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A. General Information

The NMR spectra were recorded at 400 MHz and 600 MH2zHpA01 or 150 MHz fotC

and 376 MHz fofF{*+* 7KH FKHPLFD ¢H 9id¥3C \Wre divehRripm relative to
residual signals of the solvents (CH@ 7.26 ppmtH NMR and 77.16 ppn¥C NMR).
Coupling constants are given in Hertz. The following abbreviations are used to indicate the
multiplicity: s, singlet; d, doublet; g, quartet; m, multiplet; br, broad signal

High-resolutionmass spectra (HRMS) were obtained from the Mass Facility unit on a Waters
Xevo Q Tof spectrometer with electrospray ionization (EBN.-vis measurements were
carried out on a Cary 3500 Multicell UMs spectrophotometer. Cyclic voltammetry studies
were carried out on RGSTAT204potentiostat, offering compliance voltage up t@&V
(available at the counter electrode), £ 10 V scan range @dd\icurrent rangel-luorescence
measurements were carried out on an Edinburgh FLSP920 spectrometer equipped50ith

W xenon arc lamp, double excitation and single emission monochronaatdra Peltiecooled
+DPDPDWVX 5 3 SKRWRPXOWLSOLHU WXEH i QP

Yields refer to isolated materials of >95% purity as determinetHoMMR analysis When
VSHFLILHG \LHOGV ZHUH GHWHUPLQHG E\xi+ 105 DQDO\VLV RI
standard, typically in cases where the product was too volatile for isolation or difficult to

separate from the substrate

General Procedures.All reactions were set up under an argon atmosphere in-anieah
glassware. Synthesis grade and anhydrous solvents were used as purchased from commercial
sources.Chromatographic purification of products was accomplished using féimsd
chromatography (FC) on silica gel (2800 mesh). For thin layer chromatography (TLC)
analysis throughout this work, Merck preated TLC plates (silica gel 60 &k 0.25 mm)

were employed, using UV light as the visualizing agent and an acidic mixture of vanillin or
bast aqueous potassium permanganate (Kbhin€dain solutions, and heat as developing
agents. Organic solutions were concentrated under reduced pressure on a Bichi rotatory
evaporator.

Materials. Commercial grade reagents and solvents were purchased at the highest quality from
commercial suppliers and used as received, unless otherwise stated.



B. Unreactive and Poorly Reactive Substrates

(a)

. Dehalogenauon

o O o7 O o pod

SET reduction

(c2/c5) . <20%, (C2) < 10% (C5) n.d., (C5) F nd. (€5
® Birch reductlon
COOH
©/COOM6 ©/C02Me ©i>
< 10%, (02) 20%, (C2 n.d., (C2/C5) n.d., (C5) n.d., (C5)

E—Z isomerization

Me
HO NN T B NN ©/\/ @j @

< 5%, E:.Z=90:10, (C2) ., (C2) < 5%, E:Z=90:10, (C2) 20%, E:Z =79:21 (C2) trace, (C5) 16%, (C5)
l N ‘ w ©/\/\OH [ I A : O
75%, E:Z = 23:77 (C2) 61%, E:Z = 35:65 (C2) 52%, E:Z = 40:60 (C2) 19%, (C5) , (C5)

[2+2] photocycloaddition
Me Me

Me
%
g NN 55% yield (370 nm)

20% yield (390 nm)
(C2/C5) n.d. (C2/C5) strong background reaction trace (C2/C5)

b
(b) C2 (10 mol%)
Cs,COg, y-terpinene

o
o ACN, 370 nm, 16 h (air) O0°
¢} 1 Isomerization Cyclization
E 0 2

(E7) (SET) 2
entry base (1equiv.) y-terpinene c2 Air [%] yield 2
1 Cs,CO45 2.5 equiv. 10% yes 17
2 Cs,CO4 2.5 equiv. 10% no 12
3 Cs,CO3 2.5 equiv. - yes 0
4 Cs,CO3 - 10% yes 4
5 - 2.5 equiv. 10% yes 6

proposed mechanism
O Isomerization

(E7)
2 SET l
reduction
°© o 0,, Cs,CO;3 C[Ojo Cyclization © 0
n ]

2

Figure S1: Unsuccessful and moderately reactive substrates. Both SET reductions and/Z
photoisomerization reactions were carried out on £20nmol scale under the optimized conditions reported in
the main manuscript, using either catalg® or C5 as specified. Results are shown below each entry
n.d. = product not detectfl) Attempted tandem reaction combining Enimediated E/Z isomerization
and SEdriven radical cyclization along with some optimization results.
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C. Synthesis of Substrates and Catalysts
& 6XEVWUUOWHKHYVLV
The following substrate@igure S2)were synthesized according to reported procedures.

" Me
cC O 5
S Py ©\/\/O
EtO |\to

OE
Figure S2: Starting materials synthesized according to known procedures.

General Procedure for the Synthesis ofN-Ts Amine Derivatives
Ts
1

H
N N, p-TsCl N,
RIS R ————> .00 ~ R?
L pyridine, r.t. L

To a solution of the appropriate anilingérimol, 1 equiV) in pyridine 0 mL, 05 M) was
addedp-toluenesulfonyl chlorides.5mmol, 1.1 equiy at 0 °C. After the solution was stirred
at ambienttemperature for -3 hours pyridine was removed by rotary evaporator, and the
reaction mixture was poured into water. fheduct was extracted with GEI (three times),
the organic layerdried overNaSQy andconcentrated in vacuo. Thesidue was purified by
column chromatography on silica gel to give the corresponding product

Ph N,N-diphenyl-p-toluenesulfonamide (1i): Synthesized according to the
N.;. General Procedumgsingdiphenylaming0.846g, 5 mmol, 1.0 equiv.)The crude
©/ mixture was purified by flash column chromatography on silicg2f¥b ethyl
1i acetate in hexanes as eluent) to affbir(l.18y, 73% yield) as a white solid.+
105 0+] &'&®7.58(dJ=8.4Hz, 2H), 7.33t7.25 (m, 12H), 2.43
(s, 3H).Matching reported literature data.

N-Ts-4-Methoxyaniline (1j): Synthesized according to the General
/©/ Ts  Proceduraising4-methoxyaniline(0.615,5mmol, 1.0 equiv.)The crude
MeO mixture was purified by flash column chromatography on silica o
1j ethyl acetate in hexanes as eluent) to affp@.91g, 65% yield) as a white
solid. + 105 0+] &'&®7.57 (d,J=8.4Hz, 2H), 7.21 (d] =
8.6 Hz, 2H), 6.96 (dJ = 9.0 Hz, 2H), 6.76 (d) = 9.1 Hz, 2H), 3.76 (s, 3H), 2.38 (s, 3H)
Matching reported literature data.

H
N

~

Synthesisof Ethyl (E)-3-methyl-4-oxohex2-enoate E-3b):

o (0]
(0]
Tol , 100 °C EtO
O + PhsP%)J\ orene - NMB
OFt Ar 0 Me
E-3b

To anovendried Schlenk tube(carbethoxymethylene)triphenylphosphordhe&’5 g, 5 mmol,

1 equiv.) and dry toluene5 mL) were added under an argon atmosphere. To the formed
suspensiorutane2,3-dione (0.43g, 5 mmol, 1 equiwjas added in one portion. The reaction
mixture was stirred for 3 hours at 100 Agterward, the mixturevasallowed to cool t@mbient
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temperature and was diluted with.&t(20 mL), which causedriphenylphosphinexide to
precipitate out. The precipitate was filtered dfffe solid further washed with EO andthe
collected organic layavas concentrated witheuse ofarotary evaporator. The crude material
was purified by flash column chromatography on silica gel (1080 Ethexanes as eluent) to
afford substratd=-3b (0.32 g 41% yield) as alear oil

+ 105 0+]&'&0/ T +] + - T +] + vV o+
G +] o+ - W+] ®ODWFKLQJ UHSRUWHG OLWHUDWXU'

Synthesis of E)-acetophenoned-methyloxime (E-3d)

o) Me

MeONH,+HCI, pyridine S OMe
Me > N
©)‘\ EtOH, 60 °C (D/k
E-3d
7R D VROXWLRQ RI DFHWRSKHQRQH J PPRO DQG S\ULC
P/ ZzDV DGGHG+&HD21+ J PPRO DB UHUKSFRWAMDRQPLRQ PL]J

ZDV VWLUBH®RWWK 7KH UHDFWLRQ zZDV TXHQFKHG E\ DGGLQJ
ZLWK HWKWVX B FHRWEBWHH G RAHWDIP ZD OONIBUXLWK 1 DTXHRXV +&0
GULHG RYHIWQGI®WXH VROYHQW ZPW DUH PHRYMHSIRWODGHR PDWHULDO Z
SXULILHG E\ IODVK FROXPQ FKURPDWRJUDSK\ RQ VLOLFD JHO

WR DI(IRUG J \LHOG DV+D1BOGHDUORLIO&'&O =
P+ GG - +] + V + ODWWFKLYJIJ UHSRUWHG OLW
GDWD

Synthesis ofdiethyl (E)-(2-phenylprop-1-en-1-yl)phosphonate(E-3¢)

M EtOL //o O\\ _OEt NaH, THF, N,
€+ /P\/P\ > 7 “Me
EtO OEt
O=ﬁ’—OEt

E-3e
OEt

,Q DQ BYHBG 6FKOHQN WXEH X@YBBUXPUKRGQUDBHP RVSKE W QHU
J ZDV GLVVROYHG LQ GU\ WHWUDK\GURIWUDBWK\O P/
PHWK\OHQHGLSKRR/SKR®PWRE HTXLY ZDV DGGHG GURSZLVH
VROXWLRQ ZD\VD®WIRBQHBWPRE S KH RKSFW W R &KIHRWR QK
PPRO HTXLY ZDV DGGHG YLD V\ULQJH & QG GV YW LMROHGN LR
WKGIBMY $IWHU WKH PL[WXUH ZDV FRROHG WR URRP WHPSHUD'
P/ ZHUH DGGHG 7KB WIDNHIGVDZHI W KM HTXHRXV OD\HU ZDV |
DFHWDWH [ P/ 7KH FRPELQHG RUDRELFGOW KHU V RZHYUHHQ @/UZ |
UHPRYHG L7KN FROXRGH PDWHULDO ZDV SXULILHG E\ IODVK FROX
JHO HWK\O DFHWDWH LQ KHM QHV D V\HOXG QBW B RHIDIOREZGR

+ 105 0+] &'&0O GW +] o+ P+ - GW
+] o+ % P+ - GG +] + - WG
+] +0DWFKLQJ UHSRUWHG OLWHUDWXUH GDWD



C2. Catalyst Synthesis

CatalystC1 was synthesizefbllowing a previously reported procedute

Catalyst C2 and theanalogous3-thiophenyl 4hydroxycoumarin catalyst§C3-C5) were
synthesized according to previously reported procedwwih, slight modifications as outlined
below.

C2.1. General Procedure A

OH OH
SH
X I, DMSO X s R
X + rL S 2 > X A
% 80°C, overnight _
(6) (6] (6] 6]
X=H,F

3-thiophenyl 4-hydroxycoumarin catalysts
OH OH OH OH
OOre e cire, ora
(6) O (6] o (6] O OMe (6) o OMe
Cc2 C3 C4 C5

Figure S3: Synthesis of catalys@&2-C5 according to proceduré\.

An ovendried Schlenkflask was charged with-fiydroxycoumarin (1.0 equiv.), aryl thiol (1.0

equiv.), and iodine (10 mol%), which were dissolved in 0.2 M dimethyl sulfoxidéeH UHDFW LR Q
PLIWXUH ZDV KHKMHWMWGE & R DOSEBIW K TKWM UHBFRMHRWDQIDKW RQLWR
7/& DQDO\VWYXHWHKHOFWLRQ ZDV GLOXWHG ZLWK HWK\O DFHWD\
DTXHRXV VROXWLRQ RI VRGLXP WKLRVXOIDWH

JRU WKH LVROPWURWQNRDOLQH VROLG SUHFLSLWDWHG LQ WKF
FROOHFWHG E\ ILOWUDWLRQ WKURXJK D %*FKQHU IXQQHO 7Kt
DQG HWK\O DFHWDWH WR DIIRUG WKH SXUH FRPSRXQG

JRU WKH LVRE&DPIMRHURIXHQFKLQJ WKH UHDFWLRQ ZLWK D VDW
VRGLXP WKLRVXOIDWH WKH RUJDQLF OD\HU ZDV H[WUDFWHG Z
DQG GULHG RYHU DQK\GURXV 1Dw62y $IWHU ILOWUDWLRQ DC
UHUHLGXH ZDV ZDVKHG ZLWK KH[DQHS PBIMMRRIGXRWWKH FRUUHVSRC

Characterization of Catalysts C
+\GUR[\SKHQ\OWERKKRRPH@H & 6\QWKHVL]HG

OH

@ﬁisﬁ DFFRUGLQJ WR WKHS$ QUKD B U RR K B DU HQ
(@) 6]
Cc2

PPRO HTXLY WBELRSRARBOHTXLY DQG
LRGLQH J PPRO PROLQ '0627KHU\VWDOOLQH
FRPSRXMM/ R ODWHRX X P | LW R/ IDEM URSQ \LHOG ZBRMWBRO L G
+ 105 0O+] '062 GG +] + - GGG +]
+ + P + G - +] + G - +] + V
& 105 0+] '06R
+506 FDOFXODWRG IRULDR IRXQG

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD



JOXRUKRGUR[\SKHQ\OWEKKR RP H®H &

OH

F\©\)Is 6\QWKHVL]HG DFFRUGLQJ WRXWKBIIMHRUHRIDO SURI
5 O\Q K\GUR[\FRXPDULQPPRO HTXLWKLRSKHDRO

C3

PPRO HTXIDQRGLQHJ PPRO PRQ
'062 7KH FU\WWVWDOOLQH FRPSRXQG ZDV LVRODWH(

DIIR&G J \LHOG \HDOVOIRD L G

+ 105 0+] '062 G +] + - W +] o+ - GG
+] + - W+] + - GG +] +
& 105 0+] '0O6R G- +] - G +] G-
+] -G +] - G +] G +] G
- +] - G +] - G +] + P GG
+] - G +]
) 105 0+]062 /
+506 FDOFXODW)RG IRU & IRXQG

+\GUR[\ PHWKR[\SKHQYO KMKRFRRHR@ H &

OH
©\)IS\®\ 6\QWKHVL]HG DFFRUGLQJ WR$ WKHQJIJHQHUDO !

0 X0 oMe K\GUR[\FRXPDULQ® PPRO HTXLY

ca

PHWKR[\WKLRSEKHQRROPRO HTXLY LPR®IGQH

J PPRO PR@ '06ZKH FU\WVWDOOLQH FRPSRXQG ZDV LVF
ILOWUDWL&RQ WR DINRHGG DV D ZKLWH VROLG
+ 105 0+] '062 GG +] + - GGG +]
+ + P + - G +] + - G +] + V +
& 105 0+] 'O6R
+506 FDOFXODWRG IRLD & IRXQG

oH JOXRUWRGUR[\ PHWKR[\SKH QYT KMKRRH Q
Fmsm RQH &B6\QWKHVL]HG DFFRUGLQJ WR WKH JHQ
Ny owe XVLQUOXRURGUR[\FRXPDULQ PPRO
cs HTXLYPHWKR[\ WKLRSKHQROPPRO HTXLY
DQIGRGLQH B PPRO PRLOD '06ZKH
FU\WWDOOLQH FRPSRXQG ZDV LVROBWHG E\ YDRKX® IDQWUDWL
ZKLWH VROLG

+ 105 0+] '0O62 GG +] + - WG +] +
GG +] + - G +] + - G +] + V +
& 105 0+] '06R2 G- +] - G +] G-
+] -G +] G +] - G +] GG
- +] - G +] P Vv - G G
- +] Vv
) 105 0+1062 /

+506 FDOFXODWMHGE IRULR IRXQG



D. Optimization Studies

Table S1. Optimization of theSETbasedmodel reaction

catalyst C2 (10 mol%)

0s2<:o3 (3 0 equiv.) OH
s
O — O CO0D
0~ Yo

y-terpinene (2.5 equiv.)

1a, X =Cl NMP, 30 °C, 14h, 390nm catalyst C2
1b, X = FI

substituted 4-hydroxycoumarin catalysts

OH OH OH OH
F(?ﬁf@ @fism FW@f\ISm
(6] [6] (6] (6] (6] (@] OMe O (6] OMe

Entry Substrate Deviation Yield %2a

1 la DMSO instead oNMP 0

2 la CH3CN insteadof NMP 16
3 la N&CO;s instead of C£LOs 82
4 la K2CGs instead of C£L£Os3 93
5 la TMG instead of C£Os 28
6 la DIPEA instead of G£0s trace
7 la Pyridine instead of GEOs trace
8 la Under air instead of N 0

9 la Irradiation @ 4Z nm, usingC5 70
10 1b Irradiation @ 42 nm, usingC5 19
11 la 6 h instead of 14, usingC5 60
12 1b 6 h instead of 14, usingC5 49

[al Reactions performed ové# hours in0.4 mL of NMP using 02 mmol of 1a, 05 mmol of Jterpinene and base
(3HTXLY XQGHU LUUDG L D:W+3®OniB,\inadiakce ¥ LD nd\DémBield of 2a determined by
IH NMR analysis of the crude mixture using dibromomethasthe internal standard.

General commentCatalystC5, which exhibits better absorption in the visible region compared
to C2, was found to effectively promote tlechlorination ofla under427 nm irradiation
However, when applied to the fluoro derivatide C5 demonstrated poor reactivity at the same
wavelength. To ensure consistent results, we opted to perform all subs8gilepased
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reactions at 390 nm, even when usi@§, as this wavelength provided more reliable and
reproducible outcomes\ote that forEnFEDVHG SURFHVVHY LUUDGLDWLRQ DW
instead, as it offered improved performafeee Scheme S1 the following page)

Table S2. Optimization of theEnT-based2+2] photocycloaddition

C2 (10 mol%) Et0,C
o Ny COE!
+ " ho >
/\ et
PR 35°C, 22 h, 390 nm Ph o
Ar, DCM 5

substituted 4-hydroxycoumarin catalysts

OH OH OH OH

@fis QFms Q@f\f Q. @f\l Q
(0] 0] (0] 0 (0] 0] OMe O 0] OMe
Cc2 C3 C4 C5

Entry Deviation Yield
1 none 20%
2 no catalyst omo light 0
3 CHsCN instead of DCM 20%
4 370 nm instead of @ nm 25%
5 C3instead ofC2 (370 nm) 50%
6 C4instead ofC2 (370 nm) 28%
7 C5instead ofC2 (370 nm) 30%

[4l Reactions performed ov@2 hours in1 mL of DCM using 02 mmol of ethyl cinnamatend styrene (1 mmol)
XQGHU LUUDGLDW L RQ=B30Dm.ét 370 hi@, i@abifnSe = 100 mWHArReaction yield determined

by 'H NMR analysis of the crude mixture using dibromomethane as the internal standard.

Photoisomerization [2+2] Photocycloadditions
o] . o Ph
oo C2 (10 mol%) MeO. (e} o : Cc2 ('1_Q~mol/o)
e . R
OMe ~ S P e o Lhoi—— O
0 35 °C, CH4CN, 12 h OMe 35°C, 22 h, DMSO 6
E-3a light Z-3a light
370 nm ——> 90% yield, 92:8 Z/IE . 370 nm ———> 58% yield
390 nm ——> 20% yield, 23:77 ZIE 390 nm ——>  traces

Scheme S1. Effect of lighirradiation (370nm vs 390hm) on the [2+2] photocycloadditionreaction



E. Experimental Procedures
E1l. Experimental Setup

Photochemical Setip 1390 nmKessil lampwith PhotoRedOx Box TCE(Figure )
The reactions were performed using a PhotoReB®x TC (Ereactor under the illumination
ofaKessiODPS P D[ max=390 nm, positioned-2 cm away from the vial), with a fan
to control thetemperature. Under these conditiotie reaction temperature inside the vessel
was measured usingl@ermometer and found to range betwdé+82°C.

Figure S4: Reaction setup using PhotoRedOx Box Teactor with 390 nmKessil lamp

Photochemical Setip 2390 nmKessil lampwith 3D-printed photoreactor (Figure %)
TKEMLUBKGXEWDRYLRQV ZHUH SHYURQ WHHG XSWKIRQURW HDFWRU UH ¢
OLWHXDWNKMUHWKH LOOXPLQDWLRQ RbD .HQWL RO\DIPVSL PP@H G
FP DZD\ IURP WKH YLDO 8@®&HUUW RRWH RFRQR QVGHLPVSIHRI@QW XUH LQ
PDLQWDLQHG DW xf& XVLQJ D FLUFXODWLQJ ZDWHU FRROLQJ

Figure S5: Reaction setup using 3printed photoreactof with 390 nmKessil lamp



Photochemical Seup 3370 nmKessil lampwith a Fan(Figure S§

TKHKQMWHDFWLRQV ZHUH SHUIRUPHG XQGHU WKH LEQOXPLQDWLR
QP SRVLWER@HG\ IURP WKH 6FKOHCCMNR QW B/RIOPBIHMIO W XD W

8QGHU WKHVHWHKRQGHWERQRQ WHPSHUDWXUH LQVLGH WKH Yt

WKHUPRPHWHU DQG IRXQGZWR UDQJH EHWZHHQ

Figure S6: Reaction setup usirg Farwith 370 nm or 390nnKessil lamp

E2. General Procedure forthe Reductive Dehalogenationof Aryl Fluorides and Chlorides

catalyst C2 (10 mol%) OH
Cs,CO3 (3.0 equiv.)
Ao/x N H X S
1 Choyt - |
R L ho ; > R \®

G Ak G
1 v-terpinene (2.5 equiv.) 2 e e

X=F CI NMP, 30 °C, 14h, 390nm catalystic2

To a 4 mL glass vial, cataly§2 (5.4 mg, 0.02 mmol, 0.1 equiyor C5 (6.4 mg, 0,02 mmol,

0.1 equivwhere specified & V w &&@mmol,3 equiv.), and aryl halid# (if solid, 0.2 mmol,

1 equiv.) were sequentially added. The vial was sealed with a-sopegap with a septum,

evacuated, and backfilled with nitrogen three times. Then, aryl Ha{ifiéquid, 0.2 mmol, 1
HTXLYWHUSLQHQH / PPRO -spaldddXNMP (0.5MQ0A DY JR Q

were added via syringe. The vial was sealed with Parafilm and stirred under 390 nm Kessil

lamp irradiation in a PhotoRedOx Box TEreactor for # hours usingSetup 1 detailed in

Figure &L

NMR analyse¢products?a-2f, 2h): $IWHU LUUDGLDWLRQ, Ditvomome@hénd R U KR X
(34.8 mg, 0.2 mmol, 1 equiv.) was added to the crude reaction mixture as an internal standard,
IROORZHG E\ P/ RI +w2 DQG P/ RI EULQH 7KH PL[WXUH ZDV
&'&0x DQG WKH RUJDQLF'ONMRsgedrbsdoyQ DO\]HG E\

Isolation of product®g: After completion of thereaction, the mixture was transferred to a
VHSDUDWRU\ IXQQHO DQG P/ Rl +w2 DQG P/ RI EULQH ZHU
HIWUDFWHG ZLWK (W2$F ZDVKHG WZLFH ZLWK EULQH DQG WK

6



filtration and concentration to dryness, the crude residue was purified by column
chromatography, affording the corresponding products with the reported yields (>95% purity
according toH NMR analysis).

Characterization of Products
The 'H NMR tracesof products2a-2f, 2h, which arereported in the NMR Section | of the
Supporting Informationmatched the reported literature dafd!

Aryl fluorides
H /©\ /© /@
Z
MeO
MeO /E j MeO H ! MeO N H

2a, 50% 2b, 45% 2c, 52% 2h, 25%
64% (using C5) 50% (using C5)  80% (using C5) 84% (CS)
Aryl chlorides
2a, 98% 99% 2e, 66% 2f, 53%

Figure S7: Compounds for which yields have been determined by *H NMR analysis using an internal standard

H 1H-indole (2g): Synthesized according to the General Procedisiag 5-
<:©/ chloro-1H-indole (30.2mg, 0.2 mmol, 1.0 equivand catalystC2. The crude
H 29 mixture was purified by flash column chromatography on silicd 1§}t ethyl

acetatdn hexanes as eluent) to affd2d (19.8mg, 85% vyield) as avhite solid

+ 105 0+]'&O0 /8.11 (s, 1H), 7.67 (d, J = 7.5 Hz, 1H), 7.41 (dg, J = 8.2, 0.9 Hz,
1H), 7.24 £7.20 (m, 2H), 7.16£7.13 (m, 1H), 6.58 (ddd, J = 3.1, 2.0, 1.0 Hz, 1H).
& 105 0+]'8&0 /

Matching reported literature dafa.

E.3. General Procedure forN-Desotylation
Ts catalyst C2 (10 mol%)

N CSZCO3 (3 0 equiv.)
I/\./ \R2 o \
e {ho) > R1

1 y-terpinene (2.5 equiv.)
NMP, 30 °C, 14h, 390nm catalyst c2

To a 4 mL glass vial, cataly§2 (5.4 mg, 0.02 mmol, 0.1 equiyor C5 (6.4 mg, 0,02 mmol,

0.1 equivwhere specifiedland & V w & ZBxnmol, 3 equiv.)were sequentially added. The vial

was sealed with a scretop cap with a septum, evacuated, and backfilled with nitrogen three

times. ThenN-Ts-aminel PPRO HTWHYSLQHQH / PPRO HTXL
argonsparged NMP (0.5 M, 0.4 mL) were added via syringe. The vial was sealed with Parafilm

and stirred under 390 nkessil lamp irradiation in a PhotoRedOx Box TWereactor for 14

hours usingsetup 1detailed inFigure S4

$IWHU LUUD G L Bowi4 Raprddhé/ reactio@ mRixture was transferred to an extraction

funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer was extracted
6



with ethyl acetate (EtOAk 3). The organic layer was washed twice with brine. The combined
organic layers were dried over anhydrous3\@, filtered, and concentrated to dryness. The
crude residue was purified by column chromatography to afford the corresponding groduct

Characterization of Products
| Diphenylamine (2i): Synthesized according to the General Procedsirgy
N catalystC2 andN,N-dipheny}p-toluenesulfonamidé4.7mg, 0.2 mmol, 1.0
©/ \© equiv.).The crude mixture was purified by flash column chromatography on
silica gel(20% ethyl acetatén hexanes as eluent) to affdd(30.5 mg,90%
yield) as awhite solid

+ 105 0+] &'&®34(q,J=6.4Hz, 4H), 7.15 (d) = 5.1 Hz, 4H), 7.02 () =
7.4 Hz,2H),5.73 (s, 1H). & 105 0+] &'&O0
Matching reported literature data.

H 4-Methoxy-aniline (2)): Synthesized according to the General Procedure
NH usingcatalystC5 andN-(4-Methoxy-phenyl}4-methytbenzenesulfonamide
Meo/©/ (55.5 mg, 0.2 mmol, 1.0 equiv.Jhe crude mixture was purified by flash
2j column chromatography on silica &% ethyl acetatén hexanes as eluent)

to afford2k (17.0 mg, 69% yield) astzrown solid

+ 105 0+] &'&®76(dJ=9.6Hz, 2H), 6.65 (d] = 7.5 Hz, 2H), 3.75 (s, 3H),
3.43(s,2H). & 105 0+] &'&O0
Matching reported literature dati.

E.4. Borylation of Aryl Chlorides

catalyst C2 (10 mol%)

Cont0s (3.0
A°/CI K 3( equiv.) Bpin
rA + ByPin, —.hu.—> Rl \®
Z .

1 3 equiv. CH3CN/DMSO 3:1,30°C

12h, 390nm catalyst c2

To a 4 mL glass viakatalystC2 (5.4 mg, 0.2 mmol, 01 equiv.),cesium carbonate (195 mg,
0.6 mmol, 3 equiv.), BPin; (152 mg, 0.6 mmol, 3 equiv.) and aryl chlorideéf solid, 0.2
mmol, 1 equiv.) were added as solidibe vial was then evacuated and backfilled with argon
three timesNext, aryl chloride4 (if liquid, 0.2 mmol, 1 equiv.) were added, followed by argon
sparged solvent (JEN:DMSO = 3:1, ® M) via syringe The vial was sealed with Parafilm
and stirred under irradiation from a 390 nm Kessil lamp using the PhotoRedOx Ba@x TC
reactor for 2 hours Getup 1, detailed inFigure S3.

$IWHU LUUDGL D WIR RdQrsPiNe reactdd Pixt&was transferred to an extraction
funnel. Then, 10 mL of watend 2 mL of brine were added, and the organic layeextacted
with ethyl acetate (EtOAc). The organic layer was washed twice with brine. The combined
organic layers were dried over anhydrous3\a, filtered, and concentrated to dryness. The
crude residue was purified by column chromatography to afford the corresponding groduct



Characterization of Products

spin  2-(4-methoxyphenyl}4,4,5,5tetramethyl-1,3,2dioxaborolane (%):
/@ Synthesized according to the General Procedure usirghloto4

Meo methoxybenzene (28.5 mg, 0.2 mmol, 1.0 equiv.) and 4,4,4'4'5,55"5'

octamethyi2,2-bi(1,3,2dioxaborolane) (152.4 mg, 0.6 mmol, 3.0 equiv.).

The crude mixture was purified by flash column chromatography on silica gel (3% ethyl acetate

in hexanes as eluent) to affd@d (30.4mg, 65% yield) as a white solid.

8a

+ 105 0+] &'&80 G +] o+ - G +] 4+ vV o+
Vv +& 105 0+] &'&0
Matching reported literature data.

grin  2-(4-cyangphenyl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (®):
/(j Synthesized according to the General Procedure usinghloto4-

Ne cyandenzene (25 mg, 0.2 mmol, 1.0 equiv.) and 4,4,4'.4'5,5,55

octamethyl2,2bi(1,3,2dioxaborolane) (152.4 mg, 0.6 mmol, 3.0 equiv.). The

crude mixture was purified by flash column chromatography on silicb%ekethyl acetate in

hexanes as eluent) to affd@d (36.6mg, 80% yield) as a white solid.

8b

+ 105 0+] &'&O G +] + - G +] + \% +
& 105 0+] &'&0

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

E.5. General Procedure forthe Phosphorylation of Aryl Chlorides

catalyst C2 (10 mol%)

OH
Cs,CO3 (3.0 equiv.)
I/\./CI oy | PO(OMe), N S
RU + P(OMe); :hu . » R
= N = o o

1 5 equiv. HCO,Na (1.0 equiv.) gc-d

DMSO, 30 °C, 14h, 390nm

catalyst C2

To a 4 mL glass vial, cataly§2 (54 mg, 0.02 mmol, 0.1 equiv.), cesium carbonate (163 mg,
0.4 mmol, 2 equiv.), sodium formaf&3.6 mg, 0.2 mmol, 1 equiv.), and aryl chloride&f

solid, 0.2 mmol, 1 equiv.) were added as solids. The vial was then evacuated and backfilled
with argon three times. Next, aryl chloridégif liquid, 0.2 mmol, 1 equiv.) and trimethyl
SKRVSKLWH / PPRO HTXLY Z-BpdrgledCDMG®IG.5 IROORZHC
M, 0.4 mL) via syringe. The vial was sealed with Parafilm and stirred under irradiation from a
390 nm Kessil lamp using the Photalx Box TCEreactor for & hours(Setup 1, detailed

in Figure &).

After irradiaion under 390nm for 34 hours the reaction mixture was transferred to an
extraction funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer
wasextracted with ethyl acetate (EtOAc). The organic layer was washed twice with brine. The
combined organic layers were dried over anhydrousS@a filtered, and concentrated to
dryness. The crude residue was purified by column chromatography to afford the corresponding
product8.



Characterization of Products

poome), Dimethyl (4-methoxyphenyl)phosphonate &c): Synthesized according
/@ to the General Procedunsing Xchloro-4-methoxybenzene (28.5 mg, 0.2
Me0 mmol, 1.0 equiv.) and trimethyl phosphite (124.0 mg, 1.0 mmol, 5.0
equiv.) The crude mixture was purified by flash column chromatography
on silica ge40% acetone in hexanes as eluent) to affar(23.3mg, 54% yield) as a yellow
liquid.

8c

+ 105 0+]'&0O / GG +] + - GG +] +
\% + \Y + \% +

& 105 0+] &'&0

3105 0+] &'&0

ODWFKLQJ OHBRUWW®KUH GDWD

Dimethy! (4-cyangphenyl)phosphonate 8d): Synthesized according to
/@’Po(ome)z the General Procedunsing tchloro-4-cyandenzene (2.5 mg, 0.2 mmol,
NC 1.0 equiv.) andrimethyl phosphite (124.0 mg, 1.0 mmol, 5.0 equiVhe
crude mixture was purified by flash column chromatography on silica gel
(40% acetone in hexanes as eluent) to afar(iL6.9mg, 40% yield) as aolorless oll

8d

+ 105 0+]'&0 / + P + P + vV o+
+

& 105 0+] &'&O0

3 105 0+] &'&0

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

E.6. Radical Trapping by Thiophenols

catalyst C2 (10 mol%)
Cs,CO3 (3.0 equiv.

\ OH
|I/\./CI | N SH Jony | S X S
R—l\) + Ry—r { ho » R R,
Z Z .- Z o o
-f

1 CH3CN, 30 °C, 14h, 390nm 8e
2.5 equiv. catalyst C2

To a 4 mL glass viakatalystC2 (5.4 mg, 0.2 mmol, 01 equiv.) cesium carbonater sodium
tertbutoxide(0.6 mmol, 3 equiv.and aryl chloride4 (if solid, 0.2 mmol, 1 equiv.) were added

as solids.The vial was then evacuated and backfilled with argon three .tiNeed, aryl
chloridesl (if liquid, 0.2 mmol, 1 equiv.and thiophenols (0.5 mmol, 2.5 equiwgre added,
followed by argorsparged solvent (GJEN, 0.2 M) via syringe The vial was sealed with
Parafilm and stirred under irradiation from a 390 nm Kessil lamp using the PhotoRedOx Box
TC Ereactor Setup 1, detailedn Figure ).

After irradiation under 390 nm for 14 hourthe reactionmixture was transferred to an
extraction funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer
was extracted with ethyl acetate (EtOAc). The organic layer was washed twice with brine. The
combined organic layers were dried ovahgdrous NeSQu, filtered, and concentrated to



dryness. The crude residue was purified by column chromatography to afford the corresponding
product.

Characterization of Products

e (2-Ethylphenyl)(4-methoxyphenyl)sulfane(8e): Synthesized according

s to the General Procedure usinghloro-4 methoxybenzene 85 mg, 0.2
Meo/O mmol, 1.0 equiv.) and-2thylbenzenethiol54 ul, 04 mmol, 2.0 equiv.).
8e The crude mixture was purified by flash column chromatography on silica

gel (1% ethyl acetate in hexanes as eluent) to aerd.9.5mg, 40% yield) as aolorless oil

+ 105 0+] '&0 / G +] o+ - GG +] o+

WG +] 4 - WG +] + - GG +] 4 G
- +] + vV o+ - +T + - W +] +

& 105 0+]'&0 /

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

s 4-((4-methoxyphenyl)thio)benzonitrile (8f): Synthesized according
/©/ \O\ to the General Procedure usingHloro-4-cyandenzene (25 mg,
Ne o Ve 0.2 mmol, 1.0 equiv.) and-Aethoxybenzenethiob@ uL, 05 mmol,
25 equiv.). The crude mixture was purified by flash column
chromatography on silica ged% ethyl acetate in hexanes as eluent) to a6(@d4.0 mg,50%
yield) as acolorless oll

+ 105 0+]"'&0 / GG +] + % P + - G
+] + V +
& 105 0+]'&0O /

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

E.7. Mono-Defluorinative Radical Addition of Trifluorotoluenes to Olefins

catalyst C2 (10 mol%

) OH
Cs,C05 (3.0 equiv.)
CF CFR s
Ne” 3 Ne” 2 X
R_:/\. + A0 Cho ) > ( )—:/\. \®
Z Z 0" o

3.0 equiv. y-terpinene (3.0 equiv.)
CH4CN, 30 °C, 16h, 390nm CatalysHC2

To a 4 mL glass viakatalystC2 (5.4 mg, 0.2 mmol, 01 equiv.) and cesiumarbonate (163

mg, 0.4 mmol, 2 equiv.) were added as solld vial was then evacuated and backfilled with
argon three timedNext, 1,3bis(trifluoromethyl)benzene or . -trifluorotoluene (0.2 mmol,

1 equiv.) Jerpinene (80R., 0.5 mmol, 2.5equiv.) and unactivated alkenes (0.6 mmol, 3
equiv.)were addedpllowed by argormspargedCHsCN (0.1 M) via syringe The vial was sealed

with Parafilm and stirred under irradiation from a 390 nm Kessil lamp using the PhotoRedOx
Box TC Ereactor for 6 hours Setup 1, detailedin Figure S4)

After irradiation under 390 nm for 16 hourthe reaction mixture was transferred to an
extraction funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer
was extracted with ethyl acetate (EtOAc). The organic layer was washed twice with brine. The
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combined organic layers were dried over anhydrousS@a filtered, and concentrated to
dryness. The crude residue was purified by column chromatography to afford the corresponding
product.

Characterization of Products

- ove (Difluoro(phenyl)methyl)(4-methoxyphenyl)sulfane (89):
\./\s/©/ Synthesized according to the General Procedure using -
©/ trifluorotoluene (29.2 mg, 0.2 mmol, 1.0 equiv)and 4

8 methoxybenzenethiol (62 uL, 0.5 mmol, 2.5 equiv.). The crude mixture

was purified by flash column chromatography on silica gel (2% ethyl acetate in hexanes as
eluent) to affordBg (44.7 mg, 84% yield) as a white solid.

IH NMR (600 MHz, CDCls) /7.58 +7.50 (m, 4H), 7.47£7.36 (m, 3H), 6.92+6.87 (m,
2H), 3.83 (s, 3H)!°F NMR (376 MHz, CDCl3) /-72.8.
ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

Vi 6,6-difluoro -6-phenylhexanl-ol (8h): Synthesized according to the
©/\/\H€°H General Procedure using . -trifluorotoluene (29.2 mg, 0.2 mmol, 1.0
gh equiv.) and 4-Pentenl-ol (51.7 mg, 0.6 mmol,2.0 equiv.). The crude
mixture was purified by flash column chromatography on silica2§8i(
ethyl acetate in hexanes as eluent) to af8r@37.7mg, 88% yield) as aolorless ol

+ 105 0+] &'&0O P+ W 4]+ 2 P
+ + P+ = P +) 105 0+] &'&0  W-
+]ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

NS 6,6-difluoro -6-phenylhexanl-ol (8i): Synthesized according to the
.\/\%OH General Procedure usirig3-bis(trifluoromethyl)benzene (42.8 mg, 0.2
8i mmol, 1.0 equiv.pnd 4Pentenrl-ol (51.7 mg, 0.6 mmoR.0 equiv.).The
CFs crude mixture was purified by flash column chromatography on silica gel
(20% ethyl acetate in hexanes as eluent) to aBo(d6.2mg, 8% yield) as aolorless oil

+ 105 0+CDClz / * P + £ P+ - W +]
+ -W +] o+ £ P+ £ P + £ P+
) 105 0+CDCls / W +]ODWFKLQJ UHSRUWHG OLWHUL



( %LURKGXFWLRQ

catalyst C2 or C5 (10 mol%) H

Cs,CO3 (3.0 equiv.)
A RN | F N S
R—I + ho > R—I
P> .
(0) (0] OMe

y-terpinene (2.5 equiv.)
NMP, 30 °C, 16h, 390nm H 9a-d catalyst C5

To a 4 mL glass viakatalystC2 (5.4 mg, 0.02 mmol, 0.1 equiv.) @5 (6.4 mg, 0,02 mmol,

0.1 equiv.where specified)C$COs (0.4 mmol, 2 equiv.and arenesif solid, 0.2 mmol, 1
equiv.)were sequentially added. The vial was sealed with a smewap with the septum and
then evacuated and backfilled with argon three tilext, arenes4 (if liquid, 0.2 mmol, 1
equiv.) andJdterpinene (80R., 0.5 mmol, 2.5 equivyvere added, followed by argeparged

NMP (0.5 M, 0.4 mL)via syringe The vial was sealed with Parafilm and stirred under the
irradiation of a 390 nm Kessil lamp in the PhotoRedOx Box®i@actor for 16 hours using
Setup 2, as detailedh Figure S5

NMR analyseéproducts9a, 9, 9d): dibromomethane was added as the internal standé&@l (3

mg, 0.2 mmol, 1 equiv.) to the crude reaction mixture, followed by 2 a@ &hd 1 mL of

brine. Then, the solution was extracted with 0.7 mL of G@@8¢t the reactions were analyzed
viaH NMR spectroscoppf the CDC} layer.

For the isolation of produc®c: After irradiation under 390 nm for 16 hourthe reaction
mixture was transferred to an extraction funnel, 10 mL 49 End 2 mL of brine were added

and the organic layer was extracted with EtOAc. The organic layer was washed twice with
brine, the combined organic layers were dried over anhydrouSQafiltered, and
concentrated to dryness. The crude residue was purified by column chromatography to afford
the corresponding products with the reported yields (>95% purity accordifg dMR
analysis).

The crudéH NMR of product®a, 9b,and9d, which are reported in the NMR Section | of the
Supporting Informationmatched the reported literature d&t& =

H H
H
O OO0 o
)
H H
9d, 40% (C2)
9a, 67% (C2) 9b, 55% (C2) 50% (C5)

Figure S8: Compounds for which yields have been determined by *H NMR analysis using an internal standard.

1-methyt1H-indole (26.2 mg, 0.2 mmol, 1.0 equiahd C5 (6.4 mg, 0.02
9c  mmol, 10 mol%). The crude mixture was purified by flash column
chromatography on silica gé1% ethyl acetate in hexanes as eluent) to afford

: ( 1-Methylindoline (9c): Synthesized according to the General Procedsirey
H
N

9¢ (17.0 mg, 64% vyield) asnorange oil + 105 0+] &'&®16 +7.00 (m, 2H),
6.75 +6.61 (m, 1H), 6.49 (d) = 7.0 Hz, 1H), 3.29 (dJ = 15.9 Hz, 2H), 2.95 (1) = 8.5 Hz,
2H), 2.76 (s, 3H). & 105 0+] &'&O0

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD
6



E.9. Reductive Radical Cyclization
catalyst C5 (10 mol%)

Z |./CI Cs,CO3 (3. 0 equiv.) Q
hu '—>
NN N \Q\

¥ terplnene (2 5 equiv.)
DMSO, 30 °C, 14h, 390nm catalyst C5

To a 4 mL glass viatatalystC5 (6.4mg, 0.2 mmol, 01 equiv.) and caesium carbonate (130.4
mg, 0.4 mmol, 2 equiv.) were added as sollde vial was then evacuated and backfilled with
argon three timesNext, allyl 2chlorophenyl ether (33.8 mg, 0.2 mmol, 1 equiv.) a#d
terpinene (64.2R., 0.4 mmol, 2.0 equiv.) were adddd|lowed by argorsparged DMSO (1

mL) via syringe. The vial was sealed with Parafilm and then stirred under the irradiation of 390
nm Kessillamp with PhotoRedOx Box T@Ereactorfor 14 hours usingSetup 1 detailed in

Figure 3.

After irradiation under 390 nm fot4 hours, the reaction mixture wasnsferred to an
extraction funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer
was extracted with ethyl acetate (EtOAc). The organic layer was washed twice with brine. The
FRPELQHG RUJDQLF OD\HUV ZHUGR2YGULB® HRYHE® DQK\GURRXEFH QY
drynes$. The crude mixture was purified by flash column chromatography on silica gel (1%
ethyl acetate in hexanes as eluent) to afidral(16.1 mg, 60% yield) as a colorless.

3-methyl-2,3-dihydrobenzofuran (11a)
©:§ + 105 0+] &'&0 G +] + - W +] +
11a W +] o+ - G +] 4 - W +] o+ &
P + - K +] + - G +] +

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

o catalyst C2 (10 mol%)

)J\ Cs,CO3 (3 O equiv.)
e 0 Qé @
N \N \ .-

y-terpinene (2.5 equiv.)
Ph DMSO, 30 °C, 14h, 390nm

catalyst Cc2

To a 4 mL glass vial, cataly§2 PJ PPRO -bhEaturatedd-benzoyl

ketoxime (30.7 mg, 0.1 mmol, 1.0 equiv.), and cesium carbonate (32.6 mg, 0.1 mmol, 1.0

equiv.) were added as solids. The vial was then evacuated and backfilled with argon three times.
IH[WWHUSLQHQH / PPRO ll6WEX byyargoBsspavged GGHG IR
DMSO (0.1 M, 0.4 mL) via syringe. The vial was sealed with Parafilm and stirred under the
irradiation of a 390 nm Kessil lamp in the PhotoRedOx Box®i@actor for 4 hours using

Setup 1, as detailed in FiguredS

After irradiation under 390 nm fot4 hours the reaction mixture was transferred to an

extraction funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer

was extracted with ethyl acetattQAc). The organic layer was washed twice with brine. The

combined organic layerg HUH GULHG RYHU DQK\GURXV 1Dw62y ILOWHU
drynessThe crude mixture was purified by flash column chromatography on silica gel (20%

ethyl acetate in hexanes as eluent) to affdrd(12.2 mg, 65% vyield) as a yellowil.



\QL 2,4,4trimethyl -5-phenyl-3,4-dihydro-2H-pyrrole (11b)
N

—\, + 105 0+] &'80 = P+ GG - +] o+
11b * P+ GG - +] o+ GG -
G - +] + V + V +

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

E.10. Difunctionalization of Alkenes

o] MeO
/©/ catalyst C2 (10 mol%) O OH
NG CSQCO?—(?;O equiv.) N s
‘ " v :‘—» 0o \®
MeO Lo Nig CN o o
N v-terpinene (2.5 equiv.)
\Q\/ ou DMSO, 30 °C, 14h, 390nm

To a 4 mL glass vialatalystC2 (5.5 mg, 0.2 mmol, 01 equiv.) TEMPOH (38 mg,0.24

mmol, 1.2 equiv.andcaesiuncarbonate (163 mg, ®mmol, 3 equiv.) were added as solids.

The vial was then evacuated and backfilled with argon three.tieag 4-chlorobenzonitrile

(27.5 mg0.2 mmol, 1 equiv.) andkmethoxystyren¢40 R, 0.3 mmol,1.5 equiv.)were added,
followed by argorspargeddMSO (1 mL) via syringe.The vial was sealed with Parafilm and
stirred under th@radiation of a 390 nm Kessil lamp in the PhotoRedOx BoxHi€actor for

14 hours usingsetup 1, as detailed in Figure S6

After irradiation under390 nm for14 hours the reaction mixture was transferred to an
extraction funnel. Then, 10 mL of water and 2 mL of brine were added, and the organic layer
was extracted with ethyl acetate (EtOAc). The organic layer was washed twice with brine. The
combined organic layers weH GULHG RYHU DQK\GURXV 1Dw62y ILOWHULF
dryness. The crude residue was purified by column chromatography to afford the corresponding
productl2 (31 mg, 40% vyield) as a white solid.

catalyst C2

MeO OHWKR[\SKHQ\O WHWUDPHWK\OSLSHULGL
O \O R[\ HWK\O EHQ]JRQLWULOH
é”; O o + 105 0+] &0 / G +] o+ GG
- +] + - G +] + - GG
12 +] + V + - GG +] + - GG
+] o+ % P + % P +&
105 0+] ‘&0 /

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD
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E11.1 General Procedure for the E/Z Photoisomerization

catalyst (10 mol%)

P AN - T R
g — (o
E 35 °C, ACN, Ar, 12h, V4
370nm
OH OH
S F. S
@fi[ Q m T
O O O o OMe
catalyst C2 catalyst C5

To a 10 mLSchlenktube,catalyst(0.02 mmol, 01 equiv.)andE alkeneq0.2 mmol, 1 equiv.)

were sequentially addetbllowed by argofsparged CECN (0.2 M, 1 mL) via syringeThe

Schlenk tube was sealed, frozen in liquid nitrogen, and evacuated. This process was repeated
three times, followed by three cycles of freezing, evacuating, and backfilling with argon. The
reaction mixturavas tten stirred under 370 nm Kessil lamp irradiation for 12 haisingSet

up 3, as detailed in Figure S6

After irradiation under 370 nm fd2 hours the reaction mixture was concentrated to dryness.

The crude residueas purified by column chromatography to afford the corresponding product
Z-3.

Characterization of Products

MeO. .0 Dimethyl maleate(Z-3a): Synthesized according to the General Procedure C
U using dimethyl fumarate (28.8 mg, 0.2 mmol, 1.0 eqairndC2 (5.4 mg, 0.02
M mmol, 10 mol%.) The crude mixture was purified by flastolumn
chromatography on silica ge2@xb diethyl etherin hexanes as eluerR; =
0.4) to affordZ-3a (26.0 mg, 90% vyield) as acolorless oil The ratio of isomers ithe crude
mixture was determined vitd NMR analysis- Z:E = 92:8.

Z-3a

+ 105 0+R'&0/6.29 +6.20 (m, 2H), 3.84+3.70 (m, 6H).
& 105 0+] &'&0O ODWFKLQJ UHSRUWHG OLWHUDWXL
Moo 0 Ethyl (Z)-3-methyl-4-oxopent2-enoate (Z-3b): Synthesized according to
Q the General Procedure C usiBthyl (E)-3-methyl4-oxohex2-enoate(31.2
Me” N okt mg, 0.2 mmol, 1.0 equiv.22 (54 mg, 0.02 mmol, 10 mol%.)The crude
Z-3b mixture was purified by flash column chromatography on silica §&%(

diethyl etheiin hexanes as eluem; = 024) to affordZ-3b (25.0mg,80% yield) as a colorless
oil. The ratio of isomers ithe crude mixture was determined id NMR - Z:E = 97:3.

+ 105 0+] &'&B68(qJ=1.6Hz, 1H), 4.16 (1= 7.1 Hz, 2H), 2.36 (s, 3H),
1.99 (d,J = 1.6 Hz, 3H), 1.26 (1] = 7.2 Hz, 4H).
& 105 0+] &'&0

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD



CN Maleonitrile (Z-3c): Synthesized according to the General Procedure C using 1,2
'\/CN Dicyanoethylene (15.6 mg, 0.2 mmol, 1.0 equi€? (54 mg, 0.02 mmol, 10
mol%). After completion of the reaction, dibromomethaas added as the internal
Z2-3c standard (34.8 mg, 0.2 mmol, 1 equiv.) to the crude reaction mixture, the ratio of
isomers in the crude mixture was determineddadNMR - Z:E = 53:47 with a 40% yield.
ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

(2)-1-phenylethan-1-one O-methyl oxime -3d): Synthesized according to
©)§ the General Procedure C usili)-(L-phenylethafil-one Omethyl oxime (30.0

mg, 0.2 mmol, 1.0 equiv.2 (54 mg, 0.02 mmol, 10 mol%.which were
stirred under the irradiation of &3 nm Kessil lamp in the PhotoRedOx Box
TC Ereactor for24 hoursusing Setup 3 as detailed in Figure S@fter
completionthecrude mixture was purified by flash columinromatography on silica gel (10%
diethyl ether in hexanes as eludrt= 0.6 to affordZ-3d (24.3 mg, 81% yield) as a colorless
oil. The ratio of isomers ithecrude mixture was determined Vid NMR - Z:E = 91:9.

+ 105 0+] &'& D52 +7.44 (m, 2H), 7.44:7.31 (m, 3H), 3.85 (s, 3H), 2.21 (s,
3H). & 105 0+] &'&0
ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

Diethyl (Z2)-(2-phenylbut-1-en-1-yl)phosphonate (Z-3€): Synthesized
according to the Gener&rocedure C using DiethyE)-(2-phenylbutl-en
_OEt 1-yl)phosphonate (26.8 mg, 0.1 mmol, 1.0 equi€},(3.2 mg, 0.01 mmol,
o7 ~OEt 10 mol%.) and G£0s (5.0 mg, 0.015 mmol, 15 mol%yhich were stirred
Z-3e under thdrradiation of a 390 nm Kessil lamp in the PhotoRedOx Box®#C
reactor for 24 hours usirf®etup 3 as detailed in Figure S6. After completitecrude mixture
was purified by flash column chromatographysilica gel éthyl acetatas eluentR: = 0.26)
to affordZ-3e(18.9 mg, 70% yield) as a colorless oil. The ratio of isomerthiacrude mixture
was determined vieH NMR - Z:E = 91:9.

+ 105 0+] &'&®.37 £7.29 (m, 2H), 7.26£7.21 (m, 3H), 5.81 (s, 1H%.02 +
3.83 (m, 4H), 2.91 (d, J = 21.4 Hz, 2H), 1.64 (t, J = 6.5 Hz, 3H), 1.17 (t, J = 7.1 Hz, 6H).
& 105 0+] &'&O G +] - G +]
G +] - G +] - G +] - G +]
G +]
3105 0+] &'&0 GGS +]
+506 FDOFXODWHEG IRY & IRXQG

Me

Me Diethyl (2)-(2-phenylprop-1-en-1-yl)phosphonate (Z-3f): Synthesized

A according to the General Procedure C usiieghyl (E)-(2-phenylpropl-en
/PQOEt 1-yl)phosphonat€50.9mg, 02 mmol, 1.0 equiv.)C5 (6.4 mg, 0.2 mmol,
0" %% 10 mol%) which were stirred under the irradiation of 203 im Kessil lamp

#3 with a fanfor 22 hoursusing Setup 3 as detailedn Figure S6. After

6



completion, the crude mixture was purified by flash column chromatography on siliG@%el (
ethyl acetatén hexaness eluentR¢ = 0.3) to affordZ-3f (45.3 mg, 89% vyield) as a colorless
oil. The ratio of isomers in the crude mixture was determinetH/NMR - Z:E = 93:7.

+ 105 0+] &'&@.41 +7.37 (m, 2H), 7.37+7.29 (m, 3H), 5.73 (dd] = 17.3,
1.5 Hz, 1H), 3.94+3.66 (m, 4H), 2.23 (s, 3H), 1.07 {t= 7.0 Hz, 6H).
& 105 0+] &'&0O

3 105 0+] &'&0O GS +]
+506 FDOFXODWHIBG23RO XD IRXQG
ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

E.11.2 General ProcedureD for the Intermolecular [2+2] Photogycloadditions

To a 10 mL Schilenk tubeatalystC (0.02 mmol, 01 equiv.) the EnFresponsivesubstrat€0.2

mmol, 1 equiv.)andan alkenewvere sequentially added, followed by aregparged solvent

(0.2 M, 1 mL) via syringeThe Schlenk tube was sealed, frozen in liquid nitrogen, and
evacuated. This process was repeated threestirffollowed by three cycles of freezing,
evacuating, and backfilling with argon. The reaction mixture was then stirreditnadetion

of 370 nmKessillamp witha fanfor 22 hours usingsetup 3 detailed inFigure $%.

After the reaction was completed, the reaction mixture was transferred to an exfrautieln

10 mL of HO and 2 mL of brine were added and tinganic layer was extracted with EtOAc.
The organic layer was washed twice with brine, the combined organic layers were dried over
anhydrous Ng5Q, filtered, and concentrated to dryness. The crude residue was purified by
column chromatography to afford the corresponding products with the reported yields

6a,6b,7,8,9,10,10a,1608ctahydro-benzo(3,4)cyclobuta[l,Z]chromen-6-
on (4): Synthesized according to the General Proce@utesing coumarin
(30.0 mg, 0.2 mmol, 1.0 equivgyclohexene49.3 mg, 0.6 mmol, 3 equiy.
07Ny and catalysC2 (54 mg, 0.02 mmol, 10 mol%.)dry CHCN (1 mL). The
4 crude mixture was purified by flash column chromatography on silica gel (10%
diethyl ether in hexanes as eluent) to aff®{@7.5mg, 60% yield) as a colorless oilhe ratio
of isomers in the crude mixture was determined'MiadNMR analysis tcoe d.r. =17:7:1 (see
section | for details)

+ 105 0+] &'&®18+7.14 (m, 1H), 7.8 +6.99(m, 2H), 6.97 +6.94 (m, 1H),
3.77 (t,J = 8.9 Hz, 1H), 3.51+3.43 (m, 1H), 3.04+2.92 (m, 1H), 2.80+2.73 (m, 1H), 167 +
1.54 (m,2H), 1.38 +0.98 (m, 6H).

& 105 0+] &'&O

ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD
Ethyl 2,3-diphenylcyclobutane 1-carboxylate (5): Synthesized according to the

EtO,C,
General Procedur® using ethyl cinnamatg32.4 mg, 0.2 mmol, 1.0 equiv.)
Ph " styrene 104.1mg, 1 mmol, 5 equivagnd catalysiC3 (5.8 mg, 0.02 mmol, 10
5 mol%.), dry DCM (1 mL) The crude mixture was purified by flash column

6



chromatography on silica gel% ethyl acetatén hexanes as eluent) to affd¢27.8 mg,50%
yield) as a colorless oilhe ratio of isomers in the crude mixture was determinetH/NMMR
analysis to bel.r. =3:1.

+ 105 0+] &'&®.26 +7.19 (m, 8H), 7.15 (t) = 7.1 Hz, 2H), 4.15+4.07 (m,
2H), 3.78 (tJ = 9.8 Hz, 1H), 3.51+3.41 (m, 1H), 3.15+3.04 (m, 1H), 2.60+2.48 (m, 1H),
2.33 (g,J = 10.4 Hz, 1H), 1.21 (] = 7.1 Hz, 4H).
& 105 0+] &'&O0
ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

General Procedure E for thel ntramolecular [2+2] Photocycloadditions

To a 10 mL Schlenk tubeatalystC2 (5.4 mg, 0.02 mmol, 10 mol%andthe substrat¢0.2

mmol, 1 equiv.wvere sequentially added, followed by aregparged solvent (0.2 M, 1 mL) via
syringe.The Schlenk tube was sealed, frozen in liquid nitrogen, and evacuated. This process
was repeated three times, followed by three cycles of freezing, evacuating, and backfilling with
argon. The reactiomixture was then stirred underadiation of 370 nniKessillamp witha fan

for 22 hours usingsetup 3 detailed inFigure S6

After the reaction was completed, the reaction mixture was transferred to an extraction funnel,
10 mL of HO and 2 mL of brine weraddedand the organic layer was extracted with EtOAc.
The organic layer was washed twice with brine, the combined organic layers were dried over
anhydrous NgQ, filtered, and concentrated to dryness. The crude residue was purified by
column chromatography to afford the corresponding products with the reported yields.

pn 6-Phenyl-3-oxa-bicyclo[3.2.0]heptane 6): Synthesized according to the General
o<:|j Proceduree using E)-(3-(allyloxy)prop-1-en-1-yl)benzene (8.8 mg, 0.2 mmol,
1.0 equiv.)andcatalystC2 (5.4 mg, 0.02 mmol, 10 mol%.xdry DMSO (1mL)
The mixture was purified by flash column chromatography on silica gel (10%
diethyl ether in hexanes as eluent) to aff®(@0.2mg, 58% yield) as a colorless oil. The ratio
of isomers irthecrude mixture was determined Wd NMR analysis to bel.r. =5:1.

6

+ 105 0+] &'&®@.35+7.28 (m, 2H), 7.25 (d] = 6.0 Hz, 2H), 7.22+7.16 (m,
1H), 4.03 +3.94 (m, 2H), 3.61 (dd] = 8.9, 6.0 Hz, 1H), 3.51 (dd,= 9.3, 4.1 Hz, 1H), 3.23
(dd,J = 12.4, 9.6 Hz, 1H), 3.032.90 (m, 2H), 2.35:2.24 (m, 1H), 2.21+2.12 (m, 1H).

& 105 0+] &'&0
ODWFKLQJ UHSRUWHG OLWHUDWXUH GDWD

ProcedureE using bicyclo[2.2.1]hepte2,5-diene(18.4 mg, 0.2 mmol, 1.0 equiv.)

and catalyst C2 (54 mg, 0.02 mmol, 10 mol%.ising CRCN as solventAfter

completion of the reactiodjbromomethaneas added as the internal standard (34.8

mg, 0.2 mmol, 1 equiv.) to the crude reaction mixturke yield of 7 (35% yield) was

determined vidH NMR analysis of the crude mixture. Characterization dalaRWi FKLQJ UHSRUWH(
OLWHUDWXUH GDWD

l Quadricyclo[2.2.1.0.0]heptane (7): Synthesized according to the General

7
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F2 Photophysical Characterization of the Photocatalysts C

Sample PreparationEight 25 mL glass vials, each containing either cataf&tC3, C4, or

C5, ortheir PLIWXUH ZLWK &.Yag &g base, WareXdedled with septa and degassed

7TKHQ GU\ GHJDVVHG &+x&1 P/ zDV DGGHG WR HDFK YLDO '

catalysts. From these stock solutioggtoC5 ZHUH SUHSDUHG DW FRQFHQWUDWLF
qj 0 DQG VCPb@HUOWK &Vw&2x HTXLYDOHQWY ZHUH SUH:

concentrationsThen, 2.5 mL of each solution was transferred intcaegonfilled quartz

cuvette (10 x 10 mm light path) equipped with a septum.

F2.1 UV-Vis Absorption Studies

UV-Vis measurements were carried out on an Cary 3500 Multicel/Id\spectrophotometer
equipped with two silicon diode detectors, double beam optics and Xenon puld&iligine
S12-S14).
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Figure S12 2 Absorption profiles of 18 M solutions ofcatalyst€C2-C5 in dry, degassedcetonitrileat 298K.
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Figure S13 2 Absorption profiles of 18M solutions ofcatalyst€C2-C5 in dry, degassedcetonitrile after the
addition o8 equiv.of CsCQ at 298K
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Figure S14 2 Absorption profiles ofL0-3M solutions of catalyst€2-C5 in dry, degassed, acetonitrile before and
after theaddition of 3 equiv. of CGE€03 at 298K (only tails of absorption are shown for simplicity).



F2.2 Photophysical Characterization ofCatalysts C2-C5: Summary of RelevantData

Table S3. Representative parameters foatalyst€C2-C5 at 298K 104M CHsCN solutions

Catalyst Excitation 298 K a Emission 298 Ka " exc-em
LexdNM) em(NM) *(ns) St o(us) T1 “(nm)
Cc2 357 445 2.8 9 88
C3 352 449 29 12.7 97
C4 363 459 4.6 10.3 96
C5 374 472 3 17.4 98

aDegassed samples

Table S4. Representative parameters foatalyst€C2-C5 at 77K of 104M CHsCN solutions

Catalyst Excitation Emission 77 Ka " exc-em Triplet energy
77 Ka
exdnm) em(Nm) ox (ns) St ox (us) T1 “(nm) Kcal/mol
c2 347 513 1.2 0.9 (53%), 166 67.0
7.3 (47%)
C3 366 540 1.2 1.1 (62%), 174 62.4
8.8 (38%)
C4 354 540 1.2 (20%) 0.6 (18%), 186 63.5
10.3 (80%) 5.0 (82%)
C5 356 547 1.2 0.7 (20%), 191 63.7
6.0 (79%)

21n a glassy matrix of Cs¥CN

Table S5. Representative parameters ftite deprotonated catalystC2-C5 at 298K of 1M CH3CN

solutions;
Catalyst Excitation 298 K ab Emission 298 Kab " exc-em
.{nm) »em(NMm) *(ns) St HCORE “(nm)
C2 354 445 3.0 13.4 91
C3 360 449 3.1 18.0 89
C4 359 466 5.0 21.1 107
C5 367 473 3.4 15.2 106

a2 After stirring with 3 egiv. of C2CQsz and filtrating the excess of bagdegassed samples.



F2.3 Photophysical Characterization ofCatalysts C2-C5
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Figure S15. Excitation profiles of 16M CHsCN solutions ofcatalystC2-C5 at 298K
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Figure S17. Excitation profiles of 18M CHsCN solutions ofdeprotonatedatalystC2-C5 in the presence of 3
equiv. of CsCOsat 298K
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Figure S18. Emission profiles of 1M CHsCN solutions ofdeprotonate@2-C5 in the presence of 3

equivalents of C£0s3

F2.4 E(0,0) Determination of the Deprotonated Catalyst€C2-C5
Fluorescence measurements were carried out on an Edinburgh FLSP920 spectrometer equipped

with a 450 W xenon arc lamp, double excitatsord single emission monochromators, and a
3 SKRWRPXOWLSOLHU WXEH

Pelier FRROHG +DPDPDWVX 5
The emission spectrum of the deprotonated cataG&tS5 (formedin situfrom C2-C5 upon
addition of 3 equivalents of &30; in dry, degassed GEN) was superimposed with the

absorption spectra (Figure 91
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Figure S19. Absorptionemission overlap af04M solutions of catalyst€2-C5 in dry, degassed, acetonitrile

after the addition of 3 equiv. of @803 at 298K.
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F2.5 Triplet Energy Measurement ofthe Neutral Catalysts C2-C5

Triplet measurements afeutralcatalystsC2-C5 were obtained from low temperature (77 K)
emission measurementhe low temperature emissi@pectrum wasneasured in FLS900
Fluorescence spectromet&d{nburgh Instrument

Emission - C2 - RT vs 77K - NORM Emission - C3 - RT vs 77K - NORM
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Figure S20. Comparison between emission 622-C5 solutions 16M in CHsCN to emission profile of glassy
matrix at 77K

In Figure 20, the room temperature emission and glass temperature emission spectra are
presented for catalys@2-C5. The redshifted emission observed at glass temperature is safely
assigned to the emission from the triplet state. Since assignment of vibronic peaia was
possible, the crossing point of the tangent for the onset of emission was used for its

determination.



F2.6 SternVolmer Quenching Studies

Fluorescence measurements were carried out on an Edinburgh FLSP920 spectrometer equipped
with a 450 W xenon arc lamp, double excitation and single emission monochroriaers.
excitation wavelength was fixed at 350 nm for all the experiments.

F2.6.1 SternVolmer Quenching Studies with 4-Chloroanisole 1a

A 1.0 M solution of the quencher substratechloroanisolela) in dry, degassed, GBN
(HPLC grade) was prepardd Q G of this stock solution were added to the soluibd*M
HPLC grade CKCN) of the deprotonatedcatalystC2, prepared according to the procedure
detailed at the beginning of section F.2. The addition of the substrate sdlat@s repeated
four times. After each addition, tlselution wasnixed,and the emission spectra of the excited
catalyst was acquired from 320 nm to 600 nm (the excitation wavelength was fixed at 350 nm).
A solvent blank was subtracted from all the measurements.

The results shown in Figur@ Sindicatethat substratéa quenched the excitestate emission

of the deprotonate@2. The SterAvolmer plot shows a linear correlation between the amounts
of substrates and the ratigl) following the relationshipto/l = 1 + Ksy[Q] (Q = Quencher)
(Figure 21).

— [Q=0mM
— [Q] =158 mM
[Q] = 30.9 mM
[Q] = 46.7 mM
[Q] = 62.5 mM

MeO Z 2a

Quencher

Figure S21. SternVolmer quenching studies of the excitdéprotonatedcatalystC2 fwith substratela

F2.6.2 SternVolmer Quenching Studies with Methyl Fumarate E-3a

A 1.0 M solution of the quencher substrateethyl fumaratde-3a) in dry, degassed, GBN

(HPLC grade) was prepare® Q G / Rl WKLV VWRFN VIROY¥WQL @ @XW HR)G G
+3/& JUDGH & eith&rlthe deprotonated cataly&t @r the neutral catalyst2. The

solutions of the catalyst were prepared according to the procedure detailed at the beginning of

section F.2. The addition of the substrate soluBanwas repeated five times. After each

addition, the solution wasixed,and the emission spectra of the excited catalyst was acquired

from 380 nm to 690 nm (the excitation wavelength was fixed at 350 nm). A solvent blank was

subtracted fronall the measurements.

The results shown in Figure2&(quenching studies odeprotonatectatalystC2) and 23

(quenching studies areutralcatalystC2) indicate that substraaquenched the excitestate

emission of both the deprotonatéd or neutralC2 with a differentbehavior



Stern Volmer quenching studies with 3and deprotonatedC2

The SterAvolmer plot for the quenching studies perfornteddeprotonatedC2” (Figure 22
+right) with 3a (dimethyl fumarate)shows a linear correlation between the amounts of
substrates and the ratigl, following the relationshipio/l = 1 + Ksy[Q] (Q = Quencher).

2.5E+04
5
y = 0.0564x + 0.8614 ']
2.0E+04 4 R? = 0.9937 oot
@ o’
S 1.5E+04 Ve
3 3 )
o . 3
c = ° 3
8 > .®
g 1.0E+04 2 oo
.@
5.0E+03 19.°
0.0E+00 0
380 480 580 680 0 20 40 60
Wavelenght (nm) Quencher concentration (3a - mM)

Figure S22 2 SternVolmer fluorescence quenching studies of deprotona@dtwith 3a.

Stern Volmer quenching studies with 3nd neutralC2

The SterAvVolmer plot for quenching studies afeutral C2 (Figure 23 =*right) with 3a
(dimethyl fumaratejeveals a departure from the expected linear relationship between substrate
concentration and the fluorescence intensity fatiolnstead, the data fits an exponential curve

with an upward deviation from linearity. This behaviould stem from several factors, such

as the simultaneous presence of dynamic and static quenching or the influence of more intricate
guenching mechanisms like Forster resonance energy transfer (FRET) or Dexter energy
transfer’” As a result, a Sterolmer quenching constant was not determined for this system.
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Figure S23 2 SternVolmer fluorescence quenching studiesG# with 3a.

Based on the experimental results discussed in the main text (e.gnabilgy of the
deprotonated catalyst to drive tl#Z photoisomerization oBa, Figure 4a), the different
behaviors observed for deprotonai®d gnd neutraC2 catalysts during the quenching studies

can be explained by distinct quenching mechanigen the catalyst is deprotonated, sirgle
electron reduction is likely at play, whereas energy transfer is the dominant process when the
catalyst is in its neutral formThis mechanistidistinction accounts for the differences in the

6



SternVolmer plots and the observed deviation from linearity in the case of the triplet energy
transfer with catalyst?2.

JXUWKHU 6WXGLHV RQ WKH %HKDYLRU RI '"HSURWRQDWHG &L
Fumarate 3a

When theE/Z photoisomerization of dimethyl fumarate-8a) was carried out using catalyst

C2LQ WKH SUHVHQFRRRIVRVPHM&E2L]DWLRQ ZDV REVHUYHG VHH )L
main manuscript). This suggests that the deprotonated form of cagalyist inactive in this

transformation, likely due to its incompatibility with an EnT mechanism. In contrast, the neutral

catalystC2 efficiently promoted the isomerization, confirming its effectiveness as an EnT
photocatalyst (Figure 4a, entry 2 in the main manuscript).

To further investigate the reactivity of the deprotonated species, the same model reaction was
SHUIRUPHG LQ W-teidingrig dsvarhgFogerrdonor (see below).

o) C2 (10 mol%),
Cs,CO0; (3 equiv.) 9
MeoNOMe > E-3a + MGOY\)‘\
OMe
o 35 °C, CH45CN, 12 h, y- o)
E-3a terpinene (2.5 equiv.), 370 nm

E,oq =-1.55 Vvs Ag/AgCl

Under these conditions, and using the deprotonated catalygdCGMS analysisfter 12 hours
revealed the formation afimethyl succinate, the reduced product frea(see Schem&2).
This observation provides evidence th&t gengages in SET witlk-3a (Ered = -1.55V vs
Ag/AgCI),® consistent with a mechanistic shift from Etolf SET upon deprotonation of the
catalyst
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Scheme S2. GC-MS analysis of theeaction betweerE-3a catalyzed by the deprotonated?2 in the
presence ofvterpinene.

F3. Electrochemical Studies

Cyclic voltammetry studies were carried out on a PGSTAT204 potentiostat, offering
compliance voltage up to £ 20 V (available at the counter electrode), + 10 V scan range and
+0.4 A current rangeith a glassy carbon disk electrode (diameter: 3 mm) as working electrode.

A silver wire coated with AgCl immersed in a 3.0 M agueous solution of KCI and separated
from the analyte by a fritted glass disk was employed as the reference electrode angka Pt wi
counterelectrode completed the electrochemical setup. The scan rate was 100 mV/s unless
otherwise stated. The substrates were measured at concentration of 2 mMC &ftér the
addition and filtration of 3 equivalents of £L£s, with TBAPFs (0.1 M) & electrolyte.

F3.1 Oxidation Peaks forthe Deprotonated Catalysts C2-C5
Potentials are quoted with the following notatiog? EEoy) refers to the anodic peak potential
while E,° (Ered refers to the cathodic peak potentiigure S2 to SZ).
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Figure S24.CV of the deprotonated catalyst2 3in CH3sCN starting with the oxidation, irreversible oxidation
and reduction, Ep= 0.65V with a sweep rate of 100 mV/s.
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Figure S25: CV of C3 %in CHsCN starting with the oxidation, irreversible oxidation and reductionAEp0.63V

with a sweep rate of 100 mV/s.

0.05

-0.05
-0.1
-0.15

Current (mA)

-0.2

-0.25
-3.1 -2.1 -11 -0.1 0.9

Potential (V vs Ag/AgCl)
Figure S26. CV of C4 fin CHsCN starting with the oxidation, irreversible oxidation and reducti@&@mg = 0.71V

with a sweep rate of 100 mV/s.
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Figure S27: CV of C5 Hin CHzCN starting with the oxidation, irreversible oxidation and reducti@g = 0.15V
with a sweep rate of 100 mV/s.

F3.2 Conversion of thePotential from Ag/AgCl to SCE for CatalystsC2-C5
The conversion of the redox potential from Ag/AgCl to SCE wease according to the
literature by measuring the redox potential of ferrocene as reference@NGRigure S8).4°
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Figure S28. CV of ferrocene in CHCN, reversible reduction and oxidationg= 0.46 V.

With the reference CV, the redox potential vs. SCEtHerdeprotonatectatalystC2-C5 in
CHsCN was calculated using the following equations:

C2 + EA (Eox) (Ag/AGCI to Fc/Fe +) = 0.65- 0.46 = 0.19 V vs. Fc/Fc
C2- EA (Box) Fc* to SCE) = 0.19 +0.38= 0.57 V vs. SCE

C31EBA(Rx) (Ag/AgQClto Fc/Fc +) =0.63- 0.46 = 0.17 V vs. Fc/fc
C3- BA (Eox) Fcrto SCE) = 0.17 + 0.38= 0.55 V vs. SCE

C4 1 BA(Fox) (Ag/AgClto Fe/Fc +) =0.71- 0.46 = 0.25 V vs. Fc/fc
C4- B (Eox) Fc*to SCE) = 0.25 + 0.38=0.63 V vs. SCE

C5 B~ (Box) (Ag/AgClto Fc/Fc *) = 0.15- 0.46 =-0.31 V vs. Fc/Ec
C5- BA (Eox) Fc* to SCE) =-0.31 + 0.38= 0.07 V vs. SCE



F3.3. Evaluation of the Excited-state Potential of the Deprotonated Catalysts C2C5

Using thedata collected from the CV studies (Figured&27) and from the absorption and
emission spectra overlap (Figurgédpof deprotonated catalysi?-C5, we could estimate the
redox potential of the excited state with the following equation:

E(C*/ C") =E(CC */ C) - Eoo(C*)/(C)

Since the electrochemical oxidation of deprotonated cataiat85 is irreversible (Figure
S20-S23), the irreversible oxidation peak potential an¢&&was used for Ec*/Pc).
Eoo(C*)/(C) was approximately determinegectroscopically from the overlap of the tail of
absorption spectrum with the emission spectrum for every catalyst (Fig@re S

The redox potential of the excit€p*:
E(C*/ C') = 0.65+3.35 =-2.7 Vvs. Ag/AgCl
E(C*/ C") =0.57 +3.35=-2.78 Vvs. SCE

The redox potential of the excit€B*:
E(C*/ C") = 0.63 £3.27 =-2.64 Vvs. Ag/AgClI
E(C*/ C")=0.55+3.27 =-2.72 Vvs. SCE

The redox potential of the excit€u*:
E(C*/ C")=0.7143.19 =-2.48 Vvs. Ag/AgCl
E(C*/ C") =0.63+3.19 =-2.56 Vvs. SCE

The redox potential of the excit€b*:
E(C*/ C") = 0.15+3.15 =-3.00 Vvs. Ag/AgCI
E(C*/ C") =0.07 £3.15 =-3.08 Vvs. SCE



F4. NMR Studies of the Deprotonated Catalysts

To assesthe extent otatalyst deprotonatiomnder the reaction conditiofldMR studies were
FRQGXFWHG LQ &'x&1 i+ 105 VSHFWUD ZHUH UHF®R4GHG IRU
c5LQ GHXWHUDWHG DFHWRQLWULOH ERWK EHIRUH DQG DIWH
(Figure S®1532). A significant shift was observed for all aromatic signals, indicating the

formation of an electrenich phenate ion, which enhances shielding across the conjugated

system
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Figure S29. NMR studies of cataly€2 (up) and deprotonatedC2 (down) in CD:CN (100 mM)zoom on the

aromatic signals.
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Figure S30 2NMR studies ofC3 (up) and deprotonated3 (down) in CDsCN (100 mM);zoom on the

aromatic signals.
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Figure S31 2NMR studies ofC4 (up) and deprotonate4 (down) in CDsCN (100 mM);zoom on the
aromatic signals.
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Figure S32 2NMR studies ofC5 (up) and deprotonated5 (down) in CDsCN (100 mM);zoom on the

aromatic signals.

F5. Computational Studies

All the calculations were performed with the GAUSSIAN16, Revision A.03 program
packag€! Structure optimizations were carried out at B3LY-B16-G** level oftheory*?with

the polarizable continuum model (PC¥jor the solvation effects of DMS®@r ACN. The
vibrational frequencies were computed at the same level to confirm each optimized structure as
stationary points. NBO analysis was performed after full geometry and energy optimization for
MO visualization (for C1-C5 structures) TD-DFT calculations were conducted with the
optimized geometries at the same level of theory with n sta@s =



F5.1. RationalPhotocatalyst Design viaComputed UV-Vis Spectra

To explore the influence of substituents on the photophysical properties of thiocpbamgrin
catalysts,we screened a selection of compounds ha¥iugrine (-F) or methoxy {OMe)
substituentsaat X and Y positions of the catalysts scaffolde analyzed both the catalysts
eventuallysynthesized and teste@4 £°5), as well as all remaining permutations involving
fluorine (-F) and methoxy-OMe) groups at the X and Y positionrS§%10). In total, nine
structuresC2 £10) were examinedyhose phenate aniggeometriesvere first optimizednd
then U\AVis spectrawvereobtainedthroughTD-DFT (B3LYP/6:31+G**; SMD=acetonitrile
NStates=1]

TheobtainedUV-Vis spectra and- D Q G L skricwiresfr&shown belowFigure 33):

—C2 C3 =—C4 —C5 C6 —C7 cs c9 clo

300

P %ﬁ\\K
50 \ zoom-in

250 270

Wavelength

Figure S33 Calculated UWis absorption profiles dlamilyC2-C10 with TD-DFT (B3LYP/&81+G**;
SMD=acetonitrile; NStates=10).

As shown in Figure S33 (top right corner), fluorine substitution at the X position has the most
significant effect in reghifting the absorption spectrum (notably @5, C9, and C3).
Additionally, catalystC5, featuring gpara-methoxy group at position Y and a fluorine atom at
position X on the hydroxycoumarin core, exemplifies our pudh design strategy, as
supported by the results presented in the manuscript.

Based on these findings and the practical availability of starting materials, we selected the
subfamilyC2 5 for further investigation of photoreduction and energy transfer processes



F5.2.Computational sudy of excited states for CiC5
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Figure S34. Calculated HOMGLUMO graph and energy gaps of deprotona@&t-C5.

Table S6. HOMO and LUMO energies of all the catalysts

PCa BEomoP B.umo®
C1- -5.42 -1.05
C2- -5.75 -1.24
C3- -5.77 -1.43
C4- -5.43 -1.23
C5- -5.45 -1.42

[a Deprotonated. [bEnergies are given in eV.

Table S7. Computational spectral data and most relevant transition involved in the formation of the lowest

excited state

PCa Transition ZE(eV)/ (nm) Transition Character
(experimentaB

C1- S S 3.90/317 (314) | Orbital 66 (HOMO) : Orbital 67 (LUMO)
97%

c2- S:S 3.85/322 (35) Orbital 70 (HOMO) : Orbital 71 (LUMO)
97%

C3- S:S 3.69/336 (314) | Orbital 74 (HOMO): Orbital 75 (LUMO)
98%

C4- S: S 3.59/345 823 Orbital 78 (HOMO): Orbital 79 (LUMO)
98%

C5- S:S 3.43/361 822 Orbital 82 (HOMO): Orbital 83 (LUMO)
98%

[a] Deprotonated. [b] ¥perimental absorption peaks are marked in parentheses



Optimized geometries and Enthalpy and Gibbs free energies (in Hartree):

X
O 0”0 g
c1

Cr

E =-841.983299

G =-842.042480

-11

-4.71312000 0.02997500 0.91179300

-3.73216000 1.01813400 0.88456600

-2.48802400 0.73202500 0.30784500

-2.20799700 -0.52695400 -0.24166000

-3.21434100 -1.50800800 -0.20117800

-4.45612200 -1.23950200 0.36736200

-5.67951000 0.24711400 1.35744200

-3.91027900 2.00518700 1.29971000

-0.87280200 -0.78768600 -0.84105400

-2.99147100 -2.48106200 -0.62671100

-5.22376000 -2.00713700 0.39106500
0.04798400 0.293999000.81221900

-0.27949800 1.55229800 -0.25026000
1.42113400 0.136137001.42424600
1.37104000 -0.71743100 -2.11134900
1.66655300 1.01987200-2.02386100
2.56623400 -0.10747000 -0.44802800
2.42570000 -0.98596300 0.63877100
3.81013700 0.513765000.63748200
3.49413000 -1.23883700 1.50422600
1.46887900 -1.47208500 0.80730200
4.88303300 0.26683400 0.22656000
3.93932700 1.20338800-1.46873600
4.72986900 -0.61322100 1.30219300
3.36161300 -1.92405800 2.33748000
5.83460200 0.76511100 0.06091100
5.55969900 -0.80661200 1.97613600

-0.61890300 -1.92556100 -1.33709600
0.44467800 2.558409000.18342100

-1.56097900 1.73647100 0.30520100
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s
X
SeQe
c2
C2
E =-1200.882044

G =-1200.943005

-11

C -4.82166900 -0.45040200 0.85494000
C -3.95203200 0.62751800 0.99922100
C -2.67991500 0.56026100 0.41794700
Cc -2.26494200 -0.56516200 -0.30389400

C -3.15937900 -1.64151800 -0.43532700

Cc -4.42708000 -1.59101100 0.13590600
H -5.80955000 -0.40396900 1.30360800
H -4.23758200 1.51707800 1.55145000
C -0.90515000 -0.59937000 -0.90789600

H -2.82974900 -2.51068500 -0.99498200

H -5.10901300 -2.42873300 0.02734200
C -0.10996300 0.57371600 -0.69385900

C -0.56452600 1.69757600 0.06106400
C 2.65023100 0.018728000.28156500

C 2.28300700 -0.47253200 0.97833900
C 4.00335300 -0.00834300 -0.66231200

C 3.25694000 -0.98195800 1.84358000
H 1.24048200 -0.45652500 1.27970400
C 4.96944000 -0.51844900 0.20721600
H 4.30073700 0.36936100-1.63744600

C 4.60305000 -1.00852600 1.46650500
H 2.95673000 -1.35903700 2.81758400
H 6.01102700 -0.53205600 -0.10190400

H 5.35543800 -1.40452300 2.14189300
@) -0.53445700 -1.61413900 -1.54742600

O 0.04066400 2.74020000 0.32348700
@) -1.86405200 1.64540100 0.59248000
S 1.48100300 0.699639001.46342300

C3
E =-1300.129384
G =-1300.192386
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'H NMR (600 MHz,DMSO)
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19F NMR (376 MHz, DMSO)
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13C NMR (151 MHz, DMSO)
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SETbased Processe$ Reduction (Figuréa in the main manuscript)
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SET-based Processes 2 borylation, phosphorylation and thiolation (Figure &in the main
manuscript)
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31p NMR (243MHz, CDCk)
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19p NMR (243MHz, CDCk)
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SET-based Processes 2Activation of trifluorotoluenes  (Figure5d&5ein the main manuscript)
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SET-based Processes 2Birch-type Reduction (Figure 5f in the main manuscript)
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13C NMR (151 MHz, CDCk)
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SET-based Processes 2 Radical Cyclisations (Figure5g&5h in the main manuscript)
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13C NMR (151 MHz, CDCk)



EnT-based Processes 2E/Z Photoisomerization (Figureldin the main manuscript)
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13C NMR (151 MHz, CDCk)
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13C NMR (151 MHz, CDCk)
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13C NMR (151 MHz, CDCk)
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13C NMR (151 MHz, CDCk)

31p NMR (243 MHz, CDCY)
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13C NMR (151MHz, CDCl)
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EnT-based Processes 2[2+2] Photocycloaddition (Figure 4e&4f in the main manuscript)
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13C NMR (151 MHz, CDCk)
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13C NMR (151 MHz, CDCk)
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13C NMR (151 MHz, CDCk)
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