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Heteroorganic betaines 
3.* Reactions of betaines containing the +P--C--St--S- fragment 
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The [Ph3P'--CMe,--SiMe~--SEtlBr-  salt was prepared by the reaction of betaine 
Ph3P*--CMe2SiMeR--S-  (la: R = Me) with EtBr. Acetylation of betaine la or 
Et3P---CHMeSiMe2--S-  ~2a~ afforded 2,2.6-trimelhyl-l,3-dioxa-2-silacyclohex-5-ene- 
4-thione Me,SiOC(=S)CH=CiMelO or the [Et3P+--CHMeSiMe~CIICt - salt depending on 
the reagent ratio. The reactions of betaines la,b (lb: R = Ph) or 2 with compounds (R3Sn)2X 
(X = O or NMe) can be used for the generation of silanones [RMeSi=O] and sitaneimines 
[RMeSi=NMe] in solutions. The reactivity ofbetaines Ph3P+--CHRJSiMeR?--S - (R I = H or 
Me and R 2 = Me or Ph) is determined by the equilibrium between the zwitterionic and ylide 
Ph3P=CRISiMeR-'SH tautomers that exist in solutions. 

Key words: silicon-containing organophosphorus betaines, phosphorus ylides, isomerism i 
alkylation, acetylation, silanones, silaneimines. X-ray diffraction analysis. 

Previously, we have reported the synthesis" and struc- 
tures I o f  betaines conta in ing  the + P - - C - - S t - - S -  frag- 
ment.  Unlike the carbon analogs,  which are in termedi-  
ates in the Wittig react ion for the series of thiocarbonyl  
compounds ,  S t -conta in ing  betaines are rather stable to 
decompos i t ion ,  which opens up new possibilities for 
their  use in different syntheses. The presence o f  several 
reaction centers  is responsible for the high reactivity o f  
these compounds ,  in the present work, we studied the 
reactions o f  betaines P h 3 P + - - C M e 2 S i M e R - - S  - (1: R = 
Me (a) or  Ph (b)), E t 3 P + - - C H M e S i M e 2 - - S  - (2). and 
P h 3 P * - - C H R I S i M e R 2 - - S  - (3a - -c :  R j = R 2 = Me (a); 
R l = H and R 2 = Me (b)" or  R I = H and R 2 =  Ph (cD 
in detail. 

Results and Discussion 

Alkylation and acetylation of betaines 
Ph3P+CMezSiMe2 S -  ( la)  and Et3P+CHMeSiMezS - 
(2). Heating of  a suspension of  betaine l a  in T H F  with 
ethyl bromide  afforded salt 4 in 70% yield (reaction (1)). 

* For Pa~ l, see Re~ l. 

P h 3 P ~ - - C M e 2 - - S i M e z - - S  - 
l a  

EtBr 
I ,  

,,. [Ph3P~--CMe2--SiMeT--SEt]Br - (1) 
4 

According to the data of  X-ray diffraction analysis, l 
salt 4 adopts a thermodynamical ly  favorable trans c o n -  
format ion,  unlike the initial betaine la ,  which has a 
sterically h indered gauche conformat ion  due to the 
+P. . .S-  attractive Cou lomb  interaction between the cat -  
ionic and anionic  centers. 

The reactions of  betaines l a  or 2 with acetyl chloride 
proceed unusually and the results depend on the molar  
ratio of  the reagents. When the reaction was per formed 
in T H F  with the use o f  reagents taken in an equ imola r  
ratio, cyclic c o m p o u n d  5 was obtained in 96- -98% yield 
(Scheme  I). 

Apparent ly,  the S-acetyl derivative 6 that initially 
tbrmed underwent  subsequent rearrangement  with mi -  
gration of  the organosi l icon fragment to the oxygen 
atom. This process is thermodynamical ly  favorable. The  
second betaine molecule acted as a base and deprotonated 
thioacetate 7. (This type of  deprotonat ion of  thiocarbonyl  
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R~aP+CR2MeSiMe2 CH ] 

c,- 2o---41 
H Me j 

/o--/( 
[R~aP--CHR2Me]Cl-  + Me2S i , .  CH -.,,. /, 

H Me 
5 

la: R ~ = Ph, R 2 = M e  
2: R ~ = Et, R 2 = H 

c o m p o u n d s  is well known. 3) Acetylation of thioenolate 
ion 8 afforded ~-thiocarbonyl derivative 9. Subsequent 
enolization and the formation of the extraordinarily 
strong Si--O bond completed cyclization, yielding com- 
pound 5. As expected, 4 phosphonium salt 10 decom- 
posed with the cleavage of the Si--C bond. 

The structure of  2,2,6-tr imethyl- l ,3-dioxa-2-si l-  
acyclohex-5-ene-4-thione (5) was established by X-ray 
diffraction analysis and multinuclear N M R spectroscopy. 
The overall view of  molecule 5 is shown in Fig. 1. The 
principal bond lengths and bond angles are given in 
Table I. The ring in molecule 5 is planar. The tetrahe- 
dral geometry of  the Si atom in the ring is strongly 
distorted. The O- -S i - -O  (103.7(1) ~) and C- -S i - -C  
(115,1{1) ~ bond angles differ substantially from the 

C ( 7 ) ~ ;  

c j  

0~6} 
C(5) �9 �9 

~ , , ~  S(l} ~ ;  - -  

Fig. 1. Structure of compound  5 

ideal tetrahedral value of 109.5 ~ The Si--O bond lengths 
(1.668(21 A and 1.675(21 A) are substantially larger than 
the average value (1.645 A). 5 Apparently, these distor- 
tions lead to the strain of the ring and are responsible for 
the high reactivity of  compound 5, in particular, with 
respect to oxygen and moisture. 

Heating of  betaine 2 with a large excess of  acetyl 
chloride in ether afforded salt 1 1 in virtually quantitative 
yield (reaction (2)). 

r o ] 
2 MeCOCI I It ,, ] [E t3P+CHMeSiMe2SCMejC}_  MeCOCl~. 

6 
O O 
I[ II 

P [Et3P~CHMeSiMe2CI]CI  - + M e C - - S - - C M e  (2) 

11 

Reactions of betaines 1 and 2 with compounds of the 
(R3Sn)2X type (X = O or NMe) .  We found that betaines 
1 and 2 are convenient starting compounds for the 

Table 1. Selected bond lengths {d) and bond angles (o) in 
the structure of 5 

Bond d/~. Angle o/deg 

S(11--C(51 
Si( I)--O(21 
Si( 1 )--0(6) 
Si(I)--C(6) 
O(61--C(5) 
0(2)--C(3) 
C(3)--C(7) 
C(3)--C(4) 
C(4)--C(5) 

.645(2) O(2)--Si(I)--O(6) 103.7(1) 

.668(2) O(2)--Si(11--C(6) 108.7(11 

.675(21 O(6)--Si(11--C(6) 110.1(1) 

.820(2) C(6)--Si(I )--C(6A) 115.1(I) 

.347(3) C(31--O(2)--Si(I) 123.2(11 

.350(2) C(5)--O(6)--Si( 1 ) 126.7(21 

.486(3) C(4)--C(3)--O(2) 123.2(21 
1.350(3) C(41--C(3)--C(7) 124. I (2) 
[.435(3~ O(2)--C(31--C(7) 1 !2,7(21 

C(3)--C(4)--C(51 125.6(21 
O(6)--C(5)--C(41 117.6(21 
O(6)--C(5)--S(I) 119.3(21 
C(41--C(5)--S(11 123.1{21 
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generation of  unstable silanones and silaneimmes in 
solutions. These compounds have been extensively stud- 
led m recent years, e -8  

The intermediate formatiou or organosilanones was 
proved by the identification of  their cyclooligomerization 
products 12 as well as by the reaction with meth- 
oxytrimethylsila,le (Scheme 2). The reaction of (EtjSn)20 
with betaine la  or lb afforded a mixture of the cyclic 
tetramer (D.)  and the penramer (D 5) ofdimcthyisilanone 
(12a) or a mixture ofofigomers  of  methyiphenylsiIanone 
(12b). The reactions in the presence of a 10-fold excess 
of  Me,SiOMe gave methoxypentamethyldisiloxane (13a) 
(the yield was 83%) or methoxyltetramethyhphenyl-  
disiloxane (13b) (the yield was 95%). Note that the 
reaction of betaine la  with Me.;SiOMe did not proceed 
in the absence of  hexaalkyldistannoxane under the same 
conditions. 

Scheme 3 

Et3P+_CHMe_SiMe2_S-  

2 

[ M e 2 S i = N M e  ] 

(Me 3Sn)2NMe 
1 

+ Et3P=CHMe -r (Me3Sn)2S , 

tMe ash} 2NMe _ 
2 Et3P=CHMe 

2 Et3P=C(Me)SnMe3 + MeNH 2 ~ : "  

15 

, - Et3P=CHMe + Me3SnNHMe 

[Vt4P]~-[MeNSnM~] - ,  

Scheme 2 

Ph3P' - -CMe~' -S iMeR1--S-  ~ {R~Sn�89 

l a , b  

b Ph3P=CMe2 + [R~MeSi=X] + (R2Sn}2S 

X = O  t X=NMe 

I 

(RIMeSiO),~ Me3SiOSiMeR~(OMe) 

12a, b 13a, b Me2Si(N MeS riMe3) 2 

14 

R; = Me {a), Ph (b); R 2 = Et, X = O; R 2 = Me. • = NMe 

In the reaction of betaine la  with (Me;Sn)2NMe, 
the latter acts as a "trapping agent" with respect to 
o~anosi laneimine  that formed. When a twofold excess 
of  omanostannane was used, compound 14 was obtained 
in 90% yield. 

The reactions of betaine 2 with compounds of the 
general formula (R3SnbX (X = O or NMe) were com- 
plicated by the formation of  metallated phosphorus ylides 
Et3P=C(Me)SnR 3 (15) as a result of  the reaction of the 
phosphorus  yl ide E t 3 P = C H M e  that formed with 
(R~Sn),X. The resonance signals in the tH. 13C..*lp, 
anct ll~Sn N M R  spectra of  the reaction mixture of  
betaine 2 and (Me3Sn)2NMe are substantially broad-  
cried, which may be indicative of complex exchange 
processes (Scheme 3). 

More detailed information on the synthesis of c~- 
meta]tated phosphorus  ylides by the react ions o f  
R I 3 P = C H R  2 w i th  compounds  o f  the (R3E) /X type fE = 
Si, Ge. or Sn; X = O. S, or  NR)  wi l l  be publ ished 
elsewhere. 

lsomerization of  betaines Ph3P+CHRISiMeRZS - (3). 
Betaines 3a - -c  are isomerized m solutions yielding 
silylatcd phosphorus ylides 16a--c (reaction (3)). This 

[EtaP]'~[MeN-SnMe.3] - +  Me2Si(NMeSnMe3) 2 _ 

14 

M e 2 S i ~  N*MeSnMe3 + [Et4P]~-[MeNSnMe3] - .  
NMeSnMea 

process is clearly detected by the emergence of  the I H, 
I-;C. and 31p NMR signals characteristic of phosphorus 
yfides, q.le including a-sily[ated phosphorus ylides, it,t2 

Ph3P+--CHR ~--SiMeR2--S - _ - 

3a---e 

. = Ph3P=CR~--SiMeR2--SH (3) 

1 6  a - - - c  

R T = R 2 = M e  ( a ) ;  R 1 = H, R 2 = M e { b ) ;  R 1 = H ,  R 2 = Ph(r 

Previously, it was suggested that isomerization of  this 
type occurred in the reactions of phosphorus ylides with 
small siIacycles. 13-16 

An increase in the temperature or a decrease in the 
solvent polarity is favorable for the formation of  phos- 
phorus ylides 16_ Betaine 3a is virtually insoluble in 
benzene. However, the T~C and 31p NMR spectra, 
which were measured after heating of  a suspension of 3a 
in benzene-d 6 in a sealed evacuated tube at 150 ~ have 
signals characteristic of phosphorus ylide 16a whose 
content reached 8.5% with respect to the amount  of  the 
initiaI betaine 3a. When zwitterion 3a was synthesized in 
benzene, up to 62% of  ylide 16a along with betaine 3a 
were registered in the resulting mixture, whereas the 
content of compound 16a in a pyridine solution was no 
more than 1.4% and 3.6% at -20 and 90 ~ respec- 
tively. 

In solutions, equilibrium processes of  intermoleeular 
proton transfer between the thiotate center and the 
sultbhydo'l group (reaction (4)) were observed along 
with isomerization of  betaine 3b to ylide 16b. The 29Si 
NMR spectrum of a sotution of betaine 3b in T H F - d  s 
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has four resonance doublets. Two of these doublets 
undoubtedly belong to betaine 3b (the major isomer) 
and to isomeric phosphorus ylide 16b. The two remain- 
ing doublets are quite similar to those of  compounds 3b 
and 16h and, apparently, can be assigned to the cationic 
and anionic components  of  salt 17b. 

Ph3P----CH2--SiMe2--S - + Ph3P=CH--SiMe2--SH 

3b 16b 

,_. ~-  [Ph3P---CH2--SiMe2--SH][Ph3P=CH--SiMe2--S -] (4) 

17b 

An equilibrium of  this type has been observed previ- 
ously in the studies of the reactions of  t r iphenyl-  
alkylidenephosphoranes with carbon disulf ide) 7 

Equilibrium (3) was chemically confirmed in the 
studies of the reactions of betaines 3 with EtBr and 
alcohols.  As expected,  the reaction of  EtBr with 
Ph;P+CHMeSiMe2S - (3a), unlike the reaction of  be- 
taine l a  (see reaction (I)) ,  afforded a complex mixture 
of products. In this case, alkylation of the thiolate center 
was followed by the cleavage of  the C--Si  bond in ylide 
16a under the action of the bromide ion which acted 
as a nuc leophi le .  The resulting phosphorus  ylide 
Ph3P=CHMe underwent successive conversions, which 
have been described previously for analogous systems in 
detail, li  In the case ofbeta ine  3a, Ph3P=C(Me)SiMe2X, 
[Ph3P+C(H)MeSiMe2X]Y - ,  and Me2SiXY (X and Y = 
Br or SEt) as well as [Ph3P+Et]Br - and Ph3P=CHMe 
were obtained as the final reaction products. 

The isomerization of betaines 3a.b was also con- 
firmed by their reactions with methanol-all,  which pro- 
ceeded rather rapidly at room temperature to form 
Me2Si(OMe) 2 and a mixture of  cc-deuterated phospho- 
nium salts 18a,b (Scheme 4). In this case. the reactions 
most likely proceed primarily through intermediate for- 
mation of c~-silylated phosphorus ylides 16. Their further 
transformations in MeOD follow the general regularities. 

Scheme 4 

Ph3P~--CHR--SiMe2--S- 

3a,b 

: ~ ph3P=CR_SiMe2.._SH MeOD_~ 

16a,b 

MeOD ~. 
m- ph3P=CD R + Me2Si(OMe)(SH) 

,,- Me2Si(OMe)2 + [Ph3P'~CD2R]SH - 

(or [PhsP+CHDR]SD -) 

18a,b 
R = Me (a). H (b) 

which have been established previously for the reactions 
of  alcohols with R t3P=CHR z (R I = Alk or Ph; R 2 = H, 
Alk, or Me3Si). 18'19a 

Betaines that do not contain the c~-proton at the 
carbon atom or contain alkyl groups at the phospho- 
rus atom, for example ,  P h 3 P * C M e 2 S i M e l S -  ( l a )  
or Et3P+CHMeSiMe_,S - (2) ,  were conver ted  into 
Me2Si(OMe) 2 and mono-et -deutera ted  phosphonium 
salts 19a,b (reaction (5)) in virtually quantitative yields 
only upon prolonged storage (30--70 days) of  their 
solutions with CH3OD in sealed evacuated tubes. Taking 
into account that alcoholysis o f  betaine 2 did not give 
the di-cx-deuterated salt [Et3P+CD2MelSH - in notice- 
able amounts, it is reasonable to conclude that the 
contribution of  an equilibrium of type (3) is insignifi- 
cant. Apparently, this is due to the lower c~-CH-acidity 
of phosphonium salts of the alkyl series compared to that 
of arylphosphonium salts and, correspondingly, due to 
the higher basicity (nucleophilicity) of the conjugate 
bases, viz., phosphorus ylides.~gb 

RI3P~ CMeR2 S i M e 2 ~  S_ M e O D  

la ,  2 

= [R13P~- -CDMeR2]SH - + Me2S i (OMe)  2 (5) 

19a,b 

l a ,  19a:  R 1 =- Ph. R 2 = Me 
2, 19b: R ~ = Et, R 2 =  H 

C(4) 

C1"5 

C(3) 
S( l )  

C(I) 

C(I 

C 

C(9 

C(18) 

C(14) 

C(15) 

C ( 1 7 ) ~ C ( 1 6 )  

Fig. 2. Structure of salt 18a. 
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C ~ ( I )  

( ~ C ( 2 3 )  

S(2) 

C(15) 
,C(16) 

(1) C(10 

~ C  C(17) 

(18) 

,(l) C(~) 

C(7) 

C(12) 

C(ll) 

CIS) 

Fig. 3. Structure of salt 19a. Two pyridine molecules of solvation are shown. 

Data on the structures of  phosphonium hydrosulfides 
are lacking due, apparently,  to the mistaken opinion that  
these compounds  are unstable by analogy with unstable 
hydroxides ,  z~ The  S H -  an ions  in the crystals  o f  
hydrosulfides 18a and 19a are not stabilized by hydrogen 
bonds (Figs. 2 and 3, respectively),  unlike those in 
t e t raorganylammonium hydrosulfides whose structures 
were studied in sufficient detailf1-1-25 

To summarize ,  we demonstrated prospects of  the use 
o f  new s i l icon-conta in ing  organophosphorus  betaines 
with the - P - - C - - S i - - S -  structural fragment in the syn- 
thesis o f  different organosi l icon compounds ,  including 
compounds  that were previously difficultly accessible or  
unavailable. Betaines containing the a -p ro ton  at the 
"former  ylide" carbon atom are potential  synthons for 
preparing e~-silylated phosphorus ylides conta ining the 
sulfohydryl group at the silicon atom. 

Experimental 

The ~H, J3C, 29Si, 3~p, and 119Srl NMR spectra were 
recorded on a Bruker AM-360 instrument in C6D 6. THF-ds, 
C5DsN, or MeOD. The chemical shifts (in ppm, ~ in the IH and 
13C NMR spectra were measured relative to signals of the 
solvent and were converted to the 8 scale using standard formu- 

las: the chemical shifts in the 29Si. 31p, and ll9Sn NMR spectra 
were measured relative to Me4Si, a 85,% H3PO 4 solution in 
D20, and a solution of Me4Sn in C6D 6, respectively, as the 
external standard. The accuracy of measurements of the t H. 
13C, 31p, 29Si ' and 119Sn chemical shifts was 4-0.01, -0.05. 
+0.1, _+0.2, and +0.2 ppm, respectively. The accuracy of mea- 
surements of the spin-spin coupling constants (JHH, d'Hp, JCP, 
,/sip, JHsi, Jcsi, JHSn. Jcsn, JFsn, and Jsisn) was .4-0.1 Hz. The 
assignment of the signals in the 13C NMR spectra was made 
with the use of the INEPT and DEPT procedures and off- 
resonance experiments. In some cases, the monorcsonance 
~3C NMR spectra were recorded. 

All operations were carried out under an atmosphere of dr3' 
oxygen-free argon using the standard Schlenk technique or in a 
dr,.' box under an inert atmosphere. Some syntheses were carried 
out in vacuo (10 -3 Tort) in seamless-soldered apparatus with 
the use of techniques of broken walls and tubes (the vacuum 
method). The solvents THF, Et20, and C6H 6 were distilled 
from Na or LiAIH4, stored over sodium benzophenone ketyl, 
and distilled into reaction vessels immediately before use. Pyri- 
dine was distilled and stored over Call 2. The alcohols were 
distilled from Mg(OR) z and the hydrocarbons were distilled 
from sodium or LiAIH 4. All solvent used in NMR spectro~opy 
were purified as described for the corresponding nondeuterated 
solvents. 

Elemental analysis was performed on an automated CHN- 
microanalyzer (Klinlabo~nbor. Kiln, Russian Federation). The 
GLC analysis was carried out on an LKhM-80 chromatograph 
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equipped with a thermal conductivity detector (a 2 m • 3-ram 
column, 5% SE-30 on silanized Chromosorb G (80/100 mesh) 
as the stationary phase, helium as the carrier gas, the column 
temperature was 50--290 ~ 

Procedures for the synthesis of betaines la.h, 2, and 3a--e 
have been reported previously. 2 

3-Methoxy- 1,1,1,3-tetrametllyl-3-phenyldisiioxane was pre- 
pared by the reaction ofequimolar  amounts of Me3SiOLi z6 and 
(methyl)methoxy(phenyl)chtorosilane 27 in ether. The yield was 
67%, b.p. 71--72 :C (0.1 TorrL no2~ 1.4592. Found (%): 
C, 55.82; H, 8.51; St, 23.94, CttH2002Si2. Calculated (%): 
C, 54.95: H. 8.38; St, 23.36. 

Alkylation of 2.3-dimethyl-3-triphenylphosphonio-2-sila- 
butane-2-thiolate, Ph3P+CMe2SiMezS - ( la) .  Heating of a 
suspension of betaine la (0.1 g, 0.25 retool) in THF (3 mL) 
with EtBr (0.67 g, 6.15 mmol) for 1 h afforded {l-methyl- 
I -[dimethyl(ethylt hio)silyl]et hyl}t riphenylphosphonium bromide 
(4) as colorless crystals in a yield of 0.089 g (70%), m.p. 
150--]51 ~ (with decomp., from pyridine). Found (%): 
C, 59.93; H, 6.34: Br. 16.17: S, 6.64. C25H32BrPSSi. Calcu- 
lated (%): C. 59.60; H. 6.45: Br, 15.86; S, 6.36. IH NMR 
(CsDsN), 8: 0.3t (s, 6 H, Me_~Si); 1.15 (t, 3 H, MeCH:S, 
3JHH = 7,4 Ha): 1.79 (d, 6 H, Me2C. 3JHp = 19.3 Ha): 2.50 (q, 
2 H, Me_C,.H_2S, 3JHH = 7.4 Hz); 7.62--8.21 (m, 15 H, At). 
13C NMR (CsDsN), 8:0.07 (s. Me2Si); 18.32 (s, ~IeCH2S); 
22.60 (s, MeCH2S): 23.14 (d, .~Ms C, 2Jcp = 2.6 Hz): 25.10 
(d, Me~CP, IJco = 31.1 Ha): 119.53 (d, C~, ~Jcg = 81.3 Ha); 
130.53 ~,d, C,,, 3gcP = 11 6 Ha), 135.19 (d, Cp, 4Jcp = 3.2 Ha); 
135.76 (d, C o , 2Jcp = 8.9 Ha). 3~p NMR (CsDsN), 8: 36.81. 
29Si NMR (CsDsN). 8:24.03 (d, 2Jsi P = 3.5 Ha), 

Acetylation of betaiue la  and 3-triethyl-2-methylphosphonio- 
2-silabutane-2-thiolate, Et3P+CHMeSiMezS - (2). A. A solu- 
tion of acetyl chloride (Reakhim) (0.23 g. 2.98 mmol or 0.3 g. 
3.98 mmol) in THF  (5 or 10 mL, respectively) was added 
dropwise with stirring to a suspension of betaine la (I,18 g. 
2.99 mmot) in T H F  (40 mL) or betaine 7. (0.94 g, 3.92 retool) 
in THF (50 mL). The precipitate of the betaine was gradually 
dissolved. After ~5 rain, the reaction solution turned yellow and 
then orange and an amorphous precipitate formed. The reaction 
mixture was kept at +5 ~ for 5 days after which a light-claret 
solution and a white precipitate formed. The precipitate was 
filtered off and dried in vaeuo; (Ph3P+PriJC1 - and (EuP+)CI - 
(m.p. 320 ~ c f  Ref. 28) were obtained in yields of 1.02 g 
(100 %) and 0.73 g (100%), respectively. Volatile compounds 
were removed from the solution in vactto. Pentane (50 mL) was 
added to the residue, the solution was filtered, and the pentane 
was distilled off at 20 ~ (1 Torr) until copious crystallization 
started. The reaction mixture was kept at -12  ~ for 12 h and 
then the precipitate was filtered off and dried at 20 ~ (1 Torr). 
2,2,6-Trimethyl-t ,3-dioxa-2-si lacyclohex-5-ene-4-thione (5) 
was obtained in a yield of 0.25 g (96%, for I t )  or 0.34 g (98%, 
for 2). The resulting compound was readily sublimed at 
50--70 ~ (1 Torr) to give yellow cry, stals, which were studied 
by X-ray diffraction analysis (see Fig. I). We failed to obtain 
reliable data of elemental analysis because this compound is 
extremely unstable in the presence of traces of atmospheric 
oxygen and moisture. IH NMR (C6D61, ~: 0.07 {s, 6 H, Me2Si, 
2Jsi H = 7.5 Ha): 1.45 (d, 3 H, MeC, ~JHH = 0.7 Ha); 6.13 
(q, I H, CH=C,  4JHH = 0.7 Ha), 13C NMR (C6D6), 8 : -2 .01  
(MezSi, ~JcH = 12i_5 Ha, ~Jcsi = 73.6 Hz); 21.73 (~!.r 
~JCH = 128.7 Ha, 4Jc~ = 3.0 Ha); 112.54 (=CH, IJcH = 
t70.3 Hz, "~JcH = 3.9 Ha); 159.59 (=CMe, 2Jc=cH = 2Jc,,,k = 
6.5 Ha); 203.20 (C=S, 2,/CH = 4.8 Hz). 29Si NMR (C6D~,), 
fi: 10.40. According to the data of GLC analysis and ~H and t3C 

NMR spectroscopy, (Me_,SiS)~ was present in the mother li- 
quors that remained after crystallization of compound 5. 

B. MeCOCI (4.67 g, 59.5 retool) was added with stirring to 
a suspension of betaine 2 (1.77 g, 7.5 mmol) in diethyl ether 
(50 roLL The local reddish coloring of the precipitate was 
observed, but the color rapidly disappeared. After heating tbr 
20 rain, the precipitate was separated and dried in vacuo. 
[( l-Dimethylchlorosilyl)ethyl]triethylphosphonium chloride (11) 
was obtained in a yield of 2.0 g (97.1%). Found (%): C, 43.97: 
H, 9.39: CI, 25.53. CIoH25C12PSi- Calculated (%): C, 43.63; 
H, 9.15; CI, 25_76. tH NMR (C~Ds N), 8:0.91 (s, 6 H, Me,St); 
1.32 (dt, 9 H, J_M.cCH2P +, 3JpH = 18.0 Ha, 3JHH = 7.6 Hz); 
1.49 (dd, 3 H, ?v~IeCHP +, 3Jp H = 17.4 Hz, 3JHH = 7.3 Hz); 
2.64--2.94 (complex m, 6 H. CH~P +, AB portion of the 
ABMX 3 spectrum): 4.14 (dq, I H,  CHP +, ~JPH = 20.1 Hz, 
3JHH = 7.3 Ha). 13C NMR (CsDsN).  8 :3 .29  (br.s, lVle2Si, 
lJsi C = 59.9 Hz); 6.77 (d, M__r +, 2Jpc = 5.3 Hz): 9.23 
(d, ~jL.gCHP +, 2Jr, c = 4.6 Hz); 13.16 (d, CH2 P§ IJpc = 
47.9 Ha); 13.36 (d, CHP +, IJF, c = 38.6 Hz). 31p NMR (CsD~N}. 
8: 44.41. 29Si NMR (CsD_,N), 8:30.91 (d, 2Jps i = 3.2 Hz). 

Reaction of betaine la with hexaethyldistannoxane (vacuum 
method). A. A mixture of hexaethyldistannoxane z9 (0.41 g, 
0.96 retool) and Me3SiOMe 3~ ( I g, 9.6 retool) was added to a 
suspension of betaine la  (0.38 g, 0.96 retool) in pyridine-d s 
(1.5 mL). The reaction mixture was kept at -20 ~ for 12 h. 
According to the data of GLC and t H, 13C, 298i, and 31 p NMR 
spectroscopy, the reaction proceeded quantitatively to form 
Ph3P=CMe_, , (Et3Sn)2S, methoxypentamethyldisiloxane (13a) 
(the yield was 83%7, and a mixture of oligomers 12a (17%). 
Ph-aP=~Mr 2. IH NMR (CsDsN),  8 :2 .00  (d, Me2C, JPH = 
16.5 Hz); 7.38--7.80 (m, Ph3P). 13C NMR (Csl)sN)kS:  8.72 
(d. P=C, %c = 123.9 Ha); 20.69 (d, Me2CP. " J e c =  1o.7 Hz); 
128.41 (d, C m, 3Jpc = 11.0 Ha); 13(].78 (d. Cp, 4gpc = 2.6 Hz): 
133.88 ( d , C  o , 2 J p c = 8 . 9  Ha): 133.31 ( d . C  i I , /pc= 81.3 Hz). 
31p NMR (CsDsN), 8: 10.69. (Et:~o.).2~.. tH NMR (CsDsN), 
8:1.07--1.28 (m, CH2Sn); 1.33--1.54 (t, ,.~,_lgCH~Sn). 13C NMR 
(CsDsN), 15:7.22 (s, CH2Sn, J~Tsnc = 323.9 Ha, J~SnC = 
338.9 Ha); 10.77 (s, ~.gCH2SFI, Jiiv/,itlsnC ~-- 24.0 Hz). 
~lg.tSiOSiMeaQMe (13a). tH N M R  (CsDsN), 8 : 0 . 2 0  (s, 
Me3Si); 0.17 (s, Me2Si); 3.54 (s. SiOMe). 13C NMR (CsDsN). 
~: 1.32 (Me2Si); 1.89 (Me3Si); 49.76 (SiOMe). 298i NMR 
( C s D s N ) , 8 : - I I . 1 9  (Me28i1:7.81 (Me3Si). 

B. (Et~Sn)20 (0.43 g, 1.02 mmol)  was added to a suspen- 
sion of betaine la  (0.4 g, 1.02 mrnol) in pyridine-d5 (2 mL). 
After 5--10 rain, the reaction solution turned pink. After 2--3 h, 
the solution turned dark-claret and  betaine l a  was simulta- 
neously dissolved. According to the  data of GLC and IH, ~3C, 
298i, and 31p NMR spectroscopy, the reaction was virtually 
completed in 5 days. Ph3P=CMe,,  (Et3Sn)2S, and a mixture of 
oligomers 12a (the yield was approximately quantitative) were 
obtained as the major reaction proctucts. 298i N M R (CsDsN),  8: 
-18.90, -21.28. 

Reaction of 3-methyl-2-phenyl-3-triphenylphosphonio- 
2-silabutane-2-thiolate, Ph3P+CMezSiMePhS - ( lb) ,  with 
hexaethyldistannoxane (vacuum method). A. Betaine lb (0.56 g. 
1.23 retool) was mixed with (Et~Sn)20 (0.49 g, 1.16 mmol) and 
Me3SiOMe (1 g, 9.6 mmol) in pyridine-d5 (1.5 mL). After 
-12 h, the reaction mixture contained (according to the data of 
GLC and IH, 13C, :gSi, and 31p NMR spectroscopy) 
Ph3P=CMe2, (Et3Sn)2S, and 3-methoxy- l , l , l ,3 - te t ramethyl -  
3-phenyldisiloxane (13b) (the yield was 95%) along with a 
small amount of oligomers of rnethylphenylsilanone (12b). 
~._r 13b. lH NMR (CsDsN) ,  8 : 0 . 2 8  
(s, Me3Si); 0.44 (s, MeSi); 3.57 (s, SiOMe); 7.39--7.84 (m, Ar). 
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~sC NMR (CsD~N), & -2.  t7 (MeSi); 1.93 (MezSi'~: 50.16 
!SiOMet: 128.24 (Cm): 130.26 (C;): 134.10 (Co); 136.65 (Ci). 
:gSi NMR (CsDsN), 8 : -24 .08  (MeSh; +9..I I (Me3Si). 

B. According to the IH, 13C. 29Si, and zip NMR spectra 
measured within 7 days after mixing of betaine Ib (0.56 g, 
1.23 retool) with (EtzSn)20 (0.52 g, 123 retool) in pyridine-d 5. 
the solution conta ined the initial compounds (-65%).  
Ph3P=CMe> (Et3Sn)2S. and otigomers of methylphenytsilanone 
12b. The 29Si N M R spectrum of compounds 12b corresponds to 
the literature data. 31 

Reactions of betaine la and betaine 2 with hepta- 
methyldistannazane (vacuum method)..4. (Me3Sn)2NMe (0.67 g. 
1.88 retool) was added to a suspension of betaine la t0.37 g, 
0,94 retool) in CsDsN 11.4 mLI. After 5--10 rain, the solution 
turned pink. After 2--3 h, the reaction mixture turned dark- 
claret and betaine la  was simuhaneously dissolved. According 
to the IH. ~3C, 2oSi, 31p. and l~gSn NMR spectra, the reaction 
~as virtually completed in 5 days. Ph3P=CMe2, (Me3Sn)2S, and 
Me2Si{NMeSnMe3) 2 (14) were obtained as the major products 
(the yields were virtually quantitativeL (Mr LH NMR 
(CsDsN), 8 : 0 . 5 4  (s, Me3Sn, 2JH~,~,;I:Sn = 56.3/54.7 Hz). 
~3C NMR (CsD<Nt, & -5.31 (Me3Sn, Id c o~ 7s~: = 384.5/ 
364.8 Hzl. 119Sn NMR (CsDsN), 6:65.68 (Id~msnc = 384~5 Hz). 
.~_J_c2SifNMeSnMe_51,_L[.42. ~H NMR (CsD5N), 8:0.17 (s, 6 H, 
Me,SiN, 2JHs i = 6_t Hz); 0.32 is. IS H. Me3SnN. 2d'H~l~/~lTs n = 
55.9/53.5 HzJ: 2.77 (s, 6 H. MeNSn, 3JH~,,,~Sn = 
45.3/43.6 Hz). ~3C NMR (C5D5NL 6 : - 1 . 3 7  (Me3Sn, 
tJcr~o/:~rSn = 359.5/343.5 Hz): 1.07 (Me2SiNSn, [Jcs i -~- 
6t.5 Hz. 3Jc,%n = 3.5 Hz): 33.48 (MEN), 2~ NMR (CsDsN), 
~: 0.54 (2J?%i~llgSn = 23.8 Hz). i~9Sn NMR (CsDsNL ~: 43.68 
(IJ~%n C = 359.5 Hzl. (Mr IH NMR (CsDsN), 
6:0.26 ~s, 18 H. Me3Sn, 2JH~lwll7Sn = 51.5/'52.4 Hz): 3.1t) is, 6 
H. MeNSn, 3JH~m,~:Sn = 53.0/51.3 Hz). 13C NMR (CsDsN). 
& -5.80 (Me_,,Sn, IJom..~:s~ = 371.0/355.1 Hz); 38.84 (MeNSn, 
2Jc~msn = 12.1 Hz). I%n N M R ( C s D s N ) . g :  81.96 (IJl~,,Sn C =  
371.0 Hzl. 

B. Analogously, Me2Si(NMeSnMe3) 2 (14,~ (78%), 
(Me-Sn)2S ~91%). ylide E~3P=CMe(SnMe.;) (151 (29%), and 
the [Et4P+][Me3SnNMe] - salt (58%i were obtained from a 
solution of betaine 2 (0.24 g, 1.02 retool) and (Me3Sn)2NMe 
(0.91 g, 2.54 mmot) in CsDsN (1 mL). Y]ide 15 was prepared 
by independent synthesis by mixing stoichiometric amounts of 
E t3P=CHMe and (Me3Sn)?NMe in C6D 6 in vaeuo. 
l-(Trimethylstannyl)ethylidene(triethyl)phosphorane (15). 
~H NMR (C6De,), & 0.36 (s, 9 H. Me3Sn, 2JH~mSn = 49.0 Hz); 
0.88 (dr, 9 H, M.~CH2P, 3JHp = 15.4 Hz, 3JHH = 7.7 HZ): 1.28 
(dq, 6 H, Me~.}.t2P. 2JHp = 10.4 Hz, 3JHH = 7.7 Hz); 2.02 
(d, 3 H, MeC=P,  3jHp = 19.4 Hz, 3JHl~%n = 58.6 HZ). 
13C NMR (C6Dr 6 : - 9 . 6 9  (d, P=CSn, IjCp = 84.3 Hz, 
IJr = 553.0/528.2 Hz); -6.15 (d. Me3Sn. 3Jcp = 1.7 Hz. 
IYc~.,~ysn = 323.1/308.9 Hz); 6.43 (d, ~M_e_CH2P, 2./,70 = 
3.7 Hz); 14.58 (d, MeC=P. 2Jcp = 1_0 Hz. 2dct~z~=sn = t0.9/ 
8.8 Hz): 17.44 (d, MeC_C_.H_2P, IJcp = 53.7 Hz, 3Joe = 9.6 Hz). 
3~p NMR (Cr 6:25.43 (2Jp~m/~:Sn = 213.5/205.1 Hz). 
II%n NMR (C6D6) , ~: 12.68 (d. 2jpll0/t~Sn = 213.5 Hz, 
IJ~10SnC = 323.1 Hz, IJ~msac= = 553.0 Hz). 

Synthesis and isomerization of 2-methyl-3-triphenyl- 
phosphonio*2-silabutane-2-thiolate, Ph3P+CHMeSiMezS - (3a). 
When a solution of Ph3P=CHMe (6.35 g. 21.90 mmol) was 
added to a solution of (Me2SiS)n (I.95 g, 21.67 mmol per 
monomer unit) in benzene (60 mL), two layers formed. The 
layers v, ere separated and the solvent was removed in vacuo from 
both portions. Solid yellow substances were obtained. According 
to the I H, 13C, and 3(p NM R spectra in C6D 6, the solid substance 
from the upper layer contained ylide Ph3P=CtMe)SiMe2SH 
(164"~ and betaine Ph3P+CHMeSiMe~S - (3a) in a ratio of 62 : 38, 
and the substance from the lower layer in CsDsN con- 

rained compounds 16a and 3a in a ratio of  1.4 : 98.6. 
P_h_3P=C(Me)SiMe2~_S_k[ (16a). IH NMR (C6D6), 8:0.50 (s, 6 H, 
Me2Si); 2.18 (d. 3 H, MeC, 3drip = 20.1 Hz); 7.05--8.06 
(m. 15 H. At). 13C NMR (C6D6), ~5:6.51 (d, Me_,Si. 3J'cp = 
2.7 Ha): 15.93 (d, M~C, "~dcp = 2.8 Hz}; 5.58 (d, P=C, Idcv = 
94.9 Hz): 128.28 (d. C m, 3dcp = 11.0 Hz), 130.89 (d, C o. 4Jcp = 
2.6 Hz); 132.29 (d, C,, LJcp = 82.6 Hz); 134A7 (d, CI,, 2dcp = 
9.i Hzl. 31p NMR (C6D~,), i5:21.18 (2dps ~ = 29.8 Hz). 

Isomerization of 2-methyl-i-triphenylphnsphonio-2-sila- 
propane*2-thiolate, Ph3P+CH2SiMezS - (3b) (vacuum method). 
The 29Si NMR spectrum of a solution of betaine 3b in THF-d s 
has signals at 6 2.73 (d, :,/sip = 6.5 Hz), 2.17 (d. 2Jsi P = 16.4 
Hz), and 7_42 (d. 2dsi e = 11.8 Hzl along with signals of 3b at 
fi -0.67 (d, 2Js, P = 6.3 HzJ. 

isomerization of 2-phenyl- 1-triphenylphosphonio-2-sitaprop- 
ane-2-thiolate, Ph3P+CH2SiMePhS - (3c) (vacuum method). 
The IH and 13C NMR spectra of a solution of betaine 3e in 
THF-d~ have signals of betaine 3c and Ph3P=CHSiMePhSH 
(16c) in a ratio of I : 3.8. C__grr~ound 16s IH NMR (THF-ds), 
5:0.26 (s, MeSi); 0.73 Id. P=CH, 2JHp = 8.7 Hz). 13C NMR 
(THF-ds), ,5:5.19 (d. MeSi, 3Jcp = 7.7 Hz): 2.08 (d, P=C. 
tJcP = 94.2 Hz); 128.17 (d, Ph3P--C m, 3Joe = 11.5 Hz~; 133.27 
(d. Ph~P-C,,,  2dcp = 9.9 Hz); 150.61 td, PhSi--C i, 3Jcr, = 
2.9 Hz) Other signals were not observed because they overlap 
with signals of betaine 3c. z 

Reaction of betaine 34 with MeOD (vacuum method). 
When betaine 3a (0.3 g, 0.79 mmol} was dissolved in 
methanol-d t (2 mL), a moderately exothermic reaction pro- 
ceeded. The color of the solution rapidly changed from bright- 
orange to lemon-yellow. According to the IH, t~C, and 
31p NMR spectra measured after several hours, the color- 
less solution contained Me2Si(OMe) 2 (the yield was ~0%) 
and salts 184. via., [Ph3P*CH2MeIX- (-30%; c53~p 25.03), 
[Ph3P§ - (-30%; ~3Lp 24.97). and [Ph3P*CD2MeJX - 
(-40%: fi3,p 24.901, where X = HS- or DS-. 

Reaction of hetaine 3h with MeOD (vacuum method). 
When betaine 3b was dissolved in dr3, methanol-d b a light- 
yellow solution was obtained. This solution turned colorless in 
-45 rain. According to the IH, 13C, and 31p NMR spectra, the 
solution contained Me2Si(OMe) 2 (90%), isopropyl(triphenyl)- 
phosphonium thiotate, [Ph3P+Me]X - .  (18a) (-14%; i53~p 21.221, 
and products of its partial deuteration, viz., [Ph3P+CH2D]X -,  
(-14%; c531p 21.141, [Ph3P~CHD2]X - (-31%; 63tr, 21.05), and 
[Ph3P+CD3[X - (-41%; ~53rp 20.98), where X = HS- or DS-. 

Reaction of betaine la with MeOD in CsDsN (vacuum 
method). A solution ofbetaine la (0.06 g, 0.15 mmol) in a I : 1 
CsDsN--MeOD mixture was kept in a sealed NMR tube at 
-20 ~ for 5 months. The course of the reaction was monitored 
by IH, IsC, and 31p NMR spectroscopy. After 24 h, 7 days, 
70 days. and 150 days, the conversion of the betaine was 
38.7, 4q.I, 82.7. and 100%, respectively, and the yield of 
Me2Si(OMe)2 was <5, 9.7, 30, and 90%, respectively. The yield 
of [ P h ; P * C D M e 2 I S D -  (19a) was 96%. 2-Deuteroprop- 
2-yl(triphenyl)phosphonium denterothiolate (19a). IH NMR 
(CsDsN--MeOD (I : I)). & 1.49 (d, 6 H, CDMe2, 3JpH = 
18.7 Hz). 13C NMR (CsDsN--MeOD (I : I)1, & t6.78 
(d, CDN_r 2Jmc = 2.1 Hz); 21.99 (dt, QDMe 2, Ijpr = 
48.0 Hz; IJCD = 19.8 Hz). The signals in the aromatic region of 
the N MR spectrum 9 and the signals of Me3Sif, OMe) 2 32 corre- 
spond to the literature data. Volatile products and the sol,,ent 
were removed in vacuo, and the residue was cr~'stallized from 
pyridine. 

Reaction of betaine 2 with MeOD (vacuum method). No 
changes were observed upon dissolution of betaine 2 (0.28 g, 
1.19 retool) in methanol-d~. According to the data of i l l ,  13C. 
and 29Si NMR spectroscopy, the conversion of the initial 
betaine was -56.3% and 100% after 3 and -30 days. respec- 
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Table 2. Principal crs, stallographic data for compound 5 and 
salts 18a and 19a 

Compound 5 18a 19a a 

Formula CbHloO?SSi [C2oH2oP]*. [C21H22Pl +- 
�9 [SHI-  �9 [SHI--  CsHsN 

t74.29 324.4 417,52 

O~ho-  Monociinic Ortho- 
rhombic rhombic 

Pinna C 2/c Pnma 

8.834(2) 14.162(37 18.460(51 

7.361(2~ 12.545/3) 18.850(5t 

13.454(21 t9.819(51 13.558(21 

90 90 90 

90 92.26(2) 9O 

90 90 90 

874.9(3) 351811) 4718(21 

z 8 S 

-120(2) -120{2) -120(27 

t.323 1.225 1.176 

28 25 23 

994/980 3244/3056 2532/2488 

M 

C~'stal system 

Space group 
a/.~. 
b/,k 
c/~. 
cx/deg 

t3/deg 

7/deg 

E/.~ 3 
Z 

77~ 

dc~:ic/g cm -3 

Omax/deg 

(e 1 > 2cr(/)) 

R~ 

WR'~ 
0.033 0.054 0.068 

0.107 0.10t) 0.202 

a Solvate with pyridine. 
h Nref 1 and N're fl are the number of the measured reflections 
and the number of reflections used in the structure refinement. 
respectively. 

timely. The yields of Me2Si(OMe)2, [Et3P-CHDMelX - (19b/, 
and [Et4P*ISH-, where X = HS-  or DS-, were 75%. -95% 
(g~r, 40.9 t ), and ~5% (g3~ p 41.01 ). respectively. 

X-ray diffraction study. The unit cell parameters of the 
compounds under study and intensities of independent reflec- 
tions were measured on an automated lbur-circle Siemens 
P3/PC diffractometer (k(Mo-Ka) radiation, graphite mono- 
chromator, 0/20 scanning technique), In the case of compound 
5, the crystal was placed into a glass (Pyrex) tube filled with 
argon. The tube was evacuated to 10 -3 Tort and sealed. All 
structures were solved by the direct method and refined by the 
full-matrix least-squares method with anisotropic thermal pa- 
rameters for nonhydrogen atoms. Molecule 5 was located in a 
special position on a mirror plane. In the c~'stal of compound 
19a. two pyridine molecules of solvation, which occupy special 
positions on mirror planes, were revealed_ Two SH- anions also 
occupy speciaI positions on mirror planes. All hydrogen atoms 
of compounds 5 and 18a and the hydrogen atoms of the SH- 
anions of compound 19a were located from the difference 
Fourier syntheses and refined isotropically. The remaining hy- 
drogen atoms of compound 19a were calculated from geometric 
considerations and were included in the refinement with fixed 
positional [the riding model) and thermal parameters in the 
isotropic approximation. All calculations were carried out on an 
IBM PC/AT-486 computer using the SHELXTL PLUS pro- 
gram package (PC Version 5.0). 33 The principal characteristics 
of X-ray diffraction studies are given in Table Z The complete 
tables of the bond lengths and bond angles, the atomic coordi- 

nates, and the thermal parameters have been deposited with the 
Cambridge Structural Database. 

This  work was f inancia l ly  suppo r t ed  by the  Russian 
F o u n d a t i o n  for Basic Research  (Pro jec t  Nos.  96 -03-  
33188a and 00-15-973591.  
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