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Predestined to be transient theoretical species, phenonium ions can now be considered as cationic

intermediates of choice in organic synthesis. Here, we demonstrate that under non-nucleophilic and

superacidic conditions, CF3-substituted phenonium ions can be generated to furnish original CF3-

substituted dihydrostilbenes of interest.
Since the pioneering studies of Cram1 (Fig. 1a), considerable
interest has been focused on phenonium ions. The rst obser-
vations of the anthrylethyl bridged cation and p-anisonium ion
respectively by Eberson, Winstein2 and Olah3 (Fig. 1b) triggered
numerous studies to understand the stability/reactivity of these
original cations.4 These studies greatly participated in shiing
the phenonium ion from a fundamental phenomenon to
a synthetically useful cationic intermediate.5 The participation
of an aryl neighbouring group to form a phenonium ion aer
leaving group activation can surprisingly favour processes that
should not occur without such a stabilization. This is especially
evident when electron-withdrawing groups adorn the pheno-
nium cation (Fig. 1c).6 In this context, uorinated phenonium
ions have also recently been elegantly exploited (Fig. 1d).7

Among destabilized carbocations, CF3-substituted carboca-
tions8 are rarely considered as affordable intermediates for
synthetic perspectives, despite an evident potential for modern
applications to the design of uorinated products.9 To the best
of our knowledge, only one example of a CF3-substituted phe-
nonium ion has been postulated.7e Herein, we describe the rst
evidence of this species and its selective exploitation to design
triuoromethylated dihydrostilbene derivatives (Fig. 1e).

In due course of our recent ongoing efforts to generate and
exploit destabilized cations and polycations10,11 in superacid
HF/SbF5,12 we thus envisioned to generate triuoromethylated
phenonium ions from CF3-substituted alcohols. To favour
a substantial stabilization of the resonance-demanding phe-
nonium ion by the lone pair of an amino group, 3-(4-
(dimethylamino)phenyl)-1,1,1-triuoropropan-2-ol 1 was
chosen as a model substrate (Scheme 1a). Treatment of 1 with
te-Alsace, CNRS, UMR 7042-LIMA, ECPM,
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ce

tion (ESI) available. See DOI:

the Royal Society of Chemistry
HF/SbF5 furnished a clean ionic species whose NMR signals did
not match with the ones of a phenonium ion. Nevertheless, the
clean spectra allowed to identify dication A as the sole species
generated in solution. In the 1H NMR spectrum, the methyl
groups of the amine function appear as a doublet at 1.84 ppm
conrming the formation of the ammonium ion. The proton-
ation of the OH group is also conrmed by the presence of
a doublet at 9.72 ppm 13 and by the presence of a quadruplet in
the 13C NMR spectrum at 119.2 ppm. This dicationic species
was surprisingly stable up to 20 �C. Considering the difficulty to
Fig. 1 (a) First postulated phenonium ion; (b) first observed pheno-
nium ions; (c) postulated destabilized phenonium ions; (d) postulated
fluorinated phenonium ions; (e) this work.
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activate the C–OH bond geminal to the triuoromethyl group,
we turned our attention to the uorinated analogue 2. This was
especially motivated by previous results from Prakash and Olah:
attempting to generate the p-anisonium ion from b-p-anisyle-
thanol in superacid, only a dication coming from the proton-
ation of alcohol and ether functions was observed.3,14

Interestingly, the targeted phenonium ion could be generated
from the corresponding p-anisyl-2-chloroethane suggesting that
the carbon–halogen bond could be activated in these condi-
tions. Capitalizing on our experience on uoroalkylamino
reagents (FAR) and their exploitation in synthesis,15 substrate 2
could be generated in two steps from peruoropropene and
ready to be tested under similar superacid conditions (see ESI†).
Compound 2 reacted in superacid at �40 �C leading to
a mixture of ionic species (Scheme 1b). The 1H NMR spectrum
resulting from this solution was difficult to interpret. However,
in the 19F NMR spectrum, the signals at �83.8 ppm and
�204.5 ppm conrmed the presence of ion B in solution. As for
the alcohol derivative 1, the conditions were modied to
tentatively favour the C–F bond activation by performing the
reaction at higher temperature, but the reaction solution
exhibited a complex mixture of different uorinated species
that were difficult to analyse. At �20 �C, aer 10 min reaction,
the reaction medium was hydrolysed and puried. The dihy-
drostilbene derivative 3 could be isolated from the reaction
mixture in 14% yield. Although generated in a modest yield, the
Scheme 1 (a) Exclusive formation of dication A after reaction of 3-(4-
(dimethylamino)phenyl)-1,1,1-trifluoropropan-2-ol 1 in HF/SbF5 at low
temperature and characteristic NMR signals (d in ppm); (b) reactivity of
N,N-dimethyl-4-(2,3,3,3-tetrafluoropropyl)aniline 2 in HF/SbF5 and
characteristic NMR signals (d in ppm); (c) deuterium labelling experi-
ment supporting the involvement of dication C.

25696 | RSC Adv., 2021, 11, 25695–25699
formation of this pseudodimeric compound could result from
the reaction between the deactivated aromatic ring of the
protonated ion B and the CF3-substituted phenonium super-
electrophilic ion C.10 To conrm the involvement of ion C in the
process, a deuterium labelling experiment was conducted in the
presence of cyclohexane-d12 (Scheme 1c). With this nucleophilic
source, any deuteration transfer reaction in superacid must
occur through an ionic mechanism.11a,16 Under these condi-
tions, in addition to compound 3, the deuterated compounds 4
and 5 could be isolated aer one hour reaction of substrate 2.17

The formation of the reduced/deuterated products which must
respectively originate from the insertion of a cation into a C–H/
C–D bond of the alkane conrms the involvement of a CF3-
substituted phenonium ion C. The regioselectivity of the reac-
tion, identical for the formation of 3 and 4 is also in accordance
with an ionic mechanism. Interestingly, the formation of
compound 5 as a minor product conrms the highly destabi-
lized character of the elusive a-CF3 carbocation.

Considering that the triuoromethylated 1,2-diarylethane
motif could be considered as an interesting pharmacophore for
further applications,18 we explored the ability to regioselectively
trap the phenonium ion C with representative arenes. As a rst
instance, and encouraged by the formation of product 3 from
intermolecular addition of the aniline, acetanilide 6a was
chosen as a model nucleophilic partner and 2 as a source of
phenonium ion to screen the reaction conditions (Table 1).
Gratifyingly, a rst attempt in HF/SbF5 allowed to generate the
targeted uorinated product 7a, albeit in a modest 15% yield
(Table 1, entry 1). Extending the reaction time and increasing
the temperature throughout the reaction course was found ideal
to favour a clean reaction (Table 1, entries 2–4) and product 7a
could eventually be obtained in 97% yield. The necessity to use
HF/SbF5 superacid conditions to activate the C–F bond19 was
Table 1 Optimization of the reaction conditions between phenonium
ion precursor 2 and acetanilide 6a

Entry Acida (v/v) Conditions Yieldb [%]

1 HF/SbF5 (1/1) �20 �C, 0.5 h 15
2 HF/SbF5 (1/1) �20 �C, 4 h 65
3 HF/SbF5 (1/1) �20 to 0 �C, 0.5 h 71
4 HF/SbF5 (1/1) �20 to 0 �C, 1 h 97
5 TfOH 20 �C, 1 h 0c

6 TfOH/SbF5 (1/1) �20 to 0 �C, 1 h 0d

7 HFIP/CH2Cl2 (1/1) 20 �C, 16 h 0c

8 SbF5 0 to 20 �C, 1 h 0c

9 BF3$OEt2 (10 equiv.)e 20 �C, 1 h 0c

10 B(C6F5)3 (5 mol%)f 20 �C, 16 h 0c

a Used as solvent, unless stated otherwise. b 7a was isolated in each case
as a 1/1 mixture of para/meta isomers. c Recovery of the starting
material. d Complex mixture. e In CH2Cl2.

f In MeNO2.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Formation of CF3-containing diarylethanes 7 and 9 in
superacid.
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demonstrated by the recovery of the starting material aer
exploring the reaction in triuoromethanesulfonic superacid
solutions, and thus whatever conditions used (Table 1, entries
5-6). Trying to activate the C–F bond20 through a hydrogen
bonding strategy in a hexauoroisopropanol solution21 was
unsuccessful (Table 1, entry 7). Lewis acid activation of the C–F
bond22 was also explored with SbF5, BF3$OEt2 or B(C6F5)3 but
remained inefficient (Table 1, entries 8–10). This seems to
conrm that highly acidic conditions and the absence of any
nucleophilic counter-anions in solution23 are needed to activate
the C–F bond that is geminal to the CF3 group to form the
targeted phenonium ion.

With these optimized conditions in hand, to determine
whether the external aromatic nucleophilic trapping of the CF3-
substituted phenonium ion can be extended to more elaborate
substrates, compound 2 was submitted to superacid in the
presence of different aromatic partners (Fig. 2).

The reaction could be applied to the synthesis of halogen-
substituted products 7b and 7c in good yields aer reaction
with 4-uoro and 4-chloroacetanilide. Not limited to aromatic
amides, the reaction was also found to be efficient with indoline
and tetrahydroquinoline affording the triuoromethylated
dihydrostilbenes 7d and 7e.24 The regioselectivity of the Friedel–
Cras type reaction is dictated by the orientating effect of the
alkyl chain, the amine being protonated under its ammonium
form under these conditions. The reaction was found not
limited to the trapping of the phenonium ion C, as its oxygen-
ated analogue that must be generated from substrate 8 could
© 2021 The Author(s). Published by the Royal Society of Chemistry
also be trapped by acetanilide to generate product 9a. At this
stage it is also important to note that the reaction is highly
regioselective, as the phenonium ion is selectively opened at the
external position, in accordance with an ionic mechanism. No
steric or electronic effect from the nucleophilic partner seems to
affect this selectivity. To test this method on a more complex
target, such as those that might be encountered in pharma-
ceutical research, vinburnine was tested as nucleophilic
partner. Delightfully, the corresponding triuoromethylated
diarylethane analogue 7f could be generated in 67% yield as
a mixture of regio- and diastereomers.

To conclude, the ability to generate CF3-containing pheno-
nium ions in superacid HF/SbF5 was demonstrated. These
cations can react with poor nucleophilic partners such as
deactivated nitrogen-containing arenes, suggesting a super-
electrophilic character for this family of cations. Following
recent and excellent contributions demonstrating the synthetic
utility of phenonium ions, this work opens perspectives to
exploit their CF3-substituted counterpart for synthetic
purposes.
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and T. L. Sordo, J. Am. Chem. Soc., 2001, 123, 5064; (g)
B. Guizzardi, M. Mella, M. Fagnoni and A. Albini, J. Org.
Chem., 2003, 68, 1067; (h) I. Manet, S. Monti, G. Grabner,
S. Protti, D. Dondi, V. Dichiarante, M. Fagnoni and
RSC Adv., 2021, 11, 25695–25699 | 25697

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra04901a


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

6 
Ju

ly
 2

02
1.

 D
ow

nl
oa

de
d 

on
 1

2/
11

/2
02

5 
4:

33
:4

6 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
A. Albini, Chem.–Eur. J., 2008, 14, 1029; (i) Y. Tsuji and
J. P. Richard, J. Phys. Org. Chem., 2015, 29, 557.

5 For selected recent examples mentioning phenonium ions
intermediates in key synthetic reactions, please see: (a)
S. Xu, H. M. Holst, S. B. McGuire and N. J. Race, J. Am.
Chem. Soc., 2020, 142, 8090; (b) X. Lei, Y. Li, Y. Lai, S. Hu,
C. Qi, G. Wang and Y. Tang, Angew. Chem., Int. Ed., 2021,
60, 4221; (c) L. Min, W. Yang, Y. Weng, W. Zheng, X. Wang
and Y. Hu, Org. Lett., 2019, 21, 2574; (d) Y. H. Jang and
S. W. Youn, Org. Lett., 2014, 16, 3720; (e) O. E. Okoromoba,
Z. Li, N. Robertson, M. S. Mashuta, U. R. Couto,
C. F. Tormena, B. Xu and G. B. Hammond, Chem.
Commun., 2016, 52, 13353. For a recent review, please see:
(f) H. M. Holst, S. B. McGuire and N. J. Race, Synlett, 2021,
32, 1.

6 For selected examples mentioning phenonium ions
substituted with electron withdrawing groups, please see:
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