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Bis-(trithiophosphato)tin(IV) [(RO)P(S)S2]2Sn (where R = n-C3H7,i-C3H7,i-
C5H11,-C6H11,-C6H5) were prepared by a reaction of methanolic solution of SnCl4
and dipotassium salt of trithiophosphates in a 1:2 molar ratio, and their adducts
[(RO)P(S)S2]2Sn.N2C12H8 and [(RO)P(S)S2]2Sn.N2C10H8 were prepared by a
reaction of methanolic solution of [(RO)P(S)S2]2Sn and N-donor bases in a 1:1 mo-
lar ratio. These newly synthesized derivatives have been characterized by elemen-
tal analysis; molecular weight measurement; and IR, 13C, 31P, and 119Sn NMR
spectral studies. A coordination number of four and six is suggested for trithiophos-
phates of tin(IV) and their adducts with N-donor bases, respectively.

Keywords 1,10-phenanthroline; 2,2′-bipyridyl; phosphorotrithioate; Tin(IV)

INTRODUTION

In recent years considerable interest has been produced in the chem-
istry of metallic moieties bonded with sulfur ligands such as thiolates,
dithiolates,1 thio-β-diketonates,2 dithiocarbamates, and O,O′-alkylene
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1034 U. N. Tripathi et al.

dithiophosphates3−5 Some mono-; di-, and tri-organo tin (IV) derivatives
of dialkyl dithiophosphates have been synthesized and characterized
by 13C, 31P, and 119Sn NMR and mossbauer spectral studies. The 119Sn
NMR chemical shift and [1 J(119Sn-13C)] and [2 J(119Sn-1H)] of triorgano
tin(IV) dialkyl dithiophosphates are consistent with tetrahedral geome-
try and four-coordinated Sn, although a mossbauer study indicates five-
coordinated tin in a solid state. These studies also reveal that in mono-,
and di-organo tin(IV) dithiophosphates, the Sn atom is weakly coordi-
nated to ligand.6,7 Organic trithiophosphates esters have been used as
defoliants,8 insecticides8,9 and nematodicidal9 and inhibitors10 of steel
corrosion. Potassium trithiophosphates exist in two isomeric forms.

[(RO)P(S)S2] K2 ←→ [(RS)P(O)S2] K2 (1)

The persual of literature revealed only a few publications on the metal-
lic ester of trithiophosphoric acid11,12 and trithiophosphates of tin(IV)
moieties.13 Hence it was thought worthwhile to study the trithiophos-
phato of tin (IV) and their adducts with nitrogen donor bases.

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 a 1:3:3 molar ratio, respectively, in anhydrous
benzene. The reaction mixture was stirred for half an hour on a wa-
ter bath. After stirring salt was precipitated out. All chemicals were
of A.R. grade and were used after the drying process. The compound
and adducts described in this article were synthesized by the following
general routes.

Synthesis of [(RO)P(S)S2]2Sn

A methanolic solution (15 mL) of tetrachorotin(IV) and a methanolic so-
lution of dipotassium salt of trithiophosphates were mixed and refluxed
for 10–12 h. The reaction was carried out in a 1:2 molar ratio. After re-
fluxing, the solid KCl was precipitated out. Insolubles were filtered off,
and the product was obtained from the filtrate by removal of volatiles
under reduced pressure. Complex numbers 1–5 were prepared by the
same procedure. The analytical results are summarized in Table I.

Synthesis of [(RO)P(S)S2]2Sn. N2C12H8 and [(RO)P(S)S2]2

Sn.N2C10H8

A methanolic solution (5 mL) of bis-(trithiophosphato)tin(IV) and a
methanolic solution of 1,10-phenanthroline were mixed and stirred for
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5–6 h. The reaction was carried out in a 1:1 molar ratio. After stirring
the methanol was removed under vacuum, and yellow adducts were
obtained. Adducts numbers 6–10 were prepared by this same procedure.
The adducts with 2,2′-bipyridyl (11–15) were prepared by this same
procedure. The analytical results are summarized in Table II.

MEASUREMENTS

IR spectra were recorded in nujol mulls using CsI 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 was
measured for Sn and S and were carried out by standard procedure.14

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

RESULT AND DISCUSSION

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

Bis-(trithiophosphato)tin(IV) are a yellow solid and sparingly soluble
in common organic (benzene, dichoromethane, chloroform, etc.) and co-
ordinating (DMF, DMSO, THF, etc.) solvents. The complexes are un-
stable at r.t. and tend to decompose, even under a closed environment.
Decomposition is rather slow when these compounds are stored in a
dry atmosphere at a low temperature. Decomposition is marked by the
color change from yellow to brown. Molecular weight measurements
could not be done due to the polymeric nature of the compounds.

IR Spectra
In the IR spectrum the bands observed in the region 1043–1068 and

850–868 cm−1 have been assigned to ν[(P)-O-C] and [P-O-(C)], respec-
tively. The ν[P S] mode may be characterized by the presence of band
in the region 642–660 cm−1 indicating the bidentate nature of trithio-
phosphate ligand. The band present in the region 593–609 cm−1 may
be ascribed to ν[P S] stretching mode. Appearance of a new band (in
comparison to a free ligand) in the region 360–375 cm−1 indicates the
formation of a [Sn S] bond. The IR spectral data of ligands and deir-
vatives are summarized in Table III.

NMR Spectra
The 13C resonance for the carbon atom of the P-O-C group appears

as doublet due to coupling with 31P nuclei. In the proton decoupled
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TABLE III IR Spectral Data (cm−1) for[(RO)P(S)S2]K2 and
[(RO)P(S)S2]2Sn

S. No. Compound ν[(P)-O-C] ν[P-O-(C)] ν[P S] ν[P S] ν[Sn S]

1. [(PrnO) P(S)S2]2Sn 1012(s) 816(s) 643(m) 437(m) −
2. [(PriO) P(S)S2]2Sn 1009(s) 810(s) 640(m) 441(m) −
3. [(AmiO) P(S)S2]2Sn 1012(s) 812(s) 648(m) 439(m) −
4. [(C. h. O) P(S)S2]2Sn 1013(s) 841(s) 644(m) 445(m) −
5. [(PhO) P(S)S2]2Sn 1011(s) 800(s) 640(m) 443(m) −
6. [(PrnO) P(S)S2]2Sn 1046(s) 855(s) 650(m) 598(m) 366(w)
7. [(PriO) P(S)S2]2Sn 1043(s) 850(s) 642(m) 593(m) 360(w)
8. [(AmiO) P(S)S2]2Sn 1068(s) 868(s) 660(m) 609(m) 375(w)
9. [(C. h. O) P(S)S2]2Sn 1066(s) 865(s) 655(m) 605(m) 373(w)
10. [(PhO) P(S)S2]2Sn 1062(s) 853(s) 651(m) 601(m) 370(w)

(s) = strong, (m) = medium, (w) = weak.

31P NMR spectra, only one resonance for each compound in the range
96.28–97.49 ppm is obtained. In 119Sn NMR spectra the 119Sn NMR
chemical shifts of all the compounds have been observed in the range
250–272 ppm. These 119Sn NMR chemical shifts suggest that in com-
pound numbers 1–5 the tin(IV) is four coordinated.14 The NMR spectral
data are summarized in Tables IV and V. In solid state studies such as
IR the polymeric nature was obtained, but in solution, which is quite
difficult to form (under drastic conditions), the polymeric nature may
be reduced to a monomeric nature, hence the coordination number de-
creases to four. The tentative structure is shown in Figure 1.

[(RO)P(S)S2]2Sn.N2C12H8 (C12H8N2 = 1,10-phenanthroline)

All the adducts are a yellow solid and soluble in common organic
(benzene, dichloromethane, chloroform, etc.) and coordinating (DMF,
DMSO, THF, etc.) solvents. In comparison to the parent compound, the
adducts are easily soluble in common organic solvents. The adducts
are quite stable at r.t. The molecular weight measurment indicates a

FIGURE 1 Structure of [(RO)P(S)S2]2Sn.
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Tin(IV)trithiophosphates 1039

TABLE IV 13C NMR Spectral data (δ, ppm) for [(RO)P(S)S2]2Sn

S. No. Compound S2(S)P(OR) Carbons Chemical shift (δ, ppm)

1. [(PrnO)P(S)S2]2Sn 72.92, d, C; 2JP− C = 30 cps
24.65, C2 15.49, C3

2. [(PriO)P(S)S2]2Sn 68.78, d, C; 2JP− C = 30 cps
24.84, C2

3. [(AmiO)P(S)S2]2Sn 63.80, d, C; 2JP− C = 33 cps
42.48, C2
27.75, C3
25.68, C4

4. [(C. h. O)P(S)S2]2Sn 73.72, d, C; 2JP− C = 354 cps
33.88, C2,6
29.98, C3,5
29.08, C4

5. [(PhO)P(S)S2]2Sn 161.52, d, C; 2JP− C = 450 cps
119.48, C2,6
134.52, C3,5
125.78, C4

monomeric nature of these adducts in diluted chloroform solution at
45◦C.

IR Spectra
In the IR spectrum the bands observed in the region 1042–

1065 cm−1 and 842–856 cm−1 have been assigned to ν[(P)-O-C] and
[P-O-(C)], respectively. The ν [P S] mode may be characterized by the
presence of a band in the region 639–652 cm−1, which is quite similar
to the ligand’s P S stretching mode, indicating the bidentate nature
of trithiophosphate ligand, this also shows that there is no interaction
of P S to the metal. The band present in the region 592–596 cm−1

may be ascribed to ν[P S] stretching mode. Appearance of a new band
(in comparison to a free ligand) in the region 359–372 cm−1, indicates

TABLE V 31P and 119Sn NMR Spectral Data (δ, ppm) for
[(RO)P(S)S2]2Sn

S. no. 119Sn NMR Compound 31P NMR

1. 250 [(PrnO)P(S)S2]2Sn 96.28
2. 252 [(PriO)P(S)S2]2Sn 96.38
3. 268 [(AmiO)P(S)S2]2Sn 96.29
4. 269 [(C. hO)P(S)S2]2Sn 97.28
5. 272 [(PhO)P(S)S2]2Sn 97.49
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TABLE VII 13C NMR Spectral Data (δ, ppm) for
[(RO)P(S)S2]2Sn.C12H8N2 and [(RO)P(S)S2]2Sn.C10H8N2

S. No. Compound S2(S)P(OR) carbons C12H8N2 carbons

1. [(PrnO)P(S)S2]2Sn.C12H8N2 69.89, d, C; 2JP−C = 90 cps 131.44,C2; 121.52,C3;
23.68, C2 126.12, C4; 125.29, C5;
10.46, C3 150.82, C6.

2. [(PriO)P(S)S2]2Sn.C12H8N2 69.98, d, C; 2JP−C = 63 cps 129.62, C2; 127.84, C3;
22.70, C2 122.85, C4; 128.45, C5;

152.62, C6.
3. [(AmiO)P(S)S2]2Sn.C12H8N2 63.99, d, C; 2JP−C = 24 cps 134.82, C2; 125.23, C3;

39.54, C2 123.84, C4; 128.26, C5;
23.18, C3; 21. 89, C4 152.90, C6.

4. [(C. h.iO)P(S)S2]2Sn.C12H8N2 73.91, d, C; 2JP−C = 342 cps 136.94, C2; 127.24, C3;
31.80, C2,6 126.82, C4; 130.02, C5;
24.42, C3,5; 25.92, C4 152.18, C6.

5. [(PhO)P(S)S2]2Sn.C12H8N2 156.60, d, C; 2JP−C = 438 cps 137. 26, C2; 127.25, C3;
112.41, C2,6 124.64, C4; 129.04, C5;
125.72, C3,5116.84, C4 150. 09, C6

6. [(PrnO)P(S)S2]2Sn.C10H8N2 69.88, d, C; 2JP−C = 90 cps 131.48, C2; 121.58, C3;
23.62, C2 126.18, C4; 125.30, C5;
10.41, C3 150.84, C6.

7. [(PriO)P(S)S2]2Sn.C10H8N2 69.92,d, C; 2JP−C = 63 cps 129.68, C2; 127.88, C3;
22.71, C2 122.86, C4; 128.48, C5;

152.65, C6.
8. [(AmiO)P(S)S2]2Sn.C10H8N2 63.89, d, C; 2JP−C = 24 cps 134.92, C2; 125.33, C3;

39.52,C2 123.94, C4;128.36, C5;
23.19, C3; 21. 84, C4 152.98, C6

9. [(C. h. O)P(S)S2]2Sn.C10H8N2 73.90,d, C; 2JP−C = 342 cps 136.96, C2; 127.28, C3;
31.81,C2,6 126.92, C4; 130.12, C5;
24.45, C3,5;25.90, C4 152.28, C6.

10. [(PhO)P(S)S2]2Sn.C10H8N2 156.68,d,C;2JP−C = 438 cps 137. 36, C2; 127.35, C3;
112.42,C2,6 124.74, C4; 129.14, C5;
125.74, C3,5; 116.86, C4 150. 19, C6

the formation of ν[Sn S] bond.16,17 The band present in the region 383–
397 cm−1 may be ascribed to ν[Sn N] stretching mode.16,18 The ν[C N]
bond band was found in the region 1591–1605 cm−1. The IR spectral
data are summarized in Table VI.

NMR Spectra
The 13C NMR spectra of the adducts is quite similar to the parental

compounds; only slight differences have been found. The 13C resonance
for the carbon atom of the P-O-C group appears as a doublet due to
coupling with 31P nuclei. In the proton decoupled 31P NMR spectra,
only one resonance for each adduct in the range 95.85–98.29 ppm was
obtained. In 119Sn NMR spectra the 119Sn NMR chemical shifts of all
the adducts have been observed in the range at 269–281 ppm. These
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1042 U. N. Tripathi et al.

TABLE VIII 31P and 119Sn NMR Spectral Data (δ,ppm) for
[(RO)P(S)S2]2Sn.C12H8N2 and [(RO)P(S)S2]2Sn.C10H8N2

S. no. Compound 31P NMR 119Sn NMR

1. [(PrnO)P(S)S2]2Sn.C12H8N2 95.86 270
2. [(PriO)P(S)S2]2Sn.C12H8N2 95.85 269
3. [(AmiO)P(S)S2]2Sn.C12H8N2 98.28 278
4. [(C. h. O)P(S)S2]2Sn.C12H8N2 98.29 279
5. [(PhO)P(S)S2]2Sn.C12H8N2 97.49 281
6. [(PrnO)P(S)S2]2Sn.C10H8N2 95.68 269
7. [(PriO)P(S)S2]2Sn.C10H8N2 95.58 270
8. [(AmiO)P(S)S2]2Sn.C10H8N2 98.82 277
9. [(C. h. O)P(S)S2]2Sn.C10H8N2 98.92 278

10. [(PhO)P(S)S2]2Sn.C10H8N2 98.94 282

3 2 1 2 1 4 3 2 1
n-C3H7 = CH3-CH2-CH2-;iso-C3H7 = (CH3)2-CH-;iso-C5H11 = (CH3)2-CH-CH2-CH2-.

119Sn NMR chemical shifts and IR spectral data suggest that in these
adducts the tin (IV) is six coordinated.17 The NMR spectral data are
summarized in Tables VII and VIII. The tentative structure of these
adducts is shown in Figure II.

[(RO)P(S) S2]2Sn.N2C10H8(C10H8N2 = 2,2′-bipyridyl)

IR Spectra
In the IR spectrum the bands observed in the region 1041–1067 cm−1

and 843–858 cm−1 have been assigned to ν[(P)-O-C] and [P-O-(C)], re-
spectively. The ν[P S] mode may be characterized by the presence of
a band in the region 638–648 cm−1 indicating the bidentate nature of
trithiophosphate ligand. The band present in the region 592–599 cm−1

may be ascribed to ν[P S] stretching mode. The appearance of a new

FIGURE 2 Structure of [(RO)P(S)S2]2Sn.C12H8N2.
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Tin(IV)trithiophosphates 1043

FIGURE 3 Structure of [(RO)P(S)S2]2Sn.C10H8N2.

band (in comparison to a free ligand) in the region 360–370 cm−1 in-
dicates the formation of ν[Sn S] bond.16,17 The band present in the
region 383–397 cm−1 may be ascribed to ν[Sn N] stretching mode.16,18

The ν[C N] bond band was found in the region 1595–1615 cm−1. The
IR spectral data are summarized in Table VI.

NMR Spectra
The 13C NMR spectra of the adducts is quite similar to the parental

compounds; only slight differences have been found. The 13C resonance
for the carbon atom of the P-O-C group appears as a doublet due to
coupling with 31P nuclei. In the proton decoupled 31P NMR spectra,
only one resonance for each adduct in the range 95.58–98.94 ppm is
obtained. In 119Sn NMR chemical shifts, NMR chemical shifts of all the
adducts have been observed in the range 269–282 ppm. These 119Sn
NMR chemical shifts and IR spectral data suggest that in these adducts
the tin(IV) is six coordinated.17 The NMR spectral data are summarized
in Tables VII and VIII. The tentative structure of these adducts is shown
in Figure 3.

CONCLUSION

On the basis of IR, NMR, elemental analysis, and molecular weight
measurements, the various coordination numbers of tin and varying
modes of bonding of the ligand have been established.
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