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WO 2008/109314PCT/US2008/055210 HETEROCYCLIC COMPOUNDS,
COMPOSITIONS COMPRISING THEM AND METHODS OF THEIR USE

wd hissapiigation claims priority to U.S. provisional applicati®Cnas2008/055210
60/904,357, filed March 1, 2007, the entirety of which is incorporated
herein by reference. 5 I.FIELD OF THE INVENTION This invention

GIIERO (V14010210 CNDIS) UG FDST TEINYIEC OMPRISIBEG T HEM AND
treatment, prevention and manageme oi lous diseases and

disorders. 2. BACKGROUWBE&I%(Q&% ﬁ:ﬂ%s% te (S1P) is a

bioactive molecule with potent effects on 10multiple organ systems. Saba,

J.D. afd HlanilaliciRes pR4#e % 134, GRMMIAlInpuab.aeme Deticwa 139, filed

compound’is an intracellular secondary messenger, its mode of action is
Marihal s@PfEcthst eeibeiteo iy hishdbicamamicd MR SN TERtorly
understood. Hla, T., Science 309:1682-3 (2005). Researchers currently
1 believEEian S IPTHDINEENY RO phosphorylation of sphingosine, and
degraded by dephosphorylation or cleavage. Its cleavage into )
15etHBis favtntopholstisdtemitdze lohesehemmariadydmdkmepofeafyheir usc for the

ng ef R RNNYAS St YR & Pariifs Riveheidd 38385402 (2000).
p

ingosine-lI-phosphate lyase is a vitamin B6-dependent enzyme

localized in thege}gﬁrane of the endoplasmic reticulum. Van Veldhoven
Zand MBHESGROY BRI chem. 266:12502-12507 (1991); Van Veldhoven

and naerts, Ady, Lipi 6:69. T i
i B TS AR R OAR DR R M U E RS

ndgsphibegan 9 edmBatabe Abplieedibhenb. Siro Bes1 85384-734 &dhtyhIthough

@&Q\@@%@M&@%Kﬁﬁa copcidsdiibat acomnrnsRtehsaramalsier Wiion is still
- acety1-4-tetra?/droxybutyI|ml_dazole (THI), inhibits SIP lyase acfjvit

agHeincaaRtiphsterdd- 1rdfed CSehitapCBDRIsn IRaaH aagiEs opss Hifag - Science
420062 While) others haveReskAtE N 2 BTdds eXey tithealfgais haphorylation

different mechanism (see, e.g., Pyne, S.G., ACGC Chem, Res. Comm.

of SPPFREeEIDe S0BPFHIE A AR A RS Lo BN LA s

Anssniagno ghegmdyempbafeniachnid sdusedthagortediylctioy sl Hase. /d.;
ells in the thymus. See, £ supra; Pyne, S.G., ACGC Chem.

%ﬁ%ﬁ%%@ifﬁ%&%@%&n R., etat, Immunoloey

93(3): 39BiD4i(LIoshosaRElyase. M arith Bt Bi-G:pindest erame bepalizd in the
%&%@Q@ﬁﬁ%‘ HpRalen Réigﬁm.?’%ﬂ \Riasplisn.apd Resdoder. S, Chem.

there are no known' reports of TEI having an immunological effect In

Ui AIIRPTHARThIcS and pldtkoventiad dhaonactia dr.4-889 R Afiddd 993
b RN SRMAd alaiescRMBQIRds: BrRBRNSeIUlyase and its gene products are

immunosuppressive medicinal aﬁgrr;ts sgéqiggﬁ f the compound in

framnkisd B did ReFRMAREBYRA SR uvander, A. and

Oskargzeentfy, Shwahan cboxitked2dndulidd that a component of caramel color 11, 2-
acetyl-4-tetrahydroxybutylimidazole (THI), inhibits S1P lyase activity when administered to
mice. Schwab, S. er 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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5(1994); Houben, G.F., etal., Fd. Chem. Toxic. 30(9):749-757 (1992). 3.
SUMMARY This disclosure is directed, in part, to compounds of formula I:
R2 10and pharmaceutically acceptable salts and solvates (e.g., hydrates)
thereof, wherein: A is an optionally substituted heterocycle; R1 is ORIA,

repOG (6 REN, K3 (@9 Rt rhyalrbgses! laffloy ém anitridds aheptienallics abdtatied Ithough
Ik ryl rvik arylal I r

U s B o L B o

imswhetitntecssile/nediginallagentd, stndisiof therewanydriefursepsioung no

. | akkyl; i 2, n r 7.

e A s At o AR AR o713

(1RO, Gl ot BB BerisoR ANy 1A% of R1A, R2A.

and R3A is independently hydrogen or optionally substituted alkyl, aryl,

3. alkyswNiseyRIKyl, heteroallcyl, heterocycle, alkylheterocycle, or
heterocyclealkyl. 20This disclosure also encompasses pharmaceutical
compbisidésstoswia sy iinsgted iRathde TeeHns of dprHathods of treating
inflammatory diseases and disorders ugjng compounds of formula I. In
one aspect, there is provided a cmpou formula ll(a): Y'Z511(a) ora
pharmaceutically acceptable salt orsolyate thereof, wherein: Xis CR4,
CHR4, N, NR9, O or S; Y is CR4, (HR4, N, NRs, 0 or S; Z is CR4, CHR4,
N, NRs, 0 or S; 10Rs is hydrogen orgptionally substituted lower alkyl;

I

and pharmaceutically acceptable salts and solvates (e.g., hydrates) thereof, wherein: A is an
optionally substituted heterocycle; Ry is OR1a, OC{O)R:4, C(O)OR 14, hydrogen, halogen,
nitrile, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; Rz is ORza, OC(O)R24, hydrogen, halogen, or
optionally substituted alkyl, aryl, alkylaryl, arytalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; Rs is N(Rza),, hydrogen, hydroxy, or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; and each of Ry, Rza, and Raa is independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocy¢lealkyl.

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

compounds of formula I.



each R4 is independently OR4A, OC(0)R4p., hydrogen, halogen, or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; Rs is 0115A,
OC(0)RsA, hydrogen, or halogen; 15R6 IS OR6A, OC(0)116A, hydrogen,
or halogen; R7 IS ORM, 0C(0)Rip., hydrogen, or halogen; Rs is
CH20RBA, C1420C(0)Rsa, hydrogen, or halogen; each R9 is
independently hydrogen or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl,
and 0eRchspERD thedrSi pRvidend dmpdsndad femudatif@kydrogen or

- optionally substituted alkyl. In another aspect, there is provided a
compound of formula II(b): ReR7 Re R5 ®&gpr a gharmaceutically
acceptable salt or solvate thereof, waereindX4g CR4, CHR4, N, NRs, 0 or
S; Yis CRs, CHR4, N, NRs, 0 gr S; Z} a, CRR4, N, NRs, 0 or S;
1011t is hydrogen or optionally s ftuted ;l@swer alkyl; each R4 is
independently Oats, OC(O)R4sH en, halogen, or optionally
substituted

Ii(a)

or a pharmaceutically acceptable salt or solvate thereof, wherein:
| X is CR4, CHRs, N, NRs, O or S;

Y is CRs, CHR4, N, NR9, O or S;

Zis CR4, CHR4, N, NRs, O o1 S;

R1 is hydrogen or optionally substituted lower alkyl;

each R« is independently ORaa, OC(O)R4a, hydrogen, halogen, or optionally substituted

alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycie, or heterocyclealkyl;
" Rs is ORsa, OC(O)Rsa, hydrogen, or halogen;

Re is ORas, OC(0)Rea, hydrogen, or halogen;

Rz is OR1, OC(0)R74, hydrogen, or halogen;

Rs is CH20Rea, CH20C(0)Rsa, hydrogen, or halogen;

each Re is independently hydrogen or optionaliy substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycie, or heterocyclealkyl; and

each of Rsa, Rea, R7a, and Rea i.é independently hydrogen or optionally substituted

aikyl.

2a



alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; Rs is ORss, 0C(0)Rss, hydrogen, or halogen; 15Rs is
ORes, 0C(0)Reis, hydrogen, or halogen; R7 is OR7s, OC(0)lts, hydrogen,
or halogen; Rs is CH20Rss, CH20C(0)Ftss, hydrogen, or halogen; each
RsIrsanqﬂ!peastmtr-uytwmﬁg%ﬂ"lﬂeéﬁﬁﬂﬁﬁﬂ?‘%f?ﬁ@b‘*alﬂﬂm aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkyli*@gerocyge or heterocyclealkyl;
and 20each ofR5A, R6A, R7A, ang R84 is, pendently hydrogen or
optionally substituted alkyl. In anothé _aspect, there is provided a
compound of formula lli(a): R e R% ora ?Jharma'ceutically
acceptable salt or solvate theredf, wherein:*is Clia, CHR4, N, NRs, 0 or
S; Yis Cl114, CH124, N, NRs,Hﬁl Zis CRa, CHR4, N, NRs, O or S;
5Rs is hydrogen or optionally substituted lower alkyl; each R4 is
independently OR4A, 0C(0)1244:" n, halogen, or optionally
substituted alkyl, aryl, alkylaryl, Brylglkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealk o)

or a pharmaceutically acceptable salt or solvate thereof, wherein:
X is CRs, CHR4, N, NRs, O or §;
Y is CRs, CHR«, N, NRs, O or S;
Zis CRe, CHR4, N, NRg, O o' §;
R is hydrogen or optionally substituted lower alkyl;

each Ra is independently ORaa, OC(0)Ras, hydrogen, halogen, or optionally substituted
alky}, aryl, atkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycie, or heterocycleatkyl;

Rs is ORss, OC(O)Rs=a, hydrogen, or halogen;

Re is ORas, OC(0)Rea, hydrogen, or halogen;

Rz is OR1, OC(QO)R7a, hydrogen, or halogen;

Rs is CH20Rga, CH20C({0)Rea, hydrogen, or haiogen;

each Rs is independently hydrogen or optionally substituted alkyl, aryl, atkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkytheterocycle, or heterocyclealkyl; and

eachof  Rsa, Rea, R7a, and Rsa is independentiy hydrogen or opf‘ionaliy substituted
alkyt.

in another aspect, there is provided a compound of formula Hi(a):
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Rs is ORM, OC(0)R5.4, hydrogen, or halogen; 10R6 is REA, 0C(0)126A,
hydrogen, or halogen; R7 is OR7A, 0C(0)R7A, hydrogen, or halogen; Rs
or ajghgrRUticaiv ace @aRlesa sl eatedhaEre wHEEIRh Rs is

indgngREENEMRY W AGRY 8opBtionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl,

and' 15ERenCEHRe A NBr R98Siand RBA is independently hydrogen or
optip iR & BRI LNe Rk @l otrSanother aspect, there is provided a

cOmpOUNGLRL QTR BLAAARY BORLHIQ RN 7N X" Y 111(0)

200r a pharmaceutically acceptable salt or solvate thereof, wherein: X is
CRa, CHR4, N, NRs, 0 or S; Y is C114, CHR4, N, NRs, O ors; Z is CRa, :

CHR46H\RNERdEpnde My isrhydomgeyRa, aptimgehy rmibsiiilie dgaranigbybstituted

alkyl, aryl, alkylaryl, arytalkyl, heteroalky!, heterocycle, aikyiheterocycie, or heterocyclealkyl,

Rs is ORsa, OC(0)Rsa, hydrogen, or halogen;

Re s ORex, OC(O)Rsa, hydrogen, or halogen;

Rz is OR7a, OC(O)R7a, hydrogen, or halogen;

Rs is CH20Rza, CH20C(0)Rza, hydrogen, or halogen;

each Rs is independently hydrogen or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroatkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; and

each of Rsa, Rea, R7a, and Rsa is independently hydrogen or optionally substituted

alkyl.

In another aspect, there is provided a compqund of formulia tli(b):

()

or a pharmaceutically acceptabie salt or solvate thereof, wherein:
X is CR4, CHR4, N, NRg, O or S;
Y is CR4, CHR4, N, NRs, O 01 §;
Zis CRs, CHR4, N, NRo, O or S;
R1 is hydrogen or optionally substituted iower alkyl;

each R4 is independently ORaa, OC(0)Raa, hydrogen, halogen, or optionally substituted
alkyl, aryt, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

Rs is ORsa, OC(O)Rsa, hydrogen, or halogen;

Re is ORea, OC(0)Rea, hydrogen, or halogen;

Ry is OR7a, OC(O)R7a, hydrogen, or halogen,;

Re is CH20Rsa, CH20C(0)Rsa, hydrogen, or halogen;

2c



25 each R4 is independently OR4A, 0C(0)R4A, hydrogen, halogen, or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; Rs is ORsA, OC(0)RsA,
hydrogen, or halogen; Rs is OR6A, OC(0)R6A, hydrogen, or halogen;

L & BREAnQELRIBHHY fyeibReR By obtishaugBukRBinddHBAR M, alkylaryl,
CH 8 (O)RBA, hydrogen, or halogen; each R9 is mcigﬂfindgntly
aryiAh oA OR S RIS B AR YElr, PRI gP
hetesgallerl, hetroRKGIR74 yithRie 1o tytipendétiy Rydyeeal ky lopiieneiy substituted
alk@fRsA’ RSA, R7A, and RBA is independently hydrogen or optionally

Ubstituted alkyl. In another aspect, there is provided a compound, or a

pharmaceutically acceptable salt or solvate thereof, wherein the
combtﬁl}?afi%f- aspect, there is provided a compound, or a pharmaceuticaily acceptable

sal{ bRsBG &M dréaf (vhaeinthecempbdy 13- 1H-imidazol-5-yl)butane-1,2,3,4-t
etraqlp 5s 3R)-1(245-methylisoxazol-3-yl-1Himidazol-5-yl)butane-1,2,3,4-tetraol;
R Roceal e, o i
(1 R(iE,%M@-Z&WL&&WMMZW&%&M&raoI ;
(1R 3R QR AL mbinzal 4Pt Hrimisaral pemdans 3 Leduie!
(IR{EB2AIRE @ Benayrtt2arpk St iminrrektan R eittfd: - o=
hydoéhibriddetraol hydrochloride;
(IR =1- 'Hi2 22-blimi IS -4, aol;
(1R@§%§%%ﬁ?§%ﬁ#&%ﬂm§3@ r%i@t%@%%%ff%éﬁﬁéazol-& Obu
tanéiﬂg,@,’aﬁ}téﬁ%@;rapthoxydl,5-dihydroisoxazot-3—y!)—1 -imidazol-5-yl)butane-1,2,3,4-
tetrbbR #S,3R)-1-(245-methy1-1H-pyrazol-3-yl)-1H-imidazol-5-yObutane-1,2,
3,4- I other aspect, there IS.Qrovi ! ti .
oS A B maar- AR LU HIERE L5 4 etrao

pharmaceutically acceptable excipient or diluent. ~  In another aspect,
therdnignpriherrapertdnepoisiioyiied Brrheranerry el GHAPRTAEQERIEIPIISING @

corPBiReSHiQR M4 albed My prisR A gsis B eBIBI& or diluent.
DESCRIPTION OF THE FIGURE

In another aspect, there is provided a compound as defined above or a

pharmaceutical composition as defined above for use as a medicament.

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).

2d
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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
wousgavefiyhite blood cells (WBC), neutrophils and lymphoegieesasis/ 055210
measured 18 hours after oral dosing at 100 mpk as compared to a vehicle

sCONtrA NEN 1 W RSB R AP $R C T/US2008/055210 5.DETAILED
DESCRIPTION This invention is directed, in part, to compounds believed

to be gaRfHhiniR (ientsoRal iRFRENHeBNARSAEIBINAGEMERY @leful in the
autoimmune and inflammatory diseases and disogjg% The inve%ntion

tRdPIRR Y SBLOR B O SRR s Ui E RS £ @fpmateridiserssend

ockou
disieeerS eTHd ipvqaianicapipdi feto resmar i poABRER, Hilpct,) by studi R H0 @ yase
5.1.Definitions. . Unless otherwise indicateq, the.t "alkenyl- a

) 2NSahP
RSB e R S o A e 3500
(e.g., 2to 10 or 2 to 6) carbon atoms, and including at least one
carbofi-barb®efRiLiBNS hond. Representative alkenyl moieties include

10vin llyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyl
et B PG B oy P Lo ST e Binched

=dimethy ,

aheioxeyylc Byldexartyin Ddvéxe fipim12 he ploing, 2 foeiftenltBshepleamybtoms, and
iRoeyl, 22oc (t)%Q%lar -Og:é[%[%ln ﬂ%&%dz Eé%kaﬁgém hoieties include
decenyi, 5 d 3-dec n)ﬁ ) |

e -decenyl an e nless otherwise Iindicated, the term

viatilyHiiyle aibutanst g astvdiisobrimishsll EnarseerbclenstergclaiRgyy-1-butenyl,
ﬁ%&ﬁ?ﬁﬁbﬁ%ﬂ&%}{iﬂsf&ﬁﬁ@tﬂyﬁ%&%(&@l; fLiexEayar Lo Al Fasb &M heptenyl, 2-

Alkyl moieties having from 1 to 4 carbons arc referred to as "lower alkyl."
heRiEmpiSshsPismh Grotipyindroak LA B it ! magRAngihynonenyl, 1-
RQRYl, BaRraRy lakt BUivbeinputyl, isobutyl, pentyl, hexyl, isohexyl, heptyl,

4,4-dimethylpentyl, octyl, 2,2 4-trimethylpentyl, nonyl, decyl, undecyl and
odech e R ROROREd A5 BETnalety SIEBY AT A3 grar ted and/or
extinplexindiade aydtopedpyl hayalghitiyl, Ioyckipentyll aytbiekyb, Arerbon atoms.
amantyl. Additional e les pf alkyl moieties have Lin Fa _
e Ca A ey e Pl

atioilgessainaatisd hy drooat biorited Sovait s attehyirapid aReprgp yhatetidgl, t-butyl,
19@812? %&W@%}ﬂ%ﬁﬁ@?l,%@E@,@dﬂ@gﬁh Qﬁt'ﬁ,l l@élt')ﬁ,r Yo mMeaRR @yipentyl,
alkyl 25 n

oléty bound to an ary'mmet& Jnless otherwise indicated, . .
wravtederiby dasib and dedesyly CheteatityromtshaabaRAnemiely potmiicystic,
19 PRstgiRaMbMRIetlopropinles e IobhenVise lbsbestety dd@defMand adamantyl.

"allcylheterocycle” or "alkyl-heterocycle” me?s aﬂ alk |, moiety, bound to<a 1
AerihsRg R sIsh P SRR BRR BRI RS PRI gprions (6. 1-
saeaAnsmMctiaigiickairt) bitirabad Arlky!” includes saturated hydrocarbons as well as

alkenyl and alkynyl moieties.

Uniless 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,

3
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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.

wlemreaeaiative alkynyl moieties include acetylenyl, WO  PCT/US2008/055210

2008/109314PCT/US2008/055210 propynyl, 1-butynyl, 2-butynyl,

) i Y o s —
p%q@?@% ﬁ;ﬁg%%rtﬂﬁm@meﬁﬂ%ﬁw&ﬂ%?@@ Yidthyl-NBWYAYA, 4-pentynyl

, 5-héxynyl, 1-heptynyl, 2-heptynyl, 6-heptynyl, 1-octynt>£r,l {

1 S5ty RS AR D RBRy Ao BHE Yy Py Ao O B ARG
761%%' kyqli,emm}uw Leasllg,memuﬁ&xf ' ¢ Mgatﬂ@cs‘rmnlezﬂtégﬁis@wﬂ mefﬁzslﬁn
-0-a roup, Examples 5 o oxy grqups include, but are.nqt limited.to
OCHY TS RS RS K TR Sy T oy Empls
of Q{23013 includdntes arotherlinsethaic@EH thO 3t FaryDiGHanS dn

tic rin ati ti aromatic ring system composed of
'églergiﬁ ‘(;Ir% %%?@aé%%%g.%@ﬂﬁﬁéty may comprise multiple rings
boundJokehssebictugstinslicErdtis dsof Ayl notetie st N CHRZAB TG atic Or

plépﬁgﬁ 1010 Wﬁeﬁ?%ﬁ%sé@%@%@ﬂoﬁlﬁﬁ rdpdaRodeAY aryl moiety may
naphthyl, phenanthrenyl, phenyl, 1,2,3,4-tetrahydro-naphthalene, and
crutyarise num@gﬂéﬂﬁéwyg%&&%é%gﬁtﬁ@fteﬁ%ﬂ%mfffaﬁéwbmﬂa?yﬁ%\mﬁ“de’ but are

A ARRANAR RISy 1I0RMN I BIpRdkyl, MEiRBAY!, indan iRdessl OtBsHaie
indicated, the term "circulating lymphocyte Eeductl n agent” means 15a
rhsmaptsRy reiters &@:ﬁ?ﬁﬁ'@'&ﬁf&?ﬂﬁg‘ﬁ Bodt CSOE%rcent. Unless

otherwise:indiiaiathcthaitarsd, tieautating yatipifooy tamd dilictic mifsotoatt oryl moiety

"CLRF" means the %,ecrease in the number of circulating lymphocytes in
bewag SR byS

y Sl administration of a single dose of a compound at 100
mg/kglakdettrminedisiichedmbtioandesorbsthiltme et pidsciaidggent” means

R

20nlssS
aﬂuor e, ghorme, romine, iodine. Unless otherwise indicated, the

term "hislespathsyvisrindiqeteth hkiArmoREg8 e ITeRhopY i TErue SR factor” or

Qcher-ipuhichalideasionan! is-aubanrlanaas ke yeRlaceewituged by oral
heteroatom (e.g., N, 0 or S). 25Unless otherwise i dlcat§F

er , _ d, th%te%rg% thod

ARt HehtEgh iR HhaieRyameith HYaaekent SFvERRRSoN S msthe
fashrany eplasaspil) seleteroatom (e.g., N, 0 or S). Examples include,
but are not limjted to, acridinyl, benzimidazolyl, henzofuranyl .
benzog@%ﬁ%& qugﬁg%]i%a&étztoﬁ/f?g%snz%%ﬂ%egzgﬁéyé%%n%%%ﬂ% %?/ﬂuome’
tidodoxarotyinturykl iodab@zolyl, indolyl, isothiazolyl, isoxazolyl, oxadiazolyl,
Oxe}zo.gﬁlnl - g]stgﬁlgl%!cf?é/# ’1@&’1@?@%@ Oy %&M@Mﬁ%f@g 'top){ﬁ'q}ﬂy] moiety (e.g.,
pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl, thiazolyl,
i trizraivoped or ayeliss snovhishnes ienstinastabiite e TermripratdibahgraIksh gfed with a
ﬂ@@i%ﬁ?&%ﬂ!fw,@%@@?a heteroaryl moiety bound to an alkyl moiety.

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 8).
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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WO 2008/109314PCT/US2008/055210 Unless otherwise indicated, the
Tellll "heterocycle" refers to an aromatic, partially aromatic or

waoamsieypatic monocyclic or polycyclic ring or ring system cBei#RI0BE§F5210

carbon, hydrogen and at least one heteroatom (e.g., N, 0 or S). A

heterpgaygle fMayS ISR MUIPIE - enc e QEIRNOIE LK Rg S usad el Dt ly
together. Heterocycles include heterparyls. 5Examples include, but ar

TR Bt A SRR PSR i S s S GG PIRRG O carbon
hitdaaiainy bt masphalinderox@ianyle O Xyt Piperaziaydcyipariainydmprise multiple

pyrrolidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl
S B A ot
Eleirgiydirethitpipanyt aodivatedsmdtamyl] Sidesobihddvddeyihdibaned| tddioxinyl,
term.” rocyclealkyl”.or " - " ref y o
R
pyhelstoopsiontkytlidietsteydbnfarmatrimbrsropytay . tetghyagpyndinyl,
te%%%%ﬁmaﬁ Oyt IR oM IBEIEROEH Yatkdp Ryl and valerolactamyl.

"heterocrcloalky alkyl" réfers to a heterocycloalkyl mojety bound 0an, b
alkyl lety ohsOMESIHmHvISe FiticARRrane g -Alangioeycle-aliot” refers

t{';@ﬁg@gjgﬁ']@ﬁ@{g@mg@meﬂt;‘l;@g:pmm@@s_s preventing the recurrence of

the specitied disease,or,djsqc;){dﬁr in a patient qufkfl??,alr ard Sgﬁgrgg matic
from tHR'E8 QLR G LR IT-4 E}S%r%fﬁxéoﬁ%cg%eyin{g fhiata patien
hetephasesuffered from the disease or disorder remains in remission. The
terms_encompass maodulating the threshal apd/ J .
ot the B BT o e R S
abyiedise ase mtdisyderlky! moskydwundanvisalindiewied: the term

“PharpASU G RESRRIANE, R RriRIeHlR 82 RIRRAIRS S management”

pharmaceutically acceptable non-toxic acids or bases including inorganic
cackispasRPERESES I hOeRTense RIS B bPBEied diRsos PRRHFEREURATR} who has
Acsapriaklebase Aditionsalts: nshide, bul/arecagiibmigdhonmetadiie paiant who
madeé from aluminum, calcium, 25 lithium, ma%lnesium, ;Bgéaésium sodium

i HTREE TGP ARFCHSEIRS STaRIRP FrSRT Rt IRy TRpission. The terms Ehcompass
dienaetiny enedisiinerthioroprackiteiucholinef diethsnstamifisyrder, or changing

thylenediamine, meglumine %N-methglglu_amciine) and procaine. Suitable
tﬁsﬁg%)z %%ngl?ﬁ% ﬁﬁ@eo ds to the disgase or d;f%sor. er

Gt Are ot Timite 0, Inorganic and organic acids
such dsrdestithetgisicpdivdiednitic (enZenesulorticathe agesiptable salts” refers to

S r?:ﬁg%ﬂfﬂg@ GG SIEORSH IR AR TUG R AMIF SUFfscs including inorganic
galacturonic, gPuconlc, glucuronic, glutamic, ég{g@gollc, hydrobromic,

#rydivonnbries iwetioranic legtic anddretes s tisagEnac TRl assARGHIS base

TAHSIG RIS RAMOIGuPARIUINERIR PREMIATIRE G OSRIR T RIGRIRIIEG, calcium,
salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acl?, n

a , ,
PR B ETB T BRI S B RGAYR A8 A A RIS R & §/&?8f§%f6?¥8}ysme» NN
ByerebramiendMEn200 BHE93AARGS HISRAN AR IR Rphesphetinedidfuiric,
and methapesulfonic acids. Examples .of specific salts thus in e
] . t
IS A S RGO DAL FERRE 270 Rl BB Aty but remo
HrgiteR emingionis Al annaceutidabBtiencestid 8ibind, anhuiibahstrengsul fonic,
aston PA: 1990) and Remingion: [ . ti P -
WheddMomCi§86H ANHRAACtRSR], FRRMAGYiC,
e R
gluconic, glucuronic, glutamic, glycolic, hydrobromic, hydrochloric, iscthionic, 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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5Unless otherwise indicated, the terms "prevent,” "preventing" and
"prevention" contemplate an action that occurs before a patient begins to
wodbisriran the specified disease or disorder, which inhibitsPEITrEsRH0883F240
severity of the disease or disorder. In other words, the terms encompass
pid BME%QML% %@&%@@m@@&%’ %ﬂmﬂ@ylikc%ﬁﬁﬂm include
amount” of a compound is 10 an amount sufficient to prevent a disease or

hysaehRiieorerTacey o el sy Rt assickesmitithirtiseadesofemingion s
Pﬁ%&ﬁ@&ﬂi&g BERVRPY {ﬂ%ﬂesw.cmig PAYDIDRNY Batical e fioctyendRounigbn: The
a compound means an amount of therapeutic nt ne oL in
SaerREHAB G, ORI AR Thfehs SRS b EARRAE AL A0} the
prevaniiess oftibevilis ateatdh ehteremilptopivelactiGaity esffiegtivie dinmyattion”
can encompass an,amount improwves | ' . .
R
otitestntivbivhisehibiticatexutics ternevaity RibEshisascmdisgent Medha gords,
cam of at least about 10-fold. Unless otherwise
th%;reg%gg m§§§%§9g@?§ﬁ_

indicated, t vel enhancing factor” or "SLEF" means the

incre&éuds Sireiittensitels omineeyastisalh ) orar aamm it &fiaiturRoud is

SRR AASeRia A8 FRARPHAMGEL 80 ithrasdaietninge Syifermelodiatcd
described in the Examples, below.,  Unless otherw@e {ndiqqfedffth amount
wighrihe slisrah B FRIME PRI ET O FReUTEL Fac BrRTO ARG HSE R R TTE 2ot
oSIEEeRMmAIIGaN MR riahReh GO RS {PeyticRiEm, AWTO B/ 6amnb B R /85 other
55/45, 60/40, 65/35 and 70/30). Unless.otherwise indic 1l
SESpir R P A R e RS At ey oot B it g line o
“stephgiscinahoéticivepourndtinenistsobytesstialguirsstchatimproves overall
stereoisomers .of th ﬁlsng £ ” rically pue
pé%?%%%éf ioh © 3%8%5‘55?\8 éV|n1§%¥rf?e8%g§é%ggtrﬁéeiﬁsﬁﬁﬂ§e substantially

free obitHesoppiusitisetariwsisdnies SrmeSEBrinysLFrhancite AssHieMeaNy Hipgpound
A RROsEoRrOf A, CRPINA NRYdNg two stereocenters will be substantially

free of other diastereomers of the compound. %ty ical steé/e_eomeriq%lﬁ/gp,, means

pure dnisspBerdconprtes tiekiat AR BeLTEe95'BS WeIhObs
tRISIREIEQME S0P thatramRewNst anet leasdhay ahoatRdisthiweifhatsofsle dose of a
other stereqisomers of the com nd, greater than apout 90% by weight
OB Bl LB e O R e SR AR T E SRS et
of the Uthexs stbreoisomdisiefit e compstamehigvemis thianubene@Bpashys racemic

welght of ong; WQ. 20081098 4R G HHReRIBIIP 2 KD SIEiRRI§O1BRISOLINED, 45/55,
Compound and' Tg’(g?sr%ﬂ%lrc{ %%%t 5% by weight o(g t'%iza’ other stereoisomers of
ihe TAEOLAY 3 §rrdidPtHin about 97% by weight of one stereoisomer of

the copypoundiand;lessdhar aReut3%- B ugiaMafihtiRthekans a composition that
stereoisomers of the comgound, or greater than about 99%02y\\ﬁ/fgi ht of. ¢
SIRDSEERIS SIFSP PTG LRSS NN eSS HISHUIBON 560y igﬁ{mm@fs 0

that compound. For example, a stereomerically pure composition of a compound having one
stereocenter will be substantially free of the opposite stereoisomer of the compound. A
stereomerically 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 stercoisomer 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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5 of the other sterecisomers of the compound. Unless otherwise
indicated, the term "substituted," when used to describe a chemical
wartipkdean moiety, refers to a derivative of that structure orgg@iet¥eos/oss21o
wherein one or more of its hydrogen atoms is substituted with an atom,
ERERUGALMPREY ARG Y2 468,730k r% Bp%hio (L Boi
“aldehylde. alkoxy. aﬁﬁﬁ‘é’;@ﬁ Eglkoaxngaprlbc?na%%l ﬁ@'ﬁ%‘/% ol g%&?‘lfms"m"“s of
thmn@ﬂﬁylgmyﬁ}%ﬂmbm),%%WWWM?I@WQM@)&RWWPOWd and
1&g G BT )Rl Py IR MBI I £ NGRAN r ek O than

-C(N??BNHZ), amine (primary, secondary and tertiary such as alkgllamlno, _
BRHRIAIEYAFIEIR A RTA SRS B e pf hefoRpoty, 2sisaniByn about 1% by weight
dF el 612} Criatkyls h R G AR Emaflkathhicarbamyl (e.g., CONH2, as well as
CONHe-alkyl, CONH-aryl, and CONH-arylalkyl), carbonyl, carboxyl, . i
b IE R AR BRI i S AR it i & chemica
tyenoe estevi@paxites ©th de:@eegtvanéthmnﬁﬂmy),rgmiaﬁj dwhesehalﬁm or more of
iFsa}lp r"ééé:r(%t 'rhécf:sc.:’;l St Ct'c:edswi't%(acr:lgg’()%),’c gﬁ?{&?lrlx%li’eger?lﬁl%%@ tﬁél‘"%% such as,
prl¥nar and secondary), iIsocyanate, isbthiocyanate, e?one, I‘ll?l’lte, |tr8,

sygehinited to presicle adrbvdey edupy . piicaphieizsidroxufidenyl, alkenyl, alkyl

@ig@ﬁﬁ‘ﬂgﬁﬁﬁ%@%’gﬁ)*|“ﬁ“ ,Qil,ér%tﬁ '&)?gﬁl?&ﬂi&'ﬁ%%@‘ﬁy&ﬂ&@)gyi?, amide

Kylsulfonyl), 'sulfoxide, thiol 20(€.qg., sulfbydryl, _
B it Ore ARV REORIEL Ry Gt SO HolientGNRINE ), amine

(Pherapeidicaly R ANRAEQlB, RRIRO WRA IS A0 aMeuRy aHfite Atoy, aryl,
%)Vfrovide at erapeu@&bggéﬁt in the treatment or management of a

f
BR5ET) EBHATISH, S UF AT GhEBr iste Syhasshig & CONHz, as
wssacia@dHvilicih € ASERss 0 ed OdiNDhak Hikyip eattionly, edfe6HYE carboxylic acid,
amount of a.compou 1d means.an amount f25 therapeutic entthalope
aheeloridanYe Vother theraples, WhicH provides a tHerapedtic. <&
Tbethefiy inttios tiegtmehtarhalarzeriiehiof th€disedde. o CORdilidmtdbalkyl,
fetTac g ane b ATae VR ABONA GV EREO MRS ARADRUBH it nieo,

improves overall therapy, reduces 0r avoids symptoms 0r causes 0

HiEeHSE- 6 COaNion 260 EmBENPePHIPRgsEY BTy onamidtherg. . SONH,),
IhesapaulieAIeRLISALD eRs QURGTYYISe IAIEA et I arghRpI &y, sulfoxide, thiol

"treatingg‘ and "treatment” contemplate an action that occurs while a

(Stiet iy Snde iRr oAt ek Bt BELakYr hisorder, which reduces
the seuriiiy; ofiihevilisaabeand disakdaihdritalar d SFatistouwsdne T OgERsgetnd is an

ot e dsease qr disorder. MWO20DRLOQLAECTIUSZ00I085210 ¢
TNEESBthenise Maicaad e tErh Rl dd ASTREENA Mearing ag"

dirsisce, dontlgrennot tinditkg to hanaditverteror toclugesitbas thecatmbwith the

i vl . egagh ; .
e S
hererowte daenbaleas onE crmivnetingjadthy et arirsantelj brécpdinigas a therapeutic

§eies AHRONBRISIP RSHRASIHET SSIRPEMNG & e8rNRIHNE NALAS “fRkapeutically

example, the phrase "optionally substituted alky, aryl, or heteroaryl" has )
FHECEX RPN 75 SRCBISH AN BABRHREHTIAG)Y < SsTAI SapstHgtuers or avoids
Sivbtomoptionalty sEbgiltiactohetamasy]. ol bahaes bR dnas afficacy of another
hemicgl moietty that forms part of a larger compound may 10 be
&SBak 8&Pein using a name commonly accorded it when it exists as a
single hdec otbeow aanadieatdmheaninateerdd it tiadicald Forexampleyntemplate
m%é%mgmpggﬁf%%ﬁﬁda f%régy ls grgfe%%cﬁolg%edt f]egssacq%%én HHIG W 1se\:)r}der, which
Used to describe a moiety attached to otfier chemical
reduces the severity of the disease or disorder, or retards or slows the progression of the

disease or disorder.,



moieties. Thus, the two phrases "XOH, wherein X is pyridyl" and "XOH,
wherein X is pyridine" are accorded the same meaning, and encompass

whedeesynds pyridin-2-ol, 15pyridin-3-ol and pyridin-4-ol. perAiShesidsare
also be noted that if the stereochemistry of a structure or a portion of a

StrUthel s telpuc.jfllcea%g 1?\%/#: t e{ te%(r%m il’;(%qjctilatg as? e(? rlrllrggr%hghgs ‘inclyde, but
structure or e portion o ructure Is erpre e

EnN0oMpEES m”aﬁhﬁt&r@mmmmdﬁ‘f Hekotteosans ansasitanastiovnds 2ut is not
‘éﬂ’?@ ’Wgﬂrﬂﬁ?@“ﬁ{@%ﬁkﬁﬂ&ﬁ SSASSHG %E%%ﬁ@%}g%(‘grﬁp%ﬂgﬁa%obm not

|
ydrogen atoms to satisfy the valences. In addition onds
lgaitiditsd with one solid line parallel to one dashed line encompass both

5 singleangdouhie (& thdRMAMAHE HoRdR HyAleNGESSRRIMNIEIY Breceding a series of

Compounds This invention encompasses compounds of formula I: R2 25

PR A A BORABI8 SHAROLR ASNRTed P Ol ey ase
m[@ﬁmmﬁweﬁ *ﬁl@” Wﬂ'@ﬁﬁﬁ%@dﬂﬂﬂmﬁeﬁbgﬁaﬁ@w@i&n@ 19Sdydonally

C(0)012. d |
ShoaAks R A Rl s s,
aryl alkytharydl o ylakdythan etehem[lm}lnfmﬁ@rd@dmnﬁlpﬁmmmmampound may

10 {%ero Ccl%a”éyl uF\s)% 1S %Rzéb‘ COO%&T)IE%ACO?X%E pﬁﬂﬁhﬁlg% a]s ) single molecule

jona y substituted ary ryl, aryla eteroal
maemmmg}mmﬁbﬁd@ r@dlhéteﬁecym@mbylthRMmN(RM)Qe” and “pyridyl”
Y IE0GRR YL, rﬁéa‘ﬂmg’@ﬁgx RS Q?HE%%@M@@W | Bl RERTY lother chemlcal

arylalkyl, heteroalkyl, heterocycle, allcylheterocycle, or heteroc églea yl;

HARSECH BHRIRS RORNEMNESRIRNS eapandanayidrsgdn SPBh itk X is
sHastted alkvidadhalkylabaanyialiod eserpalkyhehoiapaanalepyridin-2-ol,

alkylhetero I%/cle or hgtelrocyclealkyl Particular compounds are of formula

15 q@bs} (-m pyridin

It should also be noted that if the stereochemistry of a structure or a portion of a

structure is not indicated with, for example, bold or dashed lines, the structure or the portion
of the structure is to be interpreted as encompassing all stereoisomers of it. Moreover, any
atom shown in a drawing with unsatisfied valences is assumed to be attached to enough

20  hydrogen atoms to satisfy the valences. In addition, chemical bonds depicted with one solid
line parallel to one dashed line encompass both single and double (e.g., aromatic) bonds, if

valences permit.

5.2. Compounds

This invention encompasses compounds of formula I:

RZ
R" R3
HN._ N
25
i

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

optionally substituted heterocycle; R; is OR;a, OC(O)R;4, C(O)YOR 14, hydrogen, halogen,
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1(@)l()) 10 wherein: R5 is OR5A, OC(0)R5A, N(R5B)2, NHC(0)R35,
hydrogen, or halogen; R5 is ORbA, OC(0)R6A, MR6B)2, NHC(0)R6B,

woydsegen1or halogen; R7 is ORM, OC(0)R7A, N(R902, NHE(ONXZRIS/055210

hydrogen, or halogen; Rs is CH20OR8A, CH20C(0)RgA, N(Z58)2,

nmﬁe%@%%gnx %%&nﬁ&ﬁ%&%%?%@&@%ﬂ@ RSA R4, apdBS Ak,

is independentty hydrogen or optionally substitited alkyl, aryl, alkylaryl,

aliphaeybchiddee még@gqy@%@%}g Wylﬁ)&@é&?@ g:yéwgen, halogen, or

Sracycktorkdame, each fiRABy RaPBaIR T hertbRBR, BelRergerdently
Oﬁggrog%n or alkylagig{or?m/ su astituteﬁ]iﬁ, ane or m%?e Ryd%@

y Xy Or .
aPiBgerPorapy streosHasdRHeRe Br R e BR%S A <8k optionally
s@&ﬁéﬁlﬂ%ﬂruﬂﬁygfﬁ@nw?@lﬂfﬁ%rﬂ%ndhpﬁmgmge hikeatyyatcefitaltlesatigcle, or

and solvates, thereof, wherein; X is 4, CHR4, N,NR9,00r S: Y is CR4
B e e W e R e B R R
s2EHBIEAABIYIRCHT/ IR P08/ 05 2LO C(OBEANA. hytimogede hallodericiaityites, o

px/?ubstituted alkyl, aryl, alkylaryl, arylallcyl, heteroalkyl,

o ARuonAIlY. & .
etergcyc e; allcylheterocycle, or heterocycleallcyl; R2 is OR2A,

OC(oRraisnlydpogunndaisgeh foraiBaany ¥stituted alkyl, aryl,
alkylaryl, arylalkyl, hgteroatkyl, heterocycle, alkylheterocycle, a, R;

substitutegy alkyl,
alkylhetero

orh 5erocyclealkyl; each of RIA, R2
independ

rogen or optionally substituted alkply ary

each R4 is ifdependently ORA, OC(0)RA, hydrogen, f
optionally sibétisited alkyl, aryl, alkylaryl, arylalkyl, he! fda kyl,
heterocycle, I0allcylheterocycle, or heterocycleallcyl; each R9 is
independently hydfepen or optionally substituted alkyl, aryl, al{aryl,
arylalkyl, heteroalkyl, heterocycle, allcylheterocycle, or heterocyclealkyl;

wiicanicR o RR s RO (R B afiiReln MiRHR ndbrirp $iid A5 geirgss Ko is ORea,
Getionally substiuadatsyk Al abgyiand naojalor, AeBRORIIA(O)R7A, NRis),
O e e e, X et B e Y 0 C (O)R s, NRen )z NHC(O)R s,
hydrogen, or halogen; each of Rya, Rsa, Rea, Roa, and Rz is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; and each of Rsg, Ren, Rp and Ryp is independently
hydrogen or alkyl optionally substituted with one or more hydroxy or halogen groups.

One embodiment of the invention encompasses compounds of formula II:

and pharmaceutically acceptable salts and solvates thereof, wherein: X is CR4, CHR4, N,
NRo, O or S; Y is CRs, CHR4, N, NRy, O or S; Z is CR4, CHR4, N, NRy, O or S; Ry is ORya,

9
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15Particular compounds are of formulae ll(a) or li(b): R6R7 HO R8 R5 X'

"V, Y"ZY'Z lI(a)ll(b) wherein: R5 is OR5A, OC(0)R5A, N(R5i)2,
wOlBeE@)RPH, hydrogen, or halogen; R6 is OR6A, OC(0)128AC NURBLS)25210

NHC(O)RGg hydrogen, or halogen; R7 is OR7A, OC(0)127A, N(R75)2,

m @éﬁr%ﬁi%cﬁf{lﬁ lpgeR cRbiRIGHARRGAIGIID A REAaryL,

hydrogen, or halogen; each of ILIA, R5A, R6A

amlp,ucymwsau%ﬁhaf@ aksnalrbaregerts, sobrmenlrakpiats PRy,
O@w)ﬁ%yh@mog@(l%ﬂqﬁgdﬂetﬁr@ﬂﬂsﬁbm@aﬁm&ﬂ fﬂkw leyEraIRy TSy Oarylalkyl,
heterocyclealkyl and h of R6%§] R(%\% RB and Rgg.is m%iﬁe den é¥0 cn,
hfsERalsah btet 3‘?88% BRI Fora Bydkbiy/or> o8
hlyatlegp, rm:gspmml]&rsaﬂsemm htdinent, elytanpassésicd nkptmmnlky&fheterocycle,
ula Il 008/ PCT/ 08/, 2. XY
el e ey of R HER TE R iy idef Sl hydrogen or

o@mammmmdumya anys et R ATVGIKRE RECTRBY 0 Rt B e CRA,
afl:(Hlﬁ‘te:N(t R 4 @eRe kﬁk?lR%lﬁ&(@Qﬁgﬁmmfgﬂ?m halegeir it Rirogen,

optlon ly Substituted allcyl; aryl, alkyl arY
halogen, or optionally substitute alky aryl alkylaryl, arylaikyl, heteroalkyl, heterocycle,

alkylheterocycle, or heterocyclealkyl; each Ry is independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkytheterocycle, or
heterocyclealkyl; and each of Rya, Rza, Raa and Rua is independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl.

Particular compounds are of formulae 1I(a) or II(b):

II(a) IE(b)

wherein: Rs is ORsa, OC(O)Rsa, N(Rsp)z, NHC(O)Rsp, hydrogen, or halogen; Rs is ORea,
OC(0)Re4, N(Rgp)z, NHC(O)R¢p, hydrogen, or halogen; Ry is OR74, OC(O)R7a, N(R7g):2,
NHC(OQ)R7g, hydrogen, or halogen; Rs is CH;ORga, CH20C(O)Rsa, N(Rsgg)2, NHC(O)Rsg,
hydrogen, or halogen; each of Ria, Rsa, Rea, Roa, and Rsa is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; and each of Rsp, Rep, Ros and Rgp 18 independently
hydrogen or alkyl optionally substituted with one or more hydroxy or halogen groups.

Another embodiment encompasses compounds of formula I11:

10
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15

arylalkyl, heteroallcyl, heterocycle, alkylheterocycle, or heterocyclealkyl;
R2 is OR2A, OC(0)R2A, hydrogen, halogen, or optionally substituted

wélkyisasvisalkylaryl, arylallcyl, heteroalkyl, heterocycle, alkyRai@Ss2098 S50
heterocyclealkyl; R3 is N(R3A)2, hydrogen, hydroxy, or optionally
substituted alkyl, aryl, aLkylaryl, arylallgy], heteroallcyl, heterocycle,
10alkytheteroeycle, or heterocyclqgglkyl ch of R[A, R2A, and R3Ais
independently hydrogen or optlonal stituted alkyl, aryl, allcylaryl,
arylalicyl, heteroalkyl, heterocycle, IkyI terocycle, or heterocyclealkyl;
each 124 is independently OR4A, O )R4A, hydrogen, halogen, or
optionally substituted alkyl, aryl, alkylacyl, arylallcyl, heteroalkyt,
heterocycle, allcylheterocycle, or hétero cleallcyl; each R9 is
independently hydrogen or optionallj=tFsubstituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle,rlkylheterocycle, or heterocyclealkyl,
and each of RI A, R2A, R3A and R4A is independently hydrogen or
optionally substituted alkyl, aryl, alkylarw, arylalkyl, heteroallcyl,

aheracysleualiyihrieieriesler hivlesbayelehtyb RelrtcitarX onfiu AdiR4, N,
e R R ORI PR Z AR RO RTINS B R, is O
C(O)OR1 », hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkyltheterocycle, or heterocyclealkyl; Ry is ORoa,
OC(O)Rz4, hydrogen, halogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,
heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; Rs is N(R34)z, hydrogen,
hydroxy, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; each of Ria, Raa, and Raa is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; each Ry is independently OR4a, OC{O)R 44, hydrogen,
halogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkytheterocycle, or heterocyclealkyl; each Ry is independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; and each of Ria, R2a, Raa and Rua is independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkyiheterocycle, or
heterocycleatkyl.

Particular compounds are of formulae HI(a) or TH(b):

Rg Rz

HO
R4 Re

— Rs
HN._ N

X7 Ty

_

=7
R4

1ii(a) 1i(b)
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WO 2008/109314PCT/US2008/055210 wherein: R5 is OR5A, OC(0)R5A,
N(R58)2, NHC(0)R5B, hydrogen, or halogen; R6 is RSA, OC(0)R6A,

wh B&BdsNHC(0)R6B, hydrogen, or halogen; R7 is ORM, @CtA)R488/055210
N(R7B)2, NHC(O)R711 hydrogen, or halogen RU is CH20RSsA,

SR R O P e ..

s mdependen Iy hydrogenor Soptionally

%@meﬂ(ﬁu@t; QWC@WMW@R@@FWF hdoeesalkyis AReroBdRIK7A N(Rs),

%@%eﬁf&%%ﬁcmwhmg@h@@éﬁiﬁﬁﬁ(@@? ABEC(O)Rsp,
hbﬁ% is mdepen ently hydrogen or alkyl optionally substituted wjth one or
P@‘H’&&F &f'h

Are it th&daPaistdimyiigeen or

ogtmﬂgddm@fmbﬂ%yif@mLﬁﬁ@latﬂm@lumyamapwmﬁlemmme
i pounds of thg mventl n Alsa naII §Ub§§'ztnée entl
FETORYy el 9 %{Bfgg 4 op%nacf ssﬁbsﬁ% g8 4 ndepsently

hgirpgden-iseliagiale:iaibfd sotpiiteed e;idiloydm- th«mzd;l;eirdxmw hnlegen groups.
dithiol ”F?ﬁg@ﬁiam' 7ol %%@&%L%gé%%@%%ﬁgu aaIelAN AP). o

pyrazoe & embo iment, A'is not optiona ituted furan,
apriGpHE RGOSy esiepounds ofthsonvetismpbinas Merbewdhptnnelbgsubstituted

1'%%1[898!% SEP&HB‘I’@?%Q%@Q@S@I ?&bémr@ig}‘a@ﬂ%&fﬁa@ & &R koxazole,

or CHRA4. In some, Xis N or NR9. Ih some, Xis0O or S. In some, Y is CR4

dhydrerpramesofiy droithizeloniorqlias tiEhivlag dibiols, igyfagols. isexagple.

iR dink) SUMBi%ndS N PbyNESle! NIE IMEEDS I G ANsS@NEptrailY substituted
and Y.is O. Insome, Xis N and Y is NR9. In some, XisN and Y is 20 S.

{30, NOPRIEGTINTLSs O. In some, X is N and Z is NR9. In some, X is N
and Z ig Sale cempewiis Nis¥ éshirabeed wphidally sulistisondeh Ririgycle (e.g.,
dro e - In some, R1 is nitrile. In some, 121 is optionally substituted
%Xﬂél?‘ a yI In some, 121 is ORIA or C(0)OR IA and RD\ is, for example,
hydrodenanaptisrRly s bshutétsonsralkyll @5NRsoMeoRe, i ®RIA Sin

Someqﬁ%&&@?@&%ﬁ@ﬁﬁ'\iﬁ mgwmm%ﬁwﬁpgﬁ@omwm%zss

halogen. in some, R3'is optionally substituted alkyl (e.g., alkyl

substitireeniitk ifRePriiRhalbgemoros s, Woiele® i &aiPRE /2.

is, for @gégﬂ@?chm@@m o @CEkRhe] ?@@r%eaﬁ 9 (ij§ ﬁwr%ﬁarﬂ@ SORE, and Y is
123 is hydroxyl. In some, R3 is optignally substitute teroa

SiKBSAT i 2RBZ Rt bR SSBSIARSEWRN Dhe %P?Hbﬁé"%ﬁgaaeo ZisS. In
frdEoxylson acetaleadd ek R4 is hydrogen or optionally substituted

alkyl, aryl or al 2008/109314PC TUS2008/055210 | ;
each of RB, R 1&%%‘“8% IS hyttfrd‘geh Oi {Ieoéélnso eéorhls K #ﬁ%% %%‘%S ituted

pfRb2RE, R s@mel RyissIRdrox{ 0)QR etats] R sonfer etiaofiRs hRBO®R, or
olgtlon s%l;yq;@&%wer alkyL

In some, Ry is ORza. In some, R; is OC(O)Ro4 and Ry, is, for example, hydrogen. In
some, R; is halogen.

In some, R; is optionally substituted alkyl (e.g., alkyl substituted with one or more
halogen or OR3a moicties, wherein Rz, is, for example, hydrogen or acetate). In some, Ra is
hydrogen. In some, R; is hydroxyl. In some, R is optionally substituted heteroalkyl (e.g.,
alkoxy). In some, R; is heteroalkyl substituted with one or more halogen, hydroxyl or

acetate.

In some, Ry is hydrogen or optionally substituted alkyl, aryl or alkylaryl.
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In some, R9 is hydrogen or optionally substituted alkyl, aryl or alkylaryl.
Compounds of the invention may contain one or more stereocenters, and
woRRReIza$ 5 racemic mixtures of enantiomers or mixtureSEET/US2008/055210
diastereomers. This invention encompasses stereomerically pure thous of

such gompounds, Asvell a8 Midues ol Hes6 orMitostie §RISAREEA MR nore of

be asymmetrically syrithesSized or resolved using standard techniques

RsuRh: B, eRit Bsdo Riries drogaratrtesbvingagdmERedis, By aniRytredstroxyl.

et at, FnaptiopeisnRasansiep@uhiRespiutions e iterstignas New
York, 1981); Wilen, S. H., et al., 10Tetrahedron 33:2725 §1977 X Eliejs, E. .
L., St&rBRARMRR P oI e Ok BB PR ME G ST ORFPTDEDS: ScP1st a8

rvilan, Sixhired ablasmbResalyingxAgenis dasidpricat REsBlitienspp cR6Bnpasses

(EL Eliel, Ed., Uni%/. of N trehDame Pr%SSé Nothe D%m?d le&%?%g.foms
SERETMRERtORTTTRET Seﬂc%“r%p%l%rgg(sms BreOiSomEnc mixtires of )
Stamyiaunds disclessgrersivaltyaigoienceh passodved nfiggrattioduttishragaes such

of co n Isgl in, either i ' > OF 1D, pYre-or. ..
aéﬁﬁ%%ﬁﬁ%@%%e%ﬁnﬁ%ﬁgﬁﬁ sagi%n (%)Sgﬁld%fénnj‘s{%( )%’Ikéné somers and

Reyaraiesamd Bxheiatisont¥fiey Interssiepeaaeom b etnddoNtélpehtidn 4
RIFCHaiRg bmphoeysereductian ag %?éﬁeo@ﬁé?ﬁéﬂ&%@%@%&hﬁzj{éﬁﬁﬁ (McGraw
(0]

amount of circulating lymphocytes, as determined using the met )
Hidsdrbel? SR EXAIb < byl PAsHEr Risel BB iestys S0 S5 ntabResdgens. v
#RQweraany, 2QInuhis. ot iDaas Pesk, faund DhaiavNe1IH)is capable

of redu%i_n circulatirré%%%{m%hoc tes in mice, many analogues an

derivatitsdIyeRoR sacoyt pﬁ%ﬁfﬁzfggfeﬁme C Tmxtures o condxpounds disclosed
1512, IRY 10 213 ehiptsahyardigiratytiiapol2syi)cthamoond; thasviedidlaeinoeither in

ffect on circulating | hocyte ite reporis e
R L RO SR NS AN R Somers
MW@@@!&@K%&D@@P metabolic pathway, and may inhibit SIP lyase
directly QFAIrEGHy RV er JB@@H@HWOE%%QQ%@&%@@&I&% RINBRGINGents.
e

agents. Certain com.;épunds increase the amount of SIP, as determined |

G RMPRIAGU HR L bt e S TR R TI o5y G T TS g the

AOhda d26rdRd Gk 8R-folsmplenppundspiiiiednvartioBn(;as, be@remsed(typercent.

methods known in the art (e, . bxgo,lﬁ%réin%@a%a%ji%g to the lati

I ot HogApe vy el wtle, s Ceepl OReddietg rputadng

g3 2(2 6009, Halwagdeds and diichiies, of. O, Glvdms 1-(4-methyl-5-
L1345 13509550, CTRRUIR G S0 U6 MAE RLINRMEIPR S

(Z%SC o§§§%g dvé\ligﬁr? \}] I’(%.(I)’l"[%%[%% eo ,zv?/ ich \%’ﬁ?%& apparent to those of0 on

dirdithetiyeshithangcsi deyNe RPOBAOIBL APTTY SRFOBQST 4T3

Without being limited by theory, compounds of the invention are believed to affect
the S1P metabolic pathway, and may inhibit S1P lyase directly or indirectly in vive.
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, 8.G., ACGC Chemn. 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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For example, compounds of formula | can be prepared from commercially
available, ancUor readily prepared nitriles, as shown below: R2 Scheme

wa oshesein, for example, the reactants are combined with BG&/BSEIREAETA10

of NaOMe in MeOH at room temperature, followed by the addition of acid

(€.9../RReAHS H cdnpoinMeihasal Vea Bbisdpyeatishensampansgusailable,

method of modulating (e.g., increasing) the amount of  S113in a patient
and/or readily REena e PGS SRS need thereof, which comprises

10 administering to the patient an effective amount of a comgund of the

invention (i.e., %compound disclosed herein). Another embodi {

encompasses § Imethod of reguiCing thenumber of T-cellsAs=the blood of a

patient, which cg pris_gs ad g to the patient an gffective amount
of a compou the inventiok). 1%Al8ther embodiment enfompasses a

method of tr& managiB sor p by (or
having symptoms affected by) SIP levels, which comprises &dministering
to a patient in need thereof a therapeutically or prophylacticalty effective
amount of a compound of the inven .gﬂéme 1 Another embodiment

encompasses a method of suppressing immune response in a 20 patient,
whbiein dompesedeatministenngioamipatibwithroeffestivelenhoihegMe in MeOH at

rggﬂ‘%?gﬂéfaﬁfréh?olwsmyme ARRINEF sIpUimenk.sRepmpasses a

metho treafing, managing or preventing an autoimmune or

inflammatori disease or disorder, which comprises administering to a
patierﬁw’h n erapeutically or prophylactically effective

amount of.a compo the 25i i ] Eiaza di @r{g
d isord[iéi%lsS ncluC ég&aﬁ%gﬁ OI%EI%%%SS% o[lr%%ﬁ?t?s?gst mig%%;?%r’o%%%?agasth r%gl;:ount of
SR pic: gefientitis. Baheess Wisdagecayrifty@a 4o greddbsrcrawhidKpomprises

DHNAIQNELHPHS EXIRE NALARESCAERIR SEICEORISo MY RTINS HA G c., a
pollinosis, psoriasis,
compound disclosed herein).

Another embodiment encompasses a method of reducing the number of T-cells in the
blood of 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 a
disease affected by (or having symptoms affected by) S1P levels, which comprises
administering to a patient in need thereof a therapeutically or prophylactically effective
amount of a compound of the invention.

Another cmbodiment 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 discase 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, K awasaki

syndrome, lupus erythematosus, multiple sclerosis, myasthenia gravis, pollinosis, psoriasis,
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WO 2008/109314PCT/US2008/055210 psoriatic arthritis, rheumatoid
arthritis, scleroderma, transplant rejection (e.g., of organ, cell or bone
winarEgvobstiMpe 1 diabetes, and uveitis. Additional diseases ek aiSmuas210
include Addison's Disease, anti-phospholipid syndrome, autoimmune
p%gfﬁ)tﬁb I AR UR: ARRIGIN YR AL IBBAIAGS GRIREIINSRAS ol ﬁ@.@lléiﬁargan, cell
Isease, Cushing's Syndrome, dermatomyositis, Goodpasture's
oBheRtronEO Grdvees! Diabeied APhuNMiidto's thyroiditis, idiopathic adrenal
atrop%)ﬁd@ifﬁﬁ%&%ﬁ@gmqlf%m iRe1b Y Is&asqmafm@m@hospgoupid
pemphigoid, pemphigus vulgaris, pernicious anemia, polyarteritis nodosa .
SYRAFRRR- Bﬁ@f%ﬁ%@@?ﬁﬁrﬁ%ﬁwaé%ﬂgﬂ%ﬁmuﬁ% a5 R ohn's
Dhdaskomehigiasingealy deansotiscSickntGdedraynel'o SymdSjagrahisve's Disease,
Syndrome, sympathetic ophthalmia, 10Takayasu's, Arteritis, temporal )
R P BT G S ENd O S BT dyamber
Ekhe Smdushe;queterdi gddy pastratins ardadosimgrschesaterofanodyapenitrgnodosa,
will depend upon factors sueh.as e sarsllc indikalipnie e 8aiethar
B B b ot oo
rebipsing apbthonduth febioidtaSabamactieersnhs wmiramantymrajhstic ophthalmia,
TBREOINMOLARLEE by bR AR IMARRLIARLIR A RaFIH LB MDACHAYRr's
compound of the invéntion is administered to a human patient in an
EABgRtEE About 0.5, 1, 2.5 or 5 mpk. 5.4. Pharmaceutical Formulations

This inwgniigsueneompessespiasmacadicaliagripesiiions cosmpisingvdiialepend

or more 20 compounds of the jnvention, Certain, pharmaceutical
SR AFS UG BRSPS B PSP e B epd the e
sasal sairigual; Hagnahibidealolos potad) bparehtikab(eage, well known in the art,
subcutaneous, intravenous, bolus injection, intra r, Qri rial)

b i R b R
docipaiedmniteranvontionite ddoinitiesd teaplenacpyties susharisyiebout 0.5, 1,
fgagiglgsigtin capsules; cachets; troches; 25lozenges; dispersions;
suppositories; ointments; cataplasms (poultices); pastes; powders;

dressings; creams; plasters; solutins'npatches; aerosols (e.g., nasal

sprays Ot inhetei e Bsage-forms suitable for oral or mucosal

adminiﬁ&@ﬂ?v’%ﬁﬁo% & I&H - _ @%&@R&Q?%&%ﬂm@%ﬁ&%iﬁé one or more
non-aqueous liquid suspensions, oil-in-water emulsions, or a water-in-oil
GieoreerurdidiesTsoliabnS CaHE BIRTRIIRILR RSBRRS TS SUtBR o dgPace
RAreNsiRbRAMIBISI RN & patiae, 06! siesile salids! (8ot ystalifg, hrenteral
amorphous solids) that can be reconstituted to provide liquid d'osaé;ﬁ

(o Bm SULGHEBRO TS PHASARGHS DO NSRBI piaRiar: Qpjraarterial), or
203LNABIARG THISROR QaBAL0 ExanTilesfof musatiofshoinichalsittitieare not

(R S amsation: E Sxample, Otk Al ISle S eI roches
BAATY 5 PiGte SFRITE L SRR T B Bt A tioR from-degradation :
vithipeih diggstiomtestipabitcatts; Sintiamys; adtpiastasi(roniageso peaies;, powders;
liquid ciosage forms suitable for oral or mucosal administration to a patient, including

suspensions (e.g., agueous 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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5 example, compounds may be administered in liposomal formulations, in
order to protect them from degradative enzymes, facilitate transport in

woireuatesyssystem, and effect delivery across cell membranSgS2008/055216

intracellular sites. Similarly, poorly soluble compounds may be

InCOMRREAGHIIRIAING 10N HBS G AasRBR IO eSS Al
reconstitution) with the aid of solubilizing agents, e “léléglfl 10and

adTHARTATRS ST ESCERN ERAIMRLE RICHSSE & s i from

dEs RISt %@!ﬁﬁﬁiﬂt@ﬁd@a@ﬂ Sl Ml@s adommlaB@visagndntain
Brewster, 20

D 3:102 ), Lab
R AR o arem AP e e D e R el deion, ror
eﬂﬁhﬂmitItﬁmmneiﬂslyhagdrm;dmsngmﬂma]métfmmdﬁy@t}a@ ngaﬂto protect them
ace e alcono
T e

amic yI sulfoxi S0), biocompatible
agitsyec. nmrttomwed igrecelittlansiéesin, germ, olive, castor, and sesame

oils), glyGeh O@% %ﬁ@ysgmﬂpgfwytp%tﬁﬁh%mng eaeh/ﬁ%sht@ta/ca@uge forms

esters of sorbitan, and mixtures thereof (e.g Q:corngil)

(mmmme%wwwm&%w&ems %t;gfﬂ'éh%ﬂ% %8&?1‘@ chulsiter
AR IRGHIIONER KNBMHER mﬂteatth@gzaménﬁtes napopasfisieratia, p-cyclodextrin,
compo@ynd may be sys ended in 20a I| rovi%s npsuspensjon.
Ceisob RSB S0 kARt E? CRERS PRI
INanepagiyle foress1df tﬂwqfﬂﬁnﬂ&dﬁeﬁ; meaﬂmemnmayxmmemadm such as,
them hod descri in U.S. Patent. P

ot U 1% G %ﬁé?é’r% e\ “%%3615 %os%ggﬁ%éa%%m
Mﬁnpamywmszammﬁmﬁmm8,,35b51138e1335135:@3d@mysfsnaalrgée

& r‘xggﬁygg fo Zﬂ Zﬁﬁ%(g ﬁ&&%ﬁaﬁa@tﬁl?@ 5 Sitbiieed %o%xﬁﬁ%tgg&n germ,

'745.962, the entireties of each of which are

dheorprstarcenpersimpyielarbier by dinbsimcHEolnl RahsHaFaRelycols

fRrm canRises RAiGe s havingass a\aaageegarmﬁsozaabteps than
about 2000 nm, less than about 1000 m orlesst about 500 nm..The

compc?ﬁ%h S%WQE(—:‘C%BO GE% %B“F&Rﬂﬁﬁﬁ 81‘135881}]8 ns Usin other
tH&%t@@i%@%&mp{Be &ﬂmi&mmﬂpaﬁf&awmcﬁmbmw&a)e suspendecl in

sease may contain larger amounts of ope or Julel the act
PR R e PSS R S o s s Tofl N, Drue Disc
7 #ie79am Maispase:l Sfonitarhf, cappeende dilsdobed beksimprnpcpisrared by the

I it ghgn@
BB e 5 o

0R81SaMAMELMN4R] Thade HING-BHRE AN itndhitich BpaiMiatoddde ¢8fmy> 10,118,

£3¢eMpassed bydhissipyegiionentioeary kesmanesanaibes wilt oneadiBa4,025,
apparent to those skiiled'in the art. See, e. g Remlngton s Ph rr(g5 aceutical

SRR OBk M, WALk Phiiding SERS ERBA (Y 958 Isef X HichpLg incorporated
Resags F@Epeﬁcehmwauasak@am }ﬂﬁsﬂmoﬁaﬁfxﬂefumemiarsmtahiecfes having an
oral administr atlon re ent s di cret a DS SUe

BYFF&FE Dot ft%ﬁ(f ‘?é%a( oy &8 e%s%b%ggg%s “c‘?ép"sfuf’ than about
apadiquids (e.g., fIavored syrups) Such dosage forms contain

predetermined a ounti:fb% F‘EX Ledignts. ARIAMANIREH gé?gﬁqingym its use.

methods of prﬂlarmacy to those skilled in the art. See, e
Remiagipis.'s fusagmbeausiss 13@];)@@@@ trepnent of a disease may contam Jarger

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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ed., Mack Publishing, Easton PA (1990). Typical oral dosage forms are

prepared by combining the active ingredient(s) in an intimate admixture
wovilagdoeast one excipient according to conventional pharnf§GEUsEap/055210

compou_nding techniques. Excipients can take a wide variety of foiins
roPenRERsgon thedprmdRalorepayatienddesiresh fan adiminigisaiitniosage forms

Because of their ease of administration, tablets and. %psulg%(re resen
i

cnpTRROSE LN AT S A G TG HARE & OGP g 105
siGRaded iy starslard agrenunnoPRtronkiacifiques, Sibledobtige

forms can be prepar % liy conventional methods of pharmacy. In general
P&Wﬁm&&aﬁe&ﬁﬁ@ Bions and dosage forms are prepared by 20
uniformly ar%d iti it gl X e active ingredients with liquid
. and,intir YadImiX ihy gredients with liqui
carriers, finély |V@?soﬁé§a}ﬂ}gm, or both, and then shaping the product

into the desiradiIESGRIRURRL ReaRSSREBISIIIAWIAMES fadainistration can be
incorporated in solid dosage forms to facility rapid dissolutigg. bricants

! L
D e BESGFRB AP SRt B R 1 MOk o i veble
tafﬁﬁéﬂs),%@g@ c%iﬁlég?aﬁaquweé.g)pﬁageeﬁms). Ralehters Hosagentain
orms can be administered to patients by varioys routes includi
DI B B S PRSI AR S rmacy
WBIr anawactd snosnkinéartbeiatt. Beeauge ReeifadminiBlatiorn ¢ypieafiences, 18th
ypas tients' natur S against contaminants, parenteral
egbﬁﬁ%e%uﬁrﬁg%%,%g%ﬂ?ﬁjg%% ile or capable of being 30sterilized prior .
to adfiinistrhoiohdossepdeient AR@TNeS BY parentitalBdyE fgesgicnt(s) in an
iﬁ?&hg%ea&%&ﬁﬁ% Reklumited: %Mé&k@%@ deadyiferiniestionidnt prednaisutical
ready to be dissolved or WO 2008/109314PCT/US2008/055210 .
comndise IpchaemSEiRIERi AL EEBeaBIES SPRAR RI RS fgRending on the form
@ﬁgﬁjﬂ%ﬁg@@g&%&ﬁﬁgﬁmﬁaﬂd emulsions. Suitable vehicles that
can be used to provide parenteral dosage forms of the invention are,well
knowrBEs s Lsifetsh ?ﬁégﬁ?'ll.“g%tfﬂﬁéasb?ﬁ%lﬁ %ec v i %ft%ehé foost
Aatesbfars|pieclinndd SR gusous deshiddsisucitas bbooaiod bmitendasd aqueous or
Sodium Chloride Injection, Ringer's Injecti Injecti
T L R
phiatercpishildenvehiplsmactitae isotnositomentdestan Bepheie prepared by
olvethyl . I : . ; ..
lg%gnég Ae el J04-RANDTRHUARE BYKQlARCAMNGGHAGHSVETIRIES divided

d to, corn oil, cottonseed oil, peanut oil, sesame %jl,

wihy ktiiisateondorapd Weisharing bs RIPHRTAN DL AssiEed prosentation |

Disintegrants may be incorporated in solid dosage forms to facility rapid dissolution.

necessary.

Lubricants may also be incorporated to facilitate the manufacture 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, subcutancous, 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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5.4.3. Transdermal, Topical and Mucosal Dosage Forms Transdermat,

topical, and mucosa] dosage forms include, but are not limited to,
wophtkalwygsolutions, sprays, aerosols, creams, lotions, oinrgents2melss210

solutions, emulsions, suspensions, or other forms known to one of skill in

LR e

RN atElLAiealSDBsage Forms, 4th ed., Lea & Febiger, Philadelphia

(19853,itsBRSAGINR! HRSAYE LR 5 pludRICT BRIV IOR O TomBEiK ¥ABY ention
patches, which can be applied to the skin and worn for a specific period qf
afwkbkﬁgvﬁaﬂﬂ@ﬁseﬁlféiﬁffa%ﬂ&u@&@alsmaﬂﬁ%f%ﬁ&%f}ﬂbwmaﬁf& Water

30Dt bIe ST niaBbsy O dhickarsirtsas shthoehiis) «nd, Sibdinm dleb sl thagction,
can be used to provide transdeonal, topical, and, mucasa’ age forms
KPR a1 RN FDIE8S RAE I R BISAL EC AT ot HeB i actted
Rhepariigatantissaetanishible saivén plvarmadoeutitdimoedgosition aicohol,

dos form. wi Ing. ific ti h
R o A P
limitedde.swimsetuentitorstrdaih Saenvithi b cavasmagrb gibt o Spindseiventbryristate,

HLEATRIE ARNetration enhancers may be used to assist in delivering
active ingredients to the tissue. The pH of a pharmaceutical composition

or dosage fosp30r'Pf dhaltipmad, TopididhideNthessapDesigaFeempOsition
or dosage form is applied, may also be adjusted to improve 30delivery of
one ol mosdeantiyoirigrk dishteu il rtygtHepol aritindd, dwolventtdanied to,

clt%t'ﬁ’ﬁ{%;§t{ﬁﬂ%ﬁﬁ,°a%¥%fé?Q&S@d]s?@r&%%ﬁ%?é% ,i mﬂﬁ%ﬁtgﬂé\{g %lutions, emulsions,

ompounds suc earates may also be added to phaimaceutieal ’
svopapusitiopisotiat dermarekisrvs ttooad va sk Eb thsipraliéeana.  Remington’s

PROSARDRIARG LS 2008 10R5410 dhe, sk philicii ey Eﬁgﬂhiﬁ@? 9RORE1990);

or more active mgredlents SO as to improve delivery. In this regar

b drandieinn seRheaesaisier| Qaragerbr e dithdialich SaEchiger. Philadelphia
@ousisifyingsaganl absisdasianindndasadelienpenhiantingaype” patches, which
B S el B DR i o
destdtinghcampbsition il XiANPLES Aspects of this invention can be

R e Sl AR ST BB e
oyfibuansidaral wpembend mucosal dosage forms are well known to those skilled in the
pharmaceutical arts, and depend on the particular tissue to which a given pharmaceutical
composition or dosage form 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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Me The captioned compound was prepared by General Method A,
which is shown below in Scheme 2 : Scheme 2 wherein: a is

wbGhiiMel)2CMe2 (1:1), p-TsOH, 70C; b is Ph3CONH2, Matit/dsYohidEs210

(1.0 equiv.); cis 2 N HC1/dioxane; d is n-BuLi 4.0 equiv, THF, OC, then

- “N-. o X . . . - ] ) | | .
SR SR EINRGTAPE 5 B R Sl HCA gt s

Tnitbid opawrbtiaraies 0amprWadnelietd »didirenibs foraplatenar amypmulsifying

a “@Wé/cﬁﬁf}lmHQW@:?QQHEW&?@&%»%&% agent. Different
008/109314PCT/US20Q08/055210 mgs, 4.72 mmol). The slurry yas

St or sy aehot s REBBIRLS TS0 Tamserd 8 fumkrrtistitifroperties
oBXeERSIHRnybpHReich m1). The reaction was concentrated and dried by
toluene azeotrope to give an amber solid that was carried on immediately
6\_/vitho% ificatien. 5The amber solid was dissolved in MeOH (100 ml),
and then treated with N-trityl hydroxylamine (6.75g, 24.53 mmol) and IN
HCI (1§30 ot hn Mieahod b IRaGHRRRRBMICIRATALRIAR, RBENIRS which do
maintained at room temperature for 18h. At completion, the reaction was
BB RBRFE8H=7 with 10N NaOH solution, then concentrated under
reduced pressure. The crude material was purified by chromatography on
silica gdl-(s g8thenis ¥ R {ABEHOH -3 ethylis 0% 4x¢ M yrmidaizol-5-
the protectedlipbuthne-P.23.A-getoash yield, 2 steps) as a white foam.
Anhydrous 4M dioxane (20 ml) was added to a solution of 2 (3.11g, 5.48
mmol) in anhydrous dioxane (40 %Aﬁ'{%lh, reaction was
concentrated under vacuum, then redlissotved in anhydrous DCM (60 ml),
treated with excess triethylamine_(5 hl), ¥1en 15concentrated again. The
crude product was flashed over &ilica gel @318% MeOH:CH2C12
w/0.5-1.0% NH4O0H) to provide'% xime 3 (1.05g, 59% vyield) as a white
foam.

&
N
b/
Me

The captioned compound was prepared by General Method A, which is shown below

in Scheme 2 ;
HO oM ><o .Mo HG  oH
pu S S
F—H:/ _ab . >~/\0 e ?-KO ~ab _  /~\ OH
N NH N NH No  NH N NH
L
OCPhy OH s
1 2 3 4 Me
Scheme 2

wherein: a is DCE:(MeQ0),CMe; (1:1), p-TsOH, 70°C; b is PhyCONH;, MeOH, INHC1 (1.0
equiv.); ¢ is 2 N HCl/dioxane; d is n-BulLi 4.0 equiv, THF, 0°C, then N-methyl-N-
methoxyacetamide 5.0 equiv.; and e is IN HCl:dioxane (1:1).

In particular, to a shurry 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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To a -45C solution of 3 (500 mgs, 1.54 mmol) in THF (15 ml) was added
dropwise a 1.6 M hexane solution of n-BuLi (3.85 ml, 6.16 mmol). After 10
woHodmsthyl-Nmethoxyacetamide (0.79 ml, 7.69 mmol) was nddems/ 055219
dropwise and the reaction was allowed to 20 warm to room temperature.

,@'g,eﬁ.?z%mamﬁ&im A4enched hyadgitinn, of NRAGIL 10888 perature,

uted with water (5 ml to dissolve solids. The layers were separated and

apetraged ot asresvirstexgmite d \Wwih-ETRE 12ekion Wes)conqerdaiffaricd by
(QULARIERYRSS WASLE S ML B i 43Rambastoa R EUIBH IpvREdHESOM iR
concentrated under vacuum. The resulting foam was purified by flash
PER#IRBgraphy over silica gel (60-90% EtOAc:hexanc) to 25provide a

white Toanmssdidolid whe dssohudidm OfiEiH ifiteinaeyliate hiitercobd with N-trityl
dipxane (5 m S d IN.HC ) reaction was hegted to..
RN e o cOnEURALD (NP ReR plSuLILS oy degtion ecame
cTae sBsultingnglassynsolidined siyopikizepcdrmmodatd 88 A ctanpietiidetie reaction

224 mgs, 48% vield, 2 st flugty.whi |
T 2 L T L S TG e prsare
The thlieSRicsial Mis BBELSISY Ghromdio@apdyon sijioB N RO §100. N2,

. 61743 . . : . .
R MR RIA L 3B 450157 2
RRIFBRIN.- (2-(5-ethylisoxazol-3-0)-1H-imidazol-5-

th buwﬂﬁﬁ}c@@%&f‘ﬂﬁtﬂ?&!me I%ZOTQ[?_ FAnReEALWas IsBINeSIZEd by, Gapesalol) in
Method A, by allcylating intermediate 3 5 with _N-methyI-N-methox&/ ethyl
R RS MD2BISE N Lhp TSectioR AV 1k FRIGRALEHE0 RS, B%*%‘stheﬂ

rblddBichtih 26r54rins DOMAOS ), Hd)icd 848 SE{M1iritty BrBRX T h{then
R LA SOS YRE h Haet BaRe (54 YSQGC
W@5-1.0% NH4OH) to provide the oxime 3 (1.05g, 59% yield) as a white foam.

To a -45°C solution of 3 (500 mgs, 1.54 mmol) in THF (15 ml) was added dropwise a
1.6 M hexane solution of n-BuLi (3.85 ml, 6.16 mmol). After 10 min, N-methyl-N-
methoxyacetamide (0.79 ml, 7.69 mmol) was added dropwise and the reaction was allowed to
warm to room temperature. After 2 h, the reaction was quenched by addition of NH4CI (10
ml) and diluted with water (5 ml) to dissolve solids. The layers were separated and the
aqueous layer was extracted with EtO (2 x 20 ml). The combined organics were washed
with brine (25 m}), then dried over MgSO, and concentrated 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 IN 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% yield, 2 steps) as a fluffy white powder. MS m/z C11HisN3;Os [M + HJ =270, 'H
NMR (400 MHz, D;0): 8 7.54 (s, 1H), 6.7 (s, 1H), 5.2 (3, 1H), 3.83-3.59 (m, 4H), 2.49 (s,
1H); C NMR (100 MHz, D,0): 8174.3, 150.0, 136.6, 135.0, 118.1, 101.0, 73.1, 71.0, 65.0,
63.2.

20



HOc OH OH N 100 / This compound was prepared by modifying General
Method A as shown below in Scheme 3:a, b NNHN NH NNH -HCI
wObhohiDH 356 PCT/US2008/055210

6.2. Synthesis of (1R.2S.3R)-1-(2-(5-ethvlisoxazol-3-vl)-1H-imidazol-5-
vl)butane-1.2.3.4-tetraol

HQ  oH

Et
This compound was synthesized by General Method A, by alkylating intermediate 3

5 with N-methyl-N-methoxy ethyl amide. MS m/z C1;Hi7N;Os[M + H] ' = 284; 'H NMR
(400 MHz, D,0): § 7.24 (s, 1H), 6.54 (s, 1H), 4.95 (s, 1H), 3.84-3.56 (m, 4H), 2.82-2.77 (m,
2H), 1.25 (t, J=6.0 Hz, 3H).

6.3.  Svnthesis of (1R.2S.3R)-1-(2-(isoxazol-3-y1)-1 H-imidazol-S-vhbutane-

1.2.3.4-tetraol

HO OH

10 0
This compound was prepared by modifying General Method A as shown below in

Scheme 3:

,,_)(o OMO HQ oM

O\-_(d >o%—(‘/ "/
>K/==< O = 0 == OH
Ny NH a, b N NH c N NH
Y .
-
N N” N"7
OH O O
OH
3 5 6
Scheme 3
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Scheme 3 WO 2008/109314PCT1US2008/055210 wherein: a is n-BuLi
(4.0 equiv), THF, OC, then DMF (5.0 equiv.); b is TFAA, pyridine, DCM;
weonos/igeiN HCl:dioxane (1:1), 50C. In particular, to a -45CHolviikm08fi35210
(424 mgs, 1.30 mmol) in THF (15 ml) was added dropwise a 2.5 M
whexane SQIHHeT OTNoBihivg AP0 IHAMOUFATS KAt N HAHWAI Py S dine,
DMF (0.505 ml, 6.52 mmol) was added dropwise and the reaction was

D&IMwa foisvaNritd dsingdhiperéilive. After 2 h, the reaction was
quenghag-npddiianaNkidGbill mandndiutend witholyaiertd (b #el) was

e e e A RE S SR R e
abiiReo2EDRE, thenaned 62end S04 ahtlddrgentrased trderciigouwm allowed to

The resulting foam 10 was fl over silica gel (3-6% .
it & SRR b o itie e kot are pslihed M ait.cr o
mijhitel fhiarred withovat@ Q@ Ssoltiodigiob (180 dnggho 13yerm ety ﬁ@ww the
aQS%%SQ%%¥VV%Q%Mfw{m%€;@ 0-9l ob 43 mmekandiiflupiaar i ACithshed with
nhydride. The reaction was warmed to room temperature for 10 min, and

brirsr Ao aR ctiershEder TEME I COIh FREGERT ! HsgtigACHiY. The resulting foam
WRIRREENIAEd HadR aeumetherpytiied By flashahiompiegrapiy the

over silica gel (60-90% EtOAc:hexane) to provide the heterobicycle

berejaseitl B & RhRsirA gl b 4 Wit R that was finally deprotected

using standardacidie 6pRditorsdt) @enmnampld B ampeqnehaslly whitd pyridine
stalljne solid, MS.m/z C10H13N305[M + H] = 256; 1H NMR (400 M

(B o ey B e et g Z S room

1&)eR16R: fior, DHYIRE6 Uthddidremtd ®\ifiiedis 06 h. At completion, the reaction was

Q%]lﬁe%?ra%fé)ﬁ%' %‘Q&&ﬁ%{ﬂ{éﬁﬁhﬁk&'6}1'ﬂ@@éﬁo%ﬁ%ﬁﬁﬂﬁy%ﬁsﬂi@tg@ﬁ60~9o%
e captioned compound was also prepared by the approach referred to

HEvsinhasacaie ppNidtbeitcrobiskicls biskeial kelonem Sehsiskd)esgimdisfoam

RS OB NBMED MRl AROLR; EMBRERHAR 4180 Atk ddplb 3 colpound as

particular, to a room temperature solution of the nitrile 7 (600 mgs, 6.38
YRR GrY Setng pebidn Svaé SaddaeSbd M bR (. W%S%%Orﬁﬁ{ﬂ’)mo) 8
£¥ter3piruciesaming 7 W@ 2098400 &1 46, BHIS2008/03%3 1 aratate

(1.53 g, 6.38 mmol) was added and the solution was maintained at room

tempe .zf”re i, yigorous Stieing 198 3R P PELRIoN. Oh A 1 Yhidazol-5-
MeONa'(0.66 Tutang. LR gTET auueut 3

h, the reactiolWas Hterett art e cake washed with cold MeOH. The
cake wag hendreaiRtapdthiNAs KHJ 3R MuandiiigsprbadineRaaqbdierein as

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

HQ  OH
-HOAc HO -

O — OH
N” ) ' . or . ™ HC!
\ > -
) HO OH N

Y /
7 8 6

wherein: a is 1.0 equiv NaOMe in MeOH, at room temperature, then aq. HCL.
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-

22



10

15

20

5solution was concentrated under vacuum to constant weight to provide
titte compound (1.30g, 66% vyield) as a white powder. 6.5.Synthesis of

wdl Rizasd3)al-(2-(2-methylthiazol-4-y1)-1H-imidazol-4- PCT/US2008/055210
vl)butane-1,2,3,4-tetraol  10The title compound was prepared by

ac@ig{%irl%s%%?@ 98l Brkting=< wiethvlibiaealentiRarlo nilitRatded28 9ofh Zmperature

mmol), um methoxide in methanol (25wt A, 1.07 ml, 4 )]
RN ETRPRAG cRSBRTS 2. B0 ST ARG 2 ganmoD
wahdargitional pertinn afsediurenathoxidedactiethandli{@bduié 1B:89le washed

ml, 4.125 mmol) was added, After 24 hoyr id that h e U
A O Eh T G LR S e oot
sElanApOURtEnZéhga b irmakitvioyietiyam S erglt to provigmetlegempaund (1.30g,

MR (400 MHz, CD30D) 82.81 (s, 3H), 3.67-3.75 (m, 2H), 3.77-3.88 (m,

Slyedind Y PR

R {5, 1H), 8.35 (s, 1H). 6.6.Synthesis of
fIR,2S,3111-1-(2-

2008/10931x4% preleieln oK
prepared by General Method B with the fgllowing, alterations:
1-benzyl-1H-1,2,4-triazole-3-carbepitrile £2.10g, 11.4 mmol) was

The title compound was prepared by General Method B using 2-methylthiazole-4-
carbonitrile (1.023 g, 8.25 mmol), sodium methoxide in methanof (25 wt %, 1.07 ml, 4.95
rnmol), methanol (8.25 mi) and compound 8 (2.00g, 8.26 mmol). 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
C 1 H;sN;0,8 [M + H] = 286; "H NMR (400 MHz, CD;0D) 6 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).

triazol-3-yD-1H-imidazol-
4
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5solid was isolated by filtration, washed with methanol and dried in vacuo
to afford a white solid (3.20 g, 9.28 mmol, 81% yield). This solid was
weusmeivded in THF (50 ml), cooled in an ice bath and HC1 @CYIiR2008/0485%30
7.5 ml, 30 mmol) was added. The ice bath was removed and the
suspeqsionwas Slrrafialdds Pheseldyasisalaiedry Btatiome iasiedy
with THF and dried in vacuo to afford the title compound (3.50
alfaraienneodebpnady Ha-b Jitstere solqarbrainys €1 E1H foish @wa&(gﬁ%ﬁ"ed in

meEMMR (400 M h@v@d%ﬂqm}@&ﬁﬁdﬁwﬁ%haﬁﬁ-&elﬁaﬁﬂ @me-ami 6.8

(m 2H) 521 (s, 1H), 7.47.(s. 1H), 8.35 (s, 1H).
d((_fﬂ—l 118% B 348 B’fﬁ’ﬁ?dz&fgl %ﬁ){f angpl, f@"a raol Thegesulting
SJ ﬁﬁv&@@ﬂﬁtﬂﬁl@d epfipatiod Wﬂ&uﬁﬁ epdrecthyr@bmet dHM@@ha)mmffhei a white

m%ﬂlﬁ%f lons: ke2 58 ohHoR,Of JHATIAR QIR REAROBIE NS B3 :oted in an

in"methano ) was a ed a solution of sodium

méﬂﬁomdd—i@irt@%mdic(wwfb/é 101530 gne @Y was 2idelmAelicshistavrsragoved
LA coMAAURY Q4 e b7 TGN a5 TR Gk abAAMGRK e THF

precipi rmed and was filtered and washed with acetone r9e9p5 . The
afiftdnedimuasondepifard dbwotigl raapowrt(Hval putiti_aBiph as a shito

sMﬁLgéméﬁwﬂﬁxﬁ%zlag@%%Wéﬂq Jecetadg/acetavitilahtovgine @m@ﬂn 52.81 (s, 3H),
compoun mmo Sa

compound (D011, G05o4 ol as an g %ﬂf SRS 21
3.67-3.74 (m, 2H), 4.90 (s 1H) 7.04 (s 1H) WO
2008/60931 Rt hésis 3 2 Jl=miimidazol-5-yhbutane-1,2.3.4-

(1R,25,310-te(pah- methoxy 4 5 dlhydr0|sozazol -3-y1)-111-
imidazol-5-yllbutane-1,2,3,4-tetraol

Q OH
HO &

Ny NH
-

The captioned compound was prepared by General Method B with the foliowing
alterations. To a solution of 1H-imidazole-2-carbonitrile (0.39 g, 4.17 mmol) in methanol
(4.8 ml) was added a solution of sodium methoxide in methanol (25 wt%, 0.54 g, 0.57 ml,
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 CigHpsN4O4 [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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5A 1M solution of HC1 (10 ml) was added to a room temperature solution

of the imidazole 5 (Scheme 3, 500 mg, 1.41 mmol) in MeOH (10 m1). The
wERolamas heated to 50C for 8h, cooled to room temperaPiE L a20d8/055210

concentrated to dryness to provide the title compound (430 mgs, 100%

el 2 SeelP RGNS Je B e AL SATGUn U5 L
m/z : b atanot 2. z, .06 (s,
101H), 5.71L(H,75775rf¥|z and 5.41 (d, J=7.2 Hz, 1H), 4.72 (s, 1H), 3.2-3.4

(m, 3H), 2.98-2.80 (m, 2H). 6.9. Synthetis of on
(111.28,3R)-142-(5-methyl-11-1-pyfazol-; -1H-imidazol-5-
vilbutane-1,2,3,4-tetraol 15 The ti mpound was prepared from
1-(544S,4'R,5R)-2,2,2' 2'-tetra 1-4,84H
bi(1,3-dioxolan)-5-y1)-1H-imida¥gl-MNkl)ethanone (compound 9) as

follows. A solution of 9 (975 mg, 3.15 mmol) in THF (15 ml) was added

slowly to a -10C solution of potagsium hexamethyldisilazane (15.72 ml of

a 0.5 M toluene solution, 7.86 mmol) in THF (15 m1). 20 The reaction was
maintained at -10C for 10 min bEfore the addition of ethyl acetate (1.55

ml, 15.75 mmol). The reaction was wed to room temperature for |h,

then quepched by t ition.of 30 mlL NH4C1 (sat. ad.)..The layers
Sepa%tzgfﬁoﬁgk?éog%@ﬁé ai e‘?’lav% élcskll%B) a rogm ttem%t?raglre soNfich WPk
iDADSA09334RET 4) SEDOG/05SR ABiashate@Hh Eroms (Phe sanal, Wasdicated to
5?;?5‘%'?.@9 SR e SR MRIRLLR0 D SR RERGSBRPUD the title
then dried over MgSO4 and concentrated. The resulting tan material was

cosubwid {430 fogthdPPUrificktion 2 FHahdh Rl e RATAI A8 HisL SNEYTOE 1OH
&20aaad agidifiedyyith, R dich(p-mby ST stitrsgl ROV IRIAREIRDYS 7.06 (5,

solution was then treated with excess hydrazine monohydrate
1H), 5.71 (d, ]=7.2 Hz) and 5.41 (d, }=7.2 Hz,yiH), 472 (s, 1H),y3.2‘5.4 (m, 3H), 2.98-2.80

(m, 2H).

6.9. Synthesis of (IR.2S.3R}-1- D-1H-imidazol-5-

yhbutane-1,2.3.4-tetraol

HO OH
HO
— OH
N NH
"
N

A
HN

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 2 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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(200 ul). At completion, the reaction was adjusted to pH=7 with 1 N

NaOH, then concentrated to a -10 ml volume. DCM (30 ml) was added to
wdisasly®ile solids which had precipitated from the aqueou$€DiUsNGG/aFF310

the layers were separated. The organic layer was dried over MgSO4 and
WEONCENHRISE ANe ¢rosieagillashirsiavessiicas Rt WMe Rl Gier (30 ml)

10eluent) to provide the protected pyrazole (204 mg, 19% yield) as a clear

andine (0ameheB AN MBI sRuseRTBet 4 V6sm ERpaRRfEal was
usQlutianef thenprotemtestbaterobicycle (180 mgs, 0.52 mmol), and the

reaction was, heated to 50C. After 1.5 action was led. to
tempaiat Al mREh e ARV &ﬁgﬁiﬁgﬁéﬁ% %ﬁié%?%% |§téo1\f/% i O -
TRduliMeDHhothemipitratedolitivd wisEi20 wrdedoridce i Chlydfazame monohydrate
decanting the liquids. The solid was. w it ( )] n
A e U SRR S ARIBR ISR it} S iR
cyieiditmed thitd powdelnnes REMG 36 poKMoHI R te-draolvethnpiRds 2goch had

pMEZRZON G 17851 lbth SRALS, sl kne QY St wkird dtardd)rRe ipamélayer was
Em, 4H), 2.22 (s, IH); 13C NMRé_OZO): 5142.8 139.1,136.3, 134.1 116.0,
drigd @ey MeSPamdaanceptraredy dhessidp vorbatisd P esraidtcads-10% MeOH:DCM

eméwhewa%%ﬁﬁéiﬁﬁoteaeWMMWg? BYnVRistered barsgavage

or in drinking water. For oral dosing experiments, compounds were
resusBeIMEPTBR SrfEhlS FL AR BFRETE (& RE AT RAeR gEte
phivkoda afidR0IBR traiy) el gavaget) with hsingledOanigg diosett. After
compound (equivalent.to, 100 mpk of the free base for each d)
B L T A Rtk SR £ B BRRIE) il foum
\wmtﬂeﬁmddjsiﬁgrihmmilhﬂ&ekgiwmms? a}ﬁﬂéﬁt@@hﬂ@c&n&ﬁ%g%.befom
Kels pi%o '}E@‘\?ﬁuﬂ?& aﬂ%'%%ﬁg%ag Sacibed hetewn oy aripki Qﬁe\ﬁf?ﬁ%d%ﬂ@é%hi ¢h

ere dissolved at 50 mg/L in acidified water (pH = 2.

eontairinpreody thghide senpaendhiéalmss 2fbwasidias aeddiepeyvder. MS miz
ORMPRUAIRPLRIRIDG yyater (ARl ERSRIBRIUEAR 332 ¢0tiel), FO7 2hoMsss.07 (d,

Afthe end of 72 hours, tissues were collegted for 30analysis. C

BC
A direlHonts ddrét dhtaMibe 32NN MicMR (@aREdrée7ed With 1363,

isafluanane andobteog wes, eallecied fooin the retroorbital plexus into EDTA
blood collection WO 2008/109314PCT/US2008/055210 tubes

(Capij%c]tﬁM%é Terum Meqischll or h@k céA\utomated CBC
analysi$ Waﬁ%%%n Diagnostics,
AbbotiRarkmihd Ok & HRMANGERR G {BFaVE RGN ik dRakiedRId: Ok oral dosing

instrument. Flow cytometry (FACS) measurements were optained as
FERNIES Ty EATPAVEIF T S FORD BOEH O R 1Y Y SHORICTSHSER (o8-, water).
vashed praedino? b/ GSamashelufies dfdNBHRBEE L PO0BDANY, Hese of compound

NaN3/2mM EDTA).and stained for 30 minutes at 4C in the dark with a
(B MBI BN 5 o OO LA Lo PRl nd

Afienataining: thecseldinerenyastrtkonctusiil Bafil:Fae cigliteen hours after dosing
5%3‘%1%%’5 nqgedre! rc]:o?i%%tgl f\‘/)V %J%g%g%%‘&&@&’&be%&%d IQIP&&QHE%%Q{M studies,
non-sterile removal of spleen and thymus were followed. o

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

isoftuorane and blood was collected from the retroorbital plexus into EDTA blood collection
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100rgans were dispersed into single-cell suspensions by forcing the

tissue through a 70 urn cell strainer (Falcon, Becton Dickinson Labware,
wBeaigidedvA). For FACS analysis, RBCs were lysed by hyeaonis 28955210

washed, and 1x106 cells were incubated with 10 gl antiCD16/CD32 (Fc
BN %Qvﬁ?@r%ﬂ%{‘hééf&z@'@ . GRS/ AP utiom b MBS ok Bysis was

minutes at 4C e cells were staine W|th a combination of

peiferach e £6a|LEaRA P8 AATBEHRE anotBeri Bhot e Bw e, wHawmg Vet 850

(gf@c@}glgﬁﬁh@ ¢edls dn foedBlockidarsaaminutes at 4C in the dark. After
stalnln?@we cells were washed once with 1 ml FWB, an c! sus

300 of P TGBEH N o TIPSHESEE e R BT h AL o Blacry el
“mwamaﬁﬂSS?@@%@D@énwﬂEsskom&mpwmw Fadifipleshiberéer (FWB:

P B SR atine SYEEIch ARG RHE 10 SRR wie

Tmunocyto ystems, ose

aAnﬂMWmlnéﬁwemmmm\méﬁdTMﬁMm@WﬁAIﬁ(ﬁef staining,

GR P SIT1011.
ESSE ST AARYS S e o

DGO P B FEOR-SETIEREOTH S BRI B P VE fiowed.
OViiaRs drteysiRRtSIRIRmaisa(Gkidrds of taﬂﬁﬁg tﬁmm@maﬁrgaee?o um cell

A LA AT Sl 0100 PS50y s ver
IRednchybbrasifsi 203heat imovrIOkpetis sirg: Fetgtbiaheiof Ih&t&ﬂiﬁl
d.s.b n the etiti f SIP.
T R B RS SR ST T for 1.
mﬁEﬂaemeE rateptdts(Eeig- a:)uaxgbmshmnomwm@faﬂmshremmmed
SR IS SR RN G AT RIR B HIMIRIRG finures

‘i t|p ates in aining 5 % (v. n a humidified air:CO2
mmmmmlwmmgm@w@sﬁzm@gaﬁ%mpﬁ@é h RS- f%ﬁﬂ
AU DEIQLR 106 Wmmc@%m&wumpﬁrﬁmﬁmém&mm BD-

(without serum) containing 0.1% (w/v) BSA. hteen hours aftert

RbatMiatebonn Rsntinstales oty srererifi ﬁ%eéq ThEFE SR e sine 2

reuovadmrn @léﬁoé%ﬁﬁt& ime lolalmsffm toe-frozeBdissu®iskingoknown

5methods. See, m| Y. , FEBS Lett. 404:173-174 (1997). In
WWOR?WO%&S e"ﬁlsx?r?el |ce cold 50 mM phosphate buffer (pH

7.5) condabuitg rﬂﬂmh/h%'ﬂﬁi HemBE vard REBheAREh (et proreBEeCDS Per(CP,

re h dt
BRI RORRIEBZPANIRS I IRR ALRRE VIR iGN AREY I5e. K%

tis ceéntrifuged a rpm a for 10 mi utes to remove cell

Beifs TIRD ARferhRAANRE BT GREddhilige Bt BES00ma AR-4E in a
70Ti

6.11, Measuring Effects on S1P Levels in Mice

Levels of $1P in mouse (F1 hybrids of 129/B6 strain) spleen are measured using an
adaptation of the radio-receptor binding assay described in Murata, N, ef 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 SIP in
a given sample.

HEK293F 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;

27



10

15

20

25

30

10rotor for | hour to pull down the membrane-associated proteins. The
supernatant is discarded, and the pellet is resuspended in minimal volume

wO kotdiehiiae cold 50 mM phosphate buffer (pH 7.5) containtay /L $2008/055216¢
EGTA, 1 mM DTT and 33% glycerol with Roche complete protease

( f@h‘?%ﬁsﬂﬁ%ﬁe nfw-EH{ér QiR R HER SANERNUBLAMIBMBARYEA SINU NG to fresh
Bradford assay. 15SIP is extracted into chlorofortn/KCI/NH4OH (pH - 12),
DABYhEvithpet sarRRes B iEs Od Ke Y/ Yo Baé then extracted in

chlorafglyilmeibanafdGhénkicdnpnadie daneiqeganinibasesiwkaptdundi their

evaporated to provide SIP, whijch is stored.in a freezer until used. Just
SBERUR A E R AHLTEFE b ALTSU S by oo S

Soni cation in inder
iughfelscSasistin oo V) &iid-HEBS dkdti7 H)4 100-1I (\NTL, Irbparhtular, 10
NaF, and 0.4 % (wiv) B 0The,SIP, e pJ 'rﬁmﬁ ?WEGTA
T BT e B ) s B A B EGTA
1§331 DS TRwiRnSiPdmiblsts anopieso imbEliore asrbesipgeaind. thgg Hmes at one

n%)ﬁ%{g SN HEIGESFse s GRRENe Rh e T1E ahe weashed dwigSutes to

with the ice-cold binding buffer and then incubated with the same buffer . )
rewavsiAMgIebIe [The rIrEmesmb i thenoBtersAn s erdIn ARt Ry C ina 70T
rslfaﬁérqf@&mrmmﬁ@wg%m_ @.aasgcf?aawm" .Of%sﬁéﬁﬂﬁ}itaﬁh'@
lates are kept on ice for 30 minutes, and the cells are was twi it
driealahened e e %dﬁ&ﬂ&%hﬁﬁﬁﬂﬁ?1%@§ﬁﬁ%°@§é@%%
phekhilizan Mol tiontsiampased A OTIR) 1ISBIE, 10T 4 MKt @ 96th
Na2CO3, and the radioagtivity is coun liquid scintillatior
RSP I LA T b A £ e Ry BB
wiiapder ddisfalaicessagnt curve. The content of SIP in the initial test 30

Samplggc? iisse%a‘lcc"ffl: tﬁa%%f&‘dk‘&?%}ﬂ%ﬂ%ﬁi‘@ tgifﬁ?a%@ @ﬂé%per_aqueous phase
standard curve by the recovery efficiency of SIP extraction and the dilution

ifelotpt. WWEs20eB 10958 PCUsRonaTs Rt ApE snipatiddae Erpugigreanic

ARHTRNPGKIES IIER to prédsiRGtRe Msthadsisieatrharahevaritigdd. Just
vivo effects of various compounds were determined. The eff(il%clgg 'é%it two of
|

brEronfBsH et TaRla tolelerd SSPBISHE dhawR g cpnsisting of
Fheeompagodewers) athoinisterediia sniod (R addsioh. 29BBSKain) in

Sdrinking water. The results were obtained, 18 hours after oral dosing of
the coMRUNETTOD A C & o R AL Lay) besedon e

ents,"an
aateeti appboationsfdrEP iR nith QIP drabed hyplOvefEdenteiprissing cclls. Edg-1-

g)?&%%ﬁ%ﬂ%k%lﬁscwp gt i3 Rime gziﬁiuiﬁplates are washed twice with the ice-cold
binding buffer and then incubated with the same buffer containing 1 nM [**P]S1P (about
18,00 dpm per well) and increasing doses of authentic SI1P 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 SI1P content in the assay well is estimated by
extrapolation from the standard displacement curve. The content of S1P 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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1.A compound of formula 11(a): ReR7 Y=Z 511(a) or a pharmaceutically
acceptable salt or solvate thereof, wherein: Xis CR4, CHR4, N, NRs, 0 or
wO2008860R4, CH114, N, NRs, O or S; Z is Cl14, CHR4, N, NFCt/0sa008/055210

10Ri is hydrogen or optionally substituted lower alkyl; each R4 is

'“depéﬁﬁent%gl.ﬂﬁﬁd@ﬁf@&%ﬂ %@%@@qmﬁec or optionally
substituted afkyT, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
aWy”@E@f@%lﬁet@bdﬂ@d@i&@b’é‘d@ﬁkﬂ Rb 15 ARGFOE @ REbukydnagemdokvere
halogen; ORB?fWOC 126A hyd en or ha en; 8( is 0

d%@wﬂs l’?}h?/a tér? gfe: ﬁo 0 6@ ?ch&l(:reols are shown
ihpilyegen, Thehangemds Wemwnmm@dﬁtlwb@ddagé AXYB6 strain) in

dﬂ%or%i”% Zu 217&5%%91‘%'»\%{"1%%&1%@ Q¥ yzlﬁ&?%reﬂ%ﬁ@'@ the compounds at 100

eterocycle, or heterocyclealkyl; and 20each ofR5A
nipka, R7A, and RBA is independently hydrogen or optionally substltuted
alkyl. 2.A compound of formula 11(b):

All cited publications, patents, and patent applications are herein incorporated by

reference in their entireties.
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Y=Z 11(b) 5 or a pharmaceutically acceptable salt or solvate thereof,
wherein: Xis CR4, CNN, N, NR9, O or S; Y is CR4, CHR4, N, NR9, O or S;
Zis CR4, CHR4, N, NR9, 0 or 5; 10Rs is hydrogen or optionally
substituted lower alkyl; each R4 is independently OR44, OC(0)R44,
hydrogen, halogen, or optionally sUBERIMSE alkyl, aryl, alkylaryl, arylalkyl,
heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; R5 is
Wh (?{R;Scémge%(ig)RSA, hydrogen, or halogen; 15R6 is OR6A, OC(0)R64,
anydrogen, or halogen; R7 is OR74, OC(0)1474, hydrogen, or halogen; Rs
is C1-120R94, CF120C(0)R94, hydrogen, or halogen; each R9 is
indépend&ﬂ%%%ﬁ@ﬁ%%‘ﬂﬁdf{%ﬁy substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylhﬁteroc¥gle, or heterocyclealkyl;
and 20each ofRBA, R6A, R7A, and R8A'I% indegendently hydrogen or
optionally substituted alkyl. 111(a) pharmaceutically acceptable
salt or solvate thereof, wherein: Re

li{a)

or a pharmaceutically acceptable sait or solvate thereof, wherein:
X is CR4, CHR4, N, NRo, C 01 S;
Y is CR4, CHR4, N, NRo, O o S;
Zis CR4, CHR4, N, NRs, O o1 5;
R, is hydrogen or optionally substituted lower alkyl;

each Ra is independently ORa4a, OC(O)R4a, hydrogen, halogen, or optionally substituted
alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

Rs is ORsa, OC(O)Rsa, hydrogen, or halogen;

Re is ORea, OC(0)Rsa, hydrogen, or halogen;

Ry is OR7a, OC(0)R7a, hydrogen, or halogen;

Rs is CH20Rea, CH20C(0)Rsa, hydrogen, or halogen;

each Rs is independently hydrogen or optionally substituted alkyl, aryl, atkylaryl,
arylalkyl, heteroalkyl, heterocycle, atkylheterocycle, or heterocycleatkyl; and

each of Rsa, Rea, R7a, and Rsa is independently hydrogen or optionally substituted

alkyl.
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Xis CR4, CHR4, N, Nits, 0 or S; Y is CR4, CHR4, N, NRs, 0 or S; Zis
CR4, CHR4, N, NRs, 0 or S; 5Rs is hydrogen or optionally substituted
lower alkyl; each R4 is independently Ras, OC(0)R4s, hydrogen,
halogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,
heteroalky!l r ocycle, or heterocyclealkyl;

R5’is ORé,&[,ng eofgr)%%lﬁbﬁjﬁlr%gﬁ@[ or halogen; 10Rs is ORss, OC(0)136s,
hydrogen, or halogen; R7 is 0R74, OC(B¥R7A Frydrogen, or halogen; R8
is CH20R8A, CH20C(0)R8A, hydftgen, o gen; each R9 is
independently hydrogen or ofitionall stitut&d alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycles=ilkylhekgrocycle, or heterocyclealkyl,
and 15each ofR54, Rep, R7A4nd. IRSA is independently hydrogen or
optionally substituted alkyl. 4.A cdmpound of formula Ili(b): 1li(b) 200r a
pharmaceutically acceptable saltst solyéte thereof, wherein: Xis CR4,
CHR4,N,NRs,0o0rS; Yis CR%, CHR4, N, NRs, 0 or S; Z is CR4, CHRA4,
N, NRs, 0 or S; Ri is hydrogen o®ptionally substituted lower alkyl; 25

()

or a pharmaceutically acceptable salt or solvate thereof, wherein:
X is CR4, CHR4, N, NRy, O or S;
Y is CR4, CHR4, N, NRg, O 01 S;
Z is CRq, CHR4, N, NRs, O o1 §;
R1 is hydrogen or optionally substituted lower alkyl;

each Rs is independently ORsa, OC(0)R4a, hydrogen, halogen, or optionally substituted
atkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocycleatky!;

Rs is ORsa, OC(0)Rsa, hydrogen, or halogen;

Rs is ORea, OC(0)Res, hydrogen, or halogen;

Rz is OR7a, OC(O)R7s, hydrogen, or halogen;

Rg is CH20Rss, CH20C(0)Rsa, hydrogen, or halogen;

each Re is independently hydrogen or optionally substituted alkyl, aryl, alkylaryl,
arylalky!, heteroalky!, heterocycle, alkylheterocycle, or heterocyciealkyl; and

each of Rsa, Rea, Rva, and Rea is independentiy hydrogen or optionally substituted

alkyl.
3. A compound of formula Hi(a):
Rs Ry
HO
e Rs
HN JiN
X '/n\_\ Y
“\. !‘I
==z
R4
Ni{a)
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each R4 is independently OR4s, OC(0)R4s, hydrogen, halogen, or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
eterocycle, alkyl 8&3@5{9@/&]@&' LeRans OR5A,

ora %&’(8?&%7&5?3&%6%%&?5§ﬁ%%gen; RGWS ORGA, OC(0)R6A,
hydrisddis, 6HRaldglRsIDAEis OR7A, OC(0)R7A, hydrogen, or halogen;
Rsyigs@HZ@RRs o NROG(HBBA, hydrogen, or halogen; each R9 is
independently hydrogen. or gptionally substituted alkyl, aryl, alkylaryl,
arﬁfﬁ%‘hgi‘éﬁa‘ﬁkﬁgﬁeﬁé’f(}g@cle, alkylheterocycle, or heterocyclealkyl,
an8gatiydsbBSyvorReterRIVsubstitRsA lipverdriidndently hydrogen or
optionally substituted alkyl. 5. The compound of any of claims 1-4,

M A R PR
alkyicerylpaikpicyf, anyaimlaimqamm»cts Al tererieies oghatpeocyclealkyl;

compRusIL ol REC RIS kit oMRSISIEX is Nand Y is S. 9. The
comp’ound %ltcgl%;of%&ms%-& whe%n XisNand Zis O. 1010.The

cofpi§ Hro P B IRYATREEM ARPRIRERA™K is N and Z is NRs. 11. The
compmm%gmng)aﬁclajmsgbm,Man}( @s N anq ZisS. 12.. The
ig@%’@.‘ﬁiﬂ;&ﬁﬁ% J&%ﬁﬁ?‘d}’éﬁ&@ﬁ?!ﬂ Raisddn,Y is N, and Z is NRs.

he compound of any of claims 6-12, wherein R9 is hydrogen or
optaRa R it tnsiapradeat NyarpEsR ANoRIRNatY P HYEd AlsuAR o PO
arylfiigimeibréaidic rRite ietysib\uirg et asaypiipaaliytsudestiterddiadiod having
from 1 to 4 carbons. e, i . i
on ST 8re of Ro R S T A o Srtipalf BBk
atkykompound of claim 15, wherein all of Re, Rs, R7, and R8 are acetate.

4. A compound of formula 1li(b):

- Hi(b)
or a pharmaceutically acceptable salt or solvate thereof, wherein:
X is CR4, CHR4, N, NRe, O o1 S;
Y is CR4, CHR4, N, NRg, O 01 S;
Z is CR4, CHR4, N, NRg, D o' S;
R is hydrogen or optionally substituted lower alkyl;

each R4 is independently ORaa, OC(0)R4a, hydrogen, halogen, or optionally substituted
alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycie, or heterocycieaikyi;

Rs is ORsa, OC{O)Rsa, hydrogen, or halcgen;

Rs is OResa, OC{0)Rss, hydrogen, or halogen;

Ry is ORza, OC(0)R7a, hydrogen, or halogen;

Rs is CH20ORsa, CH20C(0)Res, hydrogen, or halogen;
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2017.The compound of claim 15, wherein all of Re, Rs, R7, and R8 are
hydroxyl. 18.A compound, or a pharmaceutically acceptable salt or solvate
thereof, wherein the compound is:

(1R,|25eaa")ﬁe‘(3TﬁEMBHHﬂQKWg@W&&M?M@&Qb&ﬁﬂbutﬁnﬂ;Ja@l?aﬂvcifaryl,
traol: )
PhFReieropd s I RS A NS SIS ISIESRSIRARNE A 3, 4-tet
raol: each of Rsa, Rea, R7a, and Rsx is independently hydrogen or optionally substituted alkyl.
25(1R,25,3R)-1-(2-(isoxazol-3-y1)-1H-imidazol-5-y0Qbutane-1,2,3 4-tetragl;
(1R,2573R)-1 722 @2mRRHR LY o M3 AfhiAS B Bk fdieeenos optigpally
sabstituted atkyl, aryl or alkylaryl.
(1R,25,3R)-1-(2-(1-benzyl1-1H-1,2,4-triazol-3-y0-1H-imidazol-4-yObutane-
1’2,3’46.tetrad'rlﬁméﬁw;aﬂy of claims 1-4, wherein Xis Nand Y is O.
(1R,25.3R)-1-(1H,11H-2,2-biimidazol-5-yOpytane-1,2,3,4-tetrag|. .
30(1R,%5,3R)! ?(%@9%ﬁ8§991,858|ﬂ&‘?g$£‘sﬁo% 6E‘§-81‘?—éf—’lqiﬁ]'ﬁﬂ?&l-s-

yObutgne-1,23.4- (a0l 08t any of claims 1-4, wherein X is N and Y is S.
(1R,25,3R)-1-(2-(5-methyl-1H-pyrazol-3-y1)-1H-imidazol-5-yObutane-1,2,3

A-tetragl. 1.9ReRBATPOAGE TSR ANPPSIDA GONBRNISK G N epmp@iod of
any of claims 1-18 and a pharmaceutically acceptable excipient or diluent.
20.A cdpouiideamoipimediahcan pibflslainis4.-Wheoein Piralraadduit dito.
composition as claimed in claim 1.9 for use as a medicament. 521.A

compottitd or PiecfipRittel 20n9H6SteHad AARHRIB Tt DD#or use
as a medicament for reduging the number of. circulating .| ocytes.ig a
patient,gr%odz]@ﬁ rﬁﬁ) th)eog%goof Sk %?Q‘Pr?salﬁ’éti’éﬁ?f es’ﬁnp))gdr%@s[?r}a ‘El\?/h?rr}‘ﬁ ngeIs NRe.

respongg in ampateRlolERiBEaR) AP BRIAG &L LEENRBILNY i WFRARSEN or optionally
disorder, wherein the disease or disorder is ankylosing spondylitis, asthma

Pé'.’b?t,"lﬁ%ﬂ@m%fr Q%ﬁﬁayfyé?%ic dermatitis, Behcet's disease, graft-vs-host
diseasg,, 10 'ﬁ%‘é@é%(‘ﬁﬁ)ﬁ%%ﬂjch?é%%Sri/IE,‘%DHQQ Us; OHHRE SIS 0N Rnaty
myasthenia gravis, pollinosis, psoriasis, psoriatic arthritis, rheumatoid
aviatitiatescibnd deming, fream dorRACRREWon (e.g., of organ, cell or bone

marrow), type 1 diabetes, or uveitis. ,
1?5. yp The compount?o any of claims 1-4, wherein one or more of Rs, Rs, R7, and Rs is

acetate or hydroxyl,
16. The compound of claim 15, wherein all of Rs, Rs, R+, and Rs are acetate.
17. The compound of claim 15, wherein all of Rs, Re, Rv, and Rs are hydroxyl.

18. A compound, or a pharmaceutically acceptable salt or solvate thereof, wherein
the compound is:

(1R,25,3R)-1-(2-(5-methylisoxazol-3-yl)-1 H-imidazol-5-yhbutane-1,2,3,4-tetraol;

(1R,28,3R)-1-(2-(5-ethylisoxazol-3-yl)»-1H-imidazol-5-yl)}butane-1,2,3 4-tetraol;

(1R,28,3R)-1-(2-(isoxazol-3-yI}-1H-imidazol-5-yl)butane-1,2,3,4-tetraol;

(1R,28,3R)}1-(2-(2-methylthiazol-4-yl)-1H-imidazol-4-yl)butane-1,2,3,4-tetraol;

(1R,2%,3R)-1-(2«1-benzyl-1H-1,2,4-triazol-3-yl}- LH-imidazol-4-yl)butane-1,2,3,4- tetraol
hydrochioride:;

(1R,2S,3R)-1-(1H,1'H-2,2"hiimidazol-5-y)butane-1,2,3,4-tetraol;

(1R,25,3R)-1-{2«{5-methoxy-4,5-dihydroisoxazol-3-yl)-1H-imidazol-5-yl)butane-1,2,3,4-
tetraol; or

(1R,2S,3R)-1-(2-(5-methyl-1H-pyrazol-3-y}-1H-imidazol-5-yl)butane-1,2,3,4-tetracl.
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19. A pharmaceutical composition comprising a compound of any of claims 1-18

and a pharmaceutically acceptable excipient or diluent.

20. A compound as claimed in any of claims 1-18 or a pharmaceutical composition

as claimed in claim 19 for use as a medicament.

21, A compound or pharmaceutical composition as claimed in claim 20 for use as a
medicament for reducing the number of circulating lymphocytes in a patient, modulating the
amount of S1P in a patient, suppressing immune response in a patient, treating, managing or
preventing a disease or disorder, wherein the disease or disorder is ankylosing spondyiitis,
asthma (e.g., bronchial asthma), atopic dermatitis, Behcet's disease, 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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