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Abstract—Treatment of 1-bromopropargylic amines affords the corresponding 1,1,1-trifluoro in one step in HF-SbF5 medium.
1-Bromo-1,1-difluoro or 2-bromo-1,1,1-trifluoro derivatives could also be prepared, depending on the reaction conditions.
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1. Introduction

Considerable attention has been given to fluorinated
organic compounds due to their potential use in medicinal
and agricultural chemistry.! Interest in these fluorinated
substances is continuously increasing because introduc-
tion of one or more fluorine atoms? may significantly mod-
ify the chemical, physical, and biological properties of such
substances. These modifications are associated with
increased stability and lipophilicity, while the steric distor-
tion, compared to the parent compound, is relatively
small. Among these fluorinated compounds, trifluori-
nated ones play an important role, in particular in the de-
sign of bioactive products. Nevertheless, despite this
growing interest, methods to synthesize such products
are still scarce and new methodologies are required. We
would like to report a novel access to trifluorinated com-
pounds from 1-bromopropargylic amines 1-4 in one step.

2. Reaction of compounds 1-4 in HF—SbFj5
2.1. Starting materials

Amine derivatives 1, 4 were prepared as indicated in
Scheme 1 using Hofmeister®* and Jeon’s conditions,’
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respectively. In the piperidine and isoquinoline series,
direct alkylation® with 1,3-dibromopropyne afforded
the corresponding bromopropargylic amines 2 and 3
in moderate yields (41% and 36%, respectively).

These bromopropargylic amine derivatives were then
submitted to acidic conditions. Preliminary experiments
were performed using HF alone (0 °C, 5 h). In all cases,
starting material was recovered. The use of more acidic
conditions (HF-SbF5) was then considered.

2.2. Results

In the present study, the reactions were carried out in
HF-SbFs’ at low temperature (—40°C to —60°C).
Starting materials (2 mmol) were fully transformed
within 2—15 min of reaction time. In some cases, subse-
quent treatment with HF-pyridine 70/30 (v/v 1mL)
was required (entries 2, 4, and 5, Table 1) at —78 °C.
Then, the resulting mixture was quenched with iced
water (150 mL) and sodium carbonate (80 g). After
extraction with dichloromethane and usual work-up,
the products were isolated by column chromatography
over SiOs.

The results are summarized in Table 1. In HF-SbF;
alone, 1 yielded a gem-bromodifluorinated compound
1a® as major product (entry 1, Table 1) and only minor
amounts of the trifluoro derivative 1b (ratio 1a/1b
11/1, entry 1, Table 2). Addition of a more nucleo-
philic fluorinating agent (HF-pyridine) allowed
total bromide—fluoride exchange to give trifluorinated
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Scheme 1. Synthesis of 1-bromoalkynes 1-4. Reagents and conditions: (a) K,COs, propargyl bromide, crown ether 18-C-6, benzene, (b) NBS,
AgNOs, acetone, (c) (i) H,N-NH,, MeOH; (ii) HCl/MeOH, (d) 1,3-dibromopropyne, NaH, THF.

Table 1. Reactivity of 1-bromopropargylic amine derivatives in HF-SbF5

Entry Compound HF-SbF; HF-pyridine Temperature (°C) Products (yield %)
Molar ratio Time (min)
1 1 15/1 10 —60 1a/1b (77)
2 1 7/1 10 12 h —40 1b (88)
3 2 71 5 2h —40 2b (60)°
4 3 7/1 15 —40 3b (96)*
5 4 7/1 2 2h —60 4a (27)° + 4b (16)°
#Isolated after hydrogenolysis.
®Separated after acylation.’
Table 2. Ratio of fluoro compounds in HF-SbFs dine treatment), a 1,2-dibromo-1,1-difluoro derivative
Entry Compound Time (min) CF,Br/CF, 4a'! (entry 5, Table 1) was also formed. Halide exchange
3 o
1 Phthalimide 1 10 /1 was not observed in the case of 4a at —60 °C after 2 h.
2 Isoquinoline 2 5 1/1 . .
3 Piperidine 3 1 3/1 2.3. Reaction mechanism
4 Primary amine 4 2 4/1

product 1b'* in good vyield (entry 2, Table 1). Double
addition of HF followed by bromide-fluoride exchange
was also observed for amines 2 and 3, albeit at different
rates (Fig. 1).

Since bromodifluoro and trifluoro compounds turned
out to be inseparable by chromatography, '’F NMR
was used to determine their ratio at different reaction
times (Table 2). Starting from isoquinoline 2, a mixture
of CF,Br/CF; derivatives was observed after 5 min at
—40 °C (entry 2, Table 2). Complete exchange to afford
2b required the use of HF—pyridine (entry 3, Table 1).
Addition of HF to piperidine 3 as well as halide
exchange was faster leading to 3b in high yield in
HF-SbFs alone (entry 4, Table 1 and entry 3, Table
2). In both cases, partial aromatic ring bromination
(vide infra) was also observed and the reaction mixture
was treated with H,~Pd/C before separation.

Particular behavior was observed for primary amine 4.
In addition to the expected CF,Br/CF; derivatives
(entry 4, Table 2) or CF; product (4b'? after HF—pyri-

Taking into account these data, the postulated mecha-
nism is outlined in Scheme 2. In HF-SbFs, amines are
N-protonated (in the case of 2 and 3, aromatic rings
are also protonated). Further protonation gives a vinylic
carbenium ion B, trapped by a complex fluoride ion
(SbF,~,SbyF,,,...) to afford a bromofluoro intermedi-
ate C. Starting from the latter, two mechanisms can be
considered. The first one (reaction pathway a) implies
a protonation of the bromofluoroalkene C to afford D
which is trapped by a fluoride ion to give ion E, precur-
sor of the bromodifluoro compound. At this stage, E
may also undergo protonation followed by elimination
of HBr to yield ion F which can react as previously de-
scribed to afford the trifluorinated compounds 1b-4b
(entries 2-5, Table 1). This exchange is observed in
HF-SbF5 alone but generally necessitates a more fluori-
nating reagent (HF—pyridine) to reach completion. An
analogous exchange has been previously observed in
electrophilic trifluoromethylation of substituted anilines,
indolines, oxindoles, and indoles in superacid.!*!4

The unexpected formation of the 2-bromoderivative 4a
(entry 5, Table 1) can be explained following pathway
b (Scheme 2). The bromofluoro alkene C can react with
electrophilic bromine to give cyclic bromonium ion G!°
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Scheme 2. Proposed mechanism for the formation of fluorinated compounds.

which adds a fluoride ion to afford H, precursor of 4a
(Table 1, entry 5). Electrophilic bromine ‘Br™ results

from the oxidation of HBr (generated in situ, pathway bromoamines in superacid.’

5549

a), a process which has been previously observed in
meta-bromination of phenols!® and gem-difluoration of
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Table 3. Reactivity of 1-4 in HF-SbFs with NBS (20 h)
CHBrCF;/CF;

Entries Compound Conditions®

1 Phthalimide 1 10 min/—50 °C 2/1
2 Piperidine 2 15 min/—40 °C 1/4
3 Isoquinoline 3 5 min/—40 °C 1/4
4 Amine 4 2 min/—50 °C 49/1

#Followed by treatment with HF—pyridine.

3. Reaction of compounds 1-4 in HF-SbF5 with NBS

To confirm the mechanism for the formation of com-
pound 4a, derivatives 1-4 were treated with the electro-
philic bromide donor NBS in superacid medium. Under
these conditions, bromination of the aromatic substrate
is also expected and as a consequence an excess of NBS
(3 or 4 equiv) was used to perform this study.

In all cases, subsequent treatment with HF—pyridine was
carried out for 20h to complete bromine—fluorine
exchange. '’F NMR was then used to determine the
ratio of 2-bromo-1,1,1-trifluoro and 1,1,1-trifluoro com-
pounds (Table 3). Almost selective bromination was
only observed for primary amine 4 (4¢,'” 27%), while tri-
fluoro compounds were still the major ones for amines 2
and 3 (entries 2, 3, Table 3).

These results can be accounted for by considering the
equilibrium between N-protonated form C and diproto-
nated ion D. The reaction course may be governed by
the relative stability of these two entities, depending
on the amine substitution (Scheme 2).

In case of amines 2 and 3, electron-donating effects of
alkyl substituents stabilize ion C. Easy protonation
occurs to give ion D, a precursor of trifluoroderivatives
(Scheme 2).

In contrast, N-protonated form C in free amine appears
destabilized. In this case, protonation is disfavored and
irreversible addition of electrophilic bromide ‘Br"’
occurs leading to cyclic bromonium ion G, a precursor
of a-bromotrifluoro products (Scheme 2). For amide
series, an equilibrium between these two pathways is ob-
served in favor of predominant addition of electrophilic
bromide (entry 1, Table 3).

4. Conclusion

In HF-SbFs, the reaction of 1-bromopropargylic
amines affords trifluorinated amine derivatives in good
yields. 1-Bromodifluoroamines or 2-bromo-1,1,1-triflu-
oro products could also be isolated depending on the
reaction conditions and amine substitution. Further
modification of these compounds may be of interest
for the synthesis of fluorinated bioactive compounds.
Nucleophilic'®! and radical induced?® substitution of
bromine have been described in the literature on bro-
mo-difluoro or trifluoro derivatives. Such applications?!
as well as studies of other haloalkynes are underway in
our laboratory.
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