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ABSTRACT

A new method was developed for the stereoselective synthesis of r-substituted serine amino acids. The strategy utilizes a common
enantiomerically enriched intermediate obtained through an enzymatic desymmetrization. A variety of amino acids were synthesized in good
ee’s through nucleophilic acetylide addition reactions and palladium-catalyzed Sonogashira couplings.

The stereoselective construction ofR,R-disubstitutedR-amino
acids has attracted a great deal of attention in the synthesis
community for some time, and numerous elegant methods
have been developed.1 This attention is undoubtedly due to
inherent structural challenges of these compounds as well
as their notable effects on biological activity.2 The R-sub-
stituted serine unit has been investigated in the design of
peptides1b and is contained within natural products such as
myriocin, (+)-lactacystin, (+)-conagenin, and sphingofungin
E.3 Traditionally,R-substituted serines are prepared through
a number of standard methods including rearrangements of
chiral trichloroacetimidates,3b,4alkylation of chiral enolates,5

and the ring-opening of chiral aziridines.6 However, to our
knowledge, only one type of enzyme-catalyzed desym-
metrization method for constructing these compounds is
published.3a,7This method, based on the hydrolytic enzymatic

desymmetrization ofR-alkyl R-aminomalonate derivatives,
was first utilized by Fukuyama and co-workers in their total
synthesis of (-)-tantazole B.7

Fukuyama’s method was subsequently employed in a
recent effort by Nagao and co-workers.3a The latter study
detailed a synthesis ofR-substituted serines based on the
enantioselective enzymatic hydrolysis of a short series of
diethylR-alkyl-R-(benzyloxycarbonylamino)malonates using
pig liver esterase (PLE) or rabbit liver esterase (RLE).3a

Although the results of this study were promising, findings
suggested that the method could be somewhat limited by
the identity of the desymmetrization substrate.

A more general enzymatic desymmetrization strategy for
the enantioselective synthesis ofR-substituted serine amino
acids would be useful. Monoacetate1 (Scheme 1), afforded
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in 80% ee through a PLE-catalyzed enzymatic desymmetri-
zation of the corresponding diacetate, was recently developed
in this laboratory and utilized in the synthesis of constrained
analogues of theR-N-acetylgalactosaminyl serine glyco-
peptide substructure.8 Our goal was to recruit1 as an
intermediate for the stereoselective preparation of a variety
of novel R-substituted serine analogues. Unfortunately,
neither compound1 nor any other intermediates were
crystalline, so the ee could not be enhanced further.

The method bears notable advantages over previous ones.
First, the divergent method is flexible. The terminal alkyne
functional group in1 is amenable to a variety of synthetic
transformations, which facilitates the propagation of diversity
at CR. Specifically, compounds2 and 3, enantiomers

available from1 by a benzylation-deacylation-silylation
or silylation-deacylation-benzylation sequence, respectively
(Scheme 1),8 can undergo acetylide additions to a variety of
electrophiles. Compound4, also available from1,8 is
amenable to palladium-catalyzed Sonogashira couplings9

with a variety of aryl halides. The orthogonal protecting
groups in 2-4 provide selective access to bothD- and
L-amino acid configurations. Second, enantioselectivities are
consistent. Compounds2-4 were previously shown to
maintain the enantiomeric ratio established in intermediate
1. Therefore, all amino acid products arising from these
intermediates would possess this ratio as well. This is
advantageous since the enantioselectivity of a desymmetri-
zation process is highly dependent on substrate structure.10

Finally, the strategy avoids problems associated with sub-
strate compatibility in the desymmetrization process. The
method provides access to compounds that may not be
directly available through an enzymatic desymmetrization.
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Table 1. Acetylide Addition Route toL-Serine Amino Acid Analogs

a Key: (i) LDA (4 equiv), THF, DMPU,-50 °C, then E+ (4 equiv); (ii) LDA (3 equiv), THF, DMPU,-50 °C, then E+ (4 equiv) and warm to rt; (iii)
CuI, toluene, NEt3, 65 °C.
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In an effort to synthesize a variety ofR-substitutedL-serine
amino acids, compound2 was utilized in a series of addition
reactions to simple electrophiles (E+). Acetylide additions
of the dianion of2 to chlorotrimethylsilane and allyl bromide
(entries 1 and 2, Table 1) afforded6a and6b, respectively.
Initial reduction of the internal alkyne functional group in
these products11 was followed by removal of the TBS
protecting group under acidic conditions. The free primary
hydroxyl group resulting from the deprotection was then
oxidized in two steps to the necessary carboxylic acid. A
final removal of the DMB protecting group through more
forceful hydrogenation conditions provided the targetN-
protected amino acids7aand7b. Unfortunately, addition of
the dianion of2 to more reactive electrophiles such as
2-methoxyethoxymethyl chloride (MEM-Cl) and methyl

iodide led to substantial quantities ofN-alkylated products,
even under carefully controlled reaction conditions. There-
fore, to prevent alkylation at this position, an additional
benzyl protecting group was installed on the nitrogen in
compound2, producing compound5.12 Acetylide additions
of 5 to MEM-Cl and methyl iodide (entries 3 and 4)
proceeded smoothly to provide6c and6d. Manipulations to
these intermediates as before afforded the target amino acids
7c and 7d.13 Finally, a copper-mediated addition of2 to
trimethylacetyl chloride (entry 5) provided6e.14 Intermediate
6ewas then readily transformed as before to protected amino

(11) Benzene was utilized as the solvent in this hydrogenation reaction
in an effort to prevent premature removal of the DMB protecting group
(6a-e) and the TBS group (8a-f).

(12) Compound5 was prepared by treating compound2 with 1 equiv of
potassium bis(trimethylsilyl)amide in THF at-55 °C followed by addition
of benzyl bromide and tetrabutylammonium iodide and subsequent warming
to room temperature.

(13) The DMB and benzyl protecting groups were simultaneously
removed in the final hydrogenation sequence.
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Table 2. Sonogashira Coupling Route toL-Serine Amino Acid Analogues

a Key: (i) RX (2 equiv), Pd(PPh3)4 10%, CuI 20%, NEt3, DMF, rt; (ii) RX (3 equiv), PdCl2(PPh3)2 10%, CuI 20%, NEt3, CH3CN, rt.
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acid7e. Importantly, the alkylation route could also provide
the correspondingR-substitutedD-serine amino acids through
intermediate3 using the aforementioned methods.

Studies by Crisp and co-workers resulted in the synthesis
of a series of monosubstituted amino acids through pal-
ladium-catalyzed cross-couplings of aryl halides and aryl
triflates with an ethynyloxazolidine substrate.15 The second
component of our strategy would expand upon this method
by employing4 as a substrate for palladium-catalyzed cross-
couplings to various aryl halides (RX). Coupling of4 to
iodobenzene (entry 1, Table 2) afforded8a. Initial reduction
of the internal alkyne functional group in this product11 was
followed by removal of the acetate group. The free primary
hydroxyl group resulting from acetate removal was then
oxidized in two steps to the necessary carboxylic acid.
Removal of the TBS protecting group under acidic conditions
provided the targetN-protectedL-serine amino acid9a.
Phenyl groups containing an electron-donating substituent
and an electron-withdrawing substituent (entries 2 and 3)
were successfully incorporated to provide8b and 8c,
respectively. The successful incorporation of heteroaromatic
groups (entries 4 and 5) provided intermediates8d and8e.16

Finally, in addition to aryl halides, an iodoalkene17 was
successfully coupled to4 (entry 6), affording intermediate
8f. Straightforward manipulations to intermediates8b-f, as
before, provided the desiredN-protected amino acids9b-f.
Importantly, a compound similar to9f was unavailable
through methods reported earlier.3a

The correspondingR-substitutedD-serine amino acids are
also available through the coupling route. Synthesis of these
targets bearing the opposite configuration at CR is ac-
complished through modifications to the order of manipula-
tions performed on intermediates8a-f.18 This principle was
demonstrated in the synthesis of the enantiomer of9b,
compound11 (Scheme 2). Initial reduction of the internal
alkyne functional group in8b followed by TBS group

removal gave10. Oxidation of the primary hydroxyl group
in 10, as before, and subsequent removal of the acetate group
afforded the target compound11 bearing the D-serine
configuration.

In summary, a new method was developed for the
stereoselective synthesis ofR-substituted serine amino acids.
The method is based on a common enantiomerically enriched
intermediate obtained through an enzymatic desymmetriza-
tion.8 A variety of amino acids were synthesized selectively
in good ee’s through nucleophilic acetylide addition reactions
and palladium-catalyzed Sonogashira couplings. This strategy
is relatively general as well as flexible and, therefore, has
advantages over previous desymmetrization-based methods
for the synthesis ofR-substituted serine amino acids.
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