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Addition of the anion derived from (phenylthiomethyl)phenyl
sulfone to a selection of aryl-alkenyl ketones gives adducts

SCHEME 1. Solution-Phase Synthesis of
2-Arylcycloalka-2,4-dienones 6
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a8 Reagents and conditions: (a) Ph&BI(Li)SPh, E$AICI, THF, —78
°C, 4 h; (b) E3AICI, CHCl,, hexane, various conditions; (c) LIOEt, EtOH,
THF, 0 °C, 20 min, then CH=CHCH,Br, 75 °C, 1 h; (d) (CyP}-
Cl;Ru=CHPh, CHCI,, 70 °C, 48 h; (e)m-CPBA, CHCI,, —78 °C, 15
min, then CCJ 60 °C, 18 h.

that via a sequence of Lewis acid catalyzed rearrangement,

a-allylation, and metathesis give rise to 2-thio-4-cycloalk- TABLE 1. Yields (%) of Intermediates and Final Products’

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 aryl-alkenyl ketones (la—g), a
selection of 3-aryl-3-ketoesters was preparedB56% yields

by Claisen condensations between diethyl carbonate and several

substituted acetophenonkslkylation? and decarboxylation
gave ketoneda—g (Table 1).

We prepared (bromomethyl)phenyl sulfone from dibro-

momethane and sodium benzenesulfinate in refluxing Haid

converted the sulfone into [(phenylthio)methyl]phenyl sulfone

by treatment with sodium thiophenoxide in DMRddition of
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aYields in parentheses are based upon recovered starting material
(oxidized in the cases dfc and6e).

the anion of [(phenylthio)methyl]phenyl sulfone anion to each
of the ketonesla—g under E3AICI catalysis gave the corre-
sponding 1-(benzenesulfonyl)-2-aryl-1-(phenylthio)alken-2-ols
2a—qg’

Each of these alcohols consisted, I 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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a solid or an oil that was isolated chromatographically. In the
course of purifyinawe realized that these compounds slowly
underwent retro-aldol-like reversion to the starting materials.
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at o 6.4—6.5 (H, ddt). NMR indicated that some of these
dienones §b and6d in particular) contained the deconjugated
2-arylcyclohepta-2,5-dienones, but in quantities too small to be

Thus, complete separation and purification of each of the two isolated or purified?!
diastereomers was not achieved in any of the cases. Nonetheless, These solution-phase syntheses demonstrated gratifying ver-
good to excellent combined yields of diastereomers were satility and diversity. We therefore attempted their adaptation
obtained, especially in the cases of compoudsg, whose to the solid phase. Following Fréchet’s prototalye derivatized
syntheses benefited from our prior experiences optimizing the polystyrene/2% divinylbenzene beads with arylthiol functionality
procedure. at a loading of 1.65 mmol/& Deprotonation to the arylthiolate
Treatment of the each of the isolated 1-(benzenesulfonyl)- and addition of (bromomethyl)phenyl sulfone gave the solid-
2-aryl-1-(phenylthio)alken-2-ola—g with EtAICI induced supported [(arylthio)methyl]phenyl sulfone reSifIR 1326 and

9

R

rearrangement to the corresponding 1-aryl-1-(phenylthio)alken- 1151 cnm?).1415Unfortunately, deprotonation of this resin-bound
2-ones (3a—d)7 in variable yields. We found that each case, sulfone followed by addition of excess aryl alkenyl ketone fails
although based upon Trost's general procedure, had to beto produce polymer-bound alcoh®] no doubt a consequence
individually optimized. The ketone3a—gwere then regiose-  of the reversibility of the latter process.
lectively alkylated with allyl bromide to give 4-aryl-4-(phe-
nylthio)alkadien-5-ones#a—g in good to excellent yields. O_@_S SO,Ph
Finally, each of the alkylated ketondsi—g was treated with i
Grubbs’ | catalyst for ring closing metatheki® give the 8
corresponding 2-aryl-2-(phenylthio)cycloalk-4-enoba-(g). In
a typical procedure, 10 mol % of catalyst solution was added O—Q—S S0zPh
to a 2-3 uM solution of ketone in CECl,. After stirring at 50 o
°C for 24 h, another 10 mol % of catalyst solution was added HO n
and the cyclization allowed to proceed for another 24 h.
Generation of the seven- and eight-membered ring en&aes (
f) proceeded satisfactorily. However, the synthesis of the nine-
membered 2-phenyl-2-(phenylthio)cyclonon-4-end@® gave
only trace amounts under the same conditions. Using higher In conclusion, the use of [(phenylthio)methyl]phenyl sulfone
concentrations of substrate, higher molar ratios of catalyst, has shown versatility in short solution-phase syntheses of several
higher refluxing temperatures, and even microwave radiation seven- and eight-membered 2-arylcycloalka-2,4-dienones. Ad-
failed to improve this result.
Oxidation of cycloalkenoneSa—f with m-CPBA in dichlo-
romethane at-78 °C gave the corresponding sulfoxid€syhich
were dehydrosulfenylated by reflux in CQvernight to give
the final products, 2-arylcycloalka-2,4-dienonéa<f), in good
to excellent yields. The fully conjugated cycloalka-2,4-dienones
6a—f display three'H NMR signals with an integration of one
proton each at ca) 6.6—6.7 (H, d), atd 6.1—6.2 (h, dt), and
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H. J. Org. Chem1999,64, 2182.
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Miyashita, K.; lwata, CChem. Pharm. Bull1993,41, 31. (c) Kunz, U.;
Krimm, S.; Fischer, T.; Kottke, T.; Stalke, D.; Christl, NEur. J. Org.
Chem.1998, 2171. (d) Edwards, G. L.; Sinclair, D. Detrahedron Lett.
1999,40, 3933.

(9) (a) Miller, S. J.; Blackwell, H. E.; Grubbs, R. H. Am. Chem. Soc.
1996, 118, 9606. (b) Schuster, M.; Pernerstorfer, J.; BlecherArgew.
Chem., Int. Ed. Engl1996, 35, 1979. (c) Dias, E. L.; Nguyen, S.-B. T.;
Grubbs, R. HJ. Am. Chem. So&997,119, 3887. (d) Peters, J.-U.; Blechert,
S. Synlett1997, 348. (e) Grubbs, R. H.; Chang, Retrahedron1998,54,
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aptation to the solid phase was not successful.

Experimental Section

Representative Procedure® 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-éhéle) (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

(10) (a) Nozoe, T.; Mukai, T.; Tezuka, Bull. Chem. Soc. JprL961,
34, 619. (b) Trost, B. M.; Salzmann, T. N. Am. Chem. Sod.973,95,
6840. (c) Trost, B. M.; Salzmann, T. N.; Hiroi, K. Am. Chem. S0d976,
98, 4887. (d) Trost, B. MChem. Re. 1978 78, 363. (e) Tamura, Y.; Maeda,
H.; Choi, H. D.; Ishibashi, HSynthesisl982, 56. (f) Katritzky, A. R;
Saczewski, F.; Marson, C. M. Org. Chem1985,50, 1351. (g) Brown,
R. F. C.; Coulston, K. J.; Eastwood, F. W.; Fallon, G.Aust. J. Chem.
1986,39, 189. (h) Nicolaou, K. C.; Pfefferkorn, J. A.; Cao, G.-Q.; Kim,
S.; Kessabi, JOrg. Lett.1999,1, 807.
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Appl. Chem1988,60, 353.
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10% aqg HCI solution at-78 °C and was allowed to warm to rt.

128.9,128.9,118.4,115.4,114.1, 68.8, 55.5, 38.8, 37.6, 29.1. Anal.

The organic layer was separated, and the aqueous layer wasCalcd for G,H,40,S: C, 74.96; H, 6.86. Found: C, 75.13; H, 6.87.
extracted with EtOAc. The combined organic extracts were washed Representative Procedure® Synthesis of 2-(4-Methoxyphe-

with water and brine, dried (MgSQ) and concentrated. Trituration
using 10% CHCI, in hexane gave 14.5 g &fe as a white solid.

nyl)-2-(phenylsulfanyl)cyclohept-4-enone (5e)To a solution of
Grubbs’ catalyst (35 mg, 0.04 mmol) in GEl, (140.0 mL) was

The supernatant was concentrated and chromatographed using 20%dded a solution of 150 mg (0.42 mmol) &¢ in of CH,Cl, (10

EtOAc in hexane solution to afford another 2.5 g2&f, 2.5 g of
recoveredle and 3.47 g of [(phenylsulfanyl)methyl]phenyl sulfone.
The total isolated yield o2ewas 17.0 g (70%); the yield based on

mL). The resulting red solution was refluxed at-610 °C for 24
h. Another 0.1 equivt of Grubbs’ catalyst (35 mg, 0.04 mmol)
dissolved in CHCI, (10 mL) was added and reflux continued for

unrecovered starting material was 92%. For the major diastere- another 24 h. After concentration, the resulting brown oil was

omer: mp 163—165C; IR 3505, 3065, 2954, 2833, 1640 ch
1H NMR (400 MHz, CDC4) 6 7.67—6.58 (m, 14H), 5.80 (m, 1H),

purified by column chromatography, eluting with 10%,&tin
hexane to furnish 94 mg (69% isolated yield; 77% based on the

5.00—4.86 (m, 2H), 4.53 (s, 1H), 4.47 (s, 1H), 3.81 (s, 3H), 2.50 recovery of 15 mg ofie) as a white solid: mp 127.1-1290; IR

(m, 2H), 2.10 (m, 1H), 1.65 (m, 1H); MS lonSpec HiResMALDI
calcd m/z for CyHz0sS;Na ((M + Na)t) 477.1170, found
477.1524. Anal. Calcd for £H,60.S,: C, 66.05; H, 5.76. Found:
C, 66.31; H, 5.83.

Representative Procedure® 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 @e(11.0 mmol) in dichloromethane
(100 mL). After 5 min, TLC showed complete consumption of

2958, 2836, 1707, 1603 cr) H NMR (400 MHz, CDC}) 6 7.29—
6.77 (m, 9H), 5.69 (m, 2H), 3.80 (s, 3H), 2.95 (m, 1H), 28373
(m, 3H), 2.28 (m, 2H)13C NMR (CDCk) 6 207.3, 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 forogH,00,S: C, 74.04; H, 6.21.
Found: C, 74.29; H, 6.21.

Representative Procedure®® Synthesis of 2-(4-Methoxyphe-
nyl)cyclohepta-2,4-dienone (6e)A solution of 130 mg (0.40
mmol) of 5ein CH,Cl, (80 mL) was cooled to-78 °C, and a

starting material, and the reaction was quenched with 50 mL of aq solution of 0.96 g of 71%n-chloroperoxybenzoic acid (4.0 mmol)

satd NaHC@. The mixture was filtered through Celite, washed with
brine, dried (MgS@ and concentrated. Chromatography (10%
EtOAc in hexane) gave 2.81 g (81%) ®&: IR 3070, 2904, 2837,
1716, 1644 cm!; *H NMR (300 MHz, CDC}) 6 7.31-6.83 (m,
9H), 5.67 (m, 1H), 4.95 (s, 1H), 4.941.88 (m, 2H), 3.78 (s, 3H),
2.66 (m, 2H), 2.24 (m, 2H)}*C NMR (CDCk) 6 204.7, 159.7,

in CH,Cl, (10 mL) was added. TLC analysis (70:3Q@thexane)
showed complete loss of the starting material after 15 min. The
cold reaction mixture was poured into a separatory funnel containing
Et,O (100 mL) and 100 mL of 10% aq MN&O; solution. The
organic layer was separated, washed 2x with satd aq NaHECi©d
(MgSQy), and concentrated. The residue was added to, (X0l

136.9, 134.1, 132.6, 130.0, 129.1, 127.9, 127.6, 115.5, 114.5, 63.4,mL) and refluxed at 5860 °C overnight to give 57 mg e (67%

55.5, 39.4, 28.0. Anal. Calcd fori@H,00,S: C, 73.04; H, 6.45.
Found: C, 72.78; H, 6.37.

Representative Procedure 4-(4-Methoxyphenyl)-4-(phenyl-
sulfanyl)nona-1,8-dien-5-one (4e)lo a mixture of EtOH (6.0 mL)
and THF (15.0 mL) cooled to 6C 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 7&3-°C for 3 h. The reaction

was quenched with water and extracted with EtOAc. The extracts

were washed with brine, dried (Mg@Qand concentrated. Column
chromatography (1% BED 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 £mH
NMR (400 MHz, CDC}) 6 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), 2-6B66
(d,J = 6.4 Hz, 2H), 2.40 (m, 1H), 2.312.25 (m, 2H);13C NMR

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
cmL; 'H NMR (400 MHz, CDC}) ¢ 7.27—7.24 (m, 2H), 6.89
6.86 (M, 2H), 6.70—6.69 (dl = 7.6, 1H), 6.42—6.36 (dt, 1H] =
10.8 Hz, 5.6 Hz), 6.166.11 (ddt, 1HJ = 10.8 Hz, 7.6 Hz, 1.2
Hz), 3.81 (s, 3H), 2.87—2.84 (m, 2H), 2.50—2.45 (m, 2IMC
NMR (CDCls) 6 201.5, 159.4, 142.1, 138.5, 134.7, 132.0, 130.1,
126.5, 113.7, 55.5, 42.5, 23.8; MS (ES#)zcalcd for (M + HT)
215.11, found 215.08.
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