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Abstrwtt Tlw syndmsis of ten 4-phesphomatkylquhmlirte &rivtives ud the evaluation of their glutmuts sntagc&t 

sctivity i de&bed. SevenI compounds danonstmte. ligkfiiant antagonism u both 6-cytmo-%nitmquinoxalin-2,3- 

dione (CNQX) binding sited and the plycitw mgubxy site of the NMDA mxptm. These coqmmda have also beat 

lbowntortu~unrOoniroof~c~idinXcnopuroocytw. 

It is now commarly accepted that the amino acids Lgspartate and L-glutamate mediate a substantial 

pollion of the excitatoxy nelwtmnsm i&on in the vertebrate central nervous system.’ Hyperactivity at EAA 

neurons has been associated with nemodegenerative d&rders such as status epilepticus. Huntington’s 

chona. and Parkinson’s and Alzheimer’s diseases;2 in addition, neuronal &gene&on ohsexved as a result 

of ce&ral ischemic insult following stroke, hypoxia or hypoglycemia may be due to ovastimulation at 

EAA re~eptors.~ These obsen&ons have resukd in considemble research effort being focused on the 

development of selective and potent sntagon&s of excitatory amino acid neurohnnsmika~. particuMy 

compounds acting act the N-methyl-D-aspatmte @MDA). a-amino-3-hydroxy-S-methyl4-isoxazol- 

propanoic acid (AMPA) and kainic acid (KA) nzcepmr subtypeccl The quinoxalkdiones described by 

Honom et al. (1-3)3 are antagonists at AMPA receptors as well as the glycine coagonist site of the NMDA 

receptor, and have been demonstrated to possess nemoprotective pmpezti~ in vitro and in vivo. 

We recently disclosed that appropriately substituted 2-(phosphonoalkyl)phenylalanines~ exemplified by 

4. were selective and potent antagonists at non-NMDA ionotropic receptors4 As part of our program 

aimed at developing novel and selective antagonists for the various EM receptor subtypes. we used our 

phenylabmine compounds and the quinoxalinediones reported by Honore et al. as templates to design a new 

class of non-NMDA antagonist. These compounds comprise a quinolin-Zone nucleus substituted at the 4- 

position with a phosphoooalkyl chain and bearing various substituents in the benznoid ring. Subsequent to 

the completion of this study, structurally related compounds were described by Eppzrson et al., 

exemplified by 5.5 and Huth et al., exemplified by 6P 

A total of ten compounds were pmpared for the present study. Compounds 7-9 were pre@ued from 7- 

chlorolepidine7 as shown in Schemes I sod II. Compounds lo-14 were prepared by carefully treating the 

appK@&ly substituted acemacetanilides with one equivalent of bmmine to provide bmmoacetanilidcs 
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*:DNoxEx.Y-M& 3: Nsox 
n:CNOkX-WY-NO, 4 I s 

28 ae8 (Scheme III), which wem cyclized to the ccnrespoading d~~yiq~~-2~~ in con. 

H2SO4. Reaction of 30 a-e with triefhylphosphitc followed by acid hydrolysis delkered the fiaal products. 

Nitm compound 15 was prepared by nitmting 2-me&oxy~-(diethylphosphono)methyl-7~hlcroqoinoline 

(36). followed by successive deprotection with bromotrimetbylsilane and hydrobmmic acid (Scheme IV). 

Compound 16 was prepared via the palladium-catalyzed coupling of4-bmmo=lcblomquiooIineg with 

~e~yl~~~ followed by oxidation to the N-oxide, ~g~t to the qaino~m-‘t-one. aad acid 

hydrolysis (Scheme V). 

SCHEME I 
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Test compounds were evaluated for their ability to inhibit kainic acid (KA)-induced inward conents in 

Xenopus oocytes injected with poly {A+) mRNA from rats, as previously des~ribed.10 K.A WBS chosen as 

the agonist since responses to KA are Iarge and ~~~~d~g, whenas m ~~A~rn~ 

smaller in magnitude because they mpidly desensitize. Potencies wem determined &om dose-response 

curves and IQ0 values were converted to Ki values using the Cheng-Rusoff equation. 
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SCHEMEIl 

d 
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m: a): NBS, CC&, hv; b): P(OEt),; c): MCPEA, CHU,; d): TkbS cyan@ N.Ndmd@abmyi 
ChW, CH$&: e): 6N HCI. mtlux. 

SCHEME HI 

SDm: S-Chbm 
3aUb: 3.5oldiom 
sea: bbdc 
2sdz 4-chbmanikc 
330: 3.cDichlom 

3sH 

soa* 31 8-a lo: ?-cmm 
11: 5*7achka 
12 7-bdo 
13: E-awm-5nilm 
14z e.7achlwo 

Legend: a): Dikewne. t&me. mlux 2 hn; b): Bra CHC&; c): Can. H&Q, 12iFC. 1 hr (fur 34. PPA k&add &SO,); 

d): P(OEt)3. mfim, ovanight e): 6N HCI, mtiux wemi@t 

[31iJCNQX was used to Mel KA/AMPA receptors in rat cardcal membmnes,l 1 and the new 

compounds were evaluated for theii ability to displaceradioligand. Compounds were also evaluated for 

their binding affinity et the glycine co-agonist site of the NMDA recept~r,~* as well BS theii ability to 

inhibit NMDA-sensitive L[3H]glutamete binding. l2 Electrophysiological end receptor big data for 

compounds 7-16 am tabulated in Table I. 

The electrophysiological data demonstrate that 4-phosphonoquinoline derivatives are capable of 

antagonizing KA-induced currents in Xenopus oocytes. ‘Ihe two quinolinic acids (8 and 9; Ki of 450 and 

132 ph4. respectively) were less potent than the corresponding quinolin-*-ones 7 and 10 (Kis 51 and 32 
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phS. respectively). Wosphonomethyl compound 10 was comparable in potency to its ethyl analogue 7. 

Attachment of the phosphoaic acid moiety directly to the aromatic ring abolished activity (16; Ki >> 1000 

ML 

SCHEME IV 

aJ&u La 
H 

y d ,d... 
2m 32 33:x-cl 

c I 
34:x-OMO 

a CM. -d 

3 

a oL* - d cl 
W H O 

No, 
3 s II 

bgenct: a): Con. H2SG4 120% 1 hr ; b): Pocg mlk~cx, 2 hfs; c): NaoMe/MeoH. I&X, overnight; d): NBS, CCI,, hv; a): 
P(OEtb, miIux. might; f) HNQJH@,; g) TMS bromide. d-m 48% HSr. 

SCHEME V 

32 39 16 

Lspeti a): P(o&@t4), W(PhQ),, Wme, WC. 18 hm; b): MCPBA, 
A@WAc. 18 hm, lhen 6N HCI. 

A larger halogen substituent in the ‘I-position (12, Ki = 15.6 pM) increased potency in the oxyte assay, 

as did 5.7. and 6,7-disubstitution (11 aad 14, Ki = 18.2 aad 9.6 @4, respectively). The most potent 

compound examined in this assay was 6.7-dichloro compound 14; this compound is comparable ia potency 

to our previously described phosphoaoethylphenylalaaines (e.g.. 4). Compound 12, which lacks a 7- 

substituent, showed little activity (Ki > 300 @4). Interestingly, 7chloro-S-nitro compound 15 was also 

quite ineffective in blocking KA-induced currents (Ki B 379 @4), indicating that the placing of a nitm 

group in the 8-position of 10 vitiated the activity. It is notewotiy that the effect of ring substitution on the 

present compounds parallels that of the previously described phenylalaaine derivatives. 

The ability of the test compounds to displace radiolabelcd CNQX roughly paralleled their ability to 

block agonist-induced currents in oocytes, as did their ability to inhibit the binding of labeled glycine at the 

strychnine-insensitive glycine site. Compounds 8,13,15 and 16 were the least potent in any of these 
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ncqnor assays. FhWyl compound 7 mattiMed a twenty&Id decnase io afBaity fox N&IDA and 

GLY sites mhktive to phosphonomethyt compouod 10: the CNQX afibities are similar. Dicbim 

compounds 11 and 14 have lost affinity at the NMDA site relative to 10, with B lessa attenuation in glycine 

site affinity. 

TABLE L BIOLOGICAL ACTIVITY OF COMPOUNDS 

COMPouhm lNHIBll'TONOFKA-INDUCED RECFPIORBINDING 
cURRENTsINooc~ POTENCY 

KiO mof.hw 
GLU GLY mQX 

4 3.5 >300 81 7.3 

7 91 600 231 91 

8 450 >looO >looo 384 

9 132 rid 69 61 

10 32 30 10 59 

11 18.2 >I00 29 26 

12 15.6 35 37 35 

I3 .300 >looo .iooo >lOOCl 

I4 9.6 >I00 79 15 

I5 379 >fooo >1000 300 

I6 2> 1000 ,300 >looO nd 

QVQX nd nd 7.9 0.13 

In sommary, we have described a new clsss of non-NMDA receptor antagonist which demonstrates 

fk@iomd aatagc&m. Modulation of receptor &i&&y was shown to rest& f&m skuctmaI modifkatioa. 

‘Ihe pamlIe& ia observed substituent SAR between the quinolone, quinoxalmedione, aad amino acid 

dye) ooa-NMDA sntagooist stntctm~ may indicate that these diverse strxhxes iatexactat 

c~ly~~~~~~ therecepkVcompIexe& It ishoped ~~~rnC~~~~*~~~~~ 
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rfmntly desuiM,e7* I3 will prove to be useful tools for unravelmg the complexiries of glutamate 

receptor subtypes and their physiological relevance. 
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