
Tehhedron: Asymmerry Vol. 2 No. 4. pp. 2%2761991 09574166/91$3.00+.00 

Priited in Great Britain Pergamon hers plc 

Enantioselective Oxidation of P-Hydroxythioethersl. Synthesis of 
Optically Active Alcohols and Epoxides 

V. Caatc, F. M F&a*, G. Lkini, G. Moded, G. Shampato and G. Valk! 

centlodlstudlotiMeccsnismidiRcazioniorganichcdclcNR,Dipartimeatodichimicrorgmica. 

via Ibfamlo, 1 I-35131 Padova, Italy. 

(Received 13 February 1991) 

AI&rack Optically pure ~hydroxysulfoxkks may be obtained by duct oxidation of the 

parent thioethcxs with the modifkd Shazpless reagent developed iu our Uomtory. Necessary 

nquieitesforasuccessNasymmetricoxidationareboththe~oftbeOHfunctionand 

the largest possible ditkence in size of the two groups linked to the thioether sulk This 

latter condition is fulfilled by using S-methyl derivatives. Examples referring to the oxidation 

of various s-methyl-ghydroxythioethers, characterized by e.e. values up to Wb, which may 

be further inucased (MM) by crystallkation, arc piesent Results concerning tha synthesis 

of optically active epoxides and alcohols starting from Bhydroxysulfoxidts are also presented 

which, in some cases, allows the absolute configuration of the parent sulfoxide to be 

established. 

A pmccdurc of facile and general applicability for obtaining optically pure ~hydmxysulfoxides remains 

an important goal in organic synthesis io view of the applicarions, either as ligands or as building blocks, of 

such compounds in asymmetric teactions2. 

So far, optically active ~hydroxysulfoxides am obtained either via aldol-type xeactiona of a-stiyl 

anions with carbooyl compounds3 or by reduction of ~ketosulfoxides with various hydride transfer agenti. 

The reagents containing the sulfinylic function ate enantiomezicaUy pure and their preparation is usually 

carried out via the Anderse$ or related method&. 

Aldol-type reactions afford the two diastexeomeric j3-hydroxysulfoxiis in variable ratios, depem%ng on 

the nature of the xeagents3. Also the diastereoselectioo of the reduction of ~ketosulfoxides has been shown to 

depend on the hydride donors employed4. Thus, non-chelating hydride donors, such as di-iso-butylaltium 

hydride, affonl mainly one diasteteomer, while chelating hydride donors, e.g. lithium ahuninium hydride or 

DIBAL in the pnsence of xinc bivalent salts. provide the other diastereomeric ~hydroxysulfoxide. In both 

cases the level of diastcroselection is very high (d.r. up to 98%). 

Other procedures involving the use optically pure ~hydroxythioethers, obtained by additkm of thiolates to 

optically pure epoxides. have been report&. T&e thioethers are oxidked to the conespondiag S-oxides by 

conventional oxidizing agent, e.g. m-cbloqerbenzoic acid. All the methods presented above need that an 

optically pure reagent, either a sulfoxide or au epoxide. is available. 
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Adifkcntandmorcdkctapproachistheasymmetricoxidadonofracemic bhydmxythioethem witb a 

chiral. non racemic oxidizbq agent. 

Recently we have developed a mod&a&~ of th8 Sharpleo rcag&, effcctivo iu the onantioackctivc 

oxidation of thiocthct@. Indcpendcntly, another modification of the Shatplcss magent was developed by the 

Kagan’s gnXlp’0. Both systems (based ou titauium (IV), dicthyltareatc aud an alkylh~) have been 

found to enantioselcctively oxidize the thioether sulfur in various claesea of sub#ratc&~~~~t~. 

Earlystudiesontheapplicationofour~totbemidationofsomc~h~~provided 

rather diqpointing naulta (e.e 2047%) 12. At any rate, such studies showed that enhan& 

enanti~vities wue a&&cd when the hydroxv function was protected either by forming a silyl ethcrur 

an acetate. A further improvement of the cnantioselcction was obtained by using pmtcctcd S-methyl-b 

hydmxythiocthcrst~. Indeed. by maxim&in g the stereo and/or stueoolcctmnic diffctencer between the two 

groups linked to the sulfur atom, an improvement of the enantioselection was obtain4 Accardingy, C.C. 
values up to 809b wue reached, i.e. values which may be considered of interest fram a synthodc point of 

view. InthispaperaN1~ofthe~~~obtainedbycmployingsuchan~isprcsented.Also, 

data conaming the transformation of the optkally enriched S-methyl-&hydroxysulfoxi&s to chiral, non 

racemicepoxidesandalooholsarediscussed,thatallowustoasdgntbe~l~configurationofrwoafthes- 

methyl-ghydmxysulfox&s synthcsizd Some of this work has been subject of a pxUWary 

communication13. 

The series of s-methyl-~hydroxythioethers employed in the pmscnt work have been synthcskcd v&a ring 

opening of suitable epoxides by sodium methanthiolatet4. Such epoxides arc shown in Scheme 1. 

w-1 (H-4 m-5 

w-3 W-6 w-7 

w-3 (*)-a 

Substrate Rl R2 

oayrcIlcoxidc (1) H Ph 

&)-bwrp-~methylstyrcnc oxide (2) Ph m3 

&+rUFU-3-hcxene oxide (3) cHf=2 cHjm2 



Solvent 1 PC! 1 &j-4:&5 1 nct.time(min) 

DMSO 

DIUF 

CH30H 

CH3CH2OH 

CF3C!HzOH + 
cH3cOOI-I 

P3cHzoH 

DMP 

20 9:91 

20 lo:90 

40 5050 

78 68:32 

20 70:30 

20 

24 

77~23 

93:7 

30 

30 

30 

90 

60 

60 

30 

On the basis of the dam of Table 1, (z&4 has been prepand in uifluoroc~l. 1.3~Dimethyl- 

imida?nlidinolle wss ‘discounte4i because of its diEicllh Rmoval. (f)-5 has been SW in P&W&methyl- 

form_. 

In the case of (k)_rrMF-B_methylstymne oxide (2) we have found that the ring opening is highly 

@osclective when ethanol is used as solvent, thus providing the two isomers (&))a and (k)-7 in a 94:6 ratio. 

For this substxntc only the isomer W-6 has been utilized in the aaymmeuic oxidathn pmcduce. 

In the cam of (i)-m7/u-3-bexene oxide (3) thm are no rc@ocbanW problems and tbexefoxe he product 

{*)~w~~by~~~~~~ 
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ASatuicipaeed,Wenoticedthat,&itVariarrca withth8asymmetclccpoxidadaldallyllc~wlt.bthc 

SharplcrsFeascnt’l,tbeprssenctafafitehyQoxy~pinthesubsaate~~rrinalowainOofopticalyields 
in the khmythkks o~ridationl2.13. ~ccondingl~, the w of the hydsrury functionality with 

suitable groups bccamcs a ncccssq stcpofthcpluc&m. 

Therefore various protc&ng groups have been considered alao with a view toward studying the effect of 
the natum and the bulkiness of the group on the stereochemistry. Thus, silylcthcrs, acctyl derivatives aud 

nit&enzuatcs have been prepared. It is also immt to mention that when the protected & 

hydroxysulfoxidcs obudned are solid materMs. an upgrading of the enantiomcric excess by crystaWa&n 

CouldbcprcdkW. 

In the present study we used a substrate: TiO: (+I-DET: hydqcmxi& ratio of 4: 1: 4: 2 and the 

leadons WQC canicd out in dichlww at -2oc. 

Itshouldbcrtcalledthatthcsubstratcsutilizedarcraccmic compouuds. Therefore the asymmetric 

oxidation of the sulfur atom also amounts to a kinetic resolution. Consequently a ratio 4 : 2 of the substrate 

and the hydroperoxidc is requind Such an excess of the substrate turned out to be beneficial also as far as the 

C-yields&KCconcerned 

The ~~sulta obtalnal in the asymmeuic oxidation of (*It)-4 where the alcoholic function is ~XWCCM, arc 

collected in Table 2. In the same Table data on the oxidation of the unprotected substrate are also qorted for 

comparisonPmPo=. 

Table 2 

sub. Y ROOH yield prod. diast. ratio e-e.a e.e+ 

# % # a:b % 96 

W-4 OH t-B&OH 20 26 68~32 3 5 

W-9 OSiPh3 t-B&OH 78 27 56:44 70 64 

W-9 OSiPh3 PhClvk@OH 85 27 50% 80 75 

(*)-lo 0%t-BuPh2 f-B&OH 90 28 55:45 75 71 

W-11 o-No2_bcnzoatt PbCMqOOH 71 29 5347 54 50 

Such results am&m the indications previously obtained12 that the oxidation of @-hydmxythioethers. 

whcaetht~mnctoftbtsiztofthetwogroupsboundtosulfurismaximiztdandthehydmxymoietyis 

mm may pmcecd with a high dcgret of enantioselcctivity. In fact the C.C. values obtained for all the 
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dcaivatives qorted in Table 2 range from fair to goad while the C.C. observed fur the unprotcc& S-methyl- 

~hydroxythioether (i)-4 is very low. In&cd such e.e. is even lower thau those obmined for bhydroxy 

thioethcrs substituti at the sulfur atom with alkyl groups other thao methy1t2 (see Intmductioll). Morrover 

wehaveobauvedthattheasyIluWic~of(i)4~alsopcorchcmicalyield. 

Itmayalsobeooticedthatfaall~daivrtiverm~inTable2thereis~~m~tion. 

Suchalow~~lofrrcosnitianceemstobtralatsdtotbeabsenccinthesesub~afa~n~diFbCtlY 

connectedtothtsulfur~.Suchahypodresisisalsocoafinaedbytbeleeultobtainadwhencanpwnd(i)_ 

l2, derived from (f)-5 protected as diphenyl-rert-butylsilylether, was subjected to the asymmetric oxidation. 

In this case, where an asymmetric carbon is pxcsent in a position to the sulfur, a d.r. - 87:13 and 74% and 

66%e.e.forthetwodiasanwmcnl3aandl3bareobtaincd. 

Anotherimpartantobaervationisthatthenanaeendthesizeafthe~ggroupsplayonlyamarginal 

role as far as the emuuioBelectivity and the dhWmoselectivity are concerned. 

It is also worthy of mention that our data con&m previous obsmvaion ‘6th&atleastforthisclassof 

compounds, the use of cumyl hydqeroxide instead of tilt-butylhw hnproves the optical yield of 

the asymmetric oxidation. 

Table 3 collects the data r&e&g to the asymmetric oxidation of a series of (f)-6 detivatives. 

Table 3 

sub. Y ROOH yield prod. 
# 

diast.ratio c.e.* e.e.b 
% # tt:b % % 

(*))-a OH t-BuOOH 22 24 >99:1 18 - 

W-14 osiw, r-B&OH 90 17 88:12 70 n.d 

(i)-14 0SiPh3 PhCM@OH 91 17 91: 9 78 70 

W-U osihie3 IWM@OH 84 30 87:13 66 n.d. 

(*)-la acetate phCM@OH 87 31 86z14 71 n.d. 

It is evident from the C.C. and d.e. v&es rcportcd above that the choice of the suuctme of p 

hydroxythioether is aucirl in detumining the selectivity of the oxidizing system. In addition it may alsu be 

noticedthattbeprtsenceofastaeocenttrdirsctlyconnectcdtothcsulfuratomplaysanlevantrolein 

de-g the diaster#welecdvity which ranges ~KUII 86~14 up to 91:9. hkneovu, the fitat entry of the Table 
3paintsagaintoaverymgative~~exhibitadbythefFteh~lpoupbothontheopticalandontbt 
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cdlcmid yields. 

For derivatives of (+I where there ia no staeocentcr a- to the sulfur there is little de. m 

(although a.c.>SO%) and thercfote little enantiomork enrichment of the umwuzmd thio8tlWriseqctal. 

However, for the krivatives of W-5, (*))-a and (*1-S, where there is a stereocenter a- to the sulfur, there is 

both a teaBQII(Lblc high de. and e.e., which implies that a signifkant enantiomuic cmkhmcmt of tho umeackd 

thiOCthCristObCCXpCCtCdZthiSwaSllOtiIlVCStigatC!dfUIthC~ 

In c4dcrto utilim the optically active doXidca obtainal from O-6 for synthetic pmposes,thc 

dms&momerlc mixant (17a and 17b) obtained by using the elphenylsilyl ether as protc&q group was 

subjected to rectystalktion and the major diasmmomer (+)-17a was obtained with c.c&8%. 

The last class of s-methyl-~hydroxythiocthers pmtcctcd at the hydroxy Mction examin& ate the rruns- 

3-hexcnc oxide W-3 derivatives. Such alkyl derivatives were selected in order to test the mlevance of the 

othergroupbwnd~ossuifurin&~gthe&~ofenaatioselectivitydthd~~oxidaeion. 

having established that the presence of the S-methyl moiety is a crucial feature. 

Table 4 collects the nsults obtained with (i)-8 (Y= OH) protected at the hydroxy functionality as silyl 

ether or as nitrobenz0ates. 

Table 4 

sub. 
# 

Y 

(*)-18 osiPh3 

(*)-19 m,m-diniuobenzoate 

W-2@ &llitrobe.nzoate 

(q-21 p-nilrobellzoate 

ROOH yield 
96 

PhCMe#OH 95 

FWM@OH 77 

PhCM@OH 80 

PhCMe+H 59 

prod. diaat.ratio 
# a:b 

32 79:21 

22 67:33 

23 73~27 

33 78:22 

C.&a 

96 

e&b 

9b 

65 n.d 

75 50 

68 65 

60 38 

It can be seen that the substitution of an aryl group with an ethyl one does not change very much the 

de- of enantlosclection (e.e. up to 75%). Mmcovcr, also in this kind of substrates, where an a-stereocenter 

with nspcct to the sulfur is present, the de, values obtained may be considered satisfactory. 

Unfmtunately in this case the chromatogfaphic separation of the diastcreomuic mixture of the m,m-dini- 

t&enzoatc derivatives (22a and 22b), the one which gives the best results, was unsuccessful because of its 

low stability on silica-gel. In contrast, the two diastexcomcric o-nia&enzoatcsulfoxides (23a) and (23b) 

could be separated by chromatography. Compound (-)-23a. obtained with an e.e.= 68%. was enaatiomuically 

enriched up to e.e.> 98% by crystallization. 



Oxidation of p-hydroxythioethers 263 

Some of the optidly active S-methyl-~hydmxysulkidclfmides obtaid with our methodology wue 

converted to chid, non mccmic dcohok and cpoxida by known p3cxhd’.l*. 

mle major diammmclic uiphenyl8ii (+)-17r, derived from (i)-~mcthyllstymc oxide (3). was 
obtained in an optidly puce fm by Ample cry- (dic~e~tane) [a]$= +19.6 (cd.1, 

chlmform). Its dative stereocllcmistry was &tcrmi& via difhaomelric analysis (Figure 1) to be l-(R), 2- 

(S)andS-(R)ifweaasigntheRconfigurationtotheBulfinylicstenocenter.~itis~lyintheliehtofthe 

msults rcportd below. 

An optically pure sample of (+)-17s was transformed into (+)-(2R,3R)_fhcthyMyrene oxide (2), [a]& 
+49.2 (~45, chlorofom~)~~, (Scheme 2) and into (-)-(R)-1-methylphawW (25) [a],z= -35.3 (c=3.0, 

chhform)qschcme 3) n?quctivcly. 
Sdleme2. 

(+)-24 

1 b 

(+I-2 (+I-6 

a n-Bu,+N@; b. NaUI#h@? c. MqOBF417; d, NaOH&O17. 
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scheme 3. 

b 

(+)-17a (+)-24 (-)-25 

Ihe absolute co~gurntiorls of the epoxide (+)-2 and of the alcohol (-)-25 have been already determinad 

by othsr authod9*, so that the wrmlakn witb the X-ray structum obtained for the triphenylsilaue (+)-17a 

(figum l), allows us to assign the R absolute amtIguration to the sulfhylic sterewen ter. This absolute 
confi~on is in agreement with previous results that showed the preferenw of our asymmeaic oxidizing 

system” as well as that of Icagan’2 DO at&d R suhxides (at least far methyl aryl and methyl alkyl 

tllid). 

The major diastereome r (-)-Ua, derived ffom (f)-ircurr-3-hcxcne oxide (3), obtained with a 68% e.e. 
[a],==-69.6 (c=l.l, chlomform). was enamiomerkally enriched by uyzsmlkuion (dichEaramethanJpMI- 

tad, to ejve the op-y pure sulfoxidt, && == -104.8 (c=L.l, chforofum). Ah f?x a3Blpomld (-)-23a the 

dative stereuchemistfy was detnmined via diff&~dC adysis (Figuxe 2) u) be l-(S), Z(R) and S-(R) if 

we assign the R con@uration tothe suBny1 StClWCC~tCrSlSOinthiS~. 

Figure2 
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reported as 8 uults &pm) down&M fmm tetramethylsilane. Splitting w are des@amd as I (ainglct). d 

(doublet), t (triplet), q (quartet), qui (quaff, m (rn~~t). Coupling ~t(~~~~~s~ 
lotaticms were obtained with a Perkin-FBmer 241 polarimeter opera&g at X=589 MI vg to the 

sodium D line. Mass spe~ua wen determkd on a GC Hewlett-Packard 5890/ Hcwlm-Packani 5970 Mass 

sdcctive &tector. X-ray data were collected with a Phillips PW 1100 fourcircle dBmctometer. Crystal 

parametersaod~diffractanatricCdataancollscttdinTab~5.~and~l~pointsare~ 

Med.&m pmssuce ~~~~phy was performed over silica gel (0.015~.~ mm* Merck]. Flash 

chromatography was performed over silica gel (OMO-OXt63 nun. Metck). Radial chmmatogbraphy was 

~~~oaaQlromatotron7924T~~h),ovM~gel60~,~PF254).~e 

cnantiomeric excesses were detwmhwed by 1H NMR in the ptesence of (R)-(-) or (S)-(+)-2,2,2,-trifluoro-l- 

(9-anthryl)-ethanol (Aldrich), Pirkle CSA. (R)-(-)-N-(3,5_~yl)-a-p~y~~y~~ Kagan CSAB 
01 ~-(3-~~~me~y~y~x~e~y~~+)cae~~vative (Aldrich) Eu(hfc)g.. 

r~-Ru~l-hy~ @h&a, 80%, 20% ~-~~-bu~~~~ was purified by distillation under vacuum 

@.p. 31W16 Torr) and ston?d at 4°C Ctunene hydropemxide (80% in cumene) was stored on 4A molecular 

sieves at 4%. (+)-Diethyl tar&ate (Akbich) was distilled under vacuum (b,p. lOO-103W.OlToq 
[ct]++S.5 (neat)). and stomd under nitrogen. TitaniUm (IV)-tetra-iso-propoxide (Aldrich) was purified by 

disCNation und*r vacuttm (b.p. 58-tWQQ.lTorr). (f)-Stymne oxide (1) (Aid&b) was pm%ied by distU&t 
@.p. 117ocnO To@. ~~~, (~) WBS washed 3 times with 10% of ~~ H2SO4 aad 

with H@ several times until pH=7, d&A ovemigbt over C!aC&, distilled over P205 and atoted over moleCular 

sieves. NjVdimetbylfotmamide w&9 stined overnight over calcium hydride and distilled under vacuum, 16 

Torr. The other chemicals used we.m commemial producur (Aldrich or Fluka) and wem used without further 

purific-. 

Syntheszk of (it)-trans-*tAy&tyrenc oxide (2) a& (f)-zm~-3-llcxcnc ux& (3). 

Toasolu~nof0.13molof~~in100~of~~~~atODCin~~of~~~ 

Carbonate 0.14 mol of m-fz~nzoic acid dissolved in 300 II& of dichloromethane Bn slowly added 

under vigorous &zing. Tbe ma&on usually completes in 12 brs. Aftcx removal by filttation of the m- 

Chlorobenzoicacidformsd,the~Iayeaisw~witha~~soIutionotsodium~~~,a 
~~1U~~~~~ and b&e. After drying over magnesittm &fate, pmduet (*)-2 is 

obtained as -8s liquid by mmoving the solvent uader vacuum, y&d 88%, while pmduct (i)-3, colorless 

liquid, is obtained after careful distillation of the solvent at atmospheric pressure. yield 85%. 

(rt)-t-+mathy~tFe= o* (2): lH-NMR GDCI3, TMS) 6 @pm): 1.45 (3H. d J-5.2); 3.04 {ia dq, 

J=% 2.1); 3.57 OH, 4 3=2.1); 7.20-7.40 WI, m). MS (70 eV’I m/z (96): 43@6); 50(21); 51(44}; 63(34]; 

6509); 77(38); 89(84); 9WaO); 91(65); 92(18); lOS(57); 133(34}; 134(36, M+)_ 

(*)-am-3-hem oxi& (3): ‘~-~-(~3. -18 @pm): 0.99 (6H, t, 1=6.0); 1.51-1.58 (4H, m); 2.66 

(w, t. J=W. 
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solvent. To this solution, under stirring, 0.12 mol of the oxirane ate slowly added A&t the complete 

consuption of the epoxi& the reaction mixtutu ia quenched with 50 mL of a aohuion of 5% &OH in water 

and extracted with dicblormnethane. The organic phase is then waskd with brine, dried Qvca magnesium 

sulfate and the solvent removed uudu vacuum. 

When (i)-atyrene oxide (1) is the substrate and DMP is the solvent, products (i)-4:(f)-5 ate obtained in a 
ratio 1090 with a chemiial yield of 82%. when tritluoroethanol is used as solvent tha tatio of the two isomer 

is 77:13, chemical yield 84%. The two products can be separated by medium pressum chtomatogtaphy (ligth 

petroleum:ether 8515) and were obtained as yellow oils. 

(~~2-(me~yl~o)-l-p~yle~ol(4): lH-NMR (CDC!l$‘MS) 6 @pm) : 2.09 (3H, 8); 2.70 (lH, dd, J513.7, 

8.8 ); 2.84 (1K dd,J=13.7,4.0 ); 4.74 (lH,dd, J&8, 4.0); 7.21-7.44 (5H. m), Elem. Anal., found, 96 (calcd 
for C$J120S): C, 64.0 (64.2); H, 7.2 (7.2). 

(*)-2-(methylthio)pheasthyl akohol(5) +H-NMR (CIx!13.TMs) 6 @pm) 1.97 (3~, s); 3.87 (3~, 8); 7.19 

7.42 (SK m); ElIem. Anal.. found. 96 (calccl for C$J@S): C, 63.9 (642); H, 7.1(7.2). 

When (*)-tranr-&methylsrVrene oxide is use& the solvent employed was tefluxing ethanol, the maction is 

completed in 60 min. Isomers (k)-6 and (f)-7, are obtained in ratio 946, yield 79%, they can be separated by 

medium pnssure chromatography (ligth pettohmm:ether 80:20). They were obtained a5 ycdlow oils. 

~l~~~~-l-me~yl-2-~me~yl~o~phe~yl ala&o1 (6) : lH-NMR (C!DC&,WS) 8 @pm): 1.25 (3H, d, 

J=6.1 Hz); 1.93 (3H,s); 2.10 (lH, -OH, d, W.6 Hz); 3.69 (lH, d, J=6.4 Hz); 4.09 (D-J, ddq, J34.6.6.4, 6.1 

Hz); 7.21-7.43 (5H, m). 

~IRs~SR~-1-phenyl-2-~methylfhio~propanO (7): lH-NMR (m3,TMS) 6 @pm): 1.07 (3H, d, J17.0); 2.14 

(3H, 5); 2.74 (lH, -OH, d, J=2,1); 3.01 (R-J, dq, J=3.7,7.0 HZ); 4.87 (NJ, dd, J=3.7,2.1); 7.24-7.42 (SH, m); 
Elem. Anal., found, % (calcd for C&Jt4OS): C, 65.8 (65.9); H, 7.7 (7.7). 

Also in the case of (*)-oW.ns-3-hexene oxide the solvent used was re&lxing ethanol for 60 min. The 

prctiuct (k)-8 has been purified by flash chromatography (ligth petroleum:ether 80~20) yield 70% and it was 

obtainedasayellowoil. 

(3RS,4SR)-4-(methylthio)-3-hexanol (8): lHdMR (CDCl3,TMS) 6 @pm): 1.00 (3H, t, J=7.3), 1.05 (3H, t, 

J=7.3); 1.50 (3H. m); l=IO(lH, m); 2.10 (3H, s); 2.15 (Hi, s); 2.54 (1H. m); 3.63 (lH, m). 
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(~):)1_(~Yl~~2_pbtmyl*~(~~~y~y~y~ (9) yield 84%. Qi.NMR (CDu3* TMS) 8 @pm): 

1.72 (3% a); 2.74 (la da, Jsl3.4s6.4 k 2.89 (lw, dd, J=l3.4,6.4); 4.91 (lH, t, Jo6A); 7.19-7.45 (lsH, m); 
7.53-7.61(3& m); Bern. Anal., found, 416 (cakd fw C@2&SSi): C, 759 (76.0); H, 6,1(6.1). 

(*)-1-(t-bu~~ylsy~2-(me~yl~~l-p~yk~ (10) yield 72%. lH-NMK (CDC13, TMS) 8 

@pm): 1.04 (9& s); 1.63 (3H, s); 2.67 (lH, &I, J=13.‘7,7.3); 2.80 (IH, dd, J=13.7,5.5), 4.73 (lH, dd, J-7.3, 
5.5); 7.18-7.78 (1% m); Ekm. Anal., fouN 48 (c&d for c2JI3oosSi): C, 73.6 (73.8); H, 7.5 (7.4). 

(i)-l-~Z-b~~p~y~yloxy~2-tme~yl~~2-~yk~ (12) yield 73%. lB-NMR (CDCS3, TMS) $ 

@pm): 0.98 (9H, s); 1.91 (3% s); 3.93 (3H, m); 7.18-7.79 (BEI, m); Ekm. An&, fd % (caled for 
C&H+SSi): C, 73.6 (73.8); H, 7.3 (7.4). 

~lRs~SR)_1-me~y~2-(me~yl~o~2-p~yl-l-(~ny~yl~y~~ (14) ykld 81%. QWMR (CDCZl3, 

TMSI 6 (ppm): 1.26 (3?& d, MA); 1.82 (3H.s); 3.70 (HI, d, Jt6.1); 4.28 (IH, qui, J&l); 7.16-7.53 (2QH, 
m); Ekm. Anal., found, 96 (cakd for Q&&SSi): C, 76,3 (76.3); H, 6.3 (6.4). 

(lRs~SR)-l-m~yl-2-(methyl~~~2-p~nyl-l-(~e~yl~yl~yk~~ (w) yk-ld 71%. WNMR (CDCl3, 

TMS) 6 @pm): 0.02 (9H, s)); 135 (3H. d, J= 6.4); 1.95 (3H. s); 3.7 (1N. d, J&.4); 4.18 (1s qui, 3=6.4); 7.23- 
7.50 (SW, m); Ekm. Anal., found, % (cakd furC&#SSi): C, 61.6 (61.3); H, 8.6 (8.7). 

(3Rs,4sR)-3-(~yi~o)~(triphwnyl~y)~~ (18) yieid 70%. ~iMWR (CDCJ~, TMS) 6 @pm): 

0.84 (3H, h J=7.3); 0.91 (3H, t, 517.3); 1.37 (4H, m); 1.84 (3H. s); 2.45 (lH, dt, J&2,4.3); 3.85 (1H. dd, 
J=5.2,0.9); 7.40 (iOH, ml; 7.67 @I, m); Rkm. Anal., found, % (calod for C&I&SSi): C, 73.5 (73.8); W, 

7.5 (7.4). 

Synthcstb of (IRSSSR)-I-me~i-2_(mttirylrMo)phcncthy (16) 

12.5mmold(f)6aod58mmolofacetic~~aredissolvcdin7~dpyridiae.~~neaction 

mixture is left at r.t. for 12 hrs, then it is quenched with 10 mL of water nnd extracted with chlon$mm, The 

organic phase is washed with HCI lM, with 8 5% solution of sodium biwbonate. dried ovcz magnesium 

~~~~~~nt~~~~~u~.~~ ~~p~by~~y 
(ligtb pctroleum:cid~~ 1:l) yield 93%. and it was obtained 88 a cok&ss oil. @-NM@ @DCl3, TMS) 8 

@pm% 1.31(3Ei, d); I.79 (CiFf, 8); 3.58 (IH, d); 5.35 (lH, q); 7.22-7.40 (%E, m); Rkm. An& found, 46 (cakd 
for C#t@S): c, 65.2 (65.4); IT& 7.3 (7.3). 

&m&e& of nitrobemoy~ dehtives (i)-11, (zt)_19, (*)-20, (*)_21. 

To 8 solution of 3.2 mm01 of the substrate, 6.4 mmol of pyridine and catalytic amount of 

dimethyldkmkopyridine in 5 mL of dichloromeehat~~ is added a solution of 6.4 mm01 of the nit~~benzoyl 

~inS~af~~~e~.Thersactiaa~etdsatr.tinlhr,itistbenq~~with25mLof 

water and extmcted with dichkrom~timne. The organic phase is washed with HCI lN, with 8 5% solution of 

lKxiiunl bicwbume, dlied over magnesium Sulfaa 8nd the solvent is Iumowd under vacuwn. 
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pe-ether 85:15) yield 81%. SH-NMR KDC!l~, TMS) B @pm): 2.05 (3H, 8); 292 (lH, dd, J= 7.0, 

13.7X 3.13 (IH, dsi, J= 7.0,13.7); 6.10 (IH, t, J~7.0); 7.32-7.45 (5H. rn& 7.6&k-7.67 (2& m); 7.75-7.81 (lH, 
m); 7.&6-7.92 (lH, mk Elem. An& found, % (c&d fkr C$I~~NO~S): C, 60.7 (60.5); W, 4.6 (4.7); N, 4‘3 

(4.4). 

(3Rs,4sR)-3-(mefhyl~)~h~yI-~~~~ (19): tbe product has been p&&d by uystalktinn 

(meti~~~ol, activated coal), and it was obtnined as a colorle~ solid, m.p. NW-104c yield 65%. IA-NMR 
(CD&, TIM) 8 @pm): 0.99 (3% t, J=7.‘?); X.12 (3H, t, Je7.7); 1.52 (iH, m); 1.79-1.94 (5H, m); 2.12 (3H, 

s); 2.73 (HZ, qui, J=4.6); 5.34 (1H. dt, Jd.6. 7.9); 9.17 (2H, d, 1=2.1); 9.24 (16 d, k2.1~ Elem. An&, 
found, % (c&xi for C14H18N&jS): C, 48.8 (49.1); N, 5.4 (5.3); N, 8. I (8.2). 

(3Rs,4sR)-3-(met (20): the product haa been pmified by flash 

Cathy (light petroleum:etbyl acetate 955) yield 78% and it was Mained 88 a c&niess solid, m.p. 
52*-53oC. lH-NMR (CDCl3, TMS) 8 @pm): 1.02 (3l& t, J=7.3); 1.08 (3H, t, Jr7.3); 1.40-1.55 (lH, m); 1.70- 

1.96 (3H,m); 2.11 (fH,s); 2.71 (IH, dt, J==4.5,9.0); 5.26 (HZ, dt, J=4.5,8.1): 7.58-7.93 (4H, m); J&m, Anal., 
found, % (calcd for C14H19NoqS): C, 56.8 (56.5); H, 6.5 (6.4); N. 4.7 (4.7). 

(3Rs,4sR)-3-(olethylthio)_bhexyl-~~~~~ (21): the pmduct has been p&fled by flash 
cbrom (light petrolenm:etby~ a&ate 95:s) yield 76%. lWWR (CDC&, ‘MS) 8 @pm): 0.98 (3% 

t, J=7.0); 1.10 (3H, t, J=7.6); 1.35-1.64 (tH, m); 1.68-2.00 (3H, m); 2.11 (3H, s); 2.73 (XI-I, dt, J&2,4.6); 
5.27 (lH, dt, J-8.2.4.6); 8.27 (48 m); Elem. Anal., found, % (calcd for Ct4H@O@): C, 56.7 (56.5): H, 

6.5 (6.4b N, 4.6 (4.2). 

Asyn~tic o&Won o.fc~~& (Q-4, W-6, W-9. W-10, W-11, W-14, (W5, (WC W-18, W-19, 

(+?xb, (*)-2l. 

In a loo-ml round-bottom flask 2.&t mmol of litanium@V)-temxide in 13 mL of dry 

~~~~ and 11.34 mmoi of (+)~~yl~ in 13 mL of dry dicblWoe&nne wcm mixed lmder 

vigorous s&ring at r.t. The yellow, homogeneous solution was stirred (u r.t for 10 min, cooled to GWC, and 

5,67mmoloftht~~~&wcn~The~luti~wasstin#1 ~-~f~~5~~a 

solution. 11.35 mm01 in 20 ml of dry m , of the @-hydmxytbioetber was added. The yellow 

solutionwaestimdat-upCfotldX6~~afoerdisapgearrurccloftheoxidant,q~withwataiurd 

~ywanneduptor.t.Themixturrwas~atr.t.for14filteredovc;r~~~,andexbtrrctedwith 

CM-. 7&e extracted was wesbed with 10% squbous se&m met&M&e, 5% aqueous sodium 

hyWxid5, and brine, dried over maguesium &fate, and eon~trated under vacuum. The mmsctcd stzuting 

material was removed by Bash chromatogmpby (di&Iommetbane) and the oxidation producer were mcovereb 

by eluting with methanol. The chemical yields one; based on the equivalents of oxidant used and the 

diarbnomericratio~dctermintdby1HNMRonthemixhm:oftbesulfaxidea.Thee.e.vatues~ 

determinadby *H~~~e~~c~~lv&~~~~. 

2-(rn~y~~~yl)-l-p~~y~l (26a) and (26b): the two d&em~~~ wese obmiaed with a 20% 

&mkal yield r.d. 68~32. @6aI: lH-NMR FZDCi3, TMS) S @pm): 265 (3H, s); 2.94 (lH, &I, J=133,2.7); 

3.07 (1H. dd Jtl3.3, 10.6); 5.35 WI, dd, JmlO.6, 2.7); 7.227.48 (5H, m). en=346 &tczmi& in the 
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pmsence of (Sj(+jPirkle CSA, splitting signal at 2.65 ppm; G6b):1H-NMR (CRC&, TMS) 6 @pm): 2.7 

(3H, s?; 2.95 (lH, dd J=13.3,3.3); 3.13 (U-J, dd, J=13,3,9.0); 5.38 (IH, dd, J&O, 3.3); 7.22-7.48 (5H, m). 

e.e.=5% determmed in the presence of (S)-(+f-PirJcIe CSA, splitting signal at 2.70 ppm. 

2-(methylsulfinylj1-phenyl-2-(triphenylsilyloxy?ethsue (270) turd (27b): the diastereomers were obtsiued 

with a 78% chemical yield, dr.=56:44 (with TBHP) or 85% chemical yie@ dr.=50:5O(with CHP). (27a):lR 

NMR c-3, ‘J.J@) 6 @pm?: 2.34 (w, s); 2.99 (lH, dd, J=l2.5,7.0); 3.38 (lH, d6, J=12.5,6.1); 5.22 (lR, 

dd, J=7.O, 6.1); 7.W7.57 @OH, m). e.e.=7O% (with TBHP) or 8096 (with CHP) &term&~ in the pnaenc~ of 

@j(+jpirkls CSA, splitting s@d at 2.34 ppm. (2’7b):1H-NMR (CDQ, TIM) 6 @pm): 2.53 (3H, s); 2.93 

WI, dd J-13.2.2.8); 3.22 (lH, dd J=13.1, 10.1); 5.35 (lH, dd J=10.1,2.8); 7.10-7.57 @OH, m). e.e.=64%. 

(with ‘J+bHF’) or 75% (with CHP) determined in the pterence of (S)-(+jF’irkle CSA, splitting signal st 2.53 

Ppm- 

l-(r-bu~~p~nyl~yloxyj2-(me~y~yljl-p~nyle~ (Zsa) snd (zsb) the two diaster#wsra were 

obtained with a 9O% chemical yield, dr.=55:45. (2&#H-NMR (CDCl~, TMS) 6 @pm): 1.O5 (9H, s); 2.29 

(3H, s); 2.91 (lH, dd, J=12.5,7.3); 3.28 (R-J, dd, J=12.5,5.8); 5.04 (la, dd, J=7.3,$.8); 7.O&7.75 (1% m); 
e.e.=75% determmed in the pmsence of (Sj(+)-Pirkle CSA, splitting sigmtl at 2.29. (28b):~IWJlWR (CRC&, 

‘J’MS? 6 @pm?: 1.M (9H, s); 2.46 (lH, s); 2.91 (lH, dd, J=12.8,3.4); 3.14 (RI, dd, J=12.8,8.8); 5.18 (lH, dd, 

J=8.8,3.4?; 7.04-7.72 (B-J, m); e.e.=71% determined in the presence of (Sj(+jPirkle CSA, sp&ting signaI 

at 2.46 ppm. 

2-(methylsulfinyl)-l-phenylethyl~-~~~~ (29a) and (29b): the two diastemomets wit obtained with 

a 71% chemical yield dr.=53:47. (29a):lH-NMR (CDC13, TMS) 6 @pm): 2.66 (3~, s); 3.13 (lo, dd, ~a8.6, 

13.1): 3.56 W, dd M3.6.13.1); 6.42 (1H. t, J4.6); 7.26-7.95 (9R m); e.e.=54% demm&md in the M 
of (Sj~+jPirkle CSA, splitting signal at 2.66 ppm.. (29b):lH-NMR (CDC13. TM!$) )i @pm): 2.64 (3~. a); 

3.12 W, da, Jm3.2, 13.4); 3.30 (1H. dd, J=lO.O, 13.5); 6.44 (lH, dd, J-3.2, 10.0); 7.4O-7.90 (9H, m); 

e.e.=5O% detumined in the preseuce of (Sj(+)-Pirkle CSA, splitting signal at 2.64 ppm. 

l-(~-bu~~p~y~yloxyj2-(~~y~ylj2-p~yle~ (Da) and (l3b): the two diwmeomers were 
obtained with a 89% chemical yield, &r-=87:13. (l3a):lH-NMR (CDCl3, TM) B @pm): 0.98 (9I-J. 8); 2.25 

(3H. s?; 3.70 (lH, dd J=5.5.3.7?; 4.71 (lH, da, J= 10.7,3.7); 4.32 (lH, dd, J=10.7,5.5); 7.15-7.38 (lOI& m); 

7.38-7.55 (5H. m); e.e.=74% demnnined in the presence of (Sj(+jPirkle CSA, splitting signal at 2.2~. 
WWIH-NMR (CDU3, ‘I’M? 6 @pm?: 1.07 (9H, 8); 2.18 (3H, 8); 3.54 (lH, drl, k9.6.5.5); 4-M (lH, dd, 

F10.9,5.5?; 4.47 (lH, dd J=10.9,9.6); 7.11-7.24 (2R. m); 7.28-7.61 (NH, m); 7.47-7.74 (3H, m); e.c=66% 

determined in the presence of (Rj(- jKagsn*s CSA, splitting signsl at 2.18 ppm_ 

l-methyl-2_(mcthylhene~yl alcohol (24) was obtained as a single diastemomer with a 22% chemical 

yield (24): 1H-N&5R t-3. TMS) 6 @pm): 1.19 (3H, cl, J=6.5); 2.38 (3H, s): 3.4 (1% broad); 3.64 (1~. d 

J=27?; 4.77 W, broad), 7.31-7.44 (5H, m); e.e,-18% determined in the pmsence of (sj(+jRirkle CSA, 

splitting signal at 2.38 ppm. 

1-methyl-2-(methylsulfinylj2-phenyl-l-Oriphenylsilyloxy?ethsne (17a) and (17b? the two diastereomers wem 
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obtained with a 90% chemkal yield d.r.=8&12 (with TRHP). 91% chemical yield W1:9 (with CHP). 

(17a): kNMR (CDCl3, TIM) 6 @pm): 1.01 (3H, d, MJ); 2.28 (3H. 8)); 3.48 (1H. d, Jm3.1); 4.9 (lH, dq, 

I=65 3.1); 7.28-7.49 (lSH, m); 7.62-7.72 (SH, m); cc.==70% (with TBHP), e.e.17896 (with CHP) determined 

in the presence of (S)-(+)_Pirkle CSA, splitting signals at 1.01 aad 2.28 ppms. Gqcund 17a was pwified by 

crystaUi&on (dichlomm~taae) and was obtained as a colorless solid, [a]+ +19.6 (c=l.l, 

CHCl3). c.c.> 98% de&amkd in the presence of (S>(+>Pirkle CSA. no splitting of the signals at 1.01 and 

2.28 ppms; JIlem. Anal., found, % (calcd for C&H&SSi): C, 73.4 (73.6); H, 6.1 (6.2). (X-ray data repcrted 

in Table 5). 

Table 5. Crystdographic data for (lR, 25, sR)1-methyl-2-(methylsulfinyl>2-phenyl-l-(~p~ayls~y~~) 

ethane (+)-17a and (35,4R sR)-3-(rnethylsulfinyI)-~h~y~-~~~~~ (-)-23a. 

(+)-17a-&H&SSi c>~-q4hgN~5s 

Mol. wt. 

Space group 
T-P (“(3 

Cell constants~: ad 

ei 
a. deg 

B. deg 
1: dei3 

C~II vol. A3 
Folmula units/unit cell 

Dcplc, g cm-l 

b, cm-l 

DBmctometerBcan 
Radialon, graphite, monocbrcnnator 

Max crystal dimensions, mm 
scan width, deg 

standard nflections 
Decay of standa& 

EMectLmsmeasuted 
Refk&onsindependent 

28 rw$e, deg 

Reflectkm observal 
StNchue solution 

@mPU@r progrsms 
No.ofparameters&ned 

Weights 
&In 

: 

Largest featme final diff. map 

456.664 313.368 

ml =1 

21 21 
13.066 (2) 14.674 (2) 

11.053 8.884 (2) (2) 6.846 7.763 (1) (1) 
90 90 

92.6 (2) 92.1(2) 
90 90 

1281.7 (4) 779.3 (2) 
2 2 

1.18 1.28 

1.55 1.82 

6-26 6-26 
0.71070 0.71070 

0.3,0.3.0.5 o.s.o.2.0.5 
1.2 1.2 
3 3 

10% 10% 
3407 2162 
3223 2033 
500 500 

2711 -700 1566 &70(p) 
MULTAN 80 MULTAN 80 

SHELX 76 SHELX 76 
289 265 

1/[020+0.003Fq Mw-1 
0.031 0.008 

0.044 0.05 1 0.057 0.060 

0.242 0.652 
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1-methyl-2-(methylsulfinyl)-2-phenyl-1-@imethylsilyloxy)ethane (3&s) and (3Ob) the two &uewmem 
obtained with a 84% chemical yield d.r.=&7:13. (a): WVl4fR (CDCls, TMS) 6 @pm): 0.23 (9 H, *);Z 

(3 H, d); 2.22 (3 H, 8); 3.41 (1 H, d); 4.79 (1 H, ds); 7.18-7.55 (5 H, m); e.e=66% deteamiwd in the pmsesw 
of (S>(+)-Pirkle CSA. splitting signal at 2.22 ppm. (3Ob): 1H-NMR (CD@. TMS) 8 @pm): 0.23 (9 H, 8); 

1.28 (3 H, d); 1.93 (3 H, s); 3.49 (1 Ii, d); 4.13 (1 H, as); 7.18-7.55 (5 H, m); c.e.% n.d. 

l-methyl-2-(methylsulfinyl)-pheaethylacetate (3la) and (31b) the two dhsmeomers wart obtained with a 
87% chemical yield dr.=86:14. (3la): 1H-NMR (CDQ, TMS) 6 @pm): 1.25 (3 H, d, J&4); 2.10 (3 H, s); 

2.28 (3 H, 8); 3.64 (1 H, d, J33.7); 5.64- 5.79 (1 H, m); 7.18-7.55 (5 H, m); e.e.=71% &ermi& in the 
pmsence of (S>(+>Pirkle CSA. splitting signal at 3.64 ppm. (3lb): 1H-NMR (CDUs, TMS) B @pm): 1.56 

(3 H, d Js6.1); 1.87 (3 H. s); 2.23 (3 H, s); 3.46 (1 H. d, J-8.2); 5.30-5.40 (1 H, m); 7.18- 7.55 (5 H, m); 

e.e.% n.d. 

3-(methylsulfinyl)4(triphenylsilyloxy)hexane (31) and (32b) the two diastcmcnners were obtaimd with a 
95% chemical yield d.r.=779:21. (3%): 1H-NMR (CD&, ThlS) 6 @pm): 0.87 (3 H, t, J= 7.3); 0.97 (3 H, 

t, J= 7.3); 1.56-1.85 (4 H, m); 1.85-2.08 (1 H, m); 2.29 (3 H, 8); 4.06 (1 H, dt, P 2.8, 5.8); 7.23-7.77 (15 H, 

m); e.e.=65% determined in the msence of (S)-(+)-Pirkle CSA, splitting signal at 2.29 ppm. (32b): 
IH-NMR (-3, TMS) 6 @pm): 0.70 (3 H, t, J= 7.6); 1.13 (3 H, t, J= 7.9); 1.56-1.85 (4 H, m); 2.41-2.51 

(1 H, m); 2.54 (3H, s); 4.41 (El, tm, J= 7.3); 7.23-7.77 (15 H, m); e.e.% n.d. 

3-(methylsuKnyl)4hexyl-m,m-dinitrobenzoate (2%) and (22b) the two diastereomers wem obtained with a 

77% chemical yield d.r.=67:33. (22a): IH-NMR (CDCl3, TMS) 6 @pm): 1.04 (3H, t, J= 7.3); 1.26 (3 H, 

t, J=7.6); 1.83-2.17 (4 H, m); 2.61 (3 H, 8); 2.72-2.83 (1 H. m); 5.55 (U-I, m); 9.15 (2 I-E, d, t 2.1); 9.28 (lH, 

t, 2.1); e.e.=75% determined in the pnsence of (S)-(+>Pirklc CSA, splitting signal at 2.61 ppm. (Ub): 1H- 
Whir (CD$, ThfS) 6 @pm): 1.06 (3 H, t, J= 7.3); 1.23 (3 I-I, t, J= 7.3); 1.70-2.10 (4 H, m); 2.68 (3 H, s); 

2.72-2.83 (1 H, m); 5.77 (1 H, m); 9.14 (2 H, d, Jr: 1.8); 9.25 (1 H. t, J= 1.8); e.e.GO% dekmked in the 

presence of (S)-(+)-Firkle CSA, splitting signal at 2.68 ppm, 

3-(methylsulfinyl)4hexyl-o-nitrobenzoate (Da) and (23b). The two diastereomers wete obtained with a 

80% chemical yield, dr.=73:27 and they were purified by medium pressure chromatography (ethyl 
acetate&ht petroleum 80~20). Compound (-)-Uo was obtained as a colorless solid, m.p.=69-70”C, [a]~== 

-69.6 (c=l.l, chlorofom@ 1H-NMR (CDCl3, TMS) 6 @pm): 1.02 (3H. f J=7.4); 1.21 (3H, t, J=7.5); 1.61- 

2.10 (4H. m); 2.61 (3H, s); 2.76-2.84 (lH, m); 5.38-5.46 (1H. m); 7.61-7.73 (3H, m); 7.94-7.99 (lH, m); 

c.c.=68% &term&d in the pxcsencc of (S)-(+)-Pirkle CSA, splitting signal at 2.61 ppm. QysUization 
(dichloromcthane/penta& m.p.= 79.5 “C, [a]~ 25=-104.8 (c=l.l, chl~form), e.e.> 98%. determined in the 

presence of (Q-(+)-Me CSA, no splitting of the signal at 2.61 ppm; Elem. Anal., found, % (cakd for 
Ct4Ht9NosS): C, 53.5 (53.6); H, 6.1 (6.1); N, 4.3 (4.5). (X-ray data eported in Table 5). Compound (-)-23b 

W&9 obtained m a p&e ye&w oil, [aID 25, -39.9 (cr1.2. chloroform): lH.NMR (CDC13, TMS) 6 @pm): 1.05 
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(3& h Jt7.4); 1.11 (3% t. J-3.8); 1.41-1.85 (4H,tn); 1.99-2.09 (U-I, m); 2.63 (3H, I); MO (1X& dt, J-2.56, 

7.25); 7.59-7.70 (2 H, m); 7.80-7.91 (2 H, m); eh4i5% Wamheii in tb8 pmsenco of (S)-(+)-Hrkle CSA, 
splittins signal at 2.63 ppm; Ekm. Anal., found, 96 Wed for C14H19NOsS): C, 53.3 (53.6); H, 6.3 (6.1); N, 

4.3 (4.5). 

~~~y~yl)~~~l-~~~ (330) and (33b) the two dkt~~~crs WQC obrdncd with a 
59% elmmid yield d.r.=78:22. @h): IH-FdMR (t2DU3, TMS) 6 @pm): 1.02 (3Ii, t, Jp7.3); 1.24 (3H, t, 

J-7.6); 1.78-2.16 (4H, m); 2.59 (3H, II); 2.78 (1I-k ddd, J=0.6,2.4,3.0); 5.46 (lH, dd, J-O.6.4.a); 8.21 (2H, & 

J38.0); 8.33 (2H. d, J=S.O); e.e.=60% cktchnd in the pmscnce of (S)-(+)-Pirkle CSA, splitting signal at 
2.59 ppm . Wb): lH=MHR 0Cl3, ‘MS1 6 @pm): 1.04 (3H, t, J57.3); 1.21 (3H, t, J=7.3); 1.69-2.17 (4H. 

m)i 2.63 (3H, sk 2.70 (U-l, m); 5.64 ( lH, m); 8.25 (4H, m); e.e.=38% detcxmhed in the presence of (S)(+)- 

Pirklc CSA, splitting signal at 2.63 ppm. 

Deprotection of (l~2s~)-I-met~l-2-(mcthylsuUlnyl)-2-p~~l-l-(niphcny~~~~~~nc(+)-l7a~~. 

To a solution of 4.6 mm01 of (+)-17a in 25 mL of dry THP were slowly added 4.6 mmol of tetra-n-butyl 

ssunonilnn~~dissolvedin4omLofTHp,~e~~wasdtGnleh,~~,atnxrm 

~~for3omin.Afm~~af~reagcntrhtrcsEtionwesquenchtdwitb3smLof~ 

water and extracted with ether. The arganic phase was then washed with bxinc, dried over magnesium sulfat8 

and the solvent was nmovcd under vacuum. The product (+)-24, purified by radial c!uomatogmphy (ethyl 
acetate:lQht pctdcum 1:l). was obtained as a cd&ss solid, 56% yield, m.p. 188-189’c, (u]$Wl62.% 

(c=l.O. Cuff). 

Dtxqgrnadon of S-odes (+)-(24) and (-j-(2%)22. 

Amixtureof0.76mmolofaiphenylp~~snd0.76mmolof~in5mLofaccnoniailewas 

stimdatr.t.faa5min.The~m~~wasthenacaudwiththeO.8~~oftheS-oxkbeandafter2-3 

min,with0.83~~ofsadiumiodide.Thcmixnuewasnflluredforlh*Afterciisappearanceofaartiag 

material, the ma&on was cooled to rd. and quenched with 10% aqueous sodium mctabisuitk Extraction 

with dichloromethanc. drying over sodium sulfate, nmoval of the solvent under vacuum, and flash 

chromatography (dicbloromethanc) afforded the conwponding thioethcr (U-9596 yield). &qwund (+)-24 
affoded (+)-a, [a],~= +185.6 C-2.0, chloroform) and compound (-)-2311 suppki the thioethcr (+)-a, 

m.p_= 51-520%, [u1D25=+21.2 (d.0, cafe). 

Deprotection of (+)-3-(~t~ft~)-4-~l-o-~~obe~~e (+)-20 

2.38 mmol of substrate and 2 mL of a solution of KOH (10%) in wamr wcn dissolved in 10 ml of 

~~.~~n~at~~~~2~. ~~~~~~~~~~ 

HCl 1N. The O&WC acid f&rmed was filtwed off and tbc E&rate was extracted with dichlorandwe. 

The orgallic phase was then washed with brine, &icd over magnesium dfatc and tbe solvent was removed 

under vacuum. PurEcation by radid vhy (light pewolemw r&r 80~20) gave (+)-S as a 
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colorless oil, 89% yield, [alou= +6.33 (c=1.3, chloroform). 

Synthesis of optically active epoxiaks (+)-2 and (-)-316. 

0.25 mm01 of 5-methyl-@hydroxythioether was dissolved in 5 mL of dichlorome~ nitromethane 1:l 

under argon at 0°C. To the former solution was added 2.53 mm01 of (CH3)3O+BF4-. After the disappearance 

of the substrate (2 hrs) the solvent was removed under vacuum at w. The crude was then dissolved in S tnL 

of dichloromethane at ODC and, under argon atmosphere, 20 mL of NaOH 0.5 N were added. The reaction then 

proceeds for 24 hrs and it was extracted with ether. The organic layer was washed with brine and dried over 

magnesium sulfate. 

(+)-(lR~R)-trans-Bmethylstyrene oxide (2) was purified, after mmoval of the solvent under vactnun, by 

flash chromatography (light petroleum: dichloromethane 95:5), 60% yield, e.e > 9896, detected by tH NhfR in 
CDCY~, no splitting of any signal in the presence of Ru(hfc)319h [a]&+49.2 (c=0.5, chhnofoun), 

[a]n~~=+50 (c=1.17. chloroform)l~*. 

(-)-tr~~-3-hexene oxide (3) was pmified, after removal of the solvent at atmospheric ptessute, lby ball to bal 

disdlladom e.e. = 48.1%, determined via g.c.. using a capikry fused-silica column, coated with Ni(Il)-his-[l- 
S-(+)-3-heptafluorobutanoyl-lGethylidencamphorate]~, b.p. 107°Cn60 Torr. [a],~= -8 (c30.2, 

dichloromethane). 

Reduction of (IRJS,SR)-I-methyl-2-(methylst@yl)phenethyl alcohol (+)-2&. 
1.7 mm01 of (+)-24 and 1.70 g of Raney-Nickel ate suspended in 15 mL of dry THP and the mixture is stirted 

at room temperatute for 2 hrs. The suspension is then filtered over celite. The filtratt is extracted with ether 

and water, the organic phase is then washed with brine, dried over magnesium sulfate and the solvent is 

removed under vacuum. ‘lbe product (-)-(R)-l-methylphenylethanol (W) was purified by distilladon, b.p. 
lu)Dc, [a]+-353 (c-3, chloroform), [al,2&=33.7 (c=2, chloroform)~. II-I-NMR (CDCl3, ThfS) 6 

@pm): 1.31 (3H, d, Je7.5); 2.64 (lH, d, J=6.4); 2.73 (lH, d, J-Q.7); 3.% (1H. m); 7.10-7.35 @II, m). 
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