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Indene derivatives including an allene functional group are readily prepared in moderate to excellent yields with high regioselectivity under
very mild reaction conditions by the Pd/C-catalyzed reaction of propargylic compounds. The resulting products can be further elaborated

using Pd-catalyzed annulation reactions.

Allenes have received considerable attention in recent of two vicinal halogen atoms from 2,3-dibromoalkerig8)
years!™3 The interesting reactivity of allenes originates addition of organometallic reagents or metal hydrides to
mainly from their unique strained structure, and thus propargylic halides and analogue$4) rearrangement of
continuous efforts have been made to construct the 1,2-dienicacetylenic systems(5) reaction of 1,1-dihalocyclopropanes
moieties. Allenes are usually prepared by one of the with MeLi;®° (6) addition of organolithiums to vinylacety-

following methods: (1) elimination of substituted alkenyl
triflates/halides or allylic halide$(2) reductive elimination
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synthesis of allenyl indene derivatives.
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Pd-catalyzed reactions of propargylic compounds have the catalytic activity of palladium catalysts was examined
been shown to be extremely effective for the construction (entries 6-9). Pd(PPk4 and Pd(dba) also showed good
of carbon-carbon and carbenheteroatom bondS.In this results. Other palladium catalyst systems such aglBd)y/
process, however, expensive and air-sensitive Pd catalystsdppf and Pd(OAg)PPh gave poor yields. Finally, the
environmentally harmful phosphine ligands, and high tem- amount of Pd/C was examined (entries-1). We found
perature were usually used. In connection with our researchthat 0.5 mol % of Pd/C also afforded product in an excellent
on carboannulation reactiofswe herein report a novel yield. Although 0.2 mol % of Pd/C proved to be effective,
cyclization reaction of propargylic compounds for the the use of 0.5 mol % of Pd/C realized high yield with good
synthesis of indene derivatives with high regioselectivity in reproducibility. The optimum reaction conditions thus far
the presence of a phosphine-free catalyst Pd/C under ambientieveloped employ 1.0 equiv dfa, 2.0 equiv of CgCO;,
conditions of temperature and air. An allene functional group and 0.5 mol % of Pd/C in DMF at room temperature in air.
was also formed in the product that could be engaged in  Under the optimized reaction conditions above, the breadth
post-transformations (Scheme 1). and scope of the reaction of substituted secondary and tertiary
propargyl substrates were investigated next. Substituted
secondary carbonates, having methyl or phenyl substituents,
produced high yields of the indene derivatives (Table 2

Scheme 1
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Our initial study began with the reaction of 3-(2-(2,2-di- R
(ethoxycarbonyl)ethyl)phenyl)prop-2-ynyl ethyl carbonate entry 1 Ce time(h) 2 yield® (%)
0 N
(1a 0.5 mmol) and 10% Pd/C (0.05 eq_uw) in the abse_nce 1 R'= COMEL, A 6 2a 96
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OCO,Et R2 = Me, RS = Me 1h
1a 2a 9  R!=COMe, B 10 2i 73
- " Ri R3 = (CHg)4 1i
time yie 10 R!=COMe, B 10 2j 78
entry catalyst base  solvent (mol %) (h) (%) R? = R3 = (CHy)s 1j
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1 PdC DMF 5 14 69 n R T ph 1k B 12 2k 66
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3 Pd/C Cs2CO3 DMF 5 2 96 Rz RI=H11
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11  Pd/C Cs2CO3 DMF 0.5 6 96 aConditions A: 1 (0.5 mmol), CsCGO;s (2.0 equiv), and Pd/C (0.5 mol
12 Pd/C CsoCO3 DMF 0.2 10 64 %) in DMF (3 mL) at room temperature in air. Conditions B{0.5 mmol),

CsCO; (2.0 equiv), and Pgdba) (5 mol %) in DMF (3 mL) at 100°C

a ) ) )
Reactions were carried out on a 0.5 mmol scale in 3.0 mL of solvent under argon® Isolated yields.

at room temperature in air for the specified period of time with 1.0 equiv
of 1a, 2.0 equiv of base, and [Pd].solated yields¢ The reactions were
run under argon.

entries 2-6). Similarly, 2-furyl-substituted propargyl com-
poundlg led to desired produd@g in 80% yield (entry 7).

vestigated as bases. LL£; provided an excellent yield and
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Org. Chem.2006 71, 3325 Duan X.-H.; Guo, L.-N.; Bi, H.-P.; Liu,
THF and toluene were less effective (entries 4 and 5). Next, XV : Liang, Y.-M. Org. Lett.2006 8, 3053. (c) Duan. X.-H.. Guo, L -N.
Bi, H.-P.; Liu, X.-Y.; Liang, Y.-M. Org. Lett.2006 8, 5777. (d) Guo, L.-
(12) For reviews on palladium-catalyzed reactions of propargylic com- N.; Duan, X.-H.; Bi, H.-P.; Liu, X.-Y.; Liang, Y.-M.J. Org. Chem2007,
pounds, see: (a) Tsuji, Acc. Chem. Re4969 2, 144. (b) Tsuji, J.; Mandai. 72, 1538-1540. (e) Bi, H.-P.; Guo, L.-N.; Duan, X.-H.; Gou, F. -R.; Huang,
T. Angew. Chem., Int. Ed. Endl995 34, 2589. S.-H.; Liu, X.-Y.; Liang, Y.-M. Org. Lett.2007, 9, 397.

3528 Org. Lett, Vol. 9, No. 18, 2007



The reactions of tertiary propargyl acetatds 1i, and 1j s

have also been studied. Good yields of the expected products

. - : Scheme 3
have been obtained in the presence of(&b) (entries
8—10). Fortunately, 1,1-diaryl-1,2-aller#k was also ob- CO,Et OH PPy, Co,CO
. . . 3)4, LS
tained in a moderate yield (entry 1¥)Pd/C showed poor CO,Et +R4,C[| —LDMF, 1007 Toh

results in the reactions of tertiary propargyl compounds.

Table 2 also shows results of propargyl substrates involving . RAE“HY 60%: 3b, RA= CI, 58%:

different leaving groups. The reactions of propargyl carbonate = 3¢ R*=NO,, 65%; 3d, R*=Ac, 68%

1l, propargyl acetatelm, propargyl benzoateln, and

propargyl phosphatdo gave the desired producia in (0) initially promotes decarboxylation of propargylic com-

excellent yields (entries 1215). poundl to generate an allenylpalladium complt>16 (b)
The facility with which this carboannulation process occurs regioselective intramolecular nucleophilic attack of the

encouraged us to attempt a double cyclization. When carbanion forms produ@.

compoundlp was reacted in the presence of 1.0 mol % of

Pd/C and 4.0 equiv of GEO; in DMF at room temperature

in air for 7 h, the double-annulation produp was formed Scheme 4
. o
in 83% vyield (Scheme 2). coset _ SO coset
CO,Et
COEt — e — COLEt
X__OR!
T RrE R 4 N\ g 2 /R
Scheme 2

In conclusion, we have developed a novel Pd/C-catalyzed
reaction without phosphine ligands for the synthesis of indene
derivatives from propargylic compounds with high regiose-
lectivity under ambient conditions of temperature and air. It
is noteworthy that lower catalyst loadings were used in this
process. Further studies into the chirality of the carboannu-
lation reaction are underway.
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An interesting feature of this process is the fact that the _ . . _ .
indene derivatives produced by carboannulation can be SuPPorting Information Available: Typical experimen-
further elaborated by using various Pd-catalyzed processest@! Procedure and characterization data for all products. This
For example, the reaction @8awith 2-iodophenols afforded material is available free of charge via the Internet at
the spirocyclic product8 in moderate yields (Scheme 3). httP://pubs.acs.org.
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