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Sunmku~y (-)-ZS,SRS-1 and (-)-%,SS-2 ahe ob.&z&ed Qwm S-&h@ .&z&o.& 2 and ti& abbo.&&e con- 

@guh&ion A .&A cl&e&y com&a.ied. Accwrate enantiomehic compodtiond 06 timedi- 

ates and ph0clucR6 W~JL~ measured by comp&xation gti clvlomatogmphy on nick&-, and man- 

guntic-b&3-hep.&z@uo~bua@ykZ-IR-comphotrate, 2. lt cou.FA bc con&.&&y e&abk%hed - 

that the bynthe&.b pmcecd ulith a hLgh degtree 06 pesmvation 06 con6~guhaSon. 

E,Z-Mixtures of the methyl-1.6-dioxaspiroD.5ldecanes J_ and 2 have been identified in the 

Pheromone bouquet of workers of the comnon wasp PahavebpuCa vu&a&& il.1 by FRANCKE et aL'. 

The diastereomers of 1 and 1 are chiral. The importance of molecular ccnfiguration - including 

optical isomerism - 2 in pheromone perception is now well appreciated . We have recently carried 

out the first quantitative enantiomer resolution of the spiroketal pheromone 2-ethyl-1.6-dioxa- 

spiro[4.4]nonane by complexation gas chromatography on an opticall; active metal chelate 3. The 

method is well suited to determine exact enantiomeric compositions of natural and synthetic ma- 

terial since only minute amounts of unpurified and underivatized sample are required for analysis 

vLa head-space technique. Here we wish to report on the quantitative analytical enantiomer reso- 

lution of the diastereomers of 1 and 2 and on the synthesis and configurational composition of 

optically active 2S,5RS-1 and 7S,SS-2 obtained from the comnon precursor S-ethyl lactate 3. 

E (ZS,SR) 1 z (2S,5Sl 

E (7S,SS) 2 Z (?'S,SRI 

We previously proved 3a that alkylation 4 of a-acetyl-y-butyrolactone dianion 5 with chiral 

oxiranes to yield 2-alkyl-1.6-dioxaspiro[4.4jnonanes act. to MORl et uL. 4 is not accompanied by 

racemization. Therefore, ZS-1 has been prepared by alkylation of a-acetyl-S-valerolactone 6 di- 

anion, 8, with S-methyl oxirane, 1, obtained from S-ethyl lactate, 4 (ee 97.6% 7I LSchme I). 

The enantiomeric pairs of racemic E- and Z-1 can be quantitatively resolved by complexation 

chromatography on manganese-b&is-3-heptafluorobutyryl-lR-camphorate ?a in squalane (Fig. I, top). 
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In the chromatogram of optically active B-labeled 1 (Fig. I, middee) the central peaks have 

vanished to an extent of 2.4% (FQ. Z), thus establishing an enantiomeric purity of ee 95.2% 

for E,Z-U-l_. The enantiomeric purity of the intermediate S-methyl oxirane 7 has been determined 

on the chiral phase lR-zb to ee 95.9%. Thus, the exact data (2 0.5%) obtained for enantiomeric 

compositions by glc clearly show that the overall synthesis starting from S-Q (ee 97.6% 7, pro- 

ceeds with a high degree of preservation of configuration. 

For peak assignment the U-labeled E,Z-diastereomers of 1 were quantitatively separated by 
8 preparative glc . The first fraction proved identical with that of the first eluting major iso- 

mer (65%) in F4. 1, middee. From its iH-nmr it is assigned E configuration based on the observa- 

tion of a greater downfield shift of the CH, resonances with the paramagnetic complexing agent 

Eul@U,, as compared to that for the sterically more hindered minor isomer Z (35%). This conclu- 

sion is confirmed .by a recent nmr assignment given by FRANCKE QX &.'. Thus, the order of peak 

emergence of 1 on IR-?a is E(ZS,SR< ZR,SSJ~Z(ZR,SR~ZS,SS). The separated diastereomers E,Z- 

‘ZS-l_ undergo epimerization at 5°C (neat) within a few days. Monitoring the altering configura- 

tional composition of ElZS,SR)-1 by complexation chromatography on IR-$I (Fig. I, botiom) showed 

that racemization occured solely at the Spiro center of chirality - as expected. 

For the synthesis of 7.S2 it was considered useful to start from the same 'chiral pool', i.e. 

from S-ethyl lactate, 4. Act. to Scheme 1 4 (ee 97.6% 7, has been transferred uti chain extension 

to ethyl S-3_hydroxybutanoate, 10 lo, 
- 

which after protection, LAH reduction and tosylation was - 
cyclisized to S-2-methyl oxetane, 12. From its enantiomeric purity, determined on IR-3a, it can - 
be concluded that the key-intermediate S-10 had at least the same purity, i.e., ee 95.1% 11 . - 
Only low chemical yields of ?S-1 were observed upon alkylation of a-acetyl-y-butyrolactone 6 di- 

anion 5 14 with either S-methyl oxetane 12 or with the tosylate S-2, however, 34% of 7S-1 were - - 
obtained upon alkylation of 14 with R-protected S-1-iodo-3-hydroxybutane 13 1Scheme I). - - 

Racemic 2 may be resolved on the chiral phase IR-awith some difficulty in 65 h lFQ.3, top). 

Only one enantiomeric pair is observed. The same chromatogram is obtained for 2 prepared by the 

.i.nvehse route, i.e., upon alkylation of a-acetyl-y-methyl-&valerolactone 
12 dianion 5, 15 with -' 

R-protected I-hydroxy-2-iodoethane, 16 (Scheme I). Obviously, only one diastereomer is formed - 
during both reactions and/or is stable at ambient conditions. This observation may be rationali- 

zed by a strong conformational stabilization of the E configuration in which the methyl group 

attains an equatorial position whereas the oxygen atom of the neighboring ring occupies an axial 

site (anomti cd&&). Very recently, FRANCKE et &. ' using a different synthetic route for 

racemic 2 also observed the preferential formation of one diastereomer which was assigned E by 

nmr evidence. However, small amounts of Z isomer, detected by glc-ms, were also reported. 

In the chromatogram of optically active 7-S-z (Fig. 3, botiom) again only one diastereomer is 

observed. Its absolute configuration is assigned E(irS,SSl and its enantiomeric Purity is ee 

>95% (F4. 3, botiom). By comparison with ee of the side-product S-2-methyl oxetane (ee 95.1%) 

and of the starting material S-ethyl lactate (ee 97.6% 7, it can be concluded that alkylation of 

14 byS-13 does not lead to racemization within experimental error (+ 1.0%). - 
For the synthesis of the antipodes ‘ZR-1 and 7R-1 the precursor R-7 may be Conveniently ob- 

tained from S-alanine 13 and R-13 from ZR,3R-allothreonine 
10 , respectively. -- 
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F.ig. 2. Determination of ee of ZS,5R-1 
[Conditionb bee F.Q. 1.) - 
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!Lg. 1. Enantiomer resolution of 1 on 3 (0.13 m 
in squalane) at 50°C (160 m x 0.4-tm~ sTainless 
steel capillary, split: 1:50, 1.7 cc N,/min) 

.1 fl 

racemic mixture of E- and Z-l 
~d.G?~ optically active E- and Z-ZSrl 

resolution of 1 on 2 (0.13 F$. 3. Enxmer 

botiom: ZS,SR-1 (prep glc) after epim&ization 
m in squalane) at 3O'C (Cohn bee F.Lg. 1.1 
tip: racemic E-Z h%m: optically active 

Peak assignmenx: a ZS,SR b ZR,SS c ZR,SR d ZS,SS E-?S-2. Peak aszignment: a TR,SR b 7S,5S 
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Expehimeti 

Preparation of ZS,SRS-1: I.29 (20 mmol) S-methyl oxirane (ee 95.9%) prepared 13'14 from S-ethyl 

lactate (ee 97.6%7) was reacted4 with the dianion of 3g (20 mmol) a-acetyl-6-valerolactone6 to 

yield 0.89 (26%) ZS,SRS-1 (bp 100°C/60mm) ee 95.2% (E isomer) Ial~"=-10.2" (E=65%,2=35%), ldm 

c=3, MeOH). MS15: M+ 156715%) 141(6%) 128(7%) 117(17%) 116(14%) lOl(lUO%) 98(50%) 83(42%), 

13C-NMR (CHC~,):105.2,105.1,76.1,73.8,61.4,38.8,37.6,34.1,31.3,25.3,25.2,23.6,21.~,20.2 ppm. 

Preparation of ?S,SS-1: 9.39 (70 mmol) ethyl S-3-hydroxybutanoate[alD 20=41.70(c=l, CHCl,)o;'= 

16.6"(neat)" prepared from S-ethyl lactate" (ee 97.6%7) was protectedI with 3Occ EtOCH=CH,/ 

2cc CF,COOH (18h,-3°C) to give 13.39 (93%) acetal (bp 94'C/l2mn). 12.59 (61 mmol) acetal was re- 

duced with 2.79 LAH in 2OOcc Et,0 (5h,33'C) to yield 8.79 (88%) alcohol (bp 59'C,O.7mm) which 

was treated with IO.29 TsCl in 35cc Pyr/60cc CH,Cl, (12h,-IO" to 22°C) to give 149 (83%) S-l!. 

This was converted in the dark with 149 NaI in acetone (18h, 40"C)14 to 9.89 (81%) S-13 (bp-41' 

c, 0.05m) [al;‘- 
- 

-42.8" (c=l, CHCl,) o~0=57.10(neat). 9.89 (36 mmol) S-1Qwas reacted4 with the 

dianion of 4.89 (38 mmol) n-acetyl-y-butyrolactone6. The mixture was hydrolized (IOcc HCl) and 

decarboxylated (8Occ THF/POcc dil HCl) to give 2g (34%) ?S,SS-2 (bp 6O"C/13mn) ee795%Iol$I-67.0" 

(c=3, ldm, MeOH) oE0=-78.20(neat). MS 15: 156(9%) 115(11%) 112(20%) 97(26%) 87(100%) 84(b7%), 

13C-NMR (CUCC,): 105.8,66.5,37.8,32.5,23.6,21.8,20.3 pyum. 
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