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A method for the synthesis of b -amino acids starting from a-amino acids is described. This conversion
can be effected by an eight-step procedure which involves the transformation of the carboxylic group into
an alkyne followed by a selenium-mediated conversion of the carbon–carbon triple bond to a Se-phenyl
selenocarboxylate intermediate. The reactive Se-phenyl selenocarboxylate intermediates can be trapped
with water, alcohols or the amine of an amino acid derivative to give b3-amino acids, b3-amino esters or
mixed peptides, respectively. The whole transformations of the carboxylic group into an alkyne and of the
alkyne group into b3-amino acids may not require purification of the intermediate products but a work-
up and isolation procedure of crude materials.

� 2010 Elsevier Ltd. All rights reserved.
The synthesis of b3-amino acids has attracted considerable
attention due to their important role in synthetic chemistry and
as key components of a variety of biologically active natural mole-
cules.1 In medicinal chemistry they represent key components of
drugs and b-lactams.2 b3-Amino acids also have considerable
importance in the study of biomimetic polymers which contain
both secondary and tertiary structure analogues to those of natural
proteins.3 Different approaches have been developed for the
synthesis of b3-amino acids starting from a-amino acids as starting
materials because of their ready availability.4 In this field we have
recently introduced a facile synthesis of Se-phenyl selenocarboxy-
lates from readily accessible terminal alkynes.5 These results
induced us to devise a new stereospecific conversion of commer-
cially available optically active N-Boc a-amino acids 1 into the N-
phthaloyl b-homologues 7 (Scheme 1).

The key steps of this conversion are the synthesis of the optically
active N-Boc propargylic amines 3 from the a-amino acids 1 and the
formal oxidative-hydration of the C–C triple bond to give 7. General
methods for the stereoselective synthesis of 3 have been already
reported in the literature6 however, on the basis of previous expe-
rience,7 we envisioned that the use of the Bestmann–Ohira8

modification of the Seyferth–Gilbert reagent might constitute
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an approach for the synthesis of the essential N-Boc propargylic
amines 3 from the corresponding a-amino aldehyde inter-
mediates 2.

Thus the commercially available N-Boc a-amino acids 1a–d
were converted, under mild conditions, into the corresponding
Weinreb amide intermediates by the mixed anhydride method.9

These crude amides were directly reduced with 1.2 molar equiv
of lithium aluminium hydride10 to give the N-Boc a-amino alde-
hydes intermediates 2a–d. Because of their chemical and configu-
rational instability,11 the crude aldehydes 2 were directly used for
the reaction with the Bestmann–Ohira reagent, in the presence of
anhydrous potassium carbonate. The crude N-Boc propargylic
amines 3 were thus obtained. An analytical sample of compound
3a, ent-3a, 3c and ent-3c was used to detect the extent of the
racemization at the stereogenic a-carbon by GC–MS on chiral col-
umn. Under the reaction conditions employed L- and D-valine 1a
and ent-1a as well as D-serine ent-1c derivatives suffered a partial
racemization. As evidenced in previous works12 these losses of
enantiopurity very likely occurred during the synthesis of the
aldehydes and/or during the work-up procedure, depending on
the structure. Since the Boc-amino-protecting group is not stable
under the reaction conditions employed for the conversion of the
C–C triple bond into the Se-phenyl selenocarboxylate group,5 com-
pounds 3 were treated with trifluoroacetic acid in dichlorometh-
ane to give the corresponding propargylic amine salts which
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Scheme 1. Multistep synthesis of N-phthloyl-b3-amino acids 7 from N-Boc-a-amino acids 1.
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were then protected as N-phthaloyl derivatives 4. The reaction of
3c and ent-3c under the conditions reported above led to complete
acetonide decomposition to give the free hydroxy derivatives, as
already reported in the literature.13

Following this protocol the pure N-phthaloyl propargylic
amines 4 were obtained in good overall yields from 1 (Table 1).
HPLC analysis of compound 4b revealed that a partial racemization
of the starting a-amino acid 1b occurred during the preparation of
the corresponding aldehyde. The enantiomeric ratios of com-
pounds 4d and ent-4d could not be determined since these
compounds did not show any separation on the chiral columns
employed.

The propargylic amines 4 were then converted14 into the corre-
sponding alkynyl phenyl selenide intermediates 5. These interme-
diates were obtained sufficiently pure to be directly employed in
the following step (Scheme 1). The treatment of 5 with an excess
of p-toluenesulfonic acid monohydrate in refluxing dichlorometh-
ane5 gave the Se-phenyl selenocarboxylates 6. Compounds 6 were
Table 1
Multistep conversion of N-Boc-a-amino acids 1 into the corresponding N-p
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a Enantiomeric ratio determined by chiral GC–MS on a purified analytic
b Total yield calculated from 1.
c Enantiomeric ratio of 4b determined by chiral HPLC.
d Compounds 4d and ent-4d did not show any HPLC separation.
then treated with hydrogen peroxide in tetrahydrofuran to give the
corresponding N-protected b3-amino acids 7 in good global yields
from 4. The results of these experiments are collected in Table 2.
As indicated in Scheme 2, the b3-amino acid derivatives of N-
phthaloyl propargylic amines 4c and ent-4c could not be obtained
because the treatment of their alkynyl phenyl selenide intermedi-
ates with p-toluenesulfonic acid monohydrate in refluxing dichlo-
romethane afforded lactones 8 and ent-8, respectively, in good
yields. The formation of these lactones is in agreement with previ-
ous observations15 which indicated that when an alkynyl phenyl
selenide holds an oxygen atom in a suitable position the reaction
with p-toluenesulfonic acid gives rise to a proton-induced ring-clo-
sure reaction affording c-lactones.

HPLC analysis of products 8 and ent-8 indicates that no racemi-
zation occurred during the conversion of 3c and ent-3c into
lactones 8 and ent-8, respectively. Moreover, analytical samples
of the crude Se-phenyl selenocarboxylate intermediates 6a, ent-
6a and 6b were converted5 into the corresponding N-protected
rotected propargylic amines 4

lic amines 4 era Yieldb (%)

4a 86:14 30

ent-4a 85:15 27

4b 77:23c 35

4c 99:1 56

ent-4c 77:23 60

4d —d 32

ent-4d —d 27

al sample of the corresponding intermediate 3.



R
PhthN

SePh
O THF/ RT

Et3NClH3N

Bn

CO2Me

R
PhthN

N
H

O Bn
CO2Me

PhSeSePh

R = CbzNH-(CH2)4-

+

6d

10
53% (d.r. = 88:12)

+

Scheme 3. Formation of mixed a/b-dipeptide 10 from intermediate 6d. Global yield
calculated from 4d. The diastereoisomeric mixed a/b-dipeptide 11 was obtained in
67% global yield from ent-6d by the same procedure.

Table 2
Multistep preparation of enantiomerically enriched N-protected b3-aminoacids 7
from N-protected propargylic amines 4

N-Protected
propargylic
amines 4

N-Protected b3-amino acids 7 Yielda (%) erb

4a

PhthN
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ent-4a ent-7a 65 83:17
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76 77:23
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4

CO2H 50 —c

ent-4d ent-7d 56 —c

a Total yield calculated from 4.
b Determined by chiral HPLC on the corresponding methyl ester derivatives.
c Enantiomeric ratio was determined by proton magnetic resonance analysis of
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Scheme 2. Formation of lactone 8 from 4c and lactone ent-8 from ent-4c. Reagents
and conditions: (i) PhSeBr (1.1 equiv), CuI (2 equiv), DMF, rt, 48 h; (ii) p-TsOH
(2 equiv), CH2Cl2, 70 �C, 4 h.
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b3-amino acid methyl esters 9a, ent-9a and 9b. The enantiomeric
ratios of these esters (HPLC analysis) were identical with those of
the corresponding propargylic amine precursors (Table 1) indicat-
ing that no racemization occurred during the multistep conversion
of 4 into 6. The enantiomeric purity of the acids 7d and ent-7d was
measured on the corresponding amides because the corresponding
methyl esters could not be separated by HPLC. Thus Se-phenyl sele-
nocarboxylate 6d and ent-6d were reacted with enantiomerically
pure L-phenylalanine methyl ester hydrochloride in tetrahydrofu-
ran and in the presence of triethylamine.

The corresponding mixed ab-dipeptides 10 and 11 (Scheme 3)
were obtained in 53% and 67% good global yields from 6d and
ent-6d, respectively. Due to the nature of the transformations in-
volved, no racemization occurred during the conversion of 3d into
4d and of 5d into 6d as demonstrated above. Thus, the diastereo-
isomeric ratios of dipeptides 10 and 11, determined by proton
NMR, represented the enantiomeric composition of 6d and ent-
6d as well as those of the N-Boc propargylic amine 3d and ent-
3d, respectively. Finally, the N-phthaloyl b3-amino acids 7 can be
deprotected16 by reaction with hydrazine hydrate to give the cor-
responding b3-amino acid hydrochlorides.

In conclusion, the present methodology represents a new proce-
dure for the homologation of natural and unnatural a-amino acids.
The whole transformations of 1 into 4 and of 4 into 7 may not re-
quire purification of the intermediate products but a work-up and
isolation procedure of crude materials: there are solvent changes
from EtOAc to THF to MeOH to CH2Cl2 to THF on the way from 1
to 4 and from DMF to CH2Cl2 to THF on the way from 4 to 7. It is
worth noting that the entire synthetic procedure is of general
application since different functionalities present in the substrates
such as phenyl, hydroxy, phthaloyl and benzyloxycarbonyl groups
are tolerated under the reaction conditions employed. Modifica-
tions of the above strategy to minimize the loss of enantiomeric
purity of the starting a-amino acids are currently under investiga-
tion in our laboratory.
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