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Abstract. The iodination of terminal alkynes for the
synthesis of 1-iodoalkynes using N-iodosuccinimide in the
presence of a Au(I)-NHC catalyst is reported. A series of
aromatic alkynes was successfully transformed into the
corresponding 1-iodoalkynes in good to excellent yields
using mild reaction conditions. The further use of these
compounds as organic building blocks and the
advantageous choice of metal-NHC complexes as catalysts
for alkyne functionalization were further demonstrated by
performing selective Au(l)-catalyzed hydrofluorination to
yield (Z)-2-fluoro-1-iodoalkenes, followed by a Suzuki-
Miyaura cross-coupling with aryl boronic acids catalyzed
by a Pd(II)-NHC complex to access tri-substituted (Z)-
fluoroalkenes.

All methodologies can be performed sequentially w
only minor variations in the optimized individual reacti
conditions, maintaining high efficiency and selectivity
all cases, therefore providing straightforward access
valuable fluorinated alkenes from commercially availat
terminal alkynes.

Keywords: Alkynes; iodination; hydrofluorination; cros
coupling; gold; palladium; N-heterocyclic carber
bifluoride

Introduction

I-lodoalkynes are extremely useful organic
compounds?I with  industrial  applications as
fungicides!! or antimicrobials,” but mainly as

building blocks in coupling chemistry®”! and alkyne
addition reactions.””! Within the general synthetic
possibilities of 1-haloalkynes,”™  this iodinated
derivative has been shown to be a key intermediate in
the preparation of a plethora of molecules. This fact
has attracted much attention in the synthetic
chemistry community for some decades, further
highlighting the interest in developing robust
methodologies for its synthesis.

Despite the widespread use of the traditional
reaction between an organic acetylide and an
electrophilic iodide source for the iodination of
terminal alkynes,”’ the need for stoichiometric
amounts of base and the use of restrictive reaction
conditions (e.g., low temperatures and moisture-free
systems) have evidenced a lack of efficiency for more
complex systems. In response to this, the use of end-
capped alkyne derivatives as reactive equivalents of
terminal alkynes represents one of the attempts to
circumvent these inconveniences. Species such as

trimethylsilylacetylenes,”® alkynyltrifluoroborate
or propiolic acids,"'” among others,'"! have been us
as suitable substrates for iodination chemistry un
less forcing conditions. On the other hand, the use
these derivatives still presents some limitations, st
as a shorter library of commercially availa
substrates and only moderate atom economy of
processes, which reaffirms the interest in improv:
the synthetic routes involving simple alkynes. Al
various “I"™ sources (including iodide,[12 iodoni
salts,[6“’l3] 1odinated ionic liquids,m] 1odoalkanes,
iodinated cyclic nitronates,'®! N—iodomor?hol
hydroiodide, %1 or N-iodosuccinimide)!'”! he
been developed and used for the iodination
terminal alkynes. However, the lack of reactivity u1
some alkyne systems remains a significant concern.
The need to overcome these difficulties is nowadays
attracting much attention.

The use of transition metals as catalysts for alkyne
functionalization has been extensively reviewed.!'™ In
that context, the generation of metal acetylides under
basic conditions has been exploited in-depth, and
some examples of metal-catalyzed electrophilic
iodination of terminal alkynes are available in the
literature. The use of copper!"” or silver*™*™*" salts as
catalysts has afforded the conversion of a wide range

1
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of alkynes into the corresponding 1-iodoalkynes with
good results. However, since an excess of base is
required for the copper-catalyzed system, and due to
the fairly high catalyst loading of AgNO; (10-20
mol%) and high sensitivity and toxicity of the latter,
the search for a better catalytic system for alkyne
iodination is still ongoing. More recently, a cationic
Au(I)-phothine complex has been shown as an
alternative.”*'!

During the development of transition metal
catalysts supported by NHC ligands (NHC = N-
heterocyclic carbene), we envisaged that these
catalysts could also activate terminal alkynes for the
synthesis of 1-iodoalkynes through electrophilic
iodination (Scheme 1).

F
[Au-NHC] [Au-NHC] R
R—=—H —_—_—t \_,
H
NHC:
R R
pr T\ P Pr >=< P, P Ph [T\ Ph o
CLSD O3S N
ipr ipr Pr 'Pr Z PH Ph Ph Ph
SIPr IPr R=H IPr*
IPr¥e R = Me
Scheme 1. Initial strategy for the one-pot

iodination/hydrofluorination of terminal alkynes using
gold-NHC bifluoride catalysts.

Since 1-iodoalkynes are considered important
organic building blocks, subsequent one-pot
functionalization reactions were considered in an
attempt to validate the need for robust NHC-based
metal systems. Among different possibilities, the
hydrofluorination of the newly formed iodinated
alkynes to yield 2-fluoro-1-iodoalkenes was selected
(Scheme 1). The main interest of this transformation
resides in the preparation of fluorine-containing
olefins,”? which are of great interest in biological
systems and are also widely present in the structure of
pharmaceuticals.”™ This strategy would allow the
difunctionalization of alkynes by simultaneously
setting up both fluorine and iodine moieties on the
same molecule. The difunctionalization of alkynes
has been exploited successfully,”” including the
formation of C-X bonds (X = Cl, Br).”™ Nonetheless,
very few functionalities have been introduced onto
alkynes with concomitant C-F bond
formation.?*2*>%¢2l Recently, and with precedents
in the 2007 work of Sadighi,”” Nolan and co-workers
have developed the hydrofluorination of internal
alkynes using Au(I)-NHC bifluoride catalysts."**
Encouraged by their successful conversion of
(chloroethynyl)benzene into its corresponding (Z)-2-
fluoro-1-chloroalkene, we opted to use the same
bifluoride catalysts. These hydrofluorination catalysts
bear a triethylamine moiety that can be used as an
internal base to form gold acetylides and, in that
manner, allow the electrophilic iodination of terminal
alkynes. For these reasons, gold-NHC bifluorides
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were chosen as initial catalysts to perform both
transformations.

Results and Discussion

The iodination and hydrofluorination reactions
were first conducted separately to allow the
determination of optimal conditions for both, and
later on, to merge the two in a one-pot procedure. In
the case of the iodination, phenylacetylene (1a) was
selected as a readily available and simple model
substrate for optimization, while N-iodosuccinimide
(NIS) was chosen as a convenient electrophilic iod
source. The initial blank test revealed that
reaction of 1a with two equivalents of NIS in tolus
at 65°C afforded a 6% conversion
(iodoethynyl)benzene (2a) after 24 h (Table 1, en
1). The use of 5 mol% of the Au(I) bifluoride catal
with the formula [Au(IPr™)(NEt;)][HF,] (IPr*
N,N’-bis-[2,6-(di-iso-propyl)phenyl]-4,5-
dimethylimidazol-2-ylidene), greatly enhanced t
reactivity under the same conditions, leading to 5:
conversion (Table 1, entry 2). Satisfyingly, by simy
decreasing the reaction temperature to 50°C, {
conversion towards 2a was observed (Table 1, en
4). Further variation of the temperature resulted i
significant decrease in the conversion rate (Table
entries 3 and 5). The stoichiometry of NIS for
reaction at 50 °C proved to be crucial for an optir
performance, since the use of 1.5 equivalents un:
the previous conditions substantially decreased
amount of 2a (Table 1, entry 6). A comparison w
the use of polar solvents was carried out, and a lov
performance was evidenced when dichlorometh:
was used (Table 1, entry 7), therefore maintain:
toluene as a suitable solvent. It should be mentior
that the subsequent hydrofluorination reaction, t
we previously reported,”® was only compatible w
toluene and dichloromethane, hence only these t
solvents were tested. Under these conditions,
decrease in the catalyst loading was not possi
without eroding the reaction conversion (Table
entry 8); however, by testing other Au(I)-NI
bifluoride complexes (Table 1, entries 9-10),
amount of [Au] could be reduced to 3 mol% wt
using [Au(SIPr)(NEt;)][HF,] (SIPr = N,N’-bis-[2
(di-iso-propyl)phenyl]imidazolin-2-ylidene)
catalyst (Table 1, entry 10). With this system,
reaction time was reduced to 15 h, maintaining {
conversion of the starting alkyne and obtaining 8
isolated yield of 2a (Table 1, entry 11).

The reactivity of other terminal alkynes under
these optimal conditions was next explored, and the
experimental results are summarized in Scheme 2. No
significant difference in the reactivity of aromatic
alkynes bearing either electron-donating or electron-
withdrawing groups was observed, obtaining in all
cases the corresponding 1-iodoalkynes 2a-2j in good
to excellent yields. The general procedure could also
be applied to aromatic dialkynes, and by simply
increasing the amount of Au to 6 mol%, the double
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iodination product 2k was successfully prepared in an
84% yield. Ortho-substituted substrates proved to be
less compatible, as shown by the low isolated yield
(40%) of the iodinated alkyne 2d, presumably due to
steric hindrance closer to the Au center. The latter
phenomenon has been previously observed in similar
gold-catalyzed additions to alkynes.!"*"*"

Table 1. Optimization of the Au(I)-catalyzed iodination of
phenylacetylene®

PR—="H soIV(e[rC\:t:I]"(’:(IZS), time Ph—==
1a 2a
Entry [Cat.] (mol%) T(°C) Conversion

)"

1 65 6

2 [Au(IPr™)(NEt;)][HF,] 65 55
(%)

3 [Au(IPr™)(NEt;)][HF,] 80 37
(%)

4 [Au(IPr™)(NEt;)][HF,] 50 >99
(%)

5 [Au(IPr™)(NEt;)][HF,] 30 38
(%)

6l [Au(IPr™)(NEt;)][HF,] 50 35
(%)

71 [Au(IPr™)(NEt;)][HF,] 50 36
(%)

8 [Au(IPr™)(NEt;)][HF,] 50 43
3)

9 [Au(IPr*)(NEt;)][HF,] (3) 50 76

10 [Au(SIPr)(NEt;)][HF,] (3) 50 >99

111 [Au(SIPr)(NEty)][HF,] 3) 50 >99 (89)!1

[@Reaction conditions: alkyne (0.25 mmol), NIS (2 equiv.), [Au],
toluene (0.5 mL), 24 h. ™Determined by 'H NMR. ) NIS (1.5
equiv.). 1 CH,Cl,. 15 h.[ Isolated yield. IPr* = N,N -bis-[2,6-
bis-(diphenylmethyl)-4-methylphenyl]imidazol-2-ylidene.

Although aliphatic alkynes were not suitable
substrates for straightforward iodination (displaying
<30% conversion of the starting material when 1-
heptyne or 1-ethynylcyclohexene were tested), the
use of 3-phenyl-1-propyne as substrate afforded
better results by providing the iodinated product 2n in
59% isolated yield. The reduced performance
observed for this type of substrates is most probably
due to the lower acidity of aliphatic terminal alkynes
when compared to aromatic ones, therefore limiting
the deprotonation-iodination rate under the presented
optimal conditions.

The versatility of the iodination procedure was
further demonstrated using other N-halosuccinimides
in an attempt to access the corresponding 1-bromo-
and 1-chloroalkynes. To our delight, an increase of
the reaction time to 24 h allowed for the conversion
of 4-ethynyltoluene (le) to the corresponding 1-
bromoalkyne (2eb) in a 91% isolated yield. Under
these conditions, only 33% isolated yield of the
related 1-chloroalkyne (2ec) was obtained, as
expected by the marked decrease in reactivity of the
related succinimide.

10.1002/cctc.201600868

[Au] (3 mol%), NIS

|
Y
|

toluene, 50 °C, 15 h

1 2
MeQ,
©%| Meo©%| GT—|
2a 89% 2b 84% 2c 98%
OMe H4C,
= HSCO%X ©%|
2d 40% 2ea X =1, 93% 21 91%

2eb X = Br, 91%!
2ec X = Cl, 33%

2h 84% 2i X=F, 80%

2j X =Cl, 95%

= (TN

2k 84%! 2159%

[l Reaction conditions: alkyne (0.50 mmol), NIS (1.0 mmol), [Au(SIPr)(NEts)][HF,]
(3 mol%), toluene (1 mL), 50 °C, 15 h. Isolated yields. ) NBS instead of NIS, 24
h. CINCS instead of NIS, 24 h. [ [Au] 6 mol%

Scheme 2. Scope of the Au(I)-catalyzed halogenation
terminal alkynes®!

Next, the separate optimization of
hydrofluorination reaction was conducted. Us:
iodophenylacetylene (2a) as a model substrate, ¢
after minor optimization, it was found that {
conversion to (Z)-2-fluoro-1-iodo-3-phenylethe
(3a) could be obtained after 2 h at 50 °C, by usin;
mol% of the same Au(l) cataly
[Au(SIPr)(NEt;)][HF;], as used in the iodinat
step.”” Only one product was observed and la
isolated in 88% yield by column chromatography.
traces of any other stereo- or regioisomer w
detected, with all spectroscopic data matching wit
vicinal cis distribution of the halogen atoms.

The optimized conditions were applied to varic
l-iodoalkynes (Scheme 3). The procedure v
successful for all tested substrates, maintaining h
reactivity at fairly short reaction times. Interesting
the challenging substrate 2k afforded
corresponding symmetrical compound (3k) as
single product through double hydrofluorinat
using 6 mol% of the gold catalyst after only 4 h ¢
in an 86% isolated yield.The 1-bromoalkyne 2eb v
also converted into its related 1-bromo
fluoroalkene (3eb) in good isolated yield, thus
extending the applicability of this method to both
bromo- and iodoalkynes.
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[Au] (3 mol%), NEty-3HF, NHBF;

toluene, 50 °C

H H
3a 88% (2 h) 3¢ 91% (3 h) 3j87% (3 h)
F R F
Me \
x 0 N
H H H
3eaX =1,82% (2 h) 3k 86% (4 h)
3eb X = Br, 84% (2 h)
Reaction conditions: alkyne (0.50 mmol), NEt3-3HF (1.5 mmol),

NH4BF,4 (0.75 mmol), [Au(SIPr)(NEt;)][HF] (3 mol%), toluene (1 mL), 50 °C. Isolated yields.

Scheme 3. Scope of the Au(l)-catalyzed hydrofluorination
of 1-iodoalkynes.

Encouraged by the performance of metal-NHC
systems for the reactions optimized above, the
presence of a reactive C-I bond was next capitalized
on. Therefore, it was decided to expand the one-pot
procedure to a third functionalization reaction. Cross-
coupling chemistry was chosen as an interesting
method which could provide access to stereo- and
regio-controlled trisubstituted fluoroalkenes, which
still represents a great challenge for modern synthetic
methods, and would therefore be regarded as a very
useful tool for synthesis. The Suzuki-Miyaura cross-
coupling reaction was selected for testing purposes. A
similar idea has been conceived by Hara and co-
workers, who have shown the efficiency of cross-
coupling for the functionalization of fluoroalkene
derivatives using a variety of Pd sources as
catalysts.”**!! However, despite the 1ntense study of
NHC-based systems for cross-coupling,” no reports
are available involving fluoroiodoalkenes; as a result,
this field, dominated by the use of Pd-phosphine
species, ! could benefit from the development of an
alternative catalytic system for the preparation of
these highly valuable fluoroalkenes.

To that end, 3a was selected as a model substrate
for the coupling reaction with p-tolylboronic amd
Two well-defined Pd(II)-NHC complexes, [Pd(n -
cinnamyl)(Cl)(IPr)] (IPr = N,N’-bis-[2,6-(di-iso-
propyl)phenyl]imidazol-2-ylidene) and [Pd(p-
CDCI(IPr)],, were selected as they represent late
generation catalysts for Pd-mediated reactions.”***! A
slight modlﬁcatlon of previously reported
conditions”*" afforded a robust methodology for the
complete conversion of 3a into the respective
trisubstituted alkene (4a) after 16 h at 50 °C, using 2
mol% of [Pd(n -cinnamyl)(CI)(IPr)] in the presence
of two equivalents of boronic acid and two
equivalents of K2C03.[36]A1though ethanol on its own
also gave full conversion, the presence of toluene in
the iodination and hydrofluorination reactions meant
that a toluene/ethanol mixture was better suited for a
one-pot sequential procedure. Under these conditions,
4a was isolated in 86% yield. Substituents in either

10.1002/cctc.201600868

the boronic acid or the iodoalkene are also tolerated,
maintaining a good overall performance and
selectivity of the catalytic system (Scheme 4).

F

F
R R
Ag\—| _g\’R'
H H

3 4

MeO
F F F
CH3 OMe CH3

4aa 86% 4ab 84 % 4c 81 %

Reaction conditions: iodoalkene (0.50 mmol), RB(OH), (1.0 mmol), [Pd(n?-cinnamyl)(CI)(IPr)] (2 mol%),
KoCOj3 (1.0 mmol), toluene/EtOH (1:1) (0.50 mL), 50 “C, 16 h. Isolated yields.

[Pd] (2 mol%), RB(OH), K,CO4
Toluene:EtOH (1:1), 50 °C, 16 h

Scheme 4. Scope of the Pd-catalyzed Suzuki-Miya
cross-coupling of fluoroiodoalkenes with arylboronic ac

Avoiding the tedious isolation of the involy
intermediates could undoubtedly result in a wi
straightforward two- or even three-step ra
functionalization of terminal alkynes. The number
similar alternatives to such procedures is very limi
such as the one-pot forr
bromination/hydrofluorination of terminal alky1
reported by Jiang and co-workers in 2012;
methodology, however, did not afford gc
selectivity for the synthesis of the related iodoalker
To that end, combining all three reactions in a o
pot sequential procedure was then attempted.

Upon initial testing, we found varic
incompatibilities for a one-pot sequence in all tes
reactions, leading to little conversion towards
expected compounds. Thus, additional modificatic
were necessary to reach the desired goal.

The sequential iodination/hydrofluorination v
first optimized and we quickly realized that
excess NIS presented a major problem for
hydrofluorination step. By decreasing the amount
NIS to 1.3 equivalents and increasing the react
time of the iodination step to 24 h, followed
simple filtration through cotton wool,
hydrofluorination reaction proceeded smoothly
afford the desired products 3 (Table 2).”¥ Howev
due to that filtration, the gold catalyst had to
reintroduced into the mixture for the second step
proceed in a reliable manner. The efficiency of t
sequential procedure was remarkable, obtaining gc
yields in all cases (Table 2, entries 1-3). Th
reactions proved comparable with the overall yie
obtained in the stepwise functionalization; ...
example, the sequential procedure provides 3a
starting from 1a with 82% yield, as opposed to a 78%
yield over two individual steps. In addition, the
sequential reaction was scaled up to 5 mmol (starting
from 1a), while maintaining a good performance after
only increasing the time of the hydrofluorination step
to 4 h (88%, Table 2, entry 1).
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Table 2. Sequential Au(I)-catalyzed
iodination/hydrofluorination of terminal arylalkynes."

i) [Au], NIS, toluene, 50 °C, 24 h F
=—H ’
R ii) [Au], NEtz-3HF, NH,BF,_toluene, 50 °C R A\ |
H

1 3
Entry R Product Time (Step i) Yield (%)™

1 H 3a 3h (4 h) 82 (88%)

2 m-OMe 3c 4h 88

3 m-Cl 3j 4h 78
[@Reaction conditions: i) alkyne (0.50 mmol), NIS (0.65 mmol),
[Au(SIPr)(NEt;)][HF;] (3 mol%), toluene (1 mL); ii)
[Au(SIPr)(NEt;)][HF,] (3 mol%), NH;BF, (0.75 mmol),

NEt;-3HF (1.5 mmol)."” Isolated yields. [ 5 mmol scale.

Next we focused on the hydrofluorination/cross-
coupling sequential reaction. The formation of a
biphasic system after the hydrofluorination step
prevented the smooth carry over to the cross-coupling
reaction. Therefore, it was necessary to recover the
top layer (containing the hydrofluorination product
3a) and neutralize the excess acid with K,COj; before
adding the remaining reagents and the palladium
catalyst.”® With this procedure, we were able to
isolate 4aa in 84% yield (Scheme 5). It should be
mentioned that this yield is better than the overall
isolated yield of 4aa (76%), obtained via the two
separate reactions, which highlights the efficiency of
such a sequential procedure.

i) [Au], NEtz-3HF, NH,4BF 4, toluene, 50 °C, 2h

F
= > O \
ii) [Pd], R'B(OH),, KoCO3, toluene/EtOH (1:1), CH3

50°C,16 h H

2a 4aa, 84%

Reaction conditions: i) IC=CPh (0.50 mmol), [Au(SIPr)(NEt3)][HF 5] (3 mol%), NEty'3HF (1.5 mmol), NH4BF 4
(0.75 mmol), toluene (1 mL); ii) [Pd(n3-cinnamyl)(CI)(IPr)] (2 mol%), p-tolylboronic acid (1.0 mmol), K,CO3
(1.0 mmol). Isolated yield.

Scheme 5. Sequential Au/Pd-catalyzed
iodination/hydrofluorination/cross-coupling reaction of 1a.

Finally, we attempted to combine both sequential
procedures into one, in order to obtain 4aa starting
directly from 1a (Scheme 6). Under the new
optimized conditions, we performed all three
reactions sequentially starting from la and these
experiments afforded the desired product 4aa in 61%
yield (compared to an overall yield of 67% obtained
via all three reactions carried out separately).m] With
only one purification step to afford the end-product,
this sequential reaction is highly practical. It is to be
noted that no decrease in the selectivity was
witnessed in any of the performed sequences, which
highlights the robustness of the catalytic methods for
the presented reactions.

i) [Au], NIS, toluene, 50 °C, 24 h
ii) [Au], NEt3-3HF, NH,4BF 4, toluene, 50 °C, 3 h

10.1002/cctc.201600868
iii) [Pd], RB(OH), K;COj, toluene/EtOH/H,0

E
</7> —H ' CH;
(20:10:1), 50°C, 16 h H

1a 4aa 61%

Reaction conditions: i) PAC=CH (0.50 mmol), [Au(SIPr)(NEt3)][HF ;] (3 mol%), NIS (0.65 mmol), toluene (1.0 mL).
ii) [Au(SIPr)(NEtz)][HF,] (3 mol%), NEts-3HF (1.5 mmol), NH,BF, (0.75 mmol). iii) [Pd(2-cinnamyl)(CI)(IPr)]
(2 mol%), p-tolylboronic acid (1.0 mmol), K,COj3 (1.0 mmol). Isolated yield.

Scheme 6. Sequential Au/Pd-catalyzed
iodination/hydrofluorination/cross-coupling reaction of 1a.

Conclusion

In conclusion, we have developed an efficient and
straightforward methodology for the synthesis of
iodoalkynes using a gold-NHC bifluoride catalyst ¢
N-iodosuccinimide as electrophilic iodine source.
range of substrates is well tolerated and gives acc
to the corresponding iodinated products in good
excellent yields. The versatility of the prepared

iodoalkynes as building blocks was furt
highlighted by performing a gold-cataly:
hydrofluorination that afforded (Z)-2-fluoro

iodoalkenes in good yields. The reactive C-1 bond
these molecules was used to further increase
molecular complexity by means of a palladiu
catalyzed cross-coupling with boronic acids to afft
trisubstituted (Z)-fluoroalkenes in good yields. In
presented reactions, a variety of functionalities w
tolerated, which allowed for the preparation of
library of alkynes and alkenes of great use in orga
synthesis. The robustness of the three descrit
methods was further demonstrated by the possibil
to perform these reactions sequentially, with o
minor changes and handling being required. T
rapid functionalization protocol can be perforn
without tedious intermediate isolation or reduction
performance, and therefore should be of gr
practical use to the synthetic community.

Experimental Section

Gold-catalyzed iodination of terminal alkynes

A screw-cap vial equipped with a stirring bar
charged with [Au(SIPr)(NEt;)][HF,] (10.9 mg, 0.(
mmol, 3 mol%), N-iodosuccinimide (225 mg, 1 mmo]
equiv.), toluene (1 mL) and the alkyne (0.5 mmol).
vial was closed under N, atmosphere, and the react
mixture was stirred at 50 °C for 16 h. The crude mixt
was purified by column chromatography (SiO;) to obt
the title compound.

Gold-catalyzed hydrofluorination of 1-iodoalkynes

A plastic screw-cap vial equipped with a stirring bar
was charged with the 1-iodoalkyne (0.5 mmol),
[Au(SIPr)(NEt;)} (HF,)] (10.9 mg, 0.015 mmol, 3 mol%),
NH4BF, (81.0 mg, 0.75 mmol, 1.5 equiv.) and toluene (1
mL). NEt;-3HF (0.25 mL, 1.5 mmol, 3 equiv.) was added
dropwise while stirring. The vial was closed under N,
atmosphere and the reaction mixture was stirred at 50 °C
for the corresponding time. The conversion was
determined by 'H NMR (CDCl;). After full conversion of
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the starting material, the crude mixture was purified by
column chromatography (SiO;) to obtain the title
compound.

Palladium-catalyzed cross-coupling of 2-fluoro-1-
haloalkenes

A screwcap vial equipped with a stirring bar was
charged with fluoroalkene (0.5 mmol), p-tolylboronic acid
(140.2 mg, 1 mmol, 2 equiv.), K,COj; (138.2 mg, 1 mmol,
2 equiv.), [Pd(n3—cinnamyl)(Cl)(IPr)] (6.5 mg, 0.01 mmol,
2 mol%), toluene (0.25 mL) and EtOH (0.25 mL), in air.
The reaction mixture was stirred at 50 °C for 16 h. The
solvents were evaporated under reduced pressure, and the
obtained residue was purified by column chromatography
(Si0,) to yield the title compound.

Sequential iodination/hydrofluorination of terminal
alkynes

A glass screw-cap vial equipped with a stirring bar was
charged with [Au(SIPr)(NEt;)][HF,] (10.9 mg, 0.015
mmol, 3 mol%), N-iodosuccinimide (146.3 mg, 0.65 mmol,
1.3 equiv.), toluene (1 mL) and the alkyne (0.5 mmol). The
mixture was stirred at 50 °C for 24 h. The crude mixture
was filtered through a plug of cotton, into a plastic
screwcap vial containing [Au(SIPr)(NEt;)][HF,](10.9 mg,
0.015 mmol, 3 mol%) and NH4BF, (81.0 mg, 0.75 mmol,
1.5 equiv.). The cotton plug was further washed with
toluene (0.4 mL) for complete recovery of the halogenated
intermediate. NEt;-3HF (0.25 mL, 1.5 mmol, 3 equiv.) was
then added dropwise. The reaction mixture was further
stirred at 50 °C for 16 h. The solvents were evaporated
under reduced pressure, and the obtained residue was
purified by column chromatography (SiO,) to yield the
title compound.

Sequential hydrofluorination/cross-coupling of 1-
iodoalkynes

A plastic screw-cap vial equipped with a stirring bar
was charged with la (0.5 mmol), [Au(SIPr)(NEt;)][HF;]
(10.9 mg, 0.015 mmol, 3 mol%), NH,BF, (81.0 mg, 0.75
mmol, 1.5 equiv.) and toluene (0.8 mL). NEt;-3HF (0.25
mL, 1.5 mmol, 3 equiv.) was added dropwise while stirring.
The vial was closed under N, atmosphere and the reaction
mixture was stirred at 50 °C for 3 h. The crude mixture was
allowed to cool down to room temperature, and the top
layer from the two-phase system was recovered in a
screwcap vial. While stirring, EtOH (same amount as
recovered organic phase) and K,COs (345 mg, 2.5 mmol, 5
equiv., added in small portions) were added, and the
mixture was stirred at 20 °C for 30 minutes. To the stirred
sample, p-tolylboronic acid (140.2 mg, 1 mmol, 2 equiv.),
K,CO; (1382 mg, 1 mmol, 2 equiv.) and [Pd(n’-
cinnamyl)(C)(IPr)] (6.5 mg, 2 mol%) were added, in air.
The reaction mixture was stirred at 50 °C for 16 h. The
solvents were evaporated under reduced pressure, and the
obtained residue was purified by column chromatography
(SiO,, pentane) to yield 4aa as a white solid in 84%
isolated yield.
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Sequential iodination/hydrofluorination/cross-
coupling of terminal alkynes

A glass screw-cap vial equipped with a stirring bar was
charged with [Au(SIPr)(NEt;)][HF,] (10.9 mg, 0.015
mmol, 3 mol%), N-iodosuccinimide (146.3 mg, 0.65 mmol,
1.3 equiv.), toluene (1 mL) and la (0.5 mmol). The
mixture was stirred at 50 °C for 24 h. The crude mixture
was filtered through a plug of cotton, into a plastic
screwcap vial containing [Au(SIPr)(NEt;)][HF;] (10.9 mg,
0.015 mmol, 3 mol%) and NH,BF, (81.0 mg, 0.75 mmol,
1.5 equiv.). The cotton plug was further washed with
toluene (0.4 mL) for complete recovery of the halogenated
intermediate. NEt;-3HF (0.25 mL, 1.5 mmol, 3 equiv.) was
then added dropwise. The reaction mixture was furt
stirred at 50 °C for 3 h. The crude mixture was allowec
cool down to room temperature, and water (0.5 mL) 1
added. The organic layer was recovered and dropped i
screw-cap vial with a stirring bar. While stirring, Et(
(1.5 mL), water (0.15 mL) and K,COj; (345 mg, 2.5 mn
5 equiv., small portions) were added, and the mixture 1
stirred at 20 °C for 30 minutes. To the stirred sample,
tolylboronic acid (140.2 mg, 1 mmol, 2 equiv.), K,C
(1382 mg, 1 mmol, 2 equiv.) and [Pd(
cinnamyl)(C)(IPr)] (6.5 mg, 2 mol%) were added, in
The reaction mixture was stirred at 50 °C for 16 h. "
mixture was passed through a small plug of MgS
washed with AcOEt (2x3 mL) and the gathered fracti
were concentrated under reduced pressure. The cn
mixture was purified by column chromatography (Si
pentane) to yield 4aa as a white solid in 61% isolated yic
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[39] In step iii; the solvent mixture was reoptimized, and a

mixture of toluene/EtOH/water (20:10:1) was used
instead of toluene/EtOH (1:1).
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