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Four tri- and tetrasubstituted E-1-(benzenesulfonyl)-1-tetrahydrofuranylidenes 7-10 were synthesized from
their corresponding o’-benzenesulfonyl-y-hydroxyketones 1 in good yields. The examination of the regio-
and steroselectivity of these thermally induced reactions shows preference for both, the exocyclic nature of
the double bond and the E-geometry in all tetrahydrofuranylidenes described. Structural assignments are
based on infrared, 'H nmr, *C nmr, 2D "H-'H and **C-'H correlation spectra. In contrast to tetrahydrofuran-
ylidenes 7-10, hemiketal 6 shows no tendency towards dehydration under the thermal reaction conditions
used. This paper discusses the extent and limitations of this method as a tool of synthetic utility for the regio-
and stereoselective preparation of the target compounds.
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Introduction.

Tetrahydrofuranylidene and substituted derivatives of
it are synthetic intermediates of considerable interest in
the route to potential antimetabolites of natural carbohy-
drates [2], potential antiulcer agents [3], prostacyclin
(PGI;) models [4], substituted furans [5], spiroketals [6,7]
and to a variety of other cyclic and acyclic compounds
[8,9]. Several methods have been developed for the stereo-
controlled synthesis of various substituted tetrahydro-
furanylidenes, which include reduction-isomerization of
their endocyclic isomers with Pd-C/hydrogen at subambi-
ent temperatures [3], alkylidenation of ester carbonyl
groups with RCHBr,/Zn/TiCl, in the presence of N,N,V,
N'-tetramethylethylendiamine [10], mercury(II)-induced
cyclization of acetylenic alechols [4] or reactions with the
Schrock-type metal carbene complexes [11] and the Tebbe
complex [12]. However, the general use of many of these
reactions is limited because special techniques are re-
quired or the degree of stereocontrol observed appears to
be very variable.

In this paper we report a direct and convenient regio-
and stereoselective approach to tri- and tetrasubstituted
tetrahydrofuranylidenes of type 3.

Results and Discussion.

The thermal cyclization of 3(benzenesulfonyl)-1-{(tetra-
hydro-2H-pyran-2-ylJoxy)-8-hydroxy-4-octanone is a very
useful method for the preparation of 4-(benzenesulfonyl)-
1,6-dioxaspiro[4,5]decane via a multistep mechanism pro-
ceeding through the intermediacy of a nonisolable hemi-
ketal and a tetrahydropyran-2-ylidene derivative. The ob-
served stereoselective course of this reaction was atirib-
uted to stereoelectronic interaction between the vinylic
benzenesulfonyl group and the oxygen atom at the tetra-
hydropyranyl ring [6].

As a logical extension of previous work from our labora-

tory on cyclization reactions of benzenesulfonyl substi-
tuted dihydroxyketones, we initiated a similar investiga-
tion on the corresponding monohydroxyketones of type 1
in order to estimate the extent of the above indicated ster-
eoelectronic interaction as a tool of synthetic utility for the
regio- and stereoselective preparation of tri- and tetrasub-
stituted tetrahydrofuranylidenes 7-10.

Hydroxyketone derivatives 1 (R = H, n-butyl, n-hexyl,
BnOC,H,) were prepared by addition of y-butyrolactone
to the corresponding dilithiated sulfones in THF at — 60°
[6]. In contrast to these results by which the desired
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hydroxyketones were readily formed, the success of the ad-
dition of 2,3-O-isopropylidene-D-erythronolactone [13] to
dilithiomethylphenyl sulfone under the same reaction con-
ditions proved to be a less practical route to the target hy-
droxyketone derivative. Thus, this addition leads almost
quantitatively to hemiketal 6, instead [14]. Presumably,
the inflexible geometry of D-erythronolactone induced by
its 2,3-O-isopropylidene functionality shifts the
equilibrium between 1 and 2 toward the hemiketal. The
structure of crystalline 6 obtained after column chroma-
tography and recrystallization from isopropyl alcohol was
assigned primarily on the basis of its strong infrared ab-
sorption band at 3472 em™ and the 'H nmr, **C nmr, 2D
'H.-'H and '3C-'H correlation spectra.

All thermal cyclization-dehydration reactions were per-
formed by refluxing hydroxyketones 1 at 130° in toluene
using a water separator and monitored at the infrared ab-
sorption bands of the newly formed C=C bonds in the cor-
responding tetrahydrofuranylidenes 7-10, between 1636
and 1639 cm™ (Table I). The formation of tetrahydro-
furanylidenes from hydroxyketone equivalents under
these conditions is operationally straightforward. In this
fashion, colorless needles of E-2-(benzenesulfonylmethyli-
dene)tetrahydrofuran 7 were obtained in 62% yield after
column chromatography on silica gel (acetone/pentane
mixtures), and recrystallization from isopropyl alcohol.
The structural assignment for 7 is based upon its spectral
data. The ir spectrum of tetrahydrofuranylidene 7 showed
characteristic absorptions at 1636 ¢cm™, and in the 1300
cm™ range for the C=C bond and the sulfonyl group,

Table 1

Preparation of E-Tetrahydrofuranylidenes 7-10
Compound 7 8 9 10
Reaction Time 40 min 25hr 2.0hr 3.0hr
Temperature [°C] 130 130 130 130
Yield [%] [a] 62 86 60 91
mp [°C] [b} 98.5-100 - - 74-74.5
IRv [(;m'I] 1636 1639 1639 1638
$ allylic H oxolane {ppm]  3.12 3.17 3.16 3.17
§ allylic C oxolane [ppm]  29.3 30.1 30.1 30.1

[a] Isolated yield. [b] Uncorrected melting points.

respectively. The postulated E-geometry of 7 is supported
by its 300 MHz 'H nmr spectrum that showed besides the
aromatic proton signals at 7.79 and 7.42 ppm, three well
resolved multiplets at 2.10 ppm (central oxolane methyl-
ene group), 3.12 ppm (allylic oxolane CH,) and 4.23 ppm
(oxolane OCH,) and a broad singlet at 5.75 ppm arising
from the vinylic proton. The 'H nmr signal at 3.12 ppm ex-
hibits the expected deshielding for allylic oxolane methyl-
enic protons caused by the proximal relationship of the an-
isotropic sulfonyl group, 3a, consistent with an E-geome-
try for the thermodynamically more stable stereoisomer 7

[9).
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The tetrasubstituted members of this series of E-tetra-
hydrofuranylidenes showed a similar spectroscopic pat-
tern with C=C infrared absorption bands between 1638
and 1639 cm™ and the characteristic downfield shift for
the allylic oxolane nmr proton signals at 3.16-3.17 ppm
(Table I). Structures 8, 9 and 10 were further established
by **C nmr, 2D 'H-'H and "*C-'H correlation spectra.

The observed preference for a resulting E-geometry in
the isolated products by the proposed two step cyclization-
dehydration mechanism seems to be determined by the
stereoelectronic interaction between the vinylic sulfonyl
group and the oxygen atom at the five membered ring.
The extent of this tool of stereocontrol is neither de-
creased nor reversed significantly when the vinylic hydro-
gen in 7 is replaced by larger groups such as benzyloxyeth-
yl- 10, n-hexyl- 9, or n-pentyl substituents 8, according to
the observed yields and reaction conditions (Table I). Also,
the exocyclic nature of the C=C bond in all four tetrahy-
dropyranylidenes may be favored by the presence of the
electron-withdrawing benzenesulfonyl group over the
alternative endocyclic regioisomers.

However, hemiketal 6 was remarkably stable, and all de-
hydration attempts toward its corresponding tetrahydro-
furanylidene were unsuccessful. When 6 was refluxed in
xylene at 145° for 3.5 hours, infrared monitoring showed
no appreciable amounts of any product with absorption
bands in the 1600-1800 cm™ range. The contrasting
nature of hemiketal 6 compared to the corresponding
hemiketals leading to 7, 8, 9, and 10 correlates well with
the proposed reaction mechanism and reveals the limits of
the applicability of the methodology to 2,3-disubstituted
lactones such as 2,3-O-isopropylidene-D-erythronolactone.

Thus, rapid cyclization of the starting hydroxyketone
equivalents occurred in nearly quantitative yields at 130°
to nonisolable hemiketals of type 4 (R = benzyloxyethyl-,
n-hexyl-, or n-pentyl) with exception of the stable hemi-
ketal 6 that is already formed at room temperature. The
extent of both the stereo- and regioselectivity of the over-
all process suggests that tetrahydrofuranylidenes 7-10 re-
tain memory of their precursor’s configuration such as 4
or the ionic intermediate 5 and their corresponding dia-
stereomers, as a result of the stereoelectronic interaction
discussed above. On the other hand, the same stereoelec-
tronic effect may prevent dehydration of 6 to any of its
stereoisomeric teterahydrofuranylidenes, in which the
benzenesulfonyl group, in contrast to 7-10 would have to
assume energetically unfavorable geometries with respect
to both, the ring-oxygen atom or the 2,3-isopropylidene
functionality in the resulting Z- and E-isomers, respective-
ly, 6a.

The thermal cyclization-dehydration reactions of hy-
droxyketone equivalents discussed above constitute a
good example for the use of the benzenesulfonyl devise as
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a regio- and stereoselective controlling tool in the route
toward tri- and tetrasubstituted tetrahydrofuranylidenes.
The applicability of this methodology to the synthesis of
similar six- and four membered heterocycles was observed
to be more complex, particularly in the case of the former
ones where the regio-selectivity appears to be less pro-
nounced [15]. Work is in progress to circumvent these dif-
ficulties.

EXPERIMENTAL

Melting points were determined on an Electrothermal appara-
tus and are given uncorrected. Chemicals and solvents were used
as received; THF was distilled from sodium metal in the presence
of benzophenone under dry argon. Infrared spectra were deter-
mined on a Perkin-Elmer 1620 FT-IR spectrophotometer in car-
bon tetrachloride solutions. The 'H- (300 MHz), *C- (75 MHz),
and two dimensional magnetic resonance spectra were recorded
on a General Electric QE-300 spectrometer in deuteriochloro-
form solutions. Combustion analysis and mass spectra were per-
formed by Oneida Research Services, Whitesboro, NY 13492.
Thin-layer chromatography was carried out utilizing silica gel,
standard grade, Aldrich catalog No. 28,854-3 and E. Merck silica
gel 60 F (230-400 mesh) was used for flash chromatography.

General Procedure for the Thermal Condensation of Hydroxy
Keto Sulfones to Give Tetrahydrofuranylidenes 7-10.

The appropriate (benzenesulfonyl)hydroxy ketone of type 1{6}
in toluene (60 ml for 10 mmoles of 1) was refluxed using a water
separator. After removal of the solvent under reduced pressure
the residue was purified by flash column chromatography on
silica gel eluting with acetone/pentane mixtures to afford the
pure tetrahydrofuranylidenes 7-10.

E-2{Benzenesulfonylmethylidene)tetrahydrofuran (7).

Reaction conditions were: 130°, 40 minutes; acetone/pentane
1:3; 1.38 g, 62% yield. This compound was obtained as colorless
needles (isopropyl alcohol), mp 98.5-100°; ir: » 3069, 2988, 2899,
1636, 1446, 1373, 1326, 1314, 1285, 1171, 1140, 1085 cm™; 'H
nmr: 8 7.79 (m, 2H, ArH), 7.42 (m, 3H, ArH), 5.75 (br s, 1H,
vinylic), 4.23 (1, ] = 6.8 Hz, 2H, OCH, oxolane), 3.12 (br t, ] =
7.6 Hz, 2H, CH, allylic oxolane), 2.10 (m, 2H, CH,CH,CH,); **C
nmr: § 173.7 (=C-0), 144.0, 132.3, 128.9, 126.3 (ArC), 99.9
(=CS0,), 72.3 (OCH; oxolane), 29.3 (allylic oxolane CH,), 23.7
(CH,CH,CH,); ms: m/z (ion, relative intensity) 225 (M*+ 1, 100).

Anal. Caled. for C,,H,,0,8: C, 58.9; H, 5.3; S, 14.2. Found: C,
58.9; H, 5.4; S, 14.9.

E-1{Benzenesulfonyl}-1-(tetrahydrofuran-2-ylidene)pentane (8).

Reaction conditions were: 130°, 2.5 hours; acetone/pentane
1:5; 2.4 g, 86% yield. This compound was obtained as a colorless
oil; ir: » 3067, 2958, 1639, 1446, 1368, 1314, 1236, 1157, 1087
cm™; '"H nmr: § 7.81 (m, 2H, ArH), 7.49 (m, 3H, ArH), 4.20 (1, ] =
6.9 Hz, 2H, OCH, oxolane), 3.17 (t, ] = 7.7 Hz, 2H, allylic ox-
olane CH,), 2.22 (1, ] = 7.2 Heg, 2H, allylic CH,), 2.08 (m, 2H,
CH,CH,CH, oxolane), 1.39-1.16 (m, 4H), 0.81 (t, ] = 7.2 Hz, 3H,
CH.,); *C nmr: & 168.5 (= C-0), 143.1, 132.2, 128.7, 126.8, (ArC),
111.2 (=CS0,), 71.6 (OCH, oxolane), 30.9 (CH,CH,CH,CH,),
30.1 (allylic oxolane CH,), 27.0 (allylic CH,), 24.4 (CH,CH,CH,

oxolane), 22.5 (CH,CH,), 13.6 (CH;); ms: m/z (ion, relative inten-
sity) 281 (M*+ 1, 100).

Anal. Calcd. for C;H,,0,5: C, 64.2; H, 7.1; S, 11.4. Found: C,
63.8; H, 7.2; S, 11.5.

E-1{Benzenesulfonyl}1{tetrahydrofuran-2-ylidene)heptane (9).

Reaction conditions were: 130°, 2.0 hours; acetone/pentane
1:10; 1.8 g, 60% yield. This compound was obtained as a color-
less oil; ir: v 3067, 2927, 1639, 1445, 1368, 1313, 1235, 1154, 1089
cm™’; 'H nmr: § 7.83 (m, 2H, ArH), 7.50 (m, 3H, ArH), 4.18(t,] =
6.9 Hz, 2H, OCH, oxolane), 3.16 (1, J = 7.7 Hz, 2H, allylic ox-
olane CH,), 2.21 (t, J] = 7.5 Hz, 2H, allylic CH,), 2.07 (m, 2H,
CH.CH,CH, oxolane), 1.40-1.12 (m, 8H, alkyl), 0.82 (t, ] = 6.9
Hz, 3H, CH,); '*C nmr: 6 168.5 (=C0), 143.1, 132.2, 128.7, 126.7
(ArC), 111.2 (=CS0,), 71.6 (OCH, oxolane), 30.1 (allylic oxolane
CH,), 24.4 (CH,CH,CH, oxolane), 27.2 (allylic CH,), 31.3, 29.0,
28.6, 22.4 (alkyl C), 13.9 (CH;); ms: m/z (ion, relative intensity) 309
(M*+1, 100).

Anal. Caled. for C;H,,0,S: C, 66.2; H, 7.8; S, 10.3. Found: C,
65.7; H, 7.7; S, 10.1.

E-1-(Benzenesulfonyl)-3-benzyloxy-1-(tetrahydrofuran-2-yli-
dene)propane (10).

Reaction conditions were: 130°, 3 hours; acetone/pentane 1:4;
3.2 g, 91% yield. This compound was obtained as colorless crys-
tals (isopropyl alcohol), mp 74-74.5°; ir: » 3070, 3035, 2900, 2880,
1638, 1448, 1320, 1308, 1180, 1155, 1128, 1080 cm™"; 'H nmr: 6
7.81 (m, 2H, ArH), 7.43 (m, 3H, ArH), 7.28 (m, 5H, ArH), 4.44 (s,
2H, OCH,Ar), 4.17 (t, ] = 6.98 Hz, 2H, OCH, oxolane), 3.51 (t, J
= 7.7 Hz, 2H, CH,0Bn), 3.17 (t, ] = 7.7 Hz, 2H, allylic oxolane
CH,), 2.63 (1, ] = 7.7 He, 2H, allylic CH;), 2.05 (m, 2H,
CH,CH,CH,); **C nmr: 6 170.2 (=C-0), 138.4, 128.0, 127.3,
127.2, (ArC), 142.5, 138.5, 132.7, 126.6 (SO,ArC), 107.3 (=CS0,),
72.4 (benzylic C), 71.8 (OCH, oxolane), 68.3 (CH,0Bn), 30.1
(allylic CH, oxolane), 27.4 (allylic CH,), 24.1 (CH,CH,CH.); ms:
m/z (ion, relative intensity) 359 (M*+1, 21), 267 (12), 217 (100).

Anal. Caled. for C,H,,0,S: C, 67.0; H, 6.1; S, 8.9. Found: C,
67.1; H, 6.2; S, 8.5.

1-(Benzenesulfonyl)-1-deoxy-3,4-isopropylidene-c-D-erythropent-
2,5-furanosulose (6).

To a magnetically stirred solution of methyl phenyl sulfone
(2.0 g, 12.8 mmoles) in dry THF (50 ml) was added n-butyllithium
(10.7 ml of a 2.5 M solution in hexanes) at —60°, warmed up to
0°, stirred for 0.5 hour and cooled again to —60°. At this temper-
ature a solution of 2,3-O-isopropylidene-D-erythronolactone (2.0
g, 12.8 mmoles) was added, and after four hours the reaction mix-
ture was quenched by the addition of ammonium chloride (20 ml,
saturated aqueous solution) and brine (20 ml). After extraction
with ethyl acetate, the organic layer was dried with magnesium
sulfate and concentrated under reduced pressure. Purification of
the crude product on silica gel (acetone/pentane 1:3) and recrys-
tallization from isopropyl alcohol afforded 3.6 g (92%) of pure 6
as colorless crystals, mp 80-82.5°; ir: » 3472, 3071, 2991, 2942,
1448, 1411, 1382, 1373, 1322, 1273, 1256, 1226, 1209, 1182, 1141,
1098, 1082, 1018 cm™"; 'H nmr: 6 7.93 (m, 2H, ArH), 7.62 (m, 1H,
ArH), 7.52 (m, 2H, ArH), 4.79 (g, ] = 5.8 Hz, ] = 3.7 Hz, 1H,
H-4), 4.72 (s, 1H, OH), 4.37(d, ] = 5.8 Hz, 1H, H-3),4.10 (q,] =
104 Hz, ] = 3.7 Hz, 1H, H,-5), 3.86 (d, ] = 10.4 Hz, 1H, H,.5),
3.73 (d, J = 14.8 Hz, 1H, CH,S0,), 3.59 (d, ] = 14.8 Hz, 1H,
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CH,S0,), 1.22 (s, 3H), 1.31 (s, 3H); **C nmr: & 140.6 (CAr), 133.7,
128.8, 128.0 (CHAr), 112.8 (C-2), 103.6 (OCO), 85.6 (C-3), 80.0
(C-4), 71.7 (C-5), 59.2 (CH,S0,), 26.0 (CH,), 24.7 (CH;); ms: m/z
(ion, relative intensity) 317 (36), 158 (M*-155), 100).

Anal. Caled. for C,H,,0,S: C, 53.4; H, 5.7; S, 10.1. Found: C,
52.99; H, 6.2.
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