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Rare carboxamide branched alkynes such as 11a can be readily obtained by reaction of the electrophilic 4-alkylidene isoxazolinones with
isocycanides followed by nitrosative cleavage of the heterocyclic ring. N-lodosuccinimide induced ring closure in the presence of a nucleophile

results in the formation of new iodopyrrolinones such as 16c.

The carbon—carbon triple bond is arguably among the two
or three most important functional groups in organic syn-
thesis. Its versatility and utility can be gauged by the
unabated flow of countless transition metal catalyzed trans-
formations reported in the past decades. Indeed, the recent
explosive growth in the development and use of reactions
such as the enyne metathesis and gold catalyzed processes
is indicative of the central position occupied by alkynes.?
From this perspective, the design of new routes to alkynes
remains a very worthwhile endeavor.

Some years ago, we devised a new synthesis of alkynes 2
starting from p-ketoesters® The method hinges on the
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nitrosation of the corresponding isoxazolinones 1 (in tauto-
meric equilibrium with 1”) by acombination of sodium nitrite
and acetic acid in the presence of iron sulfate, as shown in
Scheme 1. Theiron sulfate is needed to generate nitric oxide
in situ and thus suppress an unwanted radical side reaction
leading to dimers. One aspect of the chemistry of isoxazoli-
none is the ability of 4-unsubstituted isoxazolinones to
undergo Knoevenagel type condensations with aldehydes and
ketones 3, leading to highly electrophilic 4-akylidene
derivatives 4. These react readily with various nucleophiles,
including organometallic reagents, to give conjugate adducts
5,325 and hence the corresponding branched alkynes 6. The
conversion of 4-benzylidene isoxazolinone 4a, obtained in
quantitative yield by condensation of commercialy available
isoxazolinone 1a (1, R = Ph, R = H) with benzaldehyde, into
diyne 6a by way of adduct 5aisillustrative of thistechnology.
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We anticipated that the electrophilicity of the 4-alkylidene
isoxazolinones 4 would be sufficiently high to invite a
nucleophilic attack by an isonitrile, as depicted in Scheme
2.° While this nucleophilic attack leading to intermediate 8
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is expected to be reversible, the ring closure of the carbonyl
oxygen on the incipient iminium ion would furnish 9, the
hydrolysis of which would result in theirreversible formation
of amide 10. Nitrosative cleavage of the isoxazoline ring
would finally provide the desired alkynylamide 11. Such
alkynylamides are relatively uncommon as they are not
readily accessible by classical routes.”

Thefirst reactions were studied starting with commercially
avallable isoxazolinone la (1, R = Ph, R” = H). As
summarized in Table 1, condensation with cyclopropanecar-
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Table 1. Formation of Carboxamide Branched Alkynes 11
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boxaldehyde in the presence of piperidine furnished the
corresponding 4-alkylidene isoxazolinone 4a in 85% yield.
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Heating with t-butyl isocyanide 7a afforded the expected
amide 10a in quantitative yield. Other aldehydes such as
p-tolualdehyde and thiophene-2-carboxaldehyde could be
used, as well as ketones such as acetone and cyclopentanone.
Asfor the isocyanides, t-butyl isocyanide 7a gave generally
the best results. Yields with ethyl isocyanoacetate 7b and
benzyl isocyanide 7c tended to be significantly lower.
Modificationsin the isoxazolinone partner 1 could be readily
introduced asillustrated by the obtention of compounds 4f—i
and their conversion into amides 11h—n.

Having established a convenient access to branched
isoxazolinyl amides, their conversion to the corresponding
alkynes was next attempted. We were concerned by the
possible formation of N-nitrosoamides by nitrosation of the
amide group under the nitrosating conditions. This is
expected to be a reversible process and did not prove to be
a complicating factor in practice. Thus, reaction of 10a in
aqueous acetic acid with a combination of ferrous sulfate
and sodium nitrite resulted in its clean transformation into
alkyne 11a, which could be isolated in 92% yield.

The remaining isoxazolinones behaved in the same manner
giving alkynes 11b—n efficiently, except for 11h and 11i,
which were produced in poor yield. Thisis presumably due
to the presence of the ester moiety in a position that causes
the ready isomerization of the desired alkynes into highly
reactive electrophilic alenes.

We were disappointed, however, to find that exposure of
these alkynylamides to the action of afew typical gold-based
catalysts did not result in clean or useful transformations. In
contrast, reaction of alkynylamide 11a with N-iodosuccin-
imide (NIS) furnished smoothly iodopyrrolinone 16ain 72%
yield. A plausible mechanism for its formation is outlined
in Scheme 3. Thus, electrophilic attack by NIS on the alkyne
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group to give iodonium species 12a is followed by closure
through the nitrogen of the amide to give cyclic enamide
13a8

This compound is nucleophilic enough to undergo a second
reaction with NIS leading to intermediate 14a, which is
readily quenched by a nucleophile in the medium, amolecule
of water in the present case, to afford diiodo compound 15a.

(8) Asone referee pointed out, it is possible that that iodination occurs
first on the nitrogen of the amide to give the corresponding N-iodoamide,
which in turn reacts with the akyne.
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Finally, elimination of hydrogen iodide generates the ob-
served iodopyrrolinone 16a in the yield shown.

Itisnot clear at this moment if the ring-closure proceeding
through the nitrogen of the amide is under kinetic or
thermodynamic control (or both). Thermodynamic control
would imply reversibility of the cyclization step. lodola-
conization of unsaturated amides often leads to lactones
rather than lactams’ and it isinteresting to note, in the present
context, the observation by Dembinski and co-workers, who
found that the reaction of ynones with NIS gave rise to an
iodofuran.™®

This transformation is amenable to anumber of variations,
both in the structure of the starting alkyne and in the nature
of the nucleophile, as indicated by the examples compiled
in Table 2. In particular, water may be replaced by an a cohol

Table 2. Formation of lodopyrrolinones 16
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such as methanol (cf. 16b and 16€), or, more interestingly,
allylic alcohol (cf. 16¢). In the latter case, it becomes possible
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to apply the Heck reaction to construct a second ring as
illustrated by the example displayed in Scheme 4. Indeed,

Scheme 4
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the presence of the vinylic iodide alows the enlisting of
numerous transition metal-catalyzed processes to augment
considerably the number of possible combinations and
opportunities for creating diversity. Access to pyrrolinones
by previous methods remains somewhat limited,** despite
the fact that compounds with related motifs sometimes
display interesting biological activities.*

In summary, we have now in hand a very practical,
efficient, and quite general process for the synthesis of
alkynylamides of type 11. It consists in assembling three
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Black, D. StC; Kumar, N. Tetrahedron Lett. 2007, 48, 2287.
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components, namely an isoxazolinone, an aldehyde or a
ketone, and an isocyanide. Since the first partner is made by
reaction of a f3-ketoester with hydroxylamine, and therefore
very readily accessible, a vast number of combinations are
possible. Furthermore, the structural diversity can be aug-
mented by exploiting the efficient NIS induced ring-closure,
which incorporates an additional, fourth component, in
particular water or an alcohol as shown in Scheme 3 and
Table 2, but other nucleophilic reagents may prove suitable.

Acknowledgment. We respectfully dedicate this paper to
Prof. Albert Padwa (Emory University). We thank Dr. Hadi
Rezaei (Ecole Polytechnique) for preliminary experiments
and Ecole Polytechnique for a grant to 1.D.-J.

Supporting Information Available: Experimental pro-
cedures, full spectroscopic data and copies of H and °C

NMR spectra for al new compounds. This material is
available free of charge viathe Internet at http://pubs.acs.org.

OL902472R

(12) (a) Coleman, R. S.; Walczak, M. C.; Campbell, E. L. J. Am. Chem.
Soc. 2005, 127, 16038. (b) Kakeya, H.; Onozawa, C.; Sato, M.; Arai, K.;
Osada, H. J. Med. Chem. 1997, 40, 4-391. (c) Wooldridge, T. A.; Lightner,
D. A. J. Heterocycl. Chem 1977, 14, 1283. (d) Vittilo, B.; Buniva, G,
Bernareggi, A.; Assandri, A.; Perazzi, A.; Fuccella, L. M.; Palumbo, R.
Int. J. Clin. Pharmacol. Ther. Toxicol. 1984, 22, 273, and references cited
therein.

419



