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Cyclization of +-Epoxy-a~~yanosulphoues. 
A Simple, Diastereoselective Route to Cyclopropane Carboxylic &ids. 
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Zkts-subs@& derivatives of cyclopropane carboxylic acid are abundant in nature, an exkmple being 
chrysanthemic acid 1, while compounds umtaining the cis-substituted cyclopropane ring are less common. The 
latter ring, however, is present in cis-pyrethroids, a class of synthetic iiuecticides, several orders of maguitude 
more active than natural mms-pyrethroids.l To this class belongs, for example, deknekk 2, the most potent 
insecticide known at the time of its discovery, and still widely used for its exceptional activity, combined with 
low toxicity for mainmaW. 

Straightforward retrosynthek analysis of 2 leads to the cis hydroxyacid derivative 3 as common 
intermediate in the synthesis of cis-pyrethroids and, in turn, to epoxides 4a and 4b as possible precursors. 
However, base catalyzed cyclisation of 4 yields &zns-3, or, in the best case, mktures of cis and &ans isomers3 
and, indeed, this route has been followed for a total qthesis of ~as-chrysantemic acid 14, starting from 4a 
(R=Me),. The same fruns-diiereoselectivity is also observed in the cyclisation of other monoactivated 
carbanions, such as th&e derived from epoxysuEones 48. 
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ln this canmonication we report that cyciisation ti cyano&** i leads with complete. 
diastereosekotion, to the hnines 6 md, a&r h&olysis, to thk lactones 9, the -cis fusion being, of muse, 
imRDsedbythecyclopropanerins.7DatainTabklindicatethttbe~~,isquite~giviftgaoccsstoa 
numberofwrb~~cy~~~.Highyidcbrreobtrintdlmbra’vuiccyofc~colcditions 

@ntrks l-3); however, giv@lg the high acidity ofthe pl-ecmkrs 5, ve4y @oIq b#” mdmbydmu un$itions 
are not itrictly re@dred and the reaction can be conveniently carriedoutwithsodi~ethoxideinethano~.’ 

Comparable yields and complate diaWreoseJectivity are also obtahmd in, the corrxisponding intermokcular 
reactions in which phenyisulphoqlacetonitrile or ethyl phenylsul phoqkeWi$atealkyMedwithepibromohydlin 

(entries 9-10). In this F the v&y fast rate of tk intramokudar $ig.opin@ of the epoxide, foilowing the 
intexmoleadar aikylation, ensures that double akyiation of the uubauion does not compete with cyclisation. 
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Table1.cydopmQmoLaoneafiomcyammlpbmyiepoxidu. 
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ByalkyMkmof~withthe~ U (nB~/-78 to -50 

“C) idlowed by m-CPBA eqoxk@m (see ref. 8). 
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S&faUory elaneotal e were obtained tbr all lac&mes. lE-NMR 78: [ 1.48 (t), 2.14dd), 3.18 (m), 

3H, cy&pqaw (Jem = 5.4Hz, Jbonr = 5.4H2, Jcis = 8.6Hz)J, [S. 17 (dd), 4.36 (dd), 2H, CH, (Jw 

=9.8Hz, J,~=O.~SHZ,J~~~=~.~HZ)],~.S-~.~(~,SH,P~);~~: 1_52(d,3H,CH,), [1.46(t),2.3O(dd), 

3.20 (m), 3H, q&pqaoe], 4.20 (m, H-I, CH), 7.5-8.3 (m, SH, Pb); 7c: 1.50 (s, 3H, CH,), 1.70 (s, 3H, 

C&), Il.55 (m), 2.4o(mx 3.25 (m), 3Y cyclopoprme , ] 7.5-8.3 (m, SH, Ph); 7d: [I.50 (t), 2.20 (ad), 

3.50 (m), 3Y cyclopropeae], 5.80 (d, lH, CHPb), 7.20 (m, SH, Ph), 7.5-8.3 (m, SH, PbSQ); 7~: [I.55 

(d), 2.25 (d), w, cyclopropoae], 1.8@,3H,CH,),4.11 (dd,2H,C&), 7.6-8.1 (m, SH.,Ph);7f: [1.50(m), 

2.30(m), 3.20 (m), w, cyclopropaoe 1, 1.7 (a, 3H, CH,), 4.2 (m, 2H, Cl-&), 7.6-8.3 (m, SH, Ph). 

The epoxides (2.5 mmol) were dissolved in 100 ml of a O.SM sohltion of sodium ethoxide in ethallok and 

keptat2SoCfbrl2hours.Thereactionlllbrtureswerethenpouredinto3SOmlwata,aceticacidwas 

addedtopH 4-Sandtheaqueoossolutionswerel&overni&tatroomtempaaa=, to hydrolyze the 

imines. Exbaction with &him gavethecrudelactones whichwerethenqsMized6om 

ethanol. 
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