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A general procedure for an Ir''-catalyzed C-7 selective C-H
amidation and amination of indolines is reported. The reac-
tion exhibits good functional group tolerance, requires no ex-
ternal oxidants, and releases N as the single byproduct, thus
providing an environmentally benign, readily scalable
method for the synthesis of 7-aminoindolines. More import-
antly, acyl, sulfonyl, and aryl azides can be employed as the

amino source in this C-H amidation reaction under very mild
and pH-neutral reaction conditions (i.e., room temperature)
to afford N-(7-indolinyl)amides, N-(7indolinyl)-sulfonamides,
and N-(7-indolinyl)arylamines in good to excellent yields. In
addition, a one-pot synthesis for 7-aminoindoles was devel-
oped. Overall, this procedure is robust, reliable, and com-
patible in air.

Introduction

Indoles are of great interest in organic synthesis because
of their presence in numerous natural products, pharmaceu-
ticals, and agrochemicals.['! Among them, 7-substituted ind-
oles are particularly important as a result of their ubiqui-
tous presence in numerous biologically active compounds
(see Figure 1).”] Therefore, a method for a general, rapid,
and regioselective preparation of 7-substituted indoles
would be highly desirable.

Recently, transition-metal-catalyzed C-H bond acti-
vations have become an increasingly viable tool for direct
C-H bond functionalizations, as this process removes the
need for the tedious prefunctionalization of the substrate,
thus enhancing the overall scope and efficiency.[*! Given the
significance of 7-substituted indoles, it would be highly de-
sirable and attractive if we could directly functionalize the
C-H bond at the C-7 position of an indole by using a tran-
sition-metal-catalyzed C-H activation pathway. Although
considerable studies of transition-metal-catalyzed C-H
bond functionalizations at the C-2 and C-3 positions of ind-
ole have been carried out over the past decades, there are
few reports of a C-7 selective C—H bond functionalization
of indole.>*¥! Moreover, these approaches are generally lim-
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Figure 1. Representative biologically active compounds that con-
tain the 7-aminoindole structural motif.

ited to C—C bond formation,™ and only one example that
involves the construction of a C—N bond has been reported,
thus proving it to be a formidable challenge (see Scheme 1,
a).1 Despite this great breakthrough, this approach still has
some constraints, such as a limited substrate scope, a high
reaction temperature, and the need for 0.5 equiv. of AgOAc.
Therefore, it is of utmost importance to develop a new
method for the efficient construction of biologically impor-
tant 7-aminoindoles.!'-?!

Along with our continuous efforts towards the regioselec-
tive C-H functionalization of indoles/*#°! and transition-
metal-catalyzed C—H amidation reactions,!”>7¢l we herein
report a general approach under air for the amidation of
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Scheme 1. C-7 amidation of indolines (DCE = 1,2-dichloroethane, Cp* = 1,2,3,4,5-pentamethylcyclopentadienyl, Tf = trifluoromethylsul-

fonyl).

the C—H bond at the C-7 position of indoline by employing
an iridium-catalyzed C—-H bond activation (see Scheme 1,
b). This reaction tolerates various synthetically important
functional groups, requires no external oxidants, and re-
leases benign N, as the only byproduct. Significantly, acyl,
sulfonyl, and aryl azides can be employed as the amino
source in this C-H amidation reaction to afford N-(7-
indolinyl)amides, N-(7-indolinyl)sulfonamides, and N-(7-
indolinyl)arylamines, respectively, in good to excellent
yields under very mild and neutral reaction conditions (i.e.,
at room temperature).

Results and Discussion

N-Acetylindoline (1a) and tosyl azide (2a) were chosen
as the model substrates (see Table 1). First, the reaction was
catalyzed by using known reaction conditions {prepared
Rh™ precursor [Cp*Rh(CH5;CN);](SbFy), (2.5 mol-%) in
DCE at 80 °C; see Table 1, Entry 1).7? Unfortunately, no
conversion occurred. The employment of a cationic Rh'!f
species, which was generated in situ by treating (RhCp*Cl,),
with AgSbFg, was also an ineffective catalyst for this C-H
amidation reaction (see Table 1, Entry 2). Next, other cata-
lysts were screened. [RuCly(p-cymene)], (2.5 mol-%), with
AgSbFg (10 mol-%) gave the desired product 3a in 13%
yield (see Table 1, Entry 3). Surprisingly, when the reaction
was treated with (IrCp*Cly), (2.5 mol-%) and AgSbFg
(10 mol-%), a dramatic increase in the reaction yield (80 %)
was observed (see Table 1, Entry4). Moreover, using
AgNTf,, a different halide abstractor, further improved the
yield (see Table 1, Entry 5). When other organic solvents
were used, the yield decreased, and thus DCE proved to be
the optimal solvent for the reaction (see Table 1, Entries 5—
7). Notably, this reaction could be carried out at room tem-
perature without a decrease in the yield (see Table 1, En-
try 8).
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Table 1. Optimization of direct C—H amidation at C-7 of indol-
ines.[3!

catalyst
@ (2.5 mol-%)
+ TsNy ————
N solvent, 1 h N
\ 2a \
H Ac NHTs AC
1a 3a
Entry Catalyst Solvent Yield [%o]P!
1 [Cp*Rh (CH;CN)5](SbFs),  DCE 0
2 (RhCp*Cl,),/AgSbF, DCE 0
3 [RuCl,(p-cymene)],/AgSbFs  DCE 13
4 (IrCp*Cl,),/AgSbF¢ DCE 80
5 (IrCp*Cly),/AgNTf, DCE 90
6 (IrCp*Cl),/AgNTf, THF 30
7 (IrCp*Cl,),/AgNTf, PhMe 40
84l (IrCp*Cl,)./AgNTf, DCE 90

[a] Reagents and conditions: 1a (0.2 mmol), 2a (0.22 mmol), cata-
lyst (0.005 mmol, 2.5 mol-%), and solvent (1 mL) at 80 °C for 1 h.
[b] Yield of isolated product. [c] THF = tetrahydrofuran. [d] The
reaction was carried out at room temperature for 3 h.

With an optimized catalytic system in hand, we examined
the scope of the sulfonyl azides (see Scheme 2). To our de-
light, the arenesulfonyl azides that contained either elec-
tron-donating (i.e., 3a and 3b) or electron-withdrawing
groups (i.e., 3c) were well tolerated and gave the corre-
sponding products in >90% yield. The large naphthalene-
2-sulfonyl azide also readily participated in the amidation
reaction to provide product 3d in 94% yield. Furthermore,
good yields were obtained when heteroaromatic (i.e., 3e)
and alkylsulfonyl azides (i.e., 3f) were used in the reaction,
which demonstrated the generality of this method.

Encouraged by the successful results of the amidation
with sulfonyl azides, we turned our attention to acyl azides
(see Scheme 3). In contrast to previous results,®] we were
pleased to find that acyl azides also worked well to facilitate
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Scheme 2. Ir-catalyzed C-7 amidation of indolines with sulfonyl az-
ides. Reagents and conditions: la (0.2 mmol), 2 (0.22 mmol),
(IrCp*Cl»), (2.5 mol-%), AgNTf, (10 mol-%), and DCE (1 mL) at
room temperature for 3 h. The yield of the isolated product is pro-
vided.

the direct amidation of indolines at room temperature.
Benzoyl azides that contained electron-withdrawing (i.e.,
5b-5f), electron-neutral (i.e., 5a), or electron-donating sub-
stituents (i.e., 5¢ and Sh) at the para (i.e., Sb-5d, Sg, and
5h), ortho (i.e., Se), or meta (i.e., 5f) position were tolerated
in this amidation reaction to give the corresponding prod-
ucts in good yields.

European Journal
of Organic Chemistry

In addition to sulfonyl and acyl azides, the scope of the
reaction with aryl azide substrates was also explored (see
Scheme 4). To our delight, aryl azides that contained elec-

+ ;
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7

X & R
ol T
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Scheme 4. Substrate scope for aryl azides. Reagents and conditions:
1 (0.2 mmol), 6 (0.24 mmol), (IrCp*Cly), (2.5 mol-%), AgNTTf,
(10 mol-%), and DCE (1 mL) at room temperature for 6 h. The
yield of the isolated product is provided.
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Scheme 3. Ir-catalyzed C-7 amidation of indolines with acyl azides. Reagents and conditions: 1a (0.2 mmol), 4 (0.22 mmol), (IrCp*Cl,),

(2.5 mol-%), AgNTTf, (10 mol-%), and DCE (1 mL) at room temperature for 6 h. The yield of isolated product is provided. [

was carried out at 50 °C for 6 h.
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tron-withdrawing (i.e., 7a—7e and 7g-7i) or electron-donat-
ing substituents (i.e., 7f) at the para (i.e., 7a-7f) or meta (i.e.,
7g-Ti) position were tolerated in this amidation reaction to
afford the corresponding products in moderate to excellent
yields.

Next, we surveyed the substrate scope of the reaction of
various indolines with sulfonyl azides (see Scheme 5). To
our delight, indolines that contained electron-withdrawing
(i.e., 3g, 3h, and 3o0) or electron-donating groups (i.e., 3i-
3m) at the C-2, C-3, C-4, C-5, or C-6 position of the
indoline ring were tolerated in this reaction to afford the
corresponding amidation product in 80-99% yield. No-
tably, halo and ester substituents, which can provide oppor-
tunities for further transformations, were tolerated. In ad-
dition, N,N-disubstituted carbamoylindolines were also suc-
cessfully employed in this reaction to yield product 3p and
3q in 60 and 65% yield, respectively.

X
(IrCp*Clp), (2.5 mol-%) R
N3 = N
AgNTF, (10 mol-%)

DCE, rt, 3 h NHTSR}O

3a, 3g'q
F Br. _0

; N N N
NHTs A° NHTs Ac NHTs Ac NHTs Ac

3a, 90% 39, 80% 3h, 99% 3i, 84%

~ /(;:N

\EPV\E N\ © NHTs \AC N\
NHTs AC NHTs Ac NHTs Ac
3j, 90% 3k, 85% 31, 90% 3m, 90%

COOMe
N N N
NHTs AC NHTs Ac NHTs J=O NHTSN>:O
_N
AN

3n, 90% 30, 90% 3p, 60% 3q, 65% Q

Scheme 5. Substrate scope for indolines. Reagents and conditions:
1 (0.2 mmol), 2a (0.22 mmol), (IrCp*Cl,), (2.5 mol-%), AgNTf,
(10 mol-%), and DCE (1 mL) at room temperature for 3 h. The
yield of the isolated product is provided.

The usefulness of this method was further demonstrated
by the development of the one-pot synthesis for 7-amino-
indoles 8a and 8b. The amidation of 1a with a sulfonyl and
acyl azide under the optimized conditions and subsequent
oxidation with MnO, in one pot yielded 7-aminoindoles 8a
and 8b, respectively, see Equations (1) and (2). More signifi-
cantly, N-(7-indolinyl)arylamine 7¢, which was accessible by
the present direct C—H amination reaction, enabled the sub-
sequent oxidative C-C coupling reaction to allow for the
preparation of pyrrolo[2,3-a]carbazole 8c, see Equation (3).

Finally, we were pleased to find that this reaction was
successfully scalable, and gram amounts of substrate could
be used without a decrease to the yield. Moreover, the
amidated product was easily isolated by a simple recrystalli-
zation process, see Equation (4).
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(2.5 mol-%)
+ TsNg ——————
N AgNTf, (10 mol-%) N
L 2a DCE, rt., 6 h; NHTs Ac
1a, 1 gram 3a 88% “

To gain insight into the mechanism, the following experi-
ments were performed. When 1a was treated with a catalytic
amount of (IrCp*Cl,), and AgNTf, in DCE and D-0O, a
significant H/D scrambling was observed at the C-7 posi-
tion of indoline 1a, see Equation (5). When the reaction was
performed in the presence of a sulfonyl azide in DCE/D,O
for 1.5 min, the incorporation of deuterium was also ob-
served in unreacted 1a, which indicates that the cleavage of
the C-H bond at the C-7 position is a reversible process,
see Equation (6).

(IrCp*Clp),
0,
(2.5 mol-%) 97% recovery
N AgNTf, (10 mol-%) N  (>95%D)
H AC  DCE/D,0,40°C,8h HD Ac
1a 1a
(5)

On the basis of these mechanistic studies and previous
literature,[’l a plausible mechanistic pathway is proposed
(see Scheme 6). First, the treatment of a dimeric iridium
species with AgNTf, affords monomeric IrCp*(NTf,),,
which then induces the C—H cleavage of indoline 1a to pro-
duce cyclometalated Ir™ complex A.P! The azide then inter-
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(IrCp*Cly),
(2.5 mol-%)
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N AgNTf, (10 mol-%) N N
hooA = DCE/D,0, HD Ac NHTs Ac
1a 80 °C, 1.5 min 1a 3a
70% recovery 20% yield
15% D

(©)

acts with the cationic metal center of A to give B, which can
be converted into Ir'™" amido species C through a concerted
migratory insertion or through high valent iridium(V) ni-
trenoid species D in an oxidative manner. In each path, a
molecule of N is released. Finally, protonolysis of C af-
fords product 3a.

(IrCp*Clz)2
AgNTf,
AgCl '}/\
3a ICP*(NTf,), Ta H g
H* "
N
; [; / @[N
_ . No. N
T +T I 0 5\'5';\()/)\ t'i('”)/)\
S TS Gp* O Cp* O _
Cp* NTf2 D NTf2 NTf2
c A
TSN3

N2 N
N
N2\N~ : 4

Scheme 6. Proposed mechanism.

Conclusions

In summary, we have developed a general method for the
Ir'-catalyzed C-7 selective C-H bond amidation of
indolines by using sulfonyl, acyl, and aryl azides as the
amine source. Mild and pH-neutral reaction conditions, low
catalyst loadings without external oxidants, good functional
group tolerance, and a broad substrate scope characterize
this transformation. In addition, a one-pot synthesis of 7-
aminoindoles was developed.

Experimental Section

General Methods: Mass spectrometry and high resolution mass
spectrometry were performed on a Finnigan MAT-95 mass spec-
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trometer. The 'H and '*C NMR spectroscopic data were recorded
with Bruker AM-300, Bruker AM-400, and Bruker AM-500 instru-
ments. Tetramethylsilane was used as the internal reference. The
NMR data are reported as chemical shift, multiplicity [s (singlet),
br. s (broad singlet), d (doublet), br. d (broad doublet), t (triplet),
or m (multiplet)], and coupling constant [J in Hertz (Hz)]. Silica gel
60H (200-300 mesh), manufactured by Qingdao Haiyang Chemical
Group Co. (China), was used for general chromatography. All rea-
gents were purchased from commercial sources and used without
further purification, unless otherwise indicated. [Cp*RhCl,],,
[Cp*Rh(MeCN);][SbF],, the substituted indolines, the benz-
enesulfonyl azides, the acyl azides, and the aryl azides were synthe-
sized according to published procedures.

General Procedure for Direct C-H Amidation at the C-7 Position of
Indolines: (IrCp*Cl,), (2.5 mol-%), AgNTf, (10 mol-%), indolines
1 (0.2 mmol), azides 2 or 4 (0.22 mmol, 1.1 equiv.), and DCE
(1 mL) were added to a test tube. The reaction mixture was stirred
at room temperature for 3 h. The resulting mixture was purified by
chromatography on a silica gel column to give product 3 or 5.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, characterization of products, and
copies of 'H and '*C NMR spectra.
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