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ABSTRACT: A simple and efficient methodology has been
developed for the synthesis of methyl 3,5-diaryl-isoxazoline-
5-carboxylates in a high-throughput fashion. This was accom-
plished in one-pot by a sequence of three 2-component reac-
tions steps (2·2·2-CR), whereby compounds were obtained in
overall 30−66% isolated yields. The functional group diversity
was established by synthesizing a 160-membered library.

KEYWORDS: methyl 3,5-diaryl-isoxazoline-5-carboxylate, one-pot, high throughput, 1,3-dipolar cycloaddition,
2·2·2-component reaction

■ INTRODUCTION

Isoxazolines have found extensive usage as pharmacophores in
recent times. For example, isoxazoline derivatives have been
reported as calcium release activated calcium (CRAC) channel
modulators,1 macrophage migration inhibitory factor (MIF)
antagonists,2 caspase inhibitors,3 phophodiesterase-4 (PDE-4)
inhibitors,4 cell adhesion inhibitors,5 cystic fibrosis trans-
membrane conductance regulator (CFTR) protein activators,6

factor Xa inhibitors,7 tubulin polymerization inhibitors,8 inhi-
bitors of matrix metalloproteinases and/or TNF-α converting
enzyme,9 and DNA methyltransferase 1 inhibitors.10 Com-
pounds containing isoxazoline moiety have been reported as
potential antimicrobial, analgesic and antistress agents.11

Isoxazolines are also useful synthons in organic synthesis and
have been used for the synthesis of isoxazoles, β-lactams,
γ-amino alcohols, and primary alcohols.12 Key intermediates in
the synthesis of Elliott’s alcohol and resmethrins, Monatin, a
natural sweetener, and natural products involve isoxazoline.13

In view of the wide ranging use of the isoxazoline moiety in
organic and medicinal chemistry, a high throughput (HT)
diversity oriented synthesis of this key scaffold could be of
significant interest. We were particularly interested in a HT
synthesis of 3,5-diaryl-isoxazoline-5-carboxylate derivatives as
we intended to use the carboxylate group for further deriva-
tization. Recently, synthesis of a 72-membered isoxazolino-β-
ketoamide library by a 2·3-component reaction was reported.14

However, this method was not amenable to modifications
required for the synthesis of 3,5-diaryl-isoxazoline-5-carboxylate
derivatives. We present here the synthesis of a 160-membered
library of methyl 3,5-diaryl-isoxazoline-5-carboxylate pharma-
cophore by a modified HT synthesis. This involves a one-pot,
sequential synthesis of an aryl oxime, a methyl 2-arylacrylate, an

arylnitrile oxide, followed by a 1,3-dipolar cycloaddition between
the methyl 2-arylacrylate and the arylnitrile oxide.

■ RESULTS AND DISCUSSION
Synthesis of isoxazolines by 1,3-dipolar cycloadditions between
alkenes and a nitrile oxide is very well-known in organic
synthesis.15 There are several reports of library syntheses of
isoxazolines from alkenes and nitrile oxides in both solution
phase and on solid support.16 However, in all these examples the
oxime and the nitrile oxide precursor were preformed separately
before reacting with the alkene. As seen in Scheme 1, the synthesis

of methyl 3,5-diaryl-isoxazoline-5-carboxylates can be consid-
ered as a composite of two sets of unrelated reactions synthesiz-
ing methyl 2-arylacrylate and arylnitrile oxide (generated in
situ), followed by combining the products in the last step.
The initial proof-of-concept study focused on investigating

the feasibility of achieving this multicomponent reaction in one-
pot. Keeping in mind the scalability features and cost factors,
we preferred a solution phase approach. Individually these are
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Scheme 1. Retrosynthetic Analysis
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all 2-CR sequences. However, the combination of four reactants
in a one-pot fashion can lead to undesired side-product
formation and, consequently, lower or no isoxazoline yield.
Thereby, selection of the right sequence of addition, choice of
solvent, base, and additive would hold key to the success of this
transformation.
Our initial attempts centered on synthesizing the methyl

2-(2-nitrophenyl)acrylate first followed by the addition of
4-fluorobenzaldehyde and hydroxyl amine in the same pot to
generate the oxime. The 1,3-dipolar cycloaddition reaction
could then be performed by addition of bleach to generate the
nitrile oxide in situ.
The oximes are normally synthesized in polar protic solvents

in presence of an inorganic or an organic base.17 The synthesis
of 2-phenylacrylates generally uses K2CO3 as a base in presence
of a phase-transfer catalyst and some of the commonly used
solvents are DMF, DMF−H2O, and toluene.18 We thus tried
various combinations of EtOH, DMF, and H2O for the one-pot
methodology. In the first step, methyl 2-(2-nitrophenyl)acrylate
4{1} was synthesized and 4-fluorobenzaldehyde 1{1} and
hydroxyl amine were added to the same pot after cooling the
reaction to rt (Scheme 2, sequence 1). The oxime 2{1} was
formed by heating the resulting mixture. In the final step, the
nitrile oxide was generated in situ by addition of bleach to the
chilled reaction mixture of oxime 2{1} (and alkene 4{1}) to
accomplish the 1,3-dipolar cycloaddition reaction. However, the

presence of desired isoxazoline 5{1,1} could not be identified
by LCMS of the reaction mixture. We reasoned that the solvent
and the choice of base played a role in this one-pot
multicomponent transformation. Next, we used toluene/EtOH
as the solvent mixture of choice. Though, satisfactory alkene 4{1}
formation was observed by LCMS, only a trace amount of

Scheme 2. Optimization of Reaction Sequences for the Synthesis of Methyl 3-(4-Fluorophenyl)-5-(2-nitrophenyl)-4,5-
dihydroisoxazole-5-carboxylate (5{1,1}) by a One-Pot Multicomponent (2·2·2-Component) Reaction

Scheme 3. Optimized Conditions for Methyl
3,5-Diaryl-Isoxazoline-5-carboxylate Synthesis by a One-pot
Multicomponent (2·2·2-Component) Reaction
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product was seen by LCMS at the end of the completed
sequence.
To identify the most suitable reaction condition, we further

studied the individual steps as seen in Scheme 2 (table for
optimization of step-1.1). Toluene as the solvent was found to
result the best isolated yield for both the steps. However, a
small amount of product 5{1,1} (∼10% isolated yield) was
obtained by using toluene as the only solvent (with 3 equiv of
K2CO3 without any further addition of base). Though it was
possible to isolate the desired isoxazolines, the yield was still
unsatisfactory and formation of undesired side products was
observed. Similar results were obtained with other methyl
2-arylacetates and aldehydes. On further probing, methyl
2-arylacrylate 4 was found to be undergoing decomposition
under the reaction conditions.
As a next step, we evaluated the effect of reversal of the sequence

of the reactions (Scheme 2, sequence 2). 4-Fluorobenzaldehyde
oxime 2{1} was synthesized first followed by the addition of
methyl 2-(2-nitrophenyl)acetate and paraformaldehyde to form
methyl 2-(2-nitrophenyl)acrylate 4{1}. The K2CO3 loading was
reduced to ∼1.5 equiv by using NaOAc as a base in the first
step (oxime 2{1} formation, Scheme 2, table for optimization
of step-1.2). The final step was performed by adding bleach
to this reaction mixture as before without any further
modification. Interestingly, the corresponding isoxazoline
5{1,1} was obtained in 56% isolated yield after purification
by preparative HPLC.
The general scheme for this multicomponent synthesis is

shown in Scheme 3. To expand the scope of this method, a
diverse array of reactants was chosen (Figure 1). A total of

Figure 1. Variations on aromatic aldehydes (1) and methyl
arylacetates (3) used.

Table 1. Library of Methyl 3,5-Diaryl-isoxazoline-5-carboxylates

entry
aldehyde,

(1)
methyl

arylacetate (3)
methyl 3,5-diaryl-isoxazoline-

5-carboxylate (5)
yield
(%)

1 {1} {1} 5{1,1} 56
2 {1} {2} 5{1,2} 42
3 {1} {3} 5{1,3} 40
4 {1} {4} 5{1,4} 42
5 {1} {5} 5{1,5} 60
6 {1} {6} 5{1,6} 44
7 {1} {7} 5{1,7} 50
8 {1} {8} 5{1,8} 40
9 {2} {1} 5{2,1} 53
10 {2} {2} 5{2,2} 41
11 {2} {3} 5{2,3} 38
12 {2} {4} 5{2,4} 42
13 {2} {5} 5{2,5} 50
14 {2} {6} 5{2,6} 42
15 {2} {7} 5{2,7} 42
16 {2} {8} 5{2,8} 45
17 {3} {1} 5{3,1} 45
18 {3} {2} 5{3,2} 38
19 {3} {3} 5{3,3} 36
20 {3} {4} 5{3,4} 35
21 {3} {5} 5{3,5} 45
22 {3} {6} 5{3,6} 40
23 {3} {7} 5{3,7} 38
24 {3} {8} 5{3,8} 42
25 {4} {1} 5{4,1} 30
26 {4} {2} 5{4,2} 35
27 {4} {3} 5{4,3} 32
28 {4} {4} 5{4,4} 32

entry
aldehyde,

(1)
methyl

arylacetate (3)
methyl 3,5-diaryl-isoxazoline-

5-carboxylate (5)
yield
(%)

29 {4} {5} 5{4,5} 39
30 {4} {6} 5{4,6} 38
31 {4} {7} 5{4,7} 36
32 {4} {8} 5{4,8} 38
33 {5} {1} 5{5,1} 45
34 {5} {2} 5{5,2} 40
35 {5} {3} 5{5,3} 45
36 {5} {4} 5{5,4} 47
37 {5} {5} 5{5,5} 48
38 {5} {6} 5{5,6} 44
39 {5} {7} 5{5,7} 45
40 {5} {8} 5{5,8} 48
41 {6} {1} 5{6,1} 51
42 {6} {2} 5{6,2} 43
43 {6} {3} 5{6,3} 47
44 {6} {4} 5{6,4} 49
45 {6} {5} 5{6,5} 60
46 {6} {6} 5{6,6} 44
47 {6} {7} 5{6,7} 50
48 {6} {8} 5{6,8} 42
49 {7} {1} 5{7,1} 52
50 {7} {2} 5{7,2} 45
51 {7} {3} 5{7,3} 45
52 {7} {4} 5{7,4} 50
53 {7} {5} 5{7,5} 52
54 {7} {6} 5{7,6} 45
55 {7} {7} 5{7,7} 51
56 {7} {8} 5{7,8} 45
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18 benzaldehydes were used. There was no significant effect
on conversion with both electron donating and electron
withdrawing substitution on the aryl ring. The o-, m-, or
p-substitution did not have any effect on the yield as well.
The reaction was successful with isonicotinaldehyde (19{1})
and 1-naphthaldehyde (20{1}) with yields comparable to the
benzaldehydes. The robustness of this HT synthesis was also

established by using 8 methyl arylacetates. Under the pre-
sent reaction conditions, a variety of substituents were
found to be tolerated well. The isolated yields were found to
be in the range of 30−66% after purification of the crude
products by preparative HPLC (Table 1). Molecular weights
ranged from 297 to 476 as a result of functional group
diversity.

Table 1. continued

entry
aldehyde,

(1)
methyl

arylacetate (3)
methyl 3,5-diaryl-isoxazoline-

5-carboxylate (5)
yield
(%)

57 {8} {1} 5{8,1} 58
58 {8} {2} 5{8,2} 40
59 {8} {3} 5{8,3} 38
60 {8} {4} 5{8,4} 55
61 {8} {5} 5{8,5} 66
62 {8} {6} 5{8,6} 42
63 {8} {7} 5{8,7} 52
64 {8} {8} 5{8,8} 55
65 {9} {1} 5{9,1} 41
66 {9} {2} 5{9,2} 49
67 {9} {3} 5{9,3} 50
68 {9} {4} 5{9,4} 50
69 {9} {5} 5{9,5} 55
70 {9} {6} 5{9,6} 50
71 {9} {7} 5{9,7} 49
72 {9} {8} 5{9,8} 50
73 {10} {1} 5{10,1} 40
74 {10} {2} 5{10,2} 45
75 {10} {3} 5{10,3} 40
76 {10} {4} 5{10,4} 48
77 {10} {5} 5{10,5} 45
78 {10} {6} 5{10,6} 48
79 {10} {7} 5{10,7} 47
80 {10} {8} 5{10,8} 45
81 {11} {1} 5{11,1} 33
82 {11} {2} 5{11,2} 48
83 {11} {3} 5{11,3} 37
84 {11} {4} 5{11,4} 35
85 {11} {5} 5{11,5} 40
86 {11} {6} 5{11,6} 45
87 {11} {7} 5{11,7} 44
88 {11} {8} 5{11,8} 42
89 {12} {1} 5{12,1} 45
90 {12} {2} 5{12,2} 52
91 {12} {3} 5{12,3} 41
92 {12} {4} 5{12,4} 40
93 {12} {5} 5{12,5} 44
94 {12} {6} 5{12,6} 49
95 {12} {7} 5{12,7} 50
96 {12} {8} 5{12,8} 45
97 {13} {1} 5{13,1} 41
98 {13} {2} 5{13,2} 48
99 {13} {3} 5{13,3} 40
100 {13} {4} 5{13,4} 38
101 {13} {5} 5{13,5} 45
102 {13} {6} 5{13,6} 45
103 {13} {7} 5{13,7} 42
104 {13} {8} 5{13,8} 39
105 {14} {1} 5{14,1} 47
106 {14} {2} 5{14,2} 51
107 {14} {3} 5{14,3} 44
108 {14} {4} 5{14,4} 40

entry
aldehyde,

(1)
methyl

arylacetate (3)
methyl 3,5-diaryl-isoxazoline-

5-carboxylate (5)
yield
(%)

109 {14} {5} 5{14,5} 47
110 {14} {6} 5{14,6} 48
111 {14} {7} 5{14,7} 44
112 {14} {8} 5{14,8} 43
113 {15} {1} 5{15,1} 34
114 {15} {2} 5{15,2} 36
115 {15} {3} 5{15,3} 34
116 {15} {4} 5{15,4} 38
117 {15} {5} 5{15,5} 52
118 {15} {6} 5{15,6} 40
119 {15} {7} 5{15,7} 42
120 {15} {8} 5{15,8} 38
121 {16} {1} 5{16,1} 50
122 {16} {2} 5{16,2} 43
123 {16} {3} 5{16,3} 42
124 {16} {4} 5{16,4} 45
125 {16} {5} 5{16,5} 58
126 {16} {6} 5{16,6} 45
127 {16} {7} 5{16,7} 44
128 {16} {8} 5{16,8} 42
129 {17} {1} 5{17,1} 45
130 {17} {2} 5{17,2} 44
131 {17} {3} 5{17,3} 48
132 {17} {4} 5{17,4} 44
133 {17} {5} 5{17,5} 50
134 {17} {6} 5{17,6} 42
135 {17} {7} 5{17,7} 42
136 {17} {8} 5{17,8} 42
137 {18} {1} 5{18,1} 43
138 {18} {2} 5{18,2} 48
139 {18} {3} 5{18,3} 48
140 {18} {4} 5{18,4} 50
141 {18} {5} 5{18,5} 52
142 {18} {6} 5{18,6} 48
143 {18} {7} 5{18,7} 52
144 {18} {8} 5{18,8} 45
145 {19} {1} 5{19,1} 40
146 {19} {2} 5{19,2} 48
147 {19} {3} 5{19,3} 42
148 {19} {4} 5{19,4} 45
149 {19} {5} 5{19,5} 52
150 {19} {6} 5{19,6} 44
151 {19} {7} 5{19,7} 40
152 {19} {8} 5{19,8} 40
153 {20} {1} 5{20,1} 45
154 {20} {2} 5{20,2} 48
155 {20} {3} 5{20,3} 43
156 {20} {4} 5{20,4} 40
157 {20} {5} 5{20,5} 48
158 {20} {6} 5{20,6} 45
159 {20} {7} 5{20,7} 38
160 {20} {8} 5{20,8} 38
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In conclusion, we have successfully synthesized a 160-membered
library of methyl 3,5-diaryl-isoxazoline-5-carboxylates. By suitable selec-
tion of the reaction sequence, the synthesis could be achieved in
one-pot through sequential 2-CR steps. This 2·2·2-CR variant
of otherwise very common synthesis methodology was
unexplored before. A wide range of functional groups was
tolerated and the compounds were obtained in satisfactory overall
yields and purity suitable for biological activity screening.

■ EXPERIMENTAL PROCEDURES
General Procedure for the One-Pot Reaction. A mix-

ture of aromatic aldehyde (0.5 mmol), hydroxylamine hydro-
chloride (0.6 mmol), and NaOAc (0.9 mmol) in toluene (2 mL)
was stirred at 95 °C for 1 h. The reaction mixture was cooled to
room temperature followed by the addition of the ester (0.6
mmol), paraformaldehyde (1.7 mmol), potassium carbonate
(0.8 mmol), and tetrabutylammonium iodide (0.06 mmol) to
the same reaction pot and was heated at 95 °C for 1 h. The
reaction mixture was then cooled to 0 °C, and bleach (5 mL)
was added under vigorous stirring. It was then stirred at room
temperature for an additional 0.5 h and allowed to settle. The
organic layer was separated and the residual aqueous layer was
extracted with ethyl acetate (2 × 5 mL). The combined organic
layer was passed through a plug of anhyd Na2SO4 and
concentrated in a centrifugal evaporator (Genevac HT-4X) to
give the desired crude product. This was purified by preparative
HPLC (column Xbridge Prep C18, 19 × 250 mm; mobile phase
5 mM (NH4)2CO3/MeCN, 70:10−30:90; flow rate 12 mL/min;
run time 10−20 min).
Methyl 3-(4-Fluorophenyl)-4,5-dihydro-5-(2-nitro-

phenyl)isoxazole-5-carboxylate (5{1,1}). Isolated yield:
56%. 1H NMR (400 MHz, CDCl3) δ 7.8.24 (d, J = 8.0 Hz,
1H), 8.08 (d, J = 8.0 Hz, 1H), 7.75 (t, J = 8.0 Hz, 1H), 7.65−
7.69 (m, 2H), 7.57 (t, J = 8.4 Hz, 1H), 7.09 (t, J = 8.8 Hz, 2H),
4.78 (d, J = 17.6 Hz, 1H), 3.76 (s, 3H), 3.43 (d, J = 17.6 Hz,
1H). UPLC-MS (M+ + H): 345.01, 91% purity.
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1H NMR spectra and UPLC-MS data of 45 representative
compounds. 1H and 13C NMR and UPLC-MS traces of
representative compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.

■ AUTHOR INFORMATION
Corresponding Author
*E-mail: kdsarma@gmail.com.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We thank Dr. Sudhir Singh and Dr. Subir Basak for support.
Analytical support from Ms. Richa Jindal and Mr. Brijendra
Thakur is gratefully acknowledged.

■ REFERENCES
(1) Irlapati, N. R.; Deshmukh, G. K.; Karche, V. P.; Jachak, S. M.;
Sinha, N.; Palle, V. P.; Kamboj, R. K. Oxazole and Isoxazole CRAC
Modulators. Int. Patent WO 2012056478 A1, October 31, 2011.
(2) Balachandran, S.; Gadekar, P. K.; Parkale, S.; Yadav, V. N.;
Kamath, D.; Ramaswamy, S.; Sharma, S.; Vishwakarma, R. A.; Dagia,
N. M. Synthesis and Biological Activity of Novel MIF Antagonists.
Bioorg. Med. Chem. Lett. 2011, 21, 1508−1511.

(3) (a) Jaffe, H.; Reiser, H. C.; Rousseau, F.; Yuen, G. Method of
Treatment and Pharmaceutical Compositions. Int. Patent WO
2010005765 A1, June 19, 2009. (b) Jaffe, H.; Reiser, H. C.; Wright,
C. D. Use of Pharmaceutical Compositions Comprising a Caspase
Inhibitor for Treating Interstitial Lung Diseases. Int. Patent WO
2010005766 A1, June 19, 2009. (c) Shin, H. I.; Choi, H. W.; Heo, T.
H.; Lee, K. W.; Lee, J. H.; Park, K. S. Isoxazoline Derivative and Novel
Process for Its Preparation. Int. Patent WO 2006090997 A1, February
21, 2006.
(4) (a) Rudra, S.; Gupta, N.; Baregama, L. K.; Agarwal, R.; Khairnar,
V. V.; Ramaiah, M. R.; Palle, V. P.; Balachandran, S.; Kondaskar, A.;
Salla, M. Ray, A.; Dastidar, S. G.; Vijaykrishnan, L. Pyrazolo[3,4-b]-
pyridine Derivatives as Phosphodiesterase Inhibitors. Int. Patent WO
2008111010 A1, March 14, 2008. (b) Rudra, S.; Gupta, N.; Baregama,
L. K.; Agarwal, R.; Ramaiah, M. R.; Khairnar, V. V.; Palle, V. P.;
Balachandran, S.; Ray, A.; Dastidar, S. G.; Vijaykrishnan, L.
Pyrazolo[3,4-b]pyridine derivatives as Phosphodiesterase Inhibitors.
Int. Patent WO 2008111009 A1, March 14, 2007.
(5) Sattigeri, V. J.; Palle, V. P.; Soni, A.; Naik, K. P.; Ray, A.; Dastidar,
S. G. Heterocyclic Derivatives as Cell Adhesion Inhibitors. Int. Patent
WO 2006090234 A1, February 21, 2006.
(6) Sammelson, R. E.; Ma, T.; Galietta, L. J. V.; Verkman, A. S.;
Kurth, M. J. 3-(2-Benzylocyphenyl)isoxazoles and Isoxazolines:
Synthesis and Evaluation as CFTR Activators. Bioorg. Med. Chem.
Lett. 2003, 13, 2509−2512.
(7) (a) Quan, M. L.; Ellis, C. D.; He, M. Y.; Liauw, A. Y.; Lam, P. Y.
S.; Rossi, K. A.; Knabb, R. M.; Luettgen, J. M.; Wright, M. R.; Wong,
P. C.; Wexler, R. R. Nonbenzamidine Isoxazoline Derivatives as Factor
Xa Inhibitors. Bioorg. Med. Chem. Lett. 2003, 13, 1023−1028.
(b) Quinn, J. F.; Gregg, B. T.; Kitchen, D. B.; Lewis, R. M.;
Razzano, D. A.; Kayser, L. E.; Schilling, L. J.; Golden, K. C. Design and
Synthesis of 3-Arylisoxazoline-5-Carboxamide and 3-Arylisoxazoline-5-
Acetamide Libraries as Potential Factor Xa Inhibitors. Lett. Drug Des.
Discovery 2012, 9, 2−7.
(8) Kamal, A.; Viswanath, A.; Ramaiah, M. J.; Murty, J. N. S. R. C.;
Sultana, F.; Ramakrishna, G.; Tamboli, J. R.; Pushpavalli, S. N. C. V. L;
Pal, D.; Kishor, C.; Addlagatta, A.; Bhadra, M. P. Synthesis of
Tetrazole-isoxazoline Hybrids as a New Class of Tubulin Polymer-
ization Inhibitors. Med. Chem. Commun. 2012, 3, 1386−1392.
(9) Xue, C.-B.; Maduskuie, T. P.; Mercer, S. E. Isoxazoline
Derivatives as Inhibitors of Matrix Metalloproteinases and/or TNF-
α Converting Enzyme. Int. Patent WO 2004043349 A2, October 30,
2003.
(10) Castellano, S.; Kuck, D.; Viviano, M.; Yoo, J.; Lopez-Vallejo, F.;
Conti, P.; Tamborini, L.; Pinto, A.; Medina-Franco, J. L.; Sbardella, G.
Synthesis and Biochemical Evaluation ofΔ2-Isoxazoline Derivatives as
DNA Methyltransferase 1 Inhibitors. J. Med. Chem. 2011, 54, 7663−
7677.
(11) (a) Basappa; Sadashiva, M. P.; Mantelingu, K.; Swamy, S. N.;
Rangappa, K. S. Solution-phase Synthesis of Novel Δ2-Isoxazoline
Libraries via 1,3-Dipolar Cycloaddition and Their Antifungal Proper-
ties. Bioorg. Med. Chem. 2003, 11, 4539−4544. (b) Gaonkar, S. L.; Rai,
K. M. L.; Prabhuswamy, B. Synthesis of Novel 3-[5-ethyl-2-(2-
phenoxy-ethyl)-pyridin]-5-Substituted Isoxazoline Libraries via 1,3-
Dipolar Cycloaddition and Evaluation of Antimicrobial Activities. Med.
Chem. Res. 2007, 15, 407−417. (c) Mondal, P.; Jana, S.; Balaji, A.;
Ramakrishna, R.; Kanthal, L. K. Synthesis of Some New Isoxazoline
Derivatives of Chalconised Indoline 2-one as a Potential Analgesic,
Antibacterial and Anthelmimtic Agents. J. Young Pharm. 2012, 4, 38−
41. (d) Maurya, R.; Ahmad, A.; Gupta, P.; Chand, K.; Kumar, M.;
Jayendra, Rawat, P.; Rasheed, N.; Palit, G. Synthesis of Novel
Isoxazolines via 1,3-Dipolar Cycloaddition and Evaluation of Anti-
stress Activity. Med. Chem. Res. 2011, 20, 139−145.
(12) (a) Tang, S.; He, J.; Sun, Y.; He, L.; She, X. J. Org. Chem. 2010,
75, 1961−1966. (b) Fuller, A. A.; Chen, B.; Minter, Aaron, R.; Mapp,
A. K. Succinct Synthesis of β-Amino Acids via Chiral Isoxazolines. J.
Am. Chem. Soc. 2005, 127, 5376−5383. (c) Sewald, N. Synthetic
Routes Toward Enantiomerically Pure β-Amino Acids. Angew. Chem.,
Int. Ed. 2003, 42, 5794−5795. (d) Minter, A. R.; Fuller, A. A.; Mapp,

ACS Combinatorial Science Research Article

dx.doi.org/10.1021/co400015w | ACS Comb. Sci. 2013, 15, 255−260259

http://pubs.acs.org
mailto:kdsarma@gmail.com


A. K. A Concise Approach to Structurally Diverse β-Amino Acids. J.
Am. Chem. Soc. 2003, 125, 6846−6847. (e) Jag̈er, V.; Buß, V.; Schwab,
W. Syntheses via Isoxazolines. III. Diastereoselective Synthesis of γ-
Amino Alcohols with 2 and 3 Chiral Centers. Tetrahedron Let. 1978,
34, 3133−3136. (f) Kurkowska, J.; Zadrozna, I.; Rzeznicka, K.
Chemoenzymatic Synthesis of Primary Alcohols with a 2-Isoxazoline
Moiety. J. Chem. Res. (S) 2003, 480−482.
(13) (a) Rosini, G.; Borzatta, V.; Paoluccia, C.; Righi, P. Comparative
Assessment of an Alternative Route to (5-Benzylfuran-3-yl)-methanol
(Elliott’s Alcohol), a Key Intermediate for the Industrial Production of
Resmethrins. Green Chem. 2008, 10, 1146−1151. (b) Rousseau, A. L.;
Buddoo, S. R.; Gordon, G. E. R.; Beemadu, S.; Kupi, B. G.; Lepuru, M.
J.; Maumela, M. C.; Parsoo, A.; Sibiya, D. M.; Brady, D. Scale-Up of a
Chemo-Biocatalytic Route to (2R,4R)- and (2S,4S)-Monatin. Org.
Process Res. Dev. 2011, 15, 249−257. (c) Bassoli, A.; Borgonovo, G.;
Busnelli, G.; Morini, G.; Drew, M. G. B. Monatin and Its
Stereoisomers: Chemoenzymatic Synthesis and Taste Properties.
Eur. J. Org. Chem. 2005, 1652−1658. (d) Shishido, K.; Irie, O.;
Shibuya, M. An Efficient Total Synthesis of (−)-Mintlactone and
(+)-Isomintlactone. Tetrahedron Lett. 1992, 33, 4589−4592.
(14) Knapp, J. M.; Zhu, J. S.; Wood, A. B.; Kurth, M. J. Expedient
Synthesis of a 72-Membered Isoxazolino-β-ketoamide Library by a 2·3-
Component Reaction. ACS Comb. Sci. 2012, 14, 85−88.
(15) (a) Bosanac, T.; Yang, J.; Wilcox, C. S. Precipitons-Functional
Protecting Groups to Facilitate Product Separation: Applications in
Isoxazoline Synthesis. Angew. Chem., Int. Ed. 2001, 40, 1875−1879.
(b) Sammelson, R. E.; Gurusinghe, C. D.; Kurth, J. M.; Olmstead, M.
M.; Kurth, M. J. Synthesis of Spiro-Fused (C5)-Isoxazolino-(C4)-
pyrazolones (1-Oxa-2,7,8-triazaspiro[4,4]-2,8-dien-6-ones) via 1,3-
Dipolar Cycloaddition and Cycloelimination. J. Org. Chem. 2002, 67,
876−882.
(16) (a) Ref 11a and b. (b) Ref 7b. (c) Kang, K. H.; Pae, A. N.; Choi,
K. I.; Cho, Y. S.; Chung, B. Y.; Lee, J. E.; Jung, S. H.; Koha, H. Y.;
Leed, H.-Y. Solution-Phase Combinatorial Synthesis of Isoxazolines
and Isoxazoles using [2 + 3] Cycloaddition Reaction of Nitrile Oxides.
Tetrahedron Lett. 2001, 42, 1057−1060. (d) Shang, Y.; Feng, Z.; Yuan,
L.; Wang, S. Diastereoselective Cycloadditions of a Soluble Polymer-
Supported Substituted Allyl Alcohol Derived from Baylis−Hillman
Reaction with Nitrile Oxides. Tetrahedron 2008, 64, 5779−5783.
(e) Kantorowski, E. J.; Kurth, M. J. Dipolar Cycloadditions in Solid-
Phase Organic Synthesis (SPOS). Mol. Diversity 1996, 2, 207−216.
(f) Harju, K.; Yli-Kauhaluoma, J. Recent Advances in 1,3-Dipolar
Cycloaddition Reactions on Solid Supports. Mol. Diversity 2005, 9,
187−207.
(17) (a) Ref 10. (b) Sastraruji, K.; Sastraruji, T.; Ung, A. T.; Griffith,
R.; Jatisatienr, A.; Pyne, S. G. Synthesis of Stemofoline analogues as
Acetylcholinesterase Inhibitors. Tetrahedron 2012, 68, 7103−7115.
(18) (a) Cravotto, G.; Giovenzana, G. B.; Pilati, T.; Sisti, M.;
Palmisano, G. Azomethine Ylide Cycloaddition/Reductive Hetero-
cyclization Approach to Oxindole Alkaloids: Asymmetric Synthesis of
(−)-Horsfiline. J. Org. Chem. 2001, 66, 8447−8453. (b) Pietruszka, J.;
Schölzel, M. Ene Reductase-Catalysed Synthesis of (R)-Profen
Derivatives. Adv. Synth. Catal. 2012, 354, 751−756. (c) Sakya, S.
M.; Flick, A. C.; Coe, J. W.; Gray, D. L.; Liang, S.; Ferri, F.; Berg, M. V.
D.; Pouwer, K. Synthesis of 4-Azepanones and Heteroaromatic-Fused
Azepines. Tetrahedron Lett. 2012, 53, 723−725.

ACS Combinatorial Science Research Article

dx.doi.org/10.1021/co400015w | ACS Comb. Sci. 2013, 15, 255−260260


