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Abstract: The present account illustrates the syntheses of isoxazo-
line-based amino acids by the cycloaddition of 1,3-dipolar nitrile
oxides to the C–C double bond of unsaturated amino acid deriva-
tives, with focus on the regio- and stereoselectivities of the transfor-
mations. Emphasis is also placed on the syntheses of highly
functionalized amino acids by means of isoxazoline ring opening.
The syntheses of various pharmacologically active compounds and
their analogues via the above strategies are described. 
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1 Introduction

The syntheses and applications of the isoxazoline-based
amino acids comprise a relatively new topic in amino acid
chemistry. In consequence of their important pharmaco-
logical potential, these types of derivatives have been at
the focus of interest in synthetic and medicinal chemistry
during the past ten years. The aim of the present account
is to provide an insight into the most relevant results relat-
ing to synthetic investigations of isoxazoline-based amino
acids, with the focus mainly on the conformationally rigid
analogues, and their transformation into highly function-
alized derivatives with pharmacological potential.

Isoxazolines are versatile intermediates for the syntheses
of a number of bioactive compounds. Substituted isoxazo-
lines exhibit, for example, anti-influenza activity or anti-
fungal properties.1 1,3-Dipolar cycloaddition is a method

that is widely used for the construction of heterocycles,
among them isoxazolines, or for the syntheses of various
highly functionalized molecules.

Loránd Kiss graduated chemistry in 1997 from Babes-Bolyai Univer-
sity, Faculty of Chemistry and Chemical Engineering (Cluj-Napoca,
Kolozsvar, Romania). He received his Ph.D. degree in 2002 from Deb-
recen University, Department of Organic Chemistry, (Hungary) under
the supervision of Professor Sándor Antus, working in the field of
asymmetric syntheses of O-containing heterocyclic natural products. In
2003 he joined the research institute of Professor Ferenc Fülöp, at Insti-
tute of Pharmaceutical Chemistry, University of Szeged. He was post-
doc in the laboratory of Professor Norbert De Kimpe at Ghent
University, and in the laboratory of Professor Santos Fustero, Depart-
ment of Organic Chemistry, University of Valencia. He is lecturer in In-
stitute of Pharmaceutical Chemistry, University of Szeged. His recent
scientific interest is directed toward the selective functionalization of
alicyclic and heterocyclic β-amino acids, and stereoselective synthesis
of highly functionalized carbocyclic amino alcohols.
Melinda Nonn graduated as chemist in 2007 from Babes-Bolyai Uni-
versity, Faculty of Chemistry and Chemical Engineering (Cluj-Napoca,
Kolozsvar, Romania). In 2007 she started her Ph.D. at the Institute of
Pharmaceutical Chemistry, University of Szeged (Hungary) under the
supervision of Ferenc Fülöp. Her Ph.D. topic has focused on the stereo-
and regioselective transformations of alicyclic β-amino acids. In 2012
she became a team member of the Research Group of Stereochemistry
of the Hungarian Academy of Sciences and University of Szeged. Her
recent interest includes the synthesis of highly functionalized cyclic β-
amino acids by 1,3-dipolar cycloaddition and the development of asym-
metric synthetic methods toward the preparation of this class of deriva-
tives. 
Ferenc Fülöp was born in Szank, Hungary, in 1952. He received his
M.Sc. in chemistry in 1975 and his Ph.D. in 1979, from József Attila
University, Szeged, Hungary, under the supervision of Professor Gábor
Bernáth. In 1991, he was appointed full professor at the Institute of
Pharmaceutical Chemistry, University of Szeged, and since 1998 has
been head of the Institute. He has a wide range of research interests in
heterocyclic chemistry, including isoquinolines, saturated 1,3-hetero-
cycles, and the ring-chain tautomerism of 1,3-heterocycles. His recent
activities have focused on the use of amino alcohols and β-amino acids
in enzymatic transformations, asymmetric syntheses, foldamer con-
struction, and combinatorial chemistry, with a view to the development
of pharmacologically active compounds. Since 2009 he has chaired a
European COST action entitled ‘Functional peptidomimetic foldamers:
from unnatural amino acids to self-assembling nanomaterials.’
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The cycloaddition proceeds between a dipolarophile (e.g.,
alkenes, alkynes, carbonyls, or nitriles) and a 1,3-dipolar
agent (Scheme 1).

Scheme 1  General scheme of 1,3-dipolar cycloaddition

1,3-Dipoles involve three-atom π-electron systems, with
four π-electrons delocalized over the three atoms. Some
important 1,3-dipoles are nitrile oxides, nitrones, azides,
nitrile imines, diazoalkanes, carbonyl ylides, and nitrile
ylides. The 1,3-dipoles can be divided into two types: the
allyl type, such as nitrones, azomethine ylides, azometh-
ine imines, carbonyl ylides, and carbonyl imines, and the
propargyl-allenyl type, such as nitrile oxides, nitrile im-
ines, nitrile ylides, diazoalkanes, and azides (Figure 1).

Figure 1  Classification of 1,3-dipoles

The dipolarophile can be almost any compound contain-
ing a double or triple bond, such as C≡C, C=C, C≡N,
C=N, C=O, or C=S. The cycloaddition of 1,3-dipoles to
dipolarophiles may occur in a synchronous, concerted
process, as proposed by Huisgen, or via a stepwise, dirad-
ical pathway, as favored by Firestone (Scheme 2).2

Scheme 2  Mechanisms of the 1,3-dipolar cycloaddition

2 1,3-Dipolar Cycloadditions of Nitrile Oxides

The 1,3-dipolar cycloaddition of nitrile oxides to alkenes
is a powerful and efficient method for the synthesis of
isoxazolines.3 Nitrile oxides are 1,3-dipoles of propargyl-
allenyl type and their additions to yield isoxazolines may
follow a concerted or a diradical mechanism.2b

As nitrile oxides are reactive, relatively unstable dipoles,
they are generated in situ in the reaction, mainly by two
different routes: from hydroximoyl halides (X = Br or Cl,
Huisgen methodology), or from primary nitroalkanes
(Mukaiyama methodology) [Scheme 3 (a)].3a

According to the Huisgen procedure, nitrile oxides are
generated from oximes in two steps: the halogenation of
an aldoxime to give a hydroximoyl halide, followed by
dehydrohalogenation with a base. The halogenation of ox-
imes may be carried out, in general, with N-bromo- or N-
chlorosuccinimide or sodium hypochlorite solution.2a

Novel halogenating agents have recently been used effi-
ciently for the generation of hydroximic acid halides:
chloramine-T, silica gel,4a (diacetoxyiodo)benzene, and
trifluoroacetic acid.4b The bases most commonly applied
for the dehydrohalogenation are tertiary amines such as
triethylamine [Scheme 3 (b)].2b 

The other method (that of Mukaiyama) for the in situ gen-
eration of nitrile oxides is the dehydration of primary ni-
troalkanes. The transformation is accomplished in the
presence of a base. The dehydration agents used are phe-
nyl isocyanate, di-tert-butyl dicarbonate, ethyl chlorofor-
mate, benzenesulfonyl chloride, dimethylaminosulfur
trifluoride, acetic anhydride, etc.; in general, the base is
triethylamine. A possible mechanism for the preparation
of a nitrile oxide from a primary nitroalkane is shown in
Scheme 3 (c).2

The cycloadditions of nitrile oxides to symmetrical al-
kenes are stereospecific transformations leading from Z-
alkenes to cis-isoxazolines, and from E-alkenes to trans-
isoxazolines [Scheme 4 (a)].2b
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Scheme 4  Additions of nitrile oxides to alkenes

The cycloaddition of a nitrile oxide to a monosubstituted
olefin can lead to two regioisomers, either the 3,4-disub-
stituted or the 3,5-disubstituted cycloadduct [Scheme 4
(b)], the regioselectivity being determined by steric and
electronic effects. The 3,4-disubstituted isoxazoline is fa-
vored when strongly electron-withdrawing substituents
are present on the dipolarophile; in the case of electron-
donating substituents, formation of the 3,5-disubstituted
isoxazoline is observed.2a

When electron-rich and conjugated alkenes are applied in
the cycloaddition, the regioselectivity is dipole-LUMO-
controlled. Accordingly, the carbon atom of the nitrile ox-
ide attacks the terminal carbon atom of the alkene, result-
ing exclusively in the 3,5-disubstituted isoxazoline
(Figure 2). In cycloadditions to electron-deficient dipola-
rophiles, both dipole-HOMO and dipole-LUMO interac-
tions are significant, and mixtures of regioisomers are
formed. In general, the 1,3-dipolar cycloadditions of ni-
trile oxides to disubstituted alkenes lead to mixtures of re-
gioisomers.2b

Figure 2  Frontier molecular aspects of nitrile oxide cycloaddition

Isoxazolines are of considerable importance in synthetic
chemistry, since they are precursors of imino alcohols, hy-
droxy ketones, and amino alcohols (Scheme 5).5 

Scheme 5  Reductive transformations of isoxazolines

A wide range of reducing agents are applied in these trans-
formations, such as LiAlH4, NaBH4, or catalytic hydroge-
nation in the presence of noble metals (Pd or Pt) or Raney
nickel.5a,b Mild agents, such as SmI2 or Fe/NH4Cl, which
tolerate different functional groups, have also been de-
scribed for reduction of the isoxazoline ring.5c,d Asymmet-
ric versions of the above reductions for the syntheses of
enantiomerically pure amino alcohols or amino acids have
been performed using borane/chiral ligand systems or
through the reduction of readily available chiral isoxazo-
lines.5e–h

3 Syntheses of Isoxazoline-Based Amino Acids

3.1 Syntheses of Isoxazoline α-Amino Acids

Various isoxazoline-containing cyclopropane α-amino
acid derivatives have been synthesized via the dipolar cy-
cloaddition of nitrile oxides and investigated as conforma-
tionally constrained homologues of glutamic acid.6 

When cyclopropane α-amino acid 1, with a vinylic C=C
bond, was subjected to dipolar cycloaddition with a nitrile
oxide generated from ethyl 2-chloro-2-(hydroxyimino)ac-
etate in the presence of sodium hydrogen carbonate as a
base, the reaction resulted regioselectively in isoxazoline-
containing stereoisomers 2 and 3 with an ester group on
the isoxazoline ring, in a ratio of approximately 1.5:1
(Scheme 6). 
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Ester hydrolysis and N-Boc deprotection of 2 and 3 pro-
duced the isoxazoline-based cyclopropane amino acids 4
and 5 as conformationally restricted glutamate analogues. 

In contrast, when the nitrile oxide was generated from di-
bromoformaldoxime and reacted with 1, the cycloaddition
proceeded regioselectively with inverse stereoselectivity,
furnishing isoxazoline-containing amino acid stereoiso-
mers 6 and 7 in a ratio of 2.6:1 (Scheme 7).6 

N-Deprotection of stereoisomers 6 and 7 with trifluoro-
acetic acid and hydrolysis in the presence of sodium hy-
droxide with replacement of the bromine on the
isoxazoline skeleton afforded amino acid derivatives 8
and 9 (Scheme 7).

Conformationally restricted spiroisoxazoline-containing
glutamate analogues have been synthesized by the addi-
tion of nitrile oxides [derived from ethyl 2-chloro-2-
(hydroxyimino)acetate or dibromoformaldoxime] to en-
antiomerically pure proline derivative (S)-10, in which
there is an extracyclic olefinic bond. In both cases, the re-
action took place regioselectively, giving two stereoiso-
mers, 11/12 and 13/14, in a ratio of 1:3 and 1:4,
respectively (Scheme 8).6

Scheme 8

These derivatives, 11/12 and 13/14, underwent easy trans-
formation to the corresponding enantiomerically pure spi-
roisoxazoline amino acid derivatives.6 

The counterpart enantiomers could be prepared via the
same route, starting from enantiomerically pure (R)-10.6

Another proline derivative, (–)-S-15, with the olefinic
bond in the ring, was transformed by the cycloaddition of

nitrile oxides to isoxazoline-fused cyclic amino acids as
conformationally constrained aspartate or glutamate ana-
logues, inhibitors of excitatory amino acid transporters.
The cycloaddition of bromonitrile oxide to (–)-S-15 pro-
duced three of the four possible stereoisomers 16–18, in
13%, 25%, and 27% yields, respectively. Compound 16
could be separated from 17 and 18 by chromatography
(Scheme 9).7

Scheme 9

Isoxazoline-containing amino acid enantiomer 19 was
prepared from 16 by standard deprotection methodology
(Scheme 9). 

The mixture of isomers 17 and 18 was transformed to a
mixture of 20 and 21, treatment of which with (–)-(1S)-
2,10-camphorsultam yielded diastereoisomers 22 and 23,
which were separated by chromatography. N-Deprotec-
tion with trifluoroacetic acid, hydrolysis, and bromine re-
moval with sodium hydroxide gave the corresponding
enantiomerically pure isoxazoline-fused proline deriva-
tives 24 and 25 (Scheme 10).7
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Novel acyclic isoxazoline-containing glutamate ana-
logues that behave as N-methyl-D-aspartic acid (NMDA)
receptor antagonists, were successfully synthesized by the
addition of nitrile oxide [derived from ethyl 2-chloro-2-
(hydroxyimino)acetate] to unsaturated acyclic aminocar-
boxylate 26. The reaction, carried out under microwave ir-
radiation conditions, led regioselectively to four
isoxazoline-based amino ester stereoisomers 27–30,
which were separated and isolated by chromatography
(Scheme 11).

Scheme 11

These isoxazoline amino esters 27–30 were converted by
hydrolysis and N-Boc deprotection into the corresponding
amino acids.8

The cyclopentene α-amino ester 31 was a suitable starting
compound for the preparation of conformationally con-
strained homologues of glutamic acids, which act as neu-
roprotective agents. On treatment with ethyl 2-chloro-2-
(hydroxyimino)acetate in the presence of base by the
Huisgen method, the ethoxycarbonylformonitrile oxide
generated by cycloaddition stereoselectively afforded
isoxazoline-fused aminocyclopentanecarboxylates 32 and
33 in a ratio of approximately 5:1, with the carbamate and
isoxazoline skeleton in a cis relationship in the major ste-
reoisomer 32 (Scheme 12); these products were separated
and isolated by chromatography.

Scheme 12

The cis selectivity of the cycloaddition is explained by the
H-bond directing effect in the transition state of the reac-
tion. The intermolecular H-bonding interaction between
NHBoc and the nitrile oxide in the transition state (Figure

3) led to isoxazoline-fused derivative 32 as the major
product.

Figure 3

Through ester and N-deprotection under standard condi-
tions, the conformationally constrained isoxazoline car-
boxylates 32 and 33 yielded amino acids 34 and 35
(Scheme 12).9 

Cycloaddition to the di-N-Boc-protected cyclopentene-
carboxylate ester 36 could be achieved with opposite se-
lectivity. Because of the absence of the H-bond directing
effect, the reaction was controlled by steric factors. It pro-
ceeded with inverse stereoselectivity to give isoxazoline-
fused carboxylates 37 and 38 in a ratio of 1:2, the major
product being that in which the carbamate and isoxazoline
ring were in the trans steric arrangement (Scheme 13).9

Scheme 13

Although amino esters 37 and 38 could not be separated,
N-deprotection of their mixture led to the earlier prepared
amino ester 39 and a new stereoisomer 40, which were
successfully separated and isolated by column chroma-
tography. 

Enantiomerically pure derivatives were synthesized by
the same group of authors through the use of enzymatic
resolution methods. 

Scheme 14

The racemic cycloadducts rac-42 and rac-43 were ob-
tained by the stereoselective cycloaddition of nitrile oxide
to 41 (Scheme 14). When they were subjected to hydroly-
sis catalyzed by lipase B from Candida antarctica (CAL-
B), the isoxazoline ester in rac-42 was transformed to the
carboxylic function to furnish chemoselectively enantio-
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mer (–)-44 and unreacted enantiomerically pure ester (+)-
42. Hydrolysis of the alicyclic ester rac-43 by means of
proleather chemoselective catalysis afforded amino acid
enantiomer (+)-45 and unreacted ester enantiomer (–)-43,
while papain catalyzed the hydrolysis of racemic diester
rac-43 to the opposite monoacid enantiomer, (–)-45
(Scheme 15).10 

These enantiomerically pure isoxazoline-fused mono-
acids and esters 42–45 were then converted by ester hy-
drolysis and N-deprotection into the corresponding
optically pure bicyclic amino diacids.

In contrast with the Huisgen method, the Mukaiyama ni-
trile oxide generation technique provided isoxazoline-
fused α-aminocyclopentanecarboxylates with higher ste-
reoselectivity. Park and co-workers applied the Mukaiyama
methodology to carry out the cycloadditions of nitrile ox-
ides to α-aminocyclopentenecarboxylates, the 1,3-dipolar
reagents being generated from primary nitroalkanes. The
nitrile oxide derived from 1-nitrobutane using phenyl iso-
cyanate and triethylamine react with cis selectivity with
urea derivative 47 under the control of the H-bond direct-
ing effect of the urea moiety to furnish stereoisomers 49
and 48 in a ratio of 20:1 (5:1 by the Huisgen method), the
major stereoisomer being that in which the isoxazoline
and the urea displayed cis stereochemistry (Scheme 16).11

Scheme 16

The isoxazoline-fused α-aminocyclopentanecarboxylate
48, in which the amino group and the heterocycle are
trans, was obtained in only a very low amount from an N-
monoprotected (e.g., carbamate) amino ester, but this type
of stereoisomer could be synthesized in a larger quantity

by dipolar cycloaddition to an imino ester. Because of the
absence of the H-bonding directing effect, the addition of
the nitrile oxide (generated from nitrobutane/PhNCO/
Et3N) to imino ester 50 furnished isoxazoline-containing
stereoisomers 51 and 52 in a ratio of 1:1 (Scheme 17).
Since these isomers could not be separated, they were sub-
jected to imine hydrolysis and treatment with phenyl iso-
cyanate to give urea derivatives 55 and 56, which were
separated and isolated (Scheme 17). Such compounds
were subsequently transformed to cyclopentanes with hy-
dantoin and isoxazoline moieties.11

Scheme 17

Interestingly, in comparison with the additions of nitrile
oxides to α-aminocyclopentenecarboxylates (Schemes 12
and 14), addition to an N-Boc-protected cyclic α-amino
ester 57 possessing an extracyclic C=C bond furnished the
corresponding spiroisoxazoline cyclobutane amino esters
with rather low stereoselectivity (3:1). The resulting spi-

Scheme 15

N
O

EtO2C

CO2Me

NHBoc

H

H

CAL-B

phosphate buffer
      acetone

N
O

HO2C

CO2Me

NHBoc

H

H

N
O

EtO2C

CO2Me

NHBoc

H

H

+

(–)-44 (+)-42rac-42

N
O

EtO2C

CO2Me

NHBoc

H

H
rac-43

proleather

phosphate buffer
      acetone

N
O

EtO2C

CO2H

NHBoc

H

H
(+)-45

N
O

EtO2C

CO2Me

NHBoc

H

H
(–)-43

+

N
O

EtO2C

CO2Me

NHBoc

H

H
rac-43

papain

phosphate buffer
      acetone

N
O

EtO2C

CO2H

NHBoc

H

H
(–)-45

N
O

EtO2C

CO2Me

NHBoc

H

H
(+)-43

+

H2N CO2Et
n-BuNO2

PhNCO
Et3N, DME

HN CO2Et

O
N

HN CO2Et

O
N

PhHN
O

PhHN
O

HN CO2Et

PhHN
O

+

1:20

DME

PhNCO

46 47

48 (3%) 49 (60%)

HC=N CO2Etp-BrC6H4

n-BuNO2

PhNCO

Et3N, DME

HC=N CO2EtC6H4p-Br

O
N

HC=N CO2EtC6H4p-Br

O
N

+

1:1

1. 1 M HCl, THF

2. 1 M NaOH, EtOAc

H2N CO2Et

O
N

H2N CO2Et

O
N

+

PhNCO, DME

HN CO2Et

O
N

HN CO2Et

O
N

PhHN
O

PhHN
O

50

51 52

53 54

55 (16%) 56 (14%)

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
id

ad
 d

e 
V

al
en

ci
a.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



SHORT REVIEW Syntheses of Isoxazoline-Based Amino Acids 1957

© Georg Thieme Verlag  Stuttgart · New York Synthesis 2012, 44, 1951–1963

roisoxazolines 58 and 59 (R = 4-BrC6H4, Bu, Ph) were
separated by chromatography (Scheme 18) and trans-
formed into isoxazoline-substituted cyclobutanes.12 

Scheme 18

Addition of the nitrile oxide generated from nitrobutane,
phenyl isocyanate, and triethylamine by the Mukaiyama
method to N-Boc-protected ethyl α-aminocyclopentene-
carboxylate 31 led exclusively by cis-selective addition to
isoxazoline-fused N-Boc-amino ester 60, which was N-
deprotected to give amino ester 61 (Scheme 19). On cou-
pling with a Boc-protected α-aminocyclopent-3-enecar-
boxylic acid, 61 gave the dipeptidic derivative 62, which
was subjected to nitrile oxide cycloaddition. Somewhat
surprisingly, cycloaddition under the Mukaiyama condi-
tions was not selective and afforded the corresponding cy-
cloadducts 63 and 64 in a ratio of 1:1 (Scheme 19).13

3.2 Syntheses of Isoxazoline γ-Amino Acids and 
Their Transformation into Bioactive Deriva-
tives

Intensive research investigations have been performed on
the cycloaddition of various nitrile oxides to cyclopentane
γ-aminocarboxylates. Since the isoxazoline-fused deriva-
tives formed are precursors of the anti-influenza agent
Peramivir (72) and its analogues,14 such syntheses are of
great importance in synthetic and medicinal chemistry. 

The nitrile oxide suitable for the synthesis of anti-influen-
za agent 72 was generated from 3-(nitromethyl)pentane,
phenyl isocyanate, and triethylamine. Although the cyclo-
addition of this nitrile oxide was performed to an N-Boc-
protected amino ester (–)-65, in contrast with the earlier
presented cycloadditions (e.g., to N-Boc-protected α-ami-
nocyclopentenecarboxylates), in this case the H-bond di-

recting effect was not observed. The reaction afforded
four regio- and stereoisomers 66–69, the major isomer be-
ing that one in which the isoxazoline ring and the carba-
mate group are trans in 66, while the oxygen atom of the
heterocycle is farthest from the carbamate (Scheme 20).14a

This result may be explained by steric factors: due to the
large alkyl chain of the nitrile oxide, steric repulsions
overcome the H-bond directing effect in the transition
state. 

Scheme 20

The major isoxazoline-based amino ester 66 was separat-
ed from the other isomers by chromatography, and subse-
quent reductive isoxazoline opening, N-Boc deprotection,
guanidinylation, and ester hydrolysis gave the target neur-
aminidase inhibitor Peramivir enantiomer (–)-72 (Scheme
21). 

The isoxazoline ring-opened intermediate 70 was trans-
formed by reductive removal of the cyclopentane hydroxy
group to give 74, followed by deprotection and guanidi-
nylation to give 76, to yield Peramivir analogue 77
(Scheme 22).14a

While the additions of nitrile oxides to α-aminocyclopen-
tenecarboxylates were only selective under Mukaiyama
conditions (cf. Schemes 13 and 19), for the corresponding
γ-analogues the Huisgen method proved to be 100%
regio- and stereoselective. Addition of the nitrile oxide
generated from 2-ethylbutanal oxime and sodium hypo-
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chlorite in the presence of triethylamine to the cyclopen-
tene cis-γ-amino ester 65 resulted completely regio- and
stereoselectively in exclusively isoxazoline-fused amino
ester 66 (Scheme 23).

Compound 66 was then transformed by standard methods
to racemic Peramivir rac-72.15

Peramivir analogues with a modified side chain have been
prepared by the addition of the nitrile oxide generated
from 4-(nitromethyl)heptane to amino ester 65. The major
product 78 was purified by chromatography from the mi-
nor isomers (Scheme 24), and was next converted effi-
ciently into Peramivir analogues 79 and 80 (Figure 4).16 

Dipolar cycloadditions of nitrile oxides have likewise
been applied in the syntheses of other Peramivir ana-
logues. The nitrile oxide generated from nitropentane by
addition to cyclopentenecarboxylate 81 resulted in isoxa-
zoline derivatives 82 and 83 in a ratio of approximately
4:1, the major product 82 being favored for steric reasons
(Scheme 25).

The major isomer 82 was subjected to isoxazoline reduc-
tive opening, followed by hydroxy-amino interconver-
sion, guanidinylation, and deprotection to afford finally
88 (Scheme 26).14a

Scheme 23

Scheme 24

Figure 4
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3.3 Syntheses of Isoxazoline β-Amino Acids

In view of their valuable pharmacological properties, β-
amino acids are an important class of compounds in ami-
no acid chemistry, and have become a hot topic in synthet-
ic and medicinal chemistry in the past 15 years.17

Cycloadditions of nitrile oxides to cycloalkene β-amino
acids have been efficiently applied for their functionaliza-
tion. 

Addition ethyl cis-2-aminocyclopentenecarboxylate (89)
and methyl- or ethyl-substituted nitrile oxides, derived
from nitroethane or nitropropane and di-tert-butyl dicar-
bonate and 4-(dimethylamino)pyridine, gave, of the four
possible isoxazoline-fused regio- and stereoisomers, three
derivatives 90–92; the major stereoisomer 90 was that in
which the carbamate function and isoxazoline skeleton
are trans and the oxygen atom of the isoxazoline ring is
farthest from the carbamate (Scheme 27).18 The selectivi-
ty was explained and supported by theoretical calculations
in terms of the H-bond directing interaction in the transi-
tion state of the reaction (Figure 5).19

Scheme 27

Figure 5

Interestingly, when the nitrile oxide was generated from
the primary nitroalkane and phenyl isocyanate in the pres-
ence of triethylamine, the cycloadditions gave cycload-
duct 90 (which was the major product under the previous
conditions) with 100% regio- and stereoselectivity
(Scheme 28).19 The reason for this unexpected experimen-
tal observation was not clarified. 

Scheme 28

The addition to cis-amino ester 89 was not totally selec-
tive when the nitrile oxide was generated from nitro-
alkane, di-tert-butyl dicarbonate, and 4-(dimethyl-
amino)pyridine, however, a very surprising result was
found when the addition was carried out with trans β-ami-
nocyclopentenecarboxylate 94 under similar conditions.
The reaction yielded, with complete regio- and stereose-
lectivity, isoxazoline-fused aminocyclopentanecarboxyl-
ate 95 (Scheme 29).19

In contrast to the reactions of 89, the addition of nitrile ox-
ides generated from nitroalkane, phenyl isocyanate, and
triethylamine to di-N-Boc-protected ester 99 selectively
furnished, but with the opposite selectivity, low yields of
isoxazoline-fused β-aminocyclopentanecarboxylates 100
(Scheme 30).19 
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Scheme 30

3.3.1 Syntheses of Highly Functionalized Cyclic β-
Amino Acids by 1,3-Dipolar Cycloaddition of 
Nitrile Oxides

Dipolar cycloadditions of nitrile oxides have been effi-
ciently applied to produce highly functionalized cyclic β-
amino acid derivatives. Although attempts to prepare
isoxazoline-fused hydroxylated β-aminocyclohexanecar-
boxylates 105 or 106 by the addition of nitrile oxides to
the olefinic bond of hydroxylated cyclohexenecarboxyl-
ates 101 or 102 proved unsuccessful, these compounds
were prepared in an alternative way, by means of the cis-
selective addition of nitrile oxide to the unsaturated lac-
tone 103, followed by lactone ring opening with sodium

ethoxide. Lactone ring opening at 0 °C furnished the all-
cis amino ester 105, while at 20 °C epimerization occurred
to give stereoisomer 106 (Scheme 31).20 

Highly functionalized cyclopentane β-amino esters have
been synthesized by reductive isoxazoline ring cleavage.
On treatment with sodium borohydride and nickel(II)
chloride, the reaction of amino ester 90a proceeded with
cis selectivity to give 107 (Scheme 32).

Scheme 32

Other multisubstituted cispentacin stereoisomers 108–
111 were prepared by the same protocol from isoxazoline-
fused 2-aminocyclopentanecarboxylates (Figure 6).21 
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Figure 6

4 Cycloaddition of Nitrile Oxides to Amino 
Acid Precursors

Next the syntheses of isoxazoline-containing derivatives,
which may be regarded as cyclic amino acid precursors,
were investigated. Addition of the nitrile oxide obtained
from benzhydroximoyl chloride (113) and triethylamine
to azabicyclic derivative 112 stereoselectively furnished
isoxazoline-fused cycloadduct regioisomers 114 and 115
in a ratio of approximately 1:1. After separation by chro-
matography, these compounds were transformed via isox-
azoline amino alcohols 116 and 117, with purine and
pyrimidine base construction, to a series of isoxazoline-
fused carbocyclic nucleosides (Scheme 33).22 

Scheme 33

Isoxazoline γ-lactams, as precursors of γ-amino acids, are
readily accessible from azacyclic derivatives 114 and 115.
Oxidation of these two compounds with ruthenium tetrox-
ide and sodium periodate afforded γ-lactam derivatives
118/120 and 121/123, respectively, in rather low yields.
Oxidation at the benzylic position led to 119 and 122
(Scheme 34).23 

On treatment with methanesulfonic acid, isoxazoline γ-
lactams 118 and 121 underwent ready conversion into the
corresponding isoxazoline γ-amino acid derivatives 124
and 125 (Scheme 35).23 

Scheme 35

In order to increase the amount of the isoxazoline γ-lac-
tam, isoxazoline-based azacyclic regioisomers 127 and
128 were first prepared analogously to the process shown
in Scheme 34, by changing the N-substituent from benzyl
to methyl, ethyl, isopropyl, or tert-butyl (Scheme 36).24 

Scheme 36

Both isoxazoline regioisomers 127 and 128 were then
subjected to the oxidation reaction. Though the com-
pounds bearing an N-ethyl or N-isopropyl group gave only
poor yields of the corresponding lactam, the tert-butyl de-
rivatives of both 127 and 128 resulted selectively in only
the isoxazoline γ-lactams 129 and 132 in high yields
(Schemes 37 and 38).23
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5 Summary and Outlook

Highly functionalized cyclic amino acids are valuable
bioactive substances and, therefore, potentially extremely
important in synthetic and medicinal chemistry. The re-
gio- and stereoselective dipolar cycloaddition of nitrile
oxides is a powerful technique for construction of the
isoxazoline ring, and is a widely applicable method for the
functionalization of various amino acid derivatives con-
taining an olefinic bond. Moreover, reductive isoxazoline
ring cleavage offers an opportunity for access to a number
of highly functionalized cyclic amino acid derivatives
with the generation of new stereogenic centers, which is
likely to have a considerable impact in medicinal chemis-
try.
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