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Trifluoromethoxylated molecules and selenylated compounds find a wide range of interesting applications, but separately. In order

to combine the potential of these two motifs and to propose a new class of compounds, we have developed an electrophilic phenyl-

seleno trifluoromethoxylation of alkenes, which leads to -selenylated trifluoromethoxylated compounds or, upon subsequent

reduction, to the trifluoromethoxylated ones.

Introduction

Due to the specific properties of the fluorine atom [1-3], fluori-
nated compounds are now present in a wide range of applica-
tions, from materials to life sciences [4-11]. In order to propose
new molecules with specific properties for targeted applica-
tions, the development of new fluorinated moieties is an active
research field [12]. Among these emerging fluorinated groups,
the association of the CF3 moiety with chalcogens is an interest-
ing approach. In particular, the trifluoromethoxy group (CF;0)
possesses valuable properties such as electronegativity [13,14],
lipophilicity [15,16], electronic effects [17,18], and conforma-
tion [19-21]. Some trifluoromethoxylated molecules can be
used as drugs in the treatment of various pathologies (Figure 1)
[22-29].

On the other hand, despite its toxicity at higher doses, selenium
is also an essential trace element in human physiology [30,31].
Moreover, several selenylated molecules have found applica-
tions in various fields such as materials or bioactive com-
pounds [32-43]. Some selenylated compounds exhibit fasci-
nating biological properties.

Despite these separate converging interests, no methods have
been described to synthesize both trifluoromethoxylated and

phenylselenylated molecules.

The introduction of a CF30 moiety into organic molecules

remains poorly described in the literature, especially the direct
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Figure 1: Examples of trifluoromethoxylated drugs.

trifluoromethoxylation [44-46]. Only few radical trifluo-
romethoxylations of (hetero)aromatics [47-52], enol carbonates
[53] or silyl enol ethers and allyl silanes [54] have been re-
ported. Most of the methods described have used the trifluo-
romethoxide anion (CF307) [45]. Many sources of the CF30™
anion have been described, but with certain drawbacks such as
their volatility, their tedious and expensive synthesis and the use
of toxic reagents [55-65]. Recently, we reported the preparation
of a stable solution of the CF;0™ anion (DDPyOCF3;)

Table 1: Reaction of 1a with PhSeX and DDPyOCF3.2
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from the cheap and commercially available 2,4-dinitro(trifluo-
romethoxy)benzene (DNTFB) [66,67]. This DDPyOCFj solu-
tion has shown a good reactivity to obtain various fluorinated
compounds and especially trifluoromethoxylated molecules
[68-71].

As another chapter of this research program, we propose here
an easy and complementary access to CF30O-substituted alkyl
compounds from alkenes and DDPyOCF3, more precisely to
a-trifluoromethoxylated, f-phenylselenylated compounds.

Results and Discussion

The electrophilic addition of phenylselenyl halides to alkenes to
form a selenonium intermediate that can be intercepted by an
external nucleophile is a well-known method to obtain 1,2-
disubstituted compounds [72-74]. Therefore, the reaction of
alkenes with electrophilic sources of phenylselenyl in presence
of DDPyOCYF3 as a nucleophilic source of the CF30 group was
studied (Table 1).

First, we started from the optimal conditions previously estab-
lished for the trifluoromethoxylation by nucleophilic substitu-
tion, using an excess of DNTFB as a reservoir of CF;0™ [68].
Thus, by adding cyclohexene (1a) to the preformed mixture of

SN
OCFsNO N | N @
2 .SePh
«SePh o
. < ,w\]/ CF304  1a (1 equiv) Q Q
» 0 o%"'?CN . NO, PhSeX OCF, cl
NO, N » 15 min (1 equiv) 2a 3a
DNTFB DMAP
(x equiv) (y equiv) NO,
DDPyOCF,4
Entry DNTFB (equiv) DMAP (equiv) PhSeX Method 2a (%)
1 2 1 PhSeCl 1a then PhSeCl; 20 °C, 24 h 12
2 3 2 PhSeCl 1a then PhSeCl; 20 °C, 24 h 30
3 4 3 PhSeCl 1a then PhSeCl; 20 °C, 24 h 32
4 3 2 PhSeCl 1a then PhSeCl; 0 °C, 24 h 30
1) PhSeCl, 15 min, 0 °C
5 3 2 PhSeCl 2) 1a: 20 °C, 24 h 44
1) PhSeBr, 15 min, 0 °C
6 3 2 PhSeBr 2)1a: 20 °C, 24 h 93
1) PhSeBr, 15 min, 0 °C
7 2 2 PhSeBr 2)1a: 20 °C, 24 h 85
1) PhSeBr, 15 min, 0 °C
8 2 2 PhSeBr 2)1a; 20 °C, 2.5 h 88

aYijelds determined by '®F NMR spectroscopy with PhCF3 as internal standard.
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DNTFB (2 equiv) and DMAP (1 equiv), followed by the addi-
tion of PhSeCl, only a low yield of the expected a-trifluo-
romethoxylated,B-phenylselenylated compound 2a was ob-
served (Table 1, entry 1). By increasing the amount of DNTFB
and DMAP, the yield was doubled but remained low (entry 2 in
Table 1) and did not evolve with a higher excess of reagents
(entry 3). A reaction at lower temperature to possibly slow
down the degradation of the CF30™ anion did not improve the
results (Table 1, entry 4). A better yield was obtained by adding
first the phenylselenyl chloride and stirring the mixture for
15 min at 0 °C before adding 1a (Table 1, entry 5). During all
these reactions the formation of compound 3a was observed as
by-product. This compound results from the competitive
opening of the transient episelenonium by the more nucleo-
philic chloride anion competing with the less nucleophilic
CF30™ anion.

To avoid this side reaction, the phenylselenyl chloride was
replaced by phenylselenyl bromide, assuming that the bromide
anion released is less nucleophilic than chloride in an aprotic
solvent such as acetonitrile. Gratifyingly, an excellent yield was
obtained (Table 1, entry 6) without detection of the brominated
by-product. To facilitate purification, the amount of DNTFB
was reduced to 2 equiv without significantly changing the result
(Table 1, entry 7). Finally, the reaction time was reduced from
24 h to 2.5 h without affecting the yield (Table 1, entry 8).

In order to better understand the mechanism of the reaction, an
NMR study of the premixing of DDPyOCF3 with PhSeBr was
performed. The disappearance of the broad signal of CF30™ and
the appearance of a new broad signal in the upper field were ob-
served (Scheme 1). This suggests the formation of the highly

\N/
| X
+_ _ PhSeBr
N CF3O [CFgosePh]
DDPyOCF3 :
O\SePh
OCF5 CF30™  +se
|
Ph

Beilstein J. Org. Chem. 2024, 20, 2434-2441.

reactive CF30SePh species, which cannot be isolated. Further-
more, since only the frans stereomer 2a was observed, the tran-
sient formation of an episelenonium can be reasonably
assumed. Consequently, the mechanism described in Scheme 1
can be proposed.

Under optimal conditions (Table 1, entry 8), various alkenes

were functionalized (Scheme 2).

In general, the reaction gave good yields for both cyclic (2a-d,
2j) and aliphatic alkenes (2e-2i, 2k, 1). Similar results were ob-
served regardless of the position of the double bond in the mol-
ecule. Notably, a longer reaction time was required for less
reactive or more hindered substrates. The reaction was stereose-
lective as only the anti products were obtained. A good regiose-
lectivity was generally observed, as at least 80% of the main
regioisomer were usually obtained when the substituents at the
double bond differed significantly. When the substituent
hindrance was less pronounced, the ratio was less significant
(2f, 2j). Interestingly, a reverse regioselectivity was observed
depending on the starting alkenes. For the terminal alkenes, the
Markovnikov product (i.e. with the CF30 in the “internal” posi-
tion) was predominant, whereas for the allylic alcohol deriva-
tives, the anti-Markovnikov addition (i.e. with the CF30 in the
“terminal” position) was predominant (2e vs 2g and 2h vs 2i).
This could be rationalized by the electronic effect of the oxygen
atom which disfavors the episelenonium opening with the
CF30™ anion in the closest position to the oxygen atom. It is
noteworthy that the regioisomeric ratio of terminal alkenes (2e,
2i) evolved with the reaction time. The amount of the kinetic
terminal regioisomer (anti-Markovnikov — 2e’, 2i’) decreases

with time in favor of the thermodynamic Markovnikov regio-

/

( SF NMR

—-31.45

DDPyOCF,

CF,0SePh

mm WW }!;l

= —-42.60

Scheme 1: Proposed mechanism of the reaction and '°F NMR of the DDPYOCF3/PhSeBr mixture.
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\N/
OCF3NO SN | AN OCF;
2 . . R .
. fj N/ CF30 1) PhSeBr (1 equiv), 0 °C, 15 min R R2
CH3CN NO 1 N
NG, N©  0°C, 15 min 2 | 2) Ry, ,20°C,25h SePh
. 2
DNTFB DMAP 1 (1 equiv)
(2 equiv) (1.95 equiv) NO,
DDPyOCF,
(2 equiv)
SePh
oo S O O
"OCF, 5CF, "OCF3 "OCF3
2a 2b 53; 2d
88% (85%) 92% (74%) 60% (280/ . 96% (70%)
(o] 0
OCF; SePh OCFs SePh
SePh OCF; \fag\\f/\\ \§¢;\\/J\\ \fﬁgA\O/A\T/A\OCFs\fﬁé“\o/”\gi;jseph
SePh , 3
2e 2 28 SePh o OcF, 29 29
77%, (63%), ratio: 63:37 87%, (69%), ratio: 55:45 76% (60%), ratio: 75:252
80%, (76%), ratio: 83:172
SePh OCF; SePh

[::j/o\/)\V/OCFa 0.__sepn
2h [::]/ 2n'

29%, ratio 79:21
70%, ratio 79:212

QCFs )\/SePh )\/OCFs

70%, ratio 59:41
84% (72%), ratio: 89:11°

84% (68%), ratio: 80:20P

(0]

69%
82% (58%)?
2 regioisomers: 53:47

O (0]
O
/©/ %J\O/\/\OCFs D/O%ko/\/\SePh
SePh OCF3
cl - cl 2K

clofibrate derivative
56% (43%), ratio: 88:122
75% (59%), ratio: 83:17°

PhSe
OCF,4

estrone derivative
74% (63%), ratio: 78:22P

Scheme 2: Phenylseleno trifluoromethoxylation of various alkenes. Yields determined by '®F NMR spectroscopy with PhCF3 as internal standard (in

parentheses isolated yields). 224 h. 48 h.
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isomer (2e, 2i). This phenomenon cannot occur for products 2g
and 2h because the kinetic and thermodynamic products are the
same. This observation confirms the existence of an equilib-
rium between the episelenonium and the final products 2
(Scheme 1). It should be noted that the reaction with styrene
gave low yields and the resulting products appeared very
unstable. Finally, the tri-substituted alkene 1-methylcyclo-

hexene did not give the expected products.

Finally, some more elaborated molecules such as the macrolac-
tone 2j, the clofibrate derivative 2k, and the estrone derivative
21 were also successfully bis-functionalized.

Some products appeared to be sensitive during purification by
chromatography on silica gel. Suspecting acid sensitivity, com-
pound 2a was treated with trifluoroacetic acid to confirm this
hypothesis (Scheme 3). The product resulting from the substitu-
tion of the CF30 group by the trifluoroacetoxy group was then
observed. The activation of a fluorine atom from the CF3;0
group by H* could be envisaged, which would then trigger the
selenium attack to release difluorophosgene and HF, thus gener-
ating an episelenonium, which would finally be reopened by tri-
fluoroacetate (Scheme 3).

¢ (<
F3C/ﬂ\cf

«SePh
T 4
(0} 0 +Se

L} !
N\ Ph
2a F/'*:\F“.uu H\O)J\CFa l

@SePh
(0]

0O~ CF3
4a

Scheme 3: Degradation of 2a under acidic conditions.

Although the selenylated compounds 2 are of interest, the pres-
ence of the PhSe moiety allows other transformations to be
considered. First, the oxidative elimination of the selenyl
moiety to generate a double bond was first studied. However,
regardless of the oxidative conditions used (mCPBA [75], H O,
[75], selectﬂuor®/H20 [76], SO,Cl,/NaHCOj3 (aq) [77,78]), in
most cases a complex mixture was observed and no correspond-

ing vinylic compound was detected by NMR.

Beilstein J. Org. Chem. 2024, 20, 2434-2441.

The phenylselenyl moiety could also undergo radical reduction
to produce trifluoromethoxylated molecules [79]. Using tris(tri-
methylsilyl)silane in the presence of AIBN [80], some com-
pounds were successfully reduced to give the corresponding
trifluoromethoxylated products with good yields (Scheme 4).
This approach could be a complementary method to obtain
trifluoromethoxylated compounds that are difficult to synthe-
size by nucleophilic substitution, such as products 5a and 5b

[68].

OCF (Me3Si)3SiH (1 equiv) OCF
. ° AIBN (0.2 equiv) » 3
R2 B R2
SePh toluene, 80 °C
5
2
OCF;
[::j/ OCF,4
5b
5a
73% 65%

O
e
O
ol s | N %J\O/\(
_— OCF;
CI 5k!

77% (51%), ratio: 89:11

5l

OCF;

65% (52%), ratio: 74:26

Scheme 4: Radical deselenylation of 2. Yields determined by 1°F
NMR spectroscopy with PhCFj3 as internal standard (in parentheses
isolated yields).

Conclusion

In this work, an efficient phenylseleno trifluoromethoxylation
of alkenes has been developed to readily obtain -selenylated
trifluoromethoxylated compounds. These compounds can also
undergo radical deselenylation to provide trifluoromethoxy-
lated molecules that can be difficult to access by nucleophilic
substitution. These results contribute to the further valorization
of the DDPyOCFj salt (arising from DNTFB/DMAP) as an

efficient tool in organic fluorine chemistry.
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Experimental

Typical procedure: Synthesis of 2. In a 10 mL vial, DNTFB
(160 pL, 1 mmol, 2 equiv) is added in one portion to a stirred
solution of DMAP (119 mg, 0.975 mmol, 1.95 equiv) in an-
hydrous MeCN (1.5 mL). The vial is closed and the reaction
mixture is stirred in an ice bath for 15 minutes (the reaction
rapidly turns orange after the addition of DNTFB and quickly
turns yellow). Then, the tube is opened and PhSeBr (118 mg,
0.5 mmol, 1 equiv) is added in one portion. The resulting reac-
tion mixture is stirred in the same ice bath for 15 minutes. Then,
the tube is opened and the alkene (1, 0.5 mmol, 1 equiv) is
added. The reaction is stirred at room temperature for 2.5 h
(unless otherwise stated). Note that a yellowish precipitate is
formed during the reaction for high yielding substrates. The
reaction is monitored by '°F NMR (PhCF; as internal standard).
At the end of the reaction, the content of the vial is transferred
to a separatory funnel and 10 mL of water are added. The
aqueous layer is extracted three times with 10 mL of diethyl
ether. The organic layers are combined and washed with 10 mL
of water. The organic layer is dried with MgSQy, filtered, and
concentrated under vacuum. Compounds 2 are obtained after

purification by chromatography.

Supporting Information

Supporting Information File 1

Additional experimental and analytical data and NMR
spectra.
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