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ABSTRACT: A novel Rh(III)-catalyzed C—H bond amination
with the simultaneous release of a formyl group at distal
positions is realized employing anthranil as a new type of C—H
amination reagent. This chemistry provides an efficient
protocol for the synthesis of 2-acyl diarylamines, which are
important structural motifs in many bioactive compounds. This
new type of C—H amination reagent possesses the advantages

2
H R 2 i 2 H
RTL\ . i\,ji%o [{Cp*RhCly},] cat. i oM | \_Rz
F = 25 examples Lo >
up to 86% yield

» Without atom waste  » Simultaneous incorporation of two functional groups
» Without external oxidant e High-value products as versatile synthons

of high atom economy, avoids the use of external oxidants, and enables further transformation of the amination products.

rylamines are frequently found in numerous natural

products, pharmaceuticals, and functional materials."
Significant methodologies toward arylamine preparation have
been developed through C—N bond formation.” In recent years,
considerable improvements have been achieved via direct C—H
amination.’ Among them, the nitrogen sources could be
generally categorized into three parts (Scheme la). C—H
activation with nitrenes has been widely used in C—N bond
formations employing iminoiodinanes or relative precursors”
and azide reagents.” In addition, by using the umpolung strategy,
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aryl aminations can be achieved with N-halo-substituted amine
and N-alkyl hydroxylamines.® This protocol is also suitable for
amidation with N-fluorobenzenesulfonimides and N-acetoxycar-
bamates.” From the view of atom economy, commercially
available amines are ideal partners to form a C—N bond by dual
C—H and N—H bond cleavage in the presence of external
oxidants (Scheme 1a).*

Despite the significance of these protocols, amination
precursors that could enable the generation of amine with the
release of a functional group are rarely reported’ but are very
attractive because they offer the feasibility for further various
transformations using simultaneously incorporated amine and
functional groups (Scheme 1b). An elegant example was recently
disclosed by Yoshida and co-workers with an electro-oxidative
coupling process (Scheme Ic).”

Herein, we report a novel transition-metal-catalyzed C—H
amination protocol for the synthesis of 2-acyl diarylamines,
which are important structural motifs and useful building blocks
(Scheme 1d). Various important bioactive compounds could be
prepared from 2-acyl diarylamine products (Figure 1). For
instance, transformation of aldehyde to an acid or amide group
could afford important drugs or inhibitors (Figure 1).1°
Moreover, 2-(phenylamino)benzaldehyde could serve as a
precursor for the synthesis of various heterocycles, such as
indoles, indazoles, and acridines (Figure 1).""

Discovery of new N-containing reagents for C—H amination
has received much attention in recent years.'> Ideally, the new
amination reagents should be readily available, enabling high
atom economy'~ and also serving as an internal oxidant.'* Given
the significance of the 2-acyl diarylamine skeleton (Figure 1), we
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Figure 1. Transformation of 2-aminobenzaldehydes.

were eager to develop direct C(sp*)—H amination by installing 2-
amino benzaldehyde in one step, but it is a challenging issue
because the aldehyde group either is oxidized or undergoes side
reactions in conventional methods.'® Anthranil is a N,0O-
containing heterocyclic compound and is commercially available.
It has been used in ring-opening reactions with organozinc
reagents and ring expansion reactions with aryldiazoacetates."®
Recently, Hashmi and co-workers reported a Au-catalyzed
cyclization of anthranil with alkyne to form 7-acyl indoles.'”
However, it was not used in a direct C—H bond amination
reaction until Li’s work'® and this work (Scheme 1c). Employing
anthranil as an amination reagent would have the following
advantages: (1) 100% atom efficiency without atom waste, (2)
no requirement for an external oxidant, (3) direct C—H
amination with simultaneous release of amine and a formyl
group, and (4) production of high-value products as versatile
building blocks for further transformation, especially for
heterocycle synthesis.

Based on the above assumptions, we commenced our
investigation using acetophenone O-methyl oxime (1a) as the
model substrate. After screening, we found that when 1a and 2a
were treated with [{Cp*RhCl,},], AgNTf,, PivOH at 85 °C in
DCE, target product 3a was obtained in 77% yield (Table 1, entry
1). Controlled experiments revealed that the Rh/Ag catalyst

Table 1. Rh-Catalyzed Amination of Oxime 1a“

.OMe @O
N [{Cp*RNCla};] (4 mol %) n NOMe
©)\ N AGNTE, (16 mol %) ]
+ ‘o PivOH (1.0 equiv) s
s DCE, 85 °C, air, 24 h
1a 2a 3a
entry change from the standard conditions yield (%)”
1 none 77
2 no [{Cp*RhCl,},] NR
3 no AgNTf, NR
4 no PivOH <5
S 60 mol % of PivOH 64
6 2.0 equiv of 2a 70
7 [{Cp*RhCL},] (2.5 mol %), AgNTH, (10 mol %) 60
8 Pd(OAc), instead of [{Cp*RhCl,},] NR
9 [Ru(p-cym)CL,], instead of [{Cp*RhCl,},] NR
10 [Cp*Co(CO)], instead of [{Cp*RhCl,},] NR
11 [Cp*IrCl,], instead of [{Cp*RhCl,},] NR

“Reaction conditions: la (0.2 mmol), 2a (2.5 equiv), catalyst
additives, DCE (1 mL), stirred at 85 °C under air for 24 h. “Isolated
yields.
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system and the PivOH additive are indispensable in this
transformation (entries 2—4). 3a was obtained in slightly lower
yield when the loading of PivOH, 2a, or catalyst was decreased
(entries 5—7). Further, we found that the reaction did not
proceed at all under other transition metal catalysts such as Pd,
Ry, Co, and Ir (entries 8—11).

The scope of this Rh-catalyzed C—H amination reaction was
demonstrated with a series of oxime ether derivatives (Scheme
2). A variety of electron-neutral and electron-rich acetophenone

Scheme 2. Rh-Catalyzed Amination of Oxime Ethers”
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“Reaction conditions: 1 (0.2 mmol), 2a (2.5 equiv), [{Cp*RhCl,},]
(4 mol %), AgNTf, (16 mol %), P1vOH (1.0 equiv), DCE (2 mL),
stirred at 85 °C under air for 24 h. “Reaction was carried out with 2a
(0.2 mmol) and 1 (0.4 mmol) at 100 °C.

oximes were readily converted to the corresponding products
(3a—dh) in excellent yields. Notably, halogen-substituted
substrates can be smoothly transformed to the corresponding
amination products (3e—g), which offer opportunities for further
coupling reactions. Oxime ethers derived from phenyl alkyl
ketones or diaryl ketones are also suitable substrates to achieve
C(sp?)—H amination products in high yields (3i—k). In addition,
cyclic oxime ether is well-tolerated in this transformation,
producing 31 in 82% yield.

Furthermore, other N-containing directing groups were
investigated (Scheme 3). Various substituents at the para
position of 2-phenylpyridine were tolerated and showed little
effect on the efficiency (Sa—d). A methyl substituent attached to
the pyridine ring also showed satisfactory efficiency (Se). Other
N-containing heterocycles such as quinoline, purine, and
pyrazole derivatives could also act as directing groups for this
C—H amination reaction with high performance (5f—h).

The scope of the anthranils was then examined with oxime
ether 1a (Scheme 4). Several substituted anthranils performed
well and delivered the unprotected 2-acyl diarylamines in
moderate yields. Some functional groups, such as F (3m,q), Cl
(3n), Br (30), or OAc (3p), could be contained in the substrates,
leading to various 2-acyl diarylamine products.

As mentioned above, diarylamines are versatile intermediates
and flexible scaffolds in organic synthesis. After this pratical
intermolecular ortho-functional amination protocol was estab-
lished, we were eager to apply the products in other
transformations. Polycyclic aza-aromatic compounds are basic
skeletons in organic molecules, which can be constructed by
In(OTf); catalysis in 54% yield from 3a (eq 1). Meanwhile,
indoles are important structural motifs in bioactive compounds
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Scheme 3. Scope of Heteroarylarenes®
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“Reaction conditions: 4 (0.2 mmol), 2a (2.5 equiv), [{Cp*RhCL},]
(4 mol %), AgNTf, (16 mol %), PivOH (1.0 equiv), DCE (2 mL),
stirred at 100 °C under air for 24 h.

Scheme 4. Substrate Scope of Anthranils”

SOM:
N e
!
+ R
1a

s

=
R | <
R

[{Cp*RhClz}z] (4 mol %) . JOMe
AgNTE; (16 mol %) NH N
PivCOH (1.0 egiuv)

|
DCE. 85 °C., air, 24 h ©/l\

2 3
g LT oo

NH Nl’ome NTH | : 3q, 55%
“Reaction conditions: 1a (0.2 mmol), 2 (2.5 equiv), [{Cp*RhCL},]

(4 mol %), AgNTf, (16 mol %), PivOH (1.0 equiv), DCE (2 mL),
stirred at 85 °C under air for 24 h.

“ =M

i, A,

R=F, 3m, 65%
R=Cl, 3n,70% F
R = Br, 30, 60%

R =0Ac, 3p, 61%

(IJMe
_N
NH NOME In(OTh; (10 mol %) N
P ' & M
o DCE, 120°C, 24 h
x
3a 6, 54%
CO,Et
AN
Hk BF3 Et,O (1.0 equiv) N
OFt  Dom.ooc, thenrt b @
MeO~N
7,52%
1) NH,OH-HCI N
idine N
LOMe Py ]
NH N EtOH , 80 °C, 18 h N ~, OMe
P | _— N
O 2) 2.0 equiv MsCl ()
2.0 equiv 2-NH,CgH,N

DCM, 0-23°C, 12h

3a
8, 60%

and alkaloids. When 3a was treated with ethyl diazoacetate, N-
arylindole 7 was produced in 52% yield (eq 2). Notably, 3a could
undergo a one-pot reaction to generate N-aryl indazole 8 in 60%
yield (eq 3), which is the core structure of anti-inflammatory
drugs and Hedgehog pathway antagonists."”

To further understand the mechanism, intermolecular kinetic
isotope effect (KIE) experiments were conducted in both parallel
and one-pot measurement (Scheme Sa,b), and large KIE values
of 3.8 and 2.7 indicated that the C—H/C—D dissociation might
be involved in the rate-determining step.
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Scheme 5. Mechanistic Studies
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On the basis of the above results and previous reports, a
tentative mechanism is depicted as follows (Scheme 6). The

Scheme 6. Proposed Mechanism
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active rhodium species reacts with 1a via C—H activation to form
cyclometalated intermediate L*° Anthranil 2a coordinates to I
due to the nucleophilicity of nitrogen and delivers intermediate
II. Subsequent ring opening produces a Rh(V)=N intermediate
III, and the amino group is inserted into the C—Rh bond to get
intermediate IV. Finally, protonolysis occurs to give the desired
product 3a with regeneration of the Rh catalyst.

In conclusion, a novel Rh-catalyzed ortho-C—H amination of
arenes was developed with anthranil as a new type of C—H
amination reagent. This chemistry provides an efficient protocol
to 2-acyl diarylamines, which are important structural motifs in
many bioactive compounds and could be used as versatile
building blocks for further heterocyclic compound construction.
The present C—H amination protocol possesses the advantages
of high atom economy without the addition of external oxidants,
which shows a bright future in C—H amination reactions. Further
studies to clarify the reaction mechanism and the synthetic
applications are ongoing in our laboratory.
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