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Cyclopropane-based Strategies (I)
■ formal cycloaddition strategies

 

■ ring-opening strategies
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■ Tang, P.; Qin, Y. Synthesis 2012, 44, 2969.
■ DVCPR = divinylcyclopropane rearrangement
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■ ring-opening strategies (cont.)

■ ring-opening-cyclization strategies
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■ Tang, P.; Qin, Y. Synthesis 2012, 44, 2969.
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■ Wong, H.N.C. Chem. Rev. 1989, 89, 165.

Cyclopropanes: Thermal Ring Fission
■ Cyclopropyl Carbene Rearrangement 

(1958)

■ Cyclopropylmethyl Carbene Rearr. 
(1960)

■ Vinylcyclopropyl Rearr. (1960)
 

■ Divinylcyclopropane Rearr. (1960)

■ Thermal isomerization of cyclopropane 
(1922)
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■ FREUND–GUSTAVSON Cyclopropane Synthesis

■ CIAMICIAN-DENNSTEDT Cyclopropanation

■ SIMMONS–SMITH Cyclopropanation
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BrBr Zn
2 R X 2 Na° R R
WURTZ Reaction

■ Freund, A. Monatsh. 1882, 3, 625.
■ Gustavson, G. J. Prakt. Chem. 1887, 36, 300.

■ Ciamician, G.; Dennstedt, N. Chem. Ber. 1881, 14, 1153.

■ Simmons, H.E.; Smith, R.D. J. Am. Chem. Soc. 1958, 80, 5323
■ Furukawa, J. Tetrahedron 1968, 24, 53
■ Simmons, H.E. Org. React. 1973, 20, 1
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■ MIRC = Michael initiated ring closure

Cyclopropane Reactions (II)
■ MIRC

■ COREY–CHAYKOVSKY Cyclopropanation

 

■ MOUSSERON–FRAISSE–McCOY Cyclopropanation

■ HASSNER–GHERA–LITTLE MIRC Reaction
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EWG
S
O

S
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■ Johnson, A. J, Am. Chem. Soc. 1961, 83, 417.
■ Corey, E.J.; Chaykovsky, M. J. Am. Chem. Soc. 1965, 87, 1353.

O O

PhCOCH2Br

Base, rt. O O

Br
O

Ph

O O

COPh

■ Fraisse, J. Bull. Soc. Chim. Fr. 1957, 986.
■ McCoy, L.L. J. Am. Chem. Soc. 1958, 80, 6568.
■ Mousseron, M. Compt. Rendu. 1959, 248, 887.

■ Ghera, E. Tet. Lett. 1979, 20, 4603.
■ Little, R.D. Tet. Lett. 1980, 21, 2609.
■ Hassner, A.; Ghera, E. Tet. Lett. 1990, 31, 3653.

Br CO2Et
basePh

SO2Ph PhO2S

Bn

CO2Et

26 27 28

29 30 31

32 33 34



Gaich-Group Seminar
Erik Stempel M

ed
iu

m

■ Fischer, E.O. Chem. Ber. 1967, 100, 2445.
■ Pfau, A.S.; Plattner, P.A. Helv. Chim. Acta 1939, 22, 202.

Cyclopropane Reactions (III)
■ KISHNER Cyclopropane Synthesis

■ Carbenes
■ Cyclopropanation via metal carbenes (metal-free = PFAU–PLATTNER Cyclopropanation)

■ SEYFERTH Dihalocarbene Reagent              SEYFERTH-GILBERT Diazoalkane Reagent
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pyrazoline

■ Kishner, N. J. Russ. Phys. Chem. Soc. 1912, 43, 1132.
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Et
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PhH, ∆ Et Et

F F
(MeO)2P
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O
Cu

P(OMe)2

O

■ Seyferth, D. J. Am. Chem. Soc. 1965, 87, 681.
■ Seyferth, D. J. Am. Chem. Soc. 1967, 89, 959.

■ Seyferth, D. J. Am. Chem. Soc. 1967, 89, 4811.
■ Seyferth, D. J. Org. Chem. 1971, 36, 128.
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■ VCPR = vinylcyclopropane rearrangement

Cyclopropane Reactions (IV)
■ BOGER Thermal Cycloadditions

■ BRANDI–GUARNA Spirocyclopropane Rearr.

■ DOERING–LaFLAMME Allene Synthesis / SKATTEBØL Vinylhalocyclopropane Rearr.

8

O O
80 °C O O O O CO2CH2Ph

CO2MePh

OR

OR

MeO2C Ph
PhH2CO2C

O

OPh

PhH2CO2C
MeO2CVCPR

■ Boger, D.L. J. Am. Chem. Soc. 1984, 106, 805.
■ Boger, D.L. Tet. Lett. 1984, 25, 5611.

N O
Ph

1,3-CA O
N

Ph
∆

H
N Ph

O

CHBr3

KOtBu

Br Br Mg (Doering)
1. PhHgCBr3 ,
1. PhH, ∆
2. MeLi,
2. Et2O, 20 °C

RLi (Skattebøl)

■ Brandi, A.; Guarna, A. J. Chem. Soc. Comm. 1985, 1518.
■ Brandi, A.; Guarna, A. Tet. Lett. 1986, 27, 1727.
■ Brandi, A.; Guarna, A. J. Org. Chem. 1988, 53, 2426.

■ Doering, W.v.E. J. Am. Chem. Soc. 1954, 76, 6162.
■ LaFlamme, P.M. Tetrahedron 1958, 2, 1975.
■ Skattebøl, L. Tet. Lett. 1961, 2, 167.
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Cyclopropane Reactions (V)
■ CLOKE–WILSON Cyclopropyl Ketone Rearrangement

■ FELDMAN Vinylcyclopentane Synthesis
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Ph
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R
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– PhS

■ Cloke, J.B. J. Am. Chem. Soc. 1929, 51, 1174.
■ Wilson, C.L. J. Am .Chem. Soc. 1947, 69, 3002.

■ Feldman, K.S. J. Am. Chem. Soc. 1986, 108, 1328.
■ Feldman, K.S. J. Am. Chem. Soc. 1988, 110, 3300.
■ Feldman, K.S. J. Am. Chem. Soc. 1989, 111, 4878.
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Cyclopropane Reactions (VI)
■ JULIA–BRUYLANTS Cyclopropyl Carbinol Rearrangement

■ WENDER Homologous Diels–Alder Reaction

10

R
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– L

R
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– L
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■ Bruylants, P. Bull. Acad. Royal. Belg. 1928, 14, 140.
■ Julia, M. Bull. Soc. Chim. Fr. 1960, 1072.

■ Sarel, S.; Breuer, E. J. Am. Chem. Soc. 1959, 81, 6522.
■ Wender, P.A. J. Am. Chem. Soc. 1995, 117, 4720.

80 81 82 83

84 85 86

87 88

89

90

91

92

84

93



Gaich-Group Seminar
Erik Stempel

Ad
va

nc
ed

Cyclopropane Reactions (VII)
■ KULINKOVICH Hydroxycyclopropanation

■ SREBNIK–QUNTAR Cyclopropyl Phosphonates

11

nBu P(O)(OEt)2

Cp2ZrCl2,
2 eq. EtMgBr

ZrCp2

nBu P(O)(OEt)2 2 eq. AlCl3 nBu
P(O)(OEt)2

■ Quntar, A.; Srebnik, M. J. Organomet. Chem. 2005, 690, 2504.
■ Quantar, A.; Srenbnik, M. J. Org. Chem. 2006, 71, 730.
■ Srebnik, M.; Quantar, A. Org. Prepar. Proced. Int. 2008, 40, 505.

Ti(OiPr)42 EtMgBr Ti(OiPr)2
Ph

O OEt

Ph
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PhPh

O

EtOAc

Ti(OiPr)2EtO
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– EtH

Ph

BrMgO

Ph

HO EtMgBr

H2O

C4H9 CO2Me

2.0 eq. EtMgBr,
0.1 eq. Ti(OiPr)4

C4H9 OH
CO2Me

nBuMgCl,
(iOPr)3TiCl OH

H

■ Kulinkovich, O.G. Zh. Org. Khim. 
1989, 25, 2245.

■ Kulinkovich, O.G. Synthesis 
1991, 234.

■ Kulinkovich, O.G. Mendeleev 
Comm. 1993, 230.
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Cyclopropane Containing Natural Products
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■ Wessjohann, L.A. Chem. Rev. 2003, 103, 1625.

Biosynthesis of Cyclopropane Rings
■ Homoallyl cation ring closure.

  

■ Reaction of a cation with an enzyme-
activated α-methyl group.
 

■ Methyl transfer from SAM.

■ Reaction with a homoconjugated 
double-bond (also via radicals).

■ Internal nucleophilic substitution (SNi)

 

■ several more

13
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■ Falck, J.R. J. Am. Chem. Soc. 1996, 118, 6096.

FR–900848 (Falck, 1996)

14

Bu3Sn OH Bu3Sn OTBDPS

a) (S,S)-Dioxaborolane,
a) Et2Zn, CH2I2 , CH2Cl2 ,
a) 23 °C, 14 h.

b) TBDPSCl, imid., DMF,
b) 23 °C, 24 h.

86%, 90% ee

c) sBuLi, THF, –40 °C, 1 h;
c) [ICuPBu3]4 (0.125 eq.),
c) –78 °C, 1 h; O2 , –78 °C, 6 h.

OTBDPS
TBDPSO

d) TBAF (0.95 eq.), THF, 23 °C, 2 h.
e) RuCl3/NaIO4 , CCl4/MeCN/H2O,
e) (1:1:1.5), 23 °C, 1.5 h.

66%

CO2HTBDPSO

f) 2-Mercaptopyridine N-oxide,
f) DCC, DMAP, BrCCl3 , 23 °C,
f) 4 h, then hν, 0 °C, 1.5 h.

g) tBuLi, THF, –78 °C, 1 h;
c) [ICuPBu3]4 (0.125 eq.),
c) –78 °C, 1 h; O2 , –78 °C, 3 h.
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R = R' = TBDPS
R = H, R' = TBDPS d)

i) TPAP (5%), NMO, 4 Å MS,
i) DCM, 23 °C, 20 min.
j) XXX, nBuLi, THF, –78 °C, 0.5 h.
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FR–900848 (Falck, 1996)
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■ Falck, J.R. J. Am. Chem. Soc. 1996, 118, 6096.
■ The Horeau Principle, http://stoltz.caltech.edu/litmtg/mechclub/2008/JAELit06.pdf

■ Key features:
 - Charette–Juteau asymmetric cyclopropanation

 
 
 - Dimerization strategy

 
 
 - Horeau amplification principle

OTBDPS

SO2Ph

j) Li, naphthalene, THF, –78 °C, 0.1 h.
k) TBAF (excess), THF, 23 °C, 2 h.
l) TPAP (5%), NMO, 4 Å MS,
l) DCM, 23 °C, 20 min.
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p) 3 h.

FR–900848

130 137

138

139

139

140 141 142

142,

http://stoltz.caltech.edu/litmtg/mechclub/2008/JAELit06.pdf
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■ Barrett, A. J. Am. Chem. Soc. 1996, 118, 7863.

U–106305 (Barrett, 1996)

16

■ Key feature: Charette–Juteau asymmetric cyclopropanation
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■ de Groot, A. J. Org. Chem. 2001, 66, 2350.

(+)–Isovelleral (de Groot, 2001)

■ Key step: magnesium mediated tandem rearrangement–cyclopropanation reaction

17
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■ Carreira, E. Chem. Eur. J. 2006, 12, 8208.

(+)-Strychnofoline (Carreira, 2006)

18

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

N
Bn

BnO O

N

OTBDPS

NBoc

OTBDPS

TMSOTf,
Et3N

MgI2

55%
(2 steps) N

Bn
BnO O

N

H

TBDPSO

1. OsO4 , NMO
2. NaIO4
3. TsOH, CH(OMe)3

80%
N
Bn

BnO O

N

H

TBDPSO

O O

N
Bn

BnO O

N

H
O

1. TBAF
2. IBX
3. tBuOK, Ph3PMeBr
4. HCl, acetone

62%

N
H

HO O

N

H
MeN

H

H
N

1. N-methyltryptamine,
1. AcOH
2. Na, NH3

53%

(+)-strychnofoline

N
Bn

O

N
Bn

OMgI

N

R

N
Bn

O

N

R

MgI N
Bn

O

N

R

I

MgI2

N

OTBDPS

O

ON

OTBDPS

O

O
Si

164

165

166

167 168

169

170

171

172 173 174

165175

166



Gaich-Group Seminar
Erik Stempel

N
at

. P
ro

d.

■ Wang, Z. Angew. Chem. Int. Ed. 2010, 49, 3215.
■ Wang, Z. Tetrahedron 2010, 66, 5671.
■ Mulzer, J. Angew. Chem. Int. Ed. 2007, 46, 8074.

Examples for [3+2] Cycloaddition

■ Key features: formal [3+2] cycloaddition 
of a cyclopropane with a ketone
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■ Fürstner, A. Chem. Commun. 2004, 2546.
■ Fürstner, A. J. Am Chem. Soc. 2004, 126, 8654.

Organometallic Rearrangements
■ (±)-Sesquicarene (Fürstner, 2004)

■ Key feature: Au-catalyzed cycloisomerization

 

■ (±)-Sabinone (Fürstner, 2004)
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■ Chen, Y.-K. Org. Lett. 2011, 13, 5724.
■ Trost, B. M. J. Am. Chem. Soc. 2011, 133, 4766.

Echinopines A and B (Chen, 2011)
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■ Banwell, M.G. Tetrahedron 2010, 66, 7807.
■ Banwell, M.G. Tetrahedeon 2011, 67, 8348.

(–)-Connatusin A and B (Banwell, 2011)

■ Key features: oxa-di-π-methane 
rearrangement for the formation of 
a cyclopropane ring + reductive 
ring-opening process.
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■ Fukuyama, T. Pure & Appl. Chem 1997, 69, 501.
■ Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 4073.
■ Fukuyama, T. Chem. Lett. 2002, 31,α 122.

(+)-Gelsemine (Fukuyama, 1997)
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Thanks for your attention.

Questions?


