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Abstract: Antarafacial 1,3-sigmatropic shifts in carbonyl derivatives of ketenes, isocyanates, thioketenes and
thioisocyanates have been studied by means of ab initio MO calculations. Energy barriers in 20 different
systems have been uniformly determined at the MP4SDTQ/6-31G(d,p) level, based on MP2/6-31G(d,p)
geometries and corrected for zero-point energies. For formylketene, higher- level calculations using the
QCISD(T) method and larger basis sets [up to 6- 311++G(2df,2p)] have also been carried out. In
carbonylketenes, the migratory aptitude of the substituents R is established as follows: C1 > SH > NF 2> NH
2> BH2 > PH2 >F> OCH3 >OH > SiH3 >H> C6H5 > CH3. The barrier heights range from 10 kcal/mol
for CI migration to 35 kcal/mol for phenyl migration. Several factors influencing the energy barriers
including the existence of an n-electron pair at the migrating atom, its size, electronegativity and ability to
adapt to a hypervalent state, as well as the strengths of the breaking and forming bonds have been examined
in detail. Generally speaking, 1,3-sigmatropic rearrangements are feasible thermal unimolecular reactions
even under mild experimental conditions.

Author Keywords: 1,3-Sigmatropic shifts; Ab initio MO calculations; Carbonyl isocyanates;
Carbonylketenes; Ketenimines; Thioisocyanates; Thioketenes

Index Keywords: carbonyl derivative; isocyanic acid derivative; ketene derivative; article; covalent bond;

electron transport; hydrogen bond; molecular dynamics; reaction analysis; synthesis

Year: 1999

Source title: European Journal of Organic Chemistry

Issue: 2

Page : 401-407

Cited by: 8

Link: Scorpus Link

Correspondence Address: Nguyen, M.T.; Department of Chemistry, University of Leuven, Celestijnenlaan
200F, B-3001 Leuven, Belgium; email: minh.nguyen@chem.kuleuven.ac.be
ISSN: 1434193X

CODEN: EJOCF

Language of Original Document: English

Abbreviated Source Title: European Journal of Organic Chemistry

Document Type: Article

Source: Scopus

Authors with affiliations:

1. Nguyen, M.T., Department of Chemistry, University of Leuven, Celestijnenlaan 200F, B-3001 Leuven, Belgium


http://www.scopus.com/inward/record.url?eid=2-s2.0-0344994694&partnerID=40&md5=b4ae80380a1cab98b145fb7d1db638c9

2. Landuyt, L., Department of Chemistry, University of Leuven, Celestijnenlaan 200F, B-3001 Leuven, Belgium
3. Nguyen, HM.T., Department of Chemistry, University of Leuven, Celestijnenlaan 200F, B-3001 Leuven, Belgium, College of
Education, Vietnam National University, Hanoi, Viet Nam
References:
1. Rodwell, W.R., Bouma, W.J., Radom, L., (1980) Int. J. Quant. Chem., 18, p. 107
Poirier, R.A., Majlessi, D., Zielinsky, T.J., (1983) J. Comput. Chem., 4, p. 464
Hess, B.A., Schaad, L.J., Pancir, J., (1985) J. Am. Chem. Soc., 107, p. 149
Gajewski, J.J., (1980) Acc. Chem. Res., 13, p. 142
Gajewski, J.J., (1981) Hydrocarbon Chemical Isomerizations, p. 67. , Academic Press, New York
Mikhailov, B.M., (1972) Organomet. Chem. Rev. A, 8, p. 1
Gridnev, 1.D., Gurskii, M.E., Ignatenko, A.V., Bubnov, Y.N., Il'ichev, Y.V., (1993) Organometallics, 12, p. 2487
Yeh, M.H., Linder, L., Hoffman, D.K., Barton, T.J., (1986) J. Am. Chem. Soc., 108, p. 7849
Mercier, F., Hugel-Le Goff, C., Mathey, F., (1989) Tetrahedron Lett., 30, p. 2397
Nguyen, M.T., Landuyt, L., Vanquickenborne, L.G., (1993) Chem. Phys. Lett., 212, p. 543
. Paetzold, P., Schmitz, T., Tappera, A., Ziewbinski, R., (1990) Chem. Ber., 123, p. 747
Smith, B.J., Nguyen, M.T., Bouma, W.J., Radom, L., (1991) J. Am. Chem. Soc., 113, p. 6452
. Nguyen, M.T., Weringa, W.D., Ha, T.K., (1989) J. Phys. Chem., 93, p. 7956
Nguyen, M.T., Landuyt, L., Vanquickenborne, L.G., (1991) Chem. Phys. Lett., 182, p. 225
Nguyen, M.T., (1989) Chem. Phys. Lett., 163, p. 344
Tanaka, H., Nishimoto, K., (1988) J. Mol. Struct. (Theochem), 181, p. 297
Zielinski, T.J., Poirier, R.A., Peterson, M.A., Csizmadia, 1.G., (1982) J. Comput. Chem., 3, p. 477
Goerdeler, J., Jonas, G., (1966) Chem. Ber., 99, p. 3572
Goerdeler, J., Wobig, D., (1970) Justus Liebigs Ann. Chem., 731, p. 120
Goerdeler, J., Raddatz, S., (1980) Chem. Ber., 113, p. 1095
. Goerdeler, J., Bartsch, H.J., (1985) Chem. Ber., 118, p. 2294
. Wentrup, C., Netsch, K.P., (1984) Angew. Chem. Int. Ed. Engl., 23, p. 802
. Cheikh, A.B., Chuche, J., Manisse, N., Pommelet, J.C., Netsch, K.P., Lorencak, P., Wentrup, C., (1991) J. Org. Chem., 56, p.
970
24. Kappe, C.O., Kollenz, G., Leung-Toung, R., Wentrup, C., (1992) J. Chem. Soc. Chem. Commun., p. 487
25. Kappe, C.O., Kollenz, G., Netsch, K.P., Leung-Toung, R., Wentrup, C., (1992) J. Chem. Soc., Chem. Commun., 488
26. Clarke, D., Mares, R.W., McNab, H., (1993) J. Chem. Soc., Chem. Commun., p. 1026
27. Nguyen, M.T., Ha, T.K., O'Ferrall, R.A.M., (1990) J. Org. Chem., 55, p. 3251
28. Wong, M.W., Wentrup, C., (1994) J. Org. Chem., 59, p. 5279
29. Binkley, J.S., Pople, J.A., Hehre, W.J., (1980) J. Am. Chem. Soc., 103, p. 939
30. Hariharan, P.C., Pople, J.A., (1973) Theor. Chim. Acta., 28, p. 213
31. Frisch, M.J., Pople, J.A., Binkley, J.S., (1984) J. Chem. Phys., 80, p. 3265
32. Boys, S.F,, (1960) Rev. Mod. Phys., 32, p. 296
33. Frisch, M.J., Head-Gordon, M., Schlegel, H.B., Raghavachari, K., Binkley, J.S., Gonzalez, C., Defrees, D.J., Pople, J.A.,
(1988) Gaussian 88, , Gaussian Inc., Pittsburgh PA
34. Fabian, F.M.F., Janoschek, R., Kollenz, G., Kappe, C.O., (1994) J. Comput. Chem., 15, p. 132
35. Nguyen, M.T., Hajnal, M.R., Vangickenborne, L.G., (1991) J. Mol. Struct. (Theochem.), 231, p. 185

O 0 =N »n ok WD

[\ IR N I O B NS R e e e e e e e T
N R T = I N VR N VR N =



36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

Fulloon, B.E., Wentrup, C., (1996) J. Org. Chem., 61, p. 1363

Zuhse, R.H., Wong, M.W., Wemtrup, C., (1996) J. Phys. Chem., 100, p. 3917

Koch, R., Wong, M.W., Wentrup, C., (1996) J. Org. Chem., 61, p. 6809

Bilas, H., Wong, M.W., Wentrup, C., (1997) Chem. Eur. J., 3, p. 237

Moloney, D.W.J., Wong, M.W., Flammang, R., Wentrup, C., (1997) J. Org. Chem., 62, p. 4240

Finnerty, J., Andraos, J., Yamamoto, Y., Wong, M.W., Wentrup, C., (1998) J. Am. Chem. Soc., 120, p. 1701

Rao, V.V.R., Fulloon, B.E., Bernhardt, P.V., Koch, R., Wentrup, C., (1998) J. Org. Chem., 63, p. 5786

Ham, S., Birney, D.M., (1996) J. Org. Chem., 61, p. 3962

Oblin, M., Fotiadu, F., Rajzmaan, M., Pons, J.M., (1997) J. Chem. Soc., Perkin Trans. 2, p. 1621

Yamabe, T., Nakamura, K., Shiota, Y., Yoshizawa, K., Kawauchi, S., Ishikawa, M., (1997) J. Am. Chem. Soc., 119, p. 807



