Ruthenium-Catalyzed Direct C—H Bond

Arylations of Heteroarenes

Lutz Ackermann* and Alexander V. Lygin

ORGANIC
LETTERS

2011
Vol. 13, No. 13
3332-3335

Institut fiir Organische und Biomolekulare Chemie, Georg-August-Universitiit,

Tammannstrasse 2, 37077 Gottingen, Germany

Lutz. Ackermann(@ chemie.uni-goettingen.de

Received April 22, 2011

ABSTRACT
7\ X 7 N
H =N cat. [RuCls(p-cymene)ls, H =N
R N é cat. (1-Ad)CO;H /R
M- H «\’R KzCO3, m-xylene iy
H A

1) cat. [RuCly(p-cymene)]s,

R? X cat. (1-Ad)COH, 7 a
R{iﬁ‘u ! @ s RE T
AN 2 2)NaOEt, DMSO AN 7
N X = Br, CI H
et

Ruthenium-catalyzed C—H bond arylations of indoles, thiophenes, and pyrroles were accomplished in a highly chemo- and site-selective manner

through the use of removable directing groups.

Heteroaromatic compounds represent indispensable
structural motifs of inter alia functional materials, biolo-
gically active compounds, and natural products.' The
most economical approach to substituted heteroarenes
arguably relies on transition-metal-catalyzed direct C—H
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bond functionalizations,® with remarkable progress being
made in recent years through the use of palladium and
rhodium complexes.3’4 On the contrary, ruthenium-
catalyzed® direct arylations of heteroarenes have to the best
of our knowledge thus far not been accomplished. Recently,
we introduced carboxylates as cocatalysts® for efficient and
robust ruthenium-catalyzed C—H bond arylations of arenes
in various solvents.”® Mechanistic insight as to the rate-
limiting step of carboxylate-assisted® C—H bond functiona-
lizations” set the stage for the development of first ruthe-
nium-catalyzed direct arylations of indoles,'® pyrroles, and
thiophenes, on which we wish to report herein. An addi-
tional valuable asset of this strategy is represented by the
unprecedented use of a removable directing group in ruthe-
nium-catalyzed direct arylations of (hetero)arenes."!

At the outset of our studies, we tested various cocatalysts
in the direct arylation of 2-pyrimidyl-substituted indole 1a,
bearing a removable directing group (Table 1, and Table
S-1 in the Supporting Information).'* Thus, the synthesis
of desired product 3a occurred with remarkably high
catalytic efficacy when using either sterically hindered second-
ary phosphine oxide (SPO)" 4 (entry 3) or bulky carboxylic
acid Sc (entries 4—7). Interestingly, reactions proceeded well
in aromatic solvents, while no conversion was observed in
H,O0 or frequently used 1-methyl-2-pyrrolidinone (NMP) as



the solvent (entries 8 and 9). As to the catalyst working
mode,'* it is notable that well-defined ruthenium(II) car-
boxylate complex [Ru(O,CMes)>(p-cymene)] (6) turned
out to be catalytically competent as well (entries 10 and 11).

With optimized reaction conditions in hand, we ex-
plored the scope of the in situ generated catalyst in direct
arylations with differently substituted indole derivatives 1
(Scheme 1). The catalytic system proved broadly applic-
able and tolerated various valuable functional groups as
well as additional heteroaromatic moieties. Decoration on
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Table 1. Optimization Studies for the Direct Arylation of Indole
lall

Br  [RuCly(p-cymene)];
(5.0 mol %),

\ L @ A\
(:I;P g K2CO3, m-xylene, N Q e
N\"B OMe 120°C,22h N@
1a 2a 3a

entry L yield
1 - -
2 KOAc (30 mol %) 57%
3 (1-Ad)2.P(O)H (4) (10 mol %) 72%
4 MesCOoH (5a) (30 mol %) 61%
5 t-BuCO2H (5b) (30 mol %) 68%
6 (1-Ad)CO2H (5¢) (10 mol %) 71%
7 (1-Ad)CO2H (5¢) (30 mol %) 84%
8 (1-Ad)CO5H (5¢) (30 mol %) b
9 (1-Ad)CO2H (5¢) (30 mol %) -
10 [Ru(05CMes)o(p-cymene)]? (6) (5.0 mol %) 78%
11 [Ru(OZCMes)g(p—cymene)]d (6) (2.0 mol %) 51%

“Reaction conditions: 1a (0.5 mmol), 2a (0.6 mmol), [RuCl,-
(p-cymene)], (2.5 mol %), L, m-xylene (2.0 mL), 120 °C, 22 h, yields of
isolated products. ” In NMP (2.0 mL). ¢ With H,O (2.0 mL). ¢ Instead of
[RuCly(p-cymene)],.

the indole backbone was not detrimental to catalytic
efficacy, which even allowed for high-yielding direct aryla-
tions of sterically demanding 1,3-disubstituted indoles.
However, lower yields of isolated products 3 were obtained
when using ortho-substituted aryl halides. With respect to
the preparation of bioactive compounds it is noteworthy
that the high catalytic activity set the stage for direct C—H
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Scheme 1. Ruthenium-Catalyzed Direct Arylation of Indoles 1
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Scheme 2. Direct Arylations of Indoles 1 with Aryl Chlorides 7
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bond functionalizations on tryptophane derivatives.

Furthermore, a 2-pyridyl substituent'” served as a power-
ful directing group as well.'®

(16) Intermolecular competition experiments revealed that the direct-
ing group abilities exerted by 2-pyridyl- and 2-pyrimidyl-substituents are
comparable (Scheme S-4 in the Supporting Information). For a perti-
nent report on the directing group abilities in palladium-catalyzed C—H
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J. Am. Chem. Soc. 2008, 130, 13285-13293.
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The base-assisted ruthenium-catalyzed direct arylation
also proved applicable to the use of less expensive aryl
chlorides 7, with the most efficient catalysis being achieved
with (1-Ad),P(O)H (4) as the preligand (Scheme 2; Table
S-2 in the Supporting Information).

The protocol was not limited to indoles 1 as heteroaro-
matic substrates for C—H bond functionalizations. For
instance, 2-pyridyl- or 2-pyrimidyl-substituted'® pyrroles
8a and 8b were efficiently converted to desired products 9a
and 9b, respectively (Scheme 3).

Scheme 3. Ruthenium-Catalyzed Direct Arylation of Pyrroles 8
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Scheme 4. Chemo- and Site-Selective C—H Bond
Functionalizations on Pyrrole 8¢ and Thiophene 10
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Scheme 5. One-Pot Synthesis of Free (NH)-Indoles 12
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The outstanding chemoselectivity of the optimized
catalysts was illustrated by C—H bond functionalizations
on unprotected pyrroles displaying acidic N—H function-
alities (Scheme 4a). Interestingly, carboxylate-assisted direct
arylations occurred with excellent site selectivity within in-
tramolecular competition experiments. Thus, C-2-arylated
pyrrole 9¢ was generated as the sole product, as was thio-
phene 11 in the direct arylation of substrate 10 (Scheme 4b).

Finally, we took advantage of the removable directing
group on indoles 1 for a high-yielding one-pot synthesis of
free (NH)-indoles 12 (Scheme 5).

In conclusion, we have reported on the first ruthenium-
catalyzed direct arylation of heteroarenes. Thus, carboxylic
acids as cocatalysts enabled C—H bond functionalizations

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

on indoles, pyrroles, and thiophenes with excellent
chemo- and site-selectivities. Furthermore, the unpre-
cedented use of a removable directing group strategy
in ruthenium-catalyzed direct arylations of (hetero)-
arenes set the stage for the efficient synthesis of free
(NH)-indoles.
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