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| M DAZOLE- BASED COVPOUNDS, COWMPCSI TI ONS COWPRI SI NG

THEM AND METHODS OF THEI R USE This application clains
wonri@riotei7t o U. S. patent application 11/698, 25BCTUSk®@d004648

January 25, 2007, and U.S. provisional application

nos. 60/776,473, filed February 24, 2006, and 60/8

15,221, filed June 20, 2006, all of which are

i ncorporated herein by reference. 1. FIELD OF THE

I NVENTI ON This invention relates to i mdazol e- based

conmpounds, and nethods of their use for the treatnent,

prevention and nanagenent of various di seases and

HIDAISOEE-BA SEAESPSUSPY, Ca9SiP S ErToNS TORIERISING THEM

(SIP) is a bioactive nolecul& wi th potent effects on

mul tiple organ sySNAMESHQDSOB THRIRWSE T. CGirc.

Res. 94:724-734 (2004). Although sone believe the

COMPEHThppHicAtibn AhinRGHIdrity 8 1SS GRRIR LY INBSDRNIRIOS, 3938 filed

nmode of g@tfon S gti[{ aysub:eg% ofag%bate. I'd.
Janyaeyedf. 2808 rmndid. Seprayisena applicatiop moy. @ dL.41bdided Bekruary 24,

' 9¢: - ) chet tly..

2 RS ERS AR ABTRZ 2008 o) FESRRIIER R PR n
redgrhigegosi ne, and degraded by dephosphoryl ation or -

cl eavage. Its cl eavage into ethanol am ne phosphate and

a long-chain al dehyde is reportedly catal yzed by SI P

l'yas ; FochemJ . 349: 385-402
1'(2008§E.:Lg’pﬂllrr%%§| ﬁ%&f&ﬁg osphate lyase is a vitamn

Bg-d - LZed,.| ran f t.he .

endopl e aioB R b 86k Chute bl SRR, ARCin Bl B heir e for
the tiBaWhent GreventRBGNIA6RgERBOTof VEDIDL} disvases el divovdsts.

and Mannaerts, Adv. Lipid. Res. 26:69 (1993). The I

pol y tH@engyd am no acid sequences of human SP
2'I yasgggihlgeﬁ(g géne products are described in PCT ]

Pat eqt}.: Jcat] . I Sc

and Connrer €T kAR b R ITs B REREOLS Yy PERAPUects on
mylhipde oqgan syst@mac Stlyd, 740 tamtlEillhy Or Gty Rtsy Dit 1772 d 78d1(2004). Although

sognTe'_Ee)li'evia % Pointlgou%ldFi)s Ia firac ltﬂlalv Isetc%n ar?lr}nessenger, its mode of action is
still a subject of debate. Id. Indeed, even its metabolism is poorly understood. Hla, T.,
Science 309:1682-3 (2005). Researchers currently believe that S1P is formed by the

phosphorylation of sphingosine, and degraded by dephosphorylation or cleavage. Its
cleavage into ethanolamine phosphate and a long-chain aldehyde is reportedly catalyzed
by S1P lyase. Id.; Pyne & Pyne, Biochem J. 349:385-402 (2000).
Sphingosine-1-phosphate lyase is a vitamin Bg-dependent enzyme localized in the
membrane of the endoplasmic reticulum. Van Veldhoven and Mannaerts, J. Biol. Chem.

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

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

Recently, Schwab and coworkers concluded that a component of caramel color
I, 2-acetyl-4-tetrahydroxybutylimidazole (THI), inhibits S1P lyase activity when
administered to mice. Schwab, S. et al., Science 309:1735-1739 (2005). While others
have postulated that THI exerts its effects by a different mechanism (see, e.g., Pyne, S.G.,
ACGC Chem. Res. Comm. 11:108-112 (2000)), it is clear that administration of the
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adm nistered to mce. Schwab, S. et al., Science

309:1735-1739 (2005). Wi le others have postul ated
wohei7/10¢d17exerts its effects by a different nmeedaniSsmwr/004648

(see, e.g., Pyne, S.G, ACGC Chem Res. Conm

11:108-112 (2000)), it is clear that adm nistration of

t heconpound to rats and m ce i nduces | ynphopeni a and

causes the accurul ation of mature T cells in the

thymus. See, e.g., Schwab, supra; Pyne, S.G, ACGC

Chern. Res. Conm 11:108-1 12 (2000); Gugsyan, R, et

caghpoungrtamats egy nddf Bldud@Byalphop&a 8hd ciirbyBE, ackuMul e of mature
1134- 1136 (1985): U.S. patent

T?‘g‘é%‘? %Z"%W?S&gpf B OB REZHG EDBE: S &4 ACGG Ghem. Res Comm.
1
hw&momoo@pro@ngsyaﬁ e &vawmm;@;?gsmﬁ?b%z;@a &l?g)eﬁ‘élweg,

an ﬁml s Qt an mce an
pat?é}‘ﬂ *\36@ ‘H4e 1 10 (1989 %ﬁepatmtatw 194 to
KmﬁﬂbﬂumRmrﬁe B tHerdsrel nma%%géxﬁ?éf ?ouﬁg mg' Hal

,. sStudi es of the conﬁoun i n humans
m”l %glsfgll toct iy animpls otimadharhmcerahelrratsA Alginoigh U.S. patent

4,88K 3
‘ l_buﬂ%tﬁﬁ%ées fhat ’I{l_:ﬁ anglggle I i‘édcco?g[go(i.\%zis g’tji(yéa lgfggﬁ
lnmlg@z)lpprgssﬂﬁlmw a@FngE Std\ﬁl&fﬁl\ﬁfltﬁ}\bd'lhpﬁunmmaﬂinhm fbﬁnd no

ard f forrru
mfgx'lv.f“fr%@nc}igggadte;f%gﬁg Se%g%gvf ch agﬁt(g ggeg; %@ éoxw 32(1):7-

13Ky 894k ERubends. Eofez aiM‘lEdi altem. X'dxsc, Q00Y): N@ 75?& 992) ORi A,
NHOH, hydrogen, or opt| onal Iy substituted al aryl,

3. al k IﬁMﬁI\'I yl, heterocycle,
aI kyf* et elﬁ%q ﬁﬁéﬁ | eal kyl; R2 is OR2A,
nitrile r optlonally
subst 't ut egé{grh% ’recg:% gaJFIE?/F%’P?P““ r‘%l aRyle I

het er oal kyl , het erocycl e, al kwlheterocycle, or

het er ocycl eal kyl; R3 is GR3A A)2 NHC( O R 3A,
NHSOR2R3A, or hydrogen; R4 Ns_@RAA° OC(O) R4A, hydrogen,
hal ogen, or optionally s tituted al kyl, aryl,

al kyl aryl, arylal kyl, heter yl, heterocycle,
al kyl het erocycl e, or heterocyycleal kyl; R5 is N(RsA) 2,

hydr ogen, hydroxy, or optRgnaixy substituted al kyl,
aryl, alkylaryl, arylal kyl, heteroal kyl, heterocycle,
al kyl heterocycl e, or heterocytl eal kyl; and each of R

andphdimiceRizAlly BedepddHle BRA dnd solvates (e.g., hydrates) thereof, wherein: X is
O or NR3; R, is ORj4, NHOH, hydrogen, or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; R, is OR24,
C(O)ORgz4, hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; R3 is ORsg4,
N(R34)2, NHC(O)R3,, NHSO2R3,4, or hydrogen; Ry is OR4a, OC(O)R44, hydrogen,
halogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; Rs is N(Rsa)a, hydrogen, hydroxy, or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; and each of R4, Rya, R3a, Rya, and Rsais
independently hydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,

heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl.
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i ndependent|y hydrogen or optionally substituted

al kyl, aryl, alkylaryl, arylalkyl, heteroal kyl,
waebw@rioeicl e, al kyl het erocycl e, or PCT/US2007/004648

het erocycl eal kyl . This i nvention al so enconpasses

phar maceuti cal conpositions conprising conmpounds of

formula | , and nethods of treating inflanmtory

di seases and di sorders using conpounds of fornula I

4. BRI EF DESCRI PTION OF THE FI GURES Certain aspects of

this invention can be understood with reference to the

f ol | Givisnig vén i 865 erlfdognpaesel phaNicdatica coRPoSTRRL a&ﬂnpﬂsing

fl ow cyt tr FACS) dot ot showing the effect of
SQrRRTHIES of doirmle i(f\?@%iegoe% GeAtd edntlemEnaiery sliteagss and disorders
udif® 6P@POends)of faagulalll on T cell conposition (CD4+ and
CD8+) of thynus, and the nean/Sd for all mce (n = 3).

Fi gu i des a representative FACS dot pl ot
43homﬁﬁﬂigﬁé TION QIR THE IGHRES (vO), a conpound

of tgg i hventi on éfbnpound 1), and THI on_a subset of )

cD4+ CEBPINAspecse ghthis iy gntoreeAndgrearndsysteed withaefergnga te tig following
figkeyi des a representative FACS dot plot show ng the

effect of vehicle control (VC), a conpound of the

i nvehitgush ! PrafifrsumeepIgsentative fipl antometsy BEACSHHodetshowing the
ef6&) &Hi

b vém@}‘é%htrma% as/:ghrg;oﬁﬂa ot erln%ft]?)ﬂl (,Efo%ﬁ{r%)gxgé nl&’ af,d THIon T

shows the effects o cle control,

‘ ceélrfa)mpqsipiqfe&qm-h and CD8+) of thymus, and the mean/Sd for all mice (n = 3).

5- ((F ~ - .ah utyl)thiazol - 2-y| .
t han o%é’%rﬁ%%%eﬁ g? '%)éeg nﬁ%\é iégg%: oog pi%ﬁ#i? Ll 3‘.%%%& dfvenicte
camingli (€Ch, astranpountef elfid imetntddn Eomgpainary| ardb M gn@fsuBset of CD4+
f.the. invention on collage-induced arthritis
Cel‘ﬁ?]q%%g@ﬂhgﬁnbcu?r@’géargﬁdwlfﬁe effect of single oral
dolsi Rigued I|5 prmﬁdmmﬂrdsénthﬁ@e lf;‘A(L'Sr'ddt @:IthHoMH e Qh@gpof vehicle
Cc ocyte counts, of cynonol gus nonkeys. 5.
copfeph Vb a5 Ay BT e SRR g euT i A g ambset of CDS+
cells QRecsituRy B Ghigllts) i 3sige gene- di srupted mice, and
Figure 4 shows the effects of vehicle control, THI, Compound 1, and 1-(4-methyl-
5-((18,2R,3R)-1,2,3,4-tetrahydroxybutyl)thiazol-2-yl)ethanone (Compound 2) on whole
blood counts of mice.
Figure 5 shows the effect of single oral dosing of a compound of the invention on
collage-induced arthritis in mice.

Figure 6 shows the effect of single oral dosing of a compound of the invention on

white blood cell and lymphocyte counts of cynomolgus monkeys.

S. DETAILED DESCRIPTION

This invention results, in part, from studies of S1P lyase gene-disrupted mice, and
largely relates to compounds believed to be useful in the treatment, prevention and/or

management of autoimmune and inflammatory diseases and disorders.

5.1. Definitions

Unless otherwise indicated, the term “alkenyl” means a straight chain, branched

and/or cyclic hydrocarbon having from 2 to 20 (e.g., 2to 10 or 2 to 6) carbon atoms, and
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| argely relates to conpounds believed to be useful in

the treatnent, prevention and/ or nmanagenent of
waabwiwvaine and i nfl anmatory di seases and di SOPAEMUS2007/004648

5.1. Definitions Unless otherwi se indicated, the term

"al kenyl " nmeans a straight chain, branched and/or

cyclic hydrocarbon having from2 to 20 (e.g., 2 to 10

or 2 to 6) carbon atons, andincluding at |east one

car bon-car bon doubl e bond. Representative al kenyl

noi eties include vinyl, allyl, 1-butenyl, 2-butenyl,

I n
m&ﬁn@%&f I%QYE rﬁgﬁtcgﬂ%)htdgﬁbll@%%ﬁ ﬁgpr&eﬁﬁf iy Ll%«:nyl moieties
m&]-ukle)vamu glly2- hbumnyl Z—Iﬁmﬁe&,engbqtyltnweptmyﬂnyl 2- pentenyl 3-methyl-
{ en

1 § %891;%}%6&{?%% d?]' I’(r)lﬁtgl F?%uéenﬁ(l)neny)f%g'!l_ 2+ hexer% 3 hexenyl,
I-Beﬂeﬁyﬁlnylhe@miyﬁ 3dl®&;ﬁ<mzy|l 1-binkegls 2 ackeaylyisectemylj t-abeehyl, 2-nonenyl,

the tS ﬂ1"alkyl neans strai ght chain, branched

3-ape9Bds bgeengh @ ﬂ?@f’?ﬁlaz}’%ﬁ’dﬁceﬂg rocar bon having from1

to 2@n(&s ﬁthenlqs%@nda@at@ﬁ the Edﬂnﬂ)all@ﬁ’f’ Bandh @ﬂﬁlgh%ﬂ@yﬂ branched

noi eties having from1l to carbons are referred éﬁpr?to4)

andyeyiclig (fgycloa ’Qrﬁﬁdé@c%bonamwmg geBube 2 ad to

Ji , e lkyl.”
ca?fxgrh A'fggleﬁlo;e@ﬁeg gg\tlpg Ifrong EE%( ;"; caﬂ%o%@))/ﬁ%'e’ re:fez‘%fe l)@z}F/bl\é lower alky

Etmpplyzs of alkal gwones incllysten byt are oot jinited 1@ methyl, ethyl, propyl, isopropyl,

LTt 1 R PR SO, o 22
triamacth ghpamyyl, e'smyh db@euxmybmrmmdepylcmmbﬁkylmmeties may be

cycl opent ._adamant Addi tj onal

Bl Ee SrUIFE E Eroae g op T Reipror] AuklsBBh, eyelopenty
cytisHeRtyl, ayia ladempxyt.i Ad8itib@alexamples of alkyl moieties have linear, branched
| - et hyl -4- methl-cyc?/tghexl The

andied Qs PORIQREAE€ I V'o%gﬂ%}aﬂ Cyaéotﬂ%?b" ?&i%?%nw ;rigeludes

sa%llrjﬁb@am dF&!a%dr@Sas vl @bsakaiymsﬁavaﬁ@nymbmwd the term
means an_al kyl noie

“al k " or "al kyl-ar
bouné’“ﬂf@s aheavise ln@rf@t@gi %@Jfﬁr@ns gyl pad Wes ealmoﬁrxlatr@%ﬁns an alkyl
m‘ohﬁy%@ﬁﬁﬁ P eloaiparyl ” or "al kyl-heteroaryl " neans

an al kyl noiety bound to a heteroaryl noiety. Unless .
ot helnilsse othedivesstindicatefiathe éarm “‘aémwthmaeylo@ycaléwl -beteroaryl

Q%skéﬂ AIRGE & llt %U"%/é{“)?/ Wa%%er%grﬁlrrk@fétym' ety bound to a

erocy
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, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl,
4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl, 6-heptynyl, 1-
octynyl, 2-octynyl, 7-octynyl, 1-nonynyl, 2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl
and 9-decynyl.

Unless otherwise indicated, the term “alkoxy” means an —O-alkyl group.
Examples of alkoxy groups include, but are not limited to, -OCH3, -OCH;CH3,
-O(CH;),CHjs, -O(CH;)3CHs, -O(CH;)4CHs, and -O(CH,)sCHj.
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Unl ess otherw se indicated, the term"al kynyl" nmeans a

strai ght chain, branched or cyclic hydrocarbon having
wébnramidodio 20 (e.g., 2 to 20 or 2 to 6) carbonParwise07/004648

and including at |east one carbon-carbon triple bond.

Representati ve al kynyl noieties include acetyl enyl,

propynyl, 1-butynyl, 2-butynyl, 1-pentynyl,

2-pentynyl, 3-nethyl-I|-butynyl, 4-pentynyl, 1-hexynyl,

2- hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl,

6- heptynyl, 1- octynyl, 2-octynyl, 7-octynyl,

1- no'ﬁ%négs ’otl‘?cr@%XﬂéﬁL:ateg tHe '&}fﬂw‘ar?llg-]" EdnY Iaro aﬁi@ﬁ}{?nlﬁt an aromatic

and 9-decynyl . Unl ess ot herw se cate
ot parkiaty armwmmwt@natdnyposgdmﬁ parbEmainpllfeslrQﬂenaﬂt@wyAn aryl

o8B G m M 3R B i g SR ot
iricm(demx)mﬂaouminass (g ahthradengl, ianaenygit a@heiﬁeﬂneﬂeﬂyl indan, indenyl,
"ar maan an aro an aromati c or

T I e TR R e SR

hydr emesss @tm;se/mdlawh RO ieeHry AFA LS TNOF *4561- ﬂm}yt”l kshs an aryl
rlngs bound or_fused together Exanpl es of ary

frerd {93 l4¥l MBigtY-are not limted to, anthracenyl,

azul enydss oh’aa?a'%}{hdlcﬁtkzé! %@'ﬂéﬂn “dlf&qmﬂl’ngH?ﬁ@HM&yte reduction agent”
napht hyl , phenant hren

mgams Bodmpeb TR ha A abR FrrIEse B awt@o persnEss
ot he‘tmlfss o'tl{b‘thv?s%tlﬁﬁjicatEH eth &4 “c‘?fc)[\L E mgﬂ&hyte ﬁ(dulction factor” or

" ar% means an ar y ol ety
REY )meanlﬁ H@s@cmahe mpihs muintigr oficischlatitgel ynmgphocytes in mice caused by

orgg h%@t“ﬁ%%tﬁ%tc’fh o ég é&%__tgfe dgcgzntié nd?aq eiﬁbm %3&}85 c%éenmned by the

npéﬂtbh%cﬁ&hhﬁﬁbeEMMmmeSQﬂmwdlcated t he term

"circul ati educti.on factor” CLRF .

rreang)u s Oﬂgéwgsﬁéggf:%teght ?‘a]&ﬁelél ?‘E‘b 9’ ngneompass fluorine,
chipApdasyingse, afld MBdige. caused by oral adm nistration of a

si ng ound at 100 ng/ kg, as deternined

kﬁ dose of _.a .coQ (
by t KIS OHsgviRsdRdir sa the, tere eieiARkER. refsas nan Ukylmgiety (eg.,

litdah B vh &R d JrdheRE)SH wHiBRat 1851 Bne BRt9 88 Bon alins A& Ben replaced
enconpass fluorine, chlorine, brom ne, and I odi ne.

Wihladhsseropmet (64 % eNi Rditct ed, the term "het eroal kyl
ref eggdsQ omr@ks‘éwldlegleg,tt}{e Qeqrrg“heteroaryl” means an aryl moiety wherein at

least one of its carbon atoms has been replaced with a heteroatom (e.g., N, O orS).
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.

Unless otherwise indicated, the term “heterocycle” refers to an aromatic, partially
aromatic or non-aromatic monocyclic or polycyclic ring or ring system comprised of
carbon, hydrogen and at least one heteroatom (e.g., N, O or S). A heterocycle may
comprise multipte (i.e., two or more) rings fused or bound together. Heterocycles include

heteroaryls. Examples include, but are not limited to, benzo[1,3]dioxolyl, 2,3-dihydro-
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| i near, branched or cyclic) in which at | east one of

its carbon atons has been replaced with a heteroatom
woleog/podl; O or S). Unl ess ot herw se indi cat edPCThS2007/004648

term "heteroaryl” means an aryl npiety wherein at

| east one of its carbon atons has been replaced with a

heteroatom (e.g., N, Oor S). Exanples include, but

are not limted to, acridinyl, benzimdazolyl,

benzof uranyl , benzoi sot hi azol yl, benzoi soxazol yl,

benzoqui nazol i nyl , benzot hi azol yl, benzoxazol yl,

iy . o s : .
S Sty ek, ARG A otbPERERhE oxiany
pipyraainyl.ydiperplinyld pyirokdinomyly pyydlidipyls temau%myomranyl,
i mdyl rrolyl in Li.nvl ui.nol i .

ity bRy Ry B BB P A S asapappeny
tetrally drathéoh yriving ahflrvmefdslaétamﬁr yl al kyl I or X .

"het aryl -al kyl." nmeans, a_het.er oar i ef, ound t .

an aDBSS BEICERS® NPT B HEmReE PO Tl g or ¢ HCogydp-alky!
refdiS t®h Beited S cld BbREPbOMIAD adlaBBRhGetyPar tially ,

aronati c or non-aronmati ¢ nonocyclic or p0| ycycl IC ring

or r MiRépss paicatyise dngirieddhe fermahstnoc Yejep bye Actafid 0 gy non-aromatic
hdi€e}ciene heteroatom(e.g., N, Oor S). A heterocycle

may conprise nultiple (i.e., two or nore) rings fused

or bbaiass othgevisenndipricdrtbe asing hetaned yediealkidalkybaory| s.

« I i, IXC 8, 91 .
RABRTSCREP rp Rt H Tthyablld otefy hound 1on aikyt moiety.
ci nnblniasy btheiwisanydicathyg.dhatayimeyimanage, pHolahagihg” and “management”
oxet I ir I i perazinyl, .piperidinyl.. . .

e OFIRATY Bremyie s seoiens AGSSpasiPeRditedieuf gignpder in a patient who

hdsetlreatly suffigryd froph thet ditdaadhyddioqyer, dintidr lengthening the time that a
tetra ro i m.di nyl, tetrahydrothi opheny], L

pRtent gﬂé g%g%{f?fﬂ S‘éﬂ@/ FheafhﬁFa\%%P% 18pet W“.‘gwrﬂegg%“o“- The terms

erRoRfpavd $BdLRHHE ALlireshbR, HEVIDPrAGt ALALY LK thPlisease or
"heterocxcle-a kyl" refers to a heterocycle noiety

disRdAT o shaneing KiF Wasthat § patisit expoBdnierthp disepseairchisader.
the {RIdN ohREGIQGNEERRN kil Eerﬁae_fp@n'éﬁnﬁ&u célwqﬁcﬁégt?%fe' Salts” refers to

het erocycl e. Unless otherw se i'ndicated, the t _
salth prenasesEpoapheynacdukighlly agceptablesnacipaicoadids/or basks/including

inﬁﬁa@{ c)s/aIcti@s ﬁlcp@atsgg %4 &Jggﬁilc l?a%lds %H %tagesb %riIthfeoph%HnQJzelﬁ}!ilcally
acceptable base addition salts include, but are not limited to, metallic salts made from
aluminum, calcium, lithium, magnesium, potassium, sodium and zinc or organic salts
made from lysine, N,N’-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-methylglucamine) and procaine.
Suitable non-toxic acids include, but are not limited to, inorganic and organic acids such
as acetic, alginic, anthranilic, benzenesulfonic, benzoic, camphorsulfonic, citric,
ethenesulfonic, formic, fumaric, furoic, galacturonic, gluconic, glucuronic, glutamic,
glycolic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic, phosphoric, propionic,
salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid.
Specific non-toxic acids include hydrochloric, hydrobromic, phosphoric, sulfuric, and
methanesulfonic acids. Examples of specific salts thus include hydrochloride and

mesylate salts. Others are well-known in the art. See, e.g., Remington’ s Pharmaceutical
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Unl ess otherw se indicated, the terns "nmanage, "

"managi ng" and "nanagenent" enconpass preventing the
woeourrwerice of the specified di sease or di sor deCTius2@7/004648

patient who has already suffered fromthe di sease or

di sorder, and/or lengthening the tinme that a patient

who has suffered fromthe di sease or disorder remains

in remssion. The ternms enconpass nodul ating the

t hreshol d, devel opment and/or duration of the di sease

or disorder, or changing the way that a patient

s&@ﬁp&r(@lgthtéa VI8P SRIRRE O Eablos PAd %90%@&% W*h%esczence and
i ndi cated, the term "phat maceutically accepta

Pgagtice of Pépamecy @ 9twed. sl\’i@fcle‘p’ablesiurfg, diw@heﬁz‘hvat%ﬁt) ically
acce@xﬁgs%tﬂgg steqﬁgﬁséﬁ' ﬁjlﬁ t f*é‘v%nt nc%fégeﬂltgrh% ar?d éJrevention”

i norgani ¢ aci ases organi ¢ a
cSuemabiteanp hatiomaibeuddcosd tbqfoxamw’cabb@mm&esuéﬁéd frtonoﬂne Specified

dlSSaE!ljSte Squdgs(r:?:ra ru%hxﬁ:&t nﬁ n(r)g'e uces f%ﬁﬁﬁmmﬁggh'éel(% Eﬁﬁse or dlsorder In
othet msdsurhe tsfrds; mmmphsz pmthFaxm ganic salts made from

IyS| |ben th J.enedi ani ne, | gr opr ocaj,

chol RS b HAONR e ¥ g eeC eGP Y & compound
is(d arRbU Isgfﬂceam@ p}evamda HicO43810R Conditibh A8 dhe MR Mndr@ % Mptoms

acids include, but are not limted to, inorganic and

agpgiatadovisla thedisser ongondiian. Or PEIVEN ity TeCHAERTear IPFRRhylactically
eIERRRNESMInk 8Pk eomkﬁgﬁﬁ@ hféanscmgﬁrﬁlﬂfftﬁé}bﬁeutﬁ' h@ alone or in

ethenesul fonic, formc, fumaric, furoic, galacturonic,
cgnbigster wig) Q}b‘t{rmmﬁ, W@Iqbtmﬁvldes @Pmblb'la@tlc lppuiefistin ¢ing prevention of

t@ﬁ%&?@l '?Flé iﬁé}%ﬂ)ﬁ) 5 tﬁ:ally foéétﬁ/e uqtlt Ccarpa'lco?ngass an amount that

nic,” nucic, ni
upmo/@et ch\emalé prqphe'hyll sa@eemhancep hhnspxbphykapn@eﬁmaoyl pfanother
' tearic, succinic, sulfanilic, sulfuric,
P gh% ég%%ﬁd and p-tol uenesul fonic acid. Specific
non- Uan)kess ofeirdseiindicade, thy tiroct8 18Y leeel dipdncihg @t means a

hos ho ic S [ and t han | foni c aci ds.
%?FB] qasﬁu%%% Ogh%lﬁ?sct§g'eli’f[}z“ieoﬁl ude hydrochl ori de
an d l]RnfB@ék atteraaktifdickeHans tahe I levkingfandiig tigo rotr “SLEF”
., Rem ngton' s PharnaceutlcaISC|ences (18th

m&ans thﬁ/&‘&{eﬁ‘fﬁbl’ Pdhilpghe pieans /f puce qsed by el REmiRtration of a single
ddSRef akoioind e 161 ﬁgkgf Qs Qéteﬁﬁﬁ{eﬁ%ythé kb £abscridBEh the

Publlshlng, East on 1995). Unl eSs ot herw se
ExgapleattedoWt he terns "prevent " “"preventing" and

" Pr eymdsk %ﬂ'\'er\%‘/%@tlﬁéﬁ'@ét@%l Eh&@ Attt oib N O ?‘ﬁg{énc‘e’beq{cg{n%asses

a patient begins to suffer fromthe speci
racemic mixtures as well as stereomencally enriched Imxtures (e.g., R/S =30/70, 35/65,

40/60, 45/55, 55/45, 60/40, 65/35 and 70/30).

Unless otherwise indicated, the term “stereomerically pure” means a composition
that comprises one stereoisomer of a compound and is substantially free of other
stereoisomers of that compound. For example, a stereomerically pure composition of a
compound having one 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
stereoisomer of the compound and less than about 20% by weight of other stereoisomers

of the compound, greater than about 90% by weight of one stereoisomer of the compound
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30

di sease or disorder, which inhibits or reduces the

severity of the disease or disorder. In other words,
woOheo7t1eears enconpass prophyl axi s. Unl ess ot her RCSAIS2007/004648

i ndicated, a "prophylactically effective anobunt” of a

conmpound i s an anount sufficient to prevent a di sease

or condition, or one or nore synptons associated with

the di sease or condition, or prevent its recurrence. A

prophyl actically effective anount of a conmpound neans

an amount of therapeutic agent, alone or in

[

o a oo oz MR S LSS iR Sompound, greater
thh eboldr%% by o‘mngzhtarftqnc aterqolsfrﬁ@fciﬂtb@cqnpmmd arghlass than about 5%

\Q/%P 'Eggf] iheesoq ¢l Cgr?{))‘ 515] at f [ O(}’rgﬁouglv rgal egﬁla%rﬁ%%/of&W% by weight
ofmmrﬂngt’eaﬂbmer afyhe tcorriﬂbhﬁd; Snd)lelse thm%ourtd%d@t welight biftthe other

term "SI P | evel enhancin e und t hat
STHEORTErER! Y CHTDPRAL T BHSU TR T SO0 PSS ROPUF Sgreoisomer
ofl thdic6mpeand hittlek£fhah "abbit 192681 wa BREGTChE BtHeASle®icisdMers of the

"SLEF" neans the increase in SIP in the spleens of
CAR¥Eaused by oral adninistration of a single dose of

a Cofppids @t}f&wﬂs@@n&gzﬂtk& th@&erAeBhM HRE, D¥hdi8sARE A8 ribe a

described in the Exanples, bel ow. Unless otherw se
chiemif @ atrgture flempstm retreiosbilerdigive of Hiaksveiure or moiety wherein one
OIEIHBWW ea%r?xs Q%lelﬁ%eda@ltw@clheﬁ%al @Oéetz o§ &mlcélonal group

st er eoner | ca enric m xt ur es
sugh/ag Hut nQL Bantedm %col‘@ﬁ/ams,hyw 4mox§,5418@cafmy7 @Imycarbonyl

alk{mﬁ ﬁlﬁglacer%gt% f %mﬁﬁg §p¥l Fut b Plsglt gfg(lxgcar %,?(I”!

‘a CONposi-t
(- @Ceéosmkgl(),rmmdef( C(OOdDIpalkyit c&ndlldyH\IH(l‘b@}aakl)tlD alnhidirfyl €€ (NH)NH-

oIy RN R B S g PG TR B s 1 ihino,

arb@mmg ARSI AHROY RO AL aM, |zlry1*éﬁy5dﬂésiza%8§ﬂn@w YNHE®)OLalkyl- or —
posite stereoi soner. of the conpound

OGS IR b Gt e 2o Gt S5 1o pS BORIHIBOACCRRH A, and

C@Mi—%fﬁﬁlﬁ?@eéﬂr%@l%a{rboﬂ@ c%!r'lpc%y@ﬁﬁtabﬁi L;a(rb%m@c odid AhRGdride,

di ast éreoners of the corpound t ypi cal
carboxylic acid chloride, cyano, ester, epox:de ether (e.g., methoxy, ethoxy), guanidino,

halo, haloalkyl (e.g., -CCl3, -CF3, -C(CF3)3), heteroalkyl, hemiacetal, imine (primary and

_ secondary), isocyanate, isothiocyanate, ketone, nitrile, nitro, oxo, phosphodiester, sulfide,

sulfonamido (e.g., SO;NH>), sulfone, sulfonyl (including alkylsulfonyl, arylsulfonyl and
arylalkylsulfonyl), sulfoxide, thiol (e.g., sulfhydryl, thioether) and urea (-(NHCONH-
alkyl-).

Unless otherwise indicated, a “therapeutically effective amount” of a compound is

an amount sufficient to provide a therapeutic benefit in the treatment or management of a

disease or condition, or to delay or minimize one or more symptoms associated with the

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

therapeutic efficacy of another therapeutic agent.
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stereonerically pure conpound conprises greater than

about 80% by wei ght of one stereoi sonmer of the
woanpauerd’and | ess than about 20% by wei ght of POThS2007/004648

stereoi sonmers of the conpound, greater than about 90%

by wei ght of one stereoi soner of the conmpoundand | ess

t han about 10% by wei ght of the other stereoisoners of

t he conpound, greater than about 95% by wei ght of one

st ereoi somer of the conmpound and | ess than about 5% by

wei ght of the other stereoisomers of the conpound,

grea At o frs ¢ 2 i ”»

o "t Pest AR e, e M e e e ey
cdri&fmpltatwm atienabitsomrerssviofe zt;waem)rm@ﬂﬁedng (ﬁrorgtlma&peclﬁed disease or

o SR SR L, B S ERURBTSE s e

prapRE6ioh 90 iR Gis&dse bhaiseaispound. UnI ess ot herw se
i ndicated, the term "sub tltutgd wgh sed to lud
descFinisss Qiehuise dagioaipd B¢ I GROIFRS oty thy g4res Sreaging as “include,

bierd MEtliYiRe®lo, BRA tRitEME t‘HlE:ﬁld@ﬁ” WRitRE yaﬂﬁ@ Sle@hihgQReiludes, but is
nore of its hydrogen atons is substituted with a

netHisnitedito. Simtlgriprthe tavet Tsypaps ghas e sapmmeaning g thipterm “such as,
|10 §:66iel4Q0 7@l cohol , al dehyl de, al koxy, al kanoyl oxy,
bdt%xlycgztrdbgnyl al kenyl al kyl {e.g., nethyl, ethyl,
pr op{njess otimr\y[s)a mql;k:ktyfhydne cmnkcgqe@g}elg@ﬁg,q myedlately precedm g a series

oi(nq%g 9{&%3@@{}; 9§ aérﬁ] g)((%\l%ﬁ&?ﬁbs ngérllsk ]Tor example, the phrase

“epﬁ(oNE)lNHstnttaml akxy( ;myﬂ rmﬂxy:tcrcmyb’ﬁ@altl}e smmn: meammgray ‘optionally

%6&@?‘3%@%&% subsy llbtg%gy? qqﬁ@a%;%g Eh”}( ﬂﬁld h@EDhty1.”

OC( OrtNroaldkbd nated &fab&ﬁhém{c@l @o;etﬁ(ﬂ‘dﬁ:@om&spaned)ﬂ a Basger compound
CONH al kyl , CONH-aryl, and CONH ayqycl aldgg %lwgcar on

waps&%ﬁnbeéawb%wﬂn@ LRATRE CURPEBRYACPRF ?fhv&.x}s fs a single

moRicRRXN d arRE ESMAINGY hdBrdeay@Nadic S tRIr ex BRI, @8 tefh§i€pyridine”
met hoxy, ethoxy), guanidino, halo, anaIkyI

a {cb“@ndyl”c{geglccor@p:@ the. LEIByEYNE whee e q@yc}escnbe a moiety attached to
oELASEER molREACTRRY WEALE Atk CRRAIAHdreirl RAEYFHREI® and “XOH,

i sot hi ocyanate, ketone, nitri nitro
whbrespKddipgs tiee] awdtdcpct@d tlswffrmmmniog{ @dgenCOS@aM)‘: compounds

su f P%’Bﬁnlfhf"o? a&éPi‘{“ﬁg'm‘ al kyl sul fonyl ,

ary yI sul fonyl), sul f oxi de, thiol
{ e gIt, sh@u]df diyalby hotetl hihan ef the Isberambemmﬂa' of a structure or a portion of a

SUHE DBt TS BT aB P o Bor2 S rycgure 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 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.
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an anount sufficient to provide a therapeutic benefit
in the treatnent or managenent of a di sease or

woandiian, or to delay or mnimze one or noreCT/US2007/004648

synptons associated with the disease or condition. A
t herapeutically effective anmount of a conpound neans
an anount of therapeutic agent, alone or in

conmbi nation with other therapies, which provides a

t herapeutic benefit in the treatnment or managenent of
t he di sease or condition. The term "t herapeutically

effegblvecgnount !can enconpass an anount that

i mproves erapy, reduces or avoids synptons

or C%Hisseifivé}{tlo eql'c§ ééﬁfgﬁoxﬁ?ﬁmrd%'t g@omﬁf]a qphances the

t herapeutic efficac ano erapeutic
agent . Unl ess ot herwi se indi catled, the terns "treat,"

"treating" and "treatnment 'Rcont .ate an action that
occurs while a patient is s ring fromthe specified
di sease or disorder, whichyedgces the severity of the
di sease or disorder, or retahtls or slows the
progressi on of the disease ori di sorder. Unl ess

ot herw se indicated, the tRefm™ nclude" has the sane

neaning as "include, but are npt limted to," and the
term"includes" has the sane aning as "includes, but

arlSpHi@nabéutichBY ab&ptabR SHllsaht ¥olvahs (£.8r, mgdﬁde@sly tl@&eofh aﬁherein X is
t he same neani g as the term "such as, but not I|i

ed
Oteg NRyyd} s Oy Hhydier@aPeaptiasiily srbsipied alkyl, Yaryt alcylaryl,
r?ﬁil@ﬁt hE%al Wtéﬁ)@)tc)fe RIGARALRES y&le SE HBS 0 Y cIEHIRNS Iélﬁs OR24,

be’ construed as applylng to each of the ‘nhouns.
CeuPRi-e hydisgepHradesen: vistlicoprontionslip sebstigeted abiykyaryl, alkylaryl,

30k A1 SRA e SRR BR i O
NaR ya)3, Wc@mzﬂnﬁﬁ%@zgubmrlw_dtmn hBs e;r@&w IQC(AR4 s Hydrogen,
hzﬁggenmo?dgaor%tl M dsu%r} e%%él&@ér&bé&&ﬂ%&é{aﬁyluy P%regerﬁillégl,
helemﬂbyalaykhetred@leclet ovh:&tardcyclexlksl Rsasl\HR§A)ﬁ1g1yelrogen hydroxy, or
o SRR S5 E SEAST pe 5 broc

alﬁgm@fda@@yctdw Qr hefRodyERAIKYY anieachSER 4, R.UERLH, mg @hd Rsa is
noi ety attached to other chem cal noieties,

indgpensispHy xdrogepor gpidonally spbstiuisgd alkey aryh ﬁ‘H‘)‘l"}(d»I Faryiaiky!,
hABREBI, REtdrScRIE, 'a‘ﬁkﬁﬁétex%"c?cl@c&q{e@&gc%i‘&lﬁﬁne meani ng,
and %21%3: a%gmt I?)ﬁnccl:soorgp fgrl:llgulsé I are such that if X is O; R; is alkyl of 1 to 4
p 1 y
carbons, phenyl, benzyl or phenylethyl; R, is hydrogen; and one of R4 and Rs is hydroxyl;
the other of R4 and Rs is not alkyl of 1 to 6 carbons, hydroxyalkyl of 1 to 6 carbons,
polyhydroxyalkyl of 1 to 6 carbons having up to one hydroxyl per carbon, polyacetylalkyl
of 1 to 6 carbons having up to one acetyl per carbon, phenyl, benzyl or phenylethyl.
In particular embodiments, the compound is not 2-acetyl-4-

tetrahydrox ybutylimidazole, 1-(4-(1,1,2,2 4-pentahydroxybutyl)-1H-imidazol-2-
yDethanone, 1-(2-acetyl-1H-imidazol-4-yl)butane-1,1,2,2-tetrayl tetraacetate, or 1-(2-
acetyl-1H-imidazol-4-yl)butane-1,1,2,2,4-pentayl pentaacetate. )

10
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pyridin-2-ol, pyridin-3-ol and pyridin-4-ol. It should
al so be noted that if the stereochem stry of a
werpwraberie or a portion of a structure is not Padiusaioedo4648
with, for exanple, bold or dashed lines, the structure
or the portion of the structure is to be interpreted
as enconpassing all stereoisoners of it. Mreover, any
atom shown in a drawing with unsatisfied valences is
assunmed to be attached to enough hydrogen atons to
satisfy the valences. In addition, chem cal bonds
depi gt r ed
li ne%eﬁ%gﬁﬁp]tgggﬁ gd‘f?@é‘ |k %%%dn%s'%é% %%(Ilem gom%ng%?gat ic)
bonds, if valences pernit.5.2. Ronpgtnds This
i nvention enconpasses conpdifhds ormula | : | and
pharmaceutically accept &bl e S and, sol vates {e.qg.,
hydr at es) thereof, wherei: or NR; Ris ORIA
, NHOH, hydrogen, or opfjona\ly substituted alkyl,

aryl, alkylaryl, arylalz;EIiheteroalkyl, het er ocycl e,

is

al kyl heterocycle, or heterdggcyclealkyl; R2Z is OR A
C(O OR A hydrogen, hal &en, Xnitrile, or optionally
substituted al kyl, aryl, alkylaryl, arylal kyl,

het er oal kyl , heterocycl e, al kyt'heterocycle, or

aﬁtﬁﬁlﬁﬁ’ﬂﬁ&!@ltﬁﬁllkﬁbcepﬁ%lé Salfshind, so%@s%ﬁér@of’ N’H@(‘e@n RX3#.0 or NR3; R is
HSQ 2R3A, or hydrogen; R4 is OR4A

oGt Wé‘%e@nor %900615{1:/ SHeRtityred al&ﬂ .amt élé(ymly prylaikyl,
héEdalk ya! H&Yér@é)\@le Akhabierlcle Wrﬁ&@&ﬁéalkﬁekaﬁmk% &(0)ORo4,

al kyl het erocycl e, or heterocyc eal
hydraeery dalogry crisily, oro?rptl@palulbﬁmswt%ﬂm tamle@lkalaWL arylalkyl
I eke cl
R R SRR AL e R e PR OKEA Mo
NRIXO)R24A, NHS@zRRAAI hadrngSRd is ORwd ePEXORE A, W(Ry05,09EE(O)Rgp,

h)gc{rrog at Il?§ﬂ§ﬂ°ﬁertl et 0. y%’ 6%5@2{%% éﬁé%l W%é‘?r@?’/&@%’ﬁ? or

hﬂogmmrlomkﬁebk@DbRSAPﬂ(Re@y Ibﬁﬂcwmemdﬁogén bohameken; IRy is

Cgfﬁégg’?fg t @{9 é”‘é@ﬂ%&‘? 2 8&%@%7 ép)ﬁmg%;r;ér litlzgogen‘ each of Rya, Raa,

RhY dar(,p,glm Rgg dn@Rg, tca‘mlﬁ’élpea;ﬂsln%hyc&o 6@@@{ lonatlhuskih@ed alkyl,
S not a

n r bons
arp{L &F@Q@rg @yla]écryl fxe{qgoz@kxlapgtsﬁg:ycle alkylheterocycle or heterocyclealkyl;
and each of R¢p, Rvp, Rgs and Rog is independently hydrogen or alkyl optionally

substituted with one or more hydroxy or halogen groups;

Particular compounds of formula IT are such that: 1) if X is O, R, is alkyl of 1 to
4 carbons, phenyl, benzyl or phenylethyl, and R; is hydrogen, at least two of Rg, R7, Rg
and Ry are not hydroxyl or acetate; 2) if X is O, R, is methyl, R; is hydrogen, Rg and Ry
are both hydroxyl, and one of Rg and Ry is hydrogen, the other is not NHC(O)Ryg; 3) if X
is O, R; is ORj4, R4 is hydrogen or lower alkyl, and R, is hydrogen, at least one, but not
all, of R, Ry, Rg and Ry is hydroxyl or acetate.

11
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pol yhydroxyal kyl of 1 to 6 carbons having up to one
hydr oxyl per carbon, polyacetyl alkyl of 1 to 6
woanyanesihavi ng up to one acetyl per carbon, pRemgIS2007/004648
benzyl or phenylethyl. In particular enbodi nents, the
conpound is not 2-acetyl -
t et rahydr oxybut yl i m dazol e,
l-(4-(1,1,2,2,4-pentahydroxybutyl)-IHimdazol -
yl ) et hanone,
| -(2-acetyl -1 Himdazol -4-yl)butane-1,1, 2, 2-tetrayl
t et r Ratietbir eompbuhds(&-the invention are of formula II(a):
acetyI-IFLinidazol-4-y|)butanea£,l,2R2,4-pentayl
pent aacet ate. A particul ar epbodiirent/ ‘&nconpasses
an

conpounds of formula I1: | phar maceutical |y
acceptabl e salts and soft ereofy wherein: Xis O
or NR3; Ri is ORi A NHOA=Hydrofen, or optionally
substituted al kyl, arylHNalkylaryl, arylal kyl,
het eroal kyl, heterocycle, flkylheterocycle, or
heterocycleal kyl; R2 is C(O OR A, hydrogen,
hal ogen, nitrile, or opFlonaFIy substituted al kyl,
aryl, al kylaryl, arylal kyl, (%groalkyl heterocycle
alkylheterocycle or heteroc alkyl; Ris OR3A, N(R
,Om@el@fimmlﬂhlm 2R3A, or hydrogen; R6 is ORGA,
OC(O)R 6A, N(R 6B)2, NHC(O hydr ogen, or hal ogen;
R7 is ORTA, OC(OR 7A, N 7B§ O)R 7B, hydrogen,
or hal ogen; R8 is ORS8A, CE§ N(R 8B) 2, NHC(OR

8B, hydrogen, or hal ogen; _T CHQORQA CH2OC( O R 9A,
N(R 9B) 2, NHC(OR 9B, hyd N or hal ogen; each of R
iARA R3A RdA, R7A R Aand ROA is independently
hydrogen or optionally su ed al kyl, aryl,

al kyl aryl, arylal kyl, heteroal kyl 3heterocycle
aIktheterocycIe or heterocynnealkyl and each of R B

SB and R Bis ind ndent | hydro en or_al kyl )
WSS oGP TOUBY PYBHCRA N Gids DR o B drsiegeas or optionally
sugﬁitﬁ&tﬁhrh;ltgﬁo&lﬂﬁ ,alﬂaélﬁll %E'#llﬁl‘kyp WQ?I Hétef&r}fmél Qlkly he¥rbcycle, or

he&eépwllgalk)ﬂ hBhW OR% ,Q(Q)O&A,dw@rgge@t gglpgexa m@mﬂ@ groptionally

suBi{’tﬁ?%)ﬁ(?ﬁ( laérg%: gti\g}lal&l/‘%ﬁgl#&k hegz%?lmaﬂgte%?{] yfllrll?/fgfterocycle or
CW@I‘F)@@H‘YURREW@R?A, MR bot NHW@DRW INH$@sR aner bfdrB8en; and each

EO, I s not. NHC( O
of?(ﬂg,s XY ’, bﬁd iﬁ% S 1%%|QpethQ%l %;' rogehn A %%téo Hg& ?xlavﬁvfeglabwl aryl,
allaﬁ@rngrjdglMyy,drecg‘eaikyhheﬂemtleoﬂkylﬂ@tﬁro@@ﬂe or heterocyclealkyl.

Another embodiment of the invention encompasses compounds of formula I'V:

Ry Rg
HO

Re

— Re
HN_ N
L
R1 N'—R3
IV

and pharmaceutically acceptable salts and solvates thereof, wherein: R;is OR 5, NHOH
hydrogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; R3 is OR3a, N(R34)2, NHC(O)R34,

£

12



10

15

20

25

all, of Re, R7, Rand RO is hydroxyl or

acetate. Particul ar conpounds of the invention are of
woaoimubesiv | (a): Others are of forrmula 111: 11| PGREIS2I0MN004648

Zis optionally substituted alkyl; R is OR A NHOH

hydrogen, or optionally substituted al kyl, aryl,

al kyl aryl, arylal kyl, heteroal kyl, heterocycle,

al kyl het erocycl e, or heterocycleal kyl; R is OR2A,

C(O OR A hydrogen, halogen, nitrile, or optionally

substituted al kyl, aryl, alkylaryl, arylalkyl,

e
Nﬁ%cycwg&r (E&h R&BQGkgﬁ?SAW%BN 25 %yth@C@F%Réi\ hydrogen, or
halpigag FR&AS QBmh?@l(@@}ém NéRuh)aé\SﬂiC@)IRBMydmgﬁn antialRgan; Rg is ORsa,

g% 93 e gﬁ ydBe) Ih%W ?I)E/ gﬁg :hgﬂ)%el%ero Qift-l%dk'g,\, Em0cORsA

NigRsp1, M@(@)Rgal kydrogdng Dobgllogen, aod chelt ef Ry Rbg,alk(k\y R4, Rsa and Roa

d f th
R h R R g i sl
hﬁemmﬁme&lﬁa&d& aaqdhaedo\tslélesOﬁere@icleaMﬁr ein Ri

opti o substituted aI kyI
aryf\P r&P%PO“‘g‘?%/‘FSIOﬁ I%“ﬂ% gl kyl , heterocycle,
al kyl het erocycl e, or heterocyclral kykg R3 is OR,
N(R3A) 2, NHC(O R 3A NHSO 2RgA, ot drogen; R6 is
OR6A, OC(O R 6A, N(R 6B)2 , B, hydrogen, or
hal ogen; R7 is OR7TA, OC(O . R/ZA, W(R 78) 2, NHC(OR 7B,
hydrogen, or hal ogen; R8/i's ®*OC(O R 8A, N(R 8B) 2,
NHC( O) R 8B, hydrogen, ofN gen; RI is CH20ROA,
CH2OC(O R 9A, N(R 9B) 2, N%O) R 9B, hydrogen, or
hal ogen; and each of R A, R—HA R7A, RSA and R9A
IS i ndependently hydrogen or optlonally substituted
al kyl, aryl, alkylaryl, aryl &szy)l het er oal kyI

het e I C t er L.

et e Rlasca AL BPLET RRYSH:2 5000 1BLE! SELGRL M e
desegbedibdlowe amtmmfenibhdnﬁmm the uSMM)n aboyehtthat

contain th nojeti es descri d bel ow, certain

_errboﬁ? bsf th’éo_ﬁ}’ﬂ}“eﬁfis Are such that: In sone, X

i's Qn éd’in@,tlhﬁﬁ fydrdged. MRSthers, R, is optionally substituted lower alkyl. In
others, R; is NHOH. In others, R is OR;5 and Ry, is, for example, hydrogen or

optionally substituted lower alkyl.

In some, R; is hydrogen. In others, R; is not hydrogen. In others, R; is nitrile. In
others, R is optionally substituted lower alkyl. In others, R;is ORz4. In others, R; is
C(O)ORza. In some, Rza is hydrogen or optionally substituted lower alkyl.

In some, R3 is OR34. In others, Rj is N(R34)2 or NHC(O)R34. In othérs, Rsis
NHSO;R:z4. In some, Ria is hydrogen or optionally substituted lower alkyl. In others,
R34 1s optionally substituted ary! or heterocycle.

In some, R4 is OR4a. In others, Ry is halogen.

In some, Rs is N(Rsa)2. In others, Rs is hydrogen. In others, Rs is hydroxyl. In
others, Rs is heteroalkyl (e.g., alkoxy). In others, Rs is optionally substituted alkyl. In
others, Rs is optionally substituted aryl.

In some, one or more of Rg, R7, Rg, and Ry is hydroxy or halogen. In some, all of

Re. R7, Rg, and Ry are hydroxyl or acetate.
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In sone, R is hydrogen. In others, Ris optionally
substituted lower alkyl. In others, Ri is NHOH 1In
wobheregsiRi is ORu and RiAis, for exanple, hy#COESZ00/004648

optionally substituted |lower alkyl. In sonme, R2 is
hydrogen. In others, Ris not hydrogen. In others, R2

is nitrile. In others, Ris optionally substituted

| ower alkyl. In others, Ris ORA. In others, R2is
C(OOR2 A In sone, R2A is hydrogen or optionally

substituted | ower aIkyI In some, Ris OR3A In
e 8 bl AV S aBREL ot e
h {bigtied | ower al kyl. In ot hers R3A is opti onal Iy

substituted aryl or heterocycle. In 4 i S 4A, .

'n oCREPSUn ¢hihg HPEGERD MY O i @Oﬂﬁ ﬁglﬁfﬁ‘?“qigfﬁ’ and can exist
asGhEEh® miReurk$ ofWHN@BaTrs bimBEhe@E f dﬁﬁtcteﬁ)nliatdr Q?hw mvdrﬂhon

ot hers, R5 is heteroal kyl I n o

e.g., alkox
eTRIITIPESISP SieaRamercalypre ¥qul{é Qf gvmomw}/né'ﬂ?ér‘gel REMigures of those
fo&@g' %;@é(glyorﬁ 3‘5%‘]5’5 Esqlnﬁfﬁé’thcall)nsﬁ@l’fg%ize@rlﬁ‘ r&ol Ve i standard

hydroxy or "hal ogen. In sone, a
telini@@es Sazh aRghiralmlRony e dhjiak toeglving agraét a¥ee: ¢4- éé%les V., etal,

Enanézon?erf yil’ac%}% na@l.ldl ﬁﬁ%% %I’Ll‘ E\W‘il@ WGISBI qug dw Wrﬁ 1981); Wilen,

acetate or en nol et es. Conmpounds of
S tIHie et mlv elfdnrahadrmyﬁ:b?ﬁiaﬂﬁ%h &list, Bribr. eSteteockanistiv ey Sarbon

Cae GBS AL 8 L B OIPRS Bl A

Oﬁiz@il@(ﬂj‘ﬁl(wtz@al lpy 208 1(B.11. (Ehmanif Bnie hottNope Dats: Pl&ss Widtte Dame, IN,
as _mxtures of those fornms. Stereoi somers nay be
1%E’*)nnetrlcally synt hesi zed or resol ved using standard

tec h%fk”ﬁ%rﬁi&hu&ﬁeﬁéﬁcbﬁlpaé‘s@h RS WmEY mal tureg O kyinpgunds
z;éents See, g., Jacques, J., et al Enanti oners
di @@eﬁaheégmaﬂaalgé ERFQTPPASHES ngwtlpﬁglégggpré é;ontmgwlds disclosed

he Qirnk Stﬂtg'%]r)admyyth?é"or in- pu'r't': or &ibs@htiallehid %% Osnucﬁ 35 4547) and trans

77); , Stereochem stTy of Carb
(&@Mm@nméwmdaw Bid Fmtl NYimel gemprs. and W1 en,

T o Y AR ROt
agéane, CérNin compounds inhibit the amount of circulating lymphocytes as determined
using the method described in the Examples, by greater than about 20, 50, 75, 100, 150 or
200 percent. In this regard, it has been found that while THI is capable of reducing
circulating lymphocytes in mice, many analogues and derivatives of THI, such as 1-(4-
methyl-5-((1S,2R,3R)-1,2,3,4-tetrahydrox ybutyl)thiazol-2-yl)ethanone, have little or no
effect on circulating lymphocytes, despite reports to the contrary. See WO 97/46543.

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

Compounds of the invention can be prepared by methods known in the art (e.g.,
by varying and adding to the approaches described in Pyne, S.G., ACGC Chem. Res.
Comm. 11:108-112 (2000); Halweg, K.M. and Biichi, G., J.Org.Chem. 50:1134-1136
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1972). This invention further enconpasses

stereoi soneric m xtures of conpounds di scl osed herein.
wono@Elswwienconpasses configurational isonmers oPCT/US2007/004648

conmpounds di scl osed herein, either in adm xture or in

pure or substantially pure form such as cis (Z) and

trans (E) al kene isoners and syn and anti oxine

i sonmers. Preferred conmpounds of the invention are

circulating | ynphocyte reduction agents. Certain

conpounds inhibit the anount of circulating

hag ranB&Griants

e e S e i e e
thekO6E, whih wrll lﬂ@@pmm gothost of pidisary skl iah, the Brthas been

found that while TH is capable of reducing

Ci r%gatlﬁﬂthxg AARCE in mce, many anal ogues and

derlvatl uch as | -(4-

' 2 y ‘%IS ?rhxfeg i5h %&&@as%esza ?&eé‘xoﬁ%?'hﬁﬁﬁﬁft%%@nlgt Vihereliggthe amount

anone e or no ef
of §i1Pdulagtatieng (eygrphmoysee sat, des sat @ uspam) tis neerd thﬁéeOf which

co?xﬁ%%%%ﬁé’rex&hsge V\Dtogtz/F %?ﬁé'n% anv%fte{/]t?% algglll Q)fl ' or epg)%tn?bf the

i nventi on are
1naﬁﬁﬁﬁqzEhec&hBomﬂiahokmmima%MMay, and nay |nhibit Sl P
| yase direct i ndi rect

conpolrEr %[Pl%g%[fﬁn %‘Qfgrnpélﬁ ?]té é ggﬁcglcm@gtH? number of T-cells in

th& BIHRAWT A atiBkY, OS¢ ¢dH8prAdER uﬂﬁllrﬁiteﬁh?to i piaberrzm &‘f&{d:tive amount
usi ng the nethod descri bed below in the Exanples, by
of greompaundph fheWyeRtiony, 15, 20, 25, or 30-fol d.

ConpRHGgsr %b&cﬁlﬁxe‘nﬂ é’&ﬁﬁr‘xﬁh@sé@%ﬂn&ﬂo@ bﬁﬁ@ﬁt@% Pyanagingastpreventing a
|

known in the art {e.g., varyln and_addi ng to the

disgape Biedied by é@rcbavmsmptpw @ffegeé ¥) a8t ek higigomprises
dg;‘ﬂg& ng% t g%gé%lit {73108 )ch aV\ﬁgvapt:gMcaﬁS}%r %%hy]a@tlcall%gffectwe

134- 1136 1985) Compounds can al so
arn@he olﬁy Ct)lwommi hbths idvestionsed bel ow and vari ant s

t her eof h W | I .

e Rt BB BRSOl AL Y esponse i«
pABAQ RIS &smpri $88 tal ordniefering du tiet patign{ 2 effsctivaemenisi nfj) compound

the. amount of SIP in a patient (e.g., a nouse, rat,
‘ﬁ&B@““@H?O%r human) in need thereof, which conprises

adm Ahsihef émBoditndnbendudbipasds a&ﬁembﬂectﬂeu&ngnnamigingfo@reventing

ancfurtrgl%]nqgneogr 1&'1¥']lammatory disease or disorder, which comprises administering to a
patient in need thereof a therapeutically or prophylactically effective amount of a
compound of the invention. Examples of diseases and disorders include ankylosing
spondylitis, asthma (e.g., bronchial asthma), atopic dermatitis, Behcet's disease, graft-vs-
host disease, Kawasaki syndrome, lupus erythematosus, multiple sclerosis, myasthenia
gravis, pollinosis, psoriasis, psoriatic arthritis, rheumatoid arthritis, scleroderma,
transplant rejection {e.g., of organ, cell or bone marrow), type 1 diabetes, and uveitis.
Additional diseases and disorders include Addison's Disease, anti-phospholipid
syndrome, autoimmune atrophic gastritis, achlorhydra autoimmune, Celiac Disease,
Crohn's Disease, Cushing's Syndrome, dermatomyositis, Goodpasture's Syndrome,
Grave's Disease, Hashimoto's thyroiditis, idiopathic adrenal atrophy, idiopathic
thrombocytopenia, Lambert-Eaton Syndrome, pemphigoid, pemphigus vulgaris,

pernicious anemia, polyarteritis nodosa, primary biliary cirrhosis, primary sclerosing
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invention (i.e., a conpound disclosed herein). Another

enbodi nent enconpasses a nethod of reduci ng the nunber
wofoiiAoediFs in the bl ood of a patient, which ceapmriSs®s/004648

adm nistering to the patient an effective anount of a

conmpound of the invention. Another enbodi nent

enconpasses a nethod of treating, nmanagi ng or

preventing a di sease affected by (or having synptons

affected by) SIP levels, which conprises adm nistering

to a patient in need thereof a therapeutically or

A%tyh%\?do : eﬁ&ﬁseﬁ%;ﬂ &n@r{@}éﬁgmg‘&l cﬁgﬂmwgcﬂﬁudtlg%yndrome

I nv nt| on ment e ses a net hod

Speppisedgidogme mynethess pphthalmia, Ealpatasveﬂmmmpdhmporal arterltls
.88 LAl St erd n ffective
thg%'IE 1c851§ quc%ﬁ%eoéoqglsognc{ ﬁ/éetg?rﬁe\;g%%ngg&m fsher
enbo@heremioust) coutp af sdwirdstrtonaad calbsmgesahedlgc ofmnalgpmgld will

ceaBriEs PRt B TR i Bpaf BRG Bl PIsSETR, & managed.

aridthB@gél sehanaebnéitibher arepstieial The olesploppi yasichdadtbis are well
ef fective amount of a compaund of the invention,

kisyuhin Be agh apd §’é‘é{§€§‘c‘é‘i’f8“’89§t6f‘ B3 QU R PARGE MEHA OB iR g particular

eraboifheht, tal c%mB&‘)'ilBB@ tHeBindentid i9 28R A5 te A BBumaAH SRicht in an
dermatitis hcet's di sease, graft-vshost disease,

arRaitSilabowlyhar bed of Jpmk. erythemat osus, nultiple
sclerosi s, nyasthenia gravis, poII|n05|s psori asi s,

psorksat i CP%%EHfacheﬁﬁcalmhﬂH{m&@é& arthritis,
scl eroderma, transplant rejection (e.qg. of or gan,

cel | Tafs iReaRi oMtk 6Massty Plearmabéafeal &ﬁnp@gﬂﬁoﬁgvmlmsmg one or more
Addi ti onal di seases and di sorders i ncl ude Addi son's

cq_ij)gcéjgngé of g}ﬁ]py%}’ﬁbglp ‘Tab‘? B %?l&ﬁ?@l C%P%qlmfnaé'e single unit dosage

fo%% QBRAtle %Séréll Eﬂ&osé—i‘%@' Ohﬁé’a@rs%bﬁHg?dl 1, EREhBGr rectal),
Di sease, Crohn"s Di seas&, Cushing' s Syn rone,

paren el mogmbqusane@awva%\teu@@ Holog fijesien, inggramuescalar, or
in 0 r

RS, oF SRR IPinal MrhiA AN 14 € paticth PR ipks B0 forms
msgnddrmtelre p@q"lpmtg:btq;l tabletsp bapgets; capbiglas.issch pssoﬂ: clastis gelatin
ca% n%adacl?efz}l cth% l%' 3 nOd spersuﬁ(r)s; g@r%p}/%sﬁé%lé%%nﬁran&a%s: cataplasms

rrar’y CEREPOET ngc
(pReltices); pa@mqbbmrs deksings; eeeaps; phiieng sblutidns;Jeinched] ae80s0ls (e.g.,

nass\élns%rrgyrgedr inhalers); gels; liquid dosage forms suitable for oral or mucosal

administration to a patient, including suspensions (e.g., aqueous or non-aqueous liquid
suspensions, oil-in-water emulsions, or a water-in-oil liquid emulsions), solutions, and
elixirs; liquid dosage forms suitable for parenteral administration to a patient; and sterile
solids (e.g., crystalline or amorphous solids) that can be reconstituted to provide liquid
dosage forms suitable-for parenteral administration to a patient.

The formulation should suit the mode of administration. For example, oral
administration requires enteric coatings to protect the compounds of this invention from
degradation within the gastrointestinal tract. Similarly, a formulation may contain
ingredients that facilitate delivery of the active ingredient(s) to the site of action. For
example, compounds may be administered in liposomal formulations, in order to protect
them from degradative enzymes, facilitate transport in circulatory system, and effect

delivery across cell membranes to intracellular sites.
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Sj ogren's Syndrone, synpathetic ophthal ma, Takayasu's

Arteritis, tenporal arteritis, thyrotoxicosis,
wahkoewEriatdive colitis, and Wegener's granul omat oBCS/USTH0@/004648

anount, route of adm nistration and dosi ng schedul e of

a conmpound wi Il depend upon factors such as the

specific indication to be treated, prevented, or

managed, and the age, sex and condition of the

patient. The roles played by such factors are well

known in the art, and may be accommobdated by routine

expe
XS TR Ay SRRl i o

fopai; (sedtddsageaformabuitable foraboutstioti®n) withahg aiskofsolghilizing agents,

4.. Phar uti Q I at
crgHRa R G Rdeh o B PR T Sk OUS 08 g, eygioetin
B-6Yclo®Ixeri6 C0RRIOLTS and BabpsinVerdd olp., ]Iﬁem andBrewster, 2004, Nat. Rev.

-—Tyﬁﬁéénigﬁ Eé ?@‘fgoﬂgfgq%g(%lboﬂ%ggélar eglgtae oUDL ! grs g non-agueous

soPwHdld, BEdtRhs, biE@dtNFhited s 6@l aloshdl e@bp’do))yl anadsmmahgll carbonate,
subcut aneous i ntravenous, Igﬁlus in

ettgwtacsﬁ%t?s Bar N AORol RETAM PEBFTAR, Promens HSile e oisene glycol,
dlﬁgﬁ?ﬁ lfoc‘xtrﬁﬂltn'de NdilRetiy1 @ﬁffbﬁ@& éDE‘IS@P 'bﬁﬁ:oﬁfpaﬁ@ﬁ:&ﬁ% (fe%vr Battonseed,

I nc but are not limte tablets; caplets
gfeamtwmsgm abive op8ton |aad sPERMEePily); glyearpk teahydrofurfuryl

a]gghccb O{io?%'eth 1‘3{2@ Eféfcoiso?a%ﬂt}%%% el B? Eﬁbﬁgﬁ' ’and mixtures thereof (e.g.,

. cat aplasms (poul tices);
Dpﬁﬁbemnoﬂamders dressi ngs; creans; plasters;

solu t ches [0SO
0o o BB SR L AR g 05 AR LR o ot
te@lﬁmqwm&ﬂiwrﬂ((ﬂmm bRl Fat example, mnppmrtterds ,of mnmlmp:hung may be
nsi ons . g., agueous or non ueous ui d
suSBEfsEan 8t K R B OB P BT Oh G2 ot & aR AR PRO; Heture Rev.
Dhigibise. 255065 SNan§tidle Edigns RS nglduxils 8éschibédihékein may be

osage forns suitable for parenteral adm nistration t
prapfsra pEithe m&ﬁt!)détdé?qu@dé,@Lf%lsPa(t"é‘tgf“bhEi‘t%"t Nps 2004t 64794, 2004-

ﬁ@gﬁd&ﬁt éﬁﬂs@é)zddsaéo@qm bel Q@GSU@@BMM ﬁ@l 4l 0T Paft@t Nos.
dos

age forms suitable for garen

S AARBRC S 0T O 01l T 5, B 2TOT S4B B G L8R3 <HE6H 331, 5,718,385,
5 %gk 16 "egsPEss of @i dNisHfah 37508745954 6X 80P bE2, BE Bhtireties of each

m ni’strat’ron requireés enteric coafings to protect
oft Whicb ampowng®raitd hbiesn by vederenem Inrene embodiment, the nanoparticle form

comprises particles having an average particle size of less than about 2000 nm, less than
about 1000 nm, or less than about 500 nm.

The composition, shape, and type of a dosage form will vary depending on its use.
For example, a dosage form used in the acute treatment of a disease may contain larger
amounts of one or more of the active ingredients it comprises than a dosage form used in
the chronic treatment of the same disease. Similarly, a parenteral dosage form may
contain smaller amounts of one or more of the active ingredients it comprises than an oral
dosage form used to treat the same disease. These and other ways in which specific
dosage forms encompassed by this invention will vary from one another will be readily
apparent to those skilled in the aft. See, e.g., Remington’s Pharmaceutical Sciences, 18th
ed., Mack Publishing, Easton PA (1990).
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degradation within the gastrointestinal tract.

Simlarly, a fornulation nmay contain ingredients that
woéaaititare delivery of the active ingredi ent (BLTIUS200M004648

site of action. For exanple, compounds may be

adm nistered in |iposomal fornulations, in order to

protect them from degradative enzynes, facilitate

transport in circulatory system and effect delivery

across cell menbranes to intracellul ar

sites.Simlarly, poorly soluble conpounds may be

incorporakéﬁ} Q?uﬂ&h%ﬁ.gFgﬂﬁgge fornms (and dosage

forms sui rec ution) with the aid of

S ol UEB% &I &98{%@0?18 CyC E qu s&tﬂbﬁ@%%ﬁﬁaﬁﬂﬁﬁtranon can

beapxey@itaﬂ @(dlscmte dnsage:fowd]exstuch rats, l@apta sa!l{mifed to, tablets (e.g.,

CRBEFTEBRRL o 2550 B T RS ) 200 g

fole@B lcahiald predetephinell agnduhjs, of@bﬁﬁ@ﬁ@iedlémﬁt andmaybe prepared by
sol vents, such as, but not limted to, al cghol ,

et
metods gbpharatacy il knavyio thasesiliadein tBe AT 84t et Bomingion’s

PRERINenRER %@nce.sb Q B?hy dd. Qﬁﬁél@?ﬁl@h sh{ QBMERAP A kb@@?
1, 3-butylene 8 di met hyl fornan1de di me

s uI f axp@gl ¢ ge B‘PW ardperes by cpcgnlelglr@ the act1ve ingredient(s) in
arP QL RRS Q&ﬁnstgfe%@g QUltert Ok Bxci fe@micé&lr(ﬂlﬁg 10 Eé‘ﬁ\;eﬂﬁon and

sesanme ol l'ycero tetra rofurfu al cohol
pfmimamwabmnwlymstechmws sﬁzmple@ts GhR takf: aswidsi vagiaty of forms

dégp %S?OIInb §1F S%fgal(aﬁ 9 db%m Qﬁrﬂﬂhét%an ?xoor | y

e conpounds e incorporate
sus p Blesauzsa of tisdi ngasetolﬁ edmtrestl'amoque:bldmmm.elpauleh eemc&ent the most

or nanopart. cl es_of .a co und
oot FhSRRF BalrqoRe e dovihed BERRBEUED Koy standard
ad1208s ofnghaqubaly tB&qu]%O'S,ucNﬂbSng fRews cddr begpilebaed by conventional
3: 785- 796 Nangparticle forms of conpounds deﬁ%%hgggnnmzue

mgghods gt ﬂh@m&éypﬂrégswéal BharrRECHAh SAEPRRERDS

pﬂe';i§‘ed t%rﬁ%!&ﬁ&ﬁﬁi‘nﬁ’ﬂel%’%ﬁm%ﬁ mdAkAE HaredRAe-with liquid carriers,
9541 2004-0251332, 2005-0042177 A, 2005-0031691

fipgly da\ﬁdec!ﬁcgld ¢Tiest on\@yh andithen elgpin 5th5moc_i}m into the desired

BBl i B BB D

fa@jlity 2ap1 8 4liss6lutidd, &Dricarie meyytalsodis ipsompbragextto fafilisie ¢l
cor rate her ference. In one
AR RE S PRE SR G el

formconprises particles

havi ng an fliraﬁﬁgﬁ%r&iﬁ ?ag |I;0q_ngg | ess than about

2000 ran, €Ss

Parenteral dosage forms can be administered to patients by various routes
including, but not limited to, subcutaneous, intravenous (including bolus injection),
intramuscular, and intraarterial. Because their administration typically bypasses patients’
natural defenses against contaminants, parenteral dosage forms are specifically sterile or
capable of being sterilized prior to administration to a patient. Examples of parenteral
dosage forms include, but are not limited to, solutions ready for injection, dry products
ready to be dissolved or suspended in a pharmaceutically acceptable vehicle for injection,
suspensions ready for injection, and emulsions.

Suitable vehicles that can be used to provide parenteral dosage forms of the

invention are well known to those skilled in the art. Examples include, but are not limited
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about 1000 nm or |ess than about 500 nm The

conposition, shape, and type of a dosage formw ||
woany/idependi ng on its use. For exanple, a dosage/uSemoo4648

used in the acute treatnent of a di sease may contain

| arger anmounts of one or nore of the active

ingredients it conprises than a dosage formused in

the chronic treatnent of the same disease. Simlarly,

a parenteral dosage formmay contain snmaller amounts

of one or nore of the active ingredients it conprises

o) e for e -
oy eRgCr WRei P ERET s RED B eb udlf SEhol IR 16AM g Sodim
CHieras Ir@étﬁﬂﬂipl?&igbﬂ sﬁmet:hd)rs Daxvest irgectidn, Demp;e aﬁmbfmctmm Chloride
anot her will arent to thosghskll

inffgomend LaspeCRiEer raef 1 phpike s i poci s, Buc ot
lm%@éd?fé);? 8thyl Ql%bﬁbgﬁelyeﬂmyfdﬁe BURol, AU ] yprasyleme B&col and non-aqueous

Dosage Forns Pharnaceuti ca

wﬁwh et et Himied iQ&RM Btk OUPRSASAO!S B grl sesame oil, ethyl
ol?aqg'1Q&;ﬁ&ﬁﬁt&%stQ@naMbé?{ﬁﬂ%ﬁzSchas di screte dosage

such as, but are hot |limted to, tablets {e.qg.,

chevabl e 5abj, eﬁ%)anscf&maqt%pieapﬁm FhucoRAODbddpe Kbims

(e.g., flavored syrups). Such dosage forms contain

pr ed’?ltaﬁg&@rﬁﬁg téﬁgh'ln higd ﬂfuc@&tl ¥&age @Qﬁﬁﬁin@md‘é; b@ele ABYlimited to,

be prepared hods of pharmacy wel | known to those
opbkhalmecdsqlntwme SPIRYS, agwsolsgcrgams, R@W]‘ﬁgﬂﬁ“ﬂ@nts gels, solutions,

RSl B By A cn BB i, .

leﬁﬁmnéﬂpquwafbnml dgidnhes, éiéthl and T8tly edali Miatk Epblishing, Faston PA
ure Wit east.. 0 |

(lgg(g gﬁéﬁa c%r C@n’fl o%’aﬁ}g SREGERELE, E? 0%‘% ggﬁ%%l? o gLea &

deegd"rnPlﬁamlphEa( (:llqsﬁyanl‘mnsmmaaklesage \ivmhes inaluidet ‘yesefvoir type” or

S eion o BB 8 £ 8 iR BB T o 51  ESkl perion o
1€ fb Pérsiit Bl pRRetrhtadll 6 Sdandd aaRant eSadtiep ﬁne@ementsh e
nost advant ageous oral dosage n| t for

es
t abl S¥isable pXERICEE{eSa BYIeEs AN EELR) F8 lygh%ﬁnatenalsﬁlat can be
uséd Q@gw&@trﬁrﬁ‘s@@%ﬂuﬁﬁ)icaﬁ%h Hesafeidse d%rﬁl@rz\rebﬁlell known to those
prepared by conventional nethods of pharnacy
Skgléfrﬁgmathe phirarararec! ptial and Gieperd en BWW‘%%‘%@% tq whisg a given
pHREGABLARA! s il S0Ihye AR I baRiffen. adm Xing the

active ingredients wt quid carriers,
Depending on the specific tlssue 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 the hydrophilicity or lipophilicity of one or more active ingredients
so as to improve delivery. In this regard, stearates can serve as a lipid vehicle for the

formulation, as an emulsifying agent or surfactant, and as a delivery-enhancing or
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finely divided solid carriers, or both, and then
shapi ng the product into the desired presentation if
waeowsserty. Di sintegrants may be i ncorporated PATASRI0d/004648
dosage forns to facility rapid dissolution. Lubricants
may al so be incorporated to facilitate the manufacture
of dosage forns (e.g., tablets). 5.4.2. Parenteral
Dosage Forns Parenteral dosage forms can be
adm nistered to patients by various routes including,
but not limted to, subcutaneous, intravenous
pehbR&i SHIL B ERlgUSeht) 15 teréH Saltd, ‘B&Hﬁ@dﬁﬁl&b@rates@i‘@he active
Intraarteria ecause their admnistration typically.
mglypms@ecsanpk@tused te further adiast e Pegpsetiesfahpsulting composition.
contam nants, parenteral dosage fornms are specifically
6.5t ergpka Nipy gapabl e of being sterilized prior to
adm nistration to a patient. Exanples of parenteral
dosa QSPJc%‘rmh] QE#/H'Qﬁm &the%ﬁeﬂggfodlffdﬂltt@éjfotﬂ%wmg examples, which
sol utions reaé or 1njection, products ready to
ddomotdlrssnlsvmpeor suspended in a phar maceutical ly
acceptabl e vehicle for injection, suspensions ready
for ec A e R Dk bted ML abl € vehicl es that
can %ﬁl é%Eranrvg%g%“paTE%%ETaT'dosage forms of the
| nveathORaHifs 14 hneiHRVAF thifddnh fRertRinhl Jnﬁgi\%gﬂesﬁ@ﬁiaﬂﬁes a fragment
Exanpl es i ncl ude but are not |imtedto: ter
ofiINéceqdine {gsR: repeftes useleetablel aarkeriganeas, a Butagspt Gene trap vectors
, 1lul
nap Pk e Eno MY 1ftork B BECrsR o (PRI aliowe the cellulas
spﬁhircgrmatémhatyectwlm veatud eha@dedtesdnﬂor@éhulas’ nlﬂﬁ}\lé@t iCoame trap vectors
wat er - m sci es such as
vBERfY B aR el e RN parHt s ogtd F bt e accepror
seg Lyt anda@ M pragdedus a\pedimﬁtleesTBw; fwies, suﬂuvea‘tots integrate into a
limted to, corn oil, cottonseed oil eanut Qi

g@gsrgxﬁgegyl,ar s@t%% maFlélafiIé' s 1§%§D%§ |from, estfad)pgg Iglgi)]na onto the 5' end

of RO ZMEctRBIBF9RKEr sequéncd: Thpdangesuthlseled@Biecmhri@Pdenes can only be
Mucosal Dosage Forns Transdernal, topical, and nucosal

exgrrsagrbifflee HectohRicadins thegeng RacHBiesraeH WiRian gtron. The resulting
ge‘?ﬁglﬁ{ gaévﬁh& ﬁ@&&ﬁsb@% gﬁ@érﬁ‘if%d t@%%ﬁhé foﬁcﬁ@'i‘ﬁat can survive

ot oi nt ment sol ut’i ons, | si ons,
setagtipeasitoms, or ot her forns known to one of skill in

sci onmpry oS i s (A o i TR Pk ERbtate by g process

inPAlving the insertion of at least a portion of a genetically engineered vector sequence
into the SP1 lyase gene. The mutated embryonic stem cells were then microinjected into
blastocysts, which were subsequently introduced into pseudopregnant female hosts and
carried to term using established methods. In this case, the virus inserted between exons
1 and 2, and disrupted the SP1 lyase gene. The resulting chimeric animals were
subsequently bred to produce offspring capable of germline transmission of an allele
containing the engineered mutation in the SP1 lyase gene.

Techniques useful to disrupt a gene in a cell, and especially an ES cell, that may
already have a disrupted gene are disclosed in U.S. Patent Nos. 6,136,566; 6,139,833 and
6,207,371 and U.S. Patent Application No. 08/728,963, each of which are incorporated

herein by reference in its entirety.
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(1980 & 1990); and Introduction to Pharmaceutica
Dosage Formnms, 4th ed., Lea & Febiger, Phil adel phia
w0 2084)061Tr ansder mal dosage forns include "resecvmiSeo007/004648
type" or "matrix type" patches, which can be applied
to the skin and worn for a specific period of tine to
permt the penetration of a desired anount of active
i ngredi ents. Suitable excipients (e.g., carriers and
di l uents) and other materials that can be used to
provi de transdermal, topical, and nucosal dosage forns

are gol | %agiw BFecikdf SAULYAsd @@n@b?s’_rﬁﬁﬁ%t i cal

arts, and particurar t1Ssue 1o ch a

gi Vet iRN@bIHRASH: &ﬁkct@@'ﬁ?@&k&rbﬁﬂ &eecdaﬁﬁﬂacécpiwa aupmary blood
be applied. Depending on"the specific tissue to

be
callegtaee thbedbjaticontired Wﬁorﬂamldomyfabéndy@ﬂ R ther(eell-Dyn 3500R
ar{a&zgp QAB'&% b Bk tﬁ(g) “?{'1% grlr’z?z&g léﬁfﬂlo;t OCF_,\LA'I %&g&ﬁkle\é"td Brov1de the

i ngredients of vention. For e
bqsesrfet azitweqrartewham blwod cﬁﬂ“ﬁ&ch@é@rmahmhéﬁcatwn Multi-Angle

ctive iRpgredi s to ti.ssu
Pl el Sl AP S b R B BRS04 R coome
arid i ffefential Wﬁdn@]’fatiohewﬁﬂaﬁm’pﬁﬁmt:d: pﬁ:lwdmrmdﬁicﬁllabmfmatlon in the

dosa e _for ed, al so._be ad ust

PIESS G 06 F8I T Dey Ry B BBy bRBR R rrymoicy Blacehels
Sim hap +dfk:1mhfé@y P33 AHidrbitedd oPwBOle \WB6Yd was hdpdrated ihto the analyzer
ionic strengt or tonicity can be adjusted to i nprov

Ui 7 PETSIal eI NRNT dRapeRders megs B N higghaidues Wete ghe sed by the

c@ﬂ@ﬁ% 3*5@)0Rh§§§@@ﬁ %J%b&@l IL? 9579!9§int t'h@ lﬂémgfolggaé FIRATARENRB The WBC
dvant ay%eous alter lici ty or

Opn% Sistunt EVGChrndghe V%Bcrﬁbffereae@lu Wﬁ{?r Bgrsedingge gptical flow
cHaBnéIMRsQM e glqﬁ lehe/ ﬁfe}{hﬁ 1otnr8f‘°thé nﬁ(f;ﬁﬁ’it%n@ ?n&ﬁfbﬁhlls
serveé as a d ve e for ation

lyamh:bsylfey,lm@(wgmt e@nnmlﬁmtdamsopmhd farghe five part WBC differential.
enhan n etratlon nei.n e

T% Wﬁé‘? e cda Nce g OLﬁly gﬂbllﬁg\éva% measyre g ?lc %91 n%pedance channel.

ThmEBéﬁmﬁh;blStedmmatmaNmededsareﬁUﬁ hhe&omm&hcﬁlhmpedance channel. The

roperties of the resultin osition. 6. EXAN@#ES .
ndRHIERE s PRITHPGR PR OB DBt ROD g0 e BRI &as aspirated.
dif akd,a1ixed, £xoRB hefisurehieal fdpedthtparaiiber Wefe stigiped dbridg each
. SI P Lysase Cene-Di srupted Mce i . .
instrumeit cycle. The final hematological analysis parameters obtained were white blood
cell count, neutrophils, lymphocytes, monocytes, eosinophils, basophils, red blood cells,

hemoglobin, hematocrit, platlets, red cell distribution width, mean corpuscular volume

and mean platelet volume.

Blood samples were obtained from a total of 16 mice. Analysis and comparison
of the blood samples were obtained from seven wild-type mice, six heterozygous mice
and three homozygous mice. There was no significant genotype associated differences
between mice from different groups with regard to mean red blood cell (RBC) counts,
hemoglobin levels, mean corpuscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, platelet counts or mean platelet volume. There
were differences in hematocrit and red cell distribution width. The mean hematocrit in
homozygous (-/-) mice was 37 =+ 2.56 percent, in heterozygous (+/-) mice, 40.9 + 4

percent and in wild-type (+/+) mice it was 44.7 + 2.7 percent. The red blood cell
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Gene trapping is a nethod of randominsertiona

mut agenesi s that uses a fragnent of DNA coding for a
woeporiver17or sel ect abl e marker gene as a nut ageaT/uS2me/004648

trap vectors have been designed to integrate into

introns or exons in a manner that allows the cellul ar

splicing machinery to splice vector encoded exons to

cellular mRNAs. Gene trap vectors typically contain

sel ect abl e marker sequences that are preceded by

strong splice acceptor sequences and are not preceded

d1st¥1b§t18n tthql:l oyﬁ%ggodgh(‘ep) %ﬂvé’s BLs b ?E]I%gﬁ@ir? Heﬂatr&ygous (+/-)

gene, ICl ng macni nery plr1ces exons
mfdeoiﬂ ﬁhel QIII&pt}:ﬂaad algbnewdd{txapet (hé+}5ﬁnceridwg$ 17 Bex: 2 percent.

frg lr E ‘fnqg"’éf}’eg?’régﬁ“&n ?}'le?g pr es s K dél gl%ﬁflcﬁrﬂccﬁfféfelng&t A8h& otal

wBi€ bldoagell Rouge ne chbmparadite peateygond or wilditype mice. THiemozygous (-

R i o LTRSS RGOS o

m§dé! Halllt8tal WHRE Wud:c&it&ﬁﬁh@@ﬁ 6200(: €800/ 8sl1s/Uranaavisd-Eyper(+/+) mice
wer e mut at ed process i nvolving the

hq%@?“t‘ iviHtedrlogd celd a@,lfnt&f 689@ E#R08rcels/dknet i cal | y
e b g ' ﬂ%@%&X Ak ers ROHBRGSOUS %xodlgﬁx%t@ﬁ lof bl”"l‘slﬁ‘asg €RBaphocyte counts

he nmutated enbryonic stemcells were
wm decotaspdovkide thetrainiies of o@gtsqrgnlsmwwm eosmphlls and basophlls

HARERUEE e IOEPIRR\ B S PEE FARREL I s cisupion
the rSPtlh'ysseC@se wdstpreatlyr iegdudens élﬂteadedmllyvmﬂmcm@nsnﬂjnarwnozygous (/-
) Bige S SR 1 Pl Y38 8 iU 8B Aoyt councvas

4597 £ pB6NGeIAPAY eppfifse@ e theim@ntlyMPROERS comtdh will-type (+/+) mice
allele cg@;alnln t he engi neered nutation in the SPI

WPVQs@aﬁé +?€éﬁ PUSIBS useful to disrupt a gene in a

cel | In S6tra86 PRSindlebiitophil BSurteh hombhRpdoudEY-ahiceams J020e- 612
di srupted gene are disclosed in U 'S Patent Nos

callsh v Biein GoERyEass &) Bicodhe BIPn AFiraphs cauat g 1380 £ 1140
cdifd l'aﬁatv@/&f‘gjﬂg (+28/ri28 128 3 mEATRURbPNIN L& Bnly 886 36 %479 cells/pl.

I ncor porate erein by reference inits entlretg
Sirgiteatyo theginean mBhpexie sowt ighpmog sgeus@enemplesyap?Ithh 218 cells/pl,

B AL 05 R, AL PLOBE 2198 cnt o
wildryps (veel) EbieAthe Themnbhonat ywasouan alay ety 1AG :hQZtchﬁs/p] Likewise
CEE eosnl:l)gphl?s Qhe nean eosinophil count in homozygous (-/-) mice was 247 + 297

cells/ul, while in heterozygous (+/-) mice the mean eosinophil count was 8 + 8 cells/pl
and in wild-type (+/+) mice the mean eosinophil count was only 14 + 21 cells/ul.

The same was true of basophils. The mean basophil count in homozygous (-/-)
mice was 130 = 90 cells/pl, in heterozygous (+/-) mice the mean basophil count was 7 + 5
cells/ul and in wild-type (+/4) mice the mean baspphil count was only 16 = 11 cells/pl.

Similarly, the mean monocyte count in homozygous (-/-) mice was 950 + 218
cells/ul, while in heterozygous (4+/-) mice the mean monocyte count was 250 = 108
cells/pl and in wild-type (+/+) mice the mean monocyte count was only 146 + 92 cells/ul.
Likewise with eosinophils, the mean eosinophil count in homozygous (-/-) mice was 247

+ 297 cells/pl, while in heterozygous (+/-) mice the mean eosinophil count was 8 = 8

cells/pl and in wild-type (+/+) mice the mean eosinophil count was only 14 + 21 cells/pl.
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anal yzer (Abbott Di agnostics). The anal yzer enpl oys

dual technologies to provide the basis for a five-part
woehbi7aotdiood cell (WBC) differential identificRCTmS2007/004648

Multi-Angle Polarized Scatter Separation (MA P.S.S.)

provides the primary white blood cell count and

differential information, while inpedance provides

additional information in the presence of fragile

| ynphocytes and hypotonically resistant red bl ood

cell's. Approxinately 135 microliters of whole blood

was aspirat od L0te e ARMN383RISI 08, AiRElH viraky @tvn 1H-

punp.”™ Fo 34 TIVE RIENT Tecnni ques wer

used by t = stem (Abbott, IL) to

obtai n the hematol ogi c paraneters. The WBC Opti ¢
Count (WI:) @&hd gihe WBC differential data
neas he optical flow channel, r

i dent'i\fi atlo V\BC_suhpo.puLatlons
I y@gc‘yi"es,msmnocyt es, eosinophils, a
for e five part WBC differential. The
CountO(W C) was neasured in one el ectrigsl irrpedance
channel . The RBC and platel et data were neasured in
secoh@-€(18:23.8Bx1,3. By cbrarabadusprarivy])- 1¥hiniderelgh- dHr‘fﬁhanone (THL,

prg%%% ngcacso%h%d t(g :‘El[raﬁa\?ee%l%yt gﬂf%p @t ff % eg@ﬁ :%b 113h8136 (1985))
(3reasd) I‘lefmamhﬁ)l)‘ whs ampbn4ra1r1arvmter(lﬂﬂnlé b}yﬂmx'yé@mmgmyﬁg)chlonde
hin cIe [
QSRSTCHASMER, ) i Rl a0 5P SRS . 2 c0) s
adeleddnd the wlispepdibh Syas |s§m’eﬂl acye°€s, Tixoractydremixture turned clear after
eosin hI|S basophi|ls, red.bl ood cel.l.s nogl obi .
oRERHDBIRY OB Gt 08 Y GOBUTCLt P 50k O ROURuTR IS analysis
mHﬁﬁfédQﬁé Ritafadbalof Yigd u@diBaibsehed 6ff edrtiviglnaterial. The reaction
ood s | es were obtained froma total of 16

jce. . .
mmaﬂey&%dl ddie e e fsmppf?émﬁlaaéd’a%%h@ggm?@e porosity filter.
Tl%ptsgfuﬂ%g f?{]%é e & olﬁi.lrify% ﬁfbﬁ@ct byl usideHRpAAUNIOUPLC: Atlantis

mce an ree m ce. heré was no
P@Ig}]slﬁca:miumgeaﬁm w@mms et at%d"/%ﬁﬂf ingacetpaEis perapdeinutes; 45

n“? L IR %}eg '&%’E? 4 %O%% é)\pr;% LF rg vt/&e%ﬁ&:t&? dnd the

ood cel counts eve S, nean
acempuide was evamiramré und@andwdmnwum rThecagygbebsalutiorewas

lygglglﬁx%gcﬁ %ICb}’lg c{] tﬁ&p%e/cgt}c unr%er(r:lpxrﬁﬁr% gﬁllog(ﬂhat@iﬁﬁlaﬁh.sglﬂ Y¥ers, as a
white solid: 284 mg (77%).

LCMS: Sunfire C-18 column, 4.6 x 50mm; 0 — 17% MeOH (0.1% TFA) in water
(0.1% TFA) over 5 min; flow rate = 3 ml/min; Detection 220nm; Retention times : 0.56
min (syn isomer, 246.0 (M+1)) and 0.69 min (anti isomer, 246.0 (M+1)). 'H NMR (D;0
and DCI) 8 2.15 and 2.22 (singlets, 3H), 3.5 — 3.72 (m, 4H), 4.76 (br, OH protons and H-
,0), 4.95 and 4.97 (singlets, 1H), 7.17 and 7.25 (singlets, 1H). >C NMR (D0 and DC)
5 10.80, 16.76, 63.06, 64.59, 64.75, 70.86, 72.75, 72.85, 117.22, 117.64, 135.32, 138.39,
141.35, 144.12.

OH

6.4. Synthesis of (F)-1-(4-((1R,2S.3R )-1.2.3.4-tetrahydroxybutyh)-1H-

imidazol-2-yl)-ethanone oxime

This compound was prepared in two steps, as shown below
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were differences in hematocrit and red cel

di stribution width. The nean hematocrit in honpbzygous
wO-2007)100d1Cce was 37 2.56 percent, in heterozygsas/uS2007p04648

mce, 40.9 4 percent and in wild-type (+/+) mce it

was 44.7 2.7 percent. The red bl ood celldistribution

wi dth in honpbzygous (-/-) mce was 25.2 4.2 percent,

in heterozygous (+/-) mce, 17.6 1.9 percent and in

wild-type (+/+) mce it was 17.2 2 percent.

Simlarly, SPl |yase deficient mce had no significant

differences in the total white blood cell counts af

corrpar ed % het q_réozygous or wild-type mice. Homazygc OH
(- /-)Hoi cex total white blood cell count o 00
whote

700 cel | . Het er oziggmesvater(2:)) m ce had to

bl oo Il ©Qunt ofF—6260—1866——cettstnl and Wl dNH ype
(+/ +Nuite had a t ot al5 eduiviRh:60N0d cel | counti?ZOO
2600 gglls/ni . I'n t h@5engeHCh&D °Ger e honozy for
di sry on of SPlI |yase, |ynphocyte counts

decreased, while the nunber of neutrophi PesC nonocytes,
e05|noph|Is and basophils were increased. The bl ood
| ynphocyt e gp Hni ce honmpzygous(-/-) for o HQ  oH
di sruption 1N _tHe SPI |yase gene was greatly redﬁ ed
The nean te count in hegbzygous (-/- ) e
was 847 s/ m, N ng%erozygous (+-)
nean | ynphgcyte count was 45829°%9364 cells/nl, 3
opposed & he nean | ynphocyte count in wld- t
(+/+) mage which was 6126 2151 cells/m. In ntrast,
meanpR@Itr ophi | count in honbzygous (-/-) nicéjﬁas
5020 612 cells/m, while in heterozy%ous (+/-)

1

t he ﬁéﬁntommaﬂ@@mgedoww%%l 33gpnoly $A§8L 1 ngipmwagﬁ{cgzs ml) and
lﬁ\aa{;&laogégﬁll gg 92 Iﬁﬁg)])a ﬂﬁmlpﬁlﬁsmbiveﬁ%ﬂ B8lu@bn of trityl
on

Simlarl t he nean nmonocyt e
hydmyﬂammer(@ﬁrﬂﬁygmgg 7(00 g))mnﬁl@@mm 5 ggpwap g@e@eqngy\weactlon was

m?}StﬂWed al SS?)E@S&Q ti%ggf 5?&@3.;#) gcﬁgn Qo%ﬁ?@?ﬁ:)@emperatum and

| nwld-type ‘
th&selatibh e/amaajustwrtocpﬁﬂ b',}oadchtwvasf tiﬁlaguam:@ N#gH. The neutralized
gglls/n1 leemnse
S0

gqnn%%ghpn antrlaw P?ﬂ)%)sél&' ndgfs Ebch was é)un%edﬁbﬂas597

ch@@rlnht‘é/gfﬂph?%l dilgcd gl Pl R NIZOEPLE NHAG]}I (6Vicet. tsbmutioe am water) in
eosi nophil count was 8 8 ce

DER thp e Errandeds RO RIS Eod TR B pigatd Bss wit

hex8ht 8doncentration provided a white foam, which could be dried under vacuum to a
flakey solid (10.00 g, 97% yield).
Second, to a vigorously stirred, room temperature solution of the trityl oxime-

ether (4.8 g, 10 mmol) in dioxane (90 ml) is added a solution of HCl in dioxane (4M, 60

— OH
C ch

ml). After a few minutes, a white precipitant was observed, and stirring was continued
for a total of 30 minutes, before filtering over a fritted glass filter and rinsing the cake
with dioxane and ether. The cake was redissolved in water (200 ml), sonicated for 5 min,
then cooled to 0°C, treated with celite (5 g), and filtered over a fritted glass filter. The
aqueous solution was concentrated to dryness, then isolated from methanol (30 ml) /
diethyl ether (60 ml) to provide the E-oxime as an analytically pure white powder (3.8 g,
80% yield).
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The sane was true of basophils. The nean basophil

count in honozygous (-/-) mce was 130 90 cells/n,
wonottaveriozygous (+/-) mce the nean basophil eowMS2008804648

7 5 cells/mM and in wild-type (+/+) mce the nmean

basophil count was only 16 11 cells/ m . Simlarly,

t he nmean nonocyte count in honpbzygous (-/-) mce was

950 218 cells/m, while in heterozygous (+/-) mce

t he nean nonocyte count was 250 108 cells/m and in

wild-type (+/+) mce the nmean nonocyte count was only

L Gde  Einshellh of LRV 9GRS SRES) BNy e
cel | s/ i imifagel-2-yDeths et “ni ce the nean

eosi nophil count was 8 8 cells/ml and in w | dohypé

(+/+) mice theHnegy eosinophil count was ly L4 :Hl
cel I s/ NG X Syhthesis of HN%/%/\/OH
fzvi - (TR 2% -QH3. 4-t et rahvdr oxyb - | Hijmi dazo
i - 2-vEFebhanghe oxinme

| -[Z{ R 2S, 3R) - 1, 23, 4- Tet r ahydr oxy- but\{ ) - | H
iiiidapol-2-yl]-ethanone CrH, pr gﬁaaéﬁ@’ according to

Hal weg, K M and Bchi, G, J.Og.Chem 50: 1134-1 136

Sn 198fe cdpBBAedBompolirl WiDprepivad as dsqeeibvda dbbve iaExmlé©.3, by

). Hydroxyl am ne hydrochl oride 26.8 ,, 1. 8 l .
USIDEZNEOF Y IARENS BYATOH ABEE i %‘a%ezaﬂ?&ﬁ’@y,la‘@?[%&m‘%ﬂ‘r’n’%&’ in 74%
yi%%‘o )gh%omg%s_aaﬂqtéﬂﬁffﬁf’%ﬁﬁny on was stirred at

e reaction m xture turned clear after

apprloXMiTSenfir ChiR eadumg; 4615 $Ymma 8 it iMeRH @il % dbed) in water
(Ofl% T%@xg Q'Q{ 5 ‘mih, t eQ‘Q%L:y 8 inﬁ/rh?ﬁ] ieticRdn P8 nanrI(@eEtiltiUh @hes : 1.59

t'he "product ™ an absence of starting material. The

mineest (s omisoinet,B66. MAd+a))aodd 73 wimfantiisomerp #H0.1 (M+1)). '"H NMR

{ ur passe £in i t Lt
( 3592;?# ER(F %%E m@gl{jégség}lé{gr.g%tgrﬁyﬁ% 3}%3?15%8%3/’6% grla,u %1?), 3.94 and
3.9 (sisdlag, TR EalGtir VO HHRbENs Aht FHO) 4. FXNC4 ST (smglets, 1H), 7.17 and

colu 30 10 %, - 9 t j ot f
7.8 areleas tus ht O hdoolt 72t 522 o P 67 67,09
715013036, 11A0D] D3B64Er3e. T LEob eti4a98] 1uB®7acetonitril e

was evaporated under reduced pressure. The aqueous

solution was |yophilized to yield the product, a

m xture of approximately 3:1 anti:syn isoners, as a

white solid: 284 ng (77% . LCMS: Sunfire C-18 col umm,

4.6 x 50mm 0 - 17% MeCH (0.1% TFA) in water
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(0.1% TFA) over 5 min; flowrate = 3 m/mn; Detection

220nm Retention tines : 0.56 mn (syn isoner, 246.0
woOlbi7)ipoand 0.69 mn (anti isoner, 246.0 (M) PCTAIS20dMBD4648

(D20 and DA) d 2.15 and 2.22 (singlets, 3H), 3.5 -

3.72 (m 4H), 4.76 (br, OH protons and H 20, 4.95

and 4.97 (singlets, IH, 7.17 and 7.25 (singlets, |IH).

13C NWR (D20 and D) d 10.80, 16.76, 63.06, 64.59,

64.75, 70.86, 72.75, 72.85, 117.22, 117.64, 135. 32,

138.39, 141.35, 144.12. 6.4. Synthesis of

(EVle £ 4- (&) B28s 3 b- othyl-4-(IR 28,3R):1.2.3-etrahydroxybutyl)-1H-
2. 3,74-"t et A [ HIr i dazol - 2- VD- et hanone
V

oxi me ThiZHE %l{;ﬁ nbﬁ”epared in two steps, as

shown bel | shat : i i Q% NIHE ss outlined
equi C%ng%?oé%q |l}ﬁ@t\,%sté)rg%%%? ggf(&gﬂghr/e gg\% wth 'FI£|8E&
belotd. 20 mmol, 4.88g) is added water (25 m) and IN ’
aqueous HA (21.2 m, 21.2 mmol ). After all solids
di ssol ved, .a solution Qf trityl hydroxylam ne (25.44 =
|, MeNSPLCl AEHi oxanp=(55 M) was_ aBdddThd&%e. Ny N-sonMe,
NLERBL i on wascgmi nt ai nedN QtN-SCnRL 4hthemt cogﬁl eti on;\[
the reaction was cool ed roor%tenperature aﬂq he (o}
sol ution was adjusted to pH=7 by addition of IN 3
aqueous NaOH. The neutralized solution was then
concentrated to a plastic mass, which was purified
flash chromat ography on silica gel [10% MeOH 1% NE4Ok
(5% wt. sol Utl\?;n:r}\in water) in DCM to provide h%e —
t riplsytrs, @ERer /s ql.ear pl asti o-Buli,aaiFn@etCof tg(;:g(j
prastic. mass wiyh meedNe: andmancenisation prowge® a
whi t B®Moam  whj ﬁ%l d be dried ufidér vacuum\l)dj;\f\tarsozl\;Me2

flakey solid (10.90"9, 97%yi el d) [Sécond, to a
vigorously stirred,4roomtenperaturé sol ution dhes
trityl oxinmeether (4.8 g, 10 nmmol) in dioxane (90 rg)
is added a sol ution of in dioxane (4M 60 nl).
After a few mnutes, a/snite precipitant was observesh
and stirring was gamti for a total of 30 m nute§,
before filtering ov fritted glass filter aht® o

r i MeBHIQEIOe_ cake )= O 5
0°C Ny N~s0,NMe, CsF, EtOH =0
; Ny N~s0,NMe,
o}
6 i 7
HO H
vo =P
H,0:acetone:conc. HCI = OH
N NH
(@:2:1) 1 o Me,NSOzH
o]
8

4-Methylimidazole-1-dimethylaminosulfonamide (2): To a room temperature
solution of 4-methyl imidazole 7 (3.00 g, 36.54 mmol) in toluene (200 ml) was
consecutively added triethylamine 5.6 ml, 40.20 mmol) and N,N-dimethylaminosulfamoyl
chloride (3.9 ml, 36.54 mmol). The vessel was stored in a 5°C refrigerator for 48 hours,

then the solids were filtered off from the reaction and the liquor was concentrated to
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wi th di oxane and ether. The cake was redissolved in

water (200 m ), sonicated for 5 mn, then cooled to
woQa7/weaated with celite (5 g), and filtered BTCEUS207/004648

fritted glass filter. The aqueous sol ution was

concentrated to dryness, then isolated from net hanol

(30 M) / diethyl ether (60 mM) to provide the E-oxine

as an analytically pure white powder (3.8 g, 80%

yield).6.5. Synthesis of (2)-1-

(4-((IR 2S,3R) -1, 23, 4-tetrahvdroxybutyl ) -1 H m dazol -
obZaiMQSZ bananeu@-otet fivisbmexs 2rend e The tiuds gdoduetpas pdrified by flash

repared as_descrj hed a e in Ex le 6.3, . by .. . P
IR AREFPH T Wageh@g ool Sy e B adjeio obizin a 2:2a in
a BYAr %&hmm{gmm;l tpsi ge@z% Ridldfo viugkdoo The pr oduct

was a white solid CVs! Sunfire C 18 caol

4.6 % Methyrzﬂcety!umwlcclmmnipn}mpwlﬁmmlded@fO/EFO a-78°C
sl G5 il i 190 B LT D PR 0 s ade
SIQMM 3 jolation &f 7B ufiinin bamne (2§Mrelr1 6®810). IA{th40 Jinutes, MivRethoxy-

th%lgc%t%mugs%(alglg) % nfzz 'rr?cg gﬁ? ad&J’ ’E%dxgéwfsé to tlf' c?o%lcgc{@olutmn
Tl@d‘i)eactﬂoﬂ &af hllowédkowaim tkSrcamdteHﬂ@)atufb Al raanhtaflneﬁﬂfor 2 hours. At
HEE AT RN T e .

th@l? df8ed Aitto dratef %2@ ﬁnl) IiRe ﬁ?ers 1)35% 8dpardtd8, afd, thd é?gaﬂﬁ: layer was
144. 98, 148.97 )6nt hesj s

weshed wigh iyl %Fe(t‘?tF ﬁél 3304m)y The 3%@%%%%%&%\%%69 yyith brine

(20 HBZ®kn déicd Vet DARE)&ndkensaRhtdN ethcCRIMOPRAUYBS as purified by
prepared i n seven steps, using the process outlined

flashl chipmgtograpby Iy Ailiga £a-80%.- y%@tchﬁﬂed?ﬁmag glueBh aPrPERyide 3 as an
of Q5201 D 8L ERLS Tmol)' i n ol uene (200 )

vas édvistyliz-Ueltyiisgaepylsilyloxiyinyh-Aeliieghylamingsulthnamide 4):
G TR T L 07 M i Gt B v
camiédutigenpidiedftaeth4Bintiae (500 hilet.2 & enrsol) Iads tiieo@opylsilyl
S aS DG 1S 38 o MGt M5 oo
tefnpRifuréor 20 BobFUtRnRiueAdHet byahe REditibh @€ siMrdidBsdueous NaHCO;
(20 ml). The mixture was diluted with water (20 ml) and the layers were separated. The
aqueous layer was washed with dichloromethane (2 x 20 ml) and the combined organics
were washed with brine solution (20 ml), then dried over MgSQOg4 and concentrated. The
resulting oil was purified by flash chromatography over silica gel (1-2%
methanol:dichloromethane eluent) to provide silyl enol ether 4 as an orange oil (2.26 g,
83% yield): M+1=388.2.

Lactol (5): To a-78°C solution of imidazole 4 (2.26 g, 5.84 mmol) in
tetrahydrofuran (40 ml) was slowly added a hexane solution of n-BuLi (2.5M, 3.27 ml).
After 30 minutes, a solution of (-)-2,3-O-isopropylidine-D-erythronolactone (1.66 g,
10.51 mmol) in tetrahydrofuran (10 ml) was added slowly to the -78°C solution. The
reaction was maintained at -78°C for 2 hours, then allowed to warm to 0°C before
quenching the reaction by addition of saturated aqueous NH;Cl (20 mi). The mixture was

diluted with water (10 ml) and the layers were separated. The organics were washed with
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chromat ogr aphy over silica gel (80-100% et hyl

acet ate: hexane eluent) to obtain a 2:2a in a 5.5:1
waoiad7uoes10f regi oi somers (4.31 g, 62%vyield): RETASAD7IM04648

4- Met hy- 2- acetyl i m dazol e-1-di net hyl am nosul f onami de

(3): To a -78C solution of the imdazole 2 (1.99 g,

10.54 mmol ) in tetrahydrofuran (70 m) was added

slowy a solution of n-BuLi in hexane (2.5M 11.60

m). After 40 m nutes, iV-nethoxy- N nethyl acetan de

(1.30 g, 12.65 mmol) was added dropw se to the cool ed

sglution, T react i on s all :
etffyg ApE Yt (arxeﬂgﬁ'&) ‘?‘th[th? sPRed™ oorrg%ﬁﬁsoﬁfgrsewg gﬁ% et |eo(r% O ml), then
dﬁeh%v@ﬁ&tﬁﬁ?&nﬂ?ﬂ;mﬁﬁﬂtﬂﬁb drieycradigptodoct wis paifindaeresilica gel (30-

aqueous 0 t hen. dil ui e i wa . ;
SO P A R LB KR NG Sarp e Ry = white
fomﬁbmﬁ%,w,th ethyl acetate (2 x 30 m). The

conbi ned organics were washed with_bring (20 nml). th

Gr T cBRabEr T SOIC AN GE M S PILE (2 PR &R LR FLRRI (70 mD)

%@%1 fole ] | BS54 oCHE 9P RIAEN FPH Ye P Bt His| iATer 2 hours, th
"6 -(%g%ger{"ﬁglrb%%% gltsgg {ﬂgeggm g?ueﬁ¥§ Po }orgvi der3 c)surs t e,
reagiiomi Way Wagiedyto rpevs pinpreRyure Ry 3Q-npmytes, then concentratec?. The residue
wis MLyl e 23.{ vz &Wu??n Pt $1 A8 bUhYY el bi SH AR tére was

A oSUT T onam de (4 . To a solution of i'mdazole 3
stigfed66gexoudly ¥ar Mrpliputes tdrcihle dzyene wheerrepa@sedyl Theggiieous layer was

consecytiye d thieth ' . . . .
GRS N e BHEE 1 R el Wi B v b
(30301 2theh driéd B6er ™IS, aftth eoniceanhiedn Thasruds forei wesipurified by flash
ChEIIA STV PCA S T S PR Yo 0 ide diol 6
(1896, 90% YRR @k b 8t B ehixutdlofvab&fardblO disksterdnets tahthel teyieylsc position:

were separated. The aqueous | ayer was washed with
Mﬁlﬁﬁﬁr‘grret hane (2 x 20 nl) and the conbi ned organics

ver e rNReRIk thi CRiun 8usRliditd 18Mn g 2008 mmolY Res addédd a solution of
over MygSO and concentrated. The resultin

theumiddzelr G561 mehl &hmunel) oy PR G0an) &g Wgékaé?g 1 Gopfer 1
hge[ﬁ] te}%r}g‘lﬁ\catégn%ﬁsg{og)@ﬁg??m(ecgf.ﬁgglt%u’rg: %g?/(!ix?%{ﬂgﬁgglﬂi !I:,\}lé:f_%xré&rdlfﬁqueous
NBBEI 21 milpche cqnBgntrafed. aThey @Qds praduchwappuiifip@ By Sash
clsr%m%(éogapt?y c?éler st 1c|a)gei {B% methanol:dichloromethane eluent) to provide
imidazole 7 (380 mg, 94% yield) as a white foam: M+1=392.1.

Final Product (8): The protected imidazole 7 (380 mg, 0.97 mmol) was
dissolved in acetone (6 ml) and consecutively treated with water (6 ml) and concentrated
aqueous HCI (3 ml). The vessel was warmed to 40°C for 45 minutes, then cooled to
room temperature and concentrated. The crude material was purified by reverse phase
preparative chromatography using a 150mm x 30 mm Zorbax C-6 column using
unbuffered solvents by the following method: 1% acetonitrile:water isocratic run for 5
minutes (Tr=1.52 minutes). Following lyophylization, compound & was obtained as the
dimethylaminosulfamic acid salt an amorphous solid: M+1= 245.1; '"H NMR (400 MHz,
CDCls) major 8 5.04 (d, 1H), 3.62 (comp. m, 2H), 3.42 (comp. m, 2H), 2.62 (s, 6H), 2.43
(s, 3H), 2.21 (s, 3H); minor & 5.01 (d, 1H), 3.79 (comp. m, 2H), 3.55 (comp. m, 2H), 2.62
(s, 6H), 2.43 (s, 3H), 2.21 (s, 3H).
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tetrahydrofuran (40 mM) was slowy added a hexane
solution of r-BuLi (2.5M 3.27 m). After 30 m nutes,

wa 2607/100d1on  of PCT/US2007/004648
(-)-2,3-0-isopropylidine-Derythronol actone (1.66 g,
10.51 mol ) in tetrahydrofuran (10 m) was added
slowy to the -78C solution. The reaction was
mai ntai ned at -78C for 2 hours, then allowed to warm
to QOC before quenching the reaction by addition of
saturated aqueous NHAC (20 ml). The m xture was

di| “ri.*?.d S ndak 6F ((E9SBR)- A8 (186 d 268t BYE)- 8H-imidazol-4-
separdt ed OT O Co ] € Wasned W rnetnyl acetafe
(2 x 20 n%#&ﬁllﬁ-e‘-bo%-rred organi cs were washed with
brine (20 m), then dried oy MIPO4 and concentrat ed.
The crude product was purififed on sié{_'ca gel (30- 50%
et hyl acetate: hexane el ue de the lactol 5
(2.69 g, 85%yield) as a Whit l_f'oam M+l =546.4. .
Diol (6): To a 00C soltdi of "'the lactol 5 (2.09 g,
3.83 mmol) in ethanol (70| M) was added granul ar NaBH
(1.4 g, 38.32 mmol) in \y portions. After 2 hours,
the reaction was warnmed to gpoomtenperature for 30

m nutes, then concentrated. Yhe resi due was

redi f—iﬁ—g&bﬂ%%,ggp\%t,ﬁg,4('f&rdi§:%§r@(%tﬁ91'3M|H-%ﬁia§6ﬁ2(yﬂcéthanone (THI,

“m ). m Xt ure s Stirréd-vigorously for

prdarnil ptcedingith #lvhe I M.omd Hisht GepaDea. beny §871134-1136 (1985))
ueous, | ayer, was _washed, .wi drazi

QRS MDA BRI A G SRR AR oo

hyd3&ke (B3 mg, behmetdletl2 @qoranpSeicaariid Cwrecdnp) werepddgheand the

crude foam wa ifi.ed fl hr -
sugpﬁll:'lr}sbotil ngso /gt%(fc’%%ﬁ&l EI f§f gﬁ?ég?soﬁ_é anaélggﬁtsgﬁ{h)%g{&g ¥ fdrmation of the
prBAAMI A8 tHé Sbseficd 3f SiBGingIeplaleThe rasctwdndniktuiextasr@oldd to room

i nsepar abl e _di asteroners at_t heaﬁhenz li.c §%S| ti on:.t te was
tepppeaterg and dilugcdiwith tetrahysirofesag; Jherpiding & 'S ey

lWa {Ji01a tRé pdiici, A HREat of 6
co?l;gg%dr%ﬁ v%_ .s‘gg& n\zﬁg);jt)%gaﬂ Wirsfus & {61y A ct z

1 in ethanol (10 m) and warnmed to
appBeximatele3: L ERbisomerh@s pedtts oHdnldmeé¥ %% to room

t enp;@{[%rfor%gg L8 e8heth Wéﬂ? 158 albedo@RYR QiteNd GhM(ammonium

1m en concentrated. The crude product was | )
aceuate)Y oved 6lyind, flashratdr Sl mam:dPgigetinned20sint Regenfiqn tmes - 0.576 min

net hanol j I el | Null MSO-
PR e S IO DERTS PR (T lsbplst, P A FARIE
d6) & 2.5 (singlet, 3H under DMSO), 3.4 — 3.7 (m, 4H), 4.3 (m, 2H), 4.6 (m, 2H), 4.8 (m,
1H), 4.9 and 5.0 (doublets, 1H), 7.04 and 7.21 (singlets, 1H).

6.8. Synthesis of N'~( 1-14»!!1R,ZS,3R!-1,2,3,4-tetrahydroxybutylQ-IH-

imidazol-2-v)ethvlidene)acetohvdrazide

OH OH
H OH

——

X,

H&\n/

o
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Fi nal Product (8): The protected i mdazole 7 (380 ng,

0. 97 mmol) was dissolved in acetone (6 nm) and
woangaowmirvely treated with water (6 m) and PCT/US2007/004648

concentrated aqueous HC (3 m ). The vessel was warned

to 400C for 45 mnutes, then cooled to room

tenperature and concentrated. The crude material was

purified by reverse phase preparative chromatography

using a 150nm x 30 mm Zor bax C-6 col umm using

unbuffered sol vents by the fol I owi ng nethod: 1%

acet o (ﬁ#ﬁ%@?i% 0+1S[%§ﬁr ﬁckr x% H Q{lf?g?‘f‘%ﬁ%tl n%lg-gthgnonc (160
mg/\@woa&heum@ds @&p&ﬁkﬁaddh nﬁéthydcﬂr@ nﬂ;; i watec (hoilYl Aattic ydrazide

(SQTﬁ]g@ h/%urgmgﬁl ll( B eq. P pblc_l Lgdr@ﬁhl@gsﬁﬁm ds\Pl{:NR ;;ﬁ q% ﬁgw?r%%nga and the
su{ﬁen%@) Wk s@gre%lsclt 564 for2¥84lgouﬁ'§ , L8MIS arr'hl}?s'ls (rféhca'ﬁé@ the formation of

nor . 79 (ca 3. 55
thayprog@ift, anzl tge ap@ncg stargmggna\l'@nalg IZBhe rgagpn(rglxtgqq)w%srgoled to

trahydrof Th lting white precipitate was
m%‘%‘%é‘%@" ?;I(]%d Fteﬂ\%ll Fhatzeorra}l o}('etrrc;vurﬁnl1 H i ?nrc(?gzlolg- 4- precip
collkgtbdi buadh erabhe?], Bith tettabydeodiiran 1§ gield iR predury) a mixture of

appiapypnatehed g IR i o Whick Ehidl 198405 (g5 ] - £ henone

G , LJCM&Qngf@ems &ﬂumsatémsﬁnmge—saq% i1 #@terg 10 1N pmmonium

acma e) opzmj? g%ﬁg Hggr%glt 2 gg anol tt;ct%%fd‘r?mwﬁ%%% 1()11 tlane 0.53
mﬁ\:C(QBVq (Muab ( mmqmmwm)ﬁmeqsmgmt BHB, EﬁiﬂegbtsoﬁH under

was stirr at 500C f or hour L | ysi
DMARe e HEn P Gh 23D Fe BGaLER KDT fEDakL R aad 1037
(sﬁ’%lé§ gyl ng material. The reaction mxture was cool ed
roomterrperature and dil uted vvlth tetrahydrofuran

The resulting white preci |H ecte 9
msh@&-wﬁﬁﬁaﬁﬁﬁﬁw'm yah-(1 5 = a3
m xture ofet l)-,]L -imigazolidsnpers  as a white

solid: 9oxjetintiskene FaZIge| um, 4.6 X
150mm 10 - 90%in vvater (10 IEDrg/Iéwmnl um acetate) over
6 mn; flowrate = 2 m/mn; tection 220nm
Retention tinmes : 0.576 min sofEr, 245.0 (MH))
and 1.08 mn (anti iso =\24510 (M+H)). 1H NWR
(DVMBQd6) d 2.5 (singl eun _3pNur@dr DMBO), 3.4 - 3.7 (m
AH), 4.3 (m 2H), 4.6 (m/\EH), 4.8 (m

=

I Q/
HN
S

77N\
/0

1-[4-((1R,28,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl}-ethanone (153

mg, 0.67 mmol) was suspended in methanol (3 ml) and water (1 ml). P-toluenesulfonyl
hydrazide (140 mg, 0.75 mmol, 1.2 eq.) and hydrochloric acid (one drop, 12 N) were
added, and the suspension was stirred at 50°C for 24 hours. LCMS analysis indicated the
forfnation of the product and the absence of starting material. The reaction mixture was
cooled to room temperature and dry-loaded on silica gel. Flash chromatography on silica
gel (10g Si0,, 4:1 ethyl acetate:methanol) to yield the product, a mixture of
approximately 85:15 E:Z isomers, as a white solid: 142 mg (53%).
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IH, 4.9 and 5.0 (doublets, IH), 7.04 and 7.21

(singlets, IH. 6.8. Synthesis of N-(I-(4-(flIR, 2S
WGORYo7110&13. 4-t et r ahvdr oxybut yl ) -1 H m dazo. - PCT/US2007/004648

2-yl)ethvlidene)acet ohvdrazi del -K"O R*S. SM- 1~ SM-Tetra

hydr oxy- but yO- | Hi m dazol *-yl | - et hanone | bO ng, 0.70

mol ) was suspended in nethanol (3 m) and water ( 1

m ). Acetic hydrazide (56 ng, 0.75 nmol, 1.2 eq.) and

hydrochloric acid (one drop, 12 N) were added, and the

suspension was stirred at 500C for 48 hours. LCMS

anal.y nd e fo 0 r

t he La é' gfe tart Olli]l’hran’rr‘{a (%Fm Er%bB?beglc\??tg{r:}E r%?r)ﬁ}‘g/l R
acyva) ooed Ed rhif; ﬂowmate&nﬁérratlnme Detelctotin 220mdh; MRetdntion tlmes 0.50

B G B SRS 883 inees

3HY 24uGhd 26‘45T(s¥ﬂg!ét§ 3H), BPPE 9858, GJHb 299 ahd 3.05@Melas, 1H), 7.09

(oo 5.6 st izh 77500 1 A7 (BT IR Al armon um

acetate) over 2.5 nmn; flowrate = 3.5 m/mn;

Det 65:10.0NS ¥ 2BBR)-02 @-n@tmgﬁ@?)xgbutm-m-
(M) . LishiddZoK -2 i b eﬁz&md}ﬁlz , 3H), 2.
(singlets, .4 - 7 (m 4H), 4.3 (br

2H), 4.6-5.0 (br, 4H, 7. 0 @hﬁ ®m0 10. 30 and 10. 37
(singlets, IH). 6.9. Synthe ‘
(E)-4-nmethyl -N - (I-(4-((LE
tetrahvdroxybutyl) -1 Hi
V. )ethvdene)benzenesuﬂ? ydra2|de

l-[4-((IR 2S,3R) -1, 2, 3, 4- etrahydroxy-butyl)~|H-inidaz

ol - 2-yl ] -ethanone (153 Q. 67 (A ) was suspended in

met hanol (3 m) and water ﬁg m t ol uenesul f onyl

hydr azi de (140 ng, 0.75 mmol, g.) and

hydrochl oric acid (one drop, c2 N) mere added, and the
SUSPERS QR YRSR! ?tl' 78 ﬁ%éiah?@ﬁﬁyn 0¥134}P9ch1§zollr§|§/§-ethanone (150

anal y |s i ndicated the formti o roduct “and
mg, rﬂa6ébgtmld avagfsuspreared imgmathereli 3imi) End Wﬂégdtllmlﬁ Rexeeieacid

i é)gﬁnégﬁ?ﬁ&(ﬂ eJqétM PSEnESe. é&&@&% cﬁ?g 12 N) were

gra on 8ilica
adBed)2ind4hd smphystlom&els aﬂlﬂedret Wﬁbﬂo)' 18dopisel IQCM{Ssanal ysis indicated the.

fogngtgo%cct)f the proci(uc%I and 81fe absence of starting material. The homogeneous reaction

mixture was cooled to room temperature and concentrated in vacuo. C-18 Reverse-Phase
SPE (10g Alltech Hi-load C18, gradient from water to 20% methanol/water) to yield the
product, a mixture of approximately 1:1 E:Z isomers, as a colorless solid: 193 mg (85%).

LCMS: Sunfire C-18 column, 4.6 x 50mm; 10-90% in water (10 mM ammonium
acetate) over 2.5 min; flow rate = 3.5 ml/min; Detection 220 nm; Retention time: 0.49
min (349.2 (M+1)). '"H NMR (Methanol-d4) & 2.2 (singlets, 3H), 2.42 and 2.45 (singlets,
3H), 3.6 — 3.85 (m, 4H), 5.11 and 5.14 (singlets, 1H), 7.30 (br s, 1H), 7.40-7.7 (m, 4H),
7.80 and 7.95 (m, 2H), 8.1 (brs, 1H).
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approximately 85: 15 E:Z isoners, as a white solid:
142 ng (53% .LCVS: Sunfire C-18 colum, 4.6 x 50mm
waQe@0%edin wat er (10 nM anmoni um acet at e) over PETAISE0NN04648

flowrate = 3.5 m/mn; Detection 220nm Retention

times : 0.50 mn (399.2 (Mtl)) and 0.66 mn (399.3

(MH)). 1H NMR (Methanol -d4) d 2.2 (singlets, 3H),

2.41 and 2.45 (singlets, 3H), 3.6 - 3.85 (m 4H), 4.99
and 5.05 (singlets, IH, 7.09 (br s, IH, 7.39 (d, 2H

j =8 Hz), 7.77 and 7.87 (d, 2H, j =8 Hz). 6. 10.

32} @g sis of ;(ﬁ:ﬁé&{v'l B—(1.-(4-((1R.2!SIEI%R5.-1ﬁZESﬁ-tetrahydroxybutyl)-
2-yl)eth #&eﬂ@%%-:’.ﬁg Cvidenohyaraz Le
I-[4-((IR 2S,3R) -1, 2, 3, 4- Tetgiahysiyoxy- but yl ) - I H-i m daz
-2-yl]-ethanone (150 ng, .65 3mol) was suspended in
nmet hanol (3 m) and wat er oic acid
hydrazi de (102 ng, 0.75 2 eq.) and
hydrochl oric acid (one’N N) were added, and the
"suspension was stirred at{50C for 18 hours. LCMS
anal ysis indicated the tion of the product and
the absence of starting material. The honobgeneous
reaction mxture was cool €dNto-Poantt enperature and
concentrated in vacuo. C 18 E@Cerse-Phase SPE (1Qg

AIIte h H|- 8 adi ent ~from rt 0%
et it SO neh Aoy dhT T iR FPE Yprethanone (150
m%@wmrﬂaﬁ) Na¥ skspehdEd % MEGRARBGIS3 D add Galt@r (168D. Bahyldarbazate (78
5@5 Sunfire C18 colum, 4.6 X gd
mac) B Re. otk a5 SRR i et e} 2 B0 Bvere 24UqH And the

sug;i)&‘éﬁJna\Lgs ﬂlr?écﬁat@d’@fer lipﬁ&ﬁgt ng%galﬁe Bk iltBEARY | 'tlﬂznformatlon of
. mn (349.2 (MH)). t hanol - d4)

the produgt amgd éntestbs@q}e of ztammgamatezlaus’rbesmagm@t BUXIYE wascwpled to

room tf:ﬁ@e‘(#&‘rf mfcs/zgt(&n]:d wac%?lélrbc( c?i'h%gé} %@1 a(c%wn&_;l’h%geg\ﬁﬁng white

préd:lpltstp widd)colledtd afy mtaskei witbfacdt&e et yigld the produtt,(one apparent

| R 2S, 3R).- 1 tetrﬁyidroxybutyl)-

ISPTER. A% 4 es@’été UPRTF{ @éne) hydr azi necar boxyl at e

I - [ 4L(:Iv]i§ Siﬁf@&)} 18 é],’%lgn'ﬁa, Ity adnyﬂf wz@mtxyl\gmdzﬁ(dgnﬁdmmonium

- - et hangne ended jn
R el 254ni: flogh tw@z}gme@lm ?etes?ﬁ%@a REIguiop figne: 0.25
mmy(me 3‘é€(Mcngb TH NMVIRIMetBab1 iMgis ackd @f 38, €8 B, oms (s 3H) 2.42
h& wer e added, and_t he suspension was sti

athZ ‘ﬁ)(ﬁ@glé 31,1300 5 3- 8500 ERaf 34 (€d; 7R i} Ha), t5l“9—:3 G 1H) 1.27 (s,

fppr mation of

6.12. Synthesis of (E)-N'-(1-(4-((1R,2S.3R)-1.2.3.4-tetrahvdroxybutyl)-1 H-
imidazol-2-vDethylidene)nicotinohydrazide

OH OH
A OH
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t he product and the absence of starting material. The

reaction m xture was cool ed to roomtenperature,
woanrantaiat ed i n vacuo, and diluted wi th acet oReT/USh®7/004648

resulting white precipitate was coll ected and washed

with acetone to yield the product, one apparent

isoner, as a white solid: 96ng (47% . LCVMS: Sunfire

C- 18 colum, 4.6 x 50mm 2-20%in water (10 mM

amoni um acetate) over 2.5 mn; flowrate = 3.5

m /mn; Detection 220 nm Retention tirre 0.25 mn

(P2 AR BB B e none

m@ (5333 mn3olP ab suspéhiled i iBdthéuid, (3 21) apd n&tdﬂi}l mls. Ugcqtguc acid

gy (107 5.1 Fpois] 3 ihd SR PIear o oy k2 R

addbdlaaalthe Qus,;sbx)@émwais gene) ai SOOC fophe (thbaiSL d_eﬂlM[SAar(a()IsR mdlcated the

25, 3R) - | 4- Tet [ ah RNV
fowﬁ%rm%f tbz 250 tsref{ glsyag‘% %@@%%ﬁ&gbdf %%%%1”?‘““3 was
co()l?éd'ﬂ) )ro@rBQerWBEﬁfuré Tandll ﬂarua{“)ﬁé&k&htﬁat@@irﬁvd&)(@r %bd@suﬂt]ﬁgwhlte

.0 Mol eg.) and hydrochloric acid (one
Prdmmate msrqpllmte@ aa@i Wééheda\ﬁﬂh taEeTd jrdd Seaofed- Qrq FmmsEEnt
c?].gepgg TS Hoyf g)gzyanal ysis indicated the
of mat I on of

uct nd the absence of starti prgM
mat eLCMS: Sﬂmérer @ab& minmm % 6ur B0mms 18601050 in vares o

er at ur and par t | n d h

an?rggﬁ o ﬁceta% Véarpr LI e}'l g%’ léa(%%a gv‘e%g{lﬁitn@f e Hec\t’lgﬁ 5901}111;[; Retention
tig tmzmmemsmzx/(ra}pd))t NMBAIMSOet Sopiafse A1), Z60rer3.85 (m, 4H),

4%@@% %Pﬁns’g‘ﬂn%]‘éo@ A0 5006 (LD, ?%Sfdﬁ%ﬁ}f{nog“ (br, 1. 8.35

(bACERABSBD (BV,SH)2934nbA;1H) ow rate = 3.5 ml /min;
Det ecti on 220nm Retention tine: 0.22 mn (350 27

L i

8.80 (br, IH). 9.14 (brg,,
3 chI oro-N -(l-(4-f(IR 2S. 3
nlH imdazol-2-yl)eth giid

}—%H 6. 13 S&/nt hesi s of
-1 3. 4-tetrahvdroxybutv
razi de

0]
1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)- 1 H-imidazol-2-yl]-ethanone (194

mg, 0.84 mmol) was suspended in ethanol (4 mi) and water (1 ml). 3-chlorobenzoic acid
hydrazide (170 mg, 1.0 mmol, 1.2 eq.) and hydrochloric acid (one drop, 12 N) were
added, and the suspension was stirred at 50°C for 48 hours. LCMS analysis indicated the
formation of the product and the absence of starting material. The reaction mixture was
cooled to room temperature, and partially concentrated in vacuo. The resulting white
precipitate was collected and washed with ethanol to yield the product, as a ~3:1 E:Z
mixture, as a white solid: 108mg (33%).

LCMS: Sunfire C-18 column, 4.6.x 530mm; 10— 90% in water (10 mM ammonium

acetate) over 2.5 min; flow rate = 3.5 ml/min; Detection 220nm; Retention time: 0.63 min
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l-[4-((IR 2S,3R) -1, 2, 3, 4- Tetrahydr oxy-butyl)-1Himdaz

ol -2-yl]-ethanone (194 ngy, 0.84 mmol) was suspended in
wethanotsi(4 m) and water (1 ml). 3-chl or obenzeCt/uaeziod/004648

hydrazide (170 nmg, 1.0 mml, 1.2 eq.) and hydrochloric

acid (one drop, 12 N were added, and the suspension

was stirred at 500C for 48 hours. LCMS anal ysis

i ndicated the formati on of the product and the absence

of starting material. The reaction m xture was cool ed

to roomtenperature, and partially concentrated in

e tghe $9bl(REUAY, 5.12 (s,

CHEE Dt 0 SN DR RCL B SRR AP St OB A, 126
1H) 37.29 s, 2 Hi, X165r(ey, 24D, & Oditint F3.0l i d: 108ng (33% . LCMVE:
Sunfire G 18 colum, 4.6.x 50mm 10- 90%in water (10

m W”%&%g& ;’&Eﬁ; Q\fﬁfong 19 AL (RPN IR)-E 733 5
m n( 383 ] #ﬁ}%’l—xm il 5' Prg]-"'?l )vhﬂ’e{&j'begazsohydraznde

3H), 3.60 - 3.90 (m 4H), 501,2@ IH), 7.29 (s, IH)),

7.65 (m 2H), 8.04 (m 2H) 1£ ngghesis of
(E)-4-fluoro-N -(I- (4(%%‘5\[?%/ 3, 4-
tetrahydroxybutvl)-lk+| i d zok»g yl ) et hyl i dene) benzohv

dr azi de

|- 4- ((IR,28,3R)-I,2,3,4 Tetrahydroxy butyl)-1 Himdaz
ol -2-yl]-ethanone (172 > .74 el )y Fwas suspended in
ethanol (4 m) and water ( fl uorobenzoic acid
hydrazi de (131 ng, O0.85 *€(.) and

hydrochl oric acid (one drop, 2 N) mere added, and the

suspe ti at 5
an a|p§/ E‘? §8?ﬁqg€3§3 éoi 5,%ch?tgllh%a{qxgﬁ)u&ﬁlﬁtlﬁgugrdga%l%é-eéhanone 172
mé, E7ARSRNG Y aelsuseatéd Hgeth@ic? (4 all) ankh@atee @t hﬂp nd{flustabedzoic acid
was cooled to roon1tenperatur 4% artl
hydgreentiBAies O-85 PHEGlo L 140 FRSdiyere bg%ﬁl%l PR 1208 were
ad¥eg, mQlthe el HanabA v&)’é@%ﬁﬁgd W 34rcefoR a8 tlouts) YCRISladdMgis indicated the
product, as one gmgarent isonmer, as a white soli 97

formati@so# the poisict s thierabsacet strtinmmateriglx The Fﬁﬁw%mxmw was
008 Oé’tiorh) ttglrn gé%ﬂ%%&\%@ﬁﬂt@& iP¥&luo? 'IEherPeérbltmg white

oW ra t‘ecti on 220nm Retention
predlpnatemai&oﬂecte(i 36d waghgdwvith ethanpl tvFeldNbe hrasivit, @g one apparent

3H), 3.60 - 3.90 4H)
‘S%“Erzaféw‘\lﬁ)s)"l‘g %5“1%1{3%27) ,H)7 54 (s, IH), 8 (H)m
2H) . BCMSB: Sonfitrd €51 % calfim(nfEY 66« §0mmo 18--90Pe {mMw el R (R8M ammonium

acgtlg)té)ldv%'r 3.54r_nin; flow rate = 3.5 ml/min; Detection 220nm; Retention time: 0.55 min
(367.24 (M+1)). '"HNMR (Methanol-d4, one drop DCI) § 2.55 (s, 3H), 3.60 —3.90 (m,
4H), 5.22 (s, 1H), 7.30 (m, 2H), 7.54 (s, 1H), 8.08 (m, 2H).
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ohvd

ahvdroxvbutyl ) -1 Him dazol -2-vl)ethvlidene)nicotin
razide | -

WOCEI7TRO@N - | "/ -Tet rahydr oxy- but yO- | H i m dazol PE€Y/US2007/004648

-eth
m )
0.6

anone H ng, 0.50 mmvl) was suspended in ethanol (4
and water ( 1 m). Substituted hydrazide (91 ng,
mmol, 1.2eq.) and hydrochloric acid (one drop, 12

N) were added, and the suspension was stirred at 55C

for
t he
rea
part

pr eci

yi el
sol i

50mm 10- 90% i n water

2.5
Ret e
(I\/Et
. 90
IH)
(E)-

imd

48 hours. LCMVMS anal ysis indicated the formation of
product and the absence of starting material. The

48N SIRthidbiE ofPE)-6 ABhiRE- 1421~ CRM REIMSRAI W 8.4 and
ral'l Vi EOIECTL TG fhmggaﬁm.mmﬁ§1tfa.sﬂawamwahasvdraz,de

I pitate was cofrrected an sShed Wt ano
d the product, as one gppargnt isoner, as a white
d: 136ng (75%. LCMB: Junfive 8 colum, 4.6 Xx

1 a um acetate) over
mn; flowrate = 3/5 N /i n; Detection 220nm
ntion tine: 0.15 HwA"86 ng (MH)). 1H NWR
hanol - d4, one drop;EEi) d 2.58 (s, 3H), 3.60 -
(m 4H). 5.22 (s Ne-NHa),* 7.54 (m
8.44 (m IH), 8.68 (m 6//16. Synthesis of
N -(l-(4-((IR 2S, 3R) - 'iN et r ahvdr oxybutyl )-1H
azol - 2-vl)ethylidene)is nlcotlnohydra2|de

S

N r-

RN 2 TSR N R b ffene 15

mi,tlms@ mél wik susied de@iregth4rol d nl) hnsd)wme@t(l mn; h§abssainiteie hydrazide

one

10 ny, 0.80 mol, | d hi g d
08 gl hafe 2 bicroapar e R LEp 8rgh dn Nas et id:fdnd te

su@ﬁeré

Rfn W8 stfedauisse thPhanal Yeines bﬂﬂly@x@tiﬁﬁcitb@ the formation of

formation of the product and the absence of starting
therptasiuchiand thrabsense of shartnsamaiesiahaEhersgraen poxiugoypas cooled to

robffR

.resu

ﬁ-{p@l‘alfllir% fJ‘Sa:HQﬁ}Q k@l#ée}{trgtgﬁ G204 lﬂ%t efhd d\%sﬁ’lﬁﬁg thlt-ggﬁempltate

rec ate was C ected and Washe

Wi ¢dileetekianndlwatsbe®! wetlhdethml pr yidlecthe pagdusheas appAppAENt isomer, as a

a e solid: 136 ng (75% . LCMS: Sunfire
% Qi L hme (ﬁ}g?’x 50mm  10- 90%in water (10 M
AmMmonCMS :Aigifiat €)-1Dyainma, 8§.6m ﬁl(i)mfﬂ A0~ 98 ir=w3teb(10 mM ammonium

m/mn; tectlon 220n ent
acekgg) oysT flopratgr %VE*?

grtlo%ﬁ%OrHPélgetﬁeﬁl?n ame 0.15 min

(38563 ((\45+1)§3H)H NMR (Methanol-d4, one drop DC) § 2.58 (s, 3H), 3.60 — 3.90 (m,

4H), 5

22 (s, 1H), 7.17 (m, 1H), 7.54 (m, 1H), 8.44 (m, 1H), 8.68 (m, 1H).

6.16. Synthesis of (E)-N'-(1-(4-((1R,2S,3R)-1,2.3.4-tetrahydroxybutyl)-1H-
imidazol-2-vl)ethylidene)isonicotinohvdrazide

OH OH
; OH

HN P N OH

/\LN /N
|

HN X l

O
1-[4-((1R,28,3R)-1,2,3 4-Tetrahydroxy-butyl)-1H-imidazol-2-yl]-ethanone (168

mg, 0.73 mmol) was suspended in ethanol (4 ml) and water (1 ml). Isonicotinic
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3.60- 3.90 (m 4H), 5.12 (s, IH), 7.58 (s, IH), 8.63
(d, 2H, j =8 Hz), 9.14 (d, 2H, |j = Hz) 6.17.
wepmiThesils of PCT/US2007/004648
(E)-N -(1-(4-((IR 2S.3R)-1. 2. 3. 4-tetrahvdroxybutyl)-IH
I m dazol - 2-yl)ethylidene)bi phen vl-3-carbohvdrazi de
l-14-((IR 2S,3R) -1, 2, 3, 4-Tetrahydr oxy-butyl)-IHimdaz
-2-yl]-ethanone (315 ny, 1.36 mml) and
bi phenyl - 3- car bohydr azi de (360 ng, 1.81 nmol) were
suspended in DMSO (2 m). Concentrated hydrochloric
$2 N) were
e 18 i SR il P an PR B TBh iR 2 D
adtldrda ahdrnmsispensién waesyirediatci5 Grfdr 24 doutss dHMSgmalysis indicated the
starti mat e rea X
foPtdian ApEPh e APt et e ol AL foh ruure was
cobledrte vesaaempaatirtiRng ;(aiiﬁhllyi\dohdbbnté&&mn/ vagoet a‘hbtrcs'ulltéa)g white
Two fractio Sone
Prepie S Eelged éﬂgwaﬁ%&dw% 85")99@68.&938%‘-‘;?@5?? A Gig.apparent
1s&ﬁéxoﬁ§§dvfﬂte%hﬁelf@hgq75%§ my (16% . Fraction two was

a white solid, /2 Fracti on one: Lllca]k’{-n\ﬂ
HPLéCZMSa a%@nér%cclcﬂ %ﬂ%ﬂmw 8 %0yt %V%n‘i’atigl 08
A@%‘erﬂ 'Rc%?zﬁ J’(ﬁ\f‘er ZS.PIInYr? '}TowBrate A@%l% BpatecloR2PonmRetention

4 mnstop; flowrate = 3

timng: /(hlsmml@éft@ciz €M+2Do W(Mﬁ@a@w 4, pge drgp DGR $ 2. 63 (s, 3H)

5 05 GRTIRLIE R RERh 88 U361 SQTEIL,) Mk, o100t

Hf)singlet, 3H , 3.3 - 3.7 (m 4H), 4.9 (m IH, 7.19
(s, IH, 7.3 (m IH 7.47 (m 2H), 7.67 (m 3H),

7. 85 17.926( Mnetldof AN G 24 (E1R LEBR)HESS Lleth4Ify HBTBbuULyD)-1H-
sanp' € Copfd da%pFE vll)[é rid%&:‘é’guﬁ]u A3.&rbohydradide W

a carbon s T actrom two. Anarytrcal
HPLC Zor bax C-8 col um, 4.C§.|x éﬁOm’n Sol vent A = 10-nM
ammoni um acet ate; Sol vent =M 5% B at 0 mn, 5%
Bat 1 min, 90%B at 3 m op; flowrate:S
m/mn; Detection 220/nm\ R ntiontinme : 2.963 mn

(note: contains -6%¥ other isonmer). MtH =
425.28. 1H NVR (DVBQJ 6[with 2 drops D20) d 2.4
(singlet, 3H, 3.4 - (m 4E~4.77 and 4.86 (broad

7.1 (broad singlets,

singlets, corrblned:II—I),|6.9
« ), 7.61 (m

combined = IH), 7.40 (mH'I‘l

1-[4-((1R,28,3R)-1,2,3,4-Tetrahydroxy-butyl)- IH-imidazol-2-yl]-ethanone (315
mg, 1.36 mmol) and biphenyl-3-carbohydrazide (360 mg, 1.81 mmol) were suspended in
DMSO (2 ml). Concentrated hydrochloric acid (two drops) was added, and the
suspension was stirred at 40°C for 5 hours. LCMS analysis indicated the formation of the
product and the absence of starting material. The reaction mixture was cooled to room
temperature, diluted with methanol and purified by reverse phase HPLC (10 mM NH-
4OAc / acetonitrile). Two fractions (E and Z isomers) of the desired mass were collected
separately and lyophized. Fraction one afforded a white solid, 95 mg (16%). Fraction two
was a white solid, 82 mg (14%).

Fraction one: Analytical HPLC Zorbax C-8 column, 4.6 x 150mm; Solvent A = 10
mM ammonium acetate; Solvent B = MeCN; 5% B at 0 min, 5% B at 1 min, 90% B at 3
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IH, 7.73 (m 2H), 7.87 (m 2H) and 8.10 (s, IH. HSQC
of the sane sanple correlated the proton signal at 2.4

wOGhB)100dith a carbon signal at 13 ppm 6.18. Sparhssio3/004648
of

N-hvdroxy-4-((I R 2S,3R)-1. 2. 3. 4-tetrahvdroxybut vl VI H m
i dazol e- 2-car boxam de

l-[4-((IR 2S,3R) -1, 2,3, 4-Tetrahydroxy-butyl)-1Himdaz
ol -2-yl]-ethanone (18 g, 78.3 mml) was suspended in
dichloroethane (160 n1) and 2, 2-di net hoxy propane (160
enesu | f aci ) h
m]fh d {rm; 8 o& F'llg}zve 9; r% cl)frietéfg ﬂ 22%%,#&@%&?&11{6 ® .9 min (note:

e reactil on was
cofiial rgt-es% oF tHe athahlsmeﬂemahe 426 @ WA BHENRDNS@u6 it Ydrops

DB E CrEeh 3B rher LRt B SHr0; Apahe 0 dr iy 15D 747

(ma e at.67 (@&f BHYy,degh-7.92 (m, 2H) and 8.15 (s lH) HSQC of the same sample
l-(4-((4S,4 R5R)-2,2, 2 -tetra 44' Igjl 3-di
cogglafeshiie protpy signpi atd. %&fz‘féw witly prat Hﬁ I'32Q,pp

col qfh&5sh d: ArkByifalHP.COZomRk C- (4undtH. @ﬂ'lCSOm%-,]Sdlvent A=
obs: 311.3). The product obtai ned above (20

10rmivt 9mmuan segrigedoivanidRE MrREDER 7Bt S8t 5?’(15 af, 1g}m" 90% B at
3 r?ngt lﬁ)rﬂ'm%%ﬁ; fchN/ 92\’{@‘1 ?%]/ﬁgﬂzmétegﬁmﬁﬁn&l ﬁe?en%n ti%)e 32 963 min

‘eacti on was ated at 500C f
(nana¢qmams ~AtH cfthe dther avomieny Makler #23.28 erﬁilNMB (DMSO ~dg with 2

o IAERR BRI SR D AR D e TR, combin

= BHH G snd g (beadtsigletsponthisath d#)w #0 (oo lLEH) Walile(m i), 7.61 (m,

ll-ﬁghrg%a e%@ﬁﬂ %m@F leéé_%%cg %ﬁ.&{ ’bﬁﬁﬂ eﬁé%?:“ %fgthgééxﬁlgc%)%?le correlated

thé Eid‘t@ﬂ SignaAng 2l Paciag) itk 8 csibbh eigng@Eht. 13Fh@ARN
r omat ogr aphy (20 to 40% et hyl acetate in hexane)

affo gg

- (I g’nz, : ; ATEaTTE

4, 4" - bi (173548 leI H-i mi dazol - 2- yI)et hanone
(16 1 g, 62%. The |ntermsd| ate.obtained (13g, 32.5

mmol ) was di ssol ved in di gygne —'__120qlﬁ') and treated
with NaCOH (13.2 g) dissolved in/comercial bleach (200
m, 6% NaOCl). After 2 Wu/s stirring, the
reacti on was extracted wTh\ et hH acetate. Organic
extracts were washed wWHNR_bMi ne then dried over
celite. Filtration and evgporation afforded a solid
that was further drledb uo to afford

| - benzyl -4-((4S,4' R 5R) -

1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl}-ethanone (18 g,
78.3 mmol) was suspended in dichloroethane (160 ml) and 2,2-dimethoxy propane (160
ml). 4-toluenesulfonic acid (3 g) was added and the mixture stirred at 70°C for 18 hours.
The reaction was diluted with dichloromethane and washed with water, 5% bicarbonate,
brine and then dry loaded onto SiO,. Purification by flash chromatography (hexane /
ethyl acetate) afforded 1-(4-((4S,4R,5R)-2,2,2',2"-tetramethyl-4,4'-bi(1,3-dioxolan)-5-yl)-
1H-imidazol-2-yl)ethanone as a colorless oil (18.8 g, 60.6 mmol, 77%; M+H calc: 311.4,
obs: 311.3).

The product obtained above (20 g, 64.5 mmol) was dissolved in DMF. K->CO3; was
added (12.5 g, 90.3 mmol) followed by benzy! bromide (10.7 ml, 90.3 mmol). The
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2,2,2",2" -tetranmethyl -4,4"-bi (1, 3-di oxol an)-5-yl ) -1 Hi

m dazol e- 2-carboxylic acid (13 g, quantitative yield,
wokbd7c@bar 403. 2, obs: 403.2). The product obt 2BCma82007/004648

above (600 ng, 1.49 mmol), Otrityl hydroxyl am ne (820

ng, 2.98 mol ), EDAC (430 ng, 2.24 mmol) and HOBt (305

ng, 2.24 mmol) were conbined with DM (8 nl) and

triethylamne (622 m, 4.47 nmol). The reaction was

stirred at anbient tenperature for 22 h, concentrated

and then | oaded onto silica using DCM/ MeOH. Fl ash

re%c?&%@as&%g%ﬂh% SQB@%} {8 M}l@fsf ﬂaﬁ%ﬂ% 1|ndi%§%y§tarﬂng material

remﬁmetletﬂrram}ﬁhqdal @pﬂl@dﬁf(ﬁenzylmrommea(ﬁ)mls Ag|hemiil)(was added and the

-lHimd r.b 480 . 0.73 .
oYt P CSIE (BE0 G, ADEL NBUD 1§ FEArHRY iyas giEpched with cold water
an@liketadted vaomeyl( £3ead1OT h@o@nmkﬂmmré washdd/@ithiwater, then

et hanol (50 nm). Pd(OH) 20% on_car

brigo BeBE AR B SE AT e ighae TS QEO%F%I Johy 2010
adop "eth?yg adbt B0 i’)é)tzin% gf—%orcﬁj ha(l%en B4 é@mWRdSRP2 ¥ 2C UOtetramethyl-

si due was di ssol ved urified by flash
4 ‘él‘hl@n%rﬂéfg?oé@")yS yn’elchﬁlmlcb@wweﬁwaﬂ@med IR IR - 4-

dissolved i d 120 ml
S}‘ﬁezméergjedbqte oléta}naercrle(tl ?]%/|3_245 ﬁlﬂ’l%) was 1s(sj<|) g)ezolmanl)o?gr_le ? )

an)j -treletddnwith 2GIGH 213.2 @) dixelved & a{qmmemgal blexb (DML, @‘ZW«)T aOCh).
al-c: 328.
rg%é o{ ]\_/égé)rous sjtlgnﬂg Sthe §f|326)%t1§)1 Waglggtrg{t&g g'%nqu)?gcgﬁge Pégamc
exlﬂﬂa):tsarﬂe \mtsaed ¢B&hriirine tHéredri@haovter opliteaEilcatddreahd evaporation

nt.e naI erat.ure usi n
artgot &S B Pk Eifrsercned iaciingd oSl b Ser e SR -
2,2,&@2'-t5ﬁ@;netmtye—malbl(tlsmma&atau)_s y1e DHiRe dadodd-aveariddGe acid (13 g,
The col d bath was renpved and the reaction stirred at

quERtiiasine idag¥rat erle 4%r2 »PORtiPs2)- at 4C for 18 h and
agal ’ﬁh@g roditRi §8think& APEVA(EAD g, AT 49/ RAWBI B O ity By dr SER¥BIne (820

of the acetone and sone water in vacuo, a precipitate

Mgt HBme) HBAE (430 me.)2.khmraeldaed HOIBIGRRS ms, 27 ) were
5y SR8 A0 A 09 o6l v

stir(etiRt aﬁybi%ﬁ)t 4drnpcrature for 22 h, concentrated and then loaded onto silica using
R e
(ABaR,SREL; 2 MﬁHtemhmhsam Ihi(Iobslioxdddh) B-yIhal(irityloaly)- 1 H-imidazole-
2 S am b B 4B SN O Yo, 49%, Mi+H calc: 660.3, obs: 660.4).

The product obtained above (480 mg, 0.73 mmol) was dissolved in ethanol (50
ml). Pd(OH), (500 mg, 20% on carbon, wet) was added and the reaction stirred under Hp
(65 psi) for 18 h and filtered. Ethanol was removed in vacuo. The residue was dissolved
in DCM and purified by flash chromatography (MeOH / DCM) to afford N-hydroxy-4-
((4S.4'R,5R)-2,2,2',2'-tetramethyl-4,4'-bi(1,3-dioxolan)-5-yl)-1H-imidazole-2-
carboxamide (150 mg, 0.46 mmol, 63%, M+H calc: 328.1, obs: 328.3).

The product obtained above (150 mg, 0.46 mmol) was dissolved in acetone (8 ml)
and water (8 ml). The reaction was cooled to an internal temperature -15°C using a dry
ice / acetone bath. Concentrated HCI (3 ml) was added at a rate such that the internal

temperature remained below -10°C. The cold bath was removed and the reaction stirred at

ambient temperature for 3 hours, at 4°C for 18 h and again at ambient temperature for 7
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5um 4.6x50 mm isocratic 10 nM ammoni um acetate with
1% acetonitrile, flowrate = 3 mM/mn, 220 nm
wdevwanian, retention tinme = 0.245 mn. 1H NVRPCT/US2007/004648
(DMSO-d6) d 3.37-3.64 (m 4H), 4.96 (broad singlet,
IH, 7.47 (s, IH), 11.9 (broad singlet, IH. 6.109.
Measuring Effects on Lynphocytes in M ce Conpounds
wer e adm ni stered by oral gavage or in drinking water.
For oral dosing experinents, conpounds wer e

resuspended fromcrystals at 10 in vehicle
hoglg% gﬁlﬁed'v?@ﬁ-\[%@laofls\(}l% gcr‘e(tg\ﬂ %lego}r% wgtfer {]riz\%c %%%egmgaté"ﬁ{rﬁled.

D(oaqm & bt wiscadtea fmmwmf by Wé{Ef (rléemlbaﬁlm fadid wagisolated by

rifrREPR- Rined wifh LER Sh& R el FERH SRy SR FRLE N B Ry +-
(ﬁwlstamnl DM&tﬁ{hyﬁoxgbﬁﬂyngllﬁmﬁhldazelt@rsmxﬁnmd dsebe ed

anal ysi s s des w. For drinking water
hy&f%ﬂ%@ e%?é'nﬁ? ‘g gi% ved at 50 ng/L in

aci dMas?Qpé@atlﬁﬁ-H(cFHﬂ: :248:18 bb& AR, NA Ry hl HELO! UsSBheny-Hexyl,
The mce were allowed free access to

SuronhbrHimenisearain 0 wadammeniugl asewiewih |1 pestoniyily, flow rate =3
mﬁﬂﬁﬁ,r?j()) 1‘T’1eret gﬁPH QUfenti fﬂlrr{eh-e %%%g b, 77 O BpMIGAETS 3.37-3.64

wer e co ecte ana ySI s. nmeasur enents were
(mo B, AS6 (hsoaddtingiets 1HM T47 (el &) ahle® (rond simglani 11H).
i sof l uorane and bl ood was collected fromthe

: 2! t tub
Egalglequclt r £ib s On TRHApRY Qsﬁ%dl&c IOI{\]/D)U es

Aut r
u ogk@bo%ef@al&ﬁh%ﬂ@&%ggg{l gw&g& d#5h ragmﬁufgedvhtepypo oral

3500 tt Diagnostics Park, 1L) or
ddsBret/aerigBty, Domos@qi%weruefrewspw@d fragp covseals @T§0 mg/ml in vehicle

(e'oggs hdPE N1 %ﬁce EXEQEP\A%%%B%FQQ% JEESM g@g%@ , Y0 le 100 me/kg
ddsgsd dobrpobycb pstqmmvaiers hodRQ mmmfeble tae bagerfo? eadh goag®und) or a

AT e R A SO R i

136ﬂﬁ®1aﬁaéigﬂtbeﬁfhohfdﬂftdﬁ@bﬁlﬁgand @RS azieed calrlﬁdtdid)ﬂjremalysm as
L, B i Sk SRR mor.
adh M@ieﬁ%at&%ﬂ S '2t8)%n‘§§rﬁﬂ§| ao%mg%ewr'pﬁse fnfde were allowed free access
topcgqrr]mg;\grgl-coitarlslggwater (or gﬁlcgseenso?l?t?on zt]syanclzjosntrvo\%r for 72 hours. At the end
of 72 hours, tissues were collected for analysis.

CBC measurements were obtained as follows. Mice were anesthetized with
isofluorane and blood was collected from the retroorbital plexus into EDTA blood
collection tubes (Capiject-MQXK, Terumo Medical Corp., Elkton, MD). Automated CBC
analysis was performed using a Cell-Dyn 3500 (Abbott Diagnostics, Abbott Park, IL) or a
HemaVet 850 (Drew Scientific, Inc., Oxford, CT) instrument.

Flow cytometry (FACS) measurements were obtained as follows. Twenty five ul
whole blood was lysed by hyoptonic shock, wash’ed once in 2 ml FACS wash buffer
(FWB: PBS/0.1% BSA/0.1% NaN3/2mM EDTA) and stained for 30 minutes at 4°C in the
dark with a combination of fluorochrome-conjugated antibodies diluted in 50 ul FWB.
After staining, the cells were washed once with 2 ml FWB and resuspended in 300 ul

FWB for acquisition.
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Organs were dispersed into single-cell suspensions by

forcing the tissue through a 70 nmcell strainer
wORal7c100m17 Bect on Di cki nson Labware, Bedford, MALT/US2007/004648

FACS anal ysis, RBCs were |ysed by hypotonic |ysis,

washed, and IxIO 6 cells were incubated with 10 ni

anti-CD16/ CD32 (Fc Bl ock(tm, BD PharM ngen, San

Diego, CA) (1/10 dilution in FWB) for 15 m nutes at

4C. The cells were stained with a conbi nati on of

fI uor ochr omeconj ugat ed anti bodi es di I uted in 50-100 m

d

i nu%tgrééjaé'?p cgelﬁﬁ;epfort &gn fegte{en%vb lé%ln%ﬁ eth{gg}:lf. g@re followed.

Or\gﬁﬁew\aasd'laﬂ.érmbietmmgleéludl sE¥iBnsend by éemmdeasmmthmh a70 pm

el B B s b i MR L6, RUEFIESS i

RB@@ Wefd Bded Sﬁnpb&anmyﬁs anadhyd @dldUBdlD@ cellshAGSGatitated with 10 /Ll

angy QoL GRS TRARIBE S TorBPry Sy STRTHCRDA QA0 dilution in FWE)

fo{\ns hhﬁ@'t)és 2] 4@ 'Pﬁ@éjelfs‘l{/e& fgmdwws a\&ﬁfrﬁ)maTiGBtbf/FR@r@h?ome—
CD4 APC; CDS P and -CD62L PEIl Anti bo
@%C Block,

copjugated pplodiss d§|é!°ééﬁ SQrﬂ&OmlJ‘b‘H Byedded diresty pp thesellp
fofb‘g’ggn%s &P ﬁ(ggbh?% PEft@’&am%ﬂe E&lT&wWas@@@%ﬁacg &ith 1 ml

Measuring Effects on SIP Levels in Mce Levels
FWB, and resuspemdad én 300 nhi BB fur asfiuisitgnpeAditantibagics piegppurchased

frorg gﬁ% ﬁgc er e%n u%ém ;le%(l) 6%31%1@ OQHCI’QJISSt dat])%mfllvﬁ Sampler\si were

assay descri
anatyzadi usmg\ra&FACBCahlblmﬂmi 82toine1é'r ahﬂ(l:e(lmy Profdufevare (Becton
D hodlutl iz E’ 3F cells ove&%pressi ng Edg- 1,
GiFESgE IPH%’“%FW’F? oo Be] A% CAMd was based on the
co n'p.&htlbcbdl}fm@feshﬁ&ﬂ? f(&d:h@ll‘l'_yn\{vist\herdﬂ ITaiRd A®CSCI7; @D4A APC; CDS’
given sa HEK293F ce re transfected wth )
PP DORIB T s e Sie i | §o R abs RoGEicE 5pich dnd blood were:

Bi.i:‘bll&srt?S TeirenAPee dD£ hetecyR T e PEt ¢.COEFITC; and CD62L PE.
Edg- 1- expressi ng HEK293F cells were cultured on i 2

mul ti Iatesm_Dl\/EMcontal FBS in a
humi @Pi edeg ‘ went y four

: = flic
hours befo he ex :?? m. was. chan
e TP
an adaptation of the radio-receptor binding assay described in Murata, N., et al., Anal.

Biochem. 282:115-120 (2000). This method utilized HEK293F cells overexpressing Edg-
1, one of the S1P receptor subtypes, and was based on the competition of labeled S1P

with unlabeled S1P in a given sample.

HEK?293F cells were transfected with a pEFneo S1P receptor (Edg-1)-expression
vector and a G418-resistant cell clone was selected. The Edg-1-expressing HEK293F
cells were cultured on 12 multiplates in DMEM containing 5 % (v/v) FBS in a humidified
air:CO, (19:1) atmosphere. Twenty four hours before the experiment, the medium was
changed to fresh DMEM (without serum) containing 0.1% (w/v) BSA.

Eighteen hours after the test compound was administered, mice were sacrificed
and their spleens were removed and frozen. S1P was obtained from the frozen tissue
using known methods. See, e.g., Yatomi, Y., et al., FEBS Lett. 404:173-174 (1997). In
particular, 10 mouse spleens in 1 ml ice cold 50 mM phosphate buffer (pH 7.5)
containing 1 mM EGTA, lmM DTT and Roche complete protease inhibitors were
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Ei ghteen hours after the test conpound was

adm ni stered, mce were sacrificed and their spleens
woro®/werroved and frozen. Sl P was obtai ned fr oRCThS2007/004648

frozen tissue using known net hods. See, e.g., Yatom,

Y., et al, FEBS Lett. 404:173-174 (1997). In

particular, 10 nouse spleens in 1 m ice cold 50 nM

phosphate buffer (pH 7.5) containing 1 nmM EGTA, |InmM

DIT and Roche conpl ete protease inhibitors

vverehormgeni zed three tines at one mnute intervals on

hoilgoegmn ? tl'il%? Whles' % ofié ki liltt: &ggﬁagst r%ﬁgo’[‘hg R s dendi@iged at 2500

O renove ce e super natant was
rptrhamd 411G fmd@nnim'utewge derabvedGHodebris Tk dup@natanbwzg then

ul gt Oél‘llf{]f ed %%%19 ynk alfd Jl Cdm a 76&& ropc}%ggléf‘ﬂg%%%ﬁ%gf d%v@rgthe

ant™ was I Sscar
m@@bla@t-deescidted pﬁﬂ&ﬂdewhe @uparmntmfal wasalistmeded; andribe mEllet was

AR An PUBRETISRE Com Py e PO I Fitt AGETU I OHpa @t 79

coHEé?ﬁx%QSlemM]EdTA or ;M CESEMd 331-%%1&&?@' with Roehdlcomplete protease
concentration was neasured using the Bradford assay

inkjbpoyaRreEsnt r ABE éfal PIOtFIR APRSEBI B OH WEs MRBturesusipethe Bradford
asg':é)’ and the upper aqueous phase is kept. It was then
tracted in chl orof ornf nmet hanol / HCl H<13 and the
| owe$ 1R mga sk sagihd o ahlorafepr/KGdNELQ vd2p.@ngribg pprer aqueous

plﬁg{) 't Cﬂ WASHEH Q{Iﬁﬁt% gicgrg / Uﬁxtah!allfg FpH @gt and the lower

ore the assay,
orgamc phtseowas ket abd edagprorhad t@prcmms$ H.iwhyclofvag etopmi in a freezer until

usgw éblnggi;_érQ e asé*, %Og?é% 'ﬂ%ﬁje ’wa%%lﬂ}}d\”a': s%H%ago d1 %bmder

bufer @8 hsiseaeet 20 mdM MisAgCaGERY. Sb,aB)E)anNaCtolrﬁpaM NaFeand 0.4 %
bi nding of [33P]SIP with SIP in the sanple on
(“P_fb L xpressing cells. Edg-1-expressing HEK293F cells

i N CPRé KUPRbnikAt 1A §drRhIB RS ik BrendsNefdiottceptortbilding@ssay
i ce-cold bindi ng buff!gﬂ? and then incubated <§v‘i\;@th t he

basgdren geprwetisyp Pindingef Pﬂﬁ/ﬂ*{” 331 S5} Bpiny the éﬁﬁﬂplfgoroﬁd%q& rxpressing

caPS! Bl éxﬁeglﬁgmmeﬁpﬁﬁém@fueaywﬁm T@a@& Re®¢ washed twice
test Sanple in a final volune of he pl at es

wm th;e lkeﬁpl%bindm tugfer 30d mmun@sbatfamltb e samnq Ruffgrcentaining 1 nM
m)v ga out 1 u’r?g‘ cfpll;]ré ggewe?@%d' 18&3&5941 é}' aBiA Y ABHRHGE 8P 0P test sample

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

the dilution factor.

6.21. Compounds’ Effects on Lymphocytes in Mice

Using the methods described above, the in vivo effects of various compounds

were determined. As shown in Figures 1-3, when administered to mice (F1 hybrids of
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cells were solubilized with a solution conposed of 0.1

% SDS, 0.4 % NaOH, and 2 % Na2CO , and the
woadi7aaedirvi ty was counted by a |iquid scintil Pariuszn7/004648

counter. The SIP content in the assay well was

esti mated by extrapolation fromthe standard

di spl acenent curve. The content of SIP in the initial

test sanple(s) was cal culated by multiplying the val ue

obtained fromthe standard curve by the recovery

efficiency of SI P extraction and the dilution factor.
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128556 st IR e FhicE Wt 9l ARIBGEER oL dirfiftutddl e
mmnoo lQ@ompnpmdl m):ldlmmarsbed é}trephncm@chgrm fadmodre thynfisgur es

st r aF ! l)‘rel %38’?‘1 Srfb? f eg\t]gtot 4 el{{lﬁ%tcﬁg;ﬂ] & 21“ % wllet? ¥ecompound 1,

andl @PEeBeHya 5L ES ,eRIARNG,30f- temaydmxgnmwnmlmzpyiwua@e
dimnishedlf%@hocteeresfromthﬁ ¥ dbP
(CenprEnd Rior Gloggl couis frderestinglyy the g w&.eﬁfgc F%?f}e y Fyne

(W‘Hﬁbﬂ/@@?ﬁ?@&n AR 2 were not observed
(4- et hyl - 5- ((II)S 2R, 3R) -1, 2, 3, 4-tetrahydroxybutyl)th

|azol 2-yl ) et hangne (Coppound 2) .on whol e bl ood
courft-32- Iﬁ)ﬂﬂﬁ-&t&@ﬂﬁ—‘f—ﬁg—\—ﬁw effects reported by

gy ESC&\&%CS Z{/@ilﬁc% %ﬁf&lglra (&fn‘pﬂslatw ﬁ l’ll:l](())&el olto Sheuma(gou;l arthritis

(Rgp)l E a&%&e' JTARE RinEdaubed by §ut6ﬁ¥mﬁ).mé §ncﬁlﬂﬂaﬂﬁha‘tot§8§1d)cesscs See

of rheunatoid arthritis a di sease of .t

ot Wanatb By <ot oL ABsoAId SO URAAS: & Broes
Blgfe%hgﬁﬁgg q|7]7&6 mokﬁﬁ‘reﬁt Plot&dolin: Immund188% (1hn Wlley & Son Inc.

A Persidis, Nature Biotechnol 0g
199%).7B&ly Q‘Sdle@%‘iabhﬁheﬂr%‘ﬁlé@&@ G eI RARSIYS NGO F}Mﬁﬂked to certain H-

l}?rl( s gpésh%% e 1e3€ntl O%SI 0 beﬁ%h%o%‘t‘]@r?% evhiakba eh8dn&57B1/129sv

resp essto CIAlinked to certain
(H-lzb)zmmmndtfpmthamn@ dertvedtfiom QSaBeEckemauad comde valep CIA.

, A Co7BI 7%%%0 ( 3 ce and found
C?TH%‘?BY@ E egg{’ %@dﬁ%? %ég kllg?ﬁ %&c)an devel op
Cl A H&anpbigdden Ifor infgctieh, ztlng/rﬂu:lhlck]:n cbmagmndype IB@I) (Sigma) was
,15 8- lS?@dﬁﬁgOO . Here, coll agen for inp
it T R e N e
(CEA )Y WagpdrasRbd @ezﬁiﬁyhﬁa@é’ (Sibinky.| Ugng\aeilas@htingd, GICwas emulsified in
Conpl ete Freund's adjuvant
an equal volume of CFA just prior to immunization. To immunize mice, a glass syringe
and 26G needle were used, and mice were injected with CI/CFA emulsion intradermally
at the base of the tail. CFA and 100 pg of chicken CII in a total volume of 50 pl CFA
were used for each injection. A booster immunization of 100 pg of CII emulsified in
CFA was given via the same route 3 weeks after the primary immunization.

Injection of the collagen led to footpad and joint swelling of mice. Mice were
inspected every two to three days for the onset of arthritis, which was assessed by
combination of caliper measurements of the thickness of hind footpad and visual
evaluation of the affected joints of hind legs. The progression of CIA was followed for
10 weeks after the initial onset of the disease, after which time the disease was assessed

by histology of the joints. Mice were considered negative for arthritis if they did not

develop CIA within 150 days of type II collagen immunization.
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(CFA) was purchased ready-nmade (Sigma). Using a glass

syringe, ClI was emulsified in an equal volune of CFA
wouaed7/1p0d1or t o i nmuni zation. To i mMmuni ze m ce, PATQISAVI/004648

syringe and 26G needl e were used, and mce were

injected with C FCFA emul sion intradermally at the

base of the tail. CFA and 100 ng of chicken Cu in a

total volune of 50 mM CFA were used for each

i njection. A booster imunization of 100 ng of Cl I

enmul sified in CFA was given via the same route 3 weeks

af t the at .l an. Injet

col ringaterBie Phetesarpane s Bt hiS e PR i establisned
viMaC §coni ?&ybt@ﬁpaﬂtrﬁduse\@my ahymr faurtpameead by affectiedt Tlee -

onset of arthritis ssessed b nbi.nat | o
e P P A R
chf@eiepigdd BPExibmbalveBR dhaldrpihedh. TiRecalthet eﬁpéaﬁ)&:d} teach paw was

of hind | egs. The progressi on of Cl A was followed. for

examingsek o hfimsp atreki o Saluaimdisseysrity ol th wiglgaumatign, the widely

us%: \/Fst]alt écgﬁnﬁ I%FO% 48ARQsLASwRSERS B9 nBYmill 5b el RIgHcHdf erythema and
ol nts. ce were considered negative for

swumg, ilt= eryittiemaand oiild smsilingesasfiogd @ megnidhiaet 5ankdgyint or

11’18 v1c¥l‘¥1p81 gllt;s le{g?ﬁ?ﬂ\a'ammd‘ Q\Lélﬂﬂ gi@énﬁfn%‘ctg "MLarfle and the mid-foot
bsence rt 'S 'h M ce wast det er nbned by an

ores/(eﬂtﬂg mhndre\xhwuexhe digar B ngersysmmndlmoqimatg @W@llmg extgnding from

or fo aws,_can.be he |an
th%é%‘&‘ﬁi‘if’ﬁ%&%‘a? %%{H rémg%l"etrwgema Ang ﬁroug E %tdﬂ ncgﬁlpassmg the
anki] fost ol gat eri zed by extrene svvel ling and eryt herra

Once arthritis appeared, each paw was examned 2 to 3

time ..Toealuaeth severd t f, the

|nfl‘§rﬁ'ﬁatE ct in.0 = i 1ing of 0 to 4

an d Jgé’éﬁf?(ﬁ é),? E%t)lgnpé)?lgi[ ﬁ’g 8IT%§: 1gvécflt{691 g\ﬁléj é?& %rl](gcfe(l: g{%td ?ﬁned using

30 Ride® 1 Mybritio 6f 129/Bodaen)jimithet modell d&slmnbedw@lovd i Jhe spic@were

= erythe and mld swelling e di n nk

raggRm B VIl R Got CoT R R R. W cTaree To el §itS|efeontpon or 100
mpk of Weh@ipoand. Mhdekhict: wuekikiirg dﬁlﬂle@ diateg. fIthe wehiede control was
ankl e to the nmetatarsal joints; and 4 erythenma and

dased af E0 slBbPingctHtonpassing t he ankle, foot and
di gi P% Rg vias-cafd &t dnBe FohY %9%‘9&1'%&@&&@ dit BE%JH ﬂhi'éesdays pnor to

Mode effect of a conpound he invention in_th
ingtiationd ghe GBS expsramentnaed eitinged throughout the duration of the

experiment. Figure 5 shows the effect of the compound on CIA over time, wherein the

cumulative score is the sum of the fore-limb and ankle scores.

6.24. The Effect of a Compound in Monkeys

The effect of a compound of the invention in twenty non-naive, male, cynomolgus
monkeys was investigated by Covance Research Products Inc. (Alice, TX). Each animal
was identified with an individually numbered tattoo. The animals were acclimated for
approximately 11 days prior to dose administration. At the time of dose administration,
animals were considered to be young adult/adult in age.

During acclimation and the test period, animals were housed in individual cages.
Animals were not commingled for at least 48 hours after dose administration to allow

monitoring of any vehicle- or test article-related effects. Animals had access to
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descri bed above. The m ce were randomy divided into
wouwm7hbeaided groups, which received 0 npk (vehPCiraIS2007/004648

control) or 100 npk of the conpound. The vehicle was

sterile, distilled water. The vehicle control was

dosed at 10 m /g body wei ght. Dosing was carried out

once a day by oral gavage. It began three days prior

to initiation of the Cl A experinent, and conti nued

t hroughout the duration of the experinment. Figure 5
nofRapiod Fihielity &) by SRR RpRIACE SRt plinstration. Frus
anfl otleer|tieats werd adwolgrevsiedr ssipptoidte, Bhengnpadasted periods. Water was

ggﬁ 22 .n Monkeys The effect of a conpound of the

PrOVIFER e BR¥R- t wenty non-na ve, nale, cynoml gus

NMONKEYSte¥RE cotipdthd 9ak etrélypromcasicieome igha it b sRtledicattsiner on

Inc. (Alice, Each ani mal . was identified )
desigarnsvadsy frryblﬁg%%\dé%ofts PRRIG I Mahe TR Fﬁ?%ef&%?ém ‘Bhsdifed water was
Suﬁﬁl%d pREeYard R foR BRI QamifRtelionkd afaNas th@rvehﬁ:]Q@@ﬁrol group. The

admnistration. At the tine of dose adm nistratio

te igrtigle dosreiosmaltions Erdhe test wereRsEPea an the dapipt admihistration. For
ea@lggé Lﬁuo bh Qgpx%ﬁﬁliﬂe bh&l (?f'lﬁie theadieRtwReWERHed afd BRhSpropriate

use V|dua cages. Aninmals were not
votwmrriohgitest digiilledtwatemst 48 hours after dose

adm ' -

t est mlfa%l{rg ]g Q\B&é e{s?ééf &%ﬂ{ﬂgm S[Sr@ckntg %oﬁ&g?‘%ugg Eggxlg%mﬁély 4 hours
pdseivea- beti vidbaletbspy wamt aalailased hakelidpi bagy weigbtspekeason the day of
dsg §|f|edtfor dose adm nistration. Fruits and ot her

Pr 8GFEMGEIE™MI so provi ded, as appropriate, during

non- Ths bl dper wadsdmiditdiatd W&Snaabgasitﬂedmlmhtioinbiarmm mdrawing

tested conpound was stored, protected n1I|
the GAY 4T (0T R s (S ar L B PR ias GOt Siptef e pematology
an@%@i%r B?@oﬁﬁﬁﬁprﬁﬁﬁﬂ&t&]@@? h} Wae telldddd frbmafich@h®hal Waddose (Day -7),
Covance for oral admnistration to aninals

Prﬁﬁgﬂe@a\yeﬁy @ne acd{nta: 3. 3. Gug 48 Teurs pastdase: Theevhplgplood
s kgttésg)melfeoﬁerfol?ﬁleh %Eﬁévéﬁé BefH ERASIE0ORideADnARY d8Y of

tration.” For each group, an appropriate
ca@aah@ﬂty of the test article was wei ghed and an

appr ap'k hg\LS iy ﬁlg\ﬁ?@é){ sﬁéltel?)?gl (ﬂisé Bf ﬂ (Q)n‘(@c}u%ﬁ ‘had a significant effect

on the monkeys’ white blood cell and lymphocyte counts, when measured 32 hours after

dosing.

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

reference in their entireties.



Al'l animals were fasted overnight prior to dosing
t hrough approxi mately 4 hours postdose. |ndividua

wdasw@sioerre cal cul at ed based on body wei ghts t BREWS207/004648
the day of dose admi nistration. The oral dose was
adm ni stered via nasogastric intubation. Prior to
W t hdrawi ng the gavage tube, the tube was flushed with
approximately 5 nl of water. For hematol ogy anal ysis,
bl ood (approximtely 0.5 m) was collected from each
ani mal predose (Day -7), predose (Day -3), and at 8,
16, 24, 32, and 48 hours postdose. The whol e bl ood
hemat ol ogy tests were perf @iRfvigsi ng the fresh
sanpl es obtained on the day of collection. As shown in
Figure 6, a single oral dose of the conpound had a
si gnhiatigrelaigelagt on t he nonkeys' white bl ood cel
and | ynphocyte counts, when nmeasured 32 hours after
dosing. AW &ﬂchﬁﬁin%u%pﬁ@éyt@fbauc@@ft £§Hn$ of astehupaLent
applications are herein incorporated by reference in
their entireties. CLAIMS Wat i'® clainmed is: 1. A
circulating | ynmphocyte refacti Rgent of formula I
| or a pharmaceutically acc able salt or solvate
(e.g., hydrate) thereof, wRergnn: Xis OONR3; R is
ORi A, NHCH, hydrogen, or op¥ionally substituted
al kyl , -aryl, al kylaryl, aryl §y|, het er oal kyl ,
het er ocycl e, al kyl heteroégcle, or heterocycl eal kyl ;
R2 is ORRA, C(O OR A hydrogeq, hal ogen, nitrile, or
optionally substituted al kyl, "aryl, al kyl aryl,

orar pHaamkgdutichiey ecceptabld salthetsehaty @l g, hyalrky) therefoehciea:
or tgﬁt.er oclylg#e_al kyl; R3 is OR3A, N(R 3A)2, NHC(O R 3A,
NHS IR R hydr ogen; R4 i's OR4A, O(OR A,
hy dr Rg&TORNQINIGEH, hodroppi,i drrdtibyaliuhibtituscealkel, ki, alkylaryl,

ar?lra}/kly'l, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R; is OR24, C(O)OR24, hydrogen, halogen, nitrile, or optionally substituted alkyl,
aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R3 is OR34, N(R34)2, NHC(O)R34, NHSOzR34, or hydrogen;

R4 is OR4a, OC(O)R44a, hydrogen, halogen, or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

Rs is N(Rs4)2, hydrogen, hydroxy, or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; and

each of Rja, Raa, Raa, R4a, and Rsy is independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl;
with the proviso that: if X is O; R is alkyl of 1 to 4 carbons, phenyl, benzyl or
phenylethyl; R; is hydrogen; and one of R4 and Rs is hydroxyl; the other of R4and Rs is
not alkyl of 1 to 6 carbons, hydroxyalkyl of 1 to 6 carbons, polyhydroxyalkyl of 1 to 6
carbons having up to one hydroxyl per carbon, polyacetylalkyl of 1 to 6 carbons having

up to one acetyl per carbon, phenyl, benzyl or phenylethyl.
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al kyl aryl, aryl al kyl, heteroal kyl, heterocycle,

al kyl het erocycle, or heterocyclealkyl; R5 is N(R A2 ,
waypdiragen; hydroxy, or optionally substituted aCEAIS2007/004648

aryl, al kyJaryl, arylal kyl, heteroal kyl, heterocycl e,

al kyl heterocycl e, or heterocycl eal kyl; and each of

RJA, R 2A, 3A, R4A, and R5AI s i ndependently hydrogen

or optionally substituted al kyl, aryl, alkylaryl,

aryl al kyl , heteroal kyl, heterocycle, alkyl heterocycle,

or heterocyclealkyl ; with the proviso that: if Xis

O i ispal kyl ;of Z Vi

pheryl et npIt i tinelylyBhdei@icilion BRGRGr RN Ighi G hes 2 CLRE
of BiedredXlydn atiche 50pleentnf R4 and R5 is not alkyl of 1 to

6 carbons, hydroxyal kyl of 1 to 6 carbons,

pol yhydr oRiysdikylatdfe 1§miphodyte sadmotien hgaritrod claimtlo wheeein X is O.

hydr oxyl per carbon, polyacetyl alkyl of 1 to 6

car bions HEw ¢igculpingd yopboaywe rgducpen agartivde]aiphle wherein X is NR3.

benzyl or phenylethyl.2. The circul ating | ynphocyte

reduct i onTiageintulafngdyaiphodyte weductiohagerst oficR¥mdlf, wherein R, is
b 8reater t han about 50 percent. 3. The circul ating
YP¥Hocyt e reduction agent of claim1, wherein Xis O

L ier o BiSeReiihe VERASRHE Fed BEPE0RRT YRR Eyy iR, i

opliBRlAIB! dubdti aeeNfowet aklypi m 1, wherein R is hydrogen. 6.
The circul ating | ynphocyte reducti on agent of claiml,
whergi N Rrhé siraitiraghdphosyts séductibe dgbmveclahky,| whefein R, is
The circulating | ynphocyte reduction agent of claim1,

Ekein RL is NHOH. 8. The circulating | ynphocyte
reduction agent of claim1l1, wherein Rl i% 2” Tﬂs R
ci r &l at i RS FirsHIMRE ERheaYie FeGIF g @REntHY clgigy ty Wherein Ry 1s

erein RIA is hydrogen or optionally substituted
| ower al kyl. 10. The circulating | ynphocyte reduction

ageny, of fhatilubaiIShIHc{R rbdudhivda@efiof claim 7, wherein Ria is
hydrogen or optionally substituted lower alkyl.

10. The circulating lymphocyte reduction agent of claim 1, wherein R, is
hydrogen.

11. The circulating lymphocyte reduction agent of claim 1, wherein R; is not
hydrogen.

12. The circulating lymphocyte reduction agent of claim 1, wherein Ry is
nitrile.

13. The circulating lymphocyte reduction agent of claim 1, wherein R is

optionally substituted lower alkyl.

14. The circulating lymphocyte reduction agent of claim 1, wherein R; is
OR;a.

15. The circulating lymphocyte reduction agent of claim 1, wherein R is
C(O)OR2a-

16. The circulating lymphocyte reduction agent of claim 14 or 15, wherein Raa

is hydrogen or optionally substituted lower alkyl.

~

46



10

15

20

25

11. The circulating | ynphocyte reduction agent of

claim1, wherein R2 is not hydrogen. 12. The
woizowubedi? ng | ynphocyte reducti on agent of cl aPaT/1IS2007/004648

wherein R2 is nitrile. 13. The circulating | ynphocyte

reduction agent of claim1l1, wherein Ris optionally

substituted lower alkyl. 14. The circul ating

| ynphocyte reduction agent of claiml1l, wherein R2 is

15. The circul ating | ynphocyte reducti on agent of

claiml, wherein R2 is C(O OR2A. 16. The circul ating

Iy ocyt ' l.ai MR B i

R AT Iy ol RRRLy Ple G RoTp e i HARIERA R, s
ORYukyl . 17. The circul ating | ynphocyte reducti on agent

of claim1l, wherein Ris OR3A- 18. The circulating )

| ynpii8ocyt Bhe ectud4tingn yagpbntyte redrcipmagentwif stadionl , Rgherein Rj is

9.. Th i ating | ynphocyte reducti on agent of
N 3&29{%1%@?{@% R is NHSO2R3A- 20. The circulating

wherdh i SRR uRer BB yedursltifln bdvhersiaRo e

NBS®YR;,. 21. The circul ating | ynphocyte reduction agent
of claim17, 18 or 19, wherein R Ais optionally

subsig. t ut ek éirotllaig aiphoony ctductidad agdteofiainul Atlidny 19, wherein

ydiesen peeptianaty sp eIy tion agent of"

laim1, wherein R | | . 24. The circul ati .

[y shlocyt St SRR ERRE Greichmegen Tl e o 19, wherein

RMGB@@&}M@@ﬂb&Rﬁw@ drflraletdicycigmphocyt e reducti on
or cC

| ynphocyte reduction agent of clajm1l, wherein R4 is
Rep3s h Wed et
h

agen laim1l, wherein R57is

22. The circulating lymphocyte reduction agent of claim 1, wherein Ry is
ORjya.

23. The circulating lymphocyte reduction agent of claim 1, wherein Ry is
halogen.

24. The circulating lymphocyte reduction agent of claim 1, wherein Rs is
NRsa)2

25. The circulating lymphocyte reduction agent of claim 1, wherein Rs 1s
hydrogen.

26. The circulating lymphocyte reduction agent of claim 1, wherein R is
hydroxyl.

27. The circulating lymphocyte reduction agent of claim 1, wherein Rs is

heteroalkyl (e.g., alkoxy).

28. The circulating lymphocyte reduction agent of claim 1, wherein Rs is

optionally substituted alkyl.

29. The circulating lymphocyte reduction agent of claim 1, wherein Rs is

optionally substituted aryl.
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hydrogen. 26. The circul ating | ynphocyte reduction
agent of claim1, wherein R5 is hydroxyl. 27. The
woizowubedi? ng | ynphocyte reducti on agent of cl aPaT/1IS2007/004648

wherein Rs is heteroal kyl (e.g., alkoxy). 28. The
circulating | ynphocyte reduction agent of claim1,

wherein R5 is optionally substituted al kyl. 29. The
circulating | ynphocyte reduction agent of claim1,

wherein R5 is optionally substituted aryl.30. A SIP

| evel enhancing agent of formula | : | or a

phargaceul ol le¥erhaRABL a8t tordiiggl vat e ¢ her cof,
wherein: Xis O or is ORFA, NHOH, hydrogen,

or optionally substituted al kfl4, aryl, alkylaryl,
aryl al kyl , heteroal kyl, hBterogycRhg, alkylheterocycle,
or heterocyclealkyl; R2 IS A, C(OOR A hydrogen,
hal ogen, nitrile, or optigRal )y substituted al kyl,
aryl, alkylaryl, arylalkyl, Teteroal kyl, heterocycle,
al kyl heterocycle, or hetero | eal kyl ; R3 is OR3A, N(R
3A) 2, NHC(O R 3A, NHSO 2RBS oK hydrogen R4 i s OR4A,
OC(O R A, hydrogen, hal ogen, q optionally substituted
al kyl, aryl, alkylaryl, arylalkyl, heteroal kyl,
orhqirﬁhﬂﬁ%ﬂtleallﬁhd%bfaelﬂauwebﬂvatmefwf ew o yink eal kyl; R5
is NCR 5A) 2 hydrogen, hydroxy, or optionally
subsfiit k¥ Bekyl , aryl, aIkyIaryI aryl al kyl ,

het eg paldk| 4, N’f%ﬁf 99&&%&1 G'i"oFM mmkax alRY1, aryl, alkylaryl,
het er ocycl eal and eéach R ARA R4AA, and

arpigiyd, h%@p@uﬁéﬁﬁﬂ}cmiﬂd aldfg&?t%sacmq%ﬁaﬁgﬁ@@é&xlt ut ed
al kykj 18%?@;{, (ﬂU‘Z@F{%}: ngr A ﬁ'ehggén! nitgie BP@bﬁéﬁllally substltuted alkyl,
het er ocyc et erocycl

e, het er ocycl eal K
aryl, talky(ahe] pr)dalkyb hptq:aQallg)Hehqg@qyclp,salhﬂbeterocycle or eterocyclealkyl

2- acﬁg }/s Oﬁy\,?\f(il h)\{dltlﬁfxgl)ﬁ%, Nﬁé@ 3A, Cor ]lxycﬁ'égen,

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

Rs is N(Rsa)s, hydrogen, hydroxy, or optionally substituted alkyl, aryl, alkylaryl,
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; and

each of Ria, Raa, R3a, Rya, and Rsa is independently hydrogen or optionally ‘
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl;
with the proviso that the agent i$ not 2-acetyl-4-tetrahydroxybutylimidazole, 1-(4-
(1,1,2,2,4-pentahydroxybutyl)-1H-imidazol-2-yl)ethanone, 1-(2-acetyl-1H-imidazol-4-
yl)butane-1,1,2,2-tetrayl tetraacetate, or 1-(2-acetyl-1H-imidazol-4-yl)butane-1,1,2,2,4-

pentayl pentaacetate.

31. The S1P level enhancing agent of claim 30, which has a SLEF of greater
than about 20 fold.

32. The S1P level enhancing agent of claim 30, wherein X is O.
33. The S1P level enhancing agent of claim 30, wherein X is NRa.

34. The S1P level enhancing agent of claim 30, wherein R; is hydrogen.
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(1,1,2,2,4-pentahydroxybutyl)-I| Him dazol -2-yl) et hanon
e, I-(2-acetyl-IHimdazol-4- yl)butane-
wa 200720&1t et rayl tetraacetate, or 1-(2-acetyl-PCT/US2007/004648
| Him dazol -4-yl)butane- 1,1, 2, 2,4- pentayl
pent aacetate. 31. The S| P | evel enhancing agent of
claim 30, which has a SLEF of greater than about 20
fold. 32. The SI P |l evel enhancing agent of claim 30,
wherein X is O 33. The SIP | evel enhancing agent of
claim 30, wherein Xis NR3. 34. The SIP | evel

hayci f cl
pydrbgen B i i) g el cPhih Sy uidieip Ry ig opgionally

suBfitutet ésweénalky1. i s optional Iy substituted | ower aI kyl .
36. The SIP | evel enhancing agent of claim 30, wherein
R i3%. NHOPhe SYP IcMeieiBlaicing\agbntesfidaioi 3 velgeein Rfis NEOH.
30, wherein R is ORiIA- 38. The SIP | evel enhancing
agerg7.of Thas P kel efiteieing aRBert of digidr 3Qevhavein R; is OR1a.
optionally substituted | ower alkyl. 39. The SI P |evel
enha®i NgTRYS P 1ol 6ﬂ1fainmn§(hgeﬂ\hffroﬂim B2, wiserbipd® @ge hydrogen or
40. The SI P | fvel H‘&’ nci ng agent of claim 30, wherein

opRonlly Hsti g 2 The SIP | evel enhancing agent
onneddi mThe shP Sl Bnieing self an<Tiin 2. ikGaR Ry 5 Y fogen.
0. SISy Phahiing el ggxﬁe'rﬁ@ﬂgalﬁ HaPRydrogen.
QO ”'dRegh ETS%W%?%%W%EW%{%FW EiE 20 Wkeh BEis e,
43 o SR B L DYOLcnen o, OEEPELLY et

Suggﬁu{edqgwg}@kgn 30, wherein R3 is OR3A- 47. The SIP
| evel enhanci hg agent of claim 30, wherein R3 is N(R

3A) 2491 N Q) R18A enhancing agent of claim 30, wherein R, is ORza.
44, The S1P level enhancing agent of claim 30, wherein Ry is C(O)OR34.

45. The S1P level enhancing agent of claim 43 or 44, wherein Raa is hydrogen

or optionally substituted lower alkyl.
46. The S1P level enhancing agent of claim 30, wherein R3 is OR3a.

47. The S1P level enhancing agent of claim 30, wherein Rj is N(R3a)2 or
NHC(O)R3a.

48. The S1P level enhancing agent of claim 30, wherein Rz is NHSO2R34.

49, The S1P level enhancing agent of claim 46, 47 or 48, wherein R34 is
hydrogen or optionally substituted lower alkyl.

50. The S1P level enhancing agent of claim 46, 47 or 48, wherein Rs, is

optionally substituted aryl or heterocycle.
51.  The S1P level enhancing agent of claim 30, wherein R4 is OR4a.
52. The S1P level enhancing agent of claim 30, wherein Ry is halogen.

53. The S1P level enhancing agent of claim 30, wherein Rs is N(Rsa)2.
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48. The SI P | evel enhancing agent of claim 30, wherein

R3 is NHSO 2R A. 49. The S IP | evel enhanci ng agent of
wobhkeirmodd; 47 or 48, wherein R A is hydrogen oPCT/US2007/004648

optionally substituted | ower alkyl. 50. The SI P |evel

enhanci ng agent of claim46, 47 or 48, wherein RA s

optionally substituted aryl or heterocycle. 51. The

SI P | evel enhancing agent of claim 30, wherein Ris

OR4A. 52. The S IP level enhancing agent of claim 30,

wherein R4 is halogen. 53. The S IP I evel enhancing

age 4 of BlALP Qe me%g' geﬁt%flx(zﬂn@o wibrein (18 1§|h?drogen

l e enhanci hg agent I'm 30, wherein R5 I's

h d I i
g T R B UG st g

agend. of d (¢ 2.
A koY) @*?S‘Paﬁequl Bt o O M P UGy I heteroaliy! (e
alldy)wherein R5 is optionally substituted al kyl. 58.
The SI P | evel enhancing agent of claim 30, wherein R5
i s difti orEhe $1B ldyst enhaneihgagyht. of 3BimBQ, ovhpoeindR ok optionally
% nmul.a, | i: I I or a pharnaceutically acceptable salt
su gngtgp\;\giy thereof, wherein: Xis Oor NR3; Ri is

ar y| 8. am%gwﬁe"gfﬁ%%r&%% atgﬁlgngj %P‘i(éj(?svsllhetr Clslc F)Xtmally

suaétkyiehea&ﬁrocycl e, or heterocyclealkyl; R2 is O?ZA
C(O OR A, hydrogen, halogen, nitrile, or optionally
subs3d.t ut adtompgopnd ofifgrmulalilkyl aryl , aryl al kyl,
het er oal kyl , heterocycl e, alkylheterpcycle, or :
het erocycleal kyl; R3 is A, NGR 3AF2, NHC(O R 3A,
NHSO 2R3A, or hydrogen; R6R ANOC(O R 6A, N(R6B)
2, NHC(O R 6B, hydrogerf}z or farkgen;is

II
or a pharmaceutically acceptable salt or solvate thereof, wherein:
X is O or NRj3;
R, is ORja, NHOH, hydrogen, or optionally substituted alkyl, aryl, alkylaryl,

arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R; is OR2a, C(O)OR;4, hydrogen, halogen, nitrile, or optionally substituted alkyl,
aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R;5 is OR3a, N(R34)2, NHC(O)R34, NHSO,R 34, or hydrogen;

R is ORga, OC(O)Rga, N(Rgp)2, NHC(O)Rgp, hydrogen, or halogen;

R7 is OR74, OC(O)R74, N(R7p)2, NHC(O)R7p, hydrogen, or halogen;

R3 is ORga, OC(O)Rga, N(Rgp)2, NHC(O)Rgp, hydrogen, or halogen;

Rg is CH;0Ro4, CH,OC(O)Roa, N(Rog)2, NHC(O)Rgg, hydrogen, or halogen;

each of Rja, Raa, R3a, Rea, R7a, Rga and Roa is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,

alkylheterocycle, or heterocyclealkyl; and
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R7 is ORTA, CC(OR 7A, N(R 7B)2, NHC(OR 7 , hydrogen,

or halogen; R8 is ORBA, OC(OR 8A, N(R 8B) 2, NHC(OR
waBpo7hyaiogen, or hal ogen; RO is CH2OR9A, CH2OE(COUR2®A004648

N(ROB) , NHC(O R 9B, hydrogen, or hal ogen; each of

RIA, R2A, R3A, R A R7A RSA and R Ai s independently

hydr ogen or optionally substituted al kyl, aryl,

al kylaryl, aryl al kyl, heteroal kyl, heterocycl e,

al kyl het erocycl e, or heterocycl eal kyl; andeach of R B

R7B. R B and R9B is independently hydrogen or al kyl

opt i sthtu I

nal SaehoE ket kit iR i Bl R ArcieHi R opionally
sub3tiitedsvieh klyé o:orﬁnoﬂe Pt;@lrdx)carfwmwn grhepszl , benzyl or

v P I S e O

phiefylegiylydnd F3As hgdfvgei ag ¢sast I aoftR RR-aRe abd Rl ateydotdryirgx yl or

f R
oot 3Bl SRyl . S SRSl S 15 gy A, and one
of ‘Ng a]nﬁ\’@fls %}lhbdgen ane offer i SndtIHOUBIR o5 28) iif SRARIO,MEis R4, Ria is
R and R 9 is hydroxyl or acetat

hyeuogemm:s Tewsi i a@til Re PSalilxﬁr‘s@n At ane, teiof allf 9 R Reand Ry

it e feduction agent. 61. The conpound of claim
is bg(?%v\gf%h&lesa a SIP level enhancing agent. 62. The

co nd [ : i
53, o o one SoRRBLRPef YT iph i PRI bRphob e duction
ageompound of claim62, wherein X is NR3. 65. The
conpound of claim®62, wherein R is hydrogen. 66. The
conpund Fhe compowBDef alhier 89.nwiich isa § P lotehFhhancing agent.
substituted | ower al kyl. 67. The conpound of claim 62,
wher@l.n RThs coiEErinde, clie S ontg ol idoidiormb ki =92
wherein R is ORI A

1i(a)

63. The compound of claim 62, wherein X is O.
64. The compound of claim 62, wherein X is NRs.
65. The compound of claim 62, wherein R, is hydrogen.

66. The compound of claim 62, wherein R is optionally substituted lower
atkyl.

67. The compound of claim 62, wherein R; is NHOH.
68. The compound of claim 62, wherein R is OR 4.

69. The compound of claim 67, wherein R4 is hydrogen or optionally

substituted lower alkyl.

70. The compound of claim 62, wherein R; is hydrogen.
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69. The conpound of claim67, wherein RIAis hydrogen

or optionally substituted |ower alkyl. 70. The
woanpauerd?’ of claim 62, wherein R2 i s hydrogen. PAT/USE®7/004648

conpound of claim62, wherein Ris not hydrogen. 72.

The conpound of claim62, wherein R2 is nitrile. 73.

The conpound of claim62, wherein Ris optionally

substituted | ower al kyl. 74. The conpound of claim 62,

wherein R2 is OR2A- 75. The conpound of claim62,

wherein Ris C(O OR2A- 76. The conpound of claim 74 or

75, pher E%?FE %5%%89@62,%%?&% Fl%a%riéhbﬁfhﬂfggd.t ut ed

| ower " al e compound o im62,” wherein R3

is A- [: ein R3is

N( RIA) 2 o?%%%@%;@%ﬂn %@‘”82‘%%’6‘3%%“@?% ai m 62,

whergi n ' .80, . . i

Rt Syt oy TSROl Al e
8

allgibsti tuted | ower al kyl . 1. The conpound of claim
77, 78 or 79, wherein R3A is optionally substituted
5 ar yl7dor HEhec@opainel ofg2aimT$i vdenqgnkads 6R2al ai m 62,
wherein X is Oand R is not hydrogen. 83. The conpound
of ¢15ai m Bl carhpowidofRRains62) phieozinR2yis S(O3PReAIt ed
| ower al kyl. 84. The conpound of claim 62, wherein one
or it e oThRegmpyndRy, cland740r 7% WhedeioReads hindiogege ar optionally

...IThe co nd of claim62, wherein all of R6, R7,
Su%g’,tmgﬁgo rT%f")gl‘hydroxyl or acetate.86. A conpound of

for r%l a ’Hle C(Hl})ound of claim 62, wherein R3 is OR3a.

10 78. The compound of claim 62, wherein R3 is N(Rza)2 or NHC(O)Rg3a.
79. The compound of claim 62, wherein Rz is NHSOR 3.

80. The compound of claim 77, 78 or 79, wherein Rs,4 is hydrogen or

optionally substituted lower alkyl.

81. The compound of claim 77, 78 or 79, wherein Ra, is optionally substituted

15  aryl or heterocycle.
82. The compound of claim 62, wherein X is O and R is not hydrogen.

83. The compound of claim 82, wherein R; is optionally substituted lower

alkyl.

84. The compound of claim 62, wherein one or more of Rg, R7, Rg, and Ro is

20  hydroxy or halogen.

85. The compound of claim 62, wherein all of Rg, Ry, Rg, and Ry are hydroxyl

or acetate.
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or a pharmaceutically acceptable salt or solvate

thereof, wherein: Zis optionally substituted al kyl;
Wei2007810@R7 A, NHOH, hydrogen, or optionally subsCTSt®d004648

al kyl, aryl, alkylaryl, arylal kyl, heteroal kyl,

het er ocycl e, al kyl heterocycl e, or heterocycleal kyl; R

is ORRA C(O OR2A, hydrogen, hal ogen, nitrile, or

optionally substituted al kyl, aryl, alkylaryl,

aryl al kyl , heteroal kyl, heterocycle, alkyl heterocycle,

or heterocycleal kyl; R3 is OR3A, N(R3A)2, NHC(O) R3A,

ppof RA R2A. and R3A is
|ndependenf{nﬂﬁﬂhrogen or ogtlonally substituted

al kyl, aryl, alkylaryl, aryld®yl, heteroal kyl,
heterocycle, alkylheterocyﬁle, Zheterocyclealkyl.

87. The conpound of claim8 erein Z is alkyl
optional |y substituted w {4 onR or nore hydr oxyl ,
acetate or hal ogen noieties.Y88. The conpound of claim
86, wherein Ri is optionallylgubstituted | ower alkyl.
89. The conpound of clai mRBG, WreRein R is NHOH 90.
The conpound of cl ai m 86, mhg@iin R is hydrogen or

hal ogen. 91. The conpound of aim 86, wherein R3 is

g}ﬁé Q&unm QBB AR orGbRiafd BEreonhticeéin: R 1s N(R
2 or R3A. 93. The conpound of claim 86,

Mer%wommaaywwmsﬁalm The conpound of claim 91,
%?OR Wer gﬁc@ ft;e?n W@?Qgﬁd'llypsrubﬁ’%téﬂ"ﬁk IY aryl, alkylaryl

substltute he conpound of claim?9
arglalkyl, IeBroalipl, éﬁwrmAlq, slkyphetespendls: os hbsroaygleatkyhy yI

SLar nﬁl%r@}t%%/f{; lCﬁP?/@ 200d tﬁggég ulgzg??ef 6%91; ég?ét\’/orhallly s‘ﬁ?stﬂutcd alkyl,

aryhelkgiaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl
R3 is OR3a, N(R34)2, NHC(O)R34, NHSO3R34, or hydrogen;
each of Ria, Raa, and R, is independently hydrogen or optionally substituted
alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl.

87. The compound of claim 86, wherein Z is alkyl optionally substituted with

one or more hydroxyl, acetate or halogen moieties.

38. The compound of claim 86, wherein R; is optionally substituted lower

alkyl.
89. The compound of claim 86, wherein R; is NHOH.
90. The compound of claim 86, wherein R; is hydrogen or halogen.
ol. The compound of claim 86, wherein R3 is OR3a.
92. The compound of claim 86, wherein Rj is N(R34)2 or NHC(O)R3a.
03. The compound of claim 86, wherein Rz is NHSO;R34.

o4, The compound of claim 91, 92 or 93, wherein R3y is hydrogen or

optionally substituted lower alkyl.
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Ri is ORFA, NHCH, hydrogen, or optionally substituted
al kyl, aryl, alkylaryl, arylalkyl, heteroal kyl,

waebw@rioeicl e, al kyl het erocycl e, orhet er ocycl eaP&yiUS2083/004648

is ORBA N(R3A) 2, NHC(O) R3A, NHSO2R3A, or hydrogen; R6

s ORGA, OC(O R6A, N(R6B)2, NHC(O R 6B, hydrogen, or

hal ogen; R7 is OR7A, OC(O R7A, N(R7B)2, NHC(O) R7B,

hydrogen, or hal ogen; R8 is ORBA, OC(O R 8A, N(R8B) 2,

NHC( O) R8B, hydrogen, or hal ogen; R9 is CH2OROA,

CH2OC( O) ROA, N(R9B) 2, NHC(O R 9B, hydrogen, or

hal Qgen, ’ﬁl‘?&fjc & of 01dm ﬁ'@!l RA, wRERin Rg,?%ﬂ%ti%gﬁl? substituted
y ut ed

i ndepéndent rogen or optionalfy substi

arydldeyeterarygle. al kyl aryl, aryl al kyl, heteroal kyl,

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

97. JFhe cArmpmpouandpdf fdraiuta D6, which is of fornula
I'V(a): 1V(a) 98. The conmpound of cla m 96, wherein one
or more of R, R7, R8, and g9 i § h Poxy or

hal ogen. 99. The conpound of “¢l aym 9 wherein all of
R6, R7, Rs, and R9 are hydrokyl \or etate. 100. The
compound of claim 97, whérehn alffe of R, R7, Rs, and R
are hydroxy] or acetatdiNJQN The conpound of claim
97, wherein R is optional{ly substituted | ower alkyl.
102. The conpound of 'clﬁ' LRv\,herei n R is NHOH

103. The conpound of claim 97, Wherein R3 is OR3A-
104. The conpound of claim97gywherein R3 is N(R3A)2
or NHC(O R 3A- 105. The conpound of claim 97, wherein

or gPphagmpgegtismlyaccep@bletyalt ar spbstethewel. YR 103, 104 or

105, R}"RQEEIAU NERAH, By 6860 32 BpREn AR uBEdhuted A1PS by, iR aryl,
| ower " al ky

arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;

R3 is OR3a, N(R34)2, NHC(O)R34, NHSO2R 34, or hydrqgen;

Rs is ORga, OC(O)Rga, N(Rgp)2, NHC(O)Rgg, hydrogen, or halogen;

R7 is OR74, OC(O)R74, N(R7p)2, NHC(O)R 75, hydrogen, or halogen;

Rg is ORga, OC(O)R3ga, N(Rgp)2, NHC(O)Rgs, hydrogen, or halogen;

Ro is CH;0Rg,4, CH,OC(O)Roa, N(Rop)2, NHC(O)Rog, hydrogen, or halogen; and
each of Rja, Raza, Rea, R7a, Rga and Ro, is independently hydrogen or optionally

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

. 97. The compound of claim 96, which is of formula 1V (a):

X

=
R1 N—Rs
IV(a)

98. The compound of claim 96, wherein one or more of Rg, R7, Rg, and Ro is

hydroxy or halogen.
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107. The conpound of claim 103, 104 or 105, wherein

R3A is optionally substituted aryl or heterocycle.
waQse7/1aonpound, or a pharnmaceutical ly accept ROTRISS@IZN04648

or solvate thereof, wherein the conpound is:

l-(4-((IR 2S,3R) -1, 2, 3, 4-tetrahydroxybutyl)-1Him dazo

| -2-yl)-ethanone oxi ne;

(BE)-1-(4-((IR 2S,3R) -1, 2,3, 4-tetrahydroxybutyl)-IHim

dazol - 2-yl ) - et hanone oxi ne;

(2)-1 -(4 ((IR 2S,3R)-1, 2,3, 4-tetrahydroxybutyl)-IHim
daz hydroxyl

( (| R’i‘%ﬁé@&;\ﬁ? ofq,)f ifPoe, wlhere(:jm all f Re, R7, arl?n R, are hydroxy

I-( , 2, -tetra r oxy utyI azo
orlac@atel ) et hanone Oet hyI oxi Ime;
(B)-1-(4-((IR 2S,3R) -1, 2, 3, 4-tetrahydroxybutyl) -1 H-| m
dazol6®R- yThetdapoural @rémhym oxherein all of Rg, R7, Rs, and Ry are hydroxy]
((ﬁl% I-(4((IR28 3R -1, 2,3,4-tetrahydroxybutyl)-1Him
or g5o'te: 2 yl ) et hanone Omath I OXI ms

| - ( 5 ?‘L‘choé){)?%qcﬁg% jﬁin b”] Whérem I%t oBMQBQiSYQ}&MMéd lower

au(jrlR 2S, 3R) -1-(2-(I-hydrazonoet hyl)-I H i m dazol -4-yl)bu
tane-1,2,3,4-tetraol;

N - (1014 Th BobodR) of clain397,-Wiedreial B/ dis XOBL y1 ) - | H-i ni
dazol -2- yl)ethylidene)acetohydrazi de;

|4) WFI(DBM - 1§hc (:lbm()ém(c( bR12iTh SR) wher2inR Aist@R yaahydr oxybut y

-1 Hi m dazol - 2-

yl) etdw! i TR e)hpbaRheseihing 0Dhyhisraini Ricis N(R3a), or NHC(O)R3a.
(BE)-4-methyl-N -(1-(4-((IR 2S,3R) -1, 2, 3, 4-t etrahydr oxy

but yi05.] Hrheicempelindof claim 97, wherein R3 is NHSOsR3a.
yI)ethyI|dene)benzenesulfonohydra2|de

(2)- ﬂemet fFMEanp()hnd éf £16inR18S8, 1BR)or|103, YhérelieRs alnyiddongen o
butyl)-1Him dazol -

Oaﬂcbnéll}ﬁ?!‘li’sﬁé‘ﬁéﬁl Efé’i‘Fz‘é‘flr@ul f onohydr azi de;
107. The compound of claim 103, 104 or 105, wherein R34 is optionally

substituted aryl or heterocycle.

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

1-(4-((1R,2S,3R)-1,2,3,4-tetrahydroxybutyl)- 1H-imidazol-2-yl)-ethanone oxime;

(E)-1-(4-((1R,2S,3R)-1,2,3 4-tetrahydrox ybutyl)-1H-imidazol-2-yl)-ethanone
oxime;

(Z)-1-(4—((1R,ZS,3R)-1,2,3,4-tetrahydroxybutyl)-1H—imidazol—2—yl)-ethanone
oxime; 4

1-(4-((1R,2S,3R)-1,2,3 4-tetrahydrox ybutyl)-1H-imidazol-2-yi)ethanone O-
methyl oxime;

(B)-1-(4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)- 1H-imidazol-2-yl)ethanone O-
methyl oxime;

(Z)-1-(4-((1R,28,3R)-1,2,3 4-tetrahydroxybutyl)-1H-imidazol-2-yl)ethanone O-
methyl oxime;

1-(5-methyl-4-((1R,2S,3R)-1,2,3,4-tetrahydrox ybutyl)- 1H-imidazol-2-

yDethanone;
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N-(l-(4-((IR 2S
s3R) -1, 2, 3, 4-tetrahydroxybutyl)-1 Him dazol - 2-
woRd@Etilgdi7 dene) benzohydr azi de; et hyl PCT/US2007/004648
2-(1-(4-((IR 25, 3R -1, 2,3, 4-tetrahydroxybutyl)-IHimd
azol -2- yl)ethylidene)hydrazi necarboxyl ate; (E)-ethyl
2-(1-(4-((IR 2S,3R) -1, 2, 3,4-tetrahydroxybutyl)-1Himd
azol -2- yl)ethylidene)hydrazi necarboxyl ate; (Z2)-ethyl
2-(1-(4-((IR 25, 3R) -1, 2,3, 4-tetrahydroxybutyl)-IHimd
azol - 2- yl)ethylidene)hydrazi necarboxyl at e;
N'(l'(' v (21 - -1H-imi -4- -— - 3
3R (RSB TUERIhydrazonpethysIHpidazol g ypogiane-1.2.3.4-tetraol;
y| ) eX'hylh{4d@E iR )28, 3Rk 1,8 F¥-tatabpy dox yb@EyHN Hfmidazo[-2t R, 2S
>3R) - | 3,.4-tetrahydroxybutyl)-IHimdazol - 2-
yl?&)’i@ﬁ?‘%ﬁ‘&%ﬂ@j(ﬁ'ﬁ%g?’i nohydr azi de; .
(2) _-4\Hre€d l}yl(zm((lFMR#%&?S?R)L1),,2,,33%~ttfé_tﬁah{/]drghymtgb§ylﬁmﬁmi@ﬂzbw~
-im dazal -2- vy i dene) ni cot i nohydr azi de;
yl)glwdﬁ?@bﬁf‘zﬁ(’las-‘%’&“@%{?"?{aé‘ 8R) -1, 2, 3, 4-t et r ahydr oxybut yl

) - | Heym. N-(1 et s 3ggne) baneadietiraz jsieyl)- 1 H-imidazol-2-
4-f :'daag)rrmoﬁ%ﬁgl(] INZ (ﬁ((%(I@IR, 2S, g?&) -1, 2,3, 4-¥tfet xghy%r)oxyi)rfjut ;ZO
yDejhylidenepberzenpstfonphydiapides dene) benzohydr azi de;

L BB Al AR S IR 2 2 sty bty sl
yletiWideng)byuacmpsiiltheobydrnidohydr azi de;
e
yheitaytideoe)hbiibhlyrRi®RS3R) - |, 2, 3, 4-t et rahydr oxybutyl) -1 H
B RO 3RS BB B2,
ylethldeh&hlyinizdrzaboRylay; ) et hyl i dene) ni cot i nohydr azi de;
(E)-ethyl 2-(1-(4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)-1 H-imidazol-2-
yDethylidene)hydrazinecarboxylate;
(Z)-ethyl 2-(1-(4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)- 1 H-imidazol-2-
yDethylidene)hydrazinecarboxylate;
N'-(1-(4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)-1H-imidazol-2-
yDethylidene)nicotinohydrazide;
(B)-N'-(1-(4-((1R,2S,3R)-1,2,3 4-tetrahydrox ybutyl)-1H-imidazol-2-
yDethylidene)nicotinohydrazide;
(Z)-N!-(1-(4-((1R,25,3R)-1,2,3 4-tetrahydroxybutyl)-1H-imidazol-2-
yhethylidene)nicotinohydrazide;
3-chloro-N'-(1-(4-((1R,2S,3R)-1,2,3,4-tetrahydrox ybutyl)-1H-imidazol-2-
yl)ethylidene)benzohydrazide;
4-fluoro-N'-(1-(4-((1R,2S,3R)-1,2,3,4-tetrahydrox ybutyl)-1H-imidazol-2-
yDethylidene)benzohydrazide;
(B)-4-fluoro-N'-(1-(4-((1R,2S,3R)-1,2,3 4-tetrahydrox ybutyl)-1H-imidazol-2-
yDethylidene)benzohydrazide;
(Z)-4-fluoro-N'-(1-(4-((1R,28,3R)-1,2,3 4-tetrahydrox ybutyl)-1H-imidazol-2-
yDethylidene)benzohydrazide;
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(Z)-6-am no-N
-(I-(4-((IR 285, 3R) -1, 2, 3, 4-tetrahydroxybutyl) -1 Himda
waabho72:00611 ) et hy | | dene) ni cot i nohydr azi de; PCT/US2007/004648

N -(I- (4 ((I R 2S,3R) -1, 2, 3, 4-tetrahydroxybutyl)-l1Him
dazol - yl ) et hylidene)i soni coti nohydrazi de;

(BE)-N - (I-(4 ((IR 2S,3R) -1, 2, 3, 4-tetrahydroxybutyl)-IH
-im dazol -2- yl)ethylidene)isonicotinohydrazi de;
(2)-N-(1-(4-((IR 25,3R) -1, 2,3, 4-tetrahydroxybutyl)-IH

-i rri dazol -2- yl)ethylidene)isonicotinohydrazide; N -(
3 (.
GRS Tt o A Hiidato-

yl)étﬁ)lllﬂénd)hlc()ﬁﬁc(l"(}ldﬂaz}idb 3R) - | ﬁ 3, 4-t et rahydr oxybut yI )-1H

- | m .

TRkt Y e R ROR S R BOSVBME Pl o >
yheihflidadhicdtinatydedyd;i dene) bi phenyl - 3- car bohydr a2| de;

or .

N- hy@ Grminor -G (SRS 3R)-52.3. -t draraR b Yty midgzol-2-

yl)bmy@laéﬁé)ﬁrcgrm&@rcp@(aén de. 109. A pharmaceuti cal

t | at h
¢ aRERIcH GHBAD A bh e isireRiro PHAPTRILGTH Al 2y

di luent. 110. A pharnaceuti cal
yl)@&ﬁggéﬁgfsggﬁégh&?ﬁ%ﬂ% SI P | evel enhancing e lgent of

cl ai(f)-30-(ard- (éllixﬁﬁr%de%ﬁl%@Ffﬁkr}’@ééﬁpﬁt&l@‘rl@ agplatrt
ceutical conposition
yl)%%'#g??ﬁ?%%%mac%énﬁﬁdé%ag? claimb59, 84, 96 or 108 and a
ph ar(ML(ﬂJ}(Gé(UB( 283¢0pt, aﬁl%teexhycﬁrpeybutgb -IdiHimataeol-3-12.

redu th nb f | at
B e PRNAEER: Wi ch conprises.

ad merL(at@I«DE zsosk)he 213 -ke i yduoxgblitg Dt 1| Hémadaroh®- of a
circul atin ocy e reduction agent of claim1.113.
Yl)ﬁ&t%fjﬁ’a‘a)b@%e héjdﬁaﬁ‘g €anount of SIP in a patient,

whi “(E)WW@I(HS(@R,ZS ,3R)-1,2,3,4-tetrahydroxybutyl)-1H-imidazol-2-
yDethylidene)biphenyl-3-carbohydrazide;
(Z)-N'-(1-(4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)- 1H-imidazol-2-
yDethylidene)biphenyl-3-carbohydrazide; or
N-hydroxy-4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)-1H-imidazole-2-

carboxamide.

109. A pharmaceutical composition comprising a circulating lymphocyte

reduction agent of claim 1 and a pharmaceutically acceptable excipient or diluent.

110. A pharmaceutical composition comprising a S1P level enhancing agent of

claim 30 and a pharmaceutically acceptable excipient or diluent.

111. A pharmaceutical composition comprising a compound of claim 59, 84, 96

or 108 and a pharmaceutically acceptable excipient or diluent.

112. A method of reducing the number of circulating lymphocytes in a patient,

which comprises administering to the patient an effective amount of a circulating

lymphocyte reduction agent of claim 1.
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adm nistering to the patient an effective amount of a

SI P | evel enhancing agent of claim 30. 114. A nethod
woRoEupEressi ng i mmune response in a patient, WRAOTAIS2007/004648

conprises adm nistering to the patient an effective

anount of a circulating |ynphocyte reduction agent of

claim1l. 115. A nethod of suppressing inmune response

in a patient, which conprises adm nistering to the

pati ent an effective amount of a SIP | evel enhancing

agent of claim30. 116. A nethod of suppressing inmune

respofase AMnénbabt ﬁ?)?lula\f{ﬂg ¢he SAOPU TSI PAH M ftieh€FWHiéh comprises

to the patient an effective anmount of a conpound of )
adolisistering to 82, pa@iénban gffie:tive Bmount aba AdH level enkancinggpgent of claim
30mamagi ng or preventing a disease or disorder, which

conprises admnistering to a patient in need thereof a

n hcal | act i oct i e .
o LY LRt OF bR p G BT By R TR, comprises

OC n age

adinineeingita tiidyatiding dasffeaivedingamed of a cgculhgogriyngplibeyte reduction
arthritis, asthma, atopic dermatitis, Behcet's

agANIAAM b af t - vs- host  di sease, | upus eryt hemat osus,

multjpl e sclerosis, pollinosis, psoriasis, transplant .

rej e %'on‘%\df‘etiwaio? ?%F.prisé.m%ﬂlnﬁﬁ'l"?%?s%‘fnsf’ F%ﬁtﬂahﬁn,q’ Bhith COMPTISES
adFRRRGIG t8thdpLMRNEL BHedivé 58AHE 0P b SIPIevdl @hhaniiiLhgent of claim

conpri-ses admnistering to a patient in need thereof a

3% herapeutically or prophylactically effective anmunt

of a SIP I evel enhancing, agent of claim30, wherein .
the Hi%eaddmethodiod SYRRIFSSing WHBYRRICSPENSS AR APRHFY, Which comprises
adf R h{fRingab WM Farlfk AREIbitve BEORR LT & cdPBARE of claim 59, 84, 96 or
graft-vs-host di sease, |upus erythematosus, multiple
108¢cl erosis, pollinosis, psoriasis, transplant rejection
or uveitis. 119. A nethod of treating, nmanaging or o
pr evEht.i né metiod of seating, dnanastharor PARYSPHNEErirqage gr disorder, which

ta BAtidrt &dy HE ?f b lﬂfeﬁ'@gg tidally or prophylacticall
9 cgsg%é%’?’?r{é%%égora gr oﬁ’h@‘f acti ca’i% y e ctive “anount y. Y
effelctise amopouoith cfcutdtaigiypho8yte rédiction BeSnt offedaiz h whegein the
digéagg grs Sisgrrder is rheumatoid arthritis, asthma, atopic dermatitis, Behcet's disease,
graft-vs-host disease, lupus erythematosus, multiple sclerosis, pollinosis, psoriasis,

transplant rejection or uveitis.
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di sorder is rheumatoid arthritis, asthma, atopic
dermatitis, Behcet's disease, graft-vs-host disease,

wouprsoenyt henat osus, nultiple sclerosis, poll PODAIS3007/004648
psoriasis, transplant rejection or uveitis.

118. A method of treating, managing or preventing a disease or disorder, which
comprises administering to a patient in need thereof a therapeutically or prophylactically
effective amount of a S1P level enhancing agent of claim 30, wherein the disease or
disorder is theumatoid arthritis, asthma, atopic dermatitis, Behcet's disease, graft-vs-host
disease, lupus erythematosus, multiple sclerosis, pollinosis, psoriasis, transplant rejection

or uveitis.

119. A method of treating, managing or preventing a disease or disorder, which
comprises administering to a patient in need thereof a therapeutically or prophylactically
effective amount of a compound of claim 59, 84, 96 or 108, wherein the disease or
disorder is rheumatoid arthritis, asthma, atopic dermatitis, Behcet's disease, graft-vs-host

disease, lupus erythematosus, multiple sclerosis, pollinosis, psoriasis, transplant rejection

or uveitis.
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