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Fluoroalkylselenolation of Alkyl Silanes/Trifluoroborates under
Metal-Free Visible-Light Photoredox Catalysis

Clément Ghiazza,'® Lhoussain Khrouz,™®! Thierry Billard,’>! Cyrille Monnereau,*®! and

Anis Tlili[a]

Abstract: Herein a metal-free fluoroalkylselenolation of alkyl-
silanes as well as potassium alkyltrifluoroborates under visible
light photocatalysis is disclosed. The developed methodologies
are performed under mild conditions, room temperature in the

presence of an organic photocatalyst and blue LED irradiation.
Mechanistic investigations including luminescence and EPR
spectroscopy allow us to shed light on both mechanisms.

Introduction

In recent years, direct incorporation of fluorinated groups has
experienced widespread interest, owing to the unique physico-
chemical properties gained after introduction of such moie-
ties.! Trifluoromethyl-chalcogen motifs play a key role in re-
search and development in organofluorine chemistry, as their
introduction confers very high lipophilicity to the resulting mo-
lecules.?! Although several methodologies have been reported
for the introduction of OCF5"! as well as SCF5* and some com-
pounds containing these two motifs are already commercial-
ized, their SeCF; analogues are still not exploited to their full
potential. A stringent bottleneck is the lack of general protocol
enabling a straightforward access to trifluoromethylselenolated
compounds.®! Although much efforts have been devoted to
the formation of C(sp,)-SeCFs, only a handful of procedures
deal with the trifluoromethylselenolation of aliphatic com-
pounds for the C(sp5)-SeCF5 bond formation.’29! |n this context,
we decided to investigate such reaction under mild photoredox
processes.l”! Very recently we demonstrated that trifluorometh-
yltolueneselenosulfonate are precursor for SeCF; radical under
visible light irradiation.®® Taking this finding in advantage, the
generation of alkyl radical which can recombine with SeCF; rad-
ical could potentially drive the desired transformation. Among
the known sources of alkyl radical, anionic carbon-silicon pre-
cursors have been classically investigated.”? In particular, alkyl
trimethylsilane derivatives constitute an attractive option.['® Al-
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ternatively, several groups have explored the potential of alkyl-
trifluoroborates in a similar context."" In both cases, synthetic
access to the silane or borate precursors is well documented,
and the stability of those two classes of compounds constitute
very appealing features towards reaction design. In this context,
we report herein two new strategies based either on desylil-
ation or deborylation catalysed by an organic photocatalyst un-
der blue-LED irradiation. In this range of wavelengths, it is well
established that 9-Mesityl-10-methylacridinium perchlorate
(Fukuzumi catalyst, PCI) is one of the most oxidising organic
dye for photoredox processes, and we show that it can be suc-
cessfully used for both transformations, although with slight
mechanistic differences, which translate into subtle variations
in the outcome of the reactions.['?

Results and Discussion

1. Desilylative Fluoroalkylselenolation

To investigate the photochemical desilylation reaction we se-
lected benzyl trimethylsilane 1a as model substrate in conjunc-
tion with trifluoromethyltolueneselenosulfonate in DMSO at
room temperature under blue LED irradiation. The first test per-
formed under nitrogen atmosphere with PCl as photocatalyst
yielded the desired product. Although this result confirmed our
initial postulate, product was only obtained in a very disap-
pointing yield of 5 % (Table 1, entry 1). Interestingly, performing
the reaction under air very positively impacts the reaction out-
come since 25 % of the desired product was obtained, indicat-
ing a possible involvement of molecular oxygen in the catalytic
cycle (Table 1, entry 2). Changing the PCI by other less oxidising
photocatalyst including Eosin Y, Ir(ppy)s as well as Ru(phen);Cl,
furnished the desired product in only marginal yields (up to
8 %, Table 1, entries 3 to 5). Considering the positive impact of
oxygen on the reaction outcome, we thought that the addition
of a sacrificial oxidant could be beneficial for the reaction.
Therefore, we investigated the effect of the presence of potas-
sium persulfate in the reaction media. A slight improvement
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was indeed observed, since 30 % of the desired product was
obtained (Table 1, entry 6). In a next sequence of experiments,
screening of solvent conditions was undertaken. A marked in-
crease of the yield was obtained when CH;CN was used as sol-
vent (42 %, Table 1 entry 7), while in contrast the use of DMF
dropped down The yield to 8 % (Table 1 entry 8). A very signifi-
cant yield improvement to 50 % was obtained when MeOH was
used as solvent (Table 1, entry 9), which was thus selected as
an optimal solvent for the rest of the study. Finally, It turned
out that working at high reactant concentration strongly bene-
fited the reaction outcome, since an impressive improvement
of the yield to ca 81 % was obtained in highly concentrated
media (0.8 m, Table 1, entry 12). Blank experiments were con-
ducted either in the absence of the photocatalyst or without
irradiation, demonstrating that both are mandatory compo-
nents of the catalytic cycle (entries 13 and 14).

Table 1. Optimization of the reaction conditions.!!

TsSeCF; (1 equiv.) 0
photocatalyst (5 mol%) ]
gsimea Additive (1 equiv.) ©/\SeCF3
solvent, air, O = e
rt, 16 hours, 4z
1a (1 equiv.) Blue LED 2a 1 T _
ClO,
| PCI
Entry Photocatalyst Additive Solvent Yield
(ch [%]™)
1l PCl / DMSO (0,2) <5
2 PCl / DMSO (0,2) 25
3 Eosin Y / DMSO (0,2)
4 Ir(ppy)s / DMSO (0,2) 7
5 Ru(phen)sCl, / DMSO (0.2) <5
6 PCl K5S,0g DMSO (0.2) 30
7 PCl K5S,0g CHsCN (0.2) 42
8 PCl K5S,0¢ DMF (0.2) 8
9 PCl K5S,0¢ MeOH (0.2) 50
10 PCl K5S,0¢ MeOH (0.1) 39
1 PCl K5S,0¢ MeOH (04) 60
12 PCl K5S,0¢ MeOH (0.8) 81
13ldel / K,S,0¢ MeOH (0.8) <5
14 / K5S,0¢ MeOH (0.8) <5

[a] Reaction conditions: TsSeCF5 I (0.4 mmol), BnSiMe; 1a (0.4 mmol), photo-
catalyst (0.02 mmol), additive (0.4 mmol) and anhydrous solvent. Stirring 16
hours at rt. under blue LED irradiation. [b] '°F NMR yield with PhOCF; as
internal standard. [c] Performed under N,. [d] No photocatalyst. [e] No light.

With the best conditions in hand, we turned our focuses to
study the scope of the reaction. First of all, benzyl triethylsilane
derivative showed lower reactivity in comparison with trimeth-
ylsilane analogues. The use of benzylsilane derivatives substi-
tuted with electron donating groups in para, meta as well as
ortho positions (starting materials 1b, 1c, 1d & 1e) provided
trifluoromethylselenolation from moderate yet synthetically
useful yield (product 2¢, 41 %) to very good yield (product 2b,
78 %). The presence of fluorinated benzylsilanes derivatives was
also tolerated under our reaction conditions whatever the posi-
tion of the fluorine in aromatic ring. The desired resulting prod-
ucts were obtained in moderate to good yields. Trifluorometh-
ylselenolated biphenyl 2i as well as naphthalene derivatives 2j
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were also obtained in very good yields. Quite expectedly, the
presence of C(sp,)-SiMe; as well as C(sp3)-SiMe; in the same
starting material provided chemoselective trifluoromethyl-
selenolation of the benzylic position in very good yield (2k,
68 %). Secondary benzylic trimethylsilane derivatives could also
be converted into their trifluoromethylselenolated derivatives
with similar reactivity as primary benzylsilanes, as exemplified
with compound 2l. However, when a tertiary benzylsilane was
engaged, namely tritylsilane, no product formation was de-
tected due to the too high stability of the corresponding radi-
cal. Interestingly, higher fluorinated analogues (3a, 4a, 3b, 4b)
could also be obtained under the same reaction conditions us-
ing their corresponding fluorinated starting materials. Finally, it
should be noted that the use of TsSCF; allowed the trifluoro-
methylthiolation of the benzylic silane although with a signifi-
cantly lowered yield of 30 % (Scheme 1), which could poten-
tially, provided further improvement of the reaction conditions,
pave the way to the synthesis of this class of compounds using
the methodology depicted herein.

TsSeRg (1 equiv.)
PCI (5 mol%)
K2S,0g (1 equiv.)
_—

1a MeOH (0.5 mL), t, air,
Blue LED

X©f SeCFs'“eOO/\ SeCF
3

2a, 74 % (81 %) 2b, 76 % (78 %) 2¢, 29 % (41 %)

from BnSiEty (48 %)

F
@”s‘aca S"'CFG @”swﬁ

2d, 64 % (73 %) 2e, 49 % (58 %) 2f, 28 % (33 %)

\©”SeCF3 /©/\SeCF3 /@”Seca
F Ph

2g, 31 % (34 %)

SI M %]

2], 67 % (72 %) 2k, 61 % (68 %) 21, 63 % (73 %)

(j/‘SeCcma©/\SeCF20FZCF3 (j/\SCF3

3a, 55 % (58 %)

2h, 38 % (51 %) 21,65 % (74 %)

SeCFs

4a, 44 % (49 %) 5a, (30 %)

(with TSSCF)

X@ﬁsechcFGX@p SeCF,CF,CF;

3b, 36 % 4b, 58 % (50 %)

Scheme 1. Reaction conditions: TsSeR¢ (0.4 mmol, 1 equiv.), alkylsilane deriva-
tive (0.4 mmol, 1 equiv.), PCI (0.02 mmol, 5 mol-%), K;S,0g (0.4 mmol,
1 equiv.) and anhydrous MeOH (0.5 mL). Stirring 16 hours at r.t. under blue
LED irradiation. Yields shown are those of isolated products. 'F NMR vyields
with PhOCF; as internal standard are shown in parentheses.

Despite the synthetic interest of this methodology, its scope
turned out to be limited to smt-activated silanes. Moreover, this
transformation was inoperative on silane derivatives bearing
electron withdrawing substituents on the aromatic core. In this
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context, we decided to turn our attention towards potassium
alkyltrifluoroborates which we thought as constituting superior
C(sp3) radical precursors.

2. Deborylative Fluoroalkylselenolation

In comparison with alkysilane derivatives, potassium alkyltri-
fluoroborates have indeed more accessible oxidation potential
that could be easily reached with common photocatalysts.!'"
Moreover, trifluoroborates are commercially available or pre-
pared from either boronic acids or esters. Potassium alkyltri-
fluoroborates are stable to both air and moisture and can be
easily handled.[3]

First attempts to perform this photoinduced transformation
were performed following the conditions optimized on the
silane series: PCl was used in combination with potassium per-
oxodisulfate in MeOH. Although slightly inferior to what was
found in the former series, we were very glad to detect a prom-
ising yield of 53 % (Table 2, entry 1). We thus carried on investi-
gations aiming at further improving the reaction conditions A
similar efficiency could be achieved by substituting MeOH by
ACN (Table 2, entry 2) while as for their silane counterparts,
DMF appeared to be deleterious for the reaction outcome
(Table 2, entry 3). Using DMSO instead of MeOH allowed us to
reach 65 % yield (Table 2, entry 4). Here again, concentration
appeared as a crucial optimization factor for the catalytic reac-
tion. In a concentrated media (0.8 m reactant), the product was
formed in 80 % yield (Table 2, entry 5). Noteworthy, removing
the sacrificial oxidant only led to a marginal decrease of the
yield (Table 2, entry 6). Finally, blank experiments without pho-
tocatalyst and/or light did not show any trace of the desired
product revealing the requirement of both photocatalyst and
light (Table 2, entries 7 and 8). Contrarily to silane derivatives,
the reaction can be driven under nitrogen atmosphere with a
similar outcome indicating that no oxidant is needed in this

Table 2. Optimization of the reaction conditions.™
TsSeCF; (1 equiv.)
PCI (5 mol%) :

Additive (1 equiv.)
——— -

©/\BF3K

solvent, air, O \
rt, 16 hours, : s
6a (1 equiv.) Blue LED 2a : rTI Z
5 CIOo,
E PCI
Entry Additive Solvent [C] Yield [%)]™®
1 K,5,08 MeOH [0.4] 53
2 K,5,05 ACN [0.4] 52
3 K,5,05 DMF [0.4] 5
4 K25,0g DMSO [0.4] 65
5 K,5,08 DMSO [0.8] 80
6 / DMSO [0.8] 74
7t / DMSO [0.8] 0
gledl / DMSO [0.8] 0

[a] Reaction conditions: TsSeCF3 I (0.4 mmol), BnBFs;K 6a (0.4 mmol), photo-
catalyst (0.02 mmol), additive (0.4 mmol) and anhydrous solvent. Stirring 16
hours at rt. under blue LED irradiation. [b] '°F NMR yield with PhOCF; as
internal standard. [c] No photocatalyst. [d] No light.
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case, which was a first glimpse onto the subtle mechanistic
differences at stake in the photocatalytic cycle.

Having determined the best conditions, we focused our ef-
forts on evaluating the scope and limitation of this reaction
(Scheme 2). Benzylic substrates were successfully converted
into their trifluoromethylselenylated analogues 2a and 2m in
good yields even with electron withdrawing groups. Notewor-
thy, substrate bearing electron withdrawing substituent on the
aromatic ring could be converted into the desired product in
this case. Yields turned out significantly lower for secondary
substrates as highlighted for compounds 2c¢, 2d and 2e. Unfor-
tunately, aliphatic starting material only gave the correspond-
ing products 2f and 2g in marginal and low yields, which con-
stitutes only a slight improvement as compared to the results
obtained with silane precursors. This suggests that, in both
case, m-system is of prior importance for the stabilization of the
benzylic radical intermediate. Interestingly, higher homologs
were prepared in synthetically satisfactory yields for penta-
fluoroethyl and heptafluoropropyl chains.

TsSeRg (1 equiv.)

o
R BRK PCI (5 mol% R seR,
DMSO (0.5 mL),
air, rt, 16 hours,

6 (1 equiv.) Blue LED

2a, 58 % (74 %) 2m, 58 % (74 %) 2n, 39 % (48 %)

SeCF, SeCF,

@)\¢CN @)\10025 ©/\’ SeCFy

20, 43 % (43 %) 2p, 38 % (43 %) 2q, 31 % (40 %)

SeCF.
O/ 8 ©/\ SeC,Fs @/\ SeC,F;
F4CO

2r, (16 %) 3a, 42 % (50 %)

©/\SECBF7 /@/\SECJFT
FsCO

4a, 41 % (54 %)

3m, 34 %

4m, 47 %

Scheme 2. Reaction conditions: TsSeRr (0.4 mmol, 1 equiv.), potassium alkyl-
trifluoroborate derivative (0.4 mmol, 1 equiv.), PCI (0.02 mmol, 5 mol-%) and
anhydrous DMSO (0.5 mL). Stirring 16 hours at r.t. under blue LED irradiation.
Yields shown are those of isolated products. '°F NMR yields with PhOCF; as
internal standard are shown in parentheses.

3. Mechanistic Studies

Reaction mechanism was then evaluated for silane derivatives
by spectrofluorimetric measurements, according to the general
protocol detailed in some of our previous works.82€° Acrid-
inium perchlorate catalyst PCl displayed only a weak lumines-
cence when dissolved in methanol. It has long been established
that the origin of this low fluorescence is due to charge transfer
(CT) mediated quenching of the acridinium by its counterion,
which is both solvent and counterion dependent.l'¥ Notewor-
thy, luminescence intensity was only marginally affected by
thorough degassing of the solution, confirming that emission
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mainly occurs from a singlet excited state (fluorescence). Al-
though weak, its intensity we tried to test whether quenching
could occur upon addition of a potential electron acceptor. At-
tempts to characterize electron transfer (ET) in the presence of
benzyltrimethylsilane 1a, in concentration conditions similar to
previous reports!'°! did not show any lowering of the lumines-
cence, seemingly indicating that either no ET was taking place
in those experimental conditions or that the initial fluorescence
level was too weak to efficiently probe this process. However,
during this initial series of experiments, we noticed that pro-
longed irradiation of an aerated methanolic solution of PCl in
its main absorption band (400 nm, ca 7 mW) resulted in a fast
and strong (ca 8 fold) enhancement of luminescence intensity,
pointing towards a photoinduced chemical transformation of
the acridinium photocatalyst PCl — PCI’. Meanwhile, NMR anal-
ysis of the mixture shows a lowering of the peaks associated to
the initial acridinium catalyst although no new peak is ob-
served, in agreement with a likely radical nature of PCI'. Inter-
estingly, contrarily to what had been observed for PCl, addition
of benzyltrimethylsilane 1a on PCI’ in methanol resulted in un-
ambiguous quenching of its luminescence, thus confirming the
occurrence of a photoinduced ET process between the latter
and benzyltrimethylsilane as attested by a Stern Volmer Plot of
the evolution. In order to understand the factors governing PCI
to PCI’ activation, irradiation of PCl was also investigated in
the absence of oxygen. Although initial marginal increase in
luminescence intensity was observed upon photoirradiation, it
was soon overwhelmed with a marked decrease thereby indi-
cating rapid stagnation and degradation of photogenerated
PCI’. Similar reaction in degassed medium was thus performed
in the presence of a sacrificial oxidant (K,S,0g) in an otherwise
degassed medium, leading this time to a weaker enhancement
of luminescence intensity than in the presence of molecular
oxygen, yet no degradation of the photoactivated catalyst was
observed (see Sl for the details of these photoactivation experi-
ments).

We then turned our attention to the fluoroalkylselenolation
of alkyltrifluoroborates, for which similar luminescence experi-
ments were performed in DMSO. Once again, luminescence of
PCl in DMSO was too weak to enable performing satisfactory
Stern-Volmer measurements with good accuracy. Possibility of
electron transfer was thus only qualitatively probed by adding
excess BnBF;K into a 10~ m solution of PCl: in these conditions,
efficient quenching of the fluorescence signal was observed,
thus evidencing the occurrence of a charge transfer between
the two components upon photoirradiation of PCI. To our sur-
prise, in striking contrast with the observation made in methan-
olic solution, no increase of the fluorescence signal was ob-
served upon prolonged irradiation of a solution of PCl in DMSO,
seemingly indicating differences in the nature of the initial
stage of the catalytic cycle.

To address the complexity of this mechanism we tested pho-
toinduced radical generation for both type of reactions using
EPR, in the presence of various radical traps.

Both reactions were tested in five different conditions using

a PBN radical trap to ensure detection of the formed species:
conditions | involved irradiation of the catalyst only, in solution

Eur. J. Org. Chem. 0000, 0-0 www.eurjoc.org

Eur|OC

European Journal
of Organic Chemistry

Full Paper

in either methanol or DMSO depending on the investigated
reaction. In conditions Il, the silane or trifluoroborate reactant
was added onto a similar reaction mixture as used in conditions
I, while in conditions lll, the added reactant was TsSeCF;. Condi-
tions IV involved in both cases the catalyst and the two reac-
tants, in concentrations similar to those used in the reaction
scope's studies. Finally, conditions V are exclusive to silanes and
reflect the addition of K,5,0g to reactants and PCI.

Irradiation of a sample of PCl in pure DMSO in presence of
PBN (Figure 1, top) (EPR conditions I) witnessed the formation
of a complex radical species (30 %, g=2.0003, ay=4.4G, a4=3.5G,
3.5G, 2.9G, 2.9G, 2.3G, 2.3G, 2.3G, 2.3G), incompatible with a
simple PBN adduct, which signature corresponds well to previ-
ously reported radical species of the acridinium catalyst."™ This
species coexists with two other radical species. By analogy with
existing literature,'® and considering the absence of any other
reactant in the mixture, we attributed those two species to radi-
cal adducts of DMSO, one being O centred (35 %, g=2.0037,
an=13.56G, ay=1.52G), the other on most likely C or S centred
(35 %; g=2.0035, a\=14.3G, a4=2.25G). This suggests the forma-
tion of a stable radical species of the photocatalyst generated
upon photoactivation of the acridinium catalyst, presumably
through electron transfer with DMSO. This acridinium radical
species might play an important role in the fate of the photo-
catalytic reaction, as it will be discussed in the following. To
our surprise, this signal was completely absent when similar
conditions were applied in methanol, again pointing out a dis-
tinctive initial stage in the reaction. In the meantime, a radical
species was observed which we ascribed to MeO" radical
(9=2.0035 an=14.35G a4=2.8G). The latter species has been pre-

H

Conditions |

| )

, : :

[ | ! A !
'\f’\;‘"! - | O O | + PBN-DMSO adducts

: N :

I W : I H

LT 1

o B %

Intonsy (nu)

N
, ,J‘IN| ot
I‘i

390

om0 wmE
Magnesc feld [G]

Conditions I

Inensity (a.u)

+ PBN-DMSO adducts

; - ! Bn O
LI
: N {oPh tBu

3200

Conditions lll

PBN-SeCF,(Ox) + PBN-DMSO adducts

Intensity (a.u)

Figure 1. EPR spin-trapping spectra under blue LED irradiation in DMSO at
r.t. Blue: experimental and red: simulated. Top: cond. I: PCI, PBN, DMSO, blue
LED. Middle: cond. II: PCI, 6a, PBN, DMSO, blue LED. Bottom: cond. lll: PCl, I,
PBN, DMSO, blue LED.
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viously reported in literature, and its features have been studied
by EPR using DMPO as a radical trap; thus, we decided to allevi-
ate the ambiguity by substituting, in our reaction mixture, PBN
by DMPO: comparison of the obtained features with literature
data confirmed the formation of the latter species (See SI).
While the same acridinium centred radical could still be ob-
served when similar measurements were undertaken in the
presence of reactant 1a (BFsK) (Figure 1, middle) (EPR condi-
tions 1), it disappeared when the latter was substituted for
TsSeCF; (Figure 1, bottom) (EPR conditions lll). This strongly
suggests that a redox reaction takes place between the radical
evolved from PCl and TsSeCF5; which leads to continuous deple-
tion of the acridinium radical population.

In the meantime, specific signatures occur in the EPR spectra,
which features [with PBN: g=2.0042, a\=8.22G; with DMPO:
g=2.0034, an=12.9G, a=13.85G, (Figure 2) (EPR conditions III)]
are consistent with what we ascribed in previous papers,® to
adducts of selenium centred radicals ('SeCFs) respectively in
their oxidized and native form. In other words, in the reaction
with alkyltrifluoroborates, TsSeCF; seemingly plays the role of a
sacrificial oxidant in the photocatalytic process, which restores
PCl in its catalytically active oxidation state. This hypothesis is
consistent with the fact that the reaction outcome is virtually
unaltered upon removal of both potassium persulfate and oxy-

[

00
Ot

1(1 equiv.)

Eur|OC

European Journal
of Organic Chemistry

Full Paper

gen from the reaction medium, in contrast with what is ob-
served with the silane derivative. This observation is further
supported by the fact that a similar DMSO centred radical as
mentioned with (EPR conditions ) (g=2.0035, an=14.3G,
ay=2.25Q) is also observed in both in conditions Il and I, sug-
gesting that a similar initial electron transfer step between
acridinium and DMSO can take place in the three media.

Coming back to conditions II, a radical adduct, with features
consistent with a benzyl radical (g=2.0035, an=14.6G, ay=
2.8G)!"*17] was also observed in both cases. The attribution of
the latter was further confirmed by substituting PBN as a radical
trap by DMPO (Figure 3)(conditions II') resulting in a clear signa-
ture of a benzyl adduct (g=2.0033, a\=14.7G, a=20.5G). This
constitutes definitive evidence that acridinium catalyst effi-
ciently oxidizes both reactants through electron transfer, result-
ing in both cases in the production of a benzyl radical, which
constitutes a mandatory common intermediate towards prod-
uct formation.

As a final exploration of the reaction mechanism through
EPR spectroscopy, all reactants and catalyst were mixed and the
resulting sample was submitted to irradiation (conditions IV and
V). In both cases, EPR signals corresponding to Bn* adduct fully
disappeared, suggesting that the latter had been consumed in
the final step of the reaction to yield the target selenolated

Conditions IIF’

PCI (5 mol%) !
DMPO (1eq) ! 7'\/\7590& :
H N !
hv 455 nm ; o ;
MeOH, nt, air H . '

Figure 2. EPR spin-trapping spectra under blue LED irradiation in MeOH at r.t. Blue: experimental and red: simulated. Cond. III": PCI, I, DMPO, MeOH, blue LED.

Conditions II’

)

Intensity (a.u.

\

o8- .

1 3060 0 IS IO 30 I} 3400
Magnatic feld [G]

©/\BF3K

6a (1 equiv.)

Intensity (2.0.)

330 |0 3200

340 3380

M‘Sﬁ o
Magnotic fold [G]

1a (1 equiv.)

PCI (5 mol%)
DMPO (1 eq.)

©/\SiMea :
hv4s5nm | E

MeOH, rt, air

PCI (5 mol%)
DMPO (1 eq.)

hv 455 nm
DMSO, 1, air
DMPO-DMSO adducts

.0

Figure 3. EPR spin-trapping spectra under blue LED irradiation in MeOH or DMSO at r.t. Blue: experimental and red: simulated. Top: cond. II": PCI, 1a, DMPO,

MeOH, blue LED. Bottom: cond. II": PCI, 6a, DMPO, DMSO, blue LED.
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product 2a. For what concerns the photoconversion of the silyl-
ated compound in methanol solution, the main species present
in the reaction mixture could be attributed to the aforemen-
tioned MeO:, while smaller amounts of a species compatible
with either Ts' or "SeCF3 could be observed (Figure 4, left). Con-
versely, in the photoconversion of the trifluoroborate derivative,
the dominant presence of unreacted selenium centred radicals
either in their native or oxidized forms [PBN: g=2.0035, ay=
13.7G, ay=1.6G, 15 %; g=2.0041, ay=8.09G, 60 %; conditions IV’
with DMPO: g=2.0034, ay=12.6G, ay=13.95G, 50 %, (Figure 4,
right)] was observed. This is consistent with our observation
that a major side-reaction of the photochemical process results
in the formation of dimer (SeCF3),, resulting in the detrimental
recombination of ‘SeCF; radical generated in the catalytic cycle,
which is then unable to further evolve towards product forma-
tion.

Conditions V
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MeO O
or + N
Ts _0‘ Ph Bu
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As a summary, while both reaction mechanisms present
many analogies (electron transfer step from either the silylated
or trifluoroborate reactant to the photoactivated acridinium
catalyst, resulting in the formation of a benzyl radical which
then evolves through reaction with a ‘SeCFj; radical), our mech-
anistic study also highlights some important differences. Study
of the photochemical conversion of silylated reactants in meth-
anol point out the necessity of a sacrificial oxidant, which closes
the catalytic cycle but may also participate, as an alternative
mechanism A’ (Sl page 9) suggested by our spectrofluorometric
investigations, in an activation step of the catalyst PCl to its
oxidized form PCI’ prior to electron transfer towards reactant
1a. In contrast, in the conversion of the trifluoroborate reactants
in DMSO, the catalytic cycle is closed through reductive decom-
position of TsSeCF; affording "SeCF3 radical) which in turn im-
pact the reaction outcome. Thus, while photoconversion of silyl-

Conditions IV
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Figure 4. EPR spin-trapping spectra under blue LED irradiation in MeOH or DMSO at r.t. Blue: experimental and red: simulated. Left: cond. V and V”: PCl, I, 1a,
K5S,0g, spin trap, MeOH, blue LED. Right: cond. IV and IV": PCI, I, 6a, spin trap, DMSO, blue LED.
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Scheme 3. Proposed mechanisms.

ated reactant is unable to proceed in anaerobic conditions, re-
action yield is almost unaffected by oxygen removal in the case
of trifluoroborate. Furthermore, while reaction proceeds with a
faster kinetic for the latter (as a result of the concomitant forma-
tion of ‘Bn and "SeCF; throughout the catalytic cycle) it is also
characterized by the production of significant amounts of
(SeCFs), as a major side product of the photocatalytic reaction.

Altogether, cross-examination of the EPR and fluorimetric
data leads us to propose two distinct mechanisms for the pho-
tocatalyzed reaction depending on the reactant and solvent
used for the reaction. On the one hand, mechanism involved in
the photoconversion of silylated reactants (Scheme 3A) is in
line with previously published literature on acridinium based
catalyst; it involves the various radical species observed within
our different EPR tests, and is consistent with the result of our
SV measurements between acridinium and benzyltrimethyl-
silane. On the other hand, In the light of the obtained results
and existing literature,!'®! we highlight a significantly different
in the case of trifluoroborate reactant where i/ a photoinduced
electron transfer takes place between PCI (photoreduction) and
reactant 6a (photooxidation), which eventually results in the
formation of two radical species: acridinium® and Bn" ii/ consid-
ering a stepwise mechanism, PCI catalyst is then restored upon
oxidation of the acridinium radical by electron transfer to
TsSeCFs. The reaction generates a ‘SeCF; radical species which
iii/ recombines with Bn’, affording the target compound. In par-
allel, homorecombination of *SeCF; radical into a (SeCFs), dimer
(observed as the main by-product of the catalytic reaction) con-
stitutes a dead end of the photocatalytic process. This process
is favoured at low concentration, since an alternative catalytic
cycle can take place by an electron transfer between DMSO and
PCl, ultimately leading to the build-up of "SeCFs, and its evolu-
tion to SeCF; dimer in the absence of Bn' (Scheme 3B).

Worth noting, in addition to the classical (and probably dom-
inant) mechanism depicted in Scheme 3 our spectroscopic
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studies suggest that another alternative is possible, where an
initial acridinium photoxidation step occurs, leading to the gen-
eration of an activated oxydized form of our catalyst (PCI’)
which in turns efficiently photooxydizes BnSiMe3, as illustrated
throughout Stern-Volmer experiment with the latter (See SI, S9).
This step analytically translates into a progressive dramatic in-
crease of the luminescence signal, and a concomitant lowering
of the intensity of the NMR peaks attributed to the acridinium
species (see Sl page 9, alternative mechanism).['”!

To confirm the stepwise nature of the photocatalytic process,
as suggested in both cases by the proposed mechanism, we
investigated the impact of light switch on/off experiment on
the reaction outcome. In both cases, the desired compound
was formed only upon irradiation of the sample after various
reaction times (see Sl). In parallel, we observe that the dimer is
constantly formed, even in the absence of light, for trifluoro-
borate derivatives probably resulting from photolysis of the
S-Se bond due to the slight absorption of TsSeCF; at this wave-
length, in agreement with our previously published works.

Conclusions

We demonstrated herein that photochemical transformation of
aliphatic radical precursors, namely alkylsilanes as well as alkyl-
trilfuoroborates into their corresponding fluoroalkyl selenyl
products could be achieved through photoinduced electron
transfer processes using Fukuzumi photocatalyst PCl under
blue LED irradiation. The developed methodologies appeared
to be complementary regarding the scope and limitations en-
countered. Mechanistic investigations were undertaken by
spectrofluoric measurements as well as EPR spectroscopy. In the
light of the obtained results, it turned out that although closely
related for what concerns the photoinduced electrons transfer
step; mechanisms involved in the evolution of the as-generated
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benzyl radical turned out to present significant differences in
their late stage depending on the substrate and solvent em-
ployed for the transformation.

Experimental Section

To a flame-dried flask equipped with a magnetic stir bar are added
I, I or I (0.4 mmol, 1 equiv.), alkyl radical precursor 1 or 6
(0.4 mmol, 1.0 equiv.), potassium persulfate (for silane derivatives
only: 04 mmol, 1.0 equiv.), Mesitylacridinium perchlorate PCI
(0.02 mmol, 5 mol-%), and anhydrous solvent (0.5 mL). The reaction
is stirred at 25 °C under blue LED irradiation for 16 hours. Conver-
sion is checked by '°F NMR with PhOCF; as internal standard. The
reaction mixture is partitioned between n-pentane or Et,O and
water. The aqueous layer is extracted with n-pentane or Et,0 and
the combined organic layers are dried with MgSO,, filtered and
concentrated to dryness. The crude residue is purified by chroma-
tography to afford the desired product 2, 3 or 4.
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Aliphatic trifluromethylselenolated
compounds were accessed under visi-
ble-light metal free conditions. The key
to success is the use of alkylsilanes or

potassium alkyltrifluoroborates in con-
junction with trifluoromethylseleno-
sulfonate and acridinium as photocat-
alyst.
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