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Original Report

M First reported by H.E. Simmons and R.D. Smith from Du Pont in 1958
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General Features Reported by Simmons and Smith

M Reaction very dependent on the Zn(Cu) couple

H
Zn (dust) + CuO Tozoc’ Zn(Cu) couple (~90% Zn)
B Cyclopropanation is stereospecific
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m- and p-isomers
react slower and
are lower yielding



Modified Reaction Conditions

B Simpler and more reliable preparations of the zinc-copper couple have been developed

1. HCI (aq)

2. CuS0Oy4 (aq)
Zn (dust) » Zn(Cu) couple
3. H,0O, EtOH, then Et,O

Shank et al. J. Org. Chem. 1959, 24, 1825

B A zinc-silver couple is more reactive and gives higher yields that the traditional zinc-copper couple

ZniA
O * Chd EtnO gn = C> 95% yield
2,

Conia et al. Synthesis 1972, 549

B Diazomethane and zinc iodide can also be used to generate active cyclopropanation species
Znl, + CH5N» —_— 1ZnCH,l
IZnCHyl  + CHoNp  ———— Zn(CHal)2

Wittig et al. Angew. Chem. 1959, 652



Further Modifications

B Furukawa modification generates reactive species with Et,Zn for a faster and more reliable reaction

Et,Z
O +  CHyl, CHZCr: - ()} 52% yield
2vi2

Furukawa et al. Tet. Let. 1966, 28, 3353

B Denmark has shown that (chloromethyl)zinc reagents are often superior to (iodomethyl)zinc reagents

Et,Zn X=Cl 94% yield
+  XCH,l >
DCE X=1 12% yield

Denmark et al. J. Org. Chem. 1991, 56, 6974

B Addition of protic additives allows the creation of tunable zinc reagents

RXH
Zn(CHyl)y ———— RXZnCH,l

Conversion after 1h

x_Me Zn Reagent Me
©/\/ > ©/D/ Zn(CHl), 21%

CF3COzanH2| 100%

Shi et al. J. Org. Chem. 2004, 69, 327



Mechanism

B Generation of the cyclopropanting species

Et,Zn ~ +  CHyly ——0 =  EtZnCHyl

EtZnCH,l +  CH,l, Bl Zn(CHol),

M Cyclopropanation transition state
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"butterfly" mechanism

Nakamura et al. J. Am. Chem. Soc. 2003, 125, 2341



Steric Effects

92% vyield (+) - Acetoxycrenulide
single diastereomer

Paquette et al. J. Am. Chem. Soc. 1996, 118, 1309



Achieving Regioselectivity with a Directing Group




Substrate Directed Cyclopropanations




Diastereoselective Cyclopropanation of Acyclic Allylic Alcohols




Accessing the Anti-Diastereomer and Allenic Alcohols




Substituted Methylene Stereochemistry




Replacing Zinc with Samarium




Replacing Zinc with Aluminum




Chiral Auxiliaries 1




Chiral Auxiliaries 2




Stoichiometric Chiral Ligands




Phosphoric Acid Ligands




Catalytic Chiral Disulfonamide Ligand




Chiral Catalytic Lewis Acid




Asymmetric Cyclopropanation without a Directing Group




Conclusions




