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1. Materials and Characterization Methods

All of the reagents were obtained from commercial sources and used without further purification unless
otherwise indicated. Solvents were dried by standard methods or by elution using a PureSolv
Innovative Technology drying system.

The microwaves oven used were Discover SP® from CEM Corporation 3100 and/or Monowave 300
from Anton PAAR.

Elemental analysis (%C, %N %H and %S) were determined in a LECO CHNS-932 analyzer.

The HR-MS analysis was carried out by using an Agilent 1200 Series LC system coupled to a 6520
quadrupole-time of flight (QTOF) mass spectrometer. Acetonitrile: water (75:25, v:v) was used as
mobile phase at 0.2 mL min'!. The ionization source was an ESI interface working in the positive-ion
mode.

Nuclear magnetic resonance (NMR) spectra of molecular samples were recorded with a BRUKER
AVANCE III HD (Larmor frequencies of 400, 101 MHz for 'H, 13C) for liquids and a Bruker AV400
WB spectrometer (Larmor frequencies of 400 and 100 MHz) using 4 mm MAS probes spinning at 10
kHz rate for 13C solid-state MAS-NMR measurements. The 13C CP-MAS spectra were obtained using
3.5 ms contact time and 4 s relaxation time. The number of scans was 1024 of 13C CP-MAS spectra.
ATR spectra were recorded on an appliance type Perkin Elmer Spectrum Two with a Fourier
Transformer.

Nitrogen adsorption/desorption isotherms were measured at 77 K using a Quantachrome surface and
porosity analyzer. Prior to measurement, the samples were degassed for 12 h at 100°C. Specific surface
areas were determined by N, adsorption-desorption at 77K and the pore distribution by DFT methods.
Surface area was determined by the Brunauer—Emmett-Teller (BET) method. The CO, gas
adsorption measurements were carried out using a Micromeritics ASAP 2010 instrument. The
samples were degassed at 150°C in high vacuum before measurements. The surface areas and pore
volumes were determined via CO, adsorption at 273 K by the Dubinin-Astakhov method.
Thermogravimetric and differential thermal analyses (TGA) were conducted with a TA Instruments
Model TA-Q500 analyzer. The samples were heated from 40 to 800 °C under air atmosphere with a
heating rate 10 °C/min.

EPR spectra were recorded at 100k on a Bruker EMX-12 instrument operating in X band at 9.5GHz,
modulation amplitude of 1G and modulation frequency of 100KHz.

The morphology was analyzed by a Field Emission Scanning Electron Microscopy SEM model
Hitachi S-8000 equipped with an Energy Dispersive X-ray spectroscopy (EDAX) analyzer, EDAX
SUTW equipment (Super Ultra-Thin Window). Transmission electron microscopy (TEM) was
performed in a JEOL model JEM-1400Flash with a STEM detector. For the analysis, a small amount
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of the sample was dispersed in dichloromethane. Then, a drop was placed on a nickel grid and dried
under a lamp for 2 h.

The Cls, Nls, and survey spectra were recorded using a Thermo Scientific K-Alpha instrument.
Monochromatic X-ray source Al Ka (1486.6 eV) was used for all samples and experiments. The X-
Ray Monochromatic spot is 400 um in diameter. Residual vacuum in the analysis chamber was
maintained at around 6x10-'° mbar. We have also employed an electron flood gun to minimize surface
charging (Charge compensation). The atomic concentrations were determined from the XPS peak areas
using the Shirley background subtraction technique and the Scofield sensitivity factors. The powder
samples were fixed to the holder using a copper adhesive tape to ensure the powders are firmly attached
during analysis.

Acquisition of chromatograms (GC) was done using a KONIK HRGC 4000B; with a KAP-120212
capillary column (30 m, 0.25 mm, 0.25 um).

Fluorescence spectra were logged on a Varian Cary Eclipse fluorescence spectrophotometer equipped
with 1x1 cm quartz cuvette. The width of the excitation slit and the emission slit were set to 5.0 nm.
Electrochemical measurements were carried out by using an Autolab PGSTAT302 workstation
interfaced with a computer and a VMP-3e Multichannel Potentiostat.

EIS measurements. Potentiostatic electronic impedance spectra (PEIS) were collected in acetonitrile
containing 0.1 M tetrabutylammonium hexafluorophosphate (NBu,PF¢) using the same three-electrode
system employed to record CVs on a Biologic Multichannel potentiostate VMP-3e with EIS capability.
Experiments were collected at different bias potentials (0-2.2 V vs Ag/AgCl over a frequency range
from 106 Hz to 100MHz with a signal amplitude of 10 mV.

The photoreactor (Figure S1) used for the reactions tested was laboratory-made and is equipped with

two 30W blue LED lamps (23mW/cm?).
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Figure S1. Photoreactor used in the reactions and light emission spectrum of the blue.
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2. Synthetic procedures
2.1 Synthesis of 4,4'-(benzo[b]benzo[4,5]thieno[2,3-d]thiophene-2,7-diyl)dibenzonitrile (DCNPh-

BTBT)

HO-< =N
NaHS Br2 HO/B{ )*CN O O
NP oM “Pd(dppfCly 1

180 °C KsPO4
BTBT Br,-BTBT 130 °C DCNPh-BTBT

Scheme 1. Synthetic route to prepare DCNPh-BTBT monomer

2.1.1 Synthesis of Benzo[b]benzo[4,5]thieno[2,3-d]|thiophene (BTBT)
BTBT was synthesized according to the method described in the literature.!:>3 TH-NMR (400 MHz,
Chloroform-d) 6 (ppm): 7.8-8.0 (m, 4H), 7.4 - 7.5 (m, 4H).

2.1.2 Synthesis of 2,7-dibromobenzo[b]benzo[4,5]thieno[2,3-d]thiophene (Br,-BTBT)

Br,-BTBT was synthesized according to the method described in the literature.>3 "TH-NMR (400 MHz,
Chloroform-d) & (ppm): 8.07 (d, J = 1.8 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.58 (ddd, J = 8.4, 1.8, 0.5
Hz, 2H). HRMS (ESI*): m/z (M+): 397.900.

2.1.3 Synthesis of 4,4'-(benzo[b]benzo[4,5]thieno[2,3-d]|thiophene-2,7-diyl)dibenzonitrile
(DCNPh-BTBT)

Following a similar procedure for other BTBT-derivatives*>%, in a 50 mL pressure tube, dioxane (14
mL), Br,-BTBT (280 mg, 0.7mmol, 1 eq.), 4-cyanophenylboronic acid (310 mg, 2.1mmol, 3 eq.),
K5PO,4 (1.5 g, 7.0 mmol, 10 eq.), aliquat (one drop) are deaerated under argon for 30 min. Then
Pd(dppf)Cl; (20 mg, 0.03mmol, 0.04 eq.) was added and the mixture bubbled with argon for additional
10 min. The tube was then closed and heated at 130°C for 48 h. The system was cooled to room
temperature, the solvent removed under vacuum and water was added and the crude reaction mixture
stirred for 1 h. The resultant solid was filtered and purified by recrystallization from dimethylacetamide
(DMA). DCNPh-BTBT was obtained with a yield of 58% (180 mg). "TH-NMR (300 MHz, Chloroform-
d) 6 (ppm): 8.17 (d, J = 1.7 Hz, 1H), 8.01 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 1.8 Hz, 4H), 7.72 (dd, J =
8.3, 1.7 Hz, 1H). BC-NMR (CP-MAS solid state) & (ppm): 143 (C-C), 138, 133, 126, 123 (Ar), 110
(CN). HRMS (EST*): m/z (M"): 442.0555. FT-IR (ATR) (cm™): 2225, 1603, 1506, 1456, 1388, 1343,
1288, 1242, 1181, 1113, 1057, 1011, 943, 842, 808, 713, 645, 569, 541, 532. Elemental analysis for
CygH 14N, S, caled. (found): C%, 75.9 (75.3), H%, 3.2 (3.5), N%, 6.3 (6.3), S%, 14.5 (14.3).
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Figure S2. 'TH-NMR, 3*C-NMR and HRMS (ESI+) spectra of DCNPh-BTBT.

2.2. Synthesis of DPhBTBT-CTF

To a 10 mL MW vial fitted with a magnetic stirred, the dinitrile, DCNPh-BTBT, (100 mg, 0.22mmol,
leq.) and trifluoromethane sulfonic acid (1 mL, 11.3mmol, 50 eq.) were added. The mixture was stirred
at 200 W and 110°C for 2h. After that, the reaction mixture is poured into an ice/water mixture (70
mL) and a water/ammonia solution (20:1) (35 mL) was added until pH 6-7. Then, the product was
filtered, washed with water, ethanol and THF and dried at 100°C under vacuum. The final brown solid
was obtained in 72% yield (72 mg). FT-IR (ATR) (cm!): 1681.6, 1604.5, 1504.7, 1361.5, 1239.6,
1161.9, 1027, 949.13, 805.76, 755.06, 635.5. Elemental analysis for C,,H,7N3S, calcd. (found): C%,
75.31 (69.20), H%, 4.06 (4.53), N%, 6.27 (5.60), S%, 14.36 (13.95). N/S=0.43 (0.40)
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Figure S3. XPS survey spectrum (left) and Powder X-ray diffraction (right) of DPhBTBT-CTF
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Figure S4. 3C-NMR solid state spectrum of diphenyl extended-based CTFs

0010
110+
1004 14
T 0.008
= 90 =
» [SRPR
2 804 - 5 12
T o o
£ 70 < 0006 3 104
S 3 2
g 60 ) E
£ © > 87
S 50 £ 0004 @
3 < 2
< 404 s 64
2w 2
£ 0.002- 3 4
S 204 -]
<] s 2
10 3
0.000 T T T T T T T T T T c
0 T 20 30 40 50 60 70 8 90 100 110 0
00 01 02 03 04 05 06 07 08 09 1.0

T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Pore (A) .
Relative Pressure (P/Po)

Relative Pressure (P/Po)

Figure S5. N, adsorption-desorption isotherms (left), pore distribution by DFT method (middle) and
CO; adsorption isotherm (right) of DPhBTBT-CTF.
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3. Optical characterization
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Figure S6. Optical characterization of DPhBTBT-CTF: UV-visible Absorption (black) and emission

spectra (red) in acetonitrile suspension (Aex. = 450 nm).

4. Electrochemical experiments
Cyclic voltammetry of DCNPh-BTBT was obtained at room temperature and 100 mV/s under nitrogen

atmosphere, using a 0.1 M tetrabutylammonium hexafluorophosphate solution in CH;CN as
electrolyte. A standard three-electrode electrochemical cell was used. Potentials were referred to an
Ag/AgCl (3.5M KCI) and platinum as counter electrode. The working electrode consists of a glassy
carbon electrode (GCE).

Cyclic voltammetry of DPhBTBT-CTF was obtained at room temperature and 100 mV/s, under
nitrogen atmosphere, using 0.1 M tetrabutylammonium hexafluorophosphate solution (CH;CN) as
electrolyte. A standard three-electrode electrochemical cell was used. Potentials were referred to an
Ag/AgCl (3.5M KCl) and platinum as counter electrode. The working electrode consists of a glassy
carbon electrode (GCE) coated with a homogeneous hybrid paste. The hybrid was fabricated by mixing
7 mg of high purity carbon (>99.9%) with 3 mg of the material and 80pL drop of Nafion.
Electrochemical impedance spectroscopy was obtained at 25°C using 0.1 M tetrabutylammonium
hexafluorophosphate solution (CH3;CN) as electrolyte. A standard three-electrode electrochemical cell
was used. Potentials were referred to an Ag/AgCl (1 M KCl) and platinum as counter electrode. The
working electrode consists of a glassy carbon electrode (GCE) coated with a homogeneous hybrid
paste. The hybrid was fabricated by mixing 5 mg of the material and ImL of a mixture of ethanol

Nafion (100/1).
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Table S1. Electrochemical Properties of DPhCN-BTBT monomer and DPhBTBT-CTF.

{ DCNPh-BTBT DPhBTBT-CTF
= e
< s
t -
o c
£ [
5 £
o 5
Q
......................
00 02 04 06 08 10 12 14 15 18 20 20 45 410 05 00 05 10 15 20 25 30
Potential (V vs Ag/Ag*) Potential (V vs Ag/Ag®)
120000 4
——0.5V]
s 2.94 6V 100000 - 7.71%
-3.38 eV 18V
- e 800001  |—w—22v
NC NN
€
£
@ é Q60000
2.92 eV 2.20 eV N
E
" 40000 .
5 5 L
CN NN
E 20000 4 e
—— .5.58eV o .
VB _— -586eV e

ol

T T T T T T T
0 10000 20000 30000 40000 50000 60000 70000
Re(Z)/Ohm

Figure S7. Top: Cyclic voltammetry. Down: HOMO and LUMO energy levels (in eV) (left) and
Nyquist plots from EIS experiments (right) of DPhBTBT-CTF (from 1 MHz to 100 mHz).

Compound Egap(€V)? | Eoxonset(V)® | Enomo (€V)® | ELumo (€V)¢ | Enomo (V)¢ | ELumo (V)°
DCNPHh-BTBT 2.92 1.46 -5.86 -2.94 1.66 -1.25
DPhBTBT-CTF 2.20 1.18 -5.58 -3.38 1.38 -0.84

Eqqp estimated from Tauc-Plot; PE estimated from CV measurements vs Ag/AgCl (3.5M KCl);
*Enomo= -(Eox + 4.44) (eV); “ELumo = Enomo + Egap °vs NHE.
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5. Catalytic activity
5.1 Photoxidation reactions

General procedure: In a SUPELCO glass microreactor, the corresponding substrate (0.2 mmol),

catalyst (2 mol% or 4 mol% for albendazole) and acetonitrile or tetrahydrofuran (for albendazole) (0.5

mL) are added. The suspension was purged with O, or air and stirred under irradiation with blue LED

light (2x30W). The reactions were monitored by GC chromatography or 'H-NMR.

Table S2. Control experiments for photooxidation reaction.®

S Cat.
O = T
R ACN -
A

(o)

S\ ’ /©/
R
B

(o)

i~

(o)

Entry Conditions R Oxidant t Conv (%) Select A (%)
(h)

1 Dark CH 0, 27 0 0
3

2 Without catalyst H 0, 19 0 0

3 Without catalyst CH 0, 24 0 0
3

4 DPhCN-BTBT  CH 0, 12 0 0
3

5 CuSO, CH 0O, 2 15.4 100
3

6 KI CH 0O, 2 0 0
3

7 1,4-benzoquinone CH 0, 2 0 0
3

8 DABCO CH 0O, 2 0 0
3

9 TEMPO CH 0O, 2 0 0

3

@ Photooxidation conditions: catalyst (2 mol%), sulfide (0.2 mmol), scavenger (0.2 mmol),

acetonitrile (0.5 mL), irradiated by blue LED light (2x30W) at RT under O, balloon atmosphere.
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Figure S8. Control experiments in the presence of scavengers in the photosulfoxidation reaction.

Representative GCs and NMR for the sulfoxidation reaction

Figure S9. Selected GC chromatograms, 'H-NMR and HR-MS spectra of the photooxidation of sulfides
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Figure S10. Mechanism proposed for photosulfoxidation.

5.2 Oxidation of Benzyl alcohols

General procedure: In a glass microreactor, the corresponding substrate (0.2 mmol), catalyst (2 mol%)
and acetonitrile (0.5 mL) are added. The suspension was purged with O, and subjected to magnetic
stirring and irradiation with blue LED light (2x30W) for the times indicated in table 2. The reactions

were monitored by GC-MS chromatography.

Figure S11. Selected GC chromatograms, 'H-NMR and HR-MS spectra of the
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5.3 Halogenation reactions

5.3.1 Bromination

General procedure: In a glass microreactor, the corresponding substrate (0.15 mmol), HBr 47% (1.05

mmol), catalyst (2 mol%) and acetonitrile (0.5 mL) are added. The suspension was purged with O, for

5 min and subjected to magnetic stirring and irradiation with blue LED light (2x30W). The reactions

were monitored by GC chromatography and "H-NMR analysis.

Figure S14. Selected GC chromatograms, '"H-NMR and HR-MS spectra of the photocatalytic bromination

of aromatic compounds
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Figure S15. Proposed mechanism for the bromination reaction.

5.3.2 Chlorination
General procedure: In a glass microreactor, the corresponding substrate (0.15 mmol), HCI 37% (1.05

mmol), catalyst (2 mol%) and acetonitrile (0.5 mL) are added. The suspension was purged with O, for
5 min and subjected to magnetic stirring and irradiation with blue LED light (2x30W). The reactions
were monitored by GC chromatography and "H-NMR analysis.

Figure S16. Sclected GC chromatograms, 'H-NMR and HR-MS spectra of the chlorination products
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5.4 Other model reactions

5.4.1 Diels-Alder Cycloaddition
General procedure: In a glass microreactor, the corresponding diene (0.4 mmol — 3 eq), trans- anethole

(0.13mmol — 1eq), catalyst (2 mol%) and acetonitrile (0.5 mL) are added. The suspension was purged
with air and subjected to magnetic stirring and irradiation with blue LED light (2x30W) for 7 h. The
reactions were monitored by GC and "H-NMR.

Quenching experiments were performed using both Diels-Alder substrates: 2,3-dimethyl-1,3-
butadiene and trans-anethole. For the measurements, 1 mg of DPBTBT-CTF was mixed with the
required amount of quencher in a total of 3 mL of dichloromethane in a 1x1 cm quartz cuvette. Solution
of 0.25M of each substrate were prepared, the different added volumes of substrates solution, and

corresponding final concentrations ([Q]), are shown Table S3.

Table S3. Volume added of 0.25M 2,3-dimethyl-1,3-butadiene and 0.25M trans-anethole solutions.

2,3-dimethyl-1,3-butadiene trans-anethole
Added volume Q] (mM) Added Q] (M)
(nL) volume(pL)
0 0.0 0 0.0
10 0.84 10 0.84
10 1.68 10 1.68
10 2.52 10 2.52
10 3.35 10 3.35
10 4.17 20 5.00
10 5.00 40 8.20
10 5.80
20 7.41
20 9.00
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5.4.2 Hydroxylation of phenylboronic acid

General procedure: In a glass microreactor, the corresponding substrate (0.2 mmol), trimethylamine
(0.6mmol), catalyst (2 mol%) and tetrahydrofuran (0.5 mL) are added. The suspension was purged
with O, and subjected to magnetic stirring and irradiation with blue LED light (2x30W) for 24 h. The

reactions were monitored by "H-RMN.
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6. Recycling experiments: Characterization of DPhBTBT-CTF after catalytic activity
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Figure S19. ATR-IR, EPR spectra, SEM and TEM images of recovered catalyst.
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Table S4. Photosulfoxidation using different catalysts.

. t Conv. | Sel.
Entry | Photocatalyst Conditions ® | ) %)
: Thiswork | Sulfide (0.2 mmol), MeCN (0.5 mL), blue LED
! DPhBTBT-CTF (4.4 mg). light (2x30W) at RT, O, balloon, r.t. > |99 | 100
i ; sulfide (0.2 mmol), MeCN (0.5 mL), irradiated by
2 NDP-CTF (20 mg) blue LED light (50 W) at RT under O»/air, r.t. ! 100 100
i g sulfide (0.5 mmol), CH;CN /H,O (10 mL, 1 : 1
3 TCPP-CMP (10 mg) v/v), O, (1 atm), white LED (100 W), 25 °C. 16|99 7
: 9 sulfide (0.3 mmol), CH;0H (1 mL), blue LEDs
4 TzTz-TA (4 mg) (460 = 10 nm), air (1 atm) 03 |93 99
) 10 sulfide (0.1 mmol), CH;OH (1.5 mL), O,, LED B
> NQ-COFTippyPh (5 mg) lamp (18 W, 460-465 nm), r.. 1299
: " sulfide (0.3 mmol), C,HsOH (1 mL), O, (1 atm),
6 TTT-COF (4 mg) blue LEDs irradiation (460 + 10 nm), r.t.] 0.5 19 99
. sulfide (0.3 mmol), CH;0H (2.0 mL), O, 3
7 Pt@COF (2.4 mg) atmosphere, LED (A =450 nm), 25 °C. 12|96
. 3 sulfide (0.3 mmol), TEA (0.03 mmol), CH;0H (5
8 Degussa P25 TiO, (40 mg) mL), O, (latm), Xe lamp (300 W, & 420 nm), r.t. | 10 | 4 92
) " sulfide (0.1 mmol), CH;CN (2 mL), O, (1 atm),
? AQ-COF (10 mg) Xe lamp (300 W, A = 400-780 nm), r.t. 301299197
. s sulfide (0.2 mmol), H,O (1 mL), O, (1 atm), a
10} BiOsBr, (20 mg) blue LED (30 W, Kessil PR160-456 nm). 6 9 %8
16 sulfide (0.5 mmol), CH;OH (0.5 mL), air (1 atm), B
1 BODIPY (2. 5pmol) fluorescent lamp (24W, A = 395 nm), r.t. 24189
flow rate of sulfides in CH;CN: 1 mL min—1, air
- - - 17 ,
12| B-(Boc-CB)2-BT (10 mg) (1 atm), LED (4.5 W, A = 460 nm), 1. 24199 93
spherical-COFla 100
13! | laminar-COF1b Blue LED 100
3D-COFlc 99
14 A,B,-Pro-COF" Xenon lamp 96
15 h-LZU12° Xenon lamp 100
17 Sn-CPF3?! Blue LED 99
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Table S5. Photohalogenation using different catalysts.

Entry | Photocatalyst Substrate Conditions t (h) g,)/o;lv. Sel. (%)
0
1 anisole 1.15/13 | 100 1-Br/1-Cl
2 13.5- substrate (0.15 mmol), HBr 0.5 5 ;AB& o
3 DPhBTBT-CTF t;ir;lethox benzene 47% (1.05 mmol) or HCI 6/4 100 Br: 2,4-
(4.4 mg). This Y 37% (1.05 mmol), MeCN Bry2.Cl
work (0.5 mL), blue LED light
4 1.15 100 1-Br
1,3-dimethoxybenzene (2x30W), r.t 1,5-Br/1-
5 ’ 6/20 100 C’l
! 211n3ls;)_le substrate (0.6 mmol); HBr 48 o 1?]1322-Br'
8 PYT (4 mg)?? o (0.6 mL, 48 wt.%); MeCN (3 | 24 81 ) )
trimethoxybenzene mL), 461 nm 2,4-Br)
8 1,3-dimethoxybenzene ’ 49 95 2,4-Br
9 anisole 24 100 1-Br
1,3,5-
10 . 24 100 2,4-Br
trimethoxybenzene
11 1,3-dimethoxybenzene | substrate 0.02 mmol; HCI 24 100 1-Br
K-PHI (4 mg)? . (36 wt. %) 0.1 mL; MeCN 1:0.31 (1-
12 anisole 0.5 mL; T=30°C;465nm | 2+ 1001 cpo-cy
1:0.31 (1-
13 L,3,5- 24 100 Cl: 2,4-
trimethoxybenzene cn
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