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The transition-metal catalyst has a crucial effect on modulating clopropanation and €H insertion would be highly beneficial, and
the decomposition chemistry of diazo compouhd3irhodium silver catalysis was found to have a profound influence on this
catalysts have supplanted the traditional copper catalysts becauseelectivity.
in general they give much cleaner transformations for many A comparison between AgSkF and rhodium(ll) acetate-
reactions, such as cyclopropanation:-& insertion, and ylide catalyzed reactions was conducted with a range of substrates. Silver
formation! The silver-catalyzed decomposition of diazo ketones catalysis strongly favors cyclopropanation as can be seen in the
is a component of the venerable Arndt-Eistert homologétfofhe reaction between cyclohexene and methyl phenyldiazoacetgte (
resulting highly reactive silver carbenoids undergo a Wolff rear- (€d 2). The cyclopropan@was produced in high yield (88%) and
rangement instead of the typical reaction seen with dirhodium diastt_ereoselectivitﬂ94% de), while the r_hodium acetate-ca_talyzed
catalysis. Effective intermolecular reactions in silver carbenoid '€action gave a mixture &fand the C-H insertion product in a
chemistry with ethyl diazoacetate have been limited to reactions 1:2-2 ratio.
catalyzed by silver scorpionate catalyst3.

The profound effect of the carbenoid structure on carbenoid

Ph COyMe
reactivity has become widely recognizetThe traditional car- O 1, catalyst (j/ + (%)
benoids functionalized with one or two electron acceptor groups CH2Cly, reflux

(ester, ketone, phosphonate, etc.) are highly electrophilie.have 3 Ph 4 COMe
found that carbenoids with a donor (aryl, vinyl, or alkynyl) and an

acceptor group are much more chemoselective than the traditional catalyst yield®, % _ratio 3:4
carbenoid$. This has led to a number of highly stereoselective AgSbFg 88 >15:1

synthetic methods such as cyclopropanalfifh,+ 3] cycloaddi- Rhy(OAG), 44 1:2.2

tion 2 [3 + 2] cycloaddition? and intermolecular €H insertion32.10
In this paper, we demonstrate that the silver hexafluoroantimonate

(AgSbFy)-catalyzed reactions of donor/acceptor-substituted car-  Fyrther investigation into a more highly substituted systeans-
benoids offer new synthetic opportunities, which cannot be achieved -methylstyrene, gave even more contrasting results. The AgSbF
with dirhodium catalysis. catalyzed reaction yielded the cyclopropahén excellent yield
The first stage of this project was to screen the commonly (80%) and diastereoselectivity>04% de), retaining the trans

available silver salts in the cyclopropanation of styrene with methyl orientation between the phenyl and methyl groups in the final
phenyldiazoacetate (eq 1). AgSbk gave the highest yield (96%)  product (eq 3). The same reaction catalyzed by rhodium acetate
in this reaction, generating the cyclopropa®ewith very high gave only a 4% vyield of the €H insertion product; carbene
diastereoselectivityX94% de). The catalytic activity of the silver  dimerization was the dominant product despite the presence of the
salt seems to be dependent upon the counterion, as more tightlysubstrate in large excess. This result confirms that the rhodium-
bound counterions (e.g., AGOCF;, AgOAc, AgSQ,) gave poor catalyzed reactions of donor/acceptor-substituted carbenoids are

2= combined yield

yields or no reaction at alf especially inefficient at mediating the cyclopropanation reaction
of trans-1,2-disubstituted alkenes, but the silver-catalyzed reactions

N, 10 mol% AgSbF, A have a very different reactivity profile.

P + AN CH CIO regﬂux ? PR = coMe (1)
Ph™ ~CO,Me 2 02’ : Ph
1 96% yield ) !
>94% de Xy~ _1 catalyst YAV CO,Me ™ Ph
Ph CHCl reflud_ PR 3, + Ph/\/\c(O ) (3)

Having demonstrated that the silver carbenoid is capable of 5 6 2ne

intermolecular cyclopropanation, a comparative study of the
reactivity profile of silver- versus dirhodium-catalyzed reactions
was performed. In rhodium-catalyzed reactions of donor/acceptor AgSbFg 80 >20:1 >04

carbenoids, monosubstituted alkenes and 1,2-disubstituted alkenes Rhy(OAc), 4 1:>20

efficiently undergo cyclopropanatidrCis-1,2-disubstituted alkenes

are less favorable substrates for cyclopropanation and intermolecular - The results of the AgShFcatalyzed cyclopropanation of a range
C—H insertion becomes a competing process. Trans-1,2-disubsti-of alkenes are summarized in Table 1. Only the reaction with 1,1-
tuted or more highly substituted alkenes are sterically protected diphenylethylene (entry 5) can be effectively achieved under
and very few examples of their cyclopropanation by donor/acceptor rhodium catalysis. In entries—13 the cyclopropanation of cyclic
carbenoids are knowfd. Controlling the selectivity between cy-  cis alkenes is very effective with AgSkmut allylic C—H insertion

catalyst yield, % ratio 5:6 de, %

6090 = J. AM. CHEM. SOC. 2007, 129, 6090—6091 10.1021/ja069314y CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

Table 1. Silver-Catalyzed Cyclopropanation with 1

no cyclopropanation products. The cyclopropanations are all highly

Ph, .CO,Me diastereoselective, as is characteristic for the donor/acceptor car-
R .
R1 H N2 10-20% AngFe R1/., WH ben0|d5.
— + >
R2: <R3 Ph CO2Me CH2C|2, reflux R2 R3 COzMe Cone
(5-10 equiv) © _catalyst
CHchZ, reflux
entry R! R? R3 yield, %
1 H -(CH)s 88 9 COzMe
2 H -(CH=CHCH,CHy)- 79 - -
catalyst yield® %  ratio 8:9
3 H 80 AgSbFg 67 5.4:1
Rhy(OAc)4 36 1.4:1
g gh |;h PHh 9862 2= combined yield
6 Me H Ph 80 In conclusion, these studies show that AgSks-an effective
7 H Me Ph 86 catalyst for the reactions of donor/acceptor substituted carbenoids
8 Ph H Ph 84 . L . . .
9 H Ph Ph 54 and shows a different reactivity profile from the traditional rhodium-
catalyzed reactions. Most notably, sterically hindered alkenes, which
_ o are unreactive under rhodium(ll) acetate-catalyzed conditions, can
Table 2. Silver-Catalyzed Cyclopropanation with 7 be effectively cyclopropanated under silver-catalyzed conditions.
Ph . .
R H /\)Nﬁ 10-15% AgSbFe \{\_\\COZME < Acknovl\:/ledg(;mt—::nt. Tgls rttesgggzkg\évggss;espported by the National
2:( PN COMe GG rex R,,_QA.;H cience Foundation (Gran - ).
R R_ 7 R R Supporting Information Available: Full experimental procedures
(5-10 equiv) for the rhodium acetate-catalyzed reactions and the characterization of
antry RI R? RS yield, % new compounds are detailed. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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