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Education & Career

B.S. Chemistry, Korea University 1985
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Graduate Work

Jacobsen Epoxidation
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Graduate Work
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Postdoctoral Research
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X 8a-h (cat) X
a-h (ca
/5 Z\ solvent (=7

R' = H, R? = 2,6--PrCgHs

R' = 4-NO,, R? = 2,6-i-PrCgHs

R! = 4-NO,, R? = 2,6-Me-4-MeOCgH,
R' = 4-NO,, R? = 2,6-Me-4-BrC¢H,

R' = 4-NO,, R? = 2,6-Cl-4-CF3CgH>
R' = 6-Me-4-NO,, R? = 2,6-i-PrCgHj
R' = 4-NO,, R? = 2,6-/-Pr-4-NO,-CgHj
R'=4-NO, R°=  CH,

X = C(COEt),
X = NHeHCI
Tet. Lett. 1997, 4757



Independent Career

C-H Functionalization
Multicomponent Reactions
C-N Bond Formation from Azide Sources

Group 9 Metal Catalysts
(Co, Rh, Ir)

Heteroarene Reduction



Hydroesterification

0y e %
R +  HOLAN mol%) _ R PN
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i Chelation blocks decarbonylation

JACS 2002, 750



Ru Colloids

[RuCl,(p-cymene)],
Ar-X  + < * NaOAc (5 mol %) . Ar\/\R
DMF

280.2 (a) Ru-Nanoparticles

(b) in situ generated
Ru colloids

(c) Ru/ALO,

(d) [RuCl,(p-cymene)]

(

A

(d)

[RuCI?(p-cymene)]z [RuC!z(p-cymene)]Q Independently.prepared
270 280 290 300 with NaOAc ivc\)lggbl\é?\cz)?:é nanoparticles
binding energy (eV) ethyl acrylate
RWALO3 (5 wt %)
(5 mol %)
Ri=X + Z R, + NaOAc = RisANg,
DMF, 12h

JACS 2004, 250



Organosilane Oxidation

[RuCly(p-cymene)],

(2 mol %)
air
PhMe,SiH - PhMe,SiOH
CH4CN
Et,SiOH TMS—==—SiMe,OH
95% 92%
Cl(CHz)3—=—siMe,OH Ph3SIOH JACS 2000, 12011
98% 98%
OH o )OI\
2
R1/J\R2 —2. gANR, * H0 * 1720,
, H,0 .
R3Si—H —— R3Si—OH + H, cat: [RuCly{p-cymene)),/C

R4CH=NOH — R4CN + H;0

Org. Lett. 2002, 2369



Hydrosilylation

HSIR’ R =0
R—— 3 R + R . S|R3 +
catalyst SiR’5 R’3Si
B-(E) B-(2) a-
R—== + HSiR; + [RuCIz(pcymene)]QCLCo'z> R SiRj3
(1.1 eq) 5 mol% 45 °C
( ) 3h  ZE=>955
(78-98%)
alkyne B-(Z):0- major product yield (%)
OH OH
Ph)\ 13:87 Ph/\/ 60
SiPhy
OH Si
)O\H/// 2:98 )\H/Qha 59
OH OH
24 92:8 \/L(v)z/\ 53
SiPhg
OH OH
M 96:4 \)\M;\ 61
SiPhg

Org. Lett. 2000, 1887



Multicomponent Reactions

H Cul (0.1 equiv

+ Ro—N3 +

3

) N

N. > R R
Rs” "Ry THF, it, 1-2 h YR

R

NR,

Cu T
-N "
}/r [ >:':NTS R—>NH2 amidine
R
R—==—Cu + N=N—N—Ts
\ R Cu N
N - — amidine
N\\N/ N“Ts_
JACS, 2005, 2039
catalyst, base H
Ph——= Ts—N3; + H0 T
TR T Y T sovent, 25°C, 12 Ph/I °
entry catalyst base solvent yield (%)
1 Cul CHCl3 <1
2 Cul Et;N CHCl3 95
3 Cul Et;N (0.2 equiv) CHCl3 27
4 Cul (i-Pr)oNEt CHCl3 47
5 Cul pyridine CHCl, 35
6 Cul K,CO3 CHCl3 <1
7 Cul Et;N THF 30
8 CuBr-SMe; Et;N CHCl3 67

JACS, 2005, 16046



Multicomponent Reactions

cat. Cul 1 O.n3
R'—= + RZ?-SO;N; *+ R°OH - R /\ﬁ R
Et;N, CHCl, N
N 2
25°C, 12 h SOR
@ CuCl (10 mol %) -
Y/
B Et;N (1.0 equiv) N/
* TSN3 >
_ CHCI
X (1.0 equiv) e NHTs
\ o
25°C, 3 h -
Me
OTBS Ru3(CO)q2
% (5 mol %) TBSO NTs
NHB + TsNg —— " »
n THF N
25°C, 12 h Bn

(51%)
(single diastereomer)

Org. Lett. 2006, 1347

Angew. Chem. 2008, 2836

JACS 2006, 12366



N-Oxides

Pd(OAc), (10 mol %)

S m X
| ]+ A comt _AuCOs/Pyridine | .
N Dioxane, 100 °C ®f 2
o0 00
® ® ®
Z Me
&N &N “ ®N
o0 00 - o0
79 % 68 % 47 % Me
31 3:1 15:1
_____________________ Ph
E X E P
: I : ®N
] 7~ ]
L ArT@NT A o0
: 0 :
: © - 65%
e e e ; 20:1 mono/di
40 equiv arene
® >
PCl, =
/ .
e Toluene, rt 929,

JACS, 2008, 9254



N-Oxides
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NH O
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| o
0
(o}
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X N H
+’ -
;:w_: .
| O I o
7% 93%
[Cp*IrCl3]2 (2 mol %) 0. . )
> enzoiC ack
AgNTf, (8 mol %) (]/\(\ R > Benzoicac ’
AcOH (30 mol %) R 409« Acetic acid o
. °c 12h _NH O @ s« CF,COOH I
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g v none >,>’ JPRTLh
Q. 204 > " < "
c «t ene®
HsC Hs ] NIPPY eec®
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© rae - .t .
+ (] ':. .
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S m S
i < N
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Ts” Hl:\ % \Cp*
R=H 61% gc
60% CHs; 78%

JACS 2014, 10770



Arene Cyanation

z | 10 mol % Pd(OAc), 7= |
S 1.1 equiv CuBr, X,
N"  + 15NH; (aq) S
[¢]
e . 0,,130°C,18h 13015N
(o] )
13
HJLN«CHs 96% 13C 98% 15N
13(':H3 incorporation
[Cu]
(I? Br “/ ﬂ‘H
CuBrz /C\®/CH2 ﬂ» ,C\ "'_’{'CH &» "CN"
o mgor /' cer H N~ o H N source
T path |\I/| 2 |\|/| / o
T e e cleavage
H '}j 3 / A B
Me \ [Cu]~ | NH Py
minor CuBrz 02
path _____ “:‘J CH3 —_— IICNll H
NH3 H” C-N source |Me (IJ/’ “Cu
cleavage Mt iy
c Me NR D

JACS 2010, 10272



Arene Cyanation

B? Cu(NO3), - 3H,0 (2.0 equiv) o
_l ~0 + NH. HOAc (2.0 equiv) . N
' DMF, 130°C, 18 h (A
O, (balloon)
MeO Ph Cl
88% 71% 60%
MeO CN
o Y o
O,N OMe
69% 96% 92%

-H,

: 1720 '
1 2NH4 | + 2HOAc M 7 2NH,OAc + |2¢ Eknown

DMF
Cu(NO3;) + NH,| T’ NH4;NO3; + Cul
2

1,/ CuX v
@,B(OR)z or Cul ) @/' [eCN]/Can ©/CN
or NH, |/ CuX, or CuCN
Cc
confirmed by experiments J

JACS, 2012, 2528



Arene Cyanation

Cu(NO3),* 3H20 (2.0 equiv)
KF (2.0 equiv), DMF s S

N7
&N Si(OR); + NHgl
— (2.0 equiv) O (balloon), 140 °C, 25 h

O J° o O

R = Me, 89% 81% 94% 74%
Et, 95%
Bogiieaibe i o8
60% 76%

Cu(NO3),* 3H20 (2.0 equiv)

(/:\>_/' SHOEDs NHq! KF (2.0 equiv), DMF <:\>f CN
R= ! , p

(2 equiv) O, (balloon), 140 °C, 25 h

Me0—< >—“/ o 9—< >—’/ o —-< >——-’

67% 54% 62%
E:Z=82:18 E:Z=83:17 (only E)

Org. Lett. 2013, 1990



Arene C-H Functionization

[RhCpP*Clyl, (2.5 mol %)

Me ~OEt AgSbF (10 mol %) Me OFL
Cu(OAc), (20 mol %)
0 + AR 2 > o
110°C, 12 h
R: CO,Et, 80%
4-CICgH,, 72%
[RhCp*Chl, = RhCp*Ch

air AQSDFG’_\*\/ AgCl @
OEt /'\
o 2 Cu(OAQ), 2 Cu(OAc)
A& V——- [RhCp*L][SbFe] ’_\

(L=Cl, OAc)

{, isoFd 0,& [SbF]
R;ﬁ RhL

OEt

@‘ko [SbFg] @/go [SbF)
Rh’i.._/fR s*RhL

Org. Lett. 2011, 2372



Quinoline C-H Functionization

H A
IMes+HCI (6 mol %) /
A NS tBuONa (2.5 equiv) o2~ N\
| SR + ArBr - ]l -
S toluene S N NF
95°C, 24 h
R
R =H, 90% (89%)
O R =Me, 78%
R = MeO, 69%
Ny R=F, 80%
R = CF;, 879
80% 80%
Ph Ph Ph
N N N
| | |
Z Me Z Me Z
87% Me 87% 73%
N\ S
| Base-Assisted |
F Proton Abstraction R N
\ l
4>< | N._Rh—Rh

H
N.__Rh—NHC
z
w

Inhibited by
Base

Rh,(OAc), (3 mol %)

KIE = 2.76 Q’T

NHC—-Rh, L,

Z

Pre-Installed
Rh-Carbene

‘R Bimetallic
Intermediate

RIS ANSR
X

IMes: R = 2,4,6-trimethylphenyl

‘R Monomeric
Intermediate

JACS 2011, 3780



Rollover Metalation

=3 "Rollover”
| [ 4 ] C-H Bond
Decomplexation — "“Ix[M]/NHC Cyclometalation /NHC Functionalization
L = NHC Ny X C-H Activation Ny Action Twice !
I Y
Rh(acac); (3 mol %)
IMes*HCI (3 mol %)
0,
. /\R t-BuONa (30 mol /o)=
toluene, 130 °C
2h
- da
N %
| | standard
NF NF conditions
+ + ZtBu Hydroarylation Products
“N N |KIE=1.01|
\ ‘J
L ds i
o 20%d 1% d
standard N? Ar 70%d  H(D)
i g
conditions « | 3%d , H(D)\|/\ Ar
130°c,3an _HO) H(D) H(D)
' o,
toluene-dg 83%d H(D) 24%d 59% d
(5 equiv) 81%d .
98% (product) 59% JACS 2012, 17778

(recovered SM)



_—
L)
S—

NMR Yield (%)

| 1} optimized
— conditions
+ AN t-Bu
™ : Reactions in ,
Z | seperate or same vessel |

Rollover Metalation

Faster conversion in seperate vessels
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@
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&

20

0 20 40 60 80 100
Time (min)
z RN N =
I T
x~N.. /~N =N
Rh R *
b
Notsu [P |N
x>
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-

(R s CHzCHzCMGg)

~N ~zN ~N R ~N

+ + + R
‘ R R R NNAR NN
' |/ I/
6 7 3a 4a

(R = CH,CH,CMe;)

Faster conversion in the same vessel

80

o
o

&
o

20

-15.7 kcal/mol

20 40 60 80 100 120
Time (min)
Z R~N/\§ X
l I
xN.. /—N ~N
Rh R *
Z N O-t-Bu
X
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H-Bond Purine Directing

Pyridine as a directing group

[RhCp*Cly], (4 mol %)
AgSbFg (16 mol %) ArHN
+ Af-N3 -
NI _ CICH,CH,CI NS
(3 equiv) 85 °C. 24 h _
[Ar = 3.5-(CF3)2C6H3]

ArHN

N™

<1%

NHAr

JACS, 2014, 1132



H-Bond Purine Directing

Pyridine as a directing group

[RhCp*Cly], (4 mol %)

AgSbFg (16 mol %)
+ AI'-N3 -
I 3 equi CICH,CH,CI
S Geauw) 85 °C, 24 h

[AI’ = 3.5-(CF3)2C6H3]

Purine as a directing group

above
- conditions
1N NN 7 Ar-N3 ——
Ik _ \> (3 equiv)
N N
3 9\

ArHN ArHN NHAr

N N
L l
92% <1%

ArHN NHAr NHAr
N X—N N XN
PR P

NN NN
iPr . iPr -
95% <1%

JACS, 2014, 1132



H-Bond Purine Directing

N1 Chelation N N
- 1 J —
N7 N7
R
R'-N,
N Y [Rn] —— N\
<1 PP
9’N N /N N
R 3 N7 Chelation R
[RhCp*Cly), (4 mol %)
AgSbFs (16 mol %)
NNt ANy e S > No Reaction
_ Y Bequv) 85 °C, 24 h, DCE
NT N [Ar = 3,5-(CF3),CHa
iPr
above ArHN ArHN NHAr
N + ArNs conditions NN N
L 3 equ P P
N N (3 equiv) N N\ N N\
iPr iPr - iPr
92% <1%

NHR'



Second Amination

path A N
—_— H\ /Rh
N XN
<)
N
NHR 1 “N. RHN NHR"

7 il : LT

a2l = an

N~ N7 < J

rg N _R /N N

R : Rh N o

N _H
IR O —
p /N N/
R
TS,
(27.0) TS,
{OAGH (23.4)
TS :
r/-‘\f T/\Y A rot i (\'{ (,_*
~ & ' 9.9 '

/‘\Y;‘\ o ‘ AGg* 6.2 AGH AW 2.02 T/‘\{&/
T/\ AG;C* :: 2.08 ﬁ
‘\A{ L NG ¢ W
. h B (3.1) °

2 N7 chelated VIII
rhodacycle  (-2.0) (0.0) (\T £ } Vi1 2" N1 chelated
“ -6.7) rhodacycle

2 (\f ?
7/.‘\ } )
L ~Y

v



Second Amination

N
¢
N
/
R1
monoamination diamination
ArHN [RhCp’Clzlz (2 mol %) o N NHR
AgSbFs (8 mol %)
N“SN + RN - NZ SN
X [ ’ CICH,CH,Cl N IS
SN N (2 equi) 85°C, 12 h SN N
Pr [Ar=3,5-(CF2)2CeH] P
S N N S
FaC
Q ’ N3
Me ﬁ—Ng
Rl O
R' CF,
R' = AC 700/0 RI = N02 990/0 90% 990/0
CF;  99% CO,Me 98%

CO,Me 98%



C-H Amidation with Azides

DG

DG
+ Ng—so,r [CpNRh("')l @zNHS%R
- N2

(DG = Directing Groups)

~N
@-Py) [Cp*RKCL;], H
NHTs l 2 AgSbFg 1a
4 [Rh{INCp*1(SbF¢) 1a
H* H’
—- | N
N SbFs P> N\ +

Il?h(lll)—Cp* I Rh{lll)—Cp*
N\Ts SbFs ™

i N

| N Cp* .'T‘.
ZON T = N+ TsN;
RA(IH—N
N> SbFs~ Ts

JACS 2012, 9110



C-H Amidation with Azides

N [RhCp*Cla), (4 mol %)
S J AgSbFg (16 mol %)
N N
— CICH;CH,CI
80°C,12h
(1.1 equiv)
RS RS RS RS
» |, |, »
N N N N
N Ts Me N s MeO N .Ts RO N Ts
H H H H
94% 86% 84% R:H, 73%
Ac, 67%
Bn, 70%
N N X A
» | » W
N N N N
H T M Js M T
2Cu NTTS X N/TS e | NTTS eO | NTTS
Ph H " 0 H ¢ .
82% X:F, 77% 84% 93%
Cl, 78%

(@) | N

62% 50% (7.3:1)

Me N/ MeO.
/Ts

75% 70%

(0]
/ Me / F |  a
| | z Me |
> =~ | S
N N S N
Ts Ts N Ts
- -~ ,T N -
N N NS p

71% 85%

74% 63%



C-H Amination with Azides

o) [{RhCp*Cly},] (4 mol %) 0
AgSbFg (16 mol %)
NHR? + AN, - NHR?
CICH,CH,CI 1 ~
R 110°C, 24 h R N™ A
[Ar = 3,5-(CF3),CgH3]
(@] 0 (@)
NH¢Bu NH¢Bu OO NH¢Bu
R N A N Ar N Ar
H H H
R = NO,, 57% 71% 70%
CFs, 96%
o) o) 0 0
Me tBu nPr Cy
N NAr N Ar N NAr N ar
H H H H
76% 80% 78% 86%

Angew. Chem. 2013, 8031



Iridium C-H Activation

(+ oxidant) @

0 o [IrCp*Cly], (2 mol %) Q
0,
A R NS_{ AgNTf, (8 mol %) f N NHR
R R CICH,CH,CI T _coRr
25°C N
(1.1 equiv)
: © ® ;
- N—Ts 2@ H :
: HZN—TS Phl' ’N—TS 'N_TS :
' Cl TsO '
: :

TN
- Z .
: N
: If=Cp* ;
: ¢
* (4 mol %) 2
t-Bu t-Bu
N” AgNTf (4 mol %) N”
H i
+ AI'CON3
. CICH2CHCI NH
(1.1 equiv) 25°C. 24 h )\
Ar: (4-NO,)CgHs o™ Ar
52%

JACS 2013, 12861



Iridium C-H Activation

Q [IrCp*Cl,], (2 mol %) 0

AgNTf, (8 mol %)

XY” ONHR  + Ns—/< - e N
=z R CICH,CH,CI >

25°C ﬂ

(1.1 equiv)

R=H 77%
99% = OAc 89% 93% 93%

(0]
t-B
dN/ u
H

84% 80% 53% 43%

(>99% ee)®

98%

CﬁL ,t-Bu

o

98%



Amination with Anilines

NHR
HoN
RHN_ O, =R Y O
Ir'"'Cp* cat 7\ Nop* \_7 Z
NHR . Ir'Cp*L NH
=
Room Temp 1
R'—— (o)
. © 2
S
(o]
NH, IrCp*(QAc); (10 mol %) N,Adamantyl
AgNTf, (3.0 eq.) H
. | = . Cu(OAc); (50 mol %) NH
F CICH,CH,CI (0.3 M) >
25°C, 24 h —R'
X

0
N
d A
H
0
d“‘*“’
NH R?= NMe,, 61%
OPh, 33%
Me, 50%
CFs
85% 60%
0 (o}
@fL d”““ d““‘“" d”““‘"
NH NH NH NH
@R3

oTf

R® = NO,, 56% NO,
70%

CF3, 44% 70% 78%

JACS 2014, 5904



Amination with Anilines

iMe
5 o———ir“") 1
1 AcOH
n.oZ—d ococks ©
b“ ’ Me Me
lMe 1 C-H activation Me:?‘“hne
e

/,,[ "-0c0cH; ki/kp =1.83

irreversible 0--- A
2 4
R HN’b RZHN OCOCH3

R
anilino-group transfer -
ArNH;z, NTf,
Me
Me Me
D@-M Me Memhﬂe

AcO™

2 Ag®, 2 AcOH 2Ag' 2 AcO™



Aryldiazonium

[IrCp*Clz)z (5 mol %) 0
AQBF (20 mol %)

0
iy ® al™ N2BFs  NaOAc (30 mol %) NHtBu
R CF3CH,0H N

35°C, 12 h | =R
=
9, Q) O
| |
O NH(Bu O NHBu NHBu 0 NHBu
E F l Cl i Br
F

78% 77% 81% 72%
Me Me ¥
Me 3Q—Me
Np* Me

e
3 "
H "
lla |
S lla
Me Me 7 (14.9)
Me | Me . "
=N
QN i > ! x Me Me
- : 3 Me o
b N S ) Me
36 H . 2r==-0
(3.6) J O: A
1 B F
(0.0) b
Me Me N TS-RE
M . —_—
’ " TS-RE
(<11.0)

I Me " Me Ve
« e .
ILD.o\ Me%‘Me m

N
“ Jogs -
' ) 7/ Me
F @\ﬁ Me

2

N
v Ar

JACS 2015, 8584

v
7 (412)
H



Dioxazalones

H
" O KCp*MCly},] (1 mol %) ~N._R?
N NTR2 . 9/’(0 AgSbFg (4mol %) RI-T Tof
1.0 - > Z
R Q/ 0 N~( CICH,CH,CI j\H
Ph 40°C, 24 h o0 Ph
(M= Co, Rh, Ir)
o o Ph o Ph o Ph
Co: 79% Co: 78% Co: 83% Co: 67%
Rh:n.r. Rh:nr. Rh: n.r. Rh: n.r.
Ir: 22% Ir: 39% Ir: 23% Ir: 25%
[{Cp*CoClo},] (1 mol %) 0
AgSbFg (4 mol %) R? O [{Cp*CoCly},] (1 mol %)
O/Q NaOAc (6 mol %) . R = H N cl)/[( AgSbFg (4 mol %) .
CICH,CH,CI ZSNH CICH,CH,CI
Ph 80°C,24h 0P Ph ‘ R 80 °C, 24 h

Angew. Chem. 2015, 14103



N

+ Ph,SiD,
(4 equiv)

+ Et,SiH,
(2.5M)

20

40

Heteroarene Dearomatization

N

B(CgFs)3 (1 mol %)

D2,

CHCly, 24 h, 65°C  D?PhsSi
(89% yield)

B(C6F5)3 (5 mol %)

B ———————

CDCly, ~2 h, 50 °C

60
time (min)

80

+

Et,SiH,

(4 equiv)

o e
(D?:D°:D%DY = 1.0:0:1.0:0.8)

§|Et2H

v

1b’

e1a;m1b’;a1b

100

120

B —

HEt,Si

B(Cst)a (1 mol %)

CDCl,, 65°C, 6 h
>99% conversion

SiEtH

L0

1b

(86%) (5%)
B(Cst)a
SiMe,H
. Me
B(CeFs)3 'S|-2-|
H
ros(ln state actlves ecies H
9 P B(CeFs)s
via ?iMezH
N? c
HB(CsFs)3 ED literature pre-reaction complex
.

B
SiteH (CeFskaB__  siMe,H
|
N
1’ Me;SiH,*B(CeFs)3 HMe,Si
A D
SittezH
L0
Me,SiH
HMe,Si =
1b

JACS 2014, 16780



Oxidatively Induced Reductive Elimination

Catalyst [IrCp*Cl,], (5 mol%) o

0 ArSi(OEt), (2a)
N/tBu AgNTf,, Cu(OAc),, AgF _ N/tBu
H THF/TFE, 25 °C H

" Yield 71%*" Ar

3a

=

A Oxidant
Bu /O \©\ (2.2 equiv.) 3a
@ CF3 THF/TFE, 25 °C

Iz

Oxidant AgF AgOAc AgOTFA AgNTf, None
Yield (%) 86 84 83(76%) 35 NR

Nature Chem. 2018, 218-224



Oxidatively Induced Reductive Elimination

AG (kcal mol1)

h

1e~ oxidation ‘ | 1e~ oxidation

t --- -
Bu /O r\©\ Bu
N
CF, H@ CFs
IIIa
|) RE from
Ir(iv)—aryl
intermediate
TS'RE(3_>1)

Ir(1)—pdt
(14.67)

Ir(v)—aryl

Ir(n)—pdt (0.0)
(-6.51)

Ir(m)—aryl
(0.0

Ir(in)—pdt
(—33.64)

RE from Ir(v)-aryl

RE from Ir(m)-aryl RE from Ir(iv)—aryl

2+

St fx

) RE from
Ir (v)—aryl

intermediate



Current (pA)

Oxidatively Induced Reductive Elimination

=

__Irlll

+

1e” oxidation 1e~ oxidation ‘
Q— - -Ir

A
O---Ir
t
Bu
F3 F3 H CF

3

llla IVa
(o]
N _Bu
(i) RE from H (i) RE from
Ir(iv)—aryl A Ir(v)—aryl
intermediate r intermediate
3a
80
40
Exp.
0 - 100 mV s™! Sim.
—— 200 mV s \/
—— 300 mV s
— 400 mV s
—40 T T T T T T
-0.3 0.1 0.5 0.9 1.3 2,200 2,700 3,200 3,700 4,200

Potential (V) vs Fc/Fc*

Field (G)



Secondary Coordination Sphere

H H
Me
Ph Me
/N\
0O
y°
0]

0 --1r
Nl

MeO"N=AUN,
Meoc

Ir1, 96% yield®

catalyst (5 mol %)
NaBAr", (5 mol %)

CD2C|2 or TCE-d2
-CO,

py -l
N1l
N\
Meoc
MeO

Ir2, >95% yield

H H
Ph y Me Me
e
HN Me Fh NH
+
O 2B 2T 0O
é | g
]
/E \EN— / \CI

_-l
A
O

Ir3, >95% vyield Ird, 47% yield

B:T=1:1.3° B:T=1:1.1 B:T=1:15 B:T=1.7:1
AG® benzylic ' tertiary
II-B-TS ;
(kcal/mol) (2.37) -~ IT-TS
\“‘l‘r:
l‘N N—R
'Pr
MeO )

T—T

1I-B

281

[In= Nh—{\‘i [I]=N
I-B Ph

JACS 2019, 15356



Secondary Coordination Sphere

Me

/N\
(0]
>]/O
O
=~
| _N
= N
~
L1

88% yield, 14:1

S
OzN [ —N
— N
L
L5

>95% vyield, >20:1

cat. [CpRu(MeCN);]PFg

cat. L

HFIP

MeO
/

S
—N

— N

— J

MeO
L2
78% yield, >20:1

=~
— N
L
L6

90% vyield, >20:1

H H
Ph y Me Ve
€ Ph
HN Me NH
+
o] o}

Cl Ph
S 5
?/ /N7 ?/ /N’
— "N — "N
—~ ~
cl Ph
L3 L4

84% vyield, >20:1  95% yield, >20:1

=~ ~

— "N ——N
— ’ — 5
L7 L8

91% yield, >20:1

76% yield, 20:1

F3C

o)
77% yield, 4.9:1 rr

MeO
H H
u“lVMe n“kMe
HN Me HN Me
(0]

86% yield, >20:1 rr

vs. 2° C(sp®)-H bond

H H ph H
w ““Me
Ph Me 5> HN
/N“\
0 o

o 99% vield, >20:1 rr



Triplet Energy Tuning

Attempts of photosensitization using azidoformate

o} O
PhY\o)LN photocatalyst (5 mol%) 0,4 O’(
s NH + NH,
H Ar, CH,Cl, (0.1 M) ‘\< R
Kessil lamp (456 nm) Ph Ph
Er=50.57 12h 2 3
Er AG (EnT) . .
entry Photocatalyst (kcal/mol) (kcal/mol) yield of2  vield of 3
1 Ir(ppy)a(dtbbpy)(PFg) (Ir1) 51.0 -0.43 <5 18
2 [In(dF(CF3)ppy),(dtobpy)](PFe) (Ir2) 61.0 -10.43 <5 13
3 Ir(ppy)s (Ir3) 554 -4.83 5 16
4 Ru(bpy)s(PFg); (Ru1) 47.7 +2.87 <5 <5
® @)
ZN| >
[Ph\/\o)kN/N Ph\/\O)J\'C:l)/OR
© computation-guided
Et = 50.57, . = 64.55 Er,h,=?
FTTTTTmmmmsssssssseeoes Challenges ------------====-=---

' Inefficient energy transfer> — How to modulate Et & 1.?

Hydroxamate derivatives CF,
o X e
&L Me o)
B Cc

x° CF;
A o D
Er=73.46 Er=75.34 Er =50.91 Er =40.05
% =29.54 %=17.87 L =47.41 2 =35.67

Decreasing Et and A by introducing aryl group & EWG most promising!

JACS 2020, 5811



Triplet Energy Tuning

3 t
J i
O N..©
Ph jg = )J\ArF
AG® ’D-TS 3 _.N__O !
(kcal/mol) 8.12) H f
Ph/\/
ETS
(~16.37)
8
0
&
3
'g 3
w
O._N . ISC
19 Ph)\/ hig 3 HN\fO \
o (~40.05) 0 5 \ o
Ph)\/o\n’N\OJ\ArF Ph g G
o) 12 Ph
(~105.1)
H Ho § KoCO3 (20 mol%) o
. 'J\(X\H/N‘o CFs  Ru(bpy)s(PFe); (5 mol%) X" \H
"t 0 Ar, TCE (0.1 M) ’f\{
X =0 or CH, CFs Kessil Iar1n2pr$456 nm) \

(0]
) (o} 0 (0] »\NH
C C &NCA X OQHQ
— \
S
Ph Ph CF,
OMe F

43% 61%
45% 67%



