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ABSTRACT

Catalytic SbF5 and the use of EtOH as an additive efficiently converted a mixture of phenylalkynes and aldehydes to indanone compounds in
one pot, and the reaction stereoselectively afforded the corresponding 2,3-disubstituted indanones as a single trans-isomer.

1-Indanone compounds are important synthetic intermediates
for pharmaceutical agents and biologically active
compounds,1and there are numerous methods available for
the preparation of 1-indanones.2 One-pot approaches for the

synthesis of indanones via Nazarov cyclization3of phenyl
alkenyl ketone intermediates have been known as convenient
methods, while the procedures often required stoichiometric
amounts of promoters4,5 and organometallics.6 The formation
of conjugated enones from alkyne and aldehyde by formal
alkyne-carbonyl metathesis has received attention because
of the atom-economical process alternative to the Wittig
reaction (Scheme 1).7,8 Although alkyne-carbonyl metath-

esis is promoted by miscellaneous Lewis acids and Brønsted
acids,9,10 to the best of our knowledge, a one-pot approach
to the catalytic formation of indanones by a reaction of
alkyne and aldehyde has yet to have been achieved.11We
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Scheme 1. Alkyne-Carbonyl Metathesis
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herein report the stereoselective synthesis of 2,3-disubstituted
indanones through the SbF5-catalyzed reaction of phenyla-
lkyne derivatives with aldehydes.

At the outset, we focused our efforts on the screening of
catalysts (10-20 mol %) for the formation of indanone 2a
in the reaction of phenylalkyne 1 with benzaldehyde (1.2
equiv) in 1,2-dichloroethane (DCE, Table 1). Although

previously reported catalysts have brought about good results
for the formation of conjugated enones,7–10 2a was obtained
in low yields even at 90 °C for 18-22 h (left column, Table
1). On the other hand, an addition of alcohol (1 equiv to 1)
exerted a remarkable effect on the formation of 2a (right
column, Table 1). In particular, by the use of SbF5 in the
presence of MeOH, the desired reaction stereoselectively
proceeded at 90 °C within 4 h to give 2a as a single trans-
isomer12in 61% yield.

We next investigated the additive effect of alcohol (1 equiv
to 1) in the reaction of 1 with benzaldehyde (1.2 equiv) in
the presence of SbF5 (10 mol %) at 90 °C for 2 h in DCE
(Figure 1). Compared with the fluorinated alcohol or aprotic
polar additive, EtOH turns out to be an efficient additive.
Thus, in the presence of EtOH, 1 was consumed at 90 °C
within 2 h to give 3a in 76% yield with complete trans-
selectivity.13

Under the optimized conditions, the present catalytic
system could be applied to the reaction of substituted alkyne
compounds 1, 4, and 6 with various aldehydes (Table 2).
Thus, many aldehydes successfully reacted with alkyne 1,
4, and 6 to give the corresponding indanone products in
moderate to high yields. In all cases, complete trans-
selectivities were observed. The reaction of terminal alkyne

8, however, did not yield indanone but enone 9.14 It should
be mentioned that the use of PhCH(OEt)2 instead of
benzaldehyde showed a rather lower yield of 2a, regardless
of the presence of EtOH (Table 2). Although propiophenone
(10), propiophenone diethylacetal (11), or R-ethoxy-�-meth-
ylstyrene (12) would be expected as an intermediate from
alkyne 1 and EtOH, the use of the compounds instead of 1
brought about inferior results (see Supporting Information).

The reaction of phenylalkyne 1 with benzaldehyde at a
lower temperature (60 °C, 1 h) by the present catalytic system
afforded the enone 3a in 92% yield (Scheme 2). 3a could
be converted into the corresponding indanone 2a under
similar conditions at 90 °C within 2 h in good yield with
excellent selectivity (Scheme 2). Therefore, we believe that
the one-pot formation of 2a from 1 and aldehyde would

Table 1. Screening of Catalyst Systems for the Formation of
2aa

MeOH (none) MeOH (1 equiv to 1)

yield (%)b yield (%)b

Catalyst (mol % to 1a) 2a 3a 1 2a 3a 1

AgSbF6 (10) 20 4 – 46 – –
BF3·OEt2 (20) 21 26 7 27 44 20
TfOH (20) 39 6 – 53 – –
In (OTf)3 (10) – 20 – 61 – –
Sc (OTf)3 (10) 21 41 6 35 40 –
Yb (OTf)3 (10) – – – 4 – 48
Cu (OTf)2 (10) 8 37 – 13 39 –
SbF5 (10) 8 31 – 61c – –
SbCl5 (10) – 19 55 2c 72 8

a Reaction conditions: 90 °C, 18-22 h. b Determined by 1H NMR
analysis using toluene as an internal standard. c 90 °C, 4 h.

Table 2. Formation of Indanones by SbF5-EtOH-Catalyzed
Reaction of Phenylalkynes with Aldehydea

alkyne/R1 R2CHO time (h) product/%b

1/Me PhCHO 2 2a 78
PhCH(OEt)2 7 2a 55 (54c)
tBuCHO 8 2b 89
EtCHO 22 2c 75
CyCHO 72 2d 72

4/nBu PhCHO 4 5a 78
tBuCHO 10 5b 82
Ph (CH)2CHO 22 5c 66
iPrCHO 96 5d 38 (63d)

6/Ph PhCHO 22 7a 59
MeCHOe 48 7b 45

8/H PhCHO 48 9 60
a CyCHO: cyclohexanecarboaldehyde. b Isolated yield. c EtOH was

absent. d SbF5: 20 mol %. e 3 equiv.

Figure 1. Effect of protic or aprotic polar additive (1 equiv to 1)
in the SbF5(10 mol %)-catalyzed reaction of 1 benzaldehyde (1.2
equiv) at 90 °C for 2 h in DCE. (Yields of 2a and 3a were
determined by 1H NMR.) TFE, 2,2,2-trifluoroethanol; HFIP,
1,1,1,3,3,3-hexafluoro-2-propanol.
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consist of (i) the formal alkyne-carbonyl metathesis between
both substrates and (ii) Nazarov cyclization of phenyl alkenyl
ketone intermediates. Although the precise role of EtOH is
less clear, one of the possibilities would be the generation
of the protic catalyst SbF5·EtOH.15

To gain a qualitative understanding of the activation of
alkyne 1 and benzaldehyde by the present catalytic system,
we carried out NMR studies using SbF5·10EtOH (a 1:10
mixture of SbF5 and EtOH). The 13C NMR spectrum (75
MHz) of a 1:1 mixture of 1 and benzaldehyde in the presence
of 10 equiv of EtOH in (CD2Cl)2 at room temperature
showed that the signals of the sp-carbons (δ 81.32, 87.73)
of 1 scarcely shifted (δ 81.34, 87.69) and the carbonyl-carbon
(δ 193.78) of benzaldehyde shifted to a lower field (δ
194.20). In the case of the mixture of 1, aldehyde, and a
stoichiometric amount of SbF5·10EtOH (1/benzaldehyde/
SbF5/EtOH ) 1:1:1:10), the slight shift of sp-carbons of 1
to a higher field (δ 81.12, 87.58) and the shift of carbonyl-
carbon to a lower field (δ 194.31) were observed.16 A similar
observation has been reported in the Ag(I)-catalyzed reaction
of alkyne and aldehyde.8 Thus, the present catalytic system

would preferentially activate aldehyde rather than alkyne to
bring about the formation of 3a.

In conclusion, we developed a highly stereoselective one-
pot synthesis of trans-2,3-disubstituted indanone derivatives
from phenylalkynes with aldehydes. The use of EtOH as an
additive was found to be essential for the SbF5-catalyzed
formation of indanone derivatives. Synthetic applications and
detailed mechanistic studies of the present reaction are
underway.
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