; 3456789: ; <e3eeNNOTUpe6NeTei , WD 03/ 053973 PCT/ AT02/ 00361 The invention
relates to pyrazol yl -substituted triazol oqui noxal i nes, thei
tetrazol oqui noxalines as well as their pharnaceutically coﬂwmmmg wmmmm"
their production as well as their use-as pharnmaceutical agents for treat
di seases in the kidney area (as K+-saving diuretic agents, for "atit e renal

failur wo b9osswesl uitis, for hepatorenal syndrpgg)aTdRbodeieati ng the heart
- (preferably in the case of cardlac irregularities, ischem a, nyocardi al
|nfarct';& ol 1-Suilestitted 126l08 plgnegentral nervous system (for denenti a,
Al zhei mer' s di sease, anxiety dlsorders epi | epsy, Parkinson's disease,
st roke, depr’ﬁmnmmxlompalﬁbsatomytdzdkyhmﬂ:lstlmtmi toamvidqne®xalared) theioasogoand f or
treating the lungs (for therapy of respiratory diseases, for exanple
ast hm, tebpztagyinoxalings @s wald evibsis |pa@§1a§eta@aﬂwe¢q1nm§bbrselﬁ%@hqmmo‘ag@m gs Vel a
lung tra Iant) In addjtjion, the invention caonprises pharnnceutlcal
agent s %Sdﬁ I} Pef mham%éwlégé%ﬁpr tr&@‘in&%}ﬁ%sgsw Hledslér@a%'@ (PUF PG a) |
infla ost for duci f rom whi ch
" cont r Bt ptS Rl B Gotet ng st F HEPefergh Dot ok ing By
known t . t S in

1‘1&% déx{éf‘eé ﬂrﬁﬂé Lale o?%gﬁ rﬂ%ulaﬁ &@ﬁ Y@EHH%& 19(6%%{}2%} ihfrcBh Qféﬁ

mamal s, umans at or extrenme Ightly
to the }gemfrgy tha@l:aﬁfa@nérooﬁsu@sfml(mrqémeﬂtfa mzheﬁ{w stdﬁde%oﬁﬂhéi}r afsordégenom ne.
itself has an effect on the nervous system the cardiovascular system the
i Mune &yipsnParkiigon’ e d{3k4sa) siioie, My pressiom Bpiatehaithiedvedd ahd somatvdecsondlyiohd)ese
actions are in general of a suppressive nature, i.e., the actions are

sedat i vand fontending ghe luegs (§drdberapyefespiratofyr dispasascior axainple hithing, tréoeehdisundsi s
as well as the |jipolysis. To date, four different adenosine receptors have
been i d@HEQVisCEIPsislaaIVEH @ Pxpéﬁcrévq seenisdeid uag dapsplangs dn @cidatl%dpﬂmmjmp@ prot ei n
G and bear the na

oxhi bi { SRS 2ot P gy isienBr AD S r%mé}féavsg%ﬁfﬂc for
par i oul o0 AASHRAERLARS, AL o HRGAR ALITRS Lol Lol SUR LR

Because of thelrr’varie npor ahce I'n ogy as me
phar MaCcgyiafYs deRdeMN QS R ak 8 Sg5§gé}ﬁse in many cases subjects of detail ed,
scientific survey articles (see, , K N Klotz, Naunyn Scl znai edeberngs
Arch. Pharnzacol ., 362, *@0002* 2 382-91 (2000); P. G Baraldi et al.,
Med. Res. Rev., 20, 103-28 (2000); C. E. Miller, FarTnaco, 56, 77-80
(2001), etc.). Wiile receptor subtyﬂknmﬁuiand AzA are highly affme and are
stinmul at ed by adenosi ne al ready in nanonol ar concentrations, subtypes AzB
and A3 exhi bitfs an(thatéhwleaﬁl)ie adenpsing i apraodydatenthat is hjawigs immapials, basi s,

adenos: MEMGGRUREPS ARG FerRFioh Ainaat! SIRAFDUEIAL S Beaprisy ﬁalbﬁ'%&ﬁ F the
basal agfi\@tk QN 2hg hrgﬁ?é%h%{eggAﬁ ot t@e‘lf‘ﬁés a%%?@gt%rtﬁé hé}Oﬁus S?E‘: Aéler eceptors

pr imar 11y exert t actiron tor exceptional cases wt i ncreased
adenosi pgdietnesat §ydlel? R imhfine SyRIP tRe Ifegﬁlrdt&? Q}%’i@lﬁ' arsd the Iﬁ%te@:‘bhﬁﬁ %H@élﬁ)l
infarction. Adenosine A~-receptors are thus al nost constantly activated
accor di thgset atibi Be DghRbrapss@ph @b natte, iX alid acliohodtt eedatiid, Wadodilxtive,
nonitoring that can be elimnated by antagonists; this is, e. g., the
phar macgbwdhekdartifeegiencyfand inbitetthe dimndsisgs avedl ad dwylipolytsisng acti on of caf f ei ne.
Adenosi ne A~--antagoni sts are therefore extrenely advantageous as
phar macol ogi Eafate gfpvr\/hffﬁrﬁgtr adgnasiiegeqeptonphaye bé@véeqtsﬁedihama@warﬁ thp adesybfse | of

SitnyLS?sr@Xaééﬁia Bl B ER R BE paPes, A A o gh AP %Eﬁt;;ai&‘e’rv%ﬁs
acut o’ S piffsRslahy 3l RRLLA (ehcHD e FRERLR i PRyl AL SRR onaar

Yy vasocRuglibis Gld ﬁﬂn@ﬁ‘ﬁahﬁ@ﬂ all @ﬁﬁfeaﬁfcs t B@cﬂk@&qhém%‘ e 1m§ﬁrt£wce ﬁr{‘lﬁedleﬂ ependent
diuretic effect, especially the promoting of the potassiumsaving

natriur p}sys&ldg"y@mv/&ula@bnm@lbgy, laGer@bin@euditbRned inigYIch R Gabjeds BLAtARE LT
retention results in a fuuther increased stress on the circulatory systen1
- | n t heci¢ntifig syrvayl emioks (ree Al g A0t N dOoizs Newgarf choiedeleracdrcha. Pharmacol., 362,
bronchoconstriction that is nediated via activation of Al-receptors by
rel axation of the snmooth tracheal nuscles; there are therefore potenti al
anti-asthmatic agents. Since these active ingredients prono m j | on
of chloride ions fromthe epithelial cells there, nnreover,lwum H“W“WW"“
action on the clinical picture of the mucoviscidosis is discussggye, 3 In a
remar kabl e manner, the activation of the A2a-receptors in the braln as wel |
as in the retina of the eye has an antagonistic effect on the A~-receptors.
Az A- ant agoni sts, which are brought into correction with the nodul ating
actlon of the aden05|ne on the rel ease of varlous neuropeptldes

T e oy e ey o . .




.~~n .-~1 ~a~. |l ~~rs 9-Chloro-2-(2-furanyl)-[ 1,2,4]triazolo |

1:5-c] qui nazol i ne- 5-am ne ~" ~ ? ~f~",4 ~Rrs..~~ ..rS
2-(2-Furanyl)-7-(2-phenyl ethyl)-7H pyrazolo [4,3-e] [ 1,2,4]triazolo |
1,5-c]pyrimdine-5-amne r~, H-,~ N~ " N. 'l ~~~ P flI ~i N~dH3811

4-[2-[[7-Ami no-2(2-furanyl)[ 1,2, 4]tri4zolo[ 1,5-a] [
1,3,5]triazin-5-yl]am go] ethyl]-phenol The cited exanples, however, have
di fferent pharnacol ogi cal or (physico)chem cal drawbacks. The devel opnent

of conpgary (G0%) 1633 Basldre N ENBRSUST Reva@8N 0L BT (20BONEMECMEIECKE MRS, t hus

hal t ed because of i nadequat e selectivity. The conpound Sch-52861, however,
has a vag; 9780 (00 Beep)t OWhidé feceptbrsublyPe000£hdsRA@8d highly Mffide and2fe sindulded™ Km
= 121 inn), but the inadequate solubility and poor oral bioavailability
limt thedphesmesntready ioakneuolaadinténtnptionsh subtypep AvnahZA &4iE8bw whi ch even
has a selectivity factor of about 400, is used only as a tritated

r adi ol i Gueramplsr) affisigatoinagiraldigands. RnAhis basih considerationh of sizggered actiwtion of
additiop to other triazol O[dl’ 5-c] qui nazqgl i nes and

tri azo|tgfsf receROFAY iRfrgpsiRgadepesing comeniradons) were AdveRreds aderrly 1a¢sBiotx ani ned.
The fact, t. n ne. hand, . . . o

o norerahy o8k BIRE80F i A0Seloeial oyt consenyaiinnsang Apecsap aiieal i n- 1
-one r ent S, I s X1 ' : L h.
phai n2. CE e g Rt £45s AN Hopepted SR iherginnd KT
8- chl orgxadhpleGyeiserany bieske hrybedrifal nkdi@imet hyl ) [ 1, 2, 4] tri azol o[ 4, 3a] qui nox
aline (CP- 88, 247) exerts a highly selective antagonistic action on the

Ai -1 ecept or Adefissine/Al-teeeptors2Be thus alimos( denstaadygesiveed atcordidg toB® . mddeem , 33,
2240- 2254 (1990)), clearly shows how cl osely these pharnacol ogically

opposi treesgatetiogmand ¢xertiagomia énhabisrhmoniteringthatSacbd elipDakd dyehtagenistiahisad,|  of

t hese conpounds, agonistic or partially agonistic action on the respective
recept &r&: tg% P’é%maa%e%wal@ﬁé af g eplivgnipgand geﬂmdraé@g anptiomafgefieingc Aderasie
structufe according.,to.the present state of know edge, but in any case an
essent | a-?néagoms%&r thetsbes eﬁtﬁern?a{' E‘.Svaﬁ.agws Iaépﬁaémc‘gf’g‘%"tléf’th‘,’e 1@%rﬁ3‘1e%{ts5n Phanm
Desi 9n1ma?ny§9§ eas0 (1996) and literature cited therein). Conpounds with the
fol |l owi ng baéje are also Inown fromthe literature (B. Matuszczalc et al.,
Arch. Phar mwithialtie scpélof Ssheiiitry B3 promb®idp k% odi®88 ¥or- deRehfia conditions bag H * ~
-.~1 t Also in this substance class, a dependence of the subtype-affinity
on t he substas aotgdepreassanfsgposi ti on was shovm Wiile the 1-nmethyl derivative
shows a higher affinity to the adenosine AzAreceptor than to the

A~-r ecept or It Reepardiovascujar4pd urolpgicahareakas antify@ftensivangentsend antieerygmhiect i vi ty
factor is about 5), preference for the adenosine Ai-receptor is provided in
the case of #f¥Sot her derivatives (for R= 2-thienylnethyl: K ~ 1 = 200

ot her adenodion Skt e fR3eY e FRoR hadyiiad ol ERing b bounda of
this type ar, I L i i i fiore .gn.all nrobabilit
e not " sut oyl Sai@nidledonl i CHMAGEALAR. B30 WIFEE EE pRifepenBEROR0. | LY

to further idGeeastect RepdoROSRionbhiddfihesosivhNeniny ks FERIA 0ned
pyrazol yl -substituted triazol oqui noxalines as well as their analogs in the

form of t et raaagbwssisubadtiitions impocakelisitge water heritivvieedult®t a further increased
tri azol oqui noxal i nes of general formula (n with Y = CR in particular
4- ( chl or opyrstigssiopithe dirquintortieysémr opyl ) - [ 1, 2, 4-]tri azol o[ 4, 3- a] qui noxal i ne
as well as tlgtr%zol oqui ngxal i nes of general formula (2) with Y = Nin
- the lungs, adenosine A;-antagonists can counteract a bronchoconstriction that is

mediated via activation of Aj-receptors by relaxation of the smooth tracheal muscles;

there are therefore potential anti-asthmatic agents. Since these active ingredients promote

the ejection of chloride ions from the epithelial cells there, moreover, a positive action on

the clinical picture of the mucoviscidosis is discussed.



RBr, , ,.. enpfi R~A.t'" | ~~~t11~(i~Y=R~) Y =1t 6 are
pr oposed, in which R to R4 ar a hydrogen, linear or branched, satur ated
or unsaturated al kyl radicals, cycloal kyl radicals, which optionally have
one or nore heteroatons, aryl or hetergaryl radicals, alkoxy, hydroxy,

hal ogen, am no, nitro, trihal omethyl, carboxy, allcoxycarbonyl or sulfo
groups, whereby Rl to R4 are identical or different or can be present as
fused aryl or heteroaryl radicals or as correspondi ngly hydrogenated or
partial |y hyflaegesthisteniysd efe acthaton 6f thbiachresefisisiih URMrailRak Srehydiogen or a
| i near or branched-chain, saturated, and/or unsaturated carbon radical, a
cycl oalrktyha ofdlk eymlhas amamtagdnistic effedt endlzr 4]-recequiors alA2i-antsgdisdts, twitietdarer
unsubstituted form whereby substituent Ris bonded to the base either

di r ect |Byoght mtcacgwe@nth@hée dgragulsting pctigniof eqdenasinerpprtbe tedgaboel ations can be
replaced by hg}eroatons 8h as oxygen, s%ifur or nitraqgen, and in which
subst i tHgEFAPeRiLe »gnm?ﬂi@@ @noégm& gmatg, memarapﬂ Bicrtys recqpﬁ@ﬁsewlayl

arylalk Qr ac

exol ﬁ&%ﬁ%ﬁmﬂw ok f‘&f%? 5 sseBfthie £ daiPofer o FRRPE § ne
and R ? %51 inG%tgﬁ# acid? P%nMGnoZEILUJyILha %a&ﬂ' Sﬂé’ IIO?rl \M3”| 9??9)(,)0ul d be

2t hi en Irs str ture actiV|ty relati ohs

set up 4@fe raaeﬁt SoHEE1BMCRPEIRSBentYB)r €hd theaBf&R bf PARGSoNE Hﬁea%,e Rhainggerhor e
nodel for Al antagonists Fhat was described in the literature (B.

Mat usz guadatiete the actioAof edrebrin@r=-4gvnistsKRaPet4ta dvell. AN BNE. Acad33ci., 9887489
(1998)). These results suggested that the structur e-activity r

el ati or@P01P} Die lstterneprestnipotéritighantive dygeedientsfor thedngfmr ofstiokepatients end
tricyclic conpounds. It should thus be pOSSIb|e with the ajid of known

phar macpRYs Withgetinal lsclﬁe@ﬂaev&esﬁr COWBBInRes nwnerAaArP@Pw@dav él@@ma@rth%f finity

[ 1 d | ect t I h,
hoevereciona Mertstie S upPons Foirien dtfiae kbR e e TreluRaPa othor
deri vatd, @ga\mmnhi&g saa?ggﬁ P*aﬂ me% eﬁm 5 o &Pgldgﬁgh%g sﬂ leURGRgaged

receptor I'nit S pr VI structural
conponegidcs thé"@'sxﬂﬁng'ﬁlldﬁﬁﬁédloélwl actidngrsomﬁe @@&Ebd%ﬂﬁ%ﬂ@fe%ﬁoﬁ@r. essential to
the design of the interactions of the ligand with the receptor, shows that
m anal ogy Wwilt 18 khespeledt adenobiherdoepiod dangagoists vty £Re e OF xhthine pa@iav@rucargd t hus
structureaffinity relationships also cannot be transferred from ot her

subst arrxbitdl regtbendequatdwdfeitcarpelectisty. Rhasravophas eouldbdebsverhbe are knovm
in the literature thus al so cannot be used in these

pyr azol §FuLemHEY frproes. for xapeleiby vebapduray! derinptives ofriits iriepolqaaingzeliner at her

* phar mactpROS A ng prankater WRaEe 10 estene] Rem s DRl e

not to hg, %@%ﬁz@gebte\ﬁn@tm%ig'g%% NSk 29891 95'911& I}f]é '5@"?7“&(%{326 gpow m

affinity d sel ectl n05|ne rec pto makes Sui tabl e
to a Iarge extent for use as pharmaceutical agents in terns of

subt ype-speci fi c adenosi ne ant agoni sts. ~ nalogs:that are considered within
the scope of the invention are, in the me way starting from general
formulas (1) and (2), those conpounds N whi ch in each case independently
of one another, it holds true tﬁhggjgiﬁfltuents R to R4 are hydrogen,

| i near or branched, saturated or rat.gqgl kyl radicals, such as, for
exanple, methyl, ethyl, propyl, butyl, isobutyl, allyl, or cycloal kyl
radical's, \her eby oaqilb@R{d-fur@Rs-[op, mra@olsﬁrmthme@aﬁmhe replaced by
nitiogen, oxygen or sulfiu, aryl or heteroaryl, al koxy, hydroxy, hal ogen,
am no, nitro, trlhalonethyl car boxy, alkoxycarbonyl or sulfo groups,

wher eby substituents R to R4 can be identical or different. Substituent R
can be hydrogen or an organic radical such as an al kyl, cycloal kyl, aryl or
het eroaryl substituent, which is bonded to the base either directly or via
an allcylene bridge, in which one or nore carbon atons can be repl aced by
pet er oatoms, such as oxygen, sulfur or nitrogen. As an organic radical, a
| i near or br anched-chain C ~- to C6-al kyl group, for exanple nethyl,
ethyl, propyl, butyl, or isobutyl, is prefer~ed. This al kyl chain can al so
be substituted in furl, for exanple, wth hal ogen, al koxy, hydroxyl, am no
- unsubstituted or substituted with one or two al kyl, aryl or acyl
radi cal s--, al koxycarbonyl, carboxyl, sulfo or cyano. In addition, this
substituent can also contain one or nore double or tr iple bonds, as is the
case, for exanple, in allyl groups. Waddition, the orgmc radical can be a
cycl oal kyl substituent with the ring size that consists of three to eight
carbon atons. One or nore carbon atons in the ring can be replaced .from
het er oat ons, such as, for exanple, nitrogen, oxygen, or sulfur _noreover,



preferred as an organic radical. The hetero(aryl) radical can optionally
carry one or ‘nore substituents. As substituents of interest, in particular
hal ogen, unsubstituted or el se substituted al kyl - as an exanple of a
substituted al kyl of interest, for exapple, trifluoronethyl, alkoxy,

hydr oxy, unsubstituted or substituted - for exanple also acylated - am no,
al kxoycar bonyl, carboxyl, sulfo, nitro and cyano are used. Substituent RS
can be hydrogen, a linear or branched alkﬁl, allyl, (hetero)arylal kyl, or
acyl group. This substituent is found on»ane of the nitrogen atons of the
pyrazole ring. Radical R6 can be eltheFW f1al ogen, such as fluorine,

chlorine, or bromne, or else hydrq ﬂ I n addition, the invention rel ates
to a process for the producti or[aq]f Ougds 1) and (2), as well as
pharmaceutical agents that cont he Iatt@W as is disclosed according to
the clains, Methods For |rnplenenti the Invention In_reference to the
prior art; Q'@(‘i??é‘%&@ﬂﬂﬁ@@%’bﬁﬁ Wézog‘?[é 3egl - aftidarojahl ?T‘F@W@Plfi’@ﬁn%@nme
experinmental portion. These exanples are used only for illustration,

wi t hout, however, thus limting the |nm@nt|on to this scope. |I. Process for
t he Productlon of Conpounds #Acgar di ng Bo,&o la (1) Wiile Varying
Substituents Rand Rl to R4 L1 y%njlptﬂ\ cjaﬂ}iﬁubstltut ed Derlvatlves 9 ti
fsi n~"'"~f "": 511 tl' 1 st orr (,,~k
"""~ ~ MahL ..Y,. ~~ Y~ ~';t' HEN "ft3 "'N' owamp® \Wh ~ F:5 firl f- ~) f~i
M % B A Gt furggh 2 4§ idl aligrd Sidazin Sy giiogetnyl;phenol «

AH- "",~7_..r. fir: @t~ fir: ~12'1~ 171l Hi31 Pil HICMt~J Iii hi
'N..N~3 53 ~...~;r,1 M

The cited examples, however, have different pharmacological or (physico)chemical
drawbacks. The development of compound CGS-15943 as a therapeutic agent for ischemic
stroke was thus halted because of inadequate selectivity. The compound Sch-52861, however,
has a very high receptor affinity and good selectivity (Kia2a = 2.3 nm; Kija1 = 121 nm), but the
inadequate solubility and poor oral bioavailability limit the pharmaceutical suitability. The
compound ZM-241385, which even has a selectivity factor of about 400, is used only as a
tritated radioligand for visualization of Axa-receptors in the animal test.

In addition to other triazolo[1,5-c]quinazolines and triazolo[1,5-c]pyrimidines,
triazolo[4,3-a]quinoxalines were also examined. The fact that, on the one hand, 4-amino-6-
benzylamino-1,2-dihydro-2-phenyl-1,2 4-triazolo[4,3-a]quinoxalin-1-one represents a selective
Aza-antagonist (V. Colotta et al., Arch. Pharm. Pharm. Med. Chem., 332, 39-41 (1999), and, on
the other hand, 8-chloro-4-(cyclohexylamino)-1-(trifluoromethyl)[1,2,4]triazolo[4,3-
alquinoxaline (CP-68,247) exerts a highly selective antagon@stic action on the Aj-receptor (ICso
value is 28 nmol) (R. Sarges et al., J. Med. Chem., 33, 2240-2254 (1990)), clearly shows how
closely these pharmacologically opposite actions lie to one another in this compound class. For
all of these compounds, agonistic or partially agonistic action on the respective receptors is
excluded, since such a one requires an intact nucleotide structure according to the present state of

knowledge, but in any case an essentially intact ribose unit (C. E. Miiller and B. Stein, Curr.




~l''a'",#1 s ~~ " hr~s~cti~;,al)i~r 'v. " .a,15 ft~"""~""" a~ .il RO M ~~
| ~1 [ Key:] Hydrazin = Hydrazine Acylierung = Acylation Cyclisierung =
Cyclization Id ,j r~r fO /)~ 2. \~?: ~t.|.,~.,""nrtrN~H ,r' R

- ~""N,~ Ah. ! dii ft t. f~ X and X are the same radical or different

radi cal s of the above-cited definition with the limtation X = hal ogen,
whereby in general formula (1), X also has the neaning of R6. R, Rl, R2, R3
and R4 can be defined according to the above-cited descriptions. The

synt hespi,-menuens @ 30029301 59%h ailiRtahR¥eitditheoft)y access to conpounds in

whi ch the carbocyciic portion of the quinoxaline is unsubstituted, but also
makes possi Wenjgduadpwih tet foldowing bagersmeilse Risdvryfran bisd litetatieel (B viosHogksk 0f t he
following type: 4! ixA'p-.u FY ~r~r. ~ A ~3~J~" ~ P.'~~J'"".N1~! a)
Rl to RA., Arehd@heime dthagubed. tQhemt, 331, 168-1R9 (B8)R4 = i dentical substituents
and R2 and R3 = H, 10 ¢) R2 and RSR\’érii dentical substituents and Rl and R4
= H d) R2 and R3 = identi cal sub(_s)\ifm ts and RL and R4 = identical
substituents The necessary symmetii tall y-substituted

ort ho- phenyl enedi am nes can be pur'chése\f,’}me described in the literature
or are synthetically avail abl e anal ogou%"T’y to the derivatives that are
described in the literature. Nitration reactions arid subsequent reduction
reacti ons arddsoin thissubsitnce gpes. taapwmdenretof deprbipeaffviy of thembstivbett int it ed
phenyl enedj am nes. The production of such symmretrically substituted

conpourkPSItoRias shown. Whiylg ghe 1-methyl derivative shows a higher affinity to the adenosine Aza-
receptof than to the Aj-receptor (Aza: Ki=1.43 pm; Ay: Ki=7.85 um, i.e., the selectivity
factor is about 5), preference for the adenosine Aj-receptor is provided in the case of the other
derivatives (for R = 2-thienylmethyl: Kia1 =200 nm). A comparison of the absolute values of
the binding affinity to that of other adenosine receptor antagonists shows, however, that the

compounds of this type are inferior in this connection and therefore in all probability are not

suitable as pharmaceutical agents.

P . f the I .
The object of this invention is to further increase the receptor activities of the initially
mentioned pyrazolyl-substituted triazoloquinoxalines as well as their analogs in the form of
tetrazoloquinoxalines.
According to the invention, triazoloquinoxalines of general formula (I) with Y = CR, in
particular 4-(chloropyrazolyl)-1-(3-phenylpropyl)-[1,2,4-]triazolo[4,3-a]quinoxaline as well as

tetrazoloquinoxalines of general formula (2) with Y =N in



RL =R4 =Hand R2 = R3 = CH3) is to be explained based on the dinethyl
derivatives. The substance class that is selected for this purpose or the
cited exanpl es are used, however, only for illustration, wthout the
invention being limted to their scope, Bel ow, synthesis exanples are

i ndi cated for the production of the conpounds that are shown in synthesis
di agram 1: Synt hesis of

N-[ 2- Amin. o- 4., 5-di rnet hyl phenyl ) -3, 6-di chl oropyri dazi ne- 4- car boxam de*

(G 1) Garkbroposed;in whichR1toR4 ar rogen i brarichéd, Satur A

subst i tuggt pms\ans R~ H*ATr é\ge(rjlilyﬁa%gseg,;l%ngglz&ib#]a:nchlv?d, é%%lg e'gvo:1 ?h,émﬁgé& allyl

" Pyr azolagticals Ldysloblkyl @bicals Ghhiolw¥gtidnaly hdilaloat 6F MRt RSWREmBAHRRE h&klosfy]
serotoni nrezept.or-Li ganden and Unt ersuchungen zum Fl uoreszenz- Ver hal't en

[ Pyr az olagicals diiexiyt deak yQbalngena hinivesnitrBy toitlalotiethiyl, oérbbieyy aRokgoatboaly] &enlis oni n
Receptor Ligands and Studies on Fluorescence Behavior],' University Thesis,
| nnsbr ugrups whereby R1 fo Rk aroidenticalpridiffarens on sanshesprofentasfogedgril 25 hetgroarg| )  of
3,6-dich|oropﬁridazine-4-f rboxylic acid chloride in 60 nl of absolute

di chl or'Bfisels ghes Gocresppdinglyhydegenatediergtially hydrogenstadsygpmsrad iwwhishst s of

10. 440 . 3 equi val 4. 5- di net hyl - o- phenyl enedi ani d
25 55 rprigs R gt SRS batt gt s R e Bt Gobate, or
the |ikglicl 3 absqlan e, fil Q6 Mndes
R L o e e R L e R L O

aci d chwadréisiesubsiteeiiRl ieheskiedtto fRYAR SIFREJiRICHY 8r ¢iaBR Yikylke Sin whih one
(thin-layer chromatogram nonitoring: several drops my the reaction batch

are m xednaere chrbdi botrs chy te aphiced bhaebstoms hacisad lypan silfurnte witForkh,zad i t h
saturated sodi um bi carbonate sol ution and extracted with ethyl acetate,

nmobi | e Wikl ststituentR4 isdydtogers \C1-Crledkytrajist, atytalkhathetarod aplakiyioedeydraadfin | t er ed
of f by suction, washed with dichloromethane and dried in a desiccator until
a const Wheh fasicghRo s halagenon hydroge, exalyding eomppuads Wisle R do RAeawalto nes wi t h

200 M each of,ice-cooled. di |l ute sqdi um.hydroxi de soqlution, the aqueous
phase il?%\r/\%gﬂ’ Sﬁutaﬁto Pﬁ%ll&agf;fr&eﬂgﬁéo nh1y¥ Il?éﬁ’y&%eﬂ?ﬁi %h‘r% ?ﬁhlﬁ%ﬁeéﬁT r at ed
hydr ochj, é}&’lﬁle hd while being cooled with ice. The resulting precipitate on
di acyl ated” product is filtered off by suction, the agueous phase is washed

twice wi th di@lroruoeidRneiktionipd aiidiabbiadt s idvos gk alietkeseds um
bi carbonate sol ution. The neutral solution is exhaustively extracted with

di chl orweretmhamerdailteewitloabharmdcaphgmadepfoa s anapenive shedanidsbrisaatiy it ed
sodi um chl oride solution, dried on sodiumsulfate, filtered off and
evapor aite@ture(B. Matuszpzalt et vk, ArebrPioumt Nerrm d&dt Cloamy., 3o 1 63-060E098)).i Thidse
yel | ow crystal s) (ci)f t he conposition C, 3H, ZC12N4AO (311.17) (yield: 90%
exhi bi t’€SHEsHeRstied et theytrugireracgitisiationshis pf siandprd Parhigand@reltedsnposi ti on
El ement g 1S:,.CHNOOGJd. .50 18% 3,.89% 18. 01% Fnd, 5Q. 22% 4. 12%
17. 96% ?%g%ﬁg%% ST IIEYTPAPLS 1 f@‘%‘; e e P?—is%iﬁlsaw(l%n%@lggf E@O"@? (s, 1H
NH) ., 8. ghérhsophdie md¥Els A8 4de Mo BImpotin®! wit imprb¥ed 1%0e%¥or(a%ﬂnity as well as

improved subtype selectivity.

It was shown, surprisingly enough, however, that the receptor affinities were no longer to
reconcile other derivatives with the pharmacophore models. The finding that unchanged receptor
affinity was provided after removal of individual structural components, which up until this time
had been considered as essential to the design of the interactions of the ligand with the receptor,
shows that an analogy with respect to the binding to the receptor is not given and thus structure-

affinity relationships also cannot be transferred from other substance classes to these compounds.

Pharmacophore models that are known in the literature thus also cannot be used in these



12 1H) (H5, H6), 5.10 (s, br, ZH, NHz), 2.10 (s, 3H, CH3), 2.08 (s, 3H,
CH3). Synthesis of 3-[3(5)-Chloro-1H pyrazol-5(3)-ylJ-6, 7-di net hyl Jc

ui noxalin-2(l.l~one'k (D-~) ~i ~_ N~ ~'~"~ M, C"-"" ~~" 1 3

equi val ents of base (preferably sodi umyhydride, 60% dispersion) is added to
a solution that consists of 2.000 g (6.44 rnnol) of

N- (2- am no- 4, 5- di et hyl phenyl ) - 3, 6-di chl or opyri dazi ne4-carboxam de (C1) in
50 m of anhydrous sol vent (for exanple N, N-di et hyl formam de) under

ni t r ogesyrabydsitteitged @idgclichempeaidsi B dBnpolh®clhss i§takter EflbdinkidelcBgs § €acCt i on
is conpleted at 100C (the reaction time is about 15 mnutes; for reaction

nmoni t ordomypletelgnewahvedtiops of the reaction batch are mxed with dilute
hydrochloric acid and extracted with ethyl acetate, nobile solvent: ethyl
acet at e; t héspeigliyehased emtieipbarmpaepHoes atsitrecspted madelktiati it kaown im théie col or
change of the reaction solution fromdarl~ red to brown). For working-up,
the redteRBEedoVRIGH begrppeedbatige sappawds pesording wgbninyersinnshowias
careful |y .added to.dj 7, ute hydrochloric,acid. 'The accunul ati ng product
Chat | AR BRI ElRuRly o e RSSO, uhich fudies mamauERE aq Precimicnt s wel |
as petr : | & 11 . a .constant weight is reached. The
purifi clg"% Iﬁ%ﬁl\agx%mgﬁg@éggéég?%rtg{%s&gsl s%a?prefle1§.a§%q08%1§ a{ltlag?ﬂl%nt of a solution
of the 5Ubst&m%s'tﬁhtTaFetJoﬁEIMQJé@Wﬁﬁﬂh%&ge Btk YRkeRloP 2L AR ARt 1eat

' [vént. The t aopr

filtration and distillation of the solv us obt ai ne gduct

(yel | owtatiysraingenahl fohtulaopasd {2)ahode,c3HpeiMAGn (R1A irf dach(Cithped@Hhy has
an adequate purity for the additional reaction. Melting point: 328C vv?*’n | e

bei ng d¥ooerpasthat, Ehelde truathat subalitperits R1 @ R4 MreGlydrogh,. 1856 ok b éd) datuiated 75%
4.34% 20.39% 20.12% 13 IR (KBr): 3311, 1666 cnmi' 'H NVR (DVSO-d~) 13.65
(s, 1H°orpprasyrated aligy) radicalsgench gs, fangxagglenmediy], sdyNeyopyls bstyl, (ispbutyi allyl, or

qui noxal i ne .15 (d,, J = 1.4 Hz, 1H, pyrazole-CH}, 7.07 (s, 1H,

qui nox éiyfll‘félkg_{-\'l)afhc%.s’z‘ﬁée(%b,y optionaHyjope opmeze &@onmmw)b_e reglafer dyiniiragen,

2- Ol Oy derd ot ?x‘g?@?@_e&;&%@%ﬂ ARy, 2y, Haioded, il nito, fillludnye” (B 1)

carboxy, alkoxycarbony! or sulfo groups, whereby substituents R1 to R4 can be identical or
different.

Substituent R can be hydrogen or an organic radical such as an alkyl, cycloalkyl, aryl or
heteroaryl substituent, which is bonded to the base either directly or via an alkylene bridge, in
which one or more carbon atoms can be replaced by heteroatoms, such as oxygen, sulfur or
nitrogen.

As an organic radical, a linear or branched-chain Ci- to Cg-alkyl group, for example
methyl, ethyl, propyl, butyl, or isobutyl, is preferred. This alkyl chain can also be substituted in
turn, for example, with halogen, alkoxy, hydroxyl, amino — unsubstituted or substituted with one
or two alkyl, aryl or acyl radicals--, alkoxycarbonyl, carboxyl, sulfo or cyano. In addition, this
substituent can also contain one or more double or triple bonds, as is the case, for example, in
allyl groups.

In addition, the organic radical can be a cycloalkyl substituent with the ring size that
consists of three to eight carbon atoms. One or more carbon atoms in the ring can be replaced

from heteroatoms, such as, for example, nitrogen, oxygen, or sulfur; moreover, the ring (for



A suspension that consists of 2.601 g (9.47 mmol) of the corresponding

qui noxal i n-2-one derivative (D-1) is refluxed in a mxture that consists of
50 m of phosphorus oxychloride and 5 m of pyridine until the reaction is
conpl eted (about 3 hours; TLC nonitoring: several drops of the reaction
batch are m xed with saturated sodi umBbi carbonate sol ution and extracted
wth ethyl acetate, nobile solvent: ether). After cooling, the reaction
mxture is carefully added to ice water. To inprove the crystallization,
for exanple, sonme saturated sodi um bi carbonate solution is added. Thee
preci pPJE?’@!Féﬁ |a§1mwéaethﬂﬁlmﬁélﬁwwbwl%@lexo are, diskaneaadagantape 8um et her
and dried in the desiccat a constant weight is reached. For

puri f i BY@fiaspantage gt %)%Hal%?bfﬁ%t@?ﬂ@é“ fedduct in tetrahydrofuran is mxed

f Percd orbahel isr E@sfﬁa&%&?fh%éte‘ﬁ{fe%{y} Blenfl o' mdR0 ST e
0Bt a1 g AU o 95558 25BN EScHch U SATPEBLS ar%%o%b ~CLzNA

(293.1 I'ts-an equate puri r eaction (yield:
1.868 gyishiffits.. AVBIDstiRONDOF Herest P é”fﬂ@t@aﬂa‘l%@ﬂ,\ﬁnﬁﬂ%ﬁfﬂt&ﬁﬁ elsB subdkituted
Banekovi ch, " Pyrazol yl-substitui er e Chinoxal ine: Darstellung neuer

pot ent akkl -ess snesxein@leiof & edispituddd dikyd ah thedtesadr tpi6 teiuoforRethApikoxy,

Fl uoreszenz-Verhal ten,' University Thesis, |nnsbruck, 1998 14 El ementary
anal ys hwro@,HanS]ﬁtdtedBBsm%JBtdAd% @ample Asdangtlatesi3- 8819 Al6DYedBo3B% | R
(I~Br): 3226 crri' "HNIVIR (DIVBOdb) 13.96 (s, 1H, pyrazole NH), 7.89 (s,
1H, quFsbsallisao.aifro ndseyapaare psed. qui noxal i ne CH), 7.19 (s, 1H,

pyrazol e- ead of _.a_chl oroqui no i ne

ot her der ?%qugxgnlcéicag%dlyﬁ@g%@dmpgror %EP&FIE‘?%]II&I] %Vﬁt@lfg"s‘f’)ﬁrﬁ%l%‘o%ounds of
type (B sl dlp WS b0 A% 30T 8 pf Rk GG uIRLDSI a2 vi NG ar oup.

for ex

( -F ~§§ 5?\|k0h|r Ridicat 'Itrélflﬁé? 8¢ Ieitgém%))géﬁl ;Lucﬁ mZﬂqbrrﬁ?et bmbm?ﬁ laygfoﬂﬁﬁé)"'eﬂagémé aline
corresaymdgemg chl oroqw noxal i ne der| vat| ve (E— 1) |s suspended in 20 rnl of
hydr azi ne nonohydrate, and the mxture is refluxed until the reaction is
conpl et ed (bbasidition, the invsntiohLr€lates o 4 procesg forgke/productin of soropounie(l) eadtt i on
batch are m xed with water and extracted with ethyl acetate, nobile

sol ven{2), #¥R}) asqbhatmaceaticaligeenss thap ety theg peerrasdt e g pseriagondiag festhadded t o
150 M of water, and to conplete the crystallization, the resulting
suspen§¥ BFis allowed to stand for several hours at about 4C. The crystals
are then isolated and washed with water as well as petrol eumether. After
drying until a constant weight is reached, the crystals are dissolved in

t et rahydr of uran, the SO|ME‘h@ﬂSfo'ilmmn\untghh@.ﬁ{‘leﬁﬁbﬁd carbon and heated
briefly to b0|I|ng, filtered, and evaporated to the dry state at reduced
pressure. Therefer@de ad the pedr drs sabd possibt ayietidms\arqoptbeield iothedon@aiagt i on

C,3H, 3CI N6 (288.74) exhibits an adequate purity for the additional

react i oxperiantata)portian.| Yhese pxampdespouvagd oslydbr dinsteatiobywitlent, Jhowavdri that i on from
15 tetrahydrofuran, Yield: 0.629 g (82% IVlielting point: 281-283C

El emendigti{nghe mysntion tethis FOBS-dl. S4 08% 4. 54% 29. 11% Fnd. . 54. 38% 4. 58%
29.25% IR (KBr): 3320 cmi' 'H-NWMR (DMBO-d~): 7.54 (s, 1H) 7.40 (s, 1H)
(H5, H8), 7.04 (s, 1H pyrazole H4) 2. 36 (s 3H, C|—|3) 2.33 (s 3H, CH3)

Cener al
2- Acyl hygip
of typ&yubdandehis R and R1 to R4

1.1 Symmetrically-Substituted Derivatives




N1 ,ri~;Vt~c|l ~MH~~~ .~ a--.~~. r~"~r~r~v Asolutionof 1.1
equi val ents of the correspondi ng acylating agent - for exanple acetyl
chloride - in absolute 1,4-dioxane (about 2 m per nmol of acylating agent)
is slowy added in drops to a suspension that consists of one equivalent of
hydrazi noqui noxal i ne (F-1) and 1.2 eqdi val ents of base (for exanple,
triethylamne, pyridine, and the like) in an absolute solvent (for exanple,
1, 4-di oxane, THF, acetonitrile) (10 m per mmol of hydrazi no derivative
F-1) at roomterrperaturfe{ Afte the addltloq ipgs conpl eted, the reaction

batch is stirred afy 1t & “ur e Unfltxt’hﬁ‘«»fl getion is conpleted (about
12-18 hours; TLC nomi ey i ngm r al Hro&s,.lof Ik H[eactl on batch are m xed
with water and extracted with t hyl acet ate, Ie solvent: for exanple
ethyl acetate). For wbrking-up? the reacti oni‘%ol ut| on is poured into water,
and the resulting product, is then isol a,ted A possi bi | |”ty of the isolation
is the separation of #he wesulting eC| \&t ate and Isubs duent washi ng of
the precipitate wi f‘hﬁv‘p’ty%\}swmel"f x 10l ,e,u,m*@ h &g"h/e’” 16 isol ation
of the product by extragtion "Wt he bl € or Gar k¥ent represents an
alternative; in this p(:ase t he sol ut*t on of the acylrat edsproduct is then
washed with water and ®aturated sodi Un chl ori de sol uti on as wel | as dried,
and finally the organic solv nt ’i,,snrem)ved by distil|.ation. "po purify the
respecti a acyl ated derivatj, -fcorrespom:il g,upr,faﬂuct that is dried
until a constant V\BI“@‘W'““PS} di_and“HEe co sjsﬂs of, a suitable sol vent
is recrystallized. if nec& ssﬁhi tﬂb crude pF‘od ot} ;“s d| ssol ved: in advance
in a suitable solvent - for ex,a,nple tetrahydrofuran m xed with activated
carbon, boiled up, f||tered of f and evaporated to the dry state in a
vacuum Synt hesi s of

2- Acet yl hydr azi no- 3- [3(5) chI or o- 1H pyrazol -5(3) -yl ]-6, 7-di net hyl qui noxal i n
e GIAwr, S Pt~C. r~ ..~ 7 y.~. 11 ~C " ~ ~1A~~-N~ ~ ~1 The

producti o[rKeg;ﬂ t he corrpound G 1A is carried out accordi ng to the general
operating i~nstnactions for the production. of conpounds of type G1 with
use of t yﬁfré@llloﬁ}ﬁigazt‘@actlon parameters or reactants: Acylati.ng
agent:Ac\e(t\é11 chI o deactl on tune: 14 hour sAppear ance: Yel | ow

crystal s g 1tlnon f or nul a: C~SI H, SCIN6O (330. 78) Mel ti ng

poi nt: 316 Q! of ethyl acetate-tetrahydrofuran(1l:1))El enentary
anaI ysi s: @%g'l\@(ng r@ﬁ%}&gﬁ 57% 25. 41 %-nd. 54.39% 4. 59% 25. 1599 R
(KBr):3261, 1500 cm' 'H NVR (DMBO db+ D20): 7.66 (s, 1H), 7.47 (s, 1H
(H5, H8), 7.09 (s, 1H, pyrazole 17 H4), 2.38 (s, 3H, CH3), 2.37 (s, 3H,
CH3), 1.98 (Ksand3¥H, arddh8samEendiznibdr dif@emtradicald 6ihe btodvie @ited dd@mitynnbifietes of
1-Substituted 4-[3(5)-Chl oro-1H pyrazol

5( 3) - yllimitptign & Frtrelﬂﬁy'rt Wheredy i) gener} frmula4)3X ) sguian theahdanimg oARSoxdi n~ t o
Gener al

For rruI a lg rt 1~
2, R3 and R4 can be defined according to the above-cited descriptions.
The synthesis sequence that is shown allows not only access to compounds in which the

carbocyclic portion of the quinoxaline is unsubstituted, but also makes possible the production of

symmetrically substituted compounds of the following type:

a) R1 to R4 = identical substituents’;

b) R1 and R4 = identical substituents and R2 and R3 = H;



r:;~.,s"'Cl ~x~r"5"i~~.~"~~G ~r~we '~ rJ ~—~"~" ~~~t ~t| tt A
suspensi on of acid hydrazide derivative (G1) in a mxture that consists of
1,2 dichl oroethane (20 ml per mmol) and phosphorus oxychloride (8 m per
mmol) is refluxed until the reaction is conpleted (about 2 hours; TLC

noni toring: several drops of the react on batch are mixed with water and
extracted with ethyl acetate, nobile solvent: suitable organic solvent or
organic m xture, for exanple ethyl acetate). For working-up, the cooled
reaction h s,carefull ded to_i.ce watey, the resulting crystalline
pr oduct icga%m‘ﬁ%a lgerﬂl&cﬂéﬁl?fggmwstaﬂg%ét@f]\@f Well as petrol eumether. After
drying, (HeppLorksL ihith STRLNGT R RE AR AL AN LIl NGH Wi th acti vated
car bon, and e M xture os rerluxe or Several mnutes. The filtrate is
evaporated to the dry state in a vacuum and the remai ning substance is
then recrystallized froma suitable solvent. Synthesis of

4-[3(5) - Chl PeOnetbds ity spdpletriebBy-sobstitutel of #8-ghehyTBicdiahritel cdn Ba %ﬁrbl?a%éﬂ,@fe‘k 3
a)guinoxaline (L1.A): h NJi~-C ~,~ 6~ ,rBEJ-"~, 1 1 ~1,t. A NG
The syddshelsddsn dfe litéramrecampogyncheticaliyam silabit aiatogbyslyreahs dafvaiveshausl vy
mentioned, general operating instructions, whereby the reaction tine is two
hour s. despplkesria thediterpiugghtNijratiorongaghionsland subgeguents reffucBmie8uions are ofi sfesiahrul a:

C, SH, 3CIN6 (312.76) Melting point: 278-281C (consisting of ethyl acetate)

el enentBROLaBEEan Jhe productipp Ng the sybstijuied phenydengdiagynesgos 4. 36% 25. 99% C15H13~1N6

0.1 Fnd. 57.00% 4. 27% 25. 98% H2 1 ethyl acetate) IR (KBr): 3431 cm’
" NWR,( DVEEBPocHa GEER Symamericply, uBseiep comagynds BrghX<ClaiRy ) (1-16, oy,
7.54 k)3 AE 2.39 (s,
iy o Tt BRI T R ton] e Baika Ol po e a1l T of o
unsy Mmgfkia@l didks PRkt E fhr Ail PRpoReR YhEHRH 'e%ﬂ.@ssar%&tl, Kovver, O?Ir}{ fg[)rhe

~, ~O' ~ ~ ~—~

di hal o- pyri dazi ne-4-carboxylic acid chloride results 1 n general

f or mat ilpBtrAfonpRith@d (R invEnXbbéng RntedtosRgiasa@pe.on of the i somer conpounds is
usual |y associated with a high expenditure of tinme and materials, the

previ ousl y- Bdewy sybtdsip exsedes alomdicated farlthoprodmtios 9p deicampyuralf tleat bieve access
to unsymmetrically substituted triazol oqui noxal i ne derivatives. The

al t er n#hawpan syihesisdiagramdat egy that is described bel ow makes it possi bl e,
however, to obtain isoner-pure products and

Synthesis of N-[2-Amino-4,5-dimethylphenyl)-3,6-dichloropyridazine-4-carboxamide* (C-1)

9
Oyt CH,

o
N YN S

Ty

'In this case, substituent means R = H

*Already described in: M. Banekovich, ‘Pyrazolyl-substituierte Chinoxaline: Darstellung neuer
potentieller serotoninrezeptor-Liganden und Untersuchungen zum Fluoreszenz-Verhalten
[Pyrazolyl-Substituted Quinoxalines: Production of New Potential Serotonin Receptor Ligands

and Studies on Fluorescence Behavior],” University Thesis, Innsbruck, 1998.



thus represents a considerable inprovenent conpared to the current
procedure. This process according to the invention is distinguished in that
primarily an N-acylation of an ortho-nitroaniline derivative is perforned
and only in the subsequent step is the second am no group fornmed. The
latter is carried out by reduction oflihe vitro group. The additional
reaction steps each correspond to the production of symetrically
substituted derivatives: .. r ; 19 ~1 t~r ~J '"~r..,N~x 0~ .~"~ F ~~s
r HRL X H Faui. Pi,,.~:'r~ ~Rpl ~ ~" - 1 13,2 It rw
x~ t~ ra ~ Pqlytiop ﬂ{qécwswstqf S 8125 53 RO 1 @I%rwnd%nq fﬁ bP’EYHX’ ,
f At Y3 g
o~ cfllopde m@O%KRfaP?ﬁlutF)Ellcmlfrom?th?ﬂgfs flowi z}ddﬁq in| droyﬁ tB a sumenmRILthIa F11 | 9
t a X t y T an 1 (?-‘% r% Y H
Redukt | onS?SEJ (gel 44{) iy c§76 ﬁg/ 3%1021 3 qu}\aye&tsgl\lf LjrSF(!l 1- nglény eni\dlﬁ ine.an and (25 kg
Cyel i sipGhiRg base @bt kAL, QRethylamine, pyridine, Hiinig base, or the like) in 150 ml of
y P
absolute dichloromethane at 0°C under nitrogen atmosphere. Then, the reaction batch is stirred
until the reaction of the acid chloride is completed at room temperature (about 16 hours; TLC
(thin-layer chromatogram) monitoring: several drops of the reaction batch are mixed with dilute
hydrochloric acid, the solution is neutralized with saturated sodium bicarbonate solution and
extracted with ethyl acetate, mobile solvent: ethyl acetate). The crystals that are produced are .
filtered off by suction, washed with dichloromethane and dried in a desiccator until a constant
weight is reached.
The filtrate is extracted three times with 200 ml each of ice-cooled dilute sodium
hydroxide solution, the aqueous phase is washed with dichloromethane and then acidified with
concentrated hydrochloric acid while being cooled with ice. The resulting precipitate on
diacylated product is filtered off by suction, the aqueous phase is washed twice with
dichloromethane and then neutralized with saturated sodium bicarbonate solution. The neutral
solution is exhaustively extracted with dichloromethane. The combined organic phases are
washed with saturated sodium chloride solution, dried on sodium sulfate, filtered off and
evaporated to the dry state.

For further reaction, the product (light yellow crystals) of the composition C,,H,,CI,N,O
(311.17) (yield: 90%) exhibits adequate purity.

Melting point: Starting from 198°C decomposition
Elementary analysis: C H N
Cld. 50.18% 3.89% 18.01%
Fnd. 50.22% 4.12% 17.96%
IR (KBr): 3386, 3183, 3012, 1673 cm

'H-NMR (DMSO-dy) 9.92 (s, 1H, NH), 8.47 (s, 1H, pyridazine H5), 7.01 (s, 1H), 6.57 (s,



X and X' are the sane radical or a different radical of the above-cited
definition wwth the limtation X = hal ogen, whereby X has the neani ng of
R6. R2, R2, R3, and R4 can be defined according to the above-cited
descriptions. The necessary substituted 2-nitroanilines can be purchased,
are described in the literature or ark synthetically avail abl e anal ogously
to the derivatives that are described in the literature. N tration
reactions are of special inportance here. In the exanple of the nononet hoxy
derivative, this synthesis strate is described in nore detail below, but
the invention is not to béfﬂﬂﬂﬁr@g)560Khénﬁéhb%blZHﬁi&é&ﬂC&LL2ﬂ8(&3H;
ortho-nitroaniline derivatives, derivatives of substituted

or t hophenyl enedi am nes cartHdso be used, if one of the two nitrogen atons
carries a protective 20 group, and thus it is ensured, on the one hand,
that in the acylatlon only one i somer results, and on t he ot her hand; the

protecti v r Quf
condltloﬁgmﬁgé’ =pro e ;
for exanpl e, N,Oacetals, N—benzyl, N—benzyloxycarbonyl N—tert butyI
N[ di - (p- nmet hoxyphenyl ) net hyl J-, N-(2, 4d|methoxybenzyT)

N-[ 9- phenyTf |l uoren-9-y1J-, N-silyl derlvat es or el se |nines can be used.
Synt hesis of N-(4-Methoxy-2-nitrop %Efi i chloro-4

pyri dazi necarboxam de (J-1) t~ G ~u&, ., N~~Cl G-1~0C2I1 a 5.00 g
(32.86 nmol ) of 4-nethoxy-2-nitroanlllne i's dlssolved in 60 m of absolute
di chl oronet hane and m xed with 3.99 g (39.43 mvol, 1.2 equival ents) of

tri et hyl am Bequivflends ofrhiase (pyeferably sodinmdgdudel 60%. & spegsiC(erils Sitledrtood solytiods
equi val ents) of a solution of 3 6d|chloro$yr|da2|ne -carboxylic acid

chl ori H@t F@S§186\KP>909@&664 AHnQl} of-(2- ﬁmsf@v”e AimeihylpiensBSet-gicklompyHiwinsmet hane

Feact i drmaeenar CCotutymb SRP st et Untepap b EN- GREREhmarige gder
cont nus,% D loshilee LERRL Ry PLER, IR hEREHLAR Lok yCio0e

nDnltorln e sol ven F'Gmet haner aceta

wor Ki nahyi%acﬁd?ﬁnﬂ@a%mns Whixhied; Gor @addibh WoRdorhd &éﬂ.u mop%f ik ehk@spet hane,
and the organi c phase is washed several tines Wth each of dilute
hydr oc bhtek ki@ nfiédiwith\didste hiydrocidérid 4ved grdatuattedeith mhlyla:toesnd, mobily sdlednk:i ne form
(TLGC-pure) in this case and can be filtered off by suction. The conbi ned

or gani ethghzesiate; theeompletregadtionicambe datectaddin gdditipmingtie sdai ehangshdfdhd weaction
solution, dried on anhydrous sodiumsulfate, filtered off and evaporated to
the dr yolution om dark regioRFaWB: . The residue is then recrystallized from et hyl

Sgle;? t elggp g‘?‘{‘f’ar ICH%UP hrg[r)esz}cugno S0 &t%o%?\%hﬁ Og\gr?é ex%osedqo mqrogen gasgln /1% Mel ting

her e,

carefully added to dilute hydrochloric acid. The accumulating product that is crystalline in this
case is isolated and washed with water as well as petroleum ether and then dried until a constant
weight is reached. The purification of the crude product is carried out by treatment of a solution
of the substance in tetrahydrofuran with activated carbon in the heat, filtration and distillation of
the solvent. The thus obtained product (yellow crystals) of the composition C,;H,,CIN,O

(274.71) (yield: 95%) has an adequate purity for the additional reaction.

Melting point: 328°C while being decomposed
Elementary analysis: C H N
Cld. 56.84% 4.04% 20.39%

Fnd. 56.75% 4.34% 20.12%



21 Surrrnrnation formula: C:ZH-Cl zNq04 (343.13) IR (T~Br): 1720 crri'

"H-NI VIR (1 ?~IVtSO-d~): 8.38 (s, 1H, pyridazine H, 7.99 (d, J = 8.8 Hz,
1H, H6); 7.74(d,J=2.9Hz, 1H, H3), 7.51(dd, J=8. 8Hz, J=2.9 Hz, 1H, H5), 3.88 (s,
3H, OCH3) Reduction of

N (4- Met hoxy 2-ni trophenyl) -3, 6- d| chl bt o- 4- pyri dazi necar boxami de (J-1) ~~
-- A~t ~hP O-iVt.~AIl, ~-N'GH ~~pM+ 1jJ-11 t,G-) 2.000 g (5.83
rrm)l) of N-(4-nethoxy-2- nltrophenyl) 3, 6-dichl oro-4 pyridazi necar noxam de

(~-1) is di din 50 trghydrofuran. 3.676 g (58.29 mmoi, 10
equi val ent sz @TL‘BT mmoni um g&ﬂﬁlﬁﬁég&ﬁd 0.864 g of palladiumon activated

i ot he. r SRDr AORSRAT 1o beie b vl NAPCL e PR Rt o

t enperature (about 18 hour § 1HT %g?%n%@gdqgmégqbl hgl_fzohﬁe razole- CH),

di chl or onet hane/ et hyl acet Tt1 ng-up of € reaction
batch, the catalyst is fil f I othe
dry state. The residue |s7tn(1?]>r<(§d1}@ qtfumoﬁﬁeeﬁd}?)a%(%bﬁlghec 302?6?%)3?1;0 ated by
exhaustive extraction with ethyl acetate. The collected organic phases are
washed with water as well as saturated sodiumchloride solution and dried
on sodBmthesid df@tEhlowdf 3-E3(5 k-¢hdore dlHrpyrazal S (3i3)6,7 idédetbiguindx4mg* (E-1Y7% of a
yel | ow powder of the conposition C, ZH ~C12N402 remai ns, which can be
further reacted w thout additional purification. Melting point: 150-155C
'"H-NVR (DVBO-d~): 9.86 (s,1H, NH), 8.49%s, 1H, pyridazi ne H5), 7.10 (d, J
= 8.8 Hz, 1H), 6.34 (d, J:26wlcl.zfl ABY)e 6.19 (dd, J = 8.8 Hz, J = 2.6
Hz, 1H, H5), 5.08 (s, 2H, NHZ), 3.6 \1 3H, OCH3) 22 Synthe5|s of
3-(3-Cnl oro-lH—pyrazoI -5-yl)-6-n thoxqu noxalin-2(Ilrone (D-2) r t" .~
r-,ee~ .,~~.ra~ r~',; ~~ ~~a ~ solution of 0.695 g (2.22 rnnol} of

N- ( 2- ani no- A-spepehBNy haerepbipts 9f B.LH1 gif9. 67 mnmIWﬁhmxemwdmgmmmudéo(@- 2} in
25 nl of absolute N N-dipethylformanide is mxed under nitrogen atnpsphere
wi th 09BBUYe (%lhle refpeyed inza @aﬁw\? dhad ﬁ?@)stscﬁf S8 &dlioh phespheig exychﬁ)@dp @8d?i on

Tbout b oRpRlAAL ) BB rhactibg' R shRRidCardol a BT B G rhanine e e Rl o
bat ch gge %€ Har 4B nﬂkéd’a\%ﬁh ﬁb{&la@& bk %mafuoqat@eguﬁ& 5@%&&9@ &in @ﬁ]gv |

acetate, TLC nonitoring e extract nobile sol vent acet at

conpl eh&tdi€aedbileBoleét: be)ChEet €sbling, tﬁ@ltih&tioaﬁn&ruednstca@ﬁmfy@aaém i@f the
reaction solution's color fromdark red to brown). For working-up, the
react i entesoTatmpnvd the cos@ilizhtion, ftdeampiademesetiragesodatmibsphearae sohtton75 il
of dilute I—(Zdr ochloric acid, after which the resulting suspension is

al | oweis addeds{ Bhecrecinitatediy separateoandavashedawith wafer asrwadt aglpetrpleupredst mct atl ng

et r ol Bt athedeS iR it f fotephuEreh R B dit Proseeloheeaonel | Efﬁfmidg
r .eaChe‘%odﬁctqﬁ ?r% %fuia% %Rﬁl)[edf\n'ngaz}ckgﬂed &gﬁo%t Erﬁf%%rn? fx 9@ brlfsﬁghga d‘jltl on is

m X car uretis brie Plltered

of f angomgmfe?édeﬂf 1R MRRIAEY (halS shifie B MO ﬁQPrThe-lt—mssob%M%édJ&tas

adequate purity for the ‘additional "reaction. e analytically pure

subst a(mgpeadoldrbEnceonRpasitid @mposizibh CLIN4 T2 N, 2286, 163 ExHibitsdnt ade etk firity for

recrystallization as a yell ow powder fromethyl acetate. Yield: Mlting
poi nt : tlgladdiginb@ rsacaora(yyad:s1.803 g @M% Ne t o C~-ZHICINAO2 x 0.1 ethyl acetate)
IR (KBr):

( ) Melting point: 296-300°C

Already described in: M. Banekovich, ‘Pyrazolyl-substituierte Chinoxaline: Darstellung neuer

potentieller Serotoninrezeptor-Liganden und Untersuchungen zum Fluoreszenz-Verhalten,’

University Thesis, Innsbruck, 1998



- severa

0.490 g (80% . 328-330C CHNCCd. 52.17% 3. 46% 19. 62% Fnd. 52.47% 3. 62%
19.49% 3317, 2811, 1663 (C =0) cm' 23 '"H NVR (DMSO-d6): 13.74 (s, 1H,
pyrazole NH), 12.71 (s,1H, quinoxaline NH), 7.33-7.20 (m 4H, H5, H7, HS,
pyrazol e-H4), 3.83 (s, 3H, OCH3) Synthesis of
2- Chl oro- 3-(3-chloro-1~1" - pyrazol - 5-y19 - 6- met hoxyqui noxal i ne (E-2) ~' r
~~~~ ~ Cfl. ~ "~~_, G J 0.910 g (3.29 nmol) of the correspondi ng
gui noxal i n-2-one derivative (D-2) is dissolved in 15 m of phosphorus
oxychl oride while being cooled with ice, and it is mxed with 1.5 m of
pyri di ne; tRBemeatantdnelysisi xtureGs then r8fluxed utNil the reaction is
conpl eted (about 3 hours; TLC nmonitoring; several drops of the reaction
batch are mxed with saturldfled 58d8@/um bi é4f%onat e ¥ollf®i on and extracted
with ethyl acetate, nobil ol v - ether). For working-up, the reaction
%(’3,%' t ﬁg:}b?’ar F’P}%added @ﬁ%t

batch is first cooled to, efu er and neutralized

with satura odi um bi ¢ tie solution to inprove the crystallization.
Af ter severgfaﬁ%z'rs of st:%‘g?gg’ at 4C, the precipitate is separated. The

anal yti cal | yr RUER (5OIROHY 4306 COTRRSHLbIPNIS! £ho OUR gilAdafigolr! b
obt ai ned b_ymr ecr ygta izﬁzgll on (g’r orh%_zta%yl ggé%a%.g’ |hfr:11’ %‘ﬁ‘z@?g%gnégf g'ééi@ow _
needi es: Vield: 0.660 o (68uintelilneRIPIOLS 145 ZARCCR) XSGR, Anal ySi s:
CHNOGd. 48.84% 2. 73% 18. 98% Fnd. 49.04% 2. 98%°18. 76% "H N ( DVBO- d-) :
13.99 (s, 1H, pyrazole NHGH.}J.98 (d, J = 9.0 Hz, 1H H8), 7.58 (dd, J = 9.0
Hz, J = 2.9 Hz, 1H H7), 7.45 (d, J = 2.9 Hz, 1H, HS), 7.22 (s, 1H,
pyrazole-H4), 3.98 (s, 3H, OCH3) 24 Synt hesi s of
3-(3(5)-Chl oro-1H pyrazol -5(3) - l|<1)] - 2- hydr azi no- 6- et hoxgqui noxal i ne (F-2~
~~. ... I~ nI,TWGaCLQf.%CW"q‘:‘m@’@ila%Y :Qtﬁéfdéﬂé’?tb‘ﬁs _6?“ ﬁ?oabﬁdlsﬁ_ {or adqitippalp| ) of
R e RPN S
unti | r :'jﬁlﬂs i ] ion time: 2 hours, TLC nonitoring:
FQSP’otgg&% t %ﬁ?@ggﬁ’?gﬁga%%ﬁgg%ﬂg m xed with water and extracted with
ethyl acetate; nobile solvent: ether). For working-up, the reaction batch
is added to 75 m of water and allowed to stand for several hours at about
4C. Thwmspaéof 3)4'[3(&}—@hloh&ﬂﬂhﬁ/r&pbﬁmp‘r@ﬂ-d,%dh&giyape@drdmbﬂdowlihh (F:yat er and
&ejt_rglte~_,zm gthe_r_?n_dsth_en dlr!e(cji IE a vav_ufyvllt_a ntltlh a . duct |
IStani'v'Jeigiit 1Sii,acli~d. For purification, e crude product Is
di ssolved in tetrahydrofuran, mxed w thactivated carbon, and this mxture
is refluxed for several mnutes. .af ngﬁ\t,m\he}%cti vated carbon is renoved, the
solvent is distilled off, the resuT{it/Ln lrght residue is then suspended in
ether, the solid is isolated and“tashéfl Wi**h ether. The thus obt ai ned
product of conposition C zH' CIN6O (290.71) exhibits adequate purity for the
subsequent i@gggi(fbﬁz msy) efrihg Garfespandpgroplosequinozalinecdeyivativel(EzZQts on from
ethyl acetate.is carried qut, which provides a heige-greenish powder in 60%
yi el d é‘@PS‘g’égg') 30wt hyslgazns menoh réwemdatp'“ymgﬁaqey%segpxe(drlaﬂéth%actlen 1s

C. ZH CLIN- 86 QuouPh W 255 b Shorih: N B0 e RN i 5 2728 i

water and extracted with ethyl acetate, mobile solvent: ethyl acetate). After cooling, the reaction

mixture is added to 150 ml of water, and to complete the crystallization, the resulting suspension
is allowed to stand for several hours at about 4°C. The crystals are then isolated and washed with
water as well as petroleum ether. After drying until a constant weight is reached, the crystals are
dissolved in tetrahydrofuran, the solution is mixed with activated carbon and heated briefly to
boiling, filtered, and evaporated to the dry state at reduced pressure. The product that is obtained
(yellow powder) of composition C,;H,,CIN, (288.74) exhibits an adequate purity for the

additional reaction; analytically pure compound is obtained by recrystallization from



Cld. 49.86 Fnd. 50.16 H N 4.12 27.2b 4.16 27.01 7.58 (d, J = 9.0 Hz, 1H
H8), 7.28-7.25 (m 2H, H5, H7), 7.08 (s, 1H, pyrazole-H4), 3.86 (s, 3H,
OCH3) 25 Introduction of an Acyl Radical Into the Conpound F-2 For the

Production of Hydrazides of Type G2 H H T~ Fi~ ===~ Yl ~~Cr ,..,.~,
~ h?s ~ ~~ ~ " 1dxCr~ ~~.; .~ t~~~~13]" ~ '~ (~ . .~ Ht~ 3J11; ht
iJ 8~ ~~ 1~2,! The synthesi instructions correspond to the gener al

operating instructions for the production of conpounds of type GI. The
expl anati on. by way of exanple is carried out on the follow ng synthesis
exanpl det ra%%‘i‘f?gr\é%fl's of

3-[13(5)-Chl 1H pyrazol 6- met hoxy- 2- (2-t hi enyl acetyl)

hydr azi n: oqy'ﬁgxal ine (G 2(2\&23% @3%7)9 (0.63 mmol ) of hydrazi noqui noxal i ne
F-2 is susp 30 m lute 1,4 dioxane and xn;ixed with 0.100 g
(0.99 rnnol (R&T&% dcq]lrtl}l val en sl)%c%?@trl et hyl am ne. Under protective gas

at nospher e, plenaQtdd by 0. 146cg (0.91 mpol, 1.1 gguival ents) of
2-thienylacetyl chloride in 5 m of absolute 1,4-dioxane is slowy added in
drops at room tenperature.Ciihe 34e08¢4 i on @4 i on i 394fwen stirred until the
reaction is conpleted at roomtenperature (about 14 hours; for reaction
noni toring, several drops Bid.t tet.388act i o4.988% ch ar29.25%ed with dilute
hydrochl ori ¢ acid and extracted vvlth et hyl acetate, nobile solvent: ethyl
acetate). F&R (KBpking- up, 332@0meact| on batch |s added to 75 rnl of water,
and the mxture is mx ters_of | ute hydrochloric

acid to i rrpr%\?’gwgﬁgl\ﬁ(?[gt)ﬂ {5‘?' @aiﬁbﬁ 40A$’t1§1r) @é»\)é@&? Of'l&‘izlrnsl BYrazdle ) Aepbat
about 4C, the crystalline and washed with water as well
as petrol eum ether. For pu 1%’@90@3§6$§ﬁ%d substance is dissolved in
tetrahydrofuran and m xed with activated carbon. This m xture is refluxed
briefly, then it is

General Operating Instructions for the Production of 2-Acylhydrazino-3-[3(5)-chloro-1H-

pyrazol-5(3)-y11-6,7-dimethylquinoxalines of type (G-1):

H H
F"\‘ Bt
N Mol iy Qh'
:[ ’ | . l/
BT NET TN "ﬂ—m—g gy e “r@"w*ﬁ

JFY) G4

A solution of 1.1 equivalents of the corresponding acylating agent — for example acetyl
chloride — in absolute 1,4-dioxane (about 2 ml per mmol of acylating agent) is slowly added in
drops to a suspension that consists of one equivalent of hydrazinoquinoxaline (F-1) and 1.2
equivalents of base (for example, triethylamine, pyridine, and the like) in an absolute solvent (for
example, 1,4-dioxane, THF, acetonitrile) (10 ml per mmol of hydrazino derivative F-1) at room
temperature. After the addition is completed, the reaction batch is stirred at room temperature
until the reaction is completed (about 12-18 hours; TLC monitoring: several drops of the
reaction batch are mixed with water and extracted with ethyl acetate, mobile solvent: for
example ethyl acetate). For working-up, the reaction solution is poured into water, and the
resulting product is then isolated. A possibility of the isolation is the separation of the resulting

precipitate and subsequent washing of the precipitate with water as well as petroleum ether. The



26 filtered, and the solvent is renoved by neans of distillation. The
product that is obtained in this way in 57%yvyield (yell ow sh-bei ge powder)
of the composition C, ~H, SCIN~~ZS (414.88) exhibits an adequate purity for
addi tional reaction. Synthesis of 1-Substituted

4-13(5)-Chl oro- 1F1- pyrazol -5(3) -yl ] - gret haxy-[ 1, 2, 4~triazolo [4, ~

al-quinoxalin.es of Tal: }~"~~H-t li,CG"s N~ ..~H~vy.~,.N
y~e~=~f~--.~ ~y"r~ ,~r"~~'t ~ V4 (~~ ~s The synthesis corresponds to the
operating instructions for cyclization of conmpounds of type ~;-1 and: is

expl ai sedtiomofmhe prodettdiylexiractiohevifhal duttable grgayietshivsntsemeanplaa.altGyaiveesn s of

4-~3(5) - Chl oro- 1H pyrazol -5(3) -yl | - 7- met hoxy- 1- (2- t hi enyl met hyl )

(1, 2, Athis Gage dheojolnten gf thy.agylaiesd arddne i then Mpshed Wigbwate dd4Ttunatetidoflivaf  aci d

hydrazide G 2A js ref|luxed in a mxture that consists of 5 m of phosphorus

oxychl SHpide sehtion s well a5dmgd, and Hpally thy eroame spent isgregoyedibydistilletipwr oet hane

or acetonit il\)e,) u]lrluil t he re{%ct_i on is cgrrpl eted (about 2 hours; TLC

moni t or i ng: TS BYLY he 1§3R5EUveAcY loffd deR¥aiive e BUTSRORGRE PO thaf sHirigdpel ¢ he

sol ution i traliz Wit urat ed sodium bi car bonat.e sol ution and

ot r act Sarfipl ReBbly (4o SISt ORI Tl 5o el ePp !

coolin ‘ L AR AT X UL E8 4 e " wat er,

The. r oS pr R, BBl el Habinde R i YoP0H ey Self Mraardifnl® Ol L

ether amgbdavithetivatb®cabdie Bbigedhip) tilt@b@off an@¥édpdfieddo Y @ sthie TR S vibuufh. 100 m

each of ethyl acetate, the organic phase is washed with dilute sodi um

hydr oxi de sol ution, water, as well as saturated sodi um chl oride sol ution,

and it is dried on. sodiumsulfate. The residue that remains after the

sol venS8yithesiti of 2r Acetsdhydrazings 33 (& yehlowel H -nyrapelr3(3 - ghbi7edimethytasinoadlingr of ur an,

m xed with activated carbon and heated to boiling for a short tine. The

filtratelMat is obtained after the activated carbon is removed is

evaporated to the dry state. The crudeproduct that is obtained is purified
igb I

by neans of col unm chr omat ogr aphy. £ yaary phase: silica gel; nobile
phase: ethyl acetate) as well ag, I Nla(k»i, zation from et hyl
’ q i
[¢]

The production of the compound G-1A is carried out according to the general operating
instructions for the production of compounds of type G-1 with use of the following reaction

parameters Or reactants:

Acylating agent: Acetyl chloride

Reaction time: 14 hours

Appearance: Yellow crystals

Yield: 61%

Summation formula: C,sH;sCIN,O (330.78)

Melting point: 316-320°C (consisting of ethyl acetate-tetrahydrofuran

(1:1))

Elementary analysis: C H N
Cld. 54.47% 4.57% - 25.41%
Fnd. 54.39% 4.59% 25.15%

IR (KBr): 3261, 1500 cm™

"H-NMR (DMSO-d, + D,0): 7.66 (s, 1H), 7.47 (s, 1H) (HS5, H8), 7.09 (s, 1H, pyrazole



acetate. Appearance: Yellow sh-brown powder Yield: 0.270 g (91% Summation
formul a: C, ~H, 3C1IN60S (396.86) Melting point: 203-205C El enentary anal ysi s:
CHN(Relative to C, 8H,3C1IN6OS O d. 54.58% 3. 78% 19. 45% x 0.4 THF) Fnd.
54.45% 3. 70% 19. 39% ' H- NVR (CDClB) 7 92 (d, J = 9.0 Hz, 1H, H9), 7.90 (s,
1H, pyrazole-4); T.76 (d, J 3.0 Hz,14H, H6), 7.23-7.20 (m 1H), 6.94-6.00
(m 1H), 6.79-6.78 (m 1H) (thlopheneHS -H4, -HS), 7.13 (dd, J = 9.0 Hz,
J =3.0 Hz, 1H H8), 5.08 (s, 2H CHZ), 3.91 (s, 3H OCH3) Depending on the
substi-tution pattern, b erivativiz wi t.h
substituents on the qui ngﬁg :ﬂ?fﬁi’ﬂﬁ &# éépgse?ﬁvghp)zétg gg‘egﬁp}i se, for
exanpl e, the processes that axe known to one skilled in the art, such as
acyl ation, alkylation, nitration, reduction, hydroxylation, ether cleavage,

etc. UnsydgRel Dpalihy IxﬁH@&fohgt B g?ntﬁ@srlé ¥t Syﬂiﬁtu?&lrh [5’(3) (t:fﬁ'oﬁ) ;f}y lf)?lta%luent or

substi t uents nmas7ave 28 T Tuence oIr tne acyr atr o posi
pr oduced, 5(BPy1R9 el imeyR[ 12, Mekidzb R4 SUNGIihd MliRes &é&%%%@éxﬁ&?ﬁb&mwﬂ% The
latter is provided, for exanple, When erectron-w thdraw ng substituents are
present. Starting from 4-nitrophenyl enedi am ne, this variant of the
producti on of unsyrmetrl cal I stubstl tuted conpounpds (for exanple with X
X = C and R2 = N2, -”"" = T~i) |st0 bef*‘f"llutrated bel ow,
wi t hout, however, thus | % hcé s ‘scope. Additi onal
reacti on steps are perfigf g (:tpscrl bed m. 29 X. E~ e~, .~
at,r~~.-. .~.. ~x ~ab~ ~ Ex t;.5ri ~x' art ,..~~|Sc) N' N
~J~ ~'"- N~r,""s tJa ~::~~~x ~~ N, ~~..~.~JCa k ~ .~ 1.~ fit. Il v
~5.?2°y~ ~t 'A’Euspl“nilm') of-4tid hyl:i;amdetdln%tlvre"(G-l) iNa mlxmremarconsxsts of1,2Rc ~ wnk
arl Mucxxo~i dt ~Yh3~ " ~i4r~il~v," '~~"" biJ~Sa~lIm& Hy ~~~ ~~ F13' ' ' 3~ri ~N
(~ri KdicRoroetlgne (ﬁ@gnls;beemm(dhanﬂ phiosphanisrogy shldyride (Bwdnter mivan) ie xafhgéduMiD?] An
anal ogous procedure can be used when substituents that have an opposite
ef f ect thejreastion igcomplatsdfabr 2thrersahk-Gancgiteips: weverabirepesfithe jesdion bathi ani s

are ai so suc f ul
are mixe Wltﬁ water ande extracted g\’lth ethyl acetate, mobile solvent: suitable organic solvent

or organic mixture, for example ethyl acetate).

For working-up, the cooled reaction batch is carefully added to ice water, the resulting
crystalline product is isolated and washed with water as well as petroleum ether. After drying,
the product is dissolved in tetrahydrofuran, mixed with activated carbon, and the mixture is
refluxed for several minutes. The filtrate is evaporated to the dry state in a vacuum, and the-

remaining substance is then recrystallized from a suitable solvent.

Synthesis of 4-[3(5)-Chloro-1H-pyrazol-5(3)-y1]-1,7,8-trimethyl-[1,2,4]triazolo[4,3-

ajquinoxaline (L.1.A.):

K

j&

ﬁ,t«;\ Hy, oy J*-».&
, ”411_%;‘
(A2

g

The synthesis of this compound is carried out by means of previously mentioned, general
operating instructions, whereby the reaction time is two hours.

Appearance: ~ Light yellow powder



mul tiply-substituted phenyl enedi am nes. Dependi ng on the substitution
pattern, additional nodifications can be perfornmed later. Starting fromthe
nitro group, in particular the reduction to the am no group is of special

i nportance. This function can be further derivatized - e.g., acylated or
al kyl ated; this function can also be hdified via a diazoniumsalt. The
previously nmentioned synthesis systemis explained in nore detail based on
the foll owi ng synthesis exanpl es: Synthesis of

N- ( 2- Ami no- @fgét r ophenyl )5%36 di chor opyri dazi ne- 4-carboxam de (C3) ,rar
F.1 r>~ ~1d*"%% The sol utidr® of one equival ent of

3, 6-di chl or g-4- i i.necar i id chloride in absolute solvent is
sl ow y addeguéﬁggé%%g% f(%’ ?fﬁ’%@ﬁéﬁgfﬁ qui mol ar amounts of 4 30

ni t rophenyl iatne and S _ i.dhne, triethylam ne,
Hiinig base@?ﬁlgmﬂgl ute sjc?lg\??rl\{é ?él}sgg.{@g{ait&rhgﬁ%%fra% uran, diehl oronet hane,
1, 4-di oxaneEle%ta?aﬂgl}xsﬁe | i ke)c under ni grogen at ngsphere and whil e being
cooled with ice. The reaction batch is stirred at roomtenperature or

el evat ed te(rplatiad tar e, 1. e.Cldup su@ovhe bosBemg heat29dggt he sol vent that is
used, until the reaction is conpleted. |~or acceleration, the zeaction
bat ch can aCgl J#Nix @it ed HFndr $EWOfml m 44T%s in WLRL9Bound (~' L. C
nonitoring: several drops of the reaction batch are mxed with dilute
hydr ochl or i B:Q&iGdl ethHe sol ution is neutralized with saturated sodium

bi carbonate solution and extracted with ethyl acetate, nobile solvent:

sui tabl e or@‘ﬁ?ﬁté sol vent, for exanple ethyl acetate). Then, the reaction
product is j ed, which,i arried out by separation of the crystals
that are pr%%@%%é' or by e%“?ggﬁi on with an organic solvent. Pure crystals
are obt ai negy] _ahlqiazatd .1en: : | Qi - rnystal s
Vel ai 1 g portit s o A P AR OS5 7 N B8, B0 P33 GfF
C'H-C12N503 (328.12) |1t (JsBizple HBYAB11 @250, (CHIPI,ZMS 538, CR)2.9) (s, BHNWR
(DMSO-db): 10.41 (s (br), 1 H NH exchangeable with DZO-J-; 8.53 (s, 1 H,
pyridazi ne-HS); 8.27 (d, XHK)2.6 Hz, 1 H phenyl-H3); 7.94 (dd, J = 9.2 Hz;
J =2.6 HZz, 1 H phenyl-HS); 6.83 (d, J = 9.2 Hz, 1 H phenyl H6); 6.68 (s,
2H, NH2, exchangeable with Dz0) Synthesis of

ST R 2 P e heieatlysubiibd Beddhifed noxa! T n-2-one (D3) Hw oyt

Since the reaction of unsymmetrically substituted ortho-phenylenediamines with 3,6-
dihalo-pyridazine-4-carboxylic acid chloride results in general in the formation of an isomer
mixture, and a separation of the isomer compounds is usually associated with a high expenditure
of time and materials, the previously-described process does not allow any especially effective
access to unsymmetrically substituted triazoloquinoxaline derivatives. The alternative synthesis
strategy that is described below makes it possible, however, to obtain isomer-pure products and
thus represents a considerable improvement compared to the current procedure.

This process according to the invention is distinguished in that primarily an N-acylation
of an ortho-nitroaniline derivative is performed and only in the subsequent step is the second
amino group formed. The latter is carried out by reduction of the nitro group. The additional

reaction steps each correspond to the production of symmetrically substituted derivatives:



3 equival ents of base (preferably 60% sodi um hydri de di spersion) is added
to a solution that consists of one equival ent of

N- (2- am no- 5-ni trophenyl ) -3, 6-di chl oropyri dazi ne-4carboxanm :de (C-3) in: an
anhydrous sol vent (for exanple, N, N-di et hyl f or mani de) under nitrogen

at nosphere, after which the reaction K xture is stirred until the reaction
is conpleted at 100C (reaction time: about 15 mnutes; for reaction
nonitoring, several drops of the reaction batch are mxed with dilute
hydrochl oric acid and e tractep with ethyl acetate; nobile solvent: ethyl

acetate; ‘the conpléfﬁﬁ eact ®an be detected in addition fromthe
changi ng of the reac"hr’osn SO A's color from darl red to brown).
Appear ance: fell ow chstTI s | \/1‘@. ting point: 340C ~i;eld: 84% Summati on
formula: C'H-CLN503 (291 66) IIt (KBr): 3274 (NHZ); 1687 (C =0 'I~NW
(D1VI SO-db): 13.96 (s Hy 13 02 (s 8.11-7.93 (m 3H
phenyl -H); 7.28 (s, * ﬁp'y .v o[\/al reaction. to the
conmpound of gener al ;ry,} ,L) I'S carriuje Th>the formation of the

conpounds of general fomnu s (B, (F an (éa as i nt ernedi ate products,
whi ch can al so be produced just like the already descri bed conpounds (E-1),

(F-1) and (G1). I1. ;Er o(}e,ss for thg PP’Qd.UCtI on of, Conqpounds of Ty~~e (1)
Whi | e Varyi ng Subst 'ri*R‘“"l L1re WES Wirt. Egg}‘@nt Substituents in
1- Posi tion Synt hesis~s ;egy—ﬁhaL rheq and that can be

per f or med anal ogousl ystti® the prior t can be useb ol the producti on of
t he conpounds accordi nfg to the invenwmion with different substituents in
l-position (for R ~ . Dependi, ng on the substitution pattern, further

derivati zations such as th sses of oxumatlom reduction, ether
cl eavage, acylatlonhﬁgmﬁaggig%%ﬁ |onﬁmh ngH ae?c that are known to
one skilled in the art c l’“ﬁ;ﬁr med. Thespr ct,,l on of the conpounds
according to the invention Wigh"dPffferent sub‘SpH’uents in l-position is
expl ai ned based on tha exanples below, but it is not [imted to these
exanpl es. Representatives that carry an al kyl, cycloal kyl, aryl or

het er oM substituent are presented here, whereby this radical is

connec via a spacer to the tricyclic conpound. IL 1.1
Exanplggﬂblo ﬁ%@étFWes with (Substituted Alkyl Radicals in 1-Position H qq

-+~ - YHyBrabin 2Hydraing: " No_~

Acylierung = Acylation

Cyclisierung = Cyclization

X and X’ are the same radical or a different radical of the above-cited definition with the
limitation X’ = halogen, whereby X has the meaning of R6.
R1, R2, R3, and R4 can be defined according to the above-cited descriptions.

. The necessary substituted 2-nitroanilines can be purchased, are described in the literature
or are synthetically available analogously to the derivatives that are described in the literature.
Nitration reactions are of special importance here.

In the example of the monomethoxy derivative, this synthesis strategy is described in
more detail below, but the invention is not to be limited to the latter.
Instead of ortho-nitroaniline derivatives, derivatives of substituted

orthophenylenediamines can also be used, if one of the two nitrogen atoms carries a protective



~1 jvA'1 R No. ~RI - R~RSummation Formula (M3 Recrystallization Medium
Appearance Melting Point'H NVRILI.IAC H CHZCH3C, 4H' Cl NbEt hyl Acet atel4. 19
(s, 1H, Pyrazole-x 0.5 I20Light PinkNH), 8.33-8.29 (m

1H), (307.74) Crystal s8.11-8.07 (m 1H), 7.82-247-250C7.69 (m

2H) (H6/ H7/ H8/ H9), 7.57 (s, 1H, pyrazo|%0H4) 3.51 (q;J = 7.4 Hz" 2H, CH?),
1.51(t, J = 7.4 Hz, 3H, CH3) -IL1.1Bd H CHZCHZC, SH, 3CIN~Et hyl Acet atel4. 20
(s, 1H, Pyrazole-CH3x 0.6 HC Col orl ess Crystal sNH), 8 34 8. 30 (m

1 334.6 233C8. 14-8. 10 1H), 5-7.70
o ZE- ﬂr%Bu%ﬁ%ég?sdhﬁéé?‘%‘l apit 1‘?%&1’?"&%‘%—’0@% ﬁlﬂ@flﬁtﬂ“( %ﬁ%%ﬁ&@aﬁceml ti
rC]:EIZiD ol nt H6/ ﬁ' 4“'1192340%8%% gL?l@Eul?%r e_av%lcgﬁ@r e)gi_eime y mn& reactlon 2R

CH3) I L azol e-x 0.2
7oLl g%t ﬂﬂﬁg{mﬁ@?@ﬁ% SR Rt SR ROl P bl Oy
7.84-2§% e e (i ) N.@-A9 (t,
822 &s@@@sﬁg r%alzf\fﬂﬁ n%ﬁM)l_d?{bSHgWﬁ tﬁg-)outyYCH?i 16 ni'e'fhox §1?1|n§t‘hgﬁ N cng 5 oa
(t,J =dmethdigbe )}-pHedy lﬂD@eh@QﬂﬁQ&s@ l*dz!nSﬁiNd@Ei él}z’d mﬁﬁ@tcaﬁ 8dfdseld (s, 1H
Pyrazol e- (d‘%)zl(a]?zug6®_§)%ol orless to 3 29-8.26 (m 1H), Yel |l owi sh

Needl es8.12-8.07 (m 1H), 7.85-211- 215C7 69 (m 2H) (H6/H7/ H8/ H9), 7.59
(s,1H, pyrazole-H4), 3.38 (d,J = 7.0 Hz, 2H, CHZ), 2.44-2.31 (m 1H CH,
1.08 (&ynthesgm)fN—M ethoxy 2-nitrophenyl)-3,6- dichloro-4- pyridazinecarboxamide (J-1)

No. XRI - RSummat i onRecrystal I i zati on' | | - NVMRR4Fot ~nul aMedi un( M5 Appear anceMel t
ing PointJ = 6.4 Hz, 6H, 2 x CH3)ILLI ECl HC~$H' CLN~, Tet r ahydr of uran7. 96- 7. 92
(m zZH), 7.79-..~,,~ OZ (342. 75} ghi«%ﬂallow? 72 (m 1H),
7.65-7.57Crystal s(nm 1H) (H6/ H7/ ‘%ﬁg\? 331C6. 89 (s 1H,
pyrazole-H4),4.26 (q, J = 6.9 Hz, Z'H 24 (t, J = 6.9 Hz, 3H,

CH3) I LLII", d HC, 3H$C12N~Co| orl ess tol4. 30 (s, 1H,

Pyrazol e- ( 3590 253X 86 maval sof INsedibes Rif)troagiling i8dig0lverdyn GMHn) 80bsABECS. 19- 8. 15
(m 1H) 90-7.81 m 2H) (H6/ H7/ H8/ H9) , 7.62 (s,1H, pyrazole H4), 5.74

(5" 2H ichipyometbize ond BisdRGnpPOE (. 433@moa,ammvamnma obgisiigiamigg. After

Subst it l%rorégns 1s|n[1]tr<§Ldulé)f(:)dS l7t3 n(35 51 mmol 1. O§ equwalents)N?a solutlon oflgaé RSu~~ati or ~

dichloropyridazine-4-carboxylic acid chloride is slowly added in drops in several ml of absolute

dichloromethane while being cooled with ice and while being stirred constantly. The reaction
batch is then brought to room temperature, and stirring is continued until the reaction is
completed (about 12 hours; TLC monitoring; mobile solvent: dichloromethane/ethyl acetate =
9/1). For working-up, the reaction mixture is diluted with 50 ml of dichloromethane, and the
organic phase is washed several times with 100 ml each of dilute hydrochloric acid. A portion of
the product accumulates in crystalline form (TLC-pure) in this case and can be filtered off by
suction.

The combined organic phases are washed with water and saturated sodium chloride
solution, dried on anhydrous sodium sulfate, filtered off and evaporated to the dry state in a
Rotavapor. The residue is then recrystallized from ethyl acetate.

Appearance: Almost colorless powder

Yield: 8.36 g (74%)

Melting point: 198-201°C



Forrnnl ~ (M5 Recrystallization Medi um Appearance Melting

Poi nt 1H NM~i | L1. 2AC HC, ~H, 3C1N6Et hyl Acetatel4:21 (s, 1H, Pyrazole-x 0.7
HCl Li ght PinkNH), 8.17-8.08 (m 2H), (350.30)Crystal s7.85-7.69 (m

2H) 238- 240C( H6/ H7/ H8/ H9) , 7.62 (s, 1H, pyrazole-H4), 4.49-4.34 (m 1H, CH),
2.70-2.59 (m 4H, 2 x CHZ),2.29-1.98 {Im 2H,

Ct-12z)I1L1. 2BClI HC2, H23CLN6Col orl ess t014.23 (s, 1H,

Pyrazole--"~,...w ~(394.91) Yel | owi sh Needl esNH), 8.32-8.29

(m 1H), 222-223C8.13-8.09 (m 1H), 7.84-7.70 (m 2H)(H6/H7/Fi 8 H9), 7.60

(s, 1H, pyr a&mhmaﬁ@xﬂijorm@azw (t, £HLLE0342H) CHz), 2.05-1.87 (m 2H, CHZ),
1.74-1.63 (m ,2xCHZ)147-JrlS(m6H 3 x 36

| 00. XI t s- Rsulﬂﬁf;atl onRecr yst al I?‘%‘éﬁll onlH NM t R4For nul aMedi un( M~) Appear ance

o128 (5, TERMIPHSEE) * {Bss i Bhriggiedn 5%%%@% @ oane,
21 (Hoi 17/ 18] 1) 761 if”iﬁg' 3?439& 2 Bhondy 3503 I g vy
235 (s b, At piperai ne. o1 (VSRR AD B col of | Bes Tola. S (5,

1H, Pyrazole-NH), |..e.p !~ 'S ~~""~"" .~ ~(458.96) Yel | owi sh

Needl es8.53-8.49 (m 1H), 8.14-245- 2S8C8. 10 (m 1H), 7.79-7_71 (m 2H)

(H6/ H7 REBd i) pf N-(6MahoxyER-ninpbrenl) €3, dHdéhlorof4-piHdazinebdibophgdy(J-1) , 5. 2
(s,2H, CHz), 4.3 (s, 2H, CHz),3.42 (s, 2H, CHz), 2.6 ( s'br., 4H,

pi perazine-CH), 2.4 (" s'br., 4H, piperazine- 37

No. XRI - RSurmat i onReer yst al I°| aatl onlH NVRR4For If[U|ha|\/EdI um( M5) Appear anceMel tin

g PointCH 38 1L1.3 73?)(" é‘s af_De; v‘qfﬁveéf ih (8ubst| tuted) Aryl
Radi cals in Position ~. 2w c;o o, ~S WA . S erm ~ ~ ~~ tX
W 1=r~ ft No.XR - RARSu~nngati on ©

2.000 g (5.83 mmol) of N-(4-methoxy-2-nitrophenyl)-3,6-dichloro-4-
pyridazinecarboxamide (J-1) is dissoived in 50 mi of tetrahydrofuran. 3.676 g (58.29 mmol, 10
equivalents) of ammonium formate and 0.864 g of palladium on activated carbon (10%) are
added to this solution under nitrogen atmosphere, after which the reaction batch is stirred until
the reaction is completed at room temperature (about 18 hours; TLC monitoring; mobile solvent:

dichloromethane/ethyl acetate = 30/1).

For working-up of the reaction batch, the cétalyst is filtered off, and the filtrate is
evaporated to the dry state. The residue is mixed with water, and the product is isolated by
exhaustive extraction with ethyl acetate. The collected organic phases are washed with water as
well as saturated sodium chloride solution and dried on sodium sulfate. After the solvent is
distilled off, 1.403 g (77%) of a yellow powder of the composition C,,H,,CI,N,O, remains,
which can be further reacted without additional purification.

Melting point: 150-155°C

'H-NMR (DMSO-d,): 9.86 (s, 1H, NH), 8.49 (s, 1H, pyridazine H5), 7.10 (d, J = 8.8 Hz,

1H), 6.34 (d, ] = 2.6 Hz, 1H, H3), 6.19 (dd, ] = 8.8 Hz, ] = 2.6 Hz,
1H, HS5), 5.08 (s, 2H, NH,), 3.69 (s, 3H, OCH,)



Formul a (M5 Recrystallization Medi um Appearance Ml ting

Poi nt' H NVRI L1. 3AC7HCzoHI SCLN60O2Et hyl Acetatel4.29 (s, 1H, Pyrazole-. :~,
(406.83) Light Yellow NH), 8.13 (d, J = 8.6 Hz,nuri,CrystalslH), 7.71-7.58
(rn, 4H), 257-267C7.35-7.22 (m 3H)(H6/H7/ H3/ H9, pyrazol e-H 4, phenyl-H),
3.91 (s,3H OCH3), 3.76 (s, 3H, OCH3)I122.3BC H~~'i~ a~CZ"H, SCLN6OEt hyl
Acetateld. 25 (s, 1H, Pyrazole-(390.83)Colorless CrystalsNH), 8.20-8.07 (m
2H) , 240-247C7.73-7.60 (m 2H)(H6/H7/ H8/ H9), 7.64 (s,1H, pyrazole-H4), 7.17
(d,J = 8.7 Hz, 2H, phenyl-H),6.86 (d, J = 8.7 Hz, 2H, phenyl-H), 4.92 (s,

2H, Q_|7IS71nthesamof(3q(73-G; or pyrazg;@-yl)-6-methoxyquinoxalin-2(1H)-one( -2)

No. XR1- RSummat i onRecrystal I i zati on' H NMRR4For nul aMedi un{ MG) Appear anceMel tin
g PointlL1l. 3GCl H~~rv~~ (~Cl19H~3Cl N6OEt hyl Acetate/ THF14.24 (s, 1H,

Pyrazol e-x 0.9 H20Col orl ess Crystal sNHH*9. 31 (s, 1H,

OH), (393. 02) 306- 314C8. 50- 8. 05 (W 2&)", 5?»“:J7§'- 7.55 (m 3H) (H6/ H7/ H8/ H9,
pyrazole-H4), 7.03 (d, J = 6.1 F&}Hvlzphenyl -H), 6.68 (d, J =6.1 Hz, 2H,
phenyl -H),4.86 (s, 2H, CHz)IL1l. 31)d H-—~ ~C, 9H, ZC1FN6Col or | ess to014. 27 (s,

21y, 257 2e0troh 0 Bp4 S0 b ee bR PR o5 AR S gheD A gaicnigractry 4
7.35-7 %gda(zfﬁ‘e-cgl}ﬂoxﬁﬁﬁgg-}m%ﬁ %Pof’ %b%@u\f&%{\’?@tﬂgf@%w "b_%ig nﬁi%gun(dlﬁ.r 2H,

CHz) | LI 3EE e~ CRRE

Pyr azohitrogd¥ #nfddphetd Witk b%@%@ar@ B, 3 u@&ie&}_sgéf dotund ) deldé S trié fderdon 8. 10

(m 1H), 7.84-264-272C7.67 (m 2H)(H6/H7/H3/ HY), 7.61 (s,1H, pyrazol e-H4),
7. 42- mixt0re is stirred until the reaction is completed at 100°C (reaction time: about 15 minutes; for

No. XR1- RSurmat i onRecrystal | i zati on' H NVRR4For nmul aMedi um( MG) Appear anceMel tin
g Poi nieactian memitosipg, sskheralydropy) of 3heareagiondaichyarearixed with @Hirte hytibclpriChceid
H...r-,., -. ,~ CZ H ~CIN~ Ethyl Acetate |4.20 (s, 1H,

Pyr azoP¥l pgedwythiedp agstate diyG mopitormeef th exirpct mapilesiuens) eshyl agrtate;the ( m

2H) 203-20 He/ H7/ H3/.H9 7..60 1 | e- H=4 7.28-7,23 5H,
o 2 ot el leioh bt stestbnSad i byt G 8natad bijhe rede et hrnin s Gty

2.32- 2618 4 A gg%)n l".1.3CC H~. ~. ~CZ, H, 6C1FN6Col orl ess to0l14.19 (s, 1H,
Pyrazofre- ((%06. g%‘i ell :))'vm' sh Needl esNH), 8.20-8.07 (m 2H), 228-230C7.75-7.71

(m 2H) (H6/ Fii/ Wik up, the Péhclidn dthtidaNs 8By kHdtE under3Rrober din{d¥phettinto
phenyl -H), 7. 15-7. 06 (m 24, phenyl - H) . 3. 49(t, J=7 3tz 28 CHZ), P2 83 {
7.5 Hz7Zk] oGHRA)te h@ir8M &iclRid, aft@hyhiGiHhp resuldihg suspension is allowed to stand for

No. XR1- RSu~nnat i o~Recrystal | i zati on' H NVR~t 4For ~t aMedi um({ M~) Appear anEeMei t i
r~g Pofgyeral hours at 4°C. The crystalline precipitating product is filtered off by suction and washed

t, J =

with water as well as petroleum ether. The residue that is dried until a constant weight is reached
is dissolved for purification in tetrahydrofuran, the solution is mixed with activated carbon, and
the mixture is briefly refluxed, filtered off and evaporated to the dry state in a Rotavapor. This
product has adequate purity for the additional reaction. The analytically pure substance of the
composition C,H,CIN,O, (276.68) is obtained by recrystallization as a yellow powder from

ethyl acetate.

Yield: 0.490 g (80%).

Melting point: 328-330°C

Elementary analysis: C H N
(relative to C,,H,CIN,O, Cld. 5217% 3.46% 19.62%
x 0.1 ethyl acetate) Fnd. 52.47% 3.62% 19.49%

IR (KBr): 3317, 2811, 1663 (C = 0) cm”



Z~.)i~Hd H-" fRE ~.~~-~ Cz,H ~ClzNb Colorless to 14.21 (s, 1H,

yr,

Pyrazol : e- (423. 30) Yel | om sh Needl esNH), 8.25-8.10 (m ZH), 200-210C7.78-7.74
(m 2H)(H6/H7/HB/H9), 7.62 (s,1H, pyrazole-H4), 7.38-7.28 (m 5H,

phenyl -H),3.53 (t, J = 7.1 Hz, 2HCHzg 2.85 (t, J = 7.7 Hz,2H, CHz),
2.32-2.18 (m2H, CHz) ~11.~.31 O Hri4 $ CzoH, 5CIN60 Et hyl Acetate

14.26 (s, 1H, Pyrazol e-(390.83) Col or | ess C.r.ystaIsNH), 8.39-8.35 (m
1H), 217- 227C8. 16 8.11 (m 1H): 7.85-7.75 (m 2H)(He/ H7/ H8/ H9), 7. 63 (s, 1H

&Xl;?lzfl ?- SI:J@ MR %M@é}ml\h‘?ﬁé ﬁgﬂqﬁ% p%zai&%)szraﬁGl Qgﬂcﬁ%?xdf]@‘)%%ﬂﬁir | ess

toNH), 8. 31-8.29 1H) , Yel | | £58;cL30,7,,83
o 1o 3 66(?]m ;')H) e °‘”f3%h7§?89 A5 815t 27 18 SpyedBoreHy, 3.83 (s, 31,

No. XRI - RSummat i onRecrystal | i zatg H NVRR4For mul aMedi un( M5 Appear anceMel ti n
g Point(H6/H7/H8/H9), 7.60 (s, 1H %yrazol e-H4), 7.30-7.13 (m SH,

phenyl -H), 3.52(t,J=7. OHz, 2H, CHz), 2.60 (t, J = 7.3 Hz,2H, CHz), 2.02-1.78
(m4H, 2x CH2) ILL3I~d HkK.~ :bt.~ Cz3H2,CIN6 THF 14.22 (s, 1H,

Pyr az oSenthésiBo P60 Kloton3 (B sl oicoMHpyraBol F3y1$ 6 dBethony qlidpx ik (B sh

Needl es8.13-8.08 (m 1H), 7.84-210C7.69 (m 2H)(H6/H//H8/ H9), 7.59 (s, 1H,
pyrazole-H4), 7.28-7.13 (m 5H, phenyl-H),3.48 (t, J = 7.4 Hz, 2H, CH2),

2.60 (t, J =7.3 Hz,2H, CHz), 2.07-1. 91,( 2H, CHz), 1.76-1.45 (m4H, 2x

CHzZ) I L1. 3LA H~~. .. ~Cz~, H, 5C1N6
H20Li ght Yel | owNH), 8. 40-8. 30
7.78-225-230C7.70 (m 2H) 43

OEIthLL ACE‘I.
(m |:15 A398. 04) Orystal s8. 20-8

‘é14 26 (s,

1H, Pyrazol e-x 0.4

0.910 g (3.29 mmol) of the corresponding quinoxalin-2-one derivative (D-2) is dissolved

in 15 ml of phosphorus oxychloride while being cooled with ice, and it is mixed with 1.5 ml of

pyridine; the reaction mixture is then refluxed until the reaction is completed (about 3 hours;

TLC monitoring: several drops of the reaction batch are mixed with saturated sodium

bicarbonate solution and extracted with ethyl acetate, mobile solvent: ether). For working-up,

the reaction batch is first cooled to 0°C, then carefully added to water and neutralized with

saturated sodium bicarbonate solution to improve the crystallization. After several hours of

standing at 4°C, the precipitate 1s separated. The analytically pure compound of composition

C,;HCl,N,0 (295.13) is obtained by recrystallization from ethyl acetate in the form of yellow

needles:
Yield:
Melting point:

Elementary analysis:

"H-NMR (DMSO-d):

0.660 g (68%).
243-246°C

C
Cld. 48.84%

Fnd. 49.04%

H
2.73%
2.98%

N
18.98%
18.76%

13.99 (s, 1H, pyrazole NH), 7.98 (d, ] = 9.0 Hz, 1H, HS),

7.58(dd,J=9.0Hz,] =2.9 Hz, 1H, H7), 745 (d,] = 2.9

Hz, 1H, HS), 7.22 (s, 1H, pyrazole-H4), 3.98 (s, 3H, OCH,)




No. XR1- RSummat i onRecrystal | i zati on' H NVRR4For mul aMedi un( M5) Appear anceMel ti n
g Point(H6/H7/H8/HI), 7.63 (s,1H, pyrazole-H4), 7.36-7.29 (m 2H),
7.14-6.96 (m2H) (phenyl-H), 6.62 (d, J=5.8 Hz, 1 H), 4.06-3.96(m 1 H,
a-CH), 1.96 (d, J =7.6 Hz, 3H, CH3) 44 1L 1.3 B) Exanpl es of Derivatives
wi th Heteroaryl Substituents in 1-Pos?#i on

No: XRI - RSummat i onRecrystal | i zati on1H NVRR4For nul aMedi un{ M~) Appear anceMel tin
g PointlLlI.3MJ HC 6H CINGOEt hyl Acet ate14 28 (s, 1H,

Pyrazol_e
7. 91- 7 S5BhESIs ¢ ' Al lt m :

(H6/-7/-8/-9, pyrazole H4 furyl H)IL1 3NC1H ~~C 6H9C1N~S XEt hyl

Acetate/ THF14.2 (br s, 1H, Pyrazole-0.1 THF x 0.9Light Yellow\NH), 8.22-8.21
(m 1H), HZOCrystal s8.14-8.10 (m 1H) '9 - (,376.23) 297-300C7.96 (m 1H,
7.69-7.45 (m5H) (H6/H7/~i 8/ HI, ¥ t hi enyl - H2/ H4/ H5) 1L1.30 CT H~~
Al' "~s CHCINS x mn a Eth 1 Ac IN IH14 24 s 1H P razole- ( ~ )( YO0.6
H20Bei ge Crystal sNH), 7.25 (s, 1H, pyra oI e- (377.64) 240- 245CH4), 8. 20-8.08
(m 2H),7.74-7.48 (m 3H), 09707(m 1H), (H6/ H7/ HO98/ H,

t hi enyl - H2/ H4/ H5) , 4. 96 (s, ZH

No. XR1-~t S d Mel

1 ng Por nt CLETTAST o BED $70 ¢ ”’E@Hﬁ%&?@@ e R
iRkl ial 4 i cti

g’{g?g 2 %%\( g(gx%%lgz% FQHs%\ép@fﬂeﬂt ﬁl§ 'h'l’l")of h}9d 95?3@218%501{5(%}21%4%)&&}[% & th§ Jeagtion, (m 4H)

( H6/ HT htiltbidds peffuagdhieil thedeadiyh mt e}recm;éaam tine C2 hble CHNC Edaubrifjs et at e8. 56
(s, 2H), 7.92-7.50 (m (347.77)Orange Crystal s6H) (H6/ H7/ HS/ HO, Mbd, 1

270- 27 8ewal dxdps of th reagti@nbaich ard MiMddvitiPwate 350ECEYrraedWih bthf) acetatkf mobile
Derivatives of the Conpounds According to General Forrmula (1) wth Hydrogen

At ons Foiventpethen). Fos WOT]DBg'l“PyaEP? xﬁégnanbam.lwdg@ b7 mlehvate a(nﬂab@wc@ foon)
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this mixture is refluxed for several minutes. After the activated carbon is removed, the solvent is

distilled off, the resulting light residue is then suspended in ether, the solid is isolated and
washed with ether. The thus obtained product of composition C,,H,,CIN,O (290.71) exhibits
adequate purity for the subsequent reaction. For analytical purposes, a recrystallization from

ethyl acetate is carried out, which provides a beige-greenish powder in 60% yield (0.396 g).

Melting point: 219-222°C

Elementary analysis: c H N
(relative to C,,H;;CIN,O Cld. 49.86 4.12 27.26
x 0.2 ethyl acetate) Fnd. 50.16 4.16 27.01

'H-NMR (DMSO-d; + D,0): 7.58(d, ] = 9.0 Hz, 1H, H8), 7.28-7.25 (m, 2H, HS5,
 H7), 7.08 (s, 1H, pyrazole-H4), 3.86 (s, 3H, OCH,)



~' " ~~MJ ~ .r~- D FS.~,,~l f>w" ~"'"""~r.H: ~r - .r'~”""~.?2J" 35 ~t S.
I ~? CGeneral Uperatin~ Instructions: A suspension that consists of 2.0 muol
of the correspondi ng hydrazi no conmpound in tri.net)hyl orthoforrnate (about
10 M per mmol) is refluxed until the reaction is conpleted (TLC
rn:o~itoring: several drops of the redction batch are nixed with water, the
product is extracted witL7 ethyl: acetate, mobil'e solvent: ethyl

acetate). After cooling ho roomtenperature; the reaction product is
isolated. This is carried out either by the crystallized product being
filter gwromquon\pf ap, Acyldradigal Byo te orponibF2dior hiediodustiomofyly drazidesnfer and

extrackifln with a suitable organl ¢ sol vent (for exanpl e, dichloronethane).

The is crude product i S, then purified by recrystal lization froma
sui tabl e solvent, for exarrpl e g:n‘\méj acet at e, tetra y‘lglr furan, 1, 4- di oxane,
Nl\l-dlrrethylforrramde@f’» s, L 2. AW Q;E

4-[3(5)-Chl oro-1H pyrazol ﬁ( ,y,l ] (“I““”Z”?l] trit ﬁ- ,3 aJ- qui noxaline (a

conmpound of gener al forrmlagg wWith R= Rl = n= R4 = H X =
Reaction time: Yield: 2 houf's 80% (col orl ess needl es) Summation for mul a:

(C DI%/EOC::IE; (ﬁlzlé)s ﬁﬁ%sm ilﬁ%u%@:pg S(g&gﬂ’%l'd% the%ggergpcg)g‘raﬁ}é ﬂmlra-&_t'ﬁ)éﬁ 5(80{% a4 ( mH;I. IIEIDNR

8.14-8 ﬁﬁu&ti@hbﬁomﬁo&&s@f@@e m. 2H) (H6, H7, H8, H9) IL2 B. Synt hesis of
4[3(55) Chl or o- 1H pyrazol -5(3)-yl) - 78d|rrethyl [1,2,4)triazol o[ 4, 3-aL

gui noxal i neTiefexpnpianisy wiy Genanple isaitad aut 04 yheviblldwikg syffesis édRdmpleH, R2 =
R3 =CH3, X=C) . Reaction Tinme: 40 mnutes Yield: 90% (col orl ess povvder)
Sunmmation formula: C 4H'CLN~ (298.74) Melting point: 320-323C (from THF)

" H NVR DI\/SOdb): : 1H p razole NH) 10. 04 (s 1H< H1), 8.17 (s,
lH), 7S hesis of Beh -a 1 V. ]1 (S, 3H, CH3)

2.38 (. mo%—B lme Cz Synt heS|s of
4-[ 3( 57+ ~5(3)-yl)-7-nmet hoxy~1, 2,4)triazol o-[ 4, 3- a~qui noxal

ine (A Conpound of General Fornmula (1) with R=Rl, R2, 114 = H R3 = OCH3,
:CI)
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0.240 g (0.63 mmol) of hydrazinoquinoxaline F-2 is suspended in 30 ml of absolute 1,4-
dioxane and mixed with 0.100 g (0.99 mmol, 1.2 equivalents) of triethylamine. Under protective
gas atmosphere, a solution of 0.146 g (0.91 mmol, 1.1 equivalents) of 2-thienylacetyl chloride in
5 ml of absolute 1,4-dioxane is slowly added in drops at room temperature. The reaction
solution is then stirred until the reaction is completed at room temperature (about 14 hours; for
reaction monitoring, several drops of the reaction batch are mixed with dilute hydrochloric acid
and extracted with ethyl acetate, mobile solvent: ethyl acetate). For working-up, the reaction
batch is added to 75 ml of water, and the mixture is mixed with several milliliters of dilute
hydrochloric acid to improve the crystallization. |

After several hours of standing at about 4°C, the crystalline product is isolated and
washed with water as well as petroleum ether. For purification, the dried substance is dissolved

in tetrahydrofuran and mixed with activated carbon. This mixture is refluxed briefly, then it is



Reaction tinme: 4 hours Yield: 67% (yell owi sh powder) Sunmmation fornul a:

C, 3H~CLN6O (300.71) Melting point: 287-290C (starting from 200C conversi on
into another nodification) (fromethyl acetate/ THF) 'H NVR (DMSO-d~): 14.21
(s, 1H, pyrazole NH), 10.14 (s, 1H, H1), 8.40 (d, J = 9.0 Hz, 1H, H9), 7.64
(s, 1H, pyrazole-H4), 7.55 (d, J = 2.9 Hz, 1H, H6), 7.47 (dd, J = 9.0 Hz, J
= 2.9 Hz, 1H H8), 3.94 48 (s, 3H, OCH3) IL3 'petrazol oqui noxal i nes of
General Formula (2). (1-Aza Derivatives): In addition, the invention
relates to new tetrazol oqui noxal i nes that can be considered as N-isoteres
of t he fiterd] aidshysatvdned rémbwed bly apann okdibtilreisn aThopd g tHaoisgdneiedlin fiog nul a

(1), i.e., aring-carbon was replaced by nitrogen. Such derivatives are, as
i ndi catagl ibag%giad (eHowishibpige powdepekihb bm@sltr(mdblglﬂ@@ll‘(wg&(% 688 Lerhdutsde

starting fromthe correspondi ng chl oroqui noxal i ne derivatives. rz~ w~,, X
~i .~ paadequate purity-for additionglreaction. ~ . rte, ., ~ :~~ ~~ | R1RL N r icl

i 3b General QOperating Instructions: Equi nol ar anmounts of correspondi ng
chl oroqui noxal i ne derivative and sodi um azide are stirred i.n absolute

N, N- di “ﬂ Ifo nBS%utda P8 Om per D of c7hl |ne oou d) at 130C

Unti | IO, , ‘y"' i - ..‘. I S

added hb%ﬁemfprochl oric acid (about 100 n1 per mml ~ the crystal li ne
?E‘?rng—matﬁ product is isolated, washed with water as wel |l as

petrol ﬂ@@tﬂner and dr| ed until a constant weight is reached. Analytically

pure produci is obtained by recrystallization froma suitable solvent.

I L3. A, Synthesis of

4-(3(5) - Chl oro- 1H pyrazol - 5(31-yl]tetrazol 0(1 5- &] qui noxal i ne (A Conpound

of General Fornula (2), th Rlx :HM .= C) Reaction time: 5

hours Yield: 86% (i ghf ‘5\ @f f6rnula: C'H~CLN7
(271. 67) 49 Mel ting poi 58C (from *w acgtate) El enent ary
analysis: CHN C d. 48. 63%,2 23A) 36. 09% End. N45%2 17% 35. 98% ' H NVR
(CD013): 14.49 (s, 1H, NH), 8.65-8.60 (rn, 1H), 8.31-8.27 (m 1H);

8. 06- 7. 91 ( iThe Jithesisprrespondd8o thdDperaing thsrsctiohéHfor pyelzandreoftddnpounds of

type G-1 and is explained in more detail in the following synthesis example.

Synthesis of 4-[3(5)-Chloro-1H-pyrazol-5(3)-yl]-7-methoxy-1-(2-thienylmethyl)-

[1,2,4)riazolo[4,3-a]-quinoxaline (1.2.A):

0.195 g (0.47 mmol) of acid hydrazide G-2A is refluxed in a mixture that consists of 5 ml
of phosphorus oxychloride and about 15 ml of an inert solvent (e.g., 1,2-dichloroethane or
acetonitrile) until the reaction is completed (about 2 hours; TLC monitoring: several drops of the
reaction batch are mixed with water, the solution is neutralized with saturated sodium
bicarbonate solution and extracted with ethyl acetate, mobile solvent: ethyl acetate).

After cooling, the reaction mixture is carefully added to 100 ml of ice water, the resulting



The structural nodifications that are described in Sections Il and IV

bel ow can al so be used in the N-isosteres of general forrmula (2) according
to the invention. Il1l. Process for the Production of Conpounds of Types (1)
and (2) Wiile Varying Substituent R5: In addition, the invention relates to
new par azol yl -substituted [1, 2,4Jtri &bl o[ 4,3 a~qui . noxal i nes, or
1-aza-isosteres, which are characterized in that in the pyrazole ring,
there is no longer a free NH function, but rather another substituent,
preferably alkyl, allyl, (hetero)aral kyl or acyl, carries one of the two

ni t r ogetystals@msisolTige, washedbwiie watsh ast petieleymsaibestand deed: RS dqueaafittraselisout
preferably hy suhsequent derivatizatjon, fqr exanple al kylation, of a
conpoufHrasted drge Hmes WHFllrﬁQ ml pach of eyl gceiare. s organiscrhase s 3 apedrgidilte za | ~
n" ~—~—— ~ ' ~—~ ~—~ ' ~—~ ~ o~ " ! L ~—~
AT pdunt pydroridg Sotuficg, vl s wef) s yiied gp i chichideRpturion and s a5 __
R on sodipnl Nl e tlifgh b A8 R EAWR NUfyifita bR% BYGRERYS: LNe
ormatron of the RS-position isoners can be expected, by I'ch by sel ection

of the,suid.abh & €eAGHRas IES WRA SetivaR@ cRiboh Bfd FEaidaas 'beh‘ﬂ? for axfloft SOMET S
shoul d" preferably bé produced. Optionally-occurring product m xtures can be

separ atigd. e Blfd heds bBBinbd 0E@ iV Aiad cabdh i RaNVell & QRaforatel kd @€ diyn t he
art, such as fractiognated crystallization or chronatographic separating

pr ocesstes. iTht oruidh erodsaniat igahtanddSs pulifidd byuheams opcaioiua icbroofatogeapy al  f or nul a
(1), as shown above, Based on sone exanples, this structural variation is
shown, (shitenatphasse silicy gelt mebild ghapst ethyd apratp) aspyedleas rewsystillization Sionpithyd,
however; other operating nmethods that are described for al kylating

react i 8%%an al so be used. G eneral Operating Instructions for Alkylation
of N Unsubséi tut ed Derivatives YDFI Gesg%r al For(gul a | 2 equival ent bases
(e.g., powd P%ci‘raﬁlcg‘f'assi um hydro>§3 FEBSISEA IRV Ehdi um hydri de,

pot assi umt .but anol ate) are a solution of one equivalent of the
correspondi gggkli\'lunsubsti tuted dgrai?\glgglg%/@ of general fornula (1) in about 5
m /rnnol  of sgimabsOioth&lasol vengﬁé{lﬂwaggﬁ) di rnet hyl sul f oxi de,

t et rahydr of uran, 1, 4-di oxane, )" under nitrogen atnosphere, after which
t he m xt ur eMettingtpoint:ed f or one20®A@05°&t room tenperature. Then, 2

equi val ents_of the alkylating agent (preferably alkyl halide or rnesylate)
are added, Hlemeptaganelysshe reacti onCm xture i¥ stirredNintil the reaction

is conplete t.roo e rature (T nitorjng. several drops of the
reaction ba&cﬂiﬁt‘é’reéo ﬁiﬁemogh &ﬁq"ut ggﬁ%r ochl df%€ acid le?rﬁq‘gxtract ed with
et hyl acetage, ile solvent: {or l e, di or oret ethyl acetate =
19/1). For %\giﬂkl ng-up, the reagf]?'opg%'g%h isd%iz(gl%d in dllgl%{%%a hydrochl oric
acid (about ' d8@mRi¢épeR)) - The preqhp L apheid fat pby 7%%9,11@19@@?1&.3&}7@@ of f

by suction and washed W th water as well as petroleumeth tracted by

extraction with an organi c sol ygnt= 3.0, oM, 1e6), TLBIL0NHY AHT,16.9456.00ah,
pre-purified by treatnment with activated carbon. A subsequent
purification/separation of thelp)si.79-6A8(mj Bdnrispliese-tidr H4edHHIT.1Bydd,
chromat ography, optionally also by fractionated crystallization. The
structures of these derivatived %%Q\Hﬁe‘ ﬂé@éﬁrﬂﬁeﬂ%ﬁ&%ﬁd&b@izy,3-9f1c($,
exanpl e by neans of x-ray stru%ﬁ_lgr %jr“;mal ysis. Wth use of these general
operating instructions, the fol O synt hesi s exanpl es are

Depending on the substitution pattern, compounds can be further derivativized with
substituents on the quinoxaline ring. These derivatizations comprise, for example, the processes
that are known to one skilled in the art, such as acylation, alkylation, nitration, reduction,
hydroxylation, ether cleavage, etc. |

Unsymmetrically substituted derivatives can, if this substituent or substituents has/have



51 performed for the production of conpounds of general forrmula (I):

~nt hesi s of

4- (5- Chl or o- 1Fl - 1- et hyl - pyr azol -3-y|)-1-(2-thi enyl methyl )-(1, 2,4]triazol of
4,3 -aJ~ quinoxaline i ra.~. ,-r.: ~~"~""J" | Solvent: Absolute dlnethyl
squOX|de Base: Pomdered potaSS|un1h%H}OX|de Reaction tine: 1.5 hours
Appear ance: Yello::=, platy~rho:nbic crystals Summation fornul a:

C, $H13CLN~-S ( 380. 86) Mel ti ng poi nt 205- 207C (fromethyl acet at e) "HI1lrl MR
(CDC13) : 832827£ﬂ I—% O%ée 7.66-7.50 (m (He, H7,
H8, HO nﬂuyncg-pn(tge acy t101a)§;9 B élspﬁy pr A mo;egv%rm;tarilplg from sygstgutgg O(l‘h? lH)

6 82 6 § fe %rwn]cs( tﬂlqutter 1S pr0v1dem0r exa )nple wl1iél'n éleétron W1th%';|az\27mg substltugnts
4- o(4 [ 3( 5§re9i’ésgﬁt03§"«1 ﬁ%l‘?&ﬁl 4\]}'12" % %lled?a(nﬁ%e ¥h1s Vé]T a%?’i)fllﬂg odB%t A lf) 1,2, 4~triazol

, 3-a~-qui noxal i e as eparat ron i nt oSt 1 8nal | somers

Sol Venﬁnsyﬂﬁ%ﬁlléﬂl? sutidhi tuﬁﬂﬁ%mp@@ﬂﬁ?fcﬁ‘éxﬁﬂﬁl@%ﬂh%)t}y-dcpﬁﬂdgl?% eﬁggeﬁl sqparation:

Col unmm chromat ogr aphy: Stati onary phase: silica gel ase:
1, 4- di BXaE) i$ t@lbd iHogaratdaydel @i, MWathost, howevk}, thus 1Bditing the invention to this scope.
4-[5- Chl or o- 1- met hyl - pyrazol - 3- yI]-|sorrer a~ ~~ Naz.Y ~~. ~~~t ~"'Yd~~d r~

~ ., ~ A,ddftlon&l”oreacﬁqnpﬁa]sampnrfo@nhd)ad desgibedybével s Fu. rification:
Reerystal lization fromEA Summation formul a: CZZH, ~C1IN6 (402.86) Yield:
Melting point: IR[cm"]: "H NWR (CDC zl: 0.145 g (32% 179-180C



3432, 3158, 2953 (NH) 8.29 (d; J =7.61i?, 1H), .7.86_7.80 (m 1H),

7.65 7.48 (m 2H) ) (H6, H7, H8, H9), 7.86 (s, 1H, pyrazole-H), 7.38-7.20
(m SH, phenyl-H), 4.07 (s, 3H CH3), 3.50 (t, J = 7.5 Hz, 2H, CHz), 2.93
(t, J =7.0 Hz, ZH, CH?Z), 248233(r3) 2H, CHz)

4-[3- Chl oro-1-net hyl - pyrazol -5-yl]'-i% rfr'~ ~N-~7 " '"~ra - ~d "~
Appear ance: Col orl ess crystals Purlflcatlon Recrystallization from EA
Summat i on formul a: CZZH, ~C1N~ (402 86) Yield: 0.260 g (58% Melting point:

158-160C IR [crri"]: 3432 (gll—l) H NVR (CDClBg_ 8 12 (dd J =8.7 H, J =
1.5 Hz, 1H), 783(dd Foyey "Mz =1“:’i’. g‘ 769752(m 2H)
(H6, H7, H8, H9), 7.88 (s, ”‘1H Wy azol e- & 8’7 21 (rn SH, phenyl -H),

4.40 (s, 3H CH3), 3.49 (t, J = 7.6 Hz, 2H@HZ)293(tJ-72Hz 2H,
CHz) A derivatization on the nitrogen atomof the pyrazole ring can take
pl ace not only in the stage of tﬁé“irl -or tetra #04 Qqui noxazol i ne
derivative, but also in-an e reactio < (0] For the conpounds in
guestion, the latter can b@”‘b rrred st art Fhy” for Bm conmpounds of type (D),
(BE); (F) or (G. The subsequentn; synt hesi s di agram conbi nes the different
possibilities. A process for introducing an %fy,la group is described in the
literature fox (E) with RL to R4 equal to hydrogen (B. Matuszczak et al.

J. Heterocyclic Chem 35: 113-115, 1998). St ar"ur ng from conpounds of type

(D), it is preferred tOz',Q&Q.ﬁ.,&ﬁfm9§..e.,~..t he dagéﬁ ~fat| on on a corrpound t hat
has a | actam protective t'he nlt.r; Wofia rA ~~e-t'a~, szs 'n
td ~N~s f~"T~Yk~ ":S R 3 Hy e~ (Y Syl i CIrIlhl?Fy ~~~4 i,
t7,~ . -w. S| -.,. ~R=-Nil di. N~(d s,"'r dt'~y FCl ~H ~r ~
m ~~ Ckf ~HI nl | ~I\/Cr Nt H x [R2 =Istrbg éléctronwthﬂrawmgtsldasﬁtuq&BfoTléxsmﬂTbNezr Y L~
kp~c =9 a Ny ~'~~'X RO~ ~d) ~~ 1~ ~ R Xn'x ~~ . hly.. "~ ""IL

Fei.~ '~ ~ . ~Ntd"ieHa F::"" "' rd ~e7 Rl r: itl eilt~~ 1Kl f?29 Id #~6 fts
~PI'Y~ ~ Nar~R3,.~— 1d M~ ~ X Sfitdlr~ret PP, ""A~ S li-l ~

van PG ~i 2-An p\palogep,usprocq:@u:e cay he-used whep-supgtituenty that hage an opposite ¢ffecg ac.,

activation of the amino group, are present. Both varianis are aiso successful when using
multiply-substituted phenylenediamines.

Depending on the substitution pattern, additional modifications can be performed later.
Starting from the nitro group, in particular the reduction to the amino group is of special
importance. This function can be further derivatized — e.g., acylated or alkylated; this function
can also be modified via a diazonium salt.

The previously mentioned synthesis system is explained in more detail based on the

following synthesis examples:

Synthesis of N-(2-Amino-5-nitrophenyl)-3,6-dichoropyridazine-4-carboxamide (C-3)

N,
s

oag

S
&

The solution of one equivalent of 3,6-dichloro-4-pyridazinecarboxylic acid chloride in

absolute solvent is slowly added in drops to a mixture of equimolar amounts of 4-



c~~r i+5RA" N~N~ ~1l.y . ~i:i., ~~~,, v¥l ~ i w"XK7 .c:.

y i~ ~ ,y .~s ,Jftat "~ rd " Hfit ~ A~ H Y .dfi~ ~~ti Qttr s

ra t'th to t? f-i 54 [~eY~~ Einfiihrung von RS = Introduction of RS The
i ntroduction of substituents R5, starting fromE, is to be described in
nore detail bel ow based on an exanple30The I nvention in question is not
limted thereto, but can optionally also easily be transferred to ot her
substltuents by slight nodification of the reaction conditions.

varlatlon he conditi

|1 b | | k )
! armar attheBiny e aB e 986&5%%@?1@ K fi%&sr%wVYf?ﬁ%?@eeeoba%)l ﬁaﬁwﬁ%g cadene

varied and thus |ndj as l.so, be avor f the
deSI (e gglvent r(rEg te?rf'll(ljy({' 5 an, dlgllgg me,thane el 2? ane, D?{F;E 11ke qnde;rnlgogan.

~ ~~ _~ ~ ~

y- ~ 0 elevatéd te\anEraTﬁTe, T3 ,uj}tto {-he b@ilﬂxg"ﬁ'eMdf 1R solvesh tEths Nse)zi, until the reaction is
completed. For acceleration, the reaction batch can also be treated for several minutes in
ultrasound (TLC monitoring: several drops of the reaction batch are mixed with dilute
hydrochloric acid, the solution is neutralized with saturated sodium bicarbonate solution and
extracted with ethyl acetate, mobile solvent: suitable organic solvent, for example ethyl acetate).
Then, the reaction product is isolated, which is carried out by separation of the crystals that are

produced or by extraction with an organic solvent. Pure crystals are obtained by

recrystallization.
Appearance: Yellowish-orange crystals
Melting point: 244°C (from 1,4-dioxane)
Yield: 89%
Summation formula: C,;H,CLN;O, (328.12)
IR (KBr): 3448; 3259 (NH,); 1673 (C = 0)
"H-NMR (DMSO-d,): 10.41 (s (br), 1 H, NH, exchangeable with D,0);

8.53 (s, 1 H, pyridazine-HS); 8.27 (d, ] = 2.6 Hz,
1 H, phenyl-H3); 7.94 (dd, ] = 9.2 Hz; J = 2.6 Hz,
1 H, phenyl-HS); 6.83 (d, J = 9.2 Hz, 1 H, phenyl-
H6); 6.68 (s, 2H, NH,, exchangeable with D,0)

Synthesis of 3-(5-Chloro-2H-pyrazol-3-y1)-7-nitro-1H-quinoxalin-2-one (D-3)

1a}(m05£h€r¥ and whffe lEeran Ecﬁ)Yed Wlm 1ce The reﬁctxon%lltc() lr:sgstf: 1Jed Lt room thﬁ}xpérta rurARéx:rNSY




sa~""~j~ jN~~~" ~-r~ f<~ NlLa ~a~ .i r~.~~~~ R-,~ ., N .~r~~X ~ ~~t' ~(

l1r,~"""NNits Ft dL-It~Myt~ u3~ 3~~nmar~rn~~m rxCti ~nmva~-x'
TRFri~"Ni'aAO"' ,.,y,, ~Srla M Nft~~ .. f"~ti .r~7,..1V
FIL~i~t~~""t~ r~y tr-n nyT9 fid t~""tc RS.,~",~.,; tt~~~1"."i~x 1"tc'~ s
NIl> N Nark '~ (_ 11 ftd t1'* NRs. ,3r+.ry~. ~lws~"~x N~".a,~ T ~

Ni. N ri, ~~RI~iM x 1li'l)lv F41t,, NR~~,,~. . M, ~ .L~, ,
J~"" Na.~"~"~"'r~"'""""N~~je~ 1-"ri i~ 2 6~, 55 [Key(E-Al kyl) als

| somer engem sch = (E-Al kyl) as isomer m xture TRENNUNG = SEPARATI ON

A. | kyl at i on3 eduivelén<Cifl baseopBefEdhly)o0edodium hydridp ispesion pisajidad td gyondaml i ne
for the Production of Conpounds of the (E-Al kyl) Type: 2 equivalents of a
base ( fhetcoasistyof ene gpivdéentf d2-amdiosdmitpghenyi )efed-disbirapyridsaieh-¢im hydri de,
potassi umtert-butanolate) and, if necessary, catalytic anmounts of an

i nor gafAreoXapded&-3)ipan gappdious solyeridfaieranplerN. Yuipetylformastidonaderqui val ent

of a chloroqui noxaline of type (E) in an inert solvent (for exanple THF,
DN PSRRI ooy ERs: XHCBE rEa s e g SRS teiogdt GAIRed Ader
nitrogeme sphhere. Th I xture dis irred.for 1 hour, at r.gomtenperature.
when' o QUEERERITIS: BRI ULS: toPteBlch o BharcrtRl oSy FERIeacRCR

advant BAGPHS nikdRAn it REOREA! ARRLBATE LIHENONEAR, FHEIDGGRUT e of

the reaction. Then, 2 equivalents of the corresponding af ating agent,
such aghdl dedhtehdlk ic6RpleRd rEREYh adnttse, deficRd 38l @ HiorAfé:18 thedhhagding bainE eact i on

m xture 1s stirred until the reaction is conpleted (necessary reaction

t enper saction:solution’s celop &rvmt datleredpo bwinhie boi | i ng range of the sol vent that
is used; the course of the reaction is tracked >~y nean of TLO a sanple of
t he reacti of\ppratadbe:i s ni xed wi fYiellawicgistalshydr ochl oric acid for this purpose
and extracted with ethyl acetate; nobile solvent: suitable solvent or
mxture). |Meli@g@pewkry, i.e., i 0°Che case of reaction that is i nconpl ete or -
pr oceeds to,Q{?EA.owl y, nore base d/ or alkyl ating agent can be added | ater.

For wor ki ng- the reaction m8x “ure is added to dilute hydrochloric acid,

and the reaﬁlﬁﬂgﬁ&rtggm .is isel %féfii OTQ29§ 6'62 carried out by separating the
precipitate that 1s produced or by extfaction with an organi c sol vent,

after whi chig kBi§: t hen washed whid(NiRY.El687 [Oe eparation of the isomers as

well as their purification is carried out by nmeans of chromatography and/ or
recrystal | i ZaNMI(DNISO-digner al 1896 (st HnyH) s 02U IS B8 1€X9d @i,384 i n nore
detail based on the foll ow ng exanpl es: 56 Synt hesis of

2- Chl or 0- 3-[ 3(5) - chl or o- 1- et hy Phé¢mipihaZz28 (s5113)pyyazoleeCipxal i ne with RS =

Et hyl Base: Powdered potassi um hydroxide Al kylating agent: Ethyl i odide

The additional reaction to the compound of general formula (I) is carried out with the
formation of the compounds of general formulas (E), (F) and (G) as intermediate products, which

can also be produced just like the already described compounds (E-1), (F-1) and (G-1).

11. Process for the Production of Compounds of Type (1) While Varying Substituent R:

1.1  Derivatives with Different Substituents in 1-Position

Synthesis strategy that is described above and that can be performed analogously to the
prior art can be used for the production of the compounds according to the invention with
different substituents in 1-position (for R = H). Depending on the substitution pattern, further

derivatizations, such as the processes of oxidation, reduction, ether cleavage, acylation,



Sol vent: Absol ute THF | somer separation: Columm chromat ography: Stationary
phase: silica gel Mbile phase: dichloronethane + ether = 49 + 1) Sunmation
formula: C, 3H 0ClzN4 (293.16) 1S |Isoner: Appearance: Colorless crystals

| VI el ing point: 149C (fron1d||soprop¥ ether) "I ~-1 ~T1VIR (CDC13):
8.15-7.84 (m 4H, H6, H7, H8, H9) B ( 1H, pyrazole H4), 4.32 (q, J =
7.2 Hz, 2H, CHz), 1.49 (t, J = 7.2 Hz, 3H CH3) 2d | soner: Appearance:
Yel | ow, platy-rhonbic crystals IVIeIting point: 126C (fron1diisopropy|
ether) ' H-NIVIR (0Cl3) 6-8.01 7.82-7.76 (m
2H) (Hekyktion, %50m6t07t@aar@ nowmowrsg%ﬂén 31&)*"1 CAn é@pir&)rm&d =The 5 1z, 2H,

CHz 1.

2- C?’ﬂ o] O%Lf}dﬁ(gl{ ) - %un ga(cﬁﬁﬂmtgﬁ%xheel% Y? is/ffeé?érguhost gl)en'ﬁlp I '(Qﬁf’lH?)?(al i ne
th R t t t:

'\ et hih e’%’%@%"’ﬁeﬁa‘)@?‘h ?%ﬁﬁeesﬁ?@ﬁ?ﬁ‘q aef ‘Z’?’M@?"%ﬁ% P86 i assiom o

i odi deR%ﬁJeM&x@éﬂveMﬁ@&a%%njall@i %Qﬁﬁ%ﬁi iﬁpmetéwgrsﬁﬁét%m Q@lp%ted here,

chromat ography: Stationary phaSe: i Ca gel | e phase: "D chl or onet hane

+ di i somerpy thietdiral is cdnrrbct]:bl dipeanyad v dpaceid tie uicydlit eapha® (323. 18) 15°
| somer: Appearance: Melting point: Colorless crystals

I1.1.1 Examples of Derivatives with (Substituted) Alkyl Radicals in 1-Position

Ra IM‘E}
GNP NN
R - | ‘NI;
#1 a}m}
Noe. X | R1- R Summation | Recrystallization "H-NMR
R4 Formula Medium
MG) Appearance
Melting Point

IH11A|Cl| H -CH,CH, C, . H,,CIN, Ethyl Acetate 14.19 (s, 1H, Pyrazole-
x05H,0 Light Pink NH), 8.33-8.29 (m, 1H),
(307.74) Crystals 8.11-8.07 (m, 1H), 7.82-
247-250°C 7.69 (m, 2H)
(H6/H7/H8/H9), 7.57 (s,
1H, pyrazole H4), 3.51 (q;
J=7.4 Hz,, 2H, CH,), 1.51
(t,J=7.4 Hz, 3H, CH,) -

II11B |C1| H | -CH,CH, | CH;;CIN, Ethyl Acetate 14.20 (s, 1H, Pyrazole-
CH, x 0.6 HCI Colorless Crystals | NH), 8.34-8.30 (m, 1H),
(334.64) 230-233°C 8.14-8.10 (m, 1H), 7.85-

7.70 (m, 2H)




89-90C 'H-NWR (CDC13): 8.16-8.02 (m 2H), 7.91-7.79 (m 2H) (H6, H7, H8,
H9), 6.75 (s, 1H, pyrazole H4), 4.53 (t, J = 5.5 Hz, 2H, CHz), 3.65 (t, J =
5.5 Hz, 2H, CHz), 3.12 (s, 3H, CH3) 2nd Isoner: Appearance: Colorless
needl es Melting point: 125C 'H N1VIR (CDCl 3): 8.22-8.16 (m 1H), 8.06-8.01
(m 1H), 7.83-7.74 (m 2H (H6, 137, , H), 7.04 (s, 1H, pyrazole H4),
4.48 (t, J = 5.8 Hz, 2H, CHz), 3.88 (t, J = 5.8 Hz, 2H, CHz), 3.76 (s, 3H,
CH3) Production of Conpounds_of Type L: For reaction, a suspension of t he
corresprowgii gl somer - pure substituted 2chl oroqui noxaline (E; alkyl)
hydr azi KatB-(JabouR 10 n1$WP§'0‘P< Recrysiadbization i | t he rlé-é\BY-[Ron |s
conpl ¢t ed, ereR¥ optional |y slgseve m of a hi gh-boiling solvent, such
as, for exanpl e, "1,|4-di oxane,| i (reaM BB oni tor i ng: a sanpl e of
the reaction batch |is extract|e ﬁ A%i)hélr acet at e and nonitored wjth
TLC, nobile |soljvent|: suitable so vent t l’aé' For wor ki ng-up, tlae
reactiion mxturie i s added to |ice water Wtﬁnﬁ‘i’oﬁrﬁam ion product is
i sol ated—byseparation—of—thegprecrprtatethat—sproduced—or—by—ext+acHi on
with an organig solivent, and|it is washed wi th water| fahyid/ag] I7)60Ryre
produ¢ts are obtained froma |suitable solvent by recrystallization.
necessary, the |crude product |is purified by chronatogiBEpStaiole- Hd?/a,m;gqt J
These|generdl operdting instrluctions are explained ip nore detai based |on
the follow ng siynthesis exanpl e: Synthesis of = 7.2 Hz, 2H, CH,), 2.05-
3-[3(5)-Chl gro-|1- et|hyl - 1H pyrjazol -5(3) 1yl ] - 2- hydr azi 1ogui noxal i ne Sunmat|i on
fornula: C, 3H 3CINY (288.74) |{1S |sonef: Appearance: ﬂKmV\ZHJ‘CHf)ybih(t,s
Yield] 83 %|Meliti ng point: 141- 1430 Ht NMR (CDCl 3}: 7, 96 7, 913#(7@
7.83-1.79 (rln_ 1K) | 7 72-7 64 (m 7. 54 7 45 (m ii§ /A2 Hak ~ Ho),
6. 62 | AYIr @gal e ; 3 = H, 2H,
NHZ) | P’HE( ¥ 7?5%@ é@ﬁ@?“‘% ! |§%‘P§er‘?"*‘aif)pe 3@%@? 1P
crystals Yield:) ~ 96% Mel tind p@2f1;0 202- 2046 pink NH), 8.33-8.29 (m, 1H)
(330.39) Crystals 8.12-8.08 (m, 1H), 7.84-
258-260°C 7.59 (m, 2H)
(H6/H7/H8/H9), 7.59 (s,
1H, pyrazole-H4), 3.49 (t,]
= 7.4 Hz, 2H, CH,), 2.02 -
1.87 (m, 2H, CH,), 1.63-
1.44 (m, 2H, CH,), 0.98 (t,
] =7.2 Hz, 3H, CH,)
11D | Cl| H -CH,CH- C,H,sCINg Ethyl Acetate 14.19 (s, 1H, Pyrazole-
(CH,), (326.79) Colorless to NH), 8.29-8.26 (m, 1H),
Yellowish Needles | 8.12-8.07 (m, 1H), 7.85-
211-215°C 7.69 (m, 2H)
(H6/H7/H8/H9), 7.59 (s,
1H, pyrazole-H4), 3.38 (d,
J =7.0 Hz, 2H, CH,), 2.44-
2.31 (m, 1H, CH), 1.08 (d,




"H-NMR (CDCl 3): 9.29 (s, 1H, NH), 7.92-7.87 (m 1H),
7.61-7.53 (m 1H), 7.53-7.35 (m 1H) (H6, H7, H38, H9), 7.17 (s, 1H,
pyrazole H4), 4.34-4.23 (m 4H, NH2, CHz), 1.52 (t, J 7.2 Hz, 59 3H,
CH3) Production of Conpounds of Type Mand Type N 1) Productlon of
Derivatives with Hydrogen Atomin 1-Pé8ition by Reaction of the Conmpounds
of Type L with Orthoformate The production is carried out by reaction of
the isonmer-pure hydrazine of type L according to general operating

i nstruyctions &Sgﬁ Sectign IL2), In this connection, the foILow&n%.synthesis
exanpl|eVer ¢ Kndktat ed: ynthégpgn%pon Recrystallization H-NM

et
oRh

4-(3(%)-Chlgro-1 hyl - 111- py 3)-vyl]-LYL, 2, 4~ty

i ne Syumratidn f | a: Cl4H'Claé"P§3% f@‘} M8hner -
ting point: 282-3

14 (m [1H),

crystals Mel 84 oanHF H-NIV'R
8.01-7 J}“(;% ? ”2"?8 BN 69| (m (H6, H7, H4,
HA) , 4.

CH), 8.19-8.

H9, pyrazol € 32 (q, J 7 2 Hz, | 2Ryefdd@Point: 49 ( = 7.2 Hz, 3H,
CH3) 2d—tsoner-TAppearance—¢otortess—¢r yol.ea}d% 0“&. HrA—g—petat—3191-192¢
(fromlet hyl lacgtate) 'H NVR (|CDCl 3): 9|36 (s (:H]J -& 8 '286)4?%&@3{)1"')
7.99- 7793 (M IF) 17 75- 7765 (T 2H) T (H6,—H7—HS; 88—s—1H
pyrazolkkel.HR)(,CA. 46

7~ TH
. (g, J = 7.]3chHa,,Cc¥, C'ﬂé&ahy@roﬁ?raﬁt gl(s
1) Reaction of| the L with Acid Chl t

7.75-7.70 (m 1H),

i azol of 4, 3- a~- qui ngxal
Appear ance: Col orl|ess
(CDCIB): 9. 36 (s, 1H,

SlLt;

t
9

=

Hg)
79677, HiEy), 73’@ CHi3)
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Cl

H

C,.H,CL,N,
(319.15)

Colorless to
Yellowish Needles
294-255°C

14.30 (s, 1H, Pyrazole-
NH), 8.44-8.40 (m, 1H),
8.19-8.15 (m, 1H), 7.90-
7.81 (m, 2H)
(H6/H7/H8/H9), 7.62 (s,
1H, pyrazole H4), 5.74 (s,
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2H, CH,)
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Synt hesi s of

4-[3(5)-Chl oro-1-ethyl - 1H pyrazol -5(3)-yl]-1-(3-phenyl propyl )-[1, 2,4]triazo
| oL4, 3 a~-qui noxal ine Sunmation fornula: C23HZ, CIN6 (416.92) 2S |soner:
Production in a Single-Pot Process with Use of Acetonitrile as a Sol vent
Appear ance: Col orless crystals Melting5point: 175-176C (from ethyl acetate)
"H-NWR (CDC13): 8.13-8.08 (m 1H), 7.89 (s, 1H), 7.86-7.81 (m 1H),
7.69-7.53 (m 2H), (H6, H7, H8, H9, pyrazole H4), 7.38-7.21 (m SH,

phenyl - 4.85 (q, 3 7.2 Hz, 2H, CHz), 3.49 (t, J =7.8 Hz, 2H, CHZ),
2.94 (tLLM&@ﬁHMMaaIML bgtiyentsin leRgsjtion1. 55 (t, J = 7.2 Hz,
3H, CH3) 2"d Isoner: Production in 2 Stages, Nanely Acylation and
Cyclization with Use of Acetonitrile as a Sol vent Appear ance: Col orl ess

needl es Melting point: 146-147C (f%%‘isgpr opyl ether) 'H NWR (CDd 3):

8.33-8.29 (m 1H), 7.86-7.180 (nm 66-7.48 (m 2H)) (H6, 61 H7,
H8, H9, pyrazole H4), 7.38-7.20 (Hf sphenyl -H), 4.44 (q, J = 7.3 Hz, 2H,
cH2), 3.50 (t, J = 7.7 Hz, 2H, CHz), 594(t J =7.1 Hz, 2H CH2),
2.48-2.34 (rn, 2H, CHZ), 1.55 (t, J = 7.3 Hz, 3H CH3) IV. X Pxoeess for
t he Prreduetien—ef—Conpounds—at—Type{1)—or T\mn (2> V=hile Varying Radical
The inv e tes t g addiftg onabehy ituted

(1,2, 4~ ??fl;azofio((aiﬁfl?)-a q(&} noxalslne (L;rmglilefﬁf@rigtiﬂwﬁe% ati vesHiNrM&hi ch the
chloriine atom thgry |i s bonded |t ardrlifulPY ! azolMedibpd 1 S|repl aced by ot her
hal ogens or by hydriogen. The |dehal ogenati on can be carried out, for
exanplie, reductjivelly, i.e., Qy r@#G})ion | Appe¢sapgen atnosphere or with a
hydr ogen del|i verer |[such as ammonium forrnate in the|presence of a suitable
catal yst (for exanple, palladiumon acti videtingFainton | (B. . | VLat uszezak, |K

| Viereiter, | Synthesis in the Series of Pérazol yl - Substi t ut ed
Q-ui noFhA2ALCT | Hudt er ocyel es,Cﬂg;scﬁﬁ(AB 2kl (‘9@9?)) 14481 ¢, dHhRyrazpbmat i gn

reactifon i s {enhanced byy eact|i on; ev rature: As solvents,
primarfily allcohol s, tet}l[;lhydr éﬁ[tcé ‘ggé‘? df N6ReS 16898 &mstilk abl|e.

gor_rgo;;ndgn Eatlr]e;r ~sH<;I ;s!\BiAdn* paQ'3 030\ 21 H)rQAgglrsrrace ?%356%%2&%“ -(IJ-E:I Iy
can be 238-240°C (H6/H7/H8/H9), 7.61 (s,
1H, pyrazole-H4), 4.49-
4.34 (m, 1H, CH), 2.70-
2.59 (m, 4H, 2 x CH,),
2.29-1.98 (m, 2H, CH,)
IL12B |Ci| H C, H,,CIN, Colorless to 14.23 (s, 1H, Pyrazole-
"\,ﬂmﬁ\ (394.91) Yellowish Needles | NH), 8.32-8.29 (m, 1H),

222-223°C 8.13-8.09 (m, 1H), 7.84-
7.70 (m, 2H)
(H6/H7/H8/H9), 7.60 (s,
1H, pyrazole-H-4), 3.47 (t,
J = 7.3 Hz, 2H, CH,), 2.05-
1.87 (m, 2H, CH,), 1.74-
1.63 (m, 5H, CH, 2 x CH,),

1.47-1.13 (m, 6H, 3 x




converted into their physi ol ogically conpatible salts with an inorganic or

organic acid. As an acid,

acetic acid,

phosphoric acid,

fo

menti oned aci ds can be used.

r exanpl e,

Su

62 If an acid function is present

succi ni ¢ aci d,
fumaric acid, malefic acid, nethanesul fonic acid,
hydrochl ori c acid,
acid is considered for this purpose. 34 so,

| furic acid,
m xt ur es

hydr ogen brom de,

of the previously
in the

| actic acid,
tartaric acid or citric

nol ecul e, this conpound can al so be converted into a physiologically
compat i ble salt for pharmaceytical use. The counterijons can have both ah
i nor ganNo- andX akler gani B nat pSemmationh Reexystallizatins (consi st'HoNMR kal i
metal 5, al kalimne-earth netals, amoni um as_wel | as ammoni um derivatives| in
whi ch| i nst ead ofRhydrogen, oneFermilayy org Wubstfituents, preferably
al kyl | radicals, are present.|In itijon, the conpounds can al so be present
in the form of |physiol ogical |y "atlbIeABEWV%E%% especially hydrates| In
the section|below |several results of i@?l ng testing of selected
repr esentativesare listedIrhe conpo'nd notie! Evr esponds to the nunber
that |s desc¢ribed in the synthetic porftion. Biologic { he,
Conmpounds Ac¢cording to the I pvention According-to GEnerQQ§%i0%gﬁ%’%qﬁ
(2) as Well |as|Theijr Evaluation: The data of the bioI@HQcal tests that ar e
ci t edfbetowresuttsfromradiotgand=bindimg—assaysjonmA—AzA—AzB—and—A3
adenoslR2C ¢CeptAr 3 (ARS). The fijdipyi ng eelogedsye 1 aﬂllzl('s,gﬁ{ld’%ra%bl% usefd in
the bj ol ogi ¢al |tests: [3H CCPA (for A ARs) [Klotz et al
Naacnyn- Schm edeber g' B‘ﬁﬁugh Phd44e30| . |, YAlGyisioNed]es9a9H), 8[53#&428()& AH)f or | AzA
ARs) [Muller et al Eur %{J. | Pl 2arm Sci., 10, 259 (ZOOQQ gSFUZNQ41385 for
AzB ARs_ [X|-D| Ji| K A Jatobson, Drlug [388-240iGscov|.8.14:8.10 711 399) ]
[ 3H] PSB- 11 (new antagoni stic|radioligand for human Aa Aﬁ%bé%ﬁ D eckmann
M Thprand, |V. |OGzola, C. E. Miller, in Vbrbereitung tion] (2001)].
' - VEC - 5 . .
Eléghlf? MECA (for|rat-A3 ARs) (O ah et al., Mol Ph%ﬁ%ﬁ?ﬁhBﬂﬁﬂ?l&?é?
1H, pyrazole-H-4), 7.27 (s
br., 5SH, phenyl-H), 4.28 (s,
2H, CH,), 3.42 (s, 2H, CH,.
), 2.58 (“s” br., 4H,
piperazine-CH), 2.35 (‘s’
br., 4H, piperazine-CH)
IL12D | Cl| H C,.H,,ClL,N; Colorless to 14.3 (s, 1H, Pyrazole-NH),
R (458.96) Yellowish Needles | 8.53-8.49 (m, 1H), 8.14-
245-258°C 8.10 (m, 1H), 7.79-7.71 (m,
2H) (H6/H7/H8/H9), 7.61
(s, 1H, pyrazole-H-4), 7.3
(br., 5H, phenyl-H), 5.2 (s,
2H, CH,), 4.3 (s, 2H, CH,),
3.42 (s, 2H, CH,), 2.6 (‘s’
br., 4H, piperazine-CH),
2.4 (‘s’br., 4H, piperazine-




63 Description of the Assays That are Used for Testing Substances
Production of Tissue Preparations Made from Rat Brains For the
preparations, deep-froaen rat brains of the Pel Freez Conpany (Rogers,
Arkansas, USA) are used. The rat brains are thawed in 0.32 M saccharose
solution, the cortex is cut off, and Bhe striata are prepared outside. The
cell deconposing of the cerebral cortex is carried out wwth a gl ass-Tefl on
honogeni zer (stages 5-6, 10 seconds) in 0.32 M saccharose sol ution. The
menbr anes arle_purifii ed gver various centrlfuglng steps. Wth centrifugirg
at 600 gY¥o.4q, Xf|dk1-10 ni Rut es,| Semmatien oikesmystallization | debri s ' H-NMRBpar at ed
via the P1 frac 3 , and the [super nat ant (]éélractlon) is further worked
up: in the subseg egnt thxee ge ‘FFFE@ ng st'€pSUPB5, 000 g; 4C, 60 minuteg),
a pellet is |prdducegd that is rejﬂagfnded in 50 mmol of TRIS buffer, pH 7.4
with the U tjratjurrax (stages |3 ,on@?P §erespective supernatant| is
di scarded. The |strijata are added to cold ﬁ@tﬁg%f"{ter honogeni zed with the

U . traturraxt+A—stages—3—to 3—seconts—anrd=then—cent+i-fuged—at—35-000 g,
4C, for 20 minytes.| The superinatant is|discarded, andcyﬁe pellet is

r esuspended—1m 50— mmot—of — TR S—buf-fer—(56—mot—pH-—7 Fhe—washirg
process is repeated tw ce nore. The nenbrane preparatlons are stored at
-80C and are held for several nonths. The cerebral cortex nenbrane
preparation is used for A -radioligand binding studies, and the striatumis
used for AZnradi ol ogi and bi nding studies. Cell Culture: As cell cultures,
for exanple, CHO cells, which express the human A -adenosine receptor, are
used. 64 The nutrient nedium trypsine and PBS (phosphat e-buffered common
salt solution) are heated in a water bath to 37C. The nmediumis suctioned
off fromthe flask that is approximately 80%to 90% confluently covered
with CHO cells. PBS buffer is added, and the latter is allowed to act for
about 5 mnutes. Then, the buffer is suctioned off, and the cells are
covered with trypsine/ EDTA solution. After about 5 mnutes, the cells are
detached fromthe bottom of the flask. The trypsi.ne/ El 7TA solution is
diluted with at least the sanme anount of nmedium Wth this mxture, the
flask bottons are rinsed two to three tinmes to detach cells that are stil
adhering. Then, the suspension is added to a centrifuge glass and
centrifuged at 20C for 5 mnutes at 1,000 g. The supernatant is suctioned
off, and the cell pellet is taken up in fresh medium The cell suspension
is dispersed uniformly into 20 to 25 cell culture flasks that are inscribed
with 20 to 25 and that are filled with nmedium The flasks are lightly
shaken to disperse the cells well and then incubated for 2 to 3 days in an
i ncubator (37C, 5% COz). The follow ng nmedi um conposition is used, for
exanple, for CHO cells: DVEM F12 with the follow ng additives:



10% f et al
10,000 U of penicillin and 10 ng of streptonycin)
(stock solution

200 mmol

in 0.85% NaC

2
sol ution)

0.

calf serum 1 %penicilTin/streptonycin (finished mxture with

mml of L-glutam ne
2 mg/mM of 418

(genticin sulfate) For CHO cells that express the AZA-adenosine receptor,
the operating steps are perfornmed anaB®gously to the previously nentioned

A, - adenosi ne receptor-CHO cul ture.
I n addi ti on,

to the nmedi um

expres

prot ei
El rner

above.
of

ni;

Li fe Sci ences,
A3- adenosi ne receptor,
to the A -adenosine receptor-CHO 8-% Ui €
| VI enbrane Preparation of Retonﬁ*nant Human Receptors:

reconbi nant ,

Col ogne,

Az 8- adenos

H 11

i ne receptor

flnlshed pre-areﬂtgenbranes of HEK cells,
A ? ? i b ute qd1cp

wer e avallable connerC|aIIy (Recept or
Ger many) .

t he operatlng st* A

For CHO cel

whi ch
Hign 4 anI/rng of

ROS

Blology USA via Perkin
whi ch express the
s are al so perforned anal ogously

““The mediumis used as descri bed
Prepar ati on

| s,
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50 mmol) for 20 mnutes at 4C and 35,000 g. The unspecific binding can thus
be reduced. Preparation of Reconbi nant Human A3- Adenosi ne Receptors
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m nutes before use in 0.5% PEI solution. Receptor Binding Assay with

(3H] ZM241385 Expressed on Reconbi nant AZa Adenosi ne Receptors in HEK Cells:
10 pl of DMSO, NECA (I nmrnol) or test substance dilutions 790 pl of 10
nanol HEPES buffer, pH 7.4 (for production, see above) |00 pl of

[ 3H] ZM241385 (final concentration 5 né®l; KD value 33 nnol) 100 pl of

menbr ane preparation, incubated for at |east 15 mnutes with 0.12 IE

adenosi ne- deam nase (protein concentration: 40 yg/m ) 1000 p,l of final
vol umg The nenbranes are thawed and the receptor-binding assays are carried
out ‘wit iN¢.3 BA-gccoRdi ng Semmationns Receysializatignven bel o-WMR
consi dleratio r the amounts and solutions |jsted apove. The dilution iin
the agsay is I (to reduce FoREMHREO cont™eftitiy 104 since a hi gher DVBO
concentratio s a|di sadvant ag @ ef ec% The incubation tine is 30
m nutes at 2 n an oscillati né‘gi te PEHARCG| ass filter is introduced
into 0.5% PE | utifon 30 m nutes befoe tpr Binding Assay w th
(3H] PESB—11——-6 ecomrant—AB—-Adenast-ne Ma??%%ﬁ&p essed ngC.'-D CZ\! lsq 10
of {DMBO, R-PIA (100 pnol) or test- SJbstance dllut oRg ﬁ_@ =i, of |50
rrrml of TRI S| buffer, pH 7.4|(for produgction, see aboye QB p% ?y )
[3H P$B-11 (final concentration 0.5 nnpl; KD value 2 99@13)763(994131 tx@Hz)
menbr gne preparat T oy (at_teast 15 mmnures) T cubat edfwtro: to—of—tE
adenosine3Headi hake | (pr ot &i h QYRLANNE at | OPthyl Aktg/ M 14.200, WH, Pfradoldial
vol ume The assay is|performed wth [3H CCPA according to the instructions
under {t he receptor (388.86) Light Beige NH), 8.13-8.10 (m, 2H),
Crystals 7.78-7.71 (m, 2H)
203-208°C (H6/H7/H8/H9), 7.60 (s,
1H, pyrazole-H-4), 7.28-
7.23 (m, SH, phenyl-H),
3.51(t,J = 7.2 Hz, 2H,
CH,), 2.85 (t,] = 7.3 Hz,
2H, CH,), 2.32-2.18 (m,
2H, CH,)
13G [Cl| H | 7L, | C,uH,CIFN, Colorless to 14.19 (s, 1H, Pyrazole-
(406.85) Yellowish Needles | NH), 8.20-8.07 (m, 2H),
228-230°C 7.75-7.71 (m, 2H)
(H6/H7/H8/H9), 7.58 (s,
1H, pyrazole-H-4), 7.35-
7.27 (m, 2H, phenyl-H),
7.15-7.06 (m, 2H, phenyl-
H), 3.49 (t,] = 7.3 Hz, 2H,
CH,), 2.83 (t,J = 7.5 Hz,
2H, CH,), 2.30-2.19 (m,
2H, CH,)




bi ndi ng assays wth consideration for the above-listed anmounts and
solutions. The dilution in the assay is 1:50. The DMSO content is 2% here.
The incubation at 23C in the oscillating water bath |asts for 45 m nutes.
[3s SJGIP y t~ssay: 10 W of DMSO, GIPyS or test-substance dilutions 150
p.l of TRIS buffer, 50 mml, pH 7.4 for [35S] GTPyS assay (see above) 20 p:|
of [35S] GTPyS (final concentration 0.1 to 0.5 nnol; corresponds to ~ 1250
Ci/rnrnol) 20 ~.1 of nmenbrane preparation, incubated with 0.12 IE
adenogine-depm pase[(proteim concentragion: 75 pg/m) 200 ~. 1 of final
vol umg Ne:0 FIXr 5R1- $0l URi on$ Siminadon e5tReevBsdliztida | N DVSOHRNMRr oduced in
the required| concenfrations]; The curve|consists of 7/to 8 nmeasuring points
(neastred in|l eacRease as tri pFemsla whi ch Mediemd over a concentration
range|of 6 tp 7| powers of ten. After the addition of|50. mmvol of TRI'S
buffer, 50 npol | pH|7.4, to|the(M&iol | gaARPEBBBYGTPYS and t he menbrane
preparation,| wh{ch was m xed with adenaswe de%m nase, a final volune of
200 pl_is achieyed. |The inc Jbaiion i s _carlYeliREdemt of 45 1 nut es at 25Cin

an os¢i in ter bath. T reaction is firs of
col d Nysiﬂ?ﬁg ghf Per | (50 Yeng Hl#gﬁs rest ovg o %42{% Eﬁ%’ yrEﬁq

and t he suspgens|{on is filtefed [

harvester. The feagent gl asses@gée?’ﬂ?l n%ﬁ?‘&&shé@é\?l% gﬂf)ﬁrgez ?:ﬁog%’ h@f
washi ng buffer. | The|filter plates are tonvgyeshoxy rreamsg_quqnggmhed out
platelinto the scintillation vial, which is filled wth
Scintillation cpckt lel | . The|lvials are shaken well to (lbﬁ{/HWHB/HQj 7@D (Rapers
conpl etely. After am incubation of at |east 3 hours,|the radioactivity in
the LP counter |s determined by a 2-m pute neasur eneptH, pyhazotuHvies7.38-e
reproduced three times in each case. In the assay, splutions of test
subst ances 1} 20| are|diluted] the DVBO tontent in the| 4286y 3K, deaylviy) .

Eval uati on of the Radioligand Bi nding Studies: The ne alue is cal cul ated
from{hree i pdependeént expefinents. 1CS and K, val uesgg?é’}=e7'l ﬁz’ Z(H’

CH,), 2.85 (t,] = 7.7 Hz,

2H, CH,), 2.32-2.18 (m,
2H, CH,)

IL13F |[Cl| H 12 | CuH,CIN,O Ethyl Acetate | 14.26 (s, 1H, Pyrazole-
(390.83) Colorless Crystals | NH), 8.39-8.35 (m, 1H),
217-227°C 8.16-8.11 (m, 1H), 7.85-
7.75 (m, 2H)
(H6/H7/H8/H9),7.63 (s,
1H, pyrazole-H-4), 7.34-
7.25 (m, 5H, phenyl-H),
5.36 (s, 2H, CH,), 4.68 (s,

2H, CH,)
mi3y |al v | 70| 0N, THF . |14.23 (s, 1H, Pyrazole-
(402.89) Colorless to NH), 8.31-8.29 (m, 1H),

Yellowish Needles | 8.13-7.83 (m, 1H), 7.79-

210-215°C 7.66 (m, 2H)




obtained fromthe Cheng-Prusoff equation, the concentration and the KD

val ue of the radioligand. For cal cul ation, the program G aphPadPrismr',
Version 3.0 (G aphPad, San Diego, California, USA), was used. 71 Results
of the Biological Study of Selected Conmpounds: '~ ~a : .... .~~~K$~

"~~~ ,.~, 1 Bf Co~r~~po~ru~A, y (42 nolJ orA2A K, ~~nol] or(

Inhibition @I D ~nmol)( % Inhibition @2S ,uxnvl)Caffeine23.5 3.032.5R =
-H> 10> 25(35% (21 YR = -CH37.85 0.951. 43R = -C-)=1S1.62 0.68> 25(0% R =
-CHZ [Ceps0. 31 0.09% 25(6.1%d. 5% 12 = P-Eu~ryl0.4T 16> 25(3T % 3R] =
2- Thi enN®. 711X ORO6> 25R22% SbinRtion 21 Receystdllimntion| | 0. 20 ®-8MR 25(21%
109% (able 1 A, _and AZA adenosine receptor affinities (from B. Matszczak,
E. Pekala, G H Rduller, Ar,h Fomudan  phar Medimm: Chem 331, 163- 169 (1998)]
72 r.f Pat |l ri- ., Fir.~ ~~t~ =~ lj'"l= ~~""~ ~~y-~t, "Rl ".'=,13
YFor RSR6AL K, AZA K. AZB K, A3| K, F&M§y3/4[ nﬁP?e‘B?{'@rml] or[~mol) or[~nol] |or~
H( % i phi b.(Oolnhlb % i nhi b} (% i ~hi b.

0 umol ) ~nol ) ~nol ) ~nol ) G- CHZR3
=HCl 090 4. 96 > 10.0019(2- OCH30.231.2 %&%ﬁm"\tr CHZ7HC 0. 006 > 10> 1%

1CHZ-D. 0016% ( ) (18% (32% CHe- PhHurah: 2 nrol C- CHZ
. 22(3% C-cH-HC 0. 10 1. 18 |t nt (CH3) - D- 0. 8%%@5%@%37?&%3

10Nt Nt CH2- Ph

0

0.2
1.26 p 1> 1Rury| )0.070. 18(2b6% (31 % C-((3-HCA 0. 33 4. 10 270 7I§4fa7r%6_SR6Al
K, AZA| K, AZS X, A3 K, RI/2/ 3/ 4{pnolJ or(~nmol] or[pnolJd o Tﬁrno ] VE (]| %

i nhi b 7.13 (m, 5H, phenyl-H),

A4

3.52(t,] = 7.0 Hz, 2H,
CH,), 2.60 (t, ] = 7.3 Hz,
2H, CH,), 2.02-1.78 (m,

4H, 2x CH,)
ILL3K (C1| H | 777 % | CuH,CIN, THF 14.22 (s, 1H, Pyrazole-
(458.96) Colorlessto | NH), 8.33-8.28 (m, 1H),

Yellowish Needles | 8.13-8.08 (m, 1H), 7.84-

210°C 7.69 (m, 2H)
(H6/H7/H8/H9), 7.59 (s,
1H, pyrazole-H-4), 7.28-
7.13 (m, 5H, phenyl-H),
3.48 (t,] = 7.4 Hz, 2H,
CH,), 2.60 (t,} = 7.3 Hz,
2H, CH,), 2.07-1.91 (m,
2H, CH,), 1.76-1.45 (m,
4H, 2x CH,)

IL13L |Cl| H Tﬁfj C,H;5sCIN,O Ethyl Acetate 14.26 (s, 1H, Pyrazole-
x 0.4 H,0 Light Yellow NH), 8.40-8.30 (m, 1H),
(398.04) Crystals 8.20-8.12 (m, 1H), 7.78-

225-230°C 7.70 (m, 2H)




(% inhib. (%inhib. (%
ir~hib. @0@Oo@@.~nol ) p.rnol)pnol)prreol) Thi enyl)0.081. 50C- HHC > 10> 10>
10. 242(35% (21% (0% C HR3 =HA > 10> 10> 10. 3720CH3(13% (1

(8% CCHz-CH3C1 0. 21 t8.61 >
10. 086(2- 0. 043. 25(22% Tlii:enyl )NHC 04%7t 6. 13>1>10. 061. 38(13% (53% T ab~le
2. Receptor Affinities of Several New Triazol o- and Tetrazol oqui noxal i ne
Derivatives (nt = not tested) Dosages and Fornms of Adm nistration The
conpolinds of | generalf fornmula (1) or (2) according to|the |nvent|on can Qe
adm ni stNe.ed| Xo| Rdtijent B per obwmmationof Recayspallizfionmeans of 'H-MMBts, codt ed
tabl ets, capsul es and drinking _sol utionps; rectally, tor exanple by nmeang of
supposi tories; byR4 nhal ati on, F?)‘im‘t'ﬂamal e Bdedinmaj i ng aerosol s at defined
concentratiopn apd sijze distribuh%§$ partlcles transdernally, for 14
exanplle by attiye ingredient-co ni ng pAPPRYAPCE \hhing sol utions, geld,
etc.; [transnucosal ly, for exanple in t=rqﬁeﬁL Opﬁfo ption through the

mucous—menbranes—of oiH-h—and nose w“ern ct-\ve |nnrnd| ent—n
|

t Qa
the cavity of the nmoputh el eased by solutlon inth be
introduced ipto|the|nose by|spray solutions and the ﬁ%@ﬁﬁgﬁﬁ g&6§g$

i npl ant ed copdepsers, whichy for exanp e, release th,1ﬁcﬁh¥§mgﬁg0eﬂ3@nt by
passi ve osnosis|or iin a controlled manner by neans of mmi-punps or the
like; |or by an |ntravenous, |intramuscular or subcutaneggs$mi PR ¢H14BO6AM
i ntracerebroyentricuylar nmethod. Typical dosages in the adm nistration of
t hese|active|ingredients depend on the|type of conpouH) (phatyliH), 662, dnd
lie in a range of 0.5-100 ny (preferably 1-50 ng) for intravenous
administratipn for an average adult; iph the range of Tﬁﬁbﬂelﬁﬁg*@®@§ﬁerably
5-500|ng) fof peroral admnistration, and in the rang of 0. g %&
(preferably 1-20 ng) for transdermal agm nistration. H?Hé’ drd =t
admi nistratipn spectrum the conpounds|of general fof Q%H%§3ﬁle%r (2)

accor Mina-taolthps 1+ bantr AN her A ciintahlh fAr t ho - nroducti AR
\JIIIH (v CTrre rrvoermoruoun rc—oul I.OllJl o Ul LA S }II \PAVIVAVA s pav N |

pharmaceutical agents for treating diseases in the kidney area, such as in
acute renal failure, nephritis, hepatorenal syndrone; for treating the
heart, preferably for treating cardiac irregularities, ischema, myocardi al
infarction or angina pectoris; for treating the central nervous system
(CNS); preferably for treating denmentia, Alzheiner's disease, anxiety

di sorders, epilepsy, Parkinson's disease, stroke, depression, opiate

wi t hdrawal or comatose conditions; or for treating the lungs, preferably
for treating respiratory di seases, such as asthma, bronchitis and
mucovi sci dosis; and for treating hypertension, allergic skin di seases, such
as urticaria, or inflamations. In addition, imunostinulants as well as
protective agents, which are used in lung transplants, can be produced from
conmpound (1) or (2) according to the invention. 75 dains: 1.
Pyrazol yl -substituted [1,2,4-]triazol o] 4, 3-a] qui noxal i nes according to
formula (1) Fi': ~ar~ ,-r~~R...,~,~ ~.. ¢

T T ioT X TeP—UT

e




R~ ~
saturated or
optionally have one or
al koxy,
al koxycar bonyl

h i

hydr oxy,

.~ta ~hl
unsat urated al kyl

hal ogen,
or sulfo groups,
or can be present as fused aryl

am no,

or

in which RL to R4 are hydrogen,
radi cal s,
nor e het eroat ons,
nitro,
whereby R2 to R4 are identica
het er oar yl

cycl oal kyl
aryl or het
tri hal onet hy

i adi ca

| i near or
radi cal s, which
eroaryl radicals,
|, carboxy,

| s or as

br anched,

or different

correspondi ngly hydrogenated or partially hydrogenated systens, and in
whi ch substituent Ris hydrogen or a linear or branched-chain, saturated,
and/ OI’I g 24 _._!,:P o _._‘ __ He TQAY hstptugnt 3 Ali- gsition n ar yl or

het er oar yl

radlcal |ﬁ substltuted or unsubstltutedﬂférnl wher eby
substituent Ris bonded to the base either directly or via an alkylene
group, e |or refc on,.at olsy can repl aced by?g oatons
such as @xygaé? sul flur or nilt S%@ noﬁn “*&%Qgﬁ“gﬁ stituen §@ﬁk
hydr ogen, C, 1C$ q&*yl, allyl, Mﬁ&%kyl, &by arylalkyl or acyl, and in
whichiradical Rp Is|a hal ogen or ogen, exc udi ng| conpounds with Rl tjo
RS equal to hydfogen, R6 equal (M(;;hl of i nappesraBc€dqual to nethyl, phenyl,
benzyl, 2-furyl] 2-thienyl or 2-thi enyl me2hyl. 2. Process for the
produc¢tion of pyrazolyl-[1,2, 4]triazol o[ 4Avietiagdeintoxal i nes according to
fornmula (T), [characteri zed In that substituted T, 2 diazines according 1¢
formul 3LL.8M e8| ~H RS 1tl.. |, CgH,GN®I | z Ethy:Acetate~' | A28 (s, 1FPyradele-i n
whi ch|radicals Rl, Rz, 383 1nd R4 have|the meaning agcording to claim1ljand
in which X |s a 76 l'gavi ng 3 and XB@gfhﬁradgen Hﬁ)rﬁ/ﬂ?bg’éjrﬁ) adeé-
reacted by r{ng|clogure to 1orn1pyrazo yl bstjtuted %glnox | ines
accorgling to|Formula (D) At,a~ ~_ ra X "~‘V“@S‘rr i B-ORM, ¢H), 7911786 (gmt
t hen the 2-chl oroquijnoxal i n¢ derivatives agLo bRAg to t~
W~ 4Xr ~{,. |~ ~1" Re~ ~|rfi wr~~ ti are’%ﬁ% uced 1ﬁxﬂq§ﬁﬁgéégfigtted in
the correspopdi hg 24{hydrazi no derivatiyes according {8gfer hp égﬁ6 24 ' 9J
S-a Yr tor~—~r@a ~ h"~a, r ¢~a rs /F~ fromwhich the conpé@ﬁ a orglﬁq to
Formula (G 8/-9, pyrazole-H4, furyl-
H)
H13N (Cl| H L{s};’ C,¢H,CIN,S x | Ethyl Acetate/THF | 14.2 (br s, 1H, Pyrazole-
0.1 THF x 0.9 Light Yellow NH), 8.22-8.21 (m, 1H),
H,O Crystals 8.14-8.10 (m, 1H), 7.98-
(376.23) 297-300°C 7.96 (m, 1H), 7.69-7.45 (m,
5H) (H6/H7/H8/H9,
pyrazole-H4, thienyl-
H2/H4/H5)
%,
IL1.30 [CI| H ?i;’if» C;H,,CIN,S x Ethyl Acetate 14.24 (s, 1H) (Pyrazole-
0.6 H,0O Beige Crystals | NH), 7.25 (s, 1H, pyrazole-
(377.64) 240-245°C H4), 8.20-8.08 (m, 2H),
7.74-7.48 (m, 3H), 7.09-
7.07 (m, 1H),
(H6/H7/H98/H9, thienyl-
H2/H4/HS5), 4.96 (s, 2H,
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acyl at

according to formula (>E) are obtained by ring closure reaction.

i on,

Ra "~whJ v r~~.,

| wL:e

~I

W .

.~ R~ ~ NN
fromwhich the pyrazolyl[1,2,4]triazol o-[4, 3-a] qui noxal i nes
3. Process

R1 13 C doi-

according to claim?2, wherein the ring closure reaction is carried out
starting fromthe correspondi ng hydra¥d ne wi thout isolating the hydrazide

i nternedi ate product.

conmpounds according to formula (G

4. Process according to claim2 or 3, wherein the

are obtained from substituted

are.obtai ned by

to

2-chl oroqui noxal i nes by reagtion with hydrazides. 5.|Process for the
product iNe of XsyMdeqricBl |y sﬁn‘ﬂgmailm’ej%méﬁ@ﬂl%t{oﬂ D, 4] tri d-DIMR4, 3
a] qui noxal i nes aﬁgﬁr ding to o of cla ttﬁ erei n substituted
diazine is opta accor di hg YR nul a ( Bl di ng to claim2 by
reactiion of p-phenyl enedi am ﬁ\:’@ rdi hg to for mula (B), r~t HHV ~ ~~k".
ti~"J~~~",F9.|~1 ts) in which icals =i haye the neaning
:g;:grdlcngn'fgnsl‘?l ,[n,,ZL’ ) Y\Mnt Q aSF.LY?EEdnf’ ?ﬁ@%%}ml dazi ne- 4 car boxyl iC
T T \VA VA wre) LIV ) U IIc PI JUUC U T Ul Ul UIIO)’IIIIULI 1 bal )’ OUUO[I I.ul. CU
pyrazol yl [1 2, 4] triazol of 4, 8- a] - qui noxal i nes accordi hgygtyo fornmula (1),
wher eir—substitptedrdiazines—accordingrto—fornmut-a—S; %?S‘hﬁvm—rﬁ—cﬁﬁ
?re OlbtlI%%.EDPd by | Ngacy! atilon ot eI, n Ef}@@wc&tht@ﬂl—ﬂerlcv.% isVes, BeeRldi ng
ormulla
(347.77) Yellow Crystals | NH), 9.00-8.95 (m, 1H),
Mod 1. 314-318°C | 8.69-8.14 (m, 3H), 8.00-
Mod. 2 >350°C | 7.90 (m, 1H), 7.80-7.38 (m,
4H) (H6/H7/H8/HS9,
pyrazole-H-4, pyridine-H)
I1.1.3Q ([C1| H 3\.,,,9'1 C,-H,,CIN, Ethyl Acetate 8.56 (s, 2H), 7.92-7.50 (m,
(347.77) Orange Crystals | 6H) (H6/H7/H8/H9,
Mod. 1 270-278°C | Pyridine-H), 6.84 (s, 1H,
Mod. 2 >350°C | pyrazole-H-4)




f;1 HV,~ i~y~F~e y~ CGaN '"ft~ Ft IM wth 3, 6-di hal opyri dazi ne-4-carboxylic
acid chloride with formati on of the conpound according to formula (J) ~t n
~, At~ ti.", o~.~ n2 .. 7 NOYhr 1't.. f24 in which the am ne group
in the conpound according to formula (C) is obtained by reduction of ~a
the vitro group. 7. Process for the ped®duction of unsymetrically
substituted tricyclic conpounds according to forrmula (1), wherein an
unsymmetrically substituted phenyl enedianmne is used with one or nore
substituents that i nfl uence t he react|V|ty, so that at | east one of the two
‘ ativesofaha ds éacaridipg to &enerali Koameld (Hrwithebpdrd geaitAtdms by
which a sel ectlve substltutlon is carried out on the ring systenfon the
ring sg&hﬁﬁﬂt}ﬂa. Pyrazol yl -substituted tetrazol o(1, 5-a] qui noxal i nes
according tQ formula (2 ~~t ~' ~ in which RL tqo R6 as
wel | as R ha¢RValINes %}hgﬁftﬂﬁ‘?m&(llﬂ?ainé’a}réHIe?eﬁ“ '\ié}idﬁ‘?gf“ awm eAngeles for t he

pr OQUCt am ? ];ccorcfrtPgOt%QﬁjSpj%\?l(fz)gszlg-dﬁsgzzlged[ lggtrﬂgcrisal’g}]e?afw ae rea(ch R E&ar%ple %yw th RS
P A S S e L e e ke

i s al kypahigfh i8striohsiseivhich BepibRtthOdrahidofQhcisdbPRhtiiedeRtweis alhteady takes
place in the stage of conpounds (D), (B), (F) or (G, as indicated in claim
2, wheeshypléshereicedt i on of 2-chl oroqui noxaline (E) is preferred. 10.

Process for the production of the conpound according to forrmula (2) of
claim9, wherein the conpound of fornmula (E), as indicated in claim2, is
produced and reacted with ,§al tﬂﬁl,r&f hydrazoi c acitd.y

‘—%
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g desgd
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General Operating Instructions:

A suspension that consists of 2.0 mmol of the corresponding hydrazino compound in
trimethyl orthoformate (about 10 ml per mmol) is refluxed until the reaction is completed (TLC
monitoring: several drops of the reaction batch are mixed with water, the product is extracted
with ethyl acetate, mobile solvent: ethyl acetate).

After cooling to room temperature, the reaction product is isolated. This is carried out
either by the crystallized product being filtered off by suction or by mixing the reaction batch
with water and extraction with a suitable organic solvent (for example, dichloromethane). The
iselated crude product is then purified by recrystallization from a suitable solvent, for example

ethyl acetate, tetrahydrofuran, 1,4-dioxane, N,N-dimethylformamide or alcohols.

11.2.A. Synthesis of 4-[3(5)-Chloro-1H-pyrazol-5(3)-y1]-[1,2,4]triazolo[4,3-a]-quinoxaline (a

compound of general formula (I) with R=R1=R2=R3=R4=H, X =

Reaction time: 2 hours
Yield: 80% (colorless needles)
Summation formula: C,,H,CIN, (270.68)



79 11. Pyrazolyl[1,2,4Jtriazol o[ 4, 3-aJqui noxal i nes according to fornmula (1)
or pyrazolyl substituted tetrazol o[ 1, 5-a)qui noxalines according to formula
(2) that are isolated or in the formof their pharmaceutically conpatible
salts and sol vates as pharmaceutical active ingredients, in particular as
adenosi ne receptor |ligands. 12. Pharnmécdeutical agent, wherein as active
ingredient, it contains pyrazolyl-substituted

[1,2,4]triazol o] 4, 3-a} qui noxal i nes according to forrmula (1) and/or

pyrazolyl substituted tetrazol o[ 1, 5- %iqg;noxallnes according to fornula (2)
and/ or t hei MgJtiegpritteutical |y é%ﬁﬁgH g IAFst 5% PMBhar maceut i cal agent

peroral . r écﬁ%ﬁh%%mﬁﬁii gt i ??Sz?ar%%keh\ﬁwi‘a&%@aﬁﬂaﬁw Bagdlente Tor
|t acer ebroventy Loul . adm i Syr S d B (EORRRR AL MR gB° L 0

suitable for inplants, infusiongggjfg |nject|ons. 15. Process for the
production of a pharnaceuti cal adeng according to one of clains 12 to 14
for treating diseases in the kidney area, such as for acute renal failure,
nephritis, hepatorenal syndrone; for treating the heart, preferably for

t reat i rMy2.BarSynihesis 6ff L[5 BChibioeH-pymedied(BRyl]-MBadimethyR([1 Zm]ﬁ@a’zOId[QBl-aqlr angi na
pectoris; for treating the central nervous system (CNS); preferably for

t r eat i nyindearet(AsCondpanndphEenesal diosmuls €1) withiRet R1 & Rbe dlth@ RYEIEhsX,=
Par ki nson' s di sease, stroke, depression, opiate wthdrawal or conatose
condltﬂahs or for treating the lungs, preferably for treating respiratory
di seases, ch as . ast hma, brong@;tls and nucovi sci dosis. 16. Process for

t he producti At Timghar maceut i C4P"4&nt according to one of claims 12 to
14, wherei nyas,pharmaceuti cal ve agents, which can be used
in lung transp ants, are produc (%k§%&”%S&%pocess for the production of a
phar maceut i (S@}nngag@mfor%%ordl ng (t;qioeﬁq @logctagi me 12 to 14 for treating
hypertension, allergic skin diseasés, 'such as urticaria, or inflammtions.
18. Process Méfing pantpr oduct i on 320- 33231!12h(3ffmeHm| cal agent accor ding to one
of clains 12 to 14, wherein an imunostimulant is produced as a

phar maceut i dH}NM@e(EIMSO-dﬁ): 14.13 (s, 1H, pyrazole NH), 10.04 (s, 1H< H1), 8.17 (s,

1H), 7.75 (s, 1H) (H6, H9), 7.56 (s, 1H, pyrazole-H4), 2.41

(s, 3H, CH,), 2.38 (s, 3H, CH,)

I1.2.C. Synthesis of 4-[3(5)-Chloro-1H-pyrazol-5(3)-yl}-7-methoxy-[1,2.4]triazolo[4,3-a]-

quinoxaline (A Compound of General Formula (1) with R =R1, R2, R4 =H, R3=0CH,, X =

)]
Reaction time: 4 hours
Yield: 67% (yellowish powder)
Summation formula: C,;H,CIN,O (300.71)
Melting point: 287-290°C (starting from 200°C conversion into another

modification) (from ethyl acetate/THF)

'H-NMR (DMSO-d,): 14.21 (s, 1H, pyrazole NH), 10.14 (s, 1H, H1), 840 (d, J =
9.0 Hz, 1H, H9), 7.64 (s, 1H, pyrazole-H4), 7.55 (d, ] = 2.9
Hz, 1H, H6), 7.47 (dd, J = 9.0 Hz, J = 2.9 Hz, 1H, HS), 3.94
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aV] ca] ga ca]zca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cRa
o"u"x" V}*‘R %gb] Wrhb] XV] ca] ca] caV] ca] caV] ca] ca] ca\/] ca] ca] ca] cal] cal] ca] cal]
cal ca] ca] ca
UV] cay ca] ca] cal] ca] cal] ca] caU] ca] caJ ca]ca" #6#L#N#] #o#B& " (((((%.(0(---9g/
113%$67J::: 3;
<{vql gb] XV] ca] ca] ca] Caﬁk@ f;;i‘ ] ca ] ea) cal é‘aﬁc&]fﬁ/ca] ca] cal] ca] cal] ca] c"a]
cal] ca] caU] ca] ca] ca] cal- ~gaV] ca] ca o
<1====>>>>>8?7777 @D @ @X@ @ GEaEaEaEs Hoi kbYW gb] X] cal] ca
U] c*aU] ca] caV] ca &
WV] cal] ca] cal] ca] cal] ca] ca] ca] ca] c™a] ca] ca] c’\a] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
ca] ca] ca@oaanood ALA] AcA} BBj BmBuBxBzuoj e_ZTI gb] XU] ca] cal] ca] c
a] cal] ca] cal] ca] cay] ca] cay] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU

]calcallca caul ¢ szB BBBCmCCDu DDDDDDDEL EOEEE+FFF5GGG>HHHHNI ki | ~yt 0j e_Z
U] ca] MQ—@%@@%] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca]
] ki KOvOES R BB A i A Bl ding syssvig i G taee PV ATEE ¥5) ca cal

ca] ca] aateaah aRbohrAd &@\}—Qﬁie@l@lformamme (about 10 ml per mmol of chlorine compound) at

)

130°C until the reaction is completed. For working-up, the reaction batch is added to dilute
hydrochloric acid (about 100 ml per mmol,‘ the crystalline accumulating reaction product is
isolated, washed with water as well as petroleum ether and dried until a constant weight is
reached.

Analytically pure product is obtained by recrystallization from a suitable solvent.

I1.3.A. Synthesis of 4-[3(5)-Chloro-1H-pyrazol-5(3)-yl]tetrazolo[1,5-a]quinoxaline (A

Compound of General Formula (2) withR1=R2=R3=R4=H,X =)
Reaction time: 5 hours
Yield: 86% (light yellow crystals)
Summation formula: C,;H(CIN, (271.67)
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HI. Process for the Production of Compounds of Types (1) and (2) While Varying Substituent

RS:

In addition, the invention relates to new parazolyl-substituted [1,2,4]triazolo[4,3-
a]quinoxalines, or 1-aza-isosteres, which are characterized in that in the pyrazole ring, there is no
longer a free NH function, but rather another substituent, preferably alkyl, allyl, (hetero)aralkyl
or acyl, carries one of the two nitrogen atoms. The introduction of this substituent RS is carried

out preferably by subsequent derivatization, for example alkylation, of a compound of general

formula (1), in which R5 is equal to hydrogen:
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Owing to the chemical nature of the pyrazole, the formation of the R5-position isomers

can be expected, by which by selection of the suitable reaction conditions, one of the R5-position
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aJ c”Ma] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] c”a
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Ti HOyt ni cAYTkf a\] ca] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca] ca] caV] ca] ca] ca]c”a]c
al caV]ca]caU ca]calcalcalcal]chalj]caUc aJc aUc aJc a DQ7::E 9;
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a] ca] cajstihtia] cadheahatograptic sdparitihe pikessdcialoand ﬁ@mé?'p(éré)ﬁs-‘%ﬂgsmunon

products of general formula (I), as shown above.
Based on some examples, this structural variation is shown, whereby the invention is not

to be limited to this example, however; other operating methods that are described for alkylating

reactions can also be used.

General Operating Instructions for Alkylation of N-Unsubstituted Derivatives of General

Formula (I

2 equivalent bases (e.g., powdered potassium hydroxide, sodium, sodium hydride,
potassium-fert-butanolate) are added to a solution of one equivalent of the corresponding N-
unsubstituted derivative of general formula (1) in about 5 ml/mmol of an absolute solvent (for
example, dimethyl sulfoxide, tetrahydrofuran, 1,4-dioxane, DMF) under nitrogen atmosphere,
after which the mixture is stirred for one hour at room temperature. Then, 2 equivalents of the
alkylating agent (preferably alkyl halide or mesylate) are added, after which the reaction mixture
is stirred until the reaction is completed at room temperature (TLC monitoring: several drops of
the reaction batch are mixed with dilute hydrochloric acid and extracted with ethyl acetate,
mobile solvent: for example, dichloromethane/ethyl acetate = 19/1). For working-up, the
reaction batch is added in dilute hydrochloric acid (about 100 ml/mmol). The precipitate that is
produced is filtered off by suction and washed with water as well as petroleum ether or extracted
by extraction with an organic solvent. The dried crude product is then pre-purified by treatment
with activated carbon. A subsequent purification/separation of the positional isomers is carried
out by chromatography, optionally also by fractionated crystallization.

The structures of these derivatives can be determined unambiguously, for example by
means of x-ray structural analysis.

With use of these general operating instructions, the following synthesis examples are
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Synthesis of 4—(5-Chloro-lH-l-methyl-pyfazol-fi-yl)—l-(2—thieny1methy1)-[1,2,41triazolo[4,3‘-a]-

quinoxaline
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Solvent: Absolute dimethyl sulfoxide
Base: Powdered potassium hydroxide
Reaction time: 1.5 hours
Appearance: llow, platy-rhombic crystals
Summation formula: C H,;CIN.S (380.86)
Melting point: 205-207°C (from ethyl acetate)

'H-NMR (CDCL,): ~ 8.32-8.27 (m, 1H), 8.06-8.01 (m, 1H), 7.66-7.50 (m, 2H) (H6, H7,
H8, H9), 7.87 (s, LH, pyrazole H4), 7.24-7.22 (m, 1H), 6.95-6.90
(m, 1H), 6.81-6.80 (m, 1H) (thiophene H3, H4, H5), 5.11 (s, 2H,

CH,), 4.08 (s, 3H, CH,)

Synthesis of 4-[3(5)-Chlore-1-methyl-1H-pyrazol-5(3)-yl]-1-(3-phenylpropyl)-

[1,2,4]triazolo[4,3-a]-quinoxaline as Well as Separation into Its Positional Isomers

Solvent: Absolute THF

Base: Powdered potassium hydroxide

Isomer separation: ~ Column chromatography:
Stationary phase: silica gel

Mobile phase: 1,4-dioxane + diisopropy! ether = 1 + 1)
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(t,J = 7.6 Hz, 2H, CH,), 2.93 (1,] = 7.2 Hz, 2H CH,)

A derivatization on the nitrogen atom of the pyrazole ring can take place not only in the

stage of the tri-or tetrazoloquinoxazoline derivative, but also in an earlier reaction stage. For the

compounds in question, the latter can be performed starting from compounds of type (D), (E),

(F) or (G). The subsequent synthesis diagram combines the different possibilities. A process for

introducing an acyl group is described in the literature for (E) with R1 to R4 equal to hydrogen

(B. Matuszczak et al,, J. Heterocyclic Chem. 35: 113-115, 1998). Starting from compounds of

type (D), it is preferred to incorporate the derivatization on a compound that has a lactam

protective group on the nitrogen.
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By variation of the conditions, especially by solvent, base, alkylating agent, temperature and
optionally catalyst, the ratio of the two N-isomers can be varied and thus in the individual case

also be shifted in favor of the desired isomer.
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Alkylation of a 2-Chloro-3-[3(5)-chloro-1H-pyrazol-5(3)-yl]quinoxaline for the Production of

Compounds of the (E-Alkyl) Type:

2 equivalents of a base (for example, powdered potassium hydroxide, sodium, sodium
hydride, potassium-zert-butanolate) and, if necessary, catalytic amounts of an inorganic iodide,
are added to a solution or suspension of one equivalent of a chloroquinoxaline of type (E) in an
inert solvent (for example THF, DMF, 1,4-dioxane, DMSO; in each case preferably absolute
solvent) under nitrogen atmosphere. The mixture is stirred for 1 hour at room temperature.
When a suspension is present, an ultrasound treatment can have an advantageous effect on the
deprotonation and thus on the further course of the reaction. Then, 2 equivalents of the
corresponding alkylating agent, such as alkyl halides or mesylates, are added, after which the
reaction mixture is stirred until the reaction is completed (necessary reaction temperature: room
temperature up to the boiling range of the solvent that is used; the course of the reaction is
tracked by mean of TLC, a sample of the reaction batch is mixed with dilute hydrochloric acid
for this purpose and extracted with ethyl acetate; mobile solvent: suitable solvent or mixture). If
necessary, i.e., in the case of reaction that is incomplete or proceeds too slowly, more base and/or
alkylating agent can be added later. For working-up, the reaction mixture is added to dilute
hydrochloric acid, and the reaction product is isolated. This is carried out by separating the
precipitate that is produced or by extraction with an organic solvent, after which it is then washed
with water. The separation of the isomers as well as their purification is carried out by means of
chromatography and/or recrystallization.

The general operating instructions are explained in more detail based on the following

examples:
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Stationary phase: silica gel
Mobile phase: dichloromethane + ether = 49 + 1)
Summation formula: C,,;H,,CL,N, (293.16)

1% Isomer:
Appearance: Colorless crystals
Melting point: 149°C (from diisopropy! ether)

'"H-NMR (CDCl;):  8.15-7.84 (m, 4H, H6, H7, H8, H9), 6.78 (s, 1H, pyrazole H4),
4.32 (q,J = 7.2 Hz, 2H, CH,), 1.49 (t,J = 7.2 Hz, 3H, CH,)

2" Isomer:
Appearance: Yellow, platy-rhombic crystals
Melting point: 126°C (from diisopropyl ether)

'H-NMR (CDCL):  8.23-8.18 (m, 1H), 8.06-8.01 (m, 1H), 7.82-7.76 (m, 2H) (H6, H7,
H8, H9), 7.04 (s, 1H, pyrazole H4), 4.38 (g, J = 7.2 Hz, 2H, CH,),
1.54 (t,J = 7.2 Hz, 3H, CH,)

B) Synthesis of 2-Chloro-3-[3(5)-chloro-1-(2-methoxyethyl)-1H-pyrazol-5(3)-yl]-quinoxaline
with RS = methoxyethyl
Base: Powdered potassium hydroxide

Alkylating agent: Methanesulfonic acid-(2-methoxyethyl)ester
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Stationary phase: Silica gel
Mobile phase: Dichloromethane + diisopropy!l ether =
1+1)

Summation formula: C, ,H,,CL,N,O (323.18)

1% Isomer:
Appearance: Colorless crystals
Melting point: 89-90°C

'H-NMR (CDCL):  8.16-8.02 (m, 2H), 7.91-7.79 (m, 2H) (H6, H7, H8, H9), 6.75 (s,
1H, pyrazole H4), 4.53 (t,J = 5.5 Hz, 2H, CH,), 3.65 (t,J = 5.5 Hz,
2H, CH,), 3.12 (s, 3H, CH,)

2™ Isomer:
Appearance: Colorless needles
Melting point: 125°C

'H-NMR (CDCL,):  8.22-8.16 (m, 1H), 8.06-8.01 (m, 1H), 7.83-7.74 (m, 2H) (H6, H7,
H8, H9), 7.04 (s, 1H, pyrazole H4), 4.48 (t, ] = 5.8 Hz, 2H, CH,),
3.88 (t,] = 5.8 Hz, 2H, CH,), 3.76 (s, 3H, CH,)

Production of Compounds of Type L:

For reaction, a suspension of the corresponding isomer-pure substituted 2-
chloroquinoxaline (E-alkyl) in hydrazine hydrate (about 10 ml/mmol) is refluxed until the
reaction is completed, whereby optionally several ml of a high-boiling solvent, such as, for

example, 1,4-dioxane, is added (reaction monitoring: a sample of the reaction batch is extracted
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synthesis example:

Synthesis of 3-[3(5)-Chloro-1-ethyl-1H-pyrazol-5(3)-y1]-2-hydrazinoquinoxaline

Summation formula: C,,H,,CIN, (288.74)

1* Isomer:
Appearance: Yellowish crystals
Yield: 83%
Melting point: 141-143°C

'H-NMR (CDCL):  7.96-7.91 (m, 1H), 7.83-7.79 (m, 1H), 7.72-7.64 (m, 1H), 7.54-
7.45 (m, 1H) (H6, H7, H8, H9), 6.62 (s, 1H, pyrazole H4), 4.33 (q,
1 =7.2Hz, 2H, CH,), 4.18 (s br, 2H, NH,), 1.47 (t,] = 7.2 Hz, 3H,

CH,)
2™ Isomer:
Appearance: Yellowish crystals
Yield: 96%
Melting point: 202-204°C

"H-NMR (CDCL): ~ 9.29 (s, 1H, NH), 7.92-7.87 (m, 1H), 7.75-7.70 (m, 1H), 7.61-7.53
' (m, 1H), 7.53-7.35 (m, 1H) (H6, H7, H8, HY), 7.17 (s, 1H,
pyrazole H4), 4.34-4.23 (m, 4H, NH,, CH,), 1.52 (t, ] = 7.2 Hz,
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(m, 2H), (H6, H7, HS, H9), 7.88 (s, 1H, pyrazole H4), 4.46 (q, ] =
7.3 Hz, 2H, CH,), 1.57 (1, = 7.3 Hz, 3H, CH,)

1II) Reaction of the Compounds of Type L with Acid Chlorides

Starting from compounds of type L, substituted [1,2,4]triazolo[4,3-a]quinoxalines can be
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2" Isomer:

Production in 2 Stages, Namely Acylation and Cyclization with Use of Acetonitrile as a Solvent
Appearance: Colorless needles
Melting point: 146-147°C (from diisopropyl ether)
'H-NMR (CDCl,):  8.33-8.29 (m, 1H), 7.86-7.180 (nm, 2H), 7.66-7.48 (m, 2H)) (H6,
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The compounds in their salts, in particular for pharmaceutical use, optionally can be

converted into their physiologically compatible salts with an inorganic or organic acid. As an

acid, for example, succinic acid, hydrogen bromide, acetic acid, fumaric acid, maleic acid,

methanesulfonic acid, lactic acid, phosphoric acid, hydrochloric acid, sulfuric acid, tartaric acid

or citric acid is considered for this purpose. Also, mixtures of the previously mentioned acids

can be used.
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PHIMSX-2  (for A,, ARs) [Miiller et al., Eur. J. Pharm. Sci., 10, 259 (2000)]

[PH]ZM241385 (for A,; ARs_ [X.-D. Ji, K. A. Jacobson, Drug Des. Discov., 16, 217
(1999)]

[PHJPSB-11 (new antagonistic radioligand for human A; ARs) [M. Dieckmann, M.
Thorand, V. Ozola, C. E. Miiller, in Vorbereitung [Preparation] (2001)].

['*I)AB-MECA (for rat-A, ARs) [Olah et al., Mol. Pharmacol., 45, 978 (1994)].
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Cell Culture:
As cell cultures, for example, CHO cells, which express the human A;-adenosine

receptor, are used.
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density (about 4 pmol/mg of protein), were available commercially (Receptor Biology USA via

Perkin Elmer Life Sciences, Cologne, Germany).
For CHO cells, which express the A,-adenosine receptor, the operating steps are also

performed analogously to the A,-adenosine receptor-CHO culture. The medium is used as

described above.

Membrane Preparation of Recombinant Human Receptors:

Preparation of recombinant, human A,-adenosine receptors expressed by CHO cells for
A,-adenosine receptor bindihg studies:

2 to 3 ml of ice-cold TRIS buffer (pH 7.4; 50 mmol) is added to the small tissue culture
dishes. The cells are scraped off from the plates with a rubber scraper and collected in a beaker.
The plates are rinsed with another 1 to 2 ml of TRIS buffer (pH 7.4; 50 mmol) and added to a
beaker. The cell suspension is dispersed onto centrifuge tubes, homogenized with the
homogenizer at the highest level (3 to 4 seconds) and centrifuged at 4°C, 35,000 g, for 20
minutes. The supernatant is discarded, and the pellet is resuspended in TRIS buffer (pH 7.4; 50
mmol) with the glass-Teflon homogenizer at the highest level for 3 to 4 seconds. This
suspension is centrifuged again (4°C; 35,000 g, 20 minutes). The washing process is repeated
another time. The pellet that is obtained is resuspended with the least possible TRIS buffer (pH
7.4; 50 mmol) and delivered in aliquots (0.25 ml and 0.5 m]).

Preparation of recombinant human A,,-adenosine receptors expressed in CHO cells for
A,,-adenosine receptor binding studies:

2 to 3 ml of ice-cold TRIS buffer (pH 7.4; 50 mmol) is added to the tissue culture dishes.
The cells are scraped off from the plates with a rubber scraper and collected in a beaker. The

plates are rinsed with another 1 to 2 ml of TRIS buffer (pH 7.4; 50 mmol). The cell suspension
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Preparation of Recombinant Human A;-Adenosine Receptors Expressed in CHO Cells for A;-
Adenosine Receptor Binding Studies

2 to 3 ml of ice-cold TRIS buffer (pH 7.4; 50 mmol) is added to the tissue culture dishes.
The cells are scraped off from the plates with a rubber scraper and collected in a beaker. The
plates are rinsed with another 1 to 2 ml of TRIS buffer (pH 7.4; 50 mmol). The cell suspension
is dispersed into centrifuge tubes and centrifuged at 4°C, 35,000 g, for 20 minutes. The
supernatant is discarded, and the pellet is resuspended in TRIS buffer (pH 7.4; 50 mmol) with the
homogenizer at the highest level for 3 to 4 seconds. This suspension is again centrifuged. The
washing process is repeated another time. The pellet that is obtained is resuspended with the

least possible TRIS buffer (pH 7.4; 50 mmol) and delivered in aliquots (0.25 ml and 0.5 ml).

Radioligand-Receptor Binding Studies:

The test substances are dissolved in DMSO to 10 mmol. The final concentration of
DMSO in the assay is 2.5% for A,;- and A, ,-adenosine receptor assays and 1-2% for A,;- and A,-
assays. Dilution series of the test substances are produced from the stock solution. Five to eight

different test concentrations, which comprise 3 orders of magnitude (e.g., 1 nm to 1000 nm), are
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7.4 (3 ml). The filter plates are conveyed in scintillation vials, doused with 2.5 ml of Ultima
Gold Scintillation cocktail and incubated for at least 6 hours before they are measured in a

scintillation counter.

Receptor Binding Assay with "H]MSX-2 on A,,-Adenosine Receptors:
25 pl of DMSO, NECA (800 pumol) or test substance dilutions
775 ul of TRIS buffer (for production, see above)
100 pl of PHIMSX-2 (final concentration 1 nmol; Ky value 8 nmol)
100 pl of rat-striatum-membrane preparation or preparation of CHO cells, which
express the human A,, receptor, incubated with 0.12 IE adenosine-deaminase

(protein concentration: 25-75 pg/ml)

1000 pl of final volume
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100 ul of [’H]ZM241385 (final concentration 5 nmol; K,—value 33 nmol)
100 pl of membrane preparation, incubated for at least 15 minutes with 0.12 IE

adenosine-deaminase (protein concentration: 40 pg/ml)
1000 pl of final volume

The membranes are thawed and the receptor-binding assays are carried out with
[P HJCPPA according to the instructions given below with consideration for the amounts and
solutions listed above. The dilution in the assay is 1:100 (to reduce the DMSO content to 1%,
since a higher DMSO concentration has a disadvantageous effect). The incubation time is 30
minutes at 23°C in an oscillating water bath. The glass filter is introduced into 0.5% PEI solution

30 minutes before use.

Receptor Binding Assay with [’H]PSB-11 on Recombinant A,—Adenosine Receptors Expressed
in CHO Cells:

10 ul of DMSO, R-PIA (100 pmol) or test-substance dilutions
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[* S]JGTP y Assay:
10 pl of DMSO, GTPyS or test-substance dilutions
150 pl of TRIS buffer, 50 mmol, pH 7.4 for [*S]GTPyS assay (see above)
20 pl of [*S]GTPyS (final concentration 0.1 to 0.5 nmol; corresponds to ~ 1250
Ci/mmol)
20 pl of membrane preparation, incubated with 0.12 IE adenosine-deaminase (protein

concentration: 75 pg/ml)

200 pl of final volume



S$10%" & () -*< s$10%" & ()-*< s$L0WMN" & ()-*< s$10W" & ()-*< s$10W" & ()-*<
S$10%" & ()-*hijstul PO//< s$10%" & ()-*< sPL0W" & ()-*s< sP10W" & ()-*<
SPL0%" & () -*< sP10%M" & ()-*;c! 3Ap$cG /< s$10%" & ()-*< s$10%" & ()-*; c!
3APP< SPLIOWH" & () -*< sP10%" & ()-*< s$10%" & ()-*hH < s$10W" & ()-*<
S$10%" & () -*< s$10%" & () -*< s$L0UN"& ()-*< s$10W" & ()-*< s$10W" & ()-*<
S$10%" & () -*pT4/ < s< s$10W" & ()-*<
First, solutions of the test substances in DMSO are produced in the required

concentrations. The curve consists of 7 to 8 measuring points (measured in each case as triplets),

which extend over a concentration range of 6 to 7 powers of ten. After the addition of 50. mmol

of TRIS buffer, 50 mmol, pH 7.4, to the radioligand [*S)GTPyS and the membrane preparation,

which was mixed with adenosine deaminase, a final volume of 200 pl is achieved. The

incubation is carried out for 45 minutes at 25°C in an oscillating water bath. Then, the reaction is

first stopped with 2 ml of cold washing buffer (50 mmol of TRIS, 5 mmol of MgCl, x 2 H,0, pH

7.4), and the suspension is filtered with a GF/B filter with the aid of the harvester. The reagent

glasses are rinsed twice with 2 ml each of column washing buffer. The filter plates are conveyed

by means of a punched-out plate into the scintillation vial, which is filled with 2 ml of

Scintillation cocktail. The vials are shaken well to wet the filter papers completely. After an

incubation of at least 3 hours, the radioactivity in the LS counter is determined by a 2-minute

measurement. The curves are reproduced three times in each case.

In the assay, solutions of test substances 1:20 are diluted; the DMSO content in the assay

is 5% (V/V).

Evaluation of the Radioligand Binding Studies:

The mean value is calculated from three independent experiments. 1C,, and K| values are
obtained from the Cheng-Prusoff equation, the concentration and the K value of the radioligand.
For calculation, the program GraphPadPrism™, Version 3.0 (GraphPad, San Diego, California,

USA), was used.



S$1090" & ()-*< s$109%M" & ()-*< s$10%M" & ()-*< s$109%M" & ()-*;c! 3Ap$CGH <
S$109M" & ()-*< s$109%M" & ()-*;c! 3Ap$< s$L0%M" & ()-*< s$L0%" & ()-*<
S$109M" & ()-*hH < s$10%" & ()-*< s$10%" & ()-*< s$10%" & ()-*<

S$10%" & ()-*< s$10%" & ()-*< s$10%" & ()-*< s$10%" & ()-*hH(/ <

S$1090" & () -*< s$109%M" & ()-*< s$109%M" & ()-*< s$10%" & ()-*< sS$10%M" & ()-*;
c! 3Ap$ ' (,1cG /< s$L0YM"& ()-*< s$L0UM" & ()-*;c! 3Ap$<

Results of the Biological Study of Selected Compounds:

o
Sy
Compound A, K, [pmol] or A,, K, [pmel] or
(% Inkhibition @ 10 pmol) (% Inhibition @ 25 umol)
Caffeine 23.5+3.0 325
R=-H >10 >25
(35%) (21%)
R =-CH, 7.85 +0.95 1.43
R =-CH; 1.62 + 0.68 >25
0%)
R = -CH,-C,H; 0.31+0.09 >25
(6.1% * 1.5%)
R = 2-Furyl 0.41%0.16 > 25
31% *3%)
R =2-Thienyl 0.71 = 0.06 >25
(22% * 13%)
R = 2-Thienylmethyl 0.20 +0.01 > 25
(21% * 10%)

Table 1: A, and A,, adenosine receptor affinities [from: B. Matszczak, E. Pekala, C. E. Miiller,

Arch. Pharm. Pharm. Med. Chem. 331, 163-169 (1998)]



S$10%M" & ()-*< s$L0%"& ()-*< s$10%" & ()-*1238=BChL/ < s$10%" & ()-*<
S$10%M" & ()-*< s$10%M" & ()-*< s$L0%" & ()-*< s$10%" & ()-*< s$10%" & ()-*<
s$10%" & () -* CDMNOPQ P4/ < s< s$10%h" & ()-*< s$10%" & ()-*< s$10%" & ()-*<
s$109%" & () -*< s$10%" & ()-*;c! 3ApSQRSTU[\ pP4/ < s< s$10%" & ()-*<

s$10%" & ()-*;c! 3Ap$< s$10%" & ()-*</B$10%" & ()-*<

s$10%" & ()-*\"ainrv_?/< s< s$10< s$10%" & ()-*<

Ba vt
Sont
f Yed
Y For RS R6 A, K, Ay, K, Ay K, A K,
R1/2/3/4 [pmol] or | [pmol] or | [pmol] or | [pmel] or
=H (% inhib. | (% inhib. | (% inhib. | (% inhib.
@ 10 @10 @1 @1
pmol) pmol) pmol) pmol)
C-CH,- R3 = H Cl 0.90 + 4.96 + >1 0.0019
(2- OCH, 0.23 1.29 (0%)
Thienyl)
C-CH,- H @] 0.006 > 10 >1 >1
CH,- 0.001 (6%) (18%) (32%)
CH2-Ph Human:
2 nmol
C-CH,-O- H Cl 0.62 + >10 Nt Nt
CH,-Ph 0.22 (3%)
C-CH- H Cl 0.10 + 1.18 nt nt
(CH,)-O- 0.03 0.59
Ph
C-(3- H Cl 032+ 1.26 + >1 >1
Furyl) 0.07 0.18 (25%) (31%)
C-(3- H cl 033+ 4.10 + nt nt




s$109%" & () -*< s$10%M" & ()-*< s$L0%" & ()-*< S$L0%M" & ()-*<
S$10%" & ()-*vW }~pT4/ < s< s$10%" & ()-*< s$10UM" & ()-*%< s$10%" & () - *s<
s$10%" & () -*< s$10%M" & ()-*;c! 3Ap$gGE < s< s$10% s$L0%" & ()-*<
s$10%h" & ()-*< s$10%M" & ()-*< s$L0%" & ()-*(< s$10%M" & ()-*<,

s$10%h" &"()-*DTB/ < s< s$10%" & ()-*S<7%$10%‘1" &' ()_*$< s$10%h" & ()_*<

SPL0%" & () -*< sP10UM" & ()-*; c! 3Ap$pP4/ <
Y For RS R6 A K, A, K, A K, A K,
R1/2/3/4 [pmol] or | [umol] or | [umol] or [pu;ml] or
=H (% inhib. | (% inhib. | (% inhib. | (% inhib.
@ 10 @10 @1 @1
pmol) pmol) pmol) pmel)
Thienyl) 0.08 1.50
C-H H cl > 10 >10 >1 0.142
(35%) (21%) 0%)
C-H R3 = H Cl > 10 > 10 >1 0.372
OCH, (13%) (1%) (8%)
C-CH,- CH, Cl 0.21 = 8.61 % >1 0.086
(2- 0.04 3.25 (22%)
Thienyl)
N H Cl 0.67 * 6.13 + >1 >1
0.06 1.38 (13%) (53%)

Table 2. Receptor Affinities of Several New Triazolo- and Tetrazoloquinoxaline Derivatives

(nt = not tested)

Dosages and Forms of Administration

The compounds of general formula (1) or (2) according to the invention can be

administered to patients perorally, for example by means of tablets, coated tablets, capsules and

drinking solutions; rectally, for example by means of suppositories; by inhalation, for example

by inhaling aerosols at defined concentration and size distribution of particles; transdermally, for




s< s$10%M" & () -*< s$10%" & ()-*;c! 3Ap$< s$L0%h" & ()-*< s$10%" & ()-*<
s$10%h" & ()-*pT/ < s< s$10%M" & ()-*< s$L0%M" & ()-*< s$10%" & ()-*<

s$109%M" & ()-*< s$L0%" & ()-*< s$10%"& ()-*< s$10%"& ()-*pT4/ < s<
s$109%h" & () -*< s$L0%" & ()-*< s$L0%" & ()-*< s$L0%" & ()-*< s$10%" & ()-*;
c! 3Ap$pPA/ < s< s$L0%M"& ()-*< s$L0%TE ()-*;c! 3Ap$< S$LOW"& ()-*<

example by active ingredient-containing patches, rubbing solutions, gels, etc.; transmucosally,
for example in terms of a resorption through the mucous membranes of the mouth and nose,
whereby the active ingredient in the cavity of the mouth is released by solution in the saliva, or
can be introduced into the nose by spray solutions and the like, by means of implanted
condensers, which, for example, release the active ingredient by passive osmosis or in a
controlled manner by means of mini-pumps or the like; or by an intravenous, intramuscular or
subcutaneous injection and intracerebroventricular method.

Typical dosages in the administration of these active ingredients depend on the type of
compound that is used and lie in a range of 0.5-100 mg (preferably 1-50 mg) for intravenous
administration for an average adult; in the range of 1-1000 mg (preferably 5-500 mg) for peroral
administration, and in the range of 0.5-50 mg (preferably 1-20 mg) for transdermal
administration.

Owing to the variable administration spectrum, the compounds of general formulas (1) or
(2) according to the invention are suitable for the production of pharmaceutical agents for
treating diseases in the kidney area, such as in acute renal failure, nephritis, hepatorenal
syndrome; for treating the heart, preferably for treating cardiac irregularities, ischemia,
myocardial infarction or angina pectoris; for treating the central nervous system (CNS);
preferably for treating dementia, Alzheimer’s disease, anxiety disorders, epilepsy, Parkinson’s
disease, stroke, depression, opiate withdrawal or comatose conditions; or for treating the lungs,
preferably for treating respiratory diseases, such as asthma, bronchitis and mucoviscidosis; and
for treating hypertension, allergic skin diseases, such as urticaria, or inflammations.

In addition, immunostimulants as well as protective agents, which are used in lung

transplants, can be produced from compound (1) or (2) according to the invention.



S$100" &' ()-*< S$L0%" & ()-*_?/ < S< $$10< S$L0%"& () -*< S$L0%" & ()-*
S$L0UM" & ()-*< S$L0YM" & ()-*< S$L0YM" & ()-*< s$L0YM" & ()-*pT4/ < s<
S$L0%M" & ()-*< s$L0UM" & ()-*% s$L0%m" & ()-*s< s$10%" & ()-*<
S$109" & () -*; ¢! 3ApSKK/ /< SS109M"& () - *< s$10%" & ()-*:cl 3Ap$* <
S$10%M" & ()-**< s$10%" & ()-*< s$10%'

Claims:

1. Pyrazolyl-substituted [1,2,4-]triazolo[4,3-a]quinoxalines according to formula (1)

h‘v
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Rt ey i

in which R1 to R4 are hydrogen, linear or branched, saturated or unsaturated alkyl radicals,
cycloalkyl radicals, which optionally have one or more heteroatoms, aryl or heteroaryl radicals,
alkoxy, hydroxy, halogen, amino, nitro, trihalomethyl, carboxy, alkoxycarbonyl or sulfo groups,
whereby R1 to R4 are identical or different or can be present as fused aryl or heteroaryl radicals
or as correspondingly hydrogenated or partially hydrogenated systems, and in which substituent
R is hydrogen or a linear or branched-chain, saturated, and/or unsaturated carbon radical, a
cycloalkyl radical, an aryl or heteroaryl radical in substituted or unsubstituted form, whereby
substituent R is bonded to the base either directly or via an alkylene group, in which one or more
carbon atoms can be replaced by heteroatoms, such as oxygen, sulfur or nitrogen, and in which
substituent RS is hydrogen, C,-C; alkyl, allyl, arylalkyl, (hetero) arylalkyl or acyl, and in which
radical R6 is a halogen or hydrogen, excluding compounds with R1 to R5 equal to hydrogen, R6
equal to chlorine and R equal to methyl, phenyl, benzyl, 2-furyl, 2-thienyl or 2-thienylmethyl.

2. Process for the production of pyrazolyl-[1,2,4]triazolo[4,3-a]quinoxalines according to

formula (), characterized in that substituted 1,2 diazines according to formula (C)

g i\l %]

"5\ '/J\ A
¥
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(4]

in which radicals R1, R2, R3, and R4 have the meaning according to claim 1 and in which X’ is a

& ()-* 1 _2/< s$10% s$L0%" & ()-*




S$10%" & ()-*< s$10%M" & ()-*< s$10%" & ()-*< s$10U" & ()-*<
s$10%" & ()-*!"+,-.3pT4/ < s$10%" & ()-*< sP10%" & () -*U sP10%" & () - *s<
SPL0%" & () -*< s$10Um" & ()-*; c! 3Ap$389:; >?kK/ /< s$10%" & ()-*<
-s$10%" & ()-*;c! 3Ap$*< s$10%" & ()-**< s$10%" & ()-*<
- s$10%" & () -*?@\BCDEt X/ < s$10%" & () -76< s< s$10%" & ()-*< s$10%" & ()-*<
SPL0%" & () -*< sP10UMM" & ()-*< s$10%" & ()-*< s$10%" & () - *EFLMORYhH(/ <
S$10%" & () -*< s$10%" & ()-*<

leaving group and X is halogen or hydrogen, are reacted by ring closure to form pyrazolyl-

substituted quinoxalines according to Formula (D)
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in that then the 2-chloroquinoxaline derivatives according to formula (E)
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are produced, which are reacted in the corresponding 2-hydrazino derivatives according to

formula (F)

18
are obtained by acylation, from which the pyrazolyl[1,2,4]triazolo-[4,3-a]quinoxalines according
to formula (1) are obtained by ring closure reaction.
3. Process according to claim 2, wherein the ring closure reaction is carried out starting
from the corresponding hydrazine without isolating the hydrazide intermediate product.

4. Process according to claim 2 or 3, wherein the compounds according to formula (G)
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c! 3Ap$cH; . 10h"10h"< s$10%" & ()-*;c! 3ApPH< sP10W" & ()-*< s$P10%" & ()-*<
are obtained from substituted 2-chloroquinoxalines by reaction with hydrazides.
5. Process for the production of symmetrically substituted pyrazolyl[1,2,4]triazolo[4,3-
a]quinoxalines according to one of claims 2 to 4, wherein substituted diazine is obtained

according to formula (C) according to claim 2 by reaction of o-phenylenediamine according to

formula (B),

1
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in which radicals R1 to R4 have the meaning according to claim 1, with activated 3,6-
dihalopyridazine-4-carboxylic acid.

6. Process for the production of unsymmetrically substituted
pyrazolyl[1,2,4]triazolo[4,3-a]-quinoxalines according to formula (1), wherein substituted
diazines according to formula (C), as shown in claim 2, are obtained by N-acylation of the o-
nitroaniline derivatives according to formula (H)
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)
with 3,6-dihalopyridazine-4-carboxylic acid chloride with formation of the compound according

to formula (J)
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in which the amine group in the compound according to formula (C) is obtained by reduction of
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with RS unequal to hydrogen as well as the separation of the accumulating isomers, wherein
either a compound of formula (1) or (2) with R5 equal to hydrogen is alkylated or wherein the
introduction of substituent RS already takes place in the stage of compounds (D), (E), (F) or (G),
as indicated in claim 2, whereby the reaction of 2-chloroquinoxaline (E) is preferred.
10. Process for the production of the compound according to formula (2) of claim 9,
wherein the compound of formula (E), as indicated in claim 2, is produced and reacted with salts

of hydrazoic acid.
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suitable for peroral, rectal, inhalational, transdermal, transmucosal, or intracerebroventricular
administration.
14. Pharmaceutical agent according to claim 12, wherein it is present in a form of
administration that is suitable for implants, infusions or injections.
15. Process for the production of a pharmaceutical agent according to one of claims 12 to
14 for treating diseases in the kidney area, such as for acute renal failure, nephritis, hepatorenal
syndrome; for treating the heart, preferably for treating cardiac irregularities, ischemia,
myocardial infarction or angina pectoris; for treating the central nervous system (CNS);
preferably for treating dementia, Alzheimer’s disease, anxiety disorders, epilepsy, Parkinson’s
disease, stroke, depression, opiate withdrawal or comatose conditions; or for treating the lungs,
preferably for treating respiratory diseases, such as asthma, bronchitis and mucoviscidosis.
16. Process for the production of a pharmaceutical agent according to one of claims 12 to

14, wherein as pharmaceutical agents, protective agents, which can be used in lung transplants,

are produced.
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K #$%- () *+, 18. /Rypeess fo??he productioL ol“aﬁharmaceutical agent according to one of claims 12 to

14, wherein an immunostimulant is produced as a pharmaceutical agent.



