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The palladium-catalyzed reaction of o-alkynyltrifluoroacetanilides with 1-bromoalkynes affords free
N—H 2-substituted 3-alkynylindoles in satisfactory to high yield. 2-Substituted 3-alkynylindoles
revealed useful intermediates for the regioselective synthesis of 2-substituted 3-acylindoles. The
latter can be prepared from o-alkynyltrifluoroacetanilides and 1-bromoalkynes via a one-pot
cyclization—hydration protocol, omitting the isolation of 2-substituted 3-alkynylindoles.

Introduction

The construction of the functionalized pyrrole ring
incorporated into the indole system through our amino-
palladation—reductive elimination reaction has been
shown to be a simple and versatile tool for a rapid assem-
bly of indole derivatives with a high level of molecular
complexity from acyclic precursors.! The reaction toler-
ates a wide range of functional groups amenable to
further functionalization, so that even higher structural
complexity can be readily achieved.? In connection with
our current research interests in this area and in order
to widen the scope and generality of the methodology,
we decided to develop a procedure for the preparation of
2-substituted 3-alkynylindoles through the palladium-
catalyzed reaction of readily available o-alkynyltrifluo-
roacetanilides with 1-haloalkynes (Scheme 1).
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1-Halo-1-alkynes have never been used in this indole
chemistry. In general, they have been rarely used in the
functionalization of alkynes through reactions involving
intramolecular nucleophilic attack across the carbon—
carbon triple bond activated by coordination to an orga-
nopalladium complex.? To the best of our knowledge, only
a couple of examples of this type of reaction have been
reported. One of them is due to Balme et al. who first
described the utilization of 1-halo-1-alkynes in the syn-
thesis of 5-(F)-alkylidene tetrahydro-2-furanones from
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pentynoic acids.* The other one was recently reported by
Larock and co-workers, who described the preparation
of 3,4-disubstituted isoquinolines via intramolecular cy-
clization of N-tert-butyl-o-(1-alkynyl)benzaldimines pro-
moted by a variety of organopalladium complexes, in-
cluding o-alkynylpalladium complexes.? On the other
hand, some indole derivatives containing 3-alkynyl sub-
stituents have been shown to exhibit interesting biologi-
cal activities.® Furthermore, the introduction of the
alkyne functionalilty into the indole system appears
particularly suited for further elaboration of indoles. For
example, alkynylindoles have been reported to be useful
intermediates for the synthesis of carbolines.” Particu-
larly, in connection with our interest in the synthesis of
3-acylindoles,'»*3 we envisaged that 3-alkynylindoles
could be useful precursors of this important class of indole
derivatives®!? through the regioselective''? addition of
water.

Hereafter we wish to report the results of this study.
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Results and Discussion

Initial attempts focused on exploring the feasibility of
the transformation. o-(PhenylethynyDtrifluoroacetanilide
1a and 1-iodo-phenylacetylene 2a were used as the model
system (Scheme 2), and the following reaction variables
were examined: the nature of the phosphine ligand, the
base, the solvent, and the reaction temperature. All
reactions were conducted on a 0.35 mmol scale in 2 mL
of solvent under argon, using 1.2 equiv of 2a, 5 mol % of
palladium, 10 mol % of phosphine ligand, and 3 equiv of
base. Compound 1a was prepared from o-iodoaniline via
Sonogashira coupling with phenylacetylene, followed by
the reaction of the resulting coupling product with
trifluoroacetic anhydride according to the previously
described procedure.’® 1-Iodophenylacetylene was pre-
pared from the reaction of phenylacetylene with ethyl-
magnesium bromide followed by treatment with iodine.
Some results from that study are summarized in Table
1.

Under a variety of reaction conditions, the desired
indole derivative 3a was isolated in low yields, the main
reaction product being 2-phenylindole 5a (Table 1, entries
2—4) or the biindole 6a (Table 1, entries 5—7). Appar-
ently, in analogy to previous findings,* 1-iodophenyl-
acetylene is not a good partner for aminopalladation-
reductive elimination reactions, most probably because
of its tendency to undergo side reactions we have not
investigated (for example, 1-iodoalkynes have been re-
cently shown to undergo palladium-catalyzed homocou-
pling to give 1,3-diynes).!?

We have since explored the utilization of 1-bromophen-
ylacetylene 2b, prepared by reaction of phenylacetylene
with silver nitrate and N-bromosuccinimide,!® and have
found that the reaction of 2b with 1a in the presence of
Pd(PPhj;), as the palladium(0) source and KoCOj; as the
base, in DMSO, DMF, or MeCN at 60 °C affords the
corresponding 3-alkynyl derivative in good yields (Table
1, entries 8—10) with a higher reaction rate in DMF.
Similar yield and reaction rate as high as in DMF was
observed with CssCO3 in MeCN (Table 1, compare entry
9 with entry 11). The use of Pd(OAc); and PPh; was also

(12) Quantum mechanical calculations (PC Spartan Pro 1.0) indi-
cated that the addition of water to acetylenic moiety of 3 should occur
with high regioselectivity to give 3-acylindole derivatives.
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(15) Damle, S. V.; Seomoon, D.; Lee, P. H. J. Org. Chem. 2003, 68,
7085.
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TABLE 1. Ligands, Bases, Solvents, and Temperature in the Palladium-Catalyzed Reaction of
o-(Phenylethynyl)trifluoroacetanilide 1a with 1-Iodophenylacetylene 2a and 1-Bromophenylacetylene 2b?®

time yield % yield % yield %

entry 2 Pd(0) ligand base solvent T (°C) (h) of 3ab of 5ab of 6a®

1 2a Pda(dba)s P(o-tol)s KyCO3 DMSO 40 40 19 tr

2 2a Pds(dba)s P(o-tol)s K2COs3 DMSO 60 21 28 50

3 2a Pds(dba)s P(2-furyl)s KyCO3 DMSO 60 2 20 60

4 2a Pda(dba)s P(o-tol)s KyCO3 DMSO 80 2 24 71

5 2a Pd(PPhs)y KyCO3 MeCN 80 1 26 18 45

6 2a Pd(PPhs), Cs2C03 MeCN 80 1 18 30 31

7 2a Pd(PPhs)4 KoCO3 MeCN 100 1 24 19 40

8 2b Pd(PPhs)y KyCO3 DMSO 60 9 76

9 2b Pd(PPhs), KyCO3 DMF 60 6 78

10 2b Pd(PPhs)4 KyCO3 MeCN 60 16 78 tr

11 2b Pd(PPhs)y Cs2CO3 MeCN 60 6 76 8

12 2b Pd(OAc), PPh; KyCO3 MeCN 60 23 63¢ 10

@ Reactions were carried out on a 0.346 mmol scale, in 2 mL of solvent, under an argon atmosphere, using 1 equiv of 1, 1.2 equiv of 2,
0.05 equiv of [Pd], and 3 equiv of base. ? Yields refer to isolated products. ¢ Pd(OAc)o/PPh; = 1:4.

attempted. Indeed, the mixture of PPhs and Pd(OAc); is
known to generate spontaneously a zerovalent palladium
complex that gives rise to oxidative addition reactions.!’
However, under these conditions the desired 3a was
isolated in lower yield (Table 1, entry 12) than with Pd-
(PPhgy),. Therefore, we initially selected Pd(PPhs), and
Cs3CO3 in MeCN at 60 °C as satisfactory reaction
conditions when we set out to explore the scope and
limitations of this route to 3-alkynylindoles (see Table
2). However, Cs2COj; did not provide as high reaction rate
and comparable or better yields on a number of starting
materials as with our model system. In some cases, Ko-
COs provided better results (Table 2, compare entries 8
and 23 with, respectively, entries 7 and 22). In practice,
the effectiveness of each base is to be evaluated each
time.

Good to high yields of indole products have been
usually obtained with 1-bromoarylalkynes bearing elec-
tron-donating or electron-withdrawing substituents. Alkyl
groups bound to the alkyne fragment showed a tendency
to give lower yields. In these cases, the use of Pda(dba)s
and P(Bu-t); as the ligand (added to the reaction mixture
as the tetrafluoroborate salt)'® can produce a significant
increase of the yield (Table 2, compare entry 20 with
entry 21). An interesting feature of the reaction is the
formation of indoles containing free N—H pyrrole nuclei
(the amide bond is broken during the reaction or/and the
workup), avoiding troublesome and time-consuming depro-
tecting steps.

As to the mechanism, most probably the reaction
proceeds through the basic steps of the aminopallada-
tion—reductive elimination reaction:'? (a) reaction of 1
with a o-alkynylpalladium intermediate [generated in
situ via oxidative addition of the bromoalkyne to Pd(0)]
to give a m-alkyne-o-alkynylpalladium complex, (b) in-
tramolecular nucleophilic attack of the nitrogen nucleo-
phile across the activated carbon—carbon triple bond, and
(¢) reductive elimination of the resultant o-indolyl-o-
alkynylpalladium intermediate that furnishes the indole
product 3 and regenerates the active palladium catalyst.

With a satisfactory procedure in hand for the prepara-
tion of 3-alkynylindoles 3, we next attempted their
conversion into 3-acylindoles 4. We were pleased to find
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that the reaction proceeded with very high regioselectiv-
ity and that 4 could be readily obtained from 3 in high
yield at room temperature in the presence of catalytic
amounts of TsOH'? (Scheme 3). Our preparative results
are summarized in Table 3. The presence of electron-
withdrawing or electron-donating substituents in the C2-
position (RY) or in the alkyne moiety (R2?) does not
influence the regioselectivity of the acid hydration. All
of the substrates that we have investigated gave always
3-acylindoles as the sole reaction products.

We have also developed a one-pot protocol for the
preparation of 2-substituted 3-acylindoles from 1-bromo-
alkynes and o-alkynyltrifluoroacetanilides that omits the
isolation of the alkynylindole intermediate. As an ex-
ample, 4g was obtained from la and 2j in 57% overall
yield (Scheme 4).

Notably, the whole process mimics the formation of
3-acylindoles via the reaction of alkyl halides with
o-alkynyltrifluoroacetanilides in the presence of carbon
monoxide. Such a reaction was attempted by us with
benzyl bromide and o-hexynyltrifluoroacetanilide, but the
corresponding 3-acylindole was isolated in only 32% yield,
the main product being the N-benzyl derivative of the
starting alkyne generated via the competitive Sy reaction.

In conclusion, we have developed straightforward new
routes for the preparation of 2-substituted 3-alkynylin-

(17) Amatore, C.; Jutand, A.; M’'Barki, M. A. Organometallics 1992,
11, 3009.
(18) Netherton, M.; Fu, G. C, Org. Lett. 2001, 3, 4295.

(19) For a masterful review on the transition-metal-catalyzed ad-
dition of heteroatom-hydrogen bonds to alkynes, see: Alonso, F;
Beletskaya, I. P.; Yus, M. Chem. Rev. 2004, 104, 3079.
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TABLE 2. 2-Substituted 3-Alkynylindoles 3 via the Palladium-Catalyzed Reaction of o-Alkynyltrifluoroacetanilides 1
with 1-Bromoalkynes 2¢

entry R' 1 R> 2 t(h)  yield % of 3°
1 Ph la Ph 2b 6 76°  3a
2 Ph la Ph 2b 16 780 3a
3 Ph la p-MeOC¢H, 2c 55 57°  3b
4 Ph la p-CHOCeH, 2d 16 86 3¢
5 Ph la p-MeCOC4H, 2e 7 65°  3d
6 Ph la  p-MeCOCgH, 2e 9 509 3d
7 Ph la  p-NO,C¢H, 2f 8 58° 3e
8 Ph la p-NO,CeH, 2f 6 66°  3e
9 Ph 1a p 2 48 52° 3f
10 Ph 1a N\, 2g 16 454 3f
11 Ph 1a Meoy 2h 22 63  3g
12 Ph la  m-NO,-p-MeCeH; 2i 4 81 3hn
13 p-MeO-C¢H, 1b  Ph 2b 8 75° 3i
14 p-MeO-C¢Hy  1b  p-MeCOCsH, 2e 6 73 3§
15 p-MeO-C¢H;  1b  m-NO,-p-MeC¢H;  2i 3 85 3k
16 p-MeCO-C¢H; 1c¢  Ph 2b 16  52° 31
17 p-MeCO-C¢H; 1c  p-NO,CeH, 2f 8 59°  3m
18 CH,OTHP 1d Ph 2b 23 33 3n
19 CH,OTHP 1d p-MeCOCgH, 2e 5 56° 3o
20 Ph la n-CgHy 2j 4 63  3p
21 Ph la n-CgHyp 2j 30 40°  3p
22 Ph la Me,C(OH) 2k 8 50° 3q
23 Ph la Me,C(OH) 2k 30 62  3q
24 Ph ta () 21 7 53 3y
25 Ph 1a T\ 2m 5 40 3s
26 p-MeO-CéHs  1b  n-CgHy; 2j 2 43¢ 3t

@ Reactions were carried out at 60 °C on a 0.346 mmol scale, in 2 mL of MeCN, under an argon atmosphere, using 1 equiv of 1, 1.2
equiv of 2, 0.05 equiv of Pd(PPh),, and 3 equiv of Cs2COj3 or KoCOs. ? Yields refer to isolated products. ¢ Cs2COs. ¢ KoCOs. ¢ In the presence
of 0.025 equiv of Pdg(dba)s and 0.1 equiv of HP(Bu-#)sBF4.
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TABLE 3. Conversion of 2-Substituted 3-Alkynylindoles
3 into 2-Substituted 3-Acylindoles 4¢

entry R, 1 R?, 2 ¢t (h) yield % of 4
1 p-MeOC¢Hs Ph 3i 6 70 4a
2 p-MeOCsH4 m-NOz-p-MeCGHg 3k 16 95 4b
3 Ph p-MeOCgHy 3b 5 89 4c
4 p-MeCOCgHs Ph 31 7 68 4d
5 p-MeOCGH4 n-Can 3t 16 98 4e
6 CH.OTHP p-MeCOCgH4 3o 9 90 4f

@ Reactions were carried out at room temperature on a 0,15
mmol scale, in 2 mL of a 2:1 MeOH/Me2CO mixture using 0.2 equiv
of TsOH. ® Yields refer to isolated products.

doles and 2-substituted 3-acylindoles containing a free
N—H pyrrole nucleus from readily available acyclic
precursors. The process occurs under mild conditions and
tolerates many important functional groups. As to 2-sub-
stituted 3-acylindoles, the present cyclization—hydration
methodology can provide a useful approach to this

JOC Article

important class of indole derivatives and a convenient
alternative to classical methods based on the acylation
of indoles such as the Friedel-Craft acylations,?°
Vilsmeier—Haack acylations,?! and the reactions of indole
salts with acyl chlorides.??
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