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A New Palladium-Catalyzed Intramolecular
Cyclization: Synthesis of 1-Aminoindole
Derivatives and Functionalization of their
Carbocylic Rings

Makoto Watanabe,* Toshihide Yamamoto, and
Masakazu Nishiyama

Palladium-catalyzed cyclization reactions are a versatile
and efficient method for the synthesis of a large number of
heterocycles.'! The formation of the indole ring system is of
interest and has been carried out by many methods? because
indole derivatives exhibit pharmacological® and physiolog-
ical activity.!] The palladium-catalyzed synthesis of indoles
from o-haloaniline precursors is one of the most useful
methods for the preparation of this class of compounds.P!
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Palladium-catalyzed C—N bond formation of amines with
aryl halides recently proved to be a versatile method for the
synthesis of a wide range of arylamines.[! Transformation of
the amination products into indole derivatives was examined.
First, palladium-catalyzed cyclization of o-bromo-S-phen-
ethylamines followed by dehydrogenation of the resulting
indolines with Pd/C gave indoles with substituents in the
7-position.[”! Second, palladium-catalyzed coupling of benzo-
phenone hydrazone with aryl bromides was also reported to
give N-arylhydrazones, which were used as substrates for
Fischer indole synthesis.®! However, palladium-catalyzed
direct formation of the indole ring by N-arylation of aryl
halides has not been reported.

However, palladium catalyst systems employing P/Bu; and
mono- and bidentate phosphanes bearing P—Bu bonds were
reported for amination,”l aryl ether formation,!” Suzuki
coupling,® "] the Heck reaction,'” and ketone arylation,**!
after we disclosed that bulky electron-rich PrBu; afforded
much higher catalytic activity than other phosphanes in the
palladium-catalyzed amination of aryl halides with both
aliphatic and aromatic amines.'" One of the advantages of
such phosphanes is the possibility of using unreactive aryl
chlorides as substrates. Here we report a new method for the
direct conversion of o-chloroarylacetaldehyde N,N-disubsti-
tuted hydrazones (1) into 1-aminoindole derivatives 2 and 4
by palladium-catalyzed intramolecular ring closure of 1 in the
presence of PrBus, 1,1’-bis(di-tert-butylphosphanyl)ferrocene
(DB'PF), and 2-(dimethylaminomethyl)-1-(di-tert-butylphos-
phanyl)ferrocene (3) as ligands [see Eqgs. (1) and (2)].

PtBu,
NMe, <
Fe

Fe  "PtBu,
> S,
3 DB'PF

o-Chloroarylacetaldehydes can be synthesized from com-
mercially available o-chloroarylmethyl chlorides.!'*! Hydra-
zone derivatives 1 were prepared from the above aldehydes
and N,N-disubstituted hydrazines, and isolated in 90-93%
yield by distillation.!'>] The palladium-catalyzed cyclization of
1 gave a l-aminoindole ring system. The results of the
indolization of 1 are summarized in Table 1. The reaction with
sodium fert-butoxide in o-xylene at 120°C in the presence of
[Pd,(dba);] (dba=dibenzylideneacetone) and a bulky elec-
tron-rich phosphane gave a moderate yield of 1-(dimethyl-
amino)indole (entry 1). A low yield was obtained in dioxane
(entry 2). Whereas the yield of the reaction with the bidentate
bis-phosphane DB'PF'% was lower than with P/Bus (entry 3),
the reaction in the presence of the PN ligand 3 gave 78 %
yield (entry 4).'] Although many PN ligands bearing Bu—P
bonds are available, we chose 3 because it can be readily
synthesized in one step from commercially available dime-
thylaminomethylferrocene.!'¥! Cs,CO; and Rb,CO; could also
be used as bases (entries 5 and 6). Synthesis of indoles with
substituents on the carbocyclic rings was also possible (entries
7-9). Since indole derivatives bearing a CI substituent on the
carbocyclic ring can be utilized as substrates for more
elaborate indoles in palladium-catalyzed reactions such as
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H 3 mol% [Pd(dba),]
X “ | ‘ 4.5 mol% PtBus or 3 X = B
AN N. NN @
Cl NMe, base, o-xylene
120°C
la-f 2a-f

Table 1. Palladium-catalyzed intramolecular cyclization of o-chloroarylacet-
aldehyde N,N-dimethylhydrazones 1.1%]

En- Substrate Ligand Base Product Yield
try [% ]
H =
X o0
1 ' NMe, PBu, NaOBu N 39 (42)
NMe;
1a 2a
2lel 1a PBu; NaOrBu 2a 7)
3 1a DB'PF NaOrBu 2a (28)
4 1la 3 NaOrBu 2a 73 (78)
5 la 3 Cs,CO; 2a (75)
6 1a 3 Rb,CO; 2a (73)
o) H o]
XX G
7 o cl °NMe, 3 NaOBu © N 30
NMe;
1b 2b
F F
O g
8 al N‘NMez 3 NaOrBu s N 60
NMe,
1c 2c
s LD
9 N N
F cl “NMe, 3 NaOrBu F \ 74
NMe,
1d 2d
Cl Cl
H
[ N
10 L PBu; NaOBu N 46
NMe,
le
2e
11 le 3 NaOrBu 2e 34
12 1le 3 Cs,CO; 2e 33
13Md le 3 NaOrBu 2e 48
H
| Jon.
4 ¢ ciNNme, PBu;  Rb,CO; I N 18
NMe,
1f 2f

[a] All reactions were carried out with 3 mol % of [Pd(dba),], 4.5 mol % of 3 or
PtBus, 1.2 equiv of base, and 1.5-2.2 mmol of substrate at 120°C for 2-20 h in
o-xylene, unless otherwise noted. [b] Yield of product isolated by column
chromatography on AlLO; (elution with hexane/diethyl ether). Yields in
parentheses were measured by GC analysis with tert-butylbenzene as internal
standard. [c] Dioxane was used in place of o-xylene. [d] The reaction was
carried out with 6 mol % of [Pd(dba),] and 9 mol % of 3.

aminationand Suzuki coupling, we attempted cyclization of
dichloroarylacetaldehyde hydrazones. Indeed, 4-chloro- and
6-chloro-1-dimethylaminoindoles were obtained (entries 10—
14). A slightly higher yield was obtained by using PrBu;. The
catalytic cycle is terminated when oxidative addition of these
chloroindoles to Pd° species takes place in this reaction.
Therefore, yields of chloroindoles are lower than those of
unsubstituted indoles and fluoroindoles, and the yield in-
creases with a larger amount of catalyst (entry 13).

2502 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

Although chloroindole derivatives are attractive intermedi-
ates for synthesis of amino- and aryl-functionalized indoles,
isolation of chloroindoles is expected to be unnecessary in the
case of cyclization with coupling reagents that can react with
the intermediate chloroindoles 2e—f and 1 (X =Cl) and thus
circumvent the termination of the catalytic cycle. Therefore,
we examined a palladium-catalyzed cyclization of 1 (X =Cl)
in the presence of phenylboronic acid, azoles, and amines to
give 4- and 6-substitued indole derivatives 4 [Eq. (2)]. The

5 mol% [Pd(dba),]

@(\WH 7.5 mol% PtBus or 3 al” X 0]
Cl—— > N

~ N. base, 0-xyl N

Cl UUNMeR  AgggaYene

, N(Me)R
AH (azole, amine)
le-g or AB(OH), 4da-h

results are summarized in Table 2. Cyclization in the presence
of phenylboronic acid gave 4- and 6-phenylindole derivatives
4a and 4b in one-pot reactions (entries 1-3). A slightly
higher yield was obtained with ligand 3. In this reaction,
Suzuki coupling took place five times faster than the
formation of chloroindole (2 h at 120°C), and the conversion
of the intermediate into the indole compound was then
monitored by GC analysis. Reactions with azoles gave the
azolylindoles 4c—e (entries 4—7). In this case PrBu; was
superior to 3, which gave only traces of 4¢ and a low yield of
the intermediate chloroindole 2e (entry 4).) Rb,CO; was
preferably used because it was the most effective base in a
Pd(OAc),/PrBus-catalyzed synthesis of N-arylazoles from aryl
halides and azoles.?”! Cyclization with amines was also
examined. The reaction with piperazine in the presence of
PrBu,; afforded dechlorinated derivatives of 1e and formation
of only traces of the indole nucleus (entry 9). However, the
piperazinylindole 4 f was obtained with ligand 3 (entry 8). The
presence of an N-methyl-N-phenylhydrazone moiety did not
influence the yield (entry 12). Whereas cyclization with N-
methylaniline gave the desired product 4g (entry 11), the use
of N-methylpiperazine resulted in selective formation of the
4-chloroindole derivative 2e (entry 10). The initial formation
of the chloroindole ring by C—N bond formation using azoles
and amines occurred without formation of the product from
the reaction of 1 with the azoles and amines. This result is in
sharp contrast to C—C bond formation with phenylboronic
acid. The yields obtained with amines are lower than those
with phenylboronic acid and azoles. The reason might be a
low tolerance of the acetaldehyde hydrazone moiety toward
amines, since the reaction of isolated 4-chloro-1-dimethyl-
aminoindole (2e) with piperazine at 120°C for 2h with
palladium/3 as catalyst furnished the desired 4-piperazinylin-
dole (4f) in 94% yield [Eq. (3)].

cl [ ]
1 mol% [Pd(dba),] N
1.5 mol% ligand 3
N g . 3
N NaOBu, N\
N

\ o-xylene, 120 °C
NMe2 4 equiv piperazine

2e 4f
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Table 2. Palladium-catalyzed synthesis of 4- and 6-substituted indoles.=! We also attempted the conversion of 1e into 4-substituted
En- Substrate Reagent  Ligand Base  Product vield indole derivatives using butyl acrylate and tribuyltin amides.
try [%]®  Whereas cyclization followed by a Heck reaction took place
to give approximately 10 % yield of the desired product (GC
¢l ; analysis), no products were obtained in the presence of the tin

1 @f\ﬁ PhB(OH), 3 Cs,CO; 7 N\ 56 reagents. . . . . .
Cl “NMe, ol 9y We believe that indole ring formation takes place via the
e NMe, aryl(enamido)palladium complex I (Scheme 1), although the
4a mechanistic details of the reaction remain unknown.?!! When

2 le PhB(OH), PrBu; Cs,CO; 4a 40

oM " E0L
x_
NM = N
° x| A = Pd,NMe; "\ base
40 cl ' “NMe, P —HCl
) H
N P-Pd® X = | A
S N
4 le pyrrole 3 Cs,CO; N\ Spur ﬁ’d NMe,
= P
£ D
2 . N I

ol
\
3« cMNme, PhB(OH), 3 Cs,CO,

4c \
5 le pyrrole PBu; RbH,CO; 4c 54 NMe
Uy
=
b 1 o4 C'_(/\”\/\>
6 le indole PBu; Rb,CO Z 40 (azole, amine) e
3 U3 | N N —
N N = H path A I NMe, =
NMe, c— | N| A——
4d a1 NN, ——panB _ H NN
o o I e
7 1f pyrrole  PBu;  Rb,CO; @ N4 ClNMe,
— NMe, M
44
€ Schema 1. Reaction pathways to the substituted indole derivatives and a
H] plausible reaction sequence (neutral ligands are omitted for clarity).
,
glel 1e piperazine 3 NaOBu (7 30 coupling agents are present in the reaction mixture, the order
NN of the cyclization and coupling reactions depends on the
NMe; nature of the reagents. Chloroindole derivatives II were
4f selectively formed as intermediates in the cases of azoles and
olel 1e piperazine PfBu, NaOrBu af trace amines (Scheme 1, path A), while the intermediate III was
a formed regardless of the position of the Cl substituent with
~ phenylboronic acid (Scheme 1, path B). This means that C—C
10 le N-methyl- 3 NaOrBu My 38 . . . .
piperazine S bond formation with ArB(OH), is faster than both formation
NMe, of the the indole ring and C—N bond formation with azoles
2 and amines.
Pho-Me This palladium-catalyzed intramolecular indole formation
@ could be extended to the formation of other heterocycles such
1 Le PAN(Me)H 3 NaOrBu N 3 as 1-amino-4H-quinolines. For instance, 2,6-dichlorophenyl-
) NMez propionaldehyde N,N-dimethylhydrazone (5)%? was conver-
’ ted to 5-chloro-1-(dimethylamino)- 4H-quinoline (6) in 32 %
H .
o [Nj yield [Eq. (4)].
@TH N
12l o MNMeypn  Piperazine 3 NaOrBu @ 33 al H cl
3 mol% [Pd(dba),]
N x. .NMe, 4.5 mol% 3
1g N(Me)Ph N T | 4)
S: , 0-Xylene
4h al 128 °c N
NM
[a] All reactions were performed with 5 mol % of [Pd(dba),], 7.5 mol % of 3 or PrBu;, 2
1.1 equiv of reagent, 2.2 equiv of base, and 1.5 mmol of substrate at 120 °C for 24 -48 h 5 6
in o-xylene, unless otherwise noted. [b] Yield of product isolated by column
chromatography on AL O; (elution with hexane/diethyl ether for entries 1-7, 10, . .
and 11; ethyl acetate/methanol for entries 8 and 12). [c] 4 equiv of piperazine relative In conclusion, we have found a new palladium-catalyzed
to the substrate was used. synthesis of indole rings that provides access to a wide range
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of 1-aminoindoles that could formerly be synthesized by only
limited methods./®! This methodology also allows sequential
reactions of this new cyclization and known palladium-
catalyzed reactions with nucleophilic reagents in a single
procedural operation to furnish indole derivatives with
substituents on the carbocyclic rings. Indole derivatives that
are not functionalized at both the 2- and 3-positions could be
synthesized by using arylacetaldehyde hydrazones as substra-
tes. Such compounds are important for the synthesis of more
elaborate indole derivatives, because these positions can be
easily functionalized by several methods.’*® Furthermore,
this methodology can be extended to the construction of six-
membered ring systems such as 4H-quinolines.
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