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Abstract: The bulky and electron-rich MOP-type ligand was effi-
cient for the Pd-catalyzed amination of aryl tosylates. The in situ
generated Pd(0) was a more efficient catalyst precursor than
Pd(dba),. In the presence of Pd(OAc),, PhB(OH),, and a hindered
and electron-rich MOP-type ligand, a variety of primary aryl
amines reacted with various aryl tosylates to form the correspond-
ing secondary aryl amines in high yields with high selectivity. Fur-
thermore, the catalyst system was also efficient for the arylation of
indoles and hydrazones with aryl tosylates.
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Palladium-catalyzed sp> C-N bond-forming reactions
have evolved into a highly versatile and synthetically
attractive transformation in targeting pharmaceutically
useful intermediates and material science.! In these trans-
formations, electrophilic substrates have been largely lim-
ited to aryl halides.> As synthetic equivalents of aryl
halides, aryl tosylates are easily prepared from cheap and
readily available starting materials, convenient to handle,
as well as stable, crystalline solids. Furthermore, use of
these compounds has advantages over the corresponding
aryl halides because the phenol is a useful directing group
for the introduction of other functional groups on the aro-
matic ring, and this fact can allow access to a wider sub-
strate scope.® Therefore, aryl sulfonates are very attractive
as coupling partners for the transition-metal-catalyzed
processes. They are also a challenging class of coupling
substrates because of their very low activity toward oxida-
tive addition, which is a critical initial step in the metal-
catalyzed coupling reaction.* Since Hartwig realized the
amination of inactive aryl tosylates by the application of
hindered, chelating alkyl phosphine ligands and hindered
bases,’> some ligands have been investigated to tackle the
difficult palladium-catalyzed couplings of aryl tosylate.®
Nevertheless, the couplings of primary amines with aryl
tosylates are rare.’

We recently reported the synthesis of the bulky and elec-
tron-rich MOP-type ligand (Figure 1), which was readily
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prepared from inexpensive, commercially available mate-
rials, and turned out to be an excellent catalyst for palladi-
um-catalyzed amination of aryl chlorides.® As part of our
continuing work, we explored the possibility for the ami-
nation of aryl tosylates by utilizing such ligand. Herein,
we report our findings in this study.
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Figure 1 The structure of the bulky and electron-rich MOP-type
ligand

Diarylamines are important synthetic intermediates of
dyestuffs, pesticides, and pharmaceuticals,9 and are used
as antioxidants for rubbers and elastomers,'° or as the im-
portant intermediate of organic electroluminescent and
photoconductors materials.!! The research of the efficient
synthesis of diarylamines appears attractive. Therefore,
we chose the coupling reaction of phenyl tosylate and
aniline as the model reaction to test the limit on activity
and selectivity of our ligand. The results are summarized
in Table 1. The coupling reaction of aniline with phenyl
tosylate occurred in low yield under the identical condi-
tions as for the amination of aryl chloride (Table 1, entry
1).2 On the basis of the report that the oxidative additions
of aryl tosylates were faster in more polar solvents,'? the
solvent was replaced by +~-BuOH, however, still no cou-
pled product was obtained. As Pd(dba), was used as a
Pd(0) source, the backbond existed between Pd(0) and the
electron-poor dba ligand. Using the strongly electron-
donating phosphine as ligand increased the backbonding,
therefore, it inhibited the dissociation of dba to form the
active species Pd(0)-L1,” and consequently, the concen-
tration of the active species and the rate of the oxidative
addition decreased.”® Thus, an alternative precatalyst
Pd(0) was needed. Pd(OAc), in combination with
PhB(OH), is an efficient method to generate Pd(0) by
double transmetalation and reductive elimination. Grati-
fyingly, the monoaryl product of aniline was obtained in
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38% yield (Table 1, entry 3) and no diaryl product was
formed when 2 mol% of Pd(OAc),, 5 mol% of PhB(OH),,
and 3 mol% of L1 were used. In the absence of PhB(OH),,
no reaction occurred (Table 1, entry 4). Decreasing the
basicity of bases favored controlling the O-S cleavage of
the tosylates. When the weaker bases, K;PO, and Cs,CO;,
were used, the monoaryl yield was increased to 85% and
99%, respectively (Table 1, entries 5 and 6). However,
when the reaction was run in the presence of K,CO;, only
19% yield was obtained (Table 1, entry 7). With respect to
the applicability and availability, K;PO, was employed as
the base in further studies. By replacing solvent +~-BuOH
with n-BuOH, elevating reaction temperature to 110 °C
led to a higher yield of 99% (Table 1, entry 9). In addition,
the coupling reaction could be finished in short time, the
yield of coupling product reached 99% after two hours
(Table 1, entry 10). Thus, under the optimized reaction
conditions illustrated in entry 9 (Table 1), the catalytic
system was efficient for the coupling reaction of inactivat-
ed aryl tosylates with aniline and showed high selectivity
for monoarylation vs. diarylation.

Table 1 Optimization of Reaction Conditions for Coupling of Ben-

zyl Tosylate 1a with Aniline 2a*

H
N

0TS NH2  py. ligand AN
+ _—
| = base, solvent | —

1a 2a 3aa
Entry Pd Base Solvent Additive Yield
(%)
1 Pd(dba), NaOt-Bu toluene - 17
2 Pd(dba), NaOr-Bu  -BuOH - 0
3 Pd(OAc), NaOt-Bu  -BuOH PhB(OH), 38
4¢  Pd(OAc), NaOrBu +BuOH - 0
5 Pd(OAc), K;PO, t-BuOH PhB(OH), 85
6 Pd(OAc), Cs,CO4 -BuOH PhB(OH), 99
7 Pd(OAc), K,CO; -BuOH PhB(OH), 19
8 Pd(OAc), K;PO, dioxane PhB(OH), 4
9 Pd(OAc), K;PO, n-BuOH  PhB(OH), 99
104 Pd(OAc), K,PO, n-BuOH  PhB(OH), 99

2 Reaction condition: PhOTs (1mmol), PhNH, (1.2 mmol), Pd (2
mol%), L1 (3 mol%), PhB(OH), (5 mol%), base (1.5 mmol), solvent
(2 mL), 15 h.

® GC yield.

¢L1 (5 mol%).

d Reaction time: 2 h.

The scope of the catalytic system Pd(OAc),~PhB(OH),—
L1 was examined by reacting various aryl tosylates and
amines under the optimized reaction conditions
(Table 2).'"* Alkyl-substituted aryl tosylates reacted in ex-
cellent yields with aniline without formation of any
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diarylamine (Table 2, entries 1-3). Even inactive elec-
tron-rich aryl tosylates were coupled in excellent yields
and selectivities (Table 2, entries 4 and 5). Generally, the
strongly electron-withdrawing groups could promote both
the C-O cleavage (the desired reaction) and the O-S
cleavage (side reaction).’” When p-benzoyl-substituted
phenyl tosylate was used as substrate, an excellent yield of
the desired product was obtained (Table 2, entry 6). Due
to the steric hindrance of the ligand, the reaction was
slightly sensitive to the steric effects of the substrates. The
reaction of aryl tosylates with only one substituent (ortho)
occurred in good yield (Table 2, entry 2); when 2,6-dime-
thylphenyl tosylate was employed as substrate, the cou-
pling yield decreased to 74% (Table 2, entry 7). The steric
effects of the aryl amine were similar. For example, when
2,6-dimethylaniline was used, a decreased yield was af-
forded (Table 2, entry 10). Furthermore, the reaction was
also slightly influenced by the electronic properties of aryl
amines. The electron-rich aryl amines were coupled in
good yields (Table 2, entries 8 and 12); for the electron-
deficient aryl amines, the decreased nucleophilicity led to
decreased coupling yields. For instance, p-methylaniline
was monoarylated in 91% yield (Table 2, entry 8), while
p-trifluoromethylaniline was monoarylated in 59% yield
(Table 2, entry 11). Consistent with the high selectivity
for reactions of primary arylamines, the reactions of sec-
ondary amines were much slower. The reactions of aryl
tosylates with diphenylamine gave no coupled products
(Table 2, entry 13).

Table 2 Palladium-Catalyzed Amination of Aryl Tosylates®

Entry Aryl tosylate Amine Yield (%)

1 1b 4-MeC¢H,OTs 2a PhNH, 3ba 94
2 1c 2-MeC¢H,OTs 2a PhNH, 3ca 93
3 1d C,(H;-2-OTs 2a PhNH, 3da 96
4 le 4-MeOC4H,OTs 2a PhNH, 3ea 96
5 1f 4-NHBocC,H,OTs  2a PhNH, 3fa 81

6 1h 4-C(O)PhC,H,OTs  2a PhNH, 3ha 95
7 1i 2,6-Me,C¢H;0Ts 2a PhNH, 3ia 74

8  1aPhOTs 2b 4-MeCH,NH,  3ba9l

9 1a PhOTs 2¢ 2-MeC¢H,NH, 3ca 88
10 1a PhOTs 2d 2,6-Me,CH;NH,  3ia 54
11 1a PhOTs 2e 4-F,CC,H,NH, 3ae 59

12 1a PhOTs 2f 4-MeOC¢H,NH, 3ea 95

13 1a PhOTs 2h Ph,NH 0
14 1a PhOTs 2i indole 3ai 67
15 1a PhOTs 2k Ph,C=NNH, 3ak 62

? Reaction conditions: ArOTs (1 mmol), amine (1.2 mmol), Pd(OAc),
(2 mol%), L1 (3 mol%), PhB(OH), (5 mol%), K;PO, (2.0 mmol),
n-BuOH (2 mL), 110 °C, 15 h.
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Nitrogen-containing heterocycles are interesting sub-
strates for the N-arylation since many pharmaceuticals
possess such functionality.'® The catalyst system was ef-
ficient for the coupling reaction of indole and aryl tosy-
lates. N-Benzylindole (3ai) was obtained in 67% (Table 2,
entry 14), and no C-arylation product was isolated. The
weaker nucleophilicity and more steric hindrance of in-
dole relative to primary amine led to the decrease of the
coupling yield.

Moreover, the catalytic system was efficient for the cou-
pling reaction of aryl tosylate and (diphenylmethy-
lene)hydrazine, the desired product N-aryl hydrazone, an
important intermediate for the synthesis of indoles,!” was
obtained in 62% yield (Table 2, entry 15).

In addition, the activity of tosylates relative to chlorides
was also investigated. In our catalytic system, aryl chlo-
rides reacted faster than aryl tosylates. The reaction of 4-
chlorophenyl tosylate led to a coupling product at the C—
Cl bond (Scheme 1). These results were in parallel to
those catalyzed by Pd-Buchwald ligand,'® but different
from those catalyzed by Pd-Josiphos.”

Cl NHPh
Pd(OAc),, L1
+  PhNH,
”a PhB(OH)y, K5PO,, BUOH
OTs OTs
1l 3la 88%

Scheme 1 The coupling reaction of 4-chlorophenyl tosylate with
aniline

In summary, the bulky and electron-rich MOP-type ligand
was efficient for the Pd-catalyzed amination of aryl tosy-
lates. The active catalyst was formed in situ from
Pd(OAc),, PhB(OH),, and air- and moisture-stable phos-
phines. The optimized system showed high catalytic ac-
tivity for monoarylation of aryl amines, indoles, and
hydrazones. In the competitive reaction, the reaction rates
of aryl chlorides are faster than those of aryl tosylates.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett.
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