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Abstract—The asymmetric Michael addition reaction between a variety of chiral imines and 2-acetoxyacrylonitrile, an electrophile
equivalent to acetaldehyde, was reported. The resulting adducts were obtained in fair yields and with de and ee > 95%. © 2001

Elsevier Science Ltd. All rights reserved.

The asymmetric Michael reaction using chiral imines
under neutral conditions constitutes one of the most
potent methodologies for the enantioselective elabora-
tion of quaternary carbon centers.! As a part of our
effort at synthesizing the side-chains of Cephalotaxus
alkaloids,> we recently envisioned to extend the scope
of the above reaction by the use, as an electrophilic
partner, of a synthon equivalent to acetaldehyde. Re-
ported herein is the utilization, for such a purpose, of
2-acetoxyacrylonitrile (2).

The reactivity of 2 towards chiral imine 1, an adequate
nucleophilic partner for the synthesis of the aforemen-
tioned targets,> was examined first. Addition of known
imine 1 [prepared from 2-benzyloxycyclohexanone and
(R)-1-phenylethylamine]® to 2-acetoxyacrylonitrile (2)*
(neat, 40 h at 20°C) gave adduct (2R,1'R,1"R)-3, which
turned out to be stereochemically homogeneous by 'H
and 3C NMR spectroscopy.” Hydrolysis of crude 3
(AcOH, H,0O, THF, 4 h at 20°C) next afforded cyclo-
hexanone (2R,1'R)-4° (72% overall yield, calculated
from the starting 2-benzyloxycyclohexanone). The de
and ee in 4 were both > 95% (determined by 'H NMR
spectroscopy, having added Eu(fod) and Eu(hfc); as
shift reagents). The relative configuration of the two
stereogenic centers in 4 was assigned by NMR spec-
troscopy including NOE experiments at level of the
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bicyclic derivatives 5 and 11; the absolute configuration
at C-1" in 3 and 4 rests on a heuristic stereochemical
rule we have proposed in this series (vide infra)
(Scheme 1).
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Scheme 1.

Regeneration of an aldehyde function at C-2 in 4 was
next attempted. This requires a desacetylation step,
followed by dehydrocyanation of the resulting cyanohy-
drin. While basic treatments of 4 furnished invariably
undefined compounds, the bicyclic hemiacetal
(2R,1aS,3aR)-57 was formed with a 77% yield when the
reaction was conducted under acidic conditions (2N
HCI, THF, 30 h at 50°C). However, all efforts at
generating the aldehyde 7 through dehydrocyanation of
5 (a process which, in fact, would implicate the open
form of this hemiacetal) were fruitless. In contrast,
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sequential exposure of 5 to NaOMe (0.95 equiv.,
MeOH, -20°C) and NaO,Cl (NaH,PO,, H,O, 20°C)3
gave the sensitive bicyclic lactone (1aS,3aR)-6,° albeit
with a modest yield (ca. 35%). Formation of 6 clearly
involves the transient aldehyde 7, in equilibrium
through the addition of a molecule of water with the
bis-hemiacetal 8, the in situ oxidation of the latter
furnishing ultimately the lactone 6 (Scheme 2).
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Incidentally, another interesting observation was made
when compound 5 was subjected to the Swern reagent
[DMSO, (COCl),, CH,Cl,, then Et;N, 20°C]: the
olefinic derivative (2R,3aR)-11'° was isolated in a 55%
yield. This apparently unprecedented dehydration pro-
cess can be interpreted by assuming the original forma-
tion of a dimethylalkoxysulfonium ion!' at C-la, 9,
which collapses to olefin 11, a fragmentation assisted by
the neighboring oxygen atom and which likely impli-
cated the intermediary oxonium ion 10. An alternative
route for converting 5 into 11 was also investigated,
that employed the Burgess’ inner salt (Et;N*SO,N-
COOMe)'? as a dehydration reagent (toluene, 48 h at
60°C, 60% yield) (Scheme 3).

Finally, the versatility of the present conjugate addition
was examined. Interestingly, we found that this reaction
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tolerates substantial variations on the starting cy-
clanone, both of the size of the ring and of the nature
of the o-substituent. Thus, condensation of imines
derived from cyclanones 12, 14a, 14b and (R)-1-
phenylethylamine with electrophilic alkene 2 paralleled
completely the conversion (1 —4): adducts (2R,1'R)-13,
(2R,1'S)-15a and (2R,1'S)-15b were indeed, respec-
tively, obtained in fair yields and with de and ee
> 95%.1?
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The nucleophilic species involved in the present
Michael addition are in fact the more substituted sec-
ondary enamines 16, in tautomeric equilibrium with the
starting imines.'* The above remarkable stereochemical
outcomes can be rationalized by evoking the synclinal
approach (17) of the two reactants [16+2]. According
to this model, the alkylation process takes place prefer-
entially on the less hindered n-face of the enamine (anti
to the bulky phenyl group), portrayed in its energeti-
cally preferred conformation. This accounts for the
absolute configuration at C-1’ in resulting adducts 18.
Control of the sterecogenic center at C-2 in 18 originates
from a concerted transfer of the NH proton of enamine
16 to the a-vinylic center of electrophile 2, the electron-
withdrawing group of this acceptor facing the nitrogen
atom of the enamine (‘endo-arrangement’). It is note-
worthy that the present stereochemical pattern is in all
respects identical to the one evoked when methyl 2-ace-
toxyacrylate was used as an electrophilic partner
(Scheme 4).!4ac
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Work on the utilization of adduct 4 and analogs as
starting materials for the enantioselective synthesis of
the side-chains of Cephalotaxus alkaloids is in progress
in our laboratory.
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