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Heteroorganic betaines

1. Synthesis of betaines containing the *P—C—Si—S~ and *P—C—C—S~ fragments

and their characterization by multinuclear NMR spectroscopy

4State Research Center of the Russian Federation

«State Research [nsiitute of Chemistry and Technology of Organcelemenr Compounds»,

38 sh. Enwziastov, 111123 Moscow, Russian Federation.
Fax: +7(095) 273 1323. E-mail: zemlyan@mail.cnt.ru
¢ Deparmment of Chemistry, M. V. Lomonosov Moscow State University,
Leninskie Gory, 119899 Moscow, Russian Federation.
Fax: +7 (095) 932 8846

A method for the synthesis of a new class of betaines, viz., R'yPTCRIRISiR*RIS™, was
developed. The experimental evidence for the intermediate formation of betaines
R!;P™—CRIRI—CR*R3~S" in the Wittig reaction for a series of thiocarbony! compounds was
obtained. A comparative analysis of the NMR spectra of betaines containing the “P—C—Si—S~
and "P—C~C~-S" fragments was performed.
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The Wittig and Corey—Chavkovsky reactions
{Scheme 1) are fundamental reactions in organic chem-
istry. The literature on different aspects of these reac-
tions is quite voluminous.!

Scheme 1
RIE=CR2R? +  X=CR*R>® —
C - RIg=X
—rR2R3
R,‘?E [CR°R 4 7 .
: X—CR*R® R2R3C=CR*R>
b 1
—_— or
RIE
RIE*—CR2R3-CRURS~X"| £ +
L 2 § /CR2R3
“CR4RS
E =P, As. Sb, Bi, S, Se, Si;
X =C, 0, S. Se. NR;
A is Wittig-type olefination;
8 is Corey—Chaykovsky-type cyclization.

The structures of intermediates formed in these reac-
tions are being studied intensively. Originally, it was
suggested?? that these intermediates have zwitterionic
structures 2 (X = O or S).2® This view gained broad
acceptance and the term "betaine” was commonly used
over many years in spite of the lack of evidence for the
formation of these intermediates.3® The more recent

demonstration of the oxaphosphetane nature of these
intermediates and "the lack of evidence for uncomplexed
betaines revolutionized impressions about the Wittig re-
action mechanism for most organic chemists™.13
Oxaphosphetanes and related compounds in which the
phosphorus atom is replaced by the four-coordinate
boron, sulfur, or sefenium atom or by the five-coardi-
nate silicon, germanium, or tin atom were indepen-
dently prepared by Japanese researchers and were further
converted into olefins or heterocyclopropanes.?

The results of quantum-chemical calculations dem-
onstrated that both a svnchronous mechanism of the
Wittig reaction through phosphetanes 1 and a stepwise
mechanism through intermediate betaines 2 followed by
their conversions into phosphetanes are possible. How-
ever, only adducts of betaines with LiX were experimen-
tally detected.52 These adducts were formed as a result of
decomposition of oxaphosphetanes under the action of
lithium salts, which were present in the reaction
mixture 80

The first organophosphorus betaines 3 with carb-
anionic centers and their heteroorganic analogs 4—6
have been prepared by us in the reactions of fulvenes or
transient sila- and germafuivenes with phosphorus ylides.”
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Scheme 2
nRIP=CR2R® + (RR%SIS), — 7 RIPT—CRZRI—SiRRS—S~
(7=2,3) 7a—n
a b c d e f g h i i k ! m n
R! Ph Me Ph Ph Ph Ph Ph Ph Ph Ph Et Et Me,N Ph
R2  Me H Me Me Me Me Me H H H H H Me Me
R3 Me H Me Me Me Me Me Me H H Me Me Me Me
R¢ Me Ph Me Me Ph H H Me Me Me Me Ph Me Me
R> Me Ph CHoPh Ph Ph Ph £t Me Me Ph Me Ph Me OEt

It was postulated that betaines of this type were
formed in a number of cvclopropanation reactions of
polar olefins! or stable silaolefin8 with phosphorus vlides.

The available data gave impetus to a search for
procedures for the synthesis of heteroorganic betaines
containing heteroanionic centers, viz.,, analogs of the
assumed intermediates of the Wittig and Corev—Chay-
kovsky reactions.

Taking into account the high strength of the Si—O
hond and the growing interest in the Wittig reaction for
a series of thiocarbonyl compounds.® we believed that
studies of betaines of types 3—6 containing the thiolate
center held promise. When studying the reactions of
phosphorus vlides with {S-(dimethvlamino)methyi-
I-naphthyl]phenyisilanethione, which is stable under
usual conditions.!% we have demonstrated that the
above-mentioned betaines can, in principle, exist.*

In the present work, we developed a prepar-
ative procedure for the synthesis of betaines
RY;PTCR2R3SiR*RIS™ (7) and obrained experimental
evidence for the intermediate formation of betaines in
the Wittig reaction (using thiocarbonyl compounds as
examples). A comparative analysis of the NMR spectra
of betaines 7 and their carbon analogs was performed.
Selected results have been reporied previously in pre-
liminary communications.10b—¢

Results and Discussion

Synthesis of heteroorganic betaines. We found that
organocvclodisilathianes and trisilathianes, being for-
mally silicon analogs of cyclooligomers of thiocarbonyl
compounds, reacted with nonstabilized phosphorus ylides
te form betaines 7a—n (Scheme 2). Under the same
conditions. the thiocacetone cyclotrimer did not react
even with such strong nucleophile as Et;P=CHMe.

When stoichiometric quantities of organocyclo-
silathiane and phosphorus vlide were mixed in inert
organic solvents, the specific color of the phosphorus
ylide disappeared and crystalline betaine 7 precipitated.
Ether is the best solvent for such reactions. The vields of
betaines 7 were somewhat lower when benzene or THF
were used as solvents. Betaines 7 are colorless or light-
vellow crystalline compounds whose melting points or
decomposition temperatures are higher than 80 °C. in
the solid state, these compounds can be stored in the

* Unlike the carbon analogs, most compounds with E=X mul-
tiple bonds (E = Si. Ge. or Sn: X = Q. S. or NR) are kinetically
unstable under usual temperature conditions 1

absence of atmospheric oxvgen and moisture over a long
period. These compounds are virtually insoluble in satu-
rated hydrocarbons, slightly soluble in benzene and ether,
moderately soluble in THF and MeCN, and more readily
soluble in pyridine. The higher the nucleophilicity of the
phosphorus ylides, the faster the reaction with organo-
cvclosilathianes (see Scheme 2) and the greater the
stability of the resulting betaines 7 in solutions.
Trialkvlalkylidene- and tris(dialkylamino)alkylidene-
phosphoranes are the most active compounds. Charge
detocatization in the ylide fragment leads to a decrease
in the reactivity. Semistabilized phosphorus ylides, for
example. PhyP=CHPh, did not react with (Me,SiS); in
the conditions under study.

The nature of the radicals at the silicon atom in
cvclosilathianes affects substantially the course of the
reaction under consideration due, apparently, to steric
factors. This fact is exemplified by the reactions of
Ph;P=CMe, with different organocyclasilathianes. When
a mixture of oligomers {Me,SiS), (n = 2 or 3) was used,
the reaction was completed in several hours giving be-
taine 7a in ~90% yield. In the case of (Ph,SiS), (n =2
or 3), betaine 7e was obtained in approximately 23%
vield. whereas (Pr},SiS}, (n = 2 or 3) did not react with
the above-mentioned phosphorus vlide under the same
conditions.

When the reagents were taken in a stoichiometric
ratio, betaines 7 were always obtained as the final prod-
ucts of the reactions under consideration. Apparently,
the reaction proceeds according to a stepwise mecha-
nism as exemplified by the reaction of Ph;P=CHMe
with (Me,SiS); (the reagent ratio was 3 : 2). The result-
ing betaine 8 is stable in the crystalline state, but it
undergoes reversible disproportionation to betaine 7h
and (Me,SiS), in a pyridine solution (Scheme 3). The
equilibrium concentration of betaine 8 in solutions was
no more than 28%.

When studing the reaction of (Me,SiS), with
Ph;P=CMe, in the presence of LiBr, we demonstrated
that the NMR spectral characteristics of the resulting
compound in pyridine-ds are identical to those of be-
taine 7a. Therefore, there is no need to use individual
phosphorus vlides (under salt-free conditions) for the
preparation of betaines 7. These compounds can be
generated in situ according to a standard procedure,
which extends the possibilities of the further synthetic
use of betaines 7 in preparative chemistry. As mentioned
above. lithium salts change the nature of intermediates
of the classical Wittig reaction in the series of carbony!
compounds. 13
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Scheme 3
nPh,P=CHMe + 2 (Me,SiS), .
(n=2,3)
{ e o
=== n Phap”——(l:—S'i-_—S-Slui—S" _
MeMe Me
8
e
=== N Ph3P"-—?“Sli—S' + (Me,Sis),
Me Me
7h

NMR spectra of heteroorganic betaines. Betaines 7
contain five NMR-active nuclei four of which make it
possible to use multinuclear NMR spectroscopy as the
basic technique for the identification of these com-
pounds in solutions. The NMR spectral parameters of
the synthesized betaines are given in Tables [—4.

The characteristics of these compounds agree
closely with those of the parent phosphonium cations
RIP*CHR2R3. The 3!P NMR signals of the betaines fall
within the spectrum region characteristic of four-coordi-
nate phosphorus.!22? but these signals are slightly shifted
downfield (by 3—8 ppm) relative to those for the parent
phosphonium cations!?3—¢ in the R!';P*CHR?R’Hal™
salts (see Tables 3 and 4).

The 'H and 3C NMR spectra of the betaines have
an obvious resemblance to the spectra of the silvlated

Table 1. 'H and 29Si NMR spectra of betaines PhyP™—CRIR}—SiR*R3—~S" (7a.c—j.n, 8. and 11) in pyridine-ds

Com-

SH (jHP/HZZ JHH/HZ) 0Si
pound RR3 Ph;P~. RR3 (Js;p/H2)
CH:CP~ CH, P~ AlKSi H--Si PhP* and ArSi
CH: CHZ (or C)
Tc 1.76 d (20.7): 0.10 s 34 2.14. 6.98—8.47 13.6
1.83d (20.7) dg 2.42 (1.5)
(JAB = 127)
7d 1.69 d (20.8): 0.49 d 7.18—8.34 8.0
1.72.d (20.8) (1.0) (2.9)
Te 1.90 d (21.0) 7.27—8.33 1.3
(3.6)
f 1.55d (19.9) 5.71 brs 7.19-—8.11
1.80 d (19.9)
Te ].64 d (20.6) 1.31 dt. 0.65—-0.82 m t 7.56—8.20 9.5
1.87 d (20.6) (7.8. 3.39) 3.3%) (1.3)
7h .65 dd 3.17 dg 0.29 s; 7.55—8.24 6.7
(21.1; 7.2) (18.53: 7.2) 0.34 s 2.3
7i 3904 (17.9) 0.44's 8.08—8.19; 0.2
7.54—7.64, 6.3)
7.64—7.73
7i 54 2.85. 0.62s 7.28—8.27 —4.3
3y 2.72 (3.6)
(JAX = J“\ = [7.5;
Jam = 14.3)
n 1.66 (20.3); 0.4 s: 54 4.01°m 7.40—8.25
1.92 (20.5) 1.06% t 5g 3.86 m
(7.0 (Jag = 10.3;
Iy = 7.0)
8 ~1.63 (19.6)¢ ~3.10¢ —0.21s; 16.1¢;
0.57 s; 1.05 s: 17.2 br
1.07 s (vi;» = 3.35 Hz)
1§ 1.63 m, br 2.26 m. br 2.73s ~f

“3lysicu. ® OCH,CH;.
¢ The complicated muitiplet, the AB part of the ABX; spectrum of OCH,CH;.

4 The spin-spin coupling constants 2/py and 3/, and the signals in the aromatic region were not identified because they overlap
with the signals of betaine 7h. ¢ SSiS.
/The second signal for the nonequivalent Me,N groups and the signals in the aromatic region were not identified due to
overlapping with the signals of decomposition products of betaine 11 and the low relative concentration of the latter.
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Table 2. '7C and 3!'P NMR spectra of betaines Ph;P*—CRR*—SiR*R*—S™ (7a,c—j.n, 8, and 11) in pyridine-d

Com- SC (JCP/HZ) 5p
pound Ph;P~ RIR3>  P*CSi R#R?
C; C, Co C, AIKSi ArSi (or C)
CH; CH, C, C, C, c,
7a 122.1 136.7 129.2 133.7 23.8 277 6.7 39.7
80.4)  (9.Y (11T (2.4) Q27 229 (1.9
7c 122.1 136.8 1292 133.9 236 28.7 35 320 1434 127.8 1300  123.7 388
(80.0y  (3.0) (LD (2.8) (3.0); (23.2) or or
24.0 130.0 1278
(3.0)
7d 122.3 136.7 129.1 133.6 24.6 289 4.9 1444 1368  127.1 128.0 404
80.1) (89 (1.3 (2.5) (2.3 (2L 2.0 (3.8)
24.8
(2.5)
Te 122.0 136.6 128.9 £33.5 26.1 309 £42.1 137.6 1272 1281 404
(80.5) (8.9 (11.® (2.8 3.0y (23.)) (2.7
7f 121.2 136.1 129.5 133.9 232 232 142.3 136.6  127.3 129.0 398
(80.7) (8.9 (1..8) br 2.0y (229 br
254
(2.hH
Tg 1213 136.0  129.6 134.1 23.5 24.7 9.7 11.0 39.2
(80.8)y  (9.1)  (I1L.D) (2.8) (2.8);  (23.%) (2.9)
2410
(2.6)
7h 122.4 135.0 129.7 133.9 12.7 7.8 7.7 N9
{34.3) 3.5; (119 (2.8) 44y 321y  (3.ix
8.5
(3.1)
7i 123.6 134.5 129.8 134.1 15.2 10.3 267
(86.9)  (10.9) (120 (2.5) (381)  (4.8)
7 123.4 134.5 129.6 134.0 15.1 8.5 146.8 1349 127} 128.1 263
(87.7y  (10.8) (12.6) (2.6) (39.3)  (3.6) (6.2)
7n {22.3 136.2 129.3 133.7 39 26.7 6.37 18.79, 40.1
(80.8) (8.7 (11L.D (2.6) (2.7 (20.7) 5770
25.1
2.7
3 121.3 1344 1304 134.2 12.2 159 0.6; 3.7
(83.9) 9.9) (12.2) br br (23.4) 6.2
6.5
(2.4):
10.4
3.7
11° 1195 134.4 130.3 -4 14.4 - —d —d 110.8  145.7; 273
(85.3)  (10.1)  (12.4) br br; 148.4
110.8
br
“QCH,CH;.
®OCH,CH;.

“For Ar,C, 8 51.46 (br).

7 Signals were not observed due to overlapping with signals of the final fragmentation products of betaine 11 and the relatively low

concentration of the latter.

phosphonium cations R';P*—CHR2—SiR%; 13 and the
parent phosphonium cations R!;P"—CHRZR3.12b~d |
all cases, the 'H and 13C resonance signals for the R?
and R? substituents at the carbon atom of the betaine
fragment YP—C--Si—S~ are observed at lower field
(they are shifted downfield by 0.3—0.6 and 5.3~5.9 ppm,
respectively) than the analogous signals for the substitu-
ents in the R!';P"—~CHRZIR? cation. The vicinal and
geminal spin-spin coupling constants (3Jpy and 2/py) of

all betaines 7 are higher by 0.5—2 and ~4—6 Hz,
respectively. than those in the spectra of silylated phos-
phonium cations!3¢¢ and siliconorganophosphorus be-
taines 4 and 5 containing the cyclopentadienylide or
fluorenylide anionic centers.”

Betaines containing the thiolate center are character-
ized by a downfield shift (bv 1—9.5 ppm) of the 3C
signal of the "P—C—Si—S~ fragment with respect to
that of the parent phosphonium cation. The values of all
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Table 3. 'H and 29Si NMR specir of betaines Alk;P"—CRIR3—SiR*R—S™ (7Tb.k—m, and 10) in pyridine-ds

Com- BH (./Hp,liHZ: JHH/HZ) 55;
pound Alk:P~™ R-R3 R4RS (Js,p/HZ)
CH; CH, CH,—C—P* CH,~P~ CH; ArSi (or C)
b t.97 d 209 d 7.14-8.59 -9.6
(14.3) (17.6) (4.4)
Tk 111 dt 2.67 1.26 dd 1.54 dq 0.34 s; 4.4
(18.1; 7.7) m4 (18.6; 7.5) (18.1; 7.5) 0.38s (2.2)
7 0.95 dt 2.42-2.51 1.35 dd 2.32--2.51 7.33—7.43; -3.2
(17.3; 7.8) m¢ (18.3; 7.4) m? §.40—8.43 (1.0)
Tm 279 d° 1.40 d 0.46 s 14.1
(8.9 (19.3) (1.3
10 1.02 dt 2.43--2.67 1.59 dd 2.20 dg 2.69 s 6.70, 6.78
(16.8: 7.7) m 19.2;7.7) (12.3: 7.7y 2.73s¢ (both m, H,);
§.34, 8.55

(both m, H,)

“The complex multiplet, the AB part of the ABMX; spectrum,

® The compiex multiplet, the superposition of ithe AB part of the ABMX; spectrum and the A part of the A;MX spectrum.

¢ MeaN groups.

Table 4. 13C and Y'P NMR spectra of betaines Alk;P*—CRIRI—~SiR*R5—S~ (7b,k—m, and 10) in pyridine-ds

Com- d¢ (fep/Hz) dp
pound Alk,P* P-CSi RIR? RR?
CH; CH; AlkSi PhSi (or C)
Ci Ca Cm Cp
7h 11.8 14.2 144.9 135.3 127.7 128 .4 26.1
(36.0) (43.5) (br)
7k 6.3 13.2 14.9 10.6 13.7
{(3.2) (49.4) {33.9) (5. R
(5.1)
7 6.3 13.1 13.4 1.3 1427 135.7 127.3 128.5 44.7
(3.3) (48.8) 35.1) (5.3) (3.1}
144.6 136.3 127.8 128.6
(1.6)
Tm 39.4 30.2 244 2 741
3.1 (83.9) 3.9 (1.7)
10¢ 7.7 17.1 49.0b 14.7 40.5¢ 140.7 129.7 111.9 148.3 255
(5.4) (51.6) (67.6) (3.9) 40.7¢ (13.0);
143.8 130.7 112.0 148.5
(br)

9 For AryC, & 37.14 (br).
bprCHMeCAr,.
¢ Me,N groups.

direct couplings 1Jp¢ decrease by A = 10—235 Hz, which
characterizes a change in the degree of the s character of
the central P—C bond. The A value correlates with the
stability of the betaines in solutions. viz., the higher this
value in magnitude, the lower the stability of the betaine
1o decomposition.}® Thermostable betaines containing
either carbanionic (3—6)7 or thiolate centers (7b,k.l)
are characterized by close A values (8.7—10.7 and
9.6—12.9 Hz, respectively).

The 'H and 1¥C chemical shifts for the R!;P* fragment
of the betaines are observed in the regions characteristic of
phosphonium salts.}2be~2 The '°C resonance signals are

noticeably shifted downfield, viz,, by 1—2.5 ppm when R =
Alk and by 2.6—3.8 (C,) and 0.2—-2.2 ppm (C,) when R =
Ph, the chemical shifts of the C, and C, atoms being
observed at higher field (are shifted upfield by 1—2 and
1—1.5 ppm, respectively) than those in the spectra of the
corresponding Ph;P*CHR2R? cations.

Unlike betaines based on trialkvi(alkylidene)-
phosphoranes for which the 'Jpc value for the Alk;P*
fragment increases by approximately 0.8—1.4 Hz, the
I Jpc value for betaines containing the phenyl substitu-
ents at the phosphorus atom (Ph;P7)} decreases by
1.8—2.5 Hz. Other spin-spin coupling constants (2/pc.
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3Jpc, and */pc) have values typical of the corresponding
phosphonium cations R!{PT—CHRZR3 12a.b.f.2

The 29Si resonance signals of the betaines (see
Tables 1 and 2) are shified upfield by 5—22 ppm com-
pared to the signals of the initial organocyclosila-
thianes.'2d The geminal spin-spin coupling constant 2Jg;p
has the typical value (1—6 Hz). Previously. we have
observed” analogous constants for silicon-containing or-
ganophosphorus betaines 4 and 5. The presence of this
constant as well as of */pcg;c for the R? and R? substitu-
ents in the spectra of compounds 7 serves as a reliable
criterion for the validity of their structures.

Betaines 7h.k.l and 8 and betaines 7e,d,f,g,j.n con-
tain the chiral carbon and silicon atoms, respectively.
This is manifested in the diastereotopic doubling of the
'H and '*C NMR signals for the R* and R3 groups (in
the first case) and for the R? and R3 groups (in the
second case).

The CP-MAS !3C and *'P NMR spectra of solid
betaine 7a demonstrated an insignificant difference in
the chemical shifts of 3'P and '’C compared 10 that
observed in solutions. The nonequivalence of all methyl
groups in the CP-MAS 13C NMR spectrum is attributed
to the absence of free rotation around the P—C and
C—Si bonds in the solid state. Apparently, betaine 7a
has identical structures in solutions and in the crystal-
line state.

The above-considered resufts make it possible to
experimentally prove the general nature of silicon-con-
1aining organophosphorus betaines 7 and intermediates
of the classical Wittig reaction for the series of
thiocarbonyl compounds.

Studies by 'H, '3C, and 3!'P NMR spectroscopy
showed that the reactions of Michler thioketone 9 with
Et;P=CHMe and Ph;P=CHMe afforded betaines 10
and 11, respectively. Betaine 10 is rather stable in the
solid state and in solutions at room temperature. When
heated (123 °C). betaine 10 decomposed to form Et;P=S
and |,]-diarylpropene 12 (Scheme 4).

In solutions, Et;P was identified along with Et;P=S,
which indicates that the Corey—Chaykovsky-type frag-
mentation of betaine 10 probably occurred. which was

Scheme 4

R,P=CHMe + (p-Me,NCgH,),C=S —>
9

r|—1 (lZSHANMefp
R3P*—(!3-9—S"

Me C4H ,NMe,-p

10, 11

—> R;P=S & (p-Me,NC,H,),C=CHMe

12
R = E: {10), Ph (11)

followed by desulfurization of intermediate thiirane. It is
known that the reactions of phosphorus viides with
adamantanethione!3@ or thiopivalaidehvde!®® afforded
thiiranes as the major products.

The NMR spectra of betaine 19 are characterized by
the diastereotopism of the C and H atoms of two
aromatic rings due to the presence of the chiral center in
the molecule. Because of this. the '"H NMR spectra have
two singlets of the Me;N groups and two AAXX’
patierns from the protons of the benzene rings (see
Table 2). The !3C NMR spectra have two signals for the
ipso-carbon atoms of the aromatic rings at § 140.66 and
143.78 (see Table 4). A pronounced splitting on the ip
nucleus (13 Hz) is observed for the first signal, whereas
the second signal is only slightly broadened because the
corresponding spin-spin coupling constant with the itp
nucleus is small. This region in the spectrum of
organosilicon betaine Et;P"—CHMe—SiPhy,—S (1) is
analogous to that described above. In this spectrum, the
13C 3P spin-spin splitting (3.1 Hz) is also observed
only for one of the ipso-carbon atoms of the Ph rings.
These data unambiguously confirmed the structure of
compound 10.

The reaction of Michler thioketone 9 with
Ph;P=CHMe proceeded much more slowly, but the
resulting betaine 11 rapidly decomposed to form 1,1-bis-
(4- N, N-dimethylaminophenvl)propene (12) and Ph;P=S.
According to the NMR spectral data (see Tables |
and 3), the content of betaine 11 in the reaction mixture
obtained within ~3 h after the preparation of a solution
in pyridine-ds was 9.4%. Betaine 11 was completely
converted into alkene 12 and Ph;P=S upon slight heat-
ing. Note that, unlike the silicon analogs (see above),
betaine 11. which is unstable in solutions, is character-
ized by a high negative A value.

More recently, similar results were obtained!® in the
study of the reaction of 4,4 -dimethoxythicbenzophenone
with Et;P=CHMe by NMR spectroscopy. The spectral
characteristics of the intermediate that formed are very
similar to those reported above (in THF, 8p 20.7, Wpe =
70.8 Hz. and Jpg(ipso-an = 0 and 14.1 Hz). According
to the data of X-ray diffraction analysis, this intermedi-
ate in the crystal adopts a gauche conformation analo-
gous to that observed in silicon-containing organophos-
phorus betaines studied by us previously.1% It is sug-
gested that this betaine exists as a superposition of the
zwitterionic and thiaphosphetane structures.

To summarize, we developed a procedure for the
synthesis of a new class of silicon-containing organo-
phosphorus betaines and proved for the first time that
their carbon analogs are formed as intermediates in the
Wittig reactions for the series of thiocarbonyl com-
pounds. We found criteria for the identification of these
betaines in solutions by muitinuclear NMR spectros-
copy. The detailed X-ray diffraction analysis of silicon-
containing organophosphorus betaines, the results of
investigation of their chemical properties, studies of
decomposition under different conditions resuiting in
the intermediate formation of compounds with the mul-
tiple Si=X bond (X = O, S. or NR) and three-mem-
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bered thiasilaheterocycles. and the data on the synthesis,
properties, and fragmentation of organogermanium-,
organotinphosphorus-. and organoarsenicbetaines con-
taining the thiolate centers will be published elsewhere.

Experimental

The 'H, !3C, 25Sj, and 3'P NMR spectra were recorded on
a Bruker AM-360 instrument in CyDB,, THF-dy, and C5DsN.
The chemical shifts in the 'H and '3C NMR spectra were
measured in ppm relative 1o signals of the soivent and were
converted to the § scale using standard formulas. The chemical
shifts in the 29Si and 3'P NMR spectra were measured in ppm
rejative 1o Me,Si and a §3% H;PO, solution in D,0. respec-
tively. as the external standard. The accumcy of measurements
of the "H, 3C, 3IP, and 29Sj chemical shifts was x0.01, £0.05.
+0.1. and %0.2 ppm. respectively. The accuracy of measure-
ments of the spin-spin coupling constants (Jyy. Jup. Jep- J5ip-
Jusi and Jeg) 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. The NMR
spectral parameters for betaines 7 are given in Tables 1—4. The
3C and 1P MAS-NMR spectra (rotation speed 2.7--3.4 kHz)
with cross-polarization were recorded on a Bruker MSL-300
spectrometer at ~20 °C (adamantane and a 83% H;PO, solution
in D.O. respectively. as the external standards).

All operations were carried out under an atmosphere of dry
oxygen-free argon using the standard Schlenk technigue or in a
dry box under an inert atmosphere. Some svntheses were carried
out in vacuo (1073 Torr) in seamless-soldered apparatus with
the use of techniques of broken walls and tubes. The solvents
THF, E1,O. and C¢H,, were distilled from Na or LiAlH,, stored
over sodium benzophenone ketyl. and distilled from the latter
into reaction vessels immediately before use. Pyridine was dis-
tilled and stored over CaH,. The hydrocarbon solvents were
distilied from sodium or LiAIH; All solvent used in NMR
spectroscopy were purified as described for the corresponding
nondeuterated solvents. Organochlorosilanes of reagent grade
purity were purchased from the Redkinskii pilot-production
plant.

Elemental analysis was performed on an automated CHN-
microanalyzer (Klinlaborpribor. Klin. Russian Federation). The
melting points were determined in tubes sealed in vacuo without
correction for a rising column.

Michler thioketone (9).}7 diisopropyldichlorosilane '8
hexamethyldisilalhiune.“’ mixtures of organocyclosilathianes
(R*RSiS), (n = 2 or 3)124:20 (except for the compound with
R = R® = Pri, phosphonium salts?!), and phosphorus
vlides!2e.13¢.22 were prepared according to procedures reported
previously. The quantitative calculations were carried out in
mmol per R*R3SiS monomer unit.

Isopropyl(hexamethyltriamido)phosphonium iodide was pre-
pared according to a modified procedure?3 described for the
synthesis of (Mg, N);PTEIBr~. A mixture of (Me;N);P (23.24 ¢,
142.5 mmol) and Prl (30.2 g. 177.9 mmol) was refluxed for
24 h and kept at ~20 *C. K for one month. Hexane (100 mL)
was added to the resulting mixture and the precipitate was
filtered off and dried in vacuo. The yield was 69.5%,
m.p. >300 °C. Found (%): C. 32.63: H, 7.47; 1, 38.47. N, 12.45.
CoH1sIN;P. Calculated (%) C. 32.44; H, 7.56: 1. 38.0%:
N. 12.61. 'H NMR (C;DsN). & 1.12 (dd, 6 H. Me,C—P*,
3gp = 18.2 Hz, 3y = 7.1 H2): 2.71 (d. 18 H. Me;N 3y =
9.6 Hz); 3.66 (dsept, | H. CHP™, 2yp = 9.7 Hz, Jyy
7.1 Hz). C NMR (C5DsN), & 16.4 (d, MeyC—P~. 2Ucp

noh

3.3 Hzy: 24.7 (d. CHP*, Uep = 101.9 Hz); 37.6 (d. Me;N,
1ep = 2.7 Hz). 3'P NMR (C5D3N), &: 66.6.

Isopropylidene(hexamethyltriamido)phosphorane was pre-
pared according to 2 modified procedure reported previouslyZ?
for the synthesis of (Me,N);P=CHMe. A 1.62 N solution of
Bu"Li (14.6 mL. 23.65 mmol) was added dropwise to a suspen-
sion of (MesN);P*(PF)I™ (7.22 g, 21.67 mmol) in ether
(150 mL) at a temperature from —60 to ~36 °C. The reaction
mixture was stirred for 4 h with a gradual increase in the
temperature to ~20 °C and kept overnight. The precipitate was
filtered off. The solvent was removed from the filtrate in vacuo
with the use of an oil pump and the residue was fractionated.
The yield was 53.4%, b.p. 7072 *C (0.1 Torr). Because of the
high sensitivity of the compound under study with respect to
atmospheric oxygen and moisture, elemental analysis was not
carried out and the melting point was not determined. 'H NMR
(CsD:N), & 1.74 (br.d, 6 H. P=CMe,, *Jyp = 15.3 Hz); 2.56
(d. 18 H, Me,N. 3Jyp = 8.7 Hz). 1°C NMR (CsDsN), &: 117
(br.d, P=C, ep = 217.8 Hz); 19.3 (brd, P=CMe,, ep =
16.3 Hz): 38.1 (d. Me;N, Uep = 3.2 Hz). 3'P NMR (C5D3N).
3. 56.6.

A mixture of tetraisopropylcyclodi- and hexaisopropyl-
cyclotrisilathiane was prepared by mixing hexamethyldisitathiane
(5.23 g, 29.38 mmol) with diisopropyidichiorosilane {3.27 g.
28.48 mmol). The reaction mixrure was kept at ~20 °C for
45 days. Trimethylchlorosilane was distilled off at the tempera-
ture of the bath (180 °C) and the residue was fractionated in
vacuo. The product was obtained in a yield of 2.6 g (72.5%).
b.p. Hd—115 °C (0.1 Torr). Found (%): C, 49.01; H, 9.73:
S. 21.56. (C¢H4SS1),. Calculated (%): C. 49.25; H, 9.64;
S. 21.91.

Synthesis of heteroorganic betaines under an argon atmo-
sphere (general procedure). 2,3-Dimethyl-3-triphenyiphes-
phonio-2-silabutane-2-thiolate, PhyP*CMe,SiMe,S™ (7a).
A dark-red solution of Ph;P=CMe, (8.28 g, 27.24 mmol) in
diethyl ether (70 mL) was added to a solution of (Me,SiS),, (n =
2 or 3) (2.45 g. 27.21 mmol) in ether {13 mL). The reaction
mixture was stirred at ~20 °C for | h and kept overnight. The
precipitate that formed was filtered off, washed with ether until
the filtrate became colorless, and dried in vacuo. Compound 7a
was obtained in a yield of 9.8 g (31.4 %) as light-pink crystals.
After additional purification by crystallization from MeOH or
EtOH or by washing with a 50 : | pentane—acetone mixture,
product 7a was characterized by the m.p. 152—153 °C (with
decomp.).

Analogously, betaine 7a was prepared by mixing Phi;P=CMe;
(12.99 g, 42.73 mmol) with (Me,SiS), (3.75 g, 38.97 mmol) in
THFE (60 mL) (the vield was 12.68 g (77.2%)) or by mixing
Ph;P=CMe. (4.18 g, 13.75 mmol) with (Me;5iS), (1.24 g,
13.78 mmol) in benzene (63 mL) (the vield was 3.2 g (79.7%)).
Found (%): C, 70.53; H. 6.96: S. 8.82. Cy3H,;PSSi. Calculated
(%): C.70.01; H, 6.89; S, 8.13. ¥C CP-MAS NMR, &: 5.6 and
6.4 {both s, Me,Si): 23.1 and 25.8 (both s, Me.C) 27.6
(5. MeyC, vy » = 40 Hz). 3P CP-MAS NMR. &: 39.6.

Synthesis of heteroorganic betaines in vacuo (general proce-
dore). 1,1-Diphenyl-2-trimethylphosphenio- 1-silaethane-1-thio-
tate, Me;P*CH,SiPh,S™ (7h). MeyP=CH, (0.11 g, 1.18 mmol)
was added to a solution of (Ph,SiS), (0.25 g, 1.17 mmol) in
THF-dg (3.3 mL), which was cooled with liquid nitrogen, by
condensation in vacyo. When heated to ~20 °C, the mixture
turned blue for a short period and then tumed dark-blue after
which the solution rapidly turned greenish-yellow. The colorless
precipitate that formed during 0.3 h was washed with the cold
solvent by recondensing onto the precipitate. Then the precipi-
tate was dissolved in pyridine-ds at ~20 °C and transferred into
a NMR 1wbe. According to the 'H. '*C. »Si, and 3'P NMR
spectra, the solution contained bertaine 7h; the yield was 70%.
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2,3-Dimethyl- 1 -phenyl-3-triphenylphosphonio-2-silabutane-
2-thiolate, Ph;P* CVle,SiMe(CH,CsH5)S™ (7¢), was prepared
analogously to betaine 7a by mixing Ph;P=CMe,; (2.44 g.
§.03 mmol) with [MeSH{CH,CH)S[, (1.33 g. 8.01 mmol) m
diethyl ether (50 mL). Compound 7¢ was obtained in a vield of
1.52 g (40.2%) as light-yellow crystals, decomp. temp.
80130 °C.
3-Methyl-2-phenyl-3-triphenyiphosphonio-2-silabutane-
2-thiclate, Ph;P"CMe,SiMe(Ph)S™ (7d), was prepared analo-
gously to betaine 7a by mixing Ph;P=CMe, (9.33 . 30.70 mmol)
with (MePhSiS), (4.71 g. 30.99 mmol) in ether (110 mlL).
Compound 7d was obtained in a vield of 11.91 g (85.1%) as
light-pink crystals. decomp. temp. 130—164 °C.
2-Methyl-1,1-diphenyl-2-triphenylphosphonio- 1-silaprop-
ane-1-thiolate. Ph;P*CMe,SiPh,S™ (7e), was prepared analo-
gously to betaine 7a by mixing Ph;P=CMe, (3.36 g, 11.05 mmol)
with (Ph,SiS), (2.34 g, 10.92 mmol) in ether (110 mL). Com-
pound Te was obtained in a yield of 1.42 g (23.1%) as white
crystals. decomp. temp. 140—1350 °C.
2-Methyl-1-phenyl-2-triphenylphosphenio-1-silapropane-
1-thiolate, Ph3P*CMe,SiPh(H)S™ (7f), was prepared analo-
zoushy 1o betaine 7a by mixing PhyP=CMe; (5.78 g. 19.01 mmob)
with [Phi{H)SiS], (2.70 g, 19.36 mmol) in diethyl ether
(123 mL). Compound 7f was obtained in 2 yield of 4.96 g (59%)
as white crystals. decomp. temp. 145130 °C.
1-Ethyl-2-methyi-2-triphenylphosphonio- 1-silapropane-
1-thiolate, Ph;P*CMe,SiEt(H)S™ (7g), was prepared analo-
gously to betaine 7a by mixing PhiP=CMe, (3.55 g, 11.68 mmol)
with [Et(H)SiS], (6.89 g, 20.67 mmol) in diethyl ether (35 mL).
Compound 7g was obtained in a vield of 4,64 g (100%) as
colorless crystals, decomp. temp. 90—140 °C.
2-Methyl-3-triphenylphosphonio-2-silabutane-2-thiolate,
PhyPTCHMeSiMe,S™ (7h), was prepared analogously to be-
taine 7a by mixing Ph;P=CHMe (7.04 2. 24.28 mmol) with
(Me,8iS), (2.18 g, 24.21 mmol) in diethyl ether (130 mL).
Compound 7h was obtained in a vield of 6.64 g (72.0%) as
yellow crystals, decomp. temp. 80—100 °C.
2-Methyl-1-triphenylphosphonio-2-silapropane-2-thiolate,
Ph;P*CH,SiMe,S™ (7i). was prepared analogously to betaine
7a by mixing PhiP=CH,; (7.63 g. 25.10 mmol} with (Me,SiS),
{2.37 g. 28.36 mmol) in diethyl ether (130 mL). Compound 7i
was obtained in a yield of 6.81 g (74.1%) as white crystals.
decomp. temp. 94—1135 °C.
2-Phenyl- 1-triphenylphosphonio-2-silapropane-2-thiolate.
Ph3PTCH,SiMe(Ph)S™ (7)), was prepared by mixing
Ph;P=CH,; (0.49 g. 2.07 mmol} with (MePhSiS), (0.26 g, 1.71
mmol) in THF-dg (2 mL) as described above for betaine 7b.
According 10 the NMR spectra, the yield was 59%.
2-Methyl-3-triethylphosphonio-2-silabutane-2-thiolate,
Et;P*CHMeSiMe,;S™ (7k), was prepared analogously to be-
taine 7a by mixing Et;P=CHMe (3.94 g, 26.99 mmol) with
(Me,SiS), (2.45 g. 27.21 mmol) in diethyi ether (130 mL) or by
mixing EtisP=CHMe (0.41 g, 2.81 mmol) with {Me;SiS), (0.26 g.
2.88 mmol) in THF (10 mL). Compound 7k was obtained in
vields of 3.83 g (91.3%) and 0.46 g (69.4%), respectively, m.p.
135—136 °C.
1,1-Diphenyl-2-triethylphosphonio- 1-silapropane- 1-thiolate,
Et;P"CHMeSiPh,S™ (7). was prepared analogously to betaine
7a by mixing EtryP=CHMze (1.35 g, 9.25 mmol) with (Ph,SiS),
(2.04 2. 9.54 mmol) in diethy! ether (100 mL). Compound 71
was obtained in a vield of 2.83 g (81.4%) as a white solid, m.p.
139140 =C.
2,3-Dimethyl-3-tris(dimethylamino)phosphonio-2-silabut-
ane-2-thiolate, (Me,N);P*CMe,SiMe,S™ (7m), was prepared
anualogously to betaine Ta by mixing (MeyN);P=CMe, (0.89 g.
4.2 mmol) with (Me,SiS}, (0.35 g. 3.9 mmol) in diethyl ether

(25 ml). Compound 7m was obtained in a yield of 0.85 g
(74.0%) as a white solid, m.p. 130—131 °C.
2-Ethoxy-3-methyl-3-triphenyiphosphonio-2-silabutane-
2-thiolate, Ph;P*CMe,SiMe(CEt)S™ (7n), was prepared analo-
gously to betaine 7a by mixing Ph;P=CMe; (15.79 3, 51.9 mmol)
with [Me(EtQ)SiS], (5.83 g, 483.6 mmol) in diethy! ether
(110 mL). Compound 7n was obtained in a yield of 1.72 g (56.9
%y as white crystals, decomp. temp. 130—130 °C.
2,4-Dimethyi-5-triphenyiphosphonio-2,4-disila-3-thiahex-
ane-2-thiolate, Ph;P*CHMeSiMe,SSiMe,S™ (8), was pre-
pared analogously to betaine 7a by mixing Ph;P=CHMe (1.54 g,
5.31 mmol) with (Me,SiS), (0.96 g, 10.68 mmol) in diethyl
ether (50 mL). Compound 8 was obtained in a yield of 2.17 g
(87.0%) as white crystals. m.p. 100—100.2 °C (with decomp.).
Synthesis of betaine 7a in the presence of LiBr. A dark-red
solution of PhyP=CMe,, which was prepared from
[Ph;P*CHMe,]1Br (20 g, 51.95 mmol) and PhLi(51.3 mL of a
1.1 N solution in diethyl ether, 56.7 mmol), was added to a
solution of (Me,SiS), (4.96 g. 18.37 mmeol) in ether (150 mL),
and the reaction mixture was kept at ~20 °C for ~48 h. The
precipitate that formed was filtered off, washed with ether
(2x100 mL). and dried at 20—50 °C in vacuo (107> Torr).
A solid compound was obtained in a vield of 14.49 g. The data
of elemental analysis for this compound correspond to the
formula 2[Ph;P"CMe,SiMe,S7]+ LiBr. Found (%): C, 62.92;
H, 6.32; S. 7.24; Br, 9.02. CHsyBrLiP,S,Si;. Calculated (%):
C, 63.07; H. 6.21; S. 7.32: Br, 9.12. The 'H, 13C, Sj, and 3'P
NMR spectra of the compound are identical to those of be-
taine 7a.
1,1-Bis(p-dimethylaminopheny!)-2-(triethylphosphonio)-
propane-1-thiolate (10) and 1,1-bis(p-dimethylaminophenyl)-
2-(triphenylphosphonio)propane- 1-thiolate (11). The reaction
of Michler thioketone (9) with EtyP=CHMe and Ph;P=CHMe.
When a solution of compound 9 (0.52 g, 1.83 mmol) in THF
(20 mL) was mixed with Et;P=CHMe (0.26 g, 1.83 mmo), its
color changed from violet-red to red-green. After ~3 min, a
finely crystalline red-brown precipitate formed. After ~30 min.
the precipitate was filtered off and washed on a filter with THF.
Then the solvent was removed. Pyridine-d; (1.2 mL) was
condensed onto the light-vellowish precipitate and the resultiog
red-green solution was transferred into a NMR tube. which was
sealed off. According 1o the 'H. 1’C, and 3'P NMR spectra. the
solution contained betaine 10 (68%) and products of its decom-
position. vit.. Et;P=S (28%), Et;P (4%). and alkene 12. The
NMR spectral parameiers of betaine 10 are given in Tables 3
and 4. Thioketone 9. 'H NMR (CgDg). 3: 2.44 (s, 12 H,
Me,N); 6.44 (m. 4 H,): 8.22 (m, 4 H, H,). '*C NMR (C¢Dy),
8 39.5 (MeaNy: 110.7 (Cp): 133.0 (C,): 137.66 (C)); 152.90
{C,—N): 229.56 (C=5). Alkene 12. 'H NMR (C¢Dyg). 5: 1.83
(d. 3 H, CHyCH=. 3Jyy = 7.0 Hz): 2.77 and 2.8} (boths, 6 H
each, Me;N); 6.09 (q. | H, CH3CH=. 3Jyy = 7.0 H2); 6.74
and 6.82 (both m, 2 H each, H,): 7.22 and 7.38 (both m, 2 H
each, H,). 13C NMR (C¢Dyg), & 15.95 (MeCH=): 40.3 and 40.3
(Me,N); 112.6 and 112.65 (C,,); 119.6 (CH=): 128.7 and 131.3
(C,): 128.8 and 132.8 (C}): 143.0 (C=); 149.9 and 150.1 (C,—N).
According to the NMR specira measured after heating of the
solution (123 °C. 4 h), the mixture contained Et;P=S and
alkene 12 (the quantitative yield).
The reaction of thioketone 9 with Ph;P=CHMe was carried
out analogously. The characteristics of the NMR spectra of
betaine 11 are given in Tables | and 2.
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