
PAPER www.rsc.org/obc | Organic & Biomolecular Chemistry

Unexpected iron(III) chloride-catalysed dimerisation of
1,1,3-trisubstituted-prop-2-yn-1-ols as an expedient route to highly
conjugated indenes†
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A method to prepare highly conjugated indenes efficiently by iron(III) chloride-catalysed dimerisation
of trisubstituted propargylic alcohols under very mild conditions at room temperature is described. The
reactions are rapid and operationally straightforward, giving the indene products in good yields and
regioselectivity.

Introduction

In addition to their versatility as building blocks in organic
synthesis, indenes are an important class of carbocycles found
in a myriad of compounds of biological and material interest.1

Although this has led to many synthetic methods to this important
carbocycle,2 the number of literature examples still remains
far fewer than those for structurally related heterocycles such
as indoles and benzofurans. Moreover, many of the reported
reactions have been shown to require high temperatures and/or
prolonged reaction times. In this regard, the development of mild
and efficient synthetic strategies that can make use of inexpensive
and ecologically benign starting materials and catalysts for the
synthesis of this class of compounds would be desirable.

Iron complexes have re-emerged as efficient Lewis acid catalysts
in a variety of stereoselective C–X (X = C, N, O, S) bond
formations in recent years.3–5 When the electrophile in these
reactions is an alcohol, they were shown not only to benefit from
the nontoxic and inexpensive nature of the ubiquitous Group 8
metal but also the low cost of the substrate and formation of
H2O as potentially the only byproduct.4,5 Added to this is the ease
of preparing the starting alcohol that provided the possibility to
introduce a wide variety of substitution patterns and a quaternary
carbon centre through the use of a tertiary alcohol. As part of an
ongoing program to develop such reactions,5a,6 we unexpectedly
found propargylic alcohols of the type 1 dimerised and gave the
indene products 2 and 3 when treated with FeCl3 under the mild
conditions shown in route 1 in Scheme 1. The reactions were also
shown to proceed with complete regioselectivity for substrates
containing a sterically bulky alkyl group on the carbinol carbon,
and such selectivities were dependent on the structural nature of
this functional group. Interestingly, although indene formation
from propargylic alcohols such as 1 has been described twice
before in the literature, as shown in routes 2 and 3 in Scheme 1,7 the
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structures of 2 and 3 are unprecedented. Additionally, while 1,2-
and 1,3-migrations of acetoxy,8 indole,2h silyl7h and sulfide9 groups
in the respective propargylic derivatives have been reported, the
apparent 1,3-alkyl group migration observed in this reaction is not
known. Herein, we report the discovery of this new iron-catalysed
method for the synthesis of ethynyl-2-vinyl-1H-indenes from
dimerisation of a variety of trisubstituted propargylic alcohols.

Results and discussion

We found that treating a solution of 1a in CH2Cl2 and 4 Å MS
with 5 mol% of FeCl3 at room temperature for 0.5 h gave the
best result (Table 1, entry 1). Under these conditions, the indenes
2a and 3a were obtained in respective yields of 65% and 7%,
comparable to the yields and regioselectivities obtained for the
analogous Au-catalysed reactions with propargylic acetates and
indoles.2h,2n The regiochemistries of both indene products were
determined by X-ray single crystal structure analysis (Fig. 1a and
1d).† Although requiring a longer reaction time of 2 h, the same
yields of 2a and 3a were reproduced when the experiment was
repeated at -78 ◦C (entry 2). In contrast, repeating the reaction
in other solvents was found to be markedly less effective (entries
3–5). When toluene was employed as the solvent, the conjugated
enyne side-product 7a was furnished as the major product in 38%
yield and the indene adducts as the minor products (entry 3).
Similarly, performing the reaction in either THF or MeCN was
found to result in only recovery of the starting alcohol in yields
of 85–95%, along with 7a in 7% yield when THF was used as the
solvent (entries 4–5). On the other hand, an examination of other
Lewis and Brønsted acid catalysts revealed that InCl3, ZnCl2 and
AuCl3 could also mediate the dimerisation of 1a and give 2a and
3a, albeit in lower yields of 46–61 and 8–14%, respectively (entries
6–8). Formation of 7a in yields of 3–8% was also afforded by
the ZnCl2- and AuCl3-catalysed reactions. However, the absence
of a catalyst, or switching to the metal triflates Cu(OTf)2 and
Yb(OTf)3, or Brønsted acids p-TsOH or TfOH, was found to lead
to no reaction based on 1H NMR and TLC analysis of the crude
mixtures (entries 9–13).

To define the scope of the present indene-forming procedure,
we next turned our attentions to the reactions of a variety of
propargylic alcohols 1 (Table 2). This revealed indene products
2b and 3b, and 2c and 3c, could be furnished in good overall
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Scheme 1 FeCl3-catalysed formation of ethynyl-2-vinyl-1H-indenes from trisubstituted propargylic alcohols.

Table 1 Optimisation of the reaction conditionsa

Yield (%)

Entry Catalyst Solvent Time/h 2a 3a 7a

1 FeCl3 CH2Cl2 0.5 65 7 —
2b FeCl3 CH2Cl2 2 65 7 —
3 FeCl3 PhMe 15 23 7 38
4 FeCl3 MeCN 15 —c — —
5 FeCl3 THF 15 — — 7
6 AuCl3 CH2Cl2 0.5 50 8 3
7 InCl3 CH2Cl2 0.5 61 11 —
8 ZnCl2 CH2Cl2 15 46 14 8
9 Cu(OTf)2 CH2Cl2 15 —c — —
10 Yb(OTf)3 CH2Cl2 15 —c — —
11 p-TsOH CH2Cl2 15 —c — —
12 TfOH CH2Cl2 15 —c — —
13 —d CH2Cl2 15 —c — —

a All reactions were performed at room temperature with 4 Å MS and
catalyst : 1a ratio of 1 : 20. b Reaction conducted at -78 ◦C. c No reaction
based on 1H NMR analysis of the crude reaction mixture. d Reaction
conducted in the absence of a catalyst.

yields from 1-cyclobutylprop-2-yn-1-ols containing an electron-
donating group at the acetylenic position. Although requiring a
longer reaction time and catalyst loading of 10 mol% at 40 ◦C, the
dimerisation process was also shown to be applicable to starting
alcohols bearing an electron-withdrawing or thiophene group at
this position. Under these slightly modified conditions, the indene
adducts 2d and 2e, which was also structurally characterized by
X-ray crystal analysis (Fig. 1b),† were afforded in lower yields
of 22 and 24%, respectively. Interestingly, steric effects were also

found to play a role since a more bulky i-Pr or cyclopentane unit
in place of the cyclobutane group at the carbinol position in the
starting alcohol were found to lead to no reaction. On the other
hand, propargylic alcohols with a pendant (CH2)nCH3 side chain
where n = 1, 3 or 5 at the carbinol position as in 1f–h and 1k
gave the corresponding indene products in good to excellent yields
under the standard conditions. The enyne byproduct 7 was also
obtained in yields of 3–26% for the reactions of 1b and 1d–g shown
in Table 2. More notably, dimerisation of propargylic alcohols
containing an i-Bu, Bn or phenethyl moiety at the carbinol
position was shown to proceed with complete regioselectivity. A
similar regioselective outcome was also found when we conducted
the dimerisation of 1n bearing a homoallylic functional group at
the carbinol position of the starting alcohol. In each of these latter
reactions, the indene adducts 2i–j and 2l–n were cleanly afforded
as the sole product in yields of 61–78%. The structure of 2m was
also characterized by X-ray crystallographic analysis (Fig. 1c).†
No minor products that could be attributed to either the indene
regioisomer 3 or enyne byproduct 7 were detected based on TLC
and 1H NMR analysis of the crude mixtures. Varying the alkyl
substituent at the carbinol position with a methyl group in place
of the cyclobutane group was found to lead to oligomerization of
the starting alcohol. Further control experiments also showed that
no product formation could be detected for reactions with a proton
or phenyl group instead of an alkyl group at the carbinol position
of the starting material. In these reactions, either a mixture of
decomposition products that could be identified by 1H NMR
analysis or recovery of the starting alcohol in addition to the
Meyer–Schuster rearrangement product in respective yields of 41
and 26% was obtained.10

On the basis of the above results, it appears that the chemo-
and regioselective outcomes of the reaction are dependent on the
behaviour of the Lewis acid catalyst and the alkyl substitution
pattern at the carbinol position. Although highly speculative, the
apparent 1,3-alkyl group migration in products of the type 2
and 3,11 and the formation of the enyne byproduct 7 led us to
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Fig. 1 ORTEP drawings of (a) 2a, (b) 2e, (c) 2m and (d) 3a with thermal ellipsoids at 50% probability levels.†

propose the mechanism outlined in Scheme 2 for the reaction
of 1k. This could involve activation of the alcohol substrate
through coordination of the hydroxyl functional group to the
FeCl3 catalyst. This delivers the Fe(III)-coordinated intermediate
A which undergoes elimination to give the putative alkynyl cation
species B and its allenic resonance form C. Alkoxylation of
carbocation B/C at the sterically less hindered carbon center
by another molecule of 1k and intramolecular Friedel–Crafts
reaction would give the dimer E.12 The reaction then proceeds via a
second putative carbocation species G resulting from activation of
the hydroxyl group of this newly formed dimer due to coordination
to the metal catalyst and elimination of [Fe]–OH. This leads to
intramolecular cyclization of the alkyne moiety to the resultant
carbocation centre generated and concomitant 1,3-alkyl shift to
furnish the cationic allylindene H.13 We surmise that this C–C
bond formation and 1,3-migration process could be concerted
in character so as to avoid the possible formation of a highly
reactive and unstable vinylic cation species.14 Deprotonation at
the methylene carbon center of the 1,3-migrated alkyl group in
this indenyl cation species as shown in Scheme 2 would provide
the indene regiosiomer 2k. Alternatively, the aryl group in H could
undergo a 1,4-migration to give the cationic indenyl regioisomer
I, which deprotonates in a similar manner to that described above
to provide the indene product 3k.

The possible involvement of carbocation intermediates is also
supported by our results for the dimerisation of enantioenriched

1f. Under the experimental conditions described in Scheme 3,
the indene products 2f and 3f were both obtained as a racemic
mixture in 35% yield. What remains unclear is the origin of
the product regioselectivities obtained in the present propargylic
alcohol dimerisation process. One possible reason for the complete
regioselectivities obtained for reactions of substrates containing
an alkyl group with a bulky iPr or Ph group or terminal
C=C bond could be to prevent any unfavourable steric and/or
stereoelectronic interactions arising between this group and the
migrating aryl group in H. However, this is highly speculative and
the exact reason(s) responsible for the unique regioselectivities
observed require future theoretical and experimental studies.

Conclusions

In summary, a novel iron-catalysed route to highly conjugated
indenes based on dimerisation of trisubstituted propargylic alco-
hols has been reported. This chemoselective carbocycle forming
method was shown to proceed under very mild conditions at
room temperature and provide product yields and regioselectivities
comparable to those reported for the analogous reactions with
propargylic acetates and indoles catalysed by gold salts.2h,2n In
reactions where the substrate contained a sterically bulky alkyl
group at the carbinol carbon, the indene-forming process was
also shown to proceed with complete regioselectivity. Moreover,
it makes use of alcohol substrates and an iron catalyst that are
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Table 2 Iron(III) chloride-catalyzed dimerisation of 1b–na

Substrate Product

a All reactions were performed at room temperature for 0.5 h with 4 Å MS and FeCl3 : 1 ratio = 1 : 20; values denoted in parenthesis are isolated yields.
b Reaction with 10 mol% FeCl3 at 40 ◦C for 24 h. c Reaction with 10 mol% FeCl3 at 40 ◦C for 2 h.

inexpensive, easily accessible and ecologically benign. Efforts are
currently underway to explore the detailed mechanistic aspects of
this reaction and how the method can be applied to natural product
synthesis and as potential advanced functional materials in view
of the nature of the substituents and high degree of conjugation
in the indene products obtained.

Experimental section

General details

Unless specified, all reagents and starting materials were pur-
chased from commercial sources and used as received. Solvents

were purified following standard literature procedures; CH2Cl2

was purified prior to use by passing through a PURESOLVTM

Solvent Purification System. Analytical thin layer chromatography
(TLC) was performed using Merck 60 F254 pre-coated silica gel
plate. Visualization was achieved by UV light (254 nm). Flash chro-
matography was performed using Merck silica gel 60 with freshly
distilled solvents. Unless otherwise stated, 1H and 13C NMR
spectra were measured on Bruker Avance 400 MHz spectrometer.
Chemical shifts (ppm) were recorded with respect to TMS in
CDCl3. Multiplicities were given as: s (singlet), bs (broad singlet),
d (doublet), t (triplet), dd (doublet, doublet) or m (multiplets).
The number of protons (n) for a given resonance is indicated by
nH. Coupling constants are reported as a J value in Hz. Infrared

This journal is © The Royal Society of Chemistry 2010 Org. Biomol. Chem., 2010, 8, 4016–4025 | 4019
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Scheme 2 Tentative mechanism for FeCl3-catalysed formation of ethynyl-2-vinyl-1H-indenes from trisubstituted propargylic alcohols.

Scheme 3 FeCl3-catalysed dimerisation of enantioenriched 1f.

spectra were recorded on Shimadzu IR Prestige-21 FTIR Spec-
trometer. High Resolution Mass (HRMS) spectra were obtained
using Finnigan MAT95XP LC/HRMS. Mass spectral data were
reported in units of mass to charge (m/z). Enantioselectivities
were determined by high performance liquid chromatography
(HPLC) analysis on a Shimadzu (DGU-20A5/LC-20AD/SPD-
M20A/RID-10(A) spectrometer employing a Daicel Chirapak
AD-H or OJ-H column.
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Representative experimental procedure for FeCl3-catalysed
preparation of vinyl-1H-indenes 2 and/or 3

To a solution of CH2Cl2 (3 mL) containing 1 (0.3 mmol) and 4 Å
molecular sieves (200 mg), was added FeCl3 (5 mol%). The mixture
was stirred at room temperature and monitored by TLC analysis.
On completion, the reaction mixture was filtered through Celite R©
and washed with CH2Cl2 (20 mL). The solvent was removed under
reduced pressure and the residue was subjected to purification
by flash column chromatography on silica gel (eluent: n-hexane–
CH2Cl2 = 20 : 1 to 10 : 1) to give the title compound.

1 - Cyclobutyl - 2 - (cyclobutylidene(phenyl)methyl) - 1 - phenyl - 3-
(phenylethynyl)-1H-indene (2a). White solid; Rf 0.59 (eluent: n-
hexane–CH2Cl2 = 6 : 1); m.p. 180–181 ◦C; 1H NMR (CDCl3, 400
MHz): d 0.96–0.99 (m, 1H, CH2), 1.40–1.59 (m, 3H, CH2), 1.72–
1.86 (m, 2H, CH2), 2.04–2.09 (m, 3H, CH2), 2.49–2.57 (m, 1H,
CH2), 2.71 (t, 2H, J = 7.6 Hz, CH2), 3.13-3.19 (m, 1H, CH), 6.79
(d, 2H, J = 5.8 Hz, Ar-H), 7.00–7.13 (m, 8H, Ar-H), 7.23–7.52
(m, 8H, Ar-H), 7.68 (d, 2H, J = 7.4 Hz, Ar-H); 13C NMR (CDCl3,
100 MHz): d 17.1 (CH2), 17.3 (CH2), 23.5 (CH2), 25.0 (CH2), 32.0
(CH2), 32.3 (CH2), 38.3 (CH), 66.4 (Ph-C-CH), 84.4 (C≡C), 94.3
(C≡C), 120.3 (Ar–C), 122.1 (C=C), 123.7 (Ar–C), 125.0 (Ar–C),
125.7 (Ar–C), 125.9 (Ar–C), 126.2 (Ar–C), 126.7 (Ar–C), 127.2
(Ar–C), 127.6 (Ar–C), 127.7 (Ar–C), 128.2 (Ar–C), 128.3 (Ar–C),
128.4 (Ar–C), 131.8 (Ar–C), 138.5 (C=C), 140.9 (Ar–C), 144.3
(C=C), 145.9 (Ar–C), 149.1 (Ar–C), 158.4 (C=C); IR (NaCl, neat)
n: 2980, 2943,1653, 1597, 1511, 1443, 1265, 754 cm-1; MS (ESI)
m/z 489 [M + H]+; HRMS (ESI) calcd. for C38H33 (M+ + H):
489.2582, found: 489.2567.

1 - Cyclobutyl - 2 - (cyclobutylidene(p - tolyl)methyl) - 1 - phenyl - 3-
(p-tolylethynyl)-1H-indene (2b). White solid; Rf 0.50 (eluent: n-
hexane–CH2Cl2 = 6 : 1); m.p. 87–89 ◦C; 1H NMR (CDCl3, 400
MHz): d 0.90–0.96 (m, 1H, CH2), 1.38–1.57 (m, 3H, CH2), 1.67–
1.82 (m, 2H, CH2), 1.95–2.05 (m, 3H, CH2), 2.26 (s, 3H, Ar–CH3),
2.33 (s, 3H, Ar–CH3), 2.41–2.49 (m, 1H, CH2), 2.68 (s, 2H, CH2),
3.08–3.16 (m, 1H, CH2), 6.77 (d, 2H, J = 7.2 Hz, Ar-H), 6.90–
7.03 (m, 7H, Ar-H), 7.11 (d, 2H, J = 7.8 Hz, Ar-H), 7.23-7.43
(m, 5H, Ar-H), 7.64 (d, 2H, J = 7.5 H, Ar-H); 13C NMR (CDCl3,
75 MHz): d 17.1 (CH2), 17.3 (CH2), 21.2 (CH3), 21.5 (CH3), 23.5
(CH2), 25.0 (CH2), 32.0 (CH2), 32.2 (CH2), 38.3 (CH), 66.3 (Ph-C-
CH), 83.8 (C≡C), 94.4 (C≡C), 120.2 (Ar–C), 120.6 (C=C), 122.1
(Ar–C), 124.9 (Ar–C), 125.6 (Ar–C), 126.0 (Ar–C), 126.5 (Ar–C),
127.2 (Ar–C), 127.6 (Ar–C), 128.1 (Ar–C), 128.3 (Ar–C), 129.1
(Ar–C), 131.7 (Ar–C), 135.3 (Ar–C), 135.6 (Ar–C), 138.3 (C=C),
141.1 (Ar–C), 144.4 (C=C), 145.2 (Ar–C), 149.1(Ar–C), 158.2
(C=C); IR (NaCl, neat) v: 2978, 2941,1651, 1506, 816, 896 cm-1;
MS (ESI) m/z 517 [M + 1]+; HRMS (ESI) calcd. for C40H37 (M+

+ H): 517.2895, found: 517.2894.

1-Cyclobutyl-2-(cyclobutylidene(4-pentylphenyl)methyl)-3-((4-
pentylphenyl)ethynyl)-1-phenyl-1H-indene (2c). Yellow oil; Rf

0.57 (eluent: n-hexane–CH2Cl2 = 4 : 1); 1H NMR (CDCl3, 400
MHz): d 0.87–1.00 (m, 7H, CH3, CH2), 1.26-1.44 (m, 10H, CH2),
1.32–1.49 (m, 9H, CH2), 1.55-1.62 (m, 6H, CH2), 1.75–1.85 (m,
2H, CH2), 2.05–2.14 (m, 3H, CH2), 2.48-2.73 (m, 7H, CH2), 3.08–
3.19 (m, 1H, CH), 6.77 (d, 2H, J = 6.6 Hz, Ar-H), 6.88–6.99 (m,
7H, Ar-H), 7.12–7.44 (m, 7H, Ar-H), 7.66 (d, 1H, J = 7.4 Hz,
Ar-H); 13C NMR (CDCl3, 100 MHz): d 14.1 (CH3), 14.1 (CH3),
17.2 (CH2), 17.3 (CH2), 22.6 (CH2), 22.6 (CH2), 23.6 (CH2),

25.1 (CH2), 31.0 (CH2), 31.2 (CH2), 31.5 (CH2), 31.6 (CH2), 32.1
(CH2), 32.3 (CH2), 35.7 (CH2), 35.9 (CH2), 38.4 (CH), 66.2 (Ph-
C-CH), 83.9 (C≡C), 94.5 (C≡C), 120.2 (Ar–C), 120.9 (Ar–C),
122.1 (C=C), 124.9 (Ar–C), 125.6 (Ar–C), 126.0 (Ar–C), 126.7
(Ar–C), 127.2 (Ar–C), 127.6 (Ar–C), 128.1 (Ar–C), 128.3 (Ar–C),
128.5 (Ar–C), 131.7 (Ar–C), 135.8 (Ar–C), 140.3 (C=C), 141.1
(Ar–C), 143.3 (Ar–C), 144.4 (C=C), 145.0 (Ar–C), 149.2 (Ar–C),
158.2 (C=C); IR (NaCl, neat) v: 2953, 2928, 1647, 1508, 1456,
752, 696 cm-1; MS (ESI) m/z 629 [M + 1]+; HRMS (ESI) calcd.
for C48H53 (M+ + H): 629.4147, found: 629.4154.

2- ((4 -Chlorophenyl)(cyclobutylidene)methyl) -3 - ((4 -chlorophe-
nyl)ethynyl)-1-cyclobutyl-1-phenyl-1H-indene (2d). Pale yellow
solid; Rf 0.50 (eluent: n-hexane–CH2Cl2 = 6 : 1); m.p. 167–168 ◦C;
1H NMR (CDCl3, 400 MHz): d 0.94–1.02 (m, 1H, CH2), 1.45–
1.66 (m, 3H, CH2), 1.71–1.88 (m, 2H, CH2), 2.06–2.23 (m, 3H,
CH2), 2.51–2.77 (m, 3H, CH2), 3.16–3.22 (m, 1H, CH), 6.73 (d,
2H, J = 7.4 Hz, Ar-H), 6.88–7.06 (m, 7H, Ar-H), 7.25–7.46 (m,
8H, Ar-H), 7.64 (d, 2H, J = 7.4 Hz, Ar-H); 13C NMR (CDCl3,
100 MHz): d 17.1 (CH2), 17.2 (CH2), 23.4 (CH2), 25.0 (CH2), 32.2
(CH2), 32.3 (CH2), 38.2 (CH), 66.2 (Ph-C-CH), 85.2 (C≡C), 93.4
(C≡C), 120.2 (Ar–C), 121.9 (Ar–C), 122.1 (C=C), 125.0 (Ar–C),
125.8 (Ar–C), 125.9 (Ar–C), 126.2 (Ar–C), 127.3 (Ar–C), 127.7
(Ar–C), 127.7 (Ar–C), 128.2 (Ar–C), 128.7 (Ar–C), 129.4 (Ar–C),
131.5 (Ar–C), 132.9 (Ar–C), 134.3 (Ar–C), 136.8 (C=C), 140.6
(Ar–C), 143.8 (Ar–C), 146.6 (C=C), 149.1(Ar–C), 158.2 (C=C);
IR (NaCl, neat) v: 2998, 2931, 1498, 1321, 1108, 835 cm-1; MS
(ESI) m/z 557 [M + 1]+; HRMS (ESI) calcd. for C38H31Cl2 (M+ +
H): 557.1803, found: 557.1812.

3-((1-Cyclobutyl-1-phenyl-3-(thiophen-3-ylethynyl)-1H -inden-
2-yl)(cyclobutylidene) methyl)thiophene (2e). Pale yellow solid;
Rf 0.36 (eluent: n-hexane–CH2Cl2 = 6 : 1); m.p. 127–129 ◦C; 1H
NMR (CDCl3, 400 MHz): d 0.95–1.01 (m, 1H, CH2), 1.45–1.64
(m, 1H, CH2), 1.75–1.86 (m, 4H, CH2), 2.05–2.11 (m, 2H, CH2),
2.45–2.47 (m, 1H, CH2), 2.71–2.79 (m, 1H, CH2), 3.24–3.28 (m,
1H, CH), 6.70 (dd, 1H, J = 5.0, 1.1 Hz, Ar-H), 6.76 (dd, 1H, J =
2.8, 1.0 Hz, Ar-H), 6.80 (dd, 1H, J = 8.1, 2.0 Hz, Ar-H), 6.98-7.05
(m, 4H, Ar-H), 7.17 (dd, 1H, J = 5.0, 1.0 Hz, Ar-H), 7.27-7.49
(m, 5H, Ar-H), 7.64 (d, 2H, J = 7.5 Hz Ar-H); 13C NMR (CDCl3,
100 MHz): d 17.2 (CH2), 17.2 (CH2), 23.6 (CH2), 25.1 (CH2), 31.8
(CH2), 32.5 (CH2), 38.4 (CH), 66.3 (Ph-C-CH), 83.8 (C≡C), 89.6
(C≡C), 120.3 (Ar–C), 121.2 (Ar–C), 121.5 (C=C), 122.0 (Ar–C),
122.6 (Ar–C), 123.7 (Ar–C), 125.0 (Ar–C), 125.3 (Ar–C), 125.7
(Ar–C), 126.2 (Ar–C), 127.2 (Ar–C), 127.7 (Ar–C), 127.9 (Ar–C),
128.3 (Ar–C), 128.6 (Ar–C), 130.1 (Ar–C), 139.4 (C=C), 141.0
(Ar–C), 144.2 (C=C), 145.7 (Ar–C), 149.0 (Ar–C), 157.9 (C=C);
IR (NaCl, neat) v: 2977, 2941, 1653, 1636, 777, 696 cm-1; MS
(ESI) m/z 501 [M + 1]+; HRMS (ESI) calcd. for C34H29S2 (M+ +
H): 501.1711, found: 501.1708.

(E) -1 -Ethyl -1 -phenyl -3 - (phenylethynyl) -2 - (1 -phenylprop-1-
enyl)-1H-indene (2f). Yellow oil; Rf 0.49 (eluent: n-hexane–
CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 1.07 (t, 3H, J
= 7.6 Hz, CH3CH2), 1.57 (d, 1H, J = 7.8 Hz, CH3CH), 2.37-2.44
(m, 2H, CH2CH3), 5.75 (q, 1H, J = 7.0 Hz, CHCH3), 7.09–7.35
(m, 19H, Ar-H); 13C NMR (CDCl3, 100 MHz): d 13.3 (CH3), 15.2
(CH3), 19.6 (CH2), 58.4 (Ph-C-CH2), 84.5 (C≡C), 89.8 (C≡C),
119.7 (C=C), 123.7 (C=C), 126.3 (Ar–C), 126.5 (Ar–C), 126.6
(Ar–C), 126.6 (Ar–C), 127.3 (Ar–C), 127.7 (Ar–C), 127.7 (Ar–C),

This journal is © The Royal Society of Chemistry 2010 Org. Biomol. Chem., 2010, 8, 4016–4025 | 4021
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128.0 (Ar–C), 128.2 (Ar–C), 128.3 (Ar–C), 129.6 (Ar–C), 131.8
(Ar–C), 136.0 (Ar–C), 139.9 (Ar–C), 140.8 (Ar–C), 141.5 (Ar–
C), 143.8 (C=C), 147.9 (Ar–C), 151.3 (C=C); IR (NaCl, neat) v:
2993, 2921, 1654, 1490, 757, 693 cm-1; MS (ESI) m/z 437 [M +
1]+; HRMS (ESI) calcd. for C34H29 (M+ + H): 437.2269, found:
437.2243.

(E)-1-Butyl-1-phenyl-3-(phenylethynyl)-2-(1-phenylpent-1-enyl)-
1H-indene (2g). Yellow oil; Rf 0.46 (eluent: n-hexane–CH2Cl2

= 6 : 1); 1H NMR (CDCl3, 400 MHz): d 0.70 (t, 3H, J = 7.4 Hz,
CH3), 0.86 (t, 3H, J = 7.4 Hz, CH3), 1.16–1.30 (m, 4H, CH2),
1.38–1.50 (m, 2H, CH2), 1.87–1.99 (m, 2H, CHCH2), 2.27–2.32
(m, 2H, CH2CH2CH2CH3), 5.68 (t, 1H, J = 7.4 Hz, CH2CH),
7.08-7.33 (m, 19H, Ar-H); 13C NMR (CDCl3, 100 MHz): d
13.6 (CH3), 14.0 (CH3), 23.0 (CH2), 23.2 (CH2), 26.3 (CH2),
31.1 (CH2CH), 31.1 (CH2CH2CH2CH3), 58.6 (Ph-C-CH2), 84.4
(C≡C), 90.0 (C≡C), 119.7 (C=C), 123.6 (C=C), 123.7 (Ar–C),
126.3 (Ar–C), 126.4 (Ar–C), 126.7 (Ar–C), 127.3 (Ar–C), 127.7
(Ar–C), 127.8 (Ar–C), 128.0 (Ar–C), 128.2 (Ar–C), 129.6 (Ar–C),
131.8 (Ar–C), 134.5 (Ar–C), 135.0 (Ar–C), 140.3 (Ar–C), 140.5
(Ar–C), 140.9 (Ar–C), 144.3 (C=C), 147.9 (Ar–C), 151.3 (C=C);
IR (NaCl, neat) v: 3057, 2957, 2928, 2859, 1597, 1489, 1445, 1022,
754, 696 cm-1; MS (ESI) m/z 493 [M + 1]+; HRMS (ESI) calcd.
for C38H37 (M++H): 493.2895, found: 493.2887.

(E) -1-Hexyl-1-phenyl-3-(phenylethynyl) -2-(1-phenylhept-1-
enyl)-1H-indene (2h). Yellow oil; Rf 0.48 (eluent: n-hexane–
CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 0.75(t, 3H, J
= 7.2 Hz, CH3), 0.88 (t, 3H, J = 7.1 Hz, CH3), 1.02-1.51 (m, 18H,
CH2), 1.83-2.02 (m, 2H, CHCH2CH2), 2.29 (t, 2H, J = 7.6 Hz,
CH2), 5.68 (t, 1H, J = 7.5 Hz, CH2CH), 7.08-7.33 (m, 19H, Ar-
H); 13C NMR (CDCl3, 100 MHz): d 13.9 (CH3), 14.1 (CH3),
22.5 (CH2), 22.7 (CH2), 26.6 (CH2), 28.9 (CH2), 29.0 (CH2), 29.5
(CH2), 29.8 (CH2), 31.1 (CH2), 31.7 (CH2), 58.5 (Ph-C-CH2), 84.5
(C≡C), 90.0 (C≡C), 119.7 (C=C), 123.6 (Ar–C), 123.7(C=C),
126.3 (Ar–C), 126.4 (Ar–C), 126.7 (Ar–C), 127.3 (Ar–C), 127.7
(Ar–C), 127.7 (Ar–C), 128.0 (Ar–C), 128.2 (Ar–C), 129.6 (Ar–C),
131.8 (Ar–C), 134.8 (Ar–C), 134.8 (Ar–C), 140.3 (Ar–C), 140.5
(Ar–C), 140.9 (Ar–C), 144.3 (C=C), 147.9 (Ar–C), 151.2 (C=C);
IR (NaCl, neat) v: 2955, 2926, 2855, 1597, 1489, 1028, 696 cm-1;
MS (ESI) m/z 549 [M]+; HRMS (ESI) calcd. for C42H45 (M+ + H):
549.3521, found: 549.3523.

(E)-1-iso-Butyl-2-(3-methyl-1-phenylbut-1-enyl)-1-phenyl-3-
(phenylethynyl)-1H-indene (2i). Pale yellow oil; Rf 0.46 (eluent:
n-hexane–CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 0.78 (d,
3H, J = 6.5 Hz, CH3), 0.82 (d, 3H, J = 6.5 Hz, CH3), 0.87 (d, 3H,
J = 6.5 Hz, CH3), 0.92 (d, 3H, J = 6.5 Hz, CH3), 1.99-2.09 (m,
1H, CH3CHCH), 2.18 (d, 2H, J = 7.3 Hz, CH2), 2.34-2.43 (m, 1H,
CH3CH), 5.44 (d, 1H, J = 10.3 Hz, CHCH), 7.07-7.32 (m, 19H,
Ar-H); 13C NMR (CDCl3, 100 MHz): d 23.0 (CH3), 23.1 (CH3),
23.1 (CH3), 23.2 (CH3), 28.0 (CH), 28.5 (CH), 35.0 (CHCH2),
58.8 (Ph-C-CH2), 84.8 (C≡C), 90.0 (C≡C), 120.0 (C=C), 123.7
(Ar–C), 123.7 (C=C), 126.2 (Ar–C), 126.4 (Ar–C), 126.7 (Ar–C),
126.9 (Ar–C), 127.3 (Ar–C), 127.7 (Ar–C), 127.7 (Ar–C), 128.0
(Ar–C), 128.1 (Ar–C), 129.4 (Ar–C), 131.8 (Ar–C), 132.2 (Ar–C),
139.5 (Ar–C), 140.2 (Ar–C), 140.8 (Ar–C), 142.2 (Ar–C), 144.9
(C=C), 149.2(Ar–C), 150.9 (C=C); IR (NaCl, neat) v: 2957, 2864,
1636, 1456, 752, 696 cm-1; MS (ESI) m/z 493 [M + 1]+; HRMS
(ESI) calcd. for C38H37 (M+ + H): 493.2895, found: 493.2884.

(E)-1-Benzyl-2-(1,2-diphenylvinyl)-1-phenyl-3-(phenylethynyl)-
1H-indene (2j). Grey oil; Rf 0.24 (eluent: n-hexane–CH2Cl2 =
6 : 1); 1H NMR (CDCl3, 400 MHz): d 3.89 (q, 2H, J = 15.8 Hz,
CH2), 6.64 (s, 1H, CH), 6.75-7.36 (m, 29H, Ar-H); 13C NMR
(CDCl3, 100 MHz): d 32.6 (CH2), 58.9 (C-CH2Ph), 84.8 (C≡C),
89.3 (C≡C), 121.0 (Ar–C), 123.5 (C=C), 123.7 (Ar–C), 126.1 (Ar–
C), 126.7 (Ar–C), 126.8 (Ar–C), 126.9 (Ar–C), 126.9 (Ar–C), 127.2
(Ar–C), 127.5 (Ar–C), 127.8 (Ar–C), 127.9 (Ar–C), 127.9 (Ar–C),
128.1 (Ar–C), 128.2 (Ar–C), 128.4 (Ar–C), 128.5 (Ar–C), 129.6
(Ar–C), 130.0 (Ar–C), 131.9 (Ar–C), 132.4 (Ar–C), 136.5 (Ar–
C), 137.1 (C=C), 139.1 (Ar–C), 139.5 (Ar–C), 140.4 (C=C), 143.9
(Ar–C), 150.7 (Ar–C), 151.2 (C=C); IR (NaCl, neat) v: 2991, 2918,
2089, 1636, 690 cm-1; MS (ESI) m/z 561 [M + 1]+; HRMS (ESI)
calcd. for C44H33 (M+ + H): 561.2582, found: 561.2592.

(E)-5-(Benzo[d][1,3]dioxol-5-yl)-5-ethyl-7-(phenylethynyl)-6-
(1-phenylprop-1-enyl)-5H-indeno[5,6-d][1,3]dioxole (2k). White
solid; Rf 0.28 (eluent: n-hexane–CH2Cl2 = 3 : 1); m.p. 68–70 ◦C;1H
NMR (CDCl3, 400 MHz): d 1.03 (t, 3 H, J = 7.5 Hz, CH2CH3),
1.60 (d, 3H, J = 7.0 Hz, CHCH3), 2.33 (q, 2H, J = 7.4 Hz,
CH3CH2), 5.77 (q, 1H, J = 7.0 Hz, CH3CH), 5.88 (d, 2H, J =
8.1 Hz, OCH2O), 5.92 (s, 2H, Ar-H), 6.59 (s, 1H, Ar-H), 6.65 (d,
1H, J = 8.1 Hz, Ar-H), 6.74 (s, 1H, Ar-H), 6.80 (s, 1H, Ar-H),
6.93 (d, 1H, J = 8.0 Hz, Ar-H), 7.09-7.30 (m, 10H, Ar-H); 13C
NMR (CDCl3, 100 MHz): d 13.3 (CH2CH3), 15.2 (CHCH3), 19.7
(CH3CH2), 57.6 (C-CH2), 84.4 (C≡C), 89.7 (C≡C), 100.8 (C=C),
100.9 (OCH2O), 101.1 (OCH2O), 105.0 (Ar–C), 106.9 (Ar–C),
107.7 (Ar–C), 120.0 (Ar–C), 123.5 (C=C), 126.4 (Ar–C), 127.6
(Ar–C), 127.8 (Ar–C), 127.9 (Ar–C), 128.0 (Ar–C), 129.6 (Ar–C),
131.8 (Ar–C), 134.6 (Ar–C), 136.0 (Ar–C), 137.4(Ar–C), 139.9
(Ar–C), 141.0 (Ar–C), 145.1(C=C), 146.3 (Ar–C), 146.5(Ar–C),
147.0 (C=C), 147.3 (Ar–C), 147.4 (Ar–C); IR (NaCl, neat) v:
2982, 2937, 1672, 1513, 1235, 824 cm-1; MS (ESI) m/z 525 [M +
1]+; HRMS (ESI) calcd. for C36H29O4 (M+ + H): 525.2066, found:
525.2057.

(E)-1-Phenethyl-1-phenyl-2-(3-phenyl-1-p-tolylprop-1-enyl)-3-
(p-tolylethynyl)-1H-indene (2l). Pale yellow oil; Rf 0.44 (eluent:
n-hexane–CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 2.26 (s,
3H, Ar–CH3), 2.30 (s, 3H, Ar–CH3), 2.65-2.88 (m, 4H, CH2), 3.17-
3.35 (m, 2H, CH2CH2), 5.72 (t, 1H, J = 7.7 Hz, CHCH2), 6.84-7.43
(m, 27H, Ar-H); 13C NMR (CDCl3, 100 MHz): d 21.2 (Ar-CH3),
21.5 (Ar-CH3), 28.9 (CH2CH2), 34.9 (CHCH2), 35.1 (CH2CH2),
58.5 (Ph-C-CH2), 84.8 (C≡C), 88.7 (C≡C), 119.8 (C=C), 120.5
(Ar–C), 123.9 (C=C), 125.7 (Ar–C), 126.0 (Ar–C), 126.6 (Ar–C),
126.7 (Ar–C), 126.8 (Ar–C), 127.4 (Ar–C), 128.3 (Ar–C), 128.3
(Ar–C), 128.4 (Ar–C), 128.6 (Ar–C), 128.7 (Ar–C), 128.7 (Ar–C),
129.4 (Ar–C), 131.7 (Ar–C), 131.9 (Ar–C), 135.9 (Ar–C), 136.5
(Ar–C), 136.6 (Ar–C), 137.7 (Ar–C), 139.2 (Ar–C), 140.7 (Ar–C),
140.9 (Ar–C), 141.9 (Ar–C), 143.8 (C=C), 149.1 (Ar–C), 151.4
(C=C); IR (NaCl, neat) v: 2962, 2933, 1603, 1588, 1025, 717 cm-1;
MS (ESI) m/z 617 [M + H]+; HRMS (ESI) calcd. for C48H41 (M+

+ H): 617.3208, found: 617.3201.

(E)-1-Benzyl-6-ethoxy-1-(4-ethoxyphenyl)-2-(2-phenyl-1-p-
tolylvinyl)-3-(p-tolylethynyl)-1H-indene (2m). Pale yellow solid;
Rf 0.38 (eluent: n-hexane–CH2Cl2 = 3 : 1); m.p. 191–192 ◦C; 1H
NMR (CDCl3, 400 MHz): d 1.38-1.52 (m, 6 H, CH3CH2), 2.25
(s, 3H, Ar–CH3), 3.79 (d, 1H, J = 12.9 Hz, CH2Ph), 3.98–4.05
(m, 5H, CH3CH2O, CH2Ph), 6.51 (s, 1H, Ph-CH), 6.66–7.31(m,

4022 | Org. Biomol. Chem., 2010, 8, 4016–4025 This journal is © The Royal Society of Chemistry 2010

D
ow

nl
oa

de
d 

by
 I

ns
tit

ut
e 

of
 O

rg
an

ic
 C

he
m

is
tr

y 
of

 th
e 

SB
 R

A
S 

on
 1

6 
A

ug
us

t 2
01

0
Pu

bl
is

he
d 

on
 2

0 
Ju

ly
 2

01
0 

on
 h

ttp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
00

35
22

J
View Online

http://dx.doi.org/10.1039/C003522J


25H, Ar-H); 13C NMR (CDCl3, 100 MHz): d 14.9 (CH3CH), 15.0
(CH3CH), 21.3 (Ar-CH3), 21.5 (Ar-CH3), 42.5 (Ph-CH2), 61.4
(CH2Ph), 63.4 (CH3CH2O), 63.7 (CH3CH2O), 83.5 (C≡C), 101.0
(C≡C), 109.4 (Ar–C), 113.1 (Ar–C), 114.9 (Ar–C), 120.4 (C=C),
121.4 (Ar–C), 125.5 (Ar–C), 126.4 (C=C), 126.5 (Ar–C), 126.7
(Ar–C), 127.6 (Ar–C), 127.8 (Ar–C), 128.6 (Ar–C), 128.9 (Ar–C),
129.6 (Ar–C), 129.7 (Ar–C), 130.8 (Ar–C), 130.9 (Ar–C), 131.8
(Ar–C), 136.3 (Ar–C), 136.4 (Ar–C), 136.6 (Ar–C), 136.9 (Ar–C),
137.0 (Ar–C), 137.6 (Ar–C), 137.7 (Ar–C), 137.9 (Ar–C), 152.2
(C=C), 154.1(C=C), 157.6 (Ar–C), 158.8 (Ar–C); IR (NaCl, neat)
v: 2978, 1651, 1506, 1246, 1045, 816, 694 cm-1; MS (ESI) m/z 677
[M + 1]+; HRMS (ESI) calcd. for C50H45O2 (M+ + H): 677.3420,
found: 677.3411.

(E) -1- (But-3-enyl) -6-ethoxy-1-(4-ethoxyphenyl) -3- (p - toly-
lethynyl)-2-(1-p-tolylpenta-1,4-dienyl)-1H-indene (2n). Pale
brown oil; Rf 0.30 (eluent: n-hexane–CH2Cl2 = 3 : 1); 1H NMR
(CDCl3, 400 MHz): d 1.33–1.40 (m, 6H, CH3CH2O), 1.84–1.91
(m, 1H, CH2), 2.19–2.613 (m, 11H, CH2, Ar–CH3), 3.91–4.00 (m,
4H, CH3CH2O), 4.72–4.92 (m, 4H, CHCH2), 5.60–5.75 (m, 3H,
CH), 6.53 (d, 1H, J = 2.2 Hz, Ar-H), 6.72–6.80 (m, 3H, Ar-H),
6.98–7.24 (m, 10H, Ar-H), 7.39 (m, 1H, J = 8.2 Hz, Ar-H); 13C
NMR (CDCl3, 100 MHz): d 14.9 (CH3CH2O), 14.9 (CH3CH2O),
21.2 (Ar-CH3), 21.5 (Ar-CH3), 27.9 (CH2), 33.3 (CH2), 35.6
(CH2), 60.8 (C-CH2), 63.4 (CH3CH2O), 63.6 (CH3CH2O), 83.6
(C≡C), 98.2 (C≡C), 109.0 (C=C), 112.6 (Ar–C), 114.3 (Ar–C),
114.4 (Ar–C), 114.7 (C=C), 120.5 (Ar–C), 121.0 (Ar–C), 122.6
(Ar–C), 127.1 (Ar–C), 128.5 (Ar–C), 128.8 (Ar–C), 129.9 (Ar–C),
131.0 (C=C), 131.8 (C=C), 136.0 (Ar–C), 136.1 (C=C), 136.5
(C=C), 136.7 (Ar–C), 137.4 (Ar–C), 138.0 (Ar–C), 138.8 (Ar–C),
153.6 (C=C), 153.8 (C=C), 157.4 (Ar–C), 158.6 (Ar–C); IR
(NaCl, neat) v: 2978, 1607, 1508, 1248, 756 cm-1; MS (ESI)
m/z 605 [M + 1]+; HRMS (ESI) calcd. for C44H45O2 (M+ + H):
605.3420, found: 605.3413.

3 - Cyclobutyl - 2 - (cyclobutylidene(phenyl)methyl) - 1 - phenyl - 1-
(phenylethynyl)-1H-indene (3a). White solid; Rf 0.41 (eluent: n-
hexane–CH2Cl2 = 6 : 1); m.p. 161–163 ◦C; 1H NMR (CDCl3, 400
MHz): d 1.59–1.85 (m, 3H, CH2), 1.90–1.97 (m, 1H, CH2), 2.03–
2.15 (m, 1H, CH2), 2.23–2.38 (m, 3H, CH2), 2.54–2.72 (m, 3H,
CH2), 2.84–2.89 (m, 1H, CH2), 3.64–3.73 (m, 1H, CH), 6.93 (d,
2H, J = 7.2 Hz, Ar-H), 7.04–7.25 (m, 14H, Ar-H), 7.36–7.39 (m,
2H, Ar-H), 7.60 (d, 2H, J = 7.5 Hz, Ar-H); 13C NMR (CDCl3,
100 MHz): d 17.3 (CH2), 19.2 (CH2), 27.4 (CH2), 27.8 (CH2),
31.6 (CH2), 32.5 (CH2), 35.2 (C-CH), 58.4 (C-Ph), 84.2 (C≡C),
89.8 (C≡C), 120.7 (Ar–C), 123.5 (Ar–C), 124.3 (Ar–C), 125.7
(Ar–C), 126.0 (Ar–C), 126.6 (Ar–C), 127.3 (Ar–C), 127.4 (Ar–C),
127.5 (Ar–C), 127.6 (C=C), 127.7 (Ar–C), 128.0 (Ar–C), 131.7
(Ar–C), 139.2 (C=C), 140.8 (Ar–C), 141.2 (C=C), 144.1 (C=C),
144.2 (Ar–C), 145.0 (Ar–C), 150.4 (Ar–C); IR (NaCl, neat) n:
2983, 2933,1651, 1489, 754, 694 cm-1; MS (ESI) m/z 489 [M +
1]+; HRMS (ESI) calcd. for C38H33 ([M + H]+): 489.2582, found:
489.2579.

3 - Cyclobutyl - 2 - (cyclobutylidene(p - tolyl)methyl) - 1 - phenyl-1-
(p-tolylethynyl)-1H-indene (3b). Pale yellow oil; Rf 0.46 (eluent:
n-hexane–CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 1.61–
1.96 (m, 5H, CH2), 2.02–2.39 (m, 9H, CH2, Ar–CH3), 2.51–2.66
(m, 3H, CH2), 2.83–2.89 (m, 1H, CH2), 3.63–3.72 (m, 1H, CH),
6.78 (d, 2H, J = 7.9 Hz, Ar-H), 6.93–7.00 (m, 4H, Ar-H), 7.10–

7.38 (m, 10H, Ar-H), 7.58 (d, 2H, J = 7.6 Hz, Ar-H); 13C NMR
(CDCl3, 100 MHz): d 17.2 (CH2), 19.2 (CH2), 21.0 (Ar-CH3),
21.4 (Ar-CH3), 27.4 (CH2), 27.9 (CH2), 31.5 (CH2), 32.3 (CH2),
35.3 (CH), 58.4 (C-Ph), 84.3 (C≡C), 89.0 (C≡C), 120.5 (Ar–C),
120.6 (Ar–C), 124.3 (Ar–C), 125.9 (Ar–C), 126.0 (Ar–C), 126.5
(Ar–C), 127.3 (Ar–C), 127.4 (Ar–C), 127.6 (C=C), 128.1 (Ar–C),
128.4 (Ar–C), 128.4 (Ar–C), 131.6 (Ar–C), 135.2 (Ar–C), 136.5
(Ar–C), 137.3 (Ar–C), 140.9 (C=C), 141.1 (C=C), 144.0 (Ar–C),
144.1 (C=C), 144.5 (Ar–C), 150.4 (Ar–C); IR (NaCl, neat) v: 2977,
2916, 2237, 1664, 1089, 751, 692 cm-1; MS (ESI) m/z 517 [M +
1]+; HRMS (ESI) calcd. for C40H37 (M+ + H): 517.2895, found:
517.2902.

3-Cyclobutyl-2-(cyclobutylidene(4-pentylphenyl)methyl)-1-((4-
pentylphenyl)ethynyl)-1-phenyl-1H-indene (3c). White solid; Rf

0.52 (eluent: n-hexane–CH2Cl2 = 4 : 1); m.p. 90–91 ◦C; 1H NMR
(CDCl3, 400 MHz): d 0.85–0.92 (m, 6H, CH2CH3), 1.25–1.34 (m,
9H, CH2), 1.54–1.67 (m, 5H, CH2), 1.75–1.96 (m, 2H, CH2), 2.04–
2.37 (m, 4H, CH2), 2.47–2.70 (m, 7H, CH2), 2.85–2.87 (m, 1H,
CH2), 3.63–3.72 (m, 1H CH), 6.85 (d, 2H, J = 7.8 Hz, Ar-H),
6.92–7.36 (m, 14H, Ar-H), 7.59 (d, 2H, J = 7.6 Hz, Ar-H); 13C
NMR (CDCl3, 100 MHz): d 14.0 (CH3), 14.1 (CH3), 17.3 (CH2),
19.2 (CH2), 22.5 (CH2), 22.6 (CH2), 27.4 (CH2), 27.8 (CH2), 30.9
(CH2), 31.2 (CH2), 31.4 (CH2), 31.6 (CH2), 31.8 (CH2), 32.4
(CH2), 35.2 (CH2), 35.7 (CH2), 35.8 (CH), 58.4 (CH-Ph), 84.2
(C≡C), 89.0 (C≡C), 120.6 (Ar–C), 120.8 (Ar–C), 124.3 (Ar–C),
125.9 (Ar–C), 126.5 (Ar–C), 127.2 (Ar–C), 127.4 (Ar–C), 127.5
(Ar–C), 127.6 (Ar–C), 127.8 (Ar–C), 127.9 (C=C), 131.5 (Ar–C),
136.6 (C=C), 140.3 (Ar–C), 140.9 (Ar–C), 141.1 (C=C), 142.4
(Ar–C), 144.0 (Ar–C), 144.1 (C=C), 144.5 (Ar–C), 150.5 (Ar–C);
IR (NaCl, neat) v: 2979, 2918, 2089, 1634, 744, 696 cm-1; MS
(ESI) m/z 629 [M + 1]+; HRMS (ESI) calcd. for C48H53 (M+ + H):
629.4147, found: 629.4145.

(E) -3 -Ethyl -1 -phenyl -1 - (phenylethynyl) -2 - (1 -phenylprop-1-
enyl)-1H-indene (3f). Yellow oil; Rf 0.45 (eluent: n-hexane–
CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 0.55 (t, 3H, J
= 7.2 Hz, CH2CH3), 1.49 (d, 1H, J = 7.1 Hz, CHCH3), 2.37–2.45
(m, 1H, CH2CH3), 2.54–2.62 (m, 1H, CH2CH3), 5.82 (q, 1H, J =
7.1 Hz, CH3CH), 6.95 (m, 1H, J = 7.4 Hz, Ar-H), 7.11–7.33 (m,
17H, Ar-H), 7.52 (m, 1H, J = 7.4 Hz, Ar-H); 13C NMR (CDCl3,
100 MHz): d 8.1 (CH3CH2), 15.6 (CH3CH), 28.6 (CH2), 62.2 (C-
CH2), 84.2 (C≡C), 98.3 (C≡C), 120.2 (C=C), 122.1 (Ar–C), 122.8
(Ar–C), 123.5 (Ar–C), 126.0 (Ar–C), 126.2 (Ar–C), 126.5 (Ar–C),
126.8 (Ar–C), 127.0 (Ar–C), 127.8 (Ar–C), 127.9 (Ar–C), 128.0
(Ar–C), 128.5 (Ar–C), 130.1 (Ar–C), 130.3 (Ar–C), 132.0 (C=C),
137.5 (Ar–C), 139.2 (Ar–C), 143.3 (C=C), 144.3 (Ar–C), 151.7
(C=C), 155.3 (Ar–C); IR (NaCl, neat) v: 3055, 2968, 1597, 1489,
1443, 1265, 756, 698 cm-1; MS (ESI) m/z 437 [M + 1]+; HRMS
(ESI) calcd. for C34H29 (M+ + H): 437.2269, found: 437.2261.

(E)-3-Butyl-1-phenyl-1-(phenylethynyl)-2-(1-phenylpent-1-enyl)-
1H-indene (3g). Yellow oil; Rf 0.42 (eluent: n-hexane–CH2Cl2

= 6 : 1); 1H NMR (CDCl3, 400 MHz): d 0.57–0.88 (m, 7H,
CH3, CH2), 1.15–1.53 (m, 5H, CH2), 1.82–1.86 (m, 2H, CH2),
2.28–2.37 (m, 1H, CH2), 2.43–2.50 (m, 1H, CH2), 5.73 (t, 1H, J =
7.6 Hz, CHCH2), 6.96 (d, 1H, J = 7.4 Hz, Ar-H), 7.10–7.31 (m,
17H, Ar-H), 7.52 (d, 1H, J = 7.5 Hz, Ar-H); 13C NMR (CDCl3,
100 MHz): d 13.5 (CH3), 14.0 (CH3), 22.8 (CH2), 23.1 (CH2),
25.4 (CH2), 31.3 (CHCH2), 35.7 (CCH2), 61.7 (CCH2), 84.2

This journal is © The Royal Society of Chemistry 2010 Org. Biomol. Chem., 2010, 8, 4016–4025 | 4023
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(C≡C), 98.1 (C≡C), 120.2 (C=C), 122.0 (Ar–C), 122.4 (Ar–C),
123.5 (Ar–C), 126.1 (Ar–C), 126.2 (Ar–C), 126.4 (Ar–C), 126.7
(Ar–C), 127.0 (Ar–C), 127.7 (Ar–C), 127.9 (Ar–C), 128.0 (Ar–C),
128.4 (Ar–C), 130.2 (Ar–C), 132.0 (C=C), 136.3 (Ar–C), 136.4
(Ar–C), 139.3(Ar–C), 143.2 (Ar–C), 144.2 (C=C), 152.1 (C=C),
156.1(Ar–C); IR (NaCl, neat) v: 2957, 2859, 1645, 1488, 1456,
754, 698 cm-1; MS (ESI) m/z 493 [M + 1]+; HRMS (ESI) calcd.
for C38H37 (M+ + H): 493.2895, found: 493.2894.

(E) -3-Hexyl-1-phenyl-1-(phenylethynyl) -2-(1-phenylhept-1-
enyl)-1H-indene (3h). Yellow oil; Rf 0.42 (eluent: n-hexane–
CH2Cl2 = 6 : 1); 1H NMR (CDCl3, 400 MHz): d 0.76 (t, 3H,
J = 7.3 Hz, CH3), 0.83 (t, 3H, J = 7.1 Hz, CH3), 0.98–1.26
(m, 14H, CH2), 1.84 (q, 2H, J = 7.2 Hz, CH2), 2.29–2.37 (m,
1H, CH2), 2.44–2.50 (m, 1H, CH2), 5.72 (t, 1H, J = 7.6 Hz,
CHCH2), 6.96 (d, 1H, J = 7.4 Hz, Ar-H), 7.10–7.31 (m, 17H, Ar-
H), 7.52 (d, 1H, J = 7.5 Hz, Ar-H); 13C NMR (CDCl3, 100 MHz):
d 13.9 (CH3), 14.1 (CH3), 22.5 (CH2), 22.6 (CH2), 23.1 (CH2),
29.2 (CH2), 29.3 (CH2), 29.8 (CH2), 31.0 (CH2), 31.6 (CH2), 36.0
(CCH2), 61.7 (CCH2), 84.2 (C≡C), 98.1 (C≡C), 120.2 (C=C),
122.0 (Ar–C), 122.4 (Ar–C), 123.5 (Ar–C), 126.0 (Ar–C), 126.2
(Ar–C), 126.4 (Ar–C), 126.7 (Ar–C), 127.0 (Ar–C), 127.7 (Ar–C),
127.9 (Ar–C), 128.0 (Ar–C), 128.4 (Ar–C), 130.2 (Ar–C), 132.0
(C=C), 136.2 (Ar–C), 136.5 (Ar–C), 139.3 (Ar–C), 143.2 (C=C),
144.3 (C=C), 152.1 (Ar–C), 156.2 (Ar–C); IR (NaCl, neat) v: 2953,
2926, 2855, 1597, 1493, 1443, 754, 698 cm-1; MS (ESI) m/z 549 [M
+ 1]+; HRMS (ESI) calcd. For C42H45 (M+ + H): 549.3521, found:
549.3506.

(E)-5-(Benzo[d][1,3]dioxol-5-yl)-7-ethyl-5-(phenylethynyl)-6-(1-
phenylprop-1-enyl)-5H-indeno[5,6-d][1,3]dioxole (3k). Yellow
solid; Rf 0.24 (eluent: n-hexane–CH2Cl2 = 3 : 1); m.p. 82–83 ◦C;1H
NMR (CDCl3, 400 MHz): d 0.55 (t, 3 H, J = 7.1 Hz, CH3CH2),
1.50 (d, 3H, J = 7.1 Hz, CH3CH), 2.27–2.43 (m, 2H, CH3CH2),
5.80 (q, 1H, J = 7.0 Hz, CH3CH), 5.87–5.93 (m, 4H, OCH2O),
6.45 (s, 1H, Ar-H), 6.52 (s, 1H, Ar-H), 6.67 (d, 1H, J = 8.2 Hz,
Ar-H), 6.73 (d, 1H, J = 7.8 Hz, Ar-H), 6.98 (s, 1H, Ar-H),
7.16–7.33 (m, 10H, Ar-H); 13C NMR (CDCl3, 100 MHz): d
8.0 (CH3CH2), 15.6 (CH3CH), 29.0 (CH3CH2), 61.4 (C-C≡C),
84.0 (C≡C), 98.1 (C≡C), 100.8 (Ar–C), 101.0 (OCH2O), 101.1
(OCH2O), 103.2 (Ar–C), 106.9 (Ar–C), 108.0 (Ar–C), 118.5
(Ar–C), 122.2 (Ar–C), 123.3 (C=C), 127.0 (Ar–C), 127.8 (Ar–C),
127.9 (Ar–C), 129.0 (Ar–C), 130.3 (Ar–C), 132.0 (Ar–C), 136.9
(C=C), 137.4 (Ar–C), 138.1 (Ar–C), 139.2 (Ar–C), 145.9 (C=C),
145.9 (Ar–C), 146.8 (C=C), 147.0 (Ar–C), 147.8 (Ar–C), 154.4
(Ar–C); IR (NaCl, neat) v: 2975, 2915, 1654, 1527, 1033, 796 cm-1;
MS (ESI) m/z 525 [M + 1]+; HRMS (ESI) calcd. for C36H29O4

(M+ + H): 525.2066, found: 525.2062.
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