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Abstract: The trifluoromethoxy moiety, an emerging fluorinated group,
shows interesting properties for pharmaceutical and agrochemical
applications. However, only few methods have been reported for the
direct introduction of this group on molecules with high efficiency,
safety and low cost. Indeed, most of direct trifluoromethoxylation
reagents are either expensive, hazardous or require preliminary
synthesis before their use. Here we describe the use of 2,4-dinitro-1-
(trifluoromethoxy)benzene (DNTFB) as an easy-to-handle, safe,
commercially available and cheap source of trifluoromethoxide anion
for the trifluoromethoxylation of arynes-

Introduction

Molecules bearing fluorinated groups represent a significant
proportion of active compounds in pharmaceuticals and
agrochemicals.'*?  Among these fluorinated groups, the
trifluoromethoxy unit (OCF3) is modestly represented™ despite its
interesting properties regarding electronegativity,
hydrophobicity,®! electronic effects and conformation. >l

An explanation of the low number of CFzO-containing
pharmaceuticals and agrochemical ingredients is the few
methods to access the trifluoromethyl ether motif, whether it is by
dehalogenative or dechalcogenative fluorination, by radical or
electrophilic O-trifluoromethylation or by direct introduction of the
OCF; group.[ Concerning direct ways to construct CFzO—carbon
bonds, radical trifluoromethoxylation has been well studied on
(hetero)aromatics and acetophenone derivatives.l’a 74 8 The
direct introduction of the OCF3; motif via the trifluoromethoxide
anion (CF307) has been the focus of research for the past
decade.["® 7e-9l Many sources of CFz0- have been developed and
used on different substrates by nucleophilic substitution or metal-
catalyzed reactions.”! However, these trifluoromethoxide anion
sources suffer from = various drawbacks (Figure 1a).
Trifluoromethyl triflate (TFMT)®2°] |argely used to generate
trifluoromethoxide salts,9a. 94, 9. 91 5 an expensive reagent but
low boiling point liquid (bp 19 °C), which limits its applications. The
Trifluoromethyl nonaflate (TFNf) was developed to overcome this

boiling point issue but it has to be prepared from the Umemoto Il
reagent.®V Trifluoromethyl aryl sulfonates (TFMS)d have been
developed as a substitute of the latters but they have to be
prepared from explosive and expensive Togni’s reagent.[°l (E)-O-
trifluoromethyl benzaldoximes (TFBO)®K are safer to synthesize
but they are not yet commercially available. Trifluoromethyl
benzoate (TFBz), for its part, has to be prepared from triphosgene,
a toxic solid.P" Finally, even if N-trifluoromethoxyphthalimide
(Phth-OCF3)I°!! is very easy to use, it has to be prepared from
Togni’'s reagent like TFMS.

a) Examples of nucleophilic trifluoromethoxylation reagents
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b) DNTFB/DMAP system as a source of trifluoromethoxide anion
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Figure 1. DNTFB as an attractive source of trifluoromethoxide anion

In 2010, some of us introduced 2,4-dinitro-1-
(trifluoromethoxy)benzene (DNTFB) as a new trifluoromethoxide
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anion source.! Indeed, the trifluoromethoxide anion can be
obtained from this commercially available, cheap, easy-to-handle
and stable reagent, in the presence of a fluoride salt. Recently
and concomitantly, our groups*? and Sanford et al.l*® improved
the generation of the anion by using 4-dimethylaminopyridine
(DMAP) in acetonitrile to form a stable pyridinium
trifluoromethoxide solution (DDPyOCF;, 1)(Figure 1b). We
already demonstrated that the DNTFB/DMAP system was able to
trifluoromethoxylate aliphatic substrates via SN reactions.*? In
addition, it can also be used as difluorophosgene source to
synthesize carbamoyl fluorides*¥ and acyl** 9 fluorides with
excellent yields.

In order to extend the scope of application of DDPyOCF; we were
interested in the trifluoromethoxylation of ortho-arynes. ortho-
Arynesl'® are very reactive species which are formally presenting
vicinal  electrophilic and  nucleophilic  positions. The
trifluoromethoxylation of arynes has been briefly reported by
Kolomeitsev et al. in 2008 with TEMT as the trifluoromethoxide
source and Kobayashi aryne precursors®d as substrates
(Scheme 1a). Few years later, Hu and co-workers®" described an
ortho-halogenotrifluoromethoxylation of arynes using TFBz with
good to excellent yields (Scheme 1b). Finally, a similar work has
been published by Lei et alll with TFMS as
trifluoromethoxylation reagent with the same success
(Scheme 1c). Despite the good results obtained by these groups,
their methods suffer from the above-mentioned drawbacks
concerning OCF; sources. Additionally, the trifluoromethoxylation
of arynes often goes hand in hand with the introduction of a
halogen in ortho position of the OCFs; group. The
prototrifluoromethoxylation of arynes was only described in two
examples by Kolomeitsev.®¥ We herein describe the
complementary use of DNTFB as a cheap and easy-to-handle
source of trifluoromethoxide anion for the trifluoromethoxylation of
arynes generated from Kobayashi precursors (Scheme 1d).
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/
N == €]
[N'gNMez OCF,
\

(Obtained from TFMT)

©iTMS Fe { ©‘ —‘ (3.0 equiv.)
o L J MeCN/Ether (1:1)

OCF; F
oo

01020 °C
72%
(85:15)
b) Hu et al. (2018)
o KF (4.5 equiv.)
™S @ is-DCy-18-C-6 (4.5 equiv. N OCF
g EtOAc, rt, 12 h
Z ot X
TFBz 4.0 equiv.
3.0 equiv. X=Br, |, Cl
39-86%
c) Lei et al. (2021)
O\\ 0 KF (4.0 equiv.) OCF
N TMS ST cis-DCy-18-C-6 (2.0 equiv.) X 3
\ pis
RIL + OCF,4 +  C4Fl Ry
P> DCM, 60 °C, 12 h Z 1
OTf
TFM$ 6.0 equiv. 44-86%
2.0 equiv.

d) This work

DMAP (9.0 equiv.)

MeCN, rt, 20 min
NO,

DNTFB
18.0 equiv.

Scheme 1. Aryne trifluoromethoxylation

Results and Discussion

Inspired by the previous work on the trifluoromethoxylation of
Kobayashi aryne precursors as mentioned above,®® . 171 we
started to screen various fluoride sources in a two-tube set-up
using benzyne precursor 2a as a model substrate. This two-tube
set-up was used to prevent as much as possible the activation of
DNTFB by the fluorides used to trigger the generation of the aryne.
In practice, a first sealed tube was used to preform the
trifluoromethoxide salt 1 (DDPyOCF3;, Scheme 1d) and a second
one contained the aryne precursor and a fluoride salt as its
activator; the solution of 1 was then transferred from the first tube
to the second. The first attempt, performed with cesium fluoride
(CsF), only gave a medium conversion and a modest yield of
trifluoromethoxybenzene 3a (Table 1, entry 1). The use of KF led
to a slightly better conversion but a lower yield (entry 2). These
two fluoride salts are poorly soluble in acetonitrile (MeCN).
Therefore, another fluoride salt, more soluble, was considered
such as tetrabutylammonium difluorotriphenylsilicate (TBAT). In
this case, moderate conversion was achieved but the vyield
increased to 27% (entry 3) compared to 16% and 11% obtained
with inorganic fluoride salts. To improve the kinetics of the
reaction, the temperature was increased from 25 °C to 40 °C and
60 °C (entries 4 and 5). To our delight, conversion raised up to
100% while a 30% yield was obtained. Variation of the
temperature, the concentration and the molar ratio of the
reactants did not show any improvement (for more details see the
S|, Tables S1 to S6), and the yield of 3a remained low to average,
which was unsatisfying in view of the complete conversion of the
aryne precursor. This could be explained, under the reaction
conditions, by a too quick generation of benzyne with regard to
the slow attack of the weak nucleophile that is F3CO-, leading to
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side-reactions of benzyne. This too fast release of benzyne would
in turn be due to the combined action of the added fluoride source
and of internal fluoride, released by the collapse of the
trifluoromethoxide anion into fluorophosgene. Accordingly, we
wondered whether we could turn this degradation of the
trifluoromethoxide anion to our advantage and use DNTFB as the
sole source of both trifluoromethoxide anion and fluoride (Scheme
2), slowing down the formation of the aryne and simplifying the
system. A second advantage of this trick would be to no longer
need a 2-tube setup. On the other hand, to balance the loss of
trifluoromethoxide anion into the formation of fluoride and to
maintain an excess of the weak nucleophile F;CO-, the amount of
DNTFB and DMAP introduced in the reaction medium had to be
increased to 18.0 and 9.0 equivalents respectively. To our
satisfaction, the reaction carried out at 60 °C led to 89%
conversion and a trifluoromethoxylation yield of 53% (Table 1,
entry 6). Considering the better results obtained in the absence of
any additional fluoride source, this strategy, taking place in only
one tube, has therefore been more extensively investigated.

Table 1. Survey of aryne trifluoromethoxylation with fluoride salts!®

(€]

oTf
v |
N ™S
le) ock 2a
DMAP (4.0 equiv.) N/ 2 | fluoride salt (2.0 equiv.) ©0CF3
MeCN, 8 °C, 20 min NO, MeCN, T°C, 16 h
NO,
DNTFB

8.0 equiv.

Entry Flusc;rlltde Temperature (°C) (2(;?2/\0/)'[b] (3:%'/?)&]
1 CsF 25 58 16
2 KF 25 78 11
3 TBAT 25 57 27
4 TBAT 40 88 30
5 TBAT 60 100 30
6 - 60 89 53

[a] Conditions: DNTFB (4.0 mmol), DMAP (2.0 mmol), 2a (0.5 mmol),
fluoride salt (1.0 mmol), MeCN (5.0 mL), temperature, 16 h, MeOH (2.0
mmol) after 16 h. [b] Yields and conversions were determined by *°F NMR
with a,o,a-trifluorotoluene (PhCF3) as internal standard. [c] Modified
conditions: DNTFB (9.0 mmol), DMAP (4.5 mmol), 1a (0.5 mmol), MeCN
(5.0 mL), 60 °C, 16 h, MeOH (2.0 mmol) after 16 h.

Ny

N T™MS

o (%

\ﬁ/ e jl . 2 O™ (© —‘ DDP;qocp3 ocF,
NO, FOOF

o O

NO,
1

Scheme 2. Trifluoromethoxide anion degradation as a source of fluoride to
activate the aryne precursor.

From this point on, we firstly decided to rise up the temperature
of the reaction to 80 °C to increase the degradation rate of the
trifluoromethoxide anion, which led to an improved
trifluoromethoxylation yield of 64% (Table 2, entries 1-2). This
degradation rate can also be modified by changing the ratio
between DNTFB and DMAP.12 |n fact, by decreasing this ratio
from 2:1 (DNTFB:DMAP) to 1.5:1 at 60 °C (entry 3), the product
3a was obtained with 57% yield and a total conversion. Other
attempts to decrease the ratio and modify the temperature led to
lower conversions and vyields (entries 4 to 6). It has also been
determined that the use of an ice bath to preform the F;CO™~ anion

10.1002/ejoc.202400388
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is not necessary regarding the similar yield of 64% obtained with
a preformation temperature of 35 °C (entries 7 vs 2). The
preformation step can then be carried out at room temperature.
However, the suppression of that step led to an important drop in
the yield from 64% to 31% (entry 8). These last two results
indicate that it is important to ensure that a high amount of
trifluoromethoxide anion is present in solution when the aryne is
formed, to quickly react with it. Moreover, the use of methanol
(MeOH) as quenching agent at the end of the reaction was not
mandatory either, regarding the similar yield of 62% obtained
without quenching step (entry 9).

Table 2. Survey of aryne trifluoromethoxylation without fluoride salt/®
\N/
0CFKNOZ ‘ ®\ gCF
DMAP (9.0 equiv.) N7 3 OCF3
MeCN, 8 °C, 20 min ©/N°2 ©/
NO, 3a
DNTFB NO,
18.0 equiv. 1
Entry Deviation frpm standard Conv. Yield
conditions (2a, %) (3a, %)
1 - 89 53
2 80 °C 100 64
3 13.5 equiv. of DNTFB 100 57
4 13.5 equiv. of DNTFB, 80 °C 97 58
5 9.9 equiv. of DNTFB 93 28
6 9.9 equiv. of DNTFB, 40 °C 100 46
7 Preformation of 1 at 35 °C, 80 °C 100 64
8 No preformation of 1, 80 °C 100 31
9 No quench by MeOH, 80 °C 100 62
[a] Standard conditions: DNTFB (9.0 mmol), DMAP (4.5 mmol), 2a (0.5
mmol), MeCN (5.0 mL), 60 °C, 16 h, followed by MeOH (2.0 mmol). [b] Yields
and conversions were determined by °F NMR with PhCFs as internal
standard.

In order to determine if the reaction time can be lowered, an NMR
survey was conducted to follow the consumption of aryne and
DNTFB as well as the formation of trifluoromethoxybenzene 3a
over time (Figure 2). By analyzing the reaction every 45 minutes
by quantitative °F NMR analysis using o,a,a-trifluorotoluene as
internal standard, we were able to follow the kinetics of the
reaction. We noted that after only 20 minutes (Figure 2, top),
which was the time of the first NMR analysis, almost 70% of the
benzyne precursor 2a had already reacted and around 35% of
trifluoromethoxybenzene 3a had been formed. The reaction thus
starts very quickly. After about 2 hours, 2a was totally consumed
and after about 3 hours, the maximum yield of 47 % of 3a was
obtained. Regarding DNTFB (Figure 2, bottom, green curve), at
the same time, a bit of the reactant was still present in the reaction
medium, meaning that the F;CO~ reservoir is not totally empty
even if the trifluoromethoxylation reaction seems to be finished.
Moreover, after about 4 hours, 5.49 mmol, (or 5.5 equiv.) of F3CO~
were still present in solution, as shown by Figure 2, bottom, red
curve. The same curve shows also that the trifluoromethoxide
anion amount rapidly dropped after 290 minutes, which occurs
concomitantly with the total consumption of DNFTB. In a
precedent work,*?a we had shown that an excess of DNTFB was
required to ensure the stability of the F;CO™ salt. As soon as all
the reservoir of DNTFB is emptied, the trifluoromethoxide anion
cannot be regenerated by attack of endogenous fluoride onto
DNTFB, and thus cannot be maintained at rather constant level.
Since the aryne precursor in Figure 2 is fully consumed after 180
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min, the only fate of trifluoromethoxide is the equilibrium with
COF; and F-, the latter being itself able to activate DNTFB,
releasing FsCO~ which decomposes into COF; and F-, and so on.
The decomposition of DNTFB is thus auto-catalytic and can only
be slowed down if the trifluoromethoxide is consumed by trapping
with the aryne instead of releasing COF; and fluoride.

60 - 60
55 - 55
50 - 50

45 45

& 40 - 40

£ 35 - 35

(]

£ 30 - 30

é 25 25

© 20 1 20
15 - 15
10 10

5 -
o | — o o o o

0 60 120 180 240 300 360 420
t (min)

0,18 - - 0,64
0,16 - L 0,56
0,14 1 - 048
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£ 01 - £ E
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L 0,08 1 S
L 0,24 S2
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Figure 2. %F NMR monitoring of the consumption of aryne precursor 2a (top,
@ blue curve), 3a formation (top, 4 orange curve), DNTFB consumption
(bottom, A green curve) and trifluoromethoxide anion consumption (bottom, Il
red curve). Reaction conditions: 2a (0.08 mmol, 1.0 equiv.), DMAP (0.72 mmol,

9.0 equiv.), DNTFB (1.47 mmol, 18.4 equiv.), CDsCN (800 pL), 75 °C. **F NMR
with PhCF3 as internal standard.

With all this information in hand, we tried to reduce the reaction
time. Under batch conditions, the yield was slightly decreased to
58% with a conversion of 96% after 3 hours (Table 3, entries 1—
2). In line with the NMR study summarized in Figure 2, after 6
hours (entry 3), results obtained were the same than after 16
hours (entry 1). However, the use of 3-(trimethylsilyl)naphthalen-
2-yl trifluoromethanesulfonate 2b instead of 2a led to lower
efficiency than expected with a vyield of 44% of 2-
(trifluoromethoxy)naphthalene 3b after 6 hours versus 52 % after
16 hours (entries 4 and 5). The 16 hours reaction time was thus
maintained for the rest of the study. Pursuing the optimization of
the procedure, we also considered to add the aryne precursor in
two portions to check whether the aryne was diverted from its
course to other reaction pathways before the addition of CF;O.
Thus, the first half of precursor 2a was added at the beginning of
the reaction and the second half after 3 hours (entry 6). At the end
of the 16 h reaction time, the yield was finally lower than under

10.1002/ejoc.202400388
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standard conditions (entry 1) with only 57% of 3a observed by
NMR analysis.

Table 3. Application of the NMR survey results to batch conditions!®

OCF; =
NOz DMAP (9.0 equiv.) a, X OCFs
R
MeCN, 8 °C, 20 min NO, MeCN, 80°C, 16 h Z
NO, 3a,b
DNTFB NO,
18.0 equiv. 4
Entr Deviation from standard Conv. Yield
Y conditions (2a, %) (3a, %)™
1 - 100 64
2 3 hinstead of 16 h 96 58
3 6 h instead of 16 h 100 64
OoTf
4 ) 100 52 (3b)
™™s 2b instead of 2a
OoTf
5 . 100 44 (3b)
™s 2b instead of 2a

6lcl [ Addition of 2a in two portions 97 57

[a] Standard conditions: DNTFB (9.0 mmol), DMAP (4.5 mmol), 2a (0.5
mmol), MeCN (5.0 mL), 80 °C, 16 h, MeOH (2.0 mmol) after 16 h. [b] Yields
and conversions were determined by °F NMR with PhCFs as internal
standard. [c] 0.5 equiv. of 2a at the beginning of the reaction and additional
0.5 equiv. added after 3 h. [d] 6 h instead of 16 h.

We also tried to perform the difunctionalization of arynes by
halogenating the position adjacent to the trifluoromethoxy group,
using electrophilic bromine sources in the same way Hu et al
reported (Scheme 1).°M we firstly used 1,2-dibromo-1,1,2,2-
tetrafluoroethane (Table 4, entry 1) as electrophile, leading to the
obtention of 22% of the protonated product 3b and only 3% of the
desired 2-bromo-3-(trifluoromethoxy)naphthalene 3b’.

Table 4. ortho-Bromotrifluoromethoxylation of 2b

oTf
W
OCFa (4 0 equiv.) o<:|=3 OCF,
0, MeCN 80°C, 16 h B,

OCF,
NO,
DMAP (9.0 equiv.)
MeCN, t, 20 min
NO,

DNTFB
18.0 equiv.

Entry “Br*” source Yield Yield
(3b, %"  (3b’, %)
F F
1 Br——CBr 22 3
F F
2 n-CeF13Br a7 6
3 CeFsBr 39 4

[a] Standard conditions: DNTFB (9.0 mmol), DMAP (4.5 mmol), 2b (0.5
mmol), “Br*” source (2.0 mmol), MeCN (5.0 mL), 80 °C, 16 h. [b] Yields and
conversions were determined by *°F NMR with PhCFs as internal standard.

The wuse of 1-bromoperfluorohexane (entry 2) and 1-
bromoperfluorobenzene (entry 3) also gave 3b as the major
product and only low yields of 6% and 4% respectively for 3b’.
Hence, protonation was privileged over bromination. We thus
investigated the origin of the proton preventing the ortho
functionalization. The first hypothetic source of protons was
acetonitrile. Indeed, it has already been reported that phenyl
anions generated from addition of a nucleophile on arynes can
abstract a proton from acetonitrile.l*8! To check this assumption,
we used CD3;CN as solvent for the trifluoromethoxylation of 3-
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(trimethylsilyl)naphthalen-2-yl trifluoromethanesulfonate  2b
(Scheme 3). Under these conditions, only the protonated 2-
(trifluoromethoxy)naphthalene 3b was isolated with a yield of
28 % and no deuterated 2-(trifluoromethoxy)naphthalene-3-d 3b®
was observed neither by NMR or GCMS analyses. Regarding this
result, it seems that the proton is not provided by acetonitrile.
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Scheme 3. Trifluoromethoxylation of 2b in deuterated acetonitrile (isolated
yields are given).

The second hypothesis was water traces in commercial
anhydrous acetonitrile. In order to eliminate this possibility,
acetonitrile with different levels of dryness was used. Employing
standard reaction grade MeCN (Table 5, entry 2) led to an
expected decline of yield, going down to 54%. However, the use
of MeCN dried over phosphorus pentoxide (P.0s) then calcium
hydride (CaH,) (Table 5, entry 3) did not really show differences
in yield compared to the reference experiment using commercial
anhydrous acetonitrile (Table 5, entry 1). Residual water traces in
the solvent are thus unlikely to serve as proton source. Third, we
questioned the presence of water traces in reagents. DMAP was
recrystallized and dried before use and substrate 2a was
employed as received from the supplier, as it did not contain any
water traces by NMR analysis. We thus focused our attention on
DNTFB as it was the reagent present in the largest amount and
was also used as received from the supplier. However, when
DNTFB had been dried over a weekend over CaH,, the reaction
afforded a yield of 61%, i.e. similar to the one obtained with non-
dried DNFTB (Table 5, entry 4 vs entry 1).
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Table 5. Survey on the origin of the proton ortho to OCF3.[
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Entr Deviation from standard Conv. Yield
Y conditions (2a, %) (3a, %)
1 - 100 64
Reaction grade MeCN (from
2 Fisher Scientific) 100 54
3 MeCN freshly distilled on P20s 100 60
and CaH>
4 DNTFB dried over CaH. 100 61

[a] Standard conditions: DNTFB (9.0 mmol), DMAP (4.5 mmol), 2a (0.5
mmol), MeCN (5.0 mL), 80 °C, 16 h, followed by MeOH (2.0 mmol). [b] Yields
and conversions were determined by °F NMR with PhCFs as internal
standard. [c] DNTFB dried over CaH> for 72 h and introduced through a
syringe filter (0.2 um, PTFE). [d] No quench with MeOH.

The protonation of the intermediate generated from nucleophilic
attack of trifluoromethoxide onto the aryne is thus not due to trace
water in either acetonitrile or the reagents. The last hypothesis
was the abstraction of a proton from the N-arylpyridinium cation
DDPy* and more especially of the proton located between the two
nitro groups, which we presumed to be the most acidic. To
validate this assumption, we prepared its triflate salt 16
(DDPyOTf), hence comprising the same DDPy* cation as in 1,
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and we made it react with NaH in deuterated acetonitrile in order
to observe the corresponding deuterated compound (16P) or the
related carbanion (Scheme 4). By following the integration of
proton signals over time we were able to observe a decrease in
the relative intensity corresponding to proton H3 compared to the
ones of H1 and H2. Indeed, after 4 h of reaction, the signal of H3
only integrated for 0.18 against 1.0 for H1 and 1.05 for H2 (Table
6, entry 3).

Ny

‘ N o X X
&7 ot NaH (2.0 equiv.) ‘ OF ng ‘ Oz
N N N

CD4CN, r.t,, time O
D

Scheme 4: Deprotonation and deuteration of pyridinium triflate salt 16 by NaH.
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Table 6. NMR study of the deprotonation of 16 over time by NaH.
Entry Reaction _Hl NMR ) H2 NMR _H3 NMR
time (h) integration integration integration
1 0.5 1.00 1.02 0.78
2 2 1.00 1.05 0.41
3 4 1.00 1.05 0.18

It is therefore not unreasonable to think that the DDPy* cation is
the proton source in our system, preventing the ortho-
functionalization that should be concomitant to
trifluoromethoxylation. To confirm this assumption, we used
deuterated DNTFB in a trifluoromethoxylation of naphthalene
derivative 2b expecting a deuteration of the final compound.
Unfortunately, this experiment did not show any deuteration of
trifluoromethoxynaphthalene 3b (Scheme 5) indicating that the
DDPy* cation might not be the only proton source in our system.
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Scheme 5: Deuteration of 3b using deuterated DNTFB.

With the optimized conditions in hand, involving 18 equivalents of
DNTFB and 9 equivalents of DMAP at 80 °C for 16 h, we then
started to study the scope of the reaction (Scheme 6). The
trifluoromethoxylation of the naphthalene derivative gave the
desired product with a slightly lower *°F NMR vyield of 51% for 3b
with regard to 3a, and 25% after isolation due to its volatility. With
an aryne hindered by methyl groups, namely 2,3-didehydro-1,4-
dimethylbenzene, the yield decreased to 40% (3c). Using
aromatic cycles substituted by methoxy groups, yields were
medium to good. Indeed, 54% of 3d and 73% of global NMR yield
of 3e? and 3e® were obtained. Moreover, the regioselectivity
obtained was good (84:16) in favor of meta-substituted 3e®.
Purification afforded only the major regioisomer with 11% vyield.
The trifluoromethoxylation of halogenated arynes gave modest
yields due to the deactivation of the aromatic ring. Brominated
products 3f2 and 3f° were obtained with a global yield of 32% and
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with a corresponding 21:79 ortho/meta ratio, whereas chlorinated
products 3g® and 3g* and fluorinated products 3h? and 3h® both
gave 41 % of global yields with good to excellent regioselectivity
—respective ratios of 88:12 and 95:5— in favor of 3g* (para-
subtituted) and 3h® (meta-substituted). The same observation can
be made concerning the phenylated and trifluoromethylated
substrates 2i and 2j that gave, after treatment with the
DNTFB/DMAP system, an isolated vyield of 40% for 3-
(trifluoromethoxy)-1,1'-biphenyl 3i and an NMR yield of 20 % for
3-(trifluoromethoxy)benzotrifluoride 3] as solely observed
regioisomers.
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Scheme 6 Trifluoromethoxylation of arynes with the DNTFB/DMAP system.
Yields and ratios determined by **FNMR with PhCFs as internal standard
(isolated yields in parentheses).

The DNTFB/DMAP system was also applied to the
trifluoromethoxylation of heteroaromatic substrates. 2,3-Pyridyne
precursor 2k led to 2- and 3-(trifluoromethoxy)pyridines 3k? and
3k® with a global yield of 40% and a good ratio of 86:14 in favor
of 3k2.'%  Moderate yields were also obtained starting from
indolyne precursor 2l, which furnished 3I5¢ with a lower
regioselective ratio of 63:37 in favor of N-Boc-protected 5-
(trifluoromethoxy)indole 3I° before purification and 60:40 after
column chromatography. In all other cases, good
regioselectivities were observed. Finally, the
trifluoromethoxylation conditions applied to the 3-piperidyne
precursor 2m gave a low isolated yield of 12% of 3m as a single
regioisomer. In terms of regioselectivity preferences, the results
obtained for 3e-f,h,j—m are in accordance with calculations
reported by Santelli et al.,? Garg, Houk et al.,”! and Iwata,
Shindo et al.?? regarding the distortion angle of the active triple
bond. Indeed, according to the distortion theory, the addition of a
nucleophile onto an aryne is favored on the carbon showing the
largest bond angle (See Sl for details). Concerning the indolyne
generated from precursor 2I, only a small difference between
angles on each extremity of the triple bond has been

calculated,?°® consistently with the observed poor regioselectivity.

On the other hand, for product 3g3*4, the calculated distortion
between the angles of the triple bond of the aryne intermediate
was low. However, the regioselectivity observed was predominant
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in favor of 3g*. Finally, for product 3i, the calculated structure of
the corresponding aryne intermediate shows no sensible
distortion of the triple bond (see Sl for details) and the full
regioselectivity in favor of the 1,3-disubstituted product should
rather be ascribed to steric hindrance exerted by the phenyl group.

Conclusion

In this report, we have disclosed the use of the DNTFB/DMAP
system to activate Kobayashi aryne precursors and
trifluoromethoxylate the resulting arynes in modest to good yields
and good regioselectivities in most cases. The trifluoromethoxide
anion acted as both the nucleophile and the source of fluoride
upon collapse of F3CO™. Although the amount of DNTFB used
was significant, the low cost of this stable and easy-to-use
trifluoromethoxide anion source allows the synthesis of
trifluoromethoxylated compounds at reasonable costs.
Interestingly, electrophilic halogen-bearing reagents proved
ineffective to concomitantly introduce a halogen atom in ortho
position of the trifluoromethoxy group, due to the rapid protonation
of the aryl carbanion intermediate. After discarding usual proton
sources, we considered the N-arylpyridinium cation DDPy*, a
specific attribute of the DNTFB/DMAP system, but experiments
could not reveal its role as protonating agent. All in all, this method
is therefore complementary to other work in the literature on ortho-
halogenotrifluoromethoxylations of arynes.

Experimental Section

Typical procedure for the trifluoromethoxylation reaction
In a 10 mL screw-cap sealed tube under argon, DNTFB (1.40 mL,
9.00 mmol, 18.0 equiv.) was added to a solution of DMAP (550
mg, 4.50 mmol, 9.0 equiv.) in anhydrous acetonitrile (4 mL). The
tube was closed and the resulting solution was stirred for 20 min
at room temperature. Then, the aryne precursor (0.50 mmol,
1.0 equiv.) in solution in anhydrous acetonitrile (1 mL) was added
in the tube and the latter was tightly closed. The reaction mixture
was stirred for 16 h at 80 °C. The tube was then allowed to cool
down to room temperature and an aliquot was taken for yield and
conversion determination by quantitative *°F NMR analysis (using
a,a,o-trifluorotoluene as internal standard). The reaction medium
was transferred to a separatory funnel and distilled water (10 mL)
was added. After shaking and separation, the agueous layer was
extracted with pentane (3 x 10 mL). The combined organic layers
were washed with brine (3 x 10 mL), dried over MgSO, and
concentrated under vacuum. The product was purified by flash
column chromatography using the appropriate solvent system.
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The trifluoromethoxylation of arynes has been little reported in the literature mainly due to the limited number of stable
trifluoromethoxide anion sources existing. We describe herein the trifluoromethoxylation of arynes using 2,4-dinitro-1-
(trifluoromethoxy)benzene (DNTFB) as a cheap and easy-to-use source of F3CO™. The released trifluoromethoxide anion was used as
both a source of fluoride to generate the aryne and a nucleophile for the trifluoromethoxylation reaction.
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