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ABSTRACT
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Potassium azidoaryltrifluoroborates have been prepared from the corresponding haloaryltrifluoroborates in 73—98% yields. Also, we successfully
cross-coupled the azido-functionalized organotrifluoroborates and carried out a one-pot sequential cross-coupling/1,3-dipolar cycloaddition

and a one-pot cross-coupling/azide reduction process.

The azide functional group has been used as an important
moiety for the formation of nitrogen-containing compounds
in fields ranging from synthetic organic chemistry to
pharmaceutical chemistry, materials science, and biology.*
Alkyl and aryl azides have gained prominence in particular
because they may be used for the preparation of [1,2,3]-
triazoles by Cu-catalyzed 1,3-dipolar cycloadditions onto
terminal alkynes (via“Click” chemistry).? Unfortunately, the
preparation of certain classes of organic azides has presented
considerable challenges. Moreover, to the best of our
knowledge, the Suzuki—Miyaura cross-coupling reaction
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with boron reagents bearing the azide functional group has
not been reported, perhaps because of the inherent difficulty
in preparing such bifunctional molecules and the perceived
instability of the azide under cross-coupling reaction condi-
tions.

Recently, organotrifluoroborate salts have been used as
important synthetic reagents in the Suzuki—Miyaura cross-
coupling reaction, providing many advantages over the
corresponding boronic acids or boronate esters.® The orga-
notrifluoroborates are air- and moisture-stable, crystalline
solids that are inert to various nucleophilic reagents owing
to the tetracoordinate nature of the boron.*

Consequently, it seemed likely that they would be tolerant
of conditions alowing the incorporation of the azide
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functional group. Herein, we describe the first preparation
of azidoaryltrifluoroborates from the corresponding haloaryl-
trifluoroborates and reaction conditions permitting Suzuki—
Miyaura cross-coupling reactions of the azidoaryltrifluoro-
borates thus generated.

Asastarting point, potassium hal oaryltrifluoroborates were
generated via the one-pot synthesis of aryl dihalides and

Table 1. One-Pot Preparation of Potassium
Haloaryltrifluoroborates from Various Aryl Dihalides®

i) BOPr)s I THE
X—Ar—X -Buli (1.0 equi
d 11,0 e9u X—Ar—BFK
(X=Er, ) 78°Ctort/1h
i) 1 N KHF2
entry X—Ar—Xx product yield
X BFK
4 X=Br 8 1a-Br  86%
| 124 90%
b4
p . X=Br - Brelf 2aBr  56%
| 2a1 85%
% X

w
>
b

~®
A
=
18
'§

81%

a
=
&

BFsK 5a 47%

i
.

Br BF:K
C o, G, %@
Br Hs Br OCH;3
Br BFK
7 /@\ 7a 82%
Br OCF, Br OCF
Br BF3K
o sl M
Br Cl Br 1
=
9 - I 2 % 90%
Br N~ TBr Br N~ "BFiK
Br BF:K
2 P
Br N Br N
Br o -BFK
1 [ ] | 11a  90%
Br N Br N
N B BF3K
12 | | 12a 85%
e P>
Br N Br N
0. Lo}
- O, OO, - -
Br B Br BF3K
Br BFsK
Br Br
Br: Br Br: BF;K
15 15a 90%
| <~ _BFsK
16 /@/@ 16a 80%
" )

2 Reaction conditions: aryl dihalide (2.0 mmol), triisopropy! borate (2.0
mmol), and n-BuL.i (2.0 mmol) at —78 °C to rt under N, and then quenched
with 1 N KHF,.
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B(O'Pr); using 1.0 equiv of n-BuLi (Table 1). When dibromo
or diiodobenzenes were used as starting materials, the target
compounds were obtained in good yields except when 1,2-
diiodobenzene was used. Interestingly, the reaction of
dibromo pyridines gave the corresponding organotrifluo-
roborates in excellent yields. The reaction of 2,5-dibromo-
p-xylene was also problematic, providing the desired product
in much lower yield (Table 1, 5a 47%) under the same
reaction conditions.

Next, using conditions previously developed for the
preparation of aryl azides with aryl halide and Cu/amine-
ligand,> we attempted the formation of azidoaryltrifluo-
roborates (Table 2).

Table 2. Optimization of Reaction Conditions for the
Preparation of Potassium 4-Azidophenyltrifluoroborate (1b)?

' g
\Q\BFSK . BF3K

1ad base (1.0 equiv) 1b
ligand DMSO-dg / 80 °C / oil bath

MNaN4 (1.0 equiv)
10 mol % of Cu cal.
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reaction

entry CuX ligand base time (h) conversion yield (%)°
1 Cul a KzCOg 24 66
2 Cul b K;COs4 5 98
3 Cul c KsCOs 16 100
4 Cul d KsCOs 24 81
5 Cul e KoCO3 15 100
6 Cul f KoCO3 1 100 (88)°
7 Cul g K;CO3 24 trace
8 Cul h K;COs4 48 68
9 Cul? f KyCOs 2 100 (89)°
10 CuBr f KyCO4 1 100 (92)°
11  CuBr f Cs3CO; 0.5 100 (94)°
12°  CuBr f Cs2,CO; 2.5 100

2 All reactions were performed on a 0.05 mmol scale in 0.5 mL of
DMSO-ds in an NMR tube. ° Percent conversions were determined by 'H
NMR of the reaction mixtures. The conversion yield was based on the
integration of peaks at 7.14 (1a-1) ppm and 6.85 (1b) ppm, respectively.
¢ Reactions were performed on a 0.1 mmol scale and isolated yields are
reported. ¢ Five molar percent of Cul was used. © Reaction was performed
in DMF-dy.

We first carried out the reaction of potassium 4-azidophe-
nyltrifluoroborate (1b) generated in situ by treatment of 1a-|
with 1.0 equiv of NaN3 in the presence of 10 mol % of Cu(l)
and various amine ligands.

A number of different amine ligands were screened for
their efficacy in promoting the azidation, and it was found
that N,N’-dimethylethylenediamine (ligand f) provided the
fastest reaction time and the highest converted yield (Table
2, entry 6). Although both Cul and CuBr catalysts generated
the target compound 1b under the same reaction conditions
(Table 2, entries 6 and 10), the isolated yield and purity of
compound 1b using CuBr were better than those of using
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Table 3. One-Pot Preparation of Potassium

Azidoaryltrifluoroborates®
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2 All reactions were performed on a 1.0 mmol scalein 4 mL of DMSO
and monitored by *H NMR in D,O. Yields are given for isolated products.
b Reaction was performed on a 3.0 mmol scale. © Products were obtained
as amorphous solids. ¢ Product was contaminated with about 10% of 14a.
€ Product was contaminated with about 15% of the azide product.

Cul. A decrease in the catalyst loading from 10 to 5 mol %
effectively doubled the reaction time (Table 2, entries 6 and
9).

When Cs,CO; was used as a base instead of K,COs3, the
reaction time decreased from 1 h to 30 min (Table 2, entries

4332

10 and 11), and DM SO-ds appeared to be a better solvent
than DMF-d; (Table 2, entries 11 and 12). Using these
conditions (Table 2, entry 11), the azidation of various
potassium hal oaryltrifluoroborates was examined (Table 3).
As a generd rule, isolated yields and reaction rates of the
corresponding azidophenyltrifluoroborates increased in the
order para> meta> ortho under the same conditions (Table
3, 1b—3b). Both mono- and dimethyl-substituted aryltrif-
luoroborates afford the corresponding azidoaryltrifluorobo-
rates in satisfactory yields (Table 3, 4b—5b). Surprisingly,
when organotrifluoroborates 7a, 8a, and13a were used as
starting materials, aminoaryltrifluoroborates were generated
in good yields instead of azidoaryltrifluoroborates.

On the other hand, the azidation reactions of bromopy-
ridinyl and iodonaphthyl organotrifluoroborates proceeded
readily to give the desired azide compounds in excellent
yields (Table 3, 9b—12b and 16b). Naphthyl organotrifluo-
roborates were not suitable for this azidation because the
resulting products were contaminated with the starting
material or mixtures of azido- and aminoaryltrifluoroborates
(Table 3, 14b and 15b).

We next examined the Suzuki—Miyaura cross-coupling
reaction of 4-azidophenyltrifluoroborate (1b) and various aryl
halides in the presence of Pd catalyst and 3.0 equiv of
Cs,CO; (Table 4). As expected, the coupling of aryl and

Table 4. Cross-Coupling Reactions®
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2 Reaction conditions A: potassium 4-azidophenyltrifluoroborate (1b,
0.2 mmoal), aryl bromide (0.2 mmol), 10 mol % of PdCl,(dppf)-CH,Cl,,
Cs,CO;5 (0.6 mmol), MeOH (1.5 mL), 80 °C.; B: 1b (0.2 mmal), aryl
chloride (0.2 mmol), 3 mol % of Pd(OAc),, 6 mol % of XPhos, Cs,CO3;
(0.6 mmol), 1,4-dioxane/H,O (10/1, 1.5 mL), 100 °C. Yields are given for
isolated products.

heteroaryl bromides led to the corresponding target products
in good yields. Aryl chlorides were generaly ineffective as
coupling partners.

Finally, we examined one-pot sequentia reactions that
incorporated cross-coupling followed by 1,3-dipolar cycload-
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dition or NaBH, reduction to the amine (egs 1 and 2).° These
processes provided the desired compounds in good overall
yields.

-0 O

(1.0 equiv) @ @
10 mol % Cul ey
1b (0.5 mmol]
By 10mol % PdCl,{.;ppn 80 °C / 30 min 21 71% I\/;L
CN
oy €s:C04 (3.0 equiv) _
0.5 mmol MeOH / 80 °C / 40 min | NaBH, (1.5 equiv)

0°Ctort/1h

In summary, we have developed a new synthetic method
for the preparation of potassium azidoarytrifluoroborates from
the corresponding hal oaryltrifluoroborates. Additionally, we
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successfully cross-coupled the azido-functionalized organ-
otrifluoroborates and carried out a one-pot sequential cross-
coupling/1,3-dipolar cycloaddition and a one-pot cross-
coupling/azide reduction process. Further investigations on
transformations of azido-substituted trifluoroborates are cur-
rently underway in our laboratory.
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