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A series of tricyclic quinoxalinediones, 5,6-dihydro-Lff-pyrrolo[l,2,3-<ie]quinoxaline-2,3-diones 
and 6,7-dihydro-lH,5i/-pyrido[l,2,3-de]quinoxaline-2,3-diones, were synthesized and was 
evaluated for their affinity for the glycine binding site of the NMDA receptor using a [3H]-
5,7-dichlorokynurenic acid binding assay. The six-membered ring-fused tricyclic quinoxa-
linedione 18g (Ki = 9.9 nM) displayed high affinity for the glycine site. The anilide derivative 
2Og CKi = 2.6 nM) was 4-fold more potent than 18g and as potent as L-689,560, one of the 
most potent glycine antagonists so far prepared. Although the carboxylic acid derivative of 
the corresponding five-membered ring-fused tricyclic quinoxalinedione 18e CKi = 7.3 nM) had 
affinity comparable to that of 18g, the anilide derivative 2Oe largely decreased in the affinity 
in contrast to 2Og. Enantiomers 23g, 24g, 25g, and 26g were prepared and tested. Only the 
S enantiomer 25g CK; = 0.96 nM) retained the affinity among the anilide derivatives, whereas 
both enantiomers 23g CKi = 2.3 nM) and 24g CKi = 9.6 nM) were active among the carboxylic 
acid derivatives. The origin of the high affinity of carboxylic acid derivatives such as 18e and 
18g would be a charge-charge interaction between the anionic carboxylate residues of the 
compounds and the cationic proton-donor site in the receptor. 

Introduction 

Overexcitation of iV-methyl-D-aspartate (NMDA) re
ceptor-channel complexes on postsynaptic neurons fol
lowing excessive release of glutamic acid from synap-
tosomes and glial cells results in a massive Ca2+ influx 
into the neuronal cells, which leads to their death. This 
is believed to occur under ischemic or hypoxic conditions 
such as stroke, hypoglycemia, cardiac arrest, and physi
cal trauma.1 Therefore, an NMDA receptor antagonist 
might be therapeutically useful because it should mini
mize damage of the central nervous system induced by 
ischemic or hypoxic conditions.2 The NMDA receptor-
channel complex consists of at least three binding 
domains including glutamic acid (or NMDA) recognition 
site, channel blocker binding site, and strychinine-
insensitive glycine binding site, as confirmed by recent 
cloning studies.3 Physiologically, a blockade of at least 
one of these sites terminates the channel opening of the 
NMDA receptor to prevent a Ca2+ influx. However, 
several researchers have demonstrated that a compound 
that acts as a glycine site antagonist might be superior 
to competitive NMDA antagonists and channel blockers 
from the perspective of the therapeutic index.4 Im
mediately after the discovery of the glycine binding site,5 

three structurally distict antagonists of this site were 
identified, including kynurenic acids such as la,b,6 

indole-2-carboxylic acids such as 2a,b,7 and quinoxa
linediones such as 3a,b.8 The former two molecules 

8 Abstract published in Advance ACS Abstracts, September 15,1994. 

0022-2623/94/1837-3956$04.50/0 

have been extensively modified by several labora
tories,9-11 and antagonists with strong affinity for the 
glycine site such as 4 (L-689,560)12 and 513 have been 
synthesized (Chart 1). However, these antagonists 
have, unfortunately, shown very weak in vivo activities 
because of their poor blood—brain barrier penetration.11''30 

On the other hand, a few studies on the development 
of quinoxalinedione-based glycine antagonists have been 
reported,14 although it may have a chance to show in 
vivo activities, since the quinozalinedione-based non-
NMDA receptor antagonists, NBQX (6-nitro-7-sulfa-
moylbenzo[/]quinoxaline-2,3-dione) and YM-90K (6-(1H-
imidazol-l-yl)-7-mtro-2,3(li/,4H)-quinoxalinedione hydro
chloride) are indeed active under systemic administra
tion.15 Therefore, we synthesized NMDA-glycine an
tagonists by modifying the quinoxalinedione structure. 

According to the known pharmacophore of the glycine 
antagonist-recognition site,60'13 it appeared that there 
is a lipophilic space in the northern region of the quin
oxalinedione molecule which can be occupied by an addi
tional hydrophobic ring system. In this paper, we report 
a series of novel tricyclic quinoxalinediones, 6,7-dihydro-
lif,5if-pyrido[l,2,3-<2e]quinoxaline-2,3-diones and 5,6-
dihydro-lff-pyrrolo[l,2,3-cfe]quinoxaline-2,3-dionesand 
describe their properties as NMDA-glycine antagonists. 
Many known glycine antagonists such as lb, 2b, 3b, 4, 
and 5 have a chlorine atom in the southwestern part of 
the molecule, and it seems to be crucial for maximizing 
the affinity. However, during our preliminary study, 
we found that 6,7-dibromoquinoxaline-2,3-dione slightly 
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improved the affinity for the glycine site compared with 
6,7-dichloroquinoxaline-2,3-dione (3b).16 Therefore, in 
all compounds of this series, a bromine atom instead of 
a chlorine atom was substituted in the crucial south
western position. 

Synthesis 
Starting materials 6d—h were prepared as outlined 

in Scheme 1-4. Methyl tetrahydroquinoline-2-carboxyl-
ate (6d) was prepared by hydrogenation of quinaldinic 
acid in methanol over platinum oxide at ambient 
temperature under normal pressure of hydrogen fol
lowed by methylation with thionyl chloride in methanol 
(Scheme 1). Methyl ester 6d was reduced to the 
corresponding alcohol H d with lithium aluminum hy
dride in quantitative yield. Intermediary crude iodide 
generated by treatment of H d with triphenylphos-
phine-iodine-imidazole in a mixed solvent of 4:1 
toluene/acetonitrile was then reacted with excess so
dium cyanide in DMF at 80 0C to give cyanide 12d. 
Hydrolysis of 12d in refluxing 12 N hydrochloric acid 
followed by methylation with methanol—thionyl chloride 
afforded 6e in 54% yield from H d . A similar sequence 

was followed using commercially available 6c to give 
6g via H c and 12c (Scheme 2). To prepare the 
phthalimide derivative 6f, at first, methyl ester 6c was 
converted to the corresponding amide 13 by reaction 
with methanolic ammonia, which was reduced with 
lithium aluminum hydride in refluxing THF to provide 
amine 14. Condensation of 14 with phthalic anhydride 
in toluene under the azeotropic conditions gave 6f 
(Scheme 3). More conveniently, analogous phthalimide 
6h was prepared from alcohol H d by iodination with 
triphenylphosphine-iodine-imidazole followed by con
densation with potassium phthalimide in DMF (Scheme 
4). Tricyclic quinoxalinediones 10a-f were synthesized 
as outlined in Scheme 5. Indolines and tetrahydro-
quinolines 6a—f were acylated with ethyl chloroglyox-
alate to give 7a - f which were then brominated by using 
bromine in methylene chloride in the presence of Fe 
powder to provide 8a—f. Nitration of 8a—f with iso-
propyl nitrate in concentrated sulfuric acid followed by 
purification with silica gel column chromatography gave 
rise to 9a—f. Reductive ring closure of 9a—f leading to 
tricyclic quinoxalinediones lOa-f were effected by 
aqueous titanium trichloride at O 0C to ambient tem-
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<• Conditions: (a) TMSCl/ClCOC02Et/NEt3, CH2Cl2; (b) Dess-Martin periodinane/CF3C02H, CH2CI2; (c) EtOCOCH2PO(OEt)2-fBuOK, 
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perature.17 We required a large quantity of 1Og and 
1Oh during the study, and therefore, the synthetic route 
of these compounds, especially 1Og, was optimized as 
outlined in Scheme 6. Tetrahydroquinoline 6g was at 
first brominated with iV-bromosuccinimide in DMF at 
O 0C selectively at the C-6 position to give 27g. Acyla-
tion of 27g with ethyl chloroglyoxalate led to 8g followed 
by nitration with nitronium tetrafluoroborate in dichlo-
romethane at ambient temperature to afford 9g in a 

regiospecific manner. A similar reductive ring closure 
with aqueous titanium trichloride in a mixed solvent of 
acetone and water at O CC to ambient temperature 
provided 1Og in 72% overall yield from 6g. Similarly, 
1Oh was prepared from 6h. The tricyclic quinoxlainedi-
one 1Oi was synthesized from H d as illustrated in 
Scheme 7. Alcohol H d was at first treated with 
trimethylsilyl chloride in dichloromethane in the pres
ence of excess triethylamine followed by addition of ethyl 
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chloroglyoxalate to give 15. Direct oxidation of 15 into 
aldehyde 16 was effected by Dess-Martin periodinane 
in dichloromethane in the presence of trifluoroacetic 
acid.18 A Wittig-Honor-Emmons reaction of aldehyde 
16 with (diethylphosphono)acetic acid diethyl ester in 
THF in the presence of potassium tert-butoxide afforded 
17, which was then hydrogenated over palladium on 
carbon in ethanol at ambient temperature under atmo
spheric pressure to give 7i. By the route outlined in 
Scheme 5, 7i was transformed into tricyclic quinoxa-
linedione 1Oi via 8i and 9i. Schemes 8 and 9 illustrate 
the synthesis of tricyclic quinoxalinediones evaluated 
for biological activities. Hydrolysis of 10c-e,g,i with 1 
N aqueous sodium hydroxide in a mixture of methanol 
and THF provided the corresponding carboxylic acids 
18c-e,g,i, respectively. Condensation of carboxylates 
18c,d,g,i,e with aniline by using a combination of 
l-ethyl-3-[3'-(dimethylamino)propyl]carboximide and hy-
droxybenztriazole in DMF gave anilides 20c,d,g,i,e, 
respectively. Hydrolysis of phthalimides 1Of and 1Oh 
was achieved by treatment with 12 N hydrochloric acid 
in acetic acid under reflux to afford amines 19f and 19h, 
respectively. Anilides 21f and 21h were obtained by 
the similar condensation of 19f and 19h, respectively, 
with benzoic acid. Treating 19f and 19h with phenyl 
isocyanate in DMF in the presence of triethylamine 
provided 22f and 22h. S isomers 23g and 25g and R 
isomers 24g and 26g were prepared starting with 
(S)-2-(methoxycarbonyl)tetrahydroquinoline (31g)19a,b 

([a]D = +41.4°, c = 1 in CHCl3, lit.
19a [a]D = +41°) and 

CR)-2-(methoxycarbonyl)tetrahydroquinoline (29g)19a>b 

([otto = -42.4°, c = 1 in CHCl3, lit.19a [afo = -44°), 
respectively, without loss of the optical purity according 
to the procedure described for the corresponding racemic 

compounds as shown in Scheme 10. The optical purity 
of the corresponding methyl esters 28g and 3Og was 
determined to be 95.7 and 96.5%, respectively, by HPLC 
analysis using a chiral column (Daicel Chiralpack AD, 
EtOH as an eluent). 

Pharmacology 
The affinity of compounds for the glycine binding site 

was evaluated by inhibition of [3H]-5,7-dichlorokynurenic 
acid ([3H]DCKA) binding to rat brain synaptic mem
brane preparation.20 The K values were calculated 
according to the general equation: K = ICsc/d + [L]ZKd), 
where [L] is the concentration of the radio ligand and 
Ki is the dissociation constant of the radio ligand. In 
this study, the concentration of [3H]DCKA was always 
10 nM, and the dissociation constant of [3H]DCKA (K& 
= 27.5 nM) was used.20 The IC50 value, which repre
sents the concentration of the compound required to give 
50% inhibition of the radioligand binding, was measured 
in more than three independent experiments. Full 
details of this assay have been reported by some of us.20 

The selectivity of 18g and 2Og was determined by 
similar binding assays using [3H]CGP-3965321 for the 
glutamic acid binding site of the NMDA receptor, and 
[3H]AMPA22 and [3H]kainic acid23 for the non-NMDA 
receptors. The functional antagonism of the selected 
compounds for the NMDA receptor was determined by 
inhibition of [3H]MK-801 binding to the membrane 
preparation in the presence of the test compound and 
glutamic acid under the incubation period of 18 h at 30 
0C.24 The prolonged incubation time is necessary for 
complete equilibrium of MK-801 binding and important 
for assessing the antagonism. The in vivo antagonism 
of the selected compounds for the NMDA receptor was 
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Table 1. The Affinity for the Glycine Binding Site0 

^ / N ^ O 

Br /^v- *N'**0 

compd R = Ki (nM) vs [3H]DCKA6 compd R = Ki (nM) vs [3H]DCKA6 

10b H 
18d CO2H 
18g CH2CO2H 
18i CH2CH2CO2H 
2Od CONHPh 
2Og CH2CONHPh 
2Oi CH2CH2CONHPh 
21h CH2NHCOPh 
22h CH2NHCONHPh 

710 ± 130 
30 ± 2.2 
9.9 ± 0.5 
38 ± 5.4 

2100 ± 740 
2.6 ± 0.6 

320 ± 51 
190 ± 9.6 
480 ± 260 

10a 
18c 
18e 

20c 
2Oe 

21f 
22f 

H 
CO2H 
CH2CO2H 

CONHPh 
CH2CONHPh 

CH2NHCOPh 
CH2NHCONHPh 

>3000 
>3000 

7.3 ± 1.9 

930 ± 310 
170 ± 18 

>2000 
430 ± 210 

a See ref 20 and the text for detail assay procedures. b DCKA: 5,7-dichlorokynurenic acid (lb). 

evaluated by using the NMDA-induced seizure model.25 

Namely, the compound was given intraperitoneally to 
the group of 10 mice, 30 min prior to the intracere-
broventricular administration of NMDA (5 nmol). In 
the absence of the test compound, all the mice exhibit 
tonic seizure. The mice which did not exhibit tonic 
seizure after intracerebroventricular (icv) administra
tion of NMDA were considered to be protected. The 
ED50 value represents the dose causing protection from 
tonic seizure in 50% of the mice. 

Resul ts and Discussion 
Tables 1 and 2 summarizes the affinities of the 

tricyclic quinoxalinediones for the NMDA-glycine bind
ing site by using [3H]DCKA binding inhibition assay. 
The basic six-memberd ring-fused tricyclic quinoxa-
linedione 10b CKi = 710 nM) had appreciable affinity. 
As expected, a hydrophobic fused-ring system at the 
northern region of the parent quinoxalinedione was 
well-tolerated. Introduction of a carboxylate residue at 
the C-5 position of 10b gave 18d, which drastically 
improved the affinity CKj = 30 nM). The enhanced 

affinity arose from the new interaction between the 
anionic carboxylate residue and a proton-donor site in 
the receptor, and this affinity exceeded that of DCQX 
(3b, .Ki = 160 nM), a standard quinoxalinedione-based 
glycine antagonist. Insertion of a methylene group 
between the C-5 carbon and the carboxylate group of 
18d provided 18g, which had enhanced affinity (Ki = 
9.9 nM). Further homologation of the side chain led to 
18i, which, however, significantly reduced the affinity 
CKj = 38 nM). Leeson et al. have discovered that 
aromatic amide and urea derivatives of 4-amino-5,7-
dichloroetetrahydroquinoline-2-carboxylic acid, typically 
exemplified by L-689,560, 4,12 have a nanomolar order 
of affinity for the glycine binding site. The anilide 
derivative 2Od C-KTi = 2100 nM) was less active than the 
corresponding carboxylic acid 18d. However, anilide 
2Og (Ki = 2.6 nM) was indeed 4-fold more potent than 
18g and almost as potent as L-689,560, 4 (K = 2.0 nM). 
To examine the effect of the anilide residue more 
precisely, benzoyl amide 2 I h and phenylurea 22h were 
prepared. Benzoyl amide 21h CKi = 190 nM) signifi
cantly reduced the affinity compared to 2Og, and the 
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Table 2. The Affinity for the Glycine Binding Site of Optically Active Tricyclic Quinoxalinediones and Reference Samples" 

^ R 

compd 

23g 
25g 

compd 

glycine 
3b 

R = 

CH2CO2H 
CH2CONHPh 

H2NCH2CO2H 
DCQX 

Ki (nM) vs [3H]DCKA 

2.3 ± 0.48 
0.96 ± 0.19 

K (nM) vs [3H] DCKA6 

170 ± 30c 

160 ± 40° 

compd 

24g 
26g 

compd 

lb 
4 

R = 

CH2CO2H 
CH2CONHPh 

DCKA 
L-689,560 

K (nM) vs [3H]DCKA 

9.6 ± 2.8 
82 ± 16 

K (nM) vs [3H] DCKA6 

40 ± 10c 

2.0 ± 0.3C 

affinity of 22h (K = 480 nM) was 3-fold weaker than 
that of 21h, suggesting that the positions of both the 
carbonyl group and the phenyl ring are critical for 
attaining high affinity. Along these lines, the anilide 
2Oi (Ki = 320 nM) displayed relatively poor affinity. On 
the other hand, the five-membered ring-fused tricyclic 
quinoxalinedione 10a CKi > 3000 nM) is less active than 
the corresponding six-membered ring analog 10b, in
dicating that hydrophobic interaction of 10a with the 
receptor would not be as strong as that of 10b. There
fore, the carboxylic acid 18c (K = 83 nM) was somewhat 
less active than the corresponding six-membered ring 
analog 18d, and the affinity of anilide 20c (K = 930 
nM) was also not very high. Carboxylic acid 18e (K = 
7.3 nM), however, showed comparable affinity to the 
corresponding six-membered ring analog 18g, probably 
due to the strong interaction between the anionic 
carboxylate group of 18e and the proton-donor site in 
the receptor. In contrast to the case of six-membered 
ring analog 2Og, anilide 2Oe (K = 170 nM) drastically 
reduced the affinity, suggesting that the phenyl ring 
would disturb the correct interaction of the molecule 
with the receptor. Similarly, amide 21f (K > 2200 nM) 
as well as urea 22f (K = 430 nM) did not have 
appreciable affinity. Both enantiomers 23g, 24g, 25g, 
and 26g were synthesized starting from optically active 
methyl tetrahydroquinoline-2-carboxylate according to 
the route outlined in Scheme 10, and their affinity was 
tested. Only anilide S isomer 25g (K = 0.96 nM) 
retained the affinity, in agreement with the result of 
Leeson et al,12 and this is one of the most active ligands 
for the NMDA-glycine binding site so far reported. 
Interstingly, both enantiomers 23g (K = 2.3 nM) and 
24g (K = 9.6 nM) were active among carboxylic acid 
derivatives. 

The series of the present tricyclic quinoxalinediones 
can be divided into two groups. The first group includes 
compounds having a phenyl ring and an amido or ureido 
carbonyl at the C-5 side chain such as 20c—e,g,i, 21h,f, 
and 22h,f, which are non-ionizable at physiological pH. 
The second group includes compounds having an anionic 
carboxylate group such as 18c,d,e,g,i. Both groups 
provide compounds with nanomolar orders of affinity 
(20g for the first group, 18e and 18g for the second 
group). The affinity of the compounds in the first group 
changes drastically with subtle structural alterations. 
For example, just one carbon contraction from 2Og to 
2Od and elongation from 2Og to 2Oi resulted in 1000-
and 100-fold decreases in the affinity, respectively. 
Conversion from the six-membered ring analog 2Og to 
the five-membered ring analog 2Oe reduced the affinity 
by 2 orders of magnitude. Simply changing from anilide 

2Og to benzamide 2h again produced a 100-fold decrease 
in the affinity. Thus, the origin which provides the high 
affinity to 2Og consists of a combination both of a 
hydrogen-bonding interaction of the amido carbonyl and 
of a hydrophorbic interaction of the phenyl ring, which 
strictly requires conformational restriction. Conse
quently, only the S isomer 25g retained the affinity. 
Energy-minimized conformations of 2Og (or 25g), the 
most potent tricyclic quinoxalinedione in this series, 
were generated using a 1000-step Monte Carlo comfor-
mational search28 with AMBER and GB/SA (water)27 

of MacroModel (version 3.5)26 as shown in Figure 1. The 
side chain of 2Og was pseudoaxial in the global energy-
minimized conformation, and this energy level was 5.7 
kcal/mol lower than that of the pseudoeuqatorial con
formation. The pseudoaxial conformation was also 
predicted from 1H NMR analysis of 2Og, where the 
coupling constants, J[Hs-Heax] and JTHs-Heeq] exhib
ited 5.5 and 2.5 Hz, respectively, as determined by 
decoupling experiments. A similar molecular shape has 
been reported for L-689,560,12 and this would be im
portant for gaining high affinity for the glycine binding 
site. However, unlike L-689,560,2Og is scarcely ionized 
at physiological pH, since the pKa value of 2Og was 
measured to be 8.6—8.7. The cationic recognition site 
in the receptor which strongly binds the C-2 carboxylate 
anion of L-689,560 would interact also with the neutral 
C-2,3 dione group of 2Og to a similar extent. It is 
noteworthy that 2Og (or 25g) is the first example, to 
our knowledge, that a nearly non-ionizable compound 
at physiological pH exhibited high affinity for the 
NMDA-glycine binding site. On the other hand, the 
affinities of the compounds in the second group are not 
very sensitive to structural changes. For example, the 
five-membered ring analog 18e was as potent as the six-
membered ring analog 18g. One carbon contraction 
from 18g to 18d and one carbon elongation from 18g to 
ISi resulted in only 3- and 4-fold decreases in the 
affinity, respectively. Thus, the origin that provides the 
high affinities to 18g and 18e might consist of a strong 
charge—charge interaction of the anionic carboxylic 
residue at the C-5 side chain with the cationic proton-
donor site in the receptor rather than a simple hydrogen-
bonding interaction. Usually, the distance between a 
negative and a positive charge where a strong interac
tion can be formed would be much broader than the 
hydrogen bond length in a strong hydrogen-bonding 
interaction. This should reasonably explain why all of 
compounds in the second group showed good to high 
affinity despite their structural variance. Although we 
cannot conclude whether the carboxylate residues both 
of S isomer 23g and of R isomer 24g interact with the 
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F i g u r e 1. The global energy minimized conformation of 2Og 
(25g). 

Table 3. Selectivities for Various Glutamate Receptor 
Subtypes" 

IC50 (nM)* 

compd vs PH1CGP-39653'' Vs[3HlAMPA'' vs PHlkainic acid 

18g > 30 000 4600 ± 8 0 0 =-30 000 
2Og > 25 000 4600 ± 9 2 0 =-25 000 

" See refs 21-23 for detail assay procedures. * The values were 
determined from more than three independent experiments. 
c CGP-39653: (E)-2-amino-4-propyl-5-phosphono-3-pentenoic acid. 
''AMPA: 2-amino-3-(3-hydroxy-5-methylisoxazol-4-yl)propanoic 
acid. 

s a m e ca t ion ic p ro ton -dono r s i te of t h e r ecep to r , it is 
n o t e w o r t h y t h a t a t l e a s t a n e g a t i v e s te r i c i n t e r a c t i o n 
be tween t h e s ide cha in of R i somer 2 4 g a n d t h e recep tor 
would no t be p r e s e n t , w h e r e a s a n e g a t i v e i n t e r a c t i o n 
w a s e v i d e n t in t h e an i l i de R i s o m e r 2 6 g in t h e f i r s t 
g roup . T h u s , t h e p r o p e r t i e s of c o m p o u n d s in t h e second 
g r o u p w e r e cons iderab ly different from those in t h e f irs t 
g r o u p . A r e c e n t s t u d y 2 9 h a s d e m o n s t r a t e d t h a t [3H]-
D C K A b i n d s only to t h e N R - I a s u b u n i t , wh ich is t h e 
e s s e n t i a l c o m p o n e n t for p r o d u c i n g t h e N M D A receptor -
c h a n n e l funct ion a m o n g t h e s u b u n i t s of t h e he te rool i -
gomer ic N M D A r e c e p t o r - c h a n n e l complex. S ince com
p o u n d s b o t h i n t h e f irs t a n d second g r o u p s un i fo rmly 
inh ib i t ed [ 3 H]DCKA b i n d i n g to t h e m e m b r a n e p r e p a r a 
t i ons , t h e c o m p o u n d s in b o t h g r o u p s m i g h t b ind to t h e 
s a m e s ingle p ro t e in , t h e N R - I s u b u n i t , d e s p i t e differ
ences a m o n g t h e i r p r o p e r t i e s . In add i t i on , t h e C-5 s ide 
c h a i n s of t h e c o m p o u n d s in t h e first a n d second g r o u p s 
bo th will b ind to t h e s a m e reg ion in t h e s a m e recep to r , 
t h e N R - I s u b u n i t . 

T h e aff ini t ies of 1 8 g a n d 2Og for t h e g l u t a m i c acid 
b i n d i n g s i t e of t h e N M D A recep to r a s wel l a s for t h e 
n o n - N M D A r e c e p t o r s w e r e e x a m i n e d by t h e b i n d i n g 
a s s a y s u s i n g [ 3 H]CGP-39653 , [3H IAMPA, a n d [3H [kainic 
acid as r a d i o l i g a n d s . T h e t r icycl ic q u i n o x a l i n e d i o n e s 
1 8 g a n d 2Og h a v e l i t t l e affinity for t h e g l u t a m i c ac id 
b i n d i n g s i t e of t h e N M D A recep to r a n d t h e ka in ic ac id 
receptor sub type of t h e n o n - N M D A receptors b u t showed 
w e a k affinit ies for t h e A M P A r e c e p t o r s u b t y p e of t h e 
n o n - N M D A recep to r s , a s s h o w n in T a b l e 3 . T h e selec
t iv i t i e s for t h e glycine b i n d i n g s i t e a g a i n s t t h e A M P A 
recep tor were e s t i m a t e d to be 100-fold for 1 8 g a n d 1000-
fold for 2Og. F ina l ly , 1 8 g a n d 2Og i nh ib i t ed t h e b i n d i n g 
of [ 3 H]MK-801 to t h e m e m b r a n e p r e p a r a t i o n w i t h IC50 
v a l u e s of 4.1 a n d 1.7 «M, respec t ive ly , u n d e r comple t e 
equ i l i b r ium condi t ions , a n d t h i s i s ev idence t h a t a s e r i e s 
of t h e s e tr icyclic q u i n o x a l i n e d i o n e s wou ld exh ib i t func-
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t iona l a n t a g o n i s m a g a i n s t t h e c h a n n e l o p e n i n g of t h e 
N M D A r e c e p t o r - c h a n n e l complex . 

P r e l i m i n a r i l y , t h e in vivo ac t iv i t i e s of t h e tr icyclic 
q u i n o x a l i n e d i o n e s w e r e e v a l u a t e d u s i n g a n N M D A -
induced se i zu re mode l . A l t h o u g h an i l i de 2 0 g exh ib i t ed 
poor ac t iv i ty (ED50 > 100 m g / k g ip) p robab ly b e c a u s e 
of i ts low solubi l i ty in w a t e r , t h e carboxyl ic ac id 1 8 g 
a n d S i s o m e r 2 3 g encou rag ing ly i nh ib i t ed N M D A -
i n d u c e d s e i z u r e s w i t h m o d e r a t e ac t iv i ty (ED50 = 64 a n d 
26 m g / k g ip , r e spec t ive ly , 30 m i n pr io r to N M D A 
admin i s t r a t i ons ) . T h i s in vivo ac t iv i ty m i g h t r e su l t from 
t h e modif icat ion of t h e q u i n o x a l i n e d i o n e ske l e tone a s 
a n t i c i p a t e d , b e c a u s e u n d e r t h e s e condi t ions , we con
firmed t h a t n e i t h e r 5 ,7 -d ich lo rokynuren ic acid (1), 4 ,6-
dichloroindole-2-carboxyl ic ac id (5), n o r L-689,560 (4) 
showed more t h a n 5 0 % inh ib i t i on a g a i n s t t h e s e i z u r e s 
a t doses of 100 mg/kg . 

T h u s , we successful ly g e n e r a t e d a novel se r i e s of 
t r icycl ic q u i n o x a l i n e d i o n e s a s p o t e n t a n d se lec t ive N M -
DA-glycine a n t a g o n i s t s . A m o n g t h e m , t h e carboxyl ic 
acid d e r i v a t i v e s 1 8 e , g a n d t h e non- ion izab le an i l i de 
de r iva t ive 2 0 g h a d affinity in t h e n a n o m o l a r order . T h e 
or ig in of t h e h i g h aff ini t ies of 1 8 e a n d 1 8 g would be a 
c h a r g e - c h a r g e i n t e r a c t i o n b e t w e e n t h e an ion ic carbox-
y la t e r e s i d u e s of t h e compounds a n d t h e cat ionic proton-
donor s i te in t h e r ecep to r . Ani l ide 2 0 g would also b ind 
to t h e s a m e r ecep to r . W i t h r e s p e c t to t h e s t e r e o c h e m 
ical r e q u i r e m e n t , t h e an i l i de S i s o m e r 2 5 g (K, = 0.96 
nM) w a s recognized by t h e g lycine b i n d i n g s i te of t h e 
N M D A recep to r a n d is a c lass of c o m p o u n d s w i t h t h e 
h i g h e s t affinity for t h e N M D A - g l y c i n e b i n d i n g s i te 
k n o w n to d a t e . I n t e r e s t i n g l y , b o t h e n a n t i o m e r s of t h e 
carboxyl ic acid d e r i v a t i v e s 2 3 g (K1 = 2 .3 nM) a n d 2 4 g 
(K1 = 9.6 nM) w e r e ac t ive . F u r t h e r modi f ica t ions of 
t h e s e molecules to improve t h e in vivo ac t iv i t ies a n d t h e 
pha rmaco log ica l e v a l u a t i o n s a r e in p rog re s s . T h e r e 
s u l t s will be p u b l i s h e d e l s e w h e r e . 

E x p e r i m e n t a l S e c t i o n 

Melting points were measured on either a Thomas-Hoover 
or a Yanaco melting point appara tus and were uncorrected. 
1H NMR spectra were recorded on a JEOL GX-270 spectrom
eter using tetramethylsilane as an internal standard. Low-
resolution mass spectra were obtained on DF/GC/MS M-80 
mass spectrometer. Optical rotation was measured on a 
JASCO DIP-370. Elemental analyses and high resolution 
mass spectra were obtained from Sumitomo Analytical Center, 
Inc. Thin-layer chromatography and flash column chroma
tography was performed on silica gel glass-backed plates (5719, 
Merck & Co.) and silica gel 60 (230-400 or 70 -230 mesh, 
Merck & Co. I. respectively. Optical purity was determined by 
HPLC using Hitachi L 4000 pump and L 6000 UV detector 
with a chiral column (Chiralpack AD. Daicel). 

2 - ( M e t h o x y c a r b o n y l ) t e t r a h y d r o q u i n o l i n e (6d) Hydro 
c h l o r i d e . Quinaldinic acid (100 g, 577 mmol) in methanol 
(600 mLl was hydrogenated over platinum oxide (3 g) under 
an atmospheric pressure of hydrogen at ambient temperature 
until the theoretical amount of hydrogen was consumed. The 
mixture was filtered through Celite, and to the filtrate was 
added dropwise thionyl chloride (63 mL, 836 mmol) a t 0 0C. 
The mixture was stirred overnight a t ambient temperture and 
concentrated in vacuo. The residue was rinsed with acetone 
to give 116 g of the title compound (88%): mp 152-154 "C; 
1H NMR (270 MHz, DMSO-dB) 6 8.46 (br, 2 H), 6.96 (t, 1 H, J 
= 8.1 Hz), 6.92 (d, 1 H, J = 8.1 Hz). 6.71 (d, 1 H, J = 8.1 Hz), 
6.61 (t, 1 H, J = 8.1 Hz), 4.16 (t, 1 H, J = 5.4 Hz), 3.68 (s, 3 
H), 2.52-2.80 (m, 2 H), 2.00-2.10 (m, 2 H). The hydrochloride 
was dissolved in water, and excess saturated sodium bicarbon
ate was added. The mixture was extracted with ethyl acetate. 
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dried over magnesium sulfate, and concentrated in vacuo to 
give free 2-(methoxycarbonyl)tetrahydroquinoline: MS mle 191 
(M+). 

2-(Hydroxymethyl)indoline ( l i e ) . To a suspension of 
LiAlH4 (4.65 g, 0.122 mol) in THF (100 mL) was added 
dropwise 2-(methoxycarbonyl)indoline (10.85 g, 0.0613 mol) in 
THF (260 mL) at room temperature. The mixture was 
refluxed for 3.5 h, and then excess reagent was decomposed 
by addition of aqueous THF. To the mixture was added 1 N 
aqueous NaOH (50 mL), water (100 mL), and diethyl ether 
(100 mL), successively. The organic layer was separated, 
washed with brine, dried over magnesium sulfate, and con
centrated to give 8.77 g of 2-(hydroxymethyl)indoline (96%): 
MS mle 149 (M+), 1H NMR (270 MHz, CDCl3) 6 7.08 (d, 1 H, 
=7=7 Hz), 7.02 (t, 1 H, J = 7 Hz), 6.71 (t, 1 H, J = 7 Hz), 6.64 
(d, 1 H, J = 7 Hz), 4.02 (m, 1 H), 3.70 (dd, 1 H, J = 11, 4 Hz), 
3.56 (dd, 1 H, J = 11, 7 Hz), 3.09 (dd, 1 H, J = 16, 9 Hz), 2.81 
(dd, 1 H, J = 16, 8 Hz). 

2-(Cyanomethyl)indoline (12c). To a mixture of 2-(hy-
droxymethyl)indoline (7.77 g, 52.08 mmol), imidazole (8.86 g, 
130.2 mmol), and triphenylphosphine (34.15 g, 130.2 mmol) 
in toluene (500 mL) was added iodine (26.44 g, 104.16 mmol) 
in acetonitrile (100 mL) at 0 0C. The mixture was stirred for 
10 min, and water was added. The organic layer was 
separated, washed with brine, dried over magnesium sulfate, 
and concentrated. The residue was triturated with diethyl 
ether, and insoluble solids were removed by filtration. The 
filtrate was concentrated to give crude 2-(iodomethyl)indoline. 
The crude 2-(iodomethyl)indoline was dissolved in DMF (130 
mL), and KCN (4.07 g, 62.5 mmol) was added. The mixture 
was heated at 80 0C for 12 h, and after addition of KCN (4.07 
g), the heating was further continued for 5 h. The mixture 
was poured into saturated aqueous sodium bicarbonate and 
extracted with ethyl acetate. The organic layer was washed 
with brine, dried over magnesium sulfate, and concentrated. 
The residue was purified by silica gel column chromatography 
with 3:1 to 2:1 hexane/ethyl acetate to give 3.04 g of 2-(cya-
nomethyDindoline (37%): MS mle 158 (M+); 1H NMR (270 
MHz, CDCl3) 5 7.03 (m, 2 H), 6.77 (t, 1 H, J = 7 Hz), 6.54 (t, 
IU, J =7 Hz), 4.42 (m, 1 H), 4.13 (bs, 1 H), 3.07 (m, 1 H), 
2.81 (dt, 1 H, J = 16, 4 Hz), 2.22 (m, 2 H). 

2-[(Methoxycarbonyl)methyl]indoline (6e). A solution 
of 2-(cyanomethyl)indoline (2.95 g, 18.65 mmol) in concen
trated HCl (15 mL) was refluxed for 1 h, and the mixture was 
concentrated in vacuo. The residue was dissolved in methanol 
(50 mL), and thionyl chloride (2.5 mL, 33.99 mmol) was added 
slowly at 0 0C. The mixture was heated at 50 0C for 2.5 h, 
and the solvent was concentrated in vacuo. The residue was 
dispersed between ethyl acetate and saturated aqueous sodium 
bicarbonate and the organic layer was separated, washed 
with brine, dried over magnesium sulfate, and concentrated 
to give 2.22 g of 2-[(methoxycarbonyl)methyl]indoline (62%): 
1H NMR (270 MHz, CDCl3) d 6.99 (t, 1 H, J = 7.6 Hz), 6.95 (d, 
1 H, J = 7.6 Hz), 6.64 (td, 1 H, J = 7.6, 1 Hz), 6.58 (d, IU, J 
= 7.6 Hz), 4.35 (bs, 1 H), 4.03 (dd, IU, J= 8.9, 4 Hz), 3.77 (s, 
3 H), 2.74-2.82 (m, 2 H), 2.22-2.33 (m, 1 H), 1.93-2.06 (m, 1 
H). 

2-(Hydroxymethyl)tetrahydroquinoline ( l id) . Reduc
tion of 6g (42 g) was performed as described in synthesis of 
l i e to give 38.4 g of the title compound (quant): MS mle 163 
(M+), 129 (M+ - CH2OH); 1H NMR (270 MHz, CDCl3) <5 6.95-
7.00 (m, 2 H), 6.63 (t, IU, J= 7.4 Hz), 6.54 (d, 1 H, J = 7.4 
Hz), 3.74 (dd, IU, J= 10.2, 3.6 Hz), 3.56 (dd, IU, J= 10.2, 
8.6 Hz), 3.41-3.49 (m, 1 H), 2.70-2.85 (m, 2 H), 1.85-1.90 
(m, 1 H), 1.68-1.77 (m, 1 H). 

2-(Cyanomethyl)tetrahydroquinoline (12d). To a solu
tion of H d (35.9 g, 0.22 mol), imidazole (35.95 g, 0.528 mol), 
and triphenylphosphine (69.24 g, 0.264 mol) in a mixed solvent 
of 5:1 toluene/acetonitrile (750 mL) was added iodine (61.42 
g, 0.242 mol) at 0 0C. The mixture was stirred for 15 min at 
0 0C and for 30 min at room temperature. Aqueous sodium 
thiosulfate solution (200 mL) was added. The organic layer 
was separated, washed with brine, dried over magnesium 
sulfate, and concentrated. The residue was triturated with 
diethyl ether, and the insoluble materials were removed by 
filtration. The filtrate was concentrated, and the residual oil 

was dissolved in DMF (200 mL). To the solution was added 
sodium cyanide (43.2 g, 0.881 mol), and the mixture was 
heated at 80 0C for 10 h. The resulting mixture was poured 
into ice-water and extracted with a mixture of toluene and 
ethyl acetate. The organic layer was washed with brine, dried 
over magnesium sulfate, and concentrated. The residue was 
purified by silica gel column chromatography with 1:1 hexane/ 
dichloromethane to 100% dichloromethane as eluents to give 
31.6 g of the title compound (94%): MS mle 172 (M+); 1H NMR 
(270 MHz, CDCl3) d 6.97-7.04 (m, 2 H), 6.68 (t, IU, J= 7.4 
Hz), 6.54 (d, IU, J= 7.4 Hz), 4.03 (br, 1 H), 3.70 (m, 1 H), 
2.70-2.86 (m, 2 H), 2.54 (d, IU, J= 6.6 Hz), 2.02-2.13 (m, 1 
H), 1.78-1.91 (m, 1 H). 

2-[(Methoxycarbonyl)methyl]tetrahydroquinoline (6g). 
2-(Cyanomethyl)tetrahydroquinoline (12c, 28.0 g, 0.163 mol) 
was dissolved in concentrated hydrochloric acid (200 mL), and 
the mixture was refluxed for 4 h. The resulting mixture was 
concentrated, and the residue was dissolved in methanol (500 
mL). Thionyl chloride (36 mL, 0.49 mol) was added slowly at 
0 0C. The mixture was refluxed for 5 h and concentrated. To 
the residual solid was added slowly saturated sodium bicar
bonate (1 L), and the mixture was extracted with ethyl acetate. 
The organic layer was washed with brine, dried over magne
sium sulfate, and concentrated to give 31.6 g of the title 
compound (94%): MS mle 205 (M+). 2-[(Methoxycarbonyl)-
methyljtetrahydroquinoline hydrochloride: mp 145-146 0C; 
1H NMR (270 MHz, CDCl3) 6 7.69-7.72 (m, 1 H), 7.23-7.38 
(m, 3 H), 3.96-4.05 (m, 1 H), 3.75 (s, 3 H), 3.48-3.55 (m, 1 
H), 2.96-3.12 (m, 3 H), 2.19-2.41 (m, 1 H). Anal. (C12Hi5-
NO2-HCl): C, H, N. 

2-Carbamoylindoline (13). To a solution of 2-(methoxy-
carbonyDindoline (22.733 g, 0.128 mmol) in methanol (230 mL) 
was introduced gaseous NH3 at room temperature until the 
solution was saturated with NH3. The mixture was stirred 
for 6 h at room temperature. The precipitates formed were 
collected, washed with methanol, and dried in vacuo to give 
17.78 g of 2-carbamoylindoline (85%): MS mle 162 (M+); 1H 
NMR (270 MHz, CDCl3) d 7.30 (bs, 1 H), 7.11 (bs, 1 H), 7.01 
(d, 1 H, J = 7 Hz), 6.93 (dt, 1 H, J = 1, 7 Hz), 6.56 (m, 2 H), 
5.87 (bs, 1 H), 4.12 (dd, 1 H, H = 10, 8 Hz), 3.25 (dd, IU, J = 
16, 10 Hz), 2.93 (dd, 1 H, J = 16, 8 Hz). 

2-(Aminomethyl)indoline (14). To a suspension OfLiAlH4 
(6.0 g, 0.157 mol) in THF (200 mL) was added dropwise a 
suspension of 2-carbamoylindoline (17.0 g, 0.105 mol) in THF 
(700 mL) over 50 min. The mixture was refluxed for 5 h, and 
then LiAlH4 (6.0 g) was added further. The reflux was 
continued additionally for 6 h, and the mixture was treated 
with 10% aqueous THF after being cooled with ice bath. 
Aqueous 1 N NaOH was added, and the mixture was extracted 
with a mixture of diethyl ether and THF. The organic layer 
was washed with water and brine, dried over magnesium 
sulfate, and concentrated to give 13.91 g of 2-(aminomethyl)-
indoline (90%): MS mle 148 (M+); 1H NMR (270 MHz, CDCl3) 
<5 7.11 (dd, 1 H, J = 7, 1 Hz), 7.01 (dt, 1 H, J = 1, 7 Hz), 6.68 
(dt, 1 H, J = 1, 7 Hz), 6.61 (d, 1 H, J = 7 Hz), 3.84 (m, 1 H), 
3.11 (dd, 1 H, J = 16, 9 Hz), 2.86 (dd, 1 H, J = 13, 5 Hz), 2.70 
(m, 2 H). 

2-(Phthalimidomethyl)indoline (6f). A mixture of 2-(ami-
nomethyl)indoline (6.0 g, 40.48 mmol) and phthalic anhydride 
(6.30 g, 42.51 mmol) in toluene (600 mL) was refluxed for 4 h, 
while water generated during the reaction was removed by 
azeotropic distillation by using a Dean-Stark apparatus. The 
mixture was concentrated to give crude 2-(phthalimidomethyl)-
indoline (11.84 g), which was used for the next step without 
further purification: MS mle 278 (M+); 1H NMR (270 MHz, 
CDCl3) 6 7.82 (m, 2 H), 7.71 (m, 2 H), 7.03 (d, 1 H, J = 7 Hz), 
6.95 (dt, 1 H, J = 1, 7 Hz), 6.61 (m, 2 H), 4.19 (m, 1 H), 3.86 
(d, 2 H, J = 6 Hz), 3.18 (dd, 1 H, J = 16, 9 Hz), 2.93 (dd, 1 H, 
J = 16, 6 Hz). 

2-(Phthalimidomethyl)tetrahydroquinoline (6h). To a 
solution of 2-(hydroxymethyl)tetrahydroquinoline (10 g, 61 
mmol), imidazole (10.0 g, 147 mmol), and triphenylphosphine 
(19.0 g, 72.4 mmol) in a mixed solvent of 5:1 toluene/ 
acetonitrile (360 mL) was added iodine (16.85 g, 66.4 mmol) 
at 0 0C. The mixture was stirred for 2 h at 0 0C, and aqueous 
sodium thiosulfate was added. The organic layer was sepa-
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rated, washed with water and brine, dried over magnesium 
sulfate, and concentrated. The residue was triturated with 
diethyl ether, and insoluble materials were removed by filtra
tion. The filtrate was concentrated, the residue was dissolved 
in DMF (60 mL), and potassium phthalimide (13.6 g, 73.48 
mmol) was added. The mixture was heated at 60 0C for 2 h, 
diluted with water (200 mL), and extracted with 1:1 toluene/ 
ethyl acetate (200 mL x 2). The organic layers were washed 
with brine, dried over magnesium sulfate, and concentrated. 
The residue was purified by silica gel column chromatography 
with 10:1 to 6:1 hexane/ethyl acetate to give 10.25 g of 
2-(phthalimidomethyl)tetrahydroquinoline (75%): MS mle 292 
(M+); 1H NMR (270 MHz, CDCl3) 5 7.86 (m, 2 H), 7.74 (m, 2 
H), 6.95 (m, 2 H), 6.59 (t, 1 H, J = 8 Hz), 6.49 (d, 1 H, J = 8 
Hz), 3.91 (dd, 1 H, J = 14, 5 Hz), 3.78 (dd, 1 H, J = 14, 5 Hz), 
3.68 (m, 1 H), 2.78 (m, 2 H), 2.00 (m, 1 H), 1.69 (m, 1 H). 

iV-Ethoxalylindoline (7a). To a solution of indoline (2.0 
g, 16.8 mmol) and triethylamine (5 mL) in dichloromethane 
(30 mL) was added slowly ethyl chlorooxalate (2.3 mL, 20.1 
mmol) at 0 0C. The mixture was stirred for 10 min at 0 0C 
and then for 1 h at room temperature. Brine was added, and 
the organic layer was separated. The organic layer was 
washed successively with diluted aqueous hydrochloric acid 
and brine, dried over magnesium sulfate, and concentrated to 
give 4.0 g of iV-ethoxalylindoline (100%): MS mle 219 (M+); 
1H NMR (270 MHz, CDCl3) 6 8.18 (dd, 1 H, J = 8, 1 Hz), 7.22 
(m, 2 H), 7.10 (dd, 1 H, J = 8, 1 Hz), 4.38 (q, 2 H, J = 7 Hz), 
4.22 (t, 2 H, J = 8 Hz), 3.20 (t, 2 H, J = 8 Hz), 1.40 (t, 3 H, J 
= 7 Hz). 

5-Bromo-iV-ethoxalylindoline (8a). To a mixture of 
iV-ethoxalylindoline (4 g, 18.3 mmol) and iron powder (0.40 g) 
in dichloromethane (40 mL) was added dropwise bromine (1.43 
mL, 27.7 mmol) at 0 0C. The mixture was stirred for 4 h at 
room temperature and filtered. The filtrate was washed with 
aqueous sodium thiosulfate and then brine, dried over mag
nesium sulfate, and concentrated to give 5.24 g of 5-bromo-
iV-ethoxalylindoline (95%): MS mle 299 (M+ + 2), 297 (M+); 
1H NMR (270 MHz, CDCl3) o 8.07 (d, 1 H, J = 8 Hz), 7.35 (dd, 
2 H, J = 8, 1 Hz), 4.38 (q, 2 H, J = 7 Hz), 4.27 (t, 2 H, J = 8 
Hz), 3.20 (t, 2 H, J = 8 Hz), 1.41 (t, 3 H, J = 7 Hz). 

5-Bromo-7-nitro-2V-ethoxalylindoline (9a). To a solution 
of 5-bromo-2V-ethoxalylindoline (5.23 g, 17.5 mmol) in concen
trated sulfuric acid was added slowly isopropyl nitrate (1.87 
mL, 18.5 mmol) at 0 0C. The mixture was stirred for 1 h at 0 
0C and poured into a mixture of water and crushed ice. The 
mixture was extracted with ethyl acetate, and the organic layer 
was washed with brine, dried over magnesium sulfate, and 
concentrated. The crude residue was purified by silica gel 
column chromatography to give 5.02 g of 5-bromo-7-nitro-iV-
ethoxalylindoline (83%): MS mle 344 (M+ + 2), 342 (M+); 1H 
NMR (270 MHz, CDCl3) 6 7.91 (d, 1 H, J = 1 Hz), 7.62 (d, 1 
H, J = 1 Hz), 4.39 (t, 2 H, J = 8 Hz), 4.38 (q, 2 H, J = 7 Hz), 
3.22 (t, 2 H, J = 8 Hz), 1.39 (t, 3 H, J = 7 Hz). 

8-Bromo-5,6-dihydro- Uf-pyrrolo[ 1,2,3-cfe] quinoxaline-
2,3-dione (10a). To a solution of 5-bromo-7-nitro-iV-ethox-
alylindoline (2.0 g, 5.83 mmol) in a mixture of THF (50 mL), 
water (10 mL), and acetic acid (10 mL) was added aqueous 
20% titanium trichloride (31 mL, 40.8 mmol), and the mixture 
was stirred for 4 h at room temperature. The precipitates 
formed were collected by filtration, washed with diluted 
aqueous hydrochloric acid and then distilled water, and dried 
in vacuo to give 772 mg of the title compound (50%): mp >300 
0C; 1H NMR (270 MHz, DMSO-d6) <3 11.91 (bs, 1 H), 7.21 (d, 1 
H, J = 1 Hz), 7.02 (d, 1 H, J = 1 Hz), 4.22 (t, 2 H, J = 7 Hz), 
3.32 (t, 2 H, J = 7 Hz). Anal. (Ci0H7N2O2Br): C, H, N. 

9-Bromo-6,7-dihydro-lH,5H-pyrido[l,2,3-de]quinoxa-
line-2,3-dione (1Ob). The title compound was prepared as 
shown in Scheme 1 starting with tetrahydroquinoline (6b): mp 
>300 0C; 1H NMR (270 MHz DMSO-d6) 5 12.00 (bs, 1 H), 7.17 
(d, 1 H, J = 1 Hz), 7.12 (d, 1 H, J = 1 Hz), 3.91 (t, 2 H, J = 5 
Hz), 2.84 (t, 2 H, J = 5 Hz), 1.96 (5et, 2 H, J = 5 Hz). Anal. 
(CnH9N2Br): C, H, N. 

8-Bromo-5-(methoxycarbonyl)-5,6-dihydro-l/f-pyrrolo-
[l,2,3-de]quinoxaline-2,3-dione (10c). The title compound 
was prepared as shown in Scheme 1 starting with 2-(meth-
oxycarbonyDindoline (6c): mp 266.5-267.5 0C dec; 1H NMR 

(270 MHz, DMSCW6) d 12.11 (bs, 1 H), 7.24 (d, 1 H, J = 1 
Hz), 7.09 (d, 1 H, J = 1 Hz), 5.31 (dd, 1 H, J = 11, 5 Hz), 3.79 
(dd, 1 H, J = 17, 11 Hz), 3.73 (s, 3 H), 3.39 (dd, 1 H, J = 17, 
5 Hz); HRMS calcd for Ci2H9N2O4Br 323.9746, found 323.9727. 
Anal. (CnH9N2BrH2O): C, H, N. 

9-Bromo-5-(methoxycarbonyl)-6,7-dihydro-LH,5.H-py-
rido[l,2,3-de]quinoxaline-2,3-dione (1Od). The title com
pound was prepared as shown in Scheme 1 starting with 
2-(methoxycarbonyl)tetrahydroquinoline (6d): mp 240-241 
0C; 1H NMR (270 MHz, DMSO-^6) <5 12.24 (bs, 1 H), 7.21 (bs, 
2 H), 5.30 (dd, 1 H, J = 4.6 Hz), 3.72 (s, 3 H), 2.88 (bd, 1 H, J 
= 16 Hz), 2.5-2.63 (m, 1 H), 2.4-2.46 (m, 1 H), 2.03-2.14 (m, 
1 H). Anal. (Ci3HnN2O4BrV3H2O): C, H, N. 

8-Bromo-5-[(methoxycarbonyl)methyl]-5,6-dihydro-
LH-pyrrolo[l,2,3-dc]quinoxaline-2,3-dione (1Oe). The title 
compound was prepared as shown in Scheme 1 starting with 
2-[(methoxycarbonyl)methyl]indoline (6e): mp 244.5-248 0C 
dec; 1H NMR (270 MHz, DMSO-d6) & 12.26 (s, 1 H), 7.21 (s, 2 
H), 5.29-5.35 (m, 1 H), 3.70 (s, 3 H), 2.87 (dm, 1 H, J = 18 
Hz), 2.60 (dm, 1 H, J = 14 Hz), 2.46 (m, 1 H, J = 14 Hz), 2.00-
2.16 (m, 1 H). Anal. (Ci3HnN2O4Br3Z2H2O): C, H, N. 

8-Bromo-5-(phthalimidomethyl)-5,6-dihydro-lJ7-pyr-
rolo[l,2,3-de]quinoxaline-2,3-dione (1Of). The title com
pound was prepared as shown in Scheme 1 starting with 
2-(phthalimidomethyl)tetrahydroquinoline (6f): mp 267 0C 
dec; 1H NMR (270 MHz, DMSO-d6) 6 11.91 (s, 1 H), 7.83 (bs, 
4 H), 7.15 (d, 1 H, J = 1 Hz), 6.99 (d, 1 H, J = 1 Hz), 5.13-
5.26 (m, 1 H), 4.07 (dd, 1 H, J = 14, 6 Hz), 3.99 (dd, 1 H, 14, 
5 Hz), 3.50 (dd, 1 H, J = 17, 10 Hz), 3.11 (dd, 1 H, J = 17, 3 
Hz). Anal. (Ci9Hi2N3O4Br4Z3H2O): C, H, N. 

6-Bromo-2-[(methoxycarbonyl)methyl]tetrahydroquin-
oline (27g). To a solution of 6g (31.5 g, 0.153 mol) in DMF 
(750 mL) was added dropwise a solution of 2V-bromosuccin-
imide (27.41 g, 0.154 mol) in DMF (550 mL) at 0 0C. The 
mixture was stirred for 2 h at the same temperature, poured 
into water (2 L), and extracted with a mixture of toluene and 
ethyl acetate. The organic layer was washed with water, dried 
over magnesium sulfate, and concentrated to give 44.72 g of 
the title compound (quant): MS mle 286 (M+ + 3), 284 (M+ + 
1); 1H NMR (270 MHz, CDCl3) <5 7.02-7.06 (m, 2 H), 6.38 (dd, 
IU, J= 1.7, 7.3 Hz), 4.53 (br, 1 H), 3.75 (s, 3 H), 3.72-3.75 
(m, 4 H), 2.70-2.85 (m, 2 H), 2.49-2.53 (m, 1 H), 1.89-1.99 
(m, 1 H), 1.61-1.75 (m, 1 H). 

6-Bromo-2- [ (methoxycarbonyl)methyl] -iV-ethoxalyltet-
rahydroquinoline (8g). A procedure similar to that de
scribed in synthesis of 7a was carried out with 27g (43.8 g) to 
give 56.9 g of the title compound (97%): MS mle 386 (M+ + 
3), 3.84 (M+ + 1); 1H NMR (270 MHz, CDCl3) d 7.36 (s, 1 H), 
7.30 (d, 1 H, J = 8.3 Hz), 6.92 (d, 1 H, J = 8.3 Hz), 4.94-5.01 
(m, 1 H), 4.13-4.16 (m, 2 H), 3.64 (s, 3 H), 2.43-2.75 (m, 6 
H), 1.11-1.26 (m, 3 H). 

6-Bromo-2-[(methoxycarbonyl)methyl]-8-nitro-iV-ethox-
alyltetrahydroquinoline (9g). A solution of 8g (56.0 g, 
0.146 mol) in dichloromethane (500 mL) was added dropwise 
to a suspension of nitronium tetrafluoroborate (25.0 g, 0.179 
mol) in dichloromethane (500 mL) at 0 0C. The mixture was 
stirred for 3 h at 0 0C, poured into ice-water, and extracted 
with dichloromethane. The organic layer washed with brine, 
dried over magnesium sulfate, and concentrated. The residue 
was purified by silica gel column chromatography with 3:1 to 
2:1 hexane/ethyl acetate to give 52.0 of the title compound 
(83%): MS mle 431 (M+ + 3), 429 (M+ + 1); 1H NMR (270 MHz, 
CDCl3) d 8.11 and 7.99 (d and d, 1 H, J = 2 Hz), 7.66 and 7.61 
(d and d, 1 H, J = 2 Hz), 5.03-5.16 and 4.74-4.85 (m and m, 
1 H), 4.37-4.49 and 4.13 (m and q, 2 H, J = 7.2 Hz), 3.72 and 
3.62 (s and s, 3 H), 2.44-3.02 (m, 5 H), 1.65-1.80 and 1.50-
1.60 (m and m, 1 H), 1.42 and 1.23 (t and t, 3 H, J = 7.2 and 
7.2 Hz). 

9-Bromo-5-[(methoxycarbonyl)methyl]-6,7-dihydro-
lH,5ff-pyrido[l,2,3-de]quinoxaline-2,3-dione (1Og). To a 
mixture of 20% aqueous titanium trichloride (6.70 g, 0.867 
mol), water (500 mL), and acetone (500 mL) was added 
dropwise a solution of 9g (52.0 g, 0.121 mol) in acetone (600 
mL) at 0 0C. The mixture was stirred overnight at room 
temperature, concentrated to ca. 1 L, and diluted with water 
(1 L). The precipitates formed were collected by filtration, 
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washed with water, and dried in vacuo to give 35.2 g of the 
title compound. The filtrate was extracted with ethyl acetate. 
The organic layer was washed with brine, dried over magne
sium sulfate, and concentrated. The residue was purified by 
silica gel column chromatography with ethyl acetate to give 
6.0 g of the title compound (total 89%): mp 185-187 0C; 1H 
NMR (270 MHz, DMSO-d6) <312.04 (bs, 1 H), 7.20 (d, 1 H, J = 
2 Hz), 7.15 (d, 1 H, J = 2 Hz), 5.04-5.13 (m, 1 H), 3.62 (s, 3 
H), 2.94 (ddd, IH, J= 17.1, 13.5, 4.5 Hz), 2.78 (dm, IH, J = 
17.1 Hz) 2.63 (dd, 1 H, J = 18, 7.2 Hz), 2.57 (dd, I H 1 J = 18, 
3.6 Hz), 2.09 (dm, 1 H, J = 13.5 Hz), 1.80-1.95 (m, IH). Anal. 
(Ci4Hi3N2O4Br-V3H2O): C, H, N. 

9-Bromo-5-(phthalimidomethyl)-6,7-dihydro-Lff,5ff-
pyrido[l,2,3-de]quinoxaline-2,3-dione (1Oh). The title 
compound was prepared as shown in Scheme 6 starting with 
2-(pnthalimidomethyl)tetrahydroquinoline(6h): mp > 300 0C; 
1H NMR (270 MHz, DMSO-d6) <3 12.02 (bs, 1 H), 7.84 (bs, 4 
H), 7.26 (s, 1 H), 7.18 (s, 1 H), 5.21-5.32 (m, 1 H), 3.86 (dd, 1 
H, J= 14, 9 Hz), 3.75 (dd, 1 H, J = 14, 5 Hz), 3.10 (ddd, 1 H, 
J = 17.1,13.5, 4.5 Hz), 2.86 (dm, 1 H, J = 17.1 Hz), 2.25 (dm, 
1 H, J = 13.5 Hz), 1.77-1.95 (m, 1 H). Anal. (C20Hi4N3O4Br 
V3H2O): C, H, N. 

iV-Ethoxalyl-2-[[(trimethylsilyl)oxy]methyl]tetrahy-
droquinoline (15). To a solution of 2-(hydroxymethyl)-
tetrahydroquinoline (Hd, 7.86 g, 48.16 mmol) in dichlo-
romethane (80 mL) containing triethylamine (10 mL, 72.23 
mmol) was added trimethylsilyl chloride (6.7 mL, 52.97 mmol) 
at 0 0C. The mixture was stirred for 10 min at 0 0C followed 
by addition of triethylamine (10 mL) and ethyl chlorooxalate 
(5.9 mL, 52.97 mmol). The mixture was stirred for 30 min at 
0 °C, and water was added. The organic layer was separated, 
washed with water, dried over magnesium sulfate, and 
concentrated to give 15.6 g of iV-ethoxalyl-2-[[(trimethylsilyl)-
oxy]methyl]tetrahydroquinoline (106%): 1H NMR (270 MHz, 
CDCl3) 6 6.97-7.16 (m, 4 H), 4.68 (m, 1 H), 4.09 (q, 2 H, J = 
7 Hz), 3.72 (m, 1 H), 3.54 (m, 1 H), 2.65 (m, 2 H), 2.37 (m, 1 
H), 1.69 (m, 1 H), 1.06 (t, 3 H, J = 7 Hz), 0.03 (s, 9 H). 

2V-Ethoxalyl-2-formyltetrahydroquinoline (16). A mix
ture of 15 (15.55 g, 50.92 mmol) and Dess—Martin reagent 
(32.4, 76.37 mmol) in dichloromethane (160 mL) in the 
presence of trifluoroacetic acid (0.8 mL) was stirred for 1 h at 
room temperature. Aqueous sodium thiosulfate and saturated 
aqueous sodium bicarbonate were added successively, and the 
mixture was extracted with ethyl acetate. The organic layer 
was washed with brine, dried over magnesium sulfate, and 
concentrated to give 11.23 g of AT-ethoxalyl-2-formyltetrahy-
droquinoline (84%): 1H NMR (270 MHz, CDCl3) d 9.57 (s, 1 
H), 7.19 (m, 4 H), 5.07 (t, 1 H, J = 8 Hz), 4.19 (q, 2 H, J = 7 
Hz), 2.76 (m, 2 H), 2.45 (m, 1 H), 1.96 (m, 1 H), 1.15 (t, 3 H, J 
= 7 Hz). 

Ar-Ethoxalyl-2-[2-(ethoxycarbonyl)ethenyl]tetrahydro-
quinoline (17). To a solution of (diethylphosphono)acetic acid 
diethyl ester (10.6 g, 47.1 mmol) in THF (100 mL) was added 
potassium tert-butoxide (5.04 g, 44.9 mmol) at 0 0C. The 
mixture was stirred for 20 min at room temperature. To the 
solution was added dropwise 16 (11.18 g, 42.8 mmol) in THF 
(120 mL) at 0 0C. After the complete addition, the mixture 
was stirred for 15 min at room temperature, and water and a 
small amount of diluted hydrochloric acid were added. The 
mixture was extracted with ethyl acetate. The organic layer 
was washed three times with brine, dried over magnesium 
sulfate, and concentrated. The residue was purified by silica 
gel column chromatography with 4:1 to 3:1 hexane/ethyl 
acetate to give 7.63 g of iV-ethoxalyl-2-[2-(ethoxycarbonyl)-
ethenyl[tetrahydroquinoline (54%): MS mle 333 (M+ + 2), 332 
(M+ + 1); 1H NMR (270 MHz, CDCl3) <5 7.15 (m, 4 H), 6.79 
(dd, 1 H, J = 16, 5 Hz), 5.89 (dd, 1 H, J = 16, 2 Hz), 5.31 (m, 
1 H), 4.12 (q, 2 H, J = 7 Hz), 2.73 (t, 2 H, J = 6 Hz), 2.47 (m, 
1 H), 1.69 (m, 1 H), 1.25 (t, 3 H, J = 7 Hz), 1.11 (t, ZH, J = 
7 Hz). 

iV-Ethoxalyl-2-[2-(ethoxycarbonyl)ethyl]tetrahydro-
quinoline (7i). 2V-Ethoxalyl-2-[2-(ethoxycarbonyl)ethenyl]-
tetrahydroquinoline (17, 4 g, 12.1 mmol) in ethanol (100 mL) 
was hydrogenated over 10% palladium on carbon (500 mg) 
under an atmospheric pressure of hydrogen for 1.5 h at room 
temperature. The mixture was filtered through Celite, and 

the filtrate was concentrated to give 3.83 g of JV-ethoxalyl-2-
[2-(ethoxycarbonyl)ethyl]tetrahydroquinoline (95%): MS mle 
334 (M+ + 1); 1H NMR (270 MHz, CDCl3) d 7.03-7.19 (m, 4 
H), 4.78 (m, 1 H), 4.11 (q, 4 H, J = 7 Hz), 2.73 (t, 2 H, J = 6 
Hz), 2.47 (m, 1 H), 1.69 (m, 1 H), 1.25 (t, 3 H, J = 7 Hz), 1.11 
(t, 3 H, J = 7 Hz). 

9-Bromo-5-[2-(ethoxycarbonyl)ethyl]-6,7-dihydro-Lff,5H-
pyrido[l,2,3-de])quinoxaline-2,3-dione (1Oi). The title 
compound was prepared by a similar procedure as described 
in synthesis of 10a from 7a starting with iV-ethoxalyl-2-[2-
(ethoxycarbonyl)ethyl]tetrahydroquinoline instead of iV-eth-
oxalylindoline: mp 185 0C; 1H NMR (270 MHz, CD3OD) 6 7.23 
(s, 1 H), 7.19 (s, 1 H), 5.00-5.09 (m, 1 H), 4.09 (q, 2 H, J = 7.5 
Hz), 3.04 (ddd, 1 H, J = 17.1, 13.5, 4.5 Hz), 2.88 (dm, 1 H, 
J = 17.1 Hz), 2.45 (t, 2 H, J = 7.5 Hz), 2.18 (dm, 1 H, J = 
13.5 Hz), 1.80-2.08 (m, 3 H). Anal. (Ci6Hi7N2O4Br): C, H, 
N. 

8-Bromo-5-carboxy-5,6-dihydro-Lff-pyrrolo[l,2,3-de]-
quinoxaline-2,3-dione (18c). To a solution of 8-bromo-5-
(methoxycarbonyl)-5,6-dmydrc-lif-pyrrolo[l,2,3-de]quinoxaline-
2,3-dione (256 mg, 0.76 mmol) in a mixture of THF (5 mL) 
and methanol (5 mL) was added aqueous 1N NaOH (2.5 mL), 
and the mixture was stirred for 12 h at room temperature. 
Aqueous 1N HCl was added, and the solvent was concentrated 
to ca. 5 mL. The precipitates formed were collected by 
filtration, washed with distilled water, and dried in vacuo to 
give 256 mg of the title compound (quant): mp 285 0C dec; 1H 
NMR (270 MHz, DMSO-d6) 6 13.45 (bs, 1 H), 12.09 (s, 1 H), 
7.22 (d, 1 H, J = 1 Hz), 7.08 (d, 1 H, J = 1 Hz), 5.18 (dd, 1 H, 
J = 11, 4 Hz), 3.79 (dd, 1 H, J = 17, 11 Hz), 3.33 (dd, 1 H, J 
= 17, 4 Hz). Anal. (CnH7N2O4Br): C, H, N. 

9-Bromo-5-carboxy-6,7-dihydro- IH,5ff-pyrido[ 1,2,3-de] -
quinoxaline-2,3-dione (18d). A procedure similar to that 
described in synthesis of 18c was carried out with 9-bromo-
5-(methoxycarbonyl)-6,7-dihydro-LH',5ff-pyrido[l,2,3-(ie]quin-
oxaline-2,3-dione (1.5 g, 4.42 mmol) to give 1.45 g of the title 
compound (quant): mp >270 0C; 1H NMR (270 MHz, DMSO-
de) 6 12.23 (bs, 1 H), 7.20 (bs, 2 H), 5.21 (m, 1 H), 2.89 (dm, 1 
H, J= 16.8 Hz), 2.37-2.65 (m, 2 H), 1.98-2.11 (m, 1 H). Anal. 
(Ci2H9N2O4Br2Z3H2O): C, H, N. 

8-Bromo-5-(carboxymethyl)-5,6-dihydro-lii-pyrido-
[l,2,3-de]quinoxaline-2,3-dione (18e). Hydrolysis of 8-bromo-
5-[(methoxycarbonyl)methyl]-5,6-dihydro-Lff-pyrrolo[l,2,3-cfe]-
quinoxaline-2,3-dione (680 mg, 2.01 mmol) was carried out as 
described in synthesis of 18c to give 640 mg of the title 
compound (98%): mp 265 0C dec; 1H NMR (270 MHz, DMSO-
de) 6 13.38 (br, 1 H), 12.23 (s, 1 H)1 7.20 (s, 2 H), 5.19-5.25 
(m, 1 H), 2.88 (dm, 1 H, J = 18 Hz), 2.63 (dm, 1 H, J = 14 Hz), 
2.43 (m, 1 H, J = 14 Hz), 1.96-2.12 (m, 1 H). Anal. (Ci2H9-
N2O4BrH2O): C, H, N. 

9-Bromo-5-(carboxymethyl)-6,7-dihydro-l£r,5ff-pyrido-
[l,2,3-cfe]quinoxaline-2,3-dione (18g). Hydrolysis of 9-bromo-
5-[(methoxycarbonyl)methyl]-6,7-dihydro-li/,5ff-pyrido[l,2,3-
cfe]quinoxaline-2,3-dione (10.4 g, 0.03 mol) was carried out as 
described in synthesis of 18c to give 9 g of the title compound 
(90%): mp >270 0C; 1H NMR (270 MHz, DMSO-d6) 6 12.06 
(bs, 1 H), 7.20 (d, 1 H, J = 2 Hz)1 7.15 (d, 1 H, J = 2 Hz)1 
5.02-5.12 (m, 1 H), 2.95 (ddd, 1 H, J = 17.1, 13.5, 4.5 Hz), 
2.79 (dm, 1 H, J = 17.1 Hz), 2.43-2.61 (m, 2 H)1 2.12 (dm, 1 
H, J = 13.5 Hz), 1.78-1.96 (m, 1 H). Anal. (Ci3HuN204-
BrH2O): C, H, N. 

9-Bromo-5-(2-carboxyethyl)-6,7-dihydro-lff,5ff-pyrido-
[l,2,3-de]quinoxaline-2,3-dione (18i). The title compound 
was obtained by hydrolysis of 9-bromo-5-[2-(ethoxycarbonyl)-
ethyl]-6,7-dihydro-LH'15fl'-pyrido[l,2,3-de]quinoxaline-2,3-di-
one as described in synthesis of 18c: mp 275-276 0C; 1H NMR 
(270 MHz, DMSO-de) 6 12.03 (bs, 1 H), 7.19 (s, 1 H)1 7.14 (s, 
1 H), 4.80-4.92 (m, 1 H), 2.93 (ddd, 1 H, J = 17.1, 13.5, 4.5 
Hz), 2.77 (dm, 1 H1 J = 17.1 Hz), 2.20-2.44 (m, 2 H), 2.10 
(dm, IH, J= 13.5 Hz), 1.62-1.88 (m, 3 H). Anal. (Ci4Hi3N2O4-
BrV3H2O): C 1H 1N. 

8-Bromo-5-(aminomethyl)-5,6-dihydro- lff-pyrrolo[ 1,2.3-
de]quinoxaline-2,3-dione Hydrochloride (19f). A solution 
of 8-bromo-5-(phthalimidomethyl)-5,6-dihydro-liy-pyrrolo-
[l,2,3-(ie]quinoxaline-213-dione (100 mg) in a mixture of acetic 
acid (6 mL) and concentrated HCl (6 mL) was refluxed for 4.5 
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h and concentrated. The residue was triturated with meth
ylene chloride containing a small amount of methanol. The 
precipitates were collected by filtration, rinsed with methylene 
chloride, and dried in vacuo to give 60 mg of the title compound 
(60%): mp 268 0C dec; 1H NMR (270 MHz, DMSO-d6) 6 11.98 
(s, 1 H), 8.07 (br, 3 H), 7.23 (d, 1 H, J = 1 Hz), 7.07 (d, 1 H, J 
= 1 Hz), 5.02-5.12 (m, 1 H), 3.56 (dd, 1 H, J = 17, 10 Hz), 
3.28-3.48 (m, 2 H), 3.11 (dd, 1 H, J = 17, 3 Hz). Satisfactory 
elemental analysis was not obtained, and the material was 
used for the next step without further purification. 

9-Bromo-5-(aminomethyl)-6,7-dihydro-l/f,5/f-pyrido-
[l,2,3-de]quinoxaline-2,3-dione Hydrochloride (19h). Hy
drolysis of 9-bromo-5-(phthahmidomethyl)-6,7-dihydro-lff,5iJ-
pyrido[l,2,3-cfe]quinoxaline-2,3-dione (1.64 g, 3.8 mmol) was 
carried out as described in synthesis of 19f to give 1.27 g of 
the title compound (96%): mp 246-255 0C dec; 1H NMR (270 
MHz, DMSO-de) d 12.10 (bs, 1 H), 8.12 (bs, 3 H), 7.23 (s, 2 H), 
5.05-5.17 (m, 1 H), 2.85-3.10 (m, 3 H), 2.78 (dm, IR, J = 
17.1 Hz), 2.25 (dm, 1 H, J = 13.5 Hz), 1.77-1.95 (m, 1 H). 
Satisfactory elemental analysis was not obtained, and the 
material was used for the next step without further purifica
tion. 

8-Bromo-5-(phenylcarbamoyl)-5,6-dihydro-l/f-pyrrolo-
[l,2,3-de]quinoxaline-2,3-dione (20c). To a solution of 
8-bromo-5-carboxy-5,6-dmydro-li/-pyrrolo[l,2,3-cfe]quinoxaline-
2,3-dione (300 mg, 0.96 mmol) and aniline (97 /uL, 1.061 mmol) 
in DMF (3 mL) was added l-ethyl-3-[3'-(dimethylamino)propyl]-
carbodiimide (164 mg, 1.06 mmol) and iV-hydroxybenztriazole 
(162 mg, 1.06 mmol) at 0 0C. The mixture was stirred at room 
temperature overnight, and aqueous 0.1 N HCl was added. 
The precipitates formed were collected by filtration, washed 
with distilled water, and dried in vacuo to give 274 mg of the 
title compound (74%): mp >300 °C; 1H NMR (270 MHz, 
DMSO-ds) d 12.09 (s, 1 H), 10.45 (s, 1 H), 7.59 (d, 2 H, J = 75 
Hz), 7.34 (t, 2 H, J = 7.5 Hz), 7.23 (d, 1 H, J = 1 Hz), 7.10 (t, 
1 H, J = 7.5 Hz), 7.07 (d, 1 H, J = 1 Hz), 5.31 (dd, 1 H, J = 10, 
5 Hz), 4.32 (d, 2 H, J = 5.6 Hz), 3.78 (dd, IU, J= 17,10 Hz), 
3.35 (dd, 1 H, J = 17, 5 Hz). Anal. (Ci7H12N3O3Bi-2Z3H2O): 
C, H, N. 

9-Bromo-5-(phenylcarbamoyl)-6,7-dihydro-l/f,5/7-py-
rido[l,2,3-de]quinoxaline-2,3-dione (2Od). A procedure 
similar to that described in synthesis of 20c was carried out 
with 9-bromo-5-carboxy-6,7-dihydro-lH,5jff-pyrido[l,2,3-<ie]-
quinoxaline-2,3-dione (300 mg, 0.92 mmol) and aniline (93 mg, 
1.0 mmol) to give 310 mg of the title compound (84%): mp 
>250 0C; 1H NMR (270 MHz, DMSO-^6) d 12.25 (s, 1 H), 10.36 
(s, 1 H), 7.56 (d, 2 H, J = 8 Hz), 7.33 (t, 2 H, J = 8.0 Hz), 7.24 
(bs, 1 H), 7.22 (bs, 1 H), 7.09 (t, 1 H, J = 8 Hz), 5.32-5.36 (m, 
1 H), 2.89 (dm, IH, J= 16.8 Hz), 2.58-2.81 (m, 2 H), 2 .05-
2.22 (m, 1 H). Anal. (Ci8H14N3O3Br-V2H2O): C, H, N. 

8-Bromo-5-[(phenylcarbamoyl)methyl]-5,6-dihydro-
li/-pyrrolo[l,2,3-de]quinoxaline-2,3-dione (2Oe). A pro
cedure similar to that described in synthesis of 20c was carried 
out with 8-bromo-5-(carboxymethyl)-5,6-dihydro-lif-pyrrolo-
[l,2,3-cfe]quinoxaline-2,3-dione (130 mg, 0.40 mmol) and aniline 
(40 /AJ, 0.44 mmol) to give 82 mg of the title compound (51%): 
mp 186 0C dec; 1H NMR (270 MHz, DMSO-d6) <5 12.23 (s, 1 
H), 10.34 (s, 1 H), 7.55 (d, 2 H, J = 8 Hz), 7.32 (t, 2 H, J = 8 
Hz), 7.22 (s, 2 H), 7.07 (t, 1 H, J = 8 Hz), 5.30-5.36 (m, 1 H), 
2.86 (dm, 1 H, J = 18 Hz), 2.75 (dm, 1 H, J = 14 Hz), 2.62 (m, 
1 H, J = 14 Hz), 2.02-2.18 (m, 1 H); HRMS calcd for 
C18Hi4N3O3Br 399.0219, found 399.0148. Anal. (C18H14N3-
03Bi-2H20): C, H; N: calcd, 9.63; found, 10.31. 

8-Bromo-5-[(phenylcarbamoyl)-6,7-dihydro-LH,5H-py-
rido[l,2,3-de]quinoxaline-2,3-dione (2Og). The title com
pound was obtained by a method similar to that described 
in synthesis of 20c with 9-bromo-5-(carboxymethyl)-6,7-dihy-
dro-lif,5if-pyrido[l,2,3-<ie]quinoxaline-2,3-dione: mp >270°C; 
1H NMR (270 MHz, DMSO-d6) & 12.07 (bs, 1 H), 10.01 (s, 1 
H), 7.56 (d, 2 H, J = 7.4 Hz), 7.30 (t, 2 H, J = 7.9 Hz), 7.24 (d, 
1 H, J = 2 Hz), 7.17 (d, 1 H, J = 2 Hz), 7.05 (t, 1 H, J = 7.5 
Hz), 5.16-5.26 (m, 1 H), 3.07 (ddd, 1 H, J = 17.1, 13.5, 4.5 
Hz), 2.83 (dm, IH, J= 17.1 Hz), 2.63 (dd, IH, J= 13.5, 3.6 
Hz), 2.57 (dd, 1 H, J = 13.5, 4.5 Hz), 2.12 (dm, 1 H, J = 13.5 
Hz), 1.78-1.96 (m, 1 H). Anal. (C19Hi6N3O3Br): C, H, N. 

8-Bromo-5-[(benzoylamino)methyl]-5,6-dihydro-lff-

pyrrolo[l,2,3-dc]quinoxaline-2,3-dione (2If). A mixture 
of8-bromo-5-(ammomethyl)-5,6-dihydro-li/-pyrrolo[l,2,3-ofe]-
quinoxaline-2,3-dione hydrochloride (134 mg, 0.405 mmol), 
triethylamine (124^L, 0.892 mmol), benzoic acid (54 mg, 0.446 
mmol), l-ethyl-3-[3 -(dimethylamino)propyl]carbodiimide (69 
mg, 0.446 mmol) and AT-hydroxybenztriazole (68 mg, 0.446 
mmol) in DMF (6 mL) was stirred for 20 h at room tempera
ture, and 0.1 N hydrochloric acid (20 mL) was added. The 
precipitates formed were collected by filtration, washed with 
distilled water, and dried in vacuo to give 87 mg of the title 
compound (52%): mp 180.5-182 0C; 1H NMR (270 MHz, 
DMSO-de) (5 11.86 (s, 1 H), 8.56 (t, 1 H, J = 6 Hz), 7.34-7.54 
(m, 5 H), 7.12 (s, 1 H), 7.17 (s, 2 H), 4.96-5.06 (m, 1 H), 3.90-
4.00 (m, 1 H), 3.72-3.82 (m, 1 H), 3.43 (dd, 1 H, J = 17, 10 
Hz), 3.19 (dd, 1 H, J = 17, 3 Hz). Anal. (C18H14N3O3Br-V 
2H20): C, H, N. 

9-Bromo-5-[(Benzoylamino)methyl]-6,7-dihydro-l/7,5/f-
pyrido[l,2,3-cfe]quinoxaline-2,3-dione (2Ih). A procedure 
similar to that described in synthesis of 21f was carried out 
with9-bromo-5-(aminomethyl)-6,7-dihydro-lH,5ii'-pyrido[l,2,3-
de]quinoxaline-2,3-dione hydrochloride (800 mg, 2.31 mmol) 
and benzoic acid (312 mg, 2.56 mmol) to give 564 mg of the 
title compound (59%): mp 169-175 0C dec; 1H NMR (270 MHz, 
DMSO-de) <5 12.03 (s, 1 H), 8.66 (t, 1 H, J = 5.4 Hz), 7.77 (d, 
2 H, J = 8.6 Hz), 7.41-7.56 (m, 3 H), 7.24 (s, 1 H), 7.19 (s, 1 
H), 5.03-5.13 (m, 1 H), 3.62 (dt, 1 H, J = 11, 6.5 Hz), 3.28-
3.40 (m, 1 H), 3.10 (ddd, 1 H, J = 17.1, 13.5, 4.5 Hz), 2.78 
(dm, 1 H, J = 17.1 Hz), 2.14 (dm, 1 H, J = 13.5 Hz), 1.73-
1.89 (m, 1 H). Anal. (C19H16N3O3Br-V2H2O): C, H, N. 

8-Bromo-5-[(JV/-phenylureido)methyl]-5,6-dihydro-l/f-
pyrrolo[l,2,3-de]quinoxaline-2,3-dione (22f). A mixture 
of8-bromo-5-(aminomethyl)-5,6-dihydro-lH-pyrrolo[l,2,3-de]-
quinoxaline-2,3-dione hydrochloride (134 mg, 0.405 mmol), 
triethylamine (136 jiL, 0.972 mmol), and phenyl isocyanate 
(53 fiL, 0.486 mmol) in DMF (2 mL) was stirred for 3 h at 
ambient temperature, and 0.1 N hydrochloric acid (20 mL) was 
added. The precipitates formed were collected by filtration, 
washed with distilled water, and dried in vacuo. The precipi
tates were rinsed with dichloromethane containing a small 
amount of methanol to give 79 mg of the title compound 
(47%): mp 175-179 0C dec; 1H NMR (270 MHz, DMSO-^6) d 
11.93 (bs, 1 H), 8.31 (s, 1 H), 7.31 (d, 2 H, J = 8 Hz), 7.19 (s, 
1 H), 7.18 (t, 2 H, J = 8 Hz), 7.01 (s, 1 H), 6.87 (t, 1 H, J = 8 
Hz), 6.42 (t, 1 H, J = 6 Hz), 4.86-4.95 (m, 1 H), 363-3.75 (m, 
2 H), 3.45 (dd, 1 H, J = 17, 10 Hz), 3.19 (dd, 1 H, J = 17, 4 
Hz). Anal. (C18H15N403Bi-s/4H20): C, H, N. 

9-Bromo-5-[(Ar-phenylureido)methyl]-6,7-dihydro-LH,-
5/7-pyrido[l,2,3-de]quinoxaline-2,3-dione (22h). A mix
ture of 9-bromo-5-(aminomethyl)-6,7-dihydro-!//,SiZ-pyrido-
[l,2,3-cfe]quinoxalme-2,3-dione hydrochloride (52 mg, 0.15 
mmol), triethylamine (62.7 fiL, 0.45 mmol), and phenyl isocy
anate (20 /iL, 0.18 mmol) in DMF (1.5 mL) was stirred 
overnight at ambient temperature, and 0.1 N hydrochloric acid 
(20 mL) was added. The mixture was extracted with a mixture 
of ethyl acetate and THF, washed with brine, dried over 
magnesium sulfate, and concentrated. The residual solid was 
recrystallized from dichloromethane-DMF to give 26 mg of 
the title compound (40%): mp >270 0C; 1H NMR (270 MHz, 
DMSO-Ci6) d 12.03 (s, 1 H), 8.89 (bs, 1 H), 7.39 (d, 1 H, J = 8.6 
Hz), 7.21 (t, IH1J= 8.6 Hz), 7.19 (s, 1 H), 7.14 (s, 1 H), 6.89 
(t, 1 H, J = 8.6 Hz), 6.89 (bs, 1 H), 4.84-4.94 (m, 1 H), 3.10-
3.30 (m, 2 H), 3.06 (ddd, 1 H, J = 17.1, 13.5, 4.5 Hz), 2.76 
(dm, 1 H, J = 17.1 Hz), 2.18 (dm, 1 H, J = 13.5 Hz), 1.72-
1.88 (m, 1 H). Anal. (Ci9Hi7N4O3Br-DMF-V2H2O): C, H, N. 

(S)-9-Bromo-5-(carboxymethyl)-6,7-dihydro-lff,5/7-py-
rido[l,2,3-efe]quinoxaline-2,3-dione (23g). The title com
pound was prepared starting with (S)-2-(methoxycarbonyl)-
tetrahydroquinoline as described for 18g: mp 174-175 °C; [ah 
= -108.3°, c = 0.1 in MeOH. The spectral properties of the 
title compound were identical with those of 18g. 

(i?)-9-Bromo-5-(carboxymethyl)-6,7-dihydro-lff,5ff-py-
rido[l,2,3-de]quinoxaline-2,3-dione (24g). The title com
pound was prepared starting with CR)-2-(methoxycarbonyl)-
tetrahydroquinoline as described for 18g: mp 173-174 0C; [OJD 
= 106.7°, c = 1 in MeOH. The spectral properties of the title 
compound were identical with those of 18g. 
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(S)-9-Bromo-5-[(phenylcarbamoyl)methyl]-6,7-dihydro-
Lff ,5f?-pyrido[ l ,2 ,3-dc]quinoxal ine-2 ,3-dione (25g). The 
t i t le compound was p repared s t a r t ing wi th (S)-2-(methoxy-
carbonyl) tetrahydroquinoline as described for 2Og: m p >270 
0C; [oJD = 83.3°, c = 0.1 in DMF. The spectral propert ies of 
t he t i t le compound were identical wi th those of 2Og. 

(B)-9-Bromo-5-[(phenylcarbamoyl)methyl]-6,7-dih.ydro-
Lff ,5f f -pyrido[ l ,2 ,3-dc]quinoxal ine-2 ,3-dione (26g) . The 
t i t le compound was prepared s ta r t ing wi th (R)-2-(methoxy-
carbonyl) tetrahydroquinoline as described for 2Og: m p >270 
0C; [a ] D = 80.1°, c = 0.1 in DMF. The spectral propert ies of 
t he t i t le compound were identical wi th those of 2Og. 

Acknowledgment. We thank Messrs. Y. Saito, H. 
Yasuda, Y. Maruoka, and A. Murakami for evaluation 
of the biological activities. We thank Ms. Y. Nagaya 
for her technical assistance. We appreciate Dr. I. Saji, 
Mr. K. Shimago, and Mr. K. Kozuki for their valuable 
discussions. We also express appreciation to Dr. M. 
Sunagawa for encouragement and stimulating discus
sion. 

References 

(1) Review: (a) Meldrum, B.; Garthwaite, J. Excitatory Amino Acid 
and Neurodegenerative Disease. Trends Pharmacol. Sci. 1990, 
11, 379-387. (b) Choi, D. W. Cerebral Hypoxia: Some New 
Approaches and Unanswered Questions. J. Neurosci. 1990,10, 
2493-2501. 

(2) Review: Albers, G. W. Potential Therapeutic Uses of N-Methyl-
D-Aspartate Antagonists in Cerebral Ischemia. Clin. Neurop-
harmacol. 1990, 3, 177-197. 

(3) (a) Moriyoshi, K; Masu, M.; Ishii, T.; Shigemoto, R.; Mizuno, 
N.; Nakanishi, S. Molecular Cloning and Characterization of the 
Rat NMDA Receptor. Nature 1991, 354, 31-37. (b) Meguro, 
H.; Mori, H.; Araki, K.; Kushiya, E.; Kutsuwada, T.; Yamazaki, 
M.; Kumanishi, T.; Arakawa, M.; Sakimura, K.; Mishina, M. 
Functional Characterization of a Heteromeric NMDA Receptor 
Channel Expressed from Cloned cDNAs. Nature 1992,357, 7 0 -
74. 

(4) Reviews: (a) Carter, A. J. Glycine Antagonists: Regulation of 
the NMDA Receptor-Channel Complex by the Strychnine-
Insensitive Glycine Site. Drugs Future 1992,17, 595-613. (b) 
Kemp, J. A.; Leeson, P. D. The Glycine Site of the NMDA 
Receptor - Five Years on. Trends Pharmacol. Sci. 1993, 14, 
20-25. 

(5) Johnson, J. W.; Asher, P. Glycine Potentiates the NMDA 
Response in Cultured Mouse Brain Neurons. Nature 1987,325, 
529-531. 

(6) (a) Watson, G. B.; Hood, W. F.; Monahan, J. B.; Lanthorn, T. H. 
Kynurenate Antagonizes Actions of N-Methyl-D-Aspartate 
through a Glycine-Sensitive Receptor. Neurosci. Res. Commun. 
1988,2, 169-174. (b) Kemp, J. A.; Foster, A. C; Leeson, P. D.; 
Priestley, T.; Tridgett, R.; Iversen, L. L.; Woodruff, G. N. 
7-Chlorokynurenic Acid Is a Selective Antagonist at the Glycine 
Modulatory Site of the N-Methyl-D-aspartate Receptor Complex. 
Proc. Natl. Acad. Sci. U.SA. 1988, 85, 6547-6550. (c) Leeson, 
P. D.; Baker, R.; Carling, R. W.; Curtis, N. R.; Moore, K. W.; 
Williams, B. J.; Foster, A. C; Donald, A. E.; Kemp, J. A.; 
Marshall, G. R. Kynurenic Acid Derivatives. Structure-Activity 
Relationships for Excitatory Amino Acid Antagonism and Iden
tification of Potent and Selective Antagonists at Glycine Site on 
the N-Methyl-D-Aspartate Receptor. J. Med. Chem. 1991, 34, 
1243-1252. (d) Baron, B. M.; Harrison, B. L.; Miller, F. P.; 
McDonald, I. A.; Salituro, F. G.; Schmidt, C. J.; Sorensen, S. 
M.; White, H. S.; Palfreyman, M. G. Activity of 5,7-Dichlo-
rokynurenic Acid, a Potent Antagonist as the N-Methyl-D-
Aspartate Receptor-Associated Glycine Binding Site. J. Med. 
Chem. 1990, 38, 554-561. 

(7) (a) Huettner, J. E. Indole-2-Carboxylic Acid: A Competitive 
Antagonist of Potentiation by Glycine at the NMDA receptor. 
Science 1989, 243, 1611. (b) Salituro, F. G.; Harrison, B. L.; 
Baron, B. M.; Nyce, P. L.; Stewart, K. T.; McDonald, I. A. 3-(2-
Carboxyindol-3-yl)propionic Acid Derivatives: Antagonists of the 
Strychnine-Insensitive Glycine Receptor Associated with the 
N-Methyl-D-Aspartate Receptor Complex. J. Med. Chem. 1990, 
33, 2944-2946. 

(8) (a) Birch, P. J.; Grossman, C. J.; Hayes, A. G. 6,7-Dinitro-
quinoxaline-2,3-dione and 6-Nitro-7-cyano-quinoxaline-2,3-dione 
Antagonise Responses to NMDA in the Rat Spinal Cord via an 
Action at the Strychnine-Insensitive Glycine Receptor. Eur. J. 
Pharmacol. 1988, 156, 149-155. (b) Kessler, M.; Terramine, 

T.; Lynch, G.; Baudry, M. A Glycine Site Associated with 
N-Methyl-D-Aspartate Receptors. J. Pharmacol. Exp. Ther. 
1989, 36, 430-436. (c) Yoneda, Y.; Ogita, K. Abolition of the 
NMDA-Mediated Responses by a Specific Glycine Antagonist, 
6,7-Dichloroquinoxaline-2,3-dione (DCQX). Biochem. Biophys. 
Res. Commun. 1989,164, 841-849. 

(9) (a) Harrison, B. L.; Baron, B. M.; Cousino, D. M.; MacDonald, I. 
A. 4-[(Carboxymethyl)oxy]- and 4-[(Carboxymethyl)amino]-5,7-
dichloroquinohne-2-carboxylic Acid: New Antagonists of the 
Strychnine-Insensitive Glycine Binding Site on the N-Methyl-
D-Aspartate Receptor Complex. J. Med. Chem. 1990,33,3130-
3132. (b) Moroni, F.; Alesiani, M.; Galli, A.; Mori, F.; Pecorari, 
R.; Carla, V.; Cherici, G.; Pellicciari, R. Thiokynurenates: a New 
Group of Antagonists of the Glycine Modulatory Site of the 
NMDA Receptor. Eur. J. Pharmacol. 1991,199, 227-232. (c) 
Carling, R. W.; Leeson, P. D.; Moseley, A. M.; Baier, R.; Foster, 
A. C; Grimwood, S.; Kemp, J. A.; Marshall, G. R. 2-Carboxytet-
rahydroquinolines. Conformational and Stereochemical Re
quirements for Antagonism of the Glycine Site on the NMDA 
Receptor. J. Med. Chem. 1992, 35, 1942-1953. 

(10) (a) Gray, N. M.; Dappen, M. S.; Cheng, B. K.; Cordi, A. A.; 
Biesterfeldt, J. P.; Hood, W. F.; Monahan, J. B. Novel Indole-
2-carboxylates as Ligands for the Strychnine-Insensitive N-
Methyl-D-aspartate-Linked Glycine Receptor. J. Med. Chem. 
1991, 34, 1284-1292. (b) Salituro, F. G.; Tomlinson, R. C ; 
Baroh, B. M.; Demeter, D. A.; Weintraub, H. J. R.; McDonald, 
I. A. Design, Synthesis and Molecular Modeling of 3-Acylamino-
2-Carboxyindole NMDA Receptor Glycine-Site Antagonists. 
Bioorg. Med. Chem. Lett. 1991, 1, 455-460. (c) Rowley, M.; 
Leeson, P. D.; Grimwood, S.; Foster, A.; Saywell, K. 2-Carboxy 
Indolens and Indoles as Potential Glycine/NMDA Antagonists: 
Effect of Five-Membered Ring Conformation on Affinity. Bioorg. 
Med. Chem. Lett. 1992, 2, 1627-1630. 

(11) The other glycine antagonists. See: (a) Pellegrini-Giampietro, 
D. E.; Galli, A.; Alesiani, M.; Cherici, G.; Moroni, F. Quinoxalines 
Interact with the Glycine Recognition Site of NMDA Receptors: 
Studies in Guinea-Pig Myenteric Plexus and in Rat Cortical 
Membranes. Br. J. Pharmacol. 1989,174,197-204. (b) Leeson, 
P. D.; Williams, B. J.; Baker, R.; Ladduwahetty, T.; Moore, K. 
W.; Rowley, M. Effects of Five-Membered Ring Conformation 
on Bioreceptor Recognition: Identification of 3R-Amino-l-hy-
droxy-4R-methylpyrrolidin-2-one (L-687,414) as a Potent GIy-
cine/N-Methyl-D-aspartate Receptor Antagonist. J. Chem. Soc., 
Chem. Commun. 1990, 1578-1580. (c) McQuaid, L. A.; Smith, 
E. C. R.; Lodge, D.; Pralong, E.; Wikel, J. H.; Calligaro, D. O.; 
O'Malley, P. J. 3-Phenyl-4-hydroxyquinolin-2(lH)-one: Potent 
and Selective Antagonists at the Strychnine-Insensitive Glycine 
Site on the N-Methyl-D-aspartate Receptor Complex. J. Med. 
Chem. 1992, 35, 3423-3425. (d) Swartz, K. J.; Koroshetz, W. 
J.; Rees, A. H.; Huettner, J. E. Competitive Antagonism of 
Glutamate Receptor Channels by Substituted Benzazepine in 
Cultured Cortical Neurons. MoI. Pharmacol. 1992, 41, 1130-
1141. (e) Leeson, P. D.; Baker, R.; Carling, R. W.; Kulagowski, 
J. J.; Mawer, I. M.; Ridgill, M. P.; Rowley, M.; Smith, J. D1; 
Stansfield, I.; Stevenson, G. I.; Foster, A. C; Kemp, J. A. Amino 
Acid Bioisosteres: Design of 2-Quinolone Derivatives as Glycine-
Site N-Methyl-D-Aspartate Receptor Antagonists. Bioorg. Med. 
Chem. Lett. 1993, 3, 299-304. (f) Carling, R. W.; Leeson, P. D.; 
Moseley, A. M.; Smith, J. D., Saywell, K.; Tricklebank, M. D.; 
Kemp, J. A.; Marshall, G. R.; Foster, A. C; Grimwood, S. 
Anticonvulsant Activity of Glycine-Site NMDA Antagonists. 2. 
Trans 2-Carboxy-4-Substituted Tetrahydroquinolines. Bioorg. 
Med. Chem. Lett. 1993, 3, 65-70. (g) Rowley, M.; Leeson, P. 
D.; Stevenson, G. L; Moseley, A. M.; Stansfield, I.; Sanderson, 
L; Robinson, L.; Baker, R.; Kemp, J. A.; Marshal, G. R.; Foster, 
A. C; Grimwood, S.; Tricklebank, M. D.; Saywell, K. L. 3-Acyl-
4-hydroxyquinolin-2(lif)-ones. Systemically Active Anticonvul
sants Acting by Antagonism at the Glycine Site of the iV-Methyl-
D-Aspartate Receptor Complex. J. Med. Chem. 1993,36,3386-
3396. (h) Carling, R. W., Leeson, P. D.; Moore, K. W.; Smith, J. 
D.; Moyes, C. R.; Mawer, I. M.; Thomas, S.; Chan, T.; Baker, R.; 
Foster, A. C; Grimwood, S.; Kemp. J. A.; Marshall, G. R.; 
Tricklebank, M. D.; Saywell, K. L. 3-Nitro-3,4-dihydro-2(l#)-
quinolones. Excitatory Amino Acid Antagonists Acting at Gly
cine-Site NMDA and (iJS)-a-Amino-3-hydroxy-5-methyl-4-isox-
azolepropionic Acid Receptors. J. Med. Chem. 1993, 36, 3397-
3408. 

(12) Leeson, P. D.; Carling, R. W.; Moore, K. W.; Moseley, A. M.; 
Smith, J. D.; Stevenson, G.; Chan, T.; Baker, R.; Foster, A. C; 
Grimwood, S.; Kemp, J. A.; Marshall, G. R.; Hoogsteen, K. 
4-Amino-2-carboxytetrahydroquinolines. Structure-Activity Re
lationships for Antagonism at the Glycine Site of the NMDA 
Receptor. J. Med. Chem. 1992, 35, 1954-1968. 

(13) Salituro, F. G.; Harrison, B. L.; Baron, B. M.; Nyce, P. L.; 
Stewart, K. T.; Kehne, J. H.; White, H. S.; McDonald, I. A. 3-(2-
Carboxyindol-3-yl)propionic Acid-Based Antagonists of the N-
Methyl-D-aspartic Acid Receptor Associated Glycine Binding 
Site. J. Med. Chem. 1992, 35, 1791-1799. 

(14) (a) McQuaid, L. A.; Smith, E. C. R.; South, K. K; Mitch, C. H.; 
Schoepp, D. D.; True, R. A.; Calligaro, D. 0.; O'Malley, P. J.; 



3968 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 23 Nagata et al. 

Lodge, D.; Ornstei, P. L. Synthesis and Excitatory Amino Acid 
Pharmacology of a Series of Heterocyclic-Fused Quinoxalinones 
and Quinazolinones. J. Med. Chem. 1992, 35, 3319-3324. (b) 
Epperson, J. R.; Hewawasam, P.; Meanwell, N. A.; Boissard, C. 
G.; Gribkoff, V, K.; Post-Munson, D. Synthesis and Excitatory 
Amino Acid Pharmacology of Some Novel Quinoxalinediones. 
Bioorg. Med. Chem. Lett. 1993, 3, 2801-2804. 

(15) (a) Sheardown, M. J.; Nielsen, E. 0.; Hansen, A. J.; Jacobsen, 
P.; Honore, T. 2,3-Dihydroxy-6-nitro-7-sulfamoyl-benzo(f)qui-
noxaline. Science 1990, 247, 517-574. (b) Ohmori, J.; Saka
moto, S.; Kubota, H.; Shimizu-Sasamata, M.; Okada, M.; Ka
wasaki, S.; Hidaka, K; Togami, J.; Furuya, T.; Murase, K. 6-(1H-
Iniidazol-l-yl)-7-mtro-2,3(lH,4H)-qumoxalinedione Hydrochloride 
(YM90K) and Related Compounds: Structure-Activity Relation
ships for the AMPA-Type Non-NMDA Receptor. J. Med. Chem. 
1994, 37, 467-475. 

(16) Antoku, F.; Kouzuki, K.; Saji, L; Ohashi, N. Glutamic Acid 
Antagonists. Chem. Abstr. 1991, 116, 51597w. 

(17) Somei, M.; Kato, K; Inoue, S. Titanium (III) Chloride for the 
Reduction of Heteroaromatic and Aromatic Nitro Compounds. 
Chem. Pharm. Bull. 1980, 28, 2515-2518. 

(18) Dess, D. B.; Martin, J. C. Readily Accessible 12-1-5 Oxidant for 
the Conversion of Primary and Secondary Alcohols to Aldehydes 
and Ketones. J. Org. Chem. 1983, 48, 4155-4156. 

(19) (a) Paradisi, M. P.; Romeo, A. Synthesis of Peptides containing 
l,2,3,4-Tetrahydroquinoline-2-carboxylicAcid. P a r t i . Absolute 
Configurations of l,2,3,4-Tetrahydroquinoline-2-carboxylic Acids 
and 2-Substituted 1,2,3,4-Tetrahydroquinolines. J. Chem. Soc, 
Perkin Trans. 1 1977, 596-600. (b) Optically active methyl 
l,2,3,4-tetrahydroquinoline-2-carboxylate was also prepared by 
kinetic resolution using enzymatic hydrolysis. Shimago, K.; Ae, 
N. Unpublished results. 

(20) Yoneda, Y.; Suzuki, T.; Ogita, K.; Han, D. Support for Radiola-
beling of Glycine Recognition Domain on the N-Methyl-D-
Aspartate Receptor Ionophore Complex by 5,7-[3H] Dichlo-
rokynurenate in Rat Brain. J. Neurochem. 1993, 60, 634—645. 

(21) (a) Sills, M. A.; Fagg, G.; Pozza, M.; Angst, C; Brundish, D. E.; 
Hurt, S. D.; Wilusz, E. J.; Williams, M. [3H] CGP 39653: a new 
N-methyl-D-aspartate Antagonist Radioligand with Low Nano
molar Affinity in Rat Brain. Eur. J. Pharmacol. 1991,192,19-
24. (b) Zuo, P.; Ogita, K.; Han, D.; Yoneda, Y. Comparative 
Studies on Binding of 3 Different Ligands to the N-Methyl-D-
aspartate Recognition Domain in Brain Synaptic Membranes 
Treated with Triton X-IOO. Brain Res. 1993, 609, 253-261. 

(22) (a) Murphy, D. E.; Snowhill, E. W.; Williams, M. Characteriza
tion of Quisqualate Recognition Sites in Rat Brain Tissue Using 
DL-[3H]-a-Amino-3-hydroxy-5-methylisoxazole-4-propionicAcid 
(AMPA) and a Filtration Assay. Neurochem. Res. 1987,12, 755-
782. (b) Olsen, R. W.; Szamraj, O.; Houser, C. R. [3H] AMPA 
Binding to Glutamate Receptor Subpopulation in Rat Brain. 
Brain Res. 1987, 402, 243-254. 

(23) London, E. D.; Coyle, J.-T. Specific Binding of [3H] Kainic Acid 
to Receptor Sites in Rat Brain. MoI. Pharmacol. 1979,15,492-
505. 

(24) Yoneda, Y.; Ogita, K.; Enomoto, R. Characterization of Spermi-
dine-Dependent [3H] (+)-5-Methyl-10,ll-dihydro-5H-dibenzo-
[o,d]cyclohepten-5,10-imine (MK-801) Binding in Brain Synaptic 
Membranes Treated with Triton X-IOO. J. Pharmacol. Exp. 
Ther. 1991, 256, 1161-1172. 

(25) Moreau, J.-L.; Pieri, L.; Prud'hon, B. Convulsions Induced by 
Centrally Administered NMDA in Mice: Effects of NMDA 
Antagonists, Benzodiazepines, Minor Tranquilizers and Anti
convulsants. Br. J. Pharmacol. 1989, 98, 1050-1054. 

(26) Mohamadi, F.; Richards, N. G. J.; Guida, W. C; Liskamp, R.; 
Lipton, M.; Caufield, C; Chang, G.; Hendrickson, T.; Still, W. 
C. MacroModel - an Integrated Software System for Modeling 
Organic and Bioorganic Molecules Using Molecular Mechanics. 
J. Comput. Chem. 1990,11, 440-467. 

(27) Still, W. C ; Tempczyk, A.; Hawley, R. C ; Hendrickson, T. 
Semianalytical Treatment of Solvent for Molecular Mechanics 
and Dynamics. J. Am. Chem. Soc. 1990, 112, 6127-6129. 

(28) Chang, G.; Guida, W. C; Still, W. C. An Internal Coordinate 
Monte Carlo Method for Searching Conformational Space. J. 
Am. Chem. Soc. 1989, 111, 4379-4386. 

(29) Lynch, D. R.; Anegawa, N. J.; Verdoorn, T.; Pritchett, D. B. 
iV-Methyl-D-Aspartate Receptors: Different Subunit Require
ments for Binding of Glutamate Antagonists, Glycine Antago
nists, and Channel-Blocking Agents. MoI. Pharmacol. 1994,45, 
540-545. 

(30) Recently, systemically active glycine antagonists with nanomolar 
activity have been reported. Kulagowski, J. J.; Baker, R.; Curtis, 
N. R.; Leeson, P. D.; Mawer, I. M.; Moseley, A. M.; Ridgill, M. 
P.; Rowley, M.; Stansfield, I.; Foster, A. C; Grimwood, S.; Hill, 
R. G.; Kemp, J. A.; Marshall, G. R.; Saywell, K. L.; Tricklebank, 
M. D. 3'-(Arylmethyl)- and 3'-(Aryloxy)-3-phenyl-4-hydroxy-
quinolin-2(lH)-ones: Orally Active Antagonists of the Glycine 
Site on the NMDA Receptor. J. Med. Chem. 1994, 37, 1402-
1405. 


