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A number of highly substituted indene derivatives have been prepared in good yields by the reactions of arylvinylidenecyclopropanes 1 with
acetals 2 in the presence of Lewis acid under mild conditions. The reaction is believed to proceed via regioselective addition of oxonium

intermediate to arylvinylidenecyclopropane and the subsequent intramolecular Friedel

—Crafts reaction.

Indene derivatives are remarkably useful compounds servingsubstituted allylic alcohols in the presence of strong Brgnsted

as building blocks for many functional materialspnste-
roidal anti-inflammatory drug3,and biologically active

substancésas well as ligands for transition metals by

acid® thermal ring opening of substituted cyclopropehes,
and Friedel—Crafts reaction @fem-dihalocycloproane de-
rivatives with aromatic compounds mediated by aluminum

deprotonatiorf. This has stimulated the development of a chloride or ferric chloridé.Although these classic methods
number of approaches for the synthesis of the indene ringare quite efficient for the synthesis of simple indene
system, including cycloalkylation procedures such as reduc- derivatives, overall, these routes consist of several steps with

tion/dehydration of indanonés.cyclization of phenyl-
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low overall yields and only moderate flexibility for the
preparation of substituted indene derivatives. These draw-
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backs have prompted us to develop a general syntheti
protocol for the preparation of substituted indene derivatives.

Recently, we reported Lewis acid-catalyzed unimolecular
rearrangements of arylvinylidenecyclopropafés produce
naphthalene, 6aH-benzo[c]fluorine, and indene derivatives
depending on the substitution pattern of the cyclopropyl rings
and the electronic nature of aryl groupiderein, we present
a new synthetic protocol for the preparation of substituted
indene derivatives by Lewis acid (LA) catalyzed reaction of
1 with acetals under mild conditions.

Initial studies were aimed at finding the optimal reaction
conditions for the Lewis acid catalyzed reaction. Using
diphenylvinylidenecyclopropanda as the substrate, we
examined the reaction dfa with acetal2ain the presence
of a variety of Lewis acids. The results are summarized in
Table 1. Using Sc(OT%)(10 mol %) as the catalyst in 1,2-

Table 1. Optimization of the Reaction Conditions && and2a

CHs O o cos
ehs 65 LA s
+ CgHsCH({OEt
1a 2a CgHs CgHs
3a
entry® solvent catalyst T (°C( time (h( yield of 3a® (%)
1 DCE Yb(OTD3 Tt 24 12¢
2 DCE Yb(OTDs 60 6 76
3 DCE Yb(OTD3 80 6 72
4 DCE Sc(0OTo)s 60 5 90
5 DCE Sn(OTf) 60 5 78
6 DCE Zr(OTo)4 60 5 69
7 DCE BF;5-OEt; 60 5 86
8 DCE In(OTDs 60 5 88
9 DCE La(OTf)3 60 24 114
10 THF Sc(OTh)3 60 24 trace
11 CH3CN  Sc(OTf)3 60 4 78
12 toluene Sc(OTH)s 60 4 69
13 dioxane Sc(OTf)s 60 24 NR
14 CHyCly  Sc(OTh)s3 40 5 44
15 EtO0 Sc(OTh)3 35 24 trace
16 hexane Sc(OTf)3 60 7 57
17 EtOH Sc(OTh)s3 60 24 trace

a All reactions were carried out usinta (0.2 mmol),2a (0.4 mmol),
and catalyst (10 mol %) in various solvents (2.0 nilsolated yields.30%
of 1awas recovered! 23% of 1a was recovered.

dichloroethane (DCE) at 60C, 1,3-diphenyl-2-(3-phenyl-
1H-inden-2-yl)-1H-indene3a, which was unambiguously
determined by X-ray diffraction (Figure 1jwas formed in
90% yield (Table 1, entries-19). The examination of solvent
effects revealed that DCE is the best one for the reaction
(Table 1, entries 10—17).
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14552—-14553. The lower stability of intermedidteunder the standard
reaction conditions might be the reason for the formation of complicate
products in the case of arylvinylidenecyclopropdme
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number 600539 and f@i with the number 604706. For the details, see the
Supporting Information.
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Figure 1. ORTEP drawing of3a.

Next, we examined a variety of arylvinylidenecyclopro-
panesl with acetals?2 under these optimal reaction condi-
tions. The results are summarized in Table 2. As can be seen

Table 2. Sc(OTfg-Catalyzed Reaction of
Arylvinylidenecyclopropaneg with Acetal 2

R2 R* RS R!
R! R® o Sc(OTf)a (10 mol %) & =
,>='=< ;R CHOBY —5cE 60°C, 5n Va | Ly :
R gt R 2 R R® R® R
! 3
yield of
entry® 1 (RYR%R3/R¥R5) 2 (R®) 3% (%)
1 1b (p-CH3C¢H4/CeHs/- 2a (CeHs) 3b, 89
CeHs/H/H)
2 lc (p-FCH/CeHs/CHyH/H) 2a 3¢, 90
3  1d (C¢Hs/p-CH3CgHy/- 2a 3d, 93
p-CH3C6H4/H/H)
4 le (C¢Hs/p-FCeHy/- 2a 3e, 53
p-FCcH«/H/H)
5  1f (C¢Hs/p-CICeHy/ 2a 3f, 56
p-CIC¢H«/H/H)
6 1g (C¢Hs/CsHs/C¢Hs/CH3/H) 2a 3g, 95
7  1h (CeHs/C¢Hs/CHs/CHs/H)  2a 3h, 87
8  1i (C¢Hs/C¢H5/CsHs/CH3/CH3) 2a 3i, 86¢
9  1j (Ce¢Hs/C¢Hs/CHs/H/H) 2a 3j, 37
10 1a (Ce¢Hs/CeH5/CsHs/H/H) 2b (p-C1CeHy) 3k, 94
11 la 2¢ (p-CH3CgHy) 31,75
12 1a 2d (m-CH3C¢Hy4) 3m, 49

a All reactions were carried out usirg(0.2 mmol),2 (0.4 mmol), and
Sc(OTf (10 mol %) in DCE (2.0 mL)P Isolated yields¢ The structure
of 3i was further unambiguously determined by X-ray diffraction.

from Table 2, the corresponding indene derivati@esere
obtained in good to high yields within 5 h. For substrates
le,1f, andlj, in which Rz and R are electron-poor aromatic
groups or Ris a methyl group andRand R are hydrogen

Org. Lett, Vol. 8, No. 23, 2006



Furthermore, we also found that arylvinylidenecyclopro-

— i i 3
Table 3. Sc(OTf)-Catalyzed Reaction of paneslk m, in which R, R : R* and R are meth_yl groups,
Arylvinylidenecyclopropane¢k—m with Acetal 2 reacted with acetal@ to give the corresponding 2-(2,4-
. dimethylpenta-1,3-dien-3-y}H-indene derivatives4 in
' P moderate to good yields under the standard conditions (Table
R Sc(OTh; (10 mol %) = y
>=§\: ki e 3).
R : 2 i i / A plausible mechanism for the formation of indene
derivatives is outlined in Scheme 1. Initially, the reaction of
- - : ; acetal2 with Sc(OTf} generates oxonium intermediaie!
entry” R 2 R yield of 4° (%) The reaction of intermediat& with arylvinylidenecyclo-
1 1k (CeHs) 2a (CeHs) 4a, 54 propanesl produces the cyclopropyl ring-openadallylic
2 11 (p-CH3CeHy) 22 4b, 74 cationic intermediat® or the resonance-stabilized cationic
3 Im (p-ClCeHs)  2a 4c, 93 intermediateC andD. IntermediateC undergoes intramo-
4 1k 2b (p-CICcH.) 4d, 99 lecular Friedel—Crafts reaction to give intermedid&e?
5 1k 2¢ (p-CH3CHy)  de, 84 hen R | | B | thvl Rand
6 1k 2d (m-CHsCeHy)  4f, 60 when R is aryl group, R is aryl or methyl group, Ran

. _ _ _ RS are methyl group or hydrogen atoms. Wheh R, R4,
an dgg(éﬁgigg mgﬁm‘;a}”'g%g“(tz.%Sxﬁyfgglarpergﬂi)éés@"‘ mmol), and R are methyl groups, deprotonation of intermediate
takes place to afford the corresponding intermediate In
the presence of Sc(OTEfJLA), intermediateE-1 or E-2 loses
an ethoxy group to give the corresponding cationic inter-
mediateF-1 or F-2.12 The subsequent intramolecular Frieeel
Crafts reaction of-1 andF-2 produces the indene deriva-
tives4 and 3, respectively.
Interestingly, using arylvinylidenecyclopropate, which
has only one phenyl group at the cyclopropyl ring, as the
_ substrate under identical conditions, we found that 6-methyl-

Scheme 1. Proposed Mechanism for the Formation of Indene 5 7_diphenyl-H-benzof]fluorine 5 was formed in 16% yield

atoms, the corresponding inderges 3f, and3j were obtained

in somewhat lower yields (Table 2, entries 4, 5, and 9). In
addition, similar results were obtained for other ace?alsd
under identical conditions (Table 2, entries 10—12).

Derivatives
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Sc(OT! + R4 : .
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R +
p S g
F-1
Friedel-Crafts Friedel-Crafts K K
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RB RS
A / a S along with other unidentified byproducts (Scheme 2). The
S ' e D structure of5 was determined on the basis of IR dttland
R R R'R* R
3 (11) Meerwein, H.; Florian, W.; Schon, N.; Stopp, &n. Chem1961,

641, 1-39.
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13C NMR spectroscopic data and HRMS analysis. A plausible the reactions of arylvinylidenecycloproparesiith acetals
mechanism for the formation d&& is shown in Scheme 2. 2 under mild conditions. The reaction is believed to proceed
Similar to the previous example, the cyclopropyl ring-opened via regioselective addition of oxonium intermediate to
mr-allylic cationic intermediat& is formed from the reaction  arylvinylidenecyclopropane and the subsequent intramolecu-
of the corresponding cationic intermediake with 1n. lar Friedel—Crafts reaction. Efforts are in progress to
Because the corresponding resonance-stabilized cationicelucidate further mechanistic details of these reactions and
intermediateH is less stable than cationic intermedi&e to understand their scope and limitations.
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¢(OTfk. Then, the final product was formed similarly Supporting Information Available: Spectroscopic data

via intramolecular Friedel—Crafts reaction. ; e
of all the new compounds, the detailed descriptions of

In conclusion, we have succeeded in an effective Lewis , tal q 4x data f Bad
acid-catalyzed synthesis of substituted indene derivatives byexper!men_a proceaures, and A-ray data for compottads
and 3i. This material is available free of charge via the
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