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Catalytic additions of HH, C—H, C—M, and H-X (X = N, Table 1. Catalyst Activity in the Intramolecular Aminoacylation of
0, halides and S, P...) to carbecarbon unsaturated bonds have the Alkyne of ortho-Alkynylanilide 1a (R* = Bu, R? = Me)?
been well investigated as atom-economical transformations to entry catalyst solvent time, h yield, %0 2a:3a
construct carboncarbon and-heteroatom bonds (eq 1However, 1 PtCh anisole 3 94 2:1
the direct addition of a carbemitrogen bond (carboamination) to 2 PtCL(CH:CN),  anisole 8 80 2:1
alkenes and alkynes is rare due to lack of reactivity and still 3  PtBe anisole 5 79 2:1
considered as a challenging subjette report here that the-eN ‘51 E:&Pb)z; Z::ig:g 1f 88 1
bond of ortho-alkynylanilides adds to the alkynyl bond intramo- 6 PtCh benzene 24 33 21
lecularly in the presence of platinum catalyst (eq 2). 7 PtChb toluene 14 99 31
8 PtChb p-xylene 7 92 2:1
cat. [M] X Y 9 PtChb mesitylene 14 93 2:1
= + XY — H m 10  Pd(PPH. anisole 12 0 -
11 PdC} anisole 12 18 1:7
X-=Y:H-H, C-H, C-C, C-M, ...
o N cat. Pt )c/ — ) @ Reaction conditions: 0.5 mmol of substrate, 10 mol % catalyst,
=t N e ation )z/\ @ solvent (0.5 M), 80°C. ® Combined"H NMR yields; dibromomethane was
used as an internal standard.
The transition metal-catalyzed reaction of thetho-alkynyl reactions completed withil h (entries 8 and 9). The ratio &f3
amidesl gave the 3-acylindole2 along with deacylated indole® was not affected by the electronic factor of the substituents of aryl

(eq 3)*°First, the catalytic activity of metals was investigated using group, giving a similar level of selectivity. Not only the methyl
la (R* = 'Bu, R = Me) as a substrate (Table 1). Among various amidesla—h but also the other amides—m can be used. When
metals examined, PtEgave the best result and gave the products the formamideli was used, the formylindolgi was obtained in
almost quantitatively (entry 1). The other Pt(ll) catalysts, such as high yield (entry 10). The ratio a#/3 was strongly influenced by
PtCB(CH;CN), and PtBj, gave the products in slightly lower yields  the acyl moiety, and the benzamitlegave2j in higher selectivity
(entries 2 and 3). Very interestingly, Pt(Rphdid not give the  (entry 11). Phenylacetamidkk and trifluoroacetamiddm gave
products at all, even after a prolonged reaction time (entry 4), the acyl product&k and2m, respectively, as sole products (entries
although PtCj afforded the products in good yield in a very short 12 and 14). Furthermore, phenyl-substituted andidalso gave?l
time (entry 5). This reaction was strongly influenced by the solvents in good selectivity compared with the reaction usirfgentry 13).
used. Among the solvents examined, aromatic solvents are suitableThe reactions of the substrat&s and 10, which had a methoxy
for this transformation, and an electron-donating substituent on the group at the 4 or 5 position of the aromatic ring, selectively
aromatic ring dramatically enhanced the reaction rate (entries 1 andproduced the methoxyindole derivativas and2oin 89 and 99%
6—9).8 Interestingly, only platinum complexes catalyzed the reaction yield, respectively (eq 4).

efficiently, and other transition metals such as palladium complexes

did not exhibit useful catalytic activity (entries 10 and 11). . “Pr Q

R 3

R

0 —_— N “
// R R2 H R4 JJ\ R4IIN‘K\7
o] cat. [M] N\ N\ Me Me
NJLHQ N R+ mw ® 1n (R® = MeO, R* = H) 2n(R®=MeO,R*=H) 8o
Me Me

_Zi 3\\

the 10 (R®=H, R* = MeO) 20 (R®=H,R*=Me0) 99%

1 2 3
A proposed mechanism is shown in Scheme 1. The coordination

Next, we investigated the scope of this reaction using various of the alkyne moiety ofl to PtClh gives ther-complexA. The
substrated (Table 2). The substratelh,c, which had sterically intramolecular nucleophilic attack of thatho-nitrogen atom to
less bulky groups, afforded the products withi h with high the electron-deficient alkyne leads to the zwitterionic intermediate
selectivities of2 over 3 (entries 1 and 3), and the reaction also B. An intramolecular [1,3]-migration of acyl moiety then yields
proceeded almost quantitatively even at room temperature (entrythe intermediateC, which produce® and PtC}. The substrates,
2). However, the substrate havibert-butyl group la proceeded bearing an acidic proton at the-position of amide, gave the
sluggishly, and the ratio &3 became lower (entry 4). The electron-  corresponding 3-deacylated indol@ss byproducts; presumably
donating groups of arylalkynes reduced the reaction rate, andthe deacylation takes place through protonolysis of thé¢>€Cbond
methoxy substituent required slightly higher loadings of the catalyst of B, although it is highly speculative.
compared to the other aryl derivatives (entries7$. On the other To confirm the proposed mechanism, we carried out the
hand, the electron-withdrawing groups enhanced the rate and thedeuterium-labeling experiments. As shown in eq 5, the deuterium-
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Table 2. Platinum-Catalyzed Intramolecular Aminoacylation of
Alkynes la—m?@

entry R! R? 1 time, h yield, %° 2:3
1 "Pr Me 1b 0.3 96 9:1
2¢ "Pr Me 1b 10 93 8:1
3 Cyclohexyl Me 1c 0.5 98 13:1
4 Bu Me la 3 91 2:1
5d 4-MeO—CgHg4 Me 1d 0.3 81 3:1
6 4-Me-GHgq Me le 3 97 2:1
7 Ph Me 1f 1 94 31
8 4-F—CgHy Me 19 0.5 88 31
9 4-CFR3-CeHa Me 1h 0.7 93 4:1
10de Pr H Li 24 74 5:1
11 "Pr Ph 1j 16 75 13:1
12 "Pr Bn 1k 0.5 99 1-—f
13 Ph Bn 1l 2 87 4:1
14 "Pr Ck im 3 >99 1-9

aReaction conditions: 0.5 mmol of substrdtes mol % PtC}, anisole
(0.5 M), 80°C. P Combined isolated yield$.Reaction was performed at
30 °C. 910 mol % of catalyst was useBiReaction was achieved at 100
°C. A trace amount ofsk was detected<1%). 9 3m was not detected.

Scheme 1. Proposed Mechanism for the Intramolecular
Aminoacylation of Alkynes 1
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labeled substratéf-d; gave the 3-deuterim-labeled ind@&d along
with the 3-acyl produc®f-ds. This observation indicates that the
deuterium at the 3 position &f-d comes partially from CB of
the acylamide oflf-d;. Next, we examined the reaction of an
equimolar mixture ofif-d; and1c under similar conditions (eq 6).

Interestingly, mixing of the acyl substituents did not occur a all.

This result definitely shows that the addition of the-i® bond of
amides proceeds in an intramolecular fashion.

Q

Ph CDy D
=
[6) 5 mol% PtCly A A
J\ Ph + Ph  (5)
N~ CDs anisole (0.5 M) N N
I\Ille 80°C,1.3h Me Me
1f-ds 2f-d, 3t-d
(>99%D) 63% (>99%D) 23% (57%D)
0.025 mmol 2f-d; + 2c
1t-d + c Pt?|2 54% (97%D) 86% (~0%D)
0.25mmol  0.25mmol  anisole (1.0mL) ®)
(>99%D) 80°C, 3n + 3f-d + 3c

31%7 (32%D) 12% (~0%D)
a4 NMR yields, dibromomethane was used as an internal standard.

From synthetic point of view, the present reaction provides a
useful procedure for synthesizing 2,3-disubstituted indoles directly

from ortho-alkynylanilides. Until now, a mumber of synthetic
procedures for indoles usirgtho-alkynylaniline derivatives and

Cacchi and co-workers, although the trifluoroacetamide moiety is
needed (eq 8.

H
Y cat. [M] ®R1 -
nH N
n2
'-]‘2 R
e /
Z cat. Pd(0) A
_ R (8
N/\/ N
GOCF, COCF;

We are now in a position to synthesize 2,3-disubstituted indoles
very easily fromortho-alkynylanilides. Further mechanistic inves-
tigation on the catalytic €N bond addition is in progress.

Supporting Information Available: Spectroscopic and analytical
data of synthesized compounds and information on procedures. This
material is available free of charge via the Internet at http://pubs.acs.org.
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