I —
]

BIOORGANIC &
MEDICINAL CHEMISTRY
LETTERS

Bioorganic & Medicinal Chemistry Letters 9 (1999) 3093-3098

Pergamon

AMINOMETHYL-2,6-DIFLUOROPHENOLS AS A NOVEL CLASS OF
INCREASED LIPOPHILICITY GABA: RECEPTOR ANTAGONISTS

Mary Chebib," Graham A.R. Johnston,** Jan P. Mattsson,”* Karin Rydstrom,” Karolina Nilsson,**
Jian Qiu,d Scott H. Stevenson,d and Richard B. Silverman®*

“Adrien Albert Laboratory of Medicinal Chemistry, Department of Pharmacology, The University of Sydney,
NSW 2006, Australia
bDepartment of Cell Biology and Biochemistry, Astra Hdssle AB, S-431 83 Molndal, Sweden
¢Department of Medicinal Chemistry, Astra Hdssle AB, S-431 83 Mélndal, Sweden
dDepamnent of Chemistry, and Department of Biochemistry, Molecular Biology, and Cell Biology,
Northwestern University, Evanston, IL 60208-3113, US A.

Received 23 June 1999; accepted 20 September 1999

Abstract: 3- and 4-(Aminomethyl)-2,6-difluorophenols were tested for activity against the three major
classes of GABA receptors. 4-(Aminomethyl)-2,6-difluorophenol was shown to be a competitive and

somewhat selective antagonist at p1 GABA( receptors expressed in Xenopus oocytes (Kg = 75.5 UM with a
95% Confidence Interval range of 75.2 uM to 75.8 uM). This is the first in a novel class of increased

lipophilicity GABA( receptor antagonists with little activity at o1 32y2 GABA, and GABAg receptors. © 1999
Elsevier Science Ltd. All rights reserved.

Y-Aminobutyric acid (GABA; 1) is one of the major inhibitory neurotransmitters in the mammalian
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central nervous system (CNS) and is essential for the overall balance between neuronal excitation and
inhibition. GABA hyperpolarizes neurons via a large number of receptor subtypes which are grouped under
three major classes of receptors, termed GABA,, GABAg, and GABAc receptors.l These receptors, along
with GABA transporters and the enzyme that degrades GABA, namely, GABA aminotransferase (GABA-
AT), have been the target for drug design and development with a view to treat a wide variety of neurological
disorders. GABA, and GABAC, which are pharmacologically, biochemically, and physiologically different
rec:eptors,l'2 are CI ion channels and function to produce fast synaptic inhibition. GABA, receptors are
comprised of a mixture of glycoproteins consisting of o.1-6, B1-4, y1-3, § and € subunits." Two a-subunits,
two B-subunits, and one other subunit, consisting of a ¥-, 8-, or £-subunit, is required for a fully functional
GABA, receptor.1 In contrast, the GABA( receptor is made up solely of p—subunits, of which two human
subtypes (p1 and p2) have been identified>* The GABAp receptors are G-protein coupled receptors that
produce slow, long-lasting synaptic inhibition.” These receptors modulate intracellular messenger systems,
activate K+-channels, and inactivate voltage-dependent Ca2+-channels.
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GABA, receptors are selectively inhibited by the alkaloid, bicuculline, and are modulated by
benzodiazepines, steroids, and barbiturates.! GABAy receptors are selectively activated by baclofen (2) and
inhibited by phaclofen, the phosphonic acid analogue of baclofen.’ GABAC receptors are insensitive to the
GABA, receptor antagonist, bicuculline, and the GAB Ay receptor agonist, baclofen? GABAC Teceptors are
selectively activated by Z-4-aminobut-2-enoic acid (3, cis-4-aminocrotonic acid; CACA) and cis-2-
aminomethylcyclopropanecarboxylic acid (4, CAMP). (1,2,5,6-Tetrahydropyridine-4-yl)methylphosphinic
acid (5, TPMPA) is a potent and selective GABA( receptor antagonist.("7 In the retina, GABA( receptors have
been well characterized, however, little is known about the role of GABA( receptors in other parts of the
CNS. One possible reason for this is the lack of selective GAB A receptor agonists and antagonists that cross
the blood-brain barrier.
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3- and 4-(Annn<xncthyl)—2,6-d1ﬂuorophcnol (6and 7, respecnvely) were de51gned to be increased
6
lipophilicity bioisosteres of GABA and were shown to be competitive inhibitors of GABA-AT.® Because of
the relatively low pK, of the difluorophenol group® (calculated to be 6.52 in 6 and 6.98 in 710), these
compounds favor the zwitterionic form at neutral pH and mimic the structure of GABA. However, because of
the benzene ring and fluorine substitution, these compounds are much more lipophilic than GABA and 5; the
log D (pH 7.0) for GABA is -3.1, for 5 is -3.7, and for 6 or 7 is -1.7.10

In this paper, we report the pharmacological evaluation of 6 and 7 on GABA, GABAjg, and GABA¢
receptors. The effects of 6 and 7 were measured using two-electrode voltage clamp techniques in Xenopus
oocytes,ll expressing human «182y2 GABA, receptor and pl GABA( receptor subtypes,12 while "HIGABA
binding on rat brain membranes'*'* was used to test for GABAg receptor afﬁnity.ls'”i The human o 1$2y2
GABA4 receptor subtype is one of the major subtypes constituting up to 20% of all GABA, receptors in
human brain.! Thus, this receptor subtype is a good representative for measuring the effects of compounds on
GABA, receptors.

GABA (100 uM and 1 pM; Figure 1) activates inward currents in oocytes expressing p1 GABA(
receptors clamped at —-60 mV. Compound 7 (100 uM) does not activate currents on its own, but inhibits the
current produced by 1 uM GABA at p1 GABA( receptors expressed in oocytes (Figure 1). Dose-response
curves in the presence of increasing concentrations of 7' show that it is a moderately potent and competitive
inhibitor of p1 GABAC receptors expressed in oocytes (log Kp = -4.122 +0.023; K = 75.5 uM with a 95%
Confidence Interval range of 75.2 UM to 75.8 uM; Figure 2). In contrast, 6 has no effect in activating

currents on its own nor does it inhibit the current produced by 1 tM GABA at pl GABA( receptors expressed
in oocytes (Figure 1).
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Figure 1. GABA (100 W; duration indicated by solid bar) activated a maximal inward current in oocytes

expressing p1 GABA( receptors clamped at —60 mV. GABA (1 M) activated the receptor (duration indicated
by open bar) by 50%. 3-(Aminomethyl)-2,6-difluorophenol (6; 100 uM) did not activate the receptor
(duration indicated by heavily hatched bar). When co-applied with GABA (1 pM), 6 (100 pM) did not inhibit
the current produced by GABA. 4-(Aminomethyl)-2,6-difluorophenol (7; 100 uM) did not activate the
receptor (duration indicated by lightly hatched bar), but when co-applied with GABA (1 uM), 7 (100 uM)
inhibited the current produced by GABA by 95%.

1.2
s
0.8}
—e— GABA
v __ 0.6} —=—GABA + 7 (60 uM)

—&—GABA + 7 (100 ng
—&—GABA + 7 (300 uM

0.4}

0.2}

rffh FETWUTIT! WU YT B R w e |
0.1 1 10 100 1000
[GABA] (uM)

Figure 2. Dose-response curves of GABA and GABA in the presence of 60 uM, 100 pM and 300 uM 7
with human p1 GABAC receptor. log Kp = -4.122 +0.023; Kg = 75.5 uM with a 95% Confidence Interval

range of 75.2 UM to 75.8 UM, the apparent binding constant for the antagonist 7.17 Data are the mean *
S.EMM (n = 3-6 oocytes).
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GABA (100 uM and 10 pM; Figure 3) activates inward currents in oocytes expressing a1B2y2
GABA, receptors clamped at —60 mV. Neither 6 nor 7 (100 pM) activates currents at a1f2y2 GABA,
receptors expressed in oocytes (Figure 3). However, 7 weakly inhibits the current produced by 10 uM
GABA by 35%, where 10 UM GABA produces 25% of the maximal current produced by a saturating dose of
GABA (Figure 3). Furthermore, 6 and 7 (up to 1 mM, n = 2) do not significantly displace [SHIGABA
bound to GABAR receptors in rat brain membranes (i. ¢., ICsg > 1 mM, n = 2). Thus these compounds do not
have any significant affinity for the GABA binding site of GABAp receptors and, therefore, show neither
agonistic nor antagonistic activity with GABAp receptors. It should be noted that these experiments cannot
exclude the possibility that 6 and 7 might bind to GABAR receptors at sites separate from the GABA site.

Compound 7 is a somewhat selective antagonist for p1 GABA( receptors expressed in oocytes. It is
approximately 150-times more potent as an antagonist at GABA receptors than as an inhibitor of GABA-AT.
It has weak inhibitory actions at GABA, receptors and little, if any, effect at GABAg receptors. Compound 7,
though, is approximately 35 times weaker as a GABA( receptor antagonist than the previously reported
GABAC receptor antagonist 5. However, the increased lipophilicity of 7 compared to that of GABA and §
makes this compound more effective in crossing the blood-brain barrier and thus more accessible to the brain.

(W] (] 100 uM 4-(Aminomethyl)-2,6-diflucrophenol HCI
100 puM 3-(Aminomethyl)-2,6-difluorophenol HCI
[am] (am] (=] 10 uM GABA
] 100 uM GABA
400 nA
1 min

i

Figure 3: GABA (100 uM; duration indicated by solid bar) activates a maximal inward current in oocytes

expressing c1B2y2 GABAA receptors clamped at —-60 mV. GABA (10 uM) activates the receptor (duration
indicated by open bar) by 25%, whereas 3-(aminomethyl)-2,6-difluorophenol (6; 100 uM) did not activate the
receptor (duration indicated by heavily hatched bar). When co-applied with GABA (10 uM), 6 (100 pM) does
not inhibit the current produced by GABA. 4-(Aminomethyl)-2,6-difluorophenol (7; 100 uM) does not
activate the receptor (duration indicated by heavily hatched bar), but when co-applied with GABA (10 uM), 7
(100 M) inhibits the current produced by GABA by 35%.
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In conclusion, 7 is a novel GABA( receptor antagonist with increased lipophilicity. This supports the
notion that the 2,6-difluorophenol moiety is a bioisostere for a carboxylic acid group. The increased
lipophilicity of this moiety should facilitate crossing of the blood-brain barrier, which is essential for
characterizing the role that GABA( receptors play in vivo and for drug development in general.
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Rat synaptic membranes were pn:?ared from the whole brain of Sprague-Dawley male rats (about 300
g) as described by Zukin et al. * with some modifications. In brief, the rat whole brain was
homogenized in 10 volumes of ice-cold buffer containing 0.25 M sucrose, 10 mM Tris, 0.1 mM
AEBSF, and 20 pug/mL of bacitracin, pH 7.4. The homogenate was centrifuged at 1000 x g, and the
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ice-cold distilled water containing 0.1 mM AEBSF and 20 pg/mL bacitracin (pH set to 7.0) and was
centrifuged at 8,000 x g for 20 min. The supernatant and the upper layer of the pellet was centrifuged at
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AEBSF and 20 ug/mL bacitracin, centrifuged at 33,000 x g for 20 min, the pellet was snap frozen in
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in 50 mM Tris, pH 7.4, by centrifugation at 8,000 x g. The resulting pellet was resuspended in TCI
buffer (50 mM Tris, 2.5 mM CaCl; and 40 uM isoguvacine, pH 7.4), snap frozen in MeOH/Dry Ice,
and stored at -70 °C. Protein concentration was determined according to Bradford using the protein
assay kit from Bio-Rad with bovine gamma globulin as a standard.
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The ["HIGABA competition assay, modified from Olpe et al.,'® was performed in 200 uL TCI buffer
containing 20 nM [SH]GABA (3.29 TBg/mmol), test compound (0-1 mM dissolved in DMSO), and 80
ug of synaptic membrane protein (diluted in TCI buffer and preincubated for 15 min at room
temperature). After being incubated for 12 min at room temperature, the assays were terminated by
rapid filtration through a glass fiber filter (Printed filtermat B filters, Wallac), which had been
presoaked in 0.3% polyethyleneimine (Sigma), using a TOMTEC cell harvester (Orange, CT). The
filters were washed with 5 mL of 50 mM Tris (pH 7.4) at 4 °C and dried at 55 °C for 30 min. MeltiLex
B/HS scintillator sheet was melted onto the filter, and radioactivity was determined in a Microbeta
scintillation counter (Wallac). Nonspecific binding was determined in the presence of 100 uM SKF
97541 (Tocris, MO, USA).
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Current (I) as a function of agonist concentration ([A]) was fitted by least squares to I =
L AI"H/(EC5o"H+[A]™H), where I, is the maximum current, ECsg is the effective dose that
activates 50% of the maximum current, and ny is the Hill coefficient. ECs, values are expressed as the
mean + S.E.M. (n = 3-6 oocytes) and are determined by fitting data from individual oocytes using
Kaleidagraph 3.0 (1993). K values are the apparent binding constants for the antagonists and were
determined using Schild plot analysis. -logKp values were determined using the following equation:
log{(A)/(A*)-1} = m.log[Ant]-logKp, where A is the ECs of GABA in the presence of a known
antagonist concentration, A* is the ECsy of GABA in the absence of the antagonist, [Ant} (ECso = 1.01
+ 0.09 pM) is the concentration of the antagonist, and 'm’ is the slope of the curve. For simple
competitive antagonism, 'm' is 1. -logECsp values were determined by fitting data to the above

function using Kaleidagraph 3.0 (1993). The concentrations of 7 to determine the K were 60 uM,
100 M, and 300 pM.



