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Abstract: This communication describes the devel-
opment of a versatile catalytic system based on pal-
ladium(II) acetate/bis(diphenylphosphino)methane
[Pd ACHTUNGTRENNUNG(OAc)2/dppm] that works “on water” giving
site-selective C�H arylation of (NH)-indoles with-
out protecting or directing groups. Remarkably, the
control of regioselectivity was achieved by small
changes in the “extra-catalytic” base/halide part-
ners. These innovative methodologies allow a high-
yielding access to both C2 and C3-arylindoles, as
well as 2,3-diarylindoles, and display high chemo/re-
gioselectivities and structural versatility with regard
to either indole or aryl moieties.

Keywords: C�H arylation; indoles; palladium; re-
gioselectivity; water

“Direct arylation”[1] has emerged over the past few
years as an outstanding alternative to traditional
cross-coupling reactions[2] in the preparation of biaryl
molecules because this strategy partially avoids the
need of stoichiometric organometallic activating
groups. Since the indole nucleus is ubiquitous in mate-

rials science, pharmaceutical and natural products,[3]

major improvements have been achieved in the direct
and site-selective arylation of (NH)-indoles through
either Pd-, Rh- or Cu-catalyzed methodologies.[4] Nev-
ertheless, to the best of our knowledge no report fo-
cuses on complementary C2-[5] and C3-arylation[6] pro-
cedures by means of a unique catalytic system.[7]

Moreover, several drawbacks remain associated with
these methodologies such as the often required nitro-
gen protecting groups or the need of high-boiling,
toxic solvents. Recently, substantial “green-oriented”
efforts have been achieved in the field of C�H activa-
tion[8] through the development of “on water” transi-
tion metal-catalyzed reactions[9] which afford econom-
ical, environmental and safety advantages. Unfortu-
nately, accounts dealing with direct C�H arylation of
heterocycles on water are scarce. Greaney et al. dis-
closed an arylation reaction of five-membered hetero-
cycles under mild reaction conditions,[10] but a bimet-
allic system was needed including the expensive
Ag2CO3 base. Herein, we describe an innovative “on
water” palladium-catalyzed C�H arylation of (NH)-
indoles that is site-selective and base/halide-con-
trolled using cheap reagents.[11] This methodology
allows the preparation of either C2- or C3-arylindoles
(Scheme 1).

Scheme 1. Tunable functionalization of (NH)-indoles through [base/halide]-controlled regioselective Pd-catalyzed C�H ary-
lation.
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Initially, we examined the coupling between indole
(1a) and iodobenzene (Table 1) using 5 mol% of Pd-ACHTUNGTRENNUNG(OAc)2 and AcOK as base, a catalytic system inspired
by the work of Sames. Under these conditions, 2-phe-
nylindole (2a) was obtained as the major regioisomer
albeit with a low 20% yield (entry 1). Further optimi-
zation toward a selective C2-arylation protocol fea-
tured the crucial role of arylphosphine ligands in
order to achieve a better catalytic performance. As
shown in Table 1, such easy-to-handle mono- or bi-
dentate phosphines (i.e., PPh3, BINAP) with a [Pd]/
phosphine ratio of 1/2 (see Supporting Information,
Figure S1), as well as commonly employed complexes
[e.g., Herrmann-Beller�s palladacycle, PdCl2ACHTUNGTRENNUNG(PPh3)2],
allowed enhanced conversions (50–60%) and selectiv-
ities (up to 20:1). On the other hand, either electron

rich phosphines such as PCy3 and P ACHTUNGTRENNUNG(OEt)3 (entries 4
and 5) or hydrosoluble ones like TPPTS and TPPMS
(entries 7 and 8) were found unsuitable to perform
such arylation. Remarkably, PdCl2ACHTUNGTRENNUNG(dppm)·CH2Cl2

(entry 10) and especially Pd ACHTUNGTRENNUNG(OAc)2/dppm (entry 13)
exhibited both higher activities (75% yield within
18 h) and selectivities (>20/1) toward 2-phenylindole.

The scope of the reaction was then examined for
several aryl iodides and indole derivatives (Table 2).
This methodology was found to be general, providing
the desired C2-arylindoles in useful to good yields
(48–79%); disappointingly, the use of 7-azaindole
(2k) resulted in no arylation. High regioselectivities
(ca. 20:1) were generally obtained except when ortho-
substituted derivatives were used. Furthermore, these
reaction conditions featured a full chemoselectivity
with either 5-bromoindole (2j) or 4-bromoiodoben-
zene (2f), the arylation occurring selectively on the
C�I bond. The procedure is tolerant for both elec-
tron-donating and electron-withdrawing groups in-
cluding OMe (2d, 2i), Ac (2c), naphthyl (2g) and
CO2Me (2l). Especially noteworthy are substrates
bearing a Cl (2b, 2e, 2h) or a Br (2f, 2j) substituent,
which allow further functionalization through cross-
coupling reactions.[12] Comparatively, the use of Lar-
rosa�s conditions[5m] [i.e. , 5 mol% Pd ACHTUNGTRENNUNG(OAc)2, 1.5 equiv.
o-nitrobenzoic acid, 0.75 equiv. Ag2O, H2O, 110 8C]
furnished 2j in a slightly improved 59% yield and 2l
in a poor 12% yield despite full conversions, which
suggests a high rate of degradation of the starting ma-
terial when silver salts are used.[13]

We next turned our attention to the development
of a selective C3-arylation procedure since a profound
base effect was uncovered during optimization of the
C2 protocol. Remarkably, extensive screening[14] re-
vealed that LiOH·H2O resulted in a 3.6:1 ratio of
3a :2a and a full conversion within 18 h. To our de-
light, when iodobenzene was replaced by bromoben-
zene, an enhanced and synthetically useful 6.5:1 regio-
selectivity (Table 3, entry 1) was achieved. By these
means, 3a was obtained in 74% yield together with a
small amount of 2a (13%).

The scope of the reaction with aryl bromides is out-
lined in Table 3. Gratifyingly, good to high yields (69–
91%) were achieved independent of the electron do-
nating or withdrawing nature of substituents (OMe,
Cl, CF3 groups, entries 4–6) and the substitution pat-
tern of both indole (4-, 5- and 6-positions) and aryl
moieties, including ortho-substituted bromoarenes.
Furthermore, 2-phenylindole 2a was fully converted
under such conditions and furnished 2,3-diphenylin-
dole 3j [Scheme 2, Eq. (1)] in a nearly quantitative
yield. Thus, the synthesis of 2,3-diarylindoles can be
envisioned via the sequential C2- then C3-arylation of
the parent indole core in two steps.[5h,15] Ester groups
resulted in a complete degradation of the starting ma-
terial as hydrolysis might be expected in the presence

Table 1. Optimization studies for indole C2-arylation: phos-
phine screening.[a]

Entry Phosphine (mol%) Selectivity[b] Yield [%][c]

1 – 11:1 20
2 PPh3 (5) 14:1 54
3 PPh3 (10) 17:1 60
4 PCy3 (10) – 28
5 P ACHTUNGTRENNUNG(OEt)3 (10) – 9
6 P ACHTUNGTRENNUNG(o-Tol)3 (10) 16:1 31
7 TPPTS (10) – 20
8 TPPMS (10) – 31
9 HBP (1.0) 7.5:1 57
10 PdCl2ACHTUNGTRENNUNG(dppm)·CH2Cl2 (5) >20:1 68 (82)[d]

11 PdCl2ACHTUNGTRENNUNG(PPh3)2 (5) 19:1 48
12 BINAP (5) >20:1 54
13 dppm (5) >20:1 75 (90)[d]

14 dppm (10) >20:1 58
15 dppm (5) – 34[e]

[a] Reaction conditions: 1a (1.0 mmol), iodobenzene
(1.2 mmol), AcOK (3.0 mmol), [Pd] (5 mol%), H2O
(2 mL), 110 8C, 18 h. TPPTS= tris(3-sulfonatophenyl)-
phosphine sodium salt; TPPMS =diphenylphosphinoben-
zenesulfonic acid sodium salt; dppm=bis(diphenylphos-
phino)methane; HBP =Herrmann–Beller palladacycle.

[b] 2a :3a selectivity determined by GC.
[c] The yield was determined by GC.
[d] 48 h at 110 8C.
[e] PdCl2 (5 mol%) was used as palladium source.
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Table 2. Regioselective C2-arylation of indoles.[a]

[a] Reaction conditions: 1 (1.0 mmol), aryl iodide (1.2 mmol), AcOK (3.0 mmol), Pd-ACHTUNGTRENNUNG(OAc)2 (5 mol%), dppm (5 mol%), H2O (2 mL), 110 8C, 24 h. Isolated yields of pure
C2-isomers after flash column chromatography over silica are reported. Values in
brackets refer to 2 :3 selectivity of crude material determined by GC.

[b] 24% of starting material recovered.
[c] 40% of starting material recovered.
[d] Traces of 2-phenyl-7-azaindole detected by GC/MS.
[e] 53% of starting material recovered.

Scheme 2. Sequential synthesis of 2,3-diphenylindole [Eq. (1)] and special behaviour of methyl ester derivative [Eq. (2)].
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of such a strong base [Scheme 2, Eq. (2)]. K2CO3 fur-
nished the targeted arylindoles in 17% overall yield
despite a full conversion. To our delight, the use of
the weaker base KHCO3 prevented saponification
and successfully provided the C3-regioisomer (4b) in
a useful 55% yield (72% with combined C2- and C3-
regioisomers).[16]

Obviously, the use of the appropriate base/halide
partners is the key element in the catalyst design to
control C2- versus C3-arylation. Particularly, the pres-
ence of bromide anions significantly controls the out-
come of this palladium-catalyzed C�H arylation, both
in terms of selectivity and activity (Table 4).[17] Ac-
cordingly, superior selectivities and/or catalytic activi-
ties were observed with respect to LiOH/ArBr part-
ners (entries 3/5 versus 2/4). It�s noteworthy that the
addition of LiBr featured an improved C3-selectivity
when LiOH/PhI partners are used (entry 8 versus 2).
In contrast, AcOK/Br association suppressed either
C2- or C3-arylation (entry 7 versus entries 6/1), a pro-

found bromide effect supported by a weakened reac-
tivity of AcOK/I partners toward C2-arylation when
LiBr is added to the reaction mixture (entry 9 versus
7). Nevertheless, almost full conversions and good
C3-selectivities were achieved with NaOH or KOH
whether aryl bromides or iodides are used (en-
tries 10–13). These results support an electrophilic
palladation at the C3 position of the indole nucleus[6a]

and suggest that two kinds of active palladium species
are involved (Scheme 3). Indeed, the highly electro-
philic cationic Pd complex A[18] is expected to easily
undergo a C3-palladation while the activation of the
neutral complex B requires the action of a stronger
base than AcOK, probably through in situ deprotona-
tion of the indole nitrogen. Therefore, the key inter-
mediate C is expected to follow two pathways: a) a
C3!C2 migration of the palladium center favored in
the presence of the weak base AcOK, affording the
complex D which leads to the C2-regioisomer; b) a
rearomatization privileged with stronger bases such as

Table 3. Regioselective C3-arylation of indoles.[a]

[a] Reaction conditions: 1 (1.0 mmol), aryl bromide (1.2 mmol), LiOH·H2O (3.0 mmol), Pd-ACHTUNGTRENNUNG(OAc)2 (5 mol%), dppm (5 mol%), H2O (2 mL), 110 8C, 18 h. 3:2 selectivity of crude materi-
al determined by GC in brackets. In some cases, small amounts (<5%) of 2,3-diarylindoles
were also detected. Isolated yield of pure C3-isomer (C2-isomer in square brackets) after
flash column chromatography over silica.
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CO3
2� or OH� affording the s-Pd complex E, precur-

sor of the C3-regioisomer after reductive elimination
of Pd(0). Notably, such a rearomatization could be
elsewhere promoted by the presence of the more nu-
cleophilic bromide anions compared to the iodide
ones. Thus, such mechanisms rationalize the reversed
C3/C2 selectivity obtained with LiOH/PhI partners
and the C3-selectivity enhancement when either bro-
mides are added in the reaction media – via a A!B
Pd species displacement – or a more nucleophilic
base (i.e., NaOH or KOH) is employed. However, we
cannot rule out the co-existence of the so-called “con-
certed metallation-deprotonation” pathway when
AcOK/ArI partners are used.[19]

In summary, we have developed a versatile catalytic
system allowing an innovative “on water” direct and
site-selective arylation of (NH)-indoles. This palladi-
um-catalyzed C�H functionalization reaction high-
lighted a [base/halide]-controlled regioselectivity, so
that the arylation can be directed to either the 2- or
the 3-position of (NH)-indoles. By these means, a
straightforward two-step synthesis of 2,3-diarylindoles
can be envisioned. These procedures exhibit good to
high regio- and chemoselectivity, displaying high
structural versatility with regard to both indole and
aryl moieties. Current studies are directed towards
mechanistic investigations and application of these
methodologies to other heterocyclic scaffolds.

Experimental Section

General Procedures for the Direct Arylation of
(NH)-Indoles

General procedure for C2 arylation: In a screw-cap vial
under air, a mixture of Pd ACHTUNGTRENNUNG(OAc)2 (11.3 mg, 0.05 mmol,
5 mol%), dppm (19.2 mg, 0.05 mmol, 5 mol%), AcOK
(294 mg, 3.00 mmol, 3.0 equiv.), iodobenzene (244 mg,
1.20 mmol, 1.2 equiv.), and indole 1a (117 mg, 1.0 mmol,
1.0 equiv.) in degassed H2O (2 mL) was vigorously stirred at
110 8C. After 24 h the reaction mixture was cooled to room
temperature and partitioned between 1 N HCl (5 mL) and
ethyl acetate (10 mL). The layers were separated and the
aqueous layer was further extracted with 2 � 10 mL ethyl
acetate. The combined organic layers were dried over
MgSO4, filtered and concentrated under reduced pressure.
Purification of the residue by flash chromatography (SiO2,
petroleum ether/EtOAc 9/1) afforded 2-phenylindole 2a as a
white solid; yield: 145 mg (0.75 mmol, 75%).

General procedure for C3 arylation: In a screw-cap vial
under air, a mixture of Pd ACHTUNGTRENNUNG(OAc)2 (11.3 mg, 0.05 mmol,
5 mol%), dppm (19.2 mg, 0.05 mmol, 5 mol%), LiOH·H2O
(126 mg, 3.00 mmol, 3.0 equiv.), bromobenzene (188 mg,
1.20 mmol, 1.2 equiv.), and indole 1a (117 mg, 1.0 mmol,
1 equiv.) in degassed H2O (2 mL) was vigorously stirred at
110 8C. After 18 h the reaction mixture was cooled to room
temperature and partitioned between 1 N HCl (5 mL) and
ethyl acetate (10 mL). The layers were separated and the
aqueous layer was further extracted with 2 � 10 mL ethyl
acetate. The combined organic layers were dried over
MgSO4, filtered and concentrated under reduced pressure.
Purification of the residue by flash chromatography (SiO2,

Table 4. Connecting base and halide effects to regioselectivity.[a]

Entry R R’ Additive Base/Halide Selectivity Conversion [%]

1 H H – AcOK/I >20:1 >95
2 H H – LiOH/I 1:3.6 100
3 H H – LiOH/Br 1:6.5 100
4 H 4-OMe – LiOH/I 1.3:1 60
5 H 4-OMe – LiOH/Br 1:5 100
6 Br H – AcOK/I 13:1 60
7 H or Br H – AcOK/Br – 0
8 H H LiBr LiOH/I 1:4.5 100
9 Br H LiBr AcOK/I 3:1 20
10 H H – NaOH/Br 1:5.9 100
11 H H – NaOH/I 1:5.5 100
12 H H – KOH/Br 1:6.5 100
13 H H – KOH/I 1:5.7 100

[a] Reaction conditions: indole (1.0 mmol), aryl halide (1.2 mmol), base (3.0 mmol), Pd ACHTUNGTRENNUNG(OAc)2 (5 mol%), dppm (5 mol%),
H2O (2 mL), 110 8C, 18-24 h. LiBr (1.0 mmol) was added when indicated. Conversions and 2:3 selectivities were deter-
mined by GC.
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petroleum ether/EtOAc 9/1) afforded 3-phenylindole 3a as a
pale yellow solid; yield: 143 mg (0.74 mmol, 74%) and 2-
phenylindole 2a ; yield: 25 mg (0.13 mmol, 13%).

Acknowledgements

The authors thank Prof. Piet W. N M. van Leeuwen for
proof-reading and correction of the manuscript. We gratefully
acknowledge the R�gion Rh�ne-Alpes Programme CIBLE-
2007 (Contract number 07 016376 01/02/03) and the National
Agency of Research (No. ANR-07-BLAN-0167-01/02) for
funding.

References

[1] For recent reviews, see: a) D. Alberico, M. E. Scott, M.
Lautens, Chem. Rev. 2007, 107, 174; b) I. V. Seregin, V.
Gevorgyan, Chem. Soc. Rev. 2007, 36, 1173; c) T.
Satoh, M. Miura, Chem. Lett. 2007, 36, 200; d) L.-C.
Campeau, D. R. Stuart, K. Fagnou, Aldrichimica Acta
Aldrichim. Acta 2007, 40, 35; e) L.-C. Campeau, K.
Fagnou, Chem. Soc. Rev. 2007, 36, 1058; f) B.-J. Li, S.-
D. Yang, Z.-J. Shi, Synlett 2008, 949; g) F. Kakiuchi, T.
Kochi, Synthesis 2008, 3013; h) G. P. McGlacken, L. M.
Bateman, Chem. Soc. Rev. 2009, 38, 2447; i) X. Chen,
K. M. Engle, D.-H. Wang, J.-Q. Yu, Angew. Chem.
2009, 121, 5196; Angew. Chem. Int. Ed. 2009, 48, 5094;
j) A. A. Kulkarni, O. Daugulis, Synthesis 2009, 4087;
k) F. Bellina, R. Rossi, Tetrahedron 2009, 65, 10269;
l) L. Ackermann, R. Vicente, A. R. Kapdi, Angew.
Chem. 2009, 121, 9976; Angew. Chem. Int. Ed. 2009, 48,
9792; m) J. Roger, A. L. Gottumukkala, H. Doucet,
ChemCatChem 2010, 2, 20; n) G. P. Chiusoli, M. Catel-
lani, M. Costa, E. Motti, N. Della Ca’, G. Maestri,
Coord. Chem. Rev. 2010, 254, 456.

[2] J. Hassan, M. S�vignon, C. Gozzi, E. Schulz, M. Lem-
aire, Chem. Rev. 2002, 102, 1359.

[3] R. J. Sundberg, Indoles, Academic Press, New York,
1996.

[4] L. Joucla, L. Djakovitch, Adv. Synth. Catal. 2009, 351,
673.

[5] For selective C2-arylation of indoles, see: a) T. Itahara,
J. Chem. Soc. Chem. Commun. 1981, 254; b) D. R.
Stuart, E. Villemure, K. Fagnou, J. Am. Chem. Soc.
2007, 129, 12072; c) T. A. Dwight, N. R. Rue, D.
Charyk, R. Josselyn, B. DeBoef, Org. Lett. 2007, 9,
3137; d) S. Potavathri, A. S. Dumas, T. A. Dwight, G. R.
Naumiec, J. M. Hammann, B. DeBoef, Tetrahedron
Lett. 2008, 49, 4050; e) Y. Akita, A. Inoue, K. Yamamo-
to, A. Ohta, T. Kurihara, M. Shimizu, Heterocycles
1985, 23, 2327; f) B. S. Lane, D. Sames, Org. Lett. 2004,
6, 2897; g) N. S. Nandurkar, M. J. Bhanushali, M. D.
Bhor, B. M. Bhanage, Tetrahedron Lett. 2008, 49, 1045;
h) B. B. Toure, B. S. Lane, D. Sames, Org. Lett. 2006, 8,
1979; i) N. R. Deprez, D. Kalyani, A. Krause, M. S.
Sanford, J. Am. Chem. Soc. 2006, 128, 4972; j) X.
Wang, D. V. Gribkov, D. Sames, J. Org. Chem. 2007, 72,
1476; k) F. Bellina, S. Cauteruccio, R. Rossi, Eur. J.
Org. Chem. 2006, 6, 1379; l) F. Bellina, C. Calandri, S.

Cauteruccio, R. Rossi, Tetrahedron 2007, 63, 1970;
m) N. Lebrasseur, I. Larrosa, J. Am. Chem. Soc. 2008,
130, 2926; n) J. Zhao, Y. Zhang, K. Cheng, J. Org.
Chem. 2008, 73, 7428; o) S.-D. Yang, C.-L. Sun, Z.
Fang, B.-J. Li, Y.-Z. Li, Z.-J. Shi, Angew. Chem. 2008,
120, 1495; Angew. Chem. Int. Ed. 2008, 47, 1473; p) X.
Wang, B. S. Lane, D. Sames, J. Am. Chem. Soc. 2005,
127, 4996; q) R. J. Phipps, N. P. Grimster, M. J. Gaunt,
J. Am. Chem. Soc. 2008, 130, 8172.

[6] For a new C3-selective arylation of indoles through a
decarboxylative cross-coupling, see: J. Cornella, P. Lu,
I. Larossa, Org. Lett. 2009, ##11##23, 5506. For other
C3-arylation procedures, see: a) B. S. Lane, M. A.
Brown, D. Sames, J. Am. Chem. Soc. 2005, 127, 8050;
b) Z. Zhang, Z. Hu, Z. Yu, P. Lei, H. Chi, Y. Wang, R.
He, Tetrahedron Lett. 2007, 48, 2415; c) L. Djakovitch,
V. Dufaud, R. Zaidi, Adv. Synth. Catal. 2006, 348, 715;
d) L. Djakovitch, P. Rouge, R. Zaidi, Catal. Commun.
2007, 8, 1561; e) G. Cusati, L. Djakovitch, Tetrahedron
Lett. 2008, 49, 2499; f) F. Bellina, F. Benelli, R. Rossi, J.
Org. Chem. 2008, 73, 5529; g) S. Yanagisawa, T. Sudo,
R. Noyori, K. Itami, J. Am. Chem. Soc. 2006, 128,
11748; h) R. J. Phipps, N. P. Grimster, M. J. Gaunt, J.
Am. Chem. Soc. 2008, 130, 8172; i) D. R. Stuart, K.
Fagnou, Science 2007, 316, 1172; j) L. Ackermann, S.
Barf�ßer, Synlett 2009, 5, 808.

[7] a) For a pioneering work, see ref.[6a] Recently, Gaunt
and co-workers disclosed a regioselective copper-cata-
lyzed C�H arylation of indoles controlled however by
the nature of the nitrogen protecting group, see ref.[5o]

In a previous work, they developed a [solvent/oxidant]-
controlled regioselective palladium-catalyzed C�H al-
kenylation of (NH)-indoles, see: N. P. Grimster, C.
Gauntlett, C. R. A. Godfrey, M. J. Gaunt, Angew.
Chem. 2005, 117, 3185; Angew. Chem. Int. Ed. 2005, 44,
3125. b) During the preparation of this manuscript, Su
and co-workers have reported a site-selective arylation
of indoles, protected however with Ac of Piv groups,
using a versatile Pd ACHTUNGTRENNUNG(TFA)2/Ag2CO3/EtCO2H catalyst
through a decarboxylative cross-coupling, see: J. Zhou,
P. Hu, M. Zhang, S. Huang, M. Wang, W. Su, Chem.
Eur. J. 2010, 16, 5876.

[8] a) R. G. Bergman, Nature 2007, 446, 391; b) K. Godula,
D. Sames, Science 2006, 312, 67; c) J. A. Labinger, J. E.
Bercaw, Nature 2002, 417, 507; d) C. Jia, T. Kitamura,
Y. Fujiwara, Acc. Chem. Res. 2001, 34, 633.

[9] For an innovative room-temperature C�H activation of
aryl ureas in water, see: T. Nishikata, A. R. Abela,
B. H. Lipshutz, Angew. Chem. Int. Ed. 2010, 49, 781.
For reviews focusing on homogeneous or heterogene-
ous cross-coupling reactions in water, see respectively:
a) B. H. Lipshutz, S. Ghorai, Aldrichimica Acta 2008,
41, 58; b) M. Lamblin, L. Nassar-Hardy, J.-C. Hierso, E.
Fouquet, F.-X. Felpin, Adv. Synth. Catal. 2010, 352, 33.
For a review dealing with C�H bond activation in
water, see: C. I. Herrer�as, X. Yao, Z. Li, C.-J. Li
Chem. Rev. 2007, 107, 2546.

[10] a) S. O. Ohnmacht, A. J. Culshaw, M. F. Greaney, Org.
Lett. 2010, 12, 224; b) S. A. Ohnmacht, P. Mamone,
A. J. Culshaw, M. F. Greaney, Chem. Commun. 2008,
10, 1241; c) E. Ferrer Flegeau, M. E. Popkin, M. F.
Greaney, Org. Lett. 2008, 10, 2717; d) G. L. Turner,

Adv. Synth. Catal. 2010, 352, 2929 – 2936 � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 2935

“On Water” Direct and Site-Selective Pd-Catalysed C�H Arylation of (NH)-Indoles

http://asc.wiley-vch.de


J. A. Morris, M. F. Greaney, Angew. Chem. 2007, 119,
8142; Angew. Chem. Int. Ed. 2007, 46, 7996.

[11] During the preparation of this manuscript, Lavilla and
co-workers have reported a direct C2-arylation of tryp-
tophan derivatives [i.e., C3-substituted (NH)-indoles]
in a phosphate buffer using however Larrosa�s condi-
tions, see: J. Ruiz-Rodr�guez, F. Albericio, R. Lavilla,
Chem. Eur. J. 2010, 16, 1124.

[12] For the use of a chloride activating/blocking group al-
lowing for enhanced selective C�H activation and fur-
ther functionalization, see: B. Li�gault, I. Petrov, S. I.
Gorelsky, K. Fagnou, J. Org. Chem. 2010, 75, 1047.

[13] The use of Ag2CO3 as well as AcOAg in the presence
of dppm led to a complete degradation of (NH)-in-
doles.

[14] M2CO3, AcOM, M(OH)n (M=Li, Na, K, Cs, Ca or
Mg; n=1 or 2), tertiary amines and phosphate bases
were evaluated.

[15] For an amazing synthesis of 2,3-diarylindoles from
indole-2-carboxylic acid, see: M. Miyasaka, A. Fukushi-

ma, T. Satoh, K. Hirano, M. Miura, Chem. Eur. J. 2009,
15, 3674.

[16] A 3:1 (4b :4a) GC-selectivity was observed with either
K2CO3 or KHCO3. This result might explain the
modest activity of K2CO3 through in situ formation of
KHCO3.

[17] Such halide effects in direct arylation reactions have al-
ready been observed, see ref.[5h] and L.-C. Campeau,
M. Parisien, A. Jean, K. Fagnou, J. Am. Chem. Soc.
2006, 128, 581. For a review highlighting “halide effects
in transition metal catalysis”, see: K. Fagnou, M. Laut-
ens, Angew. Chem. 2002, 114, 26; Angew. Chem. Int.
Ed. 2002, 41, 26.

[18] Cationic [Pd] complexes have been identified as the
true active species in close conditions, see: C. Amatore,
B. Godin, A. Jutand, F. Lema�tre, Organometallics
2007, 26, 1757.

[19] D. Lapointe, K. Fagnou, Chem. Lett. 2010, 39, 1118,
and references cited therein.

2936 asc.wiley-vch.de � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2010, 352, 2929 – 2936

COMMUNICATIONS Lionel Joucla et al.

http://asc.wiley-vch.de

