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Novel NMDA Antagonists: Replacement of the Pyridinium Ring of
6,11-Ethanobenzo[blquinolizinium Cations with Heteroisoquinolinium Cations
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Replacement of the pyridinium ring of 6,11-ethanobenzo[blquinolizinium cations with thiazo-
lium (4a and 4b)and N-methylimidazolium (4¢ and 4d) resulted in equipotent compounds in
the [FHITCP binding assay. The corresponding N-methyl-1,2,4-triazolium analogs were less
potent in this assay. The thiazolium derivative 4b, with a K; = 2.9 nM, is being evaluated as
a possible neuroprotective N-methyl-D-aspartic acid (NMDA) antagonist.

Introduction

Agents which prevent Ca?* flux through N-methyl-
D-aspartate (NMDA) regulated ion channels, such as
phencyclidne (PCP, 1) and the noncompetitive antago-
nist dizocilpine (MK-801, 2), are effective antiischemic
agents in several animal models.! The antiischemic
efficacy of these prototypical compounds has been as-
sociated with long-lasting behavioral effects and hemo-
dynamic effects which halted the therapeutic develop-
ment of these compounds for the treatment of neuro-
degenerative diseases.2? However, the effectiveness of
NMDA ion channel blockers in neuroprotection experi-
ments supports the hypothesis that NMDA receptors
play a significant role in plasticity processes, patho-
physiology, and excitotoxicity of neurons. These agents
have been shown to work at a specific site within the
ion channel labeled with [SHJTCP. Thus the separation
of the psychotomimetic and neuroprotective effects of
new NMDA antagonists acting at the [FHITCP site could
result in clinically useful neuroprotective agents.
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1, Phencycikiine (PCP) 2, Dizocipline (MK-801)

We have recently published*® data on two closely
related unique series (3a and 3b) of compounds which
are highly selective uncompetitive NMDA antagonists
acting at the [BHITCP site of the ion channel. Both
series of compounds inhibit NMDA-induced current and
NMDA-induced cell death in cultured cortical neuronal
cells but are devoid of the psychotomimetic effects
demonstrated by previously reported PCP ligands.

* Department of Medicinal Chemistry.

# Department of Biochemistry.,

§ Department of Vascular and Neurodegeneration Pharmacology.
L Present address: Cephalon Inc., West Chester, PA 19380-4245.
® Abstract published in Advance ACS Abstracts, April 1, 1995.

0022-2623/95/1838-1826$09.00/0

Compounds 3a and 3b were potent and selective inhibi-
tors with Kis of 4.0 and 2.0 nM (vs [3H]TCP), respec-
tively. These compounds had an uncompetitive profile
of inhibiton, consistent with their selectivity for the open
NMDA ion channels, which may be one of the reasons
for the lack of PCP like side effects. In addition, both
of these compounds were active in the middle cerebral
artery occlusion (MCAO) focal ischemia model in rats.%%
In order to expand the strcture—activity relationship
(SAR) of these novel NMDA antagonists, we were
interested in preparing the quaternary compounds in
which the pyridinium ring is replaced with other
heterocycles without compromising the pharmacological
pfofile shown by compounds 3a and 3b. Herein, we
describe the replacement of the pyridinium ring with
the five-membered heterocycles which will also change
the electronic character of this part of the molecule as
well. The resulting 6,11-ethancheteroquinolinium cat-
ion derivatives (4) are potent and selective antagonists
at the PCP site of NMDA receptor complex.

3a, Ry2 = OCzHs; Rya = CHa

4, Ryy = OC2Hs , |I ]
(o]

30,Riz=[l || iRya=H Ry2 = H, CH,
o X =8 N-R;Y=CHN
R = alkyl, aryl

Chemistry

The requisite heteroisoquinolinium cations (9a—j)
were prepared from the corresponding aldehydes (6)
following either Fields or Bradsher methods®—8 (Scheme
1). The synthesis of imidazo[1,2-blisoquinolinium cat-
ions 9h [X = NCH;(1-naphthyl), Y = CH] and 9i (X =
NCHs(2-naphthyl), Y = CH] was reported by us in a
previous paper.? The dianion, prepared from 2-bro-
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Table 1. Physical Properties of New Heteroisoquinolinium Cations
NG
N
i
Y X~
9 7
compd X Y molecular formula/Z~ anal. mp (°C) yield (%)
9a S CH C11HgNO,SC104~ C,H,N,S 220—222 dec 90
9b NCH3 CH Cy2H11NoPFg™ C,HF,N 198—200 60
9c N-n-C4Hg CH CysH17NoPFg~ C,H,F,N 142—144 62
9d NPh CH Cy7H13N2ClO4~ C,H,CLN 208—210 dec 67
9e NCH,Ph CH Cy1HgNe: 0.25H,0/Br~ C,H N 175—-177 90
of: NCH(Ph)z CH C24H19N?/PF6_ 10
9¢g N(CHs)sPh CH CooH9NoPF¢~ C,H,F,N 160—162 dec 36
9j NCH; N C11H10Ny/ClO4~ HRMS 184.08723 (M — ClO40) 148—150 dec 45

¢ Satisfactory elemental analysis was not obtained.

mobenzyl alcohol/n-Buli, was reacted with the ap-
propriate 2-imidazolecarboxaldehyde followed by dehy-
dration of the diol with POCI; resulting in the imi-
dazo[1,2-blisoquinolinium cations. Thiazole aldehyde 6
(X =8, Y = CH) was prepared from 2-bromothiazole
(5, Z = Br) as described in the literature.!® The
2-imidazolyl (8, X = NCHj3; and others, Y = CH) and
2-triazolyl (8, X = NCH;, Y = N)I! aldehydes were
prepared from the corresponding 2-unsubstituted com-
pounds following the literature methods.!? The physical
properties of the new heteroisoquinolinium cations are
described in Table 1.

The inverse electron demand Diels—Alder reactions
of 9 were performed in either CH3CN or CH3NO; as
solvents with dienophiles such as ketene acetal? and 1,1-
di-3-furylethylene as reported before.® The initial ad-
duct was then converted to the chloride counterion using
the ion-exchange method, and the list of compounds
(4a—n) prepared along with the biological results are
shown in Table 2.

Biological Results and Discussions

As depicted in Table 2, the binding affinity for the
[BH]TCP site of the NMDA ion channel for the pyri-
dinium replacement compounds 4a—n was dependent
upon both the heteroisoquinolinium portion of the
molecule and the substituents at the R;; and R
positions. The diethoxy ketal derivatives 4a (thiazole)

and 4¢ (N-methylimidazole) have similar binding affin-
ity at the PCP site of the channel with K;s of 6.1 and
8.2 nM, respectively, comparable to 3a (K; = 5.3 nM).
Similarly, the 3-furyl analogs of the thiazolium (4b, K;
= 2.9 nM) and N-methylimidazolium (4d, K; = 2.9 nM)
derivatives were equipotent in the binding assay com-
pared to the pyridinium derivative 3b (K; = 1.8 nM).
However the N-methyltriazolium analog 4m was nearly
6-fold less active (K; = 30.0 nM) than 3a (X; = 5.3 nM).
One may speculate that the NMDA channel complex is
sensitive to the presence of a heteroatom at this part of
the molecule which could participate in a hydrogen
binding in a nondesirable fashion. A similar loss in
potency was also observed for the 3-furyl compound (4n)
when compared to 3b, 4b, and 4d, which were single
digit nanomolar potent compounds at TCP site.

The imidazolium replacement of pyridinium ring
presented opportunity to vary the substituents at the
N-1 position. As shown in Table 2, steric bulk (4i, 4k,
and 41) and increasing length of the alkyl chain (4j) were
detrimental to the binding affinity. The N-benzylimi-
dazole derivative (4h), with a K, of 7.7 nM, was the only
other potent analog. ,

From these data it became apparent that for com-
pounds 4, the best substitution at Ry was 3-furyl and
at Ry2 was the hydrogen. Also, the thiazolium and
imidazolium were comparable replacements of the py-
ridinium ring of 8a and 3b. Analogs from each series
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Table 2. [3HITCP Binding Affinity of Compounds in Rat Brain Homogenate
Ri2
Ryy R12
J\R"
N *,
;|
x~? cr
3a, Ry = OCzHs; Ryz = CHa 4
3b, Ryz = |Io|| ;Ria=H
NMDA induced
compd X Y Rn Riz mp (°C) yield (%) K; (aMy cell death: IC50 (nM)*
2 (MK-801) 224+02 67.0
3a 53+09 60.0
3b 1.8+0.2 45.0
4a S CH 0OCyH; CHj3; 122—124 dec 54 6.1+0.8 173.0
4b S CH 3-furyl H amorphous 82 29+ 04 50.0
4c NCH;3; CH OCoH;5 CHj; amorphous 69 82+12 53.0
4d NCH; CH 3-furyl H amorphous 81 29+0.1 257.0
de N-n-C4Hp CH 3fury]l H amorphous 52 36 + 1.4 ND
4f NPh CH 3-furyl H amorphous 64 52+6 ND
4g NCH2Ph CH 0OCqH; CH3; 215—-217 70 10+1 ND
4h NCH:Ph CH 3-furyl H 240—242 65 7.7+04 42.0
4i NCH(Ph), CH 3-furyl H amorphous 30 306 + 17 ND
4j N(CHj3)sPh CH 3-furyl H amorphous 57 68 + 11 ND
4k CH-(1-naphthyl) CH 3furyl H 165—167 40 329 + 21 ND
41 NCHs- (2-naphthyl) CH 3-furyl H 220—222 45 330 + 38 ND
4m NCH; N OCzH5 CH3 188—190 88 30+2 ND
4n NCH; N 3-furyl H 222—-224 37 14+1 ND

@ The [3H]TCP binding to the PCP site was performed as described by Vignon et. al.13 ? Mean of at least of three separate determinations
in triplicate. ¢ Neuroprotection in cultured mouse cortical neurons (see the Experimental Section). ND = not determined.

of compounds were also neuroprotective in primary
cultures of cortical neurons in the presence of excitotoxic
concentrations of NMDA (Table 2). As previously
demonstrated for these cationic compounds,*® the po-
tency in the cell death assay correlate with the binding
affinity at the PCP site of the NMDA ion channel
complex.

Thus, the obejctive of the replacement of pyridinium
ring of 6,11-ethanobenzo[b]quinolizinium cations with
other heterocyclics, such as thiazolium and N-meth-
ylimidazolium, was ascertained without any deleterious
effects on the binding affinity. Among these pyridinium
replacements, the thiazolium analog 4b (K; = 2.9 nM)
was found to be the best compound of this series. It
displayed selectivity for the open state of the NMDA
channel complex, consistent with a log D = —3.08!3
which is similar to compound 3b (log D = —3.41) of the
pyridinium series.® Both of these compound are under-
going further evauation as NMDA antagonist.

Conclusions

In summary, we have shown that the replacement of
the pyridinium ring of 6,11-ethanobenzoquinolinium
cations with thiazolium and imidazolium moieties re-
sulted in compounds with nanomolar affinity potency
at the PCP site of the NMDA channel. The thiazolium
compound 4b is undergoing further evaluation as a
possible neuroprotective agent and will be the subject
of future publication.

Experimental Section

Melting points are uncorrected. 'H-NMR were recorded on
a JEOL-FX270 or General Electric QE-300 spectrometer with
tetramethylsilane as an internal standard. Infrared spectra
were measured on a Perkin-Elmer model 467 or Nicolet 20
SX FT IR instrument. Mass spectra were determined using

a JOEL JMS-01SC model instrument. Elemental analyses
were performed by Galbraith Laboratories of Knoxville, TN,
Instranal Laboratories of Rensselaer, NY, or QTI of White-
house, NJ. Where analyses are indicated only by symbols of
the elements, analytical results are within +0.4% of the
theoretical values. Thin-layer chromatography (TLC) was
performed on E. Merck 5 x 20, Kieselgel 60 F-254 plates.
Column chromatography was performed with Whatman LP52
(87—53 um) Si0 or Kieselgel 60 (230—400 mesh). Preparative
HPLC was performed on a Waters Prep 500 instrument using
two standard silica Prep-pak cartridges. Most of the yields
reported here are from single experiments and are unopti-
mized.

General Method. A mixture of the heteroisoquinolinium
perchlorate or hexafluorophosphate (5 mmol), dimethylketene
diethyl acetal,* or 3-furylethylene® (10 mmol) in acetonitrile
or nitromethane (40 mL) was heated to reflux in an inert
atmosphere (N3 or Ar) for 8—48 h or until the reaction is
complete by TLC (CH.Cly:CH3;0H, 9:1). The solvent was
removed under reduced pressure, and the residue was treated
with diethyl ether (75 mL) for trituration in a sonication bath.
The resulting solid was collected by filtration, washed succes-
sively with water, ether, and then hexanes, and dried under
reduced pressure at ambient temperature to afford the crude
product. In most instances, the TLC of the crude showed a
single product. Minor impurities were removed on a silica gel
column, eluting with CH2Cl,:CH3;0H (4:1).

Ion-Exchange Procedure. A column of Dowex 1x2-200
ion-exchange resin (300 g) was eluted with 0.5 N HCl until
the eluant was clear and was then washed with distilled water
until a pH of about 6.5—7.5 was obtained. A solution of the
appropriate crude 5,10-ethano-5,10-dihydroheteroisoquino-
quinolinium perchlorate, hexafluorophosphate, in a minimun
amount of acetonitrile or methanol was loaded and the column
rinsed with distilled water until the eluant no longer contains
the product as detected by TLC. The water was removed
under reduced pressure (Iyophilization or rotary evaporation)
to provide the pure chloride salt in near quantitative yield.

11,11-Diethoxy-12,12-dimethyl-5,10-ethano-5,10-dihy-
drothiazole[3,2-blisoquinolin-4-ium chloride (4a): Beige-
colored solid (CH:Cls:Et20, 1:1); MS (LSIMS, m/z) 230 (M* —
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Cl); IR (KBr) 3408, 3088, 3048, 2976, 2900, 1639, 1542, 1219
em~1; TH-NMR (300 MHz, CDCl;) 6 0.92 (s, 3H), 1.05 (m, 9H),
3.48 (q,J = 3.8 Hz, 2H), 3.60 (q, J = 4.0 Hz, 2H), 5.58 (s, 1H),
6.75 (s, 1H), 7.30 (m, 2H), 7.50 (m, 1H), 7.68 (m, 1H), 7.94 (d,
J = 3.5 Hz, 1H), 9.46 (d, J = 8.3 Hz, 1H). Anal. (CygHy,-
CINO:8-0.75H:0) C, H, CI, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydrothiazol[3,2-b]-
isoquinolin-4-ium chloride (4b): white powder (Hy0); MS
(LSIMS, m/z) 348 (M-Cl); 'H-NMR (300 MHz, DMSO-ds) 6 2.53
(d, J = 13.5 Hz, 1H), 2.92 (d, J = 12.8 Hz, 1H), 6.11 (s, 1H),
6.35 (s, 1H), 6.55 (s, 1H), 6.85 (s, 1H), 7.25—7.61 (m, 8H), 8.02
(d, J = 2.7 Hz, 1H), 8.67 (d, J = 2.6 Hz, 1H). Anal. (C21Hie
CINO2S-0.75H20) C, H, N, S.
11,11-Diethoxy-12,12-dimethyl-5,10-ethano-5,10-dihy-
dro-1-methylimidazo[1,2-blisoquinolin-4-ium chloride
(4¢): white powder (CHCla:Et20, 1:1); MS (LSIMS, m/z) 327
(M* — Cl); 'H-NMR (300 MHz, CDCl3) 6 0.85 (s, 3H), 0.93 (s,
3H), 1.05 (m, 6H), 3.45 (m, 2H), 3.65 (m, 2H), 4.10 (s, 3H),
5.40 (s, 1H), 5.72 (s, 1H), 7.30 (m, 2H), 7.48 (d, J = 2.3 Hz,
1H), 7.55 (d, J = 6.5 Hz, 1H), 7.78 (d, J = 6.2 Hz, 1H), 8.10 (d,
J = 2.2 Hz, 1H). Anal. (Cg H2;CIN20:-0.75H,0) C, H, C], N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-methylimi-
dazol[1,2-blisoquinolin-4-ium chloride (4d): white powder
(H20); MS (LSIMS, m/z) 343 (M* — Cl); TH-NMR (300 MHz,
DMSO-ds) 6 2.38 (d, J = 13.0 Hz, 1H), 2.84 (dd, J = 3.5 Hz, J
= 12.9 Hz, 1H), 3.63 (s, 3H), 6.11 (s, 1H), 6.32 (s, 1H), 6.42
(bs, 1H), 7.26 (m, 2H), 7.38—7.53 (m, 7TH), 7.60 (s, 1H), 7.84
(d, J = 1.7 Hz, 1H). Anal. (CsoH;9CIN:02-1.5H;0) C, H, Cl,
N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-butylimi-
dazo[1,2-blisoquinolin-4-ium chloride (4e): white powder
(H20); MS (LSIMS, m/z) 385 (M* — Cl); 'H-NMR (300 MHz,
DMSO-ds) 6 0.82 (m, 3H), 1.25 (m, 4H), 2.48 (d, J = 12.0 Hz,
1H), 3.00 (d, J = 12.5 Hz, 1H), 4.18 (m, 2H), 6.35 (s, 1H), 6.40
(bs, 1H), 6.60 (bs, 2H), 7.25 (s, 2H), 7.50 (m, 9H), 7.95 (s, 1H).
Anal. (Cg5Hs5CIN2O2: 2H0) C, H, Cl, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-phenylimi-
dazoll,2-blisoquinolin-4-ium chloride (4f): cream-colored
powder (H,0); MS (LSIMS, m/z) 405 (M — Cl); 'H-NMR (300
MHz, DMSO-dg) 6 2.44 (d, J = 13.0 Hz, 1H), 3.05 (dd, J = 3.0
Hz, J = 12.6 Hz, 1H), 5.60 (s, 1H), 5.85 (s, 1H), 6.38 (s, 1H),
6.55 (s, 1H), 7.15 (m, 3H), 7.30 (m, 2H), 7.42 (m, 2H), 7.60 (m,
5H), 7.68 (m, 1H), 7.90 (d, J = 2.0 Hz, 1H), 8.20 (d, J = 2.3
Hz, ].H) Anal. (Cz7H2101N202‘H20) C, H, Cl, N
11,11-Diethoxy-12,12-dimethyl-5,10-ethano-5,10-dihy-
dro-1-(phenylmethyl)imidazo[1,2-blisoquinolin-4-ium
chloride (4g): white solid (CH;CN:EtOAc, 1:1); MS (LSIMS,
m/z) 403 (M*™ — Cl); IR (KBr) 3394, 3090, 3030, 2975, 2938,
1577, 1542, 1475, 1455, 1059 cm™!; 'H-NMR (300 MHz, DMSO-
ds) 6 0.79 (s, 3H), 0.85 (s, 3H), 0.911 (t, J = 12.2 Hz, 6H), 3.37
(q, J = 12.0 Hz, 2H), 3.61 (q, J = 12.5 Hz, 2H), 540 (4, J =
14.0 Hz, 1H), 5.68 (s, 1H), 5.77 (d, J = 14.5 Hz, 1H), 5.92 (s,
1H), 7.25—-7.70 (m, 10H), 7.94 (d, J = 1.3 Hz, 1H). Anal.
(C26H3,CIN20,+0.5H;0) C, H, Cl, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-(phenyl-
methyl)imidazo[1,2-blisoquinolin-4-ium chloride (4h):
cream-colored solid (CH3;CN); MS (LSIMS, m/z) 419 M+ — Cl);
IR (KBr) 3423, 3362, 3087, 2913, 1580, 1454, 1162, 1028 cm™;
1H-NMR (300 MHz, DMSO-dg) 6 2.45 (d, J = 12.0 Hz, 1H),
2.98 (dd, J = 2.0 Hz, J = 12.4 Hz, 1H), 5.25 (d, J = 12.5 Hz,
1H), 5.48 (d, J = 13.0 Hz, 1H), 6.30 (s, 1H), 6.35 (s, 1H), 6.50
(s, 1H), 6.62 (s, 1H), 7.10—7.60 (m, 14H), 7.90 (d, J = 2.0 Hz,
].H). Anal (CstzaClN202‘0.5H20)C, H, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-(diphenyl-
methyl)imidazo[1,2-blisoquinolin-4-ium hexafluorophos-
phate (4i): beige-colored powder (CH:Cla:Et0, 1:1); MS
(LSIMS, m/z) 495 (M* — PF¢); 'H-NMR (300 MHz, CDCl3) 6
2.40 (d, J = 12.4 Hz, 1H), 3.25 (dd, J = 2.0 Hz, J = 12.0 Hz,
1H), 4.70 (s, 1H), 5.65 (s, 1H), 6.30 (s, 1H), 6.35 (s, 1H), 6.38
(d, J = 2.4 Hz, 1H), 6.63 (d, J = 2.2 Hz, 1H), 6.80—7.50 (m,
18H), 8.20 (d, J = 2.5 Hz, 1H); HRMS C3H2;FsN20:P (M —
PF¢) caled 495.202 75, found 495.207 04.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-(phenyl-
propyl)imidazo[1,2-blisoquinolin-4-ium chloride (4j):
cream-colored powder (CH;Cla:Et20, 1:1); MS (LSIMS, m/z) 447
(M* — Cl); TH-NMR (300 MHz, CDCl;) é 1.95 (m, 2H), 2.40 (4,
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J =12.0 Hz, 1H), 2.38 (m, 1H), 2.50 (m, 1H), 3.10(d, J = 124
Hz, 1H), 4.25 (m, 2H), 6.10 (s, 1H), 6.19 (s, 1H), 6.38 (s, 1H),
6.85 (bs, 1H), 7.00—7.40 (m, 12H), 7.55 (bd, J = 3.5 Hz, 1H),
7.70 (m, 1H), 8.40 (bs, 1H). Anal. (C3yH2;CIN204-0.25H,0) C,
H, Cl, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-(1-naphth-
ylmethyl)imidazo[1,2-blisoquinolin-4-ium chloride (4k):
beige solid (EtOAc); MS (LSIMS, m/z) 469 (M* — Cl); 'H-NMR
(300 MHz, CDCl;) 6 2.28 (d, J = 12.4 Hz, 1H), 2.98 (4, J =
12.2 Hz, 1H), 5.18 (s, 1H), 5.30 (d, J = 13.5 Hz, 1H), 5.45 (s,
1H), 5.62 (d, J = 12.8 Hz, 1H), 6.20 (bs, 2H), 6.28 (d, J = 2.5
Hz, 1H), 7.00—7.58 (m, 14H), 7.88 (bs, 1H). Anal. (C3Hgs-
CIN20,-1.5H20) C, H, Cl, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-(2-naphth-
ylmethyl)imidazo[1,2-blisoquinolin-4-ium chloride (41):
white powder (H20); Ms (LSIMS, m/z) 469 (M* — Cl); 'TH-NMR
(300 MHz, DMSO0-ds) 6 2.35(d, J = 12.3 Hz, 1H),2.90 (d, J =
12.0 Hz, 1H), 5.30 (m, 2H), 5.78 (s, 1H), 5.82 (s, 1H), 6.15 (s,
1H), 6.50 (bs, 1H), 6.90—7.70 (m, 16H), 8.00 (bs, 1H). Anal.
(C32H25CIN20,- 1.25H0) C, H, C], N.
11,11-Diethoxy-12,12-dimethyl-5,10-ethano-5,10-dihy-
dro-1-methyl-1,2,4-triazolo[1,2-blisoquinolin-4-ium chlo-
ride (4m): white powder (CHyCly:Et20, 1:1); MS (LSIMS, m/z)
328 (M* — CD); IR (KBr) 3420, 2976, 1610, 1604, 1539, 1362,
1181, 1084, 1060 cm™1; 1H-NMR (300 MHz, DMSO-ds) 6 1.25
(s, 3H), 1.36 (s, 3H), 1.45 (m, 6H), 3.94 (q, J = 7.0 Hz, 2H),
4.15 (q, J = 7.4 Hz, 2H), 4.63 (s, 3H), 6.39 (s, 1H), 6.47 (s,
1H), 7.90 (m, 2H), 8.06 (d, J = 5.8 Hz, 1H), 9.87 (s, 1H). Anal.
(C19H26CIN302-H,0) C, H, Cl, N.
11,11-Di-3-furyl-5,10-ethano-5,10-dihydro-1-methyl-1,2,4-
triazolo[1,2-blisoquinolin-4-ium chloride (4n): white solid
(CH3CN); MS (LSIMS, m/z) 344 (M* — Cl); 'H-NMR (300 MHz,
DMSO0-d¢) 6 2.41 (d, J = 13.0 Hz, 1H), 3.00 (dd, J = 3.4 Hz, J
= 12.5 Hz, 1H), 3.84 (s, 3H), 6.40 (bs, 2H), 6.50 (s, 1H), 6.64
(s, 1H), 7.30 (m, 2H), 7.40—7.61 (m, 6H), 9.15 (s, 1H). Anal.
(C21H1sCIN30,-0.25H,0) C, H, N.

[BHITCP Receptor Binding Assay. [*HITCP binding to
PCP recognition sites was performed as described by Vignon.*
Male Sprague—Dawley rats were sacrificed by decapitation,
and whole brains were homogenized in 10 volumes (wt/vol) of
cold Tris-HCl buffer (50 mM, pH 7.7) using a Brinkmann
Polytron (setting 6, 30 s). The homogenate was centrifuged
at 40000g for 10 min at 4 °C. The supernatant was decanted,
and the homogenization and centrifugation steps were re-
peated twice as described above. Following this, the pellet was
resuspended in Tris-HCl (5 mM, pH 7.7) at a tissue concentra-
tion of 0.5—0.75 g/mL, and 1 mL aliquots were frozen at —70
°C until use. The binding characteristics for PCP recognition
sites were not altered by the freezing of membrane suspen-
sions.

On the day of the assay, membrane aliquots were thawed,
resuspended in fresh 5 mM Tris-HCIl buffer at a tissue
concentration of 1 mg/mL, and stored on ice until use. Each
assay tube contained 100 yL of [BHITCP at a final concentra-
tion of approximately 1 nM, 100 «L of various concentrations
of the compounds of interest, 500 xL of the tissue suspension,
and 300 uL of buffer to a final assay volume of 1 mL and a
final protein concentration of 0.5 mg/tube. Nonspecific binding
was defined by addition of a final concentration of 100 xM PCP
to blank tubes. All tubes were incubated at room temperature
for 25 min before termination of the reaction by rapid filtration
over Whatman GF/B glass fiber filters that had been presoaked
in a solution of 0.5% polyethylenimine for at least 1 h prior to
use. Filters were washed with three 4 mL volumes of cold
Tris buffer. Following addition of scintillation cocktail, the
amount of bound radioactivity was determined by liquid
scintillation spectrometry using a Beckman LS 5000TA liquid
scintillation counter with an efficiency for tritium of ap-
proximately 55%. Inhibition constants (X; values) were cal-
culated using the EBDA/LIGAND program,!® purchased from
Elsevier/Biosoft, Inc.

Neuroprotection in Cultured Mouse Cortical Neu-
rons. Pregnant, Swiss-Webster mice were obtained from
Taconic Farms and killed 16 days post conception. Fetuses
were removed and placed in a sterile dish containing Hank’s
balanced salt solution (HBSS), pH 7.4. Brain cortices were
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dissected, meninges removed, and then the tissue was minced
and placed into a solution of HBSS containing 0.25% (w/v)
trypsin at 37 °C for 15 min. Tissue was then triturated with
a sterile pasteur pipet, diluted with minimal essential media
(Gibco 330-1430), pH 7.4, supplemented with 10% horse serum,
10% fetal calf serum, 2 mM L-glutamine, 21 mM d-glucose,
2.2 g/L sodium bicarbonate, 1000 units/mL penicillin, and 1000
ug/mL streptomycin. Cells were plated onto Falcon Primaria
96-well plates at a final density of 50 000 cells/well and
incubated at 37 °C in the presence of 5% (v/v) carbon dioxide.
After 5 days, plating media was replaced with maintenance
media containing minimal essential media (Gibco 330-1430),
pH 7.4, supplemented with 10% horse serum, 10% L-glutamine,
21 mM D-glucose, 2.2 g/L: sodium bicarbonate, 1000 units/mL
penicillin, 1000 ug/mL streptomycin, and 10 M cytosine
arabinoside. On days 7 and 10, media was replaced with
maintenance media as above lacking the cytosine arabinoside.
Experiments were conducted on day 13.

Day 13 cultured cortical neurons were washed twice with
minimal essential media, pH 7.4, and then exposed for 30 min
to 500 uM N-methyl-D-aspartic acid (NMDA) with or without
varying concentrations of test agents. MK-801 at a final
concentration of 10 uM was routinely included as a positive
control. MK-801 and test agents were prepared in minimal
essential media supplemented with 21 mM D-glucose and 2.2
g/L sodium bicarbonate (MEM). After 30 min, media was
replaced with MEM alone. Exposure of neurons to test agents
was limited to the NMDA treatment period. Twenty-four
hours after removal of NMDA, an aliquot of media from each
well was removed for assessment of cell injury by determining
lactate dehydrogenase (LDH) activity by the method of Wrob-
lewski and LaDue.117

Acknowledgment. We thank the Department of
Molecular Characterization for the IR, NMR, and MS
spectra. We also wish to thank the expert technical
assistance of Fran Casiano, Susan Chippari, Felicia
Ford-Rice, Lee Hildebrand, Lorraine Lanyon, Larry
Wagner, and Connie Zobre for acquiring the biological
data. We are grateful to the reviewers for their con-
structive criticism of the manuscript.

References

(1) (a) Gill, R.; Brazell, G. N.; Woodruff, G. N.; Kemp, J. A. The
Neuroprotective Action of Dizocilpine (MK-801) in the Rat
Middle Cerebral Artery Occlusion Model of Focal Ischemia. Br.
J. Pharmacol. 1991, 103, 2030—2036. (b) Hatfield, R. H.; Gill,
R.; Brazell, C. The Dose-Response Relationship and Therapeutic
Window for Dizocilpine (MK-801) in a Rat Focal Ischemia Model.
Eur. J. Pharmacol. 1992, 216, 1-17.

(2) Johnson, K. M,; Jones, S. M. Neuropharmacology of Phencycli-
dine: Basic Mechanisms and Therapeutic Potential. Annu. Rev.
Pharmacol. Toxicol. 1990, 30, 707—-750 and references cited
therein.

(3) (a) Hiramatsu, M.; Cho, A. K.; Nabeshima, T. Comparison of
the Behavioral and Biochemical Effects of the NMDA Receptor
Antagonists, MK-801 and Phencyclidine. Eur. J. Pharmacol.
1989, 166, 359—366. (b) Tan, S; Kirk, R. C.; Abraham, W. C,;

Notes

McNaughton, N. Effects of the NMDA Antagonists CPP and MK-
801 on Delayed Condition Discrimination. Psychopharmacology
1989, 98, 556—560. (c) Willetts, J.; Balster, R. L.; Pentobarbital-
like Discriminative Stimulus Effects of N-methyl-D-Aspartate
Antagonists. J. Pharmacol. Exp. Ther. 1989, 249, 438.

(4) Mallamo, J. P.; Earley, W. G.; Kumar, V.; Subramanyam, C.;
Dority, J. A, Jr.; Miller, M. S.; DeHaven-Hudkins, D. L.; Ault,
B.; Herrmann, J. L., Jr.; Dung, J.-S.; McMullen, L. A.; Kulling,
R.; Magee, L. J. Identification, Synthessis, and Characterization
of a Unique Class of NMDA Antagonists. The 6,11-Ethano-
Benzo[blquinolizinium Cation. J. Med. Chem. 1994, 37, 4438—
4448 and references therein.

(5) Subramanyam, C.; Aimone, L. D.; Ault, B.; DeHaven-Hudkins,
D. L.; Dority, J. A., Jr.; Earley, W. G.; Kumar, V,; Luttinger, D.
A.; Mallamo, J. P.; Miller, M. S. Discovery of 6,11-Ethano-12,-
12-Diaryl-6,11-Dihydrobenzo{blquinolizinium Cations, a Novel
Class of NMDA Antagonists. J. Med. Chem. 1995, 38, 21-27.

(6) Fields, D. L. A Novel Synthesisi of 2-Naphthols, Phenanthrols,
Anthacenes, and Other Polycyclic Aromatic Products. J. Org.
Chem. 1971, 36, 3002—3005.

(7) Fields, D. L.; Regan, T. H.; Dignan, J. C. Diels-Alder Reactions
Involving Azonia Polycyclic Aromatic Compounds and Nucleo-
philic Dienophiles. J. Org. Chem. 1968, 33, 390—395.

(8) Bradsher, C. K. The Quinolizinium Ion and Aza Analogs.
Comprehensive Heterocyclic Chemistry; Pergamon Press: New
York, 1985; Vol. 2, pp 525—579.

(9) Earley, W. G.; Dority, J. A., Jr.; Kumar, V.; Mallamo, J. P.
Regiocontrolled Syntheses of Benzo[blquinolizinium and Het-
eroisoquinolinium Cations. Heterocycles 1995, 41, 309—-314.

(10) Dondoni, A.; Fantin, G.; Fogagnolo, M.; Medici, A.; Pedrini, P.
A New Convenient Preparation of 2-, 4-, and 5-Thiazolocarbox-
aldehydes and Their Conversion into the Corresponding Car-
bonitrile N-Ozxides: Synthesis of 3-Thiazolylisoxazoles and
3-Thiazolylisoxazolines. Synthesis 1987, 998-1001.

(11) Olofson, R. A.; Kendall, R. V. Protection by Acylation in the
Selective Alkylation of Heterocycles. J. Org. Chem. 1970, 35,
2246-2248.

(12) Iddon, B. Metallation And Metal-Halogen Exchange Reactions
Of Imidazoles. Heterocycles 1985, 23, 417—442 and references
therein.

(13) The log D (partion coefficient between pH 7.4 buffer and octanol)
for this compound and others were measured on a Sirius PCA
101 instrument by Water Technology Associates of Reading, PA,
following the method described by Avdeef, A. Difference Plots
for Determining Ion-Pair Octanol-Water Partion Coefficients of
Multiprotic Substances. Quant. Struct-Act. Relat. 1992, 510~
517.

(14) Vignon, J.; Chicheportiche, R.; Chicheportiche, M.; Kamenka,
J. M,; Geneste, P.; Lazdunski, M. [SHITCP a New Tool with High
Affinity for the PCP Receptor in Rat Brain. Brain Res. 1983,
140, 194-197.

(15) McPherson. G. A. Analysis of Radioligand Binding Experiments.
A Collection of Computer Programs for the IBM PC. J. Phar-
macol. Meth. 1985, 14, 213—-228.

(16) Wroblewski, F.; LaDue, J. S. Lactic Dehydrogenase Activity in
Blood. Proc. Soc. Exp. Biol. Med. 1955, 90, 210—213.

(17) All research involving animals described in this publication was
performed in accord with the Sterling Winthrop Pharmaceuticals
Research Division (SWPRD) Policy on Animal Use and all
national and federal legislation. All SWPRD animal facilities
and programs are accredited by the American Association of
Laboratory Animal Care (AAALAC).

JM940715A



