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Tallium(I) alkylenedithiophosphates, TISZP$G, 

[where G = -CH,C(CHJ,CH,-, -CH,C(C,H,),CH,-, 
-C(CHJ,CHZCH(CHJ-, -C(CH,),C(CH,),- and -CH- 
(CHJCH(CH,)J were synthesized by the reactions of 
TIOCOCHJ or TlZC03 with the corresponding ammo- 
nium alkylenedithiophosphates in aqueous medium. 
These are high melting white solids, insoluble in 
common organic solvents but soluble in pyridine and 
DMF in which they show non-electrolytic behaviour. 
The compounds were characterized by elemental 
analyses, IR and NMR (‘H and “‘P) spectral data. 

A ttemp ts to isolate Tl(IH) derivatives were unsuc- 
cessful due to their ready decomposition into Tl(I) 
derivatives and alkylenethiophospho@ disulphides. 

Introduction 

Thallium shows a marked tendency to form stable 
complexes with various sulphur ligands. Simple 
thiolates [l, 21, dithiocarbamates [3,4], dithio- 
phosphinates [5] and xanthates [6] of thallium(I) 
have been extensively explored. The crystal structure 
of Tl(1) diisopropyldithiocarbamate [7] shows 
dimeric units. Thallium(II1) derivatives with sulphur 
ligands are less stable. Thallium(II1) thiolates decom- 
pose [8] readily to a white solid @robably Tl(1) 
derivatives). On the other hand, thallium(II1) +riv- 
atives [9] with chelating dithiols are comparatively 
stable. Thallium(II1) dithiocarbamates [lo, 1 l] are 
monomeric in solution and their infrared spectra 
suggest the presence of bidentate dithiocarbamate 
groups. 

Conflicting reports have been published on the 
existence of Tl(II1) tris(dialkyldithiophosphates). 
Bode et al. [l l] claimed the isolation of Tl[&P- 
(OEt),], from the reaction of TlC13 with NaS*P- 
(OEt),, while Bonati et al. [12] found that the only 
product from the reaction of TlC13 and KS2P(OMe)2 
is the corresponding Tl(1) compound. More recently, 
derivatives of thallium(I) [ 131 with a number of 
dialkyldithiophosphates have been characterized by 
their ultraviolet and vibrational spectra. 
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Alkylenedithiophosphoric acids and their ammo- 
nium salts have been synthesized [14] and their 
ligating behaviour towards the main group as well as 
transition elements is currently being investigated in 
our laboratories. In view of the contradictory findings 
about the existence of thallium(II1) dialkyldithio- 
phosphates, it was considered of interest to see if 
thallium(II1) derivatives of alkylenedithiophosphates 
can be isolated, as these ligands could be expected to 
give more stable products than the simple dialkyl- 
dithiophosphates. However, in all cases only thallium- 
(1) products were obtained with simultaneous separa- 
tion of the disulphide derivatives of the ligands. A 
number of analogous reactions with simple dialkyl- 
dithiophosphoric acids were also investigated for 
comparison. 

Experimental 

Alkylenedithiosphosphoric acids and their ammo- 
nium salts were synthesized by the reported methods 
[ 141. Thallium(II1) chloride [ 151 was prepared in situ 
by passing dry chlorine gas through a suspension of 
thallium(I) chloride in dry acetonitrile. Thallium was 
estimated gravimetrically as T12Cr04 and sulphur 
was estimated gravimetrically as barium sulphate. 

IR spectra were recorded as Nujol mulls or KBr 
pellets in the range of 400-4000 cm-’ on a Perkin- 
Elmer model 337 spectrometer. ‘H NMR spectra of 
a few compounds were determined on a Perkin- 
Elmer R12B spectrometer (60 MHz) in pyridine or 
carbon tetrachloride solutions, using TMS as external 
standard. 31P NMR spectra were also recorded for a 
few compounds only on a Varian FT80A spectrometer 
(32.38 MHz) using 85% H3P04 as reference. Molar 
conductance of thallium(I) alkylenedithiophosphates 
was measured using platinum electrodes in 0.001 M 
DMF solution. 

1. Thallium(I) Neopentylenedithiophosphate 
To a solution of thallous carbonate (2.04 g, 4.36 

mmol) in -30 ml water was added an aqueous solu- 
tion (-20 ml) of ammonium neopentylenedithio- 
phosphate (1.90 g, 8.82 mmol) at room temperature. 
A white precipitate was immediately formed. The re- 
action mixture was stirred for -2 hr; the precipitate 
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was filtered and dried. The product (3.04 g, 87% 
yield) was soluble in pyridine and DMF. AnaZ. Calcd. 
for CsHro02PS2T1; Tl, 50.92; S, 15.94%. Found: 
Tl, 50.25; S, 15.70%. M.p. 260-63 “C dec. 

Other Tl(1) alkylenedithiophosphates were syn- 
thesized by a similar method (Table I). 

2. Thallium(I) Diisopropyldithiophosphate 
A white precipitate was obtained on adding -20 

ml aqueous solution of NaS,P(OCaH,-i)z (5.09 g, 
21.50 mmol) to -50 ml aqueous solution of TlOCO- 
CHa (5.63 g, 21.37 mmol). The precipitate was 
filtered and dried under reduced pressure, yielding a 
white solid (7.70 g, 86% yield). On crystallization 
from toluene, needle shaped crystals were obtained. 
Anal. Calcd. for CeHr402PS2T1: Tl, 48.97; S, 15.33%. 
Found: Tl, 48.17; S, 14.92%. M.p. 124 “C. 

Similar reactions were carried out to synthesize 
TlS,P(OEt), (Table I). 

3. Reaction of Thallium(III) Chloride with Sodium 
Diisopropyldithiophosphate in I:3 Molar Ratio 

Thallium(II1) chloride was prepared by passing dry 
chlorine gas (for -40 minutes) through a suspension 
of TlCl (2.38 g, 9.92 mmol) in -40 ml acetonitrile. 
Excess of chlorine (if any) was removed by passing 
a rapid stream of dry nitrogen gas through the reac- 
tion mixture. To the clear solution thus obtained 
was added a solution of sodium diisopropyldithio- 
phosphate (7.09 g, 30.03 mmol) in -50 ml aceto- 
nitrile dropwise with constant stirring. Precipitated 
sodium chloride (1.90 g) was removed by filtration. 
The yellow solid (7.91 g) obtained on removing the 
solvent from the filtrate was shaken with -50 ml 
light petroleum (60-80’) leaving 3.53 g of grey 
residue which on crystallization from toluene (-30 
ml) gave 2.70 g of white crystalline thallium(I) di- 
isopropyldithiophosphate. Anal. Calcd. for C6Hr4- 
02PS2Tl: Tl, 48.97; S, 15.33%. Found: Tl, 48.17; 
S, 15.14%. M.p. 124 “C. The light petroleum filtrate 
was concentrated and left overnight, when a yellow 
solid diisopropylthiophosphoryl disulphide (2 .P 1 g) 
crystallized. Anal, Calcd. for Cr2H2a04PZS4: S, 
30.05%. Found: S, 29.21%. M.p. 86 ‘C; reported 
[16] 86 “C. 

4. Reaction of TIcI (from Tl,OJ with Ammonium 
Hexylenedithiophosphate in 1:3 Molar Ratio 

TlzOs (1.17 g, 2.56 mmol) was dissolved in the 
minimum volume of hydrochloric acid and was 
diluted with water (-80 ml). To this solution was 
added a solution of ammonium hexylenedithio- 
phosphate (3.59 g, 15.68 mmol) in -50 ml water. 
Initially a light yellow precipitate was obtained which 
became white after shaking for -10 minutes. The 
white precipitate was stirred for -3 hr and then 
filtered and dried. On shaking this solid with benzene 
(-60 ml), 1.65 g of the solid remained undissolved 
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6 TlOCOCH3 + NaS2P[OCH(CH&12 
5.63 5.09 

7 T&O3 + 2NaSzP(OCzH& 
2.20 2.00 

8 Tl203 + 6NH$2fiOC(CH3)2CH2(CH3)CHb 
1.17 3.59 

I 

9 Tlz03 + 6NH&POCH2C(CH3)#ZH& 
0.95 2.80 

10 TIz03 + 6NH&POC(CH3)&H3)C6 
0.50 1.84 

11 

12 

13 

14 

15 

16 

TIC13 + 3NaS2P[OCH(CH&]2 
(From 2.38 g TlCl) 7.09 
3.08 

2NH4S2POCH2C(CH3)2CHZd + I2 
3.02 1.82 

I 
2NH&POC(CH&CH3)& + IZ 
2.22 1.29 

0) 

(ii) 

(0 

(ii) 

(0 

(ii) 

(0 

(ii) 

TW’[OCH(CHd212 
7.70 

2nSzP(OC2H,)2 
3.05 

2TlS2POC(CH3)2CH2(CH3)CH6 
1.65 

b 
~[SPOC(CH~)~CHZ(CH~)CH ]2S2 

2.00 

2TlS2bOCH2C(CH3)2CH20 
1.48 

7 

2 [ SPOCH2C(CH3)2CH20] ?S2 
1.35 

2TlS2POC(CH3)2(CH3)2C0 
0.81 

I 
2[SPOC(CH3)2(CH3)2CO],S2 

‘T&P[OCWCH&12 
2.70 (crystallized) 

[SPCOCWCH&l& 
2.81 (crystallized) 

[ SbOCH2C(CH3)2CH2b] 2S2 
2.55 

I 
[SPOC(CH~)~(CH~)~COI~SZ 

1.70 

2NH&POC(CH&CH2(CH3)CH0 + Br2 
2.85 0.99 

A&l3 + TlS2P(OC2Hs)2 
1.22 2.63 

AsC13 + 3T&P(OC2H,), 
0.41 2.63 

[ SPOC(CH3)2CH2(CH3)CH0] 2S2 
2.52 

C12AsS2P(OC2Hs)2 
2.20 

As[SzWOCzW213 
1.40 

86 124 

85 86 

79 175 dec. 

92 148 

88 260-64 dec. 

82 63 

76 186-89 dec. 

78 135 dec. 

67 124 

79 86 

92 63 

83 135 dec. 

96 148 

48.17 
(48.97) 

51.77 
(52.49) 

50.44 
(49.21) 

- 

50.25 
(50.67) 

_ 

49.29 
(49.21) 

48.17 

(48.97) 

99 

99 

yellow 
liquid 

52 

% As, 22.93 
(22.67) 

%As, 11.62 
(11.91) 

14.89 Y 
s 

(15.33) b 

16.17 9 
(16.43) g 

15.75 B 
(15.41) $ 

30.83 Q 

(30.33) $ 

15.70 Z 

(15.94) !$ 

32.18 
(32.48) 

15.86 
(15.41) 

30.70 
(30.33) 

15.14 
(15.33) 

29.17 

(30.05) 

31.02 
(32.48) 

29.44 
(30.33) 

30.06 
(30.33) 

19.26 
(19.34) 

30.32 
(30.48) 

6 
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which was obtained after filtration and drying. 
AnaL Calcd. for C,H,,02PS2Tl: Tl, 49.21; S, 15.41%. 
Found: Tl, 50.44; S, 15.75%. M.p. 17.5” dec. On 
drying, the benzene filtrate gave a light yellow solid 
(2.00 g) which was crystallized from mixture of 
chloroform and n-hexane. Anal. Calcd. for Cr2HZ4- 
04PZS4: S, 30.33%. Found: S, 30.83%. M.p. 148 “C. 

Similar reactions (Table I) were carried out with 
ammonium neopentylenedithiophosphate and pina- 
coldithiophosphate. 

5. Preparation (for Comparison) of Hexylenethio- 
phosphoryl Disulphide by the Reaction of Ammo- 
nium Hexylenedithiophosphate with Bromine in 2:l 
Molar Ratio 

To a suspension of ammonium hexylenedithio- 
phosphate (2.85 g, 12.45 mmol) in -40 ml chloro- 
form, a solution of bromine (0.99 g, 6.19 mmol) in 
-30 ml chloroform was added dropwise and the 
reaction mixture was stirred for -2 hrs. The resulting 
white precipitate of NH4Br (1.20 g) was filtered. 
Removal of the solvent from the filtrate under 
reduced pressure gave the desired compound (2.51 g) 
as a white solid. It was crystallized (80% yield) from 
a mixture of chloroform and n-hexane. Anal. Calcd. 
for Cr2HZ404PZS4: S, 30.33%. Found: S, 30.06%. 
M.p. 148 “C. 

Disulphides of ammonium pinacoldithiophosphate 
and neopentylenedithiophosphate were also prepared 
using iodine as an oxidizing agent (Table I). 

6. Ligand Exchange Reaction of Thallium(I) Di- 
ethyldithiophosphate with AsC13 in I:1 Molar Ratio 

To arsenic trichloride (1.22 g, 6.71 mmol) dis- 
solved in benzene (-30 ml), a solution of thallium(I) 
diethyldithiophosphate (2.63 g, 6.73 mmol) in hot 
toluene (-30 ml) was added when TlCl (1.60 g) 
was immediately precipitated. The supernatant light 
yellow liquid was decanted, the precipitate was 
washed with benzene and the washings were mixed 
with the decanted liquid. The solvent was removed 
under reduced pressure leaving a light yellow liquid 
(2.22 g, 99% yield) which on analysis corresponded 
to ClzAsSzP(OEt)2. Anal. Calcd. for C4Hro02PS2- 
AsClz: As, 22.64; S, 19.34%. Found: As, 22.92; S 
19.26. 

The reaction was also carried out in 1:3 molar 
ratio yielding As [S,P(OEt),] 3 and TlCl (Table I). 

Results and Discussion 

Thallium(I) alkylenedithiophosphates are precipi- 
tated in almost quantitative yields by reactions of 
thallium(I) acetate or carbonate with ammonium 
alkylenedithiophosphates in aqueous medium or the 
parent acids in alcoholic solution: 

/‘\PS H- fl2co3 + qo, 7. 

2T&P<;;G J + Hz0 + CO2 

TI°CoCH3 + G\O/ * /‘\PS NH4 - 

TlS,P$G J t NH‘,0COCH3 

[where G = -CH2C(CH3)2CH2-, -CH2C(CtHs)zCH2-, 
-CHCH3CHCH3, -C(CH3),C(CH3)2 and JZ(CH~)~- 
CH2CHCH3-1. 

All these compounds are white, high melting point 
solids fairly stable in air and water. The compounds 
are insoluble in common organic solvents like ben- 
zene, n-hexane, light petroleum and chloroform, but 
dissolve in pyridine and DMF from which they can 
be recovered unchanged. Molar conductances of the 
derivatives in DMF were found in the range 3-8 
ohm-’ cm’ mol-‘, indicating their non-ionic nature 
[17, 181. 

In view of conflicting reports in the literature on 
the stability of thallium(II1) dialkyldithiophosphate 
[ll, 121, we have re-investigated the reaction of 
TlC13 with (i-C3H,0)2PS2Na in I:3 molar ratio in 
CH3CN. The products obtained from this reaction at 
room temperature are thallium(I) diisopropyldithio- 
phosphate and diisopropylthiophosphoryl disulphide: 

CH3CN 
T1C13 + 3(i-C3H,0)2PS2Na - 

TlSzP(OC3H,-i)2 + [(i-C3H,0)2PS]2Sz + 3NaCI 

The same thallium(I) derivative could be pre- 
pared by a reaction of thallium(I) acetate with 
sodium diisopropyldithiophosphate in aqueous 
medium. Similar attempts to synthesize Tl(II1) 
alkylenedithiophosphates (from T1203 in HCl) were 
also unsuccessful and we could only isolate Tl(I) 
alkylenedithiophosphates and the corresponding di- 
sulphides which were separated by treating the mix- 
ture with benzene, in which only the disulphide 
portion dissolved. The disulphides were characterized 
and compared with authentic samples obtained .by 
oxidizing the corresponding ammonium alkylene- 
dithiophosphates directly with iodine/bromine in 
CHC13 solution : 

0 /\ TlC13 + 3NH&P, , G- 
O 

AG + GA 
TlS2 Co, 

I 1 ,o,PS S2 + 3NH,Cl 
2 

[where G = -C(CH3)2CH2CHCH3-, -C(CH3)2C(CH3)2- 
and -CH2C(CH3)2CH2-] 
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CHC13 

XW,S,I-‘<~>G t Br, /Is - 

[where G = -C(CHs)sCHzCHCHs-, -C(CHs)zC(CHs)z- 
and -CH, C(CHs)2CH2 -1 

The formation of the disulphide in the reaction 
of TlCls with 3 mole of ammonium alkylenedithio- 
phosphates indicates that the Tl(II1) derivative is 
formed first, and then dissociates into the TI(1) 
derivative and the corresponding disulphide. No 
indication of any reverse reaction could be observed 
on prolonged heating of a mixture of Tl(1) diiso- 
propyldithiophosphate and corresponding disulphide 
in toluene; a similar reaction converting Tl(1) to 
Tl(II1) has been reported [lo] in the dithiocarbamate 
series: 

TlS2CNR2 + [R2NCS]2S2 - Tl[S2CNR]s 

The utility of H(I) dialkyldithiophosphates in 
synthesizing other metal dialkyldithiophosphates 
has been demonstrated. The advantage over choosing 
Tl(1) dialkyldithiophosphates in place of alkali 
metal dialkyldithiophosphates is the immediate pre- 
cipitation of granular TlCl which settles in the reac- 
tion mixture and can be more easily separated: 

As& + n(C2H,0)2PS2Tl ---+ 

C~~_,AS[S~P(OC~H~)~], + nTlC1 

(where n = 1 and 3) 

Spectroscopic Studies 
The bands present in the regions 1060-1000 

cm-’ and 89.5-810 cm-’ in the IR spectra of thal- 
lium(1) alkylenedithiophosphates may be assigned 
to (P)-O-C and P-O-(C) stretching vibrations 
respectively [ 191. The bands in the region 990-900 
cm- ’ may be attributed to the ring vibrations of the 
dioxaphospholanes and dioxaphosphorinanes [20, 
211 which are probably coupled with C-C stretching 
vibrations. A sharp peak present in the region 700- 
620 cm-’ is due to vpEs vibrations and the bands 
present in the region 630-490 cm-’ may be assigned 
to P-S asymmetric and symmetric vibrations [22]. 

‘H NMR spectra of representative compounds, 
recorded in pyridine (Table II), were in accordance 
with the proposed formulae. NMR signals for protons 
at the o-carbon of P-O-C skeleton are doubled, 
due to coupling with 31P nucleus. Decoupled 31P 
NMR spectra of Tl(1) alkylenedithiophosphates (in 
DMF) and Tl(1) dialkyldithiophosphates (as well as 
disulphides in CDCls/CClb) show a singlet at 80- 
117 6 ppm (Table II). It was observed that 31P NMR 
chemical shifts are higher for compounds having di- 
oxaphospholane rings than in compounds having 
dioxaphosphorinane rings. Glidewell’s [23] classifi- 
cation does not appear to hold in the case of thal- 
lium(1) alkylenedithiophosphates, as the 31P chemical 
shifts in these cases lie in the range indicative of an 
ionic nature of the derivatives, which is not corrobor- 
ated by their low molar conductance in DMF. The 
insolubility of these derivatives (in contrast to open 
chain compounds) in organic solvents could there- 

TABLE II. Molar Conductance and NMR (‘H and 31P) Studies of Some Tl(1) Alkylenedithiophosphates and Disulphides. 

Sl. Compound 

No. 

Molar conductance in 31P NMR (decoupled) ‘H NMR chemical shifts, 6 ppm 

0.001 M DMF soln. chemical shifts 

(ohm-’ cm2 mol-‘) 6 ppm 

, I 

T&POCH2C(CH3)2CH20 

TlSaPOCH2C(C2Hs)2CH20 

TlS2POCH(CH3)(CH3)CHb 

1.94 

8.14 112.74 

8.88 115.83 

5.92 117.65 

3.70 97.33 

98.62 

96.01 

8 
, 

[SPOCH2C(CH3)2CH20]2S2 80.83 

9 [SPoC(CH,),(CHs)2C6]2S2 91.99 

10 [SPoC(CH,),CH,(CH,)CHO] 2S2 80.04 

0.40-O.SOd, 6H(CH3);‘3.28- 
3.48m, 2H(OCH) 

0.75s (CH3)a 

1.24-lSOt, 6H(CH3), 3.90- 

4.4Oq, 4H(-0CH2)- 

1.30-1.60d, 12H(-CH3);4.40- 

5.20m, 2H(-OCH) 

0.90s, lZH(-CH3); 3.10-4.10m, 

8H(OCH2) 

1.35s (CH3)2 

1.15-1.70m, 22H[C(CH&CHa- 

(CHs)C], 4.80-5.10m, 2H(OCH) 

s = singlet, d = doublet, t = triplet, q = quartet and m = multiplet. 
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fore be ascribed to the chelating character of the 
ligands. 
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