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SYNTHESIS OF THE (4S,5R)-S-HYDROXY-DECAN-4-OLIDE <(L-FACTOR)
AND OF THE (R)>-DECAN-4-OLIDE FROM A CHIRAL SULPHOXIDE

Plerfrancesco Bravo, Giuseppe Resnati, Florenza Viani, Alberto Arnone
CNR-Centro Studio Sostanze Organiche Naturali, Dipartimento di Chimlca,
Pollitecnico, Plazza Leonardo da Vinci 32, 1-20133 Milano, Italy.

Abstract - The condensatlon of optically pure (+)-R-n-hexyl 4-methylphenyl sulphoxide (2)
on the succinic diester (8) produced the 4-oxo-S-sulphinyl decanoate 10 which was
selectively reduced to the corresponding 4-hydroxy-5-sulphinyl decanoates ji. Starting from

the (45,58,Rg) pure alcohol 1. a flve-step seguence produced the
(4S5,5R)-5-hydroxy~decan-4-olide (17> (L-Factor) and a three-step sequence gave the

(R)-decan-4-olide (22>. In both cases final natural products were obtained in good overall
yields and in optical pure form.

(Received in UK 31 July 1987)

Structurally simple butanolldes are widespread naturally occurring substances, they are often
found in flavour, aroma components,! and in sex pheromones.?2 The biological activity of those
products is strictly dipendent on the absolute conflguration of the carbon atom on which the
lactone 1s closed3 and for that reason growing interest is being devoted to their asymmetric
gynthesis. Moreover, the S-hydroxy-alkyl butanolides are usefull chiral bullding blocks4 and
particularly the (->-(R)-4-hydroxymethy! butyrolactone has been extensively employed and various
efficlent protocols have been settled for Introducing carbon chains and functional groups in its
framework .

Recently we also have been Involved in the synthesis of enantiomerically pure vy-lactones by
following the strategy of the chiral auxiliary group which, In our case, was the sulphinyl
residue, v-Lactones i have been obtalned® through the condensation of the (+)-(R)-3-sulphinyl
proplonic acid (2) on carbonyl compounds 3 and a-methylene butyrolactones 4 were prepared7
through the alkylatlon of the (+)-(R)-alkyl sulphoxides § with 2-(bromomethyldacrylic acid (§)
(Scheme 1). In both cases the four carbon backbone of the lactone ring was assembled by joining
a three carbon unit with a one carbon fragment and the key step was the C3 - C4 bond forming
reactlion between two precursors having opposite donor and acceptor sltes.(a)

Here we describe a new synthesis of naturally occurring ¢-hydroxy butanolides of type 7. In
this case the carbon backbone was assembled through a C - U bond formation between an
a-sulphinyl carbanlon and a carboxylic ester, and the two chlral carbon centers were obtalned
through the transfer of chirality from the enantiomecically pure sulphinyl group to the two
cont iquous carbon atoms. The same approach aliowed to obtalned also y-lactone of type { by
sacrifycing one of the two formed chira)l centers. The (+)-(45,5R)>-4,5-dihydroxy decanoic acid
y-lactone, the so called "L-factor" which has been Isolated from Streptomices Griseus cultures?
and for which the autoregolatory activity for antracycline antibiotics biosynthesis has been
initially claimed and aftervwards discarded, and the (4)-(R)-4-hydroxy decanolc acid lactone, an

allomone in the anal exudate of the thrips Bagnalliella Xm_c_agm have been synthetized in
enantiomerically pure form.

(@) In the first case "d3* and *al® synt.hons,8 the homoenolate dlanion from 2 and the carbonyl
3 were condensed, while In the second case an "a”* and a aglx synthons, the electrophylic site §
to the carboxyllc acid and the anlon a-to the gulphoxide respectively, were combined.
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(+)-R-n-Hexyi 4-methylphenyl suphoxide 2 was prepared In optically pure form by a modified
Andersen procedure“ from n-hexyl! magnesium 1iodide and (-)-C(iR,2S,5R)-menthyl
(5)-4-methyiphenylsulphinate. The |lthium derivative of that sulphoxide, formed with 1ithium
diisopropyl amide (LDA) In tetrahydrofuran (THF) solutlion, was reacted with t-buty! methyl
succinate 8 to give, through a regloselective attack on the less hindered ester group, the
(Rs)-t—butyl 4-oxo0-5-(4-methylphenyl)sulphiny! decancate (]10) in 88 % chemical yields and as an
about 6:4 mixture of the two diastereolsomers at the carbon atom. Although in other cases we
succeded In lsolating optically pure compounds from dlasterecisomeric mixtures of
a-substituted-g-keto sulphoxides,!2 no attempt was made 1in that case, and the two
dlastereoisomers were submitted to the reductive process as crude mixture obtained from the work
up of the condensatlon.

The asymmetric reduction of the prochiral carbonyl group of keto-esters has been  studled
extensively because it is the key step for the faclle synthesis of optically actlve lactones. On
the other hand, while high and predictable diastereoselection can be obtained when reducling
ungubstituted- or y-substlituted- 8 -keto sulphoxides,13:14 jower diastereoselection, generally
due to the chirality and to the chemical nature of the substituent, has been reported to occur
In the reduction of a-substltuted- g -keto sulphoxides.!S 1n both cases the nature of the
hydride species and of the solvent used as well as the presence of chelating metal salts do have
a great influence on the dlastereoselection of the process. The reduction of the carbonyl group
of the pg-keto sulphoxide 10 was therefore performed with different hydride specles, in protlc
and aprotic medium and with or without chelating metals In order to force the reaction to
proceed towards the desired diastereoisomer. A few results are summarized In Scheme 2. When
di-isobutyl aluminium hydride (DIBAH) was employed in THF at -78° C both diastecreoisomeric
ketones were reduced with moderate to hlgh diastereoselectlon (chemical yields 79 %, d.e. 40:1
for (SR,RS>-1_Q in favour of the (4S,5R,Rs)-secondary alcohol 11 and 4:1 for (SS.RS)-m in favour
of (45,55,Rg)-11). The preference for the entrance of the hydride from the re face of the
carbonyl, accounting for the stercochemical results, is the one generally observed in the
unchelated reduction of g -keto sulphoxldes.w'“ This preference is changed and |ower
dlastereoselection 1s obtalned, when the substrates were allowed to chelate with coordinating
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metals (2nCly or CdCly) at room temperature, and afterwards were reduced with DIBAH at -78° C
(d.e. 1:1.6 for (55,Rg>-10 and 7:1 for (5R,Rg)-10>. By employlng sodium borohydride in methanol
in the presence of aqueous ammonia the preva'lllng products (87 % of the mixture) have now the
same (S) absolute configuration at the sulphinyl substituted carbon and opposite configuration
at the carbon of the secondary alcohol. That Implies that under the basic and protic conditions
used, the two (55,Rg)-10 and (5R,Rg>-10 isomeric ketones do equilibrate very rapldly10 and that
the former stereolsomer 13 reduced at a much faster rate then the latter one, but the hydride
transfer occurs now at both faces of the ketone with comparable rates.

Anyway, since all obtalned compounds posses the optically pure aux!llary sulphinyl group, they
can be easily lIsolated from the crude mixture In pure form by flash chromatography and
crystallization. All the four diastereolsomerlc t-butyl 4-hydroxy-5-(4-methylphenyl) sulphinyl
decanoates (1]) were In fact obtalned In pure form so that all four possible dlastereolsomeric-
d-hydroxy- y -lactones should be acceslble.

(45,558,Rg)-t-Butyl  4-hydroxy-5-(4-methylphenyl)sulphiny! decanoate (11), obtained as a
crystalline compound in 38 ¥ ylelds by reducing the p-keto sulphoxides 10 with DIBAH in THF, was
treated with benzy) bromide In dimethylformamide (DMF) in the presence of sodium hydride and the
benzyl-protected hydroxy sulphoxide 12 was isolated in 85 % yields (Scheme 3).

In same preliminary experiments, the diethyl succinate (8’) was employed as starting material
instead of the mixed ester (8). Condensation with the sulphoxide 9 followed by reduction with
DIBAH produced 4-hydroxy-S5-sulphinyl decanoic acids ethyl esters (117). However, when the
benzylation of the hydroxyl group of these ethy! esters (]1’/) was attempted, an intramolecular
transesterification by action of the secondary alcohol on the ethyl ester prevalled and brought
exclusively to the 4-hydroxy-5-(4-methylphenyl)sulphinyl-decan-4-olide ¢(18) (see Exper!mental).
Deoxygenation of the sulphoxlide group of 12 by sodium iodide and trifluoroacetic anhydridel® in
acetone at -40° C gave the (45,58)-t-buthyl 4-benzyloxy-5-(4-methylphenyl)thio decanoate ({3) In
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Scheme 3

(4S,5R)-17

71 % overall ylelds from 11.‘®) The corresponding (4S,5S)-4-benzyloxy-5-(4-methylpheny!)thio
decanoic acids {4 formed in 89 % yields by heating the t-butyl ester 13 in acetlc acid/ water/
dioxane solution.¢c’ Finally, the (4S,5R)>-4-benzyloxy-5-hydroxy-decanoic acid lactone (16) was
obtalned in 84 % yield through a two steps sequence. The tolylthio group of (45,55)-14 was
methylated regioselectively with trimethyloxonjum tetrafluoroborate in
dichioromethane/nitromethane at room temperature. The solvent was ellminated under vacuum and
substituted by anhydrous dimethylformamide; afterwards the carboxylate anion was generated by
adding potassium t-butoxide at low temperature (-40° C>. A clean Intramolecular attack of the
carboxylate anion on the sulphonium group occurred and a single diastereolsomerically pure
d-lactone, the (4S,5R)-4-benzyloxy-5-hydroxy-decanoic acid lactone (16> formed through an 5y2
mechanism. Complete malntenance of the chirallty at the carbon center (by invertion) has already
been observed in the formation of r-lactones! The invertion of chirality Is assumed to take
place simllarly to what has been already proved in intermolecular reactions for sulphur and
nitrogen nucleophiles and commonly accepted for oxygen nucleophyles in intramolecular processes.
That o-lactone 16 has been already prepared from 3,4,6-trl-0-acetyl-D-glucal and transformed
into the corresponding (4S,5R)>-r-lactone 17, the naturally occurring "L factor®, in 93 % yields,
through nickel-Raney promoted debenzylation followed by a spontaneous ring restriction.19

The synthetlc -sequence above described and reported on Scheme 3 was repeated by using as
starting material the (4R,SS,RS)-t—buty) 4-hydroxy-5-(4-methylphenyl)sulphlnyl decanoate i,

{b) The same (45,55)-13 was obtalned, although in lower chemical yields, also by inverting the
order of these two reactions. On deoxygenating the free 4-hydroxy-t-butyl ester 11, the
(48,55)-t-butyl 4-hydroxy-5-(4-methyiphenyl) thio decanocate (19> formed in 70 % ylelds and
benzylation of the crude product under standard conditions gave 13 in 26 % overall yields. This
route didn’ t work well also when the 4-hydroxy-5-sulphinyl decancic acids ethyl esters (117)
were employed (see Experimental).

(¢) when trifluoroacetic acld under several reaction condltlons was employed, only the
(45,55)-5~(4-methylphenyl)thio decan-4-olide (21) was lIsolated.
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(4R,5S,Rg)- 1 (4R, 5R)-17

obtained in 34 % yields from 4-oxo-5-sulphiny] decanoates 10 by NaBH4 reduction in methano! and
aqueous ammonlia. The diastereoisomeric (+)-(4R,5R)-4-benzyloxy-decan-5-olide (]16), which upon

treatment with nickel-Raney should give the (4R,5R)-L-factor-i7, was obtained in $S2 % overall
vields.

The (4R,5S)-L-factor and its (45,5S8) eplimer, the two remalning diastereoisomers of this natural
product, could be obtained from the (4R,5R,Rg)-hydroxy-sulphinyl decanoate 12 and from the
(45,5R,Rg)-isomer respectively, by applying the sequence of reactions reported in the Scheme 3.
Simllacly, the synthetic approach described by Morl,20 which emploies the Sharpless epoxjdation
as a key step, allowed to obtaln all the four dlastereoisomers of L-factor, while the synthesis
of Pougnv19 and that of WIghtman,21 which start from carbohydrate precursors, allowed to obtain
only two lsomers of this natural S5-hydroxy-butanolide. The overall chemical yields of the latter
of these approaches starting from the chiral pool are however the highest.

Svnthesgis of r-Decanolactope 22

The deoxygenation of the sulphinyl residue and the hydrolysis of the t-butyl ester moiety wece
accompl i shed in segquence starting from the (4S,58,Rg)-t-buty] 4-hydroxy-
5-(4-methylphenyl)sulphinyl-t-buty! decanoate 1} in the same conditions already descrlbed for
syntheslizing the *“L-factor" from the benzyloxy t-butyl! decanoates 12. The
4-hydroxy-5-(4-methylphenyl)>thio decanoic acid 20 thus obtained spontaneously cycllzed, already
In the reaction medium, to the corresponding 4-hydroxy-5-(4-methylphenyl)thio decan-4-olide (21)
(Scheme 4>. Desulphurization with nlckel-Raney in aqueous ethanol afforded the
(4)-(R)-4-decanolactone (22>, which was obtained in 38 % isolated global yields from 1].
The enantiomeric (-)-(S)-4-decanolactone 22 was obtalned in comparable overall yields when the
same three step procedure was applied on the dlastereoisomer (4R,58,Rg>-11. As the two t-butyl
4-hydroxy-5-sulphinyl decancates 11 having the (4S) absolute configuratlon were isolated in 70 %
ylelds when the epimeric mixture of t-butyl 4-oxo-5-sulphlny] decanoates |0 was reduced with
DIBAH in THF, the sequence of reactions reported in Schemes 2 and 4 should give the

Scheme 4
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(+)-(R)-allomone 22 in approximate 35 % overall yields starting from the simple (+)-(R)-n-hexy]
sulphoxide 9.

The (R) absolute configuration was assigned to the dextrorotatory decan-4-olide (22> from the
optical rotations of a great deal of simllar butanolides.®+22 Furthermore, a detailed analyses
of !H and 13¢c NMR spectra of diastereoisomeric decan-5-olides 16 allowed to establish the
relative stereochemistries at the two chiral carbon atoms. The chemical correlations described
above permitted thus to assign the absolute conflgurations at C-4 and at C-5 to the four
dlastereoisomeric 4-hydroxy-5-sulphiny! decanoates 11 and to all thelr transformation products
12-21. Eventually, these assignments were 1in agreement with the synthesis of
(4S,5R)-decan-5-ollde 1§ reallzed startlng from the chiral pool.19

Conflauratlon and Conformation of (4R.SR)- ¢ -lactone 16 and of its (45.9R) diastereolsomer.

The !H NMR spectra of (4R,5R)- 4 -lactone 16 (cis isomer) and of (4S,5R)-16 (trans isomer) in
CDCl4 were similar (Table 1). For the ¢-lactone protons each epimer exibited an ABMNXY pattern.
The AB portion was asslgned to Hy-2 since they presented a geminal coupling of 17.9 and 17.2
Hz,23 the MN portion to Hy-2 ¢2J = 14.3 and 14.0 Hz) and the XY portion to H-4 and K-5 (33, g =
2.2 and 5.6 Hz), since they were vicinally coupled to H2-3 and H2-6. respectively. The 13¢ NMR
data (Table 1) were also In agreement with the proposed structures. In particular the presence
of a ¢-lactone ring was inferred from the chemical shift values of the C-1 carbonyl carbon atom
¢ 170.95 and 171.50).23 The spectroscopic problem which faced us was to distinguish between the
cis-trans epimers which 1s not easy in view of the conformatlon lability of the ¢4-lactone
system. Indeed, this ring |s reported24 to exist in solution either in a half-chalr or in a boat
conformation or in a rapidly equilibrating mixture of the two, the planarity of the C-0-C(=0)C
part of the ring being explained by resonance.25 Thus In order to substantiate the deduction
made from coupling costant analysis (see later), NOE dlfference experlments were performed ln
CDCl3 and in acetone-dg, since these usually provide unablguous confligurational information
(Table 2). For the (45,5R)-16-trans isomer irradlation of H-5, -assumed as g, enhanced, among
others, H-2 (2 %) and H-3 (0.5 %), Irradiatlion of H-4 enhanced H-2 (0.5 %) and Iirradiation
of Hy-6 enhanced H-3 €0.5 %). These results not only permitted to distingulsh between the
geminal C-2 and C-3 protons but also indicate that H-4 and H-5 are trans disposed. For the
(4R,5R)-16-clis isomer Irradiation of H-5 enhanced, among others, H-2 (0.5 %) and H-3 (3.5 %)
while irradlation of 4-OCH, protons enhanced H-3 (1 %). H-5  and 4-0CH, protons are therefore
trans dlsposed and, as a consequence, H-4 and H-5 are cis orientated. There has been
considerable interest in the conformational properties of valerolactone derivatives since it

H
OCH,Ph
{4R,5R)-17 H O H
Cls 0
H ) n-CH,,
H
A B

@S,5R)-17 \fla
TRANS 2
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Tahte l.-‘ll anh !3(_ IR Cheradeal shifte (Appad and conpling conatants for conpoumtin ('lll.'»l()-lﬁ (cin isvmer) and of (AS,9%R)- 16
{trans inomer).

Carbon  (4R,%5R)-16 (45,50 -16 rrovon  CReSRI-IC (4s,50)-16 1) (an,?n-g (4s,50)-16
atom {cis) {trans) {cis) {trans) {cis) {trans)
! 170.95 & 171.60 » Za 2.67¢2.50" z.48(2.40° 2,28 17.907.0%  v.aar.e®
2 25,45 ¢t 26.52 ¢t B 2.52(2.46) 2.73(2.65) 2a,30 7.2(7.0) 5.6¢6.2)
3 23.20 ¢ 23.07 ¢ 3o 2.23{2.2n0 2.05{2.13) 2a,38 11.010.0} 5.2(5.0)
& 10.01 ¢ 73.21 ¢ 3 1.89{2.06) 2.00(2.04) 23,4 ~D{~ 0) 0.64(0.4)
5 82.86 d 81.61 d 4 3.68(3.82) 3.55(3.67) 28,3a 3.5(4.4) 9.4¢9.7)
® 31.25 ¢ N 58 4.23(4.35) 4.31(4,32) 28,38 7.2(2.7) 1. 7.2)
? 24.83 ¢ 26.61 ¢ OCHa~&  4.67{4.72) 4.63(4.69) 28,4 0.6(0.4) 0.4{0.4)
8 1,63 ¢ 31,59 ¢ OCHb~4  4.45(4.49) 4.53€4.57) 3a,38 14.3(14.3) 14,0{14.0)
9 22.% t 22.53 ¢t H=6a 1.85(1.76) 1.69(1.72) Ja,4 4.1(3.8) 4.8(4.5)
1o 14.02 4 14.0l g -6 1.72001.72) 1.64(1.61) 3R,4 2.9(3.7) 5.2(5.3)
&=-OUH 10.63 ¢ 10.%0 ¢ llz—? 1.401.4) 1.5¢1.5) 3IR,5 ~0{~ 0} 0.6{0.7)
h 137,63 s« 137.56 8 112-8 1.3(1.3) 1.3(1.3%) 4,58 2.2(2.0) 5.6(5.5)

128.50 d 128.57 4 |l2—9 1.3(1.3) 1.301.3) 5.6a 7.8(8.1) 4.46(4.3)

127.96 d 128.03 4 ll}—lo 0,88(0.88) 0.89(0.88) 5,6b 5.9(6.1) 7.9(8.4)

127.75 @ 121,78 4 b 7.2-7.4(7.2-7.4) 7.3-2.4{7.3-7.5} ©6a,6b 13.6 N.a. 13.6 N.a.
“tatues in parentheses are chemical shifts and J in acetune-dé N.a.eNot assigned.

is believed that the biclogical activity of these compounds s related to the conformation of
the lactone ring.26 In our.case, the epimeric & -lactones |6-cls and 1§-trans can each assume
the half-chair (A and B> and the boat (C and D) conformations lilustrated in the Flg. or
possibly an equllibrium mixture of the four. Since no NOE was observed iIn both compounds
between C-2 and C-6 protons, the boat conformer C, which presents steric interactions between
the axial bowsprit H,-6 and the flagpole H-2 a, is highly Improbable and this conformer will not
be considered fucther. In the 16-cis ¢ ~lactone the observed 3.)2 ,3 (11.0 H2) and 3.]2 ,3 3.5
Hz) strongly suggested an approximately staggered arrangement around the C(2)-C(3) bond, while
the 3.]33'43(4-1 H2) .4 3333»43 (2.9 Hz) Indicated that the C(4)-H bond bisects the C-3
methylene system. This situation can be accomodated in the half-chair A, the NOE between the
1,3-cls diaxlally disposed H-38 , H-58 (3.5 %) being In agreement with this assignment. Moreover
the smalier value observed between the W-type equatoriaily disposed H-2§ , H-48 (4J = 0.6 HD)
with respect to reference data23:27 (4J = 1,5-2.5 Hz) suggested a deformation of the W-system
which can be explained if the ¢-lactone ring adopts a flattened half-chalr conformation in
which C(3) becomes closer to the plane of the lactone group. The lack of NOE between H-3¢ and
Ho-6 and the small NOE between H-2§ and H-58 (0.5 %) conflrmed that conformers B and D have
little weight, 1f any. The j16-trans lsomer exhibited coupling constants for the trans disposed
C-2 and C-3 protons which are Intermedlate with respect to those obsecved for the 1&-cis epimer,
thus indicating a less conformational homogenity. Although an evaluation of the relative
popolation of each conformer would require a knowledge of the coupling constants of the
Individual conformers, a qualitative description of the conformational state of this compounds
can be given 1f we select the values of 11-13 and 1-3 Hz to represent the limiting trans diaxial
and trans diequatorlal constants.23:26-28 Thyus the values of 9.4 and 5.2 Hz observed for H-2p ,
H-3e¢ and H-2¢ , H-38 indicate that these protons are mainly trans dlaxially and trans
diequatorialiy disposed as In conformers B and D while the value of 5.6 Hz for H-d«a » H-5p
suggests that conformer B, in which these protons are trans diequatorially orlentated, is
slightly preferred., Additional evidence for the proposed assignment of the relative
conflguration and prefered conformation of cis and trans do-lactone 16 followed from NOE
experiments performed on a 1:1 mixture of the two eplmers. In fact the NOE observed between H-4
3,8-53 in the (4R,5R)-cis-4 ~lactone 16 was three times greater than that observed between the
corresponding H-4a , H—Sg protons (45,5R)-trans-4 ~lactone {6 this fact confirming that In the
cis compound these protons are spatially much closer than in the trans one.
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Experimental

1.R. spectra were taken on a Perkin-Eimer 137 Infracord Spectrophotometer, 14 and !3c N.M.R.
gpectra on a Bruker CPX-300 spectrometer using tetramethylsilane as Internal standard. NOE
difference spectra were obtained by subtracting alternatively right-off resonance-free induction
decays (f.l1.d.s.) from right-on resonance-induced f.l.d.s. NOE values reported In the test have
only quatlitative significance. 1420 values were obtained on a Jasco DIP-181 polarimeter. M.p.s
are uncorrected and were obtalneJDon a capillary apparatus; t.l.c. were run on sillca gel 60
F 54 Mecck precoated plates. Tetrahydrofuran (THF) and diethyl ether were freshly distilled from
I%thlum aluminlum hydride, and di-isopropylamine was distilied from calcium hydride and stored
over molecular gsieves (4 A). Dimethylformamide was stored over molecular sieves (4 A and 13 A).
In all other cases commercially available reagent grade solvents were employed without further
purification. A 2.6 M solution of n-butyllithium in hexanes (Aldrich) and a 1.0 M solution of
DIBAH in n-hexane (Fluka) were employed; trimethyloxonium fluoborate and menthyl! sulphinate
(Fluka) were used as received.

t-Butv]l methyl succipate ¢8)

In the teflon wvessel of an autoclave (Berghof, PTFE 250 ml)> liquld Isobutylene
(2-methyl-propene), cooled at -70° C (30 mi, 0.35 mol) was added under an argon atmosphere to a
solutlon of mono methyl succinate (25 g, 0.189 mol), then conc. sulphuric aclid (S ml)> in THF (85
ml) was dropped. The mixture was stirred for 5 min. at -20° C, then allowed to reach room
temperature under stirring overnight. The reaction was poured in a saturated aqueous solutlon of
NaHCOslNa2C03 (250 ml) and extracted with ether (3 x 100 ml)>. The organic layers were dried over
anhydrous sodium sulphate and the solvent was evaporated under reduced pressure to give 9.42 g
(26.5 % yield of pure t-buty! methyl succinate (8) as a yellow oll.

(+)-(R)-n-hexv1-p-tolvl-sulphoxide (9)

A solution of n-hexyl-iodide (44.3 ml, 0.3 mol) in anhydrous ether (100 ml) was added dropwise
to a stirred suspension of Mg, activated by addlng a crystal of lodlne (7.3 g, 0.3 mol) in the
same solvenpt (S0 m!). The solution was stirred for two additlonal hours, the ether was removed
under reduced pressure and benzene (600 ml) was added.

The benzene solution of the OGrignard reagent was cooled to 5-10° C and a solution of
(-)-(1R,2S,5R)-menthy1¢(S)-p-toluene-sulphinate (50 g, 0.15 mmol) was added dropwlise at that
temperature. The mixture was stirred at room temperature for additional 30 min., a saturated
aqueous solution of amnonium chloride (200 ml) was added while cooling with an ice-water bath
and the pH of the mixture was adjusted to 3 by adding 10 N hydrochloric acid. The mixture was
extracted with ether (3 x 300 ml)>; the combined organic layers were washed with a diluted
solution of NaHCO3 (2 x 50 mi), with water (50 ml) and dried over anhydrous sodium sulphate.
Solvent removal under reduced pressure gave a residue which, upon flash chromatography on slilica
gel (eluent: n-hexane/ethyl acetate 60:40), gave 23.5 o (70 % yield> of pure (+)-(R)-n-hexy]
p-tolyl sulphoxide (9) as a yellowish oll 1§ NMR (CDClgy>, 0:0.89 (3H, t, J 6.9 Hz, Hz-6),
1.2-1.7 (8H6 m, Hy-2,-3,-4,-5), 2.45 (3H, br s, Me arom.), 2.77 (2H, m, Hp1), 7.32 and 7.52 (4H,
m, Ph); {a[20 +175* (c = 1.0 in CHCIQ).

Condengation of (+)-CR)-n-hexy]-p-tolyl-gulphoxide ¢9) on methy]l t-buty] guccinate (8)

A solution of LDA (prepared from di-isopropyiamine (7.5 ml, 53 mmol) and n-butyllithium (21 ml],
53 mmol)) in THF (52 ml) was cooled under Argon at -78° C and treated dropwise with a solution
of (+#)-(R)-2 (10 g, 48 mmol) in THF (26 ml). Methy! t-butyl succinate (B> (9.94 g, 53 mmol) was
added at the same temperature to the yellow solution of the sSo formed a-sulphinyl anlon. After
the mixture had been stirred for 10 min. at -78° C, saturated agueous solution of ammonium
chloride was added (80 ml). The reaction mixture was extracted with ethyl acetate (3 x 200 ml),
the collected organic layers were dried over anhydrous sodium sulphate, and the solvent was
evaporated under reduced pressure, The residue was flash chromatographed (ethyl acetate/
n-hexane 16:40) on sillica gel to give 16.05 g (88 % yield) of a mixture (approximate ratio 55/
45) of the two epimers at C(5) of t-butyl S-(4-methylphenyl)sulphinyl-4-oxo-decanoate (1Q) as a
yellowish oll. (Found C 65.8, H B.7, C,1H350,S requires C 66.3, H 8.4>: vmax (film) 2930, 1710,
1730, 1050 cm!; lH NMR (CDClq), 0:0.85 (34, t, J 6.8 Hz, Hz-10), 1.0-2.0 (8H, m,
Hy-6,-7,-8,-9), 1.41 and 1.42 (93, s, t-Bu), 2.2-2.9 (4H, m, Hy-2 and -3), 2.41 (3H, br s, Me
arom.), 3.62 and 3.77 (iH, m, H-5), 7.3-7.5 (4H, m, Ph).

- - ) ! ’

The reaction was reallzed as described above for methyl t-butyl succinate and after the same
work up and flash chromatography (toluene/ethyl acetate 2:1) the ethyl
S-(4-methylphenyl)sulphinyl-4-oxo decanocate 10’ was isolated in 90 % yield as an oil and as a
mixture of the two epimers at the carbon atom. 14 NMR (CDClq) 4:0.88 (34, t, J 6.8 Hz,
Hg-lo), 1.0-2.0 (8H, m, Hy-6,-7,-8,-9), 1.23 (3H, t, J 7.0 Hz, 8
-3), 2.45 (3H, br s, Me arom.), 3.65 and 3.68 (iH, m, H-3),
OCHy)>, 7.2-7.6 (4H, m, Ph).

ﬂéCHz). 2.1-2.9 (44, m, Hy-2 and
4.10 and 4.12 (24, q, J 7.0 Hz,

A solutlon of the 4-oxo-5H-sulphinyl decancate 10 (mlxtu{c of the two epimers at C(5)) (5g, 13.2
mmol) in THF (40 ml) was cooled, under Argon, at -78 C and a solutlon of DIBAH in n-hexane
(19.7 ml, 19.7 mmol) was added dropwise. After the mixture had been stirred for 5 min. at the
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same temperature, a saturated aqueous solution of ammonium chloride was added (100 ml), then
the pH was adjusted to 7 with a dlluted solutlon of hydrochloric acld. The reaction mixture was
extracted with ethyl acetate (3 x 300 ml>, the collected organic phases were dried over
anhydrous scdium sulphate, and the solvent was evaporated under reduced pressure. Flash
chromatography of the residue on silica gel (eluent: n-hexane/ethyl acetate 7:3) allowed to
obtain in 79 % overall yield the four diastereoisomers of t-butyl
4-hydroxy-5-¢4-methylphenyldsulphinyl decanoate (11> as single pure compounds.
(+>-(45,5R,Rg)-11: 32 % yield; m.p. 70-71" C (from di-isopropy! ether): (Found C 66.1, H 8.7,
sz"ﬁ 045 requires C 65.9, H 8.9); Re 0.36 (n-hexane/ethyl acetate 7:3); la[o +160* (¢ 0.70
in CACl3): wvmax (nujol) 3280, 1730, 1010, 990 em™1; 1H HMR (CDCig), 0:0.90 <3H, t, J 7.0 Hz,
83—10>. 1.0-1.8 (6H, m, Bz—?. -8, -93, 1.36 (94, s, t-Bu), 1.45 and 1.83 (2H, m, 82-3), 1.87 and
1.99 <(2H, m, H2—6). 2.17 and 2.32 (24, m, H,-2), 2.30 (iH, ddd, J 9.3, 4.5 and 1.5 Hz, H-9),
2.43 (3H, br 3, Me arom.), 4.03 (1H, dddd, J .8é 3,6, 3.0 and 1.5 Hz, H-4), 4.16 (1H, dd, J 3.0
and 1.2 Hz, OH-4), 7.36 and 7.49 (4H, m, Ph>; 13C NMR (CDClgy), 0:13.99 (q), 21.42 (q), 22.43
(t), 23.50 (t), 27.40 (t), 28.01 (q), 29.71 (t), 31.60 (ty, 31.79 (t), 67.24 (d), 69.34 (D,
B80.25 (8), 124.863 (d), 130.00 (>, 13B.17 (s>, 141.67 (s), 172.62 (s). (#)-(4R,5R,Rq)-11: 0.7 %
yield; m.p. 68-69° C {(from n-pentane); (Found C 65.3, H 8.6, CZ‘H3404S requires C 65.9, H 8.9);
R¢ 0.32 (n-hexane/ethyl acetate 7:3) |20 4159* (c 0.9 1n CHCLy) v pay (nujold 3270, 1725,
990 cm™!; !H NMR (CDCig), 6:0.83 (34, t, J 6.9 Hz, Hy-10), 1.0-1.8 <8H, m, Hy-6, -7, -8, -9,
1.44 (9H, s, t-Buj, 1.80 and 1.95 (2H, m, Hy-3), 2.41 and 2.43 (2H, m, Hp-2), 2.42 (3H, br 3, Me
arom.Y, 2.76 (iH, ddd, J 7.8, 5.2 and 5.0 Hz, H-5), 4.12 (1H, dddd, J 10.0, 7.8, 3.1 and 2.7 Hz,
H-4), 4.70 (iH, dd, J 3.1 and 1.1 Hz, OHB-4), 7.33 and 7.59 (4H, m, PhJ}. (&)—(4R.SS.R9)»11: 8.9 %
yield; m.p. 88-89* C (from di-isopropy! ether); (Found C_65.1, H 9.1, C ,H3404§ requires C
65.9, H 8.9): Ry 0.31 (n-hexane/ethyl acetate 7:3); a9 +93°  <c 0.50 "in CHClg), v n4

(hujol> 3360, 1790, 1020, 1010 cm~1; IH NMR (CDCl.)  :0.74 (3, t, J 6.9 Hz, Hy-10). 0.9-1°8
8H, m, Hy-6, -7, -8, -9, 1.46 (9, s, t-Bu>, 1.85 and 1.96 (2H, m, Hx-3), 2.41 (3H, br 5, Me
arom.), 2.45 (2H, m, H,-2), 2.51 (iH, ddd, J 6.5, 5.5 and 2.5 Hz, H-5), 3.25 (iH, dd, J 3.3 and
0.8 Hz, OH-4>, 4.27 (?ﬁ, dddd, J 9.5, 3.3, 3.2 and 2.5 Hz, H-4>, 7.33 and 7.47 (4H, m, Ph).
(4>-(48,55,Rg>-11: 38 % yield, m.p. 98-99° C (from di-isopropyl ether); (Found C 65.8, H 9.2,
Cr1R34045 requires C 65.9, H 8.9); Ry 0.26 (n-hexane/ethy! acetate); |u|%9 +110* (c 0.55 In
Cﬁél )i ¥ pax (nudold 3400, 1720, 1030, 1015 el 14 NMR (CDCly>, 41:0.80 (3H, t, J 6.9 Hz,
H3-10), 1.0-1.7 (8B, m, Hy-6, -7, -B, -9, 1.44 (9H, s, t-Bu), 1.94 and 1.98 (2H, m, Hy-3), 2.43
(gﬂ, br s, Me arom.), 2.44 and 2.49 (24, m, H,-2), 2.65 (1H, ddd, J 7.0, 6.4 and §.7 Hz, H-5),
3.94 (1H, dddd, J 8.3, 6.4, 5.0 and 4.2 Hz, H-4), 4.2 (iH, dd, J 5.0 and 0.5 Hz, OH-4), 7.34
and 7.47 (4H, m, Ph).

Reduction of ethy! 4-oxo-5-sulphlinvl decanoate (107> (mixture of epimers) with DIBAH.

The reaction was realized as described above for the t-hutyl ester {0 and after a similar work
up and flash chromatography (n-hexanesethyl ether 1:2) the ethyl 4-hydroxy-5-(4-methylphenyl)
sulphiny! decanocates 11’ were isolated in 82 % global yield. The ratlo of the diastereoisomers
was nearly the same reported above. The reported relative stereochemistries were assigned by
comparing physlical and speciral properties of ethy! esters 11’ with those of t-butyl esters
11.¢4S% SR* , ReM)-ethy! 4-hydroxy-5-(4-methyiphenyl)sulphiny! decanoate: Ry 0.38; g NMR
(CDClgd, 40:0.95 (3H, t, J 7.0 Hz, Hy-10), 1.0-2.1 C10H, m, Hy-3,-6,-7,-8,-9), 1.23 (3H, t, J
7.0 Hz, CHy-CH,), 2.2-2.5 (3H, m, Hy-2 and H-5), 2.46 (3H, br s, Me arom.), 4.03 (24, q# J 7.0
Hz, OCH,>, 4.07 (iH, m, H-4), 4.10 (i{H, br, OH-4>, 7.36 and 7.51 (4H, m, Ph). (4R", ss*,
Rs*>~ethyi 4-hydroxy-5-(4-methyliphenyl)sulphinyl decanoate: R, 0.31; InMR (CDCigy), 4 :0.70 (3H,
t, J 6.9 Hz, Hy-10), 0.9-2.1 (I10H, m. Hy~3,-6,-7,-8,~9), 1.27-(3H, t, J 7.0 Hz, CHz-CHy), 2.43
(3H, br s, Me arom.), 2.4-2.7 (3H, m, Hy-2 and H-5), 3.35 (1H, br, OH-4>, 4.13 (24, q, J 7.0 Hz,
OCHp), 4.27 ¢1H, m, H-4), 7.31 and 7.50 (4H, m, Ph). (45, 55%,  Rg")-ethyl
4-hydroxy-5-(4-methylphenyl)sulphiny! decanoate: Rf 0.23;: 0 NMR (CDCl 4, d:0.76 (34, t, J
6.9, H3—10), 1.0-2.1 <108, m, H2—3,—6,-7,-8,—9), 1.25 (34, t, J 7.0 Hz, Cﬂ3—CH ), 2.44 434, br
s, Me arom.), 2.4-2.8 (3H, m, Hy-2 and H-5), 4.00 (1H, m, H-4>, 4.10 (iH, br, OB-4>, 4.20 (2H,
q, J 7.0 Hz, OCHp), 7.33 and 7.48 (4H, m, Ph).

Reductjon of t-butyl 4-oxo:-S-sulphinyl decenoate 10 (mixture of epymers) with DIBAH in_the
presence of CdCla or ZnCl,

To a solution of 10 (5.0 g, 13.2 mmol) in THF (40 mi) al room temperature and under Argon
atmosphere powdered CdClz (dried on CaCl,) €2.42 g, 13.2 mmol), was added and after stirring for
30 min., the suspension was cooled at ~78° C and a solution of DIBAH (19.7 ml, 19.7 mmol) was
dropped. After the described above work up, the residue (3.50 g) was flash chromatographed on
silica gel to give the four diastereoisomeric 4-hydroxy-5-sulphinyl decanocates j1{ in pure form
and in S50 % overall yield. (4>-(45,5R,Rgd-14: 20 % vield: C(+3-(4R,5R,RgX-14: 3 % vyield;
(+)-(4R,58,Rg>-11: 16.5 % yieid; (+)-(4S5,55,Rg3-11+ 10.5 % yield.

Reduction of t-butyl 4-oxQ-5-gulphlny) decancate 10 Cmixture of epimecy? with NaBH,

A solution of NaBH, (800 mg, 21.1 mmol) in CH OH/NHy ag (30 % solution) 9:1 (50 mi) was added
dropwise at room temperature to a solution of the suiphinyl ketone 10 (7.0 g, 19.2 mmol) in
CH30H/ NHy ag (30 % solution) 9:1 (50 m))>. After the mixture had been stirred for 10 min., t N
hydrochloric solution was added (to reach pH 7) and the solvents were evaporated off wunder
reduced pressure. The residue (9.0 g) was diluted with water and worked up as described above.
Fiash chromatography gave the four diastercoisomerjc t-butyi-4-~hydroxy-5-sulphinyl decanoates i
in pure form and in 68 % overall yield. (+)-(45,5R,Rg)~11: 1.8 % yield: (+)-(4R,5R,Rg)-11: 7.4 %
yield: (+#)-(4R,85,Rg)-[1: 34 X yield: (4)-(45,58,Rq)-11:25 % yield.
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A solution of (+)-(4R,5S5,Rg)-4-hydroxy decancate 1] ¢2.50 mmol) in DMF (6 ml) was dropped Into a
suspension of benzy! bromide ¢(25.0 mmol) and oll free sodium hydride ¢5.0 mmol) In the some
solvent (6 ml) at -10° C. After stirring at room temperature for 10 min., the mixture was poured
Into ice/water (80 ml) and extracted with ether (3 x 100 ml). The coliected organic layers were
dried over anhydrous sodlum sulphate, the solvent was removed under reduced pressure and the
residue was flash chromatographed (toluene/ethyl acetate 85:15) to glve the
(4)-(4R,58,Rg)-t~buty! 4-benzyloxy-5-(4-methylphenyldsulphiny! decanocate (12> in 88 % yield;
m.g. 105-107* C (from n-pentane); (Found C 69.8, H B.6, C H4004S requires C 71.2, H 8.5);
1|0 459° Cc 0.96 in CHClgdiy oo 1725, 1035, 1010 cml; 1H RWR (C Clgd, 0:0.78 (3H, t, J 6.9
Hz, Hg-10), 0.9-1.4 (6H, m, Hp-7,-8,-9), 1.43 (9H, s,t-Bu), 1.56 and-1.70 (2H, m, Ho-6), 2.02
and 2.14 (2H, m, H,-3), 2.38 (3H, br s, Me arom.), 2.40 (2H, m, H,-2), 2.68 (1H, ddd, 7.6, 4.9
and 3.7 Hz, B-5), %.75 (iH, ddd, J 9.0, 3.9 and 3.7 Hz, H-4), 4.%7 and 4.54 (2H, d, J 11.6 Hz,
OCHp-4), 7.2-7.4 (9H, m, Ph).

Similarly, starting from the diastereoisomeric (4)-(45,55,Rg)-11, the (4)-(45,58,Rg)-t-butyl
4-benzyloxy-5-(4-methylphenyl)sulphiny] decanoate (12) was obtained in 85 % yield; m.p. 74-75° C
(f%xn di-isopropyl ether/n-pentane); (Pound C 69.7, H 8.4, czeﬂ,mofs requires C 71.2, H 8.5);
jo]§ +50°(c 0.95 in CHCl3); v ¢nujol) 1720, 1030, 1010 cm 2; °H NMR (CDClgyy, 6:0.75 (3H,
t, J 7.0 Hz, Hy-10)>, 0.8-1.8 &1{. m, Hy-7,-8,-9), 1.43 (94, s, t-Bu), 1.43 and 1.79 (2H, m,
Hy-6), 1.83 and 1.92 (2H, m, H,-3), 2.33 (2H4, m, By-2), 2.41 (3H, br s, Me arom.), 2.62 (iH,
dgd, J 6.2, 5.5 and 5.5 Bz, H-5), 3.73 (1H, ddd, J 8.0, 6.2 and 3.7 Hz, H-4), 4.52 and 4.68 (2H,
d, J 11.1 Bz, OCHy-4), 7.2-7.5 (98, m, Ph).

Attempted benzylation of (4S*, 5s*, Rs*)—ethyl 4-hydroxy-5-(4-methylphenyl)sulphinyl decanocate
(11). The procedure described above was employed and after flash chromatography the (4S¥, ss¥,
R *)-5—(4-methylphenyl)sulphlnyl decan-4-olide (18) was exclusively obtained. » ax Cnujol) 1178,
1830 em~!; 'H NMR (CDClg), 4:0.74 (3H, t, J 7.0 Hz, H3-10>, 0.8-1.2 (6H, m, Hp-7,-8,-9), 1.31
and 1.83 (2H, m, H,-6), 2.01 and 2.35 (28, m, H§—3). 2.42 (3H, br s, Me arom.), 2.58 and 2.62

(2H, m, Hy-2), 2.71 (iH, odd, J 7.7, 5.7 and 4.7 Hz, H-S), 4.88 (iH, ddd, J 8.9, 7.7 and 6.5,
H-4), 7.34 and 7.48 (4H, m, Ph).

Deoxygenation of the sulphinyl group of t-buty) 4-benzyloxy-5-sulphinyl decanoateg 12

Trifluoroacetic anhydride ¢(i.1 mi, 7.6 mmol) was added via a syringe into a vigorously stirred
solution of (4)-(4R,55,Rq)-4-benzyloxy-5-sulphinyl decanocate 12 (¢(0.72 g, 1.53 mmol) and of
sodium iodide (0.68 g, 4.58 mmol) in acetone (50 ml) maintaining the temperature below -40° C.
After stirring the reaction for 10 min. at -20° C, excess of saturated aqueous sodium sulphite
and of sodium hydrogen carbonate were added dropwise in that order until no more lodine was
present and until CO, evolution had ceased respectively. Acetone was evaporated off under
reduced pressure and the mixture was extracted with ether (3 x 100 ml). The organic layers were
dried over anhydrous sodium sulphate and the solvent was evaporated under reduced pressure. The
residue was flash chromatographed (n-hexane/di-isopropyl ether 95:5) on silica gel and the
(-)-(4R,58)-t-buty] 4-benzyloxy-5-(4-methylphenyl)thio decanocate ({3) was isolated as an oll in
88 % yield; la| 20 -4.1* (c 1.15 In CHClg); w pay C(£1IM) 2920, 1730 cm™1; 'H NMR (CDClg),
0:0.88 (3H, t, J 6.8 Hz, Hy-10), 1.1-1.7 (8H, m, -6,-7,-8,-9), 1.41 (94, s, t-Bu), 1.88 and
1.99 (2H, m, H,-3), 2.31 (3H, br s, Me arom.), 2.321 and 2.33 (2H, m, H,-2), 3.15 (iH, ddad, J
9.0, 4.5 and 4.20 Hz, H-5>, 3.56 (1H, ddd, J 8.5, 4.0 and 3.9 Hz, H-4), 4.43 and 4.56 (2H, d, J
11.2 Bz, OCHy-4), 7.0-7.4 (9H, m, Ph).

Similarly, starting from the diastereoisomeric (+)-(45,55,Rg)-12, the (-)-(4S,55)-t-butyl
4-benzyloxy-5-(4-methylphenyl)thlo decanoate (13) was isolated in 83 X yield as a sticky llquid;
laé"e -30%c 0.90 In CHClg); v pa, (f1Im) 2960, 1730 cm 15 ! NMR (CDClg), 6:0.88 (38, t, J 6.9
Hz, H3-10>, 1.2-1.5 (6H, m, Hp-7,-8,-9), 1.41 (9H, s, t-Bu), 1.76 and 1.82 (24, m, H,-6), 1.80
and 2.13 (24, m, H,-3), 2.18 and 2.33 (2H, m, H,-2), 2.33 (3H, br s, Me arom.), 3.18 (IH, ddd, J
9.7, 3.9 and 3.3 I'Ev H-5), 3.43 (iH, ddad, J 9.?, 3.3 and 2.8 Hz, H-4), 4.32 and 4.44 (2H, d, J
11.6 Hz, OCHp-4), 7.0-7.3 (9H, m, Ph).

A solution of trifluoroacetic acid (2.6 g, 12.2 mmol) in acetone (30 ml) was dropped Into a
vigorously stirred solutlon of (+)-(4R,55,Rg)-4-hydroxy-5-sulphiny! decanoate (11) ¢2.34 g, 6.12
mmol)> and of sodium lodide (2.75 g, 18.4 mmol) in the same solvent (55 ml) mantaining the
temperature below -50° C. The reaction mixture was left for 10 min., during which time the
temperature rose to -20 C. Excess of a saturated aqueous solution of sodium sulphite was added
until the colour of iodine had faded, then an excess of a saturated aqueous solution of sodium
hydrogen carbonate was added. Acetone was evaporated off under reduced pressure and the mixture
was extracted with ether (3 x 200 mi). The collected extracts were evaporated under reduced
pressure. At this stage TLC analyses (n-hexane/ethyl ether 9:1) revealed the presence of two
products the lower Rf one corresponding to the desired (4R,58)-
t-butyl-4-hydroxy-5-(4-methylphenyldthic decancate (19>, the hlgher R¢ one being probably the
trifluoroacety! ester of (4R,5S5)-19. The row mixture was therefore diluited with THF (30 ml) and
1.0 N sodium hydroxide was added (8 ml). After stirring 30 min. at room temperature, the solvent
was evaporated under reduced pressure, water was added (20 m!) and the reactlon product was
extracted with ether (3 x 100 ml). The collected organic phases were drled over anhydrous
sodium sulphate and TLC analyses at this stage showed the higher Ry product had disappeared.

The solvent was evaporated under reduced pressure and the residue was flash chromatographed
(n-hexane/ethyl ether 85:15) to give the (4R,55)-t-buty! 4-hydroxy-5-(4-methy!phenyl)thio

decanoate (19) in 82 % yield as a viscous oil; '°|20365 423° (c 1.0 in CHCIg); v .. Cfilm)
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3425, 1730 cm~1; 1H NMR (CDCl4), 6:0.88 (3H, t, J 6.8 Hz, Ha-10), 1.2-1.5 (6H, m, Hp-7,-8,-9),
1.40 ¢(9H, s, t-Bu), 1.50 and ?.67 (2H, m, H,-6), 1.75 (2H, m, H,-3), 2.32 (3H, br s, Me arom.),
2.33 and 2.40 (2H, m, H,-2), 2.50 (iH, d, 5.6 Hz, OH-4), 3.08 (1H, oid, J 9.5, 3.8 and 3.5,
H-53, 3.62 (1H, ddd, J 7.2, 5.9 and 3.5 Hz, H-4), 7.10 and 7.33 (4H, m, Ph).

Similarly, starting from the diastereoisomeric (+)-(45,55,Rg3-11, the (-)-(48,55)-t-buty]
4-h°ydroxy-5-(4-methylpheny!)thio decancate (19) was lsolalted in 70 X yleld as a viscous oil;
\;II.’: -20°(c 0.95 in CHClg); v (£1im)> 3425, 1730 cm™1; 1H NMR (CDCly), 0:0.89 (3H, t, J 6.8
z, Hz-10), 1.2-1.4 (6H, m, 5?.-8,-9), 1.43 (98, s, t-Bu), 1.47 and 1.68 (24, m, Hp-6), 1.72
and 1.91 (24, m, H,-3), 2.32 (3H, br s, Me arom.), 2.36 and 2.40 (2H, m, Hg-Z) 2.85 (iH, d, J
4.5 Hz, OB-4), 2.9{ (1H, ddd, J 9.1, 5.8 and 3.6 Hz, H-5), 3.54 (1H, ddd, J %.0, 5.8 and 3.0 Hz,
H-4), 7.10 angd 7.33 (4H, m, Ph).

S ’

When (4S% 5R*, Rs“)-ethy! 4-hydroxy-5-(4-methylphenyl)sulphinyl decanoate {11’} was reacted and
worked up as described above, before the basic treatment with 1.0 N sodium hydroxyde, only the
(45*, SR*j)-ethy! 4-trifluoroacetyloxy-5-(4-methylphenyl) sulphiny] decanoate was present. 'H NMR
(CDClg3d, 4:0.94 (34, t, J 7.0 Hz, H3-10), 1.0-1.8B (8H, m, Hy-6,-7,-8,-9), 1.24 (3K, t, J 7.0
Rz, C aCHy), 1.9-2.4 (4H, m, Hs-2 and -3), 2.34 {(3H, br s, Me arom.), 3.13 (iH, m, H-5), 4.10
(24, g, J'7.0 Hz, OCHy), 5.18 ?!H, m, H-4), 7.12 and 7.33 (4H, m, Ph). On mild basic treatment
of this product, hydrolyses of the trifluorcacety! group occurred, but the exclusive isclated
product was the (45*, SR*)-5-(4-methyiphenyldthio decan-4-olide (21) (which formed through an
intramolecular attach of the free hydroxyl group on the ethyl ester or on the corresponding free
acid formed in the basic treatment).

wWhen the (45%, 58% Rg¥)-ethy! 4-hydroxy—5—(4~meth;lpheny!)sulphinyl decancate (11> was
similarly reacted and worked up, the corresponding (45*, 55%)-5-(4-methyiphenyldthio decanocate
(21) was isolated along with the (45%, 5S*) ethy! 4-hydroxy-5-(4-methyiphenyl)thio decanoate
€192>: 14 NMR (CDCl,>, 4:0.90 (3H, t, J 6.8 Hz, Ha-10>, 1.24 (3H, t, J 7.0 Hz, CH3-CHy),
1.3-2.0 <104, m, 52—3,-6,-7.-3.-9>, 2.32 (3H, br s, Me arom.), 2.3-2.6 (28, m, Hy-2?, 2.84 (%H,
d, J 4.5 Hz, OH-4>, 2.92 (i{H, m, H-5), 3.54 (1H, m, H-4), 4.12 (2H, q, J 7.0 Hz, OCH»>, 7.09 and
7.33 (44, m, Ph). This last product however was not stable and tended to cyclize ta the
corresponding decan-4-olide on standing also at 0° C. The same occurred when the (4R*, 5S%,
Rg' )-ethyl 4-hydroxy-S-(4-methyiphenyldsulphiny! decanoate (11’) was simjlarly processed.

A solution of the (4R,55)-4-hydroxydecancate 19 (2.00 g, 5.46 mmol> in DNF (2.0 ml) was dropped
into a stirred suspension of benzy! bromide (8.17 mi, 5.46 mmol) and of oil free sodium hydride
(10.92 mmol) in the same solvent (5.0 ml) maintaining the temperature below 10° C. After the
reaction had been stirred for 10 min. at room temperature, the mixture was poured into ice/
water (60 m!) and extracted with ether (3 x 100 ml). The collected organic phases were dried
over anhydrous sodjum sulphate and the solvent was removed under reduced pressure. Flash
chromatography (n-hexane/di-isopropyl ether 95:5) of the residue gave the (-)-(4R,558)-t-butyl
4-benzyloxy-5-(4-methylphenyldthio decanoate 13 in 10 X yleld and t%
(-)-(4R,58)-5-(4-methylphenyl )thio -4-decanolide (21> In 88 X yield as a sticky llguid; |a|§
-34* (¢ 1.0 in CHCI3); ¥ may Cfllmd 1775 em~1; 1R RMR (CDC) >y 9:0.90 (3H, t, J 6.9 Hz,
Hy-103, 1.2-1.8 (84, m, Hy-6,-7,-8,-9), 2.04 and 2.37 (2H, m, }?2-3), 2.33 (38, br s, Me arom.),
2.53 and 2.56 (2H, m, Hz-%). 3.03 (1H, «id, J 9.2, 7.4 and 3.6 Hz, H-5), 4.48 (iH, ddd, J 7.8,
7.4 and 7.0 Hz, H-4), 7.11 and 7.34 (4H, m, Ph).

¥hen diastereoisomeric (45,55)-192 was similarly reacted, the (-)-(45,55)-t-buty!
4-benzyloxy-5-C(4-methylphenyl)thio decancate ({3 was lsclated in 26 X yleld and the
(-)-(4Sé58)-5-(4-methylphenyl)thio-4-decanolide (24 was iso%ated in 55 % yleld as a viscous
oil; {aj 0 _27° (c 1.05 in CHCig): ¥ ax (f11m) 1775 cm™*; *H NMR (CDCly), 4:0.89 (3H, t, J
6.9 Hz,%s-m), 1.2-1.8 (8H, m, —6.-"3-’@,-9). 2,16 and 2.28 (2H, m, B -%). 2.33 (34, br s, Me
arom.), 2.55 and 2.58 (2H, m, H -%), 3.22 (1H, dad, J 9.6, 4.0 and 3.8 Hz, B-5), 4.62 (iH, ddd,
J 7.4, 7.4 and 4.0 Hz, H-4), 7.12 and 7.33 (4H, m, Ph).

A solution of (4R,5S8)-t-butyl 4-benzyloxy-5-(4-methyliphenyl’thio decanocate (13) (0.48 g, 1.0
mmol) in a mixture of acetic acid/water/i,4-dioxane 8:2:5 (5 ml) was refluxed under argon for
ten hours. The solvent was evaporated off under reduced pressure, benzene (3 x 5 ml) was added
to the residue and then evaporated to remove any resigual acetic acid. The residue was flash
chromatographed (n-hexane/ethyl ether/acetic acid 60:20:0.25) to give In B4 % yleld the olly
n;-(4&.53)-4-benzyloxy-s-m‘-methylphenyx>§Mo decanoic acid (14); [a| &0 +14.9° (c 1.15 in
CHCl3); wpay C(filmd)  3500-2500, 1710 em™%; 1y NMR (CDClg), ¢ :0.88 (3H, t, J 6.8 Hz, Ha-10),
1.2-?.8 (84, m, Hy-6,-7,-8,-9), 1.94 and 2.05 (2H, m, Hy-3), 2.32 (3H, br s, Me arom.), 2.38 and
2.40 (24, m, H -22). 3.19 (iH, ddad, J B.5, 4.5 and 4.0 Hz, H-5), 3.59 (1iH, ddd, J B.5, 4.0 and
4.0 Hz, H-4), 4.41 and 4.55 (2H, d, J 11.1 Hz, OCH,-4), 7.0-7.4 (9H, m, Ph).

When the diastereoisomeric (45,5S5)-t-butyl 4-benzyloxy-5-tolylthio decancate (13) was reacted in
a similar manner, the (-)-4-benzyloxy-5-(4-methylphenyl)thio decanoic acld (14) was obtained as
a viscoys oll in B9 X yield; ja|§’ -44.0° (c 0.70 in CHClgz); wp,, C(film) 3500-2500, 1710
cn”l; 1§ NMR (CDClg), 0:0.89 (3H, t, J 6.8 Hz, Hy-10), 1.3°1.8 (B, m, H%-s.-'/.—e.-m, 1.82
and 2.19 (28, m, H,-3), 2.31 and 2.43 (28, m, Hp-2), 2.35 (3H, br s, Me arom.d, 3.21 (1B, ddd, J

10.0, 3.5 and 3.0 Hz, H-5), 3.44 (1H, ddd, J 10.0, 3.0 and 2.5 Hz, H-4), 4.27 and 4.45 (24, ¢, J
11.6 Hz, OCHp-4), 7.1-7.3 (9H, m, Ph).
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Table 2.-Some connectivities (X) establiaticd hy NUL diffcronce experiments fn QCH, for (4R,5R)-16 and (4S,5R)-16.

3

Proton jrradiated (4R, 50118 (cix) (AS.SR)-_'i(trws)

H-20 OCIa-4(0.5) , 0CHL=4 (0. 5}, H~=4a(0.5).

-2 H-5R(0.5) . 1=58(1.5) ,0CHa~4(0.5) ,0CHb=4(0.5) .

WY Wespg2.53 7, 00ma-6 1,537 ocme-a 1) °. Weho(T), He5842) ,H-63{1) M-6b{1) , OCHa-4{2} ,0CHL-4{1.5}.

w30 H-42(3.5)" 1-50¢3.5)". } {

N4 H-3a(2.5),0-3C(2.5) ,11-54(7.5) ,1-6a(1.5), B-26(0.5) ,1=3a(2.5) ,KH=3B(2.5) ,H~58(2.5) ,I1-6a(1.5),
H-GL{1.5},0CHa-4{1),0CHb-4(3.5). H-6b(1.5},0CH#-4(2),00Hb-4-(3) .

n-se W-20(0.5), H~3003.5)  H-4€(7.5) , H-62(2.5) , U-6b(2.5} . H-20(2),1-38(0.5)" H~4a(2.5) ,H-6a(1.5),H~6b{1.5).

o 1-4042.5) % 1-52(7) %, 0cHa-4 0.3 ,0ab-41(0.5) ", H-35(0.5)", li-4a(5) H~58(6) .

oCHa-4 H=20(0.5) 1-20(0.5) ,H=3u{1) H-40(1), #-28{0.2},138(0.5) , H~4u(2) .

Kib-b =30 (1) H-40(2.5) . H-38(0.5) ,li~4a(3} .

a
1n acetone-db.

To & solution of the (4R,5S)-4-benzyloxy-5-tolylthioc decanoic acid (14) (258 mg, 0.64 mmol) in
methylene chloride/nitromethane (i:1 mixture, 8 m1), trimethyloxonium tetrafluorcborate (172 mg,
1.16 mmol) was added in one portion under argon and at -5¢ C. Stirring was maintained for 10
min. after reaching room temperature (10 min.). Solvent was removed under reduced pressure at 0*
C and the crude sulphonium salt was dissolved in DMF (4 ml) and potassium t-butoxide (87 mg,
0.774 mmol) was added at -45' C. The temperature was left to raise at i10° C, stirring was
continued for further 10 min, then a saturated aqueous solution of ammonium chloride (10 ml) and
of water (30 m!) were added at -20* C. The reaction products were extracted with ether (3 x 40
ml), the organic layers were collected, dried over anhydrous sodium sulphate and the solvent was
removed under reduced pressure, The residue was flash chromatographed (n-hexane/ethy! acetate
40:17) and the cis (4R, SR) -4~benzyloxy decan-S5-olide (16> was isolated as an oil in 80 % yield;
(Found C 72.8, H 8 5, C -,ll-g,c requires C 73.9, H B.7); al%o +15* (¢ 0.60 in CHClgd; v pay
C(fiim) 1730 cm~d; 14 ama1 )&R data are reported in the Tames 1 and 2.

When the dlastereoisaneric trans (4S,58)-4-benzyloxy-5-tolylthio decanoic acid (§4) was
similarly reacted, flash chromatography (n-hexanesethyl acetate 40:10) of the row reactl%&
products gave the (+)-(4S,5R)~ 4 benzyloxy -5-decan-5-olide (16> in 84 X yleld as an oll; lal
+107° (c 0.64 In CCl) <« ]al +106° ¢ 0.7 In CCly ref 19); v p.. (f11m) 1735 om -1 1y and
13¢ KMR data are reported in the Tables 1 and 2,

Raney-nickel (W2, 400 mg) was added to a solution of the (4R,58)-5-(4~
methyliphenyl)thio-decan-4-olide (21) in ethanol (6 mi). The mixture was refluxed for 20 min.,
then filtered and nickel was washed with ether (3 x 20 ml). The collected organic layers were
evaporated under reduced pressure and the resjdue was flash chromatographed (n-pentane/ethy!
ether 60:40) to give (-)-(S)-decan-4-ollde (22} in 91 % yield; Jol§’ -30* (c 1.05 in CHCig):
v max (£11md 1775 om~}; 1H WMR (CDCig>, o :0.89 (3H, t, J 6.9 Hz. H3-10), 1.2-1.7 (8H, m,
Ho-6,-7,-8,-9>, 1.61 and 1.74 (24, m, Hy-5) 1.85 and 2.32 (2H. m, H»-3), 2.50 and 2.56 (2H, m,
Hr-2), 4.49 (1H, dddd, J 8.0, 7.8, 6.4 and 5.3 Hz, H-4); 1CNHR(D(:I ), 94:14.06 (g, C-10),
.54 (t, C-9), 25.20 (t, C-6), 2B8.03 (t, C-3), 28.89 (t, C-23, 29.0¢ (t, C-?) 31.67 (t, C-8,
35.59 (t, C-5), 81.10 (d, C-4). 177.36 (s, C-1),
When the diastereoisomeric (45,55)-21 was similarly reacted the (+)-(R)-decan~4-olide (22) was
obtained in 78 X yleld; |a|g° +31* (c 1.2 in CHCly) other physical data were identical with
those reported above.
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