DAEHAN HWAHAK HWOEIEE

(Journal of the Korean Chemical Society)
Vol. 27, No. 5, 1983

Printed in the Republic of Korea

2icigt oHd st Xiol n)X|&= F X} Correlation 3§}

F2F' FTFF - REK
LR BHRE LBH
(1982. 12. 20 H<)

Effect of Electron Correlation on Radical Stabilization Energies

Ikchoon Lee!, Bon-Su Lee and Chang Hyun Song
Department of Chemistry, Inha University, Inchon 160, Korea
{Received Dec. 20,1982)

2 o e-obrlx=gAHHZEd AT GAFAYAE ZESFY] Y3l AP A FAANEEEA
el MINDO/3-RHF wbyl & o] 83l met= v] 4 g Al ab initio R AF A A4+
5 v 3lych, AFAzH 25 GAZ N2 = ab initio AT AFA vEles A
A A el 2|3 g F2RE FRATE 98 o Adgede dya
ab initio A5} F2A vebygeh 2y oA rkx] FA o8 AoV A A A o
08 AkE AAE dods 20 8915 OAEAA A A 2.3 @) o)A correlation
€ =3 ggutexd Ahed FAUE o =2A AL3oE AL 4 Ydes AAdAHe=
correlation & A Y& wl AHH LA%E F¥L A4 AT correlation & = F YL A
L A% AR5 A AFHE 24 AR d 39

ABSTRACT. Effect of alkyl substitution on stabilization of a~aminomethyl radicals, - CH;NH,, has
been investigated using MINDO/3-RHF method. Stabilization energies obtained from total energy

>

of radicals indicated that the alkyl substitution decreases radical stability, which is in agreement
with the ab initio MO results of Goddard but is contrary to trend shown by experimental
results. It was also found that conformations of radicals were different from @b initio results. When,
however, approximate account of electron correlation was made in the estimation of stabilization
energies of radicals by assuming a proportionality between coulomb correlation and one center
exchange integral, the order of radical stability was shown to agree to that found experimentally.
It was therefore concluded that the main cause of discrepancy between theoretical and experi-
mental order of stability of alkylsubstituted radicals is the failure of accounting electron correlation
energies in the theoretical estimation.
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Fig.1 Breakdown of total energy to experimentally
observable and quantum mechanically calculable
fraction.
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Table. 1. Various Properties of parent molecules,

Compound | EeV) 4H, %4/ HOMO@V) LUMO(ev) Charge of Charge of  Overlap —opu oy

Ozxygen Nitrogen Population

mole)
CHsOH —497.67 —48.0 —11.07
CH;OCH3; —663.85 —42.66 —10. 46
CH3NH; ~393. 15 -1.0 —-9.09
(CH3),NH | —548.95 13.1 —8.92
(CHa) 3N —704. 39 35.5 —8.63
CH, —186.21 —6.3 —13.30

2.32 —0.46 —86. 66
1.29 —0.40 0.0021 —108.63
2.53 —0.19 —66. 05
2.09 —0.14 0. 600037 —389.06
1.59 —112.01
2,93 —29. 60
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e Rleh ol AA A<l one center ex-
change o3 A] W 3lel ol GATEL) % 24 4
£ 2 one center exchange o] \1 =] w]3}e}
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29 A AAE] B FP2 Goddard 9] ab
initio 232} YA BHA viebtos AYPA Aot

Table 2. Various properties of radical species.

Compound E (V) AH,g‘f;,’g%/ HOMO(V)  SOMO(GV) LUMOGV)  RE5(eY)
.CH,OH —481.60  —17.9 —12.79 ~3.26 2.59 ~82, 89
-CH:OCHs —637.65 -9.5 —11.14 —3.49 1.62 —105.37
-CHNH, —337.33 23.4 ~10.94 ~2.98 2.1 —61.67
.CHNH(CHy) |  —533.11 37.9 ~10.19 —2.99 2.32 —84.80
-CH:N(CHy); —688. 38 64.1 —0.87 ~3.13 1.96 ~108.19
.CH, ~169. 30 433 —13.50 ~3.97 2.75 —26.89

Table 3. Comparison of stabilization energy(E,) by 4-31G, experiment, and MINDO/3 and breakdown of
difference of total one center exchange energy change to components of each atom.

E, (keal/mole) S4E%(eV)
431G Expt  MINDO/3 0 N c H 34TE (V)
.CH.OH 8 19.5 —2.29 0. 80 0.42 —~1.06
.CH,OCHj; 11 16.5 —18.5 0.95  0.34 —0.55
«CH,;NH; 10. 3 10 25.1 —3.50 1.12 0.72 —-1.66
-CH,NH (CH3) 9.7 17 24.8 —3.27 1.41 0.31 —1.55
+-CHN(CHy)2 8.9 20 20.9 —2.84 1.68 0.05 —-1.11
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< ez FI 2FAYY A 4§ &4
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Q&R AL A @WERY & 5 gl ol
972 #AdelA RHF g8 A4 oz Ful
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Table 4. Change of 4H; EAX versus reaction coordinate in cyclization of w-buteny! radical.

Reactant 2.3 2.1 1.9t 1.9 1.89 1.7 product
AH{kcal/mole) 42.2 47.5 55.4 6l.1 61. 2 6l.3 55.8 M.6
EX(eV) —89.58 —89.65 —89.74 -89, 87 —80,87 —89.88 —86. 96 —89.71
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Table 5. Comparison of D EAX of stable isomers,
intermediate and biradicaloid transition state for
butenoic acid.

H, o= X -201.92 eV
- Gt
K
H\H‘v fj .
M= N -201.95 eV
M 6
e
\ I G3
/C\ :'3%0 -201,96 ev
K¢ -

~206,03 eV

H\Cﬁ
e C— 200.71
Hj\c—n/ H «20C,71 eV
H/ TN :

G1,G2,G3 ; statle isonmers

T ; intermediate

E2td 2] AR 7 A+ FAE A a2
vergZelzts AE & £ deH o] 219
AE7b AgAel GAs A Aol & HoAg
v Ay ks s AP 2Y Aol A
£ A4 & vk, AEAH ez MINDO/3 A
7t ARA) wdslE F¢AS vk Ae
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Table 6. Comparison of experimental stabilization
energy with theoretical value including difference
of correlation change qualitatively.

Stabilization energy (kcal/mole)

Exp. Method 1. Method 2.
-CH,NH; 10 10.0 10.0
-CH;NHCH; 17 10.6 12.6
-CH;N(CH3)» 20 10.7 14.0
-CHOH 8 9.8
-CH,OCH;, 11 11.1

o A3 84Cor 8 ¥ A4
ol o) 5 2t Lol & wplA 2
5. 5keal/mole=kgo(—42. Tkcal/mole)
+ k¢ (21. 9keal/mole)
+ k37 (7.8kcal/mole)  (6)

g A& 9L ¢ ok A Pe] vdelnl
ge)ge] A9 npA g ddengetdg
o) g3 AAuAFTKE AN

11. 5keal/mole =K (—52.8-+18.4 +9.7) kcal/
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il

—0.47=2. 1ko—0. Tkc—0. dky (7)

o] Hd 4 (5), 6), NEZHH ko=-0.47,
ko=—0.54, ky=—0.33¢ & F 9t 47
A digdolrizie] Zoll s A A G+ £ 7t
A= AL MY K=-0.39, kc=—0.54, kg
=-0.33 3¢ WY hvg FHI ky=
—0.43¢] #H+},

el geidd] N KE s Ag
A Lol FF by, ko, kyE UGSl K&
F3w K=-—0.340] g},

Z Table 30| A & & 313 she} o] JATELK
§ PASE GAEKF 9] F-4v17} i Qotul el
2RE dodowigega AR W3] A E
o) BAYBAAISLK BF —0.4302F3F —0.34
2 W Ak, o] Kerye fugolaleh
Bl AseAE Fohad

E,=12.6kcal/mole o] ®t},

Esjv) g ojul le] gl A= oldsbA) w2
2 AR E T3k Table 69 53
o] BelA B 4 e uhe) ol Fuy 2
F A5 QA AL B2y FdA
ulo] Awis] wiuc o egdye] A7) =FE
of A Ze)A 9] AYPAJ AP Aoz &
A $dl vdgdz g g Adddasid
29 AZ R A sk a-obe| =g
g9 <Rl corelation & e dH
e Ag A A8} A AFAL £
& N-223kd 93 Ay 2 FAAske A
ol A& veEd Aoz G SEh

2 E

1. MINDO/3-RHF W% 9] a-olv|=9dd 2t
#E-9 conformation & ab initio A8} AA %
2 %okt

2. MINDO/3-RHF %4 8} a-o}u| =t 2}
ZEol gt AN UA L ab initio Ao}
2L B AL B4

3. one center exchange ojjix| Wi R zA
2 Folzt A @' A WA A¥A G o &
A Atole] #o]l & A AL correlation 2] W3}
g Z2A9] xolF Golued F£& HErl 2
T+ 312 Aol AL &gkt

4. o8 AAA2RE AFsH o] EAfeld uidl
5e A% o] E3el WA correlation & =
25k @gstrie Heol A Fgdtz Avte A
2 & 4 U2 correlation & =gk WY -2
AE AY 2AF AdA e AFL S 1Y A
2 =g,

B QPe 2y A ags d7zgyist o
2% U 3RATYY) A or o]Fo e
ool ste] Az wlelrt

o 2 E H

1. N. C. Baird, J. Chem. Educ., 54, 291 (1977).

2. Griller and F.P. Lossing, J. Amer. Chem. Soc.,
103, 1586 (1981).

3. ].D. Goddard, Can. J. Chem., 60. 1250 (1982).

Journal of the Korean Chemical Soriery



10.

3 Aol dA]of v) = AA Correlation A3}
. I G, Csizmadia, “Theory and Practice of MO

Calculation on Organic Molecules,” Elsevier
Scientific Publishing Company, Amsterdam 1976.

. L. C. Allen, E. Clementi and H.M. Gladney,

Rev. Mod. Phys., 35, 456 (1963).

W. A, Lathan, W.]. Hehre and J. A, Pople, J.
Amer. Soc., 93, 808 (1971).

M. 1.S. Dewar, “The Molecular Orbital Theory
of Organic Chemistry,” McGraw-Hill, N.Y.,
1969.

J. A. Pople, D. L. Beveridge, “Applicatin Mole-
cular Orbital Theory,” McGraw-oHill, N.Y.,
1970.

L. M. Molino and E. Canadell, Theorect. Chim.
Acta., 60, 299 (1981).

M.J.S. Dewar and D.H. Lo, J. Amer. Chem.

Vol. 27, No.5, 1983

11.

12.

13.

14.

15.
16-

329

Soc., 93, 7201 (1971).

R. C. Bingham, M.J.S. Dewar and D. H. Lo,
J. Amer. Chem. Soc., 97, 1285 (1975).

D. Cremer, J. S. Binkley, J. A. Podle and
W. 1. Hehre, J. Amer. Chem. Soc., 96, 6900
(1974).

L G. Csizmadia, “Application of MO Theory in
Organic Chemistry, ” Elsevier Scientific Publishing
Company, Amsterdam, 1977.

L Lee, B. S. Lee, C. H. Song and C. K. Kim,
Buil. Korean Chem. Soc., in press

P. Bischof, Helv. Chim, Acta., 63, 1434 (1380).
M. J. S. Dewar, G, P. Ford, M. L. Mckee, H.
S. Rzepa and Wade, J. Amer. Chem. Soc., 99,
5069 (1977).



