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HETEROCYCLI C COMPOUNDS, COWPCSI TI ONS COVPRI SI NG THEM

AND METHODS OF THEI R USE This application clains
w@eisnowy4to U. S. provisional application no. PCT/US2008/055210

60/ 904, 357, filed March 1, 2007, the entirety of which

'S |ncorporated herei n by reference. 1. FIELD OF THE

HRESHORY CLIG IR é?@\‘"%&ﬁl@@?d@‘éﬁfl}%ﬁﬁ%mhd AND
prevention and rranagm:arﬂomrs ORTHER disfeases and

di sorders. 2 . BACKGROUND Sphi ngosi ne-1 -phosphate
(SIP) is a bioactive nolecule with potent effects on

mul tTlﬂb fcgBéh Sl rityp a8, S. prdVisi@dd apPlRatidn néI60904,357, filed

Res. 24-734 (2004). Although some believe the
Metshpo 89@7 Jitle irgtyiof adeahip Ingprpossehbiey yesikemger | its
node of action is still a subject of debate. Id.

Indegﬁﬂ ' iZnNsmis poorly understood. Hla,
L. ﬂg§§§@£§B§¥E§§@§qPQ§O5) Resear chers currently

SSL: ngglsnltvﬁgttlonsir:%:gte&e 1rn1 69163%%%1 qon é)léﬁs syh%ﬁ(%/ g hog.ls of tfheir use for the
trergamagevention agll @amag@nénm bovaidigaakans aed pleciplat e and

a | ong- chain al dehyde is reportedly catalyzed by SIP
Iyase ne & Pyne, BiochemJ . 349: 385-402
(20 pﬁéﬁglne 1 -phosphate |yase is a vitamn B
-dependent enzyme | ocalized in the nmenbrane of the

endomla@ﬁsmerleph%nhqm(s Nars a/bloaetigenclaeide withhatant effects on

2 n
OB S 03RRI Aous
soml Bohived @etcbaPoaittis aﬁhrnmcanmldr &emt%@ﬁﬁﬁs@ﬁgénhmm&%f action is still

ase and its gene products are described in

jshet dehaic ddt Isisehsyemts Dgrebglgis HQ@é]éfﬁlﬂlFinSéhﬁé% T., Science
t
Céf%or %@Pb?f %{é@@a{}‘éﬂe{n@&ﬂré&? beﬁe&qm‘ﬂl@ﬁF f&n ﬁ%g/i’%g%hosphorylanon

, 2- acet 4-tetrahydroxybutylim
of(sphingosing and idtgacﬁdeyl dephesphotyilationyorwheanaged ritsmlesalvegeeidto

chwab, S. et al, e nce 30 739
et@%g%}me oh PR SEReH éor}ga%mp%@? S PRl S sy S1P lyase. 10
Pye® PUAC HiScH) P 380 BREueN (2000 .hanl sm{see, e.g., Pyne,
%3ca,§ﬁ(xf:%ﬁen1 Res. ( ¥
Sphingosine-1-phosphate lyase is a vitamin Bg-dependent enzyme localized in the
membrane of the endoplasmic reticulum. Van Veldhoven and Mannaerts, J. Biol. Chem.

266:12502-12507 (1991); Van Veldhoven and Mannaerts, Adv. Lipid. Res. 26:69 (1993).

The polynucleotide and amino acid sequences of human SP1 lyase and its gene products are
described in PCT Patent Application No. WO 99/16888.

Recently, Schwab and coworkers concluded that a component of caramel color 111, 2-
acetyl-4-tetrahydroxybutylimidazole (THI), inhibits SIP lyase activity when administered to
mice. Schwab, S. et al., Science 309:1735-1739 (2005). While others have postulated that
THI exerts its effects by a different mechanism (see, e.g., Pyne, S.G., ACGC Chem. Res.

Comm. 11:108-112 (2000)), it is clear that administration of the compound to rats and mice
induces lymphopenia and causes the accumulation of mature T cells in the thymus. See, e.g.,

Schwab, supra; Pyne, S.G., ACGC Chem. Res. Comm. 11:108-112 (2000); Gugsyan, R., et

al., Immunology 93(3):398-404 (1998); Halweg, K.M. and Biichi, G., J.Org.Chem. 50:1134-
1136 (1985); U.S. patent 4,567,194 to Kroeplien and Rosdorfer. Still, there are no known
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Comm 11:108-1 12 (2000)), it is clear that
adm nistration of the conpound to rats and nice
wo padsaes14 ynphopeni a and causes the accunul at i BEIT/0§2008/055210
mature T cells in the thynus. See, e.g., Schwab
reﬁ(gtg{)%‘;[ naggn@%%nﬁlﬁ%g%i% %ﬁ:\? tllql? %%ipdoa?gsy%%rgt%n?‘%gfg}a&éiat& Although
UR1P28it 4, 57, WRithllcfes\hatalidl BelhiomcCelatod. co¥rpoBthaydl dseful as
~134- 1136 (1985); U. S. patent 4,567,194 to Kroeplien
ingpenoReYesvErmedsiingljagenthesiusdicsrad throcqmpamre dp brpansgpurgpo

- i ng | n ' ffect: d | | :
RGN Gl B/ A Q85 ROUTBL e ity W 271
(1998t HotbenaGidF.see., Fél @lienel T 3004957 loEoaasef ul  as

I mmunosuppr essi ve nedi ci nal agents, studies of the

conp [ f innunological effects. See
3ThuJﬁﬁ@@ﬂéﬁﬁ?6§ﬁ§ﬁ5§@§5@§3ﬁ9 A., Fd. Chem Toxic.

32(1):7-13 (1994); Houben, GF., et al, Fd. Chem

Toxi £his Byegyonzisgiregied,in gasyto cgmpaypdymiiorarlar e

I NVENTI ON Thi s invention is digected, in part, to

compounds of fornmula | : I  and pharmaceutically

acceptable salts and solva1g§_€g7§?, hydr at es)

thereof, wherein: Ais an optipnally substituted

heterocycle; R is ORIA GNQN A C(OOR A hydrogen,

hal ogen, nitrile, or optionallly substituted al kyl,

aryl, alkylaryl, arylalkyl, heyeroal kyl, heterocycle,

al kyl het erocycl e, or hetero eal kyl; R2 is OR A

OC( O R2A, hydrogen, hal ogen,or optionally substituted

al kyl, aryl, alkylaryl, arylalkyl, heteroalkyl,

het er ocycl e, al kyl heterocycl e, or heterocycl eal k

amd@hmc&ﬁzqallmygge@% saﬂf)v, ard Wyat@sr (e@,thygﬁaéq:q) )‘r,hereof,y \l)vilerg%: Ais an

' I o I |,
g AR B gy R, B SLYGI croen. o,
nifrét, @ opyichadlyl skpdtitutad dikghahyl oflk Radyh, arR2lkyl, dodrdllAil sheterocycle,

drogen or I onal subst

JTRSPERERE sk, Spsjonsl bt ed,
oﬂ%f%h&lk%ﬁb%ﬂit%_ted@ﬂ@,‘ Bt %&2%%}2!8 §gl§ﬂl€ 1,%?&58&)’1911&?105%1@

Thi s I nventi on S0O” enc har nmaceuti ca
alkydhgesicydlans hewnpryclshlhgl; Ronpl(fdp, by drbgenphydroky,,or aptdonally
di. seases

suggtt g&%g%}l&ﬁ,&lﬁ@k%@ﬁgiﬂ?{ﬁ%@y te%%%%a]lrlmlahqter.ocyc?er] gllkylheterocycle, or

heterocyclealkyl; and each of Rja, Raa, and R3a is independently hydrogen or optionally

substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl.

This invention also encompasses pharmaceutical compositions comprising
compounds of formula I, and methods of treating inflammatory diseases and disorders using

compounds of formula I.

4. BRIEF DESCRIPTION OF THE FIGURE

Certain aspects of this invention can be understood with reference to Figure 1, which
shows the effect of two compounds of the invention on the number of white blood cells
(WBC), neutrophils and lymphocytes as measured 18 hours after oral dosing at 100 mpk as

compared to a vehicle control (VC).
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4. BRI EF DESCRI PTION OF THE FI GQURE Certai n aspects of
this invention can be understood with reference to

WO-2@ane93l4 which shows the effect of two conpoReitiES2N8/055210
the invention on the nunber of white bl ood cells

h t d 18
5o RETAILEIEBESCRIBRION P00V o8 25 Teasu el to &
hi ¢l trol C) . 5. DETAI LED PTI ON. Thi
Y oS i SRS AT T PR PP BR SILJe PR heTeladhe

trda®nbif, MeEntoniald/bPBrahi RAIIESE aut@FBYRRLANE T ARG Aory discases and
nanagenent of autoi mmune and i nflammtory di seasés and

digirders. déhe invEhtgon rwétstfmm r¢seargh pronfintednin paiddrycitudies of S1P lyase
oI B8, 40428 i PP L AR SE o

filed January 25, 2007. 5.1. Definitions Unless

ot hes. W seDéfiiitions ed, the term "al kenyl " neans a
strai ght chain, branched and/or cyclic hydrocarbon

havi Dglefy IR r&idedndiQaté @ tBe term “hlkedl” @icars 4 QrdightGAkAOBranched
atons, and including at | east one carbon-carbon doubl e

ang{sni ¢y ciRelprdaacapionc hayBEaraa Ry 20b¢ %s 2& 19 pck tRi@ sprbayy atoms, and
1ngll_u%1¥1§ at ﬂea?[l'btng %Xﬂboﬂ %F%ldh l!)le bpﬁc? ﬁ%ﬁe%ﬂranéze éﬂ{%ﬁﬂtrﬁ&g ies include

ten
Vlﬁyl3al@tlnhbht¢hy122-kbuteﬁyy hsobllt-y[myE rly[ienteﬁylj e)q&melnyl 3 rnethyl 1-butenyl,

2 el gﬁwteny; CHt en%/yl 23'31&&1@53@1%9 pyh §%§§$ﬁ”¥hmwrhwmﬂ 2
he%%e'ﬂ?pg teng;l' ld&@&lgl/ |2=-oc¥ers€ ﬁ%&nﬂ@n&eﬂ?? Qrﬁélnen}ljné ﬁ§§enyl 1-

héerwi s di cate t he means a stTai
dectimil N2-déreaplcind B-davednygr cyclic cycl oal kyl ")

hydr carb havi.n 1 to.. N or .1t
43/ c[g g?réﬁ“r‘ﬁ\g mn %9‘1? q}%ﬁeé‘?u @Yﬁ aﬂ}gar?é afSFBWP& qlab“ Erancged and/or
cy‘éﬁé P‘é%lo@lk?l”E E{rcﬁ*béa@gor{ Rav@ frbowet 28l (E )é' 1"to By 0Nt& q) &frbon atoms.
| kyl "groups include, but are not limted to, neth

A]éthly]pletlpqt boyng frp@dpﬁocﬂpgﬂlrbom .abqjlteﬁqrredtto Batlpwer algmb rnples of
all? el %upfs éllil X(ﬁel Pu { a3 I{ﬂllﬁtxl?rnl’tec{I %p}n\é hy_l %rgﬁ%l 1¥?}§) § ’butyl t-butyl,
1s@lj’iﬂylgpf§iﬁ§zlyhexygi§‘dh@ﬂﬂflkh{éptﬁpﬂ Qtdlﬁathlyﬁ))én@@ otBNOLY, Qlthﬁleﬂiylpentyl

nultlcycllc I es include cycl opropyl,

nogyb [dgeit ynd GCﬂw@fi éséw%ﬁ Cydgalkyaiglics mwdbamaneayelje or multicyclic,
oL RS AP L. L S S N s
Additional examples of alkyl moieties have linear, branched and/or cyclic portions (e.g., 1-
ethyl-4-methyl-cyclohexyl). The term “alkyl” includes saturated hydrocarbons as well as
alkenyl and alkynyl moieties.

Unless otherwise indicated, the term “alkylaryl” or “alkyl-aryl” means an alkyl
moiety bound to an aryl moiety.

Unless otherwise indicated, the term “alkylheteroaryl” or “alkyl-heteroaryl” means an
alkyl moiety bound to a heteroaryl moiety.

Unless otherwise indicated, the term “alkylheterocycle” or “alkyl-heterocycle” means
an alkyl moiety bound to a heterocycle moiety.

Unless otherwise indicated, the term “alkynyl” means a straight chain, branched or
cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 20 or 2 to 6) carbon atoms, and including

at least one carbon-carbon triple bond. Representative alkynyl moieties include acetylenyl,
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et hyl - 4- net hyl - cycl ohexyl). The term "al kyl " i ncl udes

saturated hydrocarbons as well as al kenyl and al kynyl
WWOSMOSBM Unl ess ot herwi se indicated, the terPgT/US2008/055210

aIkyIaryI or "al kyl - aryl means an al kyl nDiety

boun

PIPRED ? erﬁk‘ty%fl %HQP&E 5 Yny Pﬁnf Fr tﬁ?flog?“yl aﬁ%‘mynyl
1-Békyaly K YLhdxph }ﬁt y-hbowiyd 1tﬁbpayxﬁ/¢tzen@ﬂywl mmpej&nyl 1Ub¢t@s, 2-octynyl,

ot herwi se 1 ndi cated, the term "al kyl heterocycl e

7-ogiyRyll |- REREBbA B0y hSaieayan. b1db‘<‘§/)[n§’#e?| é&cynld@\ad& de@;@yl
het e(rjl,‘ﬂ%%/ Atﬁer@%eq{ﬁlcaty@ltsfﬁglﬁg‘ﬁ%r 5@9{/1’51%651{%%10% etk gﬁ)%p Examples

term ain, br anche

ofcajdcdxlycgrdmpdrlmiaid)bm ahrambﬂgnfwcbm DCH;,200CHl;, - CHg),201;,
to 6) carb atons, a including at | east one
Qﬁg%bﬁHéaToéé FEHB’I @drbrblﬁngrsls@H? esentative al kynyl
noi e@hl@% dtﬂ&mqnﬁgﬁga ltﬁ@ﬁéhnp‘ﬁ yﬁ%éms a:l-i a%ﬁlyﬁl:yllm or an aromatic or
2-butynyl, 1-pentynyl, 2-pentyny 3-nmethyl -1 -butynyl,
pa«ﬂt-lqu/rﬁrymytllq ridg kpssopmydmp et ok yan’bd)n alﬁi- Inasicggeylatoms. An aryl moiety may

1- hept ., 2-hept ., 6-hept | - [,. .. .
cOSGRE PHINDIE R PRI S SokpmF. L3imBlRy RyArY BoisgRy fglude, but e
not figfeu Y| a;nth%ac@ﬁ?]}[ Hi’dler@ﬁl‘ doq%e‘ﬁ?? Yl%fenyp'ﬂ{(ﬁﬁ Sin@¢dYemdb By,

i ndi cated, the term koxy" neans an - O al kyl group:

plﬁn@mbneesl phenai, Kok, 4g¢1@qu/§rq -parihgfdenepand talyd not linmited
)e%d}germse dl%‘étai_‘%\%%z qlglgg%%g%‘sle means an aryl moiety

bduﬁdﬁ@ﬁt@lﬁylﬁlb@tyt erm"aryl" means an aromatic ring or
an aromati c or parti al Ié aromatic ri ng s¥st em conposed
of clarlsyrptheieiseyadiseen the b, ciagnlding [ymphegye fedyction agent” means

» GRS SrlTHid B R e B S0 Rk 0 Ot i it el
to, lEnitdyabanyde, 1ndlzalb¢nhd: tertbl“piﬁa[iytlmg Iyhpbo @y teductivahafiagtor” or
GG Sy BE i bR R AP e Bigihocyie isgice caused by onl

ad?ﬁlﬁﬁfrﬁﬁcﬁleof‘ I\ AaHeL o NS nipB A ataerY)ltﬁé/K%l as d@ferrmned bPI the method

aryl -al kyl" means an aryl noiety bound to an al ky
desgiitedyn thonfesyplet bedowi se i ndi cated, the term

e R RS S BHS A0SR 2R B o

chibsHfe€Blomine, and iodine.

Unless otherwise indicated, the term “heteroalkyl” refers to an alkyl moiety (e.g.,
linear, branched or cyclic) in which at least one of its carbon atoms has been replaced with a
heteroatom (e.g., N, O or S).

Unless otherwise indicated, the term “heteroaryl” means an aryl moiety wherein at
least one of its carbon atoms has been replaced with a heteroatom (e.g., N, O or S).
Examples include, but are not limited to, acridinyl, benzimidazolyl, benzofuranyl,
benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl, benzothiazolyl, benzoxazolyl, furyl,
imidazolyl, indolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl, pyrazinyl,
pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl,
tetrazolyl, thiazolyl, and triazinyl.

Unless otherwise indicated, the term “heteroarylalkyl” or “heteroaryl-alkyl” means a

heteroaryl moiety bound to an alkyl moiety.
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Unl ess otherw se indicated, the term"circul ating

| ynphocyte reduction factor" or "CLRF' neans the
walewsgesed i n t he nunber of circul ating | ynphocR@€BES1008/055210

m ce caused by oral adm nistration of a single dose of

a cagnpaund, at .100..no/ s_det er ni ned he net hod :

GescrPBip bttt RhpCR ST E ot by (IFbuBE. partiay

arbigiicat Reh-arbhati¢ BloRBeycliabpPeRCydiBdinglrkdyg seReaEBaPSised of carbon,
fluorine, chlorine, bromne, and i odi ne. Unl ess

hygrogsp\ang at feptiona hetgroatane (¢ & Ph OetSer ddickgrpeycleanay gorppyise multiple
-gn ' i b : i 6) ]

(2 Bof by 5l ot Wy D ERRGORRGncRUE Hefebode Sl

Exaapgllacecdudt, biat arcmet Bmdtad anbéezofl,3]digxoQ102,3Gihydunbess[1,4]dioxinyl,
.otherwi se indicated, the term "heteroaryl" mnmeans an ., .

Cl@}%hnywrf;ﬁlréflx} @1W1a‘i‘1°@§8§?yq]o?f@twiiof‘ga%rﬁaﬁaé‘flblnﬁlpendmyl’

pyRAABRRD. PERPRAEA. WikRyofiEhist AAHRU Dy ny ), Mol op Phdiny.

tetvghyzroyiydiaz dinyl, tetbpdofiopieyy], tdehyddthodfyiraybhnd yalerolactamyl.

P TR B25 ) MRS AR et st
tolaRAROEER! bicty RNAZPhY hikyPmadiyazol yl, oxazol yl,

pht hal azi nyl , "pyrazi nyl, pyrazolyl, pyridazinyl,

pyr i dyless giherivasedneipated,phe temndhtterasyelpadkyl” refers to a non-aromatic
hege%cna&eol inyl, quinolinyl, tetrazolyl, thiazolyl, and

T azinyl . Unl ess otherw se indicated, the term

" hetienlegy oth@hkyelindiodted, hed RF@ahyteroal KyhlkylaBati Soraheterocycloalkyl-
het eroaryl noiety bound to an al kyl nojety. Unless
allgelh &¢fons d@ a hatgrasxtlealkyt meichebound e ae plkgl@pty.ref ers to

an %I?l@%td.tﬁerw@s%ri Jh@!ltléél,tﬁlé Rt i‘r?lar?a{ em’oﬂiaﬁﬁgﬂﬁ’f Lu?d “management”
nmonocyclic or polycycl’ic ring or rihg syste conprlsgd]Il
enobmeass poeventiyglthegesur@nck aff tht egzificdniiscast @rdisirdimif @ pgtignt who has

al%ogféq% %?értPg éigéq%g )ég leggqr(ri%% 8§%P [e%sépgiuglg Ftlileptline;e gﬂa't & patient who
haSRLEERE Yiohede ldNehude dBERY 2ah¥thsin fBX I e he AGhHs @8 compass

but are not limted to, benzo[l, 3]di oxol yl,
m@dBatdighthel thoeshohlz dfvelajnkind rindigt dureiiomal thediscast or disgider, or changing

hydant oi nyl|., .morpholinyl .. oxetanyl, oxiranyl,
RS fien TREROR oG ais S bEMarapo I

Py rohlcsh diddrwideahdidtydrRs tek@rpharnia@éiftRANE hQRY1aBRYIts” refers to

t et rahydropyri di nyl, tetrahydropyrim dinyl,

safte preamred fomhplapmeeguticaliyeaqcapipble sphitepy peify er kases including inorganic
acl sI a%[i%lagj‘e%ta%g%{rganic acids and bases. Suitable pharmaceutically acceptable base
addition salts include, but are not limited to, metallic salts made from aluminum, calcium,
lithium, magnesium, potassium, sodium and zinc or organic salts made from lysine, N,N’-
dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
meglumine (N-methylglucamine) and procaine. Suitable non-toxic acids include, but are not
limited to, inorganic and organic acids such as acetic, alginic, anthranilic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, furoic, galacturonic,
gluconic, glucuronic, glutamic, glycolic, hydrobromic, hydrochloric, isethionic, lactic,
maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic,
phosphoric, propionic, salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-

toluenesulfonic acid. Specific non-toxic acids include hydrochloric, hydrobromic,
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Unl ess otherw se indicated, the term

"het erocycl eal kyl" or "heterocycle-alkyl" refers to a
woewsnosytl e noi ety bound to an al kyl noiety. REI/ES208/055210

ot herw se indicated, the term "heterocycl oal kyl " _
pl{oﬁé}l?o%lztt fu%tcﬂorgitr%e;‘ erlrn.aelt%lg oenrqe%elrg%) g%;?a{(n%lgﬁ (Efl eg’g‘lﬁg seﬁtes M Sificlude

hydisdhedriie el aalsiitealey | OtHeﬁ@f 8¢ Svellkndwiah ey CSRaé. lgleemmgton s
noi ety bound to an al kyl noi et Unl ess otherw s

Phaxmaeattisdl Saierees dbthsed: Mﬁ%%ub-l%/shﬁagnggqtmg}’ Aghp0) and Remington: The
ch%@@ 997 Wﬁé‘&iée B PAINRLS (U L& ”Mgglg Phﬁl?sgfx%é HhaGaPR, gé%sgs

specli fied “di sease di'sor
alr danilysmﬁére/mdndlcamd tthetetins e@secnn)”’ “gdiesontihe” and fipcoention”

Iengthenlng the time that a patient. who has_suffered
confeyRlatpan gf at qyﬁuré|b§§0rr%pa%ﬁ§?$1§8 w“:tléﬁfr%at fispepied discase
orldd r%ﬁi@ﬁ%ﬁﬁts‘mqg L@Eb iR sth&ith BF B iplcGse AN @R MR ther words,

an /or’ duration of di sease or disorder, or
thchamgﬁngnnmmspmmhyham a patient responds to the

di s e or, disorder. Unless.o i ndi cated, the )

Fer TS h R DRIy e RO A TR ERAFE pht Compound is
anSAhduht RIBBRAEE JréERMt PBRELR GL b dE@did, lSr BRCEMHARIs§mptoms associated

non-toxi ¢ aci ds or bases including inorganic acids and

with theglisgast ercgadmtlgn,am pdeveahids tsgesence S prgplméactlcally effective amount

0 iaﬂc?oﬁn&%@%&’ t Ie nsaar eanll,loo ?B% %%{az)glkl)t?c aegeﬁgg aqnle I01r i %qntlbmatlo& with other

agefi@MvRicH Fravidas aqabstiyladtic lbichdTit iitherpReaLibn 0T thp QRS UMhe term
sodi um and zjinc or or%anlc salts made fromlysine, N
pmpphyeﬁct;éa%bmfﬁqcaw SREHI A ATNCOBRPBAG IS et ingHeygsperall

PrOR R e R LRI SR PER s e st
aci dSnlleMthRie/,lsebmﬂlcaedg thoterhi“Sil P é&det enhahciog ggent’t maads a compound
or gani cids, such as a alginic, anthranilic,
thpfdis & |9f5hicest abant ) gﬁcanphorsul fonic, citric,

et hepgisw §tRGHwsse h@EEEE, thl KERFKEP lé\}éf Qﬂﬁncﬂ%lf&%ru bPASCEF” means
gl uconic, giucuronic, glutamc, glycolic ydr obrom c,

thhmd;r@@him%]ﬂ:m the gpilédno oif oicd @obsédchy oral gdnaipistrafiorcof a smgle dose of a

mandel. i ¢ anesuyl f oni cic itric, ,pagoic,

coBSION ROHIOEE BRcciseaited Dy ShE bthsthdsieriiea i fRiFatamples. below.
sal i G¥lkésCoth&tveRlhGicatSdlGRd i@, “st%kﬂofs@ﬁiehb @mxﬁl% ’féﬂlbbtﬁpasses racemic
tartaric acid, and ptoluenesulfonlc aci d

. Spe
mpxdes axvell ai;st@rgomﬁ@mlﬂd'@nﬁy]mdd@mt@ﬁ @g.,RIS= 90/70 35/65 40/60, 45/55,
5%}&9869&08&@5 h@§@ ic, sulfuric, and nethanesul fonic

es 0 speC|f|c salts t hus |nclude
Unless otherwise indicated, the term “stereomerically pure” means a composition that

comprises one stereoisomer of a compound and is substantially free of other stereoisomers of
that compound. For example, a stereomerically pure composition of a compound having one
stercocenter will be substantially free of the opposite stereoisomer of the compound. A
stercomerically pure composition of a compound having two stereocenters will be
substantially free of other diastereomers of the compound. A typical stereomerically pure
compound comprises greater than about 80% by weight of one stereoisomer of the compound
and less than about 20% by weight of other stereoisomers of the compound, greater than
about 90% by weight of one stereoisomer of the compound and less than about 10% by

weight of the other stereoisomers of the compound, greater than about 95% by weight of one
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hydrochl ori de and nesylate salts. Qhers are

wel |l -known in the art. See, e.g., Rem ngton S
webasreseut i cal Sci ences (18th ed., Mack Publ i BE¢i/E82008/055210

East on PA: 1990) and Rem ngton: The Science and

st%é@%érlngre ﬁlﬁﬁgg%o%%%}ug %‘egé h}aﬁglpwt'g?: %}I] gz%gédhltt ép J[he ’ther sterecoisomers of
tht esmPoundl ereeRt than aP& @IS by Gcighbelf oriRl seresibdret of the compound and
contenpl ate an action that occurs befaore a patient

letsetbarh%b%3 “Unrweight ofithe placsyerspispers ¢f wacomnepnd, or greater than
ab%k?é’é (f‘ %gase‘géﬂg ;6'? 8{3%] %F%éfrsgrn?fn oi‘; tﬁg H&rﬁgol}ngl%naq%sﬁ E[l#atnyabgflt 1% by weight
ofemmmaemmpawoame&onmhe&s ot herwi se indicated, a
agr a . a%é%gvf?qleg%@g{ltgg 6%1%@%2@2%&%%1@?% egg%n gsgﬁch HGSCI‘I%G a chemical
stQRRE & DBiety? 'fef@t@% Qe TRt R e DY MRk MRS SP Rl q&zh\é%etnhoﬁé"& more of
I sease or ‘condition, or prevent its recurrence.
1tqir}wlmgehamm$1alshbstleﬁécémth\ae amp whtmadal momtmmoﬁmdlmhg@up such as,

o B ITRAR tsne gt SRsaidenaBATE P ER p A daubgnyl. alkenyl alkyl
(e%r Qﬂéiwla@thylc p&%g}?fubhtym ak@ﬁyl?élﬁyl%ﬁ%bﬁﬂo% ( U@{oﬁdﬂ%ﬁ%%nde

he term" actica ective anmount" '
DDA - RDAC OralkyDopridreb (S PSTaN -k sy aXR N, ), amine
or _enhanc $ th actl efficac of an

(plblpgahchon aélg, éﬁ{lg&dﬁl plldga ¥lﬁe o, arvlanmi fagq'ia%r%mo) aroyl, aryl,
ar?l@kyn azd) cBrH)ai‘Mng (SNTh(@ONg kg aﬂLOC(GﬁﬂH aﬁ(yﬁ);) ﬁm@wﬂﬁsﬂ tehat CONH,, as

a SLEF of at | east about 10-fold. Unless ot herw se

W‘iﬂhgﬁ @@My&alkvh EQNHrarylspml CONE-arimia b icagongle easboxyprcarboxylic acid,
I

e ROET AR, LRSS B 0B, B .

mahowmthmyl) gluiarli 0o eyl d halcatk ydl 64 g[#@(ﬁ@,dCﬁy -CheF 0ot llmefoalkyl

hq%ﬁg‘?e[“;ﬂgf lggnel {rhliltég]%e% Pﬁ%g&%&b%%agn#s %gltélfl]ﬁg Vl\éetone nitrile, nitro,

)&?G@(ﬂ%ast§ BRVIRCETDD, g}bﬂ&a lﬁﬁilé’@r sulfde, Ig\}/llgonarmdo e, § , SO,NH,),

ereonerically enriche ures e.g.
suBdnE Splfdigyl Gmpludﬁig%kylﬁﬁfonﬁ aﬁ@dlﬂi@nylﬁﬁlﬂ%ylalﬂ{ylsﬁﬁé@@) sulfoxide, thiol

(eggkgﬁﬁﬁgﬂglge @?@?&ﬁﬂ%ﬂéﬁgﬁﬁ S:;egﬁgmsrl cally

st er@@l’em&w@ge 1ﬁd16&1€@ ) QU AkLr@Rtatit S lySdfRetidihahdtY of 4 88mpound is an
of other stereoisoners of that conpound. For exanpl e,

amgoust syfBeiet foqupyige pthosansonip bericfit ont ﬂreatn@@hprdmwgement of a

dllgeas I nIgCO%Hl%OIl, or to delay or minimize one or more symptoms associated with the

disease or condition. A therapeutically effective amount of a compound means an amount of
therapeutic agent, alone or in combination with other therapies, which provides a therapeutic
benefit in the treatment or management of the disease or condition. The term “therapeutically
effective amount” can encompass an amount that improves overall therapy, reduces or avoids
symptoms or causes of a disease or condition, or enhances the therapeutic efficacy of another
therapeutic agent.

EE Y

Unless otherwise indicated, the terms “treat,” “treating” and “treatment” contemplate
an action that occurs while a patient is suffering from the specified disease or disorder, which
reduces the severity of the disease or disorder, or retards or slows the progression of the

disease or disorder.
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stereocenter will be substantially free of the
opposite stereoisoner of the conpound. A

wWQ@sases i cal |y pure conposition of a conmpouneCTiES1008/055210
two stereocenters will be substantially free of other

di a re NBLS: of. und ¥ .
St or et i GeL D BHRG b RacRe g pepoipg g nclude, b

aré'lB@Mﬁmﬁ&f’/tbb’)/anﬂ&h@f&mﬁnc@[&s’sheﬁsrtﬁ@Saﬁﬁb’ﬁﬁéarﬁﬁg kdvéncludes, but is not
i ttg{found and | ess than about 20% by wei ght of ot her
g

©o1 SBRgHY, gic teme “Bishpo ubag, thepasa meanipges the &M 900k as, but not
hnjﬁ% -gi-ght of one stereoi somer of the conmpound and |ess
an about 10% by wei ght of the other stereoisoners of

t he Golopathawigrieditard,tdnanr alootiddjOGkebimmedigiety @tceding a series of
onest ereoi soner of the conp &?d and Iess t han about 5%

nays (3P GRCOBYIUEH @S BRINENE & 18 Bt dhsrRques.oF o FaMplwHtsUttiRse
1 u ta Q h a 1 na
“BORUGIABAM 45710 LA e S0, B ARk ot

subktgutt] Iaécry sptamety swmnsecbéryt loe optumatiw astiarcdhaeperyl.”

t ha 0 99% i ght. one 0| SO of the
C oo S e dthal R sRithiol S5, By TRERLRET S e Brast S napund may
besde%@&'d%f’@ﬁ ﬁmﬁ% athI%e %@ﬂﬁ%ﬂdaccbﬂi'e@ $SwIRIEEVAS 85 a single molecule
indi cated, the Term"substituted," when used to
ordietgl@rrq dsemordhepdocddd it rrdigalu Fer @xarmiﬁ,ethg fermef pyriding’ and “pyridyl”
ar cEceo (?e,rd tﬁ%e sa%f;'e ! Ea%{né%%vﬁl?g h’ééerd| g & ucg%f: Iatn){u%l\eﬂfigq a¥t h%d?o other chemical

maictiel. Th-Nhe advo pRiagdsy XOH f whgtina0 & py@dgngd UKD Swhdéih X is
not limted to, alcohol, al dehyl de, al koxy

pyAldkeen 3y8 epegrded eosaedPesming. andipicenipess the re«ympwdg pyridin-2-ol,

rgeyl, t-butyl), alkynyl,
PW‘E“?&%?‘E“ ﬁ%d&% “0c(Oal kyl), anide (-C(O) NH al kyl -
or -Ialslhqdld\h-lﬁm o) ad)ﬂegt khat ifahe stereybhofriCENbD) Ntrhdey br @ portion of a

stlglﬁglﬁe gloé}zr;giﬂ EE (f %}qrgar %Bglﬁfﬂ?&pg{eg)}%ggntﬁpggt}dcg}%m the portion
oﬁfcl%%tr%cﬁlré{ O Ybe 1ﬁ’t€ﬂ)ret€@5pé}{59ﬂpa§51w @I%l%rlﬁéﬁls of & Moreover, any

H al kyl ), carbanyl (e.g H2, as well as

at@@Nkbwath kryh dra@OhHwith ywhsataficd ﬁmﬁearsydsalrkqd t)o beadtrtdwdytd enough

ar box lic.acid,, c oxyllca nhydri de .
g0 A SR i s ey RN Lei S bndi N i one sola
hr{e%agallel féﬁtﬂ%%)(hedq{ﬂ%@ﬁw &eﬂs’d BBihdine aktBdublh@l goadr&irihtlc) bonds, if

e.g., -CA3, - s)3), heteroal kyl,
v s, ini ne (pr| mary and secondary), isocyanate,
i sot hi ocyanate, ketone, nitrile, nitro, oxygen (i.e.,

to Vi group), phosphodi ester, sulfide,
sul P%%a o Ogﬁ((.?s, S2NH2) , sul fone, sul fonyl

oyt YRR b G foraRipe b e 2
Ry

and pharmaceutically acceptable salts and solvates (e.g., hydrates) thereof, wherein: A is an

optionally substituted heterocycle; R; is OR;4, OC(O)R4, C(O)OR 4, hydrogen, halogen,

8



(e.g. , sulfhydryl, thioether) and urea
(- NHCONH- al kyl -). Unl ess otherw se indicated, a

WO edvenegseuti cal ly effective amount” of a conpoREUBZ0&055210
anDunt sufficient to provide a therapeutic benefit in

m{rﬁe or oee?my g}lge%tﬁa {ilng@(ep%nt acﬂ;ylﬁ%/r qaﬁr%g{ %,glcr:o%ﬂ( the?e%cycle,

T0 e or

allaﬁﬁasﬂoayael thEﬁrdd?@ledlk?E&%@s OR, £ @J@tU)Rgm hydyogen, halogen, or
fectlve anmount onpound neans

t her apeut i cal e
opéwnglﬁb@%b@tlt@fedtail@ﬁ%a],kg la, wlal@ld}%er@q;lkylnheterocycle

RIS R SLRER, LAETERLER, I SR ECHL 8% Bngg
5 subktﬁutéd&ﬁ@igelr}d[ alkplraqjl,tarplralky]l'hetdrmk\yl Itd'tlﬁbél;p;dﬁ.ﬁall@ﬂieltqtocycle, or

ef fec e anmount an enconpass. an_ anmount. t hat )
qt%?yaiﬁ@@yaﬁaﬁmh eiferafsy ap B%es}n@ﬁpea&aﬂaéwgw grigptionally

sug titGRHS: %frylaalﬁyl%gﬁsa‘?}zl‘afk%/i: REdA181, hREroSRRAR eké?acycle, or

erapeutic effica ot her t erapeutlc ag
mmhbegkmbuhermnse |nd|cated the terns "treat,
“"treatj.n and " eat te an action t hat
occﬁggéﬂﬂ?F@nEmB%%VEﬁP F§m§&%? rTﬁ&bfromthe speci fi ed
di sease or di sagder r,whi ch reduces t he severltyapf tRge
di sease or y¢j sor or retards or slows thg ?

progres§|on f j sease or disorder. Unles R

ot her wi s& i ndi % he term "incl ude" ame®
nmeani ng , but are not limted " and®the
term"i ¥ ydds"” has the same neani ng asHNipeNudes, but
is not limted to." Simlarly, the term"” h as" has

t he sane ing as the term"such as, b
to." Unlg ot herw se indicated, one or
adj ectives Imedi ately preceding a series of nouns is
to be construga) as applying to each of the noung) For
exanpl e, the phrase "optionally substituted alky,

10 wRértn; RQfis ORLE @@{O’)RSA,MRsﬁ)E" NHE(®)RYEaRidRskeASor halogen; R6 is ORga,
ub

optionally s ituted Ky, optlonally subst i t ut ed
O@( IR64.0Y (P@p)m NHQ(OQR@ulu@@gem echdhegear BarsyPR 14, DC(OMub H(R7s)2,
t a a th
BB Sl SHOsEhe B R b T B gl o

hﬁi@(b‘gm[\d)Mlaﬁf‘g’eﬁI &ehl of R1 MReR, R4y, RX, 8h& R@aﬁ'lsan@dpﬁﬁdl@tly hydrogen or
nol ecul e or a nane commonly accorded its radical. For

OnSRBHHHI Sélbstth%edtaél?wrylwlﬂwkﬂtrﬂearyaﬁal WP%&W heferacycle,
15 al%ﬁ&@g‘égﬁl& he h%%%g%glﬁgp AndB&R olf SB, 6B, IQ Sl 1€ i&independently

lety t’ache em cal
hydrogen or alkyl optionally substltuted with one or more hydroxy or halogen groups.

One embodiment of the invention encompasses compounds of formula II:

I

20  and pharmaceutically acceptable salts and solvates thereof, wherein: X is CR4, CHR4, N,
NRy, O or S; Y is CR4, CHR4, N, NRy, O or S; Z is CR4, CHR4, N, NRo, O or S; R; is ORja,
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noi eti es. Thus, the two phrases "XOH, wherein X is

pyridyl" and "XOH, wherein X is pyridine" are accorded
W@ b@sgessed neani ng, and enconpass t he conmpoundsPCT/US2008/055210

pyridin-2-ol, pyridin-3-ol and pyridin 4-o0l. It should
C@) b 902%%9 ﬁalilo(a;lgt,ep; Ifntrtllgforsotp B"%tst te&n%yl a}%h alk

arwandsyl Heﬁ&oaﬁ%ﬁ%tﬁocﬁ% dlk@[he@h&ﬁd‘}ﬁétb bi msmcydl@usﬁr mptsumA,
or the portion of the structure is to be interp

OQQO)& Jiigerasn mplegen, erantiearisovibeitutsd alleyl, auph éléivl@ryl gmplkyl,

h a
e G o el B R 1, D ORIV LS., KELREER! Rydrogen.
hygladdys byojitlmalabendesed dlhylaﬂgﬂ alkyturylc halicd] hdoanalgyl, heterocycle,

depicted with one solid Ii araIIeI Q one
alksrlﬁ%ter@ﬁwwéﬂgtemﬁle%hkwg F%C $ldo%m, émi Bangis, mfgwewgfmlx fiydrogen or
e 5, T

o S S MY oy e P TR DRy i ropyele
aligfibetomepale. ardibteyocaciealyhbheh Raistigleaoticsdy @&4@@@@)@44\, hydrogen,

S LS B IS8 S, B o, hecrocsct

al SRt cfele, W%&ﬁ%@/cleﬁﬁ pgsd‘h paa i ﬁﬁdegendéhﬂy B&dh@@éﬂ J)ﬁ/optlonauy

substituted alk kyl aryl,
suh@tttewdalkw|arylh@liiéllandy@ylélkyhlhkgﬁlrcwémrl@ﬁtgrecs@le elkylheterocycle, or
heheerit)%rc ea¥k%r|o,ran8 ?ho%fF? ?&%@Saﬁuﬁeﬁm({] ygggrogen or optionally

suabthuiedfaMdyl aaylyblayllayyl,, ar?l@ﬂ@[ Qﬁfek&lkylhlﬁt@b@;&%} lafkylheterocycle, or
alkylheterocycle or heterocyclealkyl; R3is N(R A 2,
‘WV@%@&@ Y’hydroxy, or optionally substituted al kyl,

aryl L, heterocycle,

al k Iliahre‘%lg%ljoc?%ou?&%g é%%%ayggf@é?‘ihm and each of R

A, RZA, and R3Ai s iRadependently hydrogen or Re R7

optional | y Heubst) ed al kyl, aryl, alkylamg ¥

aryl al kgl , h oal kyl, heterocycle, al

or heter Parti cul ar conpound
formula I/(a)\ or I%b) I (a) 1 (b) wherein;
oo O R BAANR 5B)2, NHO(0) R 5B, hydr ogBN;

R6 i s ORGA

TI(a) 11(b)

wherein: Rs is ORsp, OC(O)Rsa, N(Rsp)2, NHC(O)Rsp, hydrogen, or halogen; Rg is ORea,
OC(0O)Rea, N(Rgp)2, NHC(O)Rep, hydrogen, or halogen; R7 is OR74, OC(O)R7a, N(R75),
NHC(O)R7p, hydrogen, or halogen; Rg is CHORs4, CH,OC(O)Rsa, N(Rsp)2, NHC(O)Rgp,
hydrogen, or halogen; each of Ry, Rsa, Rea, R7a, and Rga is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; and each of Rsg, Reg, R75 and Rgp is independently
hydrogen or alkyl optionally substituted with one or more hydroxy or halogen groups.

Another embodiment encompasses compounds of formula II1:

10
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OC(O R 6A, N(R 6B) 2, NHC(O R 6B, hydrogen, or

hal ogen; R7 is OR7TA, 0C(0)R 7A, N(R 7B)2, NHC(O R 7B,
woyasoesmM or hal ogen; R8 is CH2OR8A, CH2OC( O) RI'BBS20bK/655210

8B) 2, NHC(O)R 8B, hydrogen, or hal ogen; each of RIA

RSA, R6A, R7A, and R8Ai s indepgndently hydrogen or

optionally substituted al kyl, yl, al kylaryl,

aryl al kyl, heteroal kyl, h 1er o cRe aIktheterocycIe,

or heterocyclealkyl; and ea f R5B, R6B, R7B and

R8Bi s i ndependently hydro N al kyl optionally
substituted with one or norelhydroxy or hal ogen
groups. One enbodi nent of t i nventi on enconpasses
conpounds of formula I1: |1 Xl arYd phar maceutical ly
acceptabl e salts and sol vat hereof, wherein: X is

CR4, CHR, N, NR9, O or SRYIS CR4, CHR4 N, NR9, O
or S; Zis CR4, CHR 4, N, KR9, Oor S; R is
OR1IA, C(O ORI A, hydrogen, halpgen, nitrile, or

opti onal | y substituted al kgl aryl, al kylaryl, .
prERacgpiicalzaeecpiig salts ga mlwwhéreoaw%wmt &ris &t €HR4, N,

Nﬁ éld‘8}§r@?syé %Pﬁ)('éﬁ R%Sgu@ R D %ﬂ;@{?, dr@%f{'@&ﬁé‘;m is OR 4,

er, or option: stitute
C(&))K)Rl @rwdroganylhmgeyll mtﬂﬂe,t c&rapabkally, subsgtiteted alksl, eryl, alkylaryl,

yl heterocycl e, or heterocycleal ky]; R3 is N(R A
af}ﬁl)? 53@ rl%BE?fOCBEﬂle é YJWPW?% abéqtfﬂrpawé%ﬁﬂarlk%: Is G
og{dkj)llzlzﬁ %fﬂ%g%ﬁ}’ﬂazlog%hﬂ) %hau;l@ﬁo%ﬂ?e'dka}'ﬁyl t§1][1<9%¥3|q!A fylalkyl,

et'erocycl e, or heterocycl eal kyl
haRadglkglnbctR®Ay e, arhk:;éh%ademld: ypr hytdrqg:gelnalbyl B.pts' WRah).yhydrogen,

oA TP bl L ks . e

haeReyaé, Qﬁ'h@ﬁékocy@l@@l@ R@adhsoﬂ K‘lgeﬂﬁn deRrLYis @RlePendently hydrogen or
O R A, hydrogen, FI or optionally substituted

Omillong'llly SIdvrstyﬂutedailﬂm,l 8a:yly plky i@rb'wiyl hetareglisgll keterocycle,

algﬁfl%ecgr%%yﬁe or e en %]%g;lo%% rl%glé ?]ndoe gﬁdsepﬁ%b‘# a(l)&%/(B)RA;A, hydrogen,

hasaest d)ﬁd{ih@dal@l é(l)l’)ht;ltu&ﬁ)éllkyl adridy hiaw by, ﬁlekéyll klbéke.roalkyl heterocycle,
het er oal kyl , heterocycl e, alkyl heterocycle, or

alﬁéb@fé@éy@wé|hﬁg¢rocyalﬁalkélaéwhoﬁ9 lﬁmd&pewzm y Regiagen wmntignally
suglﬁgtgﬁﬁ Qg&)ﬁ}la{r%,amégl] g@eepylgfklyg ﬁ% @Jlﬁ%ﬁﬁﬁfp?dl ldfk%lﬁleterocycle, or
hetebderctaiioleand @by b fikixeROGC RGA end RﬁA iselhdflpemjmﬂg alyénpleen or optionally
sy, ?[rttgée @lk(}lg)ar}?ln}ljlgglgd a?‘;rll%lkgj hfe‘?egro y?eheltelr cycle, alkyﬁhetgrocycle or
heterocyclealkyl.

Particular compounds are of formulae II1(a) or IT1I(b):

Rs R7
HO
R1 Rg R1
— R5
HNIN HN
X ”A\\IY
\\- I/
—Z
R4 R4
II(a) I11(b)

11
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wherein: R5 is ORSA, OC(O R 5A, N(R 5B)2, NHC(0)R 5B,

hydr ogen, or halogen; R6 is 0 RGA, OC(O R 6A, N(R 6B)
WQ200BHOBA R 6B, hydrogen, or hal ogen; R7 is 0 R7AUS2008/055210

0C(0)R 7A, N(R 7B)2, NHC(O R 7B, hydrogen, or hal ogen;

Wﬁ% o SE ek FA’ha&o@%’g B sy RO v e Rl Ro s ORn

O@(@)R3§Aﬂ§16 Ja dzeHemmtBI h’ydﬂol%&ﬁ@teﬁhl@genom 1scm[aJAl PC(O)R7a, N(R75)2,
substituted al kyl, aryl aryl, ar
NH@(@}@ lgkoseninisy Es lsgri@met Ho A LGN (Res)s, NHC(O)Rs,

k f , RS
nog:e%gﬁ%&lk%% %acgr og&h 8? aokly}fA’ ng Eg fs IRY/ #(%%tﬁﬁ g? %&en o
optioh il osubstatnalley hyrgl olkylaoyl, dralatigerhogmoals, hnotiide,
N o R T T
h}ldb(?eﬁ%fr alM@IIS\IfanH%&Bsﬁtu%%éwﬁ%z“n%%@d R hig ggn gﬁ)ups

Ri i RefOmibA to @(e@a@@us\formjathe@mtqse&lhdbmgle(ag rfonrmulael Iband II0), as

| | b t
argfiae ey pomearesiath 5T eeaniodyd s SaobyRi vigayly whstituted
he%ro&%!ee. rE&YIﬁJI@Qh&MHe olﬁldnﬁllﬁl‘tﬁtlm@&( @ﬁg&lmlﬂﬁ@&ég@lﬁydro -isoxazole,

hal ogen, or opti onal Ily substituted al
dibydegiparagple, émydrmhwzo chéipsolawd, vayhlolamex tlml dhadazole, isoxazole,

1s%xaéghcﬂ§é xR dﬁane and(;}?yraz {. glﬁ% Gl )e;e%lsbu SP{lenttu ! dnot%Fil?Ila%I’y substituted

fuaarnythlolﬂiehybﬁpwole aryl al kyI het er oal kyl, heter ocycl e,
al kyl het erocycl e, or heter ocycl eal kyl ; each of RIA
R2A, Ingagne Romipeuidseidie n denemyCrrg apiirjiaHy s¥bsgbitedbhrietogycle (e.g.,

py%&kﬁ Sut ed al kyl, aryl, alkylaryl, arylal kyl,
heteroalkyl heterocycle, alkylheterocycle, or

het eihcoyel Kad; KRl pr €8, R sorse i)ﬁdé‘fhenﬂlﬁat Irysooig X is O or S.
OC( Q) R4A, ydr gen al onal sub i tute
al k SO%]F %&W Qfﬁef“ ?‘g?‘im%%kﬁl @gé &%ﬁ is O or
het el‘h%bh%' Eus @Rky! OARSr ACYmle 7 9N Halry %YSBhﬁaZ kyOior S.

each R9 1's independently hydrogen or optionally
s ubslnispoicel iaNkapd,Y ar@| In sinkey Xais N andaY y¢ BRky In some, X is N and Y is

e BhBe ol it B il 3o X R R alla XN wazis s an

soh{édgggmﬂqmslw ah&@rl@m or optionally substituted
aIRy , aryl, aIkyIaryI aryl al kyl , heteroal kyl ,

het diseipei %1 1Sé1yd§ﬂgﬁ@t By Wy Re Is wjfrilp einemmy & eSacmtl;Dlnally substituted
lower }11[(}91” llg 5o oY r(‘ﬂ? 1A OF %(8501]‘{ am“dlKﬁ 1A 18, for( ex)arn%{e hy(ﬁrgggn or

optionally substituted lower alkyl.

In some, R; is OR,4. In some, R; is OC(O)R,4 and Ry, is, for example, hydrogen. In
some, R is halogen.

In some, Rj is optionally substituted alkyl (e.g., alkyl substituted with one or more
halogen or OR;34 moieties, wherein Rs4 is, for example, hydrogen or acetate). In some, Rs is
hydrogen. In some, R is hydroxyl. In some, Rj is optionally substituted heteroalkyl (e.g.,
alkoxy). In some, Rj is heteroalkyl substituted with one or more halogen, hydroxyl or
acetate.

In some, R4 1s hydrogen or optionally substituted alkyl, aryl or alkylaryl.

12
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I 1 1(a) I I I(b)wherein: R5 is ORSA, OC(OR 5A, N(R
5B)2, NHC(O R 5B, hydrogen, or hal ogen; R6 is ORGA,

w@gne3eA, N(R 6B) 2, NHC(O R 6B, hydrogen, oPCT/US2008/055210
hal ogen; R7 is ORT7A, OC(O)R 7A, N(R 7B) 2, NHC(O)R 7B,

hydr.ogen, or, hal,0 n'R R 8A, N
AR SRR TR TP TR A B oo

RIRBH, RR@ﬁd RBM ydadg1 aszﬁje&té nmes@ﬁfedﬁnbf Rs, Imgdlkp gﬁdﬂ RQE&re hydroxyl.
optionally substltut ed al kyl, aryl,

ar yl1a1sRye; Rpsthedoger ot optiaily sielp tuéed %ik]klyil i@@lbﬂ%ﬂ e,
or h@&ﬁé epgh?ﬁllelﬁﬁwe’nﬁ@g g%gﬂtaﬂlf rfgk ’mﬁe gt%r F?rﬁ I@nagld can exist as

R8BI S | ende en or
rasdihis thik tifr &cb fwn diftionieds O mirbdires hﬁ/diaﬂmombrsh dlha‘zgtﬁnentlon encompasses
gr oups. Refer ingﬁ%o he varlous foirrul ae di scl ose
St??@?r@?rhca% & PYLC 1of1gp RutU cprnpoqn} Sa#dV§l §5 mixgures, hp [ras.

Stblréoﬁeﬁrlﬁrs(‘rﬁ zﬁ i ?e Ht‘fl@ﬁ%écp&'reﬁlve?{ eﬂ% %ﬂgﬁrt@&mlques such

optional |y "substit uted erocycl e. i ncl ud
asmhtrabﬂwlllthlys (m,dhs’a] tesleohgaigbntslr Hee aigd dzthles, J,etal, Enantzomers

di hyd l e, ..dj hyd I i h - 1.hi ,
Ryt and T oI Al BleRr g & q@aﬂé&?@ﬁ"“@%‘ Sdtettal.
T étﬁn%é%@ll%eﬁmg (193 D] RN, SaRd RN dAObLCahPn @8R pounds (McGraw
enmbodi nent, A i s not o;[%tl onal |y substituted furan,

Hillh NoOhHEAR): and Biilono$ &1 mblsoafeRaolpautaryls andi@tial Resolutions, p.
L.on bst it ut ero e.g.,
26%);“ m 1e?q§)d°|[i$' %‘%&’U ame&? %\%&ﬁ% Icﬁrglcggm( Xis

N orTiNREhvchtiorSiRBer ohcoMmpidsey st&cokBmMEBEEix Yrch B éﬁnpdunds disclosed
CHR4 . In sonme, Yis Nor NRO. In sonme, Yis O or

hergins fridso cacpmpEyes nfignrtignal |1$ﬁ>na,€émf copnpogingp @ﬁclmﬁd hereﬁn, either in
adifiWire é’ 1h§) % H§s¢aﬂtﬁll§l%gP ﬁo s°ucl}' a@?&ql(%) tpa S ?alkgle 1somers

SOITe, n sone
anldrsyﬁammanti(ommehbamdsz is O In soms Xis N and Zis
[ and Z ] : is N Yis
N e Sorpaumdot Shrgvégonag: ﬁm%@gnﬁymﬁpcmducﬁon agents.

Cér?an{‘ b&rﬁ#élﬁlds (b PR anfBund §f c@[@{llaﬁﬂg Urﬂ[ h%@@% S ldEt%ﬁmned using the
[ ower n sone, R

method ﬂ@scrlbmhﬁphe Exh}ﬁﬂlﬁ&d)@’rgrwerdbm dmalk g, SEQLJ ESS;t]JO()utfeﬁjor 200 percent.
In&?’%@?&% bI A oglggitlgltR%vg;(lg I}Fﬁé? C%}{?B]Pz)gg%iucﬁzﬁ ciirséulating
lymphocytes in mice, many analogues and derivatives of THI, such as 1-(4-methyl-5-
((1S,2R,3R)-1,2,3,4-tetrahydroxybutyl)thiazol-2-yl)ethanone, have little or no effect on
circulating lymphocytes, despite reports to the contrary. See WO 97/46543.

Without being limited by theory, compounds of the invention are believed to affect
the S1P metabolic pathway, and may inhibit SIP lyase directly or indirectly in vivo.
Particular compounds are S1P level enhancing agents. Certain compounds increase the
amount of S1P, as determined using the method described below in the Examples, by greater
than about 10, 15, 20, 25, or 30-fold.

Compounds of the invention can be prepared by methods known in the art (e.g., by
varying and adding to the approaches described in Pyne, S.G., ACGC Chem. Res. Comm.
11:108-112 (2000); Halweg, K.M. and Biichi, G., J.Org.Chem. 50:1134-1136 (1985)).

Compounds can also be made by the methods disclosed below and variants thereof, which

will be apparent to those of ordinary skill in the art.
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some, R2 is halogen. In sonme, R3 is optionally
substituted alkyl (e.g. , alkyl substituted with one

w@eroosneB1hal ogen or OR3A noi eties, wherei n R3APGT/US2908/055210
exanpl e, hydrogen or acetate). In sone, R3is

hydrogen. ln sone Fs hydroxyl. |n s R3 is . .

ont 1SRy AR aieal RutdRagithr rieY o Rpyreiqty avaitable
andFReadid$ prépabet 8@, kyshoswbisddwut ed with one or nore

hal ogen, hydroxyl or acetate. In sone, R4 is hédrogen

or optionally substituted al kyl, aryl or alkylatyl.In

sone, each @f RS, R, ROH and Rg i s hydrogen or/—R;

hal ogen. In|sonme, one mor &Hef R5, Re, R7, d Rgis

hydr oxyl or lacetate. | all of RS, RN R H and

Rg are hy In so Hs RAydrogén or Optionally
substi t ut yl, aryl al kyl aryl . Conpounds_of the

i nventi on way cont ai HCone &H nore stereoce and
can exi st as racem c m xtures of enantione
m xtures of diastereoners. This invention encohpasses
stereonerically pure forms @feffech conmpounds, as wel |
as mxtures of those fornms. Stereoi somers nay be

wixgyinmfor ckaapleyths yeuctaetsi aze corobinedwth wed cqsivaligntsif ANudHvlid in MeOH at
t echni ques h as, chiral..col yims or chiral sol vi ng
rogaripe i Jiov oS RugSt ST Ok Eienihil Brr o

Racenat es and Resolutions (Wley Interscience, New
Yor k5.3.198Wkthodlo€0se S H., et al., Tetrahedron 33:2125
(1977); Evel, E L., Stereochem stry of Carbon

Conppil O s ch I rRWMPhdsks a h%tho@l%%ﬂddu%iiﬂg g kemcrdasinkh the amount of

Tabl es of Resolving Agents and Optical Resolutions, p.
S1F6® Amtient (Elsi el mousd, rat, dagicat of hugparn) én Deadethereels svhidhioroneprises
ad nqi%teri.lnN’to %%%%)iéntgh Ie%felct?\yeea%olu%]o% S tnq Lund S AP AT S DN Igi.e., a

SUEereoi sonerite i xt ures of - conpounds di'eci®sed her ein’
conipoahé @iselosa@imasiaps configurational isoners of

compounds di scl osed herein, either in adm xture or in )

pur eApsther gpzhodHper (cpsomRAsEesfagpehod plciedagng the numbepafT-cells in the
blbSF K e IR ATTEL Sl AR 0 A8k, BB amount of o
compooud af thegntepnipmocyt e reducti on agents. Certain

compounds inhibit the amount of circul ating . .

| ym%%g?réy%%@ﬁéﬁa?ww&smﬁaw oAU gd e B enting a
dikdasd b $RaviR hRTaffc 80 bFPOLE 16385, wiich éompri

S
administering to a patient in need thereof a therapeutically or prophylactically effective

amount of a compound of the invention.

Another embodiment encompasses a method of suppressing immune response in a
patient, which comprises administering to the patient an effective amount of a compound of
the invention.

Another embodiment encompasses a method of treating, managing or preventing an
autoimmune or inflammatory disease or disorder, which comprises administering to a patient
in need thereof a therapeutically or prophylactically effective amount of a compound of the
invention. Examples of diseases and disorders include ankylosing spondylitis, asthma (e.g.,
bronchial asthma), atopic dermatitis, Behcet's disease, graft-vs-host disease, Kawasaki

syndrome, lupus erythematosus, multiple sclerosis, myasthenia gravis, pollinosis, psoriasis,
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In this regard, it has been found that while TH is
capabl e of reducing circulating | ynphocytes in mce,

wmm/lmm ogues and derivatives of THI, such aBCT/US2008/055210

(4- et hyl - 5-

psgn%thdearﬁh {;erllleplglﬂ%gfl ag?th%}t%ag efrg(g %gttr Cr}s%) an* raeze%{lan (dg oft organ, cell
orl bR AREwHE Stypel e ARibbRs FMAQKLSIst 0 the contrary. See WO

97/ 46543. Wt hout being limted by theory, conpounds

of thédifipraddiscerss arddipeidpsvedudoAadisert Disaesegppi-phospholipid

0

sygglto e dllalrltgg{ﬂﬁﬁl%/@t%\})h?cno& gﬁ{%té ﬂi p#&ra %@g{lj%l s§ adrjeglﬁgﬁye%e Crohn's
Disease] thhgmcsymgmig@ Idbﬁ'natﬁiﬁy(bsaﬁls’,l Gmdpaz;urrds Siymdromas@rdvh'e Discase,

ampunt of ermn the ne

us ho .
H%Pé‘é‘&?tPBél%VrB@Ft%qu Waﬁﬁé a@s@aﬂatrégﬁy, wagw@zsﬁéﬁm&ﬁawoa%%ambert-
E%g[}] S R rglflg ppe%gy ﬁ%mﬁﬁ dgg l\(fﬁ%\%&? I‘f)‘%ﬂl? glflsaérﬂ%ﬁné !@%Eﬁlﬁkﬁf‘s nodosa,
prusary ibnigara noirhaeid) prgnarga stlemsagphohopiss, Rigsendsh Bdltmh; Syndrorne

1 08-1 12
rel s g0 R SRS o TON PR KR Py PR ggophthalmis,
Tdkh§ %%)Aﬁe@ﬁﬁf@ﬁfib@ﬁal aAR, 8 r&6xieBHE uRderdtie cﬂﬁﬁi;h Qﬁlé Wegeners

di scl osed bel ow and vari ants thereof, which wil
grappemeesist o t hose of ordl nary skill in the art. For
iémeia}né C°”Q§Htg o? a@ 1ems 151}118? an& figs?gc?r ipc e&’uleé Eia ] g%npoun@vvlll depend
uﬁa)htﬂidtbl@%uclﬁﬁs thé @pmlfhah@wau&mb&fmmheﬁmre%ﬂted fo®Mmanaged, and the age,
exanpl e, the reactants are conbined wth one

scagod G@irdémn ofthapeamti Rhaviadsy rieycddornele fastoraprgme]l known in the art,
oA RS G oAbl Dy AR Sy G

comgfolnod obthe imctutiat isngin(igisgred tondueasipaginttinen amoumtofabout 0.5, 1,
gIP in a patient (e.g., a nouse, rat, dog, cat or
QRaMPK n need thereof, which conprises adninistering
to the patient an effective amount of a conpound of

the g pvenghdfitndceuieal RraRIRAHRA di scl osed herein).
Anot her enbodr ment enconpasses a net hod of reducing

the TyIBREn@dn dicoBphed ﬁhaﬁﬁ@céﬁh@éﬂ%oﬁfpoﬁﬁ@ﬁg é%ﬂSlMI{é%r more

COﬁ'prISES adm ni stering to t he pati ent an ef fective
comounds affthginvention. Certain pharmaceutical compositions are single unit dosage

forms suitable for oral, mucosal (e.g., nasal, sublingual, vaginal, buccal, or rectal), parenteral
(e.g., subcutaneous, intravenous, bolus injection, intramuscular, or intraarterial), or
transdermal administration to a patient. Examples of dosage forms include, but are not
limited to: tablets; caplets; capsules, such as soft elastic gelatin capsules; cachets; troches;
lozenges; dispersions; suppositories; ointments; cataplasms (poultices); pastes; powders;
dressings; creams; plasters; solutions; patches; acrosols (e.g., nasal sprays or inhalers); gels;
liquid dosage forms suitable for oral or mucosal administration to a patient, including
suspensions (e.g., aqueous or non-aqueous liquid suspensions, oil-in-water emulsions, or a
water-in-oil liquid emulsions), solutions, and elixirs; liquid dosage forms suitable for
parenteral administration to a patient; and sterile solids (e.g., crystalline or amorphous solids)
that can be reconstituted to provide liquid dosage forms suitable for parenteral administration

to a patient.
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conmpound of the invention. Another enbodi nent

enconpasses a nethod of treating, nmanagi ng or
WwWee@saomsisig a di sease affected by (or havi ng SREPUS2IIBS/055210

affect ed by) SIP level's, which conprises adm nistering

reof ac t era tic
L o ook b JRERE wl (W §Re 31 hTARGHAL P oy, pral
adlnﬁmﬁaﬂuﬁneqﬁmtdﬂ%c%’@mgsrf@ Pot&dt Wﬁd@omﬁ h@en@bn from
suppressing i mmune response in a patient, which

de@&%ﬂ%éfﬁhwm BRsSHoEHpshigak teact. h@ﬂﬁﬁ‘tﬂb’eﬁ forgylagion gpzyi gpatain
1n§r%gféﬁ{s tﬁét ﬁlﬁﬁ@&%@%‘gf tﬁéqe?ctﬁl}{g ‘g;%g%dl g&ﬁﬂ{ﬂ% '3{%5 of actlon For

nment enconpass manag
exampf, emepdsumlg nay tmﬁdmmmemd iolipbsifohe nfasmtm)ztt;ondl 8 em t@protect them
di sord whi ch C%t nprises admnistering to a [

trent .
froth dRBRE YEEEETon M HER& SRaRIELA OB SHYRT-EE odictizp dptivery
ac%sg%gltl hl\éﬁlb@ﬂ%b'% inthcanggpaund of the invention.

Exanpl es of di seases and di sorders include ankyl osing
s poriSiyiilatly spooalytshhhle @ntpountdy mayg e alcogwrdtedinto bquwpidosage forms

(opEHRRk IR alANE o ests Lo DNEHEY G L O FFEREERs, cmulsifirs

andIGLARABNS sudVARSENISBE BmBE@MW, SyclO@xkiRqelsS a-cyclodextrin, B-cyclodextrin,
psoriasis, psorl atic arthritis, rheumat0| d arthritis,

Cantiselr outut acapsin Bhépe, ang.. Pajisend BWW(S@rg2OO4oNamRamDrug Disc.
3: ;@J_d% (%r4?1,ki?ab Oasgﬁr iob\l\rl)aﬁl@I xggra%ac@ carer%'é 5, an Q%B\gl\éﬁeo Us:3Q solvents such as,

Ceased *dnd a8 <o de? €1l '80

buPnseldaRed BN tihypdlestiondbdppbsl| alcobsI0emRy ] @Uﬁcﬁiafmtﬁlﬂ acetate benzyl
atrophic gastritis, achl orgﬁdra aut oi nmune,
algyhop bspzyl w%pmw@ae glyc éﬁrl?‘r{ﬁ}’@nﬁsgvlﬁ@ﬁloﬁlﬁlethyl formarmde

d
TR NSO FRARBARLHSE ofts RIEEMscdd BéEndue com, germ.
olater mtw,, aniddicepat dilsg, glyveestbetyliydipeinifaryl kobell pely&aylenc glycols,
T LB BTG L B Bec o o
cir rMIySSOId%[é BEpouRGd RaP8IsHBe (ﬁ%h@ﬂ&b& into s&%k%iﬁ%smg other

Reiter's Syndrone, rel apsing polychondritis, Schmd
te@ynqlres ﬂmowsjlm@ue art. FoSyxammemangyarpathet 4 @rqmmnﬁ arayi ‘ta suspended in

Takayasu's, Arteri oral ter|
o bR R s Bire Ry adbign TR 8 RIS, 34 Mty Rey. Drug Dise
3:982n94)0 'I%@ﬁérﬁcle?@&s%f&@ﬂipouﬁd%tﬂeﬁcrﬁfed%@f&rﬂhﬁ& babtPAred by the
and dosing schedul e of a conmpound wil | g
methods described in U.S. Patent Publication Nos. 2004-0164194, 2004-0195413, 2004-
0251332, 2005-0042177 A1, 2005-0031691 Al, and U.S. Patent Nos. 5,145,684, 5,510,118,
5,518,187, 5,534,270, 5,543,133, 5,662,883, 5,665,331, 5,718,388, 5,718,919, 5,834,025,

5,862,999, 6,431,478, 6,742,734, 6,745,962, the entireties of each of which are incorporated

herein by reference. In one embodiment, the nanoparticle form comprises particles having an
average particle size of less than about 2000 nm, less than about 1000 nm, or less than about
500 nm.

The composition, shape, and type of a dosage form will vary depending on its use.
For example, a dosage form used in the acute treatment of a disease may contain larger
amounts of one or more of the active ingredients it comprises than a dosage form used in the
chronic treatment of the same disease. Similarly, a parenteral dosage form may contain

smaller amounts of one or more of the active ingredients it comprises than an oral dosage
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upon factors such as the specific indication to be
treated, prevented, or nanaged, and the age, sex and

W@ omdines3on of the patient. The roles played byPGUITE2008/055210
factors are mell known in the art, and nmay be

fogrgl?o d[IéGra JITCRS ﬁéstﬁ%sre]e ”I%)? earnlg Sy tr%x%a'y?ﬂ lnrev gﬂemﬁ%desage forms

en@ﬁﬂpﬁﬁséd Bi ﬂﬂs h@etﬂdﬁ%ﬁm@ﬁﬁbﬁfﬁnelaﬂoﬁl@r RDbEca®ily &ipatknt to those
or 5 nmpk. 5.4. Pharmaceutical Formnul ations

Skﬂﬁd§n ﬂmﬁé“iqt&éne enlenipasges Pimataad &gl daancesoibed -+ Magls
p@%ﬁ@h%q&ﬂgmqqgg ?Dre conmpounds of the invention.
eut C

ar ma al conpositions are single unit

dosage fo Ie f r oral, mucosal (e.g., nasal
subllngu #Eﬁvég sag% M or rectal), parentera

(e. subcut aneous,. .i ntravenous, bol us ecti
i nt rARERIERaT COmPPHHPIAtas }né(F‘}tlonosP“%‘Jli’lﬁlﬁ%‘J Fhagiministration can be

pradiiddi g WiREdOfoshfe ArR]ldueRhs, HEXARRLESMAL #D8AAUSS fe% N&hewable
include, but are not limted to: tablets; caplets;

tablaiss uplap,-lgts eapshlcaand bfjnidelagt ﬂ@VOg@i &trups)c ép@udicggge forms contain
er si

h hes,
BRSO Gl RE FRESR ot AR Ri b R Rioarec tyamsthods of pharmacy

wElBRAGSH toRAYEekHlcddh BRI Oe, & eﬁ@?ﬁmgwnaﬁpﬁ‘dr%aceutzcal Sciences, 18th
sol utions; patches; aerosols (e.g., nasal sprays or

ed; M%ﬁ@@ﬂlﬁhl@@l Eastan Ry iP98bsage fornms suitable for oral
S us gt')ﬁ) Shin lora‘rf?glag %&%%tdré’ ﬁrebgrea bg %Eﬁl%ﬂﬁ%fh@ %!:tlf\qe ﬁgredlent(s) in an

Infinhd feedsdi o0 g with bt lleﬁB-t ‘Aﬁé excijgionhu a%b@'dﬁ].g to rcoﬁlvew&bﬁi phﬂn@icbutlcal
liquid emul sjions), saolutions, and elixirs;

Coaa@a@@ng ERORBIOYES tl%ftﬂlréerft@ Patbfék%ﬁfvvéfilwar%mﬁﬁoglm Q?neaﬁmg @n the form
n@ﬁ&%ﬁﬂkmsg$pf§5$£ NiGrafifhi ds (e.g., crystalline or

ous Sso at can be reconstituted to provide
liq LBed:adSE&Efghaelf cn’sm;f sdmingdddagor Gablgalamhtaa:l’sa]es represent the most

dn1n|stra ion to a at i rmul ati on
ot icis Oftb dovasr Sl AT oF s (i Ced b et B hndard aqueous or
no%‘dﬁ%é&hﬁe%ﬁﬁl Q4% V%GH b RS BRI dak bE PRlphRAD Y @nPERIBE methods of
conmpounds of this invention from degradation

phm*mdmyn In igengyals phasimacarichlneaimposigions argi drishga foyms are prepared by

LY Rl SE0% 0 BPREIERL Sy Dby O phBlinety aivasd
soﬁdtchﬁfers protﬁxmmh@l sHapITRAKN i d @Y ntdeh agk¥irod pEEREHINIf necessary.
Ilposonal fornulatlons In order to protect them from

D’é@g@?ﬁ@iﬁ% mgE be ﬁzc)(pﬁgpgateql gbsqlﬁt@@%getfpgﬁssﬁgcfaelhtyﬁapld dissolution.
Ll%nrcgﬁ'l!s %a?rratfsostyeﬁhgﬂoﬁ{eg t& Hcﬁﬁﬁtque ﬁl\ér%chture of dosage forms (e.g.,

tablets).
5.4.2. Parenteral Dosage Forms

Parenteral dosage forms can be administered to patients by various routes including,
but not limited to, subcutaneous, intravenous (including bolus injection), intramuscular, and
intraarterial. Because their administration typically bypasses patients’ natural defenses
against contaminants, parenteral dosage forms are specifically sterile or capable of being
sterilized prior to administration to a patient. Examples of parenteral dosage forms include,

but are not limited to, solutions ready for injection, dry products ready to be dissolved or
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across cell nmenbranes to intracellular sites.
Simlarly, poorly soluble conpounds may be

W0 psnpoeisat ed i nto |iquid dosage fornms (and doRELES2008/055210
forms suitable for reconstitution) with the aid of

sug]gel %I | Z] nagﬁnggﬁ%tﬁtgglx e?crcné” 1{@ Iggﬁl‘g’]ter 0 rﬁ %1?6% fofrf1 Cstugpnetng’lorslsu elgldy for

1nﬁmﬁM§bﬁQ@%mmkﬁw b- cyclodextrln Captlsol(r) and
Enca S|n(t ., Davis and Brewster, 2004,

q:@b ¢ [p%es Ejmé@an g 1@32130 POIAYe pq_gﬁ@rg]s@gsegc) forms of the invention

aré'%[l %)ertcl tho%@%}é?é%&(tﬁ% artC %ﬁﬁ{)lg%mtcg{ag,e l?ﬁerea%i‘iggxﬁgeld,to. Water

sol'ven SucC not
for BggutiopyJ SR lagaduok velatley kucﬂnaisblmn abelimatdid, SadieteCepride Injection,

benzyl|  al cohol, benzyl. benzoate, | ene glyco
Rlilg%r W%ﬂ“@ﬁé)?jl@é%lmG%HOHBPWFOSF 8?‘1%%%@ @P%%%/HWCUOH and Lactated

Rﬁg&f % &ﬁoﬁ VRO m d&i‘tﬂ’@%ﬁ?ﬁ&é alg aQ"tJu% n&ﬁlrgl’[ed to ethyl alcoélol

ttOﬂ eed, groun corn ern1 ol I1ve, cast o an

poése%lammeoglye@h angl ppdssqur«zpylerteglymwmimbufahucws Vahltcbh thh as, but not

T T R MR R TN TR —

mquﬁgh%eggﬁgpunds may al so be incorporated into
suspensi ons using other techni ques known in the art.

For exa £3. "R rg}.@ll 5 iezu ORI DRV P ms
qw

suspende OVI € a nanosusp nS|on

e .
TN CHEN: T T N
ophéifaprnic sohptiohs, spfa@p,aareﬁﬁolsycr’edﬁﬁs ﬂﬁid’iﬁﬂ@n’(ﬂmw Igble,dsolhmons emulsions,

U. S.. Patent Publication Nos._ 2004-0164194,
suspRB4ion3. g 2ihsT forgnknoypsa gaoof skgbi hoaga pe &g, Remington’s

P@?%?ﬁ%%%g%%ﬁ%% 81@{%3%11‘& 1§t g\%ck ’ Eﬁ@?%,gfgaisﬁ)%‘bA (1980 & 1990);
and, /66248838 n t@P%@;a’&Bﬂt;c%DM@eQBﬁmsﬂtﬁ 8, 029& ]&;b@#,, Rikdelphia

62, 99 31,478, 6,742,734, 6,745,962, ., .
<1§%§5r fféil ggm&# ﬁ@%ﬁ‘@ﬁ f%trmmleﬁ a%efv%typﬁowatraﬁﬂﬁ&p@ Ragles, which

cah Sk &pFINGEo thésKIR EnEWBRMHFE BpecifiderRRANMARALL toGlefindt B Penetration of a
conprises particles having an average particle size of

¢$E®$mnWaﬁ0£b@uw12@@@£ﬁﬁ] Iess t han about 1000 nm or

eSS SuitaB eabouet 55 Q nrgl T e °q fs I Sal an be used to
type 6 GSENGE F& il @ AB b ?H&r%ﬁ H"é &°
prooide @4adiRtBal, @pHak age nfuebdyl u&&age fdindshee welikBow eathe®Nkilled in the
of a disease may contain |arger amounts of one or nore

phefmaqsatied @rtg.cnf dgpend aarthe paiticelanipysue exswhichs gavaddageaccutical
co%og]tlldﬁ %g db&gg I?cﬁ‘m will be applied.

Depending on the specific tissue to be treated, additional components may be used
prior to, in conjunction with, or subsequent to treatment with active ingredients of the
invention. For example, penetration enhancers may be used to assist in delivering active
ingredients to the tissue.

The pH of a pharmaceutical composition or dosage form, or of the tissue to which the
pharmaceutical composition or dosage form is applied, may also be adjusted to improve
delivery of one or more active ingredients. Similarly, the polarity of a solvent carrier, its
ionic strength, or tonicity can be adjusted to improve delivery. Compounds such as stearates

may also be added to pharmaceutical compositions or dosage forms to advantageously alter
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chronic treatnment of the sane disease. Simlarly, a
parenteral dosage formmay contain snmaller anmounts of
W@r®@sae93mbre of the active ingredients it conpP@CBEES2008/055210
than an oral dosagefornrused to treat the sanme
th? %1}1%,@5’1%11 1-J[-hes ?}qlbc?tty{qﬁ %et acve Fn%refc’ s},{pl g8 tgos alg)é/e delivery.
InaRRt &Rk, \@/telafatdrsebaﬁ @@db bya iﬁpmasfeﬁ[dle foR thidfesAulakon, lagdn ieulsifying
the art. See, e. Rem ngton 's Phar maceut i ca
agepi ereEactantgul %@cﬂ  deliypiykenDARAINS A PRECU I GHhapging ag) Different
I E r eut.i t
saly, Y ol PRB R OE S RE T SRR b L B B R SR Bt propertis
ofike prelsiey cedpastiai.scr et e dosage forns, such as, but
are not limted to, tablets (e.g., chewable tablets),
capl hléﬁg ules, and liquids (e.g., flavored
syrd§%§‘ dosage forns contain predetermn ned
amounts of active ingredients, and be prepared
et howsciof ﬁﬁ&rrr’rﬁ%trowrlrbeméemtwé ﬁioﬁbélé faligwing @erﬁplfsrr avhich do
Rem ngton 's Pharmaceuti cal Sciences,
(?ghﬁtégﬁmpﬁhck Publ i shi ng, Easton PA (1990). Typica
oral dosage fornms are prepared by conbining the active
i ngréetli er$yighesinofyihRi2{,IRA1-€2-65Hmethvlisoxavali3-vl)-1Heinsitlazol-5-
one exci pilgnitametA3H-ngrdod conventi onal pharmaceuti cal
compoundi ng techni ques. Excipients can take a w de
variety of forns dependi ng onHche fgpm of preparation
desired for adm nistrati ordQO Becé of their ease of
adm ni stration, tablets and sul es represent the
nost advant ageous or al it forms. If desired,
tabl ets can be coated b i aqueous or
nonaqueous techni ques. osage fornms can be
prepared by conventi onal t hods of pharmacy. In
general , pharnaceutica osi tions and dosage forns
are prepared by uni f or m\ % d intimately adm xi ng the
0

active ingredients wth id carriers finely

divided solid carriers, or

prod he desired prese e

b o s hiiofed RipPERl R aPaR aG?beﬁéthml&ertﬁ S §istis shown below
infRAEBe DO facrlrty rapi d di ssolution. Lubricants may

al so be incorporated to facilitate the manufacture of

dosage forns (e.g. , tablets).

X v

and then shapi ng the

HO ) oH
o = °H :VS&Q(‘/ >23:j}_/ F_8‘<F~/
FH:/ _ab o~ c . =
N NH Nj/\NH Ny _NH N NH
l a l 74
o N N N
OCPhy OH 0
1 2 3 4 Me
Scheme 2

wherein: a is DCE:(MeO),CMg; (1:1), p-TsOH, 70°C; b is Ph;CONH,, MeOH, 1IN HCI (1.0
equiv.); ¢ is 2 N HCl/dioxane; d is n-BuLi 4.0 equiv, THF, 0°C, then N-methyl-N-
methoxyacetamide 5.0 equiv.; and e is 1IN HCl:dioxane (1:1).

In particular, to a slurry of 1 (4.34g, 18.87 mmol) in dichloromethane (30 ml) was
added 2,2-dimethoxypropane (30 ml) followed by p-toluenesulfonic acid monohydrate (900
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5.4.2. Parenteral Dosage Forns Parenteral dosage forns
can be adm nistered to patients by various routes

WO p@BOok3ng, but not limted to, subcutaneous, PCT/US2008/055210
i ntravenous (including bolus injection),

ntr nusc nd i nt,ra ajise t hej
r“%Sdm Ai Ot Qt i'0 f‘ %ﬁl}ea%ﬁ ZQ‘E%@E% eht %QOI%daEO JPgjn temperature,
and&fe@fbﬁ@ﬁtlﬂ@@bﬁb&he&?ﬁhﬂm (1aih)s ThpaRAbE Ak colrsa@aed Aid1@ried by
are specifically sterile or capable of bein

tolene pacoirape forgivt at ynbawpid gaf s exriedon lrp@@g@mly without
WE%?QF £s of parenteral dosage fornms include, but are
no imted to, solutions ready for injection, dry
pr odLiei antee adlyd tvas tissodveisiaMeOH @t mump)e ackeidthen reated with N-trityl
phar maceutjcal |y accepbab e veh i nj ec

hySrpyRing s /1 ddy o ppe d il (°1§ g&ﬁﬁsrrl@ﬁb The reaction became
cl@i“ah@pil? a}{@ Wag hﬁﬁlt&lh@d at(i%?mkiﬁmﬂéxﬁglré RrABRY A €om Fletlon the reaction

parenteral dosage forms o e invention are we
wismentratizedith pble7skitl 1@ NapH $odutan, theExanqﬁnarsted motlerdeduced pressure.

b | WA f '
i S GRS broipeay o1 g (32 Ok Yo
Mg)hOCHg@lz W18 NEQBH) R gl%ggdgsthénﬁﬂo?&%d%od@? $168%291% gledld’ 2 steps)

I'njection, Dextrose’ an Chloride Injection,
aslaaghiat @dmRi nger' s | nj ecti on; mater-n1SC|bIe vehi cl es

o ARG O e LR b6 oE raRBRER G313 kg 48 ol

anA9droa sl HRR T (46 %19" | 8%teS HE Mh@Ractitt wadontdiat @intdSs v, then
oil, cottonseed oil, peanut oil, sesame oil, et hyl

redllswétf@i lnuagbxﬁrgwlpcwf Osnbit téeatfah‘dltlbems trigthykoaine (5 ml), then

ans n cosa o
co g A s TPl pPORf Ve ARt GBS0 REPRR MOl
wAONS= i W@NHQ@H) & Proffe thé SRR (1 DS2OPIV, Iyadldm a@ aS@lhltkI ﬂo@ﬁhs
sprays, aerosols, creams, |otions, ointne

sol ut9 arf° Canlntion 93 (S mpedsidomgiolgp T(ﬁFn@r5 fﬂ]dr“f?ﬁ added dropwise a

R
1EIP R GO PR (85 Fo % B firmoBE oA i, 19, RRAL PR
me&hbkyasbtiamide (BaStron 704 nirheB Qvas al @QDJrppaizd ahdthreadattion avas allowed to
t o Phar maceuti cal orns, 4th ed Lea
witghiogepm tﬁiﬂg?rléﬂ‘é? pfﬁDﬁ 7? By gg@sseacm%wgw%lp sagg‘glwfr%ml (10
rnl) ngl UslGted R}ﬁﬁl%é‘[@l‘ (irS thif R& dis lve Ak | ’Fh& @rﬁ vfe?)‘% SdHarated and the

whi ch can be appl tot in and
aqepasi liyar wae ekoattaf wtth it @ >pé® mlt Theeopdnstdragimes wére avashed

ng? %hrrlee &SarnnB,utﬂ 81‘16(9 ocxgelr X/?g§d14gar %%oggen§rated under vacuum. The resulting
foam was purified by flash chromatography over silica gel (60-90% EtOAc:hexane) to
provide a white foam solid.

To a solution of this intermediate white solid in dioxane (5 ml) was added 1N HCI (5
ml). The reaction was heated to 80°C for 2h, and then concentrated under reduced pressure
to dryness. The resulting glassy solid was lyophilized from water (8 ml) to provide 4 (224
mgs, 48% vield, 2 steps) as a fluffy white powder. MS m/z C11H;sN3;0s [M + H] = 270; 'H
NMR (400 MHz, D,0): 6 7.54 (s, 1H), 6.7 (s, 1H), 5.2 (s, 1H), 3.83-3.59 (m, 4H), 2.49 (s,
1H); *C NMR (100 MHz, D,0): §174.3, 150.0, 136.6, 135.0, 118.1, 101.0, 73.1, 71.0, 65.0,
63.2.
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Sui tabl e excipients {e.g. , carriers and diluents) and
other materials that can be used to provide

W@ e@ssesi4al , topical, and nucosal dosage for NBCHD£2008/055210

wel | knomn to t hose skllled in the pharnmaceutica

arts de Jis e
glvé% ph oot oo miimyme
be appl i ee—EEperarhe peC|f|c ti ssue to be

treat ed, addltlonal conponent may be used prior to,
in conjunction with, or sybs E nt Pd treatnent with
active ingredients of the [ For exanpl e,
penetration enhancers nay b ed to assist in
delivering active ingredi=efits toHt he tissue. The pH of
a pharmaceuti cal conposiNti onHor dosage form or of the
tissue to which the pharniiceutical conposition or
dosage formis applied, al so be adjusted to
i mprove delivery of oneNO?/ re active ingredients.

a
ionic strength, or tonicity\g

Sinilarly, the polarity gfi/a solvent carrier, its
del i h | e . :
aaaelt SR RRL R §§ze@¥p§§f?ﬁ@%§tﬁ8ﬁ?¥ LB G yermodine 3

an be adjusted to inprove

wiﬂomm?t-mglﬁ@msky et I £hidee Mg i/opHH, i¢i0YMPF H] = 284; '"H NMR

i pophilicity of one or nore active ingredients so as

(400 M%rﬂz@é @él%\(@rlﬁ) 6.pd (S;|IH);%%%GSd1H$t3e%ﬁ=ét5éémcéH) 2.82-2.77 (m,

S AR e 2L 2 Lrton s o

del i very-enhanci ng or penetration-enhanci ng agent.

Di f f@s.entSyvarhésss of Y RIS, 38)- DA(2-$i0bwéxb BS-vOE 1 Hifhid@edol-8S/1)butane-
i ngredi enf_s3uafetfa®] Uused to further adjust the

properties of the resul ting conposition. 6. EXAVPLES
Aspects of this invention canHge unggrstood fromthe
fol | owi ng exanpl es, which H® not_| n1t its scope. 6. 1.

Synt hesis of a
R 2S,3R)-1-qg-(5-nethylisoxgzol A3-yl) -1 Himdazol - 5-
yl)butane-1, 2, 3,4-tetra e d%Btloned conpound was
prepared by General MetNed ™! which is shown bel ow in
Schene 2 : Schene 2

z
N
\
O
This compound was prepared by modifying General Method A as shown below in
Scheme 3:
O)Ki Q>¥< HO
q >O%(t\/o o
>\/=< 0 /5 0 =\ OH
Na NH ab Na NH c Na NH
QG — e
2
N N7 N7
OH O O
OH
3 5 6
Scheme 3
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wherein: a is DCE (MO 2CWe2 (I:1),p-TsOH, 700C, b is
Ph3CONH2, MeOH, INHO (1.0 equiv.); cis 2 N

woiasdiwstane; d is n-BuLi 4.0 equiv, THF, 00C, PETIER2008/055210

N- net hyl - Nmet hoxyacetam de 5.0 equiv.; and e is IN

B, PR o % P M SR O, 6 v,

Dandedd ¢.i2 i@t dieranp ( DPRFe°C30 m ) fol | owed by
/ ?-tol uenesul foni c acid nonohydrate (900ngs, 4.7

.72
ol I partigalas) trer 5 a0 wien ofd3 (424met 11 ¥rmmeh in (ThEH(15 ml) was
: . de Wi .

BBPUTE {29 DETRELAAR or AL £ 3o KRIRFR 10 i,
anhfdrods DEF (y5050hmlére mzedtwspedtddgipwescand adenctiol wa allowed to
WO BT h e Sy BT eR NECPELE i 4Pt NHACI (10
mFRAIGERHS LG g g 08 (e et nd e
aqueacstlpym v caavkedowrla Et,8f ©er 20 ). alihd cnvendinediongaaiesederatwashed with

roam t eratfure fo h. At conpletiopn, the reaction,.
brgd T L i S eSO apd bR v, P ling foam
wEOMEERET 6wt 8flick REIE-496 Aiaed: CHSSIS Wi 0. TR IO Lo provide the

material was purified by chronmatography on silica gel
hepgacetd SrAR0 m@ss Mewickh ag @vhitg/foarms NHAOH) to provi de

the pro ted.pro 2 (9 91% viel d, 2 st 1
i ORGSR A 08 7 Sumftd 1 SR SabhBRRLeftRa pyridine
(120 u8 148 mtrioOrndftriBudrdadetit gcid2anAPArtRD I DheirfacAbh WAk Stasmed to room
di oxane (40 nl). After lh, the reaction was )
toppratiie fortl@amignenst thombeted tor e foietl s 8t cemaplption, the reaction was
. - 90%
cofE A Mcb B, b py P ol PG ER By ovorslica gl (60-90%
Et©rAdeexprn@do ptowdsthé hetstobdityoledriskstal (@amgel47¢Byi8D as a white foam
Ve CHI 202 W 0.5-1.0% NHAOH) ..t o provide the oxi 3
thetlws@aﬂsg@meére&)usgg S i OIS 40 S8 E GBI 3 Epmpound as
. . . i 5_| ]
o Ghisce RaMnUgoHa b STRHL N U 0 b 1P RAAGER Mitz, D0) &
8.87 (6 1H.95 (sAFETR17.06Q(s niFh), 511 retliEy)] 3. Kerenhdbly st @ni2es.
(0.79 M, 7.69 mvol) was added dropw se and the
reaction was allowed to i )
Af t 42 ;_. et OLA R 20 AR L2 (s !
Of Ntua  (Mibutane-Lid.ditetraalg with water (5 m) to
di ssol ve solids. The |l ayers were separated and_the )
The captioned compound was also prepared by the approach referred to herein as

General Method B, which is shown below in Scheme 4:

HQ
-HOAC HO ; OH
@) — OH
N7 + OH a Na NH
N/ < -HCI
0 HO OH
N/
5 J
7 8 6

wherein: a is 1.0 equiv NaOMe in MeOH, at room temperature, then aq. HCI.
In particular, to a room temperature solution of the nitrile 7 (600 mgs, 6.38 mmol) in

MeOH (10 ml) was added 25% w/v MeONa (0.83 ml, 3.83 mmol). After 3h, fructosamine-
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aqueous | ayer was extracted with Et20 (2 x 20 ml). The

conbi ned organics were washed with brine (25 m), then
waletosdowsyer MgSO4 and concentrat ed under vacuuPeT/UR08/055210

resulting foamwas purified by flash chromat ography

ac\%\,/a]l?e{ (els§+3| | %} gﬁma )W[aggg({% O?nﬁofﬁg ‘s]oe%? %/a rtagl\l/%gglr%?m temperature
withifg8rs@|stifting ol gx ARtHeP Bﬂtl)on\w%%dﬁ/@d\/lbd)ﬁ\lb@ 66 1319 mmol)
The reaction was heated to 800C for 2h, and then

wisgherrdded e thedhigh slure it 1rhe heueection wis fikisied antrile cake washed

W{TIF ?6’1%12\9[%?138 hﬁg %%k S\géj tﬂeﬁf‘@gaté g/lﬂnllh\i rﬁéij gOr @g] \ll\?tfﬁgre(@ The aqueous

soidtia)ﬁlfvyas\mmaltqamddmder \MBuun’h 20 (‘b‘tfsltanBNB@ﬁt fo\pravid titte sompound (1.30g,
) éUNI\/R (400 Mz, D20): d 7.54 (s, IH), 6.7 (s,

Q/Hylel ap amhitongyvdes 833 59 (m 4H), 2.49 (s, IH): 13C

NVR (100 MHz, D20O): 5174.3, 150.0, 136.6, 135.0,

118 6‘.5. .\
gR 2S, 3R ey Yt y
vDbut ane-1,2., 3 'ra'oqs(ﬁThi s conpound was

synt hesi zed by Gener al Method 4y by kyl ati ng
internmediate 3 with N nethyb- N et et hyl am de. M5
mz C2H 7N3C6 [M+ H + 4; /1H NMR (400 MHz, D20O):
d 7.24 (s, IH, 6.54 (s, , IH), 3.84-3.56
(m 4H), 2.82-2.77 (m 2 : , J=6.0 Hz, 3H).
6.3. Synthesis of a R 2%QRN -q-
asoxazol - 3-yl ) -1 Him dazol|- 5-yl ) but ane-

1,2,3,4-tetraol This co nd was prepared by

nodi fyi ng General Met hody AYs shown bel ow in Schene 3

. 3 Schenme 3wherein: a is—g-BuLi (4.0 equiv), THF,

00C, then DMF (5.0 equiv.); b is TFAA pyridine, DCM

and end ft1d Nniffdadd %g B?egﬁljed]o)y G&Q&@Métﬁb(ﬂ)@ ru%l'ng yl ﬁ@th{ftl‘ﬁazole -4-

a -45C sol ution of
Can‘i@mm(lalidegd 8&60@&1019680@11211 FeMaralean m@lmﬂnut (2(5nmo%, 1.07 ml, 4.95
rnrnoﬁ Meth 01](8 IE‘S rnl? c? cornpm?nd QA& 00 , %96 rnrndl) After 2.5 days, and

additional portion of sodium methoxide in methanol (25 wt%, 0.891 ml, 4.125 mmol) was

added. After 24 hours, the solid that had formed was collected by filtration and washed with
cold methanol to afford the title compound(1.70 g, 5.96 mmol, 72% yield). MS m/z

C11H sN;04S [M + H] = 286; 'H NMR (400 MHz, CD:0D) § 2.81 (s, 3H), 3.67-3.75 (m,
2H), 3.77-3.88 (m, 2H), 5.21 (s, 1H), 7.47 (s, 1H), 8.35 (s, 1H).

6.6. Svynthesis of (1R.2S.3R)-1-(2-(1-benzyl-1H-1,2.4-triazol-3-v1)-1H-imidazol-
4-vDbutane-1.2.3.4- tetraol hvdrochloride

HO, OH



anhydrous DVF (0.505 m, 6.52 nmol) was added dropw se
and the reaction was allowed to warmto room

W emwpadBture. After 2 h, the reaction was quene¢tiEUS1998/055210
addition ONH C (10 m) and diluted vvith water (5 m)

|
quepe s okt ad s bR el e ST PRUER it Rowing

aleeAhiedbeRganics, 2\Neﬂfﬁzdva3t@dbdﬁlth'l‘e @riong 17 z&nﬁdo)),washﬁgsolved in
dri ed over SO and concentrat ed under vacuum

metaangl {1 hgpraogrivonked Withasadadn siedroxidel in eetiypaol (23- ‘6“’%’ @Ryl 6.8

m%gn%@&g?&) 3% e{ﬂw V\E : ﬁc\é {@gg%%%gq_gﬁtg&gg%tlglh. The resulting

so$id wuis ii@hated by ﬁ(tﬂaiﬁlenﬂ@&he@ W3ﬂ’1 rm‘tb@)ol bind ditilfd invagcuo to afford a white
] ntially added pyri di 20 m, 1.48
Of 5'%5 EQ. 8r @5% apmel, gkm %{%y 1d Vs upRended BlnTIskﬁéﬁo ml), cooled in an
icMBEHBAd HR (@M (ﬁHPeﬁ{eai’ Y ﬁ@ﬁlﬁ%ﬁ%{%ﬁadcﬁﬂg ThOER Ha8AhE removed
to 55C for 16 h. onpl et ion, e reaction was
andahe MDCIESICEdW@H‘HﬂEHGd\faIC‘UhI mlhe¢ band way isélaed bbﬁltfratfamh washed with THF

ol BTG PO IR ARl Bl e Qoliead 1D gt HG g0 os o shit

solﬁueM@)m@Sc@Hsz@?[MQam thagqoneg NMthd)(ylvﬂﬁpt@@@)%dz 81 (s, 3H),

usi ng standard acidic conditions to give Exa

3.€6apound 2H3, 7 WBisBdme 23 tBl 1 (snkHs gl47ds, ND, 132 (S 1H)
GiOHi 3N3O6 [M + H + = 256: 1H NMR (400 Mz, D20 d

bt

gR, 2S, 3R) -1 - (2- (i soxazol - 3-yl )_'OI H i m dazol -

yl)butane-1 2 3 4-tetraol [he capt i 8Hed conpound was
al so prepared by the approagh r red to herein as
General Method B, which is 0 bel ow i n Schenme 4 :

wherein: ais 1.0 equiv iOHMeOH, at room
tenperature, then aq. « NH particular, to a room
tenperature solution of the nitrile 7 (600 nys, 6.38
mol) in MeOH (10 ml) vvas added 25% w v MeONa (0. 83
m, 3.83 mmol). After 3N7 fRuctosani neacetate (1.53 g,
6.38 nmol ) was added and-tHe sol ution was nai ntai ned
at roomtenperature with vigorous stirring for 5 h.

Anot Tiey capbiddud 2O Kb pMeONg (e MBthod3B HIthrh® Followin
was ther?padded tnghyhe t#)cﬁ slgjl??r After 16 h, wine

AINERionT GRo AaSloiph 06 Hodmadtao ket it h S | fimeestigin methanol
(4a"éﬁrg|')'%vlva[§{l§géécg§ ?qllﬁfz&a%ﬁ}ggﬂ%ﬁ £ASTidMid helidnbis6A%, 8194 ¢, 0.57 mi,
2.50 mmol), stirred for 16 h and compound 8 (0.964 g, 4.17 mmol) was added in 10 ml of
MeOH. A precipitate formed and was filtered and washed with acetone (15 ml). The filtrate
was concentrated to dryness, and was purified by preparative HPLC (10 mM aq ammonium
acetate/acetonitrile) to give the title compound (0.0141 g, 0.0554 mmol) as an off-white solid.
MS m/z C1oH1sN4O4 [M + H] " = 255; '"H NMR (400 MHz, CD:0D) § 3.56-3.57 (m, 2H),
3.67-3.74 (m, 2H), 4.90 (s, 1H), 7.04 (s, 1H).
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sol uti on was concentrated under vacuumto constant

wei ght to provide title conpound ( 1.3Qg, 66% vyield)
W@2008/104314 e powder. 6.5. Synthesis of gR, 2S, 3RET/US2008/055210

- et hyl t hi azol - 4 yI)-I H i m dazol -

%ngéa 23-% i %! i X &ﬁ; )1 TEf—( _: f I ﬁ QOROoHNd, was _1H-
car boni t ritidazel-5y UL@%?H%YLM% sodi um met hoxi de i n

met hanol (25 wt % 1.07 m, 4.95 nmol ), nethanol (8.25
m ) and conpound 8 (2.00Qy, c? 58 PY. After 2.5 days,
and addi tional portion of s di uf t hoxi de i n net hanol
(25 wt% 0.891 m, 4.125 was added. After 24
hours, the solid that h or medHwas col | ected by
filtration and washed wNth el d net hanol to afford the
title conpound(1.70 g, 5.96 mmol, 72%yield). M5 mz
CnH 5N3O4S [M+ H = 286} 1H NMVR (400 MHz, CD3OD) d
2.81 (s, 3H), 367375Nm 2H) , 377388(m 2H) ,
5.21 (s, IH), 7.47 (s, I} 8.35 (s, IH). 6.6.
Synthesis of a R 2S,3R)-1I- e
-benzyl -1 H1,2,4-triazol - 3-yC?\5|-II—I-irridazoI

r aol rochl ori deThe
c aptggﬁ}éﬁoqﬁ%%ﬁgl (A&ﬁé Pép a?@%idtw TRUR TP R o g of the
inilldA31dt @f’Scﬁ@ﬂnE QW (ma! £ 8T AlnhdNH: MecOH ﬂlO ml). The reaction was heated to
| - benz | H 1,2, 4-tfiazol e-3-carbonitrile (2.10 g,
50P€. far %@bylemrmgmp@@@urﬁmnd@hwate@m dmn)%ssem @rovide the title

cotflpi)gﬁlﬁ_f%\ﬁlén%s ‘;I,ﬁ@d( )ylel @ﬁ% %yf: rrv‘\?tggv% er aﬁ(%Q]gl rmxtu?e of
dlasﬂ@le&na@ thsh@/zr@ﬁgleNgx%f @ltl Hﬂﬂ]éd: g% 111 &IN?IR (Ib(ere@ uDZt)l) rag7 06 (s,
was isol ate iltration,
l%)né 7& r(fieldﬂr?nHz/)a?@Gé 4%((1@11]?70? Hizg Ik 4t7e? (§01IIIH3(233 éémg3H) 982,80
(n,z). %ﬁ , 8l%yield). This solid was suspended in THF
g [ cooledinanicebathandHCl(4Min
di oxane, 7.5 m, 30 mmol) was added. The ice bath was
renoud oSnhthésis ofi(3 BASIRN1 (265 -wicthyleldH fporazbl-B-vIFhH-imidazol-5-
sol i d wasyl)iaohwé-ed.34-tdtiddlr ati on, washed with THF and
dried in vacuo to afford the title compound (3.50 g,
9.19 mmol, 99%yield) as a shiH® sohid. M5 nifz
Ci 6H 9NsO4 [M + H + = 346401U (400 MHz, CD3OD) d
2.81 (s, 3H), 3.67-3.75 (m 3.77-3.88 (m 2H),
5.21 (s, IH), 7.47 (s, | H(s, IH. 6.7.

Synt hesi s of
aR 2S, 3R) -1 -aH, | ' H2, 2' NsiirM'dazol - 5-yl Ybut ane-1, 2, 3, 4

pd

The title compound was prepared from 1-(5-((4S,4'R,5R)-2,2,2",2'-tetramethyl-4,4'-
bi(1,3-dioxolan)-5-yl)-1H-imidazol-2-yl)ethanone (compound 9) as follows. A solution of 9
(975 mg, 3.15 mmol) in THF (15 ml) was added slowly to a -10°C solution of potassium
hexamethyldisilazane (15.72 ml of a 0.5 M toluene solution, 7.86 mmol) in THF (15 ml).
The reaction was maintained at -10°C for 10 min before the addition of ethyl acetate (1.55
ml, 15.75 mmol). The reaction was warmed to room temperature for 1h, then quenched by

the addition of 30 ml NH4Cl (sat. aq.). The layers were separated, and the aqueous layer was
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tetraol The captioned conpound was prepared by Ceneral
Method B with the follow ng alterations. To a sol ution

W@R00BHRY3M dazol e-2-carbonitrile (0.39 g, 4.17 PEDUS2008055210
nmet hanol (4.8 m) was added a sol ution of sodium

{ 25 0/ Q. 54. 0. 57
Wb TR 4 SR ThE Sabitbu Suiifis%a ToRauRyifhyiilsr o m
an@’fﬁin): (Y@mipeadricd oké MkSOf addkédicerirapée CTHY leatiend @hMRderial was
and was filtered and washed with acetone (15 m ). The

usﬁdl""ﬂ&ﬁﬂ@“ﬁh@%ﬁ@é@@ ated to dryness, and was purified

g%:/et a a 4 e o%fllt;‘ % élgsglv@{:n\?gt(?ﬁg&? htllfiend a01d1ﬁed \glth IN HCI (5 ml).

TI(eOstl(Bﬁderogm t@m@Sﬁﬁlrﬁmih‘blorﬁWasathem tiatadh mtith @oéss diydﬂkﬁnm’nibnohydrate
OHi 4ANAO4 + = 255; 1H NMR (400 N
(280 §5- SAtwm(p tlogﬁ)he reficgen g/aqagj(lﬁ?d mH AL l(lg Nagﬁ; then
co?w%ragc% 'to alj)l()ﬁnlgvolﬂ@t pesi ?@&H%as added to dissolve the solids which had
3R) -1 -qg-(5-met hoxy- di hvdr oi soxazo? 3-y|3-IH|m
praazialzajbd framytm bqueanesdlutﬁ)ﬂs ad thetlayeod werelskpaatedt Tbaoghnic layer was

el op e el b Fert e o B 0 i hed o3 i b Meor:Dem
clMeBHd FQvide dhe TR ctc@astd-0nR (205 e ddedidle) e%oé)@eafr%arﬁh

cooled to room tenper at ure, and concentrate
dr yniselution pf bYiHfel (6 mal) wias a@de@dorp@mm te(mmatn@sﬁohm@%f the

ST BB G B BT B RGP A
1. Nﬁdﬁhg MthrBJ,as EQ@d 17 rﬁoﬁ&eﬁlperaiulrﬁ,,théil cbhc&ﬂj];ateli:tb ’dZyddZs) The foam
an

WP~ dl@ob@ 211 %gll(l\fI@OIj;_‘)hen gl)‘ltgrategy\mﬂhé gpl@t@ and cooled4to(O°C before
p! I
deanftEv ?ﬂ?}] Ié!]llud%('gh@%tl é{/ sHeVTcLe t IEt'tg1 eédc% r2rp lnh‘zj 'tlggnd(ﬁ‘ize(a inder a high
vaptepas pebvideahe title cornpound (130 rngs 70% yleld) as a Whlte powder. MS m/z
S, 4
Ciof (N6 BHox Bl ampos- i NMM‘%%MH%AP@) V7 38 maorfes2 6. 1, 5.07 @

JJOQPAI[I?OLHLI[}%?}; %{n?lél)kﬂwf’.ﬂﬁsdggﬂa Wﬁf(tﬁog%% r@élﬁl}?’sﬁs,

13glol, ut 6.6n1@.0, ﬂdt(ﬁ§916u64 h,e6QaTréJt61yI di si I azane (15.72 m
of a 0.5 Mtoluene solution, 7.86 mvol) in THF (15

g(pe eactio s maintained at -100C for 10 mn
bef oq MM&L@&MW 0 & € 55

Compounds were administered by oral gavage or in drinking water. For oral dosing
experiments, compounds were resuspended from crystals at 10 mg/ml in vehicle (e.g., water).
Mice (F1 hybrids of 129/B6 strain) were gavaged with a single 100 mg/kg dose of compound
(equivalent to 100 mpk of the free base for each compound) or a vehicle-only control, and
returned to their cages. Mice were anesthetized using isofluorane eighteen hours after dosing
and tissues were collected for analysis as described below. For drinking water studies,
compounds were dissolved at 50 mg/L in acidified water (pH = 2.8) containing 10 g/L
glucose. The mice were allowed free access to compound-containing water (or glucose
solution as a control) for 72 hours. At the end of 72 hours, tissues were collected for
analysis.

CBC measurements were obtained as follows. Mice were anesthetized with

isofluorane and blood was collected from the retroorbital plexus into EDTA blood collection
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m, 15.75 mmol ). The reaction was warned to room
tenperature for Ih, then quenched by the addition of

w@osiodsik CI (sat. aqg.). The | ayers were separB€BUS20881055210
the aqueous | ayer waswashed with EtOAc (2 x 30 m).
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d
Pf'h\?gﬁ 1 OB NVt RYERDER) A SBinFSoni Tuieag! 1 m the dark with
a WH@&hﬁiotnanqﬂlowcﬂmrﬁ@ @0(819%1@ QlishBliS | Hﬂ’tﬂed #sh ﬁlhlsWIBaNé&ﬁéf staining,

wer e separated. The or l'ayer was dried over
thandlscwme enshat @de withe of E&I\éB mreSIh@sin@dl 10ve0 us FWR for acquisition.

pyr Jéfe %H @g%es %{)gg}o istgp rre%\élvgeoéltsh]gpl? Prgigﬁyml&s were followed.
Ofg@h#@vb&rhlﬂferk&l iksingRe-&01) sudpis RASBY fdring thORe through a 70 um cell

enperature solution of the protected héterobicycle
stt(ameo (Fadeon, Begon Mn)sonem&qwm Bedfaed.iNdA)-wEer FreGS enklygs, RBCs were
I8F 1.5 h actd was. €Q d t
ly§e%ﬁparel}yé)to uormec ly§1ﬁ Wash &fcaél%ﬁr g@ gﬂ§ WeIR 1nﬁl9oa?ed 'i? 8[“ant1-

Chas/ D324 Fs Bodoked, BID PhaiMiMeotSart Dﬁigol CAY gr/a0 edutivntih FVB) for 15
m Et O and cool ed to 00C before decant i ng the
minugpgiafd’ C.Thiee edlsivprowtaingd sada contanationof flpospchromorconjugated

anttltagﬁligggl ? W!O@“&@%y g;%ﬂ?etc R)r V&ﬁg LAR 15\'1'3 ﬁlb&%\gor 30 minutes

at m’@ iCtHeaGNAL R e Mininklithe G%llg e&re ﬁzblsH‘dMBnéd@ﬁh Vhizl, FWWBOxndl

reéis%gpcfga éﬁgml l%hﬁ%zfo% %:@_@lis}(_%on | ﬁ;ﬁ an& %ed%w%e%e@;z@hasg? from BD-
Plﬂaﬁ?{n%en 1§a91 ﬂreg& A %nle%@&thévwﬁelﬁyegiﬁe& Oéalgpleg Sl an%sz@d using a

Measuring Effects on

FA&]ﬁﬁhlduytfbw ¢ym0ﬂwtcea1fddﬁ¢1®r®dtstpﬁwa®rfB¢ct9n ériednspp

or al vage in wat er. For oral dosing
In&ﬁwgﬁﬂ#? 50815’ og %) resuspended fromcrystals

at  LAntdiimiks Ns%ﬂ if6d tBe (Ig’ﬂgls Wéf'@tt 1IfCRb Atce (ZFCDMSKFG CtSDS PerCP;

of 129/ B6 strain) were gavaged w a si ngPIe 100 ng/ 1%220

Clae? B14¢; and Ele qintxb&ri}é mlxqswsmﬁ)rrf@pl@e@ﬁnd bleod psee:
pRBBETERD SRELISPRBRUAH. (X5 PEYSH! EDBo 2T SAEHBA: pRND

6.11. Measuring Effects on S1P Levels in Mice

Levels of S1P in mouse (F1 hybrids of 129/B6 strain) spleen are measured using an
adaptation of the radio-receptor binding assay described in Murata, N., et al., Anal. Biochem.

282:115-120 (2000). This method utilizes HEK293F cells overexpressing Edg-1, one of the

S1P receptor subtypes, and is based on the competition of labeled S1P with unlabeled S1P in
a given sample.

HEK?293F cells are transfected with a pEFneo S1P receptor (Edg-1)-expression vector
and a G418-resistant cell clone is selected. The Edg-1-expressing HEK293F cells are
cultured on 12 multiplates in DMEM containing 5 % (v/v) FBS in a humidified air:CO,
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returned to their cages. Mce were anesthetized using
i sof | uorane ei ghteen hours after dosing and tissues
wowers/1eslil4 ect ed for anal ysis as descri bed bel oRCT/B82008/055210
drinking wat er studi es, conpounds were di ssolved at 50
cidifie cont ai.ni n
(lgqﬁ 8‘%1% gpﬁ‘efﬁell“%en% f\f\\xﬁ rléougf( fa)el_flore &E? P;zé)erlg%:eg L Stlée gdlurn \ cﬁanged to fresh
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controlg for 72 hours. At the end of 72 hours, tissues
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ro¥R 6y PHEres plirWByvn BRShGmbAKe BSDCRttrdRMN/ Wsuﬁ@?ﬁtant is

and st ai ned for 30 mnutes at 4Cin'the dark with a
digeardsidnand tba petictiy igswspedadrre muvinjal yakuew (ahmilbetice sold 50 mM

f | .
oL E R R SR LSS AT G555t v

R&CHB chipl cBEpratcakd infibitos! @ogat. Ty oee gwtaﬁ cbfdentration is measured
non-sterile renoval of spleen and thynus were
usfng the Ragfo 1@’3@%3 wer e di spersed i nto single-cell

:;J ? g§1nlﬁe15 %%iﬁ_ ‘]Q A oifrlll% %{el gé]rﬁ%(ELl O (Earlﬁ U QE)é gncéﬁlgf gleauueous phase

is Mépt IFois thaCStearaldyis Ichlor&Bﬁh/Mﬁol/H@é (b y 1hyqattberlosver organic

PR B TeST B EiSs « POV BEGHIR PRICh TBEoHGH R g repyed. Jus

berf&%gl‘ib asg;%) tl(e]drgéa senpt ik ﬁﬁséloewgoﬁl&ﬁloﬁ% Q'bﬁlldEle@uf?ér consisting of

C. The cells were stained a conbi nation of
2(fﬂrlh|’bifns-l{1}CdnipHc7<ﬁi} UfbmdtiNagt, |15@de§aFd iahdi O eldoi(w/ HBIA0

F\\B, de t I to th | F
To s BEC e bf £ S Kbt et agcp By Biing Bhabased on a
co\ﬁﬁfeﬁtl‘ﬁ@ﬁﬂﬁﬁﬂngﬁ([?éP]ﬂlthmIIFiﬁEhe aifple @8 UsReNggftedsihg3fs. Edg-1-

FWB for acquisition. Al antibodies were purchased
exmr%wngﬂﬂiw reglsin @@ﬂumteléénulmnlatm laesswashiedh &vige seth the ice-cold

bindt %gb ffgr and%ﬁ‘eqp inEFballd Wit i sylrn% %HH%II‘ p&talmng 1 nM [**P]S1P (about

18,00 dpm per well) and increasing doses of authentic S1P or test sample in a final volume of
0.4 ml. The plates are kept on ice for 30 minutes, and the cells are washed twice with the
same ice-cold binding buffer to remove unbound ligand. The cells are solubilized with a
solution composed of 0.1 % SDS, 0.4 % NaOH, and 2 % Na,COs, and the radioactivity is
counted by a liquid scintillation counter. The S1P content in the assay well is estimated by
extrapolation from the standard displacement curve. The content of SIP in the initial test
sample(s) is calculated by multiplying the value obtained from the standard curve by the

recovery efficiency of S1P extraction and the dilution factor.
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radi o-receptor binding assay described in Mirata

m@tlgtap 1. Ahalcomppukiepre adpinistersd toomice25bbybridsiifd 29@(%@111) in
%%r Hﬁ@r%?tﬁts% %8bt91 n%d“%glroﬁr% t%lgo%fjgos]ﬁ%%&ntﬁe %mpounds at 100
receptor su
m@bnpetltlon of Iabeled SIP with unlabeled SIPin a
gi ven sanple. HEK293F cells are transfected with a
pEFneo SI P receptor (Edg-1 )-expression vector and a
(A18-resistant cell clone is selected. The Edg-1
-expressi ng HEK293F cells are cultured on 12
mul tAkb cai¢ epulilcativEMateans, andipagntapifliCationy afeBfSréin ircorporated by
Eyni di.fied ai.r: CQ(19:1) atnosphere. Twenty four hours
refrEense & they eé‘?%f?élﬁ’ ment, the mediumis changed to fresh
DVEM (W t hout serum containing 0.1% (w v) BSA
Ei ght een hours after the test conpound is
adm ni stered, mce are sacrificed and their spleens
are renoved and frozen. SIP is obtained fromthe
frozen tissue using known nethods. See, e.g., Yatom,
Y., et al, FEBS Lett. 404:173-174 (1997). In
particular, 10 nouse spleens in 1nm ice cold 50 mV
phosphate buffer (pH 7.5) containing 1nM EGTA, |nM DTT
and Roche conpl ete protease inhibitors are honogeni zed
three tines at one mnute intervals on ice. The result
is centrifuged at 2500 rpm and 4C for 10 mnutes to
renove cell debris. The supernatant is then
ultracentrifuged at 45000 rpmand 4Cin a 70Ti rotor
for 1 hour to pull down the nenbrane-associ at ed
proteins. The supernatant is discarded, and the pellet
is resuspended in mniml volume (~1 m) of ice cold
50 mM phosphate buffer (pH 7.5) containing 1nM EGTA,
1mM DTT and 33% gl ycerol with
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Roche conpl ete protease inhibitors present. The total
protein concentration is neasured using the Bradford
W@ s®as093sl P i s extracted i nto chl orof or m KC / NFCTDHSZ00p84055210
~ 12), and the upper aqueous phase is kept. It was
then extracted in chloroforn nethanol/HO (pH < 1),
and the | ower organic phase~j t and evaporated to
provide SIP, which is storedin a freezer until used.
Just before the assay, the dried sanple is dissolved
Whyt isohiiraat ison i n a bi nder buffer consisting of 20 nmM
Tris-HCO (pH 7.5), 100 mM Nadl, 15 mM NaF, and 0.4 %
(wv) BSA, The § of a sanple is nmeasured by
a ralzjl or e%@B’FIB?uTBr‘?fcofo ért!say based on a conpetitive
bi nding of [33P]SIP with SIP im, the sanple on Edg-1
-expressing cells. Edg-1- ngpre S| ng HEK293F cells in
confluent 12 multiplates ar' éltvvice with the
i ce-cold binding buffer and/th n |ncubated with the
same buffer containing 1 mMW{28P] SI P (about 18,00 dpm

per well) and increasing do of authentic SIP or
test sanple in a final vol f 0.4 mM. The plates
are kept on ice for 30 mn and the cells are
washed twice with the sane ice-cold binding buffer to
5 renmove unbound |igand. The cells are soI ubilized with
ol uti on orrpose of 0.1 % %NaOH, and 2
orgyRhBrRASCUBFRHVER SR Scisol Dﬁ R by a |iquid

SC' nA'lé é@&ﬁtﬁﬁaﬁ@k{ﬂkﬁfmed—rﬂ@er&ﬁleﬁOnt ent in the assay

is estimat'ed by extrapolation fromthe standard
d| spihals &t OC()Ra A, TR ORant lgdrogsh, Isil¢zennnitiile, armiptipadlly

bR A A oSl deehy Rt oSy RS et or

10 heedrbéyel@ngy, of Sl P extraction and the dilution
factor.6.12. Conpounds' Effects on Lynphocytes in Mce
USl e i @zﬁﬁ@ﬁ@Bz@é@@r¢g§@dh%We0r eritionplly subsotugedradletl saryl,
al %%ry dfarﬁ%ﬁ{yf %n{%f)oa h\l\?eroecal%?et gﬁ(nihteleegocg-é_ et?reﬁ eergéycleia{kyl

oun

ar e fsn@mRmz,FHy@wgen ]hydﬂ_d)@ SOsRRUANS substi@tcditkyl] &Y Bk laryl,
rids of 129/B6 strain) in drinking

arwg’sl@l hewﬂfséslaﬂt%rgcmé? glkybetarpegle gr hderosy dgallerls %5}da|
15 dosi ngy, gf Rl Ah %2 QHReUN qsslnaé eg)lg?nt aéogeh of bf)&&lallz substituted alkyl,

publ i cati on atents I cattons
arple ald{yl’arylnmkaﬂiqﬂ dte&dodi};(yl, heterocycle alkylheterocycle, or heterocyclealkyl.

2. A compound of formula I(a):
Re R7
HO
R4 Rg
— Rs
HN_ N
I(a)

20  or a pharmaceutically acceptable salt or solvate thereof, wherein:

A is an optionally substituted heterocycle;
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vvher ei n: Ais an optionally substituted heterocycle;

n; tril lg%%\ﬁ %Wﬁﬁ?@b%ﬁyﬁf(%%%dhﬁ?%;ﬁ nltlralI ocgf optionally

suBktiktycaaiidyl, aaglyhlallapll, arPrRiket, etckodlkyl hl%tﬁb@&}’@ |aﬁ<,ylheterocycle or
al kyl het er ocycle, or heterocyclealkyl; Ris OR A

hetgrp&ycter, ohydr ogen, hal ogen, or opti onal | y substitut ed

ﬁLtkéI%ﬁosyc% Bl O RN R B M Ok RELSEAO U Mlpecnr .
is NRRs AR, G‘Z@ﬁ)mgnN(Rm)irNHﬁ(Om@omdrom biyhalogen

subst it ut ed IkI yl al ky]|

het FoaARM,; H@B% 7@)2, Hk@%&%@m&%@em kalogen;

het k

i ndi%gl?aﬁ%f\%“é%%@ﬁ%? R S (P AR b Rogen:
al kydach af Ria, Rak, H%IA&RZ/AI and@Ry/ mllk@dpgndmtlg hgdiokyn or optionally

SRS R ah v Y Y. W feagorl BT bR it o

hRG68RIANE Hal t or soI vat e t hereof, vvher ein: Ais an
otlonaII%substltuted heterocycle; R is OR A
OC( @rh Af Rey, B)omonand Reiy tsg@dfpeh@ndg apidrogen e allsyl aptionally

Sugalt}ﬁ%? Wl*lym%uot?zlt}ogt W&gxﬁﬂk 1?%6113%%13 alallkilyﬂwglt erocycl e,
| eal k . N(R 5B) 2,
;Eer SEIC sop é%ﬂfc Ea‘%@lﬁ %%@agﬁ%é CISZ()O) R

6A N(R 68)2 NHC(O R 6B, hydragen, mr hal ogen; R7 is
OR7TA, OC(OR 7A, N(R 7B) 2, H&LiC( ) B, hydrogen, or
hal ogen; R8 is CH2CORS8A, CH2 N(R 8B) 2,
NHC(0) R 8B, hydr ogen, of! 8

HN_ N
I(b)

4. The compound of claim 1 or 2, which is a circulating lymphocyte reduction
agent.

5. The compound of claim 1 or 2, which is a SIP level enhancing agent.

6. The compound of claim 1 or 2, wherein A is a 5-membered optionally
substituted heterocycle.

7. The compound of claim 6, wherein A is optionally substituted dihydro-

imidazole, dihydro-isoxazole, dihydro-pyrazole, dihydro-thiazole, dioxolane, dithiolane,

dithiole, imidazole, isoxazole, isoxazolidine, oxathiolane, or pyrazole.

8. The compound of claim 1 or 2, wherein A is a 6-membered optionally

substituted heterocycle.

9. The compound of claim 1 or 2, wherein R; is hydrogen.
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each of RIA, R5A, R6A, R7A, and RBAi s independently

hydr ogen or optionally substituted al kyl, aryl,
wabdoghessyd , aryl al kyl, heteroal kyl, heterocyclBCT/US2008/055210

al kyl het erocycl e, or heterocycl eal kyl; and each OR

5B, B, R/B _and R8BLs _independent!y, hydrogen or al kyl
opti@ﬁalI@L%%%@¥W?€P£§aﬁ??ﬁPgﬁgﬁg]nndf nH? F oxy or
hal ogen oups. 3. The conpound of. claim 2, ich is
o B B {agjpoting ppstasit T ppg Whitpidhd> Gp il pigied lower
d%wﬂmhich is a circulating | ynphocyte reduction agent.
The conmpound of claim1l or 2, which is a SIP |evel

enhanci ngrAgeRing. A ofIB6i:F PBPOURRLA, €] i8R 1 or 2.

wherein Ais a ered optionally substituted

et e 00y Ol ol IR pE QPO 2ClpSLANE SosRel M A T

optional |y su droi mi daz

di hydr o-i.soxazol e, . di.hydr o zgl e,. di hydro-thiazol e

i o anel e Rioghd bR £ BYY S 5 efiin Sl ooty 25 Gp Bonalty
subSiRyRd Wil Eliangyl. oxat hi ol ane, or pyrazole. 8. The

conpound of claim1 or 2, wherein Ais a 6-nenbered

optipnal IS Lhdbedaiet ek RGY¥G! e, is HR,The conmpound of
claim1 or 2, erein R is hydrogen.ld. The conpound

of cjeim eo{:olnﬁulou Sf)gﬂalgn Rﬁh&eiﬂi ZEIL b:%sgoi& _The

conpound o m erein p@fonally

substj tut.ed | ower al | . . The co und .of, claim1

or 51 el sotmRung ofeim s IO SyERAR RIS S B el i
or 2, wherein R i OOR A- 14. The conpound of

clai 12 b Cfgf}p%mipgélﬁf)npﬂ ,Ave%%relﬁﬁrlé;g%lﬁg optional Iy
substituted | ower alkyl, 15. The conmpound of claim1
wher¥® n Rhescompopnd of claim 1, wherein R3 is optionally substituted alkyl.

20. The compound of claim 19, wherein Rj is alkyl substituted with one or more

halogen or OR;34 moieties, wherein Rs, is hydrogen or acetate.
21. The compound of claim 1, wherein Rj is hydrogen.
22. The compound of claim 1, wherein Rj is hydroxyl.
23. The compound of claim 1, wherein R is optionally substituted heteroalkyl.

24. The compound of claim 23, wherein Rj is heteroalkyl substituted with one or

more halogen, hydroxyl or acetate.

25. The compound of claim 2, wherein one or more of Rs, Rg, R7, and Rg is
hydrogen or halogen.
26. The compound of claim 2, wherein one or more of Rs, Rg, R7, and Rg is

hydroxyl or acetate.

27. The compound of claim 2, wherein all of Rs, Rg, R7, and Rg are hydroxyl.

28. The compound of claim 2, wherein all of Rs, Rg, R7, and Rg are acetate.
29. The compound of claim 3, wherein one or more of Rs, Rg, R7, and Rg is
hydrogen or halogen.
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16. The conmpound of claim 1, wherein R2 is OC(O R2A-

17. The conpound of claim15 or 16, wherein R2Ai s
woisasoesmM 18. The conpound of claim 1, wherei PCRES1088/055210

hal ogen. 19. The conpound of claiml, wherein R3is

optigpal Iy substit 20 The co

cl aim 19, y%%’%‘lé’oﬁn@@?f 8% kaeﬁ% fisge OF el Pike %601& agg Rs is
hydes:/1 brhgen or OR Anpieties, wherein R Ais hydrogen

or acetate. 21. The conmpound of claiml, wherein Ris

hydrpgen. Tl?e2co 1%%11& eruamnd, WherSinallMrR;, %%%&1 &3ark Biydroxyl.
hydr oxyl . he conpound of claiml, erein R3 is

ti [ I
optional I é&b&ﬂfoﬁh&'%?% ﬁ’&le]ﬁyal q(f%#, Ig§7f iﬁ?ﬂ?ge eﬁ@%eta‘ce.

of claim?2 erern eteroa
Wi t ne pr droxyl or acetate. 25. The
conggﬁnd‘% oﬁ@Sﬁuﬂ%ﬂ%ﬁﬁQ@éPﬁ oneyor nore of R5, R,
R7, and Rg is hydrogen or haldgﬁn 26 The conpound of
claim2, wherein one or ngge of , R7, and Rg is
hydroxyl or acetate. 27. Th npoand of cla|n12,
wherein all of R5, R, R7, Rg are hydroxyl. 28.
The conpound of claim 2, N all of R5, R, R7,
and Rg are acetate. 29. The donpound of claim 3,
wherein one or nore of RS, BENRR, and R8 is hydrogen
or hal ogen. 30. The conpoundhof claim 3, wherein one or
more of R5, R, R, and Rg ¥S4ydroxyl or acetate. 31.
The conpound of claim3, whergin all of R5, R, R7,
and R are hydroxyl. 32. The conpound of claim 3,
orwhshaghitcatitallgfacRptatiRe saltRYr soaﬁda the@o € waeetiat e. 33. A
compound of forrmula I1: or a pharnmaceutically

acceptiabRe Csli\lﬁﬁta%ﬁ\]%?op\)oétse t her eof , wherei n:
Y 1s CR4, CHR4, N, NRy, O or S;

Z 18 CR4, CHR4, N, NRy, O or S;

nd

R, is OR A, C(O)OR 4, hydrogen, halogen, nitrile, or optionally substituted alkyl,
aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R, is OR,a, OC(O)R,4, hydrogen, halogen, or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R3 is N(R3a)2, hydrogen, hydroxy, or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;
cach of R, R2a, and Ria is independently hydrogen or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R4 is OR4a, OC(O)R4a, hydrogen, halogen, or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

cach Ry is independently hydrogen or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; and

cach of Rja, Roa, R3a and Ruy is independently hydrogen or optionally substituted
alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl.
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Xis CR4, CHR4, N, NR9, Oor S; Yis CR4, CHR4, N,

NR9, Oor S; Zis CR4, CHR4, N, NR9, Oor S; R is
WORI08(103(€0O) ORi A, hydrogen, hal ogen, nitrile, oPCT/US2008/055210

optionally substituted al kyl, aryl, alkylaryl,

I 8l kyl.o, h |k 6. al e,
or 12k of ol ugRgN © Yﬁalmg%&lﬁ%c %&a‘ﬁ“ﬂ Dhrogen,

hal ogen, or optionally substit kyl, aryl,

al kyl aryl, aryl al kyl, heteroal terocycle

alkylheterocycle, or heter l; R3is N(RA) 2,

hydr ogen, hydroxy, or oftion subfsti tuted al kyl,

aryl, alkylaryl, aryl al kyt==het eRgal kyl, heterocycl e,

al kyl het erocycl e, or hepygrogycl eal kyl ; each of R A,

R2A, and R3A is independenyly hydrogen or optionally

substituted al kyl, aryl, kylaryl, aryl al kyl,

het er oal kyl , heterocyclex ah heterocycle, or

heterocyclealkyl R4 is Q4K OC(OR 4A, hydrogen

hal ogen, or optlonally substituted al kyl, aryl,

al kyl aryl, arylal kyl, hetero bfi heterocycle

al kyl het erocycl e, or heteroc? al ky each RO is
whdrgigpendent | y hydr ogen or optlonally substi t ut ed

al kyl, aryl, alkylaryl,

' I l al k het er oal kyl ,
het eRDlé s OB QRN ok %H@(O%Rﬁh@x@mw Loy :

and S en

hydr ogen @Sf@%%ﬁ%ﬁgﬁb@ﬁ%@?’% %Pf(ﬁl St alfly"}l?(t)ée\{1

al kyrais ﬁRmﬁfDﬂ@R‘vXJ N(Fog)ENBI@(BYR 5, Hﬁireg@@ ychatogen;

aIktheterochIe or heterocycl eal k 34. The conpound

o1 " Jhis (AFBOR autf 6 €0 Pl L Qe Ao B aeen:

R5 1 ,

or h%ﬁ%gﬁm’ %ﬁ’i S6A(£@A,a mi)fb@l‘-‘f%e& ﬁﬁ @’?é?‘??eﬂ%%?ﬁmly
suBBuulayldﬂ«ygemyl dkylasil ogelalkyRheteso 0BT Mct@ayOl R alkihelréTycle, or

7B) N 82 7B, hydrogen, or halogen; R8 is CH2OR8A,

%['Cﬂ Rd N(R 8B) 2, NHC(O0)R 8B, hydrogen, or

hal QgeRof RS R, lﬁ R Rafd Rﬁ?’ﬁ’m def ’hyéi%getggﬂlﬁyl optionally
i ndependent rogen or optiona

substituted with one or more hydroxy or halogen groups

35. The compound of claim 34, which is of formula II(b):

34



10

15

20

substituted al kyl, aryl, alkylaryl, arylalkyl,
het er oal kyl , heterocycl e, alkyl heterocycle, or

whedenasyc| eal kyl ; and each of R 5B, R6B, R7B apdI/B880$/655210

i ndependent|y hydrogen or al kyl optionally substituted
ne nor e X halogen groups. 35. The
cong%ﬁnd‘%fompg?ﬁpéﬂg W%‘ “is of formula I1(b):
I1(b)36. A conpound of fornulajJIIl : Ill or a
pharmaceutical |y acceptabh@EEE?L\ r solvate thereof,

wherein: Xis CR4, CHR4, N or' S; Yis CR4,
CHR4, N, NRO, Oor S, Zis CHR4, N, NR9, O or S

R is ORRA, C(OOR A hyd halogen nitrile, or
optionally substituted aIkyI, aryl al kyl aryl ,
aryl al kyl, heteroal kyl, he cIe al kyl het erocycl e,

or heterocyclealkyl Ris QR Ay OC(OR 2A, hydrogen,
hal ogen, or optlonally subs 4ted al kyl, aryl,

al kyl aryl, aryl al kyl , het &;oal kyl , heterocycle
alkylheterocycle, or heterocyclealkyl R3 is N(R A) 2,
hydr ogen, hydroxy, or optionallly substltuted al kyl ,

orgalr;ﬁa}rrﬁﬁeﬁﬁéa"ilﬁlya:cceﬂ@fé %Jl‘!‘é{rl solv ttﬁ&%@; Ofereiflet €r ocycl e,

eterocycle terocycl eal each of Ri A
R2AQXam@REBHHR§TJmﬁﬁpéhﬂéntly hydrogen or optionally
substi.tuted al k al kylaryl, aryl al kyl,
het ef daf RylCH %@%% gVE 9alkylheterocycle or

het ey J@q.h&yN N'R% bSrQR4A, OC(O R 4A, hydrogen,

hal ogen, Or optionally substituted al kyl, aryl,
al kyRiais IR 14 a€ (D)8 Rayd hydnegesr b dopl nitthlet @‘rqmlyndtléy substituted alkyl,

arf, s B e TS e SRV PSR Bt BN f hiySroeyeleatiyt

al Ky, is @RA, O@tdi)fiz@rwciro 2nyhabdenl or SRIALIGA &dbxiwutedl alkyl, aryl,
y

het erocycl e, al kyl heterocycle or heterocycl eal k

allgylerybacalsy!, relonfion hemwy&ml almme@mqm@p@rrmpwlealkyl
L A A R

arglakyl, hetees0iey Chedsrodycle, alkylheterocycle or heterocyclealkyl;
cach of R, R2a, and Ria is independently hydrogen or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R4 is OR4a, OC(O)R4a, hydrogen, halogen, or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

cach Ry is independently hydrogen or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; and

cach of Rja, Roa, R3a and Ruy is independently hydrogen or optionally substituted
alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl.
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15

het er ocycl eal kyl . 37. The conpound of claim 36, which

is of formula lll(a): | | I(a) wherein: R5 is OR5A,
wW@seNeR3sA, N(R 5B) 2, NHC(0)R 5B, hydrogen, orP¢EHUSZPE$1055210

R6 is ORBA, OC(OR 6A, N(R 6B)2, NHC(OR 6B, hydrogen,

08, "7 52 e s Bhylotnd B it e et Brosedn PN 'S ¥ oa

N(R 8B) 2, NHC(0) R 8B, hydrogen ROr Il ogen; each of

Ri A, R5A, R6A, R7A, and RB8Qs in ndent|y hydrogen

[ [ x{, al kyl aryl ,
aryl al kyl , heteroal kyl, e, alkylheterocycle
or heterocyclealkyl and /eac 5B, R6B, R7B and
R8Bi s i ndependentiy hydFtgeaNor al kyl optionally
substituted with one or nofe hydroxy or hal ogen
groups. 38. The conpound_gfxglaim 37, which is of
formula 111 (b): I 11(b)3% T%e compound of claim 33 or
36, which is a circul ati pg=zynphocyte reduction agent.
40. The conpound of claRm 33 or 36, which is a SIP
| evel enhancing agent. 41. The conpound of claim 33 or
36, wherein X is CR or CHR4. IH@) The conpound of claim

Wgr wherein R4 is hydrogen or optionally substituted
SR, aryl or alkylaryl. 43. The conpound of claim 33
or 3{65 15\@#1&5@6@@(@)115@ N!(mg)ZNREIC(ebélRSBTH@rﬁ GﬂlﬁKIoan

claim43, wherein Cﬁen or o tlonal

s ]chbS]%d is ({Roel @C@)RaAaNgﬂaBbrNbﬂ () Bymyhydragen, %léal@gﬁﬁ*pgun?
3
ol an ST DR Q6O RERLNICOIRy. Alrad 3EoFAIRAHET ©

CI ai Ry BETHORIG, CM&@:@@D)RgAY, N(SRgQB NHC@R4 5, hydrogen, or halogen;
cach of Rja, Rsa, Rea, R7a, and Rsa is independently hydrogen or optionally

substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; and
cach of Rsg, Rep, R7 and Rsp is independently hydrogen or alkyl optionally

substituted with one or more hydroxy or halogen groups.

38. The compound of claim 37, which is of formula ITI(b):

I11(b)
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48. The conpound of claim47, wherein R4 is hydrogen

or optionally substituted al kyl, aryl or alkylaryl.
wa08Ths1£onpound of claim 33 or 36, wherein YPCHUBR00$/055210

NR9. 50. The conpound of clai m49 wherein RO is

glygr a$9|ﬂ{ | ongl kg‘g E % ?hals%ll‘b}lﬁl\%élg lxtzrjr}]pehog?ftﬁ reduction
agéni.s O 52. The corrpound of clai m 33 or 36, wherein Y

is S. 53. The conpound of claim33 or 36, wherein Z is

CRA gy, CHRf corthouldBf S8R 9% BE3 QWi RIS SIP Ic W RhRIM iR gent.
i s hydrogen or optionally substituted aIkyI aryI or

;I |k¥4 lﬁlrhgerhlﬁR%.mp:aB@ﬁd %ﬁe co%‘%gﬁ%%q{/); l IS er Zir ﬁi "
k :
a‘?kyly giﬁ%gc%ﬂgj%{m@ﬁéag%?n% dUWI?FlIIg)?1 t tlsgfl}?ﬂﬁggénoér{r dé)g ?ﬁéﬂy substituted

allf1e4r9] o akylsryQ. 58. The conpound of claim 33 or 36,
wherein Z is S.59. The conmpound of claim33 or 36,

whergy n ﬁhe%&h;ﬁ)ﬂﬂd ¥f EI18In$33 6036, mra@mm QRRycl aim
33 or 36, wherein Xis Nand Yis NR9. 61. The

mpund pfe (ﬁ)lggﬂtoﬁh@gf cl‘é@@&?'v@he’?&n'l@ iy g(f E%f{br%tlonally substituted

opt| onal ly s ituted al kyl, aryl or

alRHlearybompdkiierydf clai m 33 or 36, wherein X is N and Y
is S. 63. The conpound of claim33 or 36, wherein Xis
N anb.Z iBheQonfpbund beclamdP®unslo,aiheediaXmisE® or 36,
wherein X is Nand Zis NR9. 65. The conmpound of claim

64, aher eTir &posnd¥eElaBeB3 of 3QRIceAAN ¥ SSubsti tut ed
al kyl, aryl or alkylaryl. 66. The conmpound of claim 33

or 34757 V\’”ﬁ{eedo?nﬁéuhé of\’clﬁﬁ‘&'ﬂof §6 $vhe§e7{n YTﬁ‘CI& 1 of
claim33 or 36, wherein Xis N, N, and Z is NRO.

48. The compound of claim 47, wherein R4 is hydrogen or optionally substituted
alkyl, aryl or alkylaryl.

49. The compound of claim 33 or 36, wherein Y is N or NRo.

50.  The compound of claim 49, wherein Ry is hydrogen or optionally substituted

alkyl, aryl or alkylaryl.
51.  The compound of claim 33 or 36, wherein Y is O.
52.  The compound of claim 33 or 36, wherein Y is S.
53. The compound of claim 33 or 36, wherein Z is CR4 or CHR4.

54.  The compound of claim 53, wherein R4 is hydrogen or optionally substituted
alkyl, aryl or alkylaryl.

55. The compound of claim 33 or 36, wherein Z is N or NR.

56.  The compound of claim 43, wherein Ry is hydrogen or optionally substituted

alkyl, aryl or alkylaryl.
57. The compound of claim 33 or 36, wherein Z is O.

58. The compound of claim 33 or 36, wherein Z is S.
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68. The conpound of claim67, wherein RO is hydrogen
or optionally substituted al kyl, aryl or alkylaryl.

W@ 2008/Toms1£onmpound of claim 33 or 36, wherein RPCT/ES2008/055210
hydr ogen. 70 The conpound of claim 33 or 36, mherein

aher B A Snghing REFGP TRREE oDleadth BTy o

e gemae o PR e NP ﬁncgy%h’*

C(OOR A _74. The conpound of claim72 or 73, whe
Ri A 6ls hyHiogeogpd BE@IP%Q@ | WhegeiB ol wkagqnoqmﬂaméw substituted

U G ARG D of ol aim 33 or 36, wherel n R2
:Mie% 9 'co%ogﬂf of &g%;gy nn?_?]@ Igelrgh% 15% ?ﬂd YQS rSn 33
ol i a5 B ec'ggnp%gm@ggg gS%&h%%ﬁPf@%@?ﬁ Qt ed
R R I R S

Annletles wherein R3AI s throgen or acetate. 81. The
d Bre omonnadef gaing6d, wikaseiaiRe iRydraganyerrapgenally substituted

Qggg nd of claim33 or 36, wherein R3 is
dﬁédlgp&”ﬁ PThe conpound of claim33 or 36, wherein

cogpfi%"pt ;’”iq' kS 3t TP e T PR 1S
Scotdite. %ﬁp&uﬁ@ﬁﬁ%&m@%m% kv X0 S Kkgngizis NR..

one or nore of R5, and R8 is hydrogen or
hal dfen. BE comnoupg ﬁ{)@la%l 67>fW1%ﬂr%Hﬂ Ro3shystrogen ongpépaally substituted
a9l o MERa9f. R R, R7, and Ry is
69.  The compound of claim 33 or 36, wherein R, is hydrogen.
70. The compound of claim 33 or 36, wherein R is nitrile.
71. The compound of claim 33 or 36, wherein R, is optionally substituted lower

alkyl.
72.  The compound of claim 33 or 36, wherein R; is OR4.
73. The compound of claim 33 or 36, wherein R; is C(O)OR 4.

74.  The compound of claim 72 or 73, wherein R; 4 is hydrogen or optionally

substituted lower alkyl.
75. The compound of claim 33 or 36, wherein R, is OR;4.
76.  The compound of claim 33 or 36, wherein R, is OC(O)R4.
77.  The compound of claim 75 or 76, wherein R4 is hydrogen.
78.  The compound of claim 33 or 36, wherein R; is halogen.

79.  The compound of claim 33 or 36, wherein Rj is optionally substituted alkyl.
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hydroxyl or acetate. 87. The conmpound of claim 34 or

37, wherein all of R5, R, R7, and Rg are hydroxyl.
w@ao0sTms1£onpound of claim 34 or 37, wherein aPCT/O820R§055210

R, R7, and Rg are acetate. 89. The conpound of claim

35 38, wherein on

nyarien’ B SeafisdadOFeBim Fiofudindia ot dbsifitaTh ot or more
hab$en \vh ©/RE )\, dddtEes OFhéBIMR Qfis Ralrogdn orRéeta®Nd Rg i's

hydroxyl or acetate. 91. The conpound of claim 35 or

38, gwher ety @nhpodthd BPelafth 33 B 36,308 R@ﬁ@hﬂ%éﬁxyl
92. The corrpound of claim35 or 38, wherei'n a of R5,

R, &7, apg fid BE8L 9 COARQY
phar%oeutl céa% @Ba%gegtgéﬁéosg t\ﬁgrag}?ﬁovgg%dr%er eof ,
wher n t .
('R ST 3 CRTREHEACb R 33 0136 ayheseiy Ry i3 pptoppis tisted
heyéra)&lhylane l,2,3,4-tetraol;
(IR 2S, 3R)-I -(2-(5- ethylisoxazol 3-yl)-1Himdazol -5-y
|) bugane-thonfbuh&bf d8lm 83, wherein R is heteroalkyl substituted with one or
(IR 2S,3R)-1-(2-(isoxazol - 3y|) | H i m dazol - 5-yl) but an
mere| hapoggn sydeaxyhor acctate.
(IR 2S,3R) -1 -(2- (2 met hyl t hi azol -4-yl)-I Himdazol -4-y
| ) buk%ane-Thexodppunédf eleim 34 or 37, wherein one or more of Rs, Rg, R7, and Ry is

| R I-(2(I-benzy|-|H—I 2,4-triazol-3-yl)-ITHim
hédﬁ%gf&orﬁ%g?rbut ane |,2,3,4- tetraol hydrochloride;
(IR 2S, 3 (IH, I
H2,% - bllilrﬁ Cd)érznﬂunéomljl%%ﬁéﬁ veherein opg Py gre of Rs, R, Ry, and Rg is

hyldh S aR)atd - (2- (5- met hoxy- 4, 5- di hydr oi soxazol -3-yl) -1
}I@I-(}%%ZdazolaS yl ) but ane- 1, 2 3,4-tetraol; or

(IR 3 | -

(L7, 2Rl PP a4 By aRgl sk o b il

hy@esgydsi ti on conprising a conpound of claim 1 33 or 36
and a pharnmaceutically acceptabl e excipient or

di | ugnt. B cothgtRheflclaim BLAHTT Rehckdlf aNWIREIROR, and Ry are acetate.
circulating | ynphocytes in a pat| ent,

89. The compound of claim 35 or 38, wherein one or more of Rs, Rg, R7, and Rg is
hydrogen or halogen.
90. The compound of claim 35 or 38, wherein one or more of Rs, Rg, R7, and Rg is

hydroxyl or acetate.

91. The compound of claim 35 or 38, wherein all of Rs, Rg, R7, and Rg are

hydroxyl.
92. The compound of claim 35 or 38, wherein all of Rs, Rg, R7, and Rg are acetate.
93. A compound, or a pharmaceutically acceptable salt or solvate thercof, wherein

the compound is:
(1R,2S,3R)-1-(2-(5-methylisoxazol-3-yl)-1H-imidazol-5-yl)butane-1,2,3,4-tetraol;
(1R,2S,3R)-1-(2-(5-ethylisoxazol-3-yl)-1H-imidazol-5-yl)butane-1,2,3,4-tetraol;
(1R,2S,3R)-1-(2-(isoxazol-3-yl)-1H-imidazol-5-yl)butane-1,2,3,4-tetraol;
(1R,2S,3R)-1-(2-(2-methylthiazol-4-yl)-1H-imidazol-4-yl)butane-1,2,3,4-tetraol;
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whi ch conprises admnistering to the patient an

ef fective anount of a conpound of claiml1l, 33 or 36.
w@®2008A0938¢ hod of nodul ati ng the anount of S| P PEI/ES2008/055210

patient, which conprises adm nistering to the patient

an e(g%% él%?e ?fgyg?nzgu 18- ICQ qq?lgznoq r%?]%l?ﬁhalml O -g%lﬁ)rugme-l,2,3,4-

ppressing res

m@aﬂm>ﬂ&mhmhu§h conprlses adm nistering to the patient
an effective anount of a conpound of claim11, 33 or

36. (G8.253Ket-nbd 181 2{%@%!4@@01 Iriihhgregy ] 83, hitiweht i ng a
di d t
a' S e(?ﬁezsoﬁR) i-ﬁ%&%ﬁ{e eyglé‘}ﬁgﬁ&ﬁ}b: §0§(§§01%d§f|') ﬁkﬁﬁrﬁﬁéﬂ%ﬂs Ebutane-

I ént apeutica
5 lbﬂgphyhapbﬂcally effective anmount of a conpound of

cl ai 33 0 rein the di sease rder

anky(lm ng&g%,m% lHa@frﬁ?PZ 3(-§él§dH m[ljg%ﬁqgﬁr jbutane- 1 ,2,3,4-tetraol.
asthma), atopic dermatitis, Behcet's disease,

gr af$4 vs-hebermsiceeicabcorpar iAoy iEsreempoypdief claim 1, 33 or 36

an%Ir #ﬂ&ﬁﬁ@éeﬁﬁ&*ﬁl %%{Jtté‘t% chzlgkﬁro‘%%'ﬂﬁent”ya“ henia gravis,
or tic

I NOSI' S arthrltls rheunat0|d

s ol ML SIES T SO G BB o Ffcn

10 whi¥k bbﬂnﬁnses administering to the patient an effective amount of a compound of claim 1,

33 or 36.

96. A method of modulating the amount of S1P in a patient, which comprises

administering to the patient an effective amount of a compound of claim 1, 33 or 36.

97. A method of suppressing immune response in a patient, which comprises

15  administering to the patient an effective amount of a compound of claim 1, 33 or 36.

98. A method of treating, managing or preventing a disease or disorder, which
comprises administering to a patient in need thereof a therapeutically or prophylactically
effective amount of a compound of claim 1, 33 or 36, wherein the disease or disorder is
ankylosing spondylitis, asthma (e.g., bronchial asthma), atopic dermatitis, Behcet's disease,

20  graft-vs-host disease, Kawasaki syndrome, lupus erythematosus, multiple sclerosis,
myasthenia gravis, pollinosis, psoriasis, psoriatic arthritis, rheumatoid arthritis, scleroderma,

transplant rejection (e.g., of organ, cell or bone marrow), type 1 diabetes, or uveitis.
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