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Abstract

The 2-acyl-N-(2,2-diphenyl-1-ethenyl)-N-alkylacetamides reacted with excess Mn(III) affording tricyclic fused
hydrindene-azetidinones in good yields, through a 4-exo-trig radical cyclization process, and further ring closure
of the azetidinone via radical aromatic substitution. © 2000 Elsevier Science Ltd. All rights reserved.
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The synthesis of�-lactams3 through the 4-exo-trig oxidative radical cyclization of enamides1
has been, for several years, the main feature of our studies concerning transformations mediated by
Mn(OAc)3.1 As previously described, this ring closure was first carried out in an oxidative way by
reacting enamides1a with 2 equivalents of Mn(III) salt. In this case, the terminal olefinic position has
to be substituted in such a way as to provide stabilization of the radical adduct2a (Scheme 1). This
structural restriction was overcome for either oxidative or reductive methods by using enamides able
to fragment after the 4-exocyclization step.2,3 This approach led to azetidin-2-ones3b by treatment of
enamides1b with a saving of oxidant (only 1 equivalent of Mn(III) was needed).2

Most of the enamides we used had the methoxycarbonyl group as the oxidizable�-dicarbonyl moiety.4

The cyclization of these substrates was selective and high-yielding only at 70°C. Indeed, lower reaction
temperatures led to unsatisfactory substrate conversions. Noteworthy, at 70°C no products arising from
the further oxidation of the�-lactam products were observed.

With the aim to widen the range of experimental conditions suitable for the reaction, we decided to
study the Mn(III) chemistry of the easily obtainable enamides4 and5,5 which bear an acyl group at
C-2. In this communication we report our preliminary results. The acyl group at C-2 in4 and5 made
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Scheme 1.

the enolization of their�-dicarbonyl system easier than in1, as clearly evidenced by their1H NMR
data showing significant amounts of the enol forms. Thus, compounds4–5 could, in principle, be more
reactive than enamides1 at room temperature, since the oxidation mediated by Mn(III) probably involves
prior enolization of the carbonyl groups, followed by electron transfer from the enol form to the metal.6

To verify the hypothesis of higher reactivity, compound5b was treated with 2 equivalents of Mn(OAc)3

dihydrate at room temperature but the oxidation was quite slow, affording compound7b in 2 days in 22%
yield. Raising the temperature to 70°C made the reaction of enamides4 and5 with the same amount of
Mn(III) faster, but as shown in Table 1 (condition A) we observed not only the expected compounds
6 and7, but also the polycyclic compounds10 and11. A reasonable hypothesis for the formation of
these compounds involves a further reaction with Mn(III) of the�-lactams6 and7 (Scheme 2) at C-3.
The resulting radical8 could undergo an intramolecular radical aromatic substitution to give10 and11
through the intermediacy of radical9.

Table 1
Reaction of enamides4 and5 with Mn(OAc)3 in AcOH

This was proved by reacting pure6a with Mn(III) at 70°C; the expected product10awas formed in 3
hours in 81% yield. Thus, we planned to obtain the products10 and11 in the highest possible yields by
treating enamides4 and5 with an excess of Mn(OAc)3 (4 equivalents).

Indeed, the skeleton of10/11was interesting since analogous compounds12and13have been patented
as promoters in the polymerization of pyrrolidones8 and in the preparation of polyurethanes (Fig. 1).9

As we expected, in the presence of an excess of Mn(III) at 70°C (conditions B),10 and 11 were
obtained in good to high yields and in short times. In two examples (entries 13 and 14) the chiral
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Scheme 2.

Fig. 1.

enamides5d and5e were reacted under the same conditions to investigate the stereoselectivity of the
reaction. Indeed, we had previously reported that a chiral amino acid-derived group on the enamidic
nitrogen atom could have a good effect on the diastereoselectivity of the 4-exo-trig ring closure to�-
lactams.10 The same behaviour was also confirmed in these reactions, and the product11ewas obtained
from 5e in a 5.2:1 diastereomeric ratio, which is the highest value that we have obtained at present in
the 4-exo-trig ring closures. Unfortunately, the absolute configurations of the stereogenic centers of the
prevalent, oily diastereomer could not be determined by the usual spectral or X-ray diffraction methods.

In conclusion, the Mn(III)-promoted synthesis of polycyclic compounds10–11 in one step from
enamides4–5 is a significant result either in the light of the industrial use of their analogues or the
possibility of achieving a spread of the backbones obtainable by Mn(III)-mediated 4-exo-trigring closure
of enamidic systems.
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