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Enantioselective synthesis of b-amino-diacids
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Abstract—An efficient route to orthogonally protected b-amino-diacids is described: chiral derivative 3 was shown to be a precursor
of enantiopure substituted b-amino acids. The key step of the procedure is a diastereoselective reduction of b-enaminolactones 5 by
NaBH3CN in CH2Cl2. A study concerning the regio- and diastereoselectivity of alkylation of b-enaminolactone 3 is also presented.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents and conditions: (a) acetonedicarboxylate, toluene,
reflux 48 h 100%; (b) (i) NaH, THF, 1 h, (ii) NH4Cl/H2O, 83%.
b-Amino acids have attracted much attention in recent
years, whether as analogues of a-amino acids to increase
the resistance of peptides to enzymatic degradation1 or
as building blocks for the synthesis of b-lactam antibiot-
ics.2 In addition, b-amino acids derivatives are crucial
structural components of numerous biologically active
natural products.3 Although many methods for synthe-
sizing enantiomerically pure b-amino acids have been
reported, great effort continues to be devoted towards
more efficient enantioselective methods.4 There are
many approaches for asymmetric synthesis of b-amino
acids including homologation of a-amino acids,5 enzy-
matic resolution,6 addition of enolates to imines,7 cata-
lytic hydrogenations.8 The most obvious strategy
consists of chiral Lewis acid catalyzed conjugate addi-
tion of amines to a,b-unsaturated esters.9 Another strat-
egy is based on stereoselective alkylation en route to
enantiopure b-amino acids using chiral auxiliaries.10

Herein, we report a novel synthetic strategy for the con-
struction of orthogonally protected b-amino-diacids by
using a new chiral auxiliary 3. While b-amino-diacids
and -diesters have a broad range of synthetic applica-
tions,11 they have been used most extensively as precur-
sors to b-lactams.12

The synthesis of compound 3 was realized in two steps
(Scheme 1).
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The condensation of dimethyl acetonedicarboxylate
with (R)-phenylglycinol 1 proceeds in toluene. This con-
densation to form the two Z- and E-diastereoisomers
does not require the removal of water and, after two
days in the refluxing solvent, b-enaminoester 2 was
obtained in nearly quantitative yield by evaporation of
the solvent. The next step involved the formation of
the optically active heterocyclic compound via cycliza-
tion. The crude material was then dissolved in dry
THF and the addition of NaH (1.1 equiv) at room tem-
perature provided after 15 min, classical work-up and
chromatography a good yield of the desired b-enamino-
lactone 3 (83% from starting (R)-phenylglycinol 1) as a
unique regioisomer.13

Next, we were interested by the regio- and stereoselectiv-
ity of alkylation of the b-enaminolactone 3, a class of
compounds which has been only scarcely explored to
date.14 The results are reported in Scheme 2.

Enolates 3 0 derived from product 2 was generated by
reaction with MeONa, which was liberated during the
cyclization step at 0 �C in THF. The electrophiles
(RX in conditions b and d) were added at 0 �C and
the reaction mixtures were stirred for 1 h 30 min at this
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Scheme 2. Reagents and conditions: (a) NaH (1.1 equiv), THF, 0 �C, 15 min; (b) (i) RX (0.95 equiv), 1.5 h at 0 �C, (ii) aqueous NH4Cl; (c) aqueous
NH4Cl; (d) (i) NaH (1.1 equiv), (ii) RX (2.2 equiv) 1.5 h at 0 �C, (iii) aqueous NH4Cl.
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Scheme 3. Reagents and conditions: (a) (i) AcOH (13 equiv), 0 �C, CH2Cl2, (ii) NaBH3CN (1.1 equiv), CH2Cl2 0 �C to rt, 1 h, (iii) aqueous NH4Cl.
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Scheme 4. Reagents and conditions: (a) H2, Pd(OH)2/C (0.5 equiv),
MeOH, rt, two days.
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temperature and further hydrolyzed with a saturated
aqueous ammonium chloride solution (conditions c cor-
respond to those reported in Scheme 1 for the formation
of compound 3).

The results reported show that the electrophile (RX) at-
tack the ambident enolate 3 0 with total exo-regioselectiv-
ity (conditions b). In all cases, we observed the presence
of the exo-dialkylated products 5 (5a: R = Bn, 5b:
R = Me). These products 5 were exclusively formed
when 1.1 more equivalent of base and RX were used
(conditions d). Unfortunately, the diastereoselectivity
of alkylation was low (conditions b). The major diaste-
reoisomer 4a could be separated by crystallization from
Et2O.

15 The R-absolute configuration of the new created
stereocenter in product 4a was established by X-ray
analysis.16 Configuration of compound 4b was deduced
from the stereochemistry of product 4a.

The reductions of compounds 4 were carried out with
NaBH3CN (6 equiv) in dichloromethane with acetic acid
(13 equiv) at 0 �C for 1 h to give the saturated amino-
lactones 6 (Scheme 3).17

In all experiments we observed, in the 1H NMR spec-
trum of the crude material, compound 6 as almost
pure.18 Some loss of material during the extraction
and chromatography processes could explain the yields,
which were obtained as indicated in Scheme 3. The ob-
served total diastereoselectivity corresponds to an attack
of the reducing agent in an anti orientation with respect
to the phenyl group.19

The generated b-aminolactones 6 were subjected to
Pd(OH)2/C-catalyzed hydrogenolysis to provide the cor-
responding b-enaminoesters 7 in enantiopure forms and
in good yields (Scheme 4).20

In summary, we have developed a novel and diastereo-
selective method for the asymmetric synthesis of ortho-
gonally protected b-amino-diacids in four steps starting
from (R)-phenylglycinol 1. Complete diastereocontrol
in the reduction step allows easy access to b-aminolac-
tones 6. Heterocycles derived from b-enaminolactones
3 are currently used in the asymmetric synthesis of
poly-substituted piperidines and quinolizidines.
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