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Chapter 5 Three and Four-Membered Ring Systems 
 
5.1 Aziridines 
 Aziridines are good alkylating agents because of their tendency to undergo 
ring-opening reaction with nucleophiles。 
 例如 mitomycin C具有 antibiotic and antitumor activity是因含有 aziridine ring。 
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5.1.1 Ring Synthesis 
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Azidines from azides and olefins 
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PhCHO + Ph2CHNH2 +  N2CHCO2Et
Yb(OTf)3

N
CHPh2

Ph CO2Et  
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J. Org. Chem. 1998, 4338. 

 
5.1.2 Functionalization at nitrogen 
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5.1.3 Ring-opening reactions 
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The ring-opening of aziridines to azomethine ylides and subsequent cycloaddition. 
Ar = C6H4OMe-4, PhCHO;  
X=Y = MeO2CCH=CHCO2Me, EtO2CN=NCO2Et, PhCH=NMe, norbornene. 
Tetrahedron Lett. 1971, 473. 
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Tetrahedron Lett. 1998, 2345. 
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Chem. Soc. Rev. 1998, 145. 
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N

PhO

Ph

Cu(OTf)2 ON

Ph

Ph 
J. Org. Chem. 1998, 4568. 

 



05-Three-m Chinpiao Chen 2009/3/20上午 11:47 27

SePh

OH

O
SePh

OH

N
N

Ph

OH
Bu3SnH

 

Synlett, 1998, 981. 
 

5.1.4 Fragmentation reactions 
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5.2 Oxiranes (Epoxides) 
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5.2.1 Ring Synthesis 
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Mechanism of epoxidation by peroxy acids. 
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Asymmetric epoxidation of an allylic alcohols. 
Pure & Appl. Chem. 1983, 1823. Organic Reactions, 1996, 48, 1. 
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Selectivity of epoxide formation. 
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  5.2.2 Reactions 
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E2 elimination and ring opening of oxiranes 

 

RO
O

OBn
RO

OH

OBn

LAH

 
J. Heterocyclic Chem. 1998, 865. 

 

BocHN

OH

O Et2AlN3

BocHN

OH

OH

N3  

Tetrahedron Lett. 1998, 7971. 



05-Three-m Chinpiao Chen 2009/3/20上午 11:47 32

 

TMS NH2 O
N
H

TMS
OH  

Synlett, 1998, 510. 
 

MeO

R1 OHR2

O

OH

O
R2

R1

MeOLewis acid

 

Tetrahedron Lett. 1998, 393. 
 

O

Ph Ph

SiCl4
Ph Ph

Cl

OH

N

N

O

N

Me

Me

P
55

55
 

J. Org. Chem. 1998, 2429. 
 

O
R2

R1

TMS TMS
OH

TMSR2

R1

 
Tetrahedron Lett. 1998, 529. 

 

N

NH

H
(-)-sparteine

63

OH
t-Bu

N

OH

t-Bu

65

OH

Ph
O PhLi

OH

Ph63 65

 
Symlett, 1998, 1165. Tetrahedron Lett. 1998, 9023. 

 



05-Three-m Chinpiao Chen 2009/3/20上午 11:47 33

O

H H
Li

O H

H

OH
H+

 
J. Chem. Soc. Perkin 1, 1998, 2151. 

 

BnO O OTf

OTES

H

H
OBn

H
SO2Tol

OTBDPSMe
O

n-BuLi

BnO OH

H
OBn

H SO2Tol

OTBDPSR
O

MeO

 
J. Org. Chem. 1998, 6200. 

 

O

NH

N OH

LDA  
J. Am. Chem. Soc. 1998, 10760. 

 

HO R

R'
O

LiO R

R'
O
Li

LiO R

R'
OLi

O
R

R'

:2 n-BuLi

 
J. Org. Chem. 1998, 3808. Synlett, 1998, 337. 

 

O
Ar

O
Ph

O

Ar
R CHO

Pd(OAc)2, PBu3

RCHO, t-BuOH

Pd(OAc)2, PBu3

3A MS, t-BuOH

O
Ph

Me  
Tetrahedron, 1998, 1361. Tetrahedron Lett. 1998, 3107. 

 



05-Three-m Chinpiao Chen 2009/3/20上午 11:47 34

O

O

O

R

Me

Me RRu(lll), cat.

acetone  
Syn. Commun. 1998, 3189. 

 

O

R

S

RNH4SCN, CH3CN

TiO(TFA)2  
Syn. Commun. 1998, 3913. 

 

O

R1 R2 R3 X

O
R3 O

O

R1
R2

X
cat. Eu(dpm)3

 

Tetrahedron Lett. 1998, 4559. 
 

XR
O

R OH
OH

R

2.2 Sml2

R = aryl

2.2 Sml2
R = aryl, alkyl  

Synlett, 1998, 1073. 
 

O

O HO OH

H

6 Sml2

 

Tetrahedron, 1998, 5819. 
 

5.3 Thiiranes 
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Synthesis of thiiranes from oxiranes 
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Polymerization initiated by nucleophilic attack. 
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5.4 2H-Azirines 
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A: R1 = R2 = H, R3 = Ph, 110oC, 63%. R1 = R2 = Me, R3 = Net2, 20oC, 94%, R1 = H, R2, 

R3 = (CH2)6, hν, pentane, 93%. 
 B: R1 = H, R2 = Me, R3 = Ph, NaH, Me2SO, 20oC, 63%. 
 C: R1 =R2 = H, R3 = But, 120oC, 57%. 

Tetrhedron Lett. 1995, 4665. J. Am. Chem. Soc. 1995, 3651. 
 

Examples of addition reactions to C=N bond of azirines 
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a. Tetrahedron lett. 1969, 4001. 
b. J. Am. Chem. Soc. 1967, 4456. 
c. J. Am. Chem. Soc. 1972, 2758. 
d. Helv. Chim. Acta. 1979, 160. 
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Thermal and photochemical isomerization of 3-phenylazirines bearing conjugative 
substituents. 
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Internal addition of nitrile ylides derived from azirines. 

 
5.5 Diaziridines and 3H-diazirines 
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Synthesis of diaziridines 
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5.6 Oxaziridines 
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Bull. Acad. Sci. USSR Div. Chem. Sci. 1989, 793. 
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J. Am. Chem. Soc. 1989, 5964. 
As reagent for asymmetric oxygen transfer, Pure Appl. Chem. 1993, 633. 
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5.7 Azetidines and azetidinones 
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5.8 Other four-membered heterocycles 
  5.8.1 Oxetanes 
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J. Chem. Soc. 1952, 2127. Tetrahedron Lett. 1980, 343. 
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J. Chem. Soc. Perkin Trans.1, 1981, 413. 

 
  5.8.3 Some unsaturated four-membered rings 
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