Visible Light Photoredox Catalysis with

Transition Metal Complexes: Application in
Organic Synthesis
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Introduction stern-voimer Relationship
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Net Reductive Reaction 1.reduction of Electron Poor Olefin
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Net Reductive Reaction :.reductive Dehalogenation

MeCN, visible light
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Net Reductive Reaction :.reductive Dehalogenation

2.5 mol% Ru(bpy);Cl,, i-ProNEt, HCO,H or Hantzsch ester, DMF, visible light
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Net Reductive Reaction s.radical Cyclization

% - isible i I 2.5 mol% Ir(ppy) Me

1.0 mol% Ru(bpy)sCl; or Ir(ppy)a(dtbbpy)PFg, 2 equiv. NEty, DMF, visible light f 10 oquiv, 7 Bugh, 10 oom “f: HOO,H ( .
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Net Reductive Reaction .. Epoxide and Aziridine Opening

5.0 mol% Ru(bpy);Cl,, 1.1 equiv. Hantzsch ester (HE), DMSQ, visible light
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Net Oxidative Reaction 1i.runctional Group Reactions
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Net Oxidative Reaction 1i.runctional Group Reactions
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Net Oxidative Reaction 1i.runctional Group Reactions
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Net Oxidative Reaction :.oxid. Generation of Iminium lons
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Net Oxidative Reaction :.oxid. Generation of Iminium lons

Me 5 equiv.
TMS

1.0 mol% Ru(bpy);Cl,
3 equiv. BrCCly, DMF, visible light

85%

1.0 mol% Ru(bpy);Cl,
5 equiv. indole, 5 equiv. KOt-Bu
3 equiv. BrCCls, DMF, visible light
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5equiv. ——Ph

1.0 mol% Ru(bpy),(dtbbpy)(PFg).
10 mol% (MeCN),CuPFg
DCM, visible light
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50 wt% graphene oxide

MeCN, visible light
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Net Oxidative Reaction :.oxid. Generation of Iminium lons

1.0 mol% Ru(bpy);Cly, 5 equiv. (NH4),S,04, 1 equiv. nucleophile, DMF, visible light
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Net Oxidative Reaction :.oxid. Generation of Iminium lons
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Net Oxidative Reaction s.azomethine viide [3+2] C.-A.
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Redox Neutral Reactions 1.atom Transfer Radical Addition
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Redox Neutral Reactions 1.atom Transfer Radical Addition

m radical-polar crossover
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R x \5\ /(/ R/\/\n. — /\)\

3
atom transfer reagents Ru(bpy);™* 177 A > VR /g
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Redox Neutral Reactions
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Redox Neutral Reactions 2.protoredox Organocatalysis

H P via:
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0.5 mol% Ir(ppy),(dtbbpy)PF 192
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Redox Neutral Reactions s.Rradical Additions to Arene

3. 1 Aryiation of Arenes: Diazonium Saits

CO,H CO.H
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Redox Neutral Reactions s.Rradical Additions to Arene

3. 1 Aryiation of Arenes: Diazonium Saits

BFs N, @ 1 mol% eosin Y [\
> o]
o DMSO, visible light

212, 10 equiv. 215, 60%

OMe NO, Boc NO,

54% 70% 61%



Redox Neutral Reactions s.Rradical Additions to Arene

3. 1 Aryiation of Arenes: Diazonium Saits

Me 223

A/

:l \;N
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NoBF, 2.5 mol% Ru(bpy)sCl, Xy Me PP 224
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Redox Neutral Reactions s.Rradical Additions to Arene

3. 2 Alkyiation of Arenes

1 mol% Ru(bpy);Cl,, 2 equiv. diethyl bromomalonate, 2 equiv. 227, DMF, visible light N CO,Me CO.Et
2

Etogo\l/

\
173 Br N\ Me
CO-Me
B 2
CO,Et
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Redox Neutral Reactions s.Rradical Additions to Arene

3. 2 Alkyiation of Arenes

N

H 233 NH
B,[ /z 1.0 mol% Ru(bpy)sCl, ,/—CHO 4
; AN 5 equiv. 233 Z /
Q_Q NHMe 2 equiv. NBug Qﬂ,m{
—N, _ NHMe
'?' H Boc g —N
Cbz DMF, visible light N" 3 Boc

1 equiv. Rh(PPhg)sCl l

xylenes, 140 °C
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\, ] 0o steps N 0
® NMe -— ' N~ Me
N = NM - N\ H
0 Cbz
(+)-gliocladin C
235, 86%




Redox Neutral Reactions s.Rradical Additions to Arene

3. 2 Alkyiation of Arenes

1—-2 mol% photocatalyst, 1—4 equiv. CF3S0,CI (238), K;HPO,, MeCN, visible light photocatalyst = Ru(phen);Cl,
O
Il : ﬂ\ N CF,
238 F,C—S—Cl N~ CFs N
g *Ru(phen);?* - Me H
80, or 94% 72%, 4:1 1.1,

(_ 'CF3 CF MB
) Ru(phen);3* Ru(phen);2* . _,(\:lf 3 A ?I—ﬁ\
@q >< ~ e (s CFs
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Z 240 241 70%

87%
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® CF, -H*
|_.. MeO CF CF
R _: H 3 AN 3
= I
o
OMe Me N Me

85% 73%
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Ny rCFs .
[ I N
o
N OMe -
Me)\N
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fac-Ir(Fppy)s 82%




Redox Neutral Reactions a.rxn of Enamine Radical Cations

OTMS 5 mol% Ru(bpy)s(PFs), Q
N )\ LiBF (30 mol%), 4A MS Ph
Ph 1.2 equiv. duroquinone
)\\\ - (0]

MeCN, visible light

- 275, 2 equiv. 278, 67%
6 - Li 271 0 - Li O—
HL_ _ R2 |:11\+./ R2 Me Me Me Me Me Me
e
Iﬁ > S Me Me Me Me Me Me
R B3 270 O 0 O_ 272
I e

R‘\,T.,F‘z Ru(bpy);* a I Ru(bpy),**

. 5 | electrophilic
]\. radicaI” /\\' »  Ru(bpy);?* == /f \‘ /

H3
0 0} 275 0 0}
(J ) e () ()
N N )\ N N
) Ph Ph Ph
—_—
OTMS 0}
273 274 276 277



Redox Neutral Reactions a.rxn of Enamine Radical Cations

o 0]
2 mol% Ru(bpy);(PFg), 0
; ,u\‘ 20 mol% morpholine H N
N

| > Bn
Bn O- MeCN, visible light

285 .
Y 280 N Ru(bpy)s \

Ru(bpy);>*
() ° /
N “ I:‘R.j Rubpy)? a
o
Ao, -
Bn ’4 o
284 283



Redox Neutral Reactions s.[2+2jc.-a.

0 o] o] 0
5 mol% Ru(bpy).Cl Ph Me  Ph OEt
mol% Ru(bpy)sCl; o} o] . ]
0 0 2 equiv. i-Pr,NEt He= H He=——=H
2 equiv. LiBF, Ph Ph
Ph Ph - (10)
o H H 85%, >10:1 d.r. 88%, >10:1d.r.
MeCN, visible light
o) 0
(0] @]
286 287, 89% yield, >10:1 d.r. Ph Ph L
Ph " Sph
Hm}— e H
Li \D+ 0 0 o Me Me
F‘PerEt . o Ph Ph 90%, 5:1 d.r. 82%, >10:1 dur.
u(bpy)s*
FPTENEL)/ H-—-Q:-H @] O
R
) 287 R R
*Ru(bpy);2*
(bpy)s T - H H
Li Li
\ ~o (2+2] o 0
’,R' Ru(bpy),** .
Ph™ S Phe e Pn R=4-MeOPh  98%, 10:1 d.r.
. Hw=— H R = 4-CIPh 96%, >10:1 d.r.
288 R 289 U R = 2-furyl 89%, >10:1

R = Me, OEt no reaction



Redox Neutral Reactions s.[2+2jc.-a.

O 0 5 mol% Ru(bpy);Cl, O O
2 equiv. i-Pr,NEt I§
Ph Me 4 equiv. LiBF, Ph Y TMe
| | . ‘
Me 5 s5equiv. MeCN, visible light Me'
290 291 292, 84% yield, >10:1 d.r.
O O O O ) M O
A L S
Ph T “Me Ph " “OMe Ph " “SEt
i-PI““‘ Me““ Me\“‘
65% vyield, 5:1 d.r. 293, 57% vyield, 5:1 d.r.

64% yield, >10:1 d.r. (6 equiv. acceptor) (6 equiv. acceptor)




Redox Neutral Reactions s.[2+2jc.-a.

2.5 mol% Ru(bpy)sCl, O 0
2 equiv. i-ProNEt He
0.5 equiv. LiBF4 ] OBn
= <\, N H H

OBn  MeCN, visible light

295, 87% yield, >10:1 d.r.

1. MeOTf (76%)
295 >
2. NucH, DBU H H

Nuc )J\ OBn NucH = H,0, MeOH,
-BuSH, BnNH,, pyrrolidine




Redox Neutral Reactions s.[2+2jc.-a.

photocatalyst = Ru(bpy),;Cl,

2.5 mol% Ru(bpy);Cl, O (o)

o 0 10 equiv. i-Pr,NEt .~ i (

5 equiv. HCO,H PMP  PMP R

Ph Ph
isible i N

286 MeCN, visible hght N’

93%, >‘° 1dr. 83%, >10:1 d.r.
) )5
Ph / \ PMP
Ru(bpy);* Ru(bpy)s2* 92%, >10:1 d.r.

photacata!yst = Ir(ppy),(dtbbpy)PFg

FPrNE o o
)& / T, a —H* —4 93%, 5:1d.r.

PhCH,CH CH,CH,Ph
f-Per Et 2R

*Ru(bpy),*

Ph

i—Pr-\

I
296 i-Pr

60%, 10:1 d.r. 73%, >10:1 d.r.




Redox Neutral Reactions s.[2+2jc.-a.

=
| Me

X
MeO MeO H H " "
305 )
Ph ] Ph o 0
| 0\/”/ + O\J/ R =4-OMe 89%,>10:1d.r.
304 >_< 54%, >10:1 d.r. R=2-OMe 73%,>10:1d.r.

MeO Fl—/ |
\

R=4-OH 64%,>10:1d.r.

" Ru(bpy)s™ Ru(bpy)s?* l [2+2]
Mv +€
— — hv MeO =
. / |_H
MeND_@NMe / | Ph PMP %
*Ru(bpy);>* X

— ¥ H H H
N\ / N\ 7 o o

R =4-OMe 67%,>10:1d.r.
Conditions: 1-5 mol% Ru(bpy)s(PFg)2, 15 mol% MV(PFg),, MgSO,4, MeNO,, visible light R = 4-Cl 92%, >10:1 d.r.

R=3-F 78%, >10:1 d.r.




Redox Neutral Reactions s.[3+2]c.A. : c.-p. Ring Opening

)
Me.__ COEt Ph™ ™ on )'

"

\
o)

H
63%, >10:1 d.r. 330, 69%, 2:1 d.r.
2.5 mol% Ru(bpy);Cl, 1 equiv. La(OTf), visible light
5 equiv. TMEDA MeCN, MgSO,

Me COzEt

i -

329, 83% yield, 6:1 d.r.

O Ph
“Aso i 0 Me_ CN
Me COzEt CO.E Ph ey, )
Me . t 3
S . 2 PR
H
H

331, 83%, 9:1d.r. 332, 50%, 2:1 d.r.




Redox Neutral Reactions s.[3+2]c.A. : c.-p. Ring Opening

Ph

ROVe
O,0 O — Ot Lo

H N Ph
LD
Pulbpsy Conditions: H
2 mol% Ru(b PF
a o ( Ru(bpz),* m: aquw_(:zl Ja(PFe); Ph =~ 71%, 1:1 d.r.
MeNO,, visible light Br
Ru(bpz);** '

@DWQD CLD )9

T7%, 4:1d.r.




Redox Neutral Reactions 7.radical Conjugate Addition Rxn

+e
RN R —— R.N” R —  RN"R

amine amine radical cation a-amino radical N N -
~Ph Ph

"I (ppy); (dtbbpy)* @:) 122 Y e
Ca N
/ ” )

5 mol% Ir(ppy),(dtbbpy)PFg 0 O Ph

i
Ir'(ppy),(dtbbpy)* MeCN, visible light 123 50%, 1.5:1 d.r. 83%. 2:1 dur
@Jﬁ Ph
Ir'(ppy),(dtbbpy)
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Redox Neutral Reactions 7.radical Conjugate Addition Rxn
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Redox Neutral Reactions s. a-Arylation of Amines
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Redox Neutral Reactions s. a-Arylation of Amines

(A) Amine scope  Conditions: 0.5-1.0 mol% Ir(ppy)s, 2 equiv. NaOAc, DMA, visible light
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(B) Arene scope: aryl nitriles  Conditions: 1.0 mol% Ir(ppy)s, NaOAc, DMA, visible light
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(C) Arene scope: aryl chlorides 1.0 mol% Ir(ppy).(dtbbpy)PFg, NaOAc, DMA, visible light
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Conclusion

- Low Temperature

- Different Reactivity

- Low-loading of Transition Metal
- Green Energy Source.
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