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Summary: Reactions of anions derived from chiral
nonracemicallyl and crotyl bicyclic phosphonamides with
a,8-unsaturated cyclic ketones, esters, lactones, and lac-
tams take place at the y-position of the reagents and lead
to diastereomerically pure or highly enriched products of
conjugate addition. The option to quench the corre-
sponding enolates with various alkyl halides offers a
versatile approach to vicinal substitution including the
generation of quaternary carbon centers.

In spite of significant recent advances in asymmetric
1,4-conjugate addition reactions,! involving chiral catalysts
or substrates containing a chiral auxiliary, relatively few
examples are known in which the transferred carbon
moiety is an allylic-type anion and part of a chiral
reagent.2 In the only reported example of an allylphos-
phonyl anion, high levels of asymmetric inductions have
been reported by Hua and co-workers® for three unsub-
stituted simple cyclic enones®® and for 3,4-dihydro-4-oxo-
(2H)-pyridine-L-carboxylate.’? In another instance, in-
dividual enantiomers of allylic phosphine oxides have
shown good to excellent selectivity toward cyclopentenone
as reported by Haynes and co-workers.# With such
phosphorus-based reagents, it is operationally imperative
to work with stereochemically defined reagents, hence,
the necessity to separate enantiomers or diastereomers.%
Furthermore, the limited examples of asymmetric con-
jugate additions to a,8-unsaturated carbonyl compounds
beyond simple cycloalkenones*5 warrant the development
of a more general approach to this important problem.

Wereport herein on highly stereocontrolled asymmetric
1,4-conjugate additions to a,5-unsaturated cyclic ketones,
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lactones, lactams, and esters with anions of allyl and crotyl
chiral phosphonamides that are readily available in
enantiomerically pure form.”

The deployment of a series of vicinal carbon substituents
with specific configurations in the products is achieved
through a choice of (R,R)- or (S,S)-reagents, a preselection
of substituents on the enone portion, and the option to
quench the resulting enolates with a variety of electro-
philes. In this manner it is possible to generate as many
as three contiguous stereogenic centers containing a
combination of secondary, tertiary, and quaternary
substituents at will and in a single step as illustrated in
Scheme I for a cyclopentenone motif and for tert-butyl
cinnamate. Oxidative cleavage leads to products corre-
sponding to the formal conjugate addition of an acetal-
dehyde or a propionaldehyde anion equivalent to a,8-
unsaturated carbonyl compounds.

Table I lists a number of relevant examples with
excellent diastereoselectivities. Thus, mono-, di-, and
trisubstituted cyclopentanones are obtained virtually as
single diastereomers (entries 1-4).8 The inclusion of
HMPAS? was found to enhance the ratio of v-1,4-addition
and to improve the stereoselectivity in the case of
3-methylcyclohexenone (entry 6). The scope of these
conjugate addition reactions is greatly expanded by the
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Table I. 1,4-Conjugate Additions with Reagents 1a and 1b
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& Typical procedure: To the anion of reagent (1 mmol, from THF, BuLi, 78 °C, ~1 min) was added the substrate (1.2 mmol, THF). After
being stirred at —78 °C for 0.5 h, the reaction mixture was quenched with NH,Cl or with MeOH (2b, 6), MeI (9b, 9¢), or BnBr (3, 11b), followed
by usual workup. See supplementary material for procedures and details. > Ratios determined from !H, 13C, and 8P NMR parameters (all
entries) and further substantiated from Mosher esters of products after oxidative cleavage and reduction (entries 4, 5, 7-9, 12, 13), from 13C
NMR spectra of cyclic acetal derivatives with (R,R)-2,3-butanediol after oxidative cleavage (entries 1-3, 6, 10, 11).5¢ Corresponding racemic
products were analyzed for comparison. Seesupplementary material. ¢ Yield of isolated product after flash chromatography. Optical rotations
were recorded in chloroform. 4 Stereochemistry proposed based on entry 9. ¢ 1 mol equiv of HMPA was used. / The 1,6-addition product from
y-attack (7%) was also found. ¢ After DBU equilibration. * Starting allylphosphonamide was recovered. : Toluene as solvent, NaHMDS as

base. * Toluene as solvent.

superb stereoselectivity observed in the unprecedented
case of acyclic a,8-unsaturated esters and dienic esters
(entries 7-9).1° The stereochemical versatility and pre-
parative value of these unique stereodifferentiating re-
agents is further demonstrated in the case of «,8-
unsaturated lactones and lactams with the option of
trapping of the corresponding enolates with alkyl halides
(entries 10-13). Toluene was found to be the solvent of
choice in the case of the a,8-unsaturated lactam (entries
12 and 13).1! The absolute configurational identity of the
adducts was established by a combination of spectroscopic
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The consistently high diastereoselectivities in the ad-
ditions of allyl and crotyl phosphonamide anions such as
la and 1b,!%!3respectively, can be rationalized on the basis
of their unique structures and topologies.l* We propose
that the si face selectivities with the (R,R)-reagents is the
result of a favored transition state in which the cation-
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chelated substrates are best accommodated within the
“left-cleft” of the reagents (Figure 1). This may also
correspond to a trans-decalinoid transition state previously
proposed by Haynes and co-workers* for allylic sulfoxides
and phosphine oxides.

The use of the allylic phosphonamide reagents la,b and
their enantiomers for asymmetric conjugate additions
offers several advantages, including (a) ease of preparation
of the reagents in enantiomerically pure form, (b) excellent
selectivity in single-stage additions and in tandem asym-
metric addition—alkylation, (¢) wide scope of «,3-unsat-
urated carbonyl compounds, and (d) excellent predictive
power based on the model proposed in Figure 1. Oxidative
cleavage (O3, CHyCly, -78 °C) and standard manipulation
of functional groups generate a variety of enantiomerically
pure (or highly enriched) chirons, which can be used as
versatile templates in synthesis. A few representative
compounds prepared from the initial adducts are shown
in Chart 1.

With the paucity of methods now available to prepare
acyclic, cyclic, and heterocyclic compounds!® containing
contiguous carbon substituents including quaternary
centers!® in enantiomerically pure form, numerous ap-
plications of this methodology in the synthesis of natural
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and unnatural products and related compounds are
evident.!” Itshould be noted that the oxidation-reduction
products resulting from the adducts 8 and 9a in Table I
are chemical equivalents of asymmetrization processes
normally accomplished with esterases and dialkyl 3-sub-
stituted glutarates with variable stereoselectivity.!'® Fur-
thermore, the symmetry elements in these adducts are
such that diastereomeric or enantiomeric products can be
obtained by adjustment of end groups, thus expanding
their utility as chirons in synthesis. Further details
regarding the scope and mechanistic features of these
asymmetric reactions will be reported in due course.
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