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Abstract: A high-level computational study using CCSD, CCSD(T), and G2(+) levels of theory has shown
that unactivated vinyl substrates such as vinyl chloride would afford gas phase, single-step halide exchange by
a pure in-planeσ-approach of the nucleophile to the backside of the C-Cl σ bond. Geometry optimization by
CCSD/6-31+G* and CCSD(T)/6-31+G* confirms the earlier findings of Glukhovtsev, Pross, and Radom that
the SN2 reaction of Cl- with unactivated vinyl chloride in the gas phase occurs by aσ attack. Complexation
of vinyl chloride with Na+ does not alter this in-planeσ preference. However, moderately activated
dihaloethylenes such as 1-chloro-1-fluoroethylene undergo gas-phase SN2 attack by the acceptedπ-route where
the nucleophile approaches perpendicular to the plane of the CdC. In the latter case a single-stepπ pathway
is preferred for the Cl- + H2CdCFCl reaction. This is the first definitive example at a high level of theory
where a single-stepπ nucleophilic vinylic substitution is preferred over a multistep mechanism in the gas
phase. The activation barriers for these gas-phase single-stepσ- andπ-processes involving both naked anions
and Na+ complexes are, however, prohibitively high. Solvation and the presence of a counterion must play a
dominant role in nucleophilic vinylic substitution reactions that proceed so readily in the condensed phase. In
solution, nucleophilic vinylic substitution reactions involving electron-withdrawing groups on the carbon-
carbon double bond (e.g.,-CN, -CHO, and-NO2) would almost certainly proceed via a free discrete
carbanionic intermediate in accord with experiment.

I. Introduction

Organic chemists prefer to classify reactions according to
mechanistic types centered around descriptors such as electro-
philes, nucleophiles, etc. Nucleophilic substitution at saturated
carbon remains one of the most important reactions in both
synthetic and mechanistic organic chemistry. It is generally
assumed that bimolecular SN2 nucleophilic substitution at
saturated carbon (sp3) proceeds with inversion of configuration1

while SN2 attack at vinylic carbon (sp2) affords a substitution
product with retention of configuration.2,3 Reactions of nucleo-
philic vinylic substitution, however, display a greater variety
of mechanisms.4-11 Both the stepwise and the concerted
processes normally lead to retention of configuration, although
when the carbanion intermediate is long-lived, partial or

complete stereoconvergence may result.6-8 The most common
reaction route is an addition-elimination mechanism (AdN-E)
that is initiated by nucleophilic attack at theπ-bond4-9 and
portrays some features of aromatic nucleophilic substitution.11

The generally accepted mechanism for nucleophilic attack on
a vinyl halide involves approach of the nucleophile perpen-
dicular to the plane of the carbon-carbon double bond. One of
the remaining mechanistic questions is whether the overall
nucleophilic substitution reaction proceeds by a multistep
addition-elimination process or by a concerted addition-
elimination process in the absence of a discrete carbanionic
intermediate. An overwhelming number of experimental and
computational studies support the occurrence of this multistep
route.6,8 Poor leaving groups in most systems and good leaving
groups in highly activated vinylic systems cause a multistep
mechanism that involves the formation of one or more carbanion
intermediates, such as that indicated in Scheme 1. While the
variable-transition-state model developed for nucleophilic vinylic
substitution by Rappoport2,6 leaves the possibility of a concerted
single-step mechanism as an open question for very slightly
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activated systems, other alternative mechanisms of the substitu-
tion appear to dominate in such cases. Furthermore, the existence
of a very short-lived intermediate is anticipated even for a
mechanism that is classified as a single-step process within this
model.4

Early calculations of Stohrer,12a using Extended Hu¨ckel
Theory, suggested a concerted addition-elimination process in
the absence of a discrete carbanionic intermediate (Scheme 2).
Despite the computational results of Stohrer and the experi-
mental studies on nucleophilic substitution in unactivated vinyl
systems which led to the description of these reactions as
bimolecular substitutions13 (for example, reactions of unactivated
vinyl halides with alkyl and aryl selenide13e), clear-cut evidence
for a single-step mechanism was not yet available. Most of the
mechanistic tools applied to study nucleophilic vinylic substitu-
tion were not yet capable of providing a definitive answer.6-8

As a consequence, concerted mechanisms of nucleophilic vinylic
substitution are usually considered as unlikely processes.3 In
198414a we provided the first theoretical evidence supporting a
concerted addition-elimination pathway for reactions of a series
of nucleophiles with 1-chloro-1-fluoroethene. We chose this
vinylic halide because dihaloethylenes are viable substrates in
SN2 reactions as a consequence of additional inductive stabiliza-
tion of the developing carbanionicπ-TS by the halogen
substituent.

Computational methods are now sufficiently reliable to be a
useful alternative to explore the possibility of a concerted vinylic
nucleophilic substitution. Theoretical studies15-19 have, in

general, supported the stepwiseπ-route whereas a concerted
in-plane SN2 pathway involving backside attack at carbon has
long been excluded as a viable pathway on the basis of both
theoretical and historical grounds.3,15 However, this in-plane
single-step SN2 process involving backside attack at the vinylic
carbon has recently received considerable attention. High-level
ab initio calculations have questioned the accepted mechanism
and predicted the occurrence of an in-plane SN2 approach of
the nucleophile to theσ bond (σ-attack) that is preferred over
π-attack in an unactivated substrate such as vinyl chloride.20a

Glukhovtsev, Pross, and Radom reported two discrete pathways
for the reaction of Cl- with CH2dCHCl. The calculations using
modified G2 theory21 (denoted as G2(+))20a demonstrated that
the barrier height for aσ-approach (σ-TS-3, Figure 1) was lower
in energy than the traditionalπ-approach (π-TS-4). The
correspondingâ,â-dichloroethyl anion, the putative intermediate
required for a two-step process, was found to be unstable,
collapsing to a loose ion-molecule complex. Aσ-pathway is
by definition a single-step process while aπ-approach can be
either a single-step process or involve a carbanionic intermediate
in a multistep addition-elimination reaction. In the case of Cl-

with CH2dCHCl, since theσ-TS is lower in energy than the
π-pathway, a multistep path can be ruled out. It was concluded
that nucleophilic substitution at theunactiVated Vinyl carbon
of vinyl chloride is a single-step process initiated by eitherσ-
or π-attack, rather than a multistep reaction involving a
carbanionic intermediate.20aLucchine, Modena, and Pasquato20b

have provided an interesting rationale for the SN-σ versus the
SN-π mechanism based upon the relevance of the symmetry of
the LUMO orbital of the alkene. Their arguments were based
upon the energy level diagram of the antibonding combination
of the four-electron HOMO-HOMO orbital interaction that we
discussed in several earlier studies.14 A more recent theoretical
study at the G2(+) level by Lee et al.20c also demonstrated that
weaker bases (nucleophiles) such as Cl- and Br- react with
vinyl chloride by the novel in-planeσ-approach with inversion
of configuration, but that stronger nucleophiles (OH-, SH-)
substitute by the usual out-of-plane SN-π path but with retention
of configuration. This was an important observation since we
now have a situation where theunactiVated Vinyl carbon of
vinyl chloride can operate with either the SN-σ or the SN-π
mechanism depending upon the electrostatic HOMO-HOMO
interactions experienced by the incoming nucleophile.

Since the only substrate to date that has shown theoretical
evidence for the SN-σ-path is unactivated vinyl chloride, where
both SN-σ and SN-π mechanisms are observed for different
nucleophiles, we seek to resolve the question as to whether this
novel pathway is in fact exclusive to this simple unactivated
vinyl halide. A question that also remains is whether a concerted
pathway is preferred over a multistep process when the latter is
not ruled out by instability of the carbanionic intermediate. It
is usually assumed that the existence of an intermediate in
nucleophilic vinylic substitution implies that the multistep
pathway via this intermediate has a lower activation energy than
a concerted single-step mechanism. We now report the results
of high-level ab initio calculations that corroborate our earlier
findings14aand indicate the preference of the gas-phase concerted
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route over a multistep pathway proceeding via a carbanionic
intermediate.

II. Computational Methods

Ab initio molecular orbital calculations were performed with the
GAUSSIAN 98 system of programs.22a Geometries were optimized at
the MP2(full)/6-31+G* level of theory. Cartesian coordinates and total
energies are available in the Supporting Information. The 6-31+G*
basis set includes diffuse functions, since most of the structures are
carbanions. The stationary points on the potential energy surfaces were
characterized by calculations of vibrational frequencies at the MP2-
(full)/6-31+G* level. To obtain heats of reaction and barrier heights
to chemical accuracy, selected reactions were computed at the G2(+)
level of theory where geometries are optimized at MP2(full)/6-31+G*
and thermal corrections are based upon a HF/6-31+G* frequency
calculation.20a For the chloride+ vinyl chloride reaction, structures
were also optimized at the CCSD(T)/6-31+G* level using the ACES
II program system.22b

II.Results and Discussion

II.1. Single-Step SN2 σ-Pathway.As noted above,20athe in-
planeσ-approach of chloride ion to vinyl chloride is favored
over the more classicalπ-approach by 5.9 kcal/mol at the G2-
(+) level of theory (Figure 1). This observation was sufficiently
novel that we felt further investigation was warranted. However,
the overall classical activation barrier (∆Eq) for SN2 substitution
measured relative to gas-phaseCluster-2 is very high at 32.4
kcal/mol. Since the MP2 level of theory is sometimes inadequate
when more than one bond is being broken, geometry optimiza-
tion at a higher level of correlation would be prudent. At the
CCSD/6-31+G* level22b the transition state for theσ-approach,
σ-TS-3 in Figure 1, remains 7.6 kcal/mollower in energy than
the π-approach,π-TS-4. The energy difference between these

two discrete pathways is only 1.3 kcal/mol at the MP2(Full)/
6-31+G* level, but 5.9 kcal/mol at G2(+). Geometry optimiza-
tion at CCSD(T)/6-31+G* also placed theπ-approach,π-TS-
4, 6.3 kcal/mol above theσ-transition state. Significantly, the
geometries changed very little at the CCSD level (with and
without the triples)22b relative to the MP2 geometry. All of the
key bond lengths elongated only slightly with the exception of
C-Cl bond distance inσ-TS-3 changing from 2.375 to 2.418
Å and in π-TS-4 from 2.035 to 2.052 Å. Our calculations
corroborate the findings of Glukhovtsev et al.20a that the
existence of aσ pathway for unactivated vinyl chloride is based
upon a firm theoretical basis.

The hypothesis was also advanced by Glukhovtsev et al. that
σ-TS-3 could potentially be more highly solvated thanπ-TS-4
and that their unusual findings could also be maintained in
solution. Althoughσ-TS-3 maintainsC2V symmetry in the gas
phase, that may well be less likely in the condensed phase or
in the presence of a counterion. This prompted us to examine
the effect of a sodium ion on the relative energies of these
contrasting reaction pathways. We located a loose reactant
Cluster-6 between NaCl and H2CdCHCl that was 12.2 kcal/
mol lower in energy than isolated reactants (Figure 2). The
correspondingâ,â-dichloroethyl carbanion complexed to a
sodium cation at carbon exists only as a very shallow minimum
(Min-7 shown in Figure 2) at the MP2(Full)/6-31+G* level of
theory. A C-Na+ bond distance of 2.382 Å was found when
the Na+ is complexed cis to the two chlorines as inMin-7 (Cs).
The trans isomerTS-8 (Cs) is a transition state for rotation about
the C-C bond and is 11.7 kcal/mol higher in energy reflecting
the loss of Na+-Cl bonding.

We located bothσ- andπ-transition states,σ-TS-9andπ-TS-
10, for elimination of NaCl affording vinyl chloride‚NaCl,
Cluster-6. The nonplanar (∠C-C-H ) 148.5 Å) Cs σ-TS-9
remains 0.6 kcal/mol (MP2(Full)/6-31+G*) lower in energy
than the correspondingπ transition state. Presumably at the G2-
(+) level the energy difference betweenσ- andπ-approaches
in Figure 2 would increase as noted above forσ-TS-3 and
π-TS-4 in Figure 1 and makeσ the dominant pathway. Although
the gas-phase addition of NaCl to H2CdCHCl affords an
intermediate Min-7 that is 35.3 kcal/mol above isolated
reactants, the classical barrier height for theσ transition state
eliminating NaCl (σ-TS-9) is 2.5 kcal/mol below the cis
minimum Min-7. SinceMin-7 is higher in energy than theσ
pathway for chloride ion attack at vinyl carbon (σ-TS-9) a
concerted pathway is indicated. Significantly, at the MP2/6-
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Figure 1. MP2(Full)/6-31+G* geometries and relative energies of reactantCluster-2, π transition stateπ-TS-4, andσ transition stateσ-TS-3 for
the reaction of Cl- with 1-chloroethene. G2(+) energies are given in parentheses. Energies are in kcal/mol relative to isolated reactants, bond
lengths are in Å, and angles are in deg.
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31+G* level of theory, the gas-phase classical barriers for
chloride ion exchange with vinyl chloride (45.0 and 40.6 kcal/
mol, respectively) in the presence and absence of Na+ com-
plexation are quite comparable when computed relative to their
gas-phase clusters. The G2(+) barrier for the latter reaction is
32.4 kcal/mol relative to theCluster-2.20a These data are
consistent with the gas-phase findings of Glukhovtsev et al. and
lend further support to the suggestion that aσ-pathway is
preferred forunactiVated substrates such as vinyl chloride.
However, it is well established that vinyl chloride2e and vinyl
bromide23 are very unreactive in solution even when good
nucleophiles (e.g. RS-) are employed at elevated temperature
(e.g. 130°C). This prompted us to examine the feasibility of
suchσ SN2 pathways with more highly substituted alkenes.

II.2. Single-Step SN2 π-Pathway. In an earlier study we14a

provided theoretical evidence supporting a concerted addition-
elimination pathway for addition of a series of nucleophiles to
1-chloro-1-fluoroethene. This vinylic halide was chosen because
dihaloethylenes are viable substrates in SN2 reactions as a
consequence of additional inductive stabilization of the develop-
ing carbanionicπ transition state by the halogen substituent.
We now provide higher level ab initio calculations that
corroborate those earlier findings and provide evidence for a
concertedπ-approach in the current reaction series.

We found a dramatically different potential energy surface
for the addition of Cl- to the dihalo-substituted alkene H2Cd
CFCl as shown in Figure 3. The reactant cluster between Cl-

and H2CdCFCl,Cluster-12, has a stabilization energy of 10.5
kcal/mol at the MP2/6-31+G* level of theory while Cl- addition
to the CdC affording carbanionic energy minimumMin-13 is
24.5 kcal/mol above isolated reactants. The long C-F bond
distance inMin-13 (1.812 Å) is a reflection of the strong
negative hyperconjugation of the adjacent electron pair with the
C-F bond. The estimated activation barrier for this carbanionic
intermediateMin-13 to eliminate Cl- is <1 kcal/mol. A rotation
about the C-C bond inMin-13 of about 14° results in expulsion
of Cl- via transition stateπ-TS-15.

A first-order saddle pointπ-TS-14arises from Cl--attack at
CR of the alkeneπ-bond and the classical activation barrier for
this concerted addition-elimination Cl- exchange process is
predicted to be 21.9 kcal/mol relative to reactants at the G2(+)
level of theory. We could not locate aσ transition state for this
Cl- exchange reaction but a second-order saddle pointSOSP-
16 does lie 19.8 kcal/mol aboveπ-TS-14. The first imaginary
frequency (713i cm-1, b2) for SOSP-16corresponds to the
motion along the reaction path for Cl- exchange. The second
imaginary frequency (68i cm-1, b1) is the out-of-plane bending
mode that leads fromSOSP-16towardMin-13. At the G2(+)
level the concerted pathwayπ-TS-14 is 4.3 kcal/mollower in(23) Miller, S. I.; Yonan, P. K.J. Am. Chem. Soc.1957, 79, 5931.

Figure 2. MP2(Full)/6-31+G* geometries and relative energies for reactant clusterCluster-6, carbanion minimumMin-6 , rotational transition
stateTS-8, σ transition stateσ-TS-9, andπ transition stateπ-TS-10 for the reaction of NaCl with 1-chloroethene. Energies are in kcal/mol relative
to isolated reactants, bond lengths are in Å, and angles are in deg.

Figure 3. MP2(Full)/6-31+G* geometries and relative energies for reactant clusterCluster-12, carbanion minimumMin-13, π transition state
π-TS-14, twisted transition stateπ-TS-15, and second-order saddle pointSOSP-16for the reaction of Cl- with 1-chloro-1-fluorethene. G2(+)
energies are given in parentheses. Energies are in kcal/mol relative to isolated reactants, bond lengths are in Å, and angles are in deg.
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energy than the carbanionic intermediateMin-13 that would
be involved in a two-step process. These data corroborate our
earlier study at a more modest level of theory where we also
suggested a concerted pathway with H2CdCFCl.14a

To examine the cation effect upon this halide exchange we
included NaCl in the reaction. Complexation of NaCl with
H2CdCFCl affordsCluster-18 with a stabilization energy of
12.5 kcal/mol (Figure 4). Alternatively, complexation of Na+

at the carbon atom ofMin-13 can affordMin-19, which can
expel NaCl with little or no barrier to produceCluster-18. The
transitions state for theπ-approach,π-TS-20, lies 27.2 kcal/
mol above isolated reactants, and 4.0 kcal/mol aboveMin-19.
We could not locate aσ-transition state for this addition-
elimination of NaCl to 1-chloro-1-fluoroethene. BecauseMin-
19 is lower in energy thanπ-TS-20, this particular reaction,
with complexation to Na+, could follow a multistep mechanism.

Since electron-withdrawing substituents in vinylic substitution
typically result in a multistep process involving aπ approach,2,3

we next probed the effect of aâ substituent. Our primary goal
was to show that a conjugated system such as an acrylonitrile
would have a low barrier and proceed by aπ approach of the
nucleophile. For the reaction of Cl- with 1-chloro-2-cyanoethene
at the MP2(Full)/6-31G* level of theory, we located thetrans
π-TS-23andcis π-TS-25which lie 4.1 and 5.8 kcal/mol above
the isolated reactants (Figure 5).TS-24 is the transition state
for rotation around the C-C bond (∆Eq ) 12.2 kcal/mol). We
could not locate aσ-transition state for the addition of Cl- to
1-chloro-2-cyanoethene nor a discrete carbanionic intermediate.
Much to our surprise, all attempts to locate theâ,â-dichloro
anionic intermediate resulted in expulsion of chloride ion. The
presence of a counterion would most likely afford a stable
neutral intermediate as noted above for the addition-elimination
of NaCl to 1-chloro-1-fluoroethene. It is however clear that the
cyano substituent has a strong stabilizing effect on the transition
state, as is evident from the very low barriers for chloride ion
exchange.

We also examined the effect of an electronegativeâ-fluoro
substituent on the mechanism of this vinylic substitution reaction
(Figure 6). We used bothcis- andtrans-1-fluoro-2-chloroethenes
as substrate and examined initially the pathways for vinylic
attack by Cl- on the vinylic carbon bearing the chlorine
substitutent. The lowest energy path was for theπ-approach to

the cis isomer as shown in Figure 6a. The activation energy for
π-TS-30 relative reactant complex29 is 45.0 kcal/mol. Ironi-
cally, the barriers for Cl- addition to the parent vinyl chloride
(σ-TS-3andπ-TS-4, Figure 1) are 40.6 and 41.9 kcal/mol. Thus,
the barriers for theσ andπ displacement of Cl- by Cl-, σ-TS-
31,π-TS-30, andπ-TS-34, are nearly the same as that for vinyl
chloride itself (Figure 1). However, Cl- attack at the fluorine
bearing carbon yields transition states that are 6-8 kcal/mol
lower (Figure 7). The twoπ-transition states,π-TS-35 and
π-TS-37 are 14.7 and 13.3 kcal/mol lower in energy than the
correspondingσ-transition stateσ-TS-38 for attack at the
fluorine bearing carbon. As anticipate from the unsubstituted
vinyl halide reaction, the G2(+) calculation stabilizes theσ
transition state ca. 5 kcal/mol more than theπ transition state.
Indeed, at the G2(+) level of theory, theπ-TS-37 is 10.4 kcal/
mol lower thanσ-TS-38, and theπ transition states for chloride
displacing fluoride remain the lowest transition states on the
entire potential energy surface.

From these data we conclude that unactivated vinyl substrates
such as vinyl chloride would indeed afford gas-phase halide
exchange by a pureσ-approach of the nucleophile.20aThere are
examples of authentic in-plane nucleophilic substitution when
exceptional leaving groups are involved.24 For stronger nucleo-
philes, theπ route is the preferred pathway.20c We have now
shown that moderately activated dihaloethylenes undergo SN2
attack by the acceptedπ-route. However, the activation barriers
for these gas-phase processes involving both naked anions and
Na+ complexes have prohibitively high activation energies. The
∆Gq for π-TS-3 in Figure 1 andπ-TS-14 in Figure 3 at the
G2(+) level of theory are predicted to be 29.8 and 30.5 kcal/
mol, respectively, relative to isolated reactants. The free energies
for the gas-phase addition-elimination of NaCl affording vinyl
chloride (π-TS-10 in Figure 2) and 1-chloro-1-fluoroethene
(π-TS-20 in Figure 4) are even higher (42.8 and 40.6 kcal/mol
(MP2/6-31+G*) relative to their respective isolated reactants).
Thus, the counterion and solvation must play a dominant role
in vinylic SN2 substitution reactions that proceed so readily in
the condensed phase.

(24) (a) Summerville, R. H.; Schleyer, P. v. R.J. Am. Chem. Soc.1974,
96, 1110. (b) Clarke, T. C.; Kelsey, D. R.; Bergman, R. G.J. Am. Chem.
Soc.1972, 94, 3626. (c) Shainyan, B. A.; Rappoport, Z.J. Org. Chem.
1993, 58, 3421. (d) Ochiai, M.; Oshima, K.; Masaki, Y.J. Am. Chem. Soc.
1991, 113, 7059. (e) Lucchini, V.; Modena, G.; Pasquato, L.J. Am. Chem.
Soc.1993, 115, 4527.

Figure 4. MP2(Full)/6-31+G* geometries and relative energies for
reactant clusterCluster-18, carbanion minimumMin-19, and π
transition stateπ-TS-20 for the reaction of NaCl with 1-chloro-1-
fluoroethene. Energies are in kcal/mol relative to isolated reactants,
bond lengths are in Å, and angles are in deg.

Figure 5. MP2(Full)/6-31+G* geometries and relative energies for
reactantCluster-22, rotational transition stateTS-24, andπ transition
statesπ-TS-23andπ-TS-25and for the reaction of Cl- with 1-chloro-
2-cyanoethene. Energies are in kcal/mol relative to isolated reactants,
bond lengths are in Å, and angles are in deg.
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Figure 6. MP2(Full)/6-31+G* geometries and relative energies for reactant clustersCluster-29 andCluster-33, π transition statesπ-TS-30 and
π-TS-34, andσ transition stateσ-TS-31 for the reaction of Cl- with the R carbon ofcis- and trans-1-chloro-2-fluoroethene. Energies are in kcal/
mol relative to isolated reactants, bond lengths are in Å, and angles are in deg.

Figure 7. MP2(Full)/6-31+G* geometries and relative energies for reactant clustersCluster-29 andCluster-36, π transition statesπ-TS-35 and
π-TS-37, andσ transition stateσ-TS-38 for the reaction of Cl- with the â carbon ofcis- and trans-1-chloro-2-fluoroethene. G2(+) energies are
given in parentheses. Energies are in kcal/mol relative to isolated reactants, bond lengths are in Å, and angles are in deg.
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The carbanionic mechanism involving minimumMin-13
(Figure 3) is only 4.3 kcal/mol (G2(+)) higher in the gas phase
than the completely concerted halide exchangeπ-TS-14. For
activated SN2 reactions involving electron-withdrawing groups
on the carbon-carbon double bond (e.g.-CN, -CHO, and
-NO2), reactions in solution should proceed via a free discrete
carbanionic intermediate in accord with experiment. Since the
G2(+) barrier forπ-TS-14(Figure 3) is only 21.9 kcal/mol and
this π-route is 19.8 kcal/mol lower in energy thanSOSP-16,
we conclude that theπ-route is operational for typical SN2 attack
at vinylic carbon bearing a stabilizing substituent. For example,
the addition of CH3S- to trichloroethylene does follow theπ
pathway.25

III. Conclusions

(1) Unactivated vinyl substrates such as vinyl chloride do
indeed afford gas-phase halide single-step exchange by a pure
σ-approach of the nucleophile.

(2) Moderately activated dihaloethylenes such as 1-chloro-
1-fluoroethylene undergo the gas-phase SN2 attack by the
acceptedπ-route. In the latter case both the single-step and
multistep reaction pathways are feasible.

(3) The activation barriers for these gas-phase single-stepσ-
and π-processes involving both naked anions and Na+ com-

plexes are prohibitively high. The counterion and solvation must
play a dominant role in nucleophilic vinylic substitution
reactions that proceed so readily in the condensed phase.

In summary, the novel findings of Glukhovtsev et al.20a for
vinyl chloride in the gas phase have been confirmed at a higher
level of theory. Even though the reaction of vinyl chloride with
Cl- favors theσ-route over theπ-route, vinyl chloride is not
an experimentally viable substrate and cannot be considered as
representative for the vinyl SN2 reaction. We have provided four
different examples where theπ-route is favored over theσ
pathway. Theπ-route is anticipated insubstitutedVinylic halide
reactionswhen experimentally viable substrates are used.
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