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METHOD FOR TREATMENT OF NEUROPATHI C PAIN
Cross- Reference to Related Applications [0001] This
wappi7iosgtison clains priority to Provisional AppCraskoocno2422
Nos. 60/762,589, filed January 27, 2006, the
di scl osure of which is incorporated by reference in
its entirety. US Governnment Rights [0002] This
i nvention was nade with United States Governnent
support under Grant No. RO GW67958 awarded by the
National Institutes of Health. The United States
Governnent has certain rights in the invention. Field
of the Invention [0003] The present invention relates
t o sphi ngosi ne 1-phosphate anal ogs, with activity at
one or nore sphingosine 1-phosphate receptors, which
ar e useMETHODFORTRENTMENT@GENEYROPATFHCPAIN
pai n. Background [ 0004] Sphi ngosi ne- 1-phosphate (Sl P)
is a | ysophospholipid nmediator that evokes a variety
of cellular responses by stlnulatlon of five nmenbers
of the endot hel i GlosgRefere o Re ticgems ( EDG

pt or..f.am | .The EDG‘rec
RBFEF .o Trad Bppibeucn Banas pERETS °f‘f°%smaﬁ‘\58ﬁ°%+°8paa ate
¥ PeM SR HHed m:gﬁrarﬁﬁ‘grﬂﬂOG thie ali @bdsuveadf whichfis incorporated by
]ﬁ§¥erotr|ner|c G protein alpha (Ga) subunits and

QRGeS PEFH di nners. [ 0005]
- Sphi ngosi ne- 1- phosrhatg Eg | P haa .been denonstrat ed
to induce cellular pr g those that
[oem t iThipldteatioh u&g%aelgammwmte@ Statéy @bidrafmhi wpport under
-ce i nvasi on, endothelj al

cel | _norphol t unor
o bioa ROl bzt Peed by dlt Napood) Tnsiugs f BsallaeThe United

S-Efﬁﬁﬁ S.fd%ﬁlm&t%aé @6RAKUghtI@UBRe: RRRALLAT get s for therapy
of, for

Field of the Invention

[0003] The present invention relates to sphingosine 1-phosphate analogs, with
activity at one or more sphingosine 1-phosphate receptors, which are useful for

preventing and treating neuropathic pain.

Background
[0004] Sphingosine-1-phosphate (S1P) is a lysophospholipid mediator that evokes
a variety of cellular responses by stimulation of five members of the endothelial cell
differentiation gene (EDG) receptor family. The EDG receptors are G-protein
coupled receptors (GPCRSs) and on stimulation propagate second messenger signals
via activation of heterotriméric G-protein alpha (Gg) subunits and beta-gamma (Ggy)

dimers.

[0005] Sphiﬁgosine-l—phosphate (S1P) has been demonstrated to induce celiular
processes, including those that result in platelet aggregation, cell proliferation, cell
morphology, tumor-cell invasion, endothelial cell chemotaxis and endothelial cell in
vitro angiogenesis. Therefore, S1P receptors have been targets for therapy of, for
example, wound healing and tumor growth inhibition. Sphingosine-1-phosphate is - .-

believed to signal cells in part via a set of G protein-coupled receptors named S1Py, -
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exanpl e, wound healing and tunor growth inhibition.
Sphi ngosi ne- 1-phosphate is believed to signal cells

wonoEase7isi a a set of G protein-coupl ed recept eCs/USav2d02422

SIPi,SIP 2, SIP 3, SIP 4, and SIP 5 (formerly EDd,
EDG5, EDG3, EDG and EDGEB, respectively). These
receptors share 50-55% i dentical am no acids and
cluster with three other receptors (LPA, LPA2, and
LPA3 (fornerly ED&X, EDA and EDG/, respectively) for

the structurally rel ated I hg@fhatldlc acid (LPA
S15edbPssP B4 8Be il 85 éfom%y @2tRIAGasERGfyand EDGS,

r&ﬁk&%e‘i )bepl?ééé Geddbork Qﬁlzh't\f 'Sglﬁl% E&Q%Eh%ne %A%%H cluster with

firssue and response specif Ti ssue specificit

thige oflieP reaeptqrs GBAILLRKes |an@1 bJPéxs HErmesly Il Eﬂﬁc‘éthbEDm
I t

1ol r Phe SRIRARD, §%lé%§o§&§“¥§vﬁa§§g°8%§d 3rehi ni ng

[ I\ r egq@.trgge Jnls a(nL, B?etf%%ﬁcggsr ec gz%rgr {s%%gghs the 10 ividual

sponse speC| s shaf
recgpons am:lmothexsamsmd tespdnlsevgedific. Tfseucdmifumymﬁthes 1P receptors

t hat t
1% g?ﬁlrgf)i?% &a}stﬁ nl S gt %ﬁa %(?rﬁ% ag.%i*gggiest g{}e(g{\%gé)le grsxe receptor
lﬁmﬁesrgﬂ&ellﬁmtr r&vp@ﬂ";ﬂ ®, tlsbili]ﬁ doaaa@mngehape@pfmciltxmwg unwanted
receptors c 0 an iC
st aoste PR SReC i SRS SH BeRBER 1oL PR By because

1(T£lld3*"§3fdi’ )i dé@@&ﬁhelﬁ’@f Rg6dks e aﬂﬁ@bﬁ‘l@&tthé(ﬁ:aﬁﬁmnate Or suppress
neuropathlc in nature. Neuropathic painis

cerraingellalar Fepopyes wiheys AR aDEF EspaseapEenemniedhe
O LISy e@iﬂiaﬁﬁl oictﬁHSQP{rﬁeéibtors EbRIAURI0UAFRER)S 1P mimetic that initiates .
hyperalg sia, or | odynia. Hyperal gesia is an
ré%alggesaﬁwlqrewﬁbﬁ%@ffestlag pell Arogphadegyrul us. Al | odyni a
I s the perception of normal stinmuli as painful
[08%Hnp| &ein ean brivodierptive @& REWPPathin i nedureAYeyreratitip ppin is
%’afacte?itzgd )Jg {M&H@tngﬂuﬁ:e Qﬁ'aﬂs&@@ P Gn S RAY %lhret:toca?@é Keeg tissue

amege I n an extrenty such as an arm Of nore o
Chmagg) hppewsigsisiaa i aldodswnént ypeanlgesielisiae exagparated wsponse to a

i cl ' t gt

R skl RUREEERRHE Sc Y ARER dindl oo BUARA ampes
indude te tefifleot clofhidg,u@arnh@rmwﬂ es, ete.)g Neuwpmlm: mrrremdre a

aclltaxel Taxal.(tm occur _as a caq nen
B B bR ek ey S A0 e S A s

Ei'¢c1phatn§g e&;ntd—ltdﬂ- nciudé arabmfansg., efigtor vehicle acc1dents or amputations
(e.g., phantom limb pain). Neuropathic pain can occur due to an adverse effect of
drug therapies, e.g., vincristine or paclitaxel (Taxol™), or can occur as a component of
disease pathologies, such as diabetes type 1 or type 2, shingles, HIV-1 infections, etc.
Typically, neuropathic pain does not respond to opiates or non-steroidal anti-
mflammatory drugs such as aspirin. Treatment of neuropathic pain is an important

unmet medical need and this invention addresses that need.

[0008] There is a long felt need in the art for compounds and methods which are

useful for preventing and treating pain. The present invention satisfies these needs.
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Typi cal |y, neuropathic pain does not respond to
opi ates or non-steroidal antiinflanmtory drugs such

wa0@EggdTisn. Treat nent of neuropathic pain i s RAT/US2007/002422

i nportant unmet nedical need and this invention
addresses that need. [0008] There is a long felt need
in the art for conmpounds and net hods which are useful
for preventing and treating pain. The present
i nvention satisfies these needs. Summary [0009] The
present invention provides, in one aspect, conmpounds
and nethods useful for pre®¥HMRHY and treating pain in

j €Cfyal . fhe; n
e B e e B and methods
usofiy donrpteventingproddraating pain) ingy subdactrin meed|thyreof. The method

1@@1%@% &gﬁ%&?&ﬁg ﬁo?a&#%%%%%&%yeoﬁmrof %ggt\l’msp%%nh%aving
foyrdnlag®nor formata (@kyl group. [0010] X is selected from
hydroxyl (-OH), phosphate (-OPO3H2), phosphonate

(- CH2PBH2)R' [ a-substituted phosphonate, Rl is

sel ected frpm¥he group consistingX hydr ogen, hal o,
tri-quoro%Et ﬁ '

substituti% th

is selectdd fromtpe-grdyp consiBting of
C20) al kyl , cycl oal VTR§ub89€tuted al kyl , (GHeh-
C20) al kenyl (C2i C20) al kynyl, aryl, alkyl fubstituted
aryl, arylal kyl, “and aryl substituted aryla kyl,

whateni Rfaad ® "aire imlependentlyeCH AoriOH,, RAEE, IQH 1 61eNARS is CH, CHa,

%L\%Eﬁ“‘%zﬁf ?ﬁ?{%&g‘%&g?g%@béﬁ%?fgl \émylfi?oggﬂ pgf o;ind:
e B I SR T L T

ORH,PO:H9, Blphk.suBstdtited, phddshomate, RE Y G8&11S frbm the gdbupconsisting
optional doubl e _bonds, har naceuti cal

eb or a . .
disgieen: beleoin NEprogattayl. (Giekonralkylofin Cirilkylouhuioaed with
B36aiidrod Q1K 9 seNEyanBYR NSl LIecRUYdH B ERupldofsivess 6f (C—
gzo)alkyl, cycloalkyl substituted alkyl, (C2—Cyp)alkenyl, (Co—Cagp)alkynyl, aryl, alkyl

substituted aryl, arylalkyl, and aryl substituted arylalkyl, wherein one or more of the

(G 6 0)-al kyl, [ CIG o) al kyl
18, \hyRoxy, alRéXy, THRaN -, R2

carbon atoms in the R* groups can be independently replaced with non-peroxide
oxygen, sulfur or NR®, wherein R® is hydrogen, or an (C;—C,;o) alkyl group, wherein
the alkyl, alkenyl, and alkynyl groups in R? are optionally substituted with oxo, n is 0,

-——
SN

1,2 or 3, and o represents 1,2, or 3, optional double bonds, or a pharmaceutically

acceptable salt or ester thereof.

[0011] In another aspect, the present invention provides for the use of a
compound of formula (I), formula (II), or a pharmaceutically acceptable salt thereof to

prepare a medicament for preventing and treating pain in a mammal (e.g., 2 human).

Brief Description of the Drawings -

[0012]) FIG. 1 is an illustration of a synthetic route'to prepare compounds tsed in"’

the disclosed method.
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compound of formula (lI), formula (I1), or a
phar maceutically acceptable salt thereof to prepare a

wordi7oayafat for preventing and treating pai n i RC&US2007/002422

manmal (e.g., a human). Brief Description of the

Drawi ngs [0012] FIG 1 is an illustration of a
synthetic route to prepare conpounds used in the

di scl osed nethod.[0013] FIG 2 is an illustration of a
synthetic route to prepare the conmpound VPC01091-C.
L0014] FIG 3 is a graphical representation of the
[PRL3) t s Hivoinamilivsdetien ponsyrtheticoenisogmicrare thy ¢gampound

ép?](gbq_é: [0015] FIG 4 is a graphical representation
of the results fromadmnistration of a vehicle

[g?i‘ﬁ]r ol 'FIbQ? 156; F&gﬁioaﬁrég?es%n&ﬁ@ﬂ t&%ﬁf’el ref QR £5R M 'hﬁﬂ'aﬁion ofa

the results ma sClatic nerve injury preclinica
qeofwiund fof feomdp¥PRi0d0Bai n. Det ai | ed Description [0017]
The foll ow ng abbreviations are used herein: SlP,
[9f19IngodilGes is a prapbisiabtepresePERon Gf Preoesilts rompidednistration of a

- .SAR, structure-activity relationship; EDG
Jgﬁl?g?%(g‘ftlmz}ﬂ cell differentiation gene; EAE,

ri ak . [ el i tilS; .
SR8 i i b P RNEh SRR b e siprigperve
ihfbiry phdctjhicdbmedélyoflnepogradiieipain. and RT- PCR, reverse
transci ptase pol ynerase chain reaction [0018] Unl ess
defined ot herw se, all DRaagilni Dedcripridnsci entific terns

her.ei ave t sane neani ng, .as .co nly. .

HR%E, o o S e BB oe uRfl P STB Yphingpgine-1-
phivis pliaté ;"GBCRNGeprotedm cogplod e pidl L SARQMnastyreraetikiig $elatichship;

erials sim/lar._or equivale o those descri.bed
o ot e ilion Gretabce e mer s groihane
PlcepiensageliRt NOIS ndRbHEES Slabahis 18Ry, d8akF nB&dsiRes@balpha;
The foll ow ng terns have the
HDL, high density lipoprotein; and RT-PCR, reverse transciptase polymerase chain

reaction

[0018] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing, the
preferred methods and materials are described herein. The following terms have the

meaning associated with it in this section.

[0019] The articles “a” and “an” are used herein to refer to one or to more than
one (e.g., to at least one) of the grammatical object of the article. By way of example,

“an element” means one element or more than one element.

[0020] The term “affected cell” refers to a cell of a subject afflicted with a disease
or disorder, which affected cell has an altered phenotype relative to a subject not
afflicted with a disease or disoréler. Cells or tissue are “affected” by a disease or
disorder if the cells or tissue have an altered phenotype relative to the same cells or

tissue in a subject not afflicted with a disease or disorder.
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meani ng associated with it in this section. [0019] The
articles "a" and "an" are used hereint o refer to one

wonod’wsymse than one {e.g., to at | east one) oPCThS2007/002422

granmmati cal object of the article. By way of exanple,
"an el enment” nmeans one el enment or nore than one

el ement. [0020] The term"affected cell"” refers to a
cell of a subject afflicted with a disease or

di sorder, which affected cell has an altered phenotype

relative to a subject not afflicted with a di sease or
H02dd der A diggase opdiserdssise alipwiatedf ibdesgvery of agyawtaya of the
r

e g R o R i A LY fonE s RpBenced by a
pafijnecor begh, infdduced.ed with a di sease or
di sorder.[0021] A disease or disorder is "alleviated"
[Q02t2he s &né ppalpg’bf acksymighbrmroportrdds aucs»am@end that, by way of

e C jch s npt om i
ex pe l?elge’geérgggs aé&ﬂglfﬁes#u\é‘u}rg b%\p lts hiot neces%aﬁllxéa 1so[nbedé§]g 5-
Androsmmadibig' ancahalagcolﬁelmmmle) corrpound is a conpound that,
by way of exanple, resenbles another in structure but
[00230t nEbessmsi‘tell, Aficdlbbnel a{ma“gell cxﬂt:uré’t maycbanﬁed I i s

R En: AL Rl peverialre arsabierHe crensigaIpmyned or

fedtbésiA' “calrb]” deillsﬁme, Sntifi Sor Sﬁbjeﬁﬂﬁj ae@dll t1§su@[1§1n|i{ﬁb &t subject

m ned or trea A "control" cell sue, sa
B B i cvbs & SRsE, Senbotimbleappribiocs: e byuses 1oh. for
tXenplebe E3HREna® ataprbasaywlnbaﬂy kifeSdaehe BrRBLIestell, tissue, sample,
subj. ect. The control exanpl e, be exam ned at

Bt %&J%%lwe’amﬁ%rwe ?‘P@r‘%éﬂ"e}' %lﬁ?fefOf PApRlS: be-eamined at a time

HisEm¥ Eron® HERISe ato&héH Rheetebe dedl, ﬁ§§f@ B8fple [ _&b‘?ﬁ fscé'xammed and
may al so, for exanple, be exam ned at a tine
thegrsuleofitherexaminafion Af thesoniel ma be reqorded &0 thgaﬂnpuecorded
PRy Bl e ol B oA Crl A Sy dlniod 06 fost ol gosue
sasppledersubiesy| The eenjird) enmlﬁxabe dbiaiirted fr@sulht)tsheobt!mcmeﬂmmﬂar
Ss
Rt BeP Rl . O Bpb St o3 kO BtEre B8 TR Bamfl it plpinee
four z sulgjectsizspectad of havmg a dxsease or disorder for which the test is being

performed.

[0024] A “pathoindicative” cell, tissue, or sample is one which, when present, is
an indication that the animal in which the cell, tissue, or sample is located (or from
which the tissue was obtained) is afflicted with a disease or disorder. For example,
the presence of one or more breast cells in a lung tissue of an animal is an indication

that the animal is afflicted with metastatic breast cancer.

[0025] A tissue “normally comprises” a cell if one or more of the cell are present

in the tissue in an animal not afflicted with a disease or disorder.

[0026] The word “detect” and its grammatical variants refer to measurement of
the species without quantification. The terms “detect” and *identify” are used

interchangeably herein. The words “determine” or “measure” and their grammatical
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30

source other than the test group or a test subject,

where the test sanple is obtained froma subject
woeuspastas of having a di sease or disorder for pamiuso07/002422

the test is being perforned. [0024] A

"pat hoi ndi cative" cell, tissue, or sanple is one
whi ch, when present, is an indication that the ani nal
in which the cell, tissue, or sanple is |ocated (or

fromwhich the tissue was obtained) is afflicted with

a di sease or disorder. For exanple, the presence of

VaHant§ reles Fe mepuEemeRidt|the sRFcies| Wity appnifiration. ARe HAMTal

“Q8teARideM YroaidaOitet Btusta ?ntel%ﬂh abl)ﬁhc?ffai‘n' ' Ct ed with

net astati c breast cancer. tissue "normal ly

(0037 | SeS ddeGRbIE rhdrk@P&r Q.r“ %B}Trér ‘Pxfxoleaﬁe’cﬁlaln a%rﬁ or a molecule
resent in the tissue in an not afflicted with
thatdiesmis theospegifirgietetion of e 2enppiiad womprisigtthe markgrdn the

ﬂres%ngé 8PBELLa9 @l)még{lﬁc?s:\%ﬁh&ﬁ aer['xaxtk%;l nﬁ? %’gg‘fﬁq hetgétaﬁllegﬂadrkers or

species wthout quantification
répwmmrnnmkymeamelmbedgl mcbommzngwbpgs Iaetng:nm détemaminentd s
endFingt rHurc‘:Fe ¢, &ids AVl eref rB 084808 8, LnATTRGL CA YALI AL Res,
iy e Rlbragfiicn A

to asu
dhamﬂmnflnmEnmoleEhEs tefbefdﬂi@chﬁiﬁtcﬁll@'ld&éébtﬂﬂe mokRales edndamelecules

e 3 R B SRl 204 be Ao R 2R e

l e t ts t d
B0 n cORpEL e Bt PaREPL h RGN SPLOR A fyfmal cannor

1BhiftdiR homeoRnasindmdwiHdielttif theldigdass is @caﬁmheﬁataf then the animal's
dggectable markers or reporter nolecules includ

h coptipyiesde deteeoralot trast, o (isqrderq Bt wh #Rifghiss state of

HRARN M8 SvhidHHGk @i fnAGE §5le Y fdidblehdBEodmdy, bdi #ALhieR the animal's
chr onophores, fluorophores, chen1|un1nescent

skae o€ !}F%!Eh ISéPSécffwfefeWE hangit Koulkbbe & Hisi abserse o theedisorgsy Left

J}R;le%u' £ 9 doddr dBEQMb%c@s@ﬁnf}l cta%%@q further decrease in the animal's state
uor escence- pol ari zati on or tered light-scattering.

(ﬁO®ZEW A "di sease" is a state of heal th of an ani mal

wherein the ani nal cannot nmi ntain honeostasis, and

[@A29ki n Tife tetma “effeciieamayntiomeane amguricufficienttth groduce a

s@[&pg@ effe Peﬁbxt &L é,'nal%%?ﬁch@e Q&%ﬁht &f {ﬁ# 81pP [dleFRPLARBbnist is an

I SOr I n an Is a st
amount that decreases the cell signaling activity of the S1P receptor.

[0030] A “functional” molecule is a molecule in a form in which it exhibits a
property by which it is characterized. For example, a functional enzyme is one which

exhibits the catalytic activity by which the enzyme is chdracterized.

[0031] The term “inhibit” refers to the ability of a compound to reduce or impede
a described function. Preferaﬁly, inhibition is by at least 10%, more preferably by at

least 25%, even more preferably by at least 50%, and most preferably, the function is
inhibited by at least 75%.

[(0032] The term “instructional material” includes a publication, a recording; a
diagram, or any other medium of expression, which can be used to communicate the
usefulness, in the kit for effecting alleviation of the various diseases or disorders -

recited herein. Optionally, or alternately, the insStructional material may describe one

6
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health in which the animal is able to maintain

honmeostasis, but in which the aninmal's state of health
woO0d7@ss71favorabl e than it would be in the abseatasedo7/002422
the disorder. Left untreated, a disorder does not

necessarily cause a further decrease in the animal's
state of health. [0029] The term"effective anount”

nmeans an anmount sufficient to produce a sel ected

effect. For exanple, an effective anmount of an SIP

receptor antagonist is an amount that \decreases the
cz;emresm@haq!q leviatipgtthe diseashe oslivordseeist peell progepe af 2

Lo i
Gl P o TBUERH LRl B B REHIS, £ RatBiTot Alpass o

déotax@(awpbb comaﬁumtacnmborepqmon e ghippaghtiogéthexxithiatcontainer

ﬂar ggt Zr ! Zec‘fm?‘? Ig%fp%)&’.lﬁ&/ )tﬁ'ﬂ t.l%l @E%X&Rlc#lérrlasl Taf)tegiﬁlemay be

mmﬁedtsyparﬁtew fronpihe rcdnttamf:r adth:tae onitenmredmt thedestarctioeal material
t P b | t 10%
i ashp spppyh g Be Hied Sotabuel) 1w ¥edbient St o any

st 50% a ) abl t he. function .i.s
Lﬁﬁ%?lb. t SRRy meBeral v 8GOSO lb e Timetiay <8 e by
somEséthetCion e @ichme isebdiddne ol s GhitalaGsanl 4ytittagpitihl) Br indravenous.
recording,- a diagram or any other nmedi um of

[ons?]els SiKHe, tethi i“pﬁar@r;;(lﬁedﬁ?:aﬂ? Q.fd?é[ﬁatﬂg armmit’c fictudeb any ?f the
useful ness, in.,the kjt or effectin eviagtion o
%‘?Fé’%?‘i‘%ﬂ?caﬁ'%‘@éggl%ﬁ» edi- A PSpRate gB&F’@é‘ SREpRFotution, water and

SRlsidA3khoh asOin GilAER WaYer/diNEmb RIS, A v aiaks st wétting
may descri be oneor nore nethods of aIIeV|at|ng t he

PeBBases or disorders in a cell or a tissue of a
manmal . The instructional material of the kit may

[@03mb| e Theaean( Prdted oy Lomipaics®s rolAicdh t’é%ﬁ?!%“ﬁg Oéﬁ Tolecule

ubd m@gtfagn KWat BesibRiaNRLGy Feoedihedsc weoérJlfr@e preferably 75%
cont ai ner which contains an active conpoun

fag<, apch qsy proferablyedQ% dice L frommpiher srmpqricals nampally associated with
HLHRRECSBPRSAbSI A RereRshaLRer W th the

I ntention t e instructional material and an

[%@36 e CIQ“PQH @” e&ﬁﬁgfe%%@?ﬁf QEio\fgéMal from a subject

recipient. The term™ "parenteral ” ans no
mmudu@h bph@otdjm@toa normgal ﬁapuebmmmys diseased tissue samples, biopsies,

blood, saliva, feces, semen, tears, and urine. A sample can also be any other source of
material obtained from a subject that contains cells, tissues, or a fluid of interest. A

sample can also be obtained from a cell or tissue culture.

[0037] The terms “standard” or “control” are used:nterchangeably herein and . .
refer to something used for corﬁparison.' For example, a'standard can be a known
standard agent or compound which is administered or added to a control sample and
used for comparing results when measuring said compound in a test sample. Standard
can also refer to an “internal standard,” such as an agent or compound which is added
at known amounts to a sample and is useful in determining such things as purification
or recovery rates when a sample is processed or subjected to purification or extraction

procedures before a marker of interest is measured.
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sone ot her route such as subcut aneous, intranuscul ar,
intraspinal, or intravenous. [0034] The term

woOpberoseaeut i cal |y acceptabl e carrier™ includeBcamg2mi/o02422

t he standard pharnmaceutical carriers, e.g., a

phosphat e buffered saline solution, water and

emul si ons such as an oil/water or water/oil enul sion,

and various types of wetting agents. [0035] The term
"purified" and simlar ternms relate to the isolation

of a nolecule or conpound in a formthat is )
[4QA$3t and\ ‘srbigcy r@eanggxsm, diggnogpoprfifeabneny i ap pRima)l. 380h animals
idd16fe maRfhdD ProRr £ P4 Hhn 0% 1 e€) {1 om ot her

conponents n Iy assoclated with the nol ecul e or

66390u N 4 ? d”\’tf‘ea?rﬁ&trlg Qq{%g&nel{t leliﬂmér dst%rg)gu%_]ect who
refers pre b y to a biological sanple froma
exbibfte gigns pﬁphtnhdlqgg fob the pyopodei afidiméhistong poekminating shese signs.
sanpl es, diseased tissue sanpl es, biopsies, blood,
[@Qﬂﬂ]va Af ‘herapewtinably effeetivesamapnt” of aisempAusd apthet arapunt of
c%l'x%] uf 8%[1&#&%%2{5% \ﬁﬁe H?él? Sﬁlj:zz!él e?i%%:?ﬂgr}ﬁ? ﬁllfl%g%[]ftg which the
conmenm$m1wﬁnsanabé.can al so be obtained froma cell or
tissue culture. [0037] The terns "standard" or
[0@4d]t r olThe saren Userdinigliimnl edwangeptioll yxik of dierspacific rdéfoedertay

th|n sed. for, arison. xampl e st.andar d
BERERE: S iion B R ot TR Sn iR
cafldikioh shéfoe gpreoentd g od elimirmtidgRhiddyngasgke and used for
conparing results when neasuring said conpound in a

[0e42] samsliBed Besixahel tezaut palla.ﬁﬁad‘e&ﬁ&ﬂl}l acaprablendaetigrdlincludes

By AR AL o S ps et & fabgsahaie puferd e

@RIt Thytrbgy ol Eeﬁh—@Q&oé@ctﬂM (HOGHRbp AP cyR6Q4BIINs), water,
rates when a sa le is processed or subjected to

CRILFIPRT DG 29ro1EWRICE OF Marerio lsdausioBsaeY 1S 4y pRg A ayetting
a%fent's nrge @eﬁn hi8o BR&SHp&ded Wtb@agéﬂ@hﬁﬁbve@ﬁ are ul?]tory

anal ySI S, lagnosis, or treatnent 1s an ani ma
aEANGIOLghe Maﬁ eﬁ%lrﬁ%{le@memt of bptgp iy the WSrRharmangpep for use in

;hﬂggqggw%ﬁ$h$ﬁgﬂ;nent is a treatnent administered to

] ect :
[0043] As used herein, the term *‘pharmaceutically-acceptable salt” refers to salts

which retain the biological effectiveness and properties of compounds for practicing
the disclosed method and which are not biologically or otherwise undesirable. In
many cases, the compounds for practicing the disclosed method are capable of
forming acid and/or base salts by virtue of the presence of amino and/or carboxyl .. .

groups or groups similar theretd,

[0044] The general chemicai terms used in the description of the compounds for
practicing the disclosed method have their usual meanings. For example,the term
“alkyl” by itself or as part of another substituent means a straight or branched

aliphatic chain having the stated number of carbon atoms.

[0045] The term “halo” or “halogen” includes bromo, chloro, fluoro, and iodo.



10

15

20

25

exhi bits signs of pathology for the purpose of
di mnishing or elimnating those signs. [0040] A

woORheroagasti cal |y effective amount” of a conpora@/US2007/002422

t hat anount of conpound which is sufficient to provide
a beneficial effect to the subject to which the
conpound is adm nistered. [0041] The term "treati ng"

i ncl udes prophyl axis of the specific disorder or
condition, or alleviation of the synptons associ ated

with a specific disorder or condition and/or
(B046lent (g town Shaleplial Eprs 1 @ Suregivs! euIE st one halogen

sﬂﬁ&ﬂu@rﬁr ﬁirréx?ﬁmgfe bR ?ﬁ])?L rfﬁ:%%gdé)g% ltxxﬂﬁ&%?r@t la?ld the like.

carrier I nc es any o e stan armaceut i cal

[63&'{}' er S3[=he§ “BE féﬁhﬁkﬁ”qg{n"e%n‘?ga Bfnlc {]@d or hnepa}l/‘lalkyl

sol uti on, oxy ropy et a cycl odextrins
gnemahmog di@exmm tmsglx camoera,tomsruﬂ“splgdsy §u@ho a&yhgroups include,

r, wate sion and va
e Ry i 7 PR, T M0 Bt bR LB Bec-buos, o
lﬁgﬁnpentsap hexox ehepyl, acty@ gildahelijte. aGhe canmflotvhealldys refers to
Fed overnnment or listed in the U E ar nacopei a
BT PG T Atk ST R G RERORe C RO HeafBg atorms,
iReln@ing, méthel, eIy propdl 1RSI GRbhtyt, atee! AddpenBalahd the like.

refers to salts which retain the biol ogica

[0D48ICt | VIRRasSn Adlde Ryl AT L CRSalRnyCORPAIBALS ah Qﬂeﬁmcauy unsaturated
practicing the dlgclosed met hod and which are no

Yprthsgios ANEsF SPURPRVRRITERIN 31848 GAHnnetioms apd Al leastqune double
sher gﬁftﬂﬁﬁh&h&& btuh Bredict GnA&QAdo MRIRYSENS, ©-

capabl e of forming acid and/or base salts by virtue of
Rrﬁeerpilelséw@éa@ﬁn&lnﬂrwt%a/ lafrxeexalp peptyrylgnstiys like- gr oups
simlar thereto. [0044] The ﬁeneral chem cal ter

190431 i n khedemas e!maqu FrfCof e Heymdapeieroe mnsaturat”gd branched or
1Ak Ei’(fﬁbrlﬁvf@efr&'xlsfdooﬁﬁgarﬁgﬁ Qt%gns%\‘ledt Hﬁ@i 5né1§i'1')@é bond Examples

nmeani ngs. For exanple, the term"alkyl"™ by itself or
§upbgt01ms ingladen dbut mbmtulmmdttoné@myaybt%moghnyloﬂ butynyl, 2-

]Qﬁfﬂﬁpﬁgeg%%QbQL&gm§ﬁ§gjw havi ng the stated nunber of
carbon at ons’

[0050] The term “C;3-Cg cycloalkyl,” represents cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and the like.

[0051] The term “optionally substituted” refers to substitution with from zero to
four substituents, wherein the substituents are each independently selected. Each of
the independently selected substituents may be the same or different than other

substituents.

[0052] As used herein the term “aryl” refers to a mono or bicyclic Cs-Cyg
carbocyclic ring system having one or two aromatic rings including, but not limited
to, phenyl, benzyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl, and the like. The
term “optionally substituted aryl” includes aryl compounds having from zero to four
substituents, and a “substituted aryl” includes aryl corﬁpOunds having one tc; four
substituents, wherein the substituents include groups such as, for example, alkyl, halo

or amino substituents.
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[0045] The term "hal 0" or "hal ogen" includes brorho,

chloro, fluoro, and iodo.[0046] The term "hal oal kyl "
woebm@rmsotie an al kyl radical bearing at | east ORET/US2007/002422

hal ogen substituent, for exanple, chloronethyl,

fluoroethyl or trifluoronethyl and the like. [0047]

The term"al kyl or Cl-C Qal kyl" represents a branched

or |linear al kyl group having fromone to six carbon

atons. Typically G -C o al kyl groups include, but are

not limted to, nethyl, ethyl, n-propyl, iso-propy

[0083]| , Thetdmt yirylaﬁeyd” mf(nylto an]o g{)gr |gr01mwh1)¢h is H@@pd to the

he . 0Ct t h -
pé}/%met% Vb%/%éﬂéyg g6°‘§p§ al g { daglea?l@a{ k i g?%lu%gh (CsCe

apﬁyrmsl@g 41Rly19 Refeiso alfwet orssix nremumd abmaslc ringghaidp atjached to the

nmet hyl ,. et hyl 8%.{@(1'50 ropyl, n-butyl, t-butyl,

Pﬁ@@ﬁ@?ﬂlwvé‘?‘}@et(ﬁ’e 48] The term” al kenyl ~ or

C2-C10 al kenyl ! r ents an Ief ni E8ono-

(90341 hedl Bt REAOGYRRETAD, g ro At Spgil SRR ono- o

tdRIR cﬁﬂﬂ)e?&hd 8RS byaa contabling bmdonaoahmmt@batgmsmherem
groups i nc

tpe bﬁemomawegﬁw?%ﬁ%% S epug foanghine HESERGT S, ard

r@g %ﬁp and the |ike. [0049] The term "al kynyl or
0 aI kynyU' refers to an unsaturated branched or

[Ibb BEP" SR aNRYdIA thd tefl Belefoal PIGafeROM zﬁicﬁp"ﬁbnahyi salpstituted
ast one triple bond. Exanples of such %

mond-atdicyslic cartocelic 11pg§ysé§fntl}§vm:g_%}ed§)} arbrmatic rings

nbhiR 8%(%1‘8 I%J {IM'Qé/ hete%atJi% Wﬂ}é}e’m érenﬁmrbﬂﬁ%hms add1§k1édred from
TR ﬁ% term "C3-Cs cycl oal repr sents

thy grapr c;(pr)sispngybé ospgany sulfesy and pEmsen. )éé( PP ;:Fteroaryl rings
i IEJ{dO hlﬁlglt s hot lt&? &4 ¥ \!a;y@ }eh?ﬁ pbrhhﬁ ar{dotgg’ fikeThe term

rtute 0 Substitution with

IL()[(}%@ zerg, L t%rrﬁlo‘ﬂf é/%ﬁ SIe#éé%ﬂfs?mthM‘ﬁ{ 8hdanirBRd or saturated stable 7-

ituents are dependently sel ected. Each of
tohe-hedependeidded @dhed baydicarbansrg. sThapicyeliq Hag may be
different, tha t t QOB but
et ot Do TR v iR gt SH aRbl HRRN e, Tt Miazhncties
1 oy Giinhieed@h; KEihtioay dhoscg/lohe)wl,rdlngclgly@qeem nad thediksne or
two aromatic rings including, but not limted
[0057] The term “ECsg of an agent” refers to that concentration of an agent at

which a given activity, including binding of sphingosine or other ligand of an S1P
receptor and/or a functional activity of a S1P receptor (e.g., a signaling activity), is
50% maximal for that S1P receptor. Stated differently, the ECsp is the concentration
of agent that gives 50% activation, when 100% activation is set at the amount of
activity of the S1P receptor wﬁi@:h does not increase with the addition of more .
ligand/agonist and 0% is set at the amount of activity in the assay in the'absence of

added ligand/agonist.

[0058] The terms “phosphaie analog” and “phosphonate analog” comprise
analogs of phosphate and phosphonate wherein the phosphorous atom is in the +5
oxidation state and one or more of the oxygen atoms is replaced with a non-oxygen
moiety, including for example, the phosphate analogs phosphorethioate, phosphoro-

dithioate, phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate,‘

10
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to, phenyl, benzyl, naphthyl, tetrahydronaphthyl,

i ndanyl, indenyl, and the like. The term "optionally
weubwtaseused aryl” includes aryl conmpounds havpaguSemmo02422

zero to four substituents, and a "substituted aryl”

i ncl udes aryl conpounds having one to four

substituents, wherein the substituents include groups

such as, for exanple, alkyl, halo or am no

substituents.[0053] The term"arylalkyl" refers to any

aryl group which is attached to th aren i.et
phidspharakitidaty; @bpsph@ragm dagg. pofegopBogPzfgs, pyd t nﬁ X’t K“‘ﬁ‘“g

Lerm e, A8 tHeQlile i bivéh @sunsdrions are
a%%tegl%%uéf@g%% &f?y%o%]ﬂgﬁ%s aftached to the parent
pmrﬁty via the C -C al kyl group. [0054] The term

"heterocyclic group” refers to an optionally
[0BFO%L i t'lﬂhedompomxdsdpr priagijeing éh%%lﬁ%i@é%ﬂcm?@ofilw LB m

contain SlitAutbhRrs. For
t*\"?é?‘@?‘b‘é{r gén 1é&e (?hggj?(rggr?n?t%%gg oﬁg&ggﬁglﬁstl ng of
eﬁ%ﬂﬂ@ﬂﬂm&ﬁhéﬂhu;ﬁmﬁunetrogen [ 0055] As used herein

the term"heteroaryl"” refers to an optionally

substit uyéd\m)no- or bicyclic carbocyclic ring system
havi ng two aromatic rings containing fromone
to three er datindestahd teiapressat HEHEUEPIRE SEperures:
sel ected fromthe group conS| sting of oxygen, sulfur,

and nit rgg%n Exanpl es groaryl rings include,
but are’bot yl mted to, uryl t hi enyl , pyridyl and
the |iKke. 056%hs Whb ager cycl | c represents either

an unsaturated or saturated stable 7- to 12-nenbere

d
[boéaiged T téruseth:0i 18@) 18%1.04x4 @nzzawdrq%éb% FefREp Q.2 branched

o;isg'gi&g? élkgf pr li( eggq.l,ﬁ)té eift %@fi&é %t@é@r"i@b&&r@é fh‘éﬁ;@ﬁl number

r m i nc i's not

JficBitond i the grappuhy the sdcaydtinddgex yd:premnt; gb@| ratebes o double bonds
and the like. [0057] The term "EC50 of an agent"

ipdhegPUPo t hat concentration of an agent at which a

Bohtr T amirdirsin P nBphRe sty P RHOR Ruiopa o
Grhpositioh Bkt & capitile beaRItDg a(@:tg:tabla changeahiSI§ receptor activity in
3% Iot\'/ lnt \)z/z)tro (Ie 2., at least 10% increase or decrease in S 1P activity as measured by
a given assay such as the bioassay described in the examples and known in the art.

“S 1P receptor,” as used herein, refers to all of the S1P receptor subtypes (for example,
the S1P receptors S1P;, S1P,, S1P;, S1P4, and S 1Ps), unless the specific subtype is

indicated.

[0062] The S1P analogs for‘practicing the disclosed method can contain one or
more asymmetric centers in the molecule. A structure that does not designate the
stereochemistry is to be understood as embracing all the various optical isomers, as

well as racemic mixtures thereof.

[0063] The disclosed method includes the use of sphingosine 1-phosphate (S1P)
analogs that have activity as receptor agonists at one or more S1P receptors, .
spemflcally the S1P,, S1P, and S1Ps receptor types. The disclosed method also

includes compounds that have a phosphate moiety as well as compounds with

11
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50% maxi mal for that S IP receptor. Stated
differently, the EC50 is the concentration of agent

woOhed7/0g9mes 50% acti vati on, when 100% acti vat i BATIUS2®2002422

at the amount of activity of the SIP receptor which

does not increase with the addition of nore

| i gand/ agoni st and 0% is set at the anpbunt of activity
in the assay in the 'absence of added |igand/agoni st.
[0058] The terns "phosphate anal og" and "phosphonate

anal og" caonpri se anal ogs of phosphate and phosphonat e,
ReplySis-rerislaphBRISRERIS FErasHes ushias pbﬁéph@a@ﬁi %(g{"?‘éhbs‘ilt“ted
ﬁ{&hﬁor@a@& PRECRAAT VIR rOfhe 006 MiBh 3B hhd gt e Rhdced

W th a non-oxygen noiety, including for exanple, the
prsshethianatasal ogs phosphor ot hi oat e,

hosphor odi t hi oat e, phosphor osel enoat e,
@ﬂé&ﬁhorbm@(g{n@mQt, the S1P receptor agonists have the general structure of

NasR ni | ot hi oat e, phosphor ani | i date, phosphoram
llLaat e, J'ﬁqglr(yré‘z'nophosphat es, and the l|ike, including

associ ated counteri onsgre. g., hydrogen, NEU, Na, and
the like if such countexiqns are present. [0059] The
conmpounds for practici t he di scl osed net hod may

exi st intautorrericfor/g a ] udﬁHboth m xt ures
and separate individuaf tautoners or 2exanpl e, the
following structure: js u n dF82lhood % represent a

m xture of the structures: NZ%IN HN N as well as [0060]
The ternms 16:0, 18:0, 18:1, -4 or 22:6 hydiocarbon
whéreirsn i00.al, Br et Bets selectedripany iy dedxiyy [-Qil), ahkspipte (-OPOsH,),

PRSI LB SPGB o,

ons
1@EHPEsHAL -GM@Pmﬁﬁbbr-CbiOmﬁml),ewh@nﬁst is seleetegrfioorp the group
"SI P_no

s iboe 0 YR il RumBhCr e 6 < P L &R oseny: -
Cgbda]kcjrll,’l such deireciyd pdthylc Aahp@plh oShilo- Seeipdoy-, slkbky-, tyano-
éur?)stituted (C1-Cs) alkyl, such as, tri-fluoromethyl. The R? group is selected from the
group consisting of alkyl, alkenyl, alkynyl, alkyl substituted aryl, alkyl substituted
cycloalkyl, arylalkyl and arylaikyl substituted aryl. In R? the chain lengths of 5-8

carbon atoms are preferred, or a pharmaceutically acceptable salt thereof.

[0065] In a specific embodiment, the compounds having formula (II) can have R!
selected from the group consisting of H, halo (e.g., F or Cl), methyl, tri-flaoromethyl,
ethyl, propy! or other lower alkyl (C; — C¢) or halo-, hydroxy-, alkoxy-, cyano-
substituted lower alkyl group, aﬁd R, selected from the group consisting of alkyl,.
alkenyl, alkynyl, alkyl (optionaily substituted aryl), alkyl (optionally substituted:
cycloalkyl), arylalkyl, and arylalkyl (optionally substituted aryl) with chain lengths of

5-8 carbon atoms preferred.

[0066] The invention provides a method for treating neuropathic pain including
administering to a subject in need thereof of a therapeutically acceptable amount-of a
compound of formula (I) or formula (IT), or a pharmaceutical composition comprising
a therapeutically effective amount of a compound of formula (I) or formula (II), and a

pharmaceutically-acceptable carrier.
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vivo or in vitro {e.g., at least 10% i ncrease or
decrease in S IP activity as neasured by a given assay

weuad1/0a$715 he bi oassay described in the exanpl eBCams2007/002422

known in the art. "SI P receptor,” as used herein,
refers to all of the SIP receptor subtypes (for
exanple, the SIP receptors SIPi, SIP 2, SIP 3, SIP 4,
and SIP 5), unless the specific subtype is indicated.
[0062] The SI P anal ogs for practicing the disclosed
nmet hod can contain one or nore asymetric centers in

0867ho| ebhe dsclpsesk mgdod @bwlh@lvdmfés use of Hearimpsauntécal he
S RANEThAbbHhg T&Hp@ﬁdlgfqgﬁﬁﬁl Wgﬁ oq%oﬁﬂmaftg? Nhad |

t he vari ous optical 1soners as race
phaxmaeasicalgreefptalilo 0a3ier. THbe dqmpbm«:bfrfetm@l@ (Draylfadwsla (1)

035 00 U0 PLSRDS 6 2D SHAL 855

acecptpblorcayriapeilides calubylizihg aBtd® andhiRbilan ovhibto those skilled
. { t The, di I | |
o3 i ds™ ERERolga0 B ShLr e ot o) cApHBiAE mpound of

foompLer mhtw(dr)obyatasog dstisitanrd, ophsiphaition thereof, as described

b Ranas 5 a?teﬁ&s?zﬁ%%‘é&oeﬁ@Js«FEﬁgsl'utbii Lt on
@%ghh?régtg’pect‘ %ng“ﬁ%iggﬁ:g‘m ?’ﬂ‘&é@ﬁ‘? ?agébé’lr?ﬂﬁ‘ggy ener al
QROYF" X Febes lgezgféaafpéé' Phy R G phosphat o
(0GR hortaeBb R P thGX = breeo s O Gatbpoare, -
T et e T A L R

QHFBO;HR, SCFIFO 1,6 CRI0BHEOMAL, 0ge PO HoFor tlﬁbﬁho@bwé (OPO,SHy).
such as, nmethyl, ethyl, and propyl, or halo-,

fopdepxy- Aspédiﬂ&)&alue%ﬁﬁbﬁstt@ﬂ&d)gdﬂﬁ ed (Cl-Cg) al kyl,
such as, tri-fluoronethyl. The R2 group is sel ected
f0038] t heA specific value for R* is Cs-Cgalkyl.

[0074] A more specific value for R2is heptyl, octyl, nonyl,—O-heptyl, -
C(=O)heptyl, or CH3-CH>-O-CH,-CH;-0O-CH,-CH,-O-.

[0075] A more specific value for R? is octyl, or —O-heptyl.
[0076] A more specific value for R is octyl.
[0077] A specific value fornis 1 or 2.

[0078] Specific cycloalkyl groups having a double bond include:

NH NH NH
mga —X X N—x
’ y 1) or . .
[0079] A compound for practicing the disclosed method has an R? group placed
para to the cycloalkyl ring.

{0080] A specific compound for practicing the disclosed method has the R' group

placed ortho or meta to RZ.

13
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group consisting of alkyl, alkenyl, alkynyl, alkyl
substituted aryl, alkyl substituted cycloal kyl,

wanyd7akiyb and aryl al kyl substituted aryl. |n R2TIS2007/002422

chain |l engths of 5-8 carbon atons are preferred, or a
pharmaceutically acceptable salt thereof. [0065] In a
speci fic enbodi nent, the conpounds having fornmula (11)
can have Rl selected fromthe group consisting of H,
halo (e.g., For d), nethyl, tri-fluoronethyl, ethyl,

rog | or other lower alkyl (G - C) or halo-, )
l%yﬁ ﬁxy-!,\ speqibily compguntbiog ipsadticingadie [dispased mephodyhaspe R” group

I i st4yng of . al kyl,
e A e R S S e A TR S
( 1 : . 5 I

L, | P AR e PREt D e Y P B A PRl et v
¢anprunds gfhefs ®ecagtop iat ons preferred. [0066] The

i nvention provides a nethod for treating neuropathic
pain including adm nistering t® a subject in need
thereof of a therapeuticaLL¥Fg§gepPable anmount of a

0

conpound of forrmula (1) or rovulg (1), or a
phar maceut i cal conposition compfsing a

' ffacti mount of, MYy
‘gvg(?xrﬁuﬁfg l’f% %399(16%3 Fr%gnrm% I‘%l?[.? ?c’ms asrt]lalg aof 6‘, 6192, 891, @m, CF;, and
phar maceutical | y-acceptable carrier.[0067] The

di osed gret hod al so i ncl udes the use of .

phar g i 4 R ¢ srpiieepsnsisatly selperss dpra theosfpup ransisting of
£1065%! ladkenlylox9! atkGh ek, z(rgio)qy, and a

pharmaceu |cafly-accepta | e"carrier. The conpounds of
formula (1) or _formula (11) can be fornul ated as

phar maceu%)i c nposi ong st andg

phar maceut’| ca aceept abl e yriers, filler ’

sol ubilizing agents and stabilizers b t hose
skilled in the art. For exanple, a pharhaceutical

conposition conprising a conpounfd of formula (1) or
formula (11 nalog,cﬂgp e, or dixi i on

t hereof, as de bed herein, ||s used to adm |§%Ef g
t he conpe 0 a subject. [0088] A specific ¥alue for

a lower alkyl group is ethyl or propyl. [0069]" A

specific val for halo is fluorine or chlorine.
N A& o—r" A NHz  ang N
H O ’ [} O an O/\/ N\ *

wherein R'! is selected from the group consisting of C;-Cs alkyl, C>-Cy alkenyl, C,-C4
alkynyl, and optionally substituted aryl. Particularly preferred R? and R'® groups are

O\/O\n/‘< O\/ O\ﬂ/ OY
Q.
, and .

alkoxy,

O

[0083] A specific compound of formula (II) is VPCO1091, where X is'OH; R is
hydrogen, R? is octane (CgH;7),'n is 2, and the R? group is in the para-positiori on the

phenyl ring. The formula is:

14



[0070] A specific value for X is hydroxy or OPG3H2.

[0071] A specific value for the a/ / a-substituted
wohowplenat e group i s CHFPG3H2, CF2PO3H2, CHOHPCBR2007/002422

- C=0PBH2) or thiophosphate (OPO2SH2). [0072] A

specific value for RL is hydrogen. [0073] A specific

value for R2 is C5-CBal kyl. [0074] A nore specific

value for R2 is heptyl, octyl, nonyl,-O heptyl, -

C(=O) heptyl, or CH3-CH 2-O-CH 2-CH 2-O-CH 2-CH 2-0O-.

[0075] A nore specific value for R2 is octyl,

or-O heptyl. [0076} Afore~sp hc val ue for R2 is

octyl. [0077] A specific val ue 1 or 2. [0078]

Speci fic cycl oal kyl groups having a 3 -*ﬁnnd

i nclude: [0079] A conpound for practtetng

di scl osed net hod has an R Laced par a to t he

cycl oal kyl ring. [0080] A SSQ%HP? compound f or

[ﬂﬂacl I Ci VIBCO Hi® 1dhas ¢voshitahedntad (ﬂnas;utatwnﬂyz cgrbou@nd benzylic

aced ortho 08 ecific ound

PPttt D IR At FRE s rBRTg e are

cﬁin&@x@dbﬂaal’\ﬂ’@@l oohes hekizyre Gf ﬂjé@é erkydm@s %U@thﬁ:&el@twe amount of
<B£0082% Non-limtin | es .of, esters o

‘?:PFE CIBRES BOHEIHH YT A s dedicaiRe et fh‘?ef"% Romers ace

SHEQUP in BboudRgEA I AMolnts BIR! @Al edudl i UThdrBeA I5 HiRe the formulas:

consisting of O, CH, CHOH CHF, CF2 and and R 9 and

R 10 are independe om the group

consi sting al koxy, alkenyloxy, nyl.oxy, aryl oxy,

erein Ri selected fromO RI11 3 ] h-=NP1,t he group

consisting o f G-C 4 alkyl, C2-C alkedy¥-o@ 2-C

VPC01091-A

HINH,

OH
YPC01091-B

/\/\/\/\@ Q‘NHa
“—OH, and

VPC01091-C

/\/\/\/\@ Q\‘N H,
YPC01091-D

{00853 These compounds can be prepared as a mixture and separated by
chromatography. Exemplary conditions for separation are as follows: Column:
Chiralpak AD 4.6 mm ID x 250 mm, Mobile Phase: Hex/EtOH/MeOH/DEA =
95/2.5/2.5/0.03, Flow Rate: 1 mL/min, Detector: UV 220 nm, Column Temp: 40°C, or
Column Temp: 25°C. The order of isomer elution was D, C, B, and A.- After |

separation, it was found that two isomers, B and D, were not phosphorylated by the
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al kynyl, and optionally substituted aryl. Particularly

preferred R9 and R 10 groups are al koxy, [0083] A
wepewigysconmpound of fornmula (11) is VPCO 1092CTMISE002/002422

Xis OH R 1 is hydrogen, R 2 iiss ooccttaannee ((CC 8

HHi 7) , ni s 2, and the R2 group is in the

r-positio o n the phenyl ring. The fornula

i s: VPCOL091 [ 0084] VPCO 1091 has two chiral centers

(the quaternary carbon and benzylic carbon that is

igut of the cyclo ring) and thus four isoners

52 ez YBF gr}mar "é W&ewb%‘bp%ospbwdﬂe@mrl%t%em&we

Hosp RS RO mpSUARE werd Funtiie beakald ¥t the &1 Pa@6btors.
i soner is not known, but avail abl e evidence | ndicates

[bbs¢] t henfdmer sheQ e Qzﬁm?bﬁn@ befRfiuld gmb chﬁ@q @lwhere X is
amounts., The individu i sonmers, have t

%@ﬂm, & :is Yt gen R As 9rans 664 8), \VP@@l e the wp dplinshe para-
gﬁﬁi]on-réﬂ@ ‘erﬁ)@'mf:#nﬂ%i%ﬁﬂupﬁspr epared as a mxture
separ at ed romat ogr aphy. Exenpl ary conditions
for separati on-=s : aws~ Col umm: Chi ral pak AD
4.6 mm I D x 250 mm Mobile
95/2.5/2.5/0.03, Flow Rate: 7] f
nm Col um Tenp: 400C or Col um Te&

ctor: UV 220

D/ 25C, The order
of isomer elution was D, C B, and A Aftc _Z) aration,
it was found that two isoners, B and D, ot

phosphoryl ated by theSPHK2 enzyme in vitr& However
when phosphoryl ated prior {ecogsiing the
[ﬁhosphor | at ed conpounds were found to b e activ

Bk st 'apthertsu?emép EorpeBpd of @w%wlsw&%ﬁ Where X is OH,
I?(%?yﬁf&geﬁ?ﬁpg%@mﬁ Cehiph ls, Ghhnd R? YREPB I I theWaBE Sosition

on the phenyl ring. The formula is:
NH,

OH

VPC02162
[0088] Another specific compound of formula (II) is VPC02164 where X is
OPO;H,, R' is hydrogen, R? is octane (CsHi7), n is 2, and the R? group is in the meta-

position on the phenyl ring. The formula is:

NH,
O>P :/O
HO OH
' VPC02164
[0089] Additional examples of disclosed compounds that include heteroatoms

(e.g., N, S, O) and/or double bonds in the cycloalkyl ring include the structures below:
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OPO3H2, R1 i s hydrogen, R2 i s octane (CsH ) , n
is 2, and the R2 group i s in the paraposition o n

woOher7peny! ring. The fornula is: . VPCO121 1 pOO&RR007/002422

Anot her specific conpound o f forrmula (I1) is
VPC02162, where Xis OH R 1 i s hydrogen, R2 is
octane (CgH 7) , nis 2, and the R2 group is in the
net -position o n the phenyl ring. The formula is:
VPC02162 [0088] Another specific compound o f fornula
(II) 'S VPC02164 where X is OPQ 3H2
ya R2 iiss oocCtl

ph group is in the netapssiti
n the phenyl ring. @ oMl a is: VPCD2164 [ 008,
Addi ti onal " exanpl es O OIQELOSEd conpounds t hat ‘

de heteroataqns {e.g., N, EEEB

aI kyl rlng include the str
bel ow. [ 0090] A Sy N t c te to prepare compoung f o

practicing the disck phod, VPC01091 (6) and©O
VPC0121 1(7), is prOV|ded iA the schene in Fig.
appounds of formul-a v

@r speci fic exanpl es heTeln
[0091] Addi ti onal conpourds of formula (1) or (I1)
aty formula (11 I
|ables are recited in
oOQﬁY Mfesent invention al so

belom1 The spe;
1: (H) Table 1 |
provi des a nethod fid¥~the Wb of esters of the

S
conpounds~of Lorpmula (1) or fornmula (S). e,g.
phosphate ester phosphonat € e3ter 5 bed
herein. I n addi the Niﬁ><g§gglosed met hod nclude

pharmaceutical ly N OH

2

“2 -

OQ NHz

{00901 A synthetic route to prepare compound for practicing the disclosed
method, VPC01091 (6) and VPCO01211 (7), is provided inthe scheme in Fig. 1.
Additional compounds of formﬁla‘ (D or formula (IT) can be prepared by a person
skilled in the art using known modifications to procedures from the schemes and

detailed descriptions in the specific examples herein. .

[0091] Additional compounds of formula (I) or (I) having the general formula

(IID) are illustrated below. The specific variables are récited in Table I:

17



acceptable salts of the compounds of formula (1) or

formula (I1).

The di scl osed net hod provides al
woaswiogdasi soners of the structures described BgT/US2007/002422

formula (1) or formula (I1), noting that when n is one

(cycl obutane) the conpound is symetric and | acks

chiral
Phar maceuti c

centers,

a

but cis and trans forns exist.
composi tions conprising one or

[ 0093]
nor e

di scl osed conpounds can be adm nistered to a subject
routes and neans

in need ther

eof by an

nunber of

i ncl udi ng, but not | i tEto, topical, oral, buccal,
i ntravenous, intranusc intrg arterlm
intramedul | ary, intrathees r vem&ylcular
transder mal , subcut aneous, intr.per {onéal, intranasa
enteral, topical, sublingual, (&g na opht hal m c,

pul nonary, or rectal means. The oral Xroute is

typically enployed for nost

di scl osed conpounds.

i ntravenous

i nj ection or

itions requiring the

Preference is given to

i nflgkledn for the acute

treat nents. Fogﬂﬁwﬂn(and ILBRBQI TTEITS] thssorah or

par ent er al , ntramuscular or subcut dneous, route
is preferrec. DU&EDQOO@he oCﬂdBdi)n@ry skiOH in fthe art
woul d appr egratethgt—the—dsetosed gtigs—can be
adm ni st er ed ‘&V§¥$bﬁ jogggwahd at §§EE tli mes,
dependi ng on swETCE@odi t | oogHgs [t e healbly age,

wei ght, and S@X—Lﬁ-ii%;é;ﬂﬁ;ﬂuq—igma f ordinary skill
in the art oulVdFESd lappreeliat ¢ that PFObksc] osed
conpounds cdn RPp@EFHH3A STEEFH L9 @ SUD] €6H Vi 4
different raqutes. [0095]/1n accqordance with ane
aspect, the VH’tﬁﬁi}ﬂ%vi leSoHdmi| niZst f aOP§hlhf |a
conposi tion fth |>ui er—con] , or an
anal og, derlvaylz/%éﬁsgu )dalol ¢atli 6h t her@of, and

al bumin, e.d. VtH(EDmIIpmpl(tioHa] ¢orppr j sePGH,l €ast one
di scl osed cgn Q&;A 3 pharaBeeuteaty—asceptabl e
carrier and fjﬁ&)8|b nﬁaa”Albdnin cgg uncfti on as
a buffer to |nmqqmﬂggne soCyl|, I 1ty o tﬁe)@gngounds.

I n one asped | bumin i$ not added. | [0096] one
aspect, the |ph¥HeREIS cal CeBrmpdsii i pns QE@ful f or
practicing theypcoi2i4 | CeHy; | 3 | OPOsH,

[0092]

compounds of formula (I) or formula (II), e.g., phosphate esters or phosphonate esters

The present invention also provides a method for the use of esters of the

as described herein. In addition, the disclosed method'includes pharmaceutically
acceptable salts of the compounds of formula (I) or formula (I). The disclosed
method provides all possible isomers of the structures described by formula (I) or
formula (II), noting that when ﬁ‘is one (cyclobutane) the compound is symmetric and

lacks chiral centers, but cis and trans forms exist.

[0093]

compounds can be administered to a subject in need thereof by any number of routes

Pharmaceutical compositions comprising one or more disclosed

and means including, but not limited to, topical, oral, buccal, intravenous,

intramuscular, intra arterial, intramedullary, intrathecal, intraventricular, transdermal,

18
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di scl osed nethod may be adm nistered to deliver a dose
of between 1 ng/kg/day and 100 ng/ kg/day. |n anot her

wentrdsyaat , t he pharmaceutical conpositions uBetwis2001002422

practicing the disclosed nethod may be adm nistered to
deliver a dose of between 1 ng/kg/day and 100

g/ kg/ day. [0097] Pharmaceutically acceptable carriers
whi ch are useful include, but are not limted to

gl ycerol, water, saline, ethanol, and other

pharmaceutically acceptable salt solutions such as
PP6eIRAYSsInRBCARPed, Btrappsphriinterale fapical Subhipeed, vaginal,
SHIRRAAN SuRhHeh P&H‘é&%?ﬁié%bsc abhYodP R RRYBicERY Bl fi
aélg desc(riglubed |r¥1 Rem ngton's Pha? maceut | cgﬁcsﬁ en‘g) 0? ? o
mosticondivien k reuiin L Hiei walwd coNpuydy. skigferef@0e gjvemite
ar

AALIRGEHLER GOIRRE (AR e ARl RRO IR m B RER AR degimens,
thie loyal ou ppentirdne.gr irgcimutscalar of flilcutme e, sewse isgpreferred.
solution may be fornul ated according to the known art,
m&4hay @tﬂ’ﬁpﬁ’ drémarj' r:'lkiadditlllé anh wonld hppradalie\lbat the disclosed
CHHTIGE R v T lniRER AL VAT SR o8¢ v Singsimes dgpending on
aghnrbsdides< ad tthedxehnh eaga, w&ghh adtigex betHerjueicabDae of ordinary
formul ati ons be prepared using a pon toxic

5D gy g1 e iy A6 loses] SRmRoRRds G Be
yih@istared o Ssiljeanga diftdrentfroateexanpl e. Ot her
acceptabl e diluents and sol vents include, but are not

0095} ed Thaccdiiagss with 98k ldﬁpdé’ﬂ ,thé HRtHYA fro¢idds Bdinistration of a
chloride solutjaon, and fixed | s. such as synthetic

FRIARRSItAN AL igrlpdet p dise! 08[3699@?0% of 3P AOMIRE] FTEVaby et e

RRATRGSN iHeA, HRMABSIEA, NS, @t@%@fﬂpeﬁ@koh% lséwt 1@5& one
repared by any net hod known or her eaf ter devel oped

glﬁ‘élo%ﬁdtc%‘fp%ﬁﬁf wEbIIHgFutiqatlygerntalle camier apg Bpat Qf%oﬂlpumm

BRudaH 2 ah RGHOR ok R&uFheRo Rhpfit 'ﬁ‘&! QGuiillfy SGhE E6mpounds. In one

ingredient into association with a carri‘er or one or

ppee, dbpain Bawsadded: i ngredi ents, and then, if

necessary or desirable, shaping or packaglng t he

[9086Lict Tnone aspesésthe phampasghiecal gpmpositionsiasdulufior practicing the

%gg%&gﬂ mé@gh frﬁéé@;é &Eﬁ;&?}st@@& LBGRL: 'aciﬁ)lse 6P ﬂ&%% 'ICHE‘kg/day and

m ni strat’i on umans
100 mg/kg/day. In another embodiment, the pharmaceutical compositions useful for

practicing the disclosed method may be administered to deliver a dose of between 1
ng/kg/day and 100 g/kg/day.

[0097] Pharmaceutically acceptable carriers which are useful include, but are not
limited to; glycerol, water, saline, ethanol, and other pharmaceutically acceptable salt
solutions such as phosphates and salts of organic acids. Examples of these and other
pharmaceutically acceptable carriers are described in Remington’s Pharmaceutical

Sciences (1991, Mack Publication Co., New Jersey).

[0098] The pharmaceutical compositions may be prepared, packaged, or sold in
the form of a sterile injectable aqueous or oily suspension or solution. This .
suspension or solution may be formulated according to the known art, and may

comprise, in addition to the active ingredient, additional ingredients such as the
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in order to prepare the conpositions for

adm nistration to various animals is well understood,
wand7oeer1sor di narily skilled veterinary phar macetogissio7/002422

can design and perform such nodification with nmerely

ordinary, if any, experinentation. Subjects to which

adm ni stration of the pharmaceutical conpositions of

the di sclosed nmethod is contenplated include, but are

not limted to, humans and ot her primtes, and

manmmal s, including commercially,. relevant mamal s such )
ddgpqggpgpgc’mt?,i\@g?mg] 6ggq§§’or§Hg§B’dmcgaetg§pts£§§FrtR§€sh_erem. Such sterife
i fARlid foﬁnﬂi@mﬁﬁwﬂecﬁkﬁ&@m%&tai IR (BRY JaferRé8N9hE&ptable

cEackaged, or sold in bul as a single unit dose, or
gt of sl wantspch s yiagglas Lhbatape diod, Topgxamplg. Kuhe agceptable

cllliHi%inEs agl(a.ss%lllvein?s iﬂcﬁhé,q{lﬁta?e @%&gﬂﬁﬂe&{o, h eplg%'b{[ﬁg)?y%shgmic

conposition conprising a p eterm ne noun
sadium ghiomige edivgion, arbfhexetheilagucbfas syrhetit inpaot ogdieglyesrides.
Is generally equal to the dosage of the active
0A99kdi crtte fnhmulatipoudlithh @hatmiaeiut tad cethpositians dijceibed berein

n i_ent Cli C age such, . for
a5 RS PEEPef oy LM og o R PR R O e ot
praohaedlognelr ginatdl ysnchpoeprrstoof mietheda didlwde tha grepdifdminging the
t he pharm ceuticaILﬁ.acce table carrier, and any
ACHP IR SRAFTT R TIPERELY P e AL AIE g  Other accessory
ibgradnsitd, ia00 shen, flnevadsyry claeiidblegshapitig driyRcka8ng tieyproduct into
si,.ze, .and conditi.opn of the subject treated and further
%gﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁmpﬂéﬂpﬁHP&'by whi ch the conposition is

adm ni stered, Byway of exanple, the conpasitjon

ffﬂ’ﬁ}g@o W%PE@CB%?%%W%W%‘&H&?&%%%W% fog adnjnistration to humans
inngi&toépard HelQ2dpdsitichd dbt ARt PratibR tACAHNS animals is well
i ngredi ent, pharmaceutical conpositions may further

itpQch apf dheoprdinsridy sidied vetsanapfemmeelegiseganydesign and
! i ' ar '
R i B
whighiadeministiaiégrapiathe pheanansytieal cofnpositions chiherdisdlestd mgthod is
SHRLAPARL ihELEA b ABANES, RlimEnLHRY SBEEHIMERL, and
mammals, including commercially relevant mammals such as cattle, pigs, horses,

sheep, cats, and dogs.

{00101] A pharmaceutical composition may be prepared, packaged, or sold in bulk,
as a single unit dose, or as a plurality of single unit doses. As used herein, a “unit
dose” is a discrete amount of the pharmaceutical composition comprising a
predetermined amount of the aétive ingredient. The amount of the active ingrediént is
.generally equal to the dosage of the active ingredient which would be administered to -
a subject or a convenient fractiop of such a dosage such as, for example, one-half or

one-third of such a dosage.

[00102] The relative amounts of the active ingredient, the pharmaceutically
acceptable carrier, and any additional ingredients in the pharmaceutical compositiorns
will vary, depending upon the identity, size, and condition of the subject treated and

further depending upon the route by which the composition is to be administered. By
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conposition may be made using conventional technol ogy.
[00105] In sone cases, the dosage forns to be used can

woeoqrosyiltded as sl ow or controll ed-rel ease of BOEUSL007/002422

nore active ingredients therein using, for exanple,
hydr opr opyl net hyl cel | ul ose, other polyner matrices,
gel s, perneabl e nenbranes, osnotic systens, nultil ayer
coatings, mcroparticles, |liposonmes, or ncrospheres
or a conbination thereof to provide the desired

rel ease profile in varyi éi proportions.
Wh??%ﬁqn&}?f%@ SAEPOHHPRIIYSOMHE ISR shMeand -1 Froand KI0% (w/w)

RVE Rr¥diekd. ! | in the art, including those described
herein, can be readily selected for use with the

[Bbﬂmac qutaueﬁionctemm&ativeqn@edéh%haﬁhg&hﬁcﬂ%hﬁé@f‘e@as may
forns for oral adm nistrati on, such as tab ets

featbemcéepnwr@aﬁwnor&r@édéwpbr@rma@utmauy agtays egenfsorParticul arly
i i e R N SO

apdeydnategnadngersi nitial I'y rel ease an anount of drug

that pronptly produces the desired therapeutic effect,
[90804r adParittalledndr sstainatuesldage Fainpdatéonstdf erphanmeageusicalf

c%rr‘li%s{t?o gx%ayﬁngln% mq%ngt 9‘L:ntfgna pe%hagl?gtl ¢ eff .E‘Ct over

an ‘ex perlo Ymaintain this
ant I

(PRROSE PR ol Hlsbshlh KM OB sl Gunlie holfHiEh 10w or
aoamoﬂee-relbesearfmmtor eford oGy dipignglicnes a’@odam zsith gaﬁd example

reted fr Controlled-re

PPV AT s FItE. s T mIRRER By Poipraie eRbranes,
OSmtuE:;ﬂySteniSD rmetlxla_mai ceylaﬁirgs tgﬁﬂn@bﬁid]lése hpememg 81 mi@bspheres or a

ot er si.ol ogi ¢ condi t or ¢ oun

&y P%Wb‘?egﬁhs HBT‘&&J %&ﬁqgﬁk"%ﬁ/ g proportions.

@&arme:euea@aroraﬁﬂmfna&hawnrfayh&e d%@cﬂﬂﬁ@o!;kmsime kRO WM luding
met hods., Such formul ati ogns may adm nj st ered

thpreetasryibedheredy 5w be feaégéaeleﬁ'@fl fesoa%?pwréh thegphapmageutical

&ﬁl%&it%nst orHus! ding8 Bﬁi{ld%§age%n§19 o STHPAdMiIANAAHER UhicA as tablets,
'y suspension or solution by addition of an aqueous

C@tps‘drsqi Velaams cang qapletethat arEgdppted fereogeroflgd-weleasei a5 gncompassed
BPheldidaORE £AHRET se one or nore of dispersing

[00106] Most controlled-release formulations are designed to initially release an
amount of drug that promptly produces the desired therapeutic effect, and gradually
and continually release other amounts of drug to maintain this level of therapeutic
effect over an extended period of time. In order to maintain this constant level of
drug in the body, the drug mus't,".be released from the dosage form at a rate that will

replace the amount of drug being metabolized and excreted from the body.

[00107] Controlled-release of an active ingredient can be stimulated by various
inducers, for example pH, temperature, enzymes, water, or other physiological

conditions or compounds.

[00108] Powdered and granular formulations of a pharmaceutical preparation may
be prepared using known methods. Such formulations may be administered directly

to a subject, used, for example, to form tablets, to fill capsules, or to prepare an
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or wetting agent, a suspending agent, and a
preservative. Additional excipients, such as fillers

wand7gsgaseni ng, flavoring, or col oring agent SpPCIag2007/002422

al so be included in these fornulations. [00109] As

used herein, an "oily" liquid is one which conprises a
carboncontaining liquid nolecule and which exhibits a

| ess polar character than water. [00110] A fornul ation
of a pharmaceutical conposition for ora

adm ni stration may be prepared, packaged, or sold in
aQHROUSHI A KYFSUSPRIISET it so1wismi by agiskiidon pf an adrecusPRelly pehicle

tH&ErﬁJ 'Egcheoq thé&e fﬁn{nﬁ‘lmngﬁs may Ra%Er 951-{1%013& ofi@BFHlofe ofdispersing

cac troche, or ozenge eac ontalning a
%N@ﬁ@m&ﬂmMSIQUDMng egemmdampnewvmgef efiiéitional@xiipients, such

afs‘? EFJ Ad &0 t&ﬁﬁgg%@ ﬂg%ﬂo?&h{ﬂéﬁ% ﬂlea}r‘zﬂngq b%)}ﬁtclu%reg in these

mte Ion
ﬁmmmdahen$r oi | y suspensi on, an aqueous or oily
solution, a paste, a gel, a toothpaste, a nouthwash, a
[60HI9]Ing Asarsedhatein, ans'®ilybliqaid ismonk svloch cJﬂnpriSc{srmrlmral

S lanOECCPES%% FueR ERhbils RiGego k?‘f‘yag Rt

[??ff;?{]‘pgg\ngo 8fs ! tl}aglglfalcjes 1&ai %orp%%sp r Sy or (% r‘igadmlmstratlon

Mzt s preparedd] phbl«igs@,rdrkaem jadhg furfi &frd dil@cﬁetb%cﬁﬂl’dmtﬂ ndit @iicluding,
18, 0 on c rls n e co ound to a cell or. an
kPR e RBIGF. 15 et PATBUIE B SPrsfu OOt ar & 16%enge, each
&ﬂtamhgarﬁrsdaéniﬁhe@ aindaht ¢fltBe KEOWT ngﬂ:dims Othdd tbhBalatibns for
the art, such Kit conpri Si ng? (preferably

acpladopigist2hpy anglude, butre JF Grisd de- Apydsrest A 2tamular

foiAcl a8k daerQfﬁé@ﬁé bt Gilly Qfsb@d'sx(;rp 2B AGLEOSE ST diRGolltfon, a paste, a gel,
conpound to cell or an ani mal referably the ani nal

3 t9OPRtiREh mO[udM&stl} a ppatigg pn peal awp%ém agreaeiipipnt Ahs éerms oral
sk Ia'ng %dlﬂh\tivggi aetustd &Hierbhh é@hﬁl %&H conpounds havi ng

a chiral center may exi st I solated in

[@91113]6“ '%e&ﬁ&él&&dﬂﬂ&h%‘%‘iﬂ&s a%tr@omﬁ‘i’sqﬁ% QQHH&)BGQ& ofi&Y

exhi b ¥ hi sm is to be unders
composmon usetul for preventmg or treating pain in a subject and an instructional

material which describes administering the compound or a composition comprising
the compound to a cell or an animal. This should be construed to include other
embodiments of kits that are known to those skilled in the art, such as a kit
comprising a (preferably sterile) solvent for dissolving or suspending the disclosed
composition prior to administering the compound to a cell or an animal. Preferably

the animal is a human.

f00112] It will be appreciated by those skilled in the art that the disclosed
compounds having a chiral center may exist in and be isolated in optically active'and’
racemic forms. Some compounds may exhibit polymorphism. It is to be understood
that any racemic, optically-active, polymorphic, or stereoisomeric form, or mixtures
thereof, of a disclosed compound, which possess the useful properties described |
herein is included." It is known in the art how to prepare optically active forms (for

example, resolution of the racemic form by recrystallization techniques, synthésis
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that any racem c, optically-active, polynorphic, or
stereoi soneric form or mxtures thereof, of a

wdizeriogsas conpound, which possess the useful PCT/US2007/002422

properties described herein is included. It is known

in the art howto prepare optically active forns (for
exanpl e, resolution of the racem c form by
recrystallization techni ques, synthesisfrom
optically-active starting materials, by chiral
synthesi s, or chromatographic separation using a

faqm papceﬁkya%qttym@wlpa SpEarisdh YIEBTat &y nieeséss @F garogparographic

i uﬁﬁé ly\ehirl é@ ¥ Pﬁas§5 FHR6S b SletmiRSS 1P Q ist activity

rein, usi ng ot mlar tests which are we
usingwhe sfnand*ré tegts des{c@(bm Bgreim ot using oprarsémgantesty n‘dscraar@ well
ﬁ%%&&xﬁ%ﬁgﬁﬁy basic or acidic to formacid or base
alts, use of the conpounds as salts may be

[68ﬂ a2 dicljﬁ? %SSes lcglf‘nggljnc%%?ee ﬁfﬁ?ieﬁ&é%\ﬂﬁé oﬁr 1d90r %%{Tﬁ acid or

acl I'on sa
taky sdle| 0w afthe acoppueds = sahs ony Hemppeomrqné.eEx:imply:k af agceptable

thanesu .f onat acet Ci tr nal.onat. e . .
7 %, Oxpanic SRR AT S8 formliedov it S Rt fortn a physiological
adcdpilslg hbiodl fdrexafiple, Qos@lz&@,&ﬁétﬁmnffaﬁzﬁe ddacitg @Mkate, malonate,
salts ma aIngbe f or ned |nclud|nqe drochl ori de

tafiqrpis, Sncciiaty. hepzogle.asrbag gke %6ﬁ8t"eglé’8‘i’rf’8hosl’hate

1hBRkAR]safth afayaaaiibé fithied, iReRARI AR Bo@ibAd@ddithicORitrate,
salts may bhe repared fron1|norgan|c and organic

baearegnat%aﬂnéscamam ¥+ om i norgani ¢ aci ds include
drochloric acid, hydrobrom ¢ acid, sulfuric acid,

APTHIC " Eoremadimesiig bceb@bleciehafipe SHisay G prepared from
A6 gadRAnHRBARE d8#Ak C Sﬁl@é &5ive G Sn e ehik Gl lifblude hydrochloric

propionic acid, glycolic acid, pyruvic acid, oxalic
agid dry diplromicaridh, SUMNs aFle, Bitiieiacidupleespheria afid, ansthelike. Salts

%vagd fxfomfgaﬁlcaé‘dlﬁis inkfiak a&%ﬁ: 54 g)rf) OB{CI aﬁ'zl@“gl?cohc acid, pyruvic

enzoi ¢ acid, cinnam c acl
ared, lpanks adiflomialic aeuddmablnﬁram@muf:@mccacad,l rcialelc acid, fumaric acid,

tFﬁ%)rT‘llgj%E’Fﬂéw ic%” en@g cqlblds 9 nng%ﬁa:lbg lechgndqugalcécpgrhétflli(n%mlfonic

arnace i'cal I'y-"acc
=i, teﬁraoasulﬁmma@papeduérreemlfqmm gradj aliaylic acidamidehe like.
bases. Salts derived frominorganic bases, include by
Hey15)f Shanpheeutichly-acwmgiabiy basetaddgionmalth cambel prepared from

1%5@;ng U rggmc B e%n%aﬂgger?\%dj f%l%e}ngrsgamc bases, include by way of
example only, sodium, potassium, lithium, ammonium, calcium and magnesium salts.
Salts derived from organic bases include, but are not limited to, salts of primary,
secondary and tertiary amines, such as alkyl amines, dialkyl amines, trialkyl amines,
substituted alkyl amines, di(substituted alkyl) amines, tri(substituted alkyl) amines,
alkenyl amines, dialkenyl amines, trialkenyl amines, substituted alkenyl amines,
di(substituted alkenyl) amines, tri(substituted alkenyl) amines, cycloalkyl amines,
di(cycloalkyl) amines, tri{(cycloalkyl) amines, substituted cycloalkyl amines,
disubstituted cycloalkyl amine, trisubstituted cycloalkyl amines, cycloalkenyl amines,’
di(cycloalkenyl) amines, tri(cycloalkenyl) amines, substituted cycloalkenyl aminés,
disubstituted cycloalkenyl amihe, trisubstituted cycloalkenyl amines, aryl amines,

diaryl amines, triaryl amines, heteroaryl amines, diheteroaryl amines, triheteroaryl . .

23



10

15

20

25

30

Salts derived fromorgani c bases include, but are not

limted to, salts of primary, secondary and tertiary
wamoras97isuch as al kyl am nes, dial kyl am nes, PCT/US2007/002422

trial kyl am nes, substituted al kyl am nes,

di (substituted al kyl) am nes, tri(substituted al kyl)

am nes, al kenyl am nes, dial kenyl am nes, trial kenyl

am nes, substituted al kenyl am nes, di(substituted

al kenyl ) am nes, tri(substituted al kenyl') anmi nes,

cycl oal kyl am nes, é} cl oal kyl ) am nes,

ARipes PEleHRAYRYS praRasndibietesonyshic prtines, Btetraryslic amingpgnixed di-
AAUTHRRhE R eGY @éa@@“&y bf @x@sﬁﬁ tithdrdtS HR$id SR hre different and are

cycl oal kyl am nes, cycl oal eny? am nes,

sdlectoddran ithecgrphp cansipiéng of glkyle yatististited nW) aélmnryé§ubst1tuted

L PG K IS U e csctotcny.

amyl, hexsroaaylyhetanmﬂeh;; add ahlq,/hkeam&fsesipcludéchmyl armnemwh;are the two or

Ffete%rgﬁﬁ q,t% F]%gﬁ%ﬁ%rs tﬁ@{ :z?r,rg%{g %grgﬁ(?{géa heterocyclic or heteroaryl

gimhyetmarronwﬂmgemm% of amirfeeﬁmwﬁblbmpgmrnﬁa,trimeuqd amine,
iand tri-am nes re.at ast t af the .

erBa rblneF0sBrrroRe) ahinke i erapyDarhe. ppolaine. 2-

cﬁﬁie&@ﬂzﬂﬂmﬁét@ﬁhd&lhﬁoﬁfeﬂ‘lﬁ‘lﬁ@ ngéisé, fgintle, Alskirine, caffeme procaine,

substi tuted alkﬁppvalken substituted alken

Wg l@gp@phog% RSt de@éqnp% g ue@p@mﬁq,%ﬁygyl glucamines,

thebtstbini e, ?Qnﬁé/sc bgélr&@ﬁlé’ lpipedfdde, nh:ﬁfb%lﬁﬁ:r W-ethylpiperidine, and the
heterocyc the I'ike. Also included are am nes

Iifise rleshawdd plsp b ndestaedghpstthen sarhaxylic ggik draivaiveshwowd be -
R B &&%'}he fiN-Msdq tﬁ?étﬁcgcp Q’éﬁcéﬂa?ngﬁé Jl%cﬁr @rawd amides,

gr oup l'imting exanples of es Inclu
mslyémmartamamdess kwrstatipy! carkionemidisediaiiyl ammeamldes and the
iy (i so-propyl) amne, tri(n-propyl) am ne,

et hanol ami ne, 2- dinethylam noethanol, tromnet hani ne,

q!])“gi(f]e 2R, 'rrmg% olﬂiﬁ%‘a qklﬂ ’staﬁagxfdﬁﬂyrggedugéso@@ﬂ Rfown in the art.

rabam ne hol 1 ne, et a ['enedi am ne,
Fg:brmgmh neaction- off kguffrigodrbags cotmpenind swdhrs, anpaminaeeith an acid

L0 I r oI| N- et hyl ridin
C?‘ia'foﬁ& alpgkmgio%?calllﬁ Féé})tzgtlﬁs £ BN on- 4N %lrxs etzrﬂ O(f({? H é(t%mg? gdlum
pmaslsmmy br hthaml}doﬂdkah'm a:ar&srnmu (for bmmplefdalcmm) sadts of organic

ractl ce ed nmet for exanple, carboxylic

cg aCarbrﬁxéf(Lfg) ac}%s ?a“aa b& &} 8’xam des, |ower al kyl

car boxam des, di al kyl car b%xam ?Ies and the |ike.
Xaimnpics

[00117] The invention is now described with reference to the following examples.
' These examples are provided fc')‘r the purpose of illustration only and the invention ;-
should in no way be construed as being limited to theée'ex&mples, but rather should

be construgd to encompass any and all variations which become evident as a result of

the teachings provided herein.

Example 1: (1-amino-3-(4-octylphenyl)cyclopentylymethanol (6)

[00118] A.: 3-(4-iodophenyl)cyclopentanone (1) 0.23g palladium(II) acetate (0.1
eq) and 0.23g antimony(Il) chloride (0.1 eq) were added to 80 mL acetic acid
solution of 2-cyclopenten-1-one 0.82g (10 mmol), 4-iodophenylboronic acid 2.48g"
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[00116] Salts may be obtained using standard
procedures well known in the art. For exanple reaction

woho@/sefifi ci ently basic conpound such as an aRCTAISRM0UA02422

an acid can afford a physiologically acceptabl e anion.
Al kali nmetal (for exanple, sodium potassium or
l[ithium) or alkaline earth netal (for exanple calcium
salts of organic (e.g., carboxylic) acids can also be
made. Exanples [00117] The invention is now descri bed
with reference to the foll ow ng exanpl es. These

@Qaﬁmoasandrsedwmweﬁ@q 1{Ggr (20rmamplirpgise NoRimnesphste: apftenbeing
P %Bsrs'a@gg%uﬁ bRARYr n%{ﬂatﬂ% @g%/fd%&eg %@ﬁérLd&ﬂP filtrate

el ng to t hese rat her s
*bes dibutsd mitha2 I0omEBrof cbnqnass:chwhryn gruacted twige ivdth Shslwettylene

ﬁﬁ&qge ’?l\lai_cl):( %B{“c tractr\ggeuét}rrf%f w1tﬂ %attulea gcp i\]nﬁ%C% soYutlon for 30
himass, teendv {shed Ml}hl tﬂhﬁnsyi d) driead @&EMQSOA) neéhavdllof 6)vent resulted

%‘ Olégﬁlmﬂ’("lffl)"h‘& é'IP‘ By fi:?d% gl %@g %{%}%@3}@%%&5)(67%

Srolasd e »(zl@ice dolRAAY. OES. Q:i@dd etbds) 5808 48-35% et NMR'(@DC];) 57.63

sol ution of 2-cyclorenten-I|-one

&l P R OD6F 3 ATED: 335, (nag@mr@ﬁ%ié) 8ﬁd1§c8m,@g1 eyclo-
BEYIR B3GR (EBCTIY 218103801 04 T e e, A B T on
A S RSB Y L B
m;ymngsl eddsld| to mifthene diled 29 gxinﬂaskeo&taarmi wwasl OsblL ﬂﬁﬁasolution of

Yvw\éég é élﬁgﬁg ngc'a tg' i b';? trnethgl ane 5 mg of

r'i ne an over enov
Gol aehi0 mef|RdéPPhiy wex;eedddeWundér, Ni pirotdvgion p dihiefre gionomas

B A AR A Bl o e
NVEBnH @B mitograph&Bwith, ch?dﬂofcﬁ(hﬂ)o prﬁv@l@ I(Sitgl @H%)Neh'))w oil.
cycl opent’y

MR (GRGI0nG 55 sl A 71540, MHoArts 3 Fbmgtl, AKHCO), 2.7-
i(ﬁ.%(n{i %?11 Je?&lo%enty:l’g (1495(@“2111 FO,BRENN 8- YRR IGRONG 89 (i,
J=6Hz, 2H CH3) 3C NMR (CDCls) 6 220, 143, 132, 127, 122, 91, 80, 46, 42, 39, 32
31, 29, 29, 23, 20, 14.

[00120] C.: 3-(4-octylphenyl)cyclopentanone (3). Several drops of formic acid
and catalytic amount 5% Pd/C was added to a 25 mL flask charged with 10 mL .
methanol and 1.34g (5 mmol) of 2. The reaction vessel was flushed with Hj, 3 times,
and then mounted with a H; balloon. After two days of hydrogenolysis, the solute
was filtered through a pad of si]ica, and concentrated to provide a yellow oil. 1.32g
(98%) product was Acollected. lH NMR (CDCls) 6 7.18 (s, 4H, ArH), 3.38 (m, 1H,
ArCHCC), 2.60 (i, 2H, CCCH,CHy), 2.45-1.91 (m, 6H, cyclo-pentyl), 1.64-1.15 (m,
12H, CHy), 0.90 (¢, 3H, CH3); °C NMR (CDCl3) § 220, 142, 140, 129, 127, 46, 42,
39, 36, 32, 32, 32, 30, 30, 29, 23, 14.

[00121] D.: 1-amino-3-(4-octylphenyl)cyclopentanecarbonitrile (4) 3.20g (11.8
mmol) of 3, sodium cyanide 1.15g (23.5 mmol) and ammonium chloride 1.25g (23.5.
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octyne was added to a flane dried 25 nL flask charged
with 10 nL THF solution of 1.43g (5 mmol) of 1. After

wdegaasdnig for 30 minutes, 2 niL triethyl am ne, PETS20f7/002422

Cul and 10 ng of Pd(PPh3) were added under N2

protection. The reaction was conplete in 6 hrs, after
renoval of solvent and volatile reagent, the m xture

was col umm chromat ographed with chloroformto provide
1.34g (99% yeIIow oil. 1H NWR (CDC 3) d 7.35 (d, 2H,
ArH), 7.15 (d, 2H, ArH), 3.37 (m IH ArCHCO, 2.7-
mnpl) yyeregidded yo 2O nﬁeﬁf gIpnonium y@mx@qq Tl@mpﬂq;qzyas extracted

gc %%%Lgﬂ’l ﬁegﬁ?l):ﬁc &1?%3& tafteér] v&?g()fsl?))ifrggg%v%é%i 2. The
@gamggxtraq_t;omas &i9ed a8l car@entiaed fo pdpie aCyelllow oil 3.30g. The
-(4- . 3). S
Tl B US| SR TAARRTR BRI £A0RE Bl 1986
20,2988119P5ask charged with 10 nL met hanol and 1.34g (5

mol ) of 2. The reaction vessel was flushed with H2, 3
0022] did l-heinedudtadylphiehybcytlopéntanecarBbkdic acld (5). 3.3g

AR S AARERO ol b icon i Ryl st 1a* Ffwed sp7rC and
stﬁi‘eldCtWemlbht ITR2@ (1988 ¢1ear Q@h&iﬂ \Aaﬁm@ﬁ |v~|uﬁ@v@§orat’bh| tORmess. 10
élcqggattze wag ;ﬁ&eéégzﬁqg)agm@ 'Qgs f g% Fps quegtred seve)ral times. The

&uad ﬁrd@ﬁlﬁf Yhy washe@dwith $atdriind beEon& provilledPwhite fidElpowder.
CH3 13C NWR S SXQBd 6520 142, 140, 129, 127, 46,
Wield 555 130 (15%). 38 NUR (BHMSED 53.559506 . 4H0ATHAP.21 (m, 1H,

HEC % 881364 (b ALY é’rgty? P é;ﬁ'u?_
OB 0 i &% Y ORRER A 5) EHOUEI Bl PTG, DEI € oz,
3123CH3 Nl\dﬁd W]&Jﬁ‘llﬁ'ﬁl bil, d601642,ﬁj 481 % 4I41131ﬂ3 )35, 35, 34,
% 8 Q?d%d g 1%0 mL of anmoni um hydroxi de. The m xture

536 fzd vvice with 10 L of rrethylene chl ori de
VigorQus ver T}{i

IR R L T A AR ORI S
Iylﬁidl))w_' Hand 37 3G90.dhensly Blﬁdiuﬂf lﬂﬂdﬁydrﬁd‘e \Uéxedhsfserveﬂ&?m mL of
’flggg ’AV%%’ tg%%@fggéltg gzég cgoul{eél ft(') 8§é §) ng (0.2 mmol)q1 was dissolved in 1
mL THF and added dropwise. Then the vessel was fitted with a condenser and the
reaction mixture was refluxed under N5 for 5 hrs. Excess NaBH, was quenched with
methanol. After removal of solvent, 2 mL water and 5 mL methylene chloride was
added, the mixture was stirred for about 1 hr until the organic layer became clear.
The organic phase was collected and aqueous phase was further extracted twice with
methylene chloride. The combined organic extraction was dried and concentrated to -
provide 43 mg (71%) of the crude product. Further purification on TLC with
methanol/chloroform (5:95) provided 13 mg of clear oil. J. Org. Chem., 1993, 58,
3568-3571. 'H NMR (CDs;OD) & 7.11 (m, 4H, ArH), 3.80 (t, J/=7.5Hz, 1H, c-pentyl-
CH,0), 3.67 (t, J=7.5Hz, 1H, c;pentyl-CHZO), 3.01 (m, 1H, ArCHCC), 2.55 (i,
J=T7.5Hz, 2H, ArCHy), 2.29-1.69 (m, 6H, cyclo-pentyl), 1.57 (m, 2H, ArCH,CH.,),
1.38-1.28 (m, 10H, CH,), 0.89 (t, J=7.5Hz, 3H, CH3); ’C NMR (CD3COCDs).8 141,
128, 127, 96, 45, 44, 43, 35, 35, 33, 33, 32, 32, 29, 29,29, 23, 13.
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[00122] E.: |-am
po- 3- (4-octyl phenyl ) cycl opent anecarboxylic acid (5).
w0 .28y/089744. 2 mmol ) of 4 and 50 nL concent r at edPCT/US2007/002422
hydrochloric acid was heated to 700C and stirred
overnight. The resulting clear aqueous sol ution was
evaporated to dryness. 10 nL water was added and dri ed
again. This process was repeated several tines. The
crude product was washed with water and acetone to
prOV|de a white fine powder. Yield was 1. 7g (459 .
lemple 2 DES@nin ASoCEY1nBe \cvdlidpemyymetigyl 2hbhydy nltphosphate (4]
Ar CHCC) , 2.38 1.62 (m 6H, cyclo-pentyl), 1.49-1 .20 .
(001241 4H) rOHRY 850 BsRO{ was Flobiy addid (b@wm)ps) 186 ONREROf P20s, the

3(37{51_‘ D’Q/‘EQ}@% Z1?51§§11rg' %V@S 1’@68: he%t;'d aﬁooﬂ(‘g 6T2€T Undgnﬁmtr%gen

prbteadinm oARethér 0SE\Wf PO Y] BY mg)@mmwl el be radted ﬁ)) the poly

gL pe © SheR 7 700°%, e ABpRnd3gh  Fom

tﬁ:ﬁbé&T@admmma e%tdéqoﬁgb(ivzﬁacﬂdeggo (r&caoﬁmgrb{buré 2TH@groduct

| SSOl ve I N an a (0] se en

RigRBIEAteq AUt 35 WP%S%% vas cel%?ﬁ&%fﬂ g%f{ “%#?th‘ﬁ’éh Wé&‘dt . gﬁ“g (82%) of
g&eﬂ&m&ewodﬁtkxta&%611eméi&aﬁa!2vafceﬁm&upfn% NEX GRS SteEdks:
M*“h’ﬁq%gn(:h with nethanol. After renoval of sol vent,

@@flthﬁﬂﬁ%(wfﬂlé??ﬁ/bwoéﬁ{ ori de was added, the
mxture was stlrred for about 1 hr until the organic

ec&hd ) Lo 0d0%hase was col | ect ed
and aqueous phase was further extracted twice with

[RRIIA)I e ddeanixgie @ isoppras ebepnpeitndoY Bl €9 kistnraformed using a
offufl §?9 ﬁ'l?' 1%&@ ?(?ﬁﬁin E&u 0% Q@Dd‘%omﬁlf%&v@ra fo.s
e urt

e pro uct purl ' Cat1 ori on
nrbbimar(mobramlcmrsmmnm 9556 B&ptape .5 GeethaBolny. o modtbarol (0.2%

ﬁ%&l&%ﬁin%%def%‘s?ﬁodlg ﬁr %A%—I? % 23§ %81 %@@F éagll}ln“?ﬁas 40 min,
BVpeamwlengri?Onitotd6Z54rim. Thé obddz,of ﬂ&chm@-eﬂhﬁittryWas D, C, B, and A.
1-CH20), 3.01 (m IH ArCHOO), 2.55 (t, /=7.5Hz, 2H,
Exdohfle 4: PaPAks. 9 (m 6H, cyclo-pentyl), 1.57 (m 2H,

ArCH 2CH2), 1.38-1.28 (m 1CH, CH2), 0.89 (t, 7=7.5Hz,
[8bi1263H3 ) Test PR d] CPEOI0DB Y Deligl B Imixture of all isomers), was

dissolved in 2% hydroxypropyl beta-cyclodextrin in water and administered to the test

group of laboratory rats. The vehicle (Drug V: 2% hydroxypropyl beta-cyclodextrin
in water) was administered to the control group of laboratory rats. Each group

inéluded 11 animals.

[00127] The identities of ‘Drug T’ and ‘Drug V’ wera maintained i secret to’
prevent bias. The test solutions (test compound or vehicle) weré intraperitoneally (IP)
administered once (day 0), the dose was 10 mg/kg body weight. On day Q, each of the
22 animals was anesthetized, the sciatic nerve bundle on the right side exposed
surgically, and crushed mechanically. This is known as the ‘trauma’ model of
neuropathic pain. The animals were tested each day for the time required to lift either
paw after illumination with amall heat lamp. Normal PWL (paw withdrawal latency)
time in an adult rat is 10-11 seconds, an untreated rat with a crushed sciatic nerve

exhibits thermal hyperalgesia having a PWL time decreases to about 6 seconds.
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128, 127, 96, 45, 44, 43, 35, 35, 33, 33, 32, 32, 29,
29, 29, 23, 13.Exanple 2: f

woO-2e0Ti089713- (4- oct yl phenvDcvcl opent yl ) net hyl di hgausgmmnoo2422

phosphate (7) [00124] 1nlL of 85% H3PO4 was slowy

added (by drops) into 0.5g of P205, the acid-anhydride
m xture was then heated at 100C for 1 hour under
nitrogen protection. Another 0.5g of P O and 30 ng of

al cohol 6 were added to the poly phosphoric acid and
heated for 5 hours at 100C. After cooling down to room
PRI atlmpasmeniefhe agiraalgatidy VPG H90 Wdrugddaueyepted the
PRl YN AE LR he REEGHR LR Qo Fhny and
exbiti®d o apalggsie effecto doe talPPHotimstingrgases aftertied, afllwem the

PSRl Ao, B0 1 7 00 ¢
(i Slles B B e ZattivE ottt thlocd AT AR cor

rdedhanital) Blled 250 from developipg an sucGnodak weenkndwWowLiketvése, drugs

| 5% h . 2.5%
g?ﬁf&r}%ﬁ geneza‘lgs}%ss?*ﬁ!sﬁgr FEPBGR s e addeq as

15 XD The run tine was 40
254nm The order of

faﬁié@ ; ‘8H e V?P%fﬁ&?ﬁ o e dSiou i i bR locking

rgéchahica] iﬂ[ﬁéﬁ/ﬁﬁ@) assoeiatedi wistDhat®d injary20 teyodsrextyiicapiddels of
eta clodextrin in water m ni stered

'teélgffpagf/ls B o PG BETYE ARYTY ﬁf‘gg ?ﬂépw PV npwu@%&) Bggels
URYEl SroMpd OPdats (79t B Ehest RIIASIST bl trBathRIn® With"ABC01091-D was
adn1n|stered to_the control group of |aboratory rats

?gY"Sﬁ‘ff foHewingHerye N4 I?EF"Sthe[H?GHWf estpilishied. A control
ddgptdckivea odly v@ﬁb‘l@ T:onea@'n g SN ddh Yoy SRy rst@dye edpc01091-D

Secr et toprevent bi as. est solutions (test

(@Urgﬂcg;mb brevveshdam@)hamaballqdwnatﬁyrﬁ b8&alin the(@@) model. (See
ureqi)stered once (day 0), the dose was 10 ng/ kg body
|gh On day 0, each of the

[00131] VPCO01091-D (3 mg/kg, p.o.) produced similar analgesic activity (50 +
10%) in the SNL model. Oral duloxetine, a drug approved for the treatment of

neuropathic pain, produces a similar degree of analgesic efficacy in both models at a
dose of 30 mg/kg, p.o.

[00132] All references cited herein are expressly incorporated herein by reference .
in their entirety into this disclo’shre. Tllustrative embodiments of this disclosure are
discussed and reference has been made to possible variations within the scope of this
disclosure. These and other variations and modifications in the disclosure will be
apparent to those skilled in the art without departing from the scope of the disclosure,
and it should be understood that this disclosure and the claims shown below are not

limited to the illustrative embodiments set forth herein.
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22 ani mal s was anesthetized, the sciatic nerve bundle

on the right side exposed surgically, and crushed
woraeitasdaal |y. This is known as the 'trauma’ nedeiUSei07/002422
neuropat hic pain. The animals were tested each day for
the time required to lift either paw after

illTumnation with small heat |anp. Normal PW. (paw

wi t hdrawal |atency) tinme in an adult rat is 10-1 1
seconds, an untreated rat with a crushed sciatic nerve
exhi bits thermal hyperal gesia having a PW tine

(dJatnsases to about 6 seconds.[00128] Treatment of the
animals with VPCOL09 1 (Drug T) prevented the

devel opremethsd foperayantipy petreatyest aof neyrenpéhig pRELinggymammal,
(crushe ] a&i@éﬁ’ Ly j

ef fect, ggﬂlg’;ltggl)gP ? }Sﬁée%qﬁgﬁégggségﬁa ? gﬁ‘@%j&ﬁ;ﬁy@%% tyOfa

on the abfmpotedibayidg thefpsmudasults are illustrated in

Figs. 2 and,s3. [00129] O her, non-SIP receptor active,
conpounds t revent thermal (o chani cal )
al | odyni a f{fom devel opi ng in such[

Li kew se, -

mor phi ne) rire knowp. k ; -,
VPC01091- D [ 00130] R¥hg7 coapound VPCO1091 ¢ty was—x
denonstrated to be effective 8t bl ocki ng nechani cal
al | odyni a associhted with nerve injury in Iho

preclinical ,nodels of ., neur.opat hi.c ip, seiatie. ner 6
P ury (PRI R SHaPiP R Rrl CHE RS o0 ¢ or R
usi ng greUPs GH,, KBiSSor(NR?; wiertinastis mydegen, @ral (C;—C o) alkyl
treatment with VPCAO 091 -D was started 2 weeks

fol | owi ’§°Herve injury, once the pain was established.

A control ¥riggpleERagtoms thyaixyl, \phbbsHaes, phedghenwhgapinge

a day dosi ng for 5 days yVPC)%rlg)g)hl-ISE})i (3rl$g/ kﬂg, p. o.l)?m

rever seduh# H‘_&F}il’&’ﬁﬁp%r‘la dynia by 42 8%in the CCl

nodel . (Seg! ki gié@ePirond MEE3dp AASRERS b Bydrd BB/ Heo, tri-
p.0.) produced simlar an 58 1099 in

algesic activity ( (
the SN fhseepetiol ACrdlobslby . (61~ Grotilsy wiph@ism tbihalo.
t he ”eWg—S’(fCl_ﬂé%%ﬁ&tx@'i,&&%inB’a oduces a simlar
of ap

degr ee nal gesi c efficacy in both nodels at a
R” is selected from the group consisting of (C;—Cjyg)alkyl, cycloalkyl

substituted alkyl, (Co—Csyp)alkenyl, (Co—Cao)alkynyl, aryl, alkyl substituted
aryl, arylalkyl and aryl substituted arylalkyl; wherein one or more of the
carbon atoms in the R* groups can be independently replaced with non-
peroxide okygen, sulfur or NR®; wherein R® is hydrogen, or an (C1—Ciq)
alkyl group; . )

wherein the alkyl, alkenyl, and alkynyl groups in R? are optionally

-~

substituted with oxd; nis0,1,2or3; and “-- represents 1, 2, or 3,
optional double bonds; or

a pharmaceutically acceptable salt or ester thereof.

2. The method of claim 1, wherein the compound has Formula (IIA):

29



10

15

20

25

dose of 30 ng/kg, p.o. [00132] Al references cited
herein are expressly incorporated herein by reference

wonod7edmsentirety into this disclosure. || uspPCamisy®7/002422

enbodi nents of this disclosure are di scussed and

ref erence has been nmade to possible variations within
the scope of this disclosure. These and ot her
variations and nodifications in the disclosure will be
apparent to those skilled in the art w thout departing
fromthe scope of the disclosure, and it shoul d be
under stood that this dscl osure and the clains shown
bel ow are not limited(fo Yhe illustrative enbodi nents
set forth herein. d ai ng; hod for prevention or
treat ment of neuropat ], conprising
adm ni stering to sai d mamual (GH)E i ve anount of a
compound havi ng the fornul a: }I I erein Rdand R7
are independently CH or CH2II&R5 is C CH or N, R6 is
OO, Qe xNR3)ct08 HiRhol ok g1, BUENPRERNphOphafatk Gund
- G o) alkyl group, I's selected Trom hydroxyl,

phos phataéphaphubspiwatbpleosphdtptieisubst i t ut ed phosphonat e;

Rl is selected.from | Stddngi ,
nal o, 11§ PBFBR AT AU EF RN qohle Sy iaBgn,
subst i t aRgens, t(8,-H3)) ajkHyatrdobato-, hydliox g, a@goxaf,mgyg-sglpstltuted

cyano; 3 dc% f'ks selected fromthe group consisting of
(G-C2 ?éﬂ i ylj’ycl oal kyl substituted al kyl, (C2-
C20) al kenyR? i{ &ledtabjratrkghn grouraeopisistiag lof hikyhsdkenyltadigynyl,

aryl, arylal kyl, and aryl. substijtuted ar al kyl
wher ei n sgPstHBle W]’?wgy%%ﬁbgﬁecgf%:?r%ﬁ%ﬂ’ ]i‘@é‘{"ﬁe‘é' and arylalkyl
groups cRBstagtddnSepandans byl ree Beed with nonperoxi de

a pharmaceutically acceptable salt thereof.

3. The method of claims 1 or 2, wherein R! is fluorine or chlorine.

4. The method of any of claims 1-3,. wherein X is hydroxy or OPOs;Ha.

5. The method of claim 4, wherein X is OPOz:Ho.

6. The method of claim 4, wherein X is hydroxy.

7. The method of claims 1 or 2, wherein the alpha-substituted phosphonate is

-CHFPO;H,, ~-CF,POsH,, -CHOHPO3H>, -C=0POsH; or -OPO,SH;.

8. The method of claim 7, wherein the alpha-substituted phosphonate is
-CHFPO;H,, -CF,PO3H,, -CHOHPOsH,, or -C=OPOsH,.

9. The method of any of claims 1-8, wherein R! is hydrogen.

10. The method of any of claims 1-9, wherein R? is alkyl having 5, 6,7, or 8

carbon atoms.
11 The method of claim 10, wherein R? is heptyl, octyl, nonyl, or —O-heptyl.
12. The method of claim 11, wherein R* is n-octyl.-

13.  The method of any of claims 1-12, wherein n is 1 or 2.
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oxygen, sulfur or NR8; wherein Rs is hydrogen, or an

(QC o) alkyl group; wherein the al kyl, al kenyl, and
wablbyrgd7igr oups in R2 are optionally substitut edTmiskde7/002422

oxo; nis 0, 1, 2 or 3; and ' --' represents 1, 2, or

3, optional double bonds; or a pharmaceutically

acceptable salt or ester thereof. 2. The nethod of

claim1, wherein the conpound has Forrmula (HA): Il A

wherein X is selected from hydroxyl, phosphate,

phosphonate, and a p -substituted phosphonate wherein

Rl4i s SBicemtthadiof slaimHa, TN 8t st | ng of hydr ogen

hal ogens, (G -C ) alkyl, and hal o- X
cylano- s’[lﬂrfsmlethmdeﬂ apyof gigjme ghh, Wheseip ihesél é@?@ds P‘%Sigﬁ parato
the gr n of al kyl, al kenyl, al kynyl, al kyl
subst.ﬂ§F§H&°§k§ hggk substltuted cycloalkyl
aryl al r 1Bt 4, WiReeiAThe ¢ycielikyl drouPhas the
1yé2 k'}‘%e ﬂ‘ g%lh%&%gleutl cally acclept ab}II e salt
5 thereofﬁnﬁmﬂﬁhe nethod of claims 1 or 2, wherein RL is

fluorine or chlorine. 4. The nethod of any Im
1-3, wh e'nl\h(_'isi‘w@%‘g2 2The\v@@
cl ai m 4N in X i e wétgpd 0 Iw

4 wherein X i s hydroxy. 7. The met hod of clains 1 or
er %g midifod &f Zny SWshist 41 6dwidremhe Rétgeou;sls ortho or meta
FPOBH2, CF2PCBHg- - CHOHPG3H2, - C=0PQC3H2 or
-CPCQSHB)Ré. The nmet hod of claim?7, mherein the / |/

: éﬂé)}iglctﬂ]lfqtg%j@ Qc? ° Ig;gggft eallrﬁc’s 1 (I}IF\E%E% the (g?pl_%’para to the
10 benzylic cycloalkyl group.
19. The method of claims | or 2, wherein the compound has the formula:
NHy
NHo
o—b-oH
OH
20. The method of claim 19, wherein the compound has the formula:

/\/\/\/\@\OTNHQ
‘ “—QOH,
MA/\@Q@HZ

OH

/V\/\/\@““
e

15

“—OH, or
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9. The nethod of any of clains 1-8, wherein Rl is

hydr ogen. 10. The nethod of any of clains 1-9, wherein
we&200798ed1kyl having 5, 6, 7, or 8 carbon at onsPCTAIS200M002422

nmet hod of claim 10, wherein R2 is heptyl, octyl,

nonyl, or -O heptyl. 12. The nethod of claim11,

wherein R2 is n-octyl. 13. The nethod of any of clains

1-12, wherein nis 1 or 2.7 002422 14. The et hod of

claim13, wherein nis 2. 15. The nethod of any of

clainms 1-14, wherein the R2 group is placed para to

the cycl oal kyl 41Ty od of any of clains

1-15, wherein the cycloélkyl p..as the formla:
17. The method of any of clains 1- WEY @i n the R1
group is ortho or neta to R2 18. ThéTret -of any of

clains 1-16, wherein the R group is para to the
benzylic cycl oal kyl group. 19. The nethod of clains
lor 2, wherein the conpound has the fornula: 20. The
met hod of claim 19, wherein the conpound has the
formul a: 32
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