Application of Ynamides in the
Synthesis of 2-Amidoindoles
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ABSTRACT

Pd(OAC); (5 mol %)
WG pph, (20 mol %), Bu;NOAC

NH, R

Yields: 26 - 87%

DMF, 80°C

A Pd-catalyzed, one-pot, two-step synthesis of 2-amidoindoles from ynamides and o-iodoanilines is reported. A key highlight of this sequence
is that after the Sonogashira reaction, intramolecular cyclization to the indole occurs spontaneously without activation of the alkyne.

The indole ring is a priviledged structural motif in many
biologically active compounds, like naturally occurring
alkaloids or synthetic drugs.™? In comparison to classical
indole synthesis methods,? transition-metal-catalyzed reac-
tions have the advantage of increased functional group
tolerance, as well as providing indoles with greater structural
diversity and often higher overall yields.*® A two-step
protocol involving a Sonogashira coupling® with an o-halo-
substituted aniline followed by addition of a nucleophilic
amine to the triple bond represents a viable approach to these
ring systems. However, the cyclization step does not in
general proceed on its own and usually requires assistance
via the formation of a more nucleophilic heteroatom by
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deprotonation’ or either metal or Lewis acid activation of
the alkyne.®®

In this paper, we disclose a novel and direct access to
2-amidoindoles via a one-pot, two-step coupling of o-
haloanilines with ynamides under palladium-catalyzed cou-
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pling conditions. First, a Sonogashira reaction takes place
(C—C bond formation) followed by a spontaneous intramo-
lecular hydroamination of the triple bond (C—N) bond
formation).

Scheme 1
o)
o
(i\\ /[(o KsPO, §(Nj
< >7— O _KsPOy
o N\) * HLO toluene - N O
70°C, 24h ‘(
68% 0

Ynamides have recently been demonstrated to be a
versatile synthon for a number of synthetic transformations
providing access to a variety of important functional groups
and cyclic systems.'®~*2 Their success as a building block
stems mainly from the development of new and more
efficient methods for accessing such starting materials.***3
Major contributions in this respect comes from the group of
Hsung* and Danheiser.*

In recent work, we observed that certain nitrogen-contain-
ing heterocycles can add to ynamides in a highly regio-
selective manner providing ketenaminals in the presence of
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Table 1. Base screening for 2-Amidoindole Synthesis

o]

H o8

Pd(OAC), (5 mol %)
PPhs (20 mol %)

base (4 equiv)

B DMF, 60 °C BA

1 2

entry base time (h) yield* (%)

1 KOAc 22 55
2 t-BuNH, 22 32
3 Et;N 22 0
4 morpholine 22 0
5 diisopropylamine 22 0
6 CSZCO3 3 30
7 CSch3 24 48
8 DIPEA 22 0
9 N82003 22 24
10 KyCO4 22 41
11 Buy;NOAc 17 81
12 K3POy 22 32

2 1solated yields after column chromatography.

Table 2. Catalyst, Ligand, And Solvent Optimization

I3

catalyst (5 mol %)
ligand (20 mol %)
BuyNOAC (4 equiv)

| 0
o ~b R o
NH, ) solvent, 60 °C H )
B Bn
1 2
entry catalyst ligand solvent time (h) yield” (%)
1  Pd(OAc); PPhs DMF 17 81
2  Pd(OAc); PPhy CH;3;CN 23 64
3 Pd(OAc); PPhg toluene 22 65
4  Pd(OAc); PPhg THF 23 75
5 Pd(OAc); PPh;s dioxane 23 77
6  Pd(OAc); PPhy DMF 24 814
7  Pd(OAc)s PPhy DMF 24 74¢
8 Pd(dba); PPhy DMF 22 80
9  Pd(OAc), HBF4-t-BusP DMF 22 0
10  Pd(OAc); (o-tol)sP DMF 22 0
11  Pd(OAc); X-Phos DMF 22 0

asolated yields after column chromatography. ® Buy;NOAc (3 equiv)
¢ BusNOAC (2 equiv).

potassium phosphate, as examplified in Scheme 1.*® With
this in mind, we speculated whether this addition reaction
could be performed intramolecularly with anilines possessing
an o-ynamide substituent and thereby providing the corre-
sponding indole ring under mild basic conditions.

To examine this possibility, several ynamides were con-
structed according to the Hsung protocol™**¢ involving the
coupling of alkynyl bromides with amides using CuSO,5H,0
and 1,10-phenanthroline as the catalyst system. Initial
attempts for the two-step cyclization to indoles were made
with the ynamide 1 and 2-iodoaniline, using Pd(OAc), and

(16) Dooleweerdt, K.; Birkedal, H.; Ruhland, T.; Skrydstrup, T. J. Org.
Chem. 2008, 73, 9447.
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Scheme 2. Synthesis of 2-Substituted Indoles from Ynamides
and 2-lodoanilinesa

Pd(QAc); (5 mol %)
PPh; (20 mol %)

Ry | | . EWG  Bu,NOAG (3 equiv) Re B N‘EWG
X X R DMF, 60 °C S N R
1,34 25-16
5N
Ts
>'\<‘ 3 N  Bn N
BA X
2: 81% (X = H) 5:64% (X =H) 6: 40% (X =H)
10: 77% (X = Boc)
o (0] Q
jon Tl ‘s ¢SS
SO N s
X i X BA X A
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(iL Cl 3\\ )\\

Cl

\j mNJ MeQ. \j
X 3 X

Bi F Bn Bn
11: 87% (X =H)

12: 87% (X = H) 13: 42% (X = H)
02N Ts
’ N
m"{ o2 A N)\o
yoobn N
X ),\(] 3

14: 26% (X = H)

16: 31% (X = H)
15: 55% (X = COEt)°

79% (X = H)°

2 |solated yields after column chromatography. P In addition 22% of 14
was isolated. © Starting from the ethyl carbamate of o-iodoaniline.

triphenylphosphine, as depicted in Table 1. Running the
reaction in DMF at 60 °C with potassium acetate as the base
gratifyingly led to the functionalized 2-amidoindole 2 in a
55% yield via sequential Sonogashira coupling and intra-
molecular hydroamination (entry 1). The intermediate aryl
alkyne (Sonogashira product) was not detected in the crude
reaction mixture. In order to optimize this transformation,
different reaction parameters (nature of the base, solvent,
and catalytic system) were examined. In particular, the type
of the base has a high impact on the reaction yield. After
examination of various inorganic and organic bases, tetra-
butylammonium acetate proved to be the most effective,
furnishing 2 in 81% vyield (entry 11).

The best yield for 2 was obtained with DMF as the solvent,
although other solvents are acceptable alternatives (Table 2,
entries 1—7). Palladium acetate can be replaced by Pd(dba),
without influencing the indole product yield (entry 8). On
the other hand, examination of three other phosphine ligands
were not effective in this annulation event and generally led
to undefined multiple product formation (entries 9—11).

With these reaction conditions in hand, we explored this
new 2-amidoindole synthesis with a variety of 2-iodoanilines
and ynamides, as illustrated in Scheme 2. Coupling of
o-iodoaniline with alkynamides 1, 3, and 4 led to the indoles
2,5, and 6 in 40—81% yield. Other substituents proved also
possible leading to the heterocyclic systems 7—16 in reason-
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able to good yields. In some cases with o-iodoanilines
possessing electron-withdrawing substituents, the yields of
the indole products were quite poor as with 14 and 16. This
can be explained by the reduced nucleophilicity of the
anilinic NH, in the hydroamination step. To overcome this
problem, we converted the anilines to the corresponding
carbamates to facilitate deprotonation and thereby formation
of a more nuclophilic amide anion. Pleasingly, the ethyl
carbamate derivatives led to the effective formation of the
indole ring. In addition, the carbamate protected indoles are
either partially or fully deprotected to the free indoles under
the chosen reaction conditions. This is explained by the
decreased stability of carbamate protected indoles in com-
parison to carbamate-protected anilines.

Scheme 3. Proposed Mechanism

N\
Ry | de [
\ NH NH,
PdL, de [
= L

NH,
B-H
B L
R EWG ’
R\\A\ EWG /\\Pd—N' j\
o — — ! \R' BH, I-
R NH,
HNTH =
B-
R
\ N
={ |
H N,EWG
1
R

During the completion of this work, Hsung, Zhao, and
co-workers published a synthetic route for the synthesis of
N-protected 2-amidoindoles starting from o-haloaryl-substi-
tuted ynamides.*” However, this work deviates significantly
from our approach. Scheme 3 illustrates a possible mecha-
nism for the observed results. Initial formation of the aryl
alkyne proceeds through traditional Sonogashira coupling
cycle though in the absence of a copper salt. A subsequent
base-promoted hydroamination step onto the activated alkyne
finally leads to the formation of the indole ring.**8

Finally, two attempts were made to synthesize the analo-
gous 2-amidobenzofurans from o-iodophenol and ynamides
(Scheme 4). The coupling of 2-iodophenol with the ynamide
1 and 3 provided a 31% and 40% yield of 18 and 19,
respectively. Although further optimization studies are
required, these results demonstrate clearly that the described
methodology is extendable to other pharmaceutically relevant
benzannulated heterocycles.

(17) Yao, P.-Y.; Zhang, Y.; Hsung, R. P.; Zhao, K. Org. Lett. 2008,
10, 4275.
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Scheme 4. Synthesis of 2-Substituted Benzofuranes from
Ynamides and 2-lodophenola

I EWG EWG
@ + =N @—N’
OH R o R

Pd(OAC), (5 mol %)
PPh; (20 mol %)
BusNOAC (3 equiv)

DMF, 60 °C
1,3 18,19
o}
N )\\O N Ts
N\) N
o] > o] Bn
BA 19: 31%

18: 40%

2 Isolated yields after column chromatography.

In conclusion, we have illustrated another useful applica-
tion of ynamides for the direct synthesis of 2-amidoindoles
from 2-iodoanilines and terminal ynamides. Further work is
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now in progress to find conditions for carrying out these
transformations with other 2-haloanilines, as well as expand-
ing the synthesis of 2-amidoindoles to include products with
substitution at the C3-position. This work will be reported
in due course.
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