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ABSTRACT

Au-catalyzed synthesis of 5,6-dihydro-8H-indolizin-7-ones from readily available N-(pent-2-en-4-ynyl)-�-lactams is developed. In this reaction,
a 5-exo-dig cyclization of the �-lactam nitrogen to the Au-activated C-C triple bond is followed by heterolytic fragmentation of the amide
bond, forming a highly nucleophilic acyl cation. An expedient formal synthesis of indolizidine 167B was easily achieved using this new
method.

In the past few years, Au catalysis1 has rapidly evolved
from a relatively unknown phenomenon into an established
area in organic synthesis. Various practical synthetic methods
have been developed.

We reported previously that N-(2-alkynylaryl)lactams
underwent two consecutive 1,2-migrations in the presence
of PtCl4 or PtCl2, yielding cyclic ketone-fused indoles
(Scheme 1).2 Au(I) also catalyzed this reaction albeit less
efficient. This reaction was proposed to undergo an initial
5-endo-dig cyclization of the lactam nitrogen to the metal-
activated alkyne followed by the fragmentation of the lactam
amide bond and the formation of an acyl cation.3 The
benzene ring in the substrate was critical for conformation
control and for the ease of substrate assembly, but its very

existence limited this method to the synthesis of indole
derivatives. While indoles are highly useful compounds,
extending this chemistry to nonaromatic substrates would
provide a new approach to other N-heterocycles.

We surmised that a cis-alkene could substitute the benzene
ring (i.e., 1, Scheme 2). For the ease of substrate preparation
and to avoid the relatively electron-rich C-C double bond
of the enamide moiety in 1, enynyl lactam 2 with an allyl
amine moiety was chosen. We expected that upon Au/Pt
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Scheme 1. Pt-Catalyzed Formation of Tricyclic Indoles
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activation compound 2 would undergo a 5-exo-dig cyclization
preferentially instead of the 5-endo-dig cyclization observed
in our previous study.2 Nevertheless, subsequent heterolytic
fragmentation of the amide bond would generate intermediate
A possessing a highly nucleophilic acyl cation, which might
undergo formal 1,5-hydride migration and thus form pyrrole
acyl cation B. Cyclization of B would lead to bicyclic pyrrole
3. Alternatively, cyclization of the acyl cation in A to the
enamine moiety directly would afford isomeric bicyclic
pyrrole 4 with a larger fused ring.

Lactam starting material 2 can be readily prepared ac-
cording to two general sequences outlined in Scheme 3: from
cis-3-iodoprop-2-en-1-ol, the C-C triple bond can be
installed via the Sonogashira reaction, and the lactam moiety
can be attached via an SN2 reaction with the corresponding
allylic bromide; or, for substrates with a ring-fused C-C

double bond, �-bromoenals, readily available from the
corresponding alicyclic ketones via Vilsmeier reaction,4 are
used.

In our initial study, strained �-lactam 5 indeed underwent
cycloisomerization with PtCl2 as catalyst, affording dihy-
droindolizinone 7 (Table 1, entry 2) albeit in only 18% yield.
Notably, compound 7 was not too stable on silica gel column
and also prone to oxidation over extended exposure to air;
consequently, it was isolated via quick flash chromatography
and stored cold under nitrogen. PtCl4, the catalyst used in
our previous study,2 did not catalyze this reaction (entry 1),
nor did AuCl3 (entry 3). Cationic Au(I) catalysts in general
were better than PtCl2 (entries 4-9), and the most efficient
was IPrAuNTf2

5 (entries 8 and 9). The reaction solvent was
critical for the success of this reaction, and anhydrous THF
allowed complete conversion and up to 94% isolated yield
with 10 mol % of the catalyst (entry 9). As a control
experiment, HNTf2 (1 equiv, entry 10) did not promote this
reaction, and �-lactam 5 was completely decomposed in 15
min. In these studies, no dihydropyrrolizinone 3 was
observed, suggesting that the aromatization to form B is
relatively slow. Under the optimized reaction conditions,

Scheme 2. Extending the Lactam Chemistry: Design

Table 1. Initial Study and Reaction Conditions Optimization

entry substratea catalyst reaction conditions time yield (%)b convn (%)

1 5 PtCl4 DCE, reflux, O2 (1 atm) 6 h 0 c
2 5 PtCl2 toluene, 80 °C, CO (1 atm) 8 h 18 70
3 5 AuCl3 DCE, 80 °C 5 mind 0 c
4 5 Ph3PAuSbF6 acetone, rt 3 h 7 35
5 5 Ph3PAuNTf2 acetone, 45 °C 15 h 31 100
6 5 Ph3PAuNTf2 DCM, reflux 15 h 16 30
7 5 Ph3PAuNTf2 THF, 45 °C 2 h 73 100
8 5 IPrAuNTf2 THF, 45 °C 2 h 78 100
9 5 IPrAuNTf2

e THF, 45 °C 2 h 98f 100
10 5 HNTf2

g THF, 45 °C 15 min 0 h
11 6 IPrAuNTf2 THF, 45 °C 2 h 0 c

a Substrate concentration is 0.05 M. b Estimated by 1H NMR using diethyl phthalate as internal reference. c Mostly starting material. d Au precipitates
observed. e 10 mol % of the catalyst. f 94% isolated yield. g 1 equiv of HNTf2. h The starting material was completely decomposed.

Scheme 3. General Approach for Substrate Synthesis
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however, γ-lactam 6 remained mostly unreacted, and bicyclic
pyrrole 8 was not formed, indicating the importance of the
lactam ring strain for the success of this reaction.

A scope study of this chemistry was performed, and the
results are shown in Table 2. While substrates with substit-

uents at the alkyne terminus (e.g., Bu or Ph) did not undergo
this catalytic reaction, various substituents at the C-C double
bond were tolerated, including benzoxyethyl (entry 1) and

sterically demanding cyclohexyl (entry 2) germinal to the
ethynyl group and hexyl (entry 3) and phenyl (entry 4) groups
vicinal to the lactam, leading to dihydroindolizinones with
different substitutions at their 1- and 2-positions. Substrates
with the C-C double bond embedded in medium-sized rings
(entries 5 and 6) also reacted well, yielding interesting seven-/
eight-membered ring fused dihydroindolizinones (e.g., 10e
and 10f) in good yields. Surprisingly, the corresponding
cyclopentene or cyclohexene substrates did not afford the
corresponding five-/six-membered ring-fused dihydroindoliz-
inones, and the starting materials were mostly unreacted for
the former and partly decomposed for the later after 10 h.

The �-lactam moiety was also studied for its substitution
scope. Besides �-methyl, no substitution (entry 7), R-methyl
(entry 8), �-benzyl (entry 9), R,R-diethyl (entry 10), and R,�-
diethyl (entry 11) were all allowed, affording products with
various substituents at the dihydroindolizinone 5- and 6-posi-
tions in acceptable yields. Of note, no trans-isomer of 10k
was observed, indicating little or no epimerization at the
carbonyl R-position during the reaction.

When substrate 9l with a phenyl R to the lactam nitrogen
was studied, three compounds were isolated and character-
ized (eq 1). Besides the expected dihydroindolizinone 10l,
isomeric cyclic N-acylpyrrole 11 was isolated in 25% yield
along with benzene-fused tricyclic pyrrole 12 (15%). This
result offers support to the reaction mechanism envisioned
in the initial design (Scheme 2): upon the lactam cyclization,6

ammonium intermediate C could undergo amide bond
heterolytic fragmentation, generating an acyl cation and
eventually affording 10l; alternatively, the fragmentation of
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Table 2. Reaction Scope for the Formation of
Dihydroindolizinonesa

a Reaction conditions: IPrAuNTf2 (5 mol %), THF (0.05 M), 45 °C.
b The �-lactams were best used right after preparation as most of them
decomposed over time. c Most of the products were prone to decompose
under acidic conditions and over extended exposure to air. d Isolated yield.
e 10 mol % of IPrAuNTf2 was used. f 87% NMR yield was observed using
a higher substrate concentration (0.1 M). g Reaction temperature: 55 °C.
h The other diatereomer was not observed.
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the C(sp3)-N bond is competitive as a result of the formation
of a stable benzylic cation in D. Cyclization of D would
eventually yield 11 via approach a and 12 via approach b.

This method offers an expedient and novel approach to
the synthesis of indolizidine alkaloids. For example, a three-
step formal synthesis7 of indolizidine 167B, an alkaloid of
scarce quantitiy isolated from neotropical poison dart frogs,8

can be readily achieved from 5-bromo-pent-3-en-1-yne (i.e.,
13,9 Scheme 4). Thus, a SN2 reaction between 13 and
commerically available �-lactam 14 afforded lactam 9m in

60% yield. Subjection of 9m to the standard Au catalysis
conditions yielded dihydroindolizinone 10m in 78% yield,
which was previously converted to indolizidine 167B via
hydrogenation.7b

In summary, we have developed an efficient Au-catalyzed
method for the synthesis of 5,6-dihydro-8H-indolizin-7-ones
from readily available enynyl �-lactam. This method allows
an expedient formal synthesis of indolizidine 167B.
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Scheme 4. Formal Total Synthesis of Indolizidine 167B
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