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Abstract: Screening of a non-ionizable compound library and hit optimization studies has resulted in a series of com-
pounds based on a 4-arylmethyl-3-(4-carboxyphenyl)-5-hydroxyisoxazole scaffold with GCP II inhibitory activity in the
low micromolar range.
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INTRODUCTION

The modulation of excitotoxic glutamate release is under
investigation as a therapeutic target in several neurological
disorders. Among others, decreasing the concentration of
glutamate and increasing the concentration of neuropeptide
N-acetylaspartylglutamate (NAAG) by inhibition of gluta-
mate carboxypeptidase II (GCP II) has attracted attention as
a potential approach to achieve neuroprotection under neuro-
pathological conditions associated with dysfunction of the
glu^tamatergic system [-a]. GCP II is a membrane bound
Zn'- metallopeptidase that cleaves the endogenous (NAAG)
producing N-acetylaspartate and glutamate [5, 6]. The en-
dogenous substrate of this enzyme, NAAG, acts as an ago-
nist of mGluR3 receptors, activation of which inhibits pre-
synaptic release of glutamate and stimulates the release of
neurotrophic factors [7, 8]. A number of competit ive inhibi-
tors (Fig. l, representative examples l-4) have been discov-

inhibitor 3 exhibited good oral availabil ity and tolerance in
phase I clinical trials 13,4, l4l.

Known GCP II inhibitors typically consist of a glutamate
fragment which is l inked to the Zn"' binding group. Re-
cently, structures incorporating a carboxyphenylacetic acid
fragment were also found to be potent inhibitors (for exam-
ple compound 4) [6]. The very polar nature of these poly-
carboxylic acid derivatives prevents their passive penetration
through the blood-brain barrier (BBB) under physiological
condi t ions [7] .  The development of  more l ipophi l ic  inhibi-
tors would be desirable and several attempts in this direction
have been made by reducing the number of fully ionizable
groups in the molecule U2, l4-161.

Our research project aimed to find GCP II inhibitors with
increased lipophil icity that could facil i tate their BBB pene-
tration by passive transport.
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Fig. ( l  )  Representative examples of CCP II inhibitors.
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ered, the most potent of which exhibited GCP II inhibitory
activity in the nanomolar range [1, 3, 9-16]. Several com-
pounds have been shown to be effective in animal models of
chronic and acute neurological disorders fl-4]. Moreover,

xAddress correspondence to this author at the Latvian Institute of Organic
Synthesis.  Aizkraukles street  21,  Riga,  LV-1006, Latv ia;  Fax:  *  371 75414
08, E-mai l :  a igars@osi . lv

corH 
A\v

,rJ^co2H 
"r__-^co2Fr

3 (2-MPPA)
ICv,=90 nM

At an early stage of the project, the screening of a nolt-
ionizable compound library was performed, and this resulted
in a hi t  5 wi th GCP I I  inhibi tory act iv i ry IC56<l OpM ( I  8% of
control  at  10 pM) (Fig.2) [8] .  Compound 5 displayed low
stabil ity in buffer, l ikely due to the presence of an activated
double bond, which prohibited further optimization of this
scaffold. In this paper we report the development of the hit 5
to relatively stable 5-hydroxyisoxazole derivatives with gen-
eral structures 6 and7, representatives of which showed low
micromolar GCP Il inhibitory activify.
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CHEMISTRY

The synthesis of compounds 6a-d started from B-
ketoester 8 that, following the reaction with hydroxylamine,
gave the isoxazolone derivative 9 [9]. This was condensed
with a range of commercial aldehydes to give arylmeth-
ylideneisoxazolone derivatives 5 and lOb-d [9]. The reduc-
tion of the double bond resulted in 4-substituted 3-(4-
nitrophenyl)-5-hydroxyisoxazoles 6a-d (Scheme l, Fig. 2,
Table l) [ 9]. Carboxylic acid analogues 7a-v were prepared
in a s imi lar  way (Scheme l ,  Fig.2,  Table l ) .  The key bui ld-
ing block 12 was obtained from B-ketoester l l . Two meth-
ods for the preparation of the desired 5-hydroxyisoxazoles
7a-v from l2 were developed. A conventional method
(method A) followed the manner of preparation of com-
pounds 6a-d with one additional hydrolysis step. Building
block l2 was first condensed with commercial aldehydes,
and then the double bond reduction with NaBHo and methyl
ester hydrolysis under basic conditions gave 4-substituted 3-
(4-carboxyphenyl)-5-hydroxyisoxazoles 7. As a parallel syn-
thesis approach, we have developed a more convenient pro-
cedure in which all three last synthetic steps were combined
(method B). Condensation product 13 was filtered off, and
without drying, it was reduced with NaBHo. After the reduc-
tion was complete, hydrolysis was performed in the same
reaction vessel. In the majority of cases, this allowed an in-
crease of  the overal ly ie ld of  the product 7.

RESULTS AND DISCUSSION

The 5-hydroxyisoxazole analogue 6a of compound 5 dis-
played detectable GCP II inhibitory activity at l0 pM. tJow-
ever, the replacement of the 5-nitrofuryl group by 3-fluoro-,
3-chloro- or 3-nitrophenyl groups resulted in practically in-
active compounds 6b-d.

The hydroxyisoxazole containing nitrofuryl moiety 7a
displayed notable GCP II inhibitory activity, and in contrast
to its analogue 6a, the replacement of the nitrofuryl moiety
with phenyl- or substituted phenyl group was possible with-
out significant loss of activity - several compounds like 7c-j
showed GCPII inhibitory activity in low micromolar range
(lCso: l-5 pM). Further alterations of the substituent posi-
t ion 4 of  the isoxazole led ei ther to s imi lar  or  lorver GCP I l
inh ibitory activity (compounds 7k-v).

The structure of the newly found GCP II inhibitors 7 cott-
tain only one carboxylic group plus a 5-hydroxyisoxazole
moiety with a pKa-7 which could be considered to be a par-
tially ionisable carboxylic acid bioisostere [20]. The 4-
carboxyphenyl-5-hydroxyisoxazole part of compouuds 7
shares structural similarit ies with the Pl' side chain of the
known inhibitor 4 and thus l ikely interacts with the S I '

pocket of GCP II. lt is noteworthy that compounds having
bulky substituents at position 4 of t l ie isoxazole. for erample
compounds 7f-jo have activity better than that of unsubsti-
tuted analogue 7r. The most interesting in the series is com-
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substi tut ion Pattern and GcP II  Inhibitory Activi ty of S-Hydro xyizoxazore Derivatives 6 and 7 l lsl

Tab le  l .
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poyn.d 7i (R:3,5-di-(r-Bu)ph) which shows row micromoraractivity and has consideiabry increased ripophiricity com-pared to other members of series. The torerance of such abulky group 3,5-di-(r-Bu)nn imfries that the substituent atposition 4 of the isoxazore ries outside the rather narrowSl'binding pocket l2|l and courd be used ,o in.'o.ove theoverall l ipophiriciry as we, as srightry .;nu;;."uJ,iuiq,. rnaddition, disposition of this part of the molecule outside the

l;lX;"* 
cleft may explain markeJly flat SAR or.orporno,

, 
11 summary, we have identif ied a series of compoundsbased on a 4-arylmethyl_3_(4_carboxyphenyt)_5_nfOro*yiro_

xazole scafford with GCp ir inhio,tory activity in the rowmicromolar range. our current efforts are directed to thedevelopment oiGCp Ir inhibitor, *it* ' nanomorar activitybased on the newry found scafford by using th;l#orn.'ation
obtained from morecurar docking of the most active com-pounds 7a-j into the active site oicCp tt.
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