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Cyclopropanes are an important class of molecules. The strain Table 1. Asymmetric Cyclopropanation of Olefins with
a
associated with the three-membered ring allows cyclopropanes to/N-Boc-t-Val-L-Pro-OMe (1)

undergo a variety of synthetically useful ring-opening reactions. _entry substrate yield (%) ee (%)
The versatile reactivity of cyclopropanes also provides useful tools 1 71 72f
for the mechanistic study of many important chemical and biological

transformationg.Furthermore, cyclopropanes are present in many _APh
biologically and medicinally important molecules, and their unique 2 P 83 758
structural features provide important opportunities for drug design. CHg
The Simmons-Smith reaction is a powerful method for the 3 ™ O 43 89%
synthesis of cyclopropanes from olefins (Schemé#and great O CHs
progress has been made in this area. Efficient asymmetric cyclo- HsC
propanations have been achieved using a variety of chiral auxiliaries OMe
including chiral ketals, allylic ethers, enol ethers, and vinyl boronic 4 O 71 75¢
ester$~8 Enantioselective cyclopropanation of allylic alcohols has ‘
also been highly successful using either chiral reagents or cata-
lysts 910 5¢ O 78 90°
Scheme 1 5 " Nepr
R1
Ay IS Rs XZnCHpY )<LR3 o
6 84 781 (98"
The common feature of these methods is the utilization of the
directing function of heteroatoms present in the substrate. The Ph
coordination of the directing group to the Zn reagent not only greatly 7 83 90 (99"
enhances the reaction rate via the effect of proximity, but also leads
to an orderly transition state, thus providing effective stereocontrol.
Therefore, removal of the directing group from the olefin substrate 8 O 71 91t (99M
is detrimental to the stereochemical control of the reaction. The ChHa
absence of the directing group also dramatically reduces the O‘
substrate’s reactivity toward cyclopropanation, which itself is still
an existing problem even for racemic cyclopropanation. Asymmetric 0Bz h
) . . . ; ) 9 71 79% (98"
Simmons-Smith type cyclopropanation of unfunctionalized olefins
via transfer of a simple methylene group from a (halomethyl)zinc
reagent faces issues of both reactivity and selectivity and is a OTMS . .
challenging problem that remains unsolVéd.o the best of our 10 X 68 8

knowledge, prior to our initial studi€g,only two reports appeared

in the literature for asymmetric cyclopropanation of unfunctionalized ah | i’ ied out with olefin (0.8 b, ZnEt
] ; ; ab e cyclopropanation was carried out with olefin (0.8 mmol), Zn
OIGﬁn.S using (halc_)me_thyl)zmc re{:lgents, andht ee ""?‘s reportéd.. . (1.8 mmol), CHI; (2.6 mmol), and peptidé& (1.0 mmol) in CHCI, at 0
In this communication, we wish to report a highly promising sc for 24 h unless otherwise noted. For entry 1, the reaction was carried
asymmetric cyclopropanation for unfunctionalized olefins. out at—30 °C for 48 h. For entries 4 and 10, the reaction was carried out
—40 °C for 72 and 15 h, respectively The reaction was carried out
Scheme 2 with olefin (0.8 mmol), ZnEt (5.4 mmol), CHlI, (7.8 mmol), and peptide
ZNnEts. CHol 1 (3.0 mmol) in CHCI, at 0°C for 60 h.¢ The reaction was carried out
NEtp, GHal2 with olefin (0.4 mmol), ZnEt (1.8 mmol), CHI, (2.6 mmol), and peptide
CO.Me 1 (1.0 mmol) in CHCI, at 0°C for 48 h.4 Isolated yield after purification.
BocNH\)L The cyclopropane products gave satisfactory spectroscopic characterization.
'D %) Ry e The product was isolated after desilylation by TBAEnantioselectivity
R )<1/R was determined by chiral GC (Chiraldex B-DM)Enantioselectivity was
R )\/Rs Ry 3 determined by chiral HPLC (Chiralcel O3)The ee’s after recrystallization
2 CHoCly from hexanes.

In our efforts to develop such a process, we discovered that dihydronaphthalene was used as substrate, the corresponding
treating a simple dipeptidd-Boc-.-Val-L-Pro-OMe () with ZnEt, cyclopropanation product was formed in 71% vyield and 72% ee
and CHi; led to an active cyclopropanation system with encourag- (Table 1, entry 1). The high reactivity of this system is also
ingly high enantioselectivity (Scheme 2). For example, when 3,4- illustrated in the case of normally sluggish stilbef&slhe
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cyclopropanes could be formed in reasonable yields with up to 89%
ee (Table 1, entries 2 and 3). Further studies showed that various ®

trisubstituted olefins were also effective substrates toward cyclo-
propanation (Table 1, entries—40). Up to 91% ee was attained
(Table 1, entry 8}* Enol derivatives were found to be highly

reactive substrates, and up to 85% ee was obtained (Table 1, entries
9 and 10). In some cases, the ee’s could be further improved by

recrystallization (Table 1, entries—®). While a stoichiometric
amount of the dipeptide ligand was used in the current system,

about 80% of the ligand could be recovered and the recovered ligand
showed the same reactivity and selectivity. A detailed understanding

of the mode of asymmetric induction for this system awaits further
study.

In summary, we have found that the readily available dipeptide
N-Boc--Val-L-Pro-OMe () is an effective ligand for asymmetric
cyclopropanation of unfunctionalized olefins. Up to 91% ee has

been attained. These results suggest that the development of a highly ®)

enantioselective Simmon$smith type cyclopropanation of un-
functionalized olefins via transfer of a simple methylene group is
a real possibility. Peptidd provides a promising lead for the
optimization of the ligand structure to enhance the enantioselectivity.

Mechanistic studies of this peptide-promoted cyclopropanation as
well as the search for an effective catalytic process are currently

underway.
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