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IMIDAZOLE-BASED COMPOUNDS, COMPOSITIONS COMPRISING

THEM AND METHODS OF THEIR USE This application claims priority to

U.S. patent application 11/698,253, filed January 25, 2007, and U.S.

provisional application nos. 60/776,473, filed February 24, 2006, and 5

60/815,221, filed June 20, 2006. 1. FIELD OF THE INVENTION This

INFEREGH (Bl Bie SEDIUMPRUTNBS] COMPROITIaNS MR e tei THEM

use for the treatment | ement of various diseases

and disorders. 2. BA%&%%E@%?&H%OSph&E (S1P)isa

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

J. D hamappligationoleiregrionty 2a 7,84 @eou)pplitoighl S6a82ba)is el thewary

i I; I . \ ely,it de of action. |

2 e T BB 2008 and
60/8{hdétstded Trng, 20, 2&itence 309:1682-3 (2005). Researchers currently

believe that SIP is formed by the 15 phosphorylation of sphingosine, and

1. degiaigd Oy daphopphenipiigr or cleavage. Its cleavage into
ethanolamine phosphate and a long-chain aldehyde is reportedly

catelyz o &t chl R 1yRseo ighi RYBR BRI BIRNRI n BAXBE3:42heir use for
h t%oo%&pphm Qsine-I-phosphate lyase is a vitamin B6-dependent enzyme
¢ URERHR GRS YRRU SRR FaARA B TR hidbpiaehiéspatra mahdivaidsreldhoven
and Mannaerts, J. Biol. Chem. 20 266:12502-12507 (1991); Van
2. VehhOWKGEROW MBmiaerts, Adv. Lipid. Res. 26:69 (1993). The
polynucleotide and amino acid sequences of human SP 1 lyase and its
gehphpreesints lapbogplsurliS dhiPCHiRatart BolelohtionNeotMOe ffects on

tly, Sc b and.coworkers.conglu t a component
i i e e L N
somedi@ifpgsh aetivippuidds alininistiea: 25dodmigeSehwalh,iS rebdd.of action is
: i 11735437 0 ile others have postulated that T
S o e S R o e e .
Scierchh?: 1R82:3C 300 . Res@sche (2060))y biticteahihat Rdshinistsd tigries

10, ice | [ hopenia.and causes th
P e ST e s

cleavpgpiits ahambEed ChlerapiREs2Conmg-thal08ldd® (2000 GredbyemaRzed by

- s1p §hat mmeinRlogy GRERRIRA0S 61998 H35Y8800).

Sphingosine-1-phosphate lyase is a vitamin Be-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 Publication No. WO 99/16888.

Recently, Schwab and coworkers concluded that a component of caramel color 111,
2-acetyl-4-tetrahydroxybutylimidazole (THI), inhibits S1P lyase activity when administered
to mice. Schwab, S. ef 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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K.M. and Buchi, G., 7.0rg.Chem. 50:1134-1136 (1985); U.S. patent
4,567,194 to 5 Kroeplien and Rosdorfer. Still, there are no known reports

of THI having an immunological effect in animals other than mice and

rats. Although U.S. patent 4,567,194 alleges that THI and some related
compounds may be useful as immunosuppressive medicinal agents,

studies of the compound in humans found no immunological effects. See
Thuvander, A. and Oskarsson, A., Fd. Chem. Toxic. 32(1):7 10 13 (1994);

. Houben, G.F., et al., Ed. Chem. Toxic 30(9):749-757 (1992). 3.

CEBRITRA R Y AR ITHE 1Y VENTONEpiio foubnien isEHE8 GRTa it BAIR, of mature

T cOmpRundgofformula 1., R4 s UNNR, x 1 and pharmaceutically
“:ﬁggqublé s%ltg ang%oﬁ) tos ezw.g.l?’hygrrgfe Yﬂ?ei&;ﬁ%?&%@;@gﬁm
s m yiai e?%gi?g@m‘ﬁ%’ﬁd?géﬂmﬂﬁwg(mﬁﬁﬁﬂa]m&'KW%ﬁylilalweg,
: Ly, Deterpalkykheierp eferocycle, o

Loma e e Y dha

roc lkyl: R2 is OR2A, C(O)OR2A, hydrogen,
_Krgg%%ﬁ}aﬁﬁgl%gﬁ&%a a% ? 5%}',35]{8/%%0&‘% anpartheleiddlhAying an
A T T e A RIS, paen
4,99 N or hydrogen; R4 is ,
. OC(O)RLL{%%&%;%A}%SS% fgﬁéﬁis@mﬂgmﬁ&%mw,
TR RARHPEF ARy B eine hlernt hetexticy oft ledlodhRiete@ysBHians Found no
immetesgyclgalityhiRoss-NIRRAN 2 PYAN %%Srb %]yaqrsoé}% %‘ret ﬁ%tlogneaﬁlgnl)’/, Toxic. 32(1):7-

ituted alkyl, aryl, alkylaryl, arylalkyl, heteroaiky
t3 %ﬁéﬁ%‘é@%ﬁ? -héf&%cﬁe@wma@@mmv&mm& R4A,
and R5A is 25 independently hydrogen or optionally substituted alkyl, aryl,

3. alkyBHYRRK O RatB ANV ENEIOdyCle, alkylheterocycle, or

het %c clealkyl. 2 This disclosure also encompasses pharmaceutical
corﬁé SO EST g tedritppuids obfopamatad cifdrathqds of
treating inflammatory diseases and disgrders using compounds of
formula I. 4. BRIEF DESCRIPTIQ) OF H%FIGURES 5 Certain aspects
of this invention can be understoodywith referénce to the following

HN:\EN
Ry X

I
and pharmaceutically acceptable salts and solvates (e.g., hydrates) thereof, wherein: X is
O or NR3; R is OR, 4, NHOH, hydrogen, or optionally substituted alkyl, aryl, alkylaryl
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; R, is OR,, ‘
C(O)ORy4, hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, alkylaryl !
arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; Rs is ORsA,
N(R14)2, NHC(O)R34, INHSO;R44, or hydrogen; Ry is OR44, OC(O)R 4, hydrogen ’
halogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, |
hetfemcycie, alkylheterocycle, or heterocyclealkyl; Rs is N(Rsa)2, hydrogen, hydroxy, or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
aikyiheterocycle, or heterocyclealkyi; and each of R, R4, Raa, Rys, and Rsais
independentiy h ydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,

heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl.
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figures: Figure 1 provides a representative flow cytometry (FACS) dot plot
showing the effect of vehicle control (VC), a compound of the invention
(Compound 1), and THI on T cell composition (CD4+ and CDS+) of
thymus, and the mean/Sd for all mice (n = 3). 10 Figure 2 provides a.

repreReftaliec AGS siebpipisho pinenthe afeqtobyaiirlensontplin). a
comggggg of the invention (Compound 1), and THI on a subset of CD4+

compARGaEENTHMliERMRT N # Wl pievidéisasre presliseative using
compAad dotgatatshpwing the effect of vehicle control (VC), a compound of
the invention (Compound 1), and THI on a subset of CD8+ 15 cells

(re ' j inmice. Fi 4 shows the effects of vehicle
conﬁt%%‘fﬁl)-i@égf@p%un ,aa}gﬁgrﬁg%%@gon whole blood counts of
mi kgur t of single oral dosing.of a.compound of the .
e e R R O3 SRR R o oine
figureffect of single oral dosing of a compound of the invention on white blood
ce I h n cyngmolgus monk TAILED .
DEH:S%&RE% |0ﬁ@/ﬁ%%§%}§%§é@e@§ﬁﬁu oar, Wo@%‘é&ig‘% %é%ﬁ@‘%%éhe
effecyehaclistaptadrohiCéCardedarpeydaiftbs itoveotipoiiisHoalieved fodsBHI on T
II ~preventi d/or 25 mana nt of autoimmyne
e B B B D e
otHEaNISE ipidicisliesch Thpresemataikdny( Srimamboa Stoaight daiffcbrafichiedle
R ' naving fr to 20 (e.q. Qor2tob)
co e g gL S Rl O e TR S St
cellsRispeatantativenigsmy$ moistiss include vinyl, allyl, 1-butenyl, 2-butenyl,
is > < I -|-butenyl : .
Tl SIS the e of vehicl
contrpl{dMehy connapret gl the eystetigh & hepemyd, 1)-ootehyl] 2eoctebytt of CD8-+
Ceils§f9€éﬁ{%¥ﬁﬁ@%Hﬁ@yzln%)rlﬂ%ﬁ)é!’ 3-nonenyl, 1- 5 decenyl, 2-decenyl and

-decenyl. Unless otherwise indicated, the term "alkyl" means a straight

chaligubrdribes drardiecty el ¢hdgisisaikydl) FyHrdoanyonihlingdrnmbdand 2
on wRBitSEhok 19.39051;43 carbon atoms.

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.

5. 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., 2 to 10 or 2 to 6) carbon atoms, and
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Alkyl moieties having from 1 to 4 carbons are referred to as "lower alkyl."

Examples of alkyl groups include methyl, ethyl, propyl, isopropyl, n-butyl,

t-butyl, isobutyl, pentyl, 10 hexyl, isohexyl, heptyl, 4,4-dimethylpentyl,

octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl and dodecyl. Cycloalkyl
inclm@@ﬁe&mmnbemo&amuﬁ abm&tmicmpae@mmm@meﬁm@@meues include

Y ro tyl, cyclope yclohexyl, and adamantyl. Additional
viny G Ry P R B, GPERIT ARFBF bl OB Duteny,
2- me(t(hj@ 2Ibethyid2 mathdeycbbewdyl Thademyl alkydx ieiidassatylatereptenyl,
21 1%/ E(N?rbonsa ell aszl?ﬁné/fl i nd alky yl moieties, Unless

et isBaRER A d"‘fﬁ@ %r%tﬁﬂé( YEARYPYe R Hligroonenyl, 1-
deceﬂ}@@tﬁ@@ﬂﬂﬂaﬁd&n@@h@mlety Unless otherwise indicated, the term

eter I I-heteroar ns an alkyl mojety bound to a
et rogrsy?gﬁdxg Py ?%hsgilﬁﬂd.ea?@%s i Chain. branched andlor

cychcﬁdkyjzh&tellqdy}:l@d@ﬁca%’mlrheteﬂgdy@iﬁ 1 feanE.an aM&ylmthobgwa@Ib@moms.
Alk ig%tgggg e‘rrno%)é Uéples otherwise m?lcat d, the term ?ﬂﬁa{ nyl” meaqs

7, s]tralg chAE BPERCH; &ar VERGHarees t(S’rfﬁllsl ANNGHROR 2 1 5eRlgs of
alkyPetod Mcmﬁa: @emfnmmmpﬁmhmh@n@ Blmfljﬁa%@@? @édlibﬁmceélﬂ@sﬂ

ri esentativ m0|e clude tye 25
e RSB ot 2 B A Rt S2peoRgh S G s
unde‘@}ﬁ)ﬁﬂ@/ﬁyﬂe@"lh@Wyhlﬁyhﬁi()dﬁybsﬁﬂWWOhohﬁﬂﬁﬁmﬂ nd:RPBINYland examples
11101@6 o ng%l 5 OCt %;?uﬁfg g/ r‘%ﬁ %ﬁ%}%‘;‘i" L n?ﬁ%ﬁ{%l g%% Zlédditional
exaniptisatedkith mmemédikwynﬁa&m&ﬁwk grelip porampless. of akexy-
oups include - C 3, p 2CH3, ;O H2)3CHS,

men§RREE 156 Lot Rl S s rERATER o dheslkesdkeny!
and aBrynybnyblatieans an aromatlc ring or an aromatic or partlally aromatic

nn%s}ésstseo g?\{z? O3 gcggega{é)opeanq 'Fuqr%%f%)g}ﬁ ng,ﬁ’r %@%&,6 lkyl

may comprise mu ﬁp erings boun
moietydietied includey anthwacenyl, azulenyl biphenyl, fluorenyl indan, indenyl,

oo SRR O B R OB
an alkmianphetmdnemylcbmmﬁdmmmwk;abmmety

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-alky! group. Examples
of alkoxy groups include -OCH3, -OCH,CHs, ~-O(CH,),CHs, -O(CH2);CHs, -O(CH;)4CHs,
and -O(CH;)sCHs.
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Unless otherwise indicated, the term "circulating lymphocyte reduction
agent" means a compound that has a CLRF of greater than about 20
percent. 10 Unless otherwise indicated, the tern "circulating lymphocyte
reduction factor” or "CLRF" means the decrease in the number of

cirtliatngthenphle thtiesisdnige eatseeybynralsagiaistiaiomebasinglenatic or
.dose of a compound at 100 m as deter the method
parti ) B e E R SORTSE PSR BT RS HoSG AReTel meiety
may d&@i@ﬂ@@hﬁﬂﬁplb&iﬂ Fraompaseddaopahet> Ehigiifes bf@ﬁ?’llrlﬁoiﬁ‘ﬂﬁs include
iodin SS.0 WIS dlcate e ter tero ! erst
st e Y IR W B AP SEABAEN oP e BT Bl
1.2, 3a¢am&h?$r@eﬁpmaalmmml@*i heteroatom (e.g., N, 0 or S). Unless
ise indicated, the te eterqa ans an iety whereln
oteniss dcated, (e e ecroant. e an s mpity wheren
moief.Boud GoemS)k VExasines mclude acridinyl, benzimidazolyl,
benzofuranyl, benzoisothigz er120|s xazolyl, benzoquinazolinyl,
o T DA PR T et BB MO A G fecat
meaﬁsmbdm&anhamgd (OD(RFOiYIgmathﬁ{Bﬂf%oﬂmeyd:zﬁyrazoIyI,
pyridazinyl, pyrid r|m| m rroI inazolin um lin
e o R T e e s ek o
"CLRﬁé’tmemrs/kawhcwasbete&&amyhﬂdkybfmeaﬂatmgﬂ@mmhmdietmb@wadsetd by
m0|et Unless ther ise |nd|cat dt term "hetero cle"r fer
oral ¥ DH oo b P AR By e et B3 e
methpdleyctibadnio dreribgusydtenbdomprised of 30 carbon, hydrogen and at
e teroato e. O or S)“A hetet;pc comprise
mu ﬁo? e vwvloseolrnml%re ris RS d e aaﬁgge’f%]@r ﬁg?éﬁ%g?c% orine,
chlofhﬁuu@matemﬂrwmﬁxamples include benzoll,3]dioxolyl, 2,3-dihydro 5

berﬂlzlﬁgl 4(1%(6312(\?'\/‘?¥61 108 LI:HT hfuré}n}/l‘ F¥ non Inyll‘e?gOl;]P(L‘]OIIn){féy?)r(}qeg%q I(eg,

oxiranyl. piperazinyl. piper pyrro pyTroli
Iineaﬁeﬁmhycﬂm]furalwh@imwydm)Wt&ﬁlon@ﬂﬁhﬁldﬁdﬂyﬂdmyﬂs has been replaced with a

hetero Q p)ﬁl lI)tetrahydrothlophenyI tetrahydrothiopyranyl and
erol EJn ess otherwise indicated, the term "heterocyclealkyl"

or wmmmycmmmdrm the term “heteroaryl” means an aryl moiety wherein at
least one of its carbon atoms has been replaced with a heteroatom (e.g., N, O or S).
Examples include 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 multiple (7.e., two or more) rings fused or bound together. Heterocycles include
heteroaryls. Examples include benzof1,3]dioxolyl, 2,3-dithydro-

5
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to a heterocycle moiety bound to an alkyl moiety. Unless oth_erW|se
indicated, the term "heterocycloalkyl" refers to a non-aromatic )
heterocycle. Unless otherwise indicated, the term "heterocycl'oalkylalkyl
or "heterocycloalkyl- 10 alkyl" refers to a heterocycloalkyl moiety bound to

. mai ) ise indicated, the terms "manage,”
il S E e S o R ke p——

PipeiRgispk citRst dikdasrro diswmer jrymopialieyt "h twhathp@it@@if%ﬁqg@gglﬁ}g%pywh
' isorder, and/or lengthening the time that a :
e e e A i F Ao orbany | and

valefglpstaaidompass 15 modulating the threshold, developmint and/or t
durgt i isprder, of, changi e way that a patient
oo 1 b e R SR s ahalereb e reers
to a bstrapeide mpiglly kstebtabieaigishoafers to salts prepared from |
harmageuyi - e non-toxic acids or bases including inorganic
ZC%JTEI and bggs%%ysgl c%%?ae?\iié%c? <t an%%&%%ﬁ%‘ﬁi%lée Srfhadettieamatic
hete‘ﬁ‘}%?é%eptable base addition salts include metallic salts made from

lupni glcism, lithi agnesi otassi dium and zinc or ]
oroame serema ot R TR Shtcros loat
aiky]é’rﬂ%ﬁ?fﬁﬁ@@h@é?f@hmﬁ%ﬂ@ibMMﬁmMﬁné,teﬁtyt&hﬁld@ﬁﬁt}ea meglludmlne
N loHucami rocaine. Suitable ngn-toxic acids include y
i(noi?ég%)ig and or@a%)??é%géﬂgﬂﬁlgg acetics agime aRtRarit, fmanagement
CRCORM & RESIIGAR: MserezolesRE ofthphpesififahitiseitimathoresulfoniBtient who

' j j uronic, gluconi lucuronic, glutamic, i
o R e QR POR  SUSRE ARC in
who ﬁ?ﬁﬁ&éﬁ?@?%ﬂ%ﬂ@s@#@&ﬁ@,Omﬁeilrdm'trﬁm@iambi@mmﬁiem_@ ,temifs en_lc_ompass
lacai i ropionic, salicylic, steari . Succinic, sulfanilic,
mom?ﬁﬁﬁ fgi(c, tartger%agggégg%%%%é% r%%ﬁl%ﬁ%méic?(ﬁ %p%@?ﬁé%%rndfﬁ%@eéc?ds
changipg ths it et ienidiesbrods¢o phﬂ)ébhaxhcols&iiumb}_ﬂand 30
m isael les of.specific salts thus inclu _
b E R A S R LS
salts 8?5?,%@&@?@@%%%@@&@@@5& elioceE)ﬂLBﬁhiédqrM@éls ﬁ}ubitﬁhg“g,
i t ; | . ciencg and. Practice of . I
o A DS e,
accenipble hass ditameerlthéoadvdrsmprelisrsgits pned(_e lﬁtmg'hﬁmﬂiﬁﬁfﬁvﬁl&%%, lithium,
mag&@M@J}ﬂjﬁ%@@&i&m&h&E@%‘é@r%@%ﬁcasgﬁé'%‘Jd%‘?%%%%i%‘éf fl%{ om
dibentzhy?e%gﬁglnleediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,

meglumine (N-methylglucamine) and procaine. Suitable non-toxic acids include 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

6
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5 disease or disorder, which inhibits or reduces the severity of the disease
or disorder. In other words, the terms encompass prophylaxis. Unless
otherwise indicated, a "prophylactically effective amount” of a compound
is an amount sufficient to prevent a disease or condition, or one or more
symptoms associated with the disease or condition, or prevent its
recurrence. A prophylactically 10 effective amount of a compound means
an amount of therapeutic agent, alone or in combination with other
agents, which provides a prophylactic benefit in the prevention of the

Sciﬁﬁe%el.sfh@glﬁmié&ﬂfQiﬁB}iﬁﬁﬂ@l' Baﬁtlfﬁqtme wgr?yaﬁacaaﬂah g%ﬁp?ﬁﬁ_gﬁwnce and
amount t Impro VEr r S or ances, the pr. P yactlc
Prgﬁﬂ:ﬁaecfflc?f 4 é)‘é’F ﬁgﬁﬁ%@%ﬂ’@x 1%1%%%5%% |§§ gr? icated, the
term UBIPskevdicentimncidyg agétienneans areoenpllindethatt ins arfdlbreotntion”
- ise.indicated. the tetm "SIP leyel -
cofldRTAR Mt bR RS R RN PBEnS16 0y RS sgines
digpise eadiseadsy: Srhichdmivbitaiondcasdirr ke \eoidE of hedinprigr dispoder. In

otHBEkKEr RS gﬁetg[mjpggcgyﬂ%m@?@glggggribed in the 20 Examples,
below, Unless otherwise indicated, the term "stereoisomeric mixture"

encompSs QL TRRER BN iRlETed A ORNY LS LRy AILAREATR AAPRHe @ 2 compound
is ambanRs{Sigf i CREBr T3 0n3 2/ Ose 46/60; AbdBion A bnb io8dE3enisins
asdSUiE0a WAIRSRORENISEI0BIeRIR, e ien, SIRreamencaly Pure MaahScany

a composition 2 % al comprises ohe stereoisomer of a COFT]pOlEI)I‘IOp Ig
effeghsmamainnfrebagiatipersiarssisomensafithaf cormpsuni. Faenexdongler in

cofhBliRiaeMeHarllRHE SRORAS P rBL%eg%r%?Sﬂﬁglm}@%%r?&% in thcf%eevention of

stereocenter will be substantially free of the opposite stereoisomer o
the GhgRSEndt I &357R OPREPIRERG HRAEY @SB LR 8RR CEAMIIANIBASS R thypount that
iMPRIRACeRlE wilie substruimindeactRf pihen dinsieweers &f hser

rcohr&%%%d' A typical 30 stereomerically pure compound comprises greater
PR aB ST by weight of one stereoisomer of the compound and less
than Ebérsis 206w sweighit ot dthier stendtiitniers] eftthactogpemnttneans a

cofIFAIGH HAD RROVEPEYe &ya\(vl%iagstgggg?pfoﬁtﬁgspisomer of the compound 7

and less than about 10% by weight of the other stereocisomers of the
compouisss graeraishidictedt D5IE 1y WdifHevtondatstagifornve of tHRLEF”

m&EHPRRURE RAGIASS IhaR AROUIaHRY mice caused by oral administration of a single
dose of a compound at 100 mg/kg, as determined by the method described in the
Examples, below.

Unless otherwise indicated, the term “stereoisomeric mixture” encompasses
racemic mixtures as well as stereomerically enriched mixtures (e.g., R/S = 30/70, 35/65,
40760, 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 sterecisomers

of the compound, greater than about 90% by weight of one stereoisomer of the compound
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weight of the other stereocisomers of the compound, greater than about
97% by weight of one stereoisomer of the compound and less than about
3% by weight of the other 5 sterecisomers of the compound, or greater
than about 99% by weight of one stereocisomer of the compound anddless
2Rl i t ' ers of the compound.
e ot e o IR RS SR B hon
abou ki sreight efipaecitersiviymesfel theocardpevadivedietsabstraloture & by

i RO [ folQl 0 S Is. substituted with a
A o

one SITSRBORLY Ok W@ﬁwm&ém@l@m@t@m&w@ﬂgﬂmﬁﬁiﬁftl
: L amide (- -alkyl-.or
ster&%%@r@@%h@?dﬁﬂ@%?%@éyeﬂ t@acﬁ(g%gl'ﬁ% 2 éf&@éﬁﬁ{&%me %eer)émsomer of

- aIkyINHC(O£I , amidinyT (-C(NH)NH-alkyl or - ’), amin
the GURRYARY a8ddstivdap abaukHiahy stk e bikylathinstcaegiaominos of the
compéyhdlkylamino), aroyl, aryl, aryloxy, 15 azo, carbamoyl (-NIHC(O)O-alkyl-

or -OC(O)NH-alkyl), carbamyl (e.g., CONH2, as well as CONH_-aIkyI, '

CONEsOiharvd e odiqessdidhe iyraaintaiiuicdrbosten casdonylisatbd @ chemical
srucakDO IS B gt AROYIO A LGS SYANO ISR ST, o o

ether (e.%., methoxy, ethoxy), guanidino, halo, haloalkyl’(e.qg., - ,

its hygtiegen alerpsigsuhgisHsdiryih Rehnadethinrisheopiinsignahgreepondasy),
alcoF}%@,Céd@Q@%@§&%§9ym¥%§'§§%ﬂﬁkgmgrﬁi{& ?iﬁ(%?ﬁ’ r%l&gﬁ%g? II%%%E{;;I, ethyl,

sulfide, sulfonamido (e.g., H2), sulfone, sulfonyt (i

ProPglicRi b Ik Ry Ts iergRERRe Ayl SiiRORYY s itodiele: GHIINE.glkyL- or -
alkymmwﬂkﬁbl%iﬁ&aﬁ@@m%ﬁﬂ%W@{Wt@ﬁf!ﬂfﬁﬁqﬁ{@ﬁéwg%rgry,

indicated, a 'therapeutically effective amount” of a compound
Seco%‘?ﬁ@’u?ﬁ%fﬁ‘ﬁlﬁ@h?W&@i&@%ﬁ&%é‘ﬂi@%rﬁémﬁﬁmm,cmfyl, aryloxy,
azo, W@NI@@?O%-@W@%@%@?@W@%%@ C%?‘!ﬁ%g[ mgl,r@ﬁ\l%?a%rweﬂ as
ore symptoms associated with the disease or condition.' A T
co é?ﬁﬁgdﬁ%ﬁlﬁ'éﬁ@eﬁvé Gibiheeidlednpubeayhearoan.ambonylisfacid, -

baheliapeutiedgantlons ekl GeraINBReR, Witlhgthertheranias, woich,
. pr?)\lliolcfhQ sa nt@l:llgearapeutic begefit in the treatmeglt or mgnagbement %\{F%Eeg

methGieh £5R08Y L SHaidnor haltefraloatkal 4p suti€iils effdttive(Giopntetamalkyl,

hemietgaip@ss afiadBaLRdRBEIMPEYESRYErANSLARY Rk ARD lﬁ%?o%g,rlﬁtrﬂe, nitro,
avoids s .m?toms or causes of a disease or condition, or enhances the
%0, BORBad g o uHBmEn dhdrapes e owess omdrisbiding

alkylbudiicaiéchriheulesng ai@aty]aleainenaNdsulRATIE thiol (c.0., sulthydryl,
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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contemplate an action that occurs while a patient is suffering from the
specified disease or disorder, which reduces the severity of the disease
or disorder, or retards or slows the progression of the disease or disorder.
5 Unless otherwise indicated, the term "include" has the same meaning as
“include, but are not limited to," and the term "includes" has the same
meaning as "includes, but is not limited to." Similarly, the term "such as"
has the same meaning as the term "such as, but not limited to." Unless
otherwise indicated, one or more adjectives immediately preceding a
serieg 3oL ARG IRG CANFIYELRS-GRRIVING 10 £A6h Of {RE DO~
For example, the phrase "optionally substituted alky, aryl, or heteroaryl"
COpEEALE AhaCK A HIAY S VBpIBHSIR PattTts fdTaNmE drstiprihfyspecified disease or
disoiBstituieidinrvl ReopiioBalbrsybstildteddigicRandordeshous bainetethws the

that a,cheglgc}%l moiety that forms part of a larger compound may be
PTORIESHIBB P hie 158518 ASATEEommonly accorded it when it exists as a
singl&nlé&matesulsotainame, chmemonifneteostedteheadian). ch@ining as “include,

bu? %L(raemnpx))lﬁ‘i thz?eE?EBn 5 Hé{%g-entee an?nc?Xcrilg Jhars(:"‘c aé: Corgfgeed ég%isargse “includes, but is
meaning when used't6 describe aTnoie y SRS CRE TR S Rl
noploities for husinthieriyothh tases $x® s Wiesr g eispyrdyihgrd Heakm “such as,
pulMRIBIR; K s pyridine” are accorded the same meaning, and encompass
the compounds pyridin-2-ol, pyridin-3-ol and pyridin-4-oi. 20 It should also

be n&IBHIRALTEING sStéRdinatesin IR OB IMCERARIEFE visd pBHEdil wpreceding a series
of sibuRiLikeisHaaidAstiaale dsifibl {ei Cxrapicobald S5 Hashes Resihe the phrase

BN T L A e N ——
suldriainiagd aikh, opsatsfibdsublences isdssumpdaoety atadheddhaamagil.”

SO S B A LB PO s
maiRgEensa brsLibREe iR pingr8 Mme)ceB S IF \atlersies Pevrhit 9tB:dsts as a single
mdRPRRBINORa R EMENION SRCENBES BRI W&P%aﬁﬁ%%éﬁnﬁwpyﬁ dine”
zu:ulrlQ ‘Zp~y%5ciyll_’l’l\ér;’\r!lccorded the same meaning when used to describe a moiety attached to
other chemical moieties. Thus, the two phrases “XOH, wherein X is pyridyl” and “XOH,
wherein X is pyridine” are accorded the same meaning, and encompass the compounds
pyridin-2-ol, pyridin-3-ol and pyridin-4-ol.

It should also be noted that if the stereochemistry of a structure or a portion of a
structure 18 not indicated with, for example, bold or dashed lines, the structure or the
portion of the structure is to be interpreted as encompassing all stereoisomers of it.
Moreover, any atom shown in a drawing with unsatisfied valences is assumed to be
attached to enough hydrogen atorns 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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R,X 1 5 and pharmaceutically acceptable salts and solvates (e.g.,
hydrates) thereof, wherein: X is O or NR3; R, is ORIA, NHOH, hydrogen,
or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; R2 is OR2A,
C(O)OR2A, hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; R3 is OR3A, 10 N(R3A)2, NHC(O)R3A, NHSO2R3A, or
hydrogen; R4 is OR4A, OC(O)R4A, hydrogen, halogen, or optionally

subsgtyited gyl vk ddkylaryl, arylalkyl, heteroalkyl, heterocycle,

alkylheterocycle, or heterocyclealkyl; R5 is N(RSA)2, hydrogen, hydroxy,

or ofitenailestbatintechplieskscymalodasyhrandali theteroalkyl,
heterocycle, alkyl heterocycle, or heter yclealkyl; and each of RIA, R2A,
R3A, R4A, and RSA is 15 independentlyyhydrogen or optionally
substituted alkyl, aryl, alkylaryl, aryfalkyl he%froalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl. Payticular compounds of formula |

are such that if X is 0; Ri is alkyl of 1 carbons, phenyl, benzyl or
phenylethyl; R2 is hydrogen; and one pf R4 and RS is hydroxyl; the other

of R4 and R5 is not alkyl of 1 to 6 B&rbors, hydroxyalkyl of 1 to 6 carbons,

20 polyhydroxyalkyl of | to 6 carbons hai/ing up to one hydroxyl per

carbon, polyacetylalkyl of 1 to 6 carbons having up to one acetyl per
andgrhomapsleerivil beaxmdmehealteny stivetetiCalar bairedishémtsydhewherein: X is

o %9 EER%}JR iSHRL 2-Aa88i4n @f@%&ﬂ r&%&ﬁ?&&ﬂk{ﬂéﬁ%@éﬁmmd alkyl, aryl, alkylaryl,
-(4-(1,1,2,2,4-pentahydroxybutyn)-1H-imidazol-2- yl)ethanone,
ary)s %céﬁfmmmh&f&rasm%ta{#edh?ﬁmmaw éﬁ%@@f&@“@ﬂﬁz inEIRaa,
C@oety; I Hpaehneal- dibpeiangriiel & dptibeatByt pnpiaacetale 1, WA alkylaryl,
o e e L TR o
N{Re o NHOBIR; X NHEOH-RR3 oRhiglrogen; R, is OR4a, OC(O)R44, hydrogen,
halogen, or optionally substituted.alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; Rs is N(Rsa)z, hydrogen, hydroxy, or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; and each of R, Raa, Raa, Rea, and Rsa is
independently hydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,
heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl.

Particular cormpounds of formula I are such that if X is O; Ry is alkylof 1 to 4
carbons, phenyl, benzyl or phenylethyl; R is hydrogen; and one of R4 and Rs is hydroxyl;
the other of Rsand Rs is not alkyl] of 1 to 6 carbons, hydroxyalkyl of 1 to 6 carbons,
polyhydroxyalky! 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-
tetrahydroxybutylimidazole, 1-(4-(1,1,2,2 4-pentahydrox ybutyl)- 1 H-imidazol-2-
yDethanone, 1-(2-acetyl-1H-imidazol-4-yl)butane-1,1,2,2-tetrayl tetraacetate, or [-(2-
acetyi-1H-imidazol-4-yDbutane-1,1,2,2 4-pentayl pentaacetate. )

1G
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5 ORIA, NHOH, hydrogen, or optionally substituted alkyl, aryl, alkylaryl,
arylalky], heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;
R2 is OR2A, C(O)OR2A, hydrogen, halogen, nitrile, or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl; R3 is OR3A, N(R3A)2, NHC(O)R3A,
NHSO2R3A, or hydrogen; R6 is ORGA, OC(O)R6A, N(R65)2,
NHC(O)R6B, 10 hydrogen, or halogen; R7 is OR7A, OC(O)R7A,
N(R7B)2, NHC(O)R7B, hydrogen, or halogen; RB is ORBA, OC(O)RBA,
N(RBBparhbufat @B Birhyetr ogiesin g fRaiaaip R SHIGRAAN:
CH20C(0O)R9A, N(R9B)2, NHC(O)R9B, hydroggn, or halogen; each of
RIA, R2A, R3A, RoA, R7A, RBA and R9A s indépendently hydrogen or
optionally substituted alkyl, aryl, alkyharyl yl, heteroalkyl,
heterocycle, alkylheterocycle, oRhetefocyslealkyl® 15 and each of R6B,
R7B, RsB and R9B is independghtlythydrog&n or alkyl optionally
substituted with one or more hydl r halogen groups; Particular
compounds of formula Il are such that: 1) if Xis O, Rl is alkyl of 1 to 4
carbons, phenyl, benzyl or phe®ylethi, and R2 is hydrogen, at least two
of R6, R7, R8 and R9 are not hydroxyl.gr acetate; 2) if Xis 0, R is methyl,
R2 is hydrogen, Re and R7 20 are both hydroxyl, and one of Rs and R9 is
anfpirsgesethisdivercicsnsbHOOIRO B3t X hisrGyfRMeBHRIA XRiv\Gsor NR3; R; is
oydierseouesalcd: pddRals Luckagely ahlonst onentibaat Ak,

, R7, Rs and R9 is hydroxyl of acetate. 11 Particular compounds’of the

hefgipabiivh e wersinriky TR yclR e erer yedpaey  HRe 8 RBea1 ¢ (P OR 24,
hy@ess, aepkiommfe] lbridti dRénd shif¥iliced alkyl, aryl, alkylaryl, arylalkyl,
heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; Rj is OR3za, N(R3a)2,
NHC(O)R34, NHSO;R34, or hydrogen; Rg is ORga, OC(O)Rea, N(Rgs)2, NHC(O)Rgg,
hydrogen, or halogen; Ry is ORya, OC(O)Ry4, N(R73)7, NHC(O)R 75, hydrogen, or
halogen; Ry is ORga, OC(O)Rga, N(Rgp)2, NHC(O)Rgp, hydrogen, or halogen; Ro is
CHz0R04, CHOC(O)Roa, N(Rop)z, NHC(O)Rep, hydrogen, or halogen; each of Rja, Raa,
Raa, Rea, R7a, Rga and Roa is independently hydrogen or optionally substituted atkyl,

aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheteracycle, or heterocyclealkyl;
and each of Rgg, Rvp, Rap and Rop is independently hydrogen or alkyl optionally
substituted with one or more hydroxy or halogen groups;

Particular compounds of formula II are such that: 1)if Xis O, R;isalkylof 1 to
4 carbons, phenyl, benzyl or phenylethyl, and R, is hydrogen, at least two of Rg, Ry, Ry
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 Ry and Ry is hydrogen, the other is not NHC(O)Rsp; 3)if X
is O, R, 18 OR 4, Rya is hydrogen or lower alkyl, and R; is hydrogen, at least one, but not
all, of Rg, Ry, Rs and Ry is hydroxyl or acetate.

11
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5 R1 N- R3 IIl wherein: Z is optionally substituted alkyl; Riis ORIA,
NHOH, hydrogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,
heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl; R2 is
OR2A, C(O)ORZA, hydrogen, halogen, nitrile, or optionally 10 substituted
alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; R3 is ORSA, N(R3A)2, NHC(O)R3A, NHSO2R3A, or
hydrogen; and each of RIA, R2A, and R3A is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterBeyite) alkythptanady ofetherihetatnsy siealicybAnathgrgmbodiment of
the invention encompasses compounds cg formula IV: R7 R8 HO ~IRq
R6 HN IN 15 Rj' N-R3 IV and pharmacetkically 8cceptable salts and
solvates thereof, wherein: R, iSOR ﬁdrogen, or optionally
substituted alkyl, aryl, alkylaryl, Ryl, heterocycle,
alkylheterocycle, or heterocyclé Kyl 3A, N(R3A)2, NHC(O)R3A,
12 NHSO2R3A, or hydrogen; ' 6A, OC(O)R6A, N(R6B)2,

NHC(O)R7B, hydrogen, or hal is ORSA, OC(O)R$A, N(R3B)2,
NHC(O)RSB, hydrogen, or halogen; Iﬁii CH20R9A, CH20C(0O)R9A,
N(R9B)2, NHC(O)R9B, hydrogen, or 8 en; and each of R1A, R3A,
R6A GTAs pes afdiegrmaaB s independently hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalky|s, heteroalkyl, heterocycle,

alkytheterocycle, or heterocycleallg/al. Par 'culgr compounds are of formula
IV(a): R7 RB NO R9 —

HN_ N

S
FH N— Rs
ix

wherein: Z is optionally substituted alkyl; R is OR 5, NHO¥, h ydrogen, or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or

heterocyclealkyl; R is ORs4, C(O)YOR,,, hydrogen, halogen, nitrile, or optionally

substituted alkyl, aryl, atkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl; Rj is ORaa, N (Ria)2, NHC(O)R 34, NHSOR4, or hydrogen; and each

of Rya, Raa, and Rsp is independently hydrogen or optionally substituted alkyl, aryl,
alkylaryl, arylalkyl, heteroalkyi, heterocycle, alkylheterocycle, or heterocyclealkyl,

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

Ry Ra
HO

Rg

F—— RG
HN_ N
X
H1 N""‘“’R:_;
Iv

and pharmaceutically acceptable salts and solvates thereof, wherein: R is OR 4, NHOH

hydrogen, or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl
heterocycle, alkylheterocycle, or heterocyclealkyl; Rj is ORay, NRza)s, NHC(O)R;:4,

12

+3
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RB t-IN~N Ri N-R3 IV(a) 10 With regard to each of the formulae shown
above that contain the moieties described below, certain embodiments of
the invention are such that: In some, Xis O. In others, X is NR3. In some,
R, is hydrogen. In others, R, is optionally substituted lower alkyl. In
others, R, is NHOH. In others, R, is ORIA and RIA is, for example,
hydrogen or 15 optionally substituted lower alkyl. In some, R2 is
hydrogen. In others, R2 is not hydrogen. In others, R2 is nitrile. In others,
R2 is optionally substituted lower alkyl. In others, R2 is OR2A. In others,

NIRZOSR G QY PiR2A gbin SRR, (REA, I©IYdIan NRphio NS ehRtehrogen, or

e s O e S RS SR DAL BeSATE HGESGeRs s OFan

O RN ARseihsTHE 00k hjldrb garpthehs]oBEA By epEfialiRoa, CHOC(O)Roa.

1/8Ubstit or [ X is QR In gthers, R4,is
N A OGS BLSEE : IARRE, IR Bk SR S Rag 00 R
is jadapsrsign tinhytiersn s ephraetbasiastsusechiitiexd pd. ctieter Rbagylalkyl,
neRREMMAY BRI ed ahkyihé&r%égaﬁla%%i%@%a%ﬁ@mw substituted aryl.

In some,.one or more of R6, R7, R8, and R9 is hydroxy or halogen. In
somé EHBHAREORpOEEsMa I WBHIIB B or acetate. 13 In some, Z is
alkyl optionally substituted with one or maétg hydraxyl, acetate or; halogen
moieties. Compounds of the inventis@ mayZenain one or more
stereocenters, and can exist as racemie-Rlixtures,of enantiomers or
mixtures of diastereomers. This i ncompasses stereomerically
pure forms of such compoundsinas well as mixtures of those forms.
Stereoisomers may be asymmetrichlly synthesized or resolved using
standard techniques such as gli lumns or chiral resolving agents.
See, e.g., Jacques, J., et al., ﬁantio&n i

1er$, Racemates and Resolutions
(Wiley Interscience, New York, 1981) IW¥ian,

With regard to each of the formulae shown above that contain the moieties
described below, certain embodiments of the invention are such that:

In some, X is O. In others, X is NRa. '

In some, R, is hydrogen. In others, R, is optionally substituted lower alkyl. In
others, Ry is NHOH. In others, R; is OR 4 and R, 4 is, for examnple, 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, Ry is ORqa. In others, R; is
C(OYOR24. In some, Ran is hydrogen or optionally substituted lower alkyl.

In some, R3 15 OR3a. In others, R;is N(Rj34)2 or NHC(O)R34. In othérs, Rsis
NHSO:R34. In some, Rs, is hydrogen or optionally substituted Jower alkyl. In others,
R34 i1s optionally substituted aryl or heterocycle.

In some, Rq is OR4s. In others, Ry is halogen.

In some, Rs is N(Rs4)2. In others, R 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, Ry, Rg, and Ry is hydroxy or halogen. In some, all of

R, Ry, Ry, and Ry are hydroxyl or acetate.

13
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S. H., etal., Tetrahedron 33:2725 (1977); Eliel, E. L., Stereochemistry of
Carbon 10 Compounds (McGraw Hill, NY, 1962); and Wilen, S. H., Tables
of Resolving Agents and Optical Resolutions, p. 268 (E.L. Eliel, Ed., Univ.
of Notre Dame Press, Notre Dame, IN, 1972). This invention further
encompasses stereoisomeric mixtures of compounds disclosed herein. It
also encompasses configurational isomers of compounds disclosed 15
herein, either in admixture or in pure or substantially pure form, such as
cis (Z) and trans (E) alkene isomers and syn and anti oxime isomers.
Pref? %&é’rﬁpg%’i‘ﬁé g E’b%b@%éfélfb%%‘i@ﬂﬁﬂla&l{égo}’ HlBHaO% JEQU%EQ{%& or
agen rtain com ds inhibit the amount of circulating phocytes,
halageferepigirsd using the method described in the Examples, by greater

than @hehelasr fin HiEndal A7 aliResesk &%@'&é@&ﬁf&t@r@%d can exist

been found that while Till is capable of reducing circulating | %h iphocytes

a3 TACRHIRIS, THAH Shal GHERE AREFE B TH NS P e LEEF PRE: (4L RIS tmvéntion
endﬁﬂibﬂiw%s(@e&&ﬁ&ﬁhly%&é‘ﬂ@fiﬁwﬂEﬁwbidﬁjﬁidiuﬁml 2eyiethanabaures of those
have Jittle or no effect on C|rculat| tes despite r ts 1o th
Forg i SRS SRR A RRBCHB A Ny GRSt e
tecbhithednveciien dmdi@hémwaﬁiaﬁémmﬁﬁ?mbdwpamw@quﬂ Y, etal,
EnH}EYoMQJQ RIENERs 91{9959{:&&}%9&}%@/ Yh‘égrsf BLHCUAL GOMPRUISIS ). Wilen,

are SIP lével enhancing agents. Certain compounds increase the amount

- S. B aEeérét’@-‘rﬁ%’ﬁf’eé%%??éM@H&ﬁé@%&&rbé@ﬁ&@@ﬁmﬁ@ of Carbon

CORRMRIRSMIYCesSatan ithay abms) 18nd WHEn 25, |1, 3kl @mﬁg%genm and

A oy B SR st e S Mo, o,
19¥hem. Res. Comm. 11:108-112 (2000); Halweg, K.M. and BUChI G.,

J.Or.Cct hem 113614 (1985 ndsc al oﬁoe ma
by th%%ﬁe%veélsg gISC (I}4she ‘iSWPa% vag%%-l%ﬁ%s t ereo }lcrﬁw %Ompggnds
disgpsparehtinhdselof erdiormnesiil sonfigenatisml Memwsoéfc@@@mmds disclosed

helBYE UHAR SRCANARRRR LR M‘%U%Q%Pidﬂ&%!?&lﬂgﬂ@rg fIPATGASING LAE(Z) and trans

amount 5 of S1P in a patien (e.g., a mouse, rat, dog, cat or human) in
(E}elkgindteprenang suosfstised SHMMISERAG to the patient an effectlve
amounéRiREeaRpURRISdNthd Rvaiiti (ke caeampouUREnb6lasesduction

aggnetg?l@énain compounds inhibit the amount of circulating lymphocytes, as determined
using the method described in the Examples, by greater than about 20, 30, 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-((18,2R,3R)-1,2,3 4-tetrah ydrox ybutyDthiazol-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, 235, or 30-fold.

Compounds of the invention can be prepared by methods known in the att {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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Another embodiment encompasses a method of reducing the number of
T-cells in the blood of a patient, which comprises administering to the
patient an effective amount 10 of a compound of the invention. Another
embodiment encompasses a method of treating, managing or preventing
a disease affected by (or having symptoms affected by) SIP levels, which
comprises administering to a patient in need thereof a therapeutically or
prophylactically effective amount of a compound of the invention. 15
Another embodiment encompasses a method of suppressing immune

(1983PORSEPRnRALISALWNIGD FORANISES R0AIIsteli DG d0tNERAlEH A ariants

effective amount of a compound ofthe invention. Another embodiment
thegfoigBordl bmapRats of WharyohaAlgng SHpiavBamy an

autoimmune or inflammatory disease or disorder, which comprises

admidisteridettrad 2 0fiaskent in need thereof a therapeutically or
prophylactically effective amount of a compound of the invention.
Exa%%’l%@&ﬁ%@@mw%hﬁémﬁ@aﬁk&ﬂégﬁlée-gpéﬂmfmg) the amount

of SEEiNa RkkntronRchialasthima), alepiaos matilis) Beheel siiRgaSich

raft-vs- host disease, Kawasaki syndrome, lupus erythematosus, multiple
COTIPRSTLITRA SRS L e RO RIS CHYS PR i tirapris of the
inveinewmateidatthripispsdldladesaithatbitnansplant rejection (e.g., of organ,

cell ar.bhane marro d)nt e 1 diabetes, and.uveitis. Additional diseases )
o e B e CHRSES SR P AR IRRRERRe Tcells in
the plesidphariadersphibigaseitisrisch shmulisicaingimthrgstColian Eifvetive, amount

of £4eRpSRIPERESR: fvshighs Syndrome, dermatomyositis, Goodpasture’s
Syndrome, Grave's Disease, Hashimoto's thyroiditis, idiopathic adrenal

atropHyP b FRPRIEOCH BRIBBERASE fisnathrthel ticating - SyAuRSIng or preventing a

dispempiiigoid, b; memﬁlh@uﬁg/ujwt&m@aﬂféa@u%@msml' Rely aRRIHISCOaERS:s
rimary biliary cirrhosis, primary sclerosing 15 chglangitis, nauds, ,

wc e kST GO b e T B R AGCATy effctive
am@jogrdnisSypdomief shenpatmetom ophthalmia, Takayasu's Arteritis,

tem iti icosis, Ulceratiy. litis, and Wegener's .

oo B e e Do rsgomse o
patigmg coHfhotERkifcd @dena i Seaparidabeopstitnitrasifredpe sificimtichtiopmpound
of :bevisgated, prevented, or managed, and the age, sex and condition of

the patielgt. The roles played by such factors are well known in
Another embodiment éncomipasses a method of treating, managing or preventing

an autoimmune or inflarnmatory 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
spondyiitis, asthma (e.g., bronchial asthma), atopic dermatitis, Behcet's disease, graft-vs-
host disease, Kawasaki syndrome, lupus erythematosus, multiple sclerosis, myasthenia
gravis, pollinosis, psoriasis, psoriatic arthritis, theumatoid 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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the art, and may be accommodated by routine experimentation. In a
particular embodiment, a compound of the invention is administered to a
human patient in an amount of about 0.5, 1,2.5 or 5mpk. 10 5.4.
Pharmaceutical Formulations This invention encompasses pharmaceutical
it IS e, or more _compounds of the invention.
O P ol R iage b Syadrome.
SloggRabEGoBalsBbel¢ephindsah, Jublingsed, Aaging), RHGERkI Areritis,
- (N neous, intravenous, bolus injection,
thyr?fﬁka?é}nl’jé%%ﬁ%%}%{rﬁjﬁt?a(%ﬁseg’:égﬁ%l%%P?Fén%‘ﬁ’e‘%‘n?é?%ﬁ%?nistration toa
patiehft 2EvaRiplesteidedagei fontisiinolidesitabielsd R pIeisc SAPSHRSWill depend
u | in. les; cachets; troches; lozenges; '
P e R R0 phased, and the
age, sEaft sonriiaingsthe nsaion; dlasterss shiytions; paicheso eSS @8wn in
the j ; ; liquid dosage forms suijtable for oral or.
e S DR sl et embocimen.
2 comperislohndrerfirpissiiguidssuspensibns)ailsinivmter eramsians bau: 0.5,
1, g.gvg;%r-ﬁ{bg_il liquid emulsions), solutions, and elixirs; liquid dosage forms
suitable for parenteral administration to a patient; and sterile solids (e.g.,
crygt lling or amorphous solids) that can be reconstituted to provide liquid
do a‘gef e B ESE S OXmEaBRsd ministration to a patient. 25 The
forwlsaiti%nn%p%uld suit the mode of administration. For example, oral
administration’ fequine® 3??@@%83%’??@ PIOTRAStHETEOMBONNTRE ohthig more
compovertiof tromvdedradalioniy iR grRiPIeS Al HRCk JImilRTY;iRos age
formgom&%}ge}g%nrrga (T:I(l)gctaln Fgr_edlents that facilitate _dgllvery of the ac_twe
ingredient(s) t5 a8 { 48RS HoruBkagHale V asimt obrrss nmayrastal),
parericralifisteradiulinosasn aitavendasionsuingedasto RIRR 3R M O eriar)
or tragﬁ 5@%{&\{&%&2 mes, ftacilitate transport in circulatory system, and effect ’
elivery across can memprande o nrrriasial dergeoraimnatdep debipts;
caplessiaterdompuinds ofey be incoparaiediniodianissdasage i and
dispegggﬁgesgrrgsﬂs%iégble for reconstitytion) with the aid of solubilizing _
agents. erhuilsifiers’ and St ARRASHH AU RssHawsies poyyders; dressings:
crearaﬂbykﬂﬁd&mu@eaypm&)dﬁm I@\Iraefbgpn,e(% @,I%ggl @??%%qiﬁggggg B liquid
.Brewster at. Rey. Drug Disc. 3:1023-1034),
dosa%;’@mﬁ%%%gﬁ%b r%}i‘i?(?%],o %@%ﬁ%scﬂ(lri‘yg?&ﬁé‘ﬁﬂ?%‘d Hb gkt Esadingmipsnsions

(e.g. . agtias ethwdrakepleolys 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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isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, dimethyl formamide,
dimethyl sulfoxide (DMSO), biocompatible oils (e.g., cottonseed,
groundnut, corn, germ, olive, castor, and sesame oils), glycerol,

tetrafygdiaiur B%?L_%?{?&le e&bfr%%]fx{? ﬁ%g%%%%ﬁg I ﬁ%%ﬁ&sg%g ggpage forms

lene gl
sorbitan, and 10 mixtures the esém%
(and Qasasis g maiialisofberhseosprtited ith guspiensienkibislpg@tents, emulsifiers
d teehRIgHES KPR : xample, nhanopagticles of a compound ¢
o may be suspendef}r&jrggkge I%E?g %‘%@\?ﬁé’?ﬁé‘%@%ﬁéﬁzﬁ%%t%e, @pél.s,‘)lo= and
Encepspinbiieo0u; Ravit amddremie. 0i8¢s, BZ8RF0a)NaDbpastvle Soroms),
LabRLSBMPMREE deSGH herel repared by the 15 methods
" describad in US. %%%Pﬁ%ﬁ;% 0%8112 0481 &% Y, such as ethyl alcohol,

iSOPERYA BA0k 15 h PG b EEL 3312 1200BHE0ARL T ALoRODDABF bELAAY, propylene
lycand bl Pat ) 118. 5,518,187, 5,534,270,
iy S s S i i g St i T 43,
blocerpsibigwils, 434 AT8l0e P49, PBAIEITLS962. ¢arone evabadimenhdbesame oils),
lycBINGRRLICIE J iSas ' ving an average, particle size of
B B L B A R s . and
MIxBEY Higrethi-gorhdSRstnranibe, and type of a dosage form will vary
depepdinghamits:H E , e form.used in the acute
treatmesf?t ofa dise%%gunlfgilqgg}ggiég f%g’g%?ﬁr%%ﬁen JOF SR BB P hether
techniglcs kngratiaiks RitoRiprsesIamandossisdoofeusenpimtitenehrbaigspended
in 2 ReaIRepafia MR dsERse, RIDIAN 1B BHANYAANSAIE I 1Y, 1y

..caontain 25 smaller amounts of one or more of the’activé
378 o mpriddeRastishe drantoakesan pormds desctibé At thim samedisepsed by the
methbhegesansatherways g IR 2 b
ctiShesesanekoiherwavs e R dosae o, LomRTRReSel Yy,

OZSISE% invention will vary from one another w readily dpparen

et TR 5o, 84S ReMiorts eHdmSabetaic Al Scifnds s 48H510,118,
5,5 18d3VRskPublishing, E8swpBA{I990)s A ?;%1%ée%?[)??‘f‘gﬁfg?%aozs,

58 6£§%maceutical cogggo§|tlons of the invention’suita or ora
’ istratibfPcin be / pleSetited®s diseneterdostigeitrthe pauchastcle form

compabletsatedes Ghewahie 5@@1@@%)13&%@i@@z&%ﬁ%‘é?@mﬁ%&ﬂﬂ%ﬁéﬂ(%' less than

fl ed syrups). Such dosage forms contain predetermined 5 amaou
sbou T

Wyrdieiithaaebavay Bisepared by methods of pharmacy well

gg’?g&q:gs%@;ﬁﬁé%k%%i%mﬁ?& %ﬁd@s@ge mm@@%%lo e%%@(%%%u(}ii’lcl ls 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 art. See, e.g., Remington’s Pharmaceutical Sciences, 18th ed., Mack
Publishing, Easton PA (1990).
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Publishing, Easton PA (1990). Typical oral dosage forms are prepared by
combining the active ingredient(s) in an intimate admixture with at least
one excipient according to conventional pharmaceutical 10 compounding
techniques. Excipients can take a wide variety of forms depending on the
form of prgg@@ti@;ﬂ@ﬁ%&q@ ministration. Because of their ease of
administration, tablets and capsules represent the most advantageous
OraPHRSRAGR HHkIf : ir ated by standard .
oo o o o B ppm g be

ag :
PresgRibAYARGETarRTeETO@sTBT. Bobrasrtablels (a genkralkiphashiacautipddts,
eQmPosiRRRIANE Lot r e niformly and intimatel
cap RRRE Hosaos{arR At @ﬁﬂ?&%@ﬁ%sﬁﬁlﬁg lg:/ocrj}lf\e;il& éjdeé%% iNed

admixing the active ingredients with liquid carriers,
amopnisiat Sy b edifn than SHupihg mepprobibstintbaetie afgdieethacy well known to
thosprrRAlafien: hrn1esassary. RISMROIANMAYDE Meproaraled Depld o
sage forms to facility rapid dissolution. Lubricants may alsé be ’

d
Publiﬁ%ﬁ’r%’o%"f&?ﬂll%z’fa{éﬁi?g the manufacture of dosage 20 forms (e.g.,
tabigisk b dad- BHLOBIA PPSFASFRHRS E’@&ﬁﬂ}u‘?ﬁgltﬂ(?%%g?ef%{rrr‘eszd‘féa;ﬁ(?)ein an

., administered to_fatients by various routes in_cludin subcutaneous

U AR NEB dISA5ORTS infeiien) anseredinsioutan ent dntlgsreriateutical

comPRERNIGE tﬁbﬁﬁi@@éﬁ' ”@IE%E@H&WE&%%W&Q@@%&% %@tf%llﬂq%?gg:al gg{ S0 o8 the
against 25 contaminants, parenteral dosage forms-are speci |cgﬁy aterie

form OF DISB#RGR BNy & fo 'ntﬁ%ﬁﬂéﬂadministration to a patient.
ExBoples of nrieeigral CsagssiRrns inglude aﬁﬁi%%?e%\ﬁcfe%% ygggxrlt the most

d injection, dry products ready to be dissolved or sus
a VaB#&ﬁ%‘é%%’i%é%ﬁ@ﬁ%&&&&f&H}é- vEitierradr ptataonn Sespensldnssteatiy darueous
or ndnNHeoEons w&ﬁlﬁ@&@kSi@ﬂéh%%ﬁ@qm%lﬁﬁg%&&ﬂ?eﬁioﬁsc%%‘{% %:&%{Pr%ethods of

hararen ral dosage forms of the 30 invention are well known o those
PhANBEY A Th SRS Hie REAEMASILifH CRR P A dnfieetibUISPs agpeousby
uniforetticles! suehasl ediitthirisg Nigstieni RS iiniecign ReXIoRe

I dIn'ection, Deﬁos% and Slc%}um Cklﬂorid% In}gﬁﬁog}]ﬁ,{gﬁbﬁ%%%gg%e SR%Fﬁ]geIeS};'gMded
S0l 6P REH R e R heurncs it e e poestnyteos I
necegiysol Diirichiqpeivin oRyane Ahyeat: 204 RABIAAHSQMS YShiGIes r%%ﬁl]&%{%%m

eed oil, peanut oil, 5 sesame oil, ethyl Gleate, iIsopropy

. il,. cotton
dlsso?h‘%&a?e‘% AABRAE HERPeARsosRaratetiarfssdiinial iropralfasidmot deslge
formDEsagabienms

5.42. Parenteral Dosage Forms

Parenteral dosage forms can be administered to patients by various routes including
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 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
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Transdermal, topical, and mucosal dosage forms include ophthalmic
solutions, sprays, aerosols, creams, lotions, ointments, gels, solutions,
emulsions, suspensions, or other forms known to one of skill in the art.
See, e.g., Remington's Pharmaceutical 10 Sciences, 16th and 18th eds.,
: Wdﬁlﬁ%ﬂﬂjﬁ&ﬁbﬁﬂﬁ?@ﬁ@&éﬁé\@lﬁg%&g&%@ ;%&MF b-t@ﬂgg%%mé}%ﬁﬁ)-n’ Ringer’s
. Pharmaceutical Dosa orms, 4th ed., Lea & Febiger, Philadel|phia
Iﬂf60(1%%3@%8?&5&&13?%%%58%%%@1&1&%%% mﬁemo@nﬁaﬁ?&ted
Ringtpelrhaicheswinbichicanibecanpmied to the:-akin anshwopdiatiaysarciligcol, and

eriod of time {o permit the penetration of a_desired amount of active i
p"‘yﬁﬁaPég%%é?iéé*&ﬁém% BEYSREI6: LA By SR HIERARBS P DRyt ol

sesaradeliatathaleernibeprged hefsavidediansdsipalztapical, and mucosal
dosage forms are well known to those skilled in the pharmaceutical arts,

and depefid.an theapaitiewal, tEspie Abantidla-givED phagmFaceuical
composition or dosage form will be applied. Depending on the specific
tisSuentalomitrk avettab ddidionalccemjpsagnfsrmaynbbids egdh 2@l priostdytions,

spraf QUASRN I, Of Sbseguentioreament with active naredients afthe

Invention. For example, penetration SRhancers may be used 10 assistin o
othedliverkgpactiveoingredighis tocthe. tiSeue. I hEqpkingfan m@hmumaucabl
scieSQARAIBN APSATENI O AL UesuS I oMk dhe AIMACeISRh, o

coniposition or dosage form is applietf, may also be adjustéd tG improve
to PREeliswiyadfdneg move abtivelinhee dieltb] Simlbilyd ¢hyhjad Bl )of a

rier,dts. jQnic strength, or tonicity can be adjusted to.improye
T e e e LR o S R T can e
applisddmilacddticaldcompdsitio seeoi dasagel for tisddo pduaittdpepusty diterof a

d esigé}iaagy&{%pgllﬂ&%m 9J A&?@BQH@W of one or more active ingredients so as to

improve delivery. In this regard, stearates can serve as a lipid vehicle for
theS304bignitationvae.an eamidsifpinhdalyentsorsd ddutamttarielathat can be used
' - ' I [ ' ent, Different salts,. ..
o TS, SR M BT e e
in tha gjustibecprisplstissiof epeaduttinheooaripoditidissee RXANIRIESVASpects

phaﬂia%ti@me&%gbg%z?gr%qg t@%f%@gg%gigﬂgwing examples, which do

5 not limit its scope. 6.1. SIPLvsase Gene rupted Mice
Depending on the specific tissue to be treated, additional components may be used

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

The pH of a pharmaceutical composition or dosage form, or of the tissue to which
the pharmaceutical composition or dosage form is applied, may also be adjusted to improve
delivery of one or more active ingredients. Similarly, the polarity of a solvent carrier, its
ionic strength, or tonicity can be adjusted to improve delivery. Compounds such as
stearates may also be added to pharmaceutical compositions or dosage forms to
advantageously alter 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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Gene trapping is a method of random insertional mutagenesis that uses a
fragment of DNA coding for a reporter or selectable marker gene as a
mutagen. Gene trap vectors have been designed to integrate into introns
or exons in a manner that allows the cellular splicing 10 machinery to
ice V. e to cellular MRNAs. Gene trap vectors
P LT AAcR AR b e LA e iy erediens
can b ghgfdplkethacubtst tequepesssaridiarenatipresadseshioa promoter.
Thus, when such vectors integrate into a gene, the cellular splicing

6. maghinguyrapiiges exons from the trapped gene onto the 5' end of the
selectable marker sequence. Typically, such selectable marker genes can
onlybseenpiessethiénifdhersianRrrcHbs 98ns s tegrated into, .

. 2n Intron. The resulting gene trap events are subsequé‘;‘r\?{R?%dg(%r?tr|]%Pe(i18Sbi/;v hich do

ROt IR 98P cells that can survive selective culture. Embryonic stem cells
(derived routine strain A129) were mutated by a process involving the
insértion 1A lewsisa GerkoDiohpgansiigally engineered vector sequence
into_the SP1 lyase gene. The mutated embryonic stem cells were then
midpsit dtapeingts 20blbstbel/stsdorhitisanése S ubseguenily dolf 08 aoment of

DNANQPS lfglpg;gg%gtgg le hosts and carried to term using establishe
methogs. In this case, ﬂg"lge% \%?%zeir?%%%%fdgﬁlé?ﬁéé‘ﬁ%%%% Hagpygetors have

beengisrigited thinsEatynte igooes Phexasuitingnehime HeamilBalstiesellular splicing

mackyRPEAVENtY. dredtop ce offspring capa f germline transmission
of aﬁ“@alle e containirng tégggﬁ%%ese@e%u%gﬁme B Ry EECHuR &y pically
contgig ﬁ%ﬁﬁf&@l@@ﬂ@ﬁﬂq@dmﬂbﬁa@epmm@d@y ﬁf@g&pﬁ%&%ﬂ&%@%mes
and dhahaayelieady havs.a fisrupted gene are disclosed in U.S, Patent Nos.
6,136,566, 6,13 ,é@s and 6’,5@’9‘,%7%[ and 175! PEEHRSHEAREhaNgsne. the
cellufyg misseamadigioyHplivatotsgival BficbistfBa byasen@ane DisidRiaRe

leciVhiRlg, I etrorbital bleed and placed in a capillary
a6 e CtAa BT A T bINg A 055 S ol eiRgrssd
if th%wé%ﬁwlssmg@mhﬁém@m& i@iagndsf;m). The Iﬁﬁlﬂ%llig%@ﬁ@%@y%vents
r { : or. a five-part white blood ce
T WBS) d.%ﬁ%ﬁﬁ%g)ﬁ% é%%%?%ﬁﬁ@fﬁ%% ARG & B SEALtion
(MEARPIE0Rig seavidls tHerprichanyrivhiseBlodd 2¢iveauntanedifer patialss
involViQrIMatiat.yhile i dditional infarmation in the ,
o L PheUToi pa logguence int
the SEd|lyapgppresinm By ulastempivliwrs sfahotibiood tas aspiratedtinoibe
blastéQAMZ@ich 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 lyasc 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 cspecially 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,
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10 using a peristaltic pump. Four independent measurement techniques
were used by the Cell-Dyn 3500R System (Abbott, IL) to obtain the
hematologic parameters. The WBC Optical Count (WOC) and the WBC
differential data were measured in the optical flow channel, resulting in
the identification of the WBC subpopulations (neutrophils, lymphocytes,
monocytes, eosinophils, and basophils) for the five part WBC differential.
15 The WBC Impedance Count (WIC) was measured in one electrical
impedance channel. The RBC and platelet data were measured in a
secopg elecHiGakipResaN Il Be R Tie i DMAS
the spectrophotometric channel. The sample was aspirated, diluted,
mixe® lzoid theonheasurainetets fyrreactbjial dvetb andepincltdined ghitingy blood
I nal tological analysis parameter
oo s g e R RA B8 Bett-Dym 3500%

anghysd dreBoEd3insnriicHaddisiraledhiowmi el du A denbntdbiies to provide the
badlS RRQE e PlANSIS 1eH1664 Qé'%tgwy@j Wi MERLEAMISEHUAT YAl note
Sal

and r&iﬁ%{jla\telet volume. Bloo mples were obtained from a total of 1

Pofgiize e eRAE AT <O - Bt IS BlEs s & Btaltieerrsth count
and eNffaraililal)ipeormies op X I REYSME 166 vRR ARG R NAMRRERISN the

mice. There was no significant genotype associated differences between
St e R S
coundspphesrhogtobil Iveisrotears odrplhiskutdoyo lwacsspieand ipudeuddnl yzer

usslagrg%&maamsa&?G%ﬂﬁmga?@QgﬁQAE&Q%%

Q%&tﬁ%@ Eelgt\?vlgrt C{?Suﬁt%y the
or mean platelet volume. There were differences in ema’%crlt an(? re
C%Pws?rﬁgl%

R YHEER. (FhEatieHn e rldtdeibmisoasringy goramstyremidhe WBC

Optias! ol EVBTgad MMBIOZYGRSHE IRES A0 L AR GRIEABHIRAI flow
+/+ mlche it was 44.7 2.7 Eercent. The red blood cell 21

wild-type : . .
chg g AR SHSHIRANRD O T e SubR oP W asi o £BRAPhilS,
lythpbexnzygousifedytasicesitd ik, hipe teapphaild)ifowils: pe g4t WBCedifferential,
. rcent. Simi SP1 lyase deficient mice had.no significan
Lt A LR R EE Channet.
ThadiEre Angbplastalldtapermiveasdond dn ygousds: Ibdtriviaki ipe datotathannel. The

heMBHRBIRQACLESH UL R0 %82890%%'&6%%%%&9“ ghe! é%ﬁ_lﬂ:? & &%eg aspirated,

_total white blood cell count of 6200 1800 cells/I and wild-type mic
dilRigs - ar Wb BfobaasEIEEstIHE Sp7ensh BromeIovErnaainadawing cach

instrerRcho0}ely g abe fondiberRiton 8fcaPh asR, f¥MBRISISINRINE 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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was decreased, while the number of neutrophils, monocytes, eosinophils,

and basophils 10 were increased- The blood lymphocyte counts of mice
homozygous(-/-) for disruption in the SP1 lyase gene was greatly reduced.

The mean lymphocyte count in homozygous (-/- ) mice was 847 139

cells/i, in heterozygous (+/-) mice the mean lymphocyte count was 4582

2364 cells/l, as opposed to the mean lymphocyte count in wild-type (+/+)

mice which was 6126 2151 cells/I. 15 In contrast, mean neutrophil count

in homozygous (-/-) mice was 5020 612 cells/i, while in heterozygous :

diskiGAEBICSV e MERRMEL LRI 29U WIS 1 3802 1140 eelisfiand naldrigous (+/-)

_(+/+) mice had a mean neutrgphil count of only: 886 479 cells/Il. Similarly,
mighe 8k hibREEFR 8RR REHEs Gt RIF HiReWhED5F PSS/,

whilgimiietBrogpgayaserddfitien esieahiacnatieanodiffeyascabiilthe total
Wil 20 i e, () tlce e 1ean HpDOeKE U BB pous

1ISe WIth eosIino S,St e m‘ed Oéll}l]%%hl coun
/-) mihemeiygous Whiteibeowas!PaTuiRaT TN A; T0Nllechshdte Foupyorra(us (+/-)

mi&ljﬁ%@&m%n&%%&%ﬁlhcmttwaaz%oa.&fﬁaﬂ ANG/IN WIEKHRE GHE V+/+) mice

mice the mean eosinophil count was only 14 21 cells/i. The samé was

hadradosHuBip Mot ise hreantsdstiitIe d0RP ireHsbzy gous (-/-) 25 mice
was #3@e93ieelind: WheEsarEssd 16 MisestienBear Pasarhikessiticyte counts
was 7 5 cells/| and in wild-type (+/+) mice the mean basophil E.lount Véﬂi hil
WS iSRS P4 LA TR Ot HHORR FroRBEE EBu PRBH Sz goU s oP s
wetd nbries s sidbi308 belishowhietuitetefoaigousnisty goicé-tHefonelsTuption in
cyte count was 25 11(%5 cel s/Jﬁ%nd in Wiﬁ-t e (+/+) mice. h‘i -
e ORE SaT RGP L 5 o o e MG e ous
) nifre wen B450<ihdP it dolwht im trsenozygrisst-/-) rice theww247 BoTpbelst count was
45@&14_62%9&959@9993&5@@@tg%ﬁ@%m@maan@tsey{%wgﬁa&@e (+/+) mice
cells/l and in wild-type (8-/+) mice the mean eosinophil count was only 14
whpghcgirg Q1 20256280 Syatsdds of (2)-1-(4-((1R 2S 3R)-12 3
4-tetrahysrext wiybnln didpaal v ethanane@eRe Dkt (bt GbhdNs 12
celll_lswpi(,)whi(?eqr;—' ?e‘t_é:(r)ozygous (+/-) mice the mean neutrophil count was 1380 + 1140
cells/pl and wild-type (+/+) mice had a mean neutrophil count of only 886 - 479 cells/pl.
Similarly, the mean monocyte count in homozygous (~/-) mice was 950 = 218 cells/pl,
while in heterozygous (+/-} mice the mean monocyte count was 250 + 108 cells/pl and in
wild-type (+/+) mice the mean monocyte count was only 146 + 92 cells/pl. 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 = & cells/pl
and in wild-type (+/+) mice the mean eosinophil count was only 14 * 21 cells/pl.
The same was true of basophils. The mean basophil count in homozygous (-/-}
mice was 130 % 90 cells/yl, in heterozygous (+/-) mice the mean basophil count was 7% 5
cells/pl and in wild-type (+/+) mice the mean bas.ophil count was only 16 = 11 cells/pl.
Similarly, the mean monocyte count in homozygous (-/-) mice was 950 + 218
cells/ul, while in heterozygous (+/-) 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 eocsinophils, the mean eosinophil count in homozygous (-/-) mice was 247

4 297 cells/pl, while in heterozygous (+/-) mice the mean eosinophil count was 8 & 8

cells/ul and in wild-type (+/+) mice the mean eosinophil count was only 14 + 21 cells/pl.
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1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl]-ethanone
(TFII, 5 prepared according to Halweg, K.M. and Biichi, G., J.Org.Chem.
50:1134-1136 (1985)) (350 mg, 1.52 mmol) was suspended in water (10
ml). Hydroxylamine hydrochloride (126.8 mg, 1.82 mmol, 1.2 eq.) and
sodium acetate (247.3 mg, 3.04 mmol. 2 eq.) was added, and the
suspension was stirred at 50C. The reaction mixture turned clear after
approximately 4 hours. Stirring was continued at 50C for 16 hours. LCMS

analygs 105pgiseigd dheApimatiqniebhiswyorad anddhmabsengsuail)-1H-
starting majgfiak=bne r@@&anmtums allowed to attain room
temperature and passed through a fine porosity filter. This solution was
used dlrectly tcbp_prl the product by using preparative HPLC ﬁnt@H
HILIC silica column 30°'x 100mm; 2% - 21% water in g :

mindlls; mimir-with detection at 254 nm. The pro
collectedand thgh 15 acetonitrile was evaporated u reducedfffessure.

T ueous solution was lyophilized to yield the protjyct, a mixture of
approamately 3:1 anti:syn isomers, as a white soligi-284 mg (77%).

LCMS: Sunfire C-18 column, 4.6 x 50mm; 0- 17% MeOH (0.1% TFA
watelr%G@B?ﬁ%bﬁ@:ﬁﬁ%@w&%%%%ﬁ%@%%%% anone (THL,

HOLHMES toGhpwel, RiIM syisving! (246.04peh Q@@Qﬁmmlmﬁ (1985))
antl isomer, 246 0 %/ng(PﬁH NMR (D20

S2. 15
e A e v
(1m A7 Bingists), 1t o4.1 dranch Tdh (Sietgtett24AR G8C AMRADIO0 2ng.) was
Bt D B0 Aol it st
apfERis(Ag(1R Q@;@R)Spmgga,wggrg@mggd@@tﬁg EHor 16 hours. LCMS analysis

mdmﬂé’éﬁle?fé’})ﬁm%% Baukhis QAP HRd T R@Bﬁl@,ﬁﬂuﬁa&m Sﬁi?ﬁmacuon
as shown below 23 HO OH H HQ OH HO Dioxane:water (2:1) P
miKfyge was ailowed to attain room tamperature and passed thmugh a fine poros1ty filter.

This solution was used directly to purify the product by using preparative HPLC: Atlantis
HITLIC silica column 30 x 100mm; 2% - 21% water in acetonitriie over 6 minutes; 45
mi/min; with detection at 254 nm. The product fractions were collected and the
acetonitrile was evaporated under reduced pressure. The aqueous solution was
lyophilized to yield the product, a mixture of approximately 3:1 anti:syn isomers, as 2
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 (D20
and DCI) § 2.15 and 2.22 (singlets, 3H), 3.5 —3.72 (m, 4¥), 4.76 (br, OH protons and H-
20), 4.95 and 4.97 (singlets, 1H), 7.17 and 7.25 (singlets, LH). *C NMR (D0 and DCI)
§ 10.80, 16.76, 63.06, 64.59, 64.75, 70.86, 72.75, 72.83, 117.22, 117.64, 135.32, 138.39,
141.35, 144.12.

6.4. Svnthesis of (E)-1-(4-((1R.28.3R}-1.2.3.4-tetrahydroxybutyD-1H-

imidazol-2-vI)-ethanone oxime

This compound was prepared in two steps, as shown below

23



10

L5

20

N NH 1.5 equiv Ph3CONH2 | 0.25 equiv HCI, 50 O Nei 0 Ph3G.0 HO
OH HQ OH HO H-O OH HCI N, NH OH Dioxane N., NH IV N Ph3C~O
OH First, to a flask charged with THI: (21.20 mmaoi, 4.889) is added water
(25 ml) and IN aqueous HCI (21.2 ml, 21.2 mmol). After all solids
dissolved, a solution of trityl 5 hydroxylamine (25.44 mmol, 7.00 g) in
dioxane (55 ml) was added and the reaction was maintained at 50C for
4h. At completion, the reaction was cooled room temperature and the
solution was adjusted to pH=7 by addition of IN agueous NaOH. The
neutralized solution was then concentrated to a plastic mass, whighyvas o
purified by flagh C@Watography on silica gel [10% MCOH/::?%?:L/
(5% wtH&lutigr-i*water) in 10 DCM] to provide the trityl-ether a ar
plastic. Tyeatent of the plalg‘ﬂéaﬁ?a‘é’é‘%{) R hexane and con atiooH
é(vl"ﬁ?é'foam whi }}cou.ldg?_leéié d Under vacuum Nakey
g

solid (1¥. , 97% vyield). ggegcb u'igcﬁ kﬂ@(ﬁously stirred, rog
tempegature solution of the trityl oxime-'ether (4.8 g, 10 nlm‘%ilfln dioxane
(90 mil) is added a solution of HCI in dioxane (4M, 60 ﬁg@aﬁ’ After a few
minutes, a white precipitant was observed, and stirring was continued for

a total of 30 mjgutés, before filtering over a fritted glass filter and nnsiy o
the cake with e and ether. The cake was redissolved in w
ml), sonica in, then cooled toH@, treated with celite

filtered ovedg fitted glass filter. The ggueous solution was ceficefisa
to dryness, then isolated from methanol (30 ml) 20 diethyl ether{60 ml) to
provide they ime as an analytically pure white powder (3. 0%

yleldaahz O 6]_1

First, to a flask charged with THI (21.20 mmol, 4.88g) is added water (25 ml) and
IN agueous HCl (21.2 ml, 21.2 mmol). After all solids dissolved, a solution of trityl
hydroxylamine (25.44 mmol, 7.00 g) in dioxane (55 ml) was added and the reaction was
maintained at 50°C for 4h. At completion, the reaction was cooled room temperature and
the solution was adjusted to pH=7 by addition of 1N aqueous NaOH. The neutralized
solution was then concentrated to a plastic mass, which was purified by flash
chronﬁatography on silica gel [10% MeOH/1% NI—L;OH (5% wt. solution in water) in
DCM] to provide the trityl-ether as clear plastic. Treatment of the plastic. mass with
hexane and concentration 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 HCI in dioxane (4M, 60
mi). 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
agueous 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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6.5. Synthesis of (E/Z)-1-(4-((1R 2S 3R)-I 2 3 4-tetrahydroxybutyl)-113-
imidazol-2-yl)ethanone 0-methyl oxime OHOHH~ OH O'H'" HN~-~> OH
HN/M\~ SOH HO N HO O N OCH3 The captioned compound was
prepared as descrlbed above in Example 6.3, by usmg 5 methoxylamlne

h chl \ 1yl 7 %

0-17% "IfA) over 5 mln flow rate = 3
ml/min; Detectlon 220 nm; Retention tlmes 1.59 minutes (gyn isgmer,

260.1 (M+1)) a .73Hmin (anti isomer, 260.1 (M+1)~JH N R 18(D20) 6
2.18 228 ssjhy)354 3.60 (m, 1 HY 3. H
3.94 an i 4.76(br.-OH-protons N—|20 .93 and

inglets, 1#9, 7.17 and 7.25 (singlets, 1H).13C NMR D20) 8 11.55,
.32, 62.38, 62.99, 63.07, 67.09, 71.54, 78.86, 119.09, 138.64,
139.79, 142.95, 144.98, 148.97. 25 6.6. Synthesis o%b,(é-methyl 4-((1R
25 3R) 1234- tetrahydroxybutyl) 1E3- imidazol-2-yl)ethanone The
CaJt b eemacvad ﬁ@ﬁﬁ?@@ﬁd@é@@ﬁ%@%a\a@mgﬂlﬁ(meéﬁ by using
met n@ﬁﬂQMbcM%?iHésfﬁ%%eE?ﬁyHr i h%ﬁﬁo&%%%'\l %lﬂ (i:ym}% The

DCM NN'SO2NMe2 then, 012 3 x Q O TIPSOTf, TEA n-BULI,
prodgci s a white fluffy solid.

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 220 nm; Retention times : 1.59
minutes (syn isomer, 260.1 (M+1)) and 1.73 min (anti isomer, 260, 1 (M+1)). "HNMR
(D20} & 2.18 and 2.22 (singlets, 3H), 3.54 - 3.60 (m, 1H), 3.66 - 3.79 (m, 3H), 3.94 and
3.95 (singlets, 3H), 4.76 (br, OH protons and H,0). 4.93 and 4.97 (singlets, 1H), 7.17 and
7.25 (singlets, [H). "CNMR (D;0) § 11.55, 17.56, 62.32, 62.38, 62.99, 63.07, 67.09,
71.54,73.86, 119.09, 138.64, 139.79, 142.95, 144.98, 148.97.
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DCM N N_S02NMe2 then, oXo 0 OTIPS ~---~ N, N.SO2NMe2 4 o c(

OTIPS 5 OH OH HO 0 HO 0 NaBH4, EtOH, - 0+ 0 C N N N-.S02NMe2

CsF, EtOH N\ N, 0 SO2NMe2 OTIPS0 6 7 HQOHH

H20:acetone:conc. HCI OH N, NH (2:2:1) ) Me2NS03H O 58
4-Methylimidazole-I-dimethylaminosulfonamide (2): To a room

temperature solution of 4-methyl imidazole Z (3.00 g, 36.54 mmol) in

toluene (200 ml) was consecutively added triethylamine 5.6 ml, 40.20

mmol) and NN-dimethylaminosulfamoyl 10 chloride (3.9 ml, 36.54 mmol).
Theg/gsselauagiqea i & Sheralriosiaie far 4R howrs dthendhe dalidbutvl)-1H-
were filtered oFFaNbihe L8aghienR=and the liquor was concentrated to 26

obtain a 2.51 mixture of regioisomers 2 and 2a. The crude product was

purifite bypliashddvmpatnd raphyeperdsilicasget(80:p00%wghihl process cutlined
acetate:hexane eluent) to obtain a 2:2a in a 5.5:1 mixture of regioisomers

belo¥ 31 g, 629% yield): M+1=190.1
- Me,NSO,LCl, TEA }_z\ n-Buli, THF, -78 °C ~ N“‘SOQNMeg
Ny NH DCM No-N-go,nme, e 1
/
1 2

2 0
TIPSOTS, TEA . n-Buli, THF, -78 °C HO \
! R N“SOQNMGé then, - ><,' > T &
DOM Qg P Na Nw
OTIPS A_) i SO,NMe,
[w)
4 © OTIPS

5
OH

HO o
NaBH,, EtOH, ={ O < - /<~
0°C 3 N~S0,NMe, CsF, EtOH

l N“SOZNMez
oTIPS

O

& - 7

HQ  oH
HQ
HyOracetone:cone. HCI == OH
N NH
@:2:1) I\ e Mo NSO5H

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 triethy}arﬁine 5.6 ml, 40.20 mmol} and N,N-dimethylaminosulfamoyl
10 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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4-Methy-2-acetyliimidazole-l-dimethylaminosulfonamide (3): Toa -78C 5

solution of the imidazole 2 (1.99 g, 10.54 mmol) in tetrahydrofuran (70 ml)

was added slowly a solution of n-BuLi in hexane (2.5M, 11.60 ml). After

40 minutes, N-methoxy- N-methylacetamide (1.30 g, 12.65 mmol) was

added dropwise to the cooled solution. The reaction was allowed to warm

to room temperature and maintained for 2 hours. At completion, the

reaction was quenched by addition of saturated aqueous NH4CI (20 nil),

10 then diluted with water (20 ml). The layers were separated, and the
obaigaricldymivras: ofashgadswitiest?dracatatd (2 sr8depiodies vompindied by flash

argani er | | 0 Ci . Dyt
e T R
a Sgvérmikcartet sageistipbeacetat hddihylbntMy brddiié 3 as an oil
Sfli\jQt%ﬁlégf(yl&(l%@ﬁﬂﬂdi_’a'%é;}%-]_lséﬁmla)thiyidami?ﬁsluifqnami#e (3): To Z -78°C
-Methyl-2-(1-(triisopropylsilyloxy)vinyl)-1-dimethylamingsulfonami ;
solyior S HOITRAEB LSS @ éé-@? PPk, mm*wéﬁ?évs?ﬁe%énﬂﬂ?(@s added
sloml) was i eonsecwtipelliaddre srietryivnine 068 MIATE2mmaland-methoxy-
triisopropylsilyl trifluoromethanesulfonate (2,12 ml, 7.86 mmol). The .
N AR A A nEn 4 PoO Tt AR r 0L helcd soluion.
Theyuenniwdoysthidoaaditiorvai saturated rRpoasNand GRR0{R6dHL 4 heurs. At
coffifbus, e Wlzg Il Walslc(ed B).ARMkIP YGRS, SRARIRIRH, ERR20 o),

aqueous layer was washed with dichloromethane (2 x 20 ml) and the
thesofibisearrarate (RBrakvadhedanrs bire senatrsedi2odeREzreitdayer was

w=RNEd MaB 4 Ang aarceni aieehi].he e iing &l yasniy flecthy-RBsh with brine
chromatography over silica gel (1-2% methanol:dichlogomethane eluerﬂﬁﬁd by

(CR3Protar deremrehes Q- d S SHYER BT 2 21 §TU98 BESIUGHV® RE
flasB8idohantarip)iyl over- ¢idiCasot Vo b inyitacateedhiX 26 g1 5e84) norpodyvide 3 as an

OiIt(§?gggg]%ﬁ;éé?ﬁy%\g@%@wly added a hexane solution of n-BuLi

minutes, a solution of '
(-)-2 4 WetopkdpilidintsDpenpiigivdiexyivio YD 86dimethslammorilfonamide (4):
IS IRHEATYAR A0 D Yaseaddlon shily hictfitronlutiane [0 ) ws

reaction was maintained at -78C for 2 hours, then allowed to warm to 0C
coprsferd vaherleragring vdamiom ByPAdakish of Japhteghtisaproryisibl
trifRId FoMhe BRI RS. IDIHES WBHNAID! (TR MhanehthelAyRIAMNEER at room

e e MRS Tl sl €2 20 Do,
(20 m1). 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 mb), then dried over MgSQ4 and concentrated. The
resulting oil was purified by flash chromatography over silica gel (1-2%
methanol:dichloromsthane 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 atlowed to warm to 0°C before
quenching the reaction by addition of saturated aqueous NH4Cl (20 ml). The mixture was

diluted with water (10 ml) and the layers were separated. The organics were washed with
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dried over MgS0O4 and concentrated. The crude product was purified on
silica gel (30- 50% ethyl acetate:hexane eluent) to provide the lactol 5
(2.69 g, 85% vyield) as a white foam: M+1 =546.4. . 5 Diol (6): To a 0C
solution of the lactol 5 (2.09 g, 3.83 mmol) in ethanol (70 ml) was added
granular NaBH4 (1.4 g, 38.32 mmol) in a few portions. After 2 hours, the
reaction was warmed to room temperature for 30 minutes, then
concentrated. The residue was redissolved in water (40 ml) and ethyl
acetate (40 ml). The biphasic mixture was stirred vigorously for 10

. t t I en
eth%é%%ﬁé&%ﬁféﬁ?ﬁgyﬁ{a WETE SRRALAIGE:TNG IS IAYERWRBARE (20 wl), th

cetate (2 x 40 ml) and the combined organics were

drigtarrsdMaiOang caTenlyaaen Bhear8de PRRYSES 24k & WaHed Mrailigamsd (30-

504 AR faamtasRuiet by flasprehmaniogsanty 6y §ilksutield) as a white
methanol:dichloromethane eluent) to provide diol 6 (1.88g, 90% vyield) as
foama Mzt 8f inseparable diasteromers at the benzylic position: M+1=

547 Bidibemidpzale? xdhesiunfitheridadBi TS, £.0Bhmuipiyis cibigee (70 mib)
to g solution of jmidazple 7 4 mmol) in: etha e
wa%l ﬁac\%a ;%'r\%“ Tgré%%d%@r@g @é%@ n%gdl}ig 2 TH &P&Sﬁ@ ')Qiltg}'% mrs, th

hour, the reaction was cooled to room _
reaginperasmaanctitre acsun ity pariraretradl epinsteaber conmgnifend. The residue

waSSRIIRIGH TN SrYE6 RIOIHELWAT Ritified By Hashoheamalagsaniture was

over silica gel (5% methanol:dichloromethane eluent) to provide 2

0
stifiaRiBanEF3goTHY OUvYSAetBs aES ThHRES RYSTR SRRAIRISE, hngAgeous layer was
wagﬁeg Tﬁ&g@it@ﬂﬁ&f@ﬁ@z@&d Amigiazate ﬁl@cﬁﬁll’mgxdd Qggmﬂmlm\(ﬁvashed with brine

issolved in acetone and consecutively treated with water (6 mb).
AR QB0 RS O TR VAT A8 Lne G gy Aot
chéhmaiogtssh shercsdtied(i9: meth tec pichloreraeti sendaenattapthéede diol 6
d terialwas purifi r : [ i tion:
S RER e e s oo
MuibJ&réd solvents by the following method: 1% acetonitrile:water

ISOCT@fif dbpoler(F):Minuies ARTIE 23 9uies). FRORRMinovre Raiaakon sotution of
SoEein £ s chiapgias e Cmelbyemenoms sct shatt aner
hote, 1Helje 631 oampo ie@ ) r@42 téeopamtins2)l @GR (o s 248D ggheous
R TS BRI i 510 Y U il sl
chromatography over silica gel (5% methanol:dichloromethane eluent) to provide
imidazole 7 (380 mg, 94% yield) as a white foam: M+1=392.1.

' Final Preduct (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 8 was obtained as the
dimethylaminosulfamic acid salt an amorphous solid: M+1= 245.1; "H NMR (400 MHz,
CDCls) major & 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, ZH), 2.62
(s, 6HD), 2.43 (s, 3H), 2.21 (s, 3H).
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6.7. Synthesis of (1R 2S 3R)-I-(2-(1-hydrazonoethyl)-1H-imidazol-4-
yl)butane-1,2,3,4-tetraol OH OH t Mjh.n SOH HN~N OH N | NH2
1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl}-ethanone
(THI, 5 prepared according to Halweg, K.M. and Buchi, G., J. Org. Chem.
50:1134-1136 (1985)) (148 mg, 0.64 mmol) was suspended in methanol
(3 ml) and water (1 ml). Hydrazine hydrate (35 mg, 0.7 mmol, 1.2 eq.)
and acetic acid (one drop) were added, and the suspension was stirred at
50C for 6 hours. LCMS analysis indicated the formation of the product

and ¢he absRpreQfstarting Meatrial -Eheitagetion snbdtiolNasicptidasiel-4-
room 10 teRyyeiatise packdilutesylith tetrahydrofuran. The resulting white
precipitate was collected and washed with tetrahydrofuran to yield the
product, a mixture of approximately @ E9Hsomers, as a white solid:
90mg (58%). LCMS: Zorbax C-8 coldn, 46 X mm; 10 - 90% in water
(10 mM ammonium acetate) o mir; flow rate = 2 ml/min; Detection
220nm; Retention times : 0. } 150€Z<§yn isomer, 245.0 (M+1)) and
1.08 min (anti isomer, 245.0 (Mﬁ'H NMR (DMSO d6) S 2.5 (singlet,

3H under DMSO), 3.4 - 3.7 (m chB (m, 2H), 4.6 (m, 2H), 4.8 (m, 1H),

4.9 and 5.0 (doublets, 1H), 7.04 an lL.Zl (singlets, 1H). 6.8. Synthesis of
N'-(1-(4-((1R 2S 3R)-1.2.3.4-tetrahvdréxvbutyl)-1H-

_ imidazpl-2yRetbyiripne) acetnbyangaics: yid i SHH i d2.01- 2yl N Bar@ne (THI,
prepared according to Halweg, K.M. and Biichi, G., J. Org. Chem. 50:1134-1 136 (1985))
(148 mg, 0.64 mmol) was suspended in methanol (3 ml) and water (1 ml). Hydrazine
hydrate (35 mg, 0.7 mmol, 1.2 eq.) and acetic acid (one drop) were added, and the
suspension was stirred at 50°C for 6 hours. LCMS analysis indicated the formation of the
product and the absence of starting material. The reaction mixture was cooled to room
temperature and diluted with tetrahydrofuran. The resulting white precipitate was
collected and washed with tetrahydrofuran to yield the product, a mixture of
approximately 3:1 E:Z isomers, as a white solid: 90mg (58%).

LCMS: Zorbax C-8 column, 4.6 x 150mm; 10 — 90% in water (10 mM ammonium
acetate) over 6 min; flow rate = 2 ml/min; Detection 220nm; Retention times : 0.576 min
(syn isomer, 245.0 (M+1)) and 1.08 min (anti isomer, 245.0 (M+1)). '"H NMR (DMSO-
d6) & 2.5 (singlet, 3H under DMS0), 3.4 ~ 3.7 (m, 4H), 4.3 (m, 2H), 4.6 (m, 2H), 4.8 (m,
IH), 4.9 and 5.0 (doublets, 1H), 7.04 and 7.21 (singlets, 1H).

6.8. Svnthesis of N'-(1-(4-((1R.2S8.3R)-1.2.3 4-tetrahvdroxvbutyl)-1H-

imidazel-2-viethvlidenelacetohvdrazide

OH OH
H OH
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29
1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl]-ethanone
(160 mg, 0.70 mmol) was suspended in methanol (3 ml) and water (1 ml).
Acetic hydrazide (56 mg, 0.75 mmol, 1.2 eq.) and hydrochloric acid (on(-
drop, 12 N) were added, and the suspension was stirred at 50C for 48
hours. LCMS analysis indicated the formation of 5 the product and the
absence of starting material. The reaction mixture was cooled to room
temperature and diluted with tetrahydrofuran. The resulting white

pregiiiata was spiected andwasned Wiy igHRMBHaA L2 Yjeld themone (160

product, a mixture of approximately 3:1 E:Z isomers, as a white solid; 129 4
mg,Ag fomomplL ErSUSRARRS o PelliR 3 AE haBamaics (1 3pbs ipGeitepyfpr=ide
(56 R aMyeRieN 110 acpiaehguarcRIbnviaciioiwiaiersp3 B iljmiae added, and the

Detection 220 'R ion time: 0.53_mj 87.1 (M+1)).' R ;
SusTERISE 8 B0 e S B8 TS Sl TR T gorggion of
the Fodbtd ardl 3ndbababhelob-Gadiivg, Mbikriald (Bnelehcion3oiant« 9:@7cooled to

inglet H). 6.9. t i -4+ -Ni~(1-(4- +1.2:3:bne w
roo%p?%r%%%‘% dxrr(%xe\%% @)X%gﬁ%%%%% dfg?&%'\l?ﬁ% %ésm%i%gzéﬁ@p}s&ﬁ e was
coligyet pinlewebed zeitle serfdnshigiteande D OHeFOMIUREGHOIIEROT N,

app'{b&igatel 3:1 E:Z isomers, as a white solid: 129 mg (65%).

((IR,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-IH-imidazol-2- lel:\f}agan e .
(15@-%%1\}%%%%&)%5&%&‘%&%&@8 RBRiaRd% rlrl?l)wfr{ éP% fpmomium
acc%i?%@ﬁ?%_@fﬁﬂgk mﬁ}mfaams(h;mxm,mg?&gmc%za.mwﬁm time: 0.53

. ocC rc.acli (0] cd,.a
iR LG Tor S A e 2 R Bt Zo e g eder
DMSaHUBt A thérabsEhct Dl sttty hfatefidhTAE e 28idm. hiiuidwagnd 10.37

(si gqg{gplltﬁ)(oom temperature and dry-loaded on silica gel. Flash
c%romatography on silica

6.9. Synthesis of (E)}-4-methvl-N'-(1-(4-((1R 28 .3R}-1.2.3.4-
tetrahvdroxvbutyl)-1H-imidazol-2-

Dethvlidene)benzenesulfonchvdrazide

OH OH
i _OH

T——

HN .
S

S

1-[4-((1R,28,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imi dazol-2-yi}-ethanone (153
mg, 0.67 mmol) was suspended in methanol (3 ml) and water (1 ml}. P-toluenesulfonyl
hydrazide (140 mg, 0.75 mmo), 1.2 eq.) and hydrochloric acid (one drop, 12 W) were
added, and the suspension was stirred at 50°C for 24 hours. LCMS analysis indicated the
forrﬁation 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
ge!l (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%).

30
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gel (10g Si02, 4:1 ethyl acetate: methanol) to yield the product, a mixture

of 25 approximately 85:15 E:Z isomers, as a white solid: 142 mg (53%).

30 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

220nm; Retention times : 0.50 min (399.2 (M+1)) and 0.66 min (399.3

(M+1)). 1H NMR (Methanol-d4) S 2.2 (singlets, 311), 2.41 and 2.45

(singlets, 31-1), 3.6 - 3.85 (m, 4H), 4.99 and 5.05 (singlets, 11-1), 7.09 5

(brs, 1H), 7.39 (d, 2H, j =8 Hz), 7.77 and 7.87 (d, 2H, j =8 Hz). 6.10.
Synihesis of Nirils @-(d RorBmdRe-4 2 Sofalatrabdeiapubuiyid: o mM ammonium

imidazol-2-yl)ethylidene)benzohydrazide OH OH HNIN OH HN 'r,
acefgie) qyer 2.5 min; flow rate = 3.5 ml/min; Detection 220nm; Retention times : 0.50

min(ljf-ié%ﬁ(%?@ﬁx%é&@:@ﬁ?rﬁﬁqmgr%bd}iymw(ﬁﬂedﬁnﬂ=§ﬂ)éﬂ;foﬂ€(singlets,
mg, u. mo S.SUsS In me 0] n ater
sl S S B SR e D 3 O el 09

(br byt HISAd dcit(gred diep, .2 N 8187 4ddetl, a8 #e)suspension was
stirred at 50C for 18 hours. LCMS analysis indicated the formation of the

pProqgigband {Re1RRECHER Af SI@UiNRPAISTG. 11118 NANIRRBARISAEIT
mixture Wagne RIS 0. {ORh ISR RS0 GIN deargRhtrated in vacuo. C-1S
Reverse-Phase 15 SPE (I0g Alltech Hi-load C18, gradient from water to
20% methanol/water) to yield the pr@ductQ&imixture of approximately 1:1

E:2 isomers, as a colorless solid: 19 HCMS: Sunfire C-18
column, 4.6 x 50mm; 10-90% i ter (10 mM ammonium acetate) over

2.5 min; flow rate = 3.5 ml/misi Egiﬂctié?HZZO nm; Retention time: 0.49

min (349.2 (M+1)). 1H NMR (Methanol-d4) 5 2.2 (singlets, 3H), 2.42 and
2.45 (singlets, 20 3H), 3.6 - 3. 4H), 544 and 5.14 (singlets, 1H),
7.30 (br s, 1H), 7.40-7.7 (m, 4H), 7.80 an % (m, 2H), 8.1 (br s, 1H). 31
6.11. Synthesis of (E)-ethyl 2-(1-(4%{ R2S8R)-12 3 4-tetrahydroxybutyl)-
1H-imidazol-2-yl)ethylidene)hvdrazinegarboxylate
1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl)-ethanone (150

mg, 0.65 mmol) was suspended in methano! (3 mi) and water (1 mi). Benzoic acid

hydrazide (102 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 18 hours. LCMS analysis indicated the.
formation of the product and the 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) aver 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, LH).

31



10

15

OH OH OH HX OH ~N HNy0"-"-0
1-[4-((IR,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl]-ethanone
(150 5 mg, 0.65 mmol) was suspended in methanol (3 ml) and water (1
ml). Ethyl carbazate (78 mg, 0.75 mmol, 1.2 eq.) and hydrochloric acid
(one drop, 12 N) were added, and the suspension was stirred at 50C for
18 hours. LCMS analysis indicated the formation of the product and the
absence of starting material. The reaction mixture was cooled to room
temperature, concentrated in vacuo, and diluted Wlth acetone The

resug@gw@ 1 iojiad

nm; Retention time: 0.25 min (3173 (M+1)). I—blNMR (Methanol d4) 3
1.36 (t, 3H, j =8 Hz), 2.28 (s, 3 45 (singlets, 3H), 3.60 -

3.85 (M, 4H), 4.34 (dd, 2H, | 5 HOW5.@H(s, 1H), 7.27 (s, 1H). 6.12.
. Synthesis of (E)-N'-(1-(4- ((1R 2 R) -12 3 4-tetrahydroxvbutyf-1H-

imidazol-2-vl)ethylidene)nieoting dra2|de OHOHOH HN~NOHNN ~
HI yll 032

1-[4-((1R,2S,3R)-1,2,3,4- Tetrahydi’@)k -4-imidazol-2-yl]-ethanone
(215

1-[4-((IR,25,3R)-1 ,2,3,4-Tetrahydr§ty—butyl)~II{-imidazolez—yl]—ethanone (150
mg, 0.65 mmeol) was suspended in methanol (3 m1) and water (1 mil). Ethyl carbazate (78
mg, 0.75 mmol, 1.2 eq.) and hydrochloric acid (one drop, 12 N) were added, and the
suspension was stirred at 5G°C for 18 hours. LCMS analysis indicated the formation of
the product and the absence of starting material. The reaction mixture was cooled to
room temperature, concentrated in vacuo, and diluted with acetone. The resulting white
precipitate was collected and washed with acetone to yield the product, one apparent
isomer, as a white solid: 96mg (47%).

LCMS: Sunfire C-18 column, 4.6 x 50mm; 2 — 20% in water (10 mM ammonium
acetate) over 2.5 min; ‘flow rate = 3.5 ml/min; Detection 220 nm; Retention time: 0.25
min (317.35 (M+1)). "H NMR (Methanol-d4) § 1.36 (¢, 3H, ] =8 Hz), 2.28 (s, 3H), 2.42
and 2.45 (singlets, 3H), 3.60 — 3.85 (m, 4H), 4.34 (dd, 2H, j =8 Hz), 5.08 (s, 1H), 7.27 (s,
LE).

6.12. Synthesis of E)-N'-(1-(4-((1R 28.3R)-1.2.3.4-tetrahvdroxvbutvi)-1H-
imidazol-2-vhethvlidene)nicotinohvdrazide

OH OH
A OH
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mg, 0.93 mmol) was suspended in methanol (3 ml) and water (1 ml).

Nicotinic acid hydrazide (137 mg, 1.0 mmol, 1.1 eq.) and hydrochloric

acid (one drop, 12 N) were added, and the suspension was stirred at 50C

for 48 hours. LCMS analysis indicated the 5 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 water to yield the product, one
apparent isomer, as a white solid: 311 mg (95%). LCMS: Sunfire C-18

columpy 4¢P DORN: 116 3 g%tﬁwa%kﬁ&w 1B ammenun) agelaiflone (215

over 2 5 min; flow rate’ = 3.5 mi/min; Detection 220nm; Retention_ time:
mgoﬂz%mmwﬂsrwnwmwh@m%@émdz‘wwéPP) 2 Yipounigsacid
hydmmﬂélna@%g(rm @imdi 71 (rag 3 Ed S §dedahi3HY, &b g a:}dp 125 ¢brere

MO S ——

foxﬁﬂwmdﬁzhb@iwﬂamm&e)!ﬂﬁmhyﬂmzma@ﬂﬁmz@FEhWﬂﬁ(hb@Haﬁtuie was

co B e BRI R s o g e
pre¢igidatmyag Mlmdlpwwwmewaédfw@thawlehthﬂpé@@lﬁiafme(mm{eﬂt
;so%&h'%%%ﬂﬁe'&w%by(?ﬁgw 70 mg, 1.0 mmol, 1.2 eq.) and

hydrochloric acid (one drop, 12 N) were 20 added, and the suspension
was sHeF Sushiesfor BB CMS STV indiedda thereTdhAanbh of
amtieried ueécamj HheaDIeRee Blotamteg-p: ateﬂuainﬂih D ELOaien ZB{)ﬁtﬂﬁRM&&mon

oaled to.r t t
tlmres((}fﬁllng Wnite par%1 |ptaiﬁwas%w and %r%%erd ﬁﬁ:%g to ylgﬁd(m 45D,

4 4thépraBidct. ab a3t HE 2.0z A aS d fvhite Ha)id7 208wy 1B394)62%Dbr, 1H). 8.35
(brLﬁ%SS §Hrag{;e 1(1;{)1% ‘i%(g}“iﬁﬁ x 50mm; 10- 90% in water (10 mM
ammonium’ acetate) over 2.5 min; flow rate = 3.5 mlimin; Detection

220nm;_Retention time; 0.63 min
6.13. Svathesis of 3-chloro-N'-(1-{4-((1R.28.3R)-1.2.3 4-tetrahvdroxybutyl)-

1H-imidazol-2-yDethviidene)benzohvdrazide

»

OH OH
3 OH
HN._ N OH o
SN
]
HN
')

1-[4-((1R,28,3R)-1,2,3.4-Tetrahydroxy-butyl)- 1H-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 EXZ
rmixture, as a white solid: 108mg (33%).

LCMS: Sunfire C-18 columnm, 4.6.x 50mm; 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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33 (383.23 (M+1)). 'H NMR (Methanol-d4) S 2.44 (s, 3H), 3.60 - 3.90 (m,

4H), 5.12 (s, 1H), 7.29 (s, 1H), 7.65 (m, 2H), 8.04 (m, 2H). 6.14.

Synthesis of (E)-4-fluoro-N'-(1 (4-((1R,2S.3R)-1,2,3.4-

tetrahydroxvbutvl)-1H-i midazol-2-yl)ethylidene)benzohydrazide OH OH

| ~/OH HN-NOHF NIHN 50

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

(172 mg, 0.74 mmol) was suspended in ethanol (4 ml) and water (1 ml).

4-fluorobenzoic acid hydrazide (131 mg, 0.85 mmol, 1.1 eq.) and
(3s8yLreshlq ¢ tgg agidNore i N4ayere saddedrang doe-suspamsiap)yas. 12 (s,

a

stirre C for 48 hours. LCMS analysis indicated the 10 formation of

1H)(h~é%ﬁ'c§8u&}anti‘§ﬁé"§bg§ﬁc§ -8 §Br iy material. The reaction mixture was

cooled to room temperature and partrally concentrated |n vacuo The

the produc S EAEHY T VAR i i
LCMS: Sunfire C- 18 column 4 6 X 5
ammonium 15 acetate) over 2.5 mir¥;
220nm; Retention time: 0.55 min . 9 H NMR (Methanol-d4,
one drop DCI) S 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§i§ 157 Synthesis of (E)-6-amino-N

(2-(4-((1R,25.3R)
tetrahydroxybutyl)-1H-imidazokZ-y)ethyligéne)mi
HNZ, N OH k N NH2 N HN ;
QO
1-[4-((1R,28,3R)-1,2,3 4-Tetrahydroxy-butyl)-1H-imidazol-2-yl}-ethanone (172
mg, 0.74 mmol) was suspended in ethanol (4 ml) and water (1 ml). 4-fluorobenzoic acid

m; ]r-? 90% in Water (10 mM
lowsrate = 3.5 ml/min; Detection

cotinohydrazide OH OH

hydrazide (131 mg, 0.85 mmol, 1.1 eq.) and hydrochloric acid (one drop, 12 N) were
added, and the suspension was stirred at 55°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 one -apparent
isomer, as a white solid: 97 mg (35%).

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 220nm; Retention time: 0.55 min
(367.24 (M+1)). '"HNMR (Methanol-d4, one drop DCI) 3 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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1-[4-((1R,2S,3R)-1,2,3,4-Tetrahydroxy-butyl)-1H-imidazol-2-yl]-ethanone
(115 5 mg, 0.50 mmol) was suspended in ethanol (4 ml) and water (1 ml).
Substituted hydrazide (91 mg, 0.6 mmol, 1.2eq.) and hydrochloric acid
(one drop, 12 ND were added, and the suspension was stirred at 55C 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

as one appﬁ‘ﬁMQ&iﬁﬁﬂ iwmﬁﬁmmﬂ@@% eh&MEothulivdrazide
C-18 column, 4.6 x 50mm; 10- 90% in water (10 mNI ammonium acetate)
over 2.5 min; flow rate = 3.5 mI/mirFDlﬁ)et@iﬂion 220nm; Retention time:

0.15 min (365.32 (M+])). 'H NMR thakgl-ddrone drop DCI) S 2.58 (s,

3H), 3.60 - 3.90 (m, 15 4H), $=22((s, 1L-1), 7.17 (m, 1H), 7.54 (m, 1H),

8.44 (m, 1H), 8.68 (m, 1H).:8u16,,.8ynthEsis of (B)-N-(1-(4
((IR,2S,3R)-1.2,3,4-tetrahydrox butyl) 1H-

imidazol-2-yl)ethylidene)isoni prdr
HN -Ir O

1-[4-((1R,2S,3R)-1,2,3,4- Tetrahy'é% <[H-imidazol-2-yl]-ethanone
(168 20 mg, 0.73 mmol) was suspenged in ethanol (4 ml) and water (1

mI) ispRigaNiss 3R Nydrazidedd g« ggﬁ]mmlﬂﬁﬁiﬂ@ywethaﬁone (115

hydrochloric acid (one drop, 12 NW were added, and the suspension was

Mg fRRUTRISACRT SRR Iehenfl4R SiABR MBE TS ot BREhy drazide
9 lpﬁ@gi,tmtsaﬁﬁxmelahegap@e@mmﬁnmmratoﬁeefe@cn@wmwam and the

cooled to room te artlall entrated in ¥acuq.,Th
SR W B e o CETE el D RASH AN HURE i gprmaton of
theyjpetdithe q&rd)dumt;msrmaeaﬁpqammgtmmne} d%he mwhiteosoitx 186 Wi cooled to
SWx}nperature and partially concentrated in vacuo. The resulting white precipitate

HHN/NOHNN

v\‘fas coliected and washed with ethanol to yield the product, as one apparent isomer, as a
white solid: 136mg (75%).

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 220nm; Retention time: 0.15 rrﬁn
(365.32 (M+1)). '"H NMR (Methanol-d4, one drop DC1) 8 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. Svnthesis of (E)-N'-(1-(4-((1R.28.3R)-1.2.3.4-tetrahvdroxvbutyl)-1H-
imidazoi-2-vilethvlidene)isonicotinohvdrazide

OH OH
H OH

HN P N OH

B

N
H !

)
N T

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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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
220nm; Retention time: 0.15 min (365.32 (M+1)). 'H NMR (Methanol-d4,
one drop DCI) S 2.63 (s, 3H), 10 3.60 - 3.90 (m, 4H), 5.12 (s, 1H), 7.58 (s,
1H), 8.63 (d, 2H, j =8 Hz), 9.14 (d, 2H, j = 8 Hz). 6.17. Synthesis of
(E)-N'-(1-(4-((1R,2S,3R)-1,2,3,4-tetrahydroxvbutyl)-1H- imid
azol-2-yDethylidene)bi nhen yl-3-carbohydrazide OH OH OH HNN OH ~
HINa~ O/ 15

hydtalddd|B.2PR 6188, s emqlakgqr@?saibsﬂy&mbmida@t&wﬂ:@qmammg were

s A TR DTS i Cor R Stet MBS Apfcaed the

fonﬁwmdroﬁﬂ)a/mschmﬂeddamahmmpé ssigingasastiieed Bhd 0€24006 mixture was
cooliloc%J &Sy rlﬁoCM§ ana L']Sre' ngﬁﬁla f c%ﬂ?:%?ﬁt%dthevgc%g mﬂg E-@éﬁ‘i‘uﬁl?g white

absence of sta ng matenal T ction mixture was cooled to room
pretapripes atasesdikaed mwmi témﬂq@tmhéu YigldctherseopRas @ Hpe@pparent
isofid?, VLN 4 QA 2661R1RITFHEY YT wo fractions (E and Z isomers) of the

desired mass were collected separatelg and lyophized. Fraction one

affolded/ S WHFiEs ficr 1§ oheeded. o o W& WhiEs SHhao
AnR@ i Sadrunstiep nResmnalyiicaketP G Aarhan; ©8eaiemn2driay Retention

. 150mm; Solyent A = M C eSoIventB ; DY
s B DT SO A 0O AV A SEF R, Roigey s, 5,
3.6misd Detettipn 220 G IReteAddR, tIFR, 8%9 tdir2bhgte: 8ddnlaiftsl 60, GH, | = 8
he other isomer). M+H = 425.28. 'H NMR (DMSO-d6 with 2 drops D20) 8
.3 (singlet, 3H), 3.3 - 3.7 (m, 4H), 4.9 (m, IH), 7.19 (s 1H), 7.37 (m 11-1)

7.47 _(m, 2H), 7.67 (m,.3H 7?857921(
the éa ) '..'-..;- hasis of (F N W f-(4-{ (1R,

signal at 20"Bt ZOI'-Vhetkﬁvhdenw)‘Bmhen .

OH

1-{4-((1R,28,3R)-1,2,3 4-Tetrahydroxy-butyl)- |1 H-imidazol-2-yl}-ethanone (315
mg, 1.36 mmol) and biphenyl-3-carbohydrazide (360 mg, 1.81 mmo!l) were suspended in
DMSQO (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-
s0Ac / acetonitrile). Two fractions (E and £ 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%). ‘

FPraction one: Analytical HPLC Zorbax C-8 column, 4.6 x 150mm; Solvent A = 10
mM ammonium acetate: Solvent B = MeCN; 5% B at QO min, 5% B at 1 min, 90% B at 3
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Fraction two: 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 min, 4 min stop; flow rate = 3 ml/min; Detection 220
nm; Retention time : 2.963 min (note: contains -6% of the other isomer).
M+H = 425.28. 'H NMR (DMSO-d6 with 2 10 drops D20) 8 2.4 (singlet,
3H), 3.4 - 3.6 (m, 4H), 4.77 and 4.86 (broad singlets, combined = 1H), 6.9
and 7.1 (broad singlets, combined = 111), 7.40 (m, 1H) 7.50 (m, 2H), 7.61
(m, 1H), 7.73 (m, 2H), 7.87 (m, 2H) and 8.10 (s, 1H). HSQC of the same

mins ARG &%‘ée@&%ﬁrﬁﬁeﬂq}tﬁﬂxﬁlﬁ’ﬁé@&@oﬁ G RAGRRCRRIINS Ahin (note:

13 ppm. 6.18. Synthesis o
conkpifyard%y of frerRther 3RIED, MR ARG FENMRHDRISO-d6 with 2 drops
D, glazolergoearboxpmide HG QK 489 Q6 (HNINONK &, @, 7.37 (m, 15) 7.47
1-%1-( IR,725,3R§1,2,3 4-Tetrahydroxy-butyl)-IH-imidazol-2-yll-ethanone
(m. 38y 78 SR sUSpdmicd h B Rdro&inkie: Phifp same sample
corzRvdihthpporqureane 4480 (O} wolvenesubanieagicd(3@pwas added

and.the mixture stirred at 7, our 0 The reactio s dilyted _
T o A e A e B Do, Bt it A =
10 thihadnydoaidetl aneietSiGR ot ativie G f1a%h B hatdhratogbdp iy {hexaine 70% B at

- 3 pfihv ﬁ'ﬁﬁt?ﬁgaﬁ%@e = 3 mi/min; Detection 220 nm; Retention time : 2.963 min
1-(4-((4S,4R 5

> R)-2,2,2',2-tetramethyl-4,4"-bi(1,3-dioxolan)-5-yl)- )
(nofe; aRdalrsl-Lvh efHaR hecabs e ridadion (10.8%, 68 BMRePYIBR-ds with 2
dm%ﬂbbl@%@iﬁﬂ-_ Jesﬂnlgmi;:‘»_sﬁé,lagt)-é@.é"ohg, mﬁﬂ,Uﬁnbéa(mgcé;@*@%%ﬁé&%Q@l&ééombmed _
was dissolved in : a e 5.9:90.3 mm
= AR, LGyt SR PR s HE o R FhdlD. 761 G,
1Hheated(at, 200, /8181, REIMEianblyGisliHjicaIsQStaitihg vaatesanple correlated
remained. A itignal portion of benzyl bromide (5 ml, 42 mmol) was
thegé%%g g?ﬁ?ﬁﬁ%&n&e&%&ré&ﬁ%éﬁéﬁg %’ogﬂ%g.lgﬁép%ours the reaction

was quenched with cold water
6.18. Synthesis of N-hydroxy-4-((1R.28.3R)-1.2.3.4-tetrahvdroxybutvi)-1H-

imidazole-2-carboxamide

H

Qo
HQ %
== OH
HNIN
0% N
OH

1-[4-((1R,25,3R)-1,2,3,4-Tetrahydroxy-butyl)- 1 H-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 Si0;. Purification by flash chromatography (hexane /
ethyl acetate) afforded 1-(4-((48,4R,5R)-2,2,2", 2"~ tetramethyl-4,4'-bi(1,3-dioxolan)-5-y1)-
1H-imidazol-2-yDethanone 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. K2COj3 was
added (12.5 g, 90.3 mmol) followed by benzyl bromide (10.7 ml, 90.3 mmol). The
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and extracted with ethyl acetate. The organic extracts were washed with
water, then 5 brine, dried over sodium sulfate, and loaded onto silica gel.
Flash chromatography (20 to 40% ethyl acetate in hexane) afforded
1-(1-benzyl-4-((4S,4'R,5R)-2,2,2',2'-tetramethyl- 4,4'-bi(1,3-dioxolan)-5-yl)-
1H-imidazol-2-yl)ethanone (16.1 g, 62%). The intermediate obtained (13g,
32.5 mmol) was dissolved in dioxane (120 ml) and treated with NaOH
(13.2 g) dissolved in commercial bleach (200 ml, 6% NaOCI). 10 After 2 h
of vigorous stirring, the reaction was extracted with ethyl acetate. Organic

LCRERNT R th krine t @h% led quer ceI tlon and
reaevaporatlon affordt}gcjii? sof?i %ﬂlatg‘v S %Sﬁsegl mc\?gcuo 56 Atord terial
reqabgﬁzyﬁ@_e@gtmmsp@mon of benzyl bromide (5 ml, 42 mmol) was added and the

tex@pgrgtlﬁfetﬁ{@éﬁﬁ‘éﬁ%dﬁé"@'(:h@féj(' DIRIAR 1R @a%ﬁ%@@l@n%@méy US1d water

aci quantitative yield, M+H calc: 403.2, obs: 403
an%?&&ﬁﬁ‘&%got&%ﬂ%&w@%@o?h@ qg&@lﬁﬁ@f;ﬁﬁ@mwmw@gdmhév@m then

brifieg daaﬁwmabdﬁaﬁﬁlfé%oma&aédmm@&%a E@%m%nﬁ%ﬁmphy (20 to

d with. DME ) and_triethylanrine (622 |, 4
O e TR 050 "N o AR kit ATl 3212 tetramethy-
4,4¢OiCehidatasdlanyt Thdir Idddeddantd-SHid e tsingnOQH U §)&4).Flash
chromalorantya(Me Ot IRQ lgﬁ%df%};% %X éxz Sﬁ\ip(dm ane)(hgio ml)

€§(4S 4'R,5R)-2,2,2', 2'-tetramet |oxo an trityloxy
an |FFﬁa§£’oYé‘“2béa%>€éﬁni%jé)(%ngmmmmcwgwemhH?@@I@B@%:’NaOCD

AfRPZ H69 %&o?@@s%ﬁﬁqﬁ% ohtalnRd e AR 800G 0463 SHYPRMER. Organic
dissolved in e 0 ml). Pd(OH)2 (500 mg, 20% on carbon, wet) was

CXITHER A SISR F ‘&'f ban?éamwwb% Falteesi Aroprfimysreration
affEthaholsoias e ove dinvacited hevasidue yasd lﬁsﬂﬁﬂﬁilﬁ(@@@M syl

2 z%‘lg j%% ?13'}%“«50%‘;{ &%‘%{%%’b’-ﬁﬂ" e N IO i (13 ¢,

qua{lltsa@mmam tH1¢alamidBzdlei®- d8fbxamide (150 mg, 0.46 mmol,
3%1‘%"'151&ﬁ1& lithel q{;}o%g%ﬁ% eyg P%ﬁg %%?;%T%tﬁﬁ)ove amlgé (820

0.46 mmol) was dissolved in aceton t

mgZadfidhmnls Edofed (G hmaetnit remplrerdE OB IR e A4 Beniod)/were
corabRiedevhatibNEpRgentiaifd Héth (3mihwasadded a4 %ﬁ@f%%@&% was

internal temperature remained below -10C. The cold bath was removed

stirged 4t SmBIET IETRRFFAEER 1o dAdh AT AIERCAT Beblaeces! auq s ie fsing
DCMd deiitht Blient tempesaipe (MORS Days) dfierkaoysh ofitae

((4§%@§§PQ%%@%‘Q’:%¥%E{HyY§F Hobﬁlpgedcilg aitansogn}?)dN ~(trityloxy)-1H-imidazole-
2-carboxamide (480 mg, 0.73 mmol, 49%, M+H calc: 660.3, obs: 660.4).

The product obtained above (480 mg, 0.73 mmol) was dissolved in ethanol (50
ml). PA(OH); (500 mg, 20% on carbon, wet) was added and the reaction stirred under H,
(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-
((45.4'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 mh
and water (8 ml). The reaction was cooled to an internal ternperature ~-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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Dioxane (20 ml) was added followed by THE (10 ml). The solid was
isolated by filtration, washed with THE / dioxane and dried in vacuo to
afford N-hydroxy-4-
((IR,2S,3R)-1,2,3,4-tetrahydroxybutyl)-1H-imidazole-2-carboxamide as the
5 hydrochloride salt (98 mg, 0.40 mmol, 87%). Mass spec.: M+H calc:
248.1, obs: 248.2. Analytical HPLC: Luna Pheny-Hexyl, 5um, 4.6x50 mm,
isocratic 10 mM ammonium acetate with 1% acetonitrile, flow rate = 3
ml/min, 220 nm detection, retention time = 0.245 min. '"H NMR (DMSO-d6)

hos3- Afrd- BnlPaikitie- 20:(bread SR whkdd ik Hdc (D, hhhtedibRatbreathed.
singlet, 1H). 10 6.19. Measuring Effects on Lymphocytes In Mice

Di g e W R RIEP Ry o B h i o e AR AR P
filterab] esiBigee PR MENS, diemewmdﬁdweaie esuspanddthhd N-bryhtaty at-
[ te El hybrids of 129/B6.strain), were
((l& @gﬁg W\r%h%?s%ﬁ% ab %1 ’(\i/%se ((%)%rﬂ%é%ﬁc e%xuﬁl\?a{?een?sto oo
hdepIthbmﬁe WéE(B&seg‘da éachmem%’b%d) or a 15 vehicle-only control, and

retu ﬁOﬁgstQB‘&e"ﬁﬁﬂf%aM%M )7 rg&n%@gtlzggaml ieyerang, Pheny-Hexyl,

eighteen hours after dosing and tissues were collécted for analysis as
Sunge 4ebibEHBBl 0ROk E AR WaBOSIUmI S et Pt ED westonigdisn dgw rate = 3

ml@h20 Mmo/kihdeciclified walet dRHime28). castainind AARADNES®-ABES 3.37-3.64

mice wer aIIowed ree access o compound-containing ate El,égrglucose

(mo3fitich 2 Breaff BBty 75thduid K t ér}dgz@Eﬁaflzs £ 18ues were
collected for anaIyS|s CBC measurements were obtained as follows. Mice
werebakfestiideasvinig 28 hisievkesindMige:cted from the
retrogrbital plexus into EDTA bIood collection tubes (Capiject- l\‘é\%
TeruhrSMSHRAH WIHAIBIRBICRID)Y AR CBE g Fororal

dofiefenpedrisntg actgibids 300 (fbbpdh Dsddhesiics;sAddbatt iParlg/th) or vehicle

a 25 He et8 Drew, Scj n ford, CT) insfrument..Flow
00
(e &l MG RSP ety (0le: St R s 100 me/ie

dowﬂoﬁ/ﬂmmdd%awgedtbylﬁ?@mkrﬂé greoake Wwassheel emie ¢mmpeipnd) or a
velitfed fé\%Brmﬁie L WERHTRE RIQrkte By Oﬂﬁé@l@&'@@@%@%@hm

stalned or 30 minutes at 4C in the dark with a combination of
SRS A shdptak I tiseeh Serarpiosed ok maplysis as

deﬁﬁma%d%c%\eeﬁm&heemﬁezwthcﬂrmbEMMB\a@ﬂa BsusRendeddnng/L in
ac:d:fo eﬁlwﬁygrB( f?—f acqggsclg(r)x?mg%g 10 g/L glucose. The mice were allowed free access
to compound-containing water (or glucose solution as a control) for 72 hours. At the end
of 72 hours, tissues were collected for analysis.

CBC measurements were obtained as follows. Mice were anesthetized with
isofluorane and blood was collected from the retroorbital plexus into EDTA blood
collection tubes (Capiject-MQK, 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, wasir;ed once in 2 m! FACS wash buffer
(FWB: PBS/0.1% BSA/0.1% NaNs/2mM EDTA) and stained for 30 minutes at 4°C in the
dark with a combination of fluorochrome-conjugated antibodies diluted in 50 pl FWB.
After staining, the cells were washed once with 2 ml FWB and resuspended in 300 ul
FWB for acquisition.
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Standard procedures for non-sterile removal of spleen and thymus were
followed. Organs were dispersed into single-cell suspensions by forcing
the tissue through a 70 m cell strainer (Falcon, Becton Dickinson
Labware, Bedford, MA). For FACS analysis, RBCs were lysed by
hypotonic lysis, washed, and 1x106 cells were incubated with 10 ftl 5
anti-CD16/CD32 (Fc BlockTM, BD-PharMingen, San Diego, CA) (1/10
dilution in FWB) for 15 minutes at 4C. The cells were stained with a
~combination of fluorochrome- conjugated antibodies diluted in 50-100 |

FWE,added diseetivia e slissiBie Rlaska1at SOBINMES Y MGsi0LRe followed.

dark. After staining the cells were washed once with 1 m| FWB, and
Orgeny eendisasr sdinte weeksral Rusisonn BhfiptdnestircHsyertiauegh 2 70 #m
celiléh-fpe BRiPharNiagenDRM IR0 AN IBssrotaeMISE Fpedfieds analysis,
amples we alyzed.using a FACSCalibuyr floyv cytometer an .
REE R NSt L BT So AT TdeRoh RSP ey Gy Gyt 10
antSED I6KEDEAIFABtibckMn REs RisetViiogtine ﬂawiﬁlisgveﬁé&TOR@ﬁﬁ@ion in FWB)
fo&%ﬁa‘é&f&d&%&%ﬁ%% §&%EAE%&P9§&%%E&&- SHRY N hrome-
mixes used for spleen and blood were: 15 B220 PerCP; TCRb APC; CD4
conjipztel mitbpdipmidytedip 68-HP@: S BededrtredlydoNisLstiting Fe Block,
for BHeAIAARSI b VI ddige hgwe!sdinlF dR-POUS QR Ryhiida 8hd2RB0 1 ml

strain) spleen were measured using an adaptation of the radjo-receptor

I p
FWii antlraeumr el it a1 2eipi tRRal ABigeHbRflics were purchased
fro?B8 D FhdABi62RA0 B ahl s epel i uilize diHEKIOSEpeeiitedyeSaxpiRssnge

dg 20 1, one.of IP receptor subtypes s based on the
s R A S B PR e o S e Becton
DidiFi<e9 dnmelisnytoentanSectanswBhra/pErA&d) SIP receptor

(EdgallB8RISSFIR WeAenAnd 8. (dd8uerisiarrpllgeneyavssiesias. cps:
The Edg-l—expressm(% HEK293F "cells were cultured on 12"multiplates in

PerSIFeENPe8ithhiim g si% 1359T-H5% it BtHaRdmES 9 8s5H fooPleenand blood were:
B2atespperEC AW faunhureeiorectbe PrIeymentdbermedivn \Cass 2L PE.
changed to fresh DMEM (without serum) containing 0.1% (w/v) BSA.
Eigh hQuts, 2 hedest eamRoWH W Jhistered, mice were
sacrificed andg SWETE Temov Ifrozen. SIP was obtained
fFrormBSIbeeL ime$14 41%%&%%@@33’%&%@9@1@@%@@) ,sb‘l@@a{rwel' Yo rfélared using
ett. 173 .n. articylar, ouse spleens in
o FAR BN  URHHENE BT G sl SRy A o - Anal
BidaindvhDASR a1 8 -RBC K2 plEies prothad et nbd GIEKRIBE cells overexpressing Edg-

I, one of the S1P receptor subtypes, and was based on the competition of labeled S1P

with unlabeled S1P in a given sample. i

HEK293F cells were transfected with a pEFneo SIP 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:CQO; (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 spieens 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, ImM DTT and Roche complete protease inhibitors were
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40 homogenized three times at one minute intervals on ice. The result is
centrifuged at 2500 rpm and 4C for 10 minutes to remove cell debris. The
supernatant was then ultracentrifuged at 45000 rpm and 4C in a 70Ti
rotor for 1 hour to pull down the membrane-associated proteins. The
supernatant was discarded, and the pellet was 5 resuspended in minimal
volume (-1 ml) of ice cold 50 mM phosphate buffer (pH 7.5) containing 1
mM EGTA, 1 mM DTT and 33% glycerol with Roche complete protease
inhibitors present. The total protein concentration was measured using the
r iP was extracted into chloroform/KCI/NH40H (pH -.12
B o e R el e i femEiEed i 2500
IPIEHBrofoknTRR S thatilieciqprImo Ly catididhe fovidte snyematahasaswastkept
u]tmxﬁmagéamtﬁ)@me?%a%&wﬂm YEP SIS 2 dﬁ&ﬁzt%:#é[ﬁ'.h&%%‘!he

Just before the assay, the dried sample was dissolved by sonication in a
MG R S R RIS RHANSF 2B RMPRRaIaT Y Fisprded. i NeQrlis was
resuﬂwehkaﬁadanﬁiaiﬁz% v@v{f&t&‘s&b_-rﬁﬁ Em&éf’%@@ﬁﬁ%%d ﬁﬁ@sﬁﬂa‘@@t lp?.l‘ﬂéls(pﬂ 7.5)
measur radioreceptor-binding assay based on a competitive
oSN LTI bR B b Pt R U Rk P8 SAEPIglprotease
inhHdtpiepmressingiBEN2DBomiicimeanfiuent d2dnutiplatebusiere e shediord
assyyice with the ice-cold binding buffer and then incubated with the same
buffer containing 1 nM [33P]SIP (about 18,00 dpm per well) and
incressing dossEastesLimerit SrosmEE NHRRIR (pH & 22 andutireupiper aqueous

ph#bd iBkebheIPIR RS A EXRRIQN I EHRE B RIAHLES AIPHEE GRS WE R the lower
Washelg thcegN{[eh the same ice-cold binding buffer to remove unboun

OTgRAR 8D eV B S IR B BB FAR'Q 48R HOR-ciiplo 3¢ stager dp a freezer until
usc8D S UeFordl aidHis g AOaiNdeRRN ok IR JGHQRBIMbANAS GRS nder

LA liguid.scintillatio nt P_.content in_ the assay well was
o & e e O R e S me 04
(wieorRiédt-of SIP in the initial test sample(s) was calculated by multiplying

the j r the recovery efficiency of

S oo o e S Rssay
based RBotYRRREHIVRRRENE O E RIS HB Y e tR b dhetroveplth erirBdigd -expressing
cel BifeRi Of-¥RpRYS ARAPKITER 30 1Y SRURINed ARSI EIQWERd twice

. 1-3, when inistered to mice (Fl hybrids of
th%i gfie 1ce-coa}grgmcﬁng%u}§3r and then %xcubated with the same buffer containing 1 nM

I*PISIP (about 18 ;00 dpm per well) and increasing doses of authentic S1P or test sample

in a final volume of 0.4 ml. The plates were kept on ice for 30 minutes, and the cells
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 %
NaxCO3, 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 Lvmphocytes 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 (FI hybrds of
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41 1291B6 strain) in drinking water, both THI and a representative
compound of the invention (Compound 1) diminished lymphocyte egress
from the thymus. Figure 4 shows the effects of vehicle control (drinking
water), THI, compound 1, and
1-(4-methyl-5-((1S,2R,3R)-1,2,3,4-tetrahydroxybutyl)thiazol-2-yl)ethanone
5 (Compound 2) on whole blood counts. Interestingly, the in vivo effects
reported by Pyne (WO 97/46543) for Compound 2 were not observed.
6.22. Collagen-Induced Arthritis Model Collagen-induced arthritis (CIA) is
127eMdely Ysedimadabal sheumaioidaritis dBAde A dliseassgidhied @nthe
_caused by autoimmune and inflammatory processes. See 10 generally,
invenHse(Gempeint 1) Jimiiac 155ehosyiecaiess. OB & e ™ ture
Bioteghnelagydws 186128 Cufrasti Brotoaaislindniingoleyyr O witeypound 1,

& Son, Inc. rly. stydi tablished a.hierarch
andyd SIS 1 Ik PRt ar i P o e g saangre
(Cdagpupie 2 poa wbulerkikysd ecevatu diedréyngl © BB Iu12esfi¢ptssparicd by Pyne
trpd I 7 agckground can develop CIA. 15
(W%[;%n;@t%eglgﬁy% e gﬁ’gﬁ?wfﬁ r%ﬁ%h%? ‘3%9:6?5%%'-1575 (2000). Here,
collagen for injection, 2mg/ml chicken collagen type Il (Cll) (Sigma) was
dissBtféd ikedasennauced. AELES AR night at 4C. Complete
Freynd s adjuvant (CF . - i NGB arthriti
gIang3 %}% %Aef@fcﬂééérﬁn% S%@gﬁ%ﬁ%ﬁ%&q&%ﬁ %ﬁﬁ%&%ﬁ?ﬁﬁn& to mas
(RAmnuiizasont the iemiucazecthoe aatgimsausiginrb inf apmowey feaegsses. See
e IEEEISRGANAIMICE Myprer HRIGH NI SUATARIMESION IDEAGERTRRYure
_at the base of the tail. CFA and 100 g of chicken Cll in aé)t%lb\é%#me of I
Bi Le’aCe PR curnhlaaidrining RNz Dy wg™- -
19946 C lEemuisifieet iestRiAa S Gicenvin tfasspoasioatesd walka Hiteedhe certain H-
primary immunization. Injection, of the collagep_led to jai
2 B G T R et SR AR TR B S B Cam 1 20ew
(H shgenifeartiorifisinghiloi mics alssvsskiray COMiTagovsdipar develop CIA.

Ca{ﬂgé eREDIS.PT ik IGKNGERAT Sind fegtnae apshtppal evaluation of

aftected joints of hind legs. The progression of CIA was followed for

10 wHeRs snidngpe fpitiaienian cmsdmishidenslagrcamE (hdliiga) was
disdasasaesaadnbydistolegyrf therninis.Migehnare consisieraeaegadive’ s adjuvant

(cfgcg,[pgggg%ﬁfﬁ%ﬁ%ﬁﬁ%@%ﬂ%ﬁ’a&' within 120.43Y5 9L WS Wl as emutsified in

an equal volume of CFA just prior to immunization. To immunize mice, a glass syringe

and 26 needle were used, and mice were injected with CII/CFA emulsion intradermally
at the base of the tail, CFA and 100 ug of chicken CII in a total volume of 50 pul CFA
were used for each injéction. 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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42 The presence or absence of arthritis in mice was determined by an
established visual scoring system. In mouse CIA, any or four paws can
be affected. The inflammation at its peak extends from ankle all the way
through the digit, and is characterized by extreme swelling and erythema.
Once arthritis appeared, each paw was 5 examined 2 to 3 times a week.
To evaluate the severity of the inflammation, the widely used visual
scoring of 0 to 4 was used, wherein: 0 = normal, no evidence of erythema
and swelling; 1 = erythema and mild swelling confined to the mid-foot or

a“klﬁo'n%e%fen'ggg'%@ 91y At m%m@ea@qggé@e%ae%gmewmmm

to the anlkié and the mid-foot or swe ling iIn more than one digit; 3
viswyieenreaydtenodbraneusediify emewdfngrfmmﬁth‘éeaafmtﬁﬁitﬁ&w

mﬁmﬁmﬁmm‘e@tﬁea@téﬂen&rymﬁmm@q}m@wa%w%ﬂg@a@mgasmS
the ankle, foot and digits. 6.23. Effect in Collagen-Induced Arthrlds Model

chargicatrect i X Ep SR BIeRBh RS S EARIRGGRRER S each paw was
exdistRsANeusing 30 ssice bk ythrdstnt 1204R6yfalr) inflammuaitel, the widely
e A0S TS i e oo lded 0O MO eryhema ana

eved 0 SiEE8htron) 0 or
swdd)mgxoh Aok THeweictbmibs m@ﬂmgﬁmﬁmméhemmm @@kﬁ?dpmt or

mdm &%%@tzmé% }b&qx weighh Dsing.was &auis @%@Wqﬁa B mid-foot

ora gav e. It began three days prior to initiation of the CIA experiment,

or el BBB AR TRRFHRIIGIMARIEIS dirTSH Bthansrasgrirtn e g R nding from

theSHNS S EHRIL AR 6RMPaHAT e M RHI S WREENBIINE encompassing the
cumulatlve score is the sum of the fore-limb and ankle scores. 6.24. The

6£8EB& Bound in Monkeys The effect of a compound of the
invention in tvventy non- nalve male cynomolgus monkeys was
inves$igdte EffeGdudbotiszenctndudechd 8 Mided  TX). Each animal
25 was |dent|f|ed with an |nd|V|duaIIy numbered attoo. Th imals, were
accliti &6 SbpRYIRIRAY 31 BeyRVsREPL'E B CLiRIFA: Jeigrpined using
30 Hm&QFdGGﬁJﬁdMISBMﬂ@ﬁmmﬁishNerﬁmmdﬁﬁ@ddmharyom mice were

Durln a |mat|ona d the test per, W
ranhou;{é/ 1y ln ca eg&é m r'h pnrecew%ﬁ gl% % lc%o tgol) or 100

an

a were not commin I’ at least
mmmmmad r'ﬁhﬂstmudn voaalsowvil@0lis bR e rivjest éﬂ}ﬂ\)@mhﬁ gstrol was

do§‘é§ta‘?rﬂ§|ﬁrf§@c§89 %@?ﬁ? Animals had access to

Dosing was carried out once a day by oral gavage. It began three days prior to
initiation of the CIA experiment, and continued 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 2 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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43 non-certified primate diet ad libitum, except as specified for dose
administration. Fruits and other treats were also provided, as appropriate,
during non-fasted periods. Water was provided ad libitum. The tested
compound was stored protected from light in a sealed container on 5
nonQ%?ﬂﬁY&Pﬁﬁ&ﬂQ&QﬂQ{l%j&” onditions (approximate ropom temperature). _
Distilled water was su|c1;1|gjllicl‘euctzr7 by Ce taang:%)%i’%%?% iR e minfamts and
otheftipris/ahielal sopteoidraie. apheorissteariolie gdase-fasma itians fonther test
prod@é?er@ﬂ%?t%g on.the day of administration. F‘or each group, an '
appropriate quantity of the test article was weighed and an appropriate
voluifetetiedtrempisiiby watered Pratbemitatenianie fasteshOVEEBIghLBFIOH
desile AP tRrAHANARRIRX] ly 4 hours postdose. Individual doses were
calculated based on bog%\%g 1S taken ORIHE dRPGHYEe Distilled water was
suppdigehittiseitione Toreosrbadioidsivasoadm nisterediviBenasg asBigiIeRAIO T he
test ariOlet@osdthdiawing 1he; tube, the tube was flushed with .~
approximately 5 ml (;EP W%ltggﬁr\.é?%? hematoldgy fgiﬁ%ﬁgléj@’sf}g{’g&b‘mm&mn' For
cach gispidamERBIY I iSteriyonaidycol duteds frotiv kachsaniinakduad esefPayridle
voluR{edPsRH YA 8t 8, 16, 24, 32, and 48 hours postdose. The whole
blood hematology tests were performed using the fresh samples obtained
on tHkaaiyas veste dasad AveshigivrpinoE igutesthatingle apprdosmeiNehours
post@NRPAIHIci ad @0§&Wé¢?@@£}%ﬁ the mqonkeys' white hlood cell and
lymphocyte counts, when measjﬁij&rgé?cp %%eiiéiﬂ‘%oa@lﬁﬁ}e/‘i’%ﬂéw%? 99 B¢ Aaf dose
adml?.‘?i&a@@ﬁipound, or a pharmaceutically acceptable salt thereof, wherein
therROMRAAUAE {Saadministered vi ic intubatiqn, Pri ~ :
1-(5-methyl-4-((1R,25 3R)-1,2,3 4ot aRy aroxyBURT Ih-FHiga L pathdrawing the
gavagp éltlﬁgn@ﬁéybe was flushed with approximately 5 ml of water. For hematology
analWiR BRos bt siydrazoneethvl): I-imidazol-4-yhbutane-1,2,3,4-tetrao
l: or N-fgr%&g(yA-g(lR, S.,?;R)?)(ZEL,ZBC @8@5%3@8&%%@&1}}%@%% ay -7),
predose dgkniiiandat 8. 16, 24, 32, and 48 hours postdose. The whole blood hematology

tests were performed using the fresh samples obtained on the day of collection.
As shown in Figure 6, a single oral dose of the compound had a significant effect on

the monkeys” white blood cell and lymphocyte counts, when measured 32 hours afier

dosing.
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2. A pharmaceutical composition comprising a compound of claim 1 and a
pharmaceutically acceptable excipient or diluent. 3. The use of a |
compound of claim 1 in the manufacture of a medicament 15 for the
suppression of an immune response in a patient. 4. The use of a
compound of claim 1 in the manufacture of a medicament for the
treatment of rheumatoid arthritis, @siypa, atopic dermatitis, Behcet's
disease, graft-vs-host disease, lupus erythematosus, multiple sclerosis,
pollinosis, psoriasis, 20 transplant rejection or uveitis. 45

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

I-(5-methyl-4-((1R,2S,3R)-1,2,3 4-tetrahydroxybutyl)- 1 H-imidazol-2-
yhethanone;

(1R.28,3R)-1-(2-(1-hydrazonoethyl)-1H-imidazol-4-yl)butane-1,2,3 4-tetraol; or

N-hydroxy-4-((1R,28,3R)-1,2,3 4-tetrahydroxybutyl)-1 H-imidazole-2-

carboxamide.

2. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable excipient or diluent.

3. The use of a compound of claim 1 in the manufacture of a medicament

for the suppression of an immune response in a patient.

4, The use of a compound of claim 1 in the manufacture of a medicament
for the treatment of 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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