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Ene reactions represent an atom efficient and powerful reaction Scheme 1. Intramolecular Conia-ene Reaction versus
for the formation of carborcarbon bond$.One example of such ~ 'Ntermolecular Ene Reaction utilizing Oxazolones
a reaction is the Conia-ene reaction, which is a popular alternative =~ Cona-Ene

: . . o o} O~ o
to enolate alkylation3.Traditionally, the Conia-ene reaction is A ./(l" i

thought of as an intramolecular ene reaction of unsaturated ketones - - \/ 7

and aldehydes, in which the carbonyl serves as the ene component

via its enol tautomer (Scheme 2)The reaction is generally

. Intermolecular Ene
conducted at very high temperatures to overcome the large

1
activation energy barrier of the reactidMetal-catalyzed versions R1\(iz¢o . R1\((1/T§‘QEH - . R1\(O °
of the reaction allow for lower temperatures, although enolate N R, N R % NR
generatiorf, strong acic?, or photochemical activatiGrare usually Oxazolone OR, : ORs
required. Recent reports have demonstrated that using catalysts such J MeOH
as gold and nicket can effectively promote Conia-ene cyclizations O R, COMe
under much milder conditions. More recently the first enantio- R)J\N
selective Conia-ene cyclization reaction was reported using a Pd(Il)/ T OR,
Yb(lll) dual catalyst systerfi.

An intermolecular version of this type of ene reaction would Table 1. Ene Reaction with Various Enol Ethers
greatly enhance the utility of ene reactions as an enolate alkylation Ph\(o o 1) Enol Ether (1.3 eq) 0 COMe
alternative. We report herein a new intermolecular ene reaction N CHCl. 1t Ph)I\N)(COzMe
using oxazolones (also referred to as azlactones) under very mild CO,Me  2) MeOH, 1t H R
conditions without the use of any catalyst. We hypothesized that entry Enol Ether R % yield
oxazolones would be ideal substrates for the development of an
intermolecular ene reaction of this nature on the basis of the ease 1 O'Bu £ OBu 99
of formation of the aromatic enol tautomer (Schemet®lhn =/ \(
addition, the use of oxazolones provides a highly efficient and rapid 2 ﬁo"Bu & _O"Bu 98
route to the preparation of biologically important quaternary amino \(
acndfs%l The overall transformatlc_m_closely resembles t_hat of_ _the 3 =<3Me rf><o,\,|e 058
Conia-ene reaction, although this intermolecular reaction utilizes
enol ethers as the enophile rather than alkenes and alkynes normally 4 C/o L0 %
associated with Conia-ene reactions. — m
Our initial studies focused on the use of ester substituted S_o

oxazolones because of their predominant enol charéties.our 5 <:>o U 99
delight, reaction of the methyl ester substituted oxazolone teith —
butyl vinyl ether in CHCI, provided the ene-product in near OBn s .
guantitative yields within 20 min (Table 1, entry 1). No degradation 6 >:/ | 68

of the enol ether was observed providing plausible evidence of a
concerted reaction. The choice of solvent did not affect the reaction 0 é\Q g1b
rate or yield significantly as seen by the fact that CH, THF,
and toluene all provided similar results at room temperature.
Following the alkylation, the reaction mixture was treated with 8 >=/°A° ~ 0°
methanol to provide the more stable quaternary substituted amino OAc
ester derivative.

The mgthyl eSte-r -SUbsFitUted oxazolone WaS-SUbsequenﬂy evalu- aYield based on the crude oxazolone intermediafeaction refluxed
ated for_ its reactivity with a _range of substituted enol ethgrs_. for 24 h and 3.0 equiv of the enol ether use&eaction resulted in recovery
Unsubstituted enol ethers provided the alkylated oxazolones within of starting materials.
minutes in near quantitative yields (Table 1, entries 1 and 2).
Interestingly, the alkylated oxazolone product obtained using the respectively). A decrease in yield was noted for the higher
1-alkyl substituted enol ether 2-methoxy propene appeared to besubstituted enol ethers (Table 1, entries 6 and 7), which were
fairly unstable and reverted back to the starting materials over time refluxed in CHCI, for 24 h. The nature of the protection group of
(Table 1, entry 3). Both 2,3-dihydrofuran and 3,4-dihydrét2 the enol ether appeared to be critical to the success of the reaction.
pyran also provided the desired products in good yields, albeit with Replacement of the alkyl or benzyl moiety with an electron
longer reaction times (Table 1, entries 4 and 5, 2 and 22 h, withdrawing group, such as an acetate, completely abrogated the
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Scheme 2. Proposed Reaction Pathways stabilize the aromatic enol tautomer of the oxazolone appear to
s 530 MeO,C promote the reaction much more readily than those that do not.
Path A F’h\(i/Ti/' MeOH, Bz A COMe For example, acylated oxazolones (Table 2, entries 9 and 10) reacted
/ N oome D HD readily to provide the ene-products in excellent yields at room
2! . .
Mixture of Diact temperature. Aryl substituted oxazolones also provided ene-products
Ixture or Diastereomers . . . . .
Ph_O_o ° (not observed) in excellent yields (Table 2, entries 11 and 12), albeit at higher
\\:\q + J/\J temperatures (reflux in toluene). On the other hand, oxazolones
coMe D containing alkyl substituents did not produce any desired product
excess and resulted in the isolation of starting materials under the current
o) MeO,C reaction conditions (Table 2, entry 13).
Ph~(<OH MeOH COoMe : ; ;
Path B N /%’( D — BZ\H o} In summary, we report a new intermolecular ene reaction using
MeO,C é D oxazolones and enol ethers. These reactions occur under very mild
° Single Diastereomer reaction conditions and in most cases result in near quantitative
(09% yield) yields. The overall transformation of the reaction complements the

intramolecular Conia-ene cyclization and makes ene reactions a

Table 2. Substituted Oxazolones . 8 ‘ ;
useful alternative to enolate alkylation chemistry. Further studies

o 1) :/O‘B“ @Beq) o are currently under investigation to determine the reaction scope
Ph\(fo Toluene P R%?Me and synthetic utility.
N\:  2)MeOHorMeONa PN T
2 rt O'Bu Acknowledgment. The authors gratefully acknowledge the
N ) ) financial support provided by the American Cancer Society (Grant
entry Ro temp (C) ime ¥ yield RSG CDD-106972) and Michigan State University.
9 COMe room temp 20 min 99
10 COCH room temp 24 h 98 Supporting Information Available: Full experimental protocols;
11 Ph 110 8h 95 IR, *H NMR, 13C NMR, and HRMS data for all new compounds. This
ig agaphthyl 111100 2246hh 099 material is available free of charge via the Internet at http://pubs.acs.org.
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