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Abstract: An approach is described for the stereospectfb conversbn of threo and erythro 1 ,P-epoxy-3-alkanol tosyiates to cis 
and trans internal epoxktes. mspectively. Ths method ts illustrated by the synthesis of chiral epoxkfes, tnckxiing insect 
pheromones. 

Synthetic chemists face a major challenge in the preparation of chiral compounds having very high optical purity. The need for 

pure enantiomers fs partiwtarty apparent in the field of pheromone chembtry. since insect chemoreceptbn can be highly 

stereosebctive.l,2 Cptiily acttve 2,3-epoxy-l-akamls are common intermediates in the preparatbn of insect pheromones 3 

and may he obtained hy asymmetric epoxkfatiin of allylb abohols or through the Payne rearrangement4 of readily available 1,2- 

epoxy-3-aikanots.6 We report an alternative synthesis of internal epoxldes from 1.2-epoxy+atkanols vh an “atkylative 

rearrangement” of the corresponding ptoluenesulphonate esters. This new route is shorter than the approach using the Payne 

rearrangement and produces epoxides having the opposite ahsotute confiiratiin, as indiied Mow. 
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In the Payne rearrangement, the C-3 alkoxy group intramolecularly attacks the epoxkfe ring at C-2, leading to inversion of 

configuration at this center. Our method utilizes the pmclivfty of terminal epoxides towards nucleophiltc attack at C-l, which is 

also the basis of a stereoselective approach to vkinat diils by regioselective cleavage of 1,2-epoxy-3-alkanols.8 In our approach, 

the hydroxyl at C-3 is converted Into a leaving group (e.g. X = tosylate) prior to nucleophilii attack at C-l. The ring-opened 

intermediate could be isolated, ff possible, or recycllzed in sifu to directly afford the desired product. The proposed alkylative 

epoxide rearrangement differs from the Payne rearrangement in the conflguratiins at C-2 and C-3.7 Hence; the same optically 

active I ,2-epoxy-3-atkanol gives opposite enantbmers.8 

As a test reactant for the proposed alkyhthre rearrangement, epoxy tOSylate 1 was synthesbed from (R)glyceraldehyde 

acetonfde, as shown in Figure 1. When 1 was treated with 1-lithii-1-heptyne and boron trlfluoddediethyl etherate, followed by 

potassium carbonate in methanol, (2R,3R)-2-(2-octynyl)-3-undecybxirane (2, [cr]r= -4.2tO.2 ) was obtained in 52% yield. This 

glyceraldehydederived trans epoxy alkyne had a more Intense rotation than its optical antipode ([a]:= +2.5+0.1 ; 88% eef 0) 

which we prepared via asymmetric epoxidatiin of E-5-undecyn-2-en-lol,~~ followed by alkylatiin of the corresponding 

bdomethybxirane.12 The high optical purity of the product proves that the alkylative rearrangement step is stereoselective, as 

expected. 
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Flgure 1. Synthesis of Epoxide 2 in Hlgh Optical Pudty via Alkylative Rearrangement of 1: (a) Cl 1 HpgMgBr, Et20 (erythrozthreo 
= 3:l); (b) 1:l 1N HCI:THF, 5 h, recryst. from EtOAc (erythrotireo I 4:l); (c) TsCI, Py, go C, flash chrom.; (d) K2CO3, CH3OH; 
(e) TsCI, Py, CHCl3; (9 C5H1 lC:C-LI, BF3:OEt2, -780 C, THF, 5 h; (g) K2CO3, CH3OH; (h) 52 % from 1. 

We have also used this new alkylative epoxide rearrangement to prepare cis- and frans-(+/-)-(Z,Z)-2-(2,5octadienyl)-3- 

undecyloxirane (8 and g)2b.c and c~(+l-)-(Z)-2-(2oclenyl)-3undecykxiraMt (lo)13 from racemk, diastereomerlcally pure erythro 

and threo epoxy alcoftols, as described in Fiiure 2. CR&canal was treated with ethenylmagnesium bromide In anhydrous THF to 

afford 1 -tetradecen+ol(3). Epoxklalbn of 3 with MCPBA In CH2CI2 gave a 32 ratb of threo to erythro l,l-epoxy-3-afkanols. 

The diastereomers could be separated by largegcale HPLC at this stage or converted to the threo (4) and efythro (5) l,P-epoxy 

3-alkanol tosylates, which were separable by flash chromatography on silica gel. Treatment of 4 with 2.75 equivalents each of l- 
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lithio-1 ,Gheptadttne and boron trifluorfdediethyl etherate in anhydrous THF at -78O C afforded @e&l O-tosybxy-3,C 

heneicosadiyn-9ol(6) This intermediate could be isolated or reCyClized h S&J by treatment with approx. 2 equivalents of 

potassium carbonate in anhydrous methanol, affording cis-2-(2-octadtynyl)-3undedecyloxhane (7) in 56% from 4. Catalytic 

hydrogenation of 7 gave cis epoxy diine 8, which was spectmscopbally and chromatographbatly identical to the natural epoxbe, 

isolated from female sex glands of C. gangis..2b,c In a similar manner, trans epoxy diene 9 was prepared from 5 and cis epoxy 

alkene 10, a recently identified sex pheromone component of the ruby tiger moth, P. r~/@irrosa,l3 was prepared from 4. 

Figure 2. Dffstereospectfii Synthesis of Pheromone Epoxtdes: (a) H2C=CHMgBr, EQO; (b) MCPBA, CH2Cl2 (threo:erythro - 
3:2); (c) TsCI, Py; (d) CH3CH2CzCCH2CSLL BF3:OE@ THF, -780 C: (e) K2CO3, CH3OH; (1) H2, Pd-BaSO4, @xJline, 
CgHf2,23o C (8,53 % from 4; 945 % from 5; lo,50 % from 4). 

In summary, we have shown that atkytative epoxkfe rearrangement may be used to prepare cts and Vans epoxtdes in high 

optical purity and fn good yield from corresponding 1,2-epoxy-3-akanots. This approach is complementary to existing methods for 

the stereoselective synthesis of epoxtdes, such as the Payne rearrangement and Bharptess epoxfdatbn.l4,t5.16.17 

Acknowtedgement: We gratefully thank Professors Jermkt Meinwakf and Dbtrbh Schneider for stimulating the initiatbn of this 

research. 
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