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A diastereoselective phenylselenium-induced lactamization of
olefinic amides. A possible route to «x-and B-amino acid derivatives
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Abstract: The organoselenium-induced cyclofunctionalization of (S)-N-(o,B-unsaturated-
acyl)prolinamides was found to produce with a high degree of chirality transfer, 7- and
6-membered bislactam derivatives depending on the substitution pattern of the starting
material. © 1997 Published by Elsevier Science Ltd. All rights reserved.

Electrophilic heteroatom cyclizations of olefinic compounds leading to a variety of 5- and 6-
membered ring heterocycles have been extensively investigated: for example, halolactonization of
alkenes with the intramolecular carboxylate nucleophile and various cyclofunctionalizations of olefins
with the hydroxyl, amino, sulfur and phosphorus functional groups.! The successful application
of these methods to the synthesis of specific target molecules requires selection of appropriate
combinations of substrate geometry,? nucleophilic functionality and the activating electrophile; the
most frequently used electrophiles are halonium, Hg(II) and phenylselenium ions.?

In the cyclofunctionalization of olefinic amides promoted by a number of electrophiles, the
predominant product is not the lactam, but the imino ether which subsequently hydrolyzes to the
corresponding lactone, i.e. the oxygen atom instead of the nitrogen in the amide functionality
preferrentially attacks the developing electrophilic center.’¢4 The only reported exceptions include
halocyclization of N-sulfonyl, N-butyl, N-isoxazolyl, N-thiazolyl olefinic amides.’ In order to
cyclofunctionalize olefinic amides to lactams, it is normally necessary to utilize the protected forms
of amide functionality such as bis-silylated imidate, thioimidate, and O-acylhydroxamate.®

We have been exploring the asymmetric version of the organoselenium-induced cyclization of
olefinic amides as an efficient route to chiral &- or B-amino acids, and wish to report a novel
lactamization with a high degree of chirality transfer.” First, (S)-N-cinnamoyl-prolinamide 1a,
efficiently prepared from (S)-proline by successive reactions with i) cinnamoyl chloride and NaOH in
aqueous acetone at 0°C, ii) methyl chloroformate and triethylamine, and iii) ammonium hydroxide at
—10°C, was subjected to cyclization conditions. After considerable experimentation with a number of
electrophiles under a variety of reaction conditions, phenylselenenyl bromide (PhSeBr), silver triflate
(AgOTf),8 and DMF in CH3CN was found to be most suitable for the desired cyclofunctionalization
of 1a. Thus, when compound 1a was treated with PhSeBr (3 molar equiv), AgOTf (3 molar equiv)
and DMF (20-30 molar equiv) in dry CH3CN at room temperature under Ar, a mixture of the cyclic
products 2 and 3 was obtained in a varying ratio depending on the reaction time; after 12 hrs 2 was
isolated in 31% yield together with 1a (65%), whereas after 48 hrs products 2 (5%) and 3 (72%)
were obtained along with a trace amount of 1a. It could be shown that the pure product 2 was
converted to product 3 in 70% yield under the identical reaction conditions, or in ca. 30% yield upon
treatment with PhSeBr in DMF and CH3CN. The conversion of compound 2 to 3 represents the overall
trans dehydrogenation, and might be occurring through the initial N-phenylselenation followed by
the elimination of a ‘phenylselenol equivalent’ to give an imine, which isomerizes to 3. It was also
found that the reaction of 1a with PhSeBr (1.8 equiv), AgOTf (2 equiv) and DMF (20 equiv) in dry
CH3CN at room temperature under Ar for 12 hrs gave almost exclusively product 2 (73% isolated
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Scheme 1. Cyclofunctionalization of 1a and subsequent conversions to (L)- and (D)-B-AA derivatives.

yield) together with trace amounts of 1a and 3 (Scheme 1). It is to be noted that without DMF the
cyclization reaction did not proceed smoothly, although the role of DMF has not been clarified.

The structural elucidation and stereochemical assignments of products 2 and 3 were carried out by
means of spectroscopic techniques including single crystal X-ray diffraction (Figs 1 and 2).2 It is clear
from the X-ray structure of 2 that the amide nitrogen attacks the B-position of the cinnamoylamide
moiety thus generating a 7-membered ring system and that the electrophile promoted addition occurs
in anti fashion resulting in the (R)-absolute configuration at the new stereogenic center of C*-NH.
However, the reason for the exclusive formation of the lactam product as opposed to the usual lactone
via imino ether species is not obvious at the moment. The crude product 2 was deselenenylated in
87% yield with nickel boride generated in situ from NiCl;#6H20 and NaBHy4 in THF-MeOH!? to
give compound 5. The HPLC analysis of the crude product 5 (Alltech RP-18; 4.6 X 250 mm; 25%
CH3CN in H>O; 1.5 ml/min; detection at 208 nm) indicated that the diastereomeric ratio at this stage
was ca. 22.8:1, equivalent to ca. 91.6%de. Similarly, compound 3 was deselenated to 4 in 88% yield
by the nickel boride procedure. Alternatively, the oxidative elimination of compound 2 with HyO»
(30%) in THF!! was carried out in 77% yield to provide 4, which was hydrogenated over Pd/C in
MeOH to give a diastereomeric mixture of 5 and 6 in the ratio of 1:4.56 (%de=64.0) on the basis
of HPLC analysis.'? It is noteworthy that in the catalytic hydrogenation of both compound 4 and
the exocyclic double bond in the diketopiperazine derivatives,'3 derived from (S)-proline and x-keto
acids, the catalyst-bound hydrogen approaches from the convex side of the molecules, i.e. the same
side as the hydrogen on the stereogenic center of the (S)-proline auxiliary, although the 1,4-chirality
transfer efficiency appears to be slightly higher in the 6-membered ring than in the 7-membered ring 4.

Next, we examined the lactamization of (S)-N-crotonoylprolinamide 1b, which was prepared from
(S)-proline and crotonyl chloride. Under the identical reaction conditions described for 1a, compound
1b very slowly yielded four identifiable products: the 6-membered diketopiperazines 7 (13.2%) and
8 (4.2%), and the simple addition products 9 (46%) and 10 (19.4%). The product structures were
elucidated by spectroscopy including X-ray diffractions for the diastereomeric 6-membered bislactams
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Figure 1. X-ray crystal structure of compound 2.
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Figure 2. X-ray crystal structure of compound 3.

(7 and 8).'* The presence of the secondary hydroxyl groups in 9 and 10 was confirmed by acetylation.
The characteristic chemical shift change for the carbinyl protons could be readily observed in the
'H-NMR of the acetylated products. However, the absolute stereochemistry of 9 and 10 has not
been assigned. In the case of (S)-N-(B-methylcrotonoyl)prolinamide 1c, the cyclofunctionalization
provided the 7-membered lactam compound 11 (22.4%) together with two diastereomeric PhSe-added
products 12 (49%) and 13 (13.3%).!> The reductive deselenenylation (NiCle6H20 and NaBHj4 in
THF-MeOH) of 11 gave the corresponding 7-membered ring compound, whose 'H-NMR exhibited
two isolated methyl groups at § 1.34 and 1.36, and two diastereotopic protons at § 2.47 and 3.07 ppm
with the geminal couplings (J=14.1Hz).
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In summary, the observed efficiency of the cyclofunctionalization and the product structures clearly
suggest that the electronic factor plays a predominant role in this phenylseleno-lactamization. It has
been shown that the cyclofunctionalization can provide an efficient route to aromatic (S)- and (R)-
B-amino acids,!® since the diastereomeric cyclic dipeptides such as 5 and 6 can be easily purified
and hydrolyzed to the corresponding chiral B-amino acids and the chiral auxiliary which can be
recycled.!3¢ In spite of the low chemical yield, the possibility that (S)- and (R)--amino acids can
be synthesized by this approach has also been demonstrated in the cases where the substrate includes
the electron-deficient olefin moiety.
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