TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 41 (2000) 1975-1978

New synthesis of 2-methyleneaziridines and
2-methyleneazetidines by dimethyl titanocene mediated
methylenation of - and -lactams

Kourosch Abbaspour Tehrahand Norbert De Kimpe

Department of Organic Chemistry, Faculty of Agricultural and Applied Biological Sciences, University of Gent,
Coupure Links 653, B-9000 Gent, Belgium

Received 9 November 1999; accepted 11 January 2000

Abstract

2-Methyleneaziridines and 2-methyleneazetidines were synthesized via a titanium mediated olefination proce-
dure starting from the correspondinglactams and -lactams. © 2000 Elsevier Science Ltd. All rights reserved.
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2-Methyleneazetidines and 2-methyleneaziridines belong to a group of strained cyclic enamines for
which little information is available. The unique combination of functionalities, i.e. a reactive enamine
and an exocyclic double bond, offers possibilities for further manipulation. To explore their reactivity
and utility, ready access to 2-alkylideneazetidines and -aziridines is necessary. Only a few routes to
functionalized 2-methyleneazetidines have been described, most of them being of little gehérality.

The fact that until now only three fundamentally different synthetic approaches for the synthesis of 2-
methyleneaziridines are available, combined with the increasing use of these reactive building blocks in
organic synthesis, makes these compounds important synthetic tAfgfatselementary retrosynthetic
analysis would suggest connecting dactam or -lactam and an appropriate alkylidene equivalent
(Fig. 1). Because the Wittig reaction of an ylid with dactam is only possible in some isolated cazes,
another method was required for the methylenation of the carbonyl compounds. Therefore, in this paper
a novel application of Petasis’ alkylidenation chemitty for the conversion oN-aryl-2-azetidinones
and 2-aziridinones tbl-aryl-2-methyleneazetidines and 2-methyleneaziridines is disclosed.

A suitable reagent for the methylenation of heteroatom-substituted carbonyl compounds is dimethyl
titanocene (CgTiMe,) 1.5 This compound was originally prepared by reaction of dicyclopentadie-
nyltitanium dichloride with methyllithium in toluen&For our purposes], was synthesized by reaction
of methylmagnesium chloride in THF with titanocene dichlofid@ecause of the lower stability and
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even pyrophoric properties df in the solid phase, a 1.1 M solution in toluene:THF (ratio 95:5) was
always used for the olefination reactions. The starting 1-aryl-2-azetididonere synthesized in a two-

step procedure starting from 3-chloro-2,2-dimethylpropanoyl chla2idéhis compound was reacted

with 2 equivalents of an aromatic amine in dichloromethane, giving rise-¢tbloro propanamides

3, which could be cyclized to the required 1-aryl-2-azetidinodebBy means of a phase transfer
catalyzed reaction of benzyltriethylammonium chloride (BTEA) and sodium hydrdRittethe case

of 3-chloro-2,2-dimethyN-isopropylpropanamid@&c, a much longer reaction time of 72 hours was
necessary for complete cyclization 4@. In our first attempts to methylenatis, 1.5 equivalents of

a 0.6 M CpTiMe; solution in toluene was heated at 80°C for several hours (6—24 h), thus affording
mixtures of starting materiala (40-50%) and 2-methyleneazetidifa (40—60%). If 2-azetidinonda

was heated under reflux for 14 hours with 1.5 equivalents of a 1.1 Mi@le, solution, a mixture of 93%
methyleneazetidinBa and 7% starting materidia was obtained (as observed By NMR). Attempted
separation of both compounds by flash chromatography on silica gel (Etagane: 1:4R:=0.15) or
preparative gas chromatography (160°C) gave rise to complete hydrolysis of 3,3-dimethyl-2-methylene-
1-phenylazetidineba to the corresponding 3,3-dimethyl-4-(phenylamino)-2-butanér{&cheme 1).

By means of a Kugelrohr distillation (40-60°C/2.5 mmHg), the pure methyleneazefidineuld be
obtained in 20% yield# This low yield is due to degradation during the distillation. The reaction of 1-(4-
chlorophenyl)-3,3-dimethyl-2-azetidinodb with 1.5 equivalents of CfIiMe> in toluene for 14 hours at

80°C gave 100% conversion to the exocyclic enamdinéScheme 1¥° In all cases the reaction mixtures
were evaporated in vacuo, the residue suspended in pentane and the insoluble titanium salts removed
by filtration over Celite. This procedure was repeated until no further precipitation occurred of titanium
salts. Of course, such a workup procedure lowered the yields drastically. Finally, the reaction of 3,3-
dimethyl-1-isopropyl-2-azetidinorgc with titanocenel under several circumstances gave either rise to
starting material or to complex reaction mixtures, which were not further analyzed. This last experiment
clearly demonstrates the need for an electron-withdrawirggibstituent in the methyleneazetidines to
stabilize the electron-rich exocyclic enamine moiety.

Because of the success of the above described methylenation procedure, the same reaction was
performed on a 2-aziridinone. As the methylenation reaction occurs at rather high temperatures and due
to the known instability of -lactams, 1,3-dert-butyl-2-aziridinonerz, was chosen as a model compound
(decomposition starts at 140°&) Compound? was heated with 1.5 equivalents JiMe, 1 (1.1 M in
toluene) for 6 hours under reflux. After non-aqueous workup, I&ebutyl-3-methyleneaziridin8@ was
isolated as a yellow oil in 56% yield (Scheme 2). An analytically pure sampecofild be obtained by
preparative gas chromatography (140°C). Column chromatography on neutral alumina (Et@Rane:

1:4; R=0.1) or vacuum distillation (24—26°C/1.3 mmHg) also afforded the pure methyleneaziridine
8.17 On the other hand, by column chromatography on silica gel, the labile en@was completely
hydrolyzed to 34ert-butylamino)-4,4-dimethyl-2-pentano®@gScheme 2).
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In summary, an easy method was developed to convert strainadd -lactams into the correspon-
ding 2-methyleneaziridines and 2-methyleneazetidines by means of an organotitanium reagent.
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