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Abstract—A highly regio- and stereoselective Bronsted acid-catalyzed coupling of ynamides and indoles is described. This process is
the equivalent of hydroarylation of ynamides and leads to the efficient syntheses of vinylindoles. Diels—Alder reaction between the
vinylindoles and DMAD afforded carbazole derivatives in good yields.
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Indoles are of paramount importance, because they are
ubiquitous structural motifs in natural molecules and
pharmaceuticals.! As a result, expeditious and selective
functionalizations of this ring system are of great inter-
est to both synthetic organic chemists and medicinal
chemists."? Vinylindoles are viable key building blocks
that are frequently employed in the syntheses of alka-
loids and biologically important heterocycles.> The
existing methods for the synthesis of vinylindoles, how-
ever, have serious limitations which are characterized by
the necessity to introduce electron-withdrawing protect-
ing groups and/or reactive functional groups, such as
halogen, acyl groups, phosphoranes, or amines on to
the heterocycles prior to the vinylation.'?# Thus, devel-
oping a general method for direct vinylation of unfunc-
tionalized indoles holds great synthetic potential.*

Recently, ynamides have emerged as a class of highly
versatile reagents and have been employed for the con-
struction of an array of structurally diverse carbocycles,
heterocycles, and organic building blocks.>”” Early this
year, we reported a Bronsted acid-catalyzed intramole-
cular ynamide-arene cyclization by taking advantage
of in situ generated active ketene iminium intermediates,
and its application to the total synthesis of B-carboline
indole alkaloids.”® Based on the nucleophilic property
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Scheme 1. Synthetic design.

of heteroarenes, the possibility of intermolecular trap-
ping of the in situ generated ketene iminium intermedi-
ates 2 with heteroarenes 3 was envisioned, and is
outlined in Scheme 1. Herein, we report a Brensted
acid-catalyzed highly regio- and stereoselective cis-
hydroarylation of ynamides, which provides a method
for the direct construction of vinyl indoles.

In order to establish the feasibility of this methodology,
readily available ynamide 5 and indole were employed as
the model substrates for the initial screening. The reac-
tions were conducted employing ynamide 5 and indole
in a 1:1.4 ratio under various potential catalytic systems
(Table 1).

The initial efforts were focused on alkynophilic transition
metal m-acids, such as PtCl, and PtCl,, which proved to
be inefficient.®® In these cases, very complex reaction
mixtures were obtained, in Wthh only trace amounts
of the desired products were observed by '"H NMR anal-
ysis. A series of Bronsted acids were then examined, lead-
ing to the identification of Tf,NH as the most active
catalyst. At room temperature, with 5% loading of
Tf>NH, the desired vinylindole 6 was separated in 84%
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Table 1. Catalysts screening

n-Hex
Ts., .n-Bu nOe Ts
N + H
\ . R T NI
N | | or M* \H-BU
H A\
n-Hex N
5 6 H
Entry M* [mol%] Solvent Temp Yield®
1 PtCl, [10%] Toluene 80 °C ND
2 PtCly [10%] Toluene 80 °C ND
3 PNBSA [10%]° Toluene 80 °C ND
4 THNH [5%)] CH,Cl, rt 84%°
5 TEHNH [10%)] CH,Cl, -35°C 81%¢

#Tsolated yields.

®PNBSA = p-nitrobenzenesulfonic acid.
©Z/E=6:1 by 'H NMR.

4Z/E>30:1 by '"H NMR.

yield (Table 1, entry 4).728 This hydroarylation is highly
regioselective furnishing exclusively the expected C-3
vinylation product 6.'%? This reaction, however, is mod-
erately stereoselective when conducted at room tempera-
ture favoring the formation of Z-enamide as the major
isomer with a Z/E ratio of 6:1. This stereoselectivity
can be explained by the rationale that indole prefers to
approach the ketene iminium inter- mediate 2 from the
less hindered side in order to avoid steric interaction with
R? group (Scheme 1), which is consistent with our previ-
ous observations.”®. To our delight, formation of the E-
isomer was almost completely suppressed when the
reaction was conducted at —35°C with a relatively
higher loading of the catalyst (Table 1, entry 5).° The fact
that Tf,NH is a better catalyst for this transformation is
somewhat unexpected, since PNBSA gave superior
results in the intramolecular version of this transforma-
tion described in my earlier work.”?

This new methodology has some distinct advantages
over the existing methods: (1) There is no need to intro-
duce protecting group on the indole nitrogen, (2) the
hydroarylation employs unfunctionalized indole, which
circumvents the need to introduce other functional
groups, (3) the reaction is catalyzed by a Brensted acid
instead of a transition metal, and (4) more importantly,
an enamide motif, which is otherwise difficult to intro-
duce, is conveniently generated and can be employed
for various transformations.'%!!

The generality of this hydroarylation protocol was first
tested by the reactions using indole and various yna-
mides, as shown in Scheme 2. Relatively acid-sensitive
functional groups, such as silyl, silyl ether, and allyl, sur-
vived the reaction conditions affording the desired vinyl-
indoles in good yields (7-9). A series of electronically
different sulfonyl-substituted ynamides (such as Bs, N,
Ms, and MBs) were also successfully employed in this
transformation with comparable efficiency (10-13). For
vinylindoles 10 and 12, however, the reactions were
observed to be slower, and resulted in a relatively larger
amount of the E-isomers. This can be explained by the
fact that lone pair electrons on the ynamide nitrogen were

OTBDPS /
n-Bu /J /J
/ TIPS

n-Hex n-Hex
Ts—N _ Ts—N _ Ts—N _
7 (90%)2P° 8 (79%) 9 (75%)
/Ph ln-Bu In—Bu
n-Hex n-Hex n-Hex
Bs—N _ mMs—N _ Ns—N _
N N N
10 (87%)%f 11 (83%) 12 (93%)4
O
Ph CO,Me J<
/ n-Hex ! n-Hex n-Hex
mBs—N_ Me—N_ No
N N N

H H H
13 (87%)' 14 (74%) 15 (89%)

a) All reactions were conducted at -35 °C, using ynamides and
indole at the ratio of 1/1.4 with 10 mol% Tf,NH in CH,Cl, (0.1M).
b) Isolated yields for all entries.

c) ZIE >25:1 by "H NMR unless othewise indicated.

d) Z/E = 10:1 by "H NMR.

e) ZIE = 13:1 by "H NMR.

f) Bs = Benzenesulfonyl, PMBs = P-methoxybenzenesulfonyl.

Scheme 2. Coupling of indole with different ynamides.

more delocalized due to the electron-withdrawing effect
of the phenyl and nitro substituents.”® Thus, relatively
higher energy was required to generate the ketene im-
inium intermediates from the protonation of these two
ynamide precursors. In addition to sulfonyl-substituted
ynamides, carbamate-derived ynamide was also a viable
substrate giving the desired vinylindole 14 in 74% yield.
The anticipated vinylindole 15 was isolated in 89% yield
when an aza-camphor-derived ynamide was tested.

The scope of this method toward various substituted
indole derivatives was then studied using ynamide 5 as
the model substrate, as summarized in Scheme 3. A ser-
ies of indoles with electronically neutral alkyl and aryl
substitutions, including 2-methylindole, 2-phenylindole,
7-methylindole, and 2-methyl-7-isopropylindole, were
first investigated. The hydroarylation processes were
proved to be very efficient in these cases giving the
desired vinyl- indoles in good to excellent yields (16—
19). It was also observed that sterically demanding C-2
substituted indoles are less reactive for the vinylation
process (16, 17, and 19), thus requiring a much higher
temperature (25 °C) for the reactions to proceed at a
reasonable speed. Intriguingly, though conducted at
room temperature, the Z-enamides were the exclusive
isomers produced in these reactions. This can be attrib-
uted to the increased steric interaction between the C-2
substituents and the approaching ketene iminium inter-
mediates. This transformation can also tolerate a variety
of functional groups, such as chloro, bromo, and meth-
oxy (20-22). Finally, an N-protected indole was also
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a) Reactions were conducted at rt.

b) Isolated yields for all entries.

c) ZIE > 25:1 by "H NMR.

d) Reactions were conducted at -35 °C unless othewise indicated.

23 (85%)

Scheme 3. Coupling of substituted indole with ynamide 5.

ICOgMe /002Me
Me—N n-Hex Me—N n-Hex
— CO,Me
140G O COMe
S ol o
Toluene N COMe
Oo 2
N coMe 1% H
14 24

Scheme 4. Diels—Alder reaction of vinylindole 14.

tested, leading to the efficient synthesis of N-methyl
vinylindole 23 in comparable yields.

The most attractive feature of this methodology is that the
products can be considered synthetic equivalents to
masked dienamides, which are excellent substrates for
[4+2] cycloaddition reactions.!?!3 At elevated tempera-
tures, the Diels—Alder reaction of vinylindole 14 with
DMAD was quite efficient, affording the oxidized cyclo-
adduct carbazole 24 in 61% yield, as shown in Scheme 4.'#

In conclusion, a Brensted acid-catalyzed hydroarylation
of ynamides was developed, leading to the efficient con-
struction of biologically and synthetically useful vinyl-
indoles with high regio- and stereochemical control.
Diels—Alder reactivity of the vinylindole derivative was
probed and found to be efficient. Further applications
of the methodology to the synthesis of alkaloids are cur-
rently underway in this laboratory.
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hexane); 186-187 °C; '"H NMR (300 MHz, CDCl;) 6 9.97
(br s, 1H), 7.87 (d, 1H, J= 8.1 Hz), 7.60-7.50 (m, 2H),
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31.7, 31.3, 30.2, 29.2, 22.7, 14.3; IR (film) cm ™' 3346 (w),
2953 (m), 1996 (s), 1210 (m); mass spectrum (ESI): m/e (%
relative intensity) 477.2 (100) (M+Na)"; m/e caled for
C25H30N206Na 477.1996, found 477.1994.
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