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Abstract: 4-Benzyl-1-[4-(1H-imidazol-4-yl)but-3-ynyl]piperidine (8) has been identified as a potent antagonist
of the NR1A/2B subtype of the NMDA receptor. When dosed orally, this compound potentiates the effects of L-

DOPA in the 6-hydroxydopamine-lesioned rat, a model of Parkinson’s disease. © 1999 Elsevier Science Ltd. All rights
reserved.

The excitatory neurotransmitter L-glutamic acid (glutamate) is known to be neurotoxic at high
concentrations.! For example, excess glutamate released during ischemic events (such as stroke) overstimulates
glutamate receptors, raising intraneuronal calcium ion concentrations to harmful levels.” There is strong
evidence that much of the toxicity associated with high levels of glutamate is mediated by N-methyl-D-
aspartate (NMDA) receptors. For example, NMDA receptor antagonists have been shown to protect neurons in
vitro, both in response to neurotoxic levels of L-glutamic acid or N-methyl-D-aspartic acid. In addition, NMDA
receptor antagonists offer neuroprotection in models of focal ischemia in animals.” NMDA receptors mediate
the excitatory input into the striatum. Overactivation of glutamate systems in general (secondary to the primary
dopamine loss) may be important in Parkinson’s disease; this hypothesis is supported by the observation that
NMDA antagonists are effective in animal models of Parkinson’s disease.

Mammalian NMDA receptors are ligand-gated ion channels composed of hetero-oligomeric
combinations of NR1 subunits (found in eight splice variants) and at least one of four NR2 subunits, designated
NR2A-NR2D.* The existence of distinct NMDA receptor subtypes offers potential for new classes of NMDA
receptor modulators. In particular, subtype-selective NMDA antagonists might retain therapeutic utility without

the side effects associated with many non-selective NMDA receptor antagonists.
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1;n=1; NR1A2B IC50 = 0.10 uM
2; n = 2; NR14/2B ICgq = 0.17 uM

In a previous paper,’ potent NR1A/2B antagonists 1 and 2 were described. These compounds,
administered intraperitoneally, potentiated the effects of L-DOPA in the 6-hydroxydopamine-lesioned rat, a
model of Parkinson’s disease, but had little effect by themselves. Compound 1 was not active after oral dosing,
suggesting low oral bioavailability. In this paper we discuss the replacement of the phenol of 1 and 2 by
pyrrole, pyrazole and imidazole and report the effects on NR1A/2B potency and in vivo activity.
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(a) het-1 = 3-iodo-1-(triisopropylsilyl)pyrrole: Cul/Pd(PPh;)s/MeCN/Et;N/reflux, TBAF/THF; (b) het-I
= 4-iodopyrazole: Cul/Pd-C/PPhsy/DME/water/K,CO3/80 °C; (c) het-I = 4-iodo-1-phenylsulfonylimidazole:
Cul/Pd(PPh;)«/DMF/Et;:N/80°C, NaOH/H,O/EtOH; (d) TsCl/py/rt; (e) NaHCO3/DMF/80 °C.

The synthesis of compounds is described in Scheme 1.° 3-Iodo-1-triisopropylsilylpyrrole was prepared
as described’ and coupled with 4-benzyl-1-(3-propynyl)piperidine® using conditions a (including TBAF
deprotection) to give 3 in 29% yield (route A). Unfortunately the same conditions with 4-benzyl-1-(4-
butynyl)piperidine® gave a messy reaction mixture containing little desired product. Hence route B was
developed. 3-Iodo-1-triisopropylsilylpyrrole coupled in 61% isolated yield with 3-butyn-1-ol. The product was
tosylated in 41% yield and subsequent displacement of the tosylate with 4-benzylpiperidine/NaHCQ3/DMF/80
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°C (the silyl protecting group cleaved under these conditions) gave the desired product 6 in 81% yield. All the
propynyl analogs (3-5) and butynyl pyrazole 7 were made by the more direct route A, while the remaining
butynyl analogs used route B. 4-Iodopyrazole (Aldrich) was coupled without protection using the conditions
described by Cosford® (conditions b) and 4-iod0-l-phenylsulfonylimidazole9 was coupled using conditions ¢. In
most cases using route B the final deprotection step was not necessary as the protecting group was cleaved
under the NaHCOs/DMF/80 °C coupling conditions.

The previous study had concluded that the phenol moiety in 1 and 2 was essential for potent NR1a/2B
activity. We chose pyrrole, pyrazole and imidazole as phenol replacements as they also contained a potential
hydrogen bond donor. Compounds 3~5 kept the benzylpiperidinylpropyne moiety of 1 and replaced the phenol
with the heterocycle. 3-Pyrrole analog 3 and 4-pyrazole analog 4 had ICsg values ~1 pM at NR14/2B receptors
and were considered weakly active. However the 4-imidazole analog 5 was significantly more potent with an
ICsp value of 0.12 uM. When these three heterocycles were attached to the benzylpiperidinylbutyne moiety of
1, all three compounds were much more potent NR14/2B antagonists. The imidazole analog 8 was again the
more potent; the NR14/2B ICs value was 2-5 fold lower than that of 1 or 2. From these results we concluded

that the 4-imidazole moiety attached to the butyne link was optimal in this series.

Table 1 In vitro and in vivo data for heterocyclic phenol replacements

RQ(CHz)mﬁN_(CHz)n ==—het

Compound] R [m | X [ n het NR1a2A®[  NRIA/2B  [NR1a/2C| 6-OHDA rat'"

ICso pM 1Cso p.M ICso P-M MED mg/kg po
3 H |1 ]| H/ 1] 3-pymole 53(1) 1.1+0.1(4) | 56(1) -
4 H |1 ]| H | 1| 4pyrazole | >100(1) | 0.82+0.24 (3) [>100 (1) -
5 H | 1| H | 1 | 4imidazole | 38(1) | 0.12+0.02(4) | 34(D) 10
6 H | 1] H][2]| 3-pymole 51(1) | 0.1940.02 (4) [>100(1) 30
7 H | 1] H| 2| 4-pyrazole 67 (1) |0.07420.006 (3) | >100 (1) 30
8 H |1 | H | 2 | 4imidazole | 53(1) [0.037£0.005(3)| 70 (1) 3
9 4F | 1 | H | 2 | 4-imidazole | 40(1) [0.050£0.006 (3)|>100 (1) >10
10 4Cl | 1 | H | 2 | 4-imidazole | 26(1) [0.028+0.003 (3)| 80 (1) 10
11 4Me | 1 | H | 2 | 4-imidazole | 16(1) [0.020+0.001 (2)| 38 (1) 10
12 H 1 | OH| 2 | 4-imidazole | >100(1) | 0.22+0.02 (3) [>100(}) >10
13 H | 0| H | 2 | 4imidazole | 1.4(1) | 0.81+0.07(2) | 51 -
14 H | 0 |OH| 2 | 4-imidazole | 8.4 (1) 3.5+0.4 (3) | 36(1) -

Compounds 9~11 explore the effects of substitution on the benzyl system. A 4-fluoro substituent
(analog 9) gave a compound with similar NR14/2B potency to compound 8. However, a 4-chloro or 4-methyl

substituent (compounds 10 and 11, respectively) enhanced potency slightly.
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We also studied the effects of substituting the 4-position of the piperidine with a hydroxyl group
(compound 12). This analog was slightly weaker than 8 at NR1A/2B receptors. As our final study, we replaced
the benzyl piperidine moiety with pheny! piperidine (compound 13). This analog was weaker and supported our
earlier conclusions that benzyl piperidine was optimal with this template. Addition of a 4-hydroxyl group to the
piperidine (compound 14) gave a weak NR1A/2B antagonist.

Compounds 5~12 were all potent, selective NR1a/2B receptor antagonists and were tested in the 6-
hydroxydopamine-lesioned rat, a model of Parkinson’s Disease. With the exception of compounds 9 and 12, all
significantly potentiated the effects of L-DOPA in this assay at 10 or 30 mg/kg orally. However, compound 8
showed significant effects at 3 mg/kg orally.

In conclusion, we have discovered that the phenol moiety of compounds 1 and 2 can indeed be replaced
by 4-imidazole. In this case, a butynyl instead of propynyl link was best, possibly reflecting the more compact
size of imidazole versus phenol. Substitution on the benzyl moiety was tolerated; substituents may increase
potency slightly. Compound 8, 4-benzyl-1-[4-(1H-imidazol-4-yl)but-3-ynyl]piperidine, significantly potentiated
the effects of L-DOPA at 3 mg/kg orally in the 6-hydroxydopamine-lesioned rat, suggesting acceptable oral

bioavailability and brain penetration.
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