This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

; S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Related Elements
[ — Synthesis and Characterizations of Tin(IV)trithiophosphates and Their
i g Adducts With Nitrogen Donor Bases
' 1 U. N. Tripathi® D. K. Sharma®; Nisha Jain" M. Soni¢

2 Department of chemistry, Deen Dayal Upadhyay University, Gorakhpur, (Uttar Pradesh), India ®
i Department of Chemistry, Government Arts and Science College, Ratlam, (MP), India © Mandsaur
§ Institute of Pharmacy, Mandsaur, (MP), India
|

To cite this Article Tripathi, U. N., Sharma, D. K., Jain, Nisha and Soni, M.(2007) 'Synthesis and Characterizations of
Tin(IV)trithiophosphates and Their Adducts With Nitrogen Donor Bases', Phosphorus, Sulfur, and Silicon and the
Related Elements, 182: 5, 1033 — 1044

To link to this Article: DOI: 10.1080/10426500601091063
URL: http://dx.doi.org/10.1080/10426500601091063

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500601091063
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 03 27 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 182:1033-1044, 2007 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN: 1042-6507 print / 1563-5325 online

DOI: 10.1080/10426500601091063

Taylor & Francis Group

Synthesis and Characterizations
of Tin(IV)trithiophosphates and Their Adducts
With Nitrogen Donor Bases

U. N. Tripathi
Department of chemistry, Deen Dayal Upadhyay University, Gorakhpur
(Uttar Pradesh), India

D. K. Sharma

Nisha Jain

Department of Chemistry, Government Arts and Science College,
Ratlam (MP), India

M. Soni
Mandsaur Institute of Pharmacy, Mandsaur (MP), India

Bis-(trithiophosphato)tin(IV) [(RO)P(S)S3]oSn (where R = n-C3Hz,i-C3Hy,i-
CsHj;,-CgHy;,-CgHp) were prepared by a reaction of methanolic solution of SnCly
and dipotassium salt of trithiophosphates in a 1:2 molar ratio, and their adducts
[(RO)P(S)S9/9Sn.N9C19Hg and [(RO)P(S)S9]9Sn.NoC19Hg were prepared by a
reaction of methanolic solution of [(RO)P(S)S9]9Sn 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 1198n 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,! thio-g-diketonates,? dithiocarbamates, and O,0’-alkylene
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dithiophosphates3~5 Some mono-; di-, and tri-organo tin (IV) derivatives
of dialkyl dithiophosphates have been synthesized and characterized
by 13C, 3'P, and Sn NMR and mossbauer spectral studies. The 11°Sn
NMR chemical shift and [* J(11?Sn-13C)] and [2 J(}19Sn-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.5” Organic trithiophosphates esters have been used as
defoliants,® insecticides®? and nematodicidal® and inhibitors'? of steel
corrosion. Potassium trithiophosphates exist in two isomeric forms.

[(RO)P(S)S2] Ko <— [(RS)P(O)S2] Ko (D

The persual of literature revealed only a few publications on the metal-
lic ester of trithiophosphoric acid!!''? and trithiophosphates of tin(IV)
moieties.’® 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 P3S5
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)S,],Sn

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 KCI 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)S,1,Sn. N,C,,Hg and [(RO)P(S)S,],
Sn.N2C1oH3

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~!. 3C NMR, 3P
NMR, and '9Sn NMR spectra of these derivatives have been recorded
in CDCl3 on a Bruker DRX-300 spectrometer using TMS, H3PO,,
and tetramethyltin standards, respectively. Molecular weight was
measured for Sn and S and were carried out by standard procedure.!#
Carbon, hydrogen, and nitrogen were estimated by coleman C.H.N.
analyzers.

RESULT AND DISCUSSION
[(RO)P(S)Szlzsn

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 ! have been assigned to v[(P)-O-C] and [P-O-(C)], respec-
tively. The v[P=S] mode may be characterized by the presence of band
in the region 642—-660 cm~! indicating the bidentate nature of trithio-
phosphate ligand. The band present in the region 593—-609 cm~! may
be ascribed to v[P—S] stretching mode. Appearance of a new band (in
comparison to a free ligand) in the region 360-375 cm~! 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 3'P nuclei. In the proton decoupled
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TABLE III IR Spectral Data (cm—') for[(RO)P(S)S;]K, and

S. No. Compound v[(P)-O-C] v[P-O-(C)] v[P=S] v[P=S] v[Sn—S]
1. [(Pr0) P(S)SeloSn 1012 816 643w 437 _

2. [(Pl‘lo) P(S)S2]2Sn 1009(5) 810(5) 640(m) 441(m) —

3. [(Am‘O) P(S)S2]oSn 1012(5) 812(5) 648(m) 439(m) —

4. [(C.h.0) P(S)SaloSn 1013, 841 644 445 _

5. [(PhO) P(S)S3]2Sn 1011(5) 800(5) 640(m) 443(m) —

6. [(Pr"0) P(S)SoloSn 1046, 8556 6504 598w 3660w
7. [(Pl‘iO) P(S)Sg]zsn 1043(5) 850(3) 642(m) 593(m) 360(w)
8. [(AmiO) P(S)SQ]QSH 1068(5) 868(5) 660(m) 609(m) 375(w)
9. [(C.h. O) P(S)Sg)ySn 1066 865  655m) 605w 373w
10. [(PhO) P(S)S3]oSn 1062, 853s) 651y) 601y 370(w)

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

3P NMR spectra, only one resonance for each compound in the range
96.28-97.49 ppm is obtained. In 1®Sn NMR spectra the 1°Sn NMR
chemical shifts of all the compounds have been observed in the range
250-272 ppm. These Sn NMR chemical shifts suggest that in com-
pound numbers 1-5 the tin(IV) is four coordinated.'* 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)S,1,Sn.N,C,H; (C1,HgN, = 1,10-phenanthroline)

All the adducts are a 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 r.t. The molecular weight measurment indicates a

FIGURE 1 Structure of [(RO)P(S)S;]>Sn.
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TABLE IV 3C NMR Spectral data (6, ppm) for [(RO)P(S)S;1:Sn

S. No. Compound So(S)P(OR) Carbons  Chemical shift (§, ppm)

1. [(Pr"O)P(S)S2]oSn 72.92,d, C; 2Jp_ C =30 cps
24.65, Cy 15.49, C3
2. [(PriO)P(S)S3]5Sn 68.78,d, C; 2Jp_ C =30 cps
24.84, Cy
3. [(Am'0)P(S)S]2Sn 63.80,d, C; 2Jp_ C =33 cps
42.48, Cy
27.75, Cs
25.68, Cy4
4. [(C. h. O)P(S)Sz]2Sn 73.72,d, C; 2Jp_ C = 354 cps
33.88, Ca6
29.98, Cs 5
29.08, C4
5. [(PhO)P(S)S2]2Sn 161.52,d, C; 2Jp_ C = 450 cps
119.48, Co6
134.52, C35
125.78, Cy4

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~! and 842-856 cm~! have been assigned to v[(P)-O-C] and
[P-O-(C)], respectively. The v [P=S] mode may be characterized by the
presence of a band in the region 639-652 cm™!, 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~!
may be ascribed to v[P—S] stretching mode. Appearance of a new band
(in comparison to a free ligand) in the region 359—372 cm™!, indicates

TABLE V 3'P and Sn NMR Spectral Data (6, ppm) for

S. no. 1195n NMR Compound 31p NMR
1. 250 [((Pr"O)P(S)S2]2Sn 96.28
2. 252 [(Pr'O)P(S)S3]2Sn 96.38
3. 268 [(Am'O)P(S)S3]2Sn 96.29
4. 269 [(C. hO)P(S)S2]2Sn 97.28
5. 272 [(PhO)P(S)S3]2Sn 97.49
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TABLE VII 3C NMR Spectral Data (6, ppm) for
[(RO)P(S)Szlzsn.ClesNz and [(RO)P(S)Sz]zsn.CloHsNz

1041

S. No. Compound S2(S)P(OR) carbons C12HgN; carbons
1. [(Pr"0)P(S)S2]2Sn.C12HgNy  69.89, d, C; 2Jp_c = 90 cps 131.44,Cy; 121.52,Cs;

23.68, Cy 126.12, Cy4; 125.29, Cs;

10.46, C3 150.82, Ce.
2. [(PriO)P(S)SQ]zsn.clesNg 69.98, d, C; ZJP—C =63 Cps 129.62, Cz; 127.84, Cg;
22.70, Cq 122.85, Cy4; 128.45, Cs;

152.62, Cs.
3. [(AmiO)P(S)Sz]gsn.clgHgNg 63.99, d, C; 2Jp,c =24 Ccps 134.82, CQ; 125.23, 03;
39.54, Cy 123.84, Cy4; 128.26, Cs;

23.18, Cs; 21. 89, Cy4 152.90, Cg.
4. [(C. h.'0)P(S)S2]2Sn.C12HgNy  73.91,d, C; 2Jp_c = 342 cps  136.94, Cy; 127.24, C3;
31.80, Co 6 126.82, Cy4; 130.02, Cs;

24.42, C35; 25.92, Cq4 152.18, Ce.
5. [(PhO)P(S)Sz]zsn.ClgHgNz 156.60, d, C; ZJP,C =438 Ccps 137. 26, Cz; 127.25, C3;
112.41, Cy6 124.64, Cy4; 129.04, Cs;

125.72, C35116.84, C4 150. 09, Cg
6. [(PrnO)P(S)Sz]2Sn.cloH8N2 69.88, d, C; 2Jp_c =90 Cps 131.48, Cg; 121.58, CS;
23.62, Cq 126.18, Cy4; 125.30, Cs;

1041, Cs 150.84, Cg.
7. [(PI‘iO)P(S)Szlzsn.cloHSNz 69.92,d, C; 2J}Lc =63 cps 129.68, Cz; 127.88, 03;
22.71, Cy 122.86, C4; 128.48, Cs;

152.65, Cs.
8. [(Am'0)P(S)S2]2Sn.C19HsNy  63.89, d, C; 2Jp_c = 24 cps 134.92, Cy; 125.33, Cs;

39.52,Cy 123.94, C4;128.36, Cs;

23.19, Cs, 21. 84, C4 152.98, Cq
9. [(C h. O)P(S)Sz]gSD.CmHgNz 73.90,d, C; ZJP_C = 342 Ccps 136.96, Cz; 127.28, 03;
31.81,Cz6 126.92, Cy4; 130.12, Cs;

24.45, C35,25.90, C4 152.28, Cg.
10. [(PhO)P(S)Sz]zSn.ClngNz 156.68,d,c;2Jp,c =438 cps 137. 36, Cz; 127.35, Cs;

112.42,C4¢
125.74, Cs 5; 116.86, Cy4

124.74, Cy4; 129.14, Cs;
150. 19, Cq

the formation of v[Sn—S] bond.'®17 The band present in the region 383—
397 cm~! may be ascribed to v[Sn—N] stretching mode.!:18 The v[C=N]
bond band was found in the region 1591-1605 cm~!. The IR spectral
data are summarized in Table VI.

NMR Spectra

The 3C 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 3'P nuclei. In the proton decoupled 3'P NMR spectra,
only one resonance for each adduct in the range 95.85-98.29 ppm was
obtained. In 1®Sn NMR spectra the 1®Sn NMR chemical shifts of all
the adducts have been observed in the range at 269—281 ppm. These
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TABLE VIII ®'P and 'Sn NMR Spectral Data (§,ppm) for
[(RO)P(S)Sg]gSn.ClesNz and [(RO)P(S)SZ]QSH-C]OHSNQ

S. no. Compound 31p NMR 11987y NMR
1. [(Pr"0)P(S)S2]5Sn.C19HgNy 95.86 270
2. [(PriO)P(S)SQ]ZSI‘I.CleSNz 95.85 269
3. [((Am'O)P(S)S2]2Sn.C12Hg Ny 98.28 278
4. [(C h O)P(S)SZ]ZSn.CquNz 98.29 279
5. [(PhO)P(S)S2]2Sn.C12HgNy 97.49 281
6. [(PI‘“O)P(S)SQ]gsn.clngNg 95.68 269
7. [(PriO)P(S)SZ]zSn.ClngNg 95.58 270
8. [(AmiO)P(S)Sz]gsn.clngNg 98.82 277
10. [(PhO)P(S)SZ]ZSnCmHgNg 98.94 282

3 2 1 2 1 4 3 2 1
n-C3H7 = CH3-CH2-CH2-;iSO-C3H7 = (CH3)2-CH-;iSO-C5H11 = (CHg)z-CH-CHz-CHz-.

198n 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 VII and VIII. The tentative structure of these
adducts is shown in Figure II.

[(RO)P(S) SZ]zsn.Nzc1oH8(C1oH8N2 = 2,2’-bipyridy|)

IR Spectra

In the IR spectrum the bands observed in the region 1041-1067 cm !
and 843-858 cm~! have been assigned to v[(P)-O-C] and [P-O-(C)], re-
spectively. The v[P=S] mode may be characterized by the presence of
a band in the region 638—648 cm ! indicating the bidentate nature of
trithiophosphate ligand. The band present in the region 592-599 cm~!
may be ascribed to v[P—S] stretching mode. The appearance of a new
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FIGURE 2 Structure of [(RO)P(S)SQ]ancleSNZ
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FIGURE 3 Structure Of [(RO)P(S)Sz]anCstNz
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band (in comparison to a free ligand) in the region 360-370 cm™! in-

dicates the formation of v[Sn—S] bond.'®17 The band present in the
region 383-397 cm~! may be ascribed to v[Sn—N] stretching mode.6:18
The v[C=N] bond band was found in the region 1595-1615 cm~!. The
IR spectral data are summarized in Table VI.

NMR Spectra

The 3C NMR spectra of the adducts is quite similar to the parental
compounds; only slight differences have been found. The '2C resonance
for the carbon atom of the P-O-C group appears as a doublet due to
coupling with 2'P nuclei. In the proton decoupled 3'P NMR spectra,
only one resonance for each adduct in the range 95.58-98.94 ppm is
obtained. In 1°Sn NMR chemical shifts, NMR chemical shifts of all the
adducts have been observed in the range 269-282 ppm. These 1?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 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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