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COVPOUNDS TECHNI CAL FI ELD The present invention
w@e@nioths39 pr oki netic agents with superior PCT/US2003/026991

har macol ogi cal and pharmacoki netic properties for the

01406882 ment of 5 gastrointestinal notility disorders.

The invention relates to the fields of chemstry,

nmedi ci nal chem stry, nedicine, nolecul ar biology, and

phar macol ogy BACKGROUND ART Gastrointestinal ("A")

nmotility regul ates theyTor et bbmpb@@g of ingested
e

materi al through the gut to Insure adequate absorption
of nutrients, io electrolytes and fluids. Appropriate )
transit through the esOpRINICALsFE2h, smal |
i ntestine and col on depends on regional control of
i nt r al uniM@l presas swentrmcpoeidesaprokimticrageatswithatperior
regul ate forward novenent and prevent back-flow of G
phaomiacological Thé phermatokinetimpraperiestorithe frepapeneot
i mpai red by a.varjety of .¢circunstances, inclugdi .
geatomtsama g eligprted. SeiRTERaSDFgtes D Sheteld of ghemistry,
e . H iy ¢ ,
Bkl ety et SERRELE oY, fRp phénacaiogy
Gastroparesis is the delayed enptying of stomach

contents. Synptons of BAREKGRAUAE ARThcl ude st omach
upset, heartburn, nausea, and vomting. Acute

gast r oparGatoinkytit (C8UYedotility fegulatextirgureerlgnugeement of

(e.g., opiates), viral enteritis, and hypergl ycﬁerri a,
ingested snatstial thyowgh therguide insurerdsanaly abserpiribef yataipnts,

di sease rather, than the motility di sopder. Th
o R s, N T e O ForiGe Mg sman
vith | . ) i e 4 .
el e o SRR bRl rpsareandsevers

spMinctefsiRat tepRddte foiveaenabaemehRind pierent back-flew af GBdontents.
clinical manifestations of reflux of stomach 25 and

Thimoenall GLowtility pattemonayidedsmainegiy a YRdeofcicymaiances
RS WcthSaid
including disease and surgery.

Disorders of gastrointestinal motility include, for example,
gastroparesis and gastroesophageal reflux disease (“GERD”). Gastroparesis is the
delayed emptying of stomach contents. Symptoms of gastroparesis include stomach
upset, heartburn, nausea, and vomiting. Acute gastroparesis may be caused by, for
example, drugs (e.g., opiates), viral enteritis, and hyperglycemia, and is usually
managed by treating the underlying disease rather than the motility disorder. The
most common causes of chronic gastroparesis are associated with long standing
diabetes or idiopathic pseudo-obstruction, often with so-called “non-ulcer” or

“functional” dyspepsia.

GERD refers to the varied clinical manifestations of reflux of stomach

and duodenal contents into the esophagus. The most common symptoms are
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WD 2004/ 019879 PCT/ US2003/ 026991 010069. 02 heart burn
and dysphasi a; blood | oss may al so occur from
wesophsgenl erosion. GERD nay be associ at ed wWeTUE908/026991
tone and inappropriate relaxation of the | ower
010 thageal sphincter and occurs with gastroparesis in
about 40% of cases. In nost cases, CERD appears to be
treatable with agents that reduce the rel ease of
acidic 5irritant by the stomach (e.g., Prilosec) or
‘agents that i.ncre .
ety B ptslel BROGIBE IO UR, o0kl fahopfipRatans
GERIS -85 S2400856.d wiiNbAn®ne Aakutdeppropaiate selaxation of the lower

gastrointestinal notility are anorexia, gall bladder
esophagksl sphdsdtepend btaes patlaggstiapareeia) abentedgeef fges. In most
I ntestinal pseudoobstr [

casgm@m;@ anpests fsolpe HﬁTf@ t%ﬁﬂ@&ﬂ%@?@%@%%H%_E"is@a%a"%‘ﬁdic
irrigakby Gion g,%,gdgfegégfsgg%gg%ﬁgeeﬁ@mﬁﬁr% At Ln@epitelower
es%ﬁrgséft I&gméfg&tﬁﬁ e éisépi‘%&ler?a@th@f W Arhpleseif digvideistwhose

t~are "agoni sts of the notilin receptor,
syfptelapaRludé itpairpdigastromitestinahivedilitypie amgresfa, gall bladder
notilides includes their apility to i nduce phase I11 .
stasis, pbgfoperatiy emsraly ticsieps esciesodenpe tesiel pespidpgbstguction,

t he, four phas [ -] f A5 s . activity
gagridisy %@gﬂgﬁpfﬁg%&co%%@ﬁpgﬁgn génogﬁgllgmllﬁn ¢&ine in the
fasting state. Miscular contraction occurs in phases

11 and If¥esE@I AEHGES At g_Bné}:a[l ihed With peokénetiduggents that

propels enteric contents distally during fasting.
enBhfies pipuliivamotility] datilidesfare macrolide fermpounde pagses

b CoeBageRl B 545, 20 LS R RS AR AR TR idec
tric emtyi . C ) s L

o TR B ) S RS S

of é&%ﬁ‘ﬁﬁ% Motof @Ugfﬁlb?es rs_aMMC”Qla'MM@ Aefefsioatia foumplihses (I-IV) of

etits wth onom ¢ neuropat hy. The erythromycins
eladt@cd abavity isflayed by theleoanichiingt snoall irdesinisyintthe fasting state.

fermentati on of the Actinonmycet Sacchar opol. yspora , ..
Musqtlair easdrgctionrAseiss lsmlagefgﬁ{/ R ?Ve?fg}{lﬁasﬂ 3\@% 4 peristaltic wave

T R e T

inclfide: increase in esophageal peristalsis and LES pressure in normal volunteers

and patients with GERD; acceleration of gastric emptying in patients with gastric
paresis; and stimulation of gallbladder contractions in normal volunteers, patients

after gallstone removal, and diabetics with autonomic neuropathy.

The erythromycins are a family of macrolide antibiotics made by the
fermentation of the Actinomycetes Saccharopolyspora erythraea (formerly Streptontyces
erythreus). Erythromycin A, a commonly used antibiotic, is the most abundant and

important member of the family.
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HO,,. Erythronycin ARR = OHRbo = M 9 HO, HO .6 .0
wO2aEp1dsromycin B Ra = HRb = M Ra Eryt hr onyPCHUS20R:026991

=OHRob=H O0,,, 001 Erythronycin DRa = HRb = H
010069.¢H bRb Since the 1950's, erythronycin A (1) has

been known to cause G side effects such as nausea,

vom ting, and abdom nal disconfort. Erythronmycin A

undergoes acid catalyzed degradation in the stomach,

formng initially 8,9-anhydro- 6,9-hem acetal 2 (also

known as erythr 2in A enol ether) and then

spi poket al M., 5 shown_j n.Schenme A. The Si _
rgely expl BAGEORYHLE | i n a;%%i_sc?ﬁ RP=Me

e, Ty h rOMyci NgA, i .ppd heni agetalh 2. Rb=
(%pl’ﬂ 3is inactivgﬁéﬁéﬁﬁﬁﬁA N( l\/|9)122 N?JINE)Z % Me
= . HO ,, HOFry@rBniytidO , O H+ RHOOGR ORr=H
00 Ove bMe

Erythromycin D Ra=H Rb=H

Since the 1950's, erythromycin A (1) has been known to cause GI side
effects such as nausea, vomiting, and abdominal discomfort. Erythromycin A
undergoes acid catalyzed degradation in the stomach, forming initially 8,9-anhydro-
6,9-hemiacetal 2 (also known as erythromycin A enol ether) and then spiroketal 3, as
shown in Scheme A. The GI side effects are largely explained by motilin agonist
activity in erythromycin A itself and hemiacetal 2. (Spiroketal 3 is inactive.)
SCHEME A

N(Me),

@)
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(1) (Erythromycin A) (2) HONM)2 u... 0O - 0"'""'0O
O 00 '"OH (3 Ow -3 WD 2004/019879
weERONAOBBRM3/ 026991 010069. 02 Orura et al., PCT/US2003/026991
"Gastrointestinal notor-stinulating activity of
0109682P%| i de antibiotics and the structure-activity
relationship,”" J. Antibiotics (1985) 38: 1631-2,
di scl oses the relative ability of erythromycin A
9-di hydroerythronycin A, and other nacrolides to '
stimul at Rt & ' ISRnSPRSE i rolide
assay, 9%@%%%(#%@% @gﬁéysgnn A %zgﬁﬁgg%??gddc?i gﬁ eoCf macko
anBB6RS afdtith¥ StrastbXchvieyyelatoaship,"dodetibiotics (1985)3H: 1631-2,
As 9-di hydroerythromycin cannot form an enol ether, it
digchoses e reldtate alstity obedydronuyaimty, Srdihy drearythyeaicim/, and other
for_ notilide activity. Erythronycin A/is cyrrentl 9
magselidesso StEREIatp BV FATragtioB IR PRSI A IOgh Jdhis 482y O-
.Aantibacterial.agtivity rai 9 :
dieroP P ogFirT Aot ek P s S A S drythromycin at a dose

ik P AGIOYd; b BhrlofyRlr® BarsWErrain s betielrit is clear that
Ofggl%}\;/?gyggtgh%ﬂ?lgggér{%ysi m ["ar concer nlé with its use as a
enﬁbétihbi* femativrnismag essehtiat farimotilide activitt. Buytthromycindyis

ave been prepared_as _notilides, .including, EM52 . . .
cueentlyoged ta tresf matiliy disgdersspvenshagh 1(:8@1%1%&?1‘1&31 activity raises

B TR S AN T —
aldy &%@@%b%?%ieﬁ’agﬁéi  BeréEResipilanboderhs$with its use as a motilide.

I ncor por at e erein by reference. -4 WO 2004/019879
PCT/ US2003/ 026991 010069. 02 N, R

A number of erythromycin enol ether analogs have been prepared as
motilides, including EM-523 (4); EM-574 (5); LY267,108 (6); GM-611 (7); and ABT-229
(8) whose structures are shown below. See U.S. Patent Nos. 5,578,579; 5,658,888;
5,922,849; 6,077,943; and 6,084,079; each of which is incorporated herein by reference.



HO,, NN HO, ~HO,, ,,OOOHOO HOOO OO0OHO'O
O OOHOWw SOH Ov (4) R=ethyl (5) R = isopropyl
w@ gp487+o, , , ", O-~., , ,0 0 4'C ,,, HO,, POEOSHN026991
oPdsed2 O 0 OH Owe IOVE (7) (8) Oher notilides of
i nterest include | actamenol ethers and | actam5
epoxi de derivatives. See U S. Patent Nos. 5,712, 253;
5,523,401; 5,523,418; 5,538,961; and 5,554, 605; each
of which is incorporated herein by reference. Despite
t he high pot enWRof the erythromycin enol ethers as
notili thg r metabolic instability has hingered

D in the clinic. Further, 58P unds
8 show notilin receptor gdesensitiz | on
WP-b&Sed | o and nuscl eOBt YD GORL r aghi ity

Thi s desensitization % "Yecr€ase in
n_multiple dosing of t} i de. Th_ere
d for new notil iH§e %js Baw ng
“OH 5
OMe .. OH
OMe
(4) R = ethyl
(5) R =isopropyl (6)

L

\\\O/é\

and

@) @

Other motilides of interest include lactam enol ethers and lactam
epoxide derivatives. See U.S. Patent Nos. 5,712,253; 5,523,401; 5,523,418; 5,538,961;

and 5,554,605; each of which is incorporated herein by reference.

Despite the high potency of the erythromycin enol ethers as motilides,
their metabolic instability has hindered their development in the clinic. Further,
compounds such as 7 and 8 show motilin receptor desensitization in both cell-based
and muscle strip contractility assays. This desensitization may portend a decrease in

efficacy upon multiple dosing of the motilide.

There thus exists a need for new motilide compounds having

decreased antibacterial activity, increased metabolic stability, and decreased

-5-
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decreased anti bacterial activity, increased netabolic

stability, and decreased -5 WD 2004/019879
weEROMANBRM3/ 026991 010069. 02 receptor desensi PCHES10031026991

The present invention provides anal ogs of 9-
01086%h94dr oer yt hromyci n that neet this need. DI SCLOSURE OF

THE | NVENTI ON One aspect of the present invention

provi des conpounds having the 5 fornmula (1): OH R4

OI: 0 R3 L\IR2 IIRl‘ O OHOO(lI) '""OW OOHand the

r.npceut.j.cal . dru

recPpirsRER Lo PF BRAEH FvERLGH prbTRS fnaldRs opoodr uo
ity hidth6dn PatGhledthiyheedsubst i tuted or

nsubstituted C2-Cl10 al kenyl, substituted or

unsubstituted C2-C o al kynyl , substituted or |o

unsubst i t ut ed arDISC@SUﬁéQF{DHEdWrENMQ%St i tuted

het erocyclo; R2 is H, substituted or unsubstituted

Cl- C5 al Kyle,asputtsdfitherpeesent inwesitivatprovides compoginds having the

al kenill , Substituted or unsubstituted C2-C5 al kynyl,
formaidet()t ut ed or unsubstituted aryl, or substituted or

unsubstituted heterocyclo; R3is Hor OH and R4 is H

or OH or R3 and R4 en together formO C(=0) -0,

with the proviso en (a) RL is ethyl and (b) R3

is OH 15 or R3 ard R4 tlaken together form O (=0 -0,

then R2 is not H, 1, In a secgAd aspect, there

is provided a ne‘!i\ od f,or .t/rﬁwi sord of

gastric motilitR inQa fati@ 'ngthzlpefrom
conpri sing adm ni i got 0 émg patient a

th_erapeut"ically effecfive dose of a conposition of
this invention. . %OH

and the pharmaceutically acceptable salts, esters, and prodrug forms thereof,

wherein R! is substituted or unsubstituted C1-Cyo alkyl, substituted or unsubstituted
Ca2-Cyo alkenyl, substituted or unsubstituted C2-Cio alkynyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heterocyclo; R?is H, substituted
or unsubstituted C1-Cs alkyl, substituted or unsubstituted Co-Cs alkenyl, substituted
or unsubstituted Co-Cs alkynyl, substituted or unsubstituted aryl, or substituted or
unsubstituted heterocyclo; R3 is H or OH; and R4 is H or OH, or R® and R4 taken
together form O-C(=0)-O, with the proviso that when (a) Rt is ethyl and (b) R3 is OH
or R3 and R taken together form O-C(=0)-O, then R? is not H or methyl.

In a second aspect, there is provided a method for treating a disorder
of gastric motility in a patient suffering therefrom, comprising administering to the

patient a therapeutically effective dose of a composition of this invention.

In a third aspect, there is provided a pharmaceutical composition
]

comprising a compound of this invention and a pharmaceutically acceptable carrier.
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In a third aspect, there is provided a pharmaceutica
conposition 20 conprising a conpound of this invention
wapa4ai1gshar naceuti cal ly acceptable carrier. -BCENIS2003/026991

2004/ 019879 PCT/ US2003/ 026991 010069.02 In a fourth
0106p82t , conpounds (1) of this invention are used for
the preparation of a nedicanent for treating a
gastric notility disorder in a subject. In a fifth
aspect, this invention provides a reconbi nant host

ol R ARRANERN 1 O I BB ok

pr@;ﬁirﬁki%hid?% YRR BRNE% oI enstilepdlishieley ach subject.
that are used to engineer them The

11-deoxyerythronycins are useful as internediates_ for
the syntihedifth adpechihisinventidn provddesy seronabinamhbost cell that

reconbi nant host cell, has an er ene engi neer.ed.b .
prpaprercngrxyor e S B REIRY Ry § ey ), dong with
t her eaf i t.h casset I r
e e st SRS B R AUl Aed LR RARRS that are used to
enlS Bl AT 53 ﬁ%xge];%}éﬁr&fnﬁéﬁﬁb Rraefgal as ésnediates for the
nventi on provi des t hod” of maki ng
syhihedoofionypduratydithis, incentpon. sThe rengmbinanghesyehll has an eryAl
reconbi nant host cell. MODES FOR CARRYI NG, OUT T hereof
genRwRRmeeredbY replasanentofchg keforednease demajp i gqgtile 2 thereo

' b ly t h .t )
oSSR P 8 g RE BB B, and
| ¢pgH le§ @- method of
L R T

mAkingt M-déaienght rerysips cidrmprisimgndvdiurfg siwhizorecamirigantrhost cell.
the chain or, where the nunber of carbon atons is not

i&:ﬁéfniyf-z’ Hab SE&ZQLE&%FW%%‘ERE@ gERmSN
' ' bon- b
Dafinifiannond and the speci 1 ed nanber of carbon at o

in the chain or, where the nunber of carbgn atons is
not speciThedefinifions obthectarms GearvprloMARINY te k¢ fprms as they are

used throughout this specification and the appended claims, unless the context

clearly indicates otherwise.

“ Alkyl” means a straight or branched chain hydrocarbon moiety
having the specified number of carbon atoms in the chain or, where the number of

carbon atoms is not specified, up to 5 carbon atoms in the chain.

“ Alkenyl” means a straight or branched chain hydrocarbon moiety
having at least one carbon-carbon double bond and the specified number of carbon
atoms in the chain or, where the number of carbon atoms is not specified, up to 5

carbon atoms in the chain.

“ Alkynyl” means a straight or branched chain hydrocarbon moiety

having at least one carbon-carbon triple bond and the specified number of carbon

-7
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"Al kynyl" nmeans a straight or branched chain
hydr ocarbon noiety 25 having at |east one
w@ a00bomwscar bon triple bond and the specified neemEs200$/026991
(Hgﬁ%ﬁgp -7 WD 2004/019879 PCT/ US2003/ 026991 010069. 02
in the chain or, where the nunber of carbon
atons is not specified, up to 5 carbon atons in the
chain. "Alkylaryl," "arylal kyl," "heterocycl oal kyl , "
"al kyl heteroaryl,"” "al kyl heterocycle" and the |ike
atBRAIn#He fhiin or M EEOAMChEbePbf HEbEA BRI isHRWPecifiddSup to 5
t he case nay(%e, bonded directly to an al kyl nviety,
ca@bon atdmsrythe dagnet hyl , and the like. "Aryl" nmeans a
nmonocyclic or bicyclic aromatic hydrocarbon ring

system having 6 to 12 carbon atons in %gg,yi .
portion, ‘shiylarsl phamjrlkyhaphsiprocysinalkgi p eteroaryl,
« pietjes ach ich is optipnally subst]j
TRy St e e o SN R e roup,
' ' i lab fn bW, ,Oﬁﬁéﬂ@gyl, d th
thrg%%@{s}sdytﬁe/er’n&%?ée? g?gaegﬁ t%%%;éla%ﬁ%ﬁ%pﬁ o3r iﬁgs and ancthe
lik& 7 carbons per ring which may be further fused with

an unsaturated C3-C7 carbocyclic ring. Exenplary
cycl oal kyl ring systens include_cycl opropyl

4

., .
cycl obut yl ATy erespe armppnocysyis o hisyglic argmptp Bpdyecarbon ring

cycl goctyl .. cycl odecyl . cycl.ododecyl .. a . ‘
Bl IBF 15 1 LR R M omEAR LRI RER koA RIS TRRRY, maptyt, and
biph@HY S10fHes! QR-WME whichied %ﬁwﬂifgubs'ﬁﬁ%ﬁra@ ©¥e lor fmoreQPositions.
heterocycl 0" neans an optional I'y substituted, fully
saturated or unsaturated, aromatic or nonaromatic ring
system f&Cycleathylyl meamsha hptisnally sulostitutedbatueated cyclic
nmonocyclic, 7 to 11 ne red bicyclic, or 10 5
hygiagatban Hpg syseme PWfﬁglﬁx spRiyningillg &Fé%gsa%mﬁ 35%} cgrons per
.hetercatomin.a c i ni-NQ:
ritg g OR PO e 3 S ALREPLER T T (AR R ine.
' iv$ ridbWysteRRCiciddieyRiogropyh ey ebBane) éyel 1,
E}gélgg%rg)g%lglmrﬁyza ?wﬁgi er oatC om mg? Oﬁhrag}e’ 1? 2 O?SQS yelopenty

cyubdlexydtayubheptyd ctyetbdatylpcylodeanhtyslodaderyl, ahd aNaeatyl.
S optionally may be oxidized and the N optionally nmay

be quat erpni zed. . i . Lo
a 2 Halogen” or “halo” means fluorine, chlorine, bromine and iodine.

n 4

“Heterocycle", “heterocyclic,” or “heterocyclo” means an optionally
substituted, fully saturated or unsaturated, aromatic or nonaromatic ring system, for
example, which is a 4 to 7 membered monocyclic, 7 to 11 membered bicyclic, or 10 to
15 membered tricyclic ring system, which has at least one heteroatom in at least one
carbon atom-containing ring. “Heteroaryl” means a heterocycle in which the ring
system is aryl. Each ring of the heterocyclic group containing a heteroatom may
have 1, 2 or 3 heteroatoms selected from N, O and S, where the N and S optionally
may be oxidized and the N optionally may be quaternized.
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-8 WD 2004/019879 PCT/ US2003/ 026991 010069. 02
Exenpl ary nonocyclic heterocyclic ring systens include

w@ooroldsdd nyl , pyrrolyl, indolyl, pyrazolyl, BPXEUS2993/026991

olinyl, imdazolyl, imdazolinyl,
oo

ol i dinyl, oxazolyl, oxazolidinyl, isoxazolinyl,
i soxazol yl, thizaolyl, thiadiazolyl, thiazolidinyl,
i sot hi azol yl, isothiazolidinyl, furyl,

tetrahydrofuryl, 5 thienyl, oxadiazolyl, piperidinyl,

pi per azi ”Eiemgl‘a%%rﬁﬁyé‘lﬁ RdterocdcBX SR REtethMclude pyrrolidinyl,
oxopyrrolidinyl,” 2-oxazepi nyl, azepinyl,

pyerplypenddbiypyrapylyl,dixeydnyl Noyraselpyylj tyddazolylr iazidayolinyl,
Cpyrimdinyl, pyridazinyl, tetrahydropyranyl, .
imideralidiaybioreeplyt spproldingl dsgxpapbnylh eyazelyl, thisapbite,

not.phol i nyl , thi onorphol | nyl hi. onoy. li nyl
e Rty dtoepal T ShBR T e s PR ETRERRE B esnby drfosyl
. 2 0= b1l =6l i ef i . ) T _
ORISRy PRIl S L W erering) Fpoptpegidiny] 2
oxdpyazslidihyl, anskab8ginlyl keepiriyl of-pipeeitldiel eryaidialyt Nposugsyridyl,
include pyridinyl, pyrazinyl, pyrimdinyl, pyrroyl,
Pyspzingd) Wr,mwhmﬁm azinydi f@mhydromanb{ yetrahydrothiopyranyl,
i soxazolyl, thiadiazolyl, di,azaol yl thi enyl. .
teE A AP QR LSO e: SgBRaY fhoghRhe Y Higmorpholiny]
X ' : lne " b ar.g .
s PRSEIERAL SR PSRRI B e BB M SRS ctveny
diemeityl, isothibadidiayt, ikiepatyd nthieamdotticioyl, and atidzolyl, and the like.
thereof or has per se activity simlar to that of the

Pyedersed heterpaisinigraspstinpludlegyiradinyy pyuasdnyh pyvigeidinyl, pyrroyl,
ithoyt, limtati ; h derived f P )

pYizp il cmitreoiy RRzell el ety thiadipaglyly eradiazolyl
. peaply Tace € J oXyme

e fPrrRrt, bittoly) iRty BhdEROLKe, PVl D8l KERO ©

noi ety preferably has no nore than 20 si x carbon

atons. || 1RisdrieiceirgcaBt aocepiabid exder”froearet asestacttanhgdrolyzes in
propionates, butyrates, acrylates, citrates,
vige (for irgterce inthe bumarshedy)tatrseducethe prayenteemaapuyd or a salt

thaegé:csf%jﬁb Iﬁﬁ’e é%e}tcgig%{asbtp}}ﬁns i a¥ gﬂt{% _<O)E ’gflﬁ §a§g$§86‘r%p8&h& S%%lagle ester
! HERIAP dif Al futicall t
SRR b SEREPERP sl o oot sl el
alipbdtitgadbsollidtdcads, partidularly alkamoitg alliehbicacgdbalkanoiceind
a pharmaceutically acceptable acid such as hydro-
alkanedioic acids, in which each alkyl or alkenyl moiety preferably has no more than
six carbon atoms. lllustrative esters include formates, acetates, propionates,

butyrates, acrylates, citrates, succinates, and ethylsuccinates.

“Pharmaceutically acceptable salt” means a salt of a compound suit-
able for pharmaceutical formulation. Suitable pharmaceutically acceptable salts
include acid addition salts which may, for example, be formed by mixing a solution
of a compound with a solution of a pharmaceutically acceptable acid such as hydro-
chloric acid, hydrobromic acid, sulfuric acid, fumaric acid, maleic acid, succinic acid,

benzoic acid, acetic acid, citric acid, tartaric acid, phosphoric acid, carbonic acid, or

-9-
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chloric acid, hydrobromc acid, sulfuric acid, fumaric
acid, maleic acid, succinic acid, benzoic acid,
wa@e®iioosaci d, citric acid, tartaric acid, phosptiDUSI03/026991
acid, carbonic acid, or -9 W 2004/019879
01086994)52003/ 026991 010069. 02 the |ike. Where a
conpound carries one or nore acidic noieties,
pharmaceutically acceptable salts nmay be fornmed by
treatnment of a solution of the conpound with a
| Uty ' AOhR e dceuticall
gk e R e Y S Eh Y
acRpHUI bales mi§edalnet dynpedtuteny pfe salution of theicompramisbwith a
5"nate, sodi um carbonate, potassium carbonate, . )
solationrif a, plerknacenticdly, acseptaite baseesuchgedithigmdiysirgxide, sodium

characterized as peipng substituted (.as in."sulstituted ,
hydrqgifle pafasipms tcagxidac Eﬁffgﬂatlkyle%my{(ﬂuga bxdgmﬁgy lﬁhylm carbo-
ave.one or nore | d i ;
“ager S F?/rrbg Hg{et’ Bofa%?/‘%?ﬁ g%ﬂ}lﬁ) & ﬁllrrlg?ltéﬁbr efer agfeg'eéoitn%e fike.
or two in nunber. It is understood that substituents

and substifdteia0fronptis ehamctazetas/beirgphdstitdicdy(as ire” aifbstituted
ordinary skill in the art to provide conmpounds that

allaylg substifuted bikengl,Alote), anch grautp wal hsyespefranprmdgpendently
t echni ques known jn _the art .as . .well .as the haods

sclogedrRAPE RSB PREeERIRBREo S SR rHaied, SURE PESERIE one of two

._incl.ude al I ;

in o B e O TR P PP can be

sele¥edaR) e of Selinaailei a6 e Qoxy pravidarogipounds that are chemically
al kandyl oxy, ami no, al kE/I am no quarternary_ammo

15
sterbilelamd dinat day bersymbhe o tachhigvies dknowat bt beet aawieHgs the
di al kyl am no, al kanoyl - amino, .thiq, .alkylthio
medres B IpFIT oI SRETBISR T GTRPBIe THsh et iagde alighgikenyl
car hox ar I . eveloalkvl-
UGN SRS SRS Rs o, R BHctaft PG, A, gycloally
oxﬁf Mlat%i‘doycﬁib@tyﬁ Bﬁahb%ﬂ? alldaﬁho?ﬂﬂdgt h@find, @lkylastns pearttiredy ammo-
erein. "The “substituent nmay be further substituted,
nifir, aealkpiakeinopyy chadloylamyidooxsteragy kiphminp kdirlkylaming, pikanoyl-
substituted aryl, substituted al kyl, . substjtuted
araig) 1, AIEARION &7 LRIy it Beter ey Aot direiclos PUES 3 ABP ccarboxy,
are s i ficallyqingi . led 0.
cofandliibh i ety ARGGHEChE Bl o>, AR Rkl logffony,
sl haHliAdo, AYloxyShRd eRé EREBH:diEon Bethvdedpwdifibil hetdin. The
scope of thé invention, as pure conpounds as
substituent may be further substituted, for example, by halo, hydroxy, alkyl, alkoxy;

aryl, substituted aryl, substituted alkyl, substituted aralkyl, and the like.

Unless particular stereoisomers are specifically indicated (e.g., by a
bolded or dashed bond at a relevant stereocenter in a structural formula), all
stereoisomers are included within the scope of the invention, as pure compounds as
well as mixtures thereof. Unless otherwise indicated, individual enantiomers,
diastereomers, geometrical isomers, and combinations and mixtures thereof are all
encompassed by the present invention. Polymorphic crystalline forms and solvates

are also encompassed within the scope of this invention.
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well as m xtures thereof. Unless otherw se indicated,
i ndi vi dual enantioners, 25 di astereoners, geonetrical
w0 s@am19879 and conbi nati ons and m xtures ther ecPCHUS2083/026991
of® assed by the present invention. Polynorphic
crystalline forms and solvates are also enconpassed
wWithin the scope of this invention. -10 WO 2004/ 019879
PCT/ US2003/ 026991 010069. 02 The present invention
includes within its scope prodrugs of the conpounds

of this i st inSeation indidgswithén its sespepaldrugs of the
functional derivatives of the conpounds that are

carepoinhds efhissinyviehtieni fugh poodhmge ar¢én gengral Bthctional derivatives of

conmpound. . Thus, in_the neth . of, treatpnent of
&ﬁw@mﬂur}dmm @r@ﬁea@ﬁﬁé CORYGHIDIE Ty ATED ﬂgre%ugqﬁiaqqmpound

t “
E SRRl SRR S Pt Ry i cgministering’
smm éﬂcb 56 HEPQUAGh MY F Theyrifed dierade ‘Hefsd:ﬁl?éd %lth the com-
di scl osed, but which converts to the specified

powng epumlfmaﬂ]ly\dmdoaéd er wathn cormpoand oviluchanmy aub])eespecnﬁtally
need t hereof. Conventional procedures for th
diselosed. bt velhigh gpayRtitnto 'Theéﬂi’e@fleélfpﬁ&l!ﬂ@%%% gfter administration

deri,vati.ves descri bed or _exanpl e
togaysybyect iy age& Eﬁeﬂ:&gé ¢<anvegglo Lp H@l}‘eg ff§ g]ég)geﬁegaon and prepara-
16 BPSBebTe BRSUAR! dasieatlve wa&@%w&t aBPIBAHDSign o

havi ng. theé forllni'gta (1) arse provi ded’ V\heé(reln R1 |s1
Psudhvaps, tButretdaard, wak,His¢vien1685.C - Ci o al kyl, substituted

or unsubstituted C2-Cl0 al kenyl, substituted or

unsubstj t ut ed -C10 al kynyl, substituted or 15
Qewmiwd@s%gécﬁ, or substituted or unsubsti t ut ed

heterocyclo; R2 is H, ethyl, prog |sopropyl

2-butyl ; Inamesemib@dlmt epmprunds haying the, oanuhs(l)aam provided

WA SR o RN R M MBI o Bt
Ch- @;9 1Rek 12%5@%@@911&%@&%5@ 51 glkg)rirlgf? sdPatinkd ok N

ano er e I ment of the 1 nvention, ounds havi ng

uﬁsiibsﬁhﬁed%@y]( by sﬁbmmtewdnd@ldsuhsﬁﬂﬁjed HeterosydujiR? istHitethyl,
unsubstituted C1-C5 alkyl; R2 is H _ substituted or
pupsTsepopybd Sibwiy s H o8 PEEand R big Bor OF, or R and Ré taken

togeaye?'%ll‘n% lﬁ-&(z=8§-(§,:5 wﬁL l%ﬁe ¥r6v1so that when R1 is ethyl and R? is OH or R3
and R4 taken together form O-C(=0)-O then R? is not H or methyl.

In another embodiment of the invention, compounds having formula
(1) are provided wherein R? is substituted or unsubstituted Ci-Cs alkyl; R? is H,
substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted Co-Cs alkenyl,
or substituted or unsubstituted Co>-Cs alkynyl; R3 is H or OH; and R*is H or OH, or
R3 and R4 taken together form O-C(=0)-O, with the proviso that when (a) R is ethyl
and (b) R? is OH or R3 and R? taken together form O-C(=0)-O, then R2 is not H or
methyl.
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or substituted or unsubstituted C2-C5 al kynyl; R3is H

or OH and R4 is Hor OH, or R3 and R4 taken together
WO e00a0O8G(=0) - O, with the proviso that when (aCRIUS1083/026991
ethyl and (b) R3is OHor R3 and R4 taken together
010969-%30C(:O)-O, then R2 is not Hor 25 nmethyl. -11 WO

2004/ 019879 PCT/ US2003/ 026991 010069. 02 I n anot her

enbodi ment of the invention, conmpounds having fornula

(1) are provided wherein RL is ethyl; R2 is

substitute ' A j rmula

or unsubfsr% %%gié‘@ g?hgﬁ?#%%%tg}%éibﬂpﬁ(% gira Mﬂ§

(1) uf@ghﬁﬁaédi Watkr&2 185is eBhHyRYis suBBtitusedion unSihstantkd®,-Cs alkyl,
Hor OH or R3 and R4 taken together form5 O C(=0 -0Q
substitatedt dreunsriistitited f-Cf alkemyl ayewhstithtedcamprubgdtuted C2-Cs

L L
O_gg:@je and R4 is Hor OH or R3 and R4 taken together
- .

C(=0 -0 In another enbodi ment of the
i nvention, conpounds having formula 10 (1) are

provi dediyhge@ier eRlbddimenbst iheiheenttd)YompRurids Hdving formula
substituted or unsubstituted CI1-C5 alkyl, substituted

(I) are prsuiied wthereth Ris@hyll Reinathyloprepsisoprensd, @r2-butyl; R® is H
unsubstituted C2-C5 al kynyl; R3 is H or OH d IS

o (Phiran- R By ey GHAoRE® FRAGH kot FoRm QLT 0
I n anot her enbodi nent of the invention, conpounds

havi ng f Elil/ E}{Bﬁier eﬂ.agddlﬁ\ﬁ?\[ S&Q{eﬁiﬁbgﬁﬂoﬁ%ﬁﬁ%dﬁr@s Ha‘izing formula

fl uoroet or azi doet Is H substituted or

(1) RS PRSVitbA belterblr Rbisaulbytitutedi betyil i RA 8@ atubstituted or unsubstituted
unsubstituted C2-C5 al kenyl, or substituted or

Cie@salkigt, stibsten tecbocBnsuhsyityied GaCs allenyl, costbsiiutedon s
Hor OH or R3 and faken _together for =0) -
DRI ST RNES S CROTAIBHIYS b1 B dohBoAnd R taken
havi ng._f o} g~y (1) are provided wherein RL is
tog%glg{l rﬂr%gc}atta(a%/%)o R2 is H ethyl, propyl, isopropyl,
or 2-butyl; R3is Hor OH and R4 is Hor OH or R3
and R4 t gkenoctiegeainhiesdib@minof the invention, compounds having formula

(I) are provided wherein R! is fluoroethyl or azidoethyl; R?is H, substituted or
unsubstituted Ci-Cs alkyl, substituted or unsubstituted C>-Cs alkenyl, or substituted
or unsubstituted Co-Cs alkynyl; R?® is H or OH; and R*is H or OH, or R® and R4 taken
together form O-C(=0)-O.

In another embodiment of the invention, compounds having formula
(I) are provided wherein R? is substituted ethyl; R? is H, ethyl, propyl, isopropyl, or
2-butyl; R? is H or OH; and R#is H or OH, or R3 and R4 taken together form
O-C(=0)-O.

In another embodiment of the invention, compounds having formula

(I) are provided wherein Rl is fluoroethyl or azidoethyl; R? is H, ethyl, propyl,

-12-
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O C(=0-0. In another enbodi nent of the invention,
conpounds having formula (1) are provided wherein Rl
w0 go0ftbousroet hyl or azidoethyl; R2 is H, ethyl, P(pr/Umpbs/026991
_12 WD 2004/ 019879 PCT/ US2003/ 026991 010069. 02
01P8%%0pyl, or 2-butyl; R3is Hor OH and R4 is H or
OH or R3 and R4 taken together form O C(=0-0O In
anot her enbodi nent of the invention, conpounds having
formula (1) are provided wherein RL is propyl; R2 is

@ oﬁyp%tr'Zt %ﬁt‘grg s 31“@'{3; lahytreds g—op@ﬁ? A E¥Ind Ré taken together

'tute I unsu stltutedCZCSa enyl or
foﬁﬁb:s.tﬂ'(t:@)@, or unsubstituted C2-C5 al kynyl R3is H
or OH and R4 is Hor OH or R3 and R4 t aken t oget her
form O C(=0-O In another enbodinent of the
i nventi odn mﬂmmlso@mmh gf the waﬂom 90%]9@11%19()13@‘6@8 formula

SR LS o LR e
alQ{r] %be 1 e’f# ﬁ%@éuﬁﬁgﬁ LAk aS], BPMBs@hgfea@r AsubBtituted

e |nvent|on COﬁpOUﬂdS aV|ng

c{ Qk anklly@yl ;®)is BT 6r @H\ahdqu ivEoLOMH, R Réand Rytakehubgéther form
benz but - 3- en- yI phenyl, or 4- hydroxyphenyl; R2
O+@(—IED)-@ubst|tut ed or unsubstituted Cl-C5 al kyl,
substituted or wunsubstituted CZ C5 al kenyl , or

substituted or, unsupst.itu Ikyn '
or OH. ar@Fpthe gbpdipent § ? mé’l’?& ‘f%ﬂg(ﬁﬁ?‘# B ﬁné‘rformula
1 AR 1, o 2-butyl; R3

(II e rjftglo @ﬁaq%:’%‘%é% Bkds avi ng@;{g?{jnul ?ﬁpﬁé:‘igogroop % ol
1s\M1 ef OHY dRH R&isVH vy IQHboit B andBé zallen togethdr éormi OHC(= O) -O.

phenyl, or 4- hydr oxyphenyl R2 is H ethyl, pr opyl

|sopropyl or 2-but R3is Hor O4 and R4 |

OH or RInanpther ¢m K@@lmﬁm@{fﬁ]@? IVSIHOD: eymPpURSlS b@"lﬂg formula

t her | ment, 19f _the.inventio |
O R PR B o U B B IR PO LB AR py
b 1€ ’ t Riited
RSy PR R BT STe f 'ﬁsﬁgﬁiﬁﬂ%ﬁ"ﬁ‘%%@‘éﬁsi‘?‘%ét e
uhgubstitited Co-Cs alkenyl or substituted or unsubstituted C-Cs alkynyl; R3is H

or OH; and R¢ is H or OH, or R3 and R* taken together form O-C(=0)-O.

In another embodiment of the invention, compounds having formula
(I) are provided wherein R is vinyl, butyl, benzyl, but-3-en-1-yl, phenyl, or 4-
hydroxyphenyl; R2 is H, ethyl, propyl, isopropyl, or 2-butyl; R® is H or OH; and R* is
H or OH, or R3 and R¢ taken together form O-C(=0)-O.

In another embodiment of the invention, having formula () are
provided, wherein R and R# are independently H or OH; R is selected from the
group consisting of ethyl, 2-fluoroethyl, and 1-propyl; and R2 is selected from the
group consisting of methyl, ethyl, isopropyl, and 2-butyl; with the proviso that

" whenR!is ethyl and R3 is OH, then R? is not methyl.

-13 -
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group consisting of nethyl, ethyl, isopropyl, and

2-butyl; wth the proviso that when Rl is ethyl and
WOR0mS1BH, then R2 is not nmethyl. -13 WO 2004/ BAOBFD03/026991

PCT/ US2003/ 026991 010069. 02 I n anot her enbodi nent, Rl
0100899%pst i t uted or unsubstituted Cs-C5 al kyl

(preferably ethyl); R2 is H nethyl, ethyl, propyl,

i sopropyl, or 2-butyl; R3is H and R4 is Hor ORIn

anot her enbodi nent of the invention, there is provided

conmpound i G : alkvl

G Gyepo RS RhoqiieRl I BRIt B i B B (S oty
(pfefer@bGHetht); Qi ﬁlétl%’, éﬁ'lyl,gzi'oﬂyll, iSop@opidl, Br O-LHOROIH; and

""OOWw O'"oaw O H OHHO OHHO OH OH OH
R‘gHOorO-O HOON3 O'''" "OHOOOOO® OO Ow '

In another embodiment of the invention, there is provided compounds

having the structures:

OMe

OMe

-14 -



OOH OO 10 -14 WO 2004/ 019879 PCT/ US2003/ 026991
010069.02 CH OH and NJI, \r' O"''" "p HOOO "0 We
W@2O0M801 her aspect of the present invention PCDUSIHEX026991
nmet hods for the preparation of the conpounds of
0100€%Q2ul a (1). I n one enbodi nent, the conpounds 5 of
formula (I) are prepared fromthe correspondi ng
erythronmycins (lI1) as illustrated in Schenme 1. SCHEME
100H R4 3 OHNaBH4 4 RRECH12 RR NIBM R1' O
"OHOR OpHo OMOH OOW O'"'OVW OH OHp1
(re)y (1) gioHd R4 OH R4 OH

and

Another aspect of the present invention provides methods for the
preparation of the compounds of formula (D). In one embodiment, the compounds

of formula (I) are prepared from the corresponding erythromycins (1) as illustrated

in Scheme 1.

SCHEME 1

NaBH,4
“u, \N/ »
oHO7 557 -
OMe
OH
(1))
OH
4 OH
R / - _H RX
W 1y g -_—
R oHO7S i-PrNEty
o) O OMe
o OH

(v) M

-15-



R3 NHRRX R3B NRRI\, O,p HOOi-PrNEt2 RL' '

'"pPHOp 0O'OW 0O "OW OpHOO™ (IV) (1) -15 W
wWQOMO0B2B79 PCT/ US2003/ 026991 010069. 02 | n tCEUS2003/026991

enbodi nent, the erythronycin (11) is treated with
01086492im bor ohydri de in nethanol at provide the

(9S) -9-di hydroerythromycin, (l111). Conpound (II1) is

denet hyl at ed, for exanple using iodine and light in

buffered met hanol or using N iodosuccinimnide in

L e

m %Y Fgﬁ‘o%de%hé Igésa)m _dfhydRbefyRathycihy @I1). nE€onground (I1I) is
e} or sul at'e preferablytrlflate or tosylate,
demtlﬁ}l’latqd, &sxeemm 13 Lﬁﬂ@l@dlmmhd light in buffered methanol or using N-

ioc’f[\clzsilc\ll-ﬁg;lnfgrswgcfe; 1(r)1pa)¥g:eet h%h%%&ﬁyw e\(/flé)qgéaé%cﬁ Q&% n%q#}qg%on of compound
T R VT T
or gg%yg)r@@n%ﬁ %4 Qfﬁﬂl PA1SHE d748s Ele?e, gl th %h&hga;qf SQJase such

O i-PrN
as NYRI- ﬂllﬂlbr@ps&éthﬂhh)mé provides thetdompdumits sifobriula (I).

Alternatively, the sequence of the demethylation/alkylation steps and

the borohydride reduction step can be reversed, as shown in Scheme 1A:

SCHEME 1A

R2X

\ H ;

MO N

OMe

10 (V') (N
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R3 R2 NaBH4 R3 NR2 N RL. O-.0HO OR1L'"" 0 -10HO O O
'O0Ov 0""0 0OV OOCHOOHI10 (V) (1) -16 WO

wQeMAB2879 PCT/ US2003/ 026991 010069. 02 | n amoL/i82003/026991
enbodi ment of the invention, the erythronmycins (I1)

% n R3 and R4 taken together form O C(=0) -0 are
prepared as illustrated in Schenme 2. SCHEME 2 O O CH
HOOHOH OHN NRLI" O'CHOR1I" O""OHO O O"0 wWw O
OWw OOHOO (Il) (RB=R4 = OH) 5 Reaction of the
erythro [ el are bk
car bo-  myychenerthiihéhe o EChBhPHeR Ol il )

whafdif e dar4 thkén foteliiest)fosiini DIC{&D) @ aré prépaeed ps dhssteed in
of a base, for exanple potassium carbonate or

Schegwti Zret hyl ami no) pyri di ne, provides the 11, 12-cyclic
carbonate. The cyclic carbonates are then converted
into the final productsSGHEM® 2g to the net hod
illustrated in Schenme 1. 10 The erythromycins of

formulagll) are prepared as illustrated i pgySchene 3
and des ib\@d in U S Patents 6, 066, : 61,816;
and 6 710, each of which is incor ‘herei n
by HR, OH o) H
W "’/, \N/ —_— \M ’ ‘1 \N/
R “oHOZ S, R “oHOZ L]
OMe OMe
0 OH O OH

() (R® = R* = OH)
Reaction of the erythromycin (II) wherein R? and R# are both OH with a carbo-
nylating reagent, for example ethylene carbonate or 1,1-carbonyldiimidazole, in the
presence of a base, for example potassium carbonate or 4-(dimethylamino)pyridine,
provides the 11,12-cyclic carbonate. The cyclic carbonates are then converted into

the final products according to the method illustrated in Scheme 1.

The erythromycins of formula (II) are prepared as illustrated in
Scheme 3 and described in U.S. Patents 6,066,721; 6,261,816; and 6,395,710, each of

which is incorporated herein by reference.
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-17 WD 2004/ 019879 PCT/ US2003/ 026991 010069. 02 SCHEME
30 OHOPKSR3 RL YSNAC (M) RL' 0''OH (V) O'OH

wWO@2@4/00479 0 tailoring ~~,, R3 .,,~i N RL' ECT/US2003/026991

o(lr)y ""ow O™In brlef a di ketide
Oloﬁ%@ster of formula (V) is supplled to a pol yketide

synthase to produce a pol yketide of structure (VI).
The preparation of diketide thioesters is described
in WD 00/44717, which is incorporated herein by
reference. In the currenSCHEM¥E®ti on, the pol yketi de
synthase is a 6-deoxyerythronolide B synthase or an
8, 8a- deoxyol eandol i de synthase. -Sui t abl egexanpl es of
6- deoxyerythronolide B synthases are foufild in, for
exanple, S gC aropol yspora erythraea, ag de Cribed in

U. S. Paten , 824, 513, anlgl_gén M croppn RORE
megal om gea shgscri 01/ 272 4, of (i

St rept orryces \qx)ntl bi oticus, as describ U/‘sh Pat ent
6, 251, 636, |ncorporat ed herei n by referemce. These
pol yketi de synthases are nodified so as to

tailoring

In brief, a diketide thioester of formula (V) is supplied to a polyketide synthase to
produce a polyketide of structure (VI). The preparation of diketide thioesters is
described in WO 00/44717, which is incorporated herein by reference. In the current
invention, the polyketide synthase is a 6-deoxyerythronolide B synthase or an 8,8a-
deoxyoleandolide synthase. Suitable examples of 6-deoxyerythronolide B synthases
are found in, for example, Saccharopolyspora erythraea, as described in U.S. Patent
5,824,513, and in Micromonospora megalomicea, as described in WO 01 /27284, each of
which is incorporated herein by reference. An example of an 8,8a-deoxyoleandolide
synthase is found in Streptomyces antibioticus, as described in U.S. Patent 6,251,636,
incorporated herein by reference. These polyketide synthases are modified so as to
prevent the incorporation of their native starter units. Methods of mutating
polyketide synthases so as to prevent the incorporation of native starter units, for
example by inactivation of the module 1 ketosynthase, are described in U.S. Patent

6,066,721, which is incorporated herein by reference.
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prevent the incorporation of their native starter

units. Methods of nutating polyketide synthases so as
wo eoopoedsent the incorporation of native start ePCINE1083/026991

for exanple by inactivation of the nodule 1
010089-8%ynt hase, are described in U S. Patent 15

6, 066, 721, which is incorporated herein by reference.

-18 WD 2004/ 019879 PCT/ US2003/ 026991 010069. 02 Wil e

the di ketide thioester (V) may be supplied to a

Gascr i boa it DeticplifE URBLEELy ey BEIRPREATS a pel-free form of

th@ﬁlga@kaﬁdbxym{agé,%@%scﬂed 1 U8, Pabon 60806556, irpofpmdted herein
( to a culture of an organi smexpressing the

bymefererct, ftdb yherticdaveayinnhiasieed (Hptaon gakiignefamorganign expressing
acti nonycete, such as a St rept onyces or .

thGRUEREAIY it S Gt SRERTRABIPL D g BB ECHBRMEBIcoFuch a5 2
as, described in LS, P ' . .

ST o e e e Skl SRRl lor S, deperibed in

U.g.SPﬁéﬁ 066 P Pa®lid POT pRAsAAHA WO /B8863 @ iadtoractinomycete
escribed i'n WO 01/ 31035, each of which is

suthas Epdeatiad chitoebmchyomgtas cenauasioe Bh clesershdd im@/O 01/31035, each

pol yketide (VI) is optionally isplated fromthe, .
of yrhith isineetparatedsheraitigreterencs; Eﬁﬁr g ol wtide (VY is

o in Ex le 1 | o Usi ng..t he ' j . .
ortrells sy drgmabe SiltotR pRANE A fSL B dFbidesq e detailed
i nﬁﬂ@ e IERRL LRV dIPRetidd 1§y itBAssepOIgikekided teth R3 =
m;ﬁjﬁt asgqjeﬁgxs}' }J}eggn Hrr%tﬂét ed sd(}?g%hto@produc:pa
OHalrgebddeedavi ng R3 = H. Methods for producing

sui tabl e nmut ated pol yketi de synthases are descri bed,

6403, 7780 b RERE AL BN REP RO G Ay Ketile synthase
f Pol vket | 1) i , i
neisER e ST bR ol B RN RHE T e fo

plroﬁﬁt:irig's‘di{é@)fe ARSI Ak Xyrthdses askdldbdceibed] for example, in U.S.

mycarodse to the 3-OH, “addition of desosam ne to the
peefs 6,3 9 ayided, 468775, bGrhl 6f whivh aretihgdrgoraiad dereindy reference.
nycarose 3"-OH. OQther fornms of the erythronycin can be

prepared using.th Q appropr.i.ate subset of. tailorin .
enzynes. Rolyk \{li}s qqpé(egt‘egtlmq)wlafr%ﬁrcgn(ﬁﬁl (i[l) |t_hrou]- a series of

tallof: %rs§e%sbc¥lap &I&d&%ﬁa%ﬂﬂ!}\%d-e} dRf6dh O@Tﬂy?carose to the 3-OH,-
addition of desosamine to the 5-OH, hydroxylation at C-12, and methylation at the
mycarose 3”-OH. Other forms of the erythromycin can be prepared using the
appropriate subset of tailoring enzymes. For example, the erythromycin B (R* = H)

is prepared by omitting the hydroxylation at C-12.

This tailoring is most conveniently done by supplying polyketide (VI)
to a culture of an organism expressing all the necessary enzymes for the
transformations, for example a mutant of Saccharopolyspora erythraea comprising an
inactive polyketide synthase as described in U.S. Patent 6,395,710, incorporated

herein by reference. A method for this process is detailed in Example 2 below.
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This tailoring is nost conveniently done by supplying
pol yketide (VI) to a culture of an organi sm

wezpressing all the necessary enzynmes for the PCT/US2003/026991

transformations, for exanple a nutant of

010888 8%ar opol yspora erythraea conprising an 25 inactive
pol yketi de synthase as described in U S. Patent
6, 395, 710, incorporated herein by reference. A nethod
for this process is detailed in Exanple 2 below. -19

o 200 oRRE0 0 Hitilin recept
comoundgﬁgﬁgﬁﬁgﬁﬁ%ﬁ%r e% ORISE OLThE DL FECcepLor.
TabRCESHEWs the oo atuesifornactiveeidr(Sithe ahotdlsn i'@:ﬁeptor, as measured by

activation of the notilin receptor, as neasure

a cobdiwinsinflunfassay asdesgribed dn Sorrdsesietiah, Auak Smée@tﬁ"(ﬁ/ﬂ 146-151

Anal , Bi ochem 146- 151 i scl osure of
(2001, ¢he disclqsuie egwge%lsw%mr%g&@%%lp@c@ CIENGehl e 1

Motilin Receptor Activation Conmpound Ref. R R2 R3 R4

EC50 (M Erythromycin A1 CH3CH2 CHs OHOH 1.1 A 1

CH3CRZ CHs OH OH 2.5 B (CH3)2C]—|C]—|O49C
FCH2CH2 CH3 OH OH 5 cgz oH 2 E
4

FCH2CH2 CH( CH3) 2 ml\@iiﬂé‘ ce O’Cﬁéﬁl@?ﬁ’-& OH OH 8 6
R4

\>a]

wdih Vel com@iipot accor@ihg to thi@H nver®Hon

* : Lgalct eri al act [ ;/éIE{%/ (Tabl e a_lsvvas det e&_li ned &yl in

C?@@ﬁg%ﬁ CH( 2 OH OH 1.4 pgH CH3CH2 CR]Q FECso (kM)
CH 3.3 | CHsCH2 CH(CHB)}2 H H' 0161
E

B CH;CHa2 CH(CHa)2 OH OH
C FCH>CH> CHs OH OH
D FCH2CHo> CH2CHs OH OH
E FCH2CH> CH(CHs)2 OH OH
F CHsCHCH> CHs OH OH
G CHsCH2CH2 CH(CHa)2 OH OH
H CHsCH:CH2 C(CHs)CHCHs ~ OH OH
J CH3CH: CH(CHa)2 H H

1.1
25
0.49
5

2
0.52
8.6
14
3.3
0.16

1 Comparative compound not according to this invention

Antibacterial activity (Table 2) was determined by in vitro
susceptibility tests against Streptococcus pneumoniae ATCC 6301, a macrolide-

sensitive strain, using methods known in the microbiological art.
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susceptibility tests against Streptococcus pneunoni ae
ATCC 6301, a macrolide- 10 sensitive strain, using
woreiohods7known i n the m crobiol ogical art. -20P@NDUS2003/026991
2004/ 019879 PCT/ US2003/ 026991 010069.02 Table 2 In
01QA%¥08 M ni num I nhi bitory Concentrations Against ATCC -
6301 Conpound MC (g/nL) Erythronmycin A 0.03 A 0.3
F1 G>100 J >100 Conpounds were tested for notilin
receptor desensitization using the cell-based assay
descrfibed—Tm Carreras et al 1U 200270192709 A
(2002), "Methods for Eval ulé"%l? ﬁg Ther apeut.i c
Ef f i ¢aleywitroMinianuse lehibiterpEonsaTirmtions Againglon 3(£q6301
hereiln” 5 by reference. As shown in T, 3 ,below,
conpaunds sho H‘Hquﬁ%te or _no desensil?l?&z:gfl% fter
exposure tOEFyﬂ)ﬁ‘Oﬁi cM Anmount s of conpoun@) dxest ed.
Tabl ¢ 3 Motil1n Receptor Desensitization Activity
fol | gwi ng exposurfe to conpound Conpound &3% of
origilnal activity retained) 1 gM Corrpounci 10 gM
Conpound F 100 100 G 100 100 J 88 88 ~Anot her
aspe¢t of the pregsent invention provi degoret hods for

the yse 10 of cogﬁpounds havi ng formul a {I(i1 in the
treatinent of inpalred gastric notility>10

Compounds were tested for motilin receptor desensitization using the
cell-based assay described in Carreras et al., US 2002/0192709 A1 (2002), “Methods
for Evaluating Therapeutic Efficacy,” the disclosure of which is incorporated herein

5 by reference. Asshown in Table 3 below, compounds showed little or no

desensitization after exposure to 1 or 10 uM amounts of compound tested.

Table 3
Motilin Receptor Desensitization

Activity following exposure to compound
Compound (% of original activity retained)
1 pM Compound 10 pM Compound
F 100 100
G 100 100
J 88 88

Another aspect of the present invention provides methods for the use
10 of compounds having formula (I) in the treatment of impaired gastric motility. In
general, methods of using the compounds of the present invention comprise

administering to a subject in need thereof a therapeutically effective amount of a
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general , methods of using the conpounds of the present
i nvention conprise admnistering to a subject in need
wo b@seos7a t herapeutically effective anmount of PET/URMDOIN6991
2004/ 019879 PCT/ US2003/ 026991 010069. 02 conpound of
01Q0620%r esent invention. Illustrative exanples of
di sorders that may be treated with the inventive
compounds include but are not limted to
gastroparesi s, gastroesophageal reflux disease,
coR BRI thdBhbschl AALiOR! HisraRRSHARGEIRL bY BiskRdds Yhitimay be
i Feus, sclefoderma, |ntestinal pseudo-obstruction,
tred &l Withithe @@ Rive coamnsburidstihtiudedbutare noplitriited to gastroparesis,
(colonic inertia). The therapeutically effective )
gastmoesophagenl reflex diseass anaexia, igslldladdén stasiglqusteperative
conmpound or_, conpounds of this invention and may be .
paralfiinilens selgrederma, dfsptdpal pspudoy E‘Pﬁpls s gaﬁfrdﬁylﬁnemlsr and
doses. The,t otal J 5l se can be in anmounts, for
Ch%%&ﬁﬁﬂ@%ﬂﬁ“#&%ﬁ¥%§%ﬁ%ﬂ%8O1 to about 10 ng/ kg body
wei ght, or nore usually, from lo about 0.1 to about 2
g/ Kg bogyeWhb@peutiSIRgtEediveanioniasint bexpramied as a total daily
contain such amounts ‘or subnultiples thereof as to
dosakétheponpowiad by compeuntls ofthie inttentionrast magtbe administered to a

regi mens according. (o the present. inyention c rise
subiend I TREN Grin Ve dqaResC ThF FoRkEATEAOSTEH bF BxpaHpts, for
of fro ]
e"%’&\?l% 8?8‘?’?5? dhodPo 0¥ 6‘? gts’@?‘?fq Ay ib'oS%‘YE}&?l £y prmore usally, from
abBlit 01 lth aBbt 298LAg By wRidlal ISingle ddse du@positions may contain
conpound wi || be part ‘of a pharmaceutical conposition
such aproemds at submtittiplesthereef dsrfoangkesup theHaily doae.skicgeneral,
as solid, semsoljd, oqilsliquid,form n era

, | .the .
tregiReHBRCEITERA PG E B tr the Priipant R OB gFation to a

ol B ATl BT Pl s o

_ “pharnaceut Iy ptable carr
comyRiua@($)Yoftthe Y thveRgiondi@iayiis siflzla@imiiltipte dBses.

w'th an ‘organic or i1norgani’c cafrier or excipient

suitable for external, enteral, or parenteral )

appl i cat iTypicaltye thecinvestive gomgiound wilbepadehsqhrgamceutical

for exanple, wth the usual  non-toxi.G, .
COBKRASTHEIUR PieRaFgticR BUSOaY Be hany svlalg formshgh gs solid,

el le . S i .S arr i . i tai

B SRR PURBIEIASD 5 RBERS Bapton il ot
one or more of the compounds of the invention as an active ingredient and a
pharmaceutically acceptable carrier. Typically the active ingredient is in admixture
with an organic or inorganic carrier or excipient suitable for external, enteral, or
parenteral application. The active ingredient may be compounded, for example,
with the usual non-toxic, pharmaceutically acceptable carriers for tablets, pellets,
capsules, suppositories, pessaries, solutions, emulsions, suspensions, and any other
form suitable for use. Oral dosage forms may be prepared essentially as described
by Hondo et al., 1987, Transplantation Proceedings XIX, Supp. 6: 17-22, incorporated

herein by reference.
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formsuitable for use. Oral dosage fornms may be

prepared essentially as described 25 by Hondo et al.,
wa2®4/0198ranspl ant ati on Proceedi ngs Xl X, Supp. BCUUSDB3/026991

i ncorporated herein by reference. -22 W 2004/019879
010869:02/52003/ 026991 010069. 02 The carriers that can be

used include water, glucose, |actose, gum acaci a,

gelatin, mannitol, starch paste, nmagnhesi um

trisilicate, talc, cornstarch, keratin, colloidal

silica, tato. '
Ui t bl o s e 2GRl cort e iR ble (PRt Ak Gic lactose, gum
ac8@h, sblats€ FhasQikbldstabéh padie)irhh@teshahririsilitats el coinstarch,
auxiliary stabilizing, thickening, and coloring agents
kegatih, jpell bidud silivaypdtataisterth, uFey, and athercartines sitmblategaise in
of the invention may be ufilized.wth, hydr ropyl ...
mapufRGIUERE prepsEatianse it $oli fﬁe%sg]égﬁnwﬁa%f% i addition,
Pat ent . 4,916,.138, inco g [
By eitatigl PR PRI E Sesal g fisRtmes may be used.
FHERGPREdhé goﬁgguﬂats Sfthe iﬁ’l‘&@hﬁ@ﬁ&ﬁ%be{:\ﬁﬁliéé’@ wi@Phydroxypropyl

I ncor porate rein by reference. n sunmmary, the
meth§ietitldse wesdritiillyrrsaldsddbedrint UlS. Patadioul?i, 138, incorporated

met hods for making and net hods of, ﬁSi ng, the sa
henpindty reference ioievith pisysfectant gsseptiplly gg eﬁ?ﬁ‘f@@%@’@ﬁ@tm
f.ol | owi es. Exanpl.e 1 .Thi d ib
prifisefih Ny 68 B0 heomp PR b by OB o 15 B

(also referred to as 13-propyl-6-dEB or
15- met hy 15 GudRhry, 3Re pRisRhIREeAtiOn PF6Uided métildle compounds,
synthesis of certiain conpounds of this invention.
métHokde forempkingmod ntethods ef using theysarseywhidhede fagher illustrated
exanpl e the erythronolide with a fluoro group instead
buginog lingigachDy thag fllovaingieramplessosition is referred to
as 15-fluoro-6-dEB.) 0 OH 6
Exla%i I\ﬁtlhyl - 6-deoxyerythronolide B 1 0 '"CH 15 1
This example describes the making of 15-methyl-6-deoxyerythronolide
B (also referred to as 13-propyl-6-dEB or 15-methyl-6-dEB), an intermediate used in
the synthesis of certain compounds of this invention. (Other erythronolides are
analogously named; for example the erythronolide with a fluoro group instead of a

methyl group at the 15-position is referred to as 15-fluoro-6-dEB.)

15-Methyl-6-deoxyerythronolide B

A1 ml vial of the CH999/ pJR]2 (Streptomyces coelicolor that contains a

PKS in which the ketosynthase domain of module 1 has been inactivated by
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O "OH20 A1 nm vial of the CH999/pJRJ2 (Streptomyces

coelicolor that contains a PKS in which the
W(ke(m@@yﬂsvmase domai n of nodul e 1 has been i nackCWES®A3/026991

23 WD 2004/ 019879 PCT/ US2003/ 026991 010069. 02

01995?8% on) working cell bank is thawed and the contents

of the vial are added to 50 ni of Medium1l in a 250

nmL baffled flask. Medium 1 conprises 45 g/L

cornstarch; 10 g/L corn steep liquor; 10 g/L dried,

mlilt'& 81’1 %&E&% ¥ eRsked and the Bbhte B EBhe -{}liﬁl%re added to 50

on I's ed 5 by autoclaving for
mIUbBMeQﬁuﬂtl ih?é%o ﬁiIL paffletidlaski | i zation, 1 ni/ L of
sterile filtered 50 ng/m thiostrepton in 100% DVSO
and 1 nlL/L autoclaved 100% antifoamB sil
emul si on Medinm Bekmprisgs 45 gd &é@rmtﬁ%ﬁh 18 sddecomsisep liquor; 10

o/ 5 R LB IR 51 AR e
v
R TR S0 P 180 ik Bt i g il

filfbred/BO I thi tHiBitSeptoask 10§%IIDM$®hﬁd 1imLAR autoclaved 100%
i ncubat or/ shaker at 301C and 17525 RPM for 4810

anlifoarn B silieors @uigion (. T.Bakersaretraldledsprion o Usgocul ate a
10 L fermenter cont ai ni ng 5L of Medium1. The

T S P By P o B 0l
m?lll] tgf'c(rdshfakgy\{r{ ?ﬁtﬁu‘%&éﬂ%ﬁi%‘@: Qﬁ&‘lgﬁ RN ABL B hEYrs. The 50

Ion O solutton o tifoam B as

mNeafase isithen adeearpLErs CWalflléd®flhsk edrtaintag 600 grlovf Medium 1.
under these conditions for 245 hours. A 150

L
THie flaslniscincilsatpd ép anénlmﬂ;aten/eshakelzatr@ﬂ@é apd df75ﬂa5jRBM for 48+10
at 121C for_ 45 m nutes. er. the ro%ip@en od, th 51
haght Ehe 509 %Inwmreﬂé than E? thigocu FrogRiey confaining

15
o3 ST R 0 SECTER B8 o or 25
HIRSh Y R NaDHNaGAticH 80 bUGRPIR GRT ai flo8Ofatils2 LPM. Foam is
Saturation by agitation rate (500- 700 RPM), air flow
contiadled 19 Gie ddeion afid 560 dwdution pf dsdifoandbas negded. The

0.1-0.4 bar Foamis contrqlled by the addit
f.e(fm%l@@ pglmm]zs allowed to grow under these )c/ondltlons ?or i4+g hours

A 150 L fermenter is prepared by sterilizing 100 L of Medium 1 at
1210C for 45 minutes. After the growth period, the contents from thg 10 L fermenter
are aseptically added to a 150 L fermenter. The fermenter is controlled at 30°C, pH
6.5 by addition of 2.5 N H2504 and 2.5 N NaOH, dissolved oxygen 2 80% air
saturation by agitation rate (500-700 RPM), air flow rate (10-50 LPM), and/ or back
pressure control (0.1-0.4 bar). Foam is controlled by the addition of a 50% solution
of Antifoam B as needed.

At 3545 hours, after dissolved oxygen has reached a minimum and

COz content in fermenter offgas has reached a maximum, (¥)-(2R*, 35*)-2-methyl-3-
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of Antifoam B as needed. At 355 hours, after dissolved
oxygen has reached a m ninumand 25 CO2 content in
wo eromemser of f gas has reached a maxi num () - ( 2RET/US2003/026991
35*)-2-met hyl - 3- -24 WD 2004/ 019879 PCT/ US2003/ 026991
0149$908%9. 02 hydr oxyhexanoyl - N- pr opi onyl cyst eami ne
(propyl diketide) is added to a final concentration
of 4 g/L. Propyl diketide is prepared by dissolving in
nmet hyl sul foxide at a ratio of 2:3 (diketide to DVSO)

hy BP SRRy i il (BrébyTUkeiac) s ptidd to a final

5 AEBropoRaR&HAR islpyephrbd Bpdlisdotvihginendthylsulfoxide
Colé%%g%%%g@hem Zrmant ati o% g%oth ?s centrlgfuged Zt

at 32a860f 0:3i (dikeaitieAbDSOY uatl then Zltec sterilizedd@.2 |thenylon filter).
product is predomnantly in the supernatant;. _the
Productidr ofjbamuathyl-grdeexyesytionohidgdti(13apopy1-6-dEB) ceases on day 8

anagﬂ%geisl{q%%te{'}% ’ r?qgsl(t%ﬁ.t fﬁ%?egﬂf%%té@gﬁl hR0Ni8 cBRHEEIPS 20,500 g in
t e .
SRR 2SS S ol YA 1 prnatant

thPeénthithi£éd HRPfhase & distazdedt exceeded. The centrifuged
broth i S passed through the resin bed at a linear flow

rate of 30020 cm h. The pressure on the col l%rm %Qoul d 20
not exceehftarcenstifugption slidiphase edbctigadhperigimped ysing HP

cep R RGN 525 1 B8l S bl Wlime and e
: oG Bali LG 16 HROYAE resin is not
sonfpRaRhafie Pty 8 SARILAGL S R AOFNIED rsin o
excb@ddd. oTle @ntdif@édaetle bl passed throufhahe regin bed eit alinear flow rate
then anal yzed, and those contai ni ng product a}ie ) ..
of GOAb2Men/ho Thegpressuae pndbie coluson shewie petxaeed-bEPsiofhe resin is

h i qgi 15- hyl - 6-d ' h i f o
S 2SS A ST B SRR 20 oo motane,
oL PR By Sy, B080 gy anon

mblEieP a4 ST 300210 B/ BUBRRIE dlatibhiefractidrdsofilnCe are collected.
100% net hanol per 100 L original broth volune, mxing

Th®fradions avetthen analyzéd | anek thoge cahiing sirogueti e eamribined to yield
a ;i'oe ucitspo(c:)? Lgrgggrggé a>%g é/é oufstilg %rlg?r%a(]% ~I§lgﬁliyli]-6-dEB in the centrifuged
broth. The product pool is reduced to solids using rotary evaporation. Product
purity at this stage is 5-35%. Methanol-insoluble material is removed from the
product pool by suspending the solids in 3 L. 100% methanol per 100 L original broth

volume, mixing for 20 minutes, and filtering.

The final purification step is chromatography using HP20SS resin
(Mitsubishi). Column size is selected based on amount of product, so that the
loading capacity of 15 g 15-methyl-6-dEB per liter HP20SS resin is not exceeded.
The filtered methanol solution is diluted by adding an equal volume of water. The

50% methanol solution is passed through the resin bed at a linear flow rate of 30020
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(M tsubishi). Colum size is selected based on anount
of product, so that the |oading capacity of 15 g
wa 2eoame198y9 - 6- dEB per |iter HP20SS resin i s notPCT/US2003/026991
exceeded. 25 The filtered nmethanol solution is diluted
°1Qﬂ§9?981di ng an equal volune of water. The 50% nethanol
solution is passed through the resin bed at a |inear
flow rate of 30020 -25 WD 2004/019879
PCT/ US2003/ 026991 010069. 02 cm h. The colum is then

eodfA? Wepérﬁ%lgg-gfis.cﬁ{eﬂ fvRRA PRt 9'@;\5 og%osg thédhansf at30R20 of 30020

i's eluted using 0% net hanol at a

crd At EP1Jd R0 R2Qu il tsing PRIAWNY0 % Héihanol &t aedte 0H300:20ngih.
are collected. The fractions are then anal yzed, and

ikl et o 3 B gt o
% re I ne e .
theserpdingrePd mgaéd%%wghﬂ-é’éﬁ%@{ﬁ?‘ﬁggng%rir}“omatographm

ti . duct it ' { IS.:.>609 d
e A
ev%?%fdﬂmoﬁucgaﬁﬁfy i digse <59, andliogfitadlefor bioconversion

epared according“to the same procedure,
toshdapptopiriatg etythrappciopr i at e di kei tde thioester in
pl ace of the propyl 1o diketide. Thus, 15-fl uoro-6-dEB

vt Oy pERaR YL P YA e AR o he same
PrpAE R T B P s AR P Brovy
diRb38é.OBHLS 1811 dEB ié g@@a@@d B (3(BR ) 35%)-5-fluoro-2-methyl-3-

reference. Exanple 2 15 Thi's exanple describes the
hychroxgpaitanopl-Nigropiatpltyseatainey ehlpoHihe synthieseeofly-methyl-6-dEB

15- met hyl eryt hronycin A (faornul = = ;
et T iRa -0 jB arecbgay & SeRehe IO A7 83 @iitbe

in Carreras et al.. J. B 2, 217-228
dlf‘gﬁﬁkr)e.o t Cﬁilssg}c%%?rgt% Rév&%ﬁgﬁy #%‘g?eﬁl ¢ g'r porated by

reference. A1 nL vial fromworking cell bank K39-14V

E,_g%ﬁpﬁryA mutant of S. 20 erythraea that is incapable
of producing 6-dEB) is thawed and the contents of the

\t/)i ]?:c | 3r ]?ll“lﬁg %%’mbﬁe A& chibe® thdrstivierdién iof 18-m&tByltb-deoxyerythro-

a e ask.

nolide B to 15-methylerythromycin A (formula II, R! = -CH2CH>CHs; R? = R4 = OH).
Conversion techniques are also taught in Carreras et al., J. Biotechnology, 92, 217-228

(2002). the disclosure of which is incorporated by reference.

A 1 mL vial from working cell bank K39-14V (an eryA mutant of S.
erythraea that is incapable of producing 6-dEB) is thawed and the contents of the vial
are added to 50 mL of Medium 2 in a 250 mL baffled flask.

Medium 2 comprises 16 g/L cornstarch; 10 g/L corn dextrin; 15 g/L
soy meal flour; 4 g/1. CaCOs; 5 g/L corn steep liquor; 6 g/1. soy bean oil; 2.5 g/L
NaCl; and 1 g/L (NHg):SOs. This solution is sterilized by autoclaving for 60 minutes
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Medi um 2 conprises 16 g/L cornstarch; 10 g/L corn

dextrin; 15 g/L soy neal flour; 4 g/L CaCO3; 5 g/L
w@ern/ostseep |iquor; 6 g/L soy bean oil; 2.5 g/RCT/NSION3/026991

and 1 g/L (NH4)2SO4. This solution is sterilized by
010880821 avi ng for 60 minutes -26 WD 2004/ 019879

PCT/ US2003/ 026991 010069.02 at 121 C and 1 ni/L

aut ocl aved 100% antifoam B silicon enmulsion (J.T.

Baker) is added prior to use. The flask containing

o d | ; j leac ' . .
at {3 AP 7 Ay B0y A B0 et Sog PRARC Borfilsion (LT, Baker) is
adﬂ@&%rm%%sefrhe 50 5 nL culture is then added to a
2.8°L baffled flask containing 500 nL of Medium 2. The
flask is incubated in an incubator/shaker at 341C and
17525 RPNlhedtaskgontainingrthe thawedoellnand Medinm 2 és plaged in an

inidatoehakar@amsF ReAre P LA L 8RN (98 A0t i fious. The 50

ddition of 2.5 N . Lt afian:
A N AR R O

L 400Gt SN s o s
hors OTRE 500 m(r avrede tharhessel toindétlatres10 brfefmBntengostaining 5 L

A 150 L fernenter is prepared by sterilizing 100 L
of Medlium 3. The farmentevis coptilledb S4°G/RALIA by addiarsels.5 N HaSOs

A N AL AL
coﬁﬁ%hggggh%%% o b 503 R1%Hidn Deshiisdi Blasdideded. The

e grow h period, the contents from
fetrhentt® chlthies Rellberedabgrasepihdeantheye toralidbns far®4td Houes.
150 L fernenter. The fernenter is controlled at 34C,
pH 7.0 by addition of 2.5 N H2SO4 and 2.5 N NaCH_
di ssol vedA 3R darmentgpis piepazed by g@%u@l%}.p?&l%ﬁum3at

ra 0- 700 caig flowr 5-50 ,LPM !/ or
1248 for Roguties ool { bR b g/ LrRgtiri s 16 B)E B
r LY . % el b .
AGERNELL B R LA B S RNy 5/
belaw oil); 3fFeed. Nadljaid gl (NHHSOexAftenthegronithper®d, the contents
continuously m xed during the feed period. At 245
fromouphe 1949, fermenter are aseptically transfetred to the 150 L fermenter. The

fermenter is controlled at 34°C, pH 7.0 by addition of 2.5 N H250: and 2.5 N NaOH,

dissolved oxygen > 80% air saturation by agitation rate (500-700 RPM), air flow rate
(15-50 LPM), and/ or back pressure control (0.1-0.4 bar). Foam is controlled by the
addition of a 50% solution of Antifoam B.

At 2445 hours a 58-60 mL/hour 15% dextrin (w/v) feed is initiated.
The dextrin solution is continuously mixed during the feed period. At 2445 hours 25
grams of 13-propyl-6dEB are added to the fermenter. The 13-propyl-6dEB is pre-
pared by solubolizing 25 grams of 13-propyl-6dEB in 400-600 mL of 100% ethanol
and filtering (0.2 um, nylon filter). Conversion of 13-propyl-6dEB to 13-propyl-ery-

thromycin A ceases after 60+10 hours and the fermenter is harvested. The fermen-

-7 -



10

15

20

25

grans of 13-propyl-6dEB are added to the fernenter.

The 13-propyl-6dEB is pre- pared by sol ubolizing 25
w@e@a®1%79 13- propyl - 6dEB i n 400- 600 nlL of 100%ETL/kis2003/026991

25 and filtering (0.2 m nylon filter). Conversion of
010P82.82 opy| - 6dEB to 13-propyl -ery- thromycin A ceases

after 6010 hours and the fernmenter is harvested. The

fernmen- - 27 WD 2004/019879 PCT/ US2003/ 026991

010069. 02 tation broth is centrifuged at: 20,500 g in

: I i . The

totfh SRR o flbodt] 20RO Py Bl B et tfuge |
proBE& ib ?réﬂc&ﬁﬁfaﬁﬂ?-in thé bepereatdritj fhegentrifuged ekl dngsisds discarded.

extraction is perfornmed using HP20 resin (M tsubishi).

Col um size is selected based on supernatant vol une

and tit eAftereengifugationrelidophnssgxiagtien ispeformedusing HP20

15- et hyl eryt hronycin A r., liter .HP20 resi,n_j S nat .
resiR (Witulshih ColuRh 544 1§ sBleEred: ireed OndRsFiiept giitle and titer, so

t.hen . I esi Ial i ]
g PG 1BRASEab Ay A S5 LA Hler PR oty Lol {IUp gosin fs not
exBidede NERaEn &M udsH brofigisilhisted $o pHEY), thes passed thbodgh the resin

col um vol unme ( of water at a rate of 27525 cm h.
bedlh alfeae floyt ety bh2m2diam/ls. Ehepeebsurd oy the @lumgoshordd not

met hanol at a rate of 27525 cmih ring elutj
exeeest1 pis The resims ghen washed wath 1 cc%l.}g\q: M%@ Lofwater at a

h n zed, -and t ho ' . r 0
rale i RGP V701 R 1o T BBy AR RERRHE e O 1003
j i), f I8 dtRAs of 1 CV llected.
AEHHEER 4 ) o osskin, ly auaag e oL OV are ol
THe feskitivinsp@e thdiyanal yisgk paidrthosdieorsaining produdt at@oembined to yield

met hanol per 100 L original broth volune, 15 adjusti ngt_
a prodiet poolaniher prodact pEO! iFAedpeaskioniolids g 1qtaryag@paration.

reduced to solids using rotary evaporation. The

15- net hyl.er yt hr cin A i X I

ool ( conPHeoBE IR el SIERET e A o pRSAt ool by

dirQeh@ls0Rks B 1 N00R!HERRan8l B0 1f OfighAl Bisliume,
suéﬁ%n I Pter an. ®The renai ni ng solids are ég{tar acted the _
adjr@s’fﬁm W0 aR filering. i Thespamdiict pbol (filwatepisereduned besplids using
he product pool is reduced to solids using rotary
rogaryRyeRetaion.
The 15-methylerythromycin A is extracted from the product pool

(solids) by adding 2 L 4:1 hexane:acetone per 100 L original broth volume, mixing
for 20 minutes, and filtering. The remaining solids are extracted the same way two
more times and filtrates are combined. The product pool is reduced to solids using

rotary evaporation.

The final purification step is chromatography using HP20SS resin
(Mitsubishi). Column size is selected based on amount of product, so that the
loading capacity of 15 g 15-methylerythromycin A per liter HP20SS resin is not

exceeded. The solids from the previous steps are dissolved in 1 L. methanol per 100
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The final purification step is chromatography using

HP20SS resin (M tsubishi). Colum size is selected
whamea1wsm amount of product, so that the | oadp@myus2003/026991
01§S§aci ty of 15 g 15-nethylerythromycin A per liter

resin is not 25 exceeded. The solids fromthe

previ ous steps are dissolved in 1 L nmethanol per 100

-28 WD 2004/ 019879 PCT/ US2003/ 026991 010069.02 L

original broth volunme, and an equal volunme of water is

L% 1bI8&‘b‘5<g1{9r{£egﬂ Rele gﬁgbwof WwaRka3s sag&&.mg Bo% methanol

resin | ne | ow rate of - 2752

scﬁﬁhbhl‘ms O]!gaﬁssééﬂﬁ& ot@hihd rudih bed HEY linkeabAdwRitd an2y5+2bkem/ h. The
% met hanol”, each at a rate of 27525 cni h.

cd?undustthersmlshazcéwltlsl Y of &0 noshamelhtres 3 CM\@W Ilmeﬂwnol each
5 75% net hanol each at a rate of 27525 cgﬂh g
ated §ate @ﬁ27ﬁir25m/dh sPisrduct p\elues using p&eY €d7% Ehanol then10CV

AR Ao AR SO o v e
c%@g%ed' STH, slide FI SSary2dd] Qnﬁ‘%h%é’cor?cﬁﬁ‘ﬁﬁ% @SJnQé’chylery-

er no erythrorrym s are prepared usi
theang cpt AQa&d ubﬂlbme’d dllgde ?tth:ﬁidt publ isg‘eﬁheedaﬂmoimsl Lﬁﬁxeg rotary
6- dEB anal og in place of 15-nethyl-6-dEB. Thus,
eveporatien.oer yt hronycin A i s prepared using
15-fl uoro-6-dEB. Exanple 3 This exanpl e descri bes a

gener al hod for. t.he ration of
di hydr oe?@hﬁ?ﬁﬂl‘ﬁ ﬁeﬁserxﬁgpﬁ{ycgs 45, Prﬁi’érﬁa fhfsgopgprocedure
g S PR P GRIET SIGHE) PIREKE 1D Ao P, Thus

1Eaﬂdoi~cree§1t}ﬂ'drrwchhAss@wreqpm’edmmgjﬂ-ﬂaof@wiﬁﬁmI) The

reaction is allowed to warmslowy to anbi ent

tenperature over 4 hours. The excess borohydride is
E ed by addition of phosphate buffer, pH 6, and

10 mL of triethanolamne is added. After 1 hour,

m xture i Bhisexpmpledesarites aigeperal seathed, fomh%me@armof (95) -9-

|Itered and cen rated to dgryness. under
Y Aoy ES I (O TRE T S At £ PURTBY o1 1§ ca
gel chromat ography using 1:1 acetone-hexanes with
A solution of the erythromycin (0.36 mmol) in 1:3 ethanol/ether (20

mlL) is cooled to -15 °C and treated with sodium borohydride (0.9 mmol). The
reaction is allowed to warm slowly to ambient temperature over 4 hours. The excess
borohydride is destroyed by addition of phosphate buffer, pH 6, and 10 mL of
triethanolamine is added. After 1 hour, the mixture is extracted with ethyl acetate,
dried over MgSOy, filtered, and concentrated to dryness under reduced pressure.
The product is purified by silica gel chromatography using 1:1 acetone-hexanes with
1% triethylamine. The following compounds were prepared using this procedure:

(95)-9-dihydroerythromycin A;

(95)-9-dihydro-15-methylerythromycin A; and

(95)-9-dihydro-15-fluoroerythromycin A.
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1 %triethylam ne. The foll ow ng conpounds were
prepared using this procedure:
W@ 2B W8d hydr oer yt hromyci n A; PCT/US2003/026991
0%@@% - di hydro- 15-net hyl eryt hronycin A; and 25
-9-di hydro-15-fl uoroerythromycin A -29 WD
2004/ 019879 PCT/ US2003/ 026991 010069. 02 Exanple 4
Thi s exanpl e descri bes a general procedure for the
preparation of N
Esdamptd Yyl - (9S) - 9-di hydroerythronycins (fornmula I11),
wth reference to Schene 1. Sodium acetate trihydrate
(139 no) had i ' i -
Lo 2 sol ut 1o B e e T B Rpigttion of N
degmethyl-{95)r-diify doery theirhaciab (foadneila 111, O:ith Miseinoé t@Bcheme 1.
of LiOH (1 nL) is added in 4 portions over 1 hour.
Conpl ete reaction is determ ned by thin-Ilaye

b h
chr bmat ogPadIR agaialey el drate L aie) eagéniedpa me) are added
sQirnan Ao SR o PPN Foe BB P el B g mL of 82

RS Faftd A DS NI s’&i\gtg(?rl BPLﬁﬁir(i’?xtélgﬁ\?Jatﬂhd\éﬁtiﬁ 4&;c¥ﬁe‘igns over 1

acetate. The organic ase I's wash satu
hdlatGCBmplkste edactiony is d¥estfiied biylthi-Byer ehebrastogeaphiataslysis.

to give the crude product. Silica gel chroma- tography )
Exegss reagentreacgrpienehedbpagijtien obsatumied spdivyn dhigsulfate solution,

The follaw n conpounds, wer r.epar ed usi t hi .
i B toteBlés R cSRaP Ry RrRe e B RS e S pifu s extracted

- O- dj - - | i I

R e e e P Sl PO ried over
Na:SOEfitepdd; andl coticenex@dtbesivetdes draes produet Gilidaagdl @hroma-

of N-desnet hyl - N-R2-(9S) - 9- di hydroerythronycins, with
tagapphy: (Acgtonedhexamrset 26 BN gEves ‘the prvopretudiavhadollowing

forrrullﬁét [ | éRS = Ré :.O—&%SA mﬁtur'e of the

CNNHEERET KT PEATEC (P HYEY Y BYSFFHFEycin A anal og
N-desmethyl (95)-9-dihydroerythromycin A;
N-desmethyl (95)-9-dihydro-15-methylerythromycin A; and
N-desmethyl (95)-9-dihydro-15-fluoroerythromycin A.

Example 5
This example describes the preparation of N-desmethyl-N-R2-(95)-9-

dihydroerythromycins, with particular reference to Scheme 1, compounds having

formula II (R® = R* = OH).

A mixture of the N-desmethyl (95)-9-dihydro-erythromycin A analog
(0.035 mmol), diisopropylethylamine (62.5 uL), R% (1.3 mmuol), and acetonitrile (1
mL) is sealed and stirred at 70 °C overnight. The mixture is cooled, diluted with
aqueous NaHCOs, and extracted with ethyl acetate. The extract is dried over
MgSQO,, filtered, and evaporated to dryness. The product is purified by silica gel
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(0.035 nmmol ), diisopropylethylamne (62.5 uL), R21

(1.3 mol ), and acetonitrile (1 nL) is sealed and
W(stz(ioumeumat 70 OC overnight. The m xture i s copCBUS2003/026991
o1 ed with aqueous NaHCCB3, and extracted wth ethyl

Q%ﬁ The extract is dried over 25 MgSO4, filtered,

and evaporated to dryness. The product is purified by

silica gel -30 WO 2004/019879 PCT/ US2003/ 026991

010069. 02 chronatography usi ng 2:1 hexanes/ acetone +

4s1% d
it 8y e e componnds

Wéﬁ?re afhd@débﬁdﬁ@tblthmr ecadureonyci n A, usi ng
simet hyl (9S)-9-di hydro-15-1| uoroerythronym n A and
et hy(p) 5 |h§die§methﬁ)Np¢t g@@ﬁ-ﬁyﬁh mr%-é@,ﬂswperythromycm A, using

et ﬁﬁ'l{*w%mﬁﬁﬂ@%}-% e R BeDdy thasabRt K ap ethyl
i sopr opyl1 Hgﬁjé (c) N-desnethyl-N-isopropyl
(9S) - 9- di'RY T 6- 15- net hyl eryt hronycin A, 10 usi ng

N-d thyN-de%ﬁi Ry diNbig fbpk? thyliterdebrisefiycioerythachycin A,
|sope)(?gpyl i odi deé and dp g@netf?-l\l—(z but yl yem

(9S) - 9- duus}nigbl-x’&mhyy(%b%dihydmﬂ -forogryithgpmycin A and
N-denet hyl (9S)-9-di hydro-15-net hyl erythronycin A and
2- i odobl}f’%Wé’PYiSO g&nple 6 This exanple illustrates

the (? ety 4e%ﬂe%ﬂ%§l§1€ﬁoﬁfoﬂﬂ %95?@-aﬁ?yd’lré*lﬁ’\fn%thylerythromycm A,

spec IC rererenc

N- desnet hyding N—%Mﬁf%_F?@mﬁﬂﬂb-E -treahpletytirorlycin Rlnd
= 1- propyl; = R4 = although it 1s to be
under st oadopltmiylﬁcwﬁdpmm?bdure is generally applicable

g@s hyl ﬁr@%ﬁ%ﬁ%ﬁiﬂcﬁﬁ&g iy g&a%ﬁ-dﬂiﬂlro-ﬁ nle(%%ylgwq}momycm A,
tri ;y dr at:e%I% I\f&%&&%ﬁ?%ﬁ%’gﬂam‘a@ n?éﬁﬂﬂé?}t‘m%%ﬁ'l A and 2-

iodobutane.

Example 6

This example illustrates the demethylation step of the Scheme 1A, with
specific reference to N-desmethyl-15-methylerythromycin A (compound III’; Rt = 1-
propyl; R3 = R4 = OH), although it is to be understood that the procedure is

generally applicable to other analogous compounds.

A mixture of 15-methylerythromycin A (compound III, R! = 1-propyl;
R3 = R¢ = OH; 5.00 g, 6.15 mmol) and sodium acetate trihydrate (4.18 g, 30.75 mmol)
in methanol-water (8:2 V/V, 100 mL) was stirred at 50 °C. Iodine (1.56 g, 6.15 mmuol)
was then added. During the reaction 1N sodium hydroxide (6.15 mL) was added in
small portions. Complete reaction was determined by thin-layer chromatographic

analysis. After removal of solvent, the mixture was extracted three times with ethyl
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i n met hanol -water (8:2 V/ V,100 nL) was stirred at 50
C. lodine (1.56 g, 6.15 mmpl) was then added. During
W b@4oemes i on 1IN sodi um hydroxi de (6.15 nlL) waBCHUS®A3/026991
in small portions. Conplete reaction was detern ned
014969P%i n- | ayer chromat ographi c 25 anal ysis. After
renmoval of solvent, the m xture was extracted three
times with ethyl -31 WO 2004/019879 PCT/ US2003/ 026991
010069. 02 acet ate, dried over sodiumsul fate. Crude
aCév)\[,é Elﬁted(ol{fegg SurRa1aMRt Tried \H’%édﬁcﬁ’(@@ waPbbidined as a yellow

was use or next step t hout her

- soRdrwhickalh®tsedEiotixestép Thitkowsdmnthlee purificationt es t he

al kyl ati on step of Schene 1A, with specific 5
reference to

Exppde #et hyl - N-i sopr opyl 15 rret hyI erythronycin A
(corrpound IV, RL = = i sopropyl; R3
oH) tﬂ"dms;;év(amp]esllustraies thmelkylaém stepof peleme 1A, with specific

d bl th I ,
re@%@%@@%é@ | gm%tehr&elgﬁ &nga eryﬁwrorel{yc?r{]g <o gr%lf)%und IV, Rl

d l. I L
TR A L AP st v
profedhrlis %@n&ﬁ}l ¥ibplicdle 20 beephalpRRS Cdthpbutids. 30

equi v) acetonitrile (50 nL) was heated in a 70 C
bat h for 24 h. Water and saturated sodi um bi car bonat e
were addeli miXtressitoe cmda&ésiesmhﬂcl%@eﬂwle@tbrmgcm A from

G TR 3 65 AT G 02
3: 0

2-1to?li g’?ﬁ%’% n@n gmﬁdbﬁé'l 5121472 Slfeéc&&%ttﬂfee@o % was heated in a 70 °C bath

£ 4 8S Wh Y lanli-dabaREcbsd dilhr biehihonaldwere addain/Ehasdlution was

(1.80 g, 75%vyield for 2 steps ). mz: 777.0 ( ;
exbaCraddMRred ©BE@s3yith ethyl acetate an dried over magnesium sulfate. The

221.86,175.62, 10 1,96..15, 0,79.85 8.01. 7 Q
cryde @@)odqq a5 Py 15% via sifjca; ge Sk cl‘ggmfgo aphy é? 1Hxane-
acg%) %giieglg}ﬂaﬁﬁ%é)&g gélg%ﬁége ﬁl‘%gs?xéetﬁg%gﬁlsoﬁ&lﬁa*IS-methyl-
er Mﬁyc&@&@.g ). 756 yﬂa?d fof,2 &&%92) md Bz: 777 O(BHE, 3C-NMR

5. 84 0, 12. 04, 01. 20 le 8 This exa qy

(ADCles R2RB6SI AR, T63. lbb,r%LlSv &maeﬂr , ¥8.8p, B1.1GIASRe7429, 72.58,
70.35, 68.91, 68.75, 65.48, 62.79, 52.49, 49.47, 45.12, 44.76, 39.32, 38.43, 37.85, 34.96,
33.06, 30.76, 30.19, 26.93, 21.48, 21.41, 20.99, 20.46, 19.47, 18.62, 18.27, 16.15, 15.84,

14.00, 12.04, 9.01.

Example 8

This example illustrates the carbonyl reduction step of Scheme 1A,
with particular reference to N-desmethyl-N-isopropyl-15-methyl-(95)-9-dihydro-
erythromycin A (compound I, Rt = 1-propyl; R? = isopropyl; R® = R*= OH), although
it is to be understood that the procedure is generally applicable to other analogous

compounds.

-32-



10

15

20

25

with particular reference to
N- desnet hyl - N-i sopropyl - 15- net hyl - (9S) - 9- di hydr o-
weeoohrsnycin A (conpound |, RL = 1-propyl; R2PET/US2003/026991
i sopropyl; R3 = R4 = COH), although it is to be
01Q9828% st ood that the procedure is generally applicable

to ot her anal ogous 25 conpounds. -32 WD 2004/019879
PCT/ US2003/ 026991 010069. 02

N- desnet hyl - N-i sopropyl - 15- et hyl eryt hronycin A (1.74

g v,2' éé ma’gg%ﬁgﬁg_@@ﬁbwm-ﬂl@m oyBRr A(178 g, 2.24

coo o -20 odi uni bor ohydr i de

mrhbB S B disBolR elmin mlethasoleethend(1:3T¥¢ Virb8 mir)e tharscadiedhto -20 °C.

warnmed slowly to roomtenperature_over a period of 3
Sodiuerekydsde {89 rog O munphwakadrlagh I hganixtarasyap then warmed

addi tion of pH 6,0 phosphat.e .buf.f.er,, foll owed.Db .
SV SORREY EMBREAEE 6 VAT § PEHPOST 396 TheF RS it borghydride

extr Wi . ' :
W HRY B AR pREE DB BRC RS, R PE NGt lammine

(1(PH{L2 A ftef BD YRR AE AR e WislextRxenbwabaithpPacsitath ahddried over
triethylam ne). Pure N-desnethyl-N

magmshup;s!ulfhﬁe. Hibelrytid¢ pg)ch_gt wasypindied by sidieg @eha?iu(rm 63
crf ety U o208 B i 3 W M B
scifobir18angy - Fandfedyofniliin K135 0 RoPgle)
obB&iné&; my%: @;29.0 gélﬂ%wcgliﬂx% (CBLIH617738, 82.585/,, 83.45, 82.76,

25. 46, 21.5 .10,
7881, A1.86,975068, 79.03A74.67, 726867838, V0.24669.20, 30,94 6228, 5.527 49.34,

1455, 42003616, o S0c b WA P01 S tRend, P el 21 86 205, 2110,
2048 8080 P b g et B S AARINET & O ence 1o

11- deoxyeryt hromycin B, which are useful as

E,@amg@rgedi ates for the synthesis of certain conpounds
0 I'sS invention. 11-Deoxyerythronycin B can be

prepar ed T1js xhnp GescAbERHeAlorBRutAoR of 88traanef Smahdrypolyspora
engi neered host Cell expressing a nodified version of

erijiheneDEB34-9\/1159-44) capgblessf the bjostyntizesisidf 11-deekyerythirpimycins, with
he eryAl gene i s engi neered by replacenment ?f . .
particular reference to 11-deoxyerythromycin B, which are useful as intermediates

for the synthesis of certain compounds of this invention.

11-Deoxyerythromycin B can be prepared in a single fermentation in a
genetically engineered host cell expressing a modified version of the DEBS suite of
genes (eryAl, eryAll, and eryAlll). The eryAl gene is engineered by replacement of
the ketoreductase domain in module 2 with a cassette containing a dehydratase
domain, an enoylreductase domain, and a ketoreductase domain, for example taken
from module 1 of the rapamycin PKS. Methods for domain replacement are
provided in, for example, McDaniel, US 6,403,775 (2002), which is incorporated
herein by reference. The engineered eryAl gene is incorporated along with the eryAIl
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t he ketoreductase domain in nodule 2 wth a cassette

contai ning a dehydratase donain, an enoyl reductase
waelovaioms7and a ket oreduct ase domai n, for exanpP@r/Usi0631026991

fromnodule 1 of the rapamycin PKS. Methods for donmain
01?(@8I0§cerrent are 25 provided in, for exanple, MnDaniel,

US 6, 403,775 (2002), which is incorporated herein by

ref erence. The engi neered eryAl gene is incorporated

along with the eryAll -33 WD 2004/019879

Q%%n etythfmycins onc

anh’aggs%ygé g?ﬁ%sgﬁg(g? é r? tS to(ijegl th e%?%ﬂ%cﬁéﬁbgk% t8 ﬁ romyci n}sr ©

theRfginekhal BKEgeaes ke Fk@rgaithsl. Haverebereed anitbediments, these host
preferred enbodi nents, these host cells are "clean
cellpates” clearhbosts,f witmsein their nesivedd<g gapes haxedesaggmoved.

T
Sy B BB S SE M AROLhppgn rvin

melBted | drids SAfN hs fHosaldescrife2BdntDE0A2LS 2802/0004229 Al
(2002), ich is incorporated herein by reference.

(2802) pivihidkPid icdrpsrdtad hetwin ytrieferenes. yHraindi3dal has had the native

erih T et w11 BpAT Qe ot Che i Bge AHARIVEER Ste of the
Patent 5 , 874, 1 i 0

oG RoeF ohed AR R TR Bhet BTob e PokaLaneRtRvy

refdr@afl, dnve61oWed AR EIAEPBrdhiBed O MhHiLaRRY aplasatill Rectors
phage attachnent site along with the genes to be

cadepiisiagete tomiphiragntateatt Aphagh etebnmens sibealangtvigh ghe genes to

site in the presence of a phage in egr%iqe. Exgng)l es ¢
betlelivgred bp intpgtate)inde ithe chyrpapesarae pbihe utifirde thEPrefeqce ot a

Pﬁ%ﬂg&%&%ﬁ to gggﬁ%@taﬁg% %ﬁté,%aal rgégﬁ&ehv\ger%g%%?r)}cslgg? but are not

. add i@ dIRSEeped in Santi et al., US
h%%g%g%%ggﬁ%lﬂd(%ow), and the strain was deposited

wWth the American Type Culture Collection, P.O Box )
1549, Marsepamtior ofgitaiting et 68:airUSKchacpadyporaprybraend24-1 is
terms of the Budapest Tre 0 rch 12,2003, wit .
dessuibed o Sany b LIS 8a01226 bk B0Eh a5 sha Spriashss dgposited
matlilethg %Iln\e/raltcellﬁl f}sfpg E?uﬁ)hs.tliz’g &%e&?&g,qi@'. Bdx t1@@9, Manassas, Virginia

© 20108, USA, according to the terms of the Budapest Treaty on March 12, 2003, with

accession number PTA-5061.

pKOS159-8 and pKOS159-10 are derivatives of pSET152 containing the
eryA genes under the control of the ermEp* promoter and the actIp/actII-ORF4
promoter-activator pair, respectively. A 35 kb Nsil fragment from pKAO127
carrying the eryA genes and the actlp/actIl-ORF4 region was cloned into pKOS97-
64c (a pSET152 derivative containing the ermEp* promoter and a A cos site) to make
pKOS159-10. The fd transcriptional terminator from the pKAO127 fragment
prevents expression of any genes from the ermEp* promoter in this plasmid. The

fragment containing the fd terminator and actlp/ actlI-ORF4 segment in pKOS159-10
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eryA genes under the control of the ernEp* pronoter
and the actlp/actll-ORF4 pronoter-activator pair,
wo e®pocssivel y. A 35 kb Nsil fragnment from pKAGIQTUS2003/026991
0 carréi ng the eryA genes and the actlp/actll|-ORF4
1008896n was cl oned into pKOS97- 64c (a pSET152
derivative containing the ernEp* pronoter and a 2 cos
site) to make 25 pKOS159-10. Thefd transcri ptional
term nator fromthe pKAOL27 fragnment prevents

i r . * x X
T
expfdsBicmed Ry A REnasithdéradielr nabikad psegivent pKO91E98150ad @nstructed

34 WD 2004/ (19879 PCT/ US2003/ 026991 010069, 02 was
byrcomingcthb WdH-gbst fragment tareriog the érgegendsi (gad lgipstsite) from

RIS el ChenR o) gt PCpaeniBed g e Mo ragment

construct.ed | enin | - .
R AR RIS TR Rt il AR, R R contains the eryA
E@%E S180 AekaI0E - 1 adehstHices ire sn BER ogtnk wWdyetking the eryA
geeryA E]Qefl%fl arﬁzk fragnent 5 from above into pSET152 & Y
frafirgent feompKOSKB04. Dikewiss aBxnghiiered EFifiSexpessien plasmids
eryA genes fromS. erythra K41- 135 was, construct ed
wete made HaIGIRRGSTRESLiat gcqf?@d RPRIPREAEESHIGpN enzymes fo

KOS108-04. Likew.se, all .engi ion
mgV%?ﬁ?‘ﬁ weﬁ@g%@eﬂg%ﬁag&%goﬁe%ggg catfold and

appropriate restriction enzymes to nove the

genet i cal dyoRmst-44 gch SSBTL T (BesTertn fadGexd 6, 4849 (1992),

pl asnds. 10 pKOS159-44 is a pSETlSZ@&Bi erman-et al ., ‘
“Reastaidldi6n#d: v tgrs9624he cohiged miamstar of DN AVisemdrssharighia coli to

the conjugal transfer of [ from Escherjchia.coli to
SteptepyehiRRs) derpvatyveplasyug { %ﬁ%ﬁ?‘a@é%amaﬁed eryA genes
etic ifqh .
(RS LT BB U S8 o R g s .
: Micrdbio. 1.0 R Bl BediABdring oFRP@liylteHAQH rdtiction by G
In%oll\/lﬁ(@?tio d%ﬁb%?/@?%r o%ﬁ%:lt i%ﬁ@by réne%gf?gl'y%? anngeV?:@jt& o(ﬂ:131 noy e
Tranefes tto Dadhstrieliy Optraire8iSteraing; Webapbblished astdasuggent no.

1&%&??6293?0@3@&5107/ S e oo 5b(4) APr.2099)if 30 kb

N 8&%&%’&#?&{?{’% %%g‘nl}’tfné Sg%%l%anl%exﬂggg%‘wéy e {Pftbﬁg%lggﬁ’ﬁ -66 (Xue
etnE] Prob: I‘I?atf}-Aca%ﬁSc]i.ll?I@A.l, b6 A0 74099915 (1999))u AL injll tslabishid approach

approac
to preparing large libraries of polyketides”) was isolated and ligated to a 8 kb Nael-

dh
=

Nisil fragment from pKOS159-33 (Rodriguez et al., cited supra), containing the vector
pSET152, eryAp promoter and cos A site). The ligation mixture was packaged using
Gigapack ITI Gold packaging extract (Stratagene), and used to infect E. coli XL-1
Blue. Recombinats were selected on LB agar plates containing 60 pg/ml apramycin.

pKOS159-44 plasmid DNA was isolated and checked by restriction digestions.

S. erythraea strain K24-1, which contains a chromosomal deletion of the
three eryA genes and insertion of the attB loci for the Streptomyces phage $C31 from

Streptomyces lividans, followed by the ermE* promoter in their place, was prepared by
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to preparing large libraries of polyketides") was

isolated and ligated to a 8 kb Ndel 20 Nsil fragnent
WO c@opR@6159- 33 (Rodriguez et al., cited supreQT/US2003/026991

contai ning the vector pSET152, eryAp pronoter and cos
01%06§i°t°-e). The ligation m xture was packaged using

G gapack 11l Gold packagi ng extract (Stratagene), and

used to infect E. coli XL-1 Blue. Reconbinats were

sel ected on LB agar plates containing 60 gg/n

5@1%34 pless aéed gafldcose, 5

a?g ec by restrl cti o?%ﬁ?g%ﬁ @egryt ragzga1 &
trgdtoak) 0.5 Bethinetiy driochoritia) @cc&ncshnmhp]ag)cmm aﬂeél:ehqmr ©0%), 200
the three eryA genes and insertion of the attB lo

mgMgbQer 7B 210, 1¥AERE, 0&3megrfF e *SHE) IOOZMOClz *6H>0, 4

i ERBE O PR ey TR ot to 19 8 NACE 20 g agar)
filf)gﬂﬁ% g%ééézt%? h %Lﬁﬁ@é’?@cfné% RSk ﬁé&d%ﬁ’é’ﬁ?’f dI'd@0% glycerol.

rown on per |ter

Spdird! §ﬁ§%ns§)rﬂ wérelspbretent -@0 &0, ber@iineligyuot @&tﬂ?@rspdﬁe sipension

corn arch, 1g corn steep liquor (50%, 200 ng
wd&de I t2DmI2ofx Y& iffddbatedaB3hifC GudCehaig, After 1 h the

- 5H20, 0. 2 ny CoC12 6H20, FeSO4. 7 0 80
sposies westendlecisd by 013@361% cel ngﬂ%were prepared

r%@-ﬂ% Igﬁ%}g]g qﬁ%‘iﬁ?ﬁ@fp@%@ﬁbﬁé@t@%ﬁO@?@%@ anagglectmg for

BRI TarR P! 96 fitaPéolonfls Grerd phkd dif HRtiptindky

e “spore suspens was added to nmL of 2x and
trarefotintech plat@andused o siiilatg 5 vAf o£B With t]hierarsphemol (10
wer e coIIected centrlfugatlon (reC|p|ent %
ngionb) kwmscmél@ BEEpd) aad ewawsﬁs%@ﬂﬁ/ﬁ@ )a hesslls were grown

R T DR AT b .5t
B
argl féeiplbﬂtrwmﬁ &vds 1hek@fingéd by r Feﬁdﬁ@ﬂ@e I’recﬁlﬁ(krg/ceﬂs in the 100 ul

The cells were growmn at 37 C 0D600 of
donor-suspynsien knd dhe gelly weraniprend, g’atbeﬂlat%e(ﬁﬂdeWd & f4, Genetic

Méﬁwulﬂé@rqto? ShigPyeBon b TR B (e Rk 1Rast Frandation
NGEch, 1AC 1985 Sh B futiyed o3RRI GicIR KRS IR ar 34 °C for

onor’ suspensi on an e cel
16'RIEnSPlatRdvere then plvatlased Watv®ad. of seft nutr{sneghccontaining 1 mg

nalidixic acid and 2 mg apramycin. Exconjugants K24-1/159-44 were observed after
48 h of further incubation.

Strain K24-1/159-44 was deposited with the American Type Culture
Collection, P.O. Box 1549, Manassas, Virginia 20108, USA, according to the terms of
the Budapest Treaty on March 12, 2003, with accession number PTA-5054.
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Mani pul ati on of Streptomyces: A Laboratory Manual (The

John I nnes Foundation, Norw ch, UK, 1985) containing
weX4pgrsme. nal i di xi ¢ acid and i ncubated at 34 ECT/082003626991

h. The plates were then overlayed with 3 nL of soft
0100910 ent agar containing 1 ng 20 nalidixic acid and 2

nmg apranycin. Exconjugants K24-1/159-44 were observed

after 48 h of further incubation. Strain K24-1/159-44

was deposited with the Anmerican Type Culture

%! !lgcl ion, P.O Box 1549, Manassas, Virginia 20108,

cordl ng to the terns of the Budapest Treaty on

e o1 B BBl Mo B e o L0 ey o tein B,

an ﬁlﬂte?{' i RER!Br HtR&Es bh@rRiif %Mﬂiﬂ@@t&dﬁ oPthis invention, using the
11-deoxyerythronmycin B, an internediate for the-

sty tbesiteddh the prededingeaymouplis of this invention
using the strain described in the preceding exanple.
OCH I~ O",@0 O 11-Deoxyerythromycin B O "' O Owe
O OH 5 Fer nt tioen techni ques disclosed in Frykman
et al., Biote hnaji . OE oeng., 76, 303-310 (2001)
Precursor- roduction of Erythronycin Anal ogs

by Sacchar dpol yspgra eryth Lauez.
, Citedps y”;' Heﬁﬂlz\&ur es 1[]1 Befiy 'E/thoé‘r%émeé

| ncor por atlsd reef er ence were foll ovved 10 The
fol | owi ng i afwelte u§Ms: (a) Seed nedi um V1
cont ai ned 16 g/ 10 g/L dextrin (D 2256,
Sigma- Al drich), 15 9 ean flour (S-9633,
Sigma-Aldrich), 2.5 g/L sodiumchloride, 5 g/L corn
steep liquor, 1 g/L anmonium
Fermentation techniques disclosed in Frykman et al., Biotechnol. Bioeng.,

(=

76, 303-310 (2001) “Precursor-Directed Production of Erythromycin Analogs by
Saccharopolyspora erythraea,” and Rodriguez et al., cited supra, the disclosures of

which are incorporated by reference, were followed.

The following media were used: (a) Seed medium V1 contained 16 g/L
corn starch, 10 g/L dextrin (D-2256, Sigma-Aldrich), 15 g/L soybean flour (S-9633,
Sigma-Aldrich), 2.5 g/L sodium chloride, 5 g/L corn steep liquor, 1 g/L ammonium
sulfate (A-2939, Sigma-Aldrich), 6 g/L soybean oil (S-7381, Sigma-Aldrich), and 4
g/L calcium carbonate (C-4830, Sigma Aldrich). (b) Fermentation medium F2
contained 28 g/L. corn starch, 24 g/L soybean meal, 5.5 g/L sodium chloride, 8 g/L
corn steep liquor, and 1.5 g/L ammonium sulfate, 4.5 g/ soybean oil, and 6 g/L

calcium carbonate. All media were sterilized by autoclaving at 121 °C for 90 min.

Two seed flasks were started by taking a 1 mL vial of Saccharopolyspora
erythraea K24-1/pKOS159-44 from a frozen cell bank, thawing, and adding the vial
contents into 50 mL of medium V1 and incubating at 34 °C for 40-48 h. Two
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sul fate (A-2939, Sigma-Aldrich), 6 g/L soybean oil
(S-7381, Sigma-Aldrich), and 4 g/L calcium carbonate
w@ 488879 Si gma Al drich). (b) Fernentation nmedPChUFR01626991
contained 28 g/L corn starch, 24 g/L soybean neal, 5.5
%9659 %odi um chlori de, 8 g/L corn steep |iquor, and 1.5
g/L amonium sul fate, 4.5 g/L soybean oil, and 6 g/L
cal cium carbonate. Al nedia were sterilized by
autoclaving at 121 C for 90 mn. Two seed flasks were
seé&ﬁia&-?%eé&’s Jelkd #ntrdatll b t?éms‘férr Ol db%@ﬁfo?n the seed
erythraea K24-1/pK0OS159- 4 froma frozen ce bank,
fldskawi500 mlaofimediirndvt fed inaibatid@ at 8ACEfos 40448 .50 nL
of medium V1 and incubating at 34 C for 40-48 h. Two
-37 WO 2004/019879 PCT/ US2003/ 026991 010069, 02
secondar Both 808 mie pecondary seeskulnigy wara fapsfertesgtozpB. Braun

o eSh Rl 2 R P e P e a4 o
ar@‘;‘%{g &ﬂéﬁ%d‘%@ﬁ% o 15 5&&& rcﬁ oty Rnsfigiiesthid gna zEs NERHAm

ernente ont i ni ng of medi um V1.
hyfBORRI! Xerdfion @p8 TP @ndtangmGn alb 680 tb 880 mmu meué @ovided,
7.0 by addition of 2.5 N sulfuric acid and 2.5
msindainmgiherdizsadeed puygen tsmsion af gxmeaﬂwa‘b@%aﬁaéﬁe%tng took
600 V%&O I were provided, rmaintaining the
plagesadssr 06%5 n tension at greater than 40%
Harvesting took place after about 24 h. Then, 10 L of
the fer m?ng &, 10 $85F thi k& htbPseckl @i E Wﬁq'rir%f@rr&i to a B. Braun
Br aun i'6stat UDS00 fermenter containing 30
BigBtdt WDF00.fetihentdr esh@ainitpB00 If medianh 2. T\]&R§310§iat EHE{DO fermenter

at 34 C and nai nt ai ned ateng 7.0 b% the addition
was epevates] a4 € and mpinirine &t PPyt gddbiande.2 SN sutfuric

t atl 2 0 rpm aer t 40- 250
e o Reihreai R e B ARl il ger ot at 40-250
0 0,
L G Ot O 45 o 07
Desaginf (280 Q?mevaa fedbea ohtetf 6FE/ONL f i ron2 24 to98 H0 Sbybean 011 was fed
n- Propanol was fed at a rate of 26 nL/h from 24 to
atmtmof tamlgdt iram 24t5K149) rce-Pappanolnsas fed tadiatet %@a@L/ h from

nf@ghnﬁd b&éung%o&?% éc'eo terf18(?h50% sol ution of

Foaming was controlled by the addition of a 50% solution of antifoam

B (JT Baker) as needed.

The fermentation broth was clarified by centrifugation and was sub-
jected to solid phase extraction using HP20 resin (Mitsubishi). Adsorbed product
was eluted with methanol and dried. The crude product was then subjected to ethyl
acetate:water liquid:liquid extraction. The combined ethyl acetate extracts were
dried. The product was purified by chromatography using HP20SS resin, eluting
with a step-gradient from 50% to 80% methanol. The product containing fractions
were pooled and dried, to provide 11-deoxyerythromycin B. m/z: 702.64 (MH); Be.
NMR (CDCly): 219.13, 175.56, 102.48, 95.92, 82.73, 79.40, 78.92, 77.79, 74.88, 72.52,
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B (JT Baker) as needed. The fernentation broth was

clarified by centrifugation and was sub- 20 jected to
w@olosai1gsmase extraction using HP20 resin (M t sedI/B810p3/026991

Adsor bed product was eluted with nmethanol and) dried.
016088-02r ude product was then subjected to ethyl

acetate:water liquid:liquid extraction. The conbi ned

ethyl acetate extracts were dried. The product was

purified by chromatography using HP20SS resin, eluting
70W9! éﬁ@g%‘seﬁ g5 351 &Ms, U598) A9, 4948046 1Rt/ 8Y.11, N0, 36.54, 34.79,

p uc

ro contfaining fractions 25 were pool ed and dri ed,

33110, P8.5%,i20637] 24.46,8dyEH, 21 APoIR/24, A8 81, h.69, 1A®S8, 61.96M 36, 9.16 ppm.
13C NWR (CDC 3): 219.13, 175.56, 102.48, 95.92,
82.73,.79.40, 78.92, 77.79, 74.88, 72.52, -38 WO

Exampled19g79 PCT/ US2003/ 026991 010069.-02 70. 79, 68. 80,

65.52, 65.13, 49.25, 45,698, 44.31, .43. 40.15 (.2 .
S5. 31 3 THipexapplresgibasthe Sgvgision gl bydedieytitthiycin B 1o
24. 55 37, 21,
SR bbbt T Bt 5 ot compound s
= %%izgrﬁmﬁobt:@pﬁpm&m iope -017; tdngRmne;, Thbled)yasing Bh¢ approach of

Schegheslnet hyl - N-i sopropyl - 11- deoxy- (9S) - 9-di hydr oeryt hro
mycin B (conmpound I, RL = ethyl, R2 = isopropyl, and

51? - S(l:?ﬁ eﬁéll'—l@?g’?}%? 2 ngyéﬂ;;r ﬁ?%%gnﬂég% grgta\toﬂéyg erf@%%g generally
R B BB e L na B g o o

47%) ieléég.) /2705 @ (MHé MENMESCDCH)L78.8C- MR8, 95.82, 83.04, 80.95,
(EDC13) : 176. 82, 102. 48, 95.82. 83.04, 80.95. 80.23,
80723, 09.01,777.82, 74789, BR71,79,89169.14, 6604, 65.12.449. 8% 4447, 42.23, 40.28 (2x),

65.12, 49.28, 44 6 4 : 7 ‘
S ea4280 .59, s, 389 b 2500, 251D 1 s3ionde, Aipdls s, 17.98,
: : 13,17.98, 13.82,10.59, 10.22, 9.24.
1@1&55?12&2%I9I1%w ng the procedures of Exanples 6 and
7, 1l1-deoxy- 15 (9S)-9-di hydroerythronycin B (94 ny,
0. 134 mmuoindafytibRowaanterprededwreblof Examples 6 and 7, 11-deoxy-

desnet hyl - N-i sopropyl - 11-deoxy- (9S) - 9-di hydr oer yt hr.o
(%)—B-cBhYéﬂoergthng%C%}l/ BI(%4 mg, 0.135/%4: (mm)ol) was tﬁ/en conv%rted t%—

desmethyl-N-isopropyl-11-deoxy-(95)-9-dihydroerythromycin B (57 mg, 58% yield).
m/z: 733.0 (MH); 3C-NMR (CDCls): 176.98, 102.05, 95.55, 82.33, 81.11, 80.22, 78.90,
77.89, 74.93, 72.69, 70.29, 69.11, 65.98, 65.16, 52.53, 49.28, 44.52, 42.38, 37.27, 34.91,
34.73,33.38, 32.96, 32.60, 30.99, 29.38, 25.18 (2x), 21.54, 21.22, 21.05, 20.34,19.91, 18.12,
17.85,13.68, 10.45, 10.21, 9.10.

The invention having now been described by way of written
description and examples, those of skill in the art will recognize that the invention
can be praéticed in a variety of embodiments and that the foregoing description and
examples are for purposes of illustration and not limitation of the following claims.

Numerous modifications may be made to the foregoing systems without departing
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mz: 733.0 (MH); 13CG NWR (CDC13):176. 98, 102. 05, 95. 55,
82.33, 81.11, 80.22, 78.90, 77.89, 74.93, 72.69,
wQa002919869. 11, 65.98, 65.16, 52.53, 49.28, 44.B21/US2003/026991
42.38, 37.27, 34.91, 34.73, 33.38, 32.96, 32.60,
01806998 29.38, 25.18 (2x), 21.54, 21.22, 21.05,
20.34,19.91,18.12, 20 17.85,13.68,10.45,10.21, 9.10.
The invention having now been descri bed by way of
witten description and exanples those of skill in
t
frofhBbaalt e REARICE. IBloe e DER Mo [3R been described
1nfsﬁb§@ﬁtlﬁgd&@ﬂ(i/(rithtref@ferﬁzﬁdo ok @Iif mh@m ?eeﬁccumlmdlmes those of
of illustration and not limtation the fol |l ow ng
skill & the, are wvilweeognize thadichargeasimay bragadsetothg embpdiments
foregoi ng ggstems vvlth?ut depar

SpOeH 1 SN IR 6240 T L AOGGIoRSIchoRs eatbimprovements

ba5|c achin f
oo R SE R BT AU S 1 650 g i
onl’bWJ AR 'bﬁ@é’l@oﬁé)o eﬁf doRRetBRakliin thiBpE¢ifiEAtich are
those o skill inthe art will recognize that changes

mnmpdmtedd@eirda}t Teferenbe ds Ifmath suelppublicainitl gr doauhertadas
in this application, yet t % nodi ficati ons a%

spefisicalle ﬁ@ﬁtl@dylawélwrtwﬁe ﬁ% 8 dRaparafed Sﬁw girefegence.
invention, as set forth in the clains which follow

All publ i ¢ﬁ£t1<9ﬁ" of Bﬁbff@attﬁ)%s og% t1‘5@5 &Bc& t biftbSded as an

speci fication are I hcor orate reln y re erence as
adrhis8R@Nthatiahy BEJ Hd @rld }ﬂiblitra’u@% vfElbtuiRats i§ PeetifdrtPrior art, nor
and individually indicated to be incorporated herein
ddms it edretidnieeanyCdmisston asftophb eputentpesdate of deeaegniblications or
above is not intended as an | o adm ssfon that any of
dequnentseg publications or docunents is pertinent prior
art, nor does it constitute any admi ssion as to the
contents or date of these publications or docunents.
-40 WD 2004/019879 PCT/ US2003/ 026991 010069. 02 CLAI M5
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What is clainmed is: 1. A conmpound having the fornul a
(1) OH MM HR3NRR RI' 0,'0HOOO0 ""0 W O™
wG2@ad198ne phar maceutically acceptabl e salts, BSI/ESH)3/026991
01%8(99 odrug fornms thereof, wherein Rl is substituted
or “unsubstituted Cl-Clo aI kyl, substituted or
unsubstituted C2-Cl0 al kenyl, substituted or
unsubstituted C2-Clo al kynyl, substituted or 10
unsubstituted aryl, or substituted or unsubstituted
heterocyclo; R2 is H, substCLAIE or unsubstituted
Cl-C5 al kyl, substituted or unsubstituted C2-C5
al kenyl, substituted or unsubstituted C2-C5 al kynyl,
subsWhatiiseaigned igasubst it uted aryl, or substituted or
unsubstituted heterocyclo; R3is Hor OH and 15 R4 is
Hor OH or R3 and R4 taken together formO0-(C=0 -0
with the proviso that when (a) RL is ethyl and (b) R3
11s OH o 53 @ﬁﬂd%vﬁ 8 fokoat ipr form O (=0 - G
then R2 I's ﬁ thyl. 2. conmpound according to
Caim1l wherein Rl I Sopubstituted or unsubstituted
Cl-Clo al kyl, substit tecL or unsubstituted C2-Clo 20
al kenyl , substltute “Unsubstituted C2-Clo al kynyl ,
substituted or URs St d aryl, or_substituted or
unsubstituted het\\e oc?cl ofn-41 V\Dﬂgdﬂﬁ 019879

b7 57 )

0 OMe

o OH

and the pharmaceutically acceptable salts, esters, and prodrug forms thereof,

wherein

R! is substituted or unsubstituted Ci-Cipo alkyl, substituted or unsubstituted Cp-Cio
alkenyl, substituted or unsubstituted Cz-Cio aikynyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heterocyclo;

R2 is H, substituted or unsubstituted C1-Cs alkyl, substituted or unsubstituted Co-Cs
alkenyl, substituted or unsubstituted C2>-Cs alkynyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heterocyclo;

R3is H or OH; and

R4 is H or OH, or R3 and R* taken together form O-(C=0)-O;

with the proviso that when (a) R! is ethyl and (b) R3 is OH or R? and R# taken

together form O-C(=0)-O, then R? is not H or methyl.

2. A compound according to Claim 1 wherein

R! is substituted or unsubstituted Ci-Cyo alkyl, substituted or unsubstituted Co-Cyo
alkenyl, substituted or unsubstituted Cz-Cio alkynyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heterocyclo;
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R2 is H ethyl, propyl, isopropyl, or 2-butyl; and R3
and R4 are OH, with the proviso that when Rl is ethyl,

W b@n/o0RB879 s not H or nethyl. 3. A conpound acPO¥/Us2993/026991
1%86%&a'm1 wherein: 5 Rl is substituted or
unsubstituted C1-C5 alkyl; R2 is H substituted or
unsubstituted CL-C5 al kyl, substituted or
unsubstituted C2-C5 al kenyl, or substituted or
unsubstituted C2-C5 al kynyl; and R3 and R4 are OH,

RY4stHD, dihfl, P 18130 1Whenbiiyli sngt hyl , then R2 is not
H or ms? @ @yy PMX corrpogf%l according to Caiml
R&/\hmiR'rlareeﬂls et hyl; R2 is et hyI propyl i sopropyl,

2- but y| d R3_and R4 AC
Wgtildbﬁ (’ﬂ’;ﬂ%lst) éﬁe?tl vehen E??Wéhﬁl Elrlgn Rg lsmotufé 0% @b%ﬁ?f ut ed

ethyl; R2 is H, subst ituted or unsubstituted Cl1-C5
aI kyl, substituted u t. al kenyl , or
subshﬁﬁ%ﬂpwnﬁﬁgﬁ n@ﬁqgga @%5‘%lynyl and R3 and
Rﬂ%sﬁbgnﬂ?e&orﬁn&%a@i@%a@fe%ﬂayw to Claim1 wherein:
Rl I's substituted eth R2°i's H ethyl, propyl,

R? mdidr suibptituted oiuhuﬂbdﬂtutmﬂ&-@ allod, Rebstitete@rar thsubstituted C-Cs
conpound according to Claim1l wherein: Rl is propyl

- 42 akeemEyioar sﬁ@mmeﬂ@r/twm@@tsm% 6o Akpugpand R
t bstituted Cl-C5 al kyl,
R?%@RQS |@g_ie or unsubstitute al ky

unsubstituted C2-C5
with the proviso that when R! is ethyl, then R? is not H or methyl.

4. A compound according to Claim 1 wherein:
R is ethyl;

R? is ethyl, propyl, isopropyl, or 2-butyl; and

R3 and R4 are OH.

5. A compound according to Claim 1 wherein:

R! is substituted ethyl;

R? is H, substituted or unsubstituted C;-Cs alkyl, substituted or unsubstituted C2-Cs
alkenyl, or substituted or unsubstituted Cz-Cs alkynyl; and

R3 and R4 are OH.

6. A compound according to Claim 1 wherein:
R! is substituted ethyl;

R2 is H, ethyl, propyl, isopropyl, or 2-butyl; and

R3 and R4 are OH.

7. A compound according to Claim 1 wherein:

Rl is propyl;
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al kenyl, or substituted or unsubstituted C2-C5

al kynyl; and R3 and R4 are OH 8. A conpound accordi ng
wa eooglogism 1, wherein 5 R3 and R4 are i ndependeeit/Ug20pB/026991
01§(§ ﬁg; Rl is selected fromthe group consisting of

) , 2-fluoroethyl, and 1-propyl; and R2 is

sel ected fromthe group consisting of nethyl, ethyl,

i sopropyl, and 2-butyl; wth the proviso that when Rl

is ethyl and R3is OH then R2 is not nmethyl. 9. A
REQ TP Qyp6:i RAED b uiRSubstithled M-&5 anhiR) RibstiRited B2 urBabattited C-Cs

R4 are according 1o to the conbi'nations set forth in

t he dlladityd, redubstitiRed k2 URBubMtituGd CosGKaHd) 2ndH OH

FCH2CH2 CH3 OH OH FCH2CH2 CH2CH3 OH OH FCH2CH2
RigudRBae OH- OH CH3CH2CH2 CH3 OH OH  CHSCH2CH2 CH( CH3) 2

OH OH CH3CH2CH2 C(CH3) CH2CH3 OH OH CH3CH2 CH(CH3)2 H

; d dj a aim. |
8. he o AiPapREId er RSt ek S st Tee5e 0 O
Rf%ﬁ{k?%%ﬁﬂd%ﬁéﬁ%ﬂfﬁ%wz OH OH HO OH HO CH\\\0

p 'gyp HOOFes'' O HOp O "0 Ow O
R*'is Gelebed@bm the group consisting of ethyl, 2-fluoroethyl, and 1-propyl; and

' Reis selected from the group consisting of methyl, ethyl, isopropyl, and 2-butyl;

with the proviso that when R! is ethyl and R® is OH, then R? is not methyl.

9. A compound according to claim 1, wherein R, R?, R? and R* are according

to the combinations set forth in the table below:

R1 R? R® R¢

CH3CH> CH(CHz)2 OH OH

FCH2CHz CHs OH OH

FCH2CH:2 CH2CHs OH OH

FCH2CHz CH(CHs)2 OH , OH

CH3CH2CHa CHs OH OH

CHaCH2CHa CH(CHzs)2 OH OH

CHsCH:>CH> C(CHs)CH2CHs OH OH
CH3;CH2 CH(CHs)2 H H

10. A compound according to Claim 1 selected from the group consisting of:
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HOp '"p HOOO
OH HO OH LOHL

/-1 0
[ aving a structure of

O CH OO
0106%98und according to claim1, h
- WO 2004/ 019879 PCT/ US2003/ 026991
OH

the formul a:

010069.02 OH HO

11. A compound according to claim 1, having a structure of the formula:
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0O CHNJ" "0 Owe O OH 12. A conpound according to
claim1, having a structure of the formula: OH OH N
w0 r004/00879' ~OHO OO ""OO0Ovw OOH13. A PCT/US2003/026991
har maceuti cal conposition conprising a compound
0158%09%3” ng to 5 Caiml together with a
phar maceutically acceptable carrier. 14. A nethod for
the treatnment of a disorder of gastric notility in a
patient suffering therefrom conprising adm nistering
to the patient a therapedtically effective dose of a
conposi tion of C aiml.X 15+ The use of a conpound
according to cl ai or Th reparation of a 10
nedi canent for treatjng,a~drsorder of gastric disorder
in a patient. 16. A'feconbijffant host™g engi neer ed
to produce 11-deOxyerys Hr-efiyoi ch host cell is

capabl e of expressin di fied version of the DEBS
suite of genes (eryd ,YerioN | OMend eryAlll) in which
the eryAl gene has been®engi d by replacenent of
t he ketoreductase domain in €M thereof with a

cassette con -45 WD 2004/ 019879 PCT/ US2003/ 026991
010069. 02. taining a dehydratase donmai n, an

1577 PP R AToRun 87 i3, RaTRg 3 S S PERLR formua
OH

derived from

OH J\

:"/, \N
"0-HO7E47
0  OMe

o OH

13. A pharmaceutical composition comprising a compound according to

Claim 1 together with a pharmaceutically acceptable carrier.

14. A method for the treatment of a disorder of gastric motility in a patient
suffering therefrom, comprising administering to the patient a therapeutically

effective dose of a composition of Claim 1.

15. The use of a compound according to claim 1 for the preparation of a

medicament for treating a disorder of gastric disorder in a patient.

16. A recombinant host cell engineered to produce 11-deoxyerythromycins,
which host cell is capable of expressing a modified version of the DEBS suite of
genes (eryAl, eryAll, and eryAlll) in which the eryAl gene has been engineered by

replacement of the ketoreductase domain in module 2 thereof with a cassette con-
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Sacchar opol yspora erythraea K24-1/159-44. 5 18. A

met hod of producing 11-deoxyerythronycins, conprising
we@otordsmy a reconbi nant host cell that is capebiUs2003/026991

expressing a nodified version of the DEBS suite of
0"gﬁ)ggﬁ—:%z-(eryAl, eryAll, and eryAlll) in which the eryAl

gene has been engi - neered by replacenent of the

ket oreduct ase domain in nodule 2 thereof with a

cassette containing a dehydratase domain, an

taglﬁgélar&%?fase T ar?&?oﬁﬁreéfﬁi%?ad% Rorh&fy ﬁlﬁ@ﬁ%em{l@tase

opt recovering t oxyer yt hronyci ns
dem@eiced.  19. A nethod of claim 18, wherein the host
cell is derived from Saccharopol yspora erythraea
K24-1/159-44. 20. A nethod according to claim18,
1Wher ei i\ tdvendbinamiolxgst cgll heanmglrighta daibd 16, derived from
deoxyerythronycin B, 15 ***x*x*xxxx . /f[

Saccharopolijspora eriythraea K24-1/159-44.

18. A method of producing 11-deoxyerythromycins, comprising culturing a
recombinant host cell that is capable of expressing a modified version of the DEBS
suite of genes (eryAl eryAll, and eryAlIll) in which the eryAl gene has been engi-
neered by replacement of the ketoreductase domain in module 2 thereof with a
cassette containing a dehydratase domain, an enoylreductase domain, and a keto-

reductase domain and optionally recovering the 11-deoxyerythromycins produced.

19. A method of claim 18, wherein the host cell is derived from

Saccharopolyspora erythraea K24-1/159-44.

20. A method according to claim 18, wherein the 11-deoxyerythromycin is 11-
deoxyerythromycin B.
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