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Importance of N-H Insertions
Synthesis of nitrogen-containing heterocycles

Importance of N H Insertions
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Synthesis of enantioenriched α-amino acids
- Chiral starting materials, auxiliaries, and catalysts
Aryl glycines are building blocks for pharmaceuticals (vancomycin- Aryl glycines are building blocks for pharmaceuticals (vancomycin,
amoxicillin, cephalosporins)
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Lee, S-H.; Clapham, B.; Koch, G.; Zimmermann, J.; Janda, K. Org. Lett. 2003, 5, 511-514.
Davis, F.; Yang, B.; Deng, J. J. Org. Chem. 2003, 68, 5147-5152.
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Synthesis of Diazo Compoundsy p
Acyclic Terminal α-Diazo Ketones
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Synthesis of Diazo Compoundsy p
Diazo Transfer
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Synthesis of Diazo Compoundsy p
Modified Diazo Transfer
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CarbenesCarbenes
RR

RR RR RRδ+ δ−

RR
M M M

free carbene
very reactive

carbene complexes,
Rh Cu Pd Pt Fischer-type Schrock-type

δ+δ−

very reactive Rh, Cu, Pd, Pt

pi back-donation from metal to carbon increases

nucleophilicity of carbene carbon increases

L RhII

EtO2C

H

N2

LnRhII N
CO2Et

LnRhIV
CO2Et

NLnRh LnRh N
H

LnRh
H

N

Dorwald, F. Metal Carbenes in Organic Synthesis; Wiley-VCH: Weinheim, 1999.



Insertion MechanismsInsertion Mechanisms
AB

Concerted proposed for nonpolar bonds (C-H, Si-H)
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Ylide proposed for polar bonds (O-H, N-H)

H XR
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X
RH

X
RH

H+ transferHXR
Rh2L4

RH

OH Rh(II) O

X O
+

( )
CH2Cl2

X

O Concerted = small ρ values
Ylide/Stepwise = larger ρ values

N2

M. P. Doyle, M. A. McKervey and T. Ye, Modern Catalytic Methods for Organic
Synthesis with Diazo Compounds, Wiley-Interscience, New York, 1998.

Qu, Z.; Shi, W.; Wang, J. J. Org. Chem. 2004, 69, 217-219.



Concerted or Stepwise
substituent
constant

ρ (r)
Rh2(OOct)4 Rh2(tfa)4Rh2(OAc)4constant Rh2(OOct)4 Rh2(tfa)4Rh2(OAc)4

σ+ -0.25 (-0.91) -0.28 (-0.93) -0.09 (-0.70)
ρ values smaller than expected
for ylide mechanism

σ-

σ -0.32 (-0.88)

-0.25 (-0.89) -0.26 (-0.82)

-0.35 (-0.86) -0.13 (-0.74)

-0.11 (-0.83)

y
implies concerted rxn

OH OH OH

OMe NO2

> >

krel
Rh2(OAc)4

1.33
e- rich O-H bond

1.00 0.46
e- poor O-H bond

Qu, Z.; Shi, W.; Wang, J. J. Org. Chem. 2004, 69, 217-219.



Concerted or Stepwise
N2

HN

R3

Rh2(OAc)4, CH2Cl2, rt N

R3R2

+

R2

N O

R1
R4 N O

R1

R4

+

N

R2 R3

(AcO)4Rh2
R3

N

R2H(AcO)4Rh2[Rh]

N O

R1

H

R4 N O

R1

R4

N
or

N O

R1

H
H

H
H

H
Cl

N O

R1

N

H N O

R1

N

NO2 N O

R1

H
N

H

Muthusamy, S.; Srinivasan, P. Tetahedron Lett. 2005, 46, 1063-1066.
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Discovery of N-H Insertions
Curtius, 1888

O H2N

+
H
N
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EtO

Yates 1952 first catalytic insertion

EtO
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+ EtO

Yates, 1952, first catalytic insertion

N2
C17H35

O H2N Cu bronze H
N

C17H35

O

+
33%

H2N

X

H
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Saegusa 1966 expands upon the work of Yates

C17H35 C
O

+ C17H35 C
N

O

Saegusa, 1966, expands upon the work of Yates

OEt

O

N2
+

NH
CuCN

72% N
OEt

O

Curtius, T. J. Prakt. Chem. 1888, 38, 396.
Yates, P. J. Am. Chem. Soc. 1952, 74, 5376-5381.

Saegusa, T.; Ito, Y.; Kobayashi, S.; Hirota, K.; Shimizu, T. Tetrahedron Lett. 1966, 49, 6131-6134.



Merck Synthesis of y
Thienamycin
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OO 2 CO2Bzl O

1:9
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80 oC
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near quantitative yield
85% after crystallization

O
H CO2Bzl

H H NH2
OH

N
O

S

CO2H

H

Thienamycin

Copper started the field of N-H insertions
Rhodium very effective for β-lactams and very popular
Recent work shows copper also very effective

Ratcliffe, R.; Salzmann, T.; Christensen, B. Tetrahedron Lett. 1980, 21, 31-34.

Thienamycin
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Why Not Rhodium?
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CO2MeN
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CO2MeCbzHN
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O

CO2Me

[Rh]

CbzHN

H

C-H product

Benzene, 80 oC, 1.5 mol % cat. 44% N-H 10% C-H

O O

Toluene, 111 oC, 1.5 mol % cat. 56% N-H 7% C-H

CbzHN

O

CO2Et

N2

Rh2(OAc)4
Benzene, reflux

NCbz

O

CO2Et

O

CO2Et

NCbz

+

NCbz
0% 39%

Moyer, M.: Feldman, P.; Rapoport, H. J. Org. Chem. 1985, 50, 5223-5230.



Why Not Rhodium?

CbzHN CO2Me

N2 Rh2L4, CH2Cl2
N CO2Me

CO2Me

NHCbz CbzHN

CO2MeH

Cbz

A B CH

Product Ratio

NO

CO2H

SO2Ph

Entry Ligand Temperature A B C

1 reflux
room temp.

0 4 1
2.4 1 2.4

SO2Ph

N

H

CO2H2 room temp. 3.2 1 1.9

Problems = competitive
C-H insertion and β-elimination

N

H

CO2H

SO2Ph

3 reflux

room temp.

5 1.2 1

2.5 1 1.8

CO2H

OH

SO2Ph

4

p

reflux

room temp.

7 2.6 1

9 3 1

Garcia, C.; McKervey, M.; Ye, T. Chem. Commun. 1996, 1465-1566.

p

0 oC 2.6 1 1.3



Pyrrolidines from Rhodiumy
O
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Davis, F.; Chao, B.; Rao, A. Org. Lett. 2001, 3, 3169-3171.
Davis, F.; Fang, T.; Goswami, R. Org. Lett. 2002, 4, 1599-1602.



Pyrrolidines from Rhodiumy

O

CO2Me

O

Ph

NH
S

Ar

O

1) CF3COOH, MeOH
2) Boc2O, Et3N, DMAP

CO2Me

O

Ph

NH
Boc

O

OH
S

O

O

N3

Et N90%Ph Ph Et3N
98%

90%

ONH
Boc Rh2(OAc)4 3 mol % 

CH2Cl2 rt
O O

Chromatography
CO2Me

Ph

N2

CH2Cl2, rt

N
Boc

Ph CO2Me94%

60:40
cis:trans

N
Boc

Ph

Chromatography

CO2Me

cis:trans

Davis, F.; Fang, T.; Goswami, R. Org. Lett. 2002, 4, 1599-1602.



Removal of 3-Oxo Groupp
O

 NEt3, Tf2O, DMAP, 56%
1) Pt/C, H2
2) CF3COOH 80% two steps

OTf

N
Boc

Ph

60:40
cis:trans

N
Boc

Ph CO2MeCO2Me

NPh CO2Me
H

NPh CO2Me

Previous synthesis -13 steps
New - 7 from chiral building block

N

O

H
N

H
N

O

Me

(+)-RP 66803

Davis, F.; Fang, T.; Goswami, R. Org. Lett. 2002, 4, 1599-1602.



Pyrrolidines from Rhodiumy
CO2Me

N
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H
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N
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H

N
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CO2MeMe3C N
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CO2MeMe3C very fast 
H+ transfer Red. Elim.

N
Boc

CO2MeMe3C

Davis, F.; Yang, B.; Deng, J. J. Org. Chem. 2003, 68, 5147-5152.



Copper Catalyzed Reactions
Synthesis  of 4, 5, and 6-membered aza rings

PHN NPHN
OH

H N
OH n Cu(acac)2 10 mol %

O
n PHN

O

N2PHN

O

H2N

O

P = Ts, Cbz, or Boc

n Cu(acac)2 10 mol %
N

P
nPhH, reflux

n n

TsN

O

CbzN

O

BocN

O

TsN

O

54% 32% complex mixture

TsN

55%

CbzN

O

N
Cbz

N
Cbz

O O

O

CbzHN

62% 76% complex mixturenot observed

N2

O

CbzHN
C l ti f N H C H

Wang, J.; Hou, Y.; Wu, P. J. Chem. Soc., Perkin Trans. 1, 1999, 2277-2280.

H
Cu selective for N-H over C-H



Aza Rings with Functionality
Cu(acac)2 10 mol%

PhH fl
R N2

NHTs

TsN

O

PhH, reflux
O

TsN
R

O O OS O

TsN
Me

TsN TsN
Ph

S
34% 45% 57%

NHTs

not observed

ONHTs Cu(acac)2 10 mol %
O

R
N2

PhH, reflux TsN
R

O O O

TsN
Me

TsN TsN
Ph

Wang, J.; Hou, Y.; Wu, P. J. Chem. Soc., Perkin Trans. 1, 1999, 2277-2280.

S52% 61% 43%



Styrene AdditiveSty e e dd t e
Cu(acac)2 normally used in cyclopropanations

ONHP O

R

O

N2

NHP

n

0.1 equiv. Cu(acac)2

PhCH=CH2, PhH, reflux PN
R

n

TsN

O

TsN

O

TsN

O

TsN

O

PhMe Ph
S54%

74%
34%
70%

45%
69%

57%
48%

TsN CbzN

O O

55%
61%

76%
52%

Wang, J.; Hou, Y.; Wu, P. J. Chem. Soc., Perkin Trans. 1, 1999, 2277-2280.

Sigma - Rh2(OAc)4 $244/g, Cu(acac)2 $0.33/g



Fully Substituted Azetidines

O
O

2-substituted azetidin-3-ones

N
H

OH
HO OH

O

N2NHP

R

N
R

P

H H

H MePenaredisin A
O

CO2R

O

CO2RH H

N2NHP
N

CO2

P

TBDPSO OH

O
ClCOOEt, NEt3

TBDPSO O

O

OEt

O
N2

RO

O

45%TBDPSO OH

NHTs  THF, 0 oC
TBDPSO O

NHTs

OEt

NHTs N2

45%

R = TBDPS

Burtoloso, A.; Correia, C. Tetrahedron Lett. 2004, 45, 3355-3358.
Burtoloso, A.; Correia, C. J. Organomet. Chem. 2005, 690, 5636-5646.



Fully Substituted Azetidines
O

t l t

O
O

Catalyst Screen

TBDPSO

NHTs N2

catalyst
conditions

N

Ts
TBDPSO

+ TBDPSO

NHTs

Catalyst Conditions Azetidine-3-one Yield Olefin Yield
Rh2(OAc)4 CH2Cl2, 0 oC, 1 h ~35 not determined2( )4

Rh2(OAc)4

Rh2(OAc)4

Rh (OAc)

CH2Cl2, 0 C, 1 h

CH2Cl2, rt, 15 min

C6H6, rt, 45 min

C H reflux 1 min

0

0

0

89

63

81Rh2(OAc)4 C6H6, reflux 1 min 0 81

Cu(acac)2

Cu(acac)2

C ( )

CH2Cl2, rt, 24 h

C6H6, rt, 24 h

no reaction

0

41

no reaction

67

35Cu(acac)2

Cu(acac)2

Cu(OAc)2*H2O

C6H6, 60 oC, 45 min

C6H6, reflux, 1 min

C6H6, reflux, 1 min

41

67

77

35

22

17

Burtoloso, A.; Correia, C. Tetrahedron Lett. 2004, 45, 3355-3358.
Burtoloso, A.; Correia, C. J. Orgnaometallic Chem. 2005, 690, 5636-5646.



Fully Substituted Azetidines
Transition State Models

three-centered concerted ylide mechanism

N

H
P

R2

R1

N

H
P

R2

R1

δ+

+

δ-

H
P

R1LnM

N

OH

LnM

N

OH

LnM

δ+
δ+

δ-δ-

N

OH R2

favorable unfavorable favorable

R = CH OTBDPS

O O O

R2R1 R1 R1 R2R2

R1= CH2OTBDPS

N

P

N

P

N

P

Burtoloso, A.; Correia, C. Tetrahedron Lett. 2004, 45, 3355-3358.
Burtoloso, A.; Correia, C. J. Organometallic Chem. 2005, 690, 5636-5646.



Fully Substituted Azetidines
Substrates

O O O O

N

Ts

O

TBDPSO N

Ts

O

TBDPSO

OMe

N

Ts

O

TBDPSO N

Ts

O

Ts

61%
Ts

65%
Ts

71%
Ts

47%

O

N

Ts

O

TBDPSO
Ts

serine, alanine, phenylalanine, 
valine, etc.

diazobutane, diazomethane, etc.

Amino acid stereochemistry determines other stereocenters

Burtoloso, A.; Correia, C. Tetrahedron Lett. 2004, 45, 3355-3358.
Burtoloso, A.; Correia, C. J. Organomet. Chem. 2005, 690, 5636-5646.

y
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Copper in Ionic Liqiuds
N

NR'
NH

R
N2 COOR''

Cu(acac)2, rt, 1.5 h

[bmim][BF4] 90% R'
N

R

COOR"+

bmimH2O 50%
PhMe 40%

CO2Et CO2EtBuCO2EtPh CO2t-BuCO2t-BuPh
O N N

Bu

N
Ph

O NN
Ph

88% 80% 90%
85% 4th cycle

85%
80% 4th cycle

84%
80% 4th cycle

N
CO2Et

N
CO2Et

CO2Et
NBu

CO2Et

CO2Et
N N

CO2Et

EtO2C
NH

CO2Et

CO Eti P

CO2Et CO2Et EtO2C

CO Et CO Et

90%75%80% 85% 88%

N
CO2Et

i-Pr

i-Pr
N

CO2Et

CO2Et
N

CO2Et

CO2Et
Cl

N CO2Et

CO2Et

80% 85% 80%88%
80% 4th cycle

Kantam, M.; Neelima, B.; Reddy, C. Journal of Molecular Catalysis A: Chemical 256, 2006, 269-272.

80% 4th cycle



Ionic Liquidsq
NH2

+
H
N CO2Et

h

96%

CO2EtH

N

hexane

5 mol% cat.
[bmim][PF6]

+ N2

N

96%
93%
94%
95%
95%

recycle ionic liquid layer

N2

N
N

bmim

95%

H NHR
N

N
RH

H+ transferH2NR[Cu]
[Cu]

H
H

Rodriguez, P.; Caballero, A.; Diaz-Requejo, M.; Nicasio, C.; Perez, P. Org. Lett. 2006, 8, 557-560.

N
RH

RH



Insertions with 
Homoscorpionate Ligands

NH
CO2EtH

N2

+
TpXCu,
 2 mol% N

CO2Et

N

R1

R2

TpX Time (min) Yield (%)

T Cy C 20 > 95

R1 R2 R3

Tp* Me Me 20 > 95H
H H

B
N N

H N
N

R3
R3

R2R2

R3

TpCy

TpPh

TpMs Ms

Ph
Cy 20 > 95

> 95120

240 > 95

H
H

H

H
H

H

N N R2

R1R1

R2

Tpx
p

Cu(OTf) and [Cu(MeCN)4]PF6 gave between 70-80%

Morilla, M.; Diaz-Requejo, M.; Belderrain, T.; Nicasio, M.; Trofimenko, S.; Perez, P.
Chem. Commun. 2002, 2998-2999. 



Substrate Scope
R1R2NH

CO2EtN2

R3

+
Tp*Cu

R1R2N CO2Et

R3

O N
CO2Et

N CO2Et CO2EtN N CO2Et

CO2Et
H
N

H 2

 > 95% 90% > 95% > 95% > 95%

N CO2Et CO2EtN

CO2Et

O N
CO2Et

CH

CO2EtN

CO2Et

> 95%
2 equiv. EDA

> 95%
2 equiv. EDA

CH3

quantitative 80%
H N

N

Me

MeMe

No excess amine required
Room temp. reactions
Unprecedented yields

B
N N

N N

Me

MeMe

Me

p y

Morilla, M.; Diaz-Requejo, M.; Belderrain, T.; Nicasio, M.; Trofimenko, S.; Perez, P.
Chem. Commun. 2002, 2998-2999.

MeMe

Tp*



Peptide Bonds
Competitve with Rhodium Chemistry

O O

NH2

Tp*Cu
N
H

CO2Et

85%N CO Et

H

NH2 Tp*Cu H
N

Ph

N2 CO2Et

CbzN
NH2

O

p
CbzN

N

O

CO2Et

80%

N2 CO2Et

Ph

NH2
H
N

Me
Rh2(OAc)4

2 2

CbzN
2

O

CbzN

O

CO2Et

71%
N2 CO2Et

Me

Morilla, M.; Diaz-Requejo, M.; Belderrain, T.; Nicasio, M.; Trofimenko, S.; Perez, P.
Chem. Commun. 2002, 2998-2999.

Bagley, M.; Buck, R.; Hind, S.; Moody, C. J. Chem. Soc., Perkin Trans. 1, 1998, 591-5960.



Seminal Asymmetric N-H y
Insertions

N2

CH3

O
ONH2

C6H5

H +

1) CuCN, 50 oC
2) H2, Pd(OH)2/C
3) NaOH CH3N H

CH3

ONH2H
H3C

+ 3) NaOH CH3N H
COO

(R) alanine,
20% ee

CH3

N2

O
ONH2

C6H5

H
H3C

1) CuCN, 50 oC
2) H2, Pd(OH)2/C
3) NaOH CH3N H

CH3

COO
+

H3C COO
(R) alanine,

26% ee

Nicoud, J-F.; Kagan, H. Tetrahedron Lett. 1971, 23, 2065-2068.



Asymmetric Rhodium Insertions
O

O

CO2Me

N2 Ph

NH2

O

O
Rh2(OAc)4

CH2Cl2
+

HN

O

CO2Me

Ph
71%, 6% de

NH2

MeO2C N2

Ph
+

Rh2(OAc)4

CH2Cl2

NH

Ph

MeO2C
64%, 10% de

MeMe
Me

O + Et NH

MeMe
Me

O
Rh2(OAc)4

49% 4% de
O

O

Ph
N2

+ Et2NH
O

O

Ph
Et2N

CH2Cl2
49%, 4% de

Me O

O

N2

Ph

i-Pr
Et2NH+

Rh2(OAc)4
CH2Cl2

Me O

O
Ph

i-Pr NEt2
42%, 3% de

O
CMe2Ph

Me
N2 +

Rh2(OAc)4

CH2Cl2

O
CMe2Ph

Me

H
N 37%, 0% de

H2N O

O
O

Aller, E.; Buck, R.; Drysdale, M.; Ferris, L.; Haigh, D.; Moody, C.; Pearson, N.; Sanghera, J. 
J. Chem. Soc., Perkin Trans. 1. 1996, 2879-2884.

Me
O

Ph

CH2Cl2 Me
O

Ph

H2N O
O



Asymmetric Rhodium Insertionsy
Chiral Catalysts

Ph N Rh L CH Cl HPhPhOH N

MeO2C

Ph N2 Rh2L4, CH2Cl2
H
NPh

MeO2C

O

O

Ph
PhOH2N

O
+

OH

O

O

O

HO

i-Pr

O N CO2Me

OH

92%, 2% ee
O

HO

80%, 4% ee
Rh Rh

S

H
N

OH

O
O

O

N
H

CO2Me
O

Buck, R.; Moody, C.; Pepper, A. ARKIVOC, 2002, 16-33.

62%, 0% ee 69%, 4% ee



Asymmetric Rhodium Insertionsy
N-H Bond from Chiral Amides

O
Rh2L4

O Ph

*
Ph

NHBoc

NH2 +
Rh2L4

N
H

CO2Me 56%, 17% de
(S)-alaninamide

NHBoc

alaninamide

*
CO2MeN2

38%, 20% de
(R)-alaninamide

NHBoc

O

NH2 CO2Me

Ph

N2
+

Rh2L4

O

N
H

Ph

CO2Me

NHBoc

*

O

NHBoc NHBoc

alaninamide

O CO2Me Rh2L4
O CO2Me 61%, 15% de

S

H
N

OH

O
O

O

L =
NHBoc

NH2

2

PhN2
+

Rh2L4

NHBoc

N
H

Ph

61%, 15% de
(S)-valinamide

valinamide

*

49%, 12% de
(R)-valinaide

NHB

O

NH2
+

Rh2L4

NHB

O

N
H

Ph

CO2Me

*CO2Me

PhN2

Buck, R.; Moody, C.; Pepper, A. ARKIVOC, 2002, 16-33.

NHBoc NHBoc

valinamide



Asymmetric Rhodium Insertionsy
Chiral Diazo Compounds

Ph Ph
RO NH2

Ph

N2
N
H

O

CO2Me

Ph

Rh2(OAc)4, CH2Cl2
Ph

N
H

O

CO2Me

Ph

H
N

2

O
RO

O

*
Ph Ph

R = t-Bu     69%, 0% de
R = Bn       91%, 20% de

O

NH
BocHN

Rh2(OAc)4, CH2Cl2 N
H

O

CO2Me

Ph

H
N

BocHN

NH2

O
*

Ph
H

O

(S)-Boc-Val-NH2  27%, 0% de
(R)-Boc-Val-NH2  34%, 0% de

Buck, R.; Moody, C.; Pepper, A. ARKIVOC, 2002, 16-33.



Copper Shows Promise
NH2

+
N2 CO2Et Cu(L*)PF6 10 mol%

H
N CO2Et

O O O

Moody - 20% ee
Nicoud/Kagan - 26% ee

N

O

N

O

t-But-Bu

N

O

PR2

CuPF6, CH2Cl2,
54%, 28% ee

CuOTf, CH2Cl2,
33% racemic

R = tol, CuPF6, CH2Cl2,
95%, 5% ee

R = 2,4-dimethylphenyl, CuPF6,33%, racemic , y p y , 6,
CH2Cl2, 75%, 26% ee

F

N
H

CO2Et N CO2Et
CO2EtN

H

27% 10%

Backmann, S.; Fielenbach, D.; Jorgensen, K. Org. Biomol. Chem. 2004, 3044-3049.

40%, 20% ee 29%, 9% ee 27%, 10% ee
(R)



Spiro Bisoxazolines

OH N

O

R5 steps, 96% overall yieldOH
OH

O

N R

(R S S)
R = Ph, Bn, i-Pr

(Ra, S, S)

O

Ph

O

O

5 mol % (CuOTf)2C6H6
 (Ra, S, S) R = i-Pr

CH2Cl2, reflux
93%, 11:89 cis:trans

Ph
O

O+ N2

93%, 11:89 cis:trans

+

NO2

O
O

5 mol % CuPF6(MeCN)4
(Ra, S, S)  R = Bn

acetone, rt
80% 67% ee

O

O

NO2

Lui, B.; Zhu, S-F.; Wang, L-W.; Zhou, Q-L. Tetrahedron: Asymmetry 2006, 17, 634-641.

O 80%, 67% ee O



Spiro Bisoxazolines
O

N

O

O

N Bn

Bn
N2 CO2Me

+PhNH2

[Cu]/L 5 mol%
Ph

H
N CO2Et*

(Sa, S, S)

ligand [Cu] solvent time (h) yield (%) ee (%)

(Sa, S, S)

(Ra, S, S)

CuPF6(MeCN)4

CuPF6(MeCN)4

2 78 43CH2Cl2

CH2Cl2 2 95 5

CF3

B

(Sa, S, S)

(Sa, S, S)

(S S S)

CuOTf(Tol)1/2

C Cl/N BARF

CuCl

CH2Cl2

CH2Cl2

CH Cl

2

2

24

83

15

94

5

rac

98

CF3

B

4

BARF-

(Sa, S, S)

(Sa, S, S)

(Sa, S, S)

CuCl/NaBARF

CuCl2/NaBARF

CuCl/NaBARF

CH2Cl2

CH2Cl2

CHCl3

2

2

2

94

80

89

98

85

98

(Sa, S, S) CuCl/NaBARF C6H6 6 80 85

Liu, B.; Zhu, S-F.; Zhang, W.; Chen, C.; Zhou, Q-L. J. Am. Chem. Soc. 2007, 129, 5834-5835.



Spiro Bisoxazolines
O

OR2+
5 mol% CuCl

(Sa, S, S), NaBARF
CH2Cl2 rt

R3
N

R1

*

R4 O

OR2
N2

R1R3
N

H

R4

CO2Et
H
N * CO2Et

H
N *CO2Et

H
N *

ClB

CH2Cl2, rt

ClBr

94%, 98% ee 95%, 98% ee 92%, 98% ee

CO2Et
H
N *

CO2Et
H
N * CO2Et

H
N *

Cl Br

94%, 91% ee 96%, 98% ee95%, 97% ee

CO2Et
H
N * CO2Et

H
N *CO2Et

H
N *

Cl

Liu, B.; Zhu, S-F.; Zhang, W.; Chen, C.; Zhou, Q-L. J. Am. Chem. Soc. 2007, 129, 5834-5835.

Cl

92%, 96% ee 95%, 98% ee95%, 88% ee



Spiro Bisoxazolines
O

OR2+
5 mol% CuCl

(Sa, S, S), NaBARF
CH Cl t

R3
N

R1

*

R4 O

OR2
N2

R1R3
N

H

R4

CH2Cl2, rt R1R

CO2Et
H
N * CO2Et

H
N * CO2Et

H
N *CO2Et

H
N *

MeO OMe

96% 85% ee 86% 96% ee 89% 98% ee 91% 98% ee

CO2Me
H
N * CO2Et

H
N *

96%, 85% ee 86%, 96% ee 89%, 98% ee 91%, 98% ee

CO2t-Bu
H
N *

78%, 96% ee 93%, 96% ee 51%, 94% ee

CO2Et
H
N

Ph

* CO2EtN *
CO2Et

H
N *Bz

Liu, B.; Zhu, S-F.; Zhang, W.; Chen, C.; Zhou, Q-L. J. Am. Chem. Soc. 2007, 129, 5834-5835.

55%, racemic93%, racemic85%, 8% ee



Amino Acid Synthesis
BocNH2

Ph
OR1

O

N2

+

7% CuBr, 6% AgSbF6,
8% (+)-bpy*, ClCH2CH2Cl Ph

OR1

O

NHBoc
rt

"standard conditions"N2 NHBoc
R1 = t-Bu
1.5 equiv

standard conditions

variation yield (%) ee (%)

none

R1= i-Pr

74 94

8469 FeMe Me

Me

Me

Me

Me
Me

R1= Me

R1= Bn

no AgSbF6

77

70

-<2

70

81 N
Fe

N

Me

Me
Me

Me

(-)-bpy*
no AgSbF6

no byp*

12% byp* instead of 8%

8% bi ( li ) i t d f b *

0

92

<1080

77

80

2
Me

Me Me

Me

6 steps
10% overall yield

8% bis(oxazoline) instead of bpy* <10

88

6966

71

80

CH2Cl2

THF N

Me

HO

Lee, C.; Fu, G. J. Am. Chem. Soc. 2007, 129, 12066-12067.

Toluene 7442



Amino Acid Synthesis
BocNH2

Ph
Ot-Bu

O

N2

+

7% CuBr, 6% AgSbF6,
8% (-)-bpy*, ClCH2CH2Cl Ph

OR1

O

NHBoc

1.5 equiv

Ot Bu

O

Ot Bu

O

Ot Bu

O

Ot Bu

O
MeO

Ot-Bu

NHBoc

Ot-Bu

NHBoc

Ot-Bu

NHBoc

Ot-Bu

NHBoc

75%,
94% ee

71%,
81% ee

75%,
88% ee

61%, 
95% ee

Ot-Bu

O

Ot-Bu

O

Ot-Bu

O
BocHN Br F3C

NHBoc NHBoc NHBoc
77%,

91% ee
86%,

85% (95%) ee
89%,

85% ee

Ot-Bu

O

NHBoc

Ot-Bu

O

NHBoc

Ot-Bu

O

NHBoc

O

O

S

Lee, C. ; Fu, G. J. Am. Chem. Soc. 2007, 129, 12066-12067.

NHBoc NHBoc NHBoc

73%,
91% ee

74%,
91% ee

48%,
80% ee



Amino Acid Synthesis

standard conditions

CbzNH2

CO2t-BuPh

N2

+
standard conditions

(-)-bpy* CO2t-BuPh

NHCBz

77%, 
95% ee

CbzNH CO t Bu+

MeO

CO t B

MeO

49%
standard conditions

(-)-bpy*CbzNH2 CO2t-Bu

N2

+ CO2t-Bu

NHCbz

49%,
90% ee

( ) bpy

CbzNH2 CO2t-Bu+

F3C

CO2t-Bu

F3C

78%,
82% (98%) ee

standard conditions
(-)-bpy*

N2 NHCbz

Lee, C.; Fu, G. J. Am. Chem. Soc. 2007, 129, 12066-12067.



ConclusionsConclusions
- Rh catalysts great for β-lactams and intramolecular cyclizations via N-H
insertions

- Rh suffers competitive C-H insertion while Cu does not

- Cu catalysts are much cheaper than Rh catalysts

C t l t j t ff ti Rh t l t- Cu catalysts are just as effective as Rh catalysts

- Cu has had success with intermolecular enantioselective reactions

- Lots of progress still to be made
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Possible Transition States
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Possible Transition States
Big Group

N
Cu

N
R

H

PhHN

R

CO2Et

CO2EtR

NHPh

Big Group
CO2EtN

H

H

Ph

Big Group

HR CO EtR

Big Group

N
Cu

N
R

N
H H

H

NHPh

R

EtO2C

CO2EtR

NHPh

Big Group
CO2Et Ph

N-Cu-N plane is 90o to Cu-C-RR plane
J. Molecular Structure 2006, 765, 13-20.


