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In this Letter, it is demonstrated that the unusual reactivity of cyclopropenes can increase the scope and utility of intermolecular Pauson -
Khand reactions. The well-defined chiral environment of cyclopropenes has a powerful influence on the diastereoselectivity of the reactions

and leads to the production of a single cyclopentenone in each of the described cases. The cyclopropane ring strongly influences the
stereochemistry of reactions at the enone, and the three-membered ring can subsequently be cleaved under mild conditions.

The Pauson—Khand cyclocarbonylation is one of the most matically! improving intermolecular protocols to include
powerful reactions of the past centdryand since its unstrained alkenes has presented a greater challenyge.
discovery it has been recognized that strained alkenes arenotable exception is the elegant “directed Paus¢hand”
usually the “best substrates” for the reactfoBince the reaction pioneered by Krafftjn which a ligand for cobalt
original report there has been a tremendous effort to is tethered to the alkerl@®506That advance increased the
improve the scope of the reaction and to develop catditic  scope of the intermolecular to include mono- and disubsti-
and asymmetric variant&d> Although the scope of the tuted alkenes. Still, the development of alternative approaches
intramolecular Pauson—Khand reaction has increased dra{e.g., traceless tethers from intramolecular Paustmand
reactions) is an active area of investigation because of the
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unusual reactivity of strained molecules. The most developedReactions carried out in hexane were inferior. However, the
of such approaches is the allenic Pauskihand reactiof248 reported yields were lowf the protocol calls for an excess
which uses the strain that is inherent to allened@ kcal/ (2 equiv) of the cyclopropene, and the diastereoselectivity
mol) to drive reactivity. This stereospecificapproach has  of the reaction was uncle&t.We decided to thoroughly
been especially effective for increasing the scope of intramo- investigate the reactivity of cyclopropene Paus&mand
lecular PausonKhand reactions. Methylenecyclopropahes reactions and report here that such reactions can proceed with
and cyclobutend8are further examples of strained alkenes exceptional efficiency in the presence of sulfitteor
that serve as useful coupling partners in Pauddmand- N-oxide!’®<promoters. The well-defined chiral environment
type reactions. of cyclopropenes has a powerful influence on diastereose-

Cyclopropenes are intriguing substrates for synthgsis lectivity: a single cyclopentenone was isolated in each of
because they are easily prepared and handled but at the sanige reactions described in Schemexdo Diastereoselectivity
time possess remarkable strain energ$% kcal/mol}? and
unusual reactivity. Because the chiral environment is compact
and well defined, it is particularly suitable for diastereo- Scheme 1. Pauson—Khand Reactions of Chiral Cyclopropenes
selective transformatior$? In recent years, the synthetic O - EtO,Crr.. TMS
utility of cyclopropenes has been augmented by efficient 2 jz Ol _NMO 0 739
preparations of enantiomerically enriched derivativesd H30 O)s CHZCIZ HaC ™S
by the development of facially selective reactions of chiral 1 2 equiv Me 2
cyclopropenes? Although it would seem that cyclopropenes EI0,C. . TMS E0,C... TMS
would also be excellent substrates for intermolecular Pau- EXO 64:/° (BuSMe)? Ejo 58%
son—Khand reactions, there are few examples in the litera-  HsC™ C4H93 - Ee) HaC™ oy, (PuSMe)
turels 3 4

Percias and co-workers have elegantly demonstrated that go,c...  T™s EO,Cr.. TMS
cyclopropene itself is a good substrate for intermolecular — 0 evene) foc  IDe°  83%

. . o 29 e (BuSMe)
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chiral cyclopropenes have been addressed in a single study 5 6
by Smit, Nefedov, and co-workef&In that work, the methyl
ester of cyclopropeng was reported to react with dicobal-
thexacarbonyl complexes of alkynes on dry silica gel.
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als accompanied the formation a2, it was free from |
isomeric PausonKhand adduct;. As the cyclopropene is th? Scheme 2. Diastereoselective Synthesis of Cyclopentanones
more valuable of the two reaction partners, all protocols in

o]
Scheme 1 use it as the limiting reagent. The best results were Sml; 82% CaHo
obtained when a large excess of promoter was utilized, andg,c.... TvMs DTBAF B0y 7 Etozo\ﬁ‘
while BUSEt was the promoter used for most studies, we 2 . Ho 694.dr '101*3
demonstrated that inexpensiveEwas equally effective for HaC™ CaHe 2 2P C * Jap Cato ' P
the synthesis 08. While most of the reactions in Scheme 1 3 ’ ORI merize
were carried out with racemic materials, enoBesl1were o g ; \ then Smi,, 84% @ o
prepared in enantiomerically enriched form from read|ly MoaN %R fé’;’,’é’s’ii';it”,éi;ym | con «CqHg
available, resolved starting materials. , directed Pauson Khand |

CH
f Krafft : . 3
The bicyclic enones that are reported here are S|gn|f|cantn.........._........_.f’...'.a_ ................ : 937 dr 144

in their own right, as a number of drug candidates share the
core structuré® Furthermore, cyclopropene Pausdthand
reactions provide straightforward access to complex cyclo- tions in a host of cycloaddition processes. In future studies,
pentanones: the three-membered ring strongly influences thethe many opportunities for stereocontrolled synthesis (e.g.,
stereochemistry of reactions at the enone, and the three-stereoselective cuprate additions; specific enolate trapping
membered ring can be cleaved under mild conditions. For upon cyclopropane cleavage) will be explored. Further work
example, Scheme 2 shows that desilylation and hydrogena-will also be focused on target directed synthesis and
tion provides13 with high diastereoselectivity, Reductive mechanistic understanding of the origin of regio- and
ring cleavag®® gives cyclopentanon&4, which bears all stereoselectivity in the cyclopropene Paus&and reac-
carbon-quaternary and -tertiary stereocenters. The compledion.
mentary diastereomdrdo. can be obtained by epimerizing
13fto 13a prior to Smp reduction. Notably, the types of Acknowledgment. For financial support of this work we
products that are accessible via cyclopropene Patuson thank NIGMS (NIH RO1 GM068650-01A1).
Khand/reductive cleavage complement those that can be
formed using directed Pauson—Khand methodolbgy. Supporting Information Available: Full experimental

In summary, cyclopropenes are a powerful tool for and characterization details afid and*C NMR spectra;
promoting regio- and stereoselective intermolecular Pauson X-ray data in CIF format, 2D-NMR and NOE data are

Khand reactions, and we believe that they will find applica- Provided for stereochemical assignments. This material is
available free of charge via the Internet at http:/pubs.acs.org.
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