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1 Supplementary Information

1.1.1 Quantum chemical calculations (B3PW91/6-31G*//B3PW91/6-31G*)

The geometry optimization were performed with the ab initio program package GAUS-
SIAN 98 !, the B3PW91 hybrid functional >**, and the 6-31G* basis set. At the same level of
theory, frequency calculations were carried out to characterize each structure as minimum
(21, 22, 15, 12) or transition state (TS-21, TS-22, TS-15, TS-12) and to obtain the zero-point

vibrational energies.

structure E [a.u] " E ZPE E+ZPE E.u [kcal/mol] '
[keal/mol] [kecal/mol] ™ [kcal/mol]

21 - 541.8378692 -340008.41 156.81579  -339851.87  +0.0

TS-21  -541.8315906 -340004.47 153.68497  -339851.06  +3.9(+0.8)
22 - 1204.7942852 -756019.86 183.58912  -755836.87  +0.0

TS-22 - 1204.7920961 -756018.49 181.14821  -755837.94  +1.4(-1.1)
15 - 540.5962682 -339229.29 142.91041  -339086.65  +0.0

TS-15  -540.5803766 -339219.32 139.23719  -339080.35  +10.0 (+ 6.3)
12 - 1203.5534998 - 75524126 169.80897  -755072.05  +0.0

TS-12  -1203.5416236 -755233.80 166.41963 - 755067.98 +7.5(+4.1)
[a]: Electronic energy (B3PW91/6-31G*), 1 a.u. = 627.5095 kcal/mol. [b] Zero-point vibrational energy (B3PW91/6-31G*).
[c]: Energy relating to 21,22,15 or 12 respectively. The value in parentheses includes the zero-point vibrational energy.

structure: 12
method: B3PW91/6-31G*//B3PW91/6-31G*
. . H -.455955 3.289255 -.339516
cartesian coordinates:
.768159 1.356362 -1.981267
c -1.342396 2.802176 .062847

! Gaussian 98, Revision A.9, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, V.
G. Zakrzewski, J. A. Montgomery, Jr., R. E. Stratmann, J. C. Burant, S. Dapprich, J. M. Millam, A. D. Daniels, K. N. Kudin,
M. C. Strain, O. Farkas, J. Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S. Clifford, J.
Ochterski, G. A. Petersson, P. Y. Ayala, Q. Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B.
Foresman, J. Cioslowski, J. V. Ortiz, A. G. Baboul, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R.
Gomperts, R. L. Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, M. Challacombe, P. M. W. Gill,
B. Johnson, W. Chen, M. W. Wong, J. L. Andres, C. Gonzalez, M. Head-Gordon, E. S. Replogle, and J. A. Pople, Gaussian,
Inc., Pittsburgh PA, 1998.

2 B3PW91 = BECKES 3-parameter functional (B3) with the nonlocal correlation provided by the PERDEW-WANG 91
expression (PW91).

3 A. D. Becke, J. Chem. Phys. 1993, 98, 5648-5652.

4. P. Perdew, J. A. Chevary, S. H. Vosko, K. A. Jackson, M. R. Pederson, D. J. Singh and C. Fiolhais, Phys. Rev. B
1992, 46, 6671-6687.
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C -3.431213 -1.310852
c -2.048240 -1.254362
H -1.693792 2.141210
H -4.129977 2.007866
H -5.285024 -.193734
H -3.922980 -2.278623
H -1.463279 -2.166641
H 4.875447 -.053541
H 4.324843 -1.735220
C 3.959718 -.231486
H 3.878535 -1.020854
H 4.417833 .684351
H 1.082662 1.529057
H 1.917986 -.900324
21
B3PWO91/6-31G*//B3PW91/6-31G*

H 1.811522 -.065775
O .240921 2.243880
c 2.542798 -.424292
c 2.476988 .514233
c -.020323 1.081252
c 1.106163 .634449
C -1.247444 .412954
H 1.189064 1.350542
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Cc 3.932082 -.350976
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