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The tztled szgmatropzc sequence proceeds wzth compZete net retentzon of confzguratzon, and 
surprzszngly, suffers from a regzochemzcal compZccat-z,on arzstng maznly from the unexpected 
competztzon of the i2,37- vs. L-1,23-shzft zn the Wzttzg process, as reveaZed by the use of 
the deuterzwn-labeled substrate 

The regio- and stereochemlstry of carbon-carbon bond formations with allylic substrates 

have received much attention from physical and synthetic organic chemists 1) Recently we have 

developed a novel "net SN2 displacement" process 2) which involves the regiospeclfic [2,3]-Wittig 

rearrangement3) of acyclic his-allyllc ethers followed by the oxy-Cope rearrangement (Scheme I) 

The sigmatropic sequence is of synthetic value since the net effect allows the allyloxy moiety 

to serve as a homoenolate ion equivalent, provldlng a convenient entry to G,c-unsaturated 

carbonyl compounds 

Scheme I 

While the sigmatroplc sequence is attractive in terms of the regioselectlvlty, many 

questions concerning stereochemical courses must, of course, be elucidated Particularly, 

the questlon how effectively the substrate chirality (*) could be transmitted to the product 

chlrality (**) (see Scheme I) 1s crucial for its application in synthesis In view of the 

suprafacial character of [2,3]- and [3,3]-slgmatroplc shifts In principle, it is highly likely 

that the present sequence achlevesotherwlse difficult "net syn-SN2-displacement ,!4) In order 

to establish this point unambiguously, we have now examined the stereochemlstry of the 

sigmatropic sequence by choosing ally1 czs-5-methyl-2-cyclohexenyl ether (l_) as a stereo- 

chemically defined substrate 5) (see Scheme II). 

3931 



3932 

Substrate ,l_ (czs/trans= 96 4)6) was prepared via ethenflcatlon of (?)-czs-alcohol ?, 7, 

The Wittlg rearrangement of J under the standard condltlon gave a stereolsomerlc mixture 8) of; 

in 62% isolated yield, along with 14% of the abnormal product (2) "'O) At this stage, any 

attempts were not made to assign the stereochemistry of these products After separation ofA 

from2 by column chromatography (silica gel), the stereomlxture of2 was subJected to the 

arlonic oxy-Cope rearrangement 
11,12) 

to afford aldehyde i')and its oxidation product (L)13'14) 

In 85% combined yield The stereochemistry of the oxy-Cope product(s) was determined to be 

>95% czs through nmr and vpc comparisons of its methyl ester (i)15) with an authentic czs-isomer 

of 5 (>95% czs) which was independently prepared via the orthoester Clalsen rearrangement 16) 

followed by the Arndt-Eistert homologatlon sequence as shown in Scheme II It should be 

emphasized here that the czs configuration of2 (and thus the authentic 9 1s well secured 

because the Claisen rearrangement has been well establlshed to proceed with complete retention 

of configuration 17) In a slmllar manner, the abnormal product ($) formed ln the Wlttlg process 

was also found to possess exclusively the cz.s conflguratlon 

The stereochemical outcome clearly lndlcates that the slgmatroplc shifts involved in the 

present sequence, including the unusual one directly leading to ft, proceed wlthout loss of 

configurational purity to afford the corresponding syn-product. The unexpected formation of2 

in the Wlttlg process, however, raised the question whether the present cyclohexenyl substrate, 

like acyclic ones,3) undergoes the rearrangement exclusively in the [2,3]-sigmatropic fashion 

Thus, to probe this point, we have next ascertalned the reglochemlstry of the Wlttlg process 

using the deuterium-labeled substrate (;-?-a-d)'8)(see Scheme III) The Wittig process ofJ--cl-d 

under identical conditions gave, after chromatographic separation, alcohol J,-;d and aldehyde A-;d 

In 62% and 14% yield Careful nmr analysis") indicated that 2-d was a 66 34 mixture of Ly 

and 2 whereas $-;d was the slgle regioisomer (42) without detectable contamlnatlon with 2 

The somewhat unexpected reglochemlcal outcome reveals that the [2,3]-Wlttlg shift of the present 

substrate leadlng to Ly does compete considerably with the [1,2]- (z) and [1,4]-shift (c) in 

contrast to the exclusive [2,3]-shift observed with acycllc substrates 3) 

In summary, combination of the reglo- and stereochemlcal outcomes outlined here suggests 

that the present sigmatropic sequence of unsymnetrlcal cyclohexenyl systems like l--,-a-d would 

ventually lead to a mixture of "net syn-SN2 and syn-SN2' displacements ' Noteworthy 1s the 

reglo- and stereochemical outcomes of the unusual [1,4]-shift which are exactly the same as 
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Scheme II 
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[2,3]-Wittig*xy-Cope sequence In spite of the serious drawback to the 

synthetic utlllty of the present sequence, the results of this work point out mechanistically 

interesting aspects of sigmatropic rearrangements concerned We are now investigating not only 

the detailed mechanism of the Wlttlg process of cyclohexenyl ether systems but also the 

chlrality transmission within acyclic chit-al frameworks 
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Prepared fromL--a-d which was prepared via reduction of 5-methyl-2-cyclohexenone with 
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relative to that of the peak due to the methln a to the hydroxy group for A--d and realtlve 

to that of the formyl peak for A--d Thus the errors inherent in this method are of the 

order of at least+5 0% 

(Received m Japan 31 May 1982) 


