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m : Tk prcpararion of mcrhyl-subsrirurcd synrhons of high cnantiomcrical p&lies by Claiscn rransposirion, 

cuprare s&r&ion of secondary optically active alcohols and microbial rcducrion ofj34etocstcrs ~0s invesrigarcd and 

applied IO rhc synftvsis of (2S.3S,7S) and (2S.3R.7RI-3.7-drmcrhylpcn&ecan-2-01. rk pkromonts of diprionid 

species of pine sawffrcs. 

A large numtxr of mono or polyhydroxylatcd chiral compounds is available for the synthesis of biologically 

active substances. In conuast. simple optically acbvc methyl substituted starting matcriaIs are rare enough, and it 

would be of unquestionable rntenst to develop methods allowing 10 prepare such synthons in high cnantiomcrical 

purities. 

In the course of our work on the pine sawflies pheromones, the synthesis of scvcral merhylati synthons was 

required. Pine sawflies arc small hymcnoptcrs which cause severe damage to pine forests. The major sex pheromone of 

various dipriomd sawflies a~ either 8~etate or propionatc of (2S,3S,7S)-3,7-dimtthyl pcnta&an-2-01 1 and it was 

rcccntly recognized that the male rcsponsc is cnhanccd by a small amount of ti (2S,3R,7R)-isomer 2 (I). 

Several syntheses of optically acwc diasrcrcomen have bctn reported : Mori has described a synthesis of all 

the four possible isomers having 2,3-cryrhro configuration (2) ; besides. the preparation of cnandomerically enrlchcd 

(2S,3S,7S)-isomer was also reported (3). A recent paper has dc.scriW the obtcntion of bti (2S,3S,7S)-cryrhro and 

(2S,3R,7R or 7S)-fhtco isomas (4). Howevu. all these previously reported methods suffered from poor yields inherent 

to multistep synthcscs and /or poor diasrcrco%lectivity in creating the dc.sirGd asymmetry at the new optical centers. 

Although it is lheoret.ically possible to realize such synthesis by using 1-S relative inductions (5). efficient methods for 

such inductions arc rare enough (6). The most reliable procdurc 10 prepare compounds such as 1 or 2 is 10 assemble 

optically pure bullding blocks by a metid which avoids raccmlsation of the chiral centers. This method is especially 

tntercsting because it possibly allows to enhance thz cnantiomcrical purity of the final product ; for instance, staning 

from two enantiomers of 90 96 ee it IS possible to obtain the main diastertorner with a 99.4 % cc* provided that the 

diasurcomcrs may be separated (7). 

In this paper we describe a method for preparing four enantiomcrically pure synthons : the sulfoncs 3 and 

cnt-3, and the bromides 4 and 5. Lhe coupling of which allowed us to prepare the essential isomers d the pine sawflies 

pheromones (2$3S.X)-la and (2S,3R,7R)-2 with the cmt stercochemlsuy. 

Our approach centers about the formation and the condensation of a carbanion in tk a position to a sulfmyl 
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group to effect the coupling reaction. The use of sulfunes presents sume advantages : they arc oficn ctysralizcd. a fa 

which allows, if m. to enhane the cnantiomcric purity. Mora~ver it was thought that the prrsGncc of the sub 
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nyl function would perhaps afford a better separation of the diasttraoisomcrs okaincd after rhe coupling reaction. The 

required synthons 4 and 5 were readily prepared via transformation of the two diastereomeric syn and unri p- 

hydroxycsttn 4 and 7. 

Synthesis of tbc sulfonea 3 and l nt-3 

Apan from asymmcaic synthesis. the most fraqucntly used methodology to prepare mtthylatcd synlhons is 

the modification of a subsuart derived from the “chiral paol” such as (+) ciuonclloI(8). or (+)-pulcgone which allows 

an access to cnantiomcrically pure (+)-citroncllic acid (4.9). However, their use is resnicted to one ~nantiomcr only. 

Otha chiral synthons of microbiological origin such as R or S-me&y1 3-hydroxy-2-m&y1 propionates (10) arc now 

commcrciaIly available. 

We dcsifed to develop an approach which would allow to prcpa~c botJ~ optically pure enantiomcrs 3 without 

the necessity of changing the rcactional scheme. Two methods were investigated: one ba& on the substitution of a j3- 
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Chin1 synthons In the synlha~s ol phcromo~~ 

pound is pqmxed by Ws yeast reduction of ethyl weto butan~~~ (11 b). 

The direct substitution of the tosylate 8b offers an intaesting route to the B_mcthyl ~stcr 9. However, this 

reaction is known to give a high amount of elimination pr&uct (12). Indeed the rextion of 8b with magnesium 

As the w guup probably favours this unwanted elimination reaction, we thaw invcstim the substitution 

rtacth of tht mylate lob derived from rhc manoprouctcd dial 1Oa. 

OR 

Jw CH20Bn CHaQR 

10 a R=H 11 a R=H 
b R=Ts b R=Bn 

This compound has ken previously used to synthesize S-(-)-citronellol by substicutioo with lithium 

homacupratts (13) ; more remntly, it was also succes&lly rctxW with magnesium dioctylcuprak (eight days u -2Soc) 

(14). We wue unable to npeat this latter reaction ; in contrast, the rextion of lithium dioocty1cuptat~ with IOb at 

-50°C a&&d the protected alcohol lib in 73 % yield 

The optic&l purity of lib was determined afkr reductive removal of the hcnzyl potcction and oxidation into 

fmerhyl unckanoic acid. This ~fid was con& into them (R)<+jl<l-nuphthyI)-cthyLmide urd atmlyzad 

byHP~.fheoplicalplrity~chackedrobc71&.TheaeofLhcsrartingmuuiilbeing>~%,lhirvllucwarnot 

in agreement wilh previous woti which rcpontd a nearly complctc inversion of con!igtuation with lithium cupmtts 

(12,13). 

This result led us to investigate an alternative mtlhod using a Claiscn rearrangement. One of the most 

potiul m&cds developed brring the lCCtnt de for awing a new asymmetric center in a @ktaM c&@&on 
involves the llot of sigmatropic rcarrangcmcnts like Claisen rearrYrgemcnt or its varitions (15). Due to the SaOng 

preference for a chair van&ion state, it is possible to transfer the chimlity of an allylic alcohol to a choral centcf by 

creating a new carbon-carbon bond. 

However, the effzicncy of such a pmcalurc depends on the cnantiomcricaI purity of ~JK! starting compound 

and on the slerwchcmiul purity of the double bond in the allylic sys&m. 

x 
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We have previously dcvelopcd a synthesis of a-hydroxy csms from optically rrtin glycidic MHS derived 

from serine (16). These esters could be tmnsformcd into protected aldehydcs without nxcmisation in nearly quantitative 

yields. We applied this se~ucnce to the preparation of the allylic alcohols requiral for the Cl&en ~~WK@~~OII (scheme 

II).After protection as I-ethoxyethyl ether, the ester 12 was rtducad into aldchydc 13 and rutted with a phphoms 

ylidc. After acidic hydrolysis, the cis alcohol 14 was obtincd from 12 in 60 % yield (z/E : 96/4). A cluomatogr8phy 

on a silver nitrate coa&d silica gel column gave a pure (2) compound 14 (a > 99 %, measured by choral grs 

chromatography) which was submitted to a Claiscn -gement. The best results were obtained with the amide acetal 

Eschenmosa v&on which afforded the rearmgad amide 15 in 90 % yield. The enantiomeric cxctsg of this amide 

wlls 96 % as tnewrred by HPLC after hydrolysis and transformation into naphthylethylamidc a8 tc@cHcd previously. 

the ami& 1s wu then reduced with retention of the initial optical purity into the comxponding &CM 16 using 

superhydride (yield: 91 %) (17). Several methods were tried to obtain optkaIly pure alcohols 17 ; raluction with 
lithium aluminium hydride in the presence of cobalt chkaride. which was claimed to reduce witbout raccmisatian (18) 

was nlher illcfftti (yield: 80 %: tc: 86 ‘lb). 
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a) (CjH1 l)guMgBr. 40°C ; b) ethylvinykhcr : c) DIBAH ; d) Pt+CH-CQ ; e) H30+ ; 

f) CH3-C(OMe)NMe2 , A ; g) LiBHEt3 ; II) Reduction ; i) Ph#& nk@ ; J’) m-CH3A. 

It is known that catalytic hydrogenation of a-methyl subslitured unsaluraud compounds leads to a certain 

amount of racemisation (4a). Table I shows lhat Ihe hydrogenation of 16 in various conditions always results in some 

racemisation of the methyl group. This problem could be circumvented Through the use of diimidc in ethanol as 

rcducwt which gives the desired alcohol 17 without any loss in optical purity. The cnantiomeric alcohols 17 or llr 
were then submined 1~ the same sequence : re&on with diphtnyldisullick in rht prcsenct of tri n-butyl phosphint (20) 

to give a sulfide which was oxidized into Iht sulfones 3 or tnt-3 with m-chloropcrbcnzoic acid. 

Table 1. Reduction of alcohol 16. 

Rtactif Solvent Rdt (%) Raccmisation ralt (%)* 

LiAlH&oCl2 

NH=NH 

H24’4K 10 % 

H24’W 

Hz-(Ph3P)3RhCI 
Hz-Rh/alumina 5 % 

THF go 6 

ElOH 80 0 

ElOH 80 3 
AcOEl 90 19 

BalIme 0 _ 

EtOH 80 8.5 
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Syntbcsb of ryn and unli ethyl t-methyl-Mydroxy butraostcs 6 and 7 

2-MtlhyL3-bydroxy esters arc imporrant buildmg blocks in organic synthesis. Thaorcdcally vn compmrnds 

could be obtained by a diastu~~&~tivc aldolisation (21). However, this method was not, until now, nppk! co small 

molecules such as 2-methyl-3-hydroxybutanolc esters. Anti compounds may be prepared by o-alkylation of p- 

hydroxycstas (22). a method which is dependent on the availability of these P-hydroxycsters in optically pun form and 

which suffers in some atscs from poor diaskrasckctivity. 

Ekausc of thair easy enolization, the microbiological reduction of a_~lrMituud P_ktroestcrs could offer an 

auractivc high yield a.ltemativc route to optically active diastcr~isomcrs, However, its use for the preparation of 2- 

methyl compo+Ms is gcnefally of poor synlhtlic va& mote of the fc4luctions being achieved with baktis yeast Lo give 

a mixture of ryn and ~ti isomers of variable cnantiomcric purity, which arc gemrally diflicult to separate. 

0 OH 

COOEt G.IZJUUW f cooet 
b 

We found that by using the mould Gcorrichum cundidwn in par~L~larly defined conditions, it was possible 

to oMain the unri homer in curly pure form wilh > 98 % e-c (23). The chemical yield was very satisfactory (70 %), 

and this method which may be used on an extended scale allows very simple access IO the 4nri csux 7. Altbo@~ the 

use of otha microorga&ms has been shown to produce the syn isomer 6, but only as a major product of the mtion 

(23). tis corn- was m optically pure enough for a synthetic use. 

To prepare this compound, we thus utilized the regiospccific opening of Lhe glycidic ester derived from 

lhrconine that we have recently published (24). 

.o MqQLi 
OH 

D-Threonlne _L 

?OOEt - 

&COOEt 

6 

Synthesis of (2S,3S,7S) and (2S,3R,7R)-pheromones. 

Wilh rksc four synlhons in our hands, we completed the pheromone synthesis by the following way 

(Scheme III and IV) : the cstcrs 6 and 7 were protockd as benzyl ether 18 oc f-buryldipbenylsilylc&er 19 ~tively . 

The bcnql ether 18 was prepared by nztion wilh bcnzyl-22~-uichl~erimidau (85 % yield) (25), After reduction 

and cosylatin, the alcohols 20 and 21a were transformed into bromides 4 and 5 and con- wirh TIC sulfones 3 

and cnt-3. Thc.sc condensations were difficult enough 10 realize; due to Lhe low stability of the sulfonc carbanion at 

room temperature, it was necessary to use more than two equivalents of base, and the best rc.sull~ were obtained by 

inverse addition of lithium diisopropylamlde on IIYC mixture of halide and sulfone in Lhe presence of HMPT at -60°C. A 

mixture of stemisomers was obtained (75 s yield) from which it was possibk to separate by column chromatography 

&c main diastttcomcrs (48/48/2/2). either (2S,3S,5RS,7S)-22 or (2&3R,SRS,7R)-23 (W/4). Reductive elimination of 

tic phenylsulfonyl groups was performed wtth sodium amalgam in methanol (26) IO afford IIM protected 3.7.dime&y1 

pcntack~n-2~11 Ma ot 251~ . Dcbcnzylation or desilylation wtrc effected in the usual conditions to give (2S,3S,7S) or 

(2S,3R,7R)- akx&ols 24b or 25b which were acctylatcd into the desired pheromones 1 and 2. 

The optical &orls ([a]fj 2. = -6.3O (c=2.03. hcxanc) for 1 and [aID = 4.3” (c-4.1, hcxane) for 2) wen 

in good agmcment with literature values (3,4b). Furthermore. capillaq VPC analysis indicated that each material 

contaimd~99%0fcbc&xixdisofrw+ 
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b, c 

24 a R=Bn 

b R=H 

ent-3 23 ?kiPh,tBu 

b, e d 
b A 2 . 

OR 

25 I R = OSiPbztBu 

b R=H 

a) LDAJWPT ; b) Hg/M ; C) HZ, NC ; d) AQO. V. ; e> HF. 



Chid synthons In t+c rynthtvs of pheromonea 6413 

Experimental 

Roduw were purified by distillation or by medium prusurc liquid chmnatogruphy on a Jobin-Yvon 
Moduiprcp (Kicselgcl 6OH Merck) or by flash chromatography (Kiesclgcl 60 Merck: 2304oo Mesh ASTM), 
(solvent : cycW ethyl scetde) and analyzed by gas chx~matogra@y (10% SE30,3m column or 10% SE52,3m 
column) or by thin liyu chromatography (silicagel 6OF 254). Optical rotatiorrs wut m&~&onaI+&in-Eima 141 
polarimcttr. IH-NMR spectra were reuxcM on a Brukcr WP 80 or on a Bnker AM at 400.13 MHz for 1~ and 
100.56 MHz for 1% &aUcrochloroform was used as solvent with tetramelhylsilane as internal standard. Infrend 
mt.ra wut r~~or&f on a P&in-Elmer 599. Mass spectra were recorded on a Numag R 10-10 (fitted with a VPC- 
mass coupling; column: CP Sil 5.4&n). 

(R)-(-)-Etbyt-3-tosyloxybutnnoatc 8b. 
p.Toldcmykhltide (4.2sg, 22.5mmol) was added to a stirred and iccuxkd solution of (XX)-(-)-ethyl-3- 

hydtoxybutanoart & (2g, 15mmol) in dry pytidine (2.5ml) and dry CHXl2 (4ml). Afw 12 h at 0°C. the mixture was 
hydrolyzed with rva~a, cxtmctcd with etha and w&cd with a ~wd solution of NaHC03. Tht organic solti wps 
dried over MgSO4 and conccnaatcd in vucuo. After purification (cyclohexa.ne/ EtOAc: 8/2) 4.13g of pure 8b (yield: 
95%) were obhncd. 
[a]D2*=-0,6” (c= 7.31; CHzC12). 1H I’WR ( 25OMHz ): & 1.22 (t, 3H. I= 7.0 Hz) mH2-CH3 ; 1.36 (d, 3I-I. J= 
6.5 Hz) CHJ-CH(OTs) ; 2.48 (s. 3H-j’ CH3-C6Hs ; 29 (q, lH, J=7.0 Hz and J’=16.0 Hz) CH2COOEt ; 2.76 (q, lH, 
J=7.0 Hz and J’=16.0 Hz) CH2.COOEt ; 4.10 (m, 2H) COO-CHz-CHJ: 5.03 (m, IH) CH(OTs) ; 7.42 and 7.88 (26, 
4H,) SOZ-CeH4-CH3. 

(R)-Ethyl-3-mtthylundecanoate 9+ 
To a slurry of CuBr-Me2S (1.07g; 5.7mmol) in THF(I3ml) and ether (3ml) was added octyl magnesium 

bromide (10.5 mmol, 1 M ether solution) at -65°C. After 45min at -35OC, tosylate 8b (lg. 3.5mmol) diluted with 
THF (9ml) and ether (9ml) was added to hc solution at -78°C. The reaction was quickiy warmed up to -40°C. After 
2h, the ZtacLion mixucn was hydrolyxd with a solution of N&Q/ conccNH40H (l/l:v/v;I2ml). After evaporation and 
cxtracticm with ether the organic layer was dried over MgSO4 and reduced in VUCW to &ain the CnJck pKJducL After 

c-WmMY (cyc W2cIz: 3/l) 0.2s of 9 was obtained (Yield: 25%). 
lH NMR ( 25OMHz ): 6 0.90 (m, 9H) 3 CH3 ; 1.28 (s, 14H) 7 CHz ; 2.10 (q, 2H, Jp8.0 Hz and J’=14.5 Hz) 
CH(CH3) and CH2-CO ; 2.32 (q, lH, Js6.0 Hz and J’=14.5 Hz) CHzCO ; 4.16 (q, 2H. Js7.0 Hz and J’=14.5 Hz) o- 
CH2. Mass spexum m/z: 247 (m+NKa+) ; 246 (m+NH3) ; 230 (m+l) ; 229 (m). 

(R)-(+)-3-Mttbylundcan-l-01 llr from (R)-3hydtoxybutanoatc 8a. 
(R)-(+)-l$-Butoocdiol 1.bentyltthtr 10a. 

Pyridinium p-toluenesulfonate (95Omg, 3.79 mmol) was added to a solutiocl of ester 8a (5g,38mmol) and 
ethyl vinyl ether (7.25ml, 75mmol) in CH2Cl2 (150ml) at 0°C. After 1 h at room temperature. the soIutioa was 
hydrolpcd with a saturated sofution of NaHC03 and extracti w~lh e&x; 7.61g of crude ethyl-3~(lcthoxycthoxy) 
butanoate were obtained (yield: 99%). The crude ester (37mmol) dissolved in ether was added to LiAU-4 (1.44g; 
38mmol) in ether at -78oC. After 2 h, the reaction was hydrolyzed with a saturated solution of KHzpo4 (14ml). Afcu 
filuation, drying over MgSC& and reducmg in vucuo. the soluoon was chromarographed (hexa& EtOELc: W4) to give 
5.2s of 3-( lcthoxyethoxy) butanol (y&Id: 85% from ester UP) . 
IH NMR ( 250 MHz >: 6 1.24 (m,6H) CH3CH(OEE) and 0-CHz-CHx 1.34 (d. 3H, J=7.0 Hz) 0-CH(CH3)-OEt ; 
1.66 (m, 2H) CH(OEE)-CHz-CHzOH ; 2.22 (s, 1H) OH ; 3.74 (q, 4H, Jm7.0 Hz and J’=14.0 Hz) CHzOH and O- 
CHz-CH3 ; 4.12 (dq, 1H. J-I.0 Hz, J’=5.0 Hz and J-=10.0 Hz) CH(OEE) : 4.75 (q, 1H. Jx5.0 Hz and J’= 10.0 Hz) O- 
CH(CH3)-OEt Mass spectrum (m/z): 162 (m). 

The cnrdc product (5.lg. 3 1 mmol) diluted in THF (20ml) was added slowly into a solution of NaH (50% in oil, 
2.4g) in THF (30ml)* After 1.5 h at reflux, benzyl bromide (8g, 47mmoI) was added and the reaction was rcfluxcd for 3 
h. The solution was c-o&d to raom tempcratunz and was hydrolyzed with waler. After extmction with etha, tht arganic 
layer was washed with a sawati solution of NaHCOj and with a saturated solution of NaCl, then d&l over MgS04 
and ruluccd in vucw. The crude product was chromatographed (cyclohexane/ EtOAc: 97/3) to give 6.28g of 3-(l- 
ethoxycthoxy)-b~tanol kuyl ether (yield: 80%). 
lH NMR ( 80 MHz): 5 1.17 (m, 9H) 3 CHx 1.75 (m, 2H) CH(OEE)-CH2 ; 3.47 (m,4H) CHZ-OBn and O-CHz- 
CH3 ; 3.80 (m. 1H) CH(OEE) ; 4.42 (s, 2H) O-CHz-CsH5 ; 4.62 (q. lH, J=S.O Hz and J’=lO.O Hz) O-CH(CHJ)- 
0 ; 7.20 (s, 5H) C6Hs. 

The crude product (6g,2dmmol) was dcprotected with 1N HCI (15ml) in THF (4Oml), After 1 h, the solution 
was conctntratcd in vucw and after extraction with clhet, washing with a saturnted solution of NaHC03 and 
concentrating in vucw; the crude product (4.22g) was ChromatograpM (cyclohexane/ EtOAc: 7/3) to give 4g of 100 
(qlmntitbc ykkl). 
(a]r?b+2.6° (cl 5.39; CHCI3); LitzfaJD z4=-2. 12” (c= 1.13; CHC13)(27). 1H NMR ( 250 MHz ): b 1.19 (d. 3H. J= 
6.5 Hz) CHJ-CHOH ; 1.74 (m. 2H) CHOH-CH2 ; 3.05 (s,lH) OH ; 3.70 (m, 2I-Q CHzOBn ; 4.03 (m, 1l-i) CHOH ; 
4.54 (s, 2H) O-CHZ-C6Hs ; 7.40 (s. 5I-i) C6Hg. ‘3C NMR : 5 23.21; 38.01; 67.07; 68.81; 73.07; 127.49; 127.56; 



128.28; 137.82. Mass Spectrum m/z:198 (m+NI-k+) and 181 @+I). Anal. cald. for CttHlaOz C: 73,39. H: 8.%; 
found C: 72.80, H: 9.35+ 

(R)-(-)-3-Toryloxybutro-l-o1 bcatyhtber 10b . 
p. ToI~ulfonykbloribe (&4g, 33.6mmol) was added to a stirred and iced-cooled solutiocl of 101 (4g, 

22~nmol) in dry pyridine (3.6ml) and dry CHKI2 (Sml). After 12 h at O°C. Lhe mixture was hytiyzccl with wucc, 
e~tr~oed with c&u uxl washed with a 38turatcd solticm of NaHCO3. The organic solution was dried over MgSOr and 
con- in WW. A&r purificatiocl (cyclohexurtl EIOAC: 8S//15) 6.63g of pure 10b (yield: 90%) were obuincd. 
[a]D~-18.1° (m 556; cHC13); Lit [a]Da=+15.0* (c= 1.11; CHCl3) (14). 1H NMR ( 250 h4Hz ): I! 1.30 (d, 3H, 
Jo6.0 Hz) CH3-OTs ;1.86 (m, 2H) CHOTs-CHZ ; 2.42 (s, 3H) CH3-C6m ; 3.42 (m, 2H) CHz-OBn ; 4.34 (s, 2H) 
O-CHZ-C6Hg ; 4.86 (m, IH) CHOTs ; 7.34 (m, 7w O-CH2-C6Hs and SO~-C~HS-CH~ ; 7.86 (cl, W, J-8.0 Hz) 
SC&C~HS-CH3. Mass spectrum m/z:352 (m+Nttr+); 335 (m+l). Anal.uld for Cl8HzzO4S C: 64.72, H: 6.64: 
found c: 64.79, H: 6.73. 

(R)-(+)-3-Mctbylundccan~l-ol bcazylctber lib. 
To I shxry of CuI (3A8g+2Ommol) in e&r was dd~I octyl lithium (4Ommol,0.49M c&r solution) u - 

60°C; the soluth was warmed up to -30°C in 4Smin snd stirred for 1 h. Tosylare lob (3.4g, lOmmo1) in ether (4OmI) 
wts~at-739Cand~~ti~wsrmadupquicklyat-450C.Af~2h,tht ItsaionwshydrolyLtdwithaSokrdon 
of NH4C’U cont. NIUOH (l/l: v/v; 8OmI). After extr~tion with ether and washing wit.b NHKI, clhu solution was 
dried ow MgS04 md reduced in vucuo. Afro chromatography 2g of product 1X b wue obtained (yield : 73%). 
[a]$0=+2.1° ( c= 6.08; CHCI3); Lit: [a]D24=-2.62’ (c= 3.92; CHC13) (14). 1H NMR ( 80 MHx ): b 0.85 
(overlapped s+d, 6H) 2CH3 ; 1.25 (s, 14H) 7CH2 ; 1.52 (m, 3H) CHz-CH20Bn and CH(CIQ) ; 3-45 (t, 2H, J-6.0 
Hz) CHflBn ; 4.44 (s, 2H) O-CHz-CsHS ; 7.22 (s, 5H) C~HJ. Anal. Cald. for Ct9H320 C82.68, H: 11.69; found 
C:82.34. Hrll.99. 

(R)-(+)-3-Mcthylundccan-1-01 1 la. 
Compound lib (3g, 1 Immol) was hydrogenated on 10% PdK (664mg) in EcOH (45ml) for one day. Afta 

filtration on celitc and evaporation of EtOH; tk crude product WIU dried over MgSO4 and co~~;u~trakd in WIKX After 
chromafography, 2g of 111 (quantative yield) wuz obtained. 
[a]$~+I..S” (cl 5.03; We); Lit: [a]$=+4.80” (c= 5.10; hcxanc) (4c). tH NMR ( 8OMHx ): b 0.88 (overlapped 
t+d, 6H, 14.0 Hz) 2CH3 ; 1.26 (s,16H) 7C’kiz and CH2-CH20H ; 1.40 (s, 1H) OH ; 3a62 (t, 2H, Jz6.0 Hx) C&OH. 
t3C NMR : 6 14.0s ; 19.57 ; 22.63 ; 26.96 ; 29.31 ; 29.46 ; 29.69 ; 29.91 ; 31.88 ; 37.12 ; 39.89 ; 81,lO. 1.R 
(neat): v - 3 340 cm-l (OH). Mass spectrum mh: 2&l (m+NH4+) and 187 (m+l). Anal. cald. for C12H260 C77.35, 
H: 14.07 ; found C177.42, H:l4.04. 

Determination of optical purity of llr and 17. 
Alcohol 11~ (lOmg, 5.10.2mmol) was oxidized with PDC (SOmg, 0.2lmmol) in DMF (160 ~1) for 12 h. 3N 

HCl(1.6ml) was &ckd UK! after 20 min, the solution was exvacted with a solution d ether/ petroleum ether (l/l: v/v). 
After trutment with charcoal, the solution was ftltertd on celite, then evapontcd and nfluxed with oxalyl chloride 
(14~1) in benzene (2ml) for 3 h. After evaporating in vocw, the acid chloride was reacted with (R)-(+) -l- 
naphthylethylaminc (17 ~1) ( > 99.5% optical purity; Janssen Chimica) to give the amide. Diasta#lmas were #~~~IuuI 
by IBLC (&&ax Sil column: 4.6mm x 25Qmm): 2,2,4dimtthyl pentant- EtOAc: 85/15, Row rate, l.SmUmin, 
Rt=8.2min (amide derived from (+) lla), 10.8min (amide derived from (-) IT). Measured opticrl purity: 71% for (+) 
lla , 96% for (-1 17. 

(S)-(-)-3-Mctb I d y un ccae-leol 17 from glycidic ester. 
(S)-(-)-(Z)-2.Decen-4-01 14. 

a-Hydroxycstcr 12 (16) was pmected as pnviously described: 8.2g of protected compound (quantitative yield) 
were obtakl front 12 (68, 32mmol). 

1H NMR ( 80 MHz ): 6 0.85 (s. 3H) CH3-(CH2)s ; 1.15 (d, 3H, J&l Hz) 0-CH(CHj)-0 ; 1.30 (m; 14H) CH3- 
(CH2)4-CH2 and 2(0CH2-CH3) ; 1.65 (s, Z-i’) CHz-CH(OEE) ; 3.52 (m, 2I-I) O-CHpCH3 ; 4.15 (m, 3H) 0-CHz- 
CK3 and CH(OEE) ; 4.67 (q, lH, J=4.0 Hz and J’-10.0 Hz) O-CH(CW)-0. IR (neat): v =3 540 cm-l (OH). 

DXBAH (33ml, 1M solution in hexanc) was added dropwise at -78°C to a solution of cssw (8.2g, 31mmol) in 
p~ntane (3Xlm.l). After 4 h, the rtaction mixture was hydrol@ with a saurrati solution of NH4C1, After stirring for 1 
h, the solution WEB filtcrul, dried over MgSO4 and conccntraud in ~110, The cn& sldehydc was diluted in ether (8Oml) 
and edck! at -78OC on a THF solution of the ylide prepared from ethyl triphenylphosphonium bromide (17.55g, 
47mmol) artd nBuLi (21mI,2.3M solution in hexane) at low temperature. The muction was warmal up slowly to rwm 
temperature and after 12 h, solvcnu were cvapOratcd. The residue was diluted with ether, hydrolyxuj with a saturaud 
solution of NH&l, and extracted with ether. After drying over MgSO4 and concentrating h vacno, rhe prw!wt was 
chromatogmphed on a smal1 Florisil column (co eliminate the triphenylphosphine oxide ). Then, it was trcat&I with a 
1N solution of HCl(5Oml) m THF (2Wml). After 2 h, the solvent was evaporated in UOCJU; and the residrrc was dihcd 
with ether. After extraction with ether and nt(ttrahzing with a saturated solution of NaHCO3. the cndt compound was 
analyzed on a capillary WC to obtain a 9W Z/E rat+. The product was purified by chromatography on 10% AgN@ 
containing silica gd (cyclohexane/ EtOAc: 8/2). From ethyl-2-( 1-ethoxyethoxy) octanoate (8.2g. 31.5 mmol), 2.5g of 
alcohol were obtained (yield: 60%; 2.B 99/l). The cnantiomeric excess of the isopropyl carbamatt measured by chiral 
VK ~.S-valint-u-pyle~y~idt: Chrompack: 5Omx0.23mm wirh He carrier gas) (28) was better than 99%. 
[a]~~=-27.1* (c: 0.15; CH2CI2). 1H NMR ( 250 mz ): 6 0.90 (s. 3H) CH~-(CHI~)S ; 1.30 (s, 8H) C&+(Cfi2)4- 

CH2 ; 1.52 (m, 2H) CH2-CHOH ; 1.46 (s, I H) OH ; 1.72 (q, 3H. J=2.0 Hx and J’d.0 Hx) CH=CHCH3 ; 4.06 (m. 
1H) CHOH ; 5.53 (m, 1H) CH=CH-Cl-?3 ; 5.71 (m, IH) CH=CH-CH3. t3C NMR : b 13.92 ; 17.48 : 22.54 ; 25.35 
: 29.20 ; 31.78 ; 37.39 ; 73.01 ; 126.30 ; 134.59. 
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(S)-(-)-3-Mctbyl4-undecenoic acid P&N-DimctbylrmMe 15. 
The alchoi 14 (23g, 16mmd) was stirred with Nfldimerhyl acetamick dimcthylacetal(4.7ml,32mm0l) in 

xyknc at 15V’C far 36 h, Aftn evqtora.Ling tbc sdvmt, tk residue was ~(~~Ac:U4)t.o 
give 3.2Ag d m& ls (YicW 90%)* 
[(r]D25--14.4* (c= 4.43; CHz2cl2). 1H NMR ( 80 MHz ): b 0.85 (s, 3H) a3-(CH2)5 ; 1.02 (6 3H, J&O Hz) 
CH(CH+CHZ; 1.27 (I, 8H’) CFQ-(CH2)4-CHz : 1.97 (m. 2H) CH2 ; 2.22 (WI, 2l-Q CH2-CON(CH3)2; 2.65 (m 1H) 
CH(CH3)-CHZ ; 2.90 (s. 3H’) N(CH3)2 ; 2.% (s, 3H) N(CH3)2 ; 5.32 (m. 2H) CH=CH. 13C NMR : 5 13.97 ; 
20-33 ; 22.51 ; 28.68 : 31.62 ; 32,42 ; 33.S2 ; 37.27 ; 37.44 ; 40.47 ; 129.01 ; 134.56 ; 172.12. IR (neat): v = 1 
650 cm-l ( C=O amide). Mass Specuum m/z: 226 (m+l). Anal. cald. for CI4H27NO C: 74.61, H: 12.08, N: 6.22; 
found C: 73.93, H: 11.93, N: 5.97. 

(S)-(-)-3.Metbyf-4-andtcca-1-01 16, 
Sumydride (LiBHEt3,29ml, 1M solution in hexant) was added at -78°C to amide IS (3.24g. 14.4mmol) 

diluted in THF (13Oml). After 5 h, the reaction wlu hydrolyzed with waltr (29ml) a& soIvents were evaporated in 
VUUO. Afttr extmctjon with ether and &ying over MgSC4. the product was purifkd by caphy (cyclokxanc/ 
EtOAc: 8/2) to give 2.49g of 16 (yield: 90%). ‘I’k op&il purity (96%) was dinad as described for 17. 
[a)+‘=-30.4* (c- 5.99; CH2Cl2). IH NMR (250 MHz ): 6 0.90 (s, 3H) CH3-(CH2)s ; 1.00 (d, 3H, J-7.0 Hz) 
CH(CH3) ; 1.30 (s, 8H) CHB-(CH~)U-CH~ ; 1.56 (m, 2H) CHKHZOH ; 2.00 (q, 2H, J=&O Hz and J’=l4.0 Hz) 
CH3-(CHz)r-CH2 ; 2.20 (s, 1H) OH ; 2.27 (m, 1H) CH(CH3) ; 3.69 (t,2H, J=6+0 Hz) CIWH ; 5.33 (q, lH, Ja7.0 
Hz and J’xl5.0 Hz) CH=CH-CH(CH3) ; 5.47 (q. lH., J=6.0 Hz and J’=lS+O Hz) CHXHECH. l3C NMR : b 14.03 ; 
21.15 ; 22.57 ; 28.78 ; 29.50 ; 31.66 ; 32.46 ; 33.88 ; 39.73 ; 61.27; 129.36 ; 135.59. 1.R @at): v = 3 270 cm-l 
(OH) and 970 cm-1 (CH=CH trans). Mass Spectrum m/t: 202 (m+NH4+). 

(S)-(-)-3-hatthylundtcrn-Z-01 17. 
To a suspension of dry CoCIz (3.52.27mmoI) in dry THF at -78°C was added LiAlH4 (Ig, 27mmol). Alcohol 

16 (2,498, 13.5mmol) was then added and the mixture was warmed up slowly to rcmm temperature. After 6 h, the 
solution was hydrolyzed with 1N I-ICI, exuacrcd wiLh ether, dried over MgSC4 and cvapomti in vucuo. The same 
pr~~edurc was cfkted twice again. The product was chromatographed (cyclohcxane/ EtOAc: 9/l) to give 2g of 17 
(yield: 80%). AkmativeIy, 16 was rtduccd by HZ a( mm temperature with a catplys~ (10% PdK, PtoZ, Rh on 
alumina 5% or Wilkinson’s catalyst). The solvents used wm respectively: EtOH, EtOAc, EtOH and benzene. The 
rw~t.ion was filtered on cclitc and the solvent evaporated in wcw the pwluct was then dvomatographad 

For reduction with dknidc. acetic acid (Zml, 35mmol) was added to a &ution of 16 (2.49g. 13.5mmol) and 
potassium &carboxyIate (PADA) (2.73g, 17.6mmol) in EtOH (15Oml) at rOOm tempcraturc. Afltr 6 h, an a&r 
portion of PADA ( 2.73g, 17.6mmol) and acetic acid ( 2ml, 35 mmol) was added. The opcxation was repeated until the 
reaction was completed; the mixhlrt was then filtered and EtOH was evaporated in vucuo. The rwiduc was hydrolyzed 
with a ~turated solution of NXaCl. extracted with ether, dried ova MgSO4 and sohurt was evam in VUCIU. Afta 
c-y 2g went obkncd (yield: 80%). The optical purity was &tumid as &scribed. 
[a]$~k$* (c=3.0; hcxane); Lit:[a]$O=+4.8” (c= 5.10, hexane) (4~). 1l-i NMR ( 80 MHZ): 6 0.88 (owlapped t + 
d, 6H) 2CH3 ; 1.26 (s, 16l-i’) 8CH2 ; 1.40 (s, 1H) CH(CH3) ; 3.62 (t, 2H. J=6.0 Hz) CH20H. I3C NMR : 8 IS,05 
; 19.57 ; 22.63 ; 26.92 : 29.31 ; 29.46 ; 29.62 ; 29.91 ; 3 1.88 ; 37.12 ; 39.89 : 81.06. 1.R (neat): 3 340 cm-1 (OH). 
Mass spectrum ITVZ: 204 (m+NHu+). 

I-Phtnylsulfonyl-3-mtthylundecane. 
(S)-(+)-1-Pbeaylsulfonyl-3-mtthylundcerne 3. 

To a solutim of alcohol 17 (2g, 11 mmd) and dipknyl disufildc (2.8g. 13mmoI) in CHzCl2 (70ml) was added 
tri-n-butylphosphin (3.7m1, 14.5mmol) at rmrn ~mpcraturc, and the mixture was stimd for 12 h. Then tk reaction 
was hydroIyz.cd wilh a SUUIIM solution of NH&l. After cxuztion with etkr and washing wkh a samted solllti~n of 
NaHC03, the crude product was purifiuj by chromatography (hexare) to eliminate the diphcnyl disulfide. (S) -1. 
phtnylsulfide-3-methylunbccane fig. 11 mmol) was oxidized wilh m-CPBA (3.5g.27mmol) in CHSCIZ (loOmI) at - 
15°C fol4 h. After hydrolysis with a saturated solution of KHCa urd extrocticm with ether, the prtxtuct was purified 
by chrunatography (cycbhcxanc/ EtOAc: 9/l) 10 give 3.28 d sulfonc 3 (yieI& 96%). 
[a)D25=+4.5° (c= 5.42; CH2Cl2). 1H NMR ( 250 MHz ): 6 0.88 (a, 3H) CH3-(CH2)7 ; 0.90 (d, 3H, 14.0 Hz) 
CH(CH3) ; 1.24 (s, 14l-I) CH3-(CH2)7 ; 1.50 (m. 2I-l) CH2-CHz-S0MM-b ; 1.72 (m, 1H) CH(CH3); 3.10 (m, 2H) 
CHZ-S~~-C~H~ ; 7.61 (t. 2H, J=7.0 Hz) CaHs ; 7.68 (t-I. lH, J=7.0 Hz) CaHs ; 7.95 (cl, 2H, Jx7.0 Hz) C6Hs. 13C 
NMR : 5 14.06 ; 19.13 ; 22.62 ; 26.70 ; 29.10 ; 29.23 ; 29.50 ; 29.72 ; 31.82 ; 31.84 : 36.29 ; 54.40 ; 128.00 ; 
133.55 ; 139.21. Anal. caId. for C18H3@2S C: 69.74, H: 9.75; found C: 69.55, H: 9.62. 

(R)-(-)-1-PhcaylsuIfonyl-3-mcthylundccune ent-3, 
m Gem lla as ckscrkd for 3. 

[a]$o--5.1” (c- 6.10; CHsl2). IH NMR ( 25OMHz ): identical to (S)-(+) 3.13C NMR: identical to (S)-(+) 3. 
(ZR,3S)-(+)-Ethyl-2-methyl-3-hydroxybutanoa~e beatyletber 18, 

Trifluocomethanc sulfuric acid (205 &2.3Ommol) was added slowly 10 a solution containing (2R3S) -ethyl- 
3-hydroxy-2-methyl bum 6 (2g, 13.60 mmot) (24) and bcnzyl-2,2,2-trichloroacetimidau (3.lOml. 16.2mmol) in 
cyclohcxanc (2OmI) and CH2CI2 (1OmI). The reaction is slightly exothermic and Lhe tempuatun xaised up to 35.c. 
After 3 h, the -Bon was filtered on celite and washed with a saturated solution of NaHCQ? (5Oml); water @ml) md 
with a srturatcd solution of NaCl(2Oml). After medium prwsurc chromatography (cyclohexam/ ELOAc: 95/5) ,2.44g 
of compmmd 18 wwe obtai& (yield: 94%). 
[a]$=+l6,2* (c= 2.90. MeOH). 1H NMR ( 80 MHz ): 5 1.20 (overlapped t+2d, 9H) 3CH3 ; 2.50 (t, lH, Jm6.O Hz) 



CH(CH&CO ; 3.72 (m, 1l-Q CHOBn ; 4.05 (q, ZH. J-6.0 Hz) 0-CHZ-CHJ ; 4.42 (d, ZH, J-2.0 Hz) O<HZ-C~H~ ; 
7.42 (s, 5H) O-CtsHs . 

(ZS$S)-(+)-2.Methyt-1,3-butrncdiol 3-btaryltthtt 20+ 
DINAH (23ml of a 1M solulron in htxanc) was added at -78’~ to a solutia~ of csw II (2.44g, IOmmol), After 

1 h, the solutiolr was arpnntd up to CPC for Sh. It ws hydrolyzed with NH&l (1.5m.l) and HCl 1N (3ml) [or 1 h, the 
solutkm was fii, dried over MgS04 and evamtcd in vucw. The crude product was purified by chromrtognghy 
(cyclok.~~W EIOA~: 75QS) to give 1.2g of 20 (yield: 60%). 
Reduction of ester 18 with LiAW in ctkr at -78°C led to 20 with identical yield. 
[a]$=+40.5” (c= 3.0, &OH). ]H NMR ( 25OMHz ): 6 0.86 (d, 3H, J=7.0 Hz) CH(CH3)-CHzOH ; 1.18 (d, 3H, 
Jp6.0 Hz) CHJ-CHOBn ; 2.00 (m, IH) CH(CH3)-CHzOH ; 2.37 (s. IH) OH ; 3.56 (q, lH, Jd.5 Hz and J’=ll.O Hz) 
CH20H ; 3.71 (m, 2H) CHZOH and CHOBn ; 4.46 (d, lH, J=12.0 Hz) O-CHZ-C~H~ ; 4.62 (d, lHi, Jxl2.0 Hz) O- 
CHz-CaHs ; 7.36 (s. SH) CaH5. 

(2R,3S)-(+)-I-Bromo-2-mcthylbutan-3-o1 btnzyltthtr 4. 
Dicthyl arodicarkxylaet (2.68, 15mmol) was added at 0°C to a solution of triphcnylphosphine (3.93g. 

15mmol) in anhydrous THF (60~~11). After ZOmn, LiBr (2.6g.3Ommol) was added to the stirred solutiorr followed by a 
solution of alcohol 20 (1.17g, 6mmol) in THF (IOml). After 6 h at OT, THF was evaporated in WCUI and the 
remaining mixurrc was hydrolm with water. After extortion. ~JIC organic layu was dried and evaporated to give after 
chrvmatography (cyck&za& EtOAc: 98/2) 1.23g of 4 (ykkl: 80%). 
[a]@=+43.3” (cm 4.3 1; MeOH). 1H NMR ( 250 MHz ): 6 1.07 (d, 3H. J=7.0 Hz) CH(CH3)-CHzBr ; 1.18 (d, 3H, 
Jz7.0 Hz) CH$CHOBn ; 1.96 (m, 1H) CH(CH3)-CHSr ; 3.34 (q. lH, J=6.0 Hz and J’mlO.0 Hz) CH2Br ; 3.58 (q, 
lH, J-6.0 Hz and J’-10.0 Hz) CHzEr ; 3.70 (m. 1l-Q CHOBn ; 4.44 (d. IH, J=12.0 Hz) 0-CH2-CaHS ; 4+61 (d.lH, 
J=l2.0 Hz) O-CH2-CaHs : 7.36 (s, SH) GjH5. 13C NMR : 6 13a77 ; 16.33 ; 37.65 ; 41.24 ; 70.84 : 75.73 ; 127.38 
; 127.47 ; 128.22 ; 128.29 ; 128.88 ; 129.63 ; 138.70. Mass Spectrum m/z: 274 (m+NH3); 2S7 (m). Anal. cald. for 
CIzHltiBr C: 56.08, H: 6.67; found C:57.02, H: 6*92. 

(2S,3S)-(+)-Etbyl-2-mcthyl-3-hydroxybutanoaQ 7. 
The cells obtained from a 48 h-grown culture of Gcorrichwn candidwr in the following mdium: U-W04 

(0.5g). corn steep liqoor (5g), NaN@ (lg), KCI (0.25g). MgSOs,7HzO (0.25g ), FcS04.7H.20 (O.Olg ). glm (15g) 
in distikl water (5oOml), wert filtered, washed, then prtincubatcd in water at 27*C during 24h, The filtered ccUs wtn 
resuspended in 2% NaCl(25Clml) and stinzd at 27°C during 3 days with ethyl 2-methyl-3-oxobut (3g, ‘Llmmol). 
The filtrate and tht cell cake weft extracted with EtOAc. The combined cxuacts wtn dried and eva@ to give 2.4g of 
crude 7 (yield: 80%). b.p: 84*/lStorr. This pr&ct contained ~1.5% of syn isomer, e (mesured by MTPA esttrX29): 
97%. 
[a]+-+26.8* (c= 4.9; MeOH). tH NMR ( 250 MHz ): 6 1.12 (d, 3H. Jp6.9 Hz) CH(CHj)-CO ; l-25 (t, 3H, J-7.0 

Hz) CHz-CHj ; 1.70 (cl, 3H, Jd.9 Hz) CHj-CHOH ; 2.45 (q, lH, J=6.9 Hz and J’314.0 Hz) CH(CH+CO ; 3.85 (q, 
lH, J-6,9 Hz and J’114.0 Hz) CHOH ; 4.05 (q, 2H, J=7 Hz and J’pl4.0 Hz) 0-CHZ-CH3. 13C NMR : 5 13.56 ; 
13.93 ; 20.32 ; 46.82 ; 60.29 ; 69.05 ; 175.66. 

(2S,3S)-(+)-Ethyl-2-mt~hyl-3-hydroxybutanoa~e r-butyldiphtoylsilyltthtr 19. 
(2S,3S)-Ethyl-3-hydroxy-2-methylbutanoate 7 (2.2g, 1Smmol) was stirred at room temperanrrt with f- 

butyldipknylsilyl chloride (5m1, 18mmol) and imidazole (5.12g, 75mmol) in DMF for 3 days. Thtn the rtoction was 
warmed for 5 h. Aftu adding water and txuaction wirh ether. the ether sohion was washed with 2N HCI, sakuated 
solution of NaHC03 and NaCl to give a product which was chromatogmphd (cycloheexanc/ EtOAc: 98n). 4.74g of 
compound 19 were obtaind (yield: 82%). 
(a]$0=+20,3” (c- 5.38; CHKl2). 1H NMR ( 250 MHz ): 6 1.02 (d,3H, J=6.0 Hz) CH(CH3) ; 1.04 (s, 3H) 

C(CH3)3 ; Ll2 (d, 3H, J-6.0 Hz) CHKHOTBDPS ; 1.22 (t. 3H, J=t.O Hz) 0-CHZ-CH3 ; 2.62 (m. 1I-Q CH(CH3) ; 
4,11(q, 2H, J=7.0 Hz and J’x14.0 Hz) 0-CHZ-CH3 ; 4.19 (m, 1l-I) CHOTBDPS ; 7.45 (m, 6H) (C6HS)2 ; 7.77 (24, 
4H, J-7.0 Hz) fQH5)2. Mass Spectrum rnk: 402 (m+NI%a+) ; 385 (m+ 1). 

(2R,3S)-(+)-2-Mctbyl-l,3-butanediol-3 f-butyldipbtnylsilyltthtr 211. 
At -78°C. ester 19 (4.74g. 12mmol) was r&u& with DIBAH (2Sml. 1M solution in hexrme) in ether 

(220ml). Afm 1 h, the reaction was warmed up to -55°C for 3 h. After 2 h. the &n was hydrol@ with 0-W Xl. 
After extx~Gal with etha and drying over MgS04, the product was chromatograpkl (cyclohe~an~/ EtOAc: 85115) to 
give 3.178 of -01 211 (yield: 75%). 
[a)D20=+10.00 (c= 5.08; CH2Cl2). t H N?vIR ( 250 MHz ): 5 0.87 (d, 3H, J=7,0 Hz) CH(CH3) ; 1.04 (d, 3H, J=6.0 
Hz) CHj-CHOTBDPS ; 1.06 (s. 9H) C(CH3)3 ; 1.71 (m, 1l-Q CH(CH3) ; 2.20 (s, 1I-X) OH ; 3.62 (q, lH, Jc6.0 Hz 
and J’111.0 Hz) CH20H ; 3.78 (q, lH, J=4.S Hz and J’111.0 Hz) CHZOH ; 3.92 (m, 1l-I) CHOTBDPS ; 7.48 and 7,78 
(m, 10H) CsHs+ 

(2S,3S)-(+)-l-Tosyloxy-2-methylbutan-3-o1 r-butyldiphcnylsilylt~htr Zlb. 
p.tolmlfonyl chloride (2.7g, 14mmol) was added to a stincd and icc-coolcd solulion of (+) alcohol 21a 

(3,17g, 9mmol) in dry pyridinc (1.5ml. 18.Smmol) and dry CHZCIZ (1.5ml) . After 12 h at 0% the mixture ws 
hybolyzal with water, cxtr~ccd with ether and washed wilh a saturakd soluticm of NaHC03. The organic solution W 
dried OVQ MgS04 and ct>ncentrated in vucw. Afur purification (cyclohexanc/ EtOAc: 95/S) 3.Wg of CXMII~OU~~ 2lb 
wtrc obtained (yield: 85%). 
[a)+=+9.7* (c= 5.69; CH$Il2). tH N,MR ( 250 MHz ): 6 0.90 (d, 3H, J=7.0 Hz) CH(CH3) ; 0.91 (d, 3R J=6.0 
HZ) CH3-CHOTBDPS ; 0.98 (s, 9H) C(CH3)3 ; 1.94 (m, 1H) CH(CH3) ; 2.46 (s, 3I-l’) C6WCH3 ; X78 (m, 1H) 
CHOT’BDPS ; 3.92 (q, IH, 1~7.0 Hz and J’=9.5 Hz) CHZOTs ; 4.12 (q, lH, Jp5.5 Hz and J’s9.S Hz) CHzOTs ; 7.44 
(m. 8H) C6Hg ; 7.69 (m,4H) CaHs ; 7.81 (d, 2H, Jz1.7 Hz) C6H5. Anal. c&d. for C28H3604SSi C: 67.80, H: 
7.32; found C: 67.27, H: 7.51. 
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(2R,3S)-(+)-l-Bromo-2-methylbutrn-3-o1 I-butyldiph~aylsilyIctber 5. 
TIE Ayl ak 21b (3.9og. 7.8Ommol) was rrimp at room tempcxa.t~ for 12 h with L.iBr (3.4 

x 
,39mmol) 

iaTHF(l(kd).Atttrcv~~~lventandavinetherwction~~,thcstmeproc+d~wrre acfcdtwkz 
~tookdpaau6~whicbwrschran~togive3.12gofcom~S(qrrmti~ueyi~. 
[(r]D2b3.2’ (c= 3.W; CH2CW. 1~ NMR ( 250 MHz): 6 0.98 (d,3H, J4,O Hz) CH(m) ; 1.01 (d, 3H, J-6.0 
HZ) CH+CHGTBDPS ; 1.06 (s, 9H) C(CHJ)~ ; 1.96 (m, 1H) CH(CH3) ; 3.50 (d, W, Jr6.0 Hz) CHZBr ; 3+90 (m, 
1H) CHOTBDPS ; 7.48 (m, 1of.I) C6H5. 13C NMR : 6 14.66 ; 19-32 ; 19.72 ; 27.00 ; 37.91 ; 42.78 ; 71.28 ; 

127.38 ; 127.59 ; 129.45 ; 129.46 ; 133.53 ~134.57; 135.83 ; 135.84. Anal. cald. for CzlHz9BrOSi C: 62.27, H: 
7.22; found C: 62.U. H:7.33. 

(2S,3S,SRS,7S)-S-PbcnylsulfoayI-3,7-dimetbylptatrdccoa-2 bcnzylctbtr 22. 
LDA in c&r (2.9 cquivaltnu) was &led at -78°C to a ~lution containing 1 -pkenyl&fonyl-Imethylunkan 

3 (0.412g. 1.33mmol) , I-bromo-2.methylbutan-3-01 bcnzyl ether 4 (2.55g, 6.3mmol) and Hh@T (2ml) in THF 
(25ml). The mixarrt was warmed up quickly to -52°C. After 4 h, the reaction was hydrolyzed with a ~urattd of NHKI 
and THF was evaporated in VOCUO. The residue was extracted with ether. The product was chromatographed 
(cycbhcxanJ EtOAc: 95/5) to give 452mg of pr&uct 22 as a mixture of diastereoisomers (yield: 70%). 
1H NMR ( 250 MHz): 5 0.84 (d, 3H, J=7,0 Hz) CH(CH3)-CH~-CH(S~~-CIW) ; 0.90 (1,3H, J=7.0 Hz) CH3-(CH2)7 
; 0.92 (d, 3H, Jm7.0 Hz) CH(CHJ)-CHOBn ; 1.06 (d, 3H. J=6.5 Hz) CHOBn-CH3 ; 1.26 (s, 14Hj CH3-(CH2)7 ; 1.82 
(m. 1H) CH(CW)-CHOBn ; 2.08 (m, 2I-Q CH(S@-C~HS)-CHZ ; 3.24 (m, 1H) CH(SOzGH5) ; 3.45 (dq, lH, Ja6.5 
Hz) CHOBn : 4.43 (d, 1H. J-17.0 Hz) CHZ-CH(SO&~HQ ; 4.56 (d, lH, J-17.0 Hz) CH~-CH(SOZ-C~H~) ; 7.40 
(s, 5H-) O-CH2-C6Hs ; 7.52.7.64 and 7.91 (3t. 5H) SO%CaH5. 

(2S,3S,7S)-(-)-3,7-Dimttbylpcntodccan-2-ol 24b. 
Sulfone 22 (0~7g,O.5mntol) was reduced with an excess of Na(Hg) 6% (2.x8.20 equivaknts in powder) 

with Ne~HXQ(0.86g, 12 aquiviltnts) in MeOH (2OmI) at foam temperature. After filtration, addition of a uturakd 
solution of NH&I and exvaction with ether, the solution was dried over MgS04 and evapod in vucw to obtain 
106mg of crude 240 ( yield: 6O%).Compound 24~ (0.104g. 0.6mmol) was reduced with Hz on PW 10% (0.23g) to 
obtain after a fIash chromatography (cyclokxane/ EtOAc: 8/2) 68mg of pure 24b (yield: 86%). 
[a]$&-1 1.5’ (c- 0.79; hexane); Lit: [cx]$o=-10.4* (c= 3.70; hcxane) (4c).lH NMR (250 MHz): 6 0.86 (overlapped t 
+ 2d. 9H) 3CH3 ; 1.16 (d, 3H. 1~6.0 Hz) CHOH-CH3 ; 1.27 (s, 22l-l’) CH2 and CH(CH3) ; 3.74 (m, 1I-f) CHOH. 
1% NMR : 5 14.05 ; 14,16 ; 19.70 ; 20.20 ; 22.64 ; 24.73 ; 27.03 ; 29.33 ; 29.65 ; 29.99 ; 31.89 ; 32.72 ; 32.94 ; 

36.97 ; 37.35 ; 39.77 ; 71.26. I.R(ncac): v = 3 380 cm-1 (OH). Mass Spectrum mh: 274 (m + NH4+) ; 257 (m + 1). 
Anal. cald. for C17H340 C: 79.61, H: 14.15; found C: 79.25, H: 14.04 , 

(2S,JS,7S)-(-)-3,7-Dimethylpcntadecan-2-y1 acetate 1. 
Alcohol 24b (0,6g, 0.23mmol) was stirred with acetic anhydride (33pl.0.35mmol) , EuN (SW, 0.35mmol) 

and DMAP (Zmg, 1.9.10.Zmmol) in CHZCIZ i-11 room lcmpcraturc for 12 h. The radon was hydrolyzed with 2Fd HCI, 
extracted with ether and washed twice with a sa~rrated solution of NaHC@. Afw drying OWY MgSOs and evaporating 
in vucw, 69mg of prre compound 1 were obtained after flash chromatography (cyclohexane/ EtOAc: 95/Y) (quantitative 
yield). 
[Cx]D2~6,3* (c= 2.03; hcxane); Lit [a]D23=-6.6” (neat) (3). 1H NMR ( 250 MHz ): 6 0.90 (m, 9H) 3CH3; 1.18 (d, 
3H, J-4.0 Hz) CH3-CHOAc ; 1.28 (s, 2 II-I) CH2 and CH(CH3) ; 1.60 (m, 1H) CH(CW)-CHOAc; 205 (s. 3H) CH3- 
CO ; 4.88 (m, 1H) CHOAc. 13C NMR : 6 14.05 ; 14.75 ; 16.87 ; 19.65 ; 21.23 ; 22.65; 24.46 ; 27.02 ; 29-33 ; 
29.65 ; 29.99 ; 31.89 ; 32.67 ; 32.71 ; 36.97 : 37.26 ; 37.55 ; 73.97 ; 170.68. Mass Spectrum m/z: 316 (m + 
NHd+). Anal. cald. for Cl~H3802 C: 76.45, H: 12.83; found C: 76.33. H:l2.74. 

(2S,3R,SRS,7R)-5-Phenylsulphonyl-3,7-dimethy~pentadecan-2-ol 
r-butyldipbenylsilylether 23. 

LDA in ether (2.9 quivalents) was added at -78°C to a sohion containing I-phenylsulfonyl-3-methylundccan 
eat-3 (1.77g, 5.7mmol). 1 -bromo-2-mcthylbutan-3-01 r-butyldiphenylsilyl ether 5 (2,S5g, 6.3mmol) and HMPT 
(llml) in THF (70ml). The mixture was warmed up quickly to -52°C. After 4 h. the ructian was hydrolyzd with a 
samted solution of NHKI and THF was evaporated in VUCUO. The residue was txtr~tcd wilh cthu. The product was 
chromatographcd (cyclohcxanc/ EtOAc: 95/5) to give 2.65g of product 23 as a mixture of d -isomers (yield: 
74%). 

1H NMR ( 80 MHz ): 6 0*87 (m. 12H) 4CH3 ; 1.22 (s, 15l-Q CH3-(CH2)7-CH(CH3) ; 1.41 (s, 9H) C(CH3)3 ; 1.57 
(m, 5I-Q CHz-CH(OSOZC~HS)-CHz-CH(CH3) ; 2.87 (m. 1l-Q CH(OS02C6H5) ; 3.57 (m, 1H) CHOT’BDPS ; 7.27, 
7.47 and 7.70 (3m, 15H) C6H5. 

(2S,3R,7R)-(+)-3,7-Dimcthylpentadecan-2-ol 2Sb. 
23 (2.Sg. 3.9mmol) was treated with Na(Hg) 6% (in powder) (17,6g, 20 equivalents) in McOH (8Oml). 

NUHP04 (6.7g.12 equivaknta) and THF (lml) at ram tempernture, After filtration, addition of a saturated solution of 
NH&l and extrztion with ether, the solution was dried over MgS04, tvaporatcd in ww to give 1.22s of 2% ( yield: 
63%). Crude product 2Sa (1.22g, 2.5mmol) was dcprotected with a conccntratcd solution of HF (1.5mt) in CHsCN/ 
THF (v/v: l/l) KY obtain after chromatography (cyclohexane/ EtOAc: 95/S) 34Omg of 2Sb (yiel& 62%). 
[a]$o=+l4.9* (c= 3.33; hexanc); Lit: [a]D20=+16.03 (c= 5.20; hexane) (4c), 1H NhtR ( 250 MHz ): d 0.86 

(overlapped t + 2d. 9H, J=6.0 Hz) CH3 ; 1.14 (d. 3H, J=6,5 Hz) CWCHOH ; 1.28 (s. 21H) CH2 and CH(CHJ)-CH~ 
; 1.52 (m, 1H) CH(CH3)-CHOH : 3.70 (m, 1H) CHOH. 13C NMR : 6 14.08 :14.51;19.26; 19.73 ; 2266 ; 24.67 ; 
27.04 ; 29.34 ; 29.67 ; 30.01 ; 31.91 ; 32.73 ; 32.90 ; 36.99 ; 37.38 ; 40.05 ; 71.70. 1.R (neat): v =3 380 cm-l 
(OH). Mass specvum m/z: 274 (m+N&+) ; 255 (m-l). Anal. cald. for Cl7H360 C: 79.61, H: 14.15 ; found C: 
79.46, H: 14.21. 
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(2S,3R,IR)-(+)-3,7-DImctbylpe~~~c~n-2-yl acetate 2. 
Ahhol 25b (O.l9g, 0.74mmol) was stirred with acetic nnhyMde (105~1, 1.1 lmmd) , WN (155pl. 

1.1 lmmal) d DMAP (70 mg, 6. IO-zmmol) in C?QCIz at loom umpcraturc for 12 h. The rcactia WH l@olyzad 
with 2N HCl Md cxmfted with ether and washed twice with a m solutian of Na.HCC& A& dqkg OVCI 
MgS04 artd 0-g irr vuryb. 210mg of pun: compound was &ncd aftu fla& ch -Pby (cY-- 
EtoAc: 95/5)(qtmf&tive yield). 
[a]r@=+6.3* (cl 4.lQ bcxane); Lit: [a]D2%6.9” (e 1.17: hcxane) (4b). 1H NMR ( 250 MHz ): 8 0.88 (m, 9l-I) 
3CH3 ; 1.15 (d, 3I8, J-6.3 Hz) CHOAc-CH3 ; 1.28 (s, 21I-f) lOCH2 md CH(CH3) ; 1.70 (m, 1I-I) CH(CHJ)-~XOA~ 
* 2.06 (s, 3-i’) CocH3 ; 4.86 (m, IH) CHOAc. 1% NMR ; 6 14.07 ; 14.51 ; 15.70 ; 19.67 ; 21.31 ; 22.6!5 ; 24.48 
; 27.02 ; 29.33 : 29.63 ; 29.98 ; 31.89 ; 32.67: 39.92 ; 36.83 ; 37.18 ; 74.23; 170.86. hirtss spectrum m/z: 316 
(m+NU+). Anal. tid. fm C]9H3@2 C: 76.45, H: 12.83; found C: 76.39. H: 12.98. 
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