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ABSTRACT Ihe enanuomencally pure and densely funcuonahzed cyclohexenol3, readdy prepared from D-glucose, was subJected 
to the Pd(IJ)-me&ted mtramolecuhv acetal fonnahon Further funcoonal groups adJustment of tbe resukmg acetal4 effected an 
access to the key synthetw mtermedmte 2 of pamcuhde B, a Lusabolene-hke sesqwteqeoe 
enanmspwfic formal synthess of tis natural pmdwt. 

The present work constitutes an 

In previous papers,l**) we have reported a pracacal preparanon of (1R,2R,7R,9R)-ll,ll-dtmethyl-8,10,12- 

moxamcyclo[73 0 02*7]dodec-5-en-4-one 1 (Scheme 1) The preparation of 1 rehes on the mtramolecular aldol 

condensation of a substrate readdy prepared from D-glucose The potency of 1 as an enannomencally pure 

bulldmg block was evidenced through iughly stereoselectrve synthesis of a number of 5-(hydroxymethyl)- 

1,2,3,4-cyclohexanetetrols and 2-ammo-5-(hydroxymethyl)-1,3,4-cyclohexanemols (so-called “pseudo-sugars” 

and “pseudo-ammosugars”) *e3) In this arucle, we &sclose another synthetic ut&y of 1 through an 

enannospeclfic synthesis of the key synthenc mtermtiate 2 of pumcuhde B (Scheme 2) Our synthesis of 2 

features a Pd(II)-mediated five-membered cychc acetal formanon of a densely funcnonahzed cyclohexenol3, 

denved from 1, m order to construct the crs-fused ylactone part of 2 

D-Glucose 

0 0 

1 
Scheme 1 

Pamcuhdes A-C (Scheme 2) were isolated from the tissue cultures of Andrographrs panrculara Nees 

(Acanthaceae) by Overton and co-workers m 1968, and the structures mcluchng relative stereochenusmes were 

proposed by them 4, These highly oxygenated sesqmterpene epoxy-lactones are classlded to a fatmly of 

bisabolene-ldce sesquaerpenes, represented by blsabolangelone 5.6) Later, the absolute stereochennstry of 

pamcuhde B was established as depIcted by an X-ray crystal analysis of Its his@-bromobenzoate) 7, The 
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synthetic m&es on these sesqmtexpenes have been also invesagated by several groups. Two total syntheses and 

two formal syntheses of pamcubdes have been pubhshed so far. Those (LIP the total syntheses of pamcuhdes A- 

C by Smith and R~hmond based on the photochem1cal[2+2]cycl&aon for constcucnon of the bicyclic 

framework, 8) and the total synthesis of pamcuhde A by Yoshlkoshl and co-workers based on the vmylfuranone 

annelation strategy developed by them 9) Two formal syntheses of pamcuhdes were reported by Baker and co- 

workers (pamculides B and C),lo) and by Jacob1 and co-workers (pamcuhde A).ll) Although each total 

synthesis 1s conceptually mmgumg, all of the reported syntheses led to the racemic natural products We Hrlsh 

to &sclose herein an enaaospecfic synthesis of the key mtennedmte 2, which was successfully transformed into 

panuculde B by Smith and hchmond 8) The mtermdate 2 mcludes all the necessary stereogen1c centers 1n 

pamcul1de B synthesis Our synthesis constitutes a formal synthesis of enanhomenc pamcuhde B 

II’ Fe R3 
Panlcullds A H OH H 

0 

The key synthrtlc Intrrmedlata 
for panlculidr B 

B OH OH H 

C OH n O 

Scheme 2. 

RESULTS AND DISCUSSION 

The enantlomencally pure bmldmg block 1 was reduced accoting to the Luche’s procedu&) provldmg the 

cyclohexenol 3 possessing an a-hydroxyl group wth high stereoselectlvlty [more than 20 1 based on 1ts tH 

NMR (400 MHz) spectral analysts] (Scheme 3) Comparmg urlth the dusobutylalummum hydnde reducaon of 1 
reprted prevmusly,3) which resulted m the f-anon of ca. 7 1 mixture of the a- and P_hydroxyl denvauves, the 

Qastereoselectlvlty was improved under the Luche’s condmons. The mseparable mixture 3 was used dmzctly 

The pivotal five-membered cyclic acetal formation for construcnon of the crs-fused y-lactone 1n 2 was 

accomphshed efficiently by takmg advantage of the Pd(II)-mtiated Osh1mal3) and LarocklO reactions Thus 

the mixture 3 in ethyl vmyl ether was exposed to pall&um(II) acetate As a result, a cyclic acetal4 as a 14 1 

dastereomenc mixture on the acetal carbon was isolated m 62% yield from 1 The ratio of the Qastereomers 

was esumated by 1H NMR (270 MHz) spectral analysis Under these conhaons, compound 1 and a cyclo- 

hexene denvatlve were also isolated 1n 15% and 13% yield, respectively The structure of the latter was 

tentatively assigned based on 1ts 1H NMR analysis (see Expenmental) The previous repor&l@ support the 

formation of ketones from secondary alcohols under the Pd(II)-catalyzed oxldanon 1n the presence of 02 
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a) NaB& / CeCly 7HzO / MeOH / - 10 T, b) ethyl vmyl ether / Pd(OAc)2 , then pyndme 
(62% for 2 steps), c) B2H6-THF / THF / 0 T followed by H202 / aq NaOH / 0 ‘C (74%) , 
d) PCC /MS-4A / CH,$!ll , e) NaBb / MeOH (74% or 70% for each &astereomer) , 
f) tert -BuPh$X!l / mudazole / DMF / 55 Y! (68%,8% recovery of 5) , g) Jones reagent / 
acetone / 0 OC (73%, 12% recovery of the &astenxmenc nuxture 8) 

Scheme 3. 
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The tiastereomers 4 were separated cleanly m a small scale expenment. but we could not determine the 

stereochemtstry on the acctal carbon for each dlastclw>mer Thts Pd(II)-me&ated acetal formatton 1s considered 

to proceed as shown in Scheme 3 (m bracket). The organopalladmm mtermedtate, formed by mtton of the 

lmttally formed acyclic acetal to the double bond, allowed smoothly a syn-eltmmahon to gtve the double bond 

migrated product 4 The mtroduced double bond m 4 would facdttate an mtroductlon of an oxygen functtonabty 

at C-2 Kraus and Thurston have utilized recently the smular acetal formation strategy 111 their hydroxy- 

semperoside degluside synthesis 171 

Introduchon of an oxygen functionality to the msubstltuted olefm m the murture 4 was accomphshed by 

rego- and stereoselechve hydroboraaon wtth BzH6-THF at 0 ‘C followed by Hz02 oxldatton, provuimg a p- 

hydroxyl denvattve 5 as a &astereomenc mixture on the acetal carbon m 74% combined yield When each 

dtastereomer 4 was tnated with the same con&nom, each &astereomencally homogeneous 5 was obtamed m 

good yield In respect of the stereoselectivtty of the hydrobomtton, It 1s anttcipated that the attack of borane 

proceeds favorably from the less hindered convex-face of the btcyclo[4 3 Olnon-2-ene structure Each &a- 

stereomer 5 was subJected to pyndmmm chlorochromate (PCC) oxtdahon followed by NaBHq reduction of the 

resulting ketone 6 provldmg the correspondmg a-hydroxyl denvahve 7 m 74 and 70% yteld, respecttvely 

Although these hydroxyl denvattves 7 were expected to be pmmlsmg mtermdates for pumcuhdes synthesis, we 

encounte=d the dtfficulty m protecnon of the hydroxyl group It 1s hkely that the hydroxyl group m 7 faces to 

hindered concave-s& of the hcychc structure Fmally, we turned our synthetic plan to use the P-hydroxy 

denvanve 5 For a proper protechon of the hydroxyl group, tert-butykhphenylsllyl group was best of choice 

The mtroducaon of this bulky sdyl group could be acheved under forcing condmons @vmg the sllyl ether 8 m 

68% yield (8% of 5 was recovered) The other ethers (rerr-butykhmethylsllyl or methoxymethyl) or benzoyl ester 

were found not to be tolerant under advanced reaction steps such as Jones oxldatlon, acid hydrolysis or 

deprotecnon This tiastereomenc mixture of the sllyl ether 8 was then subjected to Jones ox&&on 111 acetone at 

0 OC to gave nse to a y-&tone 9 m 73% yield. Although 12% of the mixture 8 was recovered, a prolonged 

reacuon tune decreased the yield of 9 

A four-step functional group transfonnauon from 9 provtded a blcychc ylactone 13 m 59% overall yield vta 

glycol cleavage of a &ol 10, p-ehmmatlon of the resulang aldehyde 11 and successive hydnde reduction of the 

resultmg allyltc aldehyde 12 (Scheme 4) The next requisite was stezeochemrcal inversion of the carbon at C-2 

in 13 For this purpose, the sllyl group m 13 was removed m usual manner pvmg 14 The pnmary hydroxyl 

group m 14 was protected as a rerr-butyl&methyls~lyl ether gvmg mono sdyl ether 15 in 76% yield from 13 

PCC ox&non of 15 smoothly afforded 16 which was reduced under the Luche condmons 12) As a result, an 

a-hydroxyl denvatlve 17 and Its y-lactone migrated product 18 were obtained as a ca 12 to 1 (270 MHz lH 

NMR analysts) inseparable mtxture m 79% combined yield from 15 Compound 15 was also obtamed in 8% 

yield As anucclpated, the hydnde attack occurred preferentially from the less hindered p-s& of 16 To our 

surpnse, the y-lactone migrahon took place substanhally The structure of 18 was ascertamed by decoupling 

expenment m tH NMR analysts (see, Expenmental) We searched other xeducaon condmons for lessening the 

lactone-mlgratlon Super-hydndeR (LlEtsBH) (THF, -75’C) and K-SelecmdeR (THF, -65 “C) gave the lactone 

migrated product 18 exclusively Also, NaBH3CN (aq HCl-MeOH. pH 4,0 “C) gave ca 7 5 mixture of 17 

and 18, but m a low yield We conclude that this observed facile lactone migration is an inevitable phenomenon 

for the blcychc system hke 17 The mixture of 17 and 18 was subJected to mCPBA-epoxtda&on accordmg to 
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a)6O%aq AcOH/90°C, b)NaI04/aq MeOH, c)O5moleq ofDBU/PhH/55T, d)lOmoleq of 
NaBHJ CeCla. 7H@ / MeOH ( 59% overall yteld for 4 steps ) , e) TBAP/ ‘D-F, f) rert-BuMe$Xl / 
DMAP -Et sN / CH$l, (76% yreld for 2 steps) , g) PCC / MS-4A / CH &la, h) 0 45 mol eq of NaBI-& / 
10 mol eq of CeCb 7w / MeOH / 0 T ( as a ca 12 1 mrxtum, combmed yreld of 79% for 2 steps), 
1) mCPBA / NaHCOs / CH+.& (combmed yield of 93%), J) Et &Cl /EtsN / CH$Zla (95%) 

Scheme 4 

the Smnh’s comhuons 8) As a result, a mrxture of four epoxuies 19-22 was obtained m a combmed yield of 

93% The epoxulatlon proceeded wuh at most ca 3 . 1 stereoselectrvrty as mentroned by the Smtth’s group 8) 

The desued epoxtde 19 was rsolated as the mam product m 42% yreld after s&a gel chromatographrc separauon 

The structure of 19 was determmed by comparison of Its lH NMR spectrum with the reported data for the 
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recemlc I9,*) and ascertamed by conversron tt mto 2 The a-epoxde 19 was the hydmxy-dnected epoxulauon 

product of 17 On the other hand, an mseparable mrxture of 20 and 21 was obtained m 42% combmed peld 

The ratro of 20 and 21 was estrmated to be approxunately 1 * 2 5 based on its tH NMR analysrs. The fourth 

epoxule 22 derived from 18 was isolated m 9% yreld. Besules, the structures of 21 and 22 were confumed by 

drrect comparison wrth authenttc samples prepared from the drastereomertcally pure 18, which m turn was 

obtamed by the Super-HydndeR reductton of 16 m-Chloroberbenzorc acid (mCPBA)-epoxulatton of 18 gave 

21 and 22 m 65% and 23% yreld, respecavely In thrs case, the epoxulatron took place from the less hindered 

p-side of 18 preferenttally Comparmg the lH NMR spectrum of the mixture 20 and 21 wrth that of pure 21, 

the rauo of the former was determmed The srlylatton of 19) provrded the key synthenc mtermedlate 2 11195% 

yield 1H NMR spectral compartson of our 2 (270 MHz) wrth that of racemic 2 (250 MHZ), kmdly provuled 

by Professor Smith, revealed therr tdentrty By the three-step mampulatton, 4-methyl-3-pentenyl sule chain 

mtroductron, selenenyl-anon-oxulauon, and depromcnon established by the Smnh’s group for mcemtc senes.8) 

the mtermedlate 2 would be transformed mto natural pamcuhde B 

In conclusron, we have achieved the formal synthesis of pamcuhde B m natural enanuomenc form The 

effectrveness of the Pd(II)-mechated mtramoleculsr scetal formanon strategy for cu-fused lactone constructton is 

also verrfied through the present work 

EXPERIMENTAL 

Meltmg points are uncorrected Specrflc rotatrons in CHC13 were measured using JASCG Model DIP-370 

polanmeter m a 10 mm cell IR spectra wete recorded usmg JASCG Model A-202 spectrometer (neat) or I-htachr 

Model 225 spectrometer (KBr-drsk or CHC13 solunon) 1H NMR spectra were recorded usmg IEGL BX-90 (90 

MHZ) , JEOL GX-270 (270 MI-Ix), or IDOL MM-GX 400 FI spectrometer (400 MI-Ix) m a CDC13 soluuon wrth 

tetramethysrlane as an mtemal standard Ivhcroanalyses were camed out using YANACG Model MT-3 analyzer 

‘Dun-layer chromatography (TLC) was performed with a glass plate coated Kreselgel60 F254 (Merck) Crude 

reacnon mixtures were chromatographed on Silicagel 60 KO70 (Xatayama Chemicals) or Silicagel C-300 (Wake 

Pure Chemrcals) 

Unless otherwise specrfied, reachons were camed out at room temperature Reachons mvolvmg 

organometalhcs or morsture-sensmve reagents were performed under an argon atmosphere Organic extracts 

were dned over anhydrous Na2S04 Solvents were removed by concentmaon m vacua using an evaporater wth 

bath at 35-45 ‘C 

Solvents were dned and drstrlled prror to use as follows acetone (CaSO4), CH$& (CaH2), pyndme (NaH), 

Et3N (CaSOd), DMF (CaI-I2), and THF (LrAlI$, then Na-benxophenone) 

(1R,5R,9R,10S,12S,14R)-14-Ethoxy-7,7-dimethyl-4,6,8,13-tetraoxatetracyclo- 

[10.3.0.03*la.05,9]pentadec-2-ene and its 14s epimer (4). 

To a stured solutron of 1 (3 50 g, 16 7 mmol) in MeOH (70 ml) was added CeCly7H20 (6 22 g, 16 7 

mmol) at -10 “C After the mixture was stirred for 15 mm, NaBH4 (316 mg, 8 35 mmol) was added. The 

mixture was further stmed for 20 mm and diluted wtth Hz0 (200 ml) This was extracted with AcOEt (150 ml x 
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3). The combmed extracts were dned and concentrated to give crude 3 (3.62 g) which was used du-ectly 1H 

NMR (4CHl MHz) spectrum of the crude 3 showed that less thau 5% of the fMlyhc alcohol coexisted. 

A rmxtme of thus obtamed 3 (3.62 g) and pa&&urn@) acetate (3.75 g, 16 7 mmol) m ethyl vmyl ether (16 7 

ml) was stured for 2 h Hexane (160 ml) and pyndme (3 ml) weFe added to the mature The resultmg black 

preapltates were removed through a Cehte-pad and washed well urlth CH2C12 The combmed filtrate and 

washmg were concentrated with the ad of toluene The residue was chromatographed on silica gel 

(AcOEt/hexane=1/6) 2 93 g (62%) of the dmstexeomenc mixture 4 was obtamed as pale yellow crystals 

0 522 g (15%) of 1, and 0 418 g (13%) of (lR,2R,7R,9R)-11.1 I-dlmethyl-8,10,12-trloxatrlcyclo- 

[7 3 0 @~$iodec-4-ene were also isolated The structure of the 1atte.r was assigned by its spectral data Rf 0.73 

(AcOEt/hexane=lL?), IR (neat) 2990,2925,1640,1440,1370,1305,1250 cm-l, 1H NMR (400 MHz) 6 134, 

1 51 (each s, each 3H), 1.56-1.64 (m, lH), 2 10-2.57 (m. 4H), 3 87 (dt, lH, J=5 4, 10 3 Hz), 4.63 (t, lH, 

J=3 9 Hz), 5 61-5 63 (m, lH), 5 70-5 72 (m, 1H). 5 87 (d, lH, J=3.9 Hz) 

In a small scale expenment, the mixture 4 was cleanly separated 4 having Rf 0 60 (AcOEt/hexane=l/2) 

mp 97 O-98 0 “C, [a]$ -84 5’ (c 1 M), IR (KBr) 2980,2960,2860. 1700, 1450, 1380. 1330, 1260 cm-l, lH 

NMR (400 MHz) 6 1.19 (t, 3H, J=7 1 Hz), 1 39, 145 (each s, each 3H), 1 60-l 70 (m, 2H), 202-2 12 (m, 

2H), 2 57-2 63 (m. lH), 3.05-3 10 (m, lH), 3 42, 3.74 (each dq, each lH, J=9 5, 7 1 Hz), 4 38 (ddd, lH, 

J=5 4,7 8, 117 Hz), 4 63 (dd, lH, J=3 2, 4 4 Hz), 4 98 (t. 1H. J=2 9 Hz), 5 13 (d, lH, J=4 4 Hz), 5 99 (d, 
lH, J=3 2 Hz) Anal calcd for C15H22O5 C, 63 81, H. 7 85 Found C, 63 61, H, 7 53 4 having Rf 

0 53 (AcOEt/hexane=1/2) as a colorless 011 [a]# +51 8“ (c 162), IR (neat) 2980,2940,1700,1460,1370, 

1350, 1325, 1240 cm-l: 1H NMR (400 MHz) 6 121 (t, 3H, J=7 1 Hz), 140, 148 (each s, each 3H), 167 

(ddd, lH, J=5 4, 112, 13 2 Hz), 2 02-2 07 (m, 2H), 2 43 (ddd, 1H. J=5 9, 8 8, 13 2 Hz), 2 57-2 62 (m, 

1H). 2 82-2 86 (m, lH), 3 47, 3 80 (each dq, each lH, J=9 5, 7 1 Hz), 4 22-4 28 (m, lH), 4 62-4 64 (m, 

lH), 4 97 (t, lH, J=2 9 Hz), 5 20 (t, lH, J=5 6 Hz), 5 99 (d, lH, J=2 9 Hz) Anal calcd for Cl5HzzO5 C, 

63 81, H, 7 85 Found C, 63 57, H, 7 57 

To a stmed solution of the hastereomenc mixture 4 (2 93 g, 10 4 mmol) in THF (60 ml) was added BzHg- 

THF (1 0 M solunon m THF, 26 0 ml, 26 0 mmol) The mixture was stlITed at 0 ‘C for 1 5 h, and Hz0 (26 ml) 

and 3 N aqueous NaOH (26 ml) were added After the mixture was stmed for 20 mm at room temperature, 35% 

aqueous Hz@ (24 5 ml) was added The mixture was surred at 0 “C for 17 h The reacnon was quenched with 

saturated aqueous NazSO3 (30 ml) and diluted with saturated brme (30 ml) and Hfl(lO0 ml) The whole was 

extracted with AcOEt (150 ml x 3) The combined extracts were dned and concentrated The residue was 

chromatographed on silica gel (acetone/PhCH3=1/6). 2 31 g (74%) of 5, the dastereomenc mixture on the 

acetal carbon, was obtamed as a colorless oil, whch was gradually crystalhzed upon standmg 

By the same reaction condluons, 4 having Rf 0 60 (AcOEt/hexane=l/2) gave 5 havmg Rf 0 5 1 (AcOEt) mp 

104 O-105 5 “C, [a]# -108 7” (c 103), IR (KBr) 3480,2970,2920,1380,1240 cm-1 1H NMR (270 MHz) 6 

1 18 (t, 3H, J=7 0 Hz), 1 33, 1 55 (each s, each 3H). 1 7-2 0 (m, 3H), 2 25-2 60 (m, 4H), 3 43, 3 70 (each 

dq, each lH, J=9 5, 7 0 Hz), 3 6-3 9 (m, 3H), 4 31 (ddd, lH, J=5 5, 8 8, 12 1 Hz), 4 62 (dd, lH, J=3 3, 6 0 

Hz), 5 18 (d, lH, J=4 8 Hz), 5 83 (d, lH, J=3 3 Hz) Anal cacld for C15H2&j C, 59 99, H, 8 05 Found 

C,6018,H,794 4 having Rf 0 53 (AcOEtihexane=l/2) gave 5 havmg Rf 0 42 (AcOEt) mp 72 5-73 5 ‘C, 
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[a]$0 +66 4’ (c 194), IR (KBr) 345O.2970,2930,2910, 1480, 1230 cm-l, tH NMR (270 MHz) 6 1 18 (t. 

3H, J=7 0 Hz), 1 35, 1 59 (each s, each 3H). 185-2 25 (m, 5H), 2 4-2.5 (m. lH), 2.64 (br s, lH), 3.39 (dq, 

IH. J=9 2, 7 0 Hz), 3 7-3 8 (m, 2H), 4 06 (t, lH, J=9 9 Hz), 4 37 (dad, lH, J16.2. 8.8, 11.7 Hz), 4 63 (dd, 

lH, J=3 5, 6 2 Hz), 5.13 (dd, 1H. J=2 0, 4 2 Hz), 5.82 (d, lH, ti3.5 Hz) Anal. calcd for Ct5H2406: C, 

59 99, H, 8.05 Found C, 60.22, H, 7 85 

(~,2S,3R,5R,9R,10R,12S,14~)-14-Ethoxy-7,7-dimethy1-4,6,8,13-tetraoxatetracyclo- 

[10.3.0.03~10.05*9]pentadecan-2-01 and its 14s epimer (7). 

The hastereomer 5 havmg Rf 0.51 (AcOEt) (33 mg, 0.11 mmol), PCC (113 mg, 0 53 mmol) were dtssolved 

m CH2C12 (1 ml), and molecular sieves (4A. 48 mg) was added The mixture was sarred for 3.5 h, then the 

whole was put on a short slhca gel column The column was eluted wtth ether, and the 2-keto denvatlve 6 (26 

mg) was obtamed by concentrauon of the eluate. Rf 0 52 (acetone/PhCH3=1/3), IR (neat) 1730 cm-t 

To a solunon of thus obtamed 6 (26 mg) in MeOH (1 ml) was added NaBHq (4.8 mg, 0 13 mmol). After the 

rmxture was smred for 30 mm, IR-120 @I+) resm was added for neutrahzanon The nzsm was removed, and the 

filtrate was concentrated. The residue was chtomatographed on s&a gel (AcOEt/PhCH3=1/3) to gtve 7 (25 mg, 

74%) Rf 0 60 (AcOEt/PhCH3=2/1), IR (neat) 3500,2940,2910.2880,1375 cm-t, tH NMR (270 MHz) 6 1 19 

(t, 3H, J=7 1 Hz), 1 37, 1 59 (each s, each 3H), 1.87-2 15 (m, 3H), 2 30-2 60 (m, 3H), 3.01 (d. lH, J=2.6 

Hz), 3 45, 3 71 (each dq, each lH, J=9 7, 7 1 Hz), 4 05 (dd, 1H. J=2 9 Hz), 4 10-4 19 (m, 1H). 4 70 (dd, 

lH, J=3 7,7 0 Hz), 5 20 (d, lH, J=4 0 Hz), 5 86 (d, lH, J=3 7 Hz) 

Analogously, the &astemomer 5 havmg Rf 0 42 (AcOEt) (32 mg) was subJected to FCC! oxldatlon followed 

by NaB& reduction to gve 23 mg (70%) of 7 havmg Rf 0 37 (AcOEtPhCH3=2/1) IR (neat) 3460. 2980, 

2940, 1460 cm-t; lH NMR (270 MHz) 6 1 21 (t, 3H. J=7 0 Hz), 1 36, 1 65 (each s, each 3H), 195-2 05 (m, 

IH), 2 2-2 5 (m, 5H), 3 47, 3 83 (each dq, each lH, J=9.5, 7 0 Hz), 3 74 (d, lH, J=3.3 Hz), 4 00-4 08 (m, 

2H), 424 (ddd, lH, J=5 9, 84, 12 1 Hz), 469 (dd, lH, J=3 7, 66 Hz), 5 13-5 15 (m, lH), 5 86 (d, lH, 

J=3 7 Hz) 

(~,2R,3R,5R,9R,1OR,l2S,l4~)-14-Ethoxy-7,7-dimethyl-2-(~er~-butyidipheny~silyloxy)- 

4,6,8,13-tetraoxatetracyclo[lO.3.O.O~~~~.O~~~]pentadecane and its 14s epimer (8). 

The dastereomenc mixture 5 (2 28 g, 7 6 mmol), terr-butylchl&phenylsdane (7 09 ml, 30 4 mmol) and 

lmldazole (3 09 g, 45 4 mmol) were dissolved in DMF (45 ml) The mtxture was surred at 55 OC for 13 h, then 

tiuted wtth AcOEt (200 ml) This was washed v&h 0 5 N aq HCI (100 ml) , saturated aq NaHCQ (100 ml x 

5) and saturated brme (100 ml x 3) successively The orgamc layer was dned and concentrated. The residue 

was chromatographed on s&a gel (AcOEtihexane=1/8) 2 79 g (68%) of 8, as a dtastereomenc mixture on the 

acetal carbon, was obtamed as a colorless 011 0 184 g (8%) of 5 was recovered 8 Rf 0 56 

(AcOEt/PhCH3=1/5), IR (neat) 2940,2860,1590,1470, 1430,137O cm-l, 1H NMR (90 MHz) 6 105 (s, 9H), 

1 05-l 4 (m, 9H), 1 5-2 5 (m, 6H), 3 2-4 4 (m, 5H), 4 57 (dd, lH, J=3 7, 6 8 Hz), 4 89 (d, lH, J=4 5 Hz), 

5 52 , 5 62 (each d, total IH, each J=3 7 Hz), 7 3-7 8 (m, 1OH) Anal calcd for C3tH420& C, 69 11, H, 

7 86 Found C, 69 32, H, 7 79 
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(1R,2R,3R,5R,9R,10R,12S)-7,7-Dimethyl-2-(tcrt-butyldiphenylsilyloxy)-4,6,8,13-tetra- 

oxatetrocyclo[l0.3.0.0~~~~.0~~9]pentadecan-l4-one (9). 

To a stmed solution of the drastereomenc mrxtuxe 8 (2.79 g, 5 2 mmol) m acetone (100 ml) was added Jones 

reagent (2 67 M. 5 83 ml, 15.6 mmol) at 0 ‘C The mrxture was stnred at 0 ‘C for 2 5 h, then 2-propanol(3 ml) 

was added The resulMg dark-green solids were removed through a Cehte-pad and washed wrth AcOEt (300 

ml). The combmed filtrate and washmg were concentrated to ca. half volume This was washed wrth Hz0 (30 

ml x 2), saturated NaHa (20 ml), and saturated brme (30 ml) successrvely The organic layer was drred and 

concentrated The residue was chromatographed on silica gel (AcOEt/PhCH3=1/8) 193 g (73%) of 9 was 

obtamed as a colorless orl 0 334 g (12%) of 8 ~8s recovered. 9 Rf 0 52 (AcOEt/PhCHg=l/3), [a]$’ -28 lo 

(c 0.86). IR (neat) 2940.2860, 1780,1590,1480.1430, 1380.1250 cm-t, IH NMR (270 MHZ) 6 105 (s, 9H), 

123 I 28 (each s, each 3H), 1.58-l 72 (m. 1H). 190-2.17 (m, W), 2 30-2 63 (m, 3H), 3 86 (t, IH, J=9 0 

Hz), 4 01 (t. IH. J=9 0 I-Ix), 4 60 (dd, IH, J=3 7.7 0 Hz), 4 58-4.70 (m, lH), 5 67 (d, IH, J=3 7 I-Ix), 7 32- 

7.46.7 65-7 76 (m, total 1OH) Anal Calcd for C29H360& C, 68 47, H, 7 13 Found C, 68 85, H, 7 33 

(1S,2S,6S)-4-Hydroxymethyl-2-(tert-butyldiphenylsilyloxy)-7-oxabicyclo[4.3.Olnon-3-en- 

S-one (13). 

A soluhon of 9 (1 89 g, 3 7 mmol) m 60% aqueous AcOH (40 ml) was heated at 90 “C for 35 mm The 

solvents were removed by concentratton wtth the ard of toluene and ethanol to grve crude de-0-tsopropylidene 

denvanve 10 (1 84 g) as a colorless 011, whrch was used wrthout punficatton Rf 0 35 (AcOEt/PhCHg=l/l). 

To a stnred solutton of the crude 10 (1 84 g) m MeOH (37 ml) was added an aqueous solunon (22 ml) of 

NaI04 (2 71 g, 12 7 mmol) The mtxture was stmed for 2 h The resultmg white precipitates were removed by 

filtrauon and washed well with MeOH The combined filtrate and washing were concentrated to ca 20 ml 

volume The remamder was &luted wrth AcOEt (90 ml) and washed with saturated bnne (15 ml x 2) ‘Ihe 

organic layer was dned and concentrated to give crude 11(176 g) as a colorless 011, which was used wtthout 

puriflcatton. Rf 0.42 (EtOH/PhCH3=1/8) 

A solunon of the crude 11 (1 76 g) m benzene (35 ml) m the presence of 1,8-&axabrcyclo[5 4 Olundec-7-ene 

(DBU) (0 28 ml, 1 87 mmol) was heated at 55 “C for 6 5 h The mixture was diluted wtth AcOEt (100 ml), 

washed wtth 0 5 N aqueous HCl(20 ml), saturated aqueous NaHCO3 (20 ml x 2) and saturated brute (20 ml x 

2) The organic layer was dned and concentrated to gtve a&unsaturated aldehyde 12 (1 51 g) as a pale yellow 

011, which was used without punficatton Rf 0 68 (EtOHPhCH3=1/4), IR (neat) 3070,2940,2860,1780,1690, 

1590, 1470, 1430, 1360, 1250 cm- *, lH NMR (270 MHz) 6 109 (s, 9H), 2 2-2 8 (m 4H), 2.98 (dd, lH, 

J=7 0, 17 8 Hz), 4 25-4 28 (m, lH), 4 77 (ddd, lH, J=4 4, 6 9, 6 9 Hz), 6 69 (br s, lH), 7 35-7 51, 7 58- 

7 75 (m, total lOH), 9 33 (s, 1H) 

To a sttrmd solutron of the crude 12 (1 5 1 g) m MeOH (30 ml) were added CeCly7H20 (1 39 g, 3 73 mmol) 

and, after 10 mm, NaBHq (62 mg, 1 6 mmol) at 0 ‘C The mixture was stmed at 0 “C for 25 mm and quenched 

by addmon of Hz0 (10 ml) After warnung to room temperature, the mixture was diluted with Hz0 (60 ml) 

The whole was extracted wrth AcOEt (100 ml x 3) The combmed extracts were dried and concentrated The 

residue was chromatographed on sthca gel (AcOEt/hexane=lL?) 0 929 g (59%) of 13 was obtained as a color- 

less 011 Rf 0 45 (AcOEt/hexane=l/l), [alo +719’ (c 103). IR (neat) 3440,3070,2940,2860, 1780, 1590, 

1470, 1430, 1360 cm-t, tH NMR (270 MHz) 6 106 (s, 9H). 157 (br s, lH), 2 11 (dd, lH, J=6 2, 18 0 Hz), 

2 22 (dd, lH, J=3 8, 17 3 Hz), 2 45 (dd, lH, J=9 5, 18 0 Hz), 2 67-2.80 (m, 2H), 3 98 (s, 2H), 4 15 (br t, 
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were nmultaneously m&ted, both of the peaks at 6 4 33-4 40 (H-2 of 17) and at 6 4.96-5 01 (H-l of 18) 

changed to doublet hke stgnals These results m&cate that a nng carbon bearmg a hydroxyl group and a nng 

carbon bearmg an acyloxy group (L e , ylsctone) are both sdjacent to double bond. 

Reduction of 16 using Super-HydrideR. Exclusive Formation of 18. 

The u&unsaturated ketone 16 (7 8 mg, 26 pmol), which was prepared as described above, was &ssolved 

m THF (1 ml) To this was added Super-HydndeR (Aldrich, 10 M solution m THF, 75 pl,75 pool) at -75 “C 

The mixture was snrred at -75 Y! for 3 5 h and quenched by &tlon of 2 drops of Hz0 This was &luted ~th 

H20 (3 ml) and extracted with AcOEt (10 ml x 3) The combmed extracts were dned and concentrated The 

residue was chromatographed on silica gel to @ve 5 4 mg (70%) of 18. tH NMR (270 MHz) of 18 revealed Its 

dlastereomenc homogeneity 1H NMR (270 MHz) 6 0 08 (s, 6H), 0 92 (s, 9H), 165-l 72 (br s, 1H) 2 17- 

2 27 (m, 2H), 2 56-2 81 (m, 3H), 4 09 (s, 2H), 4 09-4 13 (m, lH), 4 96-5 00 (m, lH), 5 97-5 99 (m, 1H) 

Epoxidation of the Mixture 17 and 18. (lS,3S,7S,8S,9S)- (19) and (lR,3S,7S,8S,9R)- 

8-Hydroxy-l-(ter~-butyldimethylsilyloxy)methyl-4,lO-dioxatricyclo[7.l.O.O~~~]decan-5-one 

(20), and (lR,2S,6S,7S,9R)- (21) and (lS,2S,6S,7S,9S)-7-hydroxy-9-(lert-butyldimethyl- 

silyloxy)methyl-3,10-dioxatricyclo[7.l.O.O~~~]decan-4-one (22). 

To a solution of the mixture 17 and 18 (195 mg, 0 65 mmol) m CH2Cl2 (15 ml) were added mCPBA (162 

mg, 0 94 mmol) and NaHC@ (26 mg) The mixture was stnred at 5 “C for 20 h and then at room temperature 

for 26 h Then mCPBA (90 mg) and NaHC03 (45 mg) were added, and the mixture was further stn-red for 5 h 

To the mixture was added saturated aqueous NazS03 (8 ml), and this was &luted wth AcOEt (120 ml) The 

whole was washed wth Hz0 (8 ml), saturated NaHC@ (16 ml) and saturated brme (16 ml) successively The 

organic layer was dned and concentrated. The residue was chromatographed on sdlca gel repeatedly (Slhcagel C- 

300, AcOEt/hexane=l/l) 87 mg (42%) of 19 was obtamed as a colorless 011, which crystalhzed upon standmg 

at -5 T 85 mg (42% of combined ydd) of 1 2 5 inseparable mixture (eshmated by its tH NMR spectrum) of 

20 and 21 was obtained as a colorless 011 19 mg (9%) of 22 was obtamed as white needles 6 mg (3%) of 

18 was recovered 19 Rf 0 24 (AcOEt/hexane=1/2), mp 56 O-57 0 ‘C, [a]$1 -12 4’ (c 0 98), IR (CHCl3) 

3440,2960,2930,2860,1760, 1465, 1415, 1365, 1255 cm-l, 1H NMR (270 MHz) 8 0 05,O 06 (each s, each 

3H), 0 88 (s, 9H), 2 05 (dd, lH, J=5 5, 16 3 Hz), 2 36 (dd, lH, J=l 8, 16 1 Hz), 2 42-2 57 (m, 2H), 2 96- 

3 09 (m, 2H), 3 30 (s, lH), 3 67 (ABq, 2H, J=ll 7 Hz), 4 29 (d, lH, J=6 3 Hz), 4 79 (ddd, lH, J=l.8, 5 5, 

99Hz) Anal calcd for ClsH2605Sl C, 57 30, H, 8 33 Found C, 56 99, H, 8 17 The mixture of 20 

and 21 Rf 0 56 (AcOEt/hexane=l/2), 1H NMR (270 MHz) 6 0 07,O 08 (each s, each 3H), 0 90 (s, 9H), 2 04- 

2 34, 2 49-2 74 (each m, each 3H), 3 27 (s, for 21), 3 31 (d, J=4 Hz for 20), 3 58, 3 70 (ABq, J=ll 4 Hz for 

21), 3 60, 3 80 ABq, J=lO 7 Hz for 20), 4 02 (ddd, J=3 5, 4 4, 6 6 Hz for 21), 4 37 (t, J=3 7 Hz for 20), 

4 69-4 77 (m for 20), 4 85 (d, J=7 0 Hz for 21) 22 Rf 0 29 (AcOEt/hexane=l/2), mp 120 O-121 0 ‘C, 

[a]~~~ +23 0” (c 0 42), IR (CHC13) 3500, 3010,2950,2920, 2850, 1780, 1470, 1410, 1360, 1330 cm-l, lH 

NMR (270 MHz) 6 0 07,O 08 (each s, each 3H), 0 90 (s, 9H), 196 (dd. lH, J=3 5, 15 6 Hz), 2 39-2 49 (m, 

2H), 2 69-2 71 (m, 2H), 3 66 (d, lH, J=4 0 Hz), 3 75 (s, 2H), 3 77-3 80 (m, lH), 4 98 (dd, lH, J=4 2, 7 5 

Hz) Anal calcd for C15H2&Sl C, 57 30, H. 8 33 Found C, 57 11, H, 8 06 
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Epoxidation of 18. Formation of 21 and 22. 

5 4 mg of the &astereomencally homogeneous 18 was ox&z& wth mCPBA (4 0 mg, 2 8 mol equ1v ) as 

described above Silica gel chromatography of the reaction m1xtme gave 3 7 mg (65%) of 21 and 1 3 mg (23%) 

of 22 21 as a colorless 011 IR (CHCl3) 3450, 2950, 2930, 2860, 1775, 1460. 1255 cm-l, 1~ NMR (270 

MHz) 6 007,008 (each s, each 3H), 0.90 (s, 9H), 160 (br s, lH), 2.05-2.21, 252-273 (each m, 2H, 3H), 

3 26 (s IH), 3 53, 3 72 (ABq, each lH, J=ll.O Hz), 4.01-4 06 (m, lH), 4.85 (d, 1I-I. J=6.6 Hz). 

(1S,3S,7S,8S,9S)-8-(Triethglsilyloxy)-l-(tert-butyldimethyIsilyloxy)methyl-4,l0-dioxa- 

tricyclo[7.1.0.03~7]decan-S-one (2). 

4-Dlmethylammopyndme (7.6 mg) was &ssolved m CH$l2 (0.5 ml). To this were added Et3N (65 pl) and 

chloromethylwlane (65 ~1, 0 38 mmol) After the rmxtme was stmed for 10 mm, a CH$l2 solution (3 ml) of 

19 (39 mg, 0 12 mmol) was added Extrachve workup (CH$!lz) and s111ca gel chromatographlc punfication 

(AcOEt/hexane=l/4) provuied 5 1 mg (95%) of 2 as a colorless 011, which crystalhzed upon standmg at -5 ‘C 2 

as colorless needles Rf 0.39 (AcOEVhexane=l/3), mp 61 O-62 0 “C, [u]DB -3 4’ (c 0 57). IR (CHC13) 3025, 

2960,2935,2880,2860,1765,1470,142O, 1370,134O. 1255 cm-l, tH NMR (270 MHz) 6 0 05.0 06 (each s, 

each 3H), 0 62 (q, 2Hx3, E8 0 Hz), 0.88 (s, 9H), 0 97 (t, 3Hx3. J=8 0 Hz), 2.00 (dd, lH, J=5 5, 16 1 Hz), 

2 37 (d, lH, J=l6 1 Hz), 2 42 (dd. 1H. J=ll4. 18 7 Hz), 2 94 (heptet, J=5 9, 7 0, 7 0, 11 3 Hz), 3 11 (dd, 

lH, J=5 9, 18 7 Hz), 3 18 (s, lH), 3.61, 3 67 (ABq, each lH, J=ll4 Hz), 4 21 (4 lH, J=6 6 Hz), 4 75 

(ddd, lH, J=l5,5 3.9 9 Hz) Anal. calcd for C2#,@5S12. C, 58 83. H, 9 40 Found C, 58 94, H, 9 09 
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