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Abatrsct. An eff~mci~tts, Bsymmeuic synthtsis of the 2~~~~~~y~la~3.3~11~ 4 hss ban mtnplercd in nine chemical 
stqx fi-om 4,S-dim~lft.mtl&ytic @I. Since atantiomuicaUy pure 4 has beat jxcviottsly mnvucd in five neps by Ireland tnto 
(+Waodamycic acid (3) and mare rccu~Iy by Schlssinga into (-)diradmycitt A (l), this achevanant catstimuv in a striclly 
f0mralsensethctotal6yndewofUmesub6tanou TbeLeysepiathesyntbcsLof4f~theurmsfrrauuionofthe 
t~ntiomericatly pan fwfiwyi dial ZS into 29 by init& sclectivc 0xkWa1 of the fkm ring and subsiqucnt acidcatalyzed 
bicycldLemlization. 

Tiidamycin A (IF and strcptolydigin (2)s are rqmscnmtive zwnbers of a novel class of natural antibiotics 

which arc characterized by the presence of an enolizcd 3-dicnoyl teaamic acid rraoiety linked with a densely 

functionaK.zed, Iridged bicyclic kaal subunit, snd they havt cngc&& significant.biorogicai and chcmicaI interest uvcz 

the past few years. For example, 1 exhibits antimicrobial activity, it inhibits bactaial DNAdimti RNA polymmtse. 

and it interfcns with oxidazivc phosphorylaticm. The unique suuctural f-s of tbcsa substances coupled with their 

afonrnentioocd biological pqutics have saVed aa the ins&a&M fw a number of ingenious syr&ctic c.&avorsP l4 

3: xro 

The early synthetic work dhrctcd toward these targets focused upon the preparation of (+I-timudamycic acid (3>,5-* a 

degradation product of drandamycin A (l), and one of the major achievements was the synthesis of 3 from D-gh~cosc 
by Irzland.5 More recently, 1 itself succurnbcd to total synthcsii owing to the effor& iu the laboratorica of DeShong,t t 

Schlessingcr,t2 Boeckman.t? and Bartlett* We now wish to disclose the complete details of our own investigations 

in this area that culnrinatcd in the facile prep&radon of4 in ena~~tiou&&Iy p\m: f-8 a key intamxtiate in Ir&nd’sS 

synthesis of 3 awl Schlcssingdst~ total synthesis of 1. 

RESULTS AND DISCUSSION 

Synth& Pian. The essential features of the strategy and the perceived logical disconnections that originally 

evolved in our own plan for the synthesis of 18n summa&& in the antithetic sequence dcpicux! in Schane 1, w&&n 

4 was envisaged as a key intctmcdiatc and the priraary subgoal of the project. Further simplification leads to the 

bicyclic fcetaI5, which may be unraveled by dekctixation to the dihydroxy tnt-1,4-dione 6. Since the synthetic 

cquivalencics of the 1 &dione and ene- 1 &Cone moieties with a furan ring have been well establishcd,t5 it occurred IO 

usasweUuOdKI11S=ltblllafuranmightsave~bIypsthecnrialC(IO)_0(13)coreofsubsrance~ofthtgenctai 

type 4 - 6. Consquently. the sutrstitutcd furan 7 became the initial target of our investigation, and a variety of enaies 
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to this in- fhml4,-y-hy& (8) may be felmtu&d that involve stmoseleetive akiol or related 

inaction fa: the formation of the c(6)-cc7) and the c(8)_c(9) tads. 

Scheme 1 
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It is Norway that tbt xumsynthetic analysis adurn~ted above uicoly served as the basis for the design of a 

more global strategy for the development of concise approaches to cyclic and acyclic oxygenated natural products in 

cnantionmically pure fmtn amMittg to cq. 1. Namely, oxidation of the chiral furfuryl o&imls 9 would lead to the 

production of the hydm-fpynumes 10. Time key intermediates are admirabIy endowed with differentiated 

f~ctio~~i~ to allow the facile inbox of other fimctions.l groups and/or alkyl residues by reaction with the 

appropriate nucleuphiles and electrop~s as shown. Moreover, the staeochemical course of each of tbcse operations 

should be dimzted in a predjctable fashion by the stereogenie center at C* of the hydropyran ring. One might 

reasonably argue that compounds related to 10 should be useful pmmsors for the preparation of a wide variety of 

synthetic mrgcts. and nuzxmous tmkmni& to support this 33ssution may be found in the limaturc.16 
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0 

OH 
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Model Studits. At the ~~n~~nt of our ~ves~ga~ons in thii area, a critical coucem was whether a 

trausient and unstable iutermediaft hychoxy exe-l&dicme such as 6 would indeed undvgo efftcient ~ycloke~i~~on 

to deliver5. Although anhydm sugars arc well documented in the carbohydrate litmature, there was only a solitary 

account of a related, though not identical, cyclixation of the tutsaturated hydropyrauone 11 to prcwi& the bicyclic acetal 

12 (q. 2). but this reaction pmcoeded in low yield. t5b ~~~n~y, in order to test the feasbility of the crucial 

cy~liz.atio~ we unbufccd upon the initial m&l study that is smxu&ed in S&em 2. 
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The known17 Bketo ester 14a was c~avmtal into the ryndiol15a by the highly stcrcosclcctive, chclation- 

controBcd rcduc&n of the kcmnc function with zinc borohyd~i&lg folknvcd by rc&~tion of the eg ester group 

with lithium aluminum hydride. Scqucmial oxidation of Ma with bromine in methanol and hydrolysis of the 

intermediate 2.5dimthoxy-25dihydrofurans with aqueous acid according to standard prota~~lst~ afforded the 

expected hydropyrtmone Ma, but ail attempts to induce its cyclintion failed to give detcceable quantities of 17a. 

However, we speculated that the bicyclokctali&on of the more closely related model 16b would be more favorable, 

since this latter process would entail the cyclixation of a more stable and, hence mom readily formal, tertiary oxygcn- 

stabilized carbocation,l9 and molto ver the S-methyl group on the conjugatai olefm would bc anticipated to protect the 

enone array from untoward 1 ,Gaddition. Consequently, the gkcto ester 14b, which was conveniently pnparcd from 

13b by a crossed Claisen condensation with ethyl propionatc, was convcrtcd into the syn-diol 15b by scquentia1 

mduction with xinc borohydridc and lithium aluminum hydride in stxict analogy with the pmcedttrc previously described 

for the synthesis of l5a. When Ub was treated with bromine in ethanol followed by hydrolysis of the intermediate 

ketals in aqueous acid. the bicyclic ketaIl7b was oMned as the sole product in 85% yield. Interestingly, there was no 

evidence of the intermediate fort&on of the hydqtymnone 16b. Enanqgcd by thcsc results, we se1 to the more 

demanding task of applying these tactics to the asynnneaic synthesis of 1 and preclnsrxs thcrcof. 

Scheme 2 
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Formal Syntheaea of (+)-Tirrndamydc Acid (3) and (-)-TirsndamycIn A (1). Based upon our 

preliminary findings wtlirtcd above, the target that was &fined as the tidal ob&tive was a subtimtai riuan related to 

7 (X = CHd since it possessed dre four a~tiguous stzraxxnters at C(6) - C(9) of 1. A variety of possibilities existed 

for the establishment of the two stercccentcrs at C(8) and C(9) with the correct absolute configuration via a 

diastcrcosckctive syn-al&l or related process. X01 The remaining stereocenters at C(6) and C(7) having the pendant 

methyl and hydrcxyl groups in an anti cx-icnmtion togctha with a terminal vinyl group at C(5) could be installed by the 

addition of a crotyl organcmwallic reagent21 to a protected aldehyde. The major chalknge would arise during the 
construction of the second carboncarbon bond, since an effective means would be required for controlling the relative 

sterccchemisay between C(7) and C(8) via the nuclccphilic addition to the aldchyde function in an anrKratn sense. 

The terminal vinyl group at C(5) would save expeditiously as P latent aldehyde function that could subsequently be 

expIoited in a Witrig reaction for the further c&nadon of the dienoyl side chain in the mrgacd antibiotics. 

The synthesis commnced with the reaction of 4.5-dimcthylfuraldehydc (8);L2 which was conveniently prepared 

in 96% yield from 2,3dimctbylfuran~ by Vilsmcia-Haack fumylation, with the di-n-butylboron enolatc dcrivcd from 

the chiral imide 18 according to the elegant tncthodology developed by Evansa to ptwide the syn-adduct 19 (89% 

yield) with a high degree of diastcrwsclcctivity (~99%). In the early attempts to cleave the chiraI auxiliary fmm 19. 

some difficulties arose involving the competing rupture of the oxazolidinonc ring as well as epimuization at C(8), 

Howeva. when 19 was aIlowed to react with lithium ethoxidc in tet~&y&ofuran/cthanol under carefully controlled 

conditions, the smaoth culvcrsioo of19intott?edcsiIcdcthyIcsar24lcouAd&cffcctcd. 
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Schema 3 
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Protection of the hydroxyl group at C(9) was now mandated, and owing to the ext~me lability of the futfuryl 

alcohol function toward acid, it was necessary to select a pmtectin g group that could not only be removed under mild, 

neutral conditions but which would also bc stable to the action of organometiic and hydride reducing reagents. In 

nzcognition of these constraints, the 6-trimcthy1silylethoxythyl (SEM)u and the rm-butyldimethylsilyl (TBDMS)z 

pmtccting gmups, each of which may be readily cleaved by the action of fluoride ion, wtn s&ctcd for further scrutiny. 

Thus. the free hydroxyl group of 24 was protected as the Etrimethylsilylethoxythyl and the terf-butyldimethylsilyl 

ethers according to standard procedures, and the resulting protected fl-hydroxy esters were selectively reduced with 

diisobutylaluminum hydride (DIBAL) (-95 oC, CH2C12) under carefully conuollcd conditions to provide the 

corresponding aldehydcs 21 and 22 in 80 - 85% ovuall yield fiwn 20. 

At this junctmt, the pomtial options for effecting the smcostkctive installation of the StQeOCtnters at C(6) and 

C(7) via an aldoi reaction cm Mated proms were considered. As mentional previously, this consuuction requires the 

anti-selective addition of the carbon nucleophile to either of the protected aldehydes 21 or 22 via a chelation-conuolled, 

or an an&Cram, transition state.27a After examining the various possibilities. we selected for further scrutiny the 

chromium (II) madiated additions of crotyl bmmid~~ to 21 and 22, since such processes were known to occur with 

a high degnze of anri-sclccrivity. Owing to the paucity of cxampks involving such nzactions with Ralkoxy aldehydes, it 

was not easy to evaluate o priori the pmspass for attaining a high level of diastueofacial selectivity. Nevertheless, there 

was one encouraging qort from Kishi’s laboratory detailing a related addition that proceeded with a high level of 

stereoselectivity, and this observation was then &IUUI&C~~ rationalized on tic basis of a transition state model in which 

the carbonyl group was incorporated in a six-mcmbcrcd chelate with a Ealkoxy substitucnt.~ Although this early 

result suggested that the adducta 23 and 24 might be the dominant products from the chromium (II) mediated addition 

of crotyl bromide to 21 and 22, respectively, mOrc recent and extensive investigations in his laboratory, which were 

reporttd after our own experiments had been completed, led to the more firmly based conclusion that steric effects, not 

chelation, were the principal stereochemical contxol elements in these pmccsscs.~ 

In the event, the reaction of 21 with crotyl bromi& in the presence of chromous chloride affo~Icd the adducts 

23 and 26 in which the Cram product 24 dotninated by an approximately 1:1.7 ratio. whereas subjection of 22 to the 

same protocol gave a similar mixture (I: 1.5) of 24 and 27. 31 All efforts to achieve a higher level of diastcrcofacial 
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The adduct 24 was selected as the iutermediate of choice for completing the synthesis of 4, since the 

diasuzo&ctivity in the &&ion reaction was slightly more favorable. and fintbanrat the exp&mcntal requirements 

for protection and w uaiug the TBDMScthcr mokty waw Lnown to be mne cxpcdicut than for the SEM- 

ether. Thus, fluaide-induced RSIXMI of the hydroxyl ptotocting gnmp &XII 24 a&d&i the diol25. Although 

preliminary experiments to effect the conversion of 25 into 29 by oxidation with bromine in methanol followed by 

treatment with aqueous acid according to our model snaiics were unavailing, we eventually d&ovemd that oxidation of 

the furan ring of 25 with m-cbloropcrbcnzoic acid (MCFBA) followed by ditect treatment of the intermediate 

hydropyranones with a mixture of HI and Kl in aqueous acctonitrile afforded 29 in 75 - 80% overall yield. Careful 

control over the expaimental coo&ions proved to be essential, since the prolonged exposum of W to aqueous acid led 

to the production of a mixture of subsumces, several of which have been tentatively identified as stereoisomers of the 

rearranged, fused lactone 30.33 

Selective ozonolysis of the terminal vinyl group present in 29 proceeded smoothly to afford the unstable 

aldehyde 31, which was then subjected without further purification to a Wittig olefination with purified (a- 

carbethoxycth yEdene)triphenylphosphoRltc to deliver the Usamn&d . cster4in4196ovcmUyicldfrom29.lllc4thus 

obtained gave e data that were compkeely identical to those obtained indtpadcntly by Ireland for a sample of 4 

that had been prepared from D-glucose. ~2 Since tnantiomerically pure 4 was converted in five steps by Ireland5 into 

(+)-tirandamycic acid (3) and mote fcccntly by Schlessingerl * into (-)-timndamycin A (1). the extraordinarily concise 

(nine steps from the known alckhydc 8) pmpamrion of 4 outlined haein constitutes in a strictly formal sense the total 

syntheses of these substances. 

25 - mx -p&q 

@Et 
20: x I ul# 

4 
31: x-0 

EXPERIMENTAL SECTION 

General. Ether (Et20) and tctrahydrofuran (THF) were distillal from either sodium or potassium- 
beqhcnonc ketyl immadinotly prior to use, and trkthylamine and *yrahylaminc wem distilled ti calcium 
hydride. All reactions involving organomeenllic rcqents or other moisture sensitive -ts were executed under an 
atmosphere of&y ninqcn or argon using ova~dkd glasswe Melting points wezc dcksminal on a ‘lhomas-Hoover 
capillary melting point apparatus and am uncornmd IB spectra m determined as solutions in CHC13 unless 
otherwise specified using a Bockmau Acculab 8 spectrometer. The 1H aud t3C NMB spectra were determined as 
solutions in CDCl3, unkss o&twise indicated, oo a Varian EM-390 (!XI MHZ), a Varian ET-80 H (tN MHZ), a Niiokt 
NT-200. NT-360, OT a GN-500 spctmmctcr as indicakd. chtmical shifb are expssed in parts per milbon (6 units) 
downfield fiom inkrual ttmmethylsilanc. Splitting pauems are designated as s, singlet; d, doublet; r, triplet; q, quarter; 
m. multiplet; carrp, cmnpkx multipkt; br, bbd Coupling constants am given in hcrtr (Hz). Low-resolution mass 
spectra were obsai& oo a DuPont (CEO 21-491 instrument at an ionization voltage of 70 eV, aud the exact mass 
dc~~obminalonaDuRmt(CEC)21-110insaumtnt TbebulbtobulbdistiEa&mswaztxautedona 
Kugebohr apparatus. 
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Ethyl 4,S-dimttbgihrronte (Wb). To a,stirred solution of 2,3dim&ylfuran (23) (10.00 g. 104.2 
mmol) in THF (200 mL) at -78 Oc was &ad dropwise a-buryllithium (42.5 mL of a 2.94 M solution in bexanc. 125 
mmol). and the solution was then stirral at 0 Oc for 4 h. The resulting 4,5dimethyl-2-litbiofuran was then slowly 
trantkrra0i via cannula to a solution of freshly distilled (from CaHd ethyl chhxoformate (24.86 g, 230.0 nnn01) in II-5 
(100mL)at_780C,aadthercgctionmixtlrrtwrsrillowedtowann~(ck 1 h)toroantcmperatureandstirtedfor 
1 h. Saturated NH&l (250 mL) was added, and the layers were separated. The aqueous phase was extracted with 
Et20(3x150mL),anb~ornac*rwen~andwashedwithsuuntcdNaHCOj(2x100mL),sptllrattdNaCl 
(2 x 150 mL) and dried tMg!Q). Removal of the cxces~ solvent under m.duccd pmssure and distillation of tk residue 
(63-65 oC, 0.025 mm Hg) yielded 14.06 g (80%) of 13b. tH NMR (90 MHZ) S 6.95 (s, 1 H), 4.30 (q, J = 7 Hz. 2 

I-f), 2.27 (s, 3 H), 1.98 (s, 3 H), 1.35 (t, J = 7 Hz, 3 H); t3C NMR (20 MHz) 6 158.1, 152.1, 141.3, 120.4, 116.3, 
59.8, 13.7, 11.0,8.8; lR (film) 173Ocm- 1; Mass spectmm, m/e 168.0789 (C&,~@mquims 168.0786). 140. 123 
(base), 96.95. 67. 

(2S/R)-Ethyl 2-[2’-(4J-dimttbyi)luroyi]propionatc (14b). To a suspension of NaH (7.99 g, 
333.0 mmol) in tolucnc (125 mL) at nflux WM added tcrt-hutyl alcohd@%.70 g, 333.0 mu@. Aher the initial 
reaction had subsided, a neat mixture of l3b (14.00 g, 83.3 mmol) and ethyl propionate (34.00 g, 333 azmol) was 
slowly sddcd, whereupon the reaction was katod at a gentle reflux far 2 h. The mixture was cooled to 0 Oc. glacial 
acetic acid (25 mL) was added slowly, and the mixture was diluted with Hz0 (100 mLj. The phases were scpamted. 
and the aqueous layer was extracted with Et* (3 x 75 mL). The combii extracts were washed with H$l(3 x 100 
mL). samrated NaHcoj (2 x 100 mL), samrat& NaCl(2 x 100 mL) and then dried (MgSO4). Evaporation of solvent 
under reduc& pressure followed by purificatioo of the crude product by ps+rative HF’LC [bexanes/EtOAc (Ii: 1 )I 
afforded 12.50 g (67%) of 14b as a pale yellow oil. An analytical sample was prepared by bulb to bulb distillation, 

[ 12O- 122 oc (oven temperaWe ), 020 mm Hgl. ‘H NMR (90 MHZ) 6 6.93 (s, 1 H), 4.06 (q, J = 7 Hz, 2 HI. 3.92 
(q, J = 6 Hz, 1 H), 2.27 (s, 3 H), 1.98 (s, 3 H), 1.30 (d, J = 6 Hz, 3 H), 1.16 (t, J = 7 Hz, 3 H); 13C NMR (20 MHz) 
8 183.0, 169.9, 153.8, 148.4, 121.6. 117.5, 60.4, 47.3, 13.3, 12.7, 11.2. 8.9; IR (film) l750, 1685 cm-l; Mass 

spectrum, m/e 224.1044 (Ct2H1,504 tqires 224.1048). 179,123 (base), 67.43. 
(2S*, 3S*)-Ethyl 3-[2-(4,5-dimtthyi)furyi]-3-hydroxy-2-methyipropionate. To a solution of 

14b (12.5 g, 56.0 tnmol) in Et@ (100 mL) at 0 Oc was slowly added a solution of Z&RI&)2 (115 mL of a ca. 0.15 M 

solution in ether), and the resulting solution was stirred at 0 oC for 1 h. The excess hydride was destroyed by the 
sequential addition at 0 Oc of Hz0 (15 mL) and 33% aqueous acetic acid (50 mL). The layers were separated, and the 
aqueous phase was extracted with Et20 (3 x 50 mL). The combined extracts were then washa! with Hz0 (2 x 75 mL), 
satumad NaHC@ (2 x 100 mL), satur#d NaCl(2 x 10 mL) and dried (MgSO4). The excess solvent was evapomted 
under reduced pressure, and,the residual oil was purikd by column chromatography on Si@ [75 g, hexan&EtOAc 
(4:1)] to afford 10.32 g (82%) of pure Bhydroxyester. An analytical sample was prepared by bulb to bulb 

distillation.[ 13Ck132 oC (oven temperature), 0.20 mm Hgl. *H NMR (90 MHz) 6 5.92 (s, 1 H), 4.85 (d, J = 6 Hz, 1 

H), 4.03 (q, J = 7 Hz, 3 H), 2.77 @. J = 7 Hz. 1 H), 2.11 (s, 3 H). 1.87 (s, 3 H), 1.17 (t, J = 7 Hz., 6 H); l3C NMR 
(20 MHz) 6 174.6, 151.2, 146.3, 114.0, 109.6, 68.6.60.3, 44.2, 13.7, 11.9, 10.9,9.4; IR (film) 3455, 1775 cm-‘; 

Mass spectrum, mk 226.1200 (C~2H~304requires 226.1205). 208, 181. 135.126.125 (base), 123.43.41. 
(2S*, 3S*)-3-[2’-(4,5-dimethyi)furyi]-3-hydroxy-2-methyiprop~n-l-oi (1Sb). To a stirred 

suspension of LiAU-Lt (1.34 g. 35.2 mmol) in Et20 (50 mL) at 0 Oc was slowly added a solution of the Bhydroxyester 
prepared in the preceding experiment (5.31 g, 23.5 mmol) in Et20 (5 mL). The reaction was then stirred at mom 
temperature for 5 h at which time it was retooled to 0 Oc and the reaction was quenched by the sequential addition of 
Hz0 (1.3 mL), 15% NaOH (1.3 mL) and Hz0 (3.9 mL). The ethereal solution was decanted fmm the aluminate salts, 
which were then washed thoroughly with Etfi (3 x 25 mL). The washes were combined with the original Et20 layer 
and then dried (NazSO4). Removal of solvent under reduced pressure followed by purification of the residue by 
chromatography on Si@ [25 g, hcxanes/EtOAc (3:2)] gave 3.97 g (92%) of pure 1Sb as a viscous, colorless oil that 

dtoomposed upon attemptcd bulb to bulb distillation. ‘H NMR (90 MHz) 6 5.97 (s. 1 H), 4.73 (d. J = 5 Hz, 1 H), 

3.60 (m. 2 H), 2.93 (br s, 2 H). 2.16 (s, 3 I-l), 1.88 (s, 3 HI, 0.89 (d, J = 7 HZ, 3 HI; l3C NMR (20 MHZ) 6 151.3, 
146.2, 114.1. 109.5, 68.0, 65.4, 39.6, 12.13, 10.8, 9.6; IR (film) 3345, 1640, 1575 cm-t; Mass spectrum, mle 
184.1096 (Ct($-fl@j requires 184.1099), 166, 136, 125 (base), 109,43. 

(lS*, 4S+, SS*).l, 4, 8-Trimethyi-2,9-dioxabicycio[3.3.l]non-7-ene-6-one (l7b). To a 
solution of 15b (54 mg, 0.27 mrnol) in MeOH (0.5 mL) at -78 Oc was added a freshly prepared solution of bromine in 
McOH (0.56 mL of a 0.5 M sdutio~~. 0.278 rmnol). and the resulting W red solution was stirred at -78 Oc for 15 
min. The excess bromine was destroyed by the addition of saturated 4ucous NaH!Q (3 drops), and the mixture was 
allowed to warm to room tcmperattue. The MeOH was evapomtcd tuudar reduced pressure, and 2 N HCI (1 mL) and 
THF(lmL)wereadded. Tbemixturewasstirrcdvigorouslyatroomtempemmrc for I.5 h. solid NaCl(io0 mg) was 
added. and the mixture was extracted with ma2 (3 x 10 mL.). The tXuacts wae coInbincd, washed with saturated 
aqueous NaHC03 (10 mL). and dried (MgSO4). The solvent was removed under ruiuced possum to yield 43 mg 
(87%) of 17b as a clear pale yellow oil, which wns purified by bulb to bulb distillation, 170 Oc (oven temperature), 
0.05mmHg. ~HNh4R(!IOMHz) 66.13(s, 1 H),4.06(d.J=5Hz, 1 H),3.76(dd.J=6,12Hx, 1 H).3.4O(t.J= 
12 Hz, 1 H), 2.37 (tn. 1 H), 1.91 (d, J = 1 Hz, 3 H). 1.50 (s, 3 H), 0.80 (d. J = 8 Hz, 3 H); Mass spectrum. mk 
182.0948 (C1$i1403 requires 182.0943). 112, 111 (base), 69, 43. 
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4,5-Dlmetbylfumidebydc (8). 2,3-Dimctityif~& (5.00 g, 52.0 mmol) w added dn@ae (5 min) at 
0-5OCa,dK~~thrtMbeen~bythcrtrtioadDMF(4.6mL.4.38g,60.0mmoi)withPOQ3 
(5.1 mL, 8.43 g, 55.0 mmoI), and the natiting ~~KIUS suhtiot~ wau wirrai at room tanpcam fa 2.5 h. The 
rerctioarvasqucachsduOoCbytbeadditioaofcold~O(~mL),~Ebcmoulting~ wu siowlypomd with 
stirr;lgintoacoldoolrRmdNIZCOj(20g)inH20(100mL). The mixturcwasstiuedatmcnntenpauunfw1Sh 
d\aingwhichtimetbtpHwumainaincdItco8bythedditi~ofsolidNYLC03. Tbe~sultingbownsuspunion 
wasdilutcdwithH~(100mL)radu~wirhbe~~(1:1,3x75~). TheorganklayaX~aRnbiicd 
and dried (MgSO4). and the excess solvent was remwad under reduced pressure. The rtsiduc was distiiicd to yield 
6.20 g (96%) of 8 as a color&s oil, (bp 3 l-33 oC, 0.04 mm), which soiidified upon storage in the freezer. ‘H NMR 
(90 MHz) 6 9.44 (s, 1 H). 7.01 (s, 1 H), 2.32 (s, 3 H), 2.04 (s. 3 H); Ii2 (film) 168s cm-t; Mass spectrum, m/e 
124.05288 (C7Hg@ requires 124.05242) (base). 95,67,43,41. 

3-[(4,5-Dimtthylfuryi)-3’S-bydroxy-2’S-methyiprop~onyi]~4S-(isopropyi)-2-osazoiidin-2- 
one (19). To a solution of 1824 (2.78 g, 15 mmol) in CH$i2 (15 mL) at -78 Oc was sequentially added dropwise n- 
BuzBOTfx ( 4.52 g. 16.5 mmoi) and diisopropyiethyiamine (2.33 g, 18.0 mmol), and the msuiting mixture was 
stirrai at -78 oC for 20 min and at 0 Oc for 1 h After rccooiing the solution to -78 Oc, 8 (2.05 g, 16.5 mmol) was 
added dropwise, and the resulting yeilow suspension was stirred at -78 Oc for 10 min and then at 0 Oc for 30 min. The 
reaction was quenched at 0 Oc by the dropwife addition of 4ncous phospha& buffer (15 mL of pH 7) and MeOH (25 
mL) followed by MeOH/ Hz@ (1: 1 v/v. 16 mL). The mixture wasstkeda.tOoCfarl h,whtreuponH20(2S 
mL) was added. The organic solventa w= removed under reduced pressure (bath tempenuure QS oC), and the 
rtsuiting mixture was extracted with Et20 (3 x 50 mL). The combined extracts wefe washed with 5% NaHCOj (1 x 10 
mL), saturatd NaQ (1 x 10 mL), dried (MgSO4) and concenuatal under reduced picture, and the crude product 19 
was then recrystaliizd ~xanes/EtOAc (5: i)] to yield 4.11 g (89%) of 19 as fme white neaiies, mp 93-94 Oc. [a]~ = 

+64.io (c 4.70, CHCi3); 1H NMR (200 MHz) 6 6.05 (s, 1 i-l), 4.95 (d. J = 5.3 HG 1 H). 4.40 (m, 1 H), 4.10-4.32 
(camp, 3 H), 2.91 (br s, 1 H), 232 (m, 1 H), 2.18 (s, 3 H),. 1.90 (s, 3 H). 1.35 (d, J = 7.4 Hz, 3 H). 0.94 (d, J = 7 

Hz. 3 H), 0.91 (d, J =7 Hq 3 H); ‘3C NMR 6 176.4, 153.3, 151.1, 146.7, 114.4, 109.8, 68.4, 63.4, 58.3, 42.4. 

28.4. 17.8, 14.7, 12.5. 11.2, 9.7; IR (CH2Ci2) 1790, 1710, 1700 cm-t; Mass specuum, m/e 309, 185, 142, 85 
(base). Anal. Cal&. for Ct&=NOs: C, 62.12; H, 7.49; N, 4.53. Founds C, 62.21; H, 7.39; N. 4.45. 

(2S, 3S)-Ethyl 3-(4J-dimethyifurgl)=3-hydroxy-2-metbyipropionrte (20). To a solution of 19 
(5.25 g, 17.0 mmol) in THF (275 mL) at -78 OC was added dropwise (20 min) with rapid Sti~li~lg 0.2 M EtOLi (82 
mL) in EtOHIlXF (1: 1 v/v). The mixture was then aiiowcd to warm to room temperature while monitoring the 
disappearance of I9 (usually within 20-30 min) by TLC, whereupon the reaction mixture was immediately recoolcd to 
0 Oc and quenched by the sequentiai addition of saturated NH.&1 (30 mL) and H20 (30 IL). The 4ueous layer was 
extracted with Et20 (3 x 100 mL), and the combined organic exuacts were washed with saturated NaCi (2 x 30 mL), 
dried (MgS04) and concentrated under reduced pressure. The residue was chromatographed on Si@ [2S g, 
hcxanes/EtOAc (19:l)I to yield 2.87 g (75%) of 20 as a pale yellow oil: [a]D = -10.80 (c= 5.8, CC4); *H NMR (90 

MHz) 6 6.02 (s. 1 H). 4.91 (6 J = 6 Hz, 1 H), 4.14 (q, J = 7 Hz, 2 H), 2.61-3.03 (camp, 2 H), 2.11 (s, 3 H), 1.83 

(s, 3 HI. 1.12-1.31 (camp, 6 i-l); l3C NMR S 174.6, 151.2. 146.3, 114.1, 109.6, 68.6, 60.3. 44.1, 13.7, 11.9. 
10.9,9.5; IR (neat) 3200-3700, 1735 cm-l: Mass spectrum, m/e 226.12020 (Ct2Ht804 requires 226.12050). 208. 
181, 153, 135, 12.S (base),95, 67.43. 

(2S, 3S)-Ethy~-3-krl-butyldimcthyisiiyioxy-3-(4,5~di~thyifuryi)-2-m~byi propionrte. A 

solution of 20 (2.85 g, 12.6 mmol). imidazoie (1.71 g, 25.2 mmol), and &rf-butyidimethylsiiyichlorick (2.26 g, 15.0 
mmol) in DMF (12 mL) was stirrai at nxnn taapaaturtfor7.Sh,whacuponHfl(2OmL)wasadded Themixture 
wasexaactedwithhexaoc/E~(1:1)(3~25mL),andthecombinedorgrniccxnrc*rwat~edwith5%NaHCOj 
(5 mL). saturated NaCi (5 mL). dried (MgSO4). The excess solvents were removed under nzduced pressure, and the 
residue was ch~~matographed on Sio2 [ 14 g, hcxanes/EtOAc (25 l)] to yield 3.95 g (92%) of protected &hydmxy ester 
as a COlOrleSS Oil: [a]D = -26.30 (c = 4.5. CC4); 1H NMR (90 MHz) S 5.95 (s, 1 H), 4.91 (d. J = 6 Hz, 1 H), 4.10 
(q, J = 7 Hz, 2 H), 2.90 (m. 1 i-0, 2.18 (s, 3 H). 1.90 (s, 3 H), 1.15-1.30 (camp, 6 H), 0.89 (s, 9 H), 0.07 (s, 3 i-I), 

-0.06 (s, 3 H); 13C NMR 6 174.1, 152.2. 146.1, 114.1, 109.9. 70.0, 60.2, 46.1. 18.1, 14.0, 12.1, 11.2, 9.8, -4.8, - 
5.4; IR 1730, 1255 cm-t; Mass spectrum, m/e 340.20606 (Ct8H3204Si requires 340.2069). 284 (base), 240. 159. 
136. 115, 103.73. 

(ZS, 3S)-3-krt-Butyidimethyisiiyioxy-3-(4,5-dimethy~furyi)-2-metbyipropionzldehyde (22). 
To a rapidly stirred solution of the protazted Bhydmxy ester obtained according to the preceding procedure (5.00 g. 
14.7 mmol) in CH2Cl2 (200 mL) at -95 oC was slowly added (40 min) a solution of DIBAL (1 M in toiuene) (26.4 mL, 
26.4 mmol). The solution was then stirred at -95 oC for 1 h, and then the reaction was quenched by the tipwise 
addition of 2 M isopropanoi in CHfl2 (SO mL). The mixture was then warmed to 0 Oc, and Hfl(7 mL), Celite (13 
g). and anhydrous NazS04 (12 g) w= added. After stirring for 5 min. hcxane (100 mL) was added. and the mixture 
was filoacd through a Celite pad by suction filbation. The salts were washed thofoughiy with hcxanc (3 x SO mL), and 
the combined filuatcs and washings were dried (NazSO4) and concentrated under reduced pressure to yield 4.25 g 
(98% mass balance) of crude 22. which contained approximately S% of the comsponding primnry alcohol. The 
unstable aidehyde 22 thus obtakd was usad inmcdirrcly in the next expcrknt without furtk won. tH NMR 
(90 MHz) 8 9.81 (s, 1 k0, 6.03 (s, 1 HL4.93 (d. J = S.Hx, 1 HI. 2.74 (m, 1 H), 2.11 (s, 3 H-), 1.82 (s, 3 H), 1.10 
(d. J = 7 Hz, 3 H), 0.80 (s, 9 H), 0.12 (s, 3 H), -0.14 (s, 3 H). 





(26, 4R )-Ethyl 2.methyl-4-[(1’S, 3*R, 4’R, S’S)-1’,4’,8’-trlmetbyl-2’,9’- 
dioubicycl~3~.l]~on-7’~~6’-oac-3’-yl]=2-pcntenolte (4). Ckme was gently passed thxUugh a solution 
of 29 (23’mg. 0.1 amWa) in C!H&& (0.5 mL) containing MeOH (0.05 mL1 at -78 Oc while tbc pqwss afdu! re.actbn 
w~~~~by~ wtren~ofthestaning~~hadbeenconsumadtfrc~lutionwraaMlydto-xfbc.anb 
aiphenylphospe @I mg. 0.2 mmol) was added. ‘l-be rnixaa was wamrd to room tcmpemn= with stirring, the 
solvent was rtxnov@ under reduocd prcssum, and the residue was dijsolvcd in bcnzcnc fl.5 I& ]Basofrcc (a- 
carbethoxycthylidenc)tripbc+phosp&anc (106 mg, 0.3 mm&, which had baGn rccrystaUi&d five times from 
benzene, was added, and tk r#ction mixtun was Staled and heated at 80 Oc for 18 b. The bcnzcnc was cvaporattd 
under raluced pressure, and the residue was trituratai with cold bcxanc (3 x 10 mL). The combined t&marts were 
concentrated under reduced pressure, and the residue was ~to~h~ on S’ioZ (0.5 g, 5% EtCIAclhexane) to 
provide 13 mg (41%) of 4 as a clear. colorless oii. [a]D = -185J” (C= 1.10. ac33), hs [CX]D =-l&6.30 (C = 1.085, 

CHCl3h lH Nh4.R (200 MHz) 6 6.N (dd, J = 10.3, 1.3 Hz, 1 H), 6.11 (Ix s, 1 H), 4.22 (q. J = 7.0 Hz. 2 l-I), 4.02 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(d, J = 1.4 Hz, 3 HI, 1.56 (s, 3 W, 1.32 (t. J = 7.0 tfi, 3 H), 1.05 (d, J = 7.0 Hz, 3 H-), 0.71 (d, J = 7.0 Hz, 3 H); 

13c NbfR 8 194.2. 167.1, 155, 140.7, 127.8, 126.4, 95.4, 78.3, 76.3, 59.7, 33.4, 32.8, 23.5, 18.3. 15.7, 13.5, 
1 l-6, 10.8; i.R 2985. 1695, 1725 cm-‘; Mass spectrum, m/e 322.17706 (C~8H2&jX@l-Cs 322X%01), 277, 181 
(base), 111, 69, 55,43. 
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