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The mechanism of siliconfluorine and silicor-carbon bond cleavage in organofluorosilanes and -silicates i
analyzed with the aid of molecular orbital calculations. The optimized geometries of reactants and intermedi
are calculated, and these calculations support the view that cleavage Bhb8nds occurs by way of fluorine-
bridged Si--F--Si intermediates. Cleavage of aGibond in PhSiktakes place in the presence of fluoride ion
and oxidizing agents, and the calculations are in agreement with the formation of,PaB8#HPhSiE>~, followed

by oxidation to a radical anion PhSiF. The latter species, however, is predicted to decompose rapidly to giv
anionic Siks~, and phenyl radicals. These calculations and the proposed mechanisms of bond cleavage a
agreement with experimental data, where available.

Introduction Scheme 1

The bond energies of SF and Si-C bonds are quite high, l': - lI: ]] R |F Ez
on the order of 565 and 318 kJ mé) respectively, yet these Sivug —= R_S;-;"' /Sl\.
bonds in organofluorosilanes and -silicates may be cleaved under o A F R™ | °F
mild conditions in the presence of fluoride ion. A mechanism . . F_
which accounts for the cleavage of-Si bonds in typical 8-5i-4, 8-F-1 10-8i-3 12-51-6
fluorosilicates such as RSiF and RSikE?", and involves a _ . -
fluorine-bridged intermediateés shown in Scheme 1. In this T ;I . 1|: ; l|: R II: F
mechanism the NX—L notation of Perkinget al3 is used to R—Si-';'" ',31\ —_— F—si'-"-"-p-/--Siip
specify the valence electron count (N) and coordination number |F F R }L F F/IL R |F
(L) of elements (X) silicon and fluorine.

Evidence that fluorine-bridged intermediates are involved 10-8i-5 12-8i-6 12-Si-6, 8-F-2
in the cleavage of SiF bonds is based on NMR studies of R =F, Me, Ph
rapid fluorine exchange in four-, five-, and six-coordinate sili-
con fluorides! synthesis of new fluorosilicatdsand the Scheme 2
X-ray structure determination of three fluorine-bridged sili- E 2 F -
cate anionsp-CgH4(SiPhR)2F~ (6), 0-CeHa(SiPhF)(SiRs)F, F F~ Fu, | .wF -e F,. |
and 0-CsHa(SiPhF)(SiPhR)F~.56 RSIF3 == RSIF4 == SIS ™ F/S|'<FR

The fluoride-catalyzed cleavage of-SC bonds is a more F F
complex process, and a mechanism is given in Scheme 2. This 8-Si-4 10-Si-5 12-Si-6 11-Si-6
mechanism agrees with the proposal of Kumada and co-
workers? however, details of the electron-transfer step are not
specified since they depend on the choice of oxidizing agent. Fol-

The experimental evidence that supports a radical anion _,F“;Sli_p + Re _S_i{R,._H__,S.}__E R-H+ S* ==c(c
intermediate in Scheme 2 is the finding that typical one-elec- |
tron oxidizing agents such as Hg(I/ll), Sh(lll), Pb(I1V), Bi(lll), F
Ag(l), Cu(l/ll), Pd(Il), NBS, halogens, etc., bring about rapid 10-Si-5 R =alkyl, aryl; SH = solvent

cleavage of S+C bonds in RSiE~.78 Furthermore, if an .
electron acceptor such as tetracyanoethylene (TCNE) is adde

P ; . _
® Abstract published if\dvance ACS Abstractdanuary 1, 1997. to RSik™, th_e radical anion TC_:NE Can.be observed by ESR’
(1) Huheey, J. E.; Keiter, E. A.; Keiter, R. LUnorganic Chemistry: and TCNE is alkylated. Spin trapping of alkyl radical
Principles of Structure and Reacity, 4th ed.; Harper Collins: New intermediates has been reporfednd electron transfer from

@ jg;';éﬁggs;':pcﬁjg' Chem. Re 1994 130, 355 RSiR?~ to TCNE also occurs in the solid stdfe Electrolysis

(3) Perkins, C. W.; Martin, J. C.; Arduengo, A. J.; Lau, W.; Alegria, A.; ©f PhSiF?™ gives benzene, while MeSiF gives methane and

Kochi, J. K.J. Am. Chem. Sod.98Q 102, 7753. ethané® Benzene is also detected in samples of PESiEfter
(‘51) ¥aratv Rk K-ﬁJa”Zﬁ.”'TA_- .{C""Q.Jgﬁhe”;jg,? 5%h3845-s 4990 several weeks in dichloromethane solutiénin the presence
®) 1?2‘32’22:‘ ayashi, 1., 1o, 1., Shiro, . Am. Lhem. 5o of fluoride ion, the S+-C bond in silatranes is cleaved by
(6) Tamao, K.; Hayashi, T.; Ito, Y.; Shiro, MOrganometallics1992 11,

2099. (9) Yoshida, J.; Tamao, K.; Kakui, T.; Kurita, A.; Murata, M.; Yamada,
(7) Kumada, M.; Tamao, K.; Yoshida,J.Organomet. Cheni982 239, K.; Kumada, M.Organometallics1982 1, 369.

115. (10) Yoshida, J.; Tamao, K.; Kumada, M.; Kawamura,JTAm. Chem.
(8) Milller, R. Organomet. Chem. Re1966 1, 359. (b) Miler, R. Z. Soc.198Q 102, 3269.

Chem 1984 24, 41. (c) Miler, R. Silicon Compounds, Register and  (11) Marat, R. K.; Janzen, A. F. Chem. Soc., Chem. Commu®77,

Review; Petrarch Systems, Inc: Bristol, PA, 1984; p 50. 671.
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Table 1. Experimental and Calculated-SF Bond Lengths (pm), and Average Lengtheing Bonds (%) Relative to Si-

SiEs SiFs SiF>  PhSik PhSiR~ PhSiR2- {Ph--Sik}
experimental 155.98 166.0 ax 162.2€§ 170.66 157.253 169.1ax 162.6 &§
(5.2%) (9.4%) (6.3%)
6-31+G*  156.0 166.1ax 162.4eq 170.9
(5.3%) (9.6%)
6-31G* 155.7 165.3ax 161.8eq 170.0 1574  167.1ax 162.7eq 168.9ax —16M8 eq 165.1ax 161-7162.2 e§
(4.9%) (9.0%) (5.7%) (8.8%)
3-21G* 155.7 164.2ax 161.2eq 168.0 157.2 1659ax 161.8eq 166.6ax —IEBA eq 163.8 ax 160-962.1 e§
(4.3%) (7.7%) (5.0%) (7.4%)
STO-3G* 1521 160.8ax 157.6eq 164.6 1524  159.8ax 157.3eq 162.0ax 1623 eq 160.7 ax 157-557.7 e§
(2.1%) (5.5%) (1.6%) (4.0%)

aFor compounds having nonequivalent fluorines, an average of the axial and equatorial bond lengths is used for estimating % lengther
bonds; ax= axial, eq= equatorial fluorines? Note similarity to Sik~ in third column.

Table 2. Experimental and Calculated Si--F--Si Bridging Bond Lengths (pm) and Lengttfeniiige Bridging Bond (%) Relative to SiF

SiF, F;Si--F--SiF~ MeFRsSi--F--SikMe™  Fs-Si--F--Sik3~ Csz(SiMer)zF_ 0-CeH4(SiMeF2)2F_ O-CeH4(SiPhE)2F_
Si-F (1) Si-F--Si (2) Si--F--Si (3) Si-F~Si  (4) Si--F--Si (5) Si--F--Si (6) Si--F~-Si
experimental 155.98 189.8-206.5°¢
(21.7-32.4%)
6-31G* 155.7 184% 189.8 188.4 191.4%29190°¢
(18.3%) (21.7%) (20.8%) (22.7%)
3-21G* 155.7 180.5 184.2 182.6 18571185.3 184.9bd9h 184 4
(15.7%) (18.1%) (17.1%) (18.7%) (18.5%)
STO-3G* 152.1 175.1 174.9 176.5 179.6 174.®
(12.3%) (12.1%) (13.2%) (11.9%) (11.6%)

aFor compounds having nonequivalent fluorines, an average of the axial and equatorial bond lengths is used for estimating % lengther
bonds.? Methyl groups haverans configuration.c Methyl groups haveis configuration.? Transisomer is more stable thasis isomer by 1.7 kJ
mol~L. ¢ Transisomer is more stable tharisisomer by 1.9 kJ mot. f Transisomer is more stable tharis isomer by 2.4 kJ mot. 9 With second
derivative calculations and full optimizatiohGeometry of benzene ring relaxed.

Hg(Il), Pb(1V), Sb(lll), and Bi(lll)#12 and the Si-C bond in

hexacoordinate diorgano(phthalocyaninato)silicon compounds

is cleaved by NBS, halogens and Cuffl) Radical anions have
been observed in silicon catecholatés.

The possibility that the pentacoordinate anion RSjkather
than the hexacoordinate dianion RSiF is responsible for
Si—C bond cleavage is unlikely in view of the finding that
MeSiF,;~ reacts with Ag(l) salts only in the presence of added
fluoride ion8 In the absence of oxidizing agents, organopen-
tafluorosilicates RSig~ are stable, even in aqueous solutlén,
and can be conveniently identified by their ABuorine NMR
spectral-1>

A three-stage method of analyzing reaction mechanisms has

been proposed recen#y®1” This method requires, first, the
construction of a reaction pathway)X2C) which defines each

Calculations

All ab initio molecular orbital calculations were performed with the
GAUSSIANS6 and GAUSSIAN92 system of prografiisand geo-
metrical parameters were fully optimized with analytical gradient
methods by the Hartreg=ock method. Interacting molecules and ions
are treated as one large systéhrStandard literature values were used
for the geometries of methyl and phenyl substituents, except for some
calculations in Table 3 where the geometry of the phenyl group was
relaxed. The basis sets STO-3G*, 3-21G*, 6-31G*, and 631 were
used in the calculations, and the optimized geometries were compare
with experimental data, where available. Second-derivative calculations
were carried out for structurels 2, and5, and polarization functions
(6-31G**) were used for the hydrogen-bonded strucfurd-requency
calculations were carried out for all fully optimized fluorine-bridged
intermediatesl—5, and it was found that all the frequencies are real
from second-derivative calculations. Hence these final structures

elementary step of a reaction mechanism and specifies thecorrespond to minima on the potential surfaces.

connectivity of atoms along that pathway, taking into account
their coordination number and electron count.
pathway PX,C) is tested by carrying out molecular orbital

calculations of all postulated intermediates, and that is the
subject of this paper with regard to the mechanisms of Schemes

1 and 2. Finally, kinetic simulations of the proposed pathways
PX,C) may be carried out by associating elementary rate
constants with the four elementary steps of a reactien;+C,

—C, +C¢ —C¢, as illustrated previously for the Bfbase
systemt’

(12) Miller, R.; Frey, H. JZ. Anorg. Allg. Chem1969 368 113.

(13) Tamao, K.; Akita, M.; Kato, H.; Kumada, M. Organomet. Chem
1988 341, 165.

(14) Bubnov, N. N.; Solodovnikov, S. P.; Prokof'ev, A. |.; Kabachnik, M.
I. Russ. Chem. Re(Engl. Transl.)1978 47, 549.

(15) Tandura, S. N.; Voronkov, M. G.; Alekseev, N. Yop. Curr. Chem
1986 131, 99. (b) Chuit, C.; Corriu, R. J. P.; Reye, C.; Young, J. C.
Chem. Re. 1993 93, 1371. (c) Dixon, D. A.; Farnham, W. B.;
Heilemann, W.; Mews, R.; Noltemeyer, Meteroatom. Cheml993
4, 287.

(16) Janzen, A. F.; Jang, MCan. J. Chem1989 67, 71.

(17) Ou, X.; Wallace, R.; Janzen, A. Ean. J. Chem1993 71, 51.

Second, the Results and Discussion

Silicon—Fluorine Bond Cleavage. The optimized geom-
etries of silicon fluorides were calculated with the aid of
GAUSSIAN86 and GAUSSIAN92 programs. Several basis sets
were used for the calculations and the results are compared wit
experimental data, where available, in Tables31 Structural
data for related four-, five-, and six-coordinate silicon fluorides
are availablé? and silicon fluorides have previously been the
subject of theoretical analysi8.

For the series Sif Sifs™ and Sik2™, there is an increase in
the experimental SiF bond length of 5.2% in Si= and 9.4%
in SiF?", relative to Sif, as shown in Table 1. This

(18) GAUSSIAN 92 Revision C. Frisch, M. J.; Trucks, G. W.; Head-
Gordon, M.; Gill, P. M. W.; Wong, M. W.; Foresman, J. B.; Johnson,
B. G.; Schlegel, H. B.; Robb, M. A.; Replogle, E. S.; Gomperts, R.;
Andres, J. L.; Raghavachari, K.; Binkley, J. S.; Gonzalez, C.; Martin,
R. L.; Fox, D. J.; Defrees, D. J.; Baker, J.; Stewart, J. J. P.; Pople, J.
A. Gaussian, Inc., Pittsburgh PA, 1992.

(19) Pople, J. AFaraday Discuss. Chem. Sat982 73, 7.
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Table 3. Experimental and Calculated-SC Bond Lengths (pm),
and Lengthening of SiC Bonds (%) Relative to PhSiF

PhSik  PhSiR~ PhSiRZ-  {Ph--Sikr}
experimental 182%37 189.6°
(4.1%)
6-31G* 184.0 192.53,193.2 204.7 360.2
(5.7%) (12.3%) (97.7%)
3-21G* 182.5 190.6,191.3 202.6,203.1 312.6,312.6
(4.6%) (10.9%) (71.6%)
STO-3G* 184.3 196.3196.6 217.3 336.3
(7.6%) (19.3%) (84.6%)

a Geometry of phenyl ring relaxed.

experimental trend is reproduced quite satisfactorily by the

higher level calculations,e., 5.3% (Sik™) and 9.6% (SiE?")
with the 6-3H-G* basis set, and 4.9% (SiF) and 9.0% (SiE?")

with the 6-31G* basis set. Agreement with the 3-21G* cal-

culation of 4.3% (SiE") and 7.7% (SiE2") is less satisfactory,

but even the STO-3G* calculation, although underestimating
the S-F bond lengths, nevertheless provides a useful estimate R %

of the relative lengthening of SiF bonds of 2.1% (Si§&) and
5.5% (SiR?").

For the series PhSiFPhSiR~, and PhSiE2~, experimental
information is only available for PhSiFand PhSiE~. The
experimental lengthening of the-SF bond is 6.3% in PhSiF,

relative to Sik, and this may be compared with the calculated
lengthening of 5.65.7% (3-21G* and 6-31G*). These calcula-
tions assume a fixed phenyl ring of standard geometry. The

calculations also show a bond lengthening of-7848% in
PhSiF?-, relative to Sif (Table 1).

Since it is known from NMR studies of fluorine exchange

Ou and Janzen

Chart 1
FF F - EF Me 1
\S: 1843 B L disaeo lﬁo,s\sg. 1898 B _ Lo
1620 _~S17" 13880 ~131 163.9 177 14540 7Si
F™ 1589 -"\F F/ \ -"\F
1 (6-31G¥*) 2 (6-31G*)
F S B Me Fumel
1607 | ..ﬁgf | wF 1617\ I 1914_Fx A
— -"'-F"'/-Si— Si-~ 12570 “-Si&’
F |l67.1 F I F{” F
F F
H H
3 (6-31G*) 4 (6-31G*)
Me FMe E Ph phF‘|-
D6 F~. i/ 160.1 -' 206.5_ 1898 ’...‘\161.6
M}Si"’lz&zo\'Sig{W 9460 Gj-~ " 11970 “NGj 9140
Fisa F 163.6 1657 F
5(3-21G*) 6 (exp®)

lengthening id—5 is 19-23%, using the 3-21G* and 6-31G*
basis sets, and 12% according to STO-3G* calculations.
The calculations of the linearly-bridged anionis; 3, show

that no Si-F bond cleavage occurs in purified samples of BSiF  a lengthening of 1822% (6-31G*) and 1618% (3-21G*),

RSiF,, or RSik2™ (R = F, Me, Ph)2421we must conclude
that a bond lengthening of about-9% is insufficient to cause

which is nearly identical to that of the cyclic aniofs5. Anion
3 has an eclipseddy,) geometry, with a lengthening of 21%

Si—F bond cleavage in these compounds under mild thermal (6-31G*) or 17% (3-21G*) for the bridge bond, relative to $iF

conditions.

For the isoelectronic anionP1;~, the calculated lengthening

In order to establish that fluorine bridging leads to more of the bridging bond is 18%, relative to RRnd the energy of
substantial bond lengthening/weakening, the structures of five the staggereddyy) conformation is only 0.59 kJ mot lower

Si--F--Si-bridged aniong—5 were calculated, and the results

are summarized in Chart 1 and in Table 2.
Two of the anions4 and5) contain a five-membered ring,

anion 0-CgH4(SiPhR),F~ (6),> which, in the solid state, has
an unsymmetrical Si--F--Si bridge andc# arrangement of
phenyl substituents. Calculations of baik andtransisomers
of 4 and5 were carried out, and a slightly lower energy of-1.8
1.9 kJ mot! was found for théransisomer, but all calculations
show symmetrical Si--F--Si bridges in anioAsand5. The
synthesis and stability of cyclic Si--F--Si-bridged ani6bris
undoubtedly favored by a 5-center stegmd bridging bonds in
related systems.g.S--F--$2 and B--F--B22 are also part of

than the eclipsedOy), implying virtually free rotation about
the bridging bond* The calculations therefore support the view

that substantial bond lengthening/weakening occurs as a cor
and these were chosen so that calculations could be comparedequence of the formation of Si--F--Si intermediates; hence

with the experimental result that is available for the bridged these bridged intermediates can provide a pathway for rapic

cleavage of siliconfluorine bonds in fluorosilanes and -sili-

cates, as well as related fluoro compounds. Although the

experimental and calculated Si--F bridging bondsle®6 are
in the range 174207 pm, these are still less than the sum of
the van der Waals radii of 360-370 pih.

A crude estimate of the experimentally determined strength

of these silicon-fluorine bridging bonds may be obtained from

dynamic NMR studies of fluorine exchange, which show energy

barriers of about 21 kJ mol for the Sik~—SiF?~ systen

four- and five-membered ring structures. The experimental 23 kJ mot for the MeSik—MeSiF,~ systent and 38 kJ mot!
Si--F bridging bond length i6 varies between 189.8 and 206.5 for 6.5
pm in the solid state, which corresponds to a bond lengthening  Silicon—Carbon Bond Cleavage. Since NMR studies of

of 21.7-32.4%, relative to SiEF The calculated Si--F bond

(20) Marsden, C. JJ. Chem. Phys1987 87, 6626. (b) Dixon, D. AJ.
Phys. Chem1988 92, 86. (c) Damrauer, R.; Burggraf, L. W.; Davis,
L. P.; Gordon, M. SJ. Am. Chem. S0d988 110, 6601. (d) Ignacio,
E. W.; Schlegel, H. B.; Bicerano, £hem. Phys. Lett1986 127,
367. (e) Ho, P.; Melius, C. RJ. Phys. Chem199Q 94, 5120. (f)
Deiters, J. A.; Holmes, R. R.. Am. Chem. S0d99Q 112, 7197. (@)
Gutsev, G. L.Russ. Chem. BullL993 42, 36.

(21) Marat, R. K.; Janzen, A. EZan. J. Chem1977, 55, 1167.

(22) Viets, D.; Heilemann, W.; Waterfeld, A.; Mews, R.; Besser, S.; Herbst-

Irmer, R.; Sheldrick, G. M.; Stohrer, W.-0J. Chem. Soc., Chem.
Communl1992 1017.
(23) Katz, H. E.J. Am. Chem. S0d 985 107, 1420.

fluorine exchange in organosilicon fluorides and in related main

group compounds of tiff phosphorug? and telluriun?® have
demonstrated that rapid cleavage of eleméluorine bonds is
not accompanied by cleavage of elemecarbon bonds, the

(24) Kdmel, C.; Palm, G.; Ahlrichs, R.; BaM.; Boldyrev, A. |. Chem.
Phys. Lett199Q 173 151.

(25) Reference 1, p 292.

(26) Jang, M.; Janzen, A. B. Fluorine Chem1994 66, 129.

(27) Marat, R. K.; Janzen, A. Anorg. Chem 198Q 19, 798. (b) Wang,
C.; Janzen, A. FCan. J. Chem1984 62, 1563.

(28) Secco, A. S.; Alam, K.; Blackburn, B. J.; Janzen, Alrferg. Chem
1986 25, 2125.
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pathway by which SiC bonds are weakened must therefore
differ significantly from that of Si-F bonds, as postulated in
Scheme 2.

The calculated SiC bond lengths for the series Ph&iF
PhSiR~, and PhSig2~ are shown in Table 3, and these are
compared with experimental data for Ph&aad PhSik—. For
some calculations in Table 3, the geometry of the phenyl ring
was relaxed, and this reduced the-8i bond length slightly.
There is moderate lengthening/weakening of the Gibond
with increasing fluoride content, for example, the experimental
lengthening of the SiC bond is 4.1% in PhSiF, relative to
PhSik;, and this may be compared with the calculated bond
lengthening of 4.65.7% (3-21G* and 6-31G*). The calcula-
tions show greater bond lengthening of-4114% in PhSig2~
(3-21G* and 6-31G*), relative to PhSiF These calculations
are in agreement with IR studies which indicate that the force
constant of the SiC bond, as well as of the SF bond, in
MeSiFs2~, is smaller than that in MeSiE® Since NMR studies
have shown that SiC bond cleavage does not occur in these
purified compounds under mild conditions, we may therefore
conclude that a bond lengthening of abotitl2% is insufficient
to cause S+C bond cleavage in PhSiF or PhSikE2~ under
mild thermal conditions.

Substantially greater changes in—& bond lengths ac-
company a formal change in electron count, as P¥Siis
oxidized to Ph--SiF~. The calculated SiC bond in Ph--SiF~
is in the range 313360 pm, which corresponds to a lengthening
of 72—98%, relative to PhSi= These calculated bond lengths
of 313-360 pm approach the sum of the van der Waals radii
of 375 pm25 implying that{ Ph--SiF*~} consists essentially of
a phenyl radical and anionic SiF; and such a view is supported
by the calculated SiF bond lengths of Ph--SiF in Table 2,
which are those of anionic SiF. We conclude that oxidation
of PhSiks2~ to Ph--Sik*~ must be followed by the rapid
appearance of phenyl radicals and sSiF The experimental
result of Kumada and co-workers, who found complete loss of
stereospecificity in the Cu(ll) cleavage of -SC bonds in
norbornylpentafluorosilicateé®,is in agreement with the forma-
tion of alkyl radicals after an oxidation step.

Organopentafluorosilicates RSfF are known to be stable
in agueous solutioh® and we carried out calculations, with full
optimization and using polarization functions (6-31G**), of three
water-bonded intermediates. In one intermedidteyater was

2_
Me, I:1743 188.1
o, I .,‘ul'F""‘H’.
Sl. 93300
1700
F{OJILW}F-“?'?-H/%.a

7 (6-31G**)

hydrogen-bonded to two fluorines of Me&#F. In another
calculation, only one hydrogen-bond between water and M&SiF
was initially assumed, but the optimized geometry of this
calculation was essentially that af In a third calculation, water
was treated as a seventh ligand and placed along a ps&udo-

(29) Licht, K.; Peuker, C.; Dathe, &Z. Anorg. Allg. Chem1971, 380,
293.

(30) Tamao, K.; Yoshida, J.; Murata, M.; Kumada, 3.Am. Chem. Soc
198Q 102 3267.
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axis of octahedral MeS# -, but this calculation also converged
toward the geometry of. Since the hydrogen bondsiremain
relatively long, 189.0 pm (average), while the bridging-5i
bond in7, 173.6 pm (average), is lengthened by only 11%
relative to Sifz, we conclude that MeSi# is likely to be stable

in water, in agreement with experiment. On the other hand,
RSiFs2~ is expected to decompose slowly in theQH+HF—
glass system because of the release of boron- and silicon
containing Lewis acids from glass in this systém.

Summary

1. The ab initio calculations of organofluorosilanes and
-silicates support the view that cleavage of-Eibonds occurs
by way of a Si--F--Si-bridged intermediate, while cleavage of
Si—C bonds occurs by way of a radical anion R&Si- These
intermediates contain, formally, 8-F-2 fluorine and 11-Si-6
silicon, respectively, and the discrete variables of coordination
number and electron coufitcombined with the classification
of elementary steps,e. +C, —C, +C¢, —C¢, are helpful for
the detailed analysis of multistep reaction pathwayzalculated
bond lengths in cyclic and linear Si--F--Si intermediates are
very similar, but the preference of cyclic intermediates is
ascribed to a favorable ratio efC%+C, where+C¢ refers to
an intramolecular step, and-C to a diffusion-controlled
intermolecular step. In the absence of reliable thermodynamic
and kinetic data of reactive intermediates, the calculated bon
lengths may serve as a simple criterion of bond cleavagg,
and the generalization “the longer the bond the faster it bréaks”
is therefore applied to these reactivéermediates

2. Theab initio calculations are in agreement with the sta-
bility of organopentafluorosilicates RS# in aqueous solution.

3. Synthetic, mechanistic, and theoretical studies of orga-
nofluorosilanes and -silicates agree that fluoride ion in aqueou:s
solution, in combination with common oxidizing agents, can
transform organometallic compounds into sources of aryl anc
alkyl free radicals. This finding has implications for synthetic,
as well as environment&},aspects of fluorine and organome-
tallic chemistry.
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