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DIALKYL( TRIMETHY LSILY L)- 
TETRATHIOPHOSPHATES IN SYNTHESIS OF 

SUBSTITUTED TETRATHIOPHOSPHATES 

IL'YAS S. NIZAMOV,t VLADISLAV A. KUZNETZOV and 
ELVIRA S. BATYEVA 

A .  E.  Arbuzov Institute of Organic and Physical Chemistry, Russian Academy of 
Sciences, Arbuzov Str. 8, 420083 Kazan, Russia 

(Received April 7, 1994) 

Reactions of S,S'-dialkyl-S-trimethylsilyl tetrathiophosphates with aldehydes, acetals, ortho ethers, 
aminals, thioacetals. bis(thiocyanato)methane, disulfides and alkyl halides resulted in the products of 
tetrathiophosphate structure. 

Key words: S,S'-Dialkyl-S-trimethylsilyl tetrathiophosphates; organic substances; substituted tetrathi- 
ophosphates. 

INTRODUCTION 

Over the past three years we have been involved in developing new synthetic routes 
for (1-alkylthio), (1-dialkylamino) and (1-a1koxy)alkyl derivatives of phosphorus 
(IV) thioacids in terms of phosphorus sulfides (P4S3 and P4Sio) and Davy's and 
Lawesson's-like reagents with thioacids, aminals and ace t a l~ . ' -~  These compounds 
possess biological activity and may be used as intermediates for synthesizing or- 
ganothiophosphorus products. In this article we used trimethylsilyl esters of di- 
alkyltetrathiophosphoric acids as initial reagents for the synthesis of (l-trimethyl- 
doxy) ,  (1-alkoxy), (1-dialkylamino), (1-alkylthio) and (1-thiocyanat0)alkyl 
tetrathiophosphates. 

RESULTS AND DISCUSSION 

S-Trimethylsilyl esters of phosphorus (IV) thioacids have found an expanding ap- 
plication in synthetic organophosphorus chemi~ t ry .~  The organothiophosphorus 
compounds were obtained in the reactions of S-trimethylsilyl dithiophosphates with 
aldehydes and  ketone^,^.^ alkylene oxides,6 organophosphorus corn pound^,^.^ un- 
saturated carbonyl ni t roalkene~,~ quinones,l".'l isocyanates,12.13 
diimides,14 and thionylimines.Is On the other hand, trimethylsilyl tetrathiophos- 
phates remained unknown previous to our investigations. We have recently de- 
veloped a facile method of synthesizing dialkyl(trimethylsilyl)tetrathiophosphates 
on the basis of the reaction of tetraphosphorus decasulfide with trimethyl(alky1- 
thio)silanes. I h  Meanwhile silyltetrathiophosphates containing a reactive S-Si bond 

tAuthor to whom correspondence should be addressed. 
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250 I. S. NIZAMOV, V. A. KUZNETZOV and E. S. BATYEVA 

and a readily leaving trimethylsilyl group may result in products of tetrathiophos- 
phate structure in addition and substitution reactions with organic compounds. 

It was interesting to compare the reactivity of silyl dithiophosphates4-I5 and that 
of silyltetrathiophosphates in the addition reactions. The reaction of 0,O'-dialkyl- 
S-trimethylsilyl dithiophosphates with aldehydes and ketones under mild condi- 
tions was reported to result in 0,O'-dialkyl-S-( 1-trimethylsi1oxy)alkyl dithiophos- 
p h a t e ~ . ~ - ' ~  We assumed that the corresponding silyltetrathiophosphates should 
easily add themselves to the C=O bond of aldehydes. Indeed, we have found that 
dialkyl(trimethy1silyl)tetrathiophosphates la,b react with aldehydes 2a,b at 10- 
20°C with the formation of S,S'-dialkyl-S-( 1-trimethylsi1oxy)alkyl tetrathiophos- 
phates (Equation 1, and Tables 11111). 

S 
H 

- la ,  R = Et 

CRSpSi% + R'CIY) 7 

a, R' = M e  
b_,R=R b_, R,  cC13 

a, R = Et, R' = 14e 
b_, R = R, R' cC13 

TABLE I 
Experimental, physical and analytical data of the products obtained 

Iblecular Analyt~cal data 31P NEDL 
Inlllal ReacLlon condltlonr Yleld" ( X I  B p d  formula Found/C.lc ( X I  6, ppm 
cpd. Rod. Lenp. ( ° C ) 4 1 u  (h) crudwlsolated OC (I S1 d p  n$ (Ibl. uss) C H P S (solvent) 

1 0 4  

2014 

a112 

204 

10011 

w-100/1 

100-160113 

100-1105 

1004 

eobnoc 120 (0.021 1.1172 

eSb& 140 (0.021 1 . a  

4Z lffi (0 .02)  1.1237 

87b& 180 (0.021 1.1388 

sob 1.2031 

aahlrsc 170 (0.021 

d& 170 (0 .02)  

Sebnec 150 (0.021 1 . 3 3 7  

Ssb14SC 130 (0.021 

1.5483 

1.5452 

1.5754 

1.4513 

1.5801 

1.9872 

1..3320 

1.m 

1.5402 

32.01 6.52 Q.60 38.67 
32.33 6 . B  0.27 38.28 
1 . 3 0  4.88 6.84 27.03 
1 . 3 5  5.21 6.83 27.b7 

43.27 6.35 9.12 35.W 
44.31 6.03 8.80 33.32 
33.52 6 . a  10.27 38.U 

33.74 6.63 9.88 38.85 
XI22 6.55 11.24 4.36 
30.51 6.61 11.28 46.90 

43.98 8.m 7 . m  35.30 
43.44 8.44 8.62 33.60 
29.12 5.98 10.55 51.12 
28.n 5.m 10.61 51.74 
B.83 4.21 10.89 55.08 

21.02 4.1Q 10.72 F8.P 
44.01 8.92 9.60 31.90 
43.62 8.28 Q.38 30.74 

aIleld of crude1lsolated product. 
b l l d d  of cruk product. 
'Yield of Isolated product. 
h p e r a t u r e  of L b  splral of th. Lhwrl el-t of thln 1ay.r dlstlllatlon a p w a t u s  
eAhalytlul data: Found. X : SI 8.111. Calc., X : 8.38. 
f h , l y t l ~ l  data: Found. X : C1 1 . 4 3 ;  SI 6.47. Calc., X : Cl 22.67; S1 6.01. 

%Ivent for reaction. tolwne. 
h N d .  

'Refmrencm 12: b.p. l@C (0.02 m Hg1. n$l.eW. 
J ~ o ~ n n t  for reaction: ~ ~ e n o .  

lAnalyllul data: F m d .  X : N 3.80. Calc., X : N 3.90. 
m ~ l y t l u l  data: Fnmd, X : N 4.90. Calc., !i : N 4.89. 

khalytiul ~ t a :  F O U ~ ~ .  x : N 5.88. ~aic.. x : N 5 . 0 ~ .  
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TETRATHIOPHOSPHATES 25 1 

TABLE I1 
IR spectral data (cm-!) of the products obtained 

2885.28x1, m. 2878 
2 9 6 8 . 2 9 3 5 . m .  28M) 

2983. 2Q32. 2910. 2880 
2880. 2932. 2810. 2878 

2885,2930,2880 
2970, 2870. 2815 
2975,2830.2878. a25 
2885. 2Q3. 2810, 2878 

882 

880 

1458. 1388 1266 658 
1480 1267 880 

1463. 1415 1280 686 

1463. 1382, 135 1m 665 
1453. 1379 12M) Wl 
1168, 1437, 1388, 1370 1260 880 

530 
533 
5B. 515 
530. 516 
568. 513 

570, 550 
535 

535. 510 

aValence vibrations. 
%alence vibrations u 2550 cm-' N(%12. 
'Valence vibrations u 2038 cm-l S-CGN. 
dValence vibrations u 3070. 3030 cm-' C-H. Ar; u 1800. 1489 cm-' C=C. Ar 

'Deformation vibrations 6 1280-1263 cm-' [CH3(Si) sl. 
fValence vibrations u 1040-1060 cm-I C-0 (Sil. 

TABLE I11 
lH NMR spectral data of the products obtained 
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TABLE 111 (Continued) 

The structure of the products 3a,b have been established by IR (Table 11). 'H 
NMR (Table III) ,  31P NMR (Table I) spectral data and microanalyses (Table I). 
It should be emphasized that formally 3 are the products of the insertion of the 
CkO group of 2 into the S-Si bond of 1. However, 3 was partially decomposed 
when a thin layer distillation apparatus was used. The driving forces of the smooth 
addition reaction of 1 with 2 are the oxygenophilicity of a silicon atom (the dif- 
ference in the Si-0 and the Si-S bond energy values is -34 k~a l /mol '~ )  and the 
high nucleophilicity of the PS2 group. The electronwithdrawing effect of P=S group 
facilitates the cleavage of the Si-S bond of 1 that should promote the substitution 
reaction as well. Thus, we have introduced 1 into the substitution reactions of a 
trimethylsilyl group with derivatives of acetal structure of carbonyl compounds such 
as acetals, ortho ethers, aminals, thioacetals and bis(thiocyanat0)methane. 
1,l-Bis(ethoxy)-1-phenylmethane & and orthoformic ether & were found to 

react with la with an exothermic effect and smooth formation of S,S'-diethyl-S- 
(1-ethoxy)benzyl and S,S'-diethyl-S-bis( 1-ethoxy)benzyl tetrathiophosphates 5a,b 
(Equation 2, Tables I-IV). 

This substitution reaction of 1 with ethoxy derivatives 4a,b (Equation 2) is fol- 
lowed by the formation of trimethyl(eth0xy)-silane 6, which is easily given off by 
the reaction mixture. It should be noted that this reaction is a convenient prepa- 
rative method for synthesizing products of (1-a1koxy)substituted alkyltetrathio- 
phosphates under mild conditions. 

Aminals have proved to be less reactive as regards 1. Thus, S,S'-dialkyl-S"-(1- 
N,N'-dialky1amino)methyl tetrathiophosphates 8a,b were isolated from the reac- 
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TETRATHIOPHOSPHATES 253 

tion of la,c with bis(dia1kylamino)methanes 7a,b when heated for 1 h at 90-100°C 
(Equation 3, Tables I-IV). 

Along with 8a,b trimethyl(dia1kylamino)silanes 9a,b were formed in the reaction 
of la,c with 7a,b (Equation 3). However, we have failed to isolate & in a purely 
distilled form, as it decomposed even when a thin layer distillation apparatus was 
used. 

The substitution reaction of la with bis(ethy1thio)methane lo proceeds under 

TABLE IV 
Mass spectral data of the products obtained 

'Electron impact. 70 eV. 
bctwniul ionization. 100 ev. 
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254 I .  S. NIZAMOV, V. A. KUZNETZOV and E. S. BATYEVA 

more severe conditions (lOO-lWC, 13h) and leads to the formation of S,S'-diethyl- 
S-(l-ethy1thio)methyl tetrathiophosphate 11 and trimethyl(ethy1thio)silane 12. 
(Equation 4, Tables I-IV). 

S S E t  
- l a  + C~ts)* - CE~SI$-S& + Wiat 

- 10 - 11 - 12 

It should be noted that we previously obtained 11 by the reaction of 
bis(ethylthi0)-2,4-dithioxo-l,3,2A5, 4A5-dithiadiphosphetane with thioacetal lo.* 

(4) 

2,4- 
The 

physical and spectral data of 1 (Equation 4) were identical with those of 11 obtained 
in Reference 2. 

Similarly the reaction of bis(thiocyanat0)methane 13 with la results in the for- 
mation of S,S'-diethyl-!?-( l-thiocyanato)methyl tetrathiophosphate 14 at 100- 110°C 
for 6 h (Equation 5 ,  Tables I-IV). 

- 13 1L - 15 

As shown in the analysis of 14 by the electron impact mass spectral method there 
is a mass peak m/e 263. This may be attributed to the cation-radical [(EtS),P- 
(S)S-CH,-S]+ .i.e. [M-CN]+  .(loo% of relative intensity). This fact lends sup- 
port to the (l-thiocyanat0)methyl tetrathiophosphate structure of 14 and not to 
the (l-isothiocyanato)methyl tetrathiophosphate structure. 

In these reactions (Equations 2-5) the reactivity of the compounds of acetal 
structure towards 1 decreases in the series: acetals = ortho ethers > aminals > 
bis(thiocyanato)methane > thioacetals. Perhaps, this reactivity series is due to the 
fact that the formation of the C - 0  bond in (l-alkoxy)alkyl derivatives 5a,b is 
more favourable as compared to those of the C-N and the C-S bonds of 6, ,lJ 
and l4, respectively. This correlates with the calculated energy values of these 
bonds (bond energy values of the C-0, the C-N and the C-S bonds are 84.0, 
69.7 and 62.0 kcal/mol, respectively'*). 

We have attempted to find the application of range of these substitution reactions. 
A series of reagents feasible for the substitution of a trimethylsilyl group was 
supplemented by compounds containing S-S and C-Hlg bonds such as dialkyl 
disulfides and alkyl halides. Thus, the reaction of diethyl disulfide 16 with la 
proceeds under severe conditions (150- 170°C) and requires prolonged heating (18 
h). This reaction (Equation 6) results in the initial formation of S,S'-diethyl-S,S- 
ethyltetrathiolothionophosphate 17 and thiosilane 12. 

S 
i - l a  t E t S E t  7 CEtSI2p-S-SEt t 12 

- 16 - 17 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



TETRATHIOPHOSPH ATES 255 

It is of interest that 12 was earlier obtained in the reaction of 16 with tetra- 
phosphorus decasulfide and the ethyl homoloque of Davy's reagent.2 Thus, the 
substitution reactions of 1 with thioacetalo and disulfide 16 act as counter syntheses 
of substituted tetrathiophosphates 11 and 17. However, is an unstable compound 
as in the case of the reaction of P4Sl0 with S2 and decomposes during prolonged 
heating or distillation under vacuum with the formation of triethyl tetrathiophos- 
phate 18 (Equation 7, Tables I-IV). 

The trialkyl tetrathiophosphates 20a,b were also obtained in the reaction of Ib,c 
with alkyl halides 19a,b (Equation 8). 

S 
I 

&c + R'X CRs12p-S-R' t % s i x  
- la. R' = R, X = C1 

b_, R' = h, X = Br 
a, R = R. R'= R 2A, X = C1 

b_. R BU-i, R'= h b. X = Br 

(8) 

In spite of the severe reaction conditions (100-160°C, 2-5 h) (Equation 8) this 
approach made it possible for us to obtain trialkyl tetrathiophosphates with mixed 
alkyl substituents (e.g. m). 

Thus, we have developed new methods for synthesizing (1-trimethylsiloxy), (1- 
alkoxy), (1-dialkylamino), (1-alkylthio) and (1-thiocyanato)alkyl tetrathiophos- 
phates, trialkyl pentathiophosphates and trialkyl tetrathiophosphates on the basis 
of the addition and substitution reactions of silyltetrathiophosphates. 

EXPERIMENTAL 

'IP NMR spectra were recorded with a Bruker MSL-400 (162 MHz), a Bruker CXP-100 (36.5 MHz), 
and a non-serial NMR KGU-4 (10.2 MHz) spectrometer, reference external H,PO, (85%). 'H NMR 
spectra were run on a Varian T-60 (60 MHz) spectrometer in CCI, with C6H6 or (Me,Si),O as internal 
references and on a Bruker WM-250 (250 MHz) spectrometer in C6D6. IR spectra were obtained in 
KBr pellet with an UR-20 spectrophotometer. Mass spectra (electron impact, 70 eV; chemical ionization, 
100 eV) were determined on a M 80 B Hitachi chromato mass spectrometer. 

S,S'-Dipropyl-S"-(l-trimethylsiloxy)-2,2,2-trichloroethyl ietrathiophosphate 3: Typical Procedure, 
Compound 2 (7.9 g, 53.5 mmol) was slowly added dropwise with stirring at 20°C under a dry argon 
atmosphere to fi (17.0 g, 53.4 mmol) and stirring was continued for 4 h at 20°C. The mixture was 
evaporated at reduced pressure (0.05 mm Hg) at 40°C for 1 h and gave crude & (23.6 g, 95%). Pure 
- 3b (17.3 g, 69%) was isolated from the residue by means of thin layer distillation (see Table I-IV). 

The product &was obtained similarly (reaction in toluene, see Table I). 
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S,S'-Dierhyl-S-bb(l-efhoxy)mefhyl retrafhiophosphare 3; Typical Procedure. Compound 9 (5.2 g, 
35.2 mmol) was added dropwise with stirring at 20°C to la (10.2 g, 35.2 mmol) and stirring was continued 
for 2 h at 20°C. The mixture was evaporated under vacuum (0.1 and 0.02 mm Hg) at 50°C for 2 h and 
gave crude 3 (9.8 g, 87%). Pure & (7.8 g, 69%) was isolated from the residue by means of thin layer 
distillation (see Table I-IV). The distillation of the volatile fractions resulted in 6 (3.8 g, 90%). b.p. 
74-76"C, n b  1.3749. (Reference 19: b.p. 75.7"C, n b  1.3742). 

The product 9 was obtained similarly. 

S,S'-Di-i-buryl-S-(I-dierhy1amino)merhyl rerrarhiophosphare @. Typical Procedure. The mixture of & 
(8.4 g, 24.3 mmol) and 3 (3.8 g, 24.0 mmol) was stirred at 90°C for 1 h. The mixture was evaporated 
at reduced pressure (0.1 and 0.07 mm Hg) at 40°C for 2 h and gave crude @ (7.7 g, 86%). Pure @ 
(4.2 g, 48%) was isolated from the residue by means of thin layer distillation (see Table I-IV). The 
distillation of the volatile fractions resulted in (1.8 g, 51%), b.p. 126-128"C. n;' 1.4096. Mass 
spectrum (chemical ionization, 100 eV), m/e (I,cI, %): 147 [M + 2H]+(16). (Reference 19: b.p. 126.8- 
127.1"C (738 mm Hg), nzo 1.4109). 

(2.8 g, 57%) was also isolated from the 
volatile fractions, b.p. 116-118"C, n:" 1.4250. Mass spectrum (electron impact, 70 eV), m/e (Irel. %): 
117 [M]+.(lO). (Reference 19: b.p. 121°C. (734 mm Hg), n b  1.4244). 

S,S'-Diefhyl-S-~l-erhylrhio~mefhyl rerrarhiophosphare 11. The mixture of la (6.0 g, 20.7 mmol) and 
- 10 (2.8 g, 20.6 mmol) was stirred at 100°C for 1 h. Additional amounts of (2.8 g) was added to the 
mixture, stirring was continued for 5 h at 140-160°C. The addition of lo (2.8 g) was repeated (140- 
lWC, 7 h). The mixture was evaporated under vacuum (0.02 mm Hg) at 40°C for 2 h and gave crude 
- 11 (3.7 g, 62%). Pure fi (3.3 g, 55%) was isolated from the residue by means of thin layer distillation 
(its physical and spectral data are identical with those of j-l obtained in Reference 12, Table I). The 
distillation of the volatile fractions gave 12 (1.0 g, 36%). b.p. 128-130"C. n2" 1.4509. Mass spectrum 
(electron impact, 70 eV), m/e (I,cl, %): 134 [MI' .(50). (Reference 19: b.p. 130°C, n:" 1.4512). 

The product Q in crude form was obtained similarly and 

The product 14 (reaction in toluene) was obtained similarly to the preparation of &. 

Trierhyl rerrafhiophosphare 18. The mixture of la (8.4 g, 29.0 mmol) and 16 (3.5 g, 28.6 mmol) in 10 
mL anhydrous toluene was stirred at 160°C for 6 h. Additional amounts of 16 (3.5 g) was added to the 
mixture and stirring was continued for 6 h at 150-170°C. The addition of 16 (3.5 g) was repeated (150- 
170°C. 6 h). The distillation of the mixture gave 18 (3.4 g, 48%). b.p. 113°C (0.02 mm Hg), nLo 1.6208. 
IlP NMR spectrum (C6H6): 6 90.5 ppm. Mass spectrum (chemical ionization, 100 eV), m/e (Irel, %): 
331 [M + HI' (30). (Reference 20: b.p. 124-125°C (1.5 mm Hg), n b  1.6201. I'P NMR spectrum: S 
91.7 ppm). 

Tripropyl refrafhiophosphare &. Typical Procedure. 
(2.0 g, 25.5 mmol) was stirred at 160°C for 5 h. The mixture was evaporated at reduced pressure (0.02 
mm Hg) at 50°C for 2 h and gave crude 20a (5.1 g, 70%). Distillation of the residue gave pure 20a (1.9 
g, 26%). b.p. 86-88°C (0.02 mm Hg), nAo 1.5882. IlP NMR spectrum (C,H6): 6 92.2 ppm. Mass 
spectrum (electron impact, 70 eV), m/e (I,=,, %): 289 [MI' .(75). (Reference 20: b.p. 140-142°C (1.8- 
2 mm Hg), ng" 1.5885. IIP NMR spectrum 6 92.5 ppm). 

The mixture of fi (8.0 g, 25.2 mmol) and 

The product (reaction in benzene) was obtained similarly. 
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