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Mmtract -- Both the emntlomers of the followmq three man components of the F&TO- 

mane blend of the male swift moth Hep~alus hecta L. were synthesized in highly 
optxally pure state starting from choral bulldIng blocks of mxroblal orlgln: (1) 6- 

ethyl-2-methyl-2.3-d~hydro-4H-pyran-4-one. (II) 1,8-d~methyl-3-ethyl-2,9-droxabl- 

cyclol3.3.llnon-7-en-6-01~ and (111) 1,8-dunethyl-3-ethyl-2,9~~oxabxyclo[3.3.llnon- 

7-w-e. 

In 1985 Francke and his coworkers identified the three main components of the pheromone 

blend of the male swift moth Hepialus hecta L. as 6-ethyl-2-methyl-2,3-dihydro-4H-pyran-4- 

one 1, 1,8-dimethyl-3-ethyl-2,9-dioxabicyclo[3.3.l]non-7-en-6-one 2 and 1,8-dimethyl-3- 

ethyl-2,9-dioxabicyclo[3.3.1lnon-7-ene 3.1#2 Following Prof. Francke's suggestion, we 

undertook a project to synthesize both the enantiomers of these three compounds in highly 

optically,pure state. The synthetic enantiomers of 1, 2 and 3 would serve as reference 
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Fig. 1. Structures of the target molecules and their synthetic plan. 
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samples in determining the absolute configuration of the natural products.3 This paper 

describes in detail our synthesis of both the enantiomers of these oxygen heterocycles. 

After the completion of our work , a preliminary communication was published, in which 

DeShong et al. reported a synthesis of (1R 3S 5R)-2.4 -- -, -I - 
Our synthetic plan as shown in Fig. 1 is to utilize chiral building blocks of micro- 

bial origin as starting materials. For the synthesis of both the enantiomers of 1, ethyl 

(z)-3-hydroxybutanoate lass6 and (5)-4a"*' are the ideal starting materials. Both the 

enantiomers of 2 and 3 are derivable from methyl @I-3-hydroxypentanoate 5a I8 and @)-5a.' 

The above plan was put into practice as follows. 
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Fig. 2. Synthesis of both the enantiomers of 1. 

Synthesis of both the enantiomers of 6-ethyl-2-aethyl-2,3-dihydro-4A-pyran-4+me (1 and 

1'). 

Our synthetic route leading to 1 and 1 ' is shown in Fig. 2. The strategy was to 

acylate the Mg salt 6c of 3-oxopentanoic acid with the imidazolide 4d of 3-tetrahydro- 

pyranyloxybutanoic acid. Optically pure @)-4a was prepared from Zoogloea ramigera cells 

by the known method.5'6 The corresponding THP ether 4b was prepared as described pre- 

viously.6 This was hydrolyzed with KOH in aq MeOH to give 4c, which was employed for the 

key acylation step. Another building block for 1 was ethyl 3-oxopentanoate 6a. This was 

hydrolyzed to give 6b. So as to connect 4c with 6b, Ohta's method for the preparation of 

1,3-diketones was employed." Treatment of 6b with Mg(OMe)2 in MeOH gave 6c. In our 

hands, use of Mg(OMej2 gave better result than that could be achieved by the use of 

Mg(0EtJ2 in the original method." The acylating agent 4d was prepared from 4c and t&N'- 

carbonyldiimidazole in DMF. The generated 4d was treated in situ with 6c to give (&)-7 in -- 
61 % yield. Removal of the THP protective group of 7 and subsequent cyclization Of the 

resulting diketo alcohol was effected by stirring a soln of 7 in MeOH in the presence of a 

trace amount of p-TsOH. The cyclization was sluggish at O", while at the reflux temp 

partial racemization of the product was observed. The racemization presumably took place 
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by the retro-Michael-Michael process. At room temp, however, the cyclization of (R)-7 

proceeded smoothly to give (RI-1, [ctlz2 +195' (E-pentane), in 33 % overall yield in five 

steps from (I&)-la. The MS of (&j-l was in accord with the published data for the natural 

product. 

For the synthesis of (S)-1’, (s)-4a’ was prepared by the reduction of ethyl acetoace- 

tate with Saccharomyces bailii KI 0116.5 Further purification of the crude (g)-‘La’ (96 % 

e.e.) via its crystalline 3,5_dinitrobenzoate furnished (s)-4a'of 100 % e.e." Conver- 

sion of (g)-4a’ to (s)-1’ was carried out as in the preparation of (El-1 to give CS)-1', 

[a162 -193O (n-pentane), in 27 % overall yield. The enantiomeric purity of both (1~1-1 and 

(S)-1' was estimated to be 100 % by measuring their 400 MHz 'H NMR spectra in the presence 

of a chiral shift reagent tris[3-heptafluorobutanoyl-d-camphoratoleuropium (III) 

[Eu(hfc)31 (see Experimental). 

Synehesis of both the enantiolers of 1,8-dimethy1-3~thy1-2,9~oxabicyc10[3.3.11~-7-en- 

C-one (2 and 2'). 

Construction of the 2,9-dioxabicyclo[3.3.llnon-7-en-6-one ring system was recently 

studied by Ziegler et a1.12 and by DeShong et al13114 -- - 2 in connection with the synthesis of 

tirandamycin antibiotics. Ziegler et al. -- was the first to recognize the usefulness of a 

furan precursor in this problem.12 Later DsShong et al _ d also adopted that approach,13 and 

synthesized (*)-tirandamycin A by employing a furan precursor. 14 Our synthesis as shown 

in Fig. 3 also employed the furan precursor 10 and 10’ to prepare 2 and 2', respectively. 

The starting material (S)-Sa was prepared from (S)-Sb, which in turn was obtained by 

reducing E-octyl 3-oxopentanoate with baker's yeast.' The crude (S)-5a (96 % e-e.) was 

purified via its crystalline 3,5_dinitrobenzoate to afford pure (g)-5a (100 % e.e.).cf-15 

The OH group of (S)-5a was protected as a t-butyldimethylsilyl (TBDMS) ether16 to give 

(S)-SC in 93 % yield. Reduction of (S)-SC with LiBH4 according to Brooks et a1.17 furni- -- 

shed (S)-8 in 82 % yield. Use of LAH instead of LiBH4 was deteriorative. Oxidation of 

(S)-8 with pyridinium chlorochromate (PCC) in CH2C12 in the presence of NaOAc and Molecu- 

lar Sieves 3i18 gave (S)-9 in 87 % yield. This was coupled with 2,3-dimethylfuran pre- 

pared by the known methods.'g~20 Addition of t-BuLi in "-pentane to 2,3-dimethylfuran in 

dry ether generated the lithiate.cf'21 To this was added (21-9 to give a mixture of 

(1'&,3'5)-10 and (l'S,3'S)-11 in a ratio of ca. l:l. These were separated by Si02 chroma- 

tography to give 10 (99.1 % diastereomeric purity; 30 % yield) and 11 (98.0 % diastereome- 

ric purity; 32 % yield). The stereochemistries 10 and 11 assigned to them were based on 

their later conversion to (lI&,3S,5R)-2 and (lS,3S,5g)-lla, respectively. Separation of 

these two diastereomers could be achieved by employing the TBDMS group for the protection 

of the OH group at C-3'. The presence of a THP group instead of the TRDMS group compli- 

cated the situation owing to the presence of an extra chiral center in the THP group. 

Oxidation of the furan ring of (l'f~,3'S)-10 with m-chloroperbenzoic acid (MCPRA)14122 

gave in 0% % yield a crystalline hemiacetal 12. Finally, treatment of 12 with aq HF in 

MeCN brought about deprotection of the TBDMS group followed by the intramolecular acetali- 

zation to give the desired product (lR,3S,5R)-2, [alg2 +370° (CHC13), in 80 % yield. Its 

'H and 13C NMR spectral data were in very good accord with those reported for the natural 

pheromone.2 The overall yield of 2 from 5a was 14 % in six steps. The enantiomeric 

purity of (lR,3S,5R)-2 was 100 % as determined by the 400 MHZ 'H NMR analysis in the 

presence of Eu(hfcj3. 

The diastereomeric furan precursor (l'S,3's)-11 was also oxidized with MCPBA to give 

another crystalline hemiacetal 13 in 93 % yield. When this was treated with BF3 Et20 in 

CH2C12 at low temp, 23 a small amount (8.5 % yield) of an isomeric acetal was obtained, to 

which was assigned the structure (lS,3S,SS)-l4a. The structure assignment as 14a was 

based on its IR spectrum (v 1680, 1600 cm-'), 'Hand l3 C NMR spectra (see Experimental) 

and the molecular formula CllH1603 as determined by MS. The alternative chair conformer 
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Pig. 3. Synthesis of both the enantiomers of 2. 

14b must be too unstable to exist due to the severe 1,3-diaxial interaction caused by the 

ax Et group at C-3. 
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For the synthesis of (1s 3R 5S)-2', we started from @)-Sa'. _I _, - This was prepared from 

pentanoic acid by microbial B-oxidation employing Candida rugosa IF0 0750 followed by 

esterification. ' The crude @I-Sa' (93 % e.e.) kindly given to us by Dr. J. Hasegawa was 

purified via its crystalline 3,S-dinitrobenzoate to give @)-5a' of 100 % e.e." Conver- 

sion of (&)-Sal to the furan precursors (l'S,3'R)-10' and (1'&3'R)-11' was carried out as 

in the case of (S)-5a. Oxidation of 10' with MCPBA gave crystalline 12', which was 

treated with aq HF in MeCN to give (1&3R,SS)-2', [o]i2 -373O (CHC13) in 14 % overall 

yield in six steps from (g)-Sa'. The enantiomeric purity of 2' was estimated to be 100 % 

by the 400 MHz 'H NMR analysis in the presence of Eu(hfc)3. Comparison of the [(xl, values 

of our 2 and 2' (+370' and -373") with that of DeShong's 2 (+346.4"j4 confirmed the high 

enantiomeric purity of our 2 and 2'. DeShong et al _ L employed (S)-5a without purification 

y&~ its 3,5-dinitrobenzoate and therefore their @I-5a was presumably not of 100 % e.e. 

When (l'I7,3'R)-11' was oxidized with MCPBA, another crystalline hemiacetal 13' was 

obtained in 86 % yield. Treatment of 13' with BF3 Et20 at low temp gave (li&3&,5R)-14a' 

in 16 % yield. Unlike in the case of (1&3&5S)-lla, (71&,3&51&)-14a1 was obtained in an 

amount sufficient for purification by distillation, and therefore its specific rotation 

could he measured accurately: [IX]~~*~ +349' (CHC13). When 13' was treated with aq HF in 

MeCN, a crystalline compound, m.p. 102-104', was generated in 52 % yield. Its IR and 'H 

NMR spectra were identical with DeShong's data for the antipode of 15.4 Thus in accord 

with DeShong's result,4 13' was quite different from 12' in its behavior toward aq HF. 

Synthesis of both the enantlomers of 1,8-dimethyl-3-ethyl-2,9~ioxabioyclo[3.3.1 lnon-7-ene 

(3 and 3'). 
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Fig. 4. Synthesis of both the enantioaers of 2. 
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In Fig. 4 is shown our synthesis of 3 and 3'. The obvious precursors for 3 and 3' 

were 2 and 2', respectively. Our plan was to employ Barton's radical-type deoxygenation 

procedure using (n-Bu)3SnH24 as the key-step (16b-r 3). Reduction of (lI7,3S,5I&)-2 with 

NaBH4 in the presence of CeC1325 gave 16a in 94 % yield. The reduction was quite stereo- 

selective to give only 16a by the hydride attack from the convex side of 2. When 16a was 

processed to furnish 16b according to Barton's procedure using NaH as the base,24 16b was 

obtained only in poor yield. However, by employing n-BuLi as the base, the highly hin- 

dered OH group of 16a was smoothly converted to the dithiocarbonate 16b in 92 % yield. 

Tretmentof 16b with (n-Bu)3SnH in toluene under reflux furnished (1&3&5S1-3, [al~3*5 

+109’ (CHCl31, in 53 % yield. Its 'H and 13C NMR spectra were in very good accord with 

those published for the natural pheromone.2 The overall yield of (1&32,5S)-3 from 

(lR,3~5,5R)-2 was 46 % in three steps. Similarly, (lS,3&,5S)-2' afforded (lS,3R,5R)-3', 

(al:” -llO" (CHC13), a 16a’ and 16b’. The overall yield of 3' was 40 % in three steps 

from 2'. Although we tried the estimation of enantiomeric purity of 3 and 3' by the 'H 

NMR analysis in the presence of Eu(hfcj3, no separation of the signals due to the enantio- 

topic protons of 3 and 3' was observed after the addition of Eu(hfcj3. Therefore the 

enantiomeric purity of 3 and 3' could not be detemined by the NMR method. Schurig's 

complexation GLC method,26 however, revealed all of our synthetic enantiomers (1, l', 2, 

2', 3 and 3')to be of high enantiomeric purity. The results of the GLC analysis will be 

reported by Prof. Schurig in due course. 

In conclusion, all of the three main components of the pheromone blend of the male 

swift moth were synthesized. By comparing the GLC behaviors of our synthetic enantiomers 

with those of the natural products, Schurig, Francke and their coworkers were able to 

determine the absolute configuration of the natural products to be as shown in Fig. 1. 

Details will be published elsewhere by Prof. W. Francke." 

EXPERIWENTAL 

Allhps and m&e were uncon-ected. W spatra were measuredon a H~tachi200-20 spectr@wtometer. IR spectra were 

measured ae films for oils or as nujol mulls for eolids on a JBSW ~~-102 spectrometer. 1 HNMR spectra were recorded with 

TUS as an internal stand.?& at 60 MHz cm a Hitachi R-Z& spectrometer or at 100 MHZ al a JIXX JMN PX-100 spectrometer or 

at 400 MHZ on a JEX JHN a-403 SpectrOmeter. 13CNHRsmra weremeasuredat100 I4Hz with TW as aninterralstandani a8 

(Ixll3 solution an a JDS. JMN Cx-400 spectrcmetar. optical rotations were me.ssurazI cm a Jason DIP 140 Folarimeter. CD 

spectra were measured on a Jason J-X spectropolarimeter. Mass spectra were recorded on a JEaL m-303 spectrometer at 70 

ev. Merck Kieselgel 60 (particle size 0.063-CUoO mm) was used for Sio2 column duomat.03ra 

performed cm d Merck Lobar column Grossse B or CL $ 
y. MpLc separation were 

HPLC analyses were prformed on Mcleosil 5o-5 (25 cm x 4.6 mm) a.8 a 

3-Oxopentanoic acid 6b. Ethyl 3-oxofentanmte 6a (5.W g, 34.7 mmol) was added to N-NaCW ag eoln (35 ml) and the mixture 

was stirred for 24 h at room temn After the mixture was washed with Et+ (20 ml x 2). the aq layer was acidifiazl with 
cone HCl aq at O" and the mixture was extracted with Et20 (20 ml x 3). _ 'Ihe Et20 soln was dried (NgS04) and concentrated e 

vacua at 20-25' to give crude 6b (2.2U g, 55 8) as a solid, mp 6263'8 (lit2E m.p 64-66')1 vmax 3ooo (m.br), 2690 (w). 

2600 (w), 1725 (6). 1695 (s), 920 (ml cm-1 , 6 @DC131 1.09 (3H. t, J=6.9 Hz), 2.59 (2H, q, J-6.9 Hz), 3.50 (ZH, S), 10.9 

(IH, s). l%is was employed in the next step withcut further purification. 
Magnesium 3_oxopantanmte 6c A mixture of Hg (O.l52 g, 6.26 mmol), 12 (trace amcunt) and dry Heal (5 ml) wee stirred and 

heated under reflux for 1 h under Ar. After Mq disa~axd, the mixture was ccoled to r-can temp m the stirred mixture _. 
was added amprise a suln of 6b (1.60 g, 13.S mmol) in dry MeOH (5 ml) over 5 min ux!er Ar and the mixture was Stined ard 

heated urder reflex for 12 h. After cooling, the mixture was mncentrated in WA_ ?he residue was washed with dry Et20 -- 
(50 ml x 2) and dried in vacua to give 6c (I.40 g, 88 0) as a white pxvder, ILLL ,300°, vmax 3400 (s,br), 1710 (a). 1600 

(s,br), 1430 (s,br), 1120 (m) cm-l. mis was employed in the next step without further puification. 
(S)-3-~trahydropyranyl~t~ic acid LS)-4~' cs,-4b' tap S3-65°/1.5 **, 97 % from @)+a (lit.29 ap S5+O"/15 -- 
l&Ml was ~epared acwrdirq to the repo*ej pxzcedue2q. W a stirred mixture of KUi (112 g), Heal (5 ml) ard water (3 

ml) was added dropwise a soln of (S)-4b' (1.44 g, 6.65 mmol) in HeCH (10 ml) at 5-10' OvBr 30 min Ihe mixture was stirred 
for 24 h at room temp After HeU+ ias remcnred in vacua the residue was saturated with NaCl and washed with Et2O (10 ml X _I 
2). l%e ag layer was acidified to pi 4-5 by the addition of Acat Ihe mixture was extracted with Et2o (20 ml x 4). l%e 

Stp soln was dried (MgSJ4) ard ooncentrdted in M- to give cnxIe @MC (1.05 g, 84 S), n835 1.4460; Iala3s +20.0' -- 
(~1.08, 99.5 a EtOH)# vmax 3000 (s,br), 2700 (m,br), 1710 (51 cm-11 5 (CDc13) 1.27 (3H. m), 1.4-2.0 (6H, m), 2.4-2.8 (2% 

ml, 3.3-4.5 (3H, m), 4.6-4.9 (1H. m), 9.93 UH, br). 'Ihis was employed in the next step without further purification 

(S)-2~trahydropyranyloe-4,6dione (21-f. m a stirred s&n of N,N'-carbonyldiimidle (0.78 g, 4.S mmol) in dry 

DPlP (5 ml) was a&led drcqnvise a eoln of (SF4~' (0.82 g, 4.4 mn’ol) in dq DHF (5 ml) at room temp under N2 arrd the mixture 
wee stirred for 1 h. Ib this was added & (0.61 g, 48 mmol), ard the mixture was stirred for 15 h at room temp. 'Ihen the 

mixture was pxred into sat kH4Cl soln (30 ml) arrd the mixture was extracted with E-pzntane (20 ml x 3). The extract we6 
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wahsed with brine, dried (M-4) and -trated & vs~a Ihe residue wss drmmatcyrapbed - SiO, (20 q). El&ion 
with c-pzntane-Etp (5:l) gave (5)-7’ U3.50 qn 47 a), F.4703, [.I84 +225’ (cLO2, CSKl3)r vmax 1735 (m), 1715 (m), 
1615 (6) cm-’ I 6 (CDc13) 1.25 (6H. ml, 1.3-1.8 (6H. m), 2.1-2.7 (4H. m). 3.2-4.3 (3.1H. m), 4.6 (1H. ml, 5.38 (-0.4H. s), 
5.46 (Q3H. s). ?his vs.5 employed in ths next step withart further puificatia 
(S)-6-Et.hyl-2-methyl-2,3-dih~4H-pjran-4~e (SF1'. m a stirred s&l of (S)-7’ (0.71 q, 2.9 mmol) in Ile(J( (10 ml) w*s 
added @XHi HP (a04 q, 0.2 mmol) st room temp-The mixture wes stirred for 3 h ‘R, this wss added sst v soln (20 
ml) and the mixture w*s extracted with mp (30 ml x 3). Ihe Stp soln wes washed with brine, dried (Mq334) err3 concent- 
rated in vaNa lhe residue yes purified by HPLC Eluticm with n-pentane-St9 (51) qsve CS)-1' CO.29 q, 71 0). lXis wbs 
&stilled to give plre Cg)-1' (0.24 q), b.p lo4-lOS”/zo lbrrt 32 1.4815, [.I$ -193” (cL4.6, !-lxzntane); CD (?O.o71, 
Etch) & -15 (316 rum), (D spectrum of lf+V reqion muld mt bs measured because of its perturbstim. W (c=5.l x 10-5M/L, 
99.5 t EtoH) E 1.4 x104 (262 nm)i umzx 3010 (s), 2960 (81, 2900 (m), 1730 (w), 1670 (s), 1610 (61, 1460 (ml, 1390 (s,br), 
1340 (.!I), 1305 cm), 1275 (m), 1240 (m), 1205 (m), 1160 (m), 1110 cm), 1080 cm), lo40 (s), 1005 lm), 960 cm), 930 cm), 900 
(m), 870 (ml, 820 (III) cm-l i 6 (400 MHz, CCC13) 1.13 (3H. t, J-7.6 Hz), 1.45 (3H. d, J=6.4 Hz), 2.27 (2H. q, J-7.6 Hz), 2.38 
(1H. dd, J-11.0, 16.0 Hz), 2.42 (1H. ddd, J=O.3, 6.0, 16.0 Hz), 4.49 (1H. ddq, J=ll.O, 6.0, 6.4 Hz), 5.33 (1H. br.d, J=O.3 
HZ). 1H NMR study of (g-1' in the ~esence of s chiral shift reagent [l or 1' (5.0 mq) with t&(hfc)3 (5LO m-q) in cg6 
(0.4 ml)], C-5 olefinic protm siqnelt (g)-1' (6 1631, 1M) $1, @j-l (6 16.13). CSI-1’ withcut b(hfc)3 (6 5.34). 13~ NMR 
6 10.58, 20.37, 27.90, 42.67, 75.57, 102.92, 17a93, 193-K GtC (Yaneco GlEQ Column, Yansqimoto Silicon W-101, 50 m x 
0.25 mm at 120’; Carrier gas, N2, 50 ml/min) Rt 21.7 min (1Do 0). MS m/z 140 (41 0). 111 (8 e), 99 (100 a), 74 (22 a), 69 
(54 8). 59 (24 8). 57 (42 8). 45 (14 0). 43 (21 a). (Found HS: r& i4~.0804 In+). Calc for CSH1202, 140.0837). The 
fragmentation pettern of its mess spectrum was almost identical with that reported for the natural w~duct.1 (2)-l’ wss so 
volatile that correct combustion enelvtical data could not bs obtained. 
(R)-3-Tetrah.idrogyranyloxyixtiic & @)-4~. (El-4b 1b.p 86-fi9°/1.6-2.1 nx-r, 96 t from CR)-& Ut25 hp S5-%90/2 
nxrl wes pepared in the seme manner as described for (S)-4b@. In the same m-r es described for the preparation of 
IS)-&?, CR)-4b (5.00 q, 23.1 mmol) yielded (RI-4c (4.14 q. 95 t), nd3 1.4472~ lold3-5 -18.5’ (c-1.11, 99.5-e EtOH). Its 
IR and NElR spectra were identical with those of (g-4&. 
(R)-2-Tetrahyyl~-4,6dione (R)-7. Ill the same manner as described for the lxepartion of (g)-r, @)-4c 
(1.88 q, 10 mmol) yielded CR)-7 (1.47 q, 61 8), nd2 1.4717, [olld2 -22.3’ (c=1.02, CHC13). Its IR and NHR spectra were 

identical with those of t+T. 
(R)-6-Ethyl-2-methyl-2,3-dihydm4H-pynn-4ane (R)-1. 
7 (2.00 q, R25 mmol) yielded @j-l (a70 q, 60-U. 

In tbs ssme m-r as described for the preparation of Cg)-1: @)- 

lhis wss distilled to give an analytical sample, hp. 10+105°/20 
?brr, “62 1.48181 [.I62 +1950 (c=2.l7, n-pentane)r CD (@X071, EtUi) &Z +1.7 (316 run). 
not be measured because of its perturb&n 

CD sm of ll+V region cculd 
1~ NMR sttiy of (El-1 in the presence of a chin1 shift reagent [l or 1' (5.0 

mq) with m(hfc)3 (51.0 mq) m Go6 (a4 ml)l, C-5 olefinic lrotcn siqnali (RI-1 (6 16.l3, loo a), CE)-I’ (6 16.31). (g-1 
without Eu(hfc)j (6 5.34). GK ~Yenscn GlSO$ Column, Yanaqimotn Siliam W-101, 50 m x a25 mm at 120’; Carrier gas. N2, 
50 ml/min) Rt 18.5 min (100 0). (Fcurd MS: m/z 140.0899 CM+). C&c for QHl2C+ 14o.0837). Its W, IR srxl NHR spectra 
were identical with those of (2)-l’. Ihe f&Gent&ion pattern wss identical with that of (pl'. Correct elemental 
an~~lytuzel date carld not bs d&sir& dus to the high volatility of (5)-l. 
Hefhyl (S)-3-t-hrtyldimethylsilyloxypentanmte (S)-5~. m a mixture of TBDMS-Cl (3.28 q, 218 mm011 ard imidszole (3.09 q, 
45.4 mmol) wds added a soln of (S)-5e (100 $ & 2.40 q, 18.2 mmol) in dry Ct4F (13 ml) at scum temp under Ar, ard the 
mixture was stirred for 20 h. mk the mixture was pxred into ice-water (M ml), ard extracted with Etp (4x3 ml x 2). 
?he extract was washed with water (30 ml x 3), dried (Hq934) and concentrated in veN0. -- lhe residue wds cLlnxnatogre.~ed 
over SiO2 (100 q). Elution with c-psntane-Et20 (2O:l) followed by distillation gave pure (&?)-5c (4.19 q, 93 %), b.p. 
73-74”/2.0 mrft “a3 1.4251; [ala3 +23.4’ 
780 (s) cm-l 

(c=l.C& CX13h umax 1750 (s), 1255 (61, 1080 (s), 1040 (6). 1020 (8). 840 (s), 
8 6 (CDC13) 0.05 (3H. s), 0.06 OH, 81, 0.7-1.0 (3H. m), 0.87 (9H. s), 1.45 (ZH, ml, 2.42 (2H. d, J=6 Hz), 3.62 

OH. 91, 4.05 UH, ml. GtC (Hitachi 163~ Column, 3 a W-17, 1.5 m x 3 mm at lQJ”; Carrier gss, N2, 1.0 kq/cm2) Rt 64 min 
(98.6 0). (Found: C, 58.331 H, 10.65. Calc for C12H2603Si: C, 58.49; H, 10.63 0). 
(S)-3-t-~tyldiinethylsilyloxypent.an-1-l (g-8. ?b a stirrti suspension of L~BH~ (a31 q, 14 mmol) in dry ‘MF (10 ml) was 
added droprise e soln of (S)-5c (3.50 q, 14.2 mmol) in dry ?w (10 ml) at - temp over 5 min. an3 the mixture wds stirred 
and heated under reflw for 2 h ?he mixture wss then diluted with Et20 (30 ml) at 0’. and set Ni4Cl soln (1 ml) was added 
dropwise to it over 10 min at O”. Ihe mixture was stirred for 30 min at 0’. then dried (Hgso4) and ooncentrat~ in vs- -- 
The residue wds chromatcqra@rl over Siq (50 q). Elution with n-pentare-St20 (5:l) followed by distillation gave plre 
@-e (2.55 q, 82 a), b.p. 76-78”/1.1 Torr; nd2 1.43581 [ala2 
1010 (6). 840 (s), 780 (S) cm-l 

+16.B0 (c-1.13, CHCl3)r vmex 3350 (s), 1260 (s), 1040 (s), 
t 6 (CDC13) 0.08 (6H. s), 0.7-1.0 l3H. m), 0.88 (9H. s), 1.3-1.9 (4H. ml, 2.3 (1H. br.6). 

3.6-4.0 (3H. m). GlC (Hitachi 163) Column, 3 0 W-17, 15 m x 3 mm et ~C@I Carrier gas, N2, LO kg/cm21 Rt 5.9 min (103 
0). (Found: C, 60.461 H, 11.91. Calc for CllH26o2Si: C, @3.19r H, 12.00 8). Ihe optical prlty of @)-I3 was determined 
by the HPLC analysis of the correspxdinq (R)-MTPA ester.Cf-30 HPLC: lr+sxane* (HK):l), LO ml/mini detected at 254 
nml R-t 14.2 min (100 0). Its drastereomer c(R)-PITPA ester of @)-El WBS eluded et Rt 13,5 min. 
(S)-3-t-Butyl~methylsilyl~tanal(~)-9. & s suspension of pa3 (2.55 q, 1l.S mmol), powdered NaoAc (0.68 q, 8.3 mmol) 
and powdered HS 3A (5.9 q) in dry 0i2C12 (30 ml) was added a soln of Cs)-8 (2.58 q, 11.8 mr01) In dry Cli2C12 (20 ml) et 
rOOm temp under Ar, and the mixture was stirred for 3 h et room temp ‘Ihen the mu&u-e was filtered thrcuqb Florisil (6O- 
100 mesh, 100 q). ‘me filter-cake was washed with a+2 (500 ml). Ihe combined filtrate and washings were concentrated 
in vacw at ~25’ to qlve crude (s)-9 (2.21 q. 87 0). -- vmax 2720 Iw), 1725 (s), lo40 (s), 1020 (s) cm-l. GLC (Hitachi 163; 
Column, 3 \ W-17, 1.5 m x 3 mm at loOOi Carrier gas, N2, 1.0 kq/cm2) Rt 4.4 mln (94.7 $), &9 ml” r5.3 a, unreactej Cs,- 
81. ?his wes employed 1” the next step without further prificaticm. 
~1’R,3’S~-5-~3’-t-Butyldi~ethylsilyloxy-l’-hydeoxypentyl~-2,3-dim_eehylfuran (1~3’+10 and (1*5,3’s)-11. Tb e stxred 
soln of 2,3-dimethylfuran (pxity, 93.4 t; a471 q, 4.58 mmol) in dry Et20 (10 ml) was added droprise t-LULi (2.3 M in “- 
pentan+, 1.99 ml, 4.58 mmol) at 4-5’ ever 10 min tir Ar, and the mxture was stirred for 2 h. To this wes e&led a soln 
of (S)-9 (a425 g, I.96 mnwl) in dry St20 (5 ml) st -77O over 10 min and the mixture we* stirred for 1 h st -77O then 
warmed to room temp and stirred for 15 h ?he mxture wss pxred into crushed ice (M q). ‘Ihe mixture wss saturated with 
N&l, stlrred for 10 min and extracted with Et2o (30 ml x 3). lbs extract wes washed with brine, dried (MqS34) ard 
mncentrated in VBCUO to qlve a crude mixture (a707 q) of (17L3*s)-lO ard (l’g,3’2)-11. ?he ratio of ths diastereamers -- 
was 45--50:55--50 based upn the HPUZ analysis of the mixture. WLC: Ipbsxane-?Hp (2O:l). 0.8 ml/minr detected st 2M nml 

Rt 11.7 min (10, 45-50 0). 14.6 min (11, 50-55 t). lhis mixture wss prified by Mm Slution with n-psntane-St20 (2O:l) 
gave less polar (l’i&3’s)-lO as an oil (diastereomeric plrity: 99.l \I a181 q, 30 8). vmdx 3450 (m), 1250 (6). 1220 (s), 
1040 (s) cm-l. hrther elution with ths seme solvent gave more polar (1’2,3’gS,-11 as an oil (diastereomeric plrity: 9813 
0; al95 q, 32 a). ‘me IR spectrum of (1’2,3’S)-11 was almost identical with that of (1>,3’S)-la 
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~2R,6RS,2’S~-2-~2’-t-Butyldi~ethylsilyloxybutyl~-5,6~ime~yl~-h~~ZH-~~-3~~~~ @,6Rs.Z’s1-12. ‘Ib s stirred 
soln of (1’&3’g)-10 W.lSl g, 0.5S mmol) in dry Q12C12 (20 ml) was added HCPM (80 a, al25 g, 0.58 mmol) at On, ard the 
mixture wss stirred for 1 h. Tfian the mixture wss pxred into ice-ox led sat -3 soln (20 ml) and stirred for 5 min st 
00. ‘Ihe organic layer wss separated, washed with brine, dried (Ns2SO4) ti axxentrated in vscuo. ‘Ihe residue vss -- 
&romatograM over Si02 (40 g). Elutim with g-pentans-St20 (3:l) followed by recrystallization from fi-pantane gave 
@,~,2’~)-12 (a168 g, SS 6). m.~ 69171’; “msx 1685 W, 12% (8). 1120 (8). 1050 (9). 835 (a), 775 (8) cm-l, 6 @Xl31 
0.10 (6H. s), 0.8-1.0 (3H. m), 0.90 (9H, s), 1.5-1.7 (2H. ml, 1.62 (3H. s), l.E--2.1 (ZH, ml, 2.03 (Xi, m), 3.3-3.6 (lH, m), 
3.8-4.0 (IH, ml, 4.4-4.7 (lli, ml, 5.85 (IH, br.8). 
~lR~3S,5R~-l,S-Di~ethyl-3-sthyl-2,9-dioxabicycloI35~Inc~1-7snd~ (1~3s.sR_)-2. To s stirred soln of (%,%,25_)-12 
(0365 g. O&l mmol) in Me (18 ml) wss added drowise 46 * HF sq soln (2.5 ml, 58 mmol) at 0’ rarer 2 min. & the mixture 
vss stirred at room temp for 1 h. m this wss added slowly sat RF3 solo (20 ml) at 0’ wse 5 min with stirring. ?he 
organic layer wss separated and the sq layer wds sxtrsctsd with St20 (50 ml x 2). ‘RR combined orgsnic soln wss washed 
with brine, dried (Ns2S04) and concentrated in vscuo. llm residue was drcmatcqra~ - Siq (20 g). Eluticm with c- -- 
pentaneEQ0 (20~1) followed by distillstim in tbs presence of M@ gave pxe @,3&5!)-2 (O.l26 g, SO 0). b.p S5°(bath 
temp)/0.2 Torrr nd2 1.4821, [mld2 +370° (c-1.23, CHC13); CD (c-0.023, EtOH) AE +21.6 (214 nm), -8.3 (242 nm), +3.9 (352 
nm)r OV (~54.7 x 10-5M/L, 99.5 0 EtOH) E 1.1 x104 (226 nm); vmax 2990 (8). 2940 (91, 2900 (ml, 1690 (6). 1630 (m). 1435 
(s), 1380 (6). 1340 cm), 1300 (m), 1280 (s), 1250 cm), 1230 (8). 1200 (w), 1190 cm), 1140 (~1, 1115 (s), 1050 (ml, 1035 
cm), 1030 Cm), 985 Cm), 965 (s), 940 (b-1, 920 Cm), 880 (6). 840 (m) cm-*r 6 (400 MHz, CDC13) 0.88 (3H. t, Jc7.6 Hz), 1.46 
(lH, ddq, J-14.0, 6.7, 7.6 Hz), 1.53 (3H. s), 1.57 (IH, ddq, J-14.0, 6.7, 7.6 Hz), 1.59 (lH, ddd, J=l4.0, 3.5, 1.8 Hz), 
1.87 (1H. ddd, J=14.0, 12.5, 6.2 Hz), 1.95 (3H. d, J-l.6 Hz), 3.64 (IH, dddd, 5~12.5, 6.7, 6.7, 3.5 Hz), 4.32 (1H. ddd, 
Jp63, IS, 1.6 Hz). 6.l5 Ui, dq, J-1.6, 1.6 Hz). lH NMi7 sttiy of @,%,5+)-2 in the wssence of a &in1 shift reagent 
12 or 2’ (5.0 mg) with Eu(hfcj3 (12.1 mg) in C6D6 (0.4 ml), C-7 olefinic proton signal; (1&3S,5R)-2 (6 10.34. 100 %I, 
(lS,3R,5g)-2’ (6 9.81), (1$32,5R)-2 without Eu(hfc13 (6 5.96). 13C NMR 6 9.05, 19.35, 24.73, 29.01, 32.11, 69.27, 75.04, 
95.99, 12684, 156~33, 197.31. Gw (Ya~oo GleOl cblumn, PEDZOH, 50 m x 0.25 mm at 130’; Curie= gas, N2, 50 ml/min, 1.0 
kg/cm21 Rt 22.1 min (100 0). MS: m/r 196 CM+, 14 6). 167 (16 W, 154 (7 e), 138 (8 6). 123 (10 0). 112 (100 8). 97 (12 ti). 
95 (10 0). 85 (25 t), 81 (5 $1, 74736 e), 69 (43 %), 67 (14 8). 59 (53 9). (Found MS: m/c 196.1103 (M+). Cslc for 
CllH1603: 1%.10¶9L Its 1~ and 1% NFIR s-a were identical with those of the natural product MS of (ll&3&5Ij)-2 wS.8 

almcst identical with the reported s-m of the netural pndu~t.~ Due to the high voletility of @,SLs.sR_l-2, its 
correct comLu?tion analytical data could rnt be obtained. 

Hethyl (RI-3-t-butyldimethylsilyloxypntanxte @I-5?. In the same manner as described for the Fepration of (S)-5c. 

@)-Se (100 % e.e., 2.00 g, 15.1 mmol) yielded @)-SC' (3.28 g, 88 $1, b.p. 71-72°/l.E15 Ton8 nJ2 1.4252~ [a1J2 -25.1' 

(c=l.O9, CHCl3). GLC [under the same condition for the analysis of (S)-Scl Rt 6.9 min (99.9 B). (Found: C, 58.401 H. 
la67. C&c for C,2H2603: C, 58.498 H, la63 8). Its IR and NMR spectra were identical with these of (SMc. 
(RF3-t-Eatyldimet.hylsilyloxypntan-l-o1 @MY. In the same manner a.9 described for the peparaticn of CS)-6, @)-St? 

(3.2~3 9, 13.3 mmol) yielded CR)-8’ (2.60 q, 90 t), b.rx 75-76’/1.1 Torrr nd3 1.43528 [alA3 -17.5” (c=1.03, CHC12). GLC 
funds;- the same condition for the analysis of (i)-Sl Rt 5.9 min (99.5 8). (Found:-C, 60.198 H, 11.89. Calc for 
CllH2602Si: C, 60.49; H, 12M) W. Its IR and N?4R spectra were identical with thoss of (2)-S. In the same msnnsx ss 
described for the determination of ths optical prity of (g-8, the optical plrity of CR)-8’ wbs determined by the HPLC 

analysis of the mrrespading @)-KIPA ester. me (i+InTA ester was eluted at 135 min (100 9). 

(RI-3-t-Butyldir&hylsilyloxy&&nal (RI-g'. In the same m-r as described for the pepration of (SF9, @I-e (2.M 

a. 10.0 mmol) vield& crude (R1-9’ (2.21 0. ausntitstive). GUZ (Hitachi 163; Column, 3 % W-17, 1.5 m x 3 mm at lC@i _. _. . 
Carrier gas, N2, - 1.0 kg/cm2) Rt LB min (98.1 0). Its IR spsctrum wss identical with that of (S)-9. mis was employed in 
the next step without further prificsticn. 
(l’S,3’R)-5-(3’-t-Butyldimethylsilyl~xy-l’-hydroxypentyl~-2,3-dimethylfuran (1’5,3%)-10’ and (1~,3~)-11’. In the same 
manner as described for the pparatim of Clz,3’sS,-10 and (1’~,3’~)-11, @j-9’ (2.16 g. 1Oa mmol) yielded cxuds mixture 
(3.73 g) of cl’~,3a,-lo and ClZ,3a_,-11’. The ratio of the diastergrmers vss 51-52:49+3 baaed upon the IfPLc analysis 
of the mnture under the same ccmditicn for the aMlysis of (1~,3’~S_,-lO and (l’S.3’~)-11. ?his mixture wss puifief3 by 
MPLC Eluticm with n-pentsne-Et20 (20~1) gave less plsr (1’~,3~)-lW as M oil Uiastereumeric wity: 99.4 W 080 g, 
26 Q. nxthsr elution with ths asme solvent gave more polar Cl’&3!)-11’ as an oil (diasterscmeric plrity: 982 $8 O.S3 
g, 27 %I. The IR spectra of (1’2,3’!)-10’ and (1’&3’!)-11’ were identical with those of (l’R.3’?)-10 and (l’S_,3’~)-11. 
respectively. 
(2S,6RS,2’R~-2-~2’-t-Butyldi~ethylsilyloxybutyl~-5,6dimethyld-h~droxy2H-pyran-3~6H)-one (25.%,2?)-12’. In the BBme 
manner ss described for the txeparation of (2&6R&2’~)-12, Cl’s,3?)-IO’ (0.75 g. 2.4 mmol) yielded (ZS.6_,2?)-12 (0.71 
g, 90 w, np. 59-710. (Found: C, 63.62; H, 9.65. Calc for Cl7H3204Si: C, 62158 H, 982 0). Its IR and NMR spectra were 
almost identical with those of (2R,6&!3,2’S)-l2. mis was employed in the next step without further plrifiCstia -- 
~1S,3R,5S~-1,8-Di~ethyl-3-ethyl-2,9~~~i~l~~~~lI~-7-en-6-~ (1~,3~,5~3-2’. In ths ssme manner as described for 
the prepsratiCn of (lR+3S,5~)-2, (zS.~,2~)-12’ (a70 g, W mmol) yielded (15,3I&sS_)-2’ (0.32 g, 77 8). Distill&&n in 
the presence of MC@ &ve an analytical sample, bp 85’(bsth temp)/0.2 ‘Brr; “6’ 1.48218 [ala2 -373’ (cl.l4, ‘ZCl3); CD 
(c=O.O23, EtCti) & -22.4 (214 nm), +S2 (242 nm), -4.0 (352 nm)r lH NMR study of @&5s)-2’ in the ~esenc-s of s chirsl 
shift reagent [2 or 2’ (5.0 mg) with Eu(hfc13 (12.1 mg) in C6D6 (0.4 ml), C-7 olefinic proton signal; (1~,3~,5S)-2’ (6 
981, 100 01, (g,c,5R)-2 (6 10.34). Q,3R.sS)-2’ withcut lWhfcj3 (6 5.96). GW (Ysnsm Cl801 ~lumn. PDZ-2OM. 50 m X 
0.25 mm at 130’; carrier gas, N2, 50 ml/miL 1.0 kg/cm21 Rt 226 min (100 e). (nxrx? MS: m/c 196.1124 CM+). talc for 

CllH1603: 1%.1053). Its 0”. IR , ‘H NMR, 1% NMR spectra arrd the fragment&ion pattern of the mass spectrum were identi- 
cal with those of (1&3S.5g)-2. &s to the high volatility of (15,3&5s)-2’, ifx correct comticn analytical data axld 
not be cbtained. 
~2S,6RS,2’S~-2-~2’-t-Butyldimethylsilyloxybutyl~-5,6dimethyld-h~~-~-~~-3~6H)-one (2S.6~,2’~)-13. In the same 
manner as described for the preparation of (2&6E,Z’S)-12, (1’2,3’S)-11 (0.195 g, 0.62 mmol) yielded (2~.6~.2’S)-l3 
(0.191 g, 93 0). mp 77-79’jvmsx 3300 (m), 1685 (8). 1255 (61, 1130 (s), 1105 (S), 1050 (8) cm-% 6 (cDcl3) a03 (6H, dr 

O.S-1.1 (3H. m), 0.88 (9H. s), 1.2-1.8 (2H. m), 1.59 (3H. s), 1.9-2.2 (ZH, ml, 2.00 (3H, m), 3.3-3.6 (lH, m). 3.8-4-O (1H. 
m), 4.4-4.7 (1H. m), 5.SO (IH, brs). ?his was employed in the next step withwt further plrificdtion. 
(1S,3S,5S)-l,S-Dimethyl-3-ethyl-2,9-diox&icyclo[ 3.3-l lnon-7-en-6one (1~,3~,5s_)-l*I. To d stirred soln of (2&6~,2’s)-l3 
(a148 q. 0.45 mmol) in drv cH,cl, (20 ml) was added SF, Et+ (56 Vl, 0.45 mmol) at -60’ under Ar, and ths mixture was _. - cc . - 

stirred for 4 h. m the mixture was added slowly sat rum3 soln (20 ml) at 60’. ‘Ihe mixture wss warmed to roOm temP 
?he organic layer was separated from the mixture, washed with brine, dried (Na2sO4) ard concentrated in vacua l%e residue -- 
was parifled by MPLC. Elution with q-pentane-Et20 (2O:l) gave (lS,3&55)-lla (7.5 mg, 8.5 0) ss an oil, Cold’ -246” 
(c=O.lO, CHC13); umax (CHCI) soln) 2980 (s), 2950 (61, 2870 (ml, 1680 (a), 1600 (w), 1480 (WI, 1380 (ml, 1190 (WI. 1115 
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(9). 995 (w), 965 (w), 885 (w), 860 (WI, 840 (WI cm-‘, 6 (400 NH*. CDCl3) 0.88 (3H. t, J-7.6 Hz), 1.46 (1~. ddq, ~-14.7, 

6.7, 7.6 Hz), 1.49 (3H, *I, 1.58 (lH, ddq, J-14.7, 6.7, 7.6 Hz), 1.59 (IH, ddd, J-14.0, 8.8, 5.0 Hz), 2.01 (3H, d, J-l.3 

Hz), 2.32 (lH, ddd, J-14.0, 9.5, 5.5 Hz), 4.07 (IH, dddd, J-8.8. 6.7, 6.7, 5.5 Hz), 4.37 (IH, ddd, J-9.5, 5.0, 0.13 Hz), 

5.73 (lH, dq, J=O.S, 1.3 Hz). 13C NMR 6 9.67, 19.44, 23.95, 28.47, 30.57, 70.91, 72.55, 95.76, 121.18, 162.73, 198.51. 
OX (Ya~co 0-180~ Column, PK+ZON, 50 m x a25 mm at l)o't Carrier gas, N2, 50 ml/min, 1.05 kg/cm21 Rt 22.6 mi" (99.0 a). 

Its diastereomer @,3+5i+2 eluted Rt 20.0 min (1.0 W. MS: m/z 1% (N+, 14 $1, 167 (14 W, 154 (6 8). 147 (3 U, 139 (7 
0). 123 (9 t), 112 (100 a), 111 (31 B), 85 (40 a), 74 (26 01, 69 (50 9). 59 (37 a), 57 (38 S). (Pound HS: m/z 196.1169 
(N+) Calc for CllH1603: 196elOB). Cue to the scarcity of the material, I& muld not be distilled 

~2R,6RS,2'R~-2-~2'-t-Butyldimethylsilyloxybutyl~-5,6-dimethyld-h~droxyM_pyran-3~6H)ae (2R&FS,~__)-13'. In the -in* -- 
manner as described for the preparation of uR&ls,2's_~-l2, Cl%,a_,-11' (0.937 g, -- Ul mmol) yielded @R,6RS,2E)-13' -- 
Ku375 9, 86 W. nLl& 77-800. Its IR Md NNR spectra were identical with those of (Zp5+,rS_)-13. ?his was empl& in 
the next step withcut further pvification 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (l+IJ,6E&~,%_)-lS. lb a stirred ~1" 

of (2&6E,Z'R)-13' (0.708 g, 2.16 mmol) in N&N (45 ml) was added 46 % HP aq sol" (6.0 ml) at O" over 2 min. and the 

mixture was stirred at room temp for 1 h. lhen sat Kfi sdn (50 ml) was zdded to the mixture at 0' over 5 min. Ihe 

organic layer was separated and the aq 1.3~ was extracted with Etp (50 ml x 2). ?he ODmbined organic soIn was washej 
with brine, dried (Nafl4) a& concentrated in VB- ?he residue was chromatcqrapbed over Siq (50 g). El&ion with Et20 -- 
gave U&QR,~,~9~)-15 (0.239 g, 52 U) ds colorless needles, m.p 102-104~; l.1~4 - 
1695 (s), 1245 W, 1190 (m), 1020 cm), 900 (ml cm-18 vmax (Ccl4 

3680 (?0.50, 01u3h "max 3400 (*I, 
sol") 3620 (w), 29% (ml, 1950 (m), Zsa, (w), 1745 (s), 

1380 cm), 1235 (ml, 1210 (w), 1190 (w), 1160 (w), 1020 (m), 915 (m) cm-l; 6 (100 NH*, CDc13) 1.02 (3H. t, J=7 Hz), 1.29 

(3H. d, J=7 Hz), 1.48 (3H. s), 1.57-1.82 (3H. ml, 2.03-2.40 (3H. m), 2.90 (IH, t, J=lO Hz), 3.95-4.23 (lH, ml, 4.57 (IH, 
ddd, J=ll, 10, 7 Hz). (Found: C, 61.831 H, 8.35. Calc for CllHlS04: C, 61.66; H, 8.47 a). The IR and NNR spectra of 

(1~&6s.+9~)-15 were in @ accord with those described for the ant&x& of 15.4 

~lIL3~5R~-1,8-Dimethyl-3-ethyl-2,9~i~i~lo~~3.lI~-7-end-one (lR,LyLsR)-14.x'. I" the sdme m-r a* described for --- 
the preparation of (1~,3p,5~1-14a, (2&6g,2'R)-13' (0.540 g, 1.64 mmol) yielded (lE,3&5l+l4a' (0.053 g, 16 0). The 

analytical sample was distilled in the ~esence of MgO, LB 80-100°(bath tempV3.2 mrr8 G35 1.4SO1r tal~3~5 +349' 

(c-229, 'X13); a, (eZ.025, Et'W h -13.13 (230 nm), +10.9 (257 nm), +2.l (352 nm). Ymax 2980 (81, 2953 (s), 2900 (*I, 
1690 (s), 1630 (m), 1440 cm), 1380 (a), 1360 (w), 1340 (w), 1300 cm), 1280 (ml, 1265 (ml, 1210 (ml, 1200 (s), 1110 (s), 

1080 (ml, 1050 (m), 1035 (ml, 995 (m), 970 (ml, 940 (WI, 920 cm), 13% (ml cm-l. GIG Wa"aco GlQ Column, PEWZON, 50 m x 
0.25 mm at 130'; Carrier gas, N2, M ml/min, 1.0 kg/cm2) Rt 25.5 min (99.4 W. WrxlrI MS: m/z 196.llOg CM+). Calc for 

CllH1603: l%.l@W. Its 1~ NNR, 1% NNR arxl ma68 spectre were identical with those of (lS.B_+14a. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (1&3~,SI&6~)-16a. To a stirred sol" of 

(lR.3S.5!)-2 (0.420 g, 214 mmol) and C&13 7Hp (0.797 g, 2_l4 mmol) in Ne(H (20 ml) was added Nam4 (0.031 g, 2.l mmol) 
at rcnm temp, and the mixture was stirred for 10 min. llm mixture w** diluted with csoled H29 (20 ml) axI the pH of the 

mixture was adjusted to 7 by the addition of dil frl. lbe mixture w** extracted with Et20 (50 ml x 4). ?he extract was 
washed with brine, dried (MgSO4) ard oolcentrated in V~NO. ?he residue wa8 chromatcgra@d over SiO2 (50 g). Slutian 

with n-pentane-Et9 (1:l) gave (lR,3S.5R&R)-l&i (0.3% g, 94 W, "a3 1.4793; [al 3 +45.7' -- 
P 

(c=O.Sl, 5lCl3); "max 3450 (s), 

1340 (s), 1235 (s), 1195 (s), 1150 (s), 1105 (s), 1060 (s), 1030 (s), 880 (s) cm- , 6 (100 NHz, CDC13) 0.91 (3H. t, J-7.0 
Hz), U-2.0 (5H. ml, 1.43 OH, s), 1.67 (3H. ml, 3.5-3.9 (1H. m), 4.1-4.3 (lH, ml, 4.5-4.7 (1H. br.m), 5.70 IlH, br.mL 

GIL (Yanam 0180; Cnlumn, PEG-IO& 50 m x 0.25 mm at 130’; Carrier gas, N2, 50 ml/min, 1.2 kg/cm21 Rt 22.4 min (100 0). 

@XU-d NS: E/E 1%-l149 CM+). Calc for CllHlSD3: 193.1256). 

~1R,3S,5R,6R~41,S-Dimethyl-3-ethyl-2,9dioxabicycloI3.~lnon-7-end-yl S-methyl dithiccartmLate (l&3S,X&t$)-16b. To a -- 
stirred soln of (1&3s_,5&~_)-16n (0.364 g, 1.84 mmol) in dry ll+F (30 ml) was added droprise E-B& (1.5 N in x+zxane, 

1.22 ml, 184 mmol) at -77" over 5 min under N2, and the mixture was stirred at 0' for 1 h. lb this was a&led a sol" of 

cS2 (0.280 g, 3.67 mmol) in dry 'IliF (5 ml) at 0' over 5 min. end the mixture was stirred for 30 min. l'ten a sol" of Me1 

(0.782 g, 5.51 mmol) in dry 'IW (5 ml) was added to it at 0' over 10 min and the mixture w** stirred at 0" for 30 min. 

After stirring for 12 h at rmm temp. the mixture was poured into sat Ml4Cl soIn (100 ml) and extracted with Et20 (50 ml x 

3). 'Ihe organic soln was dried (NqS04) and concentrated in wcuo. -- me residue w** chrcmatograw wer SiO2 (K) g). 

Elutim with ~-pxntane-Et20 (4O:l) gave (li&3~,5~,f$-16b (a489 g, 92 9). "6' 1.5429; [*Ii4 - 

1210 W, 1155 (ml, 1145 (ml, 1110 cm), 1060 (s), 970 (m), 880 (III) cm-l; 
36.1' (c=O.72, 0+X3); "max 

6 (100 MHz, ml3) 0.93 (3H. t, J-7.0 Hz), 1.3-1.9 
(4H. ml, 1.44 (3H. s), 1.71 (3H. ml, 2.59 (3H. 6). 3.6-4.0 (1H. m), 4.4-4.6 (1H. m), 5.78 (1H. br), 6.2-6.4 (1H. m). HPLC: 
I+zxane-'TWF (2oO:l). 1.0 ml/mint detected at 254 "ml Rt 26.5 min (99.5 0). ?his was employed in the next step withcut 
further prlficatia 

:1R,3S,5S~-1,S-Di~ethyl-3-ethyl-2,9-dioxabicyclo~3.3.llnon-7-ene (lI&X_,55)-3. W a stirred ~oln of (~-Eu)~S~H (97 S, 

0.680 ml, 2.45 mmol) in dry toluene (50 ml) was added dropwise over 2.5 h a sol" of (lR,3S,5R,6R)-16b (0.472 g, 1.64 mmol) ---- 
in dry toluene (20 ml) with stu-ring and heating at reflux under Ar. lBe mixture wa* stirred and heated waler reflu for 6 
h. After cooling, the mxture wa* concentrated in vacua The residue was purified ky HPLC Elution with fi-pzntane-Et20 -- 
(20~1) Gus* (1~.3~,5~)-3 (al57 g, 53 u. 

"63.5 1.4619) r$-5 +1090 
mis was distilled to give a" analytical sample, hp 75'Oxth temp)/ld mrrr 

&0.67, CS!C13)t OD +0.044, EtW, I!& -4.2 (202 nm); vmax 3050 (w), 2980 W, 2950 (s), 29X 
(s), 2850 cm), 1460 (ml, 1435 (s), 1370 (6). 1360 (w), 1350 (ml, 1335 (w), 1330 (w), 1315 (m), 1300 (w), 1270 (w), 1225 
(s), 1200 (m), 1145 (s), 1135 (61, 1110 (s), 1100 (s), 1065 (s), 1050 cm), 1025 (m), 1010 cm), 995 (m), 975 (s), 965 cm), 

950 cm), 915 cm), 900 (III), 875 (s), 865 (s), 810 (w), 790 (m), 765 (w) cm-l , 6 (400 MHz, CDC13) 0.89 (3H. t, J=7.6 Hz), 
1.37 (1H. ddd, J-13.0, 3.5, 1.2 Hz), 1.38 (1H. ddq, J=13.3, 6.7, 7.6 Hz), 1.41 (3H. 81, 1.54 (lH, ddq, J=13.3, 6.7, 7.6 
Hz), 1.64 (3H. ddd, J=2.4, 1.8, 1.7 Hz), 1.82 IlH, ddd, J-13.0, 12.5, 5.3 Hz), 1.87 (1H. dddq, J-19.0, 5.2, 5.0, 1.7 Hz), 

2.65 (1H. dddq, J-19.0, 6.7, 2.5, 1.8 Hz), 3.77 (1H. dddd, J=12.5, 6.7, 6.7, 3.5 Hz), 4.31 (1H. dddd, J=6.7, 5.3, 5.2, 1.2 
Hz), 5.76 (18, ddq, J-5.0, 2.5, 2.4 Hz). 13C NWR 6 9.38, 18.53. 24.68, 29.39, 30.35, 36.13, 66.56, 68.97, 95.33, 123.35, 
132.93. GW (Yanaco GleO; Column. PEGZOM, 50 m x 0.25 mm at 110°8 Carrier gas, N2, 50 ml/min, 1.0 kg/cm2) Rt 11.3 min 
(loo rn). MS: m/z IS2 CM+, 46 8). 112 (25 W, 111 (38 a), 110 (40 e), 109 W30 W, 107 (20 W, 93 (36 a), 85 (74 %I, 83 (22 
8). 81 (37 W,-7< (22 %), 67 (27 %I, 59 (32 a), 57 (43 %). (Found MS: m_/z 182.1290 (N+). Calc for CllHlS02: 182.1307). 
Its 'H and 13C NHR spectra were identical with those of the "atural prcduct2 Its NS was also in accord with that of the 
"atural p-oduct.2 IXIe to the volatility of the material, the correct am!kustion aMlysis of (l&35.55)-3 could not be 
obtained. 

~1S.3R,5S,6S~-l,S-Di~ethyl-3-ethyl-2,9-dioxabicyclo~3~lnm-7-andal (1~.3&5g,6s_)-16a'. In the same m-r am des- 

cribed for the prepxaticm of (1&3S_,s6R)-lQ, Cls,uLss)-2' (a310 9, 1.58 mmol) yielded (1~,3R+SS,6S)-lQ' (a308 g, 98 -- 
0). 43 1.47928 [aIs -45.3O (c=1.20, CSK13). 

-- --- 

50 ml/min, 1.2 kg/cm21 Rt 22.3 min (100 0). 
c;u3 Wanam GlSO~ Column, PK+2ON, 50 m x 0.25 mm at 1fW; Carrier gas, N2, 
Its IR arrl NNR spectra were identical with those of (1!3L3s_,5&6+16m. 
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(1S,3R,5S,6S)-O-1,S-Dimethyl-3-ethyl-Z,~iaxabiclo~~~l~-7-end-~l S-methyl dithioca&aba te (1~,3&5+'+-16b'. In 
thesame manner aa described for the pPXatim of (14~,5$6R_)-Mb, (1~,3&5g,6s_)-16a' (0.305 9, 1.54 mmol) yielded 
(1~,3l&5g,q)-lw Co.350 9, 79 0). I# 1.5428; rdp +335~ (FO.65. CI!C13h HPIL! analysis [under the same caditicn for 

the analysis of (lE,3&5&6R)-16bl Rt 26.1 min (98.5 %L Its IR and NMR spectra were identical with those of 

(1R_,3g,5FJ,6pls3. 
~1S,3R,5R~-l,S-Dimethyl-3-ethyl-2,9dioxabicyclo~3~~Imn-7ana @,3R,5R)-3'. In the same manner as described for the 

lrelxration of (l&3s.5s_)-3, (lS.?J&5+6+_)-16b' (OZ.23 9, l.l2 mmol) yielded @,3&5R_)-3 (O_lO5 g, 52 a). Ttw analytical 

aample WEB distilled in the p-e- of M@, hp 75'(bati temp)/l&-l.7 mrr$ J4 l.4616, [a]s4 -1lOO (c666, cHc13)$ CD 

(c=O.O44, Etai) AE +4.2 (202 nm). GUZ (Yanacu G-lS0; Column, pEc_2OM, 50 m x 0.25 mm at llO'# Carrier gas, N2, 50 ml/min, 

0.95 kg/cm2) Rt 16.4 min (100 Q). (Found NS: z/s 182.1313 (M+l. Calc for CllH18C12: 182.13071. Its IR, NMR and mass 

spectra were identical with those of (l&3s.E_)-3. Llre to the volatility of the material, the correct combustion analysie 

of (1~,3&5~)-3' mid not be obtained. 
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