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R-N3

R N N N R N N N R N N N

Huisgen reaction
Huisgen ACIEE 1963, 2, 565

dipolarophiles: alkene or alkyne
dipoles: R-N3

1. terminal alkenes react extremely slowly
2. electron-dedicient and electron-rich alkenes/alkynes
3. strained olefins or alkynes

Brase et al. Chem. Commun. 2002, 1296

N3

NO2

OMe

CDCl3
40 °C

N
NN

Ar

N Ar

~ 75% yield     6:1

Reviews: 
Brase et al. Organic Azides: An Exploding Diversity of a Unique
Class of Compounds ACIEE 2005, 44, 5188

Gevorgyan et al. Transition-Metal-Catalyzed Denitrogenative
Transannulation: Converting Triazoles into Other
Heterocyclic Systems ACIEE 2012, 51, 862

Schmidt rearrangement
Curtius rearrangement
Staudinger reaction

N3 R2

R1 X

[Cu]

X = H N
N

N R2

R1 H

N
N N

R2

R1

[Cu]

[Cu]

Fokin, Sharpless et al. ACIEE 2002, 41, 2596
Fokin et al. Science 2013, 340, 457

X = I N
N

N R2

R1 I

KF 

or KHF2

N
N

N R2

R1 F

Nu

SNAr
N

N
N R2

R1 Nu

Fokin et al. ACIEE 2012, 51, 11791

X = BiAr2
N

N
N R2

R1 BiAr2

N
N

N R2

R1 E

Fokin et al. ACIEE 2013, 52, 13037

E = Ph

O

NEt2

O

OMe

O
N

O

etc.

[Cu] = CuI, CuSO4, CuOTf etc.

1
2

3
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N3 R2

R1 SR3

[Ir(cod)Cl]2

CH2Cl2, RT

N
N

N R2

R1 SR3

R1, R2, R3 = alkyl, aryl

Taran et al. OL  2013, 15 , 4698
Jia, Sun, and Lin et al. JOC 2014, 79, 11970

N3 R2

R1 Br

[Ir(cod)OMe]2

CH2Cl2, RT

R1, R2, R3 = alkyl, aryl

N
N

N R2

R1Br

1
2

3

4 5

thioalkynes

bromoalkynes

N3 SO2Ar

R1

N
N

N
SO2Ar

R1HH

1. BuLi, -78 °C

2. NH4Cl

1. Et2Zn

2. NH4Cl

Caoatt et al. OL  2011, 13 , 2984

N3 R2

R1

N
N

N R2

R1HH

N3 R2

R1 X

N
N

N R2

R1X

X = H, alkyl, aryl

[Ru]

[Ru] = Cp*RuCl(PPh3)2, Cp*RuCl(cod), [Cp*RuCl]4

Lin, Jia, Fokin et al. JACS 2008, 130 , 8923
Taddei et al. JOC 2015, 80, 2562

Greaney et al. OL  2013, 15 , 4826
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Ring Chain Tautomerism (Diazoimine – 1,2,3-Triazole Equilibrium)
Diazoimine – 1,2,3-triazole equilibrium

N

N
R

N

N
R

NN

N
N

N

R

9-12 kcal/mol

Diazoimine

1,2,3-triazole

15-20 kcal/mol

The heteroelectrocyclic
 (pseudopericyclic) mechanism

N

N
N

R

Reaction of acetamidines with tosyl azide

R1

O

H2N N
R2

TsN3

EtONa, rt
R1

O

H2N N
R2

N2 R1

O

HN NH
R2

N2

N
N

N

COR1

NHR2

H

N
N

N

COR1

NH2
R2

+

isomeric triazoles
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Reaction of ynamines with tosyl azide

NR3
R1

R2

TsN3
N

N
N Ts

NR1R2R3

N
N
N Ts

NR1R2R3

Haron, Stanley, and Gupta et al. JOC 1970,  35, 3444

Cycloadition of cyanogen to acetylene

NC-N3

H H

N
N

N CN

HH

N
N
N Ts

HH

Temp.

polarity of the solvent

mixtures

Tautomerism in the diazomaloamide – 5-hydroxy-1,2,3-triazole

H2N NH2

O O

N2 N
N
NH

OH
O

H2N

ethanol

The constants of equilibrium between diazo compounds and triazoles

NC
NR

O

N2
N
N
N

NC OH

R

K = [diazo compounds]/[triazoles] at 35 °C in various solvents

nonpolar solvents polar solvents
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Dimroth Type Rearrangement

N
N

N NH2

R1

R2 N2 R2

N NH2

R1

N
N

N
H

NHR1

R2

Cornforth-Type Rearrangements

N
N

N SH

R1

R2

N
N

S NHR1

R2H+

OH-

N
N

N R3

R1

N2

N R3

R1

X
N

N

R2
X

R2
R2

X

N

R3

R1

X = N, S

L’abbe´ et al. J. Heterocycle Chem. 1984, 21, 627
L’abbe´ et al. Tetrahedron  1988, 44, 461
L’abbe´ et al. J. Heterocycle Chem. 1989, 26, 701
Dankova et al.Tetrahedron  1989, 45, 7329
L’abbe´ et al. J. Heterocycle Chem. 1990, 27, 2021
L’abbe´ et al. Bull Soc Chim Belg. 1990, 99, 281
L’abbe´ et al. Bull Soc Chim Belg. 1990, 99, 833
Martvin et al. Chem. Zvesty 1979,  10 , 514

5 -amino-1,2,3-thiadiazoles

1
2

3 4
5

1

2
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4
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L’abbe´ Type Rearrangements

N
N
N
R

O

OEt

N2

H
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N
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OEt
O

N2

N2
OEt
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N
N

N
N
N N3

R1

R2

N2
R2

N
N3

R1

N2
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N
N
N
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R1

1,3-dipole moieties
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Thermolysis of 1,2,3-Triazoles

N
N

N R1

R3 R2

300-600 °C

-N2

N R1

R3 R2

N R1

R3 R2

N R1

R3 R2

carbene diradical zwitterion

N
N

N
N

O O

Me

Ph 400-500 °C
N
N

O O

Me Ph

NO O

N
Ph

Me
NO O

N
Me

Ph

+

Vacuum pyrolysis of trisubstituted triazoles

N
N

N S

Ar1

Formation of sulfonyl nitriles
O O

Ar2
neat

N S

Ar1

O O

Ar2
NAr2O2S

Ar1

C
Ar2O2S

Ar1
N

Rees et al. J. Chem. Soc. Perkin. Trans.  1987, 1 , 413
Rees et al. Chem. Soc. Perkin Trans.  1973, 1 , 555

140-190 °C

Croatt et al. Tetrahedron  2013, 69, 7840

1-N-phthalimido-1,2,3-triazole

1H-azirine 2H-azirines
Flash vacuum pyrolysis of 4-acroleinyl-1-aryl-1,2,3-triazoles

N
N

N

Cl

O

-N2 N

Cl

O

Ar
N

O

N

O

N
H

Cl

O

N

Cl

O

N
H

Cl
O

400 °C

48% 46%
Riedl et al. Tetrahedron  2012, 68, 1299

FVP

Cl
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Fokin et al. JACS 2014, 136 , 195

N
N

N SO2R2

R1

NN2 SO2R2

R1

N[Rh] SO2R2

R1

Y-H N
[Rh]

SO2R2

R1

Y
H

R1 NSO2R2
Y H

Z-selective 
formal 1,3 insertion

O[Rh]

R1 H

ON2

R1 H

Rh-azavinyl carbene

N
N

N Ms

Ph
H2N OMe

O

1° amide

Rh2(Oct)4

CHCl3, MW
65 °C

R1 N
NH H

Ms

MeO

O

Z :E  > 99:1
57-96% yield

N
N

N SO2R2

R1
N
H

R4

O

2° amide

R3

R1 N
N H

O

SO2R2

R3

N
[Rh]

SO2R2

R1

O

R4R3HN

HN SO2R2

R1

O

R4R3N

R1

O
N

R4 NR3

SO2R2

or

Cat.
Rh2(S-NTTL)4
Rh2(PCC)4
Rh2(Oct)4

62-95% yield

37-97% yield

N
N

N SO2R2

R1
HO R3

O

R1 N
O H

O

SO2R2

R3
Rh2(Oct)4

or

R1

O
N

R3 O

SO2R2

N
N

N SO2R2

R1

HO
R3

Rh2(Oct)4

R1 N
OR3 H

SO2R2

N
N

N SO2R2

R1
R3

R4

OH

R5

R1

O
H
N

SO2R2

• R5R3

R4

HN SO2R2

R1

O
R3

R4
R5

Rh2(Oct)4
or Rh2(Piv)4

75-94% yield

63-76% yield

56-87% yield

72-87% yield
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Yoo et al. OL  2015, 17 , 1830

N
H

N
N

N Ts

Ph

Ph

N
H
N

Ts

Yoo et al. JACS 2014, 136 , 11606

N
N

N Ts

Ph

NAr

Rh2(esp)2

PhH, 100 °C
Ph

N
N

Ts

Ar

E

E NN

E
E

Ts

PhAr

E = ester

0.5 mol %
Rh2(Oct)4

1,2-DCE
80 °C, 12h

Pd(OAc)2
CuOAc

Ag2CO3
PhMe

N
Ts

N

60-90% yield

75-97% yield
65-88% yield

Tang. Shi. et al. Chem. Eur. J. 2015, 21, 3562

N
N

N Bs

Ph

N

CO2EtPh

Rh2(esp)2

DCM, 70 °C N
H

BsHN CO2Et

Ph Ph

Ph
NBs

N
[Rh]

PhEtO2C

Ph
NBs

N
[Rh]

PhEtO2C

Ph
NHBs

N

PhEtO2C

23-90% yield
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Fokin et al. ACIEE 2013, 52, 150

N
N

N Ms

R1

N R3
R2

1. Rh2(Piv)4
CHCl3, 120 °C

2. DBU, 120 °C
NN

R3

R2

R1

N
[Rh]

Ms

R1

NR2

R3

H

NN

R3 H
MsR2

R1

DBU

N
N

N Ms

R1

O R2

Rh2(S-NTTL)4

CHCl3

R1

NO Ms

R2

61-83% yield
80-96% ee

N
[Rh]

Ms

R1

O

R2

H

54-90% yield

oxazolines

imidazoline

Fokin et al. JACS 2008, 130 , 14972
Fokin et al. OL 2011, 13 , 4870

N
N

N Ts

Ph

Rh2(Oct)4
or Rh2(S-DOSP)4

N Ar

NN

Ar

Ph

Ts

N
[Rh]

Ts

Ph

N

Ar

N Ts

Ph

N
[Rh]

Ar

or NN

Ar

Ph

Ts

[Rh]

[ 3+2 ]

40-99% yield

Li et al. OL  2014, 16 , 6394

N
N

N Ts

Ph

NO

Et

Rh2(Oct)4

DCE, reflux
Ph N

O

NTs
Et

Et2NH

DCM
Ph NH

O

Et

Ph
NTs

NO
Ar

N
NO

Ts

Ar

Ph

O

Ph N
N

Ar

Ts

or

48-85%

N-acylamidine benzamide

1,2-oxaziridine 2,3-dihydro-1,2,3-oxadiazole diaziridine
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Miura and Murakami. et al. Chem. Eur. J. 2014, 20, 16078

N
N

N Ts

Ph
OH

Ph

O
NHTs

•

[Au]

[Au]

Ts
N

Ph

O
Rh2(Piv)4

Miura and Murakami et al. JACS 2013, 135 , 13652

N
N

N Ms

Ph

R O
Rh2(S-NTTL)4

PhMe, 4 Å MS
120 °C

N

R

MsO

Ph

Rh2(S-NTTL)4
CHCl3, 4 Å MS, RT

O

N
Ms

Ph

R

PhMe, 120 °C

N
[Rh]

Ms

Ph

O

R

O

N
Ms

Ph

R

2,3-dihydropyrroles

51-90% yield

35-92%

2,5-dihydropyrroles

Fokin et al. JACS 2009, 131 , 18034
                   JACS 2010, 132 , 2510
                   OL  2011, 13 , 4870
                   OL  2011, 13 , 4578
                   ACIEE 2014, 53, 3452

N
N

N Ms

Ph

Ph

1. Rh2(S-NTTL)4
    0.5 mol%
    1,2 DCE, 65 °C

2. K2CO3, H2O
    MeOH, RT

Ph

Ph
O

Fokin et al. ACIEE 2014, 53, 3452

NH
N

N

Ph

OMe

1. Rh2(S-NTTL)4
    DTBMP
    CHCl3

2. Tf2O, -30 °C to RT

Ph
TfN

OMe

N

Ph

Tf OMe

DTBMP: 2,6-di-tert-butyl-4-methyl pyridine

38-84% yield
0-63% ee

59-97% yield
>90% ee
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Miura and Murakami et al. JACS 2014, 136 , 2272

X

N
N

N

Ts

Rh2(Piv)4

DCE, 80 °C

X

NTs

[Rh]

N
Ts

X
H

H

MnO2

Lin et al. OL  2014, 16 , 3752

N

N
NN

Me

Ts

N

TsN

Me

Rh2(Oct)4

1,2 DCE
60 °C N

TsN

Me

[Rh]

N
Ts

X

Davis et al. JACS 2013, 135 , 4716

N
N

N Ts

Ph

O

Rh2(S-DOSP)4
1,2 DCE

N
Ts

Ph

O

N Ts

Ph

O

[Rh]

O N

Ph

Ts
N

Ph

Ts

25-87% yield

63-94% yield

70-98% yield

O

3,4-fused dihydroindoles

Davis et al. JACS 2014, 136 , 10266

N
N

N Ms

PhO

N
Me

DCE
80 °C

N
Me

OPh

MsHN

N
Me

NHMsO

N
Me

H OPh

MsN

N
Me

OPh

MsN

or

Sarpong et al. JACS 2013, 135 , 4696

•

Ph H

H

N N
N Ts Rh2(Oct)4

CHCl3

140 °C, MW
NPh

Ts

•

Ph H

H
N Ts

[Rh]

N

[Rh]

Ph

Ts
NPh

Ts

47-92% yield

57-89% yield

no Cat.
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Sarpong et al. JACS 2015 DOI:10.1021/jacs.5b04295

N
NN

Ts
Rh2(tpa)4 
2 mol%

CH2Cl2, 70 °C
O Ph

TsN

LAH

O Ph

TsHN

Fokin et al. JACS 2011, 133 , 10352

N
N

N Ms

Ph

Rh2(S-NTTL)4 
0.5 mol%

CHCl3, RT

LAH

or NaBH4
MsHN

Cy

Ph

95% yield
96% ee

58-93% yield
dr (cis:trans)=82:18~98:2

O Ph

Boyer JOC 2015, 80, 4771

R O

N N
N

Ts

H
O

[Rh]

NTs

R H

O

O

R
H H

O

O

H H
O

OH

O

(±) petromyroxol

Rh2(OAc)4
5 mol %
PhMe, reflux

then basic Al2O3

67% yield

N
N

N Ms

Ph

Fokin et al. JACS 2012, 134 , 14670

Ar B(OH)2 1. CaCl2, 75 °C

2. Rh2(S-PTAD)4
    CHCl3, RT Ph

Ar
NHMs

66-97% yield

N
[Rh]

Ms

R1

BAr
O

O

N
[Rh]

Ms

R1

B
O

O

Ar

Fokin et al. ACIEE 2012, 51, 13054
Miura and Murakami et al. JACS 2012, 134 , 17440

O

HO
NTs

N
N

0.5 mol%
Rh2(Oct)4

CHCl3, 140 °C
MW O

HO
NTs[Rh]

O

O NHTs

N
N

N Ts

t-Bu

NTs

98%

91%

AcO
NTs

N
N OAc

NTs
96%


