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The development of new pentannulation reactions continues to Scheme 1

be an important pursuit in synthetic organic chemistry due to the _( e
prevalence of five-membered rings in natural products. While var- "‘° Phe ey | M Lo

ious traditional approaches such as the NazaRaysor-Khand? co E‘— (ﬁ 0Ncom|
and Karpf-Dreiding® reactions have provided access to pentacyclic ’ ot e

structures, there remains a need to develop more efficient organic

transformations in this regafé.Recently we reported a Pt-catalyzed 1 0hC  oxess L0
: : H H H i co Et Z =TT - » o
pentannulation reaction, an example of which is outlined in &q 1. g " >dI Pcom »
270 2! H

CO,Et H 6022:?6
Me_ OAc PlCIPZLPI;lE;)SggIn}o)I %) O‘ one 7 8 9
©)\coza PhMe (0.2 W), 100 G, & h “ o Table 1. Cycloisomerization of Epoxide Substrates?
4 2 CO,Et entry substrate® product® time (h) yield (%)
(62% yield) ™

In these reactions, readily obtained propargylic esters such as AcOy e
are converted to highly functionalized inden&y nder platinum ! <:l§o\\coﬂ O:)c : ”
catalysis, presumably via the intermediacy of a metallocarbehoid. H Goger

With the success of these processes, we sought to develop other ACO, me e
bond forming transformations of propargylic esters. We envisioned R @o\\ o
a substrate such &Scheme 1) could undergo Pt-catalyzeei® COoR A 6023Ac
dig cyclization to produced. Zwitterion 4 could give rise to a)R=Me 3 70
metallocarbenoids, which should be electrophilic enough to be b) R=Et 3 72
attacked by the epoxide oxygen. The resulting strained intermediate ©)R=Bn 3 56
6 should then undergo bond isomerization to yield pyrawhich o
may exist in equilibrium with the ring-opened tautom@ryia an o e I
oxa-6t electrocyclization. We theorized that acetoxy-bearing di- (\/g\ o R
enone8 would, in turn, cyclize to the pentannulated prodact ’ Do NN

The requisite substrates to test this hypothesis (8).gvere rea- aR=Ph ’ 10 o7
dily prepared in three steps in high overall yield, albeit as a mixture b)R=tBu 10 58
of diastereomer¥To our delight, exposure of a 3:1 diastereomeric ) R=3,4-CoHCly 10 55
mixture of propargylic acetatd to catalytic Pt(ll) gave a single d) R = pNO,Ph 10 ”
diastereomer of pentannulated bicyclic prodiat 72% yield. As AcO Me Me
shown in Table 1, this reaction is general for a range of propargylic . @\ mﬂ, s -
esters using an optimized set of conditions (10 mol % R{CILO © Neoge ™Sonc
M in PhMe, 100°C). Various ring sizes readily participate in this °::E‘
epoxide fragmentation pentannulation reaction (entries 1, 2, and AcQy Ph
4) and lead to good yields of the desired bicyclic products. Methyl, 5 Céo\\ Qféﬂ 6 7
ethyl, and benzyl esters are all easily tolerated at the terminus of COaEt H doohe
the alkyne (entry 2). Likewise, propargylic acetates, benzoates, and A, e e
pivalates are transformed to the pentannulated products (entry 3) . ™ f\\ eté“ . .
in comparable yields. Additionally, acyclic compounds serve as ° CO,Et P T on
competent substrates in the cycloisomerization to afford function- o " Cogt
alized cyclopentenone products (entries 6 and 7). ACO, Ci,on we.  frEE

We sought to extend the scope of this transformation by em- 7 Me\@\\ fé:o 6 P
ploying substrates that bear substituents other than alkyl carboxyl- ° COEt
ates at the terminus of the alkyne. Our studies utilized epoxides ot
10, 13, and16 (see egs 2, 3, and 4, respectivefy)inder our op- 2 Reaction conditions: 10 mol % P#D.10 M in PhMe, 100C. ® Only the
S i major diastereomer of the substrate is shown although syn/anti mixtures were
timized conditions (see Table )0 was converted oves h to the usedl® cOnly a single diastereomer of the product was obtained in each case.

desired bicyclella/b (60% yield}? along with pyran isomef2

(19% yield). In contrastl3 gave only trace conversion under the formation of bicyclic dienond5 as the sole product. Furthermore,
same conditions. However, under the protocol first reported by Ya- under the Yamamoto conditions, terminal alkykwas smoothly
mamoto (10 mol % PtG) 20 mol % cyclooctadiene, 0.2 M in Ph-  converted in high yield to the pentannulated prodLi¢té

Me, 100 °C, 6 h)13 propargylic acetatd3 was transformed to Subsequent studies with the-chlorobenzoate substraté8
dienonel4 in 65% yield!415 Additional heating (12 h) under the  (Scheme 2) led to a 3:1 mixture of pentannulated bicyi@eand
same reaction conditions resulted in the net loss of AcOH and pyran 20, respectively, under our standard reaction conditions.
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Bicycle 19 provided single crystals suitable for X-ray crystal-
lography (Figure 1).

Figure 1. ORTEP illustration of cyclopentenor9 with thermal ellipsoids
drawn at 50% probability (hydrogens are omitted).

As shown in the ORTEP depiction @B,17 a syn stereochemical
relationship is evident between the bridgehead hydrogen and the
p-chlorobenzoate moiety. Interestingly, re-exposure of pi@to
the reaction conditions affordel® exclusively upon heating over
10 hi8

On the basis of these observations, and in accordance with our
proposed mechanism (Scheme 1), the pentannulated bicyclic pro-
ducts (e.g.19) likely arise from pyran intermediates such2g!°
This may occur through an initial oxazéelectrocyclization to yield
21 followed by C-C bond formation with attendant acyl shift via
the presumed intermedia®2. The relative stereochemistry of the
resulting vicinal stereocenters can be accounted for by a conrotatory
47 electrocyclic ring closure in the ©€C bond-forming step.

In conclusion, we have developed an efficient method for pen-
tannulation using acyloxy-functionalized pyrans that evolve from
readily available propargylic esters. Utilizing a range of epoxides,
pentannulation is achieved using Bt obtain bicycles containing
a tertiary stereocenter. To the best of our knowledge, this work
represents the first example of the use of pyrans su@0as the
construction of carboncarbon bonds. Further studies to probe the
mechanism of this transformation and broaden the scope to include

enantio- and diastereoselective examples and applications thereof

in natural product synthesis are currently ongoing and will be
reported in due course.
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