11690 J. Am. Chem. S0d.996,118,11690-11691

Eu(fod)s-Catalyzed Rearrangement of Allylic Table 1. The Preparation and Eu(fesatalyzed Rearrangement
Methoxyacetates of Allylic Methoxyacetate%
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Stereo- and regiocontrolled allylic rearrangement reactions L RoE s | 6((R=t-Bi)): 73
have played a central role in synthetic organic chemist#y. oH MACO,
number of the stereoselective rearrangement reactions of allylic -
esters to their more stable regioisomers have been reported inc 7 R = M) 899 9 (R =Me): 81
the literaturé including those that utilize various transition d R 10(R = Bu) 11: 76 R 12 (R =rBu): 68
metals as catalysés. However, these reactions are usually oH OMAG
carried out under harsh conditions and are often plagued with . o L~ 13 14: 92 Ph/\)\ 15: 98
low selectivity and/or low yield with the notable exception of oH
the highly versatile stereospecific palladium(ll)-catalyzed rear- 16 17:98 15:91
rangement of allylic acetatés.In the following, we describe Ph oH OMAc
the stereospecific, facile rearrangement reactions of allylic ¢ npr—=—{ 19:97 PI—=—=xy 20: 87
methoxyacetates under exceptionally mild conditions. 18
During the course of our investigation on the Mitsunobu OH OMAc
reactio®® of cyclic allylic alcohols, it was found that the-}- h 20 T Y 22:82 )\/\)\ 23:88
o-methoxye-(trifluoromethyl)phenylacetyl [£)-MTPA] ester 2 14 1ZE
. . . Ay 16 OH OMAc (" 14+
of optically active 3-deuterio-2-cyclohexen-12alindergoes ]
i 25: 98 AP 26:87

regiochemical scrambling within the same face of the cyclohexyl

ring when kept in CDGl at room temperature in the presence OMAC
of the shift reagent Eu(fod)see eq 1). It should be noted that

57:1__ O-(-)-MTPA " THPO 28: 98 29: 68
~
Eu(fod)s 5.7:1 OMAGc
s (N wen
D s SO-(-MTPA /\O e m
ca 1 : 1 k 32:93 33 "

) o ) 84 (33/32=4.6:1)
neither the acetate nor the benzoate derivative of this alcohol oH OMAc OMAc
showed any scrambling after extended periods of time under P X .
the same conditions. It was further observed thatjeMTPA 1 . /\©
ester scrambled the regiochemistry fastest (reaction half-life, 34 35: 84 36 B

82(36/37=6.6:1)
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Figure 1. Postulated conformations andB of the Eu(lll)-chelated c R

cis- (5) and transb-tert-butyl-1-methyl-2-cyclohexen-1-yl methoxy-
acetates 1), respectively, that lead to their respective favorable
transition states for their Eu(fogd¢atalyzed rearrangements.

D
Figure 2. Postulated Eu(lll)-chelated conformations that lead to the
favorable transitions states for the concert€)l &nd dissociativell)
] ) pathways for the Eu(fodicatalyzed rearrangements @§- (17, R =
to 0.10 equiv of Eu(fod) at room temperature with the \Me R = H) andtrans1-phenyl-2-buten-1-yl methoxyacetatdsl(R
exception of ester28 and 32 where the reaction temperature = H, R = Me).

was raised to 60C, resulted in the rearrangement into the more gayere A3 strain between the methyl group and the proton at
stable alkene isomers. The results of the rearrangement of thec_1 in the transition state.

methoxyacetate? 5, 8, and11” (entries a-d) indicate thatthese  ~ The ajiylic acetate systems in which Pd(ll)-catalyzed rear-
rearrangements proceed in a stereospecific manner. - Surprisyangements are reported not to proceed effectively include those
ingly, the rates of rearrangementteft-butyl group-containing - ¢onaining alkynyl group(s) and those whose proximal alkenyl
allylic methoxyacetateS and11were found to be quite similar  c4rhons are fully substitutéd. In a marked contrast to the
with esterS having the equatorially fixed methoxyacetate group pq(jj)-catalyzed reaction, both of these types of allylic systems
rearranging slightly fastety(; = 9 min) than estet.1 with the with methoxyacetates undergo facile rearrangements under the
axially fixed methoxyacetate groupie = 29 min). This Eu(fod)-catalysis (see entries g arid i-1). Interestingly, the
pbse_rvatlon on similar rates of rearrangement may be rat'onal'rearrangement of methoxyacetatafforded the byprodu@?

ized in terms of the two Eu(lll)-chelated conformé¥sand B which is likely to have been generated as the result of the two
(see Figure 1) that may closely resemble the conformations of ¢onsecuytive rearrangements fr@ivia 36. It should be noted
their corresponding, most favorable transition states for the 5t the Lewis acidity of Eu(fod) albeit its weak potency, could
Eu(fod)-catalyzed rearrangement of methoxyacetatesd11, prove potentially problematic, as exemplified by the attempted
respectively. Thus, cis estBmight be able to adopt conformer o5 rangement of the methoxyacetate of the extremely acid-labile
A where the atoms involved with the allylic rearrangement adopt pulegol 38) (entry m). Interestingly, although only the volatile

a chair conformation if the cyclohexene ring system assumes agiene 40 was isolated from the reaction of pulegyl methoxy-
quasi-boat conformation. In contrast, the rearranging atoms in 5.atate 39), the presence of an intermediate corresponding to

conformerB is likely to adopt a boat conformation in order t0  he rearranged product structure in the reaction medium could
avoid the unfavorable interaction between the axial H at C-5 o \erified when the reaction was monitored By NMR

and the ester functionality. Therefore, the bicyclic transition spectroscopy.

state structure of bothis- and trans5-tert-butyl-1-methyl-2- _ The Eu(fod)-catalyzed rearrangement of allylic methoxy-
cyclohexen-1-yl methoxyacetate should be close to those having,cerates described above is extremely efficient and has a number
one chair and one boat conformation for the rearranging allylic ¢ gistinct advantages over the existing methods. It does not
ester system and theert-butyl group-bearing cyclohexene  gaem to be subject to steric hindrance, since the metal associates
skeleton, and thus, the observed rates of rearrangement mighfyit, the methoxyacetate “tether” and not with the potentially

be expected to be similar. congested olefin. This notion was further corroborated by the
Forcis- (17) andtrans 1-phenyl-2-buten-1-yl methoxyacetate  ghservation of the characteristic large downfield shifts and

(14) (entries f and e, respectively), the rearrangement was foundgigpificant line-broadening of both the methyl and the methylene
to p_roceed 18 times fa_ster for_the tranlsz_(= 18 m|r)) than the peaks of the OGEO)CH,OCH; group in the!H NMR spectra

cis isomer {2 = 330 min). This large difference in rates may  f 4| of the methoxyacetates examined. Therefore, it appears
be regarded as a manifestation of the relative energies of thequite reasonable to assume that the Eugoefagent exerts its
two chairlike transition states which should resemble the cataiytic activity for the rearrangement through the chelate
conformationC given in Figure 2 (i.e., R=Me, R =HandR formation with the oxygen atoms of the methoxy and ester
= H, R' = Me for the cis and trans isomers, respectively). Thus, carhonyl groupd3 Unlike Pd(ll) catalysts, the present method
the d!ﬁerence in the steric energies betvve_en the quqs_l-aX|aI andith Eu(fod); is compatible with the presence of alkynyl group-
quasi-equatorial mgthyl groups in the chalrl_lke transition states (s). Additionally, it may be inferred on the basis of the exper-
of the stereospemflc_concerted process might account for thejments with various type of esters of 2-cyclohexen-1-ol that the
observed difference in the rates of the rearrangements. How-yreqent method seems selectivextalkoxyacetates, and thus,
ever, a distinct possibility exists that this doubly activated allylic gher allylic esters should remain unaffected by exposure to the
and benzylic ester system involves dissociative pathway, andeagent. All of these advantages should prove the Eugfod)
the rate difference reflects the rate-limiting dissociative process catalyzed rearrangement to be an excellent complement to the
(see structurd in Figure 2). It is quite conceivable that the  eisiing methods for the rearrangement of allylic esters.
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by application of the protocol of Whartdninvolving (i) the HO; (11) Oehlschlager, A. C.; Mishra, P.; Dhami, Gan. J. Chem1984
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dimethyl-2-cyclohexen-1-o0l7¢ R = Me). The twotert-butyl containing cation followed by removal of the THP group and comparison of the spectra

cyclohexenolst and 10 were grepared in a similar manner starting from  to those reported (Benn, W. R. Org. Chem1963 28, 3557).
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