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Abstract—The 3-substituted phenyl-5-isoxazolecarboxaldehydes have been identified as activated aldehydes for the generation of
isoxazole-based combinatorial libraries on solid phase through automation. Three highly functionalized isoxazole-based libraries
comprising of 32, 96 and 45 compounds each have been synthesized in parallel format using Baylis Hillman reaction, Michael
addition, reductive amination and alkylation reactions. With an objective of lead generation all the three libraries were evaluated
for their antithrombin activity in vivo. # 2002 Elsevier Science Ltd. All rights reserved.

The synthesis of highly functionalized libraries of
organic molecules through solid-phase organic synthesis
has been recognized as a valuable tool for lead dis-
covery in the search of novel chemotherapeutic agents.
The isoxazole ring system, which can be easily obtained
by [3+2] cycloadditions of nitrile oxides with alkynes, is
of particular interest since it forms part of various bio-
dynamic agents. The biological activities associated with
this ring system could be attributed to facile cleavage of
the N–O bond, which could lead into more reactive
species such as imines, amino alcohols or a,b-unsatu-
rated ketones. Some of the biological activities ascribed
to isoxazole derivatives includes antithrombotic, PAF
antagonist, hypolipidemic, nootropic, immunomodu-
lator, antiviral, antiobesity and CNS modulation.1 The
substituted isoxazoles, are also considered to be impor-
tant synthons due to their versatility towards chemical
transformations to useful synthetic intermediates such as
1,3-dicarbonyl, 1,3-iminocarbonyl and g-amino alcohols.
The significance of this class of molecules gets further
impetus due to their involvement as intermediates in the
synthesis of various natural products.2 Though there are
several reports pertaining to the synthesis functionalized

isoxazole heterocycle on the resin,3,4 the use of sub-
stituted 5-isoxazolecarboxaldehydes for the generation
of isoxazole-based libraries is hitherto unreported. In
our endeavor to explore the synthetic utility of sub-
stituted 5-isoxazolecarboxaldehydes on solid phase
we have carried out automated solid-phase parallel
synthesis of three isoxazole-based libraries utilizing this
molecule. All the libraries were subjected to in vivo
evaluation for antithrombotic activity. The details of
our studies are reported here.

All reactions reported herein were first optimized in the
PP syringes followed by the synthesis of library through
automation on Advanced Chemtech MOS 496 �. Clea-
vage of various 5–7 mg samples of resin bound deriva-
tives with subsequent HPLC, FAB MS and PMR of the
resultant products accompanied each step during opti-
mization. All compounds synthesized through automa-
tion were subjected to FAB MS to confirm the presence
of the desired product.

The synthesis of library as shown in Scheme 1 involved
Baylis Hillman (BH) reaction of substituted 5-isoxa-
zolecarboxaldehyde followed by Michael addition. As
other reactive aldehydes,5 in our earlier report6,7 utiliz-
ing 5-isoxazolecarboxaldehyde as scaffold we have
observed that this aldehyde also undergoes fast BH
reaction. However, as the aldehyde was being loaded on
the solid support utilizing the hydroxyl group on the
phenyl residue at position 3 of the isoxazole moiety, the
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resulting product was invariably 3-(4-hydroxyphenyl)-
isoxazole derivative. It was therefore envisaged that if
the same synthetic strategy is employed using activated
alkene on the solid support followed by incorporation
of various substituted 5-isoxazolecarboxaldehydes, then
it would be possible to generate diversity at the phenyl
residue as well.

Therefore in the first instance acrylic acid was loaded on
2-chlorotrityl resin using standard procedure to obtain
the acrylate 1. Treatment of resin 1 with DABCO and
3-substituted-phenyl-5-isoxazolecarboxaldehydes (2) in
DMSO led to the formation of BH adducts (3) within 3
h in quantitative yields and high purity. The Michael
addition of primary amines to these BH adducts fol-
lowed by cleavage from the solid support furnished
various 3-substituted amino-2[1-hydroxy-1-(3-sub-
stituted-phenyl-isoxazol-5yl) methyl] propionic acid
derivatives (5) (Table 1) as diastereomeric mixtures in
excellent yields and purity (7). The scope and limitation
of the method has been investigated by synthesizing a
library of 32 compounds in parallel format using four
aldehydes and eight amines. The purity of these com-
pounds ranged from 76–91% based on analytical
HPLC. Structure, yields and purity of some of the
representative compounds have been summarized in
Table 1 and the PMR data of a representative com-
pound after purification by RP HPLC (tR=17.2 min;

C-18 column: 4.6�250 mm; using a linear gradient of
A: 0.1% A: 0.1% TFA in water and B: 0.1% TFA in
acetonitrile, from 70 to 40% A over 45 min) has also
been described.8

In another synthetic strategy, it was envisaged that if the
free amino group of the amino acid is made to react
with 3-substituted-phenyl-5-isoxazolecarboxaldehyde
through reductive amination followed by alkylation of
the NH group, then an isoxazole-based library with
three-point diversity could be generated. Thus initially
an amino acid was loaded on the Rink Amide AM resin
using TBTU/DIPEA method to yield 7. After the
deprotection of the Fmoc group, reductive alkylation of
the resin bound amino acid with 3-substituted-phenyl-5-
isoxazolecarboxaldehydes in the presence of NaCNBH3
resulted in the formation of secondary amine derivative
(8). Finally, it was reacted with substituted benzyl
bromides and cleaved to obtain highly functionalized
isoxazole derivatives (10) (Scheme 2).9 The general
applicability of this method has been exemplified by
synthesizing two libraries through automaton. In the
first library four amino acids, three aldehydes and eight
halides were used as diversity elements to generate 96
compounds (4�3�8) while in the second five amino
acids, three aldehydes and three halides were utilized to
furnish 45 compounds (5�3�3) in parallel format.
Structure, yields and purity of some of the representa-
tive compounds have been summarized in Table 2 and
the PMR data of one of the compound after purifica-
tion by RP HPLC (tR=28 min; C-18 column: 4.6�250
mm; using a linear gradient of A: 0.1% TFA in water
and B: 0.1% TFA in acetonitrile, from 75 to 35% A
over 45 min) has also been described.9

Scheme 1. (a) DABCO, DMSO, 3 h; (b) R0NH2, DMSO, 5 h; (c) 5%
TFA in DCM, 20 min. R=H, 4-CH3, 2-Cl or 4-OCH2Ph;
R0=CH(CH3)CH2CH3, (CH2)3N(C2H5)2, cyclohexyl, (CH2)2(mor-
pholin-4-yl), (CH2)8CH3, (CH2)2(4-chlorophenyl), CH2(4-chlorophenyl),
CH2(4-fluorophenyl).

Table 1. Structure, yields and purities of representative compounds

from library based on structure 5

Entry R R0 Yielda Purityb FABMSc

1 H (CH2)3NEt2 72 83 375 (M+)
2 H (CH2)8CH3 81 79 388 (M+)
3 4-CH3 (CH2)2(morpholin-4-yl) 69 74 389 (M+)
4 4-CH3 (CH2)2(4-Cl-C6H4) 91 88 414 (M+)
5 2-Cl CH(CH3)CH2CH3 66 77 353 (M+)
6 2-Cl Cyclohexyl 96 85 378 (M+)
7 4-OCH2Ph CH2(4-Cl-C6H4) 69 84 492 (M+)
8 4-OCH2Ph CH2(4-F-C6H4) 71 87 476 (M+)

aCrude yields.
bAs determined by analytical HPLC.
cAll compounds in the library gave the corresponding M++1 in the
FABMS(+).

Scheme 2. (a) TBTU, DIPEA, DMF, 5 h; (b) 20% piperidine: DMF
mix, 25 min; (c) NaCNBH3, TMOF, AcOH, 2 h; (d) (R

0 0)C6H4CH2Br,
DBU, DMSO, 5 h; (e) 95% TFA/DCM mix. 96 membered:

R=CH2Ph (A1), (A2), (CH2)4NH2 (A3), CH2CH(CH3)2

(A4); R0=H (B1), 4-CH3 (B2), 2-Cl (B3); R
0=H (C1), 4-CN (C2), 4-

NO2 (C3), 4-Br (C4), 3-Br (C5), 4-Me (C6), 3-Me (C7), 3-NO2 (C8).
45-membered: R=H (A5), (CH2)3NHC(=NH)NH2 (A6), CH2OH
(A7), CH2C6H4(4-OH) (A8), (CH2)2CONH2 (A9); R

0=H (B1), 4-CH3
(B2), 2-Cl (B3); R0=H (C1), 4-CN (C2), 4-Br (C4).
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Biological activity

All the compounds obtained were evaluated for their
antithrombotic activity in vivo. Swiss mice (20–25 g,
from CDRI animal colony) were used in a group of at
least 10 animals each. Thrombosis was induced by
infusion of a mixture of 15 mg collagen and 5 mg adren-
aline in a volume of 100 mL into the tail vein of each
mouse. This resulted either death or hind limb paralysis
of 100% animals. The compounds were administered at
30 mmol/kg by oral route 1 h prior to the thrombotic
challenge. The antithrombotic effects of these com-
pounds were assessed by the percentage protection
offered by these agents to mice from death or paralysis
following thrombotic challenge using aspirin as a
standard.

In the first library represented by structure 5, all com-
pounds were found to be inactive. In the second 96-
membered library represented by structure 10, only mild
activity was observed in the derivatives with leucine
residue as one of the diversity element. But in the third
45 membered library also represented by structure 10
various hits were observed. The results of the in vivo
antithrombotic activity of active compounds only from
these two libraries are summarized in Table 3. The
structure–activity relationship indicates that nearly all
the derivatives incorporating arginine as the diversity
element in the amino acid position elicit good biological
response. The compounds having tyrosine, serine and
histidine residues followed them in the activity profile.
However compounds having glycine, glutamic acid,
phenylalanine and leucine did not show any significant
activity. The substitution on the phenyl group at the
3-position of isoxazole did not make any significant
impact on the activity but it was observed that com-
pounds with 2-chlorophenyl were found to show higher
order of activity than simple phenyl or 4-methylphenyl.
On the other hand, the benzyl group did not follow any
definite pattern though in the third library compounds
with 4-cyanophenyl-methyl show better activity.

All the compounds exhibiting more than 50% protec-
tion were also tested10 for increase in the bleeding time
at the same dosage of 30 mM. The result of percentage
protection against the bleeding time is summarized in
Table 3. Thus the most active compounds after com-
bining both results are A6B3C2, A6B1C4 and A9B1C2.

In conclusion, we have successfully utilized 3-sub-
stituted-phenyl-5-isoxazolecarboxaldehydes for the gen-
eration of isoxazole-based libraries using robust
reactions, which could be easily performed on an auto-
mated synthesizer. The hits for the antithrombotic
activity identified in these libraries are being optimized
further.
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