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Heteroorganic betaines
5.* A DFT study of the structure and reactivity of 6,6-dimethyl-6-silafulvene
and silicon-containing organophosphorus betaine “CsH,SiMe,CH,PMe;*
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The structures of 6.6-dimethyl-6-silatuivene CiHLSiMe: (3). its donor-acceptor complex
with ammonia, CiH SiMes> - NH;y, dimethyvlfulvene, a number of evclopentadienylides,
methvienetnmethylphosphorane (6). and silicon-containing  organophosphorus betaine
“CsHLSiMeCHLPMe;™ (13), the product of nucleophilic addition of 6 to 3. were caleulated
using the density functional approach. For compound 13, the potential energy minmimum
corresponds 1o the conformation with gauche-arungement of the cyclopentadienyl anionic and
trimethyiphosphonium cationic centers and a4 C—=Si—C—P dihedral angle of 30.3°, which is
duc to the Coutomb attraction between these centers. According to caleubations, betaine 13 s
rather stobic toward decompaosition into 3 and 6 1A4° = 42 kel mol™' A6 = 30 keal mol™!),
The v channel of thermal decomposition of compound 13 involves an intramolecular
nuclcophilic substitubion, which proceeds with elimination of trimethylphosphine and results
it -dimethyl- L-sifaspiro) 2.4 thepta-3.6-diene. which then undergoes o ready and irrevers-

|3 -sigmatvopic shift of the C=Si band.

Key words: silaolefins, silafulvence. sihcon-containing organophosphorus betaines, non-

empiricat guantunm-chemical calcufations, density tunctional theory.

The chemistry of compounds with multiple carbon-
stticon bonds has been progressing rapidly in the last
decades.23 There are two major factors responsible for
the Kinetic mstability of silaoletins, namely, the tower
encrgy of the 3p,—2p,-bonding in the Si=C fragment as
compared 1o that of the 2p.—2p.-bonding in the C=C
olefin fragments and the high polarity of the 8°Si—C%”
bond. which is duc 1o the farge difference between the
clectronegativitics of carbon and silicon. The latter etfect
is even more pronounced for compounds with the Si=X
{X = 0O, S. NR) doublec bonds. Because of this. the
simplest silaolefins. stlanoncs. and silancthiones can be
detected and studied spectroscopically only in solid noble
gas matrices at low temperatures.? In order o increase
the kinctic stability of such compounds, bulky substitu-
cnts are usually attached to both atoms of the Si=X
dvad. thus producing steric hindrances. 235 Delocal-
1ization of the positive charge on the Si atom owing to
the coordination of donor groups, as well as delocaliza-
tion of the negative charge on the C atom or hereroatom
X in the dyad. also have a stabilizing effect. In particu-

* For Part 4. see Ref 1.

far. this approach has been used for isolation ot a com-
plex between 1L E-bis(trimethylsilyl)-2-methyi-2-silaprop-
f-cne, which is unstable under stundard conditions. and
trimethvlamine (178 The authors of the lust-ramed
two studies also succceded in characterization of the
structure of complex 1. Stlancthione (2). stabilized by
the strong intramolecular N—=Si coordination bond. has
also been isolated and characterized.?

Previously. '® we have first hvpothesized that delocal-
ization of the ncgative charge on the carbon center in
the 97Si—C%~ fragment must stabilize the structures of
6.6-dimethyl-6-silafulvence (3) and related compounds.
This hypothesis was confirmed experimentally. It has
been shown!h12 that the gas-phase pyrolysis of silvl-
cyclopentadienes does result in a highly reactive com-
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pound 3. which can cither be trapped by benzophenone
(or Me;SiOMe) or undergo dimerization (Scheme 1).
We succeeded in generating compound 3 and s
dibenzo analogs in solutions in reactions ot dialkyl-
chlorostlvlicyvclopeniadienes and dialkylchlorosilyl-
fluorencs with phosphorus vlides (Scheme 2). The for-
mation of silafulvenes and dibenzosilafulvenes was reli-
ably confirmed both by carrving out the reactions in the
presence of trapping agents and by spectroscopic meth-
ods. 1317 Compound 3 can also be trapped by excess
alkyhidenephosphorane. The reactions result in silicon -
contamning  organophosphorus betaines 4. which were
isolated as solids and characterized spectroscopically.
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Recently, 1824 we have also svnthesized a large group
of silicon-containing organophosphorus betaines 3 with
phosphonium cationic and thiglate anionic centers
(Scheme 3) and carried out detailed studies of their
structures and reactivitics. Betaines 4 and 5 were found
to possess some unusual propertics. They can undergo
various and rather complex chemical transformations.
This, in principle, allows the use of these compounds in
syntheses of organosilicon compounds with the silicon
atoms in unusual oxidation states. Controlling the reac-
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tivity of betaines 4 and 5 requires knowledge of the
factors responsible for their structure and propertics. To
this cnd, 6.6-dimethyl-6-silatulvence (3) and betaines 4
and 5 were studied theoretically i the framework of the
density functional theory (DFT)Y approach. The aim of
this work was to study compound 3 and onc representa-
tive of betaines 4 (R = H. R™ = Mg),

Scheme 3
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Calculation Procedure

Currently, the DET approach is tinding imcrcasing use in
studies of complex motecular systems and  mechanisms of
chemical reactions. The results of DFT calculanions arc compa-
rable in accuracy with those obtained by traditional ab initio
methods with inclusion of correlation citects, but ther compu-
tational cost is lower. In this work, alt calculations were carricd
out using an original sottware 23

The exchange-corrclation energy was calculated using the
generalized gradient approximation and the Perdew—Burke—
Ernzechof (PBE) hybrid functional.2® One-clectron wave fune-
tions were expunded using extended basts sets of contracted
Gaussian tunctions ot size {3H1/1) for Ho6HHIL /411711 for
Cand Noand Jod EULTELLE/SIMLETEZE L) for Siand P (figures 10
braces indicate the coniraction patterns of the Gauwssian func-
tions for the s-. p-.and d-AQs, respectively). According to the
algorithm proposed carlier.25 the matrix clements ot the Cou-
lomb and ¢xchange-correfation potentials were calculated using
clectron density eapansion in an auxiliary basis set. In this
work, the auxiliary basis set comprised uncontracted sets of
atom-centered Gaussian functions of dimensions (3s1p) for H.
(10s3p3d1t) tor C and N, and (14s7p7dttig) for Si and P.
Statianary points on the potential cacrgy surfaces (PES) of the
systems under study (Table 1) were locaied by analyzing the
Hesse matrices. The second derivatives of energy with respect 1o
courdinates were calculated analytically. Atomic charges were
calculated wsing the Hirschteld method. Previously, we used



Heteroorganic betaines

Russ. Chem. Buil., Ini. Ed., Vol. 49, No. 11, November. 2000 1825

Table 1. Total encrgics (£) of the structures under study and
zero-point vibranional energy corrections (ZPE)

Struc- A ZPE
ture U

3 ~=361.80977 0.14037
6 =500.04718 0.13304
7 =310.44136 0. 13423
8 —670.45623 —

9 =633 54131 —

10 ~018.33073 017855
13a —1061 93313 0.27847
13b -=1061.91072 —
14 ~601.08897 0.10957
PMes —460.82468 0.10937
15 —1061.87690 0.27383
16 =60 %642 0.16508
17 ~6i1.10326 (0. 16848

this computational procedure and software in studics of the
mechantsms of haptotropic rearrangements in transition-metal
a-complexes?® and alkane activation by cationic complexes of
zirconiuny. 28 To check the adequacy of the approach emploved.
prehminary caleulations of the structures of methvlene-
trimethviphosphorane (6) and a series of evclopentadienylides
were carried out,

Methylenetrimethylphosphoirme (6) i the simplest phos-
phorus vhide. The structure of this compound (Fig. 1) has been
the subject of several experimental and  theoretical studies.
According w the data o low-temperature X-ray diffraction
study, the PMe; Fragmeot Bas an asviunctric structure, while
hydrogen atoms at the C2y atom deviate from the plane passing
through the C{2)=P bond. Pyvramidal structure of the P=CH,
fragment was also observed?® for CH-=PPh;. However, these
ctfects coudd be duc o packing tactors, The sMix) curves
obtwned in the gas-phase clectron diffraction studv?® of com-
pound 6 were interpreted assuming a Cyosymmetny of the PMey
fragment and a planar PCH, unit. However, MP2/6-311G

Fig. 1. Calculated molecular geometry of methvicnctrinmctivl-
phosphorane (6).

calewlations?? of the equilibriuny geometry of molecule 6 showed
that the globual potential cnergy minimum corresponds o the
structure with ¢ svmmetry. the parameters of which are listed
in Table 2. Re-amalysis oi the experimental sMis) curves™
under assumption of €, symmetry has led to substantiaihy
improved fit of the experimental intensities refative o the old
refinement. The new set of geometric parameters was found o
be tn excellent agreement both with the results of the
MP2/6-311G* calcutations?® and with our resulis oblained
from DFT caleulations (see Tuble 2).

It is signittcant that both computational methods reproduce
well such a distinctive tearure of the molecular geometry as the
nonplanar structure of the PCE2)H)HEG) anit with the "pyra-
mdal™ C2y atom. The angle between the Ce2)=P bond and the
plane passing through the Cr2). Hi3y. and Heh atoms s 3317,
which ix in agreement with the values reported carlier?? for
CHPMe: (2740 and CHLPPh: (2670 The cnergy of ihe
transition state (TSY of inversie: 7 the C(2) atom cwith C,
svabnetny) is 1.2 keat mob ' T s also i good agreciment
with o value of 1.3 keal moi™! obwined tfrom MP26-311G°
caleutations 22

Yet another group of model compounds studied in this
work comprised dimethylfulvene (7) and sulfur (8) and phos-
phorus (9) evclopentadienylides. The calculated geometric pa-
rameters are histed in Table 3. which also inctudes experimental
data given tor comparison. As can be seen. the computational

Table 2. Molecular geometry parameters for methylencirimethviphosphorane (6)

Paramceter Experiment

Calculations

£ Neray analysis?

MP26-311G7 PBETZ2P¢

Bond fengrh/Aa

P(hHh—C(2) 1.656(2) L 678(2) 1.667 1.694

Py~ Ced) 1.837(6) 17912y 1.849 1.876

Pi1-Ct9) 1.809(3) 13081 1.817 b.839
Bond angle/deg

CR2)—PeH—=C(3) 122.47) 119.7¢1h) 1239 124.2

CiH—Pe)—C) Y 113 69i6) 1014 BTN

Ci—~PrH—C(9) 101.0¢20) 103.40(7) 1012 11.62

CNH—-PH—C(1 D 107 407 1003 10746

P~ Ci2)—H(3). HE.2018) 111(2) L7 o

Pe)—COy—H(d) {118(3))

HIH—C(2--Hih 13.7020) 118(3) 1161 115.3
Dihedral angie/dey

CO)-PH=C(Dr—H(3. 73.9¢(3) 181) 722 723

CY—P(H—-C2)—~Hd) 109

“The results of gas-phase electron diffraction study 39

b See Rel. 29,
¢ This work.
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Table 3. Calculated and experimental (Hgures in parcntheses) bond lengths in the cvclopentadienyt ring and the dipole moments (1)
of dimethyltulvene (7) and sultur (8) and phosphorus (9) cyclopentadicenylides

! )
2 5 2 6 -
O O
3 3
4 4
X = CMe, (7) X = SMe, (8), PPh, (9)
X Bond tenuthsA u/D Reterence
ChH—C2). CH—C(3) Cen—Cih Ci3)--X
CH—Cd) Ch—-C(h
M, 1.364 1465 1.463 I 366 1.94
(1.346) (1.433) (1.43) (1.344) 52
SMes 1.394 1432 1.434 1711 6.1
(1.366) (1.364) (1.394) (1.709) 33
PP~ 1.394 1.425 1,437 1.84% 701
(1.385) (1.402) A3 (171 M4

method we cmployed reproduces fairly well the resulis of the
X-ray study. The distinctive features of compounds 7—9 are
cyualization of the ring C--C bond lengths and an inerease in
the dipole moments with increasing degree of charge separation
n the ylide.

<Me @ S*:Me F,"/”Ph
Me Me \V'Ph
Ph
7 8 g

The results of our test catcufations show that the method
cmployed reproduces well the structures of fulvene 7 and vlides
8. 9. 11 should be noted that the large difference between the
calculated and experimentad P~C bond fengths in vlide 9 can
be duc to packing factors. which could not be taken inio
account. For other compounds, the caleulated bond lengths
differed from the experimental values by less than 0.04 A, while
the bond angles differed by at most 3¢ This accuracy is typical
of DET calculations of the geomietny of organic molecules.

Results and Discussion

Structure of 6,6-dimethyl-6-silafulvene (3). Accord-
ing to our DFT calculations with the PBE functional
and TZ2P basis sct. tiie ulobal potential cnergy mini-
mum on the PES of molecule 3 (Fig. 2) corresponds to
planar structurc 3a. The cnergy of the “orthogonat”
conformer 3b is 27.4 kcal mol™" higher, which makes it
possible to assess the contribution of r-bonding to the
formally double C(5)=Si bond in molccule 3. According
to theorctical estimates and thermodynamic data,3! this
encrgy in the silaoletin CH»=SiMc; is 39+3 keal mol ™
our caleulations give 39.0 keat mol™!.

3a 3b

The geometric parameters. charge distributions. and
the calculated dipole moments tor both conformers of

molccule 3 are listed in Table 4. The bond length
distribution over the cvclopentadieny! ring of molecule 3
s close to that found for triphenyiphosphonium
cvclopentadicnylide 9. This is also 1 agreement with
similarnty in the chemical behavior of these compounds,
in particular. with their ability to react with benzophe-
none “according to Wittig.”!3 Molecule 3 cxothermicatly
adds an ammonia molecule to give the donor-acceptor
complex 10 (see Fig. 2: A = =13 keal mol™h AG® =
=5 keal mol™ Y. The geometry of the complex differs
appreciably from that of molecule 3 (see Table 4). The
bond arrangement of the St atom attains a configuration
of a distorted tetrahedron. The C(3)—Si bond is some-
what lengthened. the dipole momcent of complex 10
increases, and a tendency toward cgualization of the ring
C—C bond lengths is observed. According to calcula-
tions, the barrier to rotation about the Si—C(3) bond in
complex 10 cquals 6 kcal mol™ !, which indicates appre-
ciable weakening ol the 3p,—2p,-bonding in the Si—C
fragment. The results of calculations for complex 10 are
in agreement with a nomber of experimental findings.

R
Me
Si Si
» Me R
NH,
10 11
Ph
) si< NMe,
12

For instance, we have previously found that the
dibenzo derivatives with alkyl groups at the silicon atom
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a b Table 4. Geometric paramceters and atomic charges for
6.6-dimethvi-6-sitafulvene (3) and its complex with ammonia
G C“)(‘H) C(7) /'r (1 1) (10) obtained from DFT (PBE/TZ2P) calculations
e e L/
= W Sio) C i Sihy T s Parameter 3a 3h 10
,;;:_;’,;ii"C(SJ J s
AR Y o e HEN Bond length/A
COrR o ';?K_l““ Cisr—Col), 1457 436 441
C$H—=Ci4
Fig. 2. Calculated molecular gecometry of dimethylsilatulvene Cth--Ci2y. 1.376 1.393 1.393
(3) (@) and 1> complex with ammonia of 0 1) (10) (5. CihH—C(3)
Cty=C(h 1433 1.421 1.426
_ A Ci3)--8ifh) 1.752 1758 178
(of tvpe 1) arc highly reactive; on the other hand. Sit6r—C(7). 1.883 1.871 1887
compound 12, which we have obtained and spectro- Si()—C(8)
scopically characterized earlier,t? exhibits a sufficient Sid)~- N9 - — 2.036
kinctic stability owing to the formation of an intramo- Bond angle /ey ) ‘
lecular donor-acceptor bond. Most likely, it is the stabi- Cih—Cinr ~Ceh “)’(’“‘{ ”)'7-3 "3(”‘
lization due to the formation of a donor-acceptor com- :”:)"g:;jé(i) :;:‘2 :;E“z :;:j
Plcx with p},v.rid.inc Ihzuvis rcsporl§iblc for [hc‘possi.bil.iry t'((s';:&:é)_c:.?; 15;:9 ,5;(") 1}33
for the cquiibrium we tound carlicr 1o occur in pyridine C3=Si6)—CL8) 1219 1236 119.9
solution™® (Scheme 4). C(7)~Si(0)—C(8) 116.3 i 1125
Dihedral angle/deg
Scheme 4 Cih—C3)—CihH—Ci3) 0.0 0.0 1.2
Ch--C(3)=Sie)—=C(H 0.0 9010 278
Cih—Ci3—Sier—C(8) £80.0 ~-90.0 174.7
Cl=Ci3)~Sih)— N — -~ —78.6
}3 Atomic charge/au
4 i~CH—PR —e Cch ~0.15 019 -0 19
<O:N ?' CHz PRy ) R -0.12 —0.13
( R 3 - ~0.11 —0.11
\ Y Ch S ~0.11 -1
() =00 0,12 =0.13
//\ O Sit6) 0.41 0.57 0.3
O (7 —).19 =019 ~1).20
_N Ci5) ~-0.19 =0.19 —0.20
@ Sivh F CH,PR, Ne9) . - - =0.11
R Dipole moment/D 4.3 7.20 8.73
L
The cualculated structure of the simplest betaine (13) is
The structure and properties of betaine 13. Accord- shown in Fig. 3 and the geometric parameters arc histed
ing to our DFT caleulations with the PBE tunctional in Table 5. Some salient features of this structure should
and TZ2P basis set. the gas-phase reaction between be pointed out. Among these is the accumulation of a
6.6-dimcthy!-6-silafulvene 3 and 6 proceeds barrierlessly rather large negative charge in the cvclopentadieny! ring,
with a strong ¢xothermic cffect (AH° = ~42 keal moi™!). which leads to further cqualization of the C—C bond

a
Yoo
C(y C(
IR Cih
[T l //)‘
Uﬂ%’\,{;‘!‘ - (CTI ,
Crarel 3, Gt

C9y Y e Cis)

W e - —
o . (ST PUT)

Fig. 3. Calculated molccular geometry of betaine 13 (gewche-conformer 13a (v) and “rotated” conformer E3b (A1) and geometry of
ransition state 13 (o).
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Table 5. Grometric parameters of betaine 13a and transition
state 15 according to DEFT (PBE/TZ2P) calcnlations

Parameter {3a 15

Bond lengthy/ A

CiOH—Cly., 1434 1.434
CiH—Cdy
Clhy--C2y, 1.406 1.388
Cd—-C(h

H—C 1421 1.456
Ci3H)—=Si6) 1.822 |.843
Sue)y—C(7). §.899 1.893
Sit6)—Ci¥)
Sie)—Ce9 1.98% 1.866
C(9)—Pe 10y 1.802 2531
Priy—~Col by 1834 1.5876
Pty —-Cil 2y, 1.813 1.8354

POy —C13)
Bond angle/deg

Cih~—C3H—-Cidy 106.5 106.5
Ci3)—-Suor—C) 109.4 77.0
C(3)—Sit—C(7) 11501 -~
St —=Ci9)—P10) 115.9 117.6
Cin—-PrIH—Cct) 1129 —
CH-—-Pim—Ce12) 1100 —
Dihedrat angle/dey
COY=Sib—=C9)—Peity 0.3 183.0
Atomic charge/au
b =048 -
Cty —{.2] -~
Ci3) —0.12 -
G —0.42 -
Ci3y —.21 —
Sié)y .33 —
C(h —f} 14 —
Cis) —0.14 —
Cio =019 -
P 0.43 -
Cith —0.12 —
Cii2y =012 -
Cl3) ~i.14 ~
Dipole moment,/D 10,43 —

lengths as comparcd to those in molecule 3 and to an
increase in the dipole moment. The potential cnergy

minimum corresponds to the gauche-contormer (13a) of

the molecute with respect to the central C(9)--Si bond
(the C(3)—Si—C(9)—P dihedral angle is 30.3°). The less

a b
”\.C(‘))\f
8 f by
(\( \/

ﬁSl(ﬁ)

(()) ((IJJ,/\\
(f\) ! t\ﬁ\&: )

uﬁr

Fig. 4. Calculated molecular geometry of 1.1-dimethyl-1-sifa-
spiro] 2.4 hepta-4.6-dicne (14) (@) and transition state 16 (H).

sterically hindered conformation (13b) corresponds to a
shatlow local mintmum on the PES (sce Fig., 3). which
lies 13 keal mol™! higher than the global minimum 13a
on the energy scale. Stabilization of the gawche-contor-
mation 13a is Jikely due to strong clectrostatic attraction
between the canonic and anionic centers.

hermal activation of molecule 13 involves an in-
tramolecular nucleophilic substitution, which proceeds
with climination of trimethvlphosphine (Scheme 3
and results e L L-dimethyl-1-silaspiro|2.4|hepta-
4.6-dicne (14).

Scheme 3

Me & Me .,
P-Me > Si -
Mer Si— Met, _\
M 4 Me /P “1Me
© Me Me
13a 13b
Mo"ls \é ”
Me % ;
P Me |
] Me Me |
15
> + /P‘MMe
Me"'lSi Me e
Me
14

First. the interconversion 13a — 13b occurs. Transi-
tion statc 15 is characterized by lengthened simple and
shortened double bonds between the cyvelopentadienyl
ring atoms. The encrgy diagram of thermal decomposi-
tion of betaine 13a is shown in Fig. 6. Analysis of the
bond length ratio and encrgy parameters suggests that
TS 15 is "closer” to the rcaction products. ie., this is a
“late” TS (see Table 3). Solvation will undoubtedly favor

I

Ci2y P
‘/‘* 9(2\) u'f
C(X) é(” !xAC(())
cmﬂt S
\% ’,/ Si{6)

C(3) \/"
!:,Cr.?)
oy,

Fig. 5. Calcutated molecilar geometry ot 6.6-dimethyl-6-
silabicyclo] 3.2.0 hepta- 1, 3-diene (17).
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£t 15
(34.0)
(j’é_z)‘ 13b" * 16 + P!\Ae:;
Sty S L (13.8)
14 + PMe,
; (122}~ 17 + PMe;
(Lé’-_%' (4.8

Fig. 6. The encrgy diagram ot thermal decomposition of betaine
13a tfigures in parentheses are the relative cnergies given i
keal mot ™1y,

a decrease in the energy ditference between conformers
132 and 13b. In this connection. the height of the
activation barrier €33 keal mol 7H) caleulated for the gas
phase should be regarded as the upper bound tor this
reaction in polar solvents.

It should be noted that compound 14 (sce above) is
not the end reaction product. A ready [1.5]-sigmatropic
shift of the Si—C bond in 14 through TS 16 results in
6.6-dimethyi-6-silabicyelo]3.2.0 hepta- 1 3-diene 17)

(Scheme 6). This wype of isomerization is 1ypical of

1 -cvclopentadienyt derivatives of both non-transition
and transition clements, B0 Among characteristic fea-
tures of TS 16 arc the pentacoordination of the Si atom
and rearrangement of double and single bonds in the
cvclopentadienyl ring. The caleutated activation coergy
is 1.6 keal mol™) (A = =9 keal mol™y. The geometrnie
parameters of structures 14, 16, and 17 are listed n
Table 6.

Scheme 6

Me R
Sli,Me ! /Me.

- Si ! —>

i - H

14 16
H e

/
S'\Me

17

Summing up. mention may be made that the results
of our theoretical study of compounds 3. 6. 10, und 13
using the DFT approach with the PBE tunctional and
TZ2P basis sct are in good agreement with the known
experimental data on their structures and reactivitics.
They confirm the hvpothesis we proposed carlicrt? that
delocalization of the negative charge on the carbon
center in silaoiefing increasces their refative kinctic stabil-

Table 6. Geometric parameters of foi-dimethyl-1-sifa-
spiro] 2.4} hepta-4.6-dicne (14). transition state 16, and
6.6-dimethyl-6-silabicyclo] 3.2.0)hepta- L 3-dicne 117)

Paramcter 14 16 17
Boud tength/A
Cin—C(» 1.463 1.396 1,478
C(2)—Ctd 1.449 1.421 1.375
C(—Cth 1.463 1.394 I.436
Ch—Ctyy 1463 ] 434 1.381
CiHh—Ci» 1.463 1467 1.513
C(H—Sim — 2511 1.972
C(51=S5ith) 1.904 1.966 —
C(3y--C(h) {333 1.526 1.511
Sib)—Ci 7y 1.853 1862 1.918
Site1—-Cih 1882 187 1.889
Si(6)-—Cth 1.882 1.8%6 £.892
Bond angle/deg
C(h-—-C(3»—-C(h 1060 80 107.3
Cih—C5)—C(%) 125.8 1246 111.2
Ctdr--C(3y -Gty 1238 — -
SHeY—C(H—Cth 62.6 — -
C(3~Sith)--C(7) 47.8 - —
C(3)—Si(0)-~-C(8) 1131 - —
CiH—=Si6)—C(SH 120.4 — —
Si6)y—C{H—Ci3) — 1080 77.3
CiH—-Cih—Cty) — 6.6 108.4
C3)—CiH—=Su o) — 74 .4
Cth—Sut)y~Ci7) -- 728 798
Cehy—-Siu6)—Ct8) —- - IRERY]
Cly=-Sit6)—Ci9) — - 1129
Dibedral angle/deg
Cth—C(H~C(3H—Cy 17.0 - —
Cih—Ci)--C(3)—Si(6) -331 -~ -
C(H)—C3)—Sit6)—C(Ny, 731 -~ —
T —C=S16)—Ceny
Ceh--Sum—Ci3)—~C(7y 821 40.7
Ci)—ChH—Cit5—=Cidh — 1.0 —

itv. According to calculations, there are two main de-
composttion channcls of betaines 4 (and. in particular,
compound 13). They involve (a) homolysis of the central
Si—C hond followed by formation of a silafulvenc and
phosphoranc and {b) intramolccular nucleophilic substi-
tution. which procceds with climination ot a phosphine
{sce Scheme 3). Channel (b) is morce encrgetically favor-
able tor a gas phase and photochemically activated solu-
tions. as was observed for betaines 5.2224 However, the
results of our calculations also suggest that in solvents of
high polarity and in the presence of donor molecules the
probabitity ratio of the different decomposition channels
of betaines 4 can be changed in favor of channel (a).
This allows in sinn gencration of silafulvenes in solution
from betaines foltowed by introduction of these mol-
ecules into various chemical rcactions. In this connec-
tion, the cquilibria shown in Scheme 3 40 deserve de-
tailed consideration. It is also believed that the thermal
decomposition channels (a) and (b) should be common
to compounds 4 and their carbon analogs gencrated from
fulvenes and phosphoranes. This allows development of
simple and gcasy proccdures for the synthesis of
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spirocvctopentadienes from fulvenes and phosphorancs.
We arc going to check these assumptions experimentally
1 the immediate future.

This work was financially supported by the Russian

Foundation for Basic Rescarch (Project No. 00-03-
32889).
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