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NMDA Antagonist Activity of 
(±)-(2(S

fi?,4-K^)-4-(llf-Tetrazol-5-ylmethyl)piperidine-2-carboxylic Acid Resides 
with the (-)-2R ,4S -Isomer 
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The tetrazole-substituted amino acid (±)-(2Si?,4flS)-4-(LH-tetrazol-5-ylmethyl)piperidine-2-carboxylic acid (LY233053, 
(±)-l) was resolved into its constituent enantiomers by treatment of a key intermediate in the synthesis of the racemic 
amino acid, ethyl (±)-cis-4-(cyanomethyl)-iV-allylpiperidine-2-carboxylate, with either 2S,3S- or 2ff,3iJ-di-p-
toluoyltartaric acid. These resolved amines were then converted as for the racemate to the amino acids (-)-l and 
(+)-l. The activity of this potent and selective NMDA antagonist was found to reside with the (-)-isomer of 1 
(LY235723). X-ray crystallographic analysis of the 2S,3S-di-p-toluoyltartaric acid salt of ethyl cis-4-(cyano-
methyl)-iV-allylpiperidine-2-carboxylate showed that the resolved amine, and thus H-I , possessed the 2R,4S absolute 
stereochemistry. Affinity for the NMDA receptor was determined using the specific radioligand [3H]-
(2Sfl,4ftS)-4-(phosphonomethyl)piperidine-2-carboxylic acid ([3H]CGS 19755; IC60 = 67 ± 6 nM), and selective NMDA 
antagonist activity was determined using a cortical slice preparation (IC6O versus 40 MM NMDA = 1.9 ± 0.24 ^M). 
This compound also demonstrated potent NMDA antagonist activity in vivo following systemic administration through 
its ability to block NMDA-induced convulsions in neonatal rats, NMDA-induced lethality in mice, and NMDA-induced 
striatal neuronal degeneration in rats. 

Competitive antagonists of the NMDA subtype of ex­
citatory amino acid (EAA) receptors1 appear to be po­
tentially useful for treating a wide variety of acute and 
chronic neurodegenerative diseases, where overstimulation 
of NMDA recetpors (Le., excitotoxicity) may play a role 
in the pathophysiology of these diseases. For example, 
recent evidence indicates that NMDA antagonists may find 
use in the t reatment of cerebral ischemia2 and head3 and 
spinal cord t rauma, 4 as anticonvulsants;5 and in the 
treatment of Alzheimer's disease6 and Parkinson's disease.7 

We recently described the synthesis8 and pharmacological 
characterization9 of (±)-(2Sfl,4i?S)-4-(l>Y-tetrazol-5-yl-
methyl)piperidine-2-carboxylic acid (LY233053, (±)- l) , a 
tetrazole-substituted NMDA antagonist with a more rapid 
onset and a shorter duration of action9 when compared to 
the corresponding phosphonate, (±)-(2<Si?,4i?S)-4-(phos-
phonomethyl)piperidine-2-carboxylic acid (CGS 19755, 
(±)-2).10 We believe that this profile of activity may bode 
well for the use of such a compound to t reat acute exci-
totoxic disorders, such as cerebral ischemia. 
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In cases where NMDA antagonists have been resolved, 
such as 2,10 (2Si?)-4-(3-phosphonoprop-l-yl)piperazine-2-
carboxylic acid (3, CPP),1 1 (2Si?)-4-(3-phosphonoprop-2-
en-l-yl)piperazine-2-carboxylic acid (4, CPP-ene) , 1 1 

(2Si?)-2-amino-4-methyl-5-phosphonopentanoic acid (5, 
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CGP 37849) ,12 and (2SJ?)-2-amino-4-oxo-5-phosphono-
pentanoic acid (6, MDL 100,453)13 (Chart I), one enan-
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°(a) (2S,3S)-Di-p-toluoyltartaric acid, EtOAc, H2O; aqueous NaHCO3, CH2Cl2. (b) (2fl,3fi)-Di-p-toluoyltartaric acid, EtOAc, H2O; 
aqueous NaHCO3, CH2Cl2. (c) Vinyl ehloroformate, ClCH2CH2Cl, reflux; 60 psi H2, EtOH, room temperature, (d) n-Bu3SnN3, 80 0C; 6 N 
HCl, reflux; Dowex 50-X8, 10% aqueous pyridine. 

t iomer r e t a in s t h e N M D A an tagon i s t act ivi ty , whi le t he 
other is weakly active or inactive. Excep t for C G S 19755, 
where t he absolute s tereochemistry has no t been repor ted 
for t he active isomer, all of these amino acids possess t he 
R absolute stereochemistry a t t he a-amino acid center. For 
t he deve lopment of 1 as a t h e r a p e u t i c agent , we believed 
it was essent ia l to resolve th i s c o m p o u n d in o rde r t o de­
t e rmine if it d e m o n s t r a t e d a s imilar profile of s tereose­
lectivity. In th i s p a p e r we descr ibe t h e reso lu t ion of 1, 

(9) Schoepp, D. D.; Ornstein, P. L.; Leander, J. D.; Lodge, D.; 
Salhoff, C. R.; Zeman, S.; Zimmerman, D. M. Pharmacological 
characterization of LY233053: a structurally novel tetrazole-
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255, 1301-1308. 
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65-75. 
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carboxylic acid (CPP-ene). HeIv. Chim. Acta 1989, 72, 
1043-1051. 
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D.; Dingwall, J. G. CGP 37849 and CGP 39551: Novel and 
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complex. J. Med. Chem. 1990, 33, 2961-2963. 

Figure 1. Plot of the X-ray crystal structure of (+)-8. The four 
waters of hydration that crystallized with the salt have been 
omitted for clarity. 

demons t r a t e t h a t t h e N M D A receptor antagonism resides 
w i t h t h e isomer (-)- l (LY235723), a n d show t h a t t h i s 
isomer has t he R absolute s tereochemist ry a t t he a - amino 
acid cen te r . 

C h e m i s t r y 

T h e syn the t i c approach t o t he isomers of 1 is shown in 
Scheme I. T h e m-N-a l ly lamine (±)-7, a key in te rmedia te 
in t he prepara t ion of racemic I,8 was resolved into (-f-)-and 
(-)-7 by fo rmat ion of t h e sa l t s ( + ) - a n d (-)-8 wi th e i the r 
(2S.3S)- or (2i?,3/J)-di-p-toluoyltartaric acid, respectively, 
in e thy l ace t a t e con ta in ing 1 equiv of water . After one 
recrystallization of each salt from ethyl acetate, t he amines 
were l ibera ted a n d shown by 1 H N M R t o be > 9 7 % one 
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Figure 2. Displacement of [3H]CGS 19755 binding by (-)-l, (±)-l 
and (+)-l. Affinities for the NMDA receptor, as determined by 
IC50 values (nM), are as follows: H-1,67 ± 6; (±)-l, 107 ± 7; and 
(+)-l, 2393 ± 368. 

enantiomer using the chiral shift reagent (S)-(+)-2,2,2-
trifluoro-l-(9-anthryl)ethanol in benzene-d6.

14 While the 
allyl group of (+)- or (-)-7 could be removed with ethyl 
chloroformate and l,8-bis(dimethylamino)naphthalene 
(proton sponge) in refluxing dichloroethane to directly 
afford the ethyl carbamates (+)- or (-)-10, respectively, this 
reaction was sluggish, taking 2-3 days and large excesses 
of reagents to go to completion. Instead, we found it more 
expeditious to first remove the allyl group with vinyl 
chloroformate and proton sponge in refluxing dichloro­
ethane15 and then hydrogenate the vinyl carbamates (+)-
or (-)-9 to the ethyl carbamates (+)- or (-)-10, respectively. 
Conversion of (+)- or (-)-10 to the tetrazole with azido 
tri-ra-butylstannane neat at 80 0C was followed by ex­
haustive hydrolysis with 6 N HCl and then purification 
by cation exchange chromatography on Dowex 50-X-8 
(100-200 mesh, elution with 10% pyridine in water) to 
afford (-)- and (+)-l, respectively. 

A crystal of (+)-8 (a 1:1 salt) suitable for X-ray dif­
fraction studies was grown from 2-propanol. The bond 
distances and angles within the ions are all within the 
normal ranges for such bonds. (A full listing of interatomic 
distances and angles is presented in the supplementary 
material.) Since the absolute stereochemistry is known 
for the tartaric acid derivative that was used [(2S,3S)-
di-p-toluoyltartaric acid], we determined the absolute 
stereochemistry for (+)-7 to be 2R,4S. Figure 1 shows a 
plot of (+)-8, clearly indicating the absolute stereochem­
istry of the C-2 and C-4 carbons. We know from the 
synthesis of racemic 1 that no epimerization occurs in the 
deallylation or deprotection steps. Therefore, the stereo­
chemistry of the amino acids derived from (+)- or (-)-7 
should be (-)-(2fl,4S)- or (+)-(2S,4iJ)-l, respectively, as 
shown in Scheme I. 
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Figure 3. Dose-dependent protection afforded by (-)-l against 
the neurotoxic effects of 300 nmol of NMDA injected into the 
striatum of rats, as measured by losses in choline acetyl transferase 
(ChAT) activity relative to saline-injected control animals. 

Pharmacology: In Vitro 
These resolved amino acids were examined for their 

ability to displace [3H]CGS 19755 binding16 as a measure 
of their affinity for the NMDA receptor (Figure 2). The 
isomer (-)-l displaced [3H]CGS 19755 binding with an IC60 
of 67 ± 6 nM, while the IC50 for the isomer (-t-)-l was 2393 
± 368 nM. The racemate displaced binding with an IC50 
of 107 ± 7 nM, so as one might expect, the affinity of the 
active isomer was nearly twice that of the racemate. As 
was observed for the racemate, no significant displacement 
of radioligand binding by (-)-l to AMPA or kainic acid 
receptors was observed (IC50's > 10000 nM). 

NMDA antagonist activity for these resolved amino 
acids was determined by evaluating their ability to inhibit 
depolarizations due to NMDA, quisqualic acid (QUIS) and 
kainic acid (KA) in a cortical slice preparation.17 The 
isomers (-)- and (+)-l showed IC50's versus NMDA-in-
duced depolarizations of 1.9 ± 0.24 and 39.1 ± 3.0 nM. 
(compare to an IC50 of 4.2 ± 0.4 /tM for (±)-l), with no 
effects on depolarizations due to QUIS or KA at concen­
trations up to 100 nM. 

Pharmacology: In Vivo 
The isomers of 1 were evaluated both in a model of 

NMDA-induced convulsions in neonatal rats18 and for their 
ability to block NMDA-induced lethality in mice.19 In 
these models, (±)-l demonstrated potent in vivo NMDA 
antagonist activity.9 The minimum effective dose (MED; 
this is the dose where > 50% of the animals tested sur­
vived) for (-)-l to antagonize NMDA-induced convulsions 
in neonatal rats was 20 mg/kg (ip) while (+)-l was inactive 
at doses up to 200 mg/kg (ip). (-)-l was also effective at 
blocking NMDA-induced lethality in mice, with an MED 
of 2.5 mg/kg (ip), whereas (+)-l showed no protective 

(14) When (±)-2 was evaluated by 300-MHz 1H NMR with 1 equiv 
of the chiral shift reagent (S)-(+)-2,2,2-trifluoro-l-(9-
anthryl)ethanol in benzene-d6 at room temperature, two ab­
sorptions were well resolved. We observed two multiplets at 
S 5.81 and 5.59 and two doublets of doublets at 6 3.16 or 2.97. 
To determine the optical purity of our resolved amines, a small 
amount of (+)- or (-)-2 was evaluated in the same manner. For 
(+)-2, we observed only the absorptions at S 5.59 and S 2.97; 
for (-)-2, we observed only the absorptions at S 5.81 and S 3.16. 
On the basis of integration of the 1H NMR spectra, we deter­
mined these amines to be >97% one enantiomer. 
Olofson, R. A.; Schnur, R. C; Bunes, L.; Pepe, J. P. Selective 
N-dealkylation of tertiary amines with vinyl chloroformate: 
An improved synthesis of naloxone. Tetrahedron Lett. 1977, 
1567-1570. 

(15) 

(16) Murphy, D. E.; Hutchinson, A. J.; Hurt, S. D.; Williams, M.; 
Sills, M. A. Characterization of the binding of [3H]-CGS-19755: 
a novel N-methyl-D-aspartate antagonist with nanomolar af­
finity in rat brain. Br. J. Pharmacol. 1988, 95, 932-938. 

(17) Harrison, N. L.; Simmonds, M. A. Quantitative studies on 
some antagonists of N-methyl-D-aspartate in slices of rat cer­
ebral cortex. Br. J. Pharmacol. 1985, 84, 381-391. 

(18) Schoepp, D. D.; Gamble, A. Y. Salhoff, C. R.; Johnson, B. G.; 
Ornstein, P. L. Convulsions in neonatal rats mediated by three 
pharmacologically distinct excitatory amino acid receptors. 
Eur. J. Pharmacol. 1990, 182, 421-427. 

(19) Leander, J. D.; Lawson, R. R.; Ornstein, P. L.; Zimmerman, D. 
M. N-methyl-D-aspartic acid-induced lethality in mice: selec­
tive antagonism by phencyclidine-like drugs. Brain Res. 1988, 
448, 115-120. 
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effects up to doses as high as 160 mg/kg (ip). (Compare 
to (±)-l , with MED's of 20 mg/kg (ip) versus NMDA-in-
duced convulsions in neonatal rats and 5 mg/kg (ip) versus 
NMDA-induced lethality in mice). 

When NMDA (300 nmol) is stereotactically injected into 
the striatum of rats, there is neuronal degeneration me­
diated through NMDA receptor activation.20 The loss of 
cholinergic neurons tha t occurs following this insult is 
quantified 7 days after t reatment with NMDA by meas­
uring levels of choline acetyl transferase (ChAT).20 One 
useful aspect of this assay is the ability to evaluate the 
potential of a novel NMDA antagonist, such as (-)-l, to 
attenuate an excitotoxic CNS injury that occurs following 
overstimulation of NMDA receptors. We found that single 
doses of (-)-l (as for (±)-l9) given ip 30 min prior to 
t reatment with NMDA provided a dose-dependent pro­
tection from striatal injury in rats, with the highest dose 
tested providing complete neuroprotection (Figure 3). In 
saline pretreated (control) rats, NMDA induced a 34 ± 9% 
(n = 6) decrease in ChAT activity. When animals were 
treated with doses of 100 or 200 mg/kg of (-)-l we observed 
decreases in ChAT activity of 9 ± 4% or 4 ± 3 % , re­
spectively (p < 0.05 when compared to the saline control 
group). The 2-fold difference in potency for (-)-l relative 
to (±)-l that was observed in the protection of mice from 
NMDA-induced lethality was also observed for neuro­
protection in rats. 

Conclusions 

We have successfully resolved the potent and selective 
NMDA antagonist (±)- l and found tha t like other com­
petitive NMDA antagonists, the activity of this amino acid 
resides within a single enantiomer, {-)-(2R,4S)-l. We were 
able to demonstrate that this amino acid, like 3-6, has the 
2R absolute stereochemistry at the a-amino acid carbon. 
This compound [ H - I ] has high affinity for the NMDA 
receptor and demonstrated selective NMDA antagonism 
in a cortical slice preparation. This compound also showed 
potent NMDA antagonist activity in vivo following sys­
temic administration as evidenced by its ability to block 
NMDA-induced convulsions in neonatal ra ts and 
NMDA-induced lethality in mice. In addition, a single 
dose of this amino acid administered intraperitoneally was 
effective in dose-dependently blocking NMDA-induced 
striatal neuronal degeneration in rats. This combination 
of potent and selective NMDA antagonism in vitro and 
in vivo, combined with the rapid onset and short duration 
of action that is observed for tetrazole-substituted NMDA 
antagonists,9 bodes well for the therapeutic use of such a 
compound to t reat acute neurotrauma such as cerebral 
ischemia. 

Experimental Section 
General. All experiments were run under a positive pressure 

of dry nitrogen. Dichloroethane was dried over 4-A molecular 
sieves prior to use. All other solvents and reagents were used as 
obtained. 1H and 13C NMR spectra were obtained on a GE QE-300 
spectrometer at 300.15 and 75.48 MHz, respectively, with tetra-
methylsilane as an internal standard. Where indicated, a small 
amount of 40% aqueous KOD was added to aid solution of NMR 
samples run in D2O. 

Ethyl (+)-(2S,4i?)-4-(Cyanomethyl)-JV-allylpiperidine-2-
carboxylate (2'S,3'S)-Di-jp-toluoyltartaric Salt [(+)-8] and 
(-)-(2R ,4S )-4-(Cyanomethyl)- .7V-al lylpiperidine-2-

(20) Schoepp, D. D.; Salhoff, C. R.; Hillman, C. C; Ornstein, P. L. 
CGS-19755 and MK-801 selectively prevent rat striatal choli­
nergic and GABAergic neuronal degeneration induced by N-
methyl-D-aspartate and ibotenate in vivo. J. Neural. Transm. 
[Gen. Sect.] 1989, 78, 183-193. 

carboxylate (2'fl,3'i?)-Di-p-toluoyltartaric Salt [(-)-8]. A 
mixture of 10.6 g (44.7 mmol) of racemic amine 7, 17.3 g (44.7 
mmol) of (2S,3S)-di-p-toluoyltartaric acid, and 0.81 mL (0.81 g, 
44.4 mmol) of water were dissolved in ethyl acetate with heating 
and then filtered; most of the ethyl acetate removed to give a final 
volume of »=50 mL. The mixture was cooled to room temperature, 
and the crystals that formed were collected and washed with ethyl 
acetate, ether, and pentane, and dried in vacuo to afford 13.5 g 
(48%). This material was recrystallized from ethyl acetate to 
afford 9.7 g (35%) of the desired (+)-8: mp 142-142.2 0C; [a]D 

= +106.8° (c = 1, methanol). Anal. (C33H38N2O10) C, H, N. The 
mother liquors from both recrystallizations were combined and 
concentrated in vacuo. The residue was partitioned between 100 
mL of dichloromethane and 200 mL of saturated aqueous sodium 
bicarbonate. The organic layer was separated, the aqueous layer 
was extracted with 100 mL of dichloromethane and 100 mL of 
ether, and then the combined organic extracts were dried (MgSO4), 
filtered, and concentrated in vacuo to afford 7.0 g (65%) of 2. This 
material was dissolved in ethyl acetate with 12.0 g (29.6 mmol) 
of (2i?,3fl)-di-p-toluoyltartaric acid monohydrate and crystallized 
as above to afford 9.7 g (35%) of the desired (-)-8: mp 144-144.3 
0C; [a]D = -105.6° (c = 1, methanol). Anal. (C33H38N2O10) C, 
H, N. A small portion of (+)-8 and (-)-8 were free based as above, 
and 1H NMR in benzene-d6 with 1 equiv of (S)-(+)-2,2,2-tri-
fluoro-l-(9-anthryl)ethanol showed each compound to be >97% 
one enantiomer:14 1H NMR (DMSO-d6) & 7.84 (d, J = 8.0 Hz, 
4 H), 7.34 (d, J = 8.0 Hz, 4 H), 5.75 (s, 2 H), overlapping 5.75 (m, 
1 H), 5.11 (d, J = 17.1 Hz, 1 H), 5.10 (d, J = 10.4 Hz, 1 H), 4.07 
(q, J = 7.1 Hz, 2 H), 3.14 (dd, J = 13.7, 4.9 Hz, 1 H), 2.93 (m, 
2 H), 2.77 (dd, J = 13.7, 8.1 Hz, 1 H), 2.47 (d, J = 6.3 Hz, 2 H), 
2.35 (s, 6 H), 2.03 (t, J = 11.5 Hz, 1 H), 1.80 (m, 1 H), 1.65 (m, 
2 H), 1.30 (m, 3 H), 1.14 (t, J = 7.1 Hz, 3 H), 0.80 (t, J = 6.7 Hz, 
1 H); 13C NMR (DMSO-de) & 171.8,167.3,164.6,144.4,133.6,129.4, 
125.9,119.0,118.7, 71.4, 64.6, 60.4, 57.7, 50.4, 34.2, 31.4, 29.7, 22.3, 
21.2, 13.9. 

Ethyl (+)-(2R,4S)- and (-)-(2S,4fl)-(Cyanomethyl)-AT-
allylpiperidine-2-carboxylate [(+)- and (-)-7]. To a flask was 
added 9.6 g (15.4 mmol) of the (+)-8,100 mL of dichloromethane, 
and 100 mL of saturated aqueous sodium bicarbonate, the mixture 
was stirred for 10 min at room temperature, the organic layer then 
was separated, and the aqueous layer was extracted three times 
with 100 mL each of dichloromethane and 1 time with 75 mL of 
ether. The combined organic extracts were dried (Na2SO4), fil­
tered, and concentrated in vacuo to afford 3.5 g (96%, 34% from 
(±)-7) of (+)-7: [a]D = +70.3° (c = 1, dichloromethane). Anal. 
(C13H20N2O2) C, H, N. Similarly, 9.6 g (15.4 mmol) of (-)-8 gave 
3.5 g (96%, 34% from (±)-7) of (-)-7: [a]D = -67.5° (c = 1, 
dichloromethane). Anal. (C13H20N2O2) C, H, N. 

Ethyl (+)-(2R,iS)- and (-)-(2S,4i?)-4-(Cyanomethyl)-
JV-[(vinyloxy)carbonyl]piperidine-2-carboxylate [(+)- and 
(-)-9J. As for (±)-7,8 2.3 g (9.8 mmol) of (+)-7 with 1.7 mL (2.1 
g, 19.6 mmol) of vinyl chloroformate and 4.2 g (19.6 mmol) of 
l,8-bis(dimethylamino)naphthalene in 40 mL of dichloroethane 
gave 2.0 g (80%) of (+)-9: [a]D = +22.6° (c = 1, dichloromethane). 
Anal. (C13H18N2O4) C, H, N. And, as for (±)-7,8 3.3 g (13.8 mmol) 
of (-)-7 with 2.4 mL (3.0 g, 27.7 mmol) of vinyl chloroformate and 
5.9 g (27.7 mmol) of l,8-bis(dimethylamino)naphthalene in 50 mL 
of dichloroethane gave 3.0 g (81%) of (-)-9: [a]D = -21.6° (c = 
1, dichloromethane). Anal. (C13H18N2O4) C, H, N. 

Ethyl (+)-(2R,iS)- and (-)-(2S,4fl)-4-(Cyanomethyl)-
iV-(ethoxycarbonyl)piperidine-2-carboxylate [(+)- and 
(-)-10]. (+)-9 (1.3 g, 4.9 mmol) was hydrogenated with 0.2 g of 
5% Pd/C in 95 mL of ethanol at room temperature and 60 psi 
for 1 h. The mixture was filtered through Celite and concentrated 
in vacuo. The residue was chromatographed on 70 g of silica gel 
eluting with 40% ethyl acetate/hexane to afford 1.0 g (77%) of 
(+)-10: [a]D = +11.2° (c = 1, dichloromethane). Anal. (C13-
H20N2O4) C, H, N. Similarly, 4.8 g (18.2 mmol) of (-)-10 was 
hydrogenated with 0.8 g of 5% Pd/C in 95 mL of ethanol at room 
temperature and 60 psi for 1 h. Workup and chromatography 
(200 g of silica gel) as for (+)-3 gave 3.8 g (78%) of (-)-10: [a]D 
= -13.6° (c = 1, dichloromethane). Anal. (C13H20N2O4) C, H, 
N. 

(-)-(2i*,4S)-4-(l.ff-Tetrazol-5-ylmethyl)piperidine-2-
carboxylic Acid and (+)-(2S',4i?)-4-(lir-Tetrazol-5-yl-
methyl)piperidine-2-carboxylic Acid [(-)- and (+)-!]. (+)-4 
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(6.0 g, 20.9 mmol) and azidotri-n-butylstannane (13.9 g, 41.8 mmol) 
was heated at 80 0C for 3 days and then heated overnight at 100 
0C with 125 mL of 6 N aqueous hydrochloric acid. The mixture 
was cooled and extracted four times with 200 mL each of ether, 
and then the aqueous layer was concentrated in vacuo. Ion 
exchange chromatography (Dowex 50-X8 [100-200 mesh], 4- X 
18-cm column, loaded in water, eluted with 10% pyridine/water) 
afforded a solid (after concentration of the product containing 
fractions8) which was washed with water, acetone, and ether and 
dried in vacuo at 80 0C to afford 3.5 g (74%) of H-I monohydrate: 
M u = -20.4° (c = 1,1 N HCl), mp 199-201 0C. Anal. (C8H13-
N6O2-H2O) C, H, N. Similarly, 2.6 g (9.5 mmol) of (-)-4 and 6.3 
g (19.0 mmol) of azidotri-n-butylstannane gave 1.2 g (55%) of (+)-l 
monohydrate: [a]D = +19.9° (c = 1,1 N HCl), mp 200-202 0C. 
Anal. (C8H13N6O2-H2O) C, H, N. 

X-ray Experimental Data for (+)-8. (+)-8 (C33H38N2O1O) 
crystallized in the orthorhombic space group P21212, with a unit 
cell having the dimensions o = 13.932 (4) A, b = 29.450 (9) A, c 
= 9.862 (5) A and a calculated density of 1.022 g cm"3. The unit 
cell contained four molecules of water. A total of 3150 unique 
reflections with 20 less than 116.0° were measured on an auto­
mated four-circle diffractometer (Siemens R3m/V) using 
monochromatic copper radiation (Cu Ka, X = 1.54178 A). The 
structure was solved using direct methods using the Siemens 
SHELXTL PLUS (VMS) system21 and was refined by the full-matrix 
least-squares method with anisotropic temperature factors for all 

(21) Sheldrick, G. M. Shektl, Rev 4, Instrument Corporation, 1983. 

Platelet activating factor (PAF, l-O-alkyl-2-acetyl-sn-
glycero-3-phosphocholine) is an ether phospholipid which 
exhibits, in addition to potent platelet aggregating activity, 
a wide spectrum of biological activities elicited directly or 
via the release of other mediators.1 Research studies have 
implicated PAF as a potential mediator in a number of 
pathophysiological conditions.2 Particular interest has 
focussed on the role of PAF in bronchial hyperreactivity 
and the delayed bronchospasm following allergen chal-

f Department of Discovery Chemistry. 
' Department of Discovery Biology. 
5 Present address: Central Research, Pfizer Inc., Groton, CT 

06340. 

atoms except hydrogen. All hydrogen atoms were included with 
isotropic temperature factors at calculated positions. The final 
R factor was 0.0997 for 2677 observed reflections. Maximum peak 
height in final difference Fourier map is 0.71 eA~3. Figure 1 in 
the supplementary material gives the structure of (+)-8 showing 
the numbering of the non-hydrogen atoms. Tables 1-5 in the 
supplementary material give the atomic coordinates, bond lengths, 
bond angles, anisotropic displacement coefficients, and H-atom 
coordinates. 

[3H]CGS 19755 Binding. The method for this assay has been 
published. See ref 16. 

Cortical Wedge Assay. The method for this assay has been 
published. See ref 17. 

NMDA-Induced Convulsions in Neonatal Rats. The me­
thod for this assay has been published. See ref 18. 

NMDA-Induced Lethality in Mice. The method for this 
assay has been published. See ref 19. 

NMDA-Induced Striatal Neurotoxicity. The method for 
this assay has been published. See ref 20. 

Acknowledgment. The authors thank Ron Lawson 
and Charles C. Hillman, Jr., for their technical assistance 
and the Physical Chemistry Department of LiUy Research 
Laboratories for spectral data and elemental analyses. 

Supplementary Material Available: X-ray crystallographic 
data (structure, atomic coordinates, bond lengths, bond angles, 
anisotropic displacment coefficients and H-atom coordinates) for 
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lenge, and it is thought tha t PAF antagonists will be es­
pecially useful for controlling asthma,3 although results 
from definitive clinical trials have yet to be reported. 
Other disease states in which PAF may play a role include 
inflammatory conditions usch as rhinitis, psoriasis and 

(1) (a) Cooper, K.; Parry, M. J. PAF Antagonists. Annu. Rep. 
Med. Chem. 1989, 24, 81-90, and references therein, (b) 
Hosford, D.; Braquet, P.; Antagonists of Platelet-Activating 
Factor: Chemistry, Pharmacology and Clinical Applications. 
Prog. Med. Chem. 1990, 27, 325-380. 

(2) Snyder, F., Ed. Platelet-Activating Factor and Related Lipid 
Mediators; Plenum Press: New York, 1987. 

(3) Chung, K. F.; Barnes, P. J. PAF Antagonists: Their Potential 
Therapeutic Role in Asthma. Drugs 1988, 35, 93-103. 

1,4-Dihydropyridines as Antagonists of Platelet Activating Factor. 1. Synthesis 
and Structure-Activity Relationships of 2-(4-Heterocyclyl)phenyl Derivatives 
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A novel class of 2-(4-heterocyclylphenyl)-l,4-dihydropyridines (2-38) possessing antagonist activity against platelet 
activating factor (PAF) was prepared by the Hantzsch synthesis from a variety of ethyl 4'-heterocyclic-substituted 
benzoylacetates, aryl or heteroaryl aldehydes, and substituted 3-aminocrotonamides or 3-aminocrotonate esters. 
Structure-activity relationships were evaluated where PAF antagonist activity was measured in vitro by determining 
the concentration of compound (IC50) required to inhibit the PAF-induced aggregation of rabbit washed platelets, 
and in vivo by determining the oral dose (ED50) which protected mice from a lethal injection of PAF. The nature 
of the substituent at the dihydropyridine 2-position was found to be important for both in vitro and in vivo activity, 
whereas there was greater flexibility for structural variation at the 4- and 5-positions. The most potent compound 
was4-(2-chlorophenyl)-l,4-dihydro-3-(ethoxycarbonyl)-6-methyl-2-[4-(2-methylimidazo[4,5-c]pyrid-l-yl)phenyl]-
5-[JV-(2-pyridyl)carbamoyl]pyridine (17, UK-74,505), IC50 = 4.3 nM, ED50 = 0.26 mg/kg po, which was found to 
be approximately 33 times more potent in vitro (rabbit platelet aggregation) and about 8 times more potent in vivo 
(murine lethality) than WEB2086. Compound 17 also exhibited a long duration of action in the dog (inhibition 
of PAF-induced whole blood aggregation ex vivo was maintained for >24 h following a single oral dose of 75 ng/kg) 
and was highly selective as a PAF antagonist, showing only weak affinity (IC50 = 6600 nM) for the [3H]nitrendipine 
binding site. As a result of its high oral potency, selectivity, and duration of action, UK-74,505 has been selected 
for clinical evaluation. 
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