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An efficient and highly regioselective protocol was developed for the preparation of 5-hydroxy-
2-isoxazolines, which have been proved to be versatile synthons for isoxazles, β-hydroxy oximes, and
γ-amino alcohols. β-Lactams, commonly embedded in the skeletons of bioactive natural products,
were also synthesized in two steps from β-hydroxy oximes, providing a new strategy for the synthesis
of this kind of compounds.

Introduction

2-Isoxazolines are important heterocycles in organic and
medicinal chemistry,1 which are frequently found in a diverse
array of compounds, including biologically active natural

products (e.g., cycloserin, acivicine) or drug candidates,2

chiral ligands,3 and intermediates in organic synthesis.1,4

Particularly, due to their ability to undergo facile reductive ring-
opening reactions, 2-isoxazolines are of interest as precursors
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for β-hydroxy ketones,5 β-hydroxy nitriles,6 β-amino acids,7

and γ-amino alcohols,8 etc. Therefore, numerous synthetic
methods have been developed to produce 2-isoxazolines of
which the 1,3-dipolar cycloaddition of nitrile oxides to alkenes9

(Scheme 1, reaction a) and the reaction of R,β-unsaturated
carbonyl compounds with hydroxylamine are the most impor-
tant1 (Scheme 1, reaction b).Although these transformations
are widely used, some challenges still remain especially for
regio- and stereoselectivities.10,11

Recently, we reported an efficient and regioselective app-
roach for the preparation of a series of 3-substituted and
3,5-disubstituted isoxazoles (eq 1).12 In this transformation,
it was proposed that the

isoxazoles were formed via dehydration of 5-hydroxy-2-
isoxazolines. Herein, we provide a full account of our

work on the reaction of N-hydroxy-4-toluenesulfonamide 1
(TsNHOH)13 with R,β-unsaturated aldehydes/ketones,
providing a very facile and highly regioselective tactic to
5-hydroxy-2-isoxazolines, whichwould be versatile synthons
for isoxazoles 12 (Figure 1, path a),14 β-hydroxy oximes 13,15

β-lactams 15 (Figure 1, path b),16 and γ-amino alcohols 2,17

especially chiral 3-amino-3-phenylpropan-1-ol 2a, a valuable
intermediate for the synthesis of (S)-dapoxetine (Figure 1,
path c).18,19

Results and Discussion

Synthesis of 5-Hydroxy-2-isoxazolines. 5-Hydroxy-2-is-
oxazolines were commonly obtained as intermediates in the
synthesis of isoxazoles from 1,3-dicarbonyl compounds and
hydroxylamine.14b However, this approach was usually hard
to control, leading to low regioselectivity.20 While the 1,3-
cycloaddition of nitrile oxides with enolates appeared to be
an especially versatile route to the 5-hydroxy-2-isoxazolines,
this method bore some disadvantages due to the high reac-
tivity of reactants and harsh reaction conditions.9,21 Thus,
the development of facile and regioselective methods for the
synthesis of 5-hydroxy-2-isoxazolines is desirable. We envi-
sioned that condensation between hydroxylamine 113 with a
leaving group (Ts) and R,β-unsaturated aldehydes/ketones
would be a suitable strategy to achieve this goal (Scheme 2).

FIGURE 1. 5-Hydroxy-2-isoxazolines as versatile synthons.

SCHEME 1. Conventional Synthesis of the 2-Isoxazolines
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Intermediate 3 would be generated in high regioselectivity
via the conjugate addition, then extrusion of the leaving
group to produce 3-carbonyl oxime 4 following cyclization
would lead to the desired product.With this idea inmind, we
successfully obtained 5-hydroxy-2-isoxazolines under the
treatment of 1 with enals/enones.12 The most efficient set
of conditions were to employ 1.0 equiv of enal 5, 4.0 equiv of
1, and 5.0 equiv of K2CO3 in MeOH/H2O at room tempera-
ture. Under the optimal experimental conditions, the scope
of this method was extensively evaluated (Tables 1 and 2 and
Scheme 3).

As shown in Table 1, a series of 3-substituted 5-hydroxy-
2-isoxazolines 6 were readily obtained in good to excellent
yields from enals 5 and 1 under the optimal conditions. In
general, substrates containing an electron-withdrawing
group were more active to offer higher yields (entries 2, 5,
and 7) and ortho-substituted aromatic substrates resulted in
lower yields due to their lower reactivity (entries 3, 6, 8, and
10). This result implied that electron density at the aromatic
ring played an important role in this process. Heteroaro-
matic substituted enal was also tolerable in this procedure to
give good yield (entry 12). Moreover, under modified con-
ditions, 3-vinyl and 3-ester acroleins were also suitable
reactants, giving the desired products 6m and 6n in good
yields (entries 13 and 14). As confirmed in earlier studies12

that an unsaturated carbon substituent attached to the
3-position of the substrates is necessary, 3-alkyl-substituted
enals such as crotonaldehyde were not competent reactants
for this protocol.

We then evaluated the scope of enones 7 for the synthesis
of 3,5-disubstituted 5-hydroxy-2-isoxazolines 8 and ascer-
tained that thismethod could be applied to various enones as
well (Table 2). However, the activities of enones 7 were
usually lower compared to those of enals 5, so the prepara-
tion of 5-hydroxy-2-isoxazolines from 7 required relatively
higher temperature and longer reaction time than from 5.22

By using this protocol, 3,5-diaryl-substituted 5-hydroxy-2-
isoxazolines could be prepared conveniently (entries 6-12),
which were easy to dehydrate to give diaryl-substituted
isoxazoles in the literature.20a,23 Heteroaromatic substitu-
ted chalcones and 3-styryl-substituted enones 7l/7m were
also shown as suitable substrates in this process (entries 12
and 13).

To further expand the scope of this strategy, 2-bromo-
3-phenylacrylaldehyde 9 was used as a potential substrate.
A significant exception was noted: when 9 was subjected to
the above-mentioned conditions, only 4-methoxyl-3-phenyl-
5-hydroxy-2-isoxazoline 10 was isolated in low yield. Under
modified conditions, using N-hydroxylmethanesulfonamide
(MsNHOH) as hydroxylamine component at 0 �C for 4 h, 2-
isoxazoline 10 was isolated in 44% yield (Scheme 3). The

SCHEME 2. Our Strategy for Synthesis of 5-Hydroxy-2-is-

oxazolines

TABLE 1. Synthesis of 3-Substituted 5-Hydroxy-2-isoxazolinesa

entry substrate product yield (%)b

1 5a, R1 = Ph 6a 92
2c 5b, R1 = 4-NO2-C6H4 6b 91
3 5c, R1 = 2-NO2-C6H4 6c 87
4 5d, R1 = 4-MeO-C6H4 6d 83
5 5e, R1 = 4-Cl-C6H4 6e 91
6 5f, R1 = 2-Cl-C6H4 6f 84
7 5g, R1 = 4-Br-C6H4 6g 88
8 5h, R1 = 2-Br-C6H4 6h 78
9 5i, R1 = 4-Me-C6H4 6i 85
10 5j, R1 = 2-Me-C6H4 6j 76
11d 5k, R1 = 4-Me2N-C6H4 6k 74
12 5l, R1 = 2-furyl 6l 85
13d 5m, R1 = styryl 6m 70
14e 5n, R1 = MeO2C 6n 76

aGeneral reaction conditions: 5 (0.2 mmol), 1 (0.8 mmol), and base
(1.0 mmol) in 2 mL of solvent at rt, 10 h. bIsolated yield. c1 h. d35 �C,
2 days. e1 (0.3 mmol) and base (0.4 mmol) in 2 mL of EtOH at 0 �C, 2 h.

TABLE 2. Synthesis of 3,5-Disubstituted 5-Hydroxy-2-isoxazolinesa

entry substrate product yield (%)b

1c 7a, R1 = Ph, R2 = Me 8a 74
2c 7b, R1 = 4-Me-C6H4, R

2 = Me 8b 58
3 7c, R1 = 4-NO2-C6H4, R

2 = Me 8c 90
4 7d, R1 = 4-Cl-C6H4, R

2 = Me 8d 78
5 7e, R1 = 4-Br-C6H4, R

2 = Me 8e 69
6c 7f, R1 = Ph, R2 = Ph 8f 77
7c 7g, R1 = 4-MeO-C6H4, R

2 = Ph 8g 72
8c 7h, R1 = 4-Cl-C6H4, R

2 = Ph 8h 62
9c 7i, R1 = 4-Br-C6H4, R

2 = Ph 8i 50
10d 7j, R1 = Ph, R2 = 4-NO2-C6H4 8j 89
11d 7k, R1 = 4-Cl-C6H4, R

2 = 4-NO2-C6H4 8k 92
12c 7l, R1 = 2-furyl, R2 = Ph 8l 62
13c,e 7m, R1 = styryl, R2 = Ph 8m 57

aGeneral reaction conditions: 7 (0.2 mmol), 1 (1.5 mmol), and base
(1.6mmol) in 2mLof solvent at 35 �C, 24 h. bIsolated yield. cSome of the
starting material was recovered, and yield was based on recovered
material; for details see the Supporting Information. d10 h. eMeONa
as base (2.0 mmol) in 2 mL of MeOH for 2 days.

SCHEME 3. Synthesis of 3,4-Disubstituted 5-Hydroxy-2-is-

oxazolines

(22) Substrates could not be full consumed in some cases (Table 2, entries
1-2, 6-10, and 14), for details see the Supporting Information.
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135. (b) Katritzky, A. R.; Wang, M.; Zhang, S.; Voronkov, M. V. J. Org.
Chem. 2001, 66, 6787.
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relative stereochemistry of 10 was assigned as anti by NOE
experiments. We postulated that after the formation of
normal product 4-bromo-3-phenyl-5-hydroxy-2-isoxazo-
line, the SN2 substituted reaction of nucleophile MeOH
occurred to give thermodynamically stable product 10. This
hypothesis was proved when ethanol was used as a solvent:
anti-4-ethoxyl-3-phenyl-5-hydroxy-2-isoxazoline 11 was ob-
tained in 39% yield (Scheme 3). Several non-nucleophilic
solvents such as DCM, THF, and CH3CN have been used
for this reaction, but no products occurred besides some
decomposed starting materials. The results obtained have
shown nonprotic solvents are not suitable solvents for this
reaction.12 Therefore, 3,4-disubstituted 5-hydroxy-2-isoxa-
zolines were also prepared by this protocol.

Synthesis of Isoxazoles. Isoxazoles are important consti-
tuents of biologically active natural products (e.g,muscimol),
pharmaceutical agents (e.g, isoxicam, eflunomide), and val-
uable precursors to such structures as 1,3-dicarbonyl com-
pounds.14 On the basis of our previous studies,12 we found
that 5-hydroxy-2-isoxazolines can be easily transformed to
isoxazoles 12 in excellent yields by using 1.5 equiv of TsCl,
2.0 equiv of Et3N, and catalytic DMAP in CH3CN at
0 �C-rt for 4 h (Scheme 4). This transformation provided
a high-yield route to isoxazoles under very mild reaction
conditions. Earlier reports on the synthesis of isoxazole by de-
hydration of 5-hydroxy-2-isoxazoline usually required high
temperature under either basic or acidic conditions.12,21,24

Synthesis of β-Hydroxy Oximes, β-Hydroxy Aryl Amides,

and N-Aryl-β-lactams. To prepare multifunctional open-
chain products, various reductive ring-opening reactions of
5-hydroxy isoxazolines were explored. NaBH4, NaBH4/
NiCl2 3 (H2O)6, Pd/C hydrogenation in MeOH were em-
ployed and proved to be ineffective in this reaction.25 When
6a was treated with 2.0 equiv of LiAlH4 in THF at 0 �C for
2 h, we were pleased to find that the E isomer of β-hydroxy
oxime 13a26 was obtained in excellent yield. To the best of
our knowledge, there was no literature precedent for this
type of transformation. The product oxime is a very useful
functional group for organic synthesis, which would act as
the precursors for other important functionalities such as
amines, nitriles, amides, nitrile oxides, etc.27 The utility of

oximewas exhibited byBeckmann rearrangement of 13a, using
White’s protocol.28 The desired product β-hydroxy aryl amide
14a was obtained in 82% yield under mild conditions.

To investigate the scope and limitations of this novel trans-
formation, a number of 5-hydroxy-2-isoxazolines were sub-
jected to the reaction conditions. As evidenced from the
results shown in Table 3, various oximes 13 and β-hydroxy
amides 14were obtained in good yields. Such functional groups
as chloro (entry 3), nitro, and bromowere tolerated under these
conditions.29 5-Hydroxy-3-styryl-2-isoxazoline 6m led to allylic
β-hydroxy oxime 13d and N-styryl β-hydroxy amide 14d,
respectively (entry 4). This result provided a novel pathway to
prepare enamide,whichmaybe difficult to be obtainedby other
means. 3,5-Disubstituted 5-hydroxy-2-isoxazolines 8a/8f were
also suitable substrates for this protocol to give desired oximes
13e/13f and amides 14e/14f (entries 5 and 6), showing that the
two-step sequence is versatile.

It was known that N-aryl-β-lactams can be prepared
conveniently by an intramolecular Mitsunobu reaction30of
β-hydroxy aryl amide.31 Under the influence of diisopropyl
azodicarboxylate (DIAD) and triphenylphosphine (TPP),
β-lactams 15 were smoothly obtained in moderate yield
(Scheme 5). Therefore, a three-step procedure for the synth-
esis ofβ-lactams16 15which represent an important species of
biologically active molecules was developed from readily
available 5-hydroxy-2-isoxazolines.

Synthesis of γ-Amino Alcohols. γ-Amino alcohols, espe-
cially optically active forms, have found important applications
in synthetic and medicinal chemistry.17 As stated in the intro-
duction, 2-isoxazolines are potential synthons for the prepara-
tion of γ-amino alcohols.8 To develop the approach, our initial
efforts were directed toward the synthesis of racemic amino
alcohol using 6a as a model substrate. When 4.0 equiv of
BH3 3THF was used, we observed that the conversion to the
desired product 3-amino-3-phenylpropan-1-ol 2a was of 91%
yield (Scheme 6).32 Similarly, products 2b and 2c were also
isolated in good yields under the same conditions.8a,b

Chiral γ-amino alcohol 2a was the key intermediate19,33

for the synthesis of the selective serotonin reuptake inhibitor
(S)-dapoxetine fromEli Lilly and Company (Figure 1).18We
then attempted the synthesis of the optically active 2a accord-
ing to the procedure developed by Ortiz-Marciales’ group.34

SCHEME 4. Synthesis of Isoxazoles

(24) (a) Rosa, F. A.; Machado, P.; Bonacorso, H. G.; Zanatta, N.;
Martins, M. A. P. J. Heterocycl. Chem. 2008, 45, 879. (b) Di Nunno, L.;
Vitale, P.; Scilimati, A. Tetrahedron 2008, 64, 11198.

(25) These reagents were usually used to reductive ring opening of 2-
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Padwa, A., Ed.; Georg Thieme Verlag: Stuttgart Germany, 2004; Vol. 27, pp
605-647.

(28) White, J. D.; Choi, Y. Org. Lett. 2000, 2, 2373.
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been provided in the Supporting Information.
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1229. (b) Bose, A. K.; Manhas, M. S.; Sahu, D. P.; Hegde, V. R. Can. J.
Chem. 1984, 62, 2498.

(32) Uncuta, C.; Caraman, G. B.; Tanase, C. I.; Bartha, E.; Kravtsov, V.
CH.; Simonov, Y. A.; Lipkowski, J.; Vanthuyne, N.; Roussel, C. Chirality
2005, 17, 63.

(33) This intermediate can also be prepared by two novel organocatalytic
mannich reactions of acetaldehyde with N-protected-imine; see: (a) Yang,
J.W.; Chandler, C.; Stadler,M.; Kampen, D.; List, B.Nature 2008, 452, 453.
(b) Hayashi, Y.; Itoh, T.; Aratake, S.; Ishikawa, H.Angew. Chem. 2008, 120,
2112. Angew. Chem., Int. Ed. 2008, 47, 2082.

(34) (a) Huang, X. G.; Ortiz-Marciales, M.; Huang, K.; Stepanenko, V.;
Merced, F. G.; Ayala, A. M.; Correa, W.; De-Jes�us, M. Org. Lett. 2007, 9,
1793. (b) Huang, K.; Ortiz-Marciales, M.; Merced, F. G.; Mel�endez, H. J.;
Correa,W.; De Jes�us,M. J. Org. Chem. 2008, 73, 4017. (c) Huang, K.; Ortiz-
Marciales,M.; Stepanenko,V.; De Jes�us,M.; Correa,W. J.Org. Chem. 2008,
73, 6928.
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The optically active 2a was obtained by the spiroborate-
catalyzed borane reduction of 6a. However, the preliminary
results were not satisfactory (see the Supporting Information),
and we will extensively study this matter later.

Conclusion

In conclusion, an efficient approach for the highly regio-
selective synthesis of a diverse array of 5-hydroxy-2-isoxa-
zolines was developed, in which TsNHOH was employed
as an effective reactant for the conjugate addition to R,β-
unsaturated carbonyl compounds and subsequent extrusion

of sulfinate followed by the cyclization to afford the desired
products. This methodology tolerates a wide variety of func-
tional groups, including 3-heterocycle, 3-styryl, and 3-ester
enals/enones. Furthermore, 5-hydroxy-2-isoxazolines were
demonstrated as versatile synthons for the syntheses of
isoxazoles, β-hydroxy oximes, and N-aryl-β-lactams. In
addition, preparation of optically active γ-amino alcohols
via asymmetric reductive ring-opening reactions was also
attempted. Further investigations toward the chiral synthesis
of 2-isoxazolines and relative nitrogen-containing bioactive
compounds are currently underway in our laboratory and
will be reported in due course.

Experimental Section

General Procedure for the Preparation of 5-Hydroxy-2-iso-

xazolines (Compound 6a).To a solution of 150 mg (0.8 mmol) of
N-hydroxyl-4-toluenesulfonamide 1 in 1.4 mL of methanol/
water (v:v = 6:1) was added 140 mg (1.0 mmol) of K2CO3 in
portions. Then 0.2 mmol of enal 5a dissolved in 0.6 mL of
methanol was added, and the reaction mixture was stirred 10 h
at rt and monitored by TLC to determine that all of the starting
material was consumed. On completion, the reaction mixture
was diluted with EtOAc (40 mL). Then the mixture was washed
with water (5 mL) and brine (5 mL). The organic extracts were
dried over sodium sulfate and filtered. Concentration of the
solution by rotary evaporation under reduced pressure gave a
residue, which was purified by flash column chromatography to

TABLE 3. Synthesis of β-Hydroxy Oximes and β-Hydroxy Aryl Amidea

aReaction conditions: see the Supporting Information. bIsolated yield.

SCHEME 5. Synthesis of N-Aryl-β-lactams

SCHEME 6. Synthesis of γ-Amino Alcohols
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afford 30 mg (92%) of the product 6a as a white solid. The
characterization data obtained are identical with those pre-
viously reported.12

Procedure for the Preparation of 10/11. A round-bottomed
flask was charged with 134mg (1.2 mmol) ofN-hydroxylmetha-
nesulfonamide (MsNHOH) in 3.0 mL of methanol/water or
ethanol/water (v:v = 9: 1), and 208 mg (1.5 mmol) of K2CO3

was added in portions. Then 63 mg (0.3 mmol) 2-bromo-3-
phenylacrylaldehyde 9 was slowly added at 0 �C. The reaction
mixture was stirred about 4 h and monitored by TLC to
determine that all of the starting material was consumed. On
completion, the reaction mixture was diluted with EtOAc (40
mL) and the mixture was washed with water (5 mL) and brine
(5 mL). The organic extracts were dried over sodium sulfate and
filtered. Concentration of the solution by rotary evaporation
under reduced pressure gave a residue, which was purified by
flash column chromatography to afford the product 10 in 44%
yield and the product 11 in 39% yield, respectively. 10: white
solid, mp 132-134 �C; 1H NMR (300 MHz, DMSO-d6) δ
7.56-7.79 (m, 2H), 7.46-7.49 (m, 3H), 6.39 (d, J = 7.2 Hz,
1H), 5.32 (s, 1H), 5.13 (d, J = 7.2 Hz, 1H), 3.41 (s, 3H); 13C

NMR (75 MHz, DMSO-d6) δ 159.1, 130.3, 128.9, 127.9, 127.0,
109.3, 80.3, 55.3; HRMS calcd for C10H11NO3 [M]þ 193.0733,
found 193.0730. 11: white solid, mp 130-132 �C; 1HNMR (300
MHz, CDCl3) δ 7.76-7.81 (m, 2H), 7.35-7.45 (m, 3H), 5.43
(dd, J = 5.1, 0.6 Hz, 1H), 5.18 (d, J = 0.6 Hz, 1H), 3.86-3.96
(m, 1H), 3.61-3.71 (m, 1H), 2.25 (br s, 1H), 1.23 (t, J= 6.6 Hz,
3H); 13C NMR (75 MHz, CDCl3) δ 159.1, 130.8, 129.1, 128.3,
127.4, 108.6, 82.1, 64.8, 15.1; HRMS calcd for C11H13NO3 [M]þ

207.0890, found 207.0886.

Acknowledgment. We are grateful for the generous finan-
cial support by the NSFC (QT program, 20872054 and
20732002).

Supporting Information Available: General experimental
details, details of the synthesis of optically active 2a, pro-
cedures for the preparation of 12, 13, 14, 15, and 2, com-
pound characterization, and copies of spectral data. This
material is available free of charge via the Internet at http://
pubs.acs.org.


