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Synthesis and Characterization of
Dichlorotin(IV)trithiophosphates and Their
Adducts with Nitrogen Donor Bases

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

Dichlorotin(IV)trithiophosphates [(RO)P(S)S9/SnCly were prepared by the re-
action of methanolic solution of SnCly; and dipotassium salt of trithiophos-
phates in a 1:1 molar ratio and their adducts [(RO)P(S)S9/SnClg NoC19Hg and
[(RO)P(S)S9ISnClg NoC10Hg were prepared by the reaction of methanolic solution
of [(RO)P(S)S9]SnClg and N-donor bases in a 1:1 molar ratio. These newly synthe-
sised derivatives have been characterized by elemental analysis; molecular weight
measurements; and IR,13C, 31 p and 1198 NMR spectral studies. Coordination
number of four and six was suggested for dichlorotin (IV)trithiophosphates and
their adducts with N-donor bases respectively.

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,! thio A-diketonates,? dithiocarbamates, and O,0’-alkylene
dithiophosphates.?~®> Some mono di- and tri-organo tin(IV) derivatives
of diakyl dithiophosphates have been synthesised and characterized by
13C, 31P, and 9Sn NMR and mossbauer spectral studies. The 1°Sn
NMR chemical shifts and ['J(11Sn—12C)] and [2J(}1°Sn—'H)] of tri-
organo tin(IV) dialkyl dithiophosphates are consistent with tetrahedral
geometry and four coordinated Sn, although a mossbauer study indi-
cates five coordinated tin in solid state. These studies also reveal that
in mono and diorgano tin(IV)dithiophosphates, a Sn atom is weakly
coordinated to a ligand.®~7 Organic trithiophosphates esters have been
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used as defoliants,® insecticides,?® and nematodicidal® and inhibitors??
of steel corrosion. Potassium trithiophosphates exist in two isomeric
forms.

[(ROP(S)S2]K; < [(RS)P(0)S]Ks

The persual of literature revealed only two publications on the
metallic ester of trithiophosphoric acids.!1~!2 Trithiophosphates of the
tin element have received no attention to the best of our knowledge.
Hence, it was thought worthwhile to study the trithiophosphates of
dichlorotin(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 PyS5
and triethylamine in a 1:3:3 molar ratio respectively, in anhydrous ben-
zene. The reaction mixture was stirred for 30 min on a water bath. After
stirring, salt was precipitated out. All chemicals were of A.R. grade and
were used after the drying process. The derivatives described in the
present article were synthesised by the following general routes.

Synthesis of [(RO)P(S)S,1SnCl,

A methanolic solution (15 mL) of tetrachlorotin(IV) and methanolic
solution of dipotassium salt of trithiophosphates were mixed and re-
fluxed for 10-12 h. The reaction was carried out in a 1:1 molar ratio.
After refluxing, the solid KCI was precipitated out. Insolubles were fil-
tered off and the product was obtained from the filtrate by removal of
volatilesa under reduced pressure. The complexes numbers 1-10 were
prepared by the same procedure. The analytical results are summarized
in Table I.

Synthesis of [(RO)P(S)S,1SnCl, N,C,,Hs and
[(RO)P(S)S,1SnCI, N,C1oHs

A methanolic solution (5 mL) of dichlorotin(IV)trithiophosphates and
methanolic solution of 1,10-phenanthroline were mixed and stirred for
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. The adducts numbers 10-20 were prepared by this same pro-
cedure. The adducts with 2,2'-bipyridyl (21-30) were prepared by this
same procedure. The analytical results are summarized in Tables II
and III, respectively.
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MEASUREMENTS

IR spectra were recorded in nujol mulls using Csl cells on a Perkin
Elmer 577 spectrometer. In the range 4000-200 cm~!, 3C NMR, 3P
NMR, and '9Sn NMR spectra of these derivatives have been recorded
in CDCl;3 on a Bruker DRX-300 spectrometer using TMS, H3POy4, and
tetramethyltin standards, respectively. Molecular weight were mea-
sured on a Knauer Vapour Pressure Osmometer in CHCl3 at 45°C. El-
emental analysis for Sn, Cl, and S were carried out by the standards
procedure.!® Carbon, hydrogen, and nitrogen were estimated by Cole-
man C.H.N. analyzers.

RESULT AND DISCUSSION

Dichlorotin(IV)trithiophosphates are yellow, solid, and sparingly sol-
uble in common organic (benzene, dichloromethane, chloroform etc.)
and coordinating (DMF, DMSO, THF, etc.) solvents. The complexes are
unstable at room temperature and tend to decompose even under a
closed environment. Decomposition is rather slow when these com-
pounds are stored in a dry atmosphere at low temperature. Decomposi-
tion is marked by the color change from yellow to brown. The molecular
weight measurements indicate a monomerio nature of these compounds
in a dilute chloroform solution at 45°C.

IR Spectral Studies

In the IR spectrum the bands observed in the region 1034-1056 and
800-828 cm~! have been assigned to v[(P)-O—C] and v[P—O—(C)], re-
spectively. The v[P=S] mode may be characterized by the presence of a
band in the region 644—652 cm~! which is quite similar to the ligand’s
P=S stretchining mode, indicating the bidentate nature of trithiophos-
phate ligand; this is also showing that there is no interaction of P=S
to the metal. The band present in the region 629-646 cm~! may be
ascribed to v[P—S] stretching mode. Appearance of a new band (in com-
parison to a free ligand) in the region 358—-370 cm~! indicates the for-
mation of a v[Sn—S] bond. The v[Sn—Cl] bond band was found in the
region 340-360 cm~!. The IR spectral data are summarized in Table IV.

NMR Spectral Studies

The 13C resonance for the carbon atom of the P—-O—C group appears
as a doublet due to coupling with 3'P nuclei. In the proton-decoupled
3P NMR spectra, only one resonance for each compound in the range
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TABLE V 3C NMR Spectral Data for [(RO)P(S)S;1SnCl,

Chemical shift (§, ppm)
S. no. Compound S2(S)P(OR) Carbons

1. [MeO)P(S)S21SnCly 56.52,d,C; 2Jp_c = 24CPS

2. [(EtO)P(S)S21SnCl, 68.41,d,C; 2Jp_c = 27CPS
18.13,Co

3. [(Pr"0)P(S)S;1SnCly 72.90,d,C; 2Jp_c = 30CPS
24.66,C515.48,Cs.

4. [(PrIO) P(S)SQ]SHCIQ 68.79,d,C; 2Jp_c = 30CPS
24.83,Cy

5. [(Bu™0)P(S)S,]SnCly 69.01,d,C; 2Jp_c = 27CPS
35.29,C,
22.17,Cs
18.91,C4

6. [(BusO)P(S)S;1SnCly 72.89,d,Cs; 2Jp_c = 21CPS
36.61,C3
15.12,Cy4

7. [(BulO)P(S)S;1SnCly 73.27,d,C; 2Jp_c = 24CPS
30.12,C,
22.04,Cs

8. [(Am!0)P(S)S;1SnCl, 63.78,d,C; 2Jp_c = 33CPS
42.42.C,
27.73,Cs
25.62,Cy4

9. [(C.h.0)P(S)S;]SnCly 73.28,d,C; 2Jp_c = 354CPS
33.85,Co,6
29.93,C3 5
29.01,Cy4

10. [(Ph.O)P(S)S51SnCl, 161.5,d,C; 2Jp_c = 450CPS

119.40,Co,6
134.50,C3 5,
125.7,C4

95.16-97.14 ppm is obtained. In 1°Sn NMR spectra, the 1°Sn, NMR
chemical shifts of all of the compounds have been observed in the range
251-268 ppm. These 1Sn NMR chemical shifts suggest that in com-
pound numbers 1-10, the tin(IV) is four coordinated. The NMR spectral
data are summarized in Tables V and VI. The tentative structure of
these derivatives are shown in Figure 1.

5N o
// Sn—"
cn40—\ /\

@)
FIGURE 1 Structure of [(RO)P(S)S;]SnCl.
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TABLE VI 3'P and '*Sn NMR Spectral Data
for [(RO)P(S)S:1SnCl;

Chemical shift (§, ppm)

S. no. Compound 3IPNMR 119Sn NMR
1. [MeO)P(S)S2]1SnCly 95.16 252
2. [(EtO)P(S)S;]SnCl, 96.02 254
3. [(PrO)P(S)S21SnCly 96.18 251
4. [(PrlO) P(S)S2]SnCl, 96.28 253
5. [(Bu™O)P(S)S,]SnCly 97.02 258
6. [(Bu*O)P(S)Sg)SnCl,  96.48 255
7. [(BWO)P(S)SylSnCl,  96.42 260
8. [(AmiO)P(S)S5ISnCl,  96.92 262
9. [(C.h.O)P(S)S2]SnCl, 97.82 265

10.  [(Ph.O)P(S)SyISnCl, 97.94 268

[(RO)P(S)S,1SnCI, N,C1,Hs

All the adducts are yellow solid and soluble in common organic
(benzene, dichloromethane, chloroform, etc.) and coordinating (DMEF,
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 room temperature. The molecular weight measurement
indicates a monomeric nature of these adducts in a dilute chloroform
solution at 45°C.

IR Spectral Studies

In the IR spectrum, the bands observed in the region 1042—-1066 cm™!
and 820—-846 cm~! have been assigned to v[(P)~O—C] and v[P—O—(C)],
respectively. The v[P=S] mode may be characterized by the presence of
aband in the region 662—-650 cm~!, which is quite similar to the ligand’s
P=S stretchining mode, indicating the bidentate nature of trithiophos-
phate ligand; this is also showing that their is no interaction of P=S
to the metal. The band present in the region 632—648 cm~! may be as-
cribed to a v[P—S] strecthing mode. The appearance of a new band (in
comparison to free ligand) in the region 368-388 cm~! indicates the for-
mation of a v[Sn—S] bond. The IR values of v[Sn—Cl] bond band found
to be lowering in an increase of the coordination number of tin. In six
coordiinated, Sn(IV) complexes, the v[Sn—Cl] bond band was found in
the regoin 275-286 cm~!. The v[Sn—N] bond band was found in the
region 384-395.The v[C=N] bond band was found in the region 1600—
1623 cm~!. The IR spectral data are summarized in Table VII.
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TABLE VIII 3C NMR Spectral Data for [(RO)P(S)S;1SnCl, C;2HgN,

Chemical shift (§, ppm)

S2(S)P(OR)
S. no. Compound Carbons C19HgNy Carbons
1. [MeO)P(S)Sz]SnCIQCquNZ 53.59,d,C; 132.24, Cg_ 129.48 C3
2Jp_c = 26cps  124.82, Cy4, 130.18, Cs
154.24 Cg
2. [(EtO)P(S)S2]SnCly C1oHgN, 54.58,d,C; 132.45,Cs, 129.56,C3
2Jp_c = 26cps  124.94,C4, 129.56,C5
16.49, Cy 152.42, Cg
3. [(Pr0)P(S)S51SnCly C1oHgNy  71.89,d,C; 134.44,C, 124.52, C3,
2Jp_c =90cps  121.12 Cy4, 127.29, C5
25.68, Cy 149.82, Cq
12.46, C3
4. [(PrlO) P(S)S2]SnCl, C19HgNy  70.98,d,C; 131.62, Cy, 129.84, C3
2Jp_c =63cps  124.85 Cy4, 130.45 Cj
24.70, Cy 157.62 Cg
13.49, C3
5. [(Bu™O)P(S)S;]1SnCly C12HgNy  72.28,d,C; 130.92,Cs, 130.10, C3,
2Jp_c =16cps  126.18, Cy4, 129.80, Cs
33.16, C, 152.86 Cg,
12.15, C3
16.26, Cy
6. [(BusO)P(S)S,1SnCly C1oHgNy  71.82,d,C; 130.65,Cs, 129.28, C3
2Jp_c = 18cps  124.84, Cy4, 132.88, Cs
32.24, Cy 154.28, Cg
14.09, C3
15.62, Cy
7. [(BuiO)P(S)SﬂSDClZ012H8N2 72.28,d,C; 134.60,02, 129.81, Cg
2Jp_c = 16cps  125.63, C3, 130.45, Cs
31.54, Cy 152.28, Cq,
13.21, C3
8. [(AmiO)P(S)Sg]SnCIZ_ClegNz 66.99,d,C; 135.82, Cg, 126.23, C3
2Jp_c =24cps  123.84, Cy4, 129.26, Cs
42.54, Cq 149.9 Cg
26.18, Cs
24.89, C4
9. [(ChO)P(S)Sz]snclgcleBNg 76.91,d,C; 136.84, Cg, 127.42, Cg,
2Jp_c =342cps  126.28, Cy4, 130.20, Cs
32.80, Ca ¢ 152.48, Cg,
25.42, C3 5
26.92, Cy4
10. [(Ph.O)P(S)Sg]Snclz_clegNz 159.60,d,C; 137.62, Cz, 127.52, Cg,
2Jp_c=438cps  124.46, Cy4, 129.40, Cs
116.41,Cq 6 150.90 Cg
127.72, C3 5

118.84,, C4
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TABLE IX °'P and Sn NMR Spectral Data for
[(RO)P(S)S;1SnCl;, C;2HgN,

Chemical shift (§, ppm)

S. no. Compound 3IPNMR  119Snp NMR
1. [MeO)P(S)SQ]SnCIZClgHgNg 97.81 272
2. [(EtO)P(S)SQJ SDCIZ‘ClegNQ 97.84 271
3. [(Pr"O)P(S)S2]SnCly C12HgNy 97.86 274
4. [(PI‘IO) P(S)Sz]SnClz_ClZHgNg 97.85 273
5. [(Bu™0)P(S)S51SnCly C12HgNo 97.94 278
6. [(Bu*O)P(S)S2]1SnCly, C15Hg Ny 97.98 276
7. [(BuiO)P(S)Sz]Snclz'clegNg 98.10 277
8. [(AmiO)P(S)Sz]SnCleclgHgNz 99.28 280
9. [(C.h.O)P(S)S2]SnCly C12HgNg 99.29 282

10. [(PhO)P(S)SﬂSnClz012H3N2 99.49 285

NMR Spectral Studies

The 3C NMR Spectra, of the adducts is quite similar to the parental
compounds—only a slight difference has been found. The !3C resonance
for the carbon atom of the P—O—C group appears as a doublet due to
coupling with 3!P nuclei. In the proton-decoupled 3'P NMR spectra,
only one resonance for each compound in the range 97.81-99.49 ppm is
obtained. In 1°Sn NMR spectra, the 1°Sn NMR chemical shifts of all
the adducts have been observed in the range 277-285 ppm. Their 11°Sn
NMR chemical shifts and IR spectral data suggest that in these adducts
the tin(IV) is six coordinated. The NMR spectral data are summarized
in Tables VIII and IX. The tentative structure of these adducts is shown

in Figure 2.
@%
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FIGURE 2 Structure of [(RO)P(S)S;]SnCly C1oHgNs.
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TABLE XI 3C NMR Spectral Data for [(RO)P(S)Sz1SnCl, C;oHgN;

Chemical shift (5, ppm)

S2(S)P(OR)
S. no. Compound Carbons C10HgNy Carbons
1. [MeO)P(S)Sg]SnCIZCmHgNZ 54.59,d,C; 146.58,02_122.24, 03
2Jp_c = 26¢cps 119.89, C4, 136.52, Cs
151.86, Cg,
2. [(EtO)P(S)S3]SnCly C1oHgN, 54.68,d,C; 146.89, Cy, 122.88, Cs
2Jp_c = 26¢ps 120.42, Cy4, 126.29, Cs
16.50, Cg 152.68, Cg
3. [(Pr0)P(S)S5]SnCly C1oHgNy  71.98,d,C; 147.96, Cy, 123.98, Cs
2Jp_c = 90cps 120.62, Cy4, 134.68, Cs
25.86, Cy 153.42, Cg
12.64, C3
4. [(PrlO) P(S)S2]SnCly C19HgNy  70.96,d,C; 148.52, Cy, 123.62, C3
2Jp_c = 63cps 120.28, Cy4, 137.43, Cs
24.72, Cy 153.84, Cg
13.48, C3
5. [(Bu™O)P(S)S;]1SnCly C1oHgNy  72.29,d,C; 147.48, Cy, 123.96, C3
2Jp_c = 16¢ps 121.48, Cy4, 137.64, Cs
33.61, Cy 153.54, Cg
12.51, C3
16.62, Cy
6. [(BusO)P(S)S5]SnCly C1oHgNy  71.28,d,C; 148.68, Cy, 124.48, Cs
2Jp_c = 18cps 121.62, Cy4, 137.80, Cs
32.42, Cy 154.64, Cg
14.19, C3
15.26, Cy
7. [(BuiO)P(S)Sg]SnCIZ‘ClngNg 72.85,d,C; 148.28, Cz, 123.24, C3
2Jp_c = 16¢ps 122.48, Cy4, 137.24, Cs
31.45, Cy 154.55, Cg
13.28, C3
8. [(AmiO)P(S)SQ]SnClg_Cl()HgNz 66.67,(1,0; 149.29, Cz, 125.46, Cg
2Jp_c = 24cps 121.58, Cy4, 138.44, Cs
42.58, Cq 154.14, Cg
26.81, Cs
24.90, Cy4
9. [(ChO)P(S)Sz]SnC12CmH8N2 76.94,d,C; 150.80, Cz, 127.22, C3
2Jp_c = 342cps  124.18, Cy4, 139.40, C;
32.84, Cq ¢ 157.18, Cg
25.49, C3 5
26.95, Cy4
10. [(Ph.O)P(S)SQ]SIIClQ_Cl()HgNg 159.80,d,C; 149.98, Cg, 124.94, Cg
2Jp_c =438cps  122.78, Cy4, 137.68, C5
116.49, Cg ¢ 155.60, Cg
127.78, C3 5

118.85, C4
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The IR spectra of the adducts (21-30) have been recorded in the 4000—
200 cm~! region. The bands observed in the region 1048—1068 and 823—
856 cm~! have been assigned to v[(P)—O—C] and v[P—O—(C)], respec-
tively. The mode v[P=S] may be characterized by the presence of a
band in the 660—652 cm~! region, indicating the bidentate nature of
trithiophosphate ligand. The band present in the 636—655 region may
be ascribed to a v[P—S] strecthing mode. The appearance of a new band
(in comparison to a free ligand) in the 372-384 cm~! region indicates
the formation of a v[Sn—S] bond. The IR values of a v[Sn—Cl] bond
band found to be lowering in an increase of the coordination number
of tin. In six coordiinated Sn(IV) complexes, the v[Sn—Cl] bond band
was found in the 281-298 cm™! region. The v[Sn—N] bond band was
found in the 388-396 cm~! region. The v[C=N] bond band was found
in the 1610—1638 cm ™! region. The IR spectral data are summarized in
Table X.

NMR Spectral Studies

The C NMR Spectra of the adducts is quite similar to the parental
compounds; only a slight difference has been found. The 1C resonance
for the carbon atom of the P—O—C group appears as a doublet due to
coupling with 3P nuclei. In the proton-decoupled >'P NMR spectra,
only one resonance for each compound in the range 96.81-98.49 ppm
is obtained. In Sn NMR spectra, the 1'Sn NMR chemical shifts of
all the adducts has been observed in the range 270-284 ppm. Their

TABLE XII 3'P and 'Sn NMR Spectral Data for
[(RO)P(S)S;1SnCl, C;oHgN,

Chemical shift (8, ppm)

S. no. Compound 31p NMR 1193 NMR
1. [MeO)P(S)Sz]Snclg‘clngNg 96.81 270
2. [(EtO)P(S)S21SnCls C1oHgNo 96.84 269
3. [(Pr“O)P(S)SQ]SnCleC10H8N2 96.86 272
4. [(PI‘IO) P(S)SZ]SnClz‘ClngNz 96.85 271
5. [(BunO)P(S)SzlSnClg_ClngNg 96.94 275
6. [(BuSO)P(S)Sz]SnClg}ClngNg 96.98 274
7. [(BulO)P(S)S31SnCly C1oHgNy 97.10 276
8. [(AmiO)P(S)S21SnCly C1oHgNy 98.28 279
9. [(ChO)P(S)SZ]Sn012ClOHBNZ 98.29 281

10. [(Ph.0)P(S)S51SnCly, C1oHs Ny 98.49 284
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FIGURE 3 Structure of [(RO)P(S)SQ]SHClzCloHE,NZ

198n NMR chemical shifts and IR spectral data suggest that in these
adducts the tin(IV) is six coordinated. All of the NMR spectral data
are summarized in Tables XI and XII. The tentative structure of these
adducts is shown in Figure 3.
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