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ABSTRACT

The camphor-derived tetrahydropyran (camTHP*)-desymmetrized glycinamide 1 undergoes efficient and highly diastereoselective lithium enolate
Michael additions to nitro olefins, r,â-unsaturated ketones, esters, and lactones. Straightforward manipulation of these products affords
3-substituted pyroglutamides and â-aryl- r,γ-diamino acid derivatives, highlighting the ease of synthesis of enantiomerically enriched, functionally
dense molecules using this novel building block.

The biological importance ofR-amino acid derivatives has
been clearly demonstrated over the past few years.1 Equally,
glutamic acid derivatives, pyroglutamic acid derivatives, and
related structures are important as both chiral building blocks2

and bioactive substances.3

An attractive approach to such derivatives involves the
stereocontrolled Michael addition of a chiral glycine-derived
enolate to the corresponding electron-poor olefin.3a,b,4,7aThis
process leads to the generation of up to three new stereogenic
centers in the product, and clearly, when high levels of
control are observed, these reactions are of considerable
importance.

In the preceding paper, we introduced the camTHP*-
desymmetrized glycinamide1 (Figure 1) for the enantiose-

lective synthesis ofR-amino carbonyl compounds2 through
highly diastereoselective enolate alkylation reactions and
subsequent deprotection and manipulation of the dimethyl
amide.5 Here, we report the use of this building block in
highly diastereoselective Michael addition reactions.
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Figure 1. CamTHP*-desymmetrized glycinamide1 as a building
block for R-amino carbonyl derivatives2.
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Multigram quantities of camTHP*-desymmetrized glyci-
namide1 are readily prepared in four high-yielding steps
from commercially available (+)-camphor3. The stereogenic
tertiary alcohol center is created in a facially selective
allylation reaction, and the stereogenic aminol center is
established via a chiral relay effect during the condensation
of glycinamide with the lactol4 (Figure 2).

Our preliminary studies focused on the Michael addition
of camTHP*-desymmetrized glycinamide1 to reactive nitro
olefin Michael acceptors. The optimal reaction conditions
were established quickly and comprised treatment of a-78
°C THF solution of the building block1 (1.0 equiv) with
2.0 equiv of lithium hexamethyldisilazide (LHMDS) for 1
h followed by the nitro olefin acceptor (1.1 equiv). After
being stirred for 1 h atthis temperature and 1 h at-20 °C,
the reaction mixture was quenched by the addition of 4.0
equiv of acetic acid. On warming to room temperature,
diethyl ether was added, and the mixture was filtered through
a short (1-2 cm) plug of silica eluting with diethyl ether.
Evaporation of solvents gave the corresponding crude
products5-9, which were purified by silica gel column
chromatography (Table 1).

In all cases, the reaction yields were good (78-100%)
and the observed diastereoselectivities were uniformly excel-
lent (>95% de). Notable is entry 3, where a quantitative yield
of only one of the possible four diastereoisomers was
obtained. The structures of compounds5, 6, 8, and9 were
assigned by analogy to compound7, the stereochemistry of
which was unambiguously established by single-crystal X-ray
diffraction.

Having established the utility in the addition to reactive
nitro olefin acceptors, we next turned our attention to less
reactive Michael acceptors (Table 2).

Using the previously described conditions, good to excel-
lent isolated yields were obtained withR,â-unsaturatedtert-
butyl and ethyl esters, lactones, and ketones. Reaction
diastereoselectivities ranged from good to excellent in all
cases.
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Table 1. Diastereoselective Michael Addition of1 to Nitro
Olefin Acceptors

a Yield of purified material.b Measured by analysis of the 500 MHz1H
NMR spectra of the crude reaction product.

Figure 2. Synthesis of camTHP*-desymmetrized glycinamide1
from (+)-camphor3.

Table 2. Diastereoselective Michael Addition of1 to
R,â-Unsaturated Esters, Lactones, and Ketones

a Yield of purified material.b Measured by analysis of the 500 MHz1H
NMR spectra of the crude reaction product.
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The stereochemistry of the products was assigned by
analogy to7 and 13 in which the relative stereochemistry
was determined by chemical correlation (vide infra).

The product stereochemistry is consistent with the Michael
acceptor attacking theReface of the lithium enolate and is
in agreement with the stereochemical outcome of the enolate
alkylation reactions of1.5 Moreover, the configurational
assignment of the products is compatible with a synclinal
approach model6 (Figure 3).7

To confirm the relative stereochemistry of the adducts10-
17 it was necessary to convert a representative example to a
cyclic product for NMR analysis. Hence, removal of the
camTHP* protecting group was achieved by dissolution of
the Michael adduct13 in aqueous TFA for 6 h to give the
corresponding Cbz-protectedâ-substituted glutamic acid
derivative18 in 61% yield. Subjection of this product to

standard hydrogenolysis conditions afforded the open form
glutamide which cyclized on heating to the pyroglutamic acid
derivative19 (Scheme 1).8

ReductiveN-Boc protection of the nitro group following
our previous conditions9 allowed access to the differentially
protectedâ-aryl-R,γ-diamino acid derivatives20-22 (Scheme
2).

In summary, camTHP*-desymmetrized glycinamide build-
ing block1 undergoes efficient and highly diastereoselective
lithium enolate Michael additions to nitro olefins,R,â-
unsaturated ketones, esters, and lactones. Subsequent ma-
nipulation of these Michael adducts gives stereochemically
defined polyfunctionalR-amino acid derivatives in high
yields. Further utility and synthetic applications of this
chemistry will be reported in due course.
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(c) Schöllkopf, U.; Kühnle, W.; Egert, E.; Dyrbusch, M.Angew. Chem.,
Int. Ed. Engl.1987,26, 480. (d) Pettig, D.; Schöllkopf, U.;Synthesis1988,
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Figure 3. Stereochemical model to rationalize the outcome in the
Michael addition reactions and single-crystal X-ray structure of7.

Scheme 1. Manipulation of13 to Pyroglutamide19

Scheme 2. Reductive Manipulation of Michael Adducts5-7
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