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2 9of t-Butoxyl, #-butyl 2}vlze] 98 AHA-EFA F£FF vl Fste] CNDO/2 %4
& AA BAAER oz wAsY . -Butoxyl Bl 28] A FA-EFddol W3 FaFIub-gol
Hammett 2] o] 2t &9 p7h& Ve 2L t-butoxyl 2fej o] e SOMO O VA & 2= A
AAR B2 AAe] Arz AHA-EFA HOMO 9 24317 =Folvh, wdl, #-butyl v
2o 2 SOMO VA & Z= AP 22 AAol Fretmz A F{A-EF 49 LUMO 919}
Ago] AA & ph& 7HAH, .

ABSTRACT. The reaction for the hydrogen abstraction from substituted-toluenes by #-butoxyl
and #-butyl radical have been studied MO theoretically using CNDO/2 method. The reaction for
the abstraction from substituted-toluenes by z-butoxyl radical showed -the negative p values from
Hammett equation, since ¢~butoxyl radical is electrophilic, relatively low energy SOMO, which
can interact with HOMO energy of substituted-toluenes. On the other hand, ¢-butyl radical is
nucleophilic, relatively high energy SOMO, which can interact with LUMO energy of substituted-
toluenes. And so the reaction of abstraction from substituted-toluenes by z~butyl radical exhibited
positivé o values.
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Table 1. Substituent constant(s) and benzyl radical formation energies(4Eg) for toluenes by CNDO/2.

Substituents Er(au) AEg (au) o Atomic charge C;
preno R st 1782 0.9687 —0.37 700628
PN LRI | s | oow | A
Pt R | &3 oo | 0w ~0. 675
o | | EE | o | ow | Chim
m-CHy 11\{ :23; 2'3’53 0.9716 —0.07 :8: 822?
. R | Tsioo 0.9712 0.0 Z0. 064
YR | e | e |
ma R | oo 0.9712 0.57 ~0.0éoy
0N BE | eem | ow | Chi
X |omEm | e | ow =y
X |omEE | s | s ¥t
o Y| R | ees | en | o

N : normal form, R : radical form.
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Om,p-C1
0.974 - \Q\p-Noz
~
o m=CHN
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0,4 -0.2 0. 0.2 0.4 C.: 0.8

Fig. 1. Relative reactivity of benzyl radical formation
energies (4Eg) of substituted-toluene versus ¢ constants.
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Table 2. Substituent constant(c*) and cation formation energies(4E+) for toluenes by CNDO/2.

Substituents Er(au) AE* (au) ot Atomic charge C;
#-CHO 13 v :Egl;j %32 1. 2915 —0.78 _8: ‘1)5(1)%
PN REE | e | oew |
Pon N EBE | e | aa | b
SRR BT AT T
mon RS | e | oo | 0
H S | Ches 13318 0 02356
ey | e | ew | 0
X B | s | e | b
L CEE | ase | e g
SRR I e
el e | e | em |
o |y | s | e | em | R
N : normal form, C : cation form, . -
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(a.u . K »

1.28 -

p-CH30

1.30 -

o p=t~Bu
1.32
H
Q
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136 |- %,;}-c\“‘“oz

Fig. 2. Relative reactivity of benzyl cation formation
energies (4E+) of substituted—toluene versus g+ constants.
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Table 3. Substituent constant(¢~) and benzyl anion formation energies(4E-) for toluenes by CNDO/2.

Substituents Er(au) 4E- (au) g Atomic charge C;
0] R | e | s | 4
I S T P 4
S R R
m, m~CHg N 725058 0. 9350 —0.20 -0
mom x| csms | ome | oow | o
" Y OES | e | w0 | @
ra N Tl 0.9175 0.15 ~0. 063
NloAm | eme | oom Yo
Ly REE | eme | oas | i
moeN A | g 0.9158 0.60 Z0. a1
PN REE | eew | es |
oy ] g | s | aw | g

A : anion form

N : normal form

ART

(a.u)

Q.90

Fig. 3. Relative reactivity of benzyl anion formation
energy (4E-) of substituted-toluene versus ¢~ constants.
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Fig. 4. Frontier orbital interactions for an electrophilic
and a nucleophilic radical.

Table 4. Radical SOMO energies(au) for hydrogen
abstraction from p-substituted toluene.

-C(CHg)s -OC(CH3)3
ab initio® —0. 2644 —0. 3580
CNDO/2 —0. 2790 —0. 3427
nucleophilic radical | electrophilic radical

Table 5. Atomic charges,

AO coeflicients of frontier

o gAel vheharh

A BA-EFqlo) FA e r-butoxyl E}e) 2
t-butyl g}t zke] SOMO el =] 2] Al AbA 3=
Table 4 o) Vet
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St Table 4 o) A t-butoxyl radical 2] SOMO
A= t-butyl radical & SOMO o] =) 1.t}
gemz AAY Hugeln Audez o
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orbital ol &=z wlede 4 (f oz 3
ojxth 74 AE;E wS¥zte] HOMO L}
LUMO« =] o} 2he] o] SOMO 6|1 =] 9] H}e]

AE:——(CHZ’%?B) i (6)

A %2 coeflicient o] o},
orbital?] 4% 24 matrix

AR JEj v AetE

W CE
(CuoCsoB) 2 ©]
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= 7
element o]}, = o

orbitals and frontier orbital energies for substituted

toluenes.
AO coefficients
Energy (au)
Substituents HOMO LUMO
HOMO LUMO Cs C; Cs C;

p»-CH30 —0.423 0. 146 0.474 —0. 156 0. 086 —0. 103
#-t-Bu -—0. 437 0.144 0.473 —0.169 0. 540 —0. 098
pCH; —0. 444 0.138 0. 488 —0. 181 0. 532 —0.092
m, m~-CHj —0. 458 0. 142 0. 451 —0. 186 0. 537 —0. 095
m~CHj3 —0. 450 0. 141 0. 399 —0. 167 0. 437 —0.082
H —0.453 0. 143 0. 509 —0.222 0. 559 —0.102
pCl —0. 450 0. 104 0. 460 —0. 145 0.522 —0. 069
m-Cl —0. 464 0.106 0. 268 —0. 100 0. 250 —0. 086
m, p—Cl —0. 453 0. 079 0. 351 —0.122 0.419 —0. 041
m-CN —0. 457 0. 107 0. 348 —0.127 0. 228 —0. 024
p-CN —0. 460 0. 105 0. 467 —0.182 0.513 —0. 068
$-NO, —0. 462 0. 056 0. 003 —0.001 0.428 —0. 036
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Table 6. Energy gap(d4E,) between substituted-toluenes
(HOMO) and ¢-butoxyl radical (SOMO).

Substituents 4E;(au)
p-CH30 0. 081
pt-Bu 0. 095
p-CHs 0. 101
m, m—CHs 0.115
m-CHj 0.107
H 0. 110
pCl 0.107
m~Cl 0.121
m, p—Cl 0.110
m-CN 0.114
$-CN 0.117
p-NO, 0.119

Table 7. Energy gap(4E;) between substituted toluenes
(LUMO) and ¢-butyl radical(SOMO).

Substituents 4E;(au)
$-CH;0 0.426
p-t-Bu 0.423
p-CHy 0.417
m, m~CHjs ’ 0.421
m-CHgs 0. 420
H 0.422
-l 0.383
m—Cl 0. 385
m, p=Cl 0. 358
m-CN 0. 386
p-CN 0.384
$-NO, 0.335

matrix element = &
342 A= olF F 2x %ow 4E, 3
Wzd 42 @ AES] mabt A5 AA
AE; 7} w4 & FHF-3LE energy gap con-
trolled®e] 2. 4E; 7} & matrix element 7}
R

Table 5o 7] &8 ul&-3L29) coefficient & B
v wk&F A9l Cyol 7124 node 7F A VbR E
Cr 9] coefficient 7} A Yepde, wehA o] vk
S Z2 energy gap controlled k3o 7|15l
o gtz B EARe oA e Table 6
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