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ABSTRACT. The intrinsic reactivity of Sy2 reaction in the gas phase was discussed MO
theoretically (CNDO/2). We investigated the changes in geometry and electronic structure by
means of the partial geometry optimization for reactantes, transition ststes, and productes with
various nucleophiles and leaving groups.

We found that it was possible to discuss qualitatively the reactivity of Sy2 reaction with
CNDO/2 MO calculation and the reactivity was controlled by basicity and induced polarizability.
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Fig.1. Relative activation energy profile of iso-
desmic procedure.

Table 1a. To!tal energies (au) and activation energies (kcal/mole) for several Sy2 reactions.
CH3Y X- X-+CHzY [X-CHs-Y]* E, AE,
CHsF F- —64. 5836 —64. 6888 —66. 1 0.1
OH- —56. 0243 —56. 1297 —66.1 0.0
Cl~ —53. 2038 —53. 0207 —13.0 53.1
SH- —48. 6928 —48.7163 —14.8 51.3
B0 —56. 9903 —56. 9393 32.0 98.1
CH;Cl F- —53.0143 —53. 2245 —131.9 6.2
OH~ —44. 4554 —44. 6754 —138.1 0.0
Cl- —41. 6345 —41.7256 —57.2 80.9
SH- —37.1232 —37. 2203 —60.9 77.2
Table 1b. Total energies(au) and activation energies(kcal/mole) for several Sy2 reactions.
CH3Y X- X~ +CH,sY [X-CH;-Y]* E, 4E,
CH;0H F- —56. 0594 —56.1297 —44.0 0.0
Cl- —44. 6796 —44. 6754 2.6 46.6
CH3;SH F- —48. 5197 —48.7163 —124.5 0.0
Cl- —37.1381 —37. 2203 —51.6 72.9
CH3H0* F- —56. 2772 —56. 9393 —415.5
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Table 2. Experimental reaction enthalpies and
calculated reaction enthalpies of several nucleophiles
in the gas phase reaction. units are in kcal/mole.
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Fig. 2. Polt of log(ky/k,) vs. E; for the reaction,

X~ +CHyCl— [X—CH3;—Cl]*
Relative rates are 1.8 1.9, 0.017 for F-,OH",
and SH™ raspectively (correlation coefficient. r=0. 998)

. XY~ -
, R() F

- CH3F CH,Cl

Hexp Hcal Hexp Hcal
F- 0.0 0.0 —32.0+10 | —120.0
Cl- 32.0+10 | 118.0 0.0 0.0
OH- | —18.0+8 | —22.0 —50.0+10 | —135.0
SH~ 9.0+10 | 109.0 —22.0+10 1 —10.0
H,O — 447.0 — —
Table 3. Optimized bond lengthes (A) for tran-

sition states of the reaction, X~ +CH;Y—[X-CH3Y]*

Cl~ | OH- | SH™ | H:0

F- de_x 1.470 1.88 1.49 1.92 1.71
dc_y 1.47] 1.43) 1.47] 1.43] 1.40
Cl- dec_x 1.43] 1.82 1.45 1.84
de_y 1.88 1.82 1.88 1.81

|
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Fig.3. Net charges and bond indices for various
molecules.
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