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SYNTHESES AND PROPERTIES OF MIXED LIGAND 
COMPLEXES OF DIORGANOTIN(1V): PART I. 

DIALKYL (OR ARYL) DITHIOPHOSPHATES AND 

TETRABUTYL DISTANNOXANES 

P-DIKETONATO DIORGANOTIN 

l-P-DIKETONATO-3-DIALKYL DITHIOPHOSPHATO 

A. CHATURVEDI, P. N. NAGARt  and G. SRIVASTAVAS 
Department of Chemistry, University of Rajasthan, Jaipur-302004, India 

(Received October 16, 1991; in Jnal form April 16. 1992) 

The mixed ligand complexes of the type R~Sn[RCOCHCOR”] [S,P(OR’),] and [(R’O),S,P] 
R;SnOSn R; [RCOCHCOR] have been prepared by the reaction of diorganotin oxide (R’ = Bu, 
Ph) or chloride (R’ = Me) with j3-diketones and dialkyl (or aryl) dithiophosphoric acids in 1:l:l and 
2:l:l  molar ratios is refluxing benzene. The products formed are monomeric, non volatile, yellow 
colored viscous liquids or sticky solids, soluble is common organic solvents and exhibit high sensitivity 
towards atmospheric moisture. These complexes have been characterized by elemental analyses, mo- 
lecular weight measurements, IR and NMR (IH, ”p and ’19Sn) spectral data. On the basis of ‘I9Sn 
NMR studies, it was postulated that there might be disproportionation which led to the formation of 
mixture with fast exchange between Sn-S and Sn-0 linkages. 

Key words: Diorganotin oxide (or chloride); dialkyl (or aryl) dithiophosphate; P-diketone; P-diketonato 
diorganotin(1V) dialkyl (or aryl) dithiophosphate; and l-j3-diketonato-3-dialkyl dithiophosphato tetrabutyl 
distannoxanes. 

INTRODUCTION 

0,O’-Dialkyl and alkylene dithiophosphoric acids contribute an important series 
of ligands which show an interesting versatility in their chemical bonding modes 
(e.g., uni- as well as bidentate chelatindbridging) towards different 
Dialkyl dithiophosphates and their metal derivatives are also used as oil additives 
and as pesticides.4.5 

The chemistry of metal P-diketonates has been extensively reported in the lit- 
e r a t ~ r e . ~ . ’  An extensive survey of literature reveals that a lot of work has also been 
carried out on organotin(1V) P-diketonates6-lo and organotin(1V) dialkyl (or al- 
kylene) dithioph~sphates~.~”.” during the last ten years. 

The mixed derivatives of P-diketonate with tin(1V) alkoxides,6 -chlorides,Lo 
-acetatesL3 and -alkyl~anthates‘~ have been reported in the literature. The mixed 
derivatives of the type R2Sn[OCOCH3J[SZP(OR),] have been recently reported15 
from our laboratory in which mono functional bidentate behaviour of the ligand 
has been established. 

The mixed derivatives of diorganotin(1V) with P-diketonates and dialkyl (or aryl) 

tThe author to whom correspondence should be made. 
$This Article is dedicated to Late Dr. G. Srivastava. Assoc. Proff. University of Rajasthan, Jaipur. 
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dithiophosphates have not been studied so far. In view of the above it was con- 
sidered of interest to synthesize and study the chemical bonding mode in these new 
derivatives. 

In the present communication, we report the syntheses and physico-chemical 
studies of the mixed ligand complexes of the type R;Sn[RCOCHCOR][S,P(OR ’),I 
and [ (OR ’),S,P]R;SnOSnR;[RCOCHCOR]. 

RESULTS AND DISCUSSION 

P-Diketonato diorganotin(1V) dialkyl (or aryl) dithiophosphates have been syn- 
thesized by mixing and refluxing (6 hours) diorganotin oxide with P-diketonates 
and dialkyl (or aryl) dithiophosphates in 1:l:l molar ratio, in dry benzene. The 
liberated water has been fractionated azeotropically. 

R;SnO + R”-C-CH,-C -R” + HS2P(OR’”), + 

II 
0 

II 
0 

The dimethyltin(1V) derivatives have been synthesized by mixing, stirring and 
then refluxing dimethyltin dichloride with P-diketone and dialkyl dithiophosphate 
in 1:l:l molar ratio in the presence of triethylamine. The product formed has been 
isolated by stripping off the solvent from the filtrate in vacuo. 

Me,SnCl, + R’LC-CH C-R”+ HS, P (ORw 

0 

S Me 

,- II II 
0 

\ RtI 

[ R” = M e ,  P h  i R”’= Pri ,  Bui ] 

These complexes have also been synthesized by mixing and refluxing the dior- 
ganotin(1V)-bis-dialkyl dithiophosphates and diorganotin(1V)-bis-p-diketonates in 
1:l molar ratio. 

R; S n [ S, P (OR“)2 12+ R; Sn [ R ‘COCH C OR’I 2- 2 [ (0 RH 1, S2P 1 R; Sn [R”C OC H C O R 7  
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(R' = Me, Bu; R = Me, Ph; R '  = Pr'] 

These complexes are yellow colored viscous liquids or sticky solids (methyl and 
phenyl derivatives) and are found to be non-volatile even under reduced pressure 
(160"/0.5 mm). Most of them decompose above 160°C. These are soluble in common 
organic solvents, monomeric in nature and are found to be sensitive towards at- 
mospheric moisture. 
l-~-diketonato-3-dialkyl dithiophosphato tetrabutyl distannoxanes have been 

synthesized by mixing dialkyltin oxide with P-diketonates and dialkyl dithiophos- 
phates in 2:l:l molar ratio in refluxing benzene. The reaction proceeds to com- 
pletion within 8 hours and the liberated water has been fractionated azeotropically. 

These complexes are yellow colored non-volatile viscous liquids, soluble in com- 
mon organic solvents and are found to be monomeric in nature. 

IR SPECTRA 

IR spectra of these complexes have been recorded in the region 4000-200 cm-'. 
A comparison of the IR spectra of the complexes with those of the starting materials 
[dialkyl dithiophosphate, P-diketonate, diorganotin oxide (or chloride)] shows the 
following characteristic changes. 

1. The disappearance of a broad and strong absorption band u S-H which was 
present at -2600 cm-I in dialkyl dithiophosphate. 

2. The appearance of a new week absorption band at 350-365 cm-' in P-di- 
ketonato diorganotin dialkyl (or aryl) dithiophosphates and medium absorption 
band at 325-335 cm- in 1-P-diketonato-3-dialkyl dithiophosphato tetrabutyl dis- 
tannoxanes which may tentatively assigned to u Sn-S linkage. 

3. The appearance of a new sharp absorption band at  435-455 cm-I, which was 
assigned to u Sn-0 linkage. 

4. A characteristic absorption band in the region 1425-1455 cm-' was assigned 
to the coordinate carbonyl group. 

5. The IR spectra of all the complexes show a strong absorption band at 1550- 
1580 cm-I which is characteristic of u C=C linkage. 

In 1-P-diketonato-3-dialkyl dithiophosphato tetrabutyl distannoxanes the u p=S 
and u P-S absorption band is shifted towards lower frequencies (-50 cm-l) which 
indicates a strong bidentate chelation'.2 of these groups with tin atom. 
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NMR SPECTRA ['H, 3'P & 'I9S nl 

' H  

PMR spectra of these complexes show that there is an overlapping of the multiplet 
due to methyl and tin-butyl protons (besides in the case of methyl derivatives). 
The OCH, and OCH protons of the dialkyl dithiophosphate moieties however 
show distinct signals with the usual pattern caused by 3- bond coupling with 
magnetically active phosphorus atom. The PMR signal due to S-H proton is absent 
in these complexes. PMR spectra of distannoxanes show a number of resonance 
signals and are too complicated to give any useful information regarding the struc- 
ture of the complexes. 

3'P 

31P Chemical shift values for these complexes have been mentioned in Table VI. 
Only one resonance signal has been observed in the region 6 93 to 99 ppm. The 
signal appears downfield in comparison to that of the parent acid. This supports 
the formation of Sn-S-P chemical bond in these (p-diketonato diorganotin dialkyl 
(or aryl) dithiophosphate) complexes. The value of the chemical shift is in good 
agreement with the result reported for R2Sn[OAC][S2P(OR)2].1s 

In case of distannoxanes the "P chemical shift observed downfield (6  102 to 107 
ppm) in comparison to p-diketonato diorganotin dialkyl (or aryl) dithiophosphates. 
This indicates a strong bidentate chelation of the thiophosphoryl group with the 
tin atom. 

In contrast to 'H and 31P NMR spectra which show the presence of single species, 
the 119Sn NMR spectra of P-diketonato diorganotin dialkyl (or aryl) dithiophos- 
phates and 1-P-diketonato-3-dialkyl dithiophosphato tetrabutyl distannoxanes (Table 
VI & VII) show three resonance signals. The spectra of the same compound ob- 
tained by two different routes are identical in nature. A comparison of the chemical 
SM values with those of corresponding R2Sn(RCOCHCOR')2 and R,Sn(S,P(OR),), 
compounds obtained under similar conditions indicates the presence of those spe- 
cies along with the mixed derivative, R,Sn[RCOCHCOR'][S,P(OR)2]. The above 
results thus indicate that an equilibrium as a result of disproportionation of the 
following type exists in these derivatives. 

2 R2 Sn [ R COCHCOR'] [ S2 P (OR 121 R 2  Sn [ RCO CHCOR']&+ R2 Sn [S, P(OR )2 12 
b e  

The chemical shifts results indicate the pentacoordinated nature of the tin 
atom in these complexes. The following structure has been tentatively proposed 
for these unsymmetrical derivatives. 
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TABLE VII 
NMR ('lP & Il9Sn) spectral data (8  ppm) for 1-P-diketonato-3-dialkyl dithiophosphato 

tetrabutyl distannoxanes 

Compound No. Chemical shln (a ppm) 

'lP 119~0 

1. 102.7 

2. 104.6 

3.  105.3 

4. 109.1 

-186.02 
-279.87 
-400.76 

-183.70 
-275.09 
-388.31 

-189.19 
-278.16 
-501.52 

-185.29 
-276.73 
-389.08 

It may be noted that 'H and 31P NMR spectroscopy is unable to give the exact 
picture and the chemical shifts obtained from these spectra are only average values. 

The bidentate nature of the P-diketonate moiety is readily indicated by the position 
of Y C=O absorption band in the IR spectra. It may also be pointed out that the 
tendency of the P-diketonate moiety to show bidentate behaviour towards tin is 
much stronger than that of the dithiophosphate group. 

The l19Sn NMR studies for these complexes have also been extended to different 
concentrations. It appears that the resonance signals are insensitive to concentration 
changes. 

On the basis of above results, it appears that there may be an equilibrium as 
a result of disproportionation of R,Sn[RCOCHCOR'][S,P(OR),] into 
R,Sn[RCOCHCOR'), and R,Sn[S,P(OR),], for both R=Bu & R=Me. There 
may also be fast exchange between S n - 4  and Sn-S linkages. 

EXPERIMENTAL 

Stringent precautions were taken to exclude moisture during the experimental manipulations. Sulfur 
and tin were estimated gravimetrically as barium sulphate (Messenger's method)lb and tin oxide16 
respectively. Molecular weights were determined by Knauer Vapour Pressure Osrnometer in chloroform. 
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DIORGANOTIN(1V) COMPLEXES 315 

IR spectra were recorded on a Perkin Elmer-577 spectrophotometer in the range of 4000-200 cm- I 
using CsI cells. ‘H NMR spectra were recorded in deuterated chloroform and 31P & ’I9Sn were recorded 
in benzene on JEOL FX 900 spectrophotometer using TMS (for ‘H), H,PO, (for 31P) and Me,Sn (for 
‘ I % )  as external references. 

Synrhesb of Me,Sn[CH,COCHCOCH,][S,P(OPr‘),]. A mixture of dimethyltin dichloride ( 1  2 0  g, 
5.46 mmole) acetylacetone (0.55 g, 5.5 mmole) and diisopropyl dithiophosphate (1.17 g, 5.46 mmole) 
in benzene (-40 ml) on mixing and stirring followed by refluxing, adding 2 moles of triethylamine (1.10 
g), on filtration gave triethylamine hydrochloride (found: 1.55 g; calcd. 1.57 g) and product (after 
removal excess of benzene in vacuo) 2.39 g; 95% as a light yellow colored sticky solid. (Calcd. for 
C,,H2,0,PS2Sn: S. 13.89; Sn, 25.76, Found: S ,  13.42; Sn, 25.82). 

Details of similar derivatives are also summarized in Table I. 

Rracrion of diburyltin oxide wirh acetylacetone and dilsopropyl dithiophosphare in 1:l:l molar ra- 
tio. Dibutyltin oxide (1.49 g, 5.99 mmole), acetylacetone (0.60 g, 6.0 mmole) and diisopropyl dithio- 
phosphate (1.28 g; 5.98 mmole) were taken in 30 ml benzene. The reaction mixture was refluxed for 
about 6 hours, dibutyltin oxide dissolved on refluxing, water formed during the course of reaction, has 
been removed azeotropically. The solvent was removed under reduced pressure. A yellow colored 
viscous liquid (3.04 g; 93%) was obtained (Calcd. for C,&P0,PS2Sn: S, 11.75; Sn. 21.79; M, 544.7, 
Found: S, 11.62; Sn, 21.58; M, 521.85). 

Details of the preparation of other derivatives are given in Table 11. 

Reaction of diburyltin oxide wirh acetylacetone and diiropropyl dithiophosphate in 2:l:l  molar ra- 
rio. Dibutyltin oxide (3.31 g, 13.30 mmole), acetylacetone (0.67 g, 6.7 mmole) and diisopropyl di- 
thiophosphate (1.42 g, 6.64 mmole) were taken in benzene (-30 ml). After the removal of water 
azeotropically yields product as a yellow colored visccjus liquid, 5.16 g, 98%. (Calcd. for C2,H5,O5PS2Sn2: 
S, 8.06; Sn, 29.92; M, 793.4, Found: S, 7.52; Sn, 30.19. M, 719.6). 
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