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substituted 2,3-dihydrofurans and benzofurhmasid very re-
cently, Cacchi et al. reported a convenient method for the
preparation of functionalized indoles by the palladium-catalyzed
reaction of ethyl-3-¢-trifluoroacetamidophenyl)-1-propargyl
carbonate with piperazines (Schemé® 1).
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CO,Et EtO,C

\_CO,Et In connection with our ongoing project on the carboannulation
| S COEt + NuH Pd(PPhs), @_\ reaction via palladium catalysfswe expected that a phenol
_ THF, 80 °C could react as a nucleophile with 3-(2-(di(ethoxycarbonyl)-
A 0CO,Me Nu methyl)phenyl)prop-2-ynyl methyl carbonaté) (under pal-

ladium catalysis to give the 2-substituted indene (Schenié 2).

A new and efficient synthesis of 2-substituted indenes has To realize this goal, the catalytic activity of palladium
been achieved via palladium-catalyzed carboannulation ofcatalysts was examined for the cyclization of propargylic
propargylic carbonates with nucleophiles in good to excellent carbonatel and phenol. Pd(PB has proved to be the best

yields. A variety of nucleophiles were tolerated in this Ccatalyst. Other palladium catalysts such ag@)yCHCl; and
reaction. Pd(OAcYyPPh were less effective. THF was an excellent

solvent.
Subsequently, the reaction was examined on various sub-

Palladium-catalyzed reactions of propargylic compounds with strates. Typ[cal results of the palladium-catalyzed pyclization
nucleophiles have been shown to be extremely effective for the ©f Propargylic carbonates and phenols are shown in Table 1.
construction of carboncarbon and carborheteroatom bonds, ~ The reaction of propargylic carbonate(0.2 mmol) with 1.2
The key step in these reactions is the formation afallyl- or equiv of phenol in the presence of 5 mol % of Pd(EPmn
n-allenylpalladium complex by facile decarboxylation, which THF under argon at 82C for 1 h gave the desired 2-substituted
undergoes a variety of further transformations under neutral INdene3ain 96% isolated yield (Table 1, entry 1). Phenols
conditions. Since the first report by Tsuji in 1988wide variety ~ P€aring an electron-donating group or an electron-withdrawing
of reactions in this family have been developed and applied in 970UP in the para, ortho, and meta positions afforded the
the preparation of various organic substariceRecently, corrgspondlng 2-substltuteql indenes in good tq high y|eIFIs
Yoshida et al. reported palladium-catalyzed reactions of prop- (€ntries 2-9). Phenols bearing an electron-donating group in

argylic carbonates with nucleophiles for the synthesis of the para position usually led to high yields of the 2-substituted
indenes (entries-24). When 4-chlorophenolg) and 4-nitro-

phenol @f) were employed in the reaction with substraj¢he
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TABLE 1. Palladium-Catalyzed Carboannulation of Propargylic
Carbonate 1 with Various Phenols 2

CO2Et EtO,C CO,Et
COE , o @R Pd(PPh3)s
“ —/ THF, 80°C o
N OCOoMe Ar
1 2 3
entry ArOH @) 3 isolated yield (%)

1 R=H 3a 96
2 R=4-OMe 3b 93
3 R=4-Me 3c 92
4 R=4-+t-Bu 3d 90
5 R=4-Cl 3e 91
6 R=4-NO, 3f 76
7 R=2-Me 3g 80
8 R=2-Br 3h 84
9 R=3-NO, 3i 77
10 R= 2,4-dimethyl 3 80
11 R= 2,4-dichloro 3k 81
12 a-naphthol 3l 45
13 [-naphthol 3m 81

a All reactions were carried out on a 0.2 mmol scale in 2 mL of THF
under argon at 80 °C by using 1.0 equiv bf1.2 equiv of2, and 0.05
equiv of Pd(PP¥)4; all reactions were run for-12 h.

corresponding product®e and3f were isolated in 91 and 76%
yields (entries 5 and 6). Phenols containing an electron-donating
group or an electron-withdrawing group in the ortho position
have also proven successful. For example, the reaction of
2-methylphenol and 2-bromophenol produced 80 and 84% yields
of the desired products, respectively (entries 7 and 8). The
reactions ofL and phenols with an electron-withdrawing group,
such as the N@group in the meta position, afforded the desired
product3i in good yield (entry 9). The disubstituted phenols
such as 2,4-dimethylphenol and 2,4-dichlorophenol Wittiso
worked well to give product8j and3k in 80 and 81% vyields,
respectively (entries 10 and 11). Meanwhile, the use of
a-naphthol andg-naphthol also afforded the corresponding
products3l and3m in 45 and 81% vyields (entries 12 and 13).
For a-naphthol, a moderate yield was obtained, which could
be due to the involvement of steric effects. In addition,
propargylic carbonate with different electron-withdrawing groups
such as ethyl-2-[23-(methoxycarbonyloxy)prop-1-yriyphenyl]-

CO,Et
CH
CH,

30, 81% yield

SCHEME 4
CO,Et
Et0:C co,et
CO,Et Pd(PPh3),
THF, 80 °C
“N__0co,Ph OPh

3a, 83% yield

Bisphenols were then employed in this reaction under the
same conditions by using 0.2 mmol &fand 2.0 equiv ofl.
For hydroquinone and bisphenol A, the reactions proceeded well
in both substitution positions and afforded the corresponding
disubstituted product3n and3oin 73 and 81% isolated yields,
respectively (Scheme 3).

Furthermore, the reaction df containing a latent nucleophilic
phenolic moiety as a part of the carbonate leaving group, was
also examined (Scheme 4). Whénhwas subjected to the
palladium-catalyzed reaction, the corresponding 2-substituted
indene 3a was isolated in 83% yield. In this reaction, the
substrate initially releases the phenoxide, which then acts as a
nucleophile for the cyclizedr-allyl complex to produce the
product.

To further explore the scope of this cyclization reaction,
nitrogen nucleophiles were also investigated. Based on optimi-
zation efforts, the combination of 0.2 mmol df 1.2 equiv of
nucleophile, 2.0 equiv of ¥C0Os, 5 mol % of Pd(PP¥)4, and
the use of DMF as the solvent at 80 gave the best results. In
this reaction, base is essential. To our delight, various secondary
amines could react with to give the desired products (Table
2). Yields are usually moderate to good with secondary amines
(entries 1-6). Aryl secondary amines such as trifluoroacetophe-
nylamine also afforded the corresponding prodégtin 62%
yield (entry 7).

A plausible mechanism accounting for the formation of the
2-substituted indenes is depicted in Scheme 5. In this process,
a palladium catalyst initially promotes decarboxylation of
propargylic carbonaté to generate an allenylpalladium complex
7, which would be in equilibrium withz-propargylpalladium
intermediate8.*° Palladium comple undergoes intramolecular
nucleophilic attack of the carbanion at the central carbon of the
allenyl/propargylpalladium complex to form the carbene com-

2-(phenylsulfonyl)acetate was also employed as a substrate, buplex9,> which abstracts an active hydrogen from the nucleophile

no reaction was observed.

moiety to give ther-allylpalladium intermediat&@0.3-5 Finally,
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TABLE 2. Palladium-Catalyzed Carboannulation of Propargylic
Carbonate 1 with Various Amines 5

COLEt

Et0,C
COREt Pd(PPha)s, KsCO3 COEt
+  NHR'R? O’ NRIR2
S DMF, 80 °C
X__0co,Me
1 5 6
entry amine (5) 6 isolated yield (%)
1 e 6a 62
2 ) 6b 75
3 HCN—CH;n 6c 71
4 HCNCO,E! 6d 78
5 o 6e 73
6 Et,NH 6f 52
7 @—Nuoocr, 6g 62’

a All reactions were carried out on a 0.2 mmol scale in 2 mL of DMF
under argon at 86C by using 1.0 equiv of, 1.2 equiv of5, 2.0 equiv of
K2COs, and 0.05 equiv of Pd(PB)a; all reactions were run for45 h.

b without K,COs.

SCHEME 5
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s COzEt

(0.24 mmol), Pd(PRJy (11.5 mg, 5 mol %), and THF (2.0 mL)
was placed under an argon atmosphere in a 25 mL flask. The
resulting mixture was then heated under an argon atmosphere at
80 °C. When the reaction was considered complete, as determined
by TLC analysis, the reaction mixture was allowed to cool to room
temperature. The reaction mixture was concentrated under reduced
pressure, and the residue was purified by chromatography on silica
gel to afford the corresponding 2-substituted indeBes

Diethyl-2-(phenoxymethyl)-1H-indene-1,1-dicarboxylate (3a).
The reaction mixture was chromatographed using 10:1 hexanes/
EtOAc to afford 70.0 mg (96%) of the indicated compound as an
oil: *H NMR (400 MHz, CDC}) 6 7.66 (d,J = 7.2 Hz, 1H), 7.34
7.22 (m, 5H), 7.02-7.01 (d,J = 7.6 Hz, 2H), 6.976.94 (m, 2H),
5.10 (s, 2H), 4.264.21 (9, = 7.2 Hz, 4H), 1.2#1.23 (m, 6H);
13C NMR (100 MHz, CDC}) ¢ 167.6, 158.7, 143.3, 141.7, 140.6,
132.6, 129.4, 128.8, 126.0, 125.2, 121.4, 120.9, 114.8, 70.7, 65.4,
62.3, 13.9; IR (neat, cm) 3447, 2982, 1732, 1495, 1242, 1047.
Anal. Calcd for Go,H»:0s: C, 72.12; H, 6.05. Found: C, 72.02; H,
5.94.

General Procedure for the Preparation of 2-Substituted
Indenes 6. To a solution of 3-(2-(di(ethoxycarbonyl)methyl)-
phenyl)prop-2-ynyl methyl carbonaté;(69.6 mg, 0.20 mmol) in
DMF (2.0 mL) were added $COs; (55.2 mg, 0.40 mmol), amines
(0.24 mmol), and Pd(PRBh (11.5 mg, 5 mol %). The resulting
mixture was then heated under an argon atmosphere°&.8@hen
the reaction was considered complete, as determined by TLC
analysis, the reaction mixture was cooled to room temperature,
quenched with a saturated aqueous solution of ammonium chloride,
and extracted with EtOAc. The combined organic extracts were
washed with water and saturated brine. The organic layers were
dried over NaSO, and filtered. Solvents were evaporated under
reduced pressure. The residue was purified by chromatography on
silica gel to afford the corresponding 2-substituted indehes

Diethyl-2-((pyrrolidin-1-yl)methyl)-1 H-indene-1,1-dicarboxy-
late (6a). The reaction mixture was chromatographed using 10:1
hexanes/EtOAc to afford 42.5 mg (62%) of the indicated compound
as an oil: '"H NMR (400 MHz, CDC}) 6 7.60 (d,J = 8.0 Hz, 1H),
7.32-7.24 (m, 2H), 7.2£7.17 (m, 1H), 6.88 (s, 1H), 4.234.15
(m, 4H), 3.59 (s, 2H), 2.632.60 (t,J = 6.4 Hz, 4H), 1.8%+1.78
(m, 4H), 1.36-1.22 (m, 6H);13C NMR (100 MHz, CDC}) 6 168.1,
145.2, 144.0, 140.9, 131.7, 128.5, 125.5, 124.9, 120.9, 71.0, 61.8,
54.5, 54.4, 23.7, 13.9; IR (neat, cf) 3402, 2964, 1731, 1463,

regioselective intermolecular nucleophilic attack of the nucleo- 1234, 1050. Anal. Calcd for gH.sNOs: C, 69.95: H, 7.34: N,
phile on 10 at the less-hindered site produces 2-substituted 4 08. Found: C, 69.85: H, 7.37: N, 3.98.

indenet®

In conclusion, we have developed an efficient and operation-
ally simple cyclization method for the synthesis of 2-substituted
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Experimental Section

General Procedure for the Preparation of 2-Substituted
Indenes 3.A mixture of 3-(2-(di(ethoxycarbonyl)methyl)phenyl)-
prop-2-ynyl methyl carbonatel( 69.6 mg, 0.20 mmol), phenols
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