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A novel metal-free approach to the alkyne amidation reaction is presented. The oxidation of properly substituted amides by the hypervalent
iodine reagent PIFA provides the generation of a nitrenium ion that can react intramolecularly with a triple bond, leading to the construction

of the title compounds.

The intramolecular addition of nitrogen functionalities across of alkaline metalg transition metal complexédanthanided,
carbon—carbon multiple bonds is a highly efficient route to and actinidesas catalysts offers a representative overview
nitrogen-containing heterocycles. Fueled by the developmentof the research in this aréa-dowever, the employment of
of new catalyst systems, inter- and intramolecular alkyne high quantities of either toxic or expensive metal salts, the
hydroamination is becoming an interesting approach to the high sensitivity of some of these complexes to air and
formation of linear or cyclic amines or imines that meets moisture, and the low tolerance to different functional groups

today’s requirements for atom economyhe employment
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are the major drawbacks of this transformation. Therefore,
the application of these protocols to target-oriented synthesis
is still very limited” Thus, the development of new protocols
for alkyne amination reactions remains an important goal in
synthetic organic chemistry.
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Recently, we reported that the action of the hypervalent ||| NN

iodine reagesitiphenyliodine(lll)bis-trifluoroacetate] (PIFA)
on N-p-methoxyphenyl-4-pentenamides of typésee Scheme
1) can provide the construction of the 5-hydroxymethyl-
pyrrolidinone derivative? efficiently.? The generation of an
acylnitrenium ionA and its subsequent trapping by the olefin
fragment to form, via intermediat®, the final heterocycle
featuring the vicinal hydroxyamino moiety are the essential
key steps of this transformation.

Scheme 1. PIFA-Mediated Olefin Amidohydroxylation
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The hypothesis that we will confirm in this Letter can be
stated as follows. If the success of the former cyclization
relies on the intramolecular nucleophilic attack of the olefin
to the deficient nitrogen, we can presume that a similar
behavior would operate starting from the analogous alkynyl-
amides of type. By inspection of the related literature, we
found that the formation of paired imines/enamines is the
final destiny of the triple bond in almost all occasidfis.

could eventually incorporate functionality across both posi-
tions of the triple carbon—carbon bond in one single step
would be more desirable in order to enrich the versatility of
such functional groups as a synthon for a diverse array o
modern synthetic methods.

The required 3-alkynylamide precursorba—n were

prepared in a two-step sequence, as outlined in Scheme 2

Amide 4 was synthesized via EDECI/HOBt! coupling of
commercially available 4-pentynoic aci8) vith p-anisidine.
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Scheme 2. PIFA-Mediated Alkyne Amidohydroxylation
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entry conditions yield (%)
1 PIFA, CH,(Cl,,0°C 0¢
2 PIFA, CH,CN, 0°C 0’
3 PIFA, CF,CH,0H, 0 °C 6a (62)
4 PIDA, CF,CH,0H, 0 °C 0’

aUnreacted starting material was recovered. HBCl: N-(3-
Dimethylaminopropyl)-Nethyl-carbodiimide hydrochloride. HOB:
1-Hydroxybenzotriazole. PMPp-Methoxyphenyl.

Finally, the substitution at the terminal position of the triple
bond? in amide4 was introduced by a Sonogashira cross-
coupling reactiot? using appropriately substituted iodides
or bromides (RX) in variable yields (3281%) as shown in
Table 1.

Amide 5awas selected to optimize the cyclization process.
We tested common aprotic solvents such as@gand CH-
CN (see Scheme 2), concluding that the use of a fluorinated
alcohol such as trifluroethanol as a solvéntas essential
for an efficient transformation into the corresponding
5-aroylpyrrolidinonesa. Another related hypervalent iodine

Therefore, we envisaged that the design of a procedure thatreagent [Phenyliodine(lll) diacetate] (PIDA) was also tested

with negative results.
One of the primary driving forces of this é&xo-dig
cyclization reaction is the aptitude of the triple bond to

¢ behave as a nucleophile. Thus, by modifying the nature of

the aryl ring, we attempted to find a direct relationship
between the feasibility of the final cyclization and the
electron density around the triple bond. As expected (see
Table 1), despite of the lack of reactivity of derivativigs-|
under a variety of reaction conditions, a series of pyrrolidi-
nones6a—h were obtained in moderate to good {581%)
yields. On the other hand, pyrrolidinoBecould be obtained
but in a lower (33%) yield as a result of the diminished
donating properties of the halogen atom.

Trying to expand the scope of the presented cyclization,
the behavior of otherr-extended systems of olefinic nature
was also tested. Thus, enyne amilesn reacted with PIFA
under standard conditions (see Table 1). Thus, while vinyl-
substituted alkynylamidBl afforded only complex mixtures
of polymeric materialssm,n yielded the desired heterocycles
6m,n, respectively, in good yields.

The described transformation can be rationalized as shown
in Scheme 3. We propose that the nitrenium@rgenerated

(13) For a mini account, see: Sonogashira) KOrganomet. Chen2002
653, 46.
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Table 1. 5-Substituted Pyrrolidinones Prepared
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a Standard reaction conditions: 1.5 equiv of PIFA insCH,OH as a solvent (50 mM based on the amide) &€for 1-3 h.° Reaction carried out at
65 °C. ¢ Bromides were used instead of the corresponding iodides.

by the action of the mild oxidant PIFA on amid&3® reacts substituent could be removed for further manipulations in
intramolecularly with the alkyne residue to form a new inter- the heterocyclic skeleton. In our case, removal of the PMP
mediateD. Then, this intermediate, which is stabilized as a group from derivative$ using ammonium cerium(IV) nitrate
linear carbocation by the donating properties of either the aryl (CAN)*® rendered nicely the desired derivativda—e
ring or the electron-enriched olefins, is trapped by a free (Scheme 4). It is noteworthy that pyrrolidinoia contains
ligand delivered by PIFA, resulting in the formation of a the main framework of the Clausenamide alkaldid.
nonisolable esteE. Ultimately, after basic hydrolysis during

workup, the substituted pyrrolidinone skelet®is formed. _
[ Scheme & Removal offhe PMP Group
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In conclusion, a novel, straightforward approach to the
intramolecular amidation of alkynes by a PIFA-promoted
cyclization reaction has been described and applied to the
synthesis of 5-substituted pyrrolidinone derivatives in a few

Finally, the suitability of the presented novel strategy for
the pyrrolidine ring formation oriented to the natural product
synthesis would be of higher interest if the required PMP
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