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ABSTRACT. The reaction for the hydrogen abstraction from substituted-toluenes by z~butoxyl
and z-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'pegative 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 #-butyl radical exhibited

positive p values.
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Table 1. Substituent constant(¢) and benzyl radical formation energies(dER) for toluenes by CNDO/2,

Substituents Er(aw) AEg (au) ¢ Atomic charge C;
re | | gER | ewn | ow | o
eyl mEE | e | e |2
e x| mE | e | ar |
moth R | e oomo | 01 00665
m-CH If{ :%j %;3 0.9716 —-0.07 :3; 3@2?
N B oy s 0.9712 0.0 5 ozt
o | | e | es | m
=0 |y | | ewe | ew |
o N | e | e | ko
meN R | T2 0.9750 0.56 Z5.dres
ey | g | eme | e |
po |y | omEs | e | em |

N : normal form, R : radical form.

AEg
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Om,p-C1
0.974 - \Q\P-Noz
~
o m=CHN
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Fig. 1. Relative reactivity of benzyl radical formation

energies(4Eg) of substituted-toluene versus ¢ constants.

A we ¢ DAL T2 19 Hol A=t o
A5e WAL otadll4] (3)olAgt el 43k
g ol estdl seize] FAR Aojvt, z=
2 2 A& 27 At

&+ L
@CHS + R i— QCHz' + RH (3)

X X

Vol. 27, No, 6, 1983

AA el 23s = AR M ol g
AP A A (LEN)E A gekgich, el v
By JvA (QEN)E FAEAS FelviA s
Yol & EAL FelvA| 9 HzA, A AFE
Table 2 &} 7c},

Table 2914 Bzutel zEo]l AR w75 2b
© ARALTE dolE FAAIAE Fadho
ool et gy gol foldA & & F stk o]
W ouks FALAL G A AAAA =
Hie] FAonz, S44HAA 29 Al
H Zeol ¥AdE viHe AR nEvlE RE
AZALFF T4 A AFAE 43
2 A A g},

ool et AP A ol 2| (4E*) & Hammett 2}
9] ot} Plot3led Fig, 28 2] 89 p3%
B g ojme] AL S FPAeriA
(4E)9] ool W7 AR} A4 o F
2 FAE vebir, ¢l r-butoxyl 2] o)
ARAY Sdgd & AAF 2 G FEH,



394

BER - B FOF

Table 2. Substituent constant{o*) and cation formation energies(4E+) for toluenes by CNDO/2.

Substituents Er(au) A4E+(au) ot Atomic charge C;
$-CHO Ié - '_";’3%: %é%g 1.2915 —0.78 ‘g: o
p-t-Bu N e o 1. 3159 —0.26 —o. 0
CH, N e 1.3222 —0.31 .02
m, m~CHs N 72 88 1. 3316 —0.14 —0.0975
m~CHs g g 1. 3363 —0.07 o
H N —aa.gen 13318 0 0. 0261
»Cl N g 13494 0.11 — 00281
m=Cl N — 1.3478 0. 40 R
o || RER | e | oew | b
N ¢ | Thtn 13708 0.60 R
N c | CENE 13402 0.88 051
o || e | ues | oew | m
N : normal form, C : cation form, .
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Fig. 2. Relative reactivity of benzyl cation formation
energies(4E+Y) of substituted-toluene versus g+ constants.
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Table 3. Substituent constant(s~) and benzyl anion formatjon energies(4E-) for toluenes by CNDO/2.

Substituents Er(av) 4E-(au) ¢ Atomic charge C;
rao x| wE | e | e | o
#~¢-Bu N —o. ze 0.9352 —0.17 s
#CH, N —& 333515; 0.9353 ~0.20 s
m, m-CH, N T2 2058 0. 9350 -0.20 it
m-CHy N ek oo 0.9350 —0.10 o 268
. | omEm | e | e | o
»-C1 N —n 0.9175 0.15 heT
o Y| oam | e | oes | gom
I A
T R = e
| | s | e | D
#-NO; N g 0. 8986 124 To s

A : anion form

N : normal form

AET
(mou)

0,94 -

Fig. 3. Relative reactivity of benzyl anion formation
energy(4E~) of substituted-toluene versus ¢-constants,

g=h.
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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(CHa)3 OC(CHg)3
ab initio® —0. 2644 —0. 3580
CNDO/2 —0. 2790 —0. 3427
nucleophilic radical | electrophilic radical

Table 5. Atomic charges,

AOQ coefficients of frontier

o] AAo] vielde},

AZA-FFalol FA3E -butoxyl Fe] @3}
t-butyl Bl 7ke] SOMO olviz)e] Al ss
Table 40| VeEbH e},

£ Ao CNDO/2wr o A A A 59}
ab initio & A A=o| 3% A} SOMO z+
< A2 vkt Be AFHE BAFL A4
A}, Table 49 4 t~butoxyl radical 2] SOMO
A=) = s~butyl radical & SOMO o) =) ¥+
Honzg AAAA gaelw AuHeoz ¢
butyl radical & 384 =vize 48 ey
o},

224 SOMO VA& =H A7) R
219l HOMO *} LUMO ol Ao abe} ul-g-4 o]
Yetbsd HOMO oY A & 2%, LUMO
AUA & & +F ukg4do] A3l

W 5-£9] gr]z ubL-o] Frontier molecular
orbital o] o Exm2 wig4de 4 oz F
AT 4714 JE; = wgEAs) HOMO
LUMOI Y| s} 2he) 28] SOMOo|17)2] o]

4p={Cuolsoll” (6)
o Co AR AE A9 coefficient o] &},
(CuslssB)22 ¢|'E F orbitale] 43 7L matrix
element o]y, & o3} 4JE; = AL4E

orbitals and frontier orbital energies for substituted

toluenes.
AQ coefficients
Energy (au)
Substituents HOMO LUMO
HOMO LUMG GC; G Cs C;

#CHO —0. 423 0. 146 0.474 —0.156 0. 086 —{0.103
2t-Bu -0. 437 0. 144 0.473 -0, 169 0. 540 —0.098
?»CH; —0. 444 0.138 0. 488 —0.181 0.532 -~0. 092
nt, m-CHj —0.458 0. 142 0. 451 —0.186 0. 537 —0. 095
m-CHg —0. 450 0. 141 0.399 —0. 167 0. 437 —Q. 082
H —0.453 0. 143 0. 509 —0.222 0. 559 —0. 102
p-Cl —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 —(. 460 0. 105 0. 467 —0. 182 0.513 —0. 068
»-NO, —{. 462 0. 056 0. 003 —0. 001 0.428 —0.036
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Table 6. Energy gap(JE;} between substituted-toluenes

(HOMO) and z-butoxyl radical(SOMO).

Substituents AE ;(au)
#-CH:0 0. 081
#-+-Bu 0.093
#-CH, 0. 101
m, m-CHjz 0.115
m-CH, 0. 207
H 0. 110
p-Cl 0.107
m~Cl 0. 121
m, p-C1 0.110
m~-CN 0.114
»-CN 0.117
$-NO, 0.119

Table 7. Energy gap(4E;) between substituted toluenes

(LUMO) and ¢-butyl radical(SOMO).

Substituents A4E;(au)
#-CH,0 0. 426
pt-Bu 0.423
»-CHy 0.417
m, m~CHj 0. 421
m-CHg 0. 420
H 0. 422
-C1 0.383
m-Cl 0. 385
m, p-Cl 0. 358
m-CN 0. 386
p-CN 0.384
#NO, 0.335

matrix element = % wkg-4o] Hzch ut

$4¢ A3 oF

24 FolA 4E; 7t

vlzd g Qe 4EY At 453 AA
AE; 7t b4 3T energy gap con-
trolled'Se) = J4E; 7} 2w matrix element 7}
w242 FHege

Table 5] 7] 58k uk-3-%-#9} coefficient & B
A B&FAQ Crol 7}2A node 7b Avirtm R
C; 9] coefficient 7} AA] vieluth, whebA of ub
28 FZ energy gap controlled k3o 7|l =
o}, gt wbE 2Rk v A 2 Table 6
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