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Z%naary: Treatment of aliphatic ketones with ethyl diazoacetate in the presence of a catalyst 
results in the regio- and (where appropriate) diastereoseleotive forn'etion of en01 ethers 
which arise by an intramolecular 1,4-hydrogen shift from an intermediate oarbonyl ylide. 

Since our original observations that the en01 ethers produced as a result of CuCl catal- 
yzed decanposition of ethyl diazmcetate in the presence of 2-methylcyclohexanone and 3- 
n-ethyl-2-butanone were formed with a high degree of regioselectivity,' we have determined 
both the regioselectivity and diastereoseleotivity in a number of unsynnetrical acyclic ket- 
ones and have developed a mechanistic model to explain the results. The reactions outlined 
in Schane I provide the opportunity to explore many mechanistic features of the ccmnparatively 
rare 1,4-simtropic shift of hydrogen.'-' The initial production of carbenoid 2 frcsn catal- 
yzed decanposition of ethyl diazoacetate (1),5 followed by electrophilic attack on ketone 3 
and 1.4-sign-etropic shift of hydrogen, leads to the product en01 ether(s). 

l/i-H- 
4 RCH=C(R')OCH,CO,Et 

5 

We have shown that the latter process is indeed an intramolsculareventby theobserva- 
tion that an excess eguirnolar mixture of ketones 6 and 7 results in only undeuterated en01 
ether 8 and specifically tetradeuterated en01 ether 9 with a ratio of 0.96 *0.056 

4089 



4090 

N&HCO& 

CuCl 

6 7 8 9 

Allofthe results reported in Tables I and II are the same whether the catalytic de- 
canposition is by CuCl (75 *C, heterogeneous conditions) or by Rh,(CAc), (20-25 'C, hcemgene 
ous conditions). Isolated yields of the ccabined en01 ethers are in the range 25-40%.7 

EibleI.EholJXbrProduct Distribution for Selected AliphaticKetonezF 
Ketone Less Sub&. Prod. More Subst. Prod. 

(E) (2) N.A.S.b (E) (z) 

m,cocH,cN, (10) _ _ 74-76 20-22 3-4 

cT-pcH,cH,cH, (11) - - 74-75 22-23 4-5 

cw,acH,cH(cH,), (12) - - 76-77 23-24 

cH,cocH(cH,), (13) _ _ 100 0 0 

cz-f,cH,cccH(cH,), (14) 100 0 0 0 

(c+I,),mcocH(cH,), (15) - - 1ooC 

aExpressed as a percent of all enol ethers: a 7-fold excess of liquid 
ketone served as solvent; results are for at least three runs per ketone. 
buo applicable stereochemistry. 
%nly a single en01 ether is possible. 

'Ilable II. Ehol Ether Distribution for Selected Ehmzylic tQdxme& 

Ketone Non-conjugated Prod. Conjugated prod. 

(E) (Z) N.A.zS.~ (K) (Z) 

CH,COCH,Ph (16) - - 45-47 53-55 0 

cH,cocH(cH,)Ph (17) 83-85 15-17 0 
CH$?l,CDCH,Ph (18) 30-37 0 63-70 0 

PhCH,CCCH,Ph (19) - - 100 0 

a?&pressed as a percent of all enol ethers; for liquid ketones, a 7-fold 
excess served as the solvent; for solid ketones, a 6-fold excess was 
dissolved in CC1 ,,; results are for at least three runs per ketone. 
$0 applicable stereochemistry. 
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A glance at Table I clearly indicates that the 1.4-sigmatropic hydrcgen migration pref- 
erence is CH, > CH, z-> CH. Thus, enol ether formation toward methyl is favored in these 
alicyclic systems by about J-fold relative to enol ether formation toward methylene. Hydro- 
gen migration frcmn a tertiary center is not observed unless, as with diisopropyl ketone (15), 
there is no other choice. In the latter case, the isolated yield is about 25%. The results 
in Table II show that the regiochemical preference for the least substituted enol ether is 
somewhat reduced when the more substituted enol ether is conjugated with an aromatic ring. 

Of equal mechanistic significance are the data from both tables which show that there is 
a considerable diastereoselectivity observed when an enol ether can be formed as an (E)- or 
(Z)-isaner. The (E)-iscmer. confirmed by suitable NOE experiments, is always the dominant or 
exclusive product. Even with ethyl isopropyl ketone (14), the (E)-iscmar in which methyl and 
isopropyl are cis, is the only product observed. 

Both the regio- and diastereoselectivities observed can be readily accamrodated by con- 
sidering various reasonable starting configurations and conformations for the essentially 
planar carbonyl ylide in which the C-H bond of the migrating hydrogen is approxin&ely par- 
pendicular to the plane of the ylide. Scheme II outlines such starting structures 
carbonyl ylide derived fran methyl ethyl ketone (10). 

for the 

^I( 
o_co,Et 

As the hya ( represented by the shaded circle) begins to migrate, the hybridization of 
the carbon atan at the origin for migration shifts toward sp2, and steric interactions be- 
tween en&-oriented, non-migrating groups at each end of the 1,4-system increase. As long as 
these groups are hydrogen atuns, as depicted in paths 1 and 2, this interaction is not signi- 
ficant. Note that the interaction which develops in the transition state for path 3 dis- 
favors the formation of the (Z)-isaner. &cause there are three equally probable mathyl 
rotamsrs corresponding to the starting conformation for path 1, but only one such rotamer for 
path 2, the observation that enol ether formation toward methyl is favored by a factor of 
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approximately three over en01 ether formation toward methylene (with production of the (E)- 
isaner) is qualitatively accanmMa ted. An orbital picture which provides a better represent- 
ation of the relationship among various groups during the migration of hydrogen is shown 
below as stJX&lre 20. 

0 , : : 
RH3+7$.I.I.\l_ fik;& Lg!+o+ 

21 22 cQ& 

Cyclic ketones display a regicselectivity for en01 ether fornmtion which depends on ring 
size. For example the ratio of less to more substituted en01 ether frwn 2_methylcyclohexan- 
one is 12-13:1,l while for 2-methylcyclopantanone it is only 5-7:l. The same model described 
above, but modified to account for the difference in ring conformations leads to structures 
21 and 22 which suggest a larger steric interaction developing during the formation of the 
more substituted en01 ether in Z-mathylcyclohexanone. Z-Phenylcyclohexanone results in a 
ratio of lass- to mor+substituted en01 ether of only 1.5:l while for 2-phenylcyclopentanone 
this ratio is only 1.3:1, consistent with the expected effects of conjugation. 
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That the product ratio is within experimental error of 1.0 provides evidence that carbonyl 
ylide formation is not appreciably reversible. 
Structures of newly prepared en01 ethers were identified by a canbination of 'H and 13C- 
fER, IR, and MS (including an exact mass). 
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