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1. Introduction

1-1. Photochemical Reaction

Photoreaction = Reaction which starts with light energy.

(cat), hv

- P

S

-
Molecular Orbital Diagram : Jablonski Diagram
i reaction S,
LUMO —— — —— | - .._ISC _
A T T, reaction
hV ' pi G —_——
—_— — ;
excitation Ise : excitation fluorescence
HOMO —H— —1— —— phosphorescence
: S
So S4 Ty °
\.

Classification of Photochemical Reaction

Photoenergy is

absorbed by...

1)[ Substrate
or
Reagent
Photochemical| |
Reaction 2)[ sub-Cat
Complex

1-2.

I Photoredoxl

—| Photosensitizer |

Photoredox

—| Photosensitizer |

Examples of 1) [Photoenergy is absorbed by Substrate (Reagent).]

(D Norrish reaction?

Rs

H_ _R
o) UV light o 0 3 ight OH
S I -
Ry "R, typel R ‘R, R; typell  R;
: H__R H__R R
O hy % ? (o] v O- 3 OH r 3
A g, ™ R) R o AR > A |
R R R{ R 1 2 R; R; R;
S1 or T1 S1 OrT1
Reference

1) Norrish, R. G. W. et al. Nature, 1936, 138, 1016.
2) Norrish, R. G. W. et al. Nature, 1937, 140, 195.




1. Introduction
@ (2+2) Photocycloaddition

R R R R R R
R B3 hv (UV or visible light) ' RS o RN N ! 3
] + E > ] — j}—> —
R2 R4 R2 R4 R2 R2 R2 R4 R2 R4
So T
First Report [Ciamician (1908)%)]
(o)
sunlight
1 day-1 year o)
carvone (summer orfaII) carvone camphor
Application to Natural Product Synthesis
MacMillan (2005)%)
OBn OH
(0]
o4 1) hv (350 nm)
S 2) Pd/C, H,
W) —
. o 0OBn . .
md Hg omggn )(Rc_.egloselectlwty. .
. . X Diastereoselectivity
(-)-littoralisone . L.
Inoue (2006)° X Enantioselectivity
0 0
/—\ 'V'e
Me o o % .
> S S =
/ Hg lam P
me” % S &\OMe
~OPiv —OPiv

(-)-merrilactone A

Example of 2) [Photoenergy is absorbed by Sub-Cat complex.]
Yoon (2021)6>

0 H-A* H-A*
N : o hv : O 4
HA* E ' —
j)J\/\Arﬁ P A, ———> oioe LED N\\HJ\/\AH N\\,)j\i/\An
e ue ar | \-NMe e
2
o So T
bathochromic shift up to 85% vyield
— up to 99% ee
TR R .
Ry oo ¥ L, B , y
\ ““Q»T R o .o O Regioselectivity
E \\ S R S oo Pl X Diastereoselectivity
o w e m e w e @vl i OO O Enantioselectivity
b . . - FJiHLA(u Ar
e :a b ,/7%‘ e i —7.473 : -
T T Ar = 4-(CF)CqH,
Reference

3) Ciamician, G. et al. Ber. 1908, 41, 1928.

4) MacMillan. D, W. C. et al. J. Am. Chem. Soc. 2005, 127, 3696-3697.
5) Inoue, M. et al. Angew. Chem. Int. Ed. 2006, 45, 4843-4848.

6) Yoon, T. P. et al. Nat. Commun. 2021, 12, 5735.
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1-2. Photocatalytic Reaction”)

(D Photoredox Catalyst
hv

/\

catis an excned
state reductant

Oxidative
Quenching

Molecular Orbital Diagram

....................

e — —
: m, — ' hy
: ) ——
; i\ MLCT
: Y
R s
I‘ ___________________ ]
Ru(bpy),?*
S
| 7
| S N B
/N\ 2VN Z !
Ru\ .
SN | NP :
) NN :
_ | |
Ru(bpy)3>*

Examples of Photocatalyst

Ir(ppy);

=kk=:

hv

/\ *

Reductive
Quenching B

catis an exmted
state oxidant

....................

(]
EnT

...................

Ru(bpy)32*

@ Photosensitizer
hv

EnT

....................

: Oxidative
1 Quenching

...................

Reductive
Quenching

:lx-
~

Ru(bpy)s*

f1 0

Pyrylium

écﬁm

Ir(dF(CF3)ppy).(dtbbpy)*

G

4CzIPN

Acr|d|n|um

Refference

7) Nicewicz. D. A. et al. Chem. Rev. 2016, 116, 10075-10166.



1. Introduction

Photophysical and Electrochemical Properties

Transition Metal Catalysis®

compound Ep(CION®  Ep(CCOV?  Ep(CON® Ep(CIC)N?  lem/nm t/ns ref,
[Ru(bpy)s]** 1.29° -0.81 -1.33° 0.77 615° 930° [9]
[Ir(ppy)s] 0.77° -1.73 —2.19° 031 510¢ 1.9-10% ¢ [9]
[Cu(dap),]* 0.62° -1.43 - - 670° 270° [20]
[Cr(LBu),] 0.15¢ -1.91 - - 6309 2214 [32]
[Mo(LMe);] —0.02¢ -22 - - 597° 225° [33,34]
[Mo(L®%)3] —0.08¢ -23 - - 585" 1040, 2370° [34]
[Cr(ddpd),]** - - ~0.73" 0.87 775¢ 898 .10% ¢ [47]
[Cr(dpq)]** - - ~0.39° - 724, 747¢ 12.10%8 [51]
[Cr(tpe),]* - - -0.50° 125 748" 45.10510 [52]
[Re(LMe);]* 1.36° -16 - - 480° 8° [56]
[Re(phen)(CO)s(LY)] 1.09° - - - 571¢ 740° [120]
[Re(NHC-py)(C0)s(Cl)] 0.99" - - - 522¢¢ 140° [65,121]
[Re(NHC-qu)(CO)5(C1)] 1.27° - - - 494° 5¢ [65,122]
[Ir(ppy )2(NacNacNMe2)] 0.14° -2.2 -2.3° - 634° 760° [71,72]
[Ir(sppy)s] 0.77¢ -1.89 - - 5082 16-10°¢ [73,75]
[Pt(NHC-ArO-cbz")] - - - - 446 6.1.10%1 177]
[Pt(NHC-ArO-cbz®%)] 0.85' -213 —2.56' - 447 6.7-10°1 [77]
[Pt(S-quinoline)(Cl)(dmso)] 1.25° -1.22 —-1.35° 1.12 ~540° - [86]
[Pt(O-quinoline)(Cl)(dmso)] 1.58° -1.29 —1.43° 1.42 ~490, ~530° - [86]
[Ce(Cl)6]* 0.41° -3.07 - - 356, 387° 22.1° [88]
[Ce(guanidinate’™);] 0.16° —2.54 - - 459 83 [92]
[Ce(guanidinate™)(amide),] 0.47¢ -1.92 - - 518 56/ [92]
Organocatalysis”
ground state redox potentials  excited state redox potentials (V vs  excited state redox potentials (V vs
excited state energies (eV) (V vs SCE, E): S, : Ty
abbreviation An(nm) 7(ns) ¥ bisc Egp Eg B Efh En B El4 B
DCB 290°! 9.7 4017 3.04% —146" +2.557 +1.58727%
DCN 325 103 3.57° 2417 -127% +237% +1.14"
DCA 422*¢ 14.9% 0.76°" 0.0085**  2.90*° 1.817 -091%* +1.997% +0.9525%7
BP 3359 0.008* 1.0* 3.22% 3.0 -1.72% +2.39" +1.553130 —0.83731% +1.28731% —0.61731%¢
MK 365 2,985 2.7%° —2207* +0.86* +0.767343 —2.1253%3 +0.48734% —1.8473530
FLN 377 162" 0.97* 2.31% -135*" +1.7% +0.96"! —-0.617*
X0 340" <00 10" 3.4% 3.22% —-1.65"" +1.8% +1.76731%0 —161731% +1.57731%0 —14253130
TXO 360 2% 0.99* 3.14% 2.8% -1.62* +1.69"! +1.5253130 — 14573130 +1.187°1% —1.117313¢
TCBQ 450 1.0% 246" 0.00% 42,4674
DDQ ~400% Lo* 2.67° +0.49** +3.18"
AQ 326 1.04% 2.73%47 -096* +1.7708A6
TPT* 4155 4.38%° 0.585% 042% 2.83% 2.3"% -0.32% +2.550492 +2.020%54
p-OMeTPT* 422,470™%° 40° 095° 0.03* 2.34° 221"% —-0.50"% +1.8475° +1.71550%
049°
TTPP* 414 3657 0.03** 0.94° 264" 228 —-0.19"% +2.457%° +2.097°0%
p-OMeTTPP*  455% 2237° -0.33° +1.97%°
NMQ+ 315 20%7 0.79%% 3.50% —0.85%7 +2.70%
QuCN+ 329% 45! 3.32% —0.60°* +2.72°
—-0.79%
Acr-Me+ 37,7 34% 1.0%* 2.80*° —0.46> £2.32%
Ph-Acr-Me+ 424 15% 0.063° —0.54"7
Mes-Acr-Me+ 425 6 0.035% 0.38% LE: 2.67 LE: 1.94%° -0.49% LE: +2.18% LE: +145%
0.08™7 CT: 2.57% -0.57"" CT: +2.08% CT: +1.887
AO 4257 258" -247 +0.60°7
AOH* 4957 187 0.18"7° 2.58%77 2077 -1.18%7 +0.95%7
243778 2.1377%
AcF* 47087 0.54"% 2.5677% 2.22878
PE 39317
PFH* 47077% ~she0 0.39"7¢ 0.10"* 2.56°7% 222078 —0.74"7° +1.8257978 +1.48797%
PTh <300* 0.81-2.3% 2.82% 24% +0.68% —2.1% —175%
MB* 6507 1.0°%¢ 0.52°% 1.89% 1.50% —0.30%77 +1.13%77 +1.56477 —0.73477 +1.60%/77 —0.68%477
664"?“ 0.6‘1’2‘7'&‘ 1.8577‘ +1.14b,77‘,&( _0'3317,77,202(
[FL]"™ FLH,:437"% 4247 FLH,: 02 0.03"7 242477 1.9477 —1.17477 +0.874477 +1.25%477 —1.55%77 +0.77477 —1.07%77
FL*™: 491" 473%7 FL*™: 0.93” —1.22%%° +0.83%7%°
[EY]*“* 5204 2.14% 0.48%77 0.32477 2.314% 1917 —1.08%/77 +0.76%/77 +1.23%77 —1.58%77 +0.83%77 —1.15%477
5337 2.66%77 0.19"% —1.13%%° +0.7295%°
[RB]*“* 5497 0.507 0.09%7 0.77%7 21747 1.8 —0.99%4/77 +0.84%477 +1.18%477 —1.33%77 +0.814477 096477
—0.78"*
[RhB] 550" 245%77 0.58%77 0.12%77 222477 1.807 —0.96%/77 +0.914477 +1.26%77 —131477 +0.84%477 —0.89%477
0,974 0.0024”*
[Rh6G] 530%%° 4.13%7 0.90%%% 0.002% 2.32'%° 2.09” —1.1451%° +123'* +1.18/1° —1.09%100102 +0.9557%100 —0.86"7%1%2
Reference

8) Wenger, O. S. et al. Coord. Chem. Rev. 2020, 405, 213129.



1. Introduction

Example 1. a-Amino C-H Arylation [MacMillan (2011)%)]
CN

Ir(ppy); (1.0 mol%)
- X

» N X
NaOAc, DMA, RT Ar |
fluorescent light

EWG

up to 98% vyield
CN

CN

Radical-Radical

Coupling
\_/l

CN

CN /
Arene Coupling \SET" Ir'V(ppy)3 (6)

T NaOAc O\Q\
Partner
1,4-DCB { \
+e
N
Photoredox /
“Ir'(ppy)s Catalytic
reductant

R % CN
Cycle SET 8
w\ \

Ir'(ppy)s (3)
photoredox catalyst
26 W Fluorescent
Bulb

ll\J D\@\
R il

iV Amine
Oxidative
Quenching

oxidant

Coupled Product

Example 2. Radical Cation (4+2) Cycloaddition [Yoon (2011)'9)]

Ru(bpz);(BArF), (0.5 mol%)

EDG—;
CHzclz, RT, air

’
fluorescent light or sun light

up to 98% yield
MeO

Reductive

Quenching

MeO
1
N

3
Me
/—b RU'(pr)gz’ B
Ru(bpz),2+ 1
. /% Ru(bpz)s*
0O, 1
02 MeO >\ MeO
Me
. . >
1 + 3
Me

Reference

9) MacMillan, D. W. C. et al. Science. 2011, 334, 1114-1117
10) Yoon, T. P. et al. J. Am. Chem. Soc. 2011, 133, 19350-19353




1. Introduction
Example 3. (2+2) Photocycloaddition [Yoon (2017)1)]

OH o
@i "Se(OTs (30 moi) !
c 3 (20 mol%
A pr, + A A, >
MeCN, RT
23W CFL Ar; Ar,

'Ru'(bpy)>*  photosensitizer UP to 97% yield

AN

SRu*(bpy)s2* Ru(bpy)s2*

o
o 0 —~~ O ©
A A"
5 Ph [5]* Ph

Me

OAc

RB (cat.)

ﬁ
0,, CH,Cl, Me
0°C,12h

halogen lamp

)
/\ photosensitizer
RB* RB /
%0, 10

Me

E/U\ TBS Diels-Alder E/Q\ TBS _» EﬂOTBS

(Rose Bengal)

Reference
11) Yoon, T. P. et al. Angew. Chem. Int. Ed. 2017, 56, 11891-11895.
12) Tanino, K. et. al. Science 2004, 305, 495.
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1-3. Application of Photochemistry to “Classical”’ Reaction

(11 H 2
Classical %

Environmentally Friendly

- Reduce Waste

Reaction Chen“Stry - Don’t Use Toxic Reagent
Mild Condition
X Stoichiomeric Waste - Higher Chemoselectivity
X Use of Toxic Reagent - ﬁr(t)adtinPchpet Svnthosi
. - Natural Product Synthesis
X Harsh Condition . - Late Stage Functionalization
X Low Chemoselectivity
ftxgtef state
- Reactants * [Products
Raartinn conedinatn g
“Classical” Photochemical
Topic 1. Oxidative Cleavage 0,, 0s0, :> ArNO, + purple LED

1,2-Dihydroxydation

[ir'"], [Cu"], [Fe'"] + blue LEDs

. . Pb(OAC)4
Topic 2. Decarboxylation |:'>
P y (stoichiometric) (catalytic)

[Cr] + M+n° [Cr] + [|I;"I] + H+E + blue LEDs

Topic 3. Nucleophilic Addition
(catalytic) (stoichiometric)

(stoichiometric)

. . . Sml, Sml, +ligand + blue LEDs
Topic 4. Pinacol Coupling (stoichiometric) :> (catalytic)

Topic 5. Proposal ? — 222



2. Oxidative Cleavage / 1,2-Dihydroxylat

ion of Alkenes

2-1 “Classical” Reaction

X Use of Toxic Reagent

NalO, ¥ Low Chemoselectivity
5 00, (cat) HO OH / Malaprade "\ (o) o

J— NMO > < Cleavage )]\ + )L
R, Ry, R, \_ PbOAc), # R H Rz H
alkene 1,2-diol Criegee Carbonyl Compound

Cleavage
R
— 2 05 then Me,S i + j.]\
™ R H Ry H
Ry Harries 1 2
alkene Ozonolysis Carbonyl Compound
2-2 Photochemical Reaction
Oxidative Clevage of Alkene [Leonori (2022)'3)]
EtOAc (0.08-0.33 M)
or " then
R, Ry CH,CI, (0.08-0.33 M) then K,HPO, (o) (o)
—( "+ NO, HFIP (1-8 equiv) H,0, A urea A+
R R . » R 'R, R; R4
1 3 -30°C,12-24 h (Cleavage) (work up)
purple LEDs up to 94% vyield
nitroarene 83 examples
(2.0 equiv)
Dihydroxylation of Alkene [Leonori (2022)14)]
then
EtOAc (0.17-0.50 M) 10% Pd/C (10 mol%)
or KHCO; (10 equiv)
R, R, CH,CI, (0.17-0.50 M) HCO,H (6 equiv) HO OH
— + NO, HFIP (4-5 equiv) MeOH-THF (3:2) R R
R, R > 2 Ry
1 3 -30°C, 12-24 h -10—25°C,24 h 1 3
g purple LEDs up to 81% yield
nitroarene 43 examples
(2.0 equiv)
A) Proposed mechanism for olefin dihydroxylation [\ $Excited state
o - 1 9{0 .
Ar-NO, ————» Ar-N ——» Ar-N —— > Ar-N ) O™,
purple 0. ISC o- o- Ar—N' ”
LEDs N* (Sy) N* (T;) c (T . : -
_____________ roactivty % l.sc >
""""""""""" = - e —— - fa

e/lectro.n | Ny \'

. : HO [H or [H,] 0 \ o}
withdrawing 2 \ ’
groups on Ar Ar=iats ¥ Hoji - Ar_ﬁ;f)ﬁ \ Ar—N j

increase 0 ko)

B 4y \
Ar—N* | \\
0§/0 | Reactants O~ N\ Product
side reactivity to suppress ‘ & g "--,"_-' ot
¢\O A »

Raartinn ronedinata

Reference
13) Leonori, D. et al. Nature. 2022, 610, 81-86.

14) Leonori, D. et al. Angew. Chem. Int. Ed. 2022, 62, e202214508.



2. Oxidative Cleavage/Dihydroxylation of Alkenes
2-2 Overcoming Limitation of Classical Reaction
High Turnability of Nitroarene = Regioselective Oxidative Cleavage

Electrophilic character of *Ar-NO»

N8

N1 electron rich vs electron poor

N4 N2
100 Me &L H
64 versus ) N8
/@ = i o 100%
" Me H
90 H s~ H
65 a versus =) -—) 809%N4
“4,  Ph H i
3 H s H
£ 09 74 - 66 Eﬁ b = ) ea%M
§ S CgHq7 H
2 Me & CgH17
3 70l 83 7 67 65 |67 gﬁ s (G > 7o%\ee (A
£ Vi Me H
5 H & CgHi7
79 74 67 66 | 68 a e H g% (A
60 — “an Ph H
Ph &L Ph
versus )
64 60 69 @ \ < =) 85%Ne
~4,  Ph H 69%
50 -
Ri=H F CF; NO, I . . .
Less electrophilic nitroarene increases regioselectivity.
R,=H H CF; CF,
R,

Oxidative Cleavage of Complex Molecules
b

Me

71, (-)-carvone I\E/Ie 72, fusidic acid 73, exemestane 74, megestrol acetate 75, lynestrenol
959%N1.ab 429N1ad 649%N3.ab 359N7.ab 479Nsef
(r.s.m. 43%9) 100% 100% (r.s.m. 68%°) 100% (r.s.m. 63%°) 100% (r.s.m. 63%°) 100%

Me’ Me OAc
S
~—~

& Mé -
76, allylestrenol acetate 77, linalool 78, (- trans-caryophyllene 79, geranyl acetate 80, (-)-perillyl acetate
so%m,b,e “ 71 %NID,d e “ 89%N9 efg “ 66%N4,a,f,h w 73%N2,a,b w
100% 100% ¢ . X
(r.s.m. 38%°) (r.s.m. 49%°) (r.s.m. 55%°; E:Z 19:1) (r.s.m. 56%°)

R R R
AcO, Me el @ Nt: NO, H OCF
2 WS o N2 CF; H CFg
. No, N& ON CN
Ne: FOH

J H

S H

81, cyclobenzaprineeHClI 82, (-)-bisabolol acetate 83, (+)-va|encene R2 N7 F SO,CF3; H
999EN1 L/ & 7896N20e w 469%N2ak & No: CN Me H
(r.s.m. 42%°) (r.s.m. 55%°) (r.s.m. 91%° N10: CN H H

10



3. Oxidative Decarboxylative Reaction

3-1 “Classical” Reaction

e e S
""""""""""""""""""" Pb(OAc
0 Br 0 f_i | a
2 C
L R-Br J ——— » R-Cl
R™ "OAg Hunsdieker R™ "OAg Kochi
Reaction Reaction
o oC X Harsh Condition
J - ——>R-R X Low Chemoselectivity
(o) Kolb_e
Coupling BusSnH + AIBN
72 or
o) 1) SOCI, j’\ | BrCCls + hv R-H
> r R O'N s v o or
arton
R”TOH 2) NaO~N S S Decarboxylation R-Br
Barton ester
S (Preactivated)
3-2 Photochemical Reaction
MacMillan (2014)'%)
R, CO,H Ir(dF(CF3)ppy)2(dtbbpy)PFg (1.0 mol%) R, X _EWG
Y + X EWG - > W
R, K>HPO, (1.2 equiv), DMF (0.1 M) R,
carboxylic acid  electrophilic b:?.l-lé I1.?ES s up to 97% vyield
(1.7 equiv) olefin 44 examples
; 16)
M:cMnléaon |-(|201 9) Ir(dF(Me)ppy)o(dibbpy)PFs (1.0 mol%) R
1 2 NiCl,-dtbbpy (2.0 mol%) 1
\r + Br/\/R . - W
R, DBU (1.7 equiv), DMSO (0.1 M) R,
carboxylic acid  vinyl halide G 18 b up to 96% yield
(1.7 equiv) 34 examples
MacMillan (2016)'7) Ir(dF(CFﬁ)%;?y)zl(dtbb%ngFsI£/2.)0 mol%)
1Clyglyme mol*e R R
Ri~_CO2H 4,4’-dOMe-bpy (10 mol%) 1
\r + B ~UR . . _ \R(\,
R, K>CO3 (2.0 equiv), H,O (20 equiv) 2
. . , MeCN (0.1 M), 24 h up to 85% vyield
carboxylic acid alkyl halide
7 é’quiv) y blue LEDs 41 examples
|rll |rIII
R, EWG R, X _EWG
I :
" ST W L-FFL» Y\/
¢ blue LEDs R, R,
(o) [T I R, [Ni"]{Br\/R R, R, R S__R
R-'\HL_ A_L» : . . NN R —_—
0O _co, R, NS N R,

(NI
\R‘YRZ Br " Ri Risp ™~

o T T e kv e

Key point : Oxidant is present in Catalytic Amount.

Reference

15) MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2014, 136, 10886-10889.
16) MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2015, 137, 624-627.

17) MacMillan, D. W. C. et al. Nature. 2016, 536, 322-325.



3. Oxidative Decarboxylative Reaction

3-3 Overcoming Limitation : Generation of Aryl Radical (-Ar)

- Problem ------------------------------------
. (o)
©)( [ox] 6 _________

; slow

: fast

' solv-H

: Ar-H

: (0]

©)L OAr

...............................................

Approach. Decarboxylation via Cu-LMCT

Ritter (2021)'® : Stoichiometric Reaction
Cu(OTf), (2.5 equiv)

© - Slow CO, extrusion

(Undesired side reactions occur.)

Q [Cu(MeCN),]BF, (2.5 equiv) ~F 0 )
TBAF(#-BuOH), (2.5 equiv) Ri—t N _hv
AN 4 1 .
Ry O o Z Ar)LO-Cu" Ar)LO cu'
_ MeCN (0.025 M), 35 °C, 6 h - LMCT
COH © ) La, o F
LMCT [ Cu\Ar
LMCT Key point

cocul) Z ser N\ cor

v Cul)

Cu(ll), F~

- Rapid geometric reorganization and
ligand exchange of newly formed Cu(l).
— Suppress BET process.

slow process 4 r
— Suppress side reaction.

- [Cu(MeCN),]BF, can trap aryl radical fast.

Cullll)F : b - MeCN has strong C-H bond.
‘ < Sum.F — Suppress competitive HAT process.
; @ ral / vay a
Cu(l) -
Cu(Il)F Cu(l), F
Cu(l) pathway b
Cu(i)
MacMillan (2022)'®) .
o) [Cu(MeCN),]BF, (20-300 mol%) X BF,~
NFTPT (1.0-2.5 equiv) R, | N
B OH X reagent (1.0-1.5 equiv) Nz +
R Me” "N” “Me
“ MeCN (0.1 M), RT, 6 h (X=F Cl, Br,1) I':
365 nm LEDs up to 97% vyield
. 64 examples NFTPT
MacMillan (2022)2%) . .
o] [Cu(MeCN),]BF, (20 mol%) 0 Mme P©
NFSI (3.0 equiv) A Meﬁ//(
7N OH (3.0 equiv) Ry—+ N—I N-Br
Ri— Z ,N\«
= NaF (1.0 equiv) .y Br
LiClO, (1.0 equiv) up to 80% yield
MeCN (0.1 M), RT, 6 h 26 examples ZnCl,
365 nm LEDs \ X reagent )
Reference

18) Ritter, T. et al. J. Am. Chem. Soc. 2021, 143, 5349-5354.
19) MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2022, 144, 8296-8305.
20) MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2022, 144, 6163-6172.
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3. Oxidative Decarboxylative Reaction

3-4 Overcoming Limitation : Generation of Trifluoromethyl Radical (-CF3)

--Problem and Approach ----------commme e .
[ox] [ox]™ strong oxidant is required
T e T,
o A O

F;,C7 0\ fmm A FCTTO

TFA anion [Mm.] F3C O_[mn+] LMCT

- L. —>—coz CF,

Ly

-1
inner-sphere  ~ Ly
electron transfer .

West (2023)2")

Fe(OAc), (5.0 mol%)
. TRIP thiol (5.0 mol%) CF, |
1z CF3CO,H (3.0 equiv) R o 0
W/\Rs - 1 Rs L . )J\OH co,
R, Na,COj; (10 mol%) R .
MeCN (0.1 M) 2 e
24 h, 390 nm LEDs up to 89% yield
40 examples /ﬁ @ °
Fe(NO3)3°9H,0 (5.0 mol%) ron L
TRIP thiol (5.0 mol%) phowcafalvs's
R CHF,CO,H (3.0 equiv)
1%\ R3 2 2 q R
R, Na,COj (10 mol%) 3 @ A
MeCN/Hzo (9:1, 0.1 ’V’) H H Ry
24 h, 390 nm LEDs up to 89% yield v
34 examples
Julia-Hernandez (2024)22 MeO

Fe(OTf), (10 mol%) |

H o] L1 (10 mol%) CF; =N
DR - (&)
F;C~ "ONa K5S,0g (3.0 equiv) Z N
MeC

eCN (0.1 M), N,, 25 °C : |

(6.0 equiv) 405 nm LEDs ug;zsg"/:p\{;esld MeO D
L1
CF;—CO,Na [Fe"]-O F 2% O F F
2
o
H | radical
inner-sphere LMCT f}‘ addition
catalyst photodecarboxyilation & R
formation
[Fe" [Fe'] [ox] .
R R
catalyst [ox] o
Fe(OTf), turnover rearomatization

Reference
21) West, J. G. et al. Nat. Chem. 2023, 15, 1683-1692.
22) Julia-Hernandez, F. et al. Angew. Chem. Int. Ed. 2024, 63, €202311984.



3. Oxidative Decalboxylative Reaction

Niu (2024)23 : Bronsted Acid Unlocked LMCT
Fe(acac); (10 mol%)

O O ,—ClI oxydibenzene (0.50 equiv) E
-N* i~PrOH (2.0 equiv
SR S S - S @Ocai) | _#,
F F F 4 MeCN (0.1 M), Ny, 12 h R
unactivated R_ = CF;, CHF, ... Selectfluor blue LEDs up to 82% yield
alkene (5.0 equiv) (1.5 equiv) 84 examples

Balanced Construction of ReCO,H + RECO,~

0O O 0 o)
L wpon —= e I
R ~0” "R MeCcN Rf OH RS “OiPr
Bronsted acid
fo) fo) (o) (o) (o) o
)L JL + 0. — > )j\_ )j\"' Ph —> )J\_ )L +
Ph™ "Ph RS S0 RS ~O° RS "0 RF "N
RF 0" 'Rg MeCN F F & MeCN F R
acetate Ph acetate Me
Bronsted Acid Unlocked Photoactive Species
[
r oy F1C
F,C * g
3)§ ] =0 o
o '@ : @ o9
F3C O, ? g AG = 1.6 kcal/mol 5 AG = 24.8 kcal/mol g 0, '|: ||f
e alll \ F,C ‘Fe
H\\\O—7I;e ~<~NCCHj [ 12 * F3C)L ; 3 O,é \OYCFa
x °%° 2 CF,CO0 | 13 | CFycO0 5 §
Bronsted acid CF3 o J 5
lower LUMO enelgy o i
i , 0 -
Photoactive species CF;
12 )l\ 0. CF /g :I
FiC” O ¢ \anF:; 3 (I) 00“30
Detected by ESI-HRMS CHyCN-=Fe! O, 0P omFell*
®a o Infeasibility of LMCT
C1oH7FgFeN,0g* £ 0 Z )CF; |under blue LEDs irradiation
calcd.: 477.9504 = FiC 20
found: 477.9503 o (%)
14 14
Mechanism
d [ F3C o
Ko B co,
F;€_0O, O 0
) M
wO—>Felll<-NCCH, .
@ H\ /* F3C (6}
0.0 13
CF3 f’
o o - CF;C00" A
SET path A
Fe(lll) 122 kcallmol Fe(ll) -
photoactive species species R/\/CFs
12 o | o 14 -
7N\ VN
lph 17 Ph] PRSP redox NG ©
ST buffer LN/ 28F;
6.6 kcal/mol P
+H*
(1/\CI (1/\C|
INZ NG
[N+\728F4_ [NJZBF; F
H W1, = 10 o A _cF;
+H
SET ‘,ax\\e' 16
6.4 kcal/mol
Reference

23) Niu, L. et al. Nat. Commun. 2024, 15, 6115.



3. Oxidative Decalboxylative Reaction

Nocera (2024)%%) : Ag' catalysis

20T
Ag salt (2.5 mol%) | A z |
bpy (0.50 equiv)
H . j\ PH(+)/Ni(-), 1.3 V vs Fc*/Fc RF Z N\AB Ny
>
Re™ ONa  yiacN (0.14 M), 6 h, 25 °C SN N
(20 equiv) g__cF, C,F,, C,F, 440nmLEDs up to 68% yield L | |
11 examples
Ag salt
Strategy
Previous work This work
M = Cu(ll), Ni(lll), Fe(lll), ... M = Ag(ll)
- . Ag' has lower-energy unoccupied orbital.
X =Cl, N3, OR, CozR’ A= COch3 — Longer wavelength light can be used.
Mido)j————e « - - -
A>400 nm - Ag(II) (dO*)
390 ni
. 5 A >400 nm
r LH—co,cF,
Mechanism
0]
XN X 0
| x
| N N RFAO_ N \OJ\RF
AQ" —_— ZNa, O
AN JAg
72 IN N/ | 'N \O RF
N N
A
Eappl > E°(Ag"/Ag) hv (LMCT)
| XN I X
~ N\ /N = _H _e RF
/Agl + Rk — » R—: R O/
SN N7 | ; \
|
N N Adl [Ad]

Reference

24) Nocera, D. G. et al. Science. 2024, 383, 279-284.



4. Nucleophilic Addition

4-1 “Classical” Reaction

o Mg metal
JU * RymBr ——
R; R, Grignard

Reaction

OH
RH;:% [Rs—MgBr|

o)

X Stoichiometric Waste

0 i Zn metal OH 0
R R W)L
+ M3 —_— 3
R)LR W)LOFM Reformatsky RM OR, OR,
1 2 Br Reaction R ZnBr
(0] Zn, Mg, Sn, Sm etc... )O:
— o R;—[M
R 1)1‘ R, + Ry=Br Barbier Reaction R] R2R3 [ sl ]l
NiCl,(cat)
j Niglzc(:cat) r CrCly(cat) /(Ei/\
X =z rCl, Mn, TMSCI 1T
+ \/\R 4 - S [ Cr % ]
RT Rp 8 NHK Reaction Ri R, Rs Rs

4-2 Photochemical Reaction

4-2-1 Asymmetric Reformatsky-type Reaction [Wang (2024)25)]

[~ Dark Condition

0 CrCl, (12 mol%) O OH
cl (S)-L1 (15 mol%) N
v " WR P.S. (15 mol%) =Y Re H
2 . mol¥7o N N N/
Ri Ry Cp,ZrCl, (1.5 equiv) Ry Ry ? o
Y =OR, NHR Mn (2.0 equiv) Ph > Ph
L DME (0.2 M), RT, 24 h i Ph Pri-Pr pp
g (S)-L1
Photochemical Condition
Ir(dF(CF3)ppy)s(dtbbpy)PFg (1.0 mol%)
o 0 CrCl, (12 mol%) O OH
cl (S)-L1 (15 mol%)
Y + JL > Y R,
R, R H™ Ry P.S. (15 mol%) R, R
1 Cp,ZrCl, (1.5 equiv) 1M
Y =OR, NHR DIPEA (1.0 equiv), HE (2.0 equiv) up to 90% vyield
DME (0.2 M), RT, 24 h up to 99% ee
blue LEDs 21 examples
Dark Condition Photochemical Condition
1/2Mn° cr! HE crl
DIPEA
|rII
Irlll* |r|||
] n HE™* blue LEDs m
1/2Mn Cr DIPEA* Cr
Reference

25) Wang, Z. et al. Angew. Chem. Int. Ed. 2024, 63, €202406109.
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4. Nucleophilic Addition

4-2-2 NHK Reaction

~Strategy - - - - e .
E o OH H
Ao () et et
: = = » | R :
: H C-H [cr NHK '8
' activation Reaction homoallylic
' alcohol |
Glorius (2018)29)
Ir(dF(CF3)ppy)2(dtbbpy)PFg (2.0 mol%) OH
H__R CrCl, (10 mol%)
o) -I'Clo R
\( + Li,COj3 (20 mol%) _ Ar
X ArH DMF (0.2 M. RT, 24 h S
i ue s
(3.0 equiv) up to 92% vyield
29 examples
== ar
= 2N Zimmerman-Traxler
2 Transition State
LoCr'%
\ :)
Photoredox ' . x-J.
Catalytic Cycle anti selective
4 111
R c B ©
Ko TSN O PN O
/_:m\ LCM  3b
j
¢ oY
: N .y
5 4
Kanai (2019)%7) PC (2.0 mol%)
CrCl, (5.0 mol% .
H__Rs 0 L5 fs( 0 mo|%)°) up to 99% yield
Ar up to 99% ee
J%/Rs + Al _Ma(CIon, (10 equiv) 2001 dr
Ry CH,Cl, (0.2 M), RT, 12 22 examples
R, 430 nm LEDs
Me
O I
+-
N
Me
PC

Reference
26) Glorius, F. et al. J. Am. Chem. Soc. 2018, 140, 12705-12709.
27) Kanai, M. et al. Chem. Sci. 2019, 10, 3459-3465.
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5. Pinacol-type Coupling

4-1 “Classical” Reaction

O  Mg(Hg) or Sml, OHOH o[Mm]
- » R, i i R, P X Stoichiometric Waste
R{ R; pinacol R, R, R "R,
coupling
O  TiClyzn QHOH
R{ Ry McMurry R. R
coupling 22

4-2 Photochemical Reaction

Nemoto (2024)28)

Sm(OTf); (1.0 mol%)
DPA 1 (1.0 mol%)

DIPEA (1.0 equiv) R OH
H,O (0.69 equiv) Ar
Ar 'R THF, RT, 22 h > A
451 nm LEDs R OH
up to >99% vyield DPA 1
44 examples .
DIPEA
—
- DIPEA”
—Ph
Ph
—
Smll
0 ©
P P-Ph
\
\—"pn
Effect of Antenna Ligand (Stern-Volmer experiment)
1600 DPA-1 1600 DPA
1200 DPA-1 1200
£ £
s +0.3 eq of Sm(OTf)3 5
—g 800 g 800 DP/:oAs, 0.5, 1.0, 2.0,
@ 2 or 3.0 eq of Sm(OTf);
% +0.5 eq of Sm(OTf)3 E
* 400 | +1.0, 2.0, or 3.0 eq 400
of Sm(OTf)3
0 0 4 \
400 500 600 400 500 600
Wavelength (nm) Wavelength (nm)
O~ axd
Sm(OTf); + QQ o o Sm(OTf); + Q
P P—-Ph Q
\
PH PH \— 'Ph Ph
(x equiv) DPA 1 (x equiv) DPA

Reference
28) Nemoto, T. et al. J. Am. Chem. Soc. 2024, 146, 20904-20912.





