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Abstract

Enantiomerically pure (@&)-4-hydroxymethyl-4-thiobutyro-1,4-lactone Rp-dihydro-5-(hydroxymethyl)-
2(3H)-thiophenone 12)] and derivatives were synthesized by two enantiospecific sequences employing
D-ribono-1,4-lactone 1) and L-glutamic acid 6) as chiral templates. The key step in the first approach was
the Smj-promoted 2,3-deoxygenation of a 4-thidyxono-1,4-lactone derivative, prepared framThe other
strategy, which starts fro involves the (5)-dihydro-5-f-tolylsulfonyloxymethyl)-2-(31)-furanone 8) as chiral
precursor. This was converted into a 4,5-thiirane derivative via the corresponding 4,5-epoxide. Regioselective
opening of the thiirane ring by acetate followed ®ydeacetylation gavé2 (40% overall yield from8). © 2000
Elsevier Science Ltd. All rights reserved.

1. Introduction

In the last two decades a number of natural products containing a thiolactone ring have been
isolated®™ Many of them such as thiolactomycinthiotetromycin? thiocoumaring and other
thiolactone$ displayed interesting biological activities. Small ring thiolactones have been prepared
by addition of thioacetic acid to unsaturated, straight chain &catsj from bismetallated derivatives
of thioacids and carbonyl compoun®isilso, the reaction ofS-(4-alkenyl)-dithiocarbonates with
tri-n-butyltin hydride afforded 1,4-thiolactonésMore recently, saturated thiolactones have been
prepared from! -halo acid chlorides, by a sulfur transfer reaction mediated by benzyltriethylammonium
tetrathiomolybdaté, and ¥ -carboxyacylsilanes have been used as precursors of unsaturated silylated
thiolactone$. Also, activated carboxythiolactones have been synthesized as small molecules useful for
the preparation of peptidil immunogen constriét®espite the importance of thiolactones, relatively
little attention has been given to their synthesis in enantiomerically pure fdrfiszor example,
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thioascorbic acid? thiolactomycint and the anticonvulsant agent thiolosigaméhehave been
obtained as racemates. We considered that thiolactones having a stereocenter at C-4 as controlling
element of asymmetry would be useful building blocks for the synthesis of natural products and their
sulfur containing analogs. Thus, we have already reported a convenient procedure for the synthesis
of optically pure aldopentono-1,4-thiolactoriésln connection with these studies and others on the
synthesis and reactivity of 4-thiosugdfs?! we wish to report here two sequences for the preparation

of (4R)-( )-4-hydroxymethyl-4-thiobutyro-1,4-lactoneld) and derivatives, employing alternatively
D-ribono-1,4-lactonel)) or L-glutamic acid 6) as chiral templates.

2. Results and discussion

4-Thio-L-lyxono-1,4-lactone Z) constitutes a suitable precursor for the synthesis dR)-é
hydroxymethyl-4-thiobutyro-1,4-lactonel?). Compound2 was readily preparetf and in good
yield, starting fromb-ribono-1,4-lactone ). , -Deoxygenation of2 would lead to the desired
dideoxythiolactoné. Samarium iodide (Sm) has been successfully employed for the deoxygenation
and unsaturation of common aldonolactone derivatives. Inanaga and co-woiessribed an easy
access to 2-deoxysugar lactones by Sprbmoted deacetoxylation of p&-acetyl aldonolactone
derivatives. Hanessian et @.employed Smy in THF for the 2,3-unsaturation of p@&-benzoyl
derivatives of aldonolactones. Similarly, we have observed thatsllyl derivatives of 2,3-di©-acyl-
D-ribonolactone reacted with SpTHF to give the corresponding butenoliddsSuch butenolides
could be readily hydrogenated to the corresponding 2,3-dideoxylactone derivatives, or they might even
undergo the Smtinduced reduction of analogous -unsaturated carbonyl compourf@sThis reaction
takes place in the presencetdfutanol-N,N-dimethylacetamic® or just hexamethylphosphoramide.
In order to apply these procedures to the synthesks @f3-di-O-benzoyl-50-tert-butyldiphenylsilyl-
4-thio-L-lyxono-1,4-lactone4) was prepared (Scheme 1). TreatmenRefith 1.1 molar equivalent of
t-butylchlorodiphenylsilane in DMF, and in the presence of imidazole, selectively afforded®ksiljH
derivative3in 77% yield. Conventional benzoylation 8igave the dibenzoate which was treated with
a freshly prepared solution of Sgin THF,?8 under a variety of conditions. The crude products were
monitored by’H NMR, and it was observed that the 4-thiobutenolide was accompanied by variable
proportions of the dideoxythiolacto®eWhen the reaction was performed in the presendéatanol as
proton source, no thiobutenolide was formed and compd&unds isolated by column chromatography
in 53% yield.

o
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Scheme 1. (a) BRhSICI (1.1 molar equiv.), €H4N,, DMF; (b) PhCOCI (BzCl), GHsN; (c) 0.1 M Smj (3 molar equiv.),
THF, 0°C, 5 min; 0.1 M Smyl (2 molar equiv.), THF, BYDH (2.5 molar equiv.), @ 25°C, 2 h
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A more direct, and higher yielding, sequence for the synthesis of the 4-thiolactone was attempted,
employing, in this casa,-glutamic acid ) as chiral template (Scheme 2). Nitrous acid deamination of
6 afforded the (&)-(+)-4-carboxy-1,4-butyrolactone, which was reduced with borane in THF to7gi¥e
Tosylation of the free HO group d&f with tosyl chloride in dry chloroform containing about 2 molar
equivalents of pyridin® gave the tosylat8 (83% yield from7). On treatment with sodium methoxide in
methanol, compoun8underwent opening of the lactone ring by methanolysis, followed by nucleophilic
attack of the resulting C-4 alkoxide to C-5, with displacement of the tosylate, affording the oSirgine
formation of the oxirane ring was evidenced by the spectral dagalt$ 13C NMR spectrum showed a
strong upfield shifting (> 20 ppm) for the signals of C-4 and C-5, which are now incorporated within the
three-membered oxirane ring, relative to the same signalsRéaction o with thiourea in methanol
produced the replacement of the ring oxygen atom by sulfur, to give 83% vyield of the thiirane having
inverted configuration at C-4. THEC NMR spectrum ofL0 showed that the signals of the carbons
involved in the thiirane ring (C-4 and C-5) underwent a further upfield displacem&t gpm).

NH, H

o) ols
b ;
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Scheme 2. (a) TsClI (1.5 molar equiv.xHzN (2 molar equiv.), CHGJ, 0°C, 12 h (83%); (b) NaOMe, MeOH, 25°C, 50 min;
(c) (NH).CS (2 molar equiv.), MeOH, 25°C, 72 h; (d) KOAc (10 molar equiv.), 1:1 DMF:AcOH, reflux temp, 18 h; (e) 2:1
THF:6% aq. HCI, 35°C, 16 h (92%); (f) BRhSiCl (1.1 molar equiv.), €HsN,, DMF (90%)

In order to promote the thiolactonization, compout@® was dissolved in a mixture of KOAc in
AcOH DMF, and heated at the reflux temperature. Under these conditions, opening of the thiirane
ring took place by regioselective nucleophilic attack of the acetate ion to C-5, with simultaneous
thiolactonization, to givd.1in 65% yield. Removal of the acetyl group df by acid hydrolysis afforded
the free (4R)-4-hydroxymethyl-4-thiobutyrolactonel) in 92% yield. The'3C NMR spectrum oft2
showed the signal characteristic of a thiolactone carbonyl at 208.7 ppm, which was strongly shifted
downfield with respect to that of the lactone carbony¥o€onversely, the C-4 resonancel&showed
an intense upfield shifting relative to the same signdl.iBilylation of 12 was performed as described
for 2, affording compound, which showed the same spectral and physical properties as the product
previously synthesized frorh

In summary, we describe herein two alternative routes for the enantiospecific synthed§-4f (4
hydroxymethyl-4-thiobutyro-1,4-lacton&Z) and derivatives. The sequence that starts fregiutamic
acid (6) was simple, direct and efficient, 42 was obtained in about 40% yield fro& Furthermore,
the enantiomer af2, which possesses opposite configuration at C-4, could be prepared similarly starting
from 4-thioD-ribono-1,4-lacton®® or from b-glutamic acid.
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3. Experimental
3.1. General methods

Solvents were dried and purified by appropriate standard procedures. Melting points were determined
with a Fisher—Johns apparatus and are uncorrected. Analytical thin layer chromatography (TLC) was
performed on 0.2 mm silica gel 604z (Merck) aluminum supported plates. Detection was effected
by exposure to UV light or charring with 10%,80, (v/v) in EtOH. Column chromatography was
performed with silica gel 60 (230-400 mesh, Merck). Optical rotations were measured with a Per-
kin—Elmer 343 polarimeter at 25°C. Nuclear magnetic resonance (NMR) were recorded on a Bruker
AC 200 spectrometeftd at 200 MHz,*3C at 50 MHz) in CDC} with TMS as an internal standard.

3.2. 50-tert-Butyldiphenylsilyl-4-thio--lyxono-1,4-lactone3)

To a solution of compoun@!® (113 mg, 0.69 mmol) in anhydrous DMF (0.5 mL), imidazole (102
mg, 1.48 mmol) andert-butylchlorodiphenylsilane (0.20 mL, 0.76 mmol) were added. The mixture was
stirred at room temperature for 5 h and then poured into water and extracted wi@i.CHhe extract
was dried (MgS@®) and concentrated to a syrup, which was chromatographed with 4:1 hexane:EtOAc.
Fractions containing the product Bf 0.90 (EtOAc) were concentrated to afford compo3@1@14 mg,
77%);[ o= 54 (1.1, CHCE); 'HNMR 7.70-7.32 (m, 10H), 4.53 (dd, 1H4.0, 3.0 Hz), 4.32 (d,
1H, J=4.0 Hz), 4.2-3.9 (m, 3H), 1.03 (s, 9HPC NMR 204.8, 135.5, 132.7, 130.0, 127.8, 80.9, 78.3,
62.9, 49.7, 26.9, 19.4. Anal. calcd fop{Elo604SSi: C, 62.65; H, 6.51. Found: C, 62.52; H, 6.50.

3.3. 2,3-DiO-benzoyl-50-tertbutyldiphenylsilyl-4-thio--lyxono-1,4-lactone4)

A solution of3 (78 mg, 0.194 mmol) in anhydrous pyridine (0.8 mL), cooled at 0°C, was stirred with
benzoyl chloride (0.4 mL, 3.4 mmol) for 1 h, when TLC indicated complete transformati@nrib
a less polar produci 0.20, 15:1 hexane:EtOAc). The mixture was poured into ice-water and stirred
for an additional 12 h. It was then extracted with £Hb, and successively washed with 5% HCh®{
saturated aqueous NaH@Gand water. The organic extract was dried (Mg¥énd concentrated to a
syrup, which was chromatographed with 30:1 hexane:EtOAc, to afford compb(82Img, 78%);'H
NMR 7.93-7.10 (m, 20H), 6.22 (dd, 1H+3.4, 4.0 Hz), 5.94 (d, 1HJ=4.0 Hz), 4.37 (dt, 1HJ)=3.4,
7.5 Hz), 4.07 (dd, 1H)=10.2, 7.5 Hz), 3.88 (dd, 1H=7.5, 10.2 Hz), 0.98 (s, 9H}3C NMR 197.3,
165.1, 164.9, 135.6, 135.4, 130.1, 130.0, 128.7, 128.0, 127.8, 78.3, 69.5, 62.3, 47.8, 26.7, 19.1.

3.4. (R)-4-(tert-Butyldiphenylsilyloxymethyl)-4-thiobutyro-1,4-lacto® ((5R)-dihydro-5-tert-butyl-
diphenylsilyloxymethyl)-23)-thiophenone)

To a solution o#4 (65 mg, 0.11 mmol) in recently distilled, dry THF (0.5 mL) cooled at 0°C was added
under Ar a freshly preparé®0.1 M solution of Smd in THF (3.3 mL, 0.33 mmol). The solution changes
immediately from the deep blue color to yellow, aroutanol (0.021 mL, 0.22 mmol) and an additional
amount of 0.1 M Smlin THF (2.8 mL, 0.28 mmol) were added. The mixture was allowed to reach room
temperature, and after 2 h of stirring it was diluted with£CHy and washed with 5% HCI, $0, saturated
agueous NaHC® and HO. The organic layer was dried (Mgg@0and concentrated. The residue was
purified by column chromatography with 30:1 hexane:EtOAc, to §iy20 mg, 53%); [ ]o= 49.6
0.5; CHCB); 'H NMR  7.67-7.36 (m, 10H), 4.03 (m, 1H, 6.3 Hz), 3.83 (d, 2H,J 6.0 Hz), 2.53
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(m, 2H), 2.29 (dg, 1HJ 7.0, 13.0 Hz), 2.08 (dqg, 1H, 6.5, 13.0 Hz), 1.06 (s, 9H}3C NMR 207.0,
135.6, 130.0, 127.9, 127.8, 66.6, 51.9, 40.8, 27.5, 26.8, 19.3. Anal. calcdtasdD-SiS: C, 68.06; H,
7.07. Found: C, 68.25; H, 7.34.

3.5. (49)-(+)-4-Hydroxymethyl-1,4-butyrolacton&)(((5S)-dihydro-5-(hydroxymethyl)-2-£8)-
furanone)

It was prepared fromL-glutamic acid €) via (49-(+)-4-carboxy-1,4-butyrolactone as already
described?

3.6. (45)-(+)-4-(p-Tolylsulfonyloxymethyl)-1,4-butyrolactor® ((5S)-(+)-dihydro-5-(p-tolyl-
sulfonyloxymethyl)-23)-furanone)

To a solution of7 (1.38 g, 11.9 mmol) in dry CHGI(12 mL), cooled at 0°C, pyridine (1.9 mL, 24.5
mmol) and tosyl chloride (3.43 g, 18 mmol) were added. After 12 h of stirring at 0°C, water (10 mL) was
added dropwise, and the stirring was maintained for 0.5 h. The mixture was diluted wiBlCkhd
it was successively washed with 0.5 N HCI, water, saturated aqueous Nald@®water. The organic
extract was dried (MgS%) and concentrated to give a crystalline residue. Compdu(ig 0.44, 2:1
toluene:EtOAc) was recrystallized from EtOH (2.68 g, 83%); mp 85-86°(x$+46.2 € 1.0, CHCB});
lit.2® mp 85-87°C; [ |p=+47.

3.7. Methyl (&)-4,5-epoxipentanoatd®)

Compound (603 mg, 2.2 mmol) was added to a solution prepared by dissolving sodium (54 mg, 2.3
mmol) in anhydrous methanol (8.5 mL). The mixture was stirred at room temperature for 50 min, when
a single spot, faster migrating th&n(Rr 0.67, 2:1 toluene:EtOAc), was detected by TLC. Evaporation
of the solvent afforded a residue which was extracted with @} The extract was concentrated and
the resulting syrup dissolved in hexane and filtered. Upon evaporation of the solvent, corSpeasd
obtained as a chromatographically homogeneous oil (228 mg, 79%»)=[ 18 (c 1.1, CHCE); lit.3?

[ Jo= 17.9;88CNMR 173.2,51.6,51.1, 46.9, 30.1, 27.5.

3.8. Methyl (R)-4,5-epithiopentanoatel Q)

To a solution o® (0.37 g, 2.8 mmol) in dry methanol (44 mL) was added thiourea (0.47 g, 5.5 mmol).
The resulting solution was stirred at room temperature for 72 h, when TLC showed a single €§pd8(
2:1 toluene:EtOAC) less polar than the starth&vaporation of the solvent afforded a residue which was
extracted with ether. The extract was concentrated and the resulting syrup was dissolved in hexane and
filtered. Concentration of the solution gave chromatographically homogeneous, oily coniib{ha4
g, 83%); [ ]o=+83 (c 1.1, CHC}); *H NMR  3.69 (s, 3H), 2.95 (dddd, 1H=5.1, 5.5, 6.1, 8.0 Hz),
2.53(t, 2H,J 7.2 Hz), 2.51 (dd, 1HJ=1.2, 6.1 Hz), 2.30 (dddd, 1H=5.1, 7.2, 8.0, 14.0 Hz), 2.19 (dd,
1H, J=1.2, 5.6 Hz), 1.65 (ddt, 1HI=7.2, 8.0, 14.0 Hz)!3C NMR 173.1, 51.5, 34.7, 33.3, 31.5, 25.7.
Anal. calcd for GH100-S: C, 49.29; H, 6.89. Found: C, 48.92; H, 6.51.
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3.9. (R)-Acetoxymethyl-4-thiobutyro-1,4-lactorEl ((5R)-dihydro-5-(acetoxymethyl)-2B-thio-
phenone)

Compound10 (0.21 g, 1.39 mmol) was dissolved in a mixture of DMF (7 mL), AcOH (7 mL), and
KOAc (1.4 g, 14.4 mmol) and heated to the reflux temperature, under nitrogen. After 18 h the reaction
mixture showed by TLC a main spd®(0.48, 2:1 toluene:EtOAc); it was diluted with G&l, (60 mL)
and successively washed with water, saturated agueous NgH®@@ water. The organic extract was
dried (MgSQ) and concentrated to a syrup, which was chromatographed using 20:1 hexane:EtOAc.
From the column unreacted startih (50 mg) was recovered, and the fractions containing the product
of R 0.48 were pooled and concentrated to afford the thiolactdr(8.12 g, 65% yield based on reacted
10). It had [ Jp= 87 (c 1.0, CHC}); *H NMR  4.37 (dd, 1HJ=6.3, 11.1 Hz), 4.22 (dd, 1HI=6.6,

11.1 Hz), 4.11 (tdd, 1H)=6.3, 6.6, 7.0 Hz), 2.71 (dq, 1H) 7.5, 17.0 Hz), 2.55 (dg, 1H, 7.5, 17.0
Hz), 2.38 (dq, 1HJ 7.0, 13.0 Hz), 2.10 (s, 3H), 2.06 (dg, 18, 7.0, 13.0 Hz);3C NMR  207.0,
170.5, 66.3, 48.1, 40.6, 27.9, 20.7. Anal. calcd foHgO3S: C, 48.26; H, 5.78. Found: C, 48.26; H,
6.02.

3.10. (R)-Hydroxymethyl-4-thiobutyro-1,4-lacton&?) ((5R)-dihydro-5-(hydroxymethyl)-2EB)-thio-
phenone) and itgert-butyldiphenylsilyloxy derivative

Compoundll (115 mg, 0.69 mmol) was dissolved in a mixture of THF (5 mL) and 6% aqueous HCI
(2.5 mL), and the resulting solution was stirred at 35°C for 16 h. The reaction mixture, which showed by
TLC a main spot havingy 0.66 (EtOAc), was concentrated and the resulting syrup was purified through
a short column of silica gel with 2:1 hexane:EtOAc. Evaporation of the solvent led to the free thiolactone
12 (80 mg, 92%): [ Jo= 106 (¢ 1.1, CHCk); 'H NMR  4.04 (dq, 1HJ=5.3, 7.0 Hz), 3.78 (dd, 1H,
J=5.3, 12.5 Hz), 3.66 (dd, 1H=7.0, 12.5 Hz), 2.88 (bs, 1H, OH), 2.61 (dq, 1H,7.0, 17.6 Hz), 2.57
(dg, 1H,J 7.5, 17.6 Hz), 2.28 (dq, 1H] 7.5, 12.5 Hz), 1.97 (dg, 1Hl 7.5, 12.5 Hz);13C NMR
208.7,65.3,52.1,41.1, 27.4. Anal. calcd fofHgO4S: C, 36.58; H, 4.91; S, 19.53. Found: C, 36.71; H,
4.71; S, 19.49.

Silylation of 12 (127 mg, 0.96 mmol) withtert-butylchlorodiphenylsilane (293 mg, 106 mmol) in
anhydrous DMF (2 mL), and in the presence of imidazole (147 mg, 2.1 mmol), was performed as
described fo2. After column chromatography with 40:1 hexane:EtOAc, syrupy comp&ui@21 mg,

90%) was obtained; [[p= 48.2 € 0.9, CHCS). It showed the same spectral properties as the prdgduct
obtained frong.
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