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A Molecular Orbital Theory of Reactivity in Aromatic Hydrocarbons

Kenicur Fuxkul, Hﬂ.ﬁwo YONEzZAWA, AND HARUO SHINGU
Faculty of Engineering, Kyoto University, Kyolto, Japan
(Received October 29, 1951)

In the search for a quantitative correlation between reactivity and electronic configuration of aromatic
hydrocarbons, the electron density, at each carbon atom, of the highest occupied m-orbital in the ground
state of the molecule is calculated by means of the LCAO method. Comparing the result of such a calcula-
tion on fifteen condensed aromatic hydrocarbons with their chemical reactivities, we find that the position
at which the electron density is largest is most readily attacked by electrophilic or oxidizing reagents.

It is, therefore, concluded that distinct from other m-electrons the pair of w-electrons occupying the
highest orbital, which is referred to as frontier electrons, plays a decisive role in chemical activation of these
hydrocarbon molecules. The theoretical significance of this discrimination of the frontier electrons in rela-

tion to the chemical activation is discussed.

T. Chew vr,\n 20 127 (1952)
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e.g., “1-Chloronaphthalene,’

TaBLE I. Comparison of the predicted %omEo:m of the highest reactivity with experimental results. “1-CI” means,
“3,9-di-SO;H” means, e.g., “Perylene-3,9-disulfonic acid,” etc.

Position of the
highest density of
the frontier

’

Structure of the reaction products

Compounds electrons Oxidation Halogenation Nitration Sulfonation
H'M‘ﬁ .
1,4-quinone® 1-Cl= 1-NOy= 1-SOz;H
Naphthalene 1,4,5,8 (5,8-quinone) 1-Br» 1,5-di-NO,d4 (2-SO:H
1,4-di-Cle 1 m di-NO,dd at higher temp.)
1,5-di-Cle
9-Cle (9-SO;H
Anthracene 9,10 9,10-quinone® 9,10-di-Cla 9-NOgee unstable?)
9-Brp 9,10-di-NOgee 1,5-, 1,8-di-SO;Hii
9,10-di-Br*
9,10-di-Cle 9-SO;Hkk
Phenanthrene 9,10 9,10-quinone® 9-Brt 9-NO,f (2 or 3-SO;H
at higher temp.)
Pyrene 3,5,8,10 3,8-quinoned 3,5,8,10-tetra-Cluv s 3,5,8,10-
3,10-quinone® m.mvm-nz-wnq tetra-SO;H!!
Naphthacene 5,6,11,12  5,12-quinonef 5,12-di-Cl* e e
(6,11-quinone) 5,12-di-Br*
3,4-Benzophenanthrene 1,12 5,6-quinones . vor <o
Chrysene 2,8 1,2-quinone® 2-Cl= 2,8-di-NO,ee 2-SO;Hmm
2-Br*
. 3,9-di-Cl¥
Perylene 3,49,10 3,9-quinonetl 3,4,9,10-tetra-Cl> 3,10-di-NQjbb 3,9-di-SO;H»n
3,10-quinone(?)! 3, '0_di-Bree 3,4,9,10-tetra-NO,bb 3,10-di-SO;Hn
. mLo-aTw?..
Pentacene 6,13 6,13-quinone! . o
Picene 5,8 5,6-quinonek 13,14-di-Br(?)b» .. .

& C. E. Groves, Ann. Chem. 167, 357 (1873).

b J. Fritzsche, J. prakt. Chem. :v 106, 287 (1869).

._ R. Fittig and E. Ostermayer, Ann. Chem. 166, 365 (1873).
d R. Scholl and C. Seer. Ann. Chem. 304. 125 (1912).

u I, G. Farbenind, A.-G. Fr., 261, 627 (March 23, 1934).
v E, Clar, Ber. deut. chem. Ges. 69, 1671 (1936).

w I. J. Postovskii and R. G. Beyles, Compt. rend. Acad. Sci. U.R.S.S.

20 1N2 (1043)
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(b)) EBFHEEL r BEFBEDLE

Cl cr —0.280
— 0.020

g +0.107

—0.017 — 0.089
+0.001 a0
H +0.104
—0.015 — 0.090
H +0.104
T BFEE EBTEE
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(frontier electron density)
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(frontier-controlled reaction)

] SCAC D B

(charge-controlled reaction)
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(3) Superdelocalizability
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(a)  RERALASE®

£R4.4 R ORI

ﬁé'ﬂﬂlk% ﬁE Trr F, fr Sr Lr
o e 0.398 0.399 0.333 0.833 2.536
o & e 1 0.443 0.453 0.362 0.994 2.299
2 0.404 0.404 0.138 0.873 2.460
T ks i 0.454 0.459 0.193 1.072 2.25
2 0.411 0.409 0.047 0.922 2.40
9 0.526 0.520 0.387 1.312 2.013
Z xS N e 1 0.439 0.450 0.231 0.977 2.318
2 0.403 0.403 0.004 0.860 2.498
3 0.409 0.408 0.148 0.893 2.454
4 0.429 0.441 0.110 0.939 2.366
9 0.442 0.452 0.344 0.997 2.299
EZ = 2 0.424 0.436 0.179 0.910 2.400
3 0.396 0.395 0.039 0.834 2.544
4 0.411 0.412 0.317 0.891 2.447
[l P2 1 0.466 0.468 0.272 1.115 2.190
2 0.395 0.393 0.000 0.829 2.55
4 0.445 0.452 0.175 1.025 2.28
& il Pl 2 0.443 0.170 2.:31
3 0.394 0.098 2.54
4 0.414 0.259 2.42
a 0.415 0.259 2.42
B 0.821 0.683 1.703
(b) FERBRILKEB & VERLSEEILEY
'ﬂ:é‘% ﬁ‘ZE ar Trr Fy f+r Y tr
(fr) (S5 (L)
s P L 1 1.173  0.425 1.924
2 1.047 0.419 2.362
4 0.855 0.438 2.551
5 0.986 0.429 2.341
6 0.870 0.424 2.930
9 1.027
TN 1 1.047 0.072 0.000 0.759
. (0.072) (0.758)
2 1.093 0.246 0.724 1.346
(0.296) (1.348)
3 1.073 0.157 0.277 1.088
(0.159) (1.090)
a 0.622 0.969 0.000 0.558
(1.122) (2.277)
E Jigrisk 1 1.319
2 0.943 2.73
(0.271)  (0.983) (2.16)
3 0.922 2.92
(0.107) (0.853) (2.52)
4 0.951 2.86
(0.627)  (0.978) (2.22)
1.5~ 2+ &3 1
2 0.915 (0.203) (1.178)
3 0.985 (0.116) (0.953)
4 0.939 (0.360) (1.293)
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x4.6 F7FVvVORELEZANVF—DFTE

(4-4)

. ETNVEE RI(F7FZVvY) BEET AV F—
RISHE o 854k s R
Eee E. L+
17 (4-3) 10 + 11.3853 10a + 13.684 2.30| A |
2 if (4-4) 10 + 11.228 10 + 13.688 2.46 | B |
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E£45 —boRVEVBIUMVZYDZFNE, XY, BEUNNTLOD
REFEBEHICNT 3 FELRx VT — (BEAL: B)

, B
RS
R = NO. R=H R = CHs
E*: =12.649 E'; = 11.059
LT =2.602 L7 = 2.503

E",=12.803 | E":;=5.464 E"; = 11.025

Lt =2.548 + =9.536 L+t =2.567
E™% = 12.727 E"©, = 11.050
Lt52.624 Lt =2.512

Ez=15.351 Er=8.000 Er = 13.562




