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Figure 1. Energy levels and coefficients of
FMO in the ground state (1g) and excited sin-
glet state (1s) of 2-pyridone (1) by PM5 level
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Figure 2. Photodimerization process of singlet
2-pyridone(1s)
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Figure 3. First transition state(TS;:C) and excimer(B) information for anti- 3,6'-ht

[4+4]-photodimer(3).
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Table 1. Transition stete energies( TS, TSy, TSg ) for some photodimer-
ization of singlet 2-pyridone(1s) by PM5

Addition selectivity (kcal/mal)
3,3'-hh 3,6'-ht 6,3 -ht 6,6'-hh

syn anti  syn anti'! syn anti'! anti
TS, -2 260 193 175 193 175 26.1
TS, - -55 -134 -129 -133 -129 -5.3
AE> - 134 0.3 9.2 0.3 9.2 -19.7
TS3 - -179 -161 -155 -161 -155 -17.9
AE3 - 13 55 6.7 55 6.7 13

"1 Experimental product: anti-3,6-ht-dimer. "2 TS data was not obtained.
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Figure 4. Back-reaction process from the biradical intermediate(Bira: A) in the

photodimerization of 1

Table 2. First transition state energy (HOF:TS;) by PM5 and the UCIS/6-
31+G(d)/PM5 for photodimerization of 2-pyridone(1s)

Calculation method 3,3'-hh 3,6'-ht
anti sysn anti
PM5 (HOF, kcal/mal) 26.0 19.3 175

UCIS//PM5(au.)

-642.89132 -642.91047 -642.8974

AE relative( kcal/mal ) 12.0 0.0 8.1
OO0O0O0oO0OOo0Oo0 uclg/PM500 syn-3,6-ht 00 O O2000000000000000000 [4,13]0
OO00000ooDono 360000 0syn] 000 doooooooooooooooMMoOooooono
d0ooooOooooooooOOooOo DFTOOOnO TS goooo
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Figure 5. Energy levels and coefficients of FMO
of 1swith 2
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Figure 7. First transition state(TS;: C) information for endo-3,4-ht-[2+2] adduct(4)

from 1 with 2

Table 3. Transition state and biradical intermediate energies in the 3,4-[2+2]cycloadditions between singlet 1(1s)

and 2 by PM5
Run  Reaction Exp. HOF by PM5 (kcal/mol)
selectivity adduct,% TS; !Bira 9Bira TS, AE, (%Bira) TSz AEs adduct
1 hh endo -256.3 -53.2 concerted reaction -113.9
2 exo -245 -52.2 concerted reaction -114.2
3 ht endo 4,38 -36.8 -435 -76.2 -742 20 (-779) -685 94 -114.7
4 exo - -480 -76.7 -733 130 (-787) -686 10.1 -

Table 4. Transition state and biradical intermediate energies in the 5,6-[ 2+2]cycloadditions between singlet 1(1s)

and 2 by PM5
Run  Recation Exp. HOF by PM5 (kcal/mol)
selectivity adduct,% TS; IBira 9Bira TS, AE, (9Bira) TSz AEs adduct
1 hh end 6,4 -21.5 -34.6 concerted reaction -110.4
2 exo -24.1 -36.0 concerted reaction -114.2
3 ht endo -152 -444 -715 -710 05 (-741) -688 53 -110.2
4 exo - -423 -716 -715 01 (741} -703 38 -1111
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Table 5. Solvent-effect redlt for TS; energies of the 5,6-
[2+2] cycloadditions by COSM O method

HOF of TS, (kcal/mal)
selectivity  Vacuum MeCN H20
hh-endo(6) -21.5  -66.8(6)* -70.8
ht-exo -241 675 -69.3

" Experimental result

TS

1s+2-17.3 N
=
A N
a- 7
“’ |
hv 15 ‘ >— <7
T g, =5 A
= eBira 2 ‘\I 7 \'
€5
1g+2,-93.8 Azocinone(5)

Figure 8. Energy diagram for azocinone(5) formation
from 1swith 2

Table 6. First transition state energy (TS;) by UCIS/6-31+G(d)/PM5 for pho-

tocycloadditions of 1swith 2

Photoaddition regio- and stereosel ectivity
site method ht
endo exo endo exo

3,4-add. 4(38%)"
PM5(kcal/mol) -25.3 -24.5 -35.0 -
UCISIPM5(au) -626.02341 -626.02376 -626.08169 -
AE(kcal/mol) 36.6 20.5 0.0

5,6-add. 6(4%)"
PM5(kcal/mol) -21.5 -24.5 -15.2 -
UCIS/IPM5(au) -626.04253 -626.04365 -626.08194 -
AE(kcal/mol) 24.6 24.0 0.0

* Experimental result (yield).

Table 7. Ttansition state and biradical intermediate energies for the azocinone(5) formation

from 1swith 2

Exp. HOF by PM5 (kcal/mol)
adduct,% TS; 1Bira 9Bira TS, TS TS, AE4 15 95
54 -141 -462 -767 -635 - -367 95 -439 -994 (4%)
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Figure 12. First transition state(TS;: B) information for exo-5,6-hh-[2+2] adduct(7)
from triplet 1 with 2

Table 8. Transition state energies ( TSy, TSy, TSg ) for 5,6-cycloadditions(7) of triplet 1t with 2

Run  Reactiion Exp. HOF by PM5 (kcal/mal)
selectivity adductt,% TS, S3Bira !Bira TS, AE, TSz AE3z adduct

1 hh endo 417 -71.0 -721 -674 47 -661 60 -1104
2 exo 7,23 -422 -705 -711 -684 27 -651 6.0 -111.3
3 ht endo -381 -723 -740 -714 26 -688 52 -1114
4 exo -385 -729 -740 -715 25 -689 51 -1111

"L HOF (1t+2) is-52.1 kcal/mol. AE; can be calculated using each HOF of TS;.
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Table 9. Transition state wnergies ( TSy, TSy, TSz ) for 5,6-cycloadditions(8) of triplet 1t with 2

Run  Reactiion Exp. HOF by PM5 (kcal/moal)

selectivity adductt,% TS;"! S3Bira !Bira TS, AE, TSz AE3z adduct
1 hh endo -39.7 -67.7 -67.7 -659 18 -641 36 -1099
2 exo -39.2 -691 -701 -66.6 35 -659 42 -1139
3 ht end -438 -782 -793 -742 51 -694 99 -1147
4 exo 8, 10 -439 -783 -786 -750 36 -709 7.7 -1139

"1 HOF ( 1t+2) is-52.1 kcal/mol. AE; can be calculated using each HOF of TS;.

Table 10. First transition state energy (TS;) by UCIS/6-31+G( d )/PM5 for photocy-

cloadditions of 1t with 2

Photoaddition

regio- and stereoselectivity

site method

ht

endo exo endo exo

3,4-add. 8(10%)"

PM5(kcal/mol) -39.7 -39.2 -43.8 -43.9

UCIS/IPM5(au) -626.00205 -626.00597 -626.00967 -626.00443

AE(kcal/mol) 4.8 2.3 0.0 33
5,6-add. 7(23%)"

PM5(kcal/mol) -41.7 -42.2 -38.1 -385

UCISIPM5(au) -626.02589 -626.02963 -625.99274 -625.99728

AE(kcal/moal) 2.3 0.0 231 20.3

" Experimental result (yield).
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MO Analysis of Origin in Some Selective Photocycloadditions
of 2-Pyridones

Daisuke TOKUNAGA, Tetsuro SHIMO*, Hiromitsu HASHIMOTO, Tomoko OOTO and
Kenichi SOMEK AWA*

Department of Applied Chemistry and Chemical Engineering, Faculty of Engineering Kagoshima University
1-21-40 Korimoto, Kagoshima 890-0065, Japan
*e-mail: shimo@apc.kagoshima-u.ac.jp

A Frontier Molecular Orbital (FMO) analysis is not so effective for the singlet peri-, site-, regio- and
stereoselectivities of singlet photodimerization (anti-3,6-[4+4] cycloaddition for 3) of 2-pyridone (1) and
for the cross additions (mainly endo-3,4-ht-[2+2] cycloaddition for 4) with acrylates (2). Their Origins were
analysed by transition state (TS) analysis of wholereaction (TS, TSy, TSz) using MOPAC-PM5 and UCIS/6-
31+G(d)//PM5 level s of calculation, and the major factors of the selectivitieswere inferred quantitatively. The
singlet reactions may be concerted, controlled by TS;, and may be competed by orbital overlapping and ionic
factors. The Origin for a novel adduct, azocinone (5) between excited singlet 1 and 2 was also estimated by
PM5 simulation. The triplet and regioselective cross additions (mainly exo-5,6-hh-[2+2] cycloaddition for
7) between 1 and 2 were inferred to be two-step reactions, and to pass through twisted biradicals, with the
first-step transition TS; energy smaller than the second-step one. The energy of TS, (ring- closure) was lower
than that of TSz (bond- cleavage).

Keywords: Photocycloaddition reaction, 2-Pyridone, Site- and regioselectivities, Transition state analysis,
PM5, UCIS
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