; e3eLL: 6pTE'" 2 ocr 2004 WO 011 78703 PCT/ US01/ 11843 METHODS AND
COMPOSI TI ONS FOR MODULATI NG ALPHA ADRENERG C RECEPTOR ACTI VI TY 5 BﬂC@CﬁQJWM
OF THE | NVENTI ON Hurman adrenergi c receptors are integral menbrane protelns
whi ch have been classified into two broad cl asses, the al pha and the beta
adrenergi cweaeriers. 10 Both types nediate the action odciiseypsii pher al
synpat heti ¢ nervous system upon bi ndi ng of catechol am nes, norepi nephrine
and epi nephrine. Norepinephrine is produced by adrenergi c nerve endings,
whi | e epi nephrine is produced by the adrenal 15 nedulla. The binding
affinity of .adrenergic receptors for these conpounds forms one basis of the
classification: al pha recept ors tend to_ bind nore& nephrine nore strongly
t han epi nephrine and PR SN0 uugos,rﬂ_ P FIOR MORULATING ALk peund 20
i soproterenol. The pref erremw VBRASC HEGERTOR ACTINLIY 1o nones i s rever sed
for the beta receptors. In many ti ssues the functi onal responses, such as
snmoot h nmuscl e contraction, induced by aI pha receptor activation are opposed
to responsesci nduced by bet a 23 1eceptar 'r;lq_{ﬁ%mv@&%&guently, t he
functional distinction bet \Aeen—%‘pﬁa—a-rrd—%et—a—retep tors-was further
hi ghlighted and refined by the pharnacol ogi cal characterization of these
receptors from vari oyg,aRi é@e:?él@.u%' $SHELSOr SUM LBt efSaR h&RMdne al pha and
beta adrenergic receptors were further subdivided into al, az,_ Rl, and (3z
subtypes . i Profeges vtk WP Prenosl PeTiUSY /AREe4 SWR PR3 nal

di fferences bet wgeRrsak, afle aZ1diRC @PHOLBe By Ea B ENLgagNIFEeebtal conpounds
whi ch exhib#h sele tlve blnd!ng be meen t hese_t subt ypes have been

devel oped. THus B39 WPES/ S525E1 @R PL DR EYEEF 2t he R(+)

enanti omer of t@yanpashatio :s@hemsl \sglsyeim oot doiadtiewendi ¢ receptors of the
al subtype was r The al I t fodshi ound was

di scl osed as belc%%%s}lggl %%%ﬁ’t Se gaggsgé%#s%n%ﬁpr%& g%l ?gﬁgof the az
receptors was said tUOIepim@?mltnesé@r prpduced laapﬁ@ermemeCawve

nor epi nephrine, JMd;ihgsan{RILNI SRphRGeaZsT Qa RS chal datdhdincr ease
secretion of these hornones. Thus, the,use of non-sel ective

al pha- adr enéPgi igcRer 1o Hiektixg ﬁéﬁﬁ%?ﬁeﬁ%aﬁﬁ%eﬁﬁacpﬁ%ﬁ?%?%ﬁﬁ ne, was

said to be 15 |igs:x eteby tO@bFurass &dﬁ:ﬁa@ebﬂéCbiﬁi‘&epifOrth&Edl ated induction of
i ncreased pl asna_.cat e%gol ﬁm ne concentrat lé?lés %t}m dant

physi ol ogi cal s&JFEra&LFPhEPRAP RedPEP cI e
contraction). 2@%@1aegbnmalmdmIsgn:oug@iyohhameammhemaegandr ecept ors)

the reader’'s attephi QR rbSsASPLPAHER the synthetic compound

20 isoproterencl. The preferred binding affinity of

e

these hormones is reversed for the beta receptors. In

many tissues, the functional responses, such ag

smooth muscle contraction, induced by alpha receptor

activation are opposed to responses induced by beta
25 receptor binding.

Subsequently, the functional distinction between
alpha and beta receptors was further highlighted and
refined by the pharmacological characterization of
these receptors from various animal and tissue

30 sources. As a result, alpha and beta adrenergic
receptors were further subdivided into o;, oz, Bi1, and

B2 subtypes.



Robert R Ruffolo, Jr., a-Adrenoreceptors: Ml ecular Biology, Biochemstry
and Phar macol ogy) (Progress in Basic and Cinical Pharmacol ogy ser{bQ)gCT 2004
Karger, 25 1991), wherein the basis of al/az subclassification, the

nol ecul ar bi ol ogy, signal transduction) agonist structure-activity

rel ati onshivpsgymsagept or functions, and therapeutic applig@tispnsishor
conpounds exhibiting a-adrenergic receptor affinity was explored. 2 12
OCT 2004 WO 01/ 78703 PCT1US01/ 11843 The cl oni ng, sequencing and expression
of al pha receptor subtypes from animal tissues has led to the

subcl assification of the al adrenoreceptors into ala. alH, and alD.
Simlarly, the az adrenoreceptors have 5 al so been cl assified azA, aze, and
az~ receptors. Each az receptor subtype appears to exhibit its own

phar macol ogi cal and t¥Feseueiapdcidfiffprenses Caipaendey hmxd g a degree of

speci 11611y 0 R 00 0012, 0fpdieSB sl YOES JIBY D IRLAL SHEEL T ©

therapeutic 10 agents i'Ven i ndrcatron than anvaz receptor panagoni st
(such as the dr@xbébafi aﬁh@;tme Pipdanat bgoneen thasengwot belptyorsi cat i ons,

such as the treatfRnbeeh GLALUTHES. q¥lggrt§1@sw@@2wal cdysfunction, and 15
depr essi on, certal n conpounds, havi ng ha 2 adrenergic recept or, agoni st

activity areSknGRleEhaVgedPtst CHARe F& r‘r’hhye%’ff‘;d(ﬂm%so abPFRZIiTh activity

do not provide the s%%bmal@%rw%l LhcbhyrglesiFat %o\efeeeftm@td ng
di sorders nodul ated by al pha 20 2 adrenoreceptors. For exanple, rrany

conpounds found stubtlveeefvhecremtmghnﬂ‘hel o, tohe tseleactmfesruttyofofpahmsare

frequently foun e und sirable side effects causi ng
hypot ensi on and%sténg)gplg}gnwa sys?leonsle?aﬁs geﬁ‘%cﬁl%ﬂe (‘):?Ielgag 2Ye is a need
for new 25 dr ugSagtolmaTsthmlmﬁBaﬂfﬁiﬂ eff thenxpaebeptdh®uiaLaasiangot hese

undesi rabl e |de € Addj tio ere |s need.for., agents which
di spl ay actiVi tymz’ﬁ% Feﬁﬁ?ﬁlmb Qﬁlegéfﬁ??’f/”é%r @o§gpﬁneg%ﬂl%s chronic
neur opat hi ¢ and wHiSeenakagahism Bf the &, OFcdPO4 WRDLL18708 rcT/ USOVnsa3
British Patent 1 499 48S, ubI ] shec}Et Febr uar 1 1978 descrj bes certain

t hi ocar bani de demVaffFes® E%?r’eorbf fBE&e AP %‘?‘?fi&"hb‘é uSBEUESS n the
treatment of condi noarseldchias diypar-tanshengidefieseiran stuch Al n.

phenoxybenzamine and phentoclamine, was sald to be

15 1limited by their azadrenergic receptor mediated
induction of increased plasma catecholamine
concentration and the attendant physioclogical
sequelae (increased heart rate and smooth muscle
contraction).

20 For a general background on the o-adrenergic
receptors, the reader’'s attention is directed to
Robert R. Ruffolo, Jr., ¢-Adrenoreceptors: Molecular
Bioleogy, Biochemistry and Pharmacology, (Progress in
Baslc and Clinical Pharmacology series, Karger,

25 1891), wherein the basis of o,/d; subclassification,
the molecular biology, signal transduction, agonist
structure-activity relationships, receptor functions,

and therapeutic applications for compounds exhibiting

¢-adrenergic receptor affinity was explored.



OBJECTS OF THE INVENTION It is an object of the invention to provide 10
conpounds and conpositions useful in treating disorders nodul at ed byz OCT 2004
al pha-2 adrenoreceptors. It is an object of this invention to provide novel
conpounds havi ng substantial analgesic activity in the treatnment of chronic
pai n, reganghessr@df 15 origin. Chronic pain nmay be, w thpg#udormishati on,
visceral) inflammatory or neuropathic in origin. Such chronic pain may
arise as a result of, or be attendant to, conditions including wthout
limtation: arthritis, (including rheumatoid 20 arthritis), spondylitis,
gouty arthritis, osteoarthritis, juvenile arthritis, and autoi nmune

di seases including, without [imtation, |upus erythenmatosus. These
conpositions can also be used within the 25 context of the treatnent of
chroni ¢ gastrointestiBa¢ ¢hitipaatsiegnenc Oroand edivressaon gabtalinthias,
irritable bovel disease CLBR)paNde it @mablbYer £ohidd $iasfdal Bot figat ment of

vi sceral pain, including pain caused by cancer or attendant to the

treat nent of carmérclats"mg@camom)«aﬁmﬂ'@ ob yadrrerroielcepapys ofntradhat i on

t herapy. 4 1 2 OCT 2 V\%Ol/ 78703 PCT/ USQOl1/ 11843 These go ositions can
be used within tf ¢ IR e o FRE T 3R RUSTEBNPS i €253 n synpt ons,
and especi al lgy 'aﬂl.éch%etehe@ﬁ_ﬂgé]ifﬁd QL ong, fld R, OfreyeRat hi gap@in, in
particular, without 5 [imtation) neural gia, herpes, deafferentation pain,
and di abetic neuX:opathpesr Sltbumaala@peansom epthigfitt hks pwwention to
_provide novel ¢ @%1%@5 Li%&a NG Gl & gegﬁf’éﬂ%@s %ﬁgoﬁﬁdQC“' ar
hypert ensi on, glaucoma ﬁ erem a, conjunctivitis an ertrs is

al so an obj ect Jrattimios 2 ﬁ?é-ﬁ??o%ft@%ﬂl(f\}rfélé}’nﬁvﬂélo%rﬂibm%? pér treating
the pain associ afitkdiishBe§HESt ADE AR agéégflawtzﬂ&ra@e@uclt is astill
further object of this invention 15 to provide such conpounds which have
good act i vi thp wregents ifesr adabyepeistigatignr eharran i nerapb@alpan-

opht hal m ¢, and/Qgord;ol L8k Hhe Hrdd1cG6hiae) lod & Fap an obj ect of
this invention to provi de nethods of treating.palin through the 20

t her apeutic adm"i‘ﬁ%"‘tgoétllsén of the conpounds disclosed herein. It is further

an gbj ect OL the pregsma.tngl auﬁai-lb _lgmidadqmw dgumt{]@%@ftrlbaﬁaéhﬂgd _
condi ti ons nown I 0 .De suscegtl e to treat man% ‘%‘frf‘ﬁgﬂ p a adrenerdgl c

25 receptors. S FHERYRVENTIOS ThESpra directed to

30 corrpoundSlﬂwavcﬂezgretsfsaohor putrbaid compounds having alpha 2
adrenergic receptor agonist activity are known
analgesics. However, many compounds having such
activity do not provide the activity and specificity
desirable when treating disorders modulated by alpha-

20 2 adrenoreceptors. For example, many compounds found
to be effective agents in the treatment of pain are
frequently found to have undesirable side effects,
such as causing hypotension and sedation at
systemically effective doses. There 1s a need for new

25 drugs that provide relief from pain without causing
these undesirable side effects. Additionally, there
is a need for agents which display activity against
pain, particularly chronic pain, such as chronic

neurcpathic and visceral pain.



1 2 CCT ?0~-Y WO 01/ 78703 PCT/ USO1/ 11843 wherein RL is For H R2 is Cl or
H and R3 is For H and wherein if Rl is F then RZ and R3 are botihHjC R4
5if RlLis Hthen RR is Cl and R3 is F, and al kyl esters thereof, and
pharmaceutically acceptable salts of these conpounds. The |nvent|on is also
directed t evg®miR@ds of treating pain, particularly chronperpanmsss hr ough

the 10 adm nistration of pharnaceutically effective anbunts of conpounds of
t he above structure. Further, the invention is directed to nethods of
treating glaucoma through the adm nistration of a pharnaceutically
effective anmount of these conpounds. 15 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON I n one aspect, the present invention is directed to conpounds of
Formula 1: 20 HZ 6 1 2 OCT. 2004 WO 01l 78703 PCT/ US01111843 wherein Rl
is For H RZis Cl oBriisin®aR@nits1F49? 485 .ampbiiehefnFeprRiry d.F then RZ
and R3 are bOthlﬁ’gaggsb£1ﬁgs'é%fééige@hB@cé?bé&1&H“éé%§vb§15&5and al kyl
esters thereof har maceuti cal ly acceptable salts 5 of t hese conpounds.
Preferred conpodeds @ér FBepR R FAS tRi Besiseftlurid &he the2FBow ng

conmpound (her ei naf t@hat €1 oRd Mnasah?gber&@n@mat f&;fx@sls%hngrcorrpound

(herelnafter5tekyed Formula 3): s'I ~ 7 N

QOBJECTS OF THE INVENTION

It is an object of the invention to provide
10 compounds and compositions useful in treating
disorders modulated by alpha-2 adrenoreceptors.

It is an object of this invention to provide
novel compounds having substantial analgesic activity
in the treatment of chronic pain, regardless of

15 origin. Chronic_pain may be, without limitation,
visceral, inflammatory or neuropathic in origin.
Such chronic pain may arise as a result of, or be
attendant to, conditiong including without
limitation: arthritis, (including rheumatoid

20 arthritis), spondylitis, gouty arthritis,
osteoarthritis, juvenile arthritis, and autoimmune
diseases including, without limitation, lupus
erythematosus.

These compositions can also be used within the

25 context of the treatment of chronic gastrointestinal
inflammations, Crohn's disease, gastritis, i1rritabkle
bowel disease (IBD) and ulcerative colitis; and in
treatment of visceral pain, including pain caused by
cancer or attendant to the treatment of cancer as,

30 for example, by chemotherapy or radiation therapy.

RS



/I~H H 15 Formula 3 and their alkyl esters, and pharmaceutically acceptable
derivatives and/or salts of these 20 conpounds. Applicants have diptaongl-eguul}
that these conpounds activate a2 receptors, particularly CzH receéptors.
Additionally, these conpounds act as a highly 7 Fornula 2 1 2 OCT 2004.
WO 011 78703vdP61)7sk430L/ 11843 effective anal gesic, parti cul gegysomigedr oni
pain nodels, with m ninmal undesirable side effects, such as sedation and
cardi ovascul ar depression, commonly seen with agonists of the aZ receptors.
5 Such compounds may be adm ni stered at pharmaceutically effective dosages.
Such dosages are normally the m ni num dose necessary to achi eve the desired
therapeutic effect; in the treatnent of chromc pain, this amunt woul d be
roughly that 10 necessary to reduce the disconfort caused by the pain to
tol erabl e | evel s. GenBha$é ygomestitdogescan | be hsadn wilibinablge 1- 1000 ny/ day;

more preferably ég}n{s@& (ragngﬁelgré e 8 daye, HOVRVE P%I_fil_ﬁ actual anount
e ' ' |

of the conpound to adm nistered 1 n any given case W be 15 determ ned
by a physician t&Rmi§msat angcerptlially Agl ehantredants C4n€BEONSGch as the

severity of the paiwy drhBedgspaitth WRight, oh phecpatisnt wiktheupatient's
general physical_condition, the cause_of the pain, and the route of

adnini stratign. PEHREICBmBENRIS e FEEPEF | ferHee 1T RN HeR Bt pain in a
manmal ; parti cul ad WiavkutannderdigacHreaf.erabl y, the patient will be given

the conpound orally in any_acceptahl.e for uch, as a.tablet, liquid,
capsul e, powder and t%‘elrc‘i g.so I%Ae?/ejr?Ctotoh@eFﬁkg Jf%‘ﬁ%ngtsm%a)?%be desirabl e or
necessary, partizsmdadey npfrel heoqauretst fouf teestinomadwsea. Such ot her

routes may incl L@fsofﬁe&laqugu%%fte% 2 ard &gﬁ@gsgﬂﬂan,pagl%%%ab

subcut aneous, intranasal, Intrathecal, inftranmuscular, 1ntravenous, and
i ntrarectal Yodelvrgreggaderppangctingiciis andl Pyeithe fornul ati ons may be

designed to del ay relmgase afisbhgn agdjaea ¢eMpaURdi QYaitiBn ol 2 OCT 2004. WO
01/ 78703 PCT/ USQOL/ 11843 a g ven period Of ti me, . or to carefully control the
amount of dr ug rRTER "RPEL GPERTEATH SHuFRGEIE THuRSd or 1 her apy.
associated with substance abuse and/or withdrawal.
v It is a still further object of this invention
15 to provide such compounds which have good activity
when delivered by peroral, parenteral, intranasal,
ophthalmic, and/or topical dosing, or injection.
It is also an object of this invention to
provide methods of treating pain through the
20 therapeutic administration of the compounds disclosed
herein.
It is further an object of the present invention
to provide methods of treating conditions known to be
susceptible to treatment through alpha 2 adrenergic

25 receptors.

SUMMARY OF THE INVENTION

The present invention is directed to

30 compounds having the formula:



Anot her aspect of the invention is drawn to 5 therapeutic conpositions
conprising the conpounds of Formula 1 and al kyl esters and phar rracelrjtz' ﬁtl-l-l %UU#
accept abl e derivatives and/or salts of these conpounds and a

pharmaceutically acceptabl e excipient. Such an excipient may be a carrier

or a 10 di ygpisg7dshi s is usually mxed with the active capessgisaP’

permtted to dilute or enclose the active conpound. If a diluent, the

carrier may be solid, sem-solid, or liquid material that acts as a

exci pient or vehicle for the active conpound. The 15 fornul ati ons may al so
include wetting agents, enul sifying agents, preserving agents, sweetening
agents, and/or flavoring agents. |If used as in an ophthalmc or infusion
format, the fornmulation will usually contain one or nore salt to influence
the 20 osnotic pressure of the fornulation. $l n anot her aspect, the

invention is directed to nethods for the trd¢atnment of pain, particularly
chroni c pain, through the adm nistRgi+t0 gfoﬁbeu—n’ of Formula 1, and
pharmaceutically 25 acceptabl e jb estefs, stlts, and derivatives thereof
to a mammal in need thereof. As eat ed above, the compound will wusually

be formulated in a formcondisten witfsthe desired node of delivery. It is
known that chronic pain (such as pain from 30 cancer, arthritis, and many
neuropat hic injuries) and acute pafn (such as that pain produced by an 9
~' z ocT zooa WO 01/78703 PCTIUSA /11843 i medi ate nechani cal sti nul us,
such as tissue s‘g_géi Qn, _pinch, pri CkR oy cru%g) are ‘gi sti,nct neurol ogi cal
phenonena nedi atBETG R ate FEgreeReithé?t Hi f 7R7 it *Ref ve* ffbers and
neur orecept ors Sami Wheraineaf rendenenthen B tedaRi areobotheHf uandi on of

t hese nerves po ropi i atLo e ti of ain. |
transmtted q5uui t{(;f %}i ggl@%%%r %%y&byglac? ér%‘?\P‘F'nearn\a/ag%%'li gr fsas‘f‘?é]f:ssrr\ad C
fibers) which nothetdof.have nhainfgradiricefdlydatoeprrdvirasiaddl, of0 t her mal
and chem cal stimdad iQpocWhbke the mechani sms of chronic pain are not
conpl etel'y understood, acute tissue injury can give rise within mnutes or
hours after the initiTRe SPVRRFERT ofF 3 S9eBoREGFFS sSYestedsi A€l uding a
regi onal reducti®feddintbpbif, pgrt idideraf, theosid mMiius recesgaryndéo elicit

aanati g | ruim (S TARGF TRaR) e ORELtOFSLhe B GITAe SEPRITDS, i s

termed hyper al gest acomploensecofidiny atesporsseuctmrgi ve rise 20 to profoundly
enhanced sensitivity hapy t.her ogl i ) Asaf f erent
fibers (A-3 and AS fi%gfg)ggégﬁh%?%‘%nr}:u%gte %?E% od\/J\zcro H%?’ggﬁ%l {)jft han C
fibers, and appe@areatdnge gilpverndehirpudie thensdniwistoratdlononitca2s pain. For
exanpl e, under %éﬁae‘éﬂ%@b_&l@?%fﬁé&ﬂv@ enBohd &f itad iceppsingbese fibers
(such as a lsjlﬁht brush or tickling) is not painful. However, under certain
condi tions h as those followi ng nerve injury or in the

her pesvi rus- nmedi at ed condi bETAIZD EIeRIZFICNI 01y BE tUyweappbicat i on of even
such a light touch or the brush of clothing can be very 10 ~i 2 OCT 2004
WO 01/ 78703

In one aspect, the present invention is

directed to compounds of Formula 1:

20
]
.
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PCT/ USOL/ 11843 painful. This condition is termed allodynia and appears to
be nediated at least in part by A(3 afferent nerves. C fibers may aj o(Qf§ 2004
involved in the sensation of chronic pain, but if so it appears 5 clear
that persistent firing of the neurons over time brings about sone sort of
change whi gfp sgrgsesul ts in the sensation of chronic paigseriB/igelt e pain”
is meant inmmediate, usually high threshold) pain brought about by injury
such as a 10 cut, crush, burn, or by chem cal stinulation such as that
experienced upon exposure to capsaicin, the active ingredient in chili
peppers. By "chronic pain" is neant pain other than acute pain, such as,
without limtation, neuropathic pain, 15 visceral pain (including that
brought about by Cron's disease and irritable bowel syndrone (I1BS)), and
referred pain. EXAVPLEBe2OLERanpseF 10r SyntRaesssChfor H, and Ry is F

1- (3-chl or o- 2- f | yorabenayl) 3z 4 25 MARQXYSUViNa i, Oh @R ( EREMYbEn 2) One

mol ar equi val ent_of 3-chl oro-2-fluoro-benzyl 25 brom de (commercially

avai |l abl e from élig.and dhcBstier HSfhEReB: b5 Gld 2pndj Bs g Fi-t BBE *b<¥kact with
2 ol ar equi val esdter@f tpetass) Wnad $taerabatelin Licepithyl Eosapre de ( DVF)
containing 0.5 nol ar equivalent_of Nal at 90 C for 5 hours with stirring 30
to. yield 3-chl or®: -hfelsgoFB’B%ﬁ%‘?S'i sot hi ocyanate. The reaction mxture is
permtted to cool to roonpiédfertdd 2BEbuRA84chErQddotRliAify PETLREOL/ 11843
tenperature, and_the.,sol utjon . il Wi ' L d with ether.
The et her phase T catfluﬁienér h%h%r%o ulgjtg"g‘lgl Féﬂ%%/;%gd g{}%r%ﬁ%ar@%%ti on m xture
extracted tw ce tmedivFommfitash) et her. The ether 5 phases are conbi ned and
the product is concentrated in a Speed Vac vacuum centrifuge (using house
vacuum set in a water bath at about 45 C._ Wen the ether has evaporated,
the unpurified 3-chl oro-2fl uorobenzyl i sotfhi ocyanate is a viscous |iquid.
10 3.57 g of this conmpound is njxed 'tg(ikm)l equinval ents of

et hanol am ne i'n acetonitrile, e catgl ythg”a t (less than 1~) of DMAP
(N-N-di et hyl am no pyridi ne) dded. "The reaction m xture is incubated
for 14 hours at room tenperat hl: 15 constant stirring. The resulting
solution is then concentrated uging the Speed Vac vacuum centrifuge in a 60
C- 70 C waterygpath. The product, g

1- (3-chl oro-2-fl uorobenzyl)-3-(2hydr o%glergu a!).?._t hi ourea, is purified by

i quid 20 chromat ography using 200-300"nmesh silica gel in a glass col um.
The concentr at edandddtd dioldovimg orenimuaphl(hedetnatter deirmed and t he col um
washed with threg, colq vol umes of Solvent A (50~ ethyl acetate/50~
hexanes). The product 1s then eluted

s

o
|

Formula 3

15

and their alkyl esters, and pharmaceutically
acceptable derivatives and/or salts of these
20 compounds.
Applicants have discovered that these compounds
activate oy receptors, particularly o,p receptors.

Additionally, these compounds act as a highly



25 using 2-3 colum volunmes of Solvent B (10~ nethanol /90~ ethyl acetate).
The el uted product is again concentrated in a Speed Vac vacuum cehtyr 0CTo2004
to remove the solvent. The product is then permitted to stand at room ...
tenperature, where is crystallizes 12 ~1 2 OCT 2004 WO 011 78703

PCTI USO111 385 /smant aneously. The crystals are stored i npdingsoiigezer at
-78C. The product has the follow ng spectroscopi c characteristics: 1H NWVR
(D6 DVMsO, 300 MHz) 8 7.98 (br 5s, 1 H), 7.63 (br s, 1 H) 7.46 (t,J--3.9
Hz, 1 H, 7.32-7.18 (m 2 H), 4.78 (br s, 1H, 4.72 (d,J=3.9 Hz, 2 H), 3.47
(br s, 4 H. In order to conpare the biological activity of

1- (3-chl oro-2-fl uorobenzyl)-3-(2-hydroxyethyl )10 thiourea with that of the
2-fluorobenzyl derivative (FORMULA 4) and the 4-flurobenzyl derivative
(FORMULA 3), FORWIBEAcHive ayidesdiczedausiaglarliy dor chbemky|pdimoni de (al so

comercial ly aV"i‘chd%‘i' €) with L AT tuhﬁgsg?éﬁié aliad RS 3 LScipynt hesi zed

using 15 comrercrally purchase 4-f1'uor obenzyl 7'sot hi ocyanate. O her
synthetic steps & <8470t (FUHETESEYEHT SBRREEIT Py nEABIPRYY t he

conpound of Fmrl\g.gé? é&%l\/ug%\gn#tﬁﬁ reoenzyl, |]_séggﬂtg%ea derivati ve

(herelnafter te s the followmng 20 fornmula: s "~A~I11I ~
"OHY "N ' B ~\\\y/SHcH tonpeurisaayube adebnifensdy stol ogi cal activity

of these corrpou fﬁ@%ehg%sﬂl Séf};gecftq% HQQ%és a diath keseyet ofrdrodel 13
~1 2 OCT 2004 01/ 78703 PCT/ USCOL/ 1

normally the minimum dose necessary to achieve the
desired therapeutic effect; in the treatment of
chromic pain, this amount would be roughly that

10 necessary to reduce the discomfort caused by the pain
to tolerable levels. Generally, such doses will be in
the range 1-1000 mg/day; more preferably in the range
10 to 500 mg/day. However, the actual amount of the
compound to be administered in any given case will be

15 determined by a physician taking into account the
relevant cirecumstances, such as the severity of the
pain, the age and weight of the patient, the
patient’s general physical condition, the cause of
the pain, and the route of administration.

20 The compounds are useful in the treatment of
pain in a mammal; particularly a human being.
Preferably, the patient will be given the compound
orally in any acceptable form, such as a tablet,
liguid, capsule, powder and the like. However, other

25 routes may be desirable or necessary, particularly if
the patient suffers from nausea. Such other routes
may include, without exception, -transdermal,
parenteral, subcutaneous, intranasal, intrathecal,
intramuscular, intravenous, and intrarectal modes of

30 delivery. Additiocnally, the formulations may be

designed to delay release of the active compound over

8



to assess sedation, an assay of cardiovascular activity in nonkeys, a raﬁ
thermal paw withdrawal assay (Dirig et al., J. Neurosci. Methods 78: 1436 ok
(1997) to test the alleviation of acute pain, and the 5 rat spinal nerve
ligation allodynia nodel (Kimand Chung, Pain 50:355-363 (1992) to assess
the all evi avoonseds neuropat hic pain and central sensiti zatt/ospitygas cal of
chronic pain. As is known to those of skill in the art, these tests are 10
est abl i shed pharnacol ogi cal nethods for determ ning sedation,

cardi ovascul ar effects, acute pain and chronic pain, respectively, of

phar maceuti cal agents. 15 Exanple 2: Sedative Activity To test sedation,

six mal e Sprague-Dawl ey rats were given up to 3 ng/ kg of each conmpound in a
saline or DMSO vehicle by intraperitoneal injection (i.p.). 20 Sedation was
graded 30. mi nut es éVeowbayiedmiitsmeat pontoefcartsf widyg chytnehiths i ng
loconot or ski |l s,a5,§0ldr0Wsug ThEL S0 Ue- Dayk 6y ralse g iwei ghed and 1

m / kg body wei ght of an appropriate concentration (1e. 3 25 ng/ml for a
final dose of 3 TRPHEH Q§rﬁge§6ﬁﬁtion is injected intraperitoneally. FORMJLA

3is formulated in ap@icexierahebyctd Qs MO avenEORMAA R=andt FORMULA 4 are
fornmul ated in 50~ DMSO. The resulfs. are conmpared tqQ 29 historical controls

that were inject S AR L3 RPIRL- NS FETBF1gsnd CHERPUREEi OFty is then
determ ned 30 mmutreslaaflt endi allegl iesteals thd ghagmddeutiehl2y9G- aa~~ WO

01/ 78703 PCT1USO01/ 11843 -sol.ution., . s._are_pl i dark covered chanber
and a digicom ana Ci/engzra%(l%n(?’lg{%g tjéf%gstbtarngﬁlgg) S%ﬁﬁ%t??a%eessaét heir expl oratory

behavi or for a féeeenundse apdr ophaMrcavdhahdyrecosrialdach tine the rat 5

interrupts an argayiffernd2 PBAERCkECIHdiHiRERMRal bb NE K ARdYoprhent ation.
The results show that, 1 n_conparison to the appropriate vehicle controls,

none of the KonpdtitPtcaiddd asspsialshy @dred ¥ibhi FreAftivEduction in the
10 exploratory agéipbung,obrt perhptsed RORMILALE andeERMI And were tested at

1 / kg and -FORMULA 4 was tested_at 3..ng/kg. Thus, the conpounds are not
setat a5 5 BT SRoRag: Bh o e Sy s T 4ot iRt CENOBE feat Cof t he
conmpounds on theschidli eeadeabaidsyst dmgudidxmeyaoimal gusathakeysswer e 20

i 500 El g/ k . i S _ i Dj i ba).). Th

gt ven 9 9&%&% %Wgﬂﬂglé)yfc}@&’r%}’ggg%e' é‘éﬁédn% (ipp¥- ) e

effects of each co [ on the ani nal | pressure and heart rate was
measur ed at %3 meformelaidionst mam @bser inalesiet weskintorgentisol | owi ng

adm ni stration ofmiN@idFitg adBRLPLFKrLrGNARIBELOS) ashaselling Measur enent

taken 30 m nutes before drug admnistration is recorded using a bl ood

pressure cuff no@PTHed AOA/GSe bRV oMEPEe e mbhkeSRe &% MefBhed
(approxi mat el y 4dokghend cavrapafaept datidrvaltymehé0fdrmiidegonotviald ng/ M 30
sol ution of each corgplound fornmulated in_ 10~ %Qoifnéﬂem eqhi nto the

cephalic vein i nUEHE - ani RIS PaP g O 50rE 2 ence the
20 osmotic pressure of the formmlation.

In another aspect, the invention is directed to
methods for the treatment of pain, particularly
chronic pain, ﬁhrough the administration of a
compound of Formula 1, and pharmaceutically

25 acceptable alkyl esters, salts, and derivatives
thereof to a mammal in need thereof. As indicated
above, the compound will usually be formulated in a
form consistent with the desired mode of delivery.

It is known that chronic pain {(such as pain from

30 cancer, arthritis, and many neuropathic injuries) and

acute pain (such as that pain produced by an



dl 2 OCR 2004 WO 01/ 78703 PCT/ USQOL/ 11843 Cardi ovascul ar neasurenents are
made with a SP 100S autonated sphygnomanoneter (N ppon Colin, Jaggn% GQT 2004
0.5, 1, 2, 4 and 6 hours. The results show that, in conparison tot S
predrug control, none of the conpounds have any detectable effect on the
cardi ovascuw@si/gyst em Exanple 4: Alleviation of Acute Patwushdiiddel s to
nmeasure sensitivity to acute pain have typically involved the acute
application of thermal stinuli; such a stimulus causes a programed escape
mechanismto renove the affected area fromthe stinulus. The proper
stimulus is thought to involve 15 the activation of high threshold

t hernoreceptors and C fi ber dorsal root ganglion neurons that transmt the
pain signal to the spinal cord. The escape response may be "wired" to occur
sol ely through spmnefiiatemendanikethstioeiue tdweh?28satissent i nput fromthe
stinmul ated nerv to d 17 cul ar response)

or may be procegssetra%qggpr%&%algﬁqlé&e h cr@éﬁfﬁ%ﬁ;[%%ﬁl tggF'?of the brain. A
comonl y used m%@lpgmﬁégs@n@mac@sw%e@ e$9 ex darrigRy 8pvree
quantification of;jdpae B9 W ERdranaheiel ES?}!Séf‘Q a ttherbedespepaw fol | owi ng
thermal excitation, See Dirig, DM et al .. Neurosci . th hods 76: 183-191
(1997) and Har gr¥aids @ KeaE’EaréﬁFemerﬁaioﬁ S%t‘?ﬁa%‘?’( Pfgdhe AEREBPT ncor por at ed
by referen\(I:Vle herss nhed@ heraeygrpboai |C®1&Oﬁic][§|tﬁlaﬂmﬂlefn .ngdakatim e

Sprague- Dawl ey r re teste aced on .a 41 2Q04 WO
0% 78703 PCTI LSO BETS BOTer &1 Ay A AP AR LS HEHRH Vst PRUTCS Tovi ce
constructed as des@fifbednt mélavegricdess termed Thiibad®vi wbicbnsi sts of a box
containing a gl l.at.e €, i i r.oyi ded by a focused
5 projection buIE %&t%&l gagr%vaquhcg@%%ﬁﬁ&g t g@sdthl%rrrlglcgg to be applied to
t he- heel of 18ne t'é’!kerB@tlh Anddpeekiatl shénpdatliemi Miiileathener is actuated

with the Iight sQuuGessaldolhenF&siRORaen! atensye (cipfdiredi1gs the time period
between application of 10 the stimulus and an abrupt withdrawal, of the

hi ndpaw) is regitEFEFOBF uBBLET HS5WGL SBPBHE AR iV &AS6 WAt ¢ hat
turns off the tineutaesdolki ghtrs Sifited thestinbapih mnmﬂet&ont tol | ed by
current regulation t atrhe ﬁ?& Source, d'i'%at' n |iso auyt qmat, |cgal | Y term nat ed
15 after 20 seconcfsnt b’re@m T7'sstie danage” Four test aninars | per group
wer e wei ghed5( approxiagatishde00o8 iy sdiauilng eseeessany dapeeiltoheaty (i.p.)
with 1 m/kg of d f Hrake)

di met hyl sul f oxi (f?,ﬂ}h 755 55%. clrgq{yﬁtemgﬁgﬂgﬁfg@g%e ﬂéa@@lr’rg/ kg and a 3
nmy/ kg dose of trfécct‘ﬁrseéncér’rﬁﬁﬁﬁéfs emRpes 1Rgr Eram cf }?‘Hiatjéégleb" th@&k est chanber

for about 15 m ntHesikkl OF tRetesiditgl Fhempaus W idhdaawrla | atency was
measured at 30, .60 and 120 m n,ﬁltt‘es after dru adm ni strat.ion..The right and

25 left paws wer®RESHEE12m nite 555 ar%{nﬁ TREFeSHBh S Paf thti es for
each paw wer2d® avers agedouStilpubulsanadderenty tivesty ufd incicdanitel ppovi de a

t enper at ure of e ntigrade to each rat hindpaw. 30 The results
show t hat none g‘fﬁﬂ&gng’qc%%pggﬁn § provi de anal gesic effects in this bioassay
of acute The A afferent fibers (AP and AS fibers) can be

stimulated at a lower threshold than C fibers, and
appear to be involved in the sensation of chronic

25 pain. PFor example, under normal conditions, low
threshold stimulation of these fibers (such as a
light brush or tickling) is not painful. However,
under certain conditions such as those following
nerve injury or in the herpesvirus-mediated condition

30 known as shingles the application of even such a

light touch or the brush of clothing can be very

10



17 ~1..2.OCT 2004 WO 01/78703 PCT/ US01/ 11843 pain. The response | atencies
for rats treated with the conpounds were not statistically differeaht? 3GIm2004
the response latencies of the rats treated with vehicle alone. 5 5:

Al'l eviation of Chronic Pain A nodel for chronic pain (in particular

peri pher al wesyspmat hy such as causal gia) invol ves the 10pstughgahs | 1 gation
of the L5 (and optionally the L6) spinal nerves on one side in experinental
animals. Rats recovering fromthe surgery gain weight and display a | eve

of general activity simlar to that of normal rats. However, these rats
devel op 15 abnormalities of the foot, wherein the hindpaw is noderately
everted and the toes are held together. Mire inportantly, the hindpaw on
the side affected by the surgery appears to becone sensitive to pain from

| ow-t hreshol d neehanifeal sthimldonddgdhnats ttheume?D adlodyniagamd f ai nt
sensation of touch in_a, human i t.hi bout week foll ow,ng surgery. This
sensitivity to TR rlsy tﬁoﬁ?ap%?ér{]\‘% edpgﬁ' Eef’l?%c]al? | RS & PXC%I e all odyni a" and
| asts for at |easifemsmtmoethss. The frigspenseyi atsaides inviciliveg the affected
25 hindpaw 10 eSaaPeLalt blico fIIAMAS) phifik! 0. tf1e paw agdoberding it i
the air for many seconds. ne o hese r esponses 1s norna Py Seen in the
control group. RHERtdagnesrhbtientd fiefiogeosutigpmeurpme 30esukriical site
s shaved and pigpaiged agbkbcont Lebadbagngr MRNALAIIE eblelsion | s made
fromthe 18 ~a 2 ocT 2004 WD 01/ 78703 PCT/US01111843 thoracic vertebra
X111 down t owar F¥h&ETFEFEAT RTINS 8GR s separated from the spinal

vertebra (left side) sgt “hhetbdpaiS? iewehst TheedHatesr ehkaliShigeat ed and
t he transverse pr.oce i

s.i;s carefull removed with a small rongeur to
expose the La - TS SHONE Farsdttodt pERRE Py ctaflii Bt 6Betar e i sol at ed
and tightly 0 gatwd wrtish- Busn] kot veathemThel satnbunpleaadedusechsaglone on the
right side as a r i I of t §ﬁi I ves is 10
perforned. A cont%%g.% ggéﬁ)gﬁgéﬁgg(?s&?%rl (?%%%:S?%%d?ot‘ﬂﬁon clel%v'\ogﬁ s are sutured.
A smal | anount cictaie Brerpélienhtemhils appPeed- to the incised area, and

the rat is transferreg tentBgié 6sOMET Y sPhdsht CoL AP WHEERnAn 1achEIUI at ed
heat -tenperature | anp. On the day of the.,experinent, at |east seven days

after the surgerBRiTsi %5t 85paf1 iRt JrBdpast et adii i Raded PRt t est drugs
by intraperiitsonealsddrap. painj etidomlicly ehak payage: dtemut bp. ctopesti on, the
conpounds are

disease and irritable bowel syndrome (IBS)), and

referred pain.

EXAMPLES
20
Example 1: Synthesis of 1-(3-chloro-2-fluorcobenzyl) -

3-{2-hydroxyethyl) -thiourea (Formula 2}

One molar equivalent of 3-chloro-2-fluoro-benzyl
25 bromide {commercially available from e.g., Lancaster
Synthesis, Ltd.)} is permitted teo react with 2 molar
equivalents of potassium isothiccvanate in
dimethylformamide (DMF) containing 0.5 meolar
equivalent of NaI at 90° ¢ for 5 hours with stirring
30 to yield 3-chloro-2-fluorobenzyl isothiocyanate. The

reaction mixture is permitted to cool to room

11



20 formul ated in approxi mately 50~ DVMSO and given in a volunme of 1 m/kg
body wei ght. FORMIJLA 2 was tested at doses ranging between 1 and&ﬁ%‘g }ﬁ 2004
/ kg, FORMJLA 3 was tested at doses between 0.1 and 3 ng/kg and F D 4
was tested at doses of 0.3 and 3 ng/kg. 25 FORMULA 2 was al so adm ni stered
by oral gawegemstesdoses of 0.1, 0.3 and 1 ng/ kg body wei gifudeendds hour
fasted rats. A volunme equal to 1 m/kg body wei ght of an appropriate
concentration (ie. 1 ng/m for a 1 ng/kg dose) of FORMULA 2 fornmulated in
approximately 30 50~ DMSO was injected using an 18-gauge, 3-inch 19 120
CT 2004 WO 01/78703 PCTI USOL/ 11843 gavage needle that is slowy inserted

t hrough the esophagus into the stomach. Tactile allodynia is neasured prior
to and 30 mnutes after drug adm nistration using von Frey 5 hairs that are
a series of finetRAPPEEIWIED i3t &RentaluEA T erefddstrd Withfiedss. Rats are

placed in a pl adrddL &Bg8cvbE hwacMdtBcFesShrhot LB anthaald ewrdaiimascl i mate
for approximately 30 m_nutes. The vo Freghhai rs are applied

per pendi cul arly PRPOUGH +HeF TRSIEY 528hE R T A PIXEYFSn of the rats'
hi ndpaw wi t h sufduitaiaentdfl owiee toaudehs Erghh otiodd .| nghandthetd for 6-8

seconds. The .applied force has. been calcul ated t.o .range from0.41 to 15.1
granms. If t he5 pg%/lvlal éess%grgpf?/l%\?\%rﬁ%raélv%m?ﬁ%tpf%g%%tns]isder ggeggi%t%%si tive
response. A nornal =aspeel vwat? weiuumespandi f@gst fuBilng houkbi s range, but a
surgically ligated paw will be withdrawn in response to a 1-2 gram hair.

The 50~ paw wi t HERANEY EREesRor dVaterddrEbnrhebeist P t Re rtetbdbsf Di xon,

WJ., An. Rev. IarRe8l evdBodOdE0lthe?Qndddt A2 (3198AbroIhe post-drug
threshold is conpared_to the pre-drug threshold and the percent reversal of

tactile sensiti it3PEeoeRareul Se R IEDAEn 8 PorhdohridSHotd of 15.1
grans. The nesul ts sBoBedgt 8at ti{RMdImpodnbiatls neieerdlvgasi ¢ Ablaetivity at

doses up to 3 [ ka. Surprisikngl GN.196204 and F LA 2 re both able

Lo reduce the r HOYEIoP5: fe TRTIa iR nil; 2F NG ich B4t S™F o |

al | odyni a. FORMé#taAzdvtevensednt heleds ¢ipni t%padh DHABAN-At-damethypl dose of

0.3 no/ kg, 32% alihdgLk9aand) 30s 20t 3nAU FORMULA 2.r eversed the

al | odyni a by 55~ alt an i.gg. d%)seS of 3 ~t /kg{:g%‘%gfat 10 \}\llg%?kgg 90~ 20 12
OCT 2004 WD 01/ 78¥ydapet/ B84 s saetiagoey/ kgrastune Y86h~t g/ kg and 92~

at 300 ~i g/ kg Tduhsvaak desesind. FARMIAsR1tangi senfdiem Qslchenl o/ kg
alleviated the allodynic pain by 82-86~. Thus,, FORMJLA 3 and FORMIJLA 2 are

*

anal gesic in a rRISISTGFatedhpoRE e FPeed FRANIPEUBT JerREEEie én

Al'l odynia with FaC]%\g,JL@\_;OQACBQ,&ggerPQ mal e in generally good physi cal
condition suffers fromserious pain to his upper body due caused by contact

of his skin wth hisTeophpdget, 1-(3-chloro-2-fluorobenzyl)-3-(2-

hydroxyethyl)-thiocurea, is purified by liquid

20 chromatography using 200-300 mesh silica gel in a
glass column. The concentrated reaction solution is
applied to the column and the column washed with
three column volumes of Solvent A (50% ethyl
acetate/50% hexanes}. Thé product is then eluted

25 using 2-3 column volumes of Solvent B (10%
methanol/90% ethyl acetate). The eluted product is

again concentrated in a Speed vac® vacuum centrifuge
to remove the sclvent. The product is then permitted

to stand at room temperature, where is crystallizes

1z



15 The patient is unable to wear clothing on his upper body wthout severe

pain. H's synptons suggest a diagnosis of shingles. The patient
therapeutically effective oral dose of FORMJLA 3 in capsule form Z“ég%m?"ﬂ‘*

for 20 the treatnment of pain. Following two day's treatnent, the patient
reports thatobimer@al | odynia resulting fromshingles is rrans(tqe@lqloyﬂfseﬁuced, and
that he is able to wear clothing on his upper body with greater confort. 25
Exanpl e 6: Treatnment of Allodynia with FORMULA 2 Sane facts as in Exanple
5, except the patient is given a therapeutically effective oral dose of
FORMULA 2 in capsule formas needed for the treatnent 30 of pain. Follow ng
two day's treatnent, the patient reports that the allodynia resulting from
shingles is mar kedly reduced, and that he is able to wear clothing on his
upper body with @P@&Fé?e%‘b?ﬂflbrt The crypiaks Gzp Z50red o7/ ¥8a03
PCT/US01111843 Example Z: ¥§z§\:t ment of Visceral Pain with FORMULA 3 5 A 43
year old femal e patient suffering fromcol on cancer and underg0| ng

chenot her apy exper i effbespsedesie M%Gé’ﬁalfoéépwl%ﬁmcaftr@écﬂpm this primary

cond! tion. Treat acq_ &P@i Mh(ﬂglﬁsgs Q@Uemg)g)ers i n%f ?}gp ve to

provi de substanti a Fell e atie Is'given a ther apeutic amount of
FORMULA 3 by 5 ntsaviedius7i A3 quzorB,l ri al)pharMCétJ.thﬂalﬂ yizactept abl e vehicl e.

The treat nment |s7g_,;2t%n1§3 ige sai \)Iy4,é,ftqg?gt¥\0 ﬂ_si\)ysi %tbeglf%reports a

significant alleviation | t he Vi'sceral pai n associ at'ed
condi tion. Exanpfz & HIredt#Bntbnfs Vissderal Pain with FORMULA 2'. Under the

sane facts as Exanpl gn7 or@éEeE)cB é&@pa%% RAkLI SD&lég%chlV%%tF%Wl—éfz i nst ead
of FORMULA 3. After two days patient reports gnlflcant al l eviation

in the visceral %aﬁf%’%?&‘;’l %f%%fd%cthf?%#)céﬁ&?ﬂwo%tw(% exanpl es
cont ai ned herei ntigfciriclt edrdehsie ber Q’XﬁTpl—@lLMoﬂcﬁlbehzﬁn@edﬁvaﬁﬁ.vél mt the

scope of the |nv§[_[3 |ch | d\% g th .t hat ]Lude this
speci fication M@'ﬁz %f/r? %B?Syﬁl‘% Vel éfﬁﬁ% A
PCT/ USO1/ 11843 3), FORMULA 4 is synthe51zed using 2-fluoro-benzyl
bromide (also commercially available) as the starting
material. FORMULA 3 is synthesized using
15 commercially purchased 4-fluorobenzyl isothiocyanate.
Other synthetic steps are analogous to those used
above to synthesize the compound of FORMULA 2.
The 2-fluorobenzyl iscothiourea derivative
{hereinafter termed FORMULA 4} has the following

20 formula:

S

O:\H/”\ H/\/OH

Formula 4
25

The ﬁhysiological activity of these compounds
was tested using four models: a rat locomotor model
13



5 1. A conposition conprising a conpound represented by the fornula:
wherein Rl is For H Rz is Cl or H and R3 is F or H and wherein jif 2RICT 200
F then Rz and R3 are both H and 10 if Rl is Hthen RZis Cl and R3 is F,

and al kyl esters thereof, and pharnaceutically acceptable salts of these
conpounds. g o1Hagyzconposi tion of claim 1l wherein the CO”E@HﬂQn&ﬁmis
represented by the formula: and al kyl esters thereof) and pharnmaceutically
acceptabl e salts of these conpounds. 20 3. The conposition of claiml

wherein the compound is represented by the formula: 23 ~.1 2 OCT 2004

WO 01/78703 s //j\ ~ /OH NN ~H H F PCT/USCL/ 11843 and al kyl esters

t hereof, and pharnaceutically acceptable salts of these conpounds. 5 4. The
conposition of claiml wherein said conposition conprises a
pharmaceuti cal | y tacespeabl gedadciqn.erth hosay hef apevtiiovadehlaery of said
conmpound. 5. Th o ai 1is 10
regPesented by th Sﬁtﬁh HOE%F%%ky ]%%¥g§éﬁ# ereggmggﬁgggﬁgrnaceutlcalIy
accept abl e sal tsaitﬁa}t H&dzigomporhds . J.187@roFhe. contosis i76n18B~E9hi m 4

wherein said compoygg i3 &@Qﬁe@?@tmé:z»iatt%nfefnaﬁ&e ;4194 abg fneN /7 (11

H HF and al kyl esters thereof, and pharmaceutically Z0 acceptable salts of
t hese conpourids. raly spinal nerve ligation allodynia model (Kim and

Chung, Pain 50:355-363 (1992) to assess the
alleviation of neuropathic pain and central
sensitization typical of chronic pain. 2as is known
to those of skill in the art, these tests are

10 established pharmacological methods for determining
sedation, cardiovascular effects, acute pain and

chronic pain, respectively, of pharmaceutical agents.

15 Example 2: Sedative Activity

To test sedation, six male Sprague-Dawley rats
were given up to 3 mg/kg of each compound in a saline
or DMSO vehicle by intraperitoneal injection {(i.p.).

20 Sedation was graded 30 minutes following
administration cof the drug by monitoring locomotor
skills as follows.

The Sprague-Dawley rats are weighed and 1 ml/kg
body weight of an appropriate concentration {ie. 3

25 mg/ml for a final dose of 3 mg/kg) drug solution is
injected intraperitonea}ly. FORMULA 3 is formulated
in approximately 10% DMSO and FORMULA 2 and FORMULA 4
are formulated in 50% DMSO. The results are compared
to 29 historical controls that were injected with 1
30 ml/kg saline or 50% DMSO. Rat activity is then

.determined 30 minutes after injection of the drug

14
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~1 2 OCT Zt9D~ WO 01 /78703 PCT/USO /11843 7. Use of a conposition
conprising a conpound represented by the fornula: "OH N H H2 wher EF&
For H RZis Clor H and R3is For H and wherein if Rl is Ft Br?cﬁﬁli
R3 are both H, and if then RLis Hthen RZis Cl and R3 is F, and al kyl
esters thewawiy7s@ad pharnmaceutically acceptabl e salts ofpdiressgi@epounds,

I n the manufacture of a nedicanent for treating pain in a manmal. 8. The
met hod of claim7 wherein said conpound is represented by the fornula and
al kyl esters thereof, and pharnmaceutically acceptable salts of these
conmpounds. 25 11 2 OCT 2004 ,., WO 0I/78703 PCT/USO1/1 1843 9. The use
according to claim7 wherein the nedicanent is admnistered orally. 10. The
use according to claim?7 wherein said conpound is represented by the
formula s /[/\ ~spOHCAN /RatsHare/ phpged| iyl a ik SOVRER@ ofhaminry

phar maceuti cal | )érﬁﬁ%eaﬁébbgmsﬂéﬁrz@(r t(bﬁagtéeﬂp@w@t&m&é) A conpound
represented by the faormula: wherein Rl For H,RZis CL or H and R3 is

F or H and wherdlagtifares; thely @Wlﬁzaﬁﬁayl%e%?"él%tfﬁrHa ERBeTf RL is H
then RZ is O angird¥e peFiocandripd ydchaskerscthds enfch andepbrenageutical ly

acceptabl e S%lt %er&ﬂ%%g ggmﬁn%ﬂg%f 32 photoelectric beams in the
X and Y orientation.

The results show that, in comparison to the
appropriate vehicle controls, none of the compounds
caused a statistically significant reduction in the
10 exploratory activity of the rats. FORMULA 2 and

FORMULA 3 were tested at 1 mg/kg and FORMULA 4 was

tested at 3 mg/kg. Thus, the compounds are not

sedating.

15

Example 3: Effects on Cardiovascular System

To test the effect of the compounds on the
cardiovascular system, six cynomolgus monkeys were
20 given 500 pg/kg of sach compound by intravenous
injection {(i.v.). The effects of each compound on
the animals’ blood pressure and heart rate was
measured at time intervals from 30 minutes to six
hours following administration of the drug. The peak
25 change from a baseline measurement taken 30 minutes
before drug administration is recorded using a blood
pressure cuff modified for use on monkeys.
The monkeys are weighed (approximately 4 kg) and
an appropriate volume (0.1 ml/kg) of a 5 mg/ml
30 solution of each compound formulated in 10% DMSO is

injected into the cephalic vein in the animals’ arms.

15



12. A conpound represented by the fornula /OH/ ~N H 26 , 1 2 OCT 2004
WO 01/ 78703 PCT/ US01/ 11843 and al kyl esters thereof, and pharnaceufic b%y ,
acceptabl e salts of these conpounds. 13. A conpound represented by Qh@ 2004
formulas "OHHH'~NN F and al kyl esters thereof, and pharnaceutically
accept abl e vv@abiys70f t hese conpounds. 27 PCT/US01/11843
. AH. A+, Ate. Ae. A@. A(yl . A(e. Ae. AHe. Al . Ae. AKy. A@ A( | . Ae. Ae. A(ye. A. A@. A@ Aty.
Aye. A+#. A@ Au. AKy. A3yuDK: n4% 45 FYC
, (, ?p888p| 888<~>| ?2?72~?~~~~>??2~??~| ~| >?2~?>>~| ???

PPPPPPPPPPPPP ?PPPPP?~| | pP?POS?XS~~>~| ?| ~?~2?~2~?~>| ~??7~~| ?| ~| ~>>| >>?77~s]|
??~?c~| cc?W g<g888<888<<88<<<88<88<8888<888888888888888<88<<<<88<<E:"Vv"' 45
v'C

'ppp’ T Op0Sp8KRERVBIDIAT? PEGRRY ENSIPED 280 0BGe~BODR | @ BRADHS p~~| 2~~| 2?
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typically invelved the acute application of thermal
stimuli; such a stimulus causes a programmed escape
mechanism to remove the affected area from the
stimulus. The proper stimulus is thought to involve

15 the activation of high threshold thermoreceptors and
C fiber dorsal root ganglion neurons that transmit
the pain signal to the spinal cord.

The escape response may be “wired” to occur

solely through spinal neurons, which receive the

20 afferent input from the stimulated nerve receptors
and cause the “escape” neuromuscular response, oOr may
be processed supraspinally - that is, at the level of
the brain. A commonly used method to measure
nociceptive reflexes involves quantification of the

25 withdrawal or licking of the rodent paw following
thermal excitation. S8ee Dirig, D.M. et al., J.
Neurosci. Methods 76:183-181 (1997) and Hargreaves,
K. et al., Pain 32:77-88 (1988), hereby incorporated
by reference herein.

30 In a variation of this latter model, male

Sprague-Dawley rats were tested by being placed on a

16
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vehicle alone.

Example 5: Alleviation of Chronic Pain

A model for chronic pain (in particular

peripheral neurcopathy such as causalgia) involves the

10 surgical ligation of the .5 (and optionally the L6)
spinal nerves on one side in experimental animals.
Rats recovering from the surgery gain weight and
display a level of general activity similar to that
of normal rats. However, these rats develop

15 abnormalities of the foot, wherein the hindpaw is
moderately everted and the toes are held together.

" More importantly, the hindpaw on the side affected by
the surgery appears to become sensitive to pain from
low-threshold mechanical stimuli, such as that

20 oproducing a faint sensation of touch in a human,
within about 1 week following surgery. This
éensitivity to normally non-painful touch is called
“*tactile allodynia” and lasts for at least two
months. The response includes lifting the affected

25  hindpaw to escape from the stimulus, licking the paw
and holding it in the air for many seconds. None of
these responses is normally seen in the control
group.

Rats are anesthetized before surgery. The
30 surgical site is shaved and prepared either with

betadine or Novacaine. Incision is made from the

18
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Muscle tissue is separated from the spinal vertebra
{left side) at the L4 - S2 levels. The L6 vertebra is
located and the transverse process is carefully

5 removed with a small rongeur to expose the L4 - Lé
spinal nerves. The L5 and L6 spinal nerves are
isolated and tightly ligated with 6-0 silk thread.
The same procedure is done on the right side as a
control, except no ligation of the spinal nerves is

10 performed.

A complete hemostasis is confirmed, then the
wounds are sutured. A small amount of antibiotic
ointment is applied to the incised area, and the rat
is transferred to the recovery plastic cage under a

15 regulated heat-temperature lamp. On the day of the
experiment, at least seven days after the surgery,
six rats per test group are administered the test
drugs by intraperitoneal {(i.p.) injection or oral
gavage. For i.p. injection, the compounds are

20 formulated in approximately 50% DMSO and given in a
velume of 1 ml/kg body weight. FORMULA 2 was tested

at doses ranging between 1 and 300 ug /kg, FORMULA 3
was tested at doses between 0.1 and 3 mg/kg and
FORMULA 4 was tested at doses of 0.3 and 2 mg/kg.

25 FORMULA 2 was also administered by oral gavage at
doses of 0.1, 0.3 and 1 mg/kg body weight to 24-hour
fasted rats. A volume equal to 1 ml/kg body weight
of an appropriate concentration {(ie. 1 mg/ml for a 1
mg/kg dose) of FORMULA 2 formulated in approximately

30 50% DMSO was injected using an iS—gauge, 3-inch

13
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gavage needle that is slowly inserted through the
esophagus into the stomach.

Tactile allodynia is measured prior to and 30
minutes after drug administration using von Frey

5  Thairs that are a series of fine hairs with

incremental differences in stiffness. Rats are
placed in a plastic cage with a wire mesh bottom and
allowed to acclimate for approximately 30 minutes.
The von Frey hairs are applied perpendicularly

10 through the mesh to the mid-plantar region of the
rats' hindpaw with sufficient force to caugse glight
buckling and held for 6-8 seconds. The applied force
has been calculated to range from 0.41 to 15.1 grams.
If the paw is sharply withdrawn, it is considered a

15 positive response. A normal animal will not respond
to stimuli in this range, but a surgically ligated
raw will be withdrawn in response to a 1-2 gram hair.
The 50% paw withdrawal threshold is determined using
the method of Dixon, W.J., Ann. Rev. Pharmacol.

20 Toxicol. 20:441-462 (1980). The post-drug threshold
is compared to the pre-drug threshold and the percent
reversal of tactile sensitivity is caleculated based
on a normal threshold of 15.1 grams.

The resultg ghowed that FORMULA 4 had no analgesic

25 activity at doses up to 3 mg/kg. Surprisingly, AGN
196204 and FORMULA 2 were both able to reduce the
response to the tactile stimuli that indicate tactile
allodynia. FORMULA 3 revergsed the allodynic pain by
34% at an i.p. doge of 0.3 mg/kg, 32% at 1 mg/kg and

30 26% at 3 mg/kg. FORMULA 2 reversed the allodynia by

55% at an i.p. dose of 3 jg/kg, 85% at 10 jtg/kg, 90%

20
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at 30 pg/kg, 95% at 100 pg/kg and 22% at 300 pg/kg.
The oral doses of FORMULA 2 ranging from 0.1 to 1
mg/kg alleviated the allodynic pain by 82-86%. Thus,
FORMULA 3 and FORMULA 2 are analgesic in a model of

5 chronic pain.

Example 6: Treatment of Allodynia with FORMULA 3

i0

A 50 year old male in generally good physical
condition suffers from serious pain to his upper body
due caused by contact of his skin with his clothing.

15 The patient is unable to wear clothing on his upper
body without severe pain. His symptoms suggest a
diagnosis of shingles.

The patient is given a therapeutically effective
oral dose of FORMULA 3 in capsule form as needed for

20 the treatment of pain. Following two day’s treatment,
the patient reports that the allodynia resulting from
shingles is markedly reduced, and that hé is able to

wear clothing on his upper body with greater comfort.

25 Example 6: Treatment of Allodynia with FORMULA 2

Same facts as in Example 5, except the patient
is given a therapeutically effective oral dose of
FORMULA 2 in capsule form as needed for the treatment

30 of pain. Following two day'’'s treatment, the patient
reports that the allodynia resulting from shingles is
markedly reduced, and that he is able to wear

clothing on his upper body with greater comfort.

21
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5 A 43 year old female patient suffering from

colon cancer and undergoing chemotherapy experiences
‘severe visceral pain associated with this primarf
condition. Treatment of this pain with opiates have
been ineffective to provide substantial relief.

10 The patient is given a therapeutic amount of
FORMULA 3 by intravenous infusion in a
pharmaceutically acceptable vehicle. The treatment
is given twice daily. After two days the patient
reports a significant alleviation in the wvisceral

15 pain associated with her condition.

Example 8: Treatment of Visceral Pain with FORMULA 2.

Under the same facts as Example 7, except the
20 patient is given FORMULA 2 instead of FORMULA 3.
After two days the patient reports a significant
alleviation in the wvisceral pain associated with her

condition.

25 The examples contained herein are intended to be
exemplary only, and do not limit the scope of the
invention, which is defined by the claims that

conclude this specification.
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LATMS

We claim:

1.

A composition comprising a compound represented

by the formula:

S

N)kﬁ/\/"“

H
Ry Fa

3%}

wherein Ry is F or H, R; is Cl or H, and R; is F or H;

and wherein if R; is F then R; and R3 are both H; and

if R1 is H then R; is Cl and R; is P, and alkyl esters

thereof, and pharmaceutically acceptable salts of

these compounds.

2.

The composition of c¢laim 1 wherein the compound

is represented by the formula:
5

JJ\N/\/O”

N
H H

Cl

and alkyl esters thereof, and pharmaceutically

acceptable salts of these compounds.

3.

The composition of claim 1 wherein the compound

is represented by the formula:
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'I'Np| 10%n& ()-+L!110%& ()-1F10%& ()-' @0%& ()- 10Z 10Z 2 OCT 2004
10ZI 810%Z&' () - Hhhi j kml mWU3b@ 1 =

ldp| 10%==& () - +!dp| 109&' () - +! Np| 109&' () - +! Np| 109%&' () - +! Gp| 10%##& () - +! p| 10%
=QE=Q% () - +wmowns7ma3nBn~_@ 1 ! dpL! f 10%=& () -1c1l0%& () -| ' pcdessiadz = 10= 10=
10=8 10%=& ()-!rp| 10%& () - +Bn#o&oWoppq}[9~_ @1

1S }10%=& ()-4!USl }109& ()-4!USI}10%& ()-4

10%& ()-S10%& ()-! @0%=& ()-9qq~rJIJsMsNsGCsPsz[PE: 1 !! 10= 10= 10=f8
10%& ()-!'\Sv.} 109 ()-s!'kSv.}109%& ()-sS+10%& ()-!UHSI } 109& () - 4Ps] si sxsst
ua?PE: 1 I'! 10'\z109%& ()-!;p] 10%& ()-1Y

=10%& ()-i!'1910%& ()-1cl0%& ()-&yj 10%*& ()- uuuSvvvwwzw}[<1l: 1
10=1810%& ()-!r-}10%& ()-! % 109%&' ()-L!, 10%=& ()-Lv

/\/OH
N N
H

H

F
and alkyl esters thereof, and pharmaceutically

acceptable salts of these compounds.

.5 4. The composition of claim 1 wherein said composition
comprises a pharmaceutically acceptable exciplent

for therapeutic delivery of said compound.

5. The composition of claim 4 wherein said compound iz

10 represented by the formula:’

g

N)'I\N/\\/OH

H

cl
and alkyl esters thereof, and pharmaceutically
acceptable salts of these compounds.
15 ‘
6. The composition of claim 4 wherein said compound

is represented by the formula:
g

N)I\u/\/o” :

X

F
and alkyl esters thereof, and pharmaceutically

20 acceptable salts of these compounds.
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Z10%& ()-!8&) "' 10%c& ()-v

j 10%& () -71.L! 1 gk’ () <SRRUihE o) <oRpSAEARAG (QormiRfA{ | (] 6] a?hl 1
10! y! . 109KK& ()-p! .10%88& ()-pv + 10%& ()-\*10%& ()-v
'10%& () ra@arcsE& e &Y [the [fomele 10l y! ) 109R2& () - WW109%R2& ()-= 10= 10=

s

//H\\N//\\\//o“

N
H H

Ro

wherein Ry is F or H, R; is Cl or H, and Ry is F or E; and
wherein if R, is F then R; and R; are both H; and if then
R; is H then R; is Cl and R3 is F, and alkyl esters
thereof, and pharmaceutically acceptable salts of these
compounds, in the manufacture of a medicament for

treating pain in a mammal.

8. The method of claim 7 wherein said compound is
represented by the formula

S

/U\ Ve

N N
H H

and alkyl esters thereof, and pharmaceutically acceptabkle

salts of these compounds.
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10. The use according to claim 7 wherein said compound is

represented by the formula

S
/O/\H/n\ﬁ/\/c“
E

and alkyl esters thereof, and pharmaceutically acceptable

salts of these compounds.

11. A compound represented by the formula:

3

/u\ /\/OH
N N
H H

Az

wherein R; is F or H, R; is Cl or H, and R; is F or H; and
wherein if R; is F then R; and R3; are both H; and if R; is
H then Rz is Cl and R is F, and alkyl esters thereof, and

pharmaceutically acceptable salts of these compounds.

12. A compound represented by the formula

5

)L Ve

N N
H H

a

26



1 10! y<10%& ()-30 10%& ()-3 10%& ()- 10%& ()-'t 10%AA& ()-! 10%L& ()-
Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43hc" 0
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Hea i-?fld)rJS]z@ l’&
- "Default Paragraph Fontn5! -'3-2Z38i >B?HV6SUY dkOp{tvy{~ #; (EPas/z',*d"4Jb

V"R K - = @\DPEEH@XMOPS5VWW\P\ &] ~ acgHhmBngPsuzwwy z P ~k' 6Ti mes New
RomanAri al h?lzszlpy’ New'h Root EntryWr dDocunent PCHdso Tl

I"#SYR () *+,-./0123456789: ;

<=>? GABCDERGEH 2l MNGRERSEMNMWEYA A A _arab 19 d k| QIO 8 t A VZAH The
" #$9&' () *+,-./0123456789: ; ATRDGiR! » ©

<=>? GA\BCDERGHS) I ivibeoRs rovmerdg ~ abedef ghi j kI mopgr st uvwxyz{ | } ~

13. A compound represented by the formula

S

ISaans
| _

and alkyl esters thereof, and pharmaceutically acceptable

salts of these compounds.
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