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Abstract: The @icient conversion of 5-ethoxy~-p-tolylsulphonybnethyl-exo-lO-oxatricyclo[S2.1 .ds6]deca- 

4,8-dien-3-one 6 into a diastereomeric mixture of the (-)menthyl ethers, 9a and 9b, is &scribed. Separation of 

these ethers, followed by redaction with DIBAL and trans-ethert@cation with NaOMe affords the enantio- 

merically pure methoxymethyl substituted IO-oxatricycloa’ecadienones (+)I4 and (-)14. These tricyclodeca- 

dienones are enantiospect~cally converted into the cyclopentadienone epoxides (-)16 and (+)16, respectively, by 

successive alkaline epoxidation and Flash Vacuum Thermolysis. The absolute configurations of all compounds, 

from 9a, 9b up to (-)16, (+)16 were established by means of X-Ray dSgraction analyses. 

Introduction 

Tricyclodecadienones 1 (X = CH,, 0) can be employed as versatile substrates for the synthesis of 

functionalized cyclopentenones. Conjugate addition to their enone moiety, followed by electrophilic substitution 

and appropriate functional group transformations, allows the introduction of various functional groups. The 

resulting tricyclodecenones 2 (X = CH,, 0) can subsequently be converted into the desired cyclopentenones 3 by 

a thermal [4+2] cycloreversion l**. This reaction sequence, which is su mmarized in Scheme 1, constitutes a 

Scheme I 
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stereoselective synthetic method for the preparation of cyclopentenoids 3, since both the formation of 2 from 1 

and the thermal cycloreversion to 3 proceed in a stereoconttolled manner. Control of stereochemistry during the 

formation of 2 is associated with the tricyclic structure of the substrate, which enforces reactants to enter 

exclusively from the least hindered exo-face of the molecule 13. The stemospecifity of the cycloreversion is 
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inherent to the mchanism of the mtro-Diels-Alder reaction. The effectiveness of the sequence is demonstrated 

by our syntheses of the naturally occurring cyclopentenoids: terrein, pentenomycin. epi-pentenomycins and 

sarkomycins*. 

In order to extend the scope of thii method to enantioselective syntheses, several ways to obtain 

enantiomerically pure tricyclodecadienones 1 were investigated. We previously reported3 the efficient separation 

of the tricyclic ester 4 by enantioselcctive enzymatic hydrolysis using pig liver esterase. Both enantiomers, (+)4 

and (-)4, were obtained in high optical and chemical yield and various optically pure cyclopentenones have since 

(+I 4 (_)4 5 

been prepared4 from these esters, using the strategy given in Scheme 1. In this paper the attention is focused on 

the optical resolution of furan derived tricyclodecadienones 1 (X = 0). As has recently been reported 5*6, these 

lo-oxatricyclodecadienones are excellent precursors for cyclopentadienone epoxides 5, which are of interest for 

the preparation of highly oxygenated cyclopentenoid natural ptud~ct.@~~. In our synthesis of functional&d 

cylopentadienone epoxides an essential role is played by sulphone 6. This sulphone, which is readily available 

from the Diels Al&r adduct of furan and cyclopentene- 1,4dione, owes its versatility as synthon primarily to its 

special behaviour towards nucleophilic reagents 5*7. On treatment with sodium alcoholates it undergoes a facile 

displacement of the tosyl group resulting in the formation of tricyclic ethers 7s. These ethers, in turn, can 

8 9&b A’ - (-) mnlhyi 

efficiently be transformed into alkoxymethyl substituted cyclopentadienone epoxides 8, successively by a metal 

hydride reduction5, an alkaline epoxidation and a thettnal cycloreversion6. 

The displacement of the tosyl group in 6 by a&oxides offers an interesting possibility to achieve the 

desired optical resolution of the IO-oxauicyclodecadienone system If in this displacement reaction optically 

pure alcoholates are employed, a mixture of diastereomeric ethers will be obtained. Separation of the 

diastemomers and subsequent removal of the chiral auxiliary should then eventually lead to enantiomerically 

pure cyclopentadienone epoxides. 

The preparation and separation of a diastemomeric mixture of menthyl ethers 9a,b and the subsequent 

transformation into enantiomerically pure products is presented in this report The enantioselective synthesis of 

functionalized cyclopentenoids will be illustrated by the preparation of enantiomerically pure 8 (R = Me). 

Furthermore, the absolute configuration of the diastereomers 9a and 9b and their respective derivatives will be 

elucidated. 
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Results and Diiion 

Synthesis and separation of the menthyl ethers !&I and 9b. 

The formation of the tricyclic ethers 7 l?om sulphone 6 on treatment with sodium alcoholate, pmceeds 

via two consecutive SN2’ mactions5. The fit one involves the substitution of the allylic tosyl group by attack of 

the alcoholate at C-5 of sulphone 6. This leads to a reactive intermediate 10, which then reacts with a second 

alcoholate molecule at the exo-cyclic methylene carbon in an SN~’ fashion to give compound 7 (Scheme 2). 

Scheme 2 

6 10 7 

The experimental procedure for the preparation of 9a,b involving reaction of sulphone 6 with cu. 1.5 

equiv. of sodium (-)mentholate. at ambient temperature in a solution in DMF to which an extra equivalent of 

(-)menthol was added resulted in a smooth conversion in the menthyl ethers 9a,b in 8590% yield. The extra 

amount of (-)menthol was essential (if omitted, considerable degradation and low and irreproducable yields, 

-15-408, were obtained), probably because interfering deprotonation reactions either at C-2 or C-6 of substrate 

and products, which may lead to 8-elimination of the IO-oxa bridge8sg, are suppressed. 

After some experimentation, it was found that one of the diastereomers. 9a (mp 127-128Y!), could be 

obtained in pure form by one single crystallization from hexaneethyl acetate (5: 1). The efficiency of this 

crystallization averaged around 50-55%, implying an absolute yield of cu. 27%. The mother liquor gave, on 

careful chromatography, the other diastemomer, 9b (mp 94.5-96.5Q in cu. 15% absolute yield (cu. 30% 

efficiency). No further efforts were made to separate the residual mixture of diastereomers. 

9a 

mp 127-126% 

[ a ID’ = -71 So (c = 0.6; Cl-K&J 

9b 

R’ = (-) menthyl mp 94.5-96.5% 

Iak? = -72.8’ (c = 0.6; CHCQ 

The strwtunx of both diastereomers were secured by IR. ‘H-NMR and mass spectra. The IR and mass 

spectra of 9a and 9b are nearly identical. The same holds for the majority of their ‘H-NMR resonances. Only the 

resonance pattern of the C&O-(-)menthyl protons differs distinctly. These protons appear as an AB quartet at 

8 5 4.17 ppm. The size and shape of these quartets are characteristic for the particular diastereomer and can be 

used for a rapid identification. 
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An attempt to establish the absolute configuration of 9a by means of an X-Ray analysis failed as no 

suitable single crystal could be obtained. Fortunately, X-Ray analyses of derivatives of diastenomtr 9b could be. 

made (vi& it@+ These revealed the absolute configuration of 9b and indirectly also that of 9a. 

Removal of the methyl group. Conversion of the menthyl ethers 9a and 9b into enantiomericalty pure methyl 

ethers (+)14 and (-)14. 

In connection with the enantioselective synthesis of epi-pentenomycins2aa, the ternoval of the chit-al 

auxiliary using a displacement of the menthyl group by a methyl group was considered. Previous observatiotuCr 

that alkoxide exchange reactions of the tricyclic ethers 7 (R = Me, Et) were accompanied by substantial 

deterioration (yields 5 5%), suggest that the menthyl ethers 9a.9b may not be suitable substrates for such a 

displacement reaction. It was therefore decided to subject the menthyl ethers 9a. 9b tirst to a reduction and 

subsequent hydrolysis and then to attempt the trans-etheriflcation reaction. 

Reduction of 9a and 9b with DIBAL, followed by acidic work-up, afforded the ethers lla and lib. 

respectively, in quantitative yield The applied procedure was identical to that of the DIBAL reductions of the 

analogous compounds 7 (R = Me, Et, iPry. The DIBAL reduction of 9a,b proceeds via a highly selective (1.2) 

hydride addition to the enone moiety and subsequent acid hydrolysis of the resulting 7-hydroxycnolether. The 

(1.2) selectivity of the reduction step is absolutely essential for the conservation of chiral integrity, since (1.4) 

hydride addition followed by elimination of the ethoxy group wilI lead to the other diastemomer (Scheme 3) and, 

Scheme 3 
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in consequence, will produce the opposite enantiomer after displacement of the menthyl group. If both routes 

would take place, racemisation would occur. Although DIBAL is known to reduce a&unsaturated enones 

preferentially in a (12) fashionlO*ll. it is not trivial that this DIBAL reduction of 9a and 9b proceeds with 

complete regiocontrol. Our work5 and that of other@ reveals that &alkoxycnones sometimes also undergo (1.4) 

reduction on treatment with DIBAL. For example, when excess of DIBAL was applied in the reduction of 

sulphone 6, a by-product 12 (X = Tos) was obtained, which is indicative of a (1.4) reduction. The formation of 

this product also shows that enone 13, if initially formed as a result of (1.4) reduction, will be converted in situ 

into 12 (X = Tos) by a selective (1.2) reduction (compare nf 12). Since similar by-products, 12 (X = OAlkyl), 
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were neither observed in tlte DIBAL reductions of 7 (R = Me, Bt, iPr), nor in that of 9a and 9b, we may conclude 

that during the conversion of 9 into 11 the chiral integrity is not endangered by the reduction with DIBAL. The 

(1,4) DIBAL reduction is apparently restricted to sulphone 6. 

0 

12 13 

The menthyl ethers lla and llb display nearly identical ‘H-NMR and IR spectra, which are entirely 

consistent with their structures. The individual diastemomers could not be separated by chromatographic 

techniques. Attempts to separate them by crystallization also failed, blocking resolution of the lO-oxatricyclo- 

decadienone system in this stage. The pure diastereomers lla and llb, obtained i?om the respective diastereo- 

mers 9a and 9b, differ considerably in their crystallizability. Whereas diastereomer lla. derived from 9a (trip 

127-128V). is isolated as a solid (mp 11 l-l 13V.J). the other one, llb, is obtained as a viscous oil, which partial- 

ly crystallizes on standing in the refrigerator. Their diastereomeric purity was confirmed by their conversion into 

optically pure (+)14 and (-)14 (vide infru). The absolute configurations of lla and llb, as given in Scheme 3, 

was established by X-Ray diffraction analyses of derivatives of llb (vi& i&z). 

The trans-etherification of lla and llb was fust tested on the diastereomeric mixture 1la.b. Heating of 

this mixture under reflux in methanol with cu. 3 equiv. of sodium methanolate gave 14 in only 23% yield. 

Application of a smaller amount (1.4 equiv) of methanolate led to a substantial improvement in yield (53%). The 

‘H-NMR analysis of 14 using optical shift reagent Eu(hfc)313 revealed a downfield shift for all the resonances 

and a prominent 1: 1 splitting of the methyl singlet of the methoxymethyl group, which was suitable for a fast and 

accurate determination of the optical purity. Treatment of diastereomerically pure lla with sodium metboxide 

under the above optimal conditions afforded enantiomerically pure (+)14. No trace of the other enantiomer was ’ 

observed in the ‘H-NMR spectrum of the crude product upon analysis with Eu(hfch. This confirmed the 

enantiomeric purity of the product and also the diastereomeric purity of the substrate. The antipode, (-)14, was 

similarly prepared from llb. It was, however, also possible and in fact much easier, to obtain (-)14 by 

methanolysis of partially resolved 11. enriched in llb. Such a sample was obtained by DIBAL reduction of the 

mother liquor, that had been retained from the first resolving crystallization of 9a,b (vi& mpra). Methanolysis 

of this partially resolved 11 resulted in an enantiomeric mixture enriched in (-)14. ‘H-NMR analysis of this 

mixture with Eu(hfch revealed an enantiomeric ratio (-)14:(+)14 = 3:l. Crystallization of this material from 

hexane gave enantiomerically pure (-)14. This finding demonstrates that maximum diasteromeric purity of the 

key menthyl ethers, 9a and 9b, is not an absolute prerequisite to obtain the methyl ethers 14 in an 

enantiomerically pure state14. Crystals of (-)14 were subjected to an X-Ray diffraction analysis to establish the 

absolute structure of this compound (vi& infru). 

Preparation of (+)4J-epoxy-5-(methoxymethyl)-cyclopentenone. 

The next step in the sequence aiming at optically pure epi-pentenomycins involves the conversion of both 

antipodes of 14 into optically pure 4,5epoxy-5-(methoxymethyl)-cyclopentenone 8 (R = Me). This transforma- 

tion requires an alkaline epoxidation and a subsequent thermal cyclomversion, as shown in Scheme 4 for (-)14. 



4288 A. A. M. HOUWEN-Cm et al. 

Both reactions have Icrrntly6 been described for racemic 14. Therefore, the discussion will hate be confined to 

the optical purity of the respective products. 

Scheme 4 

(_I14 

mp 104-106.5% 

I%* - -78.4” (c - 0.55; CHCS) 

(-115 (+I16 

mp 56-59’C oil 

Ial? - -234’ (c - 0.53; CHCI~ [alo= - +3W (c - 0.7; WCS) 

The alkaline epoxidation of (-)I4 afforded (-)15 as a white solid in nearly quantitative yield No trace of 

the antipode (+)W was detected in the ‘H-NMR spectrum of the crude product. Crystallization from hexane- 

ethyl acetate provided analytically pure (-)15 as tine needles, which were subjected to an X-Ray ditktction 

analysis. This structure determination confirmed the general structure of (-)lS, in particular, the position of the 

epoxide ring at the least hindered exo-face of the molecule. wtti to the oxa-bridge6. The absolute configuration of 

(-)U could be established to a very high confidence level. Nevertheless, because of the rather poor quality of the 

crystals it was not sure that the assumption of a Gaussian error distribution was correct. Therefore. also crystals 

of its precursor (-)14 were subjected to an X-Ray diffraction analysis. Although this X-ray analysis was also 

hampered by decomposition of the crystals during the measmemenu, the quality of the data was now sufficient 

to allow the determination of the absolute configuration with a very high confidence level. The result for (-)14 

confirms the result for (-)U. The &finite assignments of the absolute structmes of (-)14 and (-)U are shown in 

the Figures 1 and 2, respectively. The absolute structmes of the preceding menthyl ethers 9b and lib and, in 

. 
Figure 1 Figure2 

(-)I4 

consequence. also those of the comsponding diastercomrs 9a and lla can now readily be derived. They a~ 

incorporated in the respective structures given in the above Schemes. 

The thermal cycloreversion of (-)15, which was carried out under Flash Vacuum conditions, afforded 

(+)16. as an oil, in 68% yield. Again no trace of the antipode (-)16 was observed in the ‘H-NMR spectrum of 

this product. This confirms the stereochemical integrity of the thermal cycloreversion. The absolute 

configuration of (+)16, as shown in Scheme 4, follows from the absolute structun~ of its precursor (-)lS. 
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Conversion of (+)16 into an enantiomericallly pwe epi-pentenomycin. 

As stated in the introduction, cyclopentadienone epoxides may be useful synthons for the preparation of 

highly oxygenated cyclopentenoids, e.g. epi-pentenomycin, 17. The transdiol moiety of 17 can tetm- 

synthetically be regarded as an epoxide ring and accordingly cyclopentadienone epoxide 16 may be a suitable 

precursor for this compound, provided that its epoxide ring can be hydrolyzed in tram+fashion. As has been 

a I r~ 

0 
C&OH 

17 

demonstrated6 previously, this tram-opening of the epoxide ring can be achieved by an acid catalyzed hydrolysis 

and the resulting epi-pentenomycin analogue 18 can conveniently be characterized as its diacetate 19 

(Scheme 5). When homochiral(+)16 was subjected to this acid hydrolysis and subsequent acylation, optically 

Scheme 5 

OH 

He0 I H+ 
b I d “UIOH 

0 
CH20k 

(+W (+ or -)19 (+)I9 

active 19 was obtained. ‘H-NMR analysis of this product with Eu(hf~& unequivocally established its 

enantiomeric purity. Similar to racemic 19, a downfield shift for all the resonances was found, however, in 

contrast to racemic 19 here no splitting of the singlets of the methyl groups of the acetate moieties and the 

methylene protons of the methoxymethyl group was observed. This implies that the acid catalyxed epoxide ring 

opening of 16 to give 18 is a stereo- as well as a regio-specific process and, that under the conditions of the 

acylation neither epimerization nor racemization takes place. Despite repeated chromatography the preparation 

of an analytically pure sample failed. The actual specific rotation of (+)19 will probably be cu. 5“ higher than the 

measured optical rotation of the material obtained: +W (~0.32; chloroform) (see experimental section). A 

conclusion about the precise site of the epoxide ring opening, being either C-4 or C-5, can in this stage not be 

drawn. Evidence, obtained later, indicating that the epoxide ring of 16 under acidic conditions opens 

regiospecifically at C-4, is presented in a separate paper Is. The implication of this regiochemistry for the 

absolute structure of (+)19 is included in Scheme 5. 

Concluding remarks 

The results presented in this paper demonstrate that the conversion of sulphone 6 into the menthyl ethers 

9a,9b gives access to homochiral IO-oxatricyclodecadienones, which enantioselectively can be transformed into 

enantiomerically pure cyclopentenoids. 
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Experimental section 

General remarks 
Melting points were measured with a Reichert Thermopan microscope and am uncorrected. IR spectra 

were taken on a Perkin Elmer 298 infrared spectmphotometer. ‘H-NMR spectra were recorded on a Varian 
EM-390 or a Bmker WH-90 spectrometer, using TMS as internal standard. For mass spectra a Varian SM-1B or 
a double focussing VG 707OE mass spectrometer was used. Flash column chromatography was carried out at a 
pressure of ccl 1.5 bar, a column length of co 15 cm and a column diameter of l-4 cm. using Merck Kieselgel60 
H or Merck Aluminium Oxid 150 neutral (Typ T). For preparative TLC pmcoated Kieselgel plates Merck 
64lF254 were used. All solvents used were dried and distilled by standard procedures. The data for the X-ray 
crystal structure analyses were collected for (-)15 on a Picker-four circle diffractometer with MoKa radiation 
and for (-)ll on an Enraf-Nonius CAD4 diffractometer with Cu-Ka radiation. Standard experimental details and 
methods for structure solution and refinement are given elsewhem16. The structures wem solved by the 
MULTAN direct method. 

5-ethoxv4-~-Jmenthvlontmethvl-ex~lO-oxam’cvclolS.2.1.~~6l&ca 4,8-dien-3-one (9a.b). 
A solution of sodium (-hnentholate in DMF” (4.5 ml; ca. 2M) was added to a solution of sulphone ti5 

(1.8 g; 5.0 mmol) and (-)menthol(801 mg; 5.1 mmol) in dichlommethane (70 ml). The resulting mixture was 
stirred for 1 hr at room temperature. Then sat NH&&q was added (50 ml) and stirring was continued for a few 
min. The mixture was filtered and the organic phase was washed with water (1x50 ml). The combii aqueous 
layers were extracted with dichloromethsne (4x50 ml). The organic extracts were dried (MgSO4). filtered and 
evaporated. The residue (4.2 g) was purified by flash chromatography (SiO exane-ethyl acetate mixtums 
ranging from 3:l to 1:l) affording 1.6 g (88%) of 9a,b as a pale tinted soli d? Subsequent crystallization from 
hexanecthyl acetate (5:l; ca. 15 ml) gave 480 mg (26% absolute yield; 53% efficiency) of analytically and 
diastereometically pure ~2R.6SJ-5-ethoxv4-~-J~~h~loxvmethvl-lO-o~i~c~l5~.1 .tibl deca-4.8~dien-3-one 
0. white platelets, ~LQ: 127-128oc. [a] G -71.5“ (~0.6; chloroform). B(KBr) v : 2955,2920.2870,1685 
(GO), 1618(C=COEt), 1382.1352,132$1085,1015 cm-‘. ‘H-NMR(CDCl,) 8: 0.~(3H.d.J=7Hz$H~), 0.86 
(3H,d,J=7Hz$Hs), 0.91(3H,d,J=6HzQI~). 0.69-1.07(3H,m)/l.07-1.79(4H,m), 1.42(3H,t,J=7Hz,OCH&I-II-I), 
2.00-2.38(2H.m). 2.53(1H,d,J =6Hz;Hd, 2.77(1H,d,J 
4.25/4.38(2H,AB ,.I 

=6Hz&), 3.lO(lH,dt,J=4HzJ=lOHz), 3.98/4.1U 

6.45(2H,s;Hp 
=l lHz;&I 0(-)menthyl), 4.58(2~,q.J=7Hz;OCHHCH$, 4.94(1H,s)/5.04(1H.s)(H ,H7), 

I-? 
)!h&EI) m/e&$ 360(10;M+), 292(32;-furan). 204(23;-menthol), 176(16;-menthol.-Cd), 156 

(88;menthol ). 55(23), 154(52). 138(100), 137(86), 125(17), 110(21), 109(85). 83(15), 81(14). 69(15). 68(14; 
furan+). (Found: C 72.96, H 8.91. Calc. for &H3204: C 73.30. H 8.95%) 

Careful flash chmmatography of the mother hquor ((SiO 
f 

exanecthyl acetate (3:l)). followed by 
crystallization of the first fraction from hexanecthyl acetate (5:l afforded in co. 15% absolute yield (30% 
efficiency) ~2S,6RJ-5-ethoxv4-~-Jmenthvloxvmerhvl-lO-o~t~~clol5.2.1 .@fildeca4.8-di en-3-one (9bl 
glittering white needlets, Q: 94.5-96.5OC. [a] G -72.8O (c&.6; chloroform). IRRKBr) v : 2980.2925. 
169O(C=O), 1618(C=COEt). 1378,1328,104~1018,872.722,705 cm-‘. ‘H-NMR(CD@ 6: 0.70(3H.d,J=7Hz, 
CH ), 0.89(3H,d,J=7Hz$H3), 0.90(3H.dJ=6Hz;CI-I ), 0.64-1.09(3H,m)/l.O9-1.80(4Hm), 140(3H,t,J=7Hz; 
OCk CH ) 1 962.33(2H m) 2.52(1H d,J -6Hz$-?~ 2.75(1H,d.J 
4.02/~.1~4:17/4.31(2H,AB j 

=6Hr 
=12H;C#&-)men&yl) 4 39-4.7gbH AB s ‘multip1et.J 

=7H&CH CH ) %&lH&.O$H s)(H ,H,) ‘6.‘43(2H sHs,i$,) 
Y! 

) 3 05(lH,dt.J=Wz,J=lOHz), 

J =J MS(EI) m/e(&?~tigmen- 
&!onEttem as 9a?~o&l: C 73.02. H 9.00. dale. tbr &H3204: C73.30, H-546.) 

4-(-Jmenthvlo~thyluxo-IO-oxatri~clolS.2.I.~bl&ca-4.8-dien-3-one (1la.b). 
A solution of Di-iso-Butyl Aluminium Hydride (DIBAL) in hexane (ca. 3 ml; 1 M) was added to a 

solution of 9a,b (509 mg; 1.4 mmol) in dry benzene (25 ml), under nitrogen and cooled on ice. The resulting 
mixture was stirred for 30 min at 0°C and was then allowed to warm up to room temperature. Stirring was 
continued for 1 hr. Ether (40 ml) and 3% HCl(20 ml) were added and the resulting two phase system was stirred 
vigorously for 1 hr. The aqueous layer was separated and extracted with ether (3x40 ml). The combined organic 
layers were washed with water (3x20 ml), dried (MgSO,), filtered and evaporated. The residue was purified by 
flash chromatography (SiO 
In the ‘H-NMR spectrum o $ 

exaneethyl acetate (3: 1)) to afford 460 mg (100%) of lla,b, as a thick white oil. 
lla,b no distinct resonance pattern, indicative of a mixture of diastereomers. was 

observed. The diastereomers could neither be differentiated on TIC or capillary GC. The ‘H-NMR and IR 
spectra of lla,b were identical to those of lla and llb (vi& infra). 

(2S.6RJ4-i-Jmenrhvloxvmet~l-lO-oxarri~clol5.2.1.~~6ldeca4,8-dien-3-one (Ila). 
The reduction of 9a (853 mg; 2.4 mmol) with DIBAL (3 mmol) was carried out as described for 9a,b 

(see lla,b). This afforded 743 mg of crude lla as a white solid (ca. 100% yield). An analytically pure sample 
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was obtained by flash chromatography (SiOz/hexane-ethyl acetate (3:2)) and subsequent crystallization from pet. 
eth#@/ether (3:l) and recrystallization from hexane. Q 11 l-l 13°C. B(KBr) v : 3000,2960/2920/2870, 
169O(bmad@O), (162O(w;conj c--C)), 1125/l 115,1082,1052,1010,955,908~870,708 cm-l. 
‘H-NMR(CDCl ) 6: 0.74(3H,d,J=6.41i&H3), 0.86(3H,d,J=6.6Hz$I-I ), 0.89(3H,d,J=6.sHz;CH3), 1.02-1.71 
(7Hm) 198-2.&Hm) 2.44(1H,d.J =4.4Hz,Hz),2.91(lH,m,J =&~HGJ~~=~.~H~;H& 3.11(1H,dtJ=4Hz, 
J=li&) i 91(t)/4 05&i 22(t)/4 38(&H AB systemJ =14HzjJ 6=2Hx,J ,=1.4Hz;CH OG)menthyl), 
4 69(1Hb’s)/4 97ilH br &I-I J-I.) 6 39(~H,dd,J=1.7~=4.8Hx)~.52(1H&,J=1.7Hz,J~.8Hx)(H ,I$), 7.45 
(iH,m J; 6=2 6&H )‘MSd de&): 316(0.12;M+), &8(1X&furan), 1.78(72;-menthene), 160(8+;-menthol), 
132(5j;-menjlol,-C~j,110(24;-menthene,-furan). 94(40), 83(100), 68(17;furan+). (Found: C 75.53, H 8.96. 
Calc. for C&Izs03: C 75.91, H 8.92%.) 

~2R,6S)-4-(-)menthvloxvmethvl-lO-o~i~clo~5~.1 .dfildeca4.8-dien-3-one (Ilb). 
The reduction of 9b (352 mg; 0.98 mmol) with 1.5 mmol of DIBAL, was carried out as described for 

9a,b (see lla,b). After flash chromatography (SiOz/hexane-ethyl acetate (3:2)), 307 mg (99%) of llb was 
obtained, as a colourless oil, which on standing for months in the freezer slowly crystallized. The diasteromeric 
purity of this product was confixmed by its subsequent conversion into enantiomerically pure (-)14. IR(CQ) 

: 2960/2925/2870,1705(C=O), 1118,1090,1050,950,912,875,700/690 cm-‘. ‘H-NMR(CDC1 ) S: 
&&cal to the ‘H-NMR spectrum of 11s. MS(U) m/e(%): 317(24,M+l+), 179(100,-menthene), 16?(31; 
-menthol), 139(7O,menthyl+), 137(46;menthene-l+), 111(66;-furan,-menthene), 83(50), 81(29), 69(36;furan+l+). 
HRMS(CI) m/e: 317.2101 (talc. for C$Iz~03 (M+l): 317.2117). 

Preparation of racemic 14 by trans-etheritication of lla,b. 
A solution of lla,b (405 mg; 1.3 mmol) in methanol (30 ml) was heated under reflux with 1.8 ml of a 1 

M solution of sodium methanolate in methanol. After one hour an extra amount (1.8 mmol) of sodium methano- 
late was added and mflux was continued overnight. The reaction mixture was cooled to room temperature and 
concentrated in vacua. Work-up was carried out as usua15. This afforded 375 mg of a dark coloured oil, 
containing a mixture of (-)menthol and 14 (‘H-NMR data). Flash chromatography (SiO 

Pe 
xane ethyl acetate 

(1: 1)) gave as the first fraction 182 mg of (-)menthol (ca. 92%). The second fraction le t 58 mg (23%) of pure 
14. The spectral data of this material were in full accord with those reported pmviousl$. ‘H-NMR analysis of 
this material with the optical shift reagent Eu(hfch l3 revealed a downfield shift for all the resonances and a 
prominent 1: 1 splitting of the methyl signal of the methoxymethyl group. 

Prevaration of (+)14 from lla. 
A solution of sodium methanolate in methanol (2 ml; ca. 1.7 M) was added to a solution of lla (634 mg; 

2 mmol) in methanol (25 ml). The resulting mixture was heated under reflux for 20 hrs and then worked-up as 
described for racemic 14. The crude product was purified by flash chromatography (SiOflexane-ethyl acetate 
(1:l)). The resulting, not entirely pure (TLC and H-NMR data) (+)14 (yield not determmed) was subsequently 
subjected to preparative TLC (SiOdethyl acetate). This provided 78 mg (20%) of enantiomerically pure (+)14, 
which after two crystallizations (hexane-ether) afforded fine needlets, a: 104-106.5°C18. [a]~~= +77.5’@=0.6; 
chloroform). (Found: C 68.39, H 6.03. Calc. for CllH1203: C 68.74, H 6.2995.) 

Prevaration of (-)14 from Dam*ally resolved 11. 
A mixture of llb and lla (467 mg; 1.4 mmol of substrate, obtained by DIBAL reduction of the mother 

liquor retained after crystallization of 9a,b; main constituent llb) was dissolved in 20 ml of methanol. After the 
addition of 0.5 ml of a 4 M solution of sodium methanolate in methanol the solution was heated under reflux for 
17.5 hrs. Subsequent work-up was carried out as described for racemic 14. Flash chromatography 
(SiOfiexane-ethyl acetate (1:l)) of the crude product afforded 141 mg (52%) of a mixture of (-)14 and (+)14. 
Part of this mixture was crystallized from hexane. The rest was subjected to ‘H-NMR analysis to determine the 
enantiomeric ratio. Treatment of this sample with Eu(hfc) revealed a ratio of 3: 1 f 10%. The crystallized 
material gave optically and analytically pure (-)14, a: 1 &- 106,2°C’8, [a]D22= -78.4O(c=O.55; chloroform). 
(Found: C 68.51, H 6.28. Calc. for CtlH12O3: C 68.74, H 6.29%.) 

The epoxidation of (-)14 (109 mg; 0.57 mmol) was carried out with 35% Hz02 (0.2 ml) and 0.2 N NaOH 
(0.2 ml) in a mixture of dichloromethane (1.5 ml) and methanol (1.5 mml) as described previously6. This 
afforded 120 mg (ca. 100% yield) of crude (-)lS as a white solid. Subsequent crystallization from hexane-ethyl 
acetate gave crystalline (-)lS, as fine needlets, @ 56-59’@9, [a]o’2= -234°(c=0.53; chloroform). Its spectral 
data were entirely identical to those of racemic 15, sported previously6. 
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XRav anaivsis of (-US. 
The crystals arc orthorhombic, space group P2t 2 2, with unit cell a = 5.685(l). 6 = 9.780(3), 

c = 18.157(5) A and Z = 4. The intensity data of 1643 n&ctions were measured (half a sphem up to 8 = 25O), 
with 834 unique reflections of which 486 were observed with I > 3 o(I), = 0.08 for all m&ctions and 

RmeE 0.02 for the ‘observed’ refkctions only. Because of the small number of data mfinement ofthe atomic 
parameters was partly with isotropic and partly with anisotropic temperature factors. The conventio~I 
agreement factor was R = 0.096 for 486 ‘observed’ reflections and 111 variables. The Bijvoet coef&ient for 100 
Friedel pairs was B = 0.38(7), which established the absolute contigmation. Atomic parameters am given in 
Table 2. The molecular configuration and the crystallographic numbering scheme am shown in Figum 2 (see: 
Results and Discussion). 

Table 2. 

Fractional positional and thermal parameters (with esd’s) of (-)l5. 

Atom x 

Cl -0.76q4) 
C2 -0.630(3) 
C3 -0.796(4) 
c4 x).738(3) 
C5 -0.542(3) 
C6 -0.473(3) 
C7 -0.561(3) 
C8 -O&32(6) 
C9 -0.590(4) 
010 -0.8084(27) 
011 -(x4925(27) 
012 -0.963(3) 
Cl3 -0.910(3) 
014 -0.859(3) 
Cl5 -l&23(5) 
l Isouopic tem~alure factors. 

Y 

-0.0959(17) 
-0.2124(20) 
-0.3305(22) 
-0.4566(18) 
-a4059(18) 
-0.2624(18) 
-0.1622(20) 

O.O138&7j 
-0.1512(15) 
-0.494007) 
-0.3305(17) 
-0.5575(16) 
-0.6422(16) 
-0.7475(25) 

z loo uw(A2i2, 

-0.6505(10) 
-0.6802(11) 
-0.7097(12) 
-0.65lqll) 
-0.6043(11) 
-0.6195(9) 
-0.5555(13) 
-0.5897(13) 
-0.6377(14) 
-Os37(8) 
-0.6632(8) 
-0.7420@) 
-0.6399(10) 
-0.5902(s) 
-0.5723(21) 

5.9@) 
6.10. 

6y7), 
5.0(s) 
4.ww 
4.o(w 
7.w 
8.6(12) 
E.o(ll) 
7.3(s)* 

8.W) 
10.0(7) 

430) 
10.20) 
155(16) 
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