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Abstract: A general and one-pot synthesis of 2-alkyl/aryl substitut-
ed indoles via a tandem Pd/C mediated coupling/5-endo-dig cy-
clization of termina akynes (including acetylenic carbinols) with
o-iodoanilidesin water isreported. The reactionis carried out using
PPh; and Cul as co-catalysts and 2-aminoethanol as abase. There-
action appears to tolerate a variety of functional groups present in
the alkynes and does not require the use of any organic co-solvent.
Key words: indoles, Sonogashira coupling/5-endo-dig cyclization,
palladium catalyst, water

Theindole nucleusisafrequently found unit in many nat-
ural products and diverse biologically active molecules.?
Interesting pharmacological properties, such as anti-
thrombotic,® anticancer,* histamine H; receptor
antagonism® etc. exhibited by the various 2-substituted in-
doles have led to a continued interest in the practical syn-
thesis of these compounds. Among the classical methods
for the synthesis of indole ring, the Fischer indole synthe-
sis, the Batcho—Leimgruber synthesis (from o-nitrotolu-
enes and dimethylformamide acetals), the Gassman
synthesis (from N-hal oanilines), the reductive cyclization
of o-nitrobenzylketones and the Madelung cyclization of
N-acyl-o-toluidines are often used. However, the intro-
duction of an aryl group at the 2-position of anindolering
is usualy achieved by de novo indole ring construction®
either by Fischer indole synthesis or more popularly by
transition metal mediated reactions,” especially by pala-
dium catalyzed protocols.8° Palladium-catalyzed annu-
lation of o-haloanilines with terminal alkynes (under
Sonogashira reaction conditions) or internal alkynes (un-
der Larock’ s conditions) has been employed widely dueto
the versatile nature of these protocols, increased function-
a group tolerance and improved yields (Scheme 1). De-
spite being quite versatile, the synthesis of 2-substituted
indoles employing terminal alkynes often involves a two-
step process i.e. Sonogashira coupling of o-haloanilines
with terminal alkynes followed by the cyclization of the
resulting 2-alkynylanilines in the presence of various re-
agents (e.g. metal alkoxides, halides or Lewis acids).!*
Moreover, cyclization of anilides having an alkynol moi-
ety at the 2-position yielded quinolines/2,3-dihydro-
4(1H)-quinolones rather than indoles.!'d Very recently, a
one-pot synthesis of 2-substituted indoles has been report-
ed in the presence of Pd(I1)-NaY zeolite catalysts.® How-
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ever, the reaction was carried out in a sealed tube and
appeared to be unsuitable for the preparation of these
compoundsin alarge scale.
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X Pd(0) when R%, R2 # H
+R——R? —————————————» g,
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z
X = Br, I; Z = H, Alkyl, COCHz, CO,Et, SO,CHs, SO,AT, Boc

Schemel Paladium-catalyzed synthesis of indoles

Palladium-promoted reactions in aqueous media are afo-
cus of current research'2!3 because water-based synthetic
processes are inherently safer as well as inexpensive (es-
pecialy for industrial-scale processes). Therefore, the use
of water-soluble catalysts*¢ and water-soluble phosphine
ligands™" has been explored successfully. The use of Pd/
C—Cul-PPh; as a catalyst system for efficient Sonoga
shira coupling has aso been reported.'**® All these Pd-
catalyzed reactions are usually carried out in an aqueous-
organic media and a co-solvent such as acetonitrile**" or
DME is often required. As part of our continuing inter-
est in the utilization of palladium-catalyzed reactions'® in
agueous media, we have developed a mild and efficient
method for the synthesis of 2-substituted benzo[b]furans'’
via Pd/C-catalyzed C-C bond formation in water.}’@ This
prompted us to investigate the feasibility of this method-
ology in the synthesis of indoles of potential pharmaco-
logical interest.>® Herein, we report astraightforward and
one-pot Pd/C-catalyzed synthesis of 2-substituted indoles
in water.

Our earlier procedure for the synthesis of 2-substituted
benzo[b]furans'’@ involves the use of an expensive and
chiral amine base i.e. (§-prolinol. In the search of an al-
ternative but cheaper amine base for efficient coupling/5-
endo-dig cyclization we were intrigued with the possibil-
ity of using 2-aminoethanol as a suitable replacement. Ac-
cordingly, we examined the reaction of o-iodoanilides 1
with terminal alkynes 2 in the presence of 2-aminoethanol
in water (Table 1). Initially, we chose the reaction of N-
trifluoroacetyl derivatives 1 of 2-iodoanilines (entries 1—
3, Table 1) with phenylacetylene 2 to study the coupling/
5-endo-dig cyclization in the presence of 10% Pd/C, PPh,
and Cul as catalysts. Except in the case of 4-fluoro deriv-
ative 1c thereaction did not afford good yields of the cor-
responding 2-substituted indoles. M oreover, deprotection
of the trifluoroacetyl group occurred under these reaction
conditions.®' Since the generation of N-protected indoles
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would allow us further functionalization of the indole nu-
cleus we therefore, examined the reaction of N-methane-
sulfonyl derivative 1d of 2-iodoanilines with terminal
alkynes (entries 4-7, Tablel1). The methanesulfonyl
group was found to be stable under the present reaction
conditions and the corresponding N-methanesulfonyl in-
doles 3d—g were isolated in good yields. Using this opti-
mized procedure we synthesized a number of 2-
substituted 5-methylindoles'®¢ 4 via palladium-catalyzed
heteroannulation with Pd/C—Cul—PPh, as catalyst. Thus,
when o-iodoanilide 16¥1% was treated with 3 equivalents
of terminal alkyne (2, R = alkyl, hydroxyalkyl etc.)*® in
water in the presence of 10% Pd/C (0.03 equiv), PPhs

(0.12 equiv), Cul (0.06 equiv) and 2-ethanolamine (3
equiv) under nitrogen, 2-substituted indoles 4 were ob-
tained.’® The results are summarized in Table 2.

As can be seen from the Table 2, the heteroannulation of
acetylenic compounds in a single synthetic operation af-
forded indoles 4 in good to excellent yields. By the use of
this palladium-catalyzed reaction a variety of termina
acetylenes were reacted with o-iodoanilides (Table 2).
Various substituents (including akyl, hydroxyl, phenyl
etc.) present in the acetylenic compounds 2 were well tol-
erated during the course of the reaction and yields were
generally good irrespective of the nature of the substitu-
ents present in the acetylenic component (entries 1-8,

Tablel Pd/C-Catalyzed Synthesisof 2-Substituted Indoles in Aqueous Media?

R% I RL RL
\@ . = r 10% Pd/C, PPhg, Cul mR or \_g
NHZ 2-aminoethanol, H,0, 80 °C H y
1 2 3
Entry Aryl halide Alkyne Time(h) Products® 3 Yield (%)° of 3
1 cl I =——pn 4 cl 40
o, = T
NHCOCF; N
H
la 3a
2 HsC [ 2a 4 Ph 20¢
HsC HsC =
N—ph
NHCOCF; +
1b ” NH-COCF3
3b5
3 F | 2a 12 F 78
N
NHCOCF; N
1c 3c
4 cl | 2a 4 cl 62
r Ty
NHSO,CHs N
1d SO,CHs
3d
5 1d OH 12 cl OH 89
},LCH:; N CHs
H3C \ CHg
2b SOchg
3e
6 1d =——CH,0H 12 cl 65
N
SO,CHg
3f
7 1d =—CH,CH,0H 12 Cl 60

2d

N CH,CH,0H

d

1
SO,CH;
39

aAll reactions were carried out by using 1 (1.0 equiv), 2 (3.0 equiv), 1:4:2 ratio of Pd/C:PPh;:Cul, 2-aminoethanol (3 equiv) in H,O.

b |dentified by *H NMR, *C NMR, IR, MS.
¢ |solated yields.
4 Alkyne 5 was isolated in 35% yield.
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Table2). In contrast to the Pd(PPh,),Cl,-catalyzed
reaction''® the present Pd/C—Cul—PPh, mediated coupling
of o-iodoanilides with the acetylenic carbinols yielded
the corresponding indole derivatives in good yields (e.g.
entries 6-8, Table 2).° It is noteworthy that under the
solvent-free conditions the reaction of N-(2-iodo-

phenyl)methanesulfonamide with phenylacetylene in the
presence of Pd—-Cul-PPhy/KF-Al,O; yielded N-(o-ethy-
nylphenyl)methanesulfonamide exclusively instead of the
desired indole.®" Additional Pd(l1) was required to obtain
the desired indole derivative in this case.

Table2 Pd/C-Catalyzed Synthesis of 2-Substituted N-Methylsulfonyl Indolesin Aqueous Media®

HsC I
oL, - ==
NH

2-aminoethanol, H,0, 80 °C

HaC
10% Pd/C, PPhs, Cul mR
N

i SO,CHs , . S02CH,
Entry Alkyne Time (h) Products® 4 Yield (%)° of 4
1 =——Ph 3 HsC 70
2a mPh
N
éOZCHg
4a
2 =———C(CHs),0H 12 HsC OH 85
2b CHgs
N CHs
SO,CH3
4b
3 =——CH,OH 8 HsC 70
2c mCHZOH
N
éOZCH3
4c
4 =——CH,CH,0H 12 HsC 82
2d mCHZCHZOH
N
éozcr-l3
4ad
5 ==—CHj,(CH)4CHs 48 HsC 40
2e mCHZ(CH2)4CH3
N
éozcri3
4e
6 =—— CH(OH)CHj 12 HaC 78
2f mCH(OH)CW
N
éoch3
4f
7 == CH(OH)CH,CHs 12 HaC 80
2g mCH(OH)CHZCHg,
N
éOZCH3
49
8 ==—CH(OH)CgHs 12 HsC 80
2h mCH(OH)CBH5
\

4h

SO,CH3

aAll reactions were carried out by using 1e (1.0 equiv), 2 (3.0 equiv), 1:4:2 ratio of Pd/C:PPh,:Cul, 2-aminoethanol (3 equiv) in H,O.

b |dentified by *H NMR, **C NMR, IR, MS.
¢ |solated yields.
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Mechanistically, the reaction may proceed viain situ gen-
eration of a Pd(0) complex e.g. L,Pd(0) according to the
typical Sonogashira pathway.?'2 However, the question
arises as to whether palladium remains on the support or
dissolves before the catalytically active speciesis formed.
Recent studies?'®° have shown that a minor portion of the
bound palladium (Pd/C) released into the solution is the
actual catalytic speciesin such coupling reactions and Pd/
C therefore serves as the source of the palladium. This
also indicates that the catalytic cycle works in solution
rather than on the surface and the active speciesisa dis-
solved Pd—-PPh, complex.? In the present case a 2-ami-
no-ethanol-stabilized Pd(0)-complex perhaps catalyzes
the reaction in agueous media. Recent work by Amatore
and Jutand provides strong evidence in support of the spe-
cificrole played by halideionsto generate an anionic spe-
cies such as [L,Pd(0)Cl]~.%?2% |n the present case, this
anionic speciesisgenerated in situ from Pd/C and PPh; in
the presence of Cul and presumably the 2-aminoethanol
stabilized anionic species (A) facilitates the reaction in
aqueous media due to itsinteraction with water molecules
(via the hydroxyl group of the aminoethanol moiety of
A).xc 2-Alkynylanilide thus obtained then undergoes
transition metal promoted cyclization™° to yield the 2-
substituted indole.

In conclusion, we have described a palladium on carbon
mediated practical synthesisof 2-alkyl/aryl substituted in-
doles in water in the presence of 2-aminoethanol. The
present methodology is simple to perform, efficient and
does not involve the use of expensive reagents or cata-
lysts. Since water-based syntheses are safer and inexpen-
sive, the described methodology will permit easy access
to 2-substituted indoles not only for laboratory use but
also for large-scale production. Some of the indoles syn-
thesized were converted to compounds of potential bio-
logical significance.”® Further application of this
methodol ogy for the generation of biologically interesting
indole-based chemical libraries is under investigation.
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