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SYNTHESIS OF THE (4S,SR)-5-HYDROXY-DECAN-4-OLIDE (L-PAmOR) 

AND OF THE (RI-DECAN-4-OLIDE FROH A CHIRAL SULPHOXIDE 

Plerfrancesco Bravo, Giuseppe Resnati. Florenza Vlanl, Albert0 Arnone 

CNR-Centro Studlo Sostanze Organiche Natural\, Dlpartlmento df Chlmlca, 

Polltecnlco, Piazza Leonardo da Vlncl 32, I-20133 Mllano. Italy. 

Abstract - The condensation of optIcally pure (t)-R-n-hexyl 4-methylphenyl sulphoxlde (5!) 
on the succlnlc dlester (Q) produced the 4-oxo-5-sulphlnyl decanoate u1. which was 
selectively reduced to the correspondino 4-hydroxy-5-sulphlnyl decanoates U. Starting fran 
the (4S:5S,Rs) pure alcohol 11, a _ flve-ited sequence produced the 
(4S.5R1-5-hydroxy-decan-4-olide (U) (L-Factor) and a three-step sequence gave the 
CR)-decan-4-ollde (22). In both cases flnal natural products were obtalned In good overall 
yields and In optical pure form. 

(Received in UK 3 I July 1987) 

Structurally simple butanolldes are widespread naturally occurring substances, they are often 

found in flavour, arcma canponents,’ and in sex pheranones.2 The biological actlvlty of those 

products Is strictly dlpendent on the absolute conflguratlon of the carbon atw on which the 

lactone 1s closed3 and for that reason grouing interest Is being devoted to their asymnetrlc 

synthesis. Moreover. the 5-hydroxy-alkyl butanolides are usefull chlral bulldlng blocks4 and 

particularly the (-)-CR)-4-hydroxymethyl butyrolactone has been extenslvely employed and varlous 

efflclent protocols have been settled for lntroduclng carbon chains and functional groups In Its 

framework.5 

Recently we also have been Involved In the synthesis of enantlanerlcally pure u-lactones by 

following the strategy of the chlral auxiliary group which, In our case, was the sulphlnyl 

residue, y-Lactones 1 have been obtalned6 through the condensation of the (t)-CR)-3-sulphlnyl 

proplonlc acid (2) on carbonyl ccmpounds 9 and a-methylene butyrolactones 4 were prepared7 

through the alkylatlon of the (t)-CR)-alkyl sulphoxides Q with 2-(bromanethyI)acryllc acid (5) 

(Scheme 1). In both cases the four carbon backbone of the lactone ring was assembled by Jolnlng 

a three carbon unlt with a one carbon fragment and the key step was the C3 - C4 bond forming 

reactlon between two precursors having opposite donor and-acceptor sites.(a) 

Here we describe a new synthesis of naturally occurring 6-hydroxy butanolides of type Z. In 

this case the carbon backbone was assembled through a C - c bond formation between an 

a-sulphinyl carbanlon and a carboxyllc ester, and the two chlral carbon centers were obtalned 

through the transfer of chlrallty from the enantianerlcally pure sulphlnyl group to the two 

contiguous carbon atoms. The same approach allowed to obtalned also Y-lactone of type 1 by 

sacrlfyclng one of the two formed chlral centers. The (r)-(4S,SR)-4.5-dihydroxy decanolc acid 

y-lactone, the so called ‘L-factor” which has been Isolated fran Streotomices Grlw cultures9 

and for which the autoregolatory actlvlty for antracycllne antibiotics biosynthesis has been 

Initially claimed and afterwards dlscarded, and the (+)-CR)-4-hydroxy decanolc acid lactone, an 

allcmone In the anal exudate of the thrlps &Jg&liella Yucca10 have been synthetlzed in 

enantlomerlcally pure form. 

(” In the first case ‘d3# and ‘al’ synthons.e the hanoenolate dlanion from 2 and the carbonyl 
Q were condensed. while In the second case an ‘a3’ and a ‘dI* synthons, the electrophyllc site /I 
to the carboxyllc acid and the anlon a-to the !nJlphoxIde respectively. were combined. 
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(+I-R-n-Hexyl 4-methylphenyl suphoxlde Q was prepared In optlcally pure form by a modlfled 

Andersen procedurell from n-hexyl magneslum Iodide and (-)-(lR,2S,SR)-menthyl 

C’S)-4-methylphenylsulphlnate. The lithium derlvatlve of that sulphoxlde, formed wlth llthlum 

dllsopropyl amide (LDA) In tetrahydrofuran (THF) solutlon. was reacted wlth t-butyl methyl 

succlnate Q to glve, throu& a regloselectlve attack on the less hlndered ester group. the 

(RS)-t-butyl 4-oxo-5-(4-methyIphenyl)sulphlnyI decanoate CJQ) In BS % chemical yields and as an 

about 6:4 mixture of the two diastereolsancrs at the carbon atom. Although In other cases we 

succeded In Isolating optlcal ly pure canpounds from dlastereoiscmerlc mlxtures of 

a-substituted-fl-keto sulphoxldes,12 no attempt was made In that case, and the two 

dlastereolsaners were submltted to the reductive process as crude mlxture obtalned fra the work 

up of the condensation. 

The asymnetrlc reduction of the prochlral carbonyl group of keto-esters has been studled 

extenslvely because It Is the key step for the facile synthesis of optlcally active lactones. On 

the other hand, while high and predictable dlastereoselectlon can be obtalned when reduclng 

unsubstltuted- or r-substltuted- fl-keto sulphoxldes.13p14 lover dlastereoselectlon. generally 

due to the chlrallty and to the chemical nature of the substltuent, has been reported to occur 

In the reduction of a-substltuted- fl -keto sulphoxldes.ls In both cases the nature of the 

hydrlde species and of the solvent used as well as the presence of chelating metal salts do have 

a great influence on the dlastereoselectlon of the process. The reduction of the carbonyl group 

of the fl-keto sulphoxlde U was therefore performed wlth dlfferent hydrlde species. In protlc 

and aprotlc medium and wlth or wlthout chelating metals In order to force the reactlon to 

proceed towards the deslred dlastereolsaner. A few results are sumnarlzed In Scheme 2. When 

dl-lsobutyl alumlnlum hydrlde (DIBAH) was employed In THF at -78’ C both dlastereolsanerlc 

ketones were reduced wlth moderate to high dlastereoselectlon (chemical yields 79 %, d.e. 4O:l 

for (SR.RS)-j_Q In favour of the (4S,SR,RS)-secondary alcohol fi and 4:l for (SS,RS)-U In favour 

of (4S,5S,RS)-U). The preference for the entrance of the hydride frcm the E face of the 

carbony I , accountlng for the stet-eochemlcal resul to, Is the one generally observed In the 

unchelated reduction of ,!?-keto sulphoxldes.lO*ll This preference IS changed and lower 

dlastereoselectlon 1s obtalned, when the substrates were allowed to chelate wlth coordlnatlng 
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DlMlillHF 40 1 46 11 

DIBAHIZnCl,ITHF 46 6 21 33 

NoBH4/NH3(oq)/MeCfi 2 11 37 56 

metals (ZnCIZ or CdCI2) at r00m temperature, and afterwards were reduced wlth DIBAH at -76’ C 

(d.e. 1:1.6 for (SS,RS)-U and 7:l for (5R,RS)-111). By employing sodium borohydrlde In methanol 

In the presence of aqueous amaonla the prevalllng products (67 % of the mixture) have now the 

same (S) absolute conflguratlon at the sulphlnyl substituted carbon and opposite conflguratlon 

at the carbon of the secondary alcohol. That lmplles that under the basic and protlc condltlons 

used, the two (SS,RS)-n and (SR,RS)-JIJ isanerlc ketones do equilibrate very rapidlylo and that 

the former stereolsaaer 1s reduced at a much faster rate then the latter one, but the hydride 

transfer occurs now at both faces of the ketone with canparable rates. 

Anyway, since all obtalned compounds posses the optically pure auxlllary sulphlnyl group, they 

can be easily Isolated from the crude mixture In pure form by flash chrcmatography and 

crystalltzation. All the four dlastereolscmerlc t-butyl 4-hydroxy-5-(4-methylphenyl) sulphlnyl 

decanoates (U) were In fact obtalned In pure form so that all four possible dlastereolsanerlc- 

d-hydroxy- r-lactones should be acceslble. 

f4S.5S,RS)-t-Butyl 4-hydroxy-5-(4-methylphenyl)sulphlnyl decanoate (II), obtalned as a 

crystallIne compound In 38 % yields by reducing the p-keto sulphoxldes 1p with DIBAH In THF, was 

treated wlth benzyl branlde In dlmethylformamlde (DHF) In the presence of sodium hydride and the 

benzyl-protected hydroxy sulphoxlde 12 was Isolated In 65 % yields (Scheme 3). 

In same preliminary experiments, the dlethyl succinate (x) was employed as starting material 

instead of the mixed ester (6). Condensation with the sulphoxidc 9 followed by reduction wlth 

DIBAH produced 4-hydroxy-5-sulphlnyl decanolc acids ethyl esters (=I. However. when the 

benzylatlon of the hydroxyl group of these ethyl esters CX) was attempted, an Intramolecular 

transesteriflcation by actlon of the secondary alcohol on the ethyl ester prevailed and brought 

exclusively to the 4-hydroxy-5-(4-methylphenyl)sulphinyl-decan-4-olIde (B) (see Experlmental). 

Deoxygenation of the sulphoxlde group of 12 by sodium iodide and trlfluoroacetlc anhydrlde16 In 

acetone at -40’ C gave the (4S,5S)-t-buthyl 4-benzyloxy-5-(4-methylphenyl)thlo decanoate ru) In 
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Scheme 3 
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71 % overall yields fran U.‘b) The corresponding (4S,SS)-4-benzyloxy-5-(4-methylphenyl)thlo 

decanolc acids fi formed In 89 % yields by heating the t-butyl ester U In acetlc acid/ water/ 

dioxane solution.(c) Finally, the (4S,SR)-4-benzyioxy-5-hydroxy-decanoic acid iactone (I&) was 

obtalned in 84 % yield through a two steps sequence. The toiyithio group of (4S,SS)-14 was 

methylated regioseiectlvely with trlmethyloxonlum tetrafluoroborate In 

dIchIorcmethane/nItrcmethane at room temperature. The solvent was eliminated under vacuum and 

substltuted by anhydrous dlmethylformamlde; afterwards the carboxylate anion was generated by 

addlng potasslum t-butoxlde at low temperature C-40’ C). A clean Intramolecular attack of the 

carboxylate anion on the sulphonlum group occurred and a slngie dIastereoisanerically pure 

h-lactone. the (4S,SR)-4-benzyloxy-5-hydroxy-decanolc acid lactone Cs) formed through an SN~ 

mechanism. Complete maintenance of the chirallty at the carbon center (by invertlon) has already 

been observed In the formatlon of r-lactones! The lnvertlon of chlraltty Is assumed to take 

place slmllariy to what has been already proved in Intermolecular reactIons for sulphur and 

nltrogen nucleophlles and cormnonly accepted for oxygen nucleophyles In Intramolecular processes. 

That b-lactone u has been already prepared from 3.4,6-tri-O-acetyl-D-glucal and transformed 

Into the corresponding (4S,SR)-r-lactone n, the naturally occurring ‘L factor’, in 93 % yields. 

through nickel-Raney promoted debenzylation followed by a spontaneous ring restrlctlon.19 

The synthetic -sequence above described and reported on Scheme 3 was repeated by using as 

starting material the (4R,SS,RS)-t-butyi 4-hydroxy-5-(4-methylphenyi)suiphInyl decanoate l_l, 

7b) The same (4S,SS)-u was obtained, although In lower chemical yields, also by Inverting the 
order of these two reactions. On deoxygenatlng the free 4-hydroxy-t-butyl ester LL. the 
(4S,SS)-t-butyl 4-hydroxy-5-(4-methyiphenyl) thlo decanoate (111) formed In 70 % yields and 
benzylatlon of the crude product under standard conditions gave l-3 In 26 % overall yields. This 
route dldn’ t work well also when the 4-hydroxy-5-sulphinyi decanolc acids ethyl esters CU) 
were employed (see Experlmental). 

cc) When trlfluoroacetlc acid under several reactlon condltlons was employed, only the 
(45,5S)-5-(4-methylphenyl)thlo decan-4-ollde (21) was Isolated. 
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,,btainPd in 34 % yielda fran 4-oxo-5-eulphinyl decanoates Uz by NaBH4 reduction in methanol and 

aqueous anunonla. The diastereolsomerlc (+)-(4R.SR)-4-benzyloxy-decan-5-ollde Clh), which upon 

treatment wlth nickel-Raney should glve the (4R,SR)-L-factor-u, was obtained in 52 % overall 

yields. 

The (4R,SS)-L-factor and its (4S,5S) eplmer, the two remaining dlastereoisaners of this natural 

product, could be obtained from the (4R,SR,RS)-hydroxy-sulphlnyl decanoate 12 and from the 

(4S,5R,RS)-iscmer respectively, by applying the sequence of reactions reported In the Scheme 3. 

Slmllarly. the synthetic approach described by Morl.20 which emploies the Sharpless epoxldatlon 

as a key step, allowed to obtain all the four dlastereolsaners of L-factor, while the synthesls 

Of POUgny19 and that of Wlghtman.21 which start fran carbohydrate precursors, allowed to obtaln 

only two Isomers of this natural 5-hydroxy-butanolide. The overall chemical yields of the latter 

of these approaches startlng from the chiral pool are however the highest. 

esls of Y-Decanol&one 22 

The deoxygenation of the sulphinyl residue and the hydrolysis of the t-butyl ester moiety were 

accompl lshed In sequence starting from the (4S.SS,RS)-t-butyl rl-hydroxy- 

S-(4-methylphenyl)suIphlnyl-t-butyl decanoate u In the same condltlons already described for 

syntheslzlng the “L-factor’ from the benzyloxy t-butyl decanoates fi. The 

4-hydroxy-5-(4-methylphenyl)thio decanoic acid a thus obtained spontaneously cycllzed, already 

In the reactlon medium, to the corresponding 4-hydroxy-5-(4-methylphenyl)thlo decan-4-ollde (2L) 

(Scheme 4). Desulphurizatlon wlth nickel-Raney in aqueous ethanol afforded the 

(t)-(R)-4-decanolactone (z), which was obtained in 38 % Isolated global yields from fl. 

The enantluneric (-I-(S)-4-decanolactone Z was obtalned In comparable overall yields when the 

same three step procedure was applied on the dlastereolsaner (4R,5S,RS)-ll. As the two t-butyl 

4-hydroxy-5-sulphlnyl decanoates LL having the (4s) absolute configuratlon were Isolated in 70 % 

yields when the eplmerlc mlxture of t-butyl 4-oxo-5-sulphlnyl decanoates LQ was reduced wlth 

DIBAH In THE’, the sequence of reactions reported in Schemes 2 and 4 should glve the 

ScllEme 4 

(4S, 5S,RS)-?J 

(RI-22 
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(t)-(R)-allanone 22 in approximate 35 % overall yields starting fran the simple ft)-CR)-n-hexyl 

sulphoxlde 2. 

The (R) absolute conflguratlon was asslgned to the dextrorotatory decan-4-ollde (22) from the 

optical rotations of a great deal of slmllar butanolldes.6*22 Furthermore. a detalled analyses 

of lH and 13C NHR spectra of dlastereoisanerlc decan-5-olldes fi allcued to establish the 

relative stereochemlstrles at the two chlral carbon atoms. The chemical correlations described 

above permltted thus to asslgn the absolute conflguratlons at C-4 and at C-S to the four 

dlastereolsanerlc 4-hydroxy-5-sulphlnyl decanoates fi and to all thelr transformatlon products 

12-21. Eventually, these assignments were In agreement wlth the synthesls of 

(4S,SR)-decan-5-ollde 16 realized starting from the chlral po01.l~ 

and Conformation of (4 &5B)- d-lacf.gDR 16 and of Ifs tmdlastereolsaner. 

The lH NHR spectra of (4R,5R)- 6 -lactone fi (cls Isaner) and of t4S,5R)-lf; ttrans Isaner) In 

CDCl3 were similar (Table 1). For the b-la&one protons each eplmer exlblted an ABMNXY pattern. 

The AB portlon was asslgned to H2-2 since they presented a gemlnal coupling of 17.9 and 17.2 

Hz,23 the MN portion to H3-2 f2J = 14.3 and 14.0 Hz) and the XY portion to H-4 and H-5 f3J4,5 = 

2.2 and 5.6 Hz), since they were vlclnally coupled to H2-3 and H2-6, respectively. The 13C NHR 

data (Table 1) were also In agreement wlth the proposed structures. In particular the presence 

of a d-lactone ring was Inferred fran the chemical shlft values of the C-l carbonyl carbon atan 

t 170.95 and 171.50).23 The spectroscopic problem which faced us was to dlstlngulsh between the 

cls-trans eplmcrs which 1s not easy in view of the conformation lablllty of the 6-lactone 

system. Indeed, thls ring 1s reported24 to exist in solutlon elther In a half-chair or in a boat 

conformatlon or In a rapldly equlllbratlng mlxture of the two, the planarlty of the C-0-Cf=O)C 

part of the ring being explalned by resonance.25 Thus In order to substantiate the deductlon 

made fran coupling costant analysis (see later), NOE difference experlments were performed In 

CDC13 and in acetone+, since these usually provide unablguous conflguratlonal lnformatlon 

(Table 2). For the (4S,5R)-fi-trans lsaner lrradlatlon of H-5, .assumed as fl , enhanced, among 

others, H-2 (2 2) and H-3 (0.5 %), lrradlatlon of H-4 enhanced H-2 (0.5 %) and lrradlatlon 

of H2-6 enhanced H-3 (0.5 %I. These results not only penltted to dlstlngulsh between the 

gemlnal C-2 and C-3 protons but also lndlcate that H-4 and H-5 are trans dlsposed. For the 

frlR,SR)-fi-cls lscmer lrradlation of H-5 enhanced, among others, H-2 (0.5 %) and H-3 (3.5 %) 

whlle lrradlatlon of 4-0CH2 protons enhanced H-3 (1 %I. H-5 and 4-CCH2 prOtOnS are therefore 

trans dlsposed and, as a consequence, H-4 and H-5 are cl3 orlentated. There has been 

considerable interest in the conformatlonal propertles of valerolactone derlvatives since It 

A 6 C D 
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18 believed that the bIologIca actlvlty of these ccmpounds Is related to the conformatlon of 

the la&one clng.26 In out,case, the eplmeric b -1actones s-cls and &-trans can each assume 

the half-chair (A and 9) and the boat (C and D) conformatlons Illustrated In the Pig. or 

possibly an equlllbrlum mixture of the four. Since no NOB was observed In both caapounds 

between C-2 and C-6 protons, the boat conformer C, which presents stefic InteractIons between 

the axial bcwsprlt H2-6 and the flagpole H-2 a. is highly Improbable and thls conformer will not 

be consldered further. In the s-cls b-lactone the observed 3J2 ,3 (11.0 Hz) and 3J2 ,3 (3.5 

Hz) strongly suggested an approximately staggered arrangement around the Cf2FXi) bond, while 

the 3J3a,4 6 (4.1 He) and 3534,4~ (2.9 Hz) lndlcated that the C(4)-II bond bisects the C-3 

methylene system. This sltuatlon can be accomodated In the half-chair A, the NOE between the 

1.3cls dlaxlally disposed H-34 , Ii-5p (3.5 %) being In agreement wlth this asslgnment. Boreover 

the smalier value observed between the W-type equatorlally disposed H-28 , H-48 f4J = 0.6 Hz) 

with respect to reference data23*27 f4J = 1.5-2.5 Hz> suggested a deformation of the W-system 

which can be explained if the e-lactone rlng adopts a flattened half-chair conformatlon In 

which C(3) becanes closer to the plane of the lactone group. The lack of NOE between H-3u and 

H2-6 and the small NOE between H-28 and H-56 (0.5 2) conflrmed that conformers B and D have 

Ilttle weight, If any. The L(E-trans Isomer exhibited coupling constants for the trans disposed 

C-2 and C-3 protons which are lntermedlate wlth respect to those observed for the &j-cls eplmer, 

thus Indlcatlng a less conformatlonal hunogenlty. Although an evaluatlon of the relatfve 

Popolatlon of each conformer would require a knowledge of the coupling constants of the 

lndlvidual conformers, a qualltatlve deacrlptlon of the conformational state of thls canpounds 

can be given If we select the values of 11-13 and 1-3 Hz to represent the llmltlng trans dlaxlal 

and trana dlequatorlal constanta.23*26-28 Thus the values of 9.4 and 5.2 Hz observed for H-28 , 
H-3a and H-2~ , H-38 Indicate that these protons are mainly trana dlaxially and trans 

dlequatorlally disposed as In conformers B and D while the value of 5.6 Hz for H-4a ,H+jg 

suggests that conformer 9, In which these protons are trans dlequatorlally orlentated, is 

sl Ishtly preferred. Addltlonal evidence for the proposed assignment of the relatlve 

ConfIguratIon and prefered conformatlon of cls and trans 6-lactone fi followed frcm NOE 

experlmenta performed on a 1:l mlxture of the two eplmers. In fact the NOE observed between H-4 

fl,H-S@ In the <4R,5R)-cis-6 -lactone Ih was three times greater than that observed between the 

corresponding H-40 , H-5,q protons (rlS,SR)-trans-b -lactone t6 this fact confIrmIng that In the 

cls caapound these protons are spatially much closer than In the trans one. 
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Experlmental 

I.R. spectra were taken on a Perkln-Elmer 137 Infracord Spectrophotaneter. *H and 13C N.N.R. 
spectra on a Bruker CPX-300 spcctrcmetcr uwlng tetramcthylnllane as Internal standard. NOE 
difference spectra were obtalned by subtracting alternatlvely right-off resonance-free lnductlon 
decays (f.I.d.s.1 fran right-on resonance-Induced f.1.d.s. NOE values reported In the test have 
only qualltatlve slgnlflcance. /c/20 values were obtalned on a Jasco DIP-181 polarlmeter. N.p.s 
are uncorrected and were obtalne cf on a capillary apparatus: t.1.c. were run on slllca gel 60 
F 54 
I T 

Merck precoated plates. Tetrahydrofuran (THF) and dlethyl ether were freshly dlstllled fran 
thlum alumlnlum hydride, and dl-lsopropylamlne was dlstllled fran calcium hydride and stored 

over molecular sieves (4 A). Dlmethylformamide was stored over molecular sieves (4 A and 13 A). 
In all other cases camnercially avallable reagent grade solvents were employed wlthout further 
puriflcatlon. A 2.6 M solution of n-butylllthlum In hexanes (AIdrIch) and a 1.0 M solutlon of 
DIBAH in n-hexane (Fluka) were employed: trlmethyloxonium fluoborate and menthyl sulphlnate 
(Fluka) were used as received. 

In the tef Ion vessel of an autoclave (Ber ghof , PTFE 250 ml) I lquld lsobutylene 
(2-methyl-propene). cooled at -70’ C (30 ml, 0.35 mol) was added under an argon atmosphere to a 
solution of mono methyl succlnate (25 g, 0.189 mol), then cont. sulphurlc acid (5 ml) In THF (85 
ml) was dropped. The mixture was stlrred for 5 min. at -20’ C, then allowed to reach roan 
temperature under stlrrlng overnlght. The reaction was poured in a saturated aqueous solution of 
NaHC03/Na2C03 (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-butyl methyl succlnate (8) as a yellow 011. 

f+)-CR)-n-hexvl-b-tolvl-sulphdde (9) 

A solution of n-hexyl-iodide (44.3 ml, 0.3 mol) in anhydrous ether (100 ml) was added dropwlse 
to a stlrred suspenslon of Mg, activated by addlng a crystal of lodlne (7.3 g. 0.3 mol) In the 
same solvent (50 ml). The solution was stlrred for two addltlonal hours, the ether was removed 
under reduced pressure and benzene (600 ml) was added. 
The benzene solutlon of the Grlgnard reagent was cooled to S-10’ C and a solution of 
f-)-(lR,2S,SR)-menthyl(S)-p-toluene-sulphlnate (SO g. 0.15 nunol) was added dropwlse at that 
temperature. The mixture was stlrred at roan temperature for addltlonal 30 min., a saturated 
aqueous solution of armnonlum chlorldc (200 ml) was added while cooling wlth an Ice-water bath 
and the pH of the mixture was adjusted to 3 by addlng 10 N hydrochloric acid. The mixture was 
extracted with ether (3 x 300 ml); the canblned organic layers were washed wlth a diluted 
solution of NaHC03 (2 x 50 ml ), vi th water (50 ml) and dried over anhydrous sodium sulphate. 
Solvent removal under reduced pressure gave a residue which, upon flash chromatography on slllca 
gel feluent: n-hexaneiethyl acetate 60:40), gave 23.5 g (70 % yield) of pure f+)-CR)-n-hexyl 
p-tolyl sulphoxlde (9) as a yellowish oil lH NMR (CDCl3). 0:0.89 (3H, t, J 6.9 Hz, H3-6). 
1.2-1.7 (SH m, H2-2,-3,-4,-51, 2.45 (3H, br s, He aran.), 2.77 (2H, m, H211, 7.32 and 7.52 (4H. 
m. Ph); Ic]i* t175’ (c = 1.0 in CHC13). 

on of f+)-CR)-n-hexvl-p-tolvl-su_i&gxide (9) gn_methvl t-btvl succi_&~ 

A solution of LDA (prepared from dl-isopropylamlne (7.5 ml. 53 emtol) and n-butylllthlum (21 ml, 
53 mmol)) In THF (52 ml) was cooled under Argon at -78’ C and treated dropwlse wlth a solutlon 
of (t)-(R)-? (10 g, 48 mnol) In THF (26 ml). Methyl t-butyl succlnate (D) (9.94 g, 53 mnol) was 
added at the same temperature to the yellow solution of the so formed a-sulphlnyl anlon. After 
the mlxture had been stlrred for 10 mln. at -78’ C. saturated aqueous solutlon of atmnonlum 
chloride was added (80 ml). The reactlon 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 slllca gel to glve 16.05 g (88 % yield) of a mixture fapproxlmate ratlo 551 
45) of the two eplmers at C(5) of t-butyl 5-(4-methylphenyl)sulphlnyl-4-oxo-decanoate Cip) as a 
yel lowlsh 01 I. (Found C 65.8, H 8.7, 
1730, 1050 cm-l: lH NMR 

C2IH32O S requires C 66.3, H 8.4): Ymax ffllm) 2930, 1710, 
(CDCI 1, 

l? 
b :O. 5 d (3H, t, J 6.8 Hz. H3-10). 1.0-2.0 (SH, m, 

H2-6,-7,-B,-91, 1.41 and 1.42 (9 , s, I-Bu), 2.2-2.9 t4H, m, H2-2 and -3), 2.41 (3H, br s, Me 
arom.), 3.62 and 3.77 (lH, m. H-5). 7.3-7.5 (4H, m, Ph). 

tion of racemlc n-hexvl p-tolvl sulohgxlde (9) on dlethvl succinate (8 , l 

The reactlon was realized as described above for methyl t-butyl succlnate and after the same 
work UP and flash chromatoaraphv (toluene/ethvl acetate 2:l) the ethyl 
5-(4-methylphenyl)sulphInyl-4-oxo decanoate 10’ was isolated In 90 % yield as an 011 and as-a 
mixture of the two eplmers at the carbon atom. lH NMR (CDCI b :0.88 (3H, t, J 6.8 Hz, 
H -10). 

3 
1.0-2.0 (SH, m. H2-6,-7,-S.-9), 1.23 (3H, t, J 7.0 Hz, CH2). 2.1-2.9 (4H. m, H -2 and 

- ), 2.45 (3H. br s, Me aran.,), 3.65 and 3.68 (1H. m. H-5). 0 and 4.12 (2H. q. J 3 .O Hz. 
CCH2). 7.2-7.6 (4H. m, Ph). 

rs) wlth Ui!AH 

A solutlon of the 4-oxo-5-sulphinyl decarioatc IQ (mixtu.rc of the two eplmers at C(5)) (59, 13.2 
mnol) In THF (40 ml) was cooled, under Argon, at -78 C and a solution of DIBAH In n-hexane 
(19.7 ml, 19.7 mnol) was added dropwine. After the mixture had been stlrred for 5 mln. 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 wlth a diluted soiutlon of hydrochloric acid. The reactlon mixture was 
extracted with ethyl acetate (3 x 300 ml), the collected organic phases were dried over 
anhydrous sodium sulphate, and the solvent was evaporated under reduced pressure. Flash 
chromatography of the residue on silica gel teiuent: n-hexane/ethyl acetate 7:3) alloved to 
obtain in 79 % overal I yield the four dlastereoisomers of t-butyi 
4-hydroxy-5-(4-methylphenyl)suiphlnyi decanoate (fi) as single pure compounds. 
(t)-(4S,SR,RS)-IL: 32 % yield: m.p. 70-71’ C (fran dl-isopropyl ether): (Poun 

B 
C 66.1. H 8.7, 

C2lH 04s requires C 65.9, H 8.9); Rf 0.36 tn-hexane/cthyl acetate 7:3): Ial0 +160’ (C 0.70 
In &13): vmax fnuJoi> 3288, 1730, 1010, 990 cm-l: lH HtlR (CDC13), c):O.PO <3H. t, J 7.0 Hz, 
X3-10), 1.0-1.8 f6H, in, H2-7, -8, -91, 1.36 (PH, s, t-&i), 1.45 and 1.83 t2H, m. H2-3). 1.87 and 
1.99 (2H, m, H2-61, 2.17 and 2.32 (2H, m, H -2). 2.30 flH, ddd, J 9.3, 4.5 and 1.5 HZ, H-5). 
2.43 (3H, br s, He arom.), 4.03 (1H. dddd, J % 
and 1.2 Hz, OH-4). 7.36 and 7.49 (4H. m, Ph); 

.v3 3.6. 3.0 and 1.5 Hz, H-4), 4.16 (iH, dd. J 3.0 
C NMR (CDC13), 6:13.99 (q), 21.42 (q). 22.43 

tt>, 23.50 (t), 27.40 ft). 28.01 (qf, 29.71 ft), 31.60 <t), 31.79 (t), 67.24 (d). 69.34 cd), 
80.25 (~0, 124.63 cd>, 130.00 cd), 138.17 (~3, 141.67 (s), 172.62 ts). tt>-f4R,SR.R )-fi: 
yield; m.p. 68-69’ C <from n-pcntane); <Found C 65.3, H 8.6, C2lli34O4S requires C 6 5 

0.7 % 
.9. H 8.9); 

R 0.32 (n-hexane/ethyl acetate 7:31 
960 cm-l; 

Ialt” t159’ (c 0.9 in CHC 1 Y 
1 H NMR (CDCl 

1.44 (9H, s, t-llu), 1.8 % 
), 

2 
0:0.83 (3H, t, J 6.9 Hz, H3-10). 1.0-l. t8Hv& H -6, -7, -8, 

and 1.95 (2H. m, H2-3). 2.41 and 2.43 (2H. m. H2-2). 

(;JoI) 3270. 1;;;: 

.42 t3H, br s, Me 
aran.), 2.76 <lH. ddd, J 7.8, 5.2 and 5.0 flz, H-5), 4.12 (111, dddd, J 10.0, 7.8, 3.1 and 2.7 HZ, 
H-4). 4.70 <lH, dd, J 3.1 and 1.1 Hz, OH-4). 7.33 and 7.59 (4H, m. Phi. (iy-(4R,5S,Rq)-fi: 8.9 % 
yield; m.p. 88-89’ C (fran di-isopropyl ether); (found C 65.1. H 9.1, C H 0 S requires C 
65.9, H 8.9): R 0.31 (n-hexane/ethyl acetate 7:3); In)20 ' (c 0 %!O 31Pn4CHCi ) Y 
fnujol) 3360, 17 0, & 1020. 1010 cm-l; lH NMR (CDCI 
(8H, m. H2-6, -7, -8, -9), 1.46 <9H, s, t-Bu), 

o:o.?f t3;p3t. J 6.9’Hz, H3-10L3 d.9-TY 

at-an.), 2.45 t2H, m, 
and 1.96 (2H, III, H2-3), 2.41 (3H, br s, Me 

H -21, 2.51 (lH, 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 f H, T dddd, J 9.5, 3.3, 3.2 and 2.5 Hz. H-4). 7.33 and 7.47 (4H, m, Ph). 
(t)-(4S,SS,RS)-U: 38 % yield, m.p. 98-99’ C (from di-Isopropyl ether); (Found C 65.8. H 9.2, 
C 
&I ); 

H3404S requires C 65.9, H 8.9); Rf 0.26 (n-hexanejethyi acetate); 1~112,~ tll0’ (c 0.55 in 
0:0.80 (3H. t, J 6.9 Hz, 

H -1 a 3, 
Y max (nuiol) 3400, 1728, 1030. 1015 cm-l: lH NMR fCDC13), 

1.0-l-7 t8H, m, H -6, 
P 

-7, -8, -9), 1.44 (9H, s, t-&1, 1.94 and 1.98 (2H, m, H2-3). 2.43 
f$H, br 3, Me ardm,), 2. 4 and 2.49 (211, in, fi -2). 2.65 tlH, ddd, J 7.0, 6.4 and 5,7 Hz. H-5), 
3.94 tlH, dddd, J 8.3, 6.4, 5.0 and 4.2 Hz, $- 4). 4.21 flH, dd, J 5.0 and 0.5 Hz, OH-4). 7.34 
and 7.47 (4H, m, Ph). 

of ethvi 4-oxo-5-suiphinvl decanoate (IO’) (mixture of ephers) with DI&&. 

The reactlon was realized as described above for the t-butyl ester J-8 and after a similar work 
up and flash chromatography (n-hexanelethyl ether 1:2) the ethyl 4-hydroxy-5-(4-methylphenyl) 
sulphlnyl decanoates Iii. were isolated in 8% % global yield. The ratlo of the dlastereolsomers 
was nearly the same reported above. The reported relative stereochemistries were assigned by 
CanparIng physical and spectral propertles of ethyl esters 11’ with those of t-butyl esters 
u.(4S*, 5R* 

b :0.$5 
R *)-ethyl 

(CDC13>. i5 3H, 
4-hydroxy-S-(4-methyiphenyi>suiphir~yl decanoate: Rf 0.38; ‘H NMR 

7.0 Hz, CH3-CH ), 2.2-2.5 (3H, m, 
1.0-2.1 tlOH, m, HP-3.-6,-7,-8,-9), 1.23 (3H, t, J 

Hz, OCH2), 4. 7 i! (lH, m, H-4), 
H-51, 2.46 (3H, br s. Me arom.), 4.03 (2H, qJ J 7.0 
br, Ofl-4). 7.36 and 7.51 (4H, m. Ph). (4R , SS*, 

RS*f-ethyl 4-hydroxy-5-(4-methylphenyl~sulphinyl decanoate: R 
t, J 6.9 Hz, H3-lo), 0.9-2.1 (iOH, m. H2-3,-6,-7,-8,-9). 1.2 i 

0.31; 1NMR fCDCi3), b :0.70 (3H, 
.(3H, t, J 7.0 Hz. CH3-CH2), 2.43 

(3H, br s. Me arom.). 2.4-2.7 (3H. m. Ho-2 and H-5), 3.35 (lH, br. OH-4). 4.13 (2H, q, J 7.0 Hz. 
0CH2), 4.27 flH, m, H-41, 7.31*and 7.50 (4H. m, Ph). t4s*‘. 5s*, 
4-hydro,xy-5-t4-methylphenyl jsulphlnyl decanoate: Rf 0.23: ‘11 NilR tCDC13), 

Rs*)-ethyl 
r) :0.76 (3ti. t, J 

6.9, iig-lo), 1.0-2.1 <lOH, m, H2-3,-6,-?,-8,-91, 1.25 (3t1, t, J 7.0 Hz, Ci13-CH ), 
8 

2.44 :3H, br 
s. He aran.). 2.4-2.8 (3f1, m, Hi-2 and H-S), 4.00 flH, m, H-4). 4.10 (lH, hr. H-41, 4.20 (ZH, 
q. J 7.0 Hz. OCH2). 7.33 and 7.48 (4H, m, Ph). 

Reduction of t-butvl ~.e~~o-5-sul~hl~lyItlccdlloalc 10 (mi.xt_ur:e of eplmccs) with UDAH In t& 
presence of CdCl0 or ZnCJ2 

To a solution of ID (5.0 g. 13.2 mmol) in THF (40 ml) at room temperature and under Argon 
atmosphere powdered CdC12 (&led on CaCl 1 (2.42 g, 13.2 mmol), was added and after stlrring for 
30 mln., the suspension was cooled at - 8’ 5 C and a solution of DIBAH (19.7 ml, 19.7 tmnol) was 
dropped. After the described above work up, the residue (3.50 gl was flash chrcenatographed on 
silica gel to give the four diastereoisomet-Ic 4-hydroxy+sulphinyl decanoates j_.I in pure form 
and in 50 % overall yield. tt)-(4S.SR,Rsf-U: 20 % yteld: 
ft)-t4R,5S.Rs>-U: 16.5 % yield; f+)-(4S,5S,Rs)-U: 10.5 % yield. 

tt)-f4R,5R,Rs)-j_j.: 3 % yield: 

A solution of NaBH4 (800 mg, 21.1 ezeol) in CH OWNH3 aq (30 % solution) 9:1 (50 ml) was added 
dropwlse at room temperature to a solution o 9 the sulphinyl ketone j_Q (7.0 g, 19.2 mnol) in 
CH30W NH3 aq (30 % solution) 9:1 (50 ml). After the mixture had been stirred for 10 min., 1 N 
hydrochiorlc solution was added (to reach pH 7) and the solvents were evaporated off under 
reduced pressure. The residue (9.0 g) was dliuted wlth water and worked up as described above. 
Flash chromatography gave the four diastercoIscmcric t-butyl-4-hydroxy-5-sulphinyl dccanoates U 
In pure form and in 68 % overall yield. (+)-(4S,SR,RS>-j_I.: 1.8 % yield; (+)-(4R,5R,RS)-fi: 7.4 % 
yield: (t)-(4R,EiS,RS)-fi: 34 % yield: (+)-(4S,5S,RS)-~:25 % yield. 
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tvl 4-hvdroxv 5 (4 S -- _ 

A solUtlOn of f+)-(4R.SS,RS)-4-hydroxy decanoatc U (2.50 rnnol) In LMF (6 ml) was dropped Into a 
suspension of benzyl branlde (25.0 ~1) and 011 free sodium hydrlde (5.0 nznol) In the some 
solvent (6 ml) at -10’ C. After stlrrlng at rwm temperature for 10 min., the mixture was poured 
Into Ice/water (80 ml) and extracted wlth ether (3 x 100 ml). The collected organlc layers were 
dried over anhydrous sodium sulphate, 
residue was flash 

the solvent was removed under reduced pressure and the 
chromatographed (toluene/ethyl acetate 85:15) to give the 

(+)-(4R,5S,R )-t-butyl 4-benzyloxy-5-(4-methylphenyl)sulphlnyl decanoate (12) In 88 % yleld; 
m. 105-lOi;’ C (fran n-pentane) 
1& +59*(c 0.96 In CHC13):~ 

; (Found C 69.8, H 8.6. 
1725, 1035, 1010 cm-l; 

C H400 S requires C 71.2, H 8.5); 
lH & &I ) b:O 78 (3H t J 6 9 

Hz, H3-10). 0.9-1.4 (6H m 8!!$ -8 -9) 1 43 (9H s t-&l) 1 56 and31 ‘70 t2R m H’-6;, 2.02 
and 2.14 (2H, m, H -3). ‘2.h (gH,‘br’s, lie aran.),‘2.4CI 

s 
(2H;m,‘H -2), 

5 
2168 (IH; ddd 3 

and 3.7 Hz, H-5). .75 (ifi. ddd, J 9.0, 3.9 and 3.7 Hz, H-4). 
7.6, 4.9 

4. 
mH2-4), 7.2-7.4 (9H, m, Ph). 

7 and 4.54 (2H, d: J 11.6 Hz, 

Similarly. startlng fran the dlastereolsanerlc (+)-(4S,SS,RS)-fi, the (t)-(4S,5S.Rs)-t-butyl 
4-benzyloxy-5-(4-methylphenyl)sulphlnyl decanoate (12) was obtained In 85 % yleld; m.p. 74-75’ C 

dl-Isopropyl ether/n-pentane); (Fwnd C 69.7, H 8.4, 
+5D’(c 0.95 In CHC13); y 

C2 H 0 S requires C 71.2, H 8.5); 

t.OJ 7.0 Hz. H3-10). 0.8-1.8 
(nuJo1) 1720, 1030, 1010 cm S1;o fH NHR (CDCI 1 d:O.75 (3H, 

H -6), 1.83 and 1.92 (2H, m, 
1.43 (PH, s, t-&l), 1.43 a:d’ 1.79 (2H. m, 

d&d. J 6.2, 5.5 and 5.5 Hz. 
H2-21, 2.41 (3H, br s, He aran.), 2.62 (lH, 
8.0, 6.2 and 3.7 Hz, H-4). 4.52 and 4.68 (2H. 

d. J 11.1 Hz, DCH2-41, 7.2-7.5 (PH, m, Ph). 

Attempted benzylatlon of (4s”. 5S*, RS*)-ethyl 4-hydroxy-5-(4-methylphenyl&ulphlnyl decanoate 
UU. The procedure described above was employed and after flash chranatography the (4s’. 5S*, 
R *)-5-(4-methylphenyl)sulphlnYl decan-4-elide Cu) was exclusively obtained. Y 
1830 cm-l; 1 

(nuJo1) 1175, 
H NHR (CDC13), 6:0.74 (3H, t, J 7.0 Hz, H3-101, 0.8-1.2 (6H, m, p7.-8,-9). 

f* 
1.31 

and 1.83 (2H, m, H -6). 
P 

2.01 and 2.35 (2H, m, H -3), 2.42 (3H, br s, He aran. 2.58 and 2.62 
(2H, m, H -2). 2.7 (lH, ddd, J 7.7, 5.7 and 4. 
H-4). 7.3fand 7.48 (4H, m, Ph). 

z Hz, H-51, 4.88 (1H. ddd, J 8.9, 7.7 and 6.5, 

Deoxvgenation of the mulphinvl group of t-butvl 4-benzvloxv-5-aulphinvl decanoatee 12 

Trifluoroacetlc anhydrlde (1.1 ml, 7.6 mnol) was added vla .a syringe Into a VlgorouslY stlrred 
solution of (r)-(4R,SS,R )-4-benzyloxy-5-sulphlnyl 
sodium iodide (0.68 g. 5 

decanoate 12 (0.72 g, 1.53 maal) and of 
4. 8 nanol) In acetone (50 ml) maintaining the temperature below -40’ C. 

After stlrrlng the reactlon for 10 min. at -20’ C. excess of saturated aqueous sodium sulphlte 
and of sodium hydrogen carbonate were added dropwlse In that order until no more lodlne was 
present and until CO 

P 
evolution had ceased respectively. Acetone was evaporated off under 

reduced pressure and t e mixture was extracted wlth 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 chranatographed (n-hexane/dl-Isopropyl ether 95:s) on silica gel and the 
f-)-(4R,5S)-t-butyl 4-benzyloxy-5-(4-methylphenyl)thio decanoate (u!, was Isolated as an 011 In 
88 t yield: 101 2o -4.1’ (c 1.15 In CHCI ); (film) 2920, 1730 cm-l; lH NHR (CDCI ) 

d:O.88 (3H. t. J 6% Hz. H3-lo), 1.1-1.7 t8?l, my !“-“s -7 -8 -9) 1 41 (9H s t-Bu) 1 88 !nd 
1.99 (2H, m, H -3), 2.31 (3H, br s, He aran.), 

% 
‘2.a dnd’2.33 (iH,‘m, H -2).‘3.15 

9.0, 4.5 and 4. Hz, H-S), 3.56 (1H. ddd, J 8.5, 4.0 and 3.9 Hz, H-4). .43 and 4.56 (2H, d, J P 
(iH, ‘ddd, J 

11.2 Hz, oCH2-4). 7.0-7.4 (9H, m, Ph). 
Slmllarly, startlng fra the dlastereolsanerlc (+)-(4S,SS,RS)-12, the f-)-(4S,SS)-t-butyl 

nzyloxy-5-(4-methylphenyl)thlo decanoate (u) was Isolated In 83 t yleld as a &Icky llquld; 
-3DTc 0.90 In CHC13); Y 

Hz, H3-10). 1.2-1.5 (6H, m, 
(film) 2960, 173D cm-l; l NHR (CDCl3), 

HJ-y,-8.-9), 
d:O.88 (3H, t, J 6.9 

1.41 (9H, s. t-Du). 1.76 and 1.82 (2H, m, H -6). 1.80 
and 2.13 (2H, m, H -3). 

I? 
2.18 and 2.33 (2H. m, H -2), 

9.7, 3.9 and 3.3 z. H-5). 3.43 (lH, ddd, J 9. 3 
2.33 (3H. br s, He aran.), 3.18 ( 1 H, ddd. J 

, 3.3 and 2.8 Hz. H-4). 4.32 and 4.44 (2H. d, J 
11.6 Hz, mH2-4), 7.0-7.3 (9H, m, Ph). 

tlon of the )x _ _ 

A solutlon of trlfluoroacetlc acid (2.6 g, 12.2 nznol) In acetone (30 ml) was dropped Into a 
vigorously stlrred solutlon of (+)-(4R,5S.Rs)-4-hydoxy-5-sulphlnyl decanoate (fi) (2.34 g. 6.12 
rmnol) and of sodium Iodide (2.75 g. 18.4 zznol) In the same solvent (55 ml) mantalnlng the 
temperature below -60’ .C. The reactlon mixture was left for 10 mln.. during which time the 
temperature rose to -20 C. Excess of a saturated aqueous solution of sodium sulphlte 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 mlxture 
was extracted with ether (3 x 200 ml). The collected extracts were evaporated under reticed 
pressure. At thls stage TLC analyses (n-hexaneiethyl ether 9:l) revealed the presence of two 
products the lower Rf one corresponding to the desired (4R.SS)- 
t-butyl-4-hydroxy-5-(4-methylphenyl)thlo decanoate Clp). the higher Rf one being probably the 
trlfluoroacetyl ester of (4R,SS)-fi. The rcu mixture was therefore dllulted wlth THP (30 ml) and 
1.0 N sodium hydroxide was added (8 ml). After stlrrlng 30 min. at room temperature, the solvent 
was evaporated under reduced pressure, water was added (20 ml) and the reactlon product was 
extracted wl th ether (3 x 100 ml). The collected organic phases were dried over anhydrws 
sodium sulphate and TLC analyses at this stage shoved the hlgher Rf product had disappeared. 

The solvent was evaporated under reduced pressure and the residue was flash chromatographed 
(n-hexanelethyl ether 85:15) to glve the (4R,SS)-t-butyl 
decanoate Clp) In 82 t yield as a viscous 011; la12036s 

4-hydroxy-5-(4-methylphenyl)thlo 
+23’ (c 1.0 In CHC13); YmaX rfllm) 



Synthesis of the (4S,SR)-5-hydroxydecan-eolide 464s 

3425, 1730 cm-‘; ‘ii NNR (CDCI 
9 

I, b:O.BB (3H, t, J 6.6~Hz, H3-101, 1.2-1.5 (6ii. m, H2-7,-t&-9), 
1.40 (9H, 8, t-Bu), 1.50 and .67 t2H, m, H -6), 1.75 (2H. m, H -3), 2.32 (3H, br 8, Ne aran.), 
2.33 and 2.40 (2H, m, H -2). 2.50 (lli, d, 5 5.6 Hz, OH-4). 3.0 % (lH, ddd, J 9.5, 3.8 and 3.5, 
H-5). 3.62 (1H. ddd, J $2, 5.9 and 3.5 Hz, H-4). 7.10 and 7.33 (IH, m, phi+ 
Similarly, starting frun the dfastcrcoisaneric (+I-(4S,SS,RS)-11, the f-I-(4S,EiS)-t-butY1 

CD> was Isolated in 70 % yleid as a viscous ol1: 
(film) 3425, I730 cm-I; lH NNR (CDcl3), 6:0.69 (3H, t, J 6.8 

1.43 (9H, s, t-Bu). 1.47 and 1.68 (2H, m, H2-6). 1.72 
3H. br s, He aran.), 2.36 and 2.40 (2H. m, H -2) 2.85 (IH, d, J 

3.6 Hz, H-5>, 3.54 (lH, ddd, J 4 -0. 5.8 and 3.0 Hz, 
H-4), 7.10 and 7.33 (4H. m, Ph). 

OUD of ethvl 4--V 5 SUV _ - ii 
, 

When (45”. 5R*. RS*)-ethyl 4-hydroxy-5-(4-~thylphenyl)~iphInyi decanoate Cc) was reacted and 
worked up as described above, before the basic treatment with 1.0 N sodium hydroxyde, only the 
(4s”. SR*)-ethyl 4-trifiuoroacetyloxy-5-(4-methylphenyl) sulphlnyi decanoate was present. ‘H NNR 
tcrlc1 ), 

i 
6:0.94 (3H, t, J 7.0 Hz, H -lo), 

HZ, C 3CH2). 1.9-2.4 f4H. m, HP-2 an d 
1.0-1.8 (BH, m, H2-6,-7,-8,-9). 1.24 (3H, t, J 7.0 

-3), 2.34 (3H, br s. Me arun.), 3.13 (IH, m, H-5). 4.10 
(ZH, q. J 7.0 Hz, 0CH2), 5.16 IH, m, H-41. 7.12 and 7.33 (4H, m, Phi. On mild basic treatment 
of this product, hydrolyses of the trlfluoroacetyl group occurred, but the exclusive lsolatcd 
product was the (4S”. 5R*I-S-(4-methylphenyl)thio decan-4-oiide (21) fwhlch 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). 
When the (4S*, 5S*, R “f-ethyl 4-hydroxy-5-(4-a&h lphenyiIsulphinyi decanoate (11) was 
slmllarly reacted and wor cd up, the corres$ondlng 8 5: (4s 
(PI was isolated along with the (4S*, 

, 5S*I-5-(4-~thylphenyI)thlo decanoate 
5s ) ethyl 4-hydroxy-5-(4-methylphenyI)thlo decanoate 

c=, : ‘H NNR fCDCi$, _ 
1.3-2.0 (iOH. m. H2- 

6:O.W (3H, t, J 6.8 Hz, H3-lo), 
,-6, 7,-S,-91, 2.32 (3H. br s, ile araa.), 2.3-2.6 (2H, m, H 2). 2. 

d, J 4.5 Hz. OH-4). 2.92 (IH, m, H-5). 3.54 (1H. m, H-4). 

1.24 (3H. t. J 7.0GHz, CH@;; 

4.12 (2H. q. J 7.0 Hz, H ). 7.09 and 
7.33 <4H, m. Ph). Thts last product howtver was not stable and tended to eye lZe i! to the 
corresponding decan-4-elide on standing also at 0’ C. The same occurred when the (4R*, 5s”. 
RS*I-ethyl 4-hydroxy-5-(4-methyIphenyi)su1phinyI decanoate tu) was simllarly processed. 

v __ _ 5 (4 wthlo decanoate 

A soiution of the (4R,5S)-4-hydroxydecanoate s (2.00 g. 5.46 mnol) In DMF (2.0 ml) was dropped 
into a stirred suspension of benzyl brcmide (8.17 ml, 5.46 aznoi) and of oil free sodium hydride 
(10.92 tmnol) In the same solvent (5.0 ml) maintaining the temperature below 10’ C. After the 
reactlon had been stirred for 10 min. at roan temperature, the mixture was poured Into Ice/ 
water (60 ml) and extracted wlth ether (3 x 100 ml ). The collected organic phases were dried 
over anhydrous sodium sulphate and the solvent was removed under reduced pressure. Flash 
chranatography fn-hexane/dl-Isopropyl ether 95:5) of the residue Qave the t-I-(4R,6SI-t-butyl 
4-benzyioxy-5-(4-methyipheny~l)thlo decanoate (Q) In -10 % yield 
(-)-(4R,5S)-5-(4-methyiphenyiIthio -4-decanollde 

and t& 

-34’ (c 1.0 In CHCI3); 9 (film) 1775 Cm-I; 
) In 88 % yleld~oaWsti;~; l:qu:“;, dak 

H3-101, 1.2-1.0 (BH, m, H -e?,-8,-9). 2.04 and ;.;3 (3X, bk 5: Me araa.): 
2.53 and 2.56 (2H, m. Ho- 3 ). 3.03 flH, d&l. J H-5). 4.48 (1H. ddd. J 7.8, 
7.4 and 7.0 Hz. H-4). 7.71 and 7.34 f4H, m. Phi. 
When dlastereolsomerlc t4S,5S)-lp was slmliariy reacted, the (-I-(4S,SS)-t-butyl 
4-benzyioxy-5-(4-methylphenyi)thio decanoate (UI was Isolated In 26 % yleid and the 

of the t-butvl ester of 4-~loxv 5 tolvithfo _ _ 

A solutlon of frlR,SS)-t-butyl 4-benzyloxy-5-(4-methylphenyi)thlo decanoate (u) (0.48 g, 1.0 
ruzoi I In a mixture of acetic acld/water/l.4-dloxane 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 residual acetlc acid. The residue was flash 
chr~atoaraphed (n-hexane/ethyl ether/acetic acid 60:20:0.25) to afve In 84 % vleld the 011~ 
~+>-f4R.5SI-4-benzyioxy-5-f4$ethyiphenyiI~hfo decanolc acid (14): iai go tl4.9’ fc 1.15 in 
CHCIq); Y,_~ (film) 3500-2500, 1710 cm- ; lH NMR (CDCIQI, & :0.88 (3H. t. J 6.8 HZ. H~10). 

I.94 and 2.05 (2H, m, H -3,. 2.32 (3H, br.s, -Me aran.),.2.38 and 
2.40 (2H, m. 3.19 clH, ddd, J 8.5, 4.5 and 4.0 ?l 2, H-5). 3.59 (lH, ddd, J 8.5, 4.0 and 
4.0 Hz, H-4), and 4.55 t2H, d, J 11.1 Hz, OCH -4), 7-O-7.4 (PH, m, Ph). 
When the diastereolsaaerlc f4S,5S>-t-butyi 4-benzy oxy-5-tolylthlo decanoate (X#) was reacted In P 
a slmIlar manner. the r-I-4-benzylgy-5-(4-methyiphenyl)thlo decanolc acid (14) was obtalned as 
:m_‘i$y”, ;:, ;;D;%;, Yield: (aiD fc 0.70 In CHCI ): ff1iln) 3500-2500, 1710 

b:0.89 (3H. tI”:‘“Q.8 Hz, H3-IO), 1.331.8 l#‘rn , ~-6;;,&9)&.8; 
and 2.19 (2H. m, H -3). 2.31 and 2.43 (2H, m, H2-2). 2.35 (3X, br s, Ne arena. 
10.0, 3.5 and 3.0 gz. H-S), 3.44 (iH, ddd, J 10.0, 3.0 and 2.5 Hz. H-4). 4.27 ind’4.45 (2H. d: J 
II.6 HZ, wH2-4). 7.1-7.3 (PH. m. Ph>. 
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ti-Sf 
Hi6 

onta-4 

Kltb-4 

olm-4(0.5).can-4(0.s). tt-ta(O.5). 

ll-SP(O.5). Ii-5OC1.5) ,Gixo-4W.5) .Octlb-4(0.5). 

tt-b~~2.i)~,0Cit.?-f~(l.5fn,0Cfb-4~l)a. WOU(7) ,li-S~(Z),B-6r(l) ,ll-6b(1) .Wiir412) .ociib-4fi *‘if. 

tt-4ecJ.r)a,tl-5a(3.5)E. 

11-3a~2.5),11-3C~2.5),11-58~7.5).11-6n~1.5), 11-2u(0.5),tl-~kr(2.5).H-3D~2.5),H-S8~2.5).1f-6~~1.5), 

tf-Gb~1.5),OC113-4~1),0Cltb-4~3.5). tf-66(1.5),0~1~-6f2),OCXb-4-(3). 

tt-2r(o.5),tt-3at3.5),ti-4et7.S).tt-6n(2.5).tt-6b(2.5). ft-2o(2).11-3010.5)‘.11-4*~2.5),ft-6~f1.5),tf-6b11.5). 

ll-4F(2.5)0,tl-5C(7)e,OCtt~-4(0.3)a,0CNb-4(0.5)=. H-3a(o.S)B,~~-4a(5) .II-M6). 

fl-2o~o.s),t1-2efo.s),ft-3a~I).rl-4c~1). H-20fo.2),tt-3S~o.s),tt-4o~2). 

lt-3”ct).rt-4r(2.5,. H-3t?(0.5),II-4a(3). 

=I>> acr,onc-db. 

To a solution of the <4R,SS)-4-benzyloxy-5-tolylthio decanolc acid f&Q (258 mg, 0.64 ~1) In 
methylene chlori~/nitr~thane f1:l mlxturc, B ml), tr~methyloxoni~ tetrafluoroborate (172 mg, 
1.16 zmol) was added in one portion under argon and at -5’ C. Stlrring was malntalned for 10 
mln. after rtachlng roan temperature (10 min.). Solvent was removed under reckrced pressure at 0’ 
C and the crude sulphonlum salt was dissolved In DHF (4 ml) and potassium t-butoxlde (87 mg, 
0.774 zrnol) was added at -45’ C. The temperature was left to false at IO’ C, stirring was 
continued for further 10 min. then a saturated aqueous solution of ammonium chloride (10 ml> and 
of water (30 ml) were added at -20’ C. The reactlon products were extracted with ether (3 x 40 
ml), the organic layers were collected, dried over anhydrws scdlum sulphate and the solvent was 
removed under reduced pressure. The residue was flash chraaatographed (n-hexanetethyl acetate 
40:17) and the cls <4R,SR)-4-benzyloxy decan-5-elide 4x1 was Isolated as an oil In 80 % yield: 
(Found C 72.0, H 8.5 C 0 requlrcs C 73.9 H 8.7); 
(film) 1730 cm -1; IH ‘and7&?&R data are reporied in the Tabi% 1 and 2. 

la120 +15’ CC 0.60 In CHC13); Y max 

When the diastereoiscmerlc trans ~4S,5S~-4-~nzyloxy-5-tolylthIo decanolc acid (14) was 
similarly reacted. flash chrcmatography tn-hexane/ethyl acetate 4O:lO) of the row rcactl n 

%Zl products gave the (+)-(4S.SR)-4-benzyloxy-5-decan-5-ollde (16) In 84 S yield as an 011; lolo 
tlO7’ (c 0.64 In CC14> < /aI 2o t106’ c 0.7 in Ccl4 ref 19); Y max (film) 1735 cm-I: *H and 
13C NHR data are reported In ths Tables 1 and 2, 

tive m of 5-tolvlfhlo-decan _ - 

Raney-nfckel (Y2. 400 mg) was added to a solut Ion of the <4R,SS)-S-(4- 
ImthylphenylXhio-decan-4-oltde (a) In ethanol (6 ml). 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 recluced pressure and the residue was flash chr 
ether 60:40f to give (-)-<5)-decan-4-olfde (22) In 91 % yield; 
y max (film) 1775 cm-‘: IH NMR (CDCln). 

lc$$t~rjihe;c (~~~~~~~~~~h~! 

6 :0.89 (3H. t. J 6.9 HF. Ho-IO). 1.2-1.7 t8H.3m: .““.. 
H2-6.-7,-8,-9). 1.61 and 1.74 (2H, m, *k2-5) 1.85 and 2.32.(2H, m, H :3): 2.5i and 2.56 (2K, m, 
Ho-2). 4.49 (1H. dddd. J 8.0. 7.8. 6.4 and 5.3 Hz. H-4): 13c NHR &CM. e:14.06 ts. C-10). 
23.54 (t, C-9);25.20.(t. C-6), 28.03 (t, C-3). 28;89 ft, C-2). 29.01 Ct’..C-7), 31.67 it, C-8); 
35.59 ft. C-5). 81.10 fd. C-4). 177.36 4s. C-l). 
When the dlastereolsomerlc (;4os,SS)-2t was similarly reacted the f+)-fR)-decan-4-ollde (22) was 
;;;;n;~p;;t;~ z;;ld; lalm t31’ (c 1.2 in CHCl3) other physical data were ldentlcal with 
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