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ABSTRACT

- N NHAr  Ru(ll)/R'"R?NOBz
I —_—
G H room temperature

Ar = (4-CF3)CeF 4

Compatible heterocyclic arenes
Pyrazole, Thiophene, Benzothiophene,
Furan, Bezofuran, Indole

Intermediate observed
by "H NMR

The Ru(ll)-catalyzed ortho-C—H amination directed by a weakly coordinating amide auxiliary with O-benzoyl hydroxylamines at room temperature
has been achieved. This reaction is compatible with heterocycles including pyrazole, thiophene, benzothiophene, furan, benzofuran, and indole.

Aryl- and heteroarylamines are ubiquitous among phar-
maceuticals, agrochemical, and organic materials.' There-
fore, development of efficient synthetic methodologies
toward the construction of C—N bonds has attracted con-
siderable attention. Among these methods, the Buchwald—
Hartwig amination reaction of aryl halides with amines
has been most extensively studied and practiced in both
academic and industrial settings.? Inspired by a number
of seminal reports on Pd-catalyzed intramolecular C—H
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amination reactions,’ Pd-catalyzed intermolecular amina-
tion of C—H bonds has been developed as an alternative
method for preparing arylamines (Scheme 1).*> This new
approach could prove especially valuable when access to
certain aryl halides in a synthetic sequence are challenging.
For example, Pd-catalyzed ortho-C—H amination® has
recently been used to perform a late-stage diversification
of an advanced intermediate affording novel analogues of
hongoquercin A.° While Pd-catalyzed C—H amination
using electrophilic N-benzoyloxyamines allows for the
introduction of a wide range of secondary amines onto
simple benzamide substrates, further development of this
approach using other transition metal catalysts’~® could
improve the scope and practicality of this C—H amination
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reaction. Herein, we report the Ru-catalyzed ortho-C—H
amination of benzamides with N-benzoyloxyamines at
room temperature (Scheme 1), demonstrating the superior
reactivity of our weakly coorindating directing group with
Ru(II) catalysts. The scope of this reaction is substantially
broader than our Pd-catalyzed C—H amination reaction*
with respect to heteroarenes, which typically inhibit C—H
activation.

The strong coordination of nitrogen atoms in either the
aminating reagents or products to the Pd center could
be problematic for developing C—H amination activa-
tion reactions assisted by o-chelation of simple functional
groups. We have recently developed an efficient electron-
deficient amide auxiliary for C—H activation of carboxylic
acid substrates. The origin of the observed reactivity of this
auxiliary stems from (a) in situ generation of the imidate
allowing for optimum orientation between the directing
atom and the target C—H bond required for facile C—H
cleavage and (b) the weakly bound arylpalladium inter-
mediates being highly reactive toward electrophilic or
nucleophilic reaction partners used for functionalizations.
In light of recent progress in Ru(II)-catalyzed C—H func-
tionalizations,'® we began to investigate whether this auxil-
iary can be exploited to develop a Ru(II)-catalyzed C—H
amination reaction, which will complement our Pd(II)-
catalyzed C—H amination reaction in terms of practical
operation and scope. Thus, we were pleased to find that
C—H amination of N-arylbenzamide substrate la with
2 equiv of N-benzoyloxyamines 2a proceeded in the presence
of 10 mol % [RuCl,(p-cymene)], and 2 equiv of K,COj3 in
CH;CN to give the desired amination product 3a in 22%
yield (Table 1, entry 3).

Scheme 1. Transition-Metal-Catalyzed C—H Amination with
Electrophilic Amination Reagent
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To improve this reaction, we tested other Ru catalylsts
and found they were not reactive (Table 1, entries 1, 2). An
extensive screening of reaction parameters showed that
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acetone was also a suitable solvent which is not commonly
used in Pd-catalyzed C—H activation (Table 1, entry 4).
We also found that the oxidant is not required for this
reaction [see the Supporting Information]. Extending the
reaction time to 36 h afforded a mixture of mono- and
diproductin 44% yield with a 3.4:1 mono/diratio (entry 6).
Attempts to further improve the yield by extending the
reaction time was not successful (entry 7).

We were surprised to find that the yield increased to
69% (mono/di = 1.7:1) by running the reaction under Ar
(entry 8). To our delight, the yield was further improved to
82% (mono/di = 2.4:1) when the reaction concentration
was increased by 2-fold (entry 9). The use of 3 equiv of
aminating reagent 2a afforded the product 3a in 92% yield
(mono/di = 2:1) (entry 10). Finally, switching 2a to aminat-
ing reagent N-chloroamines 6 decreased the yield to 25%
(entry 12). The use of 5 mol % [RuCl,(p-cymene)], gave a
mixture of mono- and diamination products in 54% yield.

Table 1. Optimization of Reaction Conditions”

o (0]

©\)LNHAr NN ©\)(NHAr
" * Lo [Ru] N

(e}
x = OBz: 2a 3a
x=Cl: 6

1a, Ar = (4-CF3)CgF4

time yield

entry [Rul] amine solcent (h) (%)°

1 RuHy(PPhg), 2a CH3CN 18 0

2 RuH,(CO)(PPhy)s 2a CHsCN 18 0

3 [RuCly(p-cymene)l, 2a  CH3CN 18 22

4 [RuCly(p-cymene)ls 2a acetone 18 23

5 [RuCly(p-cymene)l, 2a  acetone 6 16

6 [RuCly(p-cymene)ls 2a acetone 36 34 + 10(di)
7 [RuCly(p-cymene)ls 2a acetone 48 35+ 12(di)
8° [RuCly(p-cymene)]s 2a acetone 36 44 + 25(di)
9°¢  [RuCly(p-cymene)l, 2a  acetone 36 58+ 24(di)
10°¢  [RuCly(p-cymene)ly 2a acetone 36 60 + 32(di)
117 [RuCly(p-cymene)l, 2a  acetone 36 42 + 11(di)
12¢ [RuCly(p-cymene)ls 6 acetone 36 25 -+ 6(di)

“Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), [RuCl,-
(p-cymene)], (10 mmol %), K,CO; (0.4 mmol), solvent (1 mL), air, rt.
Yield determined by "H NMR analysis of crude reaction mixture using
CH,Br, as an internal standard.  Ar. “1a (0.2 mmol), 2a (0.4 mmol).  1a
(0.2 mmol), 2a (0.6 mmol).” 1a (0.2 mmol), 2a (0.3 mmol).
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Scheme 2. Ru-Catalyzed C—H Amination of Arenes Scope®™’
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“Reaction conditions: 1a-1v (0.2 mmol), 2a—2e (0.6 mmol), [RuCl,-
(p- cymene)]z (10 mmol %), K>,COj3 (0.4 mmol), Acetone (1 mL), Ar, rt,
36 h. ? Isolated yield.

With these optimized conditions in hand, we surveyed
the substrate scope of this amination reaction (Scheme 2).
Amination of arenes bearing methyl substitution at ortho-,
meta-, and para-positions gave the desired products in
94%, 81%, and 94% yields respectively (3b—3d). Sterically
bulky #-Bu- and electron-donating MeO— substituents on
arenes were also tolerated (3e and 3f). Amination of
fluorinated and chlorinated arenes proceeded smoothly
to give the corresponding products (3g—3j) in 40—69%

(10) Recent reviews on ruthenium(II)-catalyzed C—H bond functio-
nalization: (a) Li, B.; Dixneuf, P. H. Chem. Soc. Rev. 2013, 42, 5744. (b)
Ackermann, L. Acc. Chem. Res. 2013, 46, DOI:10.1021/ar3002798. (c)
Arockiam, P. B.; Bruneau, C.; Dixneuf, P. H. Chem. Rev. 2012, 112,
5879. (d) Ackermann, L.; Vicente, R. Top. Curr. Chem. 2010, 292, 211.
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Scheme 3. Ru-Catalyzed C—H Amination of Heteroarenes
Scope®?
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“Reaction conditions: 4a—4n (0.2 mmol), 2a (0.6 mmol), [RuCl,-
(p-cymene)], (10 mmol %), K,COj3 (0.4 mmol), acetone (1 mL), Ar, rt,
36 h.  Isolated yield.

Scheme 4. Possible Reaction Pathways with Ru(IT) Catalyst
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yields. Brominated arenes were also compatible in this
reaction, albeit giving lower yields (3k, 31). Amination of
arene containing an ortho-CF; group afforded 3m in 71%
yield. Phenyl-substituted arenes also afforded the desired
products in 89% and 52% yields with the ortho-substituted
substrate being more reactive (3n and 30). A naphthalene
substrate was aminated to give 3p in excellent yield (94%).
Tetrasubstituted arylamines were obtained in good yields
using trisubstituted arenes as substrates (3q and 3r). Next,
we examined the scope of the amine partners. Various
secondary (hetero)cyclic N-benzoyloxyamines containing
the ester and Boc protecting group was successfully incor-
porated into arene substrates in 40—98% yields (3s—3v).
However, this reaction is largely limited to six-membered
amines. For instance, pyrrolidine is not compatible and
amination with diethyl amine gave the desired product in
20% yield.

Considering the importance of heteroaryl amines in
medicinal chemistry, we examined the compatibility of
this amination protocol with a number of heterocyclic
substrates. We were pleased to find that amination of

c
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Figure 1. Comparison of 'H NMR of the substrate 1a and
intermediate A.

heteroarenes including pyrazole, thiophene, benzothio-
phene, furan, benzofuran, and indole proceeded smoothly
to give the corresponding heteroaryl amines in moderate to
good yields (Scheme 3).

Based on a previous Pd-catalyzed C—H amination reac-
tion* and Ru(Il)-catalyzed C—H functionalizations,'® we
proposed a preliminary pathway for this amination reac-
tion as shown in Scheme 4. First, the arylruthenium(II)
intermediate A was formed in the presence of base K,COs.

(11) (a) Ackermann, L.; Vicente, R.; Potukuchi, H. K.; Pirovano, V.
Org. Lett. 2010, 12,5032. (b) Flegeau, E. F.; Bruneau, C.; Dixneuf, P. H.;
Jutand, A. J. Am. Chem. Soc. 2011, 133, 10161.

A was then oxidized to Ru(IV) species B by the aminating
reagent which underwent reductive elimination to give the
desired product. The intermediacy of the Ru(IV) species
in C—H arylation was previously studied."' At this stage,
an electrophilic cleavage of the Ar—Ru(Il) bond by
the aminating reagents cannot be ruled out.'? In support
of this pathway, we have also characterized the Ar—
Ru(IT)Ln intermediate A by '"H NMR (Figure 1). Ln is
mostly likely p-cymene(p-isopropyltoluene) and carbonate
or chloride.

In summary, we have developed a Ru-catalyzed inter-
molecular C—H amination directed by a weakly coordi-
nating amide auxiliary. This reaction proceeds at room
temperature demonstrating the efficacy of a weakly co-
ordinating directing group with Ru(Il) catalysts. This
new catalytic reaction also provides a potential method
for preparing heteroarylamines.
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