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Abstract: Natural isoavenaciolide and ethisolide were obtained from two bis-butytolactone intermcdiatcs 
derivedfroma common bicyclic ester 8, prepared from D-ribose. 

The mold metabolitesl avenaciolide 1, isoavenaciolide 2a and ethisolide 2b possess the stnx%mdly 

interesting a-mthylene-bis-butyrolactone skeleton and, in addition, avenaciolide and isoavenaciolide were 

found to exhibit antifungal and weak antibacterial activities’. Recently avenaciolide was also found to inhibit 

glutamate transport in rat liver mitochondria. ’ Their unique structures, along with their interesting biological 

activities, have attracted much synthetic attention. Numerous syntheses of avenaciolide have been reported;’ 

however, relatively less attention has been directed towards the synthesis of isoavenaciolide’ and ethisolide.’ 

At the outset, since we also noted that D-r&x has never been used as a chiral starting material for the 

synthesis of them natural products, wc decided to investigate this possibility. Herein, we prcscnt full details 

of our synthesis of (-)-isoavenaciolide and (-)-ethisolide. 

It was recognized that isoavenaciolide and ethisolide differ only in the C-4 substituent (isoavenaciolide 

numbering). Therefore, our plan was to prepam a key bicyclic intermediate such as 3, which possesses a 

suitable functional group, such as an ester functionality, at C-4 that can be used for the introduction of the 

Chart 1 
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R= n-Heptyl or Methyl 

4 
P= (CH&3iMe3 
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appropriate alkyl side-chain at later stages thus co&ring flexibility in our synthesis. As shown in Chart I, 

compound 3 was to be prcpmxl from 4 by fmmdical carbocyclizatlon. Compound 4 was, in turn, to be 

derived from D-ribose. 

While our work was in progress, Dugger and McDonald reporteda the synthesis of the bis-butyrolactone, 

rtquirtd for the preparation of natural isoavenaciolide. from D-ribose. The key step in their synthesis 

involved the t?ec radical cyclization of the mixed bromoacetal A to give the bicycle B (Scheme 1). and in 

this sense our work parallels their synthesis. 

Scheme 1 

n-Bu,SnH 

AIBN 

OEt OEt 

A B 

Our synthesis, as shown in Scheme 2, began with the pmparadon of the ribofuranoside 5. It was found 

that this compound was best prepared by acid catalysed condensation of 2,3-O-isopropylidene-D-ribose‘ and 

2-uiau?thylsilylethano1 (TrvisE!tOH) (55% over two steps). The direct condensation of D-rlbose with 

TMSEtOH in acetone resulted in lower yields of 5 (40%). The formation of only the bisomcr 

Scheme 2’ 

Ho&&OH a HOWOP b Meo&&OP 

) 

Hd 
, 
bH Q 0’ ‘ti 

x 

5 6 

C 

bH 

7 

I 

d 

MeOzC 0 OP e 
--lY \ 

, H 

P= (CH2)$3iMe3 
0 OEt 

9 8 4 

%agent: a; 1) Ref. 6; 2) TMSEtOH, TsOH, b; 1) RuC13, H5106, 2) CH2N2, c; NaOMe, MeOH, 
d; brCH&H(Br)OEt, Et3N, -78’C, 8; n-B&SnH, AIBN. 

can be attributed to the. prefmntial attack of the TMSEtOH species on the incipient cis bicyclic oxonium 

ion, derived from 2,3-O-isopropylidene-D-ribose, from the sterically less hindemd bface. We chose the 
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himethylsllylethyl protecting group because our earlier attempts at the acid hydrolysis of the methoxy 

derivative (see 10, R= OBn, F+= MC) resulted only in the hydrolysis of the ethoxyl group implying that the 

incipient oxonium ion that is formed from hydrolysis of the methoxy unit is energetically unstable.’ We 

reasoned that the removal of the uimethylsilylethyl group would be mom favourable as it does not involve 

the formation of an unstable oxonium ion. Secondly, recent studies’ have shown that the trimethylsilylethyl 

group can be readily removed under mild conditions. 

The alcohol 5 was efficiently oxidized with ruthenium(III) chloride-periodic acid9 followed subsequently by 

ethereal diazomethane treatment to furnish the methyl ester 6 in 74%. The salient features of the ‘H n.m.r. 

of 6 ate singlets at 85.12 and 4.56 attributed to H-l and H-4 (ribosc numbering) indicating the lack of 

coupling (J <l Hz) of these hydrogens to H-2 and H-3, respectively. This suggests that the dihedral angles 

between H-l/H-2 and H-3/H-4 are around 90”. Drleding molecular models show that this corresponds to a 

conformation in which the furanose ring in 6 adopts an envelope conformation where the four ring carbons 

are held coplanar to each other with the ring oxygen directed towards the endo side of the bicycle. 

Sodium methoxide mediated ~elimination of 6 was best carried out at 37°C to provide the crystalline 

enolcster 7 in 76% yield. Alkylation of the hydroxyl function of 7 with 1,2dlbromoethyl ethyl ether in the 

presence of uiethylaminc” yielded the bromo-ketal 4. n-Tributyltin hydride (TBTH) mediated frte-radical 

cyclixation of 4 in refluxing &gassed benzene pmcee&d efficiently to give the bicyclic ester 8 as a mixture 

of diastereoisomers resulting from the anomeric ethoxyl groups at C-2. The ratio of the cz and 8 anomers 

was found to be 1.6:1 based on the integration of the H-2 double doublets centered at 6 5.08 and 5.15, 

respectively (isoavenaciolide numbering). The structure of 8 was further confirmed by selective acid 

hydrolysis of the C-2 ethoxyl group followed by Jones oxidation” to give the Y-lactone 9. Its “C n.m.r. 

spectmm showed 11 lines and a “C DEPT” experiment permitted assignment of the resonances; the C-3 

resonance occurred at 6 29.96. The protons in its ‘H n.m.r spectrum were fully assigned by double 

inidiation experiments; the characteristic signals am the doublets centered at 84.75 (J=7.2 Hz) and 4.85 (J= 

7.2 Hz) which am ascribed to H-4 and H-6a, the double doublets centered at 62.30 (J= 14.4, 3.5 Hz) and 

2.65 (J= 14.4, 8.9 Hz) which are due to H-3 (endo) and H-3 (exo). respectively, and the singlet at 85.25 

which is attributed to H-6. The large vicinal coupling constant of J= 7.2 Hz observed for H-4 indicates that 

it is cis to H-3% the alternate tram arrangement would be expected to result in a vicinal coupling of J <I 

Hz by analogy with the coupling results observed for H-4 in compound 6 (vi& supra). Therefore, the C-4 

carbomethoxy substituent occupies the endo position in 8 resulting from TBTH reduction from the less 

hindered Bface of the bicycle during the free-radical cyclization reaction. Similar examples of 

stereoselective reduction have previously been observed~‘b 

Having obtained the requisite bicyclic-ester 8, the stage was set for utilizing the ester function to introduce 

the C-4 side-chain. First, we addressed the synthesis of isoavenaciolide (Scheme 3). Reduction of the ester 

gmup with one equivalent of diisobutylaluminium hydride to the corresponding aldehyde followed 

subsequently, by reaction with heptylmagnesium bromide generated the secondary alcohol 3s as a mixture of 

dlastemoisomers in an overall yield of 91%. ‘Ihe stereochemistry of the newly introduced center at C-7 was 

of no consequence because the hydroxyl group was removed in the next step, and we planned to 



A. G. H. WEE 
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bReagent: a; 1) DIBAH, -7&k; 2) C,H,&dgBr or MeMgBr, -lO’C, b; 1) PhOC(S)CI, DMAP; 2) 
n-Bu&hH, AIBN, c; dioxane - 0.5% H&II4 (5:2), d) CQ, H2S04, H&I, e; Ref. 31. 

dievc this by empio~g ~-~~~ ~xyg~~tion tccbnology. The secondary alcohol was fii converted 

to the phcny1~~~~~~’ by treatment with phcnoxy~~~~nyl chloride in the presence of 4-N,N- 

dimcthylaminopyxidinc @MAP). This alcohol was, unexpectedly, quite hindered and mquircd seven mole 

equivalents of DMAP for efficient cs~~fi~ation~ use of lesser amounts (e.g. 2 mole equivalents) of DMAP 

resulted in incompleu: convc~iou to product. Reduction of the phcnyIthi~~na~ 3a witb TBTH then 

gave the dcoxy Arnold l&t in 96.7% yield. 

When the bis-kctal 1Oa was refIuxed in a mixture of aqueous sulfuric acid and dioxanc the bis-lactol% 12a 

and monc&ctol lla wcrt formed in a ratio of 3:l. We found it best to stop the hydrolysis after 3h 

because prolongtxi heating to effect complete hydrolysis resulted in some decomposition of the dcsircd bis- 

lactol pmduct, Compound ila WBS mhydroiyscd to give 12a, as a waxy compound, in a Final yield of 

78%. Jones oxidation” of 1% yielded the his-bu~~acmne 13aPw which is the key intermed& in 

previous synthesisYC of isoavcnacioIidc. a-Methylenation of l3a using the procedure of Parker and 

JohnsonY, provide (-)-is~ven~o~& 2a. 

In a similar manner, the preparation of (-~-e~iso~i~ entailed the reduction of 7 with ~~bu~~~i~ 

hydride, naction of the corresponding aldehydc with ethereal methylmagnesium bromide to give the 

secondary alcohol 3b, dcoxygenation of the secondary alcohoi. acid hydrolysis (lZb:flb, 21, kind yield 

78%) and then Jones oxidation” to give the crystalline bis-lactonc 13b. The stnmm of l3b was fully 

subs~ti~ by its ‘H n.m.r (~clu~g ‘H 21) COSY n,m.r,> and “C n.m.r. (8 tics). Subj~tion of l3b to 

u-~~yle~ation~ yidded synthetic (-~~i~li~ 2b. 
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mmol) was dbolved in a mixtum of carbon tetrachloride (30 mL) and acetonitrilc (30 mL). An lqueoue 

solution of ruthenium hichloride trihydmte (40 mL, 0.30 mmol, 2.2 mol’k. from a stock aqueous solution of 

RuC4.3bQ l.hng/mL) was added and the mixm vigorously stined at R.T. Periodic acid (lO,Og, 43.4 

mmol) was added portionwise over a period of lh. Stirring was continued for an additional 6h. Ethylene 

glycol(1 mL) was added to destroy umWcted oxidants; the mixtum was stimxl for 30 min and then (&Ccl, 

(50 mL) was added. ‘Ihe aqueous phase was separated and backextracted with CH,C4 (2x20 mL). The 

combined organic extracts wem washed with 10% aq. sodium thiosulfate (2x20 mL), water and then dried 

(N&SO,). The filtered solution was concentrated, the residual acid wan taken into ether (30 mL), cooled to 

OOC in an ice-bath and tnaad with exc398 ethenal diazomethane. After 2h at WC, glacial acetic acid was 

carefully added, and the mixture washed with water (2x20 mL), saturated aq. NaHCX, (4x20 mL) and dried 

(NQO,). ‘IIe tilte& solution was concentrated and purifii by chromatography (1:9 ethyl acetam 

petroleum ether) to give the ester as a pale yellow oil (2.28 g, 73.6%). v, (neat): 2950, 2900, 1763 and 

1740 cm-‘. 8,,: 0.00 (8, 9H, Me$i), 0.65-1.0 (m, 2H, CH$i), 1.25 (8, 3H, Me), 1.45 (8, 3H, Me), 3.35- 

3.55 (m, H-I, CX!H$i), 4.54 (t, H-I, J= 6.6 Hz, H-3). 4.56 (bs, Hi, H-4). 5.12 (8, lH, H-l) and 5.25 (d, 

H-I, J= 6.6 Hz, H-2). g: -1.48, 17.88(-), 24.94, 28.30, 52.15, 65.14(-), 82.05, 83.32, 84.43, 107.35, 112.58 

and 170.52. Anal. C&d for C,&O& C, 52.80; H, 8.24. Found: C, 53.00; H, 8.15. 

Methyl (4R, SR)4hydroxy-5-trimethythylethoxy-4,S-dihydro-2-furancarboxylate (7). A solution of 

NaOMe in MeOH was prepared by di88OlVhg Na mtal (l.Og, 32.06 mmol) in dry MeoH (75 mL) 81 OOC 

under nitmgen. This solution was then warmed in an oil bath at WC. A solution of the ester 6 (4.398, 

10.6 mmol) in dry MeOH (5 mL) was added dropwise via camuda (@US additional 5 mL, dry McOH rinse) 

to the NaOMe 8olution under nitrogen. After 24h, the reaction mixture WBB ooolcd to VC in an ice-bath. 

Concentrated HCl acid (3.5 mL) was carefully added to neuaalize the solution and a light brown mixture 

nsukd The mixture wa8 concentrated on the evaporator to about 15 mL. Ethyl acetate (60 mL) was 

added followed by water (20 mL). The aqueous layer was separated and mexhacted with ethyl acetate 

(2x30 mL). The combined organic layers were washed with brine (20 mL), dried (N&SO,), filtexed and 

concentrated to give a yellow oil. Chromatographic purification (I:2 ethyl acetate-petroleum ether) gave a 

pale yellow oil (2.730, 75.9%) which slowly crystaked. mp (ether-petroleum ether): 4547’C. [alDm - 

253.5” (c. 1.89. CHQ,). v, (nujol): 3231-3569, 1732 and 1632 cm-‘. &,: 0.00 (8, 9H, Me,Si), 0.85-1.05 

(m, 2H), 2.90-3.30 (bs, OH), 3.60-3.75 (m, 2H), 3.80 (8, 3H, OMe), 4.70 (‘t’, U-I, J= 2.4, 1.2 Hz, H-4), 

5.39 (d, lH, J= 1.2 Hz, H-5) and 6.02 (d, 1H. J= 2.4 Hz, H-3). &: -1.46, 17.93(-), 52.39, 67.91(-). 78.86, 

111.23, 111.59, 149.98 and 160.10. Anal Calcd. for C,,&O$i: C, 50.74; H, 7.75. Found: C. 50.32, H, 

7.38. 

(4R, SR)-4-[2’-Bro~l’(ar:~)-eUloxyethoxyl-5-~rimethylallylethoxy~~~hy~~f~~r~xy~~ (4). A 

1M solution of 1.2~dibromoethyl ethyl ether was prepared: Ethyl vinyl ether (6.04 mL) was dissolved in 

dry CH& (60 mL) and cooled to -78’C, under N,. Bromine (3.07 mL) was added dropwise to the 

solution and the mixture was stirred at -78’C for 20 min. and then warmed slowly to R.T. 
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A C!H& solution of l&dibnxmethyl ethyl ether (45 mL, 44.83 mml) was cooled to -78Y!, under ND and 

a solution of the enol*tber 7 (2.05g. 10.19 amol) and dry QN (7.2 XI& 51.96 mmol) in dry CH.& (5 

mL) was added dropwise via cannula (with additional 5 mL dry Ci&c!4 rinse). After addition was 

complete, the reaction mixtm was stimd at -78’C for 30 min and at RT. for 18h. The mixture was 

cooled to 0°C in an ice-bath and saturated aq. NaHcO, (20 mL) was added The C!H,C!& layer was 

separated and the aqueous layer was reextracted with CJ&C& (2x20 mL). The combined organic layers were 

washed with water, dried (Na$O3, filteted and concentrated to give an oil. Flash chromatographic 

purikation (1:6 ethyl acetate-petroleum ether) gave a colorless oil (3.6Og. 86%). v_ (neat): 1637.8 and 

1737 cm’. &: 0.0 (s, 9H, Me& 0.85-1.0 (m, 2H, C!H.$i), 1.22 (t, 3H, J= 6.6 Hx, Me), 3.33 (d, 2H, J= 

6.2 Hx, CJ&Br), 3.50-3.75 (m, 3H, CC&, CYfCH,Si), 3.80 (s, 3H. OMe), 4.70-4.85 (m, 2H, CHOEt, H-2), 

5.49 and 5.50 (8, H-l), 5.97 and 5.99 (d, J= 2.8 Hz, H-3). 

Ttimetbylsilyl hiethyl-34!-(29thpnal )_BL-lrxo~uronrrt~~-[2’(ar:B)-~yl-tetrohyd (8). 

The bromoacttal 4 (373.9 mg, 0.9097 mmol) was dissolved in dry &gassed benzene (12 mL) under ND and 

the solution was refluxed. A solution of n-Bu$nH (366 uL. 1.364 mmol) and AIBN (30 mg, 0.1819 mmol) 

in dry &gassed benzene (34 mL) was added dropwise by syringe infusion pump to the nfluxing solution 

over a period of 3h. After this time, the mixture was nfluxed for another lh. The cooled reaction 

mixtm was concentrated, the residue was taken into ether (30 mL) and aqueous 10% KF solution was 

added. The mixtm was sdmxi for lh at RT. The ethemal layer was carefully separated from the aqueous 

phase, the aqueous phase extracted once with ether (10 mL) and the combined ethereal layers were dried 

(MgSO,), tibeted and concentrated Chromatographic purification, initially using 1:9 and then 1:5 ethyl 

acetate-petroleum ether, gave a diastereoisotxuzic mixture of the bicyclic ester (285.1 mg. 94.4%). v, 

(neat): 1765 and 1725 cm”. 8,,: 0.00 (s, 9H, Me.&), 0.80-0.95 (m, 2H), 1.15 and 1.18 (t, J= 7.2 I-k, Me), 

1.60-2.20 (m, W, CH.&, 3.10-3.95 (m, 5H). 4.51 d, lH, J= 6.8 Hx, H-4). 4.72 (d, lH, J= 7.5 Hx, H&X), 

5.08 and 5.15 (dd, H-I, J= 4.6, 1.7 Hx, H-2), 5.12 and 5.16 (s, lH, H-6). Anal. Calcd for C,&O$i: C!, 

54.18; H, 8.49. Found: C, 54.21; H, 8.67. 

For further structural conknation, a sample of the biiyclic ester 8 (40 mg) was hydrolysed in aqueous 60% 

CF,CQH - dioxane (1:l) at 60°C for 3h followed subsequently by Jones oxidation of the hemiacetal to 

provide the Y-lactone 9 (26.0 mg, 70%). mp. 7678°C. [a]d -67.95’ (c. 1.89, CHQ,). v, (C!H&I.& 

1790 and 1760 cm”. 8,,: 0.00 (s, 9H. Me,Si), 0.70-0.95 (m, W, CH&), 2.30 (dd, lH, J= 14.4, 3.5 Hz, H- 

3). 2.65 (dd, lH, J= 14.4, 8.9 Hz, H-3’). 3.35-3.60 (m, 2H. H-3a, CKH,Si), 3.62-3.74 (m, lH, CXC!H.$i), 

3.80 (s, 3H, OMe), 4.75 (d, lH, J= 7.20 Hx, H-4), 4.85 (d, H-I, J= 7.20 Hz, H-6a) and 5.25 (s, lH, H-6). 

4: -1.41, 17.85(-), 29.96(-), 39.64, 52.52, 65.65(-), 78.17, 85.94, 105.42, 189.12 and 174.50. CJMS m/z: 

32O(M+NH.+). 

Dibobutylaluminium Hydride Redudlon of Bicydk-Ester (8) and Reaction with Heptyl or 

Methylmagnesium Bromide, Compound 8 (139.6 mg, 0.4204 mmol) was dissolved in dry toluene (5 mL), 

under argon and the solution was cooled to -78°C. DiisobutyUminium hydride (0.441 mL. 0.4414 mmol, 



A.G.H.WEE 

1M in toluene) was added dropwise to the titer solution at -78“C. The nactiOn mixtuxc was stud at - 

78% for 4h. Saturated aqueous NH&l (2 mL) was added at -78% the cooling bath rcnxwed and the 

reaction mixture allowed to warm slowly to RT. Anhydrous Na$O, was added and the mixture stkd for 

30 min. filteti and the residue washed with ether (2x10 mL). The filtrate was concentrated on the 

evaporator to give the aldehyde (119.5 mg). The aldehyde was used in the next step without funher 

purification. v, (neat): 1733.9 cm-‘. &: 0.00 (s, 9I-i. Me$i), 0.80-0.95 (m, W, CH,Si), 1.12 and 1.16 

0, 3H, J= 6.6 Hz, Me), 1.60-2.10 (m, 2H, H-3), 3.10-3.95 (m, 5H, H-3a. W,CH& OCH& 4.40 and 4.45 

(bd, lH, J= 7.6 Hz, H-4), 4.52 and 4.59 (d, lH, J= 7.3 Hz, Hda), 4.97-5.20 (m, H-I, H-2). 5.12 and 5.18 

(s, lH, H-6), 9.67 (d, J= 2.5 Hz) and 9.72 (bs) (H-I, CHO). 

(a) m Heptylmagnesium bromide was prep& by the 

reaction of heplyl bromide (0.198 mL, 1.2612 mmol) with Mg metal (31.0 mg, 1.2612 mmol) in nfluxing 

dry ether (5 mL) under nitrogen. After all Mg metal has reacted, the Grignard solution was cooled to R.T. 

and then added dropwise via cannula (3 mL dry ether rinse) to a solution of the aldehyde (119.5 mg) in dry 

ether (2 mL) at -WC (ice-salt bath), under nitrogen. The mixhne waa stintd at -1O’C for 2h and then 

warmed slowly to R.T. After 6h, the reaction mixture was cooled to O°C and saturated aqueous NH&l 

(5mL) and ether (20 mL) was added. The milky mixtuxe was diluted with aqueous 1M HCl (10 mL) and 

the ethereal layer separated. The aqueous phase was nextractcd with ether (15 mL) and the combined 

ethereal phases were washed with water (10 mL), saturated aqueous NaHCO, (10 mL), brine and dried 

(NaW,). The Ntered solution was evaporated on the evaporator and the residual oil purified by 

chromatography (1:8 ethyl acetate-petroleum ether) to give the alcohol as a colorless oil (154.3 mg, 91.3%). 

v, (neat): 335&36&l cm’. 8,,: 0.00 (s, 9H, Me,Si), 0.75-1.00 (m. 5H), 1.10-1.60 (m, 16H). 1.80-2.40 

(m, 2H), 2.80-3.00 (m, lH), 3.30-3.90 (m, 5H), 3.95-4.10 (m,lH), 4.50 and 4.57 (d, U-I, J= 7.6 Hz, H&I), 

4.95 and 5.10 (s,lH, H-6) and 5.10-5.25 (m, lH, H-2). ClMS m/z : 420 (M + NH,), 374 (M - WA. 

(b) Reaction of Al&y& with B Brom&, Methylmagnesium bromide (1.158 mL, 3.477 

mmol, 3M in ether) was added to the aldehyde [prepared by DIBAH (1.21 mL) reduction of the bicyclic 

ester (384.4 mg. 1.159 mmol) under the same conditions as &scribed above] to furnish the secondary 

alcohol as a colorless oil (281.4 mg, 80.4%). v_ (neat): 3250-3600, 2953 and 2922 cm~‘. 6H: 0.00 (s, 

9H. Me,Si). 0.80-1.00 (m, 2H, CH$i), 1.16 and 1.18 (t, 3H, J= 7.2 Hz, Me). 1.27 and 1.28 (d, 3H, J- 6.6 

Hz, Me), 1.70-2.10 (m, 2H, (I$), 2.85-3.05 (m. 1H. H-3a), 3.30-3.60 (m, 3H), 3.65-3.75 (m, W), 3.80-4.00 

(m, 1H). 4.15-4.20 (m, lH), 4.48 and 4.57 (d, lH, J= 7.2 Hz, H-6a) 4.93-4.98 (s, lH, H-6), 5.08-5.20 (m, 

lH, H-2). Anal. Calcd for C,&O,Si: C, 56.57; H. 9.50. Found: C, 56.17; H, 9.38. 

Tdmethylsilylethyl 3~-Dideoxy-3-C-(2stanal)-S-C-(n-heptyl)-P_L-lyxofuranoside-2~-[2’(a:~)sthoxy]- 

tetrahydrofuran (10s). The alcohol 3a (328.5 mg, 0.8172 mmol) was disolved in dry CH,CN (4 mL) 

containing DMAP (697.5 mg, 5.720 mmol). Phenoxythiocarbonyl chloride (248 uL, 1.798 mmol) was added 

dropwise; a bright yellow precipitate was formed which slowly dissolved. The reaction mixture was stir& 

at R.T. for 18h, under argon and then ethyl acetate (30 mL) and brine (15 mL) wen added. The organic 

layer was separated and the aqueous layer was extracted with ethyl acetate (10 mL). The combined organic 
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layers were washed with water (2x15 mL) and dried @&SO& The filtered solution was concentrated and 

the crude product purified by chromatography (15 ethylacetate-petroleum ether) to give the 

phenylthiocarbonate as a pale yellow oil (390.2 mg, 88.7%). v_ (neat): 2950, 2925, 2850, 1765, 1542 and 

1491 cm-‘. &,: 0.00 (s, 9H. Me,Si), 0.75-1.00 (m, 5H), 1.15 (t, 3H. J= 6.2 Hz, Me), 1.20-2.10 (m, 15H). 

2.75-2.95 (m, HI, H-3a), 3.35-3.85 (m, 4H. OCH,, C!H$H$i), 4.22 and 4.27 (dd, lH, J= 9.1, 5.6 Hx, H-4). 

4.50 and 4.53 (d, J= 6.7 Hx, H&t), 4.98 and 5.03 (8, lH, H-6). 5.08-5.18 (m, HI, H-2) and 5.65-5.80 (m, 

HI, CHOCX). CJMS m/z: 556 (M + NH,). 

The phenylthiocarbonate (384.8 mg, 0.565 mmol) was dissolved in dry &gassed benxene (10 mL) and the 

solution was gently &htxed under Nr. A solution of n-Bu$nH (304 uL, 1.133 mmol) and AIBN (46.4 mg, 

0.2832 mmol) in dry degassed benxene (10 mL) was added dropwise via a syringe infusion pump over a 

period of 3h. After addidoa was complete, the mixture was refluxed for an additional lh. The cooled 

reaction mixture was concentrated the residue taken into ether (30 mL) and aqueous 10% KP (15 mL) was 

&kd. The mixtum was stirred vigorously for lh. at R.T. The ethereal layer was separated and the 

aqueous phase reextracted once with ether (10 mL). ‘Ihe combined ether extracts were dried (Na$O,), 

filtered and concentrated Chromatogmphic purification (1: 1 ethyl acetate-petroleum ether) provided the 

deoxygenated compound 1Oa as a colorless oil (211.6 mg, 96.7%). v_ (neat): 2981, 2931, 2854 and 1450 

cm”. 8,,: 0.00 (s, 9H, Me.&), 0.75-0.95 (m, 5H), 1.17 (t, 3H, J= 6.6 Hx, Me), 1.20-1.45 (bs, 14H), 1.70- 

2.02 (m, W, H-3), 2.70-3.10 (m, HI, H-3a), 3.35-3.58 (m, 2H), 3.60-3.80 (m, W), 4.0-4.18 (m, 1H. H-4). 

4.46 and 4.51 (d, lH, J= 7.3 Hz, H-6). 4.88 and 4.95 (s, 1H. H-6) and 5.07-5.25 (m, lH, H-2). CJMS m/z: 

371 (M - CH,), 358 (M - Q-I,), 269 (M - O(C!H&SiM~. Anal. Calcd for C&&O,Si: C, 65.23; H, 10.96. 

Found: C, 64.93; H, 10.66. 

TrimethyMlyletbyl 3$-Dldeoxy-3-C-(2-elhanal)_5-C-(methyl)-~-L-l~o~~n~d~2~[2’(a:~)-ethoxyl- 

tetrahydrofuran (lob). Similarly, treatment of the alcohol 3b (274.2 mg, 0.8623 mmol) with 

phenoxythiocarbonyl chloride (262 uL, 1.897 mmol) in the presence of DMAP (736.9 mg, 6.036 mmol) 

provided the corresponding phenylthiocarbonate (291.2 mg, 74.3%). v, (neat): 2952, 2925, 2875, 1761, 

1591 and 1490 cm-‘. 8,,: 0.00 (s, 9H, Me&, 0.85-1.0 (m, W, CH$i), 1.15 (t, 3H, J= 7.0 Hz, Me), 1.41 

(t, 3H, J= 6.0 Hz, Me), 1.70-2.15 (m, 2H). 2.80-2.95 (m, lH, H-3a), 3.35-3.90 (m, 4H), 4.26 (dd, lH, J= 

10.0, 6.8 Hz, H-4), 4.55 (d, lH, J= 6.8 Hx, H-6a), 5.05 (s, lH, H-6), 5.07-5.20 (m. lH, H-2) and 5.56-5.73 

(m, lH, CfICC=S). 

The phenylthiocarbonate (291.2 mg. 0.6413 mmol) was dissolved in dry &gassed benxene (10 mL) and 

refluxed under Ns. A solution of n-Bu,SnH (345 uL, 1.283 mmol) and AIBN (52.5 mg, 0.3206 mmol) in 

dry degassed benzene (10 mL) was added dropwise vi., 3 syringe infusion pump to the mfluxing solution 

over a period of 3h. After addition was complete, the t:lixtum was mfluxed for an additional lh and then 

cooled to R.T. Benzene was removed under reduced pressure and the crude product was processed in the 

same manner as described for 1Oa to give, aftm chmmtogmpbic purification (1:7 ethyl acetate-petroleum 

ether), lob as en oil (147 mg. 75.9%). &: 0.00 (s, 9H. Me.& 0.92 (1, 3H, J= 7.0 Hz, Me), 0.85-1.00 

(m, 2H). 1.18 (t, 3H. J= 7.0 Hx, Me), 1.40-2.10 (m, 4H). 2.70-3.10 (m, 1H. h-3), 3.35-3.85 (m, 4H), 3.95- 
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4.10 (m, lH, H-4), 4.51 and 4.52 (6 lH, J17.5 Hz, H-6a). 4.95 (II, H-J, H-6) and 8.05-525 (m, lH, H-2). 

AnaL Calcd. for C&,O,SSi: C, 58.12; J-J, 7.54. Found: C, 58.28; J-J, 7.94. 

sC-(CorboylwthSI)-3J~d~xy-S-C-(n-heptyl)-~l~~l~~~-2~~-~ (1311). The his-kctal 

1Oa (211.6 mg, 0.5482 mmol) was dissolved in a mixtum of dioxane and 0.5% aqueous &SO, (5:2, 8 mL). 

The mixture was nfluxed for 3h, allowed to attain RT. and then cooled to 0°C in an iccbath. Excess 

solid NaHCQ was added to ncutralim the acid, the reaction mixtum was concentrated on the evaporamr and 

the msiduc axcouo@ twice witb toluew (15 mL). The residue was extracted with ethyl acetate (3x15 

mL); the combined organic extracts wcm dried (Na$OJ, filtered and concenuataL Chmmatographic 

purification of the &dtlc (1:5 ethyl acetate-gctuoleum ether) provided the monolactol lla aa an oil(33.1 

mg), v, (neat): 3209-3552 cm”. &: 0.00 (s, 9H, Me&), 0.89 (t, 3H, J= 6.6 Hz, Me), 0.85-0.95 (m, 

2H), 1.15-1.60 (m, 15H), 1.80-2.10 (m, 2H), 2.80-2.90 and 2.95-3.10 (m, lH, H-3a), 3.40-3.60 (m, H-I, 

CffCH$i), 3.65-3.80 (m, 1H. CYK!H& 4.05-4.20 (m< lH, H-4), 4.57 and 4.61 (d, HI, J= 6.3 Hx, H-6a), 

4.87 (s) and 5.00 (s)(lH, H-6). 5.33 (bd) and 5.55 (‘t’)(lH, H-2), and the known bislactol* l2a (97.6 mg). 

The monolactol was msubjccted to hydrolysis under the same conditions to give in a comb&d yield of 

bislactol (109.9 mg, 77.7%). 

The bislactol 12p (109.9 mg, 0.4260 mmol) was dissolved in reagent gnule acetone (5 mL) and then cooled 

to 0°C. A solution of chromic acid” was added dropwise to the solution until a persistent t&dish-brown 

mixtum nsulted. The reaction mixture was stirred for lh at RT. and Celite (600 mg) was added followed 

by a few drops of isopropanoL Solid anhydrous Na&G, (500 mg) was added, the mixtum stirred briefly 

and then filtcmd. The acetone solution was conccnaated and the residue flash chromatographed (1% 

ac8tone in (X&C&) to give the bislactone l3a (75.0 mg, 70%). mp (ethyl ace!tatc-petroleum ether): lll- 

113V (lit.- 110.5-111.5°C). [aIt,= -7.500 (c. 1.37, CHC&) (lit” [a],= -7.52 (c. 1.08, CHCl,); lit4 [alam - 

7.35 (c. 1.00, CHCl,)). v_ (CH.$Q: 3036, 2925, 2855 and 1789 cm-‘. &,: 0.85 (t, 3H, J= 6.6 Hz, Me), 

1.15-1.90 (m, 15H), 2.60 (d, 2H, J= 10.8 Hz, H-3), 3.46 (qd, lH, J= 9.3, 9.3, 9.3, 5.4 Hz, H-3), 4.60 (dt, 

lH, Jd.8, 9.3, 4.8 Hz, H-4) and 5.15 (d, lH, J= 8.4 Hz, H-6a). &: 14.08, 22.82(-), 25.46(-), 28.87(-), 

29.13(-), 29.19(-), 29.28(-), 31.39(-), 31.78(-), 39.40, 76.98, 78.76, 170.80 and 173.76. ELMS m/z (relative 

intensity): 255 (M + 1, 4.5). 141 (M - C,H,,, 8), 97 (M - CH,, - co,, 100). 

3-C-(Carboxym~hyl)-3$-dideoxy-5-C-(m~hyl)-L-~~on~1,4-lactone-2J- ‘Y -la&me (Wb). The dcoxy- 

compound lob (176 mg, 0.5827 mmol) was dissolved in the dioxane-0.5% aqueous H#O, mixture (4 mL) 

and then mfluxcd for 3h yielded a mixture of monolactol llb (72.0 mg) and bislactol (48.0 mg) as oils. 

Rcsubjcction of the monolactol to the same hydrolytic conditions gave the oily bislactol l2b in a final yield 

of 78.7% (80.0 mg). Jones” oxidation of the bislactol (75.0 mg) in acetone gave, after chromatographic 

purification (1:8 acetone-CH$u, white qstdlille bislactone l3b (47.0 mg, 63.3%). mp (ethylacetate): 97- 

1OOV. [alDm -27.2“ (c. 1.39, CHCl,). v, (C&Cl.& 3057, 2976, 2941, 2885 and 1794 cm’. 8,,: 1.01 (t, 

3H. J= 7.5 Hz, Me). 1.50-1.70 (m, lH, CIfMc), 1.72-1.95 (m, lH, CJfMc), 2.60 (d, 2H, J= 9.9 Hz, 

CH&Q), 3.50 (qd, lH, J= 10.1, 10.1, 10.1. 5.2 Hz, H-3). 4.53 (dt, H-J, J- 10.4, 7.8, 7.8 Hz, H-4) and 5.16 
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