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An Application of HMO Method to Aromatic Compounds.
An Experiment to Teach Organic Chemistry Logically.

Tsuyoshi OKAMOTO

Abstract

The substituent effects on the properties of aromatic compounds have been treated by simple LCAO
MO method. The integral parameters for various substituents are referred to the report by T. Fueno et,
al., They were determined in such a way that the calculated pi-electron charge densities for meta and
para carbon in benzenes were propotional to the corresponding ¢°-constants. The inductive effects of
substituents were taken into account by assigning Coulomb integral increments to the ring carbon atom
linked with substituent atom and to the next-nearest ring atoms, The following relations have been found.

1. The substituent constants, ¢°, ¢ and ¢+, are linearly related to the calculated energy changes.

2. The charge densities of the hydroxy group in benzoic acids are closely related to c-values.

3. The carbonyl absorption frequencies in benzoic acids are related to the calculated bond orders of
the carbonyl group in acids.

4. The charge densities of dimethylmethylene cation in t-cumyl cations are closely related to the

¢ +-values,
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r—n BB HBBS | B
B — %

‘ k | n 5
CHsO O 06 C-O0 0.5 C-O0 0.3
Cl Cl 0.9 C-Cl 0.45 C-Cl 0.6
F F 1.0 C-F 06 C-F 0.5
CHs : —0.15
COCHs O 1.3 C=0 1.2

C 13 C-C 04 C-C 03
NOs N 30 N=O 1.0

O 1.3 C-N 0.3 C-N 0.3
COOH» O 1.2 C=0 1.2

OH 06 C-OHO0.5

C 0.57
CoO-» O 0.5 C-0 1.0

C 0.3
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No, BHdt  ¢° 1-ar(A) 1-qr(B)
1 pP-CHs  —0.15 —0.0145 —0.0144
2 p-CHsO —0.12 —0.0119 —0.0119
3 m-CHs —0.07 —0.0103 —0.0116
4 H 0. 0.0 0.0
5 m-CHsO 0.13 0.0152 0.0152
6 pP-F 0.17  0.0158 0.0154
7 p-Cl- 0.27 0 0317 0.0313
8 m-COCHs 0.34 0.0309 0.0309
9 m-F . 0.35 0.0363 0.0415
10 m-Cl 0.37 0.0383 0.0429
11 pP-COCHs  0.46 0.0521 0.0455
12 m-NOg 0.70 0.0707 0.0707
13 p-NO2 0.82  0.0930 0.0930
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Fig‘.'l The charge densities in subst. benzenes
against ¢9-constants (r=0.993)
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Table 3 ZEEREOD 14 ek 3 =5 v -2/l

No. {E#¥kk o)

—4E(A) —4E(B) —4E(C)

1 p-CHs —0.170
2 Pp-CHsO -—0.268
3 m-CHs —0.069
4 H 0.0

5 m-CHsO 0.115
6 DP-F 0.062
7 p-Cl 0.227
8 m-COCHjs 0.376
9 m-F 0.337
10 m-Cl 0.373
11 p-COCH; - 0.502
12 m-NOg 0.710
13 P-NO: 0.778

0.0922 1.2560

0.0975 1.2553
0.08%6 1.2554
0.0860 1.2535
0.0808 1.2532
0.0841 1.2500
0.0771 1.2479
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0.0741 1.2496
0.0733 1.2483
0.0689 1.2461
0.0633 1.2425
0.0569 1.2393
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Fig. 2 The =-electronic energy changes in the

ionization of substituted benzoic acids against

g-values A;h=0.43 B; h=1.08
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No. &t ot2) 4Ep®  1—qct
1 p-CHj —0.311  0.9349  0.4699
2 P-CHsO  —-0.778 0.9871  0.3535
3 m-CHs —0.066  0.9249  0.4806
4 H 0. 0.9075  0.4935
s m-CHsO 0.047 0.8881  0.5001
6 P-F —0.073  0.9126  0.4583
7 p-Cl 0.114  0.8790  0.4904
8 m-COCHs (0.376)» 0.8601  0.5284
9 m-F 0.352  0.8511  0.5290
10 m-Cl 0.399 0.8468  0.5346
11 p-COCHs (0.502)» 0.8334  0.5496
12 m-NO2 0.674  0.8029  0.5703
i3 P-NO: 0.790 0.7723  0.5964
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Fig. 3 The pi-electronic energy changes in the
dissociation of substituted t-cumyl chlorides
against ¢-values.
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Table 5 ZEEBBEO/KBEDEREE

No. &Eik 0% 2.0-q(A) = 2.0-q(B)
1 p-CHs —0.170  0.2377  0.2184
2. p-CHsO —0.268 0.2372. 0.2155
3 m-CHs —0.069 0.2379  0.2196
4 H 0.0 0.2384  0.2222..
5 m-CHsO . 0.115 0.2390 0.2256
6 Dp-F 0062 0.2388  0.2244 -
7 p-Cl ©0.227  0.2397  0.2292
8§ m-COCHs 0.376 0.2397 0.2294
9 m-F 10.337  0.2401  0.2316
10 m-Cl ©0.373  0.2402  0.2321
11. P-COCHs - 0.502 0.2417  0.2382
12 m-NOs 0.710  0.2415 = 0.2395
13 p-NO: 0.778  0.2444  0.2565
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Table 6 ZEEBED vV = VBRI & v
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No. BEggE o Voow  MEKEC
1 P-CHs —0.170 1740cm ™! 0.8113 0.7357
2 p-CHsO —0.268 1737 0.8099 0.7287
3 m-CHs —0.069 1742 0.8115 0.7369
4 H 0.0 1744 0.8119 0.7387
5 m-CHsO  0.115 1741 0.8123 0.7409
6 p-F 0.062 1745 0.8116 0.7370
7 p-Cl 0.227 1745 0.8123 0.7407
8 m-COCH; 0.376 — 0.8123 0.7432
9 m-F 0.337 1748 0.8130 0.7442
10 m-Cl 0.373 1748 0.8131 0.7445
11 pP-COCHs 0.502 — 0.8131 0.7448
12 m-NOg 0.710 1752 0.8138 0.7482

P-NO2 0.778 1752 ~ 0.8140 0.7489
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Fig. 5 The frequencies of carbonyl infrared
spectra of substituted benzoic acids against

their pka,
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Fig. 6 The C=0 absorption frequencies of
benzoic acids against the C=0 ealculated
bond orders,
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Fig. 7 Charge densities of —C(CHj3)2+ in t-cumyl
cations against ¢+ -Values,
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