MACROLI DES Field of the Invention The present
invention relates to nmacrolide conpounds and their use
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i ncludi ng humans. The invention also relates to

nmet hods of preparing conpounds, internedi ates useful

i n preparing conpounds, and pharnmaceuti ca

conposi tions containi ng conpounds. The present

i nvention further includes nethods of treating and/or

preventing di sease, e.g., bacterial and/or protozoal

i nfections (or for other MAGROMDERs . g., cancer,

inflanmation, or atheresgl of i flentdh adm ni steri ng
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Background of the Invention

Macrolides, including ketolides, are generally known as a class to
possess antibacterial activity in many instances. Although not limiting to the
present invention, it is believed that the macrolide binds to a subunit of the
bacterial ribosome, resulting in protein synthesis inhibition. Thus, at least in
general terms, the activity of and mechanism of action of erythromycin,
clarithromycin, and other macrolides are known, although the present
invention is not bound or limited by any theory.

Erythromycin and clarithromycin are well-known macrolides. Other
erythromycin-based macrolide compounds have been prepared, e.g., by
introducing modifications at various positions of erythromycin or clarithromycin,
e.g., as in: US4331803; US4474768; US4517359; US5523399; US5527780;
US5635485; US5804565; US6020521; US6025350; US6075133; US6162794,
U86191118; US6248719; US6291656; US6437151; US6472371; US6555524,
US2002/0052328; US2002/0061856; US2002/0061857; US2002/0077302;
US2002/0151507; US2002/0156027; US2003/0100518; US2003/0100742;
US2003/0199458; US2004/0077557; US2006/0135447, WO099/11651;
W099/21866; W099/21869; W099/35157; EP1114826; and Tanikawa et al., J.
Med. Chem., 46:2706-2715 (2003). Additional relevant publications are cited
herein below. These and all documents cited herein are fully incorporated by

reference herein for all purposes, including for the teachings, modifications, and
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i ntroduci ng nodi fications at various positions of
erythronycin or clarithronycin, e.g., as in:
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US5635485; US5804565; US6020521 ; US6025350;

US6075133; US61 62794; US6191 118; US6248719;

US6291656; US6437151 ; US6472371 ; US6555524;

US2002/ 0052328; US2002/ 0061856; US2002/ 0061857,
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In particular, the present invention relates to a compound of Formula (1):
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wherein R' is selected from the group consisting of 3—hydroxy-[1,5]—
naphthyridin-4-yl, |
3-hydroxy-[1,6]-naphthyridin-4-yl, and 3-hydroxy-[1,7]-naphthyridin-4-yl wherein
said 3-hydroxy-[1,5]-naphthyridin-4-yl, 3-hydroxy-[1,6]-naphthyridin-4-yl, and 3-
hydroxy-[1,7]-naphthyridin-4-yl are optionally substituted by a group selected
from the group consisting of (C4-Cs)alkyl, cyclopropyl, and cyclobutyl;



and nmet hods of treating and preventing bacterial

infections therewith. In many enbodi nents, the
w@owpouds are active and effective agai nst orP@EniBNE8/000715

that are resistant to other antibiotics, including

ot her macrolides. In particular, the present invention

relates to a conmpound of Fordguta (1): (") wherein Rl

is selected fromthe group consisting of 3-hydroxy-[1

, 5] - naphthyridin-4-yl, 3-hydroxy-[1

, 6] -napht hyridin-4-yl, and 3-hydroxy-[1

, 7] - nd&fhistsetdatiéch frdmythevdreupiconsiatinig 3f hydiogey; mkthyl, and ethyl;

, b]-napht hyri di n-4-yl, 3-hydroxy-[1

QQP-naphthyridin 4-yl, and 3- hydroxy-[1

’7] ngpgtr{%%&r{b,élmgnngre optionally substituted by a
group selected fromthe group consisting of (Cr

C3) al loyla preymiaspuiigally aceeptablecdadttberdofR2 i s sel ect ed
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10 sypstituies 'é&US§t't§é@sw PPyt IpyaneitRnambediment R dp Substiuted i
BB by BclbSropyPSt int UWnBthdrSembodiment R is substituted by
cyclobutyl.

In one embodiment R? is hydrogen. In another embodiment R? is
methyl. In another embodiment R? is ethyl.

15 In one embodiment X is hydrogen. In another embodiment X is fluorine.

In one embodiment, R' is 3-hydroxy-[1,5}-naphthyridin-4-yl, R? is

hydrogen, and X is hydrogen; or a pharmaceutically acceptable salt thereof.

Examples of specific compounds of Formula (1) include:




substituted by cyclopropyl. In another enbodi nent Rl

is substituted by cyclobutyl. In one enbodinent R2 is
why@sogems | n anot her enbodi nent R2 is nethyl . PCTIB2008/000715
anot her enbodiment R2 is ethyl. In one enbodinment X is

hydrogen. I n another enbodinment X is fluorine. In one
enbodi nent, Rl is 3-hydroxy-{4-, 5] -naphthyridin-4-yl,
R2 is hydrogen, and X is hydrogen; or a
pharmaceutically acceptable salt thereof. Exanples of
speci fic compounds of Fornula (I) include:and
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phar ma al ly accept abl thereof. In Qne
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phar peiceuti cal I'y accept a
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and pharmaceutically acceptable salts thereof.

In one embodiment, the compound of Formula (l) is

N\\
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HO

or a pharmaceutically acceptable salt thereof.

In another embodiment, the compound of Formula (1) is



or a pharmaceutically acceptable salt thereof. In
anot her enbodi nent, the conpound of Forrmula (1) is or
wa2@karmyeceut i cal |y acceptabl e salt thereof. |PCDIB2008/000715

enbodi nent of the invention, the pharmaceutically
acceptable salt of the conpound of Formula (1) is
fumarate. In another enbodi nredt of the invention, the
pharmaceutically acceptable salt of the specific
structures of a compound of Formula (I) depicted above
is fumarate. The present invention also relates to a

phar maceuti cal conposition N Sing the conpound of
Forrmula (1), or pharmaceutlicglly acceptable salt
thereof, and a pharnmacedtd cdl |y acceptable carrier. The
present invention also r es to a nethod for the

treatnment of a bacterial (Hnfection in a mamal
conprising adm nistering to said manmmal an anount of a
conpound of Fornmnul a F N armaceutical Iy acceptable
salt thereof of a co f Fornul\a (1) that is
effective in treatingn& i nflection. I n one
enbodi nent, the bacterj (s selected from
the group consisting q\f
tract infections (RTIS)g cynmuni ty-acqui r ed
pneurmni a (CAP), acute exakerbations of chronic

pgaqr@ pharyngitis. In
er ea?r’g(j at“? h{é%gé IlZtrl'ﬁ%a fl nfection is
comrunntaﬁo&tmnenntarﬁnmeap thieatompotndof Fomfwla (l) éns

(RTIs). In another enbodi nent the bacterial infection
i's comrunity-acquired pneungni

5 ora pharmaceutically acceptable salt thereof.

In another embodiment, the compound of Formula (1) is
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or a pharmaceutically acceptable salt thereof.



(CAP). In another enbodi nent the bacterial infection
i s acute exacerbations of chronic bronchitis (AECB).
wo pooanhodier enbodi nent the bacterial infecti onP@BIB2008/000715
sinusitis. In another enbodi ment the bacteria
infection is pharyngitis. The present invention also
relates to a nmethod of treatifg bacterial infection
that is resistant to clarithromycin conprising
adnmini stering a therapeutically effective anount ‘of
t he conpound of Fornula (1) or pharmaceutically
acceptlal@nettsalembddiment, theocampoaunmbhof BormswajBét i n need
thereof. The present invention also relates to a
nmet hod of treating infectignyoyyat |east one of
St rept ococcus pyogenes Qp, ococcus pneunoni ae
that is resistant to clarithronycin conprising
adm ni stering a therapeutiNcal |y effective anount of
t he compound of Fornmula f+) or pharmaceutically
acceptabl e salt thergof /toRa manmmal i an subject in need
Lon also relates to a
aused \by at | east one of
hiptus i nfl uenzae, or
dmy ni stering a
unt he conpound of

t hereof. The present
nmet hod of treating in
S. pyogenes, S. pneundi ae,
Mor axel | a catarrhalis \cogpfi
t herapeutically effectliv
Formula (1) or pharmacefitifpal®y acceptabl e salt
thereof to a mammalian sub) ect in need thereof. The
i oreepharfrindetticdiyacdepepleshit thereofet hod of neking a

conmpound of Formul a (It)’(l) )
In another embodiment, the compound of Formula (1) is
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or a pharmaceutically acceptable salt thereof.

In another embodiment, the compound of Formula (1) is

IN\ x

HO™ N N
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o r pharmaceutically acceptable salt thereof,
conprising a first step of reacting a co) mppoouunndd
w@odoB/1EPoor rmmuul laa (M) with a conpound of PEDIBEN0SH00715
(1Q, (10 in the presence of a n acid catalyst and a
pol ar aprotic solvent to forma n adm xture; and a
second step of treating said &adm xture with a reducing
agent; wherein R 1 is selected fromthe group
consi sting of 3-hydroxy-[1 ,5]- naphthyridin-4-yl,
3-hydroxy-[1 , 6] -naphthyridin-4-yl, and 3-hydroxy-[1
o?]apsmlr‘]rtdc}auh%ﬁlly a@cybtabimfhaﬂdﬂ'nem(ﬂ 3- hydroxy-[1
pht hyri di n- 4 , 3 I 0X
6] - napraneramoadiient dhatampayit gkForrmula () i
, 7] - naphthyrldln 4-yl are omiogally substituted by a
group sel ected fromthe gr sisting of (CrC
3)al kyl, cycl opropyl, amgbTyglafutyl; R2 is sel ected
fron1the group consisting 0 hydrogen nmet hyl , and
ethyl; X is hydrogen or orine. In one enbodi nent,
said acid catal yst is sel® ted fromthe group
consi sting of pivalig_a Qi sobutyric acid,
2, 2-di et hyl but anoi c Ack o)) 2- phenylpropan0|c
aC|d sai d pol ar apr ot® it is selected fromthe
group consisting of tdt M2n GYAF), 2- et hyl
THF, ethyl acetate, is@ aggtat acetonitrile,
and m xtures thereof; bn ci/ng agent is
sel ect ed )

—

or a pharmaceutically acceptable salt thereof.

In another embodiment, the compound of Formula (1) is
N

I

HO” N N7

or a pharmaceutically acceptable salt thereof.

In one embodiment of the invention, the pharmaceutically acceptable
salt of the compound of Formula (1) is fumarate.

In another embodiment of the invention, the pharmaceutically acceptable
salt of the specific structures of a compound of Formula () depicted above is
fumarate.

The present invention also rélates to a pharmaceutical composition
comprising the compound of Formula (1), or pharmaceutically acceptable salt

15  thereof, and a pharmaceutically acceptable carrier.
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fromthe group consisting of sodium
triacet oxyborohydri de, sodi um cyanoborohydri de, and

wosasogem with a nmetal catal yst. I n one enbodi PERNIB20EB2000715

netal catalyst is selected fromiridiumon carbon or

pl ati num on carbon. |In one enbodi nent, said acid

catalyst is pivalic acid and-8aid reducing agent is

sodi um tri acet oxyborohydri de. The invention is also
directed to a nethod of making a conmpound of Fornmula

(O, (O conprising a first step reacting a conpound

of ForThd preser) invehbidn wilsd relatesnpoa nethbd Hor the &re@dhent of a

SRR . B <SP a4 pase o WL Harmal an
CATRNS B oSG A PO EpEaaiakp deappc s
ttheresf ©f ep campoead taf feprenuda i) dbatl iso efféctivevinatréading) ai bacterial
Llriﬁglctic%. |_r||Cc|)né 8mfb%5mngnt?&rgjggcqgriﬁfintjégﬁonﬁj}sasqutéd from the group
consisting of community-acquired respiratory tract infections (RTIs), bacterial
community-acquired pneumonia (CAP), acute exacerbations of chronic
bronchitis (AECB), sinusitis and pharyngitis. In another embodiment the
bacterial infection is community-acquired respiratory tract infections (RTIs). In
another embodiment the bacterial infection is community-acquired pneumonia
(CAP). In another embodiment the bacterial infection is acute exacerbations of
chronic bronchitis (AECB). In another embodiment the bacterial infection is
sinusitis. In another embodiment the bacterial infection is pharyngitis.

The present invention also relates to a method of treating bacterial
infection that is resistant to clarithromycin comprising administering a
therapeutically effective amount of the compound of Formula (I) or
pharmaceutically acceptable salt thereof to a mammalian subject in need
thereof.

The present invention also relates to a method of treating infection by at
least one of Streptococcus pyogenes or Streptococcus pneumoniae that is
resistant to clarithromycin comprising administering a therapeutically effective
amount of the compound of Formula (I) or pharmaceutically acceptable salit
thereof to a mammalian subject in need thereof. -

The present invention also relates to a method of treating infection
caused by at least one of S. pyogenes, S. pneumoniae, Haemophilus
influenzae, or Moraxella catarrhalis comprising administering a therapeutically
effective amount of the compound of Formula (I) or pharmaceutically
acceptable salt thereof to a mammalian subject in need thereof.

The invention is also directed to a method of making a compound of

Formula (l),
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The present invention includes nethods of treatnent of
t he human or non-human ani nal body, e.g., to conbat or

wo e@ati1eiscl udi ng prevention) bacterial or proPCREA08/000715

i nfections, conprising adm nistering to subjects a
useful or effective amount of a conpound of the

i nvention, including a physi-degically acceptable salt
or solvate thereof, and including conpositions. The
compounds of the invention can al so be conbined with
ot her active ingredients as desired to attain

conmbi nation therapy for mefe than one condition or

bi ol ogi cal target. For ethpke, t he conpounds can be
conbi ned wi th other antgimfectives, or agents that

i ncrease the efficacy ot her properties of
antiinfectives, e.qg., éffpux inhibitors. The conpounds
of Forrmula (I) are §§ for treating a patient
suffering froma di 6N th as, e.g., a bacteria

i nfection. As used Qerm"patient" refers to
a mammal such as, e.lg! Nat, horse, pig,
cow, and the like. In, the patient is a
hurman. Bacteri al i nf gtti treat nent by
conpounds of For nul é al conpositions
and net hods of the prese cl ude those
caused by a broad range )bathogens, such as, but not
limted to, S. pneunoniae, S. pyogenes, H. influenzae,
and M catarrhalis. In or® enbodi ment the conpounds of
Fornula (1)..are useful, in. treating macrolideresistant ..
Pt Babeticdhy pHEGHhe st bR ByREie.a 1% S afRacting o
opesiureinisfFormula (VIII),

(Vi)

with a compound of Formula (IC),

(IC)
in the presence of an acid catalyst and a polar aprotic solvent to form an
admixture; |
and a second step of treating said admixture with a reducing agent;
wherein R' is selected from the group consisting of 3-hydroxy-[1,5]-
naphthyridin-4-yl,
3-hydroxy-[1,6]-naphthyridin-4-yl, and 3-hydroxy-[1,7]-naphthyridin-4-yl wherein
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the conpounds of Forrmula (I) are useful for treating
macr ol i de-resi stant staphyl ococci and streptococci. In

wo eooshewienbodi ments, the conpounds of For nul aP€1/iB28082000715

useful in treating Chlanydia pneunoni ae and Mycopl asma
pneunoni ae. I n other enbodi nments of the present

i nvention the conpounds of FdOwla (1) are useful in
treating other streptococci (Lancefield groups B, C, D
and G and Legi onella pneunophila. The conpounds of
Formula (1) may be useful for the treatnent of

Esaimﬂrhwiyew-:[ql,ﬁ]nmbhgwidgn-mydzrylhydr(my-[1,6]—aaplhthyﬂ?ini4-yl, and 3-
RTIs). The c oun For nu I y. he useful in
ROtk AP BT frsL e crtoaan slhalidied g g oroup Selected
r NMRXiski ~ .
R o e (P CL XTI R ekbut:
pyogerRidis selected fromrthe groumdondistingtaf hytedges, nEtkyl, and ethyl;
inventjyon also relates to conpositions of the

i nvent* @H"X%ﬁ‘?%‘?f' OHN€e any combination of one or

nor e qANHRe NEHbedinfetit "eh Gkl @Bt iseaslbcedefrom the group
addi tional ingredient (hereinafter "the conpositions

cfonsiséing rfepivalim ‘agid, |igolytie mesiski 2@wimethylbutangie sadid.oand 2-

. b _ ) _ i cal ¢ )
Tsprosfari s, P 1otS aBili SoEr s (e ated i théaroun
Nonsisting tofnetekadf@ano(THRE ZmdtieasTHPnetiad daddtatealisopropyl
ingredient include inpurities (e.g., internedi ates,

Rcekaln agetonilfile., At MiNKEESCHRRANYM saidHeAHENG aaent is selected

i /g D "IRTHIAG 0 S EBRREOION R, |sodium
ayanpberohydride; igndemidsogerr witha roetatoatalyst. In one embodiment the
metal catalyst is selected from iridium on carbon or platinum on carbon.

In one embodiment, séid acid catalyst is pivalic acid and said reducing
agent is sodium triacetoxyborohydride.

The invention is also directed to a method of making a compound of

Formula (C),
(€)
comprising a first step reacting a compound of Formula (1X),
| N\ x
HO 7SN
(IX)
with a compound of Formula (X),
o
~ ~



solvents (e.g., a pharmaceutically acceptable carrier

as di scussed herein). Conpositions of the invention

W b@s/189¢8 sui t abl e for adm nistration to a patPEnIB2008/000715
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The pharnaceuti cal conposith
forms suitable for single adm njstrati on of precise

for exanple, chewable tablets,

need thereof (e.g., a human) are also referred to
herei n as "pharnmaceutical conpositions of the
invention." - - 13 - The phdrmaceutical conposition
may be in any formsuitable for admnistration to a
patient. For exanple, the pharmaceutical conposition
may be in a formsuitable for oral admnistration such
as a tablet, capsule, pill, powddr, sustained rel ease
ions, solution, and suspension;  f ar.e ral
1] ectinghe BEsenge gF pPaseds Makera caepub pEFoBRis (X1
enul si on; for topical adm nistragi as an oi ntnment or
cream or for rectal adm nistriati S a suppository.
e in unit dosage

dosages. Exenpl ary parenteral Zdni ni stration forms
i ncl ude sol utions or suspensidis of active conpounds
in sterile aqueous solutions, for exanple, aqueous
propyl ene glycol or dextrose sdXiliti ons. Such dosage

forns can _be,s

itably buffered, if iced | : :

brbodi raReoTd R 8, hattid B EPmentnd & Fafu Tflavith sodium

L%éfmbi@m_mr Refor 4 Eempeuina of Féin@a ?kuplos age form
n-limting exanples of oral dosage forns include,

es, pills,

(X1)

and a third step of reacting a compound of Formula (XIl) in LiCl or HCI to
form a compound of Formula (C).

The present invention includes methods of treatment of the human or
non-human animal body, e.g., to combat or treat (including prevention) bacterial
or protozoal infections, comprising administering to subjects a useful or
effective amount of a compound of the invention, including a physiologically
acceptable salt or solvate thereof, and including compositions.

The compounds of the invention can also be combined with other active
ingredients as desired to attain combination therapy for more than one
condition or biological target. For example, the compounds can be combined
with other antiinfectives, or agents that increase the efficacy or other properties
of antiinfectives, e.g., efflux inhibitors.

The compounds of Formula (1) are useful for treating a patient suffering
from a disorder such as, e.g., a bacterial infection.

As used herein the term “patient” refers to a mammal such as, e.g., a
human, dog, cat, horse, pig, cow, and the like. In one embodiment, the patient

is a human.



| ozenges, troches, sachets, powders, syrups, elixirs,
sol uti ons and suspensions, and the |ike, in accordance

wowdok/1sadar d phar maceuti cal practice. | n anopdiEIB2008/000715
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enbodi nent, the pharmaceutical conposition of the

i nvention can also be delivered directly to a

patient's gastrointestinal tri&ct through a nasogastric
tube. The tablets, pills, capsules, and the |ike may
contai n excipients selected from binders such as

pol yvi nyl pyrrol i done, hydroxypropyl nethyl cellul ose

( HPMVC) Battedaldrigstions amenbbleds éreghiRat, byscampeands of Formula (1),

AoeCeueh P! 387 GFee 0 1 BB g e
KRGée! EnGsed SP% bfcdd® raHGeCat B@tﬁ@%@as,@d@ﬂsa& tst! dtUithited to, S.

phosphat e, ycine and starch; disintegrants such as
Juteymaniagh S. peyagenes atk hinfluenzaa.c andi §. sat@rhalis. In one

S Y R4 B8 BT SuE AL AT, PR acrorce
Seeitait ésolatediof 8. meuyhorsaé bat eS.aybgenks; Iather embodiments,

sweet eners such as sucrogse | actose or saccharin. Wen
dhaosemeownds of oF aimualaa(le Assuveeful fomdieatipgt magrolige-resistant
2GS HNOLdCP afRt SirditbSo i, W?ur?r#&?vémbéﬂaﬁnerﬁs, the_ compounds  of
['Tquidcarrier such as a fatty oil. Various other

rredrenlal(bh aney usefup ire sreating Chlaadydiay pneumoniae dnfl yMiybeplasma

A R TN T T L T ———
(TSR 1 aRELAL RrGHRl SHSEANSAONEH K FAE0 roupe . C.
2 and £ egionella pneumophila.

The compounds of Formula (I) may be useful for the treatment of
community-acquired respiratory tract infections (RTls). The compounds of
Formula (1) may be useful in the treatment of both sensitive and multi-drug
resistant (MDR) respiratory pathogens commonly acquired in the community,
including S. pneumoniae, S. pyogenes, H influenzae, and M. catarrhalis.

| The invention also relates to compositions of the invention which
comprise any combination of one or more compounds of Formula (I) and at
least one additional ingredient (hereinafter “the compositions of the invention”).
In one embodiment, the composition of the invention comprises a
therapeutically effective amount of a compound of Formula (l) of the invention.

Non-limiting examples of the at least one additional ingredient include
impurities (e.g., intermediates present in the unrefined compounds of Formula
(1)), active or pharmaceutical agents as discussed below (e.g., another
antibacterial agent), pharmaceutically acceptable excipients, or one or more
solvents (e.g., a pharmaceutically acceptable carrier as discussed herein).

Compositions of the invention that are suitable for administration to a
patient in need thereof (e.g., a human) are also referred to herein as

“pharmaceutical compositions of the invention.”
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may be in the form of an oral dosage form. Non-limiting examples of oral
dosage forms include, for example, chewable tablets, capsules, pills,
lozenges, troches, sachets, powders, syrups, elixirs, “solutions and
suspensions, and the like, in accordance with standard pharmaceutical
practice.

In another embodiment, the pharmaceutical composition of the
invention can also be delivered directly to a patient's gastrointestinal tract
through a nasogastric tube.

The tablets, pills, capsules, and the like may contain excipients selected
from binders such as polyvinylpyrrolidone, hydroxypropylmethyl cellulose
(HPMC), hydroxypropylcellulose (HPC), sucrose, gelatin, acacia, gum
tragacanth, or corn starch; fillers such as microcrystalline cellulose, lactose,
sodium citrate, calcium carbonate, dibasic calcium phosphate, glycine and
starch; disintegrants such as corn starch, potato starch, alginic acid, sodium
starch glycolate, croscarmellose sodium and certain complex silicates;
lubricants such as magnesium stearate, sodium lauryl sulfate and talc; and
sweeteners such as sucrose lactose or saccharin. When a dosage unit form is

a capsule, it may contain, in addition to materials of the above type, a liquid
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formulations for reconstitution into such suspensions. For example a suitable
technique is that of mixing dry powdered or granulated ingredients.

The compounds of Formula (I) may, in one embodiment, be used to treat
a variety of hospital and community acquired infections such as respiratory
tract, surgical, central nervous system, gastrointestinal, genitourinary,
gynecological, skin & soft tissue, and ocular infections and community-acquired
pneumonia in humans (hereinafter “the infections”).

In one embodiment, the infection is selected from the group consisting
of acute exacerbation of chronic bronchitis, sinusitis, otitis media, brain
abscess, pharyngitis, meningitis, uncomplicated/complicated urinary tract
infections, pyelonephritis, hospital-acquired pneumonia, community-acquired
pneumonia, surgical prophylaxis, uncomplicated/complicated skin and skin
structure infections, intra-abdominal infections, prostatitis, obstetric and
gynecological infections, bone and joint infections, diabetic foot, and
bacteremia.

In another embodiment, the infection is selected from the group
consisting of complicated and uncomplicated urinary tract infections,

complicated skin and skin structure infections, diabetic foot infections,



10

15

20

25

30

In sone cases, it may be necessary to use dosages
outside these limts. The conpounds of Formula (1) of

w0 b@sitmeeht i on may be admi ni stered i n conbi nat PONIBACIN00715

one or nore additional nedicinal or pharnmaceuti cal

agents ("the additional active agent"). Such use of

t he conpounds of Fornula (I)15t+ conbination with an

addi tional active agent may be for sinmultaneous,

separate or sequential use. In one enbodi nent, the

addi tional active agent is an antibacterial agent.
Nmmmnunity-aoguiredapmeeraortis, csHital-aequirduapneamaenia sigatabdominal
i.ncl ude: b- lactans such as penicillins (e.g.,

dnfeehians. and obstetnnd avneslodicaliRtecidmor i ns (. g. |

cef i pi [fPoné YPaiduParesmBbditiert thSmFeLlict & bfild media. In another
cephal ot hin, cefaclor or cefixine;DI|actanmase

i speiciict emboglitden; | thet mifgation| isc campieatedhskint and skin structure

cloi}fo'.nati ons such as sul bactam cl avul ani c aci d,
t'BP6BY%-am and pi peracillintazobactam (Zosyn(r));

macr ol THES nfikieunds amouhhr 6Miké NcoMpBtidPMCiFdbrmta (1) to be
clarithromycin; and fluoroqui nol ones such as
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ﬁﬁf.ﬁ;@ﬁ tmgB:oLpéoSnQpcgulngdgsgz)f ?%drmlu%n?lr);oinetan%khér gr'%%odiment, an
effective daily dose is about 800 mg to about 6000 mg; and in another
embodiment, an effective daily dose is about 800 mg to about 4000 mg. This
daily dose is administered over a period of about one week to about two weeks.
In some cases, it may be necessary to use dosages outside these limits.

The compounds of Formula (1) of the invention may be administered in
combination with one or more additional medicinal or pharmaceutical agents
(“the additional active agent”). Such use of the compounds of Formula (1) in
combination with an additional active agent may be for simultaneous,
separate or sequential use. ‘

In one embodiment, the additional active agent is an antibacterial
agent. Non-limiting examples of useful antibacterial agents include: J-
lactams such as penicillins (e.g., amoxicillin and ampicillin), cephalosporins
(e.g., cefipime, cefditoren pivoxil (Spectracef®), cephalothin, cefaclor or
cefixime;O-lactamase  inhibitors and O-lactam/O-lactamase  inhibitor
combinations such as sulbactam, clavulanic acid, tazobactam and piperacillin-
tazobactam (Zosyn®); macrolides such as azithromycin, erythromycin, or
clarithromycin; and fluoroquinolones such as norfloxacin, ciprofloxacin,

levofloxacin (Levaquin®), moxifloxacin (Avelox®), or enoxacin. Other non-
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AJthaughithe rchanisn ofastion fordhis AatidhllammateRIAdtivitnig unclear,
GebénteidEiteSs fdRsts that agents such as hydroxychloroquine that

increase the pH of endosomal compartments have the ability to inhibit some
Toll-like receptor (TLR) signaling. It is conceivable that macrolides may also
possess this property and as such, could be useful as TLR 7,8, or 9
antagonists (Kyburz et al., Nature Clinical Practice Rheumatology 2:458-459
(2006)).

In one embodiment, the one or more additional active agents, when
used, are administered prior to administration of a compound of Formula (I).
In another embodiment, the one or more additional active agents, when used,
are administered after administration of a compound of Formula (l). In
another embodiment, the one or more additional abtive agents, when used,
are administered at about the same time as administration of a compound of
Formula (1).

The additional active agent may be administered by any route useful to
administer said additional active agent.

In one embodiment, the one or more additional active agents are
present in the pharmaceutical composition of the invention. Accordingly, in
another embodiment, the invention relates to a method of treating a patient
with a pharmaceutical composition of the invention further comprising one or

more additional active agents.
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l Clide

g HReCHipgveltend Y seRse ol Hearesiph praUp- lws@e case
S5 FRARTE 8l s RO 2"l “5fy (AR of arop o
nediable’ sutisietnis alenpentemplatéd.” QD' nmeans "once a day",

A nﬁr?lggs I;)ﬁ?eentNYslél étaltlé%L,Kﬂ:\e rk‘)alia(‘)r\]/\ﬁng abbreviations have the following
meaning: “‘mmol” means “millimoles”, “mol” means “moles”, “GCMS” means
“Gas Chromatographic Mass Spectrometer” (all samples herein were run on an
Agilent Technologies 5975 GCMS), “room temperature” means “ambient
temperature” “QD” means “once a day”, “Ac” means “acetyl’, “AUC” means
“area under the curve”, “Ph” means “phenyl’, “Bz” means *“benzoyl’, “CBZ"
means “benzyloxycarbonyl’, “CDI” means “carbonyldiimidazole”, “DBU” means
“1,8-diazabicyclo[5.4.0lundec-7-ene”, “DCM” or “CH,Cl," means

“dichloromethane”, ‘DMAP” means “dimethylaminopyridine”, “DMF”

means“dimethylformamide”, ‘DMF/DMA’” means “N,N-
dimethylformamide dimethyl acetal’, “‘DMSO” means “dimethylsulfoxide”,
“EDC” means “1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride”,
“‘EtOAC” means “ethyl acetate”, “EtOH”  means “ethanol’, “HCI” means
“hydrochloric acid”, “IPE” means “diisopropyl ether’, “MeCN” means
“acetonitrile”, “MeOH" means “methanol’, “MIC” means “minimum inhibitory
concentration”, “MS” means “Mass Spectrometry” (all samples herein were
analyzed either by LCMS-electrospray (gradient elution using acetonitrile,
water, formic acid mixtures) or probe APCl methods), “NaHCO; means

“sodium bicarbonate”, “Na,SO4 means “sodium sulfate’, “NH,OH‘ means
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Unless otherwise apparent or indicated, the compounds of the invention
and term "compound” in the claims embraces any pharmaceutically acceptable
salts or solvafes, and any amorphous or crystal forms, or tautomers, whether or
not specifically recited in context. Similarly, a recitation is open to any material
or composition containing the recited compound (e.g., a composition containing
a salt of a racemic mixture of compounds, tautomers, epimers, stereocisomers,
impure mixtures, etc.).

The compounds of Formula (I) may exist in unsolvated and solvated
forms. Thus, it will be understood that the compounds of the invention also
include hydrate and solvate forms as discussed below.

The term “solvent” as it relates to the compositions of the invention
includes organic solvents (e.g., methanol, ethanol, isopropanol, ethyl acetate,
methylene chloride, and tetrahydrofuran) and water. The one or more
solvents may be present in a non-stoichiometric amount, e.g., as a trace

impurity, or in sufficient excess to dissolve the compound of the invention.
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tsemphidiate’ is Amplayest Wheo saidsalvetdinetere. g, 0.5:1
’corlr;) é lfﬁ 89%?3?){11 g%lElre] gﬁ{?%ﬁé}ficéﬂ%ﬁe&s?é}ntftiﬁ ofgEHiE hyBFates is one
that defines isolated site, or channel hydrates - see Polymorphism in
Pharmaceutical Solids by K. R. Morris (Ed. H. G. Brittain, Marcel Dekker,
1995). Isolated site hydrates are ones in which the water molecules are
isolated from direct contact with each other by intervening organic molecules.
In channel hydrates, the water molecules lie in lattice channels where they are
next to other water molecules.

When the solvent or water is tightly bound, the complex will have a
well-defined stoichiometry independent of humidity. When, however, the
solvent or water is weakly bound, as in channel solvates and hygroscopic
compounds, the water/solvent content will be dependent on humidity and
drying conditions. In such cases, non-stoichiometry will be the norm.

The term "pharmaceutically acceptable salt(s)", as used herein, unless
otherwise indicated, includes salts of acidic or basic groups which can be

present in the compounds. Compounds that are basic in nature are capable of

- forming a wide variety of salts with various inorganic and organic acids. The

acids that can be used to prepare pharmaceutically acceptable acid addition
salts of such basic compounds are those that form non-toxic acid addition salts.
The compounds can form, e.g., sulfates, phosphates, citrates, acetates,

tosylates, succinates, besylates, mesylates, lactates, and hydrochlorides.
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her ei nTheJtdrRS'?pharmaceutlcally acceptable carrier” refers to a material that

can be administered to a subject together with a compound in a pharmaceutical

composition. The carrier should not destroy the pharmacological activity of the

compound and should be non-toxic when administered in doses sufficient to

deliver a therapeutic amount of the compound.

The term "excipient” means an inert material that is combined with the
compounds of Formula (I) to produce a pharmaceutical composition or oral
drug dosage form. The term "pharmaceutically acceptable excipient" means
that the excipient must be compatible with other ingredients of the composition,
and not deleterious to the recipient thereof. The pharmaceutically acceptable
excipients are chosen on the basis of the intended dosage form.

Compounds of the present invention have asymmetric centers and
therefore can exist in different enantiomeric and diastereomeric forms. The
invention includes all optical isomers and stereoisomers, and mixtures thereof
in all ratios, and to all pharmaceutical compositions and methods of treatment
that can employ or contain them. Although specific compounds exemplified in
this application can be depicted in a particular stereochemical configuration,
compounds having either the opposite stereochemistry at any chiral centers or
mixtures thereof are also envisioned. The foregoing can be present as

mixtures or enriched in any component to any degree. Where stereochemistry
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ot herwi se indicated, includes salts of acidic or basic
groups which can be present in the conpounds.

w@opourds t hat are basic in nature are capabl BCDIB2008/000715

formng a wide variety of salts with various inorganic

and organic acids. The acids that can be used to

prepare pharnmaceutically aceegnt-abl e acid addition

salts of such basic conmpounds are those that form
non-toxic acid addition salts. The conpounds can form
e.g., sulfates, phosphates, citrates, acetates,

tatsyl giositions s chotatspecifieds yduthess imendettt €6, ehacinptss, either
and hérdrochl ori des.Basic salts can be nono or dibasic.

150" GaaYPR s ATBBERIBANKERO. the salt is a fumarate.
The teggmpolihgat ﬂf this” GN<MEBh* incRIME ";era‘?ﬂab&gtli'oagzsa?ceptable
used herern In the context of using the conpoun 0
tdezivptieeseat prodregs thereolinAephaonbeswtically iacdéeptabkedderivative or

T80 BU oA B B S e o
Qth&oehvatRe bP aVBbmbobHE RhAETIPoHP BUhRSistrtiorP e Plrecipient, is
ons of such disorder or condition.

nore synpt
"qapeblengr pEpvidieg fdireatlyaer indireetlyo reecamppuné of itbis invention or a

etk e BT Wiyl B) R daietPep SR Pidarugs of

ahé adldntion 2 thdse! that inefedse the HidAvaRAbility.of the dompslbd$when
of the conmpound and at | east one pharnaceuticall

B pEYPPRURdE REF .éf’ﬂl‘i@isi%ﬁ%top%aqa’f@eé&?igeabea"OW)'{ng an orally
Blited SOpoahd 168 Mol St BbsdrBBl R 1RE blood)
enhaacertstivénycell theopareat tompourid¢o @agiverrbislbgichb compartment,

, qﬁgrteggg sE)nJ%ilil?)l/q ?or 2??&9 Ia?j?r:ir?igtlrat%cnt i))\/ l|ntjé/cti%fn, tangr metabolism or alter

rate of excretion.

The compounds of Formula (I) may exhibit polymorphism. Polymorphic
compounds of Formula (1) may be prepared by crystallization of a compound of
the present invention under various conditions. For example, there may be
employed various solvents (including water) or different solvent mixtures for
recrystallization; crystallization at different temperatures; various modes of
cooling ranging from very fast to very slow cooling during crystallization.
Polymorphs may also be obtained by heating or melting a compound of the
present invention followed by gradual or fast cooling. The presence of
polymorphs may be determined by solid probe NMR spectroscopy, IR
spectroscopy, differential scanning calorimetry, powder X-ray diffraction or
other such techniques. '

The present invention includes compounds wherein one or more
hydrogen, carbon or other atoms are replaced by different isotopes thereof.
Such compounds can be useful as research and diagnostic tools in metabolism
pharmacokinetic studies and in binding assays. These isotopically-labeled
compounds are identical to those compounds of Formula (1), but for the fact

that one or more atoms are replaced by an atom having an atomic mass or
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conmpound and shoul d be non-toxic when adm ni stered in
doses sufficient to deliver a therapeuti c anount of

wo b@saompound. The term "excipient" means ag,jPEr/1B2008/000715 ,

material that is conbined with the conmpounds of

Formula (I) to produce a pharmaceutical conposition or

oral drug dosage form The t&@2m "pharnaceutically

accept abl e exci pient" neans that the excipient nust be
conpatible with other ingredients of the conposition,

and not deleterious to the recipient thereof. The
phassraamber ciffdrgntafrompthabhte i enadseoit mass euphiserepredominantly

t he basis of the_int ePded dosage form Conpounds of
tHH"‘Er'@sé\@EUFaneﬁt‘@’BH \?é 89 t fhat ean: Be singagporated into
t c
RS, Gethe” Hihtib it .nvﬁ%?%&%ﬁ‘#xﬁ@é" Sfton, nitrogen,

aptygen) and suifurs saohl ast butootskmited: to, £ *hi XiGir'ée, *N, %0, 170,

Lﬁ?‘%os 1 : g?gaelcgﬁéﬁr:e gcrzag?éé)qrgg[ ,QEE? r?rﬁxj éiar??emﬂ dgvention

‘Hon@eﬂﬁ'h 'tﬂetéféféméﬁtfoh@d%otéﬁ%'Jdd%rc&ﬁﬂp%ﬂﬁ)es of these atoms
exenpl i din this application can be depicted in a

pEetwithin the sc@neeof:Hmrw&nh@@nﬁegwlmsomplcajw?beiﬁdscompounds

e letor' B Mione b SRY AL RbtoBeY such as °

eand ¥Coaredncdrperdted egei usefd an dasg Qh@/@ﬁ BUbstFatgitissue ERstribution
or enriched in any,conponent to any garee Wher e

ASA¥dchbitialed. i, a\|'|p6§1jtqa(5h°”'§4nb? s cmtqmes a{e: partigularly
r#}EfeE dfo?‘lh@ﬁ’%%ﬁp%g‘épﬁroncgﬂé ALbi Aler. substitution

re of any rat ounds of 'Sl v
i waitH uskﬂopeﬁrsmxheasl dahﬂeylum;ce@t b, eca*eraﬁmdl aemmrtherapeunc
daéf Ség,téggllrj from gPea%erzrrrr%%?aLgolhgastat}/htacfc examp?e increased in
vivo half-life or reduced dosage requirements and, hence, may be preferred in
some circumstances. Isotopically-labeled compounds of the invention can
generally be prepared by carrying out the procedures disclosed in the Schemes
and/or in the Examples and described below, by substituting a readily available
isotopically-labeled reagent for a non-isotopically-labeled reagent.

The term "protecting group” refers to a suitable chemical group that can
be attached to a functional group and removed at a later stage to reveal the
intact functional group. Examples of suitable protecting groups for various
functional groups are described in T. W. Greene and P. G. M. Wuts, Protective
Groups in Organic Synthesis, 2nd Ed., John Wiley and Sons (1991 and later
editions); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for Organic
Synthesis, John Wiley and Sons (1994); and L. Paquette, ed. Encyclopedia of
Reagents for Organic Synthesis, John Wiley and Sons (1995). The term
"hydroxy protecting group”, as used herein, unless otherwise indicated,
includes Ac, Bz, and various hydroxy protecting groups familiar to those skilled
in the art, including the groups referred to in Greene.

The examples and preparations provided below further illustrate and

exemplify the compounds of the present invention and methods of preparing



10

15

20

prodrug" neans any pharmaceutically acceptable salt,
ester, salt of an ester or other derivative of a

w@eoopouds t hat, upon administration to a reci pPENiB20088000715

capabl e of providing (directly or indirectly) a
conmpound of this invention or a netabolite or residue
thereof. Particularly favore@aderivatives and prodrugs
of the invention are those that increase the

bi oavail ability of the conpounds when such conpounds
are adm nistered to a patient (e.g., by allow ng an

asuhl gonasinaiss tleis @@ beamierstdod thdiehestepebf mt;'msdzm invention
absorbed into the bl ood), enhance deljvery of the

dﬁr@?& 'E'tbtﬁﬂolih@r‘tyo“@ngVeH‘GmS&PB@l%falth%of Qwinge gkamples and
E gnsol ubility to allow adm nistration by

|nJ ctl on alter netabolismor alter rate of

excr etAIblpateTfhsa patmpbmpdkcaibnEppubh-tbh}s, best reethicdst literature,

pol hIS iC CcO nds of. For a
%%r@& Fﬁ%?é%oi"ﬁa?”‘gﬁ) EJRW }%ﬁ'ﬁpa'@n eEﬁbS/ el,'@orp%rated

HAER By iferBRES ANthepERtiret@s! ous condi tions. For

exanpl e, there may be enpl oyed various sol vents

(i ncl udi ng wat er ijﬁmmnongbthﬁelmemlon ures for

recrys I t stalllzatlon t different ..

{ enparas QPIET BhaVs IR BapoRihedl B P1r ey Rentagyelates to
Védniipd@ids dOFg@Ral)oand phhimigcsliticaly aet¥stadld szled tHelfeof, as
Pol ynor phs may al so be obtai ned by heating or nelting
Lesgrped aboye. t Hie pe@peHnds @&Emmyla flbar%ﬂ@alctgﬂ structurally in

%@9%@%&?%{1'%6@9%@{' Pny]see obe N 'Qgﬁgcp%oscope)?{a]cﬁ of the
geader.ok oo beiuhterstodd tHat S:omp’umgsaﬁlﬁmrmmw (Iy have the same

powder X-ray diffraction
stereochemlstK/ as claﬁlt%romycun wherein the absolute stereochemistry at

the C-11 position is (R). An alternative way of structurally depicting a

compound of Formula (1) is:

General Preparation Methods

The compounds of the present invention may be prepared according to
the descriptions, schemes, and examples herein, which are non-limiting, in

combination with the knowledge of the skilled artisan.



ot her such techni ques. The present invention includes
conpounds wherein one or nore hydrogen, carbon or
wordieni®ions are repl aced by different H.sot opeBCT/IB2008/000715
t hereof. Such conmpounds can be useful as research and
di agnostic tools in netabolism pharmacoki netic studies
and i n binding assays. These Zdsot opi cal | y-I abel ed
conmpounds are identical to those conmpounds of Fornul a
(1), but for the fact that one or nore atons are
repl aced by an atom having an atonmi c mass or mass
nunber different fromthe Stheme1mass or nass nunber
predorB' nantly found in nature. Exanples of isotopes
t hat__dap be incorporated into conpounds of the 0
i i b hydr ogen, YEargo
,~£‘%‘£c as, but
—~ 170, and 35S,
; -of mula (1) of
I nvent'i containing the a menti oned i sot ope
and/ or r i sotopes of tpes Méatorrs are within the_
scope ofoifiis invention. Cerggiln isotopically-|abged
conpounds of Forrmula (1), for exanple those into Wfch
r adi aegithtdmyein | s'g(ébgpes such as(BH and 14C are (1
i ncor por at ed, p, useful in drug and/or subsiy ate
ti ssue distributhonpssays. Tritiated, i.8h 3H,Oand

carbon-14, i.e. +i sotopes are particul a
preferred for thely e f\,preparatipn and-
det ec t%Fo{le ity. Frj; t her ;g%d) Nfg .ﬁ‘er?zo. AcQ N—

. itution with is
such as d&uteri um Y .Je.5 can afforer cert
t her apeuti ¢ advanPagesQresubting fromgreate

7,

metabolic stability, exanpl e increased in vipo
hal f-1ife or reduced-dgSage requirenents and, hence,
may be preferred in OAc! )

(Vi) )

Scheme | illustrates the synthetic scheme used to arrive at a compound
of Formula (l). Erythromycin and clarithromycin are known and commercially

available, and can be suitable starting materials for preparing compounds of the
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some circunstances. |sotopically-Iabel ed conpounds of
the invention can generally be prepared by carrying

wo@edostiiei1pr ocedur es di scl osed in the Schenmes apdl/mB2008M000715

t he Exanpl es and descri bed bel ow, by substituting a
readi |y avail abl e isotopically-I|abeled reagent for a

non-i sotopically-1abeled read@®u. The term "protecting
group” refers to a suitable chem cal group that can be
attached to a functional group and renoved at a | ater
stage to reveal the intact functional group. Exanples
dhvenliohabl Beqr etgectljlag2g§i56|,ﬁ99 fU8 2:4823,203;f andt USn4,331,803.

NIEtB3s Az i L o b6 ekl © Bipli sl Mogpinscet 2 and
J&Wﬂ)%b@ésw recé?;'ﬁén(\ﬂ‘WQ @é@véléﬁ@rofeéﬁélb%mdrlée in a solvent

Fi eser and Fi eser, Fieser and Fieser's Reagents for _
@t@arﬁ&:DQMtTféE; Qr, toJuﬂne i theyprasencsoofsa pase 4)ich asdlEA and in

Paquet t ed En edi a of s fo ani ¢

PR iseBaod S AV FORGT o7 <ForeEA 558 " a VAR Y Sbout room
thmﬂ:lémturdmf@t %bbUﬂQ HoOF to 26 htﬁﬁf@' |1¢1[§édky-2mf-@$éi:etyl 10,11~
ot herwi se indicated, includes Ac and vari ou

rejieehyjo I R4 ngndgz@lubyl)foamqnybre Comeftysendhiomysin i 4 (1)
Tr%l% fikh'b E@p%ﬁ%@%yte% lg:{rpﬂpgl)rﬁ{ﬁa Lh&G %Qﬁ’ '@e@ﬁ@ﬁﬁts of CDI.

exanp I on prOV| ed
| $ee)H g.aBakendt alxeDrgf Chehe, $32p40H2345¢1988)e Theeremation can

185 A8 oot SPoBBIONR RRONEE Ssbpas dYoee Thibo s, DMF, or a
AP ebtuTtle bisSthed of 0dllo 9K, Bdin <A Lghe suc as
daBYrat abppt 28 40 4O%S forpatiuiuit abi 1@hisqurs edif) |Bﬂ'eactesl with a “linker”,

Isl,utc?mr & l‘i-bénzhydryl-azetld|n-3-yIam|ne (see Preparation A below) or other
similar compounds described in WO 2007/026207, published March 8, 2007,
to make (IV). The reaction typically employs an amine base such as DBU,
Huenig's base, triethylamine, etc., and an aprotic solvent such as acetonitrile,
THF, DMF, etc., at a temperature of 25-80°C for 2 to 16 hours. Next, the
cladinose moiety at the C-3 position is removed by acidic hydrolysis at 25-
40°C to provide (V). The standard condition for this reaction is aqueous HCI
in ethanol, however, other conditions may also be employed such as, for
example, isopropanol or 1-propanol with aqueous HCI, THF/aqueous HCI,
acetone/aqueous HCI, etc. This is followed by oxidation of the alcohol to a
ketone to form (VI). This may be accorﬁplished using N-chlorosuccinimide
(NCS) and dimethyl sulfide in CH,Cl,; or other oxidation conditions known to
one skilled in the art.

The protecting group Ac is then removed to form (VII) by reaction in
methanol at 25°C to reflux temperature. The benzhydryl group is then
removed using the catalyst Pd on carbon or Pd(OH), on carbon under
hydrogen pressure at 20-80°C to form (VIHI). The synthesis of (VIII), 3-
descladinosyl-11,12-dideoxy-6-O-methyl-3-o0x0-12,11-(oxycarbonyl-(azetidin-
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and other materials cited above and bel ow herein are
hereby incorporated herein by reference in their

wenisnevies. Detail ed Description of the |pyene@DIB2868/000715 .

not ed above, in one enbodi ment, the present invention

rel ates to conmpounds of Fornula (1) and

phar maceutical ly acceptabl e-28lts thereof, as

descri bed above. The conpounds of Forrmula (I) are
depicted structurally in the Summary of the Invention

an el sewhere herein for the conveni ence of the reader.

[ 3-yh)Smirmg- dmyethmrdmmt@aﬂhydmthbun‘ppmdiesoﬂbeﬁbanPrap(ata)tion B.

Wi 8095158 TS pEbm b Eeheonsing Hadihofs g Rbre gkijed in the art
RARHALR rbdudtivk- arﬁfﬂaﬁbﬁ HifheAr éﬁiéﬂ?%iei‘{fs)( gh ra‘ll@;ﬂéﬂtﬁ‘# vafh an alkyl

depi cting a conpound of Fornula (I') "Gene
adlpab avithothevazetitine Th@Crotuﬁ@cbuersvide amnppcweinof Formula .

h .
ERE il B BB Y b SR iBdhe Breséice af apipcig gatalyst,
mhlasmféﬁ &GmplE, gmé@@ l|§6buWﬁ@a&|F192@@iMeQﬂ3@6ut@ﬁo'b%ld 2-

skilled artisan. Schene 1 VIM (I) Schene
iPhamytprepanoie eids \Andhethee hmdeé agsexylie amds ineagnolar aprotic

n r a 0 My
SRS B THES A ot THE IR B0t oprgpy acetate
aautoritnild)eettui t Tid eazetidinkl ngadmtcm" iamids aidla”hyﬁée(mr ketone) are
o_uggs of theinvention, q 653, 899; US

neg,ptignglly treatedxith §@3a0|d cata yst, and the water generated in
the reaction is azeotropically removed. The reaction mixture is then treated
with a reducing agent such as sodium triacetoxyborohydride (NaBH(OAc)3), or
sodium cyanoborohydride in MeCN or other similar solvents (e.g., THF, EtOAc,
etc.) to give the compound of Formula (). The headpiece can be prepared
using methods known to one skilled in the art, using the exemplified 3-
hydroxy-[1,5]-naphthyridin-4-carbaldehyde synthesis, described in
Preparation C, as a guide. Alternatively, the azetidine macrolide may be

coupled directly to a hydroxy-protected headpiece in the same manner as an

unprotected headpiece. For example, the pivalate ester of 3-hydroxy-[1,5]-

naphthyridin-4-carbaldehyde (the synthesis of which is described in Preparation
D) may be used in place of 3-hydroxy-[1,5]-naphthyridin-4-carbaldehyde during
the final step of Scheme 1.



Met hods well known in the art can be used to protect
clarithronycin at 2' and 4" (l1) such as by reaction
wowdok/1Megjui val ents of acetic anhydride in a sSPCT/EB208/000715
such as DCM THF, or toluene in the presencePGT/IB2bAse/ § 00715
such as TEA and in the presence of an activator or
catal yst such as DVAP at abowy7 + oom tenperature for
about 2 hours to 24 hours.
11- Deoxy-2',4"-di acetyl -10,1 1- didehydro-12-0O((1
H i m dazol -1-yl ) -carbonyl )-6-O net hyl -erythronycin A
(I'11) can then be prepared by reaction of (Il1) wth
about 3 to 5 equival ents o$chgbhe 2See, e.g., Baker et
J. Og. Chem, 53:2340-2345 (1988). The reaction
canfﬁ‘e carried out in ampphaprotic solvent suck, as MeCN,
THF, P% DVF, or a nPxtwre thereof in thehgpesence of
abayt \ R to 5 equi val ent s~{of & base such as ab

aboug C}leor abbu

reactd i nkeg”, O, N—
1- berfz I di n=3-yl

bel owp imlar

The react | on typically enpl oys an am ne base suchFas
DBU, HuéWi)g s base, triethylyay ne, etc., and an
aprotic solvent such as acetonitril e, THF DIVF, éY'QB
at a tenperature of 25-80C for 2 to 16 hours. Next,

the cl adi nose noiety at the C-3 positi 133 rermved by
aci di ¢ hydr ol 25- 40C to provide (V). The
standard condi or t'#€l reaction is é@]ue us HCl in
et hanol , howev condi tions may

enpl oyed sych as, " e,_i soprgpanok E/HO N—
1- propanol ~wi t hraguegu , THF/ aqueous E

(VIIB )

Scheme 2 depicts how to make a compound of Formula (1) that is
fluorinated at the C-2 position. This is done by fluorinating (V1) at the C-2
5 position to make (VI)B by first generating an anion/enolate at the C-2 carbon
by reaction of (VI) with a base such as sodium hydride, potassium
diisopropylamide, or lithium hexamethyldisilazide in a solvent such as DMF at
about -50 to -30°C for about 10 to 30 minutes. This anion can then be reacted
with a variety of electrophiles including an electropositive fluorinating agent
10  such as Selectfluor®. After making (VI)B, the same procedures described for
Scheme 1 may be used to arrive at a compound of Formula (1).

The following compounds are useful intermediates in preparing
compounds of Formula (1).

Preparation A
15 1-Benzhydryl-azetidin-3-ylamine:

Methanesulfonic acid 1-benzhydryl-azetidin-3-yl ester (14.8 g, 47 mmol,
Oakwood Products) was dissolved in anhydrous DMF (60 mL), and to this
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acet one/ aqueous HCl, etc. This is followed by
oxi dation of the alcohol to a ketone to form(VI)

(NCS) and dinethyl sulfide in CH2Cl 2; or other
oxi dation conditions known to one skilled in the art.
The protecting group Ac is tI28n renoved to form (VI1)
by reaction in nmethanol at 250C to reflux tenperature.
The benzhydryl group is then renoved using the

catal yst Pd on carbon or Pd(OH) 2 on carbon under

heotiitiopenap added! lsedmltn 20id8Qe.a g, 138 mrﬁMbl The rhixeure was heated
(gnt hesis of (MI1), 3- descl adi nosyl -
1

Qibeodé&(powsocg@Ipﬁgp rgogy temperature, then treated with water (20

4D ARG RREbLE U, (a8 B S THEVGRIKRL hyfiure wes

faxtaltesit @ithi BCHE ¢ BOSinEY angdi m@ ORjanid Bayen alredt @verntda2804
skllledlnthe art such as reducti ve amni nati on

a$f> vertdrineval ieldgd axemide il W34 dithat wes rdisaolved updgjﬁ (85 mL)
Al bR U R IRISPhIRS o gD ST IR, 2EF WPt room

demperatutm(wrramt&se gab exnlution @indatomhg skothemo motexd), thermixture
|vallcﬁgC|d

S Beftechtn Gk (B islrs], 3785 obpledt, G5ck Yo dp rogm tpmperature

ABdoret H@ding| @ﬁ&?%t?%d'rbﬂuﬂ'ﬁ%%airﬂ(@hﬁﬂ}s?r ARSrddofing to
sol vent such as 2- et hyl eth acetate,

ireopy tg@weraw,athe solventomas remevedend thiagesidue teiated with 3N

SR Gty Wind LB R, S Rl ARNER S pgracteat it

VRCRY (PR BE AiL§ Gindnthehsrgariadbyes wereddieearded) ?Fﬁé'atweous layer
renoved. The reaction mxture is then treated

rmm%b%ﬂm with §9lid Potassium hvdrexids @9(95’01% ﬁ?@rth% extracted
(RARHADEM (3 £75 mL). The aqueous layer was then saturated with solid

sodium chloride and re-extracted with DCM (3 x 75 mL). The combined organic
layers were dried over Na,;SO,, filtered, and concentrated to yield crude 1-
benzhydryl-azetidin-3-ylamine (9.0 g, 37.8 mmol). MS (ESI+) for m/z (M+H)"
239.
Preparation B

3-Descladinosyl-11,12-dideoxy-6-O-methyl-3-0x0-12,11-
(oxycarbonyl-(azetidin-3-yl)-imino)-erythromycin A Dihydrochloride (VIil)
(Steps 1-5 of Scheme 1):

Step 1: DBU (10 mL, 67 mmol) was added to 1-benzhydryl-azetidine-3-

ylamine (9.0 g, 37.8 mmol) dissolved in anhydrous MeCN (100 mL) at room
temperature. To this solution was added 11-deoxy-2',4"-diacetyl-10,11-
didehydro-12-O-((1H-imidazol-1-yl)-carbonyl)-6-O-methyl-erythromycin A (lll)
(32.5 g, 35.8 mmol) and the resulting mixture was heated (50°C) for 7.5 hours,
then allowed to stir overnight at room temperature. A white precipitate was
collected by filtration (21 g, 19.5 mmol). The filtrate was concentrated to about
25 mL before adding water (20 mL), saturated aqueous NaHCO3 solution (30

e veur g
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solvents (e.g., THF, EtOAc, etc.) to give the conpound
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met hods known to one skilled in the art, using the
exenplified 3- hydroxy-[1

, 5] - napht hyri di n- 4- car bal dehyge synt hesi s, descri bed
in Preparation C, as a guide. Alternatively, the
azetidine macrolide may be coupled directly to a
hydr oxy- prot ect ed headpi ece in the sane manner as an

UARY, Aindicéercling did R&RItINGGhixEUFE8AtEDOMIES®HILY! athe ®G4SeIt layer
of 3-hydroxy-[1 , 51 - napht hyri di n-4-car bal dehyde (the
yas washed yith\gatumtedsagienisiNadCOn spiudiear diied aves) NaaO4, and

. hed )
BBt Andet vt B BoRLtoRm 1) (NS (Rl fy e 540
aqW/SeREMe 1. Scheme 2 (MI11)B (1) Scheme 2 depicts how

to make a ¢ ound, of Forpula (1) that is fluorjnated

at thel€RZ:plilg praguct frpMySiep 1ot egss@!vserw:t g'Y0vm}-) and
NI (198 1RPE ot [ ORAG Mok Yioh cobled 9058 i stied
voviennighb aslee sesuitings mbddiewas gdncetdrated wader vacuum, maintaining

JhboBRRORY BE Soptbast it 47" 8 SRS P, 18 e reuiting
tdn2EntrateUivas - adteldsDEM P10E ML) ReIbweRl beasréml whliioR of solid

variety of electrophiles including an electropositive
fpatassiwatGangonaje e besihthesagigiovstlayardto pH)10)ArTiherorganic layer

Tl 9 4 o B L, EBEA 8 ff BRRES 100
mL). The combined organic layers were dried over Na,SO, and concentrated
to a white foam (V). MS (ESI+) for m/z 440 (M/2+H)".
Step 3a: The crude product from Step 2 was re-dissolved in anhydrous
DCM (200 mL). To this was added anhydrous DMSO (20 mL, 282 mmol),
pyridinium trifluoroacetate (15 g, 77.7 mmol), and finally EDC (30 g, 156.5
mmol). The mixture was stirred at room temperature for 3 hours and then
treated with saturated aqueous NaHCO; solution (30 mL) and water (30 mL).
The reaction mixture was placed in a separatory funnel and the layers allowed
to separate for several hours. The aqueous layer was re-extracted with DCM
(3 x 75 mL) and the combined organic layers were washed with water (50 mL).
After drying the organics over Na;SO4 the solvent was removed under
vacuum to yield a yellow foam (VI). MS (ESI+) for m/z 439 (M+H)".
Step 4: The yellow foam from Step 3a was re-dissolved in MeOH (200
mL) and heated (50°C) for 24 hours, then concentrated under vacuum to
dryness. This solid material was rinsed with hexanes/diethyl ether (2/1), treated
with MeOH (50 mL) and the resulting slurry heated on a steam bath up to the
boiling point, then cooled to room temperature. The resulting white solid (VII)
was filtered and dried under vacuum (10.5 g, 12.6 mmol, 35% vyield over four
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The foll ow ng conmpounds are useful internediates in
preparing conpounds of Formula (1). Preparation A

waz2mennigir yl - azeti di n- 3-yl am ne : Met hanesul f PCT/DB2a¢/@0715

1- benzhydryl - azetidin-3-yl ester (14.8 g, 47 mol,

OCakwood Products) was di ssol ved i n anhydrous DMF (60

m _), and to thissolution was80added sodi um azide (9.0

g, 138 mml). The m xture was heated (80C) for 18

hours, cooled to roomtenperature, then treated with

water (20 nmL) and saturated aqueous NaHCO3 (20 ml ).
TBteps)esMSt (B +irifort oz 498 MEz+HEct B4 NMRHODDLY 8 74 60m, 4 H),

an%and the_organi c | ayer dried over Na2SO4. Sol vent

&b 0m 4yPer d6dm 20 deBe(tr o 1H). 4160 (ad Hias

redi s A% TG A (- j ;

tri pheny] ehowfilen s Ho afatia Bl bichinay be ysed in place
raf StepeBdpandtdire (30 nminutes; gas evol ution and sone

pour < Stepih W @S Sainos abimanara e B 755mL), and
ﬁﬁé P6 LIRSt WA codledlid -PTE. T Birhéth '%"ﬂﬂ"?@% gl 81.9 mmol)

ours). ter cooling to roomtenperature,
weas addey ahilerieeping thestetperatuea uadeni 103C3 WhaOlesuBiBg mixture

Jrds Yottt Boutat {1°C" SIMeredale [LCsr Gutt ¢ PayBrnerein
VBA ®adiusedrif PlacelBRASrINafitotomysthai@ $1 28 a1l ) kasi hiccdas slowly

with solid potassiumhydroxide to pH 10 and then .
dnirediaedawhils keering therpactiontemperatyre gngderadQeousihe resulting

(e N SRR RS ML, TOMEIRL (2T 125 m) wes
cadgiadi slowly, again keeping the temperature below -10°C. After stirring for 1
hour below -10°C, the reaction was quenched into. 350 mL of saturated
aqueous NaHCOj; solution and DCM (350 mL). The organic layer was split,
washed with saturated aqueous NaHCO; solution (350 mL), and concentrated
to a low stirrable volume (approximately 100 mL). The residual DCM was
displaced with methanol (final methanol volume 350 mL). The resulting mixture
was heated in methanol at reflux for 12 hours, and concentrated to
approximately 100 mL. The mixture was cooled to 5°C, and filtered. The
product (Vi) was collected by filtration to give 20.5 g (24.6 mmol, 66% vyield).
_Step 5: The white solid from Step 4 was dissolved in MeOH and treated
with concentrated aqueous HCI (2.4 mL, 28 mmol). To th.is was added
Peariman’s catalyst (palladium hydroxide on carbon, 20% weight Pd,
approximately 6 g). The slurry was filtered. To the filtrate was added
Pearliman’s catalyst (palladium hydroxide on carbon, 10% weight Pd,
approximately 3 g ), and the slurry was subjected to hydrogen gas (40 to 50
psi) in a pressure reactor while heating (35° - 45°C) for up to 2 hours. The
pressure reactor was cooled to room temperature, purged with nitrogen, and
the catalyst was filtered off. The filtrate was concentrated under vacuum to a

smaller volume (approximately 50 mL), and THF (approximately 200 mL) was
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| ayers were dried over Na2SO™4, filtered, and
concentrated to yield crude 1-

wheoshydig/| - azeti din-3-ylanmine (9.0 g, 37.8 m’rHt"])‘/IBZME/OOMlS

(ESI+) for mz (M+H)+ 239. Preparation B

3- Descl adi nosyl -1 1, 12-di deoxy-6- O net hyl -3-0xo0-1 2.1

1- (oxycarbonyl -(azeti di n- 3~\1)-i m no) -ervthromvcin A

D hydrochloride (VIIl1) (Steps 1-5 of Schene 1): Step

1: DBU (10 nL, 67 mmol) was added to

1- benzhydryl - azeti di ne-3- ylamne (9.0 g, 37.8 nmol)

idsled| ke $oiutncrﬂ1y\msoa:moubtﬁbte(dlﬂﬂtllrth¢ residuabwater and methanol

RS, ool PG TESAE o i iter e,
éﬁ%&ﬁég énd’ %ﬁ%@@@ﬂ&ntra%d"?ﬁ%d il lé%hﬁgnﬁr?élr\/d?tlme The

(rrr) (3 e resulting mxture
sulhregushmry(wamgyarfujatea a 106G fer atrhiaimainl afvikbowroarxt fiker. The

S Do BB SRR At RBP4 o
f(vm)r aMs (\E@+Fﬂj?f<‘fﬁ/2t33’5 ad/2+¢4)aboHtN HCOECLD B%.?M.sw(m, 2
(20 , saturated aqueous Na sol u I on
(|'$)O|4fL498 (bahdl H)ct‘t&&(d rigH}, h1e27 &b Ul ), dgl Gribet,ut E)wi t h DCM

(50 M ). The organic Ia¥,er vvaﬁ igshed wi th saturated
aqueous NaHCg 3 sol uti on; Na2SO4, and

concent r at e3-HydPExy-PLE i ﬁt rtcﬁn-ieéma(de deB
(ESI +) for Z ep € product from
Step 1 was dissolved in Et "{\ | ) and 2N HO (100
nm.), heated (400C) for 3 hgurs, cooled to 300C

and stirred

Step 1 (Enamine Formation): [(E)-2-(3-Methoxy-[1,5]-naphthyridin-4-vi-

vinyl]-dimethyl-amine.

IN\ X

o F N/
=
N

To a 250 mL round-bottomed flask fitted with an overhead stirrer, reflux
condenser, internal temperature probe, heating mantle and nitrogen inlet/outlet
were charged 3-methoxy-4-methyl-[1,5]-naphthyridine (10.01g, 57.46 mmol),
DMF (100 mL, 10 vol), DMF/DMA (13.73 g, 115.22 mmol) and potassium tert-
butoxide (3.23 g, 28.78 mmol) and heated with stirring to 120°C for 20 hours.
The reaction mixture was sampled by GCMS and found to contain 4% starting
material and 96% product. The mixture was then cooled to 65°C and distilled
under full vacuum to approximately 50 mL. This mixture was carried forward to
the Step 2 oxidation. An analytical sample was obtained by filtration of the
mixture. 'H-NMR (CDCls;, 400 MHz) & 8.824 (1H, dd, J = 4.14, 2.07 Hz),
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overni ght. The resulting m xture was concentr at ed
under vacuum nmaintaining the bath at 280C, to about

wmadoB/1o0/18 he origi nal volunme. To the result,ngPCT/IB2008/000715

concentrate was added DCM (100 nmL), followed by

careful addition of solid potassium carbonate to

basify the aqueous |ayer (te32H 10). The organic | ayer

was separated, and the aqueous |ayer was re-extracted
with DCM (3 x 100 nL). The conbi ned organic |ayers

were dried over Na2SO4 and concentrated to a white

f&eod (W, s)VB.IES 1, d,af =mM3z69H),(3LDFH)IH, dBf ¢ 841, 2ty Hz),

cru roduct from Step was_ re-di ssolved |n

A DeSDAR38. 75 Hid By (Ui alcep BAdr 6083 (3H. ),
q\/g@z(@}g gjL 282 mol ), pyridiniumtrifluoroacetate

(15 g, 77.77 mmol), and finally EDC (30 g, 156.5 mmol).

The niStepr2 (8adiust Periedatat Oxidation e n@3evathoxg-[1.6i-n8phthyridin-4-
hours1 nd, then treated with saturated aqueous NaHCO3
M—MO nm.) and water (30 nL). The reaction

m xture was placed in a separmt ory funnel and the

| ayers allowed to separate ffor yevenal hours. The

aqueous |ayer was re-extracted W tpJDCOM (3 x 75 ni)

and the conbi ned organi cQ’ayeys Wwire washed with water

(50 nm.). After drying the organics over Na2SO4, the
sol vent was renoved under cuumto yield a yell ow

f } ESI f m 4 . St 4: Th
o oTG B2atn ppundpoBamaask Tedhutt an vy i ssorefux
NdehdeRse feRfAI terhiérhtdr@préle RAE fitroddle ieiitieN Wadid@rged a

under vacuumto dryness. This solid material was

relurse @f iodium epetiodetal(24.Ryy, #1548 mpndl) in water 6460 mL). The

product mixture from the enamine formation in step 1 (~50 mL solution,

theoretical 13.16 g, 57.40 mmol of the enamine) was charged to the periodate
slurry resulting in an exotherm from 20°C to 50°C. The solution initially turned
purple and then red/brown. The reaction mixture was cooled to 25°C and
stirred for 2 hours and then sampled for completion by GCMS. Analysis
indicated that no starting material remained and the product accounted for 82%
of the mixture. The solids were filtered off and the cake washed with EtOAc
(200 mL). The phases were split and the aqueous/DMF layer was extracted
with EtOAc (3 x 200 mL). The combined organic layers were then dried over
MgSOQ,, filtered and concentrated under vécuum (40°C, 60 mbar) to a brown
solid. The crude product was then taken back up in EtOAc (30 mL) and
recrystallized at -10°C. The solid was filtered off, washed with cold EtOAc (6
mL) and dried to afford the desired product (5.34 g, 28.4 mmol, 49%). 'H-NMR
(CDCl3, 300 MHz). & 11.352 (1H, s), 9.094 (1H, s), 9.051 (1H, dd, J = 4.36,
1.86 Hz), 8.425 (1H, dd, J = 8.41, 1.55 Hz), 7.613 (1H, dd, J = 8.41, 4.05 Hz),
4.246 (3H, s).

Step 3 (De-Methylation): 3-Hydroxy-[1,5]-naphthyridin-4-carbaldehyde.
The product from Step 2 (50 g, 0.266 mol) was combined in a flask with LiCl
(11.3 g), DMF (200 mL) and heated at reflux for 20 hours. The reaction mixture
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with MeOH (50 nL) and the resulting slurry heated on a
steam bath up to the boiling point, then cooled to

WO owailt@nper at ure. The resulting white solid (ROCT/)B20&EE000715

filtered and dried under vacuum (10.5 g, 12.6 mol,
35% vyield over foursteps). M5 (ESI+) for mz 418
(M2+H) +. 1H NVR (CDCI3) d 72381 (m 4 H), 7.21 (m 4
H, 7.16 (m 2 H, 4.88 (br d, 1 H, 4.60 (s, 1 H).
The followng Step 3b is an alternative route which
may be used in place of Steps 3a and 4. Step 3b: NCS

(Waddistilled ﬁnEeﬁV@éOurﬁla@ abotis phifest the dAgial DNIF 'tolume. Water
and the resulting solution was cooled to -100C.

2Bt M) was ther addedo(tge lighiym Sﬁﬂ;of")e WRIOT sk dmpwrifies were
550108 (GoLFTRAGEAS QOERT 1Oy B0 FESHbM o
(tY)proade @7.73F (6D%yigld) d¢fthe title coBpowvad. UHNMm(m(@OdﬂHZ) 0

C) i icI r t (7 )..at -100 | o
088 (Bea B TEE TP At 84T 60 Rk T (s >¥56746
YAem); 10C. The resultlng m xture was stirred for

hour at -10C. Triethylamne (5.92 ml _, 42.4 nl) vvas
added slow y, again keepmwrperature bel ow
-100C. After stllgrln t he
reacti on was ¢ €ed aqueous-
NaHCO sol uti on and DCM (350 nL)N_Tha organic | ayer was
split, washed with satur&ted fqu HCO3 sol ution
(350 nL), and concenty at t irrable vol une
(approxi mately 100 L)X Thé'r esyduaN DCM was di spl aced
wi th met hanol (fi nal t hanol yblunme 350 nL). The
resulting m xture was heated @ net hanol at reflux for

12 hOLi flasrkdwgs(? 244 (gé T'\actil%g(yta?dehyde naphthyridine (10 g, 1.0 equiv ),

THF (100 mL), triethylamine (1 equivalent), and pivaloyl chloride (1
equivalent) at room temperature. The reaction was stirred for 1 hour. The
reaction mixture was filtered through celite and rinsed with THF (20 mL). The
fitrate and rinse were combined and stripped to a low stirrable volume.
Heptanes (200 mL) was added and the mixture was heated to reflux. The
reaction mixture was cooled to 85°C and filtered hot. The flask was rinsed
and filtered with hot heptanes (100 mL). The filtrate and rinse were combined
and stripped to approximately 100 mL. The mixture was cooled in an'ice bath
and the product crystallized out. The product was filtered and rinsed with
heptane (20 mL), dried under vacuum and isolated to provide 9.6 g (65%) of
the title compound. '"H-NMR (CDCl3, 400 MHz) 6 11.32 (1H, s), 9.08 (1H, dd,
J =4.15, 1.66 Hz), 8.85 (1H, s), 8.50 (1H, dd, J = 8.29, 1.66 Hz), 7.73 (1H, dd,
J = 8.71, 4.15 Hz), 1.47 (9H, s). "*C-NMR (CDCls) & 27.32, 39.60, 124.48,
127.73, 137.77, 142.39, 142.47, 143.64, 149.00, 152.41, 176.39, 191.20.

Examples

The present invention will be further illustrated by means of the following

non-limiting examples.
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approximately 100 nL. The m xture was cool ed to 5C,
and filtered. The product (VIlI) was collected by

wo pdosnaioHn to give 20.5 g (24.6 mmol, 66% yi ePdl/IB2808800715

5: The white solid from Step 4 was di ssolved in MeCH
and treated with concentrated aqueous HCl (2.4 nL, 28
mol ). To this was added Pear34gman' s cat al yst

(pal I adi um hydr oxi de on carbon, 20% wei ght Pd,
approximately 6 g). The slurry was filtered. To the
filtrate was added Peari man's catal yst (palladium

hydr oxi de on carbon, 10% \@&iagfiple Bd, approxi mately 3 ¢
), and_the slurry was subjected to hydrogen gas 540 to
50 psi$-D§ - ' gyl 3soxortg1]- 450

f(BS(*HQchﬂm#g'?g r_:g. y Fﬁk%g -gi ,;.gbﬁv'ﬁg% 'h-ymtﬁgglﬂtim’n-&

od)-irhine)-emythricmyeinoAl Foiaratée filtrate was
concentrat ed under vac'\lljumto a smaller vol une

(approxi mately 5Q, ,sand THF (approxi mately 200 ni)

wasadded. The sol uti wls commotrated until the

resi dual water and t NMol were lr\&;rgbelg (confirnmed
2

wi t h GC- headspace an arl Fisher te respectively),
and further concentr dtad/60 mM _ as the final
ur

vol unme. The resulti was granul ated at- 100C
for a mninmumof 2 h nd flil4€r. The solid
collected was dried acygm tyyi el d the

title conpound (14 g)W(MI1). y(ES| +)pfor mz 335
(M 2+H)+. 1H NVR (CD3@®ONgl 4. 71+ (M 2 H, 4.48
(brt, 1 H, 4.33 (d, | Hj 4.[27 (d, it 4.16 (brt, 1
H). Preparation C 0

0
3- Hvdr oxy-ri, 51- napht hyri dign- 4- car bal dehvde:

3-Hydroxy-[1,5]-naphthyridin-4-carbaldehyde (10 g, 57.6 mmol) and 3-
descladinosyl-11,12-dideoxy-6-O-methyl-3-oxo0-12,11-(oxycarbonyl-(azetidin-3-
yl)-imino)-erythromycin A dihydro-chloride (41 g, 55.3 mmol) were combined in
THF (410 mL), then TEA (21.9 mL, 157 mmol) was added. The mixture was
stirred for 30 minutes, followed by the addition of pivalic acid (21.4 g, 210
mmol). The mixture was heated to reflux and approximately 600 mL of solvent
was removed by concentration under atmospheric pressure to ensure complete
removal of water (an additional 400 mL of anhydrous THF was added during
the concentration). The mixture was then cooled to 20 - 25°C, and transferred
to a reaction flask that contained sodium triacetoxyborohydride (55.5 g, 262
mmol), acetonitrile (164 mL) and ethyl acetate (1230 mL) at 20 — 25°C under
agitation. After stirring for 30 minutes, 5% aqueous sodium bicarbonate (205
mL) was added. The layers were separated. The aqueous layer was extracted

with ethyl acetate (205 mL). The combined organic phases were treated with

anhydrous magnesium sulfate (41 g), then active carbon (10.3 g) was added.

The mixture was filtered, and fumaric acid (4.26 g, 36.7 mmol) was added. The
resulting mixture was stirred for a minimum of 48 hours. The product was
collected by filtration and dried under vacuum at 35°C to yield 28.72 g (55.1%)
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Step 1 (Enam ne Formation): r(E)-2-(3-Mthoxy-H
. 51-naphthyridin-4-ylvinyll- dinmethyl-amne . To a 250

woreoosnoemsi- bott oned flask fitted with an pxgilgg@[ﬂlgzoos/0007l; 'y

AVAEY)

stirrer, reflux condenser, internal temperature’probe’"?
heating mantl e and nitrogen inlet/outlet were charged
3-net hoxy-4-nethyl -[1 , 5] - na@5t-hyri di ne (10.01g, 57.46
mmol ), DMF (100 M _, 10 vol), DWF/ DMVA (13.73 g, 115.22
nmol ) and. potassi um tertbutoxide (3.23 g, 28.78 muol)

and heated with stirring to 12Q0C for 20 hours. The

rafdioe tite coinpbund: LWEMS: Fryditeve by sGAVSA BhMRoun)) 823 (M + 1). 'H

NURC|ABo b, Rl FRsiete ook aabi Serdt Gy (cho7 (s, 1H)

faibb _(d@cyu@,tgvHapmgv.mﬁﬂ, Y H306 Bb(s, IR mmngéréwm%ﬁﬁﬁ%l.m (s,

carried forward to the Step 2 oxidation, anal ytica
St RSOss 3dh 09 &l Josy 71H2, BHI: 0.88 (bfJ * RedzaiBkhur e.

1H NMR (CDCI 3, 400 MHz) d .824[ 1H, dd, J = 4. 14,
2.07 Hz),8.604 ( 1H, s), ﬁ?—ﬂy’—PlH, d, J = 13.69 Hz),
?- 207 3.Dékkladios

'. g Sy t = -naphthyridin4-
%'8 i‘r'ﬁ R B' = round-bottoned flask fitted
wi t h aHouexhgad-aaphthgridintgtatbaldebydenser , gj n6®r nmhol) was
tenperature grobe and nitrogen i nl et/outl et was

Hesdvad i anbydrousacetanitiil 4Gy dn(248-k Jyneck sung bottom
TR 0B85 o B RS 1 ol o Sicero
molecular sieves (47 g, 4 Angstrom). The mixture was mechanically stirred at
50°C for 30 min, followed by addition of 3-descladinosyl-11,12-dideoxy-6-O-
methyl-3-0x0-12,11-(oxycarbonyl-(azetidin-3-yl)-imino)-erythromycin A
dihydrochloride (46.8 g, 63.2 mmol). The resulting mixture was stirred for
another 1 hr at 50°C, after which time it was cooled to room temperature, and
treated carefully with sodium triacetoxyborohydride (67 g, 316 mmol), added in
equal portions over a 40 min period. The resulting mixture was stirred at room
temperature overnight. Celite (50 g) and MeOH (800 mL) were subsequently
added to the reaction mixture, and the solids removed by filtration through a
coarse-fritted funnel pre-packed with Celite, rinsed several times with MeOH
(approximately 4 L). The organic filtrate was concentrated on a rotary
evaporator to a smaller volume (approximately 200 mL), diluted  with
dichloromethane (400 mL), transferred to a beaker, treated with water (300 mL)
and cautiously treated with saturated aqueous sodium bicarbonate solution
(300 mL). The resulting solution was subsequently transferred to a separatory
funnel and extracted with dichloromethane (5 x 600 mL, being careful to avoid
pressure build up). The organic extracts were combined, dried over anhydrous
sodium sulfate, filtered, and concentrated to dryness in vacuo to give crude
product (56 g) as a brown solid. This solid was then dissolved in

dichloromethane and chromatographed on silica gel, eluting isocratically with
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theoretical 13.16 g, 57.40 mmol of the enam ne) was
charged to the periodate slurry resulting in an

wezoshenns f rom 200C to 500C. The sol ution | pi tPei/iB2008/000715,

turned purple and then red/brown. The reaction m xture

was cooled to 25C and stirred for 2 hours and then

sanpl ed for conpletion by GEMS.- Anal ysi s indi cat ed

that no starting naterial renained and the product
accounted for 82% of the mixture. The solids were

filtered off and the cake washed with EtQAc (200 m ).
Tetbylpacatate/MeOtl/egridentraied atuecusuammorbivR hydrexided89/10/1) to
extracted w 00 ni conbi .
TPHVec g o dhe et Enplrtes APt ashiisal Shened fragtion. The
agHliched FRIittibR WS ditdah vaaaewedidsbIvéd inbdichiBRsmethané, and then

brown solid. The crude product was t hen taken back

i RHrifiedagainonmilica gelwsing:a ﬁa@ent glaition of solvgptA (ﬁhyl acetate)

anéi g?l;og {H('))hlé'l 1[o SH{yLaC%Bm re p/%%n uﬂt%@%eé%womum

ndroxid@ %t .a tdspbtive CANal oBBQﬂOM)I\/&b)rtmb iwlthSﬂX)% édH/ent A and
S,_9.09_4 1H, s 9. 051 J = 4.36
;_%r)dlng; Withs (95_({:'4 ragq of Jsoh/eg\ ,flto splvggt ipixture B 1§I’ r‘cs fesulted in

d%’ép ﬁ/eﬁ}]ag?lg %4)1’ (Bg ﬁ%& tltlélvcaﬂﬁ&o(ﬁ!i1 LasS3 freel ERe3 LCMS: Positive

dr oxy-
, 60 - swphﬂh?r(MﬁZr’r 4), d‘degmivdeblydaean 328 (b edi)dH NMRn(400 MHz,

hBiF aRetly peé%ﬁom 498, FomRIREheL b, 30! B3, ek = 2. 8

A9z, ayy: 3377, E@S?O(fbr@‘ HHyrﬁminﬂQF%NFhSQt WSW—\%& 2H) 2.65

vacuumto a OUt he ori gi nal

((850H)12.23 (; $H)HR.I8dddéa 7(|ﬂh,e3|'r|) Otk $31 % HZt3). col or

A VK lofing Efindlks 33b e Bt BIdpaHEd b bone skied

in the art using the methods described herein.

Example 3
3-Descladinosyl-11,12-dideoxy-6-O-methyl-3-0x0-12,11-
(oxycarbonyl-(1-((3-hydroxy-[1,6-lnaphthyridin-4-yl)-methyl)-azetidin-3-yl)-

imino)-erythromycin A Fumarate

Same as procedure described in Example 1, but using 3-hydroxy-[1,6]-
naphthyridin-4-carbaldehyde instead of  3-hydroxy-[1,5]-naphthyridin-4-
carbaldehyde, which may be made analogously.
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to provide 27.7 g (60%yield) of the title conmpound.
1H NVR (D20, 400 MHz) d 10.045 ( 1H, s), 8.54-8.46 (

wWAar)osmyoo18. 46-8.40 ( 1H, nm), 8.319 ( 1H, s), 7rPEBIB20EBA00715

( IH M. Preparation D 4-Fornyl-1 ,5-naphthyridin-3-yl
Pivalate In a flask was added hydroxy al dehyde

napht hyridine (10 g, 1.0 equid3/- , THF (100 m ),
triethylam ne ( 1 equivalent), and pival oyl chloride (
1 equivalent) at roomtenperature. The reacti on was
stirred for 1 hour. The reaction mxture was filtered
through celite and r|nsed aLmQI'e' F (20 m _). The

darbd f7 Lh’a h'Eh rlﬂﬁﬂﬁl I ﬁie@h Jazetidims3-yl)-

cool e 0 an | ere was r1rnse
dﬂHﬂﬂkﬂﬂéﬂﬂﬂﬂ!&ﬂhﬁﬂﬁﬂnﬂﬁﬁsanes (1oo nL). The filtrate

and rinse were conbi ned aqp

100 nL. The m xture was QOO

product crystallized . rqdupgp,mas filtered and

rinsed with heptane (20 nlj), dried under\vacuum and
(65% of the tit¢@Honpound.

i solated to provide 9.
1H-NVR (CDOI 3, 400 M+ 11.32 ( 1H, s), 9.08 ( 1H
.85 ( 1H, s), 8.50 ( 1H, dd,

dd, J 4.15, 1.660d1z)
NMH, dd, J =8.71, 4.15

J =829, 1.66 Hz), YN
Hz), 1.47 (9H, s). @DCL3)\d 27.32, 39. 60,
1427391214027, 143. 64,

stripped to approximately

124. 48, 127.73, 1377
149. 00, 152.41 , 17ﬁ“

Same as procedure described in Example 1, but using 3-hydroxy-[1,7]-
naphthyridin-4-carbaldehyde instead of 3-hydroxy-[1,5]-naphthyridin-4-
carbaldehyde, which may be made analogously.

Example 5
3-Descladinosyl-11,12-dideoxy-6-O-methyl-3-0x0-12,11-
(oxycarbonyl-(1-((3-hydroxy-8-methyl-[1,5]-naphthyridin-4-yl)-methyl)-

azetidin-3-yl)-imino)-erythromycin A Fumarate
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Exanpl es The present invention will be further
illustrated by neans of the follow ng non-limting

wex@sploss Exanpl e 1 PCT/IB2008/000715

3- Descl adi nosyl - 11. 12- di deoxy- 6- 0- net hyl - 3- oxo-12. 11-
(oxycar bonyl - (1- ((3- hvdroxy-f 1. 51- napht hyri di n-4-yl ) nme
thyl)-azetidin-3- yl)-imno)r38&-~vthronmvcin A Fumarate

3- Hydroxy-[1 , 5] - napht hyri di n-4- car bal dehyde (10 g,

57.6 mmol ) and 3- descl adi nosyl -

1, 12- di deoxy- 6- O net hyl - 3- oxo0-12, 1

1- ( oxy@amb cag/ Iprdcedere dlescbed lin Exa'mnﬂ¢ tr puth using c3-hydroxy-8-

i hﬁwﬁﬁo‘ﬁ%’ - headenalany ndoadol 91 wacs Ruleny-(1.5F

-8- déﬂ%l&éh)fdeeﬂ/hfdw m§? bl rﬂH&@%nalﬁagbeV‘Ed by

theadltlon of pivalic acid The
m xture was heat ed to ref I_E.mlﬂ_approm mat el y 600 mL

vmk%a-(b%hmw(w-wwoxﬂmmﬂthvmasmébmmn’dHF4vm‘=niﬂﬁﬂt
during the concentration). Ihe mXture was then cool ed
tazefidin-3oylrimine)-erythiemycin A Fumaratesct i on 1 ask t hat
cont ai ned sodi umtriacetoxybgrohydride (55.5 g, 262
mol ), acetonitrile (164{nC and ethyl acetate (1230
m) at 20 - 25C under N After stirring for 30
m nut es, 5% aqueous sodi uth bi carbonate_ (205 nlL) was
added. The | ayers were par at ed.® ThHE2Gayeous | ayer
was extracted with eth acetate (205 nlL)~cdhe

conbi ned organi c ppas¢s re treated with
\\\

Same as procedure described in Example 1, but using 3-hydroxy-6-
methyl-[1,5]-naphthyridin-4-carbaldehyde instead of 3-hydroxy-[1,5]-
naphthyridin-4-carbaldehyde, which may be made analogously.

Example 7
3-Descladinosyl-11.12-dideoxy-6-O-methyl-3-ox0-12,11-
(oxycarbonyl-(1-((3-hydroxy-7-methyl-[1,5]-naphthyridin-4-yl)-methyl)-

azetidin-3-yl)-imino)-erythromycin A Fumarate




anhydrous magnesi um sulfate (41 g), then active carbon
(10.3 g) was added. The m xture was filtered, and

wo eovanimitaci d (4.26 g, 36.7 mmol) was added. TPET/1B2008/000715
resulting mxture was stirred for a mni num of 48
hours. The product was collected by filtration and
dried under vacuumat 35C te3@-<eld 28.72 g (55.1% - 35
- of the title conmpound. LCMS: Positive ion scan: 414
(M2 + 1), 827 (M+ 1). 1H NWR (400 MHz, CD3OD):
[sel ected peaks only] D 8.88 (m 1H); 8.67 (s, 1H);
8.30 (dd, J = 2, 9 Hz, (m 1H); 6.66 (s, 2H,
fumarate olefin); 2.79 2.59 (s, 3H); 0.98 (d,
J =7 Hz, 3H); 0.85 (HOJY= ® Hz, 3H). Exanple 2
3- Descl adi nosyl -1 1, 12- dideoxy- 6-.0- peLby] - 3- oxo-1
2,11- (oxycarbonyl-(1- - hvdr oxg \
-f1, 5 - napht hyri di n- 4-f1 - net hyl ) - azet i di n€321 ) -
i ni no) - ervt hronyci AYA/ (¢ lleq base) 3-Hydroxy-[1
, 5] - napht hyri di n- 4- éta&de ( 11 g, 63 nmol) was
di ssol ved i n anhydr gfés~acetgniyd i I\ﬁ_(1400 m ) in a
3-L 3-neck round bottom f| agk, folowed by addition of
triethyl am ne (44 nmp, 87 apd powder ed
nol ecul ar si eves (44 gstr . The m xture was
mechanically stirred at for 30 mn, followed by
addi ti on of 3-descl adi nosyl-1 1, 12-di deoxy- 6- Oret hyl -
3- oxo-Samelas procedure described in Example 1, but using 3-hydroxy-7-

R RS st Padaiae, o1 afeY T Lo Fharoxy-1.51
MaphtigidivRa-carbdld st ded WhidhohB ¢ belmBde ahalogBGslyaf t er

which tinme it was cooled to room tenperature, and
Example 8

3-Descladinosyl-11,12-dideoxy-6-O-methyl-3-0x0-12,11-
(oxycarbonyl-(1-((3-hydroxy-2-methyl-[1,5]-naphthyridin-4-yl)-methyl)-

azetidin-3-yl)-imino)-erythromycin A Fumarate
N

N
S

N
Z

HO N

Same as procedure described in Example 1, but using 3-hydroxy-2-
methyl-[1,5]-naphthyridin-4-carbaldehyde instead of 3-hydroxy-[1,5]-
naphthyridin-4-carbaldehyde, which may be made analogously.

Example 9
2-Fluoro-3-descladinosyl-11,12-dideoxy-6-O-methyl-3-0x0-12,11-

15 (oxycarbonyl-(1-((3-hydroxy-[1,5]-naphthyridin-4-yl)-methyl)-azetidin-3-yl)-

imino)-erythromycin A Fumarate




treated carefully with sodiumtriacet oxyborohydride

(67 g, 316 mmol ), added in equal portions over a 40
woreouspemi®d. The resulting m xture was stirredPEl/IB20aM00715

tenperature overnight. Celite (50 g) and MeOH (800

m ) were subsequently added to the reaction m xture,

and the solids renoved by fi-l40r-ati on through a

coarse-fritted funnel pre-packed with Celite, rinsed

several tinmes with MeCH (approximately 4 L). The

organic filtrate was concentrated on a rotary

evaporator to a smaller bl (approxi mately 200 nli),

diluted with dichloronethan 00 nl), transferred to

a beaker, treated w t MOnaifer N(300 nl) and cautiously

treated with saturated eous sqdina%@lcarbonate

solution (300 nL). Thejrjesulting solu

subsequently transferrfedgto a separatory T&Pael and

extracted with dich thane (5 x 600 nL, being

careful to avoid pr

extracts were conbip

sulfate, filtered, an

vacuo to give crudelbr

This solid was then q? d i Oy chl or onet hane and

chromat ogr aphed on siliga gel, eluling i socratically

wi t het hyl acet at e/ MeOH coficent r at ed aqueous anmoni um

hydr 0)@4tfe (@29%rbeéduret dedchiBBY €0 Y04k BkambR ¢ OblSiltr ﬁ?ﬁt fluorinating
Impurities and achi eve an enriched fraction.

i eh énfermediateo (V\aascarding tp nSehane 2 ra@ddc@;wnge(dllil)B to 3-
PF?]E t ed again on silica gel
us)?‘d}b ar ﬁ?@ﬁ rﬂﬂqﬁ%ﬁﬂ%l %‘févent %(et hyl acet at g)

and sol vent mxture B (etByampleet®t e/ MeOH concentr at ed
d

agueous_a ! e in a respectlve ratio of
Desclad leoxy=60Qrmathyl-3.0x0-12,11-

d
it r 5 to dryness in
{ g)as a brown solid.

(oxycarbonyl-(1-(1 (3-hydroxy—[1 5]-naphthyridin-4-yl)-ethyl)-azetidin-3-yl)-

imino)-erythromycin A Fumarate

Analogous to Preparation 28 for Example 1.25 described in WO
2006/067589, published June 29, 2006, but using 1-(3-hydroxy)-[1,5]-
naphthydrin-4-yl-ethanone instead of 1-[1,8]-naphthydrin-4-yl-ethanone.



ending wwth a 95/5 ratio of solvent A to sol vent
m xture B. This resulted in approxi mately 23 g of

weoosfil@es titl e conpound as a free base. LCVS:PEDEB2008/®0715
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30

ion scan: 414 (M2 + 1), Negative ion scan: 825 (M- |
) 1H NWR (400 MHz, CDCI3) : [selected peaks only] D
8.79 (m 1H); 8.59 (s, 1H); -8&122 (dd, J = 2, 8 Hz,
1H); 7.37 (m 1H); 4.87 (br d, 1H; 4.70 (m 2H); 4.25
(t, =8 Hz, 2H); 2.65 (s, 3H); 2.23 (s, 6H); 0.98 (d,
J =7 Hz, 3H); 0.82 (t, J =7 Hz, 3H). The follow ng
exanples 3 to 10 may bBicrkbqitala'-rrbgem'espared by one

SEi((Ialmlj %r]cg%ﬁb%aqufsggapblge(l trg oLgsSefgle gegrer\]/gnt%r{] ‘and/or

J{rééin@rﬁecﬁxbaéte@amf%ilor?s @féhel of- th Eombination W|th other anti-
(oxycarbonyl - (1- ((3-hvdroxy-f1, 6-1naphthyridin-4-yl)-

chagfenalagentsdi n- 3 yl)- imno)-ervthromcin A Funmar ate

Sy oD SOE CelpBafiait., S5 hebnds Mg hueftin i$bP,q broad
odpettraptl rop xantibhcteriat sty Vdridlom afe  sffadide d@dalm a variety of

which nay be made anal ogously. Exanpl e 4 3-Descl a
i ItRglipug strains. faf tasest oFor expmple. - uping & stapdard mlcrotlter broth

(e%‘?%lgf? Ite ot é%o;&\‘l%m Al _m?/L,- Wa%ﬁ')(%érﬁ?&r?ﬂa%% "Bxhibit

eV nryC| n
Smmalevelscm‘eahtw&y cerminst ke eviden rﬁxgm‘rmlf gathodamic wiicogrganisms,

oGt pl Staghilistntisy Atk & pneumontac, M Catahals, S

pyogenes, and H. influenzae, including resistant strains. Compounds of the

invention can therefore be used, e.g., for treating and/or preventing a variety of
diseases caused by pathogenic bacteria in human beings and animals.

Bacterial strains that contain the gene with the designation of ermA,
ermB, or ermC are resistant to some macrolides, lincosamides, and
streptogramin B antibiotics due to modifications (methylation) of 23S rRNA
molecules by an Erm methylase, thereby generally attenuating binding by
members of all three antibiotic classes. Other strains containing macrolide
efflux genes have also been described. For example, msrA encodes a
component of an efflux system in staphylococci that prevents accumulation of
some macrolides and streptogramins, while mefA/E encodes a transmembrane
protein that appears to efflux only macrolides. Inactivation of macrolide
antibiotics can occur and can be mediated by either a phosphorylation of the 2'-
hydroxyl (mph) or by cleavage of the macrocyclic lactone (esterase). "AcrAB"
or "AcrAB-like" indicates that an intrinsic multidrug efflux pump exists in the
strain.

Activity against bacterial and protozoal pathogens can be demonstrated
by a compound's ability to inhibit growth of defined strains of pathogens. The
assay described herein includes a panel of bacterial strains assembled to
include a variety of target pathogenic species, including representatives of

macrolide resistance mechanisms that have been characterized. Bacterial



car bal dehyde, which may be made anal ogously. Exanple 5
3-Descl adi nosyl -1 1, 12-di deoxy-6- O net hyl - 3-oxo-12. 1

wad.2008/110918 PCT/IB2008/000715
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(oxycar bonyl - (1- ((3- hydroxy-8-net hyl -f 1, 51- napht hyri di
n-4-yl)-methyl)- azetidin-3-yl)-imno)-er g thronycin

A Fumar at eSane as procedure-d@scri bed in Exanple 1,

but using 3-hydroxy-8- methyl-[1

, 5] - napht hyri di n- 4- car bal dehyde i nstead of

3-hydroxy-[1 ,5]- naphthyridin-4-carbal dehyde, which
raghdgensdgtiat comaprismpiinel scredbingrpapeléarg -shownl in divantabjes below. In

12-did 3- 1 1- : ,
TG GBS Hoth % (HaGT0 SRS BPBlengaTent sispin,aph i ragrolide-
Nedistidnt - straid edélied fom it lafé rbl)allﬁblgt & Pry¢ide & more accurate
Fumar ate Sanme as procedure described in Exanple 1, but

asisagsrBent/eftbe compawsdisyabiljty to circumvent the reS|stance mechanism.

SThEGRRRY 14 'meefbriet P RUPRIN ol 48 ilermrsted, eepring o

Wthb@sﬁﬁﬂ&)naﬁ@d\ mmns&mmaEmésnﬂnty Tests for Bacteria that Grow
- Descl adi nosyl -11, 12-di deoxy- 6- I-3- X0-12. i1 -

(Aﬁ(yb@aﬂbné\pp(wep( §taﬁ\¢arda§9venﬂ?e£ﬁwonf 31‘\7r)a®'m Rarfasmance
?ténaér)d'sneﬁoiﬁylﬁzntm‘?\él% déi c>é |b|L§7 n?éstgg thlrﬂ[in’(ihf&rrﬁatlonal
ure d a

unar at eSane as proce nmple 1, b
L&mmer&ehycwlw&—Sﬂ?) raibtighed by The Clinical and Laboratory Standards

ridin-4-carb de instead o
AR LN Guideina ineie & HSad 88 ca s rains,n Compounds
"5%& |HﬁaIWf‘€’|§sé’Wéb AUPN Y -as 40 mg/ml stock solutions.

Strain Designation Macrolide Resistance Mechanism(s)
Streptococcus pyogenes 1079 ermB
Streptococcus pneumoniae 1016 (susceptible)
Streptococcus pneumoniae 1095 ermB
Streptococcus pneumoniae 1175 mefA
Haemophilus influenzae 1218 (susceptible)

Table 1 lists in vitro data demonstrating the antibacterial activity of
Example 1 and comparative drugs erythromycin and telithromycin against key
respiratory pathogens. Macrolides are used for short-term therapy (<10 days)
for mild-to-moderate community-acquired pneumonia, and < 5 days for acute
exacerbations of chronic bronchitis, sinusitis, acute otitis media, and
tonsillitis/pharyngitis. Key pathogens in this group include S. pneumoniae, S.
pyogenes, H. influenzae, and M. catarrhalis. MICs (Range, MICsp, MICgq) for
Example 1 and comparator agents against these key pathogens is shown
below. Example 1 has in vitro activity against macrolide-resistant strains of S.

pneumoniae (ermB, mefA and ermB/mefA) that is comparable to
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Exanpl e 8 S-Descl adi nosyl-11.1 -dideoxy-
- O net hyl - S- oxo-*. Hf oxycar bonyl - (

wa2qoB31dvrir oxy- 2- met hyl - p PCT/IB2008/000715

, 51- napht hyri di n-4-yl)-net hyl ) -
azetidin-3-yl)-imno)-ervthronycin A Fumarate Sane as
procedure described in Exanpl4d3-1, but using

3- hydroxy-2- methyl-[1 ,5]-naphthyridin-4-carbal dehyde
i nstead of 3-hydroxy-[1 ,5]-

napht hyri di n- 4- car bal dehyde, which may be nade

anal ogously. Exanple 9 2-Fl uoro-3-descl adi nosyl -1

-did -f- O nethyl - 3-0x0-12, 11- . .
CBUPbERy - The M PE SREBE: 1 a0y Sui pvogepes . firains
ejonyainingZaéiAdissimildf o thatbnlithRs dniyBio "WeeA MICgs agfainst ermB-
Fumar at eSane as procedure described to make Exanple 1,

wontainingt §.| wyegraes nigotates oAre ne@npaedat Bowever, Example 1

S TR Pyl ROHP A8 B, g icrr o

;E)tla;ﬁpiéaﬂ andstglithtorhydinZaghinkst o8 tditifromyicintbedsitved Hl influenzae
(ShajrsarRigy both 4 g/milhy dWRen rvakmated Agaigsti d2ntelityromycin-

- - e g KRS PRV PR B s ¢ vt [ = - .
Aoyl B iendat olate, MR o PRY RS i Bjiggmyein
I werd®olh BoudImLo 8RgaipsbM. shemrhtineethddn vRRDActivitytof Biantple 1 is
1- (3-hydroxy)-[1 ,5]- naphthydrin-4-yl-ethanone
isightacpatter ithian that of telithromycin (MICg of 0.06 vs. 0.25 pg/mL,
,SL-anhfgydrin-4-y|-ethanone.Biological Properties
respectively).



The conpounds of Formula (1) are useful for the

prevention and/or treatnent of bacterial infections
wW@bk@se1I8 i n conbi nati on with other anti bact ePCEHIB2008/000715

agents. In sonme enbodi ments, conpounds of the

i nvention exhibit a broad spectrum of anti bacteri al

activity and/or are effectiveédagai nst a variety of

i nfectious strains of interest. For exanple, using a

standard mcrotiter broth serial dilution test,

conmpounds of the invention have been found to exhibit

uGalflen. llevitlosaabivityof Exampleatjand sompavatdeagentg against selected

dairhary esspiratarg pathiogens.sns, i ncl udi ng strains of

St aphyl ococcus aureus, S. pneunoniae, M catarrhalis,

. yogenes, and H. nil uenzag I ncl udi NG .‘" 5ant
st r@igadsm @J@)m)@lﬁﬂ@@eo ‘Gampopntl er 01' TtiTen Lot ey ey~
u euNoNae tre 1g—& vartpty
0@4%1 seases ,aq;,ﬁg bl Bk
b|:| Mgs—and—ay et s. stTarn 4-'~D eoar Tty
g R—ei o, —6r—€fFE e
rlesi-stant—to i 2082a{Tdgs = 00045 0.5
sitreptogram e tomdifilcati ans
(|RereyTetiacon) of 239 r RNA nol gcul es by an Erm
‘i1ng bi HQAlzﬁg Dy, 0.5
mhers of all_thr eeleatranbedtilc clas®es  |orhe stlai i
clont ai ni ng _macr ol i dejtedithfomygin ggnes0.AGv8.5al [so 0H@en 0.5
descri bed. Fpr exanp| e, nsrA gncodes a cgnponent pf an
efSf pneumenyst e i n st apkamplcDCCI| th@obe28-avent so.5 1
adunul ati onlephs/sonel macrol i dgs and strept ograni ng,
whi | e mef A/ E| enmagales|espthtdndsia megnbr sne 64 >64 >64
telithromycin <0.0625 -1 0.5 0.5
S. pyogenes (25) ermB  |Example 1 £0.06-4 1 2
amoxicillin 0.002 - 0.0156 0.0078 0.0078
erythromycin 4->64 >64 >64
telithromycin <0.06 - 64 8 32
S. pyogenes (23) mefA  [Example 1 0.5-1 0.5 1
amoxicillin 0.004 - 0.03 0.008 0.016
erythromycin 8-32 8 16
telithromycin 0.25-2 0.5 0.5
H. influenzae (82) | Telithro- [Example 1 1-8 2 4
mycin  |erythromycin 1-16 8 16
(susceptible) ke ithromycin 0.25-4 1 4
H. influenzae (12) | Telithro- [Example 1 4-8 4 8
mycin  |erythromycin 8-16 16 16
(intermediate ) ithromycin 8 8 8
M. catarrhalis (30) Example 1 0.008 - 0.25 0.03 0.06
erythromycin 0.03-1 0.25 0.25
telithromycin 0.006-0.5 0.125 0.25
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protein that appears to efflux only macrolides.
I nacti vation of macrolide antibiotics can occur and

we2amwsheonedi at ed by either a phosphoryl ati on oPCT/IBR20@/000715

hydroxyl (nph) or by cl eavage of the macrocyclic

| actone (esterase). "AcrAB" or "AcrAB-like" indicates

that an intrinsic multidrug-dbf-l ux punp exists in the

strain. Activity agai nst bacterial and protozoal

pat hogens can be denonstrated by a conmpound's ability

to inhibit growmh of defined strains of pathogens. The
d8 vilro akamL'bEiaﬁ:leaﬂ against a@arsalapmmrmbnuafpdﬂmdwsi al

strai ed to |nclud riety of tar

pat ho&iﬂ‘i"@ ‘E‘be@?%% antm!q’tlfél E@"?eg%@e & tthgeap ofof choice for
GREuMicris EETSS] B) GRoARERE A A Bl Pfiogens, including

sMr premgniganél paeenwpbflm Mycatizetaraioh eviume| avd G. rpneamponiae.

S oth the.macrolide-susgcep nt _strain
TS el S 4L VRt ae iy BAIENSY GiambnT Fasihst g of these
asﬁ@bie%b S bﬁeDﬁ@Phﬂlﬁ 3E)(§Pﬁ;ﬂeaWéélﬂbﬁs@étéGSéaﬁu%leﬁf ddtidity to
ngound s ability to circunvent the resistance
raziiheamygin amd éelikroayycinsagainstdenisplatas of £r preursephileay s
and |nterpreted according to Methods for Dilution

bi, al tibili ! h
i 2 o an §§ ’%Etgl Sy 4t EXSiple Saoanet Stabeiah
W“ﬂ‘ﬂ”'%\ﬁ@@‘@g Be Standards for Antim crobi al

St qrentl bility Testing; 17th Informational Suppl enent
ML ub, Clini cal anMdiG(agfmihpt ory
(St and %‘JA fnl)l |té%'f°§$? S%leg‘gl el i Rasge t he | MG50i|s  (viEaD
t QL. poeypapkilast rlai ns. Cpnpounds are initially disqol ved
i MOVBO as 40 |ng/MA stExerkplg bl ut i dHEH8 —0.03 0.016 0.03
azithromycin 0.03-0.06 0.06 0.06
telithromycin 0.016 — 0.03 0.016 0.016

In some embodiments, compounds of the invention can be used against
macrolide-resistant or multi-drug resistant bacterial strains. For example, in
some embodiments, compounds of the invention exhibit favorable activity
against resistant S. pyogenes strains, including methylation-based resistance
such as ermB. Thus, the invention includes using the compounds to take

advantage of such favorable properties.

In vitro assessment of human liver metabolism and CYP3A Inhibition

The compounds of Formula (I) of the present invention have highly
desirable metabolic properties as determined by in vitro assessment of human
liver metabolism and CYP3A Inhibition.

The 3-hydroxy substituted analog (Example 1) demonstrated a lower human
liver microsomal (HLM) extraction ratio (ER) compared to the unsubstituted
(Comparative Example A) or 3-bromine-substituted (Comparative Example B)
analogs, disclosed as Examples 1.26 and 1.106, respectively, in WO
2006/067589, published June 29, 2006. Human liver microsomal extraction
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Strain Designation Macrolide Resistance Mechanisn(s)
Table 1 lists in vitro data denonstrating the

wa@nioshawteri al activity of Exanple 1 and conpaP@l/iB2e08/000715

drugs erythronycin and telithronmycin agai nst key
respiratory pathogens. Macrolides are used for
short-termtherapy (<10 daysMéf-or m | d-to-noderate
conmuni ty-acqui red pneunonia, and < 5 days for acute
exacerbations of chronic bronchitis, sinusitis, acute
otitis media, and tonsillitis/pharyngitis. Key
patidmdgearsiridrcatimhsoghowqunklyutH\e Eompaendris imetab8lized by drug
pr\ég nes. H. infl uenzae, ‘and cat aréhgéfios. Mﬁci]“ ,
%38 IZIRg CBRTYMRScoBFPELR! YE%M&PES"’&% % iPa man liver.
%@?ﬁﬁe A0RAL 2 IoWdlaS8ratAdn PRI RERNS th %&Wﬁtl\l?@ EQ¥mples A and

Exanple 1 has in vitro activity agal nst
rcangd heece woiuid batexpecteidnto exhilsit adnwarrole:amqeemrﬂmmans and

f A and. er nB/ nmef 0
WBUE) RO SRy oM oo abired 5 JPE LSAe efcacyy e, regults are
AMKBRRES inSTAE Bl irpthl diumRiidbdled HHIMIER".t O that of
telithromycin. When M Cg ai nst ernBcont ai ni ng

pyobeaeple & @lse @@ngn%tr@t@ﬁﬁagweamﬁﬁaﬂy f%@mmome P450 3A

P Sl L SRR Ol fle Sl 2P omine

tsublstlﬂmtemp(c«)mpamwetlixel&nble Bnahalegsaes svideingsd W its higher K,
5 When eval u

R ﬁracamm TAbiect el GYRSA 1 Ahe Bierngunaiabglizing enzyme
/Cﬁnfffna h\}@faﬁﬁm arr{t?sk)hgrﬁrmw EstY}ﬁétpedb@b? %f aII drugs.

ng galns the in vitro activit
dhhibitienpofe CYR3A sangkad ytob@ﬂugsirug Hateradtmnsof Most commermally
teli t

St ol oF Derdoenieth NibgpisorGYPaA, Time-

afEbehaBREINADRIONITON ﬁa@@@éé‘ﬁedﬁﬁ'vﬂﬁi @$ng human liver microsomes

and a probe substrate for CYP3A activity (midazolam). Test compounds with
lower K, values and/or higher kinact values have greater affinity for CYP3A and
thereby greater potential for drug-drug interactions. As shown in Table 3,
hydroxylation at the 3-position of the [1,5]-naphthyridine (Example 1) resulted in
an approximately 10-fold increase in K| in the CYP3A TDI assay compared to
the unsubstituted (Comparative Example A) or bromine-substituted
(Comparative Example B) analogs. The increased K, observed for Example 1
results in a lower predicted fold change in area under the curve (AUC) for a co-
administered CYP3A substrate compared to Comparative Examples A and B.



human respiratory pathogens.In vitro activity of
Exanpl e 1 agai nst atypical pneunoni a pat hogens

woe@solidte cl ass antibiotics have been the ther@pyB2068/000715

10

choi ce for pneunonias caused by organi sns classified
as atypical pathogens, including M pneunoni ae, L
pneunophi | a, Mycobacteri um adA7sm and C. pneunoni ae.-
Table 2 shows the in vitro activity profile of Exanple
1 agai nst one of these species (L. pneunophila).
Exanpl e 1 denonstrated equivalent activity to
azithronycin and telithromtabie &ai nst ten isol ates of
L. prevrephta—Table 2—n—vitro—antibacterial

act|i vi t
pngunon
conp

TUANDT O .

# Exanpl e 1 aggi nst |an atypi cal

@au3| ng pat hogen. In sone enbodi nents,

f\\t he inventign can be used agai nst
rgsigetant \or milti-drug resistant bacteri al
X aap| em—l n |some |enbodi nents, conpounds
on egxN\i bit |favorjabl e activity agai nst

. n strlai ns,| i ncluding

nmethyl aty sed%Asi st ance quch as ernB. Thus, the

I nventi on & ncl udes ESLPg ,theJ\E ﬁ%gq'dme-bepengelﬁ Inhibition
advaﬂt—a'ge—ow‘—%ur:ﬂ favorahltepropeft fctéd fold-
assjeampoyndof hjurmman g i ver| HiM at;pmﬂwgmlaﬁd C e in AUC of
| nHiNAMe on The |conpounds |&R Fqr 1 (M df | £ A BSEAE
i nvention have [hi ghdy degiTablfe metgobolic properties
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The following assay procedures were used to determine the HLM ER
(human liver microsomes extraction ratio) and CYP3A time-dependent
inhibition for a representative example of a compound of Formula (i) of the

invention and two comparative examples.

Assay Procedures for in vitro assessment of human Iiyer metabolism and
CYP3A Inhibition

HLM ER: (human liver microsomes extraction ratio). This assay

measures clearance of compound over time in the human liver microsome
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liver mcrosomal (HLM extraction ratio (ER) conpared
to the unsubstituted (Conparative Exanple A) or

w@2mB0mne- substit uted (Conparative Exanpl e B)PGEIE2008000715

di scl osed as Exanples 1.26 and 1.106, respectively, in

WO 2006/ 067589, published June 29, 2006. Human |iver

m crosonmal extractionratio i-#t8an i ndi cati on of how

qui ckly the conpound is netabolized by drug

nmet abol i zi ng enzynes, especially cytochrome P450s in

the human liver. Exanple 1 has a | ower extraction

rsylstensn ideledo iNADPbI- dﬂpqmjleat pxidativeametallismantingse data are used

s i RS e mee e oo Y Ll T BPGiina. e
tr’é@ulﬁ@é‘% RirigeCéim-0.32 ¢ DEBLIAL valdé Bf 0! ?ésé?\té the lower limit
Table 3 below in the colum | abeled "HLM Exanpl e

Pfamgoaﬁf@mmwml%l@l@ﬁi@r%é@édﬂ%rﬁmﬁ ppmmund Values in the

ﬁr}éé %t (15:26? %)t&%? éte&%ngg,péﬁdoﬁglﬁes >0.70 indicate high

tn1@arane§ubst ituted (Conparative Exanple B) anal ogs, as

E\é: 3&”wm?rsud@¥% l@mfwswwéalgﬁ%ﬁ@dm a final
SRR of S P BYEdsaEhrbe W Pchtofidfion -

.89 4MUE 0.t paedssiums phiyBtiate Wmfer ¢pial< 7. 42‘6@'3'78@\:ﬂth 10 mM
macrol i des/ ketol i des are time-dependent i bitors of

Gvames'mnrﬁéﬂmmw@é@@lz) nﬁhweaczﬂnn(mrmrewas prssigsubaterat 37°C

Lé?’?lg fg@%@?é%%b%ﬁ%tl Vlcﬁ{lr?efrﬁﬁgsaloaq'?lﬂ}s dlpl[l.lglggtlde phosphate -
Q'Qd’ﬂ@é&t&ra\sbﬁlhrd SAeNADPH( 16 snin dAludts oh tHe iktolestion mixture
val ues have@%reater af fini té for CYP3A and. t her eby

R eMSHAR G & 19020 BQgndAggninutas: dbei Riauotsagelenaugnched

iR aEalrrife containing interal standard. Samples were centrifuged and the
resulting supernatant analyzed by liquid chromatography/mass spectrometry
(LC/MS/MS), with a Sciex AP14000 using multiple reaction monitoring optimized
for each test compound. The ratios of the peak area response of test
compound to that of the internal standard were used to calculate the rate of
disappearance.

The first order disappearance rate constant was determined for each
incubation by plotting natural log (LN) substrate concentration (peak area ratio,
drug/internal standard) against incubation time and determining the slope of the
regression line (k), using data where an accurate first order decay curve could
be obtained. Predicted hepatic clearances (CLy) and extraction ratios were

calculated according to the following equations:

t1/2 = LN(2!
-k

Clint=LN(2) x 21 gliver x mLincubation x 45 mg microsomal protein

t1/2 (min) kg of BW mg of microsomal protein g of liver
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hydr oxyl ati on at the 3-position of the [1
, 5] - napht hyri dine (Exanple 1) resulted in an

wappsoxionat el y 10-fold increase in Ki in the Cx@EmB2083/000715

assay conpared to the unsubstituted (Conparative
Exanpl e A) or brom ne-substituted (Conparative  Exanpl e
B) anal ogs. The increased Ki-48bserved for Exanple 1
results in a |l ower predicted fold change in area under
the curve (AUC) for a co adm nistered CYP3A substrate
conpared to Conparative Exanples A and B. Table 3 The
fQld o@xndCldgsay procedures were used to determ ne the
HLM E (Rgéra,n liver mcrosonmes extraction ratio) and
CYP3A 't leli(-'gtpendent inhibition for a representative

i i Q?‘pqg_ f Formula (1) of the invention
m@\t{gnggﬁgérea iveﬂgg()g'rrpl es. Assay Procedures for in
wihiare the flowinghconstamtavearel | ver net abol i sm and CYP3A

I nhi bit,ion H - (human |iver m crosones extraction
r'_g't'Yed'_).e'gﬁ'kLZyls&E?[élﬁggﬁr es clearance of conpound over
LiNRrdsomdl Proteiim IhbWisdtion <1 B2GAEgAMSt em due to

NADPH- dependent oxi dative netabol'ism These data are

udderiRyotain Fredt mgtchlbumandn hepati c et abol i ¢ cl ear ance

fqr. ' The . t f 0. 32
ot SO SER P RYP 20y hBnh AR bdRFE " he Touer 11 mi

of the assay and would indicate a | ow cl earance

conpound. Values in the range 0.33 to 0.70 indicate
moder ﬁ%P%pumwmgmahm%Wi mapsunesdhe ability of
Ghé %ﬁ%ﬁ}?&ﬁég% irﬁgﬂf %3% in 4'Britiubdfion Bitle GQITHALAEhanner.

were 1 nc at _
Most marketed macrolides and ketolides are time-dependent inhibitors of

CYP3A, a property that can result in drug-drug interactions with CYP3A
substrates. This assay measures the potency of the test compound for
inhibition of CYP3A (K)) and the rate of inactivation of CYP3A (kinact). These 2
parameters can be used in conjunction with the estimated human efficacious
concentration of the test compound to predict potential for drug-drug
interactions in humans.

Assay Procedure: Primary incubation: Pooled human liver microsomes

(0.5 uM final CYP concentration) were preincubated in the presence of a
NADPH regenerating system
[containing B-NADP-Na (0.54 mM), MgCl, (11.5 mM), dl-isocitric acid (6.2 mM),
and isocitric dehydrogenase (0.5 units/mL)] in 100 mM KH,PO,4, pH 7.4, at
37°C open to air in a 0.7 mL total volume. After 5 minutes, aliquots (7 pL) of
test compound (100X stocks in DMSO: to yield final concentrations of 0, 1, 5,
10, 50 or 100 puM) were added. Aliquots (36 pL) of the primary incubation
mixture were removed at time 0, 5, 10, 20, and 30 minutes, and transferred to
secondary incubations, as described below.

Secondary incubation: Secondary incubations containing midazolam (30

pMfinal) and NADPH-regenerating system (as described above for primary
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concentration of 1 mMin human liver m crosonmes (final
CYP concentration = 0.50 M in 0.1 M potassi um

w@bwsphete buffer (pH = 7.4) at 37C with 10 nPCT/IB2008/000715

magnesi um chl ori de (MgCb). The reaction m xture was
pre-incubated at 37C for 5 m nutes before adding

bet ani coti nam de adeni ne di nd®-eoti de phosphate -
reduced tetrasodiumsalt (NADPH) ( 1 .0 mM. Aliquots
of the incubation m xture were renoved at 0, 5, 10,

20, 30 and 45 mnutes. The aliquots were quenched in
doedhation) Wege carriesl outng triplicatein 160 milbKH.P8angpil &/s4, at 37 °C

' th | £ik nat .
S B b4 B9 35 Bt Rebh R AR o of 3
(HCHARaNShcubhtioh Mixkeriee andWete tubsidrdfond ot Iréaction time of 4
reaction nonitoring optim zed for each test conpound.
Thisutes. | Readliontvelogity dladareviously perpeonfimied to be lipeaniar the 4-

Sl tneh vt BL307%, SRBSRSH AR S it
?f‘ﬁ%u et oﬁf‘g@o BF‘o‘? r&é’&%ﬁa}ﬂbd%@Wé?&ﬁﬁ%@%ﬁ?éoﬁgﬁbf ice-cold

otting natur og subst r at
canetanitriteawito intépah ktaadesd. r fhé acetbnitdlel sulwtioms|were vortexed and

standard) agajnst incubagtion tinme and determi ning . th ,
SHBUH0GR ( N ogPessTatnGn e SURGAGRIItngWas: aoRtee alPr 1-

SnfidhrdiSh RoHRAtIoRE BYY LEMNBAVISOWisthgP® iéd N&E4000 with
Priedi ct ed hepatic clearances (CLH) and extraction

rrauitiple reactor manitoringd Taeceatios f the peaks drealrespange of analyte
K

F(ﬂgﬁ% Sggrﬁid;gzgflg‘nﬂ; %n ?}%’S\%ﬁifhxepﬁgfeéﬁﬂll ' ¥&idafd" Were used for
quantification.

The formation of 1’-hydroxymidazolam as a function of preincubation
time and test compound concentration was determined. Data were converted
to percent remaining activity by setting the amount of 1’-hydroxymidazolam
formed at the zero preincubation time to 100 percent. The natural log (Ln) of
the percent remaining activity was plotted for each test compound
concentration as a function of preincubation time, and the rate of inactivation
(kobs) for each concentration was determined by calculating the slope of the
linear portion of the percent remaining activity curve. A plot of kobs versus
concentration was then generated, and K, and kinact parémeters were calculated
by nonlinear regression of this plot using a 3-parameter hyperbolic fitting
program (SigmaPlot v 8.0). Estimation of the effect of time-dependent inhibition
on in vivo CYP3A activity was assessed by incorporating the in vitro K, and kinact
parameters into the following steady state equation, as described by Mayhew et
al. Drug Metab Dispos., 28(9):1031-7 (2000).

k degt [I] X Kinact
AUCinh _ [I] + KI
A UC k deg

The terms are defined as described below:
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t1/2 (mn) kg of BWng of m crosomal protein g of
liverQH + CL'int Extraction Ratio (ER) = CLH (H where

wao b@sfiolohow ng constants were: - Liver Weight BCRIBR2008/000715

g/ kg [human] - Mcrosonmal Protein in Incubation = 1.52
nmg/mL - Liver Protein = 45 ng/g [human] - Liver Bl ood
Flow (QH) = 20 nL/m n/kg [ hufdn] CYP3A Ti ne- Dependent
Inhibition: This assay neasures the ability of the

test conmpound to inhibit CYP3A in a preincubation tine
dependent manner. Most marketed macroli des and

ket ol iAdE€inaAEC! (aka- d%rpéintdaanolunﬁhbnhg@nrs AGIC)O8PB, ratio of area

R R o i AR5 o
Oénd hutem e myandef of u‘lﬁlﬁl’t&' tber!a Yoahiiisibtelréd )drﬁgdthat is

the rate of inactivation of CYP3A ( kjnact) - These

pﬁimn@heér@(ct;Qwebebw%&&Nmetahousmtu on with the

gz:rlpo {%grggg%gf{ eggégﬁ?f% °|$ gﬁ%: %g'rgaﬁgc];n the 'Sibtant of

I@YPBACAI\/@nj:‘e of0.b00sAtn " dssapproxiateey s hd?rrsmrwsed
i ncubati on: Pool ed human |iver m crosones

final KowPrersRsHs the meimalgate ofrinactivation.«le St«arilinlma@ in vitro.
D sl g CORRESoh pl e PR RGP S mevima
anactw@ﬁoﬁ, dét®rmined in vitro.

[I] represents predicted free steady state average concentration of
inhibitor in vivo. The value of [l] is estimated at 0.17 pM, which is the
estimated efficacious unbound steady state average concentration for a
ketolide.
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and isocitric dehydrogenase (0.5 units/nL)] in 100 nM
KH2PO , pH 7.4, at 37C open to air in a 0.7 nL total

woelosme9infter 5 mnutes, aliquots (7 nl) ?{;yﬁﬁg/m%ogwgoous, -

conmpound (100X stocks in DMSO to yield f
concentrations of 0, 1, 5, 10, 50 or 100 mM were
added. Aliquots (36 nlL) of tH&-primary incubation

m xture were renoved at time O, 5, 10, 20, and 30

m nutes, and transferred to secondary incubations, as
descri bed bel ow. Secondary incubation: Secondary

i Whabist¢laimedisnt ai ni ng i dazol am (30 nmMfinal) and
NADPH-r egener ati ng system (as descri bed above for

pri maryi cubatior:a recarried out in triplicate in
100 M- KERERHPOW 9%9%69""@5? @b open to air ina 0.7
m __total volunme. Reactions were initiated by addition
of 36 nmL primary incubation m xture, and were
i ncubated for a total read®ion tine of 4 mnutes.
Reaction velocity had pr ev}lopésl y been confirnmed to be
linear for the 4- m nut eaction tine at a CYP
concentration of 0.025 After the 4-m nute reaction
time, 100 nL of reactign @ xture was quenched wi th 300
nmL of ice-cold acepﬁg | lfle \Mth i nternal standard.

I

The acetonitrile so S re-vortexed and
centrifuged and the [ uper nahant was assayed
for 1'- hydroxyni da2bfam f or mit, 612 by W7 M8/ M5 using a
[ pCt | nitoring. The
lyte

rati os of the peak ;
(1' - hydr oxym dazol aﬁl) of t nt ernal standard
were used for quantifita "ﬁ.oThe forMation of

1' - hydr oxym dazol am as a function of preincubation

U

O,

wherein R' is selected from the group consisting of 3-hydroxy-[1,5]-
naphthyridin-4-yl,
3-hydroxy-[1,6]-naphthyridin-4-yl, and 3-hydroxy-[1,7]-naphthyridin-4-yl wherein
said 3-hydroxy-[1,5]-naphthyridin-4-yl, 3-hydroxy-[1,6]-naphthyridin-4-yl, and 3-
hydroxy-[1,7]-naphthyridin-4-yl are optionally substituted by a group selected
from the group consisting of (C4-C3)alkyl, cyclopropyl, and cyclobutyl;

R? is selected from the group consisting of hydrogen, methyl, and ethyl;
and |

X is hydrogen or fluorine;

or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, or a pharmaceutically

acceptable salt thereof, wherein R’ is 3-hydroxy-[1 ,5]-naphthyridin-4-yl.

3. The compound according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein R’ is 3-hydroxy-[1 ,6]-naphthyridin-4-yl.
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time and test conpound concentrati on was determ ned.

Data were converted to percent remaining activity by
w@edosiing1g he anount of 1'-hydroxym dazol am f or PEOIBE2D08/000715

the zero preincubation time to 100 percent. The

natural log (Ln) of the percent remaining activity was

plotted for each test conpour® concentration as a

function of preincubation tine, and the rate of

i nactivation (kobs) for each concentrati on was

determ ned by cal culating the slope of the Iinear

portion of t he percent renaining act|V|ty curve.

glngt K|o‘{ i &S’C g?ig%fg H"?é/\etge C(Y:@%cul’ a{}r gaeb@{aqhea%emlcally

rtmdeptab&r salethersof| wnel@fn Rhiis34plydroxydi wnapaﬂwﬁammawr
hyperbolic fitting program (SignaPlot v 8.0).
Estimation of the effect of tine- dependent i nhibition

on in gi v, ivi s b '
ncor por aTrg Tha i PPN SRR oot g haaceticaly
|auoeptam fsalﬂ diaeneof, swbmdgmssaide Ehydroxy{l, Shsaphdsyriditdeyl, 3-

e NS R T T S

kSLm)ggtuTg@byﬁfé{ﬁware defined as described bel ow. AUC
nh/ AUC (aka "Predi cted Fold Change in AUC) is the

rati o of area under the plasnma concentration-tine

The. atfkontl SPMPRARG Aching 18 fdlnec i e of BeptiyligeButcaly

tawleptable salt thereof, wherein R? is hydrogen.

7. The compound according to claims 1 to 5, or a pharmaceutically

acceptable salt thereof, wherein R? is methyl.

15



el i m nat ed excl usively by CYP3A netabolism kdeg
represents the estimated in vivo degradation rate
weorvstianets of CYP3A. A value of 0.0005 min 13\, XBRI/1B2008/000715
approximately 23 hours) is used. kinact represents the
maxi mal rate of inactivation, determned in vitro. Ki
represents the concentrationsdf-inhibitor leading to
50% of maxi mal inactivation, determined in vitro. [1]
represents predicted free steady state average
concentration of inhibitor in vivo. The value of [I]
I s est8.nAtcdthpuiund.skleotéd fraim the greup bensistingnaft ed
ef fi caci ous unbound st eady s ate aver age concentr tion

aght hyri di n- 4 yI B~ hydroxy-[1
htbyr|d|n4yl | N\ said 3- hydrox - o

5 or a pharmaceutically acceptable salt thereof.
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R2 is selected fromthe group consisting of hydrogen,
met hyl, and ethyl; and X is hydrogen or fluorine; or a

w@basiaoesiti cal |y acceptable salt thereof. 2. AEEIB2008/000715

conpound according to claim1, or a pharmaceutically
acceptable salt thereof, wherein RL is 3-hydroxy-[1
, 5] -napht hyridin-4-yl. 3. Th&5conpound according to
claim1, or a pharnaceutically acceptable salt
t hereof, wherein Rl is 3-hydroxy-[1
, 6] -napht hyridin-4-yl.4. The conpound according to
clai mdl, drheachpouniteiiclaiond|whiabiept abl e sal t
thereof, wherein Rl is 3-hydroxy-[1
, 7] - naphthyrldln 4-yl . 5. Thg &
claims 1 to 4, or a pharng '
t her eof , mhereln said 3-hy
, 5] - napht hyri di n-4-yl, 3-
,6]-naphthyridin-4-y|, and
, 7] -naphthyridin-4-yl is dJubgtituted by nethyl. 6. The
conpound according to a
phar maceuti cal | y accept S rt‘khereof wherein R2
is hydrogen. 7. The conpW r@bng\hg_clalns lto
5 or a pharnaceutically ccept W e 3a t her eof
wherein R2 is nethyl. \7gpound selected
fromthe group consisti
acceptabl e salt thereof. 9’
which is or a pharmaceutical®y acceptable salt

e stirmaceutically acceptable salt thereof.

und according to
y acceptable salt

gro y-[1

10. A pharmaceutical composition comprising the compound of claims 1
to 9, or pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

11. A method for the treatment of a bacterial infection in a mammal
comprising administering to said mammal an amount of a compound of
Formula (1) or pharmaceutically acceptable salt thereof of claims 1 to 9 that is

effective in treating a bacterial infection.

12. A method of treating infection caused by at least one of
Streptococcus pyogenes, Streptococcus pneumoniae, Haemophilus influenzae,
or Moraxella catarrhalis comprising administering a therapeutically effective
amount of the compound of Formula (I) or pharmaceutically acceptable salt

thereof of claims 1 to 9 to a mammalian subject in need thereof.



10. A pharmaceutical conposition conprising the

conpound of clains 1 to 9, or pharnaceutically
wae@ept@n e salt thereof, and a pharmaceuti cal PGI/IB2008/000715

acceptable carrier. 11. A nmethod for the treatnent of

a bacterial infection in a manmal conpri sing

admi ni stering to said mammal- % amobunt of a conpound

of Forrmula (I) or pharmaceutically acceptable salt

thereof of clains 1 to 9 that is effective in treating

a bacterial infection. 12. A nethod of treating

i nfect1dn Adusthedsf raaking asonnaungiof somaptaddbccus

pyogenes, Streptococcus pngunoni ae, Haenophil us

i nfl uenzae, or Moraxella catarrhalis conprising

adnmi ni stering a therapeutj€aRly effective amount of

t he conpound of Fornmul al (|) or pharnmaceutically

acceptable salt thereof/of clains 1 to 9 to a

manmmal i an subj ect pn ngedit hereof.13. A nethod of

maki ng a conpound o r ax1l), (1) or
phar maceutical ly acce | e]sgdt” thergof, conprising a
first step of reacti, cormpgungycpf la (M11),

(M11) with a conpound of For
presence of an acid ga
solvent to forman adm

a tLqP, (10 in the
ng pol\ar aprotic

U

or pharmaceutically acceptable salt thereof, comprising a first step of reacting a

compound of Formula (VIil),

(Vi)

with a compound of Formula (IC),

(1C)
in the presence of an acid catalyst and a polar aprotic solvent to form an
admixture;
and a second step of treating said admixture with a reducing agent;
wherein R' is selected from the group consisting of 3-hydroxy-[1,5]-
naphthyridin-4-yl, |



and a second step of treating said adm xture with a

reduci ng agent; wherein RL is selected fromthe group
w@awsiswihg of 3-hydroxy-[1 ,5]- + <+, PCT/IB2008/000715,

napht hyri di n-4-yl, 3- hydroxy-[1 , 6] - napht hyri di n-4-yl,

and 3-hydroxy-[1 , 7] -naphthyridin-4-yl wherein said

3-hydroxy-[1 , 5] -napht hyri di-®/4yl, 3-hydroxy-[1

, 6] -napht hyridin-4-yl, and 3- hydroxy-[1

, 7] -napht hyridin-4-yl are optionally substituted by a

group sel ected fromthe group consisting of

3B hVWKY'[bﬁbn@mtbw}dm 4ayldany Sthystroxy-[1, 'Hmapht(mwﬁbﬂaﬁﬂ wherein

gﬁﬁw he % on @g{gﬁggry ,fl? ﬁdr o%}grh fﬂ'rs\apl){thyn@ % -yl, and 3-
%@%@-ﬁﬁ]ﬂ%ﬁlhﬁldh—??s @E@' @Mﬁnﬁﬂﬁsﬂﬁéthﬁﬂbd 3y 40grbdiplselected

(oxycar bon I$i droxy-[1
fggm ﬂa@)atwprqqms ing @ Cnee)ﬁihyj na{@l@prqnyh@dvalobutyl

i M NO)mELY. .
5 "LorMRERAAAB o Ol YBD Tty o tUUCRRA, ooy

ragcti ng a corrpound of Formula (IX), (IX) with a

compound of For rrulf? (X) in the presence of a base

to mawtishydsegrRn A WinBor mul a (X1),(XI') a second step

of reacting a conpound of Forrmula (Xl) with sodium

14. 3-Descladinosyl-11,12-dideoxy-6-O-methyl-3-oxo0-12,11-

10  (oxycarbonyl-(1-((3-hydroxy-[1,5]-naphthyridin-4-yl)-methyl)-azetidin-3-yl)-

imino)-erythromycin A fumarate.

15. A method of making a compound of Formula (C),
| N\ A
HO 7 N/

P
o)

15 (C)
comprising a first step reacting a compound of Formula (1X),

|N\\

P
HO /N

(IX)
with a compound of Formula (X),

e
NN
20 | :
X)

in the presence of a base to make a compound of Formula (X1),



periodate in water to forma conpound of Fornmul a
(XI1), (Xil) and a third step of reacting a conpound
wobooBareyus a (XI1) in LiCl or HCI to form a conpoumoed000715

Formula (C).
-58 -
NS
No” NN\
=
/N\ ;
(X1)

a second step of reacting a compound of Formula (XI) with sodium

periodate in water to form a compound of Formula (XII),

(X1
and a third step of reacting a compound of Formula (XIl) in LiCl or HCI to

10  form a compound of Formula (C).



