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Intramolecular rearrangements of 3-sila-2-oxacyclohexylidene have been investigated using hybrid density
functional theory calculations, the quantum theory of atoms in molecules, and the electron localization function.
Mechanisms for 1,2-H migration, ring contraction, and decarbonylation have been examined. The mechanism
for 1,2-H migration was shown to involve a typical hydride-like shift from the migration origin to the “vacant”
carbene p orbital, while ring contraction was found to occur via a concerted pathway involving a front-side
nucleophilic attack by the carbene lone pair at silicon as opposed to a stepwise pathway involving-an acyl
silyl biradical intermediate. Decarbonylation, on the other hand, was shown to be a stepwise reaction that
preferentially occurs via the intermediacy of silacyclopentanone rather thansdgl/and alkyt-silyl biradicals.
Computed energetics and thermodynamics indicate that 1,2-H migration and ring contraction are considerably
more favorable than decarbonylation. Finally, AIM analysis reveals that the changes in molecular structure
associated with 1,2-H migration involving a hydride-like shift to the “vacant” carbene p orbital occur via a
conflict mechanismwhereas those associated with ring contraction (or 1,2-silyl migration) involving front-
side nucleophilic attack by the carbene lone pair at silicon occur \dduacation mechanismThe latter
findings further suggest that AIM analysis may be a viable approach to unambiguously distinguish between
reaction mechanisms.

Introduction SCHEME 1

Cyclic alkoxycarbenes have been known to undergo a number G —SHy Ts C:O, TS HG  SiH
of ir¥[ramolec1JyIar rearrangements, including 1,2-Hgmigration, 7 —5 <_/SiH2 Tc(? A
ring contraction, and decarbonylatibr?. Particular attention has H A c E
been paid to the mechanism of ring contraction not only because Ts Ts
it is an intriguing problem but also because it is closely related TSABl AD l 0 lTSEF
to the photochemical ring expansion of cycloalkanchés. o)
Experimental evidence seems to indicate that this reaction occurs 7. > TS SiH,
via both a concerted mechanism involving an anion-like shift C/S'HZ A 2 ]

-co

from oxygen to the “vacant” carbene p orbital and a stepwise B D F

fragmentation-recombination mechanism involving an acyl
alkyl biradical intermediaté:3 Decarbonylation is also believed ~Migration® but to our knowledge, the mechanisms of these
to involve initial fragmentation to an acyhlkyl biradical, which ~ intramolecular rearrangements have never been investigated,
thereafter loses carbon monoxide to afford a dialkyl biradichl. ~ Presumably because of the assumption that they are no different
The latter biradical then collapses to the appropriate cycloalkanefrom the analogous rearrangements of cyclic alkoxycarberies.
product. The mechanism for 1,2-H migration in 3-sila-2-oxacyclo-
Recently, it was shown that 1,2-silyl migration and decar- hexylideneA is expected to involve a typical hydride-like shift
bonylation in methoxy(siloxy)carbenes, MEOSIRs, occur via 10 the “vacant” carbene p orbité-** However, the mechanisms

intramolecular front-side nucleophilic attack by the carbene lone for ring contraction and decarbonylation are expected to be a
pair at silicon and by the methoxy oxygen at silicon, bitmore complicated. As illustrated in Scheme 1, ring contrac-

respectively~11 In light of these findings, it is of interest to tion of A could occur via a concerted mechanism or a stepwise
investigate the mechanisms of 1,2-silyl migration (i.e., ring Mechanism involving the acykilyl biradical intermediateC.
contraction) and decarbonylation, as well as 1,2-H migration, Moreover, the concerted mechanism could involve either an
in a cyclic siloxycarbene such as 3-sila-2-oxacyclohexylidene anion-like shift of the silyl group from oxygen to the “vacant

A (cf. Scheme 1). Although cyclic siloxycarbenes have been carbene p orbital or front-side nucleophilic attack by the carbene
generated by thermolysis and photolysis of acylsilanes, researcHone pair at silicon. Assuming exists in a chair-like conforma-
has focused primarily on their intermolecular reactivity with tion. ring contraction involving an anion-like shift of the silyl
species such as alkenes, alcohols, acids, aldehydes, an@roup from oxygen to the “vacant” carbene p orbital is expected
ketone€2-15 3, 3-Dimethyl-3-sila-2-oxacyclohexylidene has been 0 be favorable since the relevant frontier orbitals are ap-

reported to undergo ring contraction, decarbonylation, and 1,2-H Propriately aligned (cf. Scheme 2a). Moreover, it is clear from
the sketch of the frontier orbitals in Scheme 2a that this

*To whom correspondence may be addressed. E-mail: ghp@ Mechanism issymmetry allowedaccording to Woodward
alcor.concordia.ca. Hoffmann rule?-27 since interaction between tlog_s; orbital
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SCHEME 2
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(a)
(HOMO) and the “vacant” carbene p orbital (LUMO) leads to

a favorable bonding interaction. In contrast, ring contraction
involving front-side nucleophilic attack by the carbene lone pair
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between accuracy and performance from preliminary calcula-
tions with the 6-3%G(d), 6-311-G(2d,p), cc-pVTZ, and
6-311++G(2df,dp) basis sets. As a matter of fact, B3LYP/cc-
pVTZ calculations yielded results very similar to those pre-
dicted by B3LYP/6-313+G(2d,p) calculatiorfs and so did
calculations using the PerdevBurke—Ernzerhof one-parameter
hybrid exchange-correlation functiofl®® (PBE1PBE) with

the 6-31#G(2d,p) basis set. Accordingly, only B3LYP/6-
311+G(2d,p) results are reported in this paper, while PBE1PBE/
6-311+G(2d,p) results are listed in the Supporting Information
section for completeness. All calculations were performed using
the Gaussian98 suite of prografisGeometry optimizations
were performed using the default Berny algorifinfor
minimum-energy structures and the eigenvector-following
method® 4! for transition-state structures. Frequency calcula-
tions were performed for stationary-point characterizations and
to obtain thermochemical data within the rigid rotor-harmonic
oscillator approximation using standard statistical mechanics

at silicon is not expected to be favorable because of poor expressions implemented in Gaussiaf®8atrinsic reaction

alignment of the relevant frontier orbitals (cf. Scheme 2b) and
because the “rigid” carbene ring structure may present difficul-
ties in achieving appropriate alignment of the pertinent frontier
orbitals. Furthermore, it is evident from the sketch of the frontier
orbitals in Scheme 2b that the latter mechanismsyimmetry
forbidden?2-27 since interaction between the carbene lone-pair
nc orbital (HOMO) and ther* o—g; orbital (LUMO) contains a
destabilizing antibonding compongist.

Finally, decarbonylation of 3-sila-2-oxacyclohexylideAe
could occur via two distinct pathways, both of which are shown
in Scheme 1. The first pathway is that involving initial
fragmentation to afford the acykilyl biradical C, followed by
loss of carbon monoxide to yield the silabutane biradEal
which then collapses to silacyclobutaRécf. Scheme 1). This
is similar to the mechanism proposed for decarbonylation of
cyclic alkoxycarbenek:3 The second pathway involves initial
ring contraction to give silacyclopentanom® followed by
decarbonylation to yiel& (cf. Scheme 1). The mechanism for
decarbonylation oD in Scheme 1 remotely resembles that
proposed by Brook for decarbonylation of methyl triphenyl-
silylformate involving nucleophilic attack by the methoxy
oxygen at silicor2

In this article, we use hybrid density functional theory (DFT)
calculations combined with the quantum theory of atoms in
molecules (AIM) and the electron localization function (ELF)

to investigate the mechanisms of intramolecular rearrangement

of 3-sila-2-oxacyclohexylidené\. We will first discuss the
geometry of carben@ and then focus on the mechanisms of
1,2-H migration, ring contraction, and decarbonylation as
outlined in Scheme 1.

General Approach and Computational Methods

To shed light on the mechanisms of intramolecular re-
arrangements of 3-sila-2-oxacyclohexylidehewe performed
a series of hybrid DFT calculations using the Becke three-
parameter hybrid function®3° with the Lee-Yang—Parr
correlation potentidP3! (B3LYP). Broken-symmetry un-
restricted DFT (BS-UDFT) calculations, where the HOMO and
LUMO are mixed to destrog,3 spin and spatial symmetriés,

coordinate (IRC) calculations were also performed to confirm
the identity of the computed transition states. The quantum
theory of AIM*3 and the ELE448 were used to probe changes
in electronic charge distribution and hence molecular structure.
AIM analysis was carried out with the AIMPAC suite of
programé®50 and AIM2000%! while ELF analysis was per-
formed with the TopMod program packagfeAll ELF iso-
surfaces were plotted with the SciAn progfirasing an ELF
isovalue of 0.85. Natural bond orbital (NBO) analyéisvas
also carried out with the NBO program version33.4vailable

in Gaussian98 to shed some light onto geometric featurés of

AIM provides a means of mapping topological properties of
the electronic density(r) to Lewis-structure representations of
molecules'® Gradient vector field analysis partitions the mo-
lecular electronic density into regionsloaising each belonging
to a specific nucleus. The basins can then be integrated to afford
properties usually ascribed to atoms. For example, atomic
charges can be determined by integration of the electronic
density over the basin volume and subtraction of the integrated
value from the atomic numbecCritical points correspond to
maxima, minima, and saddle points #(r), i.e., points where
the density gradien¥p(r) is zero. These critical points are
classified according to their rank and signaturer as @,0),
where the ranky is the number of nonzero curvaturesifr)
and the signature is the sum of the signs of the curvatures at

She critical point. A (3;-3) critical point orattractor (nucleus)

has three negative curvatures, a«B8) or bond critical point
(BCP) has two negative curvatures and one positive curvature,
and a (3+1) or ring critical point (RCP) has one negative
curvature and two positive curvatures. The Laplacian of the
electronic densityV 2p(r) identifies regions of local charge
concentration ¥?o(r) < 0) and local charge depletio’fo(r)

> 0) in the topology of the electronic density. The outermost
quantum shell of an atom wher@p(r) < 0 is commonly
referred to as the valence-shell charge concentrétidrhe
nature of bonding between atoms can be characterized by the
value of the electronic densipg(r) and the sign of the Laplacian

of the electronic density?op(r) at the BCP. A largen(r) value
together with a large negative?pp(r) value are indicative of a

were used to characterize all open-shell singlet biradical speciessharing of electronic density between atoms and represent a

while restricted DFT (RDFT) calculations were used for all

shared interaction characteristic of covalent bonding. In

closed-shell singlet species. BS-UDFT calculations, particularly contrast, a lowp,(r) value along with a positiv&?p,(r) value

BS-UB3LYP, have been shown to provide reasonable de-

scriptions of open-shell singlet biradical specigésThe

indicate that electronic density accumulates in separate atomic
basins away from the BCP. The latter features are representative

6-311+G(2d,p) basis set was found to yield the best compromise of closedshell interactions typically found in ionic bonding,
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Figure 1. B3LYP/6-31HG(2d,p)-optimized molecular geometries far B, TSas(ax), and TSag(eq). Interatomic distances are in A.

hydrogen bonding, and van der Waals interactions. Gdwed 1. An ELF value of 1.0 corresponds to perfect localization, and
ellipticity, given bye = 11/1, — 1, where the parameters a value of 0.5 is equivalent to localization in a homogeneous
and 1, are the two negative curvatures at the BCP in the electron gas (i.e., essentially perfect delocalization). The average
directions perpendicular to the bond path, is a measure of thebasin populatiorN(Q;) is obtained by integration of the one-
extent to which charge preferentially accumulates in a given electron density over the basin volun§&. The population
plane along a bond path. For examplecamlue of zero reflects  variances?(N,Q;) and the relative fluctuatiob(€2;), wherei(€;)

the cylindrical symmetry of the charge density at the BCP of a = ¢%(N,Q;)/N(Q;), are measures of basin population delocal-
single or triple bond and a value greater than zero is indicative ization.

of the elliptical symmetry of the charge density at the BCP for

a typical double bond® Results and Discussion

The ELF, originally derived by Becke and Edgconfbe,  Molecular Geometry of 3-Sila-2-oxacyclohexylideneThe
provides a means of identifying localized electron pairs in atomic minimum-energy structure of 3-sila-2-oxacyclohexylidénis
and molecular systent$. “° This function, denoted ag(r), is shown in Figure 1. It appears that this pseudo half-chair

giVen by eq 1 f0r a S|ng|e'determ|nant wave funCtlon bUI|t fI’0m Conformer |s the 0n|y minimum_energy Conformer@fthat
Hartree-Fock or Kohn-Sham orbitals, wherB(r) is the excess  exists, presumably because the-@2 bond has significant
local kinetic energy density due Rauli repulsionandD(r) is double-bond character that results in cyclohexene-like charac-
the kinetic energy density of an electron gas with the same teristics (j.e., half-chair conformation). This double-bond char-
electronic density (i.e., the ThomaBermi kinetic energy  acter is reflected in the fact that the €@ bond inA is shorter

density) than it is in 4-sila-3-oxacyclohexen® (cf. Figure 1). The
1 double-bond character is also evident from topological properties
N =—r=-v Q) of the electronic density(r) given in Table 1, where the bond
1+ (D(r)) critical point (BCP) electronic densijy(r) for the C2-0O bond
Dy(r) in A is larger than that iB. The bond ellipticitye for the C2-O

bond inA is also greater than zero, consistent with the elliptical

Gradient vector analysis of ELF partitions the molecular symmetry of the BCP electronic density usually associated with
electronic density into regions drasinsof localized electron double bond42 In comparisong for the C2-O bond inB is
pairs orattractors*4-48 These basins are classifiedcase basins essentially zero, reflecting the cylindrical symmetry of the BCP
which surround nuclei with atomic number greater than 2 and electronic density that is characteristic of single bonds. From
valence basinsn the remaining space. Each valence basin is the ELF basin properties given in Table 2, it is apparent that
classified according to itsynaptic orderwhich is the number  the population of the V(C2,0) basin # is larger than it is in
of core basins to which it is attached. Thus, valence basins B, further supporting the notion that the €@ bond inA has
attached to one, two, three, and more than three core basins areouble-bond character. In addition, natural bond orbital (NBO)
classified asnonosynapti¢nonbonding)disynaptic(bonding), analysi8* revealed that the most suitable Lewis-structure
trisynaptic and polysynapticvalence basins, respectively. A description of the wave function f&k is with the C2-O bond
“disynaptic” basin containing a proton is usually referred to as as a double bond.
aprotonatedvalence basinCore and valence basins are usually ~ The axial Ct-H4 bond of A is slightly longer than the
denoted by C(¥ and V(X,X;,...), respectively, where pand equatorial C+H3 bond as can be seen in Figure 1. Similar
X; are the atom labels. ELF values fall in the rangs §(r) < observations have been reported for singlet cyclohexylidene
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TABLE 1: Topological Properties of the Electronic Density
p(r) at Pertinent Bond Critical Points for Species Involved in
1,2-H Migration in 3-Sila-2-oxacyclohexylidené

1,2-H Migration. The optimized transition-state geometries,
TSas(ax) andTSags(eq), for 1,2-H migration from the axial and
equatorial positions of 3-sila-2-oxacyclohexylidehare shown

Cl-C2 CI-H3 Cl-H4 C2-O O-Si in Figure 1. For axial 1,2-H migration, the dissociating-€1
A H4 bond lengthens, while the developing-6d2 double bond
ou(r) (e/A3) 1.72 1.86 1.78 2.06 0.80 shortens iff Spg(ax) relative toA (cf. Figure 1). The computed
VZpe(r) (e/A%)  —138  —221 -204  -73 131 OH4C1C20 dihedral angle of 108.Ih TSxg(ax) suggests that
€ 0.02 0.03 0.03 048  0.01 axial H4 migration occurs essentially perpendicular to the
TSas(ax) C1C20 carbene valence plane. Simultaneously, the nonmigrat-
gz(r) (e/AS/)As 723-28 723%-31 721313 71211-87 150487 ing equatorial H3 atom moves into the carbene valence plane,
. polr) (81A7) 0.16 0.03 503 042 004 as indicated by thdJH3C1C20 dihedral angle of 175.0
TSw(eq) Similarly, for equatorial 1,2-H migration, the dissociating-€1
o) (e19) 207 ‘f‘lSq 191 185  0.88 H3 bond !engthens, Whi[e the develqpingﬂlZ double bond
V2ou(r) (e/A%)  —20.2 25 -236 -121 156 shortens i Sag(eq) relative toA (cf. Figure 1). The calculated
€ 0.18 2.07 0.03 0.42 0.04 [OJH3C1C20 dihedral angle of 104.tdicates that the equato-
Cl-C2 CLH C2H C2-0 O-Si rial H3 atom migrates perpendicular to the carbene valence
5 plane, while the nonmigrating axial H4 atom becomes coplanar
3 with the carbene valence plane, as reflected in the calculated
@’z(;Z(E()E/é/)AS) _2%'26 _2§_'§9 _241_2'395 _14_1(589 1692'88 0OH4C1C20 dihedral angles of 177.0These observations
€ 0.39 0.03 0.05 0.01 0.06 suggest that both axial and equatorial 1,2-H migrations involve

hydride-like shifts from the C1 atom to the “vacant” carbene
C2 p orbital, perpendicular to the carbene valence plane. The

derivatives and have been attributed to stronger hyperconjugativecoplanarity of the nonmigrating H3 and H4 atoms with the
interaction between the axiat_y; orbital and the vacant carbene ~ carbene valence plane T8ag(ax) andTSas(eq), respectively,

p orbital 56:57 On the basis of second-order NBO perturbation- is consistent with the development of partial cation-like character
energy analysis, the stabilization energy that arises from axial @ C1 and/or ultimately C2C2 double-bond formation.
oc1-na—Pcz hyperconjugation is 9.2 kcal/mol while that due The axial C:-H4 and equatorial CEH3 bond dissociation

to equatorialoci-nws—pc2 hyperconjugation is 3.7 kcal/mol.  in TSpg(ax) and TSag(eq), respectively, is also reflected in
These findings support the notion that the longer axiat-64 topological properties of the electronic density given in Table
bond arises from greater hyperconjugative interaction betweenl; pu(r) decreases for the GH4 and CHH3 bonds in

the axialoci-na Orbital and the “vacant” carbene p orbital. TSas(ax) and TSag(eq), respectively, relative té. Values of

aBased on AIM analysis of B3LYP/6-3#1G(2d,p) wave functions.

TABLE 2: Average Basin Population N(2;), Relative Fluctuation A4(€2;) and %Cross-exchange Contribution for A, TSyg(ax),
TSas(eq) and B

basin N(€i) A(Qi) % cross-exchange contribution
A
V(C1,C2) 2.03 0.50 V(C2) 9.5; V(C1,H3) 8.0; V(C1,H4) 8.5; V(C1,C5) 6.5
V(C1,H3) 1.98 0.34 V(C1,H4) 9.6; V(C1,C2) 7.0; V(C1,C5) 8.0; V(C2) 2.0
V(C1,H4) 1.94 0.35 V(C1,H3) 9.8; V(C1,C2) 7.3; V(C1,C5) 8.8; V(C2) 2.1
V(C2) 2.23 0.34 V(C1,C2) 8.5; V(C2,0) 6.3; V(0) 5.8
V(C2,0) 1.76 0.58 V(C1,C2) 8.5; V(C2) 8.0; V(O) 24.0; V(O,Si) 12.6
V(0) 3.53 0.40 V(C2,0) 11.9; V(O,Si) 15.0; V(C2) 3.7
V(O,Si) 2.24 0.52 V(0) 23.8; V(C2,0) 9.9; V(C6,Si) 2.2
TSAB(ax)
V(C1,C2) 2.26 0.50 V(C2) 9.3; V(C1,H3) 7.6; V(C1,H4,C2) 10.7
V(C1,H3) 2.08 0.32 V(C1,C2) 8.3; V(C1,C5) 7.3; V(C1,H4,C2) 6.8
V(C1,H4C2) 1.58 0.52 V(C2) 13.4; V(C1,H3) 8.9; V(C1,C2) 15.3; V(C1,C5) 5.9
V(C2) 2.14 0.42 V(C1,C2) 9.8; V(C1,H4,C2) 9.8; V(O) 5.6; V(C2,0) 5.1
V(C2,0)) 1.32 0.64 V(C2) 8.5; V(0) 29.2; V(0,Si) 10.8; V(C1,C2) 6.9
V(0) 4.24 0.36 V(C2,0) 9.0; V(O,Si) 14.0; V(C2) 2.8
V(0O,Si) 2.01 0.55 V(0) 29.5; V(C2,0) 7.0
TSAB(eq)
V(C1,C2) 2.25 0.50 V(C1,H3,C2) 10.8; V(C1,C5) 6.7; V(C2,0) 3.6; V(C2) 9.4
V(C1,H3,C2) 1.59 0.52 V(C1,H4) 8.9; V(C1,C5) 5.7; V(C1,C2) 15.2; V(C2) 13.3
V(C1,H4) 2.08 0.32 V(C1,H3,C2) 6.8; V(C1,C5) 7.3; V(C1,C2) 8.3; V(C2) 2.4
V(C2) 2.15 0.41 V(C1,H3,C2) 9.7; V(C1,C2) 9.7; V(C2,0) 5.1; V(0) 5.6
V(C2,0) 131 0.64 V(C1,C2) 6.2; V(O,Si) 10.8; V(C2) 8.5;V(0) 29.2
V(0) 4.19 0.37 V(0,Si) 14.4; V(C2,0) 9.1; V(C2) 2.9
V(0,Si) 2.08 0.54 V(0) 29.3; V(C2,0) 6.8
B
V(C1,H) 212 0.32 \(C1,C2) 7.7, \¥(C1,C2) 7.7; V(C1,C5) 7.2
V4(C1,C2) 1.87 0.55 ¥C1,C2) 14.6; V(C1,H) 8.1; V(C2,H) 8.6; V(C1,C5) 7.0
V,(C1,C2) 1.85 0.55 YC1,C2) 14.8; V(C1,H) 8.7; V(C2,H) 8.7; V(C1,C5) 7.1
V(C2,H) 2.16 0.30 \(C1,C2) 7.0; ¥(C1,C2) 7.4; V(C2,0) 4.2
V(C2,0) 1.42 0.63 V(0) 29.1; V(0O,Si) 9.9; V(C2,H) 6.430¢1,C2) 5.0
V(O) 4.30 0.36 V(C2,0) 9.6; V(O,Si) 13.6,1(C1,C2) 1.2; \4(C1,C2) 1.2
V(0,Si) 1.90 0.56 V(C2,0) 7.7; V(O) 31.7; V(C6,Si) 2.7

aBased on ELF analysis of B3LYP/6-3%16G(2d,p) wave functions’ Contribution of neighboring basins to the total basin population.
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corresponding to the carbene C2 lone pair is essentially identical
for all four IRC points (cf. Figure 2). In other words, the carbene
C2 lone pair remains intact while the bond path from H3
switches from C1 to C2, which is consistent with a hydride-
like shift from C1 to the “vacant” carbene p orbital on C2.

The changes in electronic charge distribution during equatorial
1,2-H migration result in two regions sfructural stability(i.e.,
structures that persist for several geometric configurations along
the reaction path) corresponding tor@actant regionand a
product region(cf. Figure 2). The plots for IRG= —0.19984
and 0.00000 anmi{? bohr, where the bond path from H3
terminates at C1, are in the reactant region of structural stability,
while those for IRC= 0.08982 and 0.19982 aftbohr, where
the bond path from H3 terminates at C2, are in the product
region of structural stability. At some point between IRC
0.00000 and 0.08982 arHt bohr, the bond path from H3
terminates at the C1C2 BCP. This arrangement of bond paths
corresponds to a unique and unstable structure that is transitional
between C+H3 bond dissociation and EH3 bond formation.
Since the C1 and C2 atoms are in essence competing for the
bond path from H3, this arrangement of bond paths is referred
to as aconflict structure® and the changes in molecular
structure are said to occur viacanflict mechanist Thus, it
appears that the changes in molecular structure that accom-
pany 1,2-H migration involving a hydride-like shift from C1 to
the “vacant” carbene p orbital on C2 occur via a conflict
mechanism.

IRC = 0.08982 IRC = 0.08982 ELF isosurfaces foA, TSag(ax), TSas(eq), andB are shown
o in Figure 3, and corresponding ELF basin properties are given
in Table 2. For axial 1,2-H migration, it is apparent that the
V(C1,H4) protonated valence basin & develops into the
V(C1,H4,C2) trisynaptic valence basin T8ag(ax), while the
V(C2) lone-pair valence basin remains unchanged (cf. Figure
3). Likewise, for equatorial 1,2-H migration, the V(C1,H3)
protonated valence basin iA turns into the V(C1,H3,C2)
trisynaptic valence basin iSag(eq), while the V(C2) lone-
IRC = 0.19982 IRC = 0.19982 pair valence basin remains essentially unaltered (cf. Figure 3).
Figure 2. B3LYP/6-31HG(2d,p) contour plots of the Laplacian of These observations are m_keeplng V\_"Fh a hydride-like shift _to
the electronic density overlaid by bond paths in the H3C1C2 plane of the “vacant” carbene p orbital. In addition, the V(C1,C2) basin
migration (left) and the C1C20 carbene valence plane (right) at selectedpopulation increases iMSag(ax) and TSag(eq) relative toA,
IRC values for equatorial 1,2-H migration. The plots for IRE in accord with imminent C+C2 double-bond formation (cf.
—0.19984 and 0.00000 arfftibohr are in the reactant region of Tgple 2). Formation of the V(C1,H4,C2) and V(C1,H3,C2)
structural stability, while those for IRE 0.08982 and 0.19982 arift trisynaptic basins, which in essence corresponds to three-center

bohr are in the product region of structural stability. Solid and broken h .
contours represent regions of charge concentration and charge depletiont,WO'eIeCtron bonds, suggests that the migrating H4 and H3

respectively, while solid round dots identify positions of BCPs. Note atoms in TSag(ax) and TSas(eq), respectively, share their

that some bond paths have deviated out-of-plane. bonding electrons with both the C1 and C2 atoms. We note
that the populations of the V(C1,H4,C2) and V(C1,H3,C2)
¢ also increase dramatically for the €H4 bond inTSag(ax) basins inTSag(ax) andTSag(eq) are smaller than those of the
and the C+H3 bond inTSag(eq), consistent with the structural ~ parent V(C1,H4) and V(C1,H3) basinsAn which is most likely
instability of these dissociating bontfsOn the other hanghy(r), due to greater population delocalization, as evident from the
as well ase, for the CEC2 bond increases appreciably in larger relative fluctuatiorl(€2;) values given in Table 2.
TSas(ax) andTSag(eq) relative toA, indicative of the incipient Thermochemical data fak, B, TSag(ax), andTSag(eq) can
double-bond formation. be found in Table 3, and a relative Gibbs free-energy profile is
Figure 2 displays contour plots of the Laplacian of the shown in Figure 4. It is apparent that axial 1,2-H migration via
electronic density overlaid by bonds &wond pathsin the TSas(ax) is slightly more favorable than equatorial 1,2-H

H3C1C2 migration plane and the C1C20 carbene valence planemigration viaTSag(eq). Thus, even though axi@ci—ns—pc2

at selected points along the reaction path for equatorial 1,2-H hyperconjugation is noticeably greater than equatogalqz—pc2
migration. Negative IRC values correspond to the reactant side hyperconjugation according to second-order NBO perturbation-
of the reaction path, positive IRC values correspond to the energy analysis, only a slight preference for axial 1,2-H
product side of the reaction path, and an IRC value of zero migration is observed. This is consistent with the experimental
represents the transition state. It can be seen that the bond patlebservation that 1,2-H migrations intért-butyl-2-substituted-
from H3 terminates at C1 for IR& —0.19984 and 0.00000  cyclohexylidenes occur with little axial prefereriéé?a finding
amu’2 bohr, while it terminates at C2 for IR& 0.08982 and that is further supported by theoretical calculations of 1,2-H
0.19982 am#? bohr, while the region of charge concentration migrations in cyclohexylidene¥.50
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Figure 3. B3LYP/6-31H-G(2d,p) ELF isosurfaces foh, B, TSag(ax), and TSas(eq). The basins shown are core basins (purple), protonated
valence basins (blue), disynaptic valence basins (green), trisynaptic valence basins (yellow), and lone-pair valence basins (orange).

TABLE 3: Relative B3LYP/6-311+G(2d,p) Zero Point
Energy Corrected Electronic Energies, Enthalpies, and

Gibbs Free Energies for Intramolecular Rearrangements of

3-Sila-2-oxacyclohexylidene A

AE AH AG

A 0.0 0.0 0.0
TSas(ax) 16.4 16.2 16.6
TSas(eq) 17.3 17.1 17.3
B —50.7 —-50.9 —50.6

TSac 27.8 28.2 27.0
C 27.7 28.6 25.8
TSap 18.7 18.4 19.2
TScp 28.5 29.2 27.0
D —-32.5 —-324 —32.6

TSce 41.2 42.6 38.5
TSor 18.7 19.1 18.0
E+CO 35.7 38.1 23.2
TSegr + CO 35.8 37.7 24.5
F+CO —20.3 —-19.6 —-30.9

orbital (i.e., perpendicular to the C1C20 carbene valence plane),
which seems to be in accord with an anion-like shift of the silyl
group from oxygen to the carbene carbon C2. However, as will
be discussed below, our AIM and ELF analyses show that the
latter inference is likely erroneous.

Figure 6 contains contour plots of the Laplacian of the
electronic density overlaid by bond paths in the C20Si plane
at selected points along the reaction path for ring contraction
of A. From the sequence of plots in the figure, it can be seen
that the region of charge concentration corresponding to the
carbene C2 lone pair becomes polarized toward Si as the
reaction progresses from the reactant side of the reaction path
(negative IRC values) to the product side of the reaction path
(positive IRC values). This observation is clearly indicative of
nucleophilic attack by the carbene lone pair at silicon, which is
in contrast to the above conclusion.

aEnergies, enthalpies, and free energies are given in kcal/mol, at The changes in electronic charge distribution during ring

298.15 K and 1.0 atm, relative #. The zero point energy corrected
electronic energy, enthalpy, and Gibbs free energy value# fare
—521.887101;-521.879593, and-521.917353 Hartree, respectively.

Ring Contraction. As mentioned earlier, the mechanism for
ring contraction of 3-sila-2-oxacyclohexyliden® could be

contraction ofA result in three regions of structural stability
corresponding to a reactant region, an intermediagestructure
region and a product region (cf. Figure 6). The plots for IRC
= —1.08707 and 0.00000 arfftibohr are in the reactant region
of structural stability, while those for IRG= 0.39476 and
0.59321 am#? bohr are in the ring-structure and product regions

concerted or stepwise, as outlined in Scheme 1. Let us first of structural stability, respectively. This sequence of changes
consider the mechanism for ring contraction via the concerted in molecular structure is characteristic ob#urcation mech-
pathway. Computed geometric structures of the transition stateanism*3 At some point between IR& 0.00000 and 0.39476

TSap and product silacyclopentanomeare shown in Figure
5. Relative toA (cf. Figure 1), the G-Si bond lengthens and
the C2-0 bond shortens it Sap, consistent with & Si bond
dissociation and C20 double-bond formation. The calculated
SiOC2C1 dihedral angles of 114.fbr TSap suggest that the

amu’2 bohr, as the C2 and Si nuclei approach each other, a
unigue and unstable critical point appears in the electronic
charge distribution. This critical point, referred to alifurca-
tion catastrophe poifft® is a minimum inp(r) along the line
connecting the C2 and Si nuclei (positive curvature), a maximum

O—Si bond is essentially aligned with the “vacant” carbene p along a line perpendicular to the C20Si plane (negative
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Figure 4. Relative B3LYP/6-313G(2d,p) Gibbs free-energy profile for intramolecular rearrangements of 3-sila-2-oxacyclohexylide298.15

K and 1.0 atm.

Figure 5. B3LYP/6-31H-G(2d,p)-optimized molecular geometries f68ac, TSap, TSco, C, andD. Interatomic distances are in A.

curvature), and a point of inflection on a line originating from second bifurcation catastrophe point. Continued motion along
the reaction path eventually results in complete annihilation of

infinity and terminating at either the G or O—Si BCP (zero
curvature). Further motion along the reaction path results in the the O-Si bond path, and the system enters the product region
of structural stability. Thus, the changes in molecular structure

bifurcation of this unstable critical point into a new €3i BCP

and C2-O—Si RCP. As motion continues along the reaction accompanying the ring contraction 8f involving front-side
path, the RCP migrates towards the dissociatingSOBCP, nucleophilic attack by the carbene lone pair at silicon occur
and when they eventually coalesce, the system has reached &ia a bifurcation mechanism.
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TABLE 4: Topological Properties of the Electronic Density
p(r) at Pertinent BCPs for the Species Involved in the Ring
i Contraction and Decarbonylation of
3-Sila-2-oxacyclohexylideng
Si : . ,
Ci1-Cc2 C2-0 O-Si C2-Si
."\ TSA(;
ou(r) (e/A?) 1.64 2.90 0.17
V20u(r) (e/A%) -12.5 0.0 1.0
€ 0.01 0.09 0.02
TSap
ou(r) (elA3) 1.82 2.25 0.59
V20u(r) (e/A5) —15.8 -13.3 8.4
€ 0.02 0.27 0.46
C
ou(r) (elA3) 1.62 2.96 0.06
V20u(r) (e/A9) —12.2 -0.3 0.6
B € 0.01 0.06 0.32
~od @) TSeo
C2\ ou(r) (e/23) 1.59 2.97
- V20u(r) (e/A%) -11.6 -0.2
IRC = 0.39476 IRC = 0.59321 € 0.01 0.05
Figure 6. B3LYP/6-311-G(2d,p) contour plots of the Laplacian of TSce
the electronic density overlaid by bond paths in the C20Si plane at  .(r) (e/A?) 0.35 3.28
selected IRC values for ring contractionfPlots for IRC= —1.08707 V20(r) (e/A%) 1.4 26
and 0.00000 and{# bohr are in the reactant region of structural stability, € 0.03 0.00
while those for IRC= 0.39476 and 0.59321 arttbohr are in the D
ring-structure and product regions of structural stability, respectively. 3
Solid and broken contours represent regions of charge concentration pbz(r) (erA) 5 _ 1.65 _ 2.82 0.76
: . > X - V2ou(r) (e/R®) 12.3 8.8 1.0
and charge depletion, while solid round and square dots identify 0.03 0.04 0.02
positions of BCPs and RCPs. Note that some bond paths have deviated ' ' ’
out-of-plane. TSor
ou(r) (e/AB)A 0.44 3.16 0.63
. . . N V20ou(r) (e/AS) 1.1 1.3 6.2
From the topological properties of the electronic density given 0.85 0.00 0.19

in Table 4, it is evident thady(r) for the O—Si and C2-O bonds ) )
decreases and increases, respectivelJSkp relative toA (cf. aBased on AIM analysis of B3LYP/6-3#1G(2d,p) wave functions.
Table 1), consistent with ©Si bond dissociation and GO ) ) »
double-bond formation. The largevalues for the dissociating N TSap relative toA may also be partly due to additional cross-
O-Si bond and the developing €® double bond ifTSap exchange co'n'_[nbut_lon from the developing V(C2,Si) basin in
most likely results from the unsymmetrical distribution of the TSap- Thus, itis quite clear from both AIM and ELF analyses
BCP electronic density due to the developing ring-structure that ring contraction of 3-sila-2-oxacyclohexylideAevia the
region of structural stability (cf. Figure 6}.The largec values ~ concerted pathway involves front-side nucleophilic attack by
for the C2-O bond inTSap may also be due to the incipient ~the carbene lone pair at silicon.
elliptical symmetry of the BCP electronic density usually We now turn to the ring contraction of 3-sila-2-oxacyclo-
associated with double bontfs. hexylideneA via the stepwise biradical pathway, involving
ELF isosurfaces fof Sap andD are shown in Figure 7, and initial fragmentation viaTSac to the acytsilyl biradical C,
corresponding ELF basin properties are collected in Table 5. followed by collapse vial'Sco to silacyclopentanon® (cf.
Close inspection of the ELF isosurfaces reveals that the V(C2) Scheme 1). The optimized geometric structuresTi8ic, C,
lone-pair basin inA (cf. Figure 3) turns into the V(C2,Si) andTScp are shown in Figure 5. FragmentationAfto C via
bonding basin ifTSap, which is clearly indicative of nucleo-  TSac involves considerable lengthening of the-Si bond and
philic attack by the carbene lone pair at silicon, in accord with Shortening of the C2O bond in going fromA (cf. Figure 1) to
the AIM findings above. We also note that the V(O,Si) basin TSac. This is accompanied by a sizable decreasgy(n) for
in A shifts slightly toward oxygen ifSap. As a matter of fact, ~ the O-Sibond and an increase j@(r) for the C2-O bond in
the V(O,Si) basin is located 0.627 and 0.576 A away from TSac (cf. Table 4) relative t&\ (cf. Table 1). These observations
oxygen inA and TSap, respectively. This shift in the V(O,Si)  are consistent with ©Si bond fragmentation and €2 double-
basin is consistent with ©Si bond dissociation, since it is ond formation. In the subsequent ring closureCofo D via
known that the bonding valence basin corresponding to a TSco the distance between the C2 and Si atoms decreases while
dissociating bond tends to shift toward the more electronegativethat between the O and Si atoms increaseb3gp relative to
atom? It is also apparent from the ELF isosurfaces that the C (cf. Figure 5), in keeping with C2Si bond formation and
V(O,Si) basin inA (cf. Figure 3) acquires some lone-pair basin  O—Si bond dissociation. We note that the bond length@/g
character inTSap (cf. Figure 7), as it becomes part of the for the C2-O bond remain essentially unchanged in going from

V1(0O)uV2(0) superbasin of the G20 carbonyl group irD. C to TScp, suggesting that C20 double-bond formation is
We note that the V(O,Si) basin population increase3 $ap essentially complete in biradicél.
(cf. Table 5) relative toA (cf. Table 2), most likely due to A plot of the Mulliken atomic spin densities f&€ can be

additional cross-exchange contribution arising from the develop- found in Figure 8, and AIM atomic spin densities fiBac, C,
ing V(C2,Si) basin inTSpp. Also, the V(C2,0) basin population and TScp are collected in Table 6. From the Mulliken spin
increases i Sap relative toA, in keeping with C2-O double- densities forC in Figure 8, it can be seen that thespin density
bond formation. The increase in the V(C2,0) basin population is localized on the C2 and O atoms, while fhepin density is
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Figure 7. B3LYP/6-311-G(2d,p) ELF isosurfaces foFSap, D, and TSpr.

The basins shown are core basins (purple), protonated valence basins

(blue), disynaptic (bonding) valence basins (green), and monosynaptic (lone-pair) valence basins (orange).

TABLE 5: Average Basin Population N(;), Relative Fluctuation A4(2;), and % Cross-Exchange Contribution of TSp, D, and

TSpe?
basin N(Qi) A(R) % cross-exchange contributfon

TSAD
V(C1,C2) 2.03 0.50 V(C2,Si) 9.4; V(C1,H3) 7.9; V(C1,H4) 7.9; V(C1,C5) 6.4
V(C2,0) 1.69 0.60 V(0) 18.9; V(O,Si) 17.8; V(C2,Si) 8.9; V(C1,C2) 5.9
V(C2,Si) 2.32 0.42 V(C1,C2) 8.2; V(C2,0) 6.5; V(0,Si) 5.6; V(O) 3.9
V(O,Si) 2.78 0.48 V(0O) 19.4; V(C2,0) 10.8; V(C2,Si) 4.7
V(0) 2.99 0.42 V(0,Si) 18.1; V(C2,0) 10.7; V(C2,Si) 3.0

D

V(C1,C2) 1.99 0.51 V(C2,Si) 8.5; V(C1,H3) 8.0; V(C1,H4) 8.0; V(C2,0) 6.5
V(C2,0) 2.30 0.56 VY(O) 17.4; \5(0) 16.5; V(C2,Si) 7.4; V(C1,C2) 5.7
V(C2,Si) 2.22 0.45 V(C1,C2) 7.7; V(C2,0) 7.7
V1(O) 2.55 0.45 \(O) 18.0; V(C2,0) 14.9
V,(O) 2.67 0.44 \{(O) 17.2; V(C2,0) 15.0

TSpr
V(C1,Si) 1.30 0.66 V(C2,Si) 13.8; V(C1,C5) 9.2; V(C1,H) 10.8
V(C2,Si) 2.83 0.43 V(C2,0) 9.5; V(O) 8.1; V(C1,Si) 6.4
V(C2,0) 2.64 0.52 V(0O) 32.6; V(C2,Si) 10.2
V(0) 4.87 0.30 V(C2,0) 17.7; V(C2,Si) 4.7

aBased on ELF analysis of B3LYP/6-3%16G(2d,p) wave functions’ Contribution of neighboring basins to the total basin population.

almost solely centered on the Si atom. This is supported by the Thermochemical data for ring contraction of 3-sila-2-oxa-

AIM atomic spin densities in Table 6 which show that tie
spin density is highest on the C2 and O atoms, whilestepin
density is highest on the Si atom. These findings confirm that
C is indeed an acytsilyl biradical, with thea and S spin

densities primarily localized on the C2 and Si atoms, respec-

tively. It is also evident that the atomic spin densities on the
C2, O, and Si atoms increase in going frénto C via TSac,
consistent with biradical formation. We also note that in the
transition stateT Scp for ring closure of biradicaC to afford

D, thea andf spin densities are still largely localized on the
C2 and Si atoms, respectively. This localization of spin densities
should facilitate C2 Si bond formation and hence ring closure.

cyclohexylideneA via the concerted and stepwise biradical
pathways can be found in Table 3 and Figure 4. It is evident
from these data that ring contraction via the concerted pathway
(i.e., via TSap) is considerably more favorable than that via
the stepwise biradical pathway (i.e., Vi&ac, C and TScp).
Thus, it can be concluded that ring contractiorfobccurs via

a concerted mechanism involving front-side nucleophilic attack
by the carbene lone pair at silicon rather than a stepwise
mechanism involving the intermediacy of an aegllyl bi-
radical.

Decarbonylation. As mentioned earlier, decarbonylation of
3-sila-2-oxacyclohexylidenA could involve initial formation
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TSer e

Figure 8. Plots of the B3LYP/6-311G(2d,p) Mulliken atomic spin densities f@, E, andTSge. Positive and negative values denatandf spin
densities, respectively.

TABLE 6: AIM Atomic Spins Densities for TS ac, C, TScp, to the C1 atom, while thg spin density on the Si atom increases

TSce, E, and T&¢* slightly in going fromC to TSck (cf. Table 6), consistent with
C1 c2 C5 C6 o) Si formation of the silabutane biradicdl and loss of carbon

TSac 0.098 0522 0.017 -0.048 0.179 -0.613 monoxide.

C 0.115 0,577 0.027 —0.059 0.229 —0.722 Now turning to the ring closure of biradickl, we note that,

TSco 0125 0564 0.010 —0.064 0.248 —0.733 in going fromE to TSgr, the distance between the C1 and Si

ESCE 8-2% 0.174 338)3020 _Oboggo 0.096 :8;32 atoms remains essentially unchanged, while the silyl group

TSee  0.867 0.020 0.034 —0738 rotates significantly about the €&i bond, as evidenced by

) _ the OH8SIC6C5 dihedral angle given in Figure 9. From the
“Based on AIM analysis of B3LYP/6-3#1G(2d,p) wave functions.  pjot of the Mulliken spin densities fdE in Figure 8, it can be
Positive and negative values denatand/ spin densities, respectively. seen that th@ spin density on Si is oriented away from the

Spin densities are taken as the difference betweea tred 3 electron . . - - .
populations, obtained by integration of the spin densities over the atomic SPIN density on C1. Thus, it appears that rotation of the silyl

basins. group inTSge allows interaction between thespin density on
Si and thex spin density on C1 (cf. Figure 8), resulting in €2
and subsequent decarbonylation of the asylyl biradical C Si bond formation and hence ring closure. We also note that

to yield the silabutane biradicdt, which then collapses to  there is a slight decrease in theand 5 spin densities on C1
silacyclobutané (cf. Scheme 1). Alternatively, decarbonylation ~@nd Si, respectively, iliSer relative tok (cf. Table 7), in accord

could occur via the intermediacy of silacyclopentan@nécf. with ring closure ofE to afford the closed-shell silacyclobutane
Scheme 1). We will first consider the former decarbonylation F.
pathway and then focus on the latter. Formation of o#ind Let us now consider the mechanism for decarbonylation of

D was discussed in the previous sections; in this section, we silacyclopentanonB (cf. Scheme 1). The computed transition-
focus on their decarbonylation. As shown in Scheme 1, state structurd Spr is shown in Figure 9. Relative tD (cf.

decarbonylation of the acyksilyl biradical C via TScg affords Figure 5), considerable lengthening of the dissociating-C2
the silabutane biradicdE, which then collapses Vvi@Sgr to bond and shortening of the developing € triple bond is
silacyclobutand€. The optimized geometric structures ftfBce, observed inTSpr, while the distance between the C1 and Si

E, TSer, andF are shown in Figure 9. For decarbonylation of atoms decreases significantly. Surprisingly, though, modest
C, considerable lengthening of the dissociating—C€P bond contraction of the dissociating €5i bond occurs inl Spe.

and shortening of the developing €D triple bond occur in From the topological properties of the electronic density given
TSce relative toC (cf. Figure 5). This is accompanied by a in Table 4, it is apparent that(r) decreases significantly for
significant decrease ipy(r) for the Ct-C2 bond and a sizable  the dissociating CxC2 bond, increases noticeably for the
increase inpy(r) for the C2-0 bond inTSck relative toC (cf. developing C2-0O triple bond, and decreases slightly for the
Table 4). Also, the distance between the C2 and Si atoms dissociating C2Si bond inTSpr relative toD. Thus, despite
increases significantly iTSce compared taC (cf. Figure 5), the slight C2-Si bond shortening iff Spr, the decrease ipy(r)
consistent with the imminent loss of carbon monoxide. We for the C2-Si bond is clearly indicative of bond dissociation.
note from the spin densities in Table 6 that there is a  Figure 10 contains contour plots of the Laplacian of the
considerable shift of the spin density from the C2 and O atoms  electronic density overlaid by bond paths in the C1C2Si plane
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Z/ HBSIC6C5 =61.9

Figure 9. B3LYP/6-31H-G(2d,p) optimized molecular geometries 8¢, E, TSpr, TSer, andF. Interatomic distances and dihedral angles are
in A and degrees, respectively.

at selected points along the reaction path for decarbonylationconsistent with C+C2 bond cleavage and €5i bond
of silacyclopentanon®. As mentioned earlier, negative IRC  formation before complete CZSi dissociation and thus with
values correspond to the reactant side of the reaction path,the mechanism involving nucleophilic attack by the-€12
positive IRC values correspond to the product side of the bonding electrons at silicon illustrated in Scheme 1. We note
reaction path, and an IRC value of zero corresponds to thethat the \{(O) and \4(O) lone-pair valence basins D merge
transition state. From the sequence of plots in the figure, it is to form a single V(O) lone-pair valence basinTi$pg, which
apparent that the changes in molecular structure that accompanys indicative of C2-O triple-bond formatiort® a finding further
this reaction occur via a bifurcation mechanism. The plots for supported by the fact that the population of the V(C2,0) valence
IRC = —0.19683 and 0.00000 are in the reactant region of basin increases in going frof to TSpr. We also note that
structural stability, while those for IRE 0.49649 and 0.59648  there is a sizable increase in the V(C2,Si) basin population in
are in the ring-structure and product regions of structural TSpr relative toD, most likely as a result of additional cross-
stability, respectively. The fact that €C2 bond cleavage and  exchange contribution from the developing V(C1,Si) basin.
C1-Si bond formation occurs before complete €3 bond It is not immediately obvious from the thermochemical data
dissociation suggests that the electronic density for the &1 in Table 3 and Figure 4 whether decarbonylation of 3-sila-2-
bond formation primarily results from C4C2 bond dissociation ~ oxacyclohexyliden@ occurs preferentially through the pathway
(cf. Figure 10). This is in keeping with the mechanism for involving initial formation and subsequent decarbonylation of
decarbonylation oD involving nucleophilic attack by the C1 silacyclopentanon® via TSap and TSpr, respectively, or by
C2 bonding electrons at silicon (cf. Scheme 1). the pathway involving initial formation and subsequent decar-
ELF isosurfaces fob and TSpr are shown in Figure 7, and  bonylation of the acytsilyl biradical C via TSac and TSck,
corresponding ELF basin properties are collected in Table 5. respectively, followed by collapse of the silabutane biradical
The disappearance of the V(C1,C2) valence basin and appearvia TSgr (cf. Scheme 1). Inspection of the Gibbs free-energy
ance of the V(C1,Si) valence basin in going fr@nto TSpf, profile in Figure 4 reveals that the initial formation Bf via
together with the fact that the V(C2,Si) basin remains intact, is TSap is significantly more favorable than initial formation of
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IRC = 0.59648 ({=)
Figure 10. B3LYP/6-311-G(2d,p) contour plots of the Laplacian of
the electronic density overlaid by bond paths in the C1C2Si plane at tesian coordinates and absolute electronic energies for all

selected IRC values for decarbonylation of silacyclopentafibri®ots

for IRC = —0.19683 and 0.00000 arftbohr are in the reactant region
of structural stability, while those for IR& 0.49649 and 0.59648
amu’? bohr are in the ring-structure and product regions of structural

J. Phys. Chem. A, Vol. 108, No. 21, 2004705

decarbonylation is most likely a stepwise reaction that involves
the intermediacy of silacyclopentanone rather than-asiyl

and alkyl-silyl biradicals. But overall, 1,2-H migration and ring
contraction were found to be significantly more favorable
energetically than decarbonylation.
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contour plots of the Laplacian of the electronic density Aor
andB, as well as topological properties of the electronic density
and thermochemical data obtained with the PBE1PBE/6-
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charge concentration and charge depletion, respectively, while solid pubs.acs.org.

round and square dots identify positions of BCPs and RCPs. Note that

some bond paths have deviated out-of-plane.

the acyt-silyl biradical C via TSac. However, the barrier for
decarbonylation of thermodynamically stalilevia TSpr is
considerably larger than that for decarbonylatioCofia TScg,

E, andTSgr. NeverthelessC would more readily revert back
to A via TSac or collapse taD via TScp than fragment tde

via TSce. Thus, it seems most likely that decarbonylatiorhof
would preferentially occur via initial formation and subsequent
decarbonylation of silacyclopentanoBevia TSap and TSp,
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