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values and 95% confidence limits. 
Cisplatin-Induced Emesis in Ferrets and Dogs. A modified 

procedure reported by Gylys et al.20 was followed. The inhibitory 
activity of the test compounds toward emesis induced by iv ad
ministration of cisplatin in ferrets (14 mg/kg) or in dogs (5 mg/kg) 
was studied. For iv evaluation, animals were pretreated with two 
doses of the compound intravenously 30 min prior to and 60 min 
after challenge with cisplatin and then the number of emetic 
episodes and retches was monitored for 5 h (44a and 54a), or 

(20) Gylys, J. A.; Doran, K. M.; Buyniski, J. P. Antagonism of cis
platin induced emesis in the dog. Res. Commun. Chem. Pa
thol. Pharmacol. 1979, 23, 61. 

(21) Johnson, C. K. ORTEP-n: A Fortran Thermal-Ellipsoid Plot 
Program. Report ORNL-5138; Oak Rige National Laboratory: 
Oak Ridge TN, 1976. 

animals were pretreated with one dose of the compound in
travenously right before challenge with cisplatin, and then the 
number of emetic episodes and retches was monitored for 5 h (64). 
For po evaluation, animals were pretreated with the compound 
orally 60 min prior to challenge with cisplatin, and then the 
number of emetic episodes and retches was monitored for 5 h (44a 
and 64). Drugs were prepared daily in saline for iv administration 
or distilled water for po administration before use. The results 
were expressed as mean ± SE. Statistical analysis was performed 
using Student's t test. 
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As part of our program aimed at the development of potent excitatory amino acid antagonists, we synthesized and 
evaluated a series of substituted l,2,4-triazolo[4,3-a]quinoxaLLn-4(5H)-ones, 4, tetrazolo[l,5-a]quinoxalin-4(5.H)-ones, 
5, and pyrazolo[l,5-c]quinazolin-5(6if)-ones, 6, and an imidazo[l,2-a]quinoxalin-4(5#)-one, 7. In general, the same 
heterocycles which demonstrated the best affinity for the AMPA receptor also demonstrated the best affinity for 
the glycine site on the NMDA receptor complex. l-Propyl-7,8-dichloro-l,2,4-triazolo[4,3-a]quinoxalin-4(5fl)-one, 
4d, was found to bind with the greatest affinity to the AMPA receptor with an IC50 of 0.83 nM and antagonized 
40 iiM AMPA-induced depolarization in the cortical slice preparation with an IC60 of 44 /iM. 7,8-Dichloro-l,2,4-
triazolo[4,3-a]quinoxalin-4(5H)-one, 4a, and 7,8-dichloroimidazo[l,2-a]quinoxalin-4(5if)-one, 7, possessed the best 
affinity for the glycine site with IC50 values of 0.63 and 1.26 ^M, respectively. It is noteworthy that the SAR for 
the heterocyclic compounds did not directly parallel that of known quinoxalinediones (e.g. DNQX, 2, and DCQX, 
15) at the AMPA receptor nor that of the kynurenic acids at the glycine site on the NMDA receptor complex. 

Glutamate neurotoxicity is thought to play a role in a 
number of pathophysiological conditions including ische
mia,1 brain2 and spinal cord trauma,3 and a variety of 
neurodegenerative disorders.4 Excitatory amino acid 
antagonists may have important therapeutic potential in 
the treatment of these disease states. Although molecular 
biologist's cloning efforts are in the process of further 
defining glutamate receptors, at least three ionotropic 
glutamate receptors have been identified by classical 
methodology. These ionotropic receptors are named for 
the agonists which activate them: JV-methyl-D-aspartic 
acid (NMDA), 2-amino-3-(3-hydroxy-5-methylisoxazol-4-
yl)propanoic acid (AMPA), and kainic acid (PCA). Several 
modulatory sites have been identified for the NMDA re
ceptor-ion channel complex including a glutamate recog
nition site, a glycine recognition site, and an ion channel 
site to which compounds such as phencyclidine (PCP) and 
MK-801 (dizocilpine) bind.5 

A number of quinoxalinediones, including 6-cyano-7-
nitroquinoxaline-2,3-dione (1, CNQX), 6,7-dinitro-
quinoxaline-2,3-dione (2, DNQX), and 6-nitro-7-
sulfamoylbenzo[/]quinoxaline-2,3-dione (3, NBQX) are 
potent antagonists of the AMPA receptor (Chart I).6 

* Address correspondence to Dr. Loretta McQuaid, Lilly Re
search Laboratories, Eli Lilly and Co., Lilly Corporate Center, 
Indianapolis, IN 46285. 

f Royal Veterinary College. 

Chart I 

XOC 
1 R1-CNiR2-NO2 

2 R1-R2JJO2 

15 R1-R2-Cl 

A=B. 

H2NO2S' 

CO2H 

4 (A - CH, B - N) 
5 (A . B - N) 
7 ( A - B - C H ) 

CNQX and DNQX were found to also have affinity for the 
glycine binding site on the NMDA receptor.7 As part of 

(1) Meldrum, B. Protection against ischemic neuronal damage by 
drugs acting on excitatory neurotransmission. Cerebrovasc. 
Brain Metab. Rev. 1990, 2, 27-57. 

(2) Faden, A. L; Demediuk, P.; Panter, S. S.; Vink, R. The role of 
excitatory amino acids and NMDA receptors in traumatic 
brain injury. Science 1989, 244, 798-800. 

(3) Faden, A. L; Ellison, J. A.; Noble, L. J. Effects of competitive 
and noncompetitive NMDA receptor antagonists in spinal cord 
injury. Eur. J. Pharmacol. 1990,175,165-174. 
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Scheme I.° Synthesis of Triazolo Compounds 
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"(a) HCOCOOH; (b) POCl3; (c) KNO3, H2SO4; (d) NH2NH2; (e) 
R3C(OR)3; (f) H2O2; (g) MMPP. 6CF3COOH used in the case of 
4g. 

our program aimed at the development of potent excitatory 
amino acid antagonists, we synthesized and evaluated a 
series of substituted l,2,4-triazolo[4,3-a]quinoxalin-4-
(5H)-ones, 4, tetrazolo[l,5-a]quinoxalin-4(5H)-one8,5, and 
pyrazolo[l,5-c]quinazolin-5(6H)-ones, 6, and an imidazo-
[l,2-a]quinoxalin-4(5J7)-one, 7 (Chart I). 

Chemistry 
The substituted l,2,4-triazolo[4,3-a]quinoxalin-4(5ff)-

ones, 4a-k, were prepared using established methodology 
as shown in Scheme I.8 Condensation of 4,5-dichloro-
phenylenediamine with glyoxylic acid hydrate followed by 
chlorination with phosphorus oxychloride afforded 2,6,7-
trichloroquinoxaline, 8a. Treatment of 8a with hydrazine 
yielded the corresponding 2-hydrazino compound 9a which 
was condensed with a variety of ortho esters and oxidized 
using hydrogen peroxide in acetic acid to give 4a-f. The 
trifluoromethyl analog, 4g, was prepared in a similar 
manner except that the condensation step utilized tri-
fluoroacetic acid instead of an ortho ester. 

(4) (a) Greenamyre, J. T.; Young, A. B. Excitatory amino acids 
and Alzheimer's disease. Neurobiol. Aging 1989,10, 593-602. 
(b) Greenamyre, J. T.; O'Brien, C. F. iV-methyl-D-aspartate 
antagonists in the treatment of Parkinson's disease. Arch. 
Neurol. 1991, 48, 977-981. 

(5) Wong, E. H. F.; Kemp, J. A. Sites for antagonism on the N-
methyl-D-aspartate receptor channel complex. Annu. Rev. 
Pharmacol. Toxicol. 1991, 31, 401-425. 

(6) (a) Drejer, J.; Honore, T. New quinoxalinediones show potent 
antagonism of quisqualate responses in cultured mouse cortical 
neurons. Neurosci. Lett. 1988, 87,104-108. (b) Honore, T.; 
Davies, S. N.; Drejer, J.; Fletcher, E. J.; Jacobsen, P.; Lodge, 
D.; Nielsen, F. E. Quinoxalinediones: Potent Competitive 
Non-NMDA Glutamate Receptor Antagonists. Science 1988, 
241, 701-703. (c) Sheardown, M. J.; Nielsen, E. 0.; Hansen, 
A. J.; Jacobsen, P.; Honore, T. 2,3-Dihydroxy-6-nitro-7-
sulfamoyl-benzo(r)quinoxaline: a neuroprotectant for cerebral 
ischemia. Science 1990, 247, 571-574. 

(7) Kessler, M.; Baudry, M.; Lynch, G. Quinoxaline derivatives are 
high-affinity antagonists of the NMDA receptor-associated 
glycine sites. Brain Res. 1989, 489, 377-382. 

(8) (a) Makino, K.; Sakata, G.; Morimoto, K. A. Facile syntheis of 
novel tricyclic compounds, tetrazoloquinoxalines and 1,2,4-
triazoloquinoxalines. Heterocycles 1985, 23, 2025-2034. (b) 
Dreikorn, B. A.; Thibault, T. D. Triazolo(4,3-a)quinoxalines for 
control of rice. U.S. Pat. 4,008,322,1977; Chem. Abstr. 1977, 
86 (23), 166387g. 

Scheme II.° Synthesis of Tetrazolo Compounds 
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Using the unsymmetrical 3,5-dichlorophenylenediamine, 
we obtained a 7:1 mixture of 2,6,8-trichloroquinoxaline and 
2,5,7-trichloroquinoxaline. This mixture was treated as 
described above except that the oxidation of the tri-
azoloquinoxalines to the triazoloquinoxalinones was ac
complished using the magnesium salt of monoperoxy-
phthalic acid (MMPP). We have found this to be an 
excellent way to accomplish the general conversion of 
quinoxalines to quinoxalinones. Recrystallization of the 
product mixture afforded the desired product, 4h, con
taminated with less than 2% of the 6,8-dichloro isomer by 
1H-NMR analysis. The difluoro analog, 4i, was prepared 
from the corresponding 4,5-difluorophenylenediamine as 
described for 4h. 

The nitro analogs, 4j and 4k, were obtained using 
standard nitration chemistry. The 2-chloro-6-nitro-
quinoxaline, 8c, was obtained by nitration of quinoxalin-
2-one with KNO3 in concentrated H2SO4 at O 0C followed 
by chlorination with POCl3. Conversion of 8c to 4j was 
accomplished as described above for 4a-f. More vigorous 
nitration conditions (KNO3ZH2SO4 at 60 0C) were used 
to convert the mononitro compound 4j to the dinitro 
analog 4k. 

7,8-Dichlorotetrazolo[l,5-a]quinoxalin-4(5H)-one, 5a, 
was prepared using similar chemistry to that employed in 
constructing the triazolo series (Scheme H).86,9 Treatment 
of 2,6,7-trichloroquinoxaline, 8a, with sodium azide af
forded the tetrazoloquinoxaline, 10a. Oxidation of 10a 
with hydrogen peroxide yielded the corresponding di-
chlorotetrazoloquinoxalinone, 5a. The unsubstituted 
quinoxaline, 10b, and quinoxalinone, 5b, were obtained 
using this methodology. Various nitro derivatives of the 
tetrazoloquinoxalinone series were prepared by taking 

(9) Dreikorn, B. A. Tetrazolo(l,5-a)quinoxalines for control of 
phytopathogens. U.S. Pat. 3,987,196,1976; Chem. Abstr. 1976, 
85 (5), 26909d. 
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Table I. Displacement of [3H]AMPA' and [3H]Glycine Binding 
B 3 V ) - N J ! / - .N^ J 1 - ^ C - ^ ^ 

B1XXNX0 O,AA X0 R X X X R X X X C IXXNX0 
H H H H H 

«t-g, l-k «1 * • ' e - e et-b 7 

compound 
4a 
4b 
4c 
4d 
4e 
4f 
4g 
4h 
4i 
4j 
4k 
Sa 
Sc 
Sd 
Se 
6a 
6b 
7 
2 
IS 
16 

R1 

Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 

F 
NO2 
NO2 
Cl 
NO2 
H 
NO2 
Cl 
Cl 

R2 

Cl 
Cl 
Cl 
Cl 
Cl 
Cl 
Cl 

F 
H 
NO2 
Cl 
H 
NO2 
NO2 
Cl 
H 

R3 
H 
Me 
Et 
rc-Pr 
n-Bu 
Ph 
CF3 

H 
H 
H 

^HIAMPA6 

K* (/.M) 
4.69 ± 0.69 
4.45 ± 1.41 
4.78 ± 1.13 
0.83 ± 0.13 
1.71 ± 1.20 

>10 
>10 

3.24 ± 1.07 
>10 

0.99 ± 0.08 
5.49 ± 0.92 

>10 
>10 
>10 
>10 
>10 
>10 

7.38 ± 1.16 
0.36 ± 0.07 
1.64 ± 0.79 

>10 

[3H]glycinec 

K? OiM) 
0.63 ± 0.21 

>10 
4.58 ± 1.48 
3.92 ± 0.19 
1.48 ± 0.29 

>10 
>10 

2.85 ± 2.20 
>10 

7.35 ± 0.21 
5.12 ± 2.02 

>10 
>10 
>10 
>10 
>10 
>10 

1.26 ± 0.59 
0.39 ± 9.9 
0.21 ± 2.8 
0.04 ± 0.04 

"2-Aminc-3-(3-hydroxy-5-methylisoxazol-4-yl)propanoic acid. hKi for displacement of [3H]AMPA binding. Methodology described in 
Experimental Section. "K1 for displacement of [3H]glycine binding. Methodology described in Experimental Section. dKt values represent 
duplicate determinations performed in triplicate. 

advantage of the different electrophilic substitution pattern 
of the quinoxalines versus the quinoxalinones. Mono-
nitration of tetrazoloquinoxaline, 10b, gave a mixture of 
the 7-nitro derivative, 10c, and minor amount of another 
undetermined isomer. Compound 10c was oxidized as 
before to provide 7-nitroquinoxalinone, 5c. Compound 5c 
was resubjected to nitrating conditions to give the 7,8-
dinitro analog, 5e. Mononitration of tetrazolo-
quinoxalinone, 5b, gave rise to the 8-nitro analog, 5d. 

Synthesis of pyrazoloquinazolinones 6a and 6b employs 
a totally different strategy as shown in Scheme III.10 

4-Hydroxy-7-chloroquinoHne, 11, was treated with hy
drazine to give the anilino pyrazole, 12, in an interesting 
rearrangement first reported by Alberti in 1957.11 The 
quinazolinone ring was formed by reaction of 13 with 
triphosgene to afford the 8-chloropyrazoloquinazolinone, 
6b. We have found triphosgene to be of general utility in 
closing anilino heterocycles to the corresponding quina
zolinone ring systems.12 Conversion of the monochloride, 
6b, to the 8,9-dichloro compound, 6a, was carried out em
ploying sulfuryl chloride in acetic acid. When we at
tempted this transformation using iV-chlorosuccinimide, 
the reaction did not proceed to completion. 

8,9-Dichloroimidazo[l,2-a]quinoxa]in-4(5ff)-one, 7, was 
prepared as described in Scheme IV.13 Condensation of 

(10) Wolfe, R. T.; Greenbush, N.; Surrey, A. R. 8-Chloropyrazolo-
[l,5-c]quinazoline derivatives and methods of preparing same. 
U.S. Pat. 3,313,815,1967; Chem. Abstr. 1967,67 (13), 64428m. 

(11) (a) Alberti, C. VIII. Formation of 3(5)-(o-aminophenyl)-
pyrazole and 3(5)-(o-aminophenyl)-5(3)-methylpyrazole by the 
action of hydrazine hydrate on 4-hydroxyquinoline and 4-
hydroxymethylquinoline. Gazz. Chim. Ital. 1957,87, 772-780. 
(b) DeStevens, G.; Halamandaris, A.; Bernier, M.; Blatter, H. 
M. Investigations in Heterocycles. XII. The synthesis of py-
razolo[l,5-c]quinazolines. J. Org. Chem. 1963,28,1336-1339. 

(12) McQuaid, L. A.; Smith, E. C. R. Unpublished results. 

Scheme IV." Synthesis of 
7,8-Dichloroimidazolo[l,2-a]quinoxalin-4(5H)-one 

NHCH,CH<OCH,)2 

Sa XXX 

ixxS: - ixx:? 
7 14 

"(a) H2NCH2CH(OCHs)2; (b) HCl; (c) MMPP. 

2,6,7-trichloroquinoxaline, 8a, with aminoacetaldehyde 
dimethyl acetal resulted in the substituted quinoxaline, 
13, which was cyclized in methanolic HCl to give the im-
idazoquinoxaline, 14. Oxidation of 14 with MMPP af
forded the desired imidazoquinoxalinone, 7. 

Results and Discussion 
The target compounds were evaluated for their ability 

to displace [3H]AMPA, [3H]glycine, [3H]CGS 19755, and 
[3H]kainate at a screening dose of 10 /.M. K1 values were 
determined for those compounds which showed greater 
than 50% displacement at 10 /*M (Table I). None of the 
compounds tested were found to affect significantly the 
binding of [^lkainate or [3H]CGS 19755 at a concentra
tion of 10 MM. 

(13) Bartsch, H.; Erker, T.; Neubauer, G. Studies on the chemistry 
of 1,4-oxazines. 18 [I]. Synthesis of tricyclic l,4-benzoxazine8 
via nucleophilic substitution of activated precursors. J. Het-
erocycl. Chem. 1989, 26, 205-207. 
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In general, the triazolo[4,3-a]quinoxalin-4(5H)-ones, e.g. 
4a, showed the highest affinity for AMPA receptors among 
the four fused heterocyclic ring systems that we tested. A 
variety of C-1-substituted derivatives of 4a were prepared 
in order to explore the effects of this substitution on re
ceptor affinity. The highest affinity resided with those 
compounds possessing a linear, C1 to C4 n-alkyl chain, with 
the n-propyl- and n-butyl analogs 4d and 4e (Kj values of 
0.83 ± 0.13 and 1.71 ± 1.20 /*M, respectively) being 
somewhat preferred over the equipotent methyl- and 
ethyl-substituted compounds 4b and 4c (K1 values of 4.45 
± 1.41 and 4.78 ± 1.13 /tM, respectively). Substitution at 
C-I with phenyl or trifluoromethyl resulted in compounds 
whose AMPA receptor affinity (K1) was greater than 10 
/(M. The difluoro analogue 4i was significantly less active 
than the corresponding dichloro analogue 4a with a K1- for 
the AMPA receptor greater than 10 jiM. 

Given the enhanced potency of 2 over 6,7-dichloro-
quinoxaline-2,3-dione, 15, it might be expected that the 
7,8-dinitro derivative, 4k, would show enhanced receptor 
affinity for the AMPA receptor compared to the dichloro 
derivative, 4a. Surprisingly, this was not the case as 4k 
was equipotent to 4a. However, the mononitro derivative, 
4j, had an Kx value of 0.99 ± 0.08 nM and was approxi
mately 5 times more potent at displacing [3H]AMPA 
binding than either the dichloro analog, 4a, or the dinitro 
analog, 4k. One possible explanation for this divergence 
might be that the additional fused heterocyclic ring im
parts a significant change in the molecule's overall elec
tronic nature. Another explanation may be that with the 
addition of the fused heterocyclic ring, there is now an 
unfavorable steric interaction for the dinitro compound 
4k. 

Tetrazolo[l,5-a]quinoxalin-4(5ff)-ones, Sa-d, and py-
razolo[l,5-c]quinazolin-5(6H)-one, 6a, did not significantly 
displace [3H]AMPA binding at the screening concentration 
of 10 ixM. The inactivity of 6a may be due to insolubility 
problems experienced with this compound. However, the 
imidazo[l,2-a]quinoxalin-4(5if)-one, 7, possessed reason
able affinity for the AMPA receptor with a K1 of 7.38 ± 
1.16 /tM. 

In general, the same heterocycles which demonstrated 
the best affinity for the AMPA receptor also demonstrated 
the best affinity for the glycine site. Similar results for 
a limited number of these compounds (4a, 5a, and 7) have 
been reported recently by Jackson and co-workers.14 

However, there were differences in the structure-activity 
relationship (SAR) observed within the triazole class of 
compounds (4). For example, substituents in the 1-position 
of the triazolo compounds led to a modest reduction in 
glycine affinity whereas they improved AMPA binding. 
Another exception was the mononitro triazole, 4j, which 
showed reduced affinity for the glycine site in contrast to 
the strong affinity observed for the AMPA receptor. 
Compound 4a was the most potent displacer of [3H]glycine 
having a Kx of 0.63 ± 0.21 /iM. In addition, 4a was found 
to inhibit [3H]MK-801 binding significantly (85% inhib
ition at a concentration of 10 tiM) which suggests that this 
compound acts as an antagonist at the glycine site. Given 
the structural similarity to 5,7-dichlorokynurenic acid, 16, 
one might expect a similarly substituted triazolo compound 
such as 4h would be more potent than 4a at displacing 
[3H]glycine, but that was not the case. Apparently the 
overall electronic topography is significantly altered by the 

(14) Jackson, P. F.; Davenport, T. W.; Resch, J. R.; Lehr, G. S.; 
Pullan, L. M. Tricyclic quinoxalines as ligands for the strych-
nine-insensitive glycine site. Bioorg. Med. Chem. Lett. 1991, 
1, 751-756. 
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introduction of the fused triazole ring such that kynurenic 
acid SAR is not a good predictor of heterocyclic analog 
affinity. 

The activity of compounds exhibiting affinity for the 
AMPA receptor was examined in the cortical slice prepa
ration.15 The triazolo compounds were found to only 
weakly antagonize AMPA-induced depolarizations with 
ICg0 values greater than 50 vitA. However, 4d and 4j were 
reasonably potent AMPA antagonists with ICg0 values of 
44 ± 7 MM and 29 ± 3 MM, respectively. None of the 
compounds evaluated showed significant antagonism of 
40 /uM NMDA-induced depolarizations at a concentration 
of 100 nM. 

Conclusions 
A variety of heterocyclic fused quinoxalinones and 

quinazolinones were synthesized as potential excitatory 
amino acid receptor antagonists. Noteworthy was our 
ability to effectively utilize the oxidation state at the 4-
position of the tetrazoloquinoxaline series (5) to control 
the regiochemistry of nitration. Nitration of the quinox-
aline 10b was directed to the 7-position, whereas nitration 
of the quinoxalinone 5b was directed to the 8-position on 
the tricyclic ring system. In addition, we found that tri-
phosphene serves as a convenient replacement for phos
gene in the closure of the quinazoline ring system. Finally, 
the magnesium salt of monoperoxyphthalic acid (MMPP) 
is an excellent reagent for the oxidation of quinoxalines 
to the corresponding quinoxalinones. 

Of the heterocyclic fused quinoxalinones and quinazo
linones evaluated as antagonists of AMPA and of the 
glycine site on the NMDA receptor complex, the triazolo 
derivatives were found to bind with the greatest affinity 
for both sites, although the imidazo derivative 7 possessed 
noteworthy affinity for the glycine site. It was particularly 
interesting that the SAR for the heterocyclic compounds 
did not directly parallel that of known quinoxalinediones 
at either the AMPA receptor or at the glycine site on the 
NMDA receptor. 

Experimental Section 
General Experimental Procedures. All melting points were 

taken with a Thomas-Hoover Unimelt apparatus and are un
corrected. 1H NMR were obtained on a GE QE 300 spectrometer. 
Chemical shift values are reported in ppm (6) downfield from 
Me4Si or DSS. Routine mass spectra were recorded on a Varian 
Mat 731 in the FD mode. Determination of exact mass was 
performed on a Zab 3F-VG Analytical spectrometer in the FAB 
mode. Elemental analyses were done either on a Perkin Elmer 
Elemental Analyzer 240 or on a Control Equipment Corp. 240-XA 
and are within 0.4% of the theoretical values. 

General Method for the Preparation of Triazolo[4,3-a ]-
quinozalin-4(SH)-ones. The triazol6[4,3-a]quinoxalinones, 
4a-fj,k, were prepared by the reaction of various ortho triesters 
with the appropriate 2-hydrazinoquinoxalines as described by 
Dreikorn et al.8b to give the triazolo[4,3-a]quinoxalines followed 
by oxidation to the corresponding quinoxalinones using either 
H2O2 or MMPP in acetic acid. 

l-Methyl-7,8-dichloro- l,2,4-triazolo[4,3-a ]quinoxalin-4-
(5£T)-one (4b). A suspension of 4,5-dichloro-l,2-phenylenedi-
amine (25 g, 141.2 mmol) and glyoxylic acid monohydrate (13 g, 
142.0 mmol) in 780 mL of EtOH was heated at reflux for 3 h and 
then cooled and filtered to yield 27.5 g (91%) of 6,7-dichloro-
quinoxalin-2-one. A mixture of the above product (25 g, 116.3 
mmol) and phosphorus oxychloride (230 mL, 911.7 mmol) was 
stirred at reflux for 3 h and then cooled and carefully quenched 
with ice and water. The resulting precipitate was filtered and 
dried in vacuo (50 0C, 0.5 mmHg) to yield 25 g (92%) of 8a. To 

(15) 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. 1986, 84, 381-391. 
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a solution of 8a in anhydrous EtOH (500 mL) was added an
hydrous hydrazine (5.0 g, 156 mmol) dropwise, and then the red 
solution was heated at reflux for 1 h, cooled, and filtered. Re-
crystallization from 1500 mL of 95% EtOH gave 13.0 g (53%) 
of 9a. A mixture of 9a (1.0 g, 4.36 mmol) and triethyl orthoacetate 
(9.21 g, 56.7 mmol) was heated at reflux for 1 h, then cooled, and 
filtered to yield 0.85 g (77%) of l-methyl-7,8-dichloro-l,2,4-tri-
azolo[4,3-a]quinoxaline. To this product (0.5 g, 1.97 mmol) in 
16 mL of acetic acid was added 5 mL of 30% hydrogen peroxide, 
and then the mixture was warmed to 50 0C for 17 h, cooled to 
room temperature, and filtered. The product was washed with 
water and dried in vacuo (50 0C, 0.5 mmHg) to afford 0.28 g (49%, 
17% overall) of 4b: mp > 250 0C; 1H NMR (DMSO) « 8.05 (s, 
1 H), 7.51 (s, 1 H), 2.92 (s, 3 H). Anal. (C10H6N4OCl2) C, H, N. 

l-(Trifluoromethyl)-7,8-dichloro-l,2,4-triazolo[4,3-a]-
quinoxalin-4(5JB>one (4g). A mixture of 9a (1.0 g, 4.4 mmol) 
and 5 mL of ice-cold trifluoroacetic acid (29.0 mmol) was heated 
to 100 0C for 3 h and then poured over ice/H20. The resultant 
precipitate was filtered and washed with water to yield 0.95 g 
(70%) of l-(trifluoromethyl)-7,8-dichloro-l,2,4-triazolo[4,3-a]-
quinoxaline. To the quinoxaline (0.80 g, 2.3 mmol) in 22 mL of 
HOAc was added 30% H2O2 (7 mL), and the mixture was heated 
to 55 0C for 16 h and then cooled to room temperature. The 
resultant precipitate was filtered and dried in vacuo to yield 0.33 
g (44%) of 4g: mp > 260 0C; 1H NMR (DMSO) « 7.75 (s, 1 H), 
7.60 (s, 1 H); MS m/e 322 (M - 1), 324 (M + 1). Anal. (C10-
H3N4OCl2F2) C, H, N. 

7,9-Dichloro-l,2,4-triazolo[413-a ]quinoxalin-4(5ff )-one (4h). 
A mixture of 3,5-dichloro-l,2-phenylenediamine (5.00 g, 28.2 
mmol) and glyoxalic acid monohydrate (2.9 g, 31.0 mmol) in 120 
mL of absolute EtOH was heated at reflux for 18 h, allowed to 
cool, and then filtered to yield 3.00 g (50%) of an approximately 
7:1 mixture of 6,8-dichloroquinoxalin-2-one and 5,7-dichloro-
quinoxalin-2-one, respectively. This mixture (2.98 g, 13.9 mmol) 
and POCl3 (30 mL) were stirred at reflux for 2.5 h, then cooled, 
and poured slowly onto H2O, and the resultant precipitate was 
filtered to give 3.2 g (98%) of a mixture of 2,6,8-trichloro-
quinoxaline and 2,5,7-trichloroquinoxaline. The trichloro-
quinoxalines (1.40 g, 6.00 mmol) were treated with hydrazine (0.5 
mL, 16 mmol) at reflux for 3 h, cooled, and filtered. This product 
mixture was heated in triethyl orthoformate (15 mL) at 100 0C 
for 5 h, then cooled, and diluted with Et2O, and 0.96 g (65%) of 
an approximately 8:1 mixture of 7,9-dichloro-l,2,4-triazolo[4,3-
a]quinoxaline and 6,8-dichloro-l,2,4-triazolo[4,3-a]quinoxaline 
was collected by filtration. This mixture was heated with 1.7 g 
(2.75 mmol) of 80% MMPP in 20 mL of glacial acetic acid at 60-70 
0C for 18 h. Additional MMPP (0.85 g, 1.38 mmol) was added 
and the mixture heated for an additional 6 h. After cooling, the 
mixture was poured onto 300 mL of H2O, and 0.47 g (87%) of 
a yellow precipitate was collected. Recrystallization from MeOH 
afforded 0.20 g (37%) of 4h, which contained 2% or less of the 
6,8-dichloro isomer: mp > 320 0C; 1H NMR (DMSO) S 12.3 (br 
s, 1 H), 10.16 (s, 1 H), 7.58 (d, J = 3 Hz, 1 H), 7.36 (d, J - 3 Hz, 
1 H); MS m/e 254 (M - 1), 256 (M + 1), 258 (M + 3). Anal. 
(C9H4N4OCl2) C, H, N. 

7-Nitro-l,2,4-triazolo[4,3-a ]quinoxalin-4(5J7)-one (4j). 
Potassium nitrate (7.36 g, 72.7 mmol) was added in three portions 
to a solution of quinoxalin-2-one (10.62 g, 72.7 mmol) in 120 mL 
of concentrated sulfuric acid at 0 0C. The reaction mixture was 
stirred at room temperature for 2.5 h, then poured onto 1 L of 
ice/H20, and stirred for an additional 30 min. The precipitate 
was filtered, washed with water, and dried in vacuo (45 0C, 0.5 
mmHg) for 1 h to yield 17.0 g of 6-nitroquinoxalin-2-one. This 
compound (6.9 g, 36.1 mmol) and PCl6 (15 g, 72 mmol) in 70 mL 
of POCl3 was heated at reflux for 4 h, then cooled to 45 0C, and 
slowly poured onto ice. The precipitate was filtered to yield 4.7 
g (62%) of 8c. Anhydrous hydrazine (0.46 g, 14.3 mmol) was 
added to 2.0 g of 8c (9.5 mmol) in 50 mL of absolute EtOH, the 
mixture was heated at reflux for 1 h, then cooled, and filtered, 
and the product was washed with EtOH and dried in vacuo to 
yield 1.9 g (98%) of 9c. A suspension of 1.5 g of 9c (7.3 mmol) 
in 18 mL of triethyl orthoformate was heated at 110 0C for 3 h, 
then cooled, and filtered, and the product was washed with EtOH 
and dried in vacuo to yield 1.2 g (76%) of 7-nitro-l,2,4-triazolo-
[4,3-a]quinoxaline. A mixture of 0.80 g (3.7 mmol) of this qui
noxaline was oxidized as for 4b in 35 mL of acetic acid with 11 

mL of 30% H2O2 to yield 0.58 g (68%) of 4j: mp > 260 0C; 1H 
NMR (DMSO) 6 9.95 (s, 1 H), 8.35 (m, 1 H), 8.25 (m, 2 H); MS 
m/e 232 (M + 1). Anal. (C9H6N6O3) C, H, N. 

7,8-Dinitrc-l1214-triazolo[4^-a ]quinoxalin-4(5H)-one (4k). 
Potassium nitrate (350 mg, 3.5 mmol) was added to a solution 
of 0.80 g (3.5 mmol) of 4j in 6 mL of concentrated sulfuric acid 
at 0 °C, and the mixture was stirred at room temperature for 2 
h and then heated at 50 °C for 40 h. The reaction mixture was 
poured onto 200 mL of ice and water, and the resultant product 
was collected by filtration, washed with water, and dried in vacuo 
(50 0C, 0.5 mmHg) to yield 0.54 g (56%) of 4k: 1H NMR (DMSO) 
J 9.88 (s, 1 H), 9.01 (s, 1 H), 7.89 (s, 1 H); MS m/e 276 (M), Exact 
mass calcd for C9H6N6O6 (MH+) 277.0321, found 277.0375. 

7,8-Dichlorotetrazolo[l,5-a]quinoxalin-4(5JI)-one (Sa). 5a 
was prepared as described by Dreikorn:9 1H NMR (DMSO) S 
12.73 (br s, 1 H), 8.57 (s, 1 H), 7.66 (s, 1 H); MS m/e 257 (M + 
1), 255 (M-I ) . Anal. (C8H3N6OCl2)C1H1N. 

7-Nitrotetrazolo[l,5 a]quinoxalin-4(5.ff)-one (5c). A 
mixture of 3.0 g (14.3 mmol) of 8c, 5 mL of 1N hydrochloric acid, 
and 1.1 g (17.2 mmol) of sodium azide in 60 mL of absolute EtOH 
was heated at reflux for 17 h, then cooled, filtered, and air-dried 
to give 3.8 g of 10c. The product was slurried in H2O and rec
ollected to yield 2.8 g of 10c. Recrystallization from 15 mL of 
2:1 DMF/H20 gave 0.79 g of 10c. The nitrotetrazoloquinoxaline 
(1.84 g, 8.51 mmol) was added to a mixture of 15 mL of glacial 
AcOH and 20 mL of 30% H2O2 and heated at 85 0C for 16 h. 
Upon cooling, the mixture was diluted with H2O (50 mL) and the 
precipitate collected by filtration. Recrystallization from 40 mL 
of 50% aqueous DMF gave 1.29 g of the 7-nitro product, 5c: mp 
266-268 0C; 1H NMR (DMSO) 5 12.9 (br s, 1 H), 8.52 (d, J = 9 
Hz, 1 H), 8.25 (m, 2 H). Anal. (C8H4N6O3)CaN. 

8-Nitrotetrazolo[l,5-a]quinoxalin-4(5.H>one (5d). KNO3 
(0.83 g, 8.2 mmol) was added to a solution of tetrazolo[l,5-a]-
quinoxalin-4(5H)-one,9 5b (0.510 g, 2.72 mmol), in 15 mL of 
concentrated H2SO4 and the mixture stirred at 23 0C for 4 h before 
pouring onto ice/H20 (100 mL). The precipitate was collected 
and recrystallized from 10 mL of 50% aqueous DMF to yield 0.361 
g of the 8-nitro compound, 5d. An analytical sample was prepared 
by drying in vacuo (55 0C, 0.5 mmHg) for 14 h: mp 273-275 0C; 
1H NMR (DMSO) S 13.1 (br s, 1 H), 8.92 (d, J - 9 Hz, 1 H), 8.47 
(dd, J = 9,4 Hz, 1 H), 7.65 (d, J = 9 Hz11 H); MS m/e 232 (M). 
Anal. (C8H4N6O3)C1H1N. 

718-Dinitrotetrazolo[l15-a]quinoxalin-4(5J?)-one (5e). The 
7-nitrotetrazoloquinoxalinone, 5c (3.00 g, 12.9 mmol), was added 
to concentrated H2SO4 (40 mL) and treated with KNO3 (1.43 g, 
14.1 mmol) with warming to 50 0C for 34 h. The mixture was 
cooled and poured onto 600 mL of ice/H20. The solid was 
collected by filtration and washed with H2O to yield 3.16 g of the 
desired 7,8-dinitro derivative, 5e, containing 10% of 6,7-di-
nitroquinoxalinedione. Analytical material was obtained by re
verse-phase preparative HPLC (CH3CN/H2O) followed by re
crystallization from absolute EtOH. mp 250-252 0C; 1H NMR 
(CD3OD) S 9.07 (s, 1 H), 7.98 (s, 1 H); MS m/e 277 (M). Anal. 
(C8H3N7O6) C, H, N. 

8-Chloropyrazolo[5,l-c]quinazolin-5(6i7)-one (6b). A 
mixture of 7-chloro-4-hydroxyquinoline111 (20.08 g, 0.112 mol), 
and hydrazine hydrate (35 mL) was heated at 180-200 0C in 
ethylene glycol (150 mL) for 18 h. The mixture was poured onto 
1.5 L of H2O and stirred for 2 h. The precipitate was collected 
by filtration, washed with H2O, and air-dried to afford 15.64 g 
of the pyrazole 12.11 Triphosgene (1.83 g, 6.17 mmol) was added 
to a mixture of 12 (1.00 g, 5.16 mmol) in 30 mL of THF. Solid 
K2CO3 was added and the suspension heated at reflux for 22 h. 
Upon cooling, H2O was added and the precipitate collected by 
filtration to yield 1.07 g of the quinazolinone 6b. Recrystallization 
from DMF afforded 0.638 g of crystalline material: mp > 320 
0C; 1H NMR (DMSO) & 12.05 (br s, 1 H), 8.0 (m, 2 H), 7.3 (m, 
2 H), 7.2 (m, 1 H); MS m/e 219 (M), 221 (M + 2). Anal. (C10-
H6N3OCl) C, H, N. 

8,9-Dichloropyrazolo[l^-c]quinazolin-5(6JJ)-one (6a). The 
8-chloropyrazoloquinazolinone, 6b (1.00 g, 4.55 mmol), was added 
to glacial AcOH (20 mL) and treated with sulfuryl chloride (0.78 
mL, 6.7 mmol). The mixture was heated at 75-85 0C for 6 h before 
additional SO2Cl2 (9.1 mmol) was added. After 15 h, the mixture 
was cooled and then added to 80 mL of H2O. The resulting 
precipitate was collected, washed with H2O, recrystallized from 
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DMF (150 mL), and dried in a vacuum oven (75 0C, 0.5 mmHg) 
for 23 h to yield the 8,9-dichloropyrazolo derivative, 6a: mp > 
330 0C; 1H NMR (DMSO) 6 12.15 (br s, 1 H), 8.36 (d, J = 9 Hz, 
1 H), 8.28 (s, 1 H), 7.4 (m, 2 H). Anal. (C10H5N3OCl2) C, H, N. 

7,8-Dichloroimidazo[l,2-a]quinazolin-4(5jH>one (7). Am-
inoacetaldehyde dimethyl acetal (3.0 mL, 27.5 mmol) was added 
to a mixture of 2,6,7-trichloroquinoxaline, 8a (4.20 g, 18.0 mmol), 
and triethylamine (3.0 mL, 21 mmol) in 120 mL of toluene and 
heated at reflux for 20 h. Upon cooling, the mixture was filtered 
to remove the salts, washed with EtOAc, and the filtrate con
centrated in vacuo to give a black oil. Flash chromatography over 
silica gel (40-50% EtOAc/hexane) gave 3.02 g of 13. A mixture 
of 13 (7.50 g, 24.8 mmol), in 100 mL of methanol containing 20 
mL of concentrated HCl was heated at reflux for 6-12 h and then 
concentrated hi vacuo, and the residue was neutralized by addition 
of dilute NaHCO3. The resultant brown solid was collected by 
filtration, washed with H2O, and air-dried to afford 4.23 g of 14. 
To a solution of 14 (1.20 g, 5.04 mmol) in 20 mL of glacial acetic 
acid was added 80% monoperoxyphthalic acid magnesium salt 
hexahydrate (MMPP) (3.00 g, 4.85 mmol), and the mixture was 
heated at 55 0C for 18 h. Additional 1.0-g portions of MMPP 
were added daily as needed for 2 weeks until starting material 
was consumed as evidenced by 1H NMR. The mixture was poured 
into 400 mL of H2O and stirred for 1 h before collecting 0.52 g 
of 7 by filtration. An analytical sample of 7 was prepared by 
recrystallization from DMF followed by drying in a vacuum oven 
at 80-90 0C for 2 days: mp > 310 0C; 1H NMR (DMSO) 8 11.95 
(br s, 1 H), 8.59 (d, J = 2 Hz, 1 H), 8.54 (s, 1 H), 7.62 (d, J = 2 
Hz, 1 H), 7.52 (s, 1 H); MS m/e 253 (M), 255 (M + 2). Anal. 
(C10H6N3OCl2) H, N; C: calcd, 47.27; found 46.84. 

Radioligand Binding. For all binding assays, male 
Sprague-Dawley rats (150-175 g) were used. The binding of 
[3H]AMPA (5 nM) was conducted with crude membranes of rat 
forebrain in the presence of 100 mM KSCN as described by 
Nielsen et al.16 Nonspecific binding was determined with 10 nM 
nonlabeled AMPA. Displacement of the specific binding of 
[3H]CGS 19755 (10 nM) to Triton-X-treated synaptosomal 
membranes of rat forebrain was used to determine NMDA re
ceptor affinity as described by Murphy et al.17 Nonspecific 
binding was determined using 10 nM L-glutamate. Samples were 
incubated in an ice bath for 30 min, and bound ligand was sep
arated from the free ligand by rapid filtration through Whatman 
GF/B glass fiber filters. [3H]Kainate binding was performed using 
washed synaptosomal membranes from the rat forebrain, prepared 

(16) Nielsen, E. 0.; Madsen, U.; Schaumburg, K.; Kroggsgaard-
Larsen, P. Studies on receptor-active conformations of excita
tory amino acids agonists and antagonists. Eur. J. Med. Chem. 
Chim. Ther. 1986, 21, 433-437. 

(17) Murphy, D. E.; Hutchison, A. J.; Hurt, S. D.; Williams, M.; Sill, 
M. A. Characterization of the binding of [3H]-CGS19755: A 
novel N-methyl-D-aspartate antagonist with nanomolar affinity 
in rat brain. Br. J. Pharmacol. 1988, 95, 932-938. 

as described by Simon et al.18 [3H]Kainate (5 nM) was added 
to 50 mM Tris-HCl buffer (pH 7.4 at 4 °C0 containing 200-300 
Mg/mL of tissue protein. Samples were incubated for 30 min in 
an ice bath, and then rapidly filtered using a Brandel cell harvester 
and Whatman GF/C filters. Filters were washed twice with 3 
mL of cold buffer. Nonspecific binding was determined using 
100 A»M nonlabeled kainate. [3H]Glycine binding was performed 
on rat cortical membranes prepared by the freeze/thaw Triton 
extraction procedure developed for GABA-receptor binding with 
minor modifications.19 Samples were incubated in the presence 
of 10 nM [3H]glycine and 25 Mg of membrane fragments on ice 
for 1 h and terminated by rapid filtration through Whatman GF/B 
filters. Nonspecific binding was determined in the presence of 
100 fiM D-serine. [3H]MK-801 binding was performed in well-
washed rat cortical membranes20 with an added freeze/thaw 
procedure. The effect of compounds on [3H]MK-801 binding (2.5 
nM) was determined in the presence of glutamate (1 MM) and 
glycine (0.2 ^M). Samples were incubated for 2 h at 27 0C and 
terminated by filtration. Nonspecific [3H]MK-801 binding was 
determined in the presence of 0.5 nM MK-801. 

Cortical Slice Electrophysiology. Depolarizations of rat 
500-Mm thick cortical wedges were performed using a grease-seal 
technique similar to that described previously by Harrison and 
Simmonds.16 Briefly, 4-mL aliquots of NMDA (40 MM), quis
qualate (40 MM), and kainic acid (10 MM) were superfused (2 
mL/min) on the gray matter at intervals of 15-20 min until stable 
responses were attained. The tissue was then exposed for 15 min 
to various concentrations of the test compound before retesting 
the agonist. IC50 values were calculated from linear regression 
of log dose-response curves. 
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