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Introduction

The generation of cyclopentadienone (2) from a bro-
mocyclopentenone precursor was first reported by Hafner.1
This report was quickly followed by a paper from DePuy
and co-workers2 who showed that the precursor that was
used by Hafner to generate the reactive intermediate was
4-bromocyclopentenone (1) and not 5-bromocyclopenten-
one as proposed by Hafner. In fact, the latter was shown
to decompose under the reaction conditions that were
used to generate cyclopentadienone from 5-bromocyclo-
pentenone.3 DePuy and co-workers also beautifully dem-
onstrated a number of interesting aspects of the chem-
istry of 2.2b

Cyclopentadienone is highly reactive and dimerizes to
form 3 in virtually quantitative yield (Scheme 1). This
compound can be decarbonylated to produce either 4 or
5 in good yield.1,2,4

While unsubstituted cyclopentadienone and various
substituted analogues dimerize rapidly, reactions of these
compounds as dienes or dienophiles are rather limited
and have seen only a few applications in natural product
synthesis.5,6 However, more-highly substituted cyclopen-
tadienones are isolable, and their ability to function as
dienes is well-known.7

Results and Discussion

As part of our program involving the development of
halogenated, cyclic, allylic cations in 4+3 cycloaddition

reactions,8 we attempted to brominate 2-bromocyclopen-
tenone and use the resultant tribromide as a precursor
to the oxyallylic cation 8 (Scheme 2). We learned that
the tribromide 7 is difficult to handle. In an attempt to
sort out exactly what occurred during studies involving
cycloaddition reactions with furan, we allowed 6 to stir
in a trifluoroethanol (TFE) solution of furan and triethy-
lamine (TEA) for approximately one week at room
temperature. During this time the slow formation of a
new compound was made evident by TLC. Workup and
chromatographic purification led to the identification of
the compound as the cyclopentadienone dimer 3, which
was formed in 57% yield. To the best of our knowledge,
the generation of cyclopentadienone from a 2-substituted
cyclopentenone has not been reported.9 We thus decided
to optimize the reaction and explore its generality, albeit,
at this stage only to a limited extent.

Table 1 shows the results of some of our work with
2-bromocyclopentenone in which we explored such vari-
ables as solvent, base, and temperature. The data suggest
that relatively high temperatures are preferable to room
temperature in this reaction (Table 1, cf. entries 1, 8, and
9). However, it is clear that prolonged heating could
result in the formation of 1-indanone by thermal decar-
bonylation of 3 followed by isomerization (Table 1, entry
3).

The best choice for base at this point is triethylamine.
As few as 1.2 equiv of this base produced 3 in high yield
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(Table 1, entry 9). However, we noted that reactions
proceeded more quickly in the presence of larger amounts
of base and prefer to use 2-3 equiv in performing the
reaction. A slight increase in yield was observed when
this was done (Table 1, entry 8).

While too few solvents have been examined to make
generalizations, it seems that a polar, protic solvent such
as TFE is well-suited for the reaction, while ethanol is
surprisingly not. The use of THF resulted in a low yield
of 3. No improvement was observed when 1 equiv of
LiClO4 was included in the reaction mixture. Ethereal
LiClO4, a polar but aprotic medium, destroyed 6 rapidly.

With an acceptable procedure for the transformation
of 6 into 3 in hand, we explored a small number of other
substrates to begin to expand the scope of the reaction.
The results are shown in Table 2. Our initial course was
a safe one; we used 2-bromocyclopentenones that were
substituted only with substituents bearing no acidic
protons. However, the literature suggests that using
precursors with potentially acidic hydrogens should not
be a problem.10

The general reaction procedure consisted of reacting a
0.3 M trifluoroethanol solution of the starting material11

with 3 equiv of triethylamine and heating to reflux. While
the excess base was, in principle, not needed, reactions

appeared to proceed somewhat more cleanly and quickly
when the reaction was performed in this way. After the
reaction was shown to be complete by TLC, the mixture
was cooled, the TFE removed, and ethyl acetate or
chloroform was added in an amount that was 7-10 times
the volume of TFE that was used. Extraction with
aqueous acid, bicarbonate, and brine, followed by flash
chromatographic purification (hexanes/ethyl acetate),
afforded the products.

Interestingly, these dimerizations proceeded with rea-
sonable regioselectivity and complete diastereoselectivity.
Before we had definitive structural assignments, we took
11a and treated it with triethylamine in refluxing TFE.
No change was observed, and we concluded that the
isomers that were observed were in fact regioisomers. We
obtained crystal structures of 17a and 17b, and these
data confirmed our assignments.12 The structures of the
other products were assigned on the basis of analogy. The
product distributions that were observed are the result
of kinetic control and can presumably be rationalized on
the basis of FMO interactions, though a larger data set
with a more diverse array of substituents will be useful
in drawing more definitive conclusions.

To demonstrate that these cyclopentadienone dimers
could be converted to products of further synthetic utility,
they were refluxed in quinoline for several hours. This
produced the expected indanones in good to excellent
yields (Table 3).13 The isomer corresponding to 4 (Scheme
1) presumably isomerizes rapidly in the presence of base.

Finally, at the behest of a referee, we carried out the
reaction sequence shown in Scheme 3. Addition of n-
butyllithium to 6 afforded 24 in low yield. Oxidation with
PCC gave the ketone 25 without incident. When 25 was
heated in trifluoroethanol in the presence of triethy-
lamine, crude NMR and IR data suggested the formation
of cyclopentadienone dimers as well as indanones. These

(10) Elliott, M.; Harper, S. H.; Kazi, M. A. J. Sci. Food Agric. 1967,
18, 167-171.

(11) The bromoenones were prepared by the addition of organo-
lithium compounds to 6 followed by PCC oxidation. See the Experi-
mental Section.

(12) A crystal structure was also obtained for 11a and 3. To the best
of our knowledge, X-ray data on 3 have only appeared in the context
of its participation in an inclusion complex. See: Toda, F.; Tanaka,
K.; Marks, D.; Goldberg, I. J. Org. Chem. 1991, 56, 7332-7335.

(13) This type of transformation has also been accomplished by a
metal-mediated process. See: Luh, T.-Y. J. Organomet. Chem. 1979,
174, 169-172.

Table 1. Formation of 3 from 6 under Various
Conditions

entry
solvent,

[M]a
base,

no. of equiv.
temp.
(°C) time (h)

yield
(%)

1 TFE, 0.3 TEA, 3 rt 48 43
2 ether, 2.4

LiClO4, 0.3
TEA, 3 rt 3 min b

3 TFE, 0.3 2,6-lutidine, 3 reflux 16 24c

4 TFE, 0.34 DBU, 1.2 reflux 2.25 57
5 ethanol, 0.35 TEA, 1.2 reflux 4 21
6 THF, 0.35 TEA, 5 reflux 2.75 35
7 THFd TEA, 1.2 rt, reflux 0.33, 10 38
8 TFE, 0.5 TEA, 2 reflux 1 90
9 TFE, 0.7 TEA, 1.2 reflux 2.5 85
a Concentration of 3 in solvent. b Rapid decomposition was

observed. c A 6% yield of 1-indanone was also isolated. d Contain-
ing 1 equiv of LiClO4.

Table 2. Generation of Cyclopentadienone Dimers from
2-Bromocyclopentenones

entry educt R
time
(h) adduct

yield
(%)

ratio
(a:b)a

1 10 phenyl 2 11 72 3:1
2 12 3-methoxyphenyl 3.5 13 87 4.3:1
3 14 4-tert-butylphenyl 3 15 90 10.2:1
4 16 2,5-dimethylphenyl 5 17 97 5.6:1
5 18 phenylalkynyl 2.5 19 69 b,c

a Ratio determined by integration of crude 1H NMR data. b Ratio
less than 2:1 as determined by 1H and 13C NMR. c Only one isomer
was isolated and characterized.

Table 3. Indanone Formation from Cyclopentadienone
Dimers

entry educt R time (h) adduct yield (%)

1 3 H 5.25 5 54
2 11a phenyl 5.5 20a 84
3 11b phenyl 2.5 20b 65
4 13a 3-methoxyphenyl 4.25 21a 86
5 15a 4-tert-butylphenyl 5.5 22a 84
6 17a 2,5-dimethylphenyl 3.25 23a 77
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were not separable. The product mixture was heated in
quinoline to afford the indanones 26a and 26b in 37 and
13% isolated yields, respectively, after two steps.

Conclusion

In summary, we have shown that several 2-bromocy-
clopentenones give rise to cyclopentadienones upon treat-
ment with base in trifluoroethanol. To expand the scope
of this intermolecular reaction, some of our future goals
include exploring the alkylation chemistry of 2-halocy-
clopentenones and developing the chemistry of the cy-
cloadducts and using the approach to study intramolec-
ular cycloaddition reactions of cyclopentadienones with
dienes and dienophiles. Results will be reported in due
course.

Experimental Section

General. 2-Bromocyclopentenone was prepared as described
in the literature.14 THF and diethyl ether were distilled over
sodium-benzophenone before use. 2,2,2-Trifluoroethanol was
distilled over anhydrous CaSO4 before use. Melting points were
not corrected. 2-Cyclopentenone, bromine, phenyllithium, n-
butyllithium, 3-bromoanisole, 4-tert-butylbromobenzene, 2,5-
dimethylbromobenzene, phenylacetylene, and quinoline were
used as supplied. Analytical TLC was performed on silica gel
plates with F-254 indicator. 1H NMR spectra were recorded at
250 and 300 MHz as CDCl3 solutions with tetramethylsilane
(0.05 vol %) as the internal reference. 13C NMR spectra were
obtained on the same instruments at 62.9 or 75 MHz with CDCl3
(δ ) 77 ppm) as the internal reference.

General Procedure for the Addition of Organolithiums
to 2-Bromocyclopentenone. Into a flame-dried flask were
placed 2-bromo-2-cyclopentenone (0.1 g, 0.62 mmol) and 3.0 mL
of freshly distilled THF. The solution was cooled to -78 °C, and
1.2 equiv of aryllithium was slowly added.15 The mixture ws
stirred at -78 °C for 30 min, and the reaction was quenched
with water (5 mL). The layers were separated, and the aqueous
phase was extracted with Et2O (3 × 10 mL). The combined
organic phases were washed with brine, dried over MgSO4 or
Na2SO4, filtered, and evaporated. The crude product was purified
by flash chromatography (silica gel, hexanes/EtOAc).

2-Bromo-1-phenyl-2-cyclopenten-1-ol: 1H NMR (250 MHz,
CDCl3) δ 7.43-7.23 (m, 5H), 6.24 (t, J ) 2.5 Hz, 1H), 2.61-2.32
(m, 5H); 13C NMR (62.5 MHz, CDCl3) δ 144.4, 134.6, 128.6, 128.3,
127.3. 124.9, 87.3, 40.7, 30.0. Anal. Calcd for C11H11BrO: C,
55.26; H, 4.64. Found: C, 55.30; H, 4.51.

2-Bromo-1-(3-methoxyphenyl)-2-cyclopenten-1-ol: 1H
NMR (250 MHz, CDCl3) δ 7.29 (t, 1H, J ) 8.0 Hz), 7.03-6.96
(m, 2H), 6.84 (dd, J ) 0.9, 2.5 Hz, 1H), 6.26-6.24 (m, 1H), 3.82
(s, 3H), 2.64 (s, 1H, OH), 2.52-2.37 (m, 4H); 13C NMR (62.9 MHz,
CDCl3) δ 159.6, 146.2, 134.6, 129.3, 128.4, 117.2, 112.5, 110.9,
87.2, 55.1, 40.6, 30.0; HRMS calcd for C12H13BrO2 268.0099,
found 268.0089.

2-Bromo-1-(4-tert-butylphenyl)cyclopent-2-en-1-ol: 1H
NMR (250 MHz, CDCl3) δ 7.34-1.29 (m, 4H), 6.20 (t, J ) 2.4
Hz, 1H), 2.56 (s, 1H), 2.52-2.31 (m, 4H), 1.31 (s, 9H); 13C NMR
(CDCl3, 62.9 MHz) δ 150.0, 141.3, 134.3, 128.8, 125.2, 124.6, 87.1,
40.3, 34.4, 31.3, 29.9. Anal. Calcd for C15H19BrO: C, 61.03; H,
6.49. Found: C, 61.23; H, 6.55.

2-Bromo-1-(2,5-dimethylphenyl)cyclopent-2-en-1-ol: mp
72-74 °C; 1H NMR (250 MHz, CDCl3) δ 7.24 (s, 1H), 7.01 (m,
2H), 6.22 (m, 1H), 2.43 (m, 11H); 13C NMR (62.9 MHz, CDCl3)
δ 141.0, 134.8, 134.6, 132.7, 132.3, 128.9, 128.2, 126.9, 87.7, 38.3,
30.1, 21.1, 20.6. Anal. Calcd for C13H15OBr: C, 58.44; H, 5.66.
Found: C, 58.60; H, 5.72.

2-Bromo-1-phenylethynyl-2-cyclopenten-1-ol: 1H NMR
(250 MHz, CDCl3) δ 7.54-7.42 (m, 2H), 7.38-7.26 (m, 3H), 6.09
(t, 3H, J ) 2.6 Hz), 3.00 (s, 1H), 2.73-2.61 (m, 1H), 2.55-2.37
(m, 3H); 13C NMR (62.5 MHz, CDCl3) δ 134.2, 133.5, 131.8, 131.6,
128.4, 128.1, 126.3, 122.1, 89.4, 85.3, 79.4, 40.1, 39.2, 29.8;
HRMS calcd for C13H11BrO - H+ 260.9915, found 260.9916.

2-Bromo-1-butyl-cyclopent-2-enol (24): colorless oil; 1H
NMR (250 MHz) δ 5.99 (t, J ) 2.5 Hz, 1H), 2.48-2.34 (m, 1H),
2.29-2.15 (m, 2H), 2.06-1.93 (m, 1H), 1.89 (s, 1H), 1.76-1.51
(m, 2H), 1.41-1.16 (m, 4H), 0.92 (t, J ) 6.84 Hz, 3H); 13C NMR
(62.9 Hz) δ 132.9, 129.1, 85.4, 38.9, 34.5, 29.7, 26.1, 22.9, 14.0.

General Procedure for the Synthesis of 2-Bromocyclo-
pentenones. To a solution of 2-bromocyclopentenol (0.21 mmol)
in 2.0 mL of CH2Cl2 (0.1M) was added 0.07 g (0.31 mmol, 1.5
equiv) of PCC, and the mixture was stirred at room temperature
for 24 h. The solution was diluted with 5 mL of ether and filtered
through a pad of silica gel. The filtrate was concentrated and
the crude product purified by flash chromatography (silica gel,
10% EtOAc/hexanes).

2-Bromo-3-phenyl-2-cyclopenten-1-one (10): mp 99-101
°C; 1H NMR (250 MHz, CDCl3) δ 7.93-7.86 (m, 2H), 7.52-7.47
(m, 3H), 3.11-3.07 (m, 2H), 2.71-2.67 (m, 2H); 13C NMR (62.9
MHz, CDCl3) δ 201.4, 167.3, 133.9, 130.9, 128.5, 127.6, 121.5,
32.4, 30.5. Anal. Calcd for C11H9BrO: C, 55.72; H, 3.83. Found:
C, 55.70; H, 3.69.

2-Bromo-3-(3-methoxyphenyl)-2-cyclopeten-1-one (12):
mp 58-59 °C; 1H NMR (250 MHz, CDCl3) δ 7.45-7.33 (m, 3H),
7.03-7.00 (m, 1H), 3.83 (s, 3H), 3.03 (t, 2H, J ) 4.8 Hz), 2.63 (t,
2H, J ) 4.8 Hz); 13C NMR (62.9 MHz, CDCl3) δ 201.4, 167.2,
159.4, 135.1, 129.5, 121.6, 119.9, 116.4, 113.2, 55.3, 32.4, 30.6;
HRMS calcd for C12H11BrO2 265.9942, found 265.9963.

2-Bromo-3-(4-tert-butylphenyl)-2-cyclopenten-1-one
(14): mp 81-83 °C; 1H (250 MHz, CDCl3) δ 7.91 (dt, J ) 2.0,
8.5 Hz, 2H), 7.52 (dt, J ) 2.0, 8.5 Hz, 2H), 3.12-3.08 (m, 2H),
2.70-2.66 (m, 2H), 1.37 (s, 9H); 13C NMR (62.9 MHz, CDCl3) δ
201.6, 167.0, 154.7, 131.1, 127.6, 125.5, 120.8, 35.0, 32.4, 31.0,
30.4. Anal. Calcd for C15H17BrO: C, 61.45; H, 5.84. Found: C,
61.42; H, 5.89.

2-Bromo-3-(2,5-dimethylphenyl)-cyclopent-2-enone
(16): mp 107-108 °C; 1H NMR (250 MHz, CDCl3) δ 7.15 (m,
2H), 6.93 (s, 1H), 2.98 (m, 2H), 2.72 (m, 2H), 2.35 (s, 3H), 2.23
(s, 3H); 13C NMR (62.9 MHz, CDCl3) δ 201.2, 173.8, 135.4, 135.2,
131.0, 130.4, 129.9, 126.4, 124.4, 33.3, 32.9, 20.8, 19.0. Anal.
Calcd for C13H13BrO: C, 58.89; H, 4.94. Found: C, 58.85; H,
4.98.

2-Bromo-3-phenylethynyl-2-cyclopentenone (18): 1H NMR
(300 MHz, CDCl3) δ 7.58 (m, 2H), 7.41 (m, 3H), 2.85 (t, 2H, J )
4.5 Hz), 2.62 (t, 2H, J ) 4.5 Hz); 13C NMR (75 MHz, CDCl3) δ
200.9, 153.5, 132.2, 130.2, 128.6, 121.4, 109.0, 84.37, 32.7, 31.3;
HRMS calcd for C13H9BrO 259.9837, found 259.9846.

2-Bromo-3-butyl-cyclopent-2-enone (25): colorless oil; 1H
NMR (250 MHz) δ 2.70-2.68 (m, 2H), 2.59-2.52 (m, 4H), 1.64-
1.52 (m, 2H), 1.48-1.33 (m, 2H), 0.96 (t, J ) 7.2 Hz, 3H); 13C
NMR (62.9 Hz) δ 201.4, 177.1, 122.7, 33.0, 32.3, 30.2, 28.6, 22.5,
13.6.

General Procedure for the Synthesis of Cyclopentadi-
enone Dimers. A 10 mL round-bottomed flask was charged
with 1.1 mmol of a bromoketone and 2.5 mL of trifluoroethanol.

(14) Smith, A. B., III; Branca, S. J.; Guaciaro, M. A.; Wovkulich, P.
M.; Korn, A. Org. Synth. 1983, 61, 65-70.

(15) Addition of the bromoketone to the organolithium also produced
good results.

(16) Neither combustion nor HRMS analysis (decarbonylation) was
obtained for this compound.

(17) Sammour, A.; Elkasaby, M. U. A. R. J. Chem. 1971, 13, 409-
420.

Scheme 3
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To the solution was added 2 or 3 equiv, and the mixture was
refluxed. The reaction was monitored by TLC, and upon comple-
tion, the mixture was cooled and the trifluoroethanol was
removed on a rotary evaporator. To the residue was added 25
mL of a polar solvent (ethyl acetate, chloroform, or dichlo-
romethane). This solution was washed with water, 1 N HCl,
saturated bicarbonate solution, and brine (5 mL each). The
solution was dried (Na2SO4), and the solvent was removed in
vacuo. The product was purified by flash chromatography
(hexanes/EtOAc).

3,5-Diphenyl-3aR*,4S*,7S*,7aS*-tetrahydro-4,7-methano-
1H-indene-1,8-dione (11a): mp 196 °C; 1H NMR (250 MHz,
CDCl3) δ 7.49-7.34 (m, 5H), 7.09-6.94 (m, 3H), 6.84-6.81 (m,
2H), 6.66 (dd, J ) 1.4, 3.7 Hz, 1H), 6.54 (d, J ) 1.0 Hz, 1H),
4.21-4.16 (m, 1H), 3.80 (dt, J ) 1.3, 4.8 Hz, 1H), 3.65-3.61 (m,
1H), 3.26 (dd, J ) 4.8, 6.4 Hz, 1H); 13C NMR (62.9 MHz, CDCl3)
δ 205.6, 198.0, 171.7, 140.7, 133.4, 133.2, 132.8, 131.5, 129.0,
128.1, 128.0, 127.2, 125.0, 121.0, 51.4, 50.6, 46.1, 41.0. Anal.
Calcd for C22H16O2: C, 84.59; H, 5.16. Found: C, 84.70; H, 5.29.

3,6-Diphenyl-3aS*,4S*,7S*,7aR*-tetrahydro-4,7-methano-
indene-1,8-dione (11b): mp 194-196 °C; 1H NMR (250 MHz,
CDCl3) δ 7.68-7.64 (m, 2H), 7.51-7.26 (m, 8H), 6.58 (d, J ) 1.1
Hz, 1H), 6.26 (dd, J ) 1.5, 3.8 Hz, 1H), 4.14-4.10 (m, 1H), 3.86
(dt, J ) 1.4, 4.9 Hz, 1H), 3.60-3.56 (m, 1H), 3.29 (dd, J ) 4.9,
6.3 Hz, 1H); 13C NMR (62.5 MHz, CDCl3) δ 204.6, 197.4, 171.4,
142.3, 133.4, 133.3, 132.4, 131.6, 129.2, 128.5, 127.2, 125.9, 119.8,
52.0, 51.1, 45.1, 42.8. Anal. Calcd for C22H16O2: C, 84.59; H, 5.16.
Found: C, 84.40; H, 5.37.

3,5-Bis(3-methoxyphenyl)-3aR*,4S*,7S*,7aS*-tetrahydro-
4,7-methano-1H-indene-1,8-dione (13a): 1H NMR (250 MHz,
CDCl3) δ 7.31 (t, 1H, J ) 7.9 Hz), 7.12 (d, 1H, J ) 7.8 Hz), 7.00-
6.95 (m, 1H), 6.92-6.89 (m, 2H), 6.65-6.61 (m, 2H), 6.51-6.49
(m, 2H), 6.36 (t, 1H, J ) 2.0 Hz), 4.13 (t, 1H, J ) 5.2 Hz), 3.77-
3.75 (m, 4H), 3.63-3.59 (m, 1H), 3.51 (s, 3H), 3.23 (dd, J ) 5.0,
6.2 Hz, 1H); 13C NMR (62.5 MHz, CDCl3) δ 205.6, 197.9, 171.6,
160.0, 159.4, 140.6, 134.7, 134.3, 133.8, 130.0, 129.1, 121.4, 119.5,
117.7, 117.2, 114.3, 112.5, 110.2, 55.3, 54.8, 51.6, 50.6, 46.2, 41.1.
Anal. Calcd for C24H20O4: C, 77.40; H, 5.41. Found: C, 77.28;
H, 5.42.

3,6-Bis(3-methoxyphenyl)-3aS*,4S*,7S*,7aR*-tetrahydro-
4,7-methano-1H-indene-1,8-dione (13b): 1H NMR (250 MHz,
CDCl3) δ 7.39 (t, 1H, J ) 7.9 Hz), 7.25-7.21 (m, 3H), 7.13 (t,
1H, J ) 2.3 Hz), 7.06-6.97 (m, 2H), 6.93 (t, 1H, J ) 2.3 Hz),
6.83 (ddd, J ) 0.8, 2.5, 8.2 Hz, 1H), 6.56 (d, 1H), 6.26 (dd, 1.4,
3.8 Hz, 1H), 4.09 (t, 1H, J ) 5.0 Hz), 3.85 (s, 3H), 3.83 (m, 1H),
3.82 (s, 3H), 3.59-3.55 (m, 1H), 3.27 (dd, 1H, J ) 5.0, 6.3 Hz);
13C NMR (62.5 MHz, CDCl3) δ 204.0, 197.3, 171.3, 160.1, 159.7,
142.3, 134.8, 134.3, 133.7, 130.2, 129.6, 120.3, 119.7, 118.5, 117.0,
114.5, 112.8, 111.3, 55.4, 55.3, 52.1, 51.4, 45.1, 42.9; HRMS calcd
for C24H20O4 372.1361, found 372.1341.

3,5-Bis(4-tert-butylphenyl)-3aR*,4S*,7S*,7aS*-tetrahydro-
4,7-methano-1H-indene-1,8-dione (15a): mp 213-217 °C dec;
1H NMR (250 MHz, CDCl3) δ 7.37 (s, 4H), 6.91-6.93 (m, 2H),
6.68-6.71 (m, 2H), 4.17-4.20 (m, 1H), 3.77-3.79 (m, 1H), 3.62-
3.58 (m, 1H), 3.23 (dd, J ) 5.1, 6.2 Hz, 1H), 1.36 (s, 9H), 1.19 (s,
9H); 13C NMR (CDCl3, 62.9 MHz) δ 205.7, 198.3, 171.8, 155.2,
151.0, 140.6, 132.6, 130.5, 130.0, 127.2, 125.7, 124.8, 124.7, 119.7,
51.3, 50.5, 46.0, 41.0, 34.9, 34.3, 31.04, 30.97. Anal. Calcd for
C30H32O2: C, 84.87; H, 7.60. Found: C, 84.64; H, 7.60.

3,6-Bis(4-tert-butylphenyl)-3aS*,4S*,7S*,7aR*-tetrahydro-
4,7-methano-1H-indene-1,8-dione (15b): mp 213-215 °C dec;
1H NMR (250 MHz, CDCl3) δ 7.59 (dt, J ) 1.6, 7.1 Hz, 2H), 7.48
(dt, J ) 1.6, 7.1 Hz, 2H), 7.35 (s, 4H), 6.55 (d, J ) 0.8 Hz, 1H),
6.23 (dd, J ) 1.1, 3.2 Hz, 1H), 4.11-4.07 (m, 1H), 3.83 (dt, J )
1.1, 4.1 Hz, 1H), 3.57 (dt, J ) 0.9, 3.4 Hz, 1H), 3.27 (dd, J ) 4.2,
5.3 Hz, 1H), 1.36 (s, 9H), 1.30 (s, 9H); 13C NMR (CDCl3, 62.9
MHz) δ 204.8, 197.7, 171.3, 155.5, 151.7, 142.2, 132.6, 130.6,
130.2, 127.2, 126.2, 125.7, 125.5, 119.1, 52.2, 51.2, 45.2, 42.9,
35.1, 34.6, 31.2, 31.1. Anal. Calcd for C30H32O2: C, 84.87; H, 7.60.
Found: C, 84.70; H, 7.60.

3,5-Bis(2,5-dimethylphenyl)-3aR*,4S*,7S*,7aS*-tetrahy-
dro-4,7-methano-indene-1,8-dione (17a): mp 163-165 °C; 1H
NMR (250 MHz, CDCl3) δ 7.11-6.96 (m, 4H), 6.87 (d, J ) 8.8
Hz, 1H), 6.53 (dd, J ) 1.7, 3.6 Hz, 1H), 6.40 (d, J ) 0.9 Hz, 1H),
6.33 (s, 1H), 4.23-4.18 (m, 1H), 3.68-3.64 (m, 2H), 3.25-3.20
(m, 1H), 2.31 (s, 3H), 2.26 (s, 3H), 1.97 (s, 3H), 1.93 (s, 3H); 13C
NMR (62.9 MHz, CDCl3) δ 206.2, 198.5, 172.7, 141.2, 137.7,

135.6, 134.9, 133.9, 133.3, 132.9, 131.6, 131.2, 130.8, 129.2, 128.4,
128.0, 126.0, 52.9, 50.9, 45.5, 43.4, 22.1, 20.9, 20.8, 20.6. Anal.
Calcd for C26H24O2: C, 84.75; H, 6.57. Found: C, 85.00; H, 6.71.

3,6-Bis(2,5-dimethylphenyl)-3aS*,4S*,7S*,7aR*-tetrahy-
dro-4,7-methano-indene-1,8-dione (17b): mp 163-165 °C; 1H
NMR (250 MHz, CDCl3) δ 7.26 (s, 1H), 7.23-7.19 (m, 2H), 7.08-
7.00 (m, 2H), 7.01 (m, 1H), 6.43 (d, J ) 1.0 Hz, 1H), 6.06 (dd, J
) 1.4, 3.8 Hz, 1H), 4.20-4.16 (m, 1H), 3.81-3.78 (m, 1H), 3.37-
3.34 (m, 1H), 3.25 (dd, J ) 5.0, 6.3 Hz, 1H), 2.39 (s, 3H), 2.36 (s,
3H), 2.34 (s, 3H), 2.30 (s, 3H); 13C NMR (62.9 MHz, CDCl3) δ
205.2, 197.8, 173.0, 142.9, 138.2, 136.0, 135.6, 133.5, 133.3, 132.5,
131.7, 131.0, 130.8, 130.0, 128.7, 128.0, 124.8, 53.7, 51.5, 45.2,
44.7, 21.2, 21.2, 20.99, 20.96. Anal. Calcd for C26H24O2: C, 84.75;
H, 6.57. Found: C, 85.00; H, 6.71.

3,5-Bis(phenylethynyl)-3a,4,7,7a-tetrahydro-4,7-methano-
1H-indene-1,8-dione (19):16 1H NMR (250 MHz, CDCl3) δ
7.49-7.42 (m, 2H), 7.39-7.31 (m, 3H), 7.21-7.09 (m, 6H), 6.55
(d, 1H, J ) 3.6 Hz), 6.51 (s, 1H), 3.72 (t, 1H, J ) 5.0 Hz), 3.57
(d, 1H, J ) 4.4 Hz), 3.53 (t, 1H, J ) 3.9 Hz), 3.09 (dd, 1H, J )
5.0 Hz); 13C NMR (62.5 MHz, CDCl3) δ 205.4, 197.2, 154.5, 141.2,
132.4, 132.1, 131.7, 131.5, 130.0, 129.4, 128.6, 128.5, 128.1, 124.0,
122.2, 121.4, 106.7, 95.1, 84.0, 83.8, 53.8, 51.1, 44.5, 44.3.

General Decarbonylation Procedure: Synthesis of In-
danones. In a flame-dried flask, 15-40 mg of the diketone was
dissolved in 1 mL of quinoline. The reaction mixture was stirred
at 150-160 °C and monitored by TLC until the starting material
was consumed. The reaction mixture was cooled to room tem-
perature, diluted with ether, and added to a separatory funnel.
The mixture was washed three times with 3 N HCl, and then
twice with water to remove the quinoline. The organic phase
was dried with MgSO4, and the solvent was removed under
reduced pressure. The crude product was purified by column
chromatography (5-15% EtOAc/hexanes) to yield a clean prod-
uct.

3,5-Diphenyl-1-indanone (20a):17 mp 153-155 °C; 1H NMR
(300 MHz, CDCl3) δ 7.87 (d, J ) 8.0 Hz, 1H), 7.66-7.64 (m, 1H),
7.56-7.52 (m, 2H), 7.44-7.22 (m, 7H), 7.18-7.15 (m, 2H), 4.62
(dd, J ) 3.9, 8.0 Hz, 1H), 3.28 (dd, J ) 8.0, 19.2 Hz, 1H), 2.74
(dd, J ) 3.9, 19.2 Hz, 1H); 13C NMR (75.5 MHz, CDCl3) δ 205.4,
158.6, 148.2, 143.6, 140.0, 135.7, 129.0, 128.9, 128.4, 127.7, 127.5,
127.3, 127.0, 125.3, 123.8, 47.2, 44.6; HRMS calcd for C21H16O
284.1201, found 284.1190.

3,6-Diphenyl-1-indanone (20b): mp 126-128 °C; 1H NMR
(250 MHz, CDCl3) δ 8.24 (d, J ) 1.7 Hz, 1H), 7.81 (dd, J ) 1.9,
8.0 Hz, 1H), 7.64-7.59 (m, 2H), 7.49-7.22 (m, 7H), 7.19-7.14
(m, 2H), 4.61 (dd, J ) 3.8, 8.0 Hz, 1H), 3.29 (dd, J ) 8.1, 19.2
Hz, 1H), 2.75 (dd, J ) 3.9, 19.2 Hz, 1H); 13C NMR (75.5 MHz,
CDCl3) δ 205.9, 156.8, 143.6, 141.3, 139.9, 137.4, 134.2, 129.0,
127.9, 127.7, 127.2, 127.0, 121.5, 47.2, 44.2; HRMS calcd for
C21H16O 284.1201, found 284.1206.

3,5-Bis(3-methoxyphenyl)-1-indanone (21a): mp 97-99
°C; 1H NMR (250 MHz, CDCl3) δ 7.85 (d, J ) 8.0 Hz, 1H), 7.63
(dd, J ) 1.3, 8.1 Hz, 1H), 7.46 (s, 1H), 7.36-7.20 (m, 2H), 7.14-
7.11 (m, 1H), 7.08-7.06 (m, 1H), 6.91 (dd, J ) 2.5, 8.2 Hz, 1H),
6.80-6.69 (m, 3H), 4.58 (dd, J ) 3.8, 8.0 Hz, 1H), 3.84 (s, 3H),
3.76 (s, 3H), 3.26 (dd, J ) 8.0, 19.2 Hz, 1H), 2.73 (dd, J ) 3.9,
19.2 Hz, 1H); 13C NMR (62.9 MHz, CDCl3) δ 205.3, 160.0, 159.9,
158.3, 148.0, 145.2, 141.5, 135.7, 130.0, 129.9, 127.3, 125.3, 123.7,
120.0, 119.9, 113.7, 113.5, 113.4, 112.0, 55.3, 55.2, 47.0, 44.5;
HRMS calcd for C23H20O3 344.1412, found 344.1416.

3,5-Bis(4-tert-butylphenyl)-1-indanone (22a): mp 203-
205 °C; 1H NMR (250 MHz, CDCl3) δ 7.85 (d, J ) 8.0 Hz, 1H),
7.64 (dd, J ) 1.0, 8.0 Hz, 1H), 7.53-7.43 (m, 5H), 7.34-7.25 (m,
2H), 7.11-7.06 (m, 2H), 4.59 (dd, J ) 3.8, 8.0 Hz, 1H), 3.25 (dd,
J ) 8.0, 19.2 Hz, 1H), 2.73 (dd, J ) 3.9, 19.2 Hz, 1H), 1.34 (s,
9H), 1.30 (s, 9H); 13C NMR (62.9 MHz, CDCl3) δ 205.7, 158.8,
151.6, 149.8, 147.9, 140.5, 137.2, 135.4, 127.3, 127.2, 127.0, 125.9,
125.8, 125.1, 123.7, 47.2, 44.0, 34.6, 34.5, 31.3, 31.2; HRMS calcd
for C29H32O 396.2453, found 396.2479.

3,5-Bis(2,5-dimethylphenyl)-1-indanone (23b): mp 47-49
°C; 1H NMR (250 MHz, CDCl3) δ 7.56 (d, J ) 7.91 Hz, 1H), 7.41-
7.37 (m, 1H), 7.37 (d, J ) 7.2 Hz, 1H), 7.15-6.93 (m, 5H), 6.66
(s, 1H), 4.82 (dd, J ) 4.0, 8.0 Hz, 1H), 3.27 (dd, J ) 8.1, 19.1
Hz, 1H), 2.61 (dd, J ) 4.0, 19.1 Hz, 1H), 2.36 (s, 3H), 2.32 (s,
3H), 2.19 (s, 3H), 2.17 (s, 3H); 13C NMR (75.5 MHz, CDCl3) δ
205.7, 158.0, 149.2, 140.7, 136.0, 135.7, 135.4, 132.7, 131.9, 130.5,
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130.1, 129.2, 128.7, 127.6, 127.5, 123.2, 46.1, 20.9, 20.8, 19.8,
19.4; HRMS calcd for C25H24O 340.1827, found 340.1811.

3,5-Dibutyl-indan-1-one (26a): yellow oil; 1H NMR (250
MHz) δ 7.64 (d, J ) 7.8 Hz, 1H), 7.29 (s, 1H), 7.19 (d, J ) 7.8
Hz, 1H), 3.33-3.26 (m, 1H), 2.83 (dd, J ) 7.5, 19.0 Hz, 1H), 2.70
(t, J ) 7.6 Hz, 2H), 2.34 (dd, J ) 3.30, 19.0 Hz, 1H), 1.95-1.88
(m, 1H), 1.70-1.30 (m, 9H), 0.97-0.90 (m, 6H); 13C NMR (62.9
Hz) δ 206.0, 159.2, 150.7, 134.7, 128.1, 125.2, 123.4, 43.3, 38.1,
36.2, 35.8, 33.4, 29.8, 22.7, 22.4, 14.0, 13.9; IR (neat) 3018, 2958,
2930, 2858, 1710, 1609, 756 cm-1; HRMS calcd for C17H24O
244.1827, found 244.1830.

3,6-Dibutyl-indan-1-one (26b): yellow oil; 1H NMR (250
MHz) δ 7.54 (s, 1H), 7.45-7.38 (m, 2H), 3.34-3.26 (m, 1H), 2.85
(dd, J ) 7.4, 19.0 Hz, 1H), 2.66 (t, J ) 7.5 Hz, 2H), 3.35 (dd, J
) 3.2, 19.0 Hz, 1H), 1.92-1.86 (m, 1H), 1.67-1.26 (m, 9H), 0.95-
0.89 (m, 6H); 13C NMR (62.9 Hz) δ 206.7, 159.7, 142.4, 136.9,
135.3, 125.3, 122.8, 43.5, 37.9, 35.9, 35.2, 33.5, 29.8, 22.8, 22.2,
14.0, 13.9; IR (neat) 3020, 2963, 2932, 2862, 1703, 1216 cm-1;
HRMS calcd for C17H24O 244.1827, found 244.1834.
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