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€ basic photochemical properties

[Ru(bpy),]** fac-[Ir(ppy)s]
452 nm Iy 375 nm
lifetime
1100 ns T 1900 ns

(excited state)

cf. chemical reactions: us—ns

radical reaction via redox neutral process

A +1 e@
+ reductant

+u
A A D D

HIE N

reductive quenching oxidant

A: acceptors

D: donors A-‘.‘
AH— B[ sibie iight ‘ —+—-

‘.7
excited
ground state triplet state

oxidative quenching reductant

+o

%%*

oxidant

5 hirakawa
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& € K & ® ¥ F &

uv electrophilic CF; reagents
CF;l Ru & Ir
hot t.
photoca —1—0
oxidant .
CF3$02Na ¢ CF3 - @
I
Ry cat visible light CF3
CF3S0,ClI BLLELLY 17 Togni reagent Umemoto reagent
~0O* E,og=-134YV E,.oq=-075V
'% O red . red .
4 vs. Cp,Fe vs. Cp,Fe
R/\

photoredox catalysts

|
®.

- step-economical ° regioselective
- compatible with functional groups

5 hlrakawa
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Zzim. AHRIEENT TDOCF, L

OH
0.5 mol% fac-[Ir(ppy);l
Ph X > Ph
acetone/H,0(9/1), rt, 2.5 h

<|3F3 BF4 425 nm blue LED CF3
Umemoto's reagent :‘ng 88% isolated yield

(Ereq =—0.75 V vs. Cp,Fe)
TH NMR (400 MHz, acetone-dg/D,0)

Oh *
PA Y
| L | “ l L LL
2.5 h I
fac-[Ir(ppy)s] - |® :
E*, =214V ' | “A Yy © o l
VS. Cp2Fe Mlt‘J\ML, 5 A_%[ J AJL. ,Juw' —

T 1 T T T T T T 1
9.5 9 89 BO 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

*: internal standard
Angew. Chem. Int. Ed. 2012, 51, 9567. PGS A
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Zzim. AHRIEENT TDOCF, L

0.5 mol% fac-[Ir(ppy)s]
R? 1.1 eq. Umemoto's reagent R2 OH
>
R 1& acetone/H,0(9/1), rt, 2-4 h Rﬁ\/CF3
425 nm blue LED M.
\ 4

4
substrate product substrate product
OH R R OH
cF AN S\ cr
R = Me, 82%
X X R = Ph, 90%
X =MeO, 96%

X = Cl, 92% CF,

X = Br, 89% :
X = AcO. 98% 44% NMR yield?

X = CFs, 79%?

OH
X= / /H\)\/CF
Me 0. g% MG/H‘I\/\ Me Ty 3
I

Me
(0 trace

Me Me .
42 equiv. of alkene was used.
84%
Angew. Chem. Int. Ed. 2012, 51, 9567. 5 R A
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RICAHD=ZXLDER HH i

fac-[Ir
R(\/RZ + + ROH [ir(PpY)s] - R‘J\(RZ
S 425 nm blue LED

I
CF;

fac-[Ir"'(ppy),]*
1e-reductant <\<

AW 4
3

visible light

+ 196 SET photoredox processes RzTS|[( TN RO-H

fac-[Ir'V (ppy)s]
1e-oxidant

° R2
CF3 > R1/\r R1/\/R2

CFs CF;

carbocation
intermediate

redox neutral process without any redox agents

Angew. Chem. Int. Ed. 2012, 51, 9567.
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electrophilic
[CF3 reagent] R
Ritter reaction

photoredox
catalysis

visible light

alkoxysulfonium salt

Kornblum oxidation

& hirakawa
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Angew. Chem. Int. Ed. 2012, 51, 9567.
R
@ A Ny
N CF 0 r
R o~ CFs O:%):[ O
+
CF;
electrophilic n Chs N
CF5 reagents

photoredox
catalysis

@ OR
gpz ROH - )\/CFB
/ N

Org. Lett. 2014, 16, 780. Org. Lett. 2015, 17, 3710.
RCN/H,O NHCOR

+1e
Org. Lett. 2013, 15, 2136.

O
-CF; > A3 DMSO
R = )]\/CFg

Angew. Chem. Int. Ed. 2014, 53, 7144.

Y SSRGS
o

o) Chem. Commun. 2013, 49, 2037.
(IZF BF, Beilstein J. Org. Chem. 2014, 10, 1099.
3

Sh"‘akawa ,
CREST ¥ 13

Togni reagent Umemoto reagent



— e 4= 4= 538 OE £
FUZAFAOXAFAZERER L Hamm:

NHR

R1J\(CF3

OR 2
R CR,

CFs € amino-trifluoromethylation
Rl Rl CFB

R ~—_ T el R2

¢ oxy-trifluoromethylation R? . CF, @ carbo-trifluoromethylation
Rll\/ reagents

X
H
R1 CF3 / \ CF3
RZ Rl
X =cl, | Q
# halo-trifluoromethylation Rle\rCF3 J\(CFg 2 hydro -trifluoromethylation
R2 R2

& keto-trifluoromethylation 4 thio-trifluoromethylation

® Reviews on trifluoromethylative difunctionalization of olefins
(@) J. Xu, X. Liu, Y. Fu, Tetrahedron Lett. 2014, 55, 585.
(b) H. Egami, M. Sodeoka, Angew. Chem. Int. Ed. 2014, 53, 8294.
(c) E. Merino, C. Nevado, Chem.Soc. Rev. 2014, 43, 6598.
(d) T. Koike, M. Akita, J. Fluorine Chem. 2014, 167, 30.
(e) T. Koike, M. Akita, Top. Catal. 2014, 57, 967. hlrakawa
(f) T. Koike, M. Akita, Chem 2018, 4, 94009. 45
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NDCOCD;
10 mol% photocat> CF,H
CD;CN/D,0O
rt,3 h

Me CF2H Me 425 nm blue LEDs

vC%a

PAH photocat.

pyrene anthracene 9,10-dimethyl-anthracene perylene
(Aabs = 334 nm) (Aabs = 376 nm) (Aabs = 398 nm) (Maps = 434 nm)
0% 0% 34% NMR vyield 96% NMR vyield 29% NMR vyield

Perylene turns out to be excellent reducing catalysts.

Chem SC' 2017, 8, 6375. VShIrakawa
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7I/-7)1FOXFILE

NHAc
5 mol% perylene
R CF;H
+ /\ 2
Ar CH;CN/H,0 Ar)\(
rt, 6 h R

Me CF2H Me 425 nm blue LEDS ¢34

NHAc NHAc
CF2H CF,H

41% (12 h)

R=H:76% o) H

Me: 43% Me NHAc o Me
F: 59% (12 h) NHAc NHAc
Cl: 61% CFH CF,H CF,H
Br: 71% Ph
AcO: 60% CO,Me
Bpin: 30%
52% 44%, 57:43 dr 60%, 73:27 dr (12 h)

Perylene serves as a good reducing catalyst. But modification of perylene is difficult.
->anthracene & naphthalene

Chem. Sci. 2017, 8, 6375.

5 h"'akawa
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EX(7Y—-L72/)7 7€ (BDA)

€ OLED, fluorescent materials? & redox materials?

SPys
TET

- absorption of visible light
- high quantum yield of emission - cationic radical: stable & reversible formation

- accessible via Hartwig-Buchwald amination

4S. Sasaki, K. Hattori, K. Igawa, G.-i. Konishi, J. Phys. Chem. A 2015, 119, 4898.
D. Zhang, X. Song, M. Cai, L. Duan, Adv. Mater. 2018, 30, 1705250.

5M. Uebe, T. Kato, K. Tanaka, A. Ito, Chem. Eur. J. 2016, 22, 18923.
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RINRRA R kL L

20000 \ | - = =
RO N Qo O
- — o N— o
ol e (O e
=
S ‘Bu R R
c
% 10000 * bathochromic shifts
5 e more intense absorptions
é’ ‘ R - tBu
: \
] ooo
300
V\avelength (nm)
in CH,ClI,, [sensitizer] =0.1 mM
ACS Catal. 2018, 8, 9408. SGIRS
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QO

'Bu 'Bu
1 1 1 1 1 1
-1 -0.5 0 +0.5 +1 +1.5
V vs. Cp,Fe
1 mM in CH,Cl,, [NBuy*PFg] = 0.1 M
ACS Catal. 2018, 8, 9408. PGS A
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Qb

3 mol% photocat.

. NDCOCD
1.5 equiv. D,0 e
h/\ q 20
CD,CI,/CD5;CN Ph CF
CH,CF, 2rt2’1 Pacy, 3
=— ’ ~O* % isolated yield
E,oq =-1.60 V vs. Cp,Fe |EDs * 88% isolated y
(CH,Cl,) ) 74% (g-scale; 1 mol%)
R t/ns Eg/V Agm/nm  E*, /V

D -

1"Bu

F8
88

strong but weaker
6 than fac-[Ir(ppy)s] (-2.14 V)

45

23

31

11

E*ox = Eox — hC/\gp,

+0.44 549 -1.82
+0.40 529 -1.94
+0.33 561 —1.88
+0.21 616 -1.80

ACS Catal. 2018, 8, 9408.

/ 5 hlrakawa
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7I/-FUT7A0FOTFIME FEERES

3 mol% 4'Bu-BDA

1.5 equiv. H,0 HLAAE

CH,Cl,/MeCN Ar CF;
rt, 3 h
470 nm blue LEDs

A\ W4
23

NHAc

R=H:77% Br: 63%
Me: 74% AcO: 50%
F: 73% Bpin: 55% (6 h)
Cl: 70%
NHAc

The system is applied to styrene derivatives

ACS Catal. 2018, 8, 9408.

Sh"‘akawa |
CREST ¥ 23



D7 NLFATILFIEADER #Eilnss

\W 4
3 mol% :C%
Me Me A'Bu-BDA 4
470 nm
AN 1.5 equiv. H,O NHAC
> )\/CFZH
CH,CI,/MeCN Ph
CF rt, 3hn 66% yield
2
Eieq =—1.74 V vs. Cp,Fe
(CH2C|2) tBU N\ tBu o
J
/Q\f (1.5 equiv.) @)
- Ph

Ereqg =-1.91 v — |%F2H

(CH,Cl,) oyie

O
|—O UMe Ve
-
1 5 L /©/\ CICH,CH,CI/
MeO DMSO CF3
rt, 3 h e -
4 =-1.34V ’ 75% yield
re -
(CH,CI>)

The system is applied to tri- and di-fluoromethylation and difluoroethylation.

ACS Catal. 2018, 8, 9408. GRS
24
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Eirr V vs. Cp2Fe

fac-[Ir(ppy)s]: —2.14 V
-2.5 —2 0 -1.5 -1.0
I J I |
QL O
[ N—< >—N
& < D
Oy NTs Me
/S Me Me BDA: -1.94V
Ph CH2F
@
—2.43V S Me
(acetone) |
CH,F
-2.10V
(acetone)

Hless electrophilic * cationic - neutral h

Mono-fluoromethylation requires highly reducing photoredox catalysis.

. 5 hqukawa (
CREST o5




EX(7Y—LT7I/)F742Ly¥ (BDN)

O o A8
@*D @‘O

€ emission spectra (1.0 x 10~* M in acetone)
1 -

449 nm

hypsochromic shift (80 nm)
by anthracene -> naphthalene

Normalized intensity
o
($)]

350 450 550 650 750
Wavelength (nm)
B8 o5 =M B H 2 > ° hirakawa
s Deaiidis Pesetibibin i ACS Catal. 2019, 9, 4382. ~ D CREGT T/
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BDNDK L F v 7 R%FIE

€ UV-vis & emission spectra (1.0 x 104 M)
1.2 1.2
absorption emission
g 375nm 449 nm
0.9 {

€ CV (1.0 mM) ;
+0.36 V ,

e X 1074/M~Lecm1
o
(@)}

-
w

' +0.46 V

UOISSIWSa JO S3I1ISUalUl pazifewou

: 0 . . . .
—1 -0.5 0 0.5 1 300 400 500 600
potential/V vs. Fc wavlength/nm
cat laps/NM  t/ns  E/V ey /NM E*oy IV
BDN
(naphthalene) 375 9 +0.36 449 -2.40
(antr? rgéen e) 455 23 +0.40 529 -1.94

ACS Catal. 2019, 9, 4382. GRS A
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oD
0\\8//NTS . X 5mol% photocat. CH,F
>
Ph/ \CH2F 1.5:1 pp acetone-dg/D,0

rt, 8 h
—2.43V ’ 1/, Ph
(acetone) 425 nm blue LEDs :l < NMR yields

Q & O
@ o O

I
-2.5 -2.4 -2.3 -2.2 -2.1 -2.0
reducing power E*,, (V vs. Cp,Fe) 5 hirakawa
ACS Catal. 2019, 9, 4382. “F CREST 7%
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£/ 70F0XF AL

OH
1
Oz NTs R’ 5 mol% BDN R CH,F
SN * /K/FF > Ar
Ph CH.F 1 5.1 Ar acetone/H,0
e rt, 12 h 17 R2
425 nm blue LEDs ()

4 OH
R

OH
CH,F R =Ph: 70%, H: 54%, F: 52%, CH,F
Cl: 51%, Br: 55%, OMe: 68%
OAc: 59%, TMS: 55%
R

R = Me: 55% (18 h)
OH Ph: 84%

CH,F
OH CH,F Me Me
Ph HO
CH,F
steroi Me P con
54% (24 h) °

o) Me Me Me “bexarotene”
45% (24 h)

highly compatible for a variety of functional groups!

ACS Catal. 2019, 9, 4382. GRS )
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FedH

R/\
solvent system

organic PAH catalysts: strongly reducing

(much stronger than fac-[Ir(ppy)s]

Tp 43 48534 AH
w1332 110 5 B4 =
A B4 IV RoT) T =
New Te gy Presentat Meotings

RF: CF3, CF2H, CH2F
CH,CF,, CH,CF,H
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