G BEEDAZOLE-biIUSED This application claims priority to U.S.

provisional application no. 60/923,029, filed April 12, 2007, the entirety of
which is incorporated herein by reference. 1. FIELD OF THE INVENTION

This invention relates to methods of synthesizing imidazole-based
~compounds. 2. BACKGROUND The compound
1-(4-((1R,2S,3R)-1,2,3,4-tetrahydroxybutyl1)-1H-irnidazol-2- y1)ethanone
(TF11) is a mingr-gonstituent.of Garmel Solor 4k, and reportedly. Lowers
circulating I%ﬁ&%@?g %ﬁﬁg%ﬁ%%mﬁg%ﬁf éf%?é“fiﬁﬁ’nﬁ”%ﬁ%#aﬁ\%k eeh ==
reported. See, e.g., IC_roplien, U. and Rosdorfer, J., J. Org. Chem.

50:1131-1133 (1985);.U.S. Patent 4,567,194 to Kroplien et al.; Cliff, M.D.

and Pyne, Qe SR LoA g S St 1 S R OBl Pl e 823,029, e
S.GAdilOFe 2@ ethe 62:103310BRK 198 prpopartitutatbethaekseportedly

provides Till in an overall yield of 46%. See Halweg, K.M. and Bfichi, G., J.

Org, Cheptpp® B 4d3y k3o ¢ER85). It was recently reported that

certain midazole-based compounds are potent inhibitors of immune

response, Eadimay:a ugefu 10 MeHEeabNSRtk0Beas88.SHENASed compounds.

rheumatoid arthritis and type | diabetes. See U.S. patent application

11/ 98,25§t % ﬁ@? filed January 25, 2007. In order to facilitate
70,208 AP RIS . . . )
theﬁ testing. é%n use, additional methods of their synthesis are desired.
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compounds of formula I: HO™ wherein: X IS optionally Subs ,
is aﬁ%@hﬁmﬁ%ﬁsﬁi&m@dﬁ@mﬂ CREEWYHPE Gennbdlofed ittt apooptigriathers
su bﬁ%ﬁﬂﬁ@ﬁgﬁ%p%&éﬂ@l&ﬂﬂfy kn%lm&ﬂﬁ?@%%&zﬁ%t%ﬁ{% beﬁl; reported. See,

- alkylheterocycle, or heterocyclealkyl; and R3 is rogen or optiona

subSiitttEp Ay IUatprl Brsgris, bl Chemr SAIIGAA T Helidtd¢98M; U.S. Patent
-alkyistgmeyciesaribeieacyclsalkyipT hig disglogire %%.%%&99@@5’5?%%_5972 (1995);
m m’c_r asing the major to_minor (majorminor) iISOmeér ratios o o
el la é@ﬁdgﬁ‘f;lgﬁaghem_ 62:1023-1032 (}997). A particular method
~ reportedly provides THI in an overall yield of 46%. See HalWeg, K.M. and Bﬁchi, G,LOre,
- Chem. 50:1134-1136, 1135 (1985). | - |

* It was recently reported that certain imidazole-based coempounds are potent inlﬁbitors
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of imrmume response, and may be useful in the treatment of diseases such as theumatoid
arthritis and type I diabetes. See U.S. patent application 11/698,253 to Augeri et al., filed
January 25, 2007. In order to facilitate their testing and use, additional methods of their

synthesis are desired.
3. SUMMARY
" This disclosure encompasses methods of preparing compounds of formula I:
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The disclosure also encompasses methods of preparing 1444(

112,2S,3R)-1, etrahydroxybuty1)-1H-imiciazol-2-ypethanone. In one

aspect, there is provided a method of preparing (E/2)-1-(4-((iR,2S,3R)-
1,2,3,4-tetrahydroxybutyl)-1H-imidazol-2-y1)-ethanone oxime, which

comprises: providing a solution comprising a first mixture of .7
(ﬁﬁékﬁr(éi(&%%%ﬁ)y]sﬁbﬁtﬁmed alkyl; R; is optionally substituted aﬁkyl" R, is hydrogen,

raxyputyl)-1H-irnidazq ng alkyl,
%P?é M 331 ace to: %)asrg:l1 ré%(%jﬂ? méggoﬁ,i%%{n ata emperature a]rl%ly
Mﬁduyﬁ@t&t&gﬁémmqydw@e keteoarieatisdupadR; is hydrogen or optionally

Z 4 b W@% @&Q%m o
oi{é%%%léé (il%nv %@%ﬁé’%gyf e%a%/éldprowdgmﬂrﬁ%hod of increasing the >

EZdsemdesi®id in a mixture of compounds of formula I: HO which
comprig e(sahsd Gonia Ct!arﬁ lE%Eé&QHcﬁQﬁb”&ﬁMﬂe@sﬂ{%{B%Elj‘!i@ Bfminor

compoun s of formula 1 Wlt astrong.amdunrﬁgpdltl s sufficient to

(rid e asECisHETh AP Of fn. the EZ

isomey, Lafi of ihe.first mbdipress lﬁ%&@@@fﬁh@p@%@@mﬁ({ ratiosofithe. 2.3 4-

second mixture; X is optionall |tuted alkyl:
tetrahydroxybutyl) A iiaezel- .’X—yﬁ Hnone. b

In one aspect, there is pmwded a method of preparing (B/Z)-1-(4-((1R,28,3R)-
1,2.3 A-tetrahydroxybutyl}-1H-imidazol-2-yl}-ethanone oxime, which comprises:
providing a solution comprising 2 first mixture of (B/Z)-1-(4-((1R,28,3R)-1,2,3 4~
tetrahydroxybutyl)-1 H-imidazol-2-ylethanone, hydroxylamine or a salt thereof, and sodium
acetate; and | |

mixing the solution at a temperature and for a time sufficient to provide a second
mixture of (B/Z)-1-(4-((1R,28,3R}-1,2.3 4-tetrahydroxybutyl)- -1 H-imidareol-2-yl}-ethanone

oxime,

In another aspect, there is provided a method of increasing the E:Z isomer ratic in g

mixtare of compounds of formula I

which comprises:

contacting a solution comprising a first mixture of compounds of formula I with &
strong acid vnder conditions sufficient to provide a second mixture of compounds of formulz
kL, wherein:

the E:7, isomer ratio of the first mixture is less than the E:Z isomer ratio of the second

mixiure;



R1 is optionally substituted alkyl; R2 is hydrogen, halogen, nitrile, or
optionally substituted alkyl, aryl, aficylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl; and R3 is hydrogen
or optionally substituted alkyl, aryl, alkylaryl, arylallcyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocycleallcyl. In yet another
aspec, theptidsgdipvidedianetbaliod:of increasing the E.Z isomer ratio in a
mixtute of . . .
(E)-l-%-l(%ﬁﬁ%?flﬁ%ﬂﬁgt%ﬁ%roxybutyl)-lH-imidazol-2-y1)-ethanon

e oxirig Britydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, alkylaryl,

-1-(441R 25,3 3 4-tetrahydrc 1H4mi RVALY
m%%#%%’ %ﬁ%%i?@%@%gggcyg%g et é%a¥ SO %ﬁ%ﬁg@ﬁ%ﬁléﬁu re

of (E)m-{mﬁmgm,&%gﬁw@fs%gﬁmwd alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
R
tetra %@M&Eﬁ%’@iﬂ@@é%ﬁﬁ@&i@éﬁ%@&%@%&%ﬁgm:Eci%mcr ratio in
C uffic

under conditions sufficient to provide a second mixture of |
a fEyEal @p & ERIIRZS 4R )-1 ,2.3 4-tetrahydroxybutyl)-1 H-imidazol-2-yl)-ethanone

0)%%%%%%?%%%Mg@ﬁ?%%?ﬁ?ﬁéﬂ%ﬁ%@ﬁ%%ﬁ‘ﬁ léﬂ%nidazo].mzmyl)—gthanons

oxitrahyiidxygbryijesH-imidazol-2-y1)-ethanone oxime; wherein the

GemlHigmRKSESH-micazol 2+ er whereinthe
R & o R R

tetratgrtionybety helihiteidasol With e cimpyiid nih(BheHdws.4R)-1.2,3.4-

EINNIR s ol : 1 o :
e LT A e amone ouime it sron e,
conditivimeelfidi¢Ejdo(praviie 8, srpudagMueseitfard bt Ry2P13R )-1,2,3,4-

*daz.p1-2 t ' : ' . .
el rtf%%}r?rmzué ;N p%%g%@éiscovgi%ﬁ%\%ﬁ n@r?logji g{ffﬁ&%gﬁ}i{ﬁ)gl’z’3’4
tecahydovndsiof Yorthiduilapelriichinethastsd 9akesiell suited for the -

ComRRUNgs. ?@ Toets r&%%‘csﬂfagfﬁ@@ SElaNARUAEIN the B:ZMemer ratio of

invéntion Is also based on the discovery of novel methods of making 1-(4-
th¢(HReBBI3RYMR:3,4-tetrahydroxybuty1)-1H-imirla7ol-2-ypethanone.

Particular methods afford the compound in high yield. 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 atomst and including at least one carbon-carbon double

bond. Representative alkenyl moieties include vinyl, allyl, 1-butenyl,

2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl,

2-rnethy1-2-butenyl, 2,3-dimethyl-2-butenyl, 1-hexenyl, 2-hexenyl,

3-hexenyl, 1-heptenyl, 2- heptenyl, 3-heptenyl, 1-octenyl, 2-octenyl,

3-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-
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decenyl, 2-decenyl and 3-decenyl.  Unless otherwise indicated, the
term "alkoxy" means an -0-alkyl group. Examples of alkoxy sups include,
but are not limited to, -OCH3, -OCH2CH3s -6(a12)20-13, WO
2008/12804PCT/1JS2008/060032 -0(CH2)3CH3, -0(012)4CH3, and
-O(CH2)5CEE The term “lower alkoxy" refers to -0O-(lower alkyl).

Unless oth %%ﬁé‘e . %%; ns a straight chain,
yiég ﬁ rocarbon having from | to 20 (e.qg.,

anch

1to 10 arbo gﬁ%@&é@% s&gmmmw@m@mmh shows a

are refe o as owera Examples of alk roups |ncI me
vk tis quymﬁfwtyf W fg’gg :%%Yltyl} 1H-
P-4 dimathylpentyi-Rchyk %ﬁﬁmmmmm,mmmexymﬁ) -1H-

do ecyl Cycloalkyl moieties may be monocyclic or
nuideydhic;yahetestampiéddivelude cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and adamantyl. Additional examples of 10alkyl moieties have
l;ear, BaratEdD BBsSCRIRIGMOoNS (e.g., 1-ethyl-4-methyl-
cyclohexyl). The term "alkyl" includes saturated hydrocarbons gypr

alkeny| Bl iateptigmisletes, in part) e des SHRERIFER THaRAY epating
"a”E%Ra“%! }Shﬁ) lu )ﬁl Pz a@%l%&é%%ﬁ%ﬁﬁ@&tﬂ}ﬁfh@ 2l

fess vtherwise |nd|catd the term "alkylheteroaryl" o
@l@l%@@@‘ar@ﬂ&}ﬁ}éﬁﬁw%@ﬁyl moiety bound to a heteroaryl moiety.

Unless ik

nem maﬁ&bmwﬁ%@i@wﬁgr@mm@mmods of making 1-(4-

‘alkyl heter cle" means,.an 0 ye thods
RS R e A ALy 8 o
hianahed @ﬁﬁ&@l@hﬁghoﬁamon having from 2 to 20 (e.g., 2to 20 or 2 to
6) carbon atoms, and including at least one carbon-carbon trlple bond.

RepresgritatlvB Mﬁ&h@o'e“es include acetylenyl,

* large-scale

Unless otherwise indicated, the term “aikeny * means a s{raight chain, branched
and/or-cyclic hydrocarbon having from 2 o 20 (e.g., 2 to 10 or 2 to 6) carbon atomss.and
mcludmg at least one carbon-carbon double bond. Representative alkenyl moieties include

vinyl, allyl, 1-butenyl, 2-butenyl, 1sobutyleny1 la-pcntenyl 2-pentenyl, 3-methyl-1-butenyl,
2-methyl-2-butenyl, 2. 3-dimethyl-2-butenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 1-heptenyl, 2-
heptenyl, 3—hepteny1 1-octenyl, 2-octenyl, 3-octenyl, I-nonenyl, 2-nonenyl, 3-nonenyl, 1-
decenyl, 2-decenyl and 3-decenyl. B _ ,_

Unless otherwise indicated, the term “alkoxy” means an —O"a!kyl group. Examples
of alkoxy groups include, but are not limited to, ~OCH;, -OCHCH;, —G(CH;);CH?,,

Zb
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propynyl, 1-butynyl, 2-butynyl, I-pentynyl, 2-pentynyl, 3-methyl-I-butynyl,
4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl,
6-heptynyl, | -octynyl, 2-octynyl, 7-oetynyl, 1-nonynyl, 2-nonynyl,
wSen¥AYkedrdecynyl, 2-decynyl and 9-decynyt. 25Unless otheryis@osos/vcens2
indicated, the term "ar él" means_an aromatic ring or an aromgatlc or

Ry Ao m ey SHsteft cORpEREd B dArbER AN WFLREYEN s,

Anarybmgiglyymay comprise multiple rings bound or fused together.
Examples of aryl m0|et|es ch e anth[aﬁ( qyl azulen

quorenVP g aEniITAABYT, BRRNAR reny‘fn }{raiglﬁ C%d}ﬁ branched and/or
1y2) 34+ t@mahlwm}mammﬂmémam@ folyt. BeUNIéss. otheriise Indidated;on atoms.

tﬂﬁigg%?{g] fét‘%kX'" or.arvl-alkyl’, means anayl moiety bound, an@mm of

ess ot %YWISG |nd|cate the term 'E:Z isomer ratlo when
m&etrgn@im mﬁuﬁm@ﬁhﬁ@lmﬂ@ﬂo&mb@umménuhw&drréwﬁdnﬁ?ﬁgd hexyl,

%6%8 ?rh t%ﬁ@tﬁﬂ é S&ut @2 4-trimethyipent I, nonyl, decyl, undecy!l and
2008;(? 2804 PC‘I’/U820(§)88 032 ?\Q{)mers SUCh}I‘éf[IOg can ge ’ Y

d@%ﬁﬂrn@ﬁ“ﬁ%ﬁ%ﬁé‘tﬁ%ﬁ@dé"RﬁlS\WWﬂﬁé’%\W“lH&Yl&é‘fng"“d examples include

chrpspaiaaraphios(@.9-« kB and SPRSII0SGaPiG (@G yMAR I Ramacxanslcs of
infrared absorptlon) methods. nless otherwise |nd|c?teFI ldtl terhm
deic e

SO GHRSHA Al En BB S HIBHRE LIS biofine
uyﬂﬁﬂé&gﬂ)emw(seﬁﬁdr@aiﬁd itha: tetrutinetet dakylt nefersdovanl alkyllkengyietyd
gkg near branched or cyclic) in which at least one of its carbon atoms
ha IE?éen rep(faced with a heteroatom (e.g., N, 0 or S). Unless otherwise
indicatébh) threctbrmwFhétdroasyl tmeans’ aﬂa@h&%t%%ﬁ@ﬁéi meaoieasikyl
9@0‘? st,ttg,u%rgogl I&g? been replaced with a heteroatom (e.g., N, 0
3 Examples include acridinyl, benzimidazotyl, benzofuran

benzou;&m}@raz&lwr%eﬁﬂéﬂ@@i@zéﬁlt%@nf&adhfé%ﬂw %iﬂa%mfﬂ” means an
QWQ&@@QJ%JH&% inniclazRlyh dndakyl, |soth|azolyl isoxazolyl, oxadiazolyl,

oxazol hthalazinyl, pyrazinyl, pyrazolyt, p idazinyl, pyri rimidin
pynmliivﬁ) RO ARSBISh, HetDling I fafﬁwfﬁ% S means

tiazioylmoictl) Bless ﬂif&erms&ymb@awdythe term heteroarylalkyl" or

"hEterO&ri és%”é ngﬁ‘é‘?ﬁdﬁ;ﬂeée mm%,ll% n?PungdE% éaQtralekg?%lt %%%%E)Branchcd or
eyclic hydrocarbon having from 2 to 20 {e.g., 2 to 20 or 2 to 6) carbon atoms, and including
at Jeast one carbon-carbon triple bond. Representative alkynyl moieties include acetylenyl,
propynyl, I-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 “ary!” means an aromatic ring or an aromatic ot
partially aromatic ring system composed of carbon and hydrogen atoms. An aryl moiety may
comprise multiple rings bound or fused together. Examples of aryl moietics include
anthracenyl, azulenyl, biphenyl, fluorenyl, indan, indenyl, naphthyl, phenanthrenyl, phenyl,
1,2,3,4-tetrahydro-naphthalene, and tolyl.

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

Unless otherwise indicated, the term “E:7 isomer ratio,” when referring to a mixture

of an E isomer of a compound and its corresponding Z isomer, means the ratio of those
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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, 20hydrogen and at least one heteroatom

® @ 20Ny B:04S). A heterocycle may comprise multiple (i.e., tWa-QF 80032
rings fused or bound together. Heterocycles include heteroaryls.

ETHtes HBIH bEH T LS RITBRGH P32 sudimy B sbeEns BT A didiar, ncluding
ciRnetinysfanyt. hydantoinyld specpbalipyl @xetanyik oxirany| pipereziayl,
piperidinyl, pyrrolidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
3@%%%}3@7‘&8 ; 25tetrahydropyrimidinyt, tetrahydrothiophenyl,
tetrahydrothiopyranytamd ivalefalactamyl: haloddnless! Gthérivisedndicatédyrine,
tgﬁégrm "heterocx%eaﬁl(ﬁylg or "heterocycle-alkyl" refers to a heterocycle

ne, brougne, e, L
molety bound to an alkyl moiety. Unless otherwise indicated, the term

“theterdéytloatkylt vefe rsdioade Aoh<drom atichietdrpCycler80Wnlass! moicty (e.g.,
ofhenvisedndigaied. s ferm;eteracysioalikylalniort. istaracyaloalioyleed with

alkyl" refers to a héterocycloalkyl moiety bound to an alkyl moiety. Unless

JtrEroisE et ated fHedterm "major:minor isomer ratio," when referring to

a mixturenpkadwer-isamemns-afca, eampeyRthr:Re-PMAREISO M1 trolh® wherein at

isomer present in WO 2008/128041PC1/US2008/060032 greater than 50
T CntiRNE RS RS HESoHdinYThSrS ar%%ﬁf@%%%%o%ém S)

presepidnitessithan: o swdight peieant), bomeans the ratioofsiiassisgmers.

R ELES 0 B S PXOUE RSB UMMM o insot,

Rathearobnd infraxgdl absorption) metebdspMiabrinskdyourefer proazolyl,

ROHRG GOMAINIDG. AR AXIMS IRIGH), IR IRUN MASHNIYIROME, tetrazolyl,

ratio” reférs’to thie oxime geometry. Thus; if a'compound comprising an
dhinrelmotediREradditional stereocenters, the term refers to the ratio of

diastereqmers GRMREISING R OXINE IR ene configuration tathesaryl-alkyl” means a
diastereomers comprising the_oxime in the other. Unless otherwise

ingiearay e PR AN E¥riched composition of a 10
compousdeefenstaigoiidiur Qfithecramedecampoundeanth K8 aromatic, partially

stercojsomer(s) that contains more of tpe n?med compound than its .
FOMALIC O No-<arQunagiic HIOH?CYCHC ot go %(8,0 1C N0 OF T'L 1,% ’%%S em comprised of carbon,
stercoisomer(s). For example; a stereoisomericaty enriched composition

dfvEybutami 20t @n comipassesmixtgras. ¢ (8 butaheRolacld (R)- comprise multiple
3%;;&%%%5%}%&& 690 ARG EUEAn L0730 801N D Re BR 1.
Examples include benzo[1,3]dioxolyl, 2,3-dihydro-benzo[1,4]dioxinyl, cinnolinyl, furanyl,
hydantoinyl, morpholinyl, oxetanyl, oxiranyl, piperazinyl, piperidinyl, pyrrolidinonyl,
pyrrolidinyl, tetrahydrofuranyi, tetrahydropyranyl, tetrahydropyridinyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopyrany! and valerolactamyl.

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

Uniess otherwise indicated, the term “heterocycloalkyl” refers to a non-aromatic
heterocycle.

Unless otherwise indicated, the term “heterocycloalkylalkyl” or “heterocycloalkyl-
alkyl” refers to a heterocycloalkyl moicty bound to an alkyl moicty.

Unless otherwise indicated, the term “major:minor isomer ratio,” when referring to a

mixture of a two isomers of a compound - the major isomer (7.¢., the isomer present in
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Unless otherwise indicated, the term "stereocisomeric mixture"
encompasses racemic 15mixtures as well as stereomerically enriched
mixtures (e.g., R/S = 30/70, 35/65, 40/60, 45/55, 55/45, 60/40, 65/35 and
HQ430)s/1250Wnless otherwise indicated, the term stercomericallyipues/osons2
means a composltlon that comprises one stereocisomer of a compound
RIS LS B Bh S STEBSHERE SR AL eGHpOma Bprer present
exampimlaﬁ@ter@@hm eeicarty- purencam pasitidhleka isompeufdchaving amdac
20stereoc nter WI|| bstantially. free of the 0S| te stercoisq

T e D B e R BRI T JeeO
thd stercosenters willod Bubstzntially fréerof @memﬂualsiéme&w@s\éﬁmemd to refer
QS'PB&HPS'LHQ SlareamesallRUS eMmRRSILon: %tg&qmmqoaﬁmtdhes refers to the
multiple ‘stereacenters, but which is dfawn or named in such a wa that
PSR rERIER BT SHIES (GRIESBRANI AP IS SereBEPRARS i Befiiiqge!

2asubstantialy:frse,of the isanaers obthe. serpaund dhataveriffarantin one
stereochemistries at the stercocenters, for WhICh stereoch%mlstry is

FERAEHEGR EXHinPIE LR PESHIOHIIR SRS (i me n the ot

R)-1,2- djﬁmksr@tmb@@w&bem;z:eme mfensdos(émhﬁl&dl@m@fmpcdwb’qm'zmmf” a
that is su ntlall free of -1,2- d hIoro enzene. At

e A e B S S
weightfohonenste reoisomelrtbdithie sompeemd: é;mdﬂessxmmabom@@%myncal

Wﬁr%'% LoglR 815%‘?*@%0 MGt m%&&%&%&%ﬁl{ﬁ%@r ‘1*@2 LBROHLIN % (R)-

by weight of one stere mer of the compound and les n about 10%

By weigied 6F ireovtHet- Steﬁrb@-léé?f@s'f@f?tﬁé’@%p%h% Gréated thah about

95% by weightplong stategispineroftha.campaund andessnamabaut racemic
WO 2008/128041PCT/US2008/060032 5% by weight of the other

SHEISHIEOH S1EIGF e RTPISEIN TSR tRAN 6t 970 by Wellght B ol 45755

sggmplggm@rﬁgmﬁ@lﬁommg{nd and less than about 3% by Welght of the
other stﬁf{zmsomers of.th pound reater than about 9

weight ?—30“&3\8?5 me (f ﬁgcctg%nposunaome 'fésd uéﬁé “f&og’é’ osition that
weig]ht@i;tdne eﬁteo:sbanamé@mm&mdiﬂhembmpmmmmlly fiel e stbthetwassomers of

irl a&%d o%‘]% t%r&:' cxéi?? ét%%{%re%&%ﬂ ﬁhagﬁﬁgﬂgﬂcﬁl %@%@éﬁ‘?{!omé having one

structur or m0|ety r I’S to a derivative 0 t structure or m0|ety
vitsereinspiedl hsoreepndaHydregehlaonie i esisaitisraonmhtameatapaund. A

chemicRI-gIe A SUnGleRsh FOHRSHRR RS AR D %&mgﬁ%cﬁau@ilmhmbc

aldehyde, alkoxy, alkanoyloxy, alkoxycarbonyl, alkenyl, alkyl (e.g., methyl,
GBIy ED OO IR AR A 1% D C (DR SIS Pore
1069w K\oapoatiyiNHE (D alidd)e annidivedtérS (NN Hbalkyta®h or named in
-C(NR)NH g
such a’way that the stercochemistries of less than all of its stercocenters are defined, is
substantially free of the isomers of the compound that have different stereochemistries at the
stereocenters for which stercochemistry is defined. For example, “stercomerically pure
((1R)-1,2-dichlorepropylibenzene” refers to ((1R)-1,2-dichloropropy!jbenzene that is
substantially free of ((1S)-1,2-dichloropropyl)benzene.
A typical stereomerically pure compound comprises greater than about 80% by

weight of one stereoisomer of the compound and less than about 20% by weight of other
stereoisomers of the compound, greater than about 90% by weight of one stereoisomer of the

compound and less than about 10% by weight of the other stereoisomers of the compound,

greater than about 95% by weight of one stereoisomer of the compound and less than about
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amine (primary, secondary and tertiary such as alkylamino, arylamino,
arylalkylamino), aroyl, aryl, aryloxy, azo, carbamoyl (-NHC(0)0-alkyl- or
-0C(0)NH-alkyl), carbamyl (e.g., CONH2, as well as CONH-alkyl,
waMizapghs@and CONH-arylalkyl), carbonyl, carboxyl, carboxyieragiehes/aseosz
carboxylic acid nh ride, carbox I|c d chloride, cyano, ester, epoxid
R OB SOhOS A RAIE. RS (g ey b weight
-683Foi3; +E(§0R3)3)r beter oatkybuhdmiddctathimisie(pithdiywarig! ﬁeédrtd@ttyc)
isocyanate, isqt jioc anate, ketone, nitrile, nitr e rovide a
S A S L B P I (G I s of
suitfonyin@nciudiddeatkiisuttony ] Arylsuifayoatd: atytalkﬁrtmsrtf@mws Of the COﬂlDOUﬂd
Su'fOX'dﬁnttu%&%&metrlttﬁeq% thinethen anddiea GNECQNRsalkMabe o chemical
20Unless otherwise indicated, a "therapeutically effective amount” of a
CHIIBNRT B aAEUA SHRRISATTS HrSVITE ACHE P BIRIETH SRS OMeor more of

trRaReniAr.maRagamentel alisease Al @M@@%&Et@(ﬁﬁiﬁ%@im group such as,
minimize one or more symptoms sociated wr h the ?ﬁsease or con ition.

&tﬁ@?&h@hﬁé&ﬂy%rr@anfé%m&ﬁn 1P R atIG Ys AP ANTATHR g lkenyl, alkyl
thegapestic agent, jatone ﬂbmwmmmau@mwmmbmme@ yathibhamide

pr ﬁﬁ tzr? fit in.the tr at ent

é.égzgﬁéi t(1:18¥1d |on!<'}Z e term Qﬁ tthga eu ic ﬁ\%tme am un(tr @E%\IHZ)’
encompass:an armodatsthad pryes@werdlhthempy arelduces. orydalbidsmino),
Sﬁé“}}i’t%{?? ftf‘o%gsgéooga qug ﬁ@l@ﬁ@?@%'gﬂ 9r0‘?nmﬁ%ﬂ\yl) carbamyl {e.g.,

apedtic & cy of another therapeutic agent Unless otherwise

ih@ibHledisthe terrhOMdatky e SiNd-2ardmddatingher cottebhsrabers: sarboxyl

action hateeewsuvbilg.a natignt is:suffaring fremdihespsaified Misease, Qpoxide,
disorder, which reduces the severity of the disease or disorder, or one or

rAIGHS G1dts BSHRACOSY hetittis o holps HHailrsbiessicn dr e distlak -
Heeisonder,. 1&9&@&@@%&@%&%5&@3@&&1@@1&]}%@%%]eﬁﬁlﬁd&hﬁmﬂﬁeketonc,
|nd|cated the 5g,hra greater C;rgan X," W er Xﬂs a,num ter e SAME 1o
rﬂ]ééﬁrﬁ’d as ¥ 3?“ eate(r ah ?r’%t(f ospagezqa%a er tha C A
a(bgutSQZNmerel}fdseasnlfmiyeftd@amthg aék{}’iwlrlheahmglaﬂﬂatyd)wnd( or
ter ny,

PSRBT ﬁf?f%‘%sati%%%iiﬁ%@%%%%%%ﬁ?ﬂ%ﬂH Atk
s|m||arlvnthe pﬂm%smeybqﬁa% apBuraccuiigidiecK sty Mol 1948 gaapound is an
SAEMEANING AB RBAUL X AEISSSHANADRW Ke trearmhAIESHOMGRMSS: of 2

indicated, the term "include" has the same meaning as include" and the

(BRI FQBLITRASOE SSlAYeOR BTG RS AE RIBES BRR RO RTider ey ih the

SiriaEy: thadrien. "suchiasc hralthe fsame: mﬁ@tﬁlﬁﬂlf&ﬁcﬂiﬁptﬁﬁﬁﬂ isuehrasynt of
Fﬁt not limited to." 10Unless o herwise in 'C?te(?h one or nh ectives
ICB &

?ﬁ%{}f%’tﬂg@gﬁ% Cdé%ﬁﬁ 51 113 m th%nu\ﬁ/zst 1 8 %1 C?PIS(:[I’U cn pr v cs a %hcrctpeutlc

astapply
eﬁ:@hfaﬁi:l*teamnmﬁtmremam@imethetﬁhnasecae@tmnai@p@mbsﬁhﬁwiah@qrapwtmlly

aerfxgc—ic%r hgt[gcgoalgyéarltlat rlg ame e nltqgﬁstltﬁt%tvgpg gﬁH%%%%g?qc% @s or avoids

optionally substituted ary Tor optionally su ted heteroaryl." It'sho
bemptedsthat e shernicibeasioctmat fopry palrtiatea fag detrepmpotingdnagt another

therapeutic agent.

PR

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

slows the progression of the diseasc or disorder.
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15be described herein using a name commonly accorded it when it exists
as a single molecule or a name commonly accorded its radical. For
example, the terms "pyridine" and "pyridyl" are accorded the same

waaninghen used to describe a moiety attached to other chemigalos/vso032
moieties. Thus, the two phrases "XOH, wherein Xis pyridyl" nr%'.'}(OTI, ;
wherei RS SRS A0 HLebr e S Wby, AT Ssenigagaber bas the
theneompempds 1y rdincol ROpyridinkd:akandpyhidise4eatater thHnsitoukdX,” where
%%so be nqted thag’if the stereachemj%gg ?&,a structure, or a ortgem of a

15 4 NUIMper, !. 48 1C Same mednijig 45 Of, 2réaie 188 oul A
rictdbe e hotihaicate Wl?ﬁ, {5t exampﬁe, bold or sﬁe Ines, the

structuriéndisthepostieniofithie Gtrucniness todsehimetpretedas is a number, has the
%Q&%m%ﬂggsalk%?5&@&9@%& ofi il ALY, AR Qf GAMRBHNGS” where X is a
having one or more chiral centers that do not specify the stereochemistry
olupSttosesdbherecentomipass gure sterdsisdmerdard mixtures thereof

Moreovier; A0¥BLeMshewvkifha: sk awing:withdunsatisfied Yalenegmisas “include” and
assumed to be attached to enough hydrogen atoms to satisfy the

(5 v 23 o HE fy th b o M 3
VAteERs At ERSHIEAM BorHs de it it ShBS ot iR paraifigfr!y. the
teenesdashedineencampassdpothsingtenandetanplet(ecgliatedatic)
bonds,éjé\éa!enﬁe_?‘geémi 1 %(t)e%'Zdzfl\]/fl:e(;[pr%d)%que%%fh%gsn-{g.1S' ‘Lie Ventig%in 7 a series of
encompasSed s Method Of preparing & compbund of formuta I KRG & semes
7008412808 RCTFHIB 2608/0600 32 c4d N dXl tiNroNn® B mehienagite, ¥hisphrase
0‘85889 :llliszﬁ% g’ltil B&Jttc%ddﬁilﬁk Y, ég'?,]bﬁlgﬁliji?ﬂ?flyh%' %&'EHWQ&%%XME% lsopti onally
hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, al kylaryl,
anlslikydetercalignaBhstbrodyeibaatkyihenbroeliy ey biiHbtdreriyrartlyl;
and R3;ig 0y AH0960,QH @REANA N ical moiety that forms part of a larger compound may
be described herein using a name commonly accorded it when 1t exists as a single molecule
or a name commenly accorded its radical. For example, the terms “pyridine” and “pyridyl”
arc accorded 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 afso be noted that if the stercochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed lines, the structure or the portion
of the structure 1s to be interpreted as encompassing all sterecisomers of it. Stmilarly, names
of compounds having one or more chiral centers that do not specify the stereochemistry of
those centers encompass pure stereoisomers and mixtures thercof. Moreover, any atom
shown in a drawing with unsatisfied valences is assumed to be attached to enough hydrogen
atoms to satisfy the valences. In addition, chemical bonds depicted with one solid line

parallel to onc dashed line encompass both single and double (e.g., aromatic) bonds, if

valences permit.

5,2,  Methods of Synthesis

This invention ¢ncompasses a method of preparing a compound of formula I:



substituted alkyl, aryl, alkylaryl, arylal kyl, heteroalkyl, heterocycle, alkyl
heterocycle, or heterocyclealkyl; which comprises: contacting a compound

of formula H: HO 10 X with a compound of formula ill: H2N-OR3 111
wgeskangliions sufficient for the formation of a mixture of E 8¢, dsraas/m60a32
isomers of a compound 150f formula 1; and contacting the mixture of E

and Z isomers with a strong acid. Another embodiment encompasses

a method of increasing the major:miﬁ ' er‘ratio ina mixture of

compounds of formula!: HN' N OR?,HZN Wh ﬁh comprises:
£

A

L
OR,

4
wherein: X is optionally substituted alkyl; R, 1s optionally substituted alkyl; R is hydrogen,
hatogen, nitrile, or optionally substituted aikyl, aryl, alkylaryl, arylalkyl, heteroalkyl,

5 heterocyele, alkylheterocyele, or heterocyclealkyl; and Rs is hydrogen or optionally
substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or
heterocyclealkyl, which comprises:

contacting a compound of formula I1:
HO

10 H
with a compound of formula FiE:
HQN"‘ORg
I
under conditions sufficient for the formation of a mixture of E and Z 1somers of a compound
15 of formula I and contacting the mixture of E and Z isomers with a strong acid.
Another embodiment encompasses a method of increasing the major:minor isomer
ratio m a mixture of compounds of formula E:
Rz)_e—x
HN I/N
RSN
=,
OR,

i

20 which comprises:
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WO 2008/128041PCT/US2008/060032 contacting a solution
comprising a first mixture of compounds of formula 1 with a strong acid
under conditions sufficient to provide a second mixture of compounds of
dasmiaka; zavlerein: the major:minor isomer ratio of the first mirture isoess:e032
than the major:minar isomer 5ratio of second mixture Xis 0 A
bt HB ARG L GG Gt o Ry ook dr et i o
hadagenidnitrile; @mdptmauflﬁsmmmed/dﬂxylsmd akoytarybfaagiatikyhds of formula
Eet?roalkyl heterocycle, alkylheterocycle, or heterocyclealkyl; and R3 is
”ydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,
heterodikyhiteterooyclemaliiiredibeyiis o HEEVOSTEIBAIYE Teifr thenor isomer
yarouspethods and emiqdipents: F%J%L%@@@k&egm QQMPRMBESIEsgbstituted

compounds of formulae |, H and/or Ill) may exist or be obtained as
§8W1at%s‘aﬁbﬂ‘fb‘?%bt§a]|?f:§“p5’rtf’éﬁlﬁf %R’H%ﬂ‘ﬂﬁh St tHdedgilitdrodmpnday!

anleohal: (@:&iﬂ@eﬁdﬁﬁ@y@t‘h anglhprapanat ofii 30@[@@@3@)@1 and HRis hydrogen

another, the solutlon ate toa per t reat r than about 30C
. GP 8 AR A AUBc 451 S0 5 BOCT S AR e W

the” major:minor
tﬁ@ﬁﬂ&ﬁ&ﬁi@dh@kﬁé&@ﬁd@nﬁot&&ﬁthan about 5:1 to greater than about 8:1.

In ano the major inpEr.is merr &c A$6: Jrﬁé}% gs&)mgﬁ ahout,,
4:1to g??ela(f Fthan a Jc?il?t i@n n an% %r tF‘I? ma%or minor |some1r ra?% B
incnpasessfrbfrabdut B todjredlér tharraisbok u@@t@mﬁ Hriothelcstiel s salts.

of the splution; camrrising the sacondmixteseisiagreasethdnpartisiainol,

methods, the pH is increased to greater than about 6.0 (e.g., greater than
&6@9‘?1710“&380@))” \I§58P P898PENCe to the various methods disclosed herein,

as appiRRHaIePAKIGHIRIL sembadinenis e suchithatirigaliaiout 30°C (e.g.,
optionally substituted with one or more hydroxyl, 25acetate or halogen
G PBINERS: BY95 4V Srogen. In others, 1.2.3 is hydrogen. In others,

the Compmmﬂeaftfmrnwlahmmﬁ fenmedaahtajncWiGes from less than about 5:1 to greater

%93(1)18({%()“{%4]1 PE%E{llbj 8/Cr)r§a(1)(9r?112nnor isomer ratio increases from fess than about 4:] to
greater than about 10:1. In another, the major:minor isomer ratic increases from about 3:1 to
greater than about 13:1.

111 another, the pH of the solution comprising the second mixture is mcreased. In
particular methods, the pH is increased to greater than about 6.0 {e.g., greater than about 7.0
or 8.0).

With reference to the various methods disclosed herein, as appropriate, particular
embodiments are such that X is alky! optionally substituted with one or more hydroxyl,
acetate or halogen moieties.

In others, R, is hydrogen.

In others, Rs is hydrogen.

In others, the compound of formula I is of formula I(a):
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1(a) wherein: RAis Kin, OC(0)R4A, N(R)2, NEIC(0)R1B, hydrogen, or
halogen; R5 is OR5A, OC(0)R5A? N(R5B)75 NOO(0)R5135 hydrogen, or
halogen; R6 IS OR655, OC(0)R6A, N(R60)2, 5NHC(0)R6B, hydrogen, or
Redparp; Rdsis alkyl, CH2OR7A, C1120C(0)R7A, CH2N(R71)gs1/usz008/060032
CH2NHC(0)R78, hydrogen, or halogen; and each of R4A, R5A, ROA,
R7A, R4115 R5R1 R613, and R713 is indepéndently hydrogen or

l, hcteroalkyl,
heterocycle, alkylhetcrocycle, or hcterogyc IkyI.R“f In others, the
compound of formula 1(a) is a ster ricalﬁﬁpure compound of 10for
ulal(b): RIORB 1(b) Refeft structures I(a) and (b), particular
embodiments of the invention are such that one or more of R4, R5, and
R6 is hydroxy or halogen. In othets; aftof R4, R5, and R6 are 15hydroxyl
or acetate. Examples of strong acidé“‘@%ude hydroiodic, hydrobromic,
hydrochloric, sulfuric, nitric, phosphoric, alkanesulfonic, and arenesulfonic
acid. A specific embodiment of the inverih is represented below, in

Seheme &;, 1@@;@@%%@%@&}@%{})@@@@%@9@%d1ogen or halogen; Rs is ORs4,
OC(O)Rs4, N(Rsp)y, NHC(O)R s, hydrogen, or halogen; Rg 18 ORga, OC{O)YRsa, N(Rsp b,
NHC{O)Rgg, hydrogen, or halogen; R» is alkyl, CH,OR 74, CHOC(O)RA4, CHaN{R )5,
CHoNHC(O)R 73, hydrogen, or halogen; and each of Rya, Rsa, Rea, Roa, Run, Rsg, Rgp. and

Ryp 1s independently hydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,
heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl.
In others, the compound of formula T{a) is a stereomerically pure compound of

formula I{(b)

HN

b

N
R N,
OR3
Kb}

Referring to structures I{a) and (b), particular embodiments of the invention are such
that one or morc of R4, Rs, and Re is hydroxy or halogen. In others, all of Ry, Rs, and Rg arc
hydroxyl or acetate.

Examples of strong acids include hydroiodic, hydrobromic, hydrochioric, sulfuric,
nitric, phosphoric, alkanesulfonic, and arenesulfonic acid.

A specific embodiment of the invention is represented befow, in Scheme 1:

[0



In this method, the E:Z isomer ratio in a mixture of (E)-1 444( 1 R,25.3 Ry
1,2,3,4- tetrahydroxybutyO-1H-imidazol-2-y1)-ethanone oxime and
(2)-1-(4-((1R,2S,3R)-1,2,3,4-

ietsalygioxyputyl)-1H-imidazol-2-y1)-ethanone oxime is inCreagaehaas/v60032
The method comprises contacting a squHti(an comprising a first mixture of

(B)-1-(4- (o B wo 5 0] wo % on
R,2S,8R)-1,2,3 ?&rahydroxybutyl)- H-imidazol-2-y1)-ethanone o)i?(i{J
and (4134- _

(1 3R)%1,2,3,4-tetrahydroxybut [gr)-ll-cl)-ki{midazol-2-y1)-ethanoﬁ“e_\ OH

opmn\?//,\mith a strong-acid under clif;tions suffici_en_t tp provide a4 d
mixtufe of (13)-1-(44( 10tetrahydroxybutyl)-1H-imidgzol-2-y1)-ethanone
oxip)!;;zgpd (2)-1-(4-((IR,2S,3R)-1,2,3 - Y
tetrahydroxybutyl1)-1H-imidazot-2-y1)sethanone oxime; wherein the EEIZi

isomer ratio of the first mixture is less than the E:Z isomer ratio of the

second mixture In a particular embodﬁ‘?@éﬁ%%e first mixture is prepared by
contacting | -(4-

(L2 813R)ED S 4etrainydroxybutytixltd-iidadoRi 0o RiaMoRe, Witk -

' - igns sufficient far the f j . -
o), LAy P S 1:2:34
sy drere Pupa( R ; 25 BRY1-E-y1)-cthancone oxime is increased.
2,34-tetrrhycioxyuinhsdHmidazal 2-Wigthanens can L nrepated-dyr ()-1-4-

contacfging 1-amino-Isdeoxy-D-fructose with 2- ethoxyacrylonitrile under
dbHttrons sirficidrt TP e fohatibn 61 Azl RYS SRaiop 2oz e and (Z)-1-(4-
terripslsexyby At imidaz ol ypethanone)-as, shanmbelew it with a strong acid
SEETIS B, ROORL Selme 2, O 20082804 T/ S200N0R0032, 3.

c
vantageously, this Invention proviaes novel me

10 Te(ER2SBR)- 1128 ddetrahytokylouty ¥t Lmidazol R Tot hibne.2.3,4-

20

tetrahydroxybutyl)- 1 H-imidazol-2-yl)-ethanone oxime; wherein the E:Z isomer ratio of the
first mixturc is less than the E:Z isomer ratio of the second mixture. '

In a particular embodiment, the first mixture is prepared by contacting 1-(4-
((1R,25,3R)-1,2,3 4-tetrahydroxybutyl}-1 H-imidazol-2-y1)ethancne with hydroxylamine
under conditions sufficient for the formation of 1-(4-((1R.28,3R)-1,2,3 4-tetrahydroxybutyl)-
IH-imidazol-2-yl}-ethanone oxime. The 1-(4-((1R,2S,3R)-1,2,3,4-tetrahydroxybutyl)- 1 H-
imidazol-2-yl)ethanone can be prepared by contacting I-amino-l-deoxy-D-fructose with 2-
ethoxyacrylonitrile under conditions sufficient for the formation of 1-(4-((1R,25,3R)-1,2,3,4-

tetrahydroxybutyl)- | H-imidazol-2-ylethanone, as shown below in Scheme 2:

HO  oH
HO %
HQ OH
HG OH HO 3
OH HQ ;
HoN %
= OH
+ HN_ N I
ZN /\J;O N
OH
OFt
Scheme 2

11
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One embodiment encompasses a method of preparing
1-(44(1R,2S,3R)-1,2,3,4- tetrahydroxybuty1)-1H-imidazol-2-yl)ethanone,
which comprises: adding a first portion of 5sodium methoxide to a solution
RO MRSING Z-ethoxyacrylonitrile to provide a first mixture; comtactingthesonsz

first mlxt re with 1- 0-lI-deoxy-D4iuctose to pro ide a nd m
g S BT ORI A s A B e L B 25 37
p[@ﬂlde@rthydrmpﬁum;amlngdamm ﬂ@m:d"zmcthe third mixture to prowde a
fourth xture and m| ing the fourth

et R M %%8&%8%??@% ﬁgﬁ@ R293R)-1,2,3.4-

temperature SU? Clenl} f%l’ rmation o
Jelrah Bidetotratydibkybity)-2Hlinidazocl vohichethemions, adding gfirst portion of

RATHEH AL MEINRd, he serend My %Qscr%waaggn% A RMRSIRALEGO mixture;

greater than about 5C (e.g reatert an about 150r 20 C). In

APRIHTER A kst xR aﬁéa%ﬂérﬂﬁ*ét%t%%%a@ﬁﬂ%mww

@@@HE G0 g)g[ﬁ@ﬁ%ftmﬁbﬁi&hlﬁicﬂeﬁ@ﬁig Qecbrtbhl-anethesrdhridisshird
portion of sodium met (?X|de is added as a solutlg2 g ater than a out

B BEFCETT 5 AIRa TR HDIp 200525 IR Betand Mo the
$@dtlhrmmthcmdenmmeﬁmmabdmanmmeafﬂmsemmmcﬁorﬂmrmf sodidgm
h a d solutio eater bout 15 weight
Fr%é%t%g? g(%éft (‘étt an 4 ou{} O]%f %v%?g—ht_ Sens odium
20metHoxigeriruhethatiol, the sgpvambthisiythes m«anﬁwéleb&ycmm@éwséﬂgrcam

PraYifed f3-2 shur her GAMRIEEING o aogiecid salt.  In another

e third mixture’s |Iuted with water before the acetic acid is added to it. .
In anotHerneHefolieiiRineTRs harstia tehipRsiie o GREGHSF thahabout 3°C

about, 306 2Ri8- gmgtragt@gt;}ag@abput 35, 40, 45, 50, 55, or 60C). In
another the fourth mixture is heated for less than abouté% hours, (e

than aBBd{lﬁthﬁl 6‘1&2?}58&%&1010 ol §py é%%mgﬁh% de 15 added as a bOl\gt[C% ote greater than

LA (BR2B1BRIrER1 34 tetrahyel toxy bintyd Jald 2 imidazob2:cype thalnonencthoxide
is isol ted with a yield of greater than about 50 percent (e.g., greater than
é%t? 4985, 60, 65, 70, 75, or 80 percent). 6.EXAMPLES  Aspects of

this inveniianheantsaundé sica: rdmdhenfolitwirgexadisiéss whibhido of greater

Ctnllgglt Itsl $ %\9&3‘11: WQC%P &Béléggﬁéﬁi&aMQ§&9%9% %ight pereent) sodium

methoxide in methanol.

In another, the l-amino-l-deoxy-D-fructose is provided in a slurry further comprising
its acetic acid salt.

In another, the third mixture is diluted with water before the acetic acid is added to it.

In another, the fourth mixiure is heated to a temperature of greater than about 30°C
(e.g., greater than about 35, 40, 45, 50, 55, or 64°C).

In another, the fourth mixture is heated for less than about 5 hours (e.g., less than
about 4, 3, or 2 hours).

In another, the 1-(4-{(1R,28,3R)-1,2,3 4-tetrahydroxybutyl)- 1 H-imidazol-2-
yl)ethanone is isolated with a yicld of greater than about 50 percent (e.g., greater than about

35, 60, 63, 70, 75, or 80 percent).

6. EXAMPLES

Aspects of this invention can be understood from the following examples, which do

net limit its scope.

12
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6.1.Example 1: Preparation of Ethoxvaen lonitrile To a 250 ml jacketed

3-neck round bottom flask with magnetic stir bar, rubber septum with

temperature probe, plastic stopper, and pressure-equalized addition

{imnghyvithgas bubbler was charged with bromoacetaldehydcy/gszaos/060032

dlethylacetal 35. 33 /17 .28 mmol) and tin (H) Schlorlde (167.1 mg/0.88

mmol/é% X3 ahe I, Erenanal B, 04 LR LAl I-fa &N tr|methy|s||y|

cyanid 17 /17 », ol) was add r.11. mutes ) B

tomperatiic 1 T L —

mitiutes el thepr dicabbbrm@@?f@mw@asb&ﬂ@dq@ahg@ agidii @Cuanalysib gas

%%\M%P&&% % H'%tf?%?&%h%@?a‘?&@lgﬁ%‘?& igthylaceials 1OTRSARONE!) and tin (1)
u

light yellow solution was diluted with 85 ml MTBE. Dicthylamine (19 61 %
26814 61/ms0- Sy Was aeided dveremimitas at soepsperattrel nen

bﬁl@&%@ﬁ,@wwgﬁ@aehtmtgﬂ chsslurpmwas.diluied with-additionab2s Mlemperature

BE. The reaction mixture was stirred at about 25 C for at least 1.75 .
HelS o0 ntil RedRtSH e arIetbH By eic hhalykis THE A& Ay filgred0 C for
and:ikel cullpsied-salids Weremashead MEBEnRx30isn L) Thercarmbined de

15filtr ate Was concentrated under vacuum (final vacuum: about 95 torr).

(’t & reatitit Ing crude ethoxyacrylonitrile (17.46 g) was polish-filtered and
vacuunidistilted teigivelaeledntiquid4ldildtgd 67908 ield \VIBRE. 48:4BC#8line (19.61
'31‘”38'2'9! Kﬁ@& @f‘@% (ﬁu@a%v%‘lé%m é%Z ?’céﬂae%dt%x%%m Mehe. The

73(q, J 9 Hz, H 1.24 (t, J=6.95 Hz, 3 NMR (CDC
1861582 ihlsl%uzimvmd 1@5@4}«111421419*@@12@&&4;%8@ ﬂﬂﬁé paraﬂmhwmrc was
LA IRBOR) L, ?ol?»ﬁlﬁ%&&alhvﬂmfbe%\danﬂ-lémga@@hgr&ftﬁ{ N9N&nalysis. The

To a 3-neck, 12-L round bottom flask equipped with a mechanical stirrer, a

(Bt s omg s erded selitsxy syt ¢ o6 66 Oreld nhbh combined

em&ame&ﬁae&b dRhCagratie vacQum a.@a@ vhoutng: abamegsume@i sp!umamm@cmdc
S TR R a0 B RO v

Lqmmzl El tNMRflShi)WEd) at!-tea&‘t(%%mm?gréiémMRt(@‘étfjnxy}abWIQmmﬁHE 36 Hz, 1H),

th corres ng o a ta(gsf?rre to,

ofe]fru %o?sa%%gq%} aée C%:}:? I{—I ?3? Ok\gz ?i 0 e%u \ﬁpéepared a% rmﬁ (CDCL)

Hddges) !t E;2Bistedr] B.oESMethisds in Carbohydrate Chemistry

11:99-103(1963)) in methanol (1.0 L,

6.2. Example 2: Preparation of -d-((IR.253R-1.2.3. 4-tetrabvdroxvhutvi-
1H-imidazol-2-vhiethanone

To a 3-neck, 12-L round bottom flask equipped with a mechanical stirrer, a
temperature controlier was added ethoxyacrylonitrile (100.0 g, 1.03 mol) and methanol
(HPLC grade, 1.0 L, 10X). To the above stirred solution was added sodium methoxide in
methanol (25 wt%, 140.6 ml, 0.60 equiv) in over 15 minutes, The mixture was stirred at
20°C for at least 3 hours or untii 'H NMR showed at lcast 95% conversion of the
ethoxyacrylonitrile to the corresponding imidate). The above solution was transferred to a
slurry of fructosamine acetic acid salt (246.9 g, 1.0 equiv, prepared according to Hodge, J. E;
Fisher, B. E., Methods in Carbohydrate Chemistry 11:99-103 (1963)) in methanoi (1.0 L,

103X) over 15 min and the mixture was stirred at 20°C for 6 hours. Another portion of
sodium methoxide in methanol (25 wt%, 117.3 mi, 0.50 equiv) was added to the mixture over

10 minutes and the mixture stirred at 20 °C for additional 16 hours.
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3010X) over 15 min and the mixture was stirred at 20C for 6 hours.

Another portion of sodium methoxide in methanol (25 wt%, 117.3 ml, 0.50

equiv) was added to the mixture over 10 minutes and the mixture stirred at

A5 asedditonal 16 hours. WO 2008/128041PC1/US2008/860Q32pas/060032
The mixture was then diluted with wale Ff oL 20)@ and treated with =~
acetic adid PIXBTHIVS SebitycARADStin g 2P Goe ok HRUbitiibAcetc acid
wa&eﬁngmﬁ&gml (A0Gr RBEOnMbes0“(Ofprhal) e Lo2ukidatalyelwnanihg (50°C, 200

rry as cooled oOC and_stirred for lh ther) fllter d.an
G A Rt B PO o7 THE BT aHL B cxdg sired for
drd ttleied iuneleandaitiauniidd HOE mﬁfcﬁdrmﬂm@ﬁeg (dﬂmdelpx@@l uEhascalqbate:
y%l RYS “?d %\{‘1 Ig, ARG vtg]c m%r%?;"%dé"{& Ee{(i(gg re CZ?I ¢ d‘s a pala, yellow

resucltlng slurry was heated to boiling for 15 min, the to 0C'and
stitrédwbichnvasiditionatiedy The sk tEre was %{@ airdl fitered iz thesoliddicated to

Werenwashednithater J A% 0x@)A8d SHedrie LONRIRMLWEIGht i @mixture was
vacuum oven at 50C tcijfrowde 194.8 g (82 %) of the title product (TH1)
{

AL DfRS yeIOMSIHRETS 0 9 1 mr(@%lw/ X315 BRESC gAnsiant
RO 46 (iR eiza0s0H) 17 (kOVdelr .0 120,31, B8c(BrodRH)T ) as a

A SR OB o D5G) Tee b 4 15815 156 5 751958 g0l 2011

613921)2’6‘59#&23%2 (68 EXEmpielS ( PEpEiation of 0.1, 3.40-3.70 (m, 4H), 2.53 (d, J

ﬁ'etra dxyé%ﬁgg@i Itnldaa%%}IpZO )C(le% L DS Bsiinte gD?hyl/(gj?a(%el 19:5,73.0,
17@ a :§5n@,dk'3 3-EirduNdibettbrhFlask equped with a mechanical stirrer, a
temperature controller and a condenser were charged with
1-(4-((IR.2S, 3RYakupid 4 tatsphysleoxyireml)-i-dudezoke-ypathanone
(100.0 g, 434 femmel-bydreiarmae hyceachiayetasichnaldb mihk drate
equiv), sodium acetate (53.4 g, 1.5 cquiv) and methanol 20(HPLC grade,
1.0L, 10Xy Thechbdversohdtioniovad héad racd SGwithethaingpioriad, a
T9:ihs mirtuewashen Addad.asQution ab HG kR fs @wk&eﬁ@m

prepared by slow addition of 92.7 ml acetyl chloride to ml isopropanol

aﬂ@@\fér%aﬁwd%ﬂ&@%%ﬁh%ﬁa%gmﬁhé Wuﬁésﬁﬁéﬁ@fm@d@ﬁsﬁﬁm@
_HS}&HUPH%H@ wassailytschwith MeOL3, de@hmlb¥hand £l eﬂfi@cﬁﬂ@ﬂhnd methanol

Ex‘ﬁperature and the rec:%tated sodium chloride was removed

trbtigAcer ol SOt R MEDRPEC0 vt b A e for 2 b

SolutIOFiFW&ﬁt eareeatkatat at 4] umdewmmf&mumtlhsmlmmaﬂed}ﬂ@r plcpdrcd by

g%Biti e 2%9171?‘11{ dcc'i: [((t]ﬂ I‘ilF %oé%()walsistg Y anth 8‘%’ gqg Squiv over 15 min

organlc SO vents were reniove under v
and resulting mixture stirred at 65°C for 3 h. The mlxturc was diluted with McOH (1.0L,

10X) and cooled to room temperature and the precipitated sodium chloride was removed by
filtration. The solids were washed with MeOH (100 ml, 1X) and the solution was
concentrated at 40°C under vacuum until solids started to form (about 200 ml). Water (1.0 L,
10X) was then added and the residual organic solvents were removed at 40°C under vacuunn.
A polish fiitration was performed to afford a clear yellow solution. To this solution was
slowly added 50% NaGH aqueous solution at room temperature so that the temperature of the
mixture did not exceed 40°C, until the pH reached 7.2 (7.0 - 7.5). The resulting solution was
then heated to 65°C to form a homogeneous solution, and concentrated under vacuum at
65°C (60-70°C) until the solution reached about 500 ml (5X) overall volume, The mixture

was then cooled to room temperature slowly, further cooled to 0°C, and stirred at 0°C for 1 h.
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A polish filtration was performed to afford a clear yellow solution. To this
solution was slowly added 50% NaOH aqueous solution at room
temperature so that the temperature of the 30mixture did not exceed 40C,
watidhe pilireached 7.2 (7.0 - 7.5). The resulting solution wasdthesdnesbedhs2

tg 65C to form ahom eneous solution, an ncentr g er
B0 70T RIS SURMIGR FoAaE Mtk BB 3 s M8 o affora
voltimecrTitel nmkxtmteiwas then cooled to room temperature slowly, further

Cooled,é% gjflriﬁé]%?w 8 /O 0 ggé‘d dtW(PKIO{) ml) and the resulting mixture was

7008/1 2 The solids weére collected by filtration
ArdaiasedWithuwaiel (D691o0 Ml uaerevasenel swhitoeritamig e and then

solidy Toghebove wet salid was added-waler R mhand dhe: wesy N;Magn (0°C,

mixture was heated to 70-80C until all dissolved, The solution was coole

ttPPoBm!temperadiberaiierthenitivren st o Yol P TREILBRICHS & o the
coflgetad: by filtrationyandmasheskwith watera(Qeni0RMabdX X2 )ard themmer,
dried under vacuum at 30C overnight to afford 99 4 g of the title
compoggd _t an%l)@%,s terial, T]eY: ik
the Zisomer. ;q": LRAPRIS 127 yEﬁEﬁune {)mme
(E)-1-(4-((1R,2S3R)-1,Z,3,4~ |etrat)yd foxybutv1) T
li-imidaggl-2snd rethanang @3ime: doHae salidsiom (Etx@mplsxa Walsheated at 75°C
slurried with EtQH (800 ml, 8X) and_ heated at 75C f esyltin
b S EUA3 EE XA THEIS0 Gl TRTF A Vet Wt soid
wimmmz[ filtration @nchwaskied! with EtOH (0T, 100 mdl, 1X, x2)addideied 50°C

0C under vacuum to cons ant Wi it n
A R T ST Py e NG R BRI o
283(dhd 3.6aswr1 1H)NBB0DB:80 (A3 8+ H)53.5d (He, =310 16z, 618)1-626%80 (m, 3H),

= (D20,w/i3,dr@p.0 A o in
RN B AR RER o

S 2 SO (18, b LT e wwgomdwp of

M m%ﬂ@})lléﬁ}%,EP%@P{%50,[3@??90?@.@2'9@.@,1‘@.1, IsomerssRetips=The 1.
relative amounts of E and Z isomers of compounds of Formula | can be

6.5. FExample 5: Determination of E:Z Isomers Ratios

The relative amounts of E and Z isomers of compounds of Formula I can be
determined by a variety of techniques known in the art. For example, the relative amounts of
(E)-1-(4-((1R,28,3R)-1,2,3 4-tetrahydroxybutyl)- 1 H-imidazol-2-yl)-ethanone oxime and (Z)-
1-(4-((1R,25,3R)-1,2,3 4-tetrahydroxybutyl)-1 E“I—imidazoi~«2—yl_)—ethan0ne. oxXime i a mixture

of the two can be readily determined by NMR, as shown in Figure 1.

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

reference in their entireties.
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20 determined by a variety of techniques known in the art. For example,
the relative amounts of
(E)-1-(4-((IR,2S,3R)-1,2,3,4-tetrahydroxybuty1)-1H-imidazol-2-y1)-cthanon
e oxime and (7)-
1-(4-((IR,2S,3R)-1,2,3,4-tetrahydroxybuty1)-1H-imidazol-2-y1)-ethanone
oxime in a mixture of the two can b ily determined by NMR, as
shown in Figure 1. 25All cited publications, patents, and patent
appligations rein incorporated by reference in their entireties.
CLAI mcgéiﬁs% al?qlrhed is: 1.A method of preparing (E/74-1-(4-((
1R,2S,3R)-1,2,3,4-tetrahydroxybut [2-1H- imidazol-2-y1)-ethanone oxime
1. which Wé@%@@ﬁ%@iaiﬂﬁ@éoﬁ% HRedmphisihg & i gputy])-TH-

1m§%ﬁ2~%§-@tﬁaﬁ§h§ B}\igngg 3fich comprises: _
tetrahydroxybutyl)-lH;lm|dazol-2-yDethanone,P:g/dro&lamlne or a salt

prafishesta sl dorramRRERES; R X UGRkidgdhd Shlf a2 )- 1234

] ime - Suffips RINVIHER158EAN S RIHRGEIE/E)d sodiur
tet%%%ﬁ%@%@%?%%%%ﬁigﬂ?ﬁ%& OV sodium

ydroxybuty1)-1H-imidazol-2-y1)-ethanone
acdigisxihé. 2. The method of claim 1, wherein the solution comprises an

alcohpl; 3 Thedmeiied.of daim2nnwberaindthedleonatisimethanolide a second

‘The method of claim 1, wherein the hydroxylamine or a salt thereof is
miKproRyAE(fihe- bR dich Saft S HRE S br Lk 1 agaicn -cthanone

oxlither comprises contacting the second mixture with a strong acid.

2. The method of claim 1, wherein the solution comprises an alcobol.

16



6. The method of claim 5, wherein the strong acid is hydroiodic,
hydrobromic, hydrochloric, sulfuric, nitric, phosphoric, alkanesulfonic, or
arenesulfonic acid. 7. The method of claim 6, wherein the strong acid
is hydrochloric acid. 8. A method of increasing the E:Z isomer ratio in
a mixture of compounds of 5formula I: HO HN N OR3 which comprises:
contatting aldsIitishoedhplidng-aieeiihamcshebinRaiRebf formula |
with a 10strong acid under conditions sufficient to provide a second
mixture of compounds of formula I, wherein: the E:Z isomer ratio of the
first Mixture i&dessttarothaaiizlisotmetiratic by dhexsboon mixterk Deisof is
hyeptioratysubstitvéribatkykid 5 is optionally substituted alkyl; R2 is
hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, alkylaryl,

arylalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl,
and 5. The method of claim 1, which further comprises contacting the second mixture

with a strong acid.

17
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R3 is hydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl,

heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl. 209.The

method of claim 8, wherein the compound of fonnula | is prepared by

contacting a compound of formula II: with a compound of formula Ill:

H2N-OR3 LII under conditions sufficient for the formation of the compound

of forfaula 1ThOnEHeethbdnod clalergnwiresaimX dsidlig/opusrditlyhydrobromic,
hyasbstitstedawith-Rne it SMRIg hvdroxis acalaiaier falrgreumeigtiasidl 1.

The method of claim 8, wherein R2 is hydrogen. 12. The method of claim

8, whérein RBdsiyidrdgérnlds: Thehmethow: otelainmd] whedictieric acid.

compound of formula | is of formula 1éa2%:_ wherein: .
g. A method of increasing the E:7 isomer ratio in a mixture of compounds of

Rz)—ebx
HN_ N
=

X

formula I:

]
&,
OR4

Ry

=

which comprises:
contacting a solution comprising a first mixture of compounds of formula I with a

strong acid under conditions sufficient to provide a second mixture of compounds of formula

I, wherein:
the E:Z isomer ratio of the first mixture is less than the B:Z isomer ratio of the second

mixture;

X is optionally substituted alkyl;

R; is optionally substituted alkyl;

R, is hydrogen, halogen, nitrile, or optionally substituted alkyl, aryl, alkylaryl,
arvlalkyl, heteroalkyl, heterocycle, alkylheterocycle, or heterocyclealkyl;.and

Rj; is hydrogen or optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl,
heterocycle, alkylheterocycle, or heterocyclealkyl.

9. The method of claim 8, wherein the compound of formula I 1s prepared by
contacting a compound of formula II:
HO
Rz)_k X
HN IN
Ry O
1]

with a compound of formula IIL:
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R4 is ORIA, OC(0)124A, N(R4B)2, NHC(0)R4B, hydrogen, or halogen; R5
is OR5A, OC(0)R5A, N(R58)2, NHC(0)R53, hydrogen, or halogen; R6 is
ORG6A, OC(0)R6A, N(R6)2, NHC(0)R6B, hydrogen, or halogen; 15R7 is
alkyl, CH20OR7A, CH20C(0)R7A, CII2N(R7B)2, CH2NHC(0)R7B,
hydrogen, or halogen; and each Of RA, R5A, R6A, R7A, R48, R5B,
R613, and R76 is independently hydita¥e®Bs optionally substituted alkyl,
aryl, alkylaryl, arylalkyl, heteroalkyl, hetﬁrf)cycle, alkylheterocycle, or
heterocyclealkyl. 14.The method of claim 13, wherein the compound of
unfrmatalia)ns sulieravdieribalfyipurécsor pousrebtardneisonrgs)ia J(b)
515.The method of claim 13, wherein one or more of R4, R5, R6, is )
hydrdfy or AaRgehod ab:lrre hmsth@anreiairkrBowisdin sHPsiRiEdRyith one or

m&E neRydrRher AR nlfcldednethod of claim 8, wherein the
solution comprises an alcohol. 18. The method of claim 17, wherein the

alcoHdl is metRAMSNStREAGET (P S FBE TDISOBFPEHbI.  19. The
methpd of claigmBvddertilihe Strangaacklisshydrogic, hydrobromic,

‘ ZZ%r?ghlo“%’h%ugléI{ﬂ%’dné Icﬁ’a%] %?QV & kg Q&%‘ﬁggﬁ'éc of {o%rzﬁﬂgi%g M rmuta Ea):

Rsg Rg
HO

Ry

— R,
HNIN
Ry YN
f 2
OR,
i(a)

wherein:

R4 is OR4a, OC(O)R4a, N(R4p)2, NHC(O)R 45, hydrogen, or halogen;

Rsis ORsa, OC(O)Rs4, N(Rsp)2, NHC(O)Rsp, hydrogen, or halogen;

Re is ORga, OC(O)Rsa, N(Rer)2, NHC(O)Rgp, hydrogen, or halogen;

R7is alkyl, CH,OR 4, CHyOC(O)R 74, CHaN(R 75}, CHoNHC(O)R 75, hydrogen, or
halogen; and

each of Rya, Rsa, Rea, R7a, Rug, Rsp, Ren, and Ry is independently hydrogen or
optionally substituted alkyl, aryl, alkylaryl, arylalkyl, heteroalkyl, heterocycle,
alkylheterocycle, or heterocyclealkyl.
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20. The method of claim 8, which further comprises heating the solution to

" atemperature of greater than about 30C (e.g., greater than about 40, 50

or 60C).-1521.The method of claim 8, wherein the E:Z isomer ratio
increases from less than about 5:1 to greater than about 8:1. 22. The
method of claim 21, wherein the E:Z isomer ratio increases from less than
about#4:1 tq geeateidiad dbout 310vthere23hE hernpethatobfatainiaZZa) is a

st g{g&;ﬁg Eué' &%&ﬁl@flgp eﬁgéom about 203:1 to greater than

about 13:1. © 24. The method of claim 8, which further comprises
increasing the pH of the solution com rlsﬁ*ﬁg th cond mixture.  25.
The method of claim 24, wherein the%H is increased to:greater than about
6.0 (e.g., greater than about 7.0 or 8.0)7""%, 26. A method of increasing the
E:Z isomer ratio in a mixture of ( (4- ks
((IR,2S,3R)-1,2,3,4-tetrahydroxXyButyN1H-imidazol-2-y1)-ethanone oxime
and (2)-1-(4-
((1R,2S,3R)-1,2,3,4- tetrahydrox R& 1H-imidazol-2-y1)-ethanone
oxime, which comprises: 5contaét|ng awsolutlon comprising a first mixture
of (E)-1-(4-((IR,2S,3R)-1,2,3,4- OR
tetrahydroxybuty1)-1H-imidazol- 2-y1)-?%g?none oxime and
(2)-1-(4-((112.2S,3R)-1,2,3,4-
tetrapydroxyRuintinkHdmigazol 2 -whsethanens exiree withia StQngra@thxy or
ugcfer conditions sufficient to provide a second mixture of
$984-((1R,2S,3R)-1,2,3,4-
tetratydroxyRLihiinbH dmidazab2yidrethan R oXimeRange hydroxyi or acetate.
(E)-1-(44(1R,2S,3R)-1,2,3,4-
10tetr'ahydrﬁlxg/hmghb)dliﬂdlaiiﬂiﬁokﬁeyﬂiy}ﬁthanbmi@mthrisewheémhhé
E:Z isomer ratio of the first mixture is less than the E;Z isomer ratio of
secohfd mixtiemetior i deretod BRI Bloqd s meaRpl: FHIZ H§°pan°1 ot
pirepaspghby contacting 1-
(44(1R,2S,3R)-1,2,3,4-tetrahydroxybuty1)-1H-imidazol-2-y1 thanone with
15hyldroxy|RRimBethrsbe e AtmiBNY tiRiBikIG T6PREFitHisdikaspdic, hydrobromic,
In{Air((IR6Zi0, 3R ki 2, didei deplahsptivoioybiltyd pshHemtidar eleRepi)fethanode

oxime.
20.  The method of claim 8, which further comprises heating the solution to a

temperature of greater than about 30°C (e.g., greater than about 40, 50 or 60°C).

21. The method of claim 8, wherein the E:Z isomer ratio increases from less than

about 5:1 to greater than about 8:1.

22. The method of claim 21, wherein the E:Z isomer ratio increases from less than

about 4:1 to greater than about 10:1.

23. The method of claim 22, wherein the E:Z isomer ratio increases from about

3:1 to greater than about 13:1.

24, The method of claim §, which further comprises increasing the pH of the

solufion comprising the second mixture.

25.  The method of claim 24, wherein the pH is increased to greater than about 6.0
(e.g.. greater than about 7.0 or 8.0).
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28. The method of claim 27, wherein the 1-(4-((1R,2S,3R)-1,2,3,4-
tetrahydroxybutyl)-1H-imidazol-2-ypethanone is prepared by contacting
1-amino-1- deoxy-D-fructose with 2-ethoxyacrylonitrile under conditions
sufficient for the formation 200f
1-(4-((IR,2S.3R)-1,2,3,4-tetrahydroxybuty1)-1H-imidazol-2-y1)ethanone.
29. The methoaktfodaifir26sasine rdin ik isolutiorrtomprisestar afddhol-(4-

TRl ol cim s daten e deatolompcanch etis nd €)1+
. The od of clai , wherein the .

S RO BROA e SR G CATON -SSR e it
phasphieeic, alkanesulfonic, or arenesulfonic acid.  32. The method of

claim,gG.whigh tithencomprizasheatinathe.sobition ata-termpesatRye! 2,3 4-

greater than about 30C (e.qg., greater than about 40, 5 0 33: -
et B B o R e L e et O DI R aR)-123.4-
tHemeadue sty hidhteridraalabs Ut Shengn3 4 T RE-ath s At gmder
W&@f@kgbmesﬁﬁzciaﬁm@waﬁmmgmﬁsﬁrmesf (Ban-aboUR42E RRgreALEr4-
than ut10:1. 5 T i ; i 74
R U BT S R om0
mebaGPEIERY s B ey SSHARRS SFERSasing the pH of the
solutigh-edmpriding thersecetid ofitkiufes5a7xTine imetidbaoftblaii 3gomer ratio of
Wgﬂgrgj@omprﬁlgﬁgncreased to greater than about 6.0 (e.g., greater than
about 7.0 or 8.0).

27.  The method of claim 26, wherein the first mixture is prepared by contacting I~

(4-((1R,28,3R)-1,2,3 4-tetrahydroxybutyl)-1 H-imidazol-2-yhethanone with
hydroxylamine under conditions sufficient for the formation of 1-(4-((1R,28,3R)-1,2,3,4-
tetrahydroxybutyl)-1H-imidazol-2-yl)-ethanone oxime.

28. The method of claim 27, wherein the 1-(4-(1R,25,3R)-1,2,3,4-
tetrahydroxybutyl)-1H-imidazol-2-yl)ethanone is prepared by contacting l-amino-I-
deoxy-D-fructose with 2-ethoxyacrylonitrile under conditions sufficient for the formation
of 1-(4-((1R.28.3R)-1,2,3 4-tetrahydroxybutyl)- 1H-imidazol-2-yl)ethanone.

29. The method of claim 26, wherein the solution comprises an alcohol.

30.  The method of claim 29, wherein the aicohoi is methanol, ethanol, propanol or
isopropanol.

31.  The method of claim 26, wherein the strong acid is hydroiodic, hydrobromic,

hydrochloric, sulfuric, nitric, phosphoric, alkanesulfonic, or arenesulfonic acid.

32 The method of claim 26, which further comprises heating the solution ata
temperature greater than about 30°C (e.g., greater than about 40, 50 or 60°C).

33. The method of claim 26, wherein the E:Z isomer ratio increases from less than

about 5:1 to greater than about 8:1.

34, The method of ¢laim 33, wherein the E:Z isomer ratio increases from less than

about 4:1 to greater than about 10:1.
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35. The method of claim 34, wherein the E:Z isomer ratio increases from about

3:1 to greater than about 13:1.

36.  The method of claim 26, which further comprises increasing the pH of the

solution comprising the second mixture.

37.  The method of claim 36, wherein the pH is increased to greater than about 6.0

(e.g., greater than about 7.0 or 8.0).
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