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1,2,3-Triazoles from In Situ Generated Potassium Arylethynyltrifluoroborates
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Potassium arylethynyltrifluoroborates, the intermediates
generated by the Sonogashira reaction of potassium ethynyl-
trifluoroborate with various aryl halides, were directly cou-
pled with azides in the presence of a stoichiometric amount
of Cul under aqueous conditions, and the desired 1,4-disub-

stituted 1,2,3-triazoles were isolated in good yields. Both
electron-donating and electron-withdrawing substituents on
the potassium arylethynyltrifluoroborates gave moderate to
excellent yields of the isolated products.

Introduction

1,4-Disubstituted 1,2,3-triazole derivatives, which are ob-
tained from terminal alkynes and azides by 1,3-dipolar cy-
cloaddition, are important small-molecule building blocks
for complex compounds, and hence, they find significant
application in organic synthesis, pharmaceutical sciences,
and the development of functional materials.l'! Since the
independent discovery of the Cu-catalyzed Huisgen ter-
minal alkyne-azide 1,3-dipolar cycloaddition by Meldal™
and Sharpless,* numerous papers describing the use of this
click chemistry strategy have been published. Further, some
methods describing the preparation of azide compounds
have been developed.[¥l However, terminal alkynes are ex-
pensive, have low molecular weights and boiling points,
have a short shelf life (storage unstable), and are difficult
to handle; these problems hinder the widespread use of ter-
minal alkynes as 1,3-dipolar cycloaddition partners of az-
ides. As a solution, several research groups have attempted
the synthesis of 1,4-disubstituted 1,2,3-triazoles from ter-
minal alkynes generated by in situ decarboxylation*®! and
desilylation™! (Scheme 1).
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R'—=—=—Tms Et;N (1 equiv.) SNTEN @
s ™
RE-N, DMF or DMF/H,0, 100 °C R

Scheme 1. Synthesis of 1,4-disubstituted 1,2,3-triazoles from ter-
minal alkynes generated by in situ decarboxylation [Eq. (1)] and
desilylation [Eq. (2)].

Herein, we report the preparation of copper arylacetyl-
ides from potassium ethynyltrifluoroboratel® and various
aryl halides through the Sonogashira reaction”l and de-
boronation of the trifluoroborate salt by using a stoichio-
metric amount of Cul. The desired 1,4-disubstituted 1,2,3-
triazoles were then obtained in good yields through 1,3-
dipolar cycloaddition with azides (Scheme 2).

deboronation,
RZ\ N 1,3-dipolar Sonogashira
N" N cycloaddition reaction
\:< — lR1 e BF3K] ——————» =—BF;K

R R2-N3

Scheme 2. Synthesis of 1,4-disubstituted 1,2,3-triazoles from ter-
minal alkynes generated by in situ deboronation.

To the best of our knowledge, this is the first report on
the one-pot synthesis of 1,4-disubstituted 1,2,3-triazoles
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from terminal alkynes generated by in situ deboronation of
the potassium trifluoroborate functional group. Further-
more, potassium arylethynyltrifluoroborates are obtained
from the corresponding aryl halides by Pd-catalyzed Sono-
gashira coupling with potassium ethynyltrifluoroborate.

Results and Discussion

We began our study by performing the Sonogashira reac-
tion of potassium ethynyltrifluoroborate (1) with iodo-
benzene (1.1 equiv.) on a 0.1 mmol scale in [Dg]DMSO in
an NMR tube, and then directly monitored the progress of
the reaction by NMR spectroscopy.¥! The results of these
optimization studies are summarized in Table 1. Upon per-
forming the reaction with PdCl, (3 mol-%), Cul (1 mol-%),
and piperidine (1.5equiv.) as a base in [Dg]DMSO
(0.4 mL), coupling product 3a was obtained in only 15%
yield (Table 1, entry 1). The use of Pd(OAc),, Pd(PPh;),,
and PdCI,(PPhs), led to the formation of 3a in moderate
to good yields, that is, 42, 82, and 90% yield, respectively
(Table 1, entries 2-4). Although both Cul and CuBr as the
catalyst generated 3a under the same conditions (Table 1,
entries 4 and 5), Cul was preferred because it gave a higher
yield of the isolated product within a shorter reaction time.
The use of other bases such as pyrrolidine, Cs,CO3, and
Et;N did not improve the product yield (Table 1, entries 6—
8).

Table 1. Survey of Sonogashira reaction conditions.[®!

PACly(PPh3), (3 mol-%)

i) Cul (1 mol-%)

H———BF;K + @—I - @%BFM
base (1.5 equiv.)
0.1 mmol 1.1 equiv. [Dg]DMSO
1 2a 40°C 3a
Entry  Pd catalyst Base Time Yield™®!
(h] (7]

1 PdCl, piperidine 4 15
2 Pd(OAc), piperidine 5 42
3 Pd(PPhjy), piperidine 3 82
4 PdCly(PPh;3),  piperidine 1 90
5lel PdCL,(PPh;),  piperidine 2 87
6 PdCl,(PPhs),  pyrrolidine 4 72
7 PdCly(PPh3),  Et;N 5 31
8 PdClz(PPh:;)z C52CO3 12 n.rA[d]

[a] All reactions were performed on a 0.1 mmol scale in [Dg]DMSO
(0.4 mL) in an NMR tube and then directly monitored by '"H NMR
and '°F NMR spectroscopy. [b] Yield of isolated product. [c] CuBr
was used as a catalyst instead of Cul. [d] n.r.: no reaction.

With the optimal conditions in hand, we examined the
Sonogashira reaction of various aryl and heteroaryl halides
with 1. All the reactions resulted in complete conversion to
the corresponding products (Table 2). For electron-rich and
electron-deficient functional groups in the aromatic ring,
6250
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the reaction times and yields of the isolated products in-
creased in the order para > meta > ortho (Table 2, en-
tries 2-7). 1-Iodo-4-methylbenzene (2h) and 4-iodobenzon-
itrile (2i) also delivered products in good to excellent yields
(Table 2, entries 8 and 9). As a general trend, electron-de-

Table 2. Preparation of potassium arylethynyltrifluoroborates.!

PACIy(PPhs), (3 mol-%)

Ro/= Cul (1 mol-%) BFsK
= \ X ! ° 4
A===BRgte 55 piperidine (1.5 equiv.)  (© |
0.5 mmol ; DMSO, 40 °C %
1.1 equiv.
R 3
1 2
Entry R!'X Time [h] Product Yield [%]
1 Q| 2a | ©%BF3K 32 90
2 MeO@—l b 2 Me04< >78F3K 3b 85
MeO MeQ
3 Ol 2 3 <z >7: BFK 3¢ 79
OMe OMe
4 @| 2d 4 < />7: BF,K 3d 70
5 FSCO—l 2e 2 F3c{ >—BF3K 3e 92

F1C F3C
6
I 2f 4 ——BFK 3f 76
CF3 CF3
7
| 2g 5 @%BﬁK 3g 76

Lda

2h 2 Me4©7BF3K 3h 85
9 NC 2 2 Nc©7BF3K i 9
10 u@—l 2j 2 CIO—BF3K 3 88
11 HOOI 2k 6 H04©7BF3K 3k 82
12 2 W N — BFEK 31 79

2m 5

_.
w
N2
Q |
Q
|/
It

BF;K 3m 76

2n

s
15 Msr 20 3 )

[a] All reactions were performed on a 0.5 mmol scale in DMSO
(2.0 mL) and monitored by 'H NMR spectroscopy in D,O.
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ficient aryl iodides were more reactive than electron-rich
iodides. Given that aryl iodides are generally more reactive
than the corresponding chlorides, 1-chloro-4-iodobenzene
(2j) was successfully converted into monoethynyltrifluoro-
borate product 3j without affecting the aryl chloride func-
tionality, and it is thus available for further transformations
(Table 2, entry 10). Significantly, even a free alcohol group
did not interfere with the reaction (Table 2, entry 11). Inter-
estingly, heteroaryl bromides such as pyridyl, pyrimidyl,
and thiophenyl bromides 2l-o also readily participated in
the reaction, as opposed to the unstable and expensive
heteroaryl iodides. To expand the scope of substrates, we
examined several functionalized compounds. However,
vinyl halides and aryl sulfonates did not react under the
standard conditions (data not shown).

After the successful demonstration of the Sonogashira
reaction by using potassium ethynyltrifluoroborate, we fo-
cused on the use of potassium arylethynyltrifluoroborates
for the 1,3-dipolar cycloaddition by using in situ generated
3a and phenyl azide (4a) as the model reaction partners to
optimize the reaction. The results are summarized in
Table 3. No 1,4-disubstituted 1,2,3-triazole was detected
upon performing the reaction in the absence of Cul, and
starting material 3a was recovered completely (Table 3, en-
try 1). Further, the BF5K functional group containing the
1,2,3-triazole was not observed. In aqueous [Dg]DMSO, the
reaction gave a trace amount of 5a, as confirmed by 'H
NMR spectroscopy (Table 3, entry2). The conversion
yields were proportional to the amount of Cul (Table 3,
entries 3-5). An increase in the reaction temperature re-
sulted in satisfactory conversion to desired product 5a and
a reasonable yield of the isolated product (Table 3, entry 6).
On the basis of these results, we concluded the optimized
set of reaction conditions to be a stoichiometric amount of
Cul as the deboronation reagent in aqueous DMSO at

Table 3. Survey of 1,3-dipolar cycloaddition.[#]

H—==—BF3K  pycl,(PPh,),
1 (3 mol-%) phenyl azide (4a) R
0.1 mmol Cul (1 mol-%) (1.2 equiv.) N"°N
+ -
piperidine see Table
©\ (1.5 equiv.)
| [Dg]DMSO 5a
2a 40 °C
1.1 equiv.
Entry Cul T Time Conversion
[mol-%] [°C] [h] yield [%0]
1 - 40 4 -
210 - 40 4 trace
3Mbl 10 40 4 7
41 50 40 4 28
5ibl 100 40 4 79
6t 100 60 1 >95 (83)l
7ibd] 100 60 1 >95 (82)

[a] All reactions were performed on a 0.1 mmol scale in [Dg]DMSO
(0.4 mL) in an NMR tube and then directly monitored by '"H NMR
spectroscopy. [b] H,O (0.17 mL) was added as a cosolvent. [c] Yield
of isolated product is given in parentheses. [d] Sodium ascorbate
and DMEDA were used as general additives.
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60 °C. Addition of general additives in click chemistry,®
such as sodium ascorbate and N,N-dimethylethylenedi-
amine (DMEDA), did not compromise the yield (Table 3,
entry 7).

With the optimized conditions for the formation of 5a in
hand, we examined the scope of the 1,3-dipolar cycload-
dition with in situ generated copper acetylides and azides
for the synthesis of 1,4-disubstituted 1,2,3-triazoles by using
a stoichiometric amount of Cul and H,O at 60 °C. The re-
sults for the reactions of general azides with in situ gener-
ated potassium arylethynyltrifluoroborates are shown in
Table 4. Upon using alkyl azides as coupling partners in
the 1,3-dipolar cycloadditions, the products were formed in
moderate yields (Table 4, entries 2 and 3). Other in situ gen-
erated arylethynyltrifluoroborates from 4-iodoanisole (2b),
4-iodobenzonitrile (2i), and 5-bromopyrimidine (2m)
showed almost similar reactivity under the same conditions
(Table 4, entries 4-12).

Conclusions

In summary, a versatile and efficient protocol for the di-
rect synthesis of 1,4-disubstituted 1,2,3-triazoles from az-
ides and in situ generated potassium arylethynyltrifluoro-
borate through Sonogashira coupling of aryl halides with
potassium ethynyltrifluoroborate has been developed. This
procedure does not require isolation of the potassium aryl-
ethynyltrifluoroborate or the aryl acetylene intermediates
and would be particularly useful if employing terminal alk-
ynes that are unstable and not commercially available. Fur-
ther applications with the use of the in situ generated potas-
sium arylethynyltrifluoroborates and copper acetylides are
currently under investigation by our group.

Experimental Section

General Procedure for the Synthesis of Potassium Arylethynyltri-
fluoroborates: To a solution of potassium ethynyltrifluoroborate
(0.5 mmol), PdCl,(PPh3), (0.015mmol, 3 mol-%), Cul
(0.005 mmol, 1 mol-%), and piperidine (0.75 mmol, 1.5 equiv.) in
DMSO (2.0 mL) was added the corresponding aryl halide
(0.55 mmol, 1.1 equiv.) under atmospheric conditions. The reaction
mixture was stirred in an oil bath at 40 °C. Upon completion of
the reaction, the solvent was removed in vacuo at 60-70 °C. The
residual product was dissolved in dry acetone (3 X 3 mL), and the
insoluble salts were removed by filtration through Celite. The sol-
vent was removed under reduced pressure. The addition of Et,O
led to the precipitation of the product. The product was filtered
and dried in vacuo to afford the desired pure product.

General Procedure for the One-Pot Synthesis of 1,4-Disubstituted
1,2,3-Triazoles: To a solution of potassium ethynyltrifluoroborate
(0.75 mmol), PdCl,(PPh3), (0.023 mmol, 3 mol-%), Cul
(0.008 mmol, 1 mol-%), and piperidine (1.125 mmol, 1.5 equiv.) in
DMSO (3.0mL) was added the corresponding aryl halide
(0.825 mmol, 1.1 equiv.) under atmospheric conditions. The reac-
tion mixture was stirred in an oil bath at 40 °C. Upon completion
of the reaction, in situ generated azide (0.90 mmol, 1.2 equiv.) from
the corresponding aryl or alkyl halide,#d4el Cul (0.75 mmol,
100 mol-%), and distilled H,O (0.85 mL) were added. The mixture
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Table 4. Synthesis of 1,4-disubstituted 1,2,3-triazoles from in situ generated potassium arylethynyltrifluoroborates.[!

BF3K
1 PACI(PPhs); (3 mol-%) ¢ RZNg (12equiv) R MNoy
P RN < Cul (1 mol-%) Y4 Cul (100 mol-%) -
— 3 & e S s
3575 mmal \_7 piperidine (1.5 equiv.) 7\ H,0 (0.85 mL) 7 N
' 1.1 equiv. DM“SOOOS.(;_mL) R1/_ 60 °C, T, g S°R!
y 19
1 2
Entry R-X R2-N; Ty [h] Product Yield [%]
Ty [h]
N ©\ NG
1 ©—| ©/ ’ 4a - NN S
1 N,
2 ©/\AN3 4b ! W NN s 77
( l o N,
@o NN
3 Y Ns de ! \g/\ - s¢ 73
[¢]
s S om, =
NG OMe
@\/ N ove
o N,
(e] N° °N
6 N Ns e § \gﬁ . sf 7
OMe
Ns 2 @ N,
7 Nc~©—| ©/ 4a 3 NN 5g 91
2 N, CN
8 ©/\/\N3 ab - W NTON sh 88
@\/ ©\/ N o
) N,
o 2 NN )
N
9 \g/\ s dc 2 I Ay 5i 87
. 4 @L NN
= </:\>’B’ ’ 4a 5 NN 5i 65
N —_—
/ N
N="
4 N,
1 ©/\AN3 4b ; W NN sk 64
/7 N
©\/ N’J
o N
(0] N° °N
12 ©\/ YN 4e . r - sl ss
o) ,
N/J

[a] All reactions were performed on a 0.75 mmol scale at 40-60 °C in an oil bath.
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was stirred at 60 °C. Upon completion of the reaction, the reaction
mixture was extracted with ethyl acetate (3 X 3 mL), and the com-
bined organic layer was washed with H,O (5 mL). Finally, the or-
ganic layer was dried with MgSO,. The solvent was removed under
reduced pressure. The crude product was purified by silica gel
chromatography.

Supporting Information (see footnote on the first page of this arti-
cle): Detailed experimental procedures and analytical and spectro-
scopic data (copies of the '"H NMR, '3C NMR, F NMR, and
"B NMR spectra) for new compounds.
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