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Abstract: A one-pot synthesis of 2-aryl- and 2-vinylindoles based . . L 7.18

on a ruthenium-catalyzed hydroamination and a palladium-ca niline derivatives!

lyzed intramolecular Heck reaction is reported. The rutheniunAs part of our program directed towards the development
catalyzed addition reaction was applied to terminal as well as igf protocols for efficient syntheses of selectively func-

ternal alkynes. Intramolecular Heck reactions of the resulting 2nalized heterocycled;2* we became interested in
chloroanilino enamines were achieved using an in situ genera : P, .
palladium complex derived from &ftheterocyclic carbene. t&joblng hydroamination methodologies based on late

_ . o transition-metal catalysts for novel one-pot indole syn-
Key words:. aryl chlorides, Heck reaction, hydroamination, pallraldlmeses Rutheniu®r® and platinurﬁl compounds
um, ruthenium ) . . )

emerged as highly active catalysts for the intermolecular
hydroaminatiof? of alkynest’ However, RgCO),,- and

PtBr,-catalyzed intermolecular hydroamination reactions

The paIIadium-cataIy;edzcoupling between an alkene apd e hredominantfj applied to addition reactions of ter-
an aryl or a vinyl halidé? often referred to as the Heck minal alkyne€®3! Herein, we report a one-pot synthesis
reaction, is one of the most useful and versatile methodglr 2-aryl- and 2-viny|inoioles which relies on a regio-

ogies for the carbon—%carbon bond formation involvingejective RyCO),,-catalyzed hydroamination reaction
sp-hybridized carbon$.Intramolecular Heck reactions ang 5 palladium-catalyzed intramolecular Heck reaction
allowed for the development of protocols for the synthesjs the resulting 2-chloroanilino enamine.

of diversely substituted carbo- and heterocytIegcliza-
tion reactions of 2-haloanilino enamines proved valuable
tools for the synthesis of differently substituted indol @C'

éomplements Larock’s annulation of alkynes by 2-halo-

Ar

| 20 mol% TiCl, @CIN
Rll—
t-BUNH; NN R?
H
3

derivatives’ A significant extension of this approach wasr* +
established through the in situ preparation of the corr
sponding enamines via condensation of 2-iodoaniline

with, preferably cyclic, ketonés.

Recently, we reported on a novel one-pot indole synthes
which relied on the in situ formation of 2-bromoanilinc

NH,
R?  PhMe, 105 C, 20 h

10 mol% Pd(OAc),
10 mol% 5, t-BuOK

Me Me
enamines via TiGlcatalyzed® hydroamination Me Me PhMe. 105 C. 20 h
reactions® of alkynes with 2-bromoanilin€. Aryl c® ' ' Ar
chlorides are arguably the most useful single class NN x
electrophiles due to their lower cost and the significanthe =/ Ve leRz
N
Me H

wider diversity of available compounéfsTherefore, we e 5

developed a protocol for a one-pot indole synthes 4

starting from more reads'% available 2-chloroaniline degcheme1  one-pot indole synthesis consisting of a titanium-cataly-
rivatives 1 (Scheme 13*'°> The intramolecular Heck zed hydroamination and a palladium-catalyzed Heck reaction
reactions of 2-chloroanilino enamin&s were accom-

pI_ishhel\(Ij hWith the Il.Jse ofba ﬁ;éalladium cgm_IQLex modifiqun the outset of our studies we tested a variety of proto-
with N-heterocyclic carben® precursors. The regio- . ¢ tor intermolecular hydroamination reactions for a

selective titanium-catalyzed hydro_amination reaction gioselective one-pot indole synthesis. A potential addi-
a"‘y”?Z set t_he stage fqr th_e sellsctlv_e form_anon of_3_—ary ion of 2-chloroaniline 1a) onto either terminal alkynga
substituted indole derivative$.!®* This regioselectivity or internal alkyne?b employing FeG(H,0): was not

viable (Scheme 2, Table 1, entries 1, and 2). On the con-
SYNLETT 2006, No. 18, pp 3125-3129 trary, the.z'platlnum-catalyzeql hydroammaﬁbmv!th 2.-
Advanced online publication: 25.10.2006 chloroaniline La) proved applicable to the functionaliza-
DOI: 10.1055/s-2006-950440; Art ID: S09506ST tion of terminal alkynea (entry 3). However, a double
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Tablel Evaluation of Late Transition-Metal-Catalyzed Hydroamination Protocols for a One-Pot Indole Sy(steSisheme 2)

Entry Hydroamination reaction conditions R Isolated yield (%)
1 FeCl-6H,0 (5.0 mol%) H (2a) b

2 FeCl-6H,0 (5.0 mol%) Ph @b) b

3 PtCl, (3.0 mol%) H (2a) -

4 PtCl, (3.0 mol%) Ph @b) 24 (4b)

5 Ru;(CO),, (1.0 mol%), NHPF; (3.0 mol%) H Ra) 60 (4a)

6 RU;(CO),, (1.0 mol%), NHPF; (3.0 mol%) Ph Zb) 89 (4b)

a2 Reaction conditionsta (1.0 mmol),2 (1.5 mmol), [M], additive, PhMe (1 mL), 105 °C, 18-22 h; Pd(QAB)0 mol%),5 (5.0 mol%),
t-BuOK (2.0 mmol), PhMe (2 mL), 24 h.
® No conversion ola as judged by GC-MS analysis.

R Table2 Influence of Different Ligands on the One-Pot Indole !

cl cl \
@[ +|| cat. [M], additive @[ JIR thesis (see Scheme®3)
NH, N P

PhMe, 105 C, 18-22 h

b Entry Ligand L Isolated yield odb (%)
la R=H: 2a 3 1 PPI@ 6 24
R =Ph: 2b
5.0 mold cl©
.0 mol% Pd(OAc), 2 Mes— 2\ Mes 7 15
5.0 mol% 5, t-BUOK N"@® N~
PhMe, 105 T, 24 h
3 c° 8 19
N
R MES\NN,MES
N
Ph Me Me
N Me Me
H
ci®
R=H: 4a 4 PN 9 31
R = Ph: 4b N®'N
Scheme 2 ’V"j Me
€ Me
Me Me MeMe
a) 1.0 mol% Ruz(CO)1» Ph
cl Ph 3.0 mol% NH4PFg 5 cl© 5 89
PhMe, 105 T, 18 h A\ AN
-l g ©
NH, b) 5.0 mol% Pd(OAc), N Me \—/
Ph 5.0 mol% L, t-BUOK H Ve e
1a 2% 105 T, 24 h b

aReaction conditiongta (1.0 mmol),2b (1.5 mmol), RgCO),, (1.0
mol%), NH,PF; (3.0 mol%), PhMe (1 mL), 105 °C, 18 h; Pd(OAc)
(5.0 mol%), L (5.0 mol%)t-BuOK (2.0 mmol), PhMe (2 mL), 24.
Mes = 2,4,6-MgCgH,.%¢

alkenylation of anilinela led to the formation of numer-

ous products under the reacticonditions of the palla-

dium-catalyzed Heck cyclization. Interestingly, weHeck reaction of the resulting 2-chloroanilino enan8ne
observed an unprecedented platinum-catalyzed intén-the same reaction flask, yielding inddi regioselec-
molecular hydroamination of an internal alkyne (entry 4jively in good vyield (entry 5). Additionally, the
Thus, the addition of anilinga onto tolan 2b) provided Ru(CO),,-based hydroamination protocol allowed for
the corresponding enamir along with its tautomeric heterofunctionalization of internal alky2b. Subsequent
imine, in high yield as determined by GC analysis. Urpalladium-catalyzed Heck reaction led to inddle in
fortunately, the isolated yield of produtti was not satis- high yield of isolated product (entry 6).

factory (entry 4). With an efficient protocol for a one-pot indole synthesis
The Ry(CO),,-catalyzed hydroaminatiéh of terminal using 2-chloroanilinel@) in hand, we probed the influ-
alkyne 2a with aniline 1a yielded selectively the formal ence of various stabilizing ligands on the palladium-cata-
Markovnikov addition product. It proved also viable tdyzed intramolecular Heck reaction of 2-chloroanilino
perform a subsequent intramolecular palladium-catalyzettamine3. Under otherwise identical reaction conditions,

Scheme 3
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phosphine ligan® gave rise to lower yields of isolated
product (Scheme 3, Table 2, entry*1)Among different X
precursors forN-heterocyclic carbenes (entries Z_S)RIQ +|
sterically hindered imidazolium chloride led to most 7 NH,

efficient catalysis (entry 5).

Subsequently, the scope of the one-pot indole synthesis
was evaluated (Scheme 4, Table 3). Importantly, thEheme4

5 a) 1.0 mol% Ruz(CO);2,
R 3.0 mol% NH4PFg,
| PhMe, 105 C, 18 h

b) 5.0 mol% Pd(OAc),
RS 5.0 mol% 5, t-BuOK
1 2 105 C, 24 h

Table3 Scope of the One-Pot Synthesis of Substituted Indole Derivatives (Scheme 4)

R2

Entry Aniline Alkyne Indole Isolated yield (%)
cl H
1 C[ la — 2a 4a <5P
NH; =" @E\giPh
N
H
2 60
cl Ph
3 ©i la J— 2b 4b <gb
NH, Ph———H N ppy
N
H
4 89
5 60°
Me Cl H
Me
6 \©: 1b — 2a 4 75
NH Ph—=——H N pp
N
H
cl H
» X w (—w a w
NH,
N
H
cl H
8 /C[ 1c — 2c 4e 35°
FaC NH, < > — O N O
FsC N
cl H
9 @[ la J— 2d Af -
NH, Ph—=——Ftt N pp
N
H
Br H
10 ©: 1d — 2a 4a 78
NH, Ph—=——-H N pp
N
H
Br Ph
11 ©: 1d J— 2b 4b 73
NH, Ph—=""Ph ©j&pm
N
H
12 le 2a 49 87

NH;

Q

@
T
=
I

Q

Iz /:>\I
T
=

aReaction conditionst (1.0 mmol),2 (1.5 mmol), R&(CO),, (1.0 mol%), NHPF; (3.0 mol%), PhMe (1 mL), 105 °C, 18 h; Pd(OAc)

(5.0 mol%),5 (5.0 mol%) t-BuOK (2.0 mmol), PhMe (2 mL), 24 h.

b Aniline 1 (1.0 mmol),2 (1.5 mmol), Pd(OAg)(5.0 mol%),5 (5.0 mol%),t-BuOK (2.0 mmol), PhMe (3 mL), 24 h.
¢ Pd(OACc) (1.0 mol%),5 (1.0 mol%).

4 Pd(OACc) (10.0 mol%)5 (10.0 mol%).

€ Ry (CO)y, (3.0 mol%), NHPF; (9.0 mol%), Pd(OAG)(10.0 mol%)5 (10.0 mol%).
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loading of palladium catalyst for the intramolecular Heck(11) Ackermann, LOrganometallics 2003, 22, 4367.
reaction could be significantly reduced (entry 5). The(12) Littke, A. F.; Fu, G. CAngew. Chem. Int. Ed. 2002, 41,
methodology was also applicable to the synthesis o{ 4176.

regioselectively substituted 2-aryl- (entry 6) and 2-vi-
nylindoles (entries 7 and 8). Hydroamination of internal
alkyne2d with 2-chloroaniline {a) was not accomplished
with Ruy(CO),, as catalysts (entry 9). However, 2-bro-
moaniline (d) gave rise to the corresponding indole de-
rivatives 4a and 4b in high yields of isolated product
(entries 10 and 11). It is noteworthy that not only terminal
alkyne2a, but also internal alkyn2b was efficiently con-
verted. Finally, dihaloanilinele was chemoselectively
transformed into chloro-substituted inddig (entry 12).
This chemoselectivity will allow for further functionaliza-
tion reactions of the resulting indole derivatives.

13) Ackermann, L.; Kaspar, L. T.; Gschrei, CChem.
Commun. 2004, 6, 2824.
Recently, a palladium-catalyzed indole synthesis based on
an in situ condensation of 2-chloroanilines with ketones was
disclosed. See: Nazaré, M.; Schneider, C.; Lindenschmidt,
A.; Will, D. W. Angew. Chem. Int. Ed. 2004, 43, 4526.
(15) See also: Shen, M.; Li, G.; Lu, B. Z.; Hossain, A;
| Roschangar, F.; Farina, V.; Senanayake, Hg. Lett.
2004, 6, 4129.
16) Herrmann, W. AAngew. Chem. Int. Ed. 2002, 41, 1290.
(17) Larock, R. CJ. Organomet. Chem. 1999, 576, 111.
(18) Larock, R. C.; Yum, E. K.; Refvik, M. [3. Org. Chem.
1998, 63, 7652.
(19) Ackermann, L.; Gschrei, GQ.; Althammer, A.; Riederer, M.
Chem. Commun. 2006, 1419.

(14)

In summary, we report on a one-pot synthesis of 2'aryl(ZO) Ackermann, L.; Althammer, A.; Born, Rngew. Chem. Int.

and 2-vinylindoles consisting of a KGO),,-catalyzed

Ed. 2006, 45, 2619.

hydroamination and an intramolecular palladium-cata{21) Ackermann, L.; Born, R.; Spatz, J. H.; Meyer/ABgew.

lyzed Heck reaction employing 2-chloroaniline. Protocols
for Ru(CO),,- and PtC)-catalyzed hydroamination

reactions were found applicable to addition reactions o

an internal alkyne. A bulky imidazolium salt preligand

enabled most efficient intramolecular palladium-cata-(;5)

lyzed Heck reactions of aryl chlorides.
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Representative Procedure: Synthesis of 2,3-Diphenyl-

indole (4b)

2-Chloroaniline {a; 133 mg, 1.04 mmol), and tola2b; 267

mg, 1.50 mmol) were added to a solution of(R®),, (6.4

mg, 0.01 mmol, 1 mol%) and NAF; (4.9 mg, 0.03 mmol,

3 mol%) in toluene (1 mL) and the resulting mixture was

stirred for 18 h at 105 °C. ThereafteBuOK (224 mg, 2.00

mmol), Pd(OAc) (11.2 mg, 0.05 mmol, 5 mol%H,(21.3

mg, 0.05 mmol, 5 mol%), and toluene (2 mL) were added

and the mixture was stirred at 105 °C for 24 BOE60 mL)

(24)

(26)

(35)

(36)
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and brine (50 mL) were added to the cold suspension. The
separated aqueous phase was washed with(Ex 50 mL).
Drying with MgSQ, and purification by column chromatog-
raphy (silica geln-pentane—ED, 10:1 to 6:1) yielded
2,3-diphenylindole4b; 248 mg, 89%) as a yellow solid,;
mp 129.8-130.0 °CH NMR (400 MHz):§ = 8.23 (s, 1 H),
7.71 (dJ=8.6 Hz, 1 H), 7.49-7.14 (m, 13 H).

13C NMR (100 MHz):6 = 135.8, 135.0, 134.0, 132.7, 130.1,
128.7, 128.6, 128.5, 128.1, 127.7, 126.2, 122.7, 120.4,
119.7, 115.0, 110.8. IR (ATR): 3396, 3052, 1600, 1533,
1455, 1439, 1371, 1328, 1249, 1152, 1070, 1011, 965, 919,
828, 763, 740, 693 cth HRMS (EIl):m/z calcd for GoH,eN:
269.1204; found: 269.1202.
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