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3- HYDROXY- 4- PYRI DI NONES FI ELD OF THE | NVENTI ON The invention relates to
novel 3-hydroxy-4-pyridinone derivatives and their use in chelating ferric
(Irr) ions afticularly, the invention relates t | kyl
derivativegmﬂg&gmﬁy%roxy 4-pyridi none. BACKGROUND 3- JW%%?&Mﬁkggldlnones
are bidentate |ligands that chelate to the Fe(lll) ionin the ratio of 3 :
1 and are useful in the renoval of excess body iron in humans. |ron

overl oad may be due to excess dietary consunption of 15 iron, inherited
genetic cendi tions such as haenochrom@ifag s and regul ar bl ood transfusion.
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apl astic anaem a. |ncreased i rFBELBIOPTHE IRNENTIONt ransfusion | eads to iron
overl oad. Upon saturatlon of ferritin an errin in the body, iron
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organs resul Tthéhgusé i duepahﬁ%féﬁ.@gnfm; hmc@@ pRecabry, yii wﬁ)&ﬁh@ﬁ Rllate§gpar ch and
t he proposed util el ators have been reviewed (Current Medi cinal

Chemi stry9 zgmgoaligddegmgweggw hydraxy-4-pyaifinoge. al ). Iron chel ators may be

useful to prevent hydroxy 25 radi C@ACR@@_ treatnent of cancer,
mal ari a, post-ischaem c reperfusion, and nedrodegenerative di seases. Iron

chel at ors such as3iblydraxyA-pwidinanest are ibisleatate cligasds | that ) chelate For ithepr ox TM
(deferipr O”ekegﬁf o'ﬁsiﬁqhé ?atfquiDX €1 Qﬁ‘&‘é‘ﬁasu%?&x? tﬁé’rﬂ hevéln:ﬁl&ﬁégé’rb j or

patients becau huma "has neans 1o excre he I ron
accunul at ed fronin bu-eUSt riemsthwioad maobeDdgd Erexcmardle‘tam csnnadmphmsbfer ed

daily by ub f,a [ 0 ri h S present,
deferi prcl)%e ? ﬂ%%H%dhgéﬁ@c Q%I‘Pé‘t%n_s 4515)(%'yra |Q t%#'ﬁaﬁ%%'g %ﬁ feg"fﬁél |y drug
avai |l abl e. | b!amddmrgaﬁmrext&mhﬂvmsfumtmbﬂel BSBd tiD trlaat medéral @odditioise t han
85% of the adm,nis ered dose overed .in t i ne .as
non- chel ati ngokd g JEARSRPAE: cisHR, LR actBpafl PetSettSmebiis wids s61, s
Si ngh, et al aplasiic maberhiav ¢hgresah iron adbsdipien dfom transfuswn leads to iron

overload. Upon saturation of ferritin and transferrin in the body, iron deposit

20  in many tissues such as the myocardium, liver and endocrine organs resulting
in toxic effects.

The scope of iron chelator research and the proposed utility of

chelators have been reviewed (Current Medicinal Chemistry, 2003, 10, 983-

985, Tim F. Tam, et al). Iron chelators may be useful io prevent hydroxy

25 radical formation, treatment of cancer, malaria, post-ischaemic reperfusion,

and neurodegenerative diseases. lron chelators such as Desferal™

(desferrioxamine mesylate) and Ferriprox™ (deferiprone) are used to remove

excess body iron in thalassemia major patients because the human body has

no effective means to excrete the iron accumulated from bicod fransfusion.

30 Desferrioxamine is administered daily by subcutaneous infusion over a period

of 8 to 12 hours. At present, deferiprone (1,2-dimethyl-3-hydroxy-4-

pyridinone) is the only orally drug available. [t undergoes extensive

metabolism in the liver and more than 85% of the administered dose is

recovered in the urine as the non-chelating O-glucuronide (Drug Metab.

35 Dispo. 1992, 20(2), 256-261, S. Singh, et al.). A relatively high oral dose of

75 mg/kg (3.5 to 4 gm per day) is required for the freatment of iron overload

conditions. Therefore, there is a need to identify a new olrally active




75 ng/ kg (3.5 to 4 gmper day) is required for the treatnent of iron
overload conditions. Therefore, there is a need to identify a neworally
active WO 2005/ 049609 PCT/ CA2004/ 001986 2 5 hydroxypyridi none with

| nproved p )] ogi cal properties than deferiprone. , | .
(Annal s of %@%ﬁ‘ﬁ%‘gmdi cine 1994, 120, 490-499) revi e&eﬁeg%o g*“%?s?ni cal

experience of iron chelators in non-iron overl oaded conditions. Iron
chel ators were used to produce antioxi dapnt effects, antiproliferative
effects, 10 antiprotozal effects and for alum num chelation, and may be

used be for eaydwagpgidhopie diwiiaseingiréle! syHanaacdibgicslr epidpaplesof thdieunat oi d
arthritis, tg&g rﬁ{ ot ection agai nst anthracycline cardi ac poi soning, for
limting nycSEF @Y i schem a-reperfusion injury, as antitunour agents,

and for the treat yeast &9fal. (Bhidlé 8f Intdtnadidlbéich 1098 M A6 R86K08) redievidd al - (J
Cin Virol. 2001 Feb;20(3):141 15 7) reported that iron chelators have
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5, 480, 894. | Rk 3 : t ' ' -
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pheny! o Shed bRt EoeaSEortbask BBy B est TSR B UIRER, "bei ng
a | ower al kylironUShefgi@i35a6& ot day rrebigidtett & kiyé -tRabyehitosiy irdnioyetishdadne wit h
a C2 al kyl car baniga/r%h 30 aryl carbanoyl, or an aral kyl carbanoyl group and the

Nl - subst i tuer‘ffm‘fl al i phatic hydrocarbon group. The use of
C2- et hyl car banoyThé wraibbesalfithy 3tHydreappviidinsntdvias 4/BF3dwn for their
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20 6,335,353 and US 5,480,894. In US 6,335,353, the ester prodrug derivatives

of 3-hydroxy-4-pyridinones are used to facilitate efficient iron extraction from

the liver, however none of the designed compounds has reached evaluation in
humans.

In other approaches, selected new compounds were designed to block

25 the phase Il metabolism of O-glucuronidation at the C3 oxygen of the

deferiprone skeleton. US 5,688,815 reported 1-alkyl-3-hydroxy-4-pyridinones

with a C2 methyl group substituted with- a phenyl or heteroyl ring and a

hydroxy group, and the N1 substituent being a lower alkyl. US 6,335,353

described 1-alkyl-3-hydroxy-4-pyridinone with a C2 alkylcarbamoyl,

30 aryicarbamoyl, or an aralkylcarbamoyl group and the N1-substituent is an

aliphatic hydrocarbon group. The use of C2-methylcarbamoyl functionality in

compound such as CP502 (1,6-Dimethyi-3-hydroxy-4(1H)-pyridinone-2-

carboxy-(N-methyl)-amide hydrochloride; US 6,335,353) effectively blocked

the O-glucuronidation at the C3 oxygen. Other analogues in US 6,335,353

35 include CP506  (1,6-Dimethyl-3-hydroxy-4(1H)-pyridinone-2-carboxy-(N-

isopropyl)}-amide hydrochloride), the C2-isopropylcarbamoyl analogue and

CP508  (1,6-Dimethyi-3-hydroxy-4(1H)-pyridinone-2-carboxy-(N,N-dimethyl)-




t he 0-glucuronidation at the C3 oxygen. O her anal ogues in US 6,335, 353 35
i nclude CP506 (1, 6-Dimethyl-3-hydroxy-4(1H)-pyridi none- 2- carboxy- (N

i sopropyl )-am de hydrochloride), the C2-isopropyl carbanoyl anal ogue and
CP508 (1, 6; 3- hydr oxy-4(1H) - pyri di none- 2- car bo thyl) WO
2005/ 04960&%%&04/ 001986 3 5 ani de hydrochl ori de%ngé‘g%g%'ﬂldgE

di net hyl car banoyl anal ogue. CP502, CP506 and CP508 are prior art and have
not been evaluated in humans. SUMVARY O8 THE | NVENTI ON A first aspect of
the present invention provides a 3-hydroxypyridin-4- one conpound of

formul a I 5i nghiigd h@d@fcmnaggrtﬁambtrg@bmerﬁ%%mh&%e epib2.0EP5d8 énhe

conmpound of formula I, wherein: R
with the pr oHFE98axg prirpast gngd-have nopbegn ev%uafewmwmw@ provi so t hat R2 is

W or RLis X with the provisguRrly ORI ENTIRen t oget her, form a
heterocyclic ring sel ected from prperidinyl, pholin pyrrol I di nyl or

20 piperazinyl, whdiet aspass oftoe presass ifvention Prwﬁqali}nlhydroxmvﬂﬂtﬂl-‘i -di nyl or
[ [ | Cl-C6
o peraz w1 g hhRini TR Hhedchl S BhAMERIM M BISabR L 5

consi sti g othmmwmfdawmuyal Clto 25 C6 alkyl and Cl1 to C6 aI Kyl
nonosubstituted with a C3-C6 cycloalkyl; Tis C, to C6 alkyl; Wis C3-C6

cycl oal kyl ;

wherein:
R is X with the proviso that R? is Y:
15 or
R' is T with the proviso that R? is W;
or
R! is X with the proviso that R?R°N when taken together, form a
heterocyclic ring selected from piperidinyl, morpholinyl, pyrrolidinyl or
20 piperazinyl, wherein the group piperidinyl, morpholinyl, pyrrolidinyl or
piperazinyl is either unsubsiituted or substituted with one to three C4+-Cs
alkyl groups;
X is C3-Cg cycloalkyl;
Y is selected from the group consisting of C3-Ce cycloalkyl, Cq to
25 Cg alkyl and C4 to Cs alkyl monosubstituted with a C3-Cg cycloalkyl;
T is Cq 10 Cg alkytl;
W is Ca-Cs cycloalkyl;
R? is selected from the group consisting of hydrogen and C4-Cs alkyl;
R* is selected from the group consisting of hydrogen and C4-Cg alkyl;
30 and
R® is selected from the group consisting of hydrogen and C4-Ce alkyl.
A second aspect of the present invention provides use of a compound
of formula 1 in the treatment of iron overload related disease.




R3 is selected fromthe group consisting of hydrogen and Cl1-C6 al kyl; R4
is selected fromthe group consisting of hydrogen and Cl1-C6 al kyl; 30 and
R5 is selected fromthe group consisting of hydrogen and Cl1-C6 al kyl. A
second asp present invention provides use of

formul a | ﬁﬁ}(ﬁ%m¢$%atnent of iron overload rel ated dréggégﬂﬁﬁ@&%605/049609
PCT/ CA2004/ 001986 4 5 A third aspect of the invention provides a
pharmaceutical conposition conprising & conpound of forrmula 1. One
preferred class of conpounds of this invention is the compound of fornula
| whereinsR is M%[r@agﬁectmmne %ﬂrefnhéﬁ pF@ndrés - phérméc&%céifico@ry;rds%hkyl Y
is Cl to C6 alkyl; R3is ? -C6 Kyl and R6 is hydrogen 0
HOHH R4 | F&ONANS'DLQJaXOQ)QQW| Iffﬂ""ﬁ%’rl%I preferred corrpound under this subset

is a conpound of @i | and Y is
methyl and the c%)h% EénfEﬁ'faH &R cBnBduhds BRIY hventidnSs BHEEARPARY of

1-cycl opropyformulwhwlnﬁ@mﬂ??f@t)hwthilh@n&V@MhﬂiIR i8r6- Xys CatiGasydoalky; Y

b | ] d cl f
ggrrpgﬁ%dlsco? t% ‘éﬂm{o% [?@Rg_écéwounﬂilk% yg\raﬁrﬁﬁ;r&?h%&f’% rreR' Cr 28; \(/)vr th

t he proviso that R2 isY Xis C3- C6 0 cycloalkyl, Y is C3-C6 cycloal kyl,
R3 is hydrogen, R4 is Cl-C6 al kyl 5 _iast  hydrogen. A preferred conpound
within this subset is a conpound wh i R4'ﬂ s nethyl, X =Y = cycl opropyl
and the conpound is 1-cyclopropyl <

met hyl - 418xo 1, 4-di hydr o- pyri di neRZ c

A still more preferred compound under this subset is a compound of
formula | wherein R* is methyl, X is cyclopropyl and Y is methyl and the
compound is 1-cyclopropyl-3-hydroxy-6-methyl-4-ox0-1,4-dihydro-pyridine-2-

15 carboxylic acid methylamide.

O
OH

T,
N

N~
A M

A second preferred class of compounds of this invention is a
compound of formula | wherein R is X with the proviso that R%is Y, X is C2-Cs
20 cycloalkyl, Y is Ca-Cs cycloalkyl, R? is hydrogen, R* is C1-Cs alkyl and R® is
hydrogen.
A preferred compound within this subset is a compound wherein R* is
methyl, X =Y = cyclopropyl and the compound is 1-cyclopropyl-3-hydroxy-6-
methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid cyclopropylamide.

H OH

25




H AN~v 25 WD 2005/ 049609 PCT/ CA2004/001986 5 5 A third preferred class
of conpounds of fornmula | is a conpound wherein RLis T wth the proviso
that R is W Tis C, to C6 alkyl; Wis C3-C6 cycloalkyl, R3 is hydrogen,
R4 is Cl- d RS is hydrogen 0O HOHH R4 N A nore
preferredcgrofr;lpﬁ 4r?%gj&gnder this subset is a conpound V\/neﬂ)r\bmém-g%%)lw;sgrret hyl, T
Is nmethyl and Wis cycl opropyl, the conpound is 3-hydroxy-

1, 6-di met hyl - 4- oxo- 1, 4- di hydr o- pyri di nes2- carboxylic acid cycl opropyl am de.
OOH O NH 15 Afourth preferred class of conpounds of this invention is

a_compound  of f oty dreRtRiE cslofl Sonfpdinidd b oy I1S8 & M¥mdngss Y, X s
C306cyc|oa|ky| i1s C to C6 al I s _hydr oge R4 is Cl-C6 al kyl,

R5 i s nethyl Wh greer Epygith e Rrovise tKQb @VAEtsl ¢4 fgor’anﬁ alkyk &Y és pe'@sconpound
under this s I%ﬁs%ﬁﬂﬁf@éﬁdR@is ci- @%'&lﬂyﬁaﬁd Rh%rl‘ﬁld?od?n is methyl, Xis

cycl opropyl and Y I's met . and the corrpoun IS
1-cycl opropyl - 3- hydroxy-N, N, 6-tri net hyl - 4- oxo-1, 4-

0
H OH
| H
N\
R4 1}: W
T 0

10
A more preferred compound under this subset is a compound wherein
R* is methyl, T is methyl and W is cyclopropyl, the compound is 3-hydroxy-
1,6-dimethyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid cyclopropylamide.

15 q/

A fourth preferred class of compounds of this invention is a compound
of formula [ wherein R' is X with the proviso that R%Is Y, X is C3-Ce cycloalkyl;
Y is Cq to Cg alkyl; R® is hydrogen; R* is C-Cg alkyl, R® is methyl.

0
H OH
e
N.
R4 I}I Y
20 X o

A still more preferred compound under this subset is a compound of
formula | wherein R* is methyl, X is cyclopropyl and Y is methyl, and the
compound is 1-cyclopropyl-3-hydroxy-N,N,B-trimethyl-4-oxo-1,4-~

25  dihydropyridine-2-carboxamide.




25 di hydr opyri di ne- 2- car boxanm de. WO 2005/ 049609 PCT/ CA2004/001986 6 0 A
OHINMN O L1 5 The nost preferred conpounds of this invention are
conmpound 1A, a conpound of formula | wherein R3 = H R4 = nethyl, with the

proviso th = cyclopropyl, R2 = Y and Y is sel t he group
CrCo6 cyc|o§%k5%$”&P§ to C6 alkyl; C to C6 al kyl nnnosd%ﬁégﬁ #%ggg th a
C3-C6 cycloalkyl; or R = X = 10 cycl opropyl, R2R5N when taken toget her
forma heterocyclic ring selected fromgpiperidinyl, norpholinyl,
pyrrolidinyl or piperazinyl, wherein the group piperidinyl, norpholinyl,
pyrrolidinyl or piperazinyl is either @nsubstituted or substituted with
one to three Cl1-C6 al kyl groups. OH R H ¢ NL N R215 0 IAIn light
of the above, the present invention firoj de¢ a cycl oal kyl derivative of

3- hydr oxy- 4- pyri di none havi ng i npr ove ties as conpared to conpounds
reported in the prior art. The cycl oal kyl ggroup is attached to the N1
and/or C25am do N atom Prior to this plication, conpounds with N1 20
cycloal kyl subst 'ﬁﬁl@moé’?r ré%%r%m&%ﬂ&msId?ethisyhvewi’aﬁtaré%m polRHaALBknOWN i n
the literature. ese co S are r,odrugs and have excellent met al

i on sel ect i viempoamhbyf fQﬁ@WariothQfﬁlpI%x%H (Eh Sinethyb svitarihe arovien WiBtRSgch as

cal ci um and t P | I/ S
within the ggﬂggﬁgﬁﬁbﬂ est : ﬁfﬁgﬁg %ﬁﬁgggg-gflp g}?ﬁ&? ébéo Pgﬂnd i's
oral ly 25 actd Gealkyl; Cndo iGemikyb mariosuldstitaed ithed Csﬂwyeloelhyrlpouﬂ&le XFe

de5|gned 5 %}aﬁ n,t 8.8, a

pFe3+ va ue g\“"‘;ﬁ%@’(/e%% Hgﬁ E‘%ﬁ)(’g@ﬁeﬁt@%ﬁ err':nc c%??%?yr&? rm té ?lc%)ﬁgegs

evi dent by Jirbins pipedtinymdorpholinyl, pyrrolidinyl or piperazinyl, wherem the group
piperidinyl, morpholinyl, pyrrolidinyl or piperaziny! is either unsubstituted or

substituted with one to three C4+-C; alkyl groups.

[
H O

HaC” N
15 A ©
In light of the above, the present invention provides a cycloalkyi
derivative of 3-hydroxy-4-pyridinone having improved properties as compared
to compounds reported in the prior art. The cycloalkyl group is attached to the
N1 andfor C2 amido N atom. Prior to this application, compounds with N1i-
20 cycloalkyl substituent or C2 amido N-cycloalkyl substituent were unknown in
the literature. These compounds are not prodrugs and have excellent metal
ion selectivity. They show no complexation wit!;n essential metals such as
calcium and magnesium at pH 7.4 in chemical assays. The Dy 4 value is within
the range of an established drug deferiprone and the compound is orally
25 acfive in the iron overload rat model. These compounds are designed with
favorable phenolic C3 OH pKas in the range of 8.3 fo 8.8, a pFe®* value of
above 20, a smooth 1 : 3 ferric chelate formation as evident by Job’s plot, and
a D74 value > 0.1. The single crystal structure of the Fe(lll) chelate confirms
that the compound of formula | is a bidentate ligand.
30




a D7.4 value > 0.1. The single crystal structure of the Fe(lll) chelate
confirms that the conpound of formula | is a bidentate |igand. 30 WO
2005/ 049609 PCT/ CA2004/ 001986 7 5 BRI EF REFERENCE TO THE DRAW NGS FI G |

is a diagr presentation of Job's plot of Apo?@%%j
cyclopropyﬁﬂgﬁhy r%gy 6- met hyl - 4- oxo- 1, 4-di hydr o- pyri |neigﬁm%gFﬁ%xyllc
aci d cycl opropyl am de), a conpound of fornula . FIG 2 is a diagrammtic
representation of Job's plot of Apo66177(1,6- 10

di met hyl - 3- hydr oxy- 4- oxo- 1, 4- di hydr o- pyri di ne- 2- car boxyl i ¢ aci d

cycl opr oyl ani de), a corgriEriREEERENGE 70 THEISRAWINGSA di agr ammat i c
representation of Job's plot ©

Ap0661 . ;
cycl opropyl -BGajdr oxy*SGa Hﬂgfﬂﬂ"'mﬁt'ﬁx'@ﬂesﬁg'tﬂt’ﬂ?cﬂfojoﬁﬁ plot 198 Apo6822 Ydxy | i ¢

aci d et hyl am de), 2 ERIpRLY iie.qflycf Sy rdsthyl- 415xd:|1@-d|l‘ly3dr§ ridipegi-at i on pl ot
for Fe3+- Apo6619. FI 'S Speciation for 06617. FIG 6:

Ef f ecti veness of Apoamrbowmamsb@@iopmwlw@ﬁbﬁ mem’aﬁ@mtﬂ%h Excretion
inthe Iron 5' oadeg A;gl‘ag(a&\%tlc %&an’é‘hc‘ﬁgbf3 ?ﬁcﬁ“of pbBE{ H{£e0f

Fe( Apo6617) el at e. e cr sta ucture of Fe(Ap06619)3
chel at e.10F1 G 9 Oyl |cﬂmmwamvdngxsamoem-'l%dmyd%mmyﬁ-?@ﬁfWqud4 TABLE

1. Chem cal propertie LE 2: Metal binding
selectivity of Ap0661§y ?0%@%%?&% L\r‘/péﬁngfsflsJ mqéip06619 and Apo6617 in
Pronoti ng FeRld. 3l r on is2% diagearamalic zrepresleetatlpomfolﬁé?s ohtied AREG61I8d) . Val ues

" Prombt i ng. Ur | nary. Ol ey e B AP e B ORS00 o8 et <

gnd6/ gr 019'?) Vﬁl luef acagexyﬁc ae&Edne&MamuQé)ja;ddmpodﬁgMIforﬁmlaabéci et ![ (ﬁn val ues
ays after_chel ator. admi nj a r£ and conpared to the

basel i net¥al 'ﬂ@ 4det er FighRpcs '83%@ t&?f g‘? [/%)0%5@1 ator administration. Values
are expresseplGag NMeanis d speldation plot for Fe**-Apo6617.

FIG.6: Effectiveness of Apo6619 and Apo8617 in Promoting Urinary
iron Excretion in the lron Overloaded Rat (n=6).
FIG.7: Single crystal structure of Fe(Apo6617); chelate.
20 FIG. 8: Single crystal structure of Fe(Apo6619); chelate.
FIG 9: Cyclic voltarnmogram of Fe-Apo6619 system at pH 7.4.

TABLE 1:  Chemical properties of compound of formula I.
TABLE 2:  Metal binding selectivity of Apo6619.
TABLE 3:  Effectiveness of Apo6619 and Apo6617 in Promoting Fecal iron
25 Excretion in the lron Overloaded Rat (n=6). Values are
expressed as pg/day/kg.
TABLE 4: Efféctiveness of Apo6619 and Apo6617 in Promoting Urinary
and Fecal Iron Excretion in the Iron Overloaded Rats
(n=6/group). Values are expressed as pg/day/kg. Fecal
30 excretion values 3 days after chelator adminisiration are given
and compared to the baseline values determined 3 days prior to
chelator administration. Values are expressed as mean  13D.
TABLE 5:  Crystal data and structure refinement for Fe(Apo6617)a.
TABLE 6.  Bond lengths [A] and angles [°] for Fe(Apo6617)s.
35 TABLE7: Crystal data and structure refinement for Fe(Apo6619)s,
TABLE 8.  Bond lengths [A] and angles [*] for Fe(Apo6619)s,




TABLE 5: Crystal data and structure refinenment for Fe(Apo6617)3. TABLE 6.
Bond I engths [A] and angles [] for Fe(Apo6617)3. 35 TABLE 7: Crystal data
and structure refinenment for Fe(Apo6619) 3. TABLE 8. Bond |l engths [A] and

angl es [] 6619)3. WO 2005/ 049609 PCT/ CA2004}
DETAI LED D&g{dﬂ@éﬁ'ﬁ%% OF THE | NVENTION As used herei n: %ﬁ%‘%ﬁr’r@é’g}rﬁﬁs a

branched or unbranched saturated hydrocarbon chain having, unless

ot herwi se noted, one to six carbon atong, including but not 10 limted to
nmet hyl , ethyl, propyl, isopropyl, n-propyl, butyl, sec-butyl, isobutyl, n-
pentyl, hexyl. The term "cycloal kyl" as enpl oyed herein alone or as part of
another group includes saturated cyclic h drocarbon_ﬂroups containing 1
ring, |nclud|ng nonocRETALER PESCRIBTIQN, QR IHE Ny &N 3 to 6 carbons
formng the 4 ? 4¥k whi ch i ncl udes cyclopropyl cycl obutyl, cycl opentyl
and cycl ohexy harnmaceuti cal |y acceptabl e, non-toxic salts refer to

phar maceut i cal | y Allyt cegsnsbi doranthesl o unlrenchadh saitted thydracarhonvehain on,

whi ch ret ai I are not
b1 ol ogi ca |yt sriksR, AL e Holed: . @k Vol Slim BAURG R Hoe 7, 1
of the tu® tlimits! toayetdy, ethyl, prowd, isomopyihe-prepyhdwylssest-butii isobwiykit i on: (1)
Salts of |nor Ic.a organi ¢ bases from conpounds of fornula I, which

d
has a phenol t:l? $Shal group, and (2) Acid addition salts may be forned
at the am ne funditheokeah cga:!oalpylbfasc&nmoyedjheMn Blomeubraad pait of lainsthenvent i on.

Phar naceuti cal | table salts om Lnor am e i ncl ude
cod um  pot EMb AR ol MPer R AP agnaertR s M.
Eﬁr ticul a{ I Ynﬁuc:hgrma@b@gFC tahkgl, scuahitaining cakataluof artd E:jmfgrmeas donnsing ttls%

armaceuti ca ce e, .nhon-t .ox ts der ro ni ¢ bases
i ncl ude $2l t@%%hﬂ:ﬁ"i H&P@es S¥RlenTaRyly C%YRP”?%W g’ﬂ? é’ﬁ?ﬂ%gy q]%htf'd%ﬁll tuted anines
i ncl udi ng natur alﬁnermﬁgemrdang a&b&lﬁébléuh@nﬁl—t@m Balts ref¥iclo phmmane@noangd basi c
i on 30 exchange resins, Such salts ar§$exeﬂP%|f| . by,

2-amino-2- HGeBPkecAls of Sipamomporn dpy Wmée{(@'%ﬁ@? ham ne,

biological activity of the parent compounds and are not biologicalty or
otherwise undesirable (e.q. the salts are stable). Salts of the two types may
20 be formed from the compounds of this invention: (1) Salis of inorganic and

organic bases fromn compounds of formula I, which has a phenol functional
group, and (2} Acid addition salts may be formed at the amine functional
group of compounds of formula | of this invention.
Pharmaceutically acceptable salis derived from inorganic bases
25 include sodium, potassium, lithium, ammonium, calcium, and magnesium
salts. Particularly preferred are the sodium, calcium and magnesium salts.
Pharmaceutically acceptable, non-toxic salts derived from organic bases
include salts of primary, secondary and tertiary amines, substituted amines
including naturally ocecurring substituted amines, cyclic amines and basic ion
30 exchange resins. Such salts are exemplified by, for example, 2-amino-2-
hydroxymethyl propane  1,3-diol, isopropopylamine, tromethamine,
glucosamine, methylglucamine, purines, piperazine, piperidine, N-
ethylpiperidine, polyamine resins and the like.
Pharmaceutically acceptable acid addition salts are formed with
35 inorganic and organic acids such as halo acids, sulfuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, and ethanesulfonic acid.




gl ucosam ne, nethyl gl ucam ne, purines, piperazine, piperidine, N

et hyl pi peridi ne, polyamne resins and the |ike. Pharnaceutically acceptable
acid addition salts are forned with 35 inorganic and organic acids such as
hal o aci ds acid, nitric acid, phosphoric acj ul fonic
acid, and SRAIHOOF o7 ncit o 2005] 045600 per) capohsaGBBMARNSE ' One
conpounds of this invention are 2-am do derivatives of 4-oxo-1, 4-
dihydropyridine-2-carboxanide derivatives having the general structure: 0 4
OH 3 6 (N12 NO 10 Mst conpounds are named as a derivative of

111 oxoI 1,45 di hﬁ;}'ﬁw&d}lﬁpﬂm&(ﬁdhléqhﬂéﬂg@? arfaCEamkﬁJZ@%rﬂfﬁtnées of 4»03(0—1 4—2

cycl opro ex - 4- 0X0- [ ropyri di ne-2-

car )t;oxaﬁl dgyd@ yeiqp |n¢2(§édq ﬁ_c%gpg g having the genera[ struciure:

-cycl opr opyl - 3- hydr oxy- 6- net hyl - 4- oxo- 1, d| hydr opyri di ne-2- carboxam de: O
OH CH3l N O A HNo

N- (cycl ohexyl net hyl ) - 1-cycl opr opyl - ydr oxy- 6- net hyl - 4- oxo- 1, 4- 20
di hydropyri di ne- 2- car boxam de: W9 / 609 PCT/ CA2004/ 001986
|3
6 SNy N
o
10 Most compounds are named as a derivative of 4-oxo-1,4-

dihydropyridine-2-carboxamide, for example:

1-cyclopropyl-N-hexyl-3-hydroxy-6-methyl-4-oxo-1,4-dihydropyridine-2-
carboxamide:

15 ;
N-cyclohexyl-1-cyclopropyl-3~hydroxy-8-methyl-4-oxo-1,4-dihydropyridine-2-
carboxamide:

0
OH
|
CH3 N 0

N-{cyclohexylmethyl)}-1-cyclopropyl-3-hydroxy-6-methyl-4-oxo-1,4~
20  dihydropyridine-2-carboxamide:




10 OAOHINO NH 5 In sone cases, the conpounds are naned using
"pyridin-4(1 H-one" as the basic skel eton. Exanpl es are:

1- cycl opropyl 3- hydr oxy- 6- net hyl - 2- (nor phol i n- 4-yl car bonyl ) pyridin-4(1 H)-
one. 4\5% @ PCT/CA2004/001986

1- cycI opr opy %y F oxy- 6- met hyl - 2- [ (4- et hyl pi per azi n- PqT ’P) ey llz)onyl]pyrl di
n- 4(1H)-one: OCH N O 15 The term"aninmals" refers to humans as well as
all other animal species, particularlygramuals (e.g. dogs, cats, horses,
cattle, pigs, etc.), reptiles, fish, insects and hel m nths. Conpounds of
this invention are designed to inprove properties to known deferiprone
anal ogues. One criteria used in the desigoHrationale of 20 oral active
chelators in the 3-hydroxy-4-pyridingneilseries are conpounds havi ng pFe3'
val ues hi gher than deferiprone (pF NE c’/). The definition of pFe3+
used herein is the concentration of f% i Gyion in solution when the total
anount of iron equals 10-6 M and the centration of ligand is 10-5 Mand
pH is 7.4. It is calculated using experiprental determ ned pKa and netal 25
conpl exati on constants using Hyperquad tware (Version 2.1, Peter @Gans,
Uni versity of Leeds). The lowering of tHhé pKa val ue of the CS phenol i c O—l

to In some cases, the compounds are named using “pyridin-4{1H)-one”

as the basic skeleton. Examples are:
1-cyclopropyl-3-hydroxy-6-methyl-2-{morpholin-4-ylcarbonyl)pyridin-4(1H)-

19
L0y
N N
1

one:

10
1-cyclopropyl-3-hydroxy-6-methyl-2-[(4-methylpiperazin-1-yl)carbonyi]pyridin-
4(1H)-one:
O
| //\ N~
N N/
A 0
15 The term "animals™ refers to humans as well as all other animal

species, particularly mammals (e.g. dogs, cats, horses, cattle, pigs, etc.),
reptiles, fish, insects and helminths.

Compounds of this invention are designed fo improve properties to

known deferiprone analogues. One criteria used in the design rationale of

20 oral active chelators in the 3-hydroxy-4-pyridinone series are compounds

having pFe®* values higher than deferiprone (pFe®" = 19.7). The definition of

pFe® used herein is the concentration of ferric ion in solution when the total

amount of iron equals 10° M and the concentration of ligand is 10° M and pH

is 74. 1t is calculated usihg experimental determined pKa and metal

25 complexation constants using Hyperquad software (Version 2.1, Peter Gans,

University of Leeds). The loweting of the pKa value of the C3 phenolic OH to




WO 2005/ 049609 PCT/ CA2004/001986 11 5 less than 8.8 ensures that a higher
pFe3+ val ue when conbined with a favorable conpl exation constant [33. The
concept of conplexation is detailed below The stepw se and overall

conpl exat i , ts of a bidentate ligand such as
3- hydroxy-%{bpglo?gl)%?ﬁlgne follow. 10 Fe (IIl) + Ligand - P?éf‘t’.“%“é“r%ﬁsi K1

Fe[ Li gand] 1+Li gand -> Fe[Ligand] 2 K2 Fe[Ligand]2 + Ligand -> Fe[Ligand]3
K3 Conpl exation constant 3 = K1.K2. K3 4f The iron chel ator drug
deferiprone (1, 2-dinethyl-3-hydroxy-4- pyridinone) chelates iron with a

conpl exat 50N EANELANS S éhdfesdthall adfigRePPie® vAILESWHh&! chfhblned WPkas of
deferiprone is 3.56 and 9.64. Myst conpounds of this invention have

si m | ar conpfayemabile somplexation eonstagt B) The canseplagigeonatlexationtis dekriled pFe3' !
> 20 and favB{E@R} e phenol pKa values of 8.3 to 8.8. 20 Accordingly,
conmpounds of I'S invention are excellent chelators of Fe(lll). The

t heoretical ly cal The atepdiselaranoyarpll compisixbtion corstarts of atbidlentgte] IRanl]  of

conpounds of this. in i gn_j.S. predi d by conputational calculations

usi ng QVPRPFEIQ‘I"W éﬁ&%’g M’?Hﬁ%nﬁ t?ﬁiﬁg’ti onplus inc.). Mst conpounds of
this inwention have cal ¢el(ihed iBahd —i>Fdlbigandinge of K; 0.3 (cnm's x 10-4),
I mplying 25 that the co nds have, od%g,n' j un perneability. The
chem cal properties of %Hﬂ%@ﬂ‘t'ﬁﬁggﬁgcﬁ 'Haégféf fOtnula | are shown in
Table 1. Significantly, FeaigmdpislBhnd osnEdRighndfzt h kycl oal kyl groups at
Rl and/or R2 are netal cheP_ators wiit@h hi ?%tp[Fg&%al ues. The D7.4 val ues of

[

conpounds of fornula | are @mplexatiqre Rordfsdedfad further studies in
iron 30 overload rats showed that conpounds of forrmula | are effective in
the renoval of iron in vivo. The details of the animal efficacy study are

shown inlfhe exafe edonel dwlatanmsisum dleserirreneu|(d2tdimsthybd-rydiexyeksent i al
Compl exat | onP T HHRIENERREs IR it O SRR o nt IR P ASRE e e
shown in TabpEe¥ of 48F. The pifes ofl deferiprone dwB8&6|andrd.e4aMestcampourmseofconpound
has prefer €N&fs invention have similar complexation constants (log {3s) in the range of 34
to 36, a pFe® > 20 and favorable phenol pKa values of 8.3 to 8.8.
20  Accordingly, compounds of this invention are excellent chelators of Fe(llf).
The theoretically calculated human jejunum effective permeability [Peg] of
compounds of this invention is predicted by computational calculations using
QMPRPIlus™ software (from Simulationplus inc.). Most compounds of this
invention have calculated Pg in the range of 1 + 0.3 (cm/s x 10°%), implying
25 that the compounds have good human jejunal permeability. The chemical
properties of representative compounds of formula [ are shown in Table 1.
Significantly, compounds of formula | with cycloalkyl groups at R
andfor R? are metal chelators with high pFe®" values. The D74 values of
compounds of formula { are similar to deferiprone and further studies in iron
30 overload rats showed that compounds of formula 1 are effective in the removal
of iron in vivo. The details of the animal efficacy study are shown in the
examples below.
Compounds of formula | do not bind essential metals such as
manganese, calcium and magnesium. The pM values and complexation
35 constants of a representative compound of formula | are shown in Table 2
(and discussed in more detail in example 11). The compound has preference




WD 2005/ 049609 PCT/ CA2004/001986 12 5 for binding Fe3+ over other bival ent
and trivalent netals such as Cu, Zn and Al. Conpounds of fornmula | are
novel cycl oal kyl derivatives of 3-hydroxy- 4-pyridinones. They have pFe3+
val ues abo avorabl e D7.4 value conparable to a
preferencew?%ég?%§6%he chel ation of Fe3+ and a 10 C2- Tgﬁﬁgép‘@%%§| or

C2- cycl oal kyl carbanmoyl noiety that is designed to block the phase |

met abol i smof the 3-OH group. In additiqen to the above, conpounds of
formula | binds Fe3 in the ratio of 1 : 3 at physiological conditions at

pH 7.4. The lbiﬁdl Es‘”aé\r%HSﬁie? b%lbfn't%mﬂ Srﬁ!Q%ntlnﬁta"]s '3tk @sQu CASLAROr to
ferric netal Flg and exanpl e . e speci ation plots of the
Fe- conpl ex vAl dlfferent pHs can be cal cul ated by using Hyperquad

Stinmul ation and ot [ re) with
t he i nput of expé‘r§ [ nga'ﬁﬁc{%rbﬁas %Lg%&@%ycg%( yﬁ?'q‘é{{yg%%g Sgrclﬁ?{”éﬁatl on
const ant s Ki14-pyfidinnnes3T l(em(hmel pFe¥) valEiegualenye ZOaﬂdfaSrorablelsii);ravdue he
speci ation p f f 0 3+ oth
sFudi o5, °reprhefenEORR o, s teRH Aot berts MEERGbET PR AR
chel at esi@at @R-akyboaehamow (owﬁémclbakglcarﬂmrdwimmmylthgaadbslghbdlso bleskiri ng no
presence of Fel Fel2+. S e si ol ogi cal pH The absence of
t hese speci e@'ee%%?élén?tﬁé?hspﬁ%ﬁhe ?'s(ﬂa(gﬁ.gé%osed iron in-vivo at the
physi ol ogi cal pH lafadditién t& heGiwe Usutisp ofindsosfrfotrauth | birelseFet” Rithesratowi th t he
provi so that Ls,Y, or Rl is T wth provisg t is Wis prepared
Pcor di g toot he St thsitogitonalioft heklha 166 veis il abistscoontinns
PCT/ CA2004/ Ofhe98£3 ratid dR&hB&tor{KBfeﬁﬁd?ﬁetalm 0(1 1843)%3 exampidd). DW/ RINH2 N O
oBn --~ Rte 013n __ O sol vent q—l R% SNH , R
15 The speCIatlon plots of the Fe—comp}ex vs. different pHs can be
calculated by using Hyperquad Stimulation and Speciation software (HYSS2
© 2000 Protonic Sofware) with the input of experimental pKas {example 10
and 11) and the complexation constants K, Kz and K; (example 14). Figures
4 and 5 illustrate the speciation plot of compounds of formula 1 at different
20  pHs. In both studies, representative compounds of formula | exclusively form
FelLs chelates at pH above 7.0 (where L is a bidentate ligand), thus ensuring
no presence of Fel," or Fel?" species at physiological pH. The absence of
these species ensures that there is no exposed iron in-vivo at the
physiological pH of 7.4.
25 Compounds of formula 1 wherein R' is X with the proviso that R% is Y:
or R is T with the proviso that R? is W is prepared according to the method

outlined in Scheme 1.




OOR2 (IV) R 22, ethanol R3 0 1. SOC12, ME R3 R4/ OBn 2. R2ZRSNH 4 O

, NR OH~~N ROH OM(1l) ONR5 5 R2 Schene 1 Acid (Il) is reacted with
1,1 -carbonyldiindazole in an inert solvent for 2 to 5 hrs, preferably 5
hrs in an | ent at tenperatures between 30 to | owed by
t he additi%@%ﬁw‘g‘g&gm ne R2R5NH, the compound (I11) isPéliggllzzgt&é%E%l;
conventional neans. A solution of (111) and an amne RINH2 in an inert

sol vent such as an al cohol is heated ati®%0 to 80C to effect the am ne
insertion of (Ill) for a period of 3 to 48 hrs to give conpound (1V). An
alternate nethod for the preparation of cgapound (1V) invol ves the
reaction of a 15 c d of fornmula (LK) Wth an am ne RENHZL ncan inert

solvent to give the idof fp M nd Wi s therf repcted with
' hyIL%%JEde ve a__cmﬁ),ounq,@

t hi onyl chlori de ®f Al a (I'V).
The conpound is isobated by tjadi4ional anSP®gsorea unm chr pmat pgr aphy
and crystallization. genation of ce (I'V) in al coeffotyOver a

hydr ogenati on catal yst020 affords conmpound (1), which is@sol atied by

conventional neans. ®e preferped hydroge ion catglyst is phliagicum on
carbon or palladi um hydroxM 2carbon ahd Rane | . The prepaduaior on of
the starting material acid (IIs ®rgporded i n-US 6,426, 418. gener al

of fornufYULH¥Fcan bet found in CA

procedure for the preparation of an a
ed i -RBRIMH overtoalledorats. The

2379370. 25 Conpounds of formula I

fecal iron excretion and urinary exc on data for represeijtat] ve
conpounds Apo6617 and Apo6619 are shownjrPHTabl es 3 and 4 1-8 Ly 6,
respectively. WO 2005/ 049609 PCT/ CA2004/9004986 14 1)) RS
0 "N
5 ||Q2

Scheme 1
Acid (ll) is reacted with 1,1'-carbonyidiimdazole in an inert solvent for 2
to 5 hrs, preferably 5 hrs in an inert solvent at temperatures between 30 fo
10  70°C. Followed by the addition of an amine R?2R°NH, the compound (1) is
isolated by conventional means. A solution of (lll) and an amine R'NH; in an
inert solvent such as an alcohol is heated at 50 to 80°C to effect the amine
insertion of (ill} for a period of 3 to 48 hrs to give compound (IV). An alternate
method for the preparation of compound (IV) involves the reaction of a
15 compound of formula (Il) with an amine R'NH, in an inert solvent to give the
acid of formula (V). Compound (V} is then reacted with thionyl chloride and
dimethylformamide to give a compound of formula (IV). The compound is
isolated by traditional means eg. column chromatography and crystallization.
Hydrogenation of compound (IV) in alcohol over a hydrogenation catalyst
20 affords compound (1), which is isolated by conventional means. The preferred
hydrogenation catalyst is palladium on carbon or palladium hydroxide on
carbon and Raney Ni. The preparation of the starting material acid (li) is
reported in US 6,426,418. A general procedure for the preparation of an acid
of formula (V) can be found in CA 2379370.
25 Compounds of formula | were tested in iron overloaded rats. The fecal
iron excretion and urinary excretion data for representative compounds
Apo6617 and Apo6619 are shown in Tables 3 and 4, and Fig 6, respectively.




5 Bot h compounds showed significant fecal iron excretion when conpared to
control at an oral dose of 113 and 450 nol/kg. Further, Apo6619 and

Apo6617 facilitate the urinary excretion of iron significantly higher than
deferipron | /'kg. Both conpounds are consi der t han
deferlprongK?%méé%%ﬁﬁDblI|zat|on in iron overl oaded ra§§UE¥%ﬁ#ﬁ9&£errlc
chel ate of conpounds of fornula | have been synthesized and isolated
(exanpl e 16). The single crystal structigres of Fe(Apo6617)3 and

Fe( Apo6619) 3 definitively prove that these bidentate conpounds reacted with

Fe(111) to gB¥m éorﬂ}pounastého%dd@ ifiéaht ¢ aigh el@blien WHed SmPared t6- 8) -

Another criteria in the desig conpounds of fornula | concerns 15
control ling e glcsn mleﬁ?ﬁ%l‘)fd’fmt flad Iﬁéoch@ﬁfd/lkg Jusihem APOWW andio a
negative val Hﬁoé@l'ﬂ%calﬁgtg Q}ﬁﬁa@‘“@cr&ﬁbrpr @451 r“fh%ﬁ oxygen
species. Iron"exists in mlti tates |n +a d +. e iron

(11)/iron (| dfbﬂanfmne adaélrSOapmows; a Budin mompounés arecianeldererﬂmdrag)mm and

oxidizing a Accor di ngd t | I.S
(http: // ww. e bnctlo RPN TorsPiionsier o i ss- Fe. pdf) and
Pi erre ( B) oMet al sThelfdrrid 8heldROof dé}ﬁﬁc)undseifefohlnula chavabeon syhibesedw t h

catalyt o cged sob{=amele TolTae it yrial Ak o RRuPOPBLD: BOR ovygen

speci es (We(%ﬁmg)yu@rﬁmwmrthaﬁﬁ@ae bl@lemat@@bmpo\mmesd@d ﬁﬂth The Fe

'540) my va. AP SiveR 1 pSICNEAE REld AhRA: B &) bi of ogi cal

reduci ng agents smdmas(;méwmlﬂthlé\ Fggh@fr @Bﬁﬁ%uh&ls%f' fonﬂgta PabhtéhBate in
t he Haber Wiss cycle to generate reactive oxygen species). Wthin

the mamdd i afPHEHIRg theoFedox pelsniiRy ?foﬂlfi Feeshalateppytiamnat ot - 4o a
ranstert i hodTANBIRRS, LopGRIENIE) 9 ety r@a&.ohewmht&@beﬁannot

react with any oxygen nol ecul es val ue Fe-transterrin is -500
ny (vs. NHE ﬁ?emwgrqmyevgts ingmadiiels Stat%‘e'ﬂcé%ﬂgpﬁﬁ erﬂﬂCbIFeof i thenirednpl exes
can be neas e re the
redox potent [@FI'ORX' l??f%ltﬁén aﬁlo.% ggﬁgf %é%gﬁgbsd@ﬁg 8@%@%@%&@%@&%06619
(a representagénie 35 corrpound of tAﬂCQFdln!Went i on) d8 chel at orGrumlidisecti vel y,
i s illusysateg AP ° odf)  and
Fe- desf erri oxam DFO ONE) 3 oxpotenfal E112
val ues at %@rm;(B(aMetalg/ Ag,cl%—&%l 1999) selectlve chelatlon of iron with redox

potential control is a means to prevent iron from participating in a catalytic

cycle to produce toxic hydroxyl radicals and/or reactive oxygen species (ROS)
{e.g. via the Fenton reaction or Haber Weiss cycle). The Fe (lll)-frischelate

25 system with redox potential below —320 mv (vs NHE or —-540 mv vs Ag/AgCl)
at pH 7.4 will not be reduced by any biological reducing agents such as
NADPH/NADH, therefore it will not participate in the Haber Weiss cycle to
generate ROS (reactive oxygen species). Within the mammalian body, iron is
bound to different proteins such as tfransferrin in human blood to ensure it

30 remains in a form that cannot react with any oxygen molecules. The Eq;z value
of Fe-transferrin is —500 mv (vs. NHE or —720 mv vs. Ag/AgCl).

The redox potential of iron complexes can be measured by cyclic
voltammetry (CV). The use of CV to measure the redox potentials of iron
chelates deferiprone, deferrioxamine and Apo6619 (a representative

35 compound of this invention) as chelators respectively, is illustrated in example
17 below. Iron chelates such as Fe-desferrioxamine (DFO) and Fe-
(deferiprone)s have redox potential Eq values at —698 mv (vs Ag/AgCl) and —




WD 2005/ 049609 PCT/ CA2004/ 001986 11l 15 5 834 my (vs. Ag/AgCl) at pH 7.4
respectively. Conpounds of fornmula |I such Fe(Ap06619)3 has a E112 val ue of
-691 ny (vs. Ag/AgCl) simlar to that of desferrioxam ne. The cyclic
voltannngr O Fe(deferiprone)3 and Fe(Apo66 found in
Figure 9. éBEgﬁﬁmFde of the chelators of this inven |§n ﬁ@m %%t t he
redox potentials of their iron chelates lie in the 10 extrenme negative
range at physiological pH 7.4, therefoqg their iron chelates wll not
participate in the redox cycle to generate reactive oxygen species at

physi ol 0 cagap ity NYEEARYTY HesH V.4 Peébtel%ﬁ{rel?oEG foaue@@b? kSmuls | 4a8cT 1 bed in

this invention, the conpounds of formil are effective agents in the

removal  of F¢(6ﬁ0@$%9)ah@ﬁé! Bt Mﬁ’uﬁEth':ﬁﬁ% mv 5. PevAgRl simitart igethet F i ron
over | oaded d}S8a76%, |H8hTﬁé cgéli%l ran?bf:#é‘blf(?l #e(ﬁbi%?igﬁﬁe)s and
haenmochr omat 0si's an the t ment at | ents havi

concent r at i ore(6pob6 s cath@ed'@wpﬁbmﬂmum 9 Hang ﬁdéantam ofrdlye bhelatogsriohi st er ed
orally, topigal | Xen@h @Elﬁ?ttﬁé%béfx é)ﬁ éjr‘ﬁ%‘@%f U(H%}‘ o’ HHéIQ‘ltebqfés%cfﬁé“ ai ni ng

conventi onal non- ?OXIC har naceu e carriers, adj uvant s
and vehi B} esextfeore nemtweefangnaat physmtamealrpirl YWthEMBdhemmuhtak@ﬂaies uch as

HYV infectiog, pro tLV ff | gst._ant.hr line ¢ ' L soni ng,
cancer and ingf PARERRLS B fis Gt BAP MR asPRklG TG 1y 58 ShBFal

adm ni st er eobrqnsmlldg;cal ptHoWher tymbined pmrearﬂ-ner abvel prcrpedﬁmmdesurrbed m

formul ati ons, cont ai.ni ng conventi on]a{? %Q e.fﬁa(gt ghar maceut i cal

accept abl e CH|'Sr p\gerrglona 9&93}&08"3?18 HAME '€ Y% ﬁ?'btérj% erreénov used
herein incl memnsad)auhelaﬁmumecmm@m on or infusion techniques. In addition
to the tyeatnent war, m ?m%ﬁ%defd ani mal s hor ses

as mce, rats, . ,
cattle, Ghaep. abgs 1t i VerAstst e gses B A baEsSnE: o
effective i nsném@céu egémma@hohms@&na%e Heatrhéht T YNBSS Wavitgl a
conp05|t|ons conventlona non- toxhc solid carrlers i ncl ude, for exanple,

phar maceut i CSF'CQP%'EF@ trgtione®inilfedy | the aePEWEUNdS ¢ ofy dke  IRNBRROD; W%t R at e,

sodi um Saccr&fmlﬁrstérédl Cdi'ﬁlly, C@Bicbilhpsﬁ' pﬂf‘é&ﬁ@l%ﬁy insbl@éég%eunmﬁﬁﬁ!aﬂah
carbonate, and the lik e used he active onpound as defined above

may be for mgoataigings can‘rqragnaj rpﬁéﬁa%cebﬁrrﬁ%ﬁwce@ RfveAtable Larders,
conposi t3Pnsyfi@intd Ad GtACed.e. be prepared by dissol ving,

For the treatment of non-iron overloaded conditions such as HIV
infection, protective effect against anthracycline cardiac poisoning, cancer and
malaria, the compounds of this invention may also be administered orally,
topically, or parenterally in dosage unit formulations coniaining conventional

25 non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles.

The term parenteral as used herein includes subcutaneous injection or
infusion technigues. In addition fo the treatment of warm—bloode& animals
such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the compounds of
the invention are effective in the treatment of humans.

30 For use in pharmaceutical compositions, conventional non-toxic solid
carriers include, for example, pharmaceutical grades of mannitol, lactose,
starch, magnesium siearate, sodium saccharin, talcum, cellulose, glucose,
sucrose, magnesium carbonate, and the like may be used. The active
compound as defined above may be formulated as a liquid. Pharmaceutically

35 administrable compositions can, for example, be prepared by dissolving,
dispersing, etc. an active compound as defined above and optional
pharmaceutically adjuvants in a carrier, such as, for example, water, safine,




di spersing, etc. an active conpound as defined above and opti onal
pharmaceutically adjuvants in a carrier, such as, for exanple, water,
saline, WO 2005/ 049609 PCT/ CA2004/001986 16 5 aqueous dextrose, glycerol,

et hanol , a%}oﬁ% o€, to thereby forma solution or %’ﬁﬂiﬂogp)a | f
ar fso

desired, the p rraceutlcal conposition to be adm ni ster

contain a mnor anount of non-toxic auxiliary substances such as vvetti ng
or emul sifying agents and the |ike, forgexanple, sodium acetate, sorbitan
nonol aurate, triethanol am ne sodium acetate, triethanol-am ne 10 ol eate,

etc. Actugl pgRLdRETIeRiross Wétd?getﬁérﬁﬂ SRERaKiIKE O ReRbY f&ﬂﬂ?%omﬁbnwf” be

apparent to those skilledin this art: for exanple, see Reni ngton's
Phar maceut i causmﬁ@ncéfsdeatr&ékﬂmaharmﬁcﬁgtl@rﬁmﬁpsn@astq)he Feinistered

Edition, 197p,, Cé?s ég’nt int4 $n %ﬁourﬁ'ﬁ?’ fidh-toXi Bund %?SEIQQEZ cod'Su@PEROSI tion

of forrrulatlonto mnlster I n any eve con alnaquantlty of
the 15 acti vweﬁmgp@'uﬁmfylnﬁ agendsmanst thef fikest fov coxampie) svdiumeactisies y npt ons

Of L 1 SUbl Eabie! ABnbEBRkE tidHenALR Rl 2 o RRBO T G P 2 1 1S

t he active ingredi ormsulta P Gr &l use, r-exanpl e,
as tabl eil8, tieatshets, Abtmbmgﬁmds @qmausgsucbdbya@maar@heqwmcsfpmlisu bl e

wd . f I
B i 1. CConBBethimlent T Iar i Afs L RRoaRg, 558 REmTIGIES o' (o
any nethod kRbamdoeutided Bciendesy Mdmsk anilsthlagtODmpaﬁyplEalsnmcel?m]gﬁﬂth ]
t d t t t omthe
aroup const SERRGr ol 8 BBt Eh g G280 2hd P8 AT Prig "6 1807 TR BOBRP g agen s
and preser vi stifoagelation tmberadﬁfnléteraairwm deaﬂﬁ epbat] cosiain & cabhityalfagant and

| at abl t bl et t di ent dm xt
W th ¢ he honsbbR AR daan ey ateeivain SIS PR STREIG o

sui tabl e fors@ﬁ]@cﬂmmgfta;‘atwe of tablets. The excipients may be for
exanpl e, inert dilue such as cal ci um hosEhate or .sodi um phosphat e;

ts
granul ating and din§ Hhiadtpseiiigl sBrrsiionsyroriaigIBe actye ngradiet, may 30
al ginic aci dpe i A%6MY AR for ohAlusBXRIRLANTIE! & kbl Afdched lofbRfdsa: and

| ubricating agents, for exanp nesi um stearate, stearic ac or talc.
The tabl et sa%ﬁ‘i’uﬁeorc@‘hf[ é@ﬁwsl@ﬁé ispersiie dl%‘@e[-"o Odarapufsﬁeemuﬁqns@gr ation

gﬂgt aflgz B 22??"@ arfll $3HE caRLL bP sFtips ! elikir&CICSRSbittisCiRtnBES ¥o 06 R
use may be prepared according to any method known to the art for the
manufacture of pharmaceutical compositions and such compositions contain
one or more agents from the group consisting of sweetening agents, flavoring
agents, coloring agents and preserving agents in order to provide

25 phamaceutically elegant and palatable preparations. Tablets contain the
-active ing‘redient in admixture with the non-toxic pharmaceutically acceptable
excipients, which are suitable for the manufacture of tablets. The excipients
may be for example, inert diluents, such as calcium phosphate or sodium
phosphate; granulating and disintegrating agents, for example, comn starch, or

30 alginic acid; binding agents, for example starch, gelatin or acacia; and
lubricating agents, for example magnesium stearate, stearic acid or talc. The
tablets may be coated by known techniques to delay the disintegration and
absorption in the gastrointestinal tract and thereby provide a sustained action
over a long period. For emollient, emulsifier, or moisturer, monostearate or

35 glyceryl distearate may be employed.

Formulations for oral use may also be presented as hard gelatin

capsules wherein the acilive ingredients are mixed with an inert solid diluent,




over a long period. For enollient, enulsifier, or noisturer, nonostearate
or 35 glyceryl distearate may be enpl oyed. Fornul ations for oral use may
al so be presented as hard gelatin capsules wherein the active ingredients
are mxed wWddo 5%1(; pert solid diluent, WO 2005/049609 B 4&6\;%%901986 17
5 for exanple, ?C|un1phosphate or kaolln or as soft n capsules
wherein the actlve I ngredient is m xed mnth water or an oil nmedium for
exanpl e peanut oil, liquid paraffin, ¢@f olive oil. Aqueous suspensions can
contain the active materials in an adm xture wth the excipient suitable

for the ”?”Ufo@%thﬁl&Eal@Wﬂ%pﬁH%&ﬁﬂébmﬁ‘%r asUSHH gé@tnﬁéﬁ?ﬂhl@é‘%e?&iﬁ

suspendi ng agents, for exanpl e um car boxymet ose,

met hyl cel | ul ctlwmg@@mtdbmlwwm water or gy eil m%%unufﬂr SXginple peantut

pol yvi nyl pyr ol m acaci a; dispersing or wetting agents may
be a natural {)n)-"gccg)%rr?fﬁ'grar?\)ggepﬁigte for exanple lecithin, or condensation

products of an alAGuesussusizensions cfaatcpptam:iheactrvermateaaplm abhsadmixture

pol yoxyet hyl ' e wth

ong chai n aritofE G2 sin RGO TaMLARPRE OCHGLE sfEpRAHERE, SbINo  or

condensatl® onexnigenist s afe et lsybpareliaxi dagentsh pafdm al eﬂamtes desoditaal from

fatty amdsadhe t,0l . anhydri des., for exa e rbltan

nonool eat e. ﬁ%xyé\aﬁy}@gﬁ%llu %?peng?egl?yé e#’dkcl’s%l sgp‘é@}ﬂ[’)‘é{i’% Elietﬁﬂc

preservat i vesodifrar algibate pupivinyityhylidoney gun‘planwlgun'pabadaodﬁber@@be one or
ent s such as_sucrose or, jons may

nore col ori C

be. for mul at CHeR0 UBHETRRGe iR PEeCTing PERRERES: fPre PR BT | 1 or
exanpl e rachbscondensaliony gradiutts clesmatkent! oxile vcmmuyt aéitls,, fo@re):dah‘ame m ner al
oi |l such as I| UIdr& raffin. The oily sus ensgg&? E g;a cont

t hi ckeni by xyet “stafﬁﬁfaée H¥eRRsRNSaHigNGPIg § Ph ehpleng gn ea‘l"tt, hol .
Sweet eni ng %ﬁ@t@aﬁu@mmucté)m|§%r E%rhBlealﬁ)éb&%deéétﬂylférié\bﬂyééignola@?ntS may
be added tooé)row%hc)&l al at abl e or al preparation. These 05|t|ons may

be preserve Peligs ob sthylena axide pwitiBAFIEk Geiers.derivasoommi attaci d. 30
Di spersi bl e @@a@aﬁé hefith! %ﬁwld@.s, Rriekahbr deetH&%ﬂérs%Pb:% RAbnébleafriuUeous

suspensi on b‘FheE ge addi ti on of water provi the active ingredient in
gueous suspensions may also contain one or more preservatives, for

20 example ethyl, or n-propyl, p-hydroxyhenzoate, one or mere coloring agents,
such as sucrose or saccharin,

Oily suspensions may be formulated by suspending the active
ingredient in a vegetable oil, for example rachis oil, olive oil, sesame oil or
coconut oil, or in a mineral oil such as liquid paraffin. The oily suspensions

25 may contain a thickening agent, for example beeswax, hard paraffin or cetyl
alcohol. Sweetening agents such as those set forth above, and flavoring
agents may be added to provide a palatable oral preparation. These
compositions may be preserved by the addition of an anti-oxidant such as
ascorbic acid.

30 Dispersible powders and granules suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in
admixture with the dispersing or wetting agent, suspending agent and one or
more preservatives. Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned above. Additional

35 recipients, for example sweeiening, flavoring and coloring agents, may also
be present.




adm xture with the dispersing or wetting agent, suspendi ng agent and one or
nore preservatives. Suitable dispersing or wetting agents and suspendi ng
agents are exenplified by those already nmentioned above. Additional 35

reci pients ({/%Bsé%g@]ggl e sweetening, flavoring and col o f'é G, RGN R TRY al so

be present. 49609 PCT/ CA2004/ 001986 18 5 The pharmaceuti ca
conposition of the invention may also be in the formof oil-in-water

emul sions. The oily phase nmay be a vegegable oil, for exanple olive oil or
arachis oil, or a mneral oil, for exanple liquid paraffin or mxtures of

these. Suitable eppd héﬁ(ﬁd&@uﬁ%%%pﬁ&}ioﬁ%ﬂﬁéqﬁ@édt%g%‘é&'@iéd’ﬁe ihAgpnat es,

esters derived fromftatty acids and hexitol anh exanpl e
sorbi t an nontMeslt eil-Hnawefer srwsipNg: | dhe il dihass mﬁythaeas@gatq@éﬁ pilafor esters

with ethyl en@xsfmu%nvé%ﬂ o?é?d&is%n%“é%%‘%ﬁb&leﬂﬁ e%ééhgﬂé i r&énﬁ%tre The

emul sion may al so confaln sweeteni'n avoring a ups and
elixirs muy wéxtaresmnfl thessl \ﬁwtablgmulemmg aggotst mayf be nahxahlupbeclg‘riyger ol,

propylene g éucﬂggn b'és%rsocﬁerﬁlggrﬁérﬁ f %adgr QHbaﬁé)gi% O%Fﬁ&dn&és a} 0

contain a de reservative an vVoring -an I'ng agents. The
phar maceld i caXamMmbstandnsnomatdaearicbcwndensatiora@ma:hmitmgf the sdié pganiiain art

uhi ch have bERRT pBERE LRL8 P bl Ry BB R R B ER BB ey

al so be a stEhe bmulenqremtaﬁblse cenlairn $metemnglmpe‘lam:m§ agerts.non-t oxi c

terally 20 table di| uent | f ol | ution i
P 5 but ane i of . SHBHAEHEIRIE JBAY 4B 5T uREH i myRERYg Do Ry o

errPI oyed ar eexmaiclj;ﬁe glyc&dﬂgﬁdip}&ermﬁgjlylidl orbitad et suaﬁts@n:s?ncmdtn?mwdc]imaﬁe |

solution,_In additjon ils are .conventiona gyed as, a sol vent -

or suspehti ng/SA&aN I'—‘EﬁmLﬁ?ﬁrg aﬁu‘?ﬁ%‘é"’é“"&r@’"ﬂhﬁ%"’ﬂl MH&PF 4@PeBE- enpl oyed

i ncl udi ng syThé phaendteitical %mﬁéslﬁbrﬁ Meg bedRimulafePastidriing to td kowgi ds such
aration or injectables. Conpounds of

as oleic acid find use in E{ re
formula (I),a%using thoss %ﬁap %ngﬁfﬁﬁaﬂm@é}mg 8genty andcsuspenting aggnts. t her eof

and/ or a pha\hﬁi@ﬁ%vlecl@éém’néﬁﬁcﬂﬁdagb&/é@h@%@rﬂé’ﬁfé‘&&ble ﬁ’@ﬁan%'uéﬁ M8y
adm ni stered as a topical fornulation in conbi nat ion with 30 convent i onal

topi cal exciPPehes? steligplestabls selulipn-an suspangion inch soartexic parenterally
20 acceptable diluent or solvent, for example as a solution in 1,3-butane diol.

Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solutions and isotonic sodium chloride solution. In addition, fixed oils
are conventionally employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including synthetic mono- or

25 diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation or injectables.

Compounds of formula (1), or if appropriate a pharmaceutically-
acceptable sali thereof and/or a pharmaceutically-acceptable solvate thersof,
may also be administered as a topical formulation in combination with

30 conventional topical excipients. Examples of topical formulations are
ointments, creams or lotions, impregnated dressings, gels, gel sticks, spray
and aerosols. The formulations may contain appropriate conventional
additives such as preservatives, solvenis to assist drug penetration and
emollients in ointments and creams. They may also confain compatible

35 conventional carriers, such as cream or cintment bases and ethanol or oley!
alcohol for lotions. Topical formulations are envisaged where appropriate, to
contain an amount of actives to alleviate the symptoms of the subject being




oi ntnments, creans or |otions, inpregnated dressings, gels, gel sticks,
spray and aerosols. The fornul ati ons may contain appropriate conventi onal
additives such as preservatives, solvents to assist drug penetration and

enol | i ents“?(p Lk hbhgnts and creanms. They may al so cont gip ﬁﬁﬂﬂﬁ ol e 35
conventional carriers, such as cream or ointnent bases an ano or ol eyl

al cohol for lotions. Top| cal formul ations are envi saged where appropri at e,
to contain an anmount of actives to al ygviate the synptons of the subject
bei ng WD 2005/ 049609 PCT/ CA2004/ 001986 19 5 treated. Suitably, the

conpound &f §@EEH! asditably, Ofhd fcormULRRY IGH %rﬁqulapr@%”%?e‘rft | kdpraAE c|pt abl e
salt thereof, wll conprom se from about O%Q%_ wei ght of the
R

formul at i on. PRaMassHical-eseeptaleissit thgksof, \@{hcemprgmﬁ m abe\yr@y ter
aer osol for Wb@twagh{‘@ftthwm&ﬁat%e%da bleCQ8HAY %nO;; of, Sfidllothtfrleht, OF If
p euti cal

appropriate a y-acceptabl e salt thereo are conventlonal 10
f or mul at i ons spralyloriaecaael formulations that fresy e tsed for comprussisidfdermulagbandar d

Enston, Pa., Ot B PEipfe,4 PRAGHERULLAD acckbROR bt Ifcor LY boohilofiTParny.
p. 1576- 1807. fdPautations glell &dowvniirs theaarit,dor emrgda,;aaeakileycm iactanmdard dexsy

| ) eot abl s AN, BRRENE PRYfEataudcHl [IRHRER, Mladls BuohGhid CORMEN i o
Z ol ;J; Ib logse)(z(r: IEalalgpeiﬂa.L d)ﬁhlErmtiorme'lB [ohi. 63 pt‘m36nj4801; iand ;cho?(sz ?S%mmﬂggfo'
Sthanol Cor the. I Rareneal sameERTor e dhRefi shaeriSasd i i, e

conposi tions sﬁ&d@me@dswnnﬁémuedxlwoﬁhﬁmmnslw Injegtalsles camrbarnreparéd
non-t oxi ¢_auxil i arﬁ %, ance _such as. we or enul si ents, pH

buf f er i nd®aglhtvaniprahomp@ithes as fayd so 'OBQQ%P@GW B"ﬂ%{t

sorbi t an rmnm;ébﬁbﬂt& asI émalshﬁzeosaﬂfém@ eﬁiupaht% ar@tfer eIampmwmér @élnﬁé;t ive
|ngred|ent t hat may nmbi ned the carrier npmmterials to p:{gducea

singl e dosag@e’ﬂfﬂsﬁw \Aﬂ'V‘FeWbr ?"*’@é‘ﬁbn@ fgeudbsr theassiton, tifeéiﬁéﬁe artd€t he

particul ar npASmRceattal Mokt o%&:bﬁé‘ tef b& UigHRisteRed C@ayaaiao%:ﬁé.ﬁnhﬂwo? m to 5
gm of active agent conpoun an appropriate and_ convent anount of

carrier mateRMRUNighPL ﬁOﬂW'Q/M“'ﬁWoﬁP%ﬁiéme sueh, apvattings gy emulsfdng ot al
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mg to about 5 an active 1 ngredient
acetate sorbitan monolaurate, triethanolamine oleate, etc.

The amount of actlve ingredient that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the host
freated, and the particular mode of administration of humans may contain

25 from 0.5 mg to 5 gm of active agent compounded with an appropriate and
convent amount of carrier material which may vary from about 5 to about 95%
of the total composition. Dosage unit forms will generally contain between
from about 1 mg to about 500 mg of an active ingredient.

It will be understood, however, that the specific dose level for any

30 particular patient will depend upon a variety of factors including the activity of
the specific compound employed, the age, body weight, general health, sex,
diet, time of administration, drug combination and the severity of the particular
disease undergoing therapy.

The compounds of the present invention differ from those compounds

35 reported in US 6,448,273, US 6,335,353, RE 35,948 and US 5,688,815. The
first three patents describe 3-hydroxy-4-pyridinones having a N1 aliphatic
hydrocarbon group. US 5,688,815 also describes 3-hydroxy-4-pyridinones




It will be understood, however, that the specific dose level for any 30
particular patient will depend upon a variety of factors including the
activity of the specific conpound enpl oyed, the age, body wei ght, general

heal t h, Se?’l({‘ﬁlﬂél(ﬁgdﬁ?ti me of adm nistration, drug conbilg@lt,g%(,mggsg he

severity o e particular disease undergoing therapy. The conpounds of
the present invention differ fromthose conpounds 35 reported in US

6, 448, 273, US 6, 335, 353, RE 35,948 andgpS 5, 688,815. The first three

pat ents descri be 3-hydroxy-4-pyridinones having a N1 aliphatic hydrocarbon

group. US:5, , : i dr rdréiii o 54049609
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group. Accor Standardochemisiny ferdbepke K¥gRRe hamistn byiJantesy Bailerdrisk§dy ry by
Janmes B. Hengy.i ks : e OO0 bt i tion,
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propyl, neopcb@iylcorr:m?l:hgs.él Exdroplgs of mdiphatier bydsacarbon Treup arpdineds obf t hi s
I nvention copnsi s : LOXy-4-pyridin W I
substituent &N E fso H’%?%é?%@ﬁb?ﬁ%lsﬁgogﬁ’t'\ggé@P Qfg‘ﬁswyﬁh@%ﬁ%OM kyl
sugst i tuent eariibyl. d’heIcOfriplbyhcflsaofd:hiSﬁWemiubsbmsismﬁa-hmm@-ﬂ-plﬁidmbnas kyl
substituent w, cyc] o - carbar noyl. substi nt. Th . d
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erivatives such as cycl opro cycl ohu cycl opent. :
The Tour 15at Bilcalol Crsistiusbt b, cactialiibamarie SEB8likend Tat@r8. a%, 815
bt o cocBbaudn dereniaarsh Senty, b SO

- r oxy-4-pyridinones wi a_ Nl-cycl ga roup w
an al kyl car b#fogarbgh shigingt form VHIQ_SaEé?/r@Pl?ﬁl%ﬁ%&k%i‘%ag?gﬁué'oggs @Zg It also
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e

a N -al kyl group. I nvention 1S further_ descri and illustrated in

the fol | owi ngyclelipyl fihe oxapplants, US 6,448,273, US 6,335,353, RE 35,948 and
20 US 5,688,815 do not cover cycloalkyl derivatives of 3-hydroxy-4-pyridinones.

This invention covers 3-hydroxy-4-pyridinones with a N1-cycloalky! group with
an alkylcarbamoyl group at C2 or a cycloalkylcarbamoyl group at C2. 1t aiso
covers 3-hydroxy-4-pyridinones with a cycloalkylcarbamoyl group at C2 with a
N1-alkyl group. ’

25 The invention is further described and illustrated in the following

specific examples.

SPECIFIC DESCRIPTION OF THE MOST PREFERRED EMBODIMENTS

30 EXAMPLE 1:Preparation of 3-Benzyloxy-6-methyl-4-oxo-4H-pyran-2-
carboxytic acid cyclohexylamide.

1,1"-carbonyldiimidazole (1.99 g, 12.30 mmol) was added to a solution

of the 3-(benzyloxy)-6-methyl-4-oxo-4H-pyran-2-carboxylic acid (2.0 g, 7.69

35  mmol) in dimethylformamide (DMF, 18 ml} at room temperature. The resulting
solution was heated at 40°-50°C for 3 hrs, A light yellow solution was
observed. Cyclohexylamine (1.23 ml, 10.76 mmol) was then added. The




SPECI FI C DESCRI PTI ON OF THE MOST PREFERRED EMBODI MENTS 30 EXAMPLE
1: Preparation of 3-Benzyl oxy-6-nethyl - 4-o0xo-4H pyran-2- carboxylic acid
cycl ohexyl am de. 1,1'-carbonyldiimdazole (1.99 g, 12.30 mmvl) was added to

a solution 1 - (benzyl oxy} 6- net hyl - 4- oxo- 4H pyr a2 ic acid
(2.0 g, 7.8‘6%"3%&%%’%) in di et hyl for mani de (DVF, 18 ﬁﬂiﬁ%‘t%%@?n%l‘

tenperature. The resulting solution was heated at 40-50C for 3 hrs. A light
yel | ow sol ution was observed. Cyclohegylamne (1.23 nm, 10.76 mmol) was
t hen added. The WD 2005/ 049609 PCT/ CA2004/001986 21 5 resulting m xture

was stirred ?ésuftﬁ?%fxﬁﬂ@‘%hﬁéﬁfrfédf rodHE tdthSdthturd Yer BYEmigMRS fiideiel under

reduced pressure to give t yellow oil as a crude product, which was
purified by waagemewed ndenredusedgprapsire (tol give dighirvelipwneil asfaode: 1

t hyl tat t O, i t LV :
Fi 1] ed compolisatfh MR s HER bl 390 bl HomBftiAb el ok fadledtl
1H NVR ( CDCl 8pm4D01 etiy) acstateditexame t@ P Ycyethanakinl ethiyl acelatePio(vigld 2he
> 5700, ah Weostbdl oo g Ve bt S o Y 6 SH0T I .
7.41(m P&, ArH), 7.67 (br, 1H, NH); M5 (mz) 342 (M++1). 15 In a simlar
manner E(ﬁ tp@fwdaﬁ%}bﬁe"ﬁlfﬁﬁ%@ﬂé%@b@ﬁ @E}ZS ggo Q%y(r:nl %ch%WeQﬁ-m th ot her
am ne, e ‘-0 onpo &) : : 2 eth d
3-B I - | 2441 - - ' ' I i de. 20
e T T o Hd vt L o s, 30°
(m 2H, cycl IRy & A 1S . g , r 41 » 5286 (s, 2H,
G -12), 6.271fscH}H 4140 ngxzxﬁ%(?.@%EHﬂ-ﬁ y ME (Fz S42 @it +ND) ;. 13C(CDCI3) S

6.35, 7.21, 19.87, 22.61, 56, 115.37, 128.94(2C), 129.17(20),
129. 25, 135.49, 146.14, 146.39, 160.22, 165.74, 176.17; M5 (mz) 300 (M

25 +1). 3-Benzyl oxy-6- Yl 420X 054 r @ r BRXVa | GhAGh Bty ! am de.
Mp. 137-140 C 1 @Rﬁ?ﬂ%cﬂ#%pmwﬁggys@%%%&?s,BsH,’ &%) ,ug’g.m' d, 3H,
30 NCH3), 5. g®ighexylaminegmtt) other dmings therfollpwiagipomponpds gie Brapamds) , 7. 62
(br, 1 H, 3-Benzyloxy-6-methyl-4-oxo-4H-pyran-2-carboxylic acid cyclopropylamide.

20 M.p. 79-80 °C; 'H-NMR (CDCl; 400 MHz) 5 0.21 (m, 2H, cyclopropyl-H ),
0.70 (m, 2H, cyclopropyl-H), 2.35 (s, 3H, CHj3), 2.71 {(m, 1H, CH), 5.35 (s, 2H,
CH,), 6.27 (s, 1H, CH), 7.39 (m, 5H, ArH), 7.70 (s, 1H, NH); "®*C(CDCl,) &
8.35, 7.21, 10.87, 22.61, 22.70, 75.56, 115.37, 128.94(2C), 129.17(2C),
129.25, 135.49, 146.14, 146.39, 160.22, 165.74, 176.17; MS (m/z) 300 (M*

25 +1).

3-Benzyloxy-6-methyl-4-oxo-4H-pyran-2-carboxylic acid methylamide.

M.p. 137-140 °C, "H-NMR (CDCl; 400 MHz) & 2.38 (s, 3H, CHs), 2.78 (d, 3H,
30 NCHa), 5.39 (s, 2H, CHy), 6.30 (s, 1H, CH), 7.40 (m, 5H, ArH), 7.62 (br, 1H,
NH); MS (m/z) 300 (M™ +1).

EXAMPLE 2: Preparation of 3-Benzyloxy-1,6-dimethyl-4-oxo-1,4-dihydro-
pyridine-2-carboxylic acid cyclohexylamide
35




NH); MsS (mz) 300 (M+ +1). EXAWPLE 2: Preparation of
3-Benzyl oxy- 1, 6-di net hyl - 4- oxo- 1, 4-di hydr o- pyri di ne-2-carboxylic acid
cycl ohexyl am de 35 WD 2005/ 049609 PCT/ CA2004/ 001986 22 5 To a solution of

3- benzyl ox 4- 0x0- 4H pyr an- 2- carboxylic aci m de
(1.40 g ¥VP6 §4t)%%1 5ml of nmethanol, nethylam ne soIdP ﬁ&ﬁﬁs? f 2M

sol utlon i n nmethanol, 16 mmol) was added _The resulting soI ution was
stirred at 70 to 75C for overni ght undep the pressure in a sealed tube.
The sol vent was renoved under reduced pressure gave |light yellow 10 solid

as a eruds producto JheTRirerdra-niRsyBKEb A OERMIIrak DIEREARE 20Ny

(elution gradient: 100% ethyl "acetate to anol etate) to

give the tithed evslopeyyiamigs (hiQ@ @, sbimmol)1in26e] ossnem@nomrpethymla@eoc

oyl ohexyl - HpofbEFar A boklio i Reliho 1 i) RAE Blpds) heegdringy C
NCH3), 3.95 ¢aiutidn WIas Slifyed at ABto( Z5°CXbk o@Aight Ghdb@ﬂ(espreﬂ;sbtelﬁwseéiedm (m
3H, ArH), 7.4 H . ArH) ., 8.50 M+ +1). In a
it ar anniibe. TpeREREMAS Ry edeindhr ey ek RESAYP. G243 Jod Yool

pyran- 2- ¢ar bexlid i & agqi crade| proei. arnhde matbhafot\b@er BurfRAL Y beX eofumiet hyl - 4-
ggmgggngg* Py o Car@,y Yaidore G adicnd §60 oty Aldelais to 2% Settoamol th

3-benzyl oxy- &hot sierbid gide BxtitlodicdhpdiihdCasdihitelsdlier QI Cl d
cycl opropyl amhge ZSPMQ. 187-189C, 1H NWVR (CDCl 3 @10'2‘@%{\/'_'2 )

2 2H,
cycl opropyl _ £§8-26@°Cr4'H-NMR> KCDE{sc #0% Mz 5 H).26-3.455( ,SGHBW,VCEF"B&E)H) 2. r7718 (m

1 H, , H ) ( 7.33
(m 3y g 19 G 2P vl 984yl o doriily 241, G, S8R, TV
30 15 s, 3H, NCH3), 3.95 (m, 1H, CH), 5.13 (s, 2H, CHy), 7.19 (s, 1H CH), 7.36 (m,
3- Benzyl oxy opr, q_l e- 2-car boxylic
acid net hyl a%rﬁdxm)wfﬁ&%ﬁ-?ﬁggy‘%ﬁw %Bgi@ Hﬁ%giﬁm T 05 (m 4H,
cycl opropyl -
In a similar manner, by substituting 3-benzyloxy-6-methyl-4-oxo-4H-
pyran-2-carboxylic acid cyclohexylamide with other 3-benzyloxy-6-methyl-4-
20  oxo-4H-pyran-2-carboxylic acid amide derivativesf the following compounds
are prepared:

3-benzyloxy-1,6-dimethyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid

cyclopropylamide.

25
M.p. 187-189°C; "H-NMR (CDCls, 400 MHz) § 0.52 (m, 2H, cyclopropyl-H),
0.74 {m, 2H, cyclopropyl-H}), 2.18 (s, 3H, CHa), 2.78 (m, 1H, CH), 3.50 (s, 3H,
NCH3), 5.08 (s, 2H, CH), 6.12 (s, 1H, CH), 7.33 (m, 3H, ArH), 7.39(m,
2H,ArH), 7.91 (br, 1H, NH); MS {m/z) 313 (M +1).

30

3-Benzyloxy-1-cyclopropyl-6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic
acid methylamide.

M.p. 132-135°C; "H-NMR (CDCl, 400 MHz) & 1.05 (m, 4H, cyclopropyl-H),
35  2.38(s, 3H, CHa), 2.70 (d, J=1.8Hz, 3H, NCH,), 3.35 (m, 1H, CH), 5.07 (s, 2H,
CHz), 8.14(s, 1H, CH), 7.15 (br., 1H), 7.35 (m, 5H, ArH); *C(CDCls) § 9.48,




35 2.38 (s, 3H, CH3), 2.70 (d, J=1.8Hz, 3H, NCH3), 3.35 (m 1 H CH), 5.07
(s, 2H C-12), 6.14(s, 1 H CH), 7.15 (br., 1H), 7.35 (m 5H ArH):
13C(CDCI 3) 8 9.48, F WD 2005/ 049609 PCT/ CA2004/ 001986 23 5 20.30, 25. 86,

34. 15, 74. 127.79, 128.06(2C), 128.22(20),
142. 05, 1439%’820%9%§ 162.01,173.89; M5 (mz) 313 (M +‘%33'7C’§2% HERLST oxy- 1
-cycl opropyl - 6- net hyl - 4- oxo- 1, 4-di hydr o- pyri di ne-2-carboxylic acid

cycl opropyl am de. 10 M p. 164-167C, 1HopMR (CDCl 3, 400 MHz) 3 0.54 (m 2H,
cyclopropyl-H), 0.76 (m 2H, cyclopropyl-H, 1.08-1.11 (m 4H,
Cyc|0pr0p5/|-12b)3022§@6 3418H?40€Hﬁ1)8162 1@57(9”112@0 c% , CH),
5.05 (s, 2H, CHZ% ( a 33 n}tﬁgz fE(;ezz%%%?%]?ré’? s, 1 H
NH) ;M5 (m z§438 ‘(4@9&11)4991151@6& 7@@ MS(m/Z 313 (M +

3- Hydr oxy- 1, 6- di net hyl - 4- oxo- 1, 4- di hydr o- pyri di ne-2- carboxylic acid

cycl ohexyl am de [Ap06621] Pd( 2 on charcoal (0.18 g, 10% w dry basis) was
added to a SdPesgylpxy-dreyelppropyl-6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic

3- benzyl oxy x0- 1, 4- di hydr o- pyri di ne-2-carboxylic acid
A8 PR Pt T i) -

cycl ohexyl a mmol ) in ethanol (50 m) under nitrogen. The
m xture Was hydrogenated at 50 psi for 4 hrs. The Pd(OH) 2 was renoved by

ethanol (3 xViip fih FoZeRY LR G o iHEE S 454 381 e adudompouiin W "
?Il;mmrr{et ﬁaﬁm §6I1(nd ZH). &ytlapropyH),. 1.68+1t hie{mpaH| tisigpiop Ilfhg 2g?r(gsggl Ilgza'; i on
Mp. 280- 285&36‘(’)( 25@)%3 1%&%&&?6@&%@@%&% 12), 64 ? (H ]

cycl ohexyl - H.33 Im7 6H( ATH)] 89 (mzej qhemm Mégnﬂz)an(m* +4¥, cycl ohexyl H),
2.00 (m_2H, cycl ohexyl-H), S, 1-13), 3.63 (s, 3H, CH3); 3.90
(m 1 HcH), 6.38 (s, lH,CH) Ns(mrz) 265 30 (Mr +1). In a simlar

manner, by SERAMPLE i n@: 3- BRyoyYt, é-dﬁndm%uta&o-ﬂ AdiPiydro-pyridine-2-
1, 4-di hydro i di ne-2-car boxyl ic acid éﬁ hexyl am de "wi tl? ot ||"|er 3-
benzyl oxy- 4- @ib%yﬁz acidcyclehaxyiamide [Aped§28dxy| i ¢ aci d cycl oal kyl ani des,

the follow ng conpounds are prepared: 35

Pd(OH)2 on charcoal (0.18 g, 10% w dry basis) was added to a
20 solution of 3-benzyloxy-1,6-dimethyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic
acid cyclohexylamide (1.0 g, 2.82 mmol) in ethanol (50 ml) under nitrogen.
The mixture was hydrogenated at 50 psi for 4 hrs. The Pd(OH), was removed
by fiitration through a layer of Celite, the Celite cake was then washed with
ethanol (3 x 10 ml). The ethanol filtrate was evaporated to give an off-white
25 solid (0.57 g, 77%). Further purification by recrystallization from methanol (15
ml) gave the title compound as a white solid (0.18 g). M.p. 280-285 °C (dec);
TH-NMR (CD30D 400 MHz) & 1.30-1.43 (m, 8H, cyclohexyl-H), 1.70 (m, 1H,
cyclohexyi-H), 1.80 (m, 2H, cyclohexyl-H}, 2.00 (m, 2H, cyclohexyl-H), 2.41 (s,
3H, CHg), 3.63 (s, 3H, CH3), 3.90 (m, 1H, CH), 6.38 (s, 1H, CH); MS (m/z) 265

30 (M +1).

In a similar manner, by substituting 3-benzyloxy-1,6-dimethyi-4-oxo-
1,4-dihydro-pyridine-2-carboxylic acid cyclohexylamide with other 3-
benzyloxy-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid cycloalkyl amides, the
following compounds are prepared:

35
3-Hydroxy-1,6-dimethyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid




3- Hydr oxy- 1, 6- di net hyl - 4- oxo- 1, 4- di hydr o- pyri di ne- 2-carboxylic acid WO
2005/ 049609 PCT/ CA2004/ 001986 24 5 cycl opropyl am de [ Apo6617] M p.
260-262C;, 'H- NVR (MeOD-d4, 400 MHz) 8 0.66 (m 2H, cyclopropyl-H), 0.85
(m 2H cy , 2.41 (s, 3H, CH3), 2.95 (m | (m 1 H,
NCH3), 6.3 (@BQMH&”m) VB (miz) 223 (M +1). 10 erE-dhoyobdis

1- Cycl opr opyl - 3- hydr oxy- 6- nmet hyl - 4- oxo- 1, 4- di hydr o- pyri di ne- 2- car boxylic
acid net hyl am de [ Apo661 9] M p. 258-26QC (dec); 1H NVR (MeOD-d4, 400 MHz)
81.05 (m 2H, 15 cycl opropyl - H), 1 19 (m 2H, cyclopropyl-H), 2.54 (s, 3H,

CH3), 2.93 (&yal iaffiddInpotb 149 | H CH), 6.33 (s, 1 H C); M5 (nz2)
223 (M +1). Exiprb@é faE‘grgpar atlon of
3- (benzyl oxy) - N-cycl obut yl - 6- met hyl - 4- oxo-4H pyr an- 2- car boxam de 20 A

m xture of 3 4 Hﬂi%j 259,
9.6 mol , 1. %’Klng v%@s? ﬁ-l\ér@tr; ?ﬁ%?ggeéazo Qj(?%@g{gaélii’%%lbg@%bﬁ (
equiv) in DI\/FSGSZm,W):yWOByHH)r&M 4$, BOCHHr2.95 km, THCH), Btadr (ewdil, cool ed
to roomte u hloride (1.24 g, 11.52 nmmol,
1.2 25 eqw %l@ﬁ%% W@W@% 1.3 eqw(v) was added, and the
m xture lvas Stl rred overni ght at roomterrperature. The sol vent was renoved
under reduc essur Purific ography, (1, :

nexanes £t O CRIRE R U es TG eRE PR RE R ronley o1 sey
as a yel | ow adllidethyldnide PGoB67d]. 0C, ' H- NVR (CDCl 3, 400 MHz) S 1.51-1.72
(m 4H, cyclobutyl 30 H), 2.19-2.28 (m 2H, cyclobutyl H, 2.37 (s, 3H,
CH3), 4.39-4.41 (m 1 H CH), 5.41 (s, 2H, OCH2Ph), 6.30 (s, 1 H CH,
7.39-7.49 (”M&H253f26b°07(&@)(bFIqNMRH(MeNtD-m apsb MaAHEN #1083 1n,(Mip+l) . 217,

91. Proceedi ng in a simlar manner, foll ow ng ound is prepared: 35

3- (benzyloxy§¥ wlweﬂmﬂ%(ns%tmlopwklﬂ) Wﬁj&aﬂﬂg&ﬂdr B&at®, deHino
2005/ 049609 REH,{-5240dh, ARL 286, 6.38 (s, 1H, CH); MS (miz) 223 (M" +1).

EXAMPLE 4; Preparation of 3-(benzyloxy)-N-cyclobutyi-6-metihyl-4-
oxo-4H-pyran-2-carboxamide

20 .

A mixture of 3-(benzyloxy}-6-methyl-4-oxo-4H-pyran-2-carboxylic acid

(2.5 g, 9.6 mmol, 1.0 equiv), 1,1’-carbonyidiimidazole (2.49 g, 15.37 mmol, 1.6
equiv) in DMF (20 mL) was stirred at 50°C for 5 h. The mixture was cooled to
room temperature. Cyclobutylamine hydrochloride (1.24 g, 11.52 mmol, 1.2

25 equiv) and EtsN (1.74 mL, 12.48 mmol, 1.3 equiv) was added, and the mixture
was stirred overnight at room temperature. The solvent was removed under
reduced pressure. Purification by chromatography (1 : 1 hexanes/EtOAc,
then EtOAc) provided the titled compound (2.76 g, 91.56%) as a yellow solid.
M.p. 69.3-71.0°C; "H-NMR (CDCl3, 400 MHz) § 1.51-1.72 (m, 4H, cyclobutyl

30 H), 2.19-2.28 (m, 2H, cyclobutyl H), 2.37 (s, 3H, CHj), 4.39-4.41 (m, 1H, CH),
5.41 (s, 2H, OCH,Ph), 6.30 (s, 1H, CH), 7.39-7.49 (m, 5H, ArH), 7.86 (br, 1H,
NH), and MS (m/z) 314 (M" +1), 217, 91.

Proceeding in a similar manner, the following compound is prepared:
35
3-(benzyloxy)-N-cyclopentyl-6-methyl-4-oxo-4H-pyran-2-carboxamide




5 Mp. 108.0-108.5 C "HNWR (CDO 3, 400 MHz) 51.11-1.16 (m 2H,
cycl opentyl H), 1.50-1.55 (m 4H, cyclopentyl H, 1.87-1.92 (m 2H,.

cycl opentyl , 2.38 (s 3H, CH3), 4.17-4.22 (m 1 H, CH), 5.41 (s, 2H,
CH2) CH), 7.38-7.43 (m 5H, ArH, 7.72 H), M
(n z) 328(&9(2%'3%&4+ﬁ’ 217,91. EXAMPLE 5: Preparation of pétiEanbuirosd

3-(benzyl oxy) - N-cycl obutyl 1, 6-

di met hyl - 4- oxo- 1, 4-di hydr opyri di ne- 2-cagboxam de 15 To a solution of the
conmpound from exanple 4 (2.616 g, 8.35 mmol, 1.0 equiv) in nethanol (10 m)
was qui ckty added nethylamne (2Min net hanol 20 M, 40 mmol, 4.79

equi v). e seal ed tube was stl rred overnig at 70- 75C The resultl ng

brown sol ut i bip.wd88&vHisdF i d HMWRyf@B@barﬂ@O MHZ)f ﬁéd“b‘kl“@h(mmﬂdgr aphy

Et OAc, th 1. de ' d (1. g,

532. 245/9 aseg qegﬁ?*ﬁfdmb%% 29’?’2@,9 'i‘ﬂ 'ﬁrvR '?gﬂg%?d@f‘w ' MHz) 8
%- ?2:%- 2919 Ent rﬁgenwﬂ)oﬁgﬂtfix;s 3, 05253)951 -A-9.22 (m, 1HZ;G§H)C5C4”C(@J‘2H fH)fz);N%)
4.34-4.30 ( k! (ﬁ,%'& 3:3%57-%4_%,(% ,'%@r’zﬁ?,(brsc.k%'\'ﬁz;%éﬁ’zbﬁéamr39-’7.30
(m SH fgH +19298-4.06 (d, 111, J=7.08 Hz, NH); M5 (mfz) 327(M+- 25 _
+1), 230, 166, 91. Proceeding in a simlar manner, the foll ow ng conpound is

prepared: 3-
(benzyl oxy) - ixaxPiE &AL vl - atign Nyl oft- OXB{enkylbXy)-N-oyiobitylet,8-

car boxam de 30 M p. 233. 6- ZSﬁmgC 1H NVR O de, 400 MHz) 8 1.43-1.52 (m
4H, cycl ope mthbtb-4-°§°5'44£"'w'f?n¥mi'ne% SFRMMYA H), 1.78-1.83 (m 2H,
cyclopentyl H), 2.30 (s, 3H, CHS) 3. 43 (s 3H, NCHS) 4.13-4.18 (m 1 H,
CH, 5.04 (s, 2H, OCH2Ph), 6.22 (s 41 (m_ 5H,

8. 80-8. 825 (d, 35T<raa@095109wfthwcompunmomﬁ@m@@,ﬂ(m&‘)9 Qﬁnm 91 N
WD 2005/ 0496 P in

N-Cycl obut yl - - R by ~1ogait (P h"ﬁ%gEé@‘Wa@ed FRARie (21

1, 4- di hydr opyethginak 20-raladd oxaet 4 Q[quyé,a'lﬂ[q sealed tube was stirred overnight

at 70-75°C. The resulting brown solution was evaporated to dryness and

purified by chromatography (EtOAc, then 1:4 MeOH/EtOAc) provided the
20 ftitled compound (1.70 g, 62.24%) as a white solid. M.p. 221.3-222.4°C; 'H-

NMR (DMSO-ds 400 MHz) & 1.65-1.69 (m, 2H, cyclobutyl H), 1.80-1.95 (m,

2H, cyclobutyl H),' 2.14-2.21 {m, 2H, cyclobutyl H), 2.31 (s, 3H, CHs), 3.42 (s,

3H, NCHg), 4.34-4.30 (m, 1H, CH), 5.05 (s, 2H, OCH.Ph), 6.22 (s, 1H, CH),

7.39-7.30 (m, 5H, ArH), 9.08-9.06 (d, 1H, J=7.08 Hz, NH); MS (m/z) 327(M"
25  +1), 230, 166, 91.

Proceeding in a similar manner, the following compound is prepared: 3-
(benzyloxy)-N-cyclopentyl-1,6-dimethyl-4-oxo-1,4-dihydropyridine-2-
carboxamide
30
M.p. 233.6-234.4°C; "H-NMR (DMSO-ds, 400 MHz) 8 1.43-1.52 (m, 4H,
cyclopentyl H), 1.54-1.60 (m, 2H, cyclopentyl H), 1.78-1.83 (m, 2H,
cyclopentyl H), 2.30 (s, 3H, CHa), 3.43 (s, 3H, NCH3), 4.13-4.18 (m, 1H, CH),
5.04 (s, 2H, OCH.Ph), 6.22 (s, 1H, CH), 7.30-7.41 (m, §H, ArH), 8.80-8.82 (d,
35 J=6.95 Hz, 1H, NH); MS (m/z) 341(M" +1), 230, 166, 91.




A m xture of
N- cycl obut yl - 3- benzyl oxy- 1, 6- di net hyl - 4- oxo- 1, 4- di hydr opyri di ne
-2-carboxam de (1.528 g, 4.68 mmol, 1.0 equiv), 10% Pd on activated carbon

10 (200 ng}”%?’gé°4?&’gd et hanol (200 m) was stirred undﬁ;1 /cr’zgzoﬁsﬁd&ﬁfs H2 at

roomtenpera of 2.5 h. The catalyst was filtered roug Ite and
the filtrate was evaporated to give a solid, which was recrystallized from
MeOH gave the titled conpound (0.57 92651-5% as a white solid. Mp.

277. 3C (dec) 1H- NVR (DMSO-d6, 400 MHz) 3 1.68-1.70 (m 2H, cycl obutyl H),

1.95-2.01 ] 2 1 2.29
(s, 3H, Cj—B XAl ]E(S &@ﬁﬁg%@%ﬁ" Fogiobtys g}a}o 6%“@"%&5&3 1 H,
CH), 8.98 (btl JA-dihytirapyridings2(catbgxanmde [Apw6622] 185, 166, 123. Proceeding
in a simlar manner, the foll ow ng conpounds are 20 prepared:

N-cycl opent yl - 3- hydr oxy- 1, 6- di met hyl - 4- oxo- 1, 4- di hydr o- pyri di ne- 2-

car boxam de [MArGGR0G N—EﬁclMLﬂyI-&%zﬁ@xﬁdeﬁa;limetlhylmchMMPwidmeW) 8

“er i Srz-caerERdTeRbp. 4 Bemtel v dpfihl Jpw b S AUIRER Heds

4 121 -4 )1&5% (200 i, o), an cRrioh(20D ) e Stirol. e G0 P+ D1 05 dtroors H N
z +

1- oycl opr opytes‘y’q{?/t&}%w%é He?ﬂ?ﬁ"atﬁ—‘@;(‘ﬂai filergArhiprgh SRl pRd the TR,y i ¢

acid cycl opr wayleaarpaﬂtem@@ﬁﬁéwkond Whizh \Refblrebﬂéﬁihzbﬁi-ﬂdMRMeUVB@a%thMOO MHz)

6 0.53 2H, | .00

4H, cycl( (r)npr ofitad &9 cyc Sggﬂ%%@g‘g 5l SQAB@ é:%te 39"@&?#{%)15% (dg)% 19@?@ B (m (1mH,
, 6.08 " . N11205. ((qM+2 1 WO

S:SDOS/ 049609 EDM?CA%(C):%%(}) O%Téga (1%871 $OES(AFQH Nﬂ?c’bu?@ I-fi)l‘ <’;II'[ZQI50269 L)

3- benzyl dXy- byaighsity f1oBy20-2526rémhgH - eucipbutvd H) 2.9 ds. cﬁ"}bﬁHﬂi Hédd dscHiboxyl i c

acid 10 To a g\ﬁ,{ 1H. NH): MS (m/z

3- (benzyl oxysl:g Eﬂs EO@}(JHMQH;} (rae‘llr? (3 E:lglr%H%yﬁ ?%(%{mla )/'0 ,( ) 7 nol)

in MeOH (350287 {\* 1+‘h) 488 1iecR2d RBF (round bottom fl ask) fltted vvlth a
mechani cal stirrer was added cycl opropylamne (120 ni, 1.72 nol). A clear

| ight yellow solution resulted. The reaction m xture was refl uxed
Proceeding in a similar manner, the following compounds are

20 prepared:

N-cyclopentyl-3-hydroxy-1,6-dimethyl-4-oxo-1,4-dihydro-pyridine-2-
carboxamide [Apo6620]

25 M.p. 2898.3°C (dec); "H-NMR (DMSO-ds, 400 MHz) & 1.49-1.55 (m, 4H,
cyclopentyl H), 1.61-1.68 (m, 2H, cyclopentyl H), 1.83 -1.87 (m, 2H,
cyclopentyl H), 2.29 (s, 3H, CHa), 3.42 (s, 3H, NCHa), 4.14-4.18 (m, 1H, CH),
6.12 (s, 1H), 8.71-8.73 (d, J=7.05 Hz, 1H, NH); MS (m/z) 251 (M" +1), 168.

30 1-Cyclopropyl-3-hydroxy-6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic
acid cyclopropylamide [Apo6618].

M.p. 241-143°C; '"H-NMR (DMSO-ds, 400 MHz) § 0.53 (m, 2H, cyclopropyl-H),
0.71 (m, 2H, cyclopropyl-H), 0.94-1.00 (m, 4H, cyclopropyi-H), 2.42 (s, 3H,

35 CHa), 2.79 (m, 1H, CH), 3.30 (m, 1H, CH), 6.08 (s, 1H, CH), 8.54 (br, s, 1H,
NH); MS (m/z) 249 (M™ +1).




for ca. 19 h. Volatiles were renoved in vacuo and the residue was dissol ved
15 in water (700 m-) with stirring. The aqueous m xture was filtered
through a pad of Celite(r). The filtrate was placed in a 3- necked RBF

fitted wt nical stirrer, and cooled in an ic . HCl was
added unti &?ﬁog%%@%was ca. 1-2, and vol um nous orangg slc\)‘#fbd preci pitated

out. Acetone (200 mnml-) was added to the suspension. The solid was then
coll ected by suction 20 filtration, theroughly washed with acetone, and
air-dried. The title conpound was obtained as an off-white solid (71.0 g,
88% . Mp:5139.0-139.5C, "H- NVR (300MHz, DVMBO-D6) 6 (ppm: 0.98-1.15 (m
4H, 2 c-CH2), [2 37 (s) + 2.40 (s), rotamers 3/2 ratio, 3H, CH3)],
330350(m| c-CH), 5.00-5.05 (m CHZPh)620625(m1H

C= 7.28- 5 LO% O~

Toq ) 4. 91.0 Hgg‘@ LE1 Prer3iafiod(br 6ehl l&?q@aégéd\és’l? 'Eem&o. : N 4.68
% Found: C dBWdTe-PyIFIdII!?--?-@arh@ch@md EXAMPLE 8: Synthesis of

3- benzyl oxy- 1- cycl opr opyl - 6- et hyl - 4- oxo- 1,

4-di hydr o- pyri di ne- 2-carboxylic acid nethylam de 30 To a cold suspension
(i ce-sal 10 bafrh,a suspEnsiah ofdhibenzylexyb-methel-4-oxo-4H-pyran-2-carboxylic acid

benzyl oxy- 1- o) 4 - # lic acid
(20 4, 0 10 9. 8%&%’%%%@M3ﬁkﬁmﬁé %ﬂé&rﬁ_ﬁﬁ g%‘%?bgﬁlﬂc“q B 5\ e
(round bot t ofittédd adtk)a fmdchardicmli stirex mm:hddmctayclspmpylamlnmﬁzadde;i1tTr21 onyl
chloride 35 (9.5 riod. of 5 mnutes. After
addi tion of énn;;, arﬁﬁ’ﬁﬁ)’%ﬁ Sqq‘ﬁteoo rggg ﬁ‘rh?n rggﬁpog retfas e U)geﬁis pensi on.
The ice- \S/\la)l ';Edg&tfg%\ms{dlﬁmvmg Orﬁ?mvegggt/actzug ancktharresidas wais dissadveido war m up
to room 5/ 04 P 4 1 5. mper aL uots were
renoved &nd Eh@ﬂtﬂﬁézgamg‘%% 1S ARNREUSS r?d’FP%ﬁ'efﬁUh "PHE" Besul ti ng
m xture was Fﬁ@rbfaﬁéﬁtﬁ@e‘ﬂh@)ﬂtl"ﬁé%aé‘_ hioed AP C3Mebkdd IRBF fittediviiad ed about
96 % consunption of starting naterjal after the reaction mxture was

stirred at roweherinplelimen andiepolest ik qrHpe dattmlpnce HG neaseaadded amdl theqc o1 /
CH3CN, 80/ 20ppGaldiph 1.5, ég?gie\fdidfm% ﬁ’%eg%?ﬁd préls‘i:bltfaié?j"\édtaA@etoﬁe fBolm N,

noni tori ng V\gve engt h: nm RI of OXy-1 -
cycl opr opyl - M&wad@d)tolths -sishgagien. phhe d‘iﬂﬁ’ewés degrpesdigictasl by puction2. 46 i n,

RT of 3- hgnzyhaxds HrEobRD kb Qe dbtbnd! A8Caitdridd. AHYYBlieCsdmpduiane- 2-
was obtained as an off-white solid (71.0 g, 88%). Mp: 139.0-139.5°C; "H-NMR
(300MHz, DMSO-Dg) 8 (ppm): 0.98-1.15 (m, 4H, 2 ¢c-CHy), [2.37 (s) + 2.40 (s),
rotamers, 3/2 ratio, 3H, CH5)], 3.30-3.50 (m, 1H, ¢-CH), 5.00-5.05 (m, 2H,
CH,Ph)}, 6.20-6.25 (m, 1H, C=CH), 7.28-7.50 {m, 5H, Ph);, MS (m/z}: 300.2
25  (M*™+1), 256.2, 192.2, 164.4, 91.0 (100%); Anal. Calcd. for Ci7Hi7NOy4: C,
68.21; H, 5.72; N, 4.68 %. Found: C, 687.76; H, 5.76; N, 4.61%.

EXAMPLE 8: Synthesis of 3-benzyloxy-1-cyclopropyl-6-methyl-4-oxo-1,
4~dihydro-pyridine-2-carboxylic acid methylamide
30
To a cold suspension (ice-salt bath, internal temp = -5 °C) of 3-
benzyloxy-1-cyclopropyl-6-methyl-oxo-1,4-dihydro-pyridine-2-carboxylic  acid
(30 g, 0.10 mol), CHzCl> (150 mL) and DMF (7.8 mL, 0.10 mol) in a 3N-RBF
(round bottom flask) fitted with a mechanical stirrer was added thionyl chloride
35 (9.5 mL, 0.13 mol) dropwise over a period of 5 minutes. After addition of
thionyt chloride, the reaction mixture was still a suspension. The ice-salt bath
was removed. The reaction mixture was allowed to warm up to room




carboxylic acid nmethylamde = 5.40 min). In another 1-L 3N-RBF fitted with
a nechanical stirrer was placed 15 dichloronethane (240 niL) and
triethylamne (36 nL, 0.26 nol) (ice-salt bath, internal tenp = -10 Q. 2M

met hyl am n%déﬁg%ﬁg&ghydr ofuran (73 nmL, 0.146 nol) \A/aspglqggz%}/ 1Js|§'e cold

sol ution. chloride generated in situ above was {ransterred to an
addition funnel, and slowy added to the am ne solution over a period of
30 minutes. An exotherm c reaction waspgoticed, but the 20 internal T was
kept at below -5 C. The reaction was conpleted after 10 mn as indicated

by TLC (CH2 : t ATYISYAY LD enched
w th wat (Cagr_| ?fﬁ@xﬁﬁ]’:e' %‘éuétﬁe\h‘%&xt ur ee%ﬁé‘)ﬁgt@@?ﬁ%@?{ (Ijtﬁ] %EM ﬁ‘.e%emﬂ%r gani c
fracti on wassalatidneint EdFaftie wastiting mikivee wos dhen ehalyeed by HRILColadsby

washi n i t h,di - i 5 ] : i -
LaiTar, " OB BN RO ARl B B ollfidd bR 1
solid was sihepeaciiza mixturswad stifedcaaimioonu tempsraterdhford hgHELEL Imdbilecet at e

(2/8 ratio, _Vv/v S| i I f i ! S

ol Lecr ea’ byPtAse: POAB % sy KHREN BRIk chifn: sifpRel cBiaTPabstds™ g
was theni@i rfigl irstd: 1T ndin,t ienitaringpwavelengts: 2601 nmg bR @i ofedtbarszyioxy+ tht - pi nk,
col . 2hr oSGy e YKo b et prand Brogticis B8 & 298 /i (oo s
400 MHz) 6 1RPS5 ¢fm 3-béhlyiewycl -epiempylt-methyB8-oks+1, 3H-dibilp-pyAding-Z-d,
J=1.8Hz, 3H, N%, 3, 35 f:{rn ,(%%H,_ .. 5.07 (s, 2H, CH2), 6.14(s, 1H CH),
7.15 (br, 1Harboxyiigagidymefnylamida = 5. 13) 5 9.48, 20.30, 25.86, 34.15,

74.01, 118.16, 137.#Rthek2f108KIBF B 1Ah 22 (RBhanidd Istifer Wk pRivadl43. 98,
149. 91, 162.01, 173.89; 20%3‘)04960%

: e e): BL3 (W el v .
PCT/ CA20b%/ odigigrmethans {240:mk) ard Hiethylgmibe (36 Ad- PAYS BRI AigeSs ds were

prepared:  igternal temp = 10 °C). 2M methylamine in tetrahydrofuran (I73 mL, 0.146
3- (Benzyl oxys - N-? cycl ohexilhl met hyl ) - 1-cycl opr opyl - 6- net hyl - 4- oxo- 1, 4-
di hydr opyri dinabwas@sdsdta %r@kisplm-(lé@s@ﬁ oiridergenerpipd bosity bovem  3H) ,

b2 3 22 (Nainbnd it fipe dpo S oy Agd g, (b
CH), 5.09 (sovePl) pedodi3f (39 mingtes. 7AR exgthemic(repclim) wayg negced, At (the 2H); MBS
(nfz): 3?(? (.lll\(t'é"r’r:lﬁl T was kept at below -5 °C. The reaction was completed after 10 min
as indicated by TLC (CH:CL/MeOH, 9/1 ratio, v/v). The reaction mixture was
quenched with water (100 mL), and the mixture was stirred for 5 min. The
organic fraction was collected and washed twice more with water, followed by
washing with diluted NaOH éolution (0.05 M, 3x100mL), dried over sodium
25 sulfate, filtered and concentrated in vacuo to afford a brown solid. The solid
was suspended in 150 mL of a mixiure of ethanol and ethyl acetate (2/8 ratio,
viv), and the slurry was stirred for 2 h. The solid was collected by suction
filtiration, washed with ethyl acetate {50 mL), and was then air-dried. The title
compound was thus obtained as a light-pink, slightly brownish solid (149,
30 45%). The material was further purified by column chromatrography (5%
MeOH : CH.Cly). M.p. 132-135 °C; "H-NMR (CDCls, 400 MHz) & 1.05 (m,
4H, cyclopropyl-H), 2.38 (s, 3H, CHas), 2.70 (d, J=1.8Hz, 3H, NCH3), 3.35 (m,
1H, CH), 5.07 (s, 2H, CHy), 6.14(s, 1H, CH), 7.15 (br, 1Hj}, 7.35 {m, 5H, ArH);
BC(CDCLs) & 9.48, 20.30, 25.86, 34.15, 74.01, 118.16, 127.79, 128.06(2C),
35 128.22(2C), 137.35, 142.05, 143.98, 149.91, 162.01, 173.89; MS (m/z). 313
(M* +1).




3- (Benzyl oxy) - 1- cycl opr opyl - 6- net hyl - 2- (nor phol i n- 4-yl car bonyl ) pyri di n-4(1
H - 15 one: 'H- NMR (CDCI 3, 400 MHz) 3 0.87-0.94 (br.m 1 H), 1.09-1.13 (m
1 H, 1.25- 1.30 (m 2H), 2.56 |Is, 3H CH3), 3.30-3.42 (m 2H), 3.45-3.69

(m 6H) “2)4%&50496? (m 1H, CH), 4.74-4.77 (d, J = 104[%111;&0%@19%5 54- 5 56

J =10 6.80 (br.s, 1 H NH), 7367
(niz) 369 (M++1). 20
3- (Benzyl oxy) - 1- cycl opr opyl - 6- net hyl - Ned 3- et hyl but yl ) - 4- oxo- 1, 4-
di hydropyri di ne- 2- car boxanm de 1H NVR (CDCl 3, 400 MHz) 8 0.86-0.88 (d, J =

6.4 Hz, 2CH3 1.55-1.60 (m 1
H cH. 237 (s, )"%ﬁjs"%]m%eﬁ’ e giiblying’ caiirﬁi &Eﬁg""%@z?’%b%"e& 3.37 (m 1H,
CH) 5.09 (s3-(l?2&ﬂgzybb«2))N—(eycicme(xslme1hy)) 1-cyclamopylgemetiyl-1axoAsdd) |, 7. 23-2. 28

t, 1 H,

Benzyl oxyJ" rg’% 6"2" OX%I;/‘IE: opr opyl - 6- net hyl - 4- oxo- 1, 4- di hydr opyri di ne
carboxamde 30 1H—N|VR(CDC|3 400 MHz) 8 1.15-1.30 (m 3H), 1.31

(br.

3-(

- 2-

g Sors. 34 (rnh %M%Pé%%%@@ﬂ"‘%)rﬁe ggédg% @‘me?}%sjf%é 12?563'&&65“) 3%0%83 (m
%H) 4. 8¢y 4. 1@%,164&&49 a-lj'izh‘isl‘ﬂ-iGlﬂr)m 419), 3B6Fs 48H,(CHL) )3 422 B(dkz, 1 H),
3-

5

CBenov oxyd EEA T 353 36 G AH. e B8 (54 2Hh B 43 4 My A FT i ne- 2-
(
0.

b d e 861),30 5 1H NMR (CDA 3, 400 Mz
ggaggg(ﬁ/\@@wg Hgﬁ%ﬁmgﬁ‘?%.zg‘?l?z (m 6H), 1.(40-1.47 (m :

4H), 1.64-1.70 (m 2H, CH2), 2.54 (s, 3H, CH3), 3.43-3.48 (m 2H, CH2),

3.91-3.93 X :
Sy 8o o e rop e At ibhorpholtaictodmyp itin At fh)- &1

3-( Benzy150xy9nel cycI opr opyl - 6- met hyI 2 [ (4- met hyl pi per azi n- 1-
1 061, 20 (P HMR TGOGE o6 iz b Y 4t A A s el i 1P 1T
3H, CH3), 3.1.203m]2H)2.561, 38, eaa) 3 308 42(m3RH), B4F-3.69. (M8 GHi), 3B4H, ,
1o 15 (6 o U B e @ R PR ool Soohutd 53
1H), 6.80 (br.s, 1H, NH), 7.36-7.41 (m, 5H, ArH); MS (m/z): 369 (M" +1).
20
3-(Benzyloxy)-1-cyclopropyl-6-methyl-N-(3-methylbutyl)}-4-oxo-1,4-
dihydropyridine-2-carboxamide
TH-NMR (CDCl3, 400 MHz) & 0.86-0.88 (d, J = 6.4 Hz, 6H, 2CH3), 1.04-1.09
(m, 4H), 1.27-1.37 {m, 2H), 1.55-1.60 (m, 1H, CH), 2.37 (s, 3H, CHs), 3.20-
25  3.25 (m, 2H, CHo), 3.34-3.37 (m, 1H, CH), 5.09 (s, 2H, CHy), 6.10 (s, 1H),
7.30-7.38 {m, 5H, ArH), 7.23-2.28 (br.t, 1H, NH).

3-(Benzyloxy)-N-cyclohexyl-1-cyclopropyl-6-methyl-4-oxo-1,4-dihydropyridine-
2-carboxamide:

30 'H-NMR (CDClz, 400 MHz) 8 1.15-1.30 (m, 3H), 1.31 (br.m, 1H}), 1.34 (br.m,
5H), 1.66-1.70 (m, 1H), 2.78 (s, 3H, CHjg), 3.30-3.34 (m, 1H), 3.42-3.51 (m,
2H), 3.67-3.69 (m, 1H), 3.80-3.83 (m, 1H), 4.82-4.85 (d, J = 10.3 Hz, 1H),
5,37-5.40 {d, J = 10.5 Hz, 1H), 7.34 (br.m, 5H, ArH}, 7.86 (s, 1H).

35  3-(Benzyloxy)-1-cyclopropyl-N-hexyl-6-methyl-4-oxo-1,4-dihydropyriding-2-
carboxamide:




382 (M+ +1).

3- (Benzyl oxy) - 1- cycl opropyl -N, N, 6-trinet hyl - 4- oxo-1, 4- di hydr opyri di ne- 2-

car boxam de: 20 'H NWR (CDCI 3, 400 MHz) 3 1.16-1.20 (m 2H), 1.27-1.33 (m
1H), 1.87- 1 H, 2.78 (s, 3H, CH3), 3.05 (s, 08 (s,
3H OB, 3 °5é‘{459§9 1H CH), 4.86-4.90 (d, J = 10&?’?@5%%9?65.33-5.38
(d, J = 10.8 Hz, H), 7 29- 7.33 (m 5H, ArH), 7.77 (s, 1 H NH); M5 (mz):

327 (M+ +1). 25 EXAMPLE 9: A. Preparatgen of 1-cycl opropyl - 3-hydroxy-
6- met hyl - 4- oxo- 1, 4- di hydr o- pyri di ne- 2- carboxylic acid methylam de

Procedures | : 1@&@ 5@3@3 @%Hﬁﬁe} § E@io 02 &t 4=66 Hz 3H CHg? J:28:1.32 (m

1-cycl opropyl Xy- 6- net 0XO0- gﬁr ne-2- carboxyllc
aci d net hyl a@hipd. 4%4& (B‘uéﬂén’bﬁ@-ﬂ 6% (m, 2H, CHg) 2 54 (s, CHs), 3.43-3.48

3-b I |
3 hydr o pyti v e N 3®3gﬁ‘ta?¥'dcﬁ'3%??§m ts Gy 035746 @8O i 35
met hanol ( 4Camd =R, 924 G:n't(ﬂ-l NH])LMSa(mlz):éSBéMﬁ Hignperature, was added

conc. HCl (3.9 nL) dropwi se. The resulting clear brown solution was stirred
at WD 2005/ 049609 PCT/ CA2004/001986 31 5 roomtenperature for ca. 5 mn,

t hen ni t i@gedHB@azyioxg)- bebddmdpyht-methyb2-{@ahathyipipdrazinda. 5 min. Pd-C (10%
wet, 5% w, 5 nd the reaction vessel was purged with

hydr ogen twﬁ@aﬁgﬂg&ﬁwr@ ‘?@"@B " hydrogenated in a Parr reactor under 50
psi hydr ogen'-pNeRS m@cgtd,dBTMHaﬁsi otes0. 89«@9?1&951 oé-1tiga(m CRP HAD-1125

nmoni tored by HPLC over_ 3 h. The reaction was over after 3h. Excess

hydr ogen vvas(bé%(?u}ﬁt 480028 fhriw.ofdn 2pds(snatl, lgl'bl})l 2423ak70(m.t Hd- Se¥at i on for
about 'S i n.o Fhen SAR!Y A0 PRI, RS 41 iaad, 9Loio ore pslea seel i te

(previously was sol ution .o cl’opro

Py oy - 58 iy = 403462, 1. GORyBr0- TN T30 i o gH. ATBVE (Ve ani de
in 15 et har‘tﬁé *a_pg the cake was washed with 6x 10 nL of nethanol. The

vol une of t W ate was reduced to about 30 nmL under reduced pressure.
The residue was cooled in ice and sone solid started to precipitate out. A

2N NaOH sol 4lig Qi3 foz9)-Th)cidiFSp AN RE-thitdthyl 06 2T MRSy AR MbinR.2-and the

m Xt ure
carboxamide:

20 'H-NMR (CDCls, 400 MHz) & 1.16-1.20 (m, 2H), 1.27-1.33 (m, 1H), 1.87-1.95
(m, 1H), 2.78 (s, 3H, CH3), 3.05 (s, 3H, CHs), 3.08 (s, 3H, CHy), 3.62-3.68 (m,
1H, CH), 4.86-4.90 (d, J = 10.8 Hz, 1H), 5.33-5.88 (d, J = 10.8 Hz, 1H), 7.29-
7.33 (m, 5H, ArH), 7.77 (s, 1H, NH): MS (m/z): 327 (M* +1).

25 EXAMPLE 9: A. Preparation of 1-cyclopropyl-3-hydroxy-
6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid
methylamide

Procedure |:
30 Step a. Synthesis of 1-cyclopropyl-3-hydroxy-6-methyl-4-oxo-1,4-
dihydro-pyridine-2-carboxylic acid methylamide.

To a suspension of 3-benzyloxy-1-cyclopropyl-6-methyl-4-o0xo-1, 4-
dihydro-pyridine-2-carboxylic acid methylamide (100 g, 0.032 mol} in

35 methanol (40 mL) and water (2.6 mL) at ice-bath temperature, was added
conc. HCI (3.9 mL) dropwise. The resulting clear brown solution was stirred at




was stirred for about 10 mn. Methyl tert-butyl ether (MIBE, 30 nmL) was 20
added, and the resulting mxture was stirred at ice-bath tenperature for 30
mn. The solid was collected by suction filtration, tw ce thoroughly washed

w th a m x%rﬁ%?_g n1_ of EtOH/ MIBE (1/2 rati o) HPLCO%%BM%&@

reaction g using Hew ett Packard series 110 ymetry C18
col um (VATO46980) gradi ent 0. 035% HCI 04/ CH3CN, mi n- %CH3CN: 0 10; 6-10; 7
25 20 and 16-20, 2. at 210, 260 and 283am retention tinme of

1-cycl opropyl - 3- hydroxy- 6-nmet hyl - 4- oxo- 1, 4- di hydr o- pyri di ne- 2- car boxyl i ¢

aci d net hyl afB g? e%t&ﬂ%%of“cﬁy5sﬁﬁp fAen PMfré%érF@éé QhsChubbled into the

1- cycl opropy POy 0x0- 1
di hydr o- pyri amutﬂimfal‘a%bcﬁ(mlﬂ P& 1086t wet H¥%wiw, O%a) \s@%@dd@ﬂ @ndothecr ude

product obt a}e[égﬁar?) V&%prwg;d%lgae@t o] Hg?@e?lltv}lcg‘ Xy i r%t Qdi stilled

water (14 nmL Was st I ce-b errperature h.” The solid
was col | ect ehydiggenated imra Pairreactoramden il pablyideateBpressurder Bligand/thgi t h 5 ni

of a 1/1 m xtur f t bl d,
i ght i nii sPIogEReT R LT b S b LRI n TR b Bl be00
PCT/ CA2004/ O&\lé}%erm?. 5 under vacuum for 16h. This product gave a negative
Sh K Pabo”ee. Eies? BouBh i o e 405 en el es BB 381" D
?H, CCH310 )1 H&h‘é@oﬁtﬁmnéofﬁb%uﬁ&rﬁin 'ﬁhélrdﬂdﬁﬁrﬁhsxt&e%sﬁl?) &%&ed over lprdfreate@H) , 6. 08
S, , C= r. q.. , , - 5MHz DIVISJQD68
(ppm: 9.1, C%?@e%feﬂj“%'y ‘%%Sh?dq'i‘i@ 3351‘1@6%%@"?4%’?%‘0“1%( l?yc"i%’i’pﬁ' '170) 6:

M5/ MS (+ve heth reeyy | 5\& o
Yoo D, 156, DR b ?MA%Q’S‘)I/EIP&SWOP% nd-2-cbroxiid déid athiiiRidelin0 ¥

ar 203: C, 59.45;
H, 6.35: 1§, mf@ﬂ@el)o/@nq:%@ﬁakwasa@ﬂw % geimlﬂ\?f “i%t ]' 1RQINEe) o 1
3300 (NH), &15th1361_" l@ratel%g. rlaf]a@éocf&)aboﬁt 30 mL under reduced pressure. The
N- (Cycl ohexyl net hyl ) cl opr opyl - 3- hydr oxy- 6- net hyl - 4- oxo- 1, 4-
di hydr opyr i diesiglug. was gggéﬁh igdee @n@)_sorma solid started to precipitate out. A 2N

NaOH solution (25 mL) was added until the pH was about 5, and the mixture
was stirred for about 10 min. Methyl tert-butyl ether (MTBE, 30 ml.) was

20 added, and the resulting mixture was stirred at ice-bath temperature for 30
min. The solid was collected by suction filtration, twice thoroughly washed
with a mixture of 5 mL of EtOH/MTBE (1/2 ratio). HPLC condition for reaction
monitoring using Hewlett Packard series 1100 HPLC: symmetry C18 column
(WAT046980), gradient 0.035% HCIO4/CH3;CN, min-%CH3CN: 0-10; 6-10; 7-

25 20 and 15-20, & at 210, 260 and 285nm; retention time of 1-cyclopropyl-3-
hydroxy-6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid methylamide is
2.099 min.

Step b. Purification of 1-cyclopropyl-3-hydroxy-6-methyl-4-oxo-1,4-
30 dihydro-pyridine-2-carboxylic acid methylamide.

The suspension of crude product obtained as described in Step a ina

1/1 mixture of EtOH/distiled water (14 mL total) was stirred at ice-bath
temperature for 1 h. The solid was collected by suction filtration, and washed

35 2x thoroughly with 5 mL of a 1/1 mixture of pre-cooled EtOH/distilled water.
The title compound, a light pinkish solid, was dried to constant weight at 40°C




OA 20 A mxture of 3-(benzyl oxy)-N(cycl ohexyl methyl)-1-cycl opropyl -
nmet hyl - 4- oxo- 1, 4- di hydr opyri di ne-2-carboxam de (2.0 g, 4.8 mmol ), Pd/C
(10% wet, 0.45 g) in ethanol (150 nL) was hydrogenated in a Parr apparatus

at 50 psi gJé)d%g&g&?n pressure for 16h. The reaction @&/ﬁi@ﬂ%ﬁ#'ltered

over 25 a ite and the celite was thoroughly was Et OH (25
m.). Evaporation of the solvent afforded a pale pink solid. The solid was
di ssolved in hot nethanol, then coolegoto RT as solid product precipitated
out. The solid was collected by suction filtration. The nother |iquor was

concent r af ed L AGHA B i Perié $Padlier bad0'el bt k@SN aftai n ho

nmet hanol cool e recipitate out the pro uct, which was then
col | ected. Theighed 5Sgd34%atal vielse stopd acingd ore tinme. The three conbi ned
white solid fractions WEI ghed 0.95 g (63%yield). WO 2005/ 049609

PCT/ CA2004/ 001986 33 5 'H NWR (CDCl 3,400 MHz) 5 0.84-0.88 (m 2H, CH2 of
c-Pr), 1.03- M-&mm ORMHz, DNE® DG} 5 Ropin): 0195899, (81, 4HN2 5/OH2),12.8848. 87 (m

(m 1 H ‘i*%)va (@77 22120 Vs, SFGho B T SRDNEP8 B (i )+

305 ( M+ A
Fashi on: 10 1-11” : CI"?GBI“" (P, P SO Q@WREM#E?E‘WR?JX“;B b, 4
4%

di hydr opyri &ﬁeigﬂeag@oﬁﬁrﬁ ddz.3, G3DGHNI43@ 148. 7181 & 1§@@6 VECDOI 3,
400 MHz) 6 Og : ch

12500 o (e, PSSl lagh Hir 0 324 A4GHT SONHCHE Moy, BB o,
CHB), 3. 49- 3133y Henenfal eﬁabyS|S3Aeal calsg. ‘(thqPﬂ-pN@g C.5975; Hig3& N1 1y |

6.27 (s, 1 iy 66 £3Fbla:'c, do.19; NlsioM,(12.83 ‘%t QxBMretd) 3360 (NH),

15 1670, 1653, 1495 (C=C).

B. N-(Cyclohexylmethyl)-1-cyclopropyl-3-hydroxy-6-methyl-4-oxo-1,4-
dihydropyridine-2-carboxamide:

20
A mixiure of 3-(benzyloxy)-N-(cyclohexylmethyl)-1-cyclopropyl-6-
methyl-4-oxo-1,4-dihydropyridine-2-carboxamide (2.0 g, 4.8 mmol), Pd/C
(10% wet, 0.45 g) in ethanol (150 mL) was hydrogenated in a Parr apparatus
at 50 psi of hydrogen pressure for 16h. The reaction mixture was filtered over
25 a pad of celite and the celite was thoroughly washed with EtOH (25 mL).
Evaporation of the solvent afforded a pale pink solid. The solid was dissolved
in hot methanol, then cooled to RT as solid product precipitated out. The solid
was collected by suction filtration. The mother liquor was concentrated in
vacuo and the residual solid was again dissolved in hot methanol and cooled
30 to RT fo precipitate out the product, which was then collecied. This process
was repeated one more time. The three combined white solid fractions
weighed 0.95 g (63% vield).




1- Cycl opr opyl - N- hexyl - 3- hydr oxy- 6- et hyl - 4- oxo- 1, 4- di hydr opyri di ne- 2-
carboxamde: 0 OH N N O 25 Yield: 87% 1H NWR (CDCl 3, 400 MHz) 5
0.90-0.94 (t, J = 6.8 Hz, 3H, CH3), 1.27-1.47 (m 10H), 1.68-1.73 (m 2H),

2.70 (s, 3 _47-3.52 2H, CHz), 3.85-3.88 7.05 (s,
1H, ééﬁ,%%ﬂ‘%‘?"?t, 1H, NH§;mMS (rdz)? 293 (M +1)‘FW&‘6‘§%§9609 (s

PCT/ CA2004/ 001986 34 5 N-Cycl ohexyl -1
-cycl opr opyl - 3- hydr oxy- 6- net hyl - 4- oxo- 34- di hydr opyri di ne-2- car boxam de: 0
00 IH CH3I JN O A HNO 10 Yield: 91% 'H NVR (CDCl 3, 400 MHz) 6 0.98-1.05

| ). .1 214 " . , ,
Aot 5 hs ( m%fﬂ‘ﬁ% ,?C@a&s@?%z)(lam&%ﬂlo‘%,(ré'géf'g’g '5',?7%940"(3@{ 7‘%?61,%93@522-%% (m 1
H, 6.88 (s, CHskf cRHI;06ME3 fithz BH),2765-1(8K (rL) 6H)L2.50 (s, 3H, CHa), 3.35-

L Oycl opr opyl 3y SO0 .61, 1, 118! B%e-SlePYR; d'chl dReBRRY LY .0 2

car boxam de:
C=CH), 6.80 (br.t, 1H, NH); MS (m/z): 305 (M* +1).

10 C. The following compounds were prepared in a similar fashion:

1-Cyclopropyl-3-hydroxy-6-methyl-N-(3-methylbutyl}-4-oxo-1,4-
dihydropyridine-2-carboxamide:

15
Yield: 88%; 'H-NMR (CDCls, 400 MHz) § 0.85-0.89 (m, 1H), 0.98-1.00 (d, J =
6.4 Hz, 6H, 2CHs), 1.15-1.192 (m, 2H), 1.54-1.60 (m, 2H), 1.72-1.77 {m, 1H,
CH), 2.50 (s, 3H, CHa), 3.42-3.53 {m, 2H, CHp), 3.57-3.60 (m, 1H, CH), 3.72
(br.s, 1H), 6.27 (s, 1H), 7.23 (br.t, 1H, NH); MS (m/z): 279 (M" +1).

20
1-Cyclopropyl-N-hexyl-3-hydroxy-6-methyl-4-oxo-1,4-dihydropyriding-2-

carboxamide:

25  Yield: 87%; "H-NMR (CDCls, 400 MHz) 5 0.90-0.94 (t, J = 6.8 Hz, 3H, CHa),
1.27-1.47 (m, 10H), 1.68-1.73 (m, 2H), 2.70 (s, 3H, CHa), 3.47-3.52 (m, 2H,
CHy), 3.85-3.88 (m, 1H, CH), 7.05 (s, 1H, C=CH), 8.30 (br.t, 1H, NH); MS
(miz); 293 (M* +1).




20 Yield: 97% 'H NWR (CD30D, 300 MHz) 6 0.98-1.10 (m 1H), 1.15-1.43 (m
3H), 2.76 (s, 3H, CH3)03.07 (s, 3H, CH3), 3.16 (s, 3H, CH3), 3.70-3.76 (m
1H CH, 7.10 (s, 1H, CCH; 13 CGNWR (CD3OD, 75 MHz) 5 9.5, 10.9, 21.3,
E?) 0, 2538. %02%%51(%930}4' 4,138.8,142.9,154.7,162. 5, 162. 8; , M3 J¥hAao10s237 (Mt

1- Cycl opr opyl - 3- hydr oxy- 6- net hyl - 2- [ (4- net hyl pi perazi n-1-yl)car bonyl]pyr| di
n- 4(1 Mone: WO 2005/ 049609 PCT/ CA20044001986 35 0 JOH 'N NJ 5
Yield: 96% 1H NVR (CD30D, 300 MHz) 8 0.89-1.00 (m 1H), 1.06- 1.29 (m

3H), 1.52z1.85 (br.m 8H), 2.56 (s, 3H, CH3), 3.40-3.60 (m 3H), 3.88-3.98
(m 1H, %H) 6.48 (s, 1H, C=CH); 13C-NMR (CD3OD, 75 MHz) 5 10.0, 11.0,
21.0, 10 25 N-Cglohexyl-bogdomomd-3ghysoxy-a-metiy-4ie- bi-diyarepyriding-% 162, 4,
170. 2. %I%é%'ﬁﬁgopyl 3- hydr oxy- 6- net hyl - 4- oxo- 1, 4- di hydr opyri di ne- 2-
car boxam de: O J~ H\N~v 1H NWR (CDCI 3, 400 M—lz) 8 0.68-0.70 (m
2H), 0.85-0.95 (m 4H),1.%5-1.26 15 (m 2H), 2.70 (s, 3H CH3), 2.91-2.98
(m 1 H, 3.50-3.61 (m OHG 26 (s, 1 H C=CH), 7.10 (br.s, 1 H NH;:
M (mz): 249 (M +1).
1- Cycl opr opyl - 3- hydr 0Xys BY e yI - 2- (nor phol i n-4-yl carbonyl ) pyridin-4(1 H)-

one: 0 AOCHONJ NO AHN\O

10 Yield: 91%: "H-NMR (CDCls 400 MHz) 5 0.98-1.05 (m, 1H), 1.21-1.38 (m,
3H), 1.60-1.80 (br.m, 7H), 2.71 (s, 3H, CHj), 3.32-3.37 (m, 1H), 3.46-3.50 (m,
1H), 3.55-3.64 (m, 2H), 3.92-3.99 (m, 1H), 6.88 (s, 1H, C=CH); MS (m/z): 277
(M* +1).

15  1-Cyclopropyl-3-hydroxy-N,N,6-trimethyl-4-oxo-1,4-dihydropyridine-2-
carboxamide:

20 Yield: 97%; "H-NMR (CD,OD, 300 MHz) & 0.98-1.10 (m, 1H), 1.15-1.43 (m,
3H), 2.76 (s, 3H, CHa), 3.07 (s, 3H, CHs), 3.16 (s, 3H, CH3), 3.70-3.76 (m, 1H,
CH), 7.10 (s, 1H, C=CH); **C-NMR (CDsOD, 75 MHz} § 9.5, 10.9, 21.3, 35.0,
38.1, 38.8, 114.4, 138.8, 142.9, 154.7, 162.5, 162.8; MS (m/z): 237 (M" +1).

25  1-Cyclopropyl-3-hydroxy-6-methyl-2-[(4-methylpiperazin-1-yl)carbonylipyridin-
4{1H)-one:




20 1H NVR (CD3CD, 300 MHz) 5 1.00-1.10 (m 1H), 1.20-1.45 (m 3H), 2.73 (s,
3H, CH3), 3.45-3.53 (m 2H), 3.62-3.86 (m 6H), 3.90-4.00 (m 1H) 7.02 (s,
1H, C=CH); 13C-NWR (CD3OD, 75 MHz) S 10.3, 11.1, 21 3, 38.6, 43.6, 48.3,
67.4,67.7, 2,143.3,154.7,161. 2, 163. 7; (mz 25
PCTT o 200 TUHESG SETRRBER 2008 20, 09.05 36 %ﬁ%@%‘gw9si

determ nation for Apo6619 by potentionetric titration The pKa vaI ues of

| i gands were determ ned by potentionetggc titration when a |igand
concentration greater than 1x10"2 Min water could be 10 prepared. In a
typi cal experinment, the ®anple sol ution (2.67x10-2 M was prepared by the
foll ow ng net hod: Apo66 ng) was weighed into a 25- nl beaker,

foll owed by the additi OI/NNaG (15 m). The m xture was sonicated
for 10 mnutes to giv N.cdl orl ess sol uti on. Ni trogen gas was then
al l owed to bubble throug solution. 1.000 N Hydrochloric acid (624 15
|, 1.5 eduival ent) was ed to the solution to give pH 1.88. The solution
was allowed to equilibrate at 22C for 60 m nutes. The solution was then
titrated against 1.000 N NaCH at 22C to reach pH 11.8. For each addition
of base, theyigpk @BB’QﬂI—MHMFB(d:IDéM 300 MEIE) bithsatH0 uﬁl,tiﬂi) a.@en20am, pH
readi ng was reache base added an eadi ng

hor T o T L8R oRbIb it (5, 267 CRen A EAE. S LoR A Mo i sh

t he experi (& I i ng
Hyper quad %OCHFU;&S’?S@ 1216?:5éPF(|3 ercy%gdr?sow%m?eﬁw{ggfmgggdngven t he

nmodel : L10+ |—254,L26¢&p@(a0)363§1d131_8-|492|—|414Tng(iﬂéaﬁﬂ hd6gKa1vai2ues of
Apo6619 were 25 optim zed as pKal = 8.6 and pKa2 = 2.5. EXAMPLE 11: pKa
determ nation for Apo6617 by spectrophotonetric titration The pKa val ues
of |igands chis- fBieyfd@mrepYﬁSﬁb!ﬂrbw-gmlusﬂdﬁhm-hmimﬁhfopmiﬂei}r ation when both
t he conj ugat ‘?nd base absorb in the UV-Visible region. In a typical
experi ment, sanp e solution was prepared by the follow ng nethod:
Apo6617 (0.792 ngy) was |ggle4d into an 80-m beaker,

TH-NMR (CDCl, 400 MHz) § 0.68-0.70 (m, 2H), 0.85-0.95 (m, 4H),1.15-1.26
15 (m, 2H), 2.70 (s, 3H, CH3), 2.91-2.98 (m, 1H), 3.50-3.61 (m, 1H), 6.26 (s, 1H,
C=CH), 7.10 (br.s, 1H, NH); MS (m/z): 248 (M* +1).

1-Cyclopropyl-3-hydroxy-6-methyl-2-(morpholin-4-ylcarbonyl)pyridin-4(1H)-

one.
O

LIS
. I

"H-NMR (CD30D, 300 MHz) & 1.00-1.10 (m, 1H), 1.20-1.45 (m, 3H), 2.73 (s,
3H, CHs), 3.45-3.53 (m, 2H), 3.62-3.86 (m, 6H), 3.90-4.00 (m, 1H), 7.02 (s,
1H, C=CH); "*C-NMR (CD;0D, 75 MHz) § 10.3, 11.1, 21.3, 38.6, 43.6, 48.3,
67.4, 67.7, 114.5, 137.2, 1433, 154.7, 161.2, 163.7; MS (m/z): 279 (M* +1).
25




foll owed by the addition of 0.1 MNaCl (50 m). The m xture was soni cated
for 5 mnutes to give a clear colorless solution. N trogen gas was all owed
| 000 N NaOH (50 |I) was added to give pH.

—to 35 bubble through the solution. 1.

10.9. The solution was allowed to equilibrate at 22C f orcits RO/ 564
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' 1 )

the ci‘rcul ation of the sanple solution betwee
cell. The sanple solution was titrated agai nst standard hydrochloric acid

solutions at 22C to reach pH 1. 40. Afhgr each addition of acid the solution
was allowed to equilibrate until a cohstant pH reading was reached. The pH

vavel engt B OXANRRE ARl ineiatiol Bbobefo A7 deEARHLR Wftron 0° PP g

the protonated species (LH2+) were 314 nm 281 nm and 249 nm
respectively. In the region of pH > 6, after each addition of acid there
was a slight decrease in the absorbance at 314 nmand a slight increase at
281 nm 15 in eachhspée values of ligendsawererdaterminasdiyopptestioptrie tratien t er each

addi tion of i 2t NEHE UWigedraibl HbatdCHMBAIRIIN M he WRSOB@acke at 281 nm
and a slight 1 ncrease at 249 nmin each spectrum

) i Th 50_5 lﬂbl on was
titrated Wnt ipreparsh dn\idypics! exnsiimsih the Sagwls Aolvtam @p@é PaMi¥e: several
subsequent a%gédra?']% b lféll_@ﬂmﬁ'mg gﬂm: ﬂﬁ@&#@f{weﬁﬁg)%&wdggl@mté Q zmHZ iB s ?Pt he
experi nment. e resultin ata..set t al.y usi n et er
Gans, Uni verliRegkes F"i‘%‘@%@?’?mﬂ?@ E‘R’é"f/ﬁﬁﬁ\@ﬁaﬁ (%Wbﬁl e\n&'ﬁ&’%\eﬁ?ﬁ ni zed as
pKal = 8.6 adficsaor=lCmbuteEXAYPER d&ir cBlcaesshsalutiohr MitoferFgas’pas622
conpl exes by Job' thod . .25 1 n typi cal i 0- 2 conpl ex
sol uti ons vverﬂierb?lg’ﬁ’%ﬁé%l%uwe ﬁi%%é’%@t‘@"?’k ‘Eglﬁﬁﬁl [?Snéli%@ogg?@ﬂ((@?%m c
absorpti ars stuhricBheqlivaléiBSedsrdddea tolthe eplufiorHGigive At B8 hesnlttien wadck sol uti on
of Apo6622 ( ) ' oo % iﬁ 7.4). 12 sanple solutions were
pr epar ed. V%%"g‘%%@ e:saﬂ%%ﬁb %ﬁé %g{a _%_ér'on concentration (Ctotaliron) and
the total |igand Tomseufionavdsaher Brasedpgaingti.098dhNagPH at 22°C to reach

pH 11.8. For each addition of base, the solution was allowed to equilibrate
until a constant pH reading was reached. The volume of the base added and
20 the pH reading were recorded for each measurement. 137 measurements
were taken to finish the experiment.
The data set of pH vs. base volume was analyzed using Hyperquad
2000 (Version 2.1, Peter Gans, University of Leeds). Given the model: L™ + H*
< LH {pKa;) and LH + H® « LH," (pKay), the pKa values of Apc6619 were
25 opiimized as pKa; = 8.6 and pKaz = 2.5.

EXAMPLE 11: pKa determination for Apo6617 by spectrophotometric titration

The pKa values of ligands can be defermined by spectrophotometric

30 titration when both the conjugated acid and base absorb in the UV-Visible
region. In a typical experiment, the sample solution was prepared by the
following method: Apo8617 (0.792 mg) was weighed into an 80-ml beaker,
followed by the addition of 0.1 M NaC! (50 ml). The mixture was sonicated for

5 minutes to give a clear colorless solution. Nitrogen gas was allowed to

35 bubble through the solution. 1.000 N NaOH (50 ul) was added to give pH
10.9. The solution was allowed to equilibrate at 22°C for 1 hour. A sipper

AMENDED SHEET




the 12 sanple solutions was kept constant (8.00x104 M, the nolar fraction
of theligand, a (a = CtotalL / (CtotalL + Ctotaliron), for the 12 sarrple
solutions were different and were prepared as 0, 0.1, 0.2, 0.3, 0.4, 0.5,

0.6, 0.7, 7 and 1.0, respectively. The for each
of the 12 n%PSéMgﬁ%?utlons was 35 5 m, using MOPS (O. H‘LZOW@% as the
sol vent. The pH of the 12 sol utions vvas adj usted by adding NaOH to pH 7. 4.

The sanpl e solutions were vortexed atgtoomtenperature for 3 hours, and
then placed in a Dubnoff Metabolic WO 2005/ 049609 PCT/ CA2004/ 001986 38 5

Shaki ng | ?nggsg%{. b, 35k g ¥ cARuEGHh QfehBi s SHhhple HHRATBEResA! el Ons

were centri rpm m nut es, then placed back in the
i ncubat or at beak@rand Heuflovstelki ng. The UV-Vis spectrum was recorded at 25C

for each of the 1‘61 Sg%rgbfelgﬁutld?\ %20 tﬁﬁ?éd)tag%?)t %ﬁ\@éﬁdhy&rﬁéhl%ﬂ? afigsor bance

at 450 nm as the and a as XImum absor bance was
found at a =s@ufidns ath22°t tocreactespbbmd@ Adtengach eddition pfanid thatsadition 1: 3 in

t he conpl exes. The J r ' " i.d. ding in a
sinilar mann¥PS aﬁ%\getggnoegf%r%tps rgifg "%%5'@@%%%&#@9 I@a-g r%\é%%eéilgf @ cr gat ed.
'(;'htey ar el?_hognd ite BveVis (speciaud wehp. reﬂ:ﬁrdEMAbPhﬁ:lmﬁe?Elzrslmeinbuﬂ' iherpaakef ![ (r:] i ent
et erm nation oct.anQ as e
aqueous phas¥a%si8 "Qt %0})5&&?@(’{&%@99& e r\hﬁ 99”"%;398%"% (rai"ﬁﬁt%?lgn

coef ficient R0 pistbRAtEH NBhdcRS (LFEH? wa%smffm aatl ﬁmocarm1(ﬂ49/\ﬂn1e,
pre-saturated with each other before us&ﬁ | nent., an

e
organi c stoc@%@PﬂYPlyoH"dheﬁ%%? Pl By ﬁdd}(’gn Wacil hefe HES
3- hlydroxy |6 Qﬁgh%décr@a@dﬁrthe‘hbﬁb@hﬁ&@apﬁudnna-cﬂa@ﬂgl’aowb?set ﬁm&ﬂ m o
cycl opropyl am'de) was prepared by wei ghin 0 e oun
into a 103 nL'W‘%ﬁQDrﬁé’PP’iW"fWB%fI@aﬁmjﬂ@r‘ieﬁﬁﬁ"rfgpﬁ% \‘L)-’oﬁgﬁfeer%hﬁqd@oﬁ@? A8 . The
sol ution WaStHe‘H@{R;aﬁ %@lsgﬁt&%réé%b iff Che BN CB Gt Qaﬁhmtélﬂ 5 gt mdﬁ@ided

di ssolve conple he concentration of the stock solution was

cal cul ated ast @@%rﬂgtm gach gpadimm Heeselutiphivas ditraicsh el dBe7e: V8% "9 Apo6618
with 2.0 x 185300 WhgBif 8 §lclrd afier SovEral\bsbtRicht &dditichalor Rikid. 116

measurements were taken to finish the experiment.

20 The resulting data set was then analyzed using pHAB (Peter Gans,
University of Leeds). The pKa values of Apo6617 were optimized as pKay =
8.6 and pKa; = 2.5.

EXAMPLE 12: Stoichiometry of Fe-Apo6622 complexes by Job’s method
25
In a typical experiment, Fe-Apo6622 complex solutions were prepared
by mixing a stock solution of Fe®* (atomic absorption standard, 1005ug/mi in 1
wt.% HCI, Aldrich) and a stock solution of Apo6622 (6.98x10° M in 0.1 M
MOPS pH 7.4). 12 sample solutions were prepared. While the sum of the total
30  iron concentration (Ciw™") and the total ligand concentration (Ciota™) in each of
the 12 sample solutions was kept constant (8.00x10™* M), the molar fraction of
the ligand, a (@ = Cieta” / (Ciota™ + Crota™), for the 12 sample solutions were
different and were prepared as 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.75, 0.8, 0.9,
and 1.0, respectively. The total volume for each of the 12 sample solutions was
35 5 ml, using MOPS (0.1 M, pH 7.4) as the solvent. The pH of the 12 solutions
was adjusted by adding NaOH to pH 7.4. The sample solutions were voriexed
at room temperature for 3 hours, and then placed in a Dubnoff Metabolic




30 10 tinmes dilution of the stock solution with 1-octanol. The sanple
solution was prepared in a 10-nL volunetric flask. The stock sanple
solution (3 mM) was pipetted into the flask followed by the addition of

MOPS bUffegvo(zi{J%Qm The standard and sanpl e sol utions, (\f@{,& ohAfbsyOr t exed

for 2 hour vortexing, the solutions were transferred to test tubes
and centrifuged at 4000 35 rpmfor 15 mnutes. UV-Vis spectra were recorded
for the standard solution and the orgggic (top) phase of the sanple

solution at 22C. The distribution coefficient, D7.4, was calcul ated using

the 1ol | ot ngagiath Rl o ErE0RRY %@@%m@é@@@w@%@e $udhD7- 4 =

[Aorg / ( [ Vorg) Were erg he nol ar
extinction coefd cem’tﬂfmedfatt‘lﬁﬁ)opm fovate Ireingier. ape tas) Pdﬂﬂedl brak r b t he

W-Vi s spect{ Wby 5ol B sﬁélgtﬁtﬁq{hg@?’ tru gﬁgé&rdéeooaé’%éance of

t he organic Wadd t A The sanp tion at t sane
concentrati ofor(eiaciu b’étheﬂdc&ioltmoh&t ion; Vaq, = the vol une of '..

buffer in the sanpl g S0l gi on‘irgg%bg”@e{hgeab\ég}b%ﬂge %{ 456%”? ;T’g%lxgt [ on in

t he sanpl e sol uti H bﬁ)l érm nat1 on of I"'exat i on
constant $¢ énd ansd theneatial fanchxzheniabadrbande phis fegret a’( Ac—c(]ﬁ'ﬁt wRibear ch

AR15, 13-636-AR15, her) an nbi l.op el ectr e C t

St andar d- si Zgor@sgggd%p TEE g'ﬁaﬁ'? éé::}{ %tnﬁa ﬂn%lﬁ §8gﬁ\gl'—]|8§%eprl?t wer e
used for pH m@awgmam;ﬁ F@Qﬂpre using, the electrode was calibrated with

t hree standard buffer utlons 0 H Fi sher).
The titrant was d&@%e {3 pYN %R@Fﬁrg gqb[% lopsp(?fdﬁet 385%1?f5£%%rf) An
UV-vi si bl e spgess@pheer@dted. Ty dre Bhowd MFigWasandis®d for UV-Vis absorbance
measurenents. 25 A sipper system (89068D Ag| | ent) was used whenever

pH depen#&nt absorbencies were measured. A vortexer (VX-2500 Multi-tube

Vortexer, VERARMPIGNY 3 pietribRibicéodfivRAt HeRImimitide preparation of sanpl e
solutions in both distribution coefficient and Job' s pl ot experinents. The

nmetal stock solutions were purchased fromAldrich: Iron atomc
MOPS buffer (50 mM, pH=7.4) and 1-octanol were used as the

aqueous phase and the organic phase, respectively, for distribution coefficient
20 determinations. The MOPS buffer and 1-octanol were pre-saturated with
each other before use.
In a typical experiment, an organic stock solution of Apo6618 (1-cyclopropyl-
3-hydroxy-8-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid
cyclopropylamide) was prepared by weighing out 0.50 mg of the compound
25  Into a 10-mL volumeitric flask and bringing to volume with t-octanol. The
solution was then sonicated for 60 minutes so that the sérhple could dissolve
completely. The concentration of the stock solution was calculated as C"org =
2.0 x 10"* M. The organic standard solution of
Apo6618 with 2.0 x 10° M was prepared in a 10-mL volumetric flask by
30 10 times dilution of the stock solution with 1-octanol. The sample solution
was prepared in a 10-mL volumetric flask. The stock séfnpie solution (3 mi)
was pipetted into the flask followed by the addition of MOPS buffer (3 mli).
The standard and sample solutions were then vortexed for 2 hours. After
vortexing, the solutions were transferred to test tubes and centrifuged at 4000
35 rpm for 15 minutes. UV-Vis spectra were recorded for the standard solution
and the organic (fop) phase of the sample solution at 22°C. The distribution

coefficient, Dy 4, was calculated using the following equation:




30 absorption standard solution (1000 pg/m of Fe in 1 w. %HCI); A um num
atom ¢ absorption standard solution (1000 pg/m of Al inl w. %HC);

Cal ci um atomi ¢ absorption standard solution (1000 pg/m of Cain 1 w. %
HCl'); Copper. atonj ¢ absorption standard sol ution (1000 in |
w. % HNd%O 20“?2 {§tre8i um at oni ¢ absor ption standard sol u%%‘é\szdiog%&ag/ m of
My 35in 1 w. %HNCB) Manganese atom ¢ absorption standard sol ution (1000
pg/ M of Mh in 1 wt. %HNG3); Zinc atoggc absorption standard sol ution
(1000 lag/m of Znin |l w. %HC ). The standard Sodi um Hydr oxi de and

Hydr ochl ogi ¢ PCT/ CA2004/ 001986 20 SEPTEMBER 2005 20.09.05 40 5 acid

sol utions” were purchased fromVWR Scientific Products. MOPS (3-[N

Mor phol i no] pr opanesi. aihay 146l ah eongashplincdNamd VoY om Si gna- Al drich. B.
Determ nati on of stepwi se formation constants for Fe-Ap0o6619 system by
spectrophotonetric titration. Apo6619 is 1-cycl opropyl-3-hydroxy-6-nethyl
10 4-oxo-1, 4-di hy\Nhefep%ng <l itine nblaraekiimetion coeficidntet thd pedldeavelen@hepw se

formation co M'+I| st.e :

spect r ophot 0&99’3 %?ap Pﬁno V\ﬁgr{}jﬂé% tﬂﬁ,ﬁeﬁéﬁegaﬁfﬁ r&%%g{abé%ibmo%bsor bance
in the vigi bAﬁ E%s@ll‘baduelof thd bt plmseahahedmme sohdios fab the Bam? | ltypl cal
experiment, fhe sanple sol uti on vas ep ng to th ol | owi ng
met hod: Apo66ws €re. 7 tiy)coRes W@Parfgg‘h?r??%?‘aﬁg' B %a‘k@‘F '8?|‘%Twed by
the addi ti onpespDoditeviNe(d sdnvle Bblutiol;Ng, 8 theldtume of senstoelt salutioerin 10

m nutes to give a clear colorless solution. Iron stock solution (atom c

absor ption sthef@amie sluign.ch, 496 |, 8.93E-06 nol es) was pipetted into the
solution followed by the addition of 1.000 N NaOH (137 pl). The nolar ratio
20 between the-total iron and the total Apo6619 was 1:5.4. The m xture was
al loved 1o cE¥AMRLE14 %tel"'ﬁm%“PErﬂféﬁ‘%tﬁh?@“B‘ﬁé‘taHPQW“SWF?-ogen was al | owed
to bubble through the solution. 1.000 N Hydrochloric acid (3 nl) was then
added to the solution to give pH 1.5. The solution was allowed to

equi | i brate At 2Jcstryreental angiehemicais:A si pper system was used for the

The sampl o sol ut "o Rt PREHEP Res BT, 1 BSRAR1o] P oad & ool
combination electrode (Accumet Standard-size Glass Combination Electrode,
20 13-620-285, Fisher) were used for pH measurements. Before using, the
electrode was calibrated with three standard buffer solutions (pH 4.00, pH
7.00, and pH 10.00, Fisher). The titrant was added manually by using digital

pipettes (Eppendorf). An UV-visible spectrophotometer (Agilent 8453) was

used for UV-Vis absorbance measurements.

25 A sipper system (89068D Agilent) was used whenever pH-dependent
absorbencies were measured. A vortexer (VX-2500 Multi-tube Vortexer,
VWR Scientific Products) was used for the preparation of sample solutions in
both distribution coefficient and Job’s plot experiments.

The metal stock solutions were purchased from Aldrich: fron atomic

30 absorption standard solution (1000 pg/ml of Fe in 1 wi. % HCI); Aluminum
atomic absorption standard solution (1000 pg/mi of Al in 1 wt. % HCI);
Calcium atomic absorption standard solution (1000 pg/mi of Ca in 1 wi. %
HCI); Copper atomic absorption standard solution (1000 pg/mi of Cu in 1 wit.
% HNO3); Magnesium atomic absorption standard solution (1000 pg/ml of Mg

35 in 1 wt. % HNOj); Manganese atomic absorption standard solution (1000
pg/mi of Mn in 1 wt. % HNO3); Zinc atomic absorption standard solution (1000
Hg/mi of Zn in 1 wt. % HCI). The standard Sodium Hydroxide and Hydrochloric




iti he sol ution was all owed
22C to reach pH 6.89. After each addition of base t
to equilibrate until a constant pH reading was reached. The PH and the UV
30 Vis spectrumwere recorded for each neasurenent. For each nmeasurenent —_

bance
enough base was added so that there was a slight increasepi 5 ”&
of. t%e‘ spectrum The sol ution was titrated un?e §€&E€f’tﬂ$\@§2 %ﬁ?o L F
I ncrease in the spectra after several subseq s@gh 08
Al t oget her 64 neasurenments were taken to finish the experinment. 35 T i i
resulting data set was then anal yzed wsi ng pHAB. G ven the nodel: L- o
HLH (pKal), LH + H+ e LH2+ (pKa2), Fe3+ + L-<-> FelL2+ (K1), FelL2+ EET
FelL2+ (K2)5 ResiRsolutions veerdplidh496a)fona WWRRE ciantfb 2K ductd. hg,opgvgngD SH

i .
Corocans o eI R Sl ot a1 513 o 1
52282?255 rgg K3 = 9.5(1); yI og t+3 = 33.6(2). C Determ nation of stepw ig
St epui se 1 or aSEéfsifﬁé%@ﬁt@@%%%%f&*‘%‘ngﬁ“ﬁa?%v@ﬁ P hePEBRS Selihed | by
roati
|§E)te g\rllmt |Sgrre? r P¥ speetropholemeliiediration Ao droplogropy-3aArdyy-6dnethyt

| e sol utign
recipitae dixonig-tihldralgyRiine-bi ﬁb ,gl Al t he sanp
\R/as Brepar ed by 94 ? Idgvm ?1% 2 O&M %%@%@?91 ng) was wei ghed into

a 25-m beaker f%??‘%‘ﬁ%(ﬁorw %eorﬁtﬁﬂt%fpb ‘oligand sysiema @lerd ddednindd . The

mxture 15 wag mfl’oﬂ’ic@dnétﬂé ﬂtﬁétlﬁh NWhES uﬁ&aelcﬁﬁlﬁgg& %IXFC%' QLJ: S§13|°' “gi o0

st n sorption
xAI li(r)n 5 ol e) %35 aqﬁfgp%ﬂl éls' Iﬁtr‘ﬁg’?'h Usio lgene o wetal shaste bgnsfere Iaddi ti on O}‘
1.000 N Naq-ﬁypz:ag expgrinient,gthee sgrhbi8. ﬁﬁuttoﬁhgaﬁqi aré@tdgegrgﬁgv‘ﬁefhat hrGaE ?E)ao ¢
nd or + et
i\l gmwgg mugedfo‘ilﬁﬁt§%&ho$9§§ O%E}%I(m)t%asb%lg & e @l'j‘gﬂj heeaksrut i on. The
m xture was fqn@ﬁvel@y the addifjon bi bt Bt NaGILECRY. Toe namh@wﬁasok;c?fée ey e pH 2. 20:
drochloric d ol vt gl Vv
TS0 Lo G 8 g 4t i Ul ik by e 5o o5
was titrat eoat;;@gqtlﬁgtstapdg@b AﬂqirNa,Gﬂ?Ga,ul 82CEH06 melas)wadpipetted into the
solution followed by the addition of 1.000 N NaOH (137 ). The molar ratio
20 between the total iron and the total ApoBB19 was 1:5.4. The mixture was
allowed to equilibrate at room temperature overnight. Nitrogen was allowed to
bubble through the solution. 1.000 N Hydrochloric acid (3 mi) was then added
to the solution to give pH 1.5, The solution was allowed to equmbrate at 22°C
for 3 hours,

25 A sipper system was used for the circulation of the sample solution
between the beaker and the flow cell.

The sample solution was titrated against standard NaOH solutions at
22°C to reach pH 6.89. After each addition of base the solution was allowed
to equilibrate until a constant pH reading was reached. The pH and the UV-

30 Vis spectrum were recorded for each measurement. For each measurement
enough base was added so that there was a slight increase in the absorbance
of the spectrum. The solution was titrated until there was no obvious increase
in the spectra after several subsequent additions of base. Altogether 64
measurements were taken to finish the experiment.

35 The resulting data set was then analyzed using pHAB. Given the
model: L + H" «» LH (pKa1), LH + H* « LH," (pKay), Fe® + L~ < Fel?* (Kp),
Fel?” + " « Fels™ (Ka), Fely" + L© « Fel, (Ks), and B3 = KiKzKs, the

AMENDED SHEET




25 11.0. For each addition of base, the solution was allowed to equilibrate
until a constant pH readi ng was reached. The vol une of the base added and
the pH reading were then recorded for each neasureneni_,_ﬂs-lxeas.l.i.r.e.mn.t&._
were used in the experinment. The data set of pH vs. baggpyohsabs »g

anal yzed using Hyperquad 30 2000. G'ven the nifl SEP?EW&HX _'7“_ _’ .

+ H+ + LH2+ (pKa2), AI3+ + L- - AlL2+ (Ki), AlL2+ + L- )

+ L- HAL3 (K3), and 3 = KI1K2K3, the stepw se formation constants for
AI-Ap06619 system vvere optimzed as 09 K1 = 12.6(2); log K2 = 9.2(1); |log
K3 = 8.4(1); log R3 = 30.2(2). 35 Calculation of PM+ pM+ is defined as

- 09[ M H2G) Msib‘bvﬁée ﬁﬁﬁﬁloﬂ'ﬁﬂé’tﬁﬁtg f&qfléjhfbéé%%’sg%tEm w&? of?'ﬂﬁﬁd %@%‘End

concentration of concent D SHEET

PCT/ CA2004/ 1986 12K ﬁr@aﬂéﬁ'tbﬁ(@pm%ﬂ%@)mwamme pM' for a Mn

system {(3n and pKa val ues are needed (n are the formation constants for
Ka are t g’ulglbrlumconstants for L" + nH H

EAHn( : 2) -Il_-) . <#r\1/L erination o @Eﬂp (e APERAUBY CORSRYS FRfS4-APeBE1RasYSten Hy per quad
Stinmul ation ehmio@p@mna’ncmmtbaftware HYSS2 (c) 2]900 Pr ot oni g §]9f m?gfirul ;Ol
e o ey B Ui 0P o o S
formula | i nermtemtmmeltm;adi&eholnr ahen Iibetaf foeniplewemﬁ&fogbz Ampﬁ;g/lz.?fliggdégoggy
e bornose B IR il FE6S 2 0peSh8inah. b i EBER 30, oaio

The purpose of t erm
and Apo6617 PWPBEeérﬁYtﬁhﬁ Iirmm; Rbedt Ameol % (3121 mghwaswesidheddstd & at  nodel .

7o over | oads g veaeraaioeHes Y aAdBTUAS 1 4 hapy 0B o RN SN, I TO"
B Nage (B9 bl

overloadlng usi iron dextran as previou assess chel at or

efficacy n WP é%t"kétﬁ‘f’ dehi & myrdes tg giye a gpar wm@olutuqmaﬂummms) 670- 3;

stock solution (atomic absorption standard, Aldrich, 971 pl, 3.59 x 1078 mole}
- was pipetted into the solution followed by the addition of 1.000 N NaOH (229
Hi) to give pH 8.56. The molar ratio between the total Aluminum and the total
Apo6619 was 1:4. For M* metals, a molar ratio of 1:3 was used. Nitrogen

20 was allowed to bubble through the solution. The mixture was allowed to
equilibrate at 22°C for 2 hours. 1.000 N Hydrochioric acid (264 pl) was then
added to the solution fo give pH 2.20. The solution was allowed to equilibrate

- at 22°C for 1 hour.
The solution was titrated against 1.000 N NaOH at 22°C to reach pH

25 11.0. For each addition of base, the solution was allowed to equilibrate until a
constant pH reading was reached. The volume of the base added and the pH
reading were then recorded for each measurement. 93 measurements were
used in the experiment,

The data set of pH vs. base volume was analyzed using Hyperquad

30 2000. Given the model: L + H" « LH (pKay), LH + H* © LH," (pKay), Al** +
L™ e AL (Kj), AlLZ + L' o Al (K2), AlL," + L o Alla (Ks), and B3 =
KiKzKs, the stepwise formation constants for Al-Apo6619 system were
optimized as log K = 12.6(2); fog Kz = 9.2(1); log Ks = 8.4(1); log Bs = 30.2(2).

35 Calculation of pM™
pM™ is defined as —log[M(H.O)m]™ at physiological conditions, i.e.: pH
7.4, a ligand concentration of 10 UM, and a metal concentration of 1 pM.
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Bartfay et al., Cardiovasc Res. 1999, 43(4), 892-900), gerbils (Hershko et
al., 25 J. Lab On Mbd 2002, 139, 50-58), rats (Rakba N. Bi ochem Phar nacol .
1998, 55(11):1796-1806) and primates (Bergeron et. al., Blood, .1992,

79(7),1882- 1890). The iron loading regime used in this study results in a
20-fold increase in liver iron and & 3.8-fold increasdtiith B6ERACT 103 4

levels in male rats. Previous studies in this8@ipggp nstrated that
this nodel is not 30 associated with significant abno&%‘fﬁ& 2o 9@9@05
wei ght gain, food consunption, clinigal chem stry or hematol ogy *
paraneters. Experinental Protocol: Six male Sprague-Dawl ey rats (weighing

bet 200- 20 & ' LY (8L tories,
et ween alputate P Gor BRLL S&RINY, B ahd Bﬁ%%géfﬁ?n&&'ﬁ(&%gﬁg ori es

Mont |, . . Ca : e d fi
doxt 1 an | nir ABHIPE RIS B M 4055 < dfCri otse i fog, apiipien weestangs for o
period of 4 vierdks i Hf <alHgt8). Tob pRI" 6rels AR Sated\Mr 22005/ 049609
PCT/ CA2004/ 0 et (iLE Si . The t I fi
dextran inj egflg%@%\tgé _SLémrT!E'%i ﬁo&haﬂﬁ%f}%@%oﬁgs'o mgéq: g%égm/gﬁﬁﬁq gt sI \r/\gpe
transferred ¢Waselabol i c cages (one rat/cage). Once the animals were in

the nmetahglic ca : L nd .feces) were collected daily
for at |least 3 dgg%pgﬁégbﬁ;%%@%q%%?g%oﬁ\sw!ﬂ ong o CAMAONNYS PLt i on of
each chel at oformglgdicag e foundinbakinépad 8r s (Apo6619 and 10 Apo6617) was

adm ni stered consecutively. Chelators were adnm nistered as a single dose
of 450 nol es{E Etoijgzglo%%;lava_ge at a dose volume of 2-4 nl/kg. The animals
wer e wei ghed -pfy ‘fo@luatiop of crEMoMNds & forrudad én irau mivarleadeat i on.
Ani mal s wer eratiecked daily (eyes, skin and novenent) after chelator

adm ni strlbgtion to determine if there were any obvious signs of ill 15
health. Uine and feces were stored at -20C until analysis for total iron

concent rat i obfectiterigsalof Bipes619\dticApodety oR®mdtng Dahsy WAl FebfYsmd i N a
climate and gj roll ironment 20 (tenperature: -Z25C, relative
huni di ty 40%1E ‘%zmr“g'qmeg'?f{"/%”g% ) throughout the study. During the
acclimtization, iron |oading and equilibration phases, rats were placed

in standard cages: hézptfrﬁtg_s%/ 62959 ’stL]cd?dwas to determine the effectiveness of

20 Apo6619 and Apo6617 in promoting iron excretion in the iron overioaded rat

model. Iron overloading was achieved by administration of iron dextran. fron

overloading using iron dextran has previously been used fo assess chelator

efficacy in mice (Kontoghiorghes G. J., Mol Pharmacol. 1986, 30(6), 670-3;

Bartfay et al., Cardiovasc Res. 1999, 43(4), 892-900), gerbils (Hershko et al.,

25 J. Lab Clin Med 2002, 139, 50-58), rats (Rakba N. Biochem Pharmacol. 1998,

55(11):1796-1806) and primates (Bergeron et. al., Blood, 1992, 79(7),1882-

1890). The iron loading regime used in this study results in a 20-fold increase

in liver iron and a 3.8-fold increase in cardiac iron levels in male rats.

Previous studies in this model have demonstrated that this model is not

30 associated with significant abnormalities in animal weight gain, food
consumption, clinical chemistry or hematology parameters.

Experimental Protocol:
Six male Sprague-Dawley rats (weighing between 200-250 gms) were
35 received from Charles River Laboratories, Montreal, Quebec, Canada. Rats
were iron loaded by administration of iron dextran intraperitoneally at a dose
of 100 mg/kg, twice weekly for a period of 4 weeks for a total of 8 infections
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standard rodent chow and given regular tap water ad libitum Rats were
transferred to netabolic cages (one rat/cage, Nal gene, Rochester NY) after
25 iron loading and equilibration. Three days before placenent of the rats
in the netababigogades, rats were fed a | ow iron diet (3cRRIIGQE: Dyets

I nc., Betmhem PA) and given MIIlipore water ad |i than Ra{tosﬁ\?\ere
continued on the lowiron diet for the duration of the study. The purpose
of placing animals on a low iron diet g48as to reduce the background noise
produced by dietary 30 iron in the fecal sanples. Preparation of dosing
sol ution ef gihfﬁ abarah; SNk, MhketbtafGaime oFRoH dekifarPinjddied ¢A8 Hahp/kgof
formula I (570 ng) was_ first dissolved in a mxture of MIIlipore water (2
m) and 6N HEPIQWINg apy sighiypek poripd Jatvergdransfaries te mealpbelisicages (ane 4 m )
with MITiporgydtberodd® Hblaninidld dlerd it Mo hBRLSIY sdeansxias @diH'ahfd to pH 4
w th diluted sodgigufn hydr oxi de sol ution. WO 2005/_0299609 PCT/%OOZ} 001986

44 5 Sol ut i oR8d\frges) per edlestedrdedyiion ajirasi 3daymeiphiceand 4 glals Jolleming t o each
adm ni strati ) ' ; ' hi pped
Fo the Tr ace T ymARERSLILAd afibtor. EafFoRfE ERAPIEREIAGTUY Sf oo hPer
London, @At aApPoS6Tavassadmivistesedhtgrsesuiively. ofbelatorowersordrinistered@s.a Bri ef | y,

feces sanpl es. wer r ed addi ng water, . heating to 98C_  vortexi ng and
subsequent | ygF‘ﬁ%e@%S%a‘%%r?d%m""gr%{Eg ggr%%e%av\ﬂg? gt FRER° ngt?gbe ofi%& rglc_)fkg.

Fotes Sanpl eg ottt hen G it e T 100 16w thoul L[ Apure St er priar 10
eces sanpl es wer. en di. e : ul trapure water prior to
Funni ng. Ui ngRTIRECRoLUIEP GYPre SBehed dal foyasm KRB GaRY Blgirent 1)
Urine sanpl e&hsslatg; atingaistratbnind He{érri;ﬂile_FNQBb creNfleredbhylobdiolis gy b1l tpk |
anpl oo 4hd Rt \Uitie. e '&fanbapaSores af c28h. MBS 19 PV or

bel ow t he qugatddntaféndn range were re-run. Since the 20 total amount of
urine and feces produced over a given period of tinme was known as well as
rat weight, total iron levels in the urine and feces are expressed as

g/ day/ kg. St ahinSdliied WeRemaHd IUsigM t hi n and bet ween groups was nade using

unpaired t-tésts. A p value of <0.05 was accepted as
Rais were housed in a climate and light controlled environment

20 (temperature: 19-25°C, relative humidity 40%, 12hrs light/dark cycle)
throughout the study. During the acclimatization, iron loading and

equilibration phases, rats were placed in standard cages (2 rats/cage), fed
standard rodent chow and given regular tap water ad flibitum. Rats were
transferred to metabolic cages (one rat/cage, Nalgene, Rochester NY) after
25  iron loading and equilibration. Three days before placement of the rats in the
metabolic cages, rats were fed a low iron diet (3 ppm iron, Dyets Inc.,
Bethlehem, PA) and given Millipore water ad fibitum. Rats were continued on
the low iron diet for the duration of the study. The purpose of placing animals
on a low iron diet was to reduce the background noise produced by dietary
30 iron in the fecal samples.

Preparation of dosing solution of chelators:
A 50 mg/ml dosing solution of the chelator of formula | (670 mg) was

first dissolved in a mixture of Millipore water (2 ml} and 6N HCI (0.4 ml) and
35  brought up {o the final volume (11.4 ml) with Millipore water (9 ml). Final pH
of the solutions was adjusted to pH 4 with diluted sodium hydroxide solution.




significant. 25 Results The rats showed no obvious signs of ill health
followng admnistration of any of the chelators. Al animals continued to
gain weight normally after each of the chelators was adm nistered. 30 WD
2005/ 049609 PCT/ 04/ 001986 45 5 Urinary Excretion tiveness
of Apo6619 WO AEA% 17 in pronoting urinary iron excre?qﬁﬁguﬁgﬁ%ngented in
Figure 6, below. Baseline urinary excretion, as neasured during the 3 days
prior to Apo6619 adm nistration was 61,4 g/day/kg 10 This increased to
240131 g/ day/ kg one day after Apo6619 adnlnlstratlon (p=0.007). Excretion

subfsequen%l![ §g’ﬁﬁﬂh %99,190 ﬂo‘?éct%dﬁg%k R g8 %eé@?g?ﬁﬁé tgpﬁb%-lcant y hi gher

adm ni str ver S ese | evel s

t han basel i nadnimgire®od) . By the third day, urinary iron excretion had
returned to baseline levels (51 pg/day/kg). Apo6617 also 15 resulted in

i ncreased iron excretion one and two days after admnistration (16455 and

1713 pg/ day/ kgn Deterprigdtionel y) . Al t hough the urinary excretion produced by

Apo6619 was nuner CaII reat er than that hi e 40131

pg/ day/ kg versus g'?fg/fa‘é‘?/sl GRS 5 Pg?a/etghi“ a?[)r?AgdﬁgHesp%srzatl on),

this differ ellﬁl@orﬁtdi‘y AP thaAConddneHa4lM Seibhasl Cantgnitondemc@nté@odGanads t he fact

that one of the six rats exhibited hlgheé é\qu %;nexcretl on with 06617
n. §af R

t han Apo6619foranalysisfdpial iror cpieqnyat 85 WeLR PERA%Rd at a

dose of  450pDHARY Wakel,Mddlifig a0 @8EC, nm@kmgtand sulﬁequéﬁt@rmﬁzeswngf rats
(n=6). The basel ine urinary iron | evels neasured ;g se were
i ncreased 25 1he wonpies M@f‘i’ié‘}‘?ﬂ(@""&ﬁ?@ gy EFRresenigever ?‘ﬂ?&g‘ ation

(Egc(r)e? fiz)nandd.deggégle@ﬂ %mdggﬂ'% %nm%?fbpﬁcrﬁys oGGﬁ?éfyr}meﬁgmrrgielﬁﬁpﬁoecal iron

15  with ultrapure water prior to running using a hlgh resolution sector field ?C
MS {Finnigan Element 1). Urine samples were digested with 0.1% HNO; and
diluted 1/10 prior o running on the ICP-MS. Appropriate calibration curves
using fron spiked samples and NIST traceable standards were used.
Samples lying above or below the quantification range were re-run. Since the

20 total amount of urine and feces produced over a given period of time was
known as well as rat weight, total iron levels in the urine and feces are
expressed as pg/day/kg. Statistical comparisons within and between groups
was made using unpaired t-tests. A p value of <0.05 was accepted as
significant.

25
Results

The rats showed no obvious signs of ill health following administration

of any of the chelators. All animals continued to gain weight normally after
each of the chelators was administered.

30




30 excretion is presented in Table 3. Both the baseline values as well as
the post-chelator induced values represent the sumof iron excreted in the
three days prior to and follow ng chel ator adm ni stration, respectively.

Bot h tﬁ???"iﬁ?&%@’g%ﬁ?()%ﬂ i ncreased fecal iron excret ip%bg%gq@gmggol es/ kg,

but atistical significance only in the group
(Apo6619: 35 4154 1245 pg/ day/ kg, p=0.08 versus baseline; Apo6617 4411
790 jigl/day/kg versus baseline, p:0.0gg). In a previous study in the sane
nodel , WD 2005/ 049609 PCT/ CA2004/ 00198 46 5 deferiprone adm nistered to

six rats ;\t .dos %f | 0 pnoles/kg resulted in fecal iron excretion

val ues of 21@5—%‘%‘{%@% ay/ kg three days after chelator admnistration.
Second Rat Study e éffestiverssskaf: ApdB6AS sclofpbaiiiddy pramtotinghdtvargdrano confirm
the efficacy results of 6619. and 7 Y i ove, study
and to furt hgcrem;sag{e@pﬁ% 'l"hé‘ggfef ??ﬁ%@ of Iﬁ%%‘sﬁie g‘ﬁﬁ%&u%%ge@’ Oses | ower
than 450 nopeksuredhusid! dite VB SIzgRNPHg & App6Euod sdpimishiatioy rwapSidf iron

overloaded rats. The method of iron overloading, preparation of dosing
sol uti ons andg/dsy/k8sessnent of efficacy in these rats was sinmilar to that

descri beg i n theg‘@ﬁgvﬁmcr%ﬂgyto T§f0£1i3("135ﬁlggf’agr@?,‘?:fgﬁéeﬁf?o(éﬁp)AW@IQ reated

w th Apobocl9 con ut i ve at doses of pnol es/ kg.
Sinilarly, thémpegetigndpelpodi Exaretion babsmusniB) declinet tedbed paiddy/kgpo6617 at

t hese sane three doses. A _su r 0 of .the.excretion data,is sh in
b e 4G HResseste fav 3BT PheEt LS ISR Aoweoh ok Tt B 0 ced
an increase ard\iilnsignifidanp hRIEF Biah Gasslinet(pe0.005)) Byriecthirk day] asigatyApo6619:

11 3 at baseline to 335 6 1-day post- Apo6619, p=0 0001; 6617: 14 4
at basel i ne iren ¢ggetigphad (ﬂ%f&'"]?@é?%aﬁﬂ@@dﬂe,’s (. estiday/kok r#ﬁﬂ?ﬁ??@gﬁo to the

previ ous, st U%lé@%qgﬁ Aﬁgei%%ggéa SRBetidR dilel L1 RS YN LIRS hdniiSisteatidhar Y

ef fi cacy of 17 was observed at 450 pnoles/kg, in this

study it was{164es6 andat7-ABqaBd#y/ ke sesmmctivelyt f Athdugh thraninapo®@retiam=0. 004)
at this dose. Simlarly, nd
Apo6617 i ncr B@?Eﬁe‘a??Vn&%?%éﬁ%g‘g?%)m"ﬁgﬂ%gﬁ%{ Eﬁ%n AB%%%E‘[S Was 1Varrtolfle
ef fective thapodemt§240£130 ugiday/kgt vaBupmbeishk gg/day/kg, one day afier
chelator administration), this difference did not achieve statistical significance
20 due to the fact that one of the six rats exhibited higher urinary excretion with

Apo6617 than Apo6619. ‘
For comparative purposes, deferiprone was also studied at a dose of

450 pmolesfkg in the above model but in a different set of rats (n=6). The
baseline urinary iron levels measured 913 pg/day/kg. These were increased
25 fo 80+ 32 pg/dayfkg one day after deferiprone administration (p=0.06) and

levels returned to baseline by the second day.

Fecal Excretion:
The effectiveness of Apo6612 and Apo6617 in promoting fecal iron
30 excretion is presented in Table 3. Both the baseline values as well as the
post-chelator induced values represent the sum of iron excreted in the three
days prior to and following chelator administration, respectively. Both
Apo6619 and ApoB617 increased fecal iron excretion at 450 pumoles/kg, but
this reached statistical significance only in the Apo6617 group (Apo6619:
35 4154 + 1245 pg/day/kg, p=0.08 versus baseline; Apo6617 4411 £ 790

pg/day/kg versus baseline, p=0.008). In a previous study in the same model,




30 only Apo6617 produced an increase in iron excretion (p=0.01) above
basel i ne. However, the magnitude of the increased excretion was small for
bot h Apo6619 and Apo6617. Fecal excretion was increased by Apo6619 at 450
prmol es/ kg =0. 03 and there was a trend towards incr on with
Apo06617 asgﬁaﬂqé%4 9(p:0.08). No significant increasesﬁﬁﬁgggééﬁhgécretion
were detectable with either chelator at doses | ower than 450 pnol es/kg. WO
2005/ 049609 PCT/ CA2004/ 001986 47 5 Col sgctively, both studies show that
Apo6619 and Apo6617 result in increased urinary and fecal iron excretion.
This excretiop.d Wele : ' I=st oL 1 as: Wit h
deferi pr oﬁ% ié\lef ﬁ%ﬁggﬁdghﬂn@%{ﬁ?& @@%‘f‘e’g@&ég‘%‘b&fggﬁc@éb’g%ﬂ?%%{fﬁt 'Py

great er uri nafegali irnexsxsticst vaimesst Z18Tpariéd igidayAMuoibfck/das diteglthaiases, the
superiority of 08519 over Apo6617 in 10 producing increased fecal iron
excretion wasPHBPISEGNRNt fromthese studies. In large part, this is due
to both the high, and highly variabl e "background” Ilevels of iron in the
feces (i.e. low signal to noise ratio) making chelator induced increases
in iron excredeeonddRatiStady at Vidumalesfitd: 15 EXAMPLE 16: A. Preparation of

Fe( ApoB61fy 3. chel af goBoRl! G g&tm& ot RECHARY Rkufle S50 vi ng

0. 84g of sodium Dbi onat e, sodi um carbonate 1 n”de-ioni zed water
and di | uti ng Apeb6i€olandi dwob61%0vlservgsbda 1the Bhozggstudy 6andmiel Jfurizer added

to the car bongi.e 40, AUETHERN de Tiae BSHEOARRNSPUDSEL eSS 4801 T e
or 15 mnuteS at room tenperature 1o give a clear solution. Anhydrous
ferric chl origrolig. ZPHe/studyt whS condadtgd insisvoastgbachte graumslof irpo oveoetledver 5
mn. at room%g;peifatur to give a dark red so.utif . .The fl.ask ngs t hen
seal ed with d&ptih BEHodnf QN pyeilpaging, PieRRelgn,2 g?ﬂP%SP "04% X

Acet oni trig e 4g¥@ssrhenisieifadeth Mase rte weelsitaidr (@ thatdasaibap o tecsbavader
reduced pressu to give a dry red mass. The solid was dissolved in

p
di chl or omet haﬁ’f%&(-QO m), dried over anhydrous Na2SO4, filtered and

concentrated. The Tgjguglst @rogswtrawq&=§yﬁh;@:treﬂea WithUApdEea8tidonBedliivelly! ash
chromat ography using el ution gradi ent (dichloronethane/ methanol m xture:

95/5, 90/10, ®3jopssaicd8sdBgnd 464 smolasyka Sintwivg fheraecops gPHe @f 188 The
solid was m xgfl W16} Wdardbied Wi ARbe61 P4t thRsE s/ Rk RR8e. AXrRary 60 ™M)

20 of the excretion data is shown in Table 4. Similar to the previous study, both

Apo6619 and Apo6617 produced an increase in urinary iron excretion at the

450 pmolesfkg dose (Apo6619: 11 + 3 at baseline to 335 + 76 1-day post-

Apo6619, p=0.0001; Apo6617: 14 + 4 at baseline to 183 + 20 1-day post-

Apo6617, p=0.0003). In contrast to the previous study where no significant

25 difference between the urinary efficacy of Apo6619 and Apo6617 was

observed at 450 pmoles/kg, in this study it was clear that Apo6612 was more

effective than Apo6617 (p=0.004) at this dose. Similarly, at 113 pmol/kg (25

mg/kg), both Apo6619 and Apo6617 increased urinary excretion (p<0.005},

but Apo6619 was more effective than Apo6617 (p=0.01). At 28 pmoles/kg,

30 only Apo6617 produced an increase in iron excretion (p=0.01) above

| baseline. However, the magnitude of the increased excretion was small for
both Apo6619 and Apo6617.

Fecal excretion was increased by Apo6619 at 450 pmolesfkg (p=0.03)

and there was a trend towards increased excretion with Apo6617 as well

35 {p=0.08). No significant increases in fecal excretion were detectable with

either chelator at doses lower than 450 pmoles/kg.




and stirred at RT for I h. The insoluble particulate was filtered and the
filtrate evaporate under reduce pressure to give the product (800.5 ng).
Ms (mz): 742.6 (M++ Na), 720.4 (M++1), 634.6, 499.0,469.6, 360.4, 334.3 A

sat ur at ed f the Fe(Apo6617)3 was prepared by 35 0.2
gm of the ?‘g%%btrﬂ%/g%ﬂlgn di chl oronet hane. The insol ubl e pa ?%%F%@%G

filtered. 0.3 mM of ethyl acetate was added to 1 m of the saturated
di chl oronet hane solution in a vial. Thewial was capped at room
tenperature. WD 2005/ 049609 PCT/ CA2004/ 001986 48 5 The dark brown crystals

vere renpged for @rouéétabiyoaa@pgmd%%t%w ﬂaft ImssT@%ndBA;sB vsrlegmt%ngl e

crystal structure is shown in Figure 7. The crystallograp data is shown
in Table 5 tdh@eagsd wingnaead |f@¢alwnmmaeaﬂgy%exqetmpwneﬂtmﬁ@s g, 20.0

ol e) was ""%'bQQRerQchuétBhﬁast&rﬂgs gﬁthlaefaﬁﬁ@%qmtﬂ S a?‘d@gﬂt “whfk! Pped

with a magnetic st o glve a
suspensi on. Ppobhtd produges smﬁncanﬂjmfe&t@()dnn@wlimni exergtidn3dccampared € 000 N

sol ution, 20. e 1 red

ol ut1 on. FelbgBRTLCt Bosl B8, °HRE phdinh o AeB¥R e SAEOBSRTL L0 o0
Into a 30o0nil pfr@nhlcingjinereagedi tfmiatefdnmc:etiom Wamoot\wsienaﬂdmdhes& etudies. t est
tube. The m orte ed .t | ear | | ow. oI ution. The FeCl 3
sol ution vvas)f'ax‘yga R Wg ) 896‘02&9%6%%@& ﬂ?q 5%9%%?’%% b GFHE Xt ure was
stirred at r ¢omld efrmehauhuihe feoes Gi.elapw. siGodl b waise aatucﬁ)ommgachéldatbs tinme.

The solid was_col l.ected by suction on., The solid was transferred
back to the isitegd m?aﬁﬁsfmgglp(exggthﬁdlﬁ'{cu@t%ggﬁgt and 3 ml of deionized

wat er was added. The mxture was stirred for a few hours. The solid was
t hen col | ect uct| filtration, Thes s air dried to give 3.1 g
(yield =1 QGW%%E PW&%"""“@FH{]F%‘W Z\h@%‘ftﬁe(Apo%lg)S were grown
25 fromdiffusion of toI uene |nto wet DMF. The X-ray crystal structure of

Fe( Apo6619)3 is shown in Fig EXAVMPLE 17 Determ nation of E1/2of
Fe- Apo6619 syst enfr RIHSA CEN}B‘?'@"?&Pﬁer&“’qﬁﬁ*{epaf?é‘rmédlﬁﬁﬁ“ﬂ@% Defiforefisodiimuni de

(111) was pupihassithtd,  POBSbEEEGM LRHSHAE 3uBSonized water and diluting the

solution to 50ml. Apo6617 (1.028g, 4.62 mmol) was added {o the carbonate

20  buffer (25ml). The heterogeneous mixture was stirred for 15 minutes at room

temperature to give a clear solution. Anhydrous ferric chloride (0.2417g, 1.49

mmol) was added in small portions over 5 min. at room temperature to give a

dark red solution. The flask was then sealed with a septum cap and stirred at

room temperature for 42 h. Acetonitrile (30 ml) was added and the solvent

25 was evaporated under reduced pressure to give a dry red mass. The solid

was dissolved in dichloromethane (80 ml), dried over anhydrous NazSO,,

filtered and concentrated. The crude product was subjected to purification by

flash chromatography using elution gradient (dichloromethane/methanol

mixture: 95/5, 90/10, 85/15 and 80/20). A red solid (300mg) was obtained.

30 The solid was mixed with the mixture of ethyl acetate/methanol (90/10, 60 ml)

and stirred at RT for 1 h. The insoluble particulate was fittered and the filtrate

evaporate under reduce pressure to give the product (800.5 mg). MS (m/z).
742.6 (M™+ Na), 720.4 (M+1), 634.6, 499.0,469.6, 360.4, 334.3

A saturated solution of the Fe(Apo6617); was prepared by dissolving

35 0.2 gm of the material in dichloromethane. The insoluble particulate was

fitered. 0.3 ml of ethyl acetate was added to 1 ml of the saiurated

dichloromethane solution in a vial. The vial was capped at room temperature.




nmesyl ate (DFO) was purchased from Signa. Iron atom c absorption standard
solution (contains 1005 pg/nL of Fe in 1 w. % HC) was purchased from
Al drich. Electrochenm cal nmeasurenents were performed with a cyclic 35

vol tammet r | n r (BAS, CV-50W Potentiostat). Soft A - 50W
Version 2. éﬁo%ﬁ%&%@gd. The follow ng el ectrodes were ug@ﬁ%@%ﬁ%r m ni ng
redox potentials of the iron conpl exes: Ag/AgCl reference el ectrode (BAS,

WD 2005/ 049609 PCT/ CA2004/ 001986 49 5 JMF-2052) ; platinumauxiliary
el ectrode (BAS, MM 1032); and gl assy carbon working el ectrode (BAS,

MF-2012) . (A c&gﬁg wise $RE z 5 ifBtishef

Scientifi %) gﬁ%@%h@féﬁog@t r e'%( Accﬁgrhgg? co%@ﬁsh%itgg%%ﬁy?%ezﬁrgagg 1 ¥ 620- 297,
Fi sher Sci en8idimehsior singleserpistbbstryskiradg sisrwreint Figiret i dhegayatallogsainhie i ons. 10
B. Preparatignp, of tions 2.0 nmM solution of Fe(DFO in 0.1 M Nad
(pH 7. 4) 148.8?3&38@%&?@%%#% mesylate (purity = 95% was accurately
wei ghed out into a 1 00-nmL volunetric flask. The solid was dissolved in

about 30 nL f . 15 0.1 | ive a clear colorless solution. To the
sol ution masgaaﬁ%)@r"’cl{?nlcﬁl\flfg%p%@q? e standard iron sol ution (contains 1005
pg/nmL of e in 1 W. % HC ). The solution was diluted with 0.1 M NaC to
the 100 mM nmark ip the 0 tric flask. The resul ti ol utj.on S
vortexed to ensur‘gp@%ﬁﬁl é’tjgé%xéﬁ'g mW@)sW%We@'%g&ﬁpén@ﬁ@rofr@h‘i\?o a

288_‘ m beakghecéﬁrlctﬁ.llrﬂ%&fon’ﬁ 'ﬂfﬁs!@@qlgpbé& Eﬂg AR gh&m_?_ﬁt@d{))arstk)e@ntz@dama 7.1 byd
addi ng standard sol utions of _sodium ro : eaker t covere
with parafi| RGaAW WA addef dp idive WSP%%/SﬂO%ﬂOr ﬁ]en'&"‘gwf@r‘?ﬁsgﬂ?‘x\éa“?h‘é%g‘ﬂ of the
sol ution wassaeiists {£d36 Pl lof4ood N sdetdro120@MrMbIE LAt roday teriitgatend el at ed
nolar ratio between irons t', an 0 MM sol ution

[ d DFQotal is 1 : 1.07. 25 2.
of Fe(ApbB619ive a ¢lear arappswed splgiipm: ReClyHD (47635 8pBBEL 878 a8 at el y
wei ghed out | s r4 &of . e ' 4S50l in
about 15 nL gﬁ %?%QN%h%ﬁgé%{% égoc#gggt tgglao?f%@?iszg g_\gﬁ?ﬂonmﬁgﬁjhe
sol uti on wasaddetbintesbe test lgbe: hbe Jnixirnps vortexed to give a clear yellow

solution. The FeCl; solution was added to the above Apo6619 solution
dropwise. The mixture was stirred at room temperature for 6 days. Solid was

20 formed at this time. The solid was collected by suction filtration. The solid was
transferred back fo the round bottom flask. 50 m! of acetone and 3 mi of
deionized water was added. The mixture was stirred for a few hours. The solid
was then collected by suction filtration. The solid was air dried to give 3.1 g
(yield = 66%). MS: 720.6 (M+1). Single crystals of Fe(Apo6619)s; were grown

25 from diffusion of toluene info wet DMF. The X-ray crystal structure of
Fe(Apo6619); is shown in Fig. 8.

EXAMPLE 17 Determination of Eqj; of Fe-Apo6619 system

30 A. Materials & Instrumenis
Potassium ferricyanide (ill) was purchased from Aldrich. Deferoxamine
mesylate (DFO) was purchased from Sigma. Iron atomic absorption standard
solution (contains 1005 pg/mi of Fe in 1 wt. % HCI) was purchased from
Aldrich, Electrochemical measurements were performed with a cyclic

35 voltammetric analyzer (BAS, CV-50W Potentiostat). Software BAS CV-50W
Version 2.31 was used. The following electrodes were used for determining
redox potentials of the iron complexes: Ag/AgCl reference electrode (BAS,




30 iron solution (contains 1005 g/nL of Fe in |l w. %HCI). 0.1 MNaCl was

then added to diluted the total volunme to 50 m. The resulting solution

g/gsm\iolrot eﬁed to ensure conplete mxing. The solution was transferred to an
ea H of the solution was then adj ust 1 by

addi ng st ﬁ’rgépﬂcfmg%g&?utions of sodi um hydroxi de. The bg‘%eé)“a@@% 6(7an covered

with parafilm35 and the solution was |left stirring overnight. The pH of

the solution was adjusted to 7.40 in t4ge follow ng test day. The

cal cul at Ied nol ar rati o between WO 2005/ 049609 PCT/ CA2004/ 001986 50 5

I ront ot al ;an | X BR&Y, on of

20 v oI pieBhin Ay oitpRd S, Il 30528 ﬂgrgéap%%’?@“"““

Det er mi nat i oworkﬁng ettoiroget(BAS| MFs2012)i Poth"Oﬁtﬁr é&@@mﬂ |Ressprsht ARS8 in the

text are giv r t r enc X
potentials O?@g}ég Wsdfﬁ%ég%@g&ccs%’ gﬂl\ﬁedf&sspﬁ(%nhbﬂlgt&r%%Eﬁ\r/\%ﬁéewrreasured
at the begi naletyodd, '&820-\297 lelaI@rc&yemttﬁic)/weref ysechior pbt agivstniant of itshi ng of
the cyclic volta]gms . The redox peak potentials of 2.0 nM sol utions of

i ron conpl ex8¥Mg S;?I—'I“?ﬁ that is, Fe(DFO, Fe(L1)3, and Fe(Apo6619)3,
were detegm ned. The sanple solutions of iron conplexes 15 were purged with
argon for 15_njnut est before and the solution was under argon
during neasurerest on wor ki ng el ectrode was polished on
?I um na af;eQ o??ﬁb@amoﬁﬂbqosogmaammee@mm) 300 mv/ sec for Potassium
erricyani de sol ution, and wa S for the sqlutian f

Fo( DOy - Fe( 1454 harkd HeippebomsoyicqRiBls Shaldvas Acuflpl valffied

vol t amogr angGhtd § Q00! )/bznrrre@iaoﬂlaeske$h@tsowwa’s disseyeBFa{duNBO;mbbf Fe( DFO) ;
c) Fe(L1)3; Bﬂ = deferiprone} and d Aﬁ 61_? %peThe reducti eak
potentials(E ehl’) Naﬂ*\é"cﬁd?’%ﬂéﬁt P'Sﬁ" ﬁ@'&ﬂe?ﬁ) givtiony ‘% sj"““?’r‘.é”%%é@&
difference @%%mgﬁr@%tmrﬁo%sémﬁm (coawmsrﬂmsxpgm_am:eah 1(@1#/.2) of the

four iron conplexes neasured. E1/2 value is calculated as Pfed + EP") 2

i s reported HOb). Thet %Uh%msvﬁlmtﬁ%wlﬁ'@ 144 Natd t?éB%)E'OBo'ﬂ‘bmqr'él'% g 2.0 nv
of K3Fe(CN) 6v€c>jl[]mlatrﬂz MaBet ?ﬁé'ﬁééﬂlﬂ‘l rs@fuﬁon"\ﬁése VORI ﬁﬁ el“atsufehéorl%@téml ng of

each working day to verify functioning of the cyclic
vol t anmret er . mixing. Tpgummrqmewg%ﬂmfﬂrredt ivea 280l begher T'KE[B’H ghdhee1/ 2

val ues of,, K3EG( 6 CGuale it abR ddNtd BbSul 20 By K 8BP¥ard solutions of
sodium hydroxide. The beaker was then covered with parafilm and the
solution was left stirring overnight. The pH of the solution was adjusted to 7.40

in the following test day. The calculated molar ratio between iront and
DFOgotey is 1: 1.07.
25
2.0 mM solution of Fe(Apo6619)zin 0.1 M NaCl (pH 7.4)
70.0 mg of Apob619 was accurately weighed out into a 50-mL
volumetric flask. The solid was dissolved in about 15 mL of 0.1 M NaCl to give
a clear colorless solution. To the solution was added 5557 pL of the standard
30 iron solution (contains 1005 pg/mL of Fe in 1 wt. % HCI). 0.1 M NaCl was then
added to diluted the fotal volume to 50 ml. The resulting solution was vortexed
fo ensure complete mixing. The solution was transferred to an 80-mL beaker.
The pH of the solution was then adjusted to about 7.1 by adding standard
solutions of sodium hydroxide. The beaker was then covered with parafilm
35 and the solution was left stiring overnight. The pH of the solution was
adjusted fo 7.40 in the following test day. The calculated molar ratio between




30 carbon working el ectrode are 197 nV, 282 nV, 85 nV, and 240 nV,
respectively. The values from Bi oanal ytical Systens Inc. (BAS) using
pl ati num working el ectrode are 237 nV, 306 nV, 69 nV, and 272 m/

respective a theoretical perspective, AEp shot,lé,ﬂq 60 nmv
for a si nglwomg%:'m fon transfer process. The experinen ues I:itre

considered in good 35 agreenent with those from BAS. WO 2005/ 049609
PCT/ CA2004/ 001986 51 5 Unlike K3Fe(CN)&; the redox properties of Fe(DFO,
Fe(L1)3, and Fe(Apo6619)3 are extrenely sensitive to the status of working

el ectrodeg Sli'lrof‘l %nfi%d'ﬁqgﬁo%slgolt'e@tlgaﬂnsa %Lﬁrﬁ% @ld‘écéo?.lltﬁxn%?l 0 A"

car ef ul pO|ISh car I ng el eétrode on aumna after

each scan. TMFAEiéf&mrues)smfo FM DEC) (pH-&.¢) Wps prefidged-e ( Ap06619) 3 are 112 nv,
10 107 nV, and 85 nV, respectively. It can be seen clearly (Figure 9) that

the cyclic voltammograns of Fe(DFO, Fe(L1)3, and Fe(Apo6619)3 are

basical |y r & @deimiratidiesfeddmnpdthetids ofioroteeplexds ons, it is reasonable to

assunme that the clic vqlta a f 06619) 3
represent a reve%ﬁ' %ngﬁﬁdp%ggef%ﬁ 9'? 'f\ g;;:s ﬁbe( ?@%%I PGQ:S'I:‘?’Eéprrpl ex)
Fe(l111)Lno 1%idehiolk) The r'efditfx EdteRtialg lofl @.00MmNFef %EE)(ONE)@ wmnﬂobotassﬂmns lab is
-698 nV versus .the Ag/ Ag refeE1 géee el, ectrode l‘r‘ﬁ zgfyetl_ll ent
agreement t o V3B MG, meagiied At thgERANG AT 9Ch MQTKIRH; Ror gani ¢
\?’lhe(r:nhst ; y,S %Q)?geerfgncitﬁ:gﬁggt?)tﬁ'@g &U\%Itdﬁh&emﬁhggéquf@ke Qso'ﬁentmismo rrvd .
i i i e vi de

way of il | ustpidt slutions of Eory C&F‘&’%Fxﬁs "’H(‘P(i'\‘vgyf’l K é%’)é&g&’ l§n’?@ Tepan gcope of Y
the inventiongg é&ﬁt%@fg)ask'm}ére'détérﬁﬁné& tTHY bémpléngcﬂmﬁr@nﬁ irdiicotrpexesvent i on

may be nodifie n various ways w thout departing fromthe SPII‘I'[ or
pri nci pl d5of waie PPFﬁﬂé’rW'%ﬁrQOMOH%WﬁLE??r b%fe%CVﬁﬁan%%latth%ﬁ%Iu IOEWRR o

g'efgflvr Ogcgpe%ﬂg Pé@%ﬁ%rﬁé rﬁ’éatétfé?ﬁér‘lt'sw Ml‘é@é@b&b@ﬁ W@Pkuggtbuécﬂo%é ?gs%l !thz egS
240 polished on alumina afier each scan. The scan rate used was 30 mVIsec for
Potassium ferricyanide (lll) solution, and was 450 mV/sec for the solutions of
Fe(DFO), Fe(L1);, and Fe{Apo6619)s. Figure 9 shows the cyclic
20  voltammograms of iron(ili)L, complexes at pH 7.4: a) KsFe(CN)s; b) Fe(DFO),
c) Fe(L1)s; {L.1 = deferiprone} and d) Fe{Apo6619);. The reduction peak
potential (E;*%), the oxidation peak potential (E,>), the absolute difference
between E,* and E,™ (AEp), and redox potential (Eqz) of the four iron
complexes measured. Eq value is calculated as (Ey®° + E,%) / 2 is reported
25  inthe table within Fig. 9.

The redox potentials of 2.0 mM of KsFe{CN)s in 1.0 M potassium nitrate
were measured at the beginning of each working day to verify the proper
functioning of the cyclic voltammeter. In a typical measurement, the Ep’ed,
Eo™, AE,, and Eq;2 values of KzFe(CN)s determined in this lab using glassy

30 carbon working electrode are 197 mV, 282 mV, 85 mV, and 240 mV,
respectively. The values from Bioanalytical Sysiems Inc. (BAS) using platinum
working electrode are 237 mV, 306 mV, 62 mV, and 272 mV, respectively.
From a theoretical perspective, AE, should be about 60 mV for a single
electron transfer process. The experimental values are considered in good

35 agreement with those from BAS.




Fe(DFO) -754 -642 112 -698 Fe(deferiprone)3 -887 -780 107 -834
Fe(Apo6619)3 -733 -648 85 -691 WD 2005/ 049609 PCT/ CA2004/ 001986 52 5 Tabl e
1: Chem cal Properties of conpounds of fornula I. Structure Compound # D7. 4

pKas Log !p"&gﬁ?@@ﬁ PlusTM software Cal. Human q‘ho%ﬁobggt've

Per meabi | i 10 2.7, CP50200485336209

Apo6617 0.099 8.5 33.6 20.8 1.11 x=1 2.5, Xx.~ Ap06618 0.331 8.6 33.6 20.5
1.49 x| | 2.5 Ap0661901098633 4420.7 1.11 2.7, Wv Apo6620 0. 78
8.7 33.8 20.3 1.46 | | ~JAp066212287343209165il" 2.8,

Ap06622. 03357 8. 6,3 el 2 A0 GARRD PR GRS o8

Fe(Apo6619); are extremely sensitive fo the status of working electrode
surface. The redox potentials were reproducible only after careful polishing of
the glassy carbon working electrode on alumina after each scan.

The AE, values of Fe(DFO), Fe(L1):, and Fe{Apo6619); are 112 mV,

10 107 mV, and 85 mV, respectively. It can be seen clearly (Figure 9) that the
cyclic voltammograms of Fe(DFO), Fe(L1)s, and Fe(Apo6619); are basically
reversible. Based on these two observations, it is reasonable to assume that
the cyclic voltammograms of Fe(DFO), Fe(L1)s, and Fe(Apo6619); represent
a reversible single electron transfer process for each complex: Fe(ill)Ln

15 Fe{I)L,. The Eqp value of Fe(DFO) determined in this lab is —698 mV versus
the Ag/AgCI reference elecirode, which is In excellent agreement to literature
value (-688 mV) (A. L. Crumbliss et al, Inorganic Chemisiry, 2003, 42, 42-
50)The Eip value of Fe(Apo6619); is —691 mV, which is similar to that of
Fe(DFO).

20 The above examples are provided by way of iflustration only and are in
no way intended to limit the scope of the invention. One of skill in the art will
understand that the invention may be modified in various ways without
departing from the spirit or principle of the invention. We claim all such

modifications. '

25

The electrochemical properties of iron{lll)L, complexes at pH 7.4 are

listed below:
System ES(mV) [E(mV) | AE,(mV) | Eqz(mV)
KsFe(CN)s 197 282 85 240
Fe(DFO) -754 -642 112 -698
Fe{deferiprone); | -887 -780 107 -834
Fe(ApoG619); | -733 -648 85 -691




53 5 Table 2: Metal ion binding selectivity of Apo6619 (pKai = 2.5, pKa2 =
8.6) log scale Fe(lll) A(IIT) Cu(ll) Zn(lIl) M(IT) M(Il) Ca(ll) K 12.5
93896351413 K2116957.758433221 Ka 9.5 8.2 - - -

132 - - 12.1. 9.4 7.3 5.1 Pa 33.6 27 - 06.46.0
6.0 6.0 16”%%?8?"5’9@9 Ef f ecti veness of Apo6619 and Apo6 @Cgﬁﬁﬂr?%s? ered at a

dose of 450 noles/kg in Pronoting Fecal Iron Excretion in the Iron
Overl oaded Rats (n=6). Values are exprggsed as gg/day/kg. Fecal excretion
val ues three days 15 after putative chelator admnistration are given.

(ol daykg) > Bachis neouaRipareabetbeRe rat P AT et - hans 760 11 20

WD 2005/ 049609 PCT/ CA2004/ 001986 54 5 Tabl e 4: Effectl veness of Apo6619

and Ap06617 1 b and—e T%‘fe‘drv"" A—the—Hon
Over | oaded § S }n:6/grou . Vallés arp bK(;G‘xpr elssde%f’ as g/ day gggw Fecd
| ues 3 day

excretion v s after ¢hel ator|adm nijstrati gn are g) saaRaand
conpared to fthe baseline valueg detern ned 3|days prjior to sl ednGen
adm ni stratijon. Valugs are expressed ps nean 1SD. |10 Iron|&epleti gn data
expressed in pg/day/ kg (SD) Uline (1 day post Conpdqund che ﬁeffrge bi[itF(-:ces (3

days)' [em/s x 10

=

w e, | GP502 0.04 8.5 33.6 20.9 0.81

\ 2.4
l ¥
CHy

7 |Apos617 |0.099 |85 [336 {208 | 1.11

" . 2.5,
A 7 |Aapoee1s |0.331 |ss  |336 |205 |1.49

I
R 2.5,
A "Se, | Apo6619 {0.109 |8.6 33.4 20.7 1.11

J
m/@ 27,

U | Aposezo | 0.78 8.7 33.8 1203 1.46

bl 2.5,
\O Apo6621 | 2.2 8.7 34.3 20.9 1.65

oH;
O | Apos622 | 0.357 |86 33.9 20.8 1.28




Apo6617 Apo6619 Apo6617 Apo6619 Dose Level O(Baseline) 144 113 23001003
2575871 Not 28 pnol/kg 246* 144 Measured Not Measured 113 pnol/kg 288*
5115*T 2411335 30331076 450 pnol/kg 18320* 33576*ti 3228437 3831790* 1-
Assessnent of 3- fecal excretion was required to al sit of
the iron W%g’é{ﬂg‘%éﬁe gastrointestinal tract. *p<0.05 lli‘/e %226%03{592 i ne val ue
in the sanme group ,rp<0.05 versus Apo6617 at the sane dose WO 2005/ 049609
PCT/ CA2004/ 001986 55 5 Table 5 Crystal gglata and structure refinenment for
Fe(Apo6617)3 ldentification code Fe(Apo6617)3 Enpirical formula C33 H42
Fe N6 O 030 1pidn Mettfidtlindifi§ sefcuviig S RpBSEHFpKa0 1 5 ol ~Wage! engt h
0.71073 A Crystéz;?L system Tri c?i ni ?:N gpacg groga(p‘)) P?l Un’iﬁ}éagel )gi nMensi ons
a= 10.9760(4) A a= 94.283(2). b =11.3790(4) A [3= 90.351(2). 15

=13. 9952( 5) Ay =9I Ht 2 T iR IR 242 5D Sr—PerstEy—tTaticul at ed
423 Mo 15 [P BI e ol¥d Dot aRea. 500 i L 130 £ P 7dreyatlal oi ze

0.30 x 0.14 K,0.04 s Thietm range for [glata c@.fectifam 2. 623t o0 25.{00.

| ndex ranges|=13<=hk=13 .13<=k<=13 -16<x1<=16 LReflections gollected 16641
11.6 9.5 7.7 5.8 4.3 3.2 2.1
Ks 9.5 8.2 - - - - -
B2 - - 16.6 12.1 0.4 7.3 15.1
Bs 33.6 27 - - - - -
PM 20.5 13.9 10 6.4 6.0 6.0 6.0

10

Table 3: Effectiveness of Apo6619 and Apo6617 administered at a dose of
450 pmolesfkg in Promoting Fecal Iron Excretion in the Iron Overloaded Rats
(n=6). Values are expressed as pg/day/kg. Fecal excretion values three days

15 after putative chelator administration are given, Values are expressed as
mean + 18D.

Test Article | Fecal excretion

| (ng/daykg)
Baseline 3057 + 184

ApoB619 4154 £1245

Apo6617 | 4411+£790

20




25 I ndependent

and m n.

| east - squa
Goodness- o
0.1410 R nd| ces (all

coefficient none 35 Largest diff.

9{))59045«%%2

reflections 6114 [R(int)
25.00 99.8 % Absorption correction Sem -enpirical
transm ssion 0.966 and 0.892 Refinenent nmethod Full-matrix
restraints / paraneters
R indices [I>2sigma(
data) R1= 0.0830, wR2 = 0.1594 Extinction

peak gpd hole 0.609 and -0.539 e.

30 Data /
1. 034 Final

= 0.0753]

¥ ‘)6[]]’&‘%{6:‘”%?46%22,2 WR2

Conmpl eteness to theta =
from equival ents

MVBx.

.$ 3 W

2005/ 049609 PCT/ CA2004/ 001986 56 5 Table 6. Bond lengths [A] and angl es

[01 for Fe(AnqBRls) %ﬁE&ﬁz&ﬁés@(o‘ﬁ &6&%%@AM6%#7 TQ&n%tz%

2.010(2) 45

1.454(15) 10!
2.025(2) C(1

0(1)-

1) 1.

@é(%c%m)fz ﬁ'edm

Eﬁﬁe(r}%hd Fegdtl) - O(8)

g R (GO e o1 PEaTERE)

daytkg) F&ca?%ﬁdr&)on VEﬂéé,)B d&)slafte? cRAB62AdmNiditionbrk Giveh.ahd 1( 5)

1. 498(5) 15 6?5&4%¥?%}

C( 16) - C( 20) Na’ﬁ,&S@féexp%s@édéi(ﬁ@énﬂﬂ%S(@ C( 20) - N( 4)

Ieapiies Topione s sarky el sl

1. 331(5)

14 18
'Té2%49
0(7)-C(24)

1.297(4) .55 N(4)-C(21) 1.474(10) (Q(8)-C(28) 1.329(4) C(21)-C(23) 1.434(15)
20 0(9)-C(31) 1.218(4) C(21)-C(22) 1.492(13) N1)-C(3) 1.351(5)
C(22)-C(23) 392([1(51)excrd(hdr) d4h é)préssﬁ@ﬁ‘(@d@(l@:[*SD)C( 22*) 1.461(19)
N(1)-C(7) 1. 07\J) 60—C "‘n -’“ 23—+ 5H35(I6)—N3)=C(14) 1. 355(5)
C(22*)-C(23*) 1.582(18) ZE ﬁ\ﬁ )d'a&pé 1. 390(5) C(24) C(2b) 1.395(5)

Compound chelator) Feces (3 days)' '

Apo6617 | Apo6618 | Apo6617 Apo6619
Dose Level
0 (Baseline) 1414 1143 23001003 | 2575:871
Not -

28 umolfkg 24+6* 14+4 Measured [Not Measured

113 pmolkg 28+8° 51+15*t | 2411+335 | 303341076

450 pmol/kg | 183+£20* | 335176%c | 3228437 | 3831+790*

through the gastrointestinal tract.

*p<0.05 versus baseline value in the same group

p<0.05 versus Apo6617 at the same dose

1- Assessment of 3-day fecal excretion was required to allow for transit of the iron




N(3)-C(19) 1.483(5) C(24)-C(28) 1.425(5)

N(5)-C(26) 1.361(5) C(25)-C(26)

1.363(5) N(5)-C(27) 1.387(4) 65 C(26)-C(29) 1.504(5) N(5)-C(30) 1.474(5)
C(27)-C(28) 1.376(5) 30 C(i)-C(2) 1.393(5) C(27)-C(31) 1.501(5) C(1)-C(5)

Gi3) ) MUk &5 o5 1 15) o o b S ss) oss)

1.485(16) 35 C(4)-C(8) 1.493(6) C(33)-C(34) 1.459(15) C(8)-0(3*) 1.256(7)
C(32*%)-C(33*) 1.433(16) C(8)-0(3) 1.288(8) C(32*%)-C(34*) 1.53(2)
C(8)-N(2*) 1.325(8) 75 C(33*)-C(34*) 1.45(2) C(8)-N(2) 1.378(8)

0(11) - 0( 1) #XrabieS 0( 1@lystarifta MaRohrefide Pekinelnekt &3 fek Bosd2()9) - C( 10) 1. 447(16)

0(5) - Fe(1)-0(8) .88, 36(9 9)-C(11
STy @%‘é%"f’éﬁ"%% O(Cé)?pgﬁl)?o(a

c(10)-C(11) 7

(%é%%é” (5)-Fe(1)-0(2) 88.97(10)

0) WO 2005/ 049609

PCT/ CA2004/ 098l fomitss O 5) - Fe(1) - O(7) TedlFrfia®ysC(4) - C(5)- C(1) 120. 6(3)
Q(8) - Fe( 1) - O(épmuBheigtk( 10) 45 O(3*)-C(8)- Gh&R 26.2(4) (2)-Fe(1)-0(7)

117. 3( 6)

Q0 Hos5emel( 1) - O(4) 160.54(10) 0(

99. 86(11 ¥ ).~ -N(2*) 118.8(5 5 1)-0(4) 81.11(10
0(3)-(6(81‘35%9’%"%’?9(%) ) o(8)- Fe(l) - o ) B 01 Lo) o

101.01(10) 0(3%)-C(8)-N(2
§)197@6‘8)EN()2) (127?8%)) (2)

Q(7) - Fe( 1) - OCk)staDBst@3( 10) 50 N(2*) - C( 8) - Nighuic22. 3(4) O(5) - Fe(1)- (1)

103. 01(10) 0(3%) x64,8) - C(4) 125.0(4)

Q( 8)p-Fe(1)- (1) 167.38(10)

0(3)-0(8)-C(4),119,1(5 2)-Fe(1)-O(1) 7 N(2%) - O(8).+ 116. 2( 4
157G 7) - Fo 11 Ed om0 10) N(2) () Cp PAMEY ) ol BA Oy

86. 34(10) 55 C(8)-N(2)-C(9) 106. 3(6)

C(10) - C(9y- C(11) 64.7(7)

Volume
zZ
Density (calculated)
Absorption coefficient

20 F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected

25  Independent reflections
Completeness to theta = 25.00°
Absorption correction
Max. and min. transmission
Refinement method

30  Data/restraints / parameters
Goodness-of-fit on F2
Final R indices [I>2sigma(l}]
R indices {all data)
Extinction coefficient

35  Larpest diff peak and hole

C( D-10pY@Fe( 1) 113B490251Q)°.

¢=13.9952(5) A y=91.731(2)°.
1742.18(11) A?

2

1.423 Mg/m?

0.500 mm'!

784

0.30 x 0.14 x 0.04 mm?

2.62 to 25.00°,

-13<=h<=13, -13<=k<=13, -16<=l<=16
16641

6114 [R(int} = 0.0753]

908 %

Semi-empirical from equivalents

0.966 and 0.892

Full-matrix least-squares on F2

6114 /2 /462

1.034

R1=0.0566, wR2 = 0.1410
R1:=0.0830, wR2 = (.1594

nonc

0.609 and -0.539 A




C(5)-Q(2)-Fe(1) 114.4(2) C(10)-C(9)-N(2) 103.8(9) C(12)-0(4)-Fe(1)
112.7(2) C(11)-C(9)-N(2) 113.2(8) 20 C(17)-Q(5)-Fe(1) 113.2(2)
C(9)-C(10)-C(11) 59.4(7) ©(24)-0(7)-Fe(1) 113.6(2) 60 C(9)-C(11)- C(10)

55. 8(7) Fe(1) 112.7(2) C(8)- N 2* 9*) 11

q(3) - N( 1)- %“"%@‘13(3) O(11%) - Q(9*) - &10£) 2516(2(7) 6?%3% WYL

117. 7(3) C(11*)-C(9*)- N(2*) 114.6(8) 25 C(4)-N(1)-C(7) 120.8(3)

C(10*)- C(9*)- N(2*) 100.4(9) C(14)-N(3)56(16) 121.3(3) 65

%9;)7)0(10*) 0(11%) ;fnh?ig?) C(Zn%) N(3)-C(19) 118.6(3) C(9*)-C(11*)-C(10*)
A 668)); 125. 6( 3

C( 26) - N(5 (27 %}&120 5(3)@1% )%(12%0!017) 11%%(3; 30 C((zag N( 5) - C( 30)

120. 7(3) O 13)-C{12)- G{17)—118. 0{3)—C( 27 N5y C(30) 118.7(3) 70

C(12)-C(13) @ea)ao(s)lzo 9(3) O( L)ssEBL) - C( 2) NRALW 4) N( 3) - O LBFS6P)13)

120. 2(3) Loy @) C(5) 117. 8(:3hody( 3) - @ 1dp»@(it8) 119.4(3) L@@y C(1)- C(5)

117. 3(3) 0(13 C(18) 120.5(4) 35 C(3 C(l 121. 3
C(17)- C( 16) - ﬁ)f o1y 7(3) N(1)% é?f %Qg%g " C(17)( 54%? o( 20)
120. 0( 3) IN(E}(JEQ(IB)) C(6) 1109. 4(24520@(3) 0(1%()1%”?:@ 120. 3(3) 89 c( 3) - C( 6)
120 2(4)17)0(5)1:e 2160(512) igsquoamgs)qm@g)mm) 119. 0(3) 1.384(5)

8 (3 16 12
15, 7(3) NCHOOB "o(8) 110 3@ o) % %7@(43 o4, 1( ) 0 <)
Q(2) - C(5) - C(%(Df .3(3) qe)-(’ ?ﬁ 1 0(2)-C(5)- &Q 115. 1(3)
N( 4) - C( 20) - CdBYE 13. 0( 3) V\ozonaan@mgaog POFACABD04/ 001986 ~ 5886

C(20) - N(4)15 6.2(5 28 7 31 3
120. 5(8) N(g@gicéég qglg %8 )Gf(z%(%) C(31padanrP(3)  C(23) - CbRE) - N(4)

Q(8) - ¢( 28) Y53.8(3) N(4): (?1) qzzgﬁ’@é”‘(’g 3)2) 226&38)716(8&523) C( 24)
116.6(3) C( 28HLEOR2) - C(21) 509. 152@ # C(27) DCo(24) 119. 5( 3§
0(7)-C(24) 1.297(4) 55 N(@)-C(21) 1.474(10)
O(8)-C(28) 1.329(4) C(21)-C(23) 1.434(15)
20 O@©)-C(31) 1.213(4) C(21)-C(22) 1.492(13)
N(1)-C(3) 1.351(5) C(22)-C(23) 1.392(15)
N(1)-C(4) 1.397(5) C(21%)-C(22%) 1.461(19)
N(1)-C(7) 1.487(5) 60 C1%-C(23%) 1.535(16)
NEG)-C(14) 1.355(5) C(22%)-C(23%) 1.582(18)
25 N@3)-C(16) 1.390(5) C(24)-C(25) 1.395(5)
NG)-C(19) 1.483(5) C(24)-C(28) 1.425(5)
N(5)-C(26) 1.361(5) C(25)-C(26) 1.363(5)
N(5)-CQT) 1.387(4) 65 C(26)-C(29) 1.504(5)
N(5)-C(30) 1.474(5) CQ7-C(28) 1.376(5)
30 C()-CE) 1.393(5) c@7N-CG1) 1.501(5)
C(1)-C(5) 1.434(5) C(31)6) 1.310(5)
C(2)-C3) 1.383(6) N(6)-C(32) 1.514(12)
C(3)-C(6) 1.495(5) 70 C(32)-C(34) 1.417(15)
C(4)-C(5) 1.384(5) C(32)-C(33) 1.485(16)
35 C(4)-C(8) 1.493(6) C(33)-C(34) 1.459(15)
C(8)-0(3%) 1.256(7) C(32%)-C(33%) 1.433(16)
C(8)-0(3) 1.281(8) C(32%)-C(34%) 1.53(2)
C(8)-N(2*) 1.325(8) 75 C(33%)-C(34%) 1.45(2)
CE)NQ) 1.378(8) O(11)-0(11)#1 1.550(16)
40 N(2)-C(9) 1.608(12)
C(9)-C(10) 1.447(16) O(5)-Fe(1)-0(8) 88.36(9)
CO)-C(11) 1.505(13) O(5)-Fe(1)-0(2) 88.97(10)

C(10)-C(11) 1.581(16) 80 O(8)-Fe(1)-0(2) 95.35(10)




10 C(22)-C(23)-C(21) 63.7(8) O(9)-C(31)-N(6) 123.8(4) C(22%)-C(21*)-C(23*%)
63.7(8) O(9)-C(31)-C(27) 121.5(3) O(21*)-C(22*)-C(23*) 60. 4(8)

N(6) - C(31)- C(27) 114.7(3) C(21*)-C(23%)-C(22*) 55.9(8) 30 C(31)- N(6)-C(32)
119. 2(5 7),- -C(25) 125.8(3 34)-C(32)-C(33

A7) - (C( )24) g&@%ﬁ‘ﬁ% 6CE 3) ) C(34) - (C( éz)c( N( 23) C(126? 8?(9) ) c‘(e‘g‘%?‘g@“é‘ﬂ?}r’”& 28)
117.5(3) C(33)-C(32)-N(6) 118.8(8) C(26)-C(25)-C(24) 121.9(4)
C(34)-C(33)-C(32) 57.5(7) N(5)-C(26)-CkR5) 120.1(3) 35 O(32)-C(34)-C(33)
62.2(7) N(5)-C(26)-C(29) 118.4(3) C(33%)-C(32*)-C(34*) 58.7(9) 20

5:(2(23521E % 22()5;)@((33%(1)?355’(%- 5(C2%2C§ 33€M1@)g$3*) - CCAAER)-Eh. ?( 9) f C(283E( 27) - N((j 5%

. * ) - *) - * r ransf or ns use o]
gener at e equi%\géfgli?f&%ons: #1-5%‘37"51?@1, 506 het CRBEBAT 001956
59 5 Tabl e 7.0(RFYNAUD dat a and®B¥fldkct ure r EBHIHEHEWD for Fe(Bp86519) 3
| denti fi cat i axs)waoeodde( Apo66193Bi1ENpi ri cal oipe@ui@)C37. 50 HB39ED Fe N7. 50

012.50 Forma(e?_F%L&J%t 865. 23 Jeqpsy ature dab(dhNg 10 Vavghggpth 0.71073
A Crystal,  systemTriclinic Space group P i i

-1 Unit cell di ons
a=11. 9319(%) RHEDHNg11(3). 1520y 3968(953%%8{‘%@108. 353(5?’9386)15 c
=15. 3024(9) AR(PEA(DND64(4). VB3O 214P06KE))-OBNR)2 Densi t23¢kal cul at ed)
1.342 My/ n8 opysqiyddon coeffiigi@pb) 0. 421 opwed)2feF(000) Ob4.o@ ystal size

0.22 x 0.21 % {38 s 167.38(10) O(3)-C(8)-C(4) 119.1(5)
O(2)-Fe(1)}-0(1) 79.61(10) N@2*)-C(8)-C(4) 116.2(4)

15 O(7)Fe(1)-0(1) 89.01(10) N(2)-C(8)-C(4) 112.9(4)
O4)-Fe(1)-0(1) 86.34(10) 55 C(8)N(R)-CO) 106.3(6)
C(1)-O(1)-Fe(1) 113.1(2) C(10)-CO)-C(11) 64.7(7)
C(5)-0(2)-Fe(1) 114.4(2) C(10)}-CEINE2) 103.8(9)
C(12)-0()-Fe(1) 112.7(2) C(L1)-COMNE) 113.2(8)

20 C(17)-0(5)-Fe(l) 113.2(2) C(9)-C(10)-C(11) 59.4(7)
C4)-0(7)-Fe(1) 113.6(2) 60 C(O-C(LI-C(10) 55.8(7)
C(28)-0(8)-Fo(1) 112.72) CB)N(2H-C(o¥) 119.2(7)
C3)N(1)-C@) 1213(3) CT*-CO%-C(10%) 61.2(7)
CE)IN)-C() 117.73) C(11%)-COH-NE) 114.6@)

25 CEAN1)-C() 120.8(3) C10%)-CO*)-N2*) 100.4(9)
C(14)-N(3)-C(16) 121.3(3) 65 C(9%)-C(10%)-C(11%) 58.9(7)
CL4)-NB)-C(19) 118.6(3) C(9%)-C(11%)-C(10%) 59.8(7)
C(16)-N(3)-C(19) 120.1(3) OW@)-C(12)-C(13) 125.6(3)
C26)-NGI-CET) 120.5(3) O()-C(12)-C(1T) 1163(3)

30 C(26)-N(5)-C(30) 120.7(3) C(13)-C(12)-C{T) 118.0(3)
CRT)N(G)-C(30) 118.7(3) 70 C(12)-C(13)}-C(14) 120.9(3)
O(1)-C(1)-C2) 124.9(4) N(3)-C(14)-C(13) 120.2(3)
O)-C1)-C(5) 117.83) N(3)-C(14)-C(18) 119.4(3)
CQ)-C()-CO) 1173(3) C(13)-C(14)-C(18) 120.5(4)

35 C(3)}-CER)-C) 121.3(4) C17)-C16)} N () 119.7(3)
N(1)-C(3)-C(2) 120.4(3) 75 C(17)-CU16)-C(20) 120.0(3)
N(1)-C(3)-C(6) 119.4(4) N(3)-C(16)-C(20) 120.3(3)
CR)-CB)-C(6) 120.2(4) O(5)-C(1T-C(16) 123.903)
C(5)-CA-NQ) 119.0(3) O(5)-C(17)-C(12) 116.5(3)

40 C(5)-C)-C®) 121.6(3) C(16)-C(17}-C(12) 119.7(3)
N(1)-C(4)-C(8) 119.3(3) 80 0(6)-C(20)-N() 124.1(4)
0(2)-C(5)1-C(4) 124.3(3) O(6)-C(20)-C(16) 122.9(3)

O(2)-C(5)-C(1) 115.1(3) N{4)-C(20)-C(16) £13.0(3)




Theta range for data collection 2.62 to 27.59. Index ranges
- 15<=h<=14, - 18<=k<=18, - 16<=1<=19 Reflections col |l ected 20782 25
| ndependent reflections 9756 (R(int) = 0.0469] Conpleteness to theta =
27.59 98.4 rption correction Sem -enpirical fro Max.
and m n. P"{g@ﬁ? g@%n 0. 949 and 0. 805 Refi nenent net h?ﬂﬁ%@i@%?
Ieast-squares on F2 30 Data / restraints / paraneters 9756 / 0 / 518
Goodness-of-fit on F2 1.053 Fi nal R i ndkges [|>25i gma(l)] R = 0.0582, wR2
= 0.1519 Rindices (all data) Rl = 0.0928, wR2 0.1663 Extinction
coeffl ci ents GaN&Ui-&4)) 35 Lar g1@5i5dl ff. peales Qbh;gh)e 0. 5591@@(3 -0.504
e.A-3 WO 200 CT/ CA20 1986 60 : Bond hs [tI] and
angles [] for %%2&%9%519 3. Fg@igcxs 1.9 i&& 1%%&%0(5)
Fe(1)-Q(3) 2.%%% (21)7<§(22¢(7) C(9Yo¥N481(5) PEP-HREX 2 0185 1280 45
q(8)-C(9) 1. 3a0(cRn)- ¢@2)Fe( 1) - A(163.0(2. 0300(2358D(8$C022>)C{@0 16) 1. 37666)
Fe(1l)-Q2) Z(Qg%g 21X 12) - C(3gdpnl. 438(4) ¢ %f g)l) 2. 0634 éé(
C(13)-C(14 3 (1)-C(1) ](312(3) 4 1. 387(4 2)-C(2)
1.292(3) 50 EESFEEURN 1. 49485 @s 0o(3)- (3l> 4 @ 21)
1.512(4) Q(H220(AF*)-22294(3) 63AB) - C(19) 1)(94864)4)(27)0(5) C(EBFGI 323(3)
O(18) - C( 20)  LARE@N)-c@6) - O 2804h. 295(3) HAOBADH) 1. 488(ENe) Q[ 7) - ¢ 10)

1 438(4) Q1 %ﬁgﬁ?é&aﬁgf’g ( %5%? o8 TP ) S S

C(25) - C( 26) (25) C(34)-C(32)-C(33)
15 On-C4)-C(28) 116.6(3) C(34)-C(32)-N(6) 126.8(9)
C(25)-C(24)-C(28) 117.5(3) C(33)}-C(32)-N(5) 118.8(8)
C(26)-C(25)-C(24) 121.9(4) C(34)-C(33)-C(32) 57.5(7)
N(5)-C(26)-C(25) 120.1(3) 35 C(32)-C(34)-C(33) 62.2(7)
N(5)-C(26)-C(29) 118.4(3) C(33%)-C(32%)-C(34%) 58.7(9)
20 C(25)-C(26)-C(29) 121.5(4) C(32%)-C(33%)-C(34¥%) 64.0(9)
C(28)-C(27)-N(5) 120.4(3) C(33%)-C(34%)-C(32%) 57.3(8)

40  Symmetry transformations used to generate equivalent atoms:
#1 X -v+l =




N(1)-C(5) 1.410(3) C(26)-C(28) 1.500(4)

N(1)-C(7) 1.466(4) 60 C(27)-C(32)

1.494(4) 25 N(2)-C(15) 1.359(4) C(29)-C(31) 1.480(5) N(2)-C(16) 1.393(3)

C(29) - C(30) 1.481(4)

1.373(4) N(1S)- 1.345(6
30 N( g)zc(%é}%"_‘ﬂ?%zfé@@ &)

0(1S)-C(2S) 1.253(6)
O(5)-Fe(1)-O(3) 90.66(7)

N(2)-C(18) 1.465(3) C(30)-C(31) 1.494(5) N(3)-C(26)

N(3)-C(27) 1.382(3) 65 _ 1.367(7
) N( 15)-0(3(5))1.(:5142%5) N(g)quo%‘}é‘%’?g%‘ﬁ'@“ 7
(4)

N(4)-C(11) 1.464(4) N(5)-C(21) 1.319(4
N(5)- C(22) 1.449(4) 70 0(5)-Fe(1l)-O(4) 161.25(7)

35 N(6)-C(32) 1.317(4) 0(3)-Fe(1)-Q(4) 80.33(7) N(6)-C(33) 1.466(4)
0(5) - Fe(1 : o -Q(6) 106.44(7
Cglg : C(e(z ] )5-1 951 gfza(bge;)?-. gﬁ(g&h ng%@g%%i&rs ?ﬁ%g%%ﬂ)&%g&pdﬁ@f@} Qq(6) (7)
0(5) - Fe(1) - O(Bytif@tiagee®) 40 C(3)- C(4) 1.3%@“(1’985 % 3)- Fe(1)-0(2) 85.84(7)
C(4)-C(6) 1. 4B8{db) t@fd) - Fe(1) - 0(2) 101. 72¢3850 HIBEEFe M08 0)2.50. 485( 4)

Q(6) - Fe( 1) - O Rk
Q(5) - Fe(1)-O(1
45 C(7)-C(9) -

103.56(7) C(7)-C(8)-C(9)
7289, 5(2) O(4)-Fe(1)-Q

Y- C(3) 1.392(4) 75

83(7) WD 2005/ 049609 &3 CA2004/ 001986 61 5
1?8( 3) Q(3)-Fe(1)-Q(1) 159.41(7)
1

~78(7) O(7)-C(10)-N(4)

121. 7(3) 1O 6Yawlese®) - O{ 1) 90. 66(7) 0(7) - QHFBAC(5) 123. 0( 3)
A 2) - Fe(1) - A dnsral §staR( 7) N(4) - C(10) - C(5) Hibmic2(2) 10 C(1)-(1)-Fe(1)

113. 92(16) O
Qq(3)-C(12) -

112. 55(16), O(14) - O(13) - ((12) 118. 8(2)

20

25

30

35

C(2)70(2) - Fe(1) 115.03(16) 50

%- %flz) -C(16) 125.1(3)

j°°T16. 0(2) ~ C(12)-Q(3)-Fe(1) 112.01(16) C(16)-C(12)-C(13)
118. 8(2) ~C( 1¥tecidipengens1) 112. 70(16) O BH=ELABPIE(14) 124-36HH1G)’
C(23)-Q(5)-Fe(1) 113.72(16) O(4)-C(13)- C(6:2).386k6) 8(2) 15 GL2akRsN6) - Fe( 1)

Volume

Z

Density {calculated)
Absorption coefiicient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

Completeness to theta = 27.59°

Absorption correction
Max. and mixn. transmission
Refinement method

Data / restraints / parameters

"Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data}
Extinction coefficient
Largest diff. peak and hole

c=153024(9) A
2141.6(2) A3

2

1.342 Mg/m?3
0.421 mm!

914

0.22 x §.21 x 0.10 mm?
2.62 t0 27.59°,
-15<=h<=14, -18<=k<=18, -16<=1<=19
20782

0756 [R(int) = 0.0469]

98.4%

Semi-empirical from equivalents
0.949 and 0.805

Full-matrix least-squares on F?
9756/0/518

1.053

R1=0.0582, wR2 =0,1519
R1=10.0928, wR2 =0.1663
0.0061(14)

0.559 and -0.504 e.A?

y=95.164(4)°.




C(4)-N(1)-C(5) 121.5(2) 55 C(15)-C(14)-C(13) 120.7(3) O(4)-N(1)-C(7)
118.7(2) N(2)-C(15)-C(14) 119.4(2) C(5)-N(1)-C(7) 119.7(2)

XE e S 10, 084D 208 2y, S g
120.

C(16) - N( 2) Q"éﬁf‘é@‘f@g 1(2) 60 C(12)-C(16)-C(21) 121. 5(25’&’%?:?%’&3?‘)"&?(8& o(27)
121.0(2) N(2)-C(16)-C(21) 117.8(2) C(26)-N(3)-C(29) 119.8(2)

N(2)-C(18)-C(19) 118.1(2) C(27)-N(3)-GR9) 119.2(2) N(2)- C(18)-C(20)
119.1(2) 25 C(10)-N(4)-C(11) 121.8(2) C(19)- C(18)- C(20) 59.9(2)

C(21) - N(5 2 r 2 32) - N(6) - C( 33
150,83 *cu&%g%ﬁ SR TR PR o S0 o(0) 8) -G 2h) N
124. 0( 3) 194@94@445-5@2)—9(—8)—@(-2—19—@616) 119.9(2) 30

C(5)- O(1) - C(2pid® 3(2) N(5)- Ciamsae) 16) 10B:a%2) O 2) - C(2)1B8) 124. 8(3)
70 O(5)- C(23)cflady 124.7(2) Gl %(2) C(a(g %6 8(2) Q(5)- G ARy O(24)

115.9(2) C(3 1) 118. 4 27 24) 119.3(2
o(4) - O(3) - qu}“%‘i 1%))0(6) zéﬁ‘ &) %502) s N(l)(c%hﬁ‘”@(s)

120.0(2) Q06Fe(O(XA) - O 23) 116. z(ozgousm( 1) - GBCAPB) 119. 6(2) M)
%ESZE%M) D021 13(%2)1180(5(3)03 ) C(6)c(ﬂ23—@(13)g§’>) 1%ZS%2C(%)3(4I3(24)
(1) - ¢(5) - C( K 0(2) C(25) ’%gf%) &%SN%’(s) 40 N(1)- g§§4)q10)
118. 7(2) N(3PMeCES) - c(28) 119. 8¢EH3 N(1) - cﬁiﬂf’)*c 8) 118.2(3)
¢ 23) - C(27) R(BX120. 5(2) N(1n20(H) - C( ) ALYCA@3) C(23) - O 24046 32)
120.8(2) 16 39 c(9) 60. 9(?1)31411,(3) 0(273(1 @ 118. 3(2) |;5y@
2005/ 049609 P 004/ 001986 g%é 31) 119. 3( ])3 “
4(3) N(B) - “é‘f ’c<27>

Q(9) - C(32) - c(" 120. 8(2) N(3> 9) - 6(3
115. 4( 3) O(5)-C(23)

O(6)-C(24) 1 295(3) 0(19) C(20) 1 488(5)
O(7)-C(10) 1.250(3) 55 C(23)-C27) 1L.377(4)

20 O(8)-C(21) 1.244(3) C(23)-C(24) 1.438(4)
0(9)-C(32) 1.249(3) CERH-C(25) 1.398(4)
N(1)-C(4) 1.362(4) C(25)-C(26) 1.372(4)
N(1)-C(5) 1.410(3) C(26)-C(28) 1.500(4)
N(-C() 1.466(4) 60 C(27)-C(32) 1.494(4)

25 N@)-C(15) 1.359(4) C(29)-C(31) 1.480(5)
N(2)-C(16) 1.393(3) C(29)-C(30) 1.481(4)
N(2)-C(18) 1.465(3) C(30)-C(31) 1.494(5)
N(3)-C(26) 1.373(4) N(18)-C(29) 1.345(6)
N3)-C27) 1.382(3) 65 N(18)-C(1S) 1.367(7)

30 N(3)-C(29) 1.469(4) N(18)-C(38) 1.442(5)
N(4)-C(10) 1.329(4) 0(18)-C(2S) 1.253(6)
N(#)-C(11) 1.464(4)
N(5)-C(21) 1.319(4) O(5)-Fe(1)-0(3) 90.66(7)
N(5>-C(22) 1.449(4) 70 O(5)-Fe(1)-0(4) 161.25(7)

35 N(6)-C(32) 1.31V7{4) 0O(3)-Fe(1)-0(4) 80.33(N
N(6)-C(33) 1.466(4) O(5)-Fe(1)-0(6) 80.93(7)
C(1)-C(5) 1.394(4) 0(3)-Fe(1)-0(6) 106.44(7)
C(1)-C2) 1.442(4) O(4)-Fe(1)-0(6) 85.88(7)
C(2)-C(3) 1.392(4) 75 O(5)-Fe(1}-0(2) 93.91(8)

40 C(3)-C4) 1.383(4) 0(3)-Fe(1)-0(2) 85.84(7)
C(4)-C(6) 1.498(4) O(4)-Fe(1)-0(2) 101.72(8)

C(5)-C(10) 1.485(4) O(6)-Fe(1)-0(2) 166.63(7)




C(31)-C(29)-C(30) 60.6(2) C(2S)-N(1S)-C(1S) 119.6(5) C(29)-C(30)-C(31)
59.7(2) C(2S)-N(1S)-C(3S) 117.8(4) (C(29)-C(31)-C(30) 59.7(2) 15
C(1S)-N(1S)-C(3S) 122.5(5) 10 O 9)-C(32)-N(6) 123.8(3) Q(15)-C(2S)-N(19)
120. 9(6) ransformations used to generate eq ms: it
peri o 200 MDD, ST ENBER 2005 20, 00. 05 65 5 G ATGEEAHorfe6

3- hydroxypyri di n-4-one conpound of formulal: OROHRS R4 INN | R2 R~
0 10 wherein: RLis Xwith the provisogjhat R is Y, or RLis T with the
proviso that R2 is W or 15 Rl is X with the proviso that RZR5N when taken

t oget her, &opm.A)Baserocyclimkdfg sel ecteeslclsy-om) pi peri di nyls@)mor phol i nyl,

pyrroli d| nyl 0§FFG(IE ﬁgram nyl , ls\émlg;)el n tfe %eﬁrt@ peridinyl ¢ S@rphol I nyl ,

pyrrolidinyl razinyl 175§ t her uns ed or substltuted W th
one to threeO@FLpO1rs al kyI FPAUPs: 20 XABCEINEH cycl oal K™Y s
sel ect ed fromg-keenoupup consi svbstg of C3- Ofn-cuoyad kyl, Cl 129E) 06 al kyl and

Cl to C6 alk bstitute h a C3- kyI; T i18s. to C6
Gyl wis B EEBEIPC) U] Tk o 246)65 1548

15 C(1)-O(1)-Fe(1) ' 113.92(16) 0(3)-C(12)-C(16) 125.1(3)
C(2)-0(2)-Fe(1) 115.03(16) 50 O@)-C(12)-C(13) 116.0(2)
C(12)-0(3)-Fe(1) 112.01(16) C(16)-C(12)-C(13) 118.8(2)
C(13)-0(4)Fe(1) 112.70(16) O(4)-C(13)-C(14) 124.3(2)
C(23)-0(5)-Fe(1) 113.72(16) O4)-C(13)-C(12) 116.9(2)

15 C(24)-0(6)-Fe(1) 112.55(16) C(14)-C(13)-C(12) 118.8(2)
C(4)-N(1)-C(5) 121.5(2) 55 C(15)-C(14)-C(13) 120.7(3)
C)-N()-C(7) 118.7(2) N(2)-C(15)-C(14) 119.4(2)
C(5)N(1)-C(7) 119.7(2) N()-C(15)-C(17) 120.4(2)
C(15)N@)-C(16) 121.5(2) C(14)-C(15)-C(1T) 120.1(3)

20 C(15)-N(2)-C(18) 120.4(2) C(12)-C16)-N(2) 120.3(2)
C(16)-N(2)-C(18) 118.1(2) 60 C(12)-C(16)-C(21) 121.5(2)
C(26)-N(3)-C(27) 121.0(2) N(2)-C(16)-C(21) 117.8(2)
C(26)-N(3)-C(29) 119.8(2) N(2)-C(18)-C(19) 118.1(2)
CET)NE)-C29) 119.2(2) N(2)-C(18)-C(20) 119.1(2)

25 C(LOMN@)-COL) 121.8(2) C(19)-C(18)-C(20) 59.9(2)
CRIMN(5)-C(22) 121.9(2) 65 C(18)-C(19)-C(20) 60.3(2)
C(32)-N(6)-C(33) 120.9(3) C(19)-C(20)-C(18) 59.8(2)
0(1)-C{1)}-C(5) 124.9(2) O(8)-C1)-N(5) 124.0(3)
O(1)-C(1)-C(2) 115.5(2) O(8)-C(21)-C(16) 119.9(2)

30 C(5)-C(1}-C(2) 119.3(2) N(5)-C(21)-C(16) 116.1(2)
0(2)-C(2)-C(3) 124.8(3) 70 O(5)-C(23)-C27) 124.7(2)
O(2)-C2)-C(1) 116.8(2) 0(5)-C(23)-C(24) 115.9(2)
C(3)-C@)-C) 118.4(2) C(27)-C(23)-C(24) 119.3(2)
C(4)-C(3)-C(2) 121.1(3) 0(6)-C(24)-C(25) 125.3(2)

35 N(D-C@)-C3) 120.0(2) 0(6)-C(24)-C(23) 116.7(2)
N(1)-C(4)-C(6) 119.6(2) 75 C(25)-C(24)-C(23) 118.0(2)
C(3)-C(4)-C(6) 120.3(3) C(26)-C(25)-C(24) 121.4(3)
C()-CG)ND) 118.5(2) C(25)-C(26)-N(3) 119.8(2)
C(1)-C(5)-C(10) 122.0(2) C(25)-C(26)-C(28) 120.6(3)

40 N(1)-C(5)-C(10) 118.7(2) N(3)-C(26)-C(28) 119.6(2)
N(1)-C(7)-C(8) 118.2(3) 80 C(23)-C(27)-N(3) 120.5(2)
N(L)-C(7)-C9) 119.6(3) C(23)-C(27)-C(32) 120.8(2)

C(8)-C(7)-C(9) 60.9(3) N(3)-C27)-C(32) 1183(2)




25 R3 is selected fromthe group consisting of hydrogen and Cl1 to C6 al kyl;
R4 is selected fromthe group consisting of hydrogen and C, to C6 al kyl;

R5 is selected fromthe group consisting of hydrogen and C, to C6 al kyl;
and/or a pharmaceutically acceptable salt thereof. 30 d

accordi ng ' AR wherein RLis X with the provi so ﬁg@@%&?&ée\(
AVENDED SHEET PCT/ CA 2004/ 001986 20 SEPTEMBER 2005 20.09.05 64 5 3. A
compound of claim2 wherein Xis C3-C6 gycloalkyl, Yis C to C6 alkyl and
R5 is hydrogen or nethyl. 4. A conpound of claim3 wherein X is

cycl opr opyls, N\(’:!)jc?lf)ﬁﬁﬁlgy' , R3 imsahydrogen, o®cgpcamt hyl andzé¥e)i s hydrogen,

sai d conpoun - ’

cycl opropyl - g"‘ﬁ?&%&%’ 6- met hylll-szf%xo-l , 4- dth( "C(ﬁz?)-c 5 ridine- f}%g?)boxyl iC
aci d met hyl arfi@eCCB-CEM phar mac®$? cal conpePNEHEBnpri si rg®6)

1- cycl opr opyle@y-bggiomry - 6- ety 4- oxo- 1, degiiNagpe@s)pyr i di ne7.@&4car boxyl i c
aci d met hyl aarq(gg_% 838%)“ 15 phagypceut i cakl ¥ HeeRPERS! € carrpgess) 6. The

phar maceutj c on of claim5 in a fqQrm.s éable for oral wuse. 20
7. A conpdPh PBCEHPm 2 wher &4CX is C3- (%@3?@%%41 v, Y 8% o5

cycloal kyl and R5 is hydrogen. 8 A conpound of claim7 wherein X is
cYCl Opr Opy! , sYmiy GHEhRRRR 0 BRrateSuifile@gen, R4 is nethyl, said conpound
is N, 1-dicycl opropyl-3-hydroxy- 25

6- met hyl - 4- oxo- 1, 4- di hydr opyri di ne- 2- car boxam de. 9. A conmpound of claim3
wherein X is cyclopropyl, Yis nethyl, R3is hydrogen, R4 is nethyl and R5
is methyl, said conpound is 1-

cycl opropyl - 3- hydroxy- N, N, 6-tri nmet hyl - 4- oxo- 1, 4- di hydr opyri di ne-2- 30

car boxam de. 10. A conpound according to-claiml1l wherein RLis T with the
proviso that R2 is W 35 11. A conpound of claim 10 wherein T is nmethyl, W
is cyclopropyl, R3is




hydrogen, R4 is nethyl and R5 is hydrogen, said conmpound is 3- AVMENDED
SHEET PCT/ CA 2004/ 001986 20 SEPTEMBER 2005 20.09.05 65 5

hydr oxy- 1, 6-di met hyl - 4- oxo- 1, 4- di hydr o- pyri di ne- 2-carboxylic_acid

cycl opropyl am de. 12. A 3-hydroxypyri di n-4-one conpound of fornula I A: O
R3 OHR5E RA NN R2 OIA 10 wherein: R2 is selected fr5ith BOBAEGH 194

- consisting of C3-C6 cycloalkyl, C to C6 alk}i) SEPTEMBERZMAG 2lgky Bo 35
nonosubstituted with a C3-C6 cycloalkyl R5 is selected fromthe group
consi sting of hydrogen and C., to C6 %bkyl or R5R2N when t aken toget her,
forma heterocyclic ring selected from 15 piperidinyl, norpholinyl,
pyrrolidinyl or piperazinyl, wherein the group piperidinyl, norpholinyl,
pyrrolidinyl gr piperazinyl is either wunsubstituted or substituted with
one to threegth@§ C6 al kyl groups; R3 is selected fromthe group

consi sting of1. hydAGdedra®eyridin-4-bee %@uhybﬂorrﬁlﬁ]ﬁ,zo R4 is selected fromthe
group consisting of hydrogen and C 13. A process for the
preparation of a compound of forgu IA 0 RBOHRS RA NRz Ao IA

wher ei n:

| '.‘5
4 N
R I}I “R2
Ry O i
10 wherein:
R is X with the proviso that RZis Y-
or
R"is T with the proviso that R? is W:
or
15 R' is X with the proviso that RZRN when taken together, form a

heterocyclic ring selected from piperidinyl, morpholinyl, pyrrolidinyl or
piperazinyl, wherein the group piperidinyl, morpholinyl, pyrrolidinyl or
piperazinyl is either unsubstituted or substituted with one to three Cito
Cs alkyl groups;
20 X is C3-Cg cycloalkyl _
Y is selected from the group consisting of C3-Cg cycloalkyl, C; to
Ce alkyl and C; to C; alkyl monosubstituted with a Cs-Cs cycloalkyl;
T is Cq to Cg alkyl;
W is Cs-Cs cycloalkyl;
25 R®is selected from the group consisting of hydrogen and C, to Cs alkyl:
R*is selected from the group consisting of hydrogen and C; to C; alky;
R%is selected from the group consisting of hydrogen and C, to Cg alkyl;
and/or a pharmaceutically acceptable salt thereof.

30 2 A compound according fo claim 1 wherein R? is X with the proviso that
RZis Y.

AMENDED SHEET




25 R2 is selected fromthe group consisting of C3-C6 cycloalkyl, ClL to C6
al kyl and C., to C6 al kyl nonosubstituted with a C3-C6 cycloal kyl; R5 is
selected fromthe group consisting of hydrogen and C., to C6 alkyl _or
R5R2N when taken together, forma heterocyclic ring sele

piperi.dinyl, norpholinyl, pyrrolldinyl or piperazinyl, mﬁée@gué.@@ﬁ?@@ot@ee
AVENDED SHEET PCT/ CA 2004/001986 2 0 SEPTEMB @xp 5 ’
pi peridinyl, norpholinyl, pyrrolidinyl or pi pggegi nylm‘gﬁ%@@ %% .09 .05
unsubstituted or substituted with onegho three C, to C6 al kyl groups; R3 is
selected fromthe group consisting of hydrogen and C, to C5 alkyl; R4 is
sel ect ed fs orB. t heA@bAPBURRST RS P RtheRdin RYSE L8R, ALY | alkyl; which

i ncludes the step_o geg]&gt ecting a benzy sg?(é}(up ||¥%'§g’ %Ccﬁad@’lnati on
reaction of a co dS VPR GehRifYl fornula of 3- benzyl oxypyri di n- 4- one,

or its hydrochloride salt, it OR3 ORS R4A/INNR2 Owerein R2, RG,

RSR2N, R3, R4 are ined in ¢laim1. 15 14. The process of claim 13
wherein the %ydro%:c?l’g@ ?I&'ﬁyf’g%ﬂé'{ﬂ ér’(ﬂle?”é% IScqvelpprapyk on'ﬁdmféﬂi Bhion char coal

or pal | adi um hydriydratenoR*chanethyll arenR® ihygaegen sdid ABmpB&Td i@l vent

sel ect ed jfgrom t he, copsishing of  nmethangl , ethanol and i sopropanol.
20 15. A phar maceg'gg ?)@%Pylg% 6@5@?@#@’0‘%’?‘1’E?ﬁ@yaf%ﬁ‘ﬂwﬁﬁocw%i ng to
claim1 and a phyasitonelyleaiidey acceptable carrier. 16. A pharmaceuti cal
conposition according to claim15 in a formsuitable for oral use. 25

5, A pharmaceutical composition comprising 1-cyclopropyl-3-hydroxy-6-
methyl-4-oxo-1,4-dihydro-pyridine—2—carboxy!ic acid methylamide and a
15 pharmaceutically acceptable carrier.

6. The pharmaceutical composition of claim 5 in a form suitable for oral
use.

20 7. A compound of claim 2 wherein X is Cy-Cqg cycloalkyl, Y is C3-Cs
cycloalkyl and R® is hydrogen.

8. A compound of claim 7 wherein X is cyclopropyl, Y is cyclopropyl, R® is
hydrogen, R* is methyl, said compound is N, 1 —dicyclopropyi-S-hydroxy—
25 . B-methyl-4-oxo-1,4-dihydropyridine-2-carboxamide.

9. A compound of claim 3 wherein X is cyclopropyl, Y is methyl, R® is
hydrogen, R* is methy! and R® is methyl, said compound is 1-
cyclopropyl-3-hydroxy-N,N,6-trimethyl-4-ox0-1 ,4-dihydropyridine-2-

30 carboxamide.

10. A compound according to claim 1 wherein R' is T with the proviso that
RZis W. '

35 11. A compound of claim 10 wherein T is methyl, W is cyclopropyl, R? is
hydrogen, R* is methyl and R® is hydrogen, said compound is 3-

AMENDED SKEET




Use of a conpound according to claim1l in the manufacture of nedi canment

17. concentration

in the treatnent of a nedical condition related to a toxic .
of iron. AVMENDED SHEET .

Peich 20047.063049¢
€0 SEPTEMBER2085 20.89.05
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5 hydroxy-1,6-dimethyl-4-oxo-1,4-dihyd ro-pyridine-2-carboxylic acid
cyclopropylamide.

12. A 3-hydroxypyridin-4-one compound of formula |A:

10 wherein:
' R? is selected from the group consisting of C;-Cg cycloalkyl, C; to Cg

alkyl and Cq to Cs alkyl monosubstituted with a Cs-Cs cycloalkyt;
R® is selected from the group consisting of hydrogen and C4 to Cg alkyi
or R°R®N when taken together, form a heterocyclic ring selected from

15 piperidinyl, morpholinyl, pyrrolidinyl or piperazinyl, wherein the group
piperidinyl, morpholinyl, pyrrolidinyl or piperazinyl is either
unsubstituted or substituted with one to three C4 to Cs atkyl groups;
R?is selected from the grc:up consisting of hydrogen and G, to G alkyl;
and

20 R*is selected from the group consisting of hydrogen and C4 to Cg alkyl.

13. A process for the preparation of a compound of formula IA

o]
R4 OH .
| L ¥
RN Nige
A o
1A
wherein:
25 R? is selected from the group consisting of C3-Cg cycloalkyl, C; to Cg

alkyl and C4 to Cs alkyl monosubstituted with a C3-Cs cycloalkyl:

R’ is selected from the group consisting of hydrogen and C to C; alkyl
or R°R®N when taken together, form a heterocyclic ring selected from
piperidinyl, morpholinyi, pyrrolidinyl or piperazinyl, wherein the group

AMENDED SHEET




10-

15

20

25

14.

15.

16.

17.

venck 20647.60198 6
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piperidinyl, morpholinyl, pyrrolidinyl or piperazinyl is either
unsubstituted or substituted with one to three C+ to Cg alkyl groups;
RYis selected from the group consisting of hydrogen and C; to Cs alkyl:
R*is selected from the group consisting of hydrogen and C, to Cs alkyi;
which includes the step of deprotecting a benzyl group in a
hydrogenation reaction of a compound of the general formula of 3-
benzyloxypyridin-4-one, or its hydrochloride salt,

wherein R? R®, R°R?N, R®, R* are as defined in claim 1.

The process of claim 13 wherein the hydrogenation reaction is effected
with palladium on charcoal or palladium hydroxide on charcoal and
hydrogen in an inert solvent selected from the group consisting of
methanol, ethanol and isopropanol.

A pharmaceutical composition comprising a compound according to
claim 1 and a physiologically acceptable carrier.

A pharmaceutical composition according to claim 15 in a form suitable
for oral use.

Use of a compound according to claim 1 in the manufacture of
medicament in the treatment of a medical condition related to a toxic
concentration of iron.
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