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Alkyne—vinylidene isomerization is a mechanistically interesting  Table 1. Synthesis of Fused Pyrrole-Containing Heterocycles

and synthetically useful transformatiéizor example, McDonald oTBS o, S

used this transformation as the key step in efficient synthesis of R % ¢ T )
heterocycles (eq B)lt has also been shown that various groups BN @ W

(G) can undergo 1,2-migration upon alkymanylidene isomer- s fad

ization, as demonstrated by Iwasawa=éG+e_1I, M = W),* Furstner # G T (°C) Time, h Product Yielad’
(G = Hal, M = Au)5 Katayama (G= SiR;, M = Ru)$ and %
Kawakami (G= SnR;, M = RuY (eq 2). However, to the best of oTBsS

our knowledge, no examples of synthesis of heterocycles with 1,2- 1 SiMe, 50 15 Z —sive, 4a 63°
migration of groups other than H have ever been reported. Thus, SN oTBS

we reasoned that development of alternative routes toward hetero- , SnBu, 50 05 O~ 4b 64
cycles, which proceed with 1,2-group migration, would be desirable, N SBu

as they would allow for the synthesis of densely substituted

. . PN= o
molecules. Herein, we wish to report a new Au-catalyzed cascade 3 GeMe, 25 05 Ny CeMes 4c 92
cycloisomerization of propargylic derivatives of N-containing oTBS
heterocycles into fused pyrrole-containing heterocycles. The cascade H 50 15 Z o ad 62
transformation involves 1,2-migration of silyl-, stannyl-, and even ’ AN
the previously unknown migration of a germyl growgnd allows 5
for efficient synthesis of various fused pyrroloheterocycles func- 5 H o5 05 P pres . 81
tionalized at position C-2 (eq 3). ’ )
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. .We have_rece-ntily reported the cycl0|§omer|zat|on of _alkynylpyr- a|solated yield; reactions performed in 0.5 mmol scal¢ield over 2
idines into indolizines (eq 4).The reaction proceeds via a base-  steps< Reaction was performed in 5.0 mmol scale in the presence of AuCl
assisted propargylallenyl isomerization to intermediatgfollowed catalyst (0.5 mol %)4 NMR yield. € AuCl was used as a catalyst.

by its cyclization into the indolizine core. This transformation
presumes two formal hydrogen migrations, and thus is limited to
the preparation of C-1,2 unsubstituted indolizines.

ization depicted in eq 4). Alternatively, this reaction may proceed
via isomerization of terminal alkynel into gold—vinylidene
intermediater, which subsequently cycloisomerizes into the het-
H__H H H eroaromatic structur2 (eq 5).
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Naturally, as we were interested in developing approaches toward L] H
C-1 substituted heterocycles, we turned our attention to the ! A Z7%%
cycloisomerization of easily availaleonconjugated propargylpyr-
idine 1 (eq 5). After catalyst optimizatioH,it was found thatl, in To clarify whether this reaction proceeds via an allenylof

the presence of Au(l) or Au(lll) salts,undergoes smooth cyclo-  vinylidene @) intermediate, we examined cycloisomerization of
isomerization into C-1 substituted indolizi2et is reasonable to TMS-substituted propargylpyridin@a in the presence of Au-
propose that this transformation operates through allenyl intermedi- catalyst. It was hypothesized that a prototropic isomerization (via
atei (e.g., via another mode of the propargyllenyl cycloisomer- intermediatei)'? would lead to indolizine with the silyl group
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Scheme 1. Proposed Mechanism for Cascade Cycloisomerization
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attached to the C-3 position, whereas the silyl group would be at
C-2 if alkyne—vinylidene isomerization operates (via intermediate
v). To our great delight, it was found thag, in the presence of
AuBr3 (2.0 mol %) in toluene at 50C, underwent smooth
cycloisomerization to afford indolizinéa with TMS group migra-
tion to the C-2 position, as the sole regioisomer in 63% yield (Table
1, entry 1). It deserves mentioning that in indolizines, the C-2 site
is an unfunctionalizable position, and its substituent has to be
introduced prior to cyclizatiok?

Motivated by the importance of differently substituted fused
pyrroloheterocycle$! and encouraged by the successful cyclo-
isomerization of TMS-containing substra&a we examined various
propargyl heterocycles in this transformation (Table 1). Gratifyingly,
the stannyl group, known to undergo migration upon alkyne
vinylidene isomerizatioh(entry 2), underwent smooth migration
to give 2-stannyl indolizindb in good yield. Remarkably, we also
found that unprecedented 1,2-germyl migration can also occur to
produce 2-germylindolizindcin excellent yield (entry 3). Notably,
this cycloisomerization appeared to be general with regard to the
heterocyclic core. Other heterocyclic systems, such as isoquinoline
(entry 5), quinoxaline (entries 6 and 7), pyrazine (entries 8 and 9),
and thiazole (entry 10), reacted smoothly, producing fused pyr-
roloheterocycles in good to excellent yields.

We propose the following mechanistic rationale for this novel
transformation. First, isomerization of alkyr results in the
formation of vinylidenes'> (Scheme 1), followed by nucleophilic
attack of the nitrogen lone pair at the vinylidene carbon, resulting
in formation of zwitterion5. The latter can either undergo a series
of 1,2-hydride shifts (path A), or a deprotonatigprotonation
sequence (path B) to furnisth'® To verify which mechanism
operates, we performed a deuterium-labeling experiment utilizing
isotopically homogeneous propargy! pyridigle. It was found that
under standard cycloisomerization conditions, the reaction produced
indolizine4k with equal distribution of deuterium between positions
C-2 and C-3Y thus strongly supporting path &.
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In summary, we have developed a new mild cascade cyclo-
isomerization of propargyl N-containing heterocycles into various
types of N-fused pyrroloheterocycles in the presence of gold

catalyst. The reaction proceeds via alkyvylidene isomerization
with concomitant 1,2-migration of H, silyl-, and stannyl groups,
as well as previously unknown 1,2-migration of a germyl group,
giving easy access to a variety of C-2 functionalized heterocycles.
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