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Abstract—The inhibition of the cytosolic isoenzyme BCAT that is expressed specifically in neuronal tissue is likely to be useful for
the treatment of neurodegenerative and other neurological disorders where glutamatergic mechanisms are implicated. Compound 2
exhibited an IC50 of 0.8 lM in the hBCATc assays; it is an active and selective inhibitor. Inhibitor 2 also blocked calcium influx into
neuronal cells following inhibition of glutamate uptake, and demonstrated neuroprotective efficacy in vivo. SAR, pharmacology,
and the crystal structure of hBCATc with inhibitor 2 are described.
� 2005 Elsevier Ltd. All rights reserved.
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The cytosolic form of branched-chain aminotransferase
(BCATc), expressed in neuronal tissue, catalyzes the
transfer of an amino group from branched chain amino
acids (Leu, Ile, and Val) to a-ketoglutarate forming glu-
tamate. This appears to be a major neuronal biosynthet-
ic pathway for the de novo synthesis of glutamate.1 It
has been reported that leucine contributes �25% of
the nitrogen used for glutamate synthesis in the CNS.2

BCATc is highly expressed in the CNS and its expres-
sion is regulated.1 Therefore, inhibition of BCATc offers
an opportunity to slow glutamate synthesis and reduce
the amount of glutamate released during excitation in
neuronal tissues.2,3 The inhibition of BCATc is likely
to be useful for the treatment of a wide variety of neuro-
degenerative and behavioral disorders where glutama-
tergic mechanisms have been implicated.2,3 The
mitochondrial isoenzyme, BCATm, is more ubiquitous-
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ly expressed and is found in muscle, heart, and other
peripheral tissues. BCATm is also expressed in brain
but only probably in glia.3 In brain its activity is only
about 1/4 that of BCATc. We have developed a series
of sulfonyl hydrazides, which were derived from a
high-throughput screen (HTS) hit (1). In this report,
the synthesis and SAR of these analogs and their ability
to block BCATc are described (see Fig. 1).
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Figure 1. Inhibitors 1 and 2.
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Table 2. SAR of the B ring of compound 1
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Compound A ring HBCATc IC50, lM (n = 2–4)

1 4-Dibenzofuran 2.35 ± 0.01

9
O

18.3 ± 5.0

10
N

36 ± 2.2

11
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33.3 ± 8.3
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13.3 ± 2.5
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2.5 ± 0.07
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Cl
4.2 ± 0.45

15
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OMe
12.8 ± 2.8
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Br
15 ± 2.7

17

N

OMe
56.8 ± 0.7

Table 3. BACTc inhibitors

N
H

H
N
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O O Cl
X

Compound X hBCATc IC50,

lM (n = 2–4)

RLMT1/2 (min)

18 2-Me 1.16 ± 0.23 5

19 3-Me 1.2 ± 0.2 6.7

20 2-Cl 5.7 ± 1.3 10

2 2-CF3 0.8 ± 0.05 14
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Compound 1 exhibited a moderate ability to inhibit
hBCATc (IC50 = 2.35 lM)4 and moderate selectivity
for hBCATc versus hBCATm. We, therefore, designed
a series of analogs, aimed at improving selectivity and
solubility for in vivo proof-of-concept studies. An
SAR study of ring A of inhibitor 1 was conducted veri-
fying the effect of simple substitution. Among the Me-
substituted derivatives, ortho- (3) and meta- (4) substitu-
tion is active while para-substitution (5) is not. The Cl-
substituted analogs are less potent than their methyl
counterparts, with the 2-Cl derivative (6) being more po-
tent than the 3-Cl (7) or 4-Cl (8) compound (see Tables 1
and 2).

Further modification of compound 1 focused on replac-
ing the dibenzofuran ring with smaller ring systems to
improve potency and solubility for in vivo studies. We
truncated the 4-dibenzofuran moiety by eliminating
one of the benzene rings, which yielded the 2-benzofuran
(9) with decreased hBCATc activity (IC50 = 18 lM). To
improve the solubility of 1, we modified the 2-benzofu-
ran with the nitrogen-containing derivatives (2-indole
(10), 3-quinoline (11), and 7-quinoline (12)). These
nitrogen-containing molecules showed lower hBCATc
activity. Modeling a series of analogs in the active site
with SYBYL10a suggested that smaller substituents at
the 2-benzofuran 5-position could fill a depression in
the active-site surface. Therefore, the 5-bromo-2-benzo-
furanyl (13), 5-chloro-2-benzofuranyl (14), and 5-meth-
oxy-2-benzofuranyl (15) analogs were compared. The
5-bromo and 5-chloro derivatives were the preferred
inhibitors with similar potency to the 4-dibenzofuran
analog (1). In the 2-indole series, the 5-bromo-2-indole
(16) was more potent than the 5-methoxy-2-indole (17)
(see Table 3).

With the above findings, we considered that both the
solubility and activity of our BCATc inhibitors were
critical to the in vivo proof-of-concept study. We select-
ed 5-chloro-2-benzofuran as the preferred group for the
B-ring. We incorporated 2-Me-, 3-Me-, 2-Cl-, and 2-
CF3-phenyls as the A ring and constructed inhibitors
18–20 and 2.9 Among the four of them, the CF3 analog
(2) with an IC50 0.81 lM, was the most potent inhibitor
in this series.
Table 1. SAR of the A ring of compound 1

O

N
H

H
N

S
A ring

O
O

O

Compound A ring hBCATc IC50, lM (n = 2–4)

1 Phenyl 2.35 ± 0.01

3 2-Me-Phenyl 3.2 ± 0.02

4 3-Me-Phenyl 2.8 ± 0.15

5 4-Me-Phenyl 51.0 ± 10.8

6 2-Cl-Phenyl 12.9 ± 0.9

7 3-Cl-Phenyl >35

8 4-Cl-Phenyl 37.2 ± 3.9
An X-ray crystal structure was determined for the com-
plex of hBCATc with inhibitor 2 (Fig. 2). The ligand sits
immediately adjacent to the PLP with the linker forming
several hydrogen bonds: the sulfonyl and carbonyl oxy-
gens with Ala 332 and both hydrozide NH�s with Thr
258. Substituents at position 4 of ring A encounter steric
interference from Tyr 88. Position 3 tolerates small sub-
stituents, probably with some rotation of the A-ring.
Substituents at position 2 are not sterically restricted.
Fluorines of the 2-CF3 substituent lie 3.1 Å from the
phenoxyl oxygen of Tyr 159, which accept a hydrogen
bond from Arg 161 (not shown). A hydrogen bond to
the CF3 fluorine may stabilize the complex. The B ring
lies against a hydrophobic side of the pocket and mainly
interacts with Met 259. The furanyl oxygen may accept a
hydrogen bond from the thiol of Cys 333. The 5-chloro
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Figure 4. Histology following 3-NP administration and inhibitor 2.

Asterisks indicate p < 0.05 versus 3-NP plus vehicle treatment.

Figure 2. X-ray crystal structure of compound 2 bound to human

cystosolic BCAT.10b
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substituent contacts an amide NH from Gln 242 (not
shown).

Inhibitor 2 showed a favorable in vitro profile (potency,
selectivity). To insure that the compound�s selectivity for
the cystosolic enzyme in rat, inhibitor 2 was tested in a
recombinant rat BCATc assay and a crude rat BCATm5

assay. The IC50 at rat BCATc was 0.2 lM ± 0.02 (n = 2)
vs 3.0 lM ± 0.5 (n = 5) at rat BCATm. This selectivity
of approximately 15-fold justified further evaluation in
in vitro and in vivo assays. Inhibitor 2 was tested in a
neuronal cell culture model, which measures 45[Ca] in-
flux into neurons following treatment with the gluta-
mate uptake inhibitor, 1-pyrrolidine dicarboxylic acid.
This assay was specifically developed to evaluate
BCATc inhibitors assuming that reducing the source
of glutamate would reduce the downstream effects of
glutamate, such as calcium influx and cell death6.
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Figure 3. Effect of Inhibitor 2 on (A) rotorod performance and (B) beam

Asterisks indicate p < 0.05 versus 3-NP plus vehicle treatment.
Compound 2 decreased calcium influx in neuronal cul-
tures with an IC50 = 4.8 ± 1.2 lM (n = 4).

Following a 30 mg/kg subcutaneous injection to Lewis
rats, inhibitor 2 reached a peak plasma concentration
(Cmax) of 8.28 lg/ml at 0.5 h (tmax). The mean plasma
exposure (AUC) value was 19.9 lg h/ml, and the mean
terminal half-life ranged from 12 to 15 h, indicating
favorable PK parameters of inhibitor 2. Since BCATc
is involved in the synthesis of glutamate, a model of slow
neurodegeneration was selected for the in vivo evalua-
tion of inhibitor 2. Daily administration of the mito-
chondrial neurotoxin, 3-nitroproprionic acid7 (3-NP),
has been shown to produce striatal lesions, which leads
to motor deficits. Figures 3A and B illustrate the deficits
in rotorod and beam walking performance and demon-
strate that inhibitor 2 (administered for 9 days) was able
to almost completely reverse the effects of 3-NP8. In
addition, histological examination of the brains from
these animals demonstrated significant reduction in the
number of sections with degenerating neurons using a
silver degeneration stain11 (Fig. 4).

In summary, a series of potent and selective inhibitors of
BCATc has been developed and the X-ray crystal struc-
ture with inhibitor 2 bound to BCATc was obtained.
Using inhibitor 2 as a prototype, neuroprotection has
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walking in animals treated for 9 days with the 3-NP. Means ± SEM.
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been demonstrated both in vitro and in vivo. This sug-
gests that inhibitors of BCATc may represent a novel
therapeutic strategy for the treatment of neurological
disorders, where glutamate toxicity has been implicated.
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