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A significant advantage of tandem or concurrent transformations of cyclopropanation (eq 2% The cyclopropanation occurs almost
is that valuable materials can be prepared more economically exclusively on the less-hindered olefin with modergtg stereo-
through shorter routesAlong these lines, the ability of a catalyst  selectivity. The regioselectivity is noteworthy, especially considering
to perform several mechanistically distinct transformations provides that the related, ruthenium-catalyzed multi-bond-forming process
important opportunities for developing highly efficient, multi-bond-  disclosed by Dixneuf and co-workers provides the opposite regio-
forming processes that are carried out in a single reaction véssel. selectivity (eq 3}2 The subtle mechanistic differences between these
Accordingly, we, and others, have been exploring alternative ruthenium-catalyzed processes provide highly complementary
transformations catalyzed by the popular olefin metathesis catalystsmeans of generating regioisomeric vinyl cyclopropane systems from
1 and 2.4 Tandem transformations catalyzed by ruthenium alkyl- the corresponding enynes.
idenesl or 2 developed to date include olefin metatheses, followed

by atom transfer reactiorfsplefin hydrogenation&,and olefin 1, ethylene, 75 °C; 1o/ (1)
isomerizations. y Ny=\ a
/‘/ COEt 4 CO,Et
CysP I\ TsN
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The variety of reactions catalyzed by ruthenium suggests that = Nza' _
numerous other tandem processes might also be po$sible. 6 CO,Et 7 COzEt

particular, the ability of ruthenium alkylidenes to cyclopropanate
olefins? combined with similarities between the olefin metathesis Enynes with a variety of substituents were subjected to ring-
and cyclopropanation mechanisms (Figure 1), indicates that aclosing metathesis and then warmed with a diazo compound to
tandem metathesicyclopropanation reaction sequence should be effect a ruthenium-catalyzed cyclopropanation of the resulting 1,3-
achievablé? We originally reasoned that ligand modifications to  diene. Table 1 summarizes a series of vinyl cyclopropanes prepared
the olefin metathesis catalyst would be required to alter the in a single reaction vessel from the readily prepared enynes. Entries
prevailing mechanism; however, our findings reported herein do 1-10 indicate that five-, six-, and seven-membered cycloalkenyl
not support this assumption. We observed that alkylideran cyclopropanes can be generated through this ruthenium-catalyzed
catalyze a ring-closing enyne metathesis followed by a selective tandem process accompanied by only trace amounts of the
cyclopropanation of the resulting diene after addition of diazoesters, regioisomeric cyclopropane (i.e<5%)2 Entries 2 and 8 demon-
generating vinyl cyclopropanes in a single operation without making strate that an increase of the bulkiness of the diazoester group from
deliberate changes to the ruthenium complex. ethyl tot-butyl does not influence significantly this/transisomeric
ratio observed in the cyclopropanation. Entry 3 shows that a highly
stabilized diazodiester is also transferred effectively to the 1,3-diene
) N : o in good yield, but higher temperature and increased amount of
==\ ' HEN . . -
W= J// R\ R = / R' A catalyst (20 mol %) is req_glred fgr comp_lete _conversmﬁl())_.
LRu— LXRLE[ 5 L Ru:/"‘ LXRL\J:[ En_try 4 reveals that unstab_lllzed trlmethylsnyl dl_azomethgn_e is also
A R R suitable for cyclopropanation, but the reaction is less efficient than
p & LXRU-~-ﬁ/ . 5\ ‘/<A other diazo transfer reactions, Ieadlng_ to lower yields of the tandem
R “m It e LONp= LAu R R product1l. Entry 10 indicates that high temperature, as well as
increased amount of catalyst (20 mol %), is required for the
cyclopropanation of more substituted 1,3-diene.
Overall, these results suggest that, even though the ruthenium
After examining tandem ring-closing metathesis/cyclopropan- carbene complex is generally electrophifiche steric hindrance
ations on isolated cyclic olefins without success, we were pleased of the diene appears to override any electronic bias in determining
to observe that 1,3-dienes formed in a ring-closing enyne metathesisthe regioselectivity of the cyclopropanation reactidithe stereo-
with Grubbs’ ruthenium catalystcould be cyclopropanated when  selectivity of the cyclopropanation with Grubbs’ catalyst is moderate
diazoacetate is added to the reaction at elevated temperatures (egt best withE/Z ratios ranging from 1/1 to 3/1. These isomers were
1). The tandem process appears to be specific to catdlyst assigned through nOe experiments, as well as examining the
alkylidene2 provides only the triene dimer without any evidence carbonyl'3C NMR signal of theE-isomer, which is consistently

Olefin Metathesis R 5 Cyclopropanation R
_ L Rl,J =/ : LR u =/

Figure 1. Mechanism of ruthenium alkylidene-catalyzed olefin metatheses
and cyclopropanations.
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Table 1. Tandem Enyne Metathesis/Cyclopropanation

dienes'® prepared in situ from various enynes, using Grubbs’ ruthe-
nium catalystl. Further mechanistic studies are required to help
identify the ruthenium species responsible for the cyclopropanation

activity, as well as to expand the scope of the tandem process.
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aConditions: 10 mol % ofl at 75°C [0.05-0.10 M in GHg]; enyne
RCM was conducted under GBH; atm; cyclopropanation was conducted
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observed at lower field compared to thésomer as a consequence
of the y-effect1®

31P NMR studies to identify the specific ruthenium catalyst
responsible for the cyclopropanation were not conclusive; the NMR
after tandem reaction revealed né#® NMR signals at 34.7 and
48.8 ppm. Both signals are different from th#¥ NMR signal
observed after the enyne ring-closing metathesis (31.2, 35.5, and
47.9 ppm)t’ In addition, when dieneB was added after the
cyclopropanation step to see whether the ruthenium catalyst
responsible for the cyclopropanation was still olefin metathesis
active, no new metathesis products were observed (eq 4). This
evidence suggests that ruthenium comglés modified in situ by
the diazo compound to form a cyclopropanation active catéfyst.
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Overall, a tandem ring-closing enyne metathesis/cyclopropanation
reaction has been developed. A variety of diazo compounds
participate successfully in a regioselective cyclopropanation of 1,3-

(eq4)
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