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PHARMACEUTICAL AGENTS FOR THE TREATMENT 

OF PARKINSON'S DISEASE. ADHD AND MICROADENOMAS 

Field of the lnveritlon 

PCT/IB99/01503. 

The present invention is directed to the use of certain pyrido[1,2-a]-pyrazine 

derivatives, also described as bis-azabicyclic compounds, in the treatment of Parkinson's 

10 disea:;~. attention deficit hyperactivity d::::-:; :!:er ("ADHD") and rni:;:·oaden:rna::; i;-, ;;;.;;;;;nci;.;, 

including humans. It is also directed to the use of a dopamine-2 (02) receptor agonist in 

combination with a serotonin-1A (5HT1A) receptor agonist for the treatment for P:d;n;;on's 

combination with either a 02 receptor ag.:.:nis~ or a 5HT,.., receptor c:;:;;.;;1i;;; f;;,r ;;1w iii.;cHmcnt of 

15 ADHD. It is also directed to the use of a 02 receptor agonist in combination wili\ a 5HT ,.., 

receptor agonist for the treatment of ADHD. It is also directed to the use of an alpha-2 (a2) 

adrenergic receptor ligand in combination with both a 02 receptor .agonist and a 5HT11, 

receptor agonist for the treatment of ADHq. 

Background of the Invention 

20 Serotonin plays a role In several psychiatric disorders. including anxiety, Alzheirti~r's 

disease, depression,_ nausea and vomiting, e_ating disorders, and migraine. (See Ras111ussen · 

et al., "Ct'1apter _1. Recent P~ogress in Serotonin (5HT)1A Receptor Modulators", in Annual 

Reports in Medicinal Chemistry. Section I, 30, pp. 1-9, 1995, Academic Press, Inc.; Antigas et 

.al.. Trends Neurosci .. 19 (9), 1996, pp. -3~8-383; an~ Wolf et al., Drug Developme·n(· 

25 .~esearch. 40, 1_997, pp. 17-34.) Serotonin also pl~ys a role in.bo~h the positive ~nd negative 

symptoms of schizophrenia. (See Sharma et al., Psychiatr~c Annals., 26 (2). February, t996, -­

pp. 88-92.) Serotonin 1A receptor agonists have been shown to increase .prefrontal cortex 

~~p;;1min~ (D~) f91ease. See Wedzony !111-. Eur. J. Pharroacol., 305: 7~78 (1996). 

30 
Busplrone, a 5.HT •A receptor agonist, has been shown to be effica~ious i!l .treatiog a ~ri~ of 

symptoms associated with ADH~. ~erotonin 1A receptor agonists have also been shown to 

reverse neuroleptic induced •tonia !n nonhuman primates, a condition that mimics 

sympto'!'s of .~uman. Parld~so~·~ dise~se. see· casey, .D. I;., Neuropsycho~haqnaco!., 
10:3ro_s c1~94). . -

Symf?k>ms associated with AD~D have been shown tq be relieved by catecholamine 

35 rmeasing drUg~ ~uqh as methylp~nlciate, and by poiis~aptic cx2 ~drenergic reeeptor 

agon~ such ·as clonidine: Also. presynaptic a2 adrenergic receptor antagonlsJs have been 

s~ to increase norepinephrine (NE) release • 
. '··A number oi 1-{2·pyrknidiny1}-4-[~(cyclic-imldo)butyl]piperidine derlvativ8s have been 

- disdosed as anXi_olytic.agents which are generilly lacking sedative activity. ~ng these are 
40 . ~pirone, wh8re the cyclk>lmido group is 4,4-tetrametflYiena-p~lne-2,6-d~-1:Yi (Wu !1 

&, United ~tes Patents 3,717,6~ a~ 3,907,801); ~n !t I!.; United States Patent 
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5 4, 182,763);. gepirone, where the group is 4,4~dimethylpiperidine-2,6--dion-1-yl (Temple, Jr., 

United States Patent. 4,423,049); and ipsapirone, where the group is 1, 1-dioxobenzo{dJ 

isothiazol-3(2H)-on-yl (Oompert §ii.. .. Gei:man patent publication 3,321,969-A1). See also 

lshizumi §al., United States Patents 4,507,303 and 4,543,55; Freed .It ii.. United States 

Patent 4,562,255; Stack !t al., Unite~ States Patent 4,732,983; New et al., United States 

10 Patent 4,524,026; and Stack, United States Patent 4,788,290. 

Compounds of the formula (I) below are disclosed in United States Patent 5, 122,525 

as useful for the treatment of anxiety and depression. The use of such compounds for the 

treatment of addiction is described in United States Patent 5,616,885. 

Summary of the Invention 

15 This invention relates to a method of treating a disorder selected from Parkinson's 

disease, ADHD, and microadenomas in a mammal, including a human, comprising 

administering _to a mammal in need of such treatment an amount of a compound of the 

formula 

y 

20 or a pharmaceutically acceptable acid addition salt-thereof, wherein 
·xis Nor.CH; 

Vis 

or 
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5 Zis 

SCH2, OCH2, Y1(CH2)n or Y1(CH2)n substituted. on carbon with up to 2 methyl groups; 

n is 1 or2; and 

Y1 is CH2, NH or NCH3; 

10 that is effective in treating such disorder: 
. . 

In the compounds of the formula (I), Y is pr~fer.,,b!y 

A particularly preferred compound is that wherein Z is Y1(CH2)n. Y 1 is CH2, n is 1 and 

XisN. 

15 The ~omp9unds of formula I are 02 receptor agonists and useful in the treat~ent of 

Parkinson's disease. They also exhibit 5HT1A receptor agonist activity. 

The .. comp:our:ids of formula I also exhibit activity as a2 adrenergic receptor antagonists 

and are usefu.I in treatrrient of ADHD. The compounds increase hippocampal NE release and 
. . . . . . . . . 

also increase prefrontal cortex DA release. 

20 The compounds of the formula I that are. basic can form acid addition salts with a variety 
. . 

of organic and inorganic acids. The acids that can be used to prepare the pharmaceutically 

acceptable acid addition salts of the aforementioned base compounds of the formula i are those 

which form non-toxic acid addition salts, !&.. •. salts containing pharmacologically acceptable 
. . 

anions, such -as the hydrochloride, hydrobromid~, hydroiodide, nitrate, sulfate, bisulfate, 

25 phospha~. acid phosphate, acetate, lactate. citrate, acid citrate, tartrate, bitartrate, succinate, 

maleate, fumarate, ·g1uc0nate, · saccharate, benzoate, methanesulfonate, ethanesulfonate, 

benzene5ulfonate.. p-toluenesulfOnate and ~moate [i.!., 1, 1'-methylene-bis-{2-hydro~-3-

naphthoate)~. 
The. term "treating• as used herein, .refers to reversing; alleviating, inhibiting the progress 

· 30 of, or preventing the disorder or cond"dion to Which such term applies, or one or more symptoms 

of such disorder or condition. The term "treatment", as used herein, refers to the act of treating, 

as ~ng" iS defined ~mmediately above. 
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5 This invention also relates to a method for treating Parkinson's Disease in a mammal, 
including a human, comprising administering to a mammal in need of such treatment a 02 
receptor agonizing agent in combination with a SHT1A receptor agonizing agent, wherein the two 

foregoing active agents are present in amounts such that the combination of such agents is 
effective in treating Parkinson's Disease. 

10 This invention also relates to a pharmaceutical composition for treating Parkinson's 

disea.se in a mammal, including a human. comprising: (a) a 02 receptor agoni:ci;'g a;it:nt or a 

pharmaceutically acceptable salt thereof; (b) a 5HT1A receptor . agonizing agent or 

;:lh.Jn~•:aceuticaliy acceptable salt ther:::of; s.:'.d (c) a ~:h:1r:':1;siceutica' 1y ?.•:-:r."~.t:J:k· ~:.-~rier. w~"""';n 

the foregoing two active agents are in the composition in amounts such that lh~ ':'."rnbination oi 

15 such agents is effective in treating Parkinson's disease. 

This invention also relates to a method of treating ·ADHD in a mammal, including a 

human, compri~~ng _administering _to a mammal in need. of such treatment an <Xi adrenergic 

receptor ligand, or pharmaceutically acceptable salt thereof, in Combination with .either ~ 02 

r~~ptor agon~ng agent or a 5HT1A receptor agonizi~g agent, or pharmaceutically acceptable 

20 .salt ~ereof, wh~rein the foregoing two active agents are pres~nt in amounts such that the 

combination of such active agentS is effective in treating AOHD. 

This inventi<?n also relates to a pharmaceutical co~position for treating AOHD in a 

mammal, including a human, comprising·: ·(a) an a2 adrenergic receptor ligand 'or a 

p~~f~ci<?e~~i~all~ ~cceptabl~ salt t!'lere~f; (~)a 02. r~cep~or agonizing age~t or a 5~TtA're~ptor 
25 . agoryiZing .aQ.~nt,_ or a pharmaceuticaiiy acceptable sal~ thereof; and (c;) a pharmac~utically . . . : . . . . . . .. . . . . 

a~c~p~abl~ .can:ie:. ~erein the. two foreg.oing !'lctive agen~ are. '?resent in ~e compositiC?n in 

amountS such ·that the.combination of such agents_ is effective in treating ADHO. . . 

·. ' . Thi~ in~~tio~ _also ~~~s to a n:-e~~ of ~til_lg AC?H~ in. a mamn)SI, incl~ding . a 

. human, compl'.iSing ac;tministe!ing to a mammal in n&ed of such treatment a o2 receptor 
30 Sgonizing agent, 'or pharmaceutically acceptable salt th8reot, in combination With a SHTtA 

~~tor ~goriizi~g agent, « pl)alJNlceu~ly accep~bl8 salt thereof, wh~rein ~ ~oing two 
.. ~ctiv~ ag~nts ~· prese~t in ani~unts ~uch that.the c:Onibiiiati~n of suCh acti~e •nts is effective 
in,~~ti~g-ADHD. ' ' ' . ' . · · . . 

. Thi~. hwention also -re~ to a pharmaceuticai composition for treating ADHO in a . . . . . . . ., .. ·. ·' 

35 mammal, induding a ·human, comj:Jrtsing: · (a) a 02 ·receptor agonizing agent or a 

pharn:i8ceu~I~ ·aceeptable·. salt .~i-eot. (b) a 5HT11. ~ptor ag~nizing •;u or a 
phannaceUtiCally ~e Salt thereof; and (c) a pha~Uy acc:eptable carrier; wherein 

· :the ~ ~ng active ~ents ·are present _in the comPosmori In am0unts ·such ·that the 
eombination of such ag&nts Is effective .in treating ADHO. 

40 This ~nventi~n ·alSo relates ~ a method of. ~ting ~HD In ,a ~m~. including a 
human, comprising admlnlstertrlg to a mammal in need of such treatment an a2. adrenergic 

. .. . .... : . ·. . . . . . . . .. ... ;. · .. 
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5 receptor ligand, or pharmaceutically acceptable salt thereof, in combination with a 02 receptor 

agonizing agent, or pharmaceutically acceptable salt thereof, and also a 5HT1A receptor 

agonizing agent, or pharmaceutically acceptable salt thereof, wherein the three foregoing active 

agents are present in amounts such that the combination of such active agents is effective in 

treating ADHD. 

10 This invention also relates to a pharmaceutical composition for treating ADHD in a 

mammal, including a human, comprising: (a) an «2 adrenergic receptor ligand or a 

pharmaceutically acceptable salt thereof; (b) a 02 receptor agonizing agent or a 

:·~::rrn2·:-·::;~1t!cally acceptable salt thereof: (c) a SHT ,... receptor a~nnizing agent or a 

pharmaceutical!y acceptab!e si':!lt ther::of; and (d) a phar:rn:::::'.Jtic.··.!ly :=.'.: :P.'.•' . : :· :·c:: v.-hc:~::·· 

15 the foregoing three active agents are present in the co~npositi:Jn in 2;-;;0~:ms such that !rH; 

combination ofsuch agents is effective in treating ADHD. 

Co~pounds . of the formula I may co~tain chiral cente~ and therefore may exist in 
. : : . . . 

different enantiom~ric and diastereomic forms. The term "compounds of the formula I", as used 

herein, refers to all optical isomei:s and all other stereoisomers of .compounds of the form~la I, as 

20 d~fin'ed . abo~. and to all racemic and other mixtures thereof, and to all pharmaceUticat 

_C:~mpositions and methods of treatment defined above that contain or employ such isomers or 

mixtures. 

Formula I above includes compounds identical to those depicted but for the tact'that one 

or more hydrogen o_r. ~rbon ato~s are replaced by isotopes. thereof. Such compounds a~e 

25 useful as research and aiagnostic tools in metabolism pharmacokinetic studi~s and in binding 

~ssays. Specific applications in research include radioligand binding ·assays, .aut~radiography 
: studies and 1n ~o binding· studies. . . · . . 

. -. 
Examples of ~ ~ptor agonizing agel_'tts that can be used in' the methods of this 

invention include, bUt are not limited to, compounds of the fonnula I and the pharmaceutically 

30 acceptab~ salts, J,ergoHde, bromocriptane, ropinerol, and Pa~--- . · . . . 
. . . . . 

. Exa~ples cf 5_HT1A ~ptor agonizing agents that ca!' ·~ ~d _in the ·method~ Of ·this 

·invention include,· but are not Hmited to: (a) eompounds of the formuia I and their 

· p~rmaee~tiCa11y ~cceptable salts, (b) buspirone (U.S. ·Patertts 3,717,638; 3;9o-r,ao1 and 

4,182,763); (c) ger;iirone. (U.S. Patent 4,423,049); (c) ipsaplrone (Gemian· patent publicdon 

35 3,321,969-A1); and (d) and flexinoxan. 

Examples of az adrenergic receptor antagonizing agents that can be used· in the . . . 

metho_ds of· ttiis invention include, but a~ not limited ~· compounds of the formula I and their 
. . 

pharmaceutically acceptable salts, yohimbine and ldazoxan. 

. . ~mples·. ~ n:.o~ ·~c embodiments of th~ invention are the above m~Ods of 

· 40 treating A?H~· and pharmaceutical compositions for th~ treatm!l!nt of AOHD that _employ a".' az 
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5 adrenergic receptor ligand wherein such ligand is a presynaptic cx2 adrenergic receptor 

antagonist or a post synaptic cx2 adrenergic receptor agonisl 

10 

·A preferred method of this invention is a method of treating Parkinson's D!sease in a 

mammal, including a human, comprising administering to a mammal in need of such treatment 

an amount of the following compound of the formula I shown below: 

y 

i.e., wherein x is nitrogen, wherein y is a group of the formula 

0 

· · ("sunipetron"), or pharmaceuti~lly acceptable ~alt thereof, that is effective in treating 

Parkinson's Disease. 

15: Another preferred embodimentof thi~ invention is a method for treating AOHD in a 

mammal including a ·human, comprising administering to a mammal in need of such treatment 

an amount of sunipetron, or pharmaceuticaffy acceptable salt thereof,· that is effective in 

treating ADHD. 

Another preterred method of·this lnVe"ntion is a method tor treating microadenomas in 

20 a mammal including a human,·· i::omprising administering . to a mammal in need of such 

treatment an amount of sunipetron, or pharmaceutically acceptable salt thereof, that is 

effective in treating·microadenotnas. 

Brief Description Of th• Drawings 

ragure 1 shows parkinsonian scores obtained in monkeys treated With either 0.5 

25 mg/kg or 1.0 mg/kg of a compound offormula I. . . . ·: . . 
Detailed Description of the lnyentlon 

.All patents, patent applications, and ~cles listed ~in are hereby incorporate!J by . . . ' . . . 
reference In their ~ntireties. 

Compounds of the formu18. I and their pharmaceutic&lly acceptable satts may be 

30 preJ,are<t as described in United. State& Pa~nt s, 122,525, U~ited States Patent 5, 18S,449, .... · . 
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5 United States Patent 5,455,350, United States Patent Application 08/470,377, which was filed 
on June 6, 1995, and World Patent Application PCT/1697/00704, which designates the United 
States· and was filed on June 16, 1997. 

The compounds of the formula I are capable of formtng a wide variety of different salts 
with various inorganic and organic acids. The acids that can be used to prepare the 

10 pharmaceutically acceptable acid addition salts of the b.3se compounds of this inventkln are 

those which form non-toxic acid addition salts, i.e., salts containing pharm3cologically accept;;b!:: 

anions, such as hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate 
or acid phosphate, acetate, lactate, citrate or acid citrate, tartrate or bitartrate, succinate, 
:-:·::!<>.:::'·-:. f· :"1'1r:;.te, gh.:conate. sa:cr.ar3!-?, bcnzoate, methanesolfon?.te :md p?.rr.o?.te fi,(?.,. 1, 1'-

15 methylene-bis-(2-hydroxy-3-naphthoate)} salts. Although such salts must be phci"na.:;<..: •• :i.:..1:,i 

acceptable for administration to animals, it is often desirable in practice to initially isolate a 
compound of the formula I from the reaction mixture as a pharmaceutically unacceptable salt 
and then s·imply convert the latter back to the free base compound by treatment with an alkaline 
re~gent, and s~bsequently COJ'!Vert the free base to a pharmaceutically acceptable acid addition 

20 salt. The acid addition salts of the base eompounds of this invention are readily prepared by 
treating the base compound wi~h a substantially equivalent amount of the chosen mineral or 

organ!c acid in an aq~~ous so!Vent medium or in a suitable organic _solvent such as methanol or 
ethanol.· ~pan ~reful evaporation of the solvent, the desir~d solid salt_ is obtained. . 

For use in treating Parkinson's disease, ADHD or microadenomas in a. human 

25 'subjec( ~- compound o.f the _formul~ (, or a ph_ar~aceutically-acc~ptabie s~lt thereof, is 
adminis~rect in an amount of about 2-300 mg/day, in ·single or divided daily doses. In 
parti~~la~ ~se.s, dosage~ outside that range are prescrib~ at th8 discretion ~f the. atte~ding 

. physic_i~~ .. _Th~ preferred. route of .administration is generally orai, b!Jt r;>are~teral ~dn;ini~tration 
(e.g:", intramuscular, intravenous, intrademal) wm be preferred in special cases, e.g.; where 

30 oral ab~~~~n Is impaired as by di~se, or the pat~nt Is u~able to swallOw. In one . . 
-embodiment, the compound of formula I is administered in an individual d0sage of about 1.0 

· m~g ~t ~d~u~ncy of a~out. three times per day.:. ,A ~n~lled-relea~e ~~ulati~n· ~n be 
employed .. fnstead_ that is administered once per day. In another embodiment, the compound . . . . . . . . . . . - . 
is administered In an amount required by the particular route of administration to achieve a 

35 pi~",na con~~tration of b8~n .100 and 500 n9'm1, preferably about 200 ngiri,1, at be~n . ·. . ~ . . . 
2 and 3 :h~u~ ~ol~g administration. 

.. The compounds used In the present invention are· generally administered m the form 
of -phar:mac_eutical compositions comprising at least one of the compounds of the _fo"!'uia (I), 
or a ·Salt ·thereof, together with a pharmaceutically acceptable vehicle or diluent.· Such 

40 · com~ition:~ ·are generally formulated In a ·conventionat ·manner utilizing soiid "·or Bq\iid 
Vehicle~· or diluents as appropriate to the mOde Of . desired ad~i~istration: for. · oral 
~mini~~~~ in the form of .tabt~. h~ or soft: gelatt~ ~psu1es." s~pen~on.· g~~les, . . . . . . . .. . . .. : . ~ . . : ·: .: ~ . . : . . . : . . . . . . . . . 
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5 powders and the like: and, for parenteral administration, in the form of injectable solutions or 

suspensions, and the like. 

·Binding of a compound to the 02 receptor can be determined using the follow 02 

receptor binding a8say.· 
L TK" cells expressing the human 0 2 long (D2L) receptor are grown (T-175 flasks) in 0-

10 glucose containing minimal essential media (DMEM, Gibco) supplemented with 10% fetal 

bovine serum (FBS). The cells are dislodged with 5 mM EDTA in PBS and·homogenized in 

50 mM Tris HCI (pH 7 .4) with 5mM MgS04, using a Brinkman Potytron at setting 6 for 20 sec. 

Membranes are recovered after multiple rounds of separation by centrifugation and 

resuspension in fresh ice-cold buffer. _Tnc ti2s:rn (- 2 mg tissue. w~t wc.+:h') i': :J--i~::r:! to L:st 

15 tubes containing incubation buHer {50 niM Tris HCI. 120 mM ~hC!.?. :'~ 1·.1 M~'::!;,. 5 mM 1(:~'.. s 
mM CaCl2, pH 7.2), various concentrations of test drug, and [3HJ-spiperone (0.06 nM final 

concentration, Amersham, Arlington Heights IL). N~n-specific binding is determined In the 

presence of 2 uM (+}-butaclamol. After 45 min at 30°C, incubations are terminated by rapid 

filtration through Whatman GF/B filters using a Brandel cell harvester. The membranes_ are 

20 washed using 3 X 4 ml of ice-cold buffer and membrane-bound ligand is determined by liquid 

scintillation counting of the filters in Ready-Safe scintillation cocktail (for tritiated ligands). The 

Ki (0.06 nM) for the rt:ldioligand is determined previously by saturation analysis and used to . . . . 

· calculate apparent ~·s by ~eans of the Cheng-Prusoff equation. 

The· ago~_ist or a_ntagonist activity of a ~ompound at th~ 02 receptor .. can be 

25 · determined using the following three assays. . 

('f) Human 0 2 receptor modulation of cAMP formation in GH4C1 cells 

. GH4C1 ~Its~ i:.leriv~d from rat pituitary, ~xpressing eit~er the long·~ short forms o; the 

hurrian D2 receptor, are grown to confluence in (HAM). F-10 Nutrient Mixt~re (~ibco} · 

supplemented with 10%: F~S and 2 mM 1-gluta~lne an~ 10 U/ml peniCil!ln-strepk>_m~n i~ T-

30 175 flas~. The·. cells are dislodged With 5 mM ethy!enediamine tetraaceiic acid {EOTA) in 

· ph0sphabt bu~~ Saline (~BS) anci re8uspended_in.PBS containing~ mM MgCl2, 30 .. rriM 

¥.mxyeth~lpiJ,erizine-~~nesuitonic acid (HEPES), and so mM. tsobutyl .. methyt xanthi~e 
(iBMx). Cells (..:.200,000/tube) are exposed to 5_ mM forskOlin, 100 nM quinpirole or fo~koUn 
plu$ _quinpirole J:>I~ antagonist fer 11 minutes._ In experiments with antagoni.. cells are 

· 35 exposed to the antag~nists 11 minutes prior to quinplrole challenge. ·To judge agonist activity, 

the ~of a ~~pound on fonikolin·stimulated cAMP accumulation I~ tested _in the ~ce 
of the agonist quinplrote. The reaction is terminated with the addition of 6N perchloric acid, 

.and samples are neutralized-with 5N potassium hydroxi~e and 2 M _Tris buffer. Cycfic AMP 

. levels are n:iea9.ured using a comme~lly ayaUable competitive binding kit (Amersham). ICso 

·40 values are calculated by linear regression analysis of the'.concentra~-response. ~rves. 

-Apparent Ki values are ~lcUlated using the eq~tion:_ ~ ICJ(1 + [agonist~agonist Eeso)). 

(2) . ElectrOphysiology ~ Rat Brain Slices 
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5 Male Sprague-Dawley rats (200-250 gm, Charfes Rl~r Laboratories, Wilmington, MA) 

are lightly anesthetized with halothane, decapitated and the brains quickly removed to ice­

cold, o~enated medium (95% 0 2/5% C02; 124 mM NaCl, 2 mM KCI, 1.25 mM NaH2P04, 

26 mM NaHC03, 10 mM d-glucose, 2 mM MgS047H20 and 2 mM CaCl2; pH 7.4). The 

ventral tegmental area is blocked and glued using cyanoacrylate to the stage of a Lancer 

10 Vibratome (Series 1000) filled with ice cold medium. Coronal slices (350 µ) are cut and 

placed in oxygenated medium (22~C) for 1 hour prior to recording. For r:::~c:·:::'.;n;. slic:::s a;e 

placed on a nylon net in a recording chamber where they are cornpie!E;!y :;:._,:JC~1er9;d :n 

c'Jr~tinually flowing medium at 35°C (-1 ml/min). All drugs are appli<~d by switching the 

15 potentials are recorded using 0.9% saline-iiiled glass pipettes (6-8 !·.l,'J'.'/. :·::.· . .;; , ,,: ":· ;:r'; 

plotted on-line in bins of 10 or 20 seconds and alterations in firing rate are calculated using 

average rates over 2 min epochs before and after drug application. Concentration-response 

20 

. . . 
curves are constructed and analyzed by linear regression. 

(3) Microdialysis 

1 · shaped_ concentric microdialysis pr?t?es are constructed 01,,;t of dialysis ·fiher 

(molecular weight cut off ot 18,000, 300 um o.d., Hospal, The Netherla~ds) oc~luded at one 

en.d with epoxy_ r~si~ and attached to fused silica microtubin~ .. The ·probes •. 9 m~ !Ong. wi~. 2 

· mm len'gth of expo~ed di~lysis membrane are implanted into the nucle:us acc~~pens (AP' 1·7 , 
M~· -1.2 ,OV -8.0) o~ .male Sprague Dawley ra~s (300-3509} anesthetized with ketamine (75 

25 : mg/kg) and xylazine (10 mg/kg). Following surgery, ·rats are placed ih perspex cages inside 

30 

35 

. . . . : . 

· Insulation boxes and the probe inlets connected via flexible PEEK tubing through a dual 

channel fl~id swlvel system to a CMA11oo microinfusion pump (CMAIMicrodi~lysis, .Acton, 

MA) .. Th~ probe is: perfu~ed ~vemight wfth artificial cerebrospinal fluid (147 mM N;Cl2, 2.7 

mM Kci. 1:3 mM CaCi2, 1.0.mM MgCl2 ~nd 0.1 mM.ascorbic.acid) at O.S mlloiin. the·~~xt 
. . . . . . 

day, an:exi>eriment is.starte~ by increasing t~e flow~ 1.5 ml/min and connecting the probe 

outlet ~fth PEE~ tubing to a· 30 ml sa.mple .. loop in a DECADE electrochei:nical detector 

(ANTEC, Leiden, The Netherlands). Microdialysls samples (30 ml) are Collected on-line and 

automatically i~jeCted·onto the column ever'/ 20 or 2s·min. Analytes are separated ·at 35~C 
.·~e~ ·a BOS Hy~rsil C1a. 3 m column (150 X3 mmfby ~erse pha~ HPLC._usi~g a 75.mM 
p~ssium_ ,phoapha• mobile phase ot pH s.o, containing o.a mM: OctanesultOna~e: 8% 

_methanol, 3 mM triethylamine· and delivered at a flow .rate of 0.35 ml/min by. an ESA 580 . . . . . . . . . . . 

·p~mp. --~perometric detection of dopami~ is perfoO'ned using a ·glaSsy.a:-rbon· 'electrode of 

. the .QECADE detector set at 550 mV vs Ag/AgCI. Extracellular levels of. dopamine are 

ciuantifuad by eomparing peak heights with these of standards. · 
. . . . 

40 · · . . ·After pbtaining a stable baseline (5-7 sam• ~llected every 20 or 25 min). drugs are 

-~minl~te~d ·and r&!ease of DA m~nltor~ct·for 4 to 7 hours. Dlalysate co~~trations are 

. ,~pie~ as a. percentage ~f baseline. · Dielysate concentrations· of DA .. are n~t co~d for 
~ :: . : ... ~·. . . :· . . . .. . .. . . . 
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5 recovery across the. dialysis fiber. To determine whether each dose of drug has a significant 

effect on nucleus accumbens DA release multivariate analysis of variance with repeated 

measures ~er time is performed using SuperANova software (Abacus Concepts, .fnc. 

Berkeley CA.) 

The ability of a particular compound to exhibit a~ anti-Parkinsonian effect in 
1 o ncnhuman primates can be determined using the procedures described by Greenemyre ~.! ?l.. 

Ann. Neural., M:655-661, 1994, and Klockgether etm .• Ann. Neurol., 30:717-723, 1991. 

The agonist and antagonist activities of a particular compound of the invention at 5-

HT 1A receptors can be determined using a single saturating concentration according to the 
'·.:!-::·1·:n9 pr:c·:~.::J1.:r~. . Male Hartley guinea ·piqs are decapitated and 5-HT16. receptors are 

15 cii.:sected out of the hippocamp1,;s. Th' '·:·F/r'.·:.:":I tis!;ues :':·: '··,,:, :, ··.> ·: :: ;:: : :~ 
buffer containing· 1 mM EGTA (pH 7.5) using a hand-held glass-Teflon® homogenizer and 

centrifuged at 35,000 x g ·for 10 minutes at 4°C. The-pellets are _resuspended in 100 mM 

HEPES buffer containing 1 mM EGTA (pH 7.5) to a final protein concentration of 20 mg 

(hippocam:pus) or 5 ·mg (substantia nigra) of protein per tube. °The· following agents are added 

20 so ttiat the reaction mix in each tube contained 2.0 mM MgCl2, 0.5 mM ATP, 1.0 mM cAMP, 

0.5 mM IBMX. 10 mM phosphocreatine, 0.3~ mg/ml creatine phosphoklnase, 100 mM GTP 

and 0.5-1 mic_rocuries of ~~2PJ-ATP (30 Ci/mmol: NEG~~03 - New England Nuclear). 

ln't:ubation is initiate? by t~e addition of ~issu~ tq siliconized microfuge tubes (in triplicate) at . . . ~ . . ., .·. . . 
30"C for 15 minutes. Each tube receives 20 ml "tissue,' 10 ml drug or buffer (at 10X final 

25' ~once~tration), .10ml. 32, ~M .agonist or ~uffe~ (at 1ox· final conc~ntration), 20f'!ll forskolin {3 

mM ft~al concentration) and 40 mL of the preceding reaction mix. Incubation is terminated by . 

' the addition of.100 ml 2% sos, 1.3 mM.cAMP, 45 mM ATP s~luti~n cO~taining 4o~ooo dpm . 

··c8HJ-~MP (3() Ci/~mot NET•275 - New Engla~d Nucl~ar) ~monitor the receve~ of ~p . 
from the column~.· ·The. ~eparation off PJ-ATP and fPJ-eAMP iS accompllshect using the · 

30 method of. Sal~~ et at, Analytical Biochemistry, 1974, g§, 541-548. :Radioactivffy is 

~~~ntified. by liquid ~intillation counting.· Maximai l~hibltion is defined by 10 mM CR)-e-oH­
DPAT. for 5-Hr ~ recepto~~ P~nt inhibition by ·th~ test. comp0und: 1.s then :calculated in 

:- ielation t~ the .inhibitory effect ~f (R)-s-0H-D.PAT. The reversai of: ago~ist induced inhibb of . . :. . . . . . . . . . . . 
forskolin-stlmula!S~· adenylate cyclase activity Is calcut~ in relation to th~ 32 nM agonist 

35 effect. . .... 
This lnve~tiOn relates both to m~thods of treating·_ Parkinson's ·disease a~d AOHD in 

which the twQ or three active agents employed are administered together, as part-of the same 
·pharmaceutical composition, as wen . as to methods in .. which these actiVe agents are 

·. administered.separately as part·of an appropriate ~ose regimen designed to obtain the benefits 

· . 40 °' the ~bin&tion therapy. . The appropriate· dose ieQ1men, the amount of each ·dose 
~dmlnisbered1 8nd specific intecvals between dose& of each actiYe -agent wili de~nd UPon·the 

· ~ubject being treated, h~~i tote~ the drug ~ and th9 severity. of the concfltion. G~neral~. 
. . . . . . . . . .. : . . : . . .. . . . . ... :. · .. ; ; . 

. . , 
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5 in carrying out the above combination methods of this invention, the 5HT 1A receptor agonist wiU 

be administered in an amount ranging from about 5 - 90 mg per day, in single or dMded doses, 

the a2 adrenergic receptor ligand Will be administered in an amount ranging from about 1.0-100 

mg per day, in single or divided doses, in the case of an 112 adrenergic receptor antagonist, and 

in an amount ranging from about 0.1 -100 mg per day, in single or dMded doses, in the case of 

10 an a2 adrenergic receptor agonist, in single or divided doses. and the 02 receptor agonist will be 

administered in an amount ranging from about 0.5 mg - 25 rr.g per dny, in sing!<: or ::ii'-'ided 

doses. (For FDA a;:;proved dru:;is that are used in the cornbi:·:;:;tir_~n r;~r~th::~J:; of this inv;;;. <L:::;, 

phy;;icians will be guided by the dosa'.'.)e ranges for such d:·~.:gs that a;e specified in tr.-~ 

15 animal being treated and its Individual response to said medicament, as weil as on tnt:: typt: oi 

pharmaceutical formulation chosen and the time period and interval at which such administration 

is carried out.. I~ ~ome insta~ces, dosage levels below the lower lim~ Of the _afo~said range may 

be more than adequate, while i!1 other cases still larger doses may be employed without causing 

any harmful side effect, provided that such larger doses are first divided into several small doses 
. . . . 

20 for administration throughout the day. 

The combination methods of this invention include methods wherein the ·desired 

c·ombined ~ctivi~i~.s ~re present in ~ne com~~nd or pharmaceutleat!Y-. ~~Ptable s~it The 

pharmaeeutical ~mposition~ of this invention that exhibit m_ore ~h~n one p~armaceuti~l .activity 

{e.g., 5HT1A agonism a·nd 02 agonism} include those pharmaceutical ~ompositions wfierein all 

15 the' .de~lr~ pha~inaceutical acti~ities are "prese~t in one" compound ~r :~ha~ace~tically 
acceptable salt _ 

. The 02 re~tor agonists, the 5HT1A receptor agonists, and the a 2 recepto.r ~~tagonists 
that are e~ployed in the pharma~tical com~~iUons and methods Of this inv~ntion are 

. he~uiafter ai~~-~~d to as ''therapeutic ag~n~·. The therapeutic agents can be administered 

30 \iia either ·~e ~l·o~ 'i;arenteral route. Com~ containirig both a o2 receptor agonist and a 

. SHT 1A ~eel?~ ... °ago~iSt, ~rail three o~ a 02 receptor' agonist, a S~T1A rece~r agonist anci ~n a2 

aC.re~e~ ieee~r antagon~ w;u genera11y-~ 8dm1n1~t8rect.ora11y or parenterany daily, in Sin91e 
. . . ~· . . . 

·or ·divided doses, ~ that the total amount of. each ~e agent ad~inistered falls ~in the 

above guidelines~ 

- 35 . . ihe . thera~utic agents may be ·administered atone or in c:Ombi~n . with 

pha~~uti~I~ :aecep~ble earners or diluents by either ot1tte routes previously Indicated, and 

~ such administration may· be carried out in single or multiple ~· More ~larty, the 

thera~ agents of this invention can be administered in· a wide varietY of different dosage 

· ·fonns, LL·~ may·be combined With varlous··pharmaceutically acceptable inert.carriers in·the 
: . . . . . 

. 40 . form of tabtets, capsules, lozenges, troches, hard candies, suppositories, aqueous suspensions, 

. in~ble sol~. ·elixirs, syrups, and the lk~. :$uch: carriers inelud~ soUd dUuerrts or fillers, 
. ·. . . . . . .. . . . . . . 
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Moreover, oral 

In general, the 

therapeutic compounds of this invention,. when administered separately~. not in the same 
pharmaceutical composition) are present in such ~osage forms at concentration levels ranging 
from about 5.0% to about 70% by weight. 

For oral administration, tablets containing v9rious excipients such as microcrystallirie 

cellulose. s::diurn citrate, calcium carbonate. dicalciur.~ :ih0s;:ir-.<i!'?. ::nd ::\:cine may be employ~~d 

along with various disintegrants such as starch {and preferably corn, potato or tapioca s'.:;~r.~). 

alginic acid and certain complex silicates, together with granulation binders like 

p::lf-·i11y!j)'jir·;:..'.i·Jw:1e, SU·'.'.i;)S'?., gelatin and a·:::acia. -6.c!dit!~m~!llJ, lubrk:atin(l ariPn1s such a<; 

15 magnesium stearate, sodium lauryl sulfate and talc are often very uscfJi for tai.Jid,;,1g puf;:ic.:sc:s. 

Solid compositions of a similar type may also be employed as fillers in gelatin capsules; preferred 

.materials in this cor:tn~on also include.lactose or milk sugar as ~ell as high molecular weight 

pol~eth.ylena glycols. When aqueous suspensions and/or elixirs are desired for oral 
administration, the active ingredien.t may be combined with various sweetening or flavoring 

20 age~~s. col?~ng rriattf'.r or dyes, and, if so desired, emulsifying and/or suspe~ding .agents as well, 

together wi~ such dilu~nts as water, ethanol, propylene ·glycol, glycerin and various like . . . . . . 
combinations thereof. 

For parenter~I admini;;tration, ,solutions of a therapeutic agent in either sasarne ·or 

p~anu.t oil or in ~que.cius ~ropy;ene glyc.ol may be employed. The aqueou~ solutio~s sh_<?~ld be 

25 · suitably buffered if necessary and the liquid c:tiJuent first. rendered isotonic. These aqueous 

solutions are .suitable for int~avenous lnjection purposes. The oily solutions are suitable· tor . . . . . 
intraarticular, intramu5cular and subcutaneous injection purposes. The· preparation of an these 

~ol_Utions under steril~ eonditions Is ~adily accom'plished by ~ndard pharm~tiCat tedtniqiJes· 
well known to those skilled in the art . 

30 . : The ~llOwing example is intended only to illustrate the. ,inventio~; and not to be 
interpreted as Umitlng its scape. . 

Example 

The behaVi~I effects o( administr.atton of sunlpetron on parkinsonian seore' in MPTP-
(1-methyi-4-phenyt-1,2,3,6-tetrahydropyridine) treated monkeys was determined. The . .... . . 

35 methods employ~ are descObed in Greenemyre et_ al., supra and Klockgether et al., supra. 
Briefly, parkinsonian monkeys Wet:e adminis~· 0.S mg/kg or 1.0. ':"lg/kg of 

. sunipetron and the severity of.parkinsonian symptoms was rated at.each of 4 time.points after . . . . . . . .. 
·.drug ~mlnlstratfon"as compared with administration of a control solution ("Vehlcle"). 

Parkinsonian scores obtained from the study are shoWll in Figure 1. Combined with 

40 · the. ~sti~~s ~~ for plasma levels ~f the Compound fol~ng adminls~tlon, th~· data 

. · dem~ns~~ ~at-the maximum reduction in pa'rkinsonian score was attained at plasma levels 
. ' 
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5 of approximately 200 ng/ml. The minimum effective plas!"a level was approximately 100 

ng/ml. 
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CLAIMS 

1. A method of treating a disorder selected from Parkinson's Disease, ~OHO, 

and micr~adenomas in a mammal, comprising administering to a mammal in need of such 

treatment an amount of a compound of the formula 

y 

1 o or a pharmaceutically acceptable acid addition salts thereof, wherein 

Xis Nor CH; 

15 

Yis 

N~N\ 
~"":/ -.J or -! 

Zis 

DC ca 
SCH2, OCH2, Y'(CHz)n or Y1(CHz)n substituted on carbon with up to 2 methyl groups; 

n is 1 or2: and 

Y' ls CHz, NH or NCHa: 

that is effectiVe _in treating such disorc!er. 
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2. A method according to claim 1 wherein the compound of formula (I) or 

pharmaceutically acceptable salt that is employed is one wherein Y is 

0 
'I 

Z is Y1(CH 2}11 , Y1 is CH2, ~is 1 and Xis N. 

3. A method for treatir~g Parkinson's dis~~:ise in a rr.3mma!, co--:'.'.1':':'n•? 

10 administering to a mammal in need of such treatment a 02 receptor agonizing ager~t. or a 

pharmaceutically acceptable salt thereof, in combination with a 5HT1A receptor agonizing agent, 

or a pharmaceutically acceptable salt thereof, wherein the two foregoing active agents are 

present in amounts such that the combination of such agents is effective in treating Parkinson's 

disease. 

15 4. A pharmaceutical composition for treating Parkinson's disease in a mammal, 

comprising: (a) a 02 receptor agonizing agent, or a pharmaceutically acceptable salt thereof: (b} 

a 5HT1A receptor agonizing agent, or a pharmaceutically acceptable salt thereof: and (c) a 

pharmaceutically acceptable carrier; wherein the foregoing two active agents are present in the 

composition in amounts such that the combination of such agents is effective in . treating 

20 Parkinson's disease. 

5. A m~thod of treating ADHD in a mamm~I, comprising administering to a 

mammal in need of such treatment an o.2 adrenergi? receptor ligand, o~ a i:>harmaceutically 

acceptible salt ttie~f. i_n ~'!'bination with a 02 receptor agonizing agent, or a pharmaceutically 

acceptable salt thereof, and also in combination with. a_ 5HT ,,. receptor agonizing agent, or_ a 

25 ph~rmaceu~cally acceptable salt thereof, wherein the three foregoing ·active agen• are present 

· in ~'!'.ounts such that the combination of such active agents is effective In treating AOHD. · 

6. A pharmaceutical composition for treating AOHD in a mamma~ comprising: (a) . . . . . . . . . . 

an a2 adrenergiq receptor ligand, or phannaceutically acceptable salt thereof; (b) a 02 ~ptor 

agonizing age~t,· or a pharmaceutically acceptable salt thereof; (c) a 5HT1A r8ceptor agonizing 

30 agent. or phannaceutically acceptable salt thereof: and (d) a phannaceutically acceptable carrier; 

wherein the forego.ing three active agents are present in the composition in amounts such that 

the com.blnation !)f such active agents Is effective in treating ADHD. 

7. A method of ~ng ADHQ. in a mammal, comp~sing administering to a 

m~mm~l . in -~~- o~ such treatment an «2 adrenerglc ·receptor ligand, . o~ a pha~~~utically 

35 ~table sa~ ~reef, In combination with a 02 receptor ago~izing agent or a 5HT1A ~ptor 
.· .... . . . . 

agonizing '9eiit. or. a .Phannaceu*811y acceptable salt thereof, ·~erel_n tf:1e foregoing two active 
. . . 
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5 · agents are present in amounts such that the combjnation of such active agents is effective in 

treating ADHD. 

8. A pharmaceutical composition for treating ADHO in a mammal, comprising: (a) 

an a2 ac:lrenergic receptqr ligand or a pharmaceutically acceptable salt thereof; (b) a 02 receptor 

agonizing agent or a 5HT1A receptor agonizing agent. or a pharmaceutically acceptable salt 

10 thereof; and (c) a pharmaceutically acceptable carrier; wherein the two foregoing active agents 

are in the ::·::n1position in arnoui·,(s s~::h th::Jt tro, c0mbir.::tior. of :,.u:;h a Jen!"' in the c~mr~sition ;, 

c:f~c;.~ti· .. ·e i:: l~i3aling ADHD. 

15 acceptable salt thereof, in combination with a SHT,A receptor agonizing agent, .or 

pharmaceutically acceptable salt thereor. wherein·the foregoing two active agents are present in 

amounts such that the combination of such active ~gents Is effective in treating ADHD. 

10. A pharmaceutical composition for treating ADHO in a mammal. comprising: (a) 

a 02 receptor agonizing agent or a pharmaceutically acceptable salt thereof; (b) a 5HT1A 

20 receptor agonizing agent or a pharmaceutically acceptable salt t:-O':!r2-::f: ar.d (:::) a 
. . . .. . 

pharmaceutically acceptable carrier; wherein the foregoing two active agents are present in the 

qomp~sition in amounts such that the combination of such age~ts in the -~mposition is effecii~e 
. : .: . . . . . . . . 

in treating A[)HD. . . . 

l 1. . A mettiod acc9~ding to claim .1 of treating Parkinson's disease in a mammal, 

· 25 comprising administerin~ to a mammal in need of suph.treatment an amount of su_nipetron, or a. 

pharmace.uticaliy ac~eptable salt thereof, that is effective in t'.eating Parkinson's Disease. 

12. A method according to c;Jaim 1 of treating ADHD in a mammal, compriSing 
. . . . . 

administering to a mammal in need of such treatment an amount of sunipetron, or a 
; . . '. . . 

pharmaceutically acceptable salt thereof,. that is effective In treating ADHD. 

· 30 13. A method according to claim 1 of treating microadenomas in a mammal, 

comprising administering to a mammal in need of such treatment an amount of sunipetr0n, ·or 

" a ~~rmaceutically aCCeptable ~It thereof, that is effective in treating microadenomas •. 

. 14. :· · A method accofding to claim s. wh~rein the Uz adrenergic receptor ligand that 
is. e~ployed is. a presynas)tic a~ adrenergic recePtor antagonist or· a pos~ptic a2 Sdrenergic . . . . . 

35 receptor agonist . 

15. · A method according to claim 7,_wherein-the a2 adrenet'Qic receptor ligand that 

is :employed is a presynaptic Uz adrenergic receptor antagonist or a postsynaptic ~ adren• 

receptor agonlst 

16. A pharmaceUtlcal composition according to C!aim 6, wherein the cx2 adrenerglc 

40 receptor ligand that is employed is ·a presynaptic az adrenergic receptor antagonist or a 

'postsynaptic a2 adrenergic receptor agonisl 

..... 

,, 
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5 17. A pharmaceutical composition according to ctaiin 8, wherein the a2 adrenergic 
. . ,. 

receptor ligand thaHs employed is a presynaptic «2 ·adrenergic receptor antagonist or a 

postsynaptic a2 adrenergic receptor agonist. 

18. A pharmaceutical composition for treating a disorder selected from Parkinson's 

Disease, ADHD, and microadenomas in a mammal, comprising an amount of a compound of 

1 O the formula 

15 

y 

or.a pharmaceutically acceptable acid addition salt thereof, wherein 

.X is N. or CH;· 

Y.is 

or 

Zis 

SCH2, OCH2. Y1(CH2)n or Y1(CH2)n substituted on carbon with up to 2 methyl groups; 

n is 1 or2; and 
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5 Y1 is CH2. NH or NCH3; 

that is effective in treating such disorder, and a pharmaceutically acceptable carrier. 

19. A pharmaceutical composition according to claim .18 wherein the compound 

of formula (I) or pharmaceutically acceptable salt that is employed is one wherein, Y is 

0 
'I 

10 Z is Y1(CH2)n. Y1 is CH2, n is 1 and Xis N. 


