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Abstract—A palladium-catalyzed tandem Stille-oxa-electrocyclization reaction has been developed for the convergent preparation
of highly substituted polycyclic pyran systems. The strategy presented in this letter is an alternative to the known methods for con-
structing similar pyran systems. The substrate scope of this diastereoselective transformation is explored.
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Metal-mediated coupling reactions are essential tools
for the synthetic chemist and are among the most impor-
tant methods for forming carbon—carbon bonds. Tan-
dem reactions are also useful since they can rapidly
and efficiently build up complex molecular architectures.
With these key features in mind, a palladium-catalyzed
tandem Stille-oxa-electrocyclization has been developed
in our group based upon work toward the total synthesis
of saudin (1).!

Saudin (1) 2

Scheme 1.

The key disconnection in our synthetic strategy for
saudin (1) is the opening of the 2H-pyran 3 via a retro-
oxa-electrocyclization to reveal oxatriene 4, followed by
disconnection across the C(5)-C(16) bond via a Stille
coupling (Scheme 1). This reveals the relatively simple
coupling partners 5 and 6.

When iodoenones 5 and 7a—c were treated with stannane
6 under Cu(I)-accelerated Stille conditions, the desired
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Scheme 2.

coupling reactions occurred (Scheme 2). However,
products 4 and 8a-c were not observed. Instead, the
substrates reacted further, undergoing an oxa-electro-
cyclization to yield substituted pyrans 3 and 9a—c. This
tandem reaction, which rapidly builds up the core
structure of saudin, was selected for further investiga-
tion to evaluate its utility as a more general synthetic
methodology.

The tandem Stille-oxa-electrocyclization has several
interesting features: it is highly diastereoselective, con-
vergent, and requires mild reaction conditions with
low catalyst loading. These mild conditions are particu-
larly noteworthy given the sterically hindered nature of
the coupling partners. The reaction is also of interest
since oxa-electrocyclizations are relatively under-utilized
in organic synthesis.” Recently there have been notable,
though isolated, examples used in the syntheses of
torreyanic acid by Porco and co-workers,® the epoxy-
quinols by Hayashi and co-workers,* the antimalarial
naphthoquinones by Trauner,® EI-1941-2 by Porco
and co-workers,® and Hsung’s approach to a number
of natural products including rhododaurichromanic
acids A and B and arisugacin A.”

In pursuing this reaction as part of a general synthetic
strategy for the formation of 2H-pyrans (10), we realized
that there are two variants of this methodology: strategy
A couples a 4-cis-iodoenone (11) with a 2-stannylenone
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(12), and strategy B couples a 4-cis-stannylenone (13)
with a 2-iodoenone (14) (Scheme 3). Our earlier work
had shown the viability of strategy A in the context of
our synthetic efforts with saudin. Since different strate-
gies may be better suited for different classes of pyrans,
we were interested in expanding our tandem methodol-
ogy by exploring the viability of strategy B. We were
also interested in expanding the scope of this tandem
reaction to include pyrans with varying substitution at
positions 2, 3, and 6 of the ring system. We would like
to now present our results on the development of a more
general version of the tandem Stille-oxa-electrocycliza-
tion as a method for synthesizing highly substituted
pyrans.

Two different routes were utilized to synthesize the 4-cis-
stannylenone coupling partners for strategy B of our
tandem methodology. The first route involved addition
of a Grignard reagent into an aldehyde followed by a
Jones’ oxidation to form alkynones 18a—c (Scheme 4).
Alternatively, the same alkynones were made directly
via a Sonogashira coupling between a terminal acetylene
and an acid chloride (Scheme 4).%

Alkynones 18a—c were then converted to (Z)-vinyl
stannanes (Scheme 5). Hexabutylditin was treated with
n-butyl lithium, followed by the addition of copper thio-
phenol. This generated (Bu3;Sn)CuSPhLi in situ, which
was then reacted with alkynones 18a—c to give vinyl
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stannanes 20a—c with exclusively the desired olefin
geometry.’

In order to examine the scope of the reaction, vinyl iod-
ides 22a—¢ were synthesized from the readily available
enones 2la—c (Scheme 6). These iodoenones feature
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Scheme 6.

varying ring sizes and differing amounts of steric bulk
around the ring. In addition, vinyl iodide 22a contains
a lactone.

Subjection of enone 23 to the standard iodination condi-
tions did not yield the desired product (Scheme 7). How-
ever, treatment with ICI provided iodoenone 24 in good
yield.

With a variety of stannanes and iodoenones in hand, the
efficiency of the reaction was investigated. Given our
previous success with bicyclic stannane 6 (Scheme 2),
the bicyclic iodoenone 24 served as a good test substrate
to examine various substituents in the 6-position of the
resulting 2H-pyran. Stannane 20c successfully under-
went both the Stille coupling and the oxa-electrocycliza-
tion in tandem when coupled to iodoenone 24. However,
the reaction conditions that worked so well for strategy
A of our tandem reaction were less successful for strat-
egy B (Scheme 8). Pyran 25a was produced in low and
variable yields, presumably because of decomposition
of 4-stannyl enone 20c.

Previous studies in our group demonstrated that
copper(I) iodide was necessary for this Stille coupling
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to proceed. The copper effect in Stille couplings has been
well studied,!®!! and different mechanisms have been
proposed depending upon the reaction medium.'>!? In
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the case of very polar solvents such as DMF or NMP,
copper(l) salts are believed to undergo Cu/Sn transmet-
allation, resulting in the formation of an organocopper
species (Scheme 9).

In an attempt to further optimize our reaction, the
amount of copper(I) iodide was varied. When substoi-
chiometric amounts of copper(I) iodide were used, the
stannane was not consumed, which suggested that some-
how the presence of stoichiometric copper was leading
to an undesired side reaction of the vinyl stannane
(Table 1, entries 2 and 3). In two control experiments,
iodoenone 24 was excluded from the reaction (Table 1,
entries 4 and 5). Decomposition of vinyl stannane 20c
was observed in the presence of copper(I) iodide (Table
1, entry 4), while no decomposition was seen in the ab-
sence of copper(I) iodide (Table 1, entry 5). From these
results, it was hypothesized that copper(I) was undergo-
ing oxidation to a copper(Il) species, which is known
to facilitate the homocoupling of vinyl stannanes.'* In
order to test this hypothesis, the reaction was run in

Table 1.
TBDPSO
Pd Source,
2 SnBu; Ligand, Cul
DMF2
o
20c 24 25a

Entry Pd source Ligand Cul (mol %) Other Stannane consumed? Yield
1 Pdy(dba), PPh, 100 Yes 45%°
2 Pdy(dba)s PPh; 5 No Trace
3 Pd(PPh3), 0 No No reaction
4 Pd(PPh3), 100 No iodoenone 24 Yes Decomposition
5 Pd(PPh3), 0 No iodoenone 24 No No reaction
6 Pd(PPhs)4 100 In glovebox No 94%°

45 mol % Pd, 20 mol % ligand, 0.1 M in 24, 1 equiv 24, 1.2 equiv 20c.
®Isolated yield.
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Table 2.
Cyclized product Uncyclized product Ratio (cyclized:uncyclized)* Yield® (%)

7:1 90
=
10:1 66
(]
279
TBDPSO o
=
10:1 73
Ph” SO
TBDPSO
1:3 62
2 Ratio determined by '"H NMR spectroscopy.
®Isolated yield.
an inert atmosphere glovebox, thus rigorously excluding Having found that rigorously anaerobic conditions
oxygen. To our delight, the desired product was ob- were optimal for this reaction, we examined other

tained in high yield (Table 1, entry 6). substrates.!> Vinyl stannanes 20a—c¢ (Scheme 5) were
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successfully coupled with vinyl iodides 22a (Scheme 6)
and 24 (Scheme 7) to produce pyrans 25a—e and 9a in
good to excellent yields (Scheme 10).

When we subjected vinyl iodides 22b and 22¢ (Scheme 6)
to our tandem reaction conditions with various vinyl
stannanes, the Stille couplings were successful, but the
oxa-electrocyclizations yielded an equilibrium mixture
of products (Table 2). These equilibrium mixtures were
difficult to characterize because the species in solution
were rapidly interconverting on the NMR timescale,
causing the peaks in the NMR spectrum to be very
broad. To alleviate this problem, the '"H NMR spectra
were taken at —30°C. These coupled products were
obtained in useful yields and often in a good ratio of
cyclized to uncyclized products (Table 2).

In conclusion, the tandem Stille-oxa-electrocyclization
reaction is a general method for the synthesis of highly
substituted 2H-pyrans. Versatility in this methodology
has been shown by developing both variants of this
reaction (strategy A and strategy B). This work
demonstrates the utility of tandem reactions for the
construction of complex molecular architectures and
also shows the potential of using oxa-electrocyclizations
in synthesis.
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