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28 February 2007 WD 2004/019879 PCT/ 0S2003/ g%g%
010069. 02 MOTI LI DE COMPOUNDS TECHNI CAL FI ELD2hgbruary 2007
present invention provides prokinetic agents with
woetpenbes  phar macol ogi cal and phar macoki metius2003/026991
(ﬁ%é)&erti es for the treatnent of 5 gastrointestinal
ity disorders. The invention relates to the
fields of chem stry, nedicinal chem stry, medicine,
nol ecul ar bi ol ogy, and pharmacol ogy BACKGROUND ART
Gastrointestinal ("A") notility regulates the orderly
novenent of i ngedM@HiLRE EAMIFOYNPSugh the gut to
i nsure adequat e absorption of nutrients, 1 o
el ectrol ytes and fl urgiSHNIESKIELDate transit thr ough
t he esophagus, stomach, small intestine and col on
depends TBA ptRahiGHANtEN pfdv@dlesqafromm&calgmﬁs meth qmpelsienu re
and severaF sphincters that ? rjEfllte for novenent

% eat’ﬁ‘?@ ormal G
gadtRiihdelilnbs RBLHG ds bf-’hd P&l Rdelies fo HaHeRlsof Bhemistry,

I T eunEtances” dncludi ng di sease and surgery. 15

- meicinnl disersisiof, yaliting mulemuiar bidlogypand pharmagelogifie, f or

exanpl e, gastroparesis and gastroesophageal refl ux
di sease ("CGERD'). GasikeRahgSbars the del ayed
enptying of stomach contents Synpt ons of

. gastr opgeshifitekifal Peg~)5h gultefthe ofRalythiodient of
nausea, and vom ting Acute stro aresi s may be
ingestad wm;al throwgh g sﬁbtoemaee«g%t agsorpaﬁtla tyienty; ¢ g

elegtrol I t I %nd ?%4&3)51?%3@9&@ Sroft ﬂie%sg‘[g%gtéte ¥totlach, small

el e un erIy ng rat her than

‘ mtédtﬁae ranﬂ t‘d)lbft yleplirsle bal e¢gionkh eontmi) sf intrehwminalgaressure ayfd several

chroni ¢ gastr.opar S are ciate t

B S R Bk S T A
955%1‘@1% 7 Batbel hay bR Lis&QY By Varietf oh@icuaBeintes
dyspepsi a. RD refers to the var| ed clinical

inchuling disease poth8Wgeryr ef | ux of stomach 25 and duodenal
contents into the esophagus. The npbst conmon synptons

are -1 pisorders 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 undeslying 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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occur from esophageal erosion. GERD may be associ at ed
wawopdwtbsoww t one and i nappropriate rel axati @pr@kaobiReo01

| ower esophageal sphincter and occurs with
Owﬁsﬁgﬁopar esis in about 40% of cases. In nbst cases,

GERD appears to be treatable with agents that reduce

the release of acidic 5 irritant by the stomach (e.g.,

-Prilosec) or agents that increase the tone of the
hearigwer andedysphasize hlood s meyerlsoascyy. from esnpbagegbsrosionher

es of . disor QS8 - t {.0Cl i i.r.ed

GEEL I e Reitoe P EET e iR B Gt R
esoph#p@blsphifeit aREbautaeith ghistophicisiih ghifut 46% becade rInanost

I ntestinal pseudoobstruction, tritis, .enesis,, and

gas , \.
casesnGERP@ppeis £q ppireaiable wihagents thesadiug the 1gjeaps of acidic

‘ irrit?.hg@r ﬂilg Eﬁmﬁrcﬁ (egg!l%lﬁ}ééczgﬁ e{%ﬁt{s ﬁﬁt&c&&s@f’f@ kbREd he RARHDT S

ance opul si Motilides are
esoplagedlsplimcieo (gapinirdpridejc Other exempleh obHdipardarsarhbset s

derivatjves that,are agonists gf the notil] tor.
YRS REBRe Gt G RaRbRa Rty are appiiyce fribpaadd
stasiPpbdtoptestivietalAp@sildub Siclerctiinh iMtebithal psbudeolsbaston,| |

of . M grating Mtor Conplexes (" l\/Me1 MMC refers to the
gastribisrensissand qhponigonstipationdrelenicinestia)act i vity di spl ayed

by the stomach and small intestine in the fasting

st at e. THYSGLAibrdeRnkd d&let Ol RQEGith ProRiREe agddts thand

W coincident with a peristaltic wave that propels
enhapegrppulsivemertity. detililep prequaqreliflercampionpds soch ep

' erytg%drgilc‘ﬁ%ﬁc?’ itd &érﬁ»éﬁ@%s fihf £ ggci_néééﬁsﬂ HOGonliN L EARE. Ef?idence :

ophageal peristalsis an pressure 1 n norma
of thegpateritebclinicahntilityatf imerti idesiintlod @RREIr abiityetiodndudeqrnasg 1T

of ViRt FATPEr bR R A et P o £ S (B 3
elecH@bldtioRY HispRgbd Bt stthi@land bl 8 tifBQink ethehsting Wate.
di abetics wth autonom c_neuropathy. The erythronycins

Musgplar gonteneiion owsrsiadhates Jé anh IY spiscident withya pagistelils wave

f j t '
R A s
inchigtey frivreangy/ini esopliageal periselsisyand &8 paessiusiin homnal ivolurieers

and PRaéntERHALHND, 30 erdTon SRRLE A UnplRHE & palibnds el Sk
paresis;_and stimulation of gallbladder coniractions 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 Sireptomiyces

erythreus). Brythromycin A, a commonly used antibiotic, is the most abundant and

important member of the family.




........... - 28 February 2007 WO 2004/ 019
PCT/ US2003/ 026991 010069. 02 NMe2 HO, O Eryt %%ﬁ?’aﬂaﬂ’zom
ARA =CHRo =M HO,, 71 HQ,.s ,,A O Erythronycin B
wWRaooz/0i98®b = Me Ra Erythronycin C Ra = OHe®buszoddio26910,
Ol ErythromycinD Re=HRb = H OHO ORE Since the
01 s, erythromycin A (1) has been known to cause d
side effects such as nausea, vomting, and abdom nal
di sconfort. Erythromycin A wundergoes acid catal yzed
degradation in the stomach, formng initially
8, 9- anhydr o- 6Nr9e2hem' acetal 2 (also known as

eLyt hrérrygiicnh,‘gol - herz ggrd th;en tspl égk%}gl Sﬁas 5
sho C * e €ireh f ect s g\tar gefy ™

9

. Jes in a fvity yt hr eLgyd
j nd heni acet aﬁ%@fu% ﬁlﬂﬁ)ket al | g_il nactive.)
)2 N(Me) 2 ut;laneDHQ,,RH@I@omH

+#0 1 | H
M0 O tromyandC O 1 ghlff PH gy

Since the 1950's, exythromycin A (1} has been known to cause GI side
effects such as nausea, vomiting, and abdominal discomfort, Erythromycin A
undergbes acid catalyzed degradéﬁon in the stomach, forming initially 8,9-anhydro-
6,9-hemiacetal 2 (also known as erythromycin A enol ether) and then spirokétal 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). N(Me); .

y HO.,,
Ho, & 070 : HO,,.

el

H-l-

Q.0 ' 0.0
OMe OMe

(1) (Erythromycin A) (2)
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Ove Ow (1) (Erythromycin A) (2) HON(M5)2 "0 0 O
""OO'OH (3) OB -3 - 28 Febr u&gfd@w@w?om
WD 2004/ 019879 PCT/ US2003/ 026991 010069. 02 Onura et

WQ@R04/01983) st r oi nt esti nal not or - sti mul at i ng poTGSWtY2eBE
g@f;olide antibiotics and the structure-activity

ationship,” J. Antibiotics (1985) 38: 1631-2,
di scl oses the relative ability of erythromycin A
9-di hydroerythronycin A and other nacrolides to

Pl SR e SHD R

.antﬁﬁoﬁ@%na%é SMBrchite BFY: lemismu 4 ain@z%scs ﬁssﬂsmma

di hydr oeryt hrony¢i n cann ornian enol " ether, it
dJSﬂQSBé Itme%qﬂvatabﬂl@nqﬂ ergthamydin Arr%{iilo'rimesyﬂmmmm Snuichpther

B D N W

USG

d]h?dideﬁa:hidﬂiy@h Aaedsirepdryedtaibe 65% ag QABRIEE ér}QM@Enycm at a dose
ratl On Of resi stant ~m croor ganl SNs,

oﬂgm A{hydr sy EromIEh st tommae. eaat qtb%rcit isrclogy that
em@s&ieeffo&mauwﬁrn%t Adsenti] mrln@amﬁi%&%ﬁﬁ Eiinﬁiiloﬂi SnUSE as a
not 1|1 de. unber of erythronycin enol er anal ogs

curtently ub@b‘@ tpeeépmhb ty disordemst dviendiesighi IWGhUURQﬁEg]TIaEMtB@@ raises

confeihs ot eRfeabl ot dERM sitTodkinnte: 48 Sgidos R amycin

 also$hSws Batibaterd0 scti enf®sinblab 8dhc888 withhitOdbe a8 4 Qiotilide.

6,077,943; and 6, 084, 079 each of which is

ihcorpo at e he el refere Febr uar Q7
WO 200 é ‘i@tzi%aéi gﬁ‘m Brebated al
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.




NRHOAN HO .,,, O OOOH AN HO OO OVie6NO O

oz~"9o OHH (4) R=cethyl e (5 R= |sopr2§|ff>¢bm(a6)2007
4000001 . MO OO and 00 00O0..., 0O

“@\7@“@49 ™Me (6) (7) O her notilides of iPoR@sBEH026991

PHIOPYePe | act am enol ethers and | actam 5 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 hi gh pot ® of the erythronycin enol ethers as

il their netabolic instability has_hindered

vel% t inthe clinic. Futher, npounds
84 % how notilin recept 61 dEepsing i zat i on
I n” 4 -Bhsed to and nus contragtility

Ad0a @ecrease in
ptilide. There

: uuu il tiple dosmg'_?
ed for new notiTi fpoupds,. havi ng
o “OH ‘
' OMe EJ;H
OMe

(4) R=ethy]
{5} R =isopropyl (6)

is desensitizati on

and

®

- Other motilides of interest include lactam enol ethers and lactam
5 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 erythromyein 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
10 and muscle sirip 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 lic
stability, and decreased _5_ 28 February 203'%?%%“”3’2007

2004/ 019879 PCT/ 082003/ 026991 010069. 02 recept or
WeseHaisiszati on. The present invention prowctasz003/026991
0@%&@ of 9- dihydroerythronmycin that neet this need.
URE OF THE | NVENTI ON One aspect of the present

i nventi onprovi des conpounds having the 5 forrmula (I):
OH RAOHRENR2RL" OHOO(lI) O0'0 Ow OH and the
pharmaceutically acceptable salts, esters, and prodrug
recspies desrmsitightion. \fhemsesennvertion prevides pralogsof 9-

jﬂﬂﬁﬂ ' i - C . substituted or

u sugé%%ﬁ%‘ggng&%%g%ﬁ%gyl, substituted or
unsubstituted C2-Go al kynyl, substituted or 1o
unsubstituted af3iBCLEOB FiTHER RYEWNTIGNs ubst i t ut ed
heterocyclo; R2 is H, substituted or unsubstituted

G - QQ al IGne aspegb of the pressnbinventinnayeyides @ingspunds having the
f‘ﬁ*fﬁﬁ?ﬂ substituted or unsubstituted C2-Cs al kynyl,
subs uted or unsubstituted aryl, or substituted or
unsubstituted heterggyclo; R3is Hor OH) and R4 is H
or OH, or R3 and 4 }taken together formO C(=0-0
with the provisgsthaty (a) R1L is ethyl and (b) R3
is OH 15 or R3 ak Aken toget form O C(=0 -0,
then R2 is not Hlor ,retjnyl. Di scNosed herein is a

“nmethod for tre& iy &rdiOotlier o%%gastri('b motility in
a patient suffer| ‘E{EfBKnEn conpri sing
admnistering to'th iept "a therapeutically
.effective dose of a co%%l@m of this invention. In
a second aspect, there is provided a pharnmaceuti cal
aSPAROsLLION . ' : c

pharmaceutically acceptable salts, esters, and prodrug forms thereof,

~ wherein R1 is substituted or unsubstituted C1-Cio alkyl, substituted or unsubstituted

Ca-Cyo alkenyl, substituted or unsubstituted Cp-Cro 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 alkyny], substituted or unsubstituted aryl, or substituted or
unsubstituted heterocyclo; R? is H or OH; and R4 is H or OH, or R? and R? taken
together form O-C(=0)-O, with the proviso that when (a) R* is ethyl and (b) R®is OH
or R® and R taken together form O-C(=0)-O, then R?is not H or methyl.

Disclosed herein is a method for treating a disorder of gastric motility
in a patient suffering thereform, comprising administering to the patient a

therapeutically effective dose of a composition of this invention,

In a second aspect, there is provided a pharmaceutical composition

comprising a compound of this invention and a pharmaceutically acceptable carrier.

-6~




20 conprising a conpound of this invention an
phar maceutically acceptable carrier. -6 28 Fg@ﬁ:ﬁg?’ﬂry 2007

2007 Conpounds (I) may be used for the preparation of
a medi canment for treating a gastric notility disorder
in a subj ect. In a third aspect, there is provided the
use of a'conpound as defined in the first aspect for

t he pr epafempeundsil)anaydi waddmtthe preparationiof g reedicament for

tr%é&%&ggstggmogiﬁ%;n%sﬁrgg%%%g% f.n @ patient. Disclosed

n°rs a rec cél| that may produce 11-

deoxyeryt hromycins (particularly 11-deoxyerythronycin
B), al onglma third ipertlicrd sdroyidéd/fhetisdef z yamirmasnd agdalned

AR R o B R R T B 8 a0
. gasitiedisedeairespdttintt he synthesis of conpounds of this
i nvention. The reconbi nant host cell may have an

er yAl gene eer.ed b acenment he )
cot or oqucPisBRaIRENR S S et AR RR &I het ffy proguce 11
d&ﬁﬁéi?ﬂir&ny@ﬂé @bfticabuk 1<1e1w:ekfeams&nyt@m) Alon@Rith the modified
redu t ase domai n, and ket ore ctase omai n.
P%q@%ﬁ%é&@& ARer2enes they exntessiapd the verkaes Mgt fufe used fo engineer

tHdROAHKE | V-S98R B BBy cif O FIRY be uBGrul4d ihibinB & ﬁa'sl%i‘tﬁe th
reconbi nant}@host cgc l\/gDE CIZARRYI N% Qur T F esis

of payEpr tlwmivmttqno'ﬁhe rpn@nb!@ﬁnfrmst eshlamay hawq@nteér/%gene
H%H}r’ %lfbdﬁ)g] rgiﬁa n¥ &t%?«@&u&ﬁ%&%e RGN nfiafile dzucg&%of with a

i's specification an e appended cl ai ns,
casmtES:snttahan@ adelepdratagteduniajn,i amohmmllrwctush domaineand a

ans_a.strai ht .0r_brapc ai n,.hydr ocar bon

kefgiefiecd Gg DRAOSHE o bn HEEET SRR YON ot oms 1 n

ddoh@ryﬂmmy@ﬁs coifigiend didtuiinglaach tecoBinaathat el i s not
specified, up to 5 carbon atons in the chain.

h%fﬁggboﬁﬁﬁﬁé ﬁﬁ%ﬁ%“goﬁiyﬁ@\@ﬁﬂpg’on car bon

D #.b.o bond and the specified nunber of carbon atons
re-chai n or, where the nunber of carbon atons is

0 SPECHfd SehnithRoP et 2980 BUSPpoR, fo1fie B2 35 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" means a straight or branched chain
hydr ocarbon noi ety having at |east one car bodS&sPBgH 2007
triple bond and the specified nunber of carbon -7 28
WoRspwuEry 2007 WO 2004/ 019879 PCT/ [ TS2003tD26085l026991
016b506869. 02 atons in the chain or, where the nunber of
carbon atons is not specified, up to 5 carbon atons

in t he chain. "Alkylaryl, “taryl al kyl
heterocycloalkyl alkylheteroaryl "
Ky, teroc nmean an aryl,. . .
Rt e *fgue 1B 8 fj G eb&&ﬁforassw 5O Wecifed amiay
cm&@nahgﬂﬂgnhgaﬁﬁgtly to an aIkyI noi ety, as in benzyl,
phenet hyl, and the like. "Aryl" neans a nonocyclic or
bi cyclig aroawiig hydrocarbon ring _system having 6 to
12 car borisyl Lrlhﬁﬁ¥%ﬁ @ ékﬁﬁﬁ§mﬁﬁﬁh
MY oy RAGnd el i
ogtlonall SUbstitute %é%%?n @ogggﬂgbﬁﬁgﬁé?ﬁ

the'@yemen [bhyhdhdﬂcééwﬂamo mpalkgfmbieyy, asibpdtentyls phebnethyl, and the
aturated cyclic hydrocarbon ring system preferably
dontaining 1to3rings and 3 to 7 carbons per ring
whi ch may be further fused with an unsaturated Cs-C7

carbocyéhhﬂ”nmmmaJMﬁmmmmmmmmedﬁamwmmmlwdmgmﬁyshmgs

syl a5 TR e B ety b ety papthy, end

biphyfyleftaeiasydach anwhidl Wﬂ)ﬁbﬂ dubstifddd OHRe oPord dsRions.

neans fluorine, chlorine, bron1ne and i odi ne.

"Het erogycl.e". .heterocyc|ic," qr "heferocyc]o" neans
an opt i or&P PRI sTseRs an nttenally sybsiiased, F%F’é"ge yclic

hydt08abo Aihg dystedh, PHErIaBlyUonBRANAE ANES kol ARB £YASHBns
yexanple ﬁﬁ?%h I's aa ﬁ%bn Ebered nocycllc 7 E%f

ring whighaey E%Ffuﬁﬁhes/f@wcbmtbanmsatgrat%%nmbc@mdtcrrmg/c| | c

as ne on atom C|O t ong
#ﬁ%ﬁ%ﬁfo&%&l &@rs&gtegé?n&ude Yeloprapy clyc c?]
cyclubaxyl, qyclvbeptyb cyadoetyl, myaﬂbdéﬂyl tchelododegyl, mtsd;cammﬁylar yI .

Each ring of the heterocyclic group containing a

From N, SusRaY a "GHiE: erk Morthec et bERER SR ne

oxi di zed and the N optionally may be quaterni zed.

“Heterocycle", “heterocyclic,” or “heterocyclo” means an optionally

substituted, fully saturated or unsaturated, aromatic or nonaromatic ring system, for
example, whichisadto7 memberéd monocyclic, 7 to 11 membered bicyclic, or 10 to
15 membered tricyclic xing 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. Bach 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 ophonally

. may be oxidized and the N optionally may be quaternized.
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-8 28 February 2007 WO 2004/019879 PCT/ US2003 8991

010069. 02 Exenpl ary nonocyclic heterocyclic ri 3%I“my2m”

systens include pyrrolidinyl, pyrrolyl, indolyl,
W‘b%’ﬁ%@‘"&/l oxet anyl, pyrazolinyl, inidazargigsze03/e26991
ommm@gzollnyl, inidazolidinyl, oxazol yl, oxazolidinyl,

i soxazol i nyl, isoxazolyl, thizaolyl, thiadiazolyl,

t hi azolidinyl, isothiazolyl, isothiazolidinyl, furyl,

tetrahydrofuryl, 5 thienyl oxadi azol yl, piperidinyl,

Doy BRI RS S
ﬁrqiy]pmdnljd}ﬁiﬁrazo[}ﬂ)’dﬁétdﬁyl pyz6lK e, vidaailyl, m@dfatzaﬁmﬂy I,

i dazinyl , tetrah dropyran
mﬁé St‘?ﬁ"i%yqx&ﬁ% dinyly iggxazpliey i( sA0l8ul f one,

‘thgﬁfdfgox% 'éigiﬂzoh I'TDT P OP&ki F&S ?ZFOHG?P%B%?(&I&%%{J ane and

thieay} Q*ﬁdéhzlgl}’l Pflp&i‘lcbuﬁt papelmyinyl Iﬁ)x@lpmaﬂyiyl, 2—0x0p1pe|r1d1nyl 2-
t
o PRI, S ol A pipiiond Bt Tt Ryrdihs
yﬂfmﬂl)ﬂﬂk@rmﬁﬂir@ﬂ %gawyazd j(drop?&rahjﬂﬂ te@faWontHﬁijrl,

t hi azol yl, ‘oxazol
@%H%&?E\Oymnﬂﬁ%namwhohm dhiompaplyglinyl, tth:omwpholmyl
suffdiidd) Yllucmgi'ﬂl{b@h?w(ﬁfoné 50 F}&ﬁ:!zﬂe%h ¢e@£}grcﬁgﬁ -chby?otl:uenyl

*Phar naceuti cal accep e ester ns ah este
diexaayl, isgtieablidiog], ﬂnetaxlﬁ ﬂmmy(,ﬁuﬂzmyﬂ;smdlmazaﬂpl, hﬂniatlieﬂu&a.n

R R e L s A R S B
pymmgnﬁﬂmmgy ﬂﬁiazom b2RbE1, &k@&lolyl GhRRS- ol ChxddRzolyl,

L ;Hﬁ§%¥L|n1t ion, those derlved from
B ey, isegwpelipylendahe Weat i ¢ car boxyl i c
acids, particularly allcanoic, alkenoic, cycloalkanoic
and al kHIimﬂia@étihcmjd&ceﬁﬂﬁblweét@ﬂ" n@éﬁgaﬁle&ié;" Ak hAlbG2 8y

nF ety preferably has no nore than 20 six carbon
vivg RTrgstangs iy dhe byt bedst) &9 Brodsies the parent remmpeundiora sltes,

theRdoP B} Rﬁ?)ﬁ:ﬁé actng E!Pt% th&SF %{l‘l }ta?e?nigﬁ #Hﬁ}l& SGyi ta‘b}e ester

succi na Succl na ceutica

oswemhvdbj mthmﬂ&uumsﬂwasmwe@ from plenpauadically hecelﬂhble
Sui, t abl e

|
gl BAROTR B s D ineBaieaion, Fgn fefsangis and
alkm_zhd_imct mami WhichehGhIRPYr alkhiyl SXAEH RefcRblf BESRANEM than

a solution 25 of a conpound Wi th a 'solution of

. MmXin
S %‘IE% dilupteative\esterringudefosmates wcetates, proplopaies-

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 pharmacentically 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-




10

15

20

525

chloric acid, hydrobromc acid, sulfuric add, fumari
acid, maleic acid, succinic add, benzoic aci d28 Fé‘@@taﬂ(:zoo']

citric add, tartaric add, phosphoric acid,
W@%‘?"%ﬁf‘é acid, or -9 28 February 2007 WECROSMIBIOBTI

010868¢d2US2003/ 026991 010069. 02 the li ke. Were a
conpound carries one or nore acidic noieties,
pharmaceutically acceptable salts nmay be fornmed by
treatnment of a solution of the conpound with a

f |.cal ept abl.e se. suc
theslfﬂle Wﬁ%}ﬁ %cgﬁg?ﬁ%ﬁ Qﬁ‘ﬁg&'&ﬂ& s I'Jléi'ﬁ g@&c@n%eﬁespgﬁagg?ceulﬁc&y
acdxtp’dabtmahsmy bk faralddyyarentmentof A yolutsh 8ethelchinpound wathko

1 natf ﬁgdlun1p bonateTj %ota55|un1carbonate

SOIZHER) A &P accepypble kasey sych as ligumdysdrgde sodigm

hy&ﬂﬁfc@cf)&&ésﬁﬁﬂ ?arc@@déﬂ&n%m?&hﬁrﬁ%(@gﬂ%ﬁdeﬁ%w&fﬂo@d

al kyl ,™ substituted ai ceny group may
naigespdisn earbpnate potissitiopenbiaatd, ymngelis allythimings b thediies,

preferably one to five in nunber, nore preferably one

or two wikAy pis l:ﬂarbcieﬁ%g%géiﬂg guﬁ ?g% I”LLHJ%&ELI%

and substltut on patterns can y oneé of
au@%%ﬁﬁhﬂﬂwugkﬂk@qmﬁEKﬂaﬂmhgnnqnpaymmuﬁbne@mpnnaﬂ&hphakmﬂy

d t hat b d by
sel BB Pty e ae Iy moke PP oo gutwe
in rasfibel At ishurndersebdil thEampliaentd ind MBSEM@II%&%&EEH& BLS

i ncl.ude al kyl, al kenyl al kynyl, aryl, "halo
selqcpadrhy, e sherdipay skilkinthe st tﬂﬁpﬁyﬁe commwam ghgmically

stalSly QR&H&YLan @%ﬂfﬁb@&@& B ¥ éé(s kr%%?i@‘%ﬁé are @ KRAQY hRXY

am no, no quarterna y anmo

methodé Rﬁy tﬁa:ﬂn h@fem: Frdroplekgf saitibilo su&nﬁhmtmylcludanﬂm, alkenyl,

Dt Rbr RSt y st et Rty by oy elopli

hetbmeyclooxgaalkhaogt | sditaasblo &hhﬁ@%ﬂg&ﬁh&@&#ﬁﬁéﬁ@ﬁwénun-
on-cyc K ycf%%o arylthi on%s xfl cyI sul fonyl ?
P%hwgﬁwweocy Aiterecyelonioieg, distkdamino, elianayl-

b, A S A R v

' car@oxylpﬂcyh |ck1dmw1 28koxysarborgl bﬂ{yﬂﬂmdargltyjono,sa]bﬂtulfdmyb d

titut al k and the lik nl e
sulBitiodortplc aflife kS auST bt apsrifiod firaio oo
sub.{t&uem mi}:)/beefurih@i‘ segtitated) 85 mﬂnp@rlsy %o,awd%@v a1, alkoxy;

ente i in-a structural formila),
afY]s? Siaprgh substibuted allrh sebotiputed aralisd, aé@ébéhlstf t he
|nvent|on as pure conpounds as
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 enantiomets,

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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wel | as m xtures thereof. Unless otherw se indicated,

i ndi vi dual enantioners, "25 di astereoners, ged¥atebruaay 2007
i soners, and conbi nations and m xtures thereof are all
WaRWEMIE8sed by the present invention. Polsrmubusozsss
otwwgaral | i ne fornms and solvates are al so enconpassed

Wi thin the scope of this invention. -10 28 February

2007 WD 2004/019879 PCT/ US2003/ 026991 010069. 02 The

present invention includes within its scope prodrugs

of the W@ LN Sy opn...Such prodruygs are

in genera u%@(ﬁé%@é@%@d\%{ﬁ%@ 1ofscogeh%ro§{)urg&9:fj S
campaunds of thissnvdntiono Suet proktwesiare iigéReialtu@clidifl dearHasof
ﬂlg_%g%ound Thus, 'dﬂ t he hods of treatnment of the

SEEERRnds thatafe fadily Fonvertiie ingireinodhe raquiyed sompeHnd.
TIRBCTReEStHoRS of HEAMERNS feBht Vel | SO0 FEE Sinistering”

R Dot KRiehib o S0l Rinistering’

- d i bed with th d
Sh@ﬁscrl ed w e com pound speci

H enforpags he satment whihevariays dﬁmrdpﬁ depaitief] m&idﬂhy com-
e n bR kb ubieBRy b Sty

conp
diprkesed, thue whirh. cofomisetotthasnrbifind eQApsURbxf, aftBadministration
tosell?\%xl.on ?r{g I|or1§p ra- tion of suitabl e prodrug

' GEFPIVALT VeS8 thpige PRi2. proFeciremior the seleciiwnsanghprgpara-
toh®f Riiedld486drBUngEaavE ; i 9 .

Corrpounddsjiﬁand met hodsglafg%sgn %r%gﬁler%%? I:la, %05%%%‘%5

Frodrugs Bupdgasrdredy Bsepiey, 198% provi ded wherein R is

substituted or unsubstituted A-Ci o al kyl, substituted

CoaipodgsiRed inetid C G o all cenyl, substituted or
unsubstituted CZ-C30 al kenyl, substituted or 1s
a&%ﬂlto%ﬂied
y or

unsubst i bﬁe%inﬁj’dﬂnen@ﬁorﬁ%&ﬁidﬁ%%ﬁ R4 fo AR HQHL
het, e{{{)_cycl 0, R2 is H ethyl, propyl, 1sopropyl;
Wherqin Ry substitiied or gRsubptitusied Rt plybisubstiBled or uRSihatitited
Co- R AlROST) sutlsRBRE I,{eﬁ)- %o Qiyltt Dk Vi SO
“that aha i sag{ hy %tg C%m 855713}'1’ ﬂg’sg'g’ﬁ%{ %4 taken
ungubgidtutrsharflppnsubs izt or@rishiestititad heter@yclb} Kois FRbiby, . | n
enbodi toof theinvention, conpounds having
pro 3 b Phor T O £ BB Rt FL i R i o T g bt
togethet s> Ci=OIL @ hwiEh tHeSpral iy that Bheh R i et AURE e iR 3
g;;gstit%{lga-a Syl ST e S
an‘t}[ﬁ togetherdory -va'(ﬂ)ké #em R2 s not H or methyl.
In another embodiment of the invention, compounds having formula
(D) are provided wherein R? is substituted or unsubstituted Cy-Cs alkiyl; R2is H,
substituted or unsubstituted C1-Cs alkyl, substituted or unsubstituted Ca-Cs alkenyl,
or substituted or unsubstifuted Co-Cs alkynyl; R8 is H or OH; and R¢is H or OH, or
R?and R* 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)-0, then R2is not H or

methyl.

-11-
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a5

20

or substituted or unsubstituted CrCs al kenyl; R}is H
or OH and R4 is Hor OH or R3 and R4 takenZ® gj’@f”ﬁ‘@fzom

formOC(=0-0O wth the proviso that when (a) R is
WER0198%Nd (b) R3 is OHor R3 and R4 takepcflt,@%&;;;%gl
015({6\%590C( =0 -0 then R2 is not Hor 25 nethyl. -11 28
ruary 2007 WO 2004/ 019879 PCT/ 0S2003/ 026991
010069. 02 I n anot her enbodi nent of the invention,
conpounds having fornmula (I) are provided wherein Rl
is ethyl; R2 is substituted or unsubstituted C2-C5

al kyl , m@%m@ﬂi@@nm@mvm@nmn@o@sdammma

Eisoiiibd Glefin KORMASHIEN! S Bl B2 st

subs@mc’s o@l@@h@m@d TrConllctnigh br erbboiktaotar@fibdtiged Co-Cs
(1) are provided

aﬂ#ﬂ%ﬁ%ﬁa% FEEASEE e 08 enefind K esgp roserivs fropy |
Lutyl; R3is H or OH and R4 is Hor OH or R3

and R4 taken together form O C(=0 -0 In another
conpounds havi ng fornmul a

embodi nt f the invention,
10 (I ) &%W@é’ﬁ%f’%ﬁﬁ inyentien, sompeindskaying feymula
0 ﬁ@gﬂﬁmﬁd ﬁﬂaﬁﬁﬂ Riys efyDR2 H‘ﬂ?ﬁg}? gr%éﬁt F&%:ro%lcér f{)@ﬁ ReisH

stituted or unsub5fitut
or Wifiynd R4ds Bpr 61H, arfuabd (R taker thgetheChral Qal{y0)-CR3 is H
or OH and R4 is H or O—| or R3 and R4 taken together

form o]g(an@hepemt—, aVI ngﬁ@ﬁ@dﬁ&h}f@nﬁf agjngformula

i nvention, conpounds
(I) 3[5‘1'* Bﬁﬁ‘@@é vikreeiniRY iRnubisstutdd athid gy H, stbstaiebed dysubstRBted

te i d Cl-C5 al kyI
b t u *EH% “%@Bs?ﬁt?%#%gs é%e‘@'i , o sstifpted gF
unswhticited (Eﬁ-éﬁ alkg:ﬁylu RS18l15 bi OHE &6l £0s @ﬁo:étbﬂﬁe&m& an@RaitSceld
R4 is Hor OH or R3 and R4 t aken t oget her

toge%ﬁr%lﬁé( )€ In another enbodi ment of the

i nvention, conpounds having fornmula 20 (1) are

~ provi déﬂaﬂ%}hﬁ%ﬂﬂadﬂm&zﬁt&%ﬁ%ﬂﬂoﬁ%dﬁ HE
|soropyl or 2-buty R3|s

]
(T) axg pyOpided wherein Rbys fugrostisl on azmethﬂklém thgebdtientefior m
unsubstituted C;-Cs alkyl, substituted or unsubstituted Co-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)-0,

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 R4 is H or OH, or R® and R4 taken together form
O-C(=0)-0.

In another embodiment of the invention, compounds having Iformula

(I) are provided wherein R is fluoroethyl or azidoethyl; R2is H, ethyl, propyl,

-12 -
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O C(=0-0 In another enbodi nent of the inventj
compounds having fornula (1) are provided V\he%g?qt?“ﬁfyzom
is fluoroethyl or azidoethyl; R2 is H, ethyl, propyl,
WOpRg4p®Emebr uary 2007 WO 2004/ 019879 PCT/ p@f}@@{,@ﬁ,@@&l

ofDd&R9. 02 i sopropyl, or 2-butyl; R3 is Hor O4 and R4
is Hor OH or R3 and R4 taken together form
O C(=0-0. In another enbodi mrent of the invention,

conmpounds having formula (1) are provided wherein R
s H, substituted or unsubstituted Cl-Cs

.S pr '
iogProPi B 2 bt Sebion CUF a0 B ot OFb 0r Komre B kgt
fobn j-but ed or unsubstituted Ca-Cs alkynyl; R3 is
H or ;" and R4 is H or OH, or R3 and R4 taken
together_ form O ((=0O-0O In another enbodinent of the
i nvent i d&m@%ma@nﬁmpﬁt@e insentivm comfipyuratsdaping\foneala

IpBE PRI veherBigf P Moby FRe o, pdei pr BB yead 03

|sopropy
alkyl, sobbtitgtedRe mufbsamtm@ﬁ:s hlbgetl ) @isubsitite Qotlidbsitutdd)

I [ i nyentign, conpounds havi ng
C”figsr"‘ﬁrlt‘}’%gl ?{g%oﬁé’?% R%b“}] fh&Feon Rignd R tokenyogetherfprm
Odg=2yD, but-3-en-1-yl, phenyl, or 4- hydroxyphenyl; R2

is H substituted or unsubstituted G -C5 al kyl ,

substit nsybstituted C2-Cs al kenyl, or

subst it Et‘ %F%%@Ftt%#@dﬂ@@ egmgayids hidng formuls

af dad eviide !
O O Ol 20y %) HrRbpR e 191, BE REonbt ity 9%l o
1s J 94 O impA R* dsdiieo Ot or Raandiky thbemtopether( fbym @)-6(0)e®i ded

wherein R1L is vinyl, butyl benzyl, but-3-en-1-yl,

henyl e WS ,

o opy e or 2By s ST iy LR

(D &35 Proyid s whetkinR! is akeeh mqg,éaelneyt bmm:@z@zt POy or20 | n
th L f |

by S R b o P e @’%ﬁ@”ﬁ@g"@%&w

unsybeiitu@id CHCs alker@ﬂ:loeeﬁt%&ﬁfté@ﬁi} ﬁxl}ﬁbstﬂ:ﬁ&%l@z@%{ 2 | t ;

el ecte

d 1- d
or (ﬁ):rlh%}q %42- E—i cl)Jro(BIQIe 3 and%%n takenrthrztc:r)e er for?r?O-C(—O)-

In another embodiment of the invention, compounds having formula
(I} are provided wherein R! is viny], butyl, benzyl, but-3-en-1-yl, phenyl, or 4-
hydroxyphenyl; R? is H, ethyl, propyl, isopropyl, or 2-butyl; R® is H or OH; and Rt is
H or OH, or R? and R taken together form O-C(=0)-0. |

In another embodiment of the invention, having formula (I) are
prowded wherein R3 and Rt are mdependantly Hor OH; R is selected from the -
group consisting of ethyl, 2-fluorcethyl, and 1-propyl; and R2 is selected from the
group consisting of methyl, ethyl, isopropyl, and 2-butyl; with the provisé that

when R! is ethyl and R? is OH, then R2 is not methyl.

~-15-




group consisting of nethyl, ethyl, isopropyl,
2-butyl; with the proviso that when Rl is et @IFCEW&TYQOW
R3is OH then R2 is not methyl. -13 28 February 2007

WO@ROD479019879 PCT/ Q52003/ 026991 010069. R dsiscaibdier

01&;5% ?I ment, R is substituted or unsubstituted G -GCs
al (preferably ethyl); R2 is H, nethyl, ethyl,
propyl i sopropyl, or 2-butyl; Rsis H and R4 is H
or OH In another enbodi ment of the invention, there

|s provi ded conpounds 5 having the structures: OH OH
OH HAR@pother emppdimend, Rijq sgbstitnie/isr pnsubggitaid Cie5s atkyl

b TRl b Bl it 52l B
R“lSlI]IPI‘@H OH'NLI O'OHOOO""" "0OHOO - OO Qw
0" OOV OHH
In another embodiment of the invention, there is provided compounds

having the structures:
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10 0:4 -14 28 February 2007 WD 2004/019879

PCT/ US2003/ 026991 010069.02 OH ~.,. OH ~ arfd libryagy 2007

,OHOO 0 "OOWw OH 0~ Another aspect of the
wQrees@nt7si nventi on provi des net hods for therus2oeesnzese

reparation of the conmpounds of forrmula (1). In one
010@??&%di ment, the conpounds s of fornmula (I) are

prepared fromthe correspondi ng erythromycin (I1) as

illustrated in Schene 1. SCHEME 1 0 OH R4 a OH NaBH4

RARROHIz RNRNRLO'.. HOORL. O,,,, OHOO
MOH OO QW O."OOWe OHOH 0~ (11) (I11) OH CH
R4 s OH REaOHz Il RS%. R.,,, NR

OH
"’J, \N/L

[ oeT5

Another aspect of the present invention provides methods for the
preparation of the compounds of formula (I). In one embodiment, the compounds
5 of formula (I) are prepared from the corresponding erythromycins (II) as illusirated

in Scheme 1.

SCHEME 1

v o

15




10

a N Rl O''" ", OHOOi-PrNetz RR" O"'""' 0’
O O"OOMe OHOH (IV) (1) -15 28 February 2 di?bmavﬁoo'f
2004/ 019879 PCTI US2003/ 026991 010069.02 In this
WaANGEFENt , the erythronycin (I1) is treabedossiobincoes
010088 M borohydrlde in nethanol at provide the
(9S)-9-di hydroerythronycin, (I11). Conpound (I11) is
denet hyl at ed, for exanple using iodine and light in
buf fered net hanol or using N iodosuccinimde in

cetonitrile, t rOV|de conpound Al kyl atj on of
In @%%ﬁ?ffam;n 9@@@6@ eated wgth%@né@‘\é@mfdrﬁw

me¥RRNEa vﬁie 'tﬁe @?j‘@hih?ﬂroe Oﬁyg%ﬂ‘% Km?lrg‘tg%lgor t@%)ylf ate,

|od|ne sul fo pre era
demﬁﬂwhée43 f@mnmgleafsu@ ibdipe andiight iabutfered methanol or using N-

uﬁBm%ng Efrog%leEﬂﬁg?gbgg rOV|de§&b5 égqgﬁfun %mgéound

(Ivgiesmg RgX, alrhéi&haliz lodsatefiasH SoPPSndNds a hhigdDpreahysly betfnine

duction step can _be reversed, as shown in Schene 1A
or ’8 M stiffopnte) prafegablrifaty qriosviate, in theprewency ofia Hasseuch

w S B MR B U B O ©

Alternatively, the sequence of the demethylation/alkylation steps and

-

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

SCHEME 1A
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"". RBRR NaBHM R R2Z Na .... N RI' OOHO O @)
,OHOOO."OOVe O'OOVe OHOH 10 (M (1) Zﬁéehalawmm
Februar 2007 WD 2004/ 019879 PCTI US2003/ 026991

I n anot her enbodi nent of the i nveRuREsndbe

0e00ys. 4y 6rTyC| n (Il1) wherein R3 and R4 taken together
form O C(=0) -0 are prepared as illustrated in Schene

2. SCHEME 2 OOH HOHO- 003 OOHRO-""OHO ON
---------- RLO O'0O' O(]VEO(]VE OHOH 0 104--

11 R3 Reactl of the erythronycin (I1)
\(/\,he?r ei( n ad%er ?}Ut"ﬁ Wr{hﬁndhﬁ grydlyomygina(H)ng

whermgeR and Rf taRaispbBesbiv cen %Q&:}%
S%hg%rf é}&(\r bonyl di i m dazole, in ?‘_C@ eﬁage&a?mus%ate
€¢xanpl e pot assi um car bonate or
4- (di met hyl am no ridine
( Y )Py e 2

(Ih (R*=R*=0H)

5  Reaction of the erythromyecin (IT) 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-(d1:neﬂ1yla1mno)pyr1dme,
provides the 11,12-cyclic carbonate. The cyclic carbonates are then converted into
the final products according to the method illustrated in Scheme 1.

10 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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provi des the 11, 12-cyclic carbonate. The cyclic
carbonates are then converted into the final 2$fs8mes2007
according to the nmethod illustrated in Schene 1. 10

W pme4/eesre hr omycin of formula (I11) are prepasgh@Sn26901
oldobtpt rated in Scheme 3 and described in U S Patents
6, 066, 721; 6, 261, 816; and 6, 395, 710, each of which is
i ncorporated herein by reference. -17 28 February 2007
WD 2004/ 019879 PCTI US20031026991 010069. 02 SCHEME 3 0O
OHOa.,. 3\W RLYy S RNO | RRLO""OH (V) O
'"OH ORAH O tailogﬁﬁgﬁﬁi (1) R, O,., pHp OO
""O OV OH In brief, a diketide thigester of formula
(V) is supplied to a pol yketide synthgse to produce a

pol yketi 06 structure (VI). The pPnepapidtion of

di ketide fhipesters is scribedg, | 0Q{ 44717,
which iR orspas at ed—hgggi__n»by refer@nce. In e
current 5 i'nvention, the pol yket gfegsinttrase is a

6- deoxyeryt hronol i de B synt hase or
y‘ y W y o

tailoring

(n

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 mcﬁvaﬁon of the module 1 ketosynthase, are described in U.S. Patent
6,066,721, which is incorporated herein by reference,
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deoxyol eandol i de synt hase. Suitabl e exanples o

6- deoxyeryt hronol i de B synthases are found |r?85Q#umYz007

exanpl e, Saccharopol yspora erythraea, as described in
WQRIGHOIEEP ent 5, 824, 513, and in M C ONDNO SEEOY(ES2003/026991
0108BBl om cea, as described in WO 01/27284, each of
which is incorporated herein by reference. An exanple
of an 8, 8a-deoxyol eandol i de 1o synthase is found in
Strept onyces antibioticus as described in US. Patent

6, 251, 6 rein erence These
pol yket ?@@@ﬁ?ﬁ%@@%ﬁg PRYRE WipPlis d fqy cellfEjpdpm of
thel iy licBEO 5P | QHebrHhgh 7.9) Phickfs, 5,5hcd#Pbiated herein

Met’hods o tatlng pol yketi de synthases so as to
by prfergaen itihmorawooy proentttp freddV) W@tq&@r@vfmc@gaxmm exprefspg

§éaggh§%?%%mggctl atlggaof Hg%g%% uIe %fﬁstosxgﬁﬁ S

Sﬁepﬂn@c&mrfﬂaﬁﬁu @il pora, Pte SR Rmyces l&hé’a%r):&b:fe&&fb,éd in
Usﬁ\ﬁ %/&ézoom 019879 PCI/ US2003/ 026991 010069, 02
fleRt @900 74 rad iy riblication WQIL/8860% ar a popypstagmysety

. such@k EsdibA%id o Hi' chcha RUNSEhI LSeSH VRS VO B8/ 31035 each

described in U S. Patént 6,080,555, |ncorporated
o ‘M@ﬁbmncwonaéa‘déreeﬂnby réferange. rihegesudingprlpkatidedVl) de d

optiohpth okt oo Aol pRHAN' R RSHRIGR Bl Brockddis detated
in Bxatiphohi«dede Usﬁ‘lg(lhe Agive polHetapsamNees polyketides with R3 =

acchay opol yspora, preferably Streptonyces coelicol or
OHpe gEdibbed | n U S  Pat ent 6,066, 721 and in PCT

publication WO 01/83803, or a non-actinonycete such

as Eschirdrefintbodhént@f tipdfedhdion) Me aatiefRyiasidaey@base
escribed.in WD 01/ 31035, each of mﬁfﬁﬁ IS v

has;bgen mutated stiesteperdrcs g nobiketidnbaing Ry %Mﬁﬂmﬁgfor

I”°§E?¥%?%mﬂﬁﬁéﬁﬁﬁﬁiéﬁgﬁﬁﬁﬁﬁgﬁﬁ?E%E|S procesé |g&%ﬁ§%ﬁ

patargs 691584 mptl®, 403 B4, buth dfisvhich arh éncogpdrated hetepkby ieference.
synt hases, polyketides with Rs = OH are produced. In

one. SRS B (01 4 B LAKERI 28y BR Y BBl Rl

" synt hase n nutate
ﬁﬂ@mﬂgﬂ&mﬂﬂkﬁﬂmﬁuhﬂmME@xﬂahbndﬂﬂHﬁmﬂﬂﬁhmmﬁngmaﬂmehn@m34m&

ad 0,11 &tgilge mut atiﬁ%@?@ t| de gﬁgtaégi ar.e tﬁaa’ralor?gt

my&wdaa”ﬂs Ol Forafs dﬂﬁ&h&é}yﬂu&&nyéiﬁ @prﬁgﬁkﬁaﬁéﬁfeﬁ%ﬁﬂgﬁh@y

ref erence.
appropriate subset of taﬂorm,g enzymes. For example, the erythromycin B (R4 = H)

is prepared by omitting the hydroxylation at C-12.

This tailoring is most conveniently done by supplying polyketide (V1)
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
herei;l by reference. A method for this process is detailed in Bxample 2 below.
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Pol yketide (VI) is converted into a erythrorrym n (1)

through a series of tailoring steps that incl §(f§bruafy2007

hydroxyl ation at C-6, addition of mycarose to the
wG-2@kip193addi ti on of desosamine to the 5-OH. 'li1/U82003/026991

01%%?”' ation at C 12, and nethylation at t
ose 3"-OH Oher forns of the erythronycin can be

prepared using the 20 appropriate subset of tailoring
enzynmes. For exanple, the erythromycin B (R4 = H) is
prepared by omitting the hydroxylation at G 12. This
t ai | ori fdeicempostdsod heremile (1) ixp agamiats bfjthe upgiliire@ptor.

I f
i T N T L

a cﬂmmﬁﬂu&%s@&& dedceibe®@ ¥OORY & adet WULAR, chhemz 300, 146151
i nactive

C Iyspora erythraea conprising an
- (2055 g“}?é:{‘?cgf@ vdeis srcogporater hetein by wigen®@at ent

6, 395, 710, |ncor porated herein by reference. A nethod
for this process is detailed in Exanple 2 below. -19

28 February 2007 WO 20044149879 PCT/ 052003/ 026991
010069. 02 The Conﬁ@ﬁﬂﬂ%e&&t&ﬁ&éﬂ“&ﬁoﬂl) are agoni sts of

r.ac.an he EC50. val ues

lllc IIULIIIII I A ¥ O (SaRas,
Compound Refat|i on @ t he [moti| R recept k2 4s ReasiB@d ()

Er}a:hf@l‘ﬁﬂjm—ll an say as cribed i3, Carreras et
AR o SN & (2002, tH 11

d| s&ilosur e of%ﬁéfz is mccfﬂﬂorated R ei n QR 25
ref grence. @%t%l l\/bt| ﬁceptoE ctl\&gll on AP49

Compound Ref. r'yt hromyci n
CHa CI—BO—F@%@‘IZLAICI@@—QCIlB)}DﬂO@HS B5

CH3EH2 CH( CH3pzéey.OH O. 4 CH2CH%)BEEB %l(}' 5 ,D
FCI-%CHZ CH2CI—FI3 2 E 2 H 0 52

CHoCHz CH(CHz) 0.52
F CHCHCH, CHs OH OH 8.6
G CHsCHoCHz  CH(CEHb) OH OH 14
H CH:CH:CH: C(CHy)CHCHs ©OH  OH 3.3
J CHsCHa CH(CHa) H H 016

1 Comparative compound not according to this invention

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

sensitive strain, using methods known in the microbiological art.

-90.-




FCAYX -12CH C-13 OHOH 8.6 G C I3CH2CH2 CH(C H3) 2

OH OH 1.4 H CH3CH22CH2 C( CH3) CH2CH3 OH OH 3.3 72

tayy 2007

CH(CH3)2 HH 0.16 1 Conparative conpound not
wWeLRHIedng to this invention Antibacteri al p@Ghdaiohhboes

Table 2) was determined by in vitro

susceptibility

01908205 agai nst Streptococcus pneunoni ae ATCC 6301, a

macr ol i de-

t he m crobi ol ogi cal

10 sensitive strain,

art.

usi ng nmet hods known in
-20 28 February 2007 WO

2004/.019879 PCT1US2003/ 026991 _010069.02 Table 2 In
vitrpo M nimum | nhi bitory Tggeeentrati ons Agai nst ATCC

6301

LD s ddh fol

S anaValBi=Va P-SERV.Y ¥ 2l

F 1
rece

LUT

tor deSempaundati on ug

LTOU JTTuo

aor
VVC T © TCTCoUTCuU Ul

BikdFy)ConBertiRb A Ehifs i Bofdsdh P. 3
ion u i ng_t hdIEdhg/whded assay

LILA ¥4

S ARREN LR ST

Ef fi
hergi n

~ Tablle 3
f ol |lew
ori gi nal

thiIiW-Receptor

activity retained)

erence. As shown in

et al., US 200 (%192709 Al
Eval uati ng Therapeutic

cacy," the &i sclosure of which i 4.3 ncorporat ef
5 by ref
conpgounds showed little or
expgsure to 1 d¢ 10 M anopunts of caiffound tested.
Desensi tizgfyj on Activity

d ala 0,

abl e 3 bel ow

no desensitization aftgr

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

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

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

Table 3

Motilin Receptor Desensitization

Activity following exposure to compound
Compound (% of original activity retained)
1 pM Compound 10 uM 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

-91 -
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1 M Compound 10 M Conpound F 100 100 G 100 100 J 88
88 Another aspect of the present invention pridkcgagry 2007

met hods for the use 10 of conpounds having formul a
wO2dsionvstohe treatment of inpaired gastric [ Lity. In
Febheodbact

(”ﬁﬁggéal, nmet hods of using the conpounds o
tion conprise admnistering to a subject in need

thereof a therapeutically effective anount of a -21
28 February 2007 WD 2004/019879 PCT/ US2003/ 026991

010069. 02 conpound of the present invention.
compprd phihiepeeserbimpérdiono Thdirstvaenapléedt disdyddethat may be

Q0. wi.th the i tj ounds i nclude but
e S P G et e S e B 23 S i aaitomaresion

gastie@staged oM@ dBeas) 3hbreli AMla dl B Slasis, RRBIRRGHAL I Ve

ralytic ileus, scleroderma, intestinal

P ugigsleradermarintegfingl psentle-obstraction, ganhritissemnbris and

chﬁ%%ﬁ%%ﬁg%&‘i&h@ﬂﬂe .a'bénerti a). The therapeut :jglal Iyy

ef fect unt can expressed as a total
dose of _the conpound or conpounds of this invention
and nay The thanpauiticallyrefidctive aznoumitibjrebd exipresaedsisigbmal daily

' [V h . daily d be |r
L e M R X

sul?ﬁs(gt inga simtlgig oWiﬂ/ @kﬂdgd @ose3D meh tol gauy ldoé% QR %ﬁeﬁﬁtts,_%ll |
0.a (0] wel . I Ngl € daosSe conposli tl ons
exalg IS BE b APt B Ceaboet fame kansin eieh, smrorsally dem
abduf0. ek Ebo 2t1ﬁ§/l%3ddd¥ vﬂa@%ﬂ Sthi1eGRRE EdthposifidrE MdFlhtain

o the pr gnstlloncrrprlse

regi mens according sent I nv
such gwPHNE OF seborltipkesdhersoftss extmakeup deodaly duse hintgeaatalyent

cePheriy bout. 100 f the .. .
treaochis SRR ool Bl % b8 R it o el A isiraion o &

3]

 sublort inmked of scHdsetment bf FotRiabakd 10.mi BPaBOMY B0 the

e b e s S
as solid, semsolid, or liquid form In general, the
phar madyyiidatia) thp ieRaf doathotthl Wil BRYANDF a pharmaceutical

composition or preparation that may be in any suitable form such as solid,

semisolid, or liquid form. In general, the pharmaceutical preparation will contain

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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one or nore of the conpounds of the invention as an
@@thbwé\ry 2007

active ingredient and a pharmaceutically acc
carrier. Typically the active ingredient is in

waddblsiogHoe 20 Wi th an organic or inorganic_carrier or
exci pi ent suitable for external, enteral, FoFUS2003/026991

019P8P-Bht eral application. The active ingredient may be
conmpounded, for exanple, wth the usual non-toxic,
pharmaceutically acceptable carriers for tablets, -
pell ets, capsules, suppositories, pessaries,

sol ut i orfhe BfflrSHRADEN b‘élﬁ%&fﬁﬁhﬂﬁ%at&nﬁgls}l%{’%r %‘F@%‘%Eé%lo o

syitabl e for use. Oral dosage forns
A BRI gDl gtaselr pagted mRBYs{uTmGrisiticad, talt, cors@Eh,
keRhANG LA it Boble yl B afly ég«ée?‘é_ ST Sutable For use in

I ncor por at erelrn eren

‘manufacturdg freparationys, ROOH, SM-2610% /00 198if8d form. In addition

.02 The carriers that can be

PCTI US2003/ 026991 . 01006
ey iR koG gre codns Aok pejtwnes dsoheised

Fogéattipld) thd @ipdunlls ofthd i Rnf&PhGy bIRENes H'{gi& hydroxypropyl

trisiljcate, talc, cornstarch, “keratin,
methyjigelt lose etsgitinliytag deseribed ind].SaPatemitiNie ¢, 916,138, Btcerporated

' r L0 nuf act.uci n reparatlons, in

it ot ke o BN B o8 e RO P s

puldigrion Mpy428{16D) ihécrpmrgtedtteidik Bptdigenad col oring agents

and perfunmes may be used. For exanple, the conpounds
be .utiljzed wi.th hydroxypropyl

of the j i nma

met hyl cte‘ﬁ uI oglgir’wtehse g%??ﬁ.ﬁa{ﬂ"gﬁﬁgg Ryewides .?1?1‘308.‘!5’.“1“15'
methatlefutr nddkinglartil fﬁﬁas of ‘ﬁ?%”?%?h@q”hﬁfmifﬁﬁm illustrated

referen or h a surfactant essentially as
b“té‘é’gﬁ‘?‘fe%‘ig?iﬂﬁfe XMPPlepubl i cation No. 428, 169,

i ncorporated herein by reference. 10 In sunmary,
Exaprpds®nt i nvention provides notilide conpounds,

nmet hods for making and methods of using the sane,

vvh: Ic h dftds éxampif.- tledchibessthe lﬁiakiilg Tgi;!; gg-nmhyll-q-a@'dé@&y%gﬁ&ﬁie

W e es npl e i s_exanpl e describes

B (e 5o o R et 8 OBty o y D cGniettaccis Bed in
the £yaitlie isrdff:&&aﬁﬁdoﬁ@oﬁﬁs}@ﬂﬁg Qﬂgﬂlﬁcﬁi d(E)%’\%rerythrl 7 onolides are

15-n?thyl-6-dEB), an i nterned ate ‘use
analogously named; for example the erythronolide with a fiuoro group instead of a

t he

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

15-Methyl-6-deoxyerythronolide B

A 1ml vial of the CH999/ pJRJ2 (Streptonyces coelicolor that contains a

PKS 1n which the ketosynthase domain of module 1 has been inactivated by

-23.




10

15

20

25

the synthesis of certain conmpounds of this invention
(G her erythronolides are anal ogously naned; 2§(§,ebruary2007
exanpl e the erythronolide with a fluoro group instead
wd oo thyl group at the 15-position-is [
as 4grrlhé%:?glauoro 6-dEB.) 0O p., o OH 5 15-Meth &fn%%&%gzg%?
01006902 v rythronolide B O'OH 15 1 ""OOCH 20 A1 nL
vial of the CH999/pJRJI2 (Streptomyces coelicol or that
contains a PKS in which the ketosynthase domai n of
nodul e 1 has been inactivated by -23 28 February 2007

- muEiodD@4HahE 8alPbA(ERS (hh$2dABA AREGMtentOHARE GiaDate addat foda)

cell t d and the contents of the
m"‘@ﬁ%&@ &é"%stﬂ@g@&ﬁ Medium 1 in a 250 ni
baffl ed flask. Medium 1 conprises 45 g/L cornstarch;
10 9/ L Mdiurkitieesy éﬂﬂsmrg/lﬂdémsﬁr&h do ged coﬂnmplﬁqabﬁdﬂ

s yeast ThIS Iutlonls,
8/1siRed fraghigateg W%ravsaérf 53 C%q Fhisgeleionts stfined
| hirfedds! o I 50
by %t}ﬁ?@% ?%ljs%hr ept gér? a|Q ??11%0%( 5!\/%%&%]%% %%hm/ gt&? %)t%qlaev ed
fiiter60 89 mgyl tnlftknam'cfptem fri 10086 BMEDsindi? ML/ aBakleved HO%
dde rior | as nt ai.ni ng the thawed
an %ﬂlg g’r‘?& ﬁgﬂ'ﬁ)ﬁ,’l @T{g&iﬁr gg?ﬁ{)%‘ﬁort?ﬁﬁ bat or / shaker
mai nt ai ned at 301C and 17525 RPM for 4810 hours. The
50 1o The flasgkiconmining tHedhawestbeitls tood Medifin [ idyeladdddd an

e SR S0 L ML, Tk (38K h e

H\Lfcﬁltuﬁgg-@mnl&ﬁ%é to 4 D8 LUK bdhiRiraS0b AN uirl.

i noculate a 10 L fernmenter containing 5 L of Mdium

Thig flasktigircabated irean incubsient/shiliee ot W10 WhED. TP Myor 48:+10
ho§l9fl 508 LA cuzli:ure 15 than used to inoculate a 10 L. fermenter containing 5 T

of Medium 1. The fermenter is controlled at 30°C, pH 6.5 by addition of 25N

H3504 and 2.5 N NaOH, agitation rate 600 RPM, and air flow rate 1-2 LPM. Foam is
controlled by the addition of a 50% solution of Antifoam B as needed. The
fermenter culture is allowed to grow under these conditions for 24:+5 hours.

A 150 L fermenter is prepared by sterilizing 100 L. of Medium 1 at
121°C for 45 minutes. After the growth period, the contents from the 10 L fermenter
are aseptlcally added to a 150 L fermenter. The fermenter is contro]led at 30°C, pH
6.5 by addition of 2.5 N F1:504 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 conirolled by the addition of a 50% solution
of Antifoam B as needed. ‘

* At 3515 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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H2SO4 and 2.5 N NaCH, agitation rate 600 RPM and air
flowrate 1-2 LPM Foamis 15 control |l ed by tR8 February 2007
addi tion of a 50% solution of Antifoam B as needed.

wobiR/19®r menter culture is allowed to growcghngrisdbese
conditions for 245 hours. A 150 L fernenter is

010¢¢8dared by sterilizing 100 L of Medium | at 121C for
45 m nutes. After the growh period, the contents from
the 10 L fermenter are aseptically added to a 150 L
fermenter. The fermenter is controlled at 30C, pH 20

hy chQ}hlgtmaijme-pmpm{gd@sﬁ/mNﬂdm%m&eiidﬁ isnaddadie a final
9 tyr at
contato b S0 i Sl B S P AR Ao

at 3868 of 25 éﬁcf‘e 6 WS(? andGhér Qe sRalized HrBm) ﬁylon filter).

controll bythe addition of a 50% sol ution
PrOAntucfrtrzfliﬁBna:hyh@éMeryﬂtonBB@e Bo\Breropske- dEBkeas Pvé‘ay 8

en h M0
an‘?%‘ﬁ Fﬂeg %Xﬁg‘fw azrh ré gﬂgr)ﬁitﬁrlmm ﬁi@g%cgé’@z{)ﬁﬁo‘gm
hh 1avaTeADYb cairifugd. The roduetis predominantly 28 tHesbperaptant;
07 V‘D 2004/ 019879 P /USZOOS/ 026991 010069. 02

ﬂleﬁ?‘t’r? Aeth msgs sIdissedtony | cyst eani ne (propy!
di ketide) is added to a final concentration of 4 g/L.

Propy|  Aktkeddneefubstic, il dsdaxtthcisnis\Herfgrmerd using HP20
nmet hyl sul foxide "at a ratig of 23 (diketide.to DI\@Q?
resig M WaAb).| Cplspmrssiasp palertad REGECEOWRWPWWOF%‘F tter,

QXK pENRBOHPHEreBn
So%étgfrﬂpr ogﬂfk %&’é‘é@) gses on day 8 &hgnd t he ef erlsrrg?]tt er
exceslelaThe eemﬁfugw é)rd’ch namamtthmugbrtb@ tesindoedea f linpardloy wte

an AI
el h P et PR PP Tiresins
thef %&médwﬁﬁd c%RHm ﬁaﬁﬁleé io$ fakdtead thét BCV of 30% methanol,
centrifugation, solid phase extractlonls ecf\g%(l%d

each gt st O£2Qanfh. (¥ pronPasHES 1s ehye

e I t 80
e i ARl a0 e e PRah PR Mfgﬁf’ﬂ*@?f#ﬁ"?ﬂ;é’”*%ﬁ
Thd ﬂr:icﬁbnﬁﬂ%&héﬁ?&t&ﬂ]yﬂed diﬂt&uaeec:enﬂiidng Freluceare combiged to yield

br ot h passed 0 t he r
a progpg oSk ccTiph ot Srad 35 e e By e
brofif t’I’t@iﬁ-S&Qetlu%o% kedubb®td s%ﬁﬁg‘uéiﬁg 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 HP205S resin
(Mitsubishi). Column size is selected based on amount of product, so that the
loading capacity of 15 g 15-methyl-6-dBB per liter HP20S5 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 300420
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t hen washed with 2 col um vol unes (CV) of water and
then 2 CV of 30% nmethanol, each at a rate of 28d®boary 2007

cmh. 13-propyl-6-dEB is el uted usi ng 7-10 CV 100% 15

woBbamnes at a rate of 300.20 cnmfh. Durin '
fractions of 1 CV are collected. The frggﬁh%%%ggﬁgl

0100B%2 anal yzed, and those containi ng product are
conbined to yield a product pool containing >95% of
the original 15-nethyl-6-dEB in the centrifuged broth.
The product pool is reduced to solids using rotary

cmghafihe edlivan is e dhasiied with RIGV at50thhethatd gea rate bf IBAHY

hanol -insoluble material is renoved fromthe
trRduchis glutesd usingsbednll 7RG m%m_sgﬁﬁ astq of 380420
Du?ﬁ%téﬁﬁﬁln RO 1l :—(F‘@Hegéo'ﬂ@éte@rﬁ&ac\ﬂeﬁéﬂf@th f:l%d

20°m nutes, and filtering. The final purification step
thdse cmmmgmgtzﬁg mzgy Byl Sereéthyl-6HEED 86d hewing >2( %/ chonipitegiaphic

ze.is sel cted ased on. a nt .of product, so

P A ParRbed Tty Poel § HifcsB R Vil ee per
evapot@lonHPZERE: p@sty At s fife ©65% dfd is sdhablb €orfbibdoiedion
net hanol solution is diluted by addlng an equal vol une

to the appopriate prEthrasWitet hanol soi ution is passed through
the resin bed at a linear flow rate of 30020 28

Febr uar gl QfodiE LAY &RAI8S e Blephldd2085302¢G8 e same
010069. 02 crrioh The col urm% se?hen vvashedﬁl\%ath 2 CV of

prosefurpesuhetifutingthe apprapeiats diBeibdechiogsiertin place f the propyl

b St ol ORI, @) R 588 8RR uhyto-

11ydrokjr1mtaenbyl-m;&olﬁ1bﬁgdtyme eMsbﬂhe syrdheseedf 1Samdthyl-ﬁfd§3§

SRS R St e e e

dis@6ére bSwhiRH #GiRebr @raﬁ{éﬂﬁegénlb?'r_ﬁﬁre&@é ary evaporation.
Product purity at this stagé is >65% and is suitable

B for. hioconversion to the appropriate erythronycin.
X nmodi fied 6-dEB anal ogs are prepared according to

th t { ut {
i ke deTiR PERE e oS e st oRtol P apd Aol 6 B Risty -
nolifleBsto 15mdth elryehrengaaA oRh8RAT, RU=USHROHLIHE; FR<R4 = OH).

3S*)-5-fl 2-
‘H’S‘?a%?fwﬁ‘ggg‘gﬁgéw m'iﬂ%bﬁlarﬁawédd Aeptecplogy, 92y g17-228

-fI uor o- 6- dEB are
(20%%€t§§|8§3‘%gh ﬁﬁkc"%" 00) 44717 A2 (2000), the

A 1 ml vial from working cell bank K39-14V (an eryA mutant of S.
erythraen 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 dexirin; 15 g/L.
soy meal flour; 4 g/L. CaCOs; 5 g/L corn steep liquor; 6 g/L soy bean oil; 2.5 g/L
NaCl; and 1 g/L (NHg)250s. This solution is sterilized by autoclaving for 60 minutes

-2~
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di scl osure of which is incorporated herein by
reference. Exanple 2 15 This exanpl e descri bes28fibruary 2007

conversion of 15-nmethyl-6-deoxyerythro- nolide B to
wa,aﬁomeltmyl erythromycin A (formula 11, Rl= %ﬁg ;
R4 = OH). Conversion techni ques are al so t% t
U‘P‘f?g%rreras et al., J. Biotechnology, 92,217-228
(2002). the di scl osure of which is i ncor por at ed by
reference. A1 nL vial fromworking cell bank K39-14V
(an eryA nutant of S. 20 erythraea that is incapable
at@pt ‘Fﬂ el CinD gL authclyed $00% avifcara Bdilichr epaivien 3. Bikdr)ie
are added to 50 nL of Medium2 in a 250 nL
adlfilﬁ PFI%I"qusﬁcsk Medi um 2 conprises 16 g/ L cornstarch;
10 g/L corn dextrin; 15 g/L soy neal flour; 4 g/L

CaCQB; &tﬁ/ﬂlaslewnlamﬁhgene {ra @ ollsBind MG DB Placed kri an
g/L Nad; and | g/L (NH4%ZSO4 This solution is

incibaon Shalets BB edaE and §5:8DRRMfar 4&+10Fwups The 50

m]g%%%g{%aép¥gdf§¥p&%and a%ﬁ%?ﬁ% %%%@%ﬁ%%m%oam

ThB{lasK is renbsadl ErsaroincﬁbaTor/ Badder it 34&1°CEHiﬂ€W5ﬂ5 RPMifor 48380
and Medium, 2 i

Th the_th el |
homsegilagﬁ?%miﬁ iy m a0 s iedRaniainn ) bifsrenisr C@&%@%&EL
of M%aﬁ%zRPﬁéife%mﬁgé@ ORISR af BBCD B(?—acﬁiih&%@z!iNstm
then added to a 2.8 baffledff tai ni ng 500
angd £.50% MiaQi, agitatien rﬁﬂeaﬁﬁﬁ RPM, end aiyélpercraten’l-%bPM oam is
' 7 BPML{
colBGHAR, 94 DRI oAleI G AKLRE28, BEM Fot 1840

O I noculate a

ferfr@nter bwlture it allowednd gtow Gaddr these acf)nd\yﬁﬁhslfm‘ 24+5THesars.
fermenter is controlled at 34C, pH 7.0 by addition of

e PR e Doy A Bl Yo T S4B G

121Gdondbdhinuen. Medamdd%s@lisdsi 1915 & cﬁﬂlsl:afrsﬁ%%/@,?com

needed The fernenter culture 1s allowed to gro
eXFiReto- X gd oy amalileviph g/ E6rCOaP g/dumosn Stqenéaufar: 3g/Lsoy
r
"eifafm-g%%t PNEIGEARR AN BORT At Brol P o, Rl
fropaha 38 b fermented ary dseptinally transferred to the 150 L fermenter. The

fermenter is controlled at 34°C, pH 7.0 by addition of 2.5 N Hz50; and 2.5 N NaOH,
dissolved oxygen 2 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 24+5 hours a 58-60 mL/hour 15% dextrin (w/v) feed is initiated.
The dextrin solution is continuously mixed during the feed period. At 2435 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-

thromyecin A ceases after 60+10 hours and the fermenter is harvested. The fermen-
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dextrin; 16.5 g/L soy neal flour; 4 g/L CaCGCB; 6%/L
corn steep liquor; 3 g/L soy 15 bean oil; 3.5 Z§/Hebruary 2007
NaCl; and 1 g/L (NH4)2SO4. After the growt h period,

wd hesmegrbents fromthe 10 L fernmenter arecgarpbicasky
transferred to the 150 L fernmenter. The fernenter is

0100 ¥%r ol l ed at 34C, pH 7.0 by addition of 2.5 N H2SO4
and 2.5 N NaOH, dissolved oxygen > 80% air saturation
by agitation rate (500-700 RPM, air flowrate (15-50
LPM, and/or back pressure control (0.1-0.4 bar).. Foam

tation byeihtis crinkrif g/ att28 500 @ imad Alpher-apal AS-Bopongifuge.i B¢ of

i f . h 7 B( . 9 L L
e R PR bt

continuously m xed during the feed period. At 245
hours 2%\ftegremmifughtidB selicoplydse 6xiERtian & pediveded vsing EP20

res NIy P S R e e Ay FesBerabt B Bt =

thap theliORn 8 tHRRRY 025 saimbihlyleythitinicth & pé tirty HPOO resin is not
filter). Conversion of 13-propyl-6dEB to )

excegrqsk |ce@¥i§1ge@ﬂ?r@hm4iuw%§a§fé% then passebthwonediihe resiRy

. T T
bed A Sk RO e b R o e BB s Bt Bgad no
excBdD (51 0Phd smbinasithan etabhédswith A teohuinrgeduat (QU) Godated at aan
Al ph AS- 26 trif . Th duct_ | o
ratiyo B AT o e RS S e 5 T 4R cel
melBPS! dtS 1HeDE 288l em /AT ba{-mg ERibh fHARbAOSY 1 CPhictonBAsE

““extraction is perfofned ustng HP20 resin (M tsubishi).
Theshations sieAben anatygied anddhisesentabring pradunizra pembispd feyield

= pRBlekiod TS BBl Bur R R BABRRAY, Ghpdante

exceeded. The centrifuged broth is adjusted to pH 9,
t hen padsditinbhinsolghletinderiads remaved fratm the provawt podl by

rate of, 27525, o 1N ress on.the.c houl d
sushBding IrezbiAn i ador g Pl BEHCH s e Yol
adjRgng¥o p¥DY, uhe filielg. OfhewRbedict poolfiltf-a)as flduestbidTolide tising

]The 15-Prret hyl er yt hgr onye\c/:l?n is@gl uted using 5 CV 100% 1o
TOlFEEHARBRURY a rate of 27525 cmfh. During el ution,

fractions of 1 CV are collected. The fractions are

t hen anghyZrfet@eythRaaeeis ANt atiichd fFR tutprodn@ pool
combined to yield " a product pool. The product pool is

{solids) by edding 2d ok berapsnerionedres 100 ke origigpbhrpiivolume, 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 HP20S5 resin is not
exceeded. The solids from the previous steps are dissolved in 1 L methanol per 100
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Met hanol -i nsol uble material is renoved fromthe
product pool by suspending the solids in 1L Z§d%bruary 2007

nmet hanol per 100 L original broth volune, 15 adjusting

| wd Redtibs% and filtering. The product pool P@fr}ulsif]ﬁszﬂz@uis

reduced to solids using rotary evaporation.
0190898t hyl eryt hromycin A is extracted from the product
pool (solids) by adding 2 L 4:1 hexane: acetone per
100 L original broth volume, mxing for 20 m nutes,
and filtering. The remaining solids are extracted the
L edginalbaythtvolunid) and ee equialeslufiecf wdidriaiddeda The 60% hatkahol

The produci pool js reduced to sqlids usin rotar
SOB’\FQB&E&SF%##N%%%P d@t?fle%&ri Wr@fee?w_ﬂ?m/% he
co Q0K AR Wi 1@V FEPERFEALI thedn'd é@uﬁ% $idanol, each

Columm size I's selected based on anpbunt of product,

- at & ke of 27523 on,h. Rrodagaciltned afing @V T6% meethanol, then 10 CV

hyl eryt hromyci n A lite P20SS._r esi is no
75 el Codh i st A2 425 7 e @ﬁ%ﬂggeﬂa@wﬁl &V are
collBchS0 I THR Gralfionk ake R BAKPedPBAd 4G contdnid %15—%@'1:%@&%—
2007 WD 2004/ 019879 PCT/ 1352003/ 026991 “010069.02 L

thygpyginy presogibinegs (Thaprodustipen iszgduted o lsolids usingaataay | s
n. 1he 50% net hanol solution is passed through
tthe resin bed at a linear flowrate of 27525 cnib. The
colum is then washed with 1 CV of 50% nmet hanol, then
3 CV 60%thethedified exyfiohmyeins arerpaepared usiig & someprocedure

fes ] -Usi-ng-3 70_% net.hang cv
ang SEHE g b OB bt it IR pie B LN S URE, Hhy™
15-@luntoenyrthrontyait A @grepired ubidg a5 Buoreé-dEB ed. The
fractions are then anal yzed, and those contai ning

BchRsft hyl ery- thronycin A are conbined. The product
1S reduced to solids using rotary evaporation.

O her . mpgljgfdl ' ' |

sare. pr onuaapE Ay f AR RU SRR iR oh Utos) -

dilgrdodeBy thraxhypans (forplulecl), ofthieferaicdid SchesiER. Thus,
15-fluoroerythronycin A is prepared using

15- 11 uonoz BB ﬂ@%o%}?’cin (0.36 mmol) in 1:3 ethanol/ether (20
mt) 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 hous, the mixture is extracted with ethyl acetate,
dried over MgSO4, 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-methylerythromyein A; and
(95)-9-dihydro-15-fluoroerythromycin A.

ev
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Thi s exanpl e describes a general nmethod for th
preparation of (9S)-9- dihydroerythronycins (f glFﬁhqugryZOO’i
I1), with reference to Schenme 1. 15 A solution of the

woloddiodsycin (0.36 mmol ) in 1:3 ethanol / gEREEz0d3Rs091ML)
01| sgcgol ed to -15 C and treated wth sodi um bor ohydri de
P??Q mmol ). The reaction is allowed to warmslowy to
anbi ent tenperature over 4 hours. The excess '
bor ohydri de is destroyed by addition of phosphate
buffer pH 6, and 10 nL of triethanolamne is added.
1 hour, the mxture is extracted wth ethyl

acetate, 20 dried over MySH, filtered, and
concent r'lé‘rl%@car@ eflsﬁqebes a gegetal progeriueg f951the Bieparation gEN-

ASpAE oSS s iy it (IR I A RBERGL S SR £9
- followng corrpounds wer e prepared using this

pr ocedurSediunt s@yate fuirdrate 6Pyl rodjedine (&2 mg) are added
9S).-
septstilly 6y S GRSy s By dh (B0 f10mL of 82
méBarfedwatar yA RO sWBHAAOALOED azaLﬁezdmaqrcaaaMer 1
S R L SSESLLS, A0
BEx&s PREME atedRkndhdd me B @EMEd Sitidrh PRI ddldtion,

with reference to S¢h . Sodium acetate trihydrate

and tiyov alafilesard rm?*rqdﬁn(@mdgyecbplesm the sainfwenisiexiragped
wilifedy 0ugle, e Bleg ik st PR S, difeeves

N8O\, filbted, landlchnéetmeaind give the parlé pasniico\Siticalgel datina-
t hi.n- |

Conpl ct t db .
AP AGL BeA A ) S DE PR aer L llovwing
coﬁgeﬁﬁﬁ%rbﬁréﬁgédﬁﬁvg Sratdddd;ed sodium thiosul fate

solution, "and the volatiles are renpved under reduced

pr essur &-geranethyd (#8)3-dihsdioeryghmomyeine® 10 with et hyl

acetate { ted
narioos. NrAHI S BEIE Aol RGN E R M PC
to gi VeN—dﬁanmthrﬂe(Q.&F)r%dﬁhyﬂm-lSrﬂucﬁ&rgﬂimm?m[Pﬂ- t ogr aphy
(acet one/ hexanes + 2% Et 3N) gi ves the pure product.

Ex;m& o50l 1 owi ng

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 mmol), and acetonitrile (1
mL) is sealed and stirred at 70 °C overnight. The mixture is cooled, diluted with
aqueous NaHCQOs, and extracted with ethyl acetate, The extract is dried over
MgSOsy, filtered, and evaporated to dryness. The prodﬁct is purified by silica gel
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conmpounds were prepared using this procedure:

N-desmet hyl (9S) - 9- di hydroeryt hronycin A; 15 28 February 2007

N- desmet hyl (9S)-9-di hydr o- 15- net hyl eryt hromyci n A;
woassaskm%ﬂesnet hyl (95) - 9-di hydro- 15-f | uor pefwiRispnessi n

Exanpl e 5 This exanpl e descri bes the preparation

01‘29@9%desrret hyl - N- R2- (9S) - 9- di hydroeryt hronycins, wth

parti cul ar reference to Schenme 1, conpounds having 20

formula Il (Re = R4 = OH). A nmxture of the

N- desnet hyl (9S) - d| hydr o- eryt hronyci n A anal og
ch{cdn005aphnohsing 2 he ¢tondry L Bkt TiefoBowing, comppunds

1. T nd et ani e (1 nm) is sealed and
We&???ep Hzf)tcmfg ghl“éPnléfﬁjtt12 The nixture is cool ed,
di | 4§ ed NMabdinethylud Qs mydmydaaadsmbmcythﬂamym
acetate._ The extract i s dried over l\/? t%‘gred
and evapbregresthylddh S ibrdro-Tprflngsp P gnoétﬁ"‘ldffi
silica gcgcb'?% 30 28 February 2007 WD 2004/019879
2

PCT/ US2 6991 010069. 02 chromatography using 2:1
hex e s N-deshating-N-isbi &iyB (85)-FHddhyfdsb 1B Hiuatperdhirauéns A

were pr ?1 par T\%L %ﬁ@ﬁ d (ﬁ.gﬁ&}d}oﬁﬂfu%?&%ﬁ.ﬁom;g@l A and

N- desne

(995) - 9- dhio y@i{ mtﬁdd‘l uor oeryt hronycin A, using
N-desnet h

-di hydr 0- 15-f 1 uor ger |nA d
et H{) SN'é%ﬁﬂéféhﬂ( ONr%JéfM?éi Prefitidre- égﬁ%&k mycin 4,
9S) - 9- 1907703 eﬁythr
t(JIerr)et hyﬁh‘%gggﬁgﬁi grg);@?{éﬁi%or oeF){ytlhr Oﬁﬁl ﬁﬁ,ﬁl\%nr?d
i sopr opysoprapyll helide; end N- desnet hyl - N-| sopr opyl

(9 9&{/ dr Q- 18- ne: 0y
i@mt —E&(:@f%ljnﬁél—? ﬁ%b‘g@f?‘f‘ﬁ yI er yf’tﬁl"rl%gx/’m A
| sopr opyking ORHe@EheNES X-@L)imgddﬁtemtewlerpﬂﬁanpmﬂ and 2-
(9S)-9-di h)édr 0- 15-net hyl erythronyrin A,
iodobutane.
Example 6
This example illustrates the demethylation step of the Scheme 1A, with
specific reference to N-desmethyl-15-methylerythromycin A (compound HI'; R =1~
propyl; R = R¢ = OH), although it is to be understood that the procedure is
generally applicable to other analogous compounds.

A mixture of 15-methylerythromycin A (compound ITI, R! = 1-propyl;
RS = R4 = 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. Jodine (1.56 g, 6.15 mmol)

was then added. During the reaction 1N sodium hydroxide (6.156 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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usi ng N-denet hyl (9S)-9-di hydro-15- nethylerythron¥0|n
A and 2- iodobutane. 15 Exanple 6 This exanpl &8F
illustrates the denethylation step of the Schene 1A
WO ecific reference to
Oﬁﬁgggﬁthyl 15-net hyl erythronycin A (conpgaﬁngpmwm
01048892 propyl; R3 = R4 = OH), although it is to be
under st ood t hat t he procedure is generally applicable
to ot her anal ogous conpounds. 20 A m xture of
15- et hyl eryt hronycin A (conpound |11, R1=1-propyl;
acefaBe, dribg oveﬁdduﬁn @lﬁlfe@je Geudb powdrick (@ch)samd obtrired es aB’GUOW

: sohtg” bl artd ey ot o e BB o g ne (156 o,

.15 nnDI) was then added. During the reaction 1N
gﬁgggm_n1hydroxide (6.15 nL) was added in snal
portions. Conplete reaction was determn ned by
t hi n- Iay&meghnphﬁmﬂgmapHunﬁﬁykﬁmnaﬁygoﬁ&iwﬁmtﬁqww&m@%aﬁk

of sol xture xtracted thre tlnes , t
refegence o X Qesma b ISEr vy B uit

_ 4?%%’32@%69%%99&3 =®10Q419), Ei?o &t 8t She &tde@a@odamatthe

i"Um sul fat e,  Crude roduct (4.97 g) was obtained as
progedye ismem@maﬁphqnhleéﬁotbasa%é@&mﬁ@pmﬁem step wit hout
further purification. Exanple 7 This exanple

i 11 ust r atRSwdBes &b@ﬂ&%@&ﬁ&ﬁﬂ. el RERhdbMycH Alfrom

specific 5 reference t

the [praydarmrephyipla2i58 gpt- @wmnsdmmwmﬂnmm@ 1glal0 eqmv)
2RO o b eop) BB e 0 i e

for 24h. gméraiﬂd)eaﬁﬂﬁbd satitu bicarledrtaes wareaidded UBhesohtion mas.

e of t crude

éX'IQFf& ﬂ}?Feé?t?taﬂ‘fl SigeigyenmpgnsRiany Wéfa’f?’r T8 ous

Cru@é( Eﬁt ‘Q’%%) eqwdvv;ia ﬂcﬁ%kélgggipﬁ&gﬁtg (?ﬁy EM m., 30

acefe*qwlx?é trilqﬁhjde@!r@htqglw puredb-dagme tieopreRy ~|1 E&?ﬂnd C

vier ey&%&é%o%ﬁ 5551%%%%2% S%gé)uj %ﬁact r ee t | mr;gt ©
(CDEIE) 22186y 7582£10811%, %6118, BHB0LTD .85/ B8. 0165 16 TL.00n74.59, 77258,
7035 68,91, 68.75, 65.48, 62.79, 52.49, 49,47, 45.12, 44.76, 39.32, 38.43, 3785, 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 14,
with particular reference to N-desmethyl-N-isopropyl-15-methyl-(95)-9-dihydro-
erythromycin A (compound I, Rl = 1-propyl; R2 = isopropyl; R = R¢ = OH), although
it is to be understood that the procedure is generally applicable to other analogous

compounds.
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crude product was purified via silica gel colum
chromat ography (3:1 hexane- acetone, 1%triet I@§I%h‘i“ﬁ’é’)2007
to give pure N-desnethyl-Nisopropyl-15-nmethyl 15

wEREYEI 0 A (180 0. 7% yiel 4 Tor 2 §iGgkus b

- 010P@0286, 17/5. 62, 103. 11, 96.15, 83.30, 79.85, 78.01,

75.10, 74.90, 74.59, 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, 20dEmetRA-MSopbp L1l el dlddthidm @nlﬁczm oBA.24
14M 12,04, oﬁl ZO%Eng &&Thl s exg ]
mmel) was digsaized ﬁ@n@thw%ﬁwer I@dY»éle S9ank) @fsnéﬁolsé e A,

ol beRBh Al B0 HE B BREDIH setort. Thpgingrp gy varmed

'sloa?ﬂ)ytdmf)ﬁmmpeﬁuﬁm @mpmhotl of Rh,—']Ihq:mmps;s lspdiain borohydride

i sopropyl; RR=R4 = , although, it
wais AT P s Ao of BT Lsiense Pt seliblet by iisPraclap
(104AL)OARBF 3(PRE] AR MR turdRa s OFROUA G th o} a%&a&eda{dttaieu ReP7
WO 2004/ 019879 PCT/ US2003/ 026991 010069. 02

magnesipstlige-Tpe CS'@?E?(R?B%& v43s purified by gilipa gehgeltnn (1. 74

h%%%??hrﬁ?q }Eeﬁ en 'aé: 0 oﬁgﬁk‘%ﬁ% %%ﬁ@;%@% :Pﬂfrﬁ Igﬁecsaé]‘ e
isopbP9l-1Bymebyd- (9ROl dihydreergtaacycin ie(163)g 83% yM)_Wd?‘pe n
oviged/ayeSl bR IR Br R i) afel Ruesegy °

78067, 86 o8 69f75m13| g7, msntlmt 20.30)69.98, 65 bwldzczm H0y49.34,

After 30 mn the mxture was

tri et hanol am ne 5127 o%,]t
4453 £2.80 B d8AHH, 34434338 8 %t EL-02a 80 Zﬁrﬁé—éﬁr@}éﬁ 21r?§g¥i‘e¥‘?v
20@1.“}@.% %o, 7%‘1% 5T 1638 ﬂflﬁd@l@k%ﬁ" fied by silica gel

roimat ogra ane-acetone with 1 %
triethylam ne). Pure N- desnet hyl -
opyl 15 met hyl - (9S) - 9- di hydroerythronyci n A (1. 63
g, 93 %yield) was 10 obtained. mz; 779. 0§MT);
VC- NMVR apple pscpites) e copstrugiorgaf a sizpin gf Sagghatpgolyspora

%ﬁ%ﬁ@é&%@%@?@? ofgHe Weynkfelof 1 elyerflhnotiycins, v
partidul8Srefi2ei@ to 36-Ae@yeGibrétycidB, $hictGSe Oisfubds ig@rmediateg
for %% s?rgthes%g 'ofl gértagr} C()%%iou%és c2>f8thls mven%‘cm.

11-Deoxyerythromycin B can be prepared in a single fermentationina
genetically engineered host cell expressing a modified version of the DEBS suite of
genes (eryAl eryAll, and eryAIll). The eryAl gene is engineered by replacement of

the ketoreductase domain in module 2 with a cassétte 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 eryAll
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15

20.41, 19.93,19. 74, 18. 27, 16. 37, 14. 86, 14. 30, 14. Q2
Exarrpl e 9 15 This exarrpl e describes the const ﬂﬁﬁ’b‘é‘ﬁfyzom
of a strain of Saccharopol yspora erythraea
w%%e% 34,159- 44) capabl e of the biosynthesjs
eoxyeryt hromycins, with particular r%?’g?%%@z“?%
01pa6eg@oxyer yt hromyci n B, which are useful as
ilnternedi ates for the synthesis of certain conpounds
of this invention. 11-Deoxyerythronycin B can be
prepared in a single fermentation in a 20 genetically
ATEeAt INSE hérebdll RYiPels:s i e ProfRidtibh BFery@iSMOANHbnCce
t he DE S suite of enes éeryAI eryAll, and eryAll).

thegaginpsred PLE genq@a*éﬁb@en@é edy’ Inprefepred embediments, theﬁehost
ccliEnRnERAChARE" SRERLT e RIS Lot Wb AbERRARN L

i E)dturmesro,f smmbleah:teamﬂedubﬁmendﬂﬁmmi toftte clearsligst e t aken

S“F'—‘é’ﬁ( duI & é@l‘z&r‘%@ loﬁ]SP Sopglstgqq%is Lor donai n

- mbdatdd) 1‘1@%@3@5&1@3% &lose WhlichibBed & SaRA 9F ROTIBDEER/ 0DEESH A1 by

reference. The engi neered eryAl gene is iIncorporated

(2002p werich i wmmor@tpg hetein byzwferendee 6truar1§24-2!dw hag@he natwe

genze}"{é I'nt éggﬁ@éé%%?ﬁé%o%npe ent’ %t?ﬁ’%? p?pgeg¥%§0n 0

acémqpﬂag@mﬂ%i rde@cmbed il UeS. PRght 0801, fitorgaard Hesairbheen
dded. rred enbodlnents t hese host _ cells are
TEES AT g@@?f Tt b prRspLeF akhisallopeplyandyepate

coﬂ?ﬁﬁﬁn@ ﬁ’[@‘}b%q:lerﬁéﬁs%l 2P I:SHag@ Hitt RBleht Q&%ﬁ(ﬁ'ﬁ;ﬁ%ﬁ 2 Al to

are not limted to"the "cl ean host 5 Sac por a
be deljtarpchtosintegrnte ingmtheshramnesomefat ﬂwﬁlﬁasrte p:otlgtzmeaeace of a

PV REE RN o TS thed R A B R RO B ot

hnuzledcthpﬁEI‘fﬁSﬁendﬁmﬂaﬁﬁﬁvherel n by reference. Strain
K24-1 has had the native eryAI eryAl'l, and eryAlll

TR R G e

dedorib@Dinah of 416 DISICZO{}%MIE ARi(Z00RY ad® tHe@hRHrERELdepbaitled
'&‘é{} vvedce%the erneE* pronoter. This allows plasmd
%g-rf?ﬂ s SRR (otlectivrpt- SkBeve 149, Mappsisn Yiginia

20708, ESA) BBRrdfigltS iR t0ARs M thE'BLAGHSCAESy 0] March 12, 2003, with

20

25

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 actfp/actlI-ORP4
promoter-activator pair, respectively. A 35 kb Nsil fragment from pKAO127
carrying the eryA genes and the actlp/actl-ORF4 region was cloned into pKOS97-
64c (a pSET152 derivative containing the ermEp* promoter and a A cos site) to make
pKOS159-10. The fi franscriptional terminator from the pKAO127 fragment
prevents expression of any genes from the ermEp* promoter in this plasmid. The
fragment containing the fi terminator and actlp/actI-ORF4 segment in pKOS159-10
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be delivered to integrate into the chronosone _at the
attB site in the presence of a phage integradélFebruary 2007
Exanpl es of suitable integrating phage vectors include
but are not Ilimted to pSET152 and its ' ' .
wof@"’lg}ggﬁar ation of starting host strain 98{;{;353‘0%}0)’6‘3&
otod880e har opol yspora erythraea K24-1 is described in
Santi et al., US 2002/0004229 Al (2002), and the
strain was deposited wth the Anerican Type Cul ture
Col l ection, P.QO Box 1549, Manassas, Virginia 20108,
LS4, r4€ld ; Qfatidhgo Batkage pKOBI BSE yFan
Wamrcoﬁ%?%%%ﬂﬁéﬁ%lﬁﬁggi%? nunber  PTA- 5061 20
exppacSIBh 59 ey Aetesidel B8 TotuplpraaoterpKYSSO G Weepqmspcted

by 30 B S Sy ST IR b g bt it
P e e aom ol
Fromebops e FRERPdicetie BHRE. TSR P RS B
R ORI i R
fragmeantérmni pKOSH-04 é:km?m gt MMQ?EEMWIOWPJWF
welRR g PRSP SRl e 7 g e o i A Hymmos o
mo{r@ﬁ{e%ehﬁi iy lodisicales) Aofidnidradion exi@hiedplesagdent i n
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under their natural_ pronmpter, pKOS159-31 was
Strapiomyces spp & lderinative plabmisl thaichasgenetigaly T FyA genes

al ryl bt 2 Gthbi@) (HoiiBhez et al., J.
SN e e g
Ind eviioPdbid, BiotechirobiiRapiddiymgineeribg bf Bulykdisled verprodpdionigGene
di gested w.t bal . 0S159- 3 i chy cont al e
Tragsipnto 8“%%‘ % éﬁ?@.‘zeg gm’a %E%@‘%Lfé a\ﬁac{gocg{él%é’i 1frupu cted
10,3007 AN.025200 D01 iddh: 3inR pkifieratyyddm) (16 A003)x ArA0 kb
KOS108-04. Li kew se, al er&%neered BS exmil 82%
Nileh{Nsdritagenenivrery ingaensiispimpreistisousgenss) i pE0{- GO 4iee
et PO RN 2 G 8816 AL b AT ARBANPBS(159Y), “ A multiplasmid approach
to preparing large libraries of polyketides”) was isolated and ligated to a 8 kb Ndel-
Nsil fragment from pKOS5159-33 (Rodriguez et al., cited supra), containing the vector
pSET152, eryAp promoter and cos A site). The ligation mixture was packaged using
Gigapack Il Gold packaging extract (Stratagene), and used to infect E. coli XL-1
Blue. Recombinats were selected on LB agar plates containing 60 pg/m] apramycin.
pKOS5159-44 plasmid DNA was isolated and checked by restriction digesﬁons.

_ . 8. erythraea strain K24-1, which contains a chromosomal deletion of the
three eryA genes and insertion of the a#B loci for the Streptomyces phage ¢C31 from
Streptomyces lividans, followed by the ermE* promoter in their place, was prepared by
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nove the genetically nodified eryA fragnent from
exi sting plasmds. 10 pKOS159-44 is a pSET152 8dicbrggn2007

et al., CGene 116,43-49 (1992), "Plasmd cloning
transfer of DNA from

e rs for the conjugal
“és%%ﬁ’glil?s%i acoli to Streptonyces spp.") il me;
omwoeesazi d t hat has genetically nodified eryA genes

(1QZ2 - rapDH ER/ KR1) under the control of eryA

pronoter (Rodriguez et al., J. 1Ind. Mcrobio.
Bi ot echnol ., "Rapid Engi neering of Pol yketide

R %Wé@fﬂ%ﬁmw%ﬂ
tryprone EORSANEHIAE, S Radch! 1 rﬁ%rréeﬂ‘ drgélov O%Ho
NECI M TN o i

745

- mg FeS.» 7HRD BY- .é}qgﬁi | ) 6 40-1
_?1_999é, A'Q;r?unl1 i It’gsm' ’gggﬁgac *ﬁiﬂrﬁgﬁgﬂﬁéagﬁ' ge
filferigg he spores lstetilemston, meg@pém%hapﬂu bi 28 £cdi1.
Sp reasggﬁen%%%ls 29, Nazi, fr nt . from pKOS159- 33

Rodri guez et &y ore @ﬁ@%&dﬁ%@%ﬁ’tﬂﬂhﬁﬁ@lﬁh@smeﬁbm

0
was SHAAD R, 5 MLYARYT 2. S| _ The ligation
m xt ure S acka&g%)ﬁ%&%wa%%;g&gﬁgﬁaﬁn%ﬁﬂlﬁe
“PYSLVES Cﬁﬁgfé Prean Gera@edipient aalig). TR s mfr@égfepéed
agar

by Gahifosking F. Bttt o B0 il DTS £ ke gt

| ates containin
aplig_rrwgm Igsmagﬁyéi Seokail ﬁﬂoﬁe&@l@qﬁ&&% o?iB‘tlfé PRk kgtion
4 0NS. . erythraea straln -1, | C
tﬁ%@‘%’%ﬁlﬁs Pza*%ﬁ?%%‘-'&f dnocyTaes 1 Af b8 Withehlarimpherseo} (10
4 ; . ' . h
e e e/ 1) A et Bl - T e growm

tonyces pha
at37SCERLONY §9Dechef @4AB), cplesirat gy centrifiubrian, Pested, inWasL L3,
.2007 WD 2004/ 019879

cenBif@RaL, 884 5 5 Felru
SR St e i fePesenitheenor
andgegipientcels vian perforind W:eﬁd!?'eﬂ&n?@ﬁére itk celR i the 100 l
-d@ngﬂiﬁﬁér?ﬁo SEH‘% tryptone, 0.5g befai ne hydrochoride, 59
cornt Srareard thy cells were suread op Ra platesEIpw RO dlygEenetic
MarlifyS0ibH bf P tondycs¥0A TS SO4. 51-z0, 0.2
R0, e Wi e [l o FosPione 0 g
COpmning20 ug/ adaralidixic acid and incubated at 34 °C for
16 h. The plates were then overlayed with 3 mL of soft nutrient agar containing 1 mg
nalidixic acid and 2 mg aPramycin. Exconjugants K24-1/159-44 were observed affer

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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5 filtering the spores through sterile cotton, and
resuspending in 1 nil of 20 %glycerol. Spor @8 February 2007
suspensi ons were stored at -20 C. A 20 gL aliquot of
“K;h% %Pore suspensi on was added to 5 nL of 2xYT and
| {UIFE%ed at 30 C with shaking. After 1 PGIHE2008%69%s
0100802 col l ected by centrifugation (recipient cells).
Donor cells were prepared by transformng E. coli
ET12567/ pUz8002 with pKOS159-44 and selecting for 10
apranycin resistance only. Several colonies were
Exﬁhﬂgqg off the primary transformation plate and used
0 culate 5 m of LB with chl oranpheni col (10
g9/ m) %g bie detd8, DsyAfflsi Y& :
The cel ERRAERN delthbeg Bl oy A s BB s
an Pitetn@dye for thd symtledisiyf cartam canfipmyetds ofthisias Beibr, nsibg the
B, . cenirifuged, .and resuspended in 100 gL 'of LB.
5*%?8@%&%%5%}%{9%5%%.[ he donor 15 and reci pi ent
cells was perdornmed by resuspendi ng the recipient
cells in the J100,gl .donor suspension and the cells
were sprea R5 IQI ates (Hopwood et al., Genetic
Mani pul at*. of reptonpyces: A Laboratory Manual (The

John I nns |Foupdaf i“on 7 wi ch,,, UK, 1985 nt ai ni ng
50 gg/ nLihabi g i"@of“,?@%ad inéb%{%‘{’%e@a%{?’?‘%ﬁ!%c for 16
h. The p‘ L€ tolmgn overlayed with 3 nmL of soft

nutrient dgar} coptaijning 1 ng 20 nalidixic acid and 2
nmg apranycin. Ex ts K24-1/159-44 were observed

after 48 h of further incubation. Strain K24-1/159-44
was deposited with the Anerican Type Cul ture

Col | ecty oy P 154 | kGl Ryl:
Uon, “accor s asioh sPfighol Bl MBRERFimati e, Bidecrid Boene,
76, #3330 (2001) “Fresrsan Rineckaiddodudivnrut Bhyethrd?iyrin Ahdlogs B 28

sucff B Pl Gned PR s o B e s of

Q=18

strs

- whibh a® lafed@y rblerélRe xyqe Ydllvweaycin B, an

internediate for the synthesis of certain conpounds of
L?gi el‘j ﬁ*%l}t%];‘gn lé?.el Wtei.ti]aeuseg:t(g.)aﬁlvegd g‘%%%rln_ R‘f?ldcolng i tetgie16 g/L
corn starch, 10 g/ L. dextxin (D-2256, Sigma-Aldrich), 15 g/ L soybean flour (S-9633,
Sigma-Aldrich), 2.5 g/1. sodium chloride, 5 g/1. corn steep liquor, 1 g/L ammonium
sulfate (A-2939, Sigma-Aldrich), 6 g/L soybean oil (5-7381, 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/L 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 Sacchdropolyspom
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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OH\N~ I,. O"'". ,Of O 11-Deoxyerythromycin B _O'O0

OVe 5 OH Fernentation techni ques di scl osed i RS February 2007

Frykrran et al., Biotechnol. Bioeng., 76,303-310

(2001) "Precursor-Directed Production of Eryt hronycin
WO/ EY3% by  Sacchar opol yspora eryt hr aea, "PCAf#§2003/026991
oidseglgd guez et al., cited supra, the disclosures of

whi ch are incorporated by reference, were followed. 10

The follow ng nedia were used: (a) Seed nmedi um V1

contained 16 g/L corn starch, 10 g/L dextrin (D 2256,

se S ot el b BT Ak P AT O e goca

flasit ®E500 Imlquenedliug/\n ammmhamgsum Al for 0MPR.39,
Sigma-Aldrich), 6 g/L soybean oil (5-7381,

Si gma- Al.d and 4 cIC|umcrb nat = 4830
S e AP e gy eset Sl R RRRS i B Bl
B16 fipinahieLebradSiniglo T_C&ffﬂiecﬁ{lﬁﬂm hd ferlehtes Qb epiaaat 34 & 5

/L sodi um chl or| de, corn stee l‘i quor, and 1.5

angmaiaiReh W?&W&ﬁ@ﬂm@éﬂﬂ% 2.5 Nisedpug) |

u
Bkl MEREHIPS Byt o Rl OO BT ettt
magttainirgothb dissakedoxyged tamkionias preafer Saa:dﬁ)%r dfrotestipgteok
ler%/‘%ﬁr} ataé%ﬁ 1/ pKOS159-44 froma frozen cell bank,
plapg, ou adding the vial 20 contents into 50 ni
of nedi um V1 and incubating at 34 C for 40-48 h. Two
- 37 28 TFhd, dALyf HGermaier206d (il hi8 %8s REndfERD0n3 BIFsed

BicpE PO} B0 A AhE QDL £ i 30t BRaiet DALY fepenter

waégﬁbxaﬂed Qf s0RUAATIMA AR At PHIPB D B Aldidsh 6 AN sdfndS

Bot h 500 nL secondary seed cultures were

aﬂql PRch3 B &Y ?W@Ydrcgldesr%g;?@hosfomeﬂ%mn@ agratianat Hy27
L e BROAES, iy e BRRORL (R BRER G gl it
Deddn @15 1LY whs dst dlralmOf 675 mL/ b from 24 to 98 h. Soybean oil was fed
at a rate of 64 mL/h from 24 to 140 h. n-Propanol was fed at a rate of 26 mL/h from
24'to 140 h. Harvesting took place after 180 h.

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

B (JT Baker) as needed.

The fermentation broth was clarified by centrifugation and was sub-
jected to solid phase extraction using FIP20 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 (MED; 1*C-
NMR (CDCl3): 219.13, 175.56, 102.48, 95.92, 82.73, 79.40, 78.92, 77.79, 74.88, 72.52,
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hydr oxi de. Aeration at 31..PM and agitation a% gOO to
800 rpm were provided, maintaining the dissof¥ 8bmary2007
oxygen tension at greater than 40% Harvesting took
“Place after about 24 h. Then, 10 L of the fernenter
OBU/OPEt ure was transferred to a B. BraupcrédRieehat
ofebR@P fermenter containing 300 L nmedium F2; The
Bi ostat UD500 fernenter was operated at 34 C and
mai ntai ned at pH 7.0 by the addition of 2.5 N sulfuric
acid and 2.5 N sodi um hydr oxi de. Agitation at 200- 300

d
T O 57 o0 AR50t APk EHBROAP He S0 A6 86 3475

33 19208.52096.37, De3s, 087,210, ngsh)lsmswf@dlz%s 21.5816.360.16 ppm.
nL/h from24 to 98 h. Soybean oil was fed 15 at a rate

§41m_/h from24 to 140 h. n-Propanol was fed at a
26 nmL/h from 24 to 140 h..Harvesting took

| | ed bysth
Bt i ort'o A BS eRRE e PRt A oSt B g
N-desishlyl-NHisopirepylanidebip (PSpo-ailty dresy thrérh (Elhﬁtc&)ﬁpoundl Rt

- G5l el e Rerad rodempmtd kb iusé;%ls'st%e Beroach of

Schydyct  was eI uted with nmethanol and dried. The crude

product was then subjected to ethyl acetate:water
id extraction. The conbi ned ethyl acetate

l'iquid:
extr actéL g@P@’erﬂﬂF%Y‘-‘“Fﬁéz%’r%@éS 5 msolp wiep F¢¢P@e®generaﬂy

B e Al P PR 00 S Sttt Moty B g g,
47% mf@ i/ Ay 0B 04 b HE-IBIREDE 1y 56.82) 18288, 95i88,83.04080.95,

o0 P TR R BB ol P o8 a0 i

37.78) 34.81 (2%B 3980, 32.58,/8.39/28 93250622597, 21,5891 28, doalar msyw 98,

04/ 019879 PCT/ US2003/ 026991  010069"
13%9‘;59 vgég%e? 65.52, 65.13, 49,25 45.98, 44, 31

43.40, 40.15 (2x), 38.11, 37.20, 36.54, 34.79, 33.19,

28 52, @énddlly foblng - f&?oed&@s éPE%ia&ﬁgs 6 %ﬁr 2 Ijlél-cﬂeéxﬁg

oL b K Ao otk .
desbtt RN BEHIIH-PIUESR- G| Ldihydroerythromycin B (57 mg, 58% yield).
m/z: 733.0 (MH); 8C-NMR (CDCls): 176.98, 102.05, 95.55, 82.33, 81.11, 80.22, 78.90,
77.89, 74.98, 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, 20.38, 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 practiced in a variety of embodiments and that the foregoing descﬁption and
examples are for plirposes of illustration and not limitation of the following elaims.

Numerous modifications may be made to the foregoing systems without departing

«30.
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5
N- desnet hyl - N-i sopr opyl - 11- deoxy- (9S) - 9- di hy dP8EEPRAF007

rryC| n B (conpound I, RI = ethyl, R2 = isopropyl, and

R3 =R4 = H conpound J, Table 1) usi ng the approach
Wr04/eeRene 1. 11- Deoxyeryt hronyci n B ( 20@orms2003/28%51
01698@h) Was reduced generally follow ng the procedure

of Exanple 8 to give (9S)-9-di hydroerythromycin B (94

ng, 10 47%vyield). mz: 705.0 (MH); 13C NWR

CDC13) 176. 82, 102 38, 95.82, 83.04, 80.95, 80 23,

ﬂf%’amaéf g@“gﬁ'ﬁl é@gh Q Ege%%ly%?ve%ﬁgw = e§a dggeribed

in 6@6antiBRIEA] Wik rSBrenddtoI9e ogﬁto%)spegérc %ﬂtbo&ﬁehzs tl?o%e 3>
21.16, 20.04,18.13,17.98, 13.82,710.59, 10.22, 9.2

skiflip ghert yilk xerogigethatdhangss m'dwmsd&ﬂo t&(@@@meﬁtsan d

| SP%QE%HF %él]}éiaed]mi% S1’:1(1$ %é%l?cg.%ﬁ \/&F fr{]:%nytfolng abd gmﬁro%ﬁ’xen’cs

areheithintthydcopl hndgFifipy thd hvedemosy aé &'ﬁm&t Bhi thyaawwmhow
57, rrg 58%¥| el .d) mz: 733.0 (& ; 13C NWR
@ébcﬁé;(’ e@sdowesﬁs citpd iy this gpecifigatiogparg )
incé 8
Sebolited %%féﬂ%ss a%e‘*af%@ﬁ%%s 7k PyPtepgi ot docy et tras
speifically gul ipdividually indicged Bib@'@cm@o@&ecﬁlfﬁrdiﬁ by 2=ferengd.. 54,
21.22, 21.05, 20.34,19.91,18.12,

17. 85, 18ifon G pﬁfﬁgézglo%g' or gocﬂ:%en@%@oo'v@}’s 10 LA 28

now been descri y way of wi scrl ption and
adipiesion Hes any hibhe citéd pililichtions o decanentyis| fertireno gribzart, nor

Ao IR R B SR s R B Ebl e o

domampl. es are for purposes of illustration and not
limtation of the followi ng clainms. 25 Nunerous
nodi fi cati ons may be made to the foregoi ng systens
wi t hout departing -39 ---- -------- 28 February 2007
WD 2004/ 019879 PCT/ US2003/ 026991 010069.02 fromthe
basi c teachi ngs thereof. Although the present
i nvention has been described in substantial detail
with reference to one or nore specific enbodi nents,
those of skill in the art wll recognize that changes
may be nmade to the enbodi nents
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specifically disclosed in this application, yet these
nodi fi cati ons and i nprovements 5 are within tH8 Fspgge 2007
and spirit of the invention, as set forth in the
clains which follow All publlcatlons or g
WOYMIHEHE s cited in this specification ar &€ ssonsizsoon
olovegoe por ated herein by reference as if each such
publication or docunment was specifically and
i ndividually indicated to be incorporated herein by
reference. Citation of publications or docunents above
is not intended as an 10¢cadmissi on that any of the
cited publications or docunents is pertinent prior
art not doeg it constitute any admi ssion as to the
conF%Wig”a F™§a{% of these publications or docunents.
-40 28 February 2007 WO 2004/019879 PCTI US2003/ 026991
010069.02 CLAIMS What is clainmed is: 1. A conpound

having the fornula (J). OH RA OHR3 ."~ NR2 RO''' p
1.Ho o ¢ §ompyun gk?ﬁ”@”%ﬁ@ t he pharmaceutically
acceptabl e salts, ers, and prodrug forns thereof,

uted or unsubstituted C-C o
““Unsubstituted C2-Cio al kenyl ,
piited C2-Cip al kynyl,
suPsti t ut ed\@Ryl, or substi t ut ed
SoyHQ7GRZ i s H, Gsubstituted or
LKyl , substituted or

O~ OMe

“wherein Rl is subst
al kyl', substitut
substltuted or
substituted or 10
or unsubstit utpti™bet”
unsubstituted C7-
unsubstituted CX'Cs

o OH

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

wherein

R! is substituted or unsubstituted Ci-Cao alkyl, substituted or unsubstituted Cz-Cro
alkenyl, substituted or unsubstituted Cz-Cxo alkynyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heterocyclo;

 Reis H, substituted or unsubstituted C1-Cs alkyl, substituted or unsubstituted Co-Cs

alkenyl, substituted or unsubstituted Cz-Cs alkynyl, substituted or
unsubstituted aryl, or substituted or unsubstituted heterocyclo;
R3is H or OH; and

" Rt is H or OH, or R? and R# taken together form O-(C=0)-0;

with the proviso that when (a) R is ethy! and (b) R® 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 C:z-Cm
alkenyl, substituted or unsubstituted Ca-Cro alkynyl, substituted or

unsubstituted aryl, or substituted or unsubstituted heterocyclo;

-41-




al kenyl , substituted or unsubstituted C2-C5 al kynyl,
substituted or unsubstituted aryl, or substi 28t ééf“é’fymo'f
unsubstituted heterocyclo;- R3is Hor OH and 15 R4 is
r..OH or R3 and R4 taken together form O (C=0 -G
W‘%"?ﬂ"li’sﬂ% provi so that when (a) Rl is et hfICT@%H""’(’ PR3
otpese@y or R3 and R4 taken together form O C(=0 -0
then R2 is not Hor nmethyl. 2. A conpound according to
Caim1l wherein Rl is substituted or unsubstituted
C-C o alkyl, substituted or unsubstituted C2-Cio 20

RZk BRadyl, ﬁ:gi?!élisjo tpl 0PP-bufg ket i tuted CrGio al kynyl,
subst i %fu ed” or I)url?gﬂbst [ tf}?ed aryl, or substituted or

Ripe5are PHe ed heterocycl o; -41 28 February 2007 WO

R e P Sy S es P T e
are OH, with the proviso that when Rl is ethyl, then

3.R2 i s Avsmpduod apesrding to CRimA wlerpiound according to
i, m..1 erein: .. [ tituted or unsubstituted
5 Rl%l-g htgr cfr; nglt%C’ééﬁ%bﬁut ed or unsubstituted
R2G3 HSubatitayed, or sibstistitutéd:-OF aluph sitstitdtet! 8cfedbétfuted C2-Cs

al kepyl , or substituted or unsubstituted Ca-Cs
al kéﬂ?’!ﬁl of sabaRbutacher yesubstiuied Cofaaliomys apfovi so t hat

ReWhEeR+BL (g, ethyl, then R2 is not Hor nmethyl. 10. 4.
A conpound according to daim1l wherein: Rl is ethyl;

withpthe prostigpythat whandRflis ethgloheoR?lis nadi 8 oethyl.; and R3
and R4 are OH 5. A conpound according to Caiml

10 4, Wher eh%mp])ﬁn&ccb&lﬁé‘lgs(ﬁ%ﬁﬂ& SoheSLifty !
Rlis ethyl;
R2is ethyl, propyl, isopropyl, or 2-butyl; and
R3 and R# are OH.

5. A compound according to Claim 1 wherein:
15 Rlis substituted ethyl;
R?is H, substituted or unsubstituted C3-Cs alkyl, substituted or unsubstituted C2-Cs
alkenyl, or substituted or unsubstituted Cp-Cs alkynyl; and
R? and R% are OH.

6. A compound according to Claim 1 wherein:
.20 Rlis substituted ethyl;
R2is H, ethyl, propyl, isopropyl, or 2-buty]; and
- R?and R¢ are OH.

7. A compound according to Claim 1 wherein: -

Rlis propyl;
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R2 is H substituted or unsubstituted C -Cs al k){:
substituted or unsubstituted Ca-Cs al kenyl, ebruary 2007
substituted or unsubstituted C2-Cs al kynyl ; and R3 and
6. A conpound according to C ai wher ej n:
WM{]QR{!LI% gﬁsubstltut ed ethyl; R2 is H, et hlerET%ﬁ%og%ilz 9,91
010M8p% opyl , or 2-butyl; and R3 and R4 are OR 7. A
compound according to Caim1 wherein: Rl is propyl;
-42 28 February 2007 WO 2004/019879 PCTI US2003/ 026991
010069.02 R2 is H, substituted or unsubstituted Cl-C5
R2a4 Hyéqbsismlbsl orturisebbtibnted Ce0h alidyl, wiiestitEedCor uadubsiititted @FCs
sub ubst i ed | kynyl; and R3 and
r@“ %&‘”&tﬁ-‘ﬁﬁa Hﬂﬂlthéﬁﬁ’&d%ﬁgﬁlﬁ’réﬂ)[ A0k 1, wherein
Raanﬁ@‘;gﬁcb}% are independently Hor OH Rl is selected
fromthe group consisting of ethyl, 2-fluoroethyl, and
1-propyl; and_ R2 is selected from the group

8. consi étomposndagiging teclaim L whesgitopyl , and 2- butyl ;

Ra%g[ygllgqn Pgﬁ?é%iﬁ%ﬁ. en R is ethyl and R3 is OH,

then R2 1s™no A conpound according to
R? ¢ sglepted ﬁrom&m@rm}mqnsﬁﬁng E&thy‘ldz-ﬂ?domemyh anddiropyl; dral

‘szi%e%eﬁ%onb' nati ons sef. O@F@iﬁ Mft?%%&%gl u@ﬁl

withGhi2 ﬁ&rl@w@eﬂ* Sty RAdABHROBHHRR s £31 thithyl,
CH3CH2CH2 CH3 OH OH

9. A compound according to claim 1, wherein R}, R?, R? and R4 are according

to the combinations set forth in the table below-

R1 R2 R3 : Rt

CH:CH, CH(CHs)z OH OH

FCH,CH: CHs OH OH

FCH:CHa CHCHs . OH OH

FCHCH: CH(CHs)z OH _ OH

CHaCH:CH: CHs OH OH

CHsCH2CHa CH(CHs)z OH OH

CHeCH:CHz  C(CH3)CH:CHs OH . OH
CHsCHa CH(CHs). H H

10. A compound according to Claim 1 selected from the group consisting of:




CH3CH2CH2 CH(CI—B)ZO—IO—| CHSCH2CH2 C( CH3) CH2CH3 CH
CH3CH2 CH(CH3)2 HH 10. A conpound accordi nnggge@uéliyrﬁom
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11. A compound according to claim 1, having a structure of the formula:




HOH OHOH and ~-N \ ,. 0 O HOOO "' 0 Ov CH

11. A conpound according to claim1, having a28Fcbruary2007
structure of the formula: -44 28 February 2007 WO
RO04d41RB79 1CT/t 7S20031026991 010069. 02
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I‘?'W%%za structure of the formula. OHOH 0 HOO O
"OOwe OH 13. A pharmaceutical conposition conprising
a conmpound according to Claim1l together with a

phar maceutical ly acceptable carrier. 14. The use of a
conpound according to €faim 1 for the preparation of a
nmedi cament for treat™ a*di sorder of gastric disorder
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12 A compound according to claim 1, having a structure of the formula:

13. A pharmaceutical composition comprising a compound according to
Claim 1 together with a pharmaceutically acceptable carrier.

14, The use efa compound accordmgto dlaim 1 for the preparaﬂon ofa
medicament for treating a disorder of gastric disorder in a patient.
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