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Abstract: The base-promoted cyclization of a number of phenyl propargylic sulfones possessing a -
hydroxyl group afforded 5-substituted (E)-2-[(benzenesulfonyl)methylene]tetrahydrofurans 3 in >80%
yield. The phenyl allenic sulfone, formed by isomerization of the phenyl propargylic sulfone under the
basic conditions, is attacked by the internal alkoxide to give an allylic anion which undergoes
protonation to form the conjugated exo double bond. © 1998 Published by Elsevier Science Ltd. Al rights
reserved.

Tetrahydrofurans are important structural units found in bioactive natural products such as the polyether
antibiotics! and annonaceous acetogenins.?2 Owing to their diverse bioactivities as immunosuppressive,
antitumor, pesticidal, antiprotozoal, antifeedant, anthelmintic, and antimicrobial agents, syntheses of substituted
tetrahydrofurans34 and total syntheses of the natural products3:6 have been the focus of many research efforts
in recent years. (Z)-2-Alkylidenetetrahydrofurans have been obtained from mercury(I)- or palladium(II)-
mediated cyclization of cis-2-prop-2-ynyl cyclopentanol” and used as the key intermediates in prostacyclin PGI;
synthesis. In addition to mercury(Il) and palladium(II) species, Ag(I) salt is also effective for intramolecular
cyclization reactions of alkynyl alcohols.# Molybdenum pentacarbonyl, chromium pentacarbonyl, tungsten
pentacarbonyl, and other middle and late transition metal complexes react with terminal alkynols to furnish
cyclic oxacarbenes, from which endocyclic enol ethers such as dihydrofurans can be synthesized.? Very
recently, several stereoselective syntheses of 5-membered exocyclic enol ethers have been reported. (Z)-2-
[(phenylthio)methylene]- or (Z)-2-[(phenylseleno)methylene]tetrahydrofurans, (Z)-1 (X = S or Se), were
prepared via the base-induced cyclization of alkynols.Ah (E)-2-[(benzenesulfonyl)methylene]tetrahydrofuran
(E)-2102 and the para-toluenesulfonyl analog!0 were obtained from the intramolecular addition-elimination
reactions of hydroxyl (E)-B-iodo vinyl sulfones which were produced by addition of arenesulfonyl iodides to
alkynols.!! The isomer (Z)-2 was generated via an intramolecular O-alkylation of enolate as an ca. 1:1 mixture
with its E-isomer.12 We report here the synthesis of (E)-2-[(benzenesulfonyl)methylene]tetrahydrofurans 3 by a
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base-induced cyclization of hydroxyl propargylic sulfones 6 which can be readily obtained from phenyl
propargylic sulfide 4!3 and various epoxides 5 (Eq. 1). The stereoselective conversion of 6 into (E)-3 is unique
compared with the Z selectivity for the formation of (Z)-1 via the base-mediated cyclization of (phenylthio)- or
(phenylseleno)alkynyl alcohols.#h Moreover, our synthesis of (E)-3 is superb in regioselectivity of the addition
toward the acetylenic carbons compared to the previously reported cyclizations of alkynyl alcohols in the

absence of metal catalysts, where mixtures of products were formed. 14

R 0. o R Qé’zo
Phs\/ + g>/ = W HF <— P~ %D\R (Eq. 1)
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Propargylic sulfones 6a-i were readily synthesized from phenyl propargylic sulfide 4 and epoxides Sa-i
by the two-step sequence shown in Scheme 1. Deprotonation of 4 with nBuLi at -78 °C generated the lithium
acetylide13b which reacted with the epoxides in the presence of BF3*OEt; to give B-hydroxypropargylic sulfides
7a-i in good to excellent yield (see Table 1).!5 Regioselectivity of the addition reactions with monoalkyl-
substituted epoxides was generally very high as only one regioisomeric product was isolated (Entries 2-8, Table
1). In the case of styrene oxide (5a), an ca. 1:1 mixture of two regioisomers was formed in agreement with the
early report!3 (Entry 1, Table 1). The product 7i formed from cyclohexene oxide (5i) was confirmed to possess
the trans stereochemistry based on the TH NMR data: the signal at 3.29 (td, J = 9.76, 3.90 Hz) ppm is assigned
for the axial methine proton [-CHaxHeqCHax(OH)eqCHax(C=CCH,SPh)eq-] of the 2-substituted cyclohexanol
having two axial and one equatorial vicinal protons. Conversion of sulfides 7a-i into sulfones 6a-i was
achieved by oxidation with 2.0 equiv of mCPBA in CH;Cl5 at 0 °C in excellent yield (Scheme 1 and Table 1).

Scheme 1. Synthesis of compounds 6a-i from phenyl propargylic sulfide 4 and epoxides 5a-i.

R R 0 R
Phs/ + (g>/ — PhS\/\(’)/H — Ph)\sw

4 5a-h 7a-h 6a-h
Z + = L b, 090
s o Prs P SH Ph’\ LA SH
4 5i 7i 6i

a) nBulli, 4, THF, -78 °C; 5, BF3*OEty, -78 °C, 30 min; b) mCPBA (2.0 equiv), CHoCly, 0 °C, 30 min.

Propargylic sulfones have been known to undergo nucleophilic addition reactions through their allenic
isomers formed by a base-induced isomerization process.!9.17 Michael additions!7-1 of oxygen and sulfur
nucleophiles toward allenic sulfones take place across the activated -bond to afford 2-oxy- and 2-thioallylic
sulfones, respectively. However, reactions of allenic sulfones with amines generally furnish trans fB-sulfonyl

enamines. 16¢.d.182,b.g.h Bearing the precedent results in mind, we examined the intramolecular addition reaction
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Table 1. Two-step synthesis of hydroxyl propargylic sulfones 6a-i.

Entry Epoxide 5 Sulfide 7 (yield%) Sulfone 6 (yield%)
1 5a: R = Ph 7a (36)7 6a (83)
2 5b: R = CHoPh 7b (72) 6b (95)
3 5¢: R = CHyOPh 7c (75) 6c (84)

0
4 5d:R = “'{\% 7d (68) 6d (82)
0
5 5e: R = -CHyCH3 7e (72) 6e (83)
6 5f: R = -(CHz)3CH3 7t (83) 6f (81)
7 5g: R = -(CH2)7CH3 79 (87) 6g (81)
8 5h: R = -(CH2)2CH=CH> 7h (80) 6h (80)
9 5i 7i (89) 6i (87)

4The other regicisomer was isolated in 38% vield.

of B-hydroxypropargylic sulfone 6a under the basic conditions (NaH, THF) used by us!7 in a related reaction
(Scheme 2). Treatment of a THF solution of 6a with 1.5 equiv of NaH at -40 °C for 1 h followed by addition of
aqueous NaHCO3 at the same temperature gave (E)-3a in 54% yield (Entry 1, Table 2). But, the expected 2,5-
disubstituted 2,3-dihydrofuran 10a was not detected. Examination on the quenching procedure revealed that the
cyclization reaction is reversible and the isolated yield of (E)-3a is method-dependent. TLC analysis of the
reaction mixture maintained at -40 °C on silica gel plate showed a new spot corresponding to the product (E)-3a,
after quenching with MeOH or aqueous NH4Cl, substantial amount of the starting materials were recovered
(Entries 2 and 3, Table 2). When the cyclization was performed at higher temperatures (-10~0 °C), the product
was either isolated in very low yield or not obtained at all (Entries 4-6). Finally, we found that the highest yield
(81%) could be obtained by carrying out the reaction at -20 °C followed by quenching the reaction mixture with

Scheme 2. Base-induced cyclization of hydroxyl propargylic sulfone 6a.
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Table 2. Base-induced cyclization of hydroxyl propargylic sulfone 6a under different conditions.?

Entry Reaction Conditions Quenching Method (E)-3a, yield (%)P
1 -40°C, 1 h aq NaHCOj3, -40 — 20 °C 54
2 -40°C,1h MeOH, -40 — 20 °C 30-40°
3 -40°C,1h aq NH4ClI, -40 — 20 °C 6°¢
4 -40 »-10°C, 1 h aq NaHCO3, -10 — 20 °C 8.2¢
5 -40 »10°C,1h aq NaHCO3, 10 — 20 °C 0°
6 0°C,1h ag NaHCO3, 0 — 20 °C 17.5¢
7 -20°C,1h aq NaHCO3, -20 — 20 °C 81

@The reaction was performed in THF with 1.5 equiv of NaH. bisolated yield. °Starting materials recovered.

aqueous NaHCO3 (Entry 7, Table 2). We propose that in the presence of NaH, deprotonation of the hydroxyl
group in 6a gives the corresponding alkoxide which catalyzes the isomerization of the propargylic sulfone into
allenic sulfone alkoxide 8a. Intramolecular addition within 8a should give allylic anion 9a as the intermediate
which exists with the other Lewis structure 9a'. Interconversion between 8a and 9a/9a’ is influenced by the
reaction temperature and the pH of the solution. It is apparent that basic pH (quenching by aqueous NaHCO3)
favors the isolation of the cyclized product. Compound 10a formed from protonation of 9a may be not stable
under the basic conditions and undergoes an isomerization into the conjugated (E)-3a, probably through the
allylic anion pair 9a/9a’.20 We conducted the deuterium trapping experiment by quenching the reaction mixture
of 6a with CH30D (12.3 equiv) at -20 °C followed by warming up to room temperature within 10 min to give
the deuterated product (E)-3a-d3 in 40% yield. The 'H NMR specira of (E)-3a and (E)-3a-d3 are illustrated in
Figure 1. The vinyl proton [5.90 (s) ppm] and the allylic protons [3.55-3.46 (m) and 3.13 (dtd) ppm] observed
in (E)-3a almost disappear in (E)-3a-d3. This result supports the above argument for Scheme 2.
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Figure 1. 'H NMR spectra of (£)-3a-dk (top) and (E)-3a (bottom) recorded in CDClg,
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Next, we carried out the cyclization of propargylic sulfones 6b-i in THF at -20 °C using 1.5 equiv NaH.
The reaction mixture was quenched by aqueous NaHCO3 at -20 °C followed by warming up to room
temperature. In all cases, (E)-exo-alkylidene tetrahydrofurans 3b-i were isolated as the sole product in high
yield. Table 3 summarizes the yield, mp, and selected chemical shift for the cyclization products (E)-3a-i. The
structures of (E)-3a-i were determined by spectroscopic methods including 'H and 13C NMR, IR, and MS and
satisfactory elemental analysis data have been obtained. It was reported that the chemical shift (8) of the viny!
proton (Hy) of (E)-2 appears at 5.8 ppm while that of (Z)-2 at 5.5 ppm.!2 For para-toluenesulfonyl analog of
(E)-2, the vinyl proton is recorded at 5.78 ppm.10b The observed chemical shift of Hy in compounds 3a-i is in
the range of 5.70-5.90 ppm, it suggests the E stereochemistry for the exocyclic double bond. The high-field
shift of the Hy (5.70 ppm) in (E)-3g is attributed to the long-chain alkyl substituent at the Cs position.
Furthermore, we confirmed the assigned stereochemistry by difference nuclear Overhauser enhancement (NOE)
experiments. Irradiation of Hy in (E)-3a at 5.90 ppm resulted in a 3.3% enhancement at the ortho proton of
benzenesulfonyl group, NOE was not observed among the vinyl and the allylic protons. The same NOE was
observed for (E)-3f (2.4%) or (E)-3g (2.5%).

Table 3. Chemical yield, mp, and selected chemical shift of tetrahydrofurans (E)-3a-i.2

O

Ph_‘gp (E)-3a: 81%P Ph_‘é'-o on.  (B-3:80%
o™ mp: 104-105 °CSt o 3 mp: 6264 °C
Hy Hy: 5.90 ppm? Hy 8 Hy: 5.76 ppm
Q.0 Q.0
57 o (E)-3b: 80% o S7 o, (B39 80%
o mp: 88-90 °C o 3 mp:44-47°C
Hy Hy: 5.83 ppm Hy 7 H,: 5.70 ppm
O\ O O\\ (0]
Js* (E)-3c: 82% s> (E)-3h: 82%
& o OPh mp: 114-115°C P o Z  semi-solid
Hy Hy: 5.86 ppm Hy Hy: 5.72 ppm
Q.0 o (E)-3d: 85% 2.0 —& (E)-3i: 80%
Ph-S N mp: ~173 °C (dec) ph-S mp: 133-136 °C
0 0 Hy: 5.81 ppm 0 Hy: 5.84 ppm
Hy Hy
Q‘S.,O (£)-3e: 84% tCompounds (E)-3a-c,e-g,i are
Ph- W\/CHS mp: 55-57 °C recrystallized from EtOAc-hexane
H 0O Hy: 5.76 ppm and (E)-3d from THF-hexane.
v

aThe cyclization of 6a-i was performed in THF at -20 °C for 1 h using 1.5 equiv of NaH and quenched by aqueous
NaHCO; at -20 °C. Plsolated yield. “Not corrected. “Chemical shift of the vinyl proton recorded in CDCla.

Conversion of (E)-exo-alkylidene tetrahydrofurans 3 into 2,5-disubstituted tetrahydrofurans was
examined by catalytic hydrogenation over Pd/C in EtOH at room temperature under 1 atm of hydrogen.?!
However, the reduction progressed very slowly, after 6 days, 90% of (E)-3e was consumed to produce a 66:34
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mixture of two isomers of 11e in ca. 50% isolated yield (Scheme 3). Similar hydrogenation of other substrates
such as (E)-3a and (E)-3i gave unsuccessful results because the reaction was too slow to produce the products.
Other catalysts such as Rh/Al;032122 and hydrogenation conditions should be tried in further experimentation.
Replacement of the sulfonyl group in (E)-3a-i by alkyl groups is also possible via a Fe-mediated crosé-coupling
reaction of viny! sulfones with Grignard reagents.23 This will be examined in our future work.

Scheme 3. Catalytic hydrogenation of 3e.
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Finally, we examined the action of hydroxyl propargylic sulfones 6a-d and 6f on supercoiled ®X174
Form I DNA. After the initial work by Nicolaou's group,24 DNA cleavage by a number of propargylic sulfones
has been reported.!3b:25 Nucleic base alkylation by the allenic sulfone generated from isomerization of the
propargylic sulfone under basic conditions has been proposed.24 After incubation of the DNA substrate with the
sulfones 6a-d and 6f at 1.0 mM concentration under the conditions shown in Figure 2, the resultant DNA
fragments were then separated by agarose gel electrophoresis and visualized by ethidium bromide stain. The
Form II band in the gel picture represents the single strand cleavage products, the efficiency is quite lower for
sulfones 6f and 6a-d (lanes 4-8) compared to the known compounds 12 and 13 (lanes 2 and 3) reported by
us.13b The diminished potency is attributed to the self-reaction of these sulfones 6a-d and 6f to form the (E)-
exo-alkylidene tetrahydrofurans (E)-3a-d and (E)-3f as discussed in Scheme 2. This explanation was
confirmed to be correct by the enhanced DNA cleavage activity of the corresponding acetates (lanes 9-13) in

which the hydroxyl group is masked.

Lane 1 2 3 4 5 6 7 8 9 10 11 12 183 OH
%60 2
Pz
Fomlli Ph’S
Form | 12: X = nPr
13: X=Ph

Figure 2. ®X174 RFl DNA (54.3 uM/bp) was incubated with various propargylic sulfones at 1.0 mM
concentration in TEA buffer solution (pH 8.5) containing 20% DMSO for 72 h at 37 °C and then analyzed
using gel electrophoresis (1% agarose gel, ethidium bromide stain). Lane 1: DNA only; Lane 2: compound
12; Lane 3: compound 13; Lanes 4-8: compounds 6f and 6a-d, respectively; Lanes 9-13: the acetates of
6f and 6a-d, respectively.

In summary, we have developed a general and stereo-controlled synthesis of (E)-exo-alkylidene
tetrahydrofurans (E)-3a-i by a base-mediated cyclization of hydroxyl propargylic sulfones 6a-i. The deuterium
quenching experiment demonstrated that the cyclization reaction takes place through the allenic species 8a. DNA
cleavage study on the hydroxyl propargylic sulfones and their acetates revealed that enhanced potency could be
attained by protecting the hydroxyl group to prevent the self-cyclization. The observation is useful for molecular



W.-M. Dai, M. Y. H. Lee / Tetrahedron 54 (1998) 1249712512 12503

design of highly efficient DNA cleaving agents.
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Experimental Section

General Techniques. 'H and '3C NMR spectra were recorded on a Bruker ARX 300 or JEOL EX-400
NMR instrument. IR spectra were taken on a Perkin-Elmer FT-IR spectrophotometer. Mass spectra (MS) were
measured on a Finnigan TSQ 7000 mass spectrometer. High resolution mass spectra (HRMS) were measured
by Kunming Institute of Botany, The Chinese Academy of Sciences. Elemental analysis was performed by
Shanghai Institute of Organic Chemistry, The Chinese Academy of Sciences. All reactions were carried out
under a nitrogen atmosphere and monitored by thin-layer chromatography on 0.25-mm E. Merck silica gel
plates (60 F-254) using UV light, or 7% ethanolic phosphomolybdic acid and heating as the visualizing
methods. E. Merck silica gel (60, particle size 0.040-0.063 mm) was used for flash column chromatography.
Yields refer to chromatographically and spectroscopically (!H NMR) homogeneous materials. Phenyl
propargylic sulfide (4) was synthesized according to the literature procedure.!3 Epoxides Sa-i were obtained
commercially and used as received.

General Procedure for Addition of Lithium Acetylide of 4 with Various Epoxides 5a-i.
1-Phenyl-5-(phenylthio)pent-3-yn-1-0l (7a). To a solution of phenyl propargylic sulfide (4) (500 mg,
3.38 mmol) in dry THF (30 mL) cooled in a dry ice-acetone bath (-78 °C) was added nBuLi (2.35 mL, 1.44 M
in hexane, 3.38 mmol) followed by stirring at the same temperature for 10 min. To the resultant yellowish
solution was added BF3*OEt; (0.62 mL, 5.07 mmol) at -78 °C, after stirring for another 10 min, a THF (3 mL)
solution of epoxide Sa (0.50 mL, 4.39 mmol) was added, and the mixture was stirred at -78 °C for 30 min. The
reaction mixture was quenched with aqueous NH4Cl and extracted with EtOAc (30 mL x 2). The combined
organic layer was washed with brine, dried over anhydrous MgSO4, and condensed under reduced pressure.
The residue was purified by flash column chromatography (silica gel, 10% EtOAc in hexane) to give 7a (325
mg, 36%) together with its regioisomer [2-phenyl-5-(phenylthio)pent-3-yn-1-ol] (348 mg, 38%). 7a: pale-
yellow oil; Ry = 0.27 (20% EtOAc in hexane); IR (film) 3426 (br), 2954, 2924, 2854, 1644, 1462, 1378 cm-l;
1H NMR (400 MHz, CDCl3) 8 7.46-7.23 (m, 10 H), 4.74 (t, J = 6.11 Hz, 1 H), 3.61 (t, J = 2.44 Hz, 2 H),
2.60 (dt, J = 4.88, 2.44 Hz, 2 H), 2.50 (br s, 1 H); 13C NMR (100 MHz, CDCl3) & 142.5, 135.2, 129.8,
128.8, 128.2, 127.6, 126.6, 125.6, 79.9, 78.4, 72.2, 29.7, 22.8; MS (CI*) m/z (relative intensity) 286
(M++NHy4, 100), 268 (M*, 13); HRMS (FAB+) Calcd. for C17H60S (M*): 268.0922. Found: 268.0977.

2-Phenyl-5-(phenylthio)pent-3-yn-1-ol. pale-yellow oil; Ry = 0.18 (20% EtOAc in hexane); IR
(film) 3426 (br), 3060, 2928, 1584, 1480, 1434, 1236, 1052 cm-!; |H NMR (400 MHz, CDCl3) & 7.51-7.27
(m, 10 H), 3.83 (t, J = 6.84 Hz, 1 H), 3.73 (d, J = 2.44 Hz, 2 H), 3.67-3.60 (m, 3 H); 13C NMR (100 MHz,
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CDCl3) & 137.7, 134.9, 130.5, 128.9, 128.5, 127.8, 127.2, 127.0, 82.5, 80.3, 67.5, 41.4, 23.1; MS (CI*)
m/z (relative intensity) 286 (M++NHy, 100).

1-Phenyl-6-(phenylthio)hex-4-yn-2-ol (7b). Prepared from 4 and Sb in 72% yield after
purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 7b: pale-yellow oil; Rp=0.31
(20% EtOAc in hexane); IR (film) 3416 (br), 3060, 3020, 2912, 2232, 1584, 1496, 1480, 1454, 1438, 1236,
1070, 1044, 740, 702 cm"!; 'H NMR (300 MHz, CDCl3) 8 7.49-7.17 (m, 10 H), 3.90 (br s, 1 H), 3.70 (t, J
= 2.34 Hz, 2 H), 2.79 (ddd, J = 18.30, 13.53, 6.48 Hz, | H), 2.46-2.29 (m, 2 H), 1.83 (br s, 1 H); 13C
NMR (75 MHz, CDCl3) 6 137.6, 135.1, 129.8, 129.3, 128.9, 128.4, 126.7, 126.4, 79.7, 78.6, 70.8, 42.3,
26.5, 22.8; MS (CI*) m/z (relative intensity) 282 (M+, 44), 265 (M*+-OH, 86), 155 (100); HRMS (FAB*)
Calcd. for C1gH 3OS (M*): 282.1078. Found: 282.1064.

1-Phenyloxy-6-(phenylthio)hex-4-yn-2-ol (7¢). Prepared from 4 and 5c¢ in 75% yield after
purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 7¢: pale-yellow crystalline
solid; mp 59-60 °C (recrystallized from EtOAc-hexane); Rf = 0.34 (20% EtOAc in hexane); IR (Nujol) 3452
(br), 2964, 1644, 1456, 1244, 1176, 1098 cm-!; lH NMR (400 MHz, CDCl3) & 7.45 (d, J = 8.30 Hz, 2 H),
7.35-7.30 (m, 4 H), 7.24 (t, J = 6.84 Hz, 1 H), 7.02 (t, / = 7.32 Hz, | H), 6.91 (d, J =8.79 Hz, 2 H), 4.10-
4.00 (m, 1 H), 3.99-3.89 (m, 2 H), 3.67 (t, / = 2.44 Hz, 2 H), 2.59 (dt, J =5.13,2.4Hz, 2 H), 2.35(d, J =
4.88 Hz, | H); 13C NMR (100 MHz, CDCl3) 8 158.4, 135.2, 130.0, 129.5, 129.0, 126.8, 121.2, 114.6,
79.1, 78.6, 70.3, 68.5, 24.0, 22.9; MS (CI*) m/z (relative intensity) 299 (M++1, 88), 281 (M*-OH, 26), 189
(100); Anal. Calcd. for C1gH307S: C, 72.45; H, 6.08. Found: C, 72.73; H, 6.19.

1-Phthalimido-6-(phenylthio)hex-4-yn-2-ol (7d). Prepared from 4 and 5d in 68% yield after
purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 7d: pale-yellow oil; Rr=0.36
(40% EtOAc in hexane); IR (film) 3446 (br), 3060, 2938, 1770, 1682, 1470, 1392, 1190, 1088 cm-!; IH
NMR (400 MHz, CDCl3) § 7.90-7.88 (m, 2 H), 7.78-7.75 (m, 2 H), 7.46 (d, J = 7.32 Hz, 2 H), 7.34 (1, J =
7.81 Hz, 2 H), 7.24 (t, J = 7.32 Hz, | H), 4.04 (m, 1 H), 3.87-3.78 (m, 2 H), 3.62 (t, J = 2.44 Hz, 2 H),
2.56-2.43 (m, 3 H); 13C NMR (100 MHz, CDCl3) § 168.7, 135.2, 134.1, 131.9, 130.1, 129.0, 126.8,
123.4, 79.1, 78.7, 68.4, 43.2, 25.7, 22.9; MS (CI*) m/z (relative intensity) 352 (M*+1, 100); HRMS
(FAB*) Calcd. for CooH17NO3S (M*): 351.0929. Found: 351.0934.

7-(Phenylthio)hept-5-yn-3-o0l (7e). Prepared from 4 and 5e in 72% yield after purification by
flash column chromatography (silica gel, 20% EtOAc in hexane). 7e: pale-yellow oil; Rf=10.34 (20% EtOAc in
hexane); IR (film) 3406 (br), 3058, 2964, 2932, 2876, 2230, 1584, 1480, 1438, 1236, 1100, 1026, 978, 740,
690 cm!; 'H NMR (400 MHz, CDCl3) § 7.43 (d, J = 7.32 Hz, 2 H), 7.32 (t, J = 7.57 Hz, 2 H), 7.24 (t, ] =
7.32 Hz, 1 H), 3.64 (t, J = 2.44 Hz, 2 H), 3.56 (tt, J = 6.35, 6.35 Hz, 1 H), 2.39 (ddt, J = 16.60, 4.40, 2.44
Hz, 1 H), 2.27 (ddt,, J = 16.60, 6.35, 2.44 Hz, 1 H), 1.72 (br s, 1 H), 1.50-1.41 (m, 2 H), 0.90 (t, J = 7.32
Hz, 3 H); 13C NMR (100 MHz, CDCi3) & 135.2, 130.1, 128.9, 126.8, 80.2, 78.2, 71.3, 29.0, 27.2, 23.0,
9.9; MS (CI*) m/z (relative intensity) 220 (M+, 80), 203 (M+-OH, 100); HRMS (FAB+) Calcd. for C13H;60S
(M*): 220.0922. Found: 220.0930.
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1-(Phenylthio)nen-2-yn-5-ol (7f). Prepared from 4 and 5f in 83% yield after purification by flash
column chromatography (silica gel, 10% EtOAc in hexane). 7f: pale-yellow oil; Ry = 0.42 (20% EtOAc in
hexane); IR (film) 3396 (br), 3058, 2932, 2858, 1584, 1482, 1438, 1236, 1086, 1026, 738, 690 cm-!; 'H
NMR (400 MHz, CDCl3) $ 743 (d, J =7.32 Hz, 2 H), 7.32 (t, J = 7.32 Hz, 2 H), 7.24 (t, J = 7.33 Hz, | H),
3.64 (t, J = 2.45 Hz, 2 H), 3.64-3.59 (m, 1 H), 2.40 (ddt, J = 16.60, 4.88, 2.44 Hz, 1 H), 2.26 (ddt, J =
16.60, 6.83, 2.44 Hz, | H), 1.64 (br s, 1 H), 1.46-1.21 (m, 6 H), 0.89 (t, J = 7.32 Hz, 3 H); 13C NMR (100
MHz, CDCl3) & 135.2, 130.1, 128.9, 126.8, 80.2, 78.3, 70.0, 35.9, 27.8, 23.0, 22.6, 14.0; MS (CI*) m/z
(relative intensity) 249 (M++1, 93), 231 (M*-OH, 90), 163 (100); HRMS (FAB+*) Calcd. for C;5sHg0S (M+):
248.1235. Found: 248.1202.

1-(Phenylthio)tridec-2-yn-5-0l (7g). Prepared from 4 and Sg in 87% yield after purification by
flash column chromatography (silica gel, 10% EtOAc in hexane). 7g: pale-yellow oil; Ry = 0.45 (20% EtOAc in
hexane); IR (film) 3406 (br), 3060, 2924, 2854, 1584, 1480, 1468, 1438, 1234, 1086, 1026, 738, 690 cm-!;
1H NMR (400 MHz, CDCl3) § 7.43 (d, /= 7.81 Hz, 2 H), 7.32 (t, J=7.81 Hz, 2 H), 7.24 (t,J = 7.32 Hz, |
H), 3.64 (t, J = 2.44 Hz, 2 H), 3.65-3.60 (br s, 1 H), 2.39 (ddt, J/ = 16.61, 4.40, 2.44 Hz, 1 H), 2.26 (ddt, J
= 16.60, 6.35, 2.44 Hz, 1 H), 1.67 (br s, 1 H), 1.43-1.27 (m, 14 H), 0.89 (t, J = 7.32 Hz, 3 H); 13C NMR
(100 MHz, CDCIl3) & 135.2, 130.1, 128.9, 126.8, 80.2, 78.3, 70.0, 36.2, 31.8, 29.5, 29.2, 27.7, 25.6,
23.0, 22.6, 14.1; MS (CI*) m/z (relative intensity) 305 (M*+1, 58), 287 (M*-OH, 100); HRMS (FAB™*)
Calcd. for C19Hg0S (M+): 304.1861. Found: 304.1935.

1-(Phenylthio)non-8-en-2-yn-5-0l (7h). Prepared from 4 and Sh in 80% yield after purification
by flash column chromatography (silica gel, 10% EtOAc in hexane). 7h: pale-yellow oil; Ry = 0.40 (20%
EtOAc in hexane); IR (film) 3372 (br), 3076, 2936, 1640, 1584, 1482, 1440, 1236, 1086, 1026, 914, 740,
690 cmr!; 'TH NMR (400 MHz, CDCl3) § 7.41 (d, J = 6.84 Hz, 2 H), 7.30 (t, J = 7.32 Hz, 2 H), 7.22 (t, J =
6.80 Hz, 1 H), 5.77 (ddt, J = 17.09, 10.25, 6.84 Hz, 1 H), 5.01 (dd, J = 17.09, 1.48 Hz, 1 H), 4.95 (dd, J =
10.26, 1.00 Hz, 1 H), 3.65-3.59 (m, 3 H), 2.37 (ddt, J = 16.60, 4.88, 2.44 Hz, 1 H), 2.26 (ddt, J = 16.60,
6.34, 2.44 Hz, 1 H), 2.16-2.03 (m, 2 H), 1.67-1.66 (m, 1 H), 1.51 (td, J = 7.36, 6.84 Hz, 2 H); 13C NMR
(100 MHz, CDCl3) 6 138.1, 135.1, 130.1, 128.9, 126.8, 114.9, 80.0, 78.4, 69.4, 35.1, 29.9, 27.7, 23.0;
MS (CI*) m/z (relative intensity) 247 (M++1, 30), 229 (M*-OH, 23), 85 (100); HRMS (FAB*) Calcd. for
C15H180S (M+): 246.1078. Found: 246.1060.

trans-2-[(3-Phenylthio)prop-2-ynyl]cyciohexanol (7i). Prepared from 4 and 5i in 89% yield
after purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 7i: pale-yellow oil; Rf=
0.34 (20% EtOAc in hexane); IR (film) 3424 (br), 3058, 2934, 1664, 1584, 1438, 1236, 1066, 740, 690 cm'!;
IH NMR (400 MHz, CDCl3) § 7.43 (d, J = 7.32 Hz, 2 H), 7.35-7.22 (m, 3 H), 3.63 (d, J = 2.44 Hz, 2 H),
3.29 (td, J = 9.76, 3.90 Hz, 1 H), 2.17-2.10 (m, 1 H), 1.98-1.85 (m, 3 H), 1.73-1.68 (m, 1 H), 1.62-1.57
(m, 1 H), 1.33-1.06 (m, 4 H); '3C NMR (100 MHz, CDCl3) § 135.0, 130.5, 128.9, 127.0, 85.1, 77.9, 73.5,
39.0, 32.9, 30.9, 24.8, 24.1, 23.2; MS (CI*) m/z (relative intensity) 247 (M*+1, 24), 246 (M*, 28), 229
(M+*-OH, 100); HRMS (FAB*) Calcd. for C5H;30S (M*): 246.1078. Found: 246.1027.
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General Procedure for Oxidation of Sulfides 7a-i. 1-Phenyl-5-(benzenesulfonyl)pent-
3-yn-1-0l (6a). To a solution of sulfide 7a (260 mg, 0.97 mmol) in CH»Cl, (10 mL) cooled in an ice-water
bath (ca. 0 °C) was added mCPBA (50%, 670 mg, 1.94 mmol) followed by stirring at the same temperature for
30 min. The reaction mixture was quenched with aqueous NaHCO3 and extracted with CHCl (10 mL x 2).
The combined organic layer was washed with brine, dried over anhydrous MgSQjy, and condensed under
reduced pressure. The residue was purified by flash column chromatography (silica gel, 20% EtOAc in hexane)
to give 6a (242 mg, 83%). 6a: colorless oil; Ry = 0.42 (40% EtOAc in hexane); IR (film) 3506 (br), 2954,
2910, 2242, 1638 (br), 1448, 1310, 1136 cm™!; 'H NMR (400 MHz, CDCl3) 8 7.89 (d, J = 7.32 Hz, 2 H),
7.67 (t, J =732 Hz, 1 H), 7.54 (t, J = 7.57 Hz, 3 H), 7.42-7.30 (m, 4 H), 4.80 (t, J = 6.35 Hz, 1 H), 3.93
(s, 2 H), 2.62 (d, J = 5.86 Hz, 2 H); !3C NMR (100 MHz, CDCl3) 8 142.3, 137.4, 134.0, 128.9, 128.4,
128.2, 127.7, 125.6, 85.1, 71.9, 69.9, 48.6, 29.4; MS (CI*) m/z (relative intensity) 318 (M++NHg4, 100);
HRMS (FAB*) Calcd. for C17H1503S (M™*): 300.0820. Found: 300.0889.

1-Phenyl-6-(benzenesulfonyl)hex-4-yn-2-o0l (6b). Prepared from 7b in 95% yield after
purification by flash column chromatography (silica gel, 40% EtOAc in hexane). 6b: colorless oil; Rr= 0.32
(40% EtOAc in hexane); IR (film) 3448 (br), 3064, 3028, 2910, 2240, 1728, 1638 (br), 1448, 1322, 1254,
1136, 1084 cm-!; TH NMR (400 MHz, CDCl3) 6 8.04 (d, J = 7.33 Hz, 2 H), 7.72 (t, J = 7.57 Hz, 1 H), 7.61
(t, J =7.32 Hz, 2 H), 7.37-7.22 (m, 5 H), 4.05 (t, J = 2.44 Hz, 2 H), 3.97 (tt, J = 5.86, 5.86 Hz, 1 H), 2.83
(m, 3 H), 2.40 (m, 2 H); }3C NMR (100 MHz, CDCl3) & 137.6, 137.5, 134.1, 129.2, 129.0, 128.5, 128.4,
126.5, 85.2, 70.6, 70.1, 48.7, 42.3, 26.5; MS (CI*) m/z (relative intensity) 315 (M+*+1, 32), 297 (M*+-OH,
100); HRMS (FAB*) Calcd. for C1gH1303S (M+): 314.0977. Found: 314.0989.

1-Phenyloxy-6-(benzenesulfonyl)hex-4-yn-2-o0l (6¢). Prepared from 7¢ in 84% yield after
purification by flash column chromatography (silica gel, 40% EtOAc in hexane). 6¢: colorless oil; Rf = 0.35
(40% EtOAc in hexane); IR (film) 3452 (br), 2924, 2854, 1644 (br), 1460, 1378, 1308, 1132, 1084, 748, 692
cml; TH NMR (400 MHz, CDCl3) § 7.99 (d, J = 7.81 Hz, 2 H), 7.67 (t, J = 7.82 Hz, 1 H), 7.56 (t, J = 7.81
Hz, 2 H), 7.36 (t, J/ = 7.81 Hz, 2 H), 7.04 (t, J = 7.32 Hz, 1 H), 6.95 (d, J = 8.31 Hz, 2 H), 4.15 (tt, J =
5.86, 5.86 Hz, 1 H), 4.02-3.95 (m, 4 H), 2.80-2.40 (m, 3 H); !3C NMR (100 MHz, CDCl3) § 158.3, 137.7,
134.2, 129.6, 129.1, 128.7, 121.4, 114.6, 84.3, 70.4, 70.1, 68.4, 48.9, 23.9; MS (CI*) m/z (relative
intensity) 331 (M*+1, 100); HRMS (FAB+*) Calcd. for CjgH304S (M*): 330.0926. Found: 330.0928.

1-Phthalimido-6-(benzenesulfonyl)hex-4-yn-2-o0l (6d). Prepared from 7d in 82% yield after
purification by flash column chromatography (silica gel, 60% EtOAc in hexane). 6d: pale-yellow crystalline
solid; mp 151-154 °C (recrystallized from EtOAc-hexane); Rf=0.36 (60% EtOAc in hexane); IR (Nujol) 3402
(br), 2924, 2854, 1694, 1464, 1378, 1152, 722 cm-!; 'H NMR (400 MHz, CDCl3) § 8.00 (d, J = 7.32 Hz, 2
H), 7.86 (dd, J = 5.62, 2.93 Hz, 2 H), 7.74 (dd, J = 5.37, 2.93 Hz, 2 H), 7.68 (t, J = 6.84 Hz, 1 H), 7.59 (t,
J = 6.84 Hz, 2 H), 4.02 (tt, J = 5.85, 5.85 Hz, 1 H), 3.94 (1, J = 2.44 Hz, 2 H), 3.85-3.75 (m, 2 H), 2.53-
2.40 (m, 2 H), 2.10-1.80 (br s, 1 H); 13C NMR (100 MHz, CDCl3) & 168.7, 137.8, 134.22, 134.19, 131.9,
129.2, 128.8, 123.5, 84.0, 70.9, 68.3, 48.8, 43.1, 25.6; MS (CI*) m/z (relative intensity) 384 (M*+1, 100);
Anal. Calcd. for CogH17NOsS: C, 62.65; H, 4.47; N, 3.65. Found: C, 62.40; H, 4.54; N, 3.53.
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7-(Benzenesulfonyl)hept-5-yn-3-o0l (6e). Prepared from 7e in 83% yield after purification by
flash column chromatography (silica gel, 40% EtOAc in hexane). 6e: colorless oil; Ry = 0.52 (40% EtOAc in
hexane}; IR (film) 3508 (br), 3066, 2964, 2240, 1586, 1448, 1310, 1256, 1136, 1086, 980, 876, 746, 688
cm}; lH NMR (400 MHz, CDCl3) 8 7.97 (d, J = 7.82 Hz, 2 H), 7.69 (t, J = 7.81 Hz, 1 H), 7.59 (t, J = 7.81
Hz, 2 H), 3.97 (t, J = 2.44 Hz, 2 H), 3.61 (tt, J = 5.86, 5.86 Hz, 1 H), 2.40 (ddt, J = 16.61, 4.88, 2.44 Hz,
1 H), 2.29 (ddt, J = 16.60, 6.35, 2.44 Hz, 1 H), 2.25-1.70 (br s, 1 H), 1.48 (dq, J = 7.32, 7.32 Hz, 2 H),
0.92 (t, J = 7.32 Hz, 3 H); 13C NMR (100 MHz, CDCl3) 8 137.8, 134.2, 129.1, 128.7, 85.5, 71.3, 70.0,
48.9, 29.0, 27.2, 9.8; MS (CI*) m/z (relative intensity) 253 (M*+1, 56), 235 (M*+-OH, 52), 157 (100);
HRMS (FAB*) Calcd. for C13H603S (M*): 252.0820. Found: 252.0835.

1-(Benzenesulfonyl)non-2-yn-5-o0l (6f). Prepared from 7f in 81% yield after purification by
flash column chromatography (silica gel, 20% EtOAc in hexane). 6f: colorless oil; Ry = 0.40 (40% EtOAc in
hexane); IR (film) 3542 (br), 3066, 2932, 2240, 1732 (br), 1586, 1446, 1310, 1136, 1084, 744, 688 cm-!; IH
NMR (400 MHz, CDCl3) 8 7.97 (d, / = 8.30 Hz, 2 H), 7.69 (t, J = 7.32 Hz, 1 H), 7.58 (t, J = 7.32 Hz, 2 H),
3.97 (t, J = 2.44 Hz, 2 H), 3.67 (tt, J = 5.86, 5.86 Hz, 1 H), 2.39 (ddt, J = 16.60, 4.89, 2.44 Hz, 1 H), 2.28
(ddt, J = 16.60, 6.84, 2.44 Hz, 1 H), 2.20-1.70 (br s, | H), 1.47-1.25 (m, 6 H), 0.90 (t, J = 6.84 Hz, 3 H);
13C NMR (100 MHz, CDCl3) & 137.8, 134.2, 129.1, 128.7, 85.5, 70.1, 69.8, 48.9, 35.9, 27.7, 22.5, 14.0;
MS (CI*) m/z (relative intensity) 281 (M*+1, 100); Anal. Calcd. for C5H2003S: C, 64.26; H, 7.19. Found:
C, 64.17; H, 7.28.

1-(Benzenesulfonyl)tridec-2-yn-5-0l (6g). Prepared from 7g in 81% yield after purification by
flash column chromatography (silica gel, 20% EtOAc in hexane). 6g: colorless oil; R = 0.68 (40% EtOAc in
hexane); IR (film) 3514 (br), 3068, 2926, 2856, 2240, 1448, 1324, 1136, 1086, 744, 688 cm'!; 'H NMR
(400 MHz, CDCl3) 8 7.97 (d, J = 6.83 Hz, 2 H), 7.69 (t, J = 7.82 Hz, 1 H), 7.59 (t, / = 7.81 Hz, 2 H), 3.97
(t, J = 2.44 Hz, 2 H), 3.69-3.64 (m, | H), 2.40 (ddt, J = 16.60, 4.88, 2.44 Hz, | H), 2.28 (ddt, J = 16.60,
6.83, 2.44 Hz, 1 H), 2.40-1.80 (br s, 1 H), 1.43-1.27 (m, 14 H), 0.88 (1, J = 6.84 Hz, 3 H); 13C NMR (100
MHz, CDCl3) & 137.8, 134.2, 129.1, 128.7, 85.6, 70.1, 69.9, 48.9, 36.3, 31.8, 29.5, 29.2, 27.7, 25.6,
22.7, 14.1; MS (CI*+) m/z (relative intensity) 337 (M++1, 100); Anal. Calcd. for C19H3803S: C, 67.82; H,
8.39. Found: C, 67.38; H, 8.61.

1-(Benzenesulfonyl)non-8-en-2-yn-5-01 (6h). Prepared from 7h in 80% yield after purification
by flash column chromatography (silica gel, 40% EtOAc in hexane). 6h: colorless oil; Ry= 0.33 (40% EtOAc in
hexane); IR (film) 3456 (br), 3076, 2942, 2240, 1640, 1448, 1310, 1136, 1084, 914, 876 cmr'!; 'H NMR
(400 MHz, CDCl3) § 8.01 (d, J = 8.31 Hz, 2 H), 7.73 (1, J = 8.32 Hz, 1 H), 7.62 (t, J = 8.30 Hz, 2 H), 5.84
(ddt, J = 17.09, 10.26, 6.84 Hz, 1 H), 5.08 (dd, J = 17.09, 1.47 Hz, 1 H), 5.03 (d, J = 9.77 Hz, 1 H), 4.01
(t, J = 2.44 Hz, 2 H), 3.75 (tt, J = 5.86, 5.86 Hz, 1 H), 2.44 (ddt, J = 16.60, 4.88, 2.44 Hz, 1 H), 2.34 (ddt,
J = 16.60, 6.83, 2.44 Hz, 1 H), 2.40-1.70 (br s, 1 H), 2.27-2.10 (m, 2 H), 1.58 (td, J = 7.32, 7.32 Hz, 2 H);
13C NMR (100 MHz, CDCl3) 8 137.9, 137.7, 134.2, 129.1, 128.7, 115.1, 85.4, 70.1, 69.2, 48.9, 35.2,
29.8, 27.7: MS (CI+) m/z (relative intensity) 279 (M+*+1, 100), 261 (M+-OH, 4); HRMS (FAB*) Calcd. for
C15Hg03S (M): 278.0977. Found: 278.0947.
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trans-2-[(3-Benzenesulfonyl)prop-2-ynyl]jcyclohexanol (6i). Prepared from 7i in 87% yield
after purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 6i: colorless oil; Rf=
0.33 (20% EtOAc in hexane); IR (film) 3430 (br), 2924, 2854, 1652 (br), 1448, 1308, 1142, 1066, 748, 686
cm-1; TH NMR (400 MHz, CDCl3) 6 7.98 (d, J = 7.32 Hz, 2 H), 7.70 (t, /= 7.32 Hz, 1 H), 7.60 (t, J = 7.32
Hz, 2 H), 3.98 (d, J = 2.44 Hz, 2 H), 3.37 (dt, / = 9.76, 3.91 Hz, | H), 2.21-2.19 (m, 1 H), 2.20-1.95 (br s,
1 H), 1.99-1.95 (m, 1 H), 1.91-1.85 (m, 1 H), 1.77-1.63 (m, 1 H), 1.62-1.56 (m, 1 H), 1.34-1.11 (m, 4 H);
13C NMR (100 MHz, CDCl3) & 137.7, 134.2, 129.1, 128.8, 90.1, 73.3, 69.9, 48.9, 38.9, 33.1, 30.4, 24.6,
24.1; MS (CI*) m/z (relative intensity) 279 (M*+1, 100); HRMS (FAB+*) Calcd. for C;5H1803S (M*):
278.0977. Found: 278.0990. Anal. Calcd. for CysH;g03S: C, 64.72; H, 6.52. Found: C, 64.48; H, 6.55.

General Procedure for Base-Mediated Cyclization of Hydroxyl Propargylic Sulfones
6a-i. (E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-phenylfuran (3a). To a suspension of
NaH (60%, 11 mg, 0.28 mmol) in dry THF (1 mL) cooled in a cooling bath maintained at -20 °C under nitrogen
atmosphere was added a solution of sulfone 6a (55 mg, 0.18 mmol) in THF (1 mL) followed by stirring at the
same temperature for 1h. The reaction mixture was then quenched with aqueous NaHCOj3 and extracted with
EtOAc (5 mL x 2). The combined organic layer was washed with brine, dried over anhydrous MgSOj4, and
condensed under reduced pressure. The residue was purified by flash column chromatography (silica gel, 20%
EtOAc in hexane) to give 3a (45 mg, 81%). 3a: colorless crystalline solid; mp 104-105 °C (recrystallized from
EtOAc-hexane); Ry = 0.60 (40% EtOAc in hexane); IR (Nujol) 2924, 2854, 1460, 1376 cm'!; TH NMR (300
MHz, CDCl3) 8 7.93 (dd, J = 8.09, 1.37 Hz, 2 H), 7.59-7.54 (m, 3 H), 7.39-7.27 (m, 5 H), 5.90 (s, 1 H),
5.41 (dd, J = 8.42, 6.57 Hz, 1 H), 3.55-3.46 (m, 1 H), 3.13 (dtd, J = 18.03, 9.06, 1.70 Hz, 1 H), 2.58-2.54
(m, 1 H), 2.12-2.04 (m, 1 H); 13C NMR (75 MHz, CDCl3) § 173.1, 143.8, 138.8, 132.5, 129.0, 128.7,
128.5, 126.4, 125.6, 100.2, 85.4, 32.1, 29.8; MS (CI*) m/z (relative intensity) 301 (M++1, 100); Anal.
Calcd. for C17H1603S: C, 67.98; H, 5.37. Found: C, 68.06; H, 5.48.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-benzylfuran (3b). Prepared from 6b in
80% yield after purification by flash column chromatography (silica gel, 10% EtOAc in hexane). 3b: colorless
crystalline solid; mp 88-90 °C (recrystallized from EtOAc-hexane); Ry = 0.59 (20% EtOAc in hexane); IR
(Nujol) 3060, 2924, 2854, 1620, 1462, 1284, 1140, 1084 cm-!; 'H NMR (400 MHz, CDCl3) § 7.94 (d, J =
7.32 Hz, 2 H), 7.65 (t, J = 7.32 Hz, 1 H), 7.58 (t, / = 6.84 Hz, 2 H), 7.38-7.24 (m, 5 H), 5.83 (s, 1 H),
4.72 (t, J = 6.35, 6.35 Hz, 1 H), 3.29 (ddd, J = 18.06, 9.08, 4.40 Hz, 1 H), 3.10-2.93 (m, 3 H), 2.24 (m, 1
H), 1.90 (m, 1 H); 13C NMR (100 MHz, CDCl3) 6 173.3, 143.9, 136.3, 132.4, 129.2, 129.0, 128.6, 126.9,
126.4, 99.6, 85.1, 40.8, 29.5, 28.6; MS (CI*) m/z (relative intensity) 315 (M*++1, 100); Anal. Calcd. for
C1g8H1303S: C, 68.77; H, 5.77. Found: C, 68.82; H, 5.79.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-(phenyloxymethyl)furan (3c). Pre-
pared from 6c in 82% yield after purification by flash column chromatography (silica gel, 20% EtOAc in
hexane). 3¢: colorless crystalline solid; mp 114-115 °C (recrystallized from EtOAc-hexane); Ry = 0.54 (40%
EtOAc in hexane); IR (Nujol) 2924, 2854, 1712, 1464, 1378, 1140, 1082 cm-!; 'H NMR (400 MHz, CDCl3)
6794 (d,J=733Hz, 2 H),7.63(,J=732Hz, 1 H),7.56 (t, /] = 7.32 Hz, 2 H), 7.32 (t, J = 7.32 Hz, |
H), 7.02 (t, J = 7.32 Hz, 1 H), 6.88 (d, J = 8.30 Hz, 2 H), 5.86 (s, 1 H), 4.88-4.82 (m, 1 H), 4.16 (dd, J =
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10.25, 3.42 Hz, 1 H), 4.09 (dd, J = 10.25, 4.88 Hz, | H), 3.47-3.39 (m, 1 H), 3.21 (dt, J = 18.55, 9.28 Hz,
1 H), 2.40-2.31 (m, 1 H), 2.20-2.11 (m, 1 H); !3C NMR (100 MHz, CDCl3) & 173.3, 158.1, 143.8, 132.5,
129.5, 129.0, 126.4, 121.5, 114.5, 100.2, 82.3, 68.9, 29.5, 25.7; MS (CI*) m/z (relative intensity) 331
(M*+1, 100); Anal. Calcd. for C1gH;304S: C, 65.44; H, 5.49. Found: C, 65.61; H, 5.61.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-(phthalimidomethyl)furan (3d). Pre-
pared from 6d in 85% yield after purification by flash column chromatography (silica gel, 30% EtOAc in
hexane). 3d: colorless crystalline solid; mp ~173 °C (dec., recrystallized from THF-hexane); Ry = 0.53 (60%
EtOAc in hexane); IR (Nujol) 2924, 2854, 1464, 1378 cm-!; 'H NMR (400 MHz, CDCl3) 8 7.93-7.90 (m, 4
H), 7.80 (dd, J = 5.37, 2.93 Hz, 2 H), 7.63-7.49 (m, 3 H), 5.81 (s, | H), 4.83-4.76 (m, 1 H), 3.98 (dd, J =
14.16, 6.84 Hz, 1 H), 3.87 (dd, J = 14.16, 4.88 Hz, 1 H), 3.44-3.36 (m, | H), 3.13 (dtd, J = 18.56, 9.28,
1.44 Hz, 1 H), 2.37-2.23 (m, 1 H), 2.00-1.91 (m, 1 H); 13C NMR (100 MHz, CDCl3) § 172.2, 167.9,
143.6, 134.3, 132.5, 131.8, 129.0, 126.5, 123.6, 100.8, 81.2, 40.8, 29.1, 27.1; MS (CI*) m/z (relative
intensity) 384 (M+*+1, 100); Anal. Calcd. for CyoH7NOsS: C, 62.65; H, 4.47; N, 3.65. Found: C, 62.78; H,
4.80; N, 3.62.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-ethylfuran (3e). Prepared from 6e in
84% yield after purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 3e: colorless
crystalline solid; mp 55-57 °C (recrystallized from EtOAc-hexane); Ry = 0.60 (40% EtOAc in hexane); IR
(Nujol) 2954, 2924, 2854, 1464, 1378 cm!; 'H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.30 Hz, 2 H), 7.68-
7.53 (m, 3 H), 5.76 (s, 1 H), 4.37 (tt, J = 6.35, 6.35 Hz, 1 H), 3.39 (ddd, J = 18.56, 9.27, 3.90 Hz, 1 H),
3.01 (dud, J = 18.56, 9.27, 1.95 Hz, 1 H), 2.29-2.09 (m, 1 H), 1.81-1.58 (m, 3 H), 1.00 (t, J = 7.32 Hz, 3
H); 13C NMR (100 MHz, CDCl3) 8 173.6, 144.0, 132.3, 129.0, 126.3, 99.2, 86.4, 29.7, 28.7, 27.7, 9.7;
MS (CI*) m/z (relative intensity) 253 (M++1, 100); Anal. Calcd. for C;3H;603S: C, 61.88; H, 6.39. Found:
C, 61.63; H, 6.48.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-butylfuran (3f). Prepared from 6f in
80% yield after purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 3f: colorless
crystalline solid; mp 62-64 °C (recrystallized from EtOAc-hexane); Ry = 0.64 (40% EtOAc in hexane); IR
(Nujol) 2922, 2854, 1626, 1464, 1378, 1300, 1136, 1082 cm!; 'H NMR (400 MHz, CDCl3) 8 7.92 (dd, J =
6.84, 1.47 Hz, 2 H), 7.62-7.53 (m, 3 H), 5.76 (s, 1 H), 4.42 (tt, J = 6.84, 6.84 Hz, 1 H), 3.40 (dddd, J =
18.55, 8.78, 3.91, 1.47 Hz, 1 H), 3.00 (dtd, J = 18.56, 9.28, 1.96 Hz, 1 H), 2.29-2.21 (m, 1 H), 1.78-1.55
(m, 3 H), 1.49-1.29 (m, 4 H), 0.95 (t, J = 7.32 Hz, 3 H); 13C NMR (100 MHz, CDCl3) § 173.6, 144.0,
132.3, 129.0, 126.3, 99.2, 85.3, 34.4, 29.8, 29.2, 27.7, 22.4, 13.9; MS (CI*) m/z (relative intensity) 281
(M++1, 100); Anal. Calcd. for C15H2903S: C, 64.26; H, 7.19. Found: C, 64.33; H, 7.18.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-octylfuran (3g). Prepared from 6g in
80% yield after purification by flash column chromatography (silica gel, 10% EtOAc in hexane). 3g: colorless
crystalline solid; mp 44-47 °C (recrystallized from EtOAc-hexane); Ry = 0.63 (20% EtOAc in hexane); IR
(Nujol) 2924, 1634, 1464, 1286, 1138, 1084 cm!; IH NMR (300 MHz, CDCl3) & 7.88-7.85 (m, 2 H), 7.58-
7.46 (m, 3 H), 5.70 (s, 1 H), 4.36 (tt, J = 6.86, 6.86 Hz, | H), 3.24 (dddd, J = 18.21, 10.20, 3.72, 1.20 Hz,



12510 W.-M. Dai, M. Y. H. Lee / Tetrahedron 54 (1998) 12497-12512

1 H), 2.94 (dud, J = 18.21, 9.15, 1.83 Hz, 1 H), 2.24-2.14 (m, | H), 1.74-1.20 (m, 15 H), 0.87 (t, J = 6.62
Hz, 3 H); !3C NMR (75 MHz, CDCl3) 8 173.6, 144.1, 132.3, 129.0, 126.4, 99.2, 85.3, 34.7, 31.8, 29.8,
29.4, 29.3, 29.2, 29.1, 25.6, 22.6, 14.1; MS (CI*) m/z (relative intensity) 337 (M*++1, 82), 199 (98), 157
(100); Anal. Calcd. for C19H2303S: C, 67.82; H, 8.39. Found: C, 67.86; H, 8.56.

(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-5-(3-butenyl)furan (3h). Prepared from
6h in 82% yield after purification by flash column chromatography (silica gel, 20% EtOAc in hexane). 3h:
colorless semi-solid; Ry = 0.63 (40% EtOAc in hexane); IR (Nujol) 2954, 2924, 2854, 1462, 1376, 1302,
1138, 1084 cm-!; 'H NMR (400 MHz, CDCl3) 8 7.87 (d, J = 7.32 Hz, 2 H), 7.57-7.48 (m, 3 H), 5.78 (ddt, J
= 16.85, 10.75, 6.84 Hz, 1 H), 5.72 (s, 1 H), 5.03 (dd, J = 15.62, 1.46 Hz, 1 H), 4.99 (dd, J = 12.21, 1.46
Hz, 1 H), 4.43 (m, 1 H), 3.36 (dddd, J = 18.06, 8.79, 3.90, 1.46 Hz, 1 H), 2.96 (dtd, J = 18.07, 9.28, 1.96
Hz, 1 H), 2.25-2.07 (m, 3 H), 1.82-1.61 (m, 3 H); !3C NMR (75 MHz, CDCl3) 8 173.4, 143.9, 137.0,
132.3, 128.9, 126.3, 115.5, 99.4, 84.4, 33.8, 29.7, 29.1; MS (CI*) m/z (relative intensity) 279 (M*+1,
100).

trans-(E)-Tetrahydro-2-[(benzenesulfonyl)methylene]-4,5-butylidenefuran (3i). Pre-
pared from 6i in 72% yield after purification by flash column chromatography (silica gel, 20% EtOAc in
hexane). 3i: colorless crystalline solid; mp 133-136 °C (recrystallized from EtOAc-hexane); Rr= 0.75 (40%
EtOAc in hexane); IR (Nujol) 2924, 2854, 1628, 1458, 1376, 1140, 1076, 1024 cm-!; 'H NMR (400 MHz,
CDCl3) 8 7.93 (d, J = 7.32 Hz, 2 H), 7.63-7.54 (m, 3 H), 5.84 (s, 1 H), 3.62-3.55 (m, 2 H), 2.45 (ddd, J =
16.60, 12.69, 2.44 Hz, | H), 2.27-2.23 (m, 1 H), 2.12-2.06 (m, 1 H), 2.00-1.94 (m, 1 H), 1.90-1.75 (m, 1
H), 1.72-1.58 (m, 1 H), 1.54-1.23 (m, 4 H); !3C NMR (100 MHz, CDCl3) & 173.0, 143.9, 132.4, 129.0,
126.4, 101.3, 87.5, 44.3, 35.5, 30.2, 28.2, 25.2, 24.0; MS (CI*) m/z (relative intensity) 279 (M++1, 22),
278 (M, 42), 137 (100); Anal. Calcd. for CysH303S: C, 64.72; H, 6.52. Found: C, 64.69; H, 6.58.
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