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ABSTRACT: Stereoselective alkylations of proline-based
amino amides are described, where high levels of either a cis
or trans configuration can be attained simply by the choice of
the aminal group. Isobutryaldehyde-derived aminals provide
the cis configuration, while 1-naphthaldehyde-derived aminals
engender the complementary trans configuration.

α-Quaternary proline-based amino acids and their derivatives
are important compounds owing to their applications as
synthetic building blocks and in peptide studies, among several
other areas.1−3 One of the most reliable processes for accessing
this structural motif in enantioenriched form is the self-
regeneration of stereocenters (SRS).4,5 This strategy entails
installing a temporary substituent and then using it to govern
diastereoselection in a subsequent alkylation process. Stereo-
selectivity has generally been attributed to a steric influence of
this substituent. We hypothesized that these reaction manifolds
may be dictated by specific characteristics of the temporary
group, and in turn this idea could lead to complementary
modes of selectivity. Herein, we illustrate this principle in the
context of α-quaternary amino amide synthesis, where we can
select for opposing alkylation stereoselectivities by simply
changing the nature of the imidazolidinone substituent.
In Seebach’s self-regeneration of stereocenters with proline,5

an N,O-acetal based on pivalaldehyde is generated, and
alkylation occurs from lithium enolate 2 to form acetal 3
(Figure 1). A 1,3-syn relationship between the tert-butyl and the
alkylating agent is observed, originating from the preference of
the bulky t-Bu group to be situated on the convex face of the

bicyclic system. Further developments in this methodological
approach have been reported,6 as well as wide exploitation in
several areas of study.2,3,6b An interesting reversal of stereo-
selectivity, based on structually similar amino amides, was
reported by Trauner in the combination of silyl enol ethers
with nitroolefins (Figure 1, 4 → 6).7 Considering this prior art
and given our interest in proline-based amino amides for the
design of ligands for palladium-catalyzed C−H bond
functionalizations,8 we appreciated the importance of confirm-
ing the stereochemical configuration that can arise from these
alkylation processes.9

To that end, we evaluated the reactivity of imidazolidinone 7
(Scheme 1), derived from the phenyl amide of proline and

isobutyraldehyde.10 Alkylation using LDA and MeI produced
compound 8a, again as a single diastereomer. Cleavage of the
imidazolidinone8 afforded amino amide 9a with the absolute
configuration depicted (S).11 The stereochemistry of the
alkylation was therefore consistent with the facial selectivity
of Seebach’s work,5 in that the electrophile added in a syn
fashion relative to the isopropyl group.
We viewed this strategy as a general approach toward this α-

quaternary amino amide motif. A number of different alkylating
agents were evaluated (Table 1), and we consistently observed
formation of the 1,3-cis diastereomer. The nature of the amide
substituent was inconsequential to the diastereoselectivity, as
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Figure 1. Proline-based self-regeneration of stereocenters.

Scheme 1. Alkylation of Isobutyraldehyde-Based
Imidazolidinone
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both N-phenyl and N-n-butyl amides displayed high alkylation
selectivities.
At this stage, we posed the question whether an anti-selective

alkylation was possible. Under this premise, an energetically
favorable situation must override the aforementioned steric
biases that had dictated the syn-selective process. Promising
results were obtained with benzaldehyde-derived imidazolidi-
none 12 (Scheme 2). When treated with LDA and BnBr, a

40:60 mixture of trans and cis diastereomers, respectively, was
produced. Following this lead, further investigations ultimately
revealed that the 1-naphthaldehyde group highly steered the
selectivity toward the trans diastereomer (92:8 trans/cis).12

Importantly, this outcome is in substantial contrast to the
isobutyraldehyde-derived imidazolidinone; to our knowledge
this example represents the first case of complementary
stereoselectivities in the family of SRS reactions based solely
on the “temporary” substituent.13

We examined the scope of this alkylation and in general
obtained high selectivity for the trans diastereomer (Table 2).
Only in the case of MeI did we observe substantially
compromised diastereoselectivity, yet still favoring formation
of the trans product. In all cases, the diastereomers were

chromatographically separable, and the trans products were
obtained in good overall yields.
Subsequent cleavage of the alkylated aminals would result in

a convenient route to enantioenriched α-quaternary amino
amide products. Although acid-mediated aminolysis with
aniline was effective in some cases (e.g., 8a → 9a, Scheme
1), increased steric hindrance rendered this process difficult for
others. We hypothesized that using hydroxylamine as the
nucleophile would be more successful, due to its enhanced
nucleophilicity14 for intercepting the presumed iminium and
the resulting stability of the oxime byproduct.15,16 Indeed, the
target products were accessed via aminolysis in generally
excellent yields (Table 3). These overall processes, therefore,
represent a divergent strategy toward accessing enantiomeric α-

Table 1. syn-Selective Alkylations of Isobutyraldehyde-Based
Imidazolidinones

aDiastereomeric ratio measured by 1H NMR. bLiCl (1.1 equiv) added.

Scheme 2. Alkylations of Aromatic Aldehyde-Based
Imidazolidinones

Table 2. anti-Selective Alkylations of 1-Naphthaldehyde-
Based Imidazolidinones

aDiastereomeric ratio measured by 1H NMR. bLiCl (1.1 equiv) added.

Table 3. Aminolysis of the Alkylated Imidazolidinones:
Stereodivergent α-Quaternary Amino Amide Synthesis

entry imidazolidinone (R1,R2) amide yield (%)

1 8a (Ph,Me) 9a >99
2 8b (Ph,Bn) 9b 80
3 8c (Ph,n-Bu) 9c >99
4 11a (n-Bu,Me) 18a >99
5a 11b (n-Bu,Bn) 18b 70
6a 11c (n-Bu,n-Bu) 18c 88
7 15a (Ph,Me) ent-9a >99
8 15b (Ph,Bn) ent-9b 92
9 15c (Ph,n-Bu) ent-9c >99
10 17a (n-Bu,Me) ent-18a 98
11 17b (n-Bu,Bn) ent-18b 90
12 17c (n-Bu,n-Bu ent-18c 99

aH2O/1,4-dioxane (3:2) solvent.
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quaternary amino amides and amino acids17 from the
inexpensive, naturally occurring enantiomer of proline.18

This stereochemical dichotomy in these alkylations is
certainly curious. We believe the isopropyl-based alkylations
(Table 1) are aligned with the prior alkylative transformations
involving proline-derived N,O-acetals;5,19 diastereoselectivity
arises primarily from the steric influence of the isopropyl group
(Figure 2). In enolate 12, the all-staggered orientation of the

substituents across the N−C−N bonds positions the
pyrrolidine ring above the enolate plane.20 As the alkylating
agent approaches from underneath, the sp2-hybridized enolate
carbon begins to pyramidalize toward forming a cis-fused 5,5-
ring system. In this reaction trajectory, the i-Pr group also
moves toward being situated on the convex face of the forming
bicycle, avoiding the steric congestion of the concave side.
The effect of the 1-naphthyl group is much more difficult to

rationalize. The magnitude and direction of stereoselectivity
were relatively consistent for both the N-phenyl and N-butyl
amides, suggesting that arene−arene π interactions are not
primary contributors to selection. Figure 3 illustrates our

current hypothesis. Enolization presumably occurs in the same
fashion as in the isopropyl system. The anti diastereoselectivity
suggests that the immediate intermediate enolate must have an
inverted central nitrogen atom (i.e., structure 21). In this
orientation, the nitrogen lone pair is located to somewhat
delocalize into the C−C σ* of the aminal-naphthyl bond.
Although this positions the naphthyl group on the concave face
of the bicyclic enolate, its planarity coupled with its electron-
withdrawing nature may sterically and electronically permit this
orientation to occur in measurable amounts, in contrast to the
isopropyl group.21,22 This overall rationalization is quite
speculative at this stage; both computational and experimental
studies are underway to more definitively elucidate the subtle
effects of this transformation.
In summary, we have described a remarkable difference in

stereoselection in the SRS reaction class. Proline-based aminals
can be alkylated with excellent diastereoselectively to form
either the cis or trans diastereomers of α-quaternary analogues,
and these products can be subsequently aminolyzed to produce
the enantiomeric α-quaternary amino amides. An isopropyl
substituent provides a sufficient steric component to lead to syn

diastereoselectivity. The naphthyl species, in contrast, offers an
electronic biasing, which in turn results in anti stereoselection.
Further investigations into this unique observation of
complementary stereoselectivities are ongoing and will be
reported in due course.
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