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Summary toxicity. They are widely used as anxiolytics, antidepressants,
hypnotics, anticonvulsants, and muscle relaxBAt§! Due
. . : to the side effects such as psychological and physical depend-
Starting from 3-(3-chloro4i-pyrazol-5-yl)-H-quinoxalin-2-one o0 there is continuing interest in the development of novel
(2) a series of substituted [1,2,4]triazolo[48tuinoxalines 8a—f) . - . L
central benzodiazepine receptor ligands with improved prop-

was preparedtia a multistep reaction sequence. Affinities of the ~~ . has b f dth d h
novel derivativeSa—ffor benzodiazepine as well as for adenosine€tI€S- It has been found that many compounds, whose struc-

As- and Ava-receptors of rat brain were determined by radioligandures were apparently unrelated to benzodiazepines, are able
binding assays. 1-Methyl-4-(3-chlor¢dpyrazol-5-yl) derivative  to bind competitively to the benzodiazepine binding site of
3a exhibited submicromolar affinity for the benzodiazepine bindthe GABAa receptor[Sb_C], e.g.[1,2,4]triazolo[1,5€]quin-
ing site of GABA receptorski = 340 M) and was less potent at azolin-5(64)-ones32] [1,2,4]triazo|o[4,3bé§)yridazine§3d],
A1- (Ki = 7.85uM) and Aoa- (Ki = 1.43uM) adenosine receptors and imidazo[1,5]quinoxaline derivativet.
(AR). Derivatives with larger substituents in the 1-position showed Adenosine receptors (AR) — which belong to the super-
reduced binding to benzodiazepine angh/AR, but increased  famjly of G-protein-coupled receptors — can be divided into
A1-AR affinity, the 2-thienylmethy! derivativaf being the mclst two ‘high affinity’ subtypes % and Ap) and two ‘low
Sggeﬂfvl?nd selective #AR ligand of the present serieki(=  ,¢rininy subtypes (Ag and Ag) [/, Whereas the first types of
: receptors are stimulated by adenosine in nanomolar concen-
trations the latter require micromolar concentrations of
adenosine for activatidfl. Antagonists of the fAadenosine
receptors are of interest for the treatment of demerigs (
Alzheimer's disease), depression, or as diuretics, antihyper-
Recently we have observed a novel type of a 1,2-diazinetensives, antiarrhythmics, and for the prevention of acute
1,2-diazole ring transformatidhl. The product of this reac- renal failurd®2-21 On the other hand, adenosing&antago-
tion — a pyrazolyl substituted quinoxalinof® — was found nists may be used as drugs for the treatment of Morbus
to represent an attractive educt for the development of potétarkinsort®@®! During recent years a number of potent and
tially bio-active compound€2-"] selective AR antagonists have been discovéi&®] and
some of them are currently under clinical development. Most
of the adenosine receptor antagonists are aromatic nitrogen-

Introduction

H
‘N’N\ containing heterocyclic compounds.g. xanthines, pyra-
NH, CI N~ NaH in DME Ne €l zolo[1,54a]pyridines, pyrrolo[2,3d]pyrimidines, pyr-
@\ O @[ azolo[3,4d]pyrimidines, [1,2,4]triazolo[1,%]quinoxalines,
N cl N0 and [1,2 4]triazolo- [4,3]quinoxalined#b-¢. 8a—]
H O b Herein we report on the synthesis of tricyclic compounds
™) @ of type3 structurally related to recently described adenosine

receptor antagonists*?—Cl. Moreover we present the results
Scheme 1.Formation of the pyrazolyl-substituted quinoxalinoi® ( of biological evaluation as benzodiazepine and adenogine A
from (@). and Apa-receptor ligands.

In view of the interesting biological activities described for
[1,2,4]triazolo-annelated heterocyclesd benzodiazepine
receptor bindind®9 and adenosine receptor antagonisti
propertied*@=C) the pyrazolyl substituted [1,2,4]triazoloqui- .
noxalines of type3 became an object of our interest asc hemistry
potential benzodiazepine and/or adenosine receptor ligandsThe [1,2,4]triazolo[4,3]quinoxaline derivatives of typ@

Benzodiazepine derivatives have attracted the attentionveére prepared as shown in Schein8tarting from the ring
researchers owing to their interesting activities and their logontraction produc? (11 the chloro substituted quinoxaline

giesults and Discussion
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R =CH,, CH,Ph, Ph R =H, alkyl, CF,
(3) M S (4) X
X=0,8 R'=NR'R2 (R', R2= e.g. H, alkyl, cycloalkyl)

R" = H; 7-Cl; 8-Cl; 7,8-Cl,; 7-F; 8-F; 7,8-F,;
7,8-Br,; 7-OMe; 8-OMe
Figure 1. Structures of the target compounds of tg@nd adenosine receptor antagon4§f§’°].

5 was prepared by requxmg in phosphorus oxychloride in synthesised derivatives is based on correct elemental analyses
the presence of pyrldlr{%a The novel 2-hydrazino deriva- as well as on IR'H-NMR, and mass spectral data.
tive 6 became accessible by heating af hydrazine hydrate
at 150 °C. Biological Evaluation of Compound3a—f as Ligands for
Acylation of the hydrazino function was achieved by treaBenzodiazepine Binding Sites
ment of6 in dry N,N-dimethyl formamide with carboxylic Th q . . di dioligand bindi
acid derivatives (acetyl chloride, benzoyl chloride, phenyl- & compounds were investigated In radioligand binding
acetyl chloride, furan-2-carbonyl chioride, thiophene-2-caf-SSays at rat brain cortical membranes. ImUaII;gldall com-
bonyl chloride, and thiophen-2-yl-acetyl chloride, pounds were screened for their potency to displadi
respectively) in the presence of triethylamine. The hydrazi epam from its binding site at a_smgle concentration
derivativesra—fwere converted into the tricyclic compound OuM). For_the most potent compoung. 33, thek; value
of type 3 by heating in a mixture of 1,2-dichloroethane and'as determined additionally.
phosphorus oxychloride. Interestingly, cyclisation of com
pound 7d was already observed while recrystallising th
compound in a mixture of 1,4-dioxane aNgN-dimethyl ~ The results obtained (see Table 1) indicate that the methyl
formamide. Under these conditions a 68% yiel@dfwas substituted tricycle is the most potent derivative in this series
obtained. However, it turned out that this facilitated cyclisgK; = 340 nM) which exhibits an approximately 40-fold lower
tion was restricted to compoufd and the approach could activity than the reference compound diazepam. Formal re-
not be generalised. placement of the methyl substituent by a (hetero)aromatic
Analytically pure hydrazides as well as the cyclised prodphenyl, 2-thienyl, 2-furyl) or (hetero)arylmethyl (benzyl,
ucts could be obtained by recrystallisation from appropriaethienylmethyl) moiety was found to result in a decrease in
solvents (see Experimental). Structural proof for all newlgenzodiazepine receptor affinity.

H H H
‘NN ‘NN NN
N N N
A i = i A i
Z P ,NH2
I\Il (@] N Cl N N
H

2) (5) (6)

X, f¢ e @ fw
R =-CH, (a), -Ph (b), -CH,Ph (c),

o S S

e We T W

(§tructure Activity Relationships

(7a-) (3a)

Scheme 2Synthesis of 4-[3(5)-chloroH-pyrazol-5(3)-yl][1,2,4]triazolo[4,3]quinoxalines 8a-f). Reagents used: (i) PQCpyridine, reflux; (i) hydrazine
monohydrate, reflux; (iii) R-COCI, N(#s)3 in N,N-dimethyl formamide, room temperature; (iv) P@Q|2-dichloroethane, reflux or heating in a mixture
of N,N-dimethyl formamide and 1,4-dioxane (for R = 2-furyl).
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Table 1. Inhibition of *H]diazepam binding to rat brain by test compounds.

H“N‘ N
N :(l&m
N
LT
J=n
R (3a-0)
Compd. R Percent specific inhibitiagnSEM ( = 3) Ki+ SEM (n = 3)
of [3H]diazepam binding to rat brain cortical UNI]
membranes by test compound (1)
diazepam n.d? 0.009+ 0.0031%)
3a methyl 85+ 1 0.34+ 0.08
3b phenyl 57+5 n.d®
3c benzyl 42+ D n.d?
3d 2-furyl 51+9 n.d?
3e 2-thienyl 57+2 n.d®
3f 2-thienylmethyl 39 19 n.d®

¥ n.d. = not determined

® |nhibition of PH]diazepam binding may be underestimated due to low solubilBy (dstimated < 3M).
Radioligand could be absorbed to the precipitate formed and thus result in high counts feigning low affinity.

Table 2. A1-Adenosine receptor affinities:

H‘N~N
98
N™ SN
)=
R (3a-H)
Compd. R A-affinity
Ki = SEM [uM] (n = 2)
Rat brain cortical membranes
[PHICCPA
caffeine 23.5+ 3.0
3a methyl 7.85 0.95
3b phenyl 1.620.68
3c benzyl 0.3% 0.09
3d 2-furyl 0.41+ 0.16
3e 2-thienyl 0.7 0.06
3f 2-thienylmethyl 0.2@ 0.01

3 Estimated value through extrapolation of the curve. A complete curve

could not be recorded due to low solubility of the compound.

Biological Evaluation of Compoun®a—fas Adenosine Re-

ceptor Antagonist

The pyrazolyl-substituted [1,2,4]triazolo[4s3quinoxal-

[3H]3-(3-hydroxypropyl)-8-(3-methoxystyryl)-7-methyl-1-
propargylxanthine (MSX- as A ligand, caffeine was
chosen as a standard reference compound. The results thus
obtained are shown in Tables 2 and 3.

Structure-Activity Relationships

The results of these binding assays indicate that all new
compounds prepared show affinity to adenosine receptors.
A-Affinity of the novel derivatives is higher than that of
caffeine, which was tested as a reference compound. Further-
more, the methyl substituted tricyclic compound was about
20-fold more potent at #y-receptors than caffeine. Since a
virtuall[)é intact ribose moiety is required for agonistic activity
at AR it can be assumed that triazoloquinoxaliBasH,
which are lacking a ribose residue, are antagonists at AR, like
caffeine.

A substituent in position 1 of the tricyclic system has a
profound effect on affinity as well as selectivity.

For Ai-adenosine receptor affinity the following structure-
activity relationships could be established: the methyl substi-
tuted derivative3a exhibits only low affinity, (formal)
exchange of methyl by a (hetero)aryl or (hetero)arylmethyl
moiety leads to increased potency. Comparing these com-
pounds, the rank order of1AAR affinity according to the
nature of the substituent is as follows: pheB) < 2-thienyl
(36 < 2-furyl (3d) < benzyl 8c) < 2-thienylmethyl 8f). In
this series, the heteroaryl substituted derivatiBti3€)
turned out to be about 2- to 4-fold more potent than the

ines3 were further tested in radioligand binding assays f&orresponding phenyl substituted compoGhd Formal re-
affinity at As- and Apa-adenosine receptors in rat corticalPlacement of the (hetero)aryl moiety by a (hetero)arylmethyl
membrane and rat striatal membrane preparations, respgdbstituent, however, leads to a further increaseiR
tively. The Ai-selective agonisBH]2-chloroN®-cyclopen-  affinity. The most active compound in this seri8§ (vas
tyladenosine (CCPA}lO] was used as Aligand and approximately 120-fold more potent than caffeine.

Arch. Pharm. Pharm. Med. Chem. 331, 163-169 (1998)
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Table 3. A2a-Adenosine receptor affinities

Matuszczak, Pekala, and Miiller

H‘N‘N
N r%}m
~N
EIN \N
J=n
R (3a-)

Compd. R Aa-affinity Ki
Percent specific inhibitiot SEM (n = 2) m]
of [?H]MSX-2-binding to rat striatal membranes
by test compound (25M)

caffeine 36 (at 30uM) 325

3a methyl 96+ 1 1.43

3b phenyl 0 n.d

3c benzyl 6.1+ 1.5 n.d®

3d 2-furyl 31+3 n.d”

3e 2-thienyl 22+ 13 n.d®

3f 2-thienylmethyl 21+ 10 n.d”

¥ result from single experiment
®n.d. = not determined

° Inhibition of [3H]MS><-2 binding may be underestimated due to low solubilitgofestimated < 3M). Radioligand
could be absorbed to the precipitate formed and thus result in high counts feigning low affinity.

These structure-activity relationships are in accordan€&ompound3ais 5-fold selective for the £-AR versus A,
with pharmacophore models described faradlenosine re- while compounds with larger substituents afes@lective.

ceptor antagonists

as shown for the potensdective AR

In conclusion, the pyrazolyl-substituted [1,2,4]triazolo[4,3-

antagonistADPEBb'lz], a pyrrolo[2,3d]pyrimidine deriva-  a]quinoxaline derivatives show affinity to benzodiazepine
tive (see Figure ﬁgb]). A1-AR ligands typically contain a and/or adenosine receptors. Whereas the 1-(hetero)aryl and
hydrogen bond donor at a certain distance from a hydrogénhetero)arylmethyl substituted derivatives represent selec-
bond acceptor (see Figure 2). A lipophilic domain increas¢ise Aj-adenosine receptor ligands, compoBadbearing a

A1 selectivity of AR antagonists versus» AR since the methyl group in position 1 of the tricycle) shows affinity to
Az>a-AR shows restricted bulk tolerance in that receptdsenzodiazepine andsA-adenosine receptors §AA1 = 5),
domain(®® 12d] A major drawback of the derivatives bearingwith four-fold higher affinity to benzodiazepine receptors as

a lipophilic moiety (especially benzyl), however, is the loncompared to Ay adenosine receptors. Based on these struc-

solubility of these compounds.

(3a-f)
ADPEP

i hydrogen bond acceptor V hydrogen bond donor

pophilic domain

linglure 2. Pharmacophore model foriAadenosine receptor antagonfgi’s

Structure-activity relationships for compoungisit Apa-

ture-activity relationships further structural modifications are
in progress in order to increase affinity and selectivity of this
new class of AR antagonists and ligands for the ben-
zodiazepine binding site of GABAreceptors.
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Experimental

Melting points were determined on a Kofler hot-stage microscope
(Reichert) and are uncorrected. IR spectra were taken on a Mattson Galaxy
Series FT-IR 3000 spectrophotometer (KBr pellets). Mass spectra were
obtained on a Finnigan MAT SSQ 70081 and**c NMR spectra were
recorded on a Varian Gemini 200 spectromé‘tér199.98 MHz). The centre

AR can be described as follows: the 1-methyl substitutesfithe solvent multiplet (EJDMSO) was used as internal standard (chemical

derivative 3a represents the most active AAR ligand in

this series, (formal) replacement of methyl by (hetero)aryl

shifts ind ppm), which was related to TMS wilit2.49 ppm forH. Reactions
were monitored by TLC using PolygrgnSIL G/UV2s4 (Macherey-Nagel)

(Brastic-backed plates (0.25 mm layer thickness). Microanalyses were per-

(hetero)arylmethyl leads to a reduction of receptor affinityormed at the Institute of Physical Chemistry (Mag. J. Theiner), University
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of Vienna, Austria. All analyses were witht0.4% of the calculated values. Anal. C,H,N.— IR (KBr): 3461, 3230, 1637 ¢h-"H-NMR ([Dg]DMSO +
Light petroleum refers to the fraction of bp 40-60 °C. The yields are nétdrop of DO): & = 7.92-7.91 (m, 2H), 7.62 (‘s’ br, 1H), 7.51 (‘'s’ br, 1H),

optimised. 7.20 (‘s’ br, 1H) (quinoxaline-H-5, -H-6, -H-7, -H-8, pyrazole-H-4, furan-H-
5), 7.29 (dJ = 3.5 Hz, 1Hz, furan-H-3), 6.70 (d#i= 3.5 HzJ = 1.8 Hz, 1H,
Syntheses furan-H-4).— EI MS (70 eV)m/z= 354 [M'].

Starting materials: 2-Chloro-3-(3-chloro-H-pyrazol-5-yl)-quinoxaline
(5) was [Z)repared by treatment (@) 1 with phosphorus oxychloride and 3-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-2-(2-thenoyl)-hydrazinoquinoxaline
pyridine!?" 3-(3-Chloro-H-pyrazol-5-yl)-H-quinoxalin-2-ong2) became (7€)
accessible by reaction dF(2-aminophenyl)-3,6-dichloropyridazine-4-car-

boxamide(1) with sodium hydride in dri,N-dimethy formamiddd. Recrystallisation from a mixture of 1,4-dioxane awdl-dimethyl for-

mamide (ca. 2:1) yielded 65% of yellow needles, mp 195—220 °C.—
. . . C16H11CINgOS (370.82) Anal. C,H,N.— IR (KBr): 3282, 2923, 1643 tm
3-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-2-hydrazinoquinoxaling) 1H-NMR ([DgJDMSO + 1 drop of RO): & = 8.00~7.98 (m, 1H), 7.92—7.83

A mixture of 2-chloro-3-(3-chloroH-pyrazol-5-yl)-quinoxaling(5) @ (m, 2H), 7.62-7.61 (m, 2H), 7.52—7.44 (m, 1H), 7.25-7.20 (m, 2H) (quinox-
(0.512 g, 2 mmol) in hydrazine monohydrate (15 mL) was heated at 150 &ine-H-5, -H-6, -H-7, -H-8, pyrazole-H-4, thiophene-H-3, -H-4, -H-5).— El
until TLC indicated completion of the reaction (ca. 2 h). After cooling, thé1S (70 eV):m/z= 370 [M'].
mixture was poured into ice-water (150 mL). The crystals thus obtained were
collected by filtration, washed with water and light petroleum and were ) )
recrystallised from tetrahydrofuran to yield 460 mg (88%) of a yellow[3(5)-Chloro-1H-pyrazol-5(3)-yl]-2-(2-thienylacetyl)-hydrazino-
powder, mp 243-250 °C.—1¢HoCINg (260.69) Anal. C,H,N.~ IR (KBr); duinoxaline ff)

= 1 LN = -
3308, 3147 ciff.—'H-NMR ([Dg]DMSO + 1 drop of RO): 8=7.71(dJ= Recrystallisation from 1,4-dioxane yielded 61% of a yellow powder, mp
7.8 Hz, 1H), 7.50-7.48 (m, ZH), 7.31-7.22 (m, lH) (qumoxallne-H-S, H-(\E23_229 °C, crystallised at 230 °C, then mp 250-252 °g7H1@CINsOS
H-7, H-8), 7.08 (s, 1H, pyrazole-H-4).— EI MS (70 elyz= 260 [M']. (384.85) Anal. CH,N.— IR (KBr): 3210, 3041, 1640 ¢ 'H-NMR
_ ([Ds]DMSO + 1 drop of RO): & = 8.23 (ddJ = 6.0 Hz,J = 3.5 Hz, 1H),
General Procedure for the Synthesis of Compounds of 7Type 8.12 (dd,J = 6.0 Hz,J = 3.5 Hz, 1H), 7.73-7.63 (m, 2H) (quinoxaline-H-5,

To a stirred mixture of6) (0.261-0.521 g, 1.0-2.0 mmol) and triethyl- -6, -H-7, -H-8), 7.62 (s, 1H, pyrazole-H-4), 7.41 (d¢; 4.9 Hz,J = 1.5
amine (0.121-0.242 g, 1.2-2.4 mmol, 1.2 equiv.) in Nri-dimethyl Hz, 1H, thiophene-H-5), 6.96-6.92 (m, 2H, thiophene-H-3, -H-4), 5.18 (s,
formamide (5-10 mL) was added slowly a solution of the correspondir?d"’ CHp).—~ EI MS (70 eV)m/z= 384 [M'].
carboxylic acid chloride (1.1 equiv.) (acetyl chloride, benzoyl chloride,
phenylacetyl chloride, furan-2-carbonyl chloride, thiophene-2-carbonydeneral Procedure for the Synthesis of Compounds of aygeand 3e—£
chloride, and thiophen-2-yl-acetyl chloride, respectively) in 1-2 mL of dry
N,N-dimethyl formamide at 0 °C under a nitrogen atmosphere. The mixtureA mixture of the corresponding 2-acylhydrazino-3-[3(5)-chlokbfyra-
was allowed to warm to room temperature and stirred over night at thasl-5(3)-yl]-quinoxaline(7a—c, 7e—f{0.5—-1.0 mmol) and phosphorus oxy-
temperature. Then the mixture was poured into 150-300 mL of water. Téleloride (4—8 mL) in 1,2-dichloroethane (10-20 mL) was heated under reflux
crystals thus obtained were collected by filtration, washed with water andtil TLC indicated completion of the reaction (ca. 3 h). After cooling, the

light petroleum and were recrystallised (see below). mixture was poured into ice-water (150 mL) and was extracted exhaustively
with ethyl acetate. The organic layer was washed with 2N NaOH, water and
2-Acetylhydrazino-3-[3(5)-chloro-1H-pyrazol-5(3)-yl]-quinoxalire) brine, dried over sodium sulphate and evaporatedcuo The products thus

o ) obtained were purified by recrystallisation (see below).
Recrystallisation from ethyl acetate yielded 83% of a dark yellow powder,

mp 293-297 °C.— GH11CIN6O x 0.2 CHCOOGHSs (320.35) Anal.
C,H,N.— IR (KBr): 3217, 1640 chl.— 'H-NMR ([De]DMSO + 1 drop of  4-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-1-methyl-[1,2,4]triazolo[4,3-a]-
D20): & = 7.89 (d,J = 8.0 Hz, 1H), 7.66-7.60 (m, 2H), 7.55-7.42 (m, 1H)duinoxaline ga)
gﬁlnox;lllr’lﬂeéH-% H\'/6’ '733'_(;28)'\}16 (s, 1H, pyrazole-H-4), 2.00 (s, 3H, Recrystallisation from 1,4-dioxanef@ (ca. 2:1) yielded 71% of light
8)— (70 ev)m/z= M]. beige needles, mp 283-289 °C (sublimation above 230 ° };HgCINe
(284.71) Anal. C,H,N.— IR (KBr): 3421, 3100 ¢ 'H-NMR
2-Ben20y|hydraZan-S'[3(5)-Ch|0r0-lH-pyra20|'5(3)-y|]'qu|nOXaI|ﬁex ([DG]DMSO) 5=14.22 (SY 1H, NH), 8.42-8.37 (m’ 1H), 8.14-8.09 (m, 1H),
Recrystallisation from tetrahydrofuran/ethyl acetate (ca. 1:1) yielded 80%85—7.70 (m, 2H) (H-6, H-7, H-8, H-9), 7.60 (s, 1H, pyrazole-H-4), 3.14 (s,
of a yellow powder, mp 222—225 °C.+¢81135CINGO (364.80) Anal. C,H,N.— 3H, CHs).— EI MS (70 eV)m/z= 284 [M'].
IR (KBr): 3447, 3217, 1636 cih—'H-NMR ([De]DMSO): & = 14.35 (s, br,
1H, D2O-exchangeable, NH), 10.88 (s, 1H@exchangeable, NH), 10.22 ,_ ~ R T Y RN X : Al
(br. 1H, DO-exchangeable, NH), 8.00-7.89 (m, 3H), 7.62-7.50 (m. 6F§J§f§i§’}2{f{£ﬁ” pyrazol-5(3)-yl]-1-phenyl-[1,2,4]triazolo[4,3-a]
(quinoxaline-H-5, -H-6, -H-7, -H-8, phenyl-H), 7.22 (s, 1H, pyrazole-H-4).—
El MS (70 eV):m/z= 364 [M']. Recrystallisation from ethyl acetate yielded 69% of light pink needles, mp
267-270 °C.— @H11CINg (346.78) Anal. C,H,N.— IR (KBr): 3447, 3144,
3-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-2-phenylacetylhydrazinoquinoxaline 3074 et —H-NMR ([De]DMSO0): 5 =14.30 (s, 1H, NH), 8.13 (dd= 8.0
(79 Hz,J = 1.6 Hz, 1H), 7.83—7.64 (m, 7H), 7.57—7.49 (m, 1H), 7.41-7.36 (m,

Recrystallisation from tetrahydrofuran yielded 49% of a yellow powdeézg EI\FJI:']G H-7, H-8, H-9, phenyl-H, pyrazole-H-4).— EI MS (70 em)z=

mp 225-231 °C.— gH15CINgO (378.82) Anal. C,H,N.— IR (KBr): 3213,
3040, 1637 ciit.—*H-NMR ([Dg]DMSO + 1 drop of BO): 5= 7.91 (d,J =
8.2 Hz, 1H), 7.70-7.63 (m, 2H), 7.55-7.19 (m, 7H), (quinoxaline-H-5, -H-8L-Benzyl-4-[3(5)-chloro-1H-pyrazol-5(3)-yl]-[1,2,4]triazolo[4,3-a]-
H-7, -H-8, phenyl-H, pyrazole-H-4), 3.64 (s, 2H, §H EI MS (70 eV)m/z  quinoxaline 8c)
=378 [M'].
M1 Recrystallisation from tetrahydrofuran/ethyl acetate (ca. 2:1) yielded 62%
) ) I BV 9 (D | ; ; ; of light yellow needles, mp 268-270 °C.+9813CINe x 0.8 HO (375.22)
(3753)’(5) Chloro-1H-pyrazol-5(3)-yl]-2-(2-furoyl)-hydrazinoquinoxaline Anal. CH.N— IR (KBP): 3108 cii— 1H-NMR ([DDMSO): = 14.25 (5.
1H, NH), 8.19-8.08 (m, 2H), 7.73-7.65 (m, 3H), 7.36—7.23 (m, 5H) (H-6,
Recrystallisation from ethyl acetate/tetrahydrofuran (ca. 1:1) yielded 63p67, H-8, H-9, pyrazole-H-4, phenyl-H), 5.01 (s, 2H,SHEI MS (70 eV):
of a yellow powder, mp 212-215 °C.+d811CINgO2 x 0.7 HO (367.37) m/z= 360 [M'].
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4-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-1-(2-thienyl)-[1,2,4]triazolo[4,3-a]-
quinoxaline 86

Matuszczak, Pekala, and Miiller

diazepam (uM) was used to define non-specific binding. All compounds
were initially tested in a single concentration (). For compounda a

Recrystallisation from tetrahydrofuran yielded 63% of light beige needlefyl! inhibition curve was determined in triplicaté. values were calculated
mp 307-310 °C.— GHoCIN6S (352.81) Anal. C,H,N— IR (KBr): 3448, from 1Cso values, determined by the non-linear regression program Prism

3149 crit.— 'H-NMR ([Dg]DMSO0): & = 14.29 (s, 1H, NH), 8.09 (dd,=

5.1 Hz,J = 1.2 Hz, 1H, thiophene-H-5), 8.16-8.12 (m, 1H), 7.76-7.65 (nTUSOff equatioft

2H), 7.61-7.58 (m, 2H) (H-6, H-7, H-8, H-9, pyrazole-H-4), 7.72 {dd,
3.6 Hz,J = 1.2 Hz, 1H, thiophene-H-3), 7.43 (dd; 5.1 Hz,J = 3.6 Hz, 1H,
thiophene-H-4).— EI MS (70 eVin/z= 352 [M'].

4-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-1-(2-thienylmethyl)-[1,2,4]triazolo-
[4,3-a]quinoxaline 8f)

version 1.0 (GraEhpad, San Diego, California, USA|[1)L; using the Cheng-
1 and aKp value of 4 nM for diazepaf®l.

Adenosine Binding Assays

Inhibition of binding of fH]Z—chIoro—Nﬁ—cyclopentyladenosine (CCPA)
[10] to Ai-adenosine receptors of rat brain cortical membranes and inhibition
of  [*H]3-(3-hydroxypropyl)-8-(3-methoxystyryl)-7-methyl-1-propargyl-
xanthine (MSX-Zf“] to adenosine receptors in rat brain striatal membranes

Recrystallisation from ethyl acetate/tetrahydrofuran (ca. 1:1) yielded 689/£"€ @ssayed in analogy to published proceddfbsas buffer Tris-HCI,

of light yellow needles, mp 253-258 °C.+7811CIN6S (366.83) Anal.
C,H,N.— IR (KBr): 3448, 3124 cifi—'H-NMR ([Dg]DMSO): = 14.25 (s,

50 mM, pH 7.4 (at room temp.) was used for all experiments. The incubation
tubes for the A-assay contained 28 of test compound dissolved in DMSO,

1H, NH), 8.29-8.22 (m, 1H), 8.16-8.08 (m, 1H), 7.46-7.68 (m, 2H) (H-&" DMSO alone as a control, respectively, 0.775 mL of buffer,1006f

H-7, H-8, H-9), 7.65 (s, 1H, pyrazole-H-4), 7.43 (de;, 4.8 HzJ = 1.5 Hz,

radioligand solution in buffer to obtain a final concentration of 0.5 nM and

1H, thiophene-H-5), 6.99-6.92 (m, 2H, thiophene-H-3, -H-4), 5.21 (s, 2H00 pL of membrane suspension ($@ protein per tube) treated with

CHy).— EI MS (70 eV)m/z= 366 [M'].

4-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-1-(2-furyl)-[1,2,4]triazolo[4,3-a]-
quinoxaline 8d)

Compound7d (crude product) (0.250 g, 0.70 mmol) was suspended in

mixture of dryN,N-dimethyl formamide and dry 1,4-dioxanea(10 mL,

ratio ca. 2:1) and the mixture was heated until a solution was obtained. T
the solution was cooled to room temperature and poured into ice w
(100 mL). The crystals thus obtained were filtered, washed with water a
light petroleum and dried in vacuo. Recrystallisation from ethyl acetate/tet

hydrofuran (ca. 3:1) yielded 0.160 g (68%) of light beige needles,
320-327 °C.— @H9CINGO (336.74) Anal. C,H,N.— IR (KBr): 3120 -

H-NMR ([D¢]DMSO): 5= 14.30 (s, 1H, NH), 8.21-8.14 (m, 2H), 8.14-8.09
(m, 1H), 7.80-7.66 (m, 3H), 7.38-7.33 (m, 1H), (H-6, H-7, H-8, H-9

pyrazole-H-4, furan-H-5), 7.29 (dd= 3.4 Hz,J = 0.8 Hz, 1H, furan-H-3),

6.94 (ddJ =3.4 HzJ = 1.8 Hz, 1H, furan-H-4).— EI MS (70 e\fji/z= 336

M.

Benzodiazepine and Adenosine Receptor Binding Assays
[*H]Diazepam (NET564, 3071 GBg/mmol, 83 Ci/mmol) afid]CCPA

a

adenosine deaminase, to give a final volume of 1 mL.

Aoa-assay tubes contained @b of compound dissolved in DMSO, or
DMSO as a control, respectively, 0.775 mL of buffer, 10®f radioligand
solution in buffer to obtain a final concentration of 1 nM and [iDCof
membrane suspension (jJd@ protein per tube) treated with adenosine de-

a_. ; ) .
aminase, to give a final volume of 1 mL. 2-Chloroadenosingii#pwas

H?Jfﬁd to define nonspecific binding. DMSO concentration was 2.5% (V/V) in

experiments. Incubation was performed at 23 °C for 1.5faé&ay), or
23 °C for 30 mins. (f-assay). Incubation was terminated by rapid
Jgjration through glass fiber (Schleicher & Schull GF51) filters using a cell
rvester. In order to minimise nonspecific binding of the radioligand
H]MSX-2 on the filters, those were soaked in aqueous polyethylenimine
solution (0.3%) at least 1 h before use. Filters were washed twice with 5 mL
of ice-cold buffer. The wet filter papers were incubated with scintillation
tocktail for at least 6 h before radioactivity was counted. Inhibition of the
receptor-radioligand binding was determined by a range of 5 to 6 concentra-
tions of the comi)ounds. The Cheng-Prusoff equz[ﬁﬁ].aandKD of 0.2 nM
for [3H]CCPA 1% 4nd 8 nM forTH]MSX—Z (111 \vere used to calculate the
Ki values from the 16 values, determined by the non-linear curve fitting
program PRISV (GraphPad, San Diego, California, USA).

(NET1026, 1110 GBg/mmol, 30 Ci/mmol) were obtained from New Englan

Nuclear (NEN) Life Science Products (K&ln, German

precursor oﬁH]MSX—Z was synthesised in our laboratory and radiola-

belled by American Radiolabeled Chemicals Inc. (St. Louis, Minnesota,
USA) through Biotrend (Kéln, Germany) (ART691, 3145 GBg/mmol,
(1]

85 Ci/mmol).

Drug Solutions
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The compounds were dissolved in DMSO and further diluted with tris(hy-
droxymethyl)aminomethane- (Tris-) HCI buffer (50 mM, pH 7.4) (final
DMSO concentrations: 2.5% foriAand Apa-binding assays and 1% for [3]
benzodiazepine-binding assays, respectively).

Benzodiazepine Binding Assays

Frozen rat brains were obtained from Pel-Freez, Rogers, Arkansas, USA.

The cortex was dissected and inhibition of binding%ﬁ]cﬂiazepam to rat
brain cortical membranes was determined as previously desHibddin

a final volume of 1 mL, each test tube containedf90f Tris-HCI buffer

(50 mM, pH 7.4), 1QL of drug solution (see above), 100 of rat cerebral
cortical membrane preparation with a protein concentration of caugLo€r

tube, and 10QL of [3H]diazepam solution, to give a final concentration of

1 nM. DMSO (final concentration: 1%) was necessary since the compounds
showed a rather low water-solubility. Higher concentrations of DMSO,
however, were not tolerated by the receptors. DMSO without test compound
served as a control.
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filtration through glass fiber filters (Schleicher & Schill GF51) using a
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