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Research Interests:
1. Site-selective C-H activation strategies especially for C-C, C-N and C-O bond formations
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1. https://sbchang.kaist.ac.kr/ 2. Hong, S. Y.; Hwang, Y.; Lee, M.; Chang, S. Acc. Chem. Res. 2021, 54, 2683.
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C-H Amination

Intramolecular insertion of nitrenes into carbon-hydrogen bonds

X
NH, /Y transition metal
H pre-oxidation N catalyst NH
> H o /
“R  X=IPh, Ny, OTs, ... C-H oxidation “R
R 2 "R R

history of C-H amination

1983 2001 2007 2008 2013
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Sy dr oy o Ko <

Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M. -H.; Chang, S. Science. 2018, 359, 1016.



Why Is C-H Amidation Challenging?

] o)
desirable
C-H amidation
fmeeeeeeeceead e - = Jo NH
0 5 R T
N, transition metal : cyclic amide
3 catalyst :
H —
"'R O
R 0. . [M] i &
acyl azide metal-nitrenoid Curtius-type Voo A N//
decomposition
y H — H
[M] = Fe, Cu, Zn, v v,
Rh, Pd, ... ‘R ‘R
L R - R
major pathway isocyanate

The instablility of acyl azides makes it difficult to construct cyclic amides via C-H functionalizations

Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M. -H.; Chang, S. Science. 2018, 359, 1016.



Alternatives of Acyl Azides ~Dioxazolones~

1968, Sauer and Mayer
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Inspired by these works, Prof. Sukbok Chang used dioxazolones as versatile amidating reagents.

1. Park, Y.; Park, K. T.; Kim, J. G.; Chang, S. J. Am. Chem. Soc. 2015, 137, 4534. 2. Sauer, J.; Mayer, K. K.
Tetrahedron Lett. 1968, 9, 319. 3. Bizet, V.; Burglioni, L.; Bolm, C. Angew. Chem. Int. Ed. 2014, 53, 5639.



Substrate Scope
MeO =~ Cp*

\ N
4
1] * =
Ir\CI Cp
0]
/« OMe

. o) (5 mol%) o

' P NaBAr, (2 mol%)
.~ N CH,ClI,, 40 °C, 12 h

p ' Y- Iactams

(yields with acyl azides are given in parentheses)

84%3P 88%? 48%?
o) 0 0 0
'dr=>20:1 'dr=>20:1
!  “—  pn Ph B //
90% (12.6 : 1) 96% (1.3 : 1)

See also LS 191026 Tsukasa_Shimakawa
a) 10 mol% of the catalyst was used. b) 80 °C for 48 hours

Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M. -H.; Chang, S. Science. 2018, 359, 1016.
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Olefin Difunctionalization via a Nitrenoid Transfer

- 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)

(0)
o) »\NH R O
N )j\ _ Fe, Nu (o) Fe, Nu v Jj\ —
R " N07 NSX — Nu ~——— 0~ “N=X
E Nu" = Cl, Br, F, O H R b4
(X = N2! OR )
specific isomer
. N=Fe
R _.-N—Fe fast _.-N—Fe Nu ,--N
,s R — .. R - > ‘e H —_— Yoo Nu
T R
H R H R
readily rotatable alkyl radical specific isomer

1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399. 2. (a) Kluegge, J.; Herdtweck, E.; Bach, T.
Synlett 2004, 2004, 1199. (b) Liu, G. -S.; Zhang, Y. -Q.; Yuan, Y. -A.; Xu, H J. Am. Chem. Soc. 2013, 135,
3343. 10



Working Hypothesis

previous work: Ir(lll)-Catalyzed Haloamidation of Alkynes Enabled by Ligand Partcipation

o [Cp*Ir''CL,], (1.25 mol%)
0/« AcOH (2.0 equiv) o
0 CH,CI,/TFE (2/1) Cp™ =
\N/ 272 NH
+ NaCl/15-crown-5 40°C.12h . X _Cl
(1.5/1.5 equiv)
SN Ph F, F
S T e
>95% F F
metal nitrenoids as a motif of 1,3-dipoles
@ @ 0
,Y‘\7 ,MA;? J\ o
X" YZ o X N M
mimic '\ concerted X N
1 3 T 1 ;T » '
R R R " 1+ s~ q
.’ R S’
>=< )= S R2
R? R* R?
1,3-dipolar cycloaddition metal nitrenoid stereo-determination by Z/E
stereospecific

1. Hong, S. Y.; Son, J.; Kim, D.; Chang, S. J. Am. Chem. Soc. 2018, 140, 12359. 2. Hong, S. Y.; Chang, S.
J. Am. Chem. Soc. 2019, 141, 10399. 11



Stoichiometric (!Vlodel Reactions
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>95% N2
° MeO Ph==2 X
H H -«
< inert, stoichiomeric ‘\
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S dil -
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(o) //( /,
MeO Ph o o XM
~./ < Co* y o
S \ " BA o
r
7 N v 4 ph.  HN
Cp* H '|r\ . K
p* = > K ol<: 3
>95% O N SN2
CF3 MeO H—t
Ph H
Ar =
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3

1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399.



FMO Analysis
= o
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1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399.
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~ Cp*
\ y/ N~s~| BAr4-

:" \ (0]

O N
MeO Ph==

H H

inert, stoichiomeric

Catalyst Design (1)

H+
Cp*
X. | BAr, /\
\Ir'"* 0
> X,, O X I-lN
-------- N ~
catalytic
Ph==% Ph
H H threo-lactam

X = Br, Cl, RCO,

labile nitrenoid
intermediate \/

1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399. 14



0 Substrate Scope (1) |
[Cp*IrCl,], (2.5 moI°/)

o O ' . Cl- source (X equiv)
\ - ' ' H* source (Y equiv)
N =, solvent, rt, 1-2 h

A slight erosion in deastereoselectivity was accompanied in these cases mainly due to the

olefin isomerization induced by the acid.
o)

HCI (X =Y = 1.0)
CH,CI,/TFE (1/1)

(0

3. °
NH
(o)
! R Ph
O\ W
N R :
i N Cl

80% (dr 15 : 1)

72%P (dr 9.1 : 1)

NaCl/15-crown-5 (X = 1.5)
HOAc (Y = 2.0), HFIP

0
»\o NH
o] , - V2
' E
‘NW dr 17 : 1
: R cl

93% (dr >19 : 1)

NH perfect
chemoselectivity

Ph
Cl

NH perfect
chemoselectivity

Ph

"'

Cl

75% (dr >19 : 1)

a) Ratio of diastereomers, determined by 1H NMR analysis of the crude reaction mixture.

b) 5 mol% of [Cp*Ir''Cl,], was used.

1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399.
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Substrate Scope (2)

HOR (1.5 equiv)

o
>\\o AgNTF, (10 mol%)

' NH ArF S
s

HFIP, 60 °C, 12 h

variation of dioxazolones
(0]

NH

OAc
90% (dr >19 : 1)

variation of R group (o)

[CPATIrCly]; (2.5 mol%) o) CF,
Y2 S
- T CF;
0]
NH NH
PI‘:I ° OAc Ph ¥ OAc
80% (a:B=3:1,dr=>19:1)
o)
NH
o)
o) Ph

NH
m
(0 Ph

55% (dr >19 : 1)

60% (dr >19 : 1)

1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399.
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Limitations and Solutions

limitations: A auxiliary ligand plays

an additional role as an Cp*B Ar.- H"
internal nucleophile X« _ | e Fa /\
= Variations of r HN O
nucleophiles are limited X, \N o) X R
[Cp*IrCl5]; ’ catalytic
Ph H | X = Br, Cl, RCO, Ph
no enantioselectivities \/
solutions:

Cp*

= chiral legand  cp* H H
N.
Ph \!r"“
stepwise * / \ 0 Nu HN 0
X N 4
»
@ Nu Ph
carbocation intermediate
Ph

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.



Catalyst Design (2): Electron-withdrawing Group

stepwise

X-type variations

QG % X~ N E—

p(X) T=n" h "Low lying p(X)"

three-centered

Y| Lumo -

p(N)
larger HOMO/LUMO gap smaller HOMO/LUMO gap

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.



Catalyst Optimization

S catalyst (5.0 mol%) Cp* =
»\0 NaBAr, (5.0 equiv) NH
O\ BzOH (3.0 equiv) Ph CF

-
NJ\/\% HFIP, rt - |

Ph
OBz Ar =
% CF5
~~ Cp* ~~ Cp* ~~ Cp*
\ /N~“~!rm \ /N~“~!rm \ /N~“~|r|||
—~Cl —~Cl —~Cl
(@) N N

MeO >_0Me o)
8% (67%) 9% (60%) ! 7% (85%) ¢ k

\ ~ Cp* \ ~~ Cp*
N. N.
¢ L ¢ \!r'"
~cl —ClI
N OPh N
\P/—OPh s
/ 70% (0%) 01
38% (0%) O dr>19:1 O

Yields were based on a 'H NMR analysis of the crude reaction mixture using 1,1,2,2-
tetrachloroethane as an internal standard.

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.
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Computational Modeling

- ot
)%‘ :f#_ path A: :‘é- )#— 0
syn-addition I| o | o HN
_-Ir- I L P e Ir-~. : BzO
o-H! N H-g | N —

TSN N TSN\Q e _t-N +n__N i

- > -1 H
\/ b ' d Ar’s~b0“*f’-0‘+ | Ar-S:. BzO i

1(0.0) H Ph AG=14.6 = il H Ph 0) Heh
| ; 4‘; 7 acd=02 TS3-syn Vi-syn threo-2
) ; \ (-27.1) (-34.6) (-71.5)
-COz o A \ )
V (iaTs1) =
j# B 1%
| Mo F_
N- It AG=8.8 .0
--lr= e o
k / N N /iL.N\ [
NTs / electrophilic K NTs
Ph addition | Ph |
l-Ts TS2
(-7.9) (0.9)
Ir-nitrenoid
Ir-carbocation LUMO of IV
S g ~ g i AG=18.4 ) " g
: 0. ]3%,
[ (0] 1
!I N'O_g || N"O-—cf ' | 0 | o N i
' =-Ir--Ng& =-lr-~Nees ! %
: C (T C’ (T LN"/”"‘“N ' LN"}”“‘-N —_— Ph{&
i NTS" NT$31 ! path B: NTs NTs, -1 o™
: ’ Ph 5 anti-addition P~ ph > Ph z
; (5.2) (R=-PN) (26.7) : - "R Oy H ©
""""""""""""""""""""""" ' TS3-anti OH Vl-anti ~ "OH erythro-2
(-23.3) (-27.8) (-62.9)
< nitrenoid transfer: % < nucleophilic trapping: »

stepwise electrophilic addition

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

stereoselectivity-determining step

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.

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993. 20



Substrate Scope (3) ( \ ¢

o \ o !r'"\
)\\ [1r] (5.0 mol%) Q / C
g 9 \ , NaBAr, (5.0 mol%) NH N,
\ - ! ' Nu-H (3.0 equiv) . Nu 23S
N A HFIP, 25 °C, 12 h o~
! 1 * ! Il \‘ o
I 1 I [Ir]
from (E)-olefins other nucleophiles

no hydrogen bond

b Sy Lt

BzO MeO
O 75%3P (dr >19 1)
83% (dr 16 : 1) 68% (dr 16 : 1) TMSN; (1.0 equiv) 57%® (dr 16 : 1)
carbocation without resonance stabilization from (2)-olefins
o via aziridine o Cp*
0 N |
NH NH ( “/~|rv+
1 syn
N
Me NTs\N o
: Me @
BzO BzO MeO
60%°C (dr >19 : 1) 40%3P-€ (dr 2.3 : 1) Ph rotation

a) [Ir] (10 mol%) and NaBAr4 (10 mol%) were used. b) NFTB solvent was used. c) Run at 60 °C.
1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399. 21




Development of Asymmetric Oxyamidation

t-B
Y S-bound oxygen atoms play

=~ Cp* H Cp* an important role as hydrogen

N bondi t
\ Y \‘!r"' chiral catalyst design ey \“!r"' onding acceptors
TCl eeeeeeeee » / ~Cl CF;
N t-Bu N
\ t-Bu \
S S
o~ < > o<l
O o)
inspired by Noyori's works t-Bu CF;

Asymmetric hydrogenation reaction by the Noyori group?

N
\s—<: >—
o~

(0) (5.0 mol%) OH
KOH (25 mol%) s
Me iPrOH (0.1 M), rt, 15 h Me
y

95% (97%ee)

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.
2. Hashiguchi, S.; Fujii, A.; Takehara, J.; Ikariya, T.; Noyori, R. J. Am. Chem. Soc. 1995, 117, 7562. 22




Substrate Scope (4)

(0]
o’/<

o)

~ /
N

Ph

Ir catalyst (5.0 mol%) o)
NaBAr, (5.0 emol%)
(CF3);COH (0.05 M) HN
25°C,12 h Ph
-
BzO
50%

(dr>19:1,er98: 2)

Ir catalyst (5.0 mol%)
NaBAr, (5.0 emol%)
(CF3)3COH (0.05 M)

25°C,12h

(1.5 equiv)

t-Bu
H Cp
N, |
iy, \Ir'"
—~cCl CF;
t-Bu N\
t-Bu
S
Xl
(0]
CF
t-Bu 3
Ir catalyst
0 (0
HN
(0

77%
(dr>19:1,er99: 1)

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993. 23
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Access to B-Lactams via Metal-Catalyzed Olefin
Difunctionalization Approaches

metal-nitrenoid

strained transition state

—How to realize this challenging conversion?

yNH

\)\(N”

AN\
4 A

(halides, N, O, C)

N
0
koot [TTF MNU
l' \\

B mk:
favored N
X se . —> X
X=C,N,O e
[M] = Fe, Co, Ir, Ag, Os, ...

: [M] *
' o 1
X limited o N\

B-lactams

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

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.
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Iron Catalyst System for Intramolecular C-H Amidation

NZ " Felll N
>—N~ | 'N=

NCI

Q PcFe(llN)CI (0.0055 mol%) 0

>~o Ar atmosphere NH

o )\/\(Ph HFIP (0.10 M), 40 °C, 12 h

\N
N

83% Ph

PcFe(lll)CI T
Ph

Ph Ph
H /I/f\/ radical O
o/l/fN\( 0“ “NH

(@)
)
N

N

N=—| N 1,5-HAT N—]| -N rebound Ne— =N

| Fel | —> | e[ — | el

N—'+\N N=— N N=—""—N
| Cl Cl

—Radical reaction is a powerful tool to construct C-C bonds.

Kweon, J.; Chang, S. Angew. Chem. Int. Ed. 2021, 60, 2909.



The Strategy for Olefin Oxiamidation

1. Powerful radical reaction — Fe catalyst
2. The formatlon of a carbocation intermidiate — The oxidation by Fe catalyst

N ® Ph
N ----- » N IA+1"N ----- b N<: A =N -.-.-.-. >O£\(
[ . \ I radlcal | . ¢ < | oxidation I____Fe\ | nucleophilic H
N=——=N ddition N° N N attack Nu
A=1lllorll

3. Potent n—accepting abilities of ligands enhance orbital interactions between the N-centered
SOMO and the olefin n—orbital.

olefin n—orbital

=
N-centered SOMO Ph
’ — Ligand
) * ! o N°® N-centered SOMO

Fe—N .
Y I' ;‘l\l A+1° I
,

% - Ligand pNe=Z =
SOMO stabilization S ] .
. olefin n—orbital

better overlap ‘v| | “%\

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.
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Reaction Optimization

O

Fe catalyst H
04 BzOH (3.0 equiv) N—=0
PhMN’O HFIP (0.10 M), 60 °C, 12>h Ph\(k\r/

E Bz
entry Fe catalyst (mol%) conv. (%) yield (%) d.r.

1 FeCl, (10) 72 N.D.
2 (TPP)Fe(lIN)CI (5.0) 37 11 4:1
3 ((p-OMe),TPP)Fe(llN)CI (5.0) 37 9 5:1
4 (FooTPP)Fe(lll)CI (5.0) 40 13 5:1
5 PcFe(lll)CI (1.0) >95 70 10:1
6 PcFe(ll) (1.0) >95 77 10:1

Ar A = _g_@

(TPP)Fe(lll)CI

Ar Ar Ar = _E_Q_

((p-OMe), TPP)Fe(lll)CI

Ar

(F2oTPP)Fe(lII)CI PcFe(lll)CI

PcFe(Il)CI

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



Mechanistic Investigations (1)

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

*Red and blue numbers are Mulliken spin density

[ PcFe = (N’Fe N)] radical cyclization
-0.188

440
O =<\+ ct“ 2(\ wPh
0.613 o) Cp== 0 Cs—C:4
_Ph “Ph e B T710.743
1 /U\/C Nax

N7, P c 0.4064N_
~11.203 l_l 1.172 ,_L T1..:1}55
N_ I N_IT NI
(N,FELN) ( MFETH N) (N,ﬁFeH N)
< N —__N . } o-spin
3Fe-A 3Fe-A-TS Fe-.8  + PSP
[ AG = (0.00 kcal/mol) (4.11 keal/mol) (-7.41 kcal/mol) |

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

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872. 29



Mechanistic Investigations (2)

Stereoconvergent lactamization

O H Ph
standard o
O ,<0 conditions ) H wph
PhM Ny H
~ \N/ o f ud H
E [FeIII] [Fe
free rotation ¢
_ AG = 0.9 kcal/mol _
(o) H H
0 4 standard Ph 0]
0conditions ) e I!’-lh
M N/ ° m H
Ph b 4 [FeIII] [Fe ]

H
BzOH N o
——3 DPh
major

Bz

from (E): 77% (dr 10:1)
(2): 23% (dr 10:1)

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.

BzOH
} BzO
H H Sy2 H
N S h — NH
streospecific
(o)

Ph

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



Mechanistic Investigations (3)

Allylic B-lactam formation
o likely via
Br 4 standard Br H Br
% conditions N 0O
~ >
= /
N  without RCO,H
18%
Solvolysis
7 :
standard
O conditions Ph 0
PhM P — > )\
= N without RCO,H o F3C
CF;
solvent: HFIP Y
F;C

42% (dr 7:1)

These results are suggestive of the carbocationic intermediacy.

HFIP

CF;

ZTI

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



Rationale for Stereoselectivity (My Opinion)

(0)
standard

0 Z conditions mPh Odeatlon ) ® Ph< .

Ph M o> —» : N SH

~ N " [Fe''{ [Fe'{ 1
[Fe ] see from
o this side

stabilization of cation
C-Co > C-No
A@A O H

H Ph BzOH o
— \/'\V/
[Fe"]l »t avoiding from

N=— :" =N steric repulsion  BZ
r\‘ - _IFe r‘{ electron-withdrawing BzOH

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872. 32



Ligand effects (1)

(Catalyst: [Ligand]Fe(ll)CI ) /Fs OMe
. &
Ph
S>=N N§
Ligand = Ar Ph Ph Ar Ar
&gy
Ar Ph Ar
P’ FooTPPZ TPP%- (p-OMe),TPP?-
positive redox potential (vs Fc/Fc")
Eqp wm= —0.050V —0.382 V —0.546 V ~1.169 V
Yield/Conv.= 0.71 0.33 0.30 0.24

Among these ferric complexes employed, PcFe(lll)Cl exhibited the most positive reduction potential,
which can be assigned to Fe(lll)/Fe(ll) reduction.

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872. 33



Ligand effects (2)

*Fe-A
PcFe(NCOR), S = 1

(TPP)

Fe-C
Fe(NCOR), S = 1

rErm pty
n-orbital
Nax

Fe

o

TPP?

n %

U

A}

lower E  0.32 eV

3

~

SOMO-l . ,

n-bonding
interaction <°**SOMO-III

SOMO-II

R= CHE(CH)EFh

[( Y E(N,q}?:"]

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.

34



Substrate Scope
(0)

PcFe(ll)
’4 Nu-H (3.0 equiv)

O
0 HFIP (0.10 M), 60 °C,12h  Ar
ArMN, >
E

variation of dioxazolones

H
N—0
Nu
R H H H
N o) N (o] / \ N (0)
MeO (o)
OBz OBz OBz

R =Br: 80% (dr 11:1) 73% (dr 11:1) 49% (dr 1.4:1)
R = Me: 70% (dr 2.4:1)

H
variation of carboxylic acid N (0)
N N
o) o
o) o)
o) O <’);/ro é

| O=//S\N/\

R =NO,: 75% (dr 10:1) 65% (dr >20:1) 78% (dr 9:1) o)

R =OMe: 70% (dr 10:1) R

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



Limitation (My Opinion)

H
N0
Ar\l/kf In most cases, only syn products are obtained.
syn

Nu
H H H
\|/<N/\¢° \/&O \/QN\K/O
® .
OBz i - .
It is necessary to stabilize the carboradical
<5% and carbocation intermediates
o)
H H
0 . N =0 N0
Ar - /O conditions Ar Ar ~ E-1-like eIimir_latio_n should
~ N "o be kept in mind.

O B-lactams are susceptible to nucleophilic attack.

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

£,

Nu

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



Summary

Stereodefined Access to y-Lactams via Olefin Difunctionalization

"concerted [3+2]"

®

carbocation intermediate
Ph

Access to B-Lactams via Iron-Catalyzed Olefin Oxyamidation Enabled by the n- Accepting
Phthalocyanine Ligand

Ph‘u/\/L\ L
N

+

Nu HN
Ph
y-lactam

Nu—H
—

Ph

ZL

Nu
B-lactam



Appendix



Identification of a Rate-limiting Factor

2 AgSbFg, ppy
1/2 [Cp*Rh'CI,], + ppy

~—~
\ N 2AgCl, H*
H
N<gr
"
I:" N3 resting state
Ppy - :, protometalation \‘{, - o R
Cp*' ‘
| X Acyl azides are ineffective for
*Rh!!* ' 0 generating Rh-amido spicies 3.
! Cp
“R R
h|||+__N
\
SbFg” N,
SbFg”

NOT obtained

Park, Y.; Park, K. T.; Kim, J. G.; Chang, S. J. Am. Chem. Soc. 2015, 137, 4534.



Viability of C-H Insertion

Aim:
im 0
Ir catalyst
------------------ S NH
R R
lactams
Cp* =
(o)
o—/(
/
N O
H H
HN 2
1a,, Ph
>
1. rt, 5 min -CO, 1. rt, 5 min -CO,
2. PPh;3
Ph
>95% C-H Insertion C-N Coupling >95%

Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M. -H.; Chang, S. Science. 2018, 359, 1016.
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DFT-Calculated Competitive Working Models

* B K
Cp kinetically favored

N-. /O\fo
I+~ -N \ C-N Coupling
(o g

AG" = 9.1 kcal/mol

NBO,, = 0.32

BAr, Ph

Curtius-type
-CO, Rearrangement

AG* = 9.6 kcal/mol

NBO,, = 0.27

desired

C-H Insertion

BAr, Y
NBO, =0.40 'pp AG" = 12.0 kcal/mol

NBO,, = 0.39

Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M. -H.; Chang, S. Science. 2018, 359, 1016.



DFT-Calculated Competitive Working Models

O Catalyst (10 mol%)
0,« NaBAr, (10 mol%)

CD,Cl,, rt-40 °C
0O 2C 1y, NH NCO
~ / y +  Ph
Ph\/\)\N ~

Ph

5 (desired)

Curtius-type

Catalyst (yields of 6 are given in parantheses)
electron donating

~~ Cp* MeO ~~ Cp*
\ R | \ N | elt_actron
“Jp_ Y, “Sj_ /2N A richer
/ Cl y / Cl " / Cl
X=0orN
=\ cpr )—OMe
WL O
0 ||-"' X=0:73% (11%) o o
<5% \ NCO,Me: 90% (9%) 98% (<5%)
X~ R
X=0orN 0
X-N is weaker
than C-N.

Hong, S. Y.; Park, Y.; Hwang, Y.; Kim, Y. B.; Baik, M. -H.; Chang, S. Science. 2018, 359, 1016.
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Ir(lll)-catalyzed C-H Amidation

O

5 /« [Cp*IrCl,], (4 mol%)
AgNTf; (16 mol%)
DG \N,O AgOAc or LIOAc (30 mol%) e H
H CH,CI AN AA
N . A’ (CH,CI), - . \n/

(yields with acyl azides are given in parentheses)

0 0
)l\ o )]\
Ar” “NH L Ar” “NH |
< Ar” ONH O 0 _N_
| HJ\/U\OH \ﬂ/
Ne o)
>95% (<5%) 70% (<5%) 60% (<5%)
o 0 0
L e L
AT SNH O Ar”SNH O Ar”SNH O
N P—Ph
NS \
H Ch Ph
~
77% (25%) 63% (<5%) 52% (9%)

Hong, S. Y.: Hwang, Y.; Lee, M.: Chang, S. Acc. Chem. Res. 2021, 54, 2683.
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Proposed Reaction Mechanism

Cp*
X X 2 AgNTf,, A
Y H R Y/ ~\| e ol
N~( Il 172 [CpHIrClyl,
2 AgCl, H*
o g
X TN o
Y. 1 0/«
: | O
protometalation N§<
R

Tf,N- R

Acyl azides are ineffective for
generating Ir-amido spicies 2.

Park, Y.; Park, K. T.; Kim, J. G.; Chang, S. J. Am. Chem. Soc. 2015, 137, 4534.



OH

Synthesis of Dioxazolones

O

//\NJL I

N
N N
\;I \Q/ Né\NJLN/\\N
(1.5 equiv) \—l \~/ 0
o EHFE 0 O (1.0 equiv)
NH,OH-HCI (2. i
2 (2.0 equiv) JL _OH CH,ClI; )

» R N >)Q,O
H N

dioxazolone

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.
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Plausible Working Modes of a Putative Ir-nitrenoid

)#_ - 1%
g O
N-T N 0 AG'= 2.1 ..-llr.:*-~.. P l
K_/O rted C_/éw = & N
concerte -
(2)-1 N-Ph , P
(0.0) H
TS-1
-002].&(3"= 18.0
AG'=58 E AG'=19.6
| 0 I N"Ir“ = W
S aziridination (_,O PR ring opening
C‘/ c'a = ﬁ (via TS-2) " (via TS-5)
f; ) (-55.3)
(Z)-ii
123 AG'=53 AG'=235
..-||'-... o Vi
radical N Ph (via TS-6)
cyclization O
(via TS-3)

(-31 2)
PCM(dichloromethane)-M06/SDD+6-311++G**//M06/Lanl2dz +6-31G**

1. Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2019, 141, 10399. 46



Proposed Mechanistic Mode for Syn-selective
Pathway

a. Proposed mechanistic scenario e Me, ¢
R Si- 9)
O \OJ{/PJ'HN
oA cat. Ir o | N NH
W /O + TMSN3 || /Ir_ :'/N O —_ Y= Ph
Ph N e = B
e N
_R = (CF3);C or H Ph - syn-selectivity

solvent/water-assisted activation mode
b. Water-assisted activation mode in catalysis (Adv. Synth. Catal. 2019, 361, 4790)

Chiral
scaffold

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.
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The Origin of the Partial Convergence

Scheme S2. The origin of the partial convergence.

a. Mechanistic scenario of nucleophile addition v b. Proposed stereochemical pathways
— 1 2 — t
T' P _Ph
0 0'—,<
= ’ O=--H .
4” "T(_ BzOH HN : s
0 Ir catalyst 0 : / N S |
. -lr- S —— BzO : S g 1 ~q
Ph/wN'o NN — : PR H : I® R \
(E)-1 \"NH Path-threo O ,./ c1 \
n (favorable) threo-product L Ph _|
V-E (short-liv ) :
( 3 ed) (via rotator V-E) : Path-threo
+ minimal rotatable ’ (favorable)
(E)-1: 70%, >19:1 d.r. .
(2)-1: 40%, 2.3:1 d.r. o ’
0 :14_ : T " Ph B
. 1
Ph 0’« Ir catalyst | o BzOH HN : .0.7_,<
NP —— ——— 80 : oH 1% o
N N l N > . II . ™,
bN Path-erythro H Ph ' s = 1 Nz
(21 s (unfavorable) ' R"—”' [ﬁ,t: -
erythro-product o Y A
V-Z (short-lived) (via rotator V-Z) : Sterically hindered H
1 v L o
L' Path-erythro
e {unfavorable)

1. Kim, S.; Kim, D.; Hong, S. Y.; Chang, S. J. Am. Chem. Soc. 2021, 143, 3993.
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Unsuccessful Results of PcFe(ll)-catalyzed Olefin
Difunctionalization

nucleophiles (3 equiv)

AR AT

26, 47%°
0
& Ph)LNH
.......... oo, 9
H
N.D.b
®
AN PcFe(ll) (1.0 mol%) N
5 peesecencend L) Receeeeee -
HFIP (0.10M) ! N
1 = 60°C,12h i N
(conv. > 95%) N.D.
TMS 0
-------------------- ’..
NT O
8
N.D.
OMe (or OH)
.................................. -
HFIP/MeOH (or H,0) = 9:1 ﬁ
N.D.
Me PcFe(ll) (1.0 mol%) Bz
= N BzOH (3 equiv)
@ X)) 2 evessssssssssssssssssssssssssssres b
5 o—&) HFIP (0.10 M) 8 Me H
o] 60°C, 12h N.D

31
(conv. > 95%)

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



Detection of Triplet PcFe-imidyl Radical by Low
Temperature X-band EPR

O == Simulated
0O r=— Sys1, Fe-centered
PcFe(ll) + = Sys2, organic radical
" (@) w—— Experiment
Me™ N i
l | g=[2.0048 2.0054 1.9881]
Clikely 0o | ||
T JJ\ _ Giso = 2.0100
Nax Me _
N :—|T N | Methyl Dioxazolone 0.1 M -
( _Fe_ ) + PcFe(ll) 0.005 M, 10 min @ RT
- N — ! B
\ A P | ) I ' ] ) I . i I ; I 1

326 328 330 332 334 336 338 340 342 344
Magnetic Field (mT)

Kweon, J.; Kim, D.; Kang, S.; Chang, S. J. Am. Chem. Soc. 2022, 144, 1872.



