


1 General information.

All the chemicals and solvents used floe synthesis ofl and1l were commercially available and used

as received. The solvents used tfeg irradiations(GC or HPLC grade purity), as well as,C8s; and
K>S0, were likewise commercially available and used as received (except for diethyl ether, which
was passed throgh alumina anddistilled prior to use)Dichloromethane (GC grade purity) was

previously dried on Cagl

'H and™*C NMR spectra were recorded on a 300 MHz spectrometer. Attributions were made on the
basis of'H and**C NMR, as well as distortionless enhanment by polarization transfer (DERT35
experiments; chemical shifts are reported in ppm downfield from tetramethylsilane (TMS).
Photochemical reactions were carried out by using nitrogeroxygen purged solutions in quartz
tubes. Irradiations were germed in a multilamp reactor fitted with 205 W phosphotcoatedHg

lamps (emission centered 310 nm) for irradiation.In selected casethe process have been also

performed byexposinga Pyrex vessetontainingthe reaction mixturg¢seeFig. S1)°*52

to solar light

(in July 2017 on a window ledgef the Department of Chemistry of the University of Pavia

Flow photochemical reactions were performed in a photocheflogalreactor(see Fig S1) equipped

with a watercooled 500 W medium pressure mercuamp. All the tubing used in this work are made

of Fluorinated Ethylene Propylene (FEP, outer diameter: 3.18 mm; inner diameter: 2.1 mm; reactor
volume: 50 mL) Injection of the solutions and flow rate control were achieved by a syringe Fump

The reaction course was monitored by gas chromatographic (GC) analyses andayrin
chromatography (TLC). GC analyses were carried out by means of a gas chromatograph agtnpped

a FID detector. A 30 m I 0.25 mm I 0.25 e&m cap
nitrogen as carrier gas at 1 mL mirThe injection in the GC system was performed in split mode and

the injector temperature was 250 °C. The GC oveampé&ature was held at 50 °C for 2 min, increased

to 250 °C by a temperature ramp of 10 °C Trémd held for 20 min.

GC-MS analysis were carried out using a single quadrupole GC/MS system. A 30 m x 0.25 mm x 0.25
em capillary col umrepamtorswith sk asfcariier gasnaa 1 ngLtfembe s
injection in the GC system was performed in split mode and the injector temperature was 250 °C. The
GC oven temperature was held at 50 °C for 2 min, increased to 250 °C by a temperature ramp of 10 °C
min™? and held for 20 min. The transfer line temperature was 270 °C and the ion source temperature

250 °C. Mass spectral analysis was carried out in full scan mode.
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The formation of fluoroform (CHJf when irradiatindl in the presencdor in the absence)f denzene
was detected by FIR measurements on the hesmhce of the solution performed in a chamber with
NaCl windows(seeSection 5)

Fig. S1.Pyrex vessel used for solar irradiations (left) and flow photaseaxperimental setup (right)



2 Syntheses of trifluoromethylating agents 11 and 1-CN.

Synthesisof N-(4-acetylphenyl)1,1,Xtrifluoro -N-[(trifluoromethyl)sulfonyllmethanesulfonamide
(1).

Compoundl was synthesizetly following a known procedur& To a cooled

O\\C/ solution €78 °C) of 44aminoacetophenonk cand triethylamine (30 equiv)
in dry dichloromethane, trifluoromethanesulfonic anhydride &yjdiv) was
1 added dropwise under nitrogen atmosphere. The mixture was kept under
O\\ N //O stirring at-78 °C for 1 h, allowed to warm to room temperature and then
F,C™ 2 < CF, further stirred for anothehour. The resulting mixture was treat&dth
00

agueoussaturated NaHC®Oand the crude residue was purified by column
chromatographyto afford 1 as a white solid (83% vyieldn.p. = 8789°C).>* Spectroscopic data df
werein accordance with the literatut@Anal. Calcd for GoH/FsNOsS,: C, 30.08; H, 1.77; N, 3.51.
Found: C, 30.3; H, 1.8; N, 3.5.

Synthesis ofN-(4-acetylphenyl)1,1,k-triffluoromethanesulfonamide (1 )

Compoundl was synthesizeby following a known procedur& To a cooled solution
(-78 °C) of 4 @aminoacetophenong gaqad triethylamine .1 equiv) in dry CHCls,
1 trifluoromethanesulfonic anhydride {1equiv) was added dropwisander nitrogen
atmosphereThe mixture was stirred a8 °C for 2 hand thenallowed to warm to
O\\ _NH room temperatureThe obtained mixture wasansferred in a separatory funnel and
FsC” \b guenched with water. The aqueous layer was extracted wigclgahd thereunited
organic phases wemashedwith aqueous NaOH. Thesultingaqueous phasgas theracidified at0
°C to pH 20 (by adding aqueous HCI 18%intil 1 precipitated as white solid(70% vyield m.p. =
139-142°C)>* No further purificationwas needed. Spectroscopic data aferein accordance with the
literature>* Anal. Calcd for GHgF3NOsS: C, 40.45; H, 3.02; N, 5.24. Found: C, 40.4; H; B, 51.



Synthesis ofN-(4-cyanophenyl}1,1,Xtrifluoro -N-[(trifluoromethyl)sulfonyllmethanesulfonamide
(1-CN).

Compoundl was synthesized following the same procedure employed for the

CN synthesis ofl.>* To a cooled solution-{8 °C) of 4aminobenzonitrile (14
1-CN g, 10 mmol), triethylamine (4.0 mL, 30 mmol) in dry &Hb (35 mL) under
nitrogen atmosphere, trifluoromethanesulfonic anhydride (3.6 mL, 21 mmol),
R N » was added dropwise. The mixture was kept under stirring&t’C for 1
FsC ™y & "CFs

hour, allowed to warm to room tem@ature and then further stirred for
another hour. The resulting mixture was diluted with 80 mL of dichloromethane and washed with
saturated aqueous NaHg(3x30 mL) and brine (3x30 mL). The organic layer was then dried over
N&SO, and the solvent was evamated. The crude residue was thus purified by column
chromatography (eluant: cyclohexane/ethyl acetate, 95:5), affodd@y as a white solid (1.91 g,
50% yield m.p. =64-65°C). *"H NMR (CDCkL)  790-7.50 (AA@®Basystem, 4Bl *C NMR (CDC})

U 135.7 133.8 (CH), 132.1(CH), 118.6 (q, CR, J = 323 Hz),117.3, 116.6] R ( KBT):;,2926,/ ¢ m
2231, 1493, 122358. Anal. Calcd for GH4FsN2O,4S;: C, 28.28 H, 105, N, 7.33 Found: C283; H,

11;N, 7.4



3 UV -visible absorption spectra.

1.0 -

0.9 4 0. _CH,
1 : CH.CI
0_8_ 2 2
1 1 Ty ——CH.CN
0.7 1 ]
0.6+ 0
] 87 sl
0.5 1 FsC 5@ CFs
0.4
0.3
0.2
0.1

0.0+

Absorbance

T T T T T T T T T T T T T T T T 1
250 275 300 325 350 375 400 425 450

Wavelength / nm

Fig. S2.UV-visible spect of sulfonimidel (5.0x10° M) in dry dichloromethanand dry acetonitrile
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Fig. S3.UV-visible spect of sulfonimidel (2.4x10? M) in dry dichloromethanand dry aetonitrile
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Fig. S6. UV-visible spectra ofsulfonimide 1-CN (5.0x10°M) in dry dichloromethane ah dry

acetonitrile.

Table S1.UV-visible absorption maxima (with the corresponding molar extinction coefficients) for

compoundd, 1 end1-CN.

Compound Solvent amax / nm o/M*tem?
dry CH,CI 240 17685
. Y ? 281 1492
dry CH:CN 239 18126
Y 280 1652
254 17612
dry CH:Cl, 310 592
1a
254 17681
dry CHCN 309 1011
274 1007
dry CHCl, 283 874
1-CN
275 1508
dry CHCN 282 1407




4 Irradiation of 1 in dry dichloromethane.

A 0.024 M solution of sulfonimidd in deaerated dry dichloromethane was irradiatedrforeasing
times in a quartz tube in a multamp reactor equipped with 10x15 W phospboated lamps
(emission centered at 310 nm). After irradiation, the distribution of photoproducts was examined by
GC analysisd , aTriffuorotoluene was used as internal standard). This experiment was performed to

evaluate the time needed to have total consumptidrantil (see Table S2).

Table S2.Irradiation of sulfonimidel in neat dry dichlorometharie.

O\\C/ O\\C/ O\\C/
hv (310 nm)
3 +
dry CH2C|2
O\\ _N_ /,O N, sat. O\\S/NH NH,
FsC Ny "CFs FaC %
1 1 1"
(0.024 M)

Irradiation time/ h ~ Consumption oL [%]° 1 gield [%]° 1 'yield [%]°
2 49 29 10
4 75 33 25
8 100 23 48
12 100 0 64

& Sulfonimide 1 was dissolved in 3.0 mL of nitrogen satured dry dichloromethane
irradiated in a quartz tub®Gas Chromatography (GC) yields referred to the initial am

of 1.a , aTriffluorotoluene was used as internal standard.




5 Headspacd-T-IR analysis.

10 mL of a solution of sulfonimidd (0.024 M) and benzenge (0.030 M) in deaerated dry
dichloromethae was irradiated for 12ih a sealed 15 mL quartz tube in a nHdiinp reactor equipped
with 10x15 W phosphecoated lamps (emission centered at 310 nm). After irradiation thespead

of the sample was examined imeans ofT-IR analysis. In detail #1 gaseous phase was driven by a
cannula in a sealed chamber with NaCl windows. Then -#éRF3pectrum was measured across this
chamber and the revealed peaks that were attributed te &@tdFSQ (Fig. S7).5*®

100.72
%7
X
Q |
Q
c
©
-
=
£
[7)]
5 |
£
" 3
L
i e
CHF
5.52 T T T t T % T
3500 3000 2500 2000 1500 1000 cm

Fig. S7. FT-IR spectrum of th headpace ofan irradiated solution of (0.024 M) and benzenge
(0.030 M) in dry dichloromethane.
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6 Comparison between sulfonimides 1 and-CN.

With the aim to find alternative electrgnoor sulfonimides for the trifluoromethylation of aromatics we
compare theefficiency of1 or 1-CN in thetrifluoromethylation of2a. We usedhe same experimental
condition described in Table 1, entry 7 (the optimized conditions). Thus 0.024 M solutions of
sulfonimidesl and1-CN in deaerated dry dichloromethane were irradifded 2 hin a quartz tube in

a multtlamp reactor equipped with 10x15 W phospboated lamps (emission centered at 310 nm) in
the presence of 1.dimethoxybenzen2a (0.030 M). After irradiation, the yield of trifluoromethylated

3a was determined by GC alysis @, atriflaorotoluene was used as internal standard). The
experiments shogdthat, in the optimized experimental conditiohgerformedbetter than the cyano
derivativel-CN (see Scheme S1).

FG OMe OMe
hv (310 nm)
+ —_—
dry CH2C|2
CF,
O\\ /N\ //C) OMe N2 sat. OMe
FsC”~ O d “CF,4 2a 33
GC yields %
1, FG = COCHj4 87
1-CN, FG=CN 46

Scheme S1Trifluoromethyation of2ato 3a by sulfonimidesl and1-CN.
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7 Optimization of flow photoreactions conditions.

General procedure.

The optimization of the flow conditions was performed by investigating the reaction behaed2a

to give the trifluoromethylad 3a as the model reaction. We considered dry acetonitrile and dry
dichloromethane as the solvents since these media gave the best results under batch conditions (set
Table 1). In the case of reactions performed in acetonitrile, the solvent was remdeedaduced
pressure from the photolyzed solution. Then, in both cases dichloromethane was added to the obtained
sample (20 mL for reactions done in dichloromethane, 30 mL when acetonitrile was employed). The
resulting solution was washed sequentially vgitturated aqueous NaHg@x10 mL), water (10 mL)

and brine (2x10 mL). The organic layer was then dried ove8@®gand the solvent evaporated under
reduced pressure. The crude product purified by sjela column chromatography (eluant:
hexane/ethyl adate 95:5). The obtained isolated yieldsBafare resumed in Table S3.

As concerning the optimization of the reaction conditions, we initially modified the concentragian of
keeping constant the molar rafifato 0.8. However, when increasing the cemication from 0.03 M

to 0.06 M in dichloromethane, trifluoromethylating agehtsxd1 were not completely consumed and
conversion oRawas only the 74%. A similar experiment could not be performed in acetonitrile due to
the lower solubility ofl and2ain this solvent.

We then compared the yields 84 obtained from the irradiations acetonitrile and dichloromethane,

(2a= 0.03 M was used in both cases). We observed that functionalizatRkmt@dk place in a more
efficient way in acetonitrile rather than in dichloromethane, thus the former solvent was used for the
following reactions

No improvement of the process was observed when we modified the chosen flow rate from 10 mL/hour
to 20 mL/hour since we detected significant amounts of unreade@edl after the photolysis.

Thus, the conditions highlighted in bold in Table S3 were chosen.
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Table S3. Optimization of the reaction conditions for the trifluoromethylation of -1,4

dimethoxybenzen2a underflow conditions?

© © ..,',)_)J,):, N

OMe
F3C O O/ CF3 2a 3a
1
Solvent Conc.2a®/ Flow ra}e/ Convlersion Con\zearsion 3ayield 1 andl g a
2 ore . of1C
M mL h [9%]° [96]° [%0] yield [%]

dry CHCl, 0.03 10 100 93 77 1 o7@
dry CHCl, 0.06 10 80 74 62 1,001;1 o538
dry CH3CN 0.03 10 100 100 84 laa, ¢
dry CHsCN 0.03 15 89 75 66 1,000;1 g6
dry CHCN 0.03 20 83 72 60 1,012;1 g5

% Irradiated volume: 10 mL. Irradiation performed iffBP photoreactor equipped with 500 W medi

pressure mercury lamp (total volume: 50 mP)Molar ratio betweenl ard 2a = 0.8. ¢ Gas

Chromatography (GC) yields referred to the initial amoaint. a , aTriBuorotoluene was used ¢

internal standardGas Chromatography (GC) yields referred to the initial amofi2&. ¢Isolated yield

after column chromatography pfication.
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8 Photochemical trifluoromethylating reactions.

General Procedure for the batch photochemical trifluoromethylation of aromatics and

heteroaromatics.

A dry dichloromethane solution (15 mL) afrapoundl (144 mg, 0.36 mmol, 0.024 M) and theosen
aromatic Ra-m; 0.45 mmol, 0.03 Mwas poured in a quartz tubeapped witha septum andpurged

for 5 min with nitrogen.The tube waghenirradiated for 12 h in a multamp apparatus fitted with

10x15 W phosphecoated lamps (emission centered3d0 nm) until the complete consumption of

both 1 and 1 .gln selected cases the irradiation walso performedby exposinga Pyrex vessel
containing the reaction mixtute solar light (in July2017) on a window ledgef the Department of
Chemistry (Pavia) In each case, e photolyzed solution was then diluted with 20 mL of
dichloromethane and washed sequentially with saturated aqueous N&B¥10 mL), water (10 mL)

and brine (2x10 mL). The organic layer was then dried oveB@®gaand the solvent was evajated

under reduced pressure (being careful of volatile products). The crude residue was thus purified by

silica-gel column chromatographyr by distillation.

General Procedure for the flow photochemical trifluoromethylation of aromatics and
heteroaromatics.

A solution ofthe compoundl (96 mg, 024 mmol, 0.024 M) and the chosen aroma#fle, (2d, 2, 2;

0.30 mmol, 0.03 M) in dry acetonitrile (10 mLas charged in a polypropylene syringe and pumped
through the flowirradiating apparatus with a flow ratef 10.0 mL/h. The solvent was then removed
under reduced pressure from the photolyzed soluB86nmL of dichloromethane were addexthe
obtained residuand the resulting solution wagashed sequentially with saturated aqueous NafHCO
(3%x10 mL), water 10 mL) and brine (2x10 mL). The organic layer was then dried ove®{and the
solvent evaporated under reduced pressure (being careful of volatile products). Theradudevas
thenpurified by column chromatograpligluant: hexane/ethyl acetate nuises).
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Compounds synthesized by photochemical trifluoromethylations

1,4-Dimethoxy-2-(trifluoromethyl)benzene (3a). From 62 mg of 1,4

3a QMe CF, dimethoxybenzene2f). Purification of the residue by column chromatography
(eluant: hexane/ethyl acetate 95:5pated75 mg of 3a as a colorless liquith
81% vyield(using 310 nm radiation sourcdhe same reaction carried ayion
OMe sunlight exposre (6 h x 3 days) and under continuous floanditionsgave3a

in 79% and 87% yield, respectivef{4-NMR (CDCkL)® ti: 7.12 (d, 1HJ = 3 Hz), 7.02 (dd, 1H]) = 3
and 9 Hz), 6.9 (d, 1H,J = 9 Hz), 3.86 (s, 3H), 3.80 (s, 3HJC-NMR (CDCl;)*® i 153.1, 151.7, 123.6
(q, CR, J = 271 Hz), 119.6 () = 31 Hz), 118.3 (CH), 113.8 (CH), 113.0 (q, CHz 5 Hz), 56.8
(CH3), 561 (CHg) . | R (R:E938, 150%, 180, 1053, 728. Anal. Calcd feHE:0,: C,
52.43; H, 4.40. Found: C, 52.5; H, 4.3.

1,3,5Trimethoxy -2-(trifluoromethyl)benzene (3b). From 76 mg of 1,3,5
trimethoxybenzene 2{). Purification of the residue by cohn

OMe

CF
3b 3
chromatography (eluant: hexane/ethyl acetate 9:1) aff@®@edg of 3b as a

MeO OMe  \hite solid(85% yield, m.p. = 5&0°C, lit. = 5153°C)S 'H-NMR (CDCk)¥
U 6.12 (s, 2H), 3.83 (s, 9H)*C-NMR (CDCl)*’ t: 163.6, 160.5, 124.5 (q, GR = 272 Hz), 100.4d
J=29 Hz), 91.3 (CH), 56.3 (CJ}{55.5 (CH) . | R ( %:R956, 1640, X108, 102817. Anal.
Calcd for GoH11F30s3: C, 50.85; H, 4.69. Found: C, 50.8; H, 4.7.

1,3,5Trimethoxy -5-methyl-4-(trifluoromethyl)benzene (3c). From82 mg of
CF; 3.45trimethoxytoluene (2c). Purification of the residue by column

CHj;

3c
chromatography (eluant: hexane/ethyl acetate 9:1) affd88edg of 3c as a

MeO OMe . jorlessliquid in 85% yield."H-NMR (CDCL)® i 649 (s, 1H), 3.89 (s, 3H),

OMe 3.87 (s, 3H),3.84 (s, 3H), 2.40 (g, 3H] = 3 Hz). *C-NMR (CDCL)® &
156.3 153.5 (q,d = 2 Hz),141.0133.2 (q,J = 2 Hz),125.0 (q, CR, J = 272 Hz), 15.5(q, J = 29
Hz),110.8 (CH), 61.8 (CHs), 60.8 (CH), 56.0 (CH), 125.0 (, CH, J=4Hz) | R ( KB®):® 3/ cr
2044, 1598 1305,1111, 1014, 840. Anal. Calcd for GiH1sFsO5: C, 52.8Q H, 5.24 Found: C, 87 H,
5.2
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1,2,4,5Tetramethyl-3-(trifluoromethyl)benzene (3d). From 60 mg of durene
CF, (2d). Purification of the residue by column chromatography (eluant: hexane)
3d afforded55 mg of3d as a whie solid, using 310 nm radiation sour&1%
yield, m.p. = 3740°C, lit. = 3536°C)> The same reaction carried aupon
sunlight exposuréé h x 3 days) and under continuous flow conditigage3d
in 62%and 80%yield, respectively'H-NMR (CDCk)™ t: 7.09 (s, 1H), 2.32 (q, 6H,= 3 Hz),2.26 (s,
6H). *C-NMR (CDCls) U: 135.2, 134.7 (CH), 133.6 (4,= 2 Hz), 128.2 (qJ = 27 Hz), 126.5 (q, GF
J=274 Hz), 20.7 (Ch), 16.8 (g, CH,J=5Hz).I R ( K B™):,2924, 13171104, 1016, 720. Anal.
Cdcd for G1H13F3: C, 65.33; H, 6.48. Found: C, 65.5; H, 6.6.
1,3,5Trimethyl -2-(trifluoromethyl)benzene (3e) and 1,3,5
CF, trimethyl -2,4-bis(trifluoromethyl) benzene (8-bis). From 63

+ eL (54 mg) of mesitylene(2€). Purification of the residue by
distillation & reduced pressure (25 torr, 80 °&fjorded65 mg
CF . - :
CFs 3 of a colorless liquid containing 1,3,5trimethyk2-
3e 3e-bis

(trifluoromethyl)benzene(3e, 51 mg, 60% yield) and2,4
bis(trifluoromethyl}1,3,5trimethylbenzene 3e-bis, 14 mg, 12% vyield). 3e: *H-NMR (from the
mixture, CDCls)>° t: 6.90 (s, 2H), 2.44 (g, 6H, J = 3 H2), 2.30(s, 3H). **C-NMR (from the mixture,
CDCly)% &i: 141.0, 1374 (q, J = 2 Hz), 131.0 (CH), 1264 (q, CFs, J = 274 Hz) 1249 (q, J = 28 Hz),
214 (g, CHs, J = 4 Hz),21.0 (CHsy). 3e-bis: *H-NMR (from the mixture CDCL)*™ &: 699 (s, 1H),
2552.45 (m, 9H). *C-NMR (from the mixture, CDG)*™ U: 1403, 138.9138.8 (m) 134.6 (CH),
1279 (q, J = 28 Hz),125.6 (q, CR, J = 274 Hz),22.2(q, CHs, J = 5 Hz), 1758-17.36(m, CHy). IR of
t he mi xt ur'e2982K®&e, 129%, 11¢1m1040, 853.

(Tri fluoro methyl)benzene(3f). From40 L (35 mg) of benzend?2f). After the
3f @CFC& basic workup the dichloromethane solution containBfgvas directly analyzed
by gas chromatography ar8f was quantified by comparison win aithentic commercial sample
(dodecane was added to this solution as an internal standard). GC 3iéld: 7
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1-[2,4,6-trimethyl -3-(trifluoromethyl)phenyl]lethanone (3g). From 287 mg

(0.72 mmol, 0.048 M) ot and75¢L (73 mg) of2 a , -trimeth§lacetophene

(29). Irradiation lasted 42 h until total consumption1dt @nd 2g. Column
39 chromatographyof the obtained crudeesidue (eluant: hexane/ethyl acetate
95:5) afforded77 mg of 3g as a colorless liquid in 7% vyield. *H-NMR
(CDCl;)® Ui 6.94(s, 1H),2.46(s, 3H),2.44 (g, H, J = 3 Hz),2.32 (g, 3HJ = 3 Hz), 2.21 (s, 3H)"*C-
NMR (CDCly)™® t: 207.8, 142.7137.7 (qJ = 2 Hz), 135.4132.4(CH), 132.1 (9,J = 2 Hz),126.0 (g)
=28 Hz) 15.9(q, Ck, J =274 Hz),32.6(CHg), 21.8(q, CHs, J=5 Hz) 191 (CHs), 17.5 (g, CH, J
=4Hz) | R ( KY%292, 2702 1801, 1254113, 1070Anal. Calcd for GH;4F50: C,62.6Q
H, 5.69 Found: C62.8 H, 5.5.

CF5

3,4-Ethylenedioxy-2,5-bis(trifluoromethyl)thiophene (3h-bis). From

o] 0] 48 ¢L (64 mg) of 3,4-ethylenedioxythiopheng€2h). Purification of the

3h-bis /Z—ﬁ\ residue (eluant: hexane/ethyl acetate 95:5) affoifflechg of3h-bis as

FsC™>g” “CF3 3 colorless liquid in 59% yieldH-NMR (CDCl) U: 4.36 (s, 4H)2C-

NMR CDCh) &: 141.6141.4 (m), 121.6 (g, GFJ = 268 Hz), 106.9 () = 40 Hz), 64.8 (Ch). *°F-

NMR (CDCk) G -59.3 (s, &). IR (KBr, 3%): 4586, 1314, 1142, 1063, 924 Anal. Calcd for
CgH4Fs0,S: C, 34.54; H, 1.45. Found: C, 34.5; H, 1.6.

3,4-Ethylenedioxy-2-(trifluoromethyl) thiophene (3h) and

O O 3,4-ethylenedioxy-2,5-bis(trifluoromethyl) thiophene (3h-

0] (0]
ﬂ ¥ M bis). From 90 mg (0.22 mmol, 0.015 M) @éfand48 L (64
FsC™ g F3C~ g~ ~CF,
3h

3hobis mgq) of 3,4-ethylenedioxythiophengh). Irradiation lasted 6 h

until total consumption of and 1 .oPurification of thecrude
residue (eluant: hexane/ethyl acetate P@8orded 47 mg of a colorless liquictontaining 3,4-
ethylenedioxy2-(trifluoromethyl)thiophene (3h, 25 mg, 26% yield) and3,4-ethylenedioxy2,5
bis(trifluoromethyl)thiophené3h-bis, 22 mg, 18% yield)3h:'H-NMR (from the mixture, CDG)** i
6.49 (s, 1H), 4.31-4.29(m, 2H), 4.244.21(m, 2H). *C-NMR (from the mixture, CDG)*>* i 142.1 (q,
J=4Hz) 141.5 12.4 (q, Ck, J=266Hz), 104.5(q, J = 39 Hz), 102.2 (CH), 65.1CH,), 64.4(CH,).
YF.NMR (form the mixture,CDCl;) U: -58.5 (s, B). IR of the  mi xt ur e ): (1508 11445, 3 / ¢ m

1314, 1177, 1073, 940, 91GC-MS of the mixture revealeivo peaks, one belonging & and one to
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3h-bis. 3h (m/z): 210 (M, 88), 195 (20), 181 (7), 164 (45), 113 (17), 85 (12), 69 (27), 45 (36), 28
(100). 3h-bis (M/2): 278 (M', 100), 259 (26), 232 (49), 212 (16), 184 (22), 137 (31), 122 (28), 113
(73), 94 (33), 69 (20).

2,4,6 Trimethyl -3-(trifluoromethyl)pyridine  (3i). From 59 €L (54 mg) of
3i Z CF3 2,4,6trimethylpyridine @i). In the present case the photolyzed solutiors wa

\N washed using saturated aqueous,Q& (3x10 mL) instead of NaHCO
Purification of the residue by column chromatography (eluant: hexane/ethyl
acetate 9:1) affordeB0 mg of 3i as a colorless liquith 59% vyield.'H-NMR (CDCL) U: 6.88 (s, 1H),
2.87 (9, #, J = 3 Hz), 2.50 (s, 3H), 2.44 (q, 3d,= 3 Hz).**C-NMR CDClk) U: 159.8, 156.4, 146.7,
125.5 (g, CE, J = 273 Hz), 124.1 (CH), 120.7 (4= 30 Hz),24.3 (q, CH, J = 4 Hz), 24.0(CHs), 20.8
(0, CHs, J = 4 Hz) F-NMR (CDCl) U: -58.4 (s, B). IR (KBr,  3Y): 2928,159%8, 1296 1116, 1038

Anal. Calcd for GH10F3N: C,57.14 H,5.33; N, 7.40Found: C, 3.0, H,5.4; N, 7.3

) CF 2,6-Dimethoxy-3-(trifluoromethyl)pyridine (3j). From59¢L (62 mg) of 2,6

3j ~ : T :
/(I dimethoxypyridine 2j). In the present case the pHgiaed solution was

MeO” N~ “OMe washed using saturated aqueous,®@ (3x10 mL) instead of NaHCO
Purification of the residue by column chromatography (eluant: hexane/ethyl acetate 95:5) afforded
59mg of 3] as a colorless liquigh 64% yield (using 310 nm radiation sece) The same reaction
carried outuponsunlight exposurés h x 3 days) and under continuous flow conditigage3j in 60%
and 82% vield, respectivelJH-NMR (CDCL)® t: 7.72 (d, 1HJ = 9 Hz), 6.32 (d, 1HJ = 9 Hz), 4.02
(s, 3H), 3.96 (s, 3H)*C-NMR (CDCl5)® t: 165.3, 160.6, 138.9 (q, CH= 4 Hz), 123.9 (q, CEJ =
268 Hz), 104.5 (g) = 34 Hz), 100.9 (CH), 54.0 (G)] 53.9 (CH) . | R ( K:R956, 1606, c m
1473, 13141027, 817 Anal. Calcd for @HgF3sNO,: C, 46.38; H, 3.89; N, 6.76. Found; 46.3; H, 3.7;
N, 6.8.

3k /CF3 2-Methyl-1-(trifluoromethyl) -1H-imidazole (3k). From 37 mg of 2methylimidazole

N (2k). In the present case the photolyzed solution washed using saturated aqueous
[N/>— NaCOs (3x10 mL) instead of NaHCHO Purification of the residuby distillation at
reduced pressure (25 torr, 85 °C) afforditing of 3k as a colorlessiquid in 69%

yield. 'H-NMR (CDCh) & 7.28 (d, 1H,J = 3 Hz),7.04 (d, 1H,J = 3 Hz), 2.64 (s, 3H)**C-NMR
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CDCl) U 146.1, 129.7 (CH), 120.4 (CH), 119.3 (q,5CF= 321 Hz), 15.2 (CH). "*F-NMR (CDCL)
U -787 (s, F). IR (KB r , 315651425, 1393, 1233, 1041, 982, 736. Anal. Calcd fbiEfSN,:
C, 40.01; H, 3.36; N, 18.66. Found: C, 40.0; H, 3.3; N, 18.8.

1,3, #Trimethyl -8-(trifluoromethyl) -3,7-dihydro-1H-purine-2,6-

instead of NaHC@ Purification of the residue by column

O
3l ~N N/ dione (3l). From 87 mg of caffeine 2I). In the present case the
&J\ | />—CF3 photolyzed solution wawashed usind 0% aqueous NaOH (3x10 mL)
0 ITJ N

chromatography (eluant: hexane/ethyl acetate 9:1) aff@8aag of 3| as a white solidusing 310 nm
radiation sourc€58% vyield, m.p. = 12@28 °C, lit. = 131133°C)>® The same reaction carried out
uponsunlight exposuré6 h x 4 days) and under continuous flow conditigage3l| in 57% and 75%
yield, respedtely. *H-NMR (CDCL)** t: 4.16 (g, 3H, J = 1 Hz),3.59 (s, 3H), 3.42 (s, 3H)."*C-NMR
(CDCL)®* & 1556, 151.5, 146.7139.1(q, J = 40 Hz), 118.3(q, CR, J = 269 Hz), 109.8 33.3(q,
CHs, J=2 H2), 30.0(CHs), 28.3 (CH). | R ( K'B171Q 1667 tl1@#g 1147 745 Anal. Calcd
for CoHgF3N4O,: C,41.23 H, 346; N, 21.37 Found: C41.1, H, 33; N, 21.4

o 1,3-Dimethyl-8-(trifluoromethyl) -3,7-dihydro-1H-purine-2,6-dione

3m H (3m). From 8 mg of theophylline (2m). In the present case the

N
solvent was removed from thhotolyzed solutiorby reduced pressure

j\ | )—CF3 irradiation was prformed in an acetonitrile/water 5:1 mixture and the
>0
directly, without workup. Purification of the residue by column chromatography (eluant: hexane/ethyl
acetate8:2) afforded75 mg of 3m as a white solid67% vyield, m.p. =270273 °C, lit. = 266-268
°C) S H-NMR (DMSO-dg)>® ti: 343 (s, 3H), 324 (s, 3H) 2.92 (brs, 1H)**C-NMR (DMSO-ds)>* U:
154.6, 1510, 1468, 137.3 (q,J =40 Hz), 11& (q, Ck;, J = 268 Hz), 1092, 29.9 CHs3), 27.9(CHz). IR
( KBr , )3 n62n15%, 1152, 745. Anal. Calcd for §H;FsN4O: C, 38.72 H, 2.84 N, 22.58

Found: C38.7, H,2.9 N, 22.7.
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9 M echanism for the formation ofN-CF; derivative 3k.

Mechanigic proposal. As pointed out in the mainxg the trifluoromethylation of Znethylimidazole
2k cannot be explained by tlgeneralmechanism dgciibed in Scheme 3. Indeedo the best of our
knowledge radical trifluoromethylation of imidazoles (includir@) resultsin the formation of CF;
bonds®>

An alternativesuggested mechanism for the formatiorBkfhas been resumed BchemeS2. After
photahomolysis of the €S bond(path g radicalsl andll are formed and the latter loose SO
produce gC radicallll (path B. Then radical oxidizes imidazolek (pathc), giving radical catiorV
and sulfonamide aniovl .

To support the proposed mechaniam measurethe redox potentialfor the oxidation ok andVI
(E12 an) by cyclic voltammetryexperiments The obtained values clearigdicae that the former is
easier to be oxidized than the lat{8&cheme 3 and Table S4)thussupportingthe feasibility of the
proposed redox process

Onceintermediats V andVI are formeda proton transfer takes plag@athd). Finally, recombination
of FgcAradicaIIII andVII gives3k (pathe). A similar reactivity whereoxidation of azoles$ollowed

by radical coupling occurred, have already besgentlyreported irtheliterature>®
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Scheme 2. Proposed mechanisior the photochemical reaction betwekand imidazolek.

Electrochemical measurements.

Electrochemical measurements (cyclic voltammetry) were performed dMisblutions of the chosen
compounds Zk, 3k, 1 cand VI) in a threeelectrode cell (volumelO mL, tetrabutylammonium
perchlorate 0.1 M ifN,N-dimethylformamide as the supporting electrolyte). A glassy carbon electrode
(diameter 2 mm) was chosen as the working electrode, Pt wire as the auxiliary electrode, and Ag/AgCI
(3 M NaCl) as the reference etende. Scan speed was 100 mi¥ $he potential range investigated
was betwee®.0V and2.0V (vs. Ag/AgCl, 3 M NaCl). No iRcompensation was performed.

Prior to each experiment the electrodes were washedNyikdimethylformamideand the working
electiode was further cleaned using a polishing alumina sliuaythermorethe electrolyte solution
was checked by conducting a cyclic voltammetnpas the whole potential range.

The electrolyte solutions containing the differex@mpoundswere purged with itrogen for 510
minutes before every measurements.

The potentials measured apodicpeak potential§Ei,» an) and are referred to Ag/AgCl (3 M NacCl).

In all cases ma irreversible redox behavior was observedcept for derivative3k, for which no

oxidaton could be detecteith the potential range investigated
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To confirm the mechanism shown in Schent v& performed yclic voltammetry experiments
Compound 2k has & Ejp an = 1.15 V (Fig. S8), whereas two anodic peaks were obserwdnadn
analyzing a solivn of sulfonamidel ¢ca. 10° M) in the presence of an equimolar amount of
tetrabutylammonium hydroxide (TBAOH) (Fi&8). The first peak (lz an = 1.30 V) may be safely
assigned to anioNl whereas the second peak (kn = 1.30 V) is due t@omel dtill present in the
solution (compareFig. S9 andFig. S10). The trifluorometiylation of 2k made it more difficult tde
oxidized (E12 an > 2.0 V for3k, Fig. S11).

Table S4.Half-wave oxidation potentials measured NgkN-dimethylformamide (vs. A&gCl, 3 M
NacCl).

Compound Eizan/V
2k 1.15
VI 1.30
1a 1.50
3k > 2.0

#No anodic peak was observed.
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Fig. S8. Cyclic voltammogram obtained fa2k in N,N-dimethylformamide (potential referred to
Ag/AgCl, 3 M NacCl).
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Fig. S10. Cyclic voltammogram obtained fol dn N,N-dimethylformamide (potential referred to
Ag/AgCl, 3 M NacCl).
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