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Heteroorganic betaines
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The [PhyP™—CMe,—SiMe,—SEt]Br™ salt was prepared by the reaction of betaine
PhiPT—CMe,SiMeR—S™ (la: R = Me) with EtBr. Acetylation of betaine la or
Et4PT—CHMeSiMe,—S5™ (2a) afforded 2.2.6-trimethyl-1.3-dioxa-2-silacyclohex-5-ene-
4-thione MeZSiOC(=S)CH=C(Me)O or the [Et;P*—CHMeSiMe,ClCI™ salt depending on
the reagent rario. The reactions of betaines Iab (1b: R = Ph) or 2 with compounds (R;Sn),X
(X = O or NMe) can be used for the generation of silanones [RMeSi=0] and silaneimines
[RMeSi=N Me] in solutions. The reactivity of betaines Ph;P*—CHR!SiMeR’—-S™ (R' = H or
Me and R? = Me or Ph) is determined by the equilibrium between the zwitterionic and ylide
Ph;P=CR!SiMeR’SH tautomers that exist in solutions.
Key words: silicon-containing organophosphorus betaines, phosphorus ylides, isomerism,
alkylation. acetvlation, silanones. silaneimines, X-ray diffraction analysis.
Previously. we have reported the synthesis% and struc- PhyP*—CMe,—~SiMey—§~ —ioie
tures! of betaines containing the *P—C—Si—S~ frag- 1a
ment. Unlike the carbon analogs, which are intermedi-
ates in the Wittig reaction for the series of thiocarbonyl ——e [PhyP"—CMe,—SiMe,—~SEt]Br )
compounds. Si-containing betaines are rather stable to 4

decomposition. which opens up new possibilities for
their use in different syntheses. The presence of several
reaction centers is responsible for the high reactivity of
these compounds. In the present work, we studied the
reactions of betaines Ph;P*—CMe,;8iMeR—S™ (1: R =
Me (a) or Ph (b)), Et;P"—CHMeSiMe,—S™ (2). and
Ph;P"—CHRISiMeR2—S™ (3a—c: R! = R? = Me (a);
R!' = H and R2 = Me (b): or R! = H and R? = Ph (¢))
in detail.

Results and Discussion

Alkylation and  acetylation of betaines
Ph3P*CMe,;SiMe,S— (la) and Et;P*CHMeSiMe,S—
(2). Heating of a suspension of betaine 1a in THF with
ethyl bromide afforded salt 4 in 70% vield (reaction (1)).

* For Part 1. see Ref. 1.

According to the data of X-ray diffraction analysis, !
salt 4 adopts a thermodynamically favorable trans con-
formation, unlike the initial betaine la, which has a
sterically hindered gauche conformation due to the
*P...S” attractive Coulomb interaction between the cat-
ionic and anionic centers.

The reactions of betaines 1a or 2 with acety! chloride
proceed unusually and the resuits depend on the molar
ratio of the reagents. When the reaction was performed
in THF with the use of reagents taken in an equimolar
ratio, cyclic compound 5 was obtained in 96—98% vield
(Scheme ).

Apparently, the S-acety] derivative 6 that initially
formed underwent subsequent rearrangement with mi-
gration of the organosilicon fragment to the oxygen
atom. This process is thermodynamically favorable. The
second betaine molecule acted as a base and deprotonated
thioacetate 7. (This type of deprotonation of thiocarbonyl
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compounds is well known.3) Acetvlation of thioenolate
ton 8 afforded f$-thiocarbonyl derivative 9. Subsequent
enolization and the formation of the extraordinarily
strong Si—O bond compieted cyclization, yielding com-
pound 5. As expected.* phosphonium salt 10 decom-
posed with the cleavage of the Si—C bond.

The structure of 2,2,6-trimethyl-1,3-dioxa-2-sil-
acyclohex-5-ene-4-thione (5) was established by X-ray
diffraction analysis and multinuclear NMR spectroscopy.
The overall view of molecule 5 is shown in Fig. 1. The
principal bond lengths and bond angles are given in
Table 1. The ring in molecule 5 is planar. The tetrahe-
dral geometry of the Si atom in the ring is strongly
distorted. The O—Si—0O (103.7(1)°) and C—Si—-C
(115.1(1)°) bond angles differ substantially from the

Fig. 1. Srructure of compound 3.

ideal tetrahedral value of 109.5°. The Si—O bond lengths
{1.668(2) A and 1.675(2) A) are substantially larger than
the average value (1.643 A).3 Apparently. these distor-
tions lead to the strain of the ring and are respousible for
the high reactivity of compound §, in particular, with
respect to oxygen and moisture.

Heating of betaine 2 with a large excess of acetyl
chloride in ether afforded salt 11 in virtually quantitative
vield (reaction (2)).

i
2 MeCOCL e b ChMeSiMe,SCNeICI

6

] MeCOC!
—_—

!

I Il
— [Et,P"CHMeSIMe,ClICIT + MeC—S—CMe 2)
11

Reactions of betaines 1 and 2 with compounds of the
(R;3Sm),X type (X = O or NMe). We found that betaines
1 and 2 are convenient starting compounds for the

Table 1. Selected bond lengths {4) and bond angles (w) in
the structure of §

Bond drA Angte w/deg
S(1)—C(5)  1.645(2y  O(D=Si(1H—0(6)  103.7(1)
Si(1)—0(2) 1.668(2) O()—Si(H—C(6)  108.7(1)
Si(1)—O0(6)  1.675(2)  O(6)—Si(N—C(6)  110.1(1)
Si(H—C(6)  1.820(2) C(6)—Si(H—C(6A) 115.1(1)
O(6)—C(5) 1.347(3) C(3)—O0()—Si(l)  123.2(1)
ON—C(3)  1.350(2)  C(5H—0(&)—Si(l) 126.7(2)
C(3)—C(7) 1.486(3) C(4)—C(3)—-0(2) 123.2(2)
C(3)—C4) 1.3530(3) C(H—-COH—-CT) 124.1(2)
CH—C(3)  1435(3)  O(DH—C(H—C(7) H2.7(2)

C(3)—~C(4)—C(5) 125.6(2)

O(6Y—C(5)—C(4) 117.6(2)

0(6)—C(3)—S(1) 119.3(2)

C(4)—-C(3)—S(1) 123.142)
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generation of unstable silanones and silaneimmes in
solutions. These compounds have been extensively stud-
ied in recent vears.8—8

The intermediate formation ot organosilanones was
proved by the identification of their cvclooligomerization
products 12 as well as by the reaction with meth-
oxvtrimethyisilane (Scheme 2). The reaction of (Et;Sn);0
with betaine la or th afforded a mixture of the cyclic
tetramer {Dy) and the pentamer { D) of dimethyisilanone
(12a) or a mixture of oligomers of methyiphenylsilanone
(12b). The reactions in the presence of a 10-foid excess
of Me;SiOMe gave methoxvpentamethyldisiloxane (13a)
(the yield was 83%) or methoxv(tetramethvhiphenyl-
disiloxane (I3b) (the vield was 95%). Note that the
reaction of betaine Ia with Me;SiOMe did not proceed
in the absence of hexaalkyldistannoxane under the same
conditions.

Scheme 2

Ph;P*—~CMes~SiMeR'—S™
1ab

+ {RISnpX T

— Ph,P=CMe, + [R'MeSi=X] + (RZSn}S

l X = NMe

X=0
‘ lMe;;SxOMe (Me 3Sn) s NMe
(R'MeSi0), MeSSiOSiMeR‘(OMe)
12ab 13ab MeZSi(valc-zSnMe3)2

14
R' = Me (a), Ph {b); R? = Et, X = O; RZ = Me, X = NMe

In the reaction of betaine Ia with (MeSn);NMe,
the latter acts as a "trapping agent” with respect to
organosilaneimine that formed. When a twofold excess
of organostannane was used, compound 14 was obtained
in 90% vieid.

The reactions of betaine 2 with compounds of the
general formula (R35n),X (X = O or NMe) were com-
plicated by the formation of metallated phosphorus ylides
Ei;P=C{Me)SnR; (15) as a result of the reaction of the
phosphorus vlide Ety;P=CHMe that formed with
(R4 Sn)uX The resonance signals in the 'H. 13C, 3ip,
and 191 NMR spectra of the reaction mixture of
betaine 2 and (Me;Sn);NMe are substantially broad-
ened. which may be indicative of complex exchange
processes (Scheme 3).

More detailed information on the synthesis of a-
metallated phosphorus ylides by the reactions of
R!3P=CHR? with compounds of the (R4E),X type (E =
Si, Ge. or Sn: X = 0. 5. or NR) will be published
elsewhere.

Isomerization of betaines Ph;P*CHR!SiMeR?S— (3).
Betaines 3a—c are isomerized in solutions yielding
silvlated phosphorus ylides 16a—c¢ (reaction (3)). This

Scheme 3
_  (Me3Sn)aNM
EtyP*~CHMe—SiMey~S~ — e 2o2NMe
2
— [Me,Si=NMe] + Et,P=CHMe + (Me,;Sn),S,

{Me ;Sn) Nivie
2 EfP=CHMe ———u

—= 2 EtsP=C(Me)SnMez + MeNH, ===

15
=== Et,P=CHMe + Me, SnNHMe ===
=== [Et,P]"[MeNSnMe,",

[
==

[Et,P] [MeN"SnMe,} "+  Me,Si(NMeSnMey),

14

e, 51 ~N*MeSnMe,,

NMesnme, T [Et,P1"[MeNSnMe,] ™.

process is clearly detected by the emergence of the 'H,
13C. and 3'P NMR signals characteristic of phosphorus
vitdes, %1 including w-silylated phosphorus ylides. 1112

Ph;P*—CHR'—-SiMeR?~5~ ====
3a—c
=== PhyP=CR'—SiMeR?-SH (3)

16a-<

R' = RZ = Me (a}: R = H, A% = Me {b}; R' = H, R = Ph (¢}

Previously. it was suggested that isomerization of this
tvpe occurred in the reactions of phosphorus ylides with
small silacycles.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 '3C and 3'P NMR spectra,
which were measured after heating of a suspension of 3a
in benzene-dg in a sealed evacuated tube at 130 °C, have
signals characteristic of phosphorus vlide 16a whose
content reached 8.3% with respect to the amount of the
initial betaine 32. 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 2.6% at ~20 and 90 °C, respec-
tively.

In solutions. equilibrium processes of intermolecular
proton transfer between the thiolate center and the
sulfohydryl group (reaction (4)) were observed along
with isomerization of betaine 3b to ylide 16b. The 29Si
NMR spectrum of a sofution of betaine 3b in THF-dg
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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 1o those of compounds 3b
and 16b and, apparently, can be assigned to the cationic
and anionic components of salt 17b.

Pth”——CHg——SiMez—S‘ + F’h3P=CH——S|Me2—SH R
3b 16b
=== [Ph3P"—CHy—SiMe,—SH][PhyP=CH— SiMe,—S 7} (4)

17b

An equilibrium of this type has been observed previ-
ously in the studies of the reactions of triphenyl-
alkvlidenephosphoranes with carbon disulfide.!?

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*CHMeSiMe,S™ (3a), untike the reaction of be-
taine la (see reaction (1)), 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 nucleophile. The resulting phosphorus ylide
Ph;P=CHMe underwent successive conversions, which
have been described previously for analogous systems in
detail.'! In the case of betaine 3a, Phy;P=C(Me)SiMe,X,
[Ph;P*C(H)MeSiMe,X]Y™, and Me,SiXY (X and Y =
Br or SEt) as well as [Phy;PTEt]Br~ and PhaP=CHMe
were obtained as the final reaction products.

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

Scheme 4

PhyP " —CHR—SiMe;—~S" ===
3a.b
<= Ph,P=CR—SiMe,—SH 290,
16a.b
——= PhgP=CDR + Me,Si(OMe)(SH) 220,
—— Me,Si(OMe), + [PhyPCDoRISH™
(or [PhsP*CHDR]SD™)

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

which have been established previously for the reactions
of alcohols with R!;P=CHR? (R! = Alk or Ph; R? = H,
Alk, or Me;Si).18.19

Betaines that do not contain the a-proton at the
carbon atom or contain alkyl groups at the phospho-
rus atom, for example, Ph;P*CMe,SiMe, 8™ (1a)
or EtyPTCHMeSiMe,S™ (2), were converted into
Me,Si(OMe), and mono-a-deuterated phosphonium
salts 19a.b (reaction (3)) in virtually quantitative yields
only upon prolonged storage (30—70 days) of their
solutions with CH:OD in sealed evacuated tubes. Taking
into account that alcoholysis of betaine 2 did not give
the di-a-deuterated sait [Et;P*CD,Me]SH™ in notice-
able amounts. it is reasonable to conciude that the
contribution of an equilibrium of type (3) is insignifi-
cant. Apparently, this is due to the lower «-CH-acidity
of phosphonium salts of the alkyl series compared 1o that
of arvlphosphonium salts and, correspondingly. due to
the higher basicity (nucleophilicity) of the conjugate
bases. viz.. phosphorus ylides.!19%

RigP*—~CMeR2—SiMe,~5~ 2B,
1a, 2
——= {R';P"—CDMeR?]SH™ + Me,Si(OMe), (5)
19a.b

1a, 19a: R' = Ph. R2 = Me
2, 18b: R' = Et, R2=H

Fig. 2. Structure of salt 18a.
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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.2® The SH~ anions in the crystals of
hydrosulfides 18a and 19a are not stabilized by hvdrogen
bonds (Figs. 2 and 3, respectively), unlike those in
tetraorganylammonium hydrosulfides whose structures
were studied in sufficient detail. 2125

To summarize, we demonstrated prospects of the use
of new silicon-containing organophosphorus betaines
with the *P—C—Si—S~ structural fragment in the syn-
thesis of different organosilicon compounds, including
compounds that were previously difficultly accessible or
unavailable. Betaines containing the «-proton at the
"former ylide" carbon atom are potential synthons for
preparing a-silvlated phosphorus ylides containing the
sulfohydryl group at the silicon atom.

Experimental

The 'H, 13C, 29si, 3P, and ''9Sn NMR spectra were
recorded on a Bruker AM-360 instrument in C¢Dg, THF-dy,
CsDsN, or MeOD. The chemical shifts (in ppm) in the 'H and
13C NMR spectra were measured relative to signals of the
solvent and were converted to the 3 scale using standard formu-

las; the chemical shifts in the 29Si, 3'P, and !'%Sn NMR spectra
were measured relative to MeySi. a 85% HiPO, solution in
D,0, and a solution of MeySn in Cy¢Dyg, respectively, as the
external standard. The accuracy of measurements of the 'H.
13C, 31p, i, and '"%Sn chemical shifts was £0.01, +0.05.
+0.1, £0.2, and +0.2 ppm, respectivelv. The accuracy of mea-
surements of the spin-spin coupling constants (Jyy, Jyp. Jep.
Jsip+ s Jesic Hsne Jesnr Jpsn. and Jsign) was £0.1 Hz. The
assignment of the signals in the '3C NMR spectra was made
with the use of the INEPT and DEPT procedures and off-
resonance experiments. In some cases, the monoresonance
13C NMR spectra were recorded.

All operations were carried out under an atmosphere of dry
oxygen-free argon using the standard Schlenk rechnique or in a
dry box under an inert atmosphere. Some syntheses were carried
out in vacuo (1073 Torr) in seamless-soldered apparatus with
the use of techniques of broken walls and tubes (the vacuum
method). The solvents THF, Et,O, and CgHg were distilled
from Na or LiAlHy, stored over sodium benzophenone ketyl,
and distilled into reaction vessels immediately before use. Pyri-
dine was distitled and stored over CaH,. The alcohols were
distilled from Mg(OR), and the hydrocarbons were distilled
from sodium or LiAlH,. All solvent used in NMR spectroscopy
were purified as described for the corresponding nondeuterated
solvents.

Elemental analysis was performed on an automated CHN-
microanalyzer (Klinlaborpribor, Klin, Russian Federation). The
GLC analysis was carried out on an LKhM-80 chromatograph
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equipped with a thermal conductivity detector (2 2 m % 3-mm
column, 5% SE-30 on silanized Chromosorb G (80/100 mesh)
as the stationary phase. helium as the carrier gas. the column
temperature was 350—290 °C).

Procedures for the synthesis of betaines 1ah. 2, and 3a—c
have been reported previously.?

3-Methoxy-1,1.1,3-tetramethiyi-3-phenyldisiloxane was pre-
pared by the reaction of equimolar amounts of Me;SiOLi 26 and
(methyl)methoxy(phenylichlorosilane?? in ether. The yield was
67%, b.p. 71=72 *C (0.1 Tor). np™ 1.4592. Found (%)
C, 35.82; H, 8.51: Si. 23.94, C{H0,Si,. Caiculated (%):
C, 534.95. H. 8.38; Si. 23.36.

Alkylation of 2.3-dimethyl-3-triphenylphosphonio-2-sila-
butane-2-thiofate, Ph3P*CMe,SiMe,S™ (1a). Heating of a
suspension of betaine 1a (0.1 g, 0.25 mmol) in THF (3 mL)
with EtBr (0.67 g, 6.15 mmol) for | h afforded {l-methvi-
| -{[dimethyl(ethylthio)silyljethyl}triphenylphosphonium bromide
(4) as colorless crystals in a yield of 0.08% g (70%), m.p.
150—151 °C (with decomp.. from pyridine). Found (%):
C, §9.93: H. 6.34; Br. 16.17: S, 6.64. Cy;H;,BrPSSi. Calcu-
lated (%): C. 59.60; H. 6.45; Br. 15.86; S. 6.36. 'H NMR
(CsD3N), & 0.31 (s, 6 H, Me,Si): 1.15 (1. 3 H, MeCH-S.
3.IHH = 7.4 Hz): 1.79 (d. 6 H, Me,C. 3Jyp = 19.3 Hz): 2.50 (q.

2 H, MeCH,S, 3Jyy = 7.4 Hz); 7.62—8.21 (m. 15 H, Arn).
"C NMR (C5D3sN), 6: 0.07 (s, N‘e»Sl) 18.32 (s, MgCH,S);
22.60 (s, Me;ji,S\ 23.14 (d. Me.C, JU; = 2.6 Hz): 25.10
(d. N|87CP l./(‘p“31 I Hz): ”93\(d .Icp~8l3HZ)
130.33 (d. C, = 11.6 Hz): 135.19 (d. C Jep = 3.2 Ha);
135.76 (d. C Jcp 89 Hz). 3'P NMR (C DsN), & 36.81.
981 NMR (CSDN) 8:24.03 (d. Ugp = 3.5 Hz)

Acetylation of betaine 1a and 3-triethyl-2-methylphosphonio-
2-silabutane-2-thiolate, Et;P"CHMeSiMe,;S~ (2). 4. 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 (1.18 g.
2.99 mmol) in THF (40 mL) or betaine 2 (0.94 g, 3.92 mmol)
in THF (30 mL). The precipitate of the betaine was gradually
dissolved. After ~3 min. the reaction solution turned vellow and
then orange and an amorphous precipitate formed. The reaction
mixture was kept at +3 °C for 5 days after which a light-claret
sotution and a white precipitate formed. The precipitate was
filtered off and dried in vacuo, (PhyP*Pri)Cl~ and (Er,P™)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 vacuo. Pentane (50 mL) was
added to the residue. the solution was filtered, and the pentane
was distilled off ar 20 °C (1 Torr) until copious crystallization
started. The reaction mixture was kept at —12 °C for 12 h and
then the precipitate was filtered off and dried at 20 °C (1 Torr).
2,2,6-Trimethyl-1,3-dioxa-2-silacyclohex-35-ene-4-thione (5)
was obtained in a yield of 0.25 g (96%, for 1a) or 0.34 g (98%,
for 2). The resulting compound was readily sublimed at
50~70 °C (1 Torr) to give yellow crystals, which were studied
by X-ray diffraction analysis (see Fig. 1). 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, 'H NMR (C¢Dyg), 8 0.07 (5. 6 H, Me;Si,
ZJgu = 7.5 Hz): 1.45 (d, 3 H, MeC, *Jyy = 0.7 Hz): 6.13
(g, 1 H. CH=C, 4Jyy = 0.7 Hz) 13C NMR (C(,D(,). 5 ~2.01
(MEj_Si. l'/CH = |21.5 HZ ‘]CS 73.6 HZ) 21.73 (M_‘C,
1JCH = 128.7 Hz, ¥y = 3.0 H2); 112.534 (=CH, ‘JCH =
170.3 HZ "JcH = 3.9 HZ) 139.59 ( QMC JC"CH = JC“E =
6.5 Hz): 203.20 (C=S, Yy = 4.8 Hz). Si NMR (C¢Dg).
§: 10.40. According to the data of GLC analysis and 'H and °C

NMR spectroscopy, (Me,SiS); was present in the mother li-
quors that remained after crystaliization of compound 3.

B. MeCOCI (4.67 g, 39.5 mmol) was added with stirring to
a suspension of betaine 2 (1.77 g, 7.5 mmol) in diethy! ether
(50 mL). The local reddish coloring of the precipitate was
observed, but the color rapidly disappeared. After heating for
20 min, the precipitate was separated and dried in vacuo.
{(1-Dimethylchlorosityhethyl]triethylphosphonium chloride (11)
was obtained in a vield of 2.0 g (97.1%). Found (%): C. 43.97:
H. 9.39: Cl. 25.53. C gHsClhPSi. Caiculated (%): C, 43.63;
H. 9.15; Cl, 25.76. 'H NMR (C5DsN), & 0.91 (s, 6 H, Me,Si);
1.32 (dt, 9 H, MeCH,P*, 3Jpy = 18.0 Hz, *Jyy = 7.6 Hzx
1.49 (dd. 3 H, MQCHP+, BIPH = 174 HZ J-/HH 7.3 Hz);
2.64—2.94 (complex m, 6 H. CH,P*, AB portion of the
ABMX; spectrum); 4.14 (da, 1 H, CHP*, 1y = 20.1 Hz,
3y = 7.3 Hz). BC NMR (CsDsN). 8 3.29 (brs, Me,Si
Wsic = 59.9 Hz); 6.77 (d. '\4eCH,—~P+ 2Jpe = 3.3 Hz): 9.23
(d. MeCHP*, 2pc = 46 Hz): 13.16 (d, CH.P*. 'Jpe =
47.9 Hz); 13.36 (d, CHP™, YUpc = 38.6 Hz). 31P NMR (C DsN).
5 44.41. 29Si NMR (CsDcN), & 30.91 (d, Lpg; = 3.2 Hz).

Reaction of betaine 1a with hexaethyldistannoxane (vacuum
method). 4. A mixture of hexaethyldistannoxane?® (0.41 g,
0.96 mmol) and Me;SiOMe 3® (1 g, 9.6 mmol) was added to a
suspension of betaine 1a (0.38 g, 0.96 mmol) in pyridine-d;
(1.5 mL). The reaction misture was kept at ~20 °C for 12 h.
According to the data of GLC and 'H, 13C, #Si, and >'P NMR
spectroscopy, the reaction proceeded quantitatively to form
Ph;P=CMe,, (E1;Sn),S, methoxypentamethyldisiloxane (13a)
(the yield was 83%), and a mixture of oligomers 12a (17%).
Ph;p= 1H NMR (C5DsN), & 2.00 (d. Me,C. JPH =
16,5 Hz), 738—7 80 (m, Ph;P). 13C NMR (CsDs!

N}, 8: 8.72
(d. P=C, 'JPC— 123.9 Hz); 20.69 (d. Me,CP. -Jpc 13.7 Hz);
128.41 (d. C,,. Jpc 11.0 Hz); 130.78 (d. C,. *Jpc = 2.6 H2):

133.88 (d, C 2Jpc = 8.9 Hz); 133.31 (d. C,, ‘Jpc = 81.3 Hz).
3tp NMR (C DsNY. 8 10.69. (Et38n),S. 'H NMR (C5DsN).
§: 1.07—1.28 {m. CH’Sn) 1.33—1.34 (z, MeCH,S5n). UC NMR
(C5D5N) §: 7.22 (s, CH:Sn J”7SnC 323.9 Hz, Jigpe =
338.9 Hz); 10. 77 (s. MeCH-Sn, Jiyrimegae = 24.0 Hz).
Me;8i0SiMe,OMe_(13a). ‘H NMR (CsDsN), & 0.20 (s,
\|e351) 0. l7(s Me,Si); 3.54 (s. SiOMe). B3C NMR (C5DsN).
3 1.32 {Me,Si); 1.89 (MesSi); 49.76 (SiOMe). 9Si NMR
{CsDsNY. 8 —11.19 (Me,Si): 7.81 (Me;Si).

B. (E135n),0 (0.43 g, 1.02 mmol) was added to a suspen-
sion of betaine 1a (0.4 g. 1.02 mmol) in pyridine-ds (2 mL).
After 5—~10 min, the reaction solution turned pink. After 2—3 h,
the solution turned dark-claret and betaine la was simuba-
neously dissolved. According to the data of GLC and 'H, '3C,
295i, and 3'P NMR spectroscopy, the reaction was virtually
completed in 5 days. PhyP=CMe;, (Et;3Sn),S, and a mixture of
oligomers 12a (the vield was approximately quantitative) were
obtained as the major reaction products. 2Si NMR (C5DsN), &
—18.90, ~21.28.

Reaction of 3-methyl-2-phenyl-3-triphenylphosphenio-
2-silabutane-2-thiolate, Ph;P*CMe,SiMePhS™ (1b), with
hexaethyldistannoxane (vacuum method). 4. Betaine 1b (0.56 g.
1.23 mmol) was mixed with (Et3Sn),0 (0.49 g, 1.16 mmol) and
Me;SiOMe (1 g, 9.6 mmol) in pyridine-ds (1.5 mL). After
~12 h, the reaction mixture contained (according to the data of
GLC and 'H, 3C, si, and 3'P NMR spectroscopy)
Ph;P=CMe,, (Et38n);S, and 3-methoxy-1,1.1.3- tetramethyi-
3-phenyldisiloxane (13b) (the yield was 95%) along with a
small amount of oligomers of methylphenylsilanone (12b).
Me;SiOSiMePhOMe 13b. 'H NMR (CsDsN). & 0.28
(s, Me;Si); 0.4 (s, MeSi); 3.57 (s, SiOMe); 7.39—7.84 (m, Ar).
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BC NMR (CDNY, & =217 (MeSh; 193 (Me;Sh: 56.16
{SiOMe): 128.24 (C, o). 130.26 (C: 13410 (C,p 136.65 (C).
981 NMR (C5DsN). "5 —24.08 (Mebn +9.11 (MeSi).

B. According to the 'H. '3C. 29Si. and 1P NMR spectra
measured within 7 days after mixing of betaine Ib (0.36 g,
1.23 mmol) with (Et;Sn},0 (0.52 g, 1.23 mmol) in pyridine-ds,
the solution contained the initial compounds (~65%).
Ph;P=CMe.,, {Et;Sn),S. and oligomers of methylphenyisitanone
12b. The “Si NMR spectrum of compounds 12b corresponds to
the literature dara.3!

Reactions of betaine 1a and betaine 2 with hepta-
methyldistannazane (vacuum method). A. (Me;Sn);NMe (0.67 g.
1.88 mmol) was added 1o a suspension of betaine la (0.37 g,
0.94 mmol) in CsDsN (1.4 mL). Arter 3—10 min. the solution
turned pink. After 2—-3 h, the reaction mixture furned dark-
claret and betaine 1a was simultaneously dissolved. According
to the 'H. 13C, 29Si, 3'P, and "9Sn NMR spectra, the reaction
was virtually completed in 5 days. Ph;P=CMe,. (Me;8n),S. and
Me,SitNMeSnMey), (14) were obtained as the major products
{the vields were virtually quantitative). {(Me;Sn),S. 'H NMR
(C;DNy 6 034 (s, MC Sn. './Huq.ng,- = )6_),347 Hz).
3 NMR (C5DoNL 8 ~3.31 (Me;Sn, Uenoning, = 384.3/
364.8 Hz). 1980 NMR (C5Ds sN)L & 6< 68 (111954 = 384.3 Ha).
4_5;('\4’\/&53 gy _(_Ll 'H NMR (CsDsN), §: 0.17 (s, 6 H.
M::Sn\ 2ys = 6.1 Hz): 032 (5. 18 H. Mc}SnN OIS
55. 9/33 5 Hz)y: 2.77 (s, 6 H., MeNSn. -/H"" gy =
45.3/43.6 Hz). 13C NMR (CsDsN), & —1.37 (Me;Sn,
oo S = 339.3/343.5 Hz): 1.07 (Me>SiNSn, lJgg =
6! 3 Hz. Acimg, = 3.5 Hz): 33.48 (MeN). 9Si NMR (C;D;N).

80 D4( j?ﬂsll)xbbn =238 HZ) U‘?bn NMR (C DSN) 3: 43.68
("egae = 3395 Ha) (_Ez_s_m,_,; 'H NMR (C DNy,
8:0.26 (5. 18 H. Me;Sn, JHn)/lhsn = 351.3/52.4 Hz): 3.10 (s, 6
H. MeNSnh, ‘/HI(’“S(I"JJ 0/313 HZ) UC NMR (C DN)
o —35.80 (MeSn, Hejnnizg, = 371.0/355.1 Hz): 38.84 (MeNSn,
J(‘H“Sﬂ = l7 1 Hzy. Y198n \J\AR(C D)I\C) a: $1.96 ( ./qunc =
371.0 Hz).

B. Analogousty, Me,SiNMeSaMe;); (14 (78%).
{Me;Sn)»S (91%). viide EizP=CMe(SnMe;) (135) (29%), and
the [EtyP™][Me;SnNMe]™ salt (38%) were obtained from a
solution of betaine 2 (0.24 g. 1.02 mmol) and (Me;Sn);NMe
(0.91 g, 2.54 mmol) in CsDsN (1 mL). Ylide 15 was prepared
by independent synthesis by mixing stoichiometric amounts of
Et;P=CHMe and (Me;Sn);NMe in C¢Dg in vacuo.
1-(Trimethylstannyl)ethylidene(triethyl)phosphorane (15).
'H NMR (CeDg), 6: 0.36 (s, 9 H. Me;ySn. 2/q10s, = 49.0 Hz);
0.88 (dt. 9 H, MeCH,P, 3Jyp = 15.4 Hz. 3Jyy = 7.7 Hz). 1.28
(dq. 6 H. MeC_j;i:P ZJHP = 10.4 Hz. SJHH = 77 HZ)I 2.02
(d 3 H, 1\1CC=P, EJHp = 194 Haz. 3"H”"Sn = 586 HZ)
3C NMR (C¢Dg). 8: —9.69 (d. P=CSn, 'Jep = 84.3 Hz,
“{C”q/”'"Sn = 5530/‘5282 Hz), -6.15 (d. Me_;Sn. chp = 1.7 Hz.
’Jc noisy = 323473089 Hz) .43 (d. MeCHyP. ep =

i HZ) 14.58 {d. MeC=P. ‘Jcp 1.0 HZ ‘JCH‘)/U Sn = {09/
88 Hz): 17.44 (d. MeCH.-P, l./(_p = 53.7 Hz. 3Jcp = 9.6 Hz).
NP NMR (CeDg). 8 25.43 (Jpnf),ms,, = 213.5/205.1 Hz).
”QSH NMR (C Dé) 3 12.68 (d. ./p|n,|[5n = 213.53 Haz.
Wimgae = 323.1 Hz, W) ugqc= = 553.0 H2).

Synthesis and isomerization of 2-methyl-3-triphenyl-
phosphonio-2-silabutane-2-thiolate, Ph;P*CHMeSiMe,;S™ (3a).
When a solution of PhyP=CHMe (6.35 g. 21.90 mmol) was
added 10 a solution of (MeySiS), (1.95 g, 21.67 mmol per
monomer unit) in benzene (60 mlL), two lavers formed. The
layers were separated and the solvent was removed in vacuo from
both portions. Solid vellow substances were obtained. According
tothe 'H, 13C, and 3'P NMR spectra in C¢D. the solid substance
from the upper laver contained ylide PhiP=C(Me)SiMe.SH
(16a) and betaine PhyP*CHMeSiMe,;S™ (3a) in a ratio of 62 : 38,
and the substance from the lower laver in CsD:N con-

tained compounds 16a and 3a in a ratio of 1.4 : 986,
PhiP=C{Me)SiMe,SH (16a). 'H NMR (C¢Dg). 8: 0.50 (s, 6 H,
Me,Siy; 2,18 (d. 3 H, MeC. ~JHP = 20.1 Hz): 7.05—8.06
(m. 13 H. Ar). BC NMR (C¢Dg), & 6.51 (d, Me,Si. Yep =
2.7 Hz): 15.93 (d. MeC. 2Jcp = 2.8 Hz): 3.38 (d. P=C, WJep =
94.9 Hz): 128.28 (d. C,,, *Jep = 11.0 Hz): 130.89 (d. C,. %Jcp =
2.6 Hz); 13229 (d. C,, "Jcp = 82.6 Hz): 13447 (d. C,,, Yep =
3.1 Ha). 3P NMR(C(,D(,) 8 21.18 (4/pg, = 29.8 Haz).

Isomerization of 2-methyl-1-triphenylphosphonio-2-sila-
propane-2-thiolate, Ph;P*CH,SiMe,;S™ (3b) (vacuum method).
The 29Si NMR spectrum of a solution of betaine 3b in THF-dy
has Signals at & 2.73 (d, :JSiP = 6.5 Hz), 2.17 (d. ZISip = 16.4
Hz), and 7.42 (d. 2s;p = 11.8 Hz) along with signals of 3b at
§ —~0.67 (d, z‘/SxP =63 HZJ

Isomerization of 2-pheny!- 1-triphenylphosphonio-2-silaprop-
ane-2-thiolate, Ph;P*CH,SiMePhS™ (3¢) (vacuom method).
The 'H and 13C NMR spectra of a solution of betaine 3¢ in
THF-dg have signals of betaine 3¢ and Ph;P=CHSiMePhSH
(16¢) in a ratio of 1 : 3.8. Q_rnp_o_u_mi_lﬁq lH NMR (THF-dg).
6. 0.26 (s. MeSx) 0.73 (d. P=CH, 2Jyp = 8.7 Hz). 13C NMR
(THF-dg), & 5.19 (d. MeSi, 3Jcp = 7.7 Hz): 2.08 (d, P= C
Yep =942 Hz) 12817 (d. PhyP—C,,. 3p = 11.5 Hz); 1332
{d. PhyP—C,, *Jcp = 9.9 Hz); l>0 61 {d. PhSi—Cj 3Jecp =
29 Hz), Other signals were not observed because they overlap
with signals of betaine 3¢.*

Reaction of betaine 3a with MeOD (vacuum method).
When betaine 3a (0.3 g, 0.79 mmol) was dissolved in
methanol-d; (2 mL), a moderately exothermic reaction pro-
ceeded. The color of the solution rapidlv changed tfrom bright-
orange to lemon-yeflow. According to the 'H, 3C. and
3IP NMR spectra measured after several hours. the color-
less solution contained Me,Si{OMe), (the vield was 30%)
and salts 18a. vig., [Ph;PTCH MelX™ (~30%; 8yp 25.03).
[Ph;P*CHDMelX™ (~30%: 831p 24.97). and [Ph;PT"CDyMe)X™
{(~40%: 831p 24.90), where X = HS™ or DS™.

Reaction of betaine 3b with MeOD (vacuum method).
When betaine 3b was dissolved in dry methanol-d,, a light-
yellow solution was obtained. This solution rurned colorless in
~45 min. According to the 'H. '3C, and 3'P NMR spectra. the
solution contained Me,Si(OMe); (50%). isopropyl(tripheny!)-
phosphonium thiolate, [PhyP"Me]X™, (18a) (-14%; 831p 21.22).
and products of its partial deuteration, viz., [Ph;P*CH,D}X".
(~14%: &yp 21.14), [Ph;PT"CHD,]X™ (~31%; dup 21.05). and
[PhaP*CD;]X™ (~41%:; 83:p 20.98), where X = HS™ or DS™.

Reaction of betaine la with MeOD in CsDsN (vacuum
method). A solution of betaine 1a (0.06 g, 0.15S mmol) ina | : |
CsDsN-—MeOD mixture was kept in a sealed NMR tube at
~20 ©C for 5 months. The course of the reaction was monitored
by 'H, '3C, and 3P NMR spectroscopy. After 24 h, 7 days,
70 davs. and 130 days. the conversion of the betaine was
38.7. 49.1, 82.7. and 100%, respectively, and the yield of
Me.Si{OMe), was <3, 9.7. 30, and 90%, respectively. The vield
of [Ph;PYCDMe,}SD™ (19a) was 96%. 2-Deuteroprop-
2-yKtriphenyl)phosphonium deuterothiolate (19a). 'H NMR
{(CsDsN—MeOD (1 : 1)). 8 1.49 (d, 6 H, CDMe,, Jpy =
18.7 Hz). '3C NMR (CsDsN—MeCD (1 : 1)), 5: 16.78
(d. CDMsy, ¥pc = 2.1 Hzy 2199 (di. CDMey, Wpe =
48.0 Hz; 'Jcp = 19.8 Hz). The signals in the aromatic region of
the NMR spectrum? and the signals of Me,Si(OMe); 32 corre-
spond to the literature data. Volatile products and the solvent
were removed in vacuo, and the residue was crystallized from
pyridine.

Reaction of betaine 2 with MeOD (vacuum method). No
changes were observed upon dissotution of betaine 2 (0.28 g,
1.19 mmol) in methanol-d,. According to the data of 'H, '’C
and 29Si NMR spectroscopy, the conversion of the initial
betaine was -56.3% and 106% after 3 and ~30 days. respec-
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Table 2. Principal crystallographic data for compound 5 and

salts 18a and 19a

Compound 5 18a 19a ¢
Formula CeHg048St [CapHxnP1™ - [CoyH:PYT -
-[SH|™ {SH|™- C5H;sN
M 174.29 3244 417.52
Crystal svstem  Ortho- Monociinic  Ortho-
rhombic rhombic
Space group Pnma C2/c Pnma
a/A 8.834(2) 14.162(3) 18.460(3)
b/A 73612 12.543(3) 18.850¢3)
c/A 13.454(2) 19.819(3) 13.338(D)
o/dey 90 90 90
B/deg 90 92.26{2) 90
y/deg 90 90 90
VA 874.9(3) 3518(D 4718(2)
V4 4 8 S
7/°C —~120¢2) -120(2) ~120(2)
dey/g cm ™3 1.323 1.225 1.176
Dmar/deg 2 25 23
Noet/ N e ® 994/980 32443056  2332/2488
(c f>2(1))
R, 0.033 0.054 0.068
wR, 0.107 0.100 0.202

@ Solvate with pyridine.

# Neq and N’ are the number of the measured refiectians
and the number of reflections used in the structure refinement.

respectively.

tivelv. The vields of Me,Si(OMe);, [EGPTCHDMe X (19b),
and {EGPTISHT, where X = HS™ or DS™, were 73%. ~93%
(331p 40.31), and ~3% (53 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 four-circle Siemens
P3/PC diffractometer (A{(Mo-Ka) radiation. graphite mono-
chromator, 8/28 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 1073 Torr 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 crystal of compound
19a. two pyridine molecules of solvation. which occupy special
positions on mirror planes, were revealed. Two SH™ anions also
occupy special positions on mirror planes. All hvdrogen atoms
of compounds § and 18a and the hydrogen atoms of the SH™
anions of compound 19a were located from the difference
Fourier syntheses and refined isotropicaily. 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
I1BM 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 2. The complete
tables of the bond lengths and bond angies. the atomic coordi-

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