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Energy

Type I Type II Type III

Dipole Alkene Dipole Alkene Dipole Alkene
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Azomethine ylides

Azomethine Imines

Nitrones Nitrile Oxides
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Nitrosoxides

HOMO dipole

LUMO dipolarophile

LUMO dipole

HOMO dipolarophile
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Reaction partners as well as Lewis acids have 
a big impact on reactivity and selectivity
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The basic reaction

R1 C N O R2
O

N

R2

R1

+

R1 C N O R3
O

N

R3

R1

+

Isoxazolines

Isoxazoles

Nitrile Oxides are generally not stable and therefore formed in situ.
If no other reaction partner is present, they may dimerize

R1 R2

O OH

β-hydroxy ketone

R1 R2

O O

1,3 diketone

* *

N OR R N
O

O

c) Et3N, PhNCO

-CO2, PhNH2

R N
OH

a) NCS/t-BuOCl/
    NaOCl/Cl2

Generation of nitrile oxides

R N
OH

Cl b) Et3N

R

O

N
H
O
TBDPS

d) Tf2O, Et3N, -40 °C to r.t.
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Kozikowski, A.P.; Hiraga, K.; Springer, J.P.; Wang, B.C.; Xu, Z.-B. J. Am. Chem. Soc. 1984, 106, 1845-1847 
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R = CO2Me

b) 3Cl-PhNCO, Et3N, 
    PhH, refl.; 58%
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c) L-Selectride, THF, -78 °C; 72%
d) PhNCO, Et3N, PhH, 15 h, 65%
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Kozikowski, A.P.; Ishida, H. J. Am. Chem. Soc. 1980,102, 4265 - 4267 

N
H

CHO

EtO
P CO2Et
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EtO

a) Base
b) AlH3
c) Ac2O

d)
N
H

OAc

N
e)

CO2MeMeO2C

Me NO2

N
H

OAc
NO2

f) PhNCO, Et3N cat.
 70 - 90%

N
H

NOAcO

H

38
single diasteromer

g) 0.5 M K2CO3, EtOH, H2O
h) TBSCl, Base
i) N-acetyl imidazole
j) Me3O+BF4

- then NaBH4

N
Cl

N
H

NMeOTBSO

H H

k) TBAF, THF
j) H2, Pd/C (94%, 2 steps)
l) Ac2O, Pyridine
m) 0.125 M K2CO3 MeOH / H2O

n) NaIO4
N

AcN

O
H H

Me
o)

MeEtO2C

PPh3

p) Et3O+BF4
-

q) LiAlH4

N
H

NHMe
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H

H

Chanoclavine
(42)
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Kambe, M.; Arai, E.; Suzuki, M.; Tokuyama, H.; Fukuyama, T. Org. Lett. 2001, 3, 2575 - 2578 

R1

R2 NH
p-Ns

43a R1, R2 = H
43b R1 = OMe ,R2 = Me

a) DEAD, PPh3, PhH, 
    50 °C, 30min
b) TBAF, THF, 45min

86% (2 steps)

R1

R2 N
p-Ns

OH

O

O

c) (COCl)2, DMSO, CH2Cl2, 
    -78 °C, Et3N, r.t.
d) NH2OH.HCl, NaOAc, 
    EtOH, r.t., 30min
e) aq. NaOCl, DCM, 0 °C

H

H N
p-Ns

O

O

N
O

46
58% (3 steps)

vs

OMe

Me N
p-Ns

O

O

NO

47
22% (2 steps)

d.r. 2:1

mixture

OMe

Me N
p-Ns

NOH

O

O

COOEt f) aq. NaOCl, CH2Cl2, 
   0 °C, 4 h, 57%
g) PhSH, Cs2CO3, MeCN, 
    50 °C, 30 min, 74%

OMe

Me HN O

O

N
OEtO2C

OMe

Me N O

O

OH
h) NaBH4, EtOH/THF, 
    r.t., 4 h, 99%
i) TFAA, Et3N, CH2Cl2, 
   aq. NaHCO3, r.t., 82%

j) Raney-Ni, H2, 
   5% aq. H3BO3/EtOH (1:5), 
   r.t., 62%

CF3
O

O

OH

N
O

OCONH2

NH

OMe

Me

OH

51
Analogue to FR-9000482 

antitumor activities via DNA crosslinking

HO OTBS
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Evans, D. A.; Ripion, D.H.B.; Halstead, D.P.; Campos, K.R. J. Am. Chem. Soc. 1999, 121, 6816-6826 
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53
proposed: trans-annular aldol reaction
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precursor to aldol
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Xp: Evans Auxilliary
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a) 3Cl-PhNCO, DIPEA, PhMe, 
   24 h add of 55, 90 °C

96% OTBS O
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intermolecular approach

intramolecular approach
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b) 3Cl-PhNCO, DIPEA, PhMe, 
   20 h add of 57, 90 °C
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5 steps to 54
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Bode, J.W.; Carrreira, E.M. J. Am. Chem. Soc. 2001, 123, 3611 – 3612 
After work from Kanemasa et. al.:  

Kanemasa, S.; Nishiuchi, M.; Kamimure, A.; Hori, K. J. Am. Chem. Soc. 1994, 116, 2324 
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syn syn anti syn

Me
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Me OH
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a) t-BuOCl, -78 °C b) 3 equiv EtMgBr, to r.t. 12 h
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O
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"all cycloadducts were regiochemically and sterochemically pure by 1H and 13C NMR analyses"
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Bode, J.M.; Carreira, E.M. J. Am. Chem. Soc. 2001, 123, 3611-1612 

O
Me

O OH O

OHMe
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Epothilone A (R = H) (66a)
Epothilone B (R = Me) (66b)
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P

H

O
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N
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a) t-BuOCl, CH2Cl2 then 
   1.3 equiv 68
    3.3 equiv i-PrOH
    3.0 equiv EtMgBr

94% brsm
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c) LiCl, DBU, MeCN
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N
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d) SmI2, THF, 0°C, 75%
e) Et3B, NaBH4, THF/MeOH,
    -78 °C, 88%
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aldehyde:
should not enolize

aldehyde:
should not enolize

stable imine necessary

aziridine cleavage
often needs high Temp or UV

Nu
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Huisgen, R.; Scheer, W.; Huber, H. J. Am. Chem. Soc.  1967, 89, 1753 - 1755 
Huisgen, R.; Scheer, W.; Szeimies, G.; Huber, H.  Tetrahedron Lett. 1966, 4, 397 - 404 
Woodward, R.B.; Hoffmann, R. J. Am. Chem. Soc. 1965, 87, 395 - 397   
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trans cis
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67% 58%
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Padwa, A.; Ku, H. J. Org. Chem. 1979, 44, 255 – 261 
Wenkert, D.; Ferguson, S.B.; Porter, B.; Qvarnstrom, A.  J. Org. Chem. 1985, 50, 4114 - 4119 
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when generating ylides from aldehydes, the S shaped ylid is formed predominantly 

NH
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CHO

N
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N

O

O
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Me
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N
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H

H

O
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Endo/Exo selectivity varies

H

H

S-shaped

selectivities generally > 10

83 84 85 86
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N
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N CO2Me
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N CO2Me
H

single isomer for the alkyne
2:1 d.r. for the alkene

89

90

91 92

Grigg, R.; Idle, J.; McMeekin, P.; Vipond, D.  
J. Chem. Soc., Chem. Commun. 1987, 2, 49 - 51 

Grigg, R.; Duffy, L.M.; Dorrity, M.J.; Malone, J.F.; Rjaviroongit, S.; Thornton-Prett, M. Tetrahedron 1990, 46, 2213 - 2230 
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Epperson, M. T.; Gin, D.Y.  
Angew. Chem. Int. Ed.,2002, 41, 1778 - 1780 

N
O

O

O

O

Me

Me

Me

Asparagamine A
(93)

MeOOC COOH

NHCbz

a) EtOCOCl, Et3N, THF, 0 °C
    then CH2N2, Et2O, 87%
b) AgOAc, 1,4 dioxane, H2O, 86% MeOOC

NHCbz
COOH

c) EDCI, MeONHMe, Et3N, 
    CH2Cl2, 89%
d) H2, Pd/C, MeOH, 99% H

NN

O
Me

OMe

O

e) NaH, TMSCHCl, DMF, 49%
f) 0.51 equiv Lawesson's reagent, PhMe, 83%

N

N
O

Me
MeO

S

TMS
g) BrCH2COEt, then PPh3, Et3N, MeCN, 92%
h)                         , THF
i) EtSH, Et3N, CH2Cl2, 75% (2 steps)

HC CMgClN

O

TMS

Et

O

N

O

Me

j) Tf2O, CHCl3, r.t.
   then TBAT, refl, 51%

HEtS

OTf

94 95 96

97

EtS

9899
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Kopach, M.E.; Fray, A.H.; Meyers, A.I.  J. Am. Chem. Soc. 1996, 118, 9876 - 9883 

H

NMe

MeO

H
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MeHN
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R
N
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H

H

R = H, Regholarrhenine C (101a)
R = Me, Conessine (101b)

MeO

Br

N

O

O

Me

iPr

Me3Si N OMe

Ph

0.01% TFA, 180 °C
PhH, 15 atm, 6 h

80%
syn/anti 15 : 1

MeO

Br
N

O

O

Me

iPr

BnN

+

MeO

Br

N

O

O

Me

iPr

Me3Si N OMe

Ph

MeO

Br
N

O

O

Me

iPr

BnN

+

Me
Me

H

H

100

102 103 104

105 106 107
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N
R

O
R1

R2

R3
O

N
R

R1

R2 R3
R1 R3

NH OH
R

R2

*
* *

* *
*

The basic reaction

isoxazolidine
E/Z isomers of exist

partially interconversion exists 
 resulting in stereoisomers

β amino alcohols

+

N
R

O
R1 OR1 HN

R

OH

N
R

R1 oxidant

+
H
N
R

R1 oxidant

N

ORRO

O
N
BnO

O

N
O

O

O

O
O

N
O

O O
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Ph PhMe

Me

Ph
Ph O

N

Ph

Me

Ph
Ph O

N

Ph

Me

Ph
Ph O

N

Ph

Me

Ph
Ph

+N
O

Ph Ph

Me

Yield: 90% ratio: 76 : 8 : 11 : 5

+ + +

108a 108b 109 110a 110b 110c 110d

N
O N

O

N
O

N
O

bicyclo [X,3,0] bicyclo [X,2,1]

O

O

O
OHC

O

MeNHOH O

O

O

O

N
O

MeO

O

O

O

N
O

Me

H

H

H

H

H

H

O

O

O

O

N
O

Me H

H

O

O

O
H

HO

N

O

Me

116
76%

117
6%

111 112 111 113

114
115a 115b

Belzecki, C.; Panfil, I. J. Chem. Soc., Chem. Commun. 1977, 9, 303 - 304 

Shing, T.K.M.; Fung, W.-C.; Wong, C.-H.  
J. Chem. Soc., Chem. Commun. 1994,4, 449 - 450 
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Smith, A.L.; Williams, S.F.; Holmes, A.B. J. Am. Chem. Soc.  1988, 110, 8696 - 8698 

C4H9

O

a) NH2OH.HCl, NaOAc, 
    H2O, EtOH, r.t.
b) NaBH4, MeOH, pH 3-4
c) Acetoxybutanal, 
    CH2Cl2, 0 °C

N
O

AcO
C4H11

d) PhMe, refl
e) K2CO3, MeOH
f) MsCl, Et3N, CH2Cl2, 10 °C

N
O

MsO
C4H11

g) Zn, HOAc, H2O, refl, 2 h

N

H
OH

C4H11

N

H
Me

C4H11
indolizidine 209B

(121)

117 118 119

120
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White, J.D.; Blakemore, P.R.; Korf, E.A.; Yokochi, A.F.T. Org. Lett. 2001, 3, 415 - 415 

O

O

N3
O

O a) PPh3, p-MeOC6H4CHO, THF, refl
b) m-CPBA, CH2Cl2, -78 °C to r.t.
    79% (2steps

O

O

N
O

OO

OMe

c) p-TsOH.H2O, MeOH-H2O (5:1)

O

O

HOHN O

NO

O

O

N
O

H

O

O
H

H

d) PhMe, refl

65%

70%

HN

H
e) K2CO3, MeOH, 
    refl, 88%
f) SmI2, THF, r.t., 64%

MeO2C

HO

HO

"A stereocontrolled entry to the spirocyclic Core of Pinnaic Acid"

122 123 124

125126127



Summary	
  

•  Dipolar	
  Cycloaddi-ons	
  as	
  a	
  means	
  for	
  C-­‐C	
  bond	
  forma-on	
  
	
  

•  Controlled	
  forma-on	
  of	
  stereocenters	
  
	
  

•  Intramolecular	
  approaches	
  helps	
  with	
  selec-vity	
  
	
  

•  A	
  lot	
  of	
  exis-ng	
  literature	
  
	
  

•  some	
  reviews:	
  	
  
	
  
 Gothelf, K.V.; Jorgensen, K.A. Chem. Rev. 1988, 98, 863 – 909 

 
 Coldham, I.; Hufton, R. C Chem. Rev. 2005, 105, 2765 – 2809 

 
 Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry. Towards Heterocycles and 
 Natural Products (Series: Chemistry of Heterocyclic Compounds, Vol. 59.) Padwa, A. Pearson, 
 W. H., 2003, John Wiley & Sons, inc. 
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