CRYSTALLI NE N- FORMYL HYDROXYLAM NE COVPOUNDS This invention is directed to
crystalline N-fornyl hydroxylam ne conpounds, to the uses of these
conpounds in various nedicinal applications, including treating disorders
anenable to treatnment by peptidyl defornylase (PDF) inhibitors, such as
treatment of bacterial infections, and to pharmaceutical conpositions
conprising these crystalline conpounds. PDF is a netall opeptidase found in
prokaryotic organi snms, such as bacteria. Protein synthesis in prokaryotic
organi snms begins with N-fornyl nmethionine (fMet). After initiation of
protein synthesis, the fornyl group is renmoved by the enzyme PDF; this
activity is essenwaTALnggr@tp@my RYPIREX LA chFk@gN@sen shown t hat
PDF is required fO'r_b'a‘C‘[‘E'r‘I’EIﬁJTTWt‘E. See  Chang et al., J. Bacteriol., Vol.
171, pp. 4071-4072 (1989); Meinnel et al., J. Bacterlol , Vol. 176, No. 23,
pp. 7387-7390 (1994); and Mazel et al., EMBO J., Vol. 13, No. 4, pp. 914-923
(1994). Since protein synthesis in eukaryotic organi snms does not depend on
fMet for initiation, agents that will inhibit PDF are attractive candi dates
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problems. Thus it would be highly desirable to have crystalllne forms of the
ant i bacPBr$4-923 (1994). Since protein synthests in eukaryotic organisms does not depend on

fMet for initiation, agents that will inhibit PDF are attractive candidates for development of

new anti-microbial and anti-bacterial drugs.

Co-pending Application Serial No. 10/171,706, filed June 14, 2002 (incorporated
herein by reference in its entirety), PCT equivalent published as WO 02/102790 A1,
discloses novel N-formyl hydroxylamine compounds that inhibit PDF and are therefore usefu
as antibacterial agents. Additionally, PCT application WO 99/39704 discioses other N-formyt
hydroxylamine derivatives that are antibacterial agents by virtue of their PDF inhibiting
capabilities. The compounds disclosed in these patent applications are amorphous, i.e.,
they are not crystaliine.

For the formulation of drug compositions it is important for the drug substance to be
in & form in which it can be conveniently handied and processed. Chemical stability (shelf-
life) and purity are also important considerations for drug substances, such as antibiotics.
Amorphous materials may present significant problems in this regard. For example,

amorphous drug substances typically are difficult to formulate, provide for unreliable



agents di sclosed in WO 02/102790 and WO 99/ 39704. The procedures and

exanpl es disclosed in WO 02/ 102790 and WO 99/ 39704 teach the formation of
anor phous fornms of the conpounds disclosed therein. It has presently been
di scovered that crystalline salts of such compound can be obtained. Thus,
the present invention is directed to crystalline salts of the conpounds

di sclosed in WO 02/ 102790 and WD 99/39704, e.g., to a crystalline salt of
formula (I): O RR aS HuUNAaM(l) 1A R2 R3 0 wherein Mis a nono- or
di -valent netal; ais%orl; each of R2, R3 R4 and R5, independently, is
hydr ogen or an aI| hatic grou or (RZ or and (R4 or col l ectively,
forma @U@%ﬁﬂd(ﬁigl@f}ﬁn foingd 4o B? CF%'CPM%F@'E(?%B unp(qr%) As [ 53‘3 "Q R8T or (le) |
O 1 0 Hybhel F@Méra)cryswme%e | D)suNaRiRBsicheds my Soifd b BkdiatEldusn X HN

7(CH2)n  -NR, 3R14 (Id wherein® R 2 1s the side-chain of
a nat urpmblemsa Tr'i'e'ﬁitrvmttﬁ m @hbr@smﬁlw raaye@fvsm@eafﬁanmfzﬁhe ieRdkaséeriabnt | v,

represeé%ék%/ﬁ ‘f’?ﬁa’h‘”%ow” Rah Lig W@@ébé?ﬁfd C, -C3al kyl, cycl oal kyl, aryl,

aryl (C, eterocyclic or heterocy i c(C, - Coal kyI) R5is hydrogen
C, -C6al kyl or an acyl group; X is -CHzZ-, -CH(OH)-, -CH(OR)-, -CH(SH)-
-CH(SR) -, - CHm»e proceiNeOR)d exgmples disclosed in WO '02/102790 and WO 99/39704 teach

the formation of amorphous forms of the compounds disclosed therein. It has presently
been discovered that crystalline salts of such compound can be obtained. Thus, the present
invention is directed to crystalline salts of the compounds disclosed in WO 02/102790 and
WO 99/39704, e.g., 1o a crystalline salt of formula (1):

?Ra Rs
HYN%WA aM {1
o R Rig |

M is 2 mono- or di-valent metai;

wherein

aiszor1;
each of Ry, R;, R4 and Rs, independentiy, is hydrogen or an aliphatic group, or (R, or R}
and (R, or Rs}, collectively, form a C,-C.cycloalkyl;

A is of the formula (1a), (Ib}, {Ic), (Id) or (le)
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-CH(F)-, wherein Ris alkyl; R is aryl or heteroaryl; and n is 0-3,
provided that when nis 0, X is -CH2-. The conpounds of the invention are in
the formof solid crystalline salts. Preferably the crystalline salts are
netal salts, preferably of divalent netals, although for some conpounds it
is possible to formcrystalline solids by using nonoval ent counter ions,
such as Na. The counter ion is preferably My, Ca or Zn. The conpounds of
the invention are typically in the formof a hydrate or a m xed

sol vat e/ hygHeabig. Typically, the crystalline salt of the invention contains

about 2 to B8R \égagﬁress;@é -chdlY 8 #hb@Pal oPB RSN hYRt4 algh 2Ahesihcid, tO0 6 waters of
hydrati on, even nore typically about 2 to 4 waters of hydration.
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Thus, the crystalline sait of the invention typically comprises greater than 2% water, more
typically about 4 to about 12% water and even more typically about 8 to about 9% water.
Solvates may be of one or more organic solvents, such as lower alkyl alcohols, such as

methanol, ethanol, isopropanol, butanol or mixtures thereof.

The present invention is also directed to a process for preparing the crystalline salts
of the invention. The process of the invention comprises dissolution of the amorphous, non-
salt form of the compound of formula (1) in a suitable solvent, contacting the dissolved
compound with a base and with a metal salt, under conditions suitabie ta form the desired
crystalline salt of formula (1). The base can be added first, the metal salt first, or both can be
added simu'taneously. The base is preferably in the form of an aqueous soiution of an
alkaline metal hydroxide, such as KOH or NaOH. The amount of base is sufficient to
achieve a pH of about 8 to about 11, preferably about 8.5 to about 9.5. The metal salt can
be inorganic or organic; however, it must be soluble in, i.e., dissociate in, the reaction
medium. The metal sait is preferably a salt of a divaient cation, e.g., Mg, Ca or Zn. The
anion of the metal salt can be, e.g., chloride, sulphate, acetate, 2-ethylhexanoate, and the



(second salt). The suitable solvent is preferably water, but it can al so be
one or nore organic solvents, such as | ower alkyl alcohols, such as

nmet hanol , et hanol, isopropanol or mxtures thereof. The tenperature for
this process is not knowmn to be critical and can vary from about 20C to
about 60C, preferably about 30C to about 50C. The reaction tine is

typically about 1 hour to about 6 hours, preferably about 3 hours to about 4
hours. Typically the process is performed under agitation. The crystalline
salt can then be isolated, dried, and/or purified by conventional
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KOH, under con ns suitable for formation to the monovalent metal salt, e.g., the Sodium
salt. The salt thus formed will be in sofution which must be further manipulated to make the
crystalline salt of the invention, e.g., the solvent can be removed, e.g., via vacuum
distillation, or an anti-solvent can be added to cause the desired crystalline salit of the
invention to precipitate. Such anti-solvents must miscibie with the solvent in use, but the
compound will be substantially insolubie in the anti-solvent. Typical examples of anti-
solvents include acetone and lower alkyl alcohols, such as methanol, ethanol, isopropanol
and the like. Preferably the monovalent metal hydroxide is in an aqueous solution. Other

conditions are the same or similar to those described in the preceding paragraph.

The crystalline salts of the invention can be analyzed by use of standard X-ray
powder diffraction techniques known in the art. Some preferred compounds of the invention
are wherein the X-ray powder diffraction pattern comprises crystalline peaks with 2-theta
angles (Cu-K, radiation) at least five of the following positions (preferably at least 6, more
preferably at least 7, more preferably at least 8, more preferably at least 8, more preferably
at least 10 and most preferably all 11): 6.8+ 0.1,13.7+£0.1,12.2+0.1,145£ 01,152 +

4.



Preferably, the present invention provides crystalline salts of

N-[ 1- oxo- 2- al kyl -3-(N- hydr oxyf or mam do) - propyl ] - (car bonyl am no-aryl or

-het eroaryl ) -azacycl o4_7al kane or thiazacycl o4. 7al kanes or

i m dazacycl o4. 7al kanes. In one enbodinment, Ais of formula (le) and R is a
heteroaryl of formula (11) R NR6 RO R\ RO R/ Ror +/ Nor I / (11) D
R R7 NR6 R6 Rs wherein each of R6, R7, R8 and RO, independently, is

hydr ogen, al kyl, substituted al kyl, hydroxy, al koxy, acyl, acyl oxy, SCN,
hal ogen0.1 cyana,0.0i20éz Othi2adl koxy22 pheny|24.5 hettearadky + &y | Typadaldy) seif f ony|

or for L n anot er egg)c?/d e of formula (le) and R, is preferably
a heter Xﬁ's ’Sfca”fe s iieisveﬁé"wjfyll 1) R RD Re wherein R6, R7, R6
and Rs are as defined above for formula (11), e.g., wherein a) R6 is nitro,
al kyl , substPrtelﬂérebllyathh)pkesephlen@ﬂtgonfmyaindbsmrys‘tamnwéalts loé Ve[t axbi2ydtiayyd-(N-al koxy,

acyl or ac I fera ciall Cla dr oxyI or

al koxy," éﬁ%l”??ﬁ P&F’@%ﬁ?@w amgﬁcgorﬁpr%gfgﬂaf F@a%‘:@;ﬁ?}ﬁ? or b) R,
R6 and ﬁ%z@é;%!dayﬂkmmr ifRdzadyciB, ;dlisanak KH eneserhsédimented |ﬁbﬂ<1k6fmulaméwhd

hal ogen, al kox ano, preferably alkyl, especially, C .C alkyl;

subst i t'ot & bt rﬂaryt @szE'B‘I”é?'I‘ substituted C,.C, alkyl, such as _CF3; or
al koxy, especially, C, .C, al koxy; or,b c) R6, R7, RO are hydrogen; and R6 is
al kyl, substitutted al kyl, hal ogen, initro, cyano, thioal koxy, acyl oxy,
phenyl , R

(i)

wherein each of R, R;, R and Ry, independently, is hydrogen, alkyl, substituted alkyl,
hydroxy, alkoxy, acyl, acyloxy, SCN, halogen, ¢yanc, nitro, thicalkoxy, pheny!,
heteroalkylaryl, alkyisulfonyl or formyl.

In another embodiment, A is of formula (le) and R, is preferably a heteroaryl of
formula (I1.1)

1) = N
(.1)
R; = R,
R

wherein Rg, Ry, Ry and Rg are as defined above for formula (1), e.g.,
wherein

a) R is nitro, alkyl, substituted alkyl, phenyl, hydroxy, formyi, heteroaikylaryl, alkoxy,
acyl or acyloxy, preferably alkyl, especially, C,.Cralkyl; hydroxy! or alkoxy,
especially, C,.Cralkoxy; and

R», Re and Ry are hydrogen,; or

b} Rs, Rs and R; are hydrogen; and



al kyl sul fonyl or carboxyal kyl, preferably alkyl, especially, C, .C alkyl;
substituted alkyl, especially, -CF3; hal ogen or carboxyal kyl; or d) R6, R7,
R8 are hydrogen; and RO is al kyl, halogen or hydroxy; or e) R7 and RO are
hydr ogen; and each of R6 and R8, independently, is halogen, alkyl,
substituted al kyl, phenyl or <cyano; or f) each of R7 and RO is al kyl or
substituted alkyl; and R6 and R6 are hydrogen; or g) R6 and RO are

hydrogen; R75is al kyl.or substjtuted alkyl; [S L X h) R3 and
RO are hydr ogeR ;aﬁy%upgnt%@gﬁix’y', Qﬁﬁnyﬁj{, ha}f’&%aw Eﬂ%ﬁ&;m ('E;S?ar{& p%éréﬁlﬁ a&é’!’ar e
hydrogen; R6 is espkyiblly, Qylosakyiysedtimtddydlky, @skeoigityosutSitted@GdC aReylissical kyl or
substituted al kyl ; Cg__rb@_) R6 and R7, are hg/drogen; R6 is nitro or hal ogen;
and RO is al kyl B Eapiaky <efPaPriM. C157a% Ry 8%, R, R8 and RO are hydrogen;
or ) R6 aﬂd R %o ether wwth the carbon atons to which they are attached,
forma ph& y'Bﬁvéjr u%{e HEER%ERa®Y substituted with hydroxyl: and R6 and RO

are hydr ogeng, @raikyMsubéxitaed afkf, AbRgly, HitRg einca fitboatoxRBadgivsty Pherpget her wi th
the carbon atons to which they are attached, forma Phgnél roup;. or n) n
is 0; or o) n iakypultgRy or carboxyalkyl, preferably alkyl, especially, C.. 7a|ky9; substituted

alkyl, especially, -CF,; halogen or carboxyalkyl; or

d) Rs, Ry, Ry are hydrogen; and
Rs is alkyl, halogen or hydroxy; or

e) R;and Rg are hydrogen; and
each of Rg and R, independently, is halogen, alkyl, substituted alkyl, pheny| or

cyano; or

fy each of Ry and Ry is alkyl or substituted alkyl; and
Re and Ry are hydrogen; or

g) Re and Ry are hydrogen;
R7 is alky! or substituted alkyl; and

Rg is nitro; or

h) Rs and Rgare hydrogen;
R is cyano; and
R; is alkoxy; or

i) Ryand Rg are hydrogen;
Rs is alky!, substituted alkyl, alkoxy or SCN; and
Rq is alkyl or substituted alkyl; or

i} Reand R; are hydrogen,
Rs is nitro or halogen; and
Rq is alkyl or substituted alkyl; or

K} Rs, R7, Rg and Rg are hydrogen, or

' Rs and Ry, together with the carbon atoms to which they are attached, form a phenyi
group, preferably substituted with hydroxyl; and
Rs and Ry are hydrogen; or

m) R and R; are hydrogen; and



each of R6, R7, R8 and Rs, independently, is hydrogen, alkyl or hal ogen and,
nore particularly, R8, R7, R8 and RD are hydrogen; or p) nis 0; R8, R38 and
RO are hydrogen; and R7 is alkyl; or q) nis 0; Rs, R7 and R9 are hydrogen;
and Re is alkyl or halogen. In another enbodinent, Ais of formula (le) and
R, is of fornmula (11.2) Rs Rs N (11.2) R7 R8 wherein Re, R7, R8 and R9
are as defined above for formula (1), in particular, R7 and Re, together
wi th the carbon atons to which they are attached, forma phenyl group and R8
and Rs are r&mg%mtogeweymthmaﬂén AAme e whieh thex are alachegy RiM2 e and R,
is of fornmula (lﬁﬂa .Re 10 R6 ~Rs R6 ~Rs or | or | (IIl) /N-R7 Rs Rl O_
R7 NRs R8 Re O V\L/llujérei n each of Re, R7, Re and R9, independently, is
hydrogen,v\ﬁ Iﬁyig,o.gpbsti tuted al kyl, phenyl, hal ogen, hydroxy or al koxy,
e.g., -7 erein’ a) R6 and Re are hydrogen; R9 is hydrogen or alkyl; and R7
is alkyl, ﬁ}"'l?nsi&iot yted al kyl or phenyl; or b) R6, R7 and RO are hydrogen;
and R8 is halogen, al kyl or substituted al kyl; or

each of Rg, Ry, Rg and R, independently, is hydrogen, alkyl or halogen and, more

particularly, Re, Ry, Rg and Rg are hydrogen; or
p) nis;
Re, Rs and Rg are hydrogen; and
Ry is alkyl; or
Q) nisQ;
Re, Ryand Ry are hydrogen; and
Rs is alkyl or halogen.

In another embodiment, A is of formula (le) and R, is of formula (11.2)

Rﬁ \\ RQ
| N (1.2)
R‘:‘
R

wherein Rg, Ry, Rg and Rg are as defined above for formula (I1), in particular, R; and R,
together with the carbon atoms to which they are attached, form a pheny!l group and R and
Ry are hydrogen.

in yet another embodiment, A is of formuila (le) and R, is of formula (IIf)

R'5 N Rg
or . or (I
N
R; 0
R

wherein each of Rg, R;, Rg and Rg, independently, is hydrogen, alkyl, substituted alkyl,
phenyl, halogen, hydroxy or alkoxy, e.g.,



c) R7, Re and RO are hydrogen; and Re is hydroxy. In a particularly useful
enbodi nent, Ais of fornmula (le) and R is of the fornmula (111.1) R e N
(111.1) R R9 Re wherein R5, R7, R8 and RO are as defined above for
formula (111). In another enbodiment, R is an unsubstituted phenyl or the
phenyl is substituted wth al koxy, e.g., nmethoxy or aryloxy, e.g., phenoxy.
I n anot her enbodinent, the R is of formula (IVV a ORo\ I x (IV) p R
wherein each of Rio and R ,, independently, is hydrogen or hal ogen. In

parti cul amhe®i®O and R' are both either hydrogen or both hal ogen. Unless

ot herw se stated, the following ternms as used in the specification have the
fol |l owi ng nwnﬂagndﬂgaralesrmgeswr de chain of a natural or a non-natural

al pha-am no ac "|st in an amno acid of formula

NHz - CH( Rx) - gsé}(?ﬁ(wagé chai ns of al pha-am no acids include those
of al ani ne, ar @ﬁuaﬂ&yi a&pﬁnuaaguaﬂ@,l oasEavt bc aci d, cysteine, cystine,

glutam c acid, histidine, 5-hydroxylysine, 4-hydroxyproline, isoleucine,

| euci ne, | ys& N, R{m'tdlkpmien@drngemﬁdal ani ne, proline, serine, threonine,
tryptophan, tyrosi noadi pi ¢ aci d,

al pha- ani no- n- ﬁﬁl'srrﬁei‘ég lﬁ‘y' @Sh?tgtg&ﬁgap%w%henyl al ani ne, honoseri ne,

al pha- net hyI er| g‘g CL i thi na pi pecol ic acid, and thyroxine. In al pha-am no
acid side y#%Re 2EYEI92P LA | onal substituents, for exanple, amno,
car boxyl , hydr e%¥d hydré®r capt o, guani dyl, imdazolyl, or indolyl groups as in
arginine, lysine, glutamc acid, aspartic acid, tryptophan, histidine,
serine, threonine, tyrosine, and systei ne, such functional substituents may
optionally be Zsfieedreiseful embodiment, A is of formula (le) and R, is of the formuta (1. 1)

(1.1}

wherein Rg, R7, Rs and Ry are as defined above for formula (lit).

In another embodiment, R, is an unsubstituted phenyi or the phenyl is substituted
with alkoxy, e.g., methoxy or aryloxy, e.g., phenoxy.

In another embodiment, the R, is of formula (IV)

@i >< N av)

wherein each of R,y and R4, independently, is hydrogen or halogen. In particular, Ry and
R.1 are both either hydrogen or both halogen.

Unless otherwise stated, the following terms as used in the specification have the
following meaning.

The term “"side chain of a natural or a non-natural alpha-amino acid” is the group R*
in an amino acid of formula NH,-CH(R*)-COOH. Examples of side chains of alpha-amino
acids include those of alanine, arginine, asparagine, aspartic acid, cysteine, cystine,
glutamic acid, histidine, 5-hydroxylysine, 4-hydroxyproline, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, alpha-
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The term "cycl oal kane" or "cycl oal kyl" contains from3- to 7-ring carbon
atons and is, e.g., cyclopropyl, cyclobutyl, cyclopentyl and cycl ohexyl.
The term "azacycl o4. 7al kane" contains 1-ring heteroatomwhich is a nitrogen.
It contains from4-7 and, especially, 4- or 5-ring atons including the

het er oat ons. The tern1"thiazacyc|o47alkane" contains 2-ring heteroatons,
nitrogen and sul fur. contains from4-7 and, especially, 5-ring atomns

| udi het e Th i 4 2-
hot er oat wea&mlc%w’aa@“é%m b G5 Ese P P e s o i 1
5-ring albm?elthelmde trtgnitrhﬁe rpaﬁeﬁtbm*aa{cmirsmd tﬁi,h@amearimnhélaiha -phméntoi au:icl\:;ssidap"I refers
t t t or.uns atic .grou suc enyl or
af)kflﬁyrrh%égﬁzwwﬁh &Wg"a Ui lgg@tﬁuhgtgaerg?g |e>ﬁaﬁlg|eu g%@?‘*‘émyd&%é(r ybranched-

chai n améraaptd, goarganatddzam, @gﬁdb@r@rbua@as:narabgm»&eayﬂm glﬂfbm'ctwdn “al kyl " or
"al k", whenever it occurs, a satﬁlg]rat ed straight Ch%l n_or R cE}hed

al i phat PRPGHRRF dPPPREN, c,r%ﬁi‘l%}? SEEnirepning, B’y‘?ﬁ"’&%laRgllsy ping,_SH§" LpBARIat onrs,
nor e pr eftefighis ma) dptlongiyossrotdceedC, - C7al kyl,  particularly, C . C4alkyl.
Exanpl es of "al kyl™ or " aI k" include, but are not limted to, nethyl,

ethyl, n-propyg termsemmwne" Br lw&nuéekyn SMRdihyfrom B2 & PHRY barbbn Btdnyd ancnrspentyl

neopentyl n- hexyl or n-h cycl opropyl and, especially, n-butyl. The
term" sﬁEsW?IBPr@BWa‘FM@Hb“tW W@PBET’M agd %F'R’?ﬂxybr oup that is substituted with
one or nore_substitut ent s, preferably, 1-3 substitutents incl udi ng, but not

limited to, SUBETAEARYS0.aKaPR" a@tw o688 helesmipm iy a nieaeBxyt  mer capt o,
car boxy coriel fahirh and! peciy, al 976 Ve 8fhs iAbGahg S noiBmBIvaS of substituted

al kyl groups Include, buf are not

hydr oxynet hyirpe ?ermc’fhlazzaﬁ &%Qébkﬁﬁéaydontﬂ%té]ﬁﬁ@/ REE %t omslmtr%rge@ aﬁ@ Q?!ﬁ)fe'ithyl )

carboxymet hyl, 1- or 2-carboxyet the ITke., The term "ary or "Ar"
refers Eentains é[p@rf’afﬁédc%f)@@lé%I5rfé"ggﬁ't@ri]‘1‘am@l‘l-'d6lgihe beletsstPras-ons  having a
single ring including, but not limted to, groups, such as phenxl or

mul tiple co?ﬁﬁ%fﬁi@d”rﬂlﬂﬁwwlﬁcﬂaﬂ@ﬂﬁ'@onms #6069 heterqatams whichepibah such as

napht hy :trBéerﬁ"‘”h @SM%ms% 4§’ange ngaer 3yr|nﬁb RRGAY clud%g?ﬁ@hét@FdHt%rﬂft eroaryl ”

or "Het refers nocy romati c erocycle or
ﬁei"efﬁﬁ'ya o ahe ey SERRREErQpr St o ?%téfa@%mk‘@ O SHRlE GroPh PR o
het er o as elyl, alpemi or alkyryl, ayoleallsy! or wobsiiduted dhylmmudlmg:ﬂstcaigmghalbubrandted imted
to, het Sﬁac?r?g%rﬁyciﬁ ld?cﬂxp@%aung Qrom 1-10 carbons atoms. The term "akkyl" or "alk",

whenever it occurs, is a saturated straight chain or branched aliphatic group of 1-10 carbon

atoms or a cycloalkyl of 3-10 carbon atoms, more preferably, alky! groups are C,.C-alkyl,

particularly, C,.C.alkyl. Examples of "alkyl" or "alk” include, but are not limited to, methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-buty!, n-pentyl, neopentyl, n-hexyl or

n-heptyl, cyclopropyl and, especially, n-butyl.

The term "substituted alkyl" refers to an alkyl group that is substituted with one or
more substitutents, preferably, 1-3 substitutents including, but not limited to, substituents,
such as hatogen, lower alkoxy, hydroxy, mercapto, carboxy, cycloalkyl, aryl, heteroaryl and
the like. Examples of substituted alkyl groups include, but are not limited to, -CF;, -CF.-CF3,
hydroxymethyl, 1- or 2-hydroxyethyl, methoxymethyl, 1- or 2-ethoxyethyl, carboxymethyl, 1-
or 2-carboxyethyl and the like.

The term "aryl” or "Ar” refers te an aromatic carbocyclic group of 6-14 carbon atoms
having a single ring including, but not limited to, groups, such as phenyl, or multiple
condensed rings including, but not limited to, groups, such as naphthyl or anthryl; and is,
especially, phenyl.



and S, within the ring. A preferred heteroaryl group is pyridinyl,
pyri m dinyl or benzdi oxol anyl. The aryl or heteroaryl nmay be substituted or
unsubstituted by one or nore substituents including, but not limted to,

C, _Cralkyl, particularly, C,_Cdal kyl, such as nmethyl, hydroxy, alkoxy,
acyl, acyl oxy, SCN, hal ogen, cyano, nitro, thioalkoxy, phenyl ,

het eroal kyl aryl, al kyl sul fonyl and fornyl. The term "heterocyclic" includes
"heteroaryl"_as defined ahove, and, in partl

aromatic or HEHEHR ohaleeaher ereidy crfes K afy te 3mﬁ?'%g ’B‘HB‘:"HF“%W?‘”?'Q
het er oa{efdrBe dﬁﬁ 84 Siydié B @ cohhp%a@ld & a @-nt@ mﬁéma@r@til rnoiﬁ@tsg,@m: arermaatipenzene
in

ring, inclu for "~ exanp . pyrraly t hi en ﬁ eridi nyl,
| s RO CSHERaRS § useE HMDEOREE i B Resesbg fasi lezboin PetBfatammy
pyrrol 'ﬂéf@oz%bly BXE 'op}vﬂ:! ﬁ@féma@?ﬁﬁh&h&ﬂ%{ |but Hbﬂﬁﬁl@é't@ﬁe’terbﬂt@ms%uch as N, O

benzi m daz succl ni ht hal i m do and

1, 3- di @m&vgmm thy ding- P@wefﬁcr@ﬁhgtemargmls PYnY eyfimidiaY9bny| ani ne", as
used hq{ ‘51%{ VAR to a -NHC(O - group, wherein the amno portion of the
group is ﬁ ‘0 the aryl/heteroaryl and the carbonyl portion of the

group is 'igfzsga@oorm@?er%@%g D& s (Al ADE rJnPL@%i YEbP8Rd B fpRe or

i m dazacycl Kane et eroa ers to saturated or
unsat ursabeiitu€)ts Qchaingy butat deited td C. &haingd, ;mmftbulaelsp@cﬁi@myy suciiaaisthyér oal kyl ,

whi ch a| n re. h P branched or
cycli 0%8@ statﬁ’cQ@ %Seyl ”%SI%XV%%@@&kyﬁ%&@%ﬁ%&?ﬁgﬁﬁe selected from
t he gr dwperoelkgast, iafkyisofonyNBad forngre R i s hydrogen or al kyl, -5-, -0- and

-P-, preferably, -NR-, where R is hydrogen or alkyl and/or-O. Het er oal kyl
groups nmy bEne tatrt dterdcydic't iheludenthetedearyib fs téfeedmbeeal apdeintgagicutdr a

h Lahl . les of
not or odhgafe'd b1 ind R aRE Brdfa RV R R Sha M nelbe i RO bR AT BB RS O
- CH2- OHeitipatotidBeEdedlr @S, N-HB0@2angHDiGh )y fustidde Gt &)e Iﬁ*g)ﬂ&llmmb for

- CH2- CH2- N CH2- -. The het t t

e o araNleE e i B e b e o BBt Bl WSRO ¢ uent s

i nclbudipmzdmtpyﬁ@myll pyrrdligiayt pyriraidioyl, mdm&ﬂomlﬁnplpa’akmylymdoﬂwdé@mmidazm?r capt o,

car boxy

.. ph ._Th t . L, th b
store” bt B8 g ISR 2 a3 o2
oxi di zed Qf 0 The ‘erm"al koxy" ? herﬁb{b refers to.a
Cl. Cloal kyl rientﬂm qaéb% ag;gg«aeﬁs i3 erem re ers o - group, wherein the

amino portion of the group is linked to the aryl/hetercaryl and the carbonyl portion of the

group is linked to the azacyclos.ralkane, thiazacyclo,. -alkane or imidazacyclos.;alkane.

The term "heteroalkyl” refers to saturated or unsaturated C,.Cyalkyl as defined
above and, especially, C,.Csheteroalkyl, which contain one or more heteroatoms, as part of
the main, branched or cyclic chains in the group. Heteroatoms may independently be
selected from the group consisting of -NR-, where R is hydrogen or altkyl, -S-, -O- and -P-,
preferably, -NR-, where R is hydrogen or alkyl and/or-O-. Heteroalkyl groups may be
attached to the remainder of the molecule either at a heteroatom (if a valence is available) or
at a carbon atom. Examples of heteroalky! groups include, but are not limited to, groups,
such as -0-CHj, -CH3-0-CHa, -CH;-CH,-O-CHs, -S-CH~CH-CHj, -CH2-CH(CH;3)-S-CH; and
-CH;-CH-NH-CH-CH3-.

The heteroalkyl group may be substituted or unsubstituted with one or more
substituents, preferably, 1-3 substituents including, but not limited to, alkyl, halogen, alkoxy,
hydroxyl, mercapto, carboxy and, especially, phenyl. The heteroatom(s), as weli as the
carbon atoms of the group, may be substituted. The heteroatom{s) may also be in oxidized
form.

- 10 -



or, preferably, Cl1.C al koxy, nore preferably, Cl.C4al koxy. Exanpl es of

al koxy groups include, but are not limted to, groups, such as nethoxy,
et hoxy, n-butoxy, tert-butoxy and allyloxy. The term"acyl", as used
herein, refers to the group -(OCR where Ris alkyl, especially,

Cl_C, al kyl, such as nethyl. Exanples of acyl groups include, but are not
limted to, acetyl, propanoyl and butanoyl. The term "acyl oxy", as used

herein, ref enpeligm BiodyoHD us@HAQLR, e r@h 01 meﬁ(yi w@u mnoxy@bhﬁtom
especi aII , Cl_Cral kyl, such as nethyl_or eth or substituted

al kyl &5 Rﬂ%fﬁi'fﬁ’é’d Ca@@ﬂ)@"ym@ret %’Pfﬁfa%?f I&)@E‘éﬁ”ﬁfo rﬁﬂamp'és"?ﬁg@ﬂy BOMESn, refers
to the Rl bHEKnotMHaLRIB, d?ows s@érké/sl Weﬁéi@gﬁ‘étiﬂian -bétdxClar-bitoxy sheh as

met hyl or et hyl. The term "hal ogen” , as used herein, refers to
chl ori nély'®domi ne, fluorine, iodine and espem al | y, fluorine. The term
"t hioal koxy", as used herein, neans a group - ere Ris an al kyl as

defined abovéhederq aC%taﬁwsﬁﬁi"@"e“ht"ﬁﬂsttﬁlﬂaﬁ QrBV%F{Q)@ﬁl wherg it Biatkyl.o and t he
|e i I;e T'égpéc%llg‘ ch@;awyp%héw!aémékhyq @%ma@&om;gegraupmap?%e duhBleHRtYd 9r oup,

bstituted wth an aryl” group; ‘especially, phenyl. The phenyl
group |ﬂ%@46ﬁtyhﬁ§09@n§ﬂabébum©§ltu tuted with one or nore substituents, such as
hal ogen, especially, fluoro and chloro, and al kox such as nethoxy The
term "al kyl sdhederyi "acylaxy” usedseddrasein, refeeat@sthagwuéc(@mwhevmi?eﬁm Ris

al kyl, g&ﬂ%@gh ae!nly)é éels%cri%rggbﬁ‘ﬁﬁga{lk@%% n 83 n%‘ﬂh{;é! e ! 5r0d?~.‘éhy| or BLOLRGEN aRyRTouP OUP

refers t hem Wi ng characterls
reacts seldetined/aioyewi th the desired functionali ty in good yield to give a
protected substrate that is stable to the projected reactions for which
protecti on i §hddsi @tkoxy@rbiry!"sad esdd haeéiy retenoipdbé gradupe OO wientie® ied

s_ubstrat e{éct?és”gc%hp S{Els[l&dasf &‘Lépﬁ'e I!.i ty; and 3) is renovable in good

yield by eagen er functlonal group(s) present or

gener at ed '”1%% oPBlcBEheS hERe u’%écn KR, SRR %‘r‘drﬁl Bl fudihgt ecting
Ra PP t 25 (Y ou% in

groups may be eeéne
iodine and, especialiy, fluorine.
The term "thioalkoxy”, as used herein, means a group -SR, where R is an alkyl as
defined above, e.g., methylthio, ethylthio, propylthio, butylthio and the like.

The term "heteroalkylaryl”, as used herein, means a heteroalkyl group, e.g., -O-CHj,-
substituted with an aryl group, especially, phenyl. The phenyl group itself may also be
substituted with one or more substituents, such as halogen, especially, fluoro and chioro,

and alkoxy, such as methoxy.
The term "alkylsulfony!", as used herein, means a group -SO,R, wherein R is alkyl,
i especially, C,.C;alkyt, such as methyl sulfonyl.
"Protecting group” refers to a chemical group that exhibits the following
characteristics:

1) reacts selectively with the desired functionality in good yield to give a protected
substrate that is stable to the projected reactions for which protection is desired;

2) is selectively removable from the protected substrate to yield the desired

functionaiity; and

3) is removable in good yield by reagents compatible with the other functional

group(s) present or generated in such projected reactions.
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Organi c Synthesis", 2nd Edition, John Wley & Sons, Inc., NY (1991).
Preferred amno protecting groups include, but are not limted to,
benzyl oxycar bonyl (CBz), t-butyl- oxycarbonyl (Boc), t-butyldinethylsilyl
(TBDMS), 9-fluorenyl net hyl - oxycarbonyl (Fnoc) or suitable photol abile
protecting groups, such as 6-nitroveratryl oxy carbonyl (Nvoc),

ni tropi peronyl, pyrenyl met hoxycarbonyl, nitrobenzyl, dinethyl

di met hoXyReNEYérsuRate @fme&m%ansdpe'mé f?Mhd AGIeEhe o el bk eprod Rl e BB o OXY

protecting groups Inc ctl protecting groups, such
as ni t roxgepktIphesisy e E‘S’AUOI‘etJﬁ@mV\(HWMOHSn@FhMyUﬁﬂi h;HTE\‘eUBﬂ@mH(\wbn) and

th { t
e oo B g SR e Bp i ot ity S R R B FEB S LRI PP 09 9roups
met hy| coxycanbboyiyBog) NREGyimethyisityll (TBEM S ppfleaeayimdthyhatycatveng dFpaaends  of
f | a | . t
i nst o wiPE YGRS bre e Bo i s A B A P PRRERLCS: ' 2 andl s
are di frfmcbpapmomesp}dem&memnxwhmwymntpremgH Bbnethy dithéthexydahzyl esbebuwes7- 1 S
asymet rJ

R- d d
¢ 8 G U | el e BRI bR o SR oy o
Siml arpmswaemattacm@egraw gudas fiebwdraon okgmethardtherNusHHh E imeaah®xyexBingi t i ng

asynetric carban ato ntlo h ounds of f la (1), the
ol 1 ow siberaRlsi pik Reea pEoRy e lvF etel WA dEATUF arelpreSpptecing

Sub Cor@w@é inGinde 1~nrtt‘bplh§nékﬁylf>£),fcﬁtﬂoayl( NPEOQ.anB 4-niBoghdnetrgionpr yI  of fornul a
(1 V\/nerel '\% R9 are hydrogen; and Re is nethyl or

trlfl udPSWélPﬁxﬂa & )7 and Re are hydrogen; and R9 is fluoro; or Re,
R8 and R9 are hydrogen; and R7 is ethyl or nethoxy; or R7, Re and RO are
hydrogen; angwilie dgprétyste®iiat tHercofboanes Beomiga Iy thag @riet inti&form of

optical isomers, racemates or diasterecisomers. For example, a compound of formuta (1},
wherein R, and R; are different residues; or wherein Rs and Rs are different residues, is
asymmetric and may have the R- or S- configuration. 1t is to be understood that the present
invention embraces all enantiomers and their mixtures. Similar considerations apply in

relation to starting materials exhibiting asymetric carbon atoms as mentioned.

in the compounds of formula (1), the following significances are preferred individually
or in any sub-combination;
1. Alis of formula (ie).

2. R, is a heteroaryi of formula (11.1),
wherein
Re, Ry and R, are hydrogen; and
Rs is methyl or trifluoromethyl; or

Rs, R; and R; are hydrogen; and
Ry is fluoro; or

Rs, Rs and Rg are hydrogen; and
R; is ethyl or methoxy; or

R;, Rs and Rg are hydrogen; and
Rs is hydroxy; or

R; and R are hydrogen,;
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R6 is nmethoxy; and RO is nethyl; or R is a heteroaryl of formula (111.1),
wherein R6, R7 and RO are hydrogen; and Re is fluoro or trifluoronethyl; or
R6, R6 and R9 are hydrogen; and R7 is ethyl; preferably, R is a heteroaryl
of fornmula (11.1), wherein R6, R6 and RO are hydrogen; and R7 is ethyl or a
heteroaryl of formula (111.1), wherein R6, R7 and R9 are hydrogen; and R6
is fluoro. 3. Xis -CH2-, -CHOH)-, -CHOR-, -CF2- or -CH(F)-, preferably,
Xis -CH-; o4, 4 are hydrogen; 5. R5 is alkyl, preferably,

C, . Cral kyl, %ﬂé?%@oxlis% yl; 6. nisl. The conpounds di scl osed herein of
formula (1) mhiscoketlyleorused to prepare crystalline salts of the invention
can be prepared by the processes disclosed in WO 02/102790 Al and WD

99/ 39704. -The talll I onpounds of the present invention are,
t her ef or efb‘"saeﬁétﬁqa mtﬁgma't%rdeuél hrent and/ or prevention of infectious

di sorder swbattged by a variety of bacterial or prokaryotic organi sns.
Exanpl es i ncl ude, ar t limted to, G ampositive and G am negative
aer obi c andcéﬁﬂglétaagﬁ aﬁ%&d&&?e&p, Pﬂ%l udi ng St aphyl ococci, e.g., S. aureus and
S. epi der m dRsis flktroesr adfuoedmeteylgor, E. faecalis and E. faecium Streptococci,
e.g., S. pne ni_ae;. Haernopphilus, e.qg.. H jnfluenza; Mraxel/a, e.g., M
catarrhal i s;ﬂgﬁgﬁﬂ a”%ﬁ?ﬁ’é"r 6’6&?@1‘?”'@%% ’%thﬂo‘?rle#.er@%er exanpl es i ncl ude
Mycobacterja, e.g., ubercyl osis; intercellular mcrobes, e.g.,
Ch/ anydi a%ar'ﬁja g?tgmmﬁé?é?‘“ér{ﬁj cop/asma, e.g., M pneunoniae; and
Pseudonmonggeregn 9., P. aeruginosa; H pylon; and parasites, e.g., Plasnodium
fal ci
al ¢l partim Re, Ry and Ry are hydrogen; and
Ry is ethyt or a heteroary! of formuia (111.1),
wherein
Rs, Ry and Rq are hydrogen; and
R is fluoro.

3. Xis -CHs-, -CH(OH)-, -CH(OR)-, -CF5- or -CH(F)-, preferably, X is -CHy-:

4, R;, Rs, R4 are hydrogen;

o

Rs is alkyl, preferably, C,.Cralkyi, such as n-butyl;

6. nis 1.

The compounds disclosed herein of formula (1) which are used to prepare crystaliine
salts of the invention can be prepared by the processes disclosed in WO 02/102790 A1 and
WO 99/39704.

The crystalline salt compounds of the present invention are, therefore, useful for the
treatment and/or prevention of infectious disorders caused by a variety of bacterial or
prokaryotic organisms. Examples include, but are not limited to, Gram positive and Gram
negative aerobic and anaerobic bacteria including Staphylococci, e.g., S. aureus and
S. epidermidis, Enterococci, e.g., £. faecalis and E. faecium; Streptococci, e.g.,

S. pneumoniae; Haemophilus, e.q., H. influenza, Moraxella, e.q., M. catarrhalis; and
Escherichia, e.g., E. coli. Other examples include Mycobacteria, e.q., M. tuberculosis;
interceliular microbes, e.g., Chlamydia and Rickettsiae; and Mycoplasma, e.9.,

M. pneumoniae, and Pseudomonas, e.4., P. aeruginosa; H. pylor, and parasites, e.qg.,

Plasmodium falciparum.
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-13 As used herein, an "infectious disorder” is any disorder characterized
by the presence of a mcrobial infection, such as the presence of bacteria.
Such infectious disorders include, e.g., central nervous systeminfections;
external ear infections; infections of the mddle ear, such as acute otitis
medi a; infections of the cranial sinuses; eye infections; infections of the
oral cavity, such as infections of the teeth, guns and mucosa; upper
respl ratory /RJ @éé;d He?élﬁcatn' %écﬁoh?\ﬁf% Je?‘%?'aﬁfﬁ@fn eT‘ I?aq‘éctéme%q%y'
geni tourinary infections {€stTRal “iR | ons co ogl cal
I nf ect irseegncs epa invenbial Int@oh@ &nch pmthﬁpresa‘neetof bar:stena skiah lafﬁdtlcsﬁl n str uct ure
i nfecti i al r. t
sur gor o D £ar SEEAG RS Svo R HRciBE bP Btk FrafbaRiielos
pat i entcs theegwidid gwy, s@arasacumkmmnh’rminaawecnons oftgarmrarﬂaalsmpbemtey@atfeemhs, and
chroni ¢ dlseas ca ti.ous nisns, e.g., arteriosclerosis.
The cr PSRRI heciTe i Surbe BYediRtS P E RS Bums s T ear
; u Ej ectrei;ﬂratér? eratt, mﬂ@bmjtenlbw@ﬂfb’s@rratbefdmmfehﬁoﬁﬁ\gehitdwmfy iafeciiorfsect i on.

ubj ec

nclude animals, plants,  hlood products cuI res, and, surfaces,
such’ aseslibaissbra iettenr: ayPefdidtal afediis Rrdttemiasyt 20 RUBBLidRE Al oo,
sur gi cakireght gkiresttucng irfettiong, badMadddeeirgitis Nbe st emtibaiteri mhg:ex:s opr
permanent inplantation into an organism Preferred animls . nclude mammal s,

e.g., SHIQSEY: anpacteraipophyigys in NOSYRRERSEARYENISH S PAIRME £ECEIFDPrat es,

such agahb&sihen BREFEYS or orgBh FRASHISR Daties bhd afroARtise@B8s caUselieyabl y, humans.
Treati nI%Pa subj ect includes, but is not Ilimted to, preventing, reducing

and/ or ! F’i‘ﬁ”ﬁa&rfﬁ%”ﬂs’n@ Q(:I"’?"Fﬁr@§$‘e"§’§ﬁptons caused by an infection of a
subj ect by a mcroorganism preventing, reducing and/or elimnating an

infection oftm @ymmﬁwetsés%oanprma@@mﬂamv%ﬁmor%apb@weéu fotebat bRUbeLG and/ or
elimnating contam nation of a subbect a m croorgani sm The

mcr oort@éhﬁ?ﬁeinhé%q"\?re@di“%e Hesprsipp a’h'”“%#%’kaﬁ%i?‘éts Inride aﬂ!’”é?'%r%ﬂ‘? a

bact er iggBd prefudtl RuARRY Bndl88FadeREsicBCHAI thest Slenaiehl W fekefteh eqUpSRNYAry
depending on the node of admnistration, the particular condition to be

t r eat e(fuah@sar@ésaereéte@ HESICALEAUIPTIRN! 2B EHHHG, ?F%ﬁ@leﬁ*éy“té‘aﬁﬂdafphte”@%aw from
about Q) be?mentihdttat lﬁt&oéﬁ or%gr{f&r}?iy PreeABY anr‘ﬁweﬂs incluflé ﬁﬁhﬁﬂb 0- 60% by

wei ght, of the active material, "depending on the nethod of adm i stration.
Wher e trRige cigiep 635 1 JasRsCNBREars PSS s Aefeet AMnS, pamatesusiich agirhesusanenters. e. g. |

s onpl oL For Sallhe Feimost proiraly uian “%%ﬁ"?‘%%“b@f FRLER 2ol 73500
g/ day Imﬂ@ld tp, rm'e\gameg reducing and/or eliminating the clinical sympioms caused by an

infection of a subject by a microorganism; preventing, reducing and/or eliminating an

infection of a subject by a microorganism; or preventing, reducing and/or eliminating

contamination of a subject by a microorganism. The microorganism involved is preferably a

prokaryote, more preferably, a bacterium,

For the above uses the required dosage will of course vary depending on the mode
of administration, the particular condition to be treated and the effect desired. The
compositions may contain, e.g., from about 0.1% by weight to about 89% by weight, e.g.,
from about 10-60% by weight, of the active material, depending on the method of
administration. Where the compositions comprise dosage units, each unit will contain, e.g.,
from about 1-1000 mg, e.g., 1-500 mg, of the active ingredient. The dosage as employed for
adult human treatment will range, e.g., from about 1-3000 mg/day, for instance,

1500 mg/day depending on the route and frequency of administration. Such a dosage
corresponds to about 0.015-50 mg/kg/day. Suitably the dosage is, e.g., from about
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1500 ng/ day depending on the route and frequency of adm nistration. Such a
dosage corresponds to about 0.015-50 ny/kg/day. Suitably the dosage is,
e.g., fromabout -14 5-20 ng/kg/day. Suitable unit dosage forns for oral
adm ni stration conprise ca. 0.25-1500 ng active ingredient. A
"pharmaceutically acceptable carrier"” means an excipient that is useful in
preparing a pharmaceutical conposition that is generally safe, non-toxic

and nei £Bgry, c_ﬂk&b%ﬂ' Sdldble mrdosgbmdn\f\ﬂss?& diRdRFidigtkdten caﬁ{ﬁlnsé”'@é udes an

excipient th IS acceptable for veterinary use, as well as human
phar mac@gbiléap mtﬂs%CUVanﬁF&?ﬂ?aceutl cally acceptable carri er" as used in the
specification and clains includes both one and nore than one such carriers.

The crystal |A“Eha?ﬁ‘1'a¥:elﬁf&ﬂﬂpé%@§tagfe ddifer MESRY hr@@xdﬁé’m%t@méﬂuﬁﬁ SF@Ganaa“y

conventional route, e.g., locally or systemcally ., oral top| Iy,
par ent e# ahaynaceyiisi epmegsitipndhatyy gemﬁfalixasaf@rnoaﬁ@w%&/d heires B'eiora&ﬁ' YA

treat m&he@.s@&%e%rrb&% A ﬁa&a%%n% ¢ er@&bdt%céoce@as@ fafsve@énn%a} Sse, e&ef erably,

manmal s an nore preferably, e crystalline salt conpounds of the
i nvent i well aajuben poamacautsg! fgs lamhanrmscetarpaltymccemaraﬁyamﬁ\ﬁénJSGﬁtmW@ for

use in afdn rﬁot(% h@%éﬁfr#%ddo?ﬁ Br?e aPé'm%Fl?‘!hQﬂ ndbLdh QAgE  antibiotics.

Such net’hods are known g., Rem ngton's Pharnaceuti cal
Sci ences, Mack Publishing Co., Easton, PA) and are nqt described in detail
her ei n. The Cberpysiatinesstt n@mpdwldsmf awinv&minn Riag\be daminibigregryy anycl udi ng, but

not nEcBrgrg fﬁﬂai rotu‘?%)l %L%ma%?%? Egﬁﬁ%}lc\gﬁ %rqs q%rgﬁél/slorp{g%h# }aﬁé’MtérQ t waf ers),

pomders prepat'ations, ‘such as oral or
steril esmm:leenala/rcalbysmﬂalﬂtloormdona;smeswusfooﬂns treZimeent cbipquieratmiaoign & so0 be

adm ni stere n, |l poso ar._or,_mcroenul s fornul ations. The

conpountiO ity 25 Ll A rPLEEt alimiBbis bt g8 P anapy. P oar g

adm ni stered undergoes biotransformation in the treated manmal to a form

whi ch i s bi oTbgcyatalipe aatt bwpoﬂ'r‘ma df ¢yE ioeentibo mayl tet foomdated fctrrwn'mietmii@h
tance, i Nt or lotions,

b
ol ut | oS s G el il ot PECARG ey AT B3R WFE5Re? o’ o ops,
i rrpregnamt&xibtdsesacmgﬁthddsarskiwwmlh tinabe e, e@pﬁt‘ﬁﬂngmﬁls Paposayesticaind may

o acs! SEBAP, epk Rub R R aRavefrtiaiae il bt S B ans, The

formul ati ons may al so contain conpati bl e conventi onal carrl ers, such as
cream or oi mh@”emhp&mms radcb eeinhemy dbrmoknavtreiyiitheakre dlakdinigpbutl rat firaited toSuch

carrier ?abm%g/ capsu.ﬁ rse%ea?eré, fast melts (without wafers), powders, granules, lozenges, creams
or liguid preparations, such as oral or sterile parenteral solutions or suspensions. The
compounds may also be administered in liposomal, micellar or microemulsion formulations.
The compounds may alsc be administered as prodrugs, where the prodrug administered

undergoes biotransformation in the treated mammal to a form which is biologically active.

The topical formulations of the present invention may be presented as, for instance,
ointments, creams or lotions, solutions, satves, emulsions, plasters, eye cintments and eye
or ear drops, impregnated dressings, transdermal patches, sprays and aerosols, and may
contain appropriate conventional additives, such as preservatives, solvents to assist drug

penefration and emollients in ointments and creams.

The formuiations may also contain compatible conventional carriers, such as cream
or ointment bases and ethanol or oleyl alcohol for lotions. Such carriers may be present,
e.g., from about 1% up to about 99% of the formulation. For example, they may form up to
about 80% of the formulation.
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e.g., fromabout 1 %up to about 99% of the fornulation. For exanple, they
may formup to about 80%of the fornulation. -15 Tablets and capsul es for
oral adm nistration may be in unit dose presentation form, and nmay contain
conventi onal excipients, such as binding agents, e.g., syrup, acacia,
gelatin, sorbitol, tragacanth or polyvinylpyrollidone; fillers, e.g.,

| act ose, sugar, mai ze-starch, calciunlphosphate sorbitol or glycine;

tabl etting | ThpletdtdScapsulgs formladmmﬂtrabremtbe in uait dose presgndatiopl feme, gl ycol

or silica; disintegrants t o st accetable tting agents,
such asa%ﬂ]%’rﬁopﬁﬁ‘i‘?nvgm%‘ﬁé%@p'%ﬂ% 5B PR §' fQSBtSC%gtP YR %ﬁﬂ nggt og
met hods guatih -so@@%ra@ﬂcéiﬂtﬁ@ﬂ@dlﬁnr@htﬁﬁdﬂﬁdbﬂﬂiﬁll@ﬁd efy. dedtbsee SU@aﬂnaizeemardh

O TR EN N e g

product péi?éthyl"eﬁé onebl 6r%§hb9%§iht%5ra\ﬁﬁ§ 8lg. YotaAd lab@: ossddepabe wathghgerigf or e
use. Such |iquid preparations ontai n conventional additives, such as

sus pendP‘FWj1 ageaiyn 1@% SU‘PQEPblTF@Itab'%tW be caAlgd ATeRIING P fReassye! bp,

gel ati nkn&w,qirnogg@gawbh&ﬁ{alcgutgbggprag@geboxyrret hyl cellul ose, alum num stearate
gel or hydrogenated edible fats; enulsifying agents, e.g., lecithin,

sorbitan nonool eate or acacia; non-aqueous vehicles, which may incl ude
edi bl e oi | s, QsalgiauidArerATaiiansIMay ks Nihe §Imact, e 8.4 aRHess §r PBTUSABISIBNGPY| ene

gl ycol eéiu@artybnﬁlsm%ym@g ﬁsefﬁ&lY@tol'H‘%? beeprasemé&smawmdm gy

p- hydroxybenzoate or sorbic acid, if desired, conventional flavoring or
col or i nEgcoagiéntion wwbwaﬁ@ap@@ncém%nsua@mﬁ Weriele Refosn use. | S '@mdtpra@@fag@wsr orns are

prepar eg}??td_?hla?d e&vtehﬁodnapmmgds@%s%ugﬁé{d. gﬁ?g}é‘ﬁm € r%;‘é’so%??n

preferr e conpoun dependi ng on the cle a concentratlon used,
may be e¢hutese, gmgmﬁ@@ gelagin sysraxeethyicel wese cartaxmethy bielielpse, alimiakme

sol vent ste%FthE;?R?rt Qagtéﬁétlé{i 'erB%fg Emﬁ@.ﬁ?ﬁwﬁg Int%ele@'&ﬁﬁ%g@gn' n water for

Inj ection and erilize fore a swta vial or
anpul e awdogieale; ofgacammca@eumwycieagémmaﬁ clydaedipld gisag garﬁ&m@rﬁb@ﬂ c

preserv n v !
enhancegﬁ é’&ef?agm{ﬁu{s;@ydeﬁﬂe ?ﬁ#‘%m Ol Bﬁetqgl%?%hﬁﬁgrésgp«%ﬁ@es I l |§t8yll nto the
vi al angrdpyep-iadrexybrearoate dr amr@@racwaeudurﬂ de‘EllTedctroyNQar}l@phh flavgmg tp’cﬁmtmrmgl s then
seal ed iB ﬁt@e vial and an acconpanying vial of water for injection may be
suppl i e8F8> reconstitute the Ii quid prior to use. Parenteral suspensions

are prepared in substantially the sane nanner except that the conpound is
suspended i nFohpareoterallagmimsitadiad, fofid bt dagage forms are prepared utilizing the

compound and a sterile vehicle, water being preferred. The compound, depending on the
vehicle and conceniration used, may be either suspended or dissolved in the vehicle or other
suitable solvent. In preparing solutions, the compound may be dissotved in water for
injection and filter sterilized before filiing into a suitabie vial or ampuie and sealing.
Advantageously, agents, such as a local anesthetic preservative and buffering agents may
be dissolved in the vehicle. To enhance the stability, the composition may be frozen after
filling into the vial and the water removed under vacuum. The dry lyophilized powder is then
sealed in the vial and an accompanying vial of water for injection may be supplied to
reconstitute the liquid prior to use. Parentera! suspensions are prepared in substantially the
same manner except that the compound is suspended in the vehicle instead of being
dissolved and sterilization cannot be accomplished by filtration. The compound may be
sterilized by exposure to ethylene oxide before suspending in the sterile vehicle.
Advantageously, a surfactant or wetting agent is included in the composition to facilitate

uniform distribution of the compound.
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di ssol ved and sterilization cannot be acconplished by filtration. The
conpound may be sterilized by exposure to ethyl ene oxi de before suspendi ng
in the sterile vehicle. Advantageously, a surfactant or wetting agent is
included in the conposition to facilitate wuniformdistribution of the
compound. -16 In accordance with the foregoing the present invention further
provides: 1.1. A nethod for treating and/or preventing an infectious

di sorder in #n atdordance witbdivhfoaggoingriberaresent iovandion &ntheaprosigepiect , conpri si ng
adm nistering to the subject an effective anount of a crystalline salt
conpound of tiHe i Aveethbofor eating arst/or rseyantiag @n nfeaious éISpifédmmsmtbieisteof 1. 2.
A net hod for RPE i t the
subj ect an ePP c%géghgﬁﬁ |nﬁ%E?@Fﬁpgkﬁ%% ggﬁg?g¥ﬁ§€?ﬂ#é”ﬁgFggggﬁhound of
the inventi effectoe@mounf offaperystbling sa)lt ccmmpcampioétheugvetnhem eof., offognula(l), o

phar maceut i cal on, e.g., for use in any of the rret hods, as in 1.1
or 1.2 aboveapr &rgg?riqr%% a conpound of the invention, a crystalline
salt of for I tabl e
i1 uent or cdrt et MERERSRITTONFOR s @‘dﬁﬁ%ﬁﬁﬁéﬁiﬂiiiii%%ryn@ﬁ‘?‘iﬁ?g_,

crystalline sabjectadn dffectivd BDE inhjbitong amqurd df aigrystatiee sett céropoursienfdlke a
pharmaceutical o in th re ation of ha maceuti cal conposi ti on for
use in any mlﬁ ﬁB{P’hgq ncﬁfcgrmugadﬁ JuRGRProfrg tgg ef 2 above. "Treati ng or
"treatnent” ase includes 1 reventin se causi ng
the clini cal %}ﬁﬁarﬂﬁc‘?%@amo@@%é %O%)gtgr “%%\V%”B iri? rﬁe@ﬁ% éét‘” dg., a
manmal , that orraie aﬁl&nvswﬂrnb(a wmqmruﬂdbsmsmntim tei‘ga sloyertige shyof does not

yet experi en e or ay s t f the di ease nhi biting the
i seasne 1o fomaia ki ssbeRtbultis AlTse Ui i#@oci'futeﬂieor&aagr or its
clinical syrrm@gﬁ,r, or (3) relieving the di sease i .e., causing regr essi on of

the disease or its clinical synptons. An "effecti ve PDF i nhi biti ng amount”

nmeans the anmunt A @bmao@ i GFak vértion, @gocégisgaumbiserteoformmba\tt) ofepsroaelig ni st er ed
to a subject for treating an infectious disorder responsive tg inhibition

of PDF or f o8 affi'8i ¥seriy @Eﬁﬁrmge%ﬁﬁi‘?ré” H15t PreRArA qj,atphagpacepqqgaln effective

PDF composition for use in any method as indicated under 1.1 or 1.2 above.

"Treating" or "treatment” of a disease includes:

(1) preventing the disease, i.e., causing the ciinical symptoms of the disease not to
develop in a subject, e.g., 8 mammal, that may be exposed to or predisposed to the disease
but does not yet experience or display symptoms of the disease;

(2) inhibiting the disease, i.e., arresting or reducing the development of the disease
or its clinical symptoms; or

(3) relieving the disease, i.e., causing regression of the disease or its clinical
symptoms.

An “effective PDF inhibiting amount” means the amount of a compound or a prodrug
thereof, that when administered to a subject for treating an infectious disorder responsive to
inhibition of PDF or for inhibiting PDF, is sufficient to inhibit PDF. The "effective PDF
inhibiting amount” will vary depending on the compound, salt thereof or prodrug thereof,
employed, the microorganism that is inhibited in the subject, the age, weight, sex, medical
condition, species, disorder and its severity, of the subject to be treated and the route of

administration, but may nevertheless be readily determined by one skilled in the art.
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i nhibiting amount” will vary depending on the conmpound, salt thereof or
prodrug thereof, enployed, the mcroorganismthat is inhibited in the

subj ect, the age, weight, sex, medical condition, species, disorder and its
severity, of the subject to be treated and the route of adm nistration, but
may nevertheless be readily determined by one skilled in the art. -17 The
conpounds of the invention, e.g., crystalline salts of formula (1), or
prodrug t hefrecdompranddef taeimvantkire ead cyssalineosalisof Emblanit ¢raodwugh anot her

t her ap i_c.agent . Ex. ch I but are not
i teatogr B i SRR EReft 0" arbRStaREHh SRoPErRbmpel At

peni ci |@angilescefsiah depapeuts agerds mpﬂaelvm?:rd(awtdimlméw othpriantitastesil e. g.

f 1 uor oqui nol ones crolides ) cin, azithro n or
vancom}@eﬁ S, ?F%%Q%&am%ﬁo@f@i%ﬁ? C‘?@'@rlﬂsgg "&f‘ ?ﬁb@8§%erﬁ"§1§§t°r¥ﬁfpl rocin;
sul f onajtiirdksnies, @@e'ﬂU%b@nolﬁﬁésf iBEFoIREs O o COBSPIdraR, abiBirbRgIe bi nes;

st rept ogram ns: chl or anpheni col ; and . oxazolidinone, anti-iInflammtory

agent s va@cg;ﬂyc'%drf@mw@,ﬁ SiasehactamsNep)i#zid; JRasaades SMuRirogn; sulfRaraiges: or

non- opi ghehicBRatd Ry gl‘yEop%‘b‘ﬁ@é§@élFé%y¥Mnb§ sttt*é%td‘g‘%‘érﬁi%H d?ﬂaraﬁwbﬁerﬁ’étﬂ’sﬁa
invention provides in a yet her “aspect as defined above

conpri SQNQQOJ@MGn?W'@ﬂ?TaWﬁW a@ergs e. gzo%m#eawﬁs o N§ND rangwqaéweg of a

t her apgitr b ildr VoS hb el dnsmedi@eunt of a conpound of the invention, e.g., a
crystall1ne S(Zﬂ? OF f%r”nfﬁe fE? or a prodrug thereof, and a second

t herapeutic agent. 1.6. A ther apeut| c conbination, e.g., a kit, conprising:

a) a conpourld aggorgance; withehe faspgoipg.ghe PepsemtiBYantipn REoVideStn avetiorthen a (1) or a
prodruga%,g@treof and b) at |east one second therapeutic agent. Conponent a)

and co nent b) may be used concomitantly or in sequence. The kit may

COMPI i S | NS{ 8 UCTA fidd-0ls dfe HbIY S klrfbo-dHHnk O R0 oBhEormitanyly

repr esentati ve phar maceuti cal fornul ati ons “cont al ni ng a C gpoun fornmul a
(1). Tabl et o seaugnEe of arﬂ@eramut@ahlyr@‘feich\g&@'dp@moé agompabned theinveatel.y and

pressed intq §i DGhR(AMATE of RRhEELSI), ordFBhIJoHnERb!, bREReALSH thdaRkEfc (D)

agent.

1.6. A therapeutic combination, e.g., a kit, comprising:

a) a compound of the invention, e.g., a crystalline salt of formula (I) or a
prodrug thereof; and

b) atieast one second therapeutic agent.

Component a) and component b) may be used concomitantly or in sequence. The kit

may comprise instructions for its administration.

The following are representative pharmaceuiical formutations containing a compound
of formula (1).

Tablet formulation

The following ingredients are mixed intimately and pressed into single scored tablets:

Quantity per Ingredient Tablet (mg)
Compound of this invention 400
Cornstarch 50
Croscarmeliose sodium 25
Lactose 120
Magnesium stearate 5
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Compound of this invention 400 Cornstarch 50 Croscarnellose sodi um 25
Lactose 120 Magnesium stearate 5 -18 Capsule Formul ati on The foll ow ng
ingredients are mxed intinmately and | oaded into a hard-shell gelatin
capsule: Quantity per Ingredient Ingredient Capsule (ng) Conpound of this
i nvention 200 Lactose, spray -- dried 148 Magnesium stearate 2 Suspension
Formul ation The following ingredients are mxed to forma suspension for
oral aduénsiuig Fermutaion | ngredi ent Amount  Conpound of this invention 1.0 g

Fumaric acid 0.5 Sodi u hl ori de 2 Pr opyl
par aben 0. 05 ‘befo@"élﬂ%frﬁfeé%grgﬁar&rm%gd 5‘“5\39%?'5 %Pe{)’?‘ EﬁrIdLﬁhiegﬁ)%‘a.’L% 00 g
Veegumdgpeenderbilt Co.) 1.0 g Flavoring 0.035 CoI ori ngsI 0.5 ng
Distilled WaLeLq,_sﬂ._Lo—LQQ—mr—LnLeci_abLe_EoLmu_au—en—'Fhe—Lel ow ng

i ngredi ents are niGuadtity perfingredienh i nj ect abl ofegiefifapp¥'®i®9) | ngr edi ent Anount

Conpound of tQurpourmied frid ioenton2- 20 ng 200
Lactose, spray - dried 148
Magnesium stearate 2

Suspension Formulation

The following ingredients are mixed to form a suspension for oral administration:

Ingredient Amount

Compound of this invention i0g

{ Fumaric acid 05¢q
Sodium chlicride 20g
Methyl paraben 0.15 ¢
Propyt paraben 0.05g
Granulated sugar 250¢g
Sorbitol {70% solution) 13.00 g
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035mtL
Colorings 0.5 mg
Distilied water q.5. to 100 mL

Iniectable Formulation

The following ingredients are mixed to form an injectable formulation:

ingredient Amourt
Compound of this invention 0.2-20 mg
Sodium acetate buffer sotution, 0.4 M 20 mL
HCH(1 N) or NaOH {1 N) q.s. {o suitable pH
Water (distilled, sterile) gs. t020mL

Suppository Formulation

A suppository of total weight 2.5 g is prepared by mixing the compound of the
invention with Witepsol® H-5 (triglycerides of saturated vegetable fatty acid; Riches-Nelson,
fnc., NY) and has the following composition:

Compound of the invention 500 mg
Witepsol® H-15 2000 mg
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Sodi um acetate buffer solution, 0.4 M20 nL HO (1 N) or NaOH (1 N) g.s. to
suitable pH Water (distilled, sterile) g.s. to 20 nL Suppository

Forrmul ati on A suppository of total weight 2.5 g is prepared by m xing the
conpound of the invention with Wtepsol (r) H5 (triglycerides of saturated
vegetable fatty acid; Riches-Nelson, 1Inc., NY) and has the follow ng
conposi tion: Conmpound of the invention 500 ng Wtepsol (r) H 15 2000 ng -19

The foregoi nehd ﬁaVeeﬁtngqﬁvmsn h@@ﬁe&ﬁ@@dshb@;ﬂmlgammummw oftijustragion bng
illustration and purgose clari t\é‘ﬁand under. sk@nd ng.

Wil l be"XGB\H'%u%’Ft%pQﬁ‘?éOE)F'aE‘IXlaI“P ung @W@daat it wifh g¢ cRYiaiRyleLNe ] SKE & hec%ﬁt.ons

may be tRaiHahgedand fabificitins #EonR MhcticBe witARaRE sebpe! dittiappehbied efaahe, it is
to be understood that the aboveé description is intended to be illustrative

and notherefets: tdg foke undeestabipat ie abpee @weﬁtuqndﬁ indgNARAdo befkskrtiveande
det er md@%éﬁ@&ww trhe E%ﬁ@nﬁélnb&thh%hggevtﬁem@rw@ét@ﬁmnwao@h@w d instead

be determ reference to 1 ow ng appended clains, along with

the f u|refes%@peto&e @!@m@ms@rm’n@ntwt@hwmlr@maﬁ kel dﬂtwl"eﬁdé’*"”éfﬁfﬁifﬁ'ﬂf@jto the |
patentsf R préﬁeg gﬁfn Mg%n %%Fé%?‘é fh&hs wﬁ.eh Su@PRhintdsd.on are

her eby |nco porate ce Int r en Irety tor all purposes to the
sane ex@dfed.as if each i nd| Vi dual patent, patent application or publication

were so individually denoted. Exanple 1 Preparation of the cal cium

crystalline g ngte@:; naeaté!% ngLc(aft:Bﬁ hd S\ME%?E%‘vi%ﬂéﬂﬂ)tmg%?Bﬁéddhon are erem/ de H

hexanoyl } - pyrr arboxyli ¢ acl
O=< _OincorpIates byaetorenag in kmelr/ermety for @ oeirp8eenly tos same epieotias =f each

1- 2-R |M|V185£'iydaim d;:fa‘?é% a%Hﬁc.@s%n HP;BJB(![:A“OIHWQQW r}dwndualty denoted.

Example 1

Preparation of the calcium crystalline salt of 1-{2-R-[(formyl-hydroxy-amino)-methyl}-
hexanoyl}-pyrrolidine-2-S-carboxylic acid-{4-ethyl-pyridin-2-yl)-amide

' -

H

O-——/\
N N v, Ca™”
-O/ / 2
0 >
o N N
H

— —

A mixture of 30 mg of amorphous 1-{2-R-[(formyl-hydroxy-amino)-methyi]-hexanoy!}-
pyrrolidine-2-S-carboxylic acid-(4-ethyl-pyridin-2-yl)-amide in 0.3 mL of absolute ethanol and
0.5 mL of water is stirred at room temperature ("RT"). To this is added 12.6 pL of 6 M
agqueous sodium hydroxide followed by 18.9 pL of 2 M aqueous calcium chicride solution.
The mixture is stirred for 24 hours at RT and the resulting solid is isolated by filtration and
dried at 20°C under vacuum. The crystallinity is determined by X-ray powder diffraction
chrystaliography.
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pyrrolidine-2-S-carboxylic acid-(4-ethyl-pyridin-2-yl)-amde in 0.3 nL of
absolute ethanol and 0.5 nL of water is stirred at roomtenperature ("RT").
To this is added 12.6 pL of 6 M aqueous sodi um hydroxide foll owed by 18.9
pL of 2 M aqueous calciumchloride solution. The mxture is stirred for 24
hours at RT and the resulting solid is isolated by filtration and dried at
20C under vacuum The crystallinity is determ ned by X-ray powder
diffraction chrystallography. -20 Exanple 2 Preparation of the crystalline
magnesi um sal t of 1-{2-R-[(fornyl - Imakoxgy2am no) - net hyl ] -

hexanoyl } - pyrrolidi ne-2- S—carboxylic acid

o 30" nb BT DN I R Ry Ay oy A L T R oy )

pyrrol i Béxpodi-DyesidhexBicartariit e(dﬁd {&mmrmhwpymwzuei}asmaeyl )-amide in 0.6
mL of water 1s stirred for 10 mnutes at 20C to effect solution. To this is
added 15.1 pL of 5 (Maqueous sodi um hydroxi de andthe solution was stirred
for 5 m nutes. Subsjequently,~18.9 pL of 2 M aqueoys magnesi um chl ori de
solution is added. The m xtjure is stirred for 1.5 Hours at RT and the

resulting solid is isolafled by filtration and dried at 40C under vacuum The
crystallinity is dete -:ﬁzged by X-ray—powder diffradtion chrystall ography. A
di f
D% ¥

typi cal X-ray powdef ractjon pa n (Cu K. radiation) for the conpound
of Exanple 2 at 50 is as follows 2-Theta (Deg.) D

(Angstronr) CPS Rel t|ve I nt ensi y 5. 8475 6562 270,7,gv§3+ 100 12,7025
6.2926 454.9 16.8 [13.0337 6.1383 34% 82 \2 66/ 67537847 1764. 03 65. 15
o 3
H N
{ /
o

A mixture of 30 mg of amorphous 1-{2-R-[{formyi-hydroxy-amino)-methy(]-hexanoyl}-
pyrrolidine-2-S-carboxylic acid (5-fluoro-1-oxy-pyridin-2-yl}-amide in 0.6 mL of water is
stirred for 10 minutes at 20°C to effect solution. To this is added 15.1 ul of 5 M aqueous
sodium hydroxide and the solution was stirred for 5 minutes. Subsequently, 18.9 ul of 2 M
aqueous magnesium chloride solution is added. The mixture is stirred for 1.5 hours at RT
and the resulting solid is isolated by fiitration and dried at 40°C under vacuum. The

crystaliinity is determined by X-ray powder diffraction chrystallography.

A typical X-ray powder diffraction pattern (Cu K, radiation) for the compound of
Example 2 at 50% relative humidity is as follows :

2-Theta (Deg.) D (Angstrom™) CcPS Relative Intensity
6.8475 11.6562 2707 .63 100

12.7025 6.2926 454.9 16.8
13.0337 6.1333 342.82 12.66 ]
13.675 5.847 1764.03 65.15
14195 56339 417.33 15.41
14.535 5.5028 719.98 26.59
15.225 5.2547 304.27 14 56

15.48 1 5.1687 177.5 6.56 B
18.1175 4.4212 222928 82.33
19.7744 4.054 163.18 743 |
20.5837 3.8962 1550 5725 |
21.9169 3.6619 42453 1568 |
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14. 195 5.6339 417.33 15.41 14.535 5.5028 719.98 26.59 15.225 5, 2547 394. 27
14.56 15.48 5.1687 177.5 6.56 18.1175 4.4212 2229.28 82.33 19.7744 4.054

193.18 7.13 20.5837 3.8962 1550 57.25 21.9169 3.6619 424.53 15.68
2-Theta (Deg.) D (Angstroml) CPS Relative Intensity 22.4031 3.5834 425.17

15.7 23.54 3.4126 212.5 7.85 23.72 3.387 186.92

6.

-21

9 24.2887 3.3089 302. 38

11.17 24.4656 3.2853 404.03 _14.92_ 25.0056_3, 2155 300.8 11.11 25.925

3.1033 [3432-#etd g8 29. 3B (Bnghb6m*)283) 67 10.@8s 30. 8019 Rdhivd Ptebddy 8 [15. 28
32,520I 2 4852],4oé$r8 .37 }}@,@gstrom = 10" fgﬁxarrpl e 3 Pr ep,@ryatlon off Ithe
cryst alfg-rrre T 1= formyt—=nh
py?/rol | ieH-he ﬁrg‘a'?:flh;/\,'! e %1‘%&& 9' Hotr-o {%ué\y%yp'ya—rrnl HA—2—y—at oyo}:_<
N O T h 2372 O HIN 0- AB%QTXTILI’_F\ nf 30 ?ﬁf anmoriphous ég
1-{2- R|[ (f orA88hydr oxy- am Ra3P88et hyl ] - hexab@R3g - 11.17

24 4656 3.2853 404.03 14.92

25.0056 3.2155 300.8 11.11

25925 3.1033 343.42 12.68

2932 2.7505 283.67 10.48

30.8018 2.6212 413.8 15.28

32.5206 2.4861 253.8 9.37

*1 Angstrom = 10"°m
Example 3

Preparation of the crystalline zinc salt of 1-{2-R-[{formyl-hydroxy-amino}-methyl]-hexanoyl}-

pyrrolidine-2-S-carboxylic acid (5-fluoro-1-oxy-pyridin-2-yl)-amide

p—

H
o=(
._O/N N
O
o

—
N\ F
HN‘ %
/
o
—

Ya Zn“

A mixture of 30 mg of amorphous 1-{2-R-[(formyl-hydroxy-amino)-methyl}-hexanoy!}-

pyrrolidine-2-S-carboxylic acid (5-fluoro-1-oxy-pyridin-2-yl}-amide in 0.6 mL of water is

stirred for 10 minutes at 20°C to effect solution. To this is added 15.1 yL of 5 M aqueous

sodium hydroxide and the resulting solution was stirred for 5 minutes. Subsequently,

99.6 ul of a 0.38 M aqueous zinc sulfate solution is added. The mixture is stirred for

10 minutes at RT and the resuiting solid is isolated by filtration and dried at 40°C under

vacuum for 15 hours. The crystallinity is determined by X-ray powder diffraction

chrystallography.
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pyrrolidine-2-S-carboxylic acid (5-fluoro-I-oxy-pyridin-2-yl)-amde in 0.6
mL of water is stirred for 10 mnutes at 20C to effect solution. To this is
added 15.1 pL of 5 M aqueous sodium hydroxide and the resulting sol ution
was stirred for 5 mnutes. Subsequently, 99.6 pL of a 0.38 M aqueous zinc
sulfate solution is added. The m xture is stirred for 10 mnutes at RT and
the resulting solid is isolated by %i | t raai on and dried at 40C under vacuum
for 15 hours. The crystallinity is ned by X-ray powder diffraction
chrystal | ography. -22 Exanple 4 Preparation of the crystalline calciumsalt
of 1-{2PRedatatnrgf thdwrodtaiirye ea‘rtzma)sarmt - R[ formyl-hydroxy-amino}-methyl]-

hexanoy ol i di carb

(5-fl uol“%"%&&?yiﬁﬁl 'Iﬁ'%zn'szcay‘Pijl’ %iﬁuctﬁm “QYPRY2y-amidg \ ) F = cat 0 H
N{ A m xture of 12ﬁhg ng of anor phous
1-{2-R-[ (fornyl - hydr oxy-am ng) - met hyl ] - hexanoylf—ﬂyrrolidine-2-S—carboxyIic
acid (5-fluoro-1-oxy-pyridifi-2-yl)-amde in 2.5 nLjof water is stirred for
10 m nutes at 20C tjo effgct| solution.. To this is added 0.064 nL of 5 M
aqueous sodi um hydrioxi d¢ antt he solutlon was stirred for 5 m nutes.

Subsequently, a O. 6° al i qupt ved and treated with 0.056 nL of a
0.68 M aqueous solution.® ' oride. The mxture is stirred
overnight at RT and tHKe restltiffg sofid is, isolated by filtration and dried

at 40C for 5 hours junder vacuu hen
dried material is ljeft in contact N
analysis. The crystallinity is deternHned- X-ray powder diffraction

chrystal | ography. -R23 Exanple 5 Preparati ¢n of the’|cal ci um crystalline salt
of (2R-[ (formyl - hydrloxy- am no) - met hyl ] - he®anoi ¢ aci|d
(1S-di net hyl car barmil‘l‘ 2, 2-di net hyl - propyl ) -am de ——

at |RT undg? vacuum The
17 several hours prior to

A mixture of 126.9 mg of amoerphous 1-{2-R-[(formyl-hydroxy-amino)-methyl]-
hexanoyl}-pyrrolidine-2-S-carboxylic acid (5-fluoro-1-oxy-pyridin-2-yl)-amide in 2.5 mL of
water is stirred for 10 minutes at 20°C to effect solution.. To this is added 0.064 mL of 5 M
aqueous sadium hydroxide and the solution was stirred for 5 minutes. Subseguently, a
0.6 mL atiquot is removed and treated with 0.056 mL of a 0.68 M agueous solution of
calcium chloride. The mixture is sfirred overnight at RT and the resulting solid is isolated by
filtration and dried at 40°C for 5 hours under vacuum and then 3 days at RT under vacuum.
The dried material is left in contact with air for several hours prior to analysis. The

crystaliinity is determined by X-ray powder diffraction chrystaliography.
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CH Oy HO ONN'"CBC-- mCH3 0 HC CH3 CH3 A mxture of 30 ng of
anor phous 2R-[ (fornyl - hydr oxy-am no) - met hyl ] - hexanoi ¢ aci d

(1S- di et hyl car banoyl - 2, 2-di met hyl -propyl )-anmde in 0.6 nL of water is
stirred at RT. To this is added 15.2 pL of 6 M aqueous sodi um hydr oxi de
foll owed by 22.8 pL of 2 M aqueous calciumchloride solution. The m xture
is warnmed to 40C and then stirred at 20C for 24 hours at RT.. The resulting
solid is isolated by filtration andExdmpiadS at 20C under vacuum  The
crystallinity is determ ned by X-ray powder diffraction chrystall ography.

Exanpl e rafi ’ j 5 | - of . ;

N- (2, Z-ﬁi Bﬁfaaﬁygﬁgfﬁ?%g]c m %&%}ag@%f’llﬁg rogw' Inllc'}{ar?}% hynf"]m?i(ré“l?\’t)h-y I gg)z(ierl]rzlaor%‘? de CH3

0 Y H Hacid 0 Sdimethyl@@abamayl-R, J-digethiykpiopg)-emid®0 ng of anor phous

N (2, 2-di phenyl et hyl )-2- [(fornyl hydroxyam no) net hyl ] - (2R) - hexanam de in 0.4
m. of absolute ethanol[and 0.6 nL of phat er is sfiirred at RT. To this is
added 13.6 pL of 6 M ahueous sodi u %yﬁroxi de folllowed -24 by 20.4 pL of 2
M aqueous cal cium chloride solution. The mxture jis stirred for 24 hours at

RT and the resulting sol®d_islisglated by filtratjon and dried at 20C under
vacuum The crystallinityYis déterm ned by X-ray powder diffraction
chrystal | ography. Exanpl e ,';} CH

. -~ 3 ++

(8] N % Ca

f
o) ; CH
Hac/]\ CH,
CH,

L —

A mixture of 30 mg of amorphous 2R-[(formyl-hydroxy-amino)-methyl]-hexanoic acid
(18-dimethylcarbamoyi-2,2-dimethyl-propyl}-amide in 0.6 mL of water is stirred at RT. To
this is added 15.2 pL of 6 M aqueous sodium hydroxide foliowed by 22.8 pL of 2 M agueous
calcium chloride solution. The mixture is warmed to 40°C and then stirred at 20°C for
24 hours at RT. The resulting solid is isolated by filtration and dried at 20°C under vacuum.
The crystallinity is determined by X-ray powder diffraction chrystaliography.

Example 6

Preparation of the calcium crystalline salt of N-(2,2-diphenylethyl}-2-
[{formylhydroxyamino)methyl}-(2R)-hexanamide

_ ]

CH, l

@) H
Y[
N

-O/N Va Ca"
Q

L —

A mixture of 30 mg of amorphous N-(2,2-diphenyiethyl)-2-
[(formylhydroxyamino)methyl}-(2R)-hexanamide in 0.4 mL of absolute ethanol and 0.6 mL of
water is stirred at RT. To this is added 13.6 yl. of 6 M agueous sodium hydroxide followed
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Preparation of the sodiumcrystalline salt of N-(2,2-diphenylethyl)-2-

[ (fornyl h ydroxyam no)nethyl]-(2 R)-hexa namde CH3 O-HHORN NNa~ OI / A
m xture of 30 ng of anorphous N- (2, 2-di phenyl et hyl)-2-

[ (fornyl hydroxyam no) met hyl ] - (2R) - hexanam de in 0.4 nL of absol ute ethanol
and 0.6 nL of water is stirred at RT. To this is added 13.6 pL of 6 M
aqueous sqdi um hydrOX| de solution. ~The m xture for 1 hour

o bRy 26 Al or oM e i S Biopids Spiteny Tis oS ' SBER I g Tigrt o1

evapor aRTHhdtthe réRitngHolidis lg&ét:e@l Bgﬁnra'ef@ﬁ ps@statdoyE nedéramcliémhaques. The
crystallinity is determ ned wder di ffract| on chrystall ography.

-25 Al NBWS*ai'“'tA'Scﬁe;?%fﬂanqq ByeX- é%}f @O%#erf’tﬁ‘?%'%ctwﬁa' OF2RYY- R5 HyNX it A aM (t)
ORz R3 0 wherein Mis a nono- or di-valent netal; ais % or 1; each of
R2, R3, R4 and R5, independently, is hydrogen or an aliphatic group, or (R2
or R3) and (R4 or R5), collectively, for a C4-Crcycloal kyl; Ais of the
formula (la), (Ib), (lc), (1d) or ( HOHI R13 (!a) /N H (116) ~ ~
OAR (lc) R12 R14 R12 ~F t2 N (CH2)ri "~NR13R14 ()d) tle) O NRH

Preparation of the sodium crystalline salt of N-(2,2-diphenylethyl}-2-

[(formylhydroxyamino)methyl}-{2R)-hexanamide

OY
I +
N Na

A mixture of 30 mg of amorphous N-(2,2-diphenytethyl)-2-
[(formylhydroxyamino)methyl]-(2R)-hexanamide in 0.4 mL of absolute ethano! and 0.6 mL of
water is stirred at RT. To this is added 13.6 pL of 6 M aqueous sodium hydroxide solution.
The mixture is stirred at 40°C for 1 hour and then at 20°C for 24 hours. The resuiting solid is
isolated by evaporating the solvent at 20°C under vacuum and drying for 16 hours. The
crystallinity is determined by X-ray powder diffraction chrystaliography.

-25.



wherein R12 is the side-chain of a natural or a non-natural al pha am no
acid; R13 and R14, independently, represent hydrogen, or optionally
substituted G -CBal kyl, cycloal kyl, aryl, aryi (Cl-Coai kyl), heterocyclic or
het erocyclic(C -CSal kyl); R15 is hydrogen, Cl-Calkyl or an acyi group; X is

-CH2-, -S-, ,-CH(OH)-, -CHOR), -CH(SH)-, -CH(SR), -CF2-, -C=N(OR)- or
-CH(F) -, jRigin Ris alkyl; Rl is aryl or heteroaryi;; and n is 0-3,
provi de at when nis 0, Xis -CH2-. -26 2. The crystalline salt of Cdaim

1, wherein Ais formula (le). 3. The crystalline salt of Claim1, wherein
ais' %and MA%qgm;mgrganrofmuﬁ(i)The crystalline salt of daim1l or 3,
wherein Ais of formula (le); and R, is a heteroaryl of fornmula (11.1) Re N
(11.1) R7 RO Re whereinyR8, R7 and R9 arg hydrogen; and Re is nethyl or
trifluoronethyl; or Re, H?? andoR armﬂhyd ogen; and R9 is fluoro; or Re,
Re and RO are hydrogen; ang R7M S 1 I;{Et hoxy,m

a

L0R2R30

wherein
M is a mono- or di-valent metat;
aisort;

gach of R, Ry, Ry and Rs, independently, is hydrogen or an allphatic group, or (R, or Ra)
and (R, or Rs), collectively, form a C-Creycloalkyl;

A is of the formula (1a), (ib), (Ic), (Id) or {le)
H O H 0

H
| ! I
N AR N N ' Ry
e N {ia) e \(LLOH (ib} -~ o~ (ic)
\HL| \(\
R12 R‘M RIZ Rﬂ
\
N ACH)
~—NRyR,  (id) (ie)
O N - R1
H
wherein

Rz is the side-chain of a natyral or a non-natural alpha amino acid;

R1; and Ry, independently, represent hydrogen, or optionally substituted C,-Cgalkyt,
cycloalkyl, aryl, aryl{C,-Cgalkyl), heterocyclic or heterocyclic{(C,-Cqalkyl);
Rus is hydrogen, C,-Cgalkyt or an acyi group;

Xis -CHze, «8-, ,-CH{QH}~, -CH(OR)-, -CH{SH)~, -CH{SR}-, -CF -, -C=N(OR)- or
-CH(F)-, wherein R is alkyl,

R is aryt or heteroary!; and
n is 0-3, provided that when nis 0, X is -CH,-.

-26 -



R7, Re and RO are hydrogen; and Re is hydroxy; or R7 and Re are hydrogen;
Re is nethoxy; and RO is nethyl. 5. The crystalline salt of Caim4,

wherein Re, Re and RO are hydrogen; and R7 is ethyl. -27 6, The crystalline
salt of daim2 or 3, wherein Ais of formula (le); and R is of the
formula (111.1) N J (111.1) N Ry Re wherein R6, R7 and R9 are hydrogen;
and R8 is fluoro or trifluoronethyl; or Re, Re and RO are hydrogen; and

R7 is ethyl. 7. The crystalline salt of Claim6, wherein Re, R7 and RO are
hydr oger® and hersystaliing gajt of Clgim Thehereipd igiferimda de)-t of Caim 7, wherein a
is Y4, and Mis Ca, Zn or M.

3. The crystalline salt of Claim 1,
wherein
ais ¥4and

Mis Ca, Zn or Mg.

4.  The crystalline salt of Claim 1 or 3,
wherein
A is of formula (le); and

R, is a heteroaryl of formula (il.1)

Re Y
| (I1.1)
P
RT R9
R

wherein
Rs, R7 and R, are hydrogen; and
Rg is methyl or trifluoromethyl; or

Re, R7 and R, are hydrogen; and
Rg is fluoro; or

Re, Rs and Ry are hydrogen; and
R; is ethyl or methoxy; or

R7, Rg and Ry are hydrogen; and
Rs is hydroxy; or

R; and R are hydrogen,;
Rg is methoxy; and
Rg is methyl.

5. The crystalline salt of Claim 4,
wherein
Re, Rg and Rg are hydrogen; and
R; is ethyl.

-27-



9. The crystalline salt of Claim1, containing at |east 2% water. 10. The
crystalline salt of Claim1l, containing about 8% water to about 9% water.
11. The crystalline salt of claim1, wherein the X-ray powder diffraction
pattern conprises crystalline peaks with 2-theta angles (Cu-Ka radiation)at
| east five of the followng positions: 6.80.1, 13.70.1, 12.20.1, 14.50.1,
15. 20. 1, §8 10Tﬁecfyqst£m1elsa¥tzof(3ﬂauﬂw2 ,2@ 40 1, 24.50.1 and 30.9 0.1. -28 12.
A hydrated’ crystalline nmagnesium sa?

1-{ 2- R-[ ( fyperaih - hydr oxy-am no) - net hyl j - hexanoyl} pyr r ohdi ne- 2- S- car boxylic
acid (5-fluoro-1-oxy-pyridin-2-y9-amde, in particular a correspondi ng

t et r ahydr at eA@ﬁﬁforMa(FA)Lmdcess for preparing a crystalline salt of the
formula (1) _[H .14; A amf % ORs Owherein Mis a nono- or di-valent
metal; a i sRiisostheforaledllb) R2, R3, R4 and R5i independently, is hydrogen
or an aliphatic group, or (fie or R3) and (R4 or RS), collectively, forma
C4-Crcycloal kyl; Ais of the formulaj|(la), (Ib), (lc), (Id) or (le) | O
10 /N /R13 (1a) YS NOH hb) N ORs RJ,20R14 R12 R12 / 1 N (CH2)rk
-NR13R14 (fd) (le) ONR- H wherg N2 i s the side-chain of a natural or
a non-natural al pha am no acid; R1§ R14, in@#pgndent!|y, represent

hydr ogen, or optionally substi tk'., Cegi kyl ,

wherein
Rs, Ry and Ry are hydrogen; and
Rs is fluoro or trifluorormethyl; or

R, Ry and Rg are hydrogen; and
Ry is ethyl.

7. The crystalline salt of Claim 6,
wherein
Rs, Ry and Ry are hydrogen; and

Ry is fluoro.

8. The crystalline salt of Claim 7,
wherein
ais ¥z and

Mis Ca, Zn or Mg.
8. The crystalline salt of Claim 1, containing at least 2% water.
10.  The crystalline salt of Claim 1, containing about 8% water to about 9% water.
11.  The crystalline salt of claim 1, wherein the X-ray powder diffraction

pattern comprises crystalline peaks with 2-theta angles (Cu-K; radiation)at least five of
the following positions:

68+01,13.7+01,122+0.1,145+0.1,16.220.1,18.1+£0.1, 206 £ 0.1,220 £ 0.1,
2241+0.1,245+0.1and 30.9 0.1,
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cycl oal kyl, aryl, aryl (Cl-Csal kyl), heterocyclic or

het erocycl i c(Cl-Csal kyl); Ras is hydrogen, Cl-Csal kyl or an acyl group; X is
-CH2-, -S-, -CHOH)-, -CH(SR)-, -CH(SH)-, -CH(SR)-, -CF2-, -C=N(OR)- or-
CH(F)-, wherein Ris alkyl; RL is aryl or heteroaryl; and n is 0-3, provided
that when nis 0, Xis -CH; -29 conprising dissolving the anorphous,

non- sal t 12or méoliydrated crysialiina dnagnesiumsalt af 1-(3-Riltormyl-bydrombamingbmedit-

tacting. the.di ssok ' it tal - und
cond t 1 onS PR EMNEE - HBRIGal [N Rorbd S Bptattol fmE! fperra V¢,
Use of aroebimetiingdelsatydrate sélt.a crystalline salt of formula (1): R 4
[HHI?<A] am(l) Rz 1z p wherein MIs a nono- or di-valent netal; ais %r

g oup. | or'% re AnProRest Tobapiie 4VRRRRE Bt drthe Lin 07T, 2 61 oy el oal kyt -

Ais of the formula (la), (Ib), (lc), (ld)—or (le) "T/I Ol~ R12 (la) | 4" \
/N111 OH (Ib) CNI I/ RI2|R 4 Ry Rae -;-NRI3Ri 4 (Id) X (Ai2)4 (le) fl
N~R1 H wherein R12 is the|side-&th& a natural or a non-natural al pha
ami no aci d; H\H/N AlaM m
o B Roo
wherein

M is a mono- or di-valent metaf;

ais%or1;

each of Ry, Rs, Ry and R, independently, is hydrogen or an afiphatic group, or (R; or Rs)
and (R, or Rg), collectively, form a C4Creycloalkyl;

A is of the formula (1a}, (Ib}, (Ic), (Id) or (le)

g g j
/N\HJ\T/R'IS ua) /NW/U\OH ﬂb) /NY\O/RE (lc)
R, Ry, Rys Rz
=X
[\
N -(CH:)n
—NR, R,y (Id) " (Ie)
0 Nf 1
H 1

wherein

R;, is the side-chain of a natural or a non-natural alpha amino acid;

Rss and Ry, independently, represent hydrogen, or optionally substituted C;-Caalkyl,
cycloalkyl, aryl, aryi{C+-Cgalkyl), heterocyclic or hetarocyclic(C,-Cealkyl),

Rs is hydrogen, C,-Cealkyl or an acyl group;

X is -CHy-, -8-, -CH(OH)-, -CH{OR)-, -CH(SH}-, -CH(SR)}-, -CF2-, -C=N(OR)- or -
CH{F)-, wherein R is alkyl;

Ry is aryl or heteroaryl; and

n is 0-3, provided that when nis 0, X is -CH,-;
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R13 and R14, independently, represent hydrogen, or optionally substituted
Cl- Coal kyl, cycl oal kyl, aryl, aryl (Cl-C6al kyl), heterocyclic or

het er ocycl i ¢c(Cl- C6al kyl ); R15 is hydrogen, C,-Ceal kyl or an acyl group; X is
-CH2-, -S-, ,-CH(OH)- -CH(O?) -CH(SH) -CH(SR)-, -CF2-, -CG=N(OR)- or

- CH( F) wher.ein

O oS0 i ¥ g, a5t Moo 8 oA a0 >

phar nac emmtab@é s@%momﬁwamgmrm@lvwwpﬁwmﬁ a baseand with afrostaldaat, (hder
[H1J. 4: A (I) RFR:‘? afﬁir;m Mis a I?. or dj-valent netal; ais
34 or 1; sqﬁgbeﬁg ompie 'rR%CWFWH'BﬁéﬁEQ forpulai(8. hydr ogen or an
allphatlc group or (RRor %9 and (R4 or R5), collectively, forma

CA- Cr cycl4ulsk wt an éfft@ivefanidi@t 604 erybtallink @Alt of fobnla(@e), (1d) or (le) Oi O
N xi 23 (la) INOH(ib) /rv\ 0,,Rs PC) RI12 R14 R13 R12 X -NR 13Rle (1d)
NCHA tle) O :NH whereln R12 is the side chain of a natural or a

non- nat ural al pha am no adi RE3 and R14, |i ndependent |y, represent
hydr ogen, or optionally subst | tdté’ﬂ C R«.Csal kyI , cycloal kyl, aryl,
aryl (C, - Csal kyl ), heterocydt hc( C - C?F)" kyl);
Ry o
wherein

M is a mong- or di-valent metal;
aisvor1;

each of Ry, R;, Rs and R, independently, is hydrogen or an aliphatic group, or (R; or R3)
and (R4 or Rs), cotlectively, form a C,-Creycloalkyl;

Ais of the formula (ia), (Ib), (1¢), (1d} or (te}

13 i *.'
/N\")LT/RQ ua, /NW/U\OH ([b) /N\[/\O/Rw “C}
N Rl2 RH R12 R12
_ X
—NR,R,, (id) [
N {CH,)
(le}
O N/'R1
H
wherein

Ry is the side-chain of a naturatl or a non-natural alpha amino acid;

Ria and Ry, independently, represent hydrogen, or optionatly substituted C,-Caalkyl,
cycloalkyi, aryl, atyl(C,-Cealkyl), heterocyclic or heterocyclic(C,-Cealkyl);

Rqs is hydrogen, C,-Cgalky! or an acyl group;

X is «CHg-, -5-, -CH(OH)-, -CH[OR)-, -CH(SH)-, -CH{SR}-, -CF -, -C=N({OR}- or
-CH(F)-, wherein R is alkyl;

R, is aryl or heteroaryl; and
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R15 i s hydrogen, Cl-Csal kyl or an acyl group; -31 X is -CHr,
-S-,,-CHOH)-, -CHOR-, -CHOH)-, -CHSR) -, -CFr, -CNOR. or -CHF)-,
wherein Ris alkyl; RL is aryl or heteroaryl; and n is 0-3, provided that
when nis 0, Xis -CH; or a prodrug thereof, in association with a
pharmaceutical |y acceptable diluent or carrier therefor. 16. A conposition
accordi ng to cl 8iig-Boproyided drat wherpt isd, K8 tescond t herapeutic agent- 17. Use
of a crystalline salt gf formula (1): RA R5 HYNX rAam(t) O R2 R3O0

wher ei n mriaspcggwﬁbe_re r di-valent netal; ais 1/2 or 1; each of R2, R3, R4
and R5, independently, is hydrogen or an aliphatic group, or (R2 or R3) and
(R4 or R5), collectively, forma C4-CTCycioalkyi; Ais of the formula (la),
(Ib), (1Q, (Id) or (le) i ONNR 3 (la) NI'KOH (Ib) N',~O,Ra (lc) R12
R14 R12 R12 /""" N (CH2)1lY ~" NR13R14 ([d) ()e) O N~R1 H wherein R12 is

t he side-chain of a natural or a non-natural al pha am no acid; R13 and R14,

| ndependent|ly, represent hydrogen, or optionally substituted Cl-C3aliryl,
cycl oal kyl, aryl, aryl (Cl-C5al kyl), heterocyclic or

het er ocycl #8( C1A phairacktical eckiosition comprising a crystafline salt of formuia (1),

B - .
YRR
o R Rig

wherein
M is a mono- or di-vaient metal,
aislaor 1,
each of Ry, Rs, Ry and Rs, independently, is hydrogen or an aliphatic group, or (R; or Rs)
and {Rs or Rs), collectively, form a C,-C;eycloalkyl:
A is of the formula (1), (Ib), (I¢), (Id) or {le)

i i '?
,/”W/u\,\,-f"ﬂ1 (1a) /Nj/u\cm (Ib) /“\[/\O/R15 le)
R12 'iau 12 R12
NR R A
— {id)
137 ‘14 N (CHz)h
(le)
A
H

wherein
R,z is the side chain of a natural or a non-natural alpha amino acid;
R+s and Ry, independently, represent hydrogen, or optionally substituted C,-Cyalkyl,
cycloalkyl, aryl, aryl{C,-Cealkyl}, heterocyclic or heterogyclic(C,-Cq aikyl);
Rys5 is hydrogen, C,-Cgalkyl or an acyl group;
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X is -CHg, -8-, ~CH(OH)-, -CH(OR}-, -CH(SH}-, ~CH({SR)-, -CF 2, -C=N(OR)- or
-CH(F)-, wherein R is alkyl;

R, is aryl or heteroaryi; and

nis 0-3, provided that when n is 0, Xis -CHx~;

or a prodrug thereof,

in association with a pharmaceutically acceptable diluent or carrier therefor.
16. A composition according to claim 45 further comprising a second thetapeutic agent.

17.  Use of a crystalline salt of formula (1):

Q Re Rs
NS LI
o R Rig

M is 2 mono- or di-valent metal;

wherein

ais zort;

each of R,, R;, R: and Rs, independently, is hydrogen or an aliphatic group, or (R, or Ra)
and (R, or Rs), collectively, form a C,-Coycloalkyl;

A is of the formula (la), (Ib)_, {1c), {id) or (ie)

? i !
N R N N R,
~ R {a) ~ W/“\OH {ib) e o ¥ ()
!
Riz RM R12 f
X
‘ \
N {CH,),
—NRy R, (Id} (le)
o -N./R1
H
wherein

R,z is the side-chain of & natural or a non-natural alpha amino acid;
Rz and Ry, independently, represent hydrogen, or optionally substituted C,-Calkv,
cycloalkyl, aryl, aryl{C.-Cealkyl), heterocyclic or heterocyclic{C4-Cealkyl);
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