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ABSTRACT. The addition of thiopenol to a-methylstyrene has been studied MO theoretically
using CNDO/2 method. Although overall reaction proceeds in two steps i.e., (1) decomposition
of thiophenol to give phenylthiyl radical and (2) addition of the radical to a-methylstyrene to
give a new monomer radical, theoretical results suggested that the phenylthiyl radical formation
step, (1), was the dominant process in determining the rate of addition; this was the rationale
behind the negative p value obtained experimentally from the Hammett plots for substituents on
the thiyl radicals. The departure from a linear Hammett plot for addition of p-chlorophenylthiyl
and m-trifluoromethyl phenylthiyl to p-methoxy-a-methylstyrene could be explained as a result:
of an increased contribution of the addition step, (2) to the overall reaction rate.
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Table 1. Relative rates for addition of substituted
Phenylthiyl radical (Y CgH,S-) to a-methylstyrene
(X CH,CH.CHCHj)at 70°C.23

Y
X

p-CH;0| p—CH3 | H | p-Cl [m—CF3gD-NO;
pCHO| 2.8 2.31 {1.85(2.50]224 —
p»-CH;3 2.58 1.54 11.36|1.84{1.52| 0.67
H 1.27 1.11 [ 1.00|0.99 — | 0.53
»-Cl 1.62 0.98 [ 0.98(0.8 (079 —
m-CF3 1.09 0.78 | 0.58|0.44 | 0.34 —
Table 2. Hammett Type correlation for addition of

substituted thiyl radicals to a-methylstyrenes at 70° C.

¢ Correlation o+ Correlation
X

oy T Py 7
pcHO| —0.08 | —0.31 | —0.08 | —0.56
p-CHg —0.17 —0.44 -0.15 —0.59
H —0.24 —0.97 —0.18 —0.98
p-Cl —-0.37 —0.93 —0.27 —0.96
m-CF3 —0.69 —0.98 —-0.41 —0.99

¢ Correlation coefficient.
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Table 3. Hammett Type correlations for addition of
substituted a—Methylstyrene to thiyl radicals at 70° C.

Y ¢ Correlation o* Correlation
ox 7* ox 7e
p-CHO| —0.53 | —0.85 | —0.38 | —e6.90
$-CH,4 —0.57 —0.94 —-0.37 —0.99
H —0.60 —0.96 ~0.38 —0.99
p-Cl —-0.96 —0.98 —0.59 —0.98
m-CF3 —1.02 —0.98 —0.63 —0.98

¢ Correlation coefficient.
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Table 4. Substituent effect on thiyl radical formation
(4ER) from thiophenols.
: AE, Atomic
. CNDO/2 R
Substituent (kcal/ charge a
O Energy mol) | of S
pCHO N | —84.92006 _gq| —0.0753_ »
' R | —83.78288 0. 4267,
pCHs N | —66.54718 —g.0| —0-0766 —0.17
R | —65. 39389 0. 4355]
H N | —57.88850 0.0| —0-0729 0.0
R | —56.72563 0. 4432
p-Cl N [ —73.06711 5.4 —0.0632 0.23
R | —71.89563 0. 4582,
m-CF3 N |—147. 48756 11.5 —0. 0530| 0.47
R |—146.306 0. 4803,

N : Neutral molecule, R : Radical.
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Table 5. Substituent effect on cation formation
(YCgH,S*) from thiophenols.

. AE* Atomic
Thiophenol CNDO/2 +
substituents(Y) energy (,l;f;g/ E}I;arsge g

p-CH;0 —83.78251} —9.4 0.4268—0.78
p-CH; - —65. 39375 —5.9 0.4343—0.31
H —56.72568 0.0 0.4596 0.0
2-Ci —146. 30760 5.4 0.4820; 0.11
m-CF; —146. 37060 10.8 0.4808 0.52
2-NO: —104.43262] 13.6 0.4851} 0.79
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Fig.1. Hammett type plots of 4Eg vs. .
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Fig. 2. Hammett type plote for 4E* vs. o*.
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Table 6. Atomic charges, AO coefficients of frontier orbitals and frontier orbital energies for substitued a-
methylstyrenes. 9.7
Y H3C=|C=C§|2
) 2
5 3
CNDO/2 Energy AO Coefficient
Atomic Charge
X HOMO LUMO
HOMO LUMO
G Cs G GCs G Cs
p-CHz0 ~0. 4088} 0. 1057, 0. 2637 0. 4758| 0. 3593] 0. 4926 0.0519, —0.0877
p-CHj —0. 4191 0. 1009| 0. 3027 0. 5165 0. 3379 0.4788 0.0503, —0.0849
H —0. 4359 0. 1014 0. 3533 0. 5631 0. 3533 0. 4976; 0.0472, —0.0806
p-Cl —0.4308 0. 0726 0. 2773 0. 4682 0. 2821 0. 4397 0.0505] —0. 0805
m-CF3 —(. 4565 0. 0763; 0. 3711 0. 5724 0. 5724] 0. 3057 0.0464] —0.0739
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