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Abstract. The (+)- and (-)-enantiomers of 1,2,3,4-tetrahydro-5-(2-phosphonoethyl)-3-isoquinoline-
carboxylic acid (12 and 13) were prepared. The anticonvulsant activity of 12 and 13 and their parent (14) was
compared to the reference agent, CPP, in the maximal electroshock assay in mouse. 12 was similarly potent to
CPP, three-fold more potent than the racemate and twenty-fold more potent than 13 in this assay.

Excitatory amino acid (glutamate) receptors are responsible for mediating many synaptic excitation
processes in the mammalian brain. The development of selective antagonists has contributed to the rapid
advancement of the pharmacology of the N-methyl-D-aspartate (NMDA) receptor subtype, whose ion channel
(permeable to Na+ and Ca++) is voltage dependent, and regulated by the coagonists glutamate and glycine, as well
as a number of other modulatory agents.! Recent studies have demonstrated that NMDA receptors may play a role
in the initiation and/or propagation of epileptiform discharge, and the number of NMDA and glycine receptors has
been shown to increase in the kindling model of complex partial epilepsy, which may reveal a role of the NMDA
receptor in the etiology of epilepsy.2 Several types of NMDA receptor antagonists have anticonvulsant properties,
including competitive antagonists3, noncompetitive antagonists4 and glycine site antagonists.5 Such compounds
have demonstrated this activity in a diversity of models, and with appropriate potency, selectivity and
bioavailability may be useful for the treatment of epilepsy, as well as ischemic neurodegeneration.6 However, in
order to have utility in the clinic, NMDA receptor antagonists must be able to cross the blood-brain barrier and
must suppress seizures at doses that do not produce unwanted effects on brain function.

Recently, a series of isoquinoline derivatives were synthesized as NMDA receptor antagonists to help
define the competitive antagonist binding site on the NMDA receptor complex.? In this study, we have
synthesized both the (+)- and (-)-enantiomers of 1,2,3,4-tetrahydro-5-(2-phosphonoethyl)-3-
isoquinolinecarboxylic acid (14), the most potent derivative found in this series, and have examined them in a
maximal electroshock model (MES) in mouse. o-Bromophenylalanine 1 was protected as the carbamate methyl
ester (2). Subsequent amidoalkylation with paraformaldehyde in a mixture of acetic and sulfuric acids (3:1, v/v)
gave the requisite dimethyl 5-bromo-3,4-dihydro-2,3(1H)-isoquinolinedicarboxylate 3. Condensation of 3 with
(S)-2-hydroxymethylpyrolidine 4, gave a mixture of the diastereomeric amides 5. Unfortunately, these amides
gave a single spot on tlc, and were not separable by column chromatography. However, after protection of the
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hydroxyl group as the fert-butyldimethylsilyl ether, separation of the protected diastereomeric amides (6 and 7)
could be achieved by elution on silica gel with 2:1 hexane/ethyl acetate. The pure diastereomers were carried
separately through the rest of the reaction sequence. The arylbromide moeity (6 or 7) was palladated using
bis(triphenylphosphine)palladium(Il) chloride and condensed with diethy! vinylphosphonate under Heck-type
conditions. After reduction of the double bond, the protecting groups were removed by hydrolysis to give the
desired (+)- and (-)-enantiomers (12 and 13).
Scheme. Synthesis of (+)- and (-)-enantiomers of 1,2,3,4-tetrahydro-5-(2-phosphonoethyl)-3-
isoquinolinecarboxylic acid.
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Maximal electroshock (mouse) has been widely used to determine potential anticonvulsant utility in
generalized tonic-clonic seizures in humans.8 Potent anticonvulsants in this model would seem to predict efficacy
against this seizure type in epileptic patients. In addition, animals were examined for ataxia, a measure of
undesirable central side effects using an inverted screen ataxia model.9 Of the isoquinoline derivatives described
in our recent publication,? the most potent antagonist at the competitive NMDA receptor site as measured in a [3H]-

CPP binding assay of rat brain neuronal membranes!0 was the title compound (14, ICsg = 0.27 uM; compare
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with the reference agents AP71! and CPP12, ICs0’s = 0.77uM and 0.079 pM, respectively). 14 was calculated

to have a log P 1.4 log units higher than the reference agent, CPP (measured log P = -3.4),12c because of the
fused aromatic functionality, and thus 14 could be expected to have enhanced CNS penetration and biological
activity relative to its NMDA site binding affinity. A comparison between 14 and CPP in two models in cell
culture showed that the compounds have similar intrinsic activity in two functional models of NMDA antagonist
activity: glutamate induced calcium influx!3 and glutamate induced LDH releasel4 in cultured neuronal cells
(ICs0’s = 2.4 uM and 9 uM for CPP; ICs5¢’s = 5.1 pM and 8.8 uM for 14), but no significant difference was
found in their in vivo anticonvulsant activity relative to their binding affinity.

Table. Comparison of Anticonvulsant Effect in Maximal Electroshock in Mouse and CNS Side
Effects of Racemate and Enantiomers of 1,2,3,4-tetrahydro-5-(2-phosphonoethyl)-3-
isoquinolinecarboxylic acid.

MES Ataxia

Drug EDso (mg/kg) EDso (mg/kg) 11

CPP 2.35 5.21 2,21
[1.52 to 3.621* [3.82 to 7.11}*

14 9.20 15.84 1.72
[4.41 to 19.22])* [11.66 to 21.51]*

12 (+) 3.56 6.29 1.76
[2.63 to 4.83]* [4.04 to 9.78]*

13 () fa] [b] —.a-

* - Probit analysis [95% confidence interval]

all animals dosed intravenously; N = 10 mice/dose; MES tested at 1 h and Ataxia tested at 30 min.
a - 8 of 10 mice protected at 100 mg/kg

b - 3 of 10 mice were ataxic at 100 mg/kg

Male CF-1 mice, 22-27 g, from Charles River Laboratories were used in all of the maximal electroshock
experiments. Mice were given various doses of 14, or the (+)- and (-)- enantiomers, 12 and 13, dissolved in
0.9% NaCl intravenously by injection into the retrobulbar venous sinus. All doses were given in a volume of 10
mL/kg. Mice were given various doses of the compounds intravenously and tested one hour later. Methods used
were similar to those published elsewhere (Swineyard).15 From dose-effect experiments, the doses producing
effects in 50% of mice (EDsp) were estimated by probit analysis. 16 For the inverted screen ataxia measurements,

mice were placed individually on four inch square wire mesh screens. The screens were slowly inverted and
animals were observed for one minute. Control animals reliably clung to the screen or climbed to the top. Any
animal which fell from the screen was rated ataxic. The therapeutic index (TI) reported in the Table is the ratio of
the EDsg for ataxia and the ED5pto prevent seizures. Results with these competitive NMDA antagonists indicate
that there was only a small separation of the anticonvulsant activity and the untoward CNS effects (ataxia). For
this class of compound, both actions are predominantly produced by the (+)-enantiomer, which is on the order of
twenty-fold more potent than the (-)-enantiomer. Remarkably, the measure of therapeutic index gives identical
values for the (+)-enantiomer and the racemate. Similar results have been observed previously with DL-(E)-2-4-
methyl-5-phosphono-3-pentenoic acid (CGP 37849). In an oral dosing paradigm in maximal electroshock, the R-
(+)-enantiomer (EDs5p = 7 mg/kg) was three times more effective than the racemate (EDso = 21 mg/kg), and the S-
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(-)-enantiomer was ineffective at a 10 fold higher dose (EDsg > 60 mg/kg).32 Although we have not determined

the absolute stereochemistry of 12 and 13, our molecular modeling studies and comparison with literature
compounds of this class suggest that the (+)-enantiomer is of the R-configuration.

Our results confirm those previously published with other competitive NMDA antagonists, and indicate

that anticonvulsant action is expected at doses that overlap with those producing behavioral side effects such as

ataxia. These findings are consistent with those of Loescher3d, and suggest that competitive NMDA antagonists

may have limited utility for clinical treatment of epilepsy because of unwanted effects on central nervous system

function.
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