DAEHAN HWAHAK HWOEJEE

(Journal of the Korean Chemical Society)
Vol. 29, No. 4, 1

Printed in the Repubhc of Korea

Y-amAo| 2un EX0] hEt EXIHEEY |T
2% - THT - SRE
Qs o] S 35}
(1985.3.12 A %)

MO Theoretical Studies on Nature and Reality of “Y-Aromaticity”

Ikchoon Lee’, Bon-Su Lee, and Chan Kyung Kim
Department of Chemistry, Inha University, Incheon 160, Korea
(Received March 12, 1985)

2 o oa¥dy 27 ol ¥ dajEolanddl o] AAA S st STO-3G 2 A 3} A
A Y5t ol g3FY sz, ovlA], Mulliken HFE5-E &Gt % 3359
A4 #A=HE 2 7HA isodesmic 4 4 gzl g 22y F45 AdE AYoiA 2H
Y-8 27} oo A& “Y-3FFH79 7144 o] & 27t §ol & fAAE AAE 423 s
& F93te 24 29¢ 22

ABSTRACT. Ab initio calculations with STO-3G method were carried out on isomers of
isobutylene dianion and dilithicisobutylene, and geometry, energy and Mulliken population were
discussed. Energy of reaction, 4E, for isodesmic processes involving these species and relative
heats of formation, 4Hj, estimated with 4E have shown that the contribution of “Y-aromaticity”
to the structural stabilization of Y-type dianion is a tenuous one but the alkylation appears to

proceed via the Y-type dilithio compound.
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Table 1. Calculated (STO-3G/RHF) Geometries® for
Isobutylene Dianion Isomer

Molecule
Parameter
Al A2

Bond length Ci—C, 1. 421 1. 380
C—Cs 1.421 1.496
C—Cy 1. 421 1. 496
C,—H 1. 075 1.081
C;—H 1. 075 1.103
Cs—H 1. 075 1. 103

Bond angle ZCCCs | 12000 | 1202

£ZCCH 122.5 123.0

ZCCH 122.5 111.1

Dihedral angle CsCiCHy 0.0 0.0

C,C,CsH; 0.0 210.0

*Bond lengths in A, angles in degrees.

Table 2. Energies of isobutylene dianion isomerse

STO-3G | Relative [MINDQ/3| Relative
Molecule E, au E 4H, 4H,
Al —152. 35480 0.0 200.6 0.0
A2 —152. 37190, —10.7 199.3 —1.3

% Energies in kcal/mol unless indicated otherwise.
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Table 3. Mulliken population analysis for isobutylene
dianion isomers(STO-3G/RHF)

Molecule
Parameter
Al A2

Net Atomic Charge C; 0. 006 0.015
Ce —0. 416 —0. 366

Cs —0. 416 —0.417

Cy —0. 416 —0.417

Total Ove:rlap C,—C, 0. 974 1. 053
_Population ¢ _ ¢, 0.974 0.836
C—Cy 0.974 0. 836

C—H 0. 765 0.764

Cs—H 0.765 0.706
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Fig. 1. = orbital correlation diagram for the formation
of isobutylene dianion (A1) from allyl radical anion
and methylene radical anion.
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Fig. 2. =z orbital correlation diagram for the formation
of isobutylene dianion (Al) from ethylene gem—
diradical and 2 methylene radical anion.
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Table 4. Calculated (STO-3G/RHF) geometries® for

dilithioisobutylene isomers

Molecule
Parameter
M1 M2
Bond length C—C, 1. 450 1. 350
C—GC 1. 450 1.539
C—Li 1. 805 1.943
Co—Li 2. 315 2.548
Cs—Li; 2.315 2.054
Cs—Lip 2. 315§ 2.644
C—H 1. 110 1.110
C;—H 1.110 1.115
Cq—H 1. 110 1.115
Bond angle £CyCiCq 120.0 121.9
£ C3CiLA 90.0 71.2
Dihedral angle Li;C;C.H; 90.0
Li2C1C2H1 270.0
Li;CiCiCo — 90.0
LiC3CiCo — 90.0

eBond lengths in A, angles in degrees.

Table 5. Energies for dilithioisobutylene isomers

(STO-3G/RHF)
Molecule Energy, au E:alii/tggl Eneegy,
M1 —167. 69438 0.0
M2 —167. 68558 5.5
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Fig, 3. Orbital correlation for M1. Orbital energies are indicated in parentheses. Solid lines for M1 indicate
positive overlap between 7 orbitals of Al fragment and 2 Li* fragment orbitals.
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Table 6. Mulliken population analysis for dilithioiso-
butylene isomers(STO-3G/RHF)

Molecule
Parameter
Mi M2
Net Atomic Charge Cy —0.012 | —0.023
C. —0.182 | —0.154
Cs —0.182 | —0.159
Cy —0.182 | —0.159
Li 0.109 0.122

Total Overlap
Population

0. 860 1.024
Ci—Cs 0. 860 0.722
C,—Cy 0. 860 0.722

C,—Li 0.132 0.082
Cy—Li 0.194 0. 098
Cs—Li; 0.194 0. 496
Cs—Li, 0.194 0. 046
C—H 0.769 0.769
C:—H 0.769 0.749
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Table 7. Supplementary energies (a.u.)

Molecule |Point Group{Energy (STO-3G)| Reference
Li+ —7.13545 26a
CHj~ Cs, —38. 83473 26b
CH, T4 —39. 72686 26a
CHzLi Cs, —46. 42159 22
CoHg Dsqy —78. 30618 27
CoHy2- C, —76.25822° 21
CollyLiy Cay —91. 72792 19
CsHe C —115. 65668 28
CsHjs~ Co, —114. 8377 11
CsHsLi C, —122. 39929 12a
C,Hg Co, —154. 24325 29

4 Calculated using geometries from reference 21.
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