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ABSTRACT. Radical formation reaction of phenolic antioxidants were examined MO theore.

tically. Results show that substitution of electron-donating alkyl groups in phenol increases the
rate of phenoxy radical formation when attacked by an electrophilic radical by stabilization of

cationic transition state,
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Fig. 1. Numbering scheme of heavy atoms.
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Table 1. Formal atomic charges and m—overlap population of phenols, radicals and phenoxy cations by CNDO/2

method.
Charges Uveriap DPopulatiors
Cempounds | Forms
K 0 Cy ¢ Cq ¢ €40 3%y C4te b
o Phemol | G.1271 | ~0.2552 | c.160t | =0.0299 | ©.0222 | -0.0105 | £.0409 | 0.4260 | 0.£475 | 0.4422
@ Radical «0.0406 | ©.2223 | -v.c681 | o0.0206 { c.co39 | c.1262 | o.3853 | 0.es28 | 0.2377
Catien C.232% 0.19f5 0.0335 0612 60,0264 | 0.0560 L4165 0,842 0.420%
Od Fhenol | ¢.1290 | =6.2563 | ©,1228 | ~0.0209 | -0.Cc52 [ C.0431 | 0.038C 0,4230 | 0.4541 ¢.4109
@ Radical -6,2016 | €,1755 { 0.0161 | -0.0172 | ©.0680 | 0.2899 | 0.3065 | C.4%22 | 0.3748
CHy Caticn G.0386 | 0,1847 00,0219 -0.0397 0.237¢ | 0.6922 C.1514 0.6354 €,285%0
ony ): - Phenol | 001295 | ~c.2657 | 0.1316 o_.ozem =0.0111 | ~0.cus52 | £,0597 | 0.4117 | 0.4230 | 0.4340
| Radicar -0.2073 | c.1571 0,0229 [ =G.0213 | ©0.0265 | 0.280¢ | ©.2937 | 0.2453 | 0.,4154
\©/ Cation 0.0289 | ©,1895 0.1235 | -0.0545 | €.1766 | ©,7¢9% [ L9370 | ©.5259 | 0.3537
CEj\é’CE"' Phenol | 0.1284 | ~0.2624 | ¢.1113 0.0254 { =0.0272 | 0.0405 § £.0365 ] v.4105 | 0.4264 | 0.8239
Padical —0,2139 | 0.1523 0,0253 | ~0.0%€0 | 0.0623 | 0.2519 [ ©.2663 | 0.459% | 0.4239
Cis Cation 0,0012 | G.16%6 0,1337 | =0.0705 0.2117 | &, 7284 0.1299 0,5626 02,3034
o N ¢l Fherol | 0,1300 { ~0.2656 | €.1039 0.0449 § -0.0321 | 0.0457 | ©.0349 | 0,117 | 0.a287 | ©.4267
Radical -0.2138 | 0.1460 | 0.0247 | -0,0836 | €.0¢S3 § 0.2306 | €.2992 |} 0,457 | 0,38
é“a Catlor 0.,0008 [ C.1703 0.2778 | -0.0176 { ©.2099 | 0.7290 | C.1297 | 0.5573 | 0.3076
ETCB%%ET Fhenol | 0,1351 | ~C.2693 | 0.0995 | ©.,0292 | -0.0384 | 0.0446 | 0.0333 | 0.4128 | 0.4251 | 0.4239
Radical -0.2145 [ 0.,1437 C.0263 | ~0,0481 0.0665 | 2.2698 0,288% 0.4571 0.39%24
CHy Cation . 0.0041 | 0.1666 0.1270 | -0.0826 | ©0.2048 | 0.7267 | 0.1297 | 0.5485 | 0.3142
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Fig. 2. Frontier orbital interaction for an electro-
philic and nucleophilic radical'’,
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Table2. Energies and 2-HOMO'S for substituted
phenols (in hartree).

Ceepeund o-n () Total Brergy |  HOMD
oH 1,02 ~65.4219 ~0.4762
@ 1.52 65,1452 «0,4388
1477 ~65,0363 ~0,£330
o 1.02 ~74.0660 0,4352
@ 1.52 =73.7914 -2,2008
Chy 1.77 ~73.6807 -0,4Ca9
oE 1.02 ~62,5636 ~0.4515
CHy @/CES 1,52 ~82.4036 -0.4222
.77 -92.2937 ~0.4169
w}‘é’cuj 1.02 «9t.3281 =0.4325
) 1.52 91,0426 -0.4067
chiy .77 ~90.9386 -0,4015
C.‘,!i§ \é}zuf’ 1,02 ~108.5937 -0.43:9
1.52 =108.3121 =0,4061
Chs 1.77 ~108,1982 ~0,39¢1
Byt %icg,nf 1.2 ~125,6047 -0.4314
1.52 125,588 ~0,4016
chy . ~125.4176 -0.4007
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Table3. Sum of substituent constant??, radical for-
mation (JEg) and cation formation (JE*) energies for
phenols.

Conpaunds :::::'J{a S Ty JEy Zoy" a5t
aeall noranl ~65.4219
é " {eetrenl | -ba.5uas 0.0 [ 0,877 [ oc.0 | 1,353
eation ~64.,096%

i {normal ~74.0680
radicel ~71,1868 «0.14 | 0.,8812 | 0.3 .2497
CHy catlon

— 4
~72,818)
oo H | rormal ~82.6836

redicel «81,8049 -Q.26 0,.B78T | -0.26 1.2498
cation ~B1,4382
cHy éﬁﬂ, normal =91,3201 -
Tedleal | ~90.450¢ | 0,40 | 0.6781 | <0.57 | 1.2265
oy eation ~90.1046

R resB | rorsal ~108.5947
" “rarsoat? 1077107 | co.60 | 0.0808 | wcusv | t.2260

sation «107.%629

;ﬁ oK Tnormal | =123.8042
27
redieal [ 124,998 | «1.19 | o.ev24| w0u77 | 12120
Oty eatlon 1245902
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Fig. 3. Relative reactivity of phenoxy radical and
cation formation of 2,4, 6-substituented phenol versus
the Yo, and Zo; conmstant. (phenol(H), #-cresol (p~
Me), 2,6-dimethylphenol (0-Me), 2, 6-dimethyl-p-
cresol (T-Me), 2, 6-diethyl-p-cresol (O-Et), 2, 6-iso-
propyl-p-cresol (O-Pr)).
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