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CONVENIENT SYNTHESIS OF S-TRIMETHYLSILYL 
ESTERS OF DITHIO- AND 

TETRATHIOPHOSPHORIC ACIDS 

IL’YAS S. NIZAMOV,? VLADISLAV A. KUZNETZOV, 
ELVIRA S. BATYEVA, VLADIMIR A. AL’FONSOV and 

ARKADY N. PUDOVIK 
A .  E. Arbuzov Institute of Organic and Physical Chemistry, Russian Academy of 

Sciences, 420083 Kazan, Russia 

(Received October 7, 1992; in final form January 5,  1993) 

S-Trimethylsilyl esters of dithio- and tetrathiophosphoric acids were obtained in the reaction of tetra- 
phosphorus decasulfide with alkoxy- and alkylthiotrimethylsilanes, trimethylsilyl enol ethers and 
bis(trimethylsi1oxy)alkylenes and phenylene. 

Key words: S-Trimethylsilyl esters of dithio- and tetrathiophosphoric acids; tetraphosphorus decasulfide; 
alkoxy- and alkylthiotrimethylsilanes; trimethylsilyl enol ethers; bis(trimethylsiloxy)alkylenes. 

INTRODUCTION 

S-Trimethylsilyl dithiophosphates are important intermediates for the synthesizing 
useful organothiophosphorus compounds. They are also efficient thiation reagents 
for ketones and isocyanates.’ There are several methods for the preparation of 
S-trimethylsilyl dithiophosphates with dialkyl and 1 ,Zdioxyakylene or arylene sub- 
stituents. They were obtained by the interaction of dithiophosphoric acids with 
1,1,1,3,3,3-he~amethyldisilazane~ or trimethylisocyanatosilane, or its thioanalogue, 
or trimethylsilyl enol  ether^.^ Reactions of ammonium dialkyl dithiophosphates 
with trimethylchlorosilane also result in S-trimethylsilyl dithiopho~phates.~ How- 
ever, these techniques are multi-step procedures as the initial dithiophosphoric 
acids had been synthesized by treatment of organic hydroxy compounds with phos- 
phorus sulfide (P,Slo) with evolution of gaseous hydrogen ~u l f ide .~  The shortcom- 
ings of these syntheses also involve heating of the reaction mixture (60-70°C) and 
formation of by-products. 

On the other hand, S-trimethylsilyl dithiophosphates with unsaturated substit- 
uents and dialkyl(trimethylsily1)tetrathiophosphates remained unknown. 

Tetraphosphorus decasulfide 1 is known to react with trimethyl(dialky1- 
amino)silanes and bis(trimethylsily1)sulfide to form S-trimethylsilyl N , N ’ -  
bis(dialky1amido)dithiophosphates and tris(trimethylsily1)tetrathiophosphates re- 
spectively.6 We have tried to extend these degradation reactions of 1 to other 
organosilicon compounds. In this article convenient and efficient methods are pre- 
sented for the synthesis of S-trimethylsilyl esters of dithio- and tetrathiophosphoric 
acids directly from 1. 

tAuthor to whom correspondence should be addressed. 
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DITHIO- AND TETRATHIOPHOSPHORIC ACID ESTERS 181 

RESULTS AND DISCUSSION 

We assumed that the use of the trimethylsilyl protecting group in protonodonating 
reagents such as alcohols, enols, thiols and diols may lead to S-trimethylsilyldithio- 
and tetrathiophosphates directly from 1 and thus avoid the formation of hydrogen 
sulfide. In fact we have found that 1 reacts with alkoxytrimethylsilanes 2a-c at 
20-50°C for 6.5- 12 h with the formation of 0,O-dialkyl-S-trimethylsilyl dithio- 
phosphates 3a-c and bis(trimethylsily1)sulfide 4 (Equation 1, and Table I). 

S 
II 

P,Sl0 + 8 ROSiMe, + 4 (RO),PSSiMe, + 2 (Me,Si),S (1) 
1 2a, R = Me 3a, R = Me 4 

b, R = Et 
c, R = Pr-i 

b, R = Et 
c, R = Pr-i 

The structures of ths products 3a-c have been established by IR (Table II), lH 
NMR (Table 111), 31P NMR spectroscopy and by mass spectral data and micro- 
analyses and by comparison of physical constants of the products (3a,b4) with 
literature data. 

The dithiophosphates 3a-c prepared with this method were not decomposed 
during distillation. Unlike this, S-trimethylsilyl N,N’-bis(dialky1amido)dithio- 
phosphates decomposed during distillation to form bis(N,N,N’ ,N’-tetraalkyldiam- 
idothiophosphory1)sulfide and 4.6 

It should be noted that this preparative method (Equation 1) is characterized by 
minimum steps, simple operation, mild conditions, high yields of products, no 
solvents and by-products. 

We have tried to find the boundary of this method. Although unsaturated di- 
thiophosphoric acids and their metallic salts were prepared7-10 the corresponding 
S-silyl esters of unsaturated dithiophosphoric acid were not obtained. We assumed 
that these compounds may be prepared from trimethylsilyl enol ethers and 1. 
Actually S-trimethylsilyl diallyl- and dipropargyldithiophosphates 5a,b were syn- 
thesized in the reaction of trimethylallyloxysilane 6a and trimethyl(2-pro- 
pyneoxy)silane 6b with 1 at 40-90°C for 8-9 h (Equation 2, Tables 1-111). 

S 
II 

1 +8ROSiMe3 + 4 (RO),PSSiMe, + 2 4 (2) 

6a, R = HzC=CHCH2- 5a, R = H,=CHCH,- 

b. R = H=CH-,- b. R = H e C C H q -  

c , R =  0 
d , R =  

Similarly trimethylsilyl cycloalkenylol ethers 6c,d yield the corresponding S-tri- 
methylsilyl esters of dithiophosphoric acid with cycloalkenyl substituents 5c,d at 
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TABLE 111 
'H NMR spectral data of the products obtained 

3a 
3b 

3c 

5a 

5b 

5c 

5d 

%a 

8b 

& 

9a + 

9b + 

9c 

0.53 (s, 9H, CH,Si), 3.75 (d, 3Jp_H 15.0) CFI,OP). 
0.43 (s, 9H, CH,Si), 1.27 (t, 6H, 3JH-H 7.0, CH,C), 4.02 (dq, 4H, ,J,-, 7.0, 3Jp-, 10.0, 

0.47 (s, 9H, CI-I,Si), 1.33 (d, 12H, 3JH_H 6.0, CkI,C), 4.75 (dq, 2H, 

0.45 (s, 9H, CEI,Si), 4.47 (dd, 4H, 3JH-H 5.5, 3Jp-H 10.0, Cg,OP), 4.97-5.38 (m, 2H, 

0.37 (s, 9H, CH,Si), 2.53 (t, lH, 4JH-w 1.2, C B S - C H , ) ,  4.60 (dd, 4JH-w 1.2, 3JP-H 

0.32 (s, 9H, CH,Si), 1.23-2.44 (m, 16H, CH, cycle), 5.88-6.12 (m, 2H, CH=COP). 

0.32 (s, 9H, CI-I,Si), 1.50-2.97 (m, 12H, CH, cycle), 5.67-5.90 (m, 2H, C g S - O P ) .  

0.54 (s, 9H, cH,Si), 1.35 (t, 6H, ?IH-H 7.5, CH,C), 2.92 (dq, 4H, 3JH-H 7.5, 3Jp-H 17.0, 

CH20P). 
6.0, ,JP-, 

18.0, CHOP). 

CH==CH--CH2), 5.39-6.07 (m, lH, CHCOP). 

11.0, CEZOP). 

I 
I 

CH,SP). 
0.80 ( S ,  9H, Cg,si), 1.27 (t, 6H, ,JH-H 6.5, Cg3C), 1.70-2.25 (m, 4H, ,JH_H 6.5, 

c&cc) ,  3.07 (dq, 4H, 'JH-H 6.5, ?Ip-H 16.0, CUzSP). 
0.52 (s, 9H, CH,Si), 

0.38 (s, 9H, CH,Si), 1.68-2.31 (m, CH,H.COP), 3.84-5.61 (m, 4H, CH,,.H,,.OP). 
0.50 (s, 9H, C&Si), 1.35-1.50 (m, 6H, CH,COP), 4.02-4.38 (m, 2H, CHOP). 
0.17 (s, 9H, CH,Si), 6.96-7.07 (m, 4H, C&). 

(d, 12H, 3J&H 6.0, Cg,CC), 1.72-2.22 (m, 2H, CHCS), 2.76 
(dd, 4H, 3Jp-H 15.0, CH,SP). 

~ - ~~ ~ 

+The mixture of cis and trans isomers. 

40-60°C for 4-9 h (Equation 2, Tables 1-111). However these reactions (Equation 
2) proceed at higher temperature (40-90°C) and 5d decomposed when distillation 
was attempted. 

Tris(trimethylsilyl) tetrathiophosphate was described.6 In spite of the existance 
of metal and ammonium dialkyl tetrathioph~sphatesl~-'~ the corresponding S-silyl 
esters of dialkyl tetrathiophosphoric acid remained unknown. We have found that 
the interaction of alkylthiotrimethylsilanes 7a-c with 1 gives dialkyl(tri- 
methylsi1yl)tetrathiophosphates 8a-c and 4 at 20-50°C for 3- 12 h (Equation 3, 
Tables 1-111). 

S 
I I  

1 + 8 RSSiMe, + 4 (R%PSSiM% + 2 4 (3) 
7a, R = Et 
b, R = Pr 
c, R = Bu-i 

8a, R = Et 
b, R = Pr 
c, R = Bu-i 

Tetrathiophosphates 8a-c are stable compounds and were isolated from the re- 
action mixture by distillation pure (thin layer distillation). It is noteworthy that the 
reaction of 1 with 7a proceeds more readily than that with 2b. 

Our approach enabled us to obtain S-trimethylsilyl derivatives of cyclic dithio- 
phosphoric acid with 1 ,Zdioxyalkylene and arylene substituents 9a-c with the help 
of the ring-closure reaction of 1 with bis(trimethylsiloxy)alkylenes 10a,b and phen- 
ylene 1Oc (Equation 4, Tables 1-111). 
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0 s  
/ \I1 
\ /  

0 

1 + 4 R(OSiMe,), 4 4 R  PSSiMe, + 2 4 (4) 

10a, R = -CH2CH2CHz- 9a, R = -CH2CH2CHz- 

a, R = Me-CH-CH-Me b, R = Me-CH-CH-Me 
I I  I I  

c , R = a  c , R =  a 
It is remarkable that the reactivity of benzene 1Oc (reaction conditions: 190-200°C, 
2 h) is lower than that of alkylene derivatives 10a,b (15-2S°C, 7-10 h) and the 
yield of 9c is not high (34%) (Table I). Ester 9a is thermally unstable and decom- 
poses on distillation. The stability of the cyclic products 9 is increased when sterically 
hindered substituents at the phosphorus atom are introduced (9b is more stable 
than 9a). Esters 9 decompose when stored for a long time in sealed tubes at room 
temperature. 

Thus a general scheme can be conceived on the basis of the results of the following 
reactions of 1 with alkoxytrimethylsilanes, trimethylallyloxysilane, trimethyl(2-pro- 
pynoxy)silane, trimethylsilyl cycloalkenylol ethers, alkylthiotrimethylsilanes and 
bis(trimethylsi1oxy)alkylenes and phenylene (Equation 5). 

S 
I1 

P,Slo + 4n R,(XSiMe3), + 4n R,(X),PSSiMe, + 2 (Me,Si),S ( 5 )  

n = m = 2; X = 0, S; R = Alk, H,C==CHCH;, H G C C H ; ,  0, D; 
n = m = 1; X = 0; R = --CH2CH2CH;, Me-CH-CH-Me, 0: 

I I  

The mechanism of the degradation of 1 with silylamines has been discussed by 
Roesky and Remmers6 when the nucleophilic nitrogen atom attacks the phosphorus 
atom of 1. Perhaps the mechanisms of formation of 3, 5, 8 and 9 are similar to 
those suggested by Roesky and Remmem6 
In all cases the reactions (Equations 1-4) were accompanied by the formation 

of 4, which is easily given off from the reaction mixture. It may be utilized by 
treating it with 1 or 2,4-bis(4-phenyl)-2,4-dithioxo-l ,3,2A5,4A5-dithiadiphosphetane 
to yield organosilylthiophosphorus compounds,6 which are useful as intermediates 
in organophosphorus synthesis. 

The toxicity measurements of products obtained were performed and the minimal 
toxicity dose (in vitro) was 15.6 for 6a, 15.6 for 8a, 7.8 for 8b and 500 mkg/mL for 
8c. 
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EXPERIMENTAL 

The initial compounds 2 , 6 , 7  and 10 were prepared according to Reference 14. 31P NMR spectra were 
recorded with a Bruker WM 250 (101.3 MHz) and a non-serial NMR KGU-4 (10.2 MHz) spectrometer, 
reference external H3P0, (85%). ‘H NMR spectra were run on a Varian T-60 (60 MHz) spectrometer 
in CC14 with C6H6 as an internal reference and on a Bruker WM 250 (250 MHz) spectrometer in CD,CN. 
IR spectra were obtained in KBr with a UR-20 and Specord M 80 infrared spectrophotometer. Mass 
spectra (electron impact, 70 eV; chemical ionization, 100 eV) were determined on a M 80 B Hitachi 
chromato mass spectrometer. 

Dipropyl-S-trimethylsilyl tetrathiophosphate 8b; Typical Procedure. 1 (20.4 g, 46 mmol) is added por- 
tionwise to a stirred 7b (54.6 g, 368 mmol) at 20°C under an argon atmosphere and stirring is continued 
for 3 h at 20°C. The mixture is evaporated at reduced pressure (10 and 0.03 mm Hg) at 40°C. 8b (55.6 
g, 95%) is isolated from the residue by means of thin layer distillation (see Tables 1-111). 4 is distilled 
from the reaction mixture; the yield is 7.9 g (98%); b.p. 159°C (733 mm Hg); ng 1.4591 (Lit.’, b.p. 
162.5-163.5”C (750 mm Hg); n$ 1.4598). 

The products 3a-c, 5a-d, 8a and 8c are obtained similarly. Ptoducts 3a-c are in addition purified 
by distillation after the isolation by means of thin layer distillation. Products 9a,b are prepared by the 
reaction of 1 with 10a,b in the molar ratio 1:4 and isolated similarly. Products 5d and 9a are not purified 
by the following distillation. 

2-Trimethykrilylthio-2-thio-4,5-benzene-l,3,2-dioxaphospholane 9c. The mixture of 1 (10.0 g, 22.5 mmol) 
and 1Oc (23.0 g, 90.4 mmol) is stirred for 2 h at 190-200°C under an argon atmosphere. The precipitate 
is filtered, washed with anhydrous hexane and dried at reduced pressure (0.02 mm Hg) at 40°C. Yield 
of 9c: 8.5 g (34%) (see Tables 1-111). 

“The toxicity measurements of the products obtained were performed and the minimal toxicity dose 
(in vitro) was: 15.6 for 6a, 15.6 for 8a, 7.8 for 8b and 500 mkg/mL for 8c. 
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