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Abstract: The readily available 2,3-dibromo-1-(phenylsulfonyl)-1-propene (DBP) undergoes
facile reaction with several 1,3-dicarbonyl compounds under basic conditions to give
(phenylsulfonyl)methyl substituted cyclopentenones.” The pendant sulfonyl group at the C3 position
of the cyclopentenone ring offers a versatile site for further elaboration via alkylation. These cyclic
o-enone systems are easily metallated with sodium hydride, and the resultant carbanion undergoes
both bimolecular and intramolecular alkylation reactions. The overall sequence provides a simple
and efficient route to functionalized cyclopentenones. The alkylated sulfones were easily
desulfonylated upon heating with tri n-butyltin hydride and AIBN in toluene at 110 °C. A novel
base-induced transformation was observed using 3-(phenylsulfonyl)methyl-2-(4-iodobutyl)cyclo-
pentenone. Treatment of this compound with one equivalent of NaH in the presence of HMPA
afforded 4-methylene-spiro{4.4]non-2-en-1-one. This reaction proceeds by initial y-alkylation
followed by a 1,3-hydrogen shift and subsequent 1,4-elimination of sulfinate anion. @ 1998 Published by
Elsevier Science Ltd. All rights reserved.

Functionalized allylic reagents which contain both a leaving group and a m-activating substituent have
been extensively utilized in organic synthesis.!-!! These substituted 1-propenes have been referred to as
multicoupling reagents.3-!2 In this context we have recently demonstrated that 2,3-dibromo-1-(phenylsulfonyl)-
1-propene (1) (DBP) is an extremely versatile synthetic reagent.!3 This compound was prepared by the addition
of bromine to 1-phenylsulfonyl-1,2-propadiene.13.14 The reaction proceeds smoothly at 25 °C and can be
controlled so that the bromination may be terminated after 1 equiv of bromine is consumed. In previous work,
DBP was shown to react with a variety of hetero- and carbon nucleophiles to give substituted vinyl sulfones

Br
CHy=C=CHSO,Ph + Br, — Br\)\rH
SO5Ph
1, bDPB

with predictable regiochemical control.!3> When carbony! enolates were used, the reaction furnished [(phenyl-
sulfonyl)methyl)-substituted furans.!S This novel transformation was suggested to proceed by an initial

addition-elimination of the carbanion onto the viny! carbon of the unsaturated sulfone,!6 and was followed by

! Dedicated with respect and admiration to Alan R. Katritzky on the occasion of his 70th birthday.
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intramolecular ring closure on the enolate oxygen atom.!7 In practice, diactivated carbonyl compounds such as
B-diketones, B-keto esters and malonates are preferable to simple ketones for use as nucleophiles, since simple

enolate anions induce decomposition of the 2,3-dibromo sulfone.
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Most interestingly, anions derived from 1,3-dicarbonyl compounds substituted in the C-2 position (i.e., 6)
were found to induce a complete reversal in the mode of ring closure. The major products obtained are 3-[(phenyl-
sulfonyl)methyl]-substituted cyclopentenones (9). The internal displacement reaction leading to the furan ring
apparently encounters an unfavorable A!3-interaction in the transition state when a substituent group (i.e., methyl)
is present at the 2-position of the dicarbonyl compound. This steric interaction is not present in the transition state

leading to the cyclopentenone ring.
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The synthetic application of sulfones to the preparation of natural products has increased enormously

during the past decade.18.19 This increased interest stems in part from the recognition that sulfones can stabilize
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anions,20 may be removed reductively,2! and may be eliminated to form olefins.22.23 The structure of
carbanions stabilized by an a-sulfonyl group has received considerable scrutiny from both theoretical and
experimental standpoints.24 As part of our continuing interest in this area we have examined the base-induced
behavior of 3-[(phenylsulfonyl)methyl]-substituted cyclopentenones as an approach toward the synthesis of
complex carbocyclic ring systems. The present paper documents the results of these studies.
Results and Discussion

The anion stabilizing properties of sulfonyl groups has been extensively exploited for organic
synthesis.2* Considerable interest has been focused on the chemical transformations of allylic sulfones. The
key step in these transformations involves the generation of an allyl sulfonyl carbanion and its reaction with
electrophilic compounds leading to the formation of new C-C bonds.24 Removal of the sulfonyl group is
usually achieved by reduction with alkali metals25 or with Raney nickel, 26 which simply replaces the sulfonyl
group with a hydrogen atom, or by base-catalyzed?’ or reductive eliminations,28 which leave behind a double
bond. Previous studies with allylic sulfony! carbanions illustrate their general tendency to undergo o- rather
than y-alkylation.2? These alkylations can be carried out regioselectively on both acyclic and cyclic sulfones
using either anhydrous conditions or phase-transfer conditions. Trost has represented allylic sulfones as triionic
synthons because of the dual nucleophilic and electrophilic character of the carbon atom bearing the suifonyl
group.’0

Monometallated allylic sulfones have played a particularly important role as reactive intermediates in total
synthesis24 and therefore, we decided to study the base induced behavior of the 3-[(phenylsulfonyl)methyl]-
substituted cyclopentenone 9 in order to establish its synthetic versatility. The pendant sulfonyl group at the C3
position of the cyclopentenone ring offers a versatile site for further elaboration via alkylation. Indeed, we have
found that cyclopentenone 9 is easily metallated with sodium hydride. The resulting carbanion can be alkylated
with 1 equivalent of methyl iodide to give sulfone 10 in 83% yield. The degree of alkylation is easily controlled
by the methyl jodide/sulfone ratio. The reaction of 9 with a three-fold excess of methyl iodide resulted in the
formation of the dialkylated cyclopentenone 11 in 73% yield. Treatment of the monomethylated sulfone 10
with 1 equivalent of methyl iodide also furnished 11 in 90% yield. The methylated cyclopentenone sulfones
were readily desulfonylated by heating them with tri n-butyltin hydride and AIBN in toluene at 110 oC.31 The
product ketones were obtained in 85-95% yield and were efficiently separated from the tin by-products by

simple gradient-elution flash chromatography.
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In an effort to extend the scope and generality of the alkylation reaction, cyclopentenone 9 was treated
with KCO3 in the presence of a dielectrophile such as 1,2-dibromoethene. The only product formed (715%)
under these conditions was cyclopropyl sulfonyl 15. In this case, the initial alkylation is followed by a
subsequent deprotonation. The resulting sulfonyl-stabilized allylic carbanion reacts further at the a-position to

give 15. When 1,3-dibromopropane was used, it was possible to isolate the initially formed mono-alkylated
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bromide 16 in 78% yield. Further reaction of 16 with NaH in DMF afforded a I:1-mixture of 17 and the
cyclobutyl substituted sulfone 18 in 96% yield. With this system, the dehydrobromination reaction leading to
17 becomes competitive with cyclobutane formation.

The biological importance and diversity of cyclopentanoid natural products have made these compounds
important synthetic goals and have stimulated new methods and reagents for the preparation of cyclopentenyl
ring systems.32.33 Several successful approaches have been designed through free radical intermediates,3 ring
expansion of three-35 or four-membered?6 carbocycles, [3+2]-cycloadditions,3” [4+1]-annulations,3® and
cyclization methods forming more than one bond in a single step using transition metal complexes.3® Our
interest in the chemical behavior of carbanions generated from sulfonyl substituted cyclopentenones led us to
investigate their intramolecular alkylation reactions, as this would provide an entry into the synthesis of various
cyclopentyl ring systems. As a typical example, we envisaged that the initially formed sulfonyl stabilized
carbanion derived from cyclopentenone 22 would result in the displacement of the proximal iodide to furnish the
annulated cyclopentenone 25. The desired cyclopentenone 22 was prepared by treating 7-butyl acetoacetate with
sodium hydride followed by reaction with 1-bromo-3-chioropropane to give ketoester 19 in 61% yield. A

solution of 2,3-dibromo- 1-(phenylsulfonyl)- 1-propene (DBP) and 19 was allowed to react with one equivalent
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of sodium hydride at 25 °C to give ketoester 20. This compound was formed by attack of the carbanion on the
vinyl carbon of DBP followed by elimination of bromide ion. Hydrolysis of the #-butyl ester and subsequent
decarboxylation of the resulting acid in refluxing benzene using p-toluenesulfonic acid was followed by ring
closure to afford the chloro-substituted cyclopentenone 21. Treatment of 21 with sodium iodide in acetone
furnished 22 in 85% overall yield for both steps. Subjection of 22 to sodium hydride did not produce the
anticipated annulated cyclopentenone 25. Rather, the reaction resulted in O-alkylation to form the hydrolytically
sensitive enol ether 23. On exposure to moisture, 23 was readily transformed into alcohol 24 in 83% yield.

In a similar vein, we studied the base-induced behavior of the closely related 3-(phenylsulfonyl)methyl-
2-(4-iodobutyl)cyclopentenone 26. This compound was prepared by a method similar to that used for 22. We
found that treatment of 26 with | equivalent of sodium hydride in ether containing 5 drops of HMPA at 25 °C
resulted in the formation of the novel spiro substituted cyclopentenone 29 in 72% yield. The structure of 29
was assigned on the basis of its characteristic spectral data ['[H-NMR & 1.6-2.1 (m, 8H), 5.19 (s, 1H), 5.22 (s,
1H), 6.17 (d, 1H, J = 5.0 Hz), and 7.65 (d, 1H, J = 5.0 Hz); 13C-NMR § 27.0, 37.3, 55.8, 110.4, 132.0,
155.6, 155.9, and 212.5]. When the reaction was carried out at 0 °C in the absence of HMPA, cyclopentenone
27 was the major product (83%). Further treatment of 27 under the more vigorous conditions furnished the
desulfonylated cyclopentenone 29. Formation of methylene cyclopentenone 29 is best rationalized by a process

involving an initial 1,3-hydrogen shift to give the rearranged allylic sulfone 28 as a transient species which

0 o
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undergoes a subsequent 1,4-elimination of sulfinate anion. It should be noted that in this case, five-membered
ring cyclization at the y-position of the allylic sulfony! carbanion corresponds to the preferred path, presumably
as a consequence of entropic factors.

In conclusion, we have demonstrated that the readily available 2,3-dibromo-1-(phenylsulfonyl)-1-
propene (DBP) undergoes facile reaction with several 1,3-dicarbonyl compounds under basic conditions to give
(phenylsuifonyl)methy! substituted cyclopentenones. Anions derived from these diactivated systems undergo
both bimolecular and intramolecular alkylation reactions and provide a simple and efficient route to
functionalized cyclopentenones. We are continuing to explore the scope, generality and synthetic application of
these sulfonyl substituted cyclic enones and will report additional findings at a later date.

Experimental Section

Melting points are uncorrected. Mass spectra were determined at an ionizing voltage of 70 eV. Unless
otherwise noted, all reactions were performed under an atmosphere of dry argon in flame-dried glassware.
Solutions were evaporated under reduced pressure with a rotary evaporator and the residue was
chromatographed on a silica gel column using an ethyl acetate-hexane mixture as the eluent unless specified
otherwise.

3-(1-Phenylsulfonylethyl)-2-methylcyclopenten-2-one (10). To a stirred solution containing 125
mg (0.5 mmol) of cyclopentenone 915 in 2 mL of dry DMF was added 3 mmol of KoCOj3 followed by 282 mg
(2 mmol) of methyl iodide. The resulting dark red suspension was stirred at rt for 12 h and then 20 mL of ether
and 20 mL of an NH4Cl solution was added. The organic layer was washed several times with water, dried over
MgSOy4 and concentrated under reduced pressure. The residue was chromatographed on silica gel to give 110
mg (83%) of 10 as a white crystalline solid; mp 100-101 °C; IR (KBr) 1692, 1632, 1445, and 1304 cmrl; 1H-
NMR (300 MHz, CDCl3) 8 1.22 (t, 3H, J = 2.1 Hz), 1.62 (d, 3H, J = 6.9 Hz), 2.35 (t, 2H, J = 4.5 Hz), 2.50
(m, 1H), 2.80 (m, | H), 4.31 (q, 1H, J = 6.9 Hz), 7.51 (t, 2H, J = 7.5 Hz), 7.62 (t, 1H, J =7.5 Hz), and
7.77 (4, 2H, J = 7.5 Hz); '13C-NMR (75 MHz, CDCl3) § 8.0, 11.5, 26.0, 33.9, 61.5, 128.7, 129.3, 134.2,
137.3, 142.4, 161.5, and 208.6; Anal. Calcd. for C14H603S: C, 63.62; H, 6.11. Found: C, 63.61; H,
6.14.

A mixture containing 125 mg (0.5 mmol) of cyclopentenone 10, 290 mg (1 mmol) of n-Bu3SnH and 10
mg of AIBN in 3 mL of toluene under an argon atmosphere was heated at reflux for 5 h. The mixture was

cooled, poured into an aqueous KF solution and the aqueous layer was extracted with ether. After drying over
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MgSO0y, the solvent was removed under reduced pressure and the crude product was purified by flash silica gel
chromatography to give 2-methyl-3-ethylcyclopenten-2-one (13) whose 1H-NMR spectrum was consistent with
literature values40: (300 MHz, CDCl3) 8 1.11 (t, 3H, J = 7.5 Hz), 1.67 (s, 3H), and 2.30-2.53 (m, 6H).
3-(1-Phenylsulfonyl-1-methylethyl)-2-methylcyclopenten-2-one (11). To a stirred solution
containing 250 mg (1 mmol) of cyclopentenone 9 in 2 mL of dry DMF was added 3 mmol of K;CO3 followed
by 432 mg (3 mmol) of methyl iodide. The resulting dark red suspension was stirred at rt for 12 h, diluted with
20 mL of ether and the organic layer was washed several times with water, dried over MgSOj4 and the solvent
was removed under reduced pressure. The residue was chromatographed on silica gel to give 202 mg (73%) of
cyclopentenone 11 as a crystalline solid; mp 171-172 °C; IR (KBr) 1693, 1616, 1439, and 1290 cm'!; 'H-
NMR (300 MHz, CDCl3) & 1.48 (brs, 3H), 1.66 (s, 6H), 2.25 (m, 2H), 2.44 (m, 2H), 7.48 (t, 2H, /= 7.5
Hz), 7.62 (t, 1H, J = 7.5 Hz), and 7.70 (d, 2H, J = 7.5 Hz); 13C-NMR (75 MHz, CDCl3) § 9.9, 22.3, 28.8,
33.4, 66.9, 128.9, 130.1, 134.1, 135.0, 142.6, 164.1, and 209.1; Anal. Calcd. for C1sH;g03S: C, 64.72;
H, 6.52. Found: C: 64.44; H, 6.57.

A mixture containing 120 mg (0.5 mmol) of cyclopentenone 11, 280 mg (1 mmol) of n-Bu3SnH and 10
mg of AIBN in 3 mL of toluene under an argon atmosphere was heated at reflux for 5 h. The mixture was
poured into a KF solution and the water layer was extracted with ether. After drying over MgSQg, the solvent
was removed under reduced pressure and the crude product was purified by flash silica gel chromatography to
give 2-methyl-3-iso-propyl-cyclopenten-2-one (14) whose NMR spectrum was consistent with literature
values*! (300 MHz, CDCl3) 8 1.15 (d, 6H, J = 7 Hz), 1.60 (s, 3H), 2.33 (m, 2H), 2.48 (m, 2H), and 3.03
(sept, |H, J = 7 Hz).
3-(1-Phenylsulfonylcyclopropyl)-2-methylcyclopenten-2-one  (15). To a stirred solution
containing 250 mg (1 mmol) of cyclopentenone 9 in 2 mL of dry DMF was added 3 mmol of K2COj3 followed
by 376 mg (2 mmol) of 1,2-dibromoethane. The resulting dark red suspension was stirred at 1t for 12 h, diluted
with 20 mL of ether and the organic layer was washed several times with water, dried over MgSO4 and the
solvent was removed under reduced pressure. The residue was chromatographed on silica gel to give 209 mg
(75%) of 15 as a white crystalline solid; mp 180-181 °C; IR (KBr) 2919, 1695, 1631, and 1133 cmrl; IH-
NMR (300 MHz, CDCl3) 6 1.04 (t, 3H, J= 1.8 Hz), 1.10 (m, 2H), 1.89 (m, 2H), 2.32 (m, 2H), 2.55 (m,
2H), 7.49 (t, 2H, J = 7.5 Hz), 7.62 (t, 1H, J = 7.5 Hz), and 7.71 (d, 2H, J = 7.5 Hz); 13C-NMR (75 MHz,
CDCl3) 6 8.2, 12.8, 294, 34.4, 43.2, 128.7, 129.3, 134.0, 138.1, 144.7, 161.3, and 209.6; Anal. Calcd. for
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CisH1603S: C, 65.19; H, 5.84. Found: C, 65.09; H, 5.89.
3-(1-Phenylsulfonylcyclobutyl)-2-methylcyclopenten-2-one (18). To a stirred solution containing
250 mg (1 mmol) of cyclopentenone 9 in 2 mL of dry DMF was added 3 mmol of KyCOj3 followed by 202 mg
(1 mmol) of 1,3-dibromopropane. The resulting dark red suspension was stirred at rt for 12 h, diluted with 20
mL of ether and the organic layer was washed several times with water, dried over MgSO4 and the solvent was
removed under reduced pressure. The residue was chromatographed on silica gel to give 280 mg (75%) of 3-
(1-phenylsulfonyl-4-bromobutyl)-2-methylcyclopenten-2-one (16) as a crystalline solid; mp 102-103 °C; IR
(neat) 1695, 1638, 1446, 1296, and 1140 cm-!; TH-NMR (300 MHz, CDCl3) 8 1.17 (t, 3H, J = 2.1 Hz), 1.76
(m, 2H), 2.21-2.45 (m, 2H), 2.35 (t, 2H, J = 4.6 Hz), 2.50 (m, 1H), 2.85 (m, 1H), 3.25-3.45 (m, 2H), 4.18
(dd, 1H, J = 10.8 and 3.9 Hz), 7.50 (t, 2H, J = 7.5 Hz), 7.62 (t, 1H, J = 7.5 Hz), and 7.76 (d, 2H, J = 7.5
Hz); 13C-NMR (75 MHz, CDCl3), d 8.0, 24.1, 25.9, 29.7, 32.1, 33.9, 65.9, 128.5, 129.4, 134.4, 137.4,
144.0, 160.0, and 208.2; Anal. Calcd. for C1gH19BrO3S: C, 51.89; H, 5.17. Found: C, 52.02; H, 5.26.

Treatment of a sample of 16 with 88 mg (2.2 mmol) of NaH afforded a 1:1-mixture of 3-(1-
phenylsulfonyl-but-3-enyl)-2-methylcyclopenten-2-one  (17) and 3-(1-phenylsulfonyl-cyclobutyl)-2-methyl-
cyclopenten-2-one (18). These two products were separated by silica gel chromatography. Cyclopentenone 17
was a clear oil and exhibited the following spectral properties: IR (neat) 1703, 1642, 1447, 1308, 1148, and
1084 cm!; TH-NMR (300 MHz, CDCl3) & 1.34 (s, 3H), 2.31 (t, 2H, J = 5 Hz), 2.50 (m, 1H), 2.85 (m, 2H),
3.05 (m, 1H), 4.2 (dd, IH, J = 11 and 3 Hz), 5.05 (m, 2H), 5.50 (m, 1H), 7.50 (m, 2H), 7.65 (m, 1H), and
7.85 (m, 2H); 13C-NMR (75 MHz, CDCl3) § 7.9, 26.0, 29.4, 33.9, 65.9, 118.7, 128.5, 129.4, 131.9, 134.3,
137.4, 143.7, 160.2, and 208.5; HRMS Caicd for CygH3S03: 290.0976. Found: 290.0975.

Cyclobutyl sulfone 18 was obtained as a white solid; mp 171-172 °C; IR (KBr) 1699, 1626, 1441,
1288, and 1142 cmr!; TH-NMR (300 MHz, CDCl3) 6 1.10 (t, 3H, J = 1.8 Hz), 1.85-1.99 (m, 1H), 2.25-2.47
(m, 5H), 2.98-3.09 (m, 2H), 7.49 (t, 2H, J = 7.5 Hz), 7.63 (t, 1H, J = 7.5 Hz), and 7.73 (d, 2H, J = 7.5 H),
13C-NMR (75 MHz, CDCl3) 8 8.7, 16.6, 27.2, 29.4, 34.0, 69.7, 129.1, 129.7, 134.2, 135.4, 141.9, 165.1,
and 209.1; Anal. Calcd. for C;gH803S: C, 66.18; H, 6.25. Found: C, 66.03; H, 6.31.
Preparation and Base Induced Reaction of 3-Phenylsulfonylmethyl-2-(3-iodopropyl)-
cyclopenten-2-one (22). A 1.6 g (10 mmol) sample of rerz-butyl acetoacetate in 5 ml of THF was slowly
added to a suspension of 440 mg (11 mmol) of NaH (60% dispersion in mineral oil) in 20 mL of THF at 0 °C.

The mixture was stirred for an additional 30 min and 240 mg (1.5 mmol) of 1-bromo-3-chloropropane in 2 mL
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of THF was added. The mixture was heated at reflux for 24 h, poured into a saturated NH4Cl solution and the
aqueous layer was extracted with ether. The organic layer was dried over MgSO4 and the solvent was removed
under reduced pressure. The residue was purified by molecular distillation to give 1.41 g (61%) of 2-acetyl-5-
chloro-pentanoic acid fert-butyl ester (19) as a clear oil; IR (neat) 1731, 1712, 1362, 1250, and 1137 cmr!; 'H-
NMR (300 MHz, CDCl3) & 1.43 (s, 9H), 1.73 (m, 2H), 1.90 (m, 2H), 2.22 (s, 3H), 3.33 (t, IH, J = 7.2 Hz),
and 3.50 (1, 2H, J = 6.6 Hz); 13C-NMR (75 MHz, CDCl3) 8 25.3, 27.9, 28.7, 30.1, 44.3, 60.0, 82.1, 168.6,
and 202.8.

2-Acetyl-4-phenylsulfonyl-3-bromomethyl-2-(3-chloropropyl)butenoic acid ferr-butyl ester (20) was
prepared from 1.37 g (5.85 mmole) of rert-butyl ester 19, 240 mg (5.7 mmol) of NaH (60% dispersion in
mineral oil) and 1.0 g (3 mmol) of 2,3-dibromo-1-(phenylsulfony!)-1-propene (DBP) in 25 mL of THF. The
reaction was subjected to an aqueous workup and the residue was chromatographed on silica gel to provide 873
mg (60%) of 20 as a clear oil; IR (neat) 1726, 1708, 1305, 1251, and 1150 cm-1; 1H-NMR (300 MHz, CDCl3)
6 1.53 (s, 9H), 1.70 (m, 1H), 1.85 (m, 1H), 2.15 (m, 2H), 2.37 (s, 3H), 3.53 (t, 2H, J = 7 Hz), 4.34 (d, 1H,
J = 14 Hz), 471 (d, 1H, J = 14 Hz), 6.58 (s, 1H), 7.55 (m, 2H), 7.65 (m, 1H), and 7.92 (m, 2H); !3C-NMR
(75 MHz, CDCl3) & 27.8, 27.9, 28.0, 34.9, 44.8, 56.8, 68.1, 84.2, 118.5, 128.2, 129.3, 130.8, 133.9,
140.2, 168.3, and 202.1; Anal. Calcd. for CogH6BrClOsS: C, 48.64; H, 5.30. Found: C, 48.77; H, 5.32.

A mixture containing 273 mg (0.6 mmol) of the above compound and 100 mg of p-toluenesulfonic acid
in benzene was heated at reflux under nitrogen for 3 h. The solution was filtered through a short column of
silica gel and concentrated under reduced pressure. The residue was dissolved in 5 mL of methanol and 77 mg
(1.8 mmol) of lithium hydroxide monohydrate was added. The solution was stirred for 30 min at rt and a pH 7
buffer was added after 30 min. The solvent was removed under reduced pressure and the mixture was extracted
with several portions of CHCl3. The combined organic layer was washed with brine, dried over MgSO4 and
concentrated under reduced pressure. The residue was chromatographed on silica gel to give 122 mg (74%) of
3-phenyisulfonyimethyl-2-(3-chloropropyl)cyclopenten-2-one (21) as a colorless oil; IR (neat) 2927, 1702,
1641, 1449, 1325, and 1151 ¢cm-!; 'H-NMR (300 MHz, CDCl3) 8 1.71 (m, 2H), 2.05 (t, 2H, J = 7 Hz), 2.42
(m, 2H), 2.83 (m, 2H), 3.40 (t, 2H, J = 7 Hz), 4.24 (s, 2H), 7.65 (m, 2H), 7.70 (m, 1H), and 7.95 (m, 2H);
13C-NMR (75 MHz, CDCl3) § 20.3, 29.6, 30.0, 34.0, 44.5, 58.1, 128.0, 129.4, 138.5, 157.8, and 208.1;
Anal. Calcd. for C;sH7CISO3: C, 57.68; H, 5.49. Found: C, 57.53; H, 5.42.

A solution containing 275 mg (0.9 mmol) of the above compound and 200 mg (1.3 mmol) of sodium
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iodide in 7 mL of acetone was heated at reflux under nitrogen for 14 h. The solution was cooled, diluted with
CH;Cl,, passed through a short plug of neutral alumina and concentrated to give cyclopentenone 22; IR (neat)
2925, 1701, 1645, 1447, 1319, and 1150 cmr!; 'H-NMR (300 MHz, CDCl3) 8 1.70 (m, 2H), 1.94 (m, 2H),
2.43 (m, 2H), 2.77 (m, 2H), 3.06 (t, 2H, J = 6 Hz), 4.26 (s, 2H), 7.59 (m, 2H), 7.63 (m, 1H), and 7.90 (m,
2H). This compound was used in the next step without further purification.

A suspension of 57 mg (1.4 mmol) of NaH in ether containing 6 drops of HMPA was cooled to 0 °C
and stirred under an argon atmosphere. To this solution was added the above iodide in 2 mL of THF and the
mixture was stirred at 0 °C for 3 h. The solution was quenched with a saturated NH4C! solution and extracted
with several portions of CHCly. The combined organic layers were dried over MgSO4 and concentrated under
reduced pressure. The residue was chromatographed on silica to give S5-(phenylsulfonyl)methylene-
2,3,4,5,6,7-hexahydrocyclopenta[b]pyran (23); IR (neat) 1630, 1576, 1447, 1410, 1138, 1084, and 823 cemrl;
TH-NMR (300 MHz, CDCl3) 8 1.92 (m, 2H), 2.05 (m, 2H), 2.50 (m, 2H), 3.05 (m, 2H), 4.16 (t, 2H, J =6
Hz), 5.71 (s, tH), 7.50-7.65 (m, 3H), and 7.92 (m, 2H). On exposure to the atmosphere or upon standing in
chloroform solution, pyran 23 was rapidly hydrolyzed to 3-phenylsulfonylmethyl-2-(3-hydroxypropyl)-
cyclopenten-2-one (24) (83%) which was purified by silica gel chromatography; IR (neat) 1699, 1642, 1310,
and 1150 cm-!; IH-NMR (300 MHz, CDCl3) & 1.48 (m, 2H), 1.98 (brs, 1H), 2.02 (t, 2H, J = 7 Hz), 2.44 (m,
2H), 2.76 (m, 2H), 3.42 (t, 2H, J = 6 Hz), 4.24 (s, 2H), 7.59 (m, 2H), 7.63 (m, 1H), and 7.90 (m, 2H); !3C-
NMR (75 MHz, CDCl3) 8 18.7, 30.1, 30.2, 34.4, 58.3, 60.7, 128.0, 129.5, 134.3, 138.7, 146.3, 157.9, and
209.3; Anal. Calcd. for C15H1304S: C, 61.21; H, 6.17. Found: C, 61.09; H, 6.15.
4-Phenylsulfonylmethylene-spiro[4.4]nonan-1-one (27). To a suspension of 1.8 g NaH (44 mmol)
(60% dispersion in mineral oil) in 50 mL of THF was added dropwise 6.3 g (40 mmol) of fert-butyl acetoacetate
in 15 mL of THF at 0 °C. After the addition was complete, the mixture was stirred for 30 min and 10.6 g (44
mmol) of 4-iodobuty! acetate? was added slowly. The solution was allowed to warm to rt and was stirred
overnight. The mixture was poured into a saturated NH4Cl solution and the aqueous layer was extracted with
ether. The organic layer was dried over MgSOy, the solvent was removed under reduced pressure and the
residue was purified by distillation to give 6.7 g (61%) of 6-acetoxy-2-acetylhexanoic acid fert-butyl ester as a
clear oil; bp 120-130 °C (0.5 mm); IR (neat) 1740, 1714, 1370, 1244, and 1146 cmrl; TH-NMR (300 MHz,
CDCl3) § 1.29 (m, 2H), 1.40 (s, 9H), 1.58 (m, 2H), 1.75 (m, 2H), 1.96 (s, 3H), 2.15 (s, 3H), 3.24 (1, 1H, J
= 7.5 Hz), and 3.98 (t, 2H, J = 6.6 Hz); 13C-NMR (75 MHz, CDCl3) & 20.8, 23.7, 27.5, 27.8, 28.3, 28.6,
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60.6, 63.9, 81.8, 168.8, 170.9, and 203.1.

A sample of 2-(4-acetoxybutyl)-2-acetyl-4-phenylsulfonyl-3-bromomethyl-but-3-enoic acid rert-butyl
ester was prepared from 660 mg (2.4 mmol) of the above ketoester, 100 mg (2.4 mmol) of NaH (60%
dispersion in mineral oil) and 815 mg (2.4 mmol) of 2,3-dibromo-1-(phenylsulfonyl)-1-propene (DBP) in 25
mL of THF. The reaction was subjected to an aqueous workup and the residue was chromatographed on silica
gel to provide 800 mg (92%) of the expected 2-(4-acetoxybutyl)-ketoester; IR (neat) 1736, 1710, 1248, 1155,
and 1086 cm-!; TH-NMR (300 MHz, CDCl3) 8 1.05-1.20 (m, 2H), 1.46 (s, 9H), 1.56 (m, 2H), 1.90 (m, 2H),
1.93 (s, 3H), 2.30 (s, 3H), 3.96 (d, 2H, J = 6.5 Hz), 4.24 (d, IH, J = 14 Hz), 4.67 (d, 1H, J = 14 Hz), 6.47
(s, 1H), 7.55 (m, 2H), 7.60 (m, 1H), and 7.85 (m, 2H); 13C-NMR (75 MHz, CDCl3) § 20.8, 21.2, 27.7,
28.0, 28.5, 37.1, 56.7, 63.7, 68.4, 83.7, 117.9, 128.0, 129.2, 130.9, 133.8, 140.1, 168.3, 170.8, and
202.0; HRMS Calcd. for Cp3H3BrSO7: 530.0974. Found: 530.0968.

A stirred solution containing 385 mg (0.7 mmol) of the above compound and 135 mg (0.7 mmol) of p-
toluenesulfonic acid in 10 mL of benzene was heated at reflux under argon for 45 min. The benzene was
removed under reduced pressure and the residue was dissolved in 10 mL of methanol. A 125 mg (3 mmol)
sample of lithium hydroxide monohydrate was added and the reaction mixture was stirred at 0 °C for 14 h. The
methanol was removed under reduced pressure, and the residue was partitioned between chloroform and a pH 7
phosphate buffer. The combined organic layer was dried over MgSO4 and concentrated under reduced
pressure. The residue was chromatographed on silica gel to provide 159 mg (73%) of 3-phenylsulfonyl-methyl-
2-(4-hydroxybutyljcyclopenten-2-one; IR (neat) 1692, 1637, 1442, 1312, and 1142 cm-!; TH-NMR (300 MHz,
CDCl3) 8 1.30 (m, 2H), 1.45 (m, 2H), 1.90 (t, 2H, J = 8 Hz), 2.42 (m, 2H), 2.73 (m, 2H), 3.60 (t,2H, J = 6
Hz), 4.19 (s, 2H), 7.61 (m, 2H), 7.71 (m, 1H), and 7.89 (m, 2H); !3C-NMR (75 MHz, CDCl3) & 22.7, 23.8,
29.9, 32.1, 34.4, 58.4, 62.0, 128.1, 129.5, 134.3, 138.6, 145.8, 156.6, and 208.6; Anal. Calcd. for
C16H20504: C, 62.32; H, 6.54. Found: C, 62.24; H, 6.45.

A mixture containing 134 mg (0.5 mmole) of triphenylphosphine, 50 mg (0.7 mmol) of imidazole and
77 mg (0.25 mmole) of the above cyclopentenone was dissolved in 8 mL of ether and 4 mL of acetonitrile. The
mixture was cooled to 0 °C and 177 mg (0.7 mmol) of iodine was added. The solution was stirred at O °C for
1.5 h and was then diluted with ether and filtered. The ether solution was washed with brine, dried over
MgS0O4 and concentrated under reduced pressure. The residue was chromatographed on silica gel to give 65 mg

(60%) of 3-phenylsulfonyl-methyl-2-(4-iodobutyl)cyclopenten-2-one (26); IR (neat) 1699, 1643, 1321, 1150,
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and 1084 cm-!; TH-NMR (300 MHz, CDCl3) & 1.26 (m, 2H), 1.66 (m, 2H), 1.81 (t, 2H, J = 8 Hz), 2.39 (m,
2H), 2.70 (m, 2H), 3.08 (t, 2H, J = 7 Hz), 4.18 (s, 2H), 7.50 (m, 2H), 7.65 (m, 1H), and 7.85 (m, 2H); 13C-
NMR (75 MHz, CDCly) 6 6.2, 21.8, 28.4, 29.9, 32.9, 34.3, 58.3, 128.0, 129.4, 134.3, 138.5, 146.1,
156.8, and 208.0; HRMS Calcd. for CjgH;9SO3 (M-I): 291.1055. Found: 291.1048.

To a suspension containing 15 mg (0.35 mmo!) of NaH (60% in mineral oil) in 5 mL of ether at 0 °C
was added 120 mg (0.3 mmol) of cyclopentenone 26 in 1 mL of ether. The reaction mixture was stirred a 0 °C
for 2 h and then quenched with a saturated NH4Cl solution and extracted with several portions of ether. The
combined organic fraction was dried over MgSO4 and concentrated under reduced pressure. The residue was
chromatographed on silica gel and the major product was crystallized from a 2:1-hexane/CH;Cl; mixture to
provide 65 mg (83%) of 4-phenyl-sulfonylmethylene-spiro[4.4]nonan-1-one (27): IR (neat) 1744, 1630,
1449, 1323, and 1150 cm!; IH-NMR (300 MHz, CDCl3) 8 1.62 (m, 2H), 1.70-1.95 (m, 4H), 2.00 (m, 2H),
2.52 (m, 2H), 3.25 (td, 2H, J = 8 and 2 Hz), 6.25 (t, 1H, J =2 Hz), 7.5-7.65 (m, 3H), and 7.90 (m, 2H);
I3C.NMR (75 MHz, CDCly) 8 24.5, 26.5, 34.9, 38.2, 62.3, 122.6, 127.0, 129.2, 133.3, 141.6, 167.0, and
217.0; Anal. Calcd. for C1gH1803S: C, 66.18; H, 6.25. Found: C, 66.08; H, 6.25.
4-Methylene-spiro[4.4]non-2-en-1-one (29). To a stirred suspension containing 88 mg (2.0 mmol) of
NaH (60% dispersion in mineral oil) and 5 drops of HMPA in 5 mL of ether at 0 °C was added a solution of
240 mg (0.6 mmol) of ketosulfone 27 in 2 mL of THF. The solution was stirred at 25 °C for 2 h and the
reaction mixture was quenched with a saturated NH4Cl solution, followed by extraction with several portions
of ether. The combined organic layer were dried over MgSOj4 and concentrated under reduced pressure. The
residue was chromatographed on silica gel to give 76 mg (92%) of 4-methylene-spiro[4.4]non-2-en-1-one (29)
as a pale yellow oil; IR (neat) 2867, 1709, 1636, and 1447 cm!; 'H-NMR (300 MHz, CDCI3) 6 1.60-2.05 (m,
8H), 5.19 (s, 1H), 5.22 (s, 1H), 6.17 (d, 1H, J = 5 Hz), and 7.65 (d, 1H, J =5 Hz); }3C-NMR (75 MHz,
CDCl3) 8 27.0, 37.3, 55.8, 110.4, 132.0, 155.6, 155.9, and 212.5; Anal. Calcd. for C1gH,20: C, 81.03; H,
8.17. Found: C, 80.96; H, 8.05.
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