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N-ACYLIMINIUM IONS: DETECTION OF A HIDDEN 2-AZA-COPE REARRANGEMENT
David J. Hart* and Yeun-Min Tsai

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210

Abstract: A 2-aza-Cope rearrangement underlying the more typical reactions of N-acyl-2-aza-
1,5-hexadienes has been detected using triethylsilane as an acyliminium ion trap.

Hetero-Cope rearrangements have previously been reported for substituted 2-aza-1,5-hexa-
dienes 1 and their iminium ion counterparts, 3.1—4 Although related N-acyliminium ions of type

3 have been investigated extensively throughout the past decades, hetero-Cope rearrangements of

these systems have remained unknown. We report here an example of a fast 2-aza-Cope rearrange-
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ment underlying reactions which are typical of ions of type 3.

Treatment of carbinolamide 4 with trifluoroacetic acid-dichloromethane (25°C, 5 min) gave

a 497 yield of lactam §6’7, 13% of lactam 6, and 12% of a mixture of lactams 2.8’9 Similarly

treatment of 4 with formic acid-dichloromethane (25°C, 10 h) gave a 60% yield of formate 8 and

trace amounts of lactams 9 and Z.ll

To our surprise, treatment of 4 with a mixture of trifluorcacetic acid-dichloromethane-
. . .\ 1 . .
triethylsilane (25°C, 5 min) 2 gave no cyclized products. Instead a separable 3:5 mixture of

lactams 10 and 11 was obtained in a 73% yield. The structures of 10 and 11 were confirmed by
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independent synthesis. Thus, reduction of 4 with sodium cyanoborohydride13 at pH 4 in methanol

gave exclusively 10 (84%).11+ The skelatally rearranged lactam 1l was prepared from N-butylsuc-
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cinimide by reduction with sodium borochydride in ethanol (85%)15 followed by treatment of the
resulting w-alkoxylactam 12 with allyltrimethylsilane in the presence of titanium tetrachloride
(CH,Clz, 25°C, 7 h, 78%).16 When 4 was treated with formic acid-dichloromethane-triethylsilane
(25°c, 10 h)12 cyclized formate 8 (29%) was obtained in addition to a 3:5 mixture of lactams 10
and 11, respectively (42%).

The observations outlined above suggest that treatment of carbinolamide 4 with acid gives
N-acyliminium ion 13 which rearranges to ion 14, presumably via a 2-aza-Cope process. In the

presence of triethylsilane, 13 and 14 are reduced to lactams 10 and 11, respectively.”’18

In
the absence of an ion trapl9 cyclized products, typical of those observed upon generation of
ions of type 3 in nucleophilic media,5 are formed.20

Since the ratio of lactams 10 and 11l does not vary with reduction media it is tempting to

suggest that an equilibrium mixture of 13 and 14 is rapidly established, followed by slower se-

condary processes such as reduction and cyclization. In trifluoroacetic acid, reduction is
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faster than cyclization. In the more nucleophilic formic acid media, cyclization and reduction

take place at comparable rates. We have not, however, generated ion 14 independently and thus
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the exact meaning of the observed 10:11 ratio remains uncertain. 1,22

We are currently ex-

amining the effect of substituents on the relative rates of cyclization and rearrangement for
. . 23

a variety of ions of type 3.
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