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Transition Structures of Hydrocarbon Pericyclic Reactions
K. N. Houk, Y. Li, and J. D. Evanseck

Twenty-five years after the discovery of a vast class of organic reactions
named “pericyclic reactions” by Woodward and Hoffmann, ab initio
guantum mechanics provides a detailed analysis of the geometries,
energies, and electronic characteristics of the transition structures

of these reactions. Common features are found in all these reactions, and
generalizations permit prediction of other transition-structure geometries
and energies. At the same time, great diversity is observed-from strongly

bonded, rigid, closed-shell entities to weakly interacting, flexible diradical

structures. Angew,. Chem. Int. Ed. Engl. 31, 682- 708 (1992)
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Fig. 6. Superimposed transition structures of the [1,5] sigmatropsc hydrogen
shift 1n pentadienc obtained with AM-1, $TO-3G, 3-21G, 6-31G, 6.31G%,
6-31G**, MP2/3-21G, and MP2/6-31G* methods.
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Fig. 9. Two views of the CASSCF/6-31G* transition structure of the [1,,3.]
sigmatropic hydrogen shifl in propene (). W. Storer).

Fig. 7. Superimposed transitzon structures the electrocyelic nng opening of
cyclobutene oblammed with AM-1, STO-3G, 3-21G, 4-31G, 6-31G, 6-31G*,
6-31G**, MP2/3-21G, and MP2/6.31G* methaods,
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Fig. 10. The RHF/3-21G transition structares of the [1,,3,] sgmatropic methyl
skl in 1-butene (). W Storer).



Fig. 11, The RHF/6-31G* (top) and of the CASSCF;3-21G transition struc-
tures (holtom) of [1,.3] sigmatropic vinylcyclopropane-cyclopentene shift
() W Storer).

[1.3,]

Fig. 12, The RHF/3-21G wansition steucture of {1,.3 ) sigmatropic methylene
shift in bicyclof2.1.0lpentenc [69 al.
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Fig. 15. The MP2/6-31G* transition structure of the [1,.5,) ssgmatropic hydro-
gen shilt in pentuciene [39a).

g = Q,

Fig. 14, The RHF/3:.21G trianstion strectures of the [1,4] sigmatropac methyl
ene shifl in bicyelo[3.1 OJhexeny] cation (S. M. Emsi): a) the [1,.4,] pathway:
b) the |1 4] pathway.

Fig. 16, The RHF/3-21G transitson structure of the [1,.5,] sipmateopic hydro-
gen shift in cyclopentadiene [39c¢]
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Fig. 19, The RHF/3-21G transtion structure of the [1,, 5] sigmatropac methyl
ene shift ip norcaradiene (5. M. Emst)

Fig. 17. The RHF/3-21G6 wrunsition steucture of the [1,.5 ] sigmatropic methyl
shift in ¢is-1 3-heaadiene (F. Jensen).
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Fig. 20. The RHF3-21G transition structure of the [1,,7,] sgmatropic hydro-
gen shufl in heptatrienc [38]

Fig, 18, The RHF3-21G transition structure of the {1,.5 ] sigmatropic methyl
shilt in methyleyclopentadiene (F Jensen).
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Fig. 21, Comparison of the 6-31G* transition structures of sigmatropic hydro-
gen shifts with intermolecular hydrogen transfer (top) and the 3-21G teansition
structures of sigmatropic methyl shifts with intermolecular methyl transfer
(bottom)

Fig. 23. The RHF/3-21G transition structure of [3,.3]) sigmatropic shifl
1.5-hexadiyne (S. M. Emst and K. Black).
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Fig. 22, The CASSCF/3-21G transiton structure of [3,,3.] sigmatropic shift
(Cope rearrangement) of 1,5-hexadwene [79]
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Fig. 25, The RHF/3-21G transition structure of [3,.3] sigmatropc shift of
hex-1-en-5-yne (8. M. Emst and K. Black)
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Fig. 28, The MP2/6-31G* transinon structure of disrotatory electrocyclic ring
opemang of the cyclopropyl cation [93). In this and subsequent drawings of
clectrocychic reactions, the angles between the inward and outward rotating
hydrogens and the breaking or forming singke bond are given
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Fig. 30. The MP2/6-31G* trapstion structure of conrotatory electrocychic ang
opening of cvclobutene [44a),
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Fig. 32. a) The MP2/6-31G* transition structure of electrecyclzation of the
pentadicnyl cation (E. A, Kalicl). b) The RHF/6-31 + G* transition struciure
of cyclopentenyl anion electrocyclic ring opening (1 D, Evanseck).



Fig. 33. The RHF/6-31G* transition structure of distotatory electrocyclization
of hexatriene [99].

Fig 35. The RHF'6-31G* transition structure of conrotatory electrocyelic
ring opening of cycdooctatriene (J. D. Evanseck).
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Fig 44 The RHF/3.21G transion structure of [4, + 2] cycloaddition be.
Fig. 41. The MCSCF/3G transition siructures of the cyclodimerzation of tween butadiene and acetylene (M. McCarrick)
ethene {ll9bt a) The nonconcerted (.2, +,2.) reaction; b) the concerted
2, + .2,) reaction,
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Fig. 45, The RHF/3-21G transition structure of [ 4, + 2.) eycloaddition be-
Flg. 43, The MP2/6-31G* sransition structure of |4, + 2] cydoaddition be- tween cyclopentadicne and cthene [126)
tween butzdiene and ethene (R, 1 Loncharich)
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Fig. 46. The RHF/3.21G transiton structure of [ 4, + 2] cycloaddition be-
tween cyclobutadiene and cthene (Y. L),

Fig 4%, The RHF/3-21G transition structure of (4, + 2] cycloaddition be-
tween benzene and acetylene (Y. Li).
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) ? k Fig. 49. The RHF/3-21G transition structure of L6, + 4] cycloedditzon be-
l‘.o

ween cis-hexztnene and butadiene (Y. La).

Fig 47. The RHF/3.21G transition structure of |4 + 2} cycloaddition be-
tween benzene and ethenes (Y. La).
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Fig 50. The RHF/321G exo and endo transition structures of (6, + 4] Fig. 52. The RHF/6-31G* transition structuare of [,2, + .2, + .2 cyclotrimer-
cycloaddition between cycloheptatriene and butadiene (Y. Li). ization of acetykene [129b) ! -
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. Fig. 33, The MP2/6-31G* transition structure of [,2, + ,2, + ,2.] cyclotrimer-
Fig. §1. The RHF/3-21G exo and endo tramsition structures of [6, + 4] ization of ethene (Y. Li).

cycloaddition between tropone and cyclopentadiene (Y. Li).



