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A palladium-/copper-catalyzed intermolecular C—H amination reaction of indoles has been developed. This reaction proceeds in good to excellent
yields to produce a variety of 2-amino-substituted indoles and exhibits excellent regioselectivity at room temperature. Furthermore,
chloroamination of indoles provides a simple method for the construction of C—N and C—CI bonds in one step.

As a complementary methodology of Buchwald—Hartwig
coupling, transition-metal-catalyzed direct C—H functio-
nalization/amination provides a new synthetic strategy for
C—N bond formation and has recently received much
attention. Although intramolecular oxidative amination
of arenes has been reported in the past few years,' direct
intermolecular C—H amination of both arenes and
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heteroarenes has just been investigated recently.> > Two
major advances in this challenging transformation have
been made via transition-metal-catalyzed strategies
(Scheme 1): (1) direct amination of aromatic C—H bonds
(eq 1);>* and (2) direct C—H amination of azoles (eq 2).’
However, intermolecular C—H amination still remains a
challenge because most of the existing examples suffer
from a relatively limited substrate scope. This has led us
to explore a broader substrate scope for catalytic amina-
tion reactions under mild conditions. C—H arylation of
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Scheme 1. Intermolecular C—H Amination
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indoles has been reported; the corresponding amination is
very rare.® Herein, we report a new palladium-/copper-
catalyzed amination and chloroamination of indoles at
room temperature (eq 3). This method is complementary
to the synthesis of 2-amino-substituted indoles and pyr-
roles, which are one important class of biologically active
compounds and occupy an important position in pharma-
ceuticals and natural products.” Moreover, this method
offers a simple strategy for the construction of C—N and
C—Cl bonds in one step.

Initially, we examined the direct amination of N-methy-
lindole (1a, 0.5 mmol) with N-chloro-N,4-dimethyl-benze-
nesulfonamide (2a, 0.75 mmol) using Pd(OAc), (5 mol %),
Cu(acac), (10 mol %), 2,2'-bipyridine (10 mol %), and
Ag>,CO;3 (2.0 equiv) in toluene at room temperature. The
corresponding amination product 3a was obtained in 18%
isolated yield (Table 1, entry 1). Encouraged by this pre-
liminary result, we then screened different solvents and
found that 1,4-dioxane was the most suitable candidate for
this transformation (Table 1, entries 2 and 3). When the
amount of 2a was increased to 1.8 equiv, a 50% yield of 3a
was obtained (Table 1, entry 4). Further research showed
that the reaction with Na,COj; as the base afforded the
amination product 3a in 92% yield (Table 1, entry 5). A
comparable reaction efficiency was presented by NaHCOj5
(Table 1, entry 6). Notably, in the absence of Pd(OAc), or
Cu(acac),, the desired product was isolated in 62% and
21% vyield, respectively (Table 1, entries 7 and 8). These
results indicate that the copper catalyst should play a pre-
dominate role in this catalytic system and Pd(OAc), as the
cocatalyst would increase the reactivity. No amination
product was detected in the absence of 2,2'-bipyridine
(Table 1, entry 9). To our surprise, with the amount of
2a increased to 3.0 equiv, we found that treating 1a with
Pd(OAc); (5 mol %), Cu(acac), (10 mol %), and Ag,CO;
(2.0 equiv) would furnish 37% of chloroamination product
4a (Table 1, entry 10).® Other silver salts such as AgOAc
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Table 1. Optimization for Palladium-/Copper-Catalyzed C2
Amination and Chloroamination of N-Methylindoles (1a) with
N-Chloro-N.4-dimethylbenzenesulfonamide (2a)”

7 Cat. Cat. Pd, Cu
@E\S—N/ Pd, Cu A\ Ts. _c) 10mol % bpy A N/
N ‘Ts base, nt N + 7‘ base, rt N ‘Ts
\ \ \
4a 1a 2a 3a
3a 4a
Pd(OAc),
entry  (mol %) Cu base solvent yield (%)°
1 5 Cu(acac); AgoCO3  toluene 18 —
2 5 Cu(acac); AgysCO; THF 22 —
3 5 Cu(acac); AgoCO3; dioxane 35 —
4 5 Cu(acac); AgyeCOz  dioxane 50 —
5 5 Cu(acac); Na,CO3; dioxane 92 -
6 5 Cu(acac); NaHCOs; dioxane 82 —
7 - Cu(acac); NayCOs dioxane 62 -
8 5 — NayCO3  dioxane 21
9¢ 5 Cu(acac); NayCO3; dioxane 0 -
104 5 Cu(acac); AgyeCOs3  dioxane - 37
1194 5 Cu(acac); AgOAc dioxane — 0
1204 5 Cu(acac)y AgyO dioxane - 0
13%4 5 CuCl, Ag,CO;  dioxane  — 7
144 5 CuBr, Ag,CO3;  dioxane - <5
15%¢ 5 CuBr Ag,CO; dioxane  — <5
164 5 CuCl Ag,CO3;  dioxane - 43
17° 2.5 CuCl Ag,CO3; dioxane - 62
18" 2.5 CuCl Ag,CO; dioxane — 85
194/ - CuCl AgoCO3  dioxane - 30

“Reaction conditions: 1a (0.5 mmol), 2a (0.9 mmol), Cu (10 mol %),
bpy (10 mol %), base (2 equiv), solvent (2 mL), rt, 14 h, N». ?Isolated
yield. “ Tn absence of bpy. “2a (1.5 mmol) was used. ¢ LiCl (1.0 equiv) was
used.” LiCl (2.0 equiv) was used.

and Ag,0 were ineffective (Table 1, entries 11 and 12). In
our further screening of copper sources and additives,
optimal results were observed with 2.5 mol % Pd(OAc),,
10 mol % CuCl, 2.0 equiv of Ag,CO3, and 2.0 equiv of LiCl
in dioxane at room temperature (Table 1, entries 13—19).

Under the optimized conditions, the substrate scope to-
ward the amination reaction was further investigated. The
amination reaction demonstrated a tolerance toward func-
tional groups at the indoles as shown in Table 2. Indoles
bearing substituents with diverse electronic properties
such as electron donation (methyl or methoxy group)
showed a better reactivity and gave the corresponding
products in moderate to good yields (3b—e). The electron-
deficient indoles (bromo or ester group) exhibited
a slightly lower reactivity than their electron-donating
counterparts (3f and 3g). N-Substituted indoles such as
N-benzylindole, N-phenylindole, and N-allylindole reacted
smoothly with 2a in good yields (3h—j). In contrast,
N-acetylindole furnished an inextricable mixture. For differ-
ent N-alkyl chlorosulfonamides, amides bearing long
chain alkyl groups also worked well and reacted with 1a
to furnish the amination products in good yields (3k—m).
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Table 2. Palladium-/Copper-Catalyzed Direct Amination and
Chloroamination of Indoles”
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“Reaction conditions: 1a (0.5 mmol), 2a (0.9 mmol), Pd(OAc),
(5 mol %), Cu(acac), (10 mol %), bpy (10 mol %), Na,CO; (2 equiv),
1,4-dioxane (2 mL), rt, 14 h, N,. Isolated yield.

Furthmore, the reaction of N-methylpyrrole with 2a was
also investigated and the desired product 3n was isolated in
57% yield under the standard conditions. Importantly, the
exclusive regioisomer was obtained in all cases.

Scheme 2
cl 5 mol % Pd(OAc), cl
10 mol % Cu(acac),
A\ Ts\N,CI 10 mol % bpy N\ N/
* | NayCOs, dioxane P (1)
N 3 N Ts
\ 14 h \
10 2a (2.0 equiv) 4a 86% yield
CH 5 mol % Pd(OAc),
M T cl 10 mol % Cu(acac); CHy
EN 10 mol % b /
N + N L NN @
N | NayCO3, dioxane N ‘s
\ rt, 14 h \
1p 2a (2.0 equiv) 0% vyield

The reaction of 3-chloro-1-methylindole (10) with 2a
gave amination product in 86% yield (Scheme 2, eq 1).
However, when 1,3-dimethylindole (1p) was used as the
reaction partner, no corresponding product was obtained
(Scheme 2, eq 2). This result indicates that the chlorine
atom on the indoles improves the amination reactivity.’

(9) Palladium-catalyzed direct arylation of chlorine-containing het-
eroaromatics, see: Liégault, B.; Petrov, I.; Gorelsky, S. I.; Fagnou, K.
J. Org. Chem. 2010, 75, 1047.
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Table 3. Palladium-/Copper-Catalyzed Direct Chloroamina-
tion and Chloroamination of Indoles”

cl
@E\% L
N Ts
\
4a (85% 4b (79%) 4c (62%)
Cl [of]
Br
/
\ N NN \©j\&'{
N Ts N Ts
\ \
4d (85% 4e (88%) 4f (53%)

3

N Ts | Ts
4g (73%)
¢

“Reaction conditions: 1a (0.5 mmol), 2a (1.5 mmol), Pd(OAc),
(2.5 mol %), CuCl (10 mol %), Ag,COs (2 equiv), LiCl (2 equiv), 1,4-
dioxane (2 mL), rt, 14 h, N,. Isolated yield.

4h (43%)

The chloroamination of a series of substituted indoles
was then studied under the optimized reaction conditions,
and the results are summarized in Table 3. The electronic
nature of substituents on the benzene ring of the indoles
influenced the reactivity of this chloroamination reaction
with the analogous tendency for amination of indoles.
Compared with electron-deficient indoles, the electron-
rich indoles showed a better reactivity and furnished the
products in good yields (4a—g). Although, the chloroami-
nation of N-methylpyrrole possessed a relatively lower
reactivity with 2a to give 4h in 43% yield, this case gave a
2,5-disubstituted pyrrole with excellent chemo- and regio-
selectivity.

The detailed mechanism of the C—H amination reaction
still remains unclear. A possible reaction pathway was pro-
posed on the basis of previous studies. For the copper-
catalyzed pathway (Scheme 3a): the oxidative addition of
the chlorosulfonamide to the Cu(I) would generate an
electrophilic Cu(Il) intermediate I. The latter species can

Scheme 3. Possible Reaction Pathways for Copper and Palla-
dium Catalysts

(a) Cu Catalytic

CINRyRy, 2 cl, R i

N
Cul) ————— — —> Cu 1]
u(l) oxidative addition X’C“ N\ N NR¢R; reductive
| elimination

mNR1R2
N

\ Vo3
N1 )
CINR4Rz, 2 \ A cl J reductive
T - A
oxidative addition . CPANRiRz —, W PR R elimination
A
v

(b) Pd Catalytic

Pd (0)

Org. Lett,, Vol. 13, No. 16, 2011



attack the C2 position® of indole followed by the deproto-
nation to give intermediate IT (alternatively, intermediate I
can also attack the C3 position of indole before the migra-
tion to the C2 position).'” This step would be succeeded by
reductive elimination, delivering the product 3 and reform-
ing the Cu(I) catalyst. The palladium-catalyzed pathway is
similar to the copper-catalyzed pathway (Scheme 3b): the
oxidative addition of the chlorosulfonamide to the Pd(0)
would generate the electrophilic Pd(II) intermediate III.
The intermediate I1I can attack the C3 position of indole,
which undergoes a C3—C2 migration to form the inter-
mediate IV."! The subsequent reductive elimination results
in the final product 3.
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M. J. Angew. Chem., Int. Ed. 2005, 44, 3125.
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In conclusion, we have developed an intermolecular
direct C—H amination and chloroamination of indoles
using chlorosulfonamides as the nitrogen source. This
methodology allows the synthesis of a variety of 2-amino-
substituted indoles, which exhibits excellent regioselec-
tivity and high functional group tolerance at room tem-
perature.
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