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* Nicewicz and MacMillan (2008)

Light

63-93% yield
90-99% ee

Organo- Photoredox
catalysis catalysis

Ru(bpy),**
o A WOGHUK
« WREAFmK
« G B R AL

MacMillan, D. W. C. and co-authors Science 2008, 322, 77.
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Ce(11I)
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Schelter, E. J. and co-authors Acc.Chem. Res. 2018, 51, 2926.
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. N(SiMe3);
(Me3S|)2N' ~ . =
N(SiMe3z), 2
¢
1 ®,=0.03, =24 ns g
-
2
>
R £
.nN (SiMe3), ' '

MGgSI)zN_<( ‘N(SIM& ) 320 +20 Waveleilzgth (nm) 020 720

R Solid: absorption, dashed: emission

Left: 1, middle: 1-iPr, right: 1-Cy
R=iPr: 1-iPr @, =0.46, =67 ns
R=Cy: 1-Cy ®,;=0.54,1=61 ns

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2015, 137, 9234.
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N

NaN(SiMe3)2

Ph Cl +
entry [Ce yield
1 1 68%
2 1-iPr 17%
3 1-Cy 10%

[Ce'" (10 mol%)

Ce (0.33 eq) -

ph” >N

Et,0, 48 h, CFLs

(Me3Si)2N'Ce"

R

,ﬂN(SiM&g)z

~N(SiMes), 1 @p=0.03,1=24 ns

N(SiMes)s  R=iPr: 1-iPr ®p = 0.46, =67 ns

IN—O
(Measl)zN—(N 7 ® S N(SiMey), R=Cy: 1-Cy ®,=0.54, =61 ns

R

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2015, 137, 9234.
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entry [Ce' E12* (V)
1 1 -2.19
2 1-iPr -2.30
3 1-Cy 224

« PhCH,CL: E, = -2.66 V

o A] RERIHLEE

NaCl + e¢N(SiMej),

[Celll]
hv
NaN(SiMes),

Cl-[Ce'] [Cell*
0.5 Ph/\/Ph Ph/\CI

NEHE AR RE , N A Ce(IV)-Cl 8T ALt T C(SP3)-C1 #1754k,

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2015, 137, 9234.
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o XA 5 ZEAL ) N
1 (20 mol% ] _“\N(Simes)z
F@X +  NaN(SiMes), ( °) F (MesSIN-CEQ
CeHg, 6 d, CFLs (SiMe3)2
X=I: 68% !
Br: 43%
Cl: No reaction
Ar

NaN(SiMes)o [Cel

"0

* Proposes catalytic cycle

HN(SiMej3), hv
( e N(SiMes)s
+
NaBr Br-[Ce'V] [Ce'”]*

H r><
CeH

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2015, 137, 9234.
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iPr, Pr.

%

Pr

wN(SiMea), Nl .aN(SiMes); N . -
Me,Si),N-Ce. Me.Sil.N Ce. MeSil.N—{@ |”Ce—N(SiMej;) Me;Si)i,N—{@ [-Ce
(Me3Si), ~N(SiMes); (Me3Si); —«NG/ ~N(SiMes); (Me3Si), —43;4 3)2 (Me3Si); _«N
P P 2 Pr 3
1-N 2-N 3-N 4
800
5
600 | ' % AT \‘,\): ) 7 entry [Ce'"] ®p T
~ I TR s \ =)
L ¢ hgt o ew e 1 1-N 0.03 24 ns
< I \ Y 7 \ =
~ 400 | i i g
=3 :’k.._{ o g 2 2-N 0.46 65 ns
W ,ff ," \\ . o=
200 F ;J’ ’ \ ‘; 3 3-N 0.79 117 ns
! ’; ,I \\ .C
b, y A Z 4 4 0.81 83 ns
U = P - = :‘ - L
320 400 480 560 640 720
Wavelength (nm)

HITC 5D R G i B AR SIS H R 254 () M 1k

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 5984.
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iPr Pr. Pr

% A %
_ wN(SiMes) NS aN(siMey) N . -
(Me3S|)2N-Ea.,,N(SiMe:): (Me3Si);N r:a /c:a..,M(SiMe:): (MessuzN—«E) Co—N(SiMes), (Me;-,Sl)zN—(g‘[@ Ce
P iPr 2 Pr 3
1-N 2-N 3-N 4
Ph” >l N
4 - [ceV]—c
CgHg , CFLs
0.5 pr >N
entry [Ce'l Eq*(eV) result
1 1-N -2.19 proceeded
2 -2.30 proceeded
3 3-N -2.59 no reaction
4 4 -2.92 no reaction

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 5984.
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1-N (10 mol%)

. Ph
N X KN(SiMe3), (1.1 eq) | AN
RH ~ Ry—
| = C6H6,|'t,6d,CFLS =
entry X R conversion (%) Yield (%) entry X R conversion (%) Yield (%)
1 Br 4-Me 92 76 6 I H >99 85
2 Br H 80 72 7 I 4-F >99 91
3 Br 4-F 69 32 8 I 2-F >99 87
4 Br 2-F >99 86 9 I 3-Me >99 88
5 I 4-Me >99 76 10 I 2-Me >99 23

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 5984.
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4 (10 mol%)

X | : Ph
/©/ (THF)Na[(Pr),CN(SiMes),] (1.1 eq) - /©/
. F

CeHe,r’t,Gd,CFLs

X=1:35%
= Br: No reaction
= Cl: No reaction

[Cell* N [Ar-X] - X

[ceM Are

o s
O

4 + [Cp,Fe][BArF4] >

[4*1BArF4] B et 7M1, UEBH T CeVIIAAA(E
Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 5984.
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Ar-l

Ar-l

Are [Ce”']* Are
Inner sphere ) QOuter sphere N I@
SET SET
|—[Ce'V] 420 nm I\L bright [Ce'V]
i
' emission
[Celll]
FAAERT L. (1D FlifEA RN 25 = A B U

(2) REGEAT, R K
(3) RAPDEERN R I #IT, 3R

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 5984.
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1500
m
3,
3 Solid: absorption, dashed: emission
~1000 o
- S green: [NEt,];[Ce'Cl]
; z
'.-E g blue: [NEt,];[Ce!'Cly] in the presence of excess NEt,Cl
7
w 500 2 Yellow: [NEt,]5[Ce,Cl)]
>
S «®p=061,T=22.1ns
0

280 330 380 430 480 530 580 630
Wavelength (nm)

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 16266.
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CeCl3 (1 eq) H
X 0.1 MNE4Clin MeCN /©/
- 40 h, black light CFLs e
X =1:>95%
Br: 87%
Cl: 67%

F: No reaction

« WORAS [CeMCI PR R AL -3.45V  (Bpper/pner= -3-28 V)

o B HFEATIR SIS UL Y] 1 77 8 H 2 A AE

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 16266.
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CeCl; (1 eq)

X
N 0.1 M NEt,Cl in MeCN N H
| / - R ] /

N,, 3 d, black light CFLs

X=ClI, Br
X o X X X
o MeO-F /©/ /©/
& = F3C tBu
0-: 69% _ 0-: 77% X = Cl: 49% X = Cl: 34%
X=Cl | m:45% X=Cl [ m-:52% X = Br: 56% X = Br: 48%
p-: 79% p-: 59%

X=Br p-:>95% X=Br p-:64%

el es ool

62% 69% 66% 69%
cl Cl ¢l N Cl
- 7D Oy
N
5 Z N N
17% 17% 20% 16%

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 16266.
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CeCl3 (10 mol%)
0.1 M NEt,Cl in MeCN

H
/@/Cl toluene (10 eq) R /©/
N>, 3 d, black light CFLs
R ? R

quartz vessel

F NC MeO

66% 73% 46%
78% (6 d)

o HERAE D954 Ic 5 771 ml LLFSAE Ce(T10)

Schelter, E. J. and co-authors J. Am. Chem. Soc. 2016, 138, 16266.
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CeCl3 (5 mol%)

0 0.1 M NEt,Cl in MeCN - BPin
Ry+— + szinz > R|_
= rt, 24 h, Rayonet (350 nm) =
X=Cl, Br 2¢eq
R
_ R=H:64% Bpin R =F:54%
Bpin =F: 88% = Me: 49%
= CF3: 90% = CN: 52%
R = CN: 82%
= Ph: 83%
= OMe: 67%
= NMe,: 55%

R = CF5: 64%

R Bpin
= Me: 53%
= OMe: 56%
Bpin _
7 o, o Qyy™
/N s~ ~Bpin O
@ S o

40% 40% X =Br, 50% X =Br, 76%

Schelter, E. J. and co-authors Angew. Chem. Int. Ed. 2018, 57, 10999.
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ot R AL I M
CeCls (5 mol%) OR
©/ “ RO, _OR 0. MNECIin MeCN ©/B\OR
RG  OR 24 h, Rayonet (350 nm)

2¢eq

OH
: Y 0 0
“OH ~ B B
L (" ° °
Rl
R' = H: 429% 63% 7% 68%
=F:50%

= CF5: 61%
= OMe: 44%

Schelter, E. J. and co-authors Angew. Chem. Int. Ed. 2018, 57, 10999.
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CeCl3 (5 mol%)
0.1 M NEt4Cl in MeCN

-
ci . DHA (5 eq) pin H
/©/ +  Bopiny > +
F F F
)

black light lamps, rt, 24 h
(DHA : 9,10-dihydroan thracene 9% 41%

CeCl3 (5 mol%)
o 0.1 M NEt,Cl in MeCN Bpin O
Y% o s T (2
F black light lamps, rt, 24 h 35% 239%
* Stern-Volmer experiments
3 k= cl
25 | F Q | . -
2 | B o [RPBLEFIRIIE: 0= 6.1 (>1), JJSHS[]T]
° "201 - N
Wl R E 24 h, EWIT RS ATRERL [ AR S HLE
3.6(1)x10°M"s‘1__.--" . ©/
1 F ' 8.3(1,.¥.109M.1s.1
. Eg?3X1PBM"S"

5 @ Bl &% 48 5 & Schelter, E. J. and co-authors Angew. Chem. Int. Ed. 2018, 5272, 10999.



« Al BERIALEE
CIBpin
CIBpin
Cépm
termination i Bopin,
2 ] Cl,”
CIBpin {[Ce"'ClgI*} | ’
hv Ar-Bpin A
2CI chain propagation
{[ClsCe- - --CI]*) {[ce"'Clg]*y /‘
LMCT Ar-Cl
nv Ve 12
Ce'"Clg]* =
i 6l | CIBpin
Bopin;

Are ——— +

+ CI Ar-Bpin

Schelter, E. J. and co-authors Angew. Chem. Int. Ed. 2018, 57, 10999.
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Ar-Cl Ar- +

excess CI black light K /
CeCls - [Ce"'Clg]> LN lice"cigr|” .
SET

MeCN

[Ce'VClg]*

TR A [CeICL P IE R B AL : -3.45V
([Ru(bpy);]*": —1.21 V; fac-Ir(ppy); : —2.13 V; SmL,-THF : —3.21 V)
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FHENH] Ce(IV) FIEEFILMCTIE R

metal ligand
% e, 8 €
d orbital n" orbital
MLCT

fEZMLCT ( metal-to-ligand charge transfer ) &1%: & BUMEAF T EI4L R BIERITA
HhER AR, EDtREAL R RE, AR ARG CRERI T Bk o

v > Q, v Il
- Ce']|—= R-0O + [CeT]
R 8\/ [Oeb] 3 +

i AIEEZ 5 LMCT (ligand-to-metal charge transfer) 1&1%: YRG5 175 A B8 15
ZUERCENLE HEYIR, A RIAS, MO s R R G RE .
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CeCl3 (2 mol%) O

OH
TBACI (5 mol%)
Me + DBAD > 92%

MeCN, 12 h, Blue LED (No TBACI: 39%)

N<
Boc NHBoc

/Ce”'CIn /CGIVC|n /Ce”'CIn

O ( ) O o)
fe — |
/[~ Me [~/ Me KLMe

Zuo, Z. and co- authors Angew. Chem. Int. Ed. 2016, 55, 15319.
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« JRYIh R

HO

R
O,
N\Ar
A?Me
OH
Okkr
OH Me

Boc
N
L&Me
OH

W

NHBoc

)WA

NHBoc

Q\/Om
BocHN\N Me

|
BOC 6706, 2:1 dr

W NHBoc
Me Me

92%

EFW
N
BocHN Me

78%

Me Me —)2 Me
n=0,R = Ph: 97% Me BocHN, )
n=1,R=Me: 84% HO = Boc” g

—_ —_— . o) H
n=3,R=Me: 80% ME Me Me™ heH
n=4 R=Ph:77%
70%
2/1 dr
Ar = Ph: 83%
4-MeCgHy: 89% Me OH Boc., .NHBoc
4-FCgHy: 84% Me " Me
4-CICgHy: 86‘;/0 Ve, Ve . Me 0
4-BrCgHy4: 97% ' Me.,. 5 Me
o o)
92%
1.5/1 dr
Me O':\'Ae Boc. -NHBoc
Me
Me
- . Me ?
2 Me
o)
o)
71%
1.5/1 dr
OH
Me Me Boc\N,NHBoc
Me Meo
BSS —_— Me
BocN ~ Me
N BocN, 2
N

66%
1.7/1 dr

Zuo, Z. and co- authors Angew. Chem. Int. Ed. 2016, 55, 15319.
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« JRYIh R

OH
Me Me
< > NBoc B
OH —_— | OH /«%%J\ .Boc
NBoc . OHC 3 N
NHBoc
98%
on 68%
GOH
E—
\-NBoc ﬁb Boc. /O\/CHO
Boc OH —— N
. BocHN
on 73% 97%, 2.4/1 dr
CHO
_ B Me NHCO,iP
.Boc Me | 2lFr
N , N CHO
NHBoc > iPrO,CHN
98% Me
Me OH MeMe
OH 77%. 2/1 dr®

NBoc

68%

Zuo, Z. and co- authors Angew. Chem. Int. Ed. 2016, 55, 15319.
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* UV-Vis spectra

» Stern-Volmer experments

Abs [CeCl3+TBACIHH+Cyclopentanol]
Abs [CeCly+Cyclopentanol]

—— Abs [CeCl3)

Em [CeCl3+TBACI+Cyclopentanol]

1 '} 1 i 1 L 1 ]
0 5 10 15 20 25 30 35
IDBAD] (mM)

300 400 500 600
wavelength (nm)

CI-i5 - IR A 5 T A3 08 A Rotoe iR
NIOE:EiY e E S

— &AL/ RS A YD: B, ), (CelV/*Celll)=-2.2 V (vs SCE)
DBAD: E, 4= -0.7 V (vs SCE), 1] AiEAT B oL T35 45

Zuo, Z. and co- authors Angew. Chem. Int. Ed. 2016, 55, 15319.
30



O O

KLMe gLMe
N_e N.
Boc” “NBoc W Boc” “NHBoc
*

O,oemcm SET CeNCI
[T e e
hv

K,

_celllc CemCI
o)
M\Me
DBAD
- H+
CeCls
OH
+ CI
Me
NBoc

Zuo, Z. and co- authors Angew. Chem. Int. Ed. 2016, 55, 15319.
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o {HEZ K C-HEE &AL [ B
DBAD (1 eq)
CeCls (1 mol%) Boc.. -NHBoc TBAC |
o OH TBACI (5 mol%) _ - )\/\/OH CIL: (n-Bu),NC
MeCN, Blue LED
3eq
-Ht

/\ CelLy
SET .
Boc..N,.NBQc

R'—0O-Ce'VL
" RJ\//\/OH

N T

hv

LMCT
DBAD

H
R)\/\/O' e RSN \OH

1,5-HAT
Zuo, Z. and co-authors J. Am. Chem. Soc. 2018, 140, 1612.
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o PLEESE T
e UV-Vis spectra of Ce!'Y(OC;H,,)Cl, e Operando IR experiments
A s
Y SUHD a
3 1.0 < \" =
E ne _’,f"'- . - ; %UDDS- =
@ N s é /"’ )k
U'Gsnn : e . - I |

Wavelength{nm) ‘ : Tlme {mln
. n&q&m a@mmﬁﬂ 1 Ce(IN) £ B SR THBEARE
1009 ppe CeCl, “
sod I (n-BuyN).CeCl,
< 60 20-
-1
;*.’ 40+ 10-
20_‘ 1 /
0 - —
0 = y = . = . = = 0 20 40 60
0 1 2 3 - 5 6 7 8 Time/(min)

Time/(h)

. CeCl 1”]57'31’@1'{ UFJUMK/‘\ZQEEEE‘%.”‘ Zuo, Z. and co-authors J. Am. Chem. Soc. 2018, ;;IO 1612.



N

¢ E%*ﬁ@ Me)H\/\/oH I?oc

Boc.  .NHB
oC~\ oc

N

67%

Boc.  _.NHB
oC N oc
OH

80%

T Boc., .NHBoc
N3 —>

I
NHBoc
81%, 1.2/1 dr

I Boc.. _.NHBoc
MeO OH N
3 R — MeO 3OH
MeO

MeO
67%

1 mol% CeCl;

5 mol% n-BuyNClI Boc.,-NHBoc

CH5;CN, blue LEDs M e)\/\/OH

90%
O H

E’[O/LK)\/\/OH

8OC\N,NHBOC

EtOMOH

7%
Boc..._.NHBoc

N
BoczN \)\/\/OH

72%

H
BocyN \)\/\/OH

Boc. _NHB
OCNNH ocC
Me>g\/\/o|-|
O O

\/

77%

OH
NC/I\/
_NHB
Me Me'}l oc
Boc

78%

Boc\N,NHBoc .
Me| H Me:

H
MG>MOH
O O
/
OH
NC/I\/
Me H Me

M M
eH |\_/|e e

HO

76%, 1.2/1 dr
Zuo, Z. and co-authors J. Am. Chem. Soc. 2018, 140, 1612.
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o {R B 2 B 24l [ N
Co ’ ZEWG
R/\/OH > R/\/\EWG
-CH,0
[Ce"(OR)X, ] O\AEWG
R VTV
W ?
OH e | +H*
[CeX ] “[Ce"(OR)X, ] EWG

N K
Q — o TOB

LMCT excitation

CH,0

Zuo, Z. and co-authors J. Am. Chem. Soc. 2019, 141, 10556.
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Ho~"oy  30%:6%
88% : 0%

H
~oH
Me
H oh o, &P JD 52% : 0%
90% : 0% 5 oD
H D DD
M
e\l/Y\OH
Me
M
e\l/\/\OH
H

89% : 0% Me\I/Ov\OH 66% : 4%

20% : 17% o
Y ~">0H 81% : 0%

Conditions: 5 mol% CeCl,, 3.0 eq (n-Bu),NBr, CH,CN, LED light, rt, 12 h.

Zuo, Z. and co-authors J. Am. Chem. Soc. 2019, 141, 10556.
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« MEFESAREESHENBRIL v cecr,

2 mol% DPA o. O

COEt 8 mol% (n-Bu)4PCl 5 OOO
OH + | g CO,Me !
MeO,C~ “CO,Me PhCN, blue LEDs, rt :
then p-TsOH, heat CO,Me : Ph
: (DPA)
Ph
@QOH )
ce'Vel,

E(ce'ice")

-0.41V
vs SCE
[Cel\\/\]_/i/‘o\ = e E1/2 =177V
R
. UV VVV ’
DPA

J1

B-scission O 5 . B ©i:/;/u\
& alkylation T
y! RO,C [ OR

QOE\ EO OH
p-TsOH +H*
COR =~ COR _ ¥R
heat R

CO,R
CO,R

Zuo, Z. and co-authors J. Am. Chem. Soc. 2018, 140, 13580.
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alcohol catalyst, Ce photocatalyst
R H - R
LEDs irradiation !

.NHB
N oc

Boc
' I

R'Qe LMCT Ce"'Cl, "
methane C-H
BDE = 105 kcal/mol

HAT hy wwa R'O-Ce'VCI, SET
R'OH /H\ ce'Vel,
. DBAD y

R/ - R/\N/NBOC

|
Boc

Zuo, Z. and co-authors Science 2018, 361, 668.



N

P sy sin) gt
Ce cat. (0.5 mol%)
CCI3;CH50H (20 mol%)
TBACI (2.5 mol%)
DBAD (1 eq) NHB
R H . RN ocC
MeCN, rt, LEDs (400 nm) é
oc
Entry alkane Ce cat. time yield

1 methane (5000 kPa) (TBA),CeClg 2h 63%
2 ethane (101 kPa) CeCl; (0.01 mol%) 4 h 97%
3 propane (101 kPa) CeCl; 9h 70% (1/1 rr)
4 butane (101 kPa) CeCl; 6 h 76% (1/1.7 rr)
5 cyclohexane CeClj 16 h 81%

Zuo, Z. and co-authors Science 2018, 361, 668.
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N

D SN

D] Product

-<—— 400 nm LEDs

G L Glass micro-reactor x 10
total internal volume : 4.5 mL

entry Alkane Flowrate  Residence time yield (%) productivity
1 methane (1800 kPa) 0.3 ml/min 15 min 15 0.6 mmol/d
2 ethane (1500 kPa) 0.75 ml/min 6 min 90 2.0 mmol/h
3 propane (800 kPa) 0.75 ml/min 6 min 76 1.7 mmol/h
4 butane (400 kPa) 0.75 ml/min 6 min 56 1.3 mmol/h
5 cyclohexane (22 ml) 0.5 ml/min 9 min 70 4.2mmol/h

Zuo, Z. and co-authors Science 2018, 361, 668.
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CeCl3*7H50 (10 mol%) 0O
OH TBACI (50 mol%) Py
R >

%R- MS, CD5CN, 455 nm R H

OH rt, air, 18 h
OH OH oH OH OH
L_on J__oH Me)\('v'e C[ C[

0 o o cis: 57% cis: 66%

9% 78% 95% trans: 69% trans: 69%

OH on oH 5 Me_ OH
Ph H Ph
Ph)\( J_oH Ph&
OH MeO
85% 71% 85% 86%

Konig, B. and co-authors Chem. Commun., 2019, 55, 486.
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R._-OH
- ;]: Mt ce'VCl, _
SR OH\/ oz
HAT
! R._Ou. v
: I R SET
RIO. R'“ “OH
R'” ~OH \/\
ce''cl,, Q2
B-scission
X by X
+ '
HR H™ TR

Konig, B. and co-authors Chem. Commun. 2019, 55, 486.
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O

CeClz*7H50 (10 mol%)
C32CO3(20 mol%)
DBAD (1.5 eq)
CH3CN, 25°C, 24 h

Blue LEDs, 455 nm

BocHN. _Boc

R= OMe, 80%
R=H, 54%
R=CN, 57%
R=Br, 51%

R= CO,Et, 59%

IIBOC

N. _B
Criv
H

85%

N\
NN hBoe
60% 57%
'TD’OC y IT%OC
N Boc e
“N” N
/\/\r ” Me>r N
87% 90%

Konig, B. and co-authors Chem. Commun. 2019, 55, 3489.

56%
from isoxepac
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Boc\N,N\BOC ce'ln DBAD* &BOC\NGN\BOC
o
E*=1.66V
vs SCE
ceVLn
b soc A
R™ "0 OC\N/ “Boc
\ H
COs* E(Ce'/Ce) COz* or RCOy
HCOj3 041V
vs SCE HCO3- or RCOzH
R
O
Boc., -N.
)J\ /Ce'VLn hv OC@N Boc
RO HJJJJ Ce'Ln
Photoinduced
LMCT
o) GO,
./ ~ DBAD R
R™ O —> Boc.  .N.
oc N°  Boc

Konig, B. and co-authors Chem. Commun. 2019, 55, 3489.
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Thanks for your attention



