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(Te-S) bonded compounds of the general formula [R,Te{S,P(OR'),},I (R = CH,, CnH,. p-MeOC,H,; 
R' = CH,, C2H5, CH(CH3),(CH2),CH3 and CH,CH(CH,),] have been synthesized by the reaction of 
R,TeCI, with the ammonium salt of 0,O'-dialkyldithiophosphoric acid in anhydrous toluene at ambient 
temperature or by the reaction of R,Te(OR'), (R'=CH, or C,H,) with corresponding acids. The 
compounds are monomeric and non-electrolytes in nature. They decompose (Tel" + Tell + Te") slowly 
in solvents such as CH2C12, CHC13 or CCI, at ambient temperature. The decomposition products have 
been characterized. The interaction of [R,Te{S,P(OR'),},] with phosphine donor bases results in their 
complete decomposition yielding tellurium metal. The newly synthesized derivatives have been char- 
acterized on the basis of analytical and spectral (IR, 'H. I T c ,  "P and I2,Te NMR) data. A possible 
geometry around the central tellurium atom has been proposed. 

Key words: Diorganotellurium(1V); dithiophosphate; synthesis; characterization, spectra IR; NMR 

INTRODUCTION 

(Te-S) bonded compounds continue to find applications as accelerators in rubber 
vulcanization thereby showing great promise in rubber It has also 
been pointed out that organotellurium derivatives are of biological interest and 
*23mTe-labelled agents find potential use in diagnostic applications involving nuclear 
 medicine^.^.^ In recent years serious attention has been paid to the structure and 
modes of bonding of these ligands to metal  atom^.^-'^ In view of the above and 
an increasing interest in (Te-S) bonded corn pound^,^^-^^ we report herein the 
synthesis, characterization and spectral behavior of some new organotellurium (IV) 
species having Te-S bonds. Their behavior in solution accounts for their potential 
use in rubber vulcanization. 

Author to whom correspondence should be addressed. 
tPartly abstracted from the Ph.D. Thesis of JDS. University of Lucknow (1985). 
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RESULTS AND DISCUSSION 

The formation of diorganotellurium( IV) species having (Te-S) bonds may bc 

T.  N. SRIVASTAVA. JAI DEO SINGH and S. K. SRIVASTAVA 

represented as shown below. 

R,Te(OR’), + 2(R’0),PSZH 

R2TeClz + 2NH4S,P(OR’), 

2R’OH R,TeO + 2(R’0),PS2H - [{R2TeS2 P(OR‘)2}20]2.H20 

4 - H,O 

The compounds [R2Te{S,P(OR‘)3,] may be synthesized by refluxing R,Te(OR’), 
with (R’0),PS2H in anhydrous toluene and removing alcohols azeotropically or by 
the stirring of R2TeCI2 with NH4S2P(OR’), in toluene for about 30 min. in (1:2) 
molar ratio. They are also prepared by the reaction of R2Te0 with corresponding 
acids but the reaction depends upon the nature of the solvent (i) when 2,2’-di- 
methoxy propane is used as solvent the yield of [R,Te{S,P(OR’)J,] is about 20% 
(ii) while in anhydrous methanol the product obtained is [{R2TeS2P(OR’)J20]2H20 
and (iii) in case of benzene as solvent the composition of the product corresponds 
to [R,Te{S,P(OR’),)],O. The product (11), when placed under vacuum over P205 
for 16 to 20 hrs. yields (iii). Reactions represented by (eq. 1) are facile in anhydrous 
toluene and the yield is greater than 70%. The interaction of R2TeC12 with 
NH,S,P(OR’), when carried out in solvents such as GH,OH, CH3CN, CCI4, CH,CI, 
and C6H6 proceeds smoothly. However, due to rapid decomposition the yield of 
the main product is never greater than 10-15%. 

The newly synthesized compounds are yellow crystalline sharp melting solids, 
soluble in common organic solvents such as MeOH, EtOH, Pr”OH, Pr’OH, Bu’OH, 
C6H6, CC14, CHCI,, CH,CI,, CH,CN, Me,CO, Me2S0 and C6H,NO2. The isolated 
crystalline materials are stable in air, even after long standing. However, when 
they are dissolved in low boiling solvents such as CH,CI,, MeCN, MeOH, CHCI, 
etc., they undergo a redox decomposition to R,Te and [(R‘O),P(S)S-S(S)P(OR’),], 
on standing for a few hours. They are thermally unstable in solution and when 
refluxed deposit the free metal. On interaction with phosphine bases such as Ph3P, 
Ph2P(CH2),PPh2 and (C6H11),P, molecular adducts of definite stoichiometry could 
not be isolated. Instead complete decomposition occurred with deposition of tel- 
lurium metal and the product isolated from the mother liquor was found sulfide 
derivatives of respective phosphines such as Ph,PS, (C6H11)3PS and Ph2P(S)(CH2),- 
(S)PP h,. 

[R,Te{(S,P(OR’)J,] when heated above 100°C disproportionated irreversibly as 
follows: 
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DIORGANOTELLURIUM ( IV)  SPECIES 119 

FIGURE 1 (a) IH NMR(CDC1,). (b) 3’P NMR(CHC1,) and (c) lZsTe NMR(CHC1,) chemical shifts 
for [(p-MeOC,H,)ZTe{S,P(OCHMe2)2}2]. (*Peaks appearing due to Redox reactions in solution). 

The analytical data correspond to (1:2) (Meta1:Ligand) stoichiometry. Their purity 
was ascertained by thin layer chromotography in toluene. Molar conductance in 
non-polar solvents (C,H, and CHC13) indicate that they are non-electrolytes. How- 
ever, the molar conductance in acetone or acetonitrile (0-YC), correspond to (1:2) 
electrolyte. 

Their molecular weight in chloroform or benzene was determined by vapor phase 
osmometry at 40°C. In solution the molecular weight data indicate dissociation 
which increases smoothly and becomes constant after 4 to 6 hrs. Due to their 
abnormal behavior actual molecular weight could not be determined. In  toluene 
they correspond to a monomer. The molecular weight data were also determined 
cryscopically in freezing nitrobenzene and the values obtained are higher than 
expected for a monomer indicating their associated nature. Most of the work was 
carried out in the laboratory condition with fluorescent light.s Due to lack of 
facilities the photolytic behavior could not be ascertained. It has been suggested 
that organotellurium compounds eliminate organic halides from organotellurium 
(IV) halides oxidatively, photolytically or thermally.2‘) The photosensitivity of or- 
ganotellurium compounds is well recognized.” 

IR Spectra 

In spectra were recorded in CSI, KBr and CS2 solution in the region 4000-200 
cm- and 4000-400 cm- *. Vibrations associated with 0,O’-dialkyldithiophosphate 
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group and their assignments were made on the basis of previous The 
aasyrn (PS,) and asym (PS,) vibrations appear in the range 690-630 and 540-480 
cm-1 respectively. The Qasyrn (PS,) absorptions in the solid state spectra of these 
compounds are invariably splitted with a strong band in the range 645-630 cm- I .  

The absorptions in CS, solution spectra are significantly sharp indicating that in- 
teraction occurs in the solid state. 6 (P)-0-C and 9 P-0-(C) vibrations are 
usually strong and broad in the range 1080-950 and 830-730 cm-’ respectively. 
The IR spectra of the products are almost identical to those of parent acids and 
their ammonium salts and do not yield significant information about the nature of 
coordination of the 0,O’-dialkyldithiophosphate ligand to tellurium atom. The two 
bands due to 9 (TeS,, asym) and 6 (TeS,sym) are identified at 370 2 5 cm - I and 
295 2 5 cm-l respectively. The Te-S stretching modes are consistant with those 
reported for tellurium dithiocarbamates.19 

’H NMR Spectra 

‘H NMR spectra of a few compounds were screened in CDC13 using 5-10 scans. 
In (R’0),PS2H, the chemical shift value for the protons (S-H) ranges between 
6 3.60-3.40. The signals disappear in the spectra of the newly synthesized com- 
pounds indicating deprotonation of the ligand. The characteristic proton resonance 
for alkoxy groups [R’ = CH3, C2H5, CH(CH3),, (CH2),CH3 or CH2CH(CH3),] 
are in accordance with the proposed formulae. The peaks for protons of a-carbon 
of P-0-C chains get doubled due to coupling with 31P nucleus. The signals and 
their integration in the compounds [RzTe{S2-P(OR’),},] indicate (1:2) (Meta1:Ligand) 
stoichiometry. When the spectra were screened at higher scans another set of signals 
appear for each proton besides that for the compounds. The additional signal 
became more dominant when solution stayed for several hours. It is proposed that 
in solution three species viz, R,Te, [(R‘O),PS,], and [R2Te{S2P(OR’)2}2] are pre- 
sent resulting from a redox type reaction in solution. 

13C, 31P and lr5Te NMR spectra 

I3C NMR spectra of [R,Te{S,P(OR’),},] have been screened in CC14 and 31P NMR 
spectra of the compounds were recorded in CH2C12, CHC13, CC14, CH3CN, Me2S0 
and Me,CO and are listed in Table I. 125Te chemical shifts for a few compounds 
were examined in THF and CHCI3. To observe (IZSTe-IH), (IZTeJ3C) and (IzsTe- 
31P) coupling constant by ‘H, 13C, 31P and lZsTe NMR spectra at higher scans, at 
the time of NMR observation, the slow redox process was observed and multiplicity 
of each hydrogen, carbon, phosphorus and tellurium signals in [R,Te{S,P(OR’),},] 
were found double than that expected for the derivatives. It was found that an 
extra peak developed at 6 < 86 ppm (in 31P NMR) and another extra peak at 6 - 
718-721 ppm (in IZTe NMR) in addition to those of [R2Te{S2P(OR’)2}2]. The 
signals and their positions are entirely related and corresponds to signals of 
[R2Te{S,P(OR’)2}2], [R,Te] and [(R’O),P(S>SS(S)P(OR‘),] in their IH, 13C, 31P 
and lZ5Te NMR spectra. Coupling was not observed at higher scans 100 to lo00 
scans (IH, 31P) or 10oO to loo00 scans ( IT ,  125Te). A typical spectrum of [(p- 
MeOC6H4)2Te{S2P(OCHMe2)2}2] (operating 1 to 10 hrs for their IH, 31P and IZsTe 
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DIORGANOTELLURIUM ( IV)  SPECIES 121 

TABLE I 
I T ,  I 'P and lZsTe NMR Shifts for [R,Te{S,P(OR'),},] 

Chemical Shift (8) (in ppm) (Solvent) 
Com- 
pound ',C NMR ,'P NMR lzsTe NMR 

1 19.51(H,C-Te); 73.90, 73.63(OCH,); 93.70(A) - 

7 123.4(1), 128.7(2), 115.2(3), 160.8(4). - - 
24.60, 24.39(CH3)(A) 11 1.4( G) 

57.7(5) (Aryl). 53.2(CH30-P)(B) 

54.9(5) (aryl); 62.77, 62.71(OCH3); 
15.55, 15.54( CHI)( CDC1,) 

161.2(4). 55.04(5). (Aryl); 72.71. 110.32(G) (171.28) * ( B )  
71.94(CH), 23.45, 23.67(CH3)(B) 

10 123.5(1), 137.4(2), 115.4(3) 95.7 1 (A), 95.62( C), 881.40( 72 1.58) * (B) 
161.8(4), 5 4 3 5 )  (aryl); 68.74, 885.17( 72 1 S4)  * (D ) 
68.47(OCH2); 23.65, 23.37(CHZ); 

- 8 122.8(1), 136.8(2), 115(3), 159.4(4) 95.10(C), 108.75(1) 
1 1 1.20(F), 11 1.55(H), 
113.39(E), 114.61(G) 

9 128.2(1), 139.6(2), 115.23(3) 92.47(8), 92.47(C) 879.02 

112.8( G) 

10.04(CHJ(A 
11 124.43(1), 137.30(2), 114.95(3). 160.94(4), 92.56(A). 92.20(8) 882.45(718.27) * ( B ) ;  

54.60(5) (aryl); 78.49, 78.17, 76.0. 75.67 113.9(G) 885.68(721.56) * (D) 
(OCH); 30.28. 30.17. 30.01(CH2); 
20.91, 20.74(CHI)(G) 

*Peaks corresponds to (p-MeOC,H,) Te; Solvent denoted as (A) CH,CI,. (B) CHCI,. (C) CCI,. ( D )  
THF (E) MeOH, (F)  MeCN (G) Me,SO, ( H )  CsHsN and (I) Me,CO. 

NMR spectral observations) showing decomposition in solution and peaks assigncd. 
are shown in graph. 

STRUCTURE AND BONDING 

The 0,O'-dialkyldithiophosphate ligand can bind a metal atom in several ways (ionic, 
unidentate and bidentate bridging or chelating).12 The 31P NMR chemical shift may 
be helpful to suggest a tentative structure for the newly synthesized compounds. 
Experimentally observed chemical shift values fall in the general range (6 87- 101 
ppm) proposed by GlidwellZ3 for chelating or bridging -S,P(OR'), ligands. The 31P 
NMR chemical shift for the (R'O),PS,-ligand in the compounds [R,Te{S,P(OR'),}2] 
merely corresponds to bidentate nature. Coordination of the ligand (R'O),PS2 via 
non-bonded sulphur atoms is thus supported and its in accord with the soft acid 
nature of tellurium.'.24 However, the possibility of intramolecular or intermolecular 
secondardy interaction could not be ruled out. In the present complexes, the bi- 
dentate nature of the ligand in solution may be due to either a weak coordination 
between non-bonded sulphur and tellurium or due to inter or intramolecular sec- 
ondary interaction between tellurium and sulphur. The associating nature of mol- 
ecules in nitrobenzene in their molecular weight determination and monomeric 
nature in toluene show distinct secondary interaction in solution. The two bands 
in the IR spectra assigned to 6,,TeS2 and 6,,TeS2 appear at 370 * 5 and 290 & 
5 cm-'. The significantly large separation between a,, and a,, modes of vibration 
suggest that the STe-S angle may be near 180" rather than 90" and it is expected 
a monodentate attachment of the ligand in these compounds.14 
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A pseudotrigonal bipyrarnidal geometry around central tellurium atom may be 
suggested in the solid state, where the positions are occupied by R and -S,P(OR'), 
group and a lone pair of electrons. However, in solution a weak coordination from 
the non-bonded sulphur to tellurium atom or an inter or intramolecular secondary 
interaction between non-bonded sulphur of the ligand and metal may be expected. 

The two structure in solid and solution may be proposed as shown below: 

R 

[R=Me, Ph, p-MeOC,H,; R'=Me, Et, (CH2),CH3, CHMez, CH,CHMe,] 

EXPERIMENTAL 

All manipulations were carried out under dry nitrogen atmosphere TeCI, (BDH), Te (200 mesh) were 
used as such. Me,Te12 (ref. 25) Ph,TeC12 (ref. 26) @-MeOC,H,)2TeC12 (ref. 27). 0.0-dithiophosphoric 
acids and their ammonium salts were prepared according to established procedure. NMR spectra were 
recorded on JEOL FX-90 Q FT NMR spectrometer. lZsTe NMR was observed at 28.25 MHz with an 
external D,O capillary lock and referenced against external Me,Te solution. 31P spectra were measured 
at 36.23 MHz and referenced against external 85% H,PO,. I T  spectra was measured at 22.49 MHz 
and referenced against internal Me,% Other physicochemical studies were made as described earlier.2n,2" 

Some representative reactions for the preparation of [RITe{S2P(OR')2}Z] are described below: 

(a) Reaction of (p-MeOC&),TeC?, with NH,S2P(OC,H,)2. To a suspension of the ammonium salt 
of 0.0'-diethyldithiophosphoric acid (4.06g; 20 mmol) in anhydrous toluene (25 ml) was added a solution 
of (p-MeOC,H,)zTeC12 (4.12 g; 10 mmol) in toluene (25 ml). The reaction mixture was stirred for 1 
hr. Filtration followed by distillation of the solvent under reduced pressure gave a viscous mass, which 
was recrystallized from tolueneh-pentane (1: 10) mixture. 

(b) Reaction of R,Te(OR')2 with (R'O)PS,H. R2Te(OR')2 were prepared in situ by the reaction of 
NaOR and R2TeC12 in corresponding alcohols. Lower alcohols, CH,OH, CZH,OH, (CH,q)2CHOH were 
used as reactant as well as solvent while CH,(CH2)z0H and (CH&CHCH20H were used as reactant 
in (1:2) molar ratio, using toluene or benzene as a solvent. The prepared alcoxide was isolated and 
used as follows: 

In a representative reaction. Ph2Te(OCzH,), (3.5 g; 10 mmol) in toluene (10 ml) was added, 0,O'-  
diethyldithiophosphoric acid (3.70 g; 20 mmol) in toluene (10 ml). The reaction mixture was refluxed 
for 1 hr. and alcohol was removed azeotropically, followed by distillation under reduced pressure. The 
yellow viscous mass thus obtained was recrystallized from tolueneh-pentane (1: 10) mixture. Other 
derivatives were prepared similarly. 

Analytical data for [R,Te{S,P(OR'),},]: Anal. found (%) (calcd.), (R=Me, R'=Et) (1) m.p. 89°C; 
Te, 23.86 (24.16); C, 22.52 (22.74); H, 4.43 (4.96); S. 24.01 (24.28). (R=Ph, R'=Me) (2) m.p. 112°C; 
Te. 21.31 (21.40); C, 32.07 (32.23); H, 3.53 (3.72); S, 21.29 (21.51). (R=Ph, R'=Et) (3) m.p. 94°C; 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
9
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



DIORGANOTELLURIUM ( IV)  SPECIES 123 

Te. 19.03 (19.56); C. 36.16 (36.83); H, 4.42 (4.63); S. 19.17 (19.66). (R=Ph. R'=CHMe,) (4) m.p. 
120°C; Te, 17.86 (18.01); C. 40.13 (40.69); H 5.31 (5.40); S, 18.01 (18.10). [R=Ph, R'=(CH,),Me] 
(5) m.p. 103°C; Te, 17.78 (18.01); C. 40.26 (40.69); H, 5.17 (5.40); S, 17.87 (18.10). (R=Ph, 
R'=Ch,CHMe,) (6) m.p. 131°C; Te. 16.33 (16.69); C, 43.58 (43.99); H, 5.67 (6.06); S, 16.20 (16.77). 
(R=p-MeOC& R'=Me) (7) m.p. 102°C; Te. 19.11 (19.44), C, 32.47 (32.95); H, 3.56 (3.99); S, 
19.18 (19.54). (R=p-MeOC6H4. R'=Et) (8) m.p. 70°C. Te, 17.35 (17.91); C, 36.69 (37.10); H, 4.23 
(4.81); S. 17.71 (18.00). (R=p-MeOC,H,, R1=CHMe,) (9)  m.p. 100°C; Te, 16.12 (16.60); C, 40.23 
(40.64); H, 5.26 (5.51); S. 16.25 (16.69). (R=p-MeOC,H,, R1=(CH,)Me (10) m.p. 114°C; Te, 16.28 
(16.60); c, 40.07 (40.64); H, 5.19 (5.51); S, 16.34 (16.69). (R=p-MeOC,H,, R'=CH,CHMe,) (11) 
m.p. 115°C; Te. 15.20 (15.47); C 43.26 (43.70); H, 5.93 (6.11); S ,  15.17 (15.55). 

(c) Reacrion of RzTeO wirh (R'O),PS,H. @-MeOC,H,)2Te0 (3.57 g; 10 mmol) and [{(CH,),CH2CHO}Z- 
PS,H] (4.84 g; 20 mmol) were refluxed together in anhydrous toluene (50 ml) and water removed 
azeotropically. The yellow product thus obtained was washed with solvent ether and identified as 
[(p-MeOC,H,),TeSzP(OCHCH2Me2)2]20. Similar reaction was carried out in methanol. The solution 
was filtered and allowed to evaporate slowly to give yellow crystals of [{@-MeOC,H,),TeS,P- 
(OCHCH2Me2)},O],. H20 .  

Analytical data: found (%) (calcd.) (R=p-MeOC,,H,. in all compounds). [ RzTeS2P(OCH,CHMe2)2]20: 
Te. 21.50 (21.60); C. 44.65 (44.70): H. 5.39 (5.41): S. 10.76 (10.83): ,IP NMR (6) 92.44 (CHCI,). 
[R2TeS,P(OEt),J2O; Te. 23.67 (23.90); C, 44.27 (44.40); H. 4.36 (4.48); S. 11.80 (11.97); "P NMR (6) 
93.65 (C,H,). [R2TeS,P(OCHMez)2]20; Te 22.64 (22.68); C. 42.56 (42.65); H, 4.86 (4.97): S. 11.34 
(11.37); "P NMR (6) 92.26 ppm (CCI,). [{R2TeS2P(OCH,CHMe2)2}zO]2.H20; Te. 21.41 (21.44); C. 
44.25 (44.36): H.5.33(5.46); S. 10.70(10.75); "PNMR(6)92.17pprn (CHCI,). [(R2TeSZP(OEt),}20],.H20: 
Te. 23.51 (23.66): C, 39.96 (40.66); H. 4.34 (4.54). S. 11.83 (11.87); 'IP NMR (6) 93.36 pprn (CCI,). 
[{R2TeS,P(OCHMe2)2}20]2.HzO; Te, 22.46 (22.50); C. 42.28 (42.43); H. 4.49 (5.02); S. 11.20 (11.28); 
?IP NMR (6) 92.22 ppm (CHCI,). 

(d) Thermogravirnetric analysis. TG analysis of the compounds [R,Te{S2P(OR')z}2] [R=Ph. and p- 
MeOC,H, and R'=Me or C2Hs] were carried out. The compounds (200 mg) when heated at 5°C min - I 

in a self produced atmosphere. decompose without step-wise loss in weight at ( 140"- 180°C) leaving 
behind R,TeS. On further heating (180-280°C) a residue corresponding to TeS2 was obtained. 

(e) Solurion study. When the compound [RITe(SZP(OR')2}2] were kept in CHzCII, CHCI, or CCI, for 
24 hr. at room temperature, more than 50% of the compound decomposed during this period according 
to eq. 

2[RzTe(S,P(OR')2}2] + [R,Te] + [(R'O)zP(S)SS(S)P(OR'),] + [R2Te{SzP(OR')2},] 

Removal of the solvent to complete dryness and addition of solvent ether to the mixture of the 
products resulted in the separation of R2Te derivatives. A fractional crystallization of the mixture with 
toluene and n-pentane (1: 10) mixture separates [R,Te{SZP(OR')Z}2] from the ligand [(R'O),P(S) 
SS(S)P(OR'),]. Reaction of R2Te with ((R'O),PS,], ligand does not produce [R,Te{S,P(OR'),},] oxi- 
datively. Refluxing of [R,Te{SZP(OR')2}2] species in CH,Cl, or CHClz for 24 hr. gave 100% decom- 
position and tellurium metal was obtained. 

( f )  ( i )  Reaction of/R,Te{S,P(OR')JJ wirh bases. Reaction of neat DMSO, DMF or C,H2N with 
[R,Te{S2P(OR'),},] gave Te" metal and [(R'O)ZPS,],. The other products of the reaction could not be 
identified. A photochemical or thermochemical reaction may be possible. 

Ph,P and Ph,P(CH,),PPh, gave corresponding 
phosphine sulphides and another unidentified product. The presence of phosphine sulphides was con- 
firmed by "P NMR spectra [6 42.5(CHCI,)Ph3PS and 6 45.21(CHCI,)Ph,P(S)(CH2),(S)PPh,]. 

(ii) Reaction of/R,Te{S,P(OR')JJ wifh phosphines. 
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