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A highly efficient double-hydroamination reaction of o-alkynylanilines with terminal alkynes leading to N-alkenylindoles was developed by
using gold(lll) as a catalyst under neat conditions.

Indoles are important chemicals that exhibit a wide range Stille reported the palladium(ll)-catalyzed intramolecular
of biological activities: Many naturally occurring compounds  cyclization of 2-alkynylanilines to produce 2-substituted
contain indole as a key structural motif. Because of the wide indoles in high yield Cacchi and co-workers reported a
application of indoles in pharmaceutical research, the de-regioselective synthesis of 3-allylindoles via the palladium-
velopment of efficient methods for their synthesis has catalyzed cyclization ob-alkynyltrifluoroacetanilides with
continuously attracted the attentions of many chemists.  allyl esterst Knochel reported the synthesis of polyfunc-
Among the various synthetic strategies, catalytic transfor- tionalized indoles mediated by-# equiv of cesium and
mations by using transition-metal catalysts is one of the potassium bases (such as CsBd, KO-t-Bu, and KH) in
modern approaches for forming indofe&ln particular, the N-methylpyrrolidinoné. Hiroya and co-workers developed
use of functionalizedo-alkynylaniline derivatives as the an efficient Cu(ll)-catalyzed indole formation and applied
starting materials are some of the most efficient approathes. the method to natural product synthe$e&cadi and co-
workers reported a synthesis via a reactionoedlkynyl-
lTulane University. o aniline anda,-enones to fornC-3-alkylindoles catalyzed
To whom crystallography inquiries should be addressed.
§ McGill University. by gold catalyst. Yamamoto and co-workers reported that
(1) For reviews on indole chemistry, see: (a) Sundberg, Rndoles;
Academic: London, 1996. (b) Katritzky, A. R.; Pozharskii, AHandbook (3) (a) Kondo, Y.; Kojima, S.; Sakamoto, J. Org. Chem1997,62,
of Heterocyclic ChemistryPergamon: Oxford, 2000; Chapter 4. (c) Joule, 6507. (b) Ezquerra, J.; Pedregal, C.; Lamas, C.; Barluenga, J.; Pérez, M.;
J. A. In Science of Synthesis (Houben-Weyl Methods of Molecular Garcia-Martin, M. A.; Gonzalez, J. M. Org. Chem1996,61, 5804. (c)-
Transformationy Thomas, E. J., Ed.; Georg Thieme: Stuttgart, 2000; Vol. Kondo, Y.; Kojima, S.; Sakamoto, THeterocyclesl996 43, 2741. (d)

10, pp 361-652. (d) Li, J. J.; Gribble, G. W. Ifalladium in Heterocyclic Rudisill, D. E.; Stille, J. KJ. Org. Chem1989,54, 5856. (e) Arcadi, A.;
Chemistry; Pergamon: Oxford, 2000; Chapter 3. For other references, see:Cacchi, S.; Marinelli, FTetrahedron Lett1989,30, 2581.

(e) Gribble, G. W.J. Chem. Soc., Perkin Trans 2000, 1045; (f) Gribble, (4) Cacchi, S.; Fabrizi, G.; Pace, B.0rg. Chem1998,63, 1001.

G. W. InComprehensie Heterocyclic Chemistry jKatritzky, A. R., Rees, (5) Koradin, C.; Dohle, W.; Rodriguez, A. L.; Schmid, B.; Knochel, P.

C. W., Scriven, E. F. V., Eds.; Pergamon Press: Oxford, UK, 1996; Vol. Tetrahedron2003,59, 1571.

2, p 207. (6) (a) Hiroya, K.; Itoh, S.; Sakamoto, J. Org. Chem2004,69, 1126.
(2) (a) Hegedus, L. SAngew. Chem., Int. Ed. Endl988,27, 1113. (b) (b) Hiroya, K.; Itoh, S.; Ozawa, M.; Kanamori, Y.; Sakamoto, T.
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in the presence of certain nucleophies, such as ally! G

carbonate and alcohol, tandem cyclization of 2-alkynylaniline 1 pje 2. Gold(lll)-Catalyzed Double-Hydroamination of

proceeded successfully to give the nucleophile incorporatedg_aikynylaniline and Terminal Alkynes
indoles®

On the other hand\-vinylindole compounds have been enty aniine slome product e

shown to serve as monomers for the synthesis of pbly( P P

. . . . N
vinylindoles)? which can be used as semiconductors and pho- y @((m ©/(1b) @fN\—Ph te 82
tosensitives materials. However, so far, only a few methods NH, /~pn
for the synthesis oN-vinylindoles have been describ&d. 2 N
These procedures are rather limited in scope and selectivity. 2 1a /©/ (2b) mp*‘ 29 7

Recently, we reported a domino reaction of unactivated /\Q\
alkyne and aniline to generate 1,2-dihydroquinolines ef- 3 1a (3b) @f,}-Ph (B3e) 75

ficiently catalzyed by AgBE!! In addition, we also found
that o-alkynylaryl aldehyde reacted with terminal alkynes
to form 1-alkynyl-1H-isochromenes in water catalyzed by
MesPAuUCI*? Herein, we wish to report an efficient double
hydroamination ob-alkynylaniline with terminal alkynes to 5 1a
form N-vinylindole compounds catalyzed by gold(lll) under
neat conditions.

At the beginning of this study, we found that the double- 6
hydroamination product can be formed in 40% yield by using
Cu(OTf), as a catalyst under microwave conditions at 100
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°C for 20 min (Table 1, entry 1). Subsequently, it was found 4 12 @b) Cfﬁl/: L\ 17%
@c) 0% (e C2s
. )
s 1 7 e Oy, 0
Table 1. Lewis Acid Catalyzed Hydroamination of /~/\/ /ﬁ,_%H?
2-(Phenylethynyl)aniline and Phenylacetyléne [‘ (8¢) 11% (8d)22%
Ph d A
F 5 mol % cat. N—ph 9 (2a) 1b 9c) 50
(8c)
+ =ph — N NH, )
NH, J-Ph OO
1a 10 1c 10 2a 2b N (10c) 61
O~
entry cat. T (°C) yield® (%)
11 2a 3b O ,: O (11c) 50
1 Cu(OT9)2 100 40 @
2 Cu(OTH): 60 53 F
3 Cu(OTDH 60 63 Q O
4 AgOTf 60 62 12 2a 4b ‘: N’ . (12¢c) &1
5 AgBF4 60 59 OMe
6 AuClg 60 73 = n-C4Hg
( I\y
7 AuCly/AgOTf rt 88 13 @\/ @a) b N e s
8 In(OTh)3 rt no convn NH, Ve
9 Y(OTo)3 Tt no convn
M ne
10 Sn(OTf), rt no convn 14 3a 2b CFN\_” Cato (14) 50
aConditions: 1a (0.2 mmol),1b (0.4 mmol), rt, N. Reaction time was
2 h unless otherwise note®lYields were determined byH NMR with 0.2 m"'c .
mmol of nitromethane as an internal standard (no ceavro conversion). 15 3a 3b 478 (15c) 42

¢ Reaction time was 20 min under microwave conditions. E

N— o
16 3a 4b m—” CaHo 16cy 56

that the best conditions for copper and silver catalysts are at OMe

60 °C (entries 2-5). After further optimizations, the desired et N
. . . n-
product can be obtained in 88% vyield at room temperature 17 @\/(4& b ©:N ST a7 67
without any solvent in the presence of Ag@lgOTf (5 mol NH /\Qom
- : - - : - aReaction conditions: 2-alkynylaniline (0.2 mmol), terminal alkyne (0.4

(7) Alfonsi, M; Arcadi, A.; Aschi, M.; Bianchi, G.; Marinelli, FJ. Org. [) [ b i
Chem.2005, 70, 2265. mmol), AuCk (5 mol %), AgOTf (15 mol %), rt, 3 h, N P Isolated yield.

(8) (a) Kamijo, S.; Yamamoto, YJ. Am. Chem. So€002,124, 11940.
(b) Takeda, A.; Kamijo, S.; Yamamoto, ¥. Am. Chem. So000,122,
5662. (c) Kamijo, S.; Sasaki, Y.; Yamamoto, Yetrahedron Lett2004, o 0
45, 35. (d) Kamijo, S. Yamamoto, YAngew. Chem., Int. E®002,41, %/15 mol %) (entry 7). Other catalysts' such as Ih(Q,Tf)
3230. (e) Kamijo, S.; Yamamoto, Y. Org. Chem2003,68, 4764. Y (OTf)s, and Sn(OTf) were found to be ineffective in this
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reaction (entries 810). Different solvents were also exam-
ined, and the best results were obtained without using any
solvent.

Subsequently, variousalkynylanilines were reacted with
terminal alkynes under the standard reaction conditions
(Table 2). With 2-(phenylethynyl)aniline, both electron-rich
and electron-poor arylacetylenes provided excellent yields
of the desired products (entries-3). Aliphatic alkyl- and
alkenylalkynes appeared less reactive (entrie8)6 On the
other hand, the reactivities of alkyl- and alkenyl-substituted
acetylenic anilines were similar (entries-97) and were
lower than those of phenyl-substituted acetylenic anilines.
The molecular structure gfc was confirmed by its X-ray
single-crystal diffraction (Figure 1). The presence of a bulky

Figure 1. ORTEP diagram of4c. Important bond distances
include: C(1)-C(2) 1.3694; N(2)-C(1) 1.3975; N(2)-C(4) 1.3887;
N(2)—C(15) 1.4368; C(15)—C(16) 1.3264.

trimethylsilyl group prevented the second hydroamination
reaction completely (Figure 2). When aniline was reacted

| Si/
~
sil 4
FF £Z  AUCI/AgOTH
. (5%715%)
N
NH, MeO

1,12 h, N, I
CH3
OMe

18¢c  71% (NMR)
51% (Isolated)

0.2 mmol 0.4 mmol

Figure 2. Gold(lll)-catalyzed hydroamination of 2-[(trimethylsilyl)-
ethynyl]aniline with 1-ethynyl-4-methoxybenzene.

with arylacetylene, only phenylimine was obtained as the
final product (Figure 3).

(9) (a) Brustolin, F.; Castelvetro, V.; Ciardelli, F.; Ruggeri, G.; Colligiani,
A. J. Polym. Sci., A: Polym. Cher2001,39, 253. (b) Oshiro, Y.; Shirota,
Y.; Mikawa, H.J. Polym. Sci., Polym. Chem. EtD74,12, 2199. (c) Priola,
A.; Gatti, G.; Cesca, SMakromol. Chem1979,180, 1. (d) Gipstein, E.;
Hewett, W. A.Macromoleculesl969,2, 82.
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Figure 3. Gold(lll)-catalyzed hydroamination of aniline with
arylacetylene.

To understand the mechanism of the reaction, we exam-
ined two other reactions (Figure 4). The desired prodlgt (

AUCIy/AgOTF
5%/15%)
Oy - I e
i, 12 h, N,
90% (NMR) of 7a
remained
0.2 mmol 0.4 mmol
Ph
A o AUCIy/AgOTF
(5%/15%)
* erNeH e+ 71
NH, 3 rt, 3 h, Ny
1a 11% (NMR) 52% (NMR)
0.2 mmol 0.4 mmol

Figure 4. Gold(lll)-catalyzed hydroamination.

was not observed after 2-phenyl-ditiole (7a) and phenyl-
acetylene were stirred together at room temperature in the
presence of AuGIAgOTf for 12 h, and 90% of7a re-
mained unreacted. However, the reaction of 2-(phenylethy-
nyl)aniline with acetophenone gave compoutdin 11%
NMR vyield after being stirred at rt for 3 h. This result
suggests that the first step of this reaction is the intermo-
lecular hydroamination, which is followed by the intramo-
lecular hydroaminatiof?

Therefore, a tentative mechanism for the gold (lII)-
catalyzed double hydroamination is proposed in Scheme 1.
Terminal alkynel is activated by Au(OTgto generate the
intermediateA. A further reacts with? to yield the first-
hydroamination produc8. Then the carboncarbon triple
bond of3 is activated by Au(OTf again and produces the
intermediate B via nucleophilic addition of the imine
nitrogen. Finally, theC-3-position of indole is protonated to
give the final product and the catalyst is regenerated.

(10) (a) Movassaghi, M.; Ondrus, A. B. Org. Chem2005,70, 8638.
(b) Lebedev, A. Y.; Lzmer, V. V.; Kazyul’kin, D. N.; Beletskaya, I. P.;
Voskoboynikov, A. Z.Org. Lett.2002,4, 623. (c) Bogdal, D.; Jaskot, K.
Synth. Comm2000, 30, 3341. (d) Zeiberlikh, F. N.; Starostenko, N. E.;
Polyakova, M. N.; Suvorov, N. NZh. Org. Khim.1983,19, 206.

(11) (a) Luo, Y.; Li, Z.; Li, C. J.0Org. Lett.2005,7, 2675. For other
examples of silver-catalyzed hydroaminations, see: (b) Lingaiah, N.; Babu,
N. S.; Reddy, K. M.; Prasad, P. S. S.; Suryanarayanahém. Commun.
2007,3, 278. (c) Sun, J.; Kozmin, S. Angew. Chem., Int. EQ006,45,
4991. (d) Robinson, R. S.; Dovey, M. C.; GravestockEDr. J. Org. Chem.
2005 3, 505. (e) Robinson, R. S.; Dovey, M. C.; GravestockTBirahedron
Lett. 2004,45, 6787.
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