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An efficient construction of fused indolines with a 2-quaternary center through a palladium-catalyzed intramolecular Heck reaction of N-(2(2-
halobenzoxyl)-2,3-disubstituted indoles is disclosed. This protocol provided a straightforward access to diverse fused indolines with good

functional group tolerance.

In the past few years, intramolecular direct arylation of
heteroaromatic compounds to synthesize fused hetero-
aromatic products, such as fused indoles, via a radical
pathway (Scheme la),' transition-metal-catalyzed single
C—H bond activation (Scheme 1a),>* or double C—H
bond activation (Scheme 1b)* has become a popular
method for building carbon—carbon (C—C) bonds of
complex molecular skeletons. Although palladium-
catalyzed intramolecular arylation at the C2 position of
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the C2-unsubstituted heteroaromatic substrates has been
extensively explored, no example using C2-substituted
heteroaromatic compounds as the substrate to build
C—C bonds at the C2 position has been reported so far.
In 2006, Knochel and co-workers® reported a novel
approach for the preparation of various condensed pyr-
roles from 2,5-dimethylpyrroles; however, this approach
underwent a chemoselective palladium-catalyzed intramo-
lecular arylation of the methyl group at the C2 position of
the pyrrole ring. Very recently, Rawal et al.® developed a
palladium-catalyzed benzylation of 2,3-disubstituted in-
doles to furnish C—C bonds at the C3 position for synthe-
sizing a diverse range of 3-benzylindolenines.”* Although
both methods used C2-substituted heteroaromatic com-
pounds as substrates, neither of them generated a C—C
bond at the C2 position. In this letter, we wish to report a
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C2-arylation of 2,3-disubstituted indoles through an in-
tramolecular Heck type reaction,” leading to the formation
of fused indolines with a 2-quarternary center (Scheme 1c¢),
which are similar to the structural skeleton'® of bioactive
natural products, such as Isatisine A and (—)-Isatisine A.""

Scheme 1. Construction of Fused Indoles or Indolines
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We began our investigation by using N-(2-iodobenzoxyl)-
2,3-dimethylindole 4aa'? as a model substrate. When 4aa
was treated with 10 mol % of Pd(OAc),, 20 mol % of PPhs,
and 2 equiv of Cs,CO3 in DMF at 120 °C for 12 h, we were
delighted to find that the corresponding product 5a was
afforded in about 20% yield (Table 1, entry 1). The relative
configuration of 5a was determined by an X-ray structural
analysis, showing that the C—C bond at the C2 postion
and the 3-exo double bond were formed (Figure 1).'?
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Table 1. Optimization of the Reaction Conditions”

CHs
N\ C;Ia conditions CHa\
N
o P
o
4ab (X < By sa
4ac (X = Cl)
catalyst additive temp yield
entry (mol %) (equiv) base C) (%)
1 Pd(OAc), (10) PPh3 (0.2) CseCOg3 120 20
2 Pd(OAc), (10) none Cs,CO3 120 7
3 Pd(OAc), (10) AgOAc (1) CsyCOg 120 45
4 Pd(OAc), (10) Ag,0 (1) CsoCO3 120 12
5 Pd(OAc), (10) Ag,CO3(1) CsyCOg 120 32
6 Pd(OAc), (10) AgOAc (1) KOAc 120 52
7 Pd(OAc), (10) AgOAc (1) KyCOj 120 42
8 Pd(OAc), (10) AgOAc (1) NagHPO,- 120 99
12H,0
9 PdCl; (10) AgOAc (1) NayHPO,- 120 76
12H,0
10  Pd(MeCN)yCl; (10) AgOAc (1) NaHPO,- 120 90
12H,0
11  Pd(OAc), (10) AgOAc (1) NayHPO,- 100 99
12H,0
12 Pd(OAc), (10) AgOAc (1) NagHPO,- 80 99
12H,0
13 Pd(OAc), (10) AgOAc (1) NagHPO4- 60  90°
12H,0
14  Pd(OAc); (2) AgOAc (1) NagHPO,- 80 99
12H,0 (99%)
15  Pd(OAc), (1) AgOAc (1) NagHPO,- 80 87
12H,0
16  none AgOAc (1) NagHPO,- 120 0°
12H,0
17 Pd(OAc), (2) AgOAc (1) Na,HPO,- 80 807
12H,0
18" Pd(OAc), (10) AgOAc (1) NagHPO,- 120 trace
12H,0

“Reaction conditions: 4aa (0.5 mmol), Pd catalyst, additive, and
base (1 mmol) in DMF (2.0 mL) for 12 h. ®'H NMR yield using
dibromomethane as an internal standard. 24 h. “Isolated yield. “4ab
was used as a substrate.”4ac was used as a substrate.

Very interestingly, the reaction could take place even with-
out a phosphine ligand (entry 2). Encouraged by these
results, a variety of additives, catalysts, and reaction tem-
peratures were then evaluated to optimize the reaction
conditions as shown in Table 1. First, we found that the
addition of silver salt, such as Ag,CO3, Ag,O, and AgOAc
(entries 3—5), could enhance the yield of 5a.'* Next screen-
ing of bases revealed that the yield of 5a was increased to

(13) The crystallographic data for 5a have been deposited at the
Cambridge Crystallographic Data Centre with deposition No. CCDC
861219.

(14) Silver salts were proved to enhance the cross-coupling efficiency;
see: (a) Beletskaya, 1. P.; Cheprakov, A. V. Chem. Rev. 2000, 100, 3009.
(b) Masui, K.; Ikegami, H.; Mori, A. J. Am. Chem. Soc. 2004, 126, 5074.
(¢) Xu, D.; Lu, C.; Chen, W. Tetrahedron 2012, 68, 1466.
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99% when Na,HPOy4- 12H,0 was employed (entries 6—8).
Further trials using other palladium catalysts such as PdCl,
and Pd(MeCN),Cl, led to no improvement in the reaction
performance (entries 9, 10). A survey of reaction tempera-
ture showed that this reaction proceeded efficiently at 100
and 80 °C, while a longer reaction time was needed at 60 °C
(entries 11—13). Gratifyingly, this reaction was also
quite effective with a low catalyst loading (entries 14, 15).
A control experiment confirmed that a palladium catalyst
was necessary to promote this reaction (entryl6). This
reaction using N-(2-bromobenzoxyl)-2,3-dimethylindole
4ab as a substrate also proceeded smoothly to give 5a
in good yield, while it failed for N-(2-chlorobenzoxyl)-
2,3-dimethylindole 4ac (entries 17, 18).

Figure 1. X-ray crystal structure of fused indoline 5a.

With the optimized conditions established, we then
investigated the substrate scope and generality of this
method. We first examined the substituent effect on the
benzene ring in the indole part of N-(2-iodobenzoxyl)-2,3-
dimethylindoles. As shown in Scheme 2, a variety of
functional groups, such as hydrogen, electron-donating
and -withdrawing groups, and halogen were compatible
with this intramolecular cross-coupling reaction. The sub-
strates (4aa—5ga) bearing hydrogen or electron-donating
groups such as methyl, ethyl, i-propyl, n-butyl, or methox-
yl could afford the desired products in excellent yields.
In addition, the halogen substituted substrates (4ha—5ja)
could also be converted into the desired products in
satisfactory yields. It is noteworthy that the chloro and
bromo substituted substrates could survive under the
optimized conditions. The reaction on the substrate with
an electron-withdrawing subsituent, such as CF5 (4ka) on
the benzene ring, proceeded smoothly to provide the
coupling product in 90% yield, although an increased
catalyst loading was needed. Furthermore, the intramole-
cular cross-couping reactions on N-(2-bromobenzoxyl)-2,
3-dimethylindoles (4ab—4jb) were also very effective to
afford the desired products in excellent yields.

Next, we investigated the substituent effect at the 2- or
3-position of indole as illustrated in Scheme 3. We were
pleased to find that all substrates in Scheme 3 could under-
go the cross-coupling reaction under the optimized condi-
tions, resulting in the corresponding products in moderate
to excellent yields (6a—7i). Although steric hindrance at the
C2 position of the 2-alkyl substituted indoles 6a and 6b
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Scheme 2. Substrate Scope®™”
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“Reaction conditions: 4 (0.5 mmol), Pd(OAc), (2 mol %), AgOAc
(0.5 mmol), and Na,HPO,- 12H,0 (1 mmol) in DMF (2.0 mL) at 80 °C
for 12 h. ’Isolated yield. €120 °C. “Pd(OAc), (10 mol %) was used.
‘Pd(OAc), (5 mol %) was used.

resulted in lower yields of the correspoding products
(7a, 7b), steric hindrance at the C3 position exhibited little
influence on the reaction yield (7¢). It should be noted that
all 2-phenyl substrates reacted very smoothly to furnish the
desired fused indolines (7d—7i) in excellent yields, despite
different types of substituents being introduced on this
phenyl ring.

According to the fact that the combination of Pd(OAc),
and the phosphine ligand worked well for this palladium-
catalyzed intramolecular cross-coupling reaction, we pro-
posed that our protocol might be initiated by Pd(0) species
as outlined in Scheme 4.'%'® First, oxidative addition of

(15) See the Supporting Information.

(16) For selected review, see: (a) Beletskaya, I. P.; Cheprakov, A. V.
Chem. Rev. 2000, 100, 3009. For selected examples, see: (b) Magill,
A.M.; McGuinness, D.S.; Cacell, K, J; Britovsek, G.J. P; Gibson, V. C.;
White, A. J. P.; Willilam, D. J.; White, A. H.; Skelton, B. W.
J. Organomet. Chem. 2001, 617—618, 546. (c) Liu, H.; Chen, C.; Wang,
L.; Tong, X. Org. Lett. 2011, 13, 5072.
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Scheme 3. Substrate Scope®™”
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“Reaction conditions: 6 (0.5 mmol), Pd(OAc), (2 mol %), AgOAc
(0.5 mmol) and Na,HPO,- 12H,0 (1 mmol) in DMF (2.0 mL) at 80 °C
for 12 h. “Isolated yield. ‘Inseperable mixture, £/Z = 10:1 (determined
by 'H NMR and NOE)."”

the Pd(0) species to substrate 4aa forms Pd(II) intermedi-
ate A (Ar—PdI), followed by a silver-mediated anion
exchange to generate Pd(II) intermediate B (Ar-PdOAc).
Next, intramolecular coordination of the olefin of the
indole part to the palladium center and transmetallation
provide intermediate C. Finally, C undergoes a reductive
elimination to afford the desired product 5aand HPdOAc,
which is neutralized with base to give Pd(0) to complete the
catalytic cycle.

In conclusion, we have demonstrated a highly efficient
approach to construct fused indolines with a newly
formed C2-quaternary center and 3-exo double bond
via an intramolecular Heck reaction with a low catalyst
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Scheme 4. Plausible Mechanism
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loading. This transformation is effective for 2,3-disub-
stituted indoles with good functional group tolerance.
We anticipate that this methodology would find many
applications in the synthesis of complex natural prod-
ucts. Research on the detailed reaction mechanism,
extension to other heteroaromatic substrates, and enan-
tioselective synthesis of this protocol are currently under-
way in our laboratory.
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