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Heteroorganic betaines
4.* Photolysis and thermolysis of betaines
containing the "P—C—Si—S~ structural fragment
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Photolysis and thermal decomposition of betaines R;P—CR'R*—SiR3R*~S" (1) follows
two main pathways: (a) a Corey—Chaykovsky iype reaction with climination of PhyP and

generation ot silathiirane R'RIC—SiR*R*—S (2) and (b) a retro-Wittig type reaction
LR :

accompanied by elimination of R;P=CR!R? and gencration of silanethione RPRISi=S (3).
Highly reactive compounds 2 and 3 undergo subsequent transformations to give derivatives of
tetrahydro-1,4-dithia-2,5-disilin, 1.3-dithia-2 4-disilolane, and phosphonium salis of
symm-tetraorganodisilthiane dithiolates {Ph;P*CHR'RY],[(R3R*SiS™),S]. The structures of
the compounds obiained were established by X-ray diffraction analysis and multinuclear NMR
spectroscopy.
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The reaction of thiocarbonyl compounds with phos-
phorus vlides proceeds through the intermediate forma-
tion of betaines'—* and/or thiaphosphetanes.> The de-
composition of these intermediates can follow three
pathways: elimination of phosphine to give thiiranes6:’
(2 Corey—Chaykovsky type reaction) (a); dissociation
into the initial components® (a retro-Wittig type reac-
tion) {b); and elimination of phosphine thiooxide to give
olefins?-33~11 (a Wittig rype reaction) (¢) (Scheme ).

Previously, we reported the synthesis,? structure, 12
and reactions! of organosilicon-phosphorus betaines with
a thiolate center R';P*—CRIR3—SiR*R3—~S™. In this
study, we demonstrated that photo and thermal decom-
position of betaines of this type with phenyl groups at
the phosphorus atom** Ph;P*—CR!RI-SiR’R*-S7 (1)
follow pathways a and b/ with the intermediate
formation of silathiiranes R'R2C—SiRR*—S (2) and

L e ]

* For part 3, see Ref. }.

** The betaines Et;P"CHMeSiMe,S™ and Et;P*CHMeSiPh,S™
with alkyl groups at the phosphorus atom are distinguished by
high thermal stability: their spectral characteristics do not
change during storage of solutions of these compounds in
pyridine-ds or metastable solutions in benzene-dq for 12 years
at ~20 °C in secaled cvacuated tubes or on heating (1530 <C)
for 13 h.

silanethiones R3R*Si=S (3), respectively. The genera-
tion of silathiiranes by this method is the first example of
synthesis of organoelement compounds according to a
Corev—Chaykovsky type reaction.

Results and Discussion

Photodecomposition of betaines 1. UV irradiation
stimulates intramolecular S~ — P™ charge transfer. When
a suspension of Ph;P*CMeaSiMe,S87 (1a) in benzene is
exposed to the radiation of a medium-pressure mercury
lamp at 20 °C, the compound decomposes by the
Corey—Chaykovsky reaction pattern to give silathiirane
(2a) and Ph;P (Scheme 2).

Silathiirane 2a, like other sierically nonhindered
thiiranes of Group 14 elements!3—16 and unlike
the carbon analog, forms a cyclodimer, tetrahydro-
2.2,3,3,3,5,6,6~octamethyl-1,4-dithia-2,5-disilin (4a,
yield 57%) or undergoes other transformations.

The intermediate formation of silathiirane 2Za was
confirmed by trapping agents. For this purpose, photoly-
sis of 1a (suspension in C4Hy) in the presence of Me,CO
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-1-thia-4-sil-
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olane (5a), resuliing from the reaction of silathiirane 2a
with acetone, 2.2.4.4.5,5-hexamethyl-1.3-dithia-2.4-
disilolane (6a), and 2.2,3.3.4.4,5.5-octamethyl-1-thia-
2,5-disilolane (7a). Most likely, under heterogeneous
conditions, disilolane 6a is formed upon the reaction of
sifathitrane 2a with the starting la. Betaine 8a thus
formed decomposes to give predominantly Ph;P=CMe,
and 6a. A much smaller amount of 8a decomposes to
give Ph3yPS (yield ~14%) and thiadisilolane 7a. Com-
pound Ph;PS might arise from desulfurization of
silathiirane 2a 1o silaethylene 9a by the action of PhsP,
although we have not studied this decomposition route.

Uniike photolysis under heterogeneous conditions,
in the photolysis of ta in a pyridine solution, the
formation of disilolane 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 10 57%, while the vield of cyclodimer 4a
decreases to 24%.

The structure of tetrahydro-2,2,3,3,3,5,6.6-0cta-
methyl-1,4-dithia-2,5-disilin (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 previouslyl” for peroxide and ether molecules and
manifests itself as a distortion of the tetrahedral coordi-
nation of carbon atoms bound to oxygen. In molecule 4a
(Table 1), the C($)—-Si(1)—S(1) and C(1)—C(1)—S(1)

bond angles, occurring in the rrans-positions with re-
spect to the corresponding opposing bonds of the S
atom, decrease with respect to the ideal tetrahedral angle
(109.5°) to 102.35(4) and 104.64(6)°, respectively. The
ring has a nearly ideal chair conformation (the torsion
angles range from 60.4 to 61.7°).

Thermal decompeosition of betaines 1. Thermolysis of
betaines 1 under various conditions was studied in detail
using betaine 1a as an example. Heating solutions of 1a in

Fig. 1. General view of mofecule 4a.
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Table 1. Bond lengths (&) and bond angles (w) in the struc-
ture of 4a

Bond d/A Bond d/A
S(H—-C(hH 1.5606(9) Si(1)—C(3) 1.863(1)
S(H=Si(hH 2.1494(9) CH—-C(2) 134001
Sith—C(1)* 1.890¢1) C(hH—Ci3» 1.533¢1)
Si(h)—C(4) 1.863(1)

Angle w/deg Angle w/deg
CH—=S(H—Si(h  109.07(3) CB3—-C(H—C(2)Y 109.86(8)
CH—=Si(H—C(1)* 110.22(4) C(H—C(1)—S(1) 104.64(6)
C)—=SN—=C(1)" 110.38¢3) C(3H—C(H—=Sly  111.00&
Cd)—Si(H—C(3) 109.29(3) C)—-C(1H—Si(1)* 110.44(6)
COY=Si(H—S(t)y 110.02(3) C3)y—C(N—=SK1* 112.58(6)
C#)—Si(H—=S(1) 102.35(4)y  SIH=C(D--Si{H* 108.03(H
CIH—=Si(1H—Si1y  114.2%H

*ox,my o+t 20—

CsDsN above 80 °C brings about a dark-claret color,
typical of phosphorus ylide, whose formation was de-
tected by NMR spectroscopy. In the presence of an
equivalent amount of Ph,CO, the reaction carried out for
10 min at 100 °C gives 1,l-dimethyl-2.2-diphenylethylene
and Ph;PO in a vield of 53% with respect to the theoreti-
cal yield. This indicates that decomposition of la: in
solution follows a retro-Wittig type pathway (Scheme 3).

Scheme 3

P
==

PhyP~"—CMe,—SiMe,—S~

1a
== PhP=CMe, + [Me,5i=S]
| Ph,c=0 3a
v
Ph,C=CMe, PhP=0

An increase in the solution temperature shifts the
equilibrium to the right (see Scheme 3). When betaine
fa is dissolved in CsDsN at room temperature, the 'H,
3C, 19Si, and 3'P NMR spectra of the solution exhibit
only the signals due to the starting betaine. After heating
of this solution (90 °C. ~30 min) in the NMR spectrom-

eter probe. doublets at § 2.00 (3Jpy = 16.3 Hz) and
3 20.9 (M4 = 13.6 Hz), characteristic of the Me groups
in PhyP=CMe,, appear in the 'H and *C NMR spectra
and a singlet at § 10 appears in the 3P NMR spectrum.
All signals corresponding to phosphorus vlide are broad-
ened. The la : PhyP=CMe, molar ratio is 0.8 : 1. When
the temperature decreases to 50 °C, the ratio increases 1o
2.9 : 1, while subsequent repeated heating to 73 °C
diminishes this ratio to 1.46 : 1. The 'H and #’Si 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-Wittig
reactton routes. The ratio of the two processes depends
on the temperature. This is confirmed by pyrolysis of 1a
in alcohol. Betaine la is fairly stable with respect to
alcohols; it can be recrystallized from hot methanol or
ethanol.* However. keeping its solution in ethanol at
150 °C for 4 h gives rise to 2,3-dimethyl-3-ethoxy-3-
silabutane-2-thiol (10a) and Me,Si(OEt); in 1 : | ratio
as well as to Ph;P and 11a in the same ratio (Scheme 4).

Evidently, the arising silathtirane 2a and stlanethione
3a immediately react with ethanol to give silylated mer-
captan 10a and Me,Si(OEt);. 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 °C (the 10a : Me,;Si{OEt), molar ratio is 3 : I).

In the pyrotvsis of fa (150 °C) in a suspension in
benzene, in a melt. or in a pyridine solution, the yield of
disilolane 6éa amounts to 30—48%, while the yield of
cyclodimer 4a does not exceed 12%. Decomposi-
tion of betaines Ph;P7CMe,SiMePhS™ (1b) and
Ph.PTCHMeSiMe,S™ (1¢) in benzene follows a similar
route. The yields of 2,4,5.5-tetramethyl-2.4-diphenyl-
1,3-dithia-2.,4-disilolane (6b) and 2,2.4,4,5-pentamethyl-
1,3-dithia-2,4-disilolane (6¢) are 78 and 46%, respec-
tively.

In alt cases, silanethiones [R3R*Si=S] (3) and vlides
Ph;P=CRI!R? formed upon pyrolysis of betaines 1
undergo further transformations, resulting in the
phosphonium symm-tetraorganodisilthianedithiolates
[Ph;P*CHRIRZ},[(R'R2SiS™),S] (12). For instance, a

Scheme 4
Ph_p+ i - L ; —Si B0, Me,Si—CMe,—SH
h,Pr—CMe ,—SiMe,—S — Ph,P + MeZC\ /SnMez ——— e, ll—- e,—
1a OEt
n 2a 10a
— . . E1OH . . -
Ph,P =CMe, + [Me,Si=§] ——— Me,Si(OEt), + [Ph;P*—CHMe,|SH

3a

tia
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S(2)

Fig. 2. General view of salt [3a with a solvation pyridine molecuie.

S(3)

foam-like highly voluminous yellowish substance 12a,

and highly broadened

signals due to

the an-

readily decomposing in air, was isolated upon the py-
rolysis of betaine 1la. The NMR spectra of compound
12a in CsDsN exhibit signals for the [Ph;PTCHMe;]
cation with a markedly broadened wmulti-
plet for the CH protons (‘H NMR spectrum)

jonic moiety at about 0.8—1.1 ppm (‘H NMRj,
-14 ppm (3C NMR). and ~11 ppm (2%Si NMR).
Methanolysis of 12a yields equimolar amounts of
[Ph;PY*CHMe;]SH™ (11a) and Me,Si(OMe),; treatment
with phosphorus ylide Et;P=CHMe (which is more

Table 2. Bond lengths (d) and bond angles {w) in the structure of 13a

Bond d/A Bond d/A Bond d/A Bond d/A
S(H—Si(hH) 2.176(2)  P(2)—C(13) 1.805(4)  N(H—C(21) 1.332¢1) C(15)—C(l6) 1.534(6)
S{H—Si(2) 2.1802)  P(QQ)—-C(1D 1.796(4)  N(H—C(25) £.319(9) C(1n—C(18) 1.326(6)
S(2)--Si(h) 205352y P()—-CO17) 1.802(4)  C(5)—C(6) 1.515¢6) C(19)—C(20) 1.526(5)
S(3)~Si(2) 20512y PY—C(19) 1.792(3) C(MH—C(8) 1.540¢6) C(21H—C(22) 1.345(11)
P(H)—C(5) 1.795(4)  SihH—C(ty 1.886(4) C(NH—C(10) 1.500(7) C(22)—C(23) 1.398(11)
P(H—C(D 1.806(4)  Si(1)—C(2) 1.873(5) CUnN—-C(12) 1.491(6) C(23)—C(29 1.379(10)
P(H—-C(9 P8II(3)  S2)—C(I) 1.878(5) C(13)—C(14) 1.523(6) C(24)—C(25) 1.334(9)
P(H—C(11) 1.797¢(4)  Si(2)--C(4) 1.883(4)

Angle w/deg Angle w/deg Angle w/deg Angle w/deg
SHH—=S(H—Si2y 117.32(5)  CUN—-PD—-C(13) 1111 C(3)—Si(2)—~S(1) 108.6{2) CUH—-CI3H—P(2) 113.3(3)
C(H—P(1)—C(7) 109.3(2) CUN—P2)—C(13) 111.7(D C(3H)—Si(H—S(3y 1472y CUe)—-CUNH—=P(2) 116.1(3)
C(5H—P(1H—C(9) 106.9(2) C19)—P2)—~C(17) 107.3(2) C(H—SH)—S(!)  108.6(2) C(18)—C(1T)—P(2) 114.0(3)
CH—P(MH—C(11) 112.6() C(H=Si(H=S() 109.3(2) C(H)—Si{H—S(3)  114.3(2y  CMOH—-C(I9H—P(2) 116.0(3)
C(H—P(1)—C(9 110.3(2) C(H=Si(1--S(2) 113.5(2) S(H—Si(2)—=S(1)  105.30(7) N(H—CRDH—-C(22) 124.7(3)
CUN—P(H—C(7y 112.2(2) C()=-Si(H—S(1)y  109.0(2) CQ2H—N(—-C2DH 115.1(7y CQH~-CR22H—C(23) 119.48)
COID—P(1H—C(9) 104.9(2) C(—SiH—S(2) 151D CEOH—-C(3)—P(1y  114.1(3) CaA)—C(23)—C(22) 113.5(7)
C(15)—P(2)—C(13) 105.6(2) C(2)—-Si(H—C(1) 104.8(2) C8)—C(N—P(1) 11543) C(25)—C(24)—C(23) 120.3(7)
CU135)—P(2)—C(17) 109.9(2) S(D—Si(NH=S(1) 105137y CUH~=CH—P(1) 113.2(4) N(D—C(25)—C(24) 125U
C(IND~—-P(2)—C(13) 107.2(2) C(3H—-Si()—C(4) 105.2(D> C(I2)—C(IDH—P(D) 116.6(3)
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basic than Ph;P=CMe,) gave rise to the crystaliine
sait [EtyP¥]5]~S—SiMe;—S—SiMe,—~S7] (13a) and
Ph;P=CMe, in 1 : | ratio as the major products.

The structure of 13a was established by X-ray dif-
fraction analysis (Fig. 2). According to X-ray diffraction
data (Table 2), the (Me,SiS7),S dianion in 13a has a
nearly planar W conformation. The Si—S distances are
2.140(2) and 2.141(2) A, which s in good agreement
with the statistical mean value,8 cqual to 2.145 A. The
terminal Si—S™ bonds (2.051(2) and 2.055 A) are some-
what shorter than the single Si—S bond but tonger than
the Si—S™ bond in betaines 1.12

In addition to the signals due to the Et,P* cation.
the NMR spectra of 13a exhibit singlets at 1.17 ppm
(*H NMR), 14.45 ppm (B3C NMR. Jcg; = 53.2 Hz), and
11.68 ppm (29Si NMR) due to the (Me,Si$™),S dianion.

The results obtained strongly indicate that the starting
salt 12a has the structure {Ph;P~"CHMe,},{(Me,SiS™),S].
The reactions of this compound with methanol and
Et;P=CHMe are presented in Scheme 5.

Scheme 3

2 [PhyP"CHMe,JSH™  +
t1a

2 Me,Si(OMe),

MeOQH

Me, Me,

Sic__Sic
[Ph,P~CHMe,l, | -S> s s

12a

Et,P=CHMe

~ /Si\S/Si\S,

Me, Me,
PhyP=CMe, + [EgP*}J S

13a

The substantial broadening of the resonance signals
of the dianion of salt 12a in the 'H, 13C, and 293 NMR
spectra is apparently due to reversible deprotonation of
the PhyPTCHMe, 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 {Ph;P"CHMe,|Br™ to a solu-
tion of salt 13a in pyridine, the relatively narrow singlet
of the (Me,SiS™),S dianion and the multiplet of the CH
group in the Ph;P"CHMe, cation in the 'H NMR
spectrum are broadened and look like those in the
corresponding spectrum of 12a. Deprotonation of the
Ph;P*CHMe, cation of 12a with transter of the proton
to the thiolate center is similar to that observed previ-
ously!? in the reaction of CS, with phosphorus ylides.

Thermolysis of betaine 1a, prepared in the presence
of LiBr? gives disilolune 6a (22%) and the salt

Scheme 6

Me, Me,
S SN
) S S e
Ph,P*CHMe, Ph,;P*CHMe,
12a

Me, Me,
iy /5'\8_

=== HS S +  Ph;P=CMe,
PhaP"CHMe,

i

+ PhyP CHMe,
M82

HS/Si\S‘

PhyP™—CMe,~SiMe,—S~

1a

LiS—SiMe,—S—SiMe,—SLi (46%). In solutions of this
salt, contact 10n pairs are apparently formed, in which
the negative charge on the sulfur atoms decreases due to
strong interaction with the lithium cations. Conse-
quently, the ability of the dianion to deprotonate the
PhiP*CHMe, cations decreases and the rate of proton
exchange also decreases. This shows itself as sharp sig-
nals in the 'H and !3C NMR spectra of the dianionic
moiety of the molecule (unlike the broadened signals in
the spectrum of phosphontum salt 12a).

When pathways to sait 12a are considered, the main
question is what is the source of the proton. To
clarify this point, sclectively deuterated betaines
Ph;P"CMe,Si{CD5),S™ (1a7). PhyP*C(CD3)>SiMe,S™
(ta”), and PhyP™C(CD1),SHCD;),S™ (1a”) were syn-
thesized and thermal decomposition of compounds
la—1a”" was studied under strictly identical temperature
conditions.

When either nondeuterated betaine la is pyvrolyzed in
pyridine-dsg or selectively deuterated analogs-d, 1a” and
1a” are pyrolyzed in nondeuterated, pyridine. phospho-
nium cations of the resulting salts 12a contain both
protium and deuterium. The same result is obtained in
the pyrolysis of betaine-d;, 1a™ in pyridine-ds. It fol-
lows from the ratio of nondeutcrated and deuterated
phosphonium cations (Table 3) that both pyridine and
all the substituents in betaine 1a 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 Ph;P=CMe,
has been noted previously.2® The methyl groups at the
silicon atom are deprotonated to the greatest extent. The
enhanced acidity of the MeSi groups was demon-
strated?¥22 by performing reactions of various methyl-
sifanes with RLi.

The thermolysis (150 °C, 5 h, suspension in CgHyg)
of betaine Ph3P*CMe,SiMePhS™ (Ib), containing
only one Me group at the silicon atom, gives salt
{Ph;y PP}, {(MePhSiS™),8] (12b) in a yield not exceed-
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Table 3. Ratio of the Ph;P"CHMe, and Ph;P"CDMe cations
formed upon thermal decomposition* of betaines 1a, 1a’, 1a”,
and 12 in CsD35N and C:HsN (in parentheses)

Relative vield (%)

PhyP*CHMe, PhyP*CDMe,

Betaine

Ph;P*CMe,SiMe,S™ (1a) 64 (100) 36 (0)
Ph;PTCMe,Si(CDy),S™ (1a) 35 (5T) 65 (43)
PhyP™C(CD;);SiMe,>S™ (1a”) 46 (38) 54 (42)
Ph3P*C(CD1)-SIHCD;)-S™ (1a™) 36 64

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

ing 4%, whereas salt [Ph3P*Pri},[(MeBzSiS™),S] (12d)
is formed in a vield of up to 50% even during the
synthesis? (20 °C) of the betaine Ph;P*CMe,SiMeBzS™
(1d), containing a benzyl group at the silicon atom,
which is more acidic than the Me group. These results
confirm the importance of the acidiiy of the substituents
at silicon for the formation of salts 12.

The betaine PhyPTCHMeSiMe,S™ (1c) contains
an “acidic” hydrogen atom in the «-position
to the phosphonium center; the vield of salt
[Ph;PEt}»[(Me;SiS7),S) (12¢) formed upon its ther-
molysis (150 °C, 3 h, suspension in CgH,) increases 1o
49%, whereas in the case of betaine la, the vield of 12a
does not excesd 35%. The NMR spectra of compound
12¢ exhibit rather sharp signals for both cationic and
anionic moieties of the molecule.

Pyrolysis of betaine 14 (150 °C, 5 h, suspension in
CgHg) gives, according to NMR spectra, ~70% of salt
12¢ and 5.5% of disilolane 6c¢c. 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 formation 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 1a. 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-hexamethyvl-2,4,6-trisila-3,5-
dithiaoctane-7-triphenyiphosphonio-2-thiolate (15)
{Scheme 8). The phosphorus vlide arising simultaneously
with silanethione 3a can cieave any Si—S bond in
molecule 15. The attacks on the Si{4)—S(3) and
Si(2)—S(3) bonds lead to the same products, a pair of
betaines (1a and 16). while the attack on the SH6)—S(3)
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 Ph;P=CMe,
at the Si—S bonds. Thus, saft 19 should be the final
product of thermal decomposition of betaine la. The
dianions [SiMe,S,}?7, which are strong nucleophiles,
are able to cleave the fairlv labile C—Si bond in
(PhyP"CMe,),SiMe, thus making the interconversion
16 + Ph;P=CMe == I9 reversible. Since all the steps
in the set of equilibria shown in Scheme & 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 controiled by their thermodynamic stability. It is
evident that the [SiMe:SZ]z’ dianion can efficiently trap
the short-lived silanethiones Me,Si=S (2a), arising upon
the retro-Wittig decomposition of betaine 1a. to give the
dithiolate anions (Me,Si87),S.

During thermal decomposition, the Phi;P=CMe,
formed acts as a deprotonating reagent with respect to
la and the solvent. These deprotonation reactions giving
rise to Ph;PTCHMe, cations are irreversible because the
carbamons thus formed rapidly enter into subsequent
reactions. Thus, the greater part of PhyP=CMe,, result-
ing from the retro-Wittig decomposition pathway, comes
out during the pvrolysis as PhyP*CHMe,, which is the
reason why the set of equitibria (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 spec-
trometer operating at 360 MHz 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 NMR spectra and the signals of the

Scheme 7
n Ph,P*—CHMe—~SiMe,—S—SiMe,~S~ -4+  PhP + MeHC—SiMe,
14 S_ .S
Si
Me, Me, / \ / Me,
eSS 6c
S S S
Ph,PEL Ph,P*Et n PhyP™—CHMe—~SiMe,—S~  + (Me,SiS),

12¢

1c
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Note. a. Attack of the Si(6)~S(5) bond by phosphorus ylide: 4. Attack of the Si{4)—S(3) bond by phosphorus ylide: ¢. Attack of the

Si(4)—-S(3) bond by phosphorus ylide.

13C nuclei of the deuterated solvents were used as internal
standards in 13C NMR spectra (CDy: 7.25 ('H) and
128 (3C) ppm: CsDsN: 871 ('H) and 139 (3C) ppm).
Tetramethylisilane and 80% aqueous H;POy, respectively, were
used as external standards for 29Si and *'P NMR spectroscopy.

Mass spectra were recorded on a Varian MAT 44-5 spec-
trometer. GC/MS analysis was carried out on a Varian
MAT-112S mass spectrometer (El, 70 ¢V) connected to a
Varian 3700 gas chromarograph (a 60-m DB-1 column, tem-
perature range 40—230 °C) and on an Engine HP GS-MS
instrument. GLC analysis was performed on an LKhM-80
instrument with a heat-conductivity detector (a |-m long col-
umn 3 mm in diameter, Chromosorb G, silanized 5% SE-30.
helium as the carrier gas, column temperature 50290 °C).

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 (1073 Torr). The reactions were
performed in seamless vessels using the compartments and tubes
breaking technique. The synthesis and NMR spectral parameters
of betaines 1a—d and 14 were described previously.! Procedures
proposed for nondeuterated analogs were used to prepare
(CD4),8iC1,, 2324 [(CD;3),SiS],,25 PhyP*CH(CD;),Br",26 and
PhyP=C(CD3), %7 from commercial CD;l or (CD;),CO
{Merck). Betaines 1la—a’™” were synthesized by procedures de-
scribed previously.

3-Methyl-2-trideuteriomethyl-3-triphenylphos-
phonio-1,1,1-trideuteriomethyl-2-silabutane 2-thiolate,
PhyP*CMe;Si(CD3),;S™ (1a’), was prepared by mixing
PhP=CMe, (5.74 g, 18.88 mmol) with ((CD3),SiS}, (1.87 g,

19.47 mmol of the monomer units {CD;);SiS) in 30 mL of

ELO. Yield 6.87 g (91.0%). According to the data of the

'H NMR spectra, the degree of deuteration at the SitCDj),
groups was at feast 99.8%.

4.,4,4-Trideuterio-2-methyl-2-trideatertomethyl-3-triphenyi-
phosphonio-2-sitabutane 2-thiolate, PhsP*C(CD3);SiMe;8™
{1a”), was prepared from PhyP=C(CD5), (3.43 g, 11.] mmol)
and (Me,SiS), (1.00 g, 11.1 mmol of Me,SiS units) in 30 mL of
CeHq. Yield 3.47 ¢ (78.3%). According to 'H NMR spectra, the
degree of deuteration in refation to C(CD5), was 299%.

1,1,1,4,4, 4-Hexadeuterio-2,3-di{trideuterio-
methyl)-3-triphenylphosphonio-2-silabutane 2-thiolate,
PhaP*C(CD;3),Si(CDy),S™ (1a””), was prepared from
Ph:P=C(CD;); (1.35 g, 44 mmol) and [(CD;),SiS], (0.6 g,
6 mmo! of (CD;),SiS units) in 20 mL of CcH, Yield
1.53 g (86.4%).

According to the data of '"H NMR spectra, the degree of
deuteration relative to the C(CD5), groups was 298.1%: that
relative to the Si(CD,), groups was 299.8%.

Photolysis of betaine 1a in CgHg. A suspension of betaine
12 (4.73 g, 120.1 mmol) in C,H¢ (60 mL) was irradiated for
13 h at ~20 °C with a2 medium-pressure mercury lamp in a
quartz reactor with a magnetic stirrer. The resulting homoge-
neous sotution was concentrated at 20 °C (1 Torr). Pentane
{50 mbL) was added to the oily residue and the precipitate was
filtered off and thrown away. The pentane was removed from
the filtrate at 20 °C (1 Torr). Three rectystallizations of the
residue (—20 °C) from hexane gave ietrahydro-2.2,3,3.5.5,6.6-
octamethyl-1,4-dithia-2.3-disilin (4a) (0.6 g, 38%). m.p. 142—
143 °C. Found (%): C, 45.39; H., 9.14; S, 24.24; Si, 21.23.
CigH248,S1y. Calculated (%): C. 45.21; H, 9.32: S, 24.06;
Si, 21.45. '"H NMR (C¢Dy), 8: 0.38 (s, 6 H, Me,Si); 1.46 (s,
6 H, Me>C). 13C NMR (CgDyg, 8): —1.30 (s, MexSi, 'Veg =
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326 Hz); 2880 (s, Me,CO); 3054 (s. Me,0). 98§ NMR
(CyDy, 8): +13.05.

Photolysis of betaine 1a in C,D,: NMR monitoring. Ac-
cording to 'H, 13C, and *'P NMR spectra, the reaction mixture
obtained after irradiation (for 2 h) of a suspension of betaine Ia
(0.32 g. 0.81 mmol) in 3 mbL of C4D¢ under the conditions
described above contained PhP (vield 72%). PhPS (yield
14%), silathiirane dimer 4a (yield 37%). and 2,2,4,4.5,5-
hexamethyl-1,3-dithia-2.4-disilolane (62) (yield 27%). Com-
pound 6a. 'H NMR (C¢Dyg), &: 0.39 (s, 6 H, Me;Si); 0.6 (s.
6 H, Me,Si): 1.46 (s, 6 H, Me,C). BC NMR (C¢Dy), 50 —0.66
(Me,Si); 7.32 (Me,Si); 28.07 (Me,(): 39.87 (Me,C). PSi NMR
(CeDg). 8: 32.29 (Me,Si); 3512 (Me,Si).

Photolysis of betaine 1a in C4Hy in the presence of Me,CO:
GC/MS wmonitoring. A suspension of betaine la (3.32 g,
8.43 mmol) in a mixiure of benzene (60 ml) with acetone
(5.06 g, 87.2 mmol) was irradiated for 9 h as described above
until the betaine entirely dissolved. The volatile products were
condensed in a Schienk tube at a temperature of up to 90 °C
(1 Torr) and analyzed using an Engine HP GS-MS spectrom-
eter (a 30-m column, DB-3 phase. temperature 40-300 °C,
column heating rate 7 K min™!, El, 70 eV). The main products
detected in the mixture were 2,2.4.4,3,5-hexamethyl-3-oxa-1-
thia-4-silolane (5a) (13.82 min), m/z (/;o(%)): 192 {M™ + 2]
(1.5), 191 (MF + 1] (2.5), 190 {M™} (16), 173 [M* — 15} (1),
134 [M™ — 56} (10). 133 [M™ = 57] (100), 115 [M™ — 75} (9.5),
T5(MT — 115] (14). 61 (8.5), 57 (9); disilolane 6a (17.06 min).
mfz (I(58)). 224 (M7 + 2] (1.5), 223 [M*™ + 1] (8.9), 222
{M™] (22), 207 [M™ - 3] (12). 180 [M* — 44] (14, 165
[MT = 57] (100), 133 [M™ — 89} (11). 92 (12). 73 (57), 39 (19);
compound 7a (18.73 min), m/c {1 (%)): 234 [M™ + 2] (2). 233
[M* + 1] (3.5). 232 [M*] (17.5), 217 [M* ~ 15] (4), 190
[M™ — 42} (2). 175 {M* = 371 (4.3), 161 [M™ — 71] (21). 149
[M*™ = 83] (100), 133 {M™ = 99 (7). 111 (3). 99 (4). 85 (3.5,
73 (44), 39 (19); compound 42 (22.64 min), m/ ({,.{%)): 266
[M* 4+ 2] (3.5), 265 [M™ + 1] (7), 264 [M™] (29, 22]
{M™ ~ 43] (63), 207 {M™ — 373 (6). 190 [M™ — 74} (14). 173
[M™ — 89] (73), 165 [M* — 99] (38), 147 [M™ — 117} (65), 133
(1), 117 (5.9). 100 (40). 85 (42), 84 (38), 75 (42.5), 73
(100), 39 (67).

Photolysis of betaine la in C;DsN: NMR monitoring.
According to 'H and 1P NMR spectra. the reaction mixture
obtained after irradiation (12 h) of a suspension of betaine la
(0.36 g, 0.91 mmol) in 2.3 mL of CsDsN under the conditions
described previously contained PhsP (yield 90%), Ph3PS (yield
4%), silathiirane dimer 4a (vield 24%). and heterocycle 6a
(vield 537%).

Decomposition of betaine 1a according to the retro-Wittig
reaction pathway: reaction with benzophenone (vacuum method).

(0.12 g, 0.63 mmol) in C;DsN (0.8 mL) was heated for 10 min
at 100 °C in a sealed NMR tube. The mixture colored first dark
claret and gradually turned yellow. According to 'H. 1°C, and
1P NMR spectra and to GLC, the solution contained PhyPO
and Ph,C=CMe,. The vield of the compounds was 53% of the
theoretical vield.

Decomposition of betaine 1a according to the retro-Wittig
reaction pathway: NMR monitoring (vacnum methed). Accord-
ing 10 'H, 13C. and 3P NMR spectra. a freshly prepared
solution of betaine 1a (60 mg) in CsD;N (0.8 mL) contained at
25 °C only betaine 1a. After heating in the NMR probe at 90 °C
for ~30 min, the solution contained 1a and Ph;P=CMe; in
0.8:1 ratio and (Me,SiS),, PhiP, and isopropyltriphenyl-
phasphonium symm-tetramethyldisilthianedithiolate (12a). The
subsequent lowering of the probe temperature to 30 °C and
keeping the same sample at 50 °C for 40 min resulted in 1a and

Ph;P=CMe, in 2.9 © 1 rmtio; after subsequent heating of the
probe to 75 °C and keeping the sample for 40 min at this
temperature. the ratio of these products was .46 © I
PhyP=CMe,. 'H NMR {CD35N), 5: 2.00 (br.d, MeyC. Jpp=
16.5 Hz). The 'H and "’C NMR specira of (Me,S$iS), and the
13C and 3'P NMR spectra of Ph;P=CMe; correspond to the
published data,28-3¢

Thermolysis of betaine 1a in EtOH: NMR experiment
(vacuum method). 4. A solution of la (0.18 g, 0.46 mmol) in
ethanol (1.8 mL) was heated for 4 h at 150 °C in a sealed
8-mm NMR tube. According to the 'H. Y3C. ¥Si, and
3P NMR spectra and GC/MS data, the solution contained
rasidual 1a (1%), 1-[dimethyl{ethoxy)silyl]- I -methylethanethiol,
Me,Si{OENCMe,SH, 10a (48%), Me,Si(OEl), (48%). Ph;P
(43%), {PhyPTCHMe,|SH™ (45%), and Ph;PS (9%).

B. According to 'H, *C, 2%Si, and *'P NMR spectra,
heating solution ta (0.2 g, 0.55 mmol) in EtOH (1.8 mL) in a
sealed 8-mm NMR tube at 245 °C for 5 min gives 1a (10%),
mercaptan 102 (67%). Me,Si(OEt), (23%). PhyP (89%).
[Ph;P*CHMe,ISH™ (1%), and PhyPS (9%).

Silancthiol 10a. 'H NMR (EtOH. C,Dy as the external
standard), 8: 0.70 (s, 6 H, Me,Si, 2Jyg; = 6.0 Hz): 1.83 (s, 6 H,
Me;C); 4.28 (q, 2 H. OCH,); the signals of the CH;CH,0
group are covered by the solvent signals. ’°C NMR (FiOH,
C¢Dy as the external standard), &: —5.19 (MesSi. *eg =
69.5 Hz), 18.48 (CH;CH;0): 27.90 (Me.C): 28.64 (Me,O):
57.71 (CH>0). 29Si NMR (EtOH, C¢Dy, as the external stan-
dard), 3: 14.09. MS, m/z (J,(%)): 178 [M}T (9), 163 [M™ - 13]
(9), 133 [M™ — OEt| (D). 103, Me,SiOEt™ (100), 91, Me,SiSH™
(9). 75 {M™* — 103] (84). 73, Me;Si (11

Me,Si(QED,. 'H NMR (EtOH. C(Dj as the external stan-
dard), 3 0.61 (s, 6 H. Me,Si, 2/yq;= 7.1 Hz), 157 (1, 6 H.
CH;CH,0, 3y = 7.0 H2): 4.27 (g, 4 H. CH,0, ‘Yyy =
7.0 Hz). 3C NMR (EtOH, C¢Dy¢ as the external standard),
3 =337 (MesSi, Ues;i= 73.5 Hz): 18.51 (CH;CH,0); 38.41
(CH-0). ¥Si NMR (EtOH, C¢Dyg as the external standard),
& —3.44.

Thermolysis of betaines 1a and 1c in benzene. Heating
(150-—-155 °C) a suspension of Ia (874 g. 22.2 mmol) in
benzene (30 mL) for 3—6 h in a sealed evacuated tube resulted
in the formation of two liquid layers. The upper layer was
colored dark veliow and the lower layer was claret-yellow-
colored. All the volatile products from the upper laver 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 °C (15 Torr). Found (%): C, 37.59; H, 8.04;
S. 28.74; Si, 25.73. C;H4S,Si;. Caleufuted (%): C, 37.78;
H, $.15: S, 28.82; Si, 25.25. Mass and 'H. '3C, and 9Si NMR
spectra of the product were identical 1o 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 (1 Torr). Ajl the volatile products were removed
at 20—25 °C (0.0 Torr) for 3—6 h to give 1.18 g (13.0%
(w/w) relative to the 1a taken) of isopropyltriphenylphosphonium
symm-tetramethyldisilthianedithiolate 12a as a solid foamed
voluminous, shightly 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
(brs, Me;Si). 3C NMR (C5D;sN), 8: 11.0—-13.0 (br.s, Me,Si).
BSi NMR (C5DsN), 8; 13—15 (brs). The NMR spectra of the
Ph;P*CHMe, cation correspond to published data.?%:30

Thermolysis of betaine e (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-pentamethyi-1,3-dithia-2,4-disilolane 6¢, b.p. 54 °C
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(1 Torr), np2® 1.5174. Found (%): C, 34.21; H, 7.86: S, 30.62.
CeH 45,5815, Calculated (%) C, 34.37. H, 7.74; S, 30.76.
"H NMR (CDyg). 6: 0.33. 0.36 (both s, each 3 H, nonequivalent
Me,Si): 0.57, 0.59 (both s, each 3 H, nonequivalent Me,Si);
1.32 (d. 3 H, MeCH, *Jyyy= 7.5 Hz); 2.35 (g. | H. MeCH,
EJHHZ 7.5 Haz). 3C NMR ((,(,D(.,) 6 —0.76, —0.47 (non-
equivalent Me,Si): 6.69. 7.87 (nonequivaient Me,Si); 19.36
(MeCH); 29.29 (MeCH). 9Si NMR (C¢Dy), & 33.10. 37.25
(both s. Me,Si). From the lower layer, 1.29 g of ethyltn-
phenylphosphonium symm-tetramethvldisilthianedithiolate 12¢
(11.7%) was isolated. 'H NMR (CsDsN), & 0.97 (s, Me,Si.
‘ICSi = 6.5 Hz). 3C NMR (C:‘D:}N). 3 1131 (s, MezSi, ‘ICSi =
33.5 Hz). The NMR spectra of the Ph;PTCH,Me cation corre-
spond to the published data 2930

Thermolysis of betaine 1a without a solvent: NMR experi-
ment. Thermal decomposition (130 >C. 4 h) of betaine la
(0.1 2) in a 5-mm NMR tube sealed under argon was accompa-
nied by melting of the compound and the appearance of a dark-
claret color, whose intensity gradually decreased. After ~0.5 h,
two lavers formed; the upper layer was stighily yellowish and the
lower laver was red. The tube was cooled down and opened
under argon, and 0.8 mL of C:DsN was added. According to
'H. 13C, Si, and *'P NMR spectra, the following products
were obtained (yield (mol.%)). 4a (5), 6a (18). PhsP (47),
Ph;PS (6), and 12a (20). The seccond experiment was carried
out in a similar way. After opening of the tube, a sotution of
methanol (0.2 mL) in C,Dg (0.6 mL) was added. According to
NMR spectra, the reaction mixture contained Me,Si{OMe),
(68%) and Me,Si(OMe)CMe,SH (17%), as well as Ph;PS
(5%). PhyP (43%). and Ph:P"CHMe,SH™ (11a) (42%).

Thermolysis of betaine 1a in pyridine-d; (150 °C): NMR
monitoring (vacuum method). A solution of betaine 1a (0.1 g) in
Py-d; was heated for 5 h at 1530 °C in a 3-mm NMR tube.
According to 'H, "C, and 3'P NMR spectra, the solution
contained Ph;PS. Ph;P, disilolane 6a, and salt 12a (47% of the
theoretical yield) with the Ph;P*CHMe, and Ph3P"CDMe,
cations in | © 44 1 23.5 : 25 molar ratio.

Thermolysis of betaines la, 1b, lc, and 14 in benzene:
NMR experiment (vacuum method). A suspension of betaine
{0.7—1 mmol) in C¢Dy (0.8 mL) was heated for 5 h at 150 °C
ina S-mm NMR tube; the mixture separated into lavers. To
determine the product yield, NMR spectra of the upper laver
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 sotution were re-
corded once again. Analysis of both scts of NMR spectra
showed that the reaction mixture contained silathiirane dimers 4,
disilolanes 6, Ph;P, and salts {Ph;P"CHRIR2[,{(R*R*SiS7),S]
(12). After methanolysis, the reaction mixtures contained
R3IR1Si(OMe),, silanethiols RZR4Si(OMe)CR!'R2SH, Ph;P, and
salts [PhyP"CHR!RSH™ (11). The following products were
obtained (yield {mol. %)): from la: disilin 4a (6.0), disilolane
6a (24), PhyP (56), Ph;PS (5). and salt 12a (17.5); from 1b: 4b
(0), 2,4,5,5-tetramethyl-2 4-diphenyl- 1, 3-dithia-2.4-disilolane
(6h) (39), PhiP (78.3), PhyPS (2.3), and isopropylirniphenyl-
phosphonium symm-dimethyldiphenyldisilthianedithiolate (12h)
(2.0); for 1¢: disilolane éc (23), PhyP (44), Ph;PS (3), and salt

12¢ (24.5). The following products were isolated in the case of

14 (mol. %): (Me,SiS); (33), disilolane 6¢ (5.5), PhyP (23.3).
and salt 12¢ (33).

Disilolane 6b. 'H NMR (C¢Dg). 8 (since 6b contains two
chiral St atoms and exists as a mixture of two pairs of enanti-
omers, all the signals in the 'H. 1°C. and 29Si NMR spectra are
doubled): 0.75, 0.80 (both s, each 3 H, MeSi); 0.91. 098
(both s, each 3 H, Me,Si); 1.39, 1.46 (both s, each 3 H, Me,C):

1.50 (s, 6 H. Me,C); the region of PhSi is covered by the Ph;P
signals. 13C NMR (CyDg), 8 —1.77, —1.63 (MeSi); 6.08, 6.14
(MeSi): 27.40, 27.33, 29.37, 29.42 (nonequivalent Me,C groups),
40.54, 40.59 (Me,C): 128.17, 128.20. 123.29, 128.32 (C,)
137.58, 137.70, 138.19. 138.29 (C,; 13491 (C,): other signals
are covered by the signals of PhyP. 22Si (CDg), 8: 23.66, 23.92,
27.48, 27.717.

Me,SHOMeICMesSH. 'H NMR (CyDg—MeOH). 5: 0.16
(s. 6 H. Me,Si, Jys; = 6.4 Hz): 1.31 (s, 6 H. Me,C): 3.36 (s,
3 H, Me0). '3C NMR (CyDy—MeOH), & —3.74 (Me,Si,
Jesi = 60.3 Hzy; 28.41 (Me,C): 28.71 (SiCS); 51.24 (OMe).

MePhSi(OMe)CMe,SH. 'H NMR (C¢Dg—MeOH), 6:0.53
(s. 3 H, MeSi); 1.38, {.43 (both s, 6 H, Me,C); 3.44 (s, 3 H.
MeQ); 7.30--7.80 (m. 5 H, Ph). '3C NMR (C¢Ds—MeOH),
8. ~7.62 (MeSi, Jeg;= 61.4 Hz), 28.13, 28.57 (both non-
equivalent Me,C groups): 28.23 (SiCS): 51.47 (OMe). 127.99
(Cpy: 13038 (Cp). 135.22 (Cy) (the C; signal is covered by
strong signals of Ph;P present in the reaction mixture).
ISi NMR (CgDg—MeOH), &: 3.89.

MePhSi(QOMe)y. tH NMR (CyDg—MeOH). 3: 0.39 (s, 6 H,
Me;,Si); 3.50 (s, 6 H, MeO); 7.30—~7.80 (m, 5 H. Ph). *C NMR
(CsDy—MeOH), & ~4.94 (MesSi. Jegi= 76.1 Hz); 50.26
(OMe); 128.19 (C,,): 130.14 (C,). 134.37 (Cp): 134.68 (C).
ISi NMR (C¢Dg-—MeOH), &: ~14.62.

Me,Si(OMe)CHMeSH. 'H NMR (C¢Dy—MeOH), 3: 0.26
(s. 6 H, Me>Si); 1.20 (q, I H, CH, Yyu= 7.3 Haz),
{43 (d, 3 H, MeCH, 3y = 7.5 Hz): 331 (s. 3 H.
MeQ). 13C NMR (CyDg—MeOH), 8 ~1.51 (MesSi, Jes, =
74.1 Hz); 16.23 (Me); 29.15 (CH); 49.54 (MeO). ISi NMR
(CeDg—MeOH), & —1.34.

The reaction of salt 12a with MeOH (vacuum method). A.
Methanol (0.1 g, 3 mmol) was condensed in vacuo into a
solution of salt 12a (0.64 g, 0.78 mmol) in 0.8 mL of CsDsN.
The mixture was transferred into an NMR tube and the tube
was sealed off. According to 'H. 13C, 29Si, and 3'P NMR spectra,
the mixture contained Me,Si(OMe)s and PhyP*CHMe;SH™ in
1. ) molar ratio.

B. The reaction of MeOH (4.68 mmol) with an emulsion of
salt 12a (1.18 g, 1.44 mmol) in C4Dg gave a colorless precipitate
of the salt {PhyP*CHMe,;]SH™ (0.93 g, 96%). NMR and GLC
analysis of the CgD¢ solution showed the presence of
Me,Si(OMe),.

The reaction of sait 12a with Et;P=CHMe (vacuum
method). Et;P=CHMe (0.2 g, 1.37 mmol) was added in
portions to an emulsion of salt 12a (0.33 g, 0.64 mmol) in
benzene, The solution immediately developed a dark-claret
color and the emulsion solidified. The mixture was allowed to
stand for ~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
(0.01 Torr) at 50 °C to give 0.28 g (84.4%) of tetra-
ethylphosphonium symm-tetramethyldisiithianedithiolate (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°C range. 'H NMR (C5DsN)., &: 1.17
(s. 12 H, Me,Si); 1.23 (dt, 24 H. CH;CH,P*, 34y = 7.7 Hz,
Myp=17.7 Hz): 2.74 (dq. 16 H, CH;CH,P*, “Jyy = 7.7 Hz,
Z'/HP =133 HZ) I3C NMR (C:DSN)‘ 5:6.12(d, Q_H__zCHzP*
ep= 2.5 Hz); 12.13 (d, CH3CH,P*, 'Jep = 48.4 Hz); 14.45
(s, Me,ySi, Jesi= 53.2 Hz). 29Si NMR (CsDsN), 6 11.68.
3P NMR (C35DsN), 8 40.24. The decanted liquid was con-
centrated in vacuo (0.01 Torr) at 30 °C and 3 mL of C¢H, was
condensed into it. The resulting solution was transferred into
an NMR tube and analyzed. According to 'H and 3'P NMR
spectra, the solution contained betaine la (8%). Ph;P=CMe,
(81.0%), and Ph3P (10.0%).
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Thermolysis of betaine 1a prepared in the presence of LiBr:
NMR monitering (vacuum method). Thermal decomposition
(130 *C, 1.5 h) of betaine 1a (0.1 g) synthesized in the presence
of LiBrin CsDsN in a seafed evacuated 5-mm NMR tube gives,
according to 'H, 13C, 2%Si, and 3'P NMR spectra, disilolane
6a (yield 22%). PhyP (50.4%), salt |PhsPTCHMe,|Br™
(47.1%), and salt LiS--SiMe,—S—SiMe,—SLi (23%).
LiS—SiMe,~S—SiMe,—SLi. 'H NMR (CDsN), 8: 1.10 (s,
12 H, Me;Si, Wysi = 6.8 Hz). 13C NMR (C5DsN), & 13.74
(Me;ySi. Jesi = 54.8 Hz). 39Si NMR (CsD5N), 5 13.74.

‘Thermolysis of betaines 1a, 1a’, 1a7, and 1a™ in pyridine or
pyridine-ds (100 °C, 5 h): NMR monitoring (vacuum method).
Betaines 1a—a™ (0.04 g, 0.1 mmol) were placed in a 5-mm
(or 8-mm) NMR tube, the tube was evacuated and cooled with
liquid nitrogen. and CsD¢N was condensed using a vacuum
line. The tube was scaled off and heated for 3 h at 100 °C.
According to 'H, 3C, and *'P NMR spectra, the solution
contained PhyP, the corresponding disilolanes 6a~—a™, and salts
12a—a™ with the Ph.P*CHMe, and PhyP*CDMle, cations in
~1 0.5 : 0.5 molar ratio. The Ph;P*CHMe, : PhyPTCDMe,
ratio of the cations in salts 12a—a™ is given in Table 3. The
degree of conversion of betaines was ~30%.

X-ray diffraction study. The X-ray diffraction study of
compounds 4a and 13a was carried out on a Siemens P3/PC
automated four-circle diffractometer (~120 °C, i-Mo-Ka,
graphite monochromator, #/26 scan mode, 8, = 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 [BM PC/AT-486 and the
SHELXTL PLUS program package.3!

The crystals of 4a are monoclinic, CpH5,5,5i5. M = 264.59,
space group P2/n; at =120 °C, a= 7.230(2) A, b= 11.393(2)
Acc= 9.441(2) AL = 103.49(1)°, ¥= 736.3(3) A3, Z= 2 (the
molecule occupies a partial position in an inversion center),
deye = 1162 gem™3. The hydrogen atoms, located objectively
from the difference Fourier synthesis, were refined in the
isotropic approximation. The final discrepancy factors were
Ry = 0.021 for 2157 reflections with / > 26(/) and wRy = 0.055
for alt 2364 independent reflections.

The crystals of 13a (from pyridine) are orthorhombic,
[C4H 2 PS3SiH12 [CeHygPly™ - CsHNL M = 586.02. space group
P2,2,2 at ~120 °C. a= 21.634(3) A. b= 12.645(3) A, ¢ =
12.806(3) A, V= 3507(1) A}, Z= 4, dy. = 1.110 g cm~3. The
hydrogen atoms in positions found from geometrical consider-
ations were inciuded in the refinement in the isotropic ap-
proximation with fixed positional ("rider” model) and thermal
parameters. The final discrepancy factors were R; = 0.045 for
4135 reflections with / > 2a(/) and wR; = 0.120 for all 4514
independent reflections.

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos. 96-03-
33188a, 00-15-97359, and 00-03-32840a).
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