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B-(2-lodoanilino) esters undergo intramolecutaarylation

in the presence of Pd(PPhand potassium phenoxide. The
reaction is a useful methodology for the preparation of
indole-3-carboxylic acid ester derivatives.

The indole nucleus is a ubiquitous motif in bioactive natural
products as well as synthetic pharmaceuti¢ascordingly,
after 100 years of intensive research, a variety of well-

established methods for elaborating and functionalizing indoles
are available. In particular, recent advances in the area of

Note

for the construction of complex polycyclic compounds, have
remained less explored. Among them, the most extensive study
has been done on the intramolecuaarylation of ketone§—16

and amided7~22 while few examples of the use of dicarbonyl
compoundg?~25 aldehydes and nitro derivativéspr esters’

have been reported.

As part of our ongoing program on the synthesis of nitrogen
heterocycles, we have been studying the palladium-catalyzed
intramolecular coupling of amino-tethered vitfylor aryl
halided? with enolate2® During this work, we have also
reported the palladium-catalyzed intramolecular acylation of
B-(2-iodoanilino) esters to give 2,3-dihydroquinolin-4-orgs.
This reaction appears to involve the formation of a four-
membered azapalladacyclic transient intermediate, which strongly
modifies the interaction of the metal center with the carbonyl
group forcing the otherwise unfavorable nucleophilic attack. We
realized that if we significantly increased the enolization of the
ester we could overcome the nucleophilic attack at the alkoxy-

(7) Intermoleculax-arylation of nitriles: (a) Culkin, D. A.; Hartwig, J.
F.J. Am. Chem. So@002 124, 9330. (b) You, J.; Verkade, J. Bngew.
Chem. Int. Ed2003 42, 5051. (c) Wu, L.; Hartwig, J. FJ. Am. Chem.
Soc.2005 127, 15824.

(8) Intermoleculan-arylation of aldehydes: (a) Terao, Y.; Fukuoka, Y.;
Satoh, T.; Miura, M.; Nomura, MTetrahedron Lett2002 43, 101. (b)
Martin, R.; Buchwald, S. LAngew. Chem. Int. EQ007, 46, 7236.

(9) Selected references on the intermolecoltarylation of 1,3-dicarbonyl
compounds: (a) Beare, N. A.; Hartwig, J.F.Org. Chem2002 67, 541.
(b) Kashin, A. N.; Mitin, A. V.; Beletskaya, I. P.; Wife, Rletrahedron
Lett. 2002 43, 2539. (c) You, J.; Verkade, J. G@. Org. Chem2003 68,
8003.

(10) (a) Muratake, H.; Hayakawa, A.; Natsume, Wetrahedron Lett.
1997 38, 7577. (b) Muratake, H.; Natsume, Metrahedron Lett1997,
38, 7581. (c) Muratake, H.; Natsume, M.; Nakai, Hetrahedron2004
60, 11783.

(11) Khan, F. A.; Czerwonka, R.; Reissig, H.-Bur. J. Org. Chem.

palladium-catalyzed transformations have led to the development200Q 3607.

of several reliable methods for the synthesis of indoles from
simple starting materiafs.
During the last years, the palladium-catalyzed arylation of

enolate-type nucleophiles has received a great deal of atténtion.
The intermolecular versions of the reaction have been thoroughly
explored, and it is now possible to introduce an aromatic moiety

to a broad range of enolate-type nucleophffésin contrast,

the intramolecular processes, which offer promising procedures
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carbonyl group and favor the-arylation (Scheme 1). The lower
reactivity of esters and the relative instability of theamino
ester moiety under basic conditions would make enolization a
more challenging task. However, it should be noted that we
have recently reported the Pd(0)-catalyzed intramolecular
coupling of amino-tethered vinyl halides with esters using
potassium phenoxide as the ba%e.

We herein report our studies on the Pd(0)-catalyzed intramo-

lecularo-arylation of3-(2-haloanilino) esters, which constitutes
a useful methodology for the synthesis of functionalized indole-
3-carboxylic acid ester derivatives.

Our efforts were initially focused on the reaction of esters
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to give a reaction mixture in which indolin2 was the only
detected product (entry 1). The amount of the catalyst could be
reduced to 2.5% mol without any effect on the cyclization
reaction (entry 2). However, after column chromatography of
the reaction mixtures, considerable amounts of ind8le
produced by air oxidation of the cyclization prodé&glwere
isolated together with indolin. It should be noted that, in
contrast to the synthesis of indoles, the synthesis of indolines
has received little attention, and apart from the intensively
studied reduction of indole®,only a few efficient methods have
been reported®

The use of LiOtBu, a stronger base than PhOK,
combination with a biaryl-based phospHheesulted in the
formation of indole3 as the main product (entry 3). On the
other hand, the use of a weak base such#5Xin the presence
of a catalytic quantity of phen#iresulted in low reaction rates
when using either THF (entry 4) or toluene as the solvent (entry
5), while the more polar solvent DMF directly afforded indole
3 (entries 6 and 7). Interestingly, the use of, in DMF
without phenol led to the formation of a complex reaction
mixture from which indole3 was isolated together with major
amounts of anilineg and5%%35 (entry 8).

Bromide 1b was less efficient than iodidga in the a-ary-
lation reactions and afforded lower yields of the cyclization
products (entries 9 and 10).

The scope of ther-arylation reaction was examined with
respect to a range of differently substitutgq2-iodoanilino)
esters (Table 2). The results of optimization studies carried out
with 1aled us to use two general procedures for their cyclization
reactions: method A, which is based on the use of PhOK (2.25

in

lab. The most representative results of these studies are€quiv) as the base, and method B, in whickPKy is used

summarized in Table 1. We were pleased to find that, in the
presence of 5% mol of Pd(PRhand 2.25 equiv of PhOK in
refluxing THF, aryl iodidelaunderwent the desired cyclization

TABLE 1. Pd(0)-Catalyzeda-Arylation of 1a and 1b

together with a catalytic amount of phenol.

As shown in Table 2, the reaction is applicable to iodoanilines
with different electronic properties on the aromatic ring. It was

CO,Me M
@ ooy £ e £ O oo
base N
Me Me
1a x = | 2 3 4 R2 =Me
1b X =Br 5R2=H
entry X catalyst (%) additives (equiv) solvent T (°C)/time (h) NMR vyield (%) isolated yield (%)
1 I Pd(PPh)4(5) KOBu (2.25) THF reflux/7.5 2(87) 2(50),3(17)
phenol (2.75)
2 | Pd(PPB)4(2.5) KOBuU (2.25) THF reflux/7.5 2(95) 2(56),3 (5)
phenol (2.75)
3 | Pdy(dba) (5) LiOBu (2) dioxané 90°C/24 2(5),3 47y
Lb (5.5)
4 I Pd(PPh)4(10) KsPO, (3) THF reflux/24 1a(70),2 (28)
Phenol (0.3)
5 [ Pd(PPB), (10) KaPOy (3) Toluené 90°C/48 1a(15),2 (75) 1a(14),2 (38),3 (14)
Phenol (0.3)
6 | Pd(PPh)4(10) KsPOy (3) DMF¢ 90°C/24 3(66)
phenol (0.3)
7 [ Pd(PPB)4 (5) KsPQ, (3) DMF¢ 90°C/24 3(55)
phenol (0.3)
8 I Pd(PPh)4(10) KsPQO, (3) DMF® 110°C/48 3(16),4(27),5 (28)
9 Br Pd(PPH)4(5) KO'Bu (2.25) THF reflux/24 2(73)
phenol (2.75)
10 Br Pd(PP. (10) KaPQy (3) DMF¢ 90°C/24 2(17),3(30)
phenol (0.3)

aYield determined byH NMR. ? L: 2-diphenylphosphino2N,N-dimethylamino)biphenyl¢ The reaction was carried out in a sealed tultert-Butyl
1,5-dimethylindole-3-carboxylate, which could not be separated pwas also produced in 8% vyield.
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TABLE 2. Synthesis of Indoles and Indolines by Pd(0)-Catalyzed-Arylation of f-(2-lodoanilino) Esters

entry  ester method”  time indoline (yield)’ indole (yield)’
R | COo,Me COo,Me COo,Me
e d] : :
N A\
Me N N
Me
1 6a,R=H A 8h 7a (53%)° 8a (20%)
2 6a,R=H B 24 h 8a (51%)
3 6b, R = OMe A 8h 7b¢ 8b (46%)
4 6b, R = OMe B 48 h 8b (67%)
5 6¢, R=Cl A 24 h Te (17%) 8c (6%)
6 6¢c, R=Cl B 24 h 8¢ (32%)
7 6d,R=F A 20h 8d (70%)
8 6d,R=F B 24 h 8d (60%)
9 6e, R = CO,Me A° 16 h 8e (24%)
10 6e, R = CO,Me B 36 h 8e (29%)
Me I _CO.Bn CO,Bn CO,Bn
16 4] - :
N A\
Me \ N .
11 9 A 8h 10 (54%)° 11 (7%)
12 9 B 48 h 11 (36%)
/@l J/c;OZMe CO,Me CO,Me
R N )
Me R N R N
L\/Ie Me
13 12a, R = Me A 8h 13a (40%) 14a (23%)
14 12a, R =Me B 24 h 13a (24%) 14a (42%)
15 12b,R=Cl A 24 h 14b (20%)
16 12b,R =Cl B 24 h 14b (30%)
17 12¢,R=F A 24 h 13¢ (30%) 14c¢ (20%)
18 12¢,R=F B 24 h 14c¢ (7%)
Me | _CO,Et CO,Et CO,Et
L s .
N~ Me "Me N Me
Me N N
Me
19 15 A 8h 16 (66%) .
20 15 B 70 h 16 (8%) 17 (42%)’
Me I CO,Me
r ooy B
N one
Me Me N
Me
21 18 A 24 h 19 (49%)
22 18 B 24 h 19 (30%)Y
Me | MeO,C
Me\@Q
N ; N H
Me COyMe Me
23 20 A 24 h 21 (71%)
24 20 B* 48 h 21 (78%)

aMethod A: 5% mol of Pd(PPJu, phenol (2.75 equiv), and KB&BuU (2.25 equiv) in THF at reflux. Method B: 10% mol of Pd(RRhK3POy (3 equiv),
and phenol (0.3 equiv) in DMF at S in a sealed tubé.Yields refer to pure products isolated by flash chromatograpfiy.NMR analysis of the crude
reaction mixture gave 72% yield @a and 13% yield oBa. 9 H NMR analysis of the crude reaction mixture gave 80% yiel@mfe 10% mol of Pd(PP4)..
f Methyl 4-(methylamino)benzoate was also isolatetd NMR analysis of the crude reaction mixture gave 83% yield.@f" H NMR analysis of the
crude reaction mixture gave 80% yield b8a and 15% yield ofL4a ' N-methylp-toluidine was also isolated (6%d)Methyl 2-methyl-3-N-methylN-(4-
methylphenyl)amino]propionate was also isolated (11920% mol of Pd(PP)a.

found, however, that substrates with electron-withdrawing iodoanilines with electron-neutral (H and Me) or electron-
groups (CI, F, and C@Me) at the arene ring underwent the donating groups (OMe). The low yields of the arylation reactions
o-arylation reaction in lower yields than those obtained from

(32) (a) Robinson, BChem. Re. 1969 69, 785. (b) Gribble, G. W. In
Comprehensgie Organic SynthesisTrost, B. M., Fleming, |., Eds.;
Pergamon: Oxford, 1991; Vol. 8, p 612.

(31) Chou, S.-S. P.; Yuan, T.-Msynthesis1991, 171.
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of 6care due in part to the formation of dechlorinated products. of esterla (75 mg, 0.23 mmol) in THF (5 mL) were added under
In general, the indolines could not be obtained in the 3-mono- argon phenol (59 mg, 0.63 mmol), KEBu (0.5 mmol, 0.5 mL of
substituted series, the corresponding indoles being formed1 M solution intert-butyl alcohol), and Pd(PRh (7 mg, 0.006
directly. In the few cases in which the indolines were formed, Mmol). The solution was heated at reflux for 7.5 h. After being
their rapid oxidation to the indoles was again observed. On the C00led at room temperature, the mixture was diluted withClH
contrary, the reaction could be successfully applied to the and washed with saturated aqueous Na@dd 1 N aqueous

' - . . . NaOH. The organic layer was dried and concentrated. The residue
preparation of 2,3- and 3,3-disubstituted and 2,3,3-trisubstituted, - ¢ purified by flash chromatography &k, from hexanes to

indolines (entries 1924) Benzyl and ethyl esters can also be hexanes-EtOAc 60/0) to give indoline2 (27 mg, 56%) and indole
used as substrates in this reaction. 3 (3 mg, 5%).

The effectiveness of PhOK in the aforementioned Pd(0)-  Representative Procedure for the Pd(0)-Catalyzed-Aryla-
catalyzed intramolecular arylation reactions is somewhat sur- tion Using K3PO, as the Base (Table 1, Entry 6)A mixture of
prising since the ¥, of phenol is considerably lower than that  esterla (75 mg, 0.23 mmol), KPO, (143 mg, 0.68 mmol), phenol
of esters’® It should be noted that no competition was observed (6 mg, 0.068 mmol), and Pd(PEh(26 mg, 0.022 mmol) in DMF
between the desired-arylation and the nucleophilic attack at (3 mL) was stirred at 90C in a sealed tube for 48 h. The reaction
the alkoxycarbonyl group in any of the cyclization reactions mixture was poured into water and extracted witfCEfThe organic
reported in this work. Interestingly, although we previously extracts were washed with brine andiwit N NaOH solution, dried,

reported that treatment @& with Pd(PPB)s and KsPOy in either an_d concentrated. The residue was purified by fla_lsh _chromatography
THF or toluene resulted in a nucleophilic attack at the (SiCz f[,om hexanes to hexane&tOAC 10%) to give indole (31
carbonyl3° the addition of a catalytic amount of phenol to the mg, 66%). . ) .

same reaction conditions promoted thearylation (Table 1, | Methyl 1,5-dimethyl-2,3-dihydro-1H-indole-3-carboxylate (2):
entries 4 and 5). In these reactions, the phenoxide anion might H NMR (CDCl;, 300 MHz)6 2.26 (s, 3H), 2.76 (s, 3H), 3.49 (t

be playing an additional role to that of the base; it could also JbTogdth J1:H)8 3'%12((11%:694%”&13& ';Zl ﬂl) fH7)7 éség 'Eg’nil'og

be acting as a ligand by displacing the iodide at the metal center._ g 1 Hz, 1H), 7.09 (s, 1H)33C NMR (CDCk, 100.5 MHz)o
Thus, the formation of a transient palladium phenoxide 207 (CH), 36.6 (CH), 46.0 (CH), 52.3 (Ch), 58.1 (CH), 107.9
complex would stabilize the otherwise unstable palladium (CH), 125.5 (CH), 126.9 (C), 127.5 (C), 129.1 (CH), 150.7 (C),
intermediate, preventing the nucleophilic attack at the carbonyl. 172.5 (C). Anal. Calcd for GH;sNO,: C, 70.22; H, 7.37; N, 6.82.
Moreover, the intramolecular reaction of the phenoxide ligand Found: C, 69.79; H, 7.37; N, 6.57.
with the coordinated carbonyl group would facilitate the Methyl 1,5-dimethylindole-3-carboxylate (3):*H NMR (CDCls,
enolization3* 300 MHz) 6 2.49 (s, 3H), 3.80 (s, 3H), 3.90 (s, 3H), 7.12 (dd=

In summary, we have developed a new methodology for the 8.4 and 1.5 Hz, 1H), 7.23 (d, = 8.4 Hz, 1H), 7.73 (s, 1H), 7.96
synthesis of indole-3-carboxylic acid esters based on the Pd-(m, 1H);*3C NMR (CDCk, 75.4 MHz)6 21.5 (CH), 33.4 (CH),
(0)-catalyzed intramoleculas-arylation of 3-(2-iodoanilino) 0.9 (CH), 106.3 (C), 109.4 (CH), 121.2 (CH), 124.3 (CH), 126.8
esters. Further studies to expand the methodology and provide(®): 131.4 (C), 135.1 (CH), 135.5 (C), 165.5 (C). Anal. Calcd for
deeper insight into the role of phenoxide in these processes ar%ilzlgl;gloz' C,70.92; H, 6.45; N, 6.89. Found: C, 71.02; H, 6.43;
underway and will be published in due course. B
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