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Prof. Sukbok Chang
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Education and Professional Careers:

1985 B.S. @ Korea university
1987 M.S. @ KAIST (Advisor: Prof. Sunggak Kim)
1996 Ph.D. @ Harvard University 

(Advisor: Prof. Eric. N. Jacobsen)
1996-1998 Post Doctoral Fellow @ Caltech 

(Advisor: Prof. Robert H. Grubbs)
1998-2002 Assistant Professor @ Ewha Womans University
2002- Professor @ KAIST
2018- Distinguished Professor @ KAIST

Research Interests:
1. Site-selective C-H activation strategies especially for C-C, C-N and C-O bond formations 
(Today’s topic)

2. Methane functionalization 3. Catalytic selective defunctionalization
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1968, Sauer and Mayer

cat. Ru +

dioxazolones

Inspired by these works, Prof. Sukbok Chang used dioxazolones as versatile amidating reagents.
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- a powerful tool for forging versatilre aminated molecules with the installation of an additional functional 
group at the C=C bonds in a single operation.

Previous studies: stereoconvergent nitrene transfer to olefins (Bach, Xu)

O
NH

O

Nu

H R

Fe, Nu-

Nu- = Cl, Br, F, O

Fe, Nu-

R O N

O

X

E
(X = N2, OR )

O N

O

X

Z

R

specific isomer

N Fe

R

N Fe

R

readily rotatable alkyl radical

N Fe

R

fast Nu-

H

H

N

Nu

H R

specific isomer

Olefin Difunctionalization via a Nitrenoid Transfer

10



metal nitrenoids as a motif of 1,3-dipoles
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FMO Analysis
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[Cp*IrCl2]2 (2.5 mol%)
Cl- source (X equiv)
H+ source (Y equiv)
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a) Ratio of diastereomers, determined by 1H NMR analysis of the crude reaction mixture.
b) 5 mol% of [Cp*IrIIICl2]2 was used.

dr 17 : 1

dr >19 : 1

A slight erosion in deastereoselectivity was accompanied in these cases mainly due to the 
olefin isomerization induced by the acid.

Substrate Scope (1)
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HOR (1.5 equiv)
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Catalyst Design (2): Electron-withdrawing Group



catalyst (5.0 mol%)
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Catalyst Optimization



PCM(HFIP)-M06/SDD+6+6-311++G**//M06/Lanl2dz+6-31G**

A hydrogen bond between a sulfonyl oxygen atom of the catalyst and an O-H hydrogen of 
benzoic acid plays an important role for determing a diastereoselectivity.
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Computational Modeling
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Substrate Scope (3)

21



(5.0 mol%)
KOH (25 mol%)

iPrOH (0.1 M), rt, 15 h

IrIII

Cp*

N

N

Cl

S
O

O

chiral catalyst design
IrIII

Cp*

N

H
N

Cl

S
O

O

t-Bu

t-Bu

t-Bu

t-Bu
CF3

CF3

inspired by Noyori's works

S-bound oxygen atoms play 
an important role as hydrogen 
bonding acceptors

95% (97%ee)

Asymmetric hydrogenation reaction by the Noyori group2

Me

O

Me

OH

RuIII

N

H
N

Cl

S
O

O

s

22

Development of Asymmetric Oxyamidation



Ir catalyst (5.0 mol%)
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favored

metal-nitrenoid

β-lactams

[M] = Fe, Co, Ir, Ag, Os, ...X N
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strained transition state

Δ RSE = ~ 20 kcal/mol
(RSE = Ring Strain Energy)

→How to realize this challenging conversion?

Access to β-Lactams via Metal-Catalyzed Olefin 
Difunctionalization Approaches 
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→Radical reaction is a powerful tool to construct C-C bonds.

Iron Catalyst System for Intramolecular C-H Amidation
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1. Powerful radical reaction → Fe catalyst
2. The formation of a carbocation intermidiate → The oxidation by Fe catalyst
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Fe catalyst (mol%)entry conv. (%) yield (%) d.r.

1 FeCl2 (10) 72 N.D.

2 (TPP)Fe(III)Cl (5.0) 37 11

3 ((p-OMe)4TPP)Fe(III)Cl (5.0) 37 9

4 (F20TPP)Fe(III)Cl (5.0) 40 13

5 PcFe(III)Cl (1.0) >95 70

6 PcFe(II) (1.0) >95 77

4:1

5:1

5:1

10:1

10:1

Reaction Optimization
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DFT calculation for PcFe-catalyzed 4-exo-trig-cyclization

*Mulliken spin density provides a means of estimating partial atomic charges from calculations carried 
out by the methods of computational chemistry.

Mechanistic Investigations (1)
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Stereoconvergent lactamization

Two-step aziridination/ring-opening mechanism could be ruled out in the present oxyamidation, where
the reaction would instead be stereospecific to the olefin geometry.
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Mechanistic Investigations (2)
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Allylic β-lactam formation

These results are suggestive of the carbocationic intermediacy.
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Mechanistic Investigations (3)
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Rationale for Stereoselectivity (My Opinion)
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Ligand effects (1)
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Ligand effects (2)
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Substrate Scope
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H
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H
N O

H
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It is necessary to stabilize the carboradical 
and carbocation intermediates

Nu

H
N O β-lactams are susceptible to nucleophilic attack.

→Only weak nucleophiles (such as carboxylic acids) 
are able to be used in this reaction?

In most cases, only syn products are obtained.Ar
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Ar
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E-1-like elimination should 
be kept in mind.
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Limitation (My Opinion)
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RhIII+

Cp*
N

RhIII+

Cp*
N

N

resting stateN3

RhIII+

Cp*
N

N

N2

N2

RhIII+

Cp*
N

N
R

N
H
N R

C-H insertion

protometalation

2 AgSbF6, ppy

2 AgCl, H+

1/2 [Cp*RhIIICl2]2 + ppy

ppy

SbF6
-

SbF6
-

SbF6
-

SbF6
-

RO

O

R

NOT obtained

Acyl azides are ineffective for 
generating Rh-amido spicies 3.

Identification of a Rate-limiting Factor
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Ir catalyst
O

N
O

OAim:

stable N-precursor

NH

R R

O

lactams

IrIII+
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N

BAr4
-

NCAr
Ph

O

O

N
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N
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1. rt, 5 min -CO2
2. PPh3

1. rt, 5 min -CO2

C-H Insertion
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O
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Cp*
N

BAr4
-

N

O Ph

PPh3

C-N Coupling

Cp* =

>95% >95%

Viability of C-H Insertion
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DFT-Calculated Competitive Working Models
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DFT-Calculated Competitive Working Models



[Cp*IrCl2]2 (4 mol%)
AgNTf2 (16 mol%)

AgOAc or LiOAc (30 mol%)
(CH2Cl)2

DG

H

O

N
O

O

Ar
or
O

Ar N3

DG
H
N

(yields with acyl azides are given in parentheses)

>95% (<5%)
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N
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O

H
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O

O
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O

Ar

70% (<5%) 60% (<5%)
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N
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O

Ar

63% (<5%) 52% (9%)
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P

O
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H

O O O
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Ph

Ir(III)-catalyzed C-H Amidation
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Synthesis of Dioxazolones
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Plausible Working Modes of a Putative Ir-nitrenoid

PCM(dichloromethane)-M06/SDD+6-311++G**//M06/Lanl2dz +6-31G**
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Proposed Mechanistic Mode for Syn-selective 
Pathway
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The Origin of the Partial Convergence
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Unsuccessful Results of PcFe(II)-catalyzed Olefin 
Difunctionalization
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Detection of Triplet PcFe-imidyl Radical by Low 
Temperature X-band EPR


