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Addition of the anion derived from (phenylthiomethyl)phenyl
sulfone to a selection of arylω-alkenyl ketones gives adducts
that via a sequence of Lewis acid catalyzed rearrangement,
R-allylation, and metathesis give rise to 2-thio-4-cycloalk-
enones. These in turn give cycloalkadienones upon oxidation
and elimination. An attempt to develop a polymer-supported
variant fails because of the reversibility of sulfone anion
addition.

We have an ongoing interest in the adaptation of diverse
synthetic methodologies to the solid state, including but not
limited to rearrangement and cycloaddition chemistry, and with
an emphasis on organometallic methodologies. Herein, we report
the preparation of a small library of 2-arylcycloalka-2,4-dienone
derivatives, using substrates derived from (phenylthiomethyl)-
phenyl sulfone, which provides the potential for both convenient
polymer linkage as well as Lewis acid promoted rearrangement
chemistry (Scheme 1).

To obtain the necessary arylω-alkenyl ketones (1a-g), a
selection of 3-aryl-3-ketoesters was prepared ing95% yields
by Claisen condensations between diethyl carbonate and several
substituted acetophenones.1 Alkylation2 and decarboxylation3

gave ketones1a-g (Table 1).
We prepared (bromomethyl)phenyl sulfone from dibro-

momethane and sodium benzenesulfinate in refluxing DMF4 and
converted the sulfone into [(phenylthio)methyl]phenyl sulfone
by treatment with sodium thiophenoxide in DMF.5 Addition of

the anion of [(phenylthio)methyl]phenyl sulfone anion to each
of the ketones1a-g under Et2AlCl catalysis gave the corre-
sponding 1-(benzenesulfonyl)-2-aryl-1-(phenylthio)alken-2-ols
2a-g.6

Each of these alcohols consisted, by1H NMR analysis, of a
mixture of diastereomers, one of which in each case was a solid
that was purified by recrystallization, while the other was either
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SCHEME 1. Solution-Phase Synthesis of
2-Arylcycloalka-2,4-dienones 6a

a Reagents and conditions: (a) PhSO2CH(Li)SPh, Et2AlCl, THF, -78
°C, 4 h; (b) Et2AlCl, CH2Cl2, hexane, various conditions; (c) LiOEt, EtOH,
THF, 0 °C, 20 min, then CH2dCHCH2Br, 75 °C, 1 h; (d) (CyP)2-
Cl2RudCHPh, CH2Cl2, 70 °C, 48 h; (e)m-CPBA, CH2Cl2, -78 °C, 15
min, then CCl4 60 °C, 18 h.

TABLE 1. Yields (%) of Intermediates and Final Productsa

a Yields in parentheses are based upon recovered starting material
(oxidized in the cases of6c and6e).

1736 J. Org. Chem.2006,71, 1736-1738
10.1021/jo0523262 CCC: $33.50 © 2006 American Chemical Society

Published on Web 01/13/2006



a solid or an oil that was isolated chromatographically. In the
course of purifying2awe realized that these compounds slowly
underwent retro-aldol-like reversion to the starting materials.
Thus, complete separation and purification of each of the two
diastereomers was not achieved in any of the cases. Nonetheless,
good to excellent combined yields of diastereomers were
obtained, especially in the cases of compounds2c-g, whose
syntheses benefited from our prior experiences optimizing the
procedure.

Treatment of the each of the isolated 1-(benzenesulfonyl)-
2-aryl-1-(phenylthio)alken-2-ols2a-g with Et2AlCl induced
rearrangement to the corresponding 1-aryl-1-(phenylthio)alken-
2-ones (3a-g)6,7 in variable yields. We found that each case,
although based upon Trost’s general procedure, had to be
individually optimized. The ketones3a-g were then regiose-
lectively alkylated8 with allyl bromide to give 4-aryl-4-(phe-
nylthio)alkadien-5-ones4a-g in good to excellent yields.
Finally, each of the alkylated ketones4a-g was treated with
Grubbs’ I catalyst for ring closing metathesis9 to give the
corresponding 2-aryl-2-(phenylthio)cycloalk-4-enone (5a-g). In
a typical procedure, 10 mol % of catalyst solution was added
to a 2-3 µM solution of ketone in CH2Cl2. After stirring at 50
°C for 24 h, another 10 mol % of catalyst solution was added
and the cyclization allowed to proceed for another 24 h.
Generation of the seven- and eight-membered ring enones (5a-
f) proceeded satisfactorily. However, the synthesis of the nine-
membered 2-phenyl-2-(phenylthio)cyclonon-4-enone (5g) gave
only trace amounts under the same conditions. Using higher
concentrations of substrate, higher molar ratios of catalyst,
higher refluxing temperatures, and even microwave radiation
failed to improve this result.

Oxidation of cycloalkenones5a-f with m-CPBA in dichlo-
romethane at-78°C gave the corresponding sulfoxides,10 which
were dehydrosulfenylated by reflux in CCl4 overnight to give
the final products, 2-arylcycloalka-2,4-dienones (6a-f), in good
to excellent yields. The fully conjugated cycloalka-2,4-dienones
6a-f display three1H NMR signals with an integration of one
proton each at ca.δ 6.6-6.7 (H2, d), atδ 6.1-6.2 (H3, dt), and

at δ 6.4-6.5 (H4, ddt). NMR indicated that some of these
dienones (6b and6d in particular) contained the deconjugated
2-arylcyclohepta-2,5-dienones, but in quantities too small to be
isolated or purified.11

These solution-phase syntheses demonstrated gratifying ver-
satility and diversity. We therefore attempted their adaptation
to the solid phase. Following Fréchet’s protocol,12 we derivatized
polystyrene/2% divinylbenzene beads with arylthiol functionality
at a loading of 1.65 mmol/g.13 Deprotonation to the arylthiolate
and addition of (bromomethyl)phenyl sulfone gave the solid-
supported [(arylthio)methyl]phenyl sulfone resin8 (IR 1326 and
1151 cm-1).14,15Unfortunately, deprotonation of this resin-bound
sulfone followed by addition of excess aryl alkenyl ketone fails
to produce polymer-bound alcohol9, no doubt a consequence
of the reversibility of the latter process.

In conclusion, the use of [(phenylthio)methyl]phenyl sulfone
has shown versatility in short solution-phase syntheses of several
seven- and eight-membered 2-arylcycloalka-2,4-dienones. Ad-
aptation to the solid phase was not successful.

Experimental Section

Representative Procedure:6 1-(Benzenesulfonyl)-2-(4-meth-
oxyphenyl)-1-(phenylsulfanyl)hex-5-en-2-ol (2e).A hexane solu-
tion of n-BuLi (2.5 M, 24.0 mL, 60.0 mmol) was added dropwise
to a solution of [(phenylsulfanyl)methyl]phenyl sulfone (14.2 g,
53.6 mmol) in THF (400 mL) at-78 °C. The mixture turned
yellowish in color and was stirred for 30 min, whereupon a hexane
solution of diethylaluminum chloride solution in hexane (1.0 M,
80.0 mL, 80.0 mmol) was added by syringe. After 5 min, a solution
of 10.2 g of 1-(4-methoxyphenyl)pent-4-en-1-one16 (1e) (53.6
mmol) in THF (50 mL) was added dropwise. After being stirred
overnight at-78 °C, the reaction was quenched with 150 mL of
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10% aq HCl solution at-78 °C and was allowed to warm to rt.
The organic layer was separated, and the aqueous layer was
extracted with EtOAc. The combined organic extracts were washed
with water and brine, dried (MgSO4), and concentrated. Trituration
using 10% CH2Cl2 in hexane gave 14.5 g of2e as a white solid.
The supernatant was concentrated and chromatographed using 20%
EtOAc in hexane solution to afford another 2.5 g of2e, 2.5 g of
recovered1e, and 3.47 g of [(phenylsulfanyl)methyl]phenyl sulfone.
The total isolated yield of2ewas 17.0 g (70%); the yield based on
unrecovered starting material was 92%. For the major diastere-
omer: mp 163-165°C; IR 3505, 3065, 2954, 2833, 1640 cm-1;
1H NMR (400 MHz, CDCl3) δ 7.67-6.58 (m, 14H), 5.80 (m, 1H),
5.00-4.86 (m, 2H), 4.53 (s, 1H), 4.47 (s, 1H), 3.81 (s, 3H), 2.50
(m, 2H), 2.10 (m, 1H), 1.65 (m, 1H); MS IonSpec HiResMALDI
calcd m/z for C24H26O4S2Na ((M + Na)+) 477.1170, found
477.1524. Anal. Calcd for C25H26O4S2: C, 66.05; H, 5.76. Found:
C, 66.31; H, 5.83.

Representative Procedure:6 1-(4-Methoxyphenyl)-1-(phenyl-
sulfanyl)hex-5-en-2-one (3e).At -78 °C, 11.0 mL of a 1.0 M
solution of diethylaluminum chloride in hexane (11.0 mmol) was
added to a solution of 5.0 g of2e (11.0 mmol) in dichloromethane
(100 mL). After 5 min, TLC showed complete consumption of
starting material, and the reaction was quenched with 50 mL of aq
satd NaHCO3. The mixture was filtered through Celite, washed with
brine, dried (MgSO4) and concentrated. Chromatography (10%
EtOAc in hexane) gave 2.81 g (81%) of3e: IR 3070, 2904, 2837,
1716, 1644 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.31-6.83 (m,
9H), 5.67 (m, 1H), 4.95 (s, 1H), 4.94-4.88 (m, 2H), 3.78 (s, 3H),
2.66 (m, 2H), 2.24 (m, 2H);13C NMR (CDCl3) δ 204.7, 159.7,
136.9, 134.1, 132.6, 130.0, 129.1, 127.9, 127.6, 115.5, 114.5, 63.4,
55.5, 39.4, 28.0. Anal. Calcd for C19H20O2S: C, 73.04; H, 6.45.
Found: C, 72.78; H, 6.37.

Representative Procedure:8 4-(4-Methoxyphenyl)-4-(phenyl-
sulfanyl)nona-1,8-dien-5-one (4e).To a mixture of EtOH (6.0 mL)
and THF (15.0 mL) cooled to 0°C was added 4.8 mL of 2.5 M
n-BuLi in hexane (12.0 mmol). The LiOEt solution was stirred at
0 °C for 20 min, whereupon a solution of 0.66 g (2.11 mmol) of
3ein THF (30 mL) was added dropwise. After stirring and warming
to rt over 10 min, 2.90 mL (34.3 mmol) of allyl bromide was added
dropwise and the mixture heated at 75-80 °C for 3 h. The reaction
was quenched with water and extracted with EtOAc. The extracts
were washed with brine, dried (MgSO4), and concentrated. Column
chromatography (1% Et2O in hexane) gave 0.653 g (88%) of 4-(4-
methoxyphenyl)-4-(phenylsulfanyl)nona-1,8-dien-5-one (4e) as a
colorless oil: IR 3075, 2974, 2906, 2837, 1669, 1639 cm-1; 1H
NMR (400 MHz, CDCl3) δ 7.32-6.84 (m, 9H), 5.84-5.65 (m,
2H), 5.04-4.88 (m, 4H), 3.80 (s, 3H), 2.74 (m, 1H), 2.68-2.66
(d, J ) 6.4 Hz, 2H), 2.40 (m, 1H), 2.31-2.25 (m, 2H);13C NMR
(CDCl3) δ 206.0, 159.2, 137.5, 136.7, 133.6, 130.7, 130.6, 129.4,

128.9, 128.9, 118.4, 115.4, 114.1, 68.8, 55.5, 38.8, 37.6, 29.1. Anal.
Calcd for C22H24O2S: C, 74.96; H, 6.86. Found: C, 75.13; H, 6.87.

Representative Procedure:9 Synthesis of 2-(4-Methoxyphe-
nyl)-2-(phenylsulfanyl)cyclohept-4-enone (5e).To a solution of
Grubbs’ catalyst (35 mg, 0.04 mmol) in CH2Cl2 (140.0 mL) was
added a solution of 150 mg (0.42 mmol) of4e in of CH2Cl2 (10
mL). The resulting red solution was refluxed at 60-70 °C for 24
h. Another 0.1 equivt of Grubbs’ catalyst (35 mg, 0.04 mmol)
dissolved in CH2Cl2 (10 mL) was added and reflux continued for
another 24 h. After concentration, the resulting brown oil was
purified by column chromatography, eluting with 10% Et2O in
hexane to furnish 94 mg (69% isolated yield; 77% based on the
recovery of 15 mg of4e) as a white solid: mp 127.1-129.0°C; IR
2958, 2836, 1707, 1603 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.29-
6.77 (m, 9H), 5.69 (m, 2H), 3.80 (s, 3H), 2.95 (m, 1H), 2.83-2.73
(m, 3H), 2.28 (m, 2H);13C NMR (CDCl3) δ 207.3, 159.0, 136.9,
131.8, 131.0, 130.8, 129.6, 129.1, 128.6, 126.3, 113.6, 71.6, 55.4,
38.5, 33.6, 26.9. Anal. Calcd for C20H20O2S: C, 74.04; H, 6.21.
Found: C, 74.29; H, 6.21.

Representative Procedure:10 Synthesis of 2-(4-Methoxyphe-
nyl)cyclohepta-2,4-dienone (6e).A solution of 130 mg (0.40
mmol) of 5e in CH2Cl2 (80 mL) was cooled to-78 °C, and a
solution of 0.96 g of 71%m-chloroperoxybenzoic acid (4.0 mmol)
in CH2Cl2 (10 mL) was added. TLC analysis (70:30 Et2O-hexane)
showed complete loss of the starting material after 15 min. The
cold reaction mixture was poured into a separatory funnel containing
Et2O (100 mL) and 100 mL of 10% aq Na2SO3 solution. The
organic layer was separated, washed 2x with satd aq NaHCO3, dried
(MgSO4), and concentrated. The residue was added to CCl4 (20
mL) and refluxed at 50-60 °C overnight to give 57 mg of6e(67%
isolated yield; 96% based on the recovery of 46 mg of oxidized
5e) as a faintly light green oil: IR 3003, 2958, 2837, 1658, 1604
cm-1; 1H NMR (400 MHz, CDCl3) δ 7.27-7.24 (m, 2H), 6.89-
6.86 (m, 2H), 6.70-6.69 (d,J ) 7.6, 1H), 6.42-6.36 (dt, 1H,J )
10.8 Hz, 5.6 Hz), 6.16-6.11 (ddt, 1H,J ) 10.8 Hz, 7.6 Hz, 1.2
Hz), 3.81 (s, 3H), 2.87-2.84 (m, 2H), 2.50-2.45 (m, 2H);13C
NMR (CDCl3) δ 201.5, 159.4, 142.1, 138.5, 134.7, 132.0, 130.1,
126.5, 113.7, 55.5, 42.5, 23.8; MS (ESI)m/zcalcd for (M + H+)
215.11, found 215.08.
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