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Experimental Section

General Synthetic Procedures. The following starting materials were synthesised
according to literature procedures: 4CzIPN,! 2CzPN,> [Ru(bpy)s;](PFs)2,’
[Ir(dF(CF3)ppy)2(dtbbpy)]PFe,* [Cu(dap):]Cl,> [Cu(dmp)(Xantphos)]PFe°
(bromoethynyl)benzene,’ 1,3-dioxoisoindolin-2-yl cyclohexanecarboxylate,?
Hantzsch ester’ and N-Cbz-proline.'® All other reagents and solvents were obtained from
commercial sources and used as received. Air-sensitive reactions were performed under a
nitrogen atmosphere using Schlenk techniques, no special precautions were taken to
exclude air or moisture during work-up and crystallisation. Anhydrous THF, DCM, toluene
and acetonitrile were obtained from a MBraun SPSS5 solvent purification system. Flash
column chromatography was carried out using silica gel (Silia-P from Silicycle, 60 A, 40-
63 um). Analytical thin-layer-chromatography (TLC) was performed with silica plates
with aluminum backings (250 pm with F-254 indicator). TLC visualization was
accomplished by 254/365 nm UV lamp. 'H spectra were recorded on a Bruker Advance
spectrometer (500 MHz for 'H). The following abbreviations have been used for

P21 [P
S

multiplicity assignments: “s” for singlet, “d” for doublet, “t” for triplet, “q” for quartet, “m”
for multiplet, and “br” for broad. 'H spectra were referenced residual solvent peaks with

respect to TMS (6 = 0 ppm).
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Photophysical measurements. Optically dilute solutions of concentrations on the order of
107 or 10°M of the photocatalysts were prepared in spectroscopic or HPLC grade solvents
for absorption and emission analysis. Absorption spectra were recorded at room
temperature on a Shimadzu UV-2600 double beam spectrophotometer and a Varian Cary
50 BIO spectrophotometer with a 1 cm quartz cuvette or a Hellma ultra-micro cuvette with
3 mm optical path length. Molar absorptivity determination was verified by linear
regression analysis of values obtained from five independent solutions at varying
concentrations with absorbance ranging from 4.12 x 10 to 2.06 x 10> M. For emission
studies, aerated solutions were bubbled by compressed air for 5 minutes and spectra were
taken using the cuvette for absorption analysis. Degassed solutions were prepared via four
freeze-pump-thaw cycles and spectra were taken using home-made Schlenk quartz cuvette.
Steady-state emission, excitation spectra and time-resolved emission spectra were recorded
at 298 K using an Edinburgh Instruments F980 or a Perkin Elmer LS55 spectrofluorometer,
equipped with a Hamamatsu R928 phototube. Samples were excited at 360 nm or 420 nm

for steady-state measurements and at 378 nm or 340 nm for time-resolved measurements.

The singlet-triplet splitting energy AFEst was estimated by recording the prompt
fluorescence spectra and phosphorescence emission at 77 K. An open Dewar was used for
solution samples. The samples were photoexcited using the third harmonic emission (343
nm) from a femtosecond Nd:YAG laser, which originally emits at 1030 nm (Orpheus-N,
model: PN13F1). Emission from the samples was focused onto a spectrograph (Chromex
imaging, 250is spectrograph) and detected on a sensitive gated iCCD camera (Stanford
Computer Optics, 4Picos) having subnanosecond resolution. Phosphorescence spectra
were measured 1 ms after the excitation of the Nd:YAG laser with iCCD exposure time of
8.5 ms. Prompt fluorescence spectra were measured 1 ns after the excitation of the

femtosecond laser with iCCD exposure time of 100 ns.

Fitting of time-resolved luminescence measurements: Time-resolved PL measurements
were fitted to a sum of exponentials decay model, with chi-squared (%) values between 1
and 2, using the EI FLS980 or Edinburgh FLS920 software. Each component of the decay
is assigned a weight, (w;), which is the contribution of the emission from each component

to the total emission.
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Emission quantum yield measurements: Emission quantum yields were measured
following the method of Demas and Crosby!! using [Ru(bpy)s;]*" as the standard in air-
equilibrated aqueous solution ® = 0.0405.'2

Electrochemistry measurements. Cyclic Voltammetry (CV) analysis was performed on an
Electrochemical Analyzer potentiostat model 620E from CH Instruments at a sweep rate
of 100 mV/s. Differential pulse voltammetry (DPV) was conducted with an increment
potential of 0.004 V and a pulse amplitude, width, and period of 50 mV, 0.05, and 0.5 s,
respectively. Samples were prepared as acetonitrile (MeCN), dichloromethane (DCM),
tetrahydrofuran (THF) or N,N-dimethylformamide (DMF) solutions, which were degassed
by sparging with solvent-saturated argon gas for 5 minutes prior to measurements. All
measurements were performed using 0.1 M solution of tetra-n-butylammonium
hexafluorophosphate ([nBusN]PFs]). An Ag/Ag" electrode was used as the reference
electrode while a glassy carbon electrode and a platinum wire were used as the working
electrode and counter electrode, respectively. The redox potentials are reported relative to
a saturated calomel electrode (SCE) with a ferrocenium/ferrocene (Fc¢/Fc™) redox couple
as the internal standard (0.38 V vs SCE for MeCN,!? 0.46 V vs SCE for DCM, 0.56 V vs
SCE for THF and 0.45 V vs SCE for DMF).!4

Theoretical Calculations. All ground state optimizations have been carried out using
Density Functional Theory (DFT) level with Gaussian 16'° using the PBEO functional'®
and the 6-31G(d,p) basis set,!” except for triplet excited state optimizations, where
calculations at the same level of theory were made using unrestricted DFT. All calculations
employed a polarizable continuum model (PCM) to simulate the solvent environment for
each of the solvents MeCN, DMF, DCM and THF. Excited state calculations were
performed using Time-Dependent DFT (TD-DFT) using the same functional and basis set
as for ground state geometry optimization. Calculations were automated using an in-house
designed software package, Silico, which uses a number of 3 party libraries and programs,
including: extraction and processing of results: cclib,'® generation of 3D images: VMD'"
& Tachyon,?® generation of graphs: Matplotlib,?! calculation of CIE colour coordinates:

t,24

Colour Science,?? generation of report: Mako?* & Weasyprint,>* scientific constants:

SciPy,? conversion of file formats: Pybe?® & Openbabel.?’ Structures were visualized with
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Gaussview v5.0. GaussSum3.0 was used to and visualize simulated absorption spectra
(full-width at half maximum set to 1000 cm™). Chemissian v4.67 was used to model atom

group contributions to the frontier molecular orbitals.

Synthesis

pDTCz-DPmS was synthesised according to a modified literature procedure in 4 steps.?®

Step 1: Synthesis of 9-(5-bromopyrimidin-2-yl)-3,6-di-tert-butyl-9H-carbazole (tCz-

BrPm) was completed according to literature procedure.?®

Br

Bu
: 0
N . K\ Cu, K,CO,, PhCl N_<N— 5
O N__N 140°C,18h,N, \_”/ r
o T ()
Bu

Figure S1. Reaction scheme for the synthesis of tCz-BrPm.

To an oven dried flask were added 5-bromo-2-iodopyrimidine (1.57 g, 5.5 mmol, 1 equiv.),
di-tert-butyl-9Hcarbazole (1.7 g, 6.1 mmol, 1.1 equiv.), copper powder (0.35 g, 5.5 mmol,
1 equiv.) and potassium carbonate (2.28 g, 16.5 mmol, 3 equiv.). The flask was degassed
by three cycles of vacuum-nitrogen purging and 12 mL of dry chlorobenzene was injected.
The mixture was stirred at 140 °C for 18 h under a nitrogen atmosphere. The reaction
mixture was then poured into water (30 mL) and extracted with DCM (3 % 20 mL). The
combined organic layers were dried over anhydrous MgSQs, filtered and the solvent
removed under reduced pressure. The crude product was purified by silica gel column
chromatography. DCM:Hexane =1:3 was used as eluent to afford tCz-BrPm as a white
solid. Yield: 71%. R¢: 0.65 (33% DCM:Hexane). 'TH NMR (500 MHz, CDCl;3), 8 (ppm):
8.80 (s, 2H), 8.69 (d, 2H), 8.04 (dd, 2H), 7.54 (dd, 2H), 1.46 (s, 18H). The 'H NMR

spectrum is consistent with the literature.?®
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Step 2: Synthesis of 9-(5-iodoopyrimidin-2-yl)-3,6-di-tert-butyl-9H-carbazole (tCz-I1Pm)

NH,

Bu @"\NHZ Bu

O N= Cul, Nal, DMF O N=
"‘_<\N:/>*Br 145°C,17h,N, N— }'
Bu

Bu

Figure S2. Reaction scheme for the synthesis of tCz-1Pm.

To an oven dried flask were added tCz-BrPm (0.67 g, 1.54 mmol, 1 equiv.), Nal (0.915 g,
6.14 mmol, 4 equiv.) and Cul (0.029 g, 0.154 mmol, 0.1 equiv.). The flask was degassed
by three cycles of vacuum-nitrogen purging and 24 mL of dry DMF was injected alongside
trans-1,2-cyclohexanediamine (0.037 mL, 0.307 mmol, 0.2 equiv.). The mixture was
stirred at 145 °C for 17 h under a nitrogen atmosphere. The reaction mixture was poured
onto H>O (40 mL) and extracted with DCM (3 x 50 mL). The combined organic layers
were dried over MgSO4 and the organic solvent was removed under reduced pressure. The
crude product was purified by washing with acetone to obtain a white solid which was a
mix of the tCz-IPm and tCz-BrPm. The product was used for the next step without further

purification.

Step 3: synthesis of bis(2-(3,6-di-tert-butyl-9H-carbazol-9-yl) pyrimidin-5-yl) sulfane
(tCz-PmS).

s
By N\/j FN
Y/
O Na,S 9H,0 By O N)\N = .
N= Cul, K,CO;, DMF _ N Bu
N_<\N /v T1a5°C,20n, N, O O
‘Bu ‘Bu

Figure S3. Reaction scheme for the synthesis of tCz-PmS.

To an oven dried flask were added tCz-IPm (1.38 g, 2.86 mmol, 1 equiv.), sodium sulfide
nonahydrate (0.247 g, 1.03 mmol, 0.6 equiv.) Cul (0.033 g, 0.28 mmol, 0.1 equiv.) and
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K>CO3 (0.710 g, 5.14 mmol, 3 equiv.). The flask was degassed by three cycles of vacuum-
nitrogen purging and 20 mL of dry DMF was injected. The mixture was stirred at 145 °C
for 20 h under a nitrogen atmosphere. The reaction mixture was poured into 75 mL of icy
water and extracted with ethyl acetate (3 x 40 mL). The combined organic layers were
dried over MgSO4 and the organic solvent was removed under reduced pressure. The crude
product was purified by silica gel column chromatography. DCM:Hexane=1:1 was used as
eluent to afford tCz-PmS as a white solid. Yield: 35%. Rf: 0.52 (33% DCM:Hexane). '"H
NMR (500 MHz, CDCl3), 8 (ppm): 8.87 (s, 2H), 8.75 (dd, 2H), 8.04 (d, 2H), 7.53 (dd,
2H), 1.46 (s, 18H). The 'H NMR spectrum is consistent with the literature.?®

Step 4: synthesis of 9,9'-(sulfonylbis(pyrimidine-5,2-diyl))bis(3,6-di-tert-butyl-9H-

carbazole) (pDTCz-DPmS) was completed according to literature procedure.?®

o, 0

S

‘Bu O N)\N N%N O By ‘Bu O N/kN N¢<N O By
O O H;0,/CH3CO,H O O
85°C,18 h
‘Bu Bu ‘Bu Bu

Figure S4. Reaction scheme for the synthesis of pDTCz-DPmS.

To a flask were added tCz-PmS (0.302 g, 0.41 mmol, 1 equiv.) and acetic acid (8 mL). To
this suspension was added H>O> (30 wt%, 12 mL, 1 equiv.) and mixture was heated to
85 °C for 18 h. The mixture was then poured into 40 mL of icy water and extracted with
DCM (3 x 25 mL). The combined organic layers were dried over MgSQOyg, filtered and the
organic solvent was removed under reduced pressure. The crude product was purified by
silica gel column chromatography. DCM:Hexanes = 4:1 was used as the eluent to afford
pDTCz-DPmS as a white solid. Yield: 39%. Rf: 0.68 (75% DCM:Hexane). Mp: 292-
294 °C. Lit.: 292-294 °C.28 TH NMR (500 MHz, CDCl;) & (ppm): 9.31 (s, 4H), 8.84 (d,
J=8.9 Hz, 4H), 8.04 (d, ] = 2.0 Hz, 4H), 7.57 (dd, J = 8.9, 2.0 Hz, 4H), 1.48 (s, 36H). The

"H NMR spectrum is consistent with that in the literature.?8
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DFT calculations

Table S1. Selected data from DFT calculations for pDTCz-DPmS.

Selected data from DFT calculations: MeCN DCM THF DMF
HOMO / eV -6.08 -6.06 -6.05 -6.08
LUMO / eV -1.90 -1.89 -1.89 -1.90
AEHOMO-LUMO/ eV 4.18 4.17 4.16 4.18
Ground state dipole moment magnitude / D 5.91 5.75 5.72 5.91
Si/eV 3.47 3.47 3.47 3.47
T)/eV 2.98 2.97 2.97 2.98
AEst/ eV 0.49 0.50 0.50 0.49
dipole moment in the T state / D 16.32 19.56  15.22  16.32
Predicted Phosphorescence at RT / eV 2.71 2.51 2.75 2.71
» ¢ b
2 2 ——MeCN
| = > ——DCM
25 > THF
. 3 ——DMF
- S Experimental (THF)
E 3.5 418ev 4.16ev 2.16ev 4.18eV £
5 45 Tg\s
[}
P4
g U
MeCN DCM THF DMF T§ 0 7 T
° 200 300 400
Alnm

Colour codes for Orbital g::tif!;z::‘:s Pyrimidine, 'BuCz, SO,
Figure S5. (a) Orbital contributions calculated from DFT results in each of the solvents
modelled (MeCN, DCM, THF and DMF) for pDTCz-DPmS and (b) the simulated UV-
Vis absorption spectra of pDTCz-DPmS from DFT calculations in MeCN, DCM, THF
and DMF compared with the experimental data obtained in THF. Simulated spectra were
generated with a full-width at half maximum set to 1000 cm'!.
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Figure S6. Energy level diagram for pDTCz-DPmS in the different solvents.
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Electrochemistry
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Figure S7. CVs and DPVs of a) 4CzIPN and b) pDTCz-DPmS in a range of solvents,
reported vs SCE at scan rate of 0.1 V s,
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Table S2. Redox potentials and optical gaps for 4CzIPN and pDTCz-DPmS.?

PC THF DCM DMF MeCN
4CzIPN Ex/V 1.51 1.50
Erea/V -1.20 -1.21 -1.24 -1.24
E*/V -1.09 -1.15
E*ea/V 1.46 1.39 1.40 1.41
Eoo/eV 2.66 2.60 2.64 2.65
pDTCz-DPmS En/V 1.57
Erea/ V -1.77 -1.67 -1.62
E*x/V -1.44
E*ea/V 1.32 1.34 1.48
Eoo/eV 3.09 3.01 3.10

2All redox potentials are reported vs SCE. Eox and Ereq values obtained from DPV max
and E*ox = Eox — Eo,0 and E*eq = Ereqd + Eo,0. Eo,0 obtained from the intersection point
between the normalized absorption and emission spectra.
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Photophysical measurements
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Figure S8. Solvatochromic absorption study for a) 4CzIPN and b) pDTCz-DPmS and
solvatochromic PL study of ¢) 4CzIPN and d) pDTCz-DPmS. Acxc = 420 nm for 4CzIPN
and 360 nm for pDTCz-DPmS. Measurements performed at room temperature under air.
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Table S3. Absorption and emission maxima of 4CzIPN and pDTCz-DPmS in different

solvents.
Solvent Aabs/nm (g / 10° M ecm™) Apr/ Nm Eoo/ eV
4CzIPN pDTCz-DPmS 4CzIPN pDTCz-DPmS 4CzIPN  pDTCz-DPmS
Toluene 441 (6) 365 (59) 507 480 2.59 3.12
THF 438 (8) 357 (58) 525 505 2.66 3.09
DCM 448 (7) 363 (64) 544 524 2.60 3.01
DMF 428 (6) 355 (57) 554 535 2.64 3.10
MeCN 432 (6) 560 546 2.65
b)1 C) 1
—THF —DCM — DMF
— IRF —RF | . —IRF
5 E
r 0.1 g 0.1
> z
2 o0 é 0.01
< £
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Figure S9. Time resolved PL decay of pDTCz-DPmS recorded in a) THF, b) DCM and c)
DMF under vacuum in 10~ M solutions with Aexc = 378 nm.

S14



o
N~

Normalized Emission / a. u.

(@)
~

Normalized Emission / a. u.

—1-100ns b) ——1-100 ns
—1-8.5 ms —185ms
- 1 14
=]
THF © DCM
i 77K - 77K
I} haye = 343nm g Aexc = 343 nm
| = 4 )
;J Egq : 3.09 eV {400 nm} 2 Egq =3.20 eV (387 nm)
/ Erq=293eV (423 nm) E Etq = 2.93 eV (422 nm)
! AEgr =0.16eV
! 3 AEgT =0.27 eV
) N
i T
P E
3 ! =
f []
] l' 4
L, 4{1.___;‘
, e

T T T 0

T T T
700 400 500 600 700

Normalized Emission / a. u.

400 500 500
Wavelength / nm Wavelength / nm
— 1.100 NS — 1-100 ns
——1-8.5ms d) —1-85ms
-1 14
=]
DMF ® Toluene,
77K =~ 77K
Aexc = 343 nm _s Aexe = 343 Nm
Egq =3.13 eV (397 nm) @ Eg, =3.20 eV (388 nm)
ET1 =2.97 eV (418 nm) E E;, = 2.95 eV (420 nm)
AEgT=0.16 eV S AEg;=0.25eV
8
®
£
P
o
4
[ o
T T T T 0 0 T T T T
400 500 600 700 400 500 600 700
Wavelength / nm Wavelength / nm
—1-100 ns
—1-8.5ms
-1
BuCN
77K
Ay = 343 nm
Eg, =3.31eV (375 nm)
E;, = 2.96 eV (419 nm)
AEg; =0.35eV
0

600 700
Wavelength / nm

Figure S10. Prompt fluorescence and phosphorescence spectra of pDTCz-DPmS in a)
THF, b) DCM, ¢) DMF, d) toluene and €) BuCN measured in 10> M solutions at 77 K. In
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all cases, Aexe = 343 nm, and prompt and delayed fluorescence spectra were obtained in the

1-100 ns and 1-8.5 ms time range, respectively
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Photochemical mechanism of the decarboxylative addition of N-Cbz-Pro to diethyl

maleate
3
—— pDTCz-DPmS
— MAL

Absorbance
-—
[$,]
1

\

0 T - - - -
300 400 500 600
Wavelength (nm)

Figure S11. Absorption spectra of pDTCz-DPmS (black line, 4 X 10~ M), diethylmaleate
(red line, 5 X 10* M) and N-Cbz-Pro (green line, 5 X 10* M) in DMF.

Figure S11 demonstrates that the photocatalyst pDTCz-DPmS is the only species
absorbing the 390 nm LED light in the decarboxylative addition of N-Cbz-Pro to diethyl

maleate.
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\P Equation y=a+ b*x
B 2 - Intercept 1.04
Slope 136.4
R-Square 0.99104
1-
0

0 0005 001 0015 002 0.025 0.03
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Figure S12. Stern-Volmer plot of the quenching of the TADF emission of pDTCz-DPmS
in DMF by sequential addition of diethylmaleate.
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Figure S13. Time resolved PL decay of a deaerated solution of pDTCz-DPmS (4.27 X 10
> M, black line) in DMF and after addition of: a) N-Cbz-Pro (0.05 M) and K>HPO4
(saturated solution) and b) diethyl maleate (0.055 M) with Aexc = 340 nm.

The quenching process is studied following the changes in the lifetime of the delayed
emission of the photocatalyst by addition of increasing amounts of diethylmaleate or N-
Cbz-Pro. The photocatalyst is not quenched by the protonated form of N-Cbz-Pro;
deprotonation of the carboxylic acid is required. The quenching of the deprotonated form
of N-Cbz-Pro is evaluated after the addition of N-Cbz-Pro and KoHPO4 and 12 hours of
stirring under inert atmosphere.

To evaluate the quenching of pDTCz-DPmS under the reaction conditions, we evaluated
the quenching efficiency of species i according to the following formula:

el
L

where k., + k, = io are the intramolecular deactivation pathways and k("l is the
T
quenching constant of the quencher species i.
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Figure S14. Time resolved PL decay of a deaerated solution of 4CzIPN (5.6 X 10° M,
black line) in DMF and after addition of N-Cbz-Pro (0.05 M, red line) and KoHPO4
(saturated solution) with Aexe = 340 nm.
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Figure S15. UV-Vis absorption spectra of 4CzIPN, N-Cbz-Pro and Cs>COs (1:4:4 equiv.)
in DMF before and after 30 minutes of irradiation under N> with 390 nm Kessil lamp.
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Figure S16. UV-Vis absorption spectra of pDTCz-DPmS, N-Cbz-Pro and Cs>CO; (1:4:4
equiv.) in DMF before and after 30 minutes of irradiation under N> with 390 nm Kessil
lamp.
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Figure S17. UV-Vis absorption spectra of 4CzIPN, N-Cbz-Pro, KoHPO4 and diethyl
maleate (0.02 : 1 : 1.1 : 1.1 ratio as in the reaction) in DMF before and after 24 minutes of
irradiation under N> with 390 nm Kessil lamp.
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Figure S18. UV-Vis absorption spectra of pDTCz-DPmS, N-Cbz-Pro, K;HPO, and diethyl
maleate (0.02 : 1 : 1.1 : 1.1 ratio as in the reaction) in DMF before and after 24 minutes of
irradiation under N> with 390 nm Kessil lamp.
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Figure S19. CV and DPV of diethyl maleate (black), N-Cbz-Pro (red) and fert-
butylammonium N-Cbz-Pro salt (green) all in DMF, reported vs SCE at scan rate of 0.1 V
s'l. Due to the absence of electrochemical activity in the window scanned, only the CV was
obtained for N-Cbz-Pro. CV and DPV of [TBA][N-Cbz-Pro] was obtained according to the
procedure outlined in reference %°.
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Figure S20. 'H NMR of diethyl maleate reagent with integration of the relevant peaks

corresponding to the Z maleate isomer (6.23 ppm) and the E fumarate isomer (6.85 ppm)
in CDCls.
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Figure S21. '"H NMR obtained in CDCl; after irradiation of diethyl maleate in the presence
of pDTCz-DPmS, according to the reaction conditions and concentrations outlined for the
decarboxylative addition of N-Cbz-Pro to diethyl maleate, but in the absence of N-Cbz-Pro
and KoHPOs. The integrated peaks shown correspond to the Z maleate isomer (6.23 ppm)
and the £ fumarate isomer (6.85 ppm).

From the '"H NMR data shown in Figures S19 and S20, we can conclude that no Z > E
isomerisation of diethyl maleate is taking place upon irradiation with pDTCz-DPmS.
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Photocatalysis

Photocatalysis experiments were conducted using a custom-built photoreactor, as shown
in Figure S21, allowing for up to 8 parallel photochemical reactions (7 mL) at a time. The
reactor is placed upon a magnetic stirrer plate allowing for reactions to be completed with
stirring. Reactions are irradiated using Kessil PR160 LED sources. For Kessil PR160-390
nm, the chosen LED source for photocatalysis reactions completed in this study, the power
consumption maximum is 52 W, with the average intensity measured from 1 cm distance
being 352 mW cm. The intensity on each lamp is tuneable, with the maximum intensity
selected for all photocatalytic reactions. A cooling fan is directed at the photoreactor to
ensure the reaction mixture maintains at room temperature, which is further guaranteed by
the presence of two fans on the photoreactor itself.

After the photoreactions were completed, the products were analysed by 'H NMR
spectroscopy with an internal standard, either 1,3,5-trimethoxybenzene or 1,4-
(bis(trimethylsilyl)benzene). All yields shown represent the mean yield from at least two
reactions with the associated standard deviation.

Figure S22. Experimental setup for photocatalysis reactions.
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Procedure for oxidative quenching reaction:

cl
%520 . PC (1 mol%) _ Ts
/©/ \C| ' ©/\ DCM, 24 h, exc = 390 nm

Figure S23. Reaction scheme for the oxidative quenching reaction.

To an oven-dried vial was added p-toluenesulfonyl chloride (48 mg, 0.25 mmol, 1 equiv.)
styrene (0.017 mL, 0.25 mmol, 1 equiv.) and photocatalyst (1 mol%, 0.0025 mmol). The
vial was purged with N> for 5 min and dry DCM (1.0 mL) was added before further N
purging for 10 min. The solution was stirred at room temperature while being irradiated by
Kessil lamp (Aexe = 390 nm) for 24 hours. After removal of solvent, the crude product was
purified by flash column chromatography (5:1 hexane:EtOAc) to afford the final product
as a white solid. R¢: 0.30 (5:1 hexane:EtOAc). 'H NMR (500 MHz, CDCls), 8 (ppm):
7.63 (d, 2H), 7.29 — 7.22 (m, 7H), 5.33 (t, 1H), 3.94 (dd, 1H), 3.85 (dd, 1H), 2.41 (s, 3H).

The "H NMR spectrum is consistent with that in the literature.>

Table S4. 'H NMR yields obtained from the oxidative quench reaction.?

Photocatalyst Aexc / NM Solvent "H NMR yield / %
None 390 MeCN 0
[Ru(bpy)s](PFe)2 456 MeCN 81+ 1
[Ru(bpy)s](PFe)2 390 MeCN 42+ 1
[Ru(bpy)s](PFe): 390 DCM 64 + 3
4CzIPN 390 DCM 10+1
pDTCz-DPmS 390 DCM 16 +2

2 Reaction conditions as stated in the procedure above unless otherwise noted.
Procedure for reductive quenching reaction:

1) Pinacol coupling
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PC (1 mol%) OH
No DIPEA (5equiv.), DMF,2h
exc = 390 nm O OH
Figure S24. Reaction scheme for the pinacol coupling.

To an oven-dried vial was added benzaldehyde (0.020 mL, 0.2 mmol, 1 equiv.), DIPEA
(0.174 mL, 1 mmol, 5 equiv.) and photocatalyst (1 mol%, 0.002 mmol). The vial was
purged with N> for 5 min and dry DMF (2.0 mL) was added before further N; purging for
10 min. The solution was stirred at room temperature while being irradiated by Kessil lamp
(Aexc =390 nm) for 2 or 24 hours. After removal of solvent, the crude product was purified
by flash column chromatography (1:5 EtOAc:Hexane = 100% EtOAc) to afford the
product as a white solid. Rz 0.83 (100% EtOAc). "TH NMR (500 MHz, CDCl;3) of meso
and dl,  (ppm): 7.33 —7.27 (m, 6H), 7.26 — 7.21 (m, 10H), 7.12 (dd, J = 6.5, 2.9 Hz, 4H,
dl), 4.81 (s, 2H, meso), 4.66 (s, 2H, dl), 3.17 (br s, 2H, dl), 2.50 (br s, 2H, meso). The 'H

NMR spectrum is consistent with that in the literature.’!

Table S5. 'H NMR yields obtained from the pinacol reaction.?

Photocatalyst Time / h 'H NMR yield / %
None 2 18 +2
None 24 502
[Ir(ppy)2(dtbbpy)]PFs 2 43+3
[Ir(ppy)2(dtbbpy)]PFs 24 7443
4CzIPN 2 68+ 0
4CzIPN 24 76 + 3
pDTCz-DPmS 2 32+1
pDTCz-DPmS 24 80+ 3

2 Reaction conditions as stated in the procedure above unless otherwise noted.

2) Decarboxylative addition of N-Cbz-Pro to diethyl maleate
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Cbz exc = 390 nm bbz

Figure S25. Reaction scheme for the decarboxylative addition of N-Cbz-Pro to diethyl
maleate.

To an oven-dried vial was added N-Cbz-Pro (50 mg, 0.2 mmol, 1 equiv.), KzHPO4 (38 mg.
0.22 mmol, 1.1 equiv.), diethyl maleate (0.036 mL, 0.22 mmol, 1.1 equiv.) and
photocatalyst (2 mol%, 0.004 mmol). The vial was purged with N>for 5 min and dry DMF
(4.0 mL) was added before further N> purging for 10 min. The solution was stirred at room
temperature while being irradiated by Kessil lamp (Aexe = 390 nm) for 24 hours. After
irradiation, the mixture was poured into water and extracted with DCM (3%15 mL). The
combined organic phases were dried over Na;SO4 and filtered. The solvent was removed
under reduced pressure and the residue was purified by flash chromatography on silica gel
(3-20% EtOAc:Hexane) to afford the product as a colourless solid. Ry 0.19 (1:4
EtOAc:Hexane). 'H NMR (500 MHz, CDCls), 8 (ppm): 7.49 - 7.31 (m, 5H), 5.30 - 5.03
(m, 2H), 4.38 - 4.28 (m, 1H), 4.24 - 4.02 (m, 4H), 3.77 - 3.46 (m, 2H), 3.44 - 3.20 (m, 1H),
2.88 - 2.66 (m, 1H), 2.57 - 2.24 (m, 1H), 2.01 - 1.72 (m, 4H), 1.32 - 1.16 (m, 6H). The 'H

NMR spectrum is consistent with that in the literature.>

Table S6. 'H NMR yields obtained from the decarboxylative addition of N-Cbz-Pro to
diethyl maleate.?

Photocatalyst 'H NMR yield / %
None 0
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs 99+ 0
4CzIPN 9+0
pDTCz-DPmS 64 +3

2 Reaction conditions as stated in the procedure above.

Procedure for £/Z isomerisation reaction:
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a) e O PC (0.7 mol%) - O O
O DMF, rt, 18 h, ., =390 nm
o 0._0O
o N )\ PC (0.7 mol%) . o) \(
b) \( 0 DMF, rt, 24, .. =390 nm )\ _
o 0

Figure S26. Reaction scheme for the £/Z isomerisation of a) E-stilbene and b)
diisopropylfumarate.

To an oven-dried vial was added E-stilbene (36 mg, 0.2 mmol, 1 equiv.) or diisopropyl
fumarate (0.039 mL, 0.2 mmol, 1 equiv.) and photocatalyst (0.7 mol%, 0.0014 mmol). The
vial was purged with N; for 5 min and dry DMF (1.0 mL) was added before further N>
purging for 10 min. The solution was stirred at room temperature while being irradiated by
Kessil lamp (Aexe = 390 nm) for 18 or 24 hours (for E-stilbene and diisopropyl fumarate,
respectively). After removal of solvent, the crude product was purified by flash column

chromatography.

Z-stilbene: white solid. R¢: 0.27 (n-pentane). "H NMR (500 MHz, CDCls), 8 (ppm): 7.29-
7.16 (m, 10H), 6.61 (s, 2H). The "H NMR spectrum is consistent with that in the literature.?

Diisopropyl maleate: colourless oil. Ry: 0.20 (1:20 EtOAc:Petroleum ether). 'TH NMR (500
MHz, CDCl), 8 (ppm): 6.18 (s, 2 H), 5.11 (sept, 2H), 1.29 (d, 12 H). The 'H NMR

spectrum is consistent with that in the literature.>*

Table S7. 'H NMR yields obtained for the E/Z isomerisation of alkenes.?

Photocatalyst Substrate 'H NMR yield / %
None E-Stilbene 5+£0
None diisopropyl fumarate Trace
[Ru(bpy)s](PF)2 E-Stilbene 81+1
[Ir(dF(CF;3)ppy)2(dtbbpy)]PFs diisopropyl fumarate 58 + 1
4CzIPN E-Stilbene 87 + 1
4CzIPN diisopropyl fumarate 6+1
pDTCz-DPmS E-Stilbene 63+ 4
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pDTCz-DPmS diisopropyl fumarate 812

2 Reaction conditions as stated in the procedure above unless otherwise noted.
Procedure for dual Ni(II) cross-coupling reaction:
Br PC (2.5 mol%)
NiCl,.DME (10 mol%)
N O*COzH 2,2"-bpy (15 mol%) O—chN
N Cs,CO,, DMF, rt, 24 h N
CN exc = 390 nm Cbz

Figure S27. Reaction scheme for the dual Ni(II) cross-coupling reaction.

To an oven-dried vial was added p-bromobenzonitrile (36 mg, 0.2 mmol, 1 equiv.), N-Cbz-
proline (74 mg, 0.3 mmol, 1.5 equiv.), NiCl..DME (4.4 mg, 20 umol, 10 mol%), 2,2’-
bipyridine (4.7 mg, 30 pumol, 15 mol%), Cs2CO3 (98 mg, 0.3 mmol, 1.5 equiv.) and
photocatalyst (2.5 mol%, 0.005 mmol). The vial was purged with N> for 5 mins before the
additions of dry DMF (5.0 mL) and a further 10 min of N> purging. The reaction mixture
and stirred and irradiated with a Kessil lamp (Aexc = 390 nm) for 24 hours. Upon completion,
the mixture was added to H-O (10 mL) and extracted with EtOAc (3 x 15 mL). The
combined organic layers were dried over MgSOQy, filtered and the solvent removed in vacuo.
The crude product was purified by flash column chromatography (15:85 EtOAc:Hexane)
to afford the product as a foam. R¢: 0.14 (15:85 EtOAc:Hexane). 'TH NMR (500 MHz,
CDCl), & (ppm): 7.57 (dd, 2H), 7.37 — 7.17 (m, 6H), 6.89 (d, 1H), 5.16 — 4.99 (m, 2H),
4.94 - 4.87 (m, 1H), 3.72 - 3.64 (m, 2H), 2.43 —2.31 (m, 1H), 1.94 — 1.78 (m, 3H). 'H The

"H NMR spectrum is consistent with that in the literature.?®

Table S8. '"H NMR yields for the dual Ni(II) cross-coupling reaction.?

Photocatalyst 'H NMR yield / %
None 2410
4CzIPN 9 +1
pDTCz-DPmS 72+ 4

2 Reaction conditions as stated in the procedure above.
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Figure S28. 'H NMR spectrum of 9-(5-bromopyrimidin-2-yl)-3,6-di-tert-butyl-9H-
carbazole (tCz-BrPm) in CDCl;.
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Figure S29. 'H NMR spectrum of the mixture of 9-(5-bromopyrimidin-2-yl)-3,6-di-zert-
butyl-9H-carbazole (tCz-BrPm) and 9-(5-iodoopyrimidin-2-yl)-3,6-di-tert-butyl-9H-

carbazole (tCz-IPm) in CDCl;.
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Figure S30. '"H NMR spectrum of bis(2-(3,6-di-zert-butyl-9H-carbazol-9-yl)pyrimidin-5-
yl)sulfane (tCz-PmS) in CDCl;.
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Figure S31. '"H NMR spectrum of 9,9'-(sulfonylbis(pyrimidine-5,2-diyl))bis(3,6-di-tert-
butyl-9H-carbazole) (pDTCz-DPmS) in CDCls.

S35



2202031554-2-54-fdm3.10.fid 8EIIIYNN 508 888583498 g
FM-11-3700 Fractions 7-11 || 1H Observe NOINNOINNN 10 LR N
% N Y

A(d) C(b) E (dd)| D (s)
7.62 5.32 3.94 2.40
|
|
I
[11]
3T T T T
s R 3 38 g ;
I ~N - - o " “uuu
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
12,5 12.0 11.5 11.0 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.0

f1 (ppm)

Figure S32. 'H NMR spectrum of 1-((2-chloro-2-phenylethyl)sulfonyl)-4-methylbenzene
in CDCls.
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Figure S33. "H NMR spectrum of 1,2-diphenylethane-1,2-diol in CDCls.
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Figure S34. '"H NMR spectrum of diethyl 2-(1-((benzyloxy)carbonyl)pyrrolidin-2-

yl)succinate in CDCls.
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Figure S35. '"H NMR spectrum of Z-stilbene in CDCls.
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Figure S36. '"H NMR spectrum of diisopropyl maleate in CDCls.
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Figure S37. '"H NMR spectrum of benzyl 2-(4-cyanophenyl)pyrrolidine-1-carboxylate in
CDCls.
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