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Abstract

Gas-phase reaction of C(1)F5S(2)0,0(3)C(4)H,C(5)F; and F~(16) is investigated using DFT method. The geometries of various
stationary points and their relative energies are obtained from 6-31+G¥*, 6-311G**, and 6-311+ +G** levels. In the Sy2(C) reaction
leading to the cleavage of the C(4)-O(3) bond, the reaction complex results from attacking of F~ at a hydrogen atom H11 attached to carbon
atom C(4). Afterward, F~ is attacking the atom C(4) from the backside of the atom O(3) with the help of the neighboring effect, and
meanwhile a multi-membered ring, F(16)-H(11)-C(4)-C(5)-F(16), is being formed. The Sn2(C) reaction is irreversible. On the contrary, the
Sn2(S) reaction leading to the cleavage of the S(2)-O(3) bond is reversible, and it is initiated by attacking of F— at the atom S(2) from the
backside of the atom O(3). The products of the reaction CF;SO;CH,CF; +F~ should be, thermodynamically, controlled due to the
reversibility of the SN2(S) reaction, and those result, chemospecifically, from the cleavage of the C—O bond. At last, the SCRF calculations
confirm that the solvent effect is preferable to the Sy2(C) reaction.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The bimolecular nucleophilic substitution (SN2) is an
important reaction in organic chemistry, and it has been
extensively studied both experimentally [1-5] and theoreti-
cally [6-12]. Hydrolysis of sulfonate ester RSO,OR’ is a
Sn2 reaction [13] and the R'—O cleavage is much more
likely than S—O cleavage when R’ is alkyl. On the other
hand, the S—O bond is much more likely to cleave when R’
is aryl [13,14]. The nucleophilic substitutions at perfluoro-
and polyfluoro-sulfonate ester were, experimentally, studied
by Chen and Zhu [15] because the groups, such as CF;S03,
n—C4FySO3 and CF;CH,SO3, were found to be better
leaving-groups [13a]. Particularly, the nucleophilic substi-
tutions at perfluoro- and polyfluoro-sulfonate ester are
chemospecific. In the Sy2 reaction (I), as shown by the
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experiments [15a], the nucleophile, such as F, attacks
RrSO;CH,R’E at the a-carbon atom, leading to the C-O
cleavage exclusively:

C-0
cleavage

RrSO3CHLR': + F RESO,0 + R'gCH,F (I)

S-0
—_—
cleavage

RgSO3CFR'E + F RgSO,F + R'yCF,0™

ey

F~+ R'rCOF (I

But the reaction (II) leads to the S—-O cleavage solely
[15b]. The chemospecificity of the Sy2 reaction at
perfluoro- and polyfluoro-sulfonate ester should be more
interesting than the chemoselectivity of the reaction at
sulfonate ester RSO,OR’. Yoshida ascribed such chemos-
pecificity to the great electronegativity of the fluorine atom
[16]. On the basis of the experimental works [15], Chen and
Zhu deduced that the screen effect, associated with the
electron repulsion interaction between F~ and the fluorine
atoms (denoted as F11 and F12 in Fig. 1) attached to the
a-carbon atom, plays an important role in determining the
chemospecificity of reaction (II). However, in the transition


http://www.elsevier.com/locate/theochem

144 L. Guo et al. / Journal of Molecular Structure: THEOCHEM 730 (2005) 143—-150

state of reaction (II), the nucleophile F~ should have greater
leaving-group ability than the group R’gCF,O™ [17]. It is
due to reaction (IIT) that reaction (II) leads, specifically, to
the S—O cleavage. In appearance, the behavior of the atoms
on a-carbon atom plays an important role in determining the
mechanism of reaction (II) besides the screen effect. In fact,
as will be shown in this work, the neighboring effect also
plays an important role in determining the mechanism. In
addition, as emphasized by the experimental researchers
[15a], perfluoro- and polyfluoro-sulfonate ester can be used
as an excellent alkylating agent because RgSO3 is a good
leaving group. Therefore, it is necessary to theoretically
understand the chemospecificity of reactions (I) and (II) as
well as to detail the roles of the a-group and B-group. In this
work, the reaction, CF;SO;CH,CF; +F ", is investigated
using DFT (density functional theory), and the theoretical
research on the reaction (II) will be published elsewhere.

There are two possible ways for F~ to attack CF;SO,.
OCH,CF;: (i) at the a-carbon atom from the backside of the
oxygen atom [reaction (IV)]; (ii) at the sulfur atom from the
backside of the oxygen atom [reaction (V)].
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2. Calculation method

All computations are done using Gaussian 98 program
package [18]. Various species involved in the reactions are
optimized at B3LYP/6-311G**, 6-31 +G* and 6-311+ +
G** levels. The harmonic vibration frequencies are
calculated, and each transition state is characterized by
one imaginary frequency. Afterwards, the IRC (intrinsic
reaction coordinate) method [19] is used to track minimum
energy path from transition state to the corresponding local
minima.

In SN2 reactions (IV) and (V), the charge, which is
located to F~ before reaction, becomes dispersed over a
somewhat larger area in the reactant complex and transition
state. To determine the effect of environment, the SCRF
method [20] is used. Cyclohexane and dimethylsulfoxide
(DMSO) are selected as the reaction fields.

3. Results and discussion

The reaction complex, transition state, product complex
and two products (CF3SO; and FCH,CFj3), involved in
reaction (IV), are denoted as RC-C, TS-C, PC-C, P1-C and
P2-C, respectively, and those, involved in reaction (V), are
symbolized as RC-S, TS-S, PC-S, P1-S (CF3SO,F) and P2-
S (T OCH,CFj).

According to the data presented in the Figures, the
geometries of each of the neutral species, obtained from the
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Fig. 1. Geometries of the reactant and products (bond length in A, bond angle and dihedral angle in degree).
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