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N-Substituted indoles are synthesized from primary amines through a tandem reaction sequence. Initial condensation of the amine with an
o-(o-haloaryl)ketone or aldehyde is followed by intramolecular aryl amination catalyzed by Cul. A variety of anilines and alkyl amines, including

2) Cul, KzPO,
DMF 110°C
94%

those with significant steric demands, are converted to indoles in high yields and with varying indole substitution.

Methods for indole synthesis are important in natural
product synthesis' and medicinal chemistry.” Consequently,
amyriad of methods for their synthesis have been reported.?
A noticeably underexploited synthetic strategy is to build
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indoles from amines.*® Such an approach would allow for
indoles with large and/or complex N-substituents, which
are difficult to introduce to existing indoles, to be built
from the appropriate amines.* An implementation of this
approach could use readily available a-aryl ketones 2° via a
tandem® imine formation/N-arylation sequence (Scheme 1).’
While a few examples of palladium-catalyzed indole for-
mation similar to this approach have been disclosed,®’ few
reports use copper-catalyzed arylation of imines to form
indoles,'™!" even though copper catalysis offers advan-
tages over palladium.'? The few examples of copper cata-
lysis do not use the facile formation of imines from a-aryl
ketones and aldehydes to set up C—N bond formation, but
require more roundabout syntheses of enamines via con-
densations or conjugate additions that limit substrate
scope.'® Attempts at initial copper-catalyzed amino-arylation
to form aniline 3, which would be followed by dehydrative
cyclization to indole 6, produced only benzofurans 4.'*
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Scheme 1. Indoles from Amines and a-Aryl Ketones
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We envisioned that a reversal of these steps, namely
dehydrative formation of imine 5, followed by arylation
of the intermediate imine or enamine, would be more suc-
cessful. We report herein facile, scalable conditions for
dehydrative imine formation and copper-catalyzed indole
formation from a variety of amines and o-aryl carbonyl
compounds.

As the formation of imines from ketones is not a trivial
process, we first examined several approaches for the
condensation reaction. While magnesium sulfate is suffi-
cient to form an imine from an aldehyde (Table 1, entry 1),
it was ineffective for the complete condensation to the
imine from the corresponding ketone (entry 2). Stronger in
situ dehydrating agents also proved unsatisfactory (entry 3).
Fortunately, a catalytic amount of acid and azeotropic
removal of water turned out to be simple and effective
(entries 4 and 5). Care had to be taken not to expose the
ketimines to the atmosphere, as hydrolysis back to the
ketone is quite rapid. Concentration of the reaction by
distillative removal of the solvent without opening the
reaction vessel assured that the imine was obtained without
hydrolysis. While toluene was effective for imine forma-
tion, the distillation of benzene was more facile and its
lower boiling point allows amines with lower molecular
weights to be used without loss. Toluene could still be used
for more difficult imine formations. The next stage of the
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reaction was implemented by the addition of the reagents
to this same flask under an inert atmosphere.

Table 1. Imine Formation
@(\{( PhNH, (1.2 equiv)
—_—
(o] additive, solvent ©f\ﬂ;h
Br Br

reflux, 24 h
entry additive solvent SM/imine®
1° MgSO, PhMe 3:97
2 MgSO, PhMe 70:30
3 3 A mol sieves PhMe 20:80
4 p-TsOH (0.1 equiv) PhMe (-H;0)° 4:96
5 p-TsOH (0.1 equiv) PhH (-H,O)¢ 1:99

“Measured by GC. Each entry is a single experiment. °2-(2-
Bromophenyl)acetaldehyde used. “Dean—Stark apparatus used to re-
move water.

Initial attempts at intramolecular imino-arylation of the
ketimine followed protocols using Cul and K;PO, in
DMEF."*!> However, hydrolysis proved to be competing
with indole formation (Table 2, entry 1). Finely ground
and anhydrous base proved to be essential for an excellent
yield of the indole (entry 2). Other bases were less effective
(entries 3 and 4). Unfortunately, many attempts to effect
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Table 2. Intramolecular Imino-Arylation
Lk -
g, NPh N

Cul (0.1 equiv)
base (2 equiv)

——
solvent, 16 h, 90 °C

Ph
indole/benzofuran/
entry base ligand solvent ketone”
1 KsPO, - DMF 62:37:0
23%:0%:10%"°
2 K;PO,S — DMF 99:1:0
80%:0%:0%"
3 (Cs,C05% — DMF 68:32:0
4 NaOtBu?— DMF 81:9:0°
5 KsPO,S — PhMe 0:0:100
6 K3;PO, H,N(CH,);NH, PhMe 0:0:100
7 K3;PO,% MeyN(CH,),NMe, PhMe 10:0:90

“Measured by GC. Each entry is a single experiment. Isolated
yields. ¢ Base flame-dried under vacuum. ¢ Anhydrous from a glovebox.
¢ Formation of side products observed.

Table 3. Amine-Based Indole Synthesis
-
N
R

1) R-NH,, p-TsOH (0.1 equiv)
©\/Y PhH, reflux (-H,0)
BrO 2) Cul (0.1 equiv), K3PO, (2 equiv)

DMF, 110 °C

entry R-NH; yielda
NH,
1 ©/ 84%
NH,
2 /©/ 80%
cl NH,
3 /©/ 83%
MeO
NH,
4 /©/ 86%
MeS
5 ©/\NH2 79%
NH,
6 87%
F
NH,
7 74%
MeO
NH,
8 ©/v 72%
9 OA NH, 75%
10 )\ 72%
o NH, o
1 NH, 79%

“Tsolated yield averaged from multiple runs.

the cyclization in toluene or benzene were unsuccessful,
even with the use of ligands shown to be active for amino
arylation in toluene in other contexts (entries 5—7).!%!

(17) Please see the Supporting Information for substrate synthesis,
complete experimental procedures, and compound data.
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Table 4. Diverse Indole Products

R 1) R-NH,, p-TsOH (0.1 equiv)
R PhH, reflux (-H,0)

(0] 2) Cul (0.1 equiv), K3POy, (2 equiv)
Br DMF, 110 °C

)
_\_
\_/
os)

_\_
\_/
N
py)

entry ketone/aldehyde R-NH, product yield?

H A\
o v
Br

F H F A
Br Bn

X 0 A
3b <0 LAY % <o ,: 59%
o BrO A\

94%

Ph
A\
Ng
)
-~
5¢ m HoN™ “Ph N 69%
Br |
Cl
(-
6¢ O O H2N/\Ph 61%
B
Bro n

7¢ H,N">Ph @E\Q 90%
o) N
Br Bn

“Isolated yield averaged from multiple runs. *4 A molecular sieves
at rt. “Toluene at reflux used as solvent.

This experimental protocol proved to be amenable to the
formation of a wide variety of N-functionalized indoles
(Table 3). Anilines, benzylamines, and aliphatic amines
were all incorporated into the product indole with good
yields. Substituents on the aniline aryl ring showed little
effect on the reaction (entries 1—4). The N-benzyl indoles
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J. Med. Chem. 1970, 13, 627. (d) Forbes, 1. T.; Johnson, C. N.;
Thompson, M. J. Chem. Soc., Perkin Trans. 1 1992, 275.
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are important motifs in their own right'® but also allow
for access to indoles without substitution on N1 through
hydrogenolysis.'® Despite the potential for copper species>
and/or base®! to isomerize N-alkyl imines, products derived
from such an isomerization were not observed and N-alkyl
indoles were generated in uniformly good yields.

A benefit of a-arylketones as indole precursors is that
the simplicity of their synthesis allows for a variety of
functional groups to be present to either side of the ketone
and/or around the aryl ring.** Thus, further diversifica-
tion of the indole products is possible from this one-pot,
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J.; Feenstra, R. W.; Terpstra, J. W. Tetrahedron Lett. 2006, 47, 4361. (d)
Varnes, J. G.; Wacker, D. A.; Pinto, D. J. P.; Orwat, M. J.; Theroff, J. P.;
Wells, B.; Galemo, R. A.; Luettgen, J. M.; Knabb, R. M.; Bai, S.; He, K.;
Lam, P. Y. S.; Wexler, R. R. Bioorg. Med. Chem. Lett. 2008, 18, 749. (e)
Andrews, M.; Brown, A.; Chiva, J.-Y.; Fradet, D.; Gordon, D.;
Lansdell, M.; MacKenny, M. Bioorg. Med. Chem. Lett. 2009, 19,
2329. (f) Alvarez-Bercedo, P.; Flores-Gaspar, A.; Correa, A.; Martin,
R. J. Am. Chem. Soc. 2010, 132, 466. (g) Ren, W.; Yamane, M. J. Org.
Chem. 2010, 75, 8410. (h) Hager, A.; Mazunin, D.; Mayer, P.; Trauner,
D. Org. Lett. 2011, 13, 1386. (i) Luker, T.; Bonnert, R.; Paine, S. W.;
Schmidt, J.; Sargent, C.; Cook, A. R.; Cook, A.; Gardiner, P.; Hill, S.;
Weyman-Jones, C.; Patel, A.; Thom, S.; Thorne, P. J. Med. Chem. 2011,
54, 1779.

(23) (a) Rizzi, J. P.; Nagel, A. A.; Rosen, T.; McLean, S.; Seeger, T.
J. Med. Chem. 1990, 33, 2721. (b) Swain, C. J.; Baker, R.; Kneen, C.;
Moseley, J.; Saunders, J.; Seward, E. M.; Stevenson, G.; Beer, M.;
Stanton, J.; Watling, K. J. Med. Chem. 1991, 34, 140. (c) van
Wijngaarden, I.; Hamminga, D.; van Hes, R.; Standaar, P. J.; Tipker,
J.; Tulp, M. T. M.; Mol, F.; Olivier, B.; de Jonge, A. J. Med. Chem.
1993, 36, 3693. (d) Meinke, P. T.; Colletti, S. L.; Fisher, M. H.;
Wyvratt, M. J.; Shih, T. L.; Ayer, M. B.; Li, C.; Lim, J.; Ok, D.; Salva,
S.; Warmke, L. M.; Zakson, M.; Michael, B. F.; deMontigny, P.;
Ostlind, D. A.; Fink, D.; Drag, M.; Schmatz, D. M.; Shoop, W. L.
J. Med. Chem. 2009, 52, 3505.

two-stage sequence. Notably, aldehydes work very well
(entries 1—4, Table 4). Substituents are easily incorporated
at the benzylic carbon to give 3-substituted indoles (entries 3
and 4). Importantly, even highly hindered amines may be
used to build indoles. Ketones allow for controlled instal-
lation of C2 substituents in the products (entries 5—6).
Cyclic ketones afford ring-fused indoles, which is a motif
common in pharmaceuticals™ and natural products (entry 7).%*

In conclusion, a strategy to build indoles around a variety
of primary amines has been designed and reduced to
practice. Both simple and sterically hindered amines read-
ily produce indoles. The conditions employed are inexpen-
sive and amenable to large-scale implementation.
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