WO 2004/ 078770 PCT/ US2004/ 006892 t BI FUNCTI ONAL HETEROCYCLI C COVPOUNDS AND
METHODS OF MAKI NG AND USI NG THE SAME RELATED APPL| CATI ONS This application
clains the benefit of “and priority to U. S. Patent “Application No.

50/ 451, 99Y0 2904{08%F70ar ch 5, 2003, the disclosure of whi chcirfushaiaRpaes ated by -
reference herein. FIELD OF THE | NVENTI ON The present invention relates
generally to the field of anti-infective and anti-proliferative agents.

More particularly, the invention relates to a fam |y of bifunctional

het erocyclic conpounds useful as such agents. BACKGROUND Since the

di scovery of penicillin in the 1920s and streptonycin in the 1940s, nmany new.
conpounds have been di scovered or specifically designed for use as

.anti bi oti ¢ agentBIFUNCHONARJEBEROMVECLICAOMPOUNRRAND seases coul d be
conpl etely control METHOBS & SPARING ANDIOSING fsaugn Lherapeutic
agents. However, such beliefs have been challenged by the fact that strains
.of mcroorganisns resistant to currently effective therapeutic agents
continue to evolve. Alnost every antibiotic agent devel oped for clinical
use has encountered problens with the enmergence of resistant bacteria. For
exanpl e, resistant strains of G ampositive bacteria such as
methicillin-resistant staphylocci, penicillin-resistant streptococci, and
vanco%@ﬁﬂﬂéé?&i&ﬁiAngrococci have devel oped, and can cause serious and
often tine fatal results for patients infected with such resistant

bact eri a. Basapplicatiomelainay the bewsdfit véiand prorithido WaSRatérd dpplicatindlocs have

devel . am.n ti.ve.strains.of. bacteria such as H infl.uenzae and
I\él cﬂ‘fﬂrﬂﬁﬂ éﬁdﬁ?@r@ﬁ}&gﬁ@, s dipose Oiggolél,c & @p?rpg;%?dclf_ydﬁf ek RIS r obi al
r(esi st ance: the e | e of Staphyl ococcus anreus, .Z Cin. Invest., Vol.
111, %@Ll@o%’ﬁﬂ]@i -5‘5‘/[%1? 2003); and &Gold, H'S. and Mellering, RC, Jr.,

Antim crobi al -drug resistance. N. Engl. J. Med, vol. 335, 1445-53 (1996).
Thi s pr oblEianseserigiventipnaelates ggperally f4 the fieldof andi-infastive andanti-pioliferetive e

a1 pr; FRVEPryb RS, AR Reldsy Pag BET R R et hitoridit o e need

exi StepnipeusiBMetRPanawhaabhtsi nfective and anti-proliferative agents that are
WO 20041078770 PCT/ US2004/ 006892 2 both effective agai nst resistant

bact .éKTfXQO ins of cells and agai nst which bacteria and strains of
cell ?étre esgﬁl?kel y to devel op resistance. Despite this problem of

i ncreasi ng.:antd bi;of | | St e .no I e f tibiotics have
been doverspad f SRbeferh BEaMiANE e BE LR B GTSRTR it oeffndh et os
2000 coffpoluhds 1axabedn dikataBedrdrRgeci Bty ddbiagediftl ibé 84 altibiotic agents. It was
N-[[(5S)-3-[3-fluoro-4-(4-norpholinyl)phenyl]- 2-o0xo-5-0xazolidinyl]nethyl
acet anreibeljevedthet infeqtipus dispaseqrewf be somplsiy santralled oo eradicaied Wwith 818 uss sol d

d _ . i . .
L nesbriih hEARERATRC Piley b S RMRARCe Blon A fendbaty APRC fl Maind"
Medi Qif RdcroVlanising r&sidiant 18 cufdent]l yletfectidd thefapROd) agedtsRontinue to evolve. Almost

every antibiotic agent developed for clinical use has encountered problems with the emergence

of resistant bacteria. For example, resistant strains of Gram-positive bacteria such as
methicillin-resistant staphylocci, penicillin-resistant streptococci, and vancomyein-resistant
enterococel have developed, and can cause serious and often time fatal results for patients
infected with such resistant bacteria. Bactéria that are resistant to the macrolide antibiotics have
developed. Also, Gram-negative strains of bacteria such as H. influenzae and M. catarrhalis
have been identified. See, e.g., F.D. Lowry, Antimicrobial resistance: the example of
Staphylococcus aureus, J. Clin. Invest., Vol. 111, No. 9, pp. 1265-1273 (2003); and Gold, H.S.
and Moellering, R.C., Jr., Antimicrobial-drug resistance. N. Engl J. Med , vol. 335, 1445-53
(1996).

This problem of resistance is not limited to the area of anti-infective agents, because
resistance has also been encountered with anti-proliferative agents used in cancer chemotherapy.

Therefore, the need exists to develop new anti-infective and anti-proliferative agents that are



O HN~ 1-4:. CW Q F 1 Linezolid was approved for use as an
anti-bacterial agent actiyve agai nst Grampositive organisns. However,

|l i nezoljd-resistant strains of organisns are al ready being reported. See
Tsi odr a ORMY78770 ancet, 2001, 358, 207; Gonzal es et aPCT/USZ0EBI6892001, 357,
1179; Zurenko el al., Proceedings & The 39 11 Annual Interscience
Conference On Antibacterial Agents And Chenot herapy (1C AAC); San

Franci sco, CA, USA, Septenber 26-29, 1999). However, investigators have
been working to devel op other effective linezolid derivatives. Research has
i ndi cated that the oxazolidinone ring could be inportant for linezolid's

act i Wolnveffebtife dgainSl @éisthet babiBAS Eld%ind B Q91 Ia8S aflANk DBichREErILRYPS
substituted at the C-5 of the oxazolidinone ring, and earTy

st r uctraing obeslls gretlgss likplyto denshipgesisanggest ed that conpounds with |arger groups
at the G5 position were |less active as anti-bacterial agents. As a
consequend&espitathis protdem of imcieasieg uibivtic resistance mo tew mpajacdadserafe subst it uent s

at the.C- 0siilo ol,i di hone. ripgs_in _devel qpi. W, i -m crobial
2 gent ool b RefhoRaP s ol R Sinkt B b 3 e sl m 3000, " e
for tdferelokazdlidicbie rinpobetai@thglantibiofid) N-[[{58) BHE- MRFeA-(SnidiplidinglplRgaact er i sti ¢
of this class of, corrplgﬁnds. The first macral d?manti biotic to be devel oped
was erPiony-grirelidinyNime iy axetamide pegisunctune duy which isjkngWngs inezohid apd which

Phi | i:pgj j r L a 0 he nost

Wi de|‘§m1€§§%éé?%%3f§3‘?ﬁ{%@8%‘?§§% Bbfind @%%%gﬁigﬁ?ﬁg‘é’sﬂﬁé e y | ow
bi oaviielFaisi Okasplidigenst Awirpicrobial, ndunals of Weerad/iMedisgpe, Mod. 138Nari2t pel 18pect r um of
acti v gé %ﬁge Yong-Ji Wi_ Highlights of Sem -synthetic WD 2004/ 078770

PCTI l}é %) 06892 3 Devel oprments from Erythronycin A, Current Pharm Design
6, pp. 181-223 (2000), and Yong- Jiy Wi and Wejy-uo Su, Recent Devel opments on
Ket ol i des and Macrolides, Curr. I\/engermm (14), pp. 1727-1758 (2001). In

the search for new therapeutic agent \)bmérna eutical researchers have tried
conbining or linking various p ns of antibiotic nolecules. However, this
approach has net wth quLte ess. U S Patent No. 5,693,791, to
Truett, issued Decenber 2,1 1997 describes an antibiotic of the fornula:
A-L-B wherein A and B ar& i bifotics selected fromthe group consi sting of

sul f onam des, penicillins, cephal ogporins, quinolones, chioranphenicol,
erythromycin (i.e., a macrolide antibiotic), netronidzole, tetracyclines,

Sgent. POLISRY BEFsrptoed s BE sl PPy deBiF Rt Aol ofiiposipi” ™
publ i afedsnide ddoviaetr, i€ olid-9Qtant etsadnsi df @ gzanisisiardodlredd ngeisprepotd Seeisef ul - as
anti b{"s?gcf-ra(l:sser tap ,aiang'gr,e ZO%tl, H%’e:z(f)f Hogg\éile%%t avlf ,,%arl?élét?éoo(l !_ ;.%(, )1(}’)%, Zurenko ef al .,
Proceedings Of The 39" Annual Interscience Conference On Antibacterial Agents And
Chemotherapy (ICAAC); San Francisco, CA, USA, September 26-29, 1999). However,
investigators have been working to develop other effective linezohid derivatives. Research has
indicated that the oxazolidinone ring could be important for linezolid’s activity. The literature
describes molecules having small groups substituted at the C-5 of the oxazolidinone ring, and
early structure-activity relationships suggested that compounds with larger groups at the C-5
position were less active as anti-bacterial agents. As a consequence, investigators have been
reluctant to place large substituents at the C-5 position of oxazolidinone rings in developing new

anti-microbial agents.

Another class of antibiotics is the macrolides, which is so named for the 14- to 16-
membered ring that is the major structural characteristic of this class of compounds. The first
macrolide antibiotic to be developed was erythromycin, which was isolated from a soil sample
from the Philippines in 1952. Even though erythromycin has been one of the most widely
prescribed antibiotics, it has the disadvantages of relatively low bioavailability, gastromtestinal

side effects, and a limited spectrum of activity. See Yong-Ji Wa, Highlights of Semi-synthetic



wherein L is selected fromthe group consisting of a macrolide antibiotic,
an am nogl ycoside, Iincosam de, oxazolidinone, streptogram n, tetracycline,
or anot her conpound that binds to bacterial ribosaonmal RNA and/or to one or

nor e pr owei 2064/678v@l ved in ribosomal protein synthesis bacterium P
is an integer from2-10. Qis an intgger from 1-20. Xi sﬂcﬁ‘[ﬁgﬁqﬁ?@@fﬁ%. S.

Patent No. 6,034,069, to O et al., issued March 7, 2000 depicts a series of
3'-N nodified 6-0-substituted erythromycin ketolide derivatives such
structure 2 below R R, and R2 are selected fromthe group consisting of
a variety of groups, including aryl-al koxy- heteroaryl -al kyl ene RD is H or
a hydroxy protecti roup, Wis absent or is 0, NH or NCH3. Is Hor an
opt i oﬁ%ﬁwe p@ﬂ%frpmh? RS AgE g Riermdiraist Pepird 8pE2s @.@2@1;411@@’@392 4 R
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~ mul ti \B&lenp. Bk B158d20HMt | bi otics conprising a portion of a macrolide
antibiotic linked via a linker to a portion of another known anti bacteri al

agent . Conmiothedearch fandew ﬂt&aipeuﬁmgents,tphammcmﬂiushdsemmhrm taetstriedl t h o ugh
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U.S. Patent No. 5,693,791, to Truett, issued December 2, 1997 describes an antibiotic of
the formula:
( A-LB

wherein A and B are antibiotics selected from the group consisting of sulfonamides, penicillins,
cephalosporins, quinolones, chiotamphenicol, erythromycin (i.e., a macrolide antibiotic),
metronidzole, tetracyclines, and aminoglycosides. L is a linker formed from a difunctional

linking agent.

PCT publication No. WO 99/63937, to Advanced Medicine, Inc., published December
16, 1999, describes muiti-binding compounds useful as antibiotics that are of the following

formula:

L)X

wherein L is selected from the group consisting of a macrolide antibiotic, an aminoglycoside,
lincosamide, oxazolidinone, streptogramin, tetracycline, or another compound that binds to
bacterial ribosomal RNA and/or to one or more proteins involved in ribosomal protein synthesis

in the bacterium. P is an integer from 2-10. Q is an integer from 1-20. X is a linker.

U.S. Patent No. 6,034,069, to Or et al., issuned March 7, 2000 depicts a series of 3’-N-
modified 6-O-substituted erythromycin ketolide derivatives such structure 2 below. R, R!, and
R? are selected from the group consisting of a variety of groups, including aryl-alkoxy-
heteroaryl-alkylene. RP is H or a hydroxy protecting group. W is absent or is O, NH, or NCHj.
R is H or an optionally substituted alkyl group.



~~5-NH~J O 10" OJ F HOCH3 O4 Notw thstanding the foregoing,
there is an ongoi ng need,for new anti-infective and anti- proliferative

agents. Furthernore, b'eééﬁ‘3use many anti-infective and‘anti-proliferative
agent s woemet/amsidoi ty as anti-inflanunatory agents and ﬁ#@g %g 6’([6959 netic
(gastrointestinal nodul atory) WO 20Q4/ 078770 PCT/ US2004 % ﬁ agents,
there is al so an ongoing need for new conpounds useful as anti-inflanmmtory
and prokinetic agents. SUWARY OF THE | NVENTI ON The i nvention provides a
fam |y of conpounds useful as anti-infective agents and/or
anti-proliferative agents, for ‘exanple, chenotherapeutic agents, anti-fingal
agents, anti- bacteri al agqgt s, anti-parasitic agents, anti-viral agents,
having the fornula: OR  JJONR2R3 7 'O ASDP (CH2)g EEG CH3 X, __ ItY R4

| e salts, esters, or prodrugs thereof. In-

X 4 or pharnmaceutically agcept

the formula, p and q i en “are 0 or,1. The variables A, D, E, G J,
R, R, R3, R4, X, and Y can" dorf Rom the respective groups of
chenical noieties |ater dePa [ he, det ai description. In addition,
the invention provides nmetWods of sypthesjzi¥g the foregoing conpounds.

Fol I owi ng synthesis, the cq

( | ated with a pharmaceutically
acceptable carrier for admni

ionto mrmal , fish, or fow for use as
an anti-cancer, anti-fungal, acterial ,yanti-parasitic, or anti-viral
agent. In one enbodi nent, t h8 coppotthds or the ( fornulations may be used to
treat mcrobial infections, for exanple, anti-bacterial or anti-fungal
infections, in the manurial, fish, @& fow . Accordingly, the conpounds or
the formul ations nmay be adm nistered, for exanple, via oral, parenteral or
topi cal r dutefmtiohadl ppientpubiiecation dlof WD P¥/6393d poeisesahe sinthesmpalargeto the
manmal ,. fish, .or . fow . The foregoi ng and ot her pect s. and .emhodi ts of
Che. | e g LRERer s R i s OB BRSO, Oh i hSHE G BIORR SR | owt
det ai {igd 1EREaH hPbidA of Rkbtifek ’hdWn arfdlbiAkridi Ly dde SCRnBiddd3@ha e WNYENT!I ON The
present invention provides a fam|ly of conpounds that can be used as anti -
pr ol i MeyRrepased eayerrusds aldroyed aprarently meither Was mgdaestesiqthe conpounds may be used
without I|imtation, for exanple, as anti-cancer agents, anti-bacterial
agents, anti-fungal nts, anti- parasitic agents and/or anti-viral agents.
6 1. Definitions
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Notwithstanding the foregoing, there is an ongoing need for new anti-infective and anti-
proliferative agents. Furtherrnore, becanse many anti-infective and anti-prohiferative agents

have utility as anti-inflammatory agents and also as prokinetic (gastromtestinal modulatory)



For the purpose of the present invention, the follow ng definitions have
been used throughout. The term "substituted,” as used herein, neans that
any one or nore hydrogens on the designated atom,is replaced with a
selection fromthe indicated group, provided that the designated atonis

nor mal W& 200874730 not exceeded, and that the substituti _ In a

stabl e conpoﬁnd. When a substituentsis keto (i.e., :Of?ﬁ?ﬁﬁaﬂgbﬁ?%rogens on
the atom are replaced. Keto substituents are not present on aromatic

noi eti es. Ring double bonds, as used herein, are double bonds that are
formed between two adjacent ring atons (e.g., C-C, C=N, or N=N). The
present invention is intended to include all isotopes of atonms occurring in

t he resent conpounds. .| sotopes include tho atons having the sane atonic
e BB DHTERT BPoH esites e B P Sy ou SR ge ASH SR eNB Y anang w ¢ hout
| i m t glokBwdtic ageatsopes of hydrogen include tritiumand deuterium |sotopes of

carbon include G 13 and C 14. When any variable (e.g., R) occurs nore than

one t SURMIAROFCEE NNy fornmula for a conpound, its definition at
each occurrence is independent of its definition at every other occurrence.

Thus, for i 1 t 1 e or nore R3
noi eti es, ?ﬁ?ﬂ?%ﬁgnSﬁgﬁﬁgﬁggﬂggﬁfﬁﬂgpg§gggagﬁﬁggﬁ%%%ﬂﬁggf§ﬁ§%ﬁ@? two, three
f our , afti-pelifepativeagents, B3 expinple; chemothaupRBicagesa ehti-Bargal ageneantis sel ect ed

i ndep rom. definition:  wAlLS onbi nati ons of substituents
and/ O?&%S@II% {g‘s&arﬁea?%ggerﬁglgg%’ ahg?ngt%gaﬁ)% rilav}nﬁ%%eu%ﬁnn&%bnbi nations result in
stabl e conpounds. In the fghwulas herein, a broken or dashed circle within a
ring indicates that the riRAg is , gither aromatic or non-aronatic. A bond
extending froma cheni i @Fﬁhat is depicted as crossing a bond in a
(ring, but is not attache ectlzﬂ%? g ring atom indicates that the

chem cal noiety may be etota 'ﬁi;LQnmﬂtHQQQ%ﬂkng. When a substituent

is listed without indicati the wt 'yi a which such substituent is bonded
to the rest of the conpound of a gi¥ga\formula, then such substituent may
be bonded via any atomin such supgtitueht. As to any of the above chem cal
noi eties that contain one or nore substituents, it is understood that such
moi et brgshatinacemiihily ecreptable aalys, sdds tor prodiugs tlereof ulngthé farinulanp ped §erns that are

stericaglly.inpractical_.and/ o yQt i.cajl gasi bl In addition, the
corrpolﬁ]ﬁﬂé%g‘fm RS ?rnﬁe?hei V@Ha‘f[']ﬁ%‘gu@’eﬁ%’lj’ gvé%ﬁ e@&e?’@ﬁg% ‘f"é‘g’ﬁé? &t i sing from
t he subsithd dbjediivedirodii@s ChdticAmBaies Aferiffed 18 fIRI ddtailel BedecBpticn. USed to
descri be various carbon-containing noieties, including, for exanple,

"al kyl, " "mlaeeifiyh, the indédtionrovides GRIHVAS YELthesiARE 1R Wrogaihk dbiphimat her eof , are
WO 2004/ 078770 PCT/ US20041006892 7 intended to |ncluae uni val ent, bival ent,
or muFeljopdpesmnthspischecompmypndeRanky ormulated gvity apppmpeeuticglly peeepiabled t o

represgn Y2 3 Vi j R : | ), and

B e ke S e R e e s A

i . e., baterhh hidy-paastic, gr eutpyiralspdgt It ereebailintenh theaopgpenndstootheand a R3 gr oup.
I n cases erein.ther re. nitrogens .in the compound f. 1 he present

1 nventEnARElSil telele it P8 SBed ol (O SRR Ractial SRR

oxi di iifsegomyaithe mamngl, fisMEBéwia nticordidpyy tegempopals@x kddsymil atioak hewd ot her
conpopnds .of the ?rese t i.nvention. Thus,. ﬁll shown and cl ained nitrogen
are ¢ Bistsrpd; T eXArEe. R trak PRICTRIBLRT tAPIERI SRHGS: IOV ife anelfseiie (N-- +O)

der i Vahbi@ of e cHBsinbes HemammAikiidh! of fowi.nt ended to include both branched and
strai ght-chain saturated

The foregoing and other aspects and embodiments of the invention may be more fully .

understood by reference to the following detailed description and claims.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a family of compounds that can be used as anti-
proliferative agents and/or anti-infective agents. The compounds may be used without
limitation, for example, as anti-cancer agents, anti-bacterial agents, anti-fungal agents, anti-

parasitic agents and/or anti-viral agents.



al i phati c hydrocarbon groups having the specified nunber of carbon atons.

Cl-6 alkyl is intended-to include C1, C, C3, C4, C5, and C6 al kyl groups.
C1-8 alkyl is intended t0 include C1, C2, C3, C4, :C5, C6, C7, and Cg al kyl
gr oups. wWeeMAI78800f al kyl include, but are not |im teq’cf;gszoﬁ;%dggéz, et hyl ,
n-propyl, i-propyl, n-butyl, s-butyls, t-butyl, n-pentyl, s-pentyl, n-hexyl.
n- heptyl, and n-octyl. As used herein, "alkenyl" is intended to include

hydr ocarbon chains of either straight or branched configuration and one or
nore unsaturated carbon-carbon bonds that may occur in any stable point
al ong the chain, such as ethenyl and propenyl. C2_6 alkenyl is intended to
incluge GlefisiBonsC4 C5, and C6 al kenyl groups. C2-g alkenyl is intended to
|ncI ude C2, C3, ¢4, C5, C6, C7, and Cg al kenyl groups. As used herein,

"al kynyl " eq;,ﬁ,m traight or -
branched c%o'r?\ﬂ gur-at ?gﬁihgﬁgég%r%é%%ﬁ%g?%q?gmégcar %nﬁ?%aghéeg%ﬁ?\ds t hat may
occur thronghenp. st abl e point along the chain, such as ethynyl and propynyl.
C2_6 alkynyl is intended to include C2, C3, C4, C5, and C6 al kynyl groups.
C2 g al kyniite térm ‘i‘mbﬁ'rmledt” apused bbuethe mEs 8 anPdne Gonor€hiydiGgensamdhe Cg al kynyl

sed yl.' LS to, i ncl ude dr ocar bon chai ns of
e| t heﬁesgglnptg%llatmn IBFGP ﬁﬁ’é‘ﬁé’&dé&‘iﬂﬂi%‘lﬁﬁ’ﬁ% %WBH%PR%‘?@% (=O that nay
oCCUr désipnaiey at@iuadlic@mﬁmdlﬁncﬁis(ﬂw e;&daaiedcmlmm thefshhaltafad restlf§ in At@ped to
i nclude C2, C3 8 groups. used herein, "al koxy"
B ‘wiqo

r ef er SOMROUAG, ‘Mhﬁw S’gl?saﬂﬁmdé kﬁeﬁ fhetp)a Bensipa th%wl@ar%wla%mber of

car bo t aghed b Ntended to
inclu gt% sgﬁ&?uﬁh& &Qéﬁgﬂgﬁ%t&w‘gﬁ%ox%gﬁagg b&&% %lﬁﬁég?&?ﬁﬁ f'uls i nt ended
t o i nddubdiebo@ds thalza}re @8Tnedj$¢twe@5twc081.|aceﬂt ringratbn@Gy(eal. K6, Gt opd=Ngxanpl es of

al koxy include, but are not limted to, nethoxy, WO 2004/078770

PCTI U82004H&Q6&ﬁt in@ereioh dsdytendedao dypdudg alliisopopep okatoms ofxutringyin the but oxy, t

"l y Perfrb o, ReBER i e G vina A et 20 b RETARH ca oo

nunbemaga‘nmﬁo ByayOnat gahéracdiaﬁpterm@ughoamﬁmklbmrxsdsépeegﬁhycﬁagéﬁ ia¢lidd thio, is
intended to include _Cl, C2 and CG al kylthio groups. Cl1-8
al kyl ffﬁ1“€1ﬂqd§evtﬁ{l@ﬁdé%%5?'f?ﬁ?r‘t?aén@ide%}3 C-l4e4, G5, 06, C7, and C8 -

al kylthio %houps As_used herein, "carbocycl e" or "car boc%/cl iCri ng is

i nt ended t Whepaw V%P@§§8@BH&CW§@°I%%%P% tigge ingny cepstifjent o fopmulg forg  of
"F%rﬁﬂou'ff@ ng%ﬁhitﬁnfaf eddh SM&Heﬁce% lee%e?ldamt o} s adehiti at oHay BRIEPET ed

blcyc ic or tricyclic ring, any o be sat urat ed, unsaturated or

ar omabianrrendex s, dor axhimplecit acgampos;lmw@so bmmhstimtedbmh me@r mere Rénited to,

Cycl oRBI bt Atk iy rEiGY BRafRy e PR brsprto s dRREbe

cycl oRBitisiies el ROGE &4} [occ&ﬁéﬁéd]@ etladidEin¥epend Py @ﬂohi g a&f@ﬁﬁaa@m3
[4. 3. O%bIC clononane [4.4.0] blcyclodecane [ 2. 2. 2] bicycl ooctane, fluorenyl,

pheny Alsonegshiragions of sybatityents apdésaanaples a@rﬁf@@ﬁ‘#’%?‘&ﬂé‘ﬁ’a‘ﬁ Byl . As shown
abovemﬁ%ggﬁ:rgsm sté\fl@c&%np%%nﬂ%d uded in the definition of carbocycle

I cycl ooct an ridged ring occurs when one or nore car bon
atoms |1 kil HOrHARLR HeRECH brok B BOdhsliQRle iliED EHE hRLIAIGR iikfnage or L wo
carbon ato i noted that a ge always converts a nonocyclic ring
into altharlam;mhc or noragromaifhef band extgldnlgﬁnmdgh@mcalhmistubmtiiEtMM@ gsecited for

the r Icgogsmg 4 bOIldslg at%ﬁ‘;gpﬂu IS0 aRz?chEé] girebcﬁ%f ch:? fing atom, indicates that the chemical

moiety may be bonded to any atom of the ring. When a substituent is listed without indicating
the atom via which such substituent is bonded to the rest of the compound of a given formula,
then such substituent may be bonded via any atom in such substituent. As to any of the above
chemical moieties that contain one or more substituents, it is understood that such moieties do
not contain any substitution or substitution patterns that are sterically impractical and/or
synthetically unfeasible. In addition, the compounds of this invention include all stereochemical

) isomers arising from the substitution of these moieties.

As used herein, the terms used to describe various carbon-containing moieties, including,

for example, “alkyl.” “alkenyl,” “alkynyl,” “carbocycle,” and any variations thereof, are



Fused (e.g., naphthyl and tetrahydronaphthyl) and spiro rings are al so

i ncluded. As used herein, "halo" or "hal ogen" refers to fluoro, chloro,
bronpo, and iodo. "Counterion" is used to represent’ a small, negatively

char ged wmemneerssmch as chl oride, brom de, hydroxide, bgi‘)%m@g% sul fat e.

As used herein, the term "heterocycl e’ neans, unless otherw se stated, a
stable 3, 4, 5, 6; or 7-nmenbered nonocyclic or bicyclic or 7, 8, 9, 10, 11,
or 12-nmenbered bicyclic or tricyclic heterocyclic ring which is saturated,
unsaturated, or aromatic, and consists of carbon atons and one or nore ring
het eroatons, e.g., 1 or-1-2 or 1-3 or 1-4 or 1-5 or 1-6 heteroatons,
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nitrogen and sul fur heteroatons may optionally be oxidized (i.e., N, O and
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a ringhqee! G the substituents recited for the ring may al so be
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rings, coRhy CQakel grddﬁﬁ. two rings needs to be aromatic (e.g.,

, 3-di hydr oi ndol e),” though both may be (e.g., quinoline). The second ring
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nitrogen atom nay be substituted or unsubstituted tgi .e., Nor NR wherein R
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not limted to, acridinyl, azocinyl, benzimdazolyl, benzofm anyl,
benzot & alkrvhasgups-benzot hi ophenyl , benzoxazol yl

As used herein, "acyl” is intended to include hydrocarbon chains of either straight or
branched configuration and one keto group (=0) that may occur in any stable pomt along the
chain. "Cjg acyl" is intended to include Cp, C3, C4, Cs, Cg, C7, and Cg acyl groups.

As used herein, “alkoxy” refers to an alky! group as defined above with the indicated
number of carbon atoms attached through an oxygen bridge. Cy.¢ alkoxy, is intended to include
' Cy, Ca. C3, C4, Cs, and Cg alkoxy groups. C;.g alkoxy, is intended to include C;, Cp, C3, Cy,

Cs. Cg. Cy. and Cg alkoxy groups. Examples of alkoxy include, but are not limited to. methoxy,



benzoxazol i nyl, benzthi azolyl, benztriazolyl, benztetrazolyl,
benzi soxazol yl, benzi sothi azolyl, benzi m dazolinyl, carbazolyl,
4aH carbazol yl, carbolinyl, chromanyl, chroneyl, cinfolinyl,

decahydwégiep+emsrieyl , 2H, 6H 1, 5, 2-di t hi azi nyl,
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i ndol enyl, indolinyl, indolizinyl, indolyl, 3Hindolyl. isatinoyl,
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(such,as keto, .oxjinme, cyclic carh e.derivatives). These inc]ude, for
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"pharnaceutically acceptable" refers to those conpounds, naterials, ¢
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medi Cﬁ‘}droi‘&@%’@?ﬁ% andUik@Pl € for use in contact with the tissues of human
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IS mgétg:rlogﬁlig %ling%lﬁc%qs %%‘gtearunga grgteﬁfi clfrta%ntx 1%{ :?n%fdonsists of carbon atoms and

one or more ring heteroatoms, e.g., 1 or 1-2 or 1-3 or 1-4 or 1-5 or 1-6 heteroatoms,

independently selected from the group consisting of nitrogen, oxygen, and sulfur, and including
any bicyclic group in which any of the above-defined heterocyclic rings is fused to a second ring
(e.g., a benzene ring). The nitrogen and sulfur heteroatoms may optionally be oxidized (i-e.,
N-—-O and 8(0),, where p=1 or 2). When a nitrogen atom is included in the ring it is either N
or NH, depending on whether or not it is attached to a double bond in the ring (1.e., a hydrogen

is present if needed to maintain the tri-valency of the nitrogen atom). The nitrogen atom may be



Exanpl es of pharmaceutically acceptable sails include, but are not limted
to, mneral or organic.W 2004/078770 PCT/US2004/006892 1i acid salts of
basi c residues such as%)am' nes;; alkali or organic salts of acidic residues
such asWazokoyre c aci ds; and the |ike. The phar maceupicgalshdnsReGsPt abl e
salts include the conventional non-¢oxic salts or the quaternary anmoni um
salts of the parent conpound forned, for exanple, from non-toxic inorganic
or organic acids. For exanple, such conventional non-toxic salts include,
but are not limted to, those derived frominorganic and organi c acids
selected from 2-acetoxybenzoic, 2-hydroxyethane sulfonic, acetic, ascorbic,
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nmet ho vering the sane an ositions contalning 04/ 078770
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coval ent ed carriers t release.a ctive re rug.of the
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subj egbmati Rérogycld B@chesendn 1. nvention are prepared by nodi fying functional
groups present in the conpound in such a way that the nodifications are

cl eaved, eEda@fles dT heterocycles include, but are not limited to, acridinyl, azocinyl,

benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzoxazolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazolinyl, carbazolyl, 4aH-carbazolyl, carboliny), chromanyl, chromenyl, cinnolinyl,
decahydroquinolinyl, 2H,6H-1.5,2-dithiazinyl, dihydrofuro[2,3-b}tetrahydrofuran.

i dihydrooxazole, dithiazolonyl, furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-
indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isatinoyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isopyrrolyl, isoquinolinyl, i1sothiazolyl,

isoxazolyl, methylenedioxyphenyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl,



routine mani pulation or in vivo, to the parent conpound. Prodrugs include
conmpounds of the present; invention wherein a hydroxy am no, or sulfhydryl
group is bonded to any group that, when the prodrug ‘of the present

i nvent i WP 108488 H0ni stered to a manmal i an subj ect, it chetnesnokMossbor m a free
hydroxyl, free am no, or free sul fhydiryl group, respectively. Exanpl es of
prodrugs include, but are not limted to, acetate, fornmate, and benzoate
derivatives of alcohol and am ne functional groups in the conpounds of the
present invention. "Stable conpoured® and "stable structure"” are neant to

i ndi cate a conpound that is sufficiently robust to survive isolation to a -
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Thr oughout T escrip where conpositions aré des as havi ng,
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i nvention pr ovi des a corrpound havi ng the formul a: - O NR2R3
antibacterial agents including, but not limited to, erythromycin, clanthromycm amthromycm

telithromyecin, roxithromycin, pikromycin, flurithromyecin, and dirithromycin.

As used herein, the phrase “pharmaceutically acceptable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problem or complication, commensurate

with a reasonable benefit/risk ratio.

| As used herein, "pharmaceutically acceptable salts” refer to derivatives of the disclosed
compounds wherein the parent compound is modified by making acid or base salts thereof.

Examples of pharmaceutically acceptable salts inctude, but are not limited to, mineral or organic



"OX=-t Dp (CH2)g EEG CB X ~!_ " Y Ra XR 4 or a pharnmaceutically
acceptabl e salt, ester, .or prodrug t hereof, wherein: -0-Ais selected from

t he group conS|st|ng of 7 a) ~~ ~~ 1-0- (CHZ)r (’?‘)"-‘*(CHZ)r V7is (CH2)r"l-. b)
("11 / 0\ WO 20Q0(8TH2)r (CH2)r-CH=CH (CH2)r"t (CH2)r'~- a4 _‘ Gy -
0= (O r 1 (CH) (1T D\ /S (Cher' ~ 5 (CH2)r-1 - g’”@@r‘\“’é&”%’t each

occurrence. independently is 0, 1, 2 3, or 4, and WO 2004/078770

PCT/ US2004/ 006892 14 s, at each occurrence, independently is 0 or 1; X, at
each occurrence, ‘i ndependently is carbon, carbonyl, or nitrogen, provided at
| east one X is carbon; Y is carbon, nitrogen, oxygen, or sulfur; Dis

sel ect d fh SI St.i g S, SO and
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fromthe group, consistin WO 2004/ 078770
PCT 1 USBOORKIS ey 3 nﬁﬁ € qua aryammom s%lts of's the 211 compound formed, for example,

from non-toxic inorganic or organic acids. For example, such conventional non-toxic salts

‘ include, but are not limited to, those derived from inorganic and organic acids selected from
2-acetoxybenzoic, 2-hydroxyethane sulfonic, acetic, ascorbic, benzene sulfonic, benzoic,
bicarbonic, carbonic, citric; edetic, ethane disuifonic, ethane sulfonic, fumaric, glucoheptonic,
gluconic, glutamic, glycolic, glycollyarsanilic, hexylresorcinic, hydrabamic, hydrobromic,
hydrochioric, hydroiodide, hydroxymaleic, hydroxynaphthoic, isethionic, lactic, lactobionic,
lauryl sulfonic, maleic, malic, mandelic, methane sulfonic, napsylic, nitric, oxalic, pamoic,
pantothenic, phenylacetic, phosphoric, polygalacturonic, propionic, salicyclic, stearic, subacetic,

succinic, sulfamic, sulfanilic, sulfuric, tannic, tartaric, and toluene sulfonic.

The pharmaceutically acceptable salts of the present invention can be synthesized from
the parent compound that contains a basic or acidic moiety by conventional chemical methods.
Generally, such salts can be prepared by reacting the free acid or base forms of these compounds
with a stoichiometric amount of the appropriate base or acid in water or in an organic solvent, or
in a mixture of the two; generally, non-aqueous media like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile are preferred. Lists of suitable salts are found in Remington's
Pharmaceutical Sciences, 18th ed., Mack Publishing Company, Easton, PA, 1990, 1445,

The term "pharmaceutically acceptable ester” refers to esters that hydrolyze in vivo and
include those that break down readily in the human body to leave the parent compound or a salt
thereof. Suitable ester groups include, for example, those derived from pharmaceutically
aoceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic, cycloalkanoic and
alkanedioic acids, in which each alkyl or alkenyl moiety advantageously has not more than 6
carbon ato.ms. Other suitable ester groups include, for example, those derived from
pharmaceutically acceptable alcohols, such as straight-chain or branched aliphatic alcobols,
benzylic alcohols, and amino-alcohols. Examples of particular esters include formates, acetates,
propionates, butyrates, acrylates, ethylsuccinates, and methyl, ethyl, propy}, benzyl, and 2-

aminoethyl alcohol esters.

} Since prodrugs are known to enhance numerous desirable qualities of pharmaceuticals
(e.g., solubility, bioavailability, manufacturing, etc.) the compounds of the present invention
may be delivered in prodrug form. Thus, the present invention is intended to cover prodrugs of

the presently claimed compounds, methods of delivering the same and compositions containing



15 R' R' 40 R12 R11 R11 C R3R4-/ R4 CR3 d) 3-14 nenbered
saturated, unsaturated, -ar aromatic heterocycle containing one or nore

het er oat ons_sel ected from t he group consisting of nifrogen, oxygen, and

sul fur, WAhHPOPt87Bnal |y substituted with one or nore RAPQIOSARI/OSEILS. , 4
saturated unsaturated, or aromaticlZarbocycle, optionally substltuted W th
one or nore R groups; f) Cl-s alkyl, g) C2-8 alkenyl, h) C2-s alkynyl, i)
Cl.8 alkoxy, j) C-s alkylthio, k) d _s acyl, 1) S(O,RS; and m

hydr ogen, wherein any off) - k) optionally is substituted with i) one or
nore RQ groups; ii) 3-14 nenbered saturated, unsaturated, or aromatic

het er the yarhe. "m-mm@" aterigtendsd to ﬁnmeanjaemmay bomded eheetetlaifreeiBetaie group

consi st n nit , en, .and sul fur, and optionally substituted with
one of°Hg érenﬁ:sku@%tﬁ%gmw iR e ES‘P@T’W&%@W g jii) C3-14
sat " Aafhalidfl itjest Arbllugihe %f@éﬁh%nﬁcﬁf&?ﬁ?béﬁ&’é‘d bP Rl Rl inctighfist 1 tuted wi th

one or nore R4 groups; I s"selected fro group consisting of. a) H, b)
L" - ClZioups prgsent ig)the conppued iy saelng way that lenmhiia:aa@mg/clea@)i ¢_theﬁﬁ i 4

sat ur [ at. o] £ er ed
St ur gl malfREHi o o 36 o 30 LnbblL” Yo ekl colpindRERE! T
het er petantrinvesttinodiicesin & hpdroty) mmoo apsutfpdiyb groagisdonded uocag? groupxhagen, and

sul fur), and is selected.from.the group consistin
of - d\%ﬁ:@ &w, pc%@rﬁgeamasent wa ag]pglglgtfe&edé?] 8 mammalfan subject, it gleavcg to g
form a free hydroxyl, free amino, or free sulfhydryl group, respectively. Examples of prodrugs
include, but are not limited to, acetate, formate, and benzoate derivatives of alcohol and amine

functional groups in the compounds of the present invention.

“Stable compound” and "stable structure” are meant to indicate a compound that is
sufficiently robust to survive isolation to a useful degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent. It is preferred that the presently recited

compounds do not contain a N-halo, S(O),H, or S(O)H group.

As used herein, “treating” or “treatment” means the treatment of a disease-state ina
mammal fish, or fowl, particularly in a human, and include: (a) preventing the disease-state
from occurring in 2 mammal fish, or fowl, in particular, when such mammal fish, or fowl is
predisposed to the disease-state but has not yet been diagnosed as having it; (b) inhibiting the
disease-state, 1.c., arresting its development; and/or (c) relieving the disease-state, i.e., causing

regression of the disease state.
As used herein, “mammal” refers to human and non-human patients.

As used herein, the term "therapeutically effective amount” i-efers to an amount of a
compound, or a combination of compounds, of the present invention effective when
administered alone or in combination as an anti-proliferative and/or anti-infective agent. The
combination of compounds is preferably a synergistic combination. Synergy, as described, for
example, by Chou and Talalay, Adv. Enzyme Regul. 1984, 22:27-55, occurs when the effect of
the compounds when administered in combination is greater than the additive effect of the
compounds when administered alone as a single agent. In general, a synergistic effect is most
clearly demonstrated at sub-optimal concentrations of the compounds. Synergy can be in terms

' of lower cytotoxicity, increased anti-proliferative and/or anti-infective effect, or some other

beneficial effect of the combination compared with the individual components.

All percentages and ratios used herein, unless otherwise indicated, are by weight.



any of b) - f) optionally is substituted with one or nore R4 groups; R,
R2, and R3 are independently selected fromthe group consisting of: a) H b)
L, C1.6 alkyl, c) L, C2-6 alkenyl, d) L, C2-6 al kynyl, e) L.-C3-14

sat ur at &) 200ummatur at ed, or aromatic carbocycle, f) L’P(:f‘m%f’oo%{i@?{ed
saturated, unsaturated, or aromatiqsheterocycle conprising one of” nore

het eroatons selected fromthe group consisting of nitrogen, oxygen, and

sul fur), g) L"- (saturated, unsaturated, or aronmatic 10-nenbered bicyclic
ring systemoptionally containing one or nore heteroatons selected fromthe
group consisting of nitrogen, oxygen, and sulfur) and h) L"-(saturated,
unsat ur at tionally

cont ai ni ngg%rﬁgéhoﬁ{ﬁr’ogr%éécﬁ@%&foato %ﬁl%gm{nged&%e(ed‘h romt e gr% do %5t | ng. of

ni t r ogemprisingyspecific aoipenehfs nr Whemhaoeisses ate describetl echaihgf umludiﬂgeogr oup

t of -CLO -, -C(O Q. d .- R -, i i d f b
SOy BRI PHC Peispeleph s o e e et Eorpiogttions Styiberfient iysenion) 076770,
PCT I L@E@@d}{sﬁﬂ@g&&aﬁ 6f, @k b@isivndt] the hdtiteReomptent® andltiod @i prot@sdchef mai th the

nitrogen atomto whi ch they are bonded, forma 5-7 nenbered saturated,

uns at Bresang Bivergionalsorronsist eFFé{“éﬁl“é’é‘f:cqfé%%ﬁ bikg regited REPReESIRgG Siepso Farther, nor e
add't1&9&@%&{&%&@&&&&%&&@@5@&&@&@ ?foﬁﬁmggel%genwg%n oxygen, and

sul fur, and optionally substituted with on nore R4 groups; R4, at each
occ ur imematerialiso teygen deerinieutips reswinseperdbler Mnrcm@r dgwogpmewtips of aggion$ :  a) F,

f) =S, =NRS, h) =NOR, i) =NS(O) 1RS,
—N- NR%’ﬁ% ﬁﬂd“%%—%s‘“i‘?‘)‘m‘i‘i??ly) -CN,g) n) -NOZ,)O) NR5R5I,)p) N(R52)R5, qu
O 5, 0 0 t O NR5R5, NR C( O) RS,
(G Ok e ms?f; ARSIt sl o e vy - S R 2 C(S) bRS, aa)
NR

S) R5, S 5 d S) NRSRS, NRSC( S) ORS,
fS)C(N)R5C(s {Ppgatio &50"5%? Ni‘{@)’ CR‘%C}(QH%% ét’mNéé)oc( )u) oc?e?\lRS) Rg( j)j)
_C(=NRS) NR5RS, kk) - NRSC{=NRS)R5. 11) - OC(=NRS) NR5RS, nm) - NR5C( =NRS) ORS,

nn) - NR5C(=NRS) NR5RS, 00)
-S(OtN=RS, and ss)
fromthe group consisti n
L.-C2-6 allynyl, e) L.-

RS% RS)NRSRS pp) S(O)tRS qq) - SO2NR5R5, rr)
&ach occurrence, independently is selected
a) H, b) L.-Cl-6 alkyl, ¢c) L.-C2.6 al kenyl, d)
!@{—n a,_éa\,\ Dpgety)a-eg, or aromatic

ear bocycle, f) 4-(3-14 nmenbgped sat unsaturat ed, or aromatic
het erocycl e conprising one o? rmre . roatoms sel ect ed fromthe group
consi sting of nitrogen, oxygen, suljar), g) L"- (saturated, unsaturated,

or aromatic 10-rnenbered bicyclic r| ng systemoptionally containing one or
nor e bed fiaaaideiBeslylacaihetiefshigrstel) er prodtip thaasf sting of nitrogen, oxygen,
and sul fur), and h) L"-(saturated, unsaturated, or aromatic 13-

wherein:

-0-A is selected from the group consisting of:

)
() L
$-O—(CHr T - (CH) Y 7 (CHa)r i,
b) | '
il @
$-0~(CHa) Y (CHR~ CH=CH-(CH T - (CH . g
0)
0 (o) 0O @
‘%‘O‘(CHz)r(‘u)‘s (CHz)rms D~(-“-)~5 (CHa)rr 7 (CHa)r e
wherein

t. at each occurrence, independently is 0, 1, 2 3, or 4, and



menbered tricyclic ring.systemoptionally containing one or nore heteroatons
sel ected fromthe groupconsisti ng of nitrogen, oxygen, and sul fur), wherein
L is selVe2e 078 t he group consisting of -C(O -, -C D@ruszoabossoa( O NRs-,
it isOor 1, and any of b) - h) opti®nally is substituted wi th one or nore
R6 groups; WO 2004/078770 PCT/ US2004/ 006892 18 alternatively, two R
groups, taken together with the atomor atons to which they are bonded,
formi) a 5-7 menbered saturated, unsaturated, or aromatic carbocycle, or
ii) a 5-7 menbered saturated, unsaturated, or aromatic heterocycle

cont ai ni ng one or mg%%m@m@é@ﬁd@gﬁ&ﬁ@l&b@rgr oup consi sting of

nitrogen, oxygen, nd sul fur, wherein i ) - ii) optionally is substi tut ed
with one orx pefh B@cxﬁfeﬁéhoﬁdepéﬂﬁent@tls 8266h, @ﬁ@&ﬁﬂ%@ﬁmgeﬂqﬁ@ﬁmté
sel ected fromthe group .consisting of a) F, b) , €) Br, d) I, e) O f)

=8, g)oneMFP calpni=NOR7, i) =NS(OXR7, j) N-NR7R k) ~CF3,1) -ORS, m -CN, n)
NO2, o) NR R, p) NRTOR, Q) C(O R7, 1) -,C(O)CRS, s) -OC(OR7, t) )
-C(ONR R7 YE)CMW,G(I@SW; OXyg¥n, OGIMONNR7R7, W) - NR7C(O) OR7, X) NR7C(O) NR7R?,
y) -C(SR7, z) -C(S)OR7, aa) -OC(S R, bb) -C(S)NR7R , cc) -NRLC(S)R7, 'dd)
-0C(S) NR?RDlseeI)ectNRfir@(ushwmpf:dn}slm@ S) NR7R7, gg) -C( =NR )R7; hh)
-C(=NR)OR7, ii) -OC(=NR7)R , jj) - NR?)NR?R? kk) NR7C(=NR7)R7, 11)

- OC(=NR7) NR7R', WW@?@?@;NR%)WD NJONRAGO:zNR7) NR R7, 00) NR7C(=NR )NR R7,
pp) -S(O 1R, qq) -SE2NR R, rr) -S(OtN=R7, and ss) R7; R7 at each

occur r ence E-Grigl sghetsicfininh theigsoupabrustng of r om t he group consisting of a) H, b)
L,-Cl-6 alkyl, c¢) L,-C24 al kenyl, d) L, C2 6 al kynyl, e) L, C3-14 saturated,
unsaturated, or aromatic carbocycle, f) (3-14 nenpered saturat ed, (
unsat urated, or aI‘CNTatI c het er'@cycl e cgﬁt\g& ng one lor nore heteroat ons

sel ected fromth Gon I/S engE ox _amd sul fur), g) L,

(saturated, unsa rat d Wl - menper ed |cyc“ﬁ C ring system

optionally conta [¢] one re hete ons sel fromthe group
trogen

consi sting of gen and 3 fur), an h) L .-(saturated,

unsat ur at ed, or omati c 13 menbered™tricyclics l" g systemoptionally

cont ai ni ng one or nore heter oa& ons sel ecét ed fromthe group consi sting of
whe

ni trogen, oxygen, d sul fur) rein is selec fromthe group
consi sting of C(O), C(O)O an C(O)NR? u |s 0 or I, and WO 2004/ 078770
PCT/ US2004/ 006892

\{5/ \ r k3 \ 7 w8 (

, and \‘Q

N

?

G is selected from the group consisting of:

a)

Rio
/1

RQ

b)



any of b) - h) optionally is substituted with one or nore noieties selected
fromthe group consisting of Rs, F, d, Br, 1, -CF3, -OR8, -SR8, -CN, -NO,
NR8R8, -C(OR8, -C(OOR8, -0OC(O)R8, -C(O)NR8BR8, - NRBC(O) R8, -0OC(O NRSRS,
- NRBC( OmMidr8o04/078¥ABC( O) NRBRB, - C(S) R, - C(S) OR8, - O( S) -C(%ﬁ%g%%,
-NRBC( S) R8, - OC( S) NR8R3, NRBC(S) OR8,;5 - NRBC( S) NR2R8, - REHOREEE RS
-SO2NR5R8, and -S(OtRB; alternatively, two R7 groups, taken together with
the atomor atons to which they are bonded, formi) a 5-7 nenbered
saturated, unsaturated, or aromatic carbocycle, or ii) a 5-7 nenbered
saturated, unsaturated, or aromatic heterocycle containing one or nore atons
sel ected fromthe group,consi ghing of nitrogen, oxygen, and sulfur; R8, at
each occurrence, independentld is selected fromthe group consisting of: a)
H b) L.-Cf.6 alkyl, c) - 6 al kenyl, d) L"-C2-6 al kynyl, e) 4-C3_14
saturated, unsaturated A omat,i c carbocycle, f) L"-(3- 14 menber ed
saturated, unsaturated, af ot i ¢ het erocycl e conprising one or nore
het eroat ons sel ected fromthe group consisting of nitrogen, oxygen, and
sul fur), g) L- (saturat ed, u sat ur at ed, or aromatic 10-nenbered bicyclic
ring systemoptionally Rl' cont B ning one or nore heteroatons sel ected from
the group consisting of nitrogen, oxygen, and sulfur), and h) L,
(saturated, uns@turated, or aromatic 13- nmenbered tricyclic ring system
optionally containing one or npre, het eroatons selected fromthe group
consi sting of nitrogen, oxygef, aad sulfur), wherein L is selected fromthe
group consi sting of -C(O) agad -C(ONH, -C(ONC1_6 al kyl)-and
uisOorl; R9 is R4 ernatively, R9 and R10, taken together

ith the atons to bonded, form i) a 5-7 nenbered saturat ed,
unsat urated, or ar omati ¢ pocycl\gs or. ii) a 5-7 nmenmbered WO 2004/ 078770
PCTI US2004/ 006892 20 saturated, unsaturated, or aronatic het erocycle
contai ning one 3. fIPfen e a‘u?r\ﬁ,\% &mfa;eaﬂartab@a&n%ve@o OREh et
ni trogen, oxyge erein i Opt 1 onal 'S Ssu |tuted
with one or nore zﬁdtegemqa@ms sBlécted frbY thagrbep padsistieg yf mtwgenj%xmemups t aken

together with t atons to re bonde formi) a 5-7 nenbered
sat ur at ed, unsaﬁ"ﬁmﬁtaﬂ?j optigna ]i{]%ﬁﬁ?tfl@gﬁ&‘b%‘g%wmd% grf’\l}33 a 5-7 menbered

sat ur at ed, unsa matl c heteroc onta on re atons
sel ected from t 3- l‘lﬁﬂg‘ﬁﬁm‘?ﬁ f‘ﬁeﬂ’g"r@fo’?ﬁnf %%8??’“ XY g’r‘?&“‘%‘iﬂ%ﬂ‘a&o wher ei n
i) - ii) optiongeloynote RUBSLpsE ut ed with one or nore R4 gr oups;

D Cy3 alkyl,

g) Co.g alkenyl,

h) Cy.g alkynyl,

1) C.g alkoxy,

J) Ci5 alkylthio,

k) Cy5 acyl,

1) S(O)R’; and

m) hydrogen,

wherein any of ) — k) optionally is substituted with
i) one or more R* groups;

ii) 3-14 membered saturated, unsaturated, or aromatic heterocycle
) containing one or more heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur, and optionally substituted with one or more

R* groups; or



R12 is R5; alternatively, Rl12 and one R' group, taken together with the atons
to which they are bonded, formi) a 5-7 nenbered saturated, unsaturated, or
aromati c carbocycle, or ii) a 5-7 nmenbered saturated, unsaturated, or
aromati c heterocycle containing one or nore atons ‘selected fromthe group
consi st WEZ840T8710r ogen, oxygen, and sul fur, wherein i)peTiiloodBiesenal |y is
substituted with one or nore R4 grotips; R13 is R4; R4 is R4,
alternatively, any R13 and any R14, taken together with the atons to which
they are bonded, formi) a 5-7 nenbered saturated, unsaturated, or aromatic
carbocycle, or ii) a 5-7 nenbered saturated, unsaturated, or aromatic

het erocycl e containing one or nore atons selected fromthe group consisting
of nitrogen, oxygeniiijid, sathted, unskrBiagidlor akomatid carbBydIQptibyallys substituted
with one or nore R4 graups, .pisOorl; g,is O or 1; and t, at each
occurrence, indepen&gl?ﬁ““’geq@“ onejor e > BIWPert ai n enbodi nents, the

i nvention provi des_conpounds having the fornula: WO 2004/ 078770

PCT/ US2004) §6¢g9ed from thegroupjeansisingefRs 0 O A D -(CH2) PgN CH3 X~ _ Y G

R4 R4 wherein A, D, G J, R, R2, R3, R4, X, Y, p, and g are as defined
above. I n ot herd&rBbhi-ferlkyl eHe-Gamplisstvlof) br6xd Bemyk shbolaasavmishg t he

f la: ORL . . 4\ 4 wh in OGA
i gr g ( ECi:I-IZ) " O &]ﬂ 6@%@’%%t1°?&ﬁé’f ¥C]érd %%)iglz%[ggf%dr 3&5&} at is a mag g: inde;

and G R, R2,ulR8wraRd, ordronyaticdhetbrepyeleeomprising dweest naxkro heterohtonsst i | | ot her
enbodi nents, the,inyenti.pn provi des co unds havi ng ,t or a OR OR1
3 O NRRR3 3.0 riesEad i ‘E%E%H&c?nséﬁ@g ?Pﬁ%‘?—g%l’ exYEeD, Mid s J,%dg)

macrolide,

wherein

L is selected from the group consisting of -C(0)~, ~-C(O)O-, and
-C(OYNR’-, '
uisOorl,and
any of b) — f) optionally is substituted with one or more R? groups;
R, R?, and R? are independently selected from the group consisting of:

a) H, b) L,-C 6 alkyl, ¢) L-Cy alkenyl, d) L,-Cy alkynyl, €) L,-Cs.;4 saturated,
unsaturated, or aromatic carbocycle, ) L,-(3-14 membered saturated,
unsaturated, or aromatic heterocycle comprising one or more heteroatoms
selected from the group counsisting of nitrogen, oxygen, and sulfur), g) L
(saturated, unsaturated, or aromatic 10-membered bicyclic ring system optionally {
containing one or more heteroatoms selected from the group consisting of
nitrogen, oxygen, and solfur), and h) L,,-(saturated, unsaturated, or aromatic 13-

membered tricyclic ring system optionally containing one or more heteroatoms

selected from the group consisting of nitrogen, oxygén, and sulfur),
wherein

L is selected from the group consisting of -C(0)-, -C(O)O-, and
-C(O)NR’-,

uis O orl, and

any of b) - h) optionally is substituted with one or more R*

groups:



(CH2)g N(CH2)g / j G G or OR J-ONRZR3 ~j O (CH2)g- N "OA ~r NG
CH3 N In certain enbodi.nents of the foregoing conpounds, G has the fornul a:
Rit Rtt RR2 Rn \ tt W3 2004/ 078770 PCTI US20041006892 22 wherein R11 and
R12 are W6 2p407800s|l y defined. In particul ar enbodi nent oG ompounds,
R12 is -C(OCH3. In other enbodi nentg, R12 has the for%@szw@%ﬁ~ N N
R4 wherein R4 and RS are as defined above. In certain enbodi nents of these
conmpounds, R5 is -C(O-CH2-OH 1In other enbodinents, R4 is H In other
enbodi ments, G has the formula: Rig F wherein R12 is as described above. In
certain enbodi nents of these conmpounds, R12 is H In other enbodinents, R12

has t he fo;amf.}h%;- ~7n<' 4 . > Z | t he group
consisting o ,ve&ég,agéri]g ’S% Sizt?gcéﬁr?g%ﬁitﬁsk %t,rbg%?%%ﬁg)r‘?@?ﬁ fb%wa%)ear ticular
enbodibomdrds for@ a 57 thearbdred satsrated, dnsainentéda braremitirdicteotysle dphiendllyvent i on

provi des, conpounds havi t.he for : O J-0.0N CH2)G ,,0

O R nofsatniion o8l fos B group Fpsi B PO oRsR. SKEA%D) - ( Cro) ¢
r i s knd gulfuB, an@lopAonally issbstituesaionia bber naéRReroufd?, R3, R122, and q are as
defined above. In enbodi nents of these conmpounds, R12 is Hor r o

R*, at each occurrence, independently is selected from the group consisting of:

2)F, b) CL ¢) Br, d) I, €) =0, f) =8, g) =NR’, 1) =NOR’, i) =NS(O),R>,
j) =N-NR’R’, k) -CF;, 1) <OR®, m) -CN, 11} -NOs, 0) ~NR°R®, p) -NR’OR’,
Q) -C(O)R?, 1) -C(O)OR?, 5) -OC(O)R?, 1) -C(O)NR’R®, u) -NR’C(O)R’,

( v) -OC(O)NRR?, w) -NR’C(0)OR’, x) -NR’C(O)NR’R?, y) -C(S)R?,
Z) -C(SYOR?, aa) -OC(S)R’, bb) -C(S)NR’R?, cc) -NR’C(SR,
dd) -OC(S)NR’R?, ee) -NRC(S)OR®, ff) -NR’C(SNR'R®, gg) -C(=NR*)R’;
hh) -C(=NRHOR?, ii) -OC(=NR)R?, jj) -CENRINRR, kk) -NRC(=NRR?,
11) -OC(=NR*NR’R’, mm) -NR’C(=NR*)OR?, nn) -NR*C(=NR*NR’R’,
00) -NR’C(=NRHNR’R’, pp) -S(O)R’, qq) -SO:NR’R?, 11) -S(0)N=R?, and
ss) R; '

R®, at each occurrence, independently is selected from the group consisting of:

a) H, b} L,-Cy¢ alkyl, ¢} L,-C;.¢ alkenyl, d} L,-Co¢ alkynyl, e) L,-Cs.14 saturated,
unsaturated, or aromatic carbocycle, f) L,-(3-14 membered saturated,
unsaturated, or aromatic heterocycle comprising one or more heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur), g) L,-
(saturated, unsaturated, or aromatic 10-membered bicyclic ring system optionally
containing one or more heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur), and h) L,-(saturated, unsaturated, or aromatic 13-
membered tricyclic ring system optionally containing one or more heteroatoms

selected from the group consisting of nitrogen, oxygen, and sulfur),
wherein

L is selected from the group consisting of ~-C(O)-, -C(O)O-, and
-C(O)NRE-,

uisforl, and

any of b} — h) optionally is substitutcd with one or more RS

groups;



L- N WO 2004/ 078770 PCTIUS20041006892 23 In still other enmbodi nents of the
foregoi g sRIBAMAS, J is a macrolide. In certain enbodinents of these
conpounds, the macrolide is select eq rom the group coRETAIS20N4/006892 Q , o
ORts Q,0 00 Rs RBR OR s OR15 1s Rs ,~,. Re "~ ". RBR7 I'II,

11", O O ROROXxr'" RRt O'OR16 OR21 R20 and OCH3 and pharmaceutically
acceptabl e salts, esters and prodrugs thereof, wherein Qis selected from

t He group consi sti ng of -NR5CHr, - CH2- NRS-, C(O) -C(=NRS) -, -C(=NOR) -

- C(=N- NRSRS %?m )-, and - CH(NR5Rs) - ' and R16 |ndependently are
selected f# @H@Ygﬁ“@dﬁ %@}ﬁi@kqnﬁgg%ﬁermthah@latammmmwyo“mahttheﬁarag gr oup;

| t th
gongreg&;dlfE %?hﬂl}ﬁl Bﬁsﬁﬁl\%ﬁ%é’e‘?kl S sef ec HJF%% romit ﬁltgﬁcg?ag‘f)ﬁ%" CST]%II lghiﬁ ig eya;ir eCl 6
al kyl mein)aex@ﬂ s@uzatddemyshtprage] ona)roﬁ’a‘ucﬁhmérkwcjd contafiriigohe ok Byore htodhs -

optlo ubst i tute .W th.one or nore les selected fromthe groupA
con5|§ ﬁ%l%c}m% gr%(mf’lf . niqug%tq}yﬁ?’eﬂnpﬂ’l&@éturat ed, or aromatic

carbocycle, and iii rrsnber s(aﬁtlfgrat ed, .unsaturate or aromatic

het er ocycl e cont ai ni ORe stitwied #ith Ang PR %?‘émp consi sting
of nltrogeg oxygen, andslfur V\,hereln any of ii) - ijii) optionally is
subst i t ut e @ ¢4 GRrTeRge, WBF@“F@“ s sgiectedrirdm fhe sripesopdsting g t he group

consisting of. WO 2004/ 078770 PCT/ US2004I 006892 274 a) CR", b) Ci1-6 al kyl,
) C2.6 al kenyl®Fap) ehelbnpkl )T, ByS. @(ﬁ&sh)am@R ) “NREAR". wher ei n any of

b) - d) optiona Ly R UBSTE, Y SR Vi) ICRNE) Ko, MB - NR7, HLRHIBR,
Q) -C(O)R’, 1) -C(OYOR’, 5) -OC(O)R’, 1) -C(OINR’R’, u) -NR'C(O)R’,
v) -OC(O)NR'R’, w) -NR'C(0)OR’, x) -NR’C(O)NR'R’, y) -C(S)R’,
z) -C(S)OR’, aa) -OC(S)R’, bb) -CS)NR'R’, cc) -NR'C(S)R’,
dd) -OC(S)NR'R’, ee) -NR’C(S)OR’, ff) -NR’C(S)NR'R’, gg) ~C(=NR")R’;
hh) -C(=NRHOR’, 1i) -OC(=NR"R’, jj) -C(=ENRINR'R’, kk) -NR'C(=NRHR’,
I1) -OC(=NRT)NR'R”, mm) -NR'C(=NR”YOR’, nn) -NR’C(=NR")NR'R’,
00} -NR’C(=NR"NR'R’, pp) -S(O)R’, qq) -SO,NR'R’, 1) -S(O)N=R’, and
ss) R’;

R’, at each occurrence, independently is selected from the group consisting of:

a) H, b) L,-Ci alkyl, ¢} Ly-Cag alkenyl, d) L,-Cag alkynyl, €) L,-Cs.14 saturated,
unsaturated, or aromatic carbocycle, f) L-(3-14 membered saturated,

unsaturated, or aromatic heterocycle comprising one or more heteroatoms {
selected from the group consisting of nitrogen, oxygen, and sulfur), g) Ly

(saturated, unsaturated, or aromatic 10-membered bicyclic ring system optionally
containing one or more heteroatoms selected from the group consisting of

nitrogen, oxygen, and sulfur), and h) L,-(saturated, unsaturated, or aromatic 13-
membered tricyclic ring system optionally containing one or more heteroatoms

selected from the group consisting of nitrogen. oxygen, and sulfur),
wherein

1. is selected from the group consisting of C(0), C(0)O, and
C(O)NR’,

J visOorl, and



alternatively, R15 and R $, taken together with the atons to which they are
bonded, form Rn IR 00" Il m wherein Vis CHor. N and R22 is -ORS, or
R5; R19%io004disop alternatively, Rs and R 9, taken together with the atons
to which they are bonded, form a 5-penbered ring by atftdé¥itee#006892each

ot her through a Iinker selected fromthe group consisting of -OC(R4)(R4)0O,
-O0C(O 0O, -CC(ONRS-, NRSC(O O, -OC(ONORS-, -NORS)C(O O,

-OC(O N-NRSR5-, -N(NRSR5)C(O) O, -OC(OCHR5-, -CHRAC(OO , -OC(9) 0O,
-OC(S)NR5-, NRSC(S)O, -OC(S)NOR5-, -N(ORC(S) O, -0OC(S)N NR5R5-,
-N(NRSR5) C(S) O, -OC(S)CHR4-, and -CHRAC(S)O-; alternatively, Q R's, and
R19, taken together with Wé’fgf"éﬂp%n@%’l(‘éﬁ“%h@fﬁdﬂ@%r?ﬂé@?cmptﬁﬂﬁﬁ N H3C W
N ORL7 wherein Wis O sehidd fm HEBRup YRs288d 6878770 PCT/ US2004/ 006892 25
R "™ is selected fromthe group consisting of: "H F, d, Br, and Cl-6 al kyl;

R21, at each occurrence, indepengdantBy 1j-EFselorst ash [@M_ oS -Fee consi sting

of : R5, -OR15, and NR5R5; alternatslvel 1 groups taken together are

, WO
=0, =N-OR5, or =N-NR5R5. In p@(@}&uﬁé@y@hﬁ)d&@@m,SC(@N@P\%eI ected fromthe
group consisting of: 0 0 0 / {Hs 8 ©H. g~ OCH3 0 0. 0 HO
5P B0 o oh doe s o NREBR:, -octopiBRE N ciblor”
NREC(O)NR®R?, -C(S)R®, -C(S)OR?, -OC(SIRS,
-C(SNR’R?, -NR*C(S)R, -OC(S)NR®R®, -NR®C(S)OR?,
NREC(SNRPR?, -NRECONRENRER?, -SO,NR®R?, and
( -S(O}R®;
alternatively, two R’ groups, taken together with the atom or atoms to which they are
* bonded, form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or ii) a 5-7

membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms

selected from the group consisting of nitrogen, oxygen, and sulfur;
R®, at each occurrence, independently is selected from the group consisting of:

a) H, b) Ly-C .6 alkyl, ¢) L,-Cy.6 alkenyl, d) L,-Cs.¢ alkynyl, ) L~Cs.14 saturated,
unsaturated, or aromatic carbocycle, f) L,-(3-14 membered saturated,
unsaturated, or aromatic heterocycle comprising one or more heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur), g) L.~
(saturated, unsaturated, or aromatic 1(0-membered bicyclic ring system optionally
containing one or more heteroatoms selected from the group consisting of
nitrogen, oxvygen, and sulfur), and h) L,~(saturated, unsaturated, or aromatic 13-
membered tricyclic ring system optionally containing one or more heteroatoms

selected from the group consisting of nitrogen, oxygen, and sulfur),
wherein

L 1s selected from the group consisting of -C(0)-, -C{O)O-, and
-C(O)NH-, -C(O)N(C).¢ alkyl}-and

uisQorli;
R? is R
R s R4;
) alternatively, R and R'°, taken together with the atoms to which they are bonded, form

1) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or i1} a 5-7 membered



OHN ONOH.. 0OCCH3I'HOOH OOO0OOH OH OO V_C .Hca H;F\N
HN'~'N(S;€&W7 N OHOH...nHOO{ ...u",.. HOOHOh OOY OO0 0 Q
POrH O e HN 0---t OHQ 7T% O O 0 0 O F WOTAZ4)4@PEDZ0
PCT/ US2004/ 006892 26 /N NFNN- NS NOI N Oi O Or 0 OCH3 ON OCH3 |, ~
O oCH3 .F{ OO0 OO OHF OCH3 /.1 O 0o OON~ \ / | o %00 HO

O
OCH3 OH'-- ONL OHAO HO'r

saturated, vnsaturated, or aromatic heterocycle coptaining one or more atoms selected from the

group consisting of nitrogen, oxygen, and sulfur,
wherein i) - ii) optionally is substituted with one or more R* groups;
R"isRY
alternatively, two R! groups, taken to gether with the atoms to which they are bonded,
form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or ii) a 5-7 membered

saturated, unsaturated, or aromatic heterocycle containing one or more atoms selected from the

group consisting of nitrogen, oxygen, and sulfur,
wherein i} - ii) optionally isrsubstituted with one or more R* groups; | |
R7is R’
alternatively, R'? and one R*! group, taken together with the atoms to which they are
bonded, form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or ii) a 5-7

membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms

selected from the group consisting of nitrogen, oxygen, and sulfur,
wherein i) - ii) optionally is substituted with one or more R* groups;
R is R
R"isRY
alternatively, any R™ and any R", taken together with the atoms to which they are
bonded, form 1) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or ii) a 5-7

membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms

selected from the group consisting of nitrogen, oxygen, and sulfur,
wherein i) - 1) optionally is substituted with one or more R groups;
pisOorl;
qisOorl;and
1, at each occurrence, independently i1s 0, 1, or 2.

In certain embodiments, the invention provides compounds having the formula:



0O0OOr.., 1 O',tsl O. FOOOO >>pee NJIIJKO\N OHOOCH3 OH
OHO0O0O O) OO, OOl OOOQ POOCH3 I , and In other enbodi nents of the
foregoi ny@meporsias, R is H R2 is nethyl; and R3 is cul ar
enbodi ments of the invention incl udemV\D 2004/ 078770 PC#V}@%%L(F%%%QZ 27
NO-F NF N~-ONrNHOOHOHHONNNHO OHHQ\N NO /7~) N,.;OH.,, NN
OOl OO OO-;pCOCH"OH OCCH3 OCH3 N NNo .0.CHO|I 'NOHNNO N
~C~-YHON HOOH" .-NHOOHHON OOO OHC]—IocH,,andora

pharmaceutically acceptable salt, ester, or prodrug thereof. In another
aspect, the invention prog‘ges a pharmaceutical conposition conprising a

0O 0
o, X=X ~
—A D H
O \T[“* “:"/ p {C Z)q_</N\G

CHj X2

\-_

wherein A, D, G, J, R}, R%, R, R%, X, Y, p, and q are as defined above.
In other embodiments, the invention provides compounds baving the formula:

OR!

J—O\Y/:jNR2R3
j O—A-LT \\ CHQ)Q—<:{
CH3 X 7/

wherein O-A is O-(CH,),, O-C(0O), or O-C(O)}(CHa); ris 1. 2, 3, or 4; J is a macrolide; and G,
R! R% R%, R X, Y, and q are a5 defined above. '

In stil] other embodiments, the mvention provides compounds having the formula:

OR" OR!

J—0u _~_ JNRZR3 J—0u A~_ JNRZR3

_N N

., XN . X
QO—A—;‘(:* \/N Qo——;\——% \:N

_ _ i
( CHs N o0 CHg ~N Y

\ \
(CH;:)qq (CHzm'"'C,L//
\G’

-~

G,or
OR! o
J—0. A_ _NRZR3 0O
,<CH2>q~~CW:
O ", / N ~
O—A{i{l G
CHs N”

In certain embodiments of the foregoing compounds, G has the formula:

Rr11 Rﬁ

/N



therapeutically effecti ve.anount of one or nore of the foregoing conpounds
and-a pharmaceutically acceptable carrier. In yet another aspect, the

i nvent i oWIBABEY a nmethod for treating a microbial ipEEetidRoosdes Uungal
infection, a viral infection, a paragitic disease, a proliferative disease,
an inflammatory di sease, or a gastrointestinal notility disorder in a
mammal , fish, or fow by adm nistering effective anounts of the conpounds of
the invention or pharmaceutical conpositions of the invention, for exanple;
via oral, parenteral or topical routes. In still another aspect, the

I nvent Qn.iRRoV] ez DRt . nth f.oreqgoi 19
conpoun ?%r]; ahot hgfegggpeé{ug&tdﬁgﬂédn\?gh@on prov:aggs?%(ﬂtntg c3yp te, for
exanpllé 151-0(@mldﬁllnmheenmbodnncmh;lt:‘z)hmsahmﬁrmulat s coated vvlth one or nore of
t he foregoi ng compounds. In another enbodi nent, the invention further

provides a famly of conpounds co ~si D&’ a het erocyclic side-chain |inked
via a heterocyclic linker to at |efast aYportion of a macrolide. Exenplary -
macrol i des, heterocyclic linkers, land he¢terocyclic side-chains useful in WO
2004/ 078770 PCT/ US2004/ 006892 yhtgaesi s of the conpounds include,

but are not limted to, the chemcal npieties shown below. Mcrolides O R\
- OCH 3 above, | 5 O 0

%an@"a‘%ﬁ~%s_ﬁ%{ {ﬁla!d In B%%@&jﬁgtmo 064380%490%&1 A VA
OCHB G@E@)—@H&kﬂ)ﬂ @mﬁr@bomn\eﬂwéwﬁ\ HO O—I .Nn HONCHs HOOHR 0 ,.a
HONCH3 OH .~ HO NCH3 OOlO.x.OOO,.OpW O00Opp OOF M M
OCHOH Mb 3 InNithvr kinbedimenis Ghbysahe Mnuhkla: HO OH OHHO N-CH3 HO OH OH HO N-CH3 R\
IR\ R\ ,,,.. Qo HOOH O HO NCH3

R‘IZ

F
wherein R'? is as described above. In certain embodiments of these compounds, R'? is H. In

other embodiments, R’2 has the formula:

z

N
-~
/LL% \(CHZ)V

wherein Z is selected from the group consisting of O, NR®, and S(O);and vis 0,1,2, 0r 3. In

particular embodiments, Z is O and vis 1.

In certain embodiments, the invention provides compounds having the formula:

OR’
J=0. _A_ JNR?R?
 CHada d
O "y /
o—A— 1
CH3 N R12

F
wherein O-A is O-(CH,),, O-C(O), or O-C(O)-(CHy)s; ris 1,2, 3, or 4; J is a macrolide; and R,

R? ) R’ JR'"Z and q are as defined above. In embodiments of these compounds, RZisHor

L
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2004/ 078770 PCTI US2004/ 006892 29 N
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In still other embodiments of the foregoing compounds, J is a macrolide. In certain

embodiments of these compounds, the macrolide is selected from the group consisting of:

and pharmaceutically acceptable salts, esters and prodrugs thereof, wherein
Q is selected from the group consisting of:

“NR’CHy—, —CH)-NR’-, -C(O)-, -C(=NR®)-, -C(=NOR®)-, —C(—N NRR*)-,
~CH(OR®)-, and ~-CH(NR’R’)—;

R" and R'® independently are selected from the group consisting of R® and a hydroxy
protecting group;

alternatively R’ and RS, taken together with the atoms to which they are bonded, form:

R'7 is selected from the group consisting of:
a) Cy.¢ alkyl, b) Cy.¢ alkenyl, and ¢) Cy.¢ alkynyl;

wherein any of a) — c) optionally is substituted with one or more moieties

selected from the group consisting of

i} —OR’, ii) C3.14 saturated, umsaturated, or aromatic carbocycle,
and iii) 3-14 membered saturated, unsaturated, or aromatic
heterocycle containing one or more aioms selected from the group

consisting of nitrogen, oxygen, and sulfur,

wherein any of 11) - 1) optionally is substituted with one

4
or more R groups;

R is selected from the group consisting of:



M6 M7 M9 H2ZN NI \ I OlIl~ 01 OR\ ONORHOHONCH3 ..,~ HO N CH3
H O .,9g0100~,0~1.00 OOOM9 MO N\ \ | O 0 OCH3 R\ N~ HO
.Nn HONCH3 HOR 1-10 HOO .,~ HO N-CH3 HQD. 0 O'C0- 0 0 10- O O "CH

M1 CCHWQR®INMHTTG he above macrolides. R can be EIthEﬁacﬁ)ﬁé&mmﬂ“@E met hyl .
WD 2004/ 078770 PCT/ US2004/ 006892 3Q4Linkers ¢ N-N N'S" NS *"S" N

Nom "S'N"S" NSNYN7N..M "M. .M M M. LI L2 L3 L4L50L-5s0 1K
M*" M "M L6 L7 LS L9 For the above heterocyclic linkers, "M and "S" are
i ncluded to depict the orientation of the heterocyclic linker with respect
to the other structures that define the conpounds of the invention. Mre

fngg(r:l)r : g:l Im>;| et andq;‘)g33 Rglazlﬁ%me%{)’r )R%ﬁ%ﬁgg?ﬁgjj ngg%un ![Eg?si Lgfudeg

t he het erocycllt)-NQiBe chai n moi ety. Side-Chains 0

wherein any of b) - d) optionally is substituted with one or more R?
groups;

alternatively, R'> and R"®, taken together with the atoms to which they are bonded, form:

wherein
VisCHorN, and
R* is—OR’, or R%;
alternatively, R!® and RIQ, taken together with the atoms to which they are bonded, form
a 5-membered ring by attachment to each other through a linker selected from the group
consisting of:
~-OCRHRHO-, —0C(0)0—, ~OC(OINR’~, -NR’C(0)0O-, -OC{O)NOR*-,
“N(ORHC(0)O-, -OC(O)N-NR’R’-, -N(NR*R*)C(0)O-, -OC(O)CHR?-, -CHR*C(0)0O- {
, -OC(8)0-, -OC(SNR -, -NR’C(8)0-, —~OC(S)NOR -, -N(OR*)C(S)0, '
-OC(SN-NR’R’—, -N(NR’R*)C(8)0—, -OC(S)CHR*, and ~-CHR*C(S)0—~:
alternatively, Q, Rls, and R™, taken together with the atoms to which they are bonded,

form:

wherein

W is O, NR®, or NOR®;



0 NJ OI\OF O11 NF OAN'aF IAN/ F ONS1 S2 S 3 &4
\ OFBr ON FQ" NO~N FO\NW 7 S8 SS-56 Si. Co
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NiNO\ NJ ' .Cr \\/ ONiINOF/ S9 S10J S11JN S12 N WO
%[Rmé%2004/ 006892 31 O \ N ~Y NH2 \ NH

~x111yl1 \ OANF ( F S13 S14 OO0 0,9 F\ YOH F | hC@quﬂ?“@“?“?zl\u pp 1\

N O .41 OAN ~" "F O NF S15 S16 An exenplary scherre showi ng the

| i nkage of a heterocyclic side-chain to a nmacrolide fragnent via a
heterocyclic linker is depicted below, where R is hydrogen or nethyl and n
is 1, 2,3,ord: QF N-NR~CH3~ 'p~0 OHHONNHOCH~NI1."O""On

Si de-chain <.
R is selected from the group consisting of:

H, F, Cl, Br, and C,.¢ alkyl;
R, at each occurrence, independently is selected from the group consisting of:
R%, -ORY, and -NR°R’;

alternatively, two RY groups taken together are =0, =N-OR’ , o1 =N-NR°R?,

In particular embodiments, J is selected from the group consisting of:




00,,. 0j Linker / OH _Macrolide OCH3 The various_heterocyclic side-chains
may be |inked via the heterocycllc linkers to the necrolides usi ng

convent MUhI4@TREM stries known in the art, such as thoperdisseNmead, bel ow. By
using the various conbi nations of chemi cal noieti es provi ded, the skilled
artisan may synthesize one or nore of the exenplary conpounds |isted bel ow
in Table 2. For each set of exanples, the |ower case letter designations
denote compounds where R is hydrogen or nethyl and nis 1, 2, 3, or 4. The
R and n values for each |lower case letter designation are set forth in

Tabl e | bel ow. V\D 2004/ 078770 PCTI Us2004/ 006892 32 Table 1 Compound R, n

aHI bH2 H 4 f met hyl 2 thyl 3 h nethyl 4
For exanpl e, i TabI - C hp und Ela i/s t o Hon=1 -
vari ant of the ruct rﬁ shomn on he fow | of t tablb conmpound El b is
the R = ivative, = n =1

derlvatlve Ta%he« _ & LI M E2a-h Si-
L2 M E3a- h S1 M . A M *h §] L6 M E7a-h

o, o

, OCH; |, and

In other embodiments of the foregoing compoun&s, R'is H; R? is methyl; and R is

methyl,

Particular embodiments of the invention include:
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S3 LI M E20a-h S3 L2 1\41 E2la-h S3 L3 M WD 2004/ 078770

PCT/ US2004/ 006892 33 Exanple S Gou L Group M Goup E22a-h S3 L4 M
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or a pharmaceutically acceptable salt, ester, or prodrug thereof.

In another aspect, the invention provides a pharmaceutical composition comprising a
therapeutically effective amount of one or more of the foregoing compounds and a
pharmaceutically acceptable carrier. In yet another aspect, the invention provides a methed for
treating a microbial infection, a fungal infection, a viral infection, a parasitic disease, a
proliferative disease, an inflammatory disease, or a gastrointestinal motility disorder in a
mammal, fish, or fowl by administering effective amounts of the compounds of the invention or
pharmaceutical compositions of the invention, for example, via oral, parenteral or topical routes.
In stil another aspect, the invention provides methods for synthesizing any one of the foregoing
compounds. In another aspect, the invention provides a medical device, for example, a medical

stent. which contains or is coated with one or more of the foregoing compounds.

In another embodiment, the invention further provides a family of compounds
. comprising a heterocvelic side-chain linked via a heterocyelic linker to at least a portion of a

macrolide. Exemplary macrolides, heterocyche linkers, and heterocyclic side-chains useful in



E54a-h S6 L9 ML E55a-h-S7 LI ML E56a-h S7 L2 M .E57a-h S7 L3 M E58a-h
S7 L4 M E59a-h S7 L5 ML E60a-h S7 L6 ML E6la-h S7 L7 ML E62a-h S7 LS ML
E63a- h %P 00/0jB770E64a-h S8 LI M E65a-h S8 L2 ML E66RETUSB04606882 E67a-h
SS L4 M E68a-h SS L5 M WO 2004/ 078770 PCT/ US2004/ 006892 34 Exanple S
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E93a-h 811 L3 M E94a-h 811 L4 ML E95a-h S11 L5 M E96a-h S11 L6 M
E97a-h S 11 L7 M E98a-h 811 L8 M E99a-h Si | L9 M E100a-h S12 LI M
Ellla-h S12 L2 M E102a-h S12 L3 M E103a-h S12 L4 M1 El04a-h S12 L5 M
E105a- h E106a-h S12 L7 M El07a-h S12 L8 108a-h S12 L9 M
E109a-hV§%%%h@r§¢H E110a-h S 13 L2 M1 Ellla-h S13 L CIUS2Q0496892) 513 |4
M El13a-h S13 L5 M Ell4a-h S13 I'6 M El115a-h S13 L7 ML WD 2004/ 078770
PCT/ US2004/ 006892 35 Exanple S Goup L Goup MGoup Ell6a-h S13 L8 M
El17a-h S13 L9 M El118a-h S14 LI M El119a-h S14 L2 M E120a-h S14 L3 M
-El21a-h S14 L4 M El122a-h S14 L5 M _E123a-h S14 L6 ML El24a-h S14 L7 M
E125a-h S14 L8 ML El26a-h S14 L9 M El27a-h S15 L1 ML E128a-h S15 L2 M
E129a-h S15 Lﬁfkh E130a-h S1 y E131a-h S15 L5_)\
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For the above macrolides, R’ can be erther hydrogen or methyl.



E132a-h S15 L6 M E133a-h S15 L7 ML E134a-h S15 L8 M E135a-h S15 L9 M
El36a-h S16 L1 ML E137a-H S16 L2 ML E138a-h S16 L3rML E139a-h S16 L4 ML
El40a- h BORU(-60Mr70 El4la-h S16 L6 M El42a-h S16 L7 MpcHbdasbosiid L8 ML
El44a-h S16 L9 ML El45a-h Si LI M2 3#El46a-h Si L2 M El47a-h Si L3
El148a-h Si L4 M E149a-h Si L5 M E150a-h Si L6 M El15la-h Si L7 MZ
El52a-h Si L8 M2 El153a-h S1 L9 M E154a-h S2 L1 M2 El155a-h S2 L2 M
El56a-h S2 L3 M2 El157a-h S2 L4 M E158a-h S2 L5 M2 E159a-h S2 L6 M
El60a-h S2 L7 M2 El6la-h S2 L8 M2 El162a-h S2 L9 M2 WO 2004/ 078770
PCT/ USRRR4/006892 36 Exanple s group L Group m G oup E163a-h S3 LI M
El64a-h S3 L2 M Elg5a-h S3 L3 M2 El66a-h S3 |4 M2 E167a-h S3 L5 M
E168a-h S3 L6 M2 | ® h ;ﬂ&j%,;?"sw )E a: h BS.NEBS-I\/B /\N'Z‘,;ns"

AN

N’/ N | N // N
ef r é) o

"M" "M" ”M'l uMh nMu

L] M" ) I|Mll IIM P
LG L7 L8 L9
For the above heterocyclic linkers, “M” and “S” are included to depict the orientation of
the heterocyclic linker with respect to the other structures that define the compounds of the
invention. More specifically, “M” denotes the portion of the compound that includes the
macrolide moiety, and “S” denotes the portion of the compound that includes the heterocyclic
side-chain moiety.
Side-Chains

0

)k,OH

1 Q J@ 0, L0
ST ST

81

o
0 N
J

Br



El7la-h S3 L9 M El72a;h S4 LI M2 El73a-h S4 L2 M2 El74a-h S4 L3 M2
El75a-h S4 L4 M2 El76a‘h S4 L5 M2 El77a-h S4 L6 M2 E178a-h S4 L7 M2
E179a- h S#oh&nkﬁsnE180a h S4 L9 M ElSla-h S5 L1 M E -h S5 L2 M
E183a- h El84a-h S5 L4 M2 E}85a-h S5 L5 M2 E%gég'f%"‘gé"“ﬁ%zw
E187a-h 55 L7 NQ E188a-h S5 L8 M2 E189a-h S5 L9 M2 E190a-h S6 LI M
El19la-h S6 L2 M2 El192a-h S6 L3 M2 E193a-h S6 L4 M2 E194a-h S6 L5 M
El195a-h S6 L6 M2 El196a-h S6 L7 M2 E197a-h S6 L8 M2 E198a-h S6 L9 M
E199a-h S7 L1 M2 E200a-h S7 L2 M2 E20la-h S7 L3 M2 E202a-h S7 L4 M
E203a-h S7 L5 M2 E204a-h S7 L6 M2 E205a-h S7 L7 M2 E206a-h S7 L8 M2
E207a-h S7 L9 M2 E208a-b j@%rﬁﬁgOQa-h VD J20Qg/ 078770
"PCTI US2004/ 006892 37 N N 2
0 0 0
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An exemplary scheme showing the linkage of a heterocyclic side-chain to a macrolide
fragment via a heterocyclic linker is depicted below, where R’ is hydrogen or methyl and n is 1
2,3, 0r4:

?

R\ _CHs

Ii" Eﬂf "
Llnkcr

=" """OH

OCH3

The various heterocyclic side-chains may be linked via the heterocyclic linkers o the

Side-chain

Macrolide

macrolides using conventional chemistries known in the art, such as those discussed below. By
using the various combinations of chemical moieties provided, the skilled artisan may
synthesize one or more of the exemplary compounds listed below in Table 2. For each set of
examples, the lower case letter designations denote compounds where R’ 1s hydrogen or methyl
andnis 1, 2,3, or 4. The R’ and n values for each lower case letter designation are set forth in

Table 1 below.



Exanple S Goup L Goup Mgroup E210a-h S8 L3 M2 E2l1la-h S8 L4 M2 E212a-h
S8 L5 M2 E213a-h S8 L6 M2 E214a-h S8 L7 M E215a-h S8 L8 M2 E216a-h S8
L9 M E217a-h S9 LI M2° E218a-h S9 L2 M2 E219a-h S9'L3 M2 E220a-h S9 L4
M2 E220%0 Rp0o3®78730 M2 E222a-h SO L6 M2 E223a-h S9 L7 wm@g‘ﬁﬁ’“ﬁb 59 L8 M
E225a-h S9 L9 M2 E226a-h 510 L1 M2 32E227a-h 510 L2 M2 E228a- f L3 M

E229a-h 510 L4 M E230a-h 510 L5 M2 E23l1la-h 510 L6 M2 E232a-h 510 L7 M
E233a-h 510 L8 M2 E234a-h 510 L9 M2 E235a-h S11 LI M2 E236a-h S11 L2 M
E237a-h 511 L3 M2 E238a-h S11 L4 M2 E239a-h S11 L5 M2 E240a-h S11 L6 M
E241a-h S11 L7 M2 E242a-h S 11 L8 M2 E243a-h S11 L9 M2 E244a-h 512 LI M
E245a-h S12 L2 M2 E246a-h S12 L3 %blcll:_247a-h S12 L4 M E248a-b S12 L5 M2
E249a-h S12 L6 M2 E250a-h S12 L7 N
Compound R’ n
a ) H 1
b H 2
c H 3
d H 4
e methyl 1
£ methyl 2
g methyl 3
h ' methyl 4

For example, as a guide to Table 2, compound Ela is the R’ = H, n =1 varjant of the
structure shown on the row 1 of the table, compound E1b is the R’ = H, n = 2 derivative, and

Eleis the R’ = methyl, n = 1 derivative.

Table 2
Example S Group L Group M Group
Ela-h S1 Lt M1
E2a-h S1 L2 Mi
E3a-h S1 L3 Ml
E4a-h S1 L4 M1
E5a-h S1 L5 M1
E6a-h 51 L6 M1
E72a-h §1 L7 M1
E8a-h S1 L8 M1
E9%a-h S1 L9 M1
El0a-h S2 L1 Ml
Ella-h 52 12 M1
E12a-h 82 L3 M1
El13a-h S2 L4 M1
El4a-h S2 L5 M1
E15a-h S2 L6 M1
El6a-h S2 L7 M1
Ei17a-h S2 L8 M1
E18a-h S2 L9 , Mi
E19a-h S3 L] M1
E20a-h S3 L2 , M1
E21a-h S3 L3 M1




E25l1a-h S12 L8 M E252a-h S12 L9 M E253a-b S13.-LlI
E255a-h 813 L3 M2 E256a-h S13 L4 M2 WO 2004/ 078770 PCT/ US2004/ 006892 38

Exanpl ew® moa0ps7td G oup M G oup E257a-h S13 L5 M2 E2BGEUK2084/8068% M2

M2  E254a-h S13 L2 WM

E259a-h S13 L7 M2 E260a-h S13 L8 M23 E26la-h S13 L9 M2 E262a-h S14 LI
E263a-h S14 L2 M2 E264a-h S14 L3 M2 E265a-h S14 L4 M2 E266a-h S14 L5
E267a-h S14 L6 M2 E268a-h S14 L7 M2 E269a-h S14 L8 M2 E270a-h S14 L9
E271a- h—St5——Mp—FE272a-h-S15 L2 M2 E2733.h S15 13 M2 E274a-h S15 |4
E275a- fh-oi5 pemple £o7ka. n §Grong \p [Fo77d-Graws |7 (p  EbbGroup S15 |8
E279a- h_S15E23ap  FosPa-h S1831| M2 |E281a-HASl6 L2 WP E288EH-h 816 L3
E283a-h S16E23a E28#a-h S163L5 M2 [E285a- H.5516 L6 M2 E28k@-h S16 L7
E287a-h S16ER8aMP? E28Ba-h S183L9 MP |E289a- g LI Mi

E25a-h S3 L7 M1

E262a-h S3 L8 M1

E27a-h S3 L9 M1

E28a-h S4 L1 Ml

E29a-h S4 L2 M1

E30a-h S4 L3 M1

E31a-h S4 14 M1

E32a-h S4 L5 M1

E33a-h S4 L6 M1
( E34a-h S4 L7 M1

E35a-h S4 L8 M1

E36a-h S4 L9 M1

E37a-h S5 L1 M1

E38a-h S5 L2 M1

E39a-h S5 L3 M1

E40a-h S5 L4 M1

E4la-h S5 15 M1

E42a-h S5 L6 M1

E43a-h S5 L7 M1

Ed4a-h S5 L8 Mi

EdSa-h S5 L9 Ml

E46a-h S6 L1 M1

E47a-h S6 L2 M1

E48a-h S6 L3 M1

E49a-h 86 L4 M1
( E50a-h S6 L5 M1

E51a-h S6 L6 M1

B52a-h S6 L7 M1

£53a-h S6 18 M1

E54a-h S6 L9 M1

E55a-h S7 L1 M1

E56a-h S7 L2 M1~

E57a-h S7 13 M1

E58a-h S7 L4 M1 ..

E59a-h S7 L5 M1

E60a-h S7 L6 M1

E61a-h S7 L7 M1

E62a-h S7 L8 M1

E63a-h S7 L9 M1

E64a-h S8 L1 M1

E65a-h S8 L2 M1

E66a-h S8 L3 M1

E67a-h S8 L4 M1

E68a-h S8 L5 M1

SEEEREE



E290a-h S1 L2 M3 E291a-h Si L3 M3 E292a-h Si L4 I\@ E293a-h Si L5 M3
E294a-h Si L6 M3 E295a-h S1 L7 M3 E296a-h Si L8 M3 E297a-h SI L9 MB
E298a- IW@20407RIF0 E299a-h S2 L2 MB E300a-h S2 L3 M3 REIUYSROp/E458%24 \B
E302a-h S2 L5 M3 E303a-h S2 L6 M3 0 2004/ 078770 PCT/ US2004/ 006892 39
Example S Goup L Goup MGoup E304a-h S2 L7 M3 E305a-h S2 L8 MB E306a-h

S2 L9 M3 E307a-h S3-1.1 M3 E308a-h S3 12 MB_.E309a-h S3. 13 M3 E310a-h S3
L4 M3|_E31Exampks |5 V3 E3{krgum S3 |6 MBL @BwBa-h SR L7 MBGraEplda-H S3 L8
MB EB15a-K6BBhL9 M3 |( E316a8% S4 L1|M3 E3LpBa-h S4 L2 M3 KAl8a-h 4 L3 M
E319a; h S4Efea-hB E320a-h S4885 M3  E32l1a-h[34 L6 MB] E322apfi S4 L7 |MB
E323ath SApRB.W8 E3J4a-h SAg§9 M8 E325a-h1gs LT MB| E32655f] S5 t2|M3
E327ar N Sopkat, §B ~ E348a- N S5g¢4 VB Lo Mi

E73a-h S9 L1 Ml

E74a-h S9 1.2 M1

E75a-h S9 L3 Ml

E76a-h S9 14 M1

E77a-h S9 L5 Mi

E78a-h S9 L6 M1

E7%9a-h S9 L7 Mi

E80a-h 59 ‘ L8 M1

E81a-h S9 L9 M1

ES82a-h S10 L1 M1 {

E83a-h S10 L2 M1l

E84a-h 510 L3 M1

E85a-h S10 L4 M1

E86a-h S10 L5 Ml

E87a-h S10 L6 M1

E88a-h S10 L7 Ml

E89a-h S10 L8 Ml

E90a-h S10 1.9 M1

E91a-h S11 L1 Ml

E92a-h S11 L2 M1

E93a-h S11 L3 M1

E9%4a-h S11 L4 M1

E95a-h S11 L5 M1

E9%6a-h Sil Lo M1

E97a-h Sit 17 M1

E98a-h S11 L8 MI1

E9%a-h S11 ' L9 M1

E100a-h S12 L1 M1

E101a-h S12 12 M1

E102a-h S12 L3 Ml

E103a-h S12 14 M1

E104a-h S12 L5 Ml

E105a-h S12 L6 M1

E106a-h S12 L7 M1

E107a-h S12 LS8 M1

E108a-h 512 L9 M1

E109a-h S13 L1 M1

E110a-h S13 12 Mi

Ellla-h S13 1.3 M1

E112a-h S13 L4 Mi

El113a-h S13 L5 M1

Ell4a-h 5§13 L6 M1

E115a-h S13 L7 Mi




E332a-h S5 LS
E336a-h 86 L3
E340a-h S6 L7

E331la-h S5 L7
E335a-h S6 L2
E339a-h S6 L6

E329a-h S5 L5 M3 E330a-h S5 L6
E333a-h S5 L9 M3 E334a-h S6 L
E337a-h S6 L4 M3 E338a-h S6 L5
E34la-h S6 L8 M3 E342a-h S6 L9 E343a-h S7 L1 E344a-h S7 L2
E345a- hwy 200300370 E346a-h S7 L4 E347a-h S7 L5 F3L882004/00654:0
E349a-h S7 L7 M3 E350a-h S7 L8 |1433MW0 2004/ 078770 PCT/ 13S20041006892 40

Exanple S Goup L Goup MQU) E35la-h S7 L9 M3 E352a-h S8 LI M3 E353a-h
S8 L2 MB E354a-h S8 L3 M3 E355a-h S8 L4 M3 E356a-h S8 L5 MB E357a-h S8

SEEEE]
55585
SEEEE]

L6 M3 —E358a—h—S8—L7M3—FE359a—h—S81L8 M3 E360a-h-S8-19 M3 E3G6la-h S9 L1
VB Ed62a-nesnle \p Eeﬁm_mmw& L5 MB
E366a+h SoEdbpavh  F367a-h soS1¥ M L8 Ml
E117a-h S13 L9 M1
E118a-h S14 ' L1 M1
E119a-h S14 L2 Ml
E120a-h S14 I3 - MI
E121a-h S14 14 M1
E122a-h S14 L5 Ml
E123a-h S14 L6 Mi
E124a-h S14 L7 Ml
E125a-h S14 LS Ml
E126a-h S14 L9 M1
E127a-h S15 L1 Mi
, E128a-h S15 L2 M1
( E129a-h S15 - L3 M1
E130a-h S15 L4 Ml
E131a-h S15 L5 M1
E132a-h S15 L6 Ml
E133a-h : S15 L7 Ml
El134a-h S15 L8 Ml
E135a-h S15 Lo M1
E136a-h S16 L1 M1
E137a-h S16 12 M1
E138a-h S16 L3 M1
E13%a-h S16 L4 Mi
E140a-h S16 L5 Ml
El4la-h S16 L6 M1
El142a-h S16 1.7 Ml
E143a-h S16 L3 Ml
: El44a-h S16 L9 MI
( E1452a-h S1 L1 M2
E146a-h S1 12 M2
El147a-h S1 13 M2
E148a-h S1 L4 M2
E149a-h S1 L5 M2
E150a-h S1 ' L6 M2
E151a-h S1 1.7 M2
E152a-h S1 L8 M2
E153a-h S1 L9 M2
E154a-h S2 L1 M2
E155a-h 2 1.2 M2
E156a-h S2 13 M2
E157a-h S2 L4 M2
E158a-h S2 L5 M2
E159a-h 32 L6 M2
E160a-h 32 L7 M2
E16la-h S2 L8 M2
E162a-h 2 19 M2




E368a-h S9 L8 M3 E369a-h S9 L9 MB E370a-h 810 L1 MB E37la-h 810 L2 M
E372a-h 810 L3 MB E373a;h 810 L4 MB E374a-h 810 L5 M3 E375a-h 810 L6 M3
E376a-h S10 L7 MB E377a*h 810 L8 MB E378a-h S 10 L9 MB E379a-h S11 L1 M3
E380a- wead4loZ37h8 E38la-h S11 L3 M3 E382a-h S11 L4 WBT/US3@3Aa0és9311 L5 M3
E384a-h 811 L6 M3 E385a-h S11 L7 M8 E386a-h SI1 L8 M3 E387a-h S11 L9 M3
E388a-h S12 L1 M3 E389a-h S12 L2 M3 E390a-h S12 L3 M3 E391a-h 812 L4 M
E392a-h S12 L5 M3 E393a-h S12 L6 M3 E394a-b S12 L7 M3 E395a-h S12 L8 M3
E396a-h S12 19 M3 E397a-h S13 L1 M3 WD 2004/ 078770 PCT/ US2004/ 006892 41
E3

Exanpl e FExanmlp L Gloup B Grompp 8a- L $#3up2 M3 | E39%d-(hol}3 L3]|MB

E40Qa-h Bi1§34-4 M3 HE40l1la-hs§813 L5 M E40Z2p1h SI13 116 M8~ §g93a-1mS13 L7 M8

E404a-h gidad-g M8 H©405a-h RIS LY I:4Ub‘E§h SIZt—v3 M2
E165a-h S3 L3 M2
E166a-h .83 L4 M2
E167a-h S3 L5 M2
E168a-h S3 L6 M2
E169a-h 3 1.7 M2
E170a-h S3 L8 M2
El171a-h S3 L9 M2
E172a-h S4 L1 M2
E173a-h 34 12 M2
E174a-h 54 L3 M2
E175a-h S4 L4 M2 [
E176a-h S4 L5 M2
E177a-h S4 16 M2
E178a-h S4 L7 M2
E17%a-h sS4 L8 M2
E180a-h S4 L9 M2
E181a-h S5 L1 M2
E182a-h 85 L2 M2
E183a-h S5 L3 M2
E184a-h 35 L4 M?2
E185a-h S5 L5 M2
E186a-h S5 L6 M2
E187a-h S5 L7 M2
E188a-h S5 L8 M2
E189a-h S5 L9 M2
E190a-h 36 L1 M2
E191a-h S6 L2 M2
E192a-h S6 L3 M2
E193a-h S6 L4 M2
E1%4a-h S6 L5 M2
E195a-h 56 L6 M2
E196a-h S6 L7 M2
E197a-h S6 1.8 M2
E198a-h S6 19 M2
E199a-h S7 L1 M2
£200a-h 7 12 M2
E201a-h S7 1.3 M2
E202a-h S7 14 M2
E203a-h S7 15 M2
E204a-h S7 L6 M2
E205a-h S7 L7 M2
E206a-h S7 L8 M2
E207a-h S7 L9 M2
E208a-h S8 L1 M2
£209a-h S8 12 M2




E4
E4B
E4
Ex

E407a-h S14 L2 MB E408a-h S14 L3 M3 E409a-h S14 L4 MB E410a-h S14 L5
E4lla-h S14 L6 M8 E412a-h S ML7 MB E413a-h Slg L8 M3 E4ld4a-h S14 L9
E415a-h S15 LI E416a-h S15 L2 M3 E417a-h SI®13 MB E418a-h S15 L4
E419a- hyglhoks¥R E420a-h 515 L6 MB  E42la-h S15 L7 chﬁ%ﬁod& S15 L8
E423a-h S1b 1O M3 E424a-h S16 L1 Mg; E425a-h S16 L2 E426a-h S16 L3
E427a-h S16 L4 MB E428a-h S16 L5 M3 E429a-h S16 L6 NB E430a-h S16 L7
E431a-h S16 L8 M8 E432a-h S16 L9 MB E433a-h Si L1 MA E434a-h Si L2 M4
393 hE&mnP% E440a5T8IP | g G0, ) ol My M osan o]0 v
(32 K240tk \y lE444a0 1SED | 3 wo 2084 078770l PCT/ US¥B04/ Q06892 42
anp| E281@toup | |G oup M& oup E445a-hId2 14 Wi M2
E212a-h S8 L5 M2
E213a-h S8 L6 M2
E214a-h S8 L7 M2
E215a-h S8 L8 M2
E216a-h S8 L9 M2
E217a-h S9 L1 M2
E218a-h S9 L2 M2
E219a-h 59 L3 M2
E220a-h S9 L4 M2
E221a-h S9 L5 M2
E222a-h S9 L6 M2
E223a-h 39 L7 M2
E224a-h S9 L8 M2
E225a-h SO L9 . M2
E226a-h S10 L1 M2
E227a-h S10 L2 M2
E228a-h S10 L3 M2
E229a-h S10 L4 M2
E230a-h S10 L5 M2
E231a-h S10 L6 M2
E232a-h S10 L7 M2
E233a-h S10 L8 M2
E234a-h S10 L9 M2
E235a-h S11 L1 M?2
E236a-h S11 L2 M2
E237a-h S11 L3 M2
E238a-h Si1 L4 M2
E239a-h Si1 L5 M2
E240a-h Si1 L6 M2
E241a-h Si1 L7 M2
E242a-h Stl L8 M?2
E243a-h S11 L9 M2
E244a-h 512 L1 M2
E245a-h S12 L2 M2
E246a-h 512 L3 M2
E247a-h 512 L4 M2
E248a-h S12 L5 M2
E249a-h S12 L6 M2
E250a-h S12 L7 M2
E251a-h S12 L8 M?2
E252a-h S12 L9 M2
E253a-h 813 L1 M2
E254a-h S13 L2 M2
E255a-h S13 3 M2
E256a-h S13 j L4 M2

EEEEE]



E446a-h S2 L5 M4 FE447a-h S2 L6 M4 E448a-h S2 L7 M4 E449a-h S2 L8 M4
E450a-h S2 L9 M4 E45la-h S3 LI M4 E452a-h S3 L2 M. E453a-h S3 - L3 M4
E454a-h S3 L4 M4 E455a-h S3 L5 M4 E456a-h S3 L6 M4’ E457a-h S3 L7 M4
E458a- w620078M0 E459a-h S3 L9 M4 E460a-h S4 L | M4 pa@iisaedmosenl 2 M4
E462a-h S4 L3 M4 E463a-h S4 L4 M4 38E464a-h S4 L5 M4 E465a-h S4 L6 M4
E466a-h S4 L7 M4 E467a-h S4 L3 M4 E468a-h S4 L9 M4 E469a-h S5 L1 M4
E470a-h S5 L2 M4 E47la-h S5 L3 M4 E472a-h S5 L4 M4 E473a-h S5 L5 M4
E47453-h S5 16 M4 F475a-h 55 |7 MA EA76a-h S5 L8 M4__E477a-b S5 L9 M4
E4789-h ScExamme FE479a-h 6rdup M4 [F480ak16566pL3 Ml  E48iaGrbusb L4 | M4
E4824-h SE25%a-b4 E483a-h S8116 M4 [E484a- 56 L7 E485a1h S6 L81M4
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invention. The following schemes depict some exemplary chemistry available for synthesizing
compounds of the invention. It will be appreciated, however, that the desired compounds may

be synthesized using other alternative chemistries known in the art.

Scheme 1 illustrates the synthesis of oxazolidinones substituted at C-5 with 1,2,3-
triazolylmethyl derivatives. Isocyanates 14 can react with lithium bromide and glycidyl butyrate
at elevated temperature to produce oxazolidinone intermediates of type 15 (Gregory et al.

(1989) J. MED. CHEM. 32: 1673). Hydrolysis of the resulting butyrate ester of compound 15
produces alcohol 17. Alcohol 17 can also be synthesized from carbamates such as the benzyl
carbamate 16. The carbamate nitrogen of compound 16 then is deprotonated, and alkylated with
glycidyl butyrate to produce (after in situ hydrolysis of the butyl ester) hydroxymethyl
derivative 17. While the R enantiomer depicted throughout Scheme 1 generally is the most
biologically useful derivative for antibacterial agents, it is contemplated that compounds derived
from either the R or the S enantiomer, or any mixture of R and S enantiomers, may be useful in |

the practice of the invention.

Alcohols 17 can be converted to useful intermediates such as mesylates 18a (by
treatment with methanesulfonyl chloride and triethylamine in an appropriate solvent) and azide
19 (by subsequent displacement of the mesylate by sodium azide in DMF). Azide 19 can also
be produced from tosylate 18b (or a brosylate or nosylate), or an alkyl halide of type 18¢ (made
from alcohol 17 via methods known to those skilled in the art). Azide 19 can be heated in the

- presence of substituted acetylenes 20 to produce C-5 substituted 1,2,3-triazolylmethyl

oxazolidinone derivatives of type 21 and 22. It is to be understood that alternative chemical

conditions could be employed by those skilled in the art to effect this transformation.
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It is understood that unsymmetrical acetylene derivatives can react to produce a mixture
of regioisomeric cycloaddition products, represented by 21 and 22, and that the reaction
conditions can be adjusted by processes known to those skilled in the art to prodﬂce more
selectively one regioisomer or the other. For example, Scheme 2 depicts the reaction of mono-
substituted acetylene 23 with azide 19 to produce two regioisomeric triazoles, 24 and 25. The
major isomer is most often the anti isomer 24 since the reaction leading to this product proceeds
at a faster rate. Under certain circumstances, the more sterically disfavored syn isomer is also
(' formed, but at an appreciably dimimshed rate. The addition of copper(I)iodide is a useful
additive for this reaction, and often leads to increased proportions of the major “anti” adduct 24
(Tornoe, C.W. et al. (2002) J. ORG. CHEM. 67: 3057). Increased proportions of the minor
isomer 25 may be produced by minor modification of the reaction scheme. Azide 19 can react
with the trimethylsilyl substituted acetylene 26 to produce the anti isomer 27 and the syn isomer
28. Desilylation with tetrabutylammonium fluoride can produce triazole 24 and 25, with

increased proportions of 25 obtainable from the more abundant precursor triazole 27.
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An alternate approach toward the synthesis of some of the compounds of the present
invention is shown in Scheme 3a. Aromatic halide 29, when activated, can reaét with the anion
derived from treatment of carbamate 33 with an appropriate base to produce 3-aryl substituted
oxazolidinone derivatives 31 via nucleophilic aromatic substitution. Suitable bases include, for
example, n-BuLi, LiN(Si(CHs)s)2, and NaH. Carbamate 33 can be synthesized by exposure of
32 to carbonyldiimidazole in DMF, followed by in situ silylation of the hydroxymethyl group of
the initial product with an appropriate silyl chloride. Desilylation of derivatives of type 31
produces alcohols 17 that can be converted to the targets of the present invention by the

processes described within the schemes.

Scheme 3a
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Erythromyecin, as will be noted from the formula below, comprises three cyclic
fragments. These fragments are referred to respectively as cladinose, desosamine and
erythronolide. The naturally occurring compound erythromycin and most of its useful synthetic

derivatives have the sugar desosamine attached to the C-5 oxygen of the macrolide ring.
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Jesosamine moiety. Erythromycin possessing this alternate sugar was first described in 1969 in
J.S. Patent No. 3,629,232,

The first step in preparing the compounds of this invention is to prepare 4'-
.1ydroxyerthron1y_cin. A preparative scheme for obtaining the 4'-hydroxyerthromycin is set forth
in. U.S. Patent Application Serial No. 807,444, filed March 14, 1969, and now abandoned.
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6-0O-mycaminosyl erythromycin
CH;

6-O-mycaminosyl-erythromycin has very similar chemical reactivity to erythromycin

o\“

itself and, therefore, may be treated according to known methodology practiced on erythromycin
to produce numerous useful analogs, including, for example: 6-O-mycaminosy! azithromycin,
(34a), 6-O-mycaminosy! clarithromycin (34b), and 6-O-mycaminosyl clarithromycin 3-
ketolide. (34¢).

Compounds 34a, 34b, and 34c can be produced from 6-mycaminosyl erythromycin using

the procedures described in U.S. Patent Nos. 6,013,778, 5,852,180, and 5,444,051, respectively.
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It is necessary to alkylate the 4’-hydroxyl group of the mycaminose sﬁgar to produce
sompounds of the present invention from 3-mycamynosyl erythromycin or its derivatives. This
s accomplished as presented in Scheme 3b. Briefly, the 2° and 4” hydroxyl groups of 3-
mycaminosy! erythromycin can be selectively acylated by acid anhydrides in the absence of
added base without causing reaction of the other hydroxy! groups of the molecule (e.g. 4’*-OH,
11-OH, and 12-OH). This selectivity is possible because of the influence of the adjacent tertiary
amine at the 3’ position. The remaining hydroxy groups are then protected for instance as their
trimethylsily! ethers. The acyl groups on the 2’ and 4° hydroxy! groups are then removed
selectively under mild conditions and the 4* hydroxyl group is alkylated. Reaction of either the
4’ or 2° oxvgen without also affecting the other is typically difficult. The schemes shown below
rely on the physical separation of the regicisomers obtained after such reactions when it is
desired to have only the 4° hydroxyl group substituted. Though not always explicitly shown, it
1s to be understood that the reaction conditions employed can cause reaction at both the 2” and
4> hydroxy! groups and that the desired 4°-substituted product is separated from other products

in the crude reaction mixture.
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In the present case, it is necessary to protect other hydroxyl moieties in 6-mycaminosyl
erythromycin from reaction. One method of accomplishing this end is presented in Scheme 3b.
Since the 2” and 4’ hydroxyl groups are the most reactive toward acylation, they are first
selectively protected as esters (i.e. acetate, propionate, benzoate, trifluoroacetate etc.) by
reaction with an excess of a suitable acid anhydride in an inert solvent. The remaining reactive
hydroxy groups are then protected as their silyl ethers, for example, trimethyl silyl, triethyl silyl,
or tert-butyldimethy! silyl ether. The 6 h};;]roxyl moiety is sterically hindered and does not
normally react under the conditions used in the schemes. The acyl protecting groups on the 2’
and 4’ oxygens can subsequently be removed under conditions that do not affect the silyl ethers,
e.g. basic hydrolysis, and methanolysis. With the 4°°, 11, and 12 hydroxy groups thus protected,
selective alkylation the 4’ oxygen can be achieved under standard alkylating conditions. Many
other protecting groups can be successfully employed to accomplish a similar outcome. See,
e.g., T.H. Greene and P.G.M. Wuts (1999) PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, 3rd
edition, John Wiley & Sons, New York.

Furthermore, it is understood that, given appropriate reaction conditions known to those
skilled in the art, any similarly substituted macrolide antibacterial agent (naturally occurring,
semi-synthetic or synthesized) is capable of serving as starting material for the processes
depicted in Scheme 3b. The substituted alkynes 40 thereby obtained can be used in

cycloaddition reactions with azides to yield triazole-linked target compounds.
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is to be understood that mixtures of regioisomeric cycloadducts may form in this reaction,
however, only the anti adduct is depicted in Scheme 4b. Hydrolysis of the ester vields the acid,
which can be converted using known chemistry (Ramtohul ef al. (2000) J. ORG. CHEM. 67:
3169) to the bromoacetyl triazole. Heating this bromoacety! derivative with 39 (or a suitably
protected version of 39) can yield products that contain a keto link with one methylene group
between the ketone and the macrolide group. The bromoacety! intermediate can be converted
via lithio-dithiane chemistry, subsequent hydrolysis, and reduction to an alcohol. The tosylate
(or halide) of this alcohol can be made, and this electrophile can be used to alkylate 39 to give
products with two methylene groups between the ketone and the macrolide group.
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Scheme 5 illustrates another method to synthesize regioisomeric triazole-linked
derivatives of the invention. Carbon-linked triazole derivatives of type 44 and 45 can be
produced by first displacing a leaving group, for example, a sulfonate or a halide, from
electrophiles 18a-c, with either lithium acetylide 41a or lithium trimethylsilylacetylide 41b to
produce alkynes 42a or 42b, respectively. The cycloaddition reaction of alkynes 42 with

appropriate azides 43 can yield regioisomeric triazoles 44 and 45. (It will be understood that
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used in place of the 6-mycaminosyl-erythromycin derivative 39 to produce a variety of

alternative products.

Scheme 6
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Another method that can be used to synthesize carbon-linked triazole derivatives of type
47 is illustrated in Scheme 7. Alkyne 42a can react with trimethylsilylazide (or with sodium
azide, ammonium chloride and copper(D)iodide, or other conditions known in the art) to produce
two possible regioisomeric products, triazoles 48 and 49. Either of these (or the mixture) can be
desilylated with n-BuyNF to produce triazole 5¢. Des-methy! erythromycin derivative 39 (or an
alternate 4°-hydroxy macrolide derivative) can be converted to tosylate 51 (or another sulfonate

or halide electrophile), and then the electrophile can serve to alkylate triazole 50 to produce
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Scheme 8a illustrates the synthesis of oxazolidinones substituted at C-5 with
tetrazolylmethyl derivatives. Azides of type 19 can react with nitriles 54 to produce tetrazoles
of type 55 and 56. In a similar fashion to the chemisiry described in Scheme 1, this reaction can
yield regioisomeric cycloadducts, where the anti isomer often predominates. As an example, 4°-
hydroxy erythromycin 39 can be alkylated with w-halo or @-sulfonate nitriles 57 to yield nitriles.
58. These derivatives can react with azides of type 19 to produce target tetrazoles of type 59
and 60. It is to be understood that the R’ group of nitriles 54 may contain the macrolide moiety,
or suitable substituted alkyl groups containing an alcohol or protected alcohol that can be
converted to a leaving group prior to a final alkylation step with a macrolide. Thus, the

tetrazoles 55 and 56 can be produced that have as their R’ groups alkyl chains bearing a hydroxy



produces al cohols 17 that can be converted to the targets of the present
invention by the processes described within the schenes. Schenme 3a 0 0 x'|
DVF Ar-X + M -N'p ArgN X= F, a, Br, I '--~0Si Ph2t-Bu OSi Ph2t-Bu 29 30 31
Base 0 wo20b4/6287%H 1) N ~N"'N'NUtJ HN)~O H2N OH a i Ph2t - Bu 32 2)
t-BuPh2Si O 33 Erythronycin, as will,ge noted fromthe %ZE%O&“%F%?W,
conprises three cyclic fragnents. 1hese fragnments are referred to
respectively as cl adi nose, desosanine and erythronolide. The naturally
occur«ing eonpound erythronycin and nost of its useful synthetic

der i v én\/tﬁﬁt havse ddiCeridilinto HQRRBAEINBaRdd RGGY gt&ptld}% go QI Qqgf the
macr ol i ri n WD 20041078770 PCTI US2004/ 0068 onp S of the

pr eseffoh Plﬁ\ﬁéﬁ pici 3956 eflers pradudsiot typns® and$8en subst i tuent at the 4'
position )f the desosam ne, i.e., they possess the sugar nyam nose at the
C-5 phsh¢me8a in place of lesosamine. In the present invention, all
substitution takes place at the 4' position of the |esosam ne noiety.

"Erythronycin p sessg g fhis al tjtr nate sugar first described in 1969 in
J.S. PatentzNoA 3, 62 §2 The, fArst step ip. (parr ng t he conpounds of this
invention is ‘brepar—e*il |y r@o eﬂ’t romyci ﬁ“r‘e arative schene for
obt ai ni ng t he Vadr't'i?{yert hr onycha N Bét fort h N . S. Patent Application

Serial No. 80%9444, filed March i, 1969, and nee a indoned. o HO off HO OH
. W OH..g/l HOB/ N IUn anﬁ,sme,(%wwgsgwg@mgryt hromycin 1 /OH

6- 0- nycam nosyl erythronycin/ CH O mycam nosyl - eryt hronmyci n has
very simlar chemcal reactivity to erythromycin itself and, therefore may

be treated according to kpown nethodol ogy practiced on erc%throrrym n

gr oduce nunerous usef al\\ogs i ncluding, for %xanpl e: Hcam nosyl
zi thronycin,yn (34a), cam nosyl clarit cin (34

~N
6- 0- nycam nos \cl angyt HSHO keg ol i deyq oH vNN
N W d =z HQ NEA
A 1y \ 4. N— -
X = CI, Br, i, OTs, '\“ to o I o "o O
OMs, elc. o —- I ‘ o
" o 9 .
‘ : ‘07, 0
58 = "on 59 0y
., AR
OcH, “ocH
3
R
i
N
o
o
+

Scheme 8b deplcts another strategy to synthesize tetrazoles of type 59 and 60. Azides 19
may undergo cycloaddition to functionalized nitriles of type S7ato afford tetrazole
intermediates 55a and 56a. If 55a and 56a contain an appropriate electrophilic group such as a
halide or sulfonate, it can react directly with macrolides of type 39 (or a suitably protected
derivative thereof) to yield targets of type 59 and 60. Alternatively, silyloxy-substituted nitriles
572 may be used during the cycloaddition reaction to afford intermediates of type 55a and 56a
where X is a silyloxy group. The silylether protecting group may then be removed from S5a
and 56a, and the resultant alcohol converted to an appropriate electrophile (such as a halide or
sulfonate) that would then be suitable for alkylation of macrolides of type 39 to give the desired

targets.
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the per-silylated derivative of 51.
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Scheme 10 depicts another method of synthesizing pyrazoles of the present invention.
Anions 61 can be alkylated with a bifunctional linker of variable length such as an alkyl halide

containing a silyloxy derivative. Alternatively an o..« dihaloalkyl derivative can be used as the
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Alternatively, methoxymethyl (MOM) chloride or bromide can serve as the alkylating reagent

for 61, and hydrolysis of the trityl and MOM groups of the product would yield 4-
hydroxymethyl-1,2-pyrazole. The dianion of this pyrazole can be alkylated on nitrogen to

produce an alcohol that serves as the precursor for an n = 1 tosylate (or other leaving group).
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Is to be understood that m xtures of regioisoneric cycloadducts may formin
this reaction, however, only the anti adduct is depicted in Schene 4b.
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those skilled in the art for the macrolide portions of these intermediates may be required for
many of the subsequent reactions shown in the schemes below that involve heteroaryl anion

alkylations.
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Scheme 12 exemplifies 2 synthesis of imidazoles of the present invention. The known
dianion 75 (Katritzky et al. (1989) J. CHEM. SOC. PERKIN TRANS. 1: 1139) can react with
electrophiles 18a-c to produce after protic work-up imidazoles of type 76. Direct alkylation of

76 by heating with electrophiles related to 51 in an appropriate organic solvent can yield 1,4-



WO 2004/ 078770 PCT/ US2004/ 006892 107 ilternative chem cal conditions may be
enpl oyed to produce conpounds 44 and 45 such as the ise of copper(1l)iodide
instead of beat.) Scheme 5 000 JII~XR Li =XRNOXRN "OXNR O
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the utility of the chemstry expressed in Schene 5 is shown in Schene 6.

6- Mycam nosyl -erythronycin derivative 39 (or a suitably protected derivative
t her eof-) - can -be- al kyl ated with a protected bronoal cohol, and the al cohol

f unctfiaubstifuatddienidaotscn?. AdemvaiveRd thelnddARfVdnich e v%ﬁr&@nzﬁldn%ﬂl@t e.
W th sodium _ azide to yield azide 46

The B&;ﬁzgte can be dis Iac&)

oycl Krhygroges aig o f7 Ry usuatablerbase arfliben pikilation arithiscantalsgy pe 47.
AIterPE Shicke7al kyl sul fonates or halides can be used as the starting materi al
for the synt hesis of azide 46 (i.e., different |eavi ng groups). O her
myca ose-gontaining macrolide entities can-be used in place of the

6- my | -erythronycin derivative 39 to produce a varl ty of

al ternative products. Scheme 6 RN QOIN 1) B‘:d—l N-N 39 IHo

OH N! Hp4 N-r-YL 3 1tn. OH ary! HO%N 2 |OHHOQ'i' i O -~

a" 01, 46 /OH 4 OCI—BOCI—B kihod that can be e;d\to

synt hesi 222 arBoh- F+ i azBl e deryvative 47 is iJlustrated in

Schene 7. kM,ge,, 2a‘-c§n/§r\/ >baskM Bl i zide (or wi%h sodium

azi de, ammeni um chl ori de and copper(\‘f H&g conditions known in

the art) tg produce tmw possible ge ucts, triazoles 48 and

49. Either of these (or the m xture) de5|l)/P%ﬂaed Wi th n-BudNF to

Kroduce triazole 50. Des-nethyl erythronycin derivative 39 (or an alternate
hy dr oxys JKBHE 9B i EsHAREs % ek ShifaR JFEmERBYRE bhe pRestRASH ﬁ&{tﬁn.s'ﬁl-( or anot her

sul fonate or halide electrophile), and then the el'ectrophile can serve to
al ky[Bromoimidazalk eabbe deprpronated asing) 0 644018, Ao0ivRCly disk0g41hia6892 108

diisopropylamide, or another suitable organic base, to give anion 78 (or the corresponding lithio

derivative). Alkylation of 78 with 18a-¢ can yicld bromoimidazole 79 which can then be
subjected to metal-halogen exchange and alkylated with 51 (or a suitably protected derivative of
51) to produce isomeric 1,4-disubstifuted imidazoles 80.
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Scheme 14 depicts chemistry suitable for the synthesis of other target imidazole
derivatives. The silylethoxymethyl (SEM) protected imidazole 81 can be lithiated at C-2
(Shapiro ef al. (1995) HETEROCYCLES 41: 215) and can react with electrophiles 18a-c to
produce imidazole intermediates 82. Lithiation of imidazole intermediates 82 at C-4 of the
imidazole, followed by alkylation with electrophiles of type 51 (or a suitably protected version
such as the per-silylated derivative), and then deprotection of the SEM can produce imidazoles

83.



either the N-1 substituted triazole 47, or the N-2 substituted triazole 53,
or a mxture of both. In he event that a m xture is produced, both
conpounds may be separated fromone another. It is .3ontenplated that other
macr ol i ¢es 2007410 t r ansf ormed by the chemistry of Schepgy Y uce ot her
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yield nitr#les. 58. Thitse Ger i%%Eti ves can t\wi/t h azi desf of Rype 19 to
produce target tetrazoles of type 5% \an i §”oa%: be under st ood t hat
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substituted al kyl groups containing an aI cohol or protected al cohol that can
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Scheme 15 shows how tosylmethyl isocyanide can be used to make imidazoles of the
present invention (Vanelle ef al. (2000) EUR. J. MED. CHEM. 35: 157; Homne ef al. (1994)
HETEROCYCLES 39: 139). Alcohols 17 can be oxidized to produce aldehydes 85 using an
appropriate agent such as the Dess-Martin periodinane, or oxalyl chloride/dimethylsulfoxide/
triethylamine (Swern oxidation). A variety of chromium complexes can also be used for this
oxidation, including, for example, pyridinium dichromate (PDC), pyridinium chlorochromate
(PCC), chromium trioxide, and tetrapropylammonium perruthenate. Wittig homologation of 85
can provide aldehyde 86, which can then be converted by tosylmethyl isocyanide to produce
intermediate 87. The reaction of 87 with 89 (formed via alkylation of alcohols 39 with
bromoalkyl phthalimides 88 (followed by hydrazine cleavage) or reduction of azides 46) can

produce imdazoles 77.



converted to a leaving group prior to a final alkylation step with a
macrol i de. Thus, the tetrazoles 55 and 56 can be. produced that have as
t heir Rwgronspggsabkyl chai ns bearing a hydroxy WO 2004/r7A3752004/006892

PCT/ US2004/ 006892 109 ,.. group tha¥ can be converted into a sulfonate or
hal i de | eaving group prior to alkylation wwth rlcohols simlar to 39 to
afford products of type 59 and 60. Schene 8a 0 O 0 NECR R N -~ ~~~ 54 R
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Scheme 16 delineates how 1,3 thiazole and‘ 1,3 oxazole derivatives of the present
nvention can be synthesized. Known dibromo thiazoles and oxazoles 90a and 90b can be
selectively metallated at C-2 and alkylated with electrophiles 18a-¢ to produce ﬁtemcﬁates
)1a and 91b (Pinkerton et al. (1972) J. HETEROCYCLIC CHEMISTRY 9: 67). Transmetallation
with zinc chloride can be employed in the case of the oxazole anion if the anion displays any
endency to ring open prior to its reaction with certain electrophiles. The bromo azoles 91 can
»e metallated to form the corresponding anion which can undergo alkylation with sulfonates 51
‘or the related halides) to produce the final targets 92. Reordering of the sequence of

slectrophiles in this process permits access to the isomeric thiazoles and oxazoles 93.
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halide or sulfonate, it can react directly wth nmacrolides of type 39 (or a
suitably protected derivative thereof) to yield targets of type 59 and 60.
Alternatively, silyloxy-substituted nitriles 57a nmay be used during the
cycl oadwid romwvorseact i on to afford internediates of typepepaisaidosls, Where X
Is a silyloxy group. The silyletherjgrotecting group may tﬁen be renoved
from55a and 56a, and the resultant al cohol converted to an appropriate

el ectrophile (such as a halide or sulfonate) that would then be suitable
for alt+cylation of macrolides of type 39 to give the desired targets. WO
2004/ 07879¢heRETINibpOB4HOO6HRRIs of 205 diSelreirReBhran Xaiishhene BrNAtiRedor O N=N
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exanpi)ge }(;dufcg%rm@%'%asgg_i d (TFA), to produce pyrazole 63. Alkylation of
63 wth g br onoal cohol' of appropriate |length, followed by tosylation (or

al teﬂgé’a 3 | fonation or halide formation) can produce el ectrophiles 64.
Al kytattornof 39 with 64 produces targets of type 65. The |ithium anions
derived from heterocycles such as 61 qgmays opt
(or other netallic) derivatives to fadkltaf pl acenent reactions

with sul fonates and halides. Thesdmahi oN wed to react with
sui tably protectfedy macritHek™ B8 ych a3 at ed—teri vative of 51.
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Scheme 18 depicts the synthesis of 2,4 disubstituted furan and thiophene derivatives of
the invention. Commercially available furan aldehyde 96a, and the known thiophene aldehyde
96b, can be reduced to the corresponding alcohols and the resulting alcohols converted 1o a
leaving group such as tosylates 97. Alternate sulfonates and halides can be synthesized and
used in this fashion. The tosylates 97 can alkylate alcohol 39 (or a protected version thereof),
and the heteroaryl bromide can be converted to a suitable organometallic agent (by reagents
such as n-BulLi, or i-Pr-Mg/CuCN). This intermediate organometallic agent can be alkylated
with electrophiles 18a-¢ to produce targets of type 98 where n = 1. As the scheme shows, a
reordering of steps can be employed involving reduction, silylation, lithiation and then initial

- alkylation with 18a-c. Desilylation of the alkylation product, followed by tosylation of the
alcohol, provides an intermediate that can then be alkylated with alcohol 39 to produce targets
98. Simple homologation protocols, using the reagents depicted mn Scheme 18 or others known
to those skilled in the art, can convert the aldehydes 96 to longer chain tosylates such as 99 and
100. The use of these tosylates in the alkylation with 39, and subsequent metal-halogen
exchange and alkylation with 18a-¢, can yield compounds of type 98 where n=2 and 3. It will
be appreciated that longer chain tosylates can be produced using chemistries similar to that
depicted in Scheme 18, and that other bifunctional linkers can be used to produce compounds of

type 98.



- bi functional |inker

N R.NNJV\O 39 N-i \N n ~-NHOOFiHO\O MOIs trig,. OH.qq 64 \\~., O, "
0100 0 %9065 "OH OCH3 Schene 10 depicts another nethod of synthesizing
pyrazol es of the present invention. Anions 61 can be alkylated with a
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104 (Scheme 19). The known acid 102 (Wang et al. (1996) TETRAHEDRON LETT. 52: 12137)
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compounds of type 104.
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Scheme 20 illustrates the synthesis of 2,5 disubstituted pyrroles of the invention. The
BOC-protected dibromopyrrole 105 can be lithiated and atkvlated sequentially (Chen ef al.
(1987) TETRAHEDRON LETT. 28: 6025; Chen ef ¢l. (1992) ORG. SYNTH. 70: 151; and Martina
et al. (1991) SYNTHESIS 613), and allowed {o react with electrophiles 18a-c and 51 (ora
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Scheme 21 shows the synthesis of 2,4 disubstituted pyrroles of the invention.

Commercially available pyrrole ester 107 can be protected with a suitable protecting group, for
example, the BOC group, and the ester function hydrolyzed to the corresponding acid. The
resulting acid can then be reduced to the alcohol using, for example, borane to yield an alcohol
that can be converted to tosylate 108. Alcohol 39 (or a suitably prétected version of 39, formed
for example by silylation of the other hydroxyl groups with bis-trimethylsilylacetamide or
another silylating reagent) can be alkylated with tosylate 108 to produce an intermediate
bromopyrrole. The bromopyrrole can then be converted to an organometallic reagent that can
then react with electrophiles 18a-c. The resulting product can then be deprotected with TFA to
produce pyrroles 109. The alcohol formed after borane reduction of the acid derived from 107
can then be homologated to tosylates 110 and 111 by chemistries similar to that shown below in
Scheme 23. The use of these tosylates in the alkylation strategy can produce target pyrroles of
type 109 where n =2 and 3.

An alternative approach is to protect the alcohol functions prior to tosylation, and
perform the alkylation of the organometallic derived from the halopyrrole with 18a-c first. For
example, silyloxy derivative 112 can be produced from 107, and the organometallic derivative
derived from it alkylated with 18a-c to yield silyl ethers 113. Subsequent desilylation and
conversion to tosylates 114 provides an electrophile that can be used in the alkylation reaction
with 39. A final BOC cleavage can then give pyrroles 109. It is understood that the alcohol
precursor of 112 can be homologated, using chemistries similar to that shown below i Scheme
23 and other schemes) to other alkanols that can be tosylated for further reactions with alcohol
39 (or related macrolides). Furthermore, the alcohol derived from silyl cleavage of 113 can
serve as the starting material for this type of homologation efforts to produce the alky] tosylates

(or halides) required for making targets 109 where n is variable.
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Scheme 22 shows the synthesis of isomeric 2,4 disubstituted pyrroles of the invention.
Commercially available pyrrole acid 115 cén be protected as the BOC derivative, and the acid
function reduced to an alcohol, which can then be protected to produce the silyl ether 116.
Deprotonation of 116 with n-butyllithium can occur at the 5 position of the pyrrole ring, and this
anion (or that derived from transmetallation with an appropriate metal) can be alkylated with
electrophiles 18a-c to produce pyrrole 117. Desilylation of 117, followed by tosylation,

(, alkylation with 39, and TFA deprotection of the BOC group can yield pyrroles 119.
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Scheme 23 illustrates the synthesis of longer chain tosylates of type 123 and 126 used to
alkylate alcohols of type 39 to produce pyrroles 119. The alcohol 120 derived from protection
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Scheme 24 shows the synthesis of 1,3 disubstituted pyrroles of the present invention.
The BOC group of 116 can be cleaved to produce free pyrrole 127. Alkylation of 127 (in a
suitable organic solvent such as DMF) with 18a-¢ can produce intermediate 128. The dianion of
3-hydroxymethylpyrrole can also be suitable for alkylation with 18a-¢ to produce the free
hydroxy derivative of silyl ether 128. Conversion of the siloxy group to the corresponding
tosylate,'i:ollowed by alkylation with alcohols of type 39 can generate the target N-substituted
pyrroles 129 (where n = 1). In a similar fashion, the BOC pyrroles 122 and 125 can be
converted to the tosylates 130 and 131. These tosylates can be used to produce pyrroles of type
129 (where n= 2 and 3). It is understood that longer chain alkyl tosylates (and halides) can be

produced that can undergo this chemistry to produce pyrroles 129 where n is > 3.
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Scheme 25 illustrates the use of hydantoin-like groups as the 5-membered heterocyclic

linker between the G groups and the R; moieties of the present invention. Electrophiles of type
18a-c can alkylate anions derived from hydantoins to produce compounds of the present
invention. For example, 3-substituted hydantoins of type 132 can be purchased and treated with
an appropriate base to generate the corresponding imide anion. The resulting anions can be
alkylated with electrophiles similar (but not limited) to intermediates 18a-c¢ to produce
hydantoin derivatives 134. Alternatively, 1-substituted hydantoins of type 133 can be purchased
( or prepared, and treated with base and electrophile to yield isomeric hydantoin derivatives 135,
It is understood that such hydantoins can have, for example, at optional locations, thiocarbonyl
functionalities in place of the illustrated carbonyl groups. Such compounds can be prepared by
treatment of the oxy-hydantoins with Lawesson’s reagent, elemental sulfur, phosphorus

pentasulfide, and other reagénts commonly used in the art to perform this transformation.

Alternatively, such thiohydantoins can be synthesized selectively by sequential synthetic
steps known in the art. The R” group of 132 and 133 may represent a protecting group function,
for example, benzyl, alkoxybenzyl, benzyloxycarbonyl, t-butoxycarbonyl, that is compatible
with the alkylation step. Such a protecting group can subsequently be removed from products
134 and 135, yielding products where the R’ group is a hydrogen atom. These intermediates can
be used to produce various target molecules by their treatment with base and then subsequent

exposure to appropriate electrophiles.
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bi functional |inkers can.be used to produce conpounds o
synthesized from 136 by initial p-methoxybenzyl (PMB) protection of the N-1 position,
followed by alkylation at N-3 with 18a-c¢ and subsequent deprotection of the PMB group with
either 2,3-dichloro-3,4-dicyano-benzoquinone (DDQ) or hydrogenation will yield hydantoin
intermediates 140. Subsequent alkylation of 140 with 51 can give compounds 141. Another
route to produce intermediates 140 is by formation of the dianion of hydantoin 136. One
equivalent of a weak base can deprotonate the N-1 position of 136. The addition of another
equivalent of a strong base, for example, n-butyllithium, to the initial anion can deprotonate it

again, this time at N-3. Alkylation can occur at the more reactive posiﬁon {N-3) to again

produce hydantoins 140.
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Compounds of the present invention containing an ester moiety linking the 5-membered
heterocyclic ring to the macrolide can be prepared. Scheme 27 illustratates how alkynyl ester
142a or cyano ester 142b can be treated with azide 19 to yield the corresponding triazole 143a
or tetrazole 143b, respecitvely.

Scheme 27

N
142a: X = CH 19 &
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N

The chemistry illustrated in Scheme 27 can be applied to macrolide systems containing
alknynyl or cyano esters, as illusirated in Scheme 28. Here, 6-O-mycaminosyl azithromycin
34a is treated with alkynyl carboxylic acid 144a or cyano carboxylic acid 144b wnder mild
esterification conditions (using a coupling agent such as DCC, EDC, HOBY, etc.) to yield the
alkynyl ester 145a or the cyano ester 143b. These esters are then treated with azide 19 to yield

via a cycloaddition reaction the friazole 146a or the tetrazole 146b.
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Alternatively, compounds of the present invention containing an ester moiety linking the
5-membered heterocyclic ring to the macrolide can be prepared by first forming the
cycloaddition product from an alkynyl or cyano carboxylic acid, and subsequently esterifying -
with 2 macrolide. Scheme 29 illustratates how an alkynyl carboxylic acid 144a or a cyano
carboxylic acid 144h can be treated with azide 19 to yield the corresponding triazole acid 147a |

or tetrazole acid 147b, respecitvely.

Scheme 29
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with 39. A final BOC cl eavage can then give pyrroles 109. It is understood
that the al cohol precursor of 112 can be honol ogated, using chem stries
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In addition to the foregoing, compounds disclosed in the following publications, patents
nd patent applications are suitable intermediates for preparation of the compounds of this

nvention:

Tucker, J.A. et al., J. Med. Chem., 1998, 41, 3727; Gregory, W.A. et al., J. Med. Chem.,
1990, 33, 2569; Genin, M.J. et al., J. Med. Chem., 1998, 41, 5144; Brickner, S.J. er al., J. Med.
“hem., 1996, 39, 673. Barbachyn, M.R. et al_, J. Med. Chem., 1996, 39, 680; Barbachyn, M.R.
ot al., Bioorg. Med. Chem. Lett., 1996, 6, 1003; Barbachyn, M.R. et al., Bioorg. Med. Chem.
Lett., 1996, 6, 1009; Grega, K.C. et al., J. Org. Chem., 1995, 60, 5255; Park, C.-H. et al., J.
Wed Chem., 1992, 35, 1156; Yu, D. et al., Bioorg. Med. Chem. Lett., 2002, 12, 857, Weidner-
WVells, M.A. ef al., Bioorg. Med. Chem., 2002, 10, 2345; and Cacchi, S. ef al., Org. Lett., 2001,
7,2539. U.S. Patent Nos. 4,801,600; 4,948, 801; 5,736,545; 6,362,189; 5,523,403; 4,461,773;
3,365,751; 6,124,334;6,239,152,-5,981,528; 6,194,441; 6,147,197; 6,034,069; 4,990,602;
1,124.269; and 6,271,383. U.S. Patent Application Nos. 2001/0046992, PCT Application and
sublications W0O96/15130; W095/14684;, WO 99/28317; WO 98/01447; WO 98/01446; WO
¥7/31917; WO 97/27188; WO 97/10223; WO 97/09328; WO 01/46164; WO 01/09107, WO
10/73301; WO 00/21960; WO 01/81350;, WO 97/30995; WO 99/10342; WO 99/10343; WO
19/64416; WO 00/232917; and WO 99/64417, European Patent Nos. EP 0312000 B1; EP
1359418 Al; EP 00345627; EP 1132392; and EP 0738726 Al.



el ectrophiles 18a-c to produce pyrrole 117. Desilylation of 117, foll owed by
tosylation, ~. alkylation with 39, and TFA deprotection of the BOC group can
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assays. As aresult, it may be possible to rapidly screen the molecules described herein for

activity, fbr example, as anti-cancer, anti-bacterial, anti-fungal, anti-parasitic or anti-viral

agents. A]so, it may be possible to assay how the compounds interact with a ribosome or

ribosomal subunit and/or are effective as modulators (for example, inhibitors) of protein

synthesis using techniques known in the art. General methodologies for ﬁerforming high-

throughput screening are described, for example, in Deviin (1998) High Throughput Screening,

Marcel Dekker; and U.S. Patent No. 5,763,263. High-throughput assays can use one or more

different assay techniques including, but not liniited to, those described below.

(1) Surface Binding Studies. A variety of binding assays may be useful in screening
new molecules for their binding activity. One approach includes surface plasmon resonance
(SPR) that can be used to evaluate the binding properties of molecules of interest with respect to

a ribosome, ribosomal subunit or a fragment thereof.

SPR methodologies measure the interaction between two or more macromolecules in
real-time through the generation of a quantum-mechanical surface plasmon. One device,
(BIAcore Biosensor RTM from Pharmacia Biosensor, Piscatawy, N.J.) provides a focused beam
of polychromatic light to the interface between a gold film (provided as a disposable biosensor
"chip™) and a buffer compartment that can be regulated by the user. A 100 nm thick "hy&rogel"
coinposed of carboxylated dextran that provides a matrix for the covalent immobilization of
analytes of interest is attached to the gold film. When the focused light interacts with the free
electron cloud of the gold film, plasmon resonance is enhanced. The resulting reflected light is
spectrally depleted in wavelengths that optimally evolved the resonance. By separating the
reflected polychromatic light into its component wavelengths (by means of a prism), and
determining the frequencies that are depleted, the BlAcore establishes an optical interface which
accurately reports the behavior of the generated surface plasmon resonance. When designed as

above, the plasmon resonance (and thus the depletion spectrum) is sensitive to mass in the
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el ectrophiles simlar_ (but not [imted) to internediates 18a-c to produce
generally the smaller molecule in the system (in this case, the compound of interest). The

sample mixture, containing both the ligand-probe conjugate and the ribosome, ribosomal
subunit or fragment thereof, is excited with vertically polarized light. Light is absorbed by the
probe fluorophores, and re-emitted a short time later. The degree of polarization of the emitted
light is measured. Polarization of the emitted light is dependent on several factors, but most
importantly on viscosity of the soluiion and on the apparent molecular weight of the
fluorophore. With proper controls, changes in the degree of polarization of the emitted light
depends only on changes in the apparent molecular weight of the fluorophore, which in-turn
depends on whether the probe-ligand conjugate is free in solution, or is bound to a receptor.

( Binding assays based on FP have a number of important advantages, including the measurement
of ICsps and Kds under true homogenous equilibrium conditions, speed of analysis and amenity

to automation, and ability to screen in cloudy suspensions and colored solutions.

(3) Protein Synthesis. It is contemplated that, in addition to characterization by the
foregoing biochemical assays, the compound of interest may also be characterized as a
modulator (for example, an inhibitor of protein synthesis) of the functional activity of the

ribosome or ribosomal subunit.

Furthermore, more specific protein synthesis inhibition assays may be performed by
administering the compound to a whole organism, tissue, organ, organelle, cell, a cellular or
subcellular extract, or a purified ribosome preparation and observing its pharmacological and
inhibitory properties by determining, for example, its inhibition constant (ICsg) for inhibiting
protein synthesis. Incorporation of *H leucine or **S methionine, or similar experiments can be

performed to investigate protein synthesis activity. A change in the amount or the rate of
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5. Formulation and Administration

The compounds of the invention may be useful in the prevention or treatment of a
variety of human or other animal disorders, including for example, bacterial infection, fungal
infections, viral infections, parasitic diseases, and cancer. It is contemplated that, once
identified, the active molecules of the invention may be incorporated into any suitable carrier
prior to use. The dose of active molecule, mode of administration and use of suitable carrier
will depend upon the intended recipient and target organism. The formulations, both for
veterinary and for human medical vse, of compounds according 10 the present invention

typically include such compounds in association with a pharmaceutically acceptable carrier.

The carrier(s) should be "acceptable” in the sense of being compatible with the other
ingredienis of the formulations and not deleterious to the recipient. Pharmaceutically acceptable
carriers, in this regard, are intended to include any and all solvents, dispersion media, coatings,

anti-bacterial and anti-fungal agents, isotonic and absorption delaying agents. and the like,
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formulations may conveniently be presented in dosage unit form and may be prepared by any of

the methods well known in the art of pharmacy/microbiology. In general, some formulations

are prepared by bringing the compound into association with a liquid carrier or a finely divided

solid carrier or both, and then, if necessary, shaping the product into the desired formulation.

( A pharmaceutical composition of the invention should be formulated to be compatible
with its intended route of administration. Examples of routes of administration include oral or
parenteral, for example, intravenous, intradermal, inhalation, transdermal (topical),
transmucosal, and rectal administration. Solutions or snspensions used for parenteral,
intradermal, or subcutaneous application can include the following components: a sterile diluent
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodivin bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents for
the adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or

bases, such as hydrochloric acid or sodium hydroxide.

(\ Useful solutions for oral or parenteral administration can be prepared by any of the
methods well known in the pharmaceutical art, described, for example, in Remington's

Pharmaceutical Sciences, (Gennaro, A., ed.), Mack Pub., (1990). Formulations for parenteral

administration can also include glycocholate for buccal administration, methoxysalicylate for
rectal administration, or citric acid for vaginal administration. The parenteral preparation can be
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic.
Suppositories for rectal administration also can be prepared by mixing the drug with a non-
irritating excipient such as cocoa butter, other glycerides, or other compositions which are solid
at room temperature and liquid at body temperatures. Formulations also can include, for
example, polyalkylene glycols such as polyethylene glycol, oils of vegetable origin, and
hydrogenated naphthalenes. Formulations for direct administration can include glycerol and
other compositions of high viscosity. Other potentially useful parenteral carriers for these drugs

include ethylene-vinyl! acetate copolymer particles, osmotic pumps, implantable infusion
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Formulations of the present invention suitable for oral administration may be in the form

of: discrete units such as capsules, gelatin capsules, sachets, tablets, troches, or lozenges, each
containing a predetermined amount of the drug; a powder or granular composition; a solution or
a suspension in an aqueous liquid or non-aqueous liquid; or an oil-in-water emulsion or a water-
in-oil emulsion. The drug may also be administered in the form of a bolus, electuary or paste.
A tablet may be made by compressing or molding the drug optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing, in a suitable
machine, the drug in a free-flowing form such as a powder or granules, optionally mixed by a
binder, lubricant, inert diluent, surface active or dispersing agent. Molded tablets may be made
by molding, in a suitable machine, a mixture of the powdered drug and suitable carrier

moistened with an inert liquid diluent.

Oral compositions generally include an inert diluent or an edible carrier. For the purpose
of oral therapeutic administration, the active compound can be incorporated with excipients.
Oral compositions prepared using a fluid carrier for use as a mouthwash include the compound
in the fluid carrier and are applied orally and swished and expectorated or swallowed.
Pharmaceutically compatibie binding agents, and/or adjuvant materials can be included as part
of the composition. The tablets, pills, capsules, troches and the like can contain any of the
following ingredieuts, or compounds of a similar nature: a binder such as microcrystalline

- cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose; a disintegrating agent
such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or

saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions '
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremophor ELTM (BASF, Parsippany, NJI) or
phosphate buffered saline (PBS). It should be stable under the conditions of manufacture and

storage and should be preserved against the contaminating action of microorganisms such as
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(\ Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filter sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle which contains a basic dispersion
medium and the required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, methods of preparation include
vacuum drying and freeze-drying which yields a powder of the active ingredient plus any

additional desired ingredient from a previously sterile-filtered solution thereof.

Formulations suitable for intra-articular administration may be in the form of a sterile
aqueous preparation of the drug that may be in microcrystalline form, for example, in the form
of an aqueous microcrystalline suspension. Liposomal formulations or biodegradable polymer
systems may also be used to present the drug for both intra-articular and ophthalmic
administration.

Formulations suitable for topical administration, including eye treatment, include liquid
or semi-liquid preparations such as liniments, lotions, gels, applicants, oil-in-water or water-in- -
oil emulsions such as creams, ointments or pastes; or solutions or suspensions such as drops.
Formulations for topical administration to the skin surface can be prepared by dispersing the
drug with a dermatologically acceptable carrier such as a lotion, cream, ointment or soap.
Particularly useful are carriers capable of forming a film or layer over the skin to localize
application and inhibit removal. For topical administration to internal tissue surfaces, the agent
can be dispersed in a liquid tissue adhesive or other substance known to enhance adsorption to a
tissue surface. For example, hydroxypropyleelulose or fibrinogen/thrombin solutions can be
used to advantage. Alternatively, tissue-coating solutions. such as pectin-containing

formulations can be used.
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Oral or parenteral compositions can be formulated in dosage unit form for ease of

administration and uniformity of dosage. Dosage unit form refers to physically discrete units
suited as umtary dosages for the subject to be treated; each unit containing a predetermined
quantity of active compound calculated to produce the desired therapeutic effect in association
with the required pharmaceutical carrier. The specification for the dosage unit forms of the
invention are dictated by and directly dependent on the unique characteristics of the active
compound and the particular therapeutic effect to be achieved, and the limitations inherent in the

art of compounding such an active compound for the treatment of individuals. Furthermore,
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with a flu g0 ﬁ’las foge s ??8?%111‘]’5%39% WS&WW&@P@%% system
(I N thisereASH a fibkiflo _Hin(ﬁorﬂp@&iglﬁﬁ%} Bﬂlegﬁi%adlﬁ@%! THO S Bﬁ:gd gﬁﬂ.tc?flm ng

both the Iigand-probe conjugate and the ribosone, ribosoma ubunit or

f r agrierpainted spolyed osotbgoviseapplied ko the desioal tissupatrfucez edtemagively, thegittigs s

absor be t he robe fluorophores,., and re-emtted short tine later. The
degr é’éngﬁ%%li"ﬂ?ﬁe‘} gqripéFFDé@ngégg[rﬁdml’é‘ataqqngtﬁth“P?nﬁ@ég BHRMBAIS 0L at | on of
the ehddbf id {H8Ribeitfealy RERES artnSE¥ &, Aok ARURA S roHE igfeMPOr tantly on
Vi scosi t;&/J o% thebgol ut?on and on theé giparent rmlspg():ul a?ﬁ%éfwéttb of the

f | uorcoptantetiony ofithp dmgdo target ississ{or e limmpegiicienitth éndleg tbedairefpoffesti zat i on of
the emtted |ight depends only on changes in the apparent nol ecul ar wei ght

of the fl u#hehthe activeltbripound isits be ustelenas: offa trdneplase probelups, ab&mlHegand
conjugate is free in solution, qQr is bound to a receptor., Binding assays
bas e Previdebtathg dvinglisppreer ean tpsiransplanigd RrpnipasmovaLef e egahEasur enent

of | d g LT A 1, 1.1 : f
anal iy Softft 1HESoMBARIY il SIORRAERANE a5 Hobt AMEREERAY bl HaiBRRRET
S us peamb ek fraincthe b cilte Segan drdiving tisshe Emtiegplacedyn lpesdesvatibh sblatioant enpl at ed
that, in,addition to characterjzation by the foregoing biochem cal assays,

the CORPEURR theraciivg ermaRundnyIn 3ll sesepdhe aeivacoBIPRE cans baadmisisirad direqthor
examh fhe Firkd it Ry AhieRfigh &l dle AXALNGS S R prblifieh WGLARARY SEbI ) 1Y Of
the ‘Tribosone or riboso subuni t. Furthernore, nore specific protein

synt heslics pardmtdealtadatinisssiiys usiay aieofbe hotheld ahy foratlitatiorstdesdritgd i onpound
to a | @ organi sm %sue %gan, arganel l e, .cell, a cellular or
subc@nfer kpownun theart Jvheredhy e CHIPRESRIFE 3 isslr & PEAN BIFICTYBYY ving i ts
phar £ eag onﬁ@&cig}lgggguatb@é VroR PRI {sbtioRallBL 650 R Manchgy. 1AMl e, 119

i nhi bition constant for inhibiting proteirn synthesis. Incorporation
of 3ldxhmpls, neefolrsoBBiSnsrkhdwvn i the artanclsdaColdins solpton, Wiscenu@solbéon, Helfeor red t o

investjgate protein synthesjs activity. change in the amount or the rate
of V@L%@ﬁi@&@#gnb@i‘/‘ P@B@%?ﬂngé{,ﬁééﬁf‘%'ei n synthesis in the cell in
the presence of a nolecule of interest indicates that the nolecule is a

nodul at or Ativscemppundgsidpeiafied ordegignedby theimpethods dogergbeshherdin cambiint  of

prot ejisn . syn I: Sq: a0 chi . ' | Lokt hiitpry,of protein
synt ﬁaggal] S. kFur t% thdrl‘r?gggi,s ?(?ﬁgﬁc%%eﬁér\ﬂ%%&%%@g@?%& b%&a&f i IE"‘pr oliferative
or anbhjunofiec itl euctpireynneht, pRarfac@geneidsl(Ae., thesaldy dfahe staivpkldp batverea t he
target .organismis a mcroorgani sarp t he .

an individual’s genotype and that indrvidual's response to a foreign compound or drug) may be

considered. Differences in metabolism of therapeutics can lead to severe toxicity or therapeutic

failure by altering the relation between dose and blood concentration of the pharmacologically

active drug. Thus, a physician or clinician may consider applying knowledge obtained in

relevant pharmacogenonics studies in determining whether to administer a drug as well as

tailoring the dosage and/or therapeutic regimen of {reatment with the drug.

In therapeutic use for treating, or combating, bacterial infections in mammais, the
compounds or pharmaceutical compositions thereof will be administered orally, parenterally

and/or topically at a dosage to obtain and maintain a concentration, that is, an amount, or blood-



activity of conpounds of -interest maybe assayed by grow ng the

m croorganisns _of interest in nedia either containing or |acking the
compound” O#@YWH 7? nhi biti on may be indicative that the PGToUS20edmesmy be
acting as a protein synthesis inhibil#br. Mre specifically, the activity of
the conpounds of interest against bacterial pathogens may be denonstrated
by the ability of the conpound to inhibit growh of defined strains of

h h . Far t.hi , | of b ial strains can b
asselBIeLr 95F et dlectiVe SPaedsa i 18 abeel paderaqdR ticot@r miuch wihbo ati-
cont @hiBioBehlly@#festiva) CEnd i #BifsitH e hiffunf*aY fa RSB0 & RPmRs] flat ﬁl%%mﬁtﬁ?&’ pesuch a

panel of organisns permts the determ nation of structure-acti

r el athonyéition inpresentliy of on thegeeigient in anponemt yuficibns redidtbivlopica] adtsitywi th a
vi ew.t o obviating.resistance nechani sns. .The assays.. yay he perforned in

i or o1 P8RS By hiERRIA AR, ST P, T RE AR RP TS Shed by
The Naidig)) ahd/GPAH-blotierhdve SdtivityC radlFiebive e El%g&) | del i nes
( NCCLS. l%- A5- I\/E'g%ods rf orc Di :vf}?i ?ﬁnﬁ??’ﬁcﬁ%flg% al%ugf(i:t(ej(f)ftdlﬁ) i t.fcggést s for
Bact epinpofmwiltbein thagaugs afdfrdny abays ik bioebost Hi anaie Bidfedabldidrh abowtNGTL S

a1 SboulToRe N CosoSRGingy Tcmorpb i isistereg YO rodtigly drepden
Pr eveadH Pikiables s ﬁ@tt?}paand)éxtau oY AiseReVor GhdibiivRAo %ln%féﬁr th2RvERl HERR' f'er S,

including for exanple, bacterial infection, fungal infections, vira

i nf estatusmd theparaeilas patight dxesrelative hiblegical efficaby of thecwomipenpd deleekredabe once

i dent.i fi t active nol ecul es, of t i.nvent.iQ . i ncoyporated.into
any Serbitien Japs e B et mudres lexaipstn e Fthutiionetsl B uotor
adm RUFfikiskAtRA, A1, 4618 tObe Bddr@BbE tHatitelifitial Mshbe SRRRAG:rLD By HAGpEREGRded
recipient and target organism The fornulations, both for véterinary and
for fhepend the dbevsi uppseleveliinosiny dorapidizachied thg desirechllopd-dsyeher tissue kavebn

typi cal,l v. i.ncl.ude such conmpounds .in associ atj.on, with a pharjmceutically

ooe gt i miE potaEs b TR B8 o R BiRG B bl Pafhe i B e sense of

bei ngraeRAkiPintrewbddiuriig thé B&irse bNetBdER %Fe@ﬁng b tHeQpamtibAdr safgtidndiFnot

del eterious to the recipient. Pharmaceutically acceptable carriers, in this

r egardgsiresk; thej dailg ddesimep alspdlelinddedinteamaltiple dessk fenadminigiraiben, Sdrovxampde.a,

coatin anti-bacterial and anti-fungal agents, isotonic and absorption
Jide oyl fimes PRG A

q]

del a Y¥he Iike, WD 2004/078770 PCTI US2004/ 006892 129
;onpati ble with pharmaceutical adm nistration. The use of such nedia and
agent®s forExamPlesmceutical |y active substances is known in the art. Except
i nsofar as_any conventional nedia or agent is _inconpatible with the active
compound, Nusdear magedic fegonanee QUMF0 spesteseerp @btaingeh ahp Brtkes Avangspi Wheint ar y

activ, I tifi I i I i i and/ or
mowro10Y RO SR SaPRE dr i Sofne LS R 0 oot 30D Sb Rk oo el

f or mgbhlehBVeerereivhet bigtepdirftinapceiéqiid ehontatgriphydPEAd® gtadd orf hetiead nmay be
prepared by any of the nmethods well known in the art of

phar rfeheprisal SosisiolAdey). erpde. gad arhydrousasobiagned fremithpmanglagtopr dplesed by

bri ngj na i sQGt At i ool L i a finely
i vi Qo e ApRP R fRARE pfliiey Beb Bl Bl B TR Y
i nt o dhf@nategdapleduding silicapeldEM Mepélg Sitheaabil i60a2 3 &-40( assh) wiless fothidneisenvent i on
shoul d be fornulated to be conpatible wth its intended route of

admi Mo&d at i on. Exanpl es of routes of adm nistration include oral or
parenteral, for exanple, intravenous, intradermal, inhalation, transdernal
(topical), transmucosal, and rectal adm nistration. Solutions or

suspensi ons used for parenteral,



i ntradermal, or subcutaneous application can include the follow ng
conponents: a sterile diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene glycol or other
synt het ivgo30d4%e8i7e;, anti bacterial agents such as benzyl nﬁﬁﬂﬁwm&b met hyl
par abens; antioxidants such as ascopkjc acid or sodlun1b|s { chelatlng
agents such as ethyl enedi am netetraacetic acid; buffers such as acetates,
citrates or phosphates and agents for the adjustnent of tonicity such as
sodi um chl ori de or dextrose. pH can be adjusted with acids or bases, such
as hycaogie & Synthesis obCoppaumh 208dr oxi de.. Useful sol utions for oral or
parenteral adm nistration can be prepared by any of the nmethods well known
naceutlcal art, \described, for exanple, in Rem ngton's
i Sgt’ences, nparo~9A. , ed.), MER.Pub., (1990). Formul ations

iyl :
A Lo, m ni sdg.aty o ‘ﬁ%n"also i ngude dl yaochol ate for buccal

ion t hoxysd ic%?l te(for rectal] adhi i'mi on, or citric acid
8naﬁ|s rat||bn0 e erat gl"a‘r' dt"‘vongcan be. encl osed in

anpoul P@ 0sgbl e syri Q. i pl e dosg~yral, e of glass or
pl astic. "Suppwesidgwories for ¥ectal agninistratiun allsglcan be prepared by
m xi ng tH#& drug ﬁvl th a non2Mrri¥abi ng excipi e su "5 cocoa butter, other

gl ycerides, or other conpositions Which are solid at froomtenperature and

l'iquid at Wddy tenperatures. qunulatlons al so can include, for exanple,
pol yal ky gl ycol s such as yet hyl ene gl ycol \ 'Is of vegetable origin,
and h d_sBpht hal enep. ﬁgﬁnuhatlons for ir L adﬁ1n|strat|on can
i ncl ude™ 'an' ot héfsconpobid iepeHof hi ' Gt her

gotentl renteral, ea ,% S for_Lhese gn , | ude

t hyl eneg®ay te copol [ paq;q es, ot j ¢ puﬁp§° imptant abl e

i nfusi on 200 %770 PCTPUSEOGA11006892 130 ,%/stren®;y amd | i posomnes.
Fornul atiaogs fo bn al ation adgi ni spraei on can congain @Xci pients, 'or
exanpl e, Iactose or can be aqueous §b|ut|ons cont ai ni ng, Pfor exanpl e,

pol yoxyet hyl ene- 9. .auryl ether, glycochol ate and deoxychol aye, oily
sol utions .for adninistration in the formof nasal drops, or &S | to be
appl i ed | m ahasal ly. Retentiongen s al so ca be used for o al F
IellveI Ia |ons f the g G i nventi Ui t ahle fornora

adnlnls- a 'o»ﬂ A the fgorm F di seog
gelatlg chets tNahi et troches’ |or
rd

L Mgiths sug&/ﬁ%“capsules
. Zejgegﬂ each containing a
pr edet t of the drug; a powder prcg"nu}ao nposition; a

.
sol uti on” or ,pension in an aqueous |iqub “ongfi~gfqueous |iquid; or an
oil-in-water emi.on or a water- in-oil emnul sibn. Epzzerug may al so be
admini stef&d in the formof a bolus, electuary oespaSte. A tablet may be
made by conpressing or nolding the drug optionally with one or nore

access 1 N ients. [ tabl ets nay be prepared by conpressing, in

a su sid OPA SR Bin £ d%%?ﬂa free-flowing formsuch as a powder or
ranul es i onal i nder icant, inert diluent, surface

Reti ve orA&‘érﬁ rh%“‘ﬂij@ ; 60 %urmel) Waitkspk® %e%ghmmm%mm&e ina

Sui t gb) G IBISDIvien. mgshufoﬁ Wis M%ee%@&m %im%ieﬂt RibeRihre F1of tERI G

noi stened wth-an inert liquid diluent. conpositions genera l'y 1 nclude
an i of4Q mdin Bntw/or a(pmm&diﬂﬁ:e Fdlowiieg a mﬂdrexbﬁenpmupeelmlomivas aldbwedar apeut ic

adm ni t he ctlv be incorporated e

O al b b BRb PR S SR A T Fute EarorbRge e o Pifiosn

i ncl' ggeCthiad e Reu Ay gélRtiddiR rhixtire wad btk & vigbbudlyFoRRPld zﬁﬂ:r@ aldudyand

swi shed and expectorated or swal | owed.
suspension. This suspension was washed with a 5:1 mixture of saturated aqueous NaHCO; and
10% w/v aqueous NayS;0; (2 x 600 mL) and with brine (1 x 800 mL). The aqueous washes
were combined and adjusted to pH 12 with 2N KOH and then further extracted with CH,Ch (3 x
300 mL). The combined organic extracts were dried over K,CO;, filtered, and concentrated in
vacuo. As the volume of the extracts was reduced crystals began to form; when the total volume
of the extracts had been reduced to 700 mL the solution was placed in a stoppered flask and

stored at room temperature overnight. The solids were collected by vacuum filtration, rinsed

with cold ether, and dried under vacuum to afford 34 g of white needle-like crvstals. The filtrate



Phar maceutically conpati bl e bindi ng agents, and/or adjuvant materials can be
i ncluded as part of the conposition. The tablets, pills, capsules, troches
and t he WPRBMAIB78ont ai n any of the follow ng ingredi eargys2o04/mesmounds of
a simlar nature: a binder such as fd&rocrystalline cellulose, gum
tragacanth or gelatin; an excipient such as starch or |actose; a

di sintegrating agent such as alginic acid, Prinogel, or corn starch; a

| ubri cant such as nmagnesi um stearate or Sterotes; a glidant such as

col | g¥agdreated)as belereiicovieldawondditivaakamopmofaypsisllise prodast 201cfopa eotal yieklasfchar i n;

71 avon g oRibe R, Ml [YRSRPE ChELomtal) 58, otanf®, 468 Gnk ude

Lo i SHRRUSIEL JLi7ons, 1oL 31s AHDL 740 LR’ 58N Bl e |

powders for the extenporanedus preparation steri ec utions
or di7dpari$Doh68 kel H)n3.62vénbe 3 Hel i s46-280¢m, 151 3.3D(% 3r;rg,r3.2{eg§ 6incl ude
F

Pa < PRy SO EE G2 e O AF 2t el SRR 7 4T Hhobia 12 20081 o

underol hen conslh isans 206, TR8KE5<! 15 A28, 1969a89P-3305 shovis! \0e Bugser ved

agai ns e contam nating action of m croorganisms U

PCTI UEDOD2% (6596 Hz] 3H) ib2T 6 BH),dnZb (suBH),.1. 2, 3H), 1. 18 (& dr DHza3KRlovENt or
exanpl ter, ethanol, p ol (for

exanihd ~ FFC SO Salbobyl e 350y CSNVERIO) MAE By HEH.I08.5, Bigeol ) and
anshd~ 3 h rdop; Bk die-5. G
et B RO LS T4 S0P TEB e Rl SRR By AR B e of

the ggedd 2pdr 2 6l 21.9] ¥&5) 16.5,18.0;a82, 90f 74di IeMSi(BBIAAL 785 6t(ve +ugE, of
surfactants. In many cases, it will be preferable to include 1isotonic

agentgyntte of 3 aMRtAncthiaAfiSo-4 PAIM Al RARIrSm9&iaReaS mMani tol , sorbitol, sodium
chlortde 1n tThe conposition. Prolfongéd absorption of the injectable

conpositio . i nc i j h itk n agent
wni o del 2y 0SBl e SEANIkeR hasihvas RELeE vt A B0 ERER S SRS, TR
St er i3 gj 44.& aimadl) endpllavdd ons ratay dvapdrap.aThe pRYsurd %Ak patuséd 1000.5 heragd i ve
compound in the required anpunt in_an appropriate solvent wth one or a
conbithatlagkvasirotatagy &%WB’ﬂP@néWlh?ﬁk whilejthedprperatuse was gradualdy incrasedved by

filt sperhli zat i i . S] r { hcor porating
t he ggts [ S:é Tgllg r?%gttﬁn(gg??\ oag{ng{nje%ql%h\%gﬁ{lﬂeg{b\%ﬁ% f@%ﬁ? gll tﬁgn gg%%%fbcl% |Hls per si on
medi uemperdtukdiand fgphed edthoirper. Thegreadiiggtan sbrid wak dselved unB0GInEcoffadNg | n

t he case of StTEI%i | e . powder.s fé)r thﬁ prg}garati on of sterile injectable

sol ut3rgiRBitilgetling galugpn ras gHewed tapachelPideto pam fsmpPaTafiE gnd Mignilaeddo dryi ng
whi ¢ i PrYigﬁt’ [ ' ' : e esired
i ngr Igg?bg'ﬁltr é%?lgon"l% a révlle%:usgpgs g’t&tgr#’?gét?(?r’?g?e sif)lll u llogﬁ%fl P}‘gdggéo(# ‘I}rﬁﬁg@rﬁl ations
sui t alottenitdle to affort .1 g@f202 andffiwhittaradthlon The Viltbate was ichscehonted @ahdahest eri | e
aqueous preparation of the drug that may be in mcrocrystalline form for

g.th |

exangradus weatedoasrabpys toationd tyg gdditienaliceonsit 292 aredusk faradpeheiekhot 13- p8sonal
for [ [ o] r VN S d ;t0, pf.esent
the dran TRpp. Bl HRMRERY ErRoCOT, oD, ETT0rFlo fnsfupd 4G 0 B
For multpt 4 @%ds Wi + ab) PHEOTH), ap1q@l J adnip] By, a14i00n29 mct Nyidns @des &=reat ment
include liquid or sem -Iiﬁgui d pre}igrati ons such as lininments, |otions,
gel s, HaghDi attt05 G1.12H)n3 Rader/ of Haatl &), 3-A3-3612 (e 2lis 3 88 45, Skh3-83 (dd-eans,
oi nt nept 1 Of tq I SHS i 1QAS, S,
For mul g’[ ;ﬁoﬁ% ﬁ%’?ﬁ’?‘ép@t’él “adni fr@g?ggt(ﬂ’oyn Pgﬁ ?’hlgﬁ‘sRi%%(ig?j?@giéggzh“%(em’pr epar ed
by diXpersSing 3EhHe2. 301/ #iltiHA 1H8rIrht-0/86dhs H)y1 .48 ¢ddU/ablie, £Hey 118, 1SBeh as a
| otion, cream _ointnment or 505‘1}3.

1.45 (m, TH), 1.37 (bs, 3H), 1.30 (d, / = 6 Hz, 1H), 1.24 (5, 3H), 1.23 (s, 3H), 1.21 (s, 3H), 1.10,

(d, J = 8 Hz, 1H), 1.07 (s, 3H), 1.00 (d, / = 7 Hz, 3H), 0.91 (d, J = 7 Hz, 3H), 0.89 (t, J = 7 Hz,

3H). CNMR (100 MHz, CDCls): 8 176.3, 130.3, 124.5, 100.8, 94.0, 83.4, 77.7, 76.1, 75.9,

75.6,73.2,72.5,71.7,71.2,68.3, 68.2, 67.0, 63.6, 60.1, 47.5, 43.1, 40.6, 38.6, 34.8, 33.1, 25.3,

24.9,200,19.7,19.1,16.2, 144, 13.9,9.36, 7.9, 5.8. LCMS (ESI) m/z 704.5 (M + H)".




Particularly useful are carriers capable of formng a filmor |ayer over the
skin to localize application and inhibit renoval. For topical
administration to internal tissue surfaces, the agent can be dispersed in a
i quid tweswesedhasi ve or ot her substance known to enhaﬁﬁ rption to a
ti ssue surface. For exanple, hydroxygropyl cellul ose or Ti P?ﬂ%@%‘ﬁf?hr onbi n
solutions can be wused to advantage. Alternatively, tissue-coating

sol utions. such as pectin-containing fornulations can be used. WO

2004/ 0F8770 -PCTI US2004/ 006892 132 For inhalation treatnents, inhalation of
powdeiynthesis bf 5 desdirhethelamine gi-dshyides-BUk adpoxps)' N-ckioseedalycth k3 8 spray can,

a nebulizer, or an atom zer can be used. Such fornulations can be in the
form of aTodetensioldiion dTA0TIBROY FcThRiothi 10 BIL) WRTudePHCBHA (RN at i on
device or _self-propelling powder-dispensing fornufations. |n the casé of

sel f -3Bmaypel) The reastion mirturmwas stiralat rormridnapsranes, for hiéh af Which tim/arbe achi eved

bei ng i 10EEP-Rn K bER N E 1 16e I e S iopan dGtianalibeonr by
i ncoripafkeatwiitd] J00anB O, AMDHag8 RiilARHRaed SRRUS aPRVAL %ﬁ‘%,“é@ﬂ;?@dol gg b

particle size. For admnistration by inhalation, the co

del i veretl x 200 ML) dimagheans washeswire bepi-eyirdatahwith €3%01a@ x 500 mijeThor
i oweaacingy oSl er JB o ok S, 300 sniomd 40 83 Wijhis BRsricosa

or t (301ESIGHNIBh WAB dlEfiedBY silich g@lsdmﬁﬁét@%xgﬂ]%% tr3nas Teeb At nteitwigl 7.9 %,e

penetrants_aﬁggﬁﬁrl ate to the barrier perneated are used int
f or méNaWHopin (Fd:{d)rta pffordjeompaind\203 as a ylhdiersolid (258 ga3 4.0 namdl, 98%%| ude,

£ an B o0 S KRR (AT Ak DhstPuadd) B dits 1Bier LS 0 naca
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a
S,
conpounds”typically are fornu%(al{egql nto "ol nt ment's, sanes, €l1's,”or creans

as g@dra&}}g,ﬂf@y@iwm.w(m,a&ﬁ), 3.1%@,3&:1){]'3490 @m&ﬂblﬁ%ﬂ.?&amep_&r}meth i
ody o b B, Mo P20 Tin. PHR SSETRLY G 20060, S 3 Ippatia hng

T CRBaRRMR 00 (B L YOT, SHDIER1 SO R000) TPy Dy B THELELE B I

such ‘as ethylen€ vinyl acétate, p s, pol'yglycolic

aci d3Hdl.3hgedH), 128 (b vchoBat 3H),1.26nd, pel 6/ HaciH) 123; ¢, SHpthbgis. 10¢m,

prep ti 0 C r.mu i i e ent_ t se il in the
art. %ﬁ&@%&hé“@ﬂ%@%&&m&%ﬂ@@@ éey Ugetggggbpﬂ&%éégﬁl”é/éﬁ%ﬁ @gtept abl e
carriggrs. These can be prepared according to nmethods known to those skilled
inthe art, for exanple, as described in U S. Pat. No. 4,522,811. Oal or
par egt ex al. oS 44 9ns, can be.fornulated Ln dosage nit fcor if or ease of

| T ' 51 F formrefrers to

hysi cal | v di Screte units . suited as unit d for Lh bj ect to b
DY ot od: Eaeridaans ele2 mpaD Bredistoived h 58 mip gt L0 LIMSD-Hed 0 BhBmound
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f or mstirodd drider aigonah 85 80 far hahert edadel! toyroamdemperatiré yndippeed orid samratdde uni que
characteristi of._the active coppo ang t rticyl.ar, therapeutic

o't e£tvepy DelLTtab et fereiiomith hrebits AS0P Mok Eite commlial OrgRuC BRrect
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Furt hernore, WO 20047078770 PCI/ US2004/ 006892

was dissolved in hot CH3CN (1.2L) and allowed to sit overnight at room teraperature. The
solids were filtered from the solution and rinsed with additional CH3CN. The 8.7 g of

crystalline solid thus obtained was confirmed by NMR and x-ray analysis to be pure 3 'a-
hydroxy-4 'B-azido-9 '‘N-oxo0-3’-desdimethylamino-azithromycin formed by addition of the azide
at the 4 carbon of the epoxide. The mother liquors were concentrated and the residue again
dissolved in boiling CH;CN from which a second 3.0 g crop of the undesired isomer was
obtained in pure form. The mother liquors, now enriched in the desired product 204, were
concentrated and the residue purified by silica gel chromatography (50 mm x 8” column eluted

with 0-8% 2N NH; in MeOH/ CH,Cl,) to afford an additional 2.9 g of the earlier-eluting 4 'B-



133 idm nistration can béﬁby periodic injections of “a bol us, or can be nade
nore comwonoewFsy ntravenous, intranmuscul ar or intra

adm ni stration froman external resggyoir (e.g., an |h?&?&§ﬂ®%@aﬁag) Wher e
adhesion to a tissue surface is desired the conposition can include the drug
di spersed in a fibrinogen-thronbin conposition or other bioadhesive. The
conmpound then €an Dbe painted, sprayed or otherw se applied to the desired

ti ssuridsalohgwvith e tide nmlpmcmuaes @lf&ﬁ}ﬁamcﬂ,a}ﬂ ). TNV geoiMies, cprrigpt er al
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Bel z&1.7, $&Bul7.8n168yridSoll 1.7n9.9s BRUTICMS SESI) ez 736. édl\ﬂmbér s sol ution. Act| ve
conpound as identified or designed by the nmethods descri bed herein can be

adm B@meglgdfHm_hﬂ&bm_dgﬁﬁgmg,@mtmgat di sorders (prophylactically or
t herapeutical l'y). conjunction with such treatnent, pharnacogenonmni cs
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pref grakly §5omahautrd. 3Q28 (s, 3H), 3.05-2.95 (m, 2H), 2.86-2.62 (m, 3H), 2.52-2.38 (m,

2H), 2.47 (s, 6H), 2.35-2.27 (m, 2H), 2.32 (s, 3H), 2.10-2.62 (m, 5H), 1.55 (dd, J= 15, 5 Hz,

1H), 1.52-1.40 (m, 1H), 1.34 (s, 3H), 1.32 (d,J = 7 Hz, 1H), 1.28 (d, J = 6 Hz 3H), 1.22 (s, 3H),

1.19 (d, J= 6 Hz, 3H), 1.09 (d, J = 6 Hz, 3H), 1.04, (s, 3H), 0.97 (d, J = 7 Hz, 3H), 0.90 (4, J =

6 Hz, 3H), 0. 0.88 (t, J = 7 Hz, 3H). LCMS (ESI) m/z 765.5 M+ H)*.

Synthesis of 4 'o-proparevloxy-azithromycin 206

To a solution of 500 mg 205 (0.65 mmol) and 200 uL. propargy! bromide (2.0 mmol) in
CH,Cl; (5 mL) was added 1 mL 50% w/w KOH(aq.) and 20 mg of BwN'Br. This mixture was



to about 50 ng/kg of body wei ght/day. The anobunt adm nistered wll also

| i kely depend on such variables as the type and extent of disease or
indication to be treated, the overall health status of the particular

pati ent , widhmos/eisatg ve bi ol ogi cal efficacy of the conpo |ivered, the
fornmul ation of the drug, the presencggand types of excﬂgﬁﬁﬁ%y%’m?ﬁ%

formul ation, and the route of admnistration. Also, it is to be understood
that the initial dosage adm ni stered may be increased beyond the above
upper~ l-evel in-order to rapidly achieve the desired bl ood-1|evel or tissue

| evel stimellividdiuslyatirho (HRpaaRTRY MetRiRh bakitbALhaAR PRI nIRC dal 1y
dosage ma];:b ?ﬂapr ressively increaSed during the cours reat ment
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$4.95 (d,J = 4 Hz, 1H), 4.60 (dd, J = 10, 2 Hz, 1H), 4.42 (d, J = 7 Hz, 1H), 4.38-4.33 (m, 2H),

429 (m, 1H), 4.23 (dd, J = 6, 2 Hz, 1H), 4.05-3.96 (m, 1H), 3.65-3.58 (m, 2H), 3.35-3.25 (m,

1H), 3.28 (s, 3H), 3.18 (t, J = 9 Hz, 1H), 2.99 (d, J = 9 Hz, 3H), 2.87-2.75 (m, 1H), 2.73-2.60

(m, 1H), 2.2.54-2.45 (m, 1H), 2.48 (t, J = 2 Hz, 1H), 2.35-2.20 (m, 2H), 2.32 (s, 3H), 2.10-1.80

(m, 4H), 1.75 (d, J = 15 Hz, 1H), 1.55 (dd, J = 15, 4 Hz, 1H), 1.55-1.40 (m, 1H) 1.34-1.15 (m,

18H), 1.08 (d, J = 6 Hz, 3H), 1.04, (s, 3H), 1.01 (d, J = 7 Hz, 3H), 0.92-0.81 (m, 6H). LCMS

(ESI) m/z 803.5 (M + H)".

Svynthesis of compound 208

A 1 dram vial was charged with alkyne 206 (24 mg, 30 pmol), azide 207 (14 mg, 60
(' umol) and THF (300 uL). The solution was degassed by alternately exposing to high vacuum

l. and flushing with argon. Cul was added and the reaction stirred at room temperature for 3 h.
The entire reaétion mixture was placed on a preparative thin layer chromatography plate and
eluted twice with 5% 2N NHj; in MeOH/ CH,Cl; to afford compound 208 as a white solid (18
mg, 17 pmol, 58 %). 'HNMR (300 MHz, CDCl3): §7.72 (bs, 1H), 7.35-7.20 (m, 2H), 7.10-7.0
{m, 1H), 6.82-6.73 (td, J= 8,2 Hz, 1H), 5.10-4.55 (m, 6H), 4.42 (d, /=7 Hz, 1H), 4.2-3.7 (m,
5H), 3.65-3.50 (m, 2H), 3.31-3.15 (m, 2H), 3.25 (s, 3H), 2.95 (1, /=10 Hz, 1H), 2.79-2.60 (m,
2H), 2.45 (bs, 6H), 2.28 (bs, 3H), 2.15-1.75 (m, 3H), 1.75 (d, J= 15 Hz, 1H), 1.49, (dd, J =15,
4 Hz, 1H), 1.45-1.32 (m, 1H), 1.30-1.10 (m, 15H), 1.06 (d, J = 6 Hz,.3H), 0.9-0.78 (m, 6H).
LCMS (ESD) m/z 520.4 (M + 2HY, 1040.6 (M + H)".



N3 207 FHO 11 IfT" O11 O "o lYH O"0O OH Y06 OCH / 208 0 Synthesis of
Azi t hronyci n-3' - N-oxi de 201 Azithronycin 200 (50 g, 66.8 mml) was dissol ved
in enough warm acetone to make 150 nL of solution. "Fhis solution was

al | oned WO 20178170 anbi ent tenperature prior to additi ger8é0dflogdhe0f 30%

w w aqueous H202. Following a mld e4e@therm the solution was allowed to
cool to anbient tenperature and stirred for 3.5 h. The reaction m xture was
diluted to 2 L with CH2CI 2 and the resulting gelatinous mxture was stirred
vigorously for |h to afford a cloudy suspension. This suspension was washed
wi t h Example 2i Synthesis pf Compoand@18queous NaHCO3 and 10% w v aqueous Na2S2CB
(2 x 600 nmL) and with brine (1 x 800 nL). The aqueous washes were conbi ned
and adjusted to pH with 2N KOH and Y hen further extracted with CH2Cl 2 (3

x 300 nL). The ¢ rrb-‘ﬁoqid Qrgani ¢ ext Mectis® werg dried over K2C03, filtered,
and concent r at 4, ¥, Mapud. és thet 9&%]h§‘oe tragts was reduced
f | .volu 0
Ph e

=

crystal s began ‘:g,. Fo] g eh the tot f It he extracts had been
reduced to 700 |l $t hi scbl) ron—was [pl dce Sppered flask and stored
at room t enper atof eroeernight . The sofiydsowePe”col | ected by vacuum
filtration, rinsed "wth.cghd ether, arid driggé,under vacuumto afford 34 g
of white needle-like crysPals. The filteate VYD 2004/ 078770 PCT/ US2004/ 006892
136 was treated as before to yield two additional Crops of crystalline

product 201 for a total yield of 51 g (66.7 I 9% . ' HNWMR (300 MHz,
CDC13, partial): S 5.06 (d, J=4 Hz, IH),|4. 6944, = 9 Hz, IH), 4.53 (d,
J=7 Hz, 1H), 4.27 (d, J= 3 Hz, 1H), 4.11-4.02\.(Um , 3.75 (dd, J=10, 7

Hz, 111), 3.68 (s, 1H), 3.62 (d, J= 7 Hz| 1M~ 2wA6-3.39 (m 111), 3.37 (s,
3H), 3.20 (s, 6H), 3.04 (d, J= 9 tz, 1M 3.07-2. 99 (mcﬁ+é, 2.81-2.70 (m
2H), 2.48 (d, J= 11 Hz, 111), 2.423325 (m 2H), 2. 4S84 (m 2H), 1.78
(d, J= 15 Hz, 1H),1.56 (dd, J= . 1. 54K 40 (Ei? 1H), 1.29 (d,
J= 6 Hz, 3H), 1.27 (s, 3H), 1.25» .@ﬁf&j%w, 1.9 (d, J= 7 Hz,
31-1), 0.91 (t, J=5 Hz, 3H), gf - , 3 13CNYR (100 MHz,

8

CDC13): 8 178.6, 102.5, 94.9, M, 78, 7.8, 76.4, 74.3, 73.4, 72.9,
72.5,766.9, 65.5, 59.1, 52.0, 49.%,[45°%, B1.8, 36.5, 34.9, 27.5, 26.7.,
22.1, 21.6, 21.3, 18.5, 16.5, 15.0, 11.2,7940, 7.4. LOMS (ESI) nx/z 765.6 (M

+ H+. Synthesis of 3' desdinethyl amni no- 4 - dehydr o- azi t hronycin 202 A 300
nmL pear-shaped recovery flask was charg&d with Azithromycin-3'-Noxide 201

(35 g, 45.8 mmol) and placed on a rotary evaporator. The pressure was
redu%éﬁmmn—d\%ﬁ the flask was rotated slowy in an oil bath while
the tenperature was gradually increased to 175 T. The m xture was held
under vacuuselation ¢if 4’ otHgdpenaiaitheompein 205 (30 migeh 066 vinea) tbpedpmoic aeidper at ur e

bor 1 16 e dafismrebiad syelesk it aitliA s, 172 gurog i GrytheT Sanlh
t eDRjAlsHiEd N EhiSiBReRlbBRRHe 1t 7h. TR Sofutbh SRAQHIAUOR N ccHOg phe,T ds wer e

coll ected by vacuum filtration and washed wt
concentrated and purified by flash chromatography over silica gel (CH;Cly: MeOH: NHyOH =

20:1:0.05) to yield 35 mg of 209. LCMS (ESD) m/z 423.4 (M + 2H)*, 845.6 (M + HY".

Svynthesis of compound 210

To a mixture of compound 209 (29 mg, 0.034 mmol), azide 207 (9.7 mg, 0.041) and Cul
(3.27 mg, 0.017 mmol) was added THF (3 mL) and Hunig’s base (0.050 mL). The solution was
degassed with argon, and the resulting mixture was stirred under argon atmosphere at ambient
temperature for 1h. Another portion of azide 207 (9.7 mg, 0.041 mmol) was added and the
reaction mixture was stirred for additional 1h. The reaction mixture was poured into a saturated
solution of NH4Cl (25 mL) containing NH,OH (3 mL) and stirred for 10 minutes. The resulting
mixture was extracted with CH,Cl; (3 x 50 mL), dried (anhydrous Na;SO,), concentrated and
purified by flash chromatography over silica gel (CH,Clz: MeOH: NH4OH = 20:1:0.05) to yield
15 mg of compound 210. LCMS (ESI) m/z 541.5 (M + 2H)**, 1081.8 (M + H)".



acetonitrile to afford 19.1 g of 202 as off-white crystals. The filtrate was
concentrated and the residue treated as above to afford two additi onal
crops of 202 product for a total yield of 27.7 g (39.4 nmol, 86% . 'HNWR
(300 MHzy I artial): 5 5.70-5.49 (m 2H) 495(

4.64 (dd, O%’('%ﬁ?,ﬁz Hz, 1H), 4.51 (duJ = 7 Hz, d”fﬁ%’ﬂ‘b"‘t"ﬁ?ﬁm 4.25
(dd, J=7, 2 Hz, 1H), 4.18-4.05 (m ]2H) 368(d J:6Hz 1H), 3.65-3.59
(in, 2H), 3.28 (s, 3H, 3.03 (dd, J =9, 11 Hz, IH, 2.85 (p, J =7 Hz,
1H) 2.44 (q, J =7 Hz, 111), 2.64 (bs, IH), 2. 55- 2. 40 (m 3H), 2.35 (s,

lﬁciQRPéR&noﬂizm#EkEN%ﬂl .83 (m 511), 1.55 (dd J = 10, 4 He,
H)155 1. 45 (in, 1.37 (bs, 3H), 1.30 (d, J = 1.24 (s,

100 (a0 JE ?ﬁ@m‘é‘ﬂﬁﬁ bl eyl ﬁéﬂ“e;ﬂﬁ DA {%@ﬂad%s r#ﬁsée% 0311,
' 3CNBefrl 33nddrgorate@BGy I ferénct horeth fot 30 pdrpobes}. 5, 100.8, 94.0, 83.4, 77.7,
76.1, 75.9, 75.6, 73.2, 72.5, 71.7, T71.2, 683 68.2, 67.0, 63.6, 60.1,

47. 55 ALENFS 38.6, 34.8, 33.1, 25.3, 24.9, 20.0, 19.7, 19.1, 16.2,
14.4, 13.9, 9.36, 7.9, 5.8. LCMS (ESI) In/z 704.5 (M + H)y+. WD 2004/ 078770

PCTéE?iSOS#&QSIS%?'ﬁz.t 0 R AR n Yot sp REKERS MR Mepebad NS o5 o

mol or BsstHal mhb:autanst&ddhdeaﬁﬂlm fbﬁ‘:@omg emi®dimens jre thérefore achd eonsiderddur e was
or { FOA BrPHP BN el Ligtien ez s o fhsrimysgiog derse Bt GO SRR onal  4h,

t hen ﬁ_&cli_ﬁ NaHCCB
(2 x %‘%Bh%%qgﬁédﬁl Ht)cr%%%(ebyﬁle >E<lp 1?81‘3&11—&? gﬁggﬁgé)\gsthg\/aﬁ%diﬁ% gﬂ&;%eﬂét ract ed

t h alDidREiges (iat x01BO vithin the‘lihmmrzgmtil resggt aifegaiviateney bf &mtcﬂammrase nhténdeld tm

g filtered, .and concentrated to give a white foam (30.7g) which was
pur| Péﬂlbﬁ%ce ithereig: gel chromat ography (125nmm x 6" columm eluted with 7.5%
2N NH3 in MeOH CH2Cl2) to afford conpound 203 as a white solid (25.7 g,
35.0 mol, 98%. 'HNMR (300 MHz, CDC13): S 5.10 (d, J = 4 Hz, 1H), 5.03.
(dd, J =8, 4 Hz, 1H), 4.41 (d, J =7 Hz, 1H), 4.38 (d, J =3 Hz, IH, 4. .22
(bs, I H, 4.11 (d, J=1 | Hz, IN), 4.04-3.92 (m IH), 3.52 (d, J = 8 Hz,
1H), 3.48-3.23 (m 4H), 3.34 (s, 3H, 3.10 (d, J=9 Hz, 1H), 2.99 (t, J=10
Hz, 1H), 2.88 (bs, 311), 2.72-2.60 (m 2H), 2.58 (dd, J = 4, 7 Hz, 1H),
2.54-2.42 (m 3H), 2.31 (d, J =15 Hz, 1H), 2.29 (d, J= 10 Hz, 1H),
2.08-1.80 (m 2H), 1.57 (d, J =7 Hz, IH, 1.54-1.38 (m 3H), 1.37 (s, 3H,
1.28 (d, J=6 Hz, 3H), 1.26 (d, J =6 Hz, 3H), 1.23, (s, 3H), 1.18-1.10 (in,
6H), 1.04 (s, 3H), 0.96 (d, J =6 Hz, 3H, 0.90 (t, J =7 Hz, 3H). LCMB
(ESI) rnfz 779.6 (M+ H){. Synthesis of 3'6-azido-4"a-hydroxy-9
Noxo- 3' - desdi net hyl am no-azi t hromyci n 204 Epoxi de 203 (20.0g, 27.2 muol)
was dissolved in 88 nL of 10:1 DMSO H20 to which | was added NaN3 (17.7gq,
270 mmol ) and My(C104) 8H20 (13.5g, 40.8 nmol). The m xture was stirred under
argon at 85 C for 16h then cooled to roomtenperature and poured into
aturated aqueous NaHCO3 (IL) and extracted with CH2ClI2 (5 x 500 nlL). The
onbi ned organic extracts were dried over K2C03, filtered, and concentrated
to afford a white foam (29 g). This material was dissolved in hot CH3CN
(1.2L) and allowed to sit overnight at roomtenperature. The solids were
filtered fromthe solution and rinsed with additional CH3CN. The 8.7 g of
crystalline solid thus obtained was confirmed by NVR and x-ray analysis to
be pure 3'a- hydroxy-4'(3-azido-9" N oxo-3' -desdi nmet hyl am no-azithronycin
fornmed by addition of the azide at the 4' carbon of the epoxide. The nother
| i qguors were concentrated and the residue again



di ssolved in boiling CH3CN from which a second 3.0 g crop of the undesired

i somer was obtained in pure form The nother liquors, now enriched in the
desired product 204, were  concentrated and the residue purlfled by silica
gel chrokanogwegtry (50 nm x 8" colum eluted wth 0-8%2N; 038%04/
CH2Cl 2) to afford an additional 2.9 igz20f the earlier- eI utlng Q

2004/ 078770 PCT/ US2004/ 006892 138 izide along with the title conpound 204
(6.5 9, 83 mol, 31 %. 'HNWR (300 MHz, CDC13): 55.01 (d,J=4Hz, 111), 4.95
(dd, J =8, 4 Hz, IH, 4.40 (d, J =7 Hz, IH),4.31 (d,J=4Hz, 111), 4.15
(bs, WHAT ISSCYAIMEDES: 12 Hz, 111), 3.97 (d, J =7 Hz, 1H), 3.92 (dd, J =
9,3 Hz, 111), 3.66 (d, J =7 Hz, 111), 3.35 (bs, 111), 3.35-3.31 (m 111),
3.251(s, HNdom cﬂma:haamg&hémmﬁ]al) 3.05 (d, J =4 Hz, 111), 2.91 (t, J =7
Hz, 111), 2. 81 (bs, 3H), 2.63 (bs, IH, 2.56-2.36 (m 4H), 2.33- 2.26 (m
111), 2.23 (d, J = 15 Hz, :(_3&1) 1.98-1.73 (m 2H), 1.48 (d, J =7 Hz, 114),
1.45-1.27 (m 411), & 5 s, BRER® 1.23 (d, J =7 Hz, 311), 1.17, (d, J = 6
Hz, 111), 1.13 (s, 311), J1. (d J =7 Hz, 3H, 1.05 (d, J = 6Hz, 3H), .
0.99 (s, 311), 0.89 (d, b=+, 31¢3-—x0. 82 J = Hz, 311). 13CNWR
(100 MHz, CDC13): S 177.7, 9. 6’“@21\& g’ (g?é*ziq Erfes, 76.7, 74.8, 74.5,
73.9, 72.8, 70.9, 69.4, 6@%65@(4}52’559 52.3, 49.2, 460 43. 8,
40.6, ‘34.8, 30.9, 27.0, 25.2, 22.8 ‘2(9\5V 21.7, 18.8, 17.8, 16.6, 14.9,
11.7, 9.9, 9.2. LOVB (ESI) niz 736R8 (M R*H) +. Synthesis of

4' a ssure tube was charged with
an e? ﬁghﬁ%&&%ﬁ({&gﬂ%?@%bi@%l@%&awgf’@blgeﬂeﬁffl n 20 nL) and 20% pal | adi um
on char coatheféinl4 g contai ni ng 50% H20). The reaction mxture was stirred
under an H2 atnosphere (15 psig) at roomtenperature for 14 h at which tine
2 nL 37% agusediseldrdiDirorh the-gldepRbhsigfify g0 additional 50 ng Pd on C were
added. The hydrogen pressure was increased to 30 psig and stirring was
continued for 24 h. At which time an additional 100 ng charge of Pd was
added and the H2 pressure was reaseglsto 90 psig. After an additional 24
h at this pressure the reacti m Xt ur S pu ged with argon, filtered,
diluted with 100 ni 6Quéﬁé|2)r n @d‘hﬂé@i’a h vacuo to afford 1.9g of a

colorless glass. The crude product was puri f| ed by silica gel
chromat ogr aphy )25 mm x 6" columm eluted with 7% 2N NH3 in MOH CH2Cl12) to

af ford conmpound 205 as a white solid (0.78 g, 1.0 |, 45% . ' HNWMR (300
MHz, CDClI3): S 4.92 (d, J =4 , 1IN}, 4.61 (dd, J;@( 2 , 111), 4.42 (d,
J = 7 Hz, 111), 4. 18-QddCHg), (S Hdly — CHA-, CHE- {GH 4, (@H2); .65-3.60 (m
211), 3.57 (dd, J =10, 7. Hz, 111), 3.33-3.23 (m 1RI) 3. 28 , 3H),
3.05-2.95 (m 2i1), 2.86-2.62 (m 311), 2.52-2.38 (m 2H), 2.47 (s, 611),
2.35-2.27 (in, 2R, 2.32 (s, 311), 2.10-2.62 (m 511), 1.55 (dd, J= 15, 5
Hz, 1H), 1.52-1.40 (m 111), {D\34 (s, ( 232 (d()ﬂ =7 Hz, 111), 1.28

(d, J = 6Hz 311), 122-3(-8—

1.19(d, J=6Hz, 311), 1. 39(d, J%Lz CH2)64 b0 3R O B u, Sﬁc%'z%sH) oM (d, 9= 6
Hz, 311), O. 08@% , J= 7 Hz, 311). LCM5 (ESI) mz 765.5 (M + H +.

Synt heS| s of 4% 1B’yarwl oxy- a2|throny0| n 206 To a sol ution of 500 ng 205
(0.65 mmol ) and 200 ﬂ—apédéﬁ@fzﬂﬁenbé qm%n&e%ﬂ@lmi,)zzrbmckﬁ%pﬂ (5 rL) was
added I nmL 50% w w KO-l(a of BusN “Br . This mixture was WO
2004/ 078770 PCTI uszmarwb@gmq@a in @eedmﬂyg@ﬂmnslby at roomtenperature for
4h, then an additional charge of propargyl brom de '100 uL) and Bu4N~-r (20
mg) was ad¥led eadkf scemrrstde; inideperfdent!Ristcanmmecarbimeyly emmtrogen, piovidedeat least

one X is carbon;

Y is carbon, nitrogen, oxygen, or sulfur;

D is selected from the group coﬁsisting of:
0, S, NR?, C=0, C=S, C=NOR?, S0, and SO»;

E-G is selected from the group consisting of



was diluted with CHC 2 (100 nL) and water (50 ni). The aqueous |ayer was
separated and extracted with CH2CI2 (2 x 50 nL). The conbi ned organic
extracts were dried on K2CO3, filtered, and concentrated to gi ve 520 ng of
an of f - W@ eof@asn7o The crude product contains a m xtur @cgfyShdlohésey

mat eri al, nono-al kyl ated products (4'i43ropar gyl oxy-4' (x- hydroxy-

a2|throrryC| n and 2'-propargyl oxy-4"'a-hydroxy-azithromycin along with the
desired product), and smaller anounts of bis-al kylated products. The
desired product was recovered by preparative thin |ayer chromatography
(plates devel oped with 7.5% 2N NH3 in M CHzCl Zz) ( Ho afford conmpound 206

as a white solid (4 60 p 9.1% . ' KHNWR (300 , CDC13): S 4.95 (d,
J = 4 Hz, 111), A4 dd;6J = , ~.4. 42 (d = 7.¢4z, 1H),
4.38-4.33 (m 2Hy 29 (m 4.23 Bdd, = 6, O Hz, . 4.05-3.96 (m
1H), 3.65-3.58 ( 335- (m 1 .28 (s,\ 3H)/ 3.18 (t, J = 9 Hz,
1H), 2.99 (d, 9Hz 3H' 2. 87-2. 75 IH), 2.4%3-2.60 (m IH),
2.2.54-2.45 (m¥tH), 2.48 (F J:2Hz,' 1T), 2.358% 20 (m 2H), 2.32 (s,

3H), 2.10-1.80 (m 4H), 1.75 (d, J= 15 Hz, 1H), 1.55 (dd, J= 15,4 Hz, 1H),
1.55-1.40 (m |H) 134-1.15(m0 18H) 1. 8(d J = ®Hz, 3H), 1.04, (s,
3H), 1.01 (d, J = 7A{Hz, 3H), (ESI) mz 803.5 (M +
H) +. Synt hesi s of al kyne 206 (24
ng, 30 nol), azi e sol ution was

Cul was added reacty g
entire reactioﬁg’m,xture wasspl aced on apreparati vgr hin | ayer

hr omat ogr aphy plate and ‘eluted twiceé with 5% 2N NH3 in MOH CH2ClI2 to
afford conpound 208 as @ white soligl (18 ng, 17 gol, 58 % . 'HNMR (300 MHz,
CDClI3): S 7.72 (bs, 1H) Jjl 7.35-7.20 (m 21j), 7.1047.0 (m 11T), 6.82-6.73
(td, J=8, 2 Hz, IH), 5l10-4.55 (m}i 6H), 442(d J=7 Hz, 11-1), 4.2-3.7
(m 5H), 3.65-3.50 3. (3G 3H) 2.95 (t, J= 10
Hz, 1H), 2.79-2.60 ( 4 , 3H), 2.15-1.75 (m
3H), 1.75 (d, J= 15 R’ , 1H), 1.45-1.32 (ni,
1H), 130110(mj\ ,106(%J-6Hz,.3 0.9-0.78 (m 6H). LCMS
(ESI) mz 520.4 (M + 3H) 2+, 104 (M + Hy#28\\D'2004/ 078770

PCT/ US2004/ 006892 140 Exanple 2: Synthesis of Compound 210 \N\ ,0 H\ N
HO ON , . ~ 6+ selested frop tho BompHONENag 9% "0 O ... OO0 O0Io0 OO0 :10 O 0 205 o
200 H O O/N\af N3- 207 OO0

R10
/11X

RQ

( b)
R11 R‘H
R
R! 1 R‘H ;
c)
= R4



HO ""OH\N NN/ ~,...GHHOCO ,10 F O '0.. P6H 210 Synthesis of
conpound 209 A solutlon of 4" a- hydroxy a2|thronyC|n 205 (50 ng, 0.066 Mol ),
4- pent ynB 02878776, 4 g, 0.066 mmol ) and di cycl ohexyl PcEUbMVDaGReE ( 14. 8
ng. 0.072 mmol) in CH2Clz (1.5 M) MdAs stirred at anbient tenperature for
7h. The solution was filtered through a cotton plug, concentrated and
purified by flash chromat ography over Si I i ca gel (CH2C12: MeOH NHACH =
201005) to yirel d, 35 m 209. ) nt/z 423.4 (M + 2H) 2+, 845.6 (M
+ H+  Synt ne 3" B Repbed rtoaen 5oshbes, br Sopmtc Rvgle st ping ong,
0.034 mmol ), i Qéﬂa)th was
added THE (3 nty e %%Eeﬁéagmés Egescé&i 05062%“9“& kfnfélgsoﬁ?ggﬁg&‘ gg%%%%ed

wi th argon, andulfig amdwtwnaib’snbsmwrémﬂmmtammmﬂ r‘gieupsargon at nosphere at -
anbi ent terrper re for . _Anat her rtion of |de 20 7. ng, 0Q.041
mmol ) was added (E;(rfgd“f‘wat eﬁ%sPPE?J ‘5:1 t""ﬁ?"ét}ﬁa‘?‘@‘l‘ﬁy e BP léid‘d'i’stt‘it'&ﬁﬁl"“ﬂl h.
The reaction mgageWren 4%%{{£d into a saturated solution of NH4Cl (25 nl)
cont ai ni ng NHACOH (3 m_) and stirred for 10 minutes. The resulting mxture
was extracted Whs@ltl 2 (3 x 50 rnL), dried (anhydrous Na2SO4),
concentrat ed a%g purd fi d by flash chromat ography over silica gel (CH2d z:
McOH  NH4AOH % Oa]ff@)y’to yield 15 ng of conpound 210. LCVMS (ESI) nifz
541.5 (M + 211)@13_];@%11, (M+ H+. WO 2004/078770 PCTI US2004/ 006892 141

| NCORPORATI ON BY |%|§ FERENCE The entire disclosure of each of the patent
docunents and d¢Cenmtlkioky, articles referred to herein is incorporated by
ref erence herei.nfor # . pur poses. EQUI VALENTS The invention may be
enbodied in ot nglﬁﬁg@ % forms without departing fromthe spirit or
essential char qgt(grlaccg,l cs thereof. The foregoi ng enbodi nents are therefore
to be considere respects illustrative rather than limting on the
i nvention descrlDS@):Reraaﬂn Scope of the invention is thus indicated by the
appended cl ai s 53%& than by the foregoing description, and all changes
that conme wit hiT PHECREUNi ng and range of equivalency of the clains are

i ntended to ewm}‘ggna&,z kebitionR 200048484 #A11PCT/ US2004/ 006892 142
WHAT IS CLAIMED | S: tﬂleoﬁn};ihhgl\"/%l’ngtheforrmla OR J-ONRZR3 V O
X-=-X O A~ fOp (mzm@nEoenoreR groups;

1i) 3-14 membered saturated, unsaturated, or aromatic heterocycle

contaimning one or more heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur, and optionally substituted with one or more
R* groups; or

111) C3.14 saturated, unsaturated, or aromatic carbocycle, optionally

substituted with one or more R* groups;

J is selected from the group consisting of:
a) H, b) Ly-Cy6 alkyl, ¢) Ly-Ca6 alkenyl, d) Ly-C; alkynyl, ) L,-Cs.14 saturated,
unsaturated, or aromatic carbocycle, f) L,-(3-14 membered saturated,
unsaturated, or aromatic heterocycle comprising one or more heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur), and g)
macrolide,
wherein
L is selected from the group consisting of -C(Q)-, -C(O)O-, and
-C(O)NR’-,
uisOorl, and
any of b} - {) optionally is substituted with one or more R* groups;

R', R?, and R? are independently selected from the group consisting of:



CH3 X~ Y R44 or a pharmaceutically acceptable salt, ester, or prodrug
thereof, wherein: -OAis selected fromthe group consisting of: a) /

(r'r -~wotesgygme” (CH2)r (CH2)r-1-. b) (111 (11 %ﬁ@%‘%ﬂ"’éﬁ%
CH=CH- (CH2)r (CH2)r -, and -1-0-(CH@)y rt"r(CHer D'~ ? D)1 1-
wherein r, at each occurrence, independently is 0, 1, 2 3, or 4, and s,

each occurrence, independently is O or 1; X at each occurrence,
i ndependent|y-is carbon, carbonyl, or nitrogen, provided at |east one Xis

carbon; Y is caxddb) ImCr@agbyL Cmgﬁﬂalkﬁiylﬁdbmu%zeﬂg[ﬁds@'%@ﬁq sétﬁ%& he
group consi sting of: S, NR5, C=0O C=S
sel ected fromt a@‘@&ﬁo%@%ﬁ@ﬁ%@%@i@d&fﬂ%@bﬁ%ﬁ%ﬂbm 006892 143 -

ouls 0 0 o, rebirdRh arabbenife KO Chele Ol SR TAIRE Al ORIOBE o) R0 -\
RO b) R11 R' Rélectdd/ftomIhdl giOnp Rddksistikg dRhdtrogen, oxygen, and sulfur), g) Ly-
' (saturated, unsaturated, or aromatic 10-membered bicyclic ring system optionally
containing one or more heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur), and h) L,-(saturated, unsaturated, or aromatic 13-
membered tricyclic ring system optionally containing one or more heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur),
(' wherein
- L is selected from the group consisting of -C(0)-, -C(0)O-, and
-C(O)NR-,
uisOorl, and
any of b) — h) optionally is substituted with one or more R*
groups;
alternatively, R?, and R3, taken together with the nitrogen atom to which they are
bonded, form a 5-7 membered saturated, unsaturated, or aromatic heterocycle optionally
containing one or more addifional atoms selected from the group consisting of nitrogen, oxygen,
and sulfur, and optionally substituted with one or more R* groups;
R?, at each occurrence, independently is selected from the group consisting of:
( a) F, b) Cl, ¢) Br, d) I, &) =0, f) =S, g) =NR’, h) =NOR®, i) =NS(O)}R?,
j) =N-NR’R?, k) -CF3, ) ~OR’, m) -CN, n) -NO,, 0) -NR’R’, p) -NR’OR?,
q) -C(O)R’, 1) -C(O)OR’, 5) -OC(O)R’, 1) -C(OINRR, u) -NR’C(O)R’,
v) -OC(O)NR’R’, w) -NR’C(0)OR?, x) -NR’C(OINR’R’, y) -C(S)R’,
2) -C(SYOR?, aa) -OC(S)R’, bb) -C(S)NRR’, cc) -NRT(S)R?,
dd) -OC(S)NR’R’, ee) -NR’C(S)OR?, ff) -NR*C(S)NR’R’, gg) —C(=NRR>;
hh) -C(=ENRIOR?, i) -OCENRHRY, §j) -CENRINRR?, k) -NR*C(=NRHR?,
1) -OCENRINRR?, mm) -NR*C(=NRHOR?, nn) -NR*C(=ENR)NRR,
00) -NR’C(=NR*)NR’R’, pp) -S(O}R’, qq) -SO-NR’R?, rr) -S(0)N=R’, and
ss) R%;

R®, at each occurrence, independently is selected from the group consisting of:
a) H, b} L,-Ci.6 alkyl, ¢) L,-Cz.¢ alkenyl, d) L,-Ca alkynyl, ) L,-Cs.14 saturated,

unsaturated, or aromatic carbocycle, f) L,-(3-14 membered saturated,



Ri 3 0 WD 2004/ 078770 PCT/ US2004/ 006892 144 d) 3-14 nenbered saturated,
unsaturated, or aromatic heterocycle containing one or nore heteroatons
.sel ected fromthe group consisting of nitrogen, oxygeh, and sulfur, and

opt i onalwo 2eutmysi7out ed with one or nore R4 groups; e) %ﬂ@ﬁ@{/@%@&zed,
unsaturated, or aromatic carbocycl eq@ptionally substituted w one or
nore R4 groups; 1) C -a alkyl, g¢g) C2-8 alkenyl, h) C2-8 alkynyl, 1i)-Cl-8
al koxy, ) Cl4 allcylthio, k) C-8 acyl, 1) S(OtR5; and m hydrogen,
wherei n—any off) - k) optionally is substituted with i) one or nore R4

groups; ii) 3- bésaterated; echremntic hétesbeyele £aiprising dne OF ndi®AREIfIIES €r ocycl e
cont ai ni ng one of rr&re het er oat ons, sel ected fromthe group consisting of
ni trogen, oxygé&mectsd from the groupopsising efmitoges onzesn, andsuliun).ig)dne or nore

R4 groups; or g gols romatic carhocygl e, .
optionally sub(édtui)uta %?#@ﬁ:?%&%%%%m&nﬂéf@ 'ﬁﬁ&té’rg%ﬁd’g‘gycﬁc it@%ggftg@[oggloﬂ%% t he
group consi st i rgniafringdnehr yre hetetdatbma biytted fpml the Geoup kg of d) L. - C2-6
al kynyl, e) L, C3.14 satura%ﬁd, %nsaturat ed, or aromatic carbocycle, f) L,
(3-14 menber ed BUREFRPEEED. 394 SHHWD Andh) Tor (saitteted vossteetedoeyapmasiesr i si ng

one or nore he : : r : | of_nitrogen,
oxygen, and s uﬁ%@%&a’rﬁﬁlg yg‘?é ﬁ%@g}ﬁn{\ g@l&%ﬁg %gﬁ%ﬂnﬁé’ ?‘Zé §%+‘§%thee P !Flt(? it Stg he
group consi st i rglected Hi6a0he, grou Onlsting ofinitro@é)oXiReen, abid bgf@d),or |, and any of

b) - f) optionally is suybstituted with one or nore R4 groups; R, R, and
R3 are i ndependent | y"&&8ct ed from the group consisting of: WD 2004/ 078770

PCT/ US2004/ 006892 145 a) {H.ceRitel P&:gl- - 6 - 6 _ yl_. ,d)
L"-C2.6 al kynyl, e) L"-C)SL-JEAfesgtteuré) e c%rﬁﬁr#;é%nglr a%‘%éy %&j)a’r ?ﬁéﬁlﬁd and
carbocycle, f) L,-(3Ct@Nihpered saturated, unsaturated, or aromatic
het er ocycl e conpri si ng orhe‘ c())ro r{oaru(lad'het er oat ons

isfOorl,

any of b) — h) optionally is substituted with one or more R®
groups;
alternatively, two R® groups, taken together with the atom or atoms to which they are
bonded, form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or ii) a.5-7
membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms
selected from the group consisting of nitrogen, oxygen, and sulfur,

wherein i) - ii) optionally is substituted with one or more R® groups;

R®, at each occurrence, independently is selected from the group consisting of:
a)F, b) Cl, ¢) Br, d) I, €) =0, f) =8, g) =NR’, k) =NOR”, {) =NS(O)R’,
j)=N-NR'R’, k) -CF3, ) -OR’, m) -CN, n) -NO,, 0) -NR'R’, p) -NR'OR’,
q) -C(O)R’, 1) -C(O)OR’, 5) -OC(O)R’, 1) -C(ONR'R’, 1) -NR'C(O)R’,
v) “OC(O)NR'R’, w) -NR’C(O)OR’, x) -NR’C(O)NR'R’, y) -C(S)R’,
z) -C(S)OR’, aa) -OC(S)R’, bb) -C(S)NR'R’, cc) -NR'C(S)R’,
dd) -OC(S)NR'R’, ee) -NR'C(S)OR’, ff) -NR'C(S)NR'R’, gg) -C(=NR")R’;
hh) -C(=NRMNOR, 1i) -OC(=NRHR’, jj) -C(=NRINR'R’, kk) -NR'C(=NR))R’,
i) -OC(=NRNR'R, mm) ~NR’C(=NR’)OR’, nn) ~NR'C(=NR)NR'R’,
00) -NR’C(ENRINRRY, pp) -S(OWR’, qq) -SO.NRR’, 1r) -S(O)N=R’, and
ss)R:

R’, at each occurrence, independently is selected from the group consisting of:
a) H, b) L,-Ci.5 alkyl, ¢) Ly~Ca.s alkenyl, d) L,-Co.e alkynyl. €) Ly-Cs.y4 saturated,
unsaturated, or aromatic carbocycle, f) L,-(3-14 membered saturated,

unsaturated, or aromatic heterocycle comprising one or more heteroatoms



selected fromthe group consisting of nitrogen, oxygen, and sulfur), g) L-
(saturated, unsaturated, or aromatic |O-nenbered bicyclic ring system
optionally containing-one or nore heteroatons selected fromthe group
consi sti 4 RbaeAabig 09en, oxygen, and sulfur), and h) L"-(saturated,
unsaturated, or aromatic 13- nenmberegd.tricyclic ring sygéwwﬂfp%ﬁﬂ |y
contai ning one or nore heteroatons Selected fromthe group consisting of
ni t rogen, oxygen and sul fur), wherein L is selected fromthe group

consi sti.ng-of- ~C(O) -, -C(OO, and -C(ONK -, uis 0 or 1, and any of b) -
h) optionally |S%le%gggpﬁ.6ﬁ1% ES B0 UF nfTRY atively, R2,
and R3, taken together wtﬁgfﬁ% mtro&gﬁ at n%&y\%%ﬁodﬁe%ﬁlﬁ)agﬂ bonded,
forma 5-7 nentleatethishtmsairettd, ommametial @dhentiered biopdlicaidpedyetede yplicrally

optionally cont ai m n one_ or re addi ti na ato sel ect ed from the group
consi sting of OHBQwQFF HGOmsSG Ctegr#@%g{E%ﬂ‘éH FOnSEBSIOft ut ed wi t h
one or nore R4 QEIS akn. o n 5}?&@; ted from
t he group con3|lgfr| ng gx%’en CIF;S%E P%ﬁd’h}ﬁ &%mré(b@ﬁelﬂﬁ dg{?ﬁm@ﬁ cl3* =NRS,

h) =NCRS, i) = @)ammqy)cho\mnRSR&mlopheﬂmf cohjaini@RSne Mmoﬁ\hetax)oatdﬁ@ 0)

NRSRS, “NRS O RS O) NR5R5,
NR5C( O) %)5, %eé%ﬁﬁ% g’ Rﬁg&‘% B“f%)’ﬂslawg% 5" y)c( )C( S) RS, ; 3
(O ORS, aa) - O S) Rherehab) C( S)NR5R5, cc) -NRSC(S)R5, dd) - OC(S) NR5RS, ee)
_NRSC(S) ORS, ff) - NRSC(S) NRSRS, a%% _C(=NRS)RS: hh) -C(=NRS)CORS, ii)

-OC(=NRS)RS, jj) C( =NRS) NisRECt m KRIBOWNRS)RSing of T(0),AYCKRIARSRS, m)
- NRSC( =NRS) ORS, nn) 7=NRS) NR5R5, 00) - NR5C(=NR5) NR5R5, pp) -S(OtR5,
4q) - SO2NR5R5, rr) - RS, and ss) R5; R5, at each occurrence,
iindependently is sel ectedufsr(p(gplt Rgdgroup consisting of. a) H b) L"-(3,_6
alkyl, c) L"-C2-6 alkenyl, d) L"-C2-6 alkynyl, e) L -C3-14 saturated,
unsaturated, or aromatic mrﬁ@y&)@ptlbl)allyls slﬁssllmmcbwithmadosmme atodaties WO

2004/ 078770 PCT/ US2004/ 006 ge 46ﬂllmsaturat 5? aromati c heterocycle
conprising one or more heFEFEITHE DeFPUR P! 'rngrﬂ he group consisting of

ni trogen, oxygen, and sul fur),rYJF, E1 By §acpga1(ﬁ@, _gRSatjw qﬁ@g,_msfgﬁr omatic

10- menbered bicyclic ring syste i onal contalnln one Or nore
het er oat ons sel ected fromthe -@(&)ﬁ ,CGfQ]QRL HICEHP)R® mQ(Q)UBnR ,oxygen, and

sul fur), and h) L"-(saturated, 80 grenber ed
tricyclic ring system opti onal?\y{ﬁﬁ '@ﬁ&oﬁ%ﬁ{) Eﬁ%‘ré@b t oat ons _
sel ected fromthe group consi sINRIq gijRFRSr R® 0@@@]{3 zmg(@RFf ur), wherein
L is selected fromthe group con5|st§r} ofs C@ C(C)58 % r!;d’ C(O)NRS
C(S)NR®R®,-NREC(S)R?, -OC(SINR'R?, -NR°C(S)OR?,
~NR8C(S)NR8R8, NREC(NRHNR®R®, -SO,NR®R?, and

-S(O)R5;

alternatively, two R groups, taken together with the atom or atoms to which they are
\ bonded, form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or ii) a 5-7
membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms

selected from the group consisting of nitrogen, oxygen, and sulfur;

RS, at each occurrence, independently is selected from the group consisting of: _
a) H, b) L,-C; alkyl, ¢) L,-Cs.6 alkenyl, d} L,-Cy.s alkynyl, €) L,-Cs. 4 saturated,
unsaturated, or aromatic carbocycle, ) L,-(3-14 membered saturated,
unsaturated, or aromatic heterocycle comprising one or more heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur), g) Ly-
(saturated, unsaturated, or aromatic 10-membered bicyclic ring system optionally
containing one or more heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulfur), and h) L,-(saturated, unsaturated, or aromatic 13-
membered tricyclic ring system optionally containing one or more heteroatoms

selected from the group consisting of nitrogen, oxygen, and sulfur),



uisOor 1, and any of b) - h) optionally is substituted with one or nore R6
gr oups; alternatlvely two RS groups, taken together with the atomor atons
to which they are bonded: formi) a 5-7 nenbered satiurated, unsaturat ed or
aromat i v aplpeaiel e, or ||) a. 5-7 menbered saturatedpcy oo ?ﬂ
aromatic heterocycle containing oneygr nore atons sel ecte rom the gr oup
consi sting of nitrogen, oxygen, and sul fur, wherein i) - ii) optionally is
substituted with one or nore R6 groups; R6 at each occurrence,

i ndependently is selected fromthe group consisting of: a) F, b) CI c) Br,
d) 1, e) =0, f) =S, whgreiNR7, 11) =NOR7, i) =NS(O1R7, j) N-NR?R? - CF3, 1)

-OR7, M -CN, n) -No2, NR7ZRY 7 O)CR? s)
_OC(OR7, t) -C(O) NR7R?, ilj)”‘ ﬁﬁ?ﬁf@ﬁuﬁ %“P@%@%@g(% SVie C)gl
NR7C( O) NR7R7, Y) - CL Z)CHNA %ql 1?.@)] OC(S)R7, bb) -C(S)NR7R?, cc)
NR7C(S)R7, dd) -OC(S)NR7R7, ee) -N k§ OR/, ff) NR7C(S)NR7R7, gg)
-C(=NR7)R7; hh) -(( NR?}lClRﬂorlli) OC( =NR7)R7, jj) -C(=NR7)NR7R7, kk)
NR7C(=NR7) R7, 11) -OC(=NR7) NR7R7, nun) NR7C(=NR)OR7, nn) -NR7C(=NR7)NR7R7,
00) -NR7(1{—N?R‘);NR7R7, pp) -S(O),R?, qq) -SA2NR7R7, rr) -S(O 1N=R7, and ss)
R7; R7 at each occurrence, independently is selected fromthe group
consi'sti ng!bgR*a) H b) L.-Cl-6 alkyl, c) L1 C2.6 alkenyl, d) L.-C2_6

al kynyl, e) L.-C3 34 saturated. wunsaturated, or aromatic carbocycle, f)

o L TR T R kcr DRSOt R 0 T PASHERBREL s .

sel ephed? imemmberdbsaguratep, wisatiaied, vy acdmatictoattgeycleonijens-7angmbattd ur ), g) L.
(saturated, unsaturated, or aromatllc 10-.menbered bicyclic ring system

opt i BHPIC: TRSBHEalFd 1 graRRlCoietsrBr Il eaniHBIE O o B0t piompstselsiodrfEoma thsup
consg,l%;,g dggmrgruﬂlﬁ@% %)égeﬂld@[{qrsulfur) and h) L, (saturated,

unsatur aronma menbered tricyclic ring syst emoptionally

cont ai ni ng one whereimi)e i) eptomAlyissubstibitattvell ohe omiobeRY pesnpsconsi sti ng of
nitrogen, oxygen, and sulfur), wherein L is selected fromthe group
consisting!ofrR( O, C(OO and C(ONR7, uis 0 or 1, and any of b) - h)
optionally is substituted with one or nore noieties selected fromthe group

C(()I?SOI) SRtg i nglgé(ﬁéﬁ)ltl\l%? two KU O§ro§f)s, thicen” t%cgher to w% 8%&35&%@8 S o or
- NRBIOfD) immé%merrdmﬁmtura & mﬂf@m QPR@IIC Cafb@s?dlﬂaﬁ&) a-NRBEOB)eRE]
) @m@ﬁ%ﬁ?ﬁnsﬁmlia%%,sc}rgr%smaﬁc heterocycle containing one or more atoms selected from the

group consisting of nitrogen, oxygen, and sulfur,

wherein i) - ii) optionally is substituted with one or more R* groups;
RIZis R’
altematively, R'? and one R!! group, taken together with the atoms to which they are
bonded, form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, orii) a 5-7
membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms

selected from the group consisting of nitrogen, oxygen, and sulfur,

wherein i) - ii) optionally is substituted with one or more R* groups;
R12is RY
R"is RY
alternatively, any R" and any R", taken together with the atoms to which they are
bonded, form i) a 5-7 membered saturated, unsaturated, or aromatic carbocycle, or i) a 5-7
membered saturated, unsaturated, or aromatic heterocycle containing one or more atoms

selected from the group consisting of nitrogen, oxygen, and sulfur,

wherein i) - ii) optionally is substituted with one or more R* groups:



- NRBC( S) NR8R8, - NRBC( NR8) NR8R8, -SO2NR8R8, and -S(OIRB; alternatively, two
R7 gr oupgy E@Kﬁgﬁ#oget her with the atomor atons to which they are bonded,

formi) 3% tred saturated, unsaturated, or aronaPCE/UsS2000@0s88L €, OF
ii) a 5-7 menbered saturated, unsatét’ated, or aromatic heterocycle

containing one or nore atons selected fromthe group consisting of
nitrogen, oxygen, and sulfur; R8, at each occurrence, independently is

sel ected frgr&t@; gr eup conS|st|ng of a) H b) L,-C-6 alkyl, ¢c) L. -C2-6

al kenyl , 5 aI kynyl e) L"-C3.14 saturated, unsaturated, or

aromatic cas L~-(3 14 nmenber ed sat urat ed unsat ur at ed or

aromatic tﬂe’ts corrprl sing one or nore heteroatons selected fromthe

group consi sti ng of ni trogen, oxygen, and sulfur), g) L,- (saturated,,

unsat ur at dgat eeeh pecumense indspeadestly av0.0i,ey21 i ¢ ring system optional |y

contai ning one or nore heteroatons selected fromthe group consisting of
nltro,gen atu ated unsat urated, or

aromatic 1@@/0% gﬂ&] °‘%%?‘|51¥6§E‘¥?18&??r‘1‘§)’s§3‘¥4 r%rmB ionally containing one or
nore heteroatons sel ect e@Rfirom the group consisting of nitrogen, oxygen,

and sul fur), WO 2004Lg,/87%0 3%1%520041006892 148 wherein - L is selected

fromthe group consisting O C(OO0O, and C(ONH, -C(ON(CL.6

al kyl)-and ui sOorl; R9g. s kR4, M; alternati @E\Lr? R9 and R10, taken

together with the atons t \A/rﬁ)UbPH\b\y,a,r—eDbéﬁUe)d—& i) a 5-7 nenbered

saturated, unsaturated, OCngomatl)d\ ’r\bocycle or WGa 5-7 nmenbered

jatur ated, unsaturated, or aronati Q/“;e erocycl e cont ai ning one or nore atomns
el ect ed fromthe group consi stlpa'g of mdtrogen, oxygen, and sulfur, wherein

i) - i ,optio i th on r more . R groups; R11 is R4,
al t erViSEsIH P, ﬁ R ﬁoaﬁtkt’ta %Q@taﬁgfzﬁ’@ﬁdg%f% Ltons to-which they
are bonded, forml) a 5-7 rrenbered saturated, unsaturated, or aromatic

car bacycl epheQbmipohnda®ofdifi tP& AR 1 ha%g&&ti%ﬁnumnsat urated, or aromatic

het er ocycl e cont aining one or nore atons sel ected from the group consi sting
of nitrogen, oxygen, and s@lR?ur wherein i) - ii) optionally is substituted
with one or nore R4 group R: Rs; alternatively, R12 and one R 1
group, taken together wfh the atons to which the ar@ bonded, formi) a
5-7 nmenbered saturated, ) ratedxtgxxar gﬁtigt a OCycIe or ii) a 5-7
menber ed saturated, unsatu at&l" ogycl e containing one or
more atoms sel ect ed fromG@He gr oukiyz_ ,Qﬁstl ng of nit¥bgen, oxygen, and

sul fur, whereini) - ii) optlonally xy{substltuted with one or nore R4
groups; R13 is R4,

wherein
O-A is selected from the group consisting of:
it 0-(CHy),, O-C(0), and O-C(O)-(CHa),;
ris1,2,3,or4;
J is a macrolide; and .
G, R, R, R* R*, X, Y, and q are as defined in claim 1,

4. The compound according to claim 3 having the formula:

OR'
J-0o ~_ JNRZR3
_N
., X770
O—A—t- O

© N
/

X
CHj, ~N 0.0
\(CHz)q&Y

N
G.

~

5. The compound according to claim 4 having the formula:



R14 is R4; alternatively, .any R 3 and any R14, taken together with the atons
to which they are bonded; formi) a 5-7 nmenbered saturated, unsaturated, or
aronmat i c Warpowyrstm®m, or ii) a 5-7 nenbered saturated, or
aromati c heterocycle containing one asgnore atons sel eg{éﬁﬁﬁ'}gﬁﬁzﬁ% group
consi sting of nitrogen, oxygen, and sulfur, whereini) - ii) optionally is
substituted with one or nore R4 groups; WO 2004/ 078770 PCTI US2004/ 006892

149 pisOorl; qis 0 or 1, and t, at each occurrence, independently is 0, 1,
or 2. ?. The conpound accordOmj to claim1 having the formula: OR J-O
NRZR3 0 "'0 O~j O X-X-3-Bp (&H2)gregd~ CH3 Xy__ , Y G R4 X R4 wherein A D,
G J, R, R, R3, R4, X nd q are, as defined in claiml1l. 3. The
conpound according to clai g1 Bhaving xﬁQ\formJI a: ORLJ-ONRRR3 _ O OA'X
(CH2)g~ IN CH3 G R4 R4 whelfei fOS-ATs §NI ected fromthe group consisting
of: O(CH)" OO, and O CHY - (CHtN 1 is 15 2,08, or 4; Jis a
macrolide; and G R, R2, R3, R4, X Y, %@E‘ g.a7e ds defined in claiml1. 4..
The conpound according to claim3 having é)qfo Na: OR1L J-ONR2 R3 /N
~OAdr) CH3 N O'O (CH2)q 5. The conpound according €6 claim4 having the

f or mul a:

5. The compound according to claim 5 having the formula:
OR!
J—-Os_~_.NRZR3 0. A°
! N,(CHz)q---(:,f
“10—A— ) X ’
CHs N~
7. The compound according te claim 1, wherein G has the formula:
R11 R
R12
R11 R11
wherein R!! and R are as defined in claim 1.
8. The compound according to claim 7, wherein G has the formula:
R12
F
9. The compound according to claim 8, wherein R'? is H.

10.  The compound according to claim 8, wherein R'Z has the formula:

z

e s-: N\(CHg)v

wherein

Z is selected from the group consisting of O, NR’, and S(O);; and



WO 2004/ 078770 PCT/ US2004/ 006892 150 OR J-0 NRZR3 ,N N 7110-0-X ~ CH3 XN
NOf O (CH)y" N "G..; 6. The corrpound according‘to claim5 havi ng t he

f or mul a: NRzRSO(CHZ)q"nN OA .G CH3 N 7. The co

accor di néwf‘]o%oéfogfﬁl wherein G has the for mila:  RL1 Rf’fTﬂiséomﬁﬁwhll
wherein R 1 and R12 are as defined in claim1. 8 The conpound according to
claim7, wherein G has the fornula: R12 F 9. The conpound according to
claim8,- wherein R12 is H 10. The conpound according to claim8, wherein
R12 has the forrute;1,2Zor® Wherein Z is selected fromthe group consisting
of 0, NR and S(O 1’ ‘and =S WD 2004/ 078770 PCT/ US2004/ 006892 151 v is O,

1, 2, or 3. 11. The conpound according to claim 10, wherein Zis 0 and v is
1. 121 Th&he sempoind ase erghng focrlaim 1, a ety ZiihOramidrv RI2 is -C(O) CH3. 13. The
conmpound according to claim7, wherein R12 has the fornmula: 5 N1~ R"

wher ej 3R4mngoﬁﬁo%c?&gd%f%o@%{%yﬁle%ﬂhhislé(O)Hi%,CO”pound according to

claim er ei

13.  The compound according to claim 7, wherein R'? has the formula:

R5
(\N/
N
jl?: \/LR4

( wherein R* and R® are as defined in claim 1.
14.  The compound according to claim 13, wherein R® is —C(0)-CH,-OH.
15.  The compound according to claim 13, wherein R'isH.

16, The compound according to claim 1, having the formula:

OR? o
J—Ou _A~_ JNRZR3 O
,(CHz)q---(:,f
o A, /N
o-n )
CH3 N 12
F
L

wherein
O-A is selected from the group consisting of:
0-(CHy);, O-C(0), and O-C(O)-(CHz);;
ris1,2,3,or4,
J is a macrolide; and
RY, RE R R and q are as defined in claim 1.

17.  The compound according to claim 16, wherein RYisH.

18.  The compound according to claim 16, wherein R"

L



15. The conmpound according to claim 13, wherein R4 is H 16. The conpound
according to claim1, having the formula: ORlL J-ONR2R3 O-O (CH 2)qgq N
OA-(NCH3 NR12 F wherein OGAis selected fromthe group consi sting of
O (CH2) woRddeoBroand O C(O-(CH2)1;, r is 1, 2,3, or 4 1,0 rolide;
and R, R2, R3, R72, and q are as dgfjned in claiml1. %{ﬁ%@o@gﬁ% und
according to claim 16, wherein R2 is H 18. The conpound according to
claim 16, wherein R12 is o NN WD 2004/078770 PCT/ US2004/ 006892 152 19.
The conpound according to claim1l, wherein J is a macrolide. 20. The
conpd@nd dlthe sentipnynd accotdingrtaldainnihewhdrsintJHe amaislidede i s sel ected fromthe
group consisting of: QQRI9 Re OR1I5 jw ORs ORls 0 '0 0 .0 ,,WRB
\WRI8 . . R7 0 R19 RIEFr' s\ O'"ORBOOR21 2zt Rzo and CH3 and
phar flceuthhe&Pmpound acrording taclaim 19,suherein themmagiolide igpselectashfzen thewwoupi n Q i s
sel EQR@%&{ 1the group consisting of: NRSCH2-, -CH2-NR5-, -C(O -,

-C(=NR5) -, - C(=NOR5)-, -C(=N-NRSR)-, -CH(OR5)-, and -CH(NRSR5)-; R15 and
R16 i ndependently are selected fromthe group Qisti ng of R5 and a hydroxy
protecting group; alternatively R15 and R16 ogether with the atons

to which they ane-8 .Selected fromthe
group consi skisng J0f ’
it R‘IB

ELCh
.\‘\\ R5' N O DN

0R15

o '”“ R“?\“ '}‘5:’
s -, r } 0
\ Y i3 2, N
RV O :+ R ,;é: On .
0 "OR® O | 7 Rt

, R20 , and OCH,

and pharmaceutically acceptable salts, esters and prodrugs thereof, wherein

Q is selected from the group consisting of:
~NR’CHp—, -CHp-NR’-, -C(0)-, -C(=NR’)-, -C(=NOR’)-, ~C(=N-NR*R%)-,
-CH(OR®)—, and -CH(NR’R>)~;

R and R'® independently are selected from the group consisting of R® and a hydroxy

protecting group;

alternatively R'® and RS, taken together with the atoms to which they are bonded, form:

R is selected from the group consisting of:
a) Cy.¢ alkyl, b) Cy.¢ alkenyl, and c) C.4 alkynyl;
wherein any of a) — ¢) optionally is-substituted with one or more moieties
selected from the group consisting of
1) ~OR’ , 11} Cs.14 saturated, unsaturated, or aromatic carbocycle,
and iii) 3-14 membered saturated, unsaturated, or aromatic
heterocycle containing one or more atoms selected from the group
consisting of nitrogen, oxygen, and sulfur,
wherein any of ii) - iii) optionally is substituted with one
or more R* groups;

R'® is selected from the group consisting of:



a) Cl-6 alkyl, b) C2_6 alkenyl, and c) C2.6 al kynyl; wherein any of a) - c)
optionally is substituted with one or nore noieties. selected fromthe group
consi sti 1hdersOR5, i) C3-14 saturated, unsaturated, or aromatic
carbocycf@?ﬂmgﬁﬁfq¢fg 3-14 nenbered sgturated, unsat ur aPeHUSH04/a468%at i c

het erocycl e containing one or nore atons selected fromthe group consisting
of nitrogen, oxygen, and sulfur, wherein any of ii) - iii) optionally is
substituted with one or nore R4 groups; R s is selected fromthe group

O, PR TRl 9 ) L S
of b) - d) opti% &S,is substituted with one or nore R4 groups;
alternatively, R15 and R18, t nto ethe]\r,vvith.the atons to whi cp they are
bonded, form R22 \¥ R0y r & ppriopally isgybgtituied il ongomompre RORS, or R
R19 is -OR'; alternaghysdy, R18 and R19, taken together with the atoms to

whi ch they are bonded, Térm a 5-nenbered ring by attachment to each ot her
through aaiterativelyeREcmd®R 'f rtaker togetipronith the atmhsio which they £b64dedRbYR: .
-0C(OQ O, -OC(ONR5-, NRSC(O O, ﬁzqumS-, -N(ORS)C(O O,

-OC(O N-NRSRS-, -N(NRSRS) C(0) Oy - O CHRS-, -CHRAC(O O -0OC(9) O,
-OC(S)NR5-, NRSC(S)O, -0OC(S) ) C(S) O, -OC(S)N- NR5R5-,

-N(NR5R5) C(S) O, -0OC(S)CHR4-, R4C(&) O ; alternatively, Q R18, and

R 9, taken together with the h they are bonded, form N WC N
O R17 wherein Wis O NR5, or 0 Tswgel ected fromthe group
consisting of: H F, d, Br. ;

{

wherein
VisCHorN, and
R¥ is—OR’, or R’;
RY is —OR";
alternatively, R'® and R, taken together with the atoms to which they are bonded, form
a 5-membered ring by attachment to each other through a linker selected from the group

consisting of:

-OCRHRHO-, ~0C(0)0~, —OC(O)NR’~, -NR’C(0)0O—, -OC(O)NOR’-,
N(OR*YC(O)O—, -OC(OIN-NR’R*-, -N(NRR’)C(0)O—, -OC(O)CHR’-, -CHR*C(0)O—
, ~OC(8)0-, -OC(S)NR’—, -NR’C(S)O—, ~OC(S)NOR’~, -N(OR*)C(S)0-,

( ~OC(S)N-NR’R’~, -N(NR’R*)C(S)0—, -OC(S)CHR*-, and ~CHR*C(S)0—;

alternatively, Q, R's, and R , taken together with the atoms to which they are bonded,

' form:

wherein
W is O, NR’, or NOR?;

R?’ is selected from the group consisting of:

H, F, Cl, Br, and C;salkyl;



WO 2004/ 078770 PCT/ US2004/ 006892 154 R21, at each occurrence, independently
Is selected fromthe group consisting of R5, -OR15, and NRSRS;
alternatively, two Rai groups taken together are =0,  EN-ORS, or =N- NRSRS.
The componrebsaseesding to claim1l, wherein J is select _ roup
consisting of 0 0 HO OH HO OCH3 OHygH HO OCH3 O O 04%7.;'{18%6;%&‘8,990 1000
O0OO0O H2H3 HHHOC ONOHN OMNOOCCH3 HOOH.. HOOH "OCOO0OO00'0O0I
OCH Z OO "OHF , NHVWNCN3)z NOHN OHHOOH~ YL HOOHOHOOHO
Oi OOOO NHz bCH3 ' ' NN HN-/~N(CH3)2 NOO 0, OHHOOMHO0) OO

O O O O R?, ateach occurrence, independently is selected from the group consisting of:
R®, -ORY, and -NR’R’;

alternatively, two R?! groups taken together are =0, =N-OR’, or =N-NR°R®,

21.  The compound according to claim 1, wherein J is selected from the group consisting of:




O OO F WD 2004/078770 PCT/ US2004/006892 155 N _ Nom N N, N O tj~NN
-NOCH3 O0 ONOCH3 NOCH3 of DOOO OOF ""OHOCH3 O\ O\ OO 00O
N~i HOOCH3 :,.  OHHO- NOHONOHOO O.f ,n.yin.n OOO'n
| O0.s, FOOOOOOFF / NN NI'\ O 00N OOHOOCH3 .,~ HO HO
, . WO204/1BN¥Y p 0 O HNa i | O. tF, 'O O O lpctQsibofdasfest3 and
135
OCH;
e
0, o
] ] ’OCH:! ,aﬂd
22.  The compound according to claim I, wherein J is:
OH
-,
0, o
OCH, .
23.  The compound according to claim 1, wherein:

R'is H:
R?is methyl; and



22. The conpound according to claim1, wherein Jis: N HOOH OHo 0 O
C", o COH OCH3 23. The conmpound according to claiml, wherein: Rl is H
R2 is methyl; and 156 R3 is nethyl. 24. The conpound according to claim1,
wherein: Rl is H R2is H and R3 is maghyl. 25. A conpound having the
structure selected fromthe group consisting of \ F OHHH4, (~ "0 N""CH

t]CW, '"bCHa QF\ OHHO9 H~II H.. " Db 0,.: aa. ,0Hsend. 'O ;
~6 or a pharnaqu%h%%hly acceptable salt, ester, or prodrug thereof. 26. A

phar maceuti cal cofnposiiion conprising a conpound according to any one of
claims 1- 25 and a pharnmaceutically acceptable carrier. 27. An effective
anount of . coreuntyane aKkeiiing td Saidny waieinof clai ms 1-25 for use in the
treatment of a mcrobial infection. 157 28. An effective anount of a
conpound accorghng to any one of clainms 1-25 for use in the treatnment of a
fungal infectiadn.? Hy. An effective amount of a conpound according to any one
of clains 1-25 for use in the

R2is H; and
R3 is methyl.

25. A compound having the structure selected from the group consisting of:

UL,
OCHa

ot a pharmaceutically acceptable salt, ester, or prodrug thereof.

26. A pharmaceutical composition comprising a compound according to any one of claims 1-

25 and a pharmaceutically acceptable carrier.

27. An effective amount of a compoﬁnd according to any one of claims 1-25 for use in the

treatment of a microbial infection.



treatnment of a parasitic disease. 30. An effective anbunt of a conpound
according to any one of clains 1-25 for use in the treatnent of a
proliferative disease. 31. An effective anmount of a conpound according to
any one of clains 1-25 for use in the 35 atment of a viral infection. 32.
An effective amount of a conmpound accordihg to any one of clains 1-25 for
use in the treatnent of an inflamuatory di sease. 33. An effective anount of
a conmpound according to any one of clainms 1-25 for use in the treatnent of
a gastrointestinal notility disorder. 34. The conpound according to any one
of cl ai me2827- 38n ¢ifeetiei amouhtef b rematomediccording @ dog oneanfirlaimst-25 fodusermathé v,

parent al | yo,..00: $ QRG] h¥esicao- A Medical device containing a compound
accordi ng to atny on@% #1 & Qi ms 1-25. 36. The medical device accordi ng to

claim 35, wherein the deV| ce is a stent.
29. An effective amount of a compound according to any one of claims 1-25 for use in the

treatment of a parasitic disease.

30. An effective amount of a compound according to any one of claims 1-25 for use in the

treatment of a proliferative disease.

31. An effective amount of a compound according to any one of claims 1-25 for use in the

treatment of a viral infection.

32. An effective amount of a compound according to any one of claims 1-25 for use in the

treatment of an inflammatory disease,

33. An effective amount of a compound according to any one of claims 1-25 for use in the

treatment of a gastrointestinal motility disorder.

34, The compound according to any one of claims 27-33 wherein the treatment is to be

administered orally, parentally, or topically.
35, A medical device containing a compound according to any one of claims 1-25.

36. The medical device according to claim 35, wherein the device is a stent.



