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Migration of a silyl group from carbon to heteroatom (O, N, S)
is a key step in numerous intramolecular rearrangements of
carbofunctional organosilicon compounds which have been long
investigated both experimentally and theoretically.1-12 The rear-
rangements proceed under anionotropic or cationotropic,8 as well
as catalytic9,10 or thermal conditions.1,2 Among these, of special
mechanistic and synthetic interest, is the sila-Pummerer rearrange-
ment. It was discovered by Brook in 196813 as thermal conversion
of linearR-silyl sulfoxides into siloxymethyl sulfides and has been
widely used in organic synthesis for the preparation of carbonyl
compounds,14 vinyl sulfides,15-17 etc.14,18-23 However, its mech-
anism is not as yet fully understood although various assumptions
have been made on the basis of the experiments.14 It is generally
accepted that the driving force of the rearrangement is the formation
of the O-Si bond and that the reaction proceeds via the ylide or
carbocationic intermediates.14,24-27 In some works the intermediate
ylides have been trapped by various dipolarophiles27,28 as well as
fullerenes.29,30Strange as it is, there is a lack of theoretical studies
of the sila-Pummerer rearrangement; neither the transition states
connecting the reagents, intermediate ylides, and products nor the
involvement of pentacoordinated silicon species were investigated.
At the same time, this could provide a better understanding of the
mechanism of the reaction. For this reason as well as prompted by
our earlier work on the kinetics of thermal ring expansion of 3,3-
dimethyl-3-silathianeS-oxide (1)31 we report here on theoretical
study of this reaction, namely, the sila-Pummerer rearrangement
of 3,3-dimethyl-3-silathianeS-oxide (1) to the O,S-acetal (3)
proceeding, as we suggested, by Scheme 1.

The stereochemistry of the Si-CR-SdO fragment is an impor-
tant factor affecting the ease of the rearrangement. The syn-
configuration of the Si-CR and SdO bonds provides the proximity
of the silicon and oxygen atoms and thus favors the Si-O bond
formation leading to the rearrangement.15,16

From the two possible chair conformers of1 we have taken the
one with the SdO group axial since our previous DFT calculations
gave it by 1.67 kcal/mol more stable than the equatorial.32

The B3LYP/6-311+G(d,p) optimized geometry of the axial chair
conformer of1 gives the CR-Si and SdO bonds to be synclinal
with the dihedral angle Si-CR-SdO of 53.7° and the O‚‚‚Si
distance of 3.407 Å, i.e., the molecule is in a reasonable conforma-
tion for 1,3-migration of silicon to oxygen. Product3 has a slightly
distorted boat conformation with the sulfur atom at the bow and
the Si-C(4) bond at the stern. Its energy is 41.22 (B3LYP) or 43.96
(MP2) kcal/mol lower than that for1, so, the reaction is very
exothermic. The ylide2 suggested as an intermediate was found
to be a real minimum on the potential energy surface lying 3.46
(B3LYP) or 3.77 (MP2) kcal/mol higher than1. The optimized
conformation of ylide2 can be regarded as a slightly distorted boat

with the oxygen and the C5 atom at the bow and the stern (Figure
1). It is noteworthy that, while boat conformations are generally
unstable and are usually transition states, the 2,5-boat conformer
of ylide 2 is a minimum on the potential energy surface. B3LYP
and MP2 calculations show that there are other minima corre-
sponding to the chair, twist, and boat conformers of ylide2, but
the structure in Figure 1 is the one which lies between the two
transition states on the reaction coordinate. Frequency calcula-
tions give the following relative thermodynamic parameters for the
1 f 2 conversion: ∆H° ) 3.11, ∆G° ) 1.72 kcal/mol; and
∆H° ) -46.02,∆G° ) -45.06 kcal/mol for the2 f 3 conversion.
For the whole process1 f 3: ∆H° ) -42.92,∆G° ) -43.34
kcal/mol.

Vibrational frequency calculations verified that there are two
transition states on the way from1 to 3 (Figure 2). The first one
([TS-1]q) connects sulfoxide1 and the intermediate ylide2. It lies
25.97 (B3LYP) or 23.06 (MP2) kcal/mol higher than1 and has
one imaginary frequency of-169 cm-1. The second transition state
([TS-2]q) connects the ylide2 and the product of rearrangement3.
It lies 22.86 (B3LYP) or 26.36 (MP2) kcal/mol higher than1 and
has one imaginary frequency of-317 cm-1.

Moving along the reaction path from1 to [TS-1]q results in
elongation of the S-O and Si-CR bonds by 0.115 and 0.469 Å,
respectively, shortening of the S-CR bond by 0.100 Å, and
formation of a partial O‚‚‚Si bond. The silicon atom adopts a
distorted trigonal bipyramidal structure with the C4, O, and Me
equatorial and the C2 and the other Me axial. Further progress along
the reaction path leads the system to ylide2 with the lengths of
the Si-O (1.668 Å) and O-S (1.851 Å) bonds close to the values
for those of ordinary covalent bonds, and possessing the double
bond SdCH2 (1.628 Å). Moving uphill from ylide2 to [TS-2]q is
accompanied by elongation and rupture of the O-S bond from
1.851 to 2.462 Å, and disrotation around the Si-C(4) and C(6)-S
bonds so that the oxygen and C(2) atoms approach each other to
2.432 Å.

Frequency calculations give the following relative thermody-
namic parameters for the1 f [TS-1]q conversion:∆H° ) 21.68,
∆G° ) 23.12 kcal/mol; and∆H° ) 21.61,∆G° ) 21.84 kcal/mol
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Scheme 1. Sila-Pummerer Rearrangement of
3,3-dimethyl-3-silathiane S-oxide (1) to the O,S-acetal (3)

Published on Web 08/26/2004

11456 9 J. AM. CHEM. SOC. 2004 , 126, 11456-11457 10.1021/ja047083u CCC: $27.50 © 2004 American Chemical Society



for the 2 f [TS-2]q conversion. The experimental energy of
activation found by us earlier was 12.1 kcal/mol.31

Atomic charges were calculated by different schemes of parti-
tioning the electron density. Most adequately varied along the
reaction path (Scheme 1) are the electrostatic charges. This relates
first of all to the charges on atoms C2 and S (Figure 3). Only the
electrostatic scheme gives a sharp increase of the negative charge
on C2 up to-0.701 for ylide2 and a high positive charge on it
(0.343) for product3 in which C2 is connected with two

electronegative atoms, O and S (Scheme 1). As to the sulfur atom,
both the Mulliken and NPA charges on it monotonically decrease
along the reaction path, being positive for all species involved. On
the contrary, the electrostatic scheme gives the maximum of the
positive charge (0.327) on the sulfur atom in ylide2 and a negative
charge on it (-0.356) in product3, and this is in compliance with
chemical reasoning (Scheme 1).

Thus, it may be concluded that the sila-Pummerer rearrangement
of organosilicon cyclic sulfoxides includes the intermediate ylide.
The reaction pathway also includes two transition states, the first
one with pentacoordinated Si, connecting the reagent and the ylide,
and the second one on the way from the ylide to the product of
rearrangement.
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Figure 1. Structures of transition statesTS-1 andTS-2 and ylide2.

Figure 2. B3LYP/6-311+G(d,p) (black) and MP2/6-311+G(d,p)//B3LYP/
6-311+G(d,p) (red) potential energy diagram for the sila-Pummerer
rearrangement1 f 3.

Figure 3. Variation of atomic charges on C2 (black) and S (red) atoms
along the reaction path. (9) Mulliken; (b) NPA; (2) electrostatic.
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