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REACTIONS OF TETRAPHOSPHORUS
DECASULFIDE AND LAWESSON’S
REAGENT WITH SILANES CONTAINING
A FEW Si-O BONDS

IL'YAS S. NIZAMOV”, ALEXEY E. POPOVICH,
ELVIRA S. BATYEVA, NAIL M. AZANCHEEYV and
VLADIMIR A. ALFONSOV

A. E. Arbuzov Institute of Organic and Physical Chemistry, Russian Academy of
Sciences, Arbuzov Sir. 8, 420088 Kazan, Russia

(Received July 6, 1999)

The reactions of tetraphosphorus decasulfide and Lawesson’s reagent with tetra-, tri- and
dialkoxysilanes were studied. On the basis of these reactions, new S-silyl esters of phospho-
rus(V) thioacids have been prepared. The prepared compounds were identified by IR, 'H, and
3Ip NMR and mass spectra as well as elemental analyses.

Keywords: Tetraphosphorus decasulfide; Lawesson’s reagent; silanes; organothiophosphorus
compounds

INTRODUCTION

S-Triorganylsilyl and stannyl esters of phosphorus(V) thioacids with the
P(S)SE (E = Si, Sn) structural fragment are well known to possess of prac-
tical use. Thus, S-trimethylsilyl dithiophosphates are thiation reagents for
carbonyl compounds. (11 S-Trimethylsilyl esters of dithiophosphoric and
tetrathiophosphoric acids are the efficient intermediates for the synthesis
of useful organothiophosphorus compounds.“’zl S-Triorganylstannyl
dithiophosphates and tetrathiophosphates are used as pesticides and lubri-
cant additives.>#] The reactions of tetraphosphorus decasulfide (P4S;o)

* Author to whom correspondence should be addressed. Tel. : 007 (8432) 761635 Fax :
007 (8432) 75-22-53 E-mail : nizamov@iopc.ken.ru
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and 1,3,2,4-dithiadiphosphetane-2,4-disulfides with silicon(IV) and
tin(IV) derivatives containing reactive E-X bonds (E = Si, Sn; X =0, S, N)
such as heptamethyldisilazane,l®! trimethylsilylazide,' trimethylchlorosi-
lane,l”!  trimethyl(dialkylamino)silane,’®  bis(trimethylsilylsulfide, 18!
bis(trimethylsilyl)acetamide, ! bis(trimethylstannyl)sulfide,!'®! trimethyl
(alkoxy)silanes and trimethyl(alkylthio)silanes, trialkyl(alkoxy)stannanes
and trialkyl(alkylthio)stannanes!!1~13] result in S-triorganylsilyl and stan-
nyl esters of phosphorus(V) thioacids. However, similar products with the
P(S)SSi fragment were not obtained in the reactions of phosphorus sulfide
(P4S;p) with tetraphenoxysilanel!415] and tetraalkoxysilanes.[!>16] Phos-
phorylation of tetraphenoxysilane by treatment with P4S, was reported to
proceed under severe conditions (155-170°C, 12 h) with the formation of
4-hydroxyphenylphosphonic acid after hydrolysis of some unidentified
precursor.['413] Trialkyl tetrathiophosphates,[m] trialkyl trithiophosphites,
dialkylsulfides and alkylpolysiloxanes!!”] have also been obtained in the
reaction of P4S( with tetraalkoxysilanes at 160-170°C. These organothio-
phosphorus compounds seem to be secondary products and may be formed
via the destruction of some initial products. We assumed that these initial
products may include the P(S)SSi fragment similarly to the products
formed in the reactions of P4S; with monoalkoxysilanes under mild con-
ditions.!31 We decided to verify this idea and to study the reactions of
tetraphosphorus decasulfide and 1,3,2,4-dithiadiphosphet-
ane-2,4-disulfides with silanes containing a few Si-O bonds.

RESULTS AND DISCUSSION
We have reinvestigated the reaction of tetraphosphorus decasulfide 1 with
tetraethoxysilane 2 at room temperature and obtained S-triethoxysilyl

0,0’-diethyldithiophosphate 3 after stirring of the reaction mixture for
3 days (Reaction (1), Tables (I)-(V)).

P4Sq0 +B(E10)4Si —» 4 (EIO),P-S-Si(OEt); + 2[(Et0)5Sil,S M

1 2 3 4
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Product 3 is a colorless liquid. It was purified by means of thin layer distil-
lation (see Tables (I)-(V)). Reaction 1 was accompanied by the formation of
bis(triethoxysilyl)sulfide 4, which was easily removed from the reaction
mixture by evaporation at reduced pressure. Its presence in the volatile dis-
tillation fractions was confirmed by use of 'H NMR and mass spectra.

TABLE I Experimental data and yields of the products obtained

Initial Compounds Quantity, Reaction Conditions 20 °C, Product Yield,
g (mmol) Time, h g(%)

1 2.7(6.1)/2 10.0 (48.0) 30 38.4 (992 /4.4 (52)°
1 2.0(4.5)/5a7.4(36.2) 16 6a2.5 (37)%1.2(18)"
1 1.6(3.6)/5b7.0(28.6) 20 6b 3.7 (70)°

7b 1.6 (48)°
12 10.0(24.8)/2103(495) 3 13a 10.0 (49)%77.5 (37)°
12 5.0(12.3)/8a 7.0 (24.7) 16 13b 6.4 (53)%/4.7 (39)°
12 7.0(17.3)/8b 6.9 (34.8) 5 13¢ 7.1 (51)%5.7 (41)®
12 5.8 (14.4)/5b 7.0 (28.6) 5 13d 6.9 (54)¥/3.5 27)°
12 3.0(7.4)/5¢ 4.0 (14.7) 5 5 mL PhH 13d 6.9 (54)¥/3.5 27)°

a. Yield of crude product.
b. Yield of isolated product.

TABLE II Physical, analytical and 3p NMR spectral data of the products obtained

Prod. Bp, °C nl2)0 Molecular Formula Found(Calc.), % 31p NMR,
(mm Hg)* {Mol. mass) si P 8, ppm (CgHg)

3 100 (0.03) 14570 C)gH,505PS,Si 7.81 8.66 84.0
(348.1) (8.04) (8.90)

6a 130 (0.04) 1.4130 C 4H;3303PS,Si 7.09 7.86 84.7
(372.2) (7.52) (8.32)

6b  140(0.03) 15514 C,sH4O+PS,Si 7.17 804  89.0
(370.1) (7.56) (8.37)

7b 146 (0.03)  1.6053 CyHy60,SSi 12.46
(458.2) (12.21)

13a 90 (0.03) 1.5620 C;sH,q03PS,Si 7.67 6.82 854
(410.2) (7.55) (6.82)

13b  140(0.04) 14680 C,H330,4PS,Si 6.18 5.38 824
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Prod. Bp, °C n]2)0 Molecular Formula Found(Calc.), % 3Ip NMR,
(mm Hg)* (Mol. mass) Si P 8, ppm (CgHyg)
(484.2) (6.40) (5.78)
13¢  110(0.03) 14919 C,gH, 0,PS,Si 738 6.66 876
(400.1) (7.74) (6.99)
13 130(0.03) 1.5540 CyH,30,4PS,Si 6.27 566 847
(446.1) (6.94) 6.27)
13e 125(0.03) 1.5635 C;3Hy;04PS,Si 6.35 5.46 84.4
(447.2) (6.53) (5.90)

a. Temperature of the thermal element of a thin layer distillation apparatus.

TABLE III IR spectral data of the products obtained

Prod.

v, em!

6a

6b

13a

13b

13c¢

13d

13¢

2980, 2930, 2895 v (CHj; as, 5; CH; as, s); 1020 v (PO-C); 970; 800; 680 v
(P=S}; 660; 530, 480 v (P-S, S-Si).

2960, 2910, 2875 v (CHj as, s; CHj, as, s; CH); 1390, 1365 & (Me,C gem s); 1260
8 [CH4(Si) s]; 1090; 1050; 1010 v (PO-C); 880, 860 p [CH3(Si)]; 800; 675 v
(P=S); 550 v (P-§, S-Si).

3070, 3050, 3030 v (=C-H, Ar); 2940, 2830 v (CHj as, s); 1590, 1430 v (C=C,
Ar); 11305 1120; 1086; 1030 v (PO-C); 820; 740; 730; 700; 663 v (P=S); 528,
497 v (P-S, S-Si).

3090 v (=C-H, Ar); 2985, 2940, 2905 v (CHaas, s; CH; as, s); 1600, 1510, 1450 v
(C=C, Ar); 1033 v (PO-C); 675 v (P=S, PS; as); 535 v (P-§, PS, 5, 5-Si).

3075, 3050, 3030 v (=C-H, Ar); 2975, 2945, 2845, 2840 v (CH; as, s; CH; as, s);
1592, 1500, 1465 v (C=C, Ar); 1382, 1370 8 [(CH;),C reM s]; 980 v (PO-C); 683
v (P=S§, PS; as); 520 v (P-S, PS; s, S-Si).

3070, 3050 v (=C-H, Ar); 2945, 2970, 2845 v (CH; as, s; CH; as, s); 1590, 1500
v (C=C, Ar); 1035 v (PO-C); 688 v (P=S, PS, as); 535 v (P-S, PS; s, S-Si).

3070, 3050, 3005 v (=C-H, Ar); 2940, 2840 v (CHj as, s; CH, as, 5); 1590, 1500,
1460 v (C=C, Ar); 1035 v (PO-C); 683 v (P=S, PS, as); 530, 497 v (P-S, PS; s,
§-8i).

3270, 3250, 3225, 3000 v (=C-H, Ar); 2973, 2975, 2890, 2830 v (CHj as, s; CH,
as, 5); 1600, 1500 v (C=C, Ar); 1030 v (PO-C); 684 v (P=S, PS, as); 530, 500 v
(P-S, PS, s, S-Si).
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TABLE IV 'H NMR spectral data of the products obtained

Prod. CCly. 8, ppm, J, Hz

3 .25 (1, 9H, CH3CH,08i, *Jyy 7.0); 1.42 (t, 6H, CH;CH,OP, 3/;317.0); 3.82 (g,
6H, CHaCHzOSl. SJHH 70), 407 (dq, 4H, CH}CH20P, 'IHH 70, ‘,PH ”0)

6a 0.15 (s, 6H, CH3Si); 0.81 (d, 6H, CHyCHCH,08Si, 3/ 7.0); 0.91 (d, 12H,
CH;CHCH, 0P, *Jyyy; 7.0); 1.57-1.59 (m, 1H, CH,CHCH,0Si); 1.73-1.87 (m,
2H, CH;CHCH,OP); 3.45 (dd, 4H, CH;CHCH,,0P, 3J,y; 7.0, *Jpy; 7.0); 3.83 (d,
2H, CH3;CHCH,08i, 3/yyy, 7.0).

6b 4.38 (s, 3H, CH;08Si); 4.83 (d, 6H, CH;0P, */py; 18.0); 8.00-8.22 and 8.60-8.80
(two m, 10H, C¢Hs).

) 4.39 (s, 3H, CH;08i); 7.83-8.12 (m, 12H, 3,4,5-C¢H5); 8.47-8.73 (m (8H,
H,Cq).

132 1.35(1, 9H, CHyCH,08i, >l 7.0); 1.38 (1, 3H, CHRCH,0P, Yy 7.0); 3.35 (s,
3H, CH30CgH,); 4.00 (q, 6H, CH;CH,0Si, *J,7.0); 4.20 (dq, 2H,
CH3CH,OP, Iy 7.0, 3Jpy 15.0); 6,73 (dd, 2H, 3,5-H,CeHy, *Tpzpy 9.0, 4y
3.0); 6.20 (dd, 2H, 2,6-H,C¢Hy, *ygpy 9.0, Tpy 14.0).

13b  1.20(d, 6H, CH;CHOSi 3y 7.0); 1.21 (d, 12H, CHyCHOSI, 3Ty 7.0): 3.50 (s,
3H, CHy0CgH,); 4.23-4.91 (m, 2H, CHyCHOSi; 1H, CH;CHOP); 6.58-6.63
(m, 2H, 3,5-H,CH,); 7.16-7.28 and 7.84- 7.87 (two m, SH, C¢Hs); 7.86-7.99
(m, ZH, 2,6-H2C6H2).

13c  0.84(s, 6H, CH3Si); 1.07 (d, 3H, CH;0P, 3Ipy; 21.0); 3.40 (s, 3H, CH;0CH,);
7.02 (m, 2H, 3,5-H,CgHy, *Igyy 9.0): 7.48 (m, 2H, 2,6- HyCgHy, 3y 9.0).

13 2.98(d, 3H, CH30P, *Jpy; 16.0); 3.33 (s, 3H, CH30CgH, + 3H, CH;0Si); 6.48
(dd, 2H, 3,5-H,CgHy, 3y 9.0, Upy 3.0); 6.97-7.15 and 7.48-7.70 (two m, 10H,
CeHs); 8.13 (dd, 2H, 2,6-HyCgHy, Iy 9.0, 2Jpyy 14.0).

13¢ 106 (t, 3H, CH;CH,08i, Iy 7.0); 1.09 (¢, 3H, CH3CH,OP, 3150 7.0); 3 22 (s,
3H, CH3;0C,H,); 3.70 (¢, 2H, CH3CH,0Si, 3Jy,7.0); 3.91 (dq, 2H,
CH3CH,0P, *Iyy; 7.0, 3Jpy 23.0); 6.20-6.45 (m, 2H, 3,5- HyCHy); 6.73-6.93
and 7.30-7.58 (two m, 10H, C¢Hs); 7.58-7.81 (m, 2H, 2,6-H,C¢H,).

TABLE V Mass spectral data of the products obtained
Prod. i-C4H10, m/le (l,el, %)

3 215[M +2H-3EO]* (31); 154 [M + H - S — Si(OEt)]* (42).
3

3® 185 [M - Si(OEt)]*. (50); 153 [M - S — Si(OEt)3]*. (40).

6a® 242 [M + H - Si(OBu-i)Me,1*(13).

6a® 357 [M - Me]* (12).

7a? 280 [M + H - Mel* (12).

6b? 278 [M — Ph — Me]*. (12); 246 [M — 3 MeO - SJ*, (22).

7bb 458 [M]*. (67); 412 [M — MeO - Me]*. (100).

132" 396 [M + H-Me]* (32), 276 [M + 2 H - Si(OEt),]* (10).
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Prod. i-C4Hlo, m/e {lrelr %)
13b? 263 [M + H ~ 2Pr-i — OPr-i — Ph]*(60).

13" 469 [M — MeJ*. (10); 441 [M — Pr -i]*. (15); 338 [M — 2Pr-i — OPr-i]*. (10), 441
M = Pr-i]*. (15).

13c®  235[M + 2H - SiPh(OMe),]*(72).

13¢2 385 [M - Me]*.(10); 201 [M — S — SiPh(OMe),]*. (100).

13d® 234 [M + H — Si(OMe)Ph,]*(30).

13d® 201 [M - S — Si(OMe)Ph,]*. (100).

13¢® 249 [M + 2H — 20Et ~ 2Ph]* (55).249 [M + 2H — 20Et — 2PhJ* (55).
13¢® 459 [M - Mel*. (16).

a. Chemical ionization, {00 eV.
b. Electron impact, 70 eV

The 3'P NMR signal of 3 appears as a singlet (3 84.0 ppm in benzene
solution) in the same region as for S-trimethylsilyl diethyl- or diisopro-
pyldithiophosphates (6 86-89 ppm) obtained previously.m] It is noteworthy,
that mainly one ethoxy group of tetraethoxysilane 2 takes part in the reaction
with 1 under the mild conditions used. We observed signals in the 'H NMR
spectrum of 3 due to the protons of various ethoxy groups attached to the
phosphorus and to the silicon atoms. One of two triplets, present in the 'H
NMR spectrum of 3 in C4Dg solution (Table (IV)), in the range of &
1.25 ppm is due to the methyl protons of three ethoxy groups at the silicon
atom CH;CH,0Si (Jyy 7.0 Hz). The similar protons of two ethoxy groups
at the phosphorus atom CH3CH,OP resonats at 8 1.42 ppm (3JHH 7.0 Hz).
Integral intensity ratio of these two triplets is 3 : 2. The methylene protons of
three ethoxy groups at the silicon atom CH;CH,OSi appear as a quartet at 3
3.82 ppm. Whereas, a doublet of quartets at 3 4.07 ppm has been assigned to
the similar methylene protons of two ethoxy groups at the phosphorus atom
CH;CH,0P (Jpy 11.0 Hz) of 3.

Bands of strong intensity presented in the range of v 1020 cm™ in the IR
spectra of 3 (Table III) is due to the PO-C valence vibrations, such as that
found for S-trimethylsilyl O,0’-diethyldithiophosphate (cf. v (PO-C)
1020 cm™1).I131 S-Triethoxysilyl O,0’-diethyldithiophosphate 3 is rather
moisture sensitive. The hydrolysis of 3 brought about by exposure to the
open air during 2-3 h involves the cleavage of the S-Si bond and results in
the appearance of a band at v 2450 cm™! which was assigned to the
valence vibrations of the PS-H bond of free dithiophosphoric acids!'8,
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The rupture of the S-Si bond of 3 in conditions of recording of electron
impact mass spectra was observed by the presence of the mass peak m/e
185 of the ion [M — Si(OEt)3]+. (Table (V)). In spite of the fact that the
reaction 1 was performed under mild conditions some secondary products
were also observed by use of mass spectrometry, however in minor quanti-
ties. The mass peaks m/e 489 and 490 which were present in the chemical
ionization mass spectra of the crude reaction mixture of 1 with 2 may be
attributed to the molecular ions [M + H]* and [M + 2H]* (20%), respec-
tively, of bis(O,0-diethyldithiophosphato) diethoxysilane A (calculated
molecular mass M of A is 488). Product A may be formed via the interac-
tion of the initial product 3 with phosphorus sulfide 1 (Reaction (2)).

S OEt [
l [
p4s1o + (EtO)zp-S-Si(oEtb — (EtO)ZP-S-S!i-S-P(OEt)2 (2)

1 3 OEt
A

Some secondary products of desilylation of the initial product 3 were
also found by mass spectra. Thus, the chemical ionization mass spectra of
the crude reaction mixture of 1 with 2 also indicates the mass peak m/e
340 that is considered to be tetraethylpyrotrithiophosphate B [M + 2H]*
(5%) (calculated molecular mass of B is 338). Moreover, there are the
mass peaks m/e 371, 403 and 433 in the chemical ionization mass spectra
of the crude reaction mixture of 1 with 2; those are considered to be pyrop-
erthiophosphates C, D and E as the products of addition of one, two and
three sulfur atoms to the compound B [M + HJ*.

S
|l
(EtO)zlP-%-P(OEt)Z

n=1(B),n=2(C),n=3(D); n=4(E)

Similar chemical behavior should be expected in the case of other
silanes containing a few Si-O bonds. Thus, we have found that
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0,0-diisobutyl dimethylsilane 5a and O,0-dimethyl diphenylsilane Sb
react with P4S;y at room temperature to form S-(alkoxy)diorganylsilyl
0,0-dialkyldithiophosphates 6a,b (Reaction (3), Tables (I)-(V)).

R’ OR'

1 5a R=Me R =Bu-i 6a R=Me R =Bu-i 7a R=Me, R =Bu-i
b,R=Ph,R'=Me  b,R=Ph,R'=Me b, R=Ph, R =Me

S-Silyldithiophosphates 6a,b were formed as liquids and were isolated
from the reaction mixtures by use of a thin layer distillations (see Tables
()-(V)). Disilylsulfide 7b was contained in a heavy volatile distillation frac-
tion (see Experimental). The electron impact mass spectrum of 7b shows the
mass peaks m/e 458 and 412 those may be attributed to its molecular ion
[M]*. and ion [M — Me — MeOJ*, respectively (calculated molecular mass
M of 7b is 458.1). In the '"H NMR spectrum of 7b in CCl, solution the
CH,;0 protons appear as a singlet in the range of 8 4.39 ppm, while the phe-
nyl protons appear as two multiplets at 8 7.83-8.12 ppm (12H, 3,4,5-CcH;
and 8.47-8.73 ppm (8H, H,C¢). The chemical ionization mass spectrum of
disilylsulfide 7a reveals the mass peak m/e 280 corresponding to the ion
[M + H — Me]* (calculated molecular mass M of 7a is 294.2).

We have found that the reaction of P45,y with 0,0,0-triisopropyl phe-
nylsilane 8a proceeds at room temperature. The 3lp NMR spectrum of the
crude reaction mixture 1 and 8a shows two signals at & 84.6 and 81.1 ppm
in the integral intensity ratio ~ 1: 1. These resonances may be assigned to
$-(0,0-diisopropyl)phenylsilyl O,0O-diisopropyldithiophosphate 9 and bis
(diisopropyldithiophosphoryl) (O-isopropyl)phenylsilane 11 (Reaction (4)).

iy i
P4S1g * PhSI(OPr-i)y —s (-PrO),P-S-Si(OPr-i) + (i-PrO)zP-S-Sli-S-P(OPr-i)z +
OPr-i (4)
1 8a 9 11

+ [PhSI(OPr-i),],8
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However, we were not successful to separate products 9, 10 and 11 by
means of a thin layer distillation, followed by numerous common vacuum
distillations. Their formation circumstantially was confirmed by mass
spectral data. Thus, the mass peaks m/e 393, 527 and 283, observed in the
electron impact mass spectra of the crude reaction mixture (reaction (4)),
are due to the ions [M — Pr-i]* of silyldithiophosphate 9, [M — 2S]*" of
bis(dithiophosphoryl)silane 11 and {M — Ph — 2 i-PrO]*" of disilylsulfide
10, respectively (calculated molecular masses M of 9, 11 and 10 are 436,
590 and 478, respectively).

We have previously found that the Lawesson’s reagent 12 reacts with
monoalkoxy trimethylsilanes under mild conditions to form S-trimethylsi-
lyl O-alkyl-4-methoxyphenyldithiophosphonates. (19 The products of
similar structure could be expected in the reaction of 12 with silanes, con-
taining a few Si-O bonds. In fact, we have shown, that tetraecthoxysilane 2,
0,0,0-trisopropyl phenylsilane 8a, O,0,0-trimethyl phenylsilane 8b,
0,0-dimethy! diphenylsilane Sb and O,0-diethyl diphenylsilane Sc react
with 12 to form S-(O-alkylsilyl) O-alkyl-4-methoxyphenyldithiophospho-
nates 13a-e (Reaction (5), Tables (I)-(V)).

OR

S ! /R1
S 1 -Si
S R i S “R2
oY e ol (5)
- -Ar + 2 (RO),Si — 2 Ar-P
Ar ks,g RO, Nor
12 2,R=Et, R =R? = OFt 13a, R=Et R' = R? = OE

8a R=Pri,R1=OPri,RZ=pPh  13b, R=Pr, R1=0Pri,R2=Ph

8b,R=Me, R'=OMe,R2=ph  13c,R=Me, R'=OMe, RZ=Ph

sb,R=Me, R'=RZ2=pnh 13d, R=Me, R' =R? = Ph
5c. R=Et, R'=RZ=ph 13¢, R=Et, R'=R?=Ph

It is noteworthy, that the thermal stability of S-silyldithiophosphonates
13, containing the P-C bonds, is rather higher than that of the correspond-
ing S-silyldithiophosphates 3 and 6 with the P-O bonds. Thus, products
13a-e were purified by use of a thin layer distillations without thermal
destructions (see Tables (I)-(V)). In the IH NMR spectrum of 13a (Table
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(IV)) the methylene protons of the ethoxy group attached to the phospho-
rus atom appear as a characteristic doublet of quartets at 8 4.20 ppm with
3Jpy 15.0 Hz (Jygyy 7.0 Hz). Whereas, a quartet at 8 4.00 ppm with >Jyy
7.0 Hz has been attributed to the similar methylene protons of three ethoxy
groups remaining at the silicon atom. Integral intensity ratio of these pro-
ton groups is 1 : 3. In all cases the methoxy protons of the 4-methoxyphe-
nyl groups of 13 appear as singlets in the range of 8 3.22-3.40 ppm that
has been assigned to the formation of 13b-e as unique thiophosphorylation
products and no secondary products.

The structure of 13 was also confirmed by mass spectral data of distilled
13b-e and crude reaction mixtures of reaction 6. It should be emphasized
that the electron impact mass spectra of 13 exhibit the characteristic for-
mation of ions via the elimination of methyl or isopropyl groups from the
molecules of 13. Thus, 13a, 13b, 13¢ and 13e reveal the mass peaks m/e
396 [M + H — Me]*, 441 [M - Pr-i]*, 385 [M - Me]* and 459 [M -
Me]", respectively, in their mass spectra (their calculated molecular
masses M are 410.2, 484.2, 400.1 and 474.2, respectively). Thus, the
alkoxysilanes 8a, 8b, 5b and 5S¢, containing two or three alkoxy groups,
react with the Lawesson's reagent 12 with the participation of only one
alkoxy group under mild conditions. The exception of this rule was found
in the case of tetracthoxysilane 2 and its reaction with 12. Thus, the mass
peaks m/e 597 and 568 observed in the mass spectra of a distilled fraction
of 13a may be assigned to the ions [M-Me]*" and [M + H — OEt]", respec-
tively, of bis(O-ethyl-4-methoxyphenyldithiophosphonato) diethoxysilane
F (calculated molecular mass M of F is 612.1). The compound F seems to
be a product of the interaction of 13a, containing three rather reactive Si-O
bonds, with the Lawesson's reagent.

Et
4-MeOCsH4\ ” ?' 'Ll /OEt

Eto/ | CGH40Me-4

F

Thus, as we expected, the phosphorylation of silanes, containing a few
Si-O bonds, with phosphorus sulfide 1 and the Lawesson's reagent 12
under mild conditions proceeds with the formation of compounds with the
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P(S)S-Si structural fragment similarly to the reactions with monoalkoxysi-
lanes.!'3) In some cases reactions are complicated by the thiophosphoryla-
tion, sulfuration and desilylation processes. Thiophosphorylation of
alkoxysilanes with a few Si-O bonds with the Lawesson’s reagent, contain-
ing stable P-C bonds, proceeds more readily than that with tetraphospho-
rus decasulfide.

EXPERIMENTAL

The 3'P NMR spectra were recorded with a Bruker MSL 400 (162 MHz)
instrument in CgHg. The 'H NMR spectra were taken on a Bruker
MSL-400 (400 MHz) spectrometer and a Varian T-60 (60 MHz) spectrom-
eter in C¢gD¢ or CCly. The IR spectra were obtained with a Bruker IFS
113v and an UR-20 infrared spectrophotometers. Mass spectra (EI, 70 eV;
CI, 100 eV) were determined on an M 80 B Hitachi chromatomass spec-
trometer.

Reaction of Tetraphosphorus Decasulfide 1 with Tetraethoxysilane 2.
Typical Procedure

Compound 1 (2.7 g, 6.1 mmol) was added portionwise under dry argon
with stirring at 20°C to 2 (10.0 g, 48.0 mmol), and stirring was continued
for 30 h at 20°C. The mixture was filtered. The filtrate was evaporated at
reduced pressure (0.08 mm Hg) at 50°C for 2 h to give crude 3 (84 g, ~
99%). Pure product 3 (4.4 g, 52%) was isolated from the residue by means
of a thin layer distillation at 100°C (0.03 mm Hg) (See Tables (I) -(V)).

Products 6a and 13a-d were obtained similarly (See Tables (I)-(V)). The
reaction of 12 with 5S¢ was carried out in the suspension of 5 mL of anhy-
drous benzene.

Reaction of Tetraphosphorus Decasulfide 1 with O,0-Dimethyl
Diphenylsilane 5b

The mixture of 1 (1.6 g, 3.6 mmol) and 5Sb (97.0 g, 28.6 mmol) was stirred
at 20°C for 20 h and filtered. The filtrate was evaporated under vacuum
(0.1 and 0.08 mm Hg) at 40°C for 2 h. Product 6b (3.7 g, 70%) was iso-
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lated from the residue by means of a thin layer distillation at 140°C
(0.03mm Hg) (See Tables (I)-(V)). Compound 7b (1.6 g, 48%) was
obtained in the less volatile distillation fraction (See Tables (I), (II), (IV)
and (V)).
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