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PHARMACEUTICAL AGENTS FOR THE TREATMENT

The present invention is directed to the use of certain pyridd[1.2-a]-pyrazine
derivatives, also described as bis-azabicyclic compounds, in the treatment of Parkinscn's
diseas 2, attention deficit hyperactivity dizo. der (PADHD") and microadencmes in famnais,
including humans. It is also directed to the use of a dopamine-2 (D2) receptor agonist in
combination with a serotonin-1A (5HT,.) receptor agonist for the treatment for Pa:kinscn's
Disease, |t is also directed 1o the uss of an alpha-2 (o) sderergic rocleoi Biyand in
combinalion with either a D2 receptor agonist or @ 5i4T4a receplor agenist for v Uwdimeni of
ADHD. it is also directed to the use of a D2 receptor agonisg in combination with @ 5HTa
receptor agonist for the treatment of ADHD. It is also directed to the use of an alpha-2 (ay)
adrenergic receptor ligand in combination with both a D2 receptor .agonist and a SHTya
receptor agonist for the treatment of ADHD.

Background of the Invention

Serotonin plays a role in several psychiatric disorders, including anxiety, Alzheimer's
disease, depression, nausea and vomiting, eating disorders, and migraine. (See Rasmussen’
g__g' al., “Chapter 1. 'Recent Progress in Serotonin (SHT)4p Receptor Modulators”, in -'A__nr_mggl' '

Reports in Medicinal Chemistry, Section 1, 30, pp. 1-9, 1995, Academic Press, Inc.: Antigas et .
al., Trends Neurosci, 19 (9), 1996, pp. 378-383; and Wolf et al., Drug Development
Research, 40, 1997, pp. 17-34.) Serotonin also plays a role in both the positive and negative
éymptqms of schizophrenia. (See Sharma et al., Psvchiatric Annals., 26 (2), February, 1996, -
PP 88 82,) Serotonin 1A receptor agonists have been shown to increase prefrontal cortex
dopamme (DA) release. See Wedzony et al, Eur. J. Pharmacol, 305: 73-78 (1996)
Buspirone, a S5HT;a receptor agonist, has been shown to be efﬁcaclous in treating a variety of
symptoms assocuated with ADHD. Serotonin 1A receptor agonlsts have also been shown to
reverse neurolept;c induced dystoma in nonhuman primates, a condxﬂon that mimics
symptoms of human Parkmsons disease. Ses’ Casey, D. E., M@M@ﬂ
10: 3708 (1994).

5 Symptoms assocnated with ADHD have been shown to be relleved by catecholamme
fefeasing drugs such as methylphenidate and by postsynaptic o2 adrenerguc teoeptor
agonists such as clomdme Also, presynaptic «2 adrenergic receptor antagomsts have been
shown to increase norepmephnne (NE) release.

""" number of 1-(2-pyrimidinyl)-4-{4-(cyclic-imido)butyljpiperidine derivatives have been

- disclosed as armolyhc ‘agents which are generally lackmg sedative activity. Among these are

'busplrone where the cychc-lmido group is 4, btehamemylene-pipeﬂdine-z 6-d|on-1 -yt {(Wu et
al., United States Patents 3,717,634 and 3,907,801); Casten et al; United States Patent
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4,182,763), gepirone, where .the_gr_o_up .i__s 4.4¢dimethylpiperi_dine-2.6-dion-1-yl (Temple, Jr.,
United States Patent 4,423,049); and ipsapirone, where the group is 1,1-dioxobenzojd]
isothiazol-3(2H)-on-yl (Dompert et al, German patent publication 3,321,969-A1). See also
Ishizumi et al., United States Pate'hts' 4,507,303 and 4,_543,55; Freed et al., United States
Patent 4,562.255; Stack et al., United States Patent 4,732,983; New et al., United States
Patent 4,524,026; and Stack, United States Patent 4,788,290.

Compounds of the formufa (i) below are disclcsed 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 5,618,885, ' .

_ Summary of the invention

This invention relates to a method of treating a disorder selected from Parkinson’s
disease, ADHD, and microadenomas in a mammal, inclu'ding a human, comprising
administering to a mammal in need Qf such treatment an amount of a compound of the

formula

or a pharmaceutically acceptable acid addition salt thereof, wherein
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Zis

SCH,, OCHjz, Y'(CHy), or Y'(CH,), substituted on carbon with up to 2 methyl groups;
nis 1 or2; and

Y'is CH,, NH or NCHy;

that is LﬁLCthE in treating such disorder!

In the compounds of the formula (1), Y is prafarably

A particularly preferred compound is that wherein Z is YY(CHy), Y' is CH,, nis 1 and
Xis N. | . : S

The compounds of formula | are DZ receptor agdnists and useful In the treatment of
Parkinson's disease. They also exhibit 5HT;, receptor agomst activity. . l

The compounds of formula | also exhibit activity as o adrenerglc receptor antagonlsts
and are useful in treatment of ADHD. The compounds i mcrease h'ppocampal NE release and
also increase prefrontal cortex DA release. .

The compounds of the formula | 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 pham\aoeuﬁmlly
acceptable acid addition salts of the aforementloned base compounds of the formula | are those
which form non-toxic acid addition salts, ie., salts containing pharmacologically acceptable
anions, such -as the hydrochloride, hydrobrorhido, hydroiodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate,
maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate ie., 1.1 -methylene-bls—(z-hydroxy-a-
naphthoate)]salts

The term "treating” as used hereln refers to reversing, alleviating, inhibiting the progress
of, or preventing the disorder or condition 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 "treating” is defined immediately above.
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This invention also relates to a method for treating Parkinson’s Disease in 2 mammal,
including a human, comprising administering to a mammal in need of such treatment a D2
receptor agonizing agent in combination with a 5HT:a 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.

~ This invention also relates to a pharmaceutical composition for treating Parkinson's
disease in a mammal, including a human, comprising: (a) a D2 receptor agonizing agent or a
pharmaceutically acceptable salt thereof, (b) a 5HT,s receptor agonizing agent or
sharmaceutically acceplable salt therzof; 21:d (c) 2 charmaceutica annentshls ~ziar wherain
the foregoing two active agents are in the composition in amounts such that the sambination of
such agents is effective in treating Parkinson's disease.

This invention also relates to a method of treating ‘ADHD in 8 mammal, including a

- human, comprising administering to a mammal in need of such treatment an o, adrenergic

receptor ligand, or phamnaceutically acceptable salt thereof, in combination with either a D2
receptor agonizing agent or a 5HT4 receptor agonizing agent, or pharmaceutically acceptable

salt thereof, wherein the foregoing two active agents are present in amounts such that the
c_:or_r'l_bination of such active agents is effective in treating ADHD.

This invention also relates to a pharmaceuttcal compasition for treating ADHD in a
mammal mcludmg a human, compnsmg (a) an az adrenergic receptor ugand or a
pharmaceut:cally acceptable salt thereof (b) aD2 receptor agomzmg agent ora SHTM receptor

_agomzmg agent ora pharmaceuhcally acceptable salt thereof, and (c) a pharmaceuttcally

acceptable oamer wherem the two foregomg actnve agents are present in the oomposmon in
amounts such that the combmatlon of such agents is effective in treatmg ADHD.
Tms mvenuon also relates oa method of treatmg ADHD in a mammal, lncludmg a

_human compnsung administering to a mammal in need of such treatment a D2 receptor

agomzmg agent, ‘or pharmaceuﬁoally aoceptable salt thereof, in combination wnh a 5HT,A

__receptor agomzmg agent, or pharmaoeuhwlly aoceptable salt thereof, vwzerem the foregomg two

acbve agents are present in amoums such that ihe oombmatlon of such acnve agents is effective

in treatmg ADHD

Tms invenﬁon also relaﬁas toa pharmaceutncal composition for treating ADHD in a
mammal, mcludmg a human. comprising: - {a) a D2 neoeptor agonizing agent or a
pharmaceuucaﬂy aooepmble salt thereof (b) a SHT.\ receptor agonizing agent or a
pharmaceutmuy aooeptable salt thereof and(c)a pharmaceutically acceptable camier; wherem

~-the two foregomg active agents are present in the composition in amounts ‘such that the
combmaﬁon of such agents is effective in treating ADHD. ' -

This inventuon also relates to a method of treating ADHD in 2 mammal, including a

_human, oompnslng administenng to a mammal in need of such treatment an oz adrenerglc
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receptor ligand, or pharmaceutically acceptable salt thereof, in combination with a D2 receptor
agonizing agent, or pharmaceutically acceptable salt thereof, and also a 5HT,a 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.

This invention also relates to a pharmaceutical composition for treating ADHD in
mammal, including a human, comprising. (a) an o adrenergic receptor ligand or
pharmaceutically acceptable salt thereof, (b) a D2 receptor agonizing agent or
rharmacautically acceptable salt thereof. (c) a SHT.. receptor agonizing agent or

o B0 W

pharmaceuiically acceptable sah thereef] and (d) 3 pharmscsticslly zoen Loon o whars ™
the foregoing three active agents ars present in the coraposition in zmiounts such thal the
combination of such agents is effective in treating ADHD.

~ Compounds of the formula | may oonmln chiral centers and therefore may exist in
different enantiomeric and diastereomic forms. The term “compounds of the formula I", as used

‘herein, refers to all optical i isomers a_n_d all other stereoisomers of compounds of the forrnula I, as
"defined above, and to all racemic and other mixtures thereof, and to all phannaoeimcal

oompositions and methods of treatment defined above that contain or employ such isomers or
mnxtures

Formula | above mcludes compounds identical to those depicted but for the fact that one
or more hydrogen or carbon atoms are replaced by isotopes .thereof. Such compounds are
useful as research and diagnostic tools in metabolism pharmacokmetlc studles and in bmdmg

assays. Specific applloetlons in research include radioligand binding -assays, autoradlography
“studies and in vivo binding studies.

) Examples of DZ receptor agonizing agents that can be used in the methods of this -
mventron mclude but are not limited to, compounds of the fonnula | and the pharmaceutlcally

_aoceplable salts, pergol‘de bromocnptans ropinerol, and pramipexole.

Examples of SHTu reoeptor agonizing agents that can be used in the methods of this

_-mvent:on mclude, but are not Iimlted 0. (a) compounds of the formula | and their

pharmaceuucally aoceptable salts, (b) buspirone (U.S. Patents 3,717,638; 3, 907 801 and
4,182,763); (c) geplrone (U.S. Patent 4,423,049); (c) ipsapirone (German patent publlcatlon
3,321,969-A1); and (d) and fiexinoxan.

Examples of oy adrenergic reoeptor antagonzung agents that can be used in the
methods of- this invention include, but are not limited to, compounds of the formula | and their
nharmaoeutlcally acceptable salts, yohlmblne and idazoxan.

' Examples of more specnﬁc embodiments of this invention are the above methods of
treating ADHD and pharmaceutical compositions for the treatment of ADHD that employ an a;
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5 adrenerguc reoeptor llgand wherein such figand is a presynaptic o, adrenerglc receptor
antagonist or a post synaptnc o, adrenergic receptor agonist.
A preferred method of this invention is-a method of treating Parkinson's Disease 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 | shown below:

10 . _
i.e., wherein X is nitrogen, wherein Y is a group of the formula
O
_é

_ o

, - S © 0 ("sunipetron”), or pharmaceutically acceptable salt thereof, that is effective in treatmg
a' ‘ . Parkinson's Disease. . -

' 15 - .Another preferred embodlment of thlS invention is a method for treatlng ADHD in a

mammal including a-human, comprising admmrstermg toa mammal in need of such treatment
an amount of sunipetron, or pharmaceutically acceptable salt thereof that is effective in
treating ADHD.
Another preferred method of this lnventlon is a method for tneatmg microadenomas in
20 a mammal including a human, comprising administering toa mammal in need of such
freatment an amount of sunipetron, or pharmaoeuﬂml!y acceptable salt thereof, that is
effective in treating' microadenomas _ -
rief Desc Draw|
Figure 1 shows parkinsonian scores obtained in monkeys treated wuh either 0.5
25 mg/kg or 1.0 mg/kg of a compound of formula |. _
Dotalled Description of the Invention
_ All patems patent applucatuons, and art:cles llsted herein are hereby moorporahed by
reference in thelr ent:retles :
] Compounds of the formula t and their pharmaceutleally acceptabie salts may be
30 __Pl’epared as described in United States Patent 5,122,525, United States Patent 5,186,449,
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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/IBS7/00704, which designates the United
States and was filed on June 16, 1997,

The compounds of the formula | are capable of forming a wide variety of different salts
with various inorganic and organic acids. The acids that can be used to prepare the
pharmaceutically acceptable acid addition salts of the base compounds of this invention are
those which form non-toxic acid addition salts, Le., salts containing pharmacalogically zcceptablz
anions, such as hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate
or acid phosphate, acetate, lactate, citrate or acid citrate, tarirate or bitartrate, succinate,
malenta fomarste, cluconate, szscharate, benzoate, methanesulfonate and pamoate lie., 1,1
methylene-bis-(2-hydroxy-3-naphthoate)] salts. Aithough such salts must be phariace.icay
acceptable for administration to animals, it is often desirable in practice to initially isolate a
compound of the formula | from the reaction mixture as a pharmaceutically unacceptable salt

and then simply convert the latter back to the free base compound by treatment with an alkaling

reagent, and subsequently convert the free base to a pharmaceutically acceptable acid addition
salt. The acid addition salts of the base compounds of this invention are readily prepared by
treating the base compound with a substantlally equivalent amount of the chosen mineral or
orgamc ac:d m an aqueous solvent medium or in a suitable organic solvent such as methanol or

ethanol Upon careful evaporation of the solvent, the desured solid salt is obtamed

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

subject a compound of the formula I, or a pharmaceuttcally acceptable salt thereof is

admcmstered in an amount of about 2-300 mglday. m smgle or divided darly doses In

.partlcular cases dosages outside that range are prescnbed at the drscretron of the. attendmg

phystclan The preferred route of administration is generally oral but parenterat admlmstratlon
(eq., mtramuscuiar intravenous, mtrademal) will be preferred in specral cases, e.g., where
orat absorptton is impaired as by disease, or the patrent is unable to swallow. In one
embodlment the oompound of formula | is admlmstered in an lndmduel dosage of about 1.0

: mglkg at a frequency of about three times: per day.’ A oontrolled-release formulatlon can be

employed instead that is administered once per day. in another embodrment. the oompound
is admrmstered in an amount requlred by the partrcular route of administration to aohreve a
plasma concentratlon of between 100 and 500 ng/ml, preferably about 200 nglml at between

2and3 hours followmg administration.

. The oompounds used in the present mventton are: generally administéred in the form
of- phamtaceutml composrtlons comprising at least one of the compounds of the formula (UR
or a salt thereof, together with a pharmaceutloelly acoeptable vehicle or diluent Such

'composmons are generally formulated in a conventional manner utilizing solid or liqmd

vehioles or dlluents as appropnate to the mode of - ‘desired admnmstrahon for oral

_admimstrahon in the form of tablets, hard or soft gelatm oapsules suspensron grenules
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r)owders and the fike; and, for parenteral administration, in the form of injectable solutions or

suspensrone and the like.
‘Binding of a compound to the D2 receptor can be determmed using the follow D2

' receptor blndmg assay.

LTK cells expressing the human D; long (D) receptor are grown (T-175 flasks) in D-
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 MgSO,, using a Brinkman Polytron at setting 6 for 20 sec.
Membranes are recovered after multiple rounds of separatron by centrifugation and
resuspension in fresh ice-cold buffer. Tne tissuz (~ 2 mg tissua, wat we -irht) s aided to tast
tubes containing incubation buffer (50 mM Tris HCL, 120 mpA Nall 2 mM koL S mM KT 5
mM CaCl,, pH 7.2), various concentrations of test drug, and [°*Hj-spiperone (0.06 nM final
concentration, Amersham, Arlington Heights IL). Non-specific binding is determined in the
presence of 2 uM (+)-butaclamol. After 46 min at 30°C, incubations are terminated by rar)id
filtration through Whatman GF/B filters using a Brande! cell harvester. The membranes are
washed using 3 X 4 mi of ice-cold buffer and membrane-bound ligand is determined by liquid
scintillation counting of the filters in Ready-Safe scintillation cocktail (for tritiated figands). The

Ka (0 08 nMj for the radioligand is determined prevrously by saturatron analysis and used to
‘ calculate apparent Ki's by means of the Cheng-Prusoff equatron |

The agomst or antagomst actlwty of a compound at the D2 receptor can be

"determmed using the following three assays.

: nm Human Dz reoeptor modulatron of CAMP formation in GH4C1 cells
GH,C, cells derrved from rat pituitary, expressing erther the long . ‘or short forms of the

._human D, receptor are grown to confiuence in (HAM) 'F-10 Nutrient Mixture (Giboo)" .

supplemented with 10% FBS and 2 mM l-glutamme and 10 U/ml pemcrllm—streptomyan in T-
175 ﬂasks The - cells are dislodged with 5 mM ethylenedlamme tetraacetic acid (EDTA) in

phosphate buﬁered saline (PBS) and resuspended in PBS containing 5 mM MgCl,, 30 mM
hydroxyethylprpeﬂzine—N-ethanesulfonlc acid (HEPES) and 50 mM lsobutyl methyl xanthrne
_ (IBMX) Cells (~200 OOOItube) are exposed to 5mM forskolin, 100 nM qumprrole or forskolm

plus quinpirole plus antagomst for 11 minutes. In experiments with amagomsts cells are
exposed to the antagomsts 11 minutes prior to qumpimle challenge. -To judge agonist activity,
the effect ofa compound on forskolin stimulated cAMP accumulation is tested i in the absence

- of the agonist quinpirole. The reaction is terminated with the addition of 6N perchlonc acid,

-and samples are neutralized with 5N potassium hydroxide and 2'M Tris buffer. Cyclic AMP

- levels are measured using a commercially avaijlable competrtwe bindmg kit (Amersham). ICs,

values are calculated by linear regression analysis of the’ oonoentration-response curves.
—Apparent Kivalues are calculated using the equatron K= ICsof(1 + [agomst]l[agonist ECe)).

(2). " Electrophysiology in Rat Brein Skces
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Male Sprague-DawIey rats {200-250 gm, Charles River Laboratories, Wilmington, MA)
are lightly anesthetized with halothane, decapitated and the brains quickly removed to ice-
cold, oxygenated medium (95% 02/5% COz; 124 mM NaCl, 2 mM KCl, 1.25 mM NaH,PO,,
26 mM NaHCO,, 10 mM d-glucose, 2 mM MgSO,7H.O and 2 mM CaCl, ; pH 7.4). The
ventral tegmental area is blocked and giued using cyanoacrylate to the stage of a Lancer
Vibratome (Series 1000) filled with ice cold medium. Coronal sfices (330 p) are cut and

placed in oxygenated medium (22°C) for 1 hour prior to recording. For razerding, sliczs are

placed on a nylon net in a recording chamber where they are compietely swbmergzd in

© continually flowing medium at 35°C (~1 mi/min). AR drugs are appli=d by switching tha

porfusion medium to a solution conlai g e S Shortanenus s

Hhetor anbion

potentials are recorded using 0.9% saline-filed glass pipeties (8-8 MV Tuny suisn wra
plofted 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 apphcatlon Concentratncn -response
curves are constructed and analyzed by linear regressmn '

(3) Mtcrodlalysm

V shaped concentric microdialysis probes arz constructed out of dlalys:s fiber
(molecular wenght cut off of 18,000, 300 um o.d., Hospal, The Netherlands) occluded at one

end with epoxy resin and attached to fused silica mtcrotubmg The probes 8 mm Iong w1th 2

‘mm iength of exposed dwlysns membrane are implanted into the nucleus accumbens (AP 1. 7,

ML -1.2 .0V -8.0) of male Sprague Dawley rats (300 350q) anesthetlzed with - ketamine (75 '

: mglkg) and xylazlne (10 mg/kg) Followmg surge'y rats are placed ih perspex cages lnsldn
'msulation boxes and the prabe inlets connected wa flexible PEEK tubing through a dual
channel ﬂmd swlvel system to a CMA/100 m:cromiuslon pump (CMAIMncrodnalysls. Acton,

MA) The probe is perfused overnight wath artlfcial cerebrospmal fluid (147 mM NaCIz. 27
mM KCI 1.3 mM CaCl;, 1.0 mM MgCl, and 0.1 mM ascorblc acld) at 0 5 mem The next

'day, an- expenment is. staned by increasing the flow to 1.5 mllmm and oonnectlng the probe

outiet m(_rth PEEK tubing to a 30 mi sample loop in a DECADE electrochemical detector
(ANTEC, Leiden, The Netherlands). Miorodialysls_ samples (30 ml) are collected on-line and
automatically iojected'onto the column every 20 or 25'min. Analytes are separeted at 35°C

‘over a BDS Hypersil Css 3 m column (150 X3 mm) by reverse phase HPLC using a 75.mM

potassium phosphate mobile phase of pH 5.0, containing 0.8 mM" octanesulfonate, 8%
methanol, 3 mM tnethylamme and delivered at a flow rate of 0. 36 mimin by an ESA 580
pump Amperometnc detectlon of dopamme is performed using a glassy eerbon electrode of

-the DECADE detector set at 550 mV Vs AgIAgCI Extracellular levels of dopamme are

quanhﬁed by oompanng peak helghts with those of standards. -
- After obtammg a stable baseline (5-7 samples colleoted every 20 or 25 min), drugs are

'admmistered and release of DA monitored -for 4 to 7 hours. Dlalysate concentrations are
. expressed asa percemage of baseline. Dialysate concenb'atsons of DA are not corrected for
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recovery across the dialysis fiber. To determine whether each dose of drug has a significant
effect on nucleus accumbens DA release multivariate _an_alysis of 'var_iaince with repeated
measures over time is performed using SuperANova software (Abacus Concepts, inc.

* Berkeley CA))

The ability of a particular compound to exhibit an anti-Parkinsonian effect in
ncnhuman primates can be determined using the procedures described by Greenemyre et al.,

" Ann. Neurol.,, 35:655-661, 1994, and Klockgether et al., Ann. Neurol., 30:717-723, 1994.

The agonist and antagonist activities of a particular compound of the invention at 5-
HT,a receptors can be determined using a single saturating concentration according to the
“ilawing prazadurs. ‘Male Hartley gumea ‘pigs are decapitated and 5- HT,s receptors are

dissectad out of the hippocampus. Tha ™ alfissues 2 Ronniosnined b0 g TG
buffer containing 1 mM EGTA (pH 7.5) using a hand-held glass-Teflon® homogemzer and

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

HEPES buffer containing 1 mM EGTA (pH 7. 5) to a final protein concéntration of 20 mg
(hlppocampus) or 5 mg (substantia nigra) of protein per tube. The following agents are added
so that the reaction mix in each tube contained 2.0 mM MgCl,, 0.5 mM ATP, 1.0 mM CAMP,
0.5 mM IBMX, 10 mM phosphocreatine, 0.31 mg!mL' cr_eatine phosphokinase, 100 mM GTP

" and 0.5-1 microcuries of' [“P] -ATP (30 Ci/mmol: NEG#OOS - New England Nuclear)

Incubation is lnmated by the addition of tissue to siliconized microfuge tubes (in tnphcate) at
30 C for 15 mlnutes Each tube F°CEIV85 20 mL ttssue 10 mL drug or buffer (at 10X final
concentratton) 10mL 32 nM agomst or buffer (at 10X fi nal concentratson) 20mb forskohn 3 .
mM ﬁnal concentratlon) and 40 mL of the precedmg reachon mux Incubatnon is termlnated by |
the addition of 100 mL 2% SOS, 1. 3 mM cAMP 45 mM ATP solutlon contaming 40 000 dpm -

"'[3H]-cAMP (30 Cllmmol NET-275 New England Nuclear) to monitor the recovery of ¢AMP |

from the columns The separabon of [”P]-ATP and [”P]—cAMP ls aecomplished usmg the
method of. Salomon A@ML_BIO_CHM 1974, 58, 541-548 Radloactmty is

'quantlfed by liqund scmtlllation ‘counting. Maximal inhibition is defined by 10 mM (R)-8-OH-

DPAT for 5-HT1A receptors Percent lnnlbltion by the test. compound Is then eelculated in

' relatnon to the inhibitory effect of (R)-B-OH-DPAT The reversal of agomst mduoed mhibitnon of

- 35

.. 40

forskolm-stlmulated adenylate cyclase activity is calcutated in relatnon to the 32 nM agonist
effect.

This Invenbon relates both to methods of treatmg Parkmsons disease and ADHD in
whlch the two or three active agents employed are administered together, as part-of the same

'phannaceuﬂeel composition, as well as to methods in which these aciive agents are
- administered sepafately as part-of an appropriate dose re'gimen designed to obtain the benefits

of the oombmaﬁon therapy. . The appropriate- dose regimen, the amount of each -dose
admimstered and speolﬁo intervals between doses of each active agent will depend upon the

-subject bemg treated how well tolerated the drug is and the severlty of the oonzﬁtson Genarally
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in carrying out the above combination methods of this invention, the 5HTa receptor agonist will
be administered in an amount ranging from about 5 -_90 mg per day, in singie or divided doses,
the o, 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 a, adrenergic receptor antagonist, and
in an amount ranging from about 0.1 - 100 mg per day, in single or divided doses, in the case of
an o adrenergic receptor agonist, in single or divided doses, and the D2 receptor agonist will be
administered in an amount ranging from about 0.5 mg - 25 mg per day, in singlz or divided

doses. (For FDA approved drugs that are used in the combinatiun metheds of this inve.ton
physicians will be guided by the dosage ranges for such drugs that are specified in tha
Physicien's Cesk Reference). Variations mav navedheizss ocour depzncing unen s rragess of
animal being treated and its individual response to said medicament, as weil as on tie iype of
pharmaceuticat formulation chosen and the time period and interval at which such administration

is carried out.. In some instances, dosage levels below the lower limit of the aforesaid range may -

be more than adequate whrle in other cases stilt larger doses may be employed without causing
any harmful side effect, prowded that such larger doses are first divided into severat small doses
for admrnrstratlon th roughout the day. .

The combination methods of this rnventron include methods wherem the desrred
combrned actrvmes are present in one oompound or pharmaceutically acceptable salt The
pharmaceutical composrtlons of this invention that exhibit more than one pharmaceutrcal actrvrty

(eg 5HT1A agonlsm and D2 agomsm) lnclude those pharmaceuucal comoosrtrons wherern al”

the desrred pharmaceuttcal activities are present in one compound or pharmaceutrcany
acceptable salt. '

' The Dz re&ptor agonists, the SHTM receptor agomsts and the ds receptor antagomsts

that are employed in the pharmaceutical composmons and methods of this invention are

heremafter also referred to as "therapeutic agents" The therapeutic agents can be admlmstered

‘via erther the oral or parenteral route. Composmons containing both a D2 receptor agonist and a
' 5HT1A receptor agomst, or all three ofa D2 reoeptor agomst. aSHTA reoeptor agomst and an %

adrenergrc reoeptor antagomst. wrtl generally ‘be administered orally or parenteralty daily, in srngle

or ‘divided doses so that the total amount of each aotwe agent administered falls wlthm the

above gurdellnes
The therapeutrc agents may be admmrstered alone or in oombrnatron with
pharmaoeutroally aoceptable carriers or diluents by either ofthe routes prevrously indicated, and

: such administration may- be carried out in single or multiple doses. More parboularty the
therapeutic agents of this invention can be administered in'a wide variety of different dosage

E forms, Le.,-they maybe oombmed with various* phannaoeutroally aooeptable inert carriers in‘the

- form of tablets, capsules, lozenges. troches, hard candies, suppositories, aquecus suspensrons,

mjeclabte solutions, -elixirs, syrups, and the fike. ‘Such carriers include solid diluents or fillers,
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sterle aqueous media and various non-toxic organic solvents, etc.  Moreover, oral
pharmaceutical compasitions can be suitably sweetened andlor flavored. In general, the
therapeutic compounds of this invention, when administered separately (i.e., not in the same
pharmaceutml composition) are present in such dosage forms at concentration levels rangmg

~ from about 5.0% to about: 70% by weight.

For oral administration, tablets containing various excipients such as microcrystalline
cellulose, scdium citrate, calcium carbanate, dicalcium phesphate a2nd fiycine may be er nploysd
along with various disintegrants such as starch (and preferably corn, potato or tapioca s'arch),
alginic acid and certain oomplex sificates, together with granulation binders like
pelyviny ,_,.r.n_we sucrosz, gelatin and azacia.  Additionally, lubricating anenfs such as

magnesium stearate, sodium lauryl sulfate and talc are oiten very useiui for tabicing puiposas.

| Solid compositions of a similar type may also be employed as fillers in gelatin capsules; preferred
nmaterials in this connection also include lactose or milk sugar as well as high molecular weight
polyethylene glycols.  When aqueous suspensions and/or elixirs are desired for oral

administration, the acﬁve ingredient may be combined with various sweetening or flavoring
agents, coloring niatter or dyes, and, if so desired, emulsifying and/or suspendmo agents as well,

.together wnth such dlluems as water ethanol, propylene glycol, glycerm and various like

combinations thereof ,
- For parenteral admmlstrahon solutnons of a therapeutic agent in erther sesame or
peanut oil orin aqueous propylene glycol may be empfoyed The aqueous soluhons should be

"suntably ourfered if necessary and the liquid. diluent first rendered lsotomc These aqueous
solut:ons are sultable for intravenous injection purposes. The oily solutlons are suntable for

mtraarhculer mtramuscular and subcutaneous mjectton purposes. The preparaﬂon of all these
Solutions under stenle conditions Is readily acoompllshed by standard pharmaoeuhcal techmques'
well known to those skilled in theart.. '

The follavmg example is intended only to tllustrate the mvenbon and not to be

- _ 'm le
The behavuoral effects of admmistrauon of sunipetron on parkmsomen score in MPTP-

‘(1-methyl-4-phenyl-1 236-tetrahydropyndme) treated monkeys was determined. The

methods employed are described in Greenemyre etal, supra and Klockgether et al supra.
Briefly, parkinsonian monkeys were admnmstered 0.5 mg/kg or 1.0 mg/kg of

N sumpetron and the severity of.parkinsonian symptoms was rated at.each of 4 bme points after
" drug edministration -as compared with administration of a control solution (“Vehicle®).

Parkmsoman scores obtalned from the s!udy are shown in Figure 1. Combined with

- the estumetes shown for plasma levels of the compound foliowing adminlsnation. the-data
. demons@vaige u;ag the maximum reduction in parkinsonian score was attained at plasma levels
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5 of approximately 200 ng/ml. The minimum effective plasma level was approximately 100
ng/mi. .
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19, A method of treating a disorder selected from Parkinson's Disease, ADHD,

and microadenomas in a mammal, comprising administering to 2 mammal in need of such
treatment an amount of a compound of the formula

10 or a pharmaceutically acceptable acid addition salts thereof, wherein . .
Xis NorCH;
Yis

/N\N'—é | f \N—é

7
N¢N\ e —d
.Ly‘é o /

(o]

Zis

DG - KX

SCH,, OCH,, Y(CH,)» or Y'(CH,), substituted on carbon with up to 2 methyl groups;
nis 1or2; and '

Y'is CH,, NH or NCHy;

that is effective in treating such disorder.
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2. A method according to claim 1 wherein the compound of formula (I} or
pharmaceutically acceptable sait that is employed is one wherein Y is
O
/
N—é .
NS
@]
Zis Y(CH,)a Y'is CHa, nis 1 and Xis N.
3. A method for treating Parkinson's diszase in a mammal, comprising

administering to a mammal in need of such treatment a D2 receptor agonizing agent, or a
pharmaceutically acceptable salt thereof, in combination with a 5HT;4 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.

4. A pharmaceutical composition for treating Parkinson's disease in a mammal,
comprising: (a) a D2 receptor agonizing agent, or a pharmaceutically acceptable ean 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
Parkinson's disease. . - .
5. A method of treating ADHD in a mammei, comprising administering ta a

mammal in need of..such treatment an o, adrenergic receptor ligand, or a pharmacen)tieally
acceptable salt thereof, in combination with a D2 receptor agonizing agent, or a pharmaceutically

" acceptable salt theréof, and also in combination with a 5HT,, receptor agonizing agent, or a
pharmaceuuwlly accepiable 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.

’ 6. A pharmaceutical composition for treating ADHD in a mammal, comprising: (a)
an a adrenergic receptor ligand, or pharmaceutically acceptable salt thereof (b) a D2 receptor
agonizing agent, or a pharmaceutically acceptable salt thereof; (c) a SHT, receptor agonizing
agent, or pharmaceutically acceptable salt thereof, and (d) a pharmaceutically acceptable carrier;
wherein the foregoing three active agents are present in the composition in amounts such that
the combinatton of such active agents is effective in treating ADHD.

7. A method of treating ADHD in a mammal, comprising administering to a
mammat in need of such treatment an o2 adrenergic-reoeptor ligand, or a pharmaceutically

_ mptable salt thereof in combination with a D2 receptor agonizing agent or a 8HTy, receptor
agomzmg agent, ora pharmaceutically acceptable sait theteof ‘wherein the foregoing two achve
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agents are present in amounts such that the comblnaﬂon of such active agents is effective in
treating ADHD. .

8. A pharmaceutical composition for treating AD_HD ina mammal. comprising: (a)
an a, adrenergic receptor ligand or a pharmaceutically acoeptéble salt thereof; (b) a D2 receptor
agonizing agent or a SH'I',A receptor agonizing agent, or a pharmaceutically acceptable salt
thereof, and (¢) a pharmeceutically ecceptable carrier; wherein the two foregoing active agents
are in the compesition in amournis such that the combination, of sush agents in the cemnasition iz
aifzotive in traaling ADHD. '

S. A method of traaling

maaral i need of such wesh : :
acceptable salt thereof, in combmatlon with a 5HTa receplor agoni ,_nng agent, or
pharmaceuhwlly acceptable salt thereof, wherein the foregoing two active agents are present in
amounts such that the combination of such active agents is effective in treating ADHD _

10. A pharmaceuﬂcal camposition for treating ADHD in a mammal, compnsmg (a)
a D2 receptor agonizing agent or a pharmaceutically acceptable salt thereof, (b) a §HT,,
receptor agonizing | "agent or a pharmaceutically acceptable sah thare=f, an d' (=) =2
pharmaceuttcally acceptable carrier; wherein the foregoing two active agenta are present in the
oomposmon m amounhs such that the combination of such agents in the composmon is effechve
in treatmg ADHD

LI P A method accordmg to clanm 1 of treating Parkinson's dtsease in a mammal

compnsmg admamstenng to a mammal in need. of such.treatment an amount of sumpetron ora
pharmaceuttcally acceptable salt thereof, that is effective in treatmg Parkinson's Disease. '

12, A method according to claim 1 of treating ADHD in a mammal, compnsmg
admnmstermg to a mammal in need of such treatment an amount of sumpetron or a
pharmaceutlcally aooeptable salt thereof that is effective in treatmg ADHD.

: 13. ‘A method according to claim 4 of treating mlcroadenomas ina mammal
compnsmg admlmstenng to 2 mammal in need of such treatment an amount of sumpetron or
a pharmaceutu:ally eooeptable salt thereof, thatis effectlve in treating mlcroadenomas.

14 A methiod according to claim 5, wherein the o, adrenergic receptor ligand that
is employed is. a presynaptco a2 adrenerg»c receptor antagonist or-a posisynaptsc O adrenerglc
receptor agomst '

15. © A method aocording to claim 7, wherein-the a adrenergic reoeptor ligand that
is .employed is a presynapuc o2 adrenergnc receptor antagonist or a poslsynaptcc Gg adrenergic
reoeptor agonist.

16. A pharmaceutical composition according to claim 6, wherem the o adrenergic
reoeptor hgand that is employed is a presynaptic a2 adrenerg:o réceptor antagonist or a

' postsynaphc o2 adrenergic reoeptor agonist. -

PCT/1B99/01503
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17. A phan_naceutical composition according to glaim 8, wherein the o, adrenergic
receptor ligand that ls employed is a presynaptic o adrenergic receptor antagonist or a
postsynaptic o, adrenergic receptor agonist.

18. A pharmaceutical compossition for treating a disorder selected from Parkinson’s

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

3

N\)](//;\l/\“

or.a pharmaceutically acceptable acid addition salt thereof, wherein

N DA
9
NEN -4

‘Zis

-

SCH,, OCH,, Y(CH,), or Y'(CH,), substituted on carbon with up to 2 methyl groups;
nis 1 or2; and



_—

WO 00/16777 ”!"IIJ m'” '"n" ""s'” ’!" -13-- PCT/1B99/01503 _

¥ is CHa, NH or NCHs; | . _ _
) N i efzfective in treating such disorder, and a pharmaceutically acce.ptable carriel )
B A pharmaceutical composition according to claim 18 wherein the compoun
19. . ' oo
f formula (1) or pharmaceutically acceptable salt that is employed is one wherein
of formu utical

i ' isN.
10 Zis Y\(CHy)n Y'is CHz, nis 1and Xis



