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Wolff Rearrangement 

R1

O

N2

R2

Ag2O
hv

or !

R2

R1

O

Nu

NuH or A=B A B

O R1

R2
or

O

N2
Ag2O

H2O

OH

O

H2O

•
O

OEt

OO

OEt

OO

OEt

OO

N NH2
OH

OEt

OO

N2
O

N

N

R1

O

R2
HNO2 Zn HNO2

H2O

110°C
HO OEt

OO

HO OH

OO

O

N2

•

O

!

Discovery (1902) 

Schröter (1909)  Wolff (1912) 

L. Kur3, B. Czako, Strategic Applica8on of  
   Named Reac8ons in Organic Synthesis, 2005, Elsevier Inc. 
L. Wolff Justus Liebigs Ann. Chem. 1902, 325, 129; 1912, 394, 23 
G. Schröter Ber. Btsch. Chem. Ges. 1909, 42, 2336 
W. Kirmse E. J. Org. Chem. 2002, 2193 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Wolff Rearrangement / Arndt‐Eistert Homologa3on 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X = -Cl, -F, mixed anhydride, -OC6F5

L. Kur3, B. Czako, Strategic Applica8on of  
   Named Reac8ons in Organic Synthesis, 2005, Elsevier Inc. 
D.A. Evans , et al. J. Org. Chem. 1993, 58, 471 
W. Kirmse E. J. Org. Chem. 2002, 2193 

Arndt and Eistert (1935) 

Evans (1993) 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Wolff Rearrangement – Mechanism 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In the gas phase there significant par3cipa3on by the oxirene. 
In solu3on, oxirene par3cipa3on is very solvent and temperature dependant. 

L. Kur3, B. Czako, Strategic Applica8on of  
   Named Reac8ons in Organic Synthesis, 2005, Elsevier Inc. 
M. Torres, E.M. Lown, H.E. Gunning, O.P. Strausz.  Pure App Chem 1980, 52, 1623 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Ring Expansion Reac3ons to get Cyclobutenes 

A. Fürstner and C. Aïssa.  J. Am. Chem. Soc. 2006. 128, 6306 
M. Shi, L.‐P. Liu, J. Tang. J. Am. Chem. Soc. 2006. 128, 7430 
G.‐Q. Tian, Z.‐L. Yuan, Z.‐B. Zhu, M. Shi. Chem Commun. 2008. 2668 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Cyclobutenes in Previous Total Syntheses 

S.E. Reisman, et al J. Am. Chem. Soc. 2008. 130, 2087 
L.A. Paqueie, X. Peng, J. Yang Angew. Chem. Int. Ed. 2007, 46, 7817 

Wood (2008) 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DCM, 5min, rt

Title Paper ‐ Selec3on of a Catalyst 

Entry  Catalyst  Yielda 

1  Pd(OAc)2  0%c 

2  [Ni(cod)2]  0%c 

3  [AuClPPh3]  0%c 

4  [RuCl2(PPh3)3]  0%c 

5  [Rh(OAc)4]  88% 

6  [Cu(MeCN)4]PF6  80% 

7  AgOTf  90% (87% isolated) 

8  [Cu(acac)2]b  91% 

a.  Yield by 1H NMR with CH2Br2 as internal standard 
b.  5 hr reac3on 3me 
c.  No product by TLC aoer 5 hrs 

Reac3vity:  Selec3vity: 

CO2Bn

N2 5 mol % catalyst

DCM, 5min, rt CO2Bn

Entry  Catalyst 
Cyclobutene/
Lactonea 

Yieldb 

1  [Rh(OAc)4]  3:1  91% 

2  [Cu(MeCN)4]PF6  1:0  89% 

3  AgOTf  1:0  87% 

a.  Isomeric ra3o determined by 1H NMR 
b.  Isolated yield 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Scope of AgOTf Catalyzed Ring Expansion 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Catalyst Dependant Regioselec3vity 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•  A transi3on‐metal catalyzed α‐cyclopropane ring opening to 
highly subs3tuted cyclobutenes was developed. 

•  Chemo‐ and regioselec3ve condi3ons were discovered. 

Conclusions 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