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Photolysis and thermal decomposition of betaines R3P--CRIR2--SiR3R4-S " (!) tbllows 
two main pathways: (a) a Corey--Chaykovsky type reaction with elimination of Ph3P and 
generation of silathiirane RtR-~C--SiR3R'~--S (2) and (b) a retro-Wittig type reaction 

i 

accompanied by elimination of RjP=CRIR 2 and generation of silanethione R3R4Si=S (3). 
Highly reactive compounds 2 and 3 undergo subsequent transformations to give derivatives of 
tetrahydro-l,4-dithia-2,5-disilin, 1.3-dithia--2,4-disilolane, and phosphonium salts of 
symm-tetraorganodisilthiane dithiolates [Ph3P§ The structures of 
the compounds obtained were established by X-ray diffraction analysis and multinuclear N M R 
spectroscopy. 

Key words: Wittig reaction, Corey--Chaykovsky reaction, betaines, photolysis, thermal 
decomposition, silathiiranes, silanethiones, N M R spectroscopy, X-ray diffraction analysis. 

The reaction of thiocarbonyl compounds with phos- 
phorus ylides proceeds through the intermediate forma- 
tion of betaines I-4 and/or  thiaphosphetanes. 5 The de- 
composition of these intermedi#tes can follow three 
pathways: elimination of phosphine to give thiiranes 6,7 
(a Corey--Chaykovsky type reaction) (a); dissociation 
into the initial components 8 (a retro-Wittig type reac- 
tion) (b); and elimination of phosphine thiooxide to give 
olefins z,3b.5-11 (a Wittig rype reaction) (c) (Scheme I). 

Previously, v,e reported the synthesis, 4 structure, 12 
and reactions ~ of organosilicon-phosphorus betaines with 
a thiolate center RI3P'--CR"R3--SiR4RS--S -.  In this 
study, we demonstrated that photo and thermal decom- 
position of betaines of this type with phenyl groups at 
the phosphorus atom*" Ph3P*--CR I R2--SiR3R4--S - (1,~ 
follow pathways a and b with the in termedia te  
lbrmation of silathiiranes RIR2C--SiR3R4--S (2) and 

I i 

* For part 3, see Ref. I. 
** The betaines Et3P~CHMeSiMe2S - and Et3P'~CHMeSiPh_~S - 
with alkyl groups at the phosphorus atom are distinguished by 
high thermal stability: their spectral characteristics do not 
change durin8 storage of solutions of these compounds in 
pyridine-d 5 or metastable solutions in benzene-d 6 for I--2 years 
at -20 ~ in sealed evacuated tubes or on heating (150 ~ 
for 15 h. 

silanethiones R3R4Si=S (3), respectively. The genera- 
tion ofsilathiiranes by this method is the first example of 
synthesis of organoelement compounds according to a 
Corey--Chaykovsky type reaction. 

Results and Discussion 

Photodecomposit ion of  betaines 1. UV irradiation 
stimulates intramolecular S- ~ P* charge transfer. When 
a suspension of Ph3P*CMe2SiMe2S= ( la)  in benzene is 
exposed to the radiation of a medium-pre~ure mercury 
lamp at 20 ~ the compound decomposes by the 
Corey--Chaykovsky reaction pattern to give silathiirane 
(2a) and Ph3P (Scheme 2). 

Silathiirane 2a, like other sterically nonhindered 
thiiranes of Group 14 elements 13-16 and unlike 
the carbon analog, forms a cyclodimer, tetrahydro- 
2,2,3,3,5,5,6,6-octamethyl- 1,4-dithia-2,5-disitin (4a, 
yield 57%) or undergoes other transformations. 

The intermediate formation of silathiirane 2a was 
confirmed by trapping agents. For this purpose, photoly- 
sis of la (suspension in C6H 6) in the presence of Me2CO 
was performed. According to GC/MS analysis, in addi- 
tion to dimer 4a (major product), the reaction mixture 
contained 2,2,4,4,5,5-hexamethyl-3-oxa-l- thia-4-si l -  
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olane (5a), resulting from the reaction ofsi lathi irane 2a 
with acetone,  2 ,2 ,4 ,4 ,5 ,5 -hexamethy l - l . 3 -d i th i a -2 ,4 -  
disilolane (6a), and 2.2,3.3.4,4,5,5-octamethyl-l-thia- 
2,5-disilolane (7a). Most likely, under heterogeneous 
condit ions,  disilolane 6a is formed upon the reaction of  
sitathiimne 2a with the start ing la.  Betaine 8a thus 
formed decomposes to give predominant ly  Ph3P=CMe 2 
and 6a. A much smaller amoun t  o f  8a decomposes to 
give Ph3PS (yield ~14%) and tbiadisilolane 7a. Com-  
pound Ph3PS might arise f rom desulfurization of  
silathiirane Za to silaethylene 9a by the action of  Ph3P, 
although we have not studied this decomposition route. 

Unlike photolysis under heterogeneous condit ions,  
in the photolysis of la  in a pyridine solution, the 
formation of  disitolane 6a becomes the predominant 
process because the starting betaine is present in a fairly 
high concentration and can act as a trapping agent with 
respect to silathiirane 2a. The yield of compound 6a 
increases to 57%, while the yield of cyclodimer 4a 
decreases to 24%. 

The structure of  t e t rahydro-2 ,2 ,3 ,3 ,5 ,5 ,6 ,6 -oc ta -  
methyl - l ,4-d i th ia-2 ,5-dis i l in  (4a) was proved by X-ray 
diffraction analysis (Fig. 1). A notable structural feature 
of  compound 4a is the trans-effect, which was discov- 
ered previously t7 for peroxide and ether molecules and 
manifests itself as a distortion o f  the tetrahedral coordi -  
nation of  carbon atoms bound to oxygen. In molecule 4a 
(Table 1), the C ( 4 ) - - S i ( I ) - - S ( 1 )  and C ( 2 ) - - C ( I ) - - S t l )  

bond angles, occurring in tile trans-positions with re- 
spect to the corresponding opposing bonds of  the S 
atom, decrease with respect to the ideal tetrahedral angle 
(I09.5 ~ to 102.35(4y' and I04.64(6)% respectively. The 
ring has a nearly ideal chair conlbrmation (the torsion 
angles range from 60.4 to 61.7~ 

Thermal decomposition of hetaines I. Thermolysis of 
betaines 1 under various conditions was studied in detail 
using betaine la  as an example. Heating solutions of  l a  in 

C(5) 

3 Cm 

b 
Fig. I. General view of molecule 4a. 

C(3) 
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Table 1. Bond lengths (d) and bond angles (m) in the struc- 
ture of 4a 

Bond &/A Bond d/A 

S(I)-C(I)  1.8606(9) Si(I)--C(5} 1.865(1) 
S(l)--Si(I)  2. 1494(4) C(I)--C(2) 1.540(I) 
Si{ I)--C(l)" 1.890(I) C(I)--C(3) 1.53311) 
Si(1)--C(4) 1.863( I ) 

Angle o}/'deg Angle ~,o/deg 

C(1)--S(I)--Si{I} 109.07(3) 
C(4)-Si(1)--C( I) '  110.22(4) 
C(5)--Si(I)--C(I}" 110.3814) 
C(4)--Si(1)--C(5) 109.29(5) 
C(1)*--Si(I)--S(1) 110.02(3) 
C{4)--Si( I)--S{ I) 102.35(41 
C[5)--Si( t)--S~ It t ~4.29(4} 

C(3)--C(I)--C(2) 109.8{5(8'/ 
C(2)--C(I)--S(I) 104.64(6) 
C(3)--C(t}--S(I) II 1.00(6) 
C(2)--C(t l--Si( t)* 110.44{6) 
C(3).-C( 1 )--Si( I )* 112 58(6) 
S( I l--C( l)--Si( 1)* 108 03(4) 

* -.~c, --y 4- "1 --- 

CsDsN above 80 "C brings about a dark-claret color, 
typical of phosphorus ylide, whose formation was de- 
tected by NMR spectroscopy, tn the presence of an 
equivalent amount of PheCO, the reaction carried out lbr 
10 rain at 100 ~ gives 1, I-dimethyl-2,2-diphenylethylene 
and Ph3PO in a yield of 53% with respect to the theoreti- 
cal yield. This indicates that decomposition of la. in 
solution |bllows a retm-Wittig type pathway (Scheme 3). 

Scheme 3 

Ph3P*--CMe2--SiMe2--S- ~ - 

l a  

- PhBP=CMe2 . [Me2Si-=S ] 

I Ph~C=O 3a 
v 

Ph2C=CMe 2 + Ph3P=O 

An increase in the solution temperature shifts the 
equi l ibr ium to the right (see Scheme 3). When betaine 
la is dissolved in CsD~N at room temperature, the IH, 
I3C, 29Si, and 31p N M R  spectra of  the solution exhibit 
only the signals due to the starting betaine. After heating 
of this solut ion (90 ~ ~30 ra in ) in  the N M R  spectrom- 

eter probe, doublets at 8 2.00 (3JpH = 16.5 Hz) and 
6 20.9 {2JcH = 13.6 Hz), characteristic of the Me groups 
in Ph3P=CMe 2, appear in the 11-1 and ~3C NMR spectra 
and a singlet at /5 10 appears in the 3tp NMR spectrum. 
All signals corresponding to phosphorus ylide are broad- 
ened_ The la : Ph3P=CMe 2 molar ratio is 0.8 : 1. When 
the temperature decreases to 50 ~ the ratio increases to 
2.9 : I, while subsequent repeated heating to 75 :C 
diminishes this ratio to 1.46 : 1. The IH and 29Si NMR 
spectra contain somewhat broadened signals due to 
cyclooligomers (Me?SiS), , at about 0.7--1.0 ppm and at 
~21.0 ppm (n = 3) and ~16 ppm (n = 2), respectively. 
Since the irreversible processes considered below occur 
in parallel, the concentrated ratios presented here can- 
not be regarded as being equilibrium values. 

Thermolysis of la at higher temperatures follows 
simultaneously the Corey--Chaykovsky and retro-~a,itdg 
reaction routes. The ratio of the two processes depends 
on the temperature. This is confirmed by pyrolysis of la 
in alcohol. Betaine la is fairly stable with respect to 
alcohols; it can be rects'stallized from hot methanol or 
ethanol. 4 However. keeping its solution m ethanol at 
150 ~ for 4 h gives rise to 2,3-dimethyt-3-etho• 
silabutane-2-thiol (10a) and Me2Si(OEt) 2 in I : 1 ratio 
as well as to Ph3P and 1 la in the same ratio (Scheme 4). 

Evidently, the arising silathiirane 2a and silanethione 
3a  immediately react with ethanol to give silylated mer- 
captan 10a and Me2Si(OEt} 2. The molar ratios of the 
products imply that the rates of the Corey--Chaykovsky 
type and the retro-Wittig type decomposition pathways are 
roughly equal. The former process starts to predominate at 
245 ~ (the 10a : Me2Si(OEt) 2 molar ratio is 3 : 1). 

In the pyrolysis of la (150 ~ in a suspension in 
benzene, in a melt, or in a pyridine solution, the yield of 
disilolane 6a amounts to 30--48%, while the yield of 
cyclodimer 4 a  does not exceed 12%. Decomposi- 
tion of betaines Ph ;P~CMe2SiMePhS  - ( lb)  and 
Ph3P+CHMeSiMe2S - (lc) in benzene follows a similar 
route. The yields of 2,4,5.5-tetramethyl-2.4-diphenyl- 
1,3-dithia-2,4-disitolane (6b) and 2,2,4,4,5-pentamethyl- 
1,3-dithia-2,4-disilolane (6c) are 78 and 46%, respec- 
tively. 

In all cases, silanethiones [R3R4Si=SI (3) and ylides 
Ph3P=CR1R 2 formed upon pyrolysis of betaines i 
undergo further t ransformat ions ,  result ing in the 
phosphonium symm-tetraorganodisilthianedithiolates 
[Ph3P+CHRIR2]2[(RIR2SiS-)2S ] (12). For instance, a 

Scheme 4 

Ph3P'--CMe2--SiMe2--S- 

l a  

tk 
Ph3P =CMe 2 + [Me2Si=S] 
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Fig. 2. General view of ~alt 13a with a solvation pyridine molecule. 
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foam-like highly voluminous yellowish substance 12a, 
readily decomposing in air, was isolated upon the py- 
rolysis of betaine la. The NMR spectra of compound 
12a in CsDsN exhibit signals lbr the [Ph3P"CHMe2] 
cation with a markedly broadened multi- 
pier for the CH protons (ZH NMR spectrum) 

and highly broadened signals due to the an- 
ionic moiety at about 0.8--1.1 ppm (IH NMR), 
-14 ppm (13C NMR). and ~11 ppm (29Si NMR). 
Methanolysis of 12a yields equimolar amounts of 
[Ph3P+CHMe21SH - ( l la)  and Me2Si(OMe)2; treatment 
with phosphorus ylide Et3P=CHMe (which is more 

TaMe 2. Bond lengths (d) and bond angles (co) in the structure of 13a 

Bond d/A Bond d/A Bond d/A Bond d/A 

S(I)--Si(I) 2.176(2) P(2)--C(13) 
S(ll--Si(2) 2.I80(21 P(2)-C(151 
S(2)--Si(I) 2.055(2) P(2)--C(17) 
S(3)--Si(2) 2.051(21 P(2)--C(19) 
P(I)--C(5) 1.795(4) Si(I)--C(I) 
P(I)--C(7) 1.806(41 Si(I)--C(2) 
P(I)--C(9) 1.811(51 Si(21--C(3) 
P(I)--C(II) 1.797(41 Si(21-C(4) 

.805(4) 

.796(4) 

.802(4) 

.792(3) 

.886(4) 

.873(5) 

.878(5) 

.883(4) 

N(I)--C(21) 1.332{101 
N(I)--C(25) 1.319(91 
C(5)--C(61 1.515(6) 
C(7)--C(8) 1.540(61 
C(9)--C(I0) 1.500(71 
C(111--C(12) 1.491(61 
C(131--C(141 1.523(61 

C(15)-C(161 1.534~6) 
C(17)--C(I8) 1.526(61 
C(19)--C(201 1.526(51 
C(211--C(221 1.345(111 
C(22)--C(23) 1.398(II) 
C(23)--C(24) 1.379(10) 
C(24)--C(25) 1334(9) 

Angle (~/deg Angle 

Si(I)--S(I)--Si(2) 1t7.52(51 
C(51--P(I)--C(71 109.5(2) 
C(51--P(I)--C(9) I06.9(21 
C(5)--P(I)--C(II) 112.6(21 
C(7)--P(I)--C(9) 110.5(21 
C(II)--P(I)--C(7) 112.2(2) 
C(ll)--P(I)--C(9) 104.9(2) 
C(I5)--P(2)--C(13) 109.6(21 
C(J5)--P(2)--C(17) 109.9(21 
C(17)--P(2)--C(131 107.2(21 

(o/deg Angle (o/deg 

C(19)--P(21--C(13) 
C(19)--P(2)--C(15) 
C(191--P(2)--C(171 
C(I)-Si(I)-S(t)  
C(l)-Si(I)--S(2) 
C(2)-Si(I)--S(I) 
C(2)--Si(I)--S(2) 
C(2)--Si(I)--C(I) 
S(2)--Si(I)--S(I) 
C(3)--Si(2)--C(4) 

11}.](2) 111.7(21 
107.3(2) 
109.3(21 
113.5(21 
109.0(21 
115.1(21 
104.8(2) 

105.13(71 
]05.2(2) 

C(3)--Si(2)--S(I) 108.6(21 
C(3)-Si(2)--S(3) 114.7(21 
C(41--Si(2)--S(I) 108.6(21 
C(41--Si(21--S(31 114.3(21 
S(3)--Si(2)--S(I) 105.30(71 
C(251--N(I)--C(21) 115.1(7) 
C(6)--C(51--P(11 114.1(31 
C(8)--C(7)--P(I) 115.4(31 
C(10)--C(9)--P(I) I t3.2(4) 
C(121--C( I I)--P(I) 116.6(31 

Angle ~)/deg 

C(141--C(13)--P(2) 113.8(31 
C(10)--C( 151-- P(2) 116.1(31 
C( 18)--C(17)-.P(21 114.0(3) 
C(201--C(191--P(21 116,0(3) 
N(I)--C(21)--C(22) 124.7(8) 
C(21 )--C(22)--C(231 119.4(81 
C(24)--C(23)--C(221 115.5(71 
C(25)--C(24)--C(23) 1203(7) 
N( I )--C(25)--C(24) 125.0(81 
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basic than Ph3P=CMe2) gave rise to the crystalline 
salt [ E t 4 P ~ ] 2 I - S - - S i M e 2 - - S - - S i M e 2 - S  -] (13a) and 
Ph3P=CMe 2 in I : I ratio as the major products. 

The structure of 13a was established by X-ray dit L 
fraction analysis (Fig. 2). According to X-ray diffraction 
data (Table 2), the (MezSiS-)2S dianion in 13a has a 
nearly planar W conformation. The Si--S distances are 
2.140(2) and 2.141(2) .M which is in good agreement 
with the statistical mean value, Is equal to 2.145 .~\. The 
terminal S i - - S -  bonds (2.051(2) and 2.055 A) are some- 
what shorter than the single S i - S  bond but longer than 
the S i - - S -  bond in betaines 1. Iz 

In addition to the signals due to file Et4P + cation, 
the NMR spectra of 13a exhibit singlets at 1.17 ppm 
(IH NMR), 14.45 ppm (~3C NMR, Jcsi = 53.2 Hz), and 
11.68 ppm (29Si NMR) due to the (Me2SiS-)2S dianion. 

The results obtained strongly indicate that the starting 
salt 12a has the structure [Ph3P'CHMe2]2I(Me2SiS-)2S]. 
The reactions of  this compound with methanol and 
Et3P=CHMe are presented in Scheme 5. 

Scheme 5 

2 [Ph3P+CHMe2]SH - ~- 2 Me2Si(OMe) 2 
l l a  

I MeOH 

[ Me~ Me_, ] 

12a 

Et'~P=CHMe l 

PhsP=CMe 2 ,- 
[ Me2 Me2 t 

[Et4P+]2 [ - s - /S i " - s /S i " -S  - ] 

13a 

The substantial broadening of the resonance signals 
of the dianion of  salt lZa in the IH, 13C, and 29Si NMR 
spectra is apparently due to reversible deprotonation of  
the Ph3P+CHMe? cation by the strongly basic dianion;  
this results in a set of equilibria (Scheme 6) which are 
rather fast on the NMR time scale. Indeed, upon the 
addition of  0.5 equiv, of [Ph3P~CHMe2]Br - to a solu- 
tion of salt 13a in pyridine, the relatively narrow singlet 
of the (Me2SiS-)?S dianion and the multiplet of  the CH 
group in the Ph3P~CHMe2 cation in the ~H NMR 
spectrum are broadened and look like those in the 
corresponding spectrum of  12a. Deprotonation of the 
Ph3P*CHMe 2 cation of 12a with transt;er of  the proton 
to the thiolate center is similar to that observed previ- 
ously 19 in the reaction of CS 2 with phosphorus ytides. 

Thermolysis of  betaine la ,  prepared in the presence 
of  LiBr, 4 gives dis i lolane 6a (22%) and the salt 

Scheme 6 

M.e2 Me2 
- s / S J ~ s / S ~ " - S  - 

Ph3P+CHMe2 Ph3P+CHMe2 

"12a 

Me2 Me2 
H s / S l ' - s / S V ' ~ S  - 

Ph3P~CHMe 2 
+ Ph3P=CMe 2 

IL 
Ph3P'--CMe2--SiMe2--S - + Ph3P'CHMe 2 

1 a Me2 
Hs/Si'--.S _ 

LiS- -S iMe2- -S- -S iMe2- -SLi  (46%). In solutions of this 
salt, contact ion pairs are apparently formed, in which 
the negative charge on the sulfur atoms decreases due to 
strong interact ion with the lithium cations. Conse- 
quently, the ability of  the dianion to deprotonate the 
Ph3P+CHMe2 cations decreases and the rate of proton 
exchange also decreases. This shows itself as sharp sig- 
nals in the 1H and ~3C NMR spectra of  the diamonie 
moiety of the molecule (unlike the broadened signals in 
the spectrum ofphosphon ium salt |2a) .  

When pathways to salt 12a are considered, the main 
question is what is the source of  the proton. To 
clarify this po in t ,  select ively deu te ra t ed  beta ines  
Ph3P*CMe2Si(CD3)2S- ( la ' ) .  Ph3P+C(CD3)2SiMe-S - 
(la"),  and Ph3P+C(CD3)2Si(CD3)2S - ( l a ' " )  were syn- 
thesized and thermal decomposi t ion of  compounds 
l a - - l a " "  was studied under strictly identical temperature 
conditions. 

When either nondeuterated betaine la  is pyrolyzed in 
pyridine-d 5 or selectively deuterated analogs-d 6 la" and 
la" are pyrolyzed in nondeuterated, pyridine, phospho- 
nium cations of  the resulting salts l ga  contain both 
protium and deuterium. The same result is obtained in 
the pyrolysis of  betaine-dlz ia"" in pyridine-d s. It fol- 
lows from the ratio of nondeutemted and deuterated 
phosphonium cations (Table 3) that both pyridine and 
all the substituents in betaine l a  serve as sources of 
protons in the formation of salt 12a. The possibility of  
participation of the hydrogen atoms of  the phenyl groups 
at phosphorus in the reactions of  the ylide Ph3P=CMe 2 
has been noted previously, z~ The methyl groups at the 
silicon atom are deprotonated to the greatest extent. The 
enhanced acidi ty  of  the MeSi groups was demon- 
strated zl'zz by performing reactions of  various methyl- 
silanes with RLi. 

The thermolysis (150 ~ 5 h, suspension in C6H 6) 
of betaine Ph3P+CMe2SiMePhS - ( l b ) ,  conta ining 
only one Me group at the silicon atom, gives salt 
[Ph;P~PriI?[(MePhSiS-)?SI (12h) in a yield not exceed- 
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Table 3. Ralio of the Ph3P*CHMe2 and Ph3P*CDMe cations 
formed upon thermal decomposition<" of betaines la, la', la", 
and In"" in CsDsN and CsHsN (in parentheses) 

Betaine Relative yield (%) 

Ph3P+CH Me: Ph3P+CDMe/ 

Ph)P+CMe2SiMe2S - (la) ~4 il00) 36 (0) 
Ph;P'CMe2Si(CD3)2S- (la') 35 (57) 65 (43) 
PhaP'C(CDa)2SiMe2S- (la") 46 (58) 54 (42) 
Ph3P+C(CDa)2Si(CDa)2S - ( la '")  36 64 

* Reaction conditions: 100 ~ 5 h. degree of conversion ~80%. 

ing 4%, whereas salt [PhaP*pri]2[(MeBzSiS-)2S I (12d) 
is formed in a yield of up to 50% even during the 
synthesis 4 (20 ~ of the betaine PhaP+CMe?SiMeBzS - 
(ld), containing a benzyl group at the silicon atom, 
which is more acidic than the Me group. These results 
confirm the importance of the acidity of the substituents 
at silicon for the ibrmation of salts 12. 

The betaine Ph3P+CHMeSiMe2S - (lc) conta ins  
an "acidic" hydrogen atom in the a - p o s i t i o n  
to the phosphon ium center ;  the yield of salt 
[Ph3P+Etl2[(Me2SiS-)2S] (12c) formed upon its ther- 
molysis (150 ~C, 5 h, suspension m C6H6) increases to 
49%, whereas in the case of betaine In, the yield of 12a 
does not exceed 35%. The NMR spectra of compound 
12c exhibit rather sharp signals for both cationic and 
anionic moieties of the molecule. 

Pyrolysis of betaine 14 (150 ~ 5 h, suspension in 
C6H6) gives, according to NMR spectra, ~70% of salt 
12e and 5.5% of disilohme 6e. Thus, apart from the 
acidity" of substituents in the molecule of the starting 
betaine, betaines of type 14 evidently play an important 
role in the synthesis of salts 12 but they make an 
insignificant contribution to the Ibrmation of dithia- 
disilolanes 6 (Scheme 7). 

The results of the study indicate that thermal decom- 
position of betaines 1 involves a complex set of revers- 
ible processes with participation of phosphorus ylides, 
silanethiones 3. their cyclodimers, and intermediate be- 
taines containing the +P--C--(SiS),~Si--S- fragment 
(n = 1, 2). We will illustrate these processes in relation 
to thermal decomposition of betaine la. It is clear that 
silanethione 3a, formed in the first stage, dimerizes to 
give tetramethylcyclodisitathiane. The subsequent nu-  

cleophilic cleavage of its ring by the starting betaine la, 
present in the reaction mixture, gives the intermedi- 
ate betaine, 2,4,4,6.6.7-hexamethyl-2,4,6-trisila-3,5- 
d i th iaoc tane-7- t r ipheny lphosphonio-2- th io la te  (15) 
(Scheme 8). The phosphorus ylide arising simultaneously 
with silanethione 3a can cleave any Si--S bond in 
molecule 15. The attacks on the Si(4)--S(5) and 
Si(2)--S(3) bonds lead to the same products, a pair of 
betaines ( l a  and 16), while the attack on the Si(6)--S(5) 
or Si(4)--S(3) bond affords 17 or 18, respectively 
Betaine 16, the anion of salt 17, and the cation of salt 
18 can 'enter  into subsequent reactions with PhaP=CMe 2 
at the Si--S bonds. Thus, salt 19 should be the final 
product of thermal decomposition of betaine la. The 
dianions [SiMe2S2] 2-, which are strong nucleophilcs, 
are able to cleave the fairly labile C--St bond in 
(Ph~P*CMe2)2SiMe2 thus making the interconversion 
16 + PhjP=CMe ~ 19 reversible. Since all the steps 
in the set of equilibria shown in Scheme 8 are reversible, 
salt 19, which has not been detected among the reaction 
products, would undergo subsequent transformations and 
the actual composition of the reaction products would 
be controlled by their thermodynamic stability. It is 
evident ~hat the [SiMe2S2I 2- dianion can efficiently trap 
the short-lived silanethiones Me/Si=S (2a), arising upon 
the retro-Wittig decomposition of bctaine la. to give the 
dithiolate anions (Me2SiS-)2S. 

During thermal decomposition, the PhaP=CMe ? 
formed acts as a deprotonating reagent with respect to 
la and the solvent. These deprotonation reactions giving 
rise to PhaP+CHMe2 cations are irreversible because the 
carbanions thus formed rapidly enter into subsequent 
reactions. Thus, the greater part of Ph3P=CMe2, result- 
ing tu the retro-Wittig decomposition pathway, comes 
out during the pyrolysis as Ph3P+CHMe2, which is the 
reason why the set of equilibria (see Scheme 8) shifts 
toward the formation of the final salts. We intend to 
study these processes in more detail in the future. 

Experimental 

NMR spectra were recorded on a Bruker AM-360 ,;pec- 
trometer operating at 360 Mttz for )H at 300--303 K; the 
samples were degassed and sealed in a high vacuum. The signals 
of the residual protons of deuterated solvents were used as 
internal standards in the ~H NNIR spectra and the signals of the 

Scheme 7 
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Scheme 8 
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-S--SiMe2--S- 
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3P=CMe2 

Ph3P~-~CMe 2 + [Me2Si=S ] 
3a 

Note. a. Attack of the Si~6)--S(5) bond by phosphorus ylide; b. Attack of the Si(4)--S(5) bond by phosphorus ylide; c. a.ttack of the 
Si(4)--S1~3) bond by phosphorus ylide. 

]3C nuclei of the deuterated solvents were used as internal 
standards in 13C NMR spectra (C6D6:7 .25  (tH) and 
128 (13C) ppm; CsDsN: 871 (IH) and 139 (~-~C) ppm). 
Tetramethylsilane and 80% aqueous H3PO 4, respectively, were 
used as external standards for 2gSi and. u p N MR spectroscopy. 

Mass spectra were recorded on a Varian MAT 44-5 spec- 
trometer. GC/MS analysis was carried out on a Varian 
MAT-II2S mass spectrometer (El, 70 eV) connected to a 
Varian 3700 gas chromatograph (a 60-m DB-I column, tem- 
perature range 40--250 "C) and on an Engine HP GS-MS 
instrument. GLC analysis was performed on an LKhM-S0 
instrument with a heat-conductivity detector (a I-m Gong col- 
umn 3 mm in diameter, Chromosorb G, silanized 5% SE-30. 
helium as the carrier gas, column temperalure 50--290 ~ 

All operations were carried out under dry argon purified 
from traces of oxygen using standard Schlenk equipment, in a 
dry inert box or in vacuo (10 -3 Tort). The reactions were 
performed in seamless vessels using the compartments and tubes 
breaking technique. The synthesis and N M R spectral parameters 
ofbetaines la - -d  and 14 were described previously. I Procedures 
proposed for nondeuterated analogs were used to prepare 
(CD3).~SiCI~., 23,24 [(CD3hSiSI,, 25 Ph3P~CH(CD3)2Br-, z6 and 
Ph3P=C(CD3)2 z7 from commercial CD31 or (CD3)_~CO 
(Merck). Betaines la--a"" were synthesized by procedures dr:- 
scribed previously. 4 

3- M e t h y l -  2 - t r i d e u  t e r i o m e t h y l - 3 - t r i p h e n y l p h o s -  
phonio- l ,  ! ,  1- t rideuteriomethyl- 2-silabutane 2-thiolate, 
Ph3P+CMezSi(CD3)zS - ( l a ' ) ,  was prepared by mixing 
Ph3P=CMe 2 (5.74 g, 18.88 mmol) with [(CD3)2SiS], (I.87 g, 
19.47 mmol of the monomer units (CD3)zSiS) in 50 mL of 
Et20. Yield 6.87 g (91.0%). According to the data of the 

IH NMR spectra, the degree of deuteration at the SI~CD3) ~ 
groups was at least 99.8%. 

4,4,4-Trideuterio-2-methyl- 2-trideuteriomethyl-3 4riphenyl- 
phosphonio-2-silahntane 2~thio|ate, Ph3P+C(CD3)zSiMe2S - 
(In"), was prepared from Ph3P=C(CD3)2 (3.43 g, I1.1 mmol) 
and (Me2SiS) . ( 1.00 g, I I. I mmol of Me2SiS units) in 30 mL of 
C6H 6. Yield 3.47 g (78.3%). According to IH NMR spectra, the 
degree of deuteration in relation to C(CD3) 2 was 299%. 

1 , 1 , 1 , 4 , 4 , 4 - H e x a d e u t e r i o - 2 , 3 - d i ( t r i d e u t e r i o -  
met hyl)-3-triphenyiphosphonio- 2-si labu tane 2-thiolate,  
Ph3P+C(CD3)zSi(CD3)zS - ( l a ' " ) ,  ,was  prepared from 
Ph~P=C(CD3)2 (1.35 g, 4.4 mmol) and [(CD3)2SiS], (0.6 g, 
6 mmol of (CD3)2SiS units) in 20 mL of CeH,~. Yield 
1.53 g (86.4%). 

According to the data of ~H N/VlR spectra, the degree of 
deuteration relative to tile C(CD3) 2 groups was _>981% that 
relative to the Si(CD3) 2 groups was ~99.8%. 

Photolysis of betaine la in C6H 6. A suspension of betaine 
la (4.73 g, 120.1 retool) in Ct, H 6 (60 mL) was irradiated for 
13 h at ~20 ~ with a medium-pressure mercury lamp in a 
quartz reactor with a magnetic stirrer. The resulting homoge- 
neous solution was concentrated at 20 ~ (t Tort). Pentane 
(50 mL) was added to the oily residue and the precipitate was 
filtered off and thrown away. The pentane was removed from 
the filtrate at 20 ~ (I Torr). Three rectystallizations of the 
residue ( -20  ~ from hexane gave tetrahydro-2,2,3,3.5,5,6,6- 
octamcthyl-l,4-dithia-2,5-disilin (4a) (0.6 g, 38%). m.p. 142-- 
I43 ~ Found (%): C, 45.39:, H, 9.14; S, 24.24: St, 21.23. 
CIoH24S2Si 2. Calculated (%): C, 45.21; H, 9.32; S, 24.06, 
St, 21.45. tH NMR (C6D6), fi: 0.38 (s, 6 H, Me2Si); 1.46 (s, 
6 H, Me2C). 13C NMR (C6D 6, /5): -1.30 (s, MezSi, ~Jcsi= 
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52.6 Hz); 28.80 (s, Me2C); 30.54 (s, Me2C). 29Si NMR 
(C6D 6, fi): +13.05. 

Photolysis of beta{he la in CdD6: NMR monitoring. Ac- 
cording to IH, tsC, and 3~p NMR spectra, the reaction mixture 
obtained after irradiation (for 2 h) of a suspension of beta{no la 
r g, 0.81 retool) in 3 mL of C6[_) 6 under the conditions 
described above contained PhsP (yield 72%), Ph_~PS (yield 
t4%7, silathiirane dimer 4a (yield 57%), and 2,2,4,4.5,5- 
hexamethyl-l,3-dithia-2.4-.disilolane (6a) (yield 27%). Com- 
pound 6a. ~H NMR (C6D67, ,6:0.39 is, 6 H, Me2Si); 0.61 (s, 
6 H, Me2Si); 1.46 (s, 6 H, Me:C). ~3C NMR (C6D61, ~,: -0.66 
{Me~Si); 7.32 (Me2Si); 28.07 (.k'le2C): 39.87 (Me2_C). 29Si NMR 
(C6D67, 8:32.29 (Me2Si); 35.12 (.Me~Si)._ 

Photolysis of beta{he la in CdH 6 in the presence of Me2CO: 
G C / M S  monitoring. A suspension of beta{no la  (3.32 g, 
8.43 retool) in a mixture of benzene (b0 mL) with acetone 
(5.06 g, 87.2 retool) was irradiated for 9 h as described above 
until the beta{no entirely dissolved. The volatile products were 
condensed in a Schlenk tube at a temperature of up to 90 ~ 
(I Torr) and analyzed using an Engine HP GS-MS spectrom- 
eter (a 30-m column, DB-5 phase, temperature 40--300 ~ 
column heating rate 7 K rain - r ,  El, 70 eV). The main products 
detected in the mixture were 2,2.4.4,5,5-hexametbyl-3-oxa-I- 
thia-4-silolane (5a7 (13.82 rain), m/:. (/tel(%)): 192 [M" + 21 
(1.5), 191 [M ~ + II (2.5), 190 [M~I (16L 175 [,'vl" - 151 if) ,  
134 [M + - 56] (10), 133 [M" - 571 (100), 115 [M" - 751 (9.57, 
75 [M* - 1151 (t4). 61 (8.5), 57 (9); disitolane 6a (17.1)6 rain). 
m/z (l~e~(%)): 224 IM" ~- 21 11.57, 223 IM" "- I} (8.5), 222 
[M' I  (22), 207 IM" -- 15] (127, 180 [M § - 441 (14L 165 
IM* - 57] (100), 133 IM* - 891 (11),92 (12), 73 (57), 59 (19); 
compound 7a (18.73 mint, m/z. (/re{(%)): 234 IM" + 2t (2), 233 
[M + "- I1 (3.5), 232 {M*I (17.5), 217 IM § - 151 (a), 190 
IM" - 42] (2). 175 [M" - 571 (4.5), 16~ IM + - 711 !21), 149 
[M'- - 83] (100), 133 [M § - 991 ~7). 111 (3), 99 (4), 85 (3.5), 
73 (44), 59 (19); compound 4a (22.64 min), rn/z (Ires(%)): 266 
[M + + 2] (5.57, 265 IM + e I l I7), 264 [M ~] (29), 221 
IM" - 431 (637,207 fM" -- 571 (67. 190 [M" - 741 (t4). t75 
I M * - 8 9 1  (73), 165 IM ~ -  991 (38), 147 [ M * -  1171 (657, 133 
(14), 117 (5.9), 100 (40), 85 (42), 84 (38), 75 (42.5), 73 
(1007, 59 (67). 

Photolysis o1" beta{he la in CsDsN: N MR  monitoring. 
According to IH and 3ip NMR spectra, the reaction mixture 
obtained after irradiation (12 h) of a suspension of beta{no la 
(0.36 g, 0.91 mmot) in 2.5 mL of C~DsN under the conditions 
described previously contained Ph3P (yield 90%), Ph3PS (yield 
4%), sflathiirane dimer 4a (yield 24%7. and heterocycle 6a 
(yield 57%). 

Decomposition of betaine la according to the retro-Wittig 
reaction pathway: reaction with benzophenone (vacuum method). 
A solution of beta{he la (0.25 g, 0.63 mmol) and benzophenone 
(17. t2 g, 0.63 retool) in CsDsN (0.8 mL,~ was heated for 10 rain 
at 100 ~ in a sealed NMR tube. The mixture colored first dark 
claret and gradually turned yellow. According to IH, 13C, and 
JfP NMR spectra and to GLC, the solution contained Ph3PO 
and Ph?C=CMe_~. The yield of the compounds was 53% of the 
theoretical yield. 

Decomposition of beta{he la  according to the retro-Wittig 
reaction pathway: NMR monitoring (vacuum method). Accord- 
ing to ~H, ~3C. and ;~P NMR spectra, a freshly prepared 
solution of beta{no la (60 mg) in CsDsN (0.8 mL) contained at 
25 ~ only beta{no in. After heating in the NMR probe at 90 ~ 
tor ~30 rain, the solution contained la and Ph3P=CMe~ in 
0.8:1 ratio and (Me2SiS) n, Ph3P, and isopropyltriphenyl- 
phosphonium symm-tetramethyldisilthiancdithiolate (12a). The 
subsequent lowering of the probe temperature to 50 ~ and 
keeping the same sample at 50 "C for 40 rain resulted in la and 

Ph3P--=CMe? in 2.9 : t ratio: after subsequent heating of the 
probe to 75 ~ and keeping tile sample for 40 rain at this 
temperature,  the ratio of these products was 1.46 : I. 
Ph3p=CMc~. IH NMR (CsDsN), 8 :2 .00 (br.d, Me,C, JnF, = 
16.5 Hz). Tile ~l-I and J~C NMR spectra of (Me,SiS),, and the 
~3C and 31p NMR spectra oi  Ph3P=CMe _, correspond to the 
published data. z8-3~ 

Thermolysis of betaine la i n  EtOH: NMR experiment 
(vacuum method). ,4. A solution of la (0.18 g, 0.46 mmot5 in 
ethanol (1.8 mL) was heated for 4 h at 150 ~C in a scaled 
8-ram NMR tube. According to the IH, 13C, 29Si, and 
31p NMR spectra and GC/MS data. the solution contained 
residua'l la ( 1%5, I -[dimethyl(ethoxyTsilyl]- I-methylethanethiol, 
Me2Si(OEt)CMe~SH , 10a (48%), Me2Si(OEt) ? (48%), Ph3P 
(45%), [Ph3P+CHMe,]SH - (45%7, and Ph3PS (9%). 

B. According to ~H, 13C, ~'9Si, and 31p NMR spectra, 
heating solution la (0.21 g, 0.53 mmol) in EtOH (1.8 mL7 in a 
sensed 8-ram NMR tube at 245 "C for 5 min gives la (t0%5, 
mercapran 10a (67%), Me2Si(OEt)2 (23%), Ph3P (89%). 
[Ph3P*CHMe_,ISH- (1%), and Ph3PS (9%). 

Silancthiol !0a. qH NMR IEtOH. C~Ds as the external 
standard). ,5:0.70 (s, 6 H, Me2Si, 2JHs i = 6.0 Hz): t.83 (s, 6 H, 
MezC); 4.28 (q, 2 H. OCH,);  the signals of the CHjCH20 
group are covered by the solvent signals. 13C NMR (EtOH, 
C6D~, as the external standard), , 5 : - 5 . 1 9  (Me2Si. ZJcsi= 
69.5 Hz); 18.48 (CH3CH-,OT; 27.90 (Me,_C); 28.64 (Mg2C): 
5771 (CH20).  2qSi NMR (EtOH, C6D h as the external stan- 
dard), 5: 14.09. MS, m/z(Ire~(%)): 178 IM] ~ (9), 163 [M" - 15] 
(9), 133 [M ~ - OEt[ (11. 103, Me2SiOEt + tl00), 91, Me2SiSH" 
(9), 75 [M ~- - 1031 (84). 73, Me3Si (115. 

.~l.ge?Si_(OEt) 2. ~1-t NMR (EtOH. CoD 6 as the external stan- 
dard), i?,: 0.61 (s, 6 H, Me2Si, 2JHs i = 7. I Hz); 1.57 It, 6 H, 
CH3CH2 O, 3Jrt H = 7.0 HaS: 4.27 (q, 4 |-I, CH20, 3JHH= 
7.0 Hz). I3C NMR (EtOH, C6D 6 as the external standard), 
~,: -3.57 (Me2Si, -~Jesi = 73.5 Hz), t8.51 (CH3CH20); 58.41 
(CHad). 2~ NMR (EtOH, CdD 6 as the external standard), 
& -3.44. 

Thermolysis of betaines la and lc in benzene, Heating 
(150--155 ~ a suspension of la  (8.74 g, 22.2 retool) in 
benzene (30 mL) for 5--6 h in a sealed evacuated tube resulted 
in the lormation of two liquid layers. The upper layer was 
colored dark yellow and the lower layer was claret-yellow- 
colored. All the volatile products from the upper layer were 
condensed in a liquid nitrogen-cooled trap and the content of 
the trap was fractionated in vacuo to give disilolane 6a (0.73 g, 
30%), b.p. 103--104 ~ (15 Torr). Found (,.%): C, 37.59; H, 8.04; 
S. 28.74; Si, 25.73. C7HI8S2Si2. Calcufated (%): C, 37.78; 
H, 8.15: S, 28.82; Si, 25.25. Mass and 11t, 13C, and 'gsi NMR 
spectra of the product were identical to those presented above. 
The lower layer, a viscous reddish oil, was washed twice with 
benzene with decantation and subsequent recondensation of the 
solvent in vacuo ( I Torr). All the volatile products were removed 
at 20--25 ~ (0.01 Torr) for 5--6 h to give 1.18 g (13.0% 
(w/w) relative to the la taken) of isopropyltriphenylphosphonium 
svmm-tetramethyldisilthianedithiolate 12a a s a  solid foamed 
voluminous, slightly yellowish compound, which immediately 
decomposed in the presence of traces of air. Since the com- 
pound was extremely unstable in the presence of traces of 
oxygen or air moisture, we were unable to obtain reliable results 
of elemental analysis. Salt 12a. IH NMR (CsDsN), ~: 0.8--1.1 
(br.s, ,.Me?St). ~3C NMR (CsD5N), 6:11.0--15.0 (br.s, Me?Si). 
-~9Si NMR (CsDsN),  6:13--15 (br.s). The NMR spectra of the 
Ph3P+CHMe2 cation correspond to published data. z9'3~ 

Thermolysis of betaine lc (11.21 g, 29.5 mmol) in benzene 
(30 mL) carried out in a similar way gave 0.73 g (23.8%) of 
2,2,4.4,5-pentamethyt-t,3-dithia-2,4-disilolane 6c, b.p. 54 ~ 
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(I Torr), no 2~ 1.5174. Found (%): C, 34.21; H, 7.86: S, 30.62. 
CdHI6S2Si 2. Calculated 1%): C, 34.57: H, 7.74; S, 30.76. 
IH NMR (CoD6). 6: 0.33, 0.36 (both s, each 3 I--I, nonequi,,alent 
Me2Si); 0.57, 0.59 (both s, each 3 H, nonequivalent Me2Si); 
1.32 (d, 3 H, MeCH, ?Jm~= 7.5 Hz); 2.35 (q, I H, MeCH, 
-~JHH = 7.5 Hz). ~-~C NMR (C~,D6), 6: -0.76, -0.47 (non- 
equivalent Me2Si): 6.69, 7.87 (nonequivaient Me2Si); 19.36 
(bfl~eCH); 29.29 (MeCH). 29Si NMR (CdD6), 5̀; 35.10, 37.25 
(both s. Me2Si). From the lover layer, 1.29 g of ethyttri- 
phenylphosphonium symm-tetramethyldisilthianedithio[a{e 12c 
(11.7%) was isolated. ~H NMR (CsDsN), ,5:0.97 I's, Me2Si, 
Ycsi = 6.5 Hz). J~C NMR (C;DsN). ,5:11.51 (s, Me?St, Jcsi = 
53.5 Hz). The NMR spectra of the Ph3P~CH2Me cation corre- 
spond to the published data. z~,3~ 

Thermolysis of betaine la without a solvent: NMR experi- 
ment. lhermal decomposition (150 "C. 4 h) of betaine la 
(0.1 g) in a 5-ram NMR tube sealed under argon was accompa- 
nied by melting of the compound and the appearance of a dark- 
claret color, whose intensi D gradually decreased. After ~0.5 h, 
two layers formed; the qpper layer was slightly yellowish and the 
lower layer was red. The tube was cooled down and opened 
under argon, and 0.8 mL of C::DsN was added. According to 
3H, J3C, 29Si, and ; ip  NMR spectra, the fi~llowing products 
were obtained (yield (tool%)): 4a (5), 6a (18). Ph3P (47), 
Ph3PS (6), and 12a (20). The secona experiment was carried 
out in a similar way. After opening of the tube, a solution of 
methanol (0.2 ink) in CdD 6 (0.6 mL) was added. According to 
NMR spectra, the reaction mixture contained Me2SilOMe) 2 
(68%) and Me2Si(OMe)CMe2SH (17%), as well as Ph;PS 
(5%). Ph3P (43%), and Ph3P-CHMe?SH- ( l l a )  (42%). 

Thermolysis of betaine ia in pyridine-d 5 (150 ~ NMR 
monitoring (vacuum method). -\ solution of betaine la (0. I g) in 
Py-d 5 was heated for 5 h at 150 ~ in a 5-ram NMR tube. 
According to IH, )3C, and 3)p NMR spectra, the solution 
contained Ph3PS, Ph3P, disilolane 6a, and salt 12a (47% of the 
theoretical yield) with the Ph3P*CHMe 2 and Ph3P"CDMe 2 
cations in I : 44 : 23.5 : 25 molar ratio. 

Thermolysis of betaines la, lh, lc ,  and 14 in benzene: 
NMR experiment (vacuum method). A suspension of betaine 
t0,7--1 retool) in CdD 6 (0.8 mL) was heated for 5 h at 150 ~ 
in a 5-ram NMR tube; the mixture separated into layers. To 
determine the product yield, NMR spectra of the upper layer 
were first recorded (the lower layer, which was a viscous reddish 
oil, did not fall within the NMR receiver coil). The tube was 
opened, methanol (2.3--2.5 equiv.) was added, and multi- 
nuclear NMR spectra of the homogeneous solution were re- 
corded once again. Analysis of both sets of NMR spectra 
showed that the reaction mixture contained sitathiirane dimers 4, 
disilolanes 6, Ph3P, and salts [Ph.~P*CHR i R212[(R3R*SiS-):S] 
(12). After methanolysis, the reaction mixtures contained 
R3R4Si(OMe)2, silanethiots R3R4Si(OMe)CR I R2SH, Ph3P, and 
salts [Ph3P"-CHR)R2]SH - ( i l ) .  The following products were 
obtained (yield (tool. %)): from la: disilin 4a (6.0), disilolane 
6a (24), Ph3P 156), Ph3PS (5). and salt 12a (17.5); from lb: 4b 
(0), 2,4,5,5-tetmmethyl-2,4-diphenyl- 1,3-dithia-2,4-disilolane 
(6b) (39), Ph3P (78.3), Ph3PS (2.3), and isopropyltriphenyl- 
phosphonium symm-dimethyldiphenyldisilthianedithiolate (12h) 
(2.0); tbr lc: disilolane 6c (23), Ph~P (44), Ph3PS (3), and salt 
12c (24.5). The tbllowing products were isolated in the case of 
14 (tool. %): (Me_,SiS) 3 (33), disi[olane 6c (5.5), Ph3P (23.3). 
and salt 12c (35). 

Disilolane 6b. ]H NMR (CdDd), 8 (since 6b contains two 
chiral Si atoms and exists as a mixture of two pairs of enanti- 
diners, all the signals in the IH. 13C, and 2~ NMR spectra are 
doubled): 0.75, 0.80 (both s, each 3 H, MeSi); 0.91. 098 
(both s, each 3 H, Me2Si); 1.39, 1.46 (both s, each 3 H, Me2C): 

1.50 (s, 6 H. Me2C); the region of PhSi is covered by the Ph3P 
signals. }3C NMR (C~D~,), 8: --I.77, - I .63 (MeSi); 6.08, 6.14 
(MeSi): 27.40, 27.53, 29.37, 29.42 (nonequivalent NIe2C groups); 
40.54, 40.59 (Me2__C): 128.17, 128.20, 128.29, 128.32 (C,,,), 
137.58, 137.70, 138.19. 138.29 (Ci); 134.91 (Co); other signals 
are covered by the signals of Ph3P. 293i (CdD6), 8: 23.66, 23.92, 
27.48, 27.77. 

M~,SZ(OMe)CM_e2SH. ~H NMR (C6Dd--MeOft), `5:0.16 
(s, 6 H, Me2Si, Jusi = 6.4 Hz); 1.31 (s, 6 H. Me;C): 3.36 (s, 
3 H, MeO). 13C NMR (CdDd--MeOH), 8 : -5 .74 (Me,St, 
Jcsi = 60.3 Hz); 28.41 (Me2C): 28.71 (SiCS); 51.24 tOMe). 

~IePhSi(OMe)CMe2SH. I1-1 NMR (CdDd-MeOH), 6:0.53 
(s. 3 H, MeSi); 1.38, 1.43 (both s, 6 H, ,Me2C); 3.44 (s, 3 H, 
MeO); 7.30--7.80 (m. 5 H, Ph). 13C NMR (CdD~--MeOH), 
8: -7.62 (MeSi, Jcsi = 61.4 Hz); 28.15, 28.57 (both non- 
equivalent Me2C groups): 28.22 (SiCS); 51.47 (OMel; 127.99 
(Cm) 130.38 (Cp): 135.22 (Co) (the C i signal is covered by 
strong signals of Ph3P present in the reaction mixtureL 
2~Si NMR (CdDd--MeOH), 6: 3.89. 

MePhSilOMe):. tH NMR (C~Dd--MeOI-t), 8:0.39 is, 6 H, 
Me2Si); 3.50 (s, 6 H, MeO); 7.30--7.80 (m, 5 H. Ph). tsC NMR 
(C6Do--MeOH), 8 : - 4 . 9 4  (Me2Si, Jcsi = 76. t Hz); 50.26 
tOMe); 128.19 (Cm)" 130.14 (Cn): 134.37 (Co); 134.68 (C). 
293i NMR (C6Dd--MeOH), 8: -14.62. 

MesSi(OMe)CHMeSH. IH NMR (C6Dr~--MeOH), 6:0.26 
(s, 6 H , 'Me2Si ) ;  1.20 (q, I H, CH, 3JHH= 7.5 Hz); 
1.43 (d, 3 H, MeCH, 3Jmt=  7.5 Hz): 351 (s. 3 H, 
MeO). 13C NMR (CdDd--.,MeOH), 8,: -I .51 (Me2Si, Jcs, = 
74.1 Hz); 16.23 (Me); 29.15 (CH); 49.54 IMeO). 293i NMR 
(CdD6--MeOH), 8: -1.34. 

The reaction of  salt 12a with MeOH (vacuum method), d. 
Methanol (0.1 g, 3 mmol) was condensed in vacuo into a 
solution of salt 12a 1064g, 0.78 retool) in 0.8 mL of CsD~N. 
The mixture was transferred into an NMR tube and the tube 
was sealed off. According to I H. ~3C, 293i, and 31 p N M R spectra, 
the mixture contained Me2Si(OMe) 2 and Ph3P*CHMe2SH- in 
I : ) molar ratio. 

B. The reaction of MeOfl (4.68 retool) with an emulsion of 
salt 12a (I.18 g, 1.44 retool) in C6D 6 gave a colorless precipitate 
of the salt [Ph3P*CHMe2]SH- (0.93 g, 96%). NMR and GLC 
analysis of  the C6D 6 solution showed the presence of 
Me2Si(OMe) 2. 

The reaction of salt 12a with Et3P=CIIMe (vacuum 
method). Et~P=CHMe (0,2 g, 1,37 mmol) was added in 
portions to an emulsion of salt 12a (0.53 g, 0.64 retool) in 
benzene. The solution immediately developed a dark-claret 
color and the emulsion solidified_ The mixture was allowed to 
stand ibr -10 h. The solution was decanted from the precipi- 
tate and the precipitate was washed with benzene until com.- 
plete decoloration of the decantate and dried in vacuo 
tO01 Yorr) at 50 "C to give 0.28 g (84.4%) of tetra- 
ethylphosphonium symm-tetramethyldisilthianedithiolate (13a) 
as a white powder; which was crystallized from a small amount 
of pyridine. The product had no clear-cut melting point and 
decomposed in the 60--80~ range. IH NMR (C~DsN), 6:t.17 
(s, 12 H, ,Me2Si); 1.23 (dr, 24 H, CH;CH2 P+, 3JHH = 7.7 Hz, 
3JHp= 17.7 Hz): 2.74 (dq, 16 H. CH3CH2P +, ZJHH = 7.7 Hz, 
2drip-- 13.3 Hz). ~3C NMR (CsDsN), 8:6.12 (d, CH~CH2P ~. 
2dcp = 2.5 Hz); 12.13 (d, CH3CH2P*, ~dcp = 48.4 Hz): 14.45 
(s, Me2Si, dcsi = 53.2 Hz). 2')St NMR (CsDsN), ,5: 11.68. 
;Ip NMR (C5DsN), 8: 40.24. The decanted liquid was con- 
centrated in vacuo (0.01 Torr) at 50 '~C and 3 mL ofCdHr , was 
condensed into it. The resulting solution was transferred into 
an NMR tube and analyzed. According to IH and 3~p NMR 
spectra, the solution contained betaine la (8%). Ph3P=CMe 2 
181.0%), and Ph3P 110.0%). 
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Thermolysis of betaine la prepared in the presence of LiBr: 
NMR monitoring (vacuum method). Thermal decomposition 
1150 ~C, 1.5 h) ofbetaine la (0.1 g) synthesized in the presence 
of LiBr in CsDsN in a sealed evacuated 5-ram NMR tube gives, 
according to ~H, 13C, 29Si, and 31p NMR spectra, disilolane 
6a (yield 22%), Ph3P 150.4%), salt [Ph3P+CHMezlBr - 
(471%), and salt L iS- -S iMe2--S- -S iMez--SLi  (23%). 
LiS--SiMe.2--S--SiMe,--SLi. IH NMR (CsDsN), b;: 1.10 (s, 
12 H, Me2Si, 2 J H $  i = 6.8 HZ). 15C NMR ICsD5N), 6:13.74 
(Me2Si, ~Jcsi = 54.8 Hz). 29Si NMR (CsDsN), 6: 13.74. 

'rhermolysis of hetaines la,  la', la' ,  and la" in pyridine or 
pyridine-d 5 (100 ~ 5 h): NMR monitoring (vacuum method). 
getaines l a - - a "  (0.04 g, 0.1 mmol) were placed in a 5-ram 
(or 8-ram) NMR tube, the tube was evacuated and cooled with 
liquid nitrogen, and CsDsN was condensed using a vacuum 
line. The tube was sealed off and heated for 5 h at 100 ~ 
According to IH, ~3C, and 31p NMR spectra, the solution 
contained Ph3P, the corresponding disilolanes 6a--a" ' ,  and salts 
12a--a"" with the Ph3P+CH.Me2 and Ph3P*CDMe 2 cations in 
~1 : 0.5 : 0.5 molar  ratio. The Ph3P~CHMe2 : P h 3 P + C D M e 2  
ratio of the cations in salts 12a--a"" is given in Table 3. The 
degree of conversion of betaines was -80%. 

X-ray diffraction study. The X-ray diffraction study of 
compounds 4a and 13a was carried out on a Siemens P3/PC 
automated tour-circle diffractometer (-120 ~C, ;,.-Mo-Kcz, 
graphite monochromator, 0/20 scan mode, 0m~ x = 32 ~ (4a) and 
28 ~ (13a)). The structures were solved by the direct method and 
refined by the full-matrix least-squares method in the anisotro- 
pic approximation for nonhydrogen atoms. The X-ray diffrac- 
tion data were processed using an IBM PC/AT-486 and the 
SttELXTL PLUS program package. 31 

The crystals of 4a are monoclinic, Ct0H2.;S?Si 2. M = 264.59, 
space group P21/n; at -120 ~ a =  7.230(2) A, b =  11.394(2) 
..\. c=  9.44112) ,k. [~== 103.4911) ~ V= 756.3(3) A 3. Z = 2 (the 
molecule occupies a partial position in an inversion center), 
dcalc= 1.162 g cm -3. The hydrogen atoms, located objectively 
from the difference Fourier synthesis, were refined in the 
isotropic approximation. The final discrepancy factors were 
R I = 0.021 for 2157 reflections with / > 2c~(/) and wR 2 = 0.055 
for all 2364 independent reflections. 

The crystals of 13a (from pyridine) are orthorhombic. 
[C4H 12PS3Si212-ICsH20P]2 + " C51t5N. M = 586.02, space group 
~2 ;21 :  at -120 ~ a = 21.65415) A. b= 12.645(3) A, c = 
12.80613) A, V= 350711) A 3, Z =  4, dc;,ic --- 1.110 g c m  -3. The 
hydrogen atoms in positions found from geometrical consider- 
ations were included in the refinement in the isotropic ap- 
proximation with fixed positional ("rider" model) and thermal 
parameters. The final discrepancy factors were R t = 0.045 for 
4135 reflections with / > 2o(/) and wRz= 0.120 for all 4514 
independent reflections. 

This work was f inancia l ly  supported by the Russian 
Foundat ion  for Basic Research  (Project Nos.  96-03-  
33188a, 00-15-97359,  and  00-03-32840a).  
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