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Table S1. Types of dual-site catalyses by homogeneous catalysts in photochemical processes.!

The Classification of Photochemical Dual Catalysis

Photoinduced Electron Transfer

| Redox Mediation |

Photooxygenation
Alkene oxidation
Heteroatom oxidation
Oxidative rearrangement
Photoreduction

Example 1. Redox-Mediated Cyclopropane Photooxygenation.

Ph Ph
on oy 10 mol% DCA s o g
>A< BP, Op, MeCN >{\< e ,~ 0-0
Ph pn 450 W Hg lamp Ph Ph
(400-450 nm) 35% yield
Ph

BP Reaction Time Ph i

Ph OH

0 mol% 19h
100 mol% 15h SRl
biphenyl (BP)
Lewis Acid Catalysis |

Substrate—Lewis acid interactions
Photocatalyst—Lewis Acid interactions
Lewis acid catalysis of non-redox steps

Example 2. Ru(bpy);Cl,/Mg(ClO4),-Catalyzed [4+2] Bis(enone) Cycloaddition.

5 mol% Ru(bpy)sCls
o o 5 equiv. i-PrzNEt

2 equiv. Mg(ClO,)»
Phw Me MeCN

200 W W-filament bulb

73% yield

| Brensted Acid/Base Catalysis |
Proton-coupled electron transfer (PCET)
Bronsted acid catalysis of non-redox steps

Example 3. Nitroarene Reduction and Post-PET Cyclization.

2.5 mol% Ru{bpy)sCla coate
COzMe 2.1 equiv. 1
@f\/ NHOH
NO

10 mol% CSA
DMF, 20 W CFL

camphorsulfonic acid (CSA)



Organocatalysis

Example 4. Aldehydea-Alkylation by Tandem Photo-/Organocatalysis

0.5 mol% Ru(bpy)sCly

o COEt 20 mol% 1 O COEt
H e Cogt 2 equlvb 2r\;l?:-lut|d|ne 4 COuEt
el 15 W fluorescent lamp n-hex
93% yield
20% ee

Enamine/iminium catalysis
Hydrogen atom-transfer (HAT) catalysis
Other modes of organocatalysis

Transition Metal Catalysis

Example 5. Nickel-Catalyzed Cross Coupling Enabled by Photocatalysis.

o 1 mol% In(dF(CF 3)ppy)2(dtbbpy)PFg
5 mol% NiCly*glyme

Ac
5 mol% dibbpy . /@’
10 mol% quinuclidine N
Ac K,COs3, MeOH n-pent 0
blue LEDs
Br

n-pent

91% yield

Catalysis of Redox Steps
Catalysis of Downstream Steps

| Enzymatic Catalysis

Example 6. Enzymatic/Photocatalytic Ketone Reduction.

0.05 mol% Ru{bpy)sCl>
0.67 mol% Mv2*
0 0.67 mol% 2-mercaptoethanol OH
)J\/ 0.67 mol% NADP*
ferredoxin-NADP* reductase
alcohol dehydrogenase
13 mol% (NH4):EDTA 7% Conv.

H,0 {(tris/HCI buffer)
1 kW halogen-quartz lamp (> 400 nm)

Photoinduced Hydrogen Atom Transfer

Example 7. Alcohol Dehydrogenation by Tandem Polyoxotungstate and Cobaloxime Catalysis.



oF 0.2 mol% TBADT o
L 1mol% CofdmgH)(oyr)Cl_ L

Ph Me CD3CN, UVB lamp Me
(300-700 nm) 83% yield
A=
cl ¥
" 0 o | 4 mBuaN
o--H o-‘Wr,“'-—o—"‘w“O
Me =[NTT 417 K
\ / o (I)r,o 7 .4
_N—Co—N o] peliimman B BAREA
o N o= 1| =0
H--0- Me Q2 Y e () e
“J | 0/| 0
N Me Al O Sl
- o.__W__.-D-_,W_.fO
1 11
I o
Co(dmgH)(pyrCl TBADT

Photoinduced Energy Transfer

Transition Metal Catalysis

Example 8. Tandem Allylic Oxidation and Alkene Epoxidation.

1 mol % H,TPP OH
2 Me 40 mol% Ti(Oi-Pr)y /K(‘
Mo 0, CH,Cl, Me 1
hv (not specified)
68% yield
Ph Ph
Ph Ph
H,TPP
| Organocatalysis

Example 9. Aldehyde a-Oxygenation by Dual Enamine and Photocatalysis.

0 Me
O\ &

H  5mol% HyTPP e Ho,
20 mol% L-a-Me-Proling_[0© Y NaBH
Ph 0, DMF L MeOH "o,
250 W Na lam Ph
P 77% yield
66% ee

| Brensted Acid Catalysis

Example 10. Silyl Enol Ether Protonation by Photosensitized Naphthol.




Ph

OTMS

2.5 mol% Ir{dFppy)a(pic)
50 mol% 2-napthol

excess NHS
toluene, laser (445 nm}

IM{dFppy)a(pic)

Ph

74% vyield




Table S2. Types of dual-site MOF catalysis in multi-step catalytic reactions.

Entry MOF Catalysts:Active sites Catalytic Reactions Ref.

1 Au/MIL-53(Al): acid site and metal NPs Oxidation along with hydrogenation 2

3 Zr-MOF-NH,: base and acid sites Knoevenagel and aldol condensations 3

4 Sc-MOF: acid sites Epoxidation along with rearrangement 4

5 MIL-101-SO;H-NH, and PCN-124: base and acid =~ Deacetalization along with Henry or Knoevenagel 56
sites condensations

6 NH,-MIL-101(Al): base and acid sites Meinwald rearrangement along with Knoevenagel 7

7 Pd/MIL-101 Aldol condensation along with hydrogenation 8

8 Tb-TCA and PdA@IRMOF-3: acid, base and metal Knoevenagel condensation along with cyclization or °
NPs hydrogenation 10

9 IRMOF-3: base and acid sites Condensation along with addition 1n

10 Pd/MIL-101(Cr): metal and acid site Nitro reduction along and cyclization 12

11 Pd/MIL-101: acid site and metal NPs Hydrogenation along with isomerization 1314

Coupling and cyclization

13 Pd@MIL-101(Cr): acid site and metal NPs Isomerization and hydrogenation 1

14 Ru-PTA/MIL-100(Cr): acid site and metal NPs Hydrolysis and hydrogenation 16

15 UiO-67-NH2-[L3Rh]: base site and metal complex  Condensation/olefin-hydrogenation/nitro-reduction 7

16 UiO-66-Lir: base site and metal complex Reductive-amination/condensation/hydrogenation of 18

imine
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