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Palladium-catalyzed Suzuki—Miyaura cross-coupling reactions were studied with potassium Boc-protected aminomethyltrifluoroborate through
C—0 activation of various mesylate derivatives to afford the corresponding products in moderate to good yields.

Aminomethylarenes are encountered in many bioactive
materials.! Primary aminomethyl subunits are particularly
important targets for synthesis because they exhibit useful
properties as drugs and inhibitors. Despite their impor-
tance, syntheses of aminomethyl substructures are not
general. Reduction of aryl cyanides® or oximes® and the
Staudinger reaction* of azides have often been used to
build aminomethyl moieties (Scheme 1). However, these
approaches have limitations because of their sensitivity to
reducible functional groups and the instability of azides,’
respectively.

Transition metal mediated cross-coupling reactions
of aminomethylmetallic species are one of the most
straightforward strategies for preparation of primary
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aminomethyl moieties. To the best of our knowledge, three
methods of Suzuki—Miyaura cross-coupling reactions to
afford primary aminomethyl arenes using different pro-
tecting groups have been reported (Scheme 2).° Among
them, p-toluenesulfonyl (Ts)®® or N-phthalimido (Phth)®>*
groups have been utilized but are not ideal because
the amine protecting groups are difficult to remove, re-
quiring relatively harsh reaction conditions.” Recently, we
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demonstrated that potassium Boc-protected amino-
methyltrifluoroborate can be used as the coupling partner
in Suzuki—Miyaura reactions.®® In that contribution, we
reported the synthesis and cross-coupling reactions of
potassium Boc-protected aminomethyltrifluoroborate 2.
Potassium Boc-protected aminomethyltrifluoroborate,
which is a primary aminomethyl equivalent, was synthe-
sized through a ‘one-pot’ synthesis in good yield and is now
commercially available. Primary aminomethylarenes are
readily available using this method after deprotection of
the Boc group. The Boc protecting group is known to be
easier to deprotect, compared to Ts or Phth groups, in
acidic or even basic conditions.® Therefore, using the Boc
group is a more general approach to the primary amines.

Scheme 2
~ Suzuki-Miyaura
HetAvAr—x + M Eg - _—_—_— HetAr/Ar/\NHg
X = halide
PG =Ts, Phth, Boc
M =BF;K

All of the previous reports employed aryl and hetaryl
halides as electrophilic partners in cross-coupling reac-
tions. As alternative coupling partners, aryl and hetaryl
sulfonate derivatives have been utilized in Suzuki—
Miyaura couplings.’~'" Sulfonate groups are generally
easy to handle and are derived from a complementary set
of starting materials. Mesylates are of special interest in
terms of atom economy, low cost, and stability, even
though they show the lowest reactivity among sulfonate
derivatives.'® Recently, our group has demonstrated the
feasibility of Suzuki—Miyaura cross-coupling reactions of
aryl and hetaryl mesylates with tertiary ammoniomethyl-
trifluoroborates and amidomethyltrifluoroborates.' '
To extend the scope of this transformation, we investi-
gated the Suzuki—Miyaura cross-coupling reaction of
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Figure 1. SPhos and RuPhos.

Table 1. Cross-Coupling of Aminomethyltrifluoroborate 2 with
Various Electron-Neutral and Electron-Rich Aryl Mesylates

~ [P
Ar-OMs + KF38” “NHBoc —— Ar” “NHBoc
1a-h 2 3a-h
entry product ligand isolated yield (%)
1 NHBoc 3a  RuPhos 79 (87)°
2 ©/\NHB°° 3b  RuPhos 66
3 /@ANHB"C 3¢ RuPhos 72
4 @CNHB‘)C 3d  RuPhos 72
5 NHBoc 3e  RuPhos 22
O NHBoc
6 O 3f RuPhos 86
NHBoc
7 3g  RuPhos 59
MeO
8 ‘ 3h  RuPhos 84

O NHBoc
MeQO’

“Reaction conditions: 1.0 equiv of aryl mesylate, 1.1 equiv of
trifluoroborate, 5 mol % of PdCly(cod), 10 mol % of ligand, 7 equiv
of K3POy, -BuOH/H,0 (1:1,0.2 M), 95°C, 22 h. 4.0 mmol of mesylate,
3 mol % of PdCl,(cod), 6 mol % of RuPhos.

potassium Boc-protected primary aminomethyltrifluoro-
borate with various aryl and hetaryl mesylates, providing
an alternative entry to primary aminomethyl-substituted
aromatics.

Initially, when the optimal conditions [Pd(OAc),, SPhos
or XPhos, K,CO3;, and toluene/H,O, 85 °C, 22 h] for
aryl and hetaryl chlorides with potassium Boc-protected
aminomethyltrifluoroborate 2 were applied to mesylates,
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Table 2. Cross-Coupling of Aminomethyltrifluoroborate 2 with
Various Electron-Poor Aryl Mesylates

~ [Pd?
Ar-OMs + KFzB” “NHBoc —— Ar” >NHBoc
1i-p 2 3i-p
entry product ligand isolated yield (%)
NHBoc
1 3i SPhos 72
NC
NHBoc
2 3j RuPhos 46
OHC
NHBoc
3 3k SPhos 42
MeOQC
NHBoc
4 3l RuPhos 83
Ac
5 \©/\NHB°° 3m  RuPhos 82
NHBoc
6 3n SPhos 80
Ac
NHBoc
7 IJA 30 RuPhos 81
Ac

O NHBoc
3p RuPhos 86

“Reaction conditions: 1.0 equiv of aryl mesylate, 1.1 equiv of
trifluoroborate, 5 mol % of PdCly(cod), 10 mol % of ligand, 7 equiv
of K5POy4, --BuOH/H,0 (1:1, 0.2 M), 95 °C, 22 h.

@

only trace amounts of products were obtained.®® Keeping
these results in mind, we screened the Suzuki—Miyaura
cross-coupling with the mesylated 1-naphthol 1a based on
the conditions related to C—O activation with potassium
organotrifluoroborates reported previously.!' Potassium
phosphate tribasic was chosen as a base in a mixture of
t-BuOH/H,0. The coupling reactions were screened with
different sources of palladium catalysts and ligands. More-
over, the reaction concentrations, ratio of two solvents,
and temperature were studied extensively. After the opti-
mization process, the combination of 1 equiv of mesylate,
1.1 equiv of trifluoroborate, 5 mol % of PACl,(cod), 10 mol
% of SPhos or RuPhos (Figure 1), and 7 equiv of K;PO,
in ~-BuOH/H,0 (1:1, 0.2 M) at 95 °C for 22 h turned out
to be the best reaction conditions. Two different ligands
were used because neither was general across the entire
range of substrates.

With these optimized conditions in hand, we first studied
the scope of the coupling reactions with various aryl
mesylates (Tables 1 and 2).

Electrophiles with both electron-neutral and electron-
rich substituents on the aryl rings represented good
coupling partners in the desired reactions (Table 1). The
reactions revealed that RuPhos was the most efficient
ligand for all substrates containing electron-neutral and
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Table 3. Cross-Coupling of Aminomethyltrifluoroborate 2 with
Various Hetaryl Mesylates

[Paj?
HetAr-OMs + KFsB~ “NHBoc ——  ArHet ” “NHBoc
4a-h 2 5a-h
entry product ligand isolated yield (%)
= NHBoc
1 | 5a  SPhos 52
NS
N
= NHBoc
2 o 5b  RuPhos 78
F N
= NHBoc
3 5¢ SPhos 84
N
N
B
4 NHBoc 5d RuPhos 87
NTX
|
5 NHBoc 9e  SPhos 57
g NHBoc
6 N 5f SPhos 75
H
N NHBoc
7 59 RuPhos 86
S

s
8 O NHBoG 5h  RuPhos 88

“Reaction conditions: 1.0 equiv of hetaryl mesylate, 1.1 equiv of
trifluoroborate, 5 mol % of PdCly(cod), 10 mol % of ligand, 7 equiv of
K;5POy, -BuOH/H,O0 (1:1, 0.2 M), 95 °C, 22 h.

electron-donating groups on the aryl ring. With more
sterically demanding substituents ortho to the mesylate
group, the coupling yields dropped dramatically (Table 1,
entries 4 and 5). The more sterically encumbered di-ortho
substituted electrophile gave only a 22% isolated yield,
perhaps because of a slow oxidative addition step (Table 1,
entry 5)."% The reactions were also successful with electron-
donating groups on the aryl ring (Table 1, entries 7 and 8).
By increasing the reaction scale to 4 mmol of mesylated
I-naphthol 1a, the reaction could be carried out with a
lower catalyst loading [3 mol % of PdCl,(cod), and 6 mol
% of RuPhos] to obtain the corresponding product 3a with
an 87% isolated yield (Table 1, entry 1).

We then investigated electron-poor aryl mesylates as
electrophilic coupling partners (Table 2). All electron-
deficient aryl mesylates gave the desired products 3i—p in
moderate to good yields. In these cases, two different
ligands (RuPhos and SPhos) were utilized to obtain the
products, the yields of which depended on the nature of the
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functional groups and ligand utilized. As shown, a wide
variety of functional groups, such as nitriles, aldehydes,
esters, and ketones, were compatible with the reaction
conditions (Table 2). However, lower yields were observed
with the aldehyde and methyl ester substituents on the
aryl ring compared to other substrates (Table 2, entries
2 and 3).

We next expanded the array of electrophiles to hetaryl
mesylates (Table 3). Various hetaryl mesylates were
coupled with potassium Boc-protected aminomethyltri-
fluoroborate 2 in moderate to good yields. Again, two
ligands (RuPhos and SPhos) were required to give better
results depending on the nature of the hetaryl coupling
partners. Nitrogen-containing hetaryl mesylates, such as
pyridine, quinoline, isoquinoline, indole, and thiazole, all
provided the expected products in good yields (Table 3,
entries 1—7). Interestingly, indole was successfully coupled
without any protecting group in a 75% isolated yield
(Table 3, entry 6). Moreover, sulfur-containing hetaryls
also proved to be good coupling partners under the set of
reaction conditions developed (Table 3, entries 7 and 8).
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In summary, we have shown that potassium Boc-
protected aminomethyltrifluoroborate, an equivalent of a
primary aminomethyl subunit, was a good coupling part-
ner in Suzuki—Miyaura cross-coupling reactions with aryl
and hetaryl mesylates. A broad array of electrophiles, such
as functionalized aryl mesylates and hetaryl mesylates,
were coupled efficiently in standard coupling reactions.
Further efforts to expand the scope of aminomethyl
moieties are currently under study.
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