Science Advances

RAVAAAS

advances.sciencemag.org/cgi/content/full/6/46/eabc9923/DC1

Supplementary Materials for

Light-driven, heterogeneous organocatalysts for novel C—C bond formation toward
valuable perfluoroalkylated intermediates

Giacomo Filippini, Francesco Longobardo, Luke Forster, Alejandro Criado, Graziano Di Carmine, Lucia Nasi,
Carmine D’Agostino, Michele Melchionna*, Paolo Fornasiero*, Maurizio Prato*

*Corresponding author. Email: melchionnam@units.it (M.M.); pfornasiero@units.it (P.F.); prato@units.it (M.P.)

Published 11 November 2020, Sci. Adv. 6, eabc9923 (2020)
DOI: 10.1126/sciadv.abc9923

This PDF file includes:

Supplementary Text
Scheme S1

Figs. S1to S12
Tables S1 to S9
References



Synthesis of Alkenes 1g, 1h, 1j and 1m

(Hex-5-en-1-ylsulfonyl)benzene (1g). Prepared according to the literature
procedure.(54) In a two neck round-bottomed flask, purged under argon, a
mixture of 6-bromo-1-hexene 1k (260 plL, 2 mmol, 1 equiv.), sodium
benzenesulfinate (391 mg, 2.4 mmol, 1.2 equiv.) tetrabutylammonium iodide
(74 mg, 0.2 mmol, 0.1 equiv.) in dry DMF (2 mL) was heated up to 60°C and stirred over 5 hours.
The reaction was quenched by the addition of brine (5 mL) and then extracted with ethyl acetate
(3 x5 mL). The organic phases were combined and washed with brine (5 mL) and then dried over
sodium sulfate. The solvent was removed under reduced pressure and the residue was purified by
flash column chromatography (n-hexane/ethyl acetate 9:1) to give the corresponding alkene 1g as
a colorless oil (372 mg, 83% vyield). The characterization of the compound matches with the data
reported in the literature.(54) *H-NMR (400 MHz, CDCl3) § 7.99 — 7.85 (m, 2H), 7.73 — 7.61 (m,
1H), 7.62 — 7.53 (m, 2H), 5.82 — 5.60 (m, 1H), 5.04 — 4.89 (m, 2H), 3.17 — 3.01 (m, 2H), 2.10 —
1.96 (m, 2H), 1.81 — 1.66 (m, 2H), 1.55 — 1.36 (m, 2H); HRMS calculated for C12H160.S (M-Na):
247.0769, found: 247.0766.
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2-(hex-5-en-1-yl)isoindoline-1,3-dione (1h). Prepared according to the o)
literature procedure.(54) In a two neck round-bottomed flask, purged under /\H/\Ni
argon, a mixture of 6-chloro-1-hexene 11 (400 pL, 3 mmol, 1 equiv.), :
potassium phthalimide (610 mg, 3.3 mmol, 1.1 equiv.) and potassium iodide °
(50 mg, 0.3 mmol, 0.1 equiv.) in dry DMF (5 mL) was heated up to 90°C and stirred overnight.
The reaction was quenched by the addition of water (10 mL) and then extracted with
dichloromethane (3 x 10 mL). The organic phases were combined and washed with KOH 0.2 M
(10 mL), brine (10 mL) and then dried over sodium sulfate. The solvent was removed under
reduced pressure and the residue was purified by flash column chromatography (n-hexane/ethyl
acetate 9:1) to give the corresponding alkene 1h as a pale yellow oil (506 mg, 74% vyield). The
characterization of the compound matches with the data reported in the literature.(54) *H-NMR
(400 MHz, CDCl3) 6 7.84 (dd, J = 5.5, 3.0 Hz, 2H), 7.70 (dd, J = 5.4, 3.1 Hz, 2H), 5.78 (ddt, J =
16.9, 10.2, 6.7 Hz, 1H), 5.04 — 4.91 (m, 2H), 3.69 (t, J = 7.3 Hz, 2H), 2.10 (dd, J = 14.3, 7.2 Hz,
2H), 1.75 — 1.65 (m, 2H), 1.44 (dt, J = 15.2, 7.5 Hz, 2H); HRMS calculated for C14H1sNO2 (M-
Na): 252.1000, found: 252.0992.

Hex-5-en-1-yl acetate (1j). Prepared according to the literature procedure.(54)
In a two neck round-bottomed flask, purged under argon, a solution of 5-hexen- | J]\
1-ol 1i (420 pL, 3.5 mmol, 1 equiv.) and 2,6-lutidine (408 pL, 3.5 mmol, 1 /\H;\o
equiv.) in dry THF (10 mL) was stirred at 0°C for 10 minutes. Acetyl bromide (260 pL, 3.5 mmol,
1 equiv.) was added dropwise and the solution was stirred at room temperature over 3 hours. The
reaction was quenched by the addition of water (10 mL) and then extracted with diethyl ether (3 x
10 mL). The organic phases were combined and washed with brine (10 mL) and then dried over
sodium sulfate. The solvent was removed under reduced pressure to give the corresponding alkene
1j as a pale yellow oil (141 mg, 28% vyield). The characterization of the compound matches with
the data reported in the literature.(54) *H-NMR (400 MHz, CDCl3) § 5.80 (ddt, J = 16.9, 10.2, 6.7
Hz, 1H), 5.08 — 4.87 (m, 2H), 4.06 (t, J = 6.7 Hz, 2H), 2.19 — 1.99 (m, 5H), 1.73 — 1.56 (m, 2H),
1.54 —1.37 (m, 2H); HRMS calculated for CgH140, (M-Na): 165.0892, found: 165.0885.



1-(hex-5-en-1-yloxy)octane (1m). Prepared according to the literature
procedure.(54) In a two neck round-bottomed flask, purged under argon, a ‘/\ﬁg\o'ﬁ,\‘
solution of 5-hexen-1-ol 1i (420 puL, 3.5 mmol, 1 equiv.) and 1-bromooctane
(610 pL, 3.5 mmol, 1 equiv.) in dry THF (14 mL) was stirred at 0°C for 10 minutes. Sodium
hydride (170 mg, 4.2 mmol, 1.2 equiv.) was added portionwise and the solution was heated up to
reflux and stirred overnight. The reaction was quenched by the addition of ammonium chloride
(10 mL) and then extracted with ethyl acetate (3 x 10 mL). The organic phases were combined and
washed with brine (10 mL) and then dried over sodium sulfate. The solvent was removed under
reduced pressure and the residue was purified by flash column chromatography (n-hexane/ethyl
acetate 95:5) to give the corresponding alkene 1m as a pale yellow oil (494 mg, 67% vyield). The
characterization of the compound matches with the data reported in the literature.(54) H-NMR
(400 MHz, CDCls) 6 5.79 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.06-4.89 (m, 2H), 3.38 (td, J = 6.6,
4.9 Hz, 4H), 2.12-2.01 (m, 2H), 1.56 (dp, J = 9.6, 6.8 Hz, 4H), 1.49-1.38 (m, 2H), 1.38-1.22 (m,
10H); HRMS calculated for C14H280 (M-Na): 235.2038, found: 235.2032.

General Procedures for the Photocatalytic Fluoroalkylation of Organic Compounds and
Characterization Data
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Scheme S1. General scheme for the fluoroalkylation of organic compounds. Photo credit:
Francesco Longobardo, University of Trieste (Italy)

A 10 mL Schlenk tube was charged with the appropriate electron-rich organic compound 1 (0.1
mmol, 1 equiv.), perfluoroalkyl iodide 2 (0.6 mmol, 6 equiv.), potassium carbonate (0.1 mmol, 1
equiv.) and am-CN (0.27 w/v, 1.4 mg). To this suspension was then added N,N-
dimethylformamide (0.4 mL, [1]o = 0.25 M). The reaction mixture was thoroughly degassed via
freeze-pump-thaw cycles (x 3) and the schlenk tube was filled with argon and placed in the centre
of 8 blue LEDs system at 450 nm (3.5 V and 700 mA controlled by an external power supply).
The LEDs were produced and purchased by AddicoreTM (for more details, see:
https://www.addicore.com/3W-Royal-Blue-LED-on-Star-Board-Heatsink-p/ad425.htm).

Stirring (400 rpm) was maintained for 24 hours (4 hours for compounds 3g-p) and then the
irradiation was stopped. The reaction crude was diluted with a 5% lithium chloride solution and
extracted with ethyl acetate (three times). The organic phase was filtered through sodium sulfate.
The solvent was removed under reduced pressure and the residue was purified by column
chromatography (eluent: n-hexane/ethyl acetate) to give the corresponding fluoroalkyl compound
3.

Calculation of yields



https://www.addicore.com/3W-Royal-Blue-LED-on-Star-Board-Heatsink-p/ad425.htm

The production yields listed in Table 1 and referred to product 3a were determined by *H-NMR
spectroscopy in CDCl3 using 1,1,2-trichloroethylene (0.10 mmol, 9 pL) as the internal standard
(1.S.). The following formula has been used:

Integration of the NMR signal of 3a [§ 6.2 ppm (s, 2H)] x 50

. . 0y —
Production Yield(%) Integration of the NMR signal of the I.S.[8 6.5 ppm (s, 1H)]

The isolated yields of products 3a-3p listed in Scheme 1 have been calculated using the following
formula:
Actual Yield x 100

[solated Yield(%) = Theretical Yield

For the calculation of the Apparent Quantum yield (AQY) the following equation was used:
A0V = number of moles of product formed
or = number of moles of incident photons
The moles of product and emitted photons were calculated after 5 hours of a photocatalytic
experiment under typical conditions.

Characterization Data of the reaction products

1,3,5-trimethoxy-2-(perfluorobutyl)benzene (3a). Prepared according to OMe

the general procedure using 1,3,5-trimethoxybenzene 1a (0.1 mmol, 17 mg) CeF13
and nonafluoro-1-iodobutane 2a (0.6 mmol, 103 pL). The product 3a was

obtained as white solid (37 mg, 96% yield). The characterization of the (MeO OMe

compound matches with the data reported in the literature.(55) *H-NMR (400 MHz, CDCl3) § 6.15
(s, 2H), 3.84 (s, 3H), 3.80 (s, 6H); 1°F-NMR (376 MHz, CDCls3) § -80.97 (m, 3F), -102.86 (m, 2F),
-123.00 (m, 2F), -126.44 (m, 2F); HRMS calculated for C13H11F9sO3 (M-Na): 409.0462, found:
409.0463.

1,3,5-trimethoxy-2-(perfluorohexyl)benzene (3b). Prepared according to the ONe
general procedure using 1,3,5-trimethoxybenzene 1a (0.1 mmol, 17 mg) and CsF 17
perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product 3a was obtained as /@:
white solid (45 mg, 92% vyield). The characterization of the compound matches (MeO OMe
with the data reported in the literature.(56) *H-NMR (400 MHz, CDCls3) § 6.13 (s, 2H), 3.85 (s,
3H), 3.81 (s, 6H); *°F-NMR (376 MHz, CDCls) & -80.83 (m, 3F), -102.67 (m, 2F), -122.14 (m,
4F), -122.69 (m, 2F), -126.17 (m, 2F); HRMS calculated for CisH11F1303 (M-Na): 509.0398,
found: 509.0390.

1,3,5-trimethoxy-2-(perfluorooctyl)benzene (3c). Prepared according to the OMe
general procedure using 1,3,5-trimethoxybenzene 1a (0.1 mmol, 17 mg) and C4Fo
heptadecafluoro-1-iodooctane 2¢ (0.6 mmol, 158 pL). The product 3c was | |
obtained as white solid (52 mg, 90% vyield). The characterization of the (MeO
compound matches with the data reported in the literature.(56) *H-NMR (400

MHz, CDCls) § 6.15 (s, 2H), 3.84 (s, 3H), 3.80 (s, 6H); °F-NMR (376 MHz, CDCls) & -80.84 (t,
J =10.0 Hz, 3F), -102.66 (m, 2F), -121.75 (m, 2F), -122.05 (m, 6F), -122.79 (m, 2F), -126.15 (m,
2F); HRMS calculated for C17H11F1703 (M-Na): 609.0334, found: 609.0335.
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2,6-diisopropyl-4-(perfluorohexyl)aniline (3d). Prepared according to the
general procedure using 2,6-diisopropylaniline 1b (0.1 mmol, 19 pL) and I
perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product 3d was obtained CFi3 \)\(\‘)Me
as white solid (42 mg, 86% yield). The characterization of the compound

matches with the data reported in the literature.(57) 'H NMR (400 MHz, 3
CDCl3) 6 7.19 (s, 2H), 4.05 (s, 2H), 2.91 (hept, J = 6.8 Hz, 2H), 1.29 (d, J =

6.8 Hz, 12H) ; *°F NMR (376 MHz, CDCl3) & -80.85 (m, 3F), -109.41 (m, 2F), -121.57 (m, 2F), -
121.89 (m, 2F), -122.85 (m, 2F), -126.17 (m, 2F) ; HRMS calculated for CigHigF13N (M-H):
496.1309, found: 496.1306.

Methyl 5-acetyl-2-hydroxy-3-(perfluorohexyl)benzoate (3e). Prepared
according to the general procedure using methyl 5-acetylsalicylate 1c (0.1 I

mmol, 19 mg) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product CF N
3e was obtained as white solid (23 mg, 45% yield). The characterization of | 6"} ¢
the compound matches with the data reported in the literature.(58) *H NMR 3

(400 MHz, CDCls) & 8.68 (s, 1H), 8.31 (s, 1H), 4.04 (s, 3H), 2.61 (s, 3H); °F
NMR (376 MHz, CDCl3) 6 -80.95 (t, J = 10.0 Hz, 3F), -108.97 (t, J = 14.3 Hz, 2F), -121.18 (m,
2F), -121.90 (m, 2F), -122.85 (m, 2F), -126.22 (m, 2F); HRMS calculated for C1sHsF1304 (M-H):
511.0220, found: 511.0218.

1,3,7-trimethyl-8-(perfluorohexyl)-3,7-dihydro-1H-purine-2,6-dione
(3f). Prepared according to the general procedure using caffeine 1d (0.1 CeF13
mmol, 19 mg) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL) over 48
hours of irradiation. The product 3f was obtained as white solid (14 mg,
40% yield). The characterization of the compound matches with the data
reported in the literature.(59) *H NMR (400 MHz, CDCl3) § 4.19 (s, 3H), 3.60 (s, 3H), 3.42 (s,
3H); °F NMR (376 MHz, CDCl3) § -80.74 (m, 3F), -108.96 (m, 2F), -121.01 (m, 2F), -121.39 (m,
2F), -122.71 (m, 2F), -126.06 (m, 2F); HRMS calculated for C14H11F13N4O2 (M-K): 553.0311,
found: 553.0526.

2N

1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-iodododecane ~ (3g).  Prepared
according to the general procedure using 1-hexene 1e (0.1 mmol, 13 pL) and
perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product 3g was obtained as
colorless oil (48 mg, 91% vyield). The characterization of the compound
matches with the data reported in the literature.(54) *H NMR (400 MHz, CDCls) § 4.43 — 4.26 (m,
1H), 3.04 — 2.66 (m, 2H), 1.94 — 1.72 (m, 2H), 1.58 — 1.22 (m, 4H), 0.93 (t, J = 7.2 Hz, 3H); 1°F
NMR (376 MHz, CDCl3) & -80.86 (m, 3F), -111.92 (m, 1F), -114.69 (m, 1F), -121.84 (m, 2F), -
122.91 (m, 2F), -123.69 (m, 2F), -126.19 (m, 2F) ; It was not possible to measure the HRMS (ESI-
MS) of compound 3g due to its poor tendency to ionize.
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1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-iodohexadecane (3h).
Prepared according to the general procedure using 1-decen 1f (0.1
mmol, 19 pL) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The
product 3h was obtained as colorless oil (54 mg, 83% vyield). The
characterization of the compound matches with the data reported in the literature.(54) *H-NMR
(400 MHz, CDClz) 6 4.40 — 4.27 (m, 1H), 3.06 — 2.63 (m, 2H), 1.90 — 1.69 (m, 2H), 1.43 — 1.18

o oOH
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(m, 12H), 0.89 (t, J = 6.9 Hz, 3H); °F NMR (376 MHz, CDCl3) § -80.85 (m, 3F), -111.80 (m,
1F), -114.70 (m, 1F), -121.82 (m, 2F), -122.90 (m, 2F), -123.71 (m, 2F), -126.18 (m, 2F) ; It was
not possible to measure the HRMS (ESI-MS) of compound 3h due to its poor tendency to ionize.
| /@
CeF13

procedure using (hex-5-en-1-ylsulfonyl)benzene 1g (0.1 mmol, 22 mg) \)\H:\O,,S\\O
and perfluorohexyl iodide 2b (0.6 mmol, 130 uL). The product 3i was

obtained as colorless oil (57 mg, 84% yield). The characterization of the compound matches with
the data reported in the literature.(54) *H-NMR (400 MHz, CDCl3) § 7.95-7.88 (m, 2H), 7.71-
7.64 (m, 1H), 7.58 (t, J = 7.6 Hz, 2H), 4.26 (ddd, J = 13.3, 8.5, 5.2 Hz, 1H), 3.15-3.08 (m, 2H),
2.99-2.62 (m, 2H), 1.87-1.70 (m, 4H), 1.71-1.60 (m, 1H), 1.56-1.45 (m, 1H); **F-NMR (376
MHz, CDCls) & -80.80 (m, 3F), -111.52 (m, 1F), -114.69 (m, 1F), -121.80 (m, 2F), -122.85 (m,

2F), -123.61 (m, 2F), -126.09 (m, 2F): HRMS calculated for C1sH16F13102S (M-Na): 692.9606,
found: 692.9600.

((7,7,8,8,9,9,10,10,11,11,12,12,12-tridecafluoro-5-
iodododecyl)sulfonyl)benzene (3i). Prepared according to the general

general procedure using 2-(hex-5-en-1-yl)isoindoline-1,3-dione 1h (0.1
mmol, 23 mg) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The
product 3j was obtained as colorless oil (60 mg, 88% yield). The characterization of the compound
matches with the data reported in the literature.(54) *H-NMR (400 MHz, CDCls) § 7.84 (dd, J =
5.5, 3.0 Hz, 2H), 7.71 (dd, J = 5.4, 3.1 Hz, 2H), 4.30 (ddd, J = 16.8, 8.3, 5.3 Hz, 1H), 3.71 (t, J =
7.2 Hz, 2H), 3.00-2.68 (m, 2H), 1.95-1.39 (m, 6H); **F-NMR (376 MHz, CDClz) & -80.87 (it, J =
10.0, 2.2 Hz, 3F), -111.77 (m, 1F), -114.63 (m, 1F), -121.83 (m, 2F), -122.93 (m, 2F), -123.69 (m,
2F), -126.20 (m, 2F); HRMS calculated for C20H1sF13INO> (M-Na): 697.9837, found: 697.9832.

2-(7,7,8,8,9,9,10,10,11,11,12,12,12-tridecafluoro-5- CF I 9
iodododecyl)isoindoline-1,3-dione (3j). Prepared according to the | ° ‘3%92\"!: 'Z:
o

7,7,8,8,9,9,10,10,11,11,12,12,12-tridecafluoro-5-iodododecan-1-ol  (3k). I
Prepared according to the general procedure using 5-hexen-1-ol 1i (0.1 cspn\)\(v)/\OH
mmol, 12 pL) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product 3

3k was obtained as colorless oil (52 mg, 94% yield). The characterization of

the compound matches with the data reported in the literature.(54) *H-NMR (400 MHz, CDCls) §
4.34 (ddd, J =13.4,8.4,5.3 Hz, 1H), 3.68 (t, J = 6.1 Hz, 2H), 3.03 — 2.68 (m, 2H), 1.93 - 1.75 (m,
2H), 1.71 — 1.44 (m, 4H); 19F-NMR (376 MHz, CDCI3) & -80.83 (m, 3F), -111.76 (m, 1F), -
114.67 (m, 1F), -121.80 (m, 2F), -122.86 (m, 2F), -123.65 (m, 2F), -125.57 — -126.96 (m, 2F); ;
HRMS calculated for C12H12F1310 (M-Na): 568.9623, found: 568.9612.

7,7,8,8,9,9,10,10,11,11,12,12,12-tridecafluoro-5-iodododecyl acetate | o
(31). Prepared according to the general procedure using hex-5-en-1-yl CGF13\)\H/\O/U\M
acetate 1j (0.1 mmol, 14 mg) and perfluorohexyl iodide 2b (0.6 mmol, 3 ¢
130 pL). The product 3l was obtained as colorless oil (53 mg, 91% yield). The characterization of
the compound matches with the data reported in the literature.(54) *H-NMR (400 MHz, CDCls) &
4.32 (ddd, J = 13.4, 8.5, 5.1 Hz, 1H), 4.08 (t, J = 6.3 Hz, 2H), 3.02-2.68 (m, 2H), 2.05 (s, 3H),
1.91-1.43 (m, 6H); *F-NMR (376 MHz, CDCls) § -80.85 (m, 3F), -111.63 (m, 1F), -114.68 (m,




1F), -121.83 (m, 2F), -122.89 (m, 2F), -123.66 (m, 2F), -126.17 (m, 2F); HRMS calculated for
C14H14F 1310, (M-Na): 610.9728, found: 610.9723.

12-bromo-1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-iodododecane  (3m).
Prepared according to the general procedure using 6-bromo-1-hexene 1k (0.1 CeFi3

mmol, 14 pL) and perfluorohexyl iodide 2b (0.6 mmol, 130 uL). The product
3m was obtained as colorless oil (58 mg, 95% yield). The characterization of
the compound matches with the data reported in the literature.(54) *H-NMR (400 MHz, CDCls) §
4.40-4.25 (m, 1H), 3.43 (t, J = 6.7 Hz, 1H), 3.27-3.15 (m, 1H), 3.05-2.67 (m, 2H), 2.05-1.59 (m,
6H); °F-NMR (376 MHz, CDCls) § -80.85 (m, 3F), -111.62 (m, 1F), -114.65 (m, 1F), -121.81 (s,
2F), -122.89 (m, 2F), -123.65 (m, 2F), -126.18 (m, 2F); It was not possible to measure the HRMS
(ESI-MS) of compound 3m due to its poor tendency to ionize.

H

12-chloro-1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-iodododecane (3n).
Prepared according to the general procedure using 6-chloro-1-hexene 11 (0.1
mmol, 13 pL) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product
3n was obtained as colorless oil (53 mg, 93% yield). The characterization of
the compound matches with the data reported in the literature.(54) *H-NMR (400 MHz, CDCls) §
4.33 (ddd, J = 13.5, 8.4, 5.2 Hz, 1H), 3.56 (t, J = 6.5 Hz, 2H), 3.05-2.65 (m, 2H), 1.92-1.52 (m,
6H); 1°F-NMR (376 MHz, CDCls) & -80.85 (m, 3F), -111.68 (m, 1F), -114.67 (m, 1F), -121.84 (m,
2F), -122.92 (m, 2F), -123.65 (m, 2F), -126.18 (m, 2F); It was not possible to measure the HRMS
(ESI-MS) of compound 3n due to its poor tendency to ionize.

|
CGF”\)\H/\CI

3

1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-iodo-12-
(octyloxy)dodecane (30). Prepared according to the general 1
procedure using 1-(hex-5-en-1-yloxy)octane 1m (0.1 mmol, 21 mg) C6F13\)\H/\B,
and perfluorohexyl iodide 2b (0.6 mmol, 130 uL). The product 30 was 3
obtained as colorless oil (64 mg, 97% yield). The characterization of the compound matches with
the data reported in the literature.(54) *H-NMR (400 MHz, CDCls) & 4.45-4.24 (m, 1H), 3.51—
3.34 (m, 4H), 3.04-2.68 (m, 2H), 1.95-1.74 (m, 2H), 1.71-1.44 (m, 6H), 1.40-1.20 (m, 10H), 0.88
(t, J = 6.9 Hz, 3H); *®F-NMR (376 MHz, CDCls) & -80.82 (tt, J = 9.9, 2.2 Hz, 3F), -111.82 (m,
1F), -114.61 (m, 1F), -121.81 (m, 2F), -122.88 (m, 2F), -123.66 (m, 2F), -126.17 (m, 2F); HRMS
calculated for C2oH28F1310 (M-Na): 681.0875, found: 681.0870.

(E)-7,7,8,8,9,9,10,10,11,11,12,12,12-tridecafluoro-5-iodododec-5-ene  (3p). |
Prepared according to the general procedure using 1-hexyne 1n (0.1 mmol, 12

pL) and perfluorohexyl iodide 2b (0.6 mmol, 130 pL). The product 3p was CGF“\/Lf«f\o/\(«yMe
obtained as colorless oil (34 mg, 64% vyield, 4:1 E/Z). The characterization of i1
the compound matches with the data reported in the literature.(54) (E)-isomer: *H-NMR (400
MHz, CDCls) & 6.35 (t, J = 14.4 Hz, 1H), 2.66 (t, J = 7.6 Hz, 2H), 1.59 (m, 2H), 1.38 (m, 2H),
0.97 (t, J = 7.3 Hz, 3H). The (Z)-isomer appears at 6.16 ppm; . (E)-isomer: *F-NMR (376 MHz,
CDCl3) 6 -80.82 (t, J = 10.4 Hz, 3F), -105.46 (t, J = 13 Hz, 2F), -121.70 (m, 2F), -122.86 (m, 2F),
-123.30 (m, 2F), -126.17 (m, 2F). The (Z)-isomer appears at — 108.50 ppm; It was not possible to
measure the HRMS (ESI-MS) of compound 3p due to its poor tendency to ionize.




Uv-vis Spectra of starting materials

Photocatalyst, namely am-CN, is the only species that can absorb light at 450 nm. We did not
observe any ground-state association between la and the radical source 2a, because their
combination does not lead to relevant change of the absorption spectra (Figure S12, black line

overlays the red line).
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19F NMR surface relaxivities

Further insights into the relaxation behaviour can be drawn by calculation of surface relaxivities.
In order to do this, we consider the biphasic fast-exchange model. According to this model, fluids
in contact with solid surfaces exhibit NMR relaxation times that can be very different from those
of the same liquid as bulk, which can be described according to:

- = +p1,2§ Equation (S1)

Ti2  Tiz2bulk

The first term is the contribution of the bulk, the second term is the contribution of the surface,
whereby p; , are the relaxivities associated to T2, and 5 is the surface-to-volume ratio. Surface

relaxivities characterise the ability of the surface to facilitate relaxation and are related to the
adsorbate/adsorbent affinity. Assuming cylindrical pores, the expression can be written in terms

of pore diameter as:

L= +p1,22 Equation (S2)

T2 Ti2bulk

Usually the bulk term is much larger than the surface term, hence the approximation:

Equation (S3)

als

1 ~p
~ M1,2
T1,2

Hence, by knowing the typical value of pore diameter d of the solid material it is possible to
calculate p; and p,. The ratio p,/p, = T1/T>.

Values of p, and p,are reported in Table S2, together with single values of T1 and T>. It can be
observed that am-CN has by far the highest p, and p, values among all materials. Differences in
p-, across all samples are much more evident compared to p,. In particular, it can be seen that the
most active samples, am-CN and red-CN, have values of p, which exceeds by far the least active
samples, ox-CN and g-CN. At this point it is worth noting that whilst T1 is more representative of
the overall pore structure, T is more affected by the local surface chemistry (refer to Gladden and
Mitchell, Measuring adsorption, diffusion and flow in chemical engineering: applications of
magnetic resonance to porous media). The results strongly suggest then that the different
preparation conditions of the solids affect significantly the local surface chemistry of the final CN
photocatalyst.

'H NMR relaxation studies of DMF

Additional information into other key surface interactions within the materials studied here were
gathered by 'H NMR Ti/T2 relaxation measurements using the reaction solvent,
dimethylformamide (DMF), as probe molecules. Figure S5 contains a typical data set, which
shows the *H NMR spectrum of DMF adsorbed within the ox-CN catalyst and the corresponding
T> CPMG signal decay. Values of Ty, T2 and T1/T» values for DMF imbibed within the different
photocatalysts are summarised in Table S2. A graphical representation of the measured T1/T»
values can be seen in Figure S6.

By looking at the data obtained, it is possible to identify a clear trend in T1/T> ratio value for DMF
imbibed within the pores of the various photocatalysts, which reflects a trend in strength of
solvent/catalyst surface interactions:

T1/T2 [ox-CN] > T1/T2 [g-CN] > T1/T2 [red-CN] > T1/T2 [am-CN]



It is interesting to note that the observed trend is inverse to that of activity. This implies that
catalysts showing a high affinity for the solvent, that is, a high T1/T> ratio, are those showing the
lowest catalytic activity. This result suggests that solvent inhibition play an important in affecting
catalyst activity, similarly to what has previously been showing in other heterogeneous catalytic
reactions(51) meaning that DMF should have as little interaction as possible with the catalyst
surface, so that it can be easily displaced by the reagent and therefore preventing the blocking of
catalaytically active sites.

Fig. SL.
Representative TEM images of the CN samples.
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TGA analysis of the four materials under air. The combustion temperature onset of all the modified
CN is reduced by ~50 °C as compared to the g-CN, as better observed in the figure inset, where
the weight derivative is shown.
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XPS showing the deconvoluted N1s core level spectra.
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Schematic representation of the VB and CB positions for the four materials with energy values in
eV. RHE stands for Reversible Hydrogen Electrode.
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N2 physisorption isotherms of the four materials, with report of their specific surface area.
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Pore size distribution (inset reporting the maximum of the curve).
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H NMR T1/T relaxation measurements with DMF. (a) T. CPMG spectra of DMF in ox-CN and
(b) the corresponding T> CPMG decay plot for the whole spectrum.
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T4/T> ratio of DMF imbibed within the various CN-based photocatalytic materials used in this
work.
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Recycling tests for reaction producing 3g with am-CN. Photo credit: Francesco Longobardo,
University of Trieste, Italy.
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Uv-vis spectra of trimethoxybenzene (1a), perfluorobutyl iodide (2a) and their combination
(optical length 1 cm).



Table S1. XPS analysis.

Sample C/at% N/ at% 0/ at%
am-CN 43.13 56.87 -
g-CN 42.33 57.67 -
ox-CN 41.94 52.71 5.35
red-CN 45.00 55.00 -
Components derived from fitting analysis.
Sample Core level Component :\l;\dmg Energy / Area / %
C-C 284.80 7.20
C-N 286.22 8.29
c1s C=N-C 288.23 80.80
am-CN pi-pi* 293.69 3.70
C=N-C 398.80 76.50
N1S N-(C)3 400.87 18.05
N-NP 404.49 5.45
C-C 284.80 4.16
C-N 286.11 6.20
c1s C=N-C 288.11 86.11
g-CN pi-pi* 293.59 3.53
C=N-C 398.65 75.98
N1S N-(C)3 400.69 17.60
N-NP 404.32 6.43
C-C 284.80 6.78
C-N 286.04 7.26
c1s C=N-C 288.12 82.70
ox-CN pi-pi* 293.50 3.27
C=N-C 398.67 74.6
N1S N-(C)3 400.68 19.06
N-NP 404.93 6.34
C-C 284.80 5.28
15 C-N 286.36 13.52
C=N-C 288.14 76.89
red-CN pi-pi* 293.79 431
C=N-C 398.59 86.76
N1S N-(C)3 401.18 9.59
N-N 404.66 3.65




Table S2. Elemental analysis of the four CN materials.

Sample C (%) N (%) H (%)
am-CN 34.52 59.85 1.640
g-CN 34.67 61.36 1.720
red-CN 34.42 60.66 1.740
0x-CN 33.96 59.87 1.780

Table S3. Rates of production (per gram of catalyst and per square meter of catalyst) for reaction
generating product 3a.

Photocatalyst (0.35% w/v)

OMe K,CO5 (1 equiv.) OMe
Argon atmosphere C4Fg
+ C4F9_|
MeO OMe DMF [0.25 M], MeO OMe
24 hours
1a 2a BLUE LEDs (450 nm) 3a
1 equiv. 6 equiv. ambient temperature

Entry Photocatalyst Yield 3a Rate of Production

(mmolza g h™)  (mmols, m2h)

1 g-CN 20% 0.46 0.027
2 0x-CN 10% 0.23 0.030
3 red-CN 90% 2.08 0.166
4 am-CN >99% 2.32 0.122



Table S4. Values of %F NMR Ti, T2, T1/T2 and surface relaxivities, p1 and p, of different moieties
of perfluorohexyl iodide within different photocatalysts.

Sample NMR T1 T T/ T p1 p2
peak [ms] [ms] [-] [nm/s] [nm/s]
CF2l 1124+33 |323+9 [3.48+0.17 |9.35%+0.28 |32.55+0.98
g-CN (CF2)s | 1190+35 |417+12 |2.86+0.14 |8.82+0.26 |25.20+0.75
CFs 1163+34 |455+12 |2.56+0.13 |9.01+0.27 |23.10+0.69
ox-CN (CF2)s | 1250+37 |385+11 |3.25 +0.16 | 14.40 +0.43 | 46.80 + 1.40
CFs 1235+36 |435+13 |2.84+0.14 | 14.58 +0.44 | 41.40 +1.24
CF2l 1149+34 |147+4 |7.82+0.39 |16.10+0.48 |124.10 +3.72
red-CN (CF2)s | 1149+34 |196+5 |5.86+0.25 |15.88+0.47 |93.08 +2.79
CF3 1176 +35 |204+5 |5.76+0.29 |15.51+0.46 |89.43 +2.68
am-CN (CF2)a | 1010+29 [159+4 |6.36+0.32 |29.21+0.87 |185.85%5.55
CFs 1053+31 |164+4 |6.42+0.33 |28.03+0.84 |179.95+5.93

Table S5. Values of *H NMR Ti, T, and T1/T, of the DMF solvent within different photocatalysts.

ox-C3N4

red-C3Nja

am-CsNg

65320

1722 + 52

1929 + 58

Sample T1 T2 T1/ T2
[ms] [ms] [-]
g-CsNg4 2133+64 |(424+13 |5.03+0.15

96 +3

377 +11

496 + 15

6.80+0.20

4,57 £0.14

3.8910.12

* Relative errors are in the range 3-5%; for bulk DMF T1 = T, = 3501 ms.



Table S6. Comparison of the photocatalytic activity with different LED wavelengths for the
production of 3a with the four catalysts.

OMe PHOTOCATALYST (0.35% wiv) OMe
K2C0O5 (1 equiv.), Argon atmosphere C4Fg
+  C,Fg—I
MeO OMe DMF [0.25 M], MeO OMe
24 hours
1a 2a LEDs (nm) 3a
1 equiv. 6 equiv. ambient temperature
Entry Photocatalyst LEDs (nm}) Yield
1 g-CN 450 20%
2 g-CN 395 17%
3 0x-CN 450 10%
4 0x-CN 395 13%
5 red-CN 450 90%
6 red-CN 395 87%
7 am-CN 450 >99%
8 am-CN 395 98%



Table S7. Comparison between the activity of photocatalyst am-CN with other reported
photocatalysts for production of compound 3k. Photo credit: Francesco Longobardo, University
of Trieste, Italy.

Yield of Product 3k [mmol]
Rate of Production [mmolh™' g'] =

Reaction Time [hours] x Weight of Photocatalyst [g]

am-CN_
RFRFRF |
F
FFFF
F 3k
16.79 mmol h™' g
Selected Photocatalysts
S
NN Ru[(bpy)s]Cl,
o o}
693 mmol h' g 260 mmol h' g
ChemPhotoChem 2019, 3, 193-197 J. Am. Chem. Soc. 2012, 134, 8875-8884

o
~o
1.45 mmol h™' g 2.92 mmolh™' g
Angew. Chem. Int. Ed. 2014, 53, 12064-12068 Chem. Commun. 2017, 53, 1591-1594
1\ HaN NH,
N 8 |
HoN NH,
N 0" o
I\ amine-rich N-doped carbon
nanodots (NCNDs)
1.70 mmol h' g 0.97 mmol h™' g

Chem. Commun. 2018, 54, 10044-10047 Chem. Eur. J. 2019, 25, 16032-16036



Table S8. Limitation of the reported photochemical transformation using catalyst am-CN.

3q: 25% vyield
complex mixture of products

©/CGF13

3s: 0% yield

slullS am-CN (0.27% wiv)
Argon atmosphere
1o-r + 2b ] 3g-t
1 equiv. 6 equiv. K2CO;3 (1 equiv.)
(0.1 mmol) DMF [0.25 M]
BLUE LEDs (450 nm)
ambient temperature
24 hours
OMe I
CeF13 : :CGF13

3r: 19% yield
(cis/trans 1:2)

CeF13

3t: 0% vyield

Table S9. Photocatalytic tests with different radical precursors with higher redox potential.

Limitations
am-CN (0.27% wi/v) X
Argon atmosphere
WOH + X 9\)\/\/\
58 K»COs (1 equiv.) OH
1i DMF [0.25 M] 5
1 equiv. 6 equiv. BLUE LEDs (450 nm)
(0.1 mmol) ambient temperature
24 hours
Radical Precursors
F
@x 0o o
o} F. |
\\S\\/\I /\OMO/\ gi cl
© o Br cl F F
4a 4 4c F o4
0.0
Q ' Br ¢
/\)\/\/\ 0, C'j\/K/\/\
o OH OH Cl OH
0 o]
5a: 0% yield r 5h: 0% yield 5c: 0% yield
F
F. F
|
F OH
F
5d: 0% vyield
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