region indicates the forma-
tion of a Sn S bond. The Sn C bond band were found in an overlapping
region 635–595 cm−1. The 13C NMR spectra of these compounds show
characteristic resonance due to the alkoxy and phenoxy groups. The 13C
resonance for the carbon atoms of Me3Sn group are as expected. The
13C resonance for the carbon atom of P O C group appears as doublet
due to coupling with the 31P nuclei.

TABLE III 13C NMR Spectral Data for Trimethyltin(IV)
Trithiophosphates

Chemical shift (δ, ppm)
S.
no. Compound Me3Sn carbons S2(S)P(OR) carbons

1. [(MeO)P(S)S2][Me3Sn]2 24.76, d, 1JSn-c = 208 cps 52.56,d,C; 2JP-C =24 cps
2. [(EtO)P(S)S2][Me3Sn]2 24.90, d, 1JSn-c = 205 cps 53.62,d,C; 2JP-C = 26 cps

15.43, C2
3. [(Prn O)P(S)S2][Me3Sn]2 24.82, d, 1JSn-c = 212 cps 68.98,d,C; 2JP-C = 88 cps

23.62, C2
12.44, C3

4. [Pri O)P(S)S2][Me3Sn]2 24.64, d, 1JSn-c = 209 cps 66.64,d,C; 2JP-C = 68 cps
26.54, C2
25.80, C3

5. [Bun O)P(S)S2][Me3Sn]2 24.54, d, 1JSn-c = 211 cps 70.14,d,C; 2JP-C = 56 cps
31.12, C2
13.12, C3
15.12, C4

6. [(BusO)P(S)S2][Me3Sn]2 24.42, d, 1JSn-c = 213 cps 19.8,d,C; 2JP-C = 10 cps
74.26, C2
31.08, C3
9.16, C4

7. [(BuiO)P(S)S2][Me3Sn]2 24.56, d, 1JSn-c = 209 cps 74.04,d,C; 2JP-C = 12 cps
29.40, C2
17.52, C3

8. [(Ami O)P(S)S2][Me3Sn]2 24.68, d, 1JSn-c = 214 cps 63.96,d,C; 2JP-C = 24 cps
29.52, C2
23.68, C3
23.69, C4

9. [(C.h.O)P(S)S2][Me3Sn]2 24.34, d, 1JSn-c = 210 cps 75.84,d,C; 2JP-C = 344 cps
32.99, C2,6
22.60, C3,5
24.52, C4

10. [(Ph O)P(S)S2][Me3Sn]2 24.18, d, 1JSn-c = 206 cps 152.8,d,C; 2JP-C = 436 cps
110.52,C2,6
120.40, C3,5
108.62, C4
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In the proton decoupled 31P NMR spectra, only one sharp reso-
nance for each compound in the range 95.29–99.38 ppm is obtained.
In 119Sn NMR spectra the coupling constant provides valuable infor-
mation about coordination number of tin(IV). For the four coordinated
trimethyl tin(IV) compounds 1JSn C values have been reported in the
range 205–214 cps.

The 119Sn NMR chemical shifts of all the compounds have been ob-
served in the range at δ–211.23 to δ–238.4 ppm. These 119Sn NMR
chemical shifts suggest that in compound number 1–10 the tin(IV) is
four coordinated.6,7 All the spectral data are summarized in Tables III
and IV.

[(RO)P(S)S2][(Bu3Sn)2]

All 10 compounds are white solid, soluble in common organic (benzene,
dichloromethane, chloroform etc.) and coordinating solvents. The com-
plexes are quite stable at room temperature. The stiochiometry of the
compounds is fixed in respective of the concentration of ligand used.
The molecular weight measurement indicate monomeric nature of these
compounds in dilute chloroform solution at 45◦C.

The IR spectra of the complexes have been recorded in the 4000–
200 cm−1 region. The bands observed in the 1035–660 and 865–
835 cm−1 regions have been assigned to ν[(P) O C] and ν[P O (C)],
respectively. The ν[P S] mode may be characterized by the presence of
a band in the 695–650 cm−1 region indicating the bidentate nature of
trithiophosphate ligand. The band present in the 685–615 cm−1 region

TABLE IV 31P and 119Sn NMR Spectral Data for
Trimethyltin(IV) Trithiophosphates

Chemical shift (δ, ppm)
S.
no. Compound 31P NMR 119Sn NMR

1. [(MeO)P(S)S2][Me3Sn]2 99.02 −236.32
2. [(EtO)P(S)S2][Me3Sn]2 97.34 −230.36
3. [(Prn O)P(S)S2][Me3Sn]2 97.46 −226.32
4. [Pri O)P(S)S2][Me3Sn]2 97.02 −224.36
5. [Bun O)P(S)S2][Me3Sn]2 95.08 −232.48
6. [(BusO)P(S)S2][Me3Sn]2 95.59 −230.28
7. [(BuiO)P(S)S2][Me3Sn]2 97.92 −228.14
8. [(Ami O)P(S)S2][Me3Sn]2 96.48 −216.18
9. [(C.h.O)P(S)S2][Me3Sn]2 98.02 −211.23

10. [(Ph O)P(S)S2][Me3Sn]2 99.38 −238.40
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TABLE V 13C NMR Spectral Data for Tributyltin(IV)
Trithiophosphates

Chemical shift (δ, ppm)
S.
no. Compound Bu3Sn carbons S2(S)P(OR) carbons

1. [(MeO)P(S)S2][Me3Sn]2 29.32,d,1JSn-c = 222 cps; C1 52.54,d,C; 2JP-C = 24 CPS
26.89, C2
17.31, C3
13.19, C4

2. [(EtO)P(S)S2][Me3Sn]2 29.24,d,1JSn-c = 220 cps;C1 53.60,d,C; 2JP-C = 26 CPS
26.84, C2 15.48, C2
17.30, C3
13.14, C4

3. [(Prn O)P(S)S2][Me3Sn]2 29.30,d,1JSn-c = 224 cps;C1 68.96 ,d,C; 2JP-C= 88 CPS
26.64, C2 23.66, C2
17.28, C3 12.40, C3
13.16, C4

4. [Pri O)P(S)S2][Me3Sn]2 29.28,d,1JSn-c= 224cps;C1 66.58,d,C; 2JP-C = 70 CPS
26.46, C2 26.56, C2
17.82, C3 25.82, C3
13.61, C4

5. [Bun O)P(S)S2][Me3Sn]2 29.26,d,1JSn-c= 226cps;C1 70.16,d,C; 2JP-C = 56 CPS
26.42, C2 31.14, C2
17.52, C3 13.10, C3
13.58, C4 15.14, C4

6. [(BusO)P(S)S2][Me3Sn]2 29.38,d,1JSn-c = 224 cps;C1 19.6,d,C; 2JP-C = 12 CPS
26.36, C2 74.28, C2
17.90, C3 31.18, C3
13.68, C4 9.18, C4

7. [(BuiO)P(S)S2][Me3Sn]2 29.36,d,1JSn-c = 222 cps;C1 74.02,d,C; 2JP-C = 14 CPS
26.32, C2 29.48, C2
17.92, C3 17.50, C3
13.64, C4

8. [(Ami O)P(S)S2][Me3Sn]2 29.32,d,1JSn-c = 226 cps;C1 63.98,d,C; 2JP-C = 24 CPS
26.34, C2 39.54, C2
17.96, C3 23.86, C3
13.50, C4 23.96, C4

9. [(C.h.O)P(S)S2][Me3Sn]2 29.42,d,1JSn-c = 224 cps;C1 75.88,d,C; 2JP-C = 340 CPS
26.48, C2 32.98, C2,6
17.94, C3 22.40 C3,5
13.52, C4 24.58, C4

10. [(Ph O)P(S)S2][Me3Sn]2 29.48,d,1JSn-c = 228 cps; C1 152.6,d,C; 2JP-C = 432 CPS
26.52, C2 110.50, C2,6
17.98, C3 122.42, C3,5
13.58, C4 108.58, C4
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TABLE VI 31P and 119Sn NMR Spectral Data for
Tributyltin(IV) Trithiophosphates

Chemical shift (δ, ppm)
S.
No. Compound 31P NMR 119Sn NMR

1. [(MeO)P(S)S2][Bu3Sn]2 94.18 −132.42
2. [(EtO)P(S)S2][Bu3Sn]2 93.26 −128.60
3. [(Prn O)P(S)S2][Bu3Sn]2 95.12 −134.56
4. [Pri O)P(S)S2][Bu3Sn]2 95.10 −136.38
5. [Bun O)P(S)S2][Bu3Sn]2 94.86 −135.48
6. [(BusO)P(S)S2][Bu3Sn]2 94.92 −138.56
7. [(BuiO)P(S)S2][Bu3Sn]2 94.96 −140.52
8. [(Ami O)P(S)S2][Bu3Sn]2 95.86 −142.50
9. [(C.h.O)P(S)S2][Bu3Sn]2 95.98 −140.18

10. [(Ph O)P(S)S2][Bu3Sn]2 96.28 −148.02

may be ascribed to ν[P S] stretching mode. Appearance of a new band
(in comparison to free ligand) in the 395–368 cm−1 region, indicates the
formation of a Sn S bond. The Sn C bond band were found in an over-
lapping region 625–585 cm−1. The 13C NMR spectra of these compounds
show characteristic resonance due to the alkoxy and phenoxy groups.
The 13C resonance for carbon atoms of Bu3Sn groups are as expected.
The 13C resonance for the carbon atom of P O C group appears as a
doublet due to coupling with the 31P nuclei.

In the proton decoupled 31P NMR spectra, only one sharp reso-
nance for each compound in the range 92.19–96.28 ppm is obtained.
In 119Sn NMR spectra the coupling constant provides valuable infor-
mation about coordination number of tin(IV). For the four coordinated
Bu3Sn(IV) compounds, 1JSn C values have been reported in the range
220–228 cps. The 119Sn NMR chemical shifts of all the compounds ob-
served in the range δ–128.60 to δ–148.02 ppm. These 119Sn NMR chem-
ical shifts suggest that in compound number 11–20 the tin(IV) is four
coordinated.6,7 All the spectral data are summarized in Tables V and VI.

REFERENCES

[1] R. Verma, V. D. Gupta, and R. C. Mehrotra, Nat. Acad. Sci. Lett., 2, 130 (1979).
[2] S. K. Saini, V. D. Gupta, and R. C. Mehrotra, Inorg. Nucl. Chem. Lett., 14, 109 (1978).
[3] S. K. Pandey, G. Srivastava, and R. C. Mehrotra, Ind. J. Chem., 29A, 339 (1990).
[4] R. Ratnani, G. Srivastava, and R. C. Mehrotra, Inorg. Chem. Acta., 161, 253 (1989).
[5] R. C. Mehrotra, G. Srivastava, and H. P. S. Chouhan, Coord. Chem. Rev., 55, 207

(1984).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



1568 U. N. Tripathi and D. K. Sharma

[6] H. C. Clark, V. K. Jain, R. C. Mehrotra, B. P. Singh, G. Srivastava, and T. Birchall,
J. Organomet. chem., 279, 385–394 (1985).

[7] B. P. Singh, G. Srivastava, and R. C. Mehrotra, Synth. React. Inorg. Met -Org. Chem.,
13, 963–976 (1983).

[8] V. I. Derybin and T. Vses, Nanch. Issl. Inst. Khlo., 28, 86–93 (1974).
[9] S. Kishino, A. Shitamatsu, K. Shiokava, Japan 7600, (1976).

[10] N. M. Koxhenvikova and V. S. Mikhailov, Khim. Sredstva Zashch. Rast, 5, 43–45
(1975).

[11] F. Goro and N. Koichi, Mokuzai Kenya, 32, 15 (1964). Chem. Abstr., 65, 6221n (1916).
[12] K. Kirschbaum, U. Boennighausen, E. Gesing, B. Krebs, G. Henkel, and Z. Natur-

forsch, B Chem. Sci., 45, 245 (1990).
[13] A. I. Vogel, Textbook of Quantitative Analysis, ELBS and Longman Group Ltd.,

London, 1978.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


