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Aza-[2,3] Sigmatropic Rearrangement of Phosphoramides
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Abstract: The aza-[2,3] sigmatropic rearrangement was realized by using a phosphoramide group as
a stabilization group of the carbanion. Not only (E)-substituted alkene, but also (Z)-, and
trisubstituted atkene can be uscd as substrates. © 1997 Elsevier Science Ltd.

The [2,3] sigmatropic rearrangement, particularly the oxy-[2,3] sigmatropic rearrangement, has been
studied with regard to its stereochemical course and in view of its modern synthetic application to preparation of
highly functionalized derivatives.! However, there are few examples of the aza counterpart, in which substrates
employed are such as allylbenzylamines and alkynylbenzylamines. It is known that the [1,2] rearrangement is
prone to take place rather than the [2,3] rearrangement in these systems.” There are only three prior reports of
true examples of this reaction, two of which involved the use of cyclic substrates 1-benzyl-4-vinyl-2-azetidinone
and vinyl aziridines, which are highly strained because they have three- and four-membered rings.> However,
there have been unsuccessful examples in the case of acyclic variants which do not possess this driving force.?
The third example was reported by Anderson and Smith last year.4 They showed the [2,3] rearrangement of an
acyclic substrate by use of a r-butoxycarbony! group (Boc) as a protecting group and a stabilization group of the
carbanion. We expected that phosphoramide could also stabilize a carbanion, and as a result, rearrangement
would proceed. The phosphoramides were known to give dipole stabilized carbanion.” Here we report an aza-
[2,3] sigmatropic rearrangement of phosphoramides.

The substrates were synthesized as shown below.® The N-crotyl, and N-prenyl trifluoroamides were
prepared by the modified Mitsunobu reaction reported by Ito and Tsunoda.”  After hydrolysis of
trifluoroacetamides, amines were converted to the corresponding phosphoramides 1a, 1a’, and 1b.
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When phosphoramide 1a was treated with BuLi (1.2 equiv) in THF at 0 °C for 2 h, aza-[2,3]

sigmatropic rearrangement product 2a was obtained in 90% yield as a 1:1 mixture of diastereomers. No [1,2]
rearrangement product was observed in 1H NMR of the crude mixture. The product 2a could be hydrolyzed in
refluxing aqueous 3 M HCI-MeOH quantitatively to give amine 3a. During hydrolysis, the ratio of the
diastereomers was not changed. Not only (E)-substituted alkene 1a, but also (Z)-substituted alkene 1a’ gave
[2,3] rearrangement product 2a in 90% yield. The diaseteomer ratio was also 1:1. This result is remarkable,
because the Boc protected (Z)-croty] benzyl amine is reported to give an elimination product with no [2,3]-
sigmatropic rearrangement product.® The trisubstiuted substrate 1b also afforded [2,3]-sigmatropic
rearrangement product 2b. After hydrolysis, amine 3b® was obtained in 40% yield (2 steps).
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In summary, the aza-[2,3] sigmatropic rearrangement of phosphoramides was achieved. The

phosphoramide group effectively assists this rearrangement regardless of the substitution pattern of the alkenes.

Acknowledgment The author would like to thank Professor Kenji Koga for helpful discussions.

~N N

References and notes
For recent reviews: a) Nakai, T.; Mikami, K. in Organic Reactions; John & Wiley and Sons, Inc.; New
York, 1994, 46, pp. 105-210. b) Marshall, J. A. in Comprehensive Organic Synthesis, Vol, 3, Trost,
B. M. ; Fleming, 1. (eds), Pergamon, London, 1991, pp. 975-1014. c) Briickner, R in Comprehensive
Organic Synthesis, Vol, 6, Trost, B. M. ; Fleming, 1. (eds), Pergamon, London, 1991, pp. 873-908.
a) Broka, C. A.; Shen, T. J. Am. Chom. Soc. 1989, 111, 2981-2984. b) Murata, Y.; Nakai, T. Chem
Lett. 1990, 2069-2072. c¢) Coldham, 1. J. Chem. Soc., Perkin Trans 1 1993, 1275-1276. d) Gawley,
R. E,; Zhang, Q.; Campagna, S. J. Am. Chem. Soc. 1995, 117, 11817-11818.
a) Durrst, T.; Elzen, R. V. D.; Le Belle, M. J. Am. Chem. Soc. 1972, 94, 9261-9263. b) Ahman, J.;
Somfai, P. J. Am. Chem. Soc. 1994, 116, 9781-9782. Ahman, J.; Jarevang, T.; Somfai, P. J. Org.
Chem. 1996, 61, 8148-8159. c¢) Coldham, I.; Collins, A.J.; Mould, R. J.; Rathmell, R. E. J. Chem.
Soc., PerkinTrans. 1 1995, 2739-2745.
a) Anderson, J. C.; Siddons, D. C.; Smith, S. C.; Swarbrick, M. E. J. Chem. Soc., Chem. Commun.
1995, 1835-1836. b) Anderson, J. C.; Siddons, D. C.; Smith, S. C.; Swarbrick, M. E. J. Org. Chem.
1996, 61, 4820-4823.

a) For the review of a-metallo amine synthetic equivalents: Beak, P.; Zajdel, W. J.; Reitz, D. B. Chem.
Rev. 1984, 84, 471-523. b) Savignac, P.; Dreux, M.; Leroux, Y. Tetrahedron Lenr. 1974, 2651-2652.
Savignac, P.; Leroux, Y.; Normant, H. Tetrahedron 1975, 31, 877-884. Savignac, P.; Dreux, M.
Tetrahedron Lett. 1976, 2025-2028. c) Corbel, B.; Paugam, J. P. Tetrahedron Lest. 1976, 835-838. d)
Magnus, P.; Roy, G. Synthesis 1980, 575-577. e¢) Seebach, D.; Yoshifuji, M. Helv. Chim. Acta.
1981, 64, 643-647. f) Secbach, D.; Lohmann, J. J.; Syfrig, M. A.; Yoshifuji, M. Tetrahedron 1983,
39, 1963-1974.

All new compounds described in this paper provided satisfactory spectropic data.

Tsunoda, T.; Otuka, J.; Yamamiya, Y.; Ito, S. Chem. Letr. 1994, 539-542.

The IH NMR data of 3b; § 7.2-7.1 (5H, m) 5.80 (1H, dd, J = 10.9, 17.5 Hz) 4.99 (2H, dd, J = 17.5,
10.9 Hz) 3.69 (1H, s) 1.6 (2H, s) 0.92 (3H, s) 0.88 (3H, s)

(Received in Japan 10 January 1997; revised 17 February 1997; accepted 21 February 1997)



