| NTERVEDI ATES AND METHODS FOR MAKI NG ZEARALENONE
MACRCLI DE ANALOGS RELATED APPLI CATI ONS [ 0001] This
WQREWI0ZII8 on clains priority to U S. Provi si onBCT/US2008/013498
Application Serial No. 61/012,41 1, filed on Decenber
7 INAHRMEDRATES QNS METHOPR! FOR! MQH(H‘&@G 'Zﬁi‘ANQLENONE
61/ 012, 409, filed on Decenber 7, 2007, U.
Provi si onal Appl i CMAGR%IDEIAMLQQSSOH, 408, filed
on Decenber 7, 2007 and U.S. Provisional Application
Serial No. 61/080,048, filed on July 11, 2008, which
i s hereby incorporated herein by reference inits
REEATEBAPPIREALRINND OF THE | NVENTI ON [ 0002]
Macrocycl 1 ¢ conpounds, e. g , zearalenone Iike
nacr ol i des such as F152 (LL-Z 1640-2), . hav
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few. Oten, however, F152 and derivatives therecf are

its epitirety ned by fernentatlon t echni ques and nodi fications
to the natural product and thus were limted in the
nunber and types of derivatives that coul d be prepared

BA@KGROUNDIGE TTHE INVENTION

[0002] Macrocyclic compounds, e.g., zearalenone-like macrolides such as F152
(LL-Z1640-2), have advantageous biological properties. For example, F152 and certain

1somers

OH
OH

F152
thereof inhibit the phosphorylating enzyme Map/Erk kinase (MEK). Moreover,
derivatives of F152 also have exhibited activity as tyrosine kinase inhibitors, inhibitors
of other protein kinases, e.g., MEK1, inhibitors of NF-kB activation, and inhibitors AP-
1 activation, to name a few. Often, however, F152 and derivatives thereof are obtained
by fermentation techniques and modifications to the natural product and thus were
limited in the number and types of derivatives that could be prepared and evaluated for
biological activity.
[0003] Chemical synthesis of F152 and derivatives have also been disclosed (see,
e.g., WO 03/076424), however, such syntheses are often complex and have many

chromatographic purification steps in order to remove impurities.



bi ol ogi cal activity. [0003] Chem cal synthesis of F152
and derivatives have al so been disclosed (see, e.g.,
wOD0B7BTE424), however, such syntheses are of PENUS2008/013498
conpl ex and have many chromat ographic purification
BREELRYUNIV ARICOFPHESRAYENTTON | ti es. BRI EF SUMVARY OF
— THE TNVENTTON [ 000Z] The present invention is based,
at least in part, on the discovery of new nethods and
[0004}t er meklieairesent mventien isbepat; at eatt i pankeray the idipegvery of new

/ t hout. wi shi.n o bhe bound. by .an rii ar. theor
meifA M oléndiuate Gk P8 pR AR oB S tResE B Rl bR o be
bouRld by any PaRicOldr tedgy,Atisibkliedd tBa sneh fitermedidtéemay be useful, e.g.,
synthesi s, thus decreasing or even renoving the need

in proyiding purificatinn Raints-ie Siestymihiegis ChroAregIEIHiCYeB Fapavipg the
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purffRbii@ypeint. Ntithbiewhitgwo Bettoand byrayy pativslaf tHeoty) it is also
providing conpositions of macrolides having increased
behsyﬁq t1h9t thase nev-methods n}ﬁyehedlspﬁll gbﬂr-ﬁéﬂql%ﬁsprgpqshtlons of macrolides
ha i R iR AR DA BN SN GATRA methods.
t hods, f or,.maki ng a compoun f.far : '
00§51 20 4B BBE, Bbohe BRI By s Bt dnt s e o
met@b@fdr eREgSd Edifpaindofdoagaa (Vi - 6 al kyl, C3-6
unconj ugat ed al kenyl and C3-6 unconjugated al kynyl; R3
is selected fromthe grourgcomsi sting of hydrogen and
a base stabl e oxygen protegti g group; R5 and R6 are
each i ndependently sel ect om t he group consi sting
of . R13O

ORy1 )
wherein R and R, are each independently selected from the group
consisting of hydrogen, C,. alkyl, Cs.¢ unconjugated alkenyl and Cs.¢
unconjugated alkynyl;
Rj; is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;
Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C, alkyl, C,.¢ alkenyl, C,.¢ alkynyl, C,.¢ haloalkyl,
Ci.¢ alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are
substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, C,_; alkyl, and NH>; or Rs and Rg are taken together
with the carbons on which they are attached to form a 5-6 membered

unconjugated carbocyclic ring;



hydr ogen, hal ogen, C -6 al kyl, C2-6 al kenyl, C2-6

al kynyl, C -6 hal oal kyl, Cl1-6 al koxy, phenyl and
whemw2gprssisvher ei n t he phenyl or benzyl are subspCT/USEO8/013498

with 0, 1, 2, or 3 substituents independently selected

from hal I@ﬁ &Rd Rly ere%&'ﬁ ind! er@leﬁﬂliﬂh’élect@d‘ floHRe gRdupRRoAiSting of

R6 are taken together with the carbons on which the

are att duldeogenmanlorrasaisteblg axy gtreprotecting gnjupy at Bd and Ry are

e e e
g

base stabl e oxygen prote group; or Rand R 2 are
taken together to forma menber ed het erocycl yl di yl
of structure (a): wherei nd R20 are each

i ndependent |y sel ect- rom rhe group consisting of
hydr ogen, G -6 al kyl, h Iogg kyl, G -6 al koxy and
phenyl, or R 9 and R20 @ er 'Pepresent a fl uorenyl
moi ety of structure (b): R 3s, selected fromthe
group consisting of hydrogen and a@ase stabl e oxygen

protecting arQ \AHQremle %5 §i§5‘9re e%gif ﬂg@?el?deﬁ?ﬂpagagd ﬂgm the

formula (1): sele rom roup

consi st i gigup tomysdingagdhydingen Gasakyd] @hl Baloxl}(gb T alkoxy and
protectlng grou wi th a conmpound of fornmul

wher ei n BoepEl, gr ﬁ%ﬁ Yo togsthst T%HIFSteQbPQueiﬁ‘?éiﬁ"%k?ﬁéo“tmcmre
such tha(tg .conpound of formula (V) is formed.[0006] In
sonme enb %h ments the conmpound of forrmula (V) is a

conpound % ’O

(b); and

Rs is selected from the group consisting of hydrogen and a base stable

oxygen protecting group;

comprising reacting a compound of formula (I):

OR,
Ri R;0
Rs ORy;

wherein Ry is selected from the group consisting of hydrogen and a base
stable oxygen protecting group;

with a compound of formula (II):
Re Rs

R13O}—§‘P

wherein X is'a halogen;

under suitable conditions, such that compound of formula (V) is formed.

(VS



according to (Vb): and wherein the conmpound of formula

(I') is a conmpound according to formula (Ib): [0007] In
w@ oo/ 0esiwdi nents, the suitable conditions ar ePGUUSHDS/€13498

basi c conditions, e.g., conditions including, but not
[0006]M t edntsBmERehbBERSE@RE B RbnibolAS 8f fRARkl(® i & espbend

group consisting of a G- alkyl lithium a potassium
accq@ding tal(NbXi de, . a pot assi um C4- 6 tal koxi de, sodi um

hydr oxi de, sodi um hydride, anmoni a, dinethyl sul foxide

sodi um salt and sodi um hBganmdayl di si |yl am de. In sone

enbodi nents, the suitabl esbagic conditions include a

C -6 alkyl Iithium base. ] In some enbodi nents,

t he conpound of formﬁ‘@Q\/) i 4 produced in

substantial ly pureRjor H ho t he use of

chromat ography in the pr8 (fet’i on of the conpound of

formula (V). [0009] Ih other| enbodi nents, the present

invention is directe 0 gﬁfor maki ng an

al pha- enhanced conﬁ@si t i on\conprising. a conpound of

formula (V):conprising reacORRg a e ound of formula

(1) with a compound of fornmula IIl: under suitable

basind wigerelintthoosmpaumdiof tthmtulal) 4 pbempniaraeedrding to formula

conposition conprising a conpound of formula (V) is
()% or ned. [ 00010] In sone enbodi nents, the suitable

basi c conditions include a basgrsel ected fromthe

group consisting of _a G -6 alkyl lithium a potassium

Ci -6 al koxide, a p(ﬁ1 SSiRyQ,A4-6 t-al koxi de, sodi um

hydr oxi de, sodi um hyd#i de, afmoni a, di met hyl sul f oxi de

sodi um

R; OR1,
OR1  (m).
[0007] In some embodiments, the suitable conditions are suitable basic conditions,

e.g., conditions including, but not limited to the presence of a base selected from the
group consisting of a C; alkyl lithium, a potassium C,.4 alkoxide, a potassium Cg.¢ t-
alkoxide, sodium hydroxide, sodium hydride, ammonia, dimethylsulfoxide sodium salt
and sodium hexamethyldisilylamide. In some embodiments, the suitable basic

conditions include a C;_¢ alkyl lithium base.

[0008) In some embodiments, the compound of formula (V) is produced in
substantially pure form without the use of chromatography in the production of the

compound of formula (V).

[0009] In other embodiments, the present invention is directed to methods for

making an alpha-enhanced composition comprising a compound of formula (V):



salt and sodi um hexanet hyl di silyl am de. In sone
enbodi nents, the suitable basic conditions include a
W@R2608/0238k8/1 | ithi um base. [0010] In sone enbodPCEOSHNS/013498
Ri is hydrogen. In sone enbodinents, R2 is hydrogen.
In sonme enbodi nents, R |sRsseI Rgt ed fromthe group
consi sting of hydrogen an 6 alkyl, e.g., hydrogen
or nethyl. In sone enbodi , R6 is sel ected from
the group consisting &38ydroggn and C -6 al kyl, e.g.,
hydrogen or methyl.gJn sggs enpodi nents, Rn and Ri 2
are taken together toNfo nmenber ed
het er ocycl yl di yl of stjructure (a):wherein R19 and R20
are each i ndependent| romthe group
consisting of C .6 12errbodinents, t he
conpound of formula (V) getall e. [0011] In

still other enbodi nents, the present'’/i nvention is
di r&%ﬁglﬁgqeaﬁidg%rﬁwunmlf&%aa ggnpound of formula
(VI): "'wherein R2 are each I ndependently

selected fron1the group consi st@fyg of hydrogen, G -6
al kyl, C3-6 unconjuggtedffgyen | and C3-6 unconj ugat ed
al kynyl; R3 is select 3 e group consisting of
hydrogen and a base stpbl e oxygen protecting group; R4
is selected fromthe b ting of hydrogen and
a base stabl e oxygeRzpro fdup;

ORu ()

with a compound of formula II:
Re Rs

under suitable basic conditions, such that an alpha-enhanced composition
comprising a compound of formula (V) is formed. ”
[00010] In some embodiments, the suitable basic conditions include a base selected
from the group consisting of a C).¢ alkyl lithium, a potassium C,_¢ alkoxide, a potassium
Cs.¢ t-alkoxide, sodium hydroxide, sodium hydride, ammonia, dimethylisulfoxide sodium
salt and sodium hexamethyldisilylamide. In some embodiments, the suitable basic

conditions include a C,_¢ alkyl lithium base.

[0010] In some embodiments, R, is hydrogen. In some embodiments, R; is
hydrogen. In some embodiments, Rs is selected from the group consisting of hydrogen
and Cj. alkyl, e.g., hydrogen or methyl. In some embodiments, Rg is selected from the
group consisting of hydrogen and C, alkyl, e.g., hydrogen or methyl. In some
embodiments, Rj; and R, are taken together to form a 5 membered heterocyclyldiyl of

structure (a):



Ris selected fromthe group consisting of hydrogen
and -ORg wherein Rg is hydrogen or a base stable
W@20090758p8 ot ect i ng group, RO is sel ected fromPEEUNIORIE 3498
consi sting of hydrogen, hal ogen, -ORb, G -6 alkyl,
C3-6 unconj ugat ed al kenylane3-6 unconj ngated al kynyl ,
C -6 haloal kyl, -SR d and|-NReRf wherein Rb is
hydrogen or a base stabl gen protecting group,
wherein Ris selecte om tRe group consisting of
hydr ogen, G -6 al kyl ; -6 kngl, C2-6 al kynyl, G -6
het er oal kyl , 5-7 nenber € erdaryl conprising 1, 2 or
3 heteroatons, and C5-7 aryl ﬁnd wherein R and Rf are
each independently selected fréM t@g group consisting

of hydr.ogen 1 -6 al kyl., C2-6 al kenyl -6, al kynyl, . .
& Bkndns andhio o8 o3 indbRrdathitoes §Fm b BUE ppsising
1, & or 3 heteroatons, and C5-7 aryl or a base stable
nitrogen protecting group; Rio is selected fromthe
gr dus alkflsi sti ng of hydrogen, hal ogen, -ORc, Ci-6
al kyl - 6. unconj-ugat ed gl ke o~ C3-6 conj ugat ed
in it o St RO o o b B lier o R s
[001mjdr ogennafill dtixretmbddandRs,aly gRberd itlcatbh ROditHctdro nddikbds
Rn. and R 2 are each independently selected fromthe
‘%rgmbaga§@ﬁ§w§n¢ﬁﬁﬁﬁnnWyGf gen and a base stabl e oxygen
protecting group; or Rh and R] are taken together to
forma 5 nenbered het cyclyldiyl of structure (a):
wherein R19 and R20 e ch i ndependently sel ected
fromthe

OR,

OR44 V1)
wherein R, and R; are each independently selected from the group
consisting of hydrogen, C, alkyl, Cs.¢ unconjugated alkenyl and Cs.¢
unconjugated alkynyl;
R3; is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;
R4 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;
Rg is selected from the group consisting of hydrogen and -OR, wherein
R is hydrogen or a base stable oxygen protecting group,
Ry is selected from the group consisting of hydrogen, halogen, -ORy, C; ¢
alkyl, C;.6 unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C,.¢
haloalkyl, -SR4 and
-NReR¢ wherein Ry, is hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, Ci.¢ alkyl,

Ca alkenyl, Cy.¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered heteroaryl



group consisting of hydrogen, G -6 alkyl, C-6
hal oal kyl, G -6 al koxy and phenyl, or R 9 and R20

wo ogenrsIs represent a fluorenyl noiety of struRCT/DS2008/013498
(b): conprising reacting a conpound of fornula (1):
With a conpeding 19D dromatdraatbmk) andber £y hand wheréin Re and Ry are
hal ogen or -0-SO CF3, under suitable conditions, such

that a @@ﬁpg@nﬂer@ﬁnﬁmwtgﬁ (rvm)thf: grqv@r%éasm[l@ phidregen, Cis

sone e 0 Srel
con‘pouﬂ% ccor élﬁlrﬁ%&wec Wdc e cok‘goun‘gj)em:‘b e
f or mul a Heterodrgl congsrigiend acmertelnolagmts; afidCambeyl Ot dpase stable
[0013] In some enbodi ments, the suitable conditions

are sui tABEPEENHALICEtiRHHAIPI ons. I n sone enbodi nent s,

the rea | Mal -OR.. C
cat al ystcﬁ F@S&iészéal %&ggl?réegﬂgyl n%ggrll%ég%s&q{yﬁgfgg gn’pao%grﬁj d of R Crs
f or mul a a{ivil) Ci.sumoapigeied alkengl) i1 alntmrahg%lecpaﬂkﬁn}ﬂo@m

w t hout t use of ch omat o rod ction. of
t he conﬁ’&[}%‘g(yjﬁnﬁ?gﬂﬁﬂ kﬁ"{"\)i" ere%@?xyéwgg § base'stable

enbodi ngy otécgnn%g{ PYGRd | n sone errbodl ments, Ris
hydrogen n some enbodi ments, R8 is hydrogen or
hydr oxy R ahé Repare e@iblodemndmstly fdedted from thRgrogpgonsisting of

wherein and Rf h nd { d

"5 ky My dpiees o aFess SRS ohPeTHTRREbe el haE A Rz are
In some 1Sl EBaL S formh 8 SirBeribéled Beterdc9Olfdiyll of stuittute (a):
ot her enbodi nents, the present invention is directed

to methods for maki ng a &pnpound of formula (1V):
wherein R and R2 are eacly i ndependently selected from
the group ] O

o——éRw

R20  (a);
wherein Ry and Ry are each independently selected from the |
group consisting of hydrogen, Cy alkyl, C;. haloalkyl, C,.¢ alkoxy and

phenyl, or Ry and Ry together represent a fluorenyl moiety of structure

(b):
(b)
comprising reacting a compound of formula (I):
OR4
RiL R0
R; OR12
ORvi

with a compound of formula (III):



consi sting of hydrogen, C -6 al kyl, C3-6 unconjugated

al kenyl and C3-6 unconjugated al kynyl; R5 and R6 are
W22/ 078tependent |y sel ected fromthe group coPGI/E820A8/013498

of hydrogen, hal ogen, C -6 alkyl, C2-6 al kenyl, C2-6

al kynyl, Ci -6 hal oal kyl, C'%zal koxy, phenyl and

benzyl, wherein the pheny denzyl are substituted

with 0, 1, 2, or 3 substituents independently sel ected

. from hal ogen, hydr oRg o N ?-slo and NH2; or R5 and
R are taken together w e carbons on whi ch they
are attached to form a % nber ed unconj ugat ed
carbocyclic ring; RR& selfected fromthe group
consi sting of hydrogen ang;; OR vvhe(Iﬁ}n R i s hydrogen
or a base stable oxygen protecting group; R8 is

sel ect edwhé¢rein Y hea filoggn 6o SEL,CHg of hydr ogen and

-ORg wherein Rg is hydrogen or a base_ stable ygen

pr Nt $‘Hb’bber‘iﬂ96E“0R§> sugh g&t é&P@@OF’P‘iﬁf f“ﬁ‘@ugr(ygg% ormed.

nsi sti e GBrm a9 17 ¥ompound

[00@- 6 unc@%og%a%%;@?kgﬁ’ytﬁek%?gu%%conjml}ggt(e al k)cl)nmﬁo,u !
accéadirfp thgVaa): kyl , - SRd and - NReRf wherein Rb is hydrogen

or a base stabl e oxygen protecting group, wherein Rd

Is selected fromthe™group consisting of hydrogen,

G -6 alkyl, C2-6 al o ©2-6 alkynyl, G-6

het er oal kyl , 5-7 mnernbered heteroaryl conprising 1, 2

or 3 heteroat o aryl angl)l;\v‘\‘herei n R and Rf

are :

ORy1 (VIb)

and the compound of formula (I) is a compound according to formula (Ib):

(Ib).
[0013] In some embodiments, the suitable conditions are suitable basic

conditions. In some embodiments, the reacting step is catalyzed by a palladium catalyst.

[0014] In some embodiments, the compound of formula (VI) is produced in
substantially pure form without the use of chromatography in the production of the

compound of formula (VI).

[0015] In some embodiments, R, is hydrogen. In some embodiments, R; is
hydrogen. In some embodiments, Rg is hydrogen or hydroxyl. In some embodiments,
Ry is -NR.R¢ and wherein R, and Ry are each independently hydrogen, C,¢ alkyl, or a

base stable nitrogen protecting group. In some embodiments, Rjois hydrogen.



each i ndependently selected fromthe group consisting
of hydrogen, C -6 al kyl, C2-6 al kenyl, C2-6 al kynyl,
wW@Ro0g/0r8L®r oal kyl , 5-7 nenbered heteroaryl conPET/Eb2948/013498
1, 2 or 3 heteroatons, and C5-7 aryl or a base stable
[0026f ' 09 NP SRéH eMgbdiAbts FhO phiefGh@mitiof i 4ieeBtdd® methods
group consi sting of hydrogen, halogen, -ORc, G -6
for aakyng a @nlwund(ogtﬁ?mgé% d¥)al kenyl, C3-6 unconj ugat ed
al kynyl, C -6 hal oal kyl and Cl1-6 al koxy, wherein Ris
hydrogen or a base qipblé)oxﬁ@en pRet ecti ng group; and
Rn and R 2 are_each jndepggender® sel ected fromthe

group consi stiﬁg b Rydrogernyand aypase stabl e oxygen
protecting group; Rn ang, Ri 2 ard taken together to
forma 5 nenbered ZZS 1yltﬁi) of structure (a):
wherein R19 and®R2 ate edch i ndepgndently sel ected

4 of hydrhgen, G -6 alkyl,

G -6 hal oal kyl, G -6 gtKoxy—ang phe@Ri; or R19 and R20
toget her represent a fluorenyl Wpjety of structure
(b): conprising conbining a conpotihd of (Normula (1):

wher ei n is selected framthe gro onsj sti ng of
Py ogen HATH bHEER SRS B ORReR CELCrThy Ot agrou
and R4 i &rﬁ%&iﬁ@%?ﬁ‘ydrﬁ?ﬁ%@]% aﬂ(ﬂ,@;&tﬁﬁ%hﬁ?h@g afdenyl and Ci.

hydr ogen and a base s | e oxygen protecting group;
unconjugated alkynyl;

fromthe group consit¥i n

Rs and R¢ are each independently selected from the group consisting of
hydrogen, halogen, C,.¢ alkyl, C,.¢ alkenyl, C,.¢ alkynyl, C; héloalkyl,
C,.¢ alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are
substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, C,; alkyl, and NH»; or Rs and R are taken together
with the carbons on which they are attached to form a 5-6 membered
unconjugated carbocyclic ring;

Ry is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;

Rs is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;

Ry is selected from the group consisting of hydrogen, halogen, -ORy, C
alkyl, C;.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C;.
haloalkyl, -SR4 and '

-NR.R¢ wherein Ry, 1s hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, C, ¢ alkyl,
Ca.¢ alkenyl, Cy.¢ alkynyl, C,¢ heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs._; aryl and wherein R, and Ry are
each independently selected from the group consisting of hydrogen, C
alkyl, C,¢ alkenyl, C,.¢ alkynyl, C;.¢ heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable

nitrogen protecting group;



with a conpound of formula (Il1):wherein Xis a

hal ogen; and Rl is selected fromthe group consisting
w@boobydiseyyen and a base stabl e oxygen protecti PQI/US0$013498

and a conpound of formula (I11): wherein Y is a

hal ogen 1@{0 is SRR L Ebm thé‘{@?(ﬁfp bk @f}?ﬂﬁ&getnl Bﬂ%gerﬁUGRc Cis

that an al pha-internedi ate and a conpound of

(1V) ar ealkydr fed un¢@gugaied alkeryieCaninodijngated ,allstyhel C] %

al pha-i [ i at conpound, of rmul a :

ahor e n TR 8 GedRaSh TREHELR s AR Br B b e

t he gromyg@ﬂjgfcﬁédtm@gi&u wdgogen, G -6 alkyl, C3-6

unconj ugat ed al kenyl C3-6 unconj ugat ed al kynyl; R3

i s sel ecRednd Bonﬁlterf-‘@clg r"@‘@pef@@ﬁ%}’ gqleqigdg fpmhipg rgagwoaﬁlatmg of

cach | nddan P HEPETHY R BoRiSpe S b kP R are

of hydr agls topethegefontia-5 mkkpered @Eteﬁo@blsﬁdhyl of SRrcture (a):
al kynyl, C -6 haloal kyl, Ci -6 al koxy, phenyl and

benzyl, wherein the phenyl| or benzyl aresubstituted
with 0, 1, 2, or 3 substigigents independently sel ected
from hal ogen, hydroxyl -¥al kyl, and NH2; or R and

R6 are taken togethe th the carbons on which they
6 [@uﬁqged

are attached to forma
R20 (a);

wherein Ry9 and Ry are each independently selected from the

group consisting of hydrogen, C,4 alkyl, C,.¢ haloalkyl, C,.¢ alkoxy and

phenyl, or R;9 and Ry together represent a fluorenyl moiety of structure

(b):
T O
(b);
comprising combining a compound of formula (I):
OR4
Ri_ R30
R OR12
wherein

Rj is selected from the group consisting of hydrogen and a base
stable oxygen protecting group; and

R4 1s selected from the group consisting of hydrogen and a base
stable oxygen protecting group;

with a compound of formula (II):

10



unconj ugat ed carbocyclic ring; R i and R 2 are each

i ndependently selected fromthe group consisting of
whyapogsm and a base stabl e oxygen protecting BCDUR2009013498

Rn and Ri 2 are taken together to forma 5 nenbered

het er ocycl yl di yl of St UCt UR (a): wherein R and R20

are each i ndependently sel gcted fromthe group

consi sting of hydrao eB a - aL??{’l , Ci -6 haloal kyl, C

-6 al koxy and phen)f?3 or R9 a F?ﬁ(lloget her represent

a fluorenyl poiety of structure (b): R 3 is selected

from t heWgf6tlp consisting of hydrogen and a base

st abl e oxygenxgggth%gggﬁ};gmgr oup. [0018] In sone

enbodi nents, the al pha-internediate is a conpound of

formula (V) : RireiseelactRi frandthR gacup emsisting dEpedrdgen angd a base

sel ect ed fromt_ge roup consisting of hydrogen, C -6

al kyl , C3-6 ufig lﬁjol%é%et °%I°§%§TO hd C3-6 unconj ugat ed

al kyiwd conifound ofgb@edigdif)r om t he group consisting of

hydrogen and a base stable_oxygen protecting group; R4

is selected fromthe group sgnsisting of hydrogen and

a base stabl e oxygen protecti group; R is selected

fromthe group consi%ti ng |of hydrogen and - ORg wherein

Rg is hydrogen or a'Pasg Sht] ygen protecting

group,

R1o (1)
wherein Y is a halogen or -O-SO,CF3,
under suitable conditions, such that an alpha-intermediate and a compound of
formula (IV) are formed.

[0017] In some embodiments, the alpha-intermediate is a compound of formula

(V):

V)

wherein R; and R; are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C;5.6 unconjugated alkenyl and C;.¢
unconjugated alkynyl; |

Rj is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C,.¢ alkyl, C,.¢ alkenyl, C,¢ alkynyl, C, haloalkyl,
C,.6 alkoxy, phenyl and benzyl, wherein the phenyl or benzy! are
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RO is selected fromthe group consisting of hydrogen,

hal ogen, -ORb, C -6 al kyl, C3-6 unconjugated al kenyl,
wW@308/0T88¢oNnj ugat ed al kynyl, G -6 hal oal kyl , - SRLI/US2008/013498

-NReRf wherein Rb is hydrogen -or a base stable oxygen

protecti ﬁ%sﬁlﬁlfédﬂmtl’{‘@ ef,&i Br ?‘Qul')s%t&%ltﬁﬁaﬁﬂnﬁérﬁm delRted from
group consisting of hydrogen, Ci -6 al

al keny! , habpges, bi’dwwll Ci.Calkgl,land éﬂbabkﬁls andsRa alﬁretnkf@rteﬂether

het er oar onpr. sin or 3 t

ry1 - and i SRR s S dniek o oo AGHERE B BER AP FyFocres
sel ect edurfdofjiighiae caibebyr] :sting of hydrogen, G -6

al kyl, C2-6 al kenyl, C2-6 al y yl, Ci -6 heteroal kyl,

5-7 menbRnéad ket @rne@aelymd@mmknﬂy peJected fromrthg group consisting of
het er oat ro

prot ecti e%%dg% ge ?téwse:qu(gg%egr% ?e%tlﬁé?ﬁ;u% QH{ AR are
consi st tageroﬁ‘ogéljndﬂ‘ toderm afﬁaﬂneglbered h@i@rocyﬂy—l(ﬁybd)ﬂ(syﬂucture (a):
C3-6 unconj ugat ed al kenyl 6 unconjugated al kynyl,

G -6 hal oal kyl and C -6 mxy, wherein Rc is hydrogen
or a base stable oxyéen ppQt ecting group; andRn and

Ri 2 are each i ndepenglen ©l ected fromthe group

y
consi sting of hydrogen gnd base stabl e oxygen
protecting group; or R ig pe taken together to
forma 5 nenbered heterocycl¥l diyl of structure (a):

wherein R 9and R20 are each iRgepe 5iently sel ect ed
fromthe group consisting of hydro(g C-6 alkyl, G-
hal oal kyl , C whBerainkRpsyndiRdo pleeagh mdeperﬂe@tl)amﬂedm&om the

toget e D g B hy Ao e, kit & HatSakyiCEYE Sikoxy and

phenyl, or Rj9 and Ry together represent a fluorenyl moiety of structure

. ;””

(b); and
Ry3 1s selected from the group consisting of hydrogen and a base stable
oxygen protecting group. 4

[0018] In some embodiments, the alpha-intermediate is a compound of formula

(VI):

12



(b): [0019] In sonme enbodi nents, the conmpound of
formula (IV) is a conpound according to (IVa): and the
W WPOTwES of fornmula (11) is a conmpound accor dPEEUS2908/013498
formula (Ha): [0020] In sone enbodi nents, the conmpound

of formula (1) is crystaline.[0021] In sone

enbodi nents, the co ot of formula (1V) is produced

in substantially purg forimw thout the use of

chr omat ogr aphyRg 3 duction of the conmpound of

formula (1V). [00 ot her e di ments, the

present invention hods for naking a

compound of foRgll a s/ conpri &ng reacting a

conmpound of formul aF(1IO):]vvith a conmpound of formula

(1'l'): under suitable ba condi ﬁ to forma

conpound of fornmula (W): ahet 81% he conpound of

formula (V) with a conpound of Qrdrula EI I):under

sui tabl e basic conditions, such that a Bhpound of

formul a {hifkin' B, 4 RP&te chQPRdbpdnlett P &lle GPRIMTREEDup

the present invention is directed to nmethods for -

maki ng accnsspng abhysirogan; iGls alkyl,\0s.6 wonpugsted glkeapandidy.s

a compound of farmula (I): with a conpound of fornula

(111): un‘Hé’P“%‘&f“teg%H%’nB sic conditions to forma

conpoundr ofs stRERY Ifidnt We)gro@p EorlsBaiak iofl BydridSers PO UG seible

formula (M) with a conpound of formula (I'l): under

Sui t abl eOXYRED PrAYMASterIME, such that a conpound of

formula §1M)..i 4 - Bi

and Y ar}g4 lg)ssefgétg é ?{Oﬁg!eféggfﬁgns?éﬁhg %r?}\ks&(%r()ggl and g’bagé stable
' oxygen protecting group;

Rg is selected from the group consisting of hydrogen and -OR; wherein
R, is hydrogen or a base stable oxygen protecting group,

Ry is selected from the group consisting of hydrogen, halogen, -ORy, Cy.6
alkyl, C;.¢ unconjugated alkenyl, C;.¢ unconjugated alkynyl, C,.¢
haloalkyl, -SR4 and

-NRcRfwherein R is hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisﬁng of hydrogen, C,.¢ alkyl,
Ci.6 alkenyl, Cy alkynyl, C,.¢ heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl and wherein R, and Ry are
each independently selected from the group consisting of hydrogen, Ci.¢
alkyl, C,.¢ alkenyl, Cy¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable
nitrogen protecting group;

R 1s selected from the group consisting of hydrogen, halogen, -OR,, C;¢
alkyl, Cs.¢ unconjugated alkenyl, C;.6 unconjugated alkynyl, C;¢
haloalkyl and C,.¢ alkoxy, wherein R; is hydrogen or a base stable

oxygen protecting group; and

13



enbodi nents, R is hydrogen. In sone enbodi nents, Ris
hydr ogen. In sone enbodinents, R5 is selected fromthe

WQRWAH7Bdhsi sting of hydrogen and G - al kyl, ePgl/US2008/013498
hydrogen or nethyl. In sone enbodinents, R6 is

sel ect edR{ | aRER, b Bre(aol hdepbrsdesitly Béledibd hysﬂmegpo@tdmmstmg of
C -6 al ky e.g., hydrogen or nethyl. In sone

embodi neidsoger ang anlwe gigble @rygﬁyﬁrro@s@ymg gropps @pR11 and Ry are
enbodlwen dr
enbodi men{téc'ri to&g{h& mt%&g %%mgntnge hg%r%é ﬁdlnglpstwcture (a): -
i ndependent |y hydrogen, @wval kyl, or a base stable
nitrogen protecting group.| In some enbodi nents, Re is
G- alkyl, e.g., nethyl hyl, and Rf is hydrogen
or a base stable nit n prptecting group. In sone
enbodi nents, R 0 is hydmogen. FpOZS] In further
enbodi ments, the presen$3|n '8n is directed to
nmet hods for making a conp05|tR2€ conprising a conmpound
of formula (1V): conprising co g a conpound of
formula (I): d,of
compound of ?%&%ﬁ?h %@FH%@O fméﬁpggh?gkhﬂ ?%%g?n”he
such t hagroap comgisymigtaf duyd oogeps €S mg}/laCc@hqﬂoaﬂkgﬂ @i alkoxy and
formula ( is _for wherein the c osi tion
purity- e Rigand It &pgrihrc &epraiea) & BB it gructure
free of(g ganic inpurities. Values for RL-R13 , X and
Y are as described herein. [0026] In sone enbodinents,
Ri is hydrogen. In sonpvEnbg 2t s, R is hydrogen. In
sone enbodi nents, R5 isjsel/fected fromthe group

T ' Al kyl, e.g., hydrogen
7 R6 is selected from

or methyl. In sone erbod
t he

. (b).
[0019] In some embodiments, the compound of formula (IV) is a compound

according to (IVa):

Ry O Re ‘\\\RS

OR1  (1va)
and the compound of formula (II) is a compound according to formula (I1a):

Rs Rs

>

R13O)KPPh3X (IIa)

[0020] In some embodiments, the compound of formula (I) is crystalline.
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group consisting of hydrogen and C - al kyl, e.qg.,
hydrogen or nethyl. In sone enbodi nents, R7 is
WOIWPOFSEIS or hydroxyl. In some enbodi ments, R8PEHUS2008/013498
hydrogen or hydroxyl. In sone enbodinments, RO is -NR
[OO%ﬁf and ﬁesoﬁmsderﬁ% Aen@aHB cb gsmm%mar(mfﬁ%?&uced in
6 alk or a ase stabl e hitrogen protecting
subgtantigdly pme $arme withbadhereset of, chRemate g1@8php 1ra1hlch|erU@ngn of the
net hyl gr et h 5/ and Rf is hydrogen or a base stable
COI‘P’I?%“%Q@ "Hl*@ﬂé Ping gr oup In sone enbodi nents, Ri 0 is ‘
Odl ments, the co

[oogﬁj :n(jlggn 3[6:0,%@1745 ,e{pg)pgxm e[}ggﬁ} 1n|VﬁntéQﬂ,ﬁ§ dlrngteg to methods for
invention is directed to one

maﬁﬂ@%{‘)@'})gﬁ(@ 1§dﬁ“ﬁb{i}lr.?{mer €d| ates described in nore detail

her ei n. BRI EF DESCRI PTI ON HE W NGS [ 0029] Figure

1is a single crystdfr X-r OO: % | r?RéFrredi ate conpound

011. [0030] Fipyre de' e crystal X-rays of

i nt er medi ates 002 11a igures 3-12 are

100MHz 13C NMR (Al an Hz H1 NWR (B) spectra of

exenpl ary i nt elRgedi afes exgnpl ary final product

of the present invergjon|in CDCA 3] DETAILED

DESCRI PTI ON OF THE | ' oRIE present

i nventi on provi des metfo i nternétli ates for the

preparation of macrolides, e.g. ORzlq)rrpougR; of formula

(I1'V) wherein R and R are each i ndepend nt y sel ected

f r ogprfrsigy @dptinonsempoung offfolmydla ggen, C -6 al kyl,

C3-6 unconj ugated al kenyl and -6 unconj ugat ed

al kynyl; R5 and R are each ind dently selected from

t he group consi sti ngr40f R3O :

R3
with a compound of formula (II):
Rs Rs

under suitable basic conditions to form a compound of formula (V):
Re Rs ’ '

ORu (v,

and reacting the compound of formula (V) with a compound of formula (III):



hydr ogen, hal ogen, C -6 al kyl, C2-6 al kenyl, C2-6
al kynyl, C 6 hal oal kyl, G -6 al koxy, phenyl and
WO WPTS8I8her ei n t he phenyl or benzyl are subsPCE/LS20d8/013498
with 0, 1, 2, or 3 substituents independently sel ected
from hal ogen, hydroxyl, G- | kyl, and NH2; or R5 and
R6 are taken together vvit acarbons on which they
are attached to forma 5-8§ per ed unconj ugat ed
carbocyclic ring; RRagl el ecied fromthe group
consi sting of hydrogen B ORa erein Ra is hydrogen
or a base stabl e oxyge ecting group; R8 is
sel ected fromthe grR{fip cynsi 8vi ng of hydrogen and
-ORg wherein Rg is hydroggg,or a b@ﬁ? st abl e oxygen
protecting group; Ris selected fr t he group
conmidet suwighble baiccondeions,vkchgein a cofpbundibf forralilayIV) is formed.
C3- 6 unconj ugat ebd al kenyl, C3-6 .unconjugated al kyngl
(0033]. 6 hal 0thsrembodpmentfdhe prgsemrrinvgagpRiTdirgstgdsto methods for
| e oxygen protecting group,
ma%%?g?ﬁggelﬁ%@fs%@?tazg@'r om the group consisting of
hydrogen, G - al kyl, C2-6 al kenyl  rC2- 6 al kynyl, C -6
het eroal kyl, 5-7 nmerfiered 3 conprising 1, 2
or 3 heteroat oRp wherein Re and Rf
are each i ndependq the group
consi sting of hydr C2-6 al kenyl, C2-6
al kynyl, C -6 Rg Teyfber ed het er oaryl
conprising 1, 2 or Rpet¢ ,|and C5-7 aryl or a
base stable nitrogen protecting 4 5% and Riois
selected fromthe gr mﬁsz consisi\ ng of ‘hydrogen,
hal ogen, -ORC, G -6 al kyl, C3-60mR¢onj ugﬁ; ed al kenyl,
C3- unconjugated al kynyl, G -6 hal oal kyl s?nd G -

al kamyprismipereadtingl2 ¢enpomidagdornaula él)base st abl e oxygen
protecting group; and

OR,
Ri R0
R; ORy2
Rt

with a compound of formula (III):
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Rii and R 2 are each independently selected fromthe

group consisting of hydrogen and a base stabl e oxygen
WQRr@WPOTBISg group; or Rn and Ri 2 are taken togREHEB2008/013498

forma 5 nenbered heterocyclyldiyl of structure (a):

wh |§gﬁﬂ§ﬁg ed

frgﬁg%pgﬁéﬁgﬁ%gggﬁg?§%?%gﬁgﬁnmydrogen8%2P¥nﬁﬁ£EVB

C -6 haloalkyl, C -6 oxy and phenyl, or R19 and R20

toget her represent @ o enyl noiety of structure

(b): and conpositions co pri sing the sane. Definitions

[0033] In orddRetg m .ﬁOhClser descri be

the subject matte he cl ains, t e* fol |l owi ng

definitions are LA e gui dance as to the

meani ng of speRefic Tt er Ny [0034] It is to

be noted that the siFgul g "an," and "t he"

as used herein include $R..and "one or

nore" unl ess stated oRherwse. " For

exanpl e, reference to "a pharnadDRogical¢ )acceptable

carrier" includes m xtures of two or nore‘carriers as

wel dndasactingitingtempamdi edifornard (Y Hhevith & eompO@8EGf formula (II):

Nuner ous val ues and rﬁgges are recited in connection

wi th various enbodi mren€s ofi 't he present invention,

e.g., anpount of a conp of the invention present in

a conposition. It iRys®o be BPBi%ed) t hat al | val ues

and ranges which fall between the values and ranges

| i sunsldr aﬁtablerhaeittctedditmnb,esuelmdl:mpasmedurb%/ofc foempladb'énis formed.

' ti I it t at,ed
1003816 T onarES & Rk &6 o e ditiaPed B Hinsome
emBUMIREAS R | ¥ Al RTenh.| B Rfhd@hBddImBAR, RIRIHyakdde. MREbrht ed

by the tern1 about" unl ess
embodiments, Rs is selected from the group consisting of hydrogen and C, alkyl, e.g.,

hydrogen or methyl. In some embodiments, R is selected from the group consisting of
hydrogen and C;. alkyl, e.g., hydrogen or methyl. In some embodiments, R is
hydrogen or hydroxyl. In some embodiments, Ry is hydrogen or hydroxyl. In some
embodiments, Rg is -NR¢Rrand R, and R¢are each independently hydrogen, C,.¢ alkyl,
or a base stable nitrogen protecting group. In some embodiments, R, is C,¢ alkyl, e.g.,
methyl or ethyl, and Rris hydrogen or a base stable nitrogen protecting group. In some

embodiments, Rgis hydrogen.

[0025] In further embodiments, the present invention is directed to methods for

making a composition comprising a compound of formula Ivy:

comprising combining a compound of formula (I):
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specifically stated otherwi se. The term "about" as

used herein in association with paraneters, ranges and
WQAWAMHTS]I8 neans t hat the paraneter or anmount iBCIUSIN0$013498

1.0 % of the stated paraneter or anmount. [0036] As

used herein, "alkyl" groups inchmgde saturated

hydrocarbons havi ng one or nore| carbon atons,

i ncl udi ng straight- groups (e.g., nethyl,

et hyl, propyl, butyl, hexyl, etc.), cyclic

al kyl groups (or "cycl or "alicyclic" or

"carbocyclic" group$% CYORgpr opyl, cycl opentyl,

cycl ohexyl, etc.), branched-Whai n al kyl groups

(i sopropyl, tert-butyl, sec- yl, (Bobutyl, etc.),

and al ky | - subs ted al kyl groups (e.g.,

al kYt §GB§?PP géy Pg 1 kyl groups and

cycl oal kyl - substltute@ al kyRg; groups). In certain

enbodi nents, a stralght ch ih or branched- chain aIkyI

group may have 8 or oms inits
backbone, e.g. %ﬁ for strEPB;%(Hhaln or C3-C8 for
br an hed chai i n enbodi nents, a

str%1éﬁin8ﬁﬁw Ogﬁnﬁpgﬁbﬁed-chain al kyl group may have

6 or fewer carbon atons in\ backbone, e.g., C -C6
for straight-chain or C3-O branched-chain. In
still other enbodi ments, 3 yl group includes about
1 to 4 carbons. In diher e nts, an al kyl group

i ncl udes about 1 to 3 cfrbons. yet ot her

enbodi nents, an al kyl g includes about 1 or 2

carbons. In sone enddi nents, preferred al kyl groups

i nclude G -C6 al kyl groupR“)The t "C-C 6" and "G

-6" as in "C-C6 alkyl" and "G - IkyI" are used
undensuwtableaogdisiohy, such thaaa camiydition ocumsrmmgm gbmipogndloft forrhula

VR b ST i e N
subQ &Ry TRl ATz Mié InpurltRs O%&ies for R,-R;3, X and Y are as described
herein.

[0026] - In some embodiments, R, is hydrogen. In some embodiments, R; is
hydrogen. In some embodiments, Rs is selected from the group consisting of hydrogen
and C,.¢ alkyl, e.g., hydrogen or methyl. In some embodiments, R is selected from the
group consisting of hydrogen and C,.¢ alkyl, e.g., hydrogen or methyl. In some
embodiments, R is hydrogen or hydroxyl. In some embodiments, Ry is hydrogen or
hydroxyl. In some embodiments, Ry is -NR.R¢and R and Ry are each independently
hydrogen, C, alkyl, or a base stable nitrogen protecting group. In some embodiments,
Re 1s Cy.6 alkyl, e.g., methyl or ethyl, and Ry is hydrogen or a base stable nitrogen

protecting group. In some embodiments, R;qis hydrogen.
[0027] In some embodiments, the compound of formula (1) is crystalline.

[0028] In some embodiments, the present invention is directed to one or more of

the intermediates described in more detail herein.
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The ternms "al kenyl " and "al kynyl" refer to unsaturated

al i phatic groups anal ogous to al kyls, but which
WQWPATw1IAt | east one doubl e or triple carbon-REFB52908/013498

bond respectively. In conplex structures, carbon

ngﬁﬁiﬁfgmpﬁ*fow ngﬁgl)ﬂhfﬂ@ég or cross-linked. The

I red f o unconjugated
(00ZhEY "2y FIaRRIGh el Y BEer BRI (et
I 371, T "h | K
o T AT L P

al kyl _groups in which on nmore of the cgrhbon

IOOalloms i nFigwegdrd2irg bOQMHé e%TMR&Méﬁd f‘WH@ FAMR (B)
oL SR SR8 oLl Mem U SUPBR T P en

invertamdhe@3Chai n structures anal ogous to al kenyl groups
in which one or nore of the carbon atons in the chain
is an el enent other than carbon, for exanple,
nitrogen, sulfur, or oxygen. The term "heteroal kynyl

DETAVED DENCRASTION BT IRVENFIdK anched- chai n
__§TTUETUTE§"ﬁﬁﬁTﬁ§6U§_F6‘5TR7ﬁ7T‘§T6Ups i n which one or

[00§P]r e of ﬁ"ﬂ@ @% 1t'18 rdvﬁ‘dﬁ%t}ﬁetﬁ%' a'?xd'lﬁteﬁﬂe %t@gﬁﬂtthe
fher than B xanple, nitrogen, ur, or
prepafy@@nof ﬁhﬁohé«fs;m'gﬁlcom@ohﬁﬂsejfcfaﬂrmylh mnand " Cl C6
het eroal kyl " are used interc ly to refer to a
i 4 8 one or nore
" as used herein

het eroat ons. [ R
nmeans an al kyl n atom attached

thereto. In sone: groups i ncl ude
groups having Rt0"a on/atons. | n ot her

enbodi nent s, alkoxy : ' groups having 1 to
[ 5 enbodi nent s,

Kvi ng Rater t han about 4

al koxy groups includelﬁgOUo
11pref?f&ed al koxy

carbon atons. I n sone enbodi menpR
groups
wherein R, and R are each independently selected from the group consisting of

hydrogen, C;.¢ alkyl, C5.¢ unconjugated alkenyl and Cs.¢ unconjugated alkynyl;
Rs and R are each independently selected from the group consisting of
hydrogen, halogen, C,. alkyl, C,.¢ alkenyl, C,.¢ alkynyl, C,.¢ haloalkyl, C;
alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C;.; alkyl,
and NHy; or Rs and Rg are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;

Ry is selected from the group consisting of hydrogen and -OR; wherein R, is
hydrogen or a base stable oxygen protecting group;

Rg 1s selected from the group consisting of hydrogen and -OR, wherein Ry is
hydrogen or a base stable oxygen protecting group;

Ry is selected from the group consisting of hydrogen, halogen, -OR,, C, alkyl,
Cs.6 unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C,_¢ haloalkyl, -SR4 and —

NRcRr wherein Ry, is hydrogen or a base stable oxygen protecting group, wherein

19



i nclude C]-C6 al koxy groups. Exanples of al koxy groups
i nclude, but are not |imted to, nethoxy, ethoxy,
WO 2p0TBY8 oxy, propoxy, butoxy, and pentoxy grBCRES2008/@13498
al koxy groups can be straight-chain or branched.
[ 0089 p Pe
| ol et U 5E Ln Bl lcogh XC. HIBHEC: g akenyl,
as y\ﬂkynyalsCu@BaémaHryEd Yambnﬂj’e&rmlﬁdtﬁomt esmpyshes, 2 0r 3

capor=tes g Gt GbaW IRy RoftsLBLerhage i depepgenty Selected
f us§9mQﬁe praAgStithid oSSk €, SUIDELSLARNELL €. gy, Cu

hat are not aromatic sO as ycycle
t et hfzid:noal)kyl [5604@}nb76mei lteetrrnaryh ecbraplwmygzll j 2:01g3 hctpt‘oatoms and Cs.7

inclug Ios&% GB strug res _anal o ous to

caryé S’/rczf B BRS U At e, e.g., 1, 2 or

3, Rfyit B@le&@d B@ﬂl & @FBupl ddnkREng bﬂﬂydrége?nnhﬁbgéfﬁ D@)RQt(t‘]eJalkyl
than carbon, for exanple, nitrogen, sulfur, or oxyge

Het €r. OEW“J‘@*‘@“@@@YM sbaceziugatad alyoyl, Gns helopliy 4 Coe
Add N | ch
oy R St T ORGP Sy B e and

MayR Qrand Ry, BRteabid klepérdently selohad Boheihe grdupNUneRtif@SE
th:g may be referred to as "heteroaryl" or

" helrogancipdia kase glablgipsy eamerotesting e 6t el and Rye graptaken
cr G PR g el Bl AReal Pof SRSRERY: ot ome

inthe ring or a bond to of the carbons in the
ring. Exenplary heterocycl]ic groups include, but are
not limted to i mdagoly) rolidinyl , e.g., ; and
pi perazinyl, eg-, [O The/term "am ne" or "am no, "
as used herein, refers a um@gbstituted

R0 () |
~ wherein Ryg and Ry are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C,¢ haloalkyl, C,¢ alkoxy and phenyl, or R}

and R, together represent a fluorenyl moiety of structure (b):
T O

(b);

and compositions comprising the same.
Definitions

[0033] In order to more clearly and concisely describe the subject matter of the
claims, the following definitions are intended to provide guidance as to the meaning of

specific terms used herein.

[0034] It is to be noted that the singular forms “a,” “an,” and “the” as used herein

include “at least one” and “one or more” unless stated otherwise. Thus, for example,
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or substituted noiety of the formula -NR xRy, in which
Rx and Ry are each independently hydrogen, alkyl,
WQ2app/ 07818 het erocycl yl, or Rx and Ry, taken t oREF/H82008/013498
with the nitrogen atomto which they are attached,
reférgﬁép 8 éﬁéﬁréﬁgﬁ' falf g@é’e %lé Emdrz ihQué s%&%eé Bf Mb Or more
e 0 I nc es cy cli ¢ am no
carﬁensekm&ﬂasu&mmcmlperanmmmkeor pyrrol i di nyl groups,
unl ess otherw se stated. [0042] The chemi cal noieties

[0095] t he CNERRHAMS alfes bh@rdnpeenreiréditediin cbaiibictign Witsarious
groups di scussed above, may be substltuted or
€m

edimisatsiof thearresent veBhem: Pib MRt §f a gprappwirdof the invention
pres?%ggrg % c5rH sgtéor{rrrgﬁe tot&qﬁlg%ﬂf%mhﬁtagr@%s %%{9 %ﬂgtey Wﬂﬁc‘ﬁ fall

betvasi th@a/&l&fés afi®fingesd ngdiaﬂ&)&dﬁeﬁ@@ﬂb be\/dnbmhpﬁsbd)hw ttl’(EQJresent
nol ecul e to performits intended. function.

) W
inviptinsy Wl GXBliALY S@lpgcithariiseo fhddsionalypi i3 %IER @dbwrtdﬁrstood that
all hﬁ‘rﬁLH&? %al'h&ehétg@hérgi%arp Lrﬂ}fh Eﬁlﬁﬁﬁéﬂ%’ the YOS i« 58&1{ Qfhless
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subStituti onS, as desc erei'n. [0043
alkg](grpw(@@m@hémr@dllut}ﬂaweé)ut)d gobuty]apl,c)m an alkyl substltuted alkyl

oyt Erdiod- ERiLBE cyolifuef bRuBE Sk BRI PS T RE Sy

gro@ps). In certain embodiments, a straight-chain or branched-chain alkyl group may

have 8 or fewer carbon atoms in its backbone, e.g., C;-Cg for straight-chain or C;-Cg for
branched-chain. In certain embodiments, a straight-chain or branched-chain alkyl group
may have 6 or fewer carbon atoms in its baékbone, e.g., Cy-Cg for straight-chain or Cs3-
Cs for branched-chain. In still other embodiments, an alkyl group includes about 1 to 4
carbons. In other embodiments, an alkyl group includes about 1 to 3 carbons. In yet
other embodiments, an alkyl group includes about 1 or 2 carbons. In some
embodiments, preferred alkyl groups include C,-C¢ alkyl groups. The terms “C,-C¢”
and “C).¢” as in “C;-Cg alkyl” and “C,.¢ alkyl” are used interchangeably to mean alkyl
groups containing 1 to 6 carbon atoms. The term “haloalkyl” means alkyl groups
wherein one or more, e.g., 1 to 3, hydrogen atoms have been replaced with a halogen.
The terms “alkenyl” and ““alkynyl” refer to unsaturated aliphatic groups analogous to
alkyls, but which contain at least one double or triple carbon-carbon bond respectively.
In complex structures, carbon chains may be branched, bridged, or cross-linked. The
terms “unconjugated alkenyl” and “unconjugated alkynyl” respectively refer alkenyl and

alkynyl groups that are not conjugated with a portion of the core molecule.
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groups can be straight-chain or branched.

[0039] The term “aromatic group” or “aryl group” includes unsaturated and
aromatic cyclic hydrocarbons as well as unsaturated and aromatic heterocycles
containing one or more rings. Aryl groups include, for example Cs.g aryl groups. Aryl
groups may also be fused or bridged with alicyclic or heterocyclic rings that are not

aromatic so as to form a polycycle (e.g., tetralin).

[0040] The term “heterocyclic group” includes closed ring structures analogous
to carbocyclic groups in which one or more, e.g., 1, 2 or 3, of the carbon atoms in the
ring is an element other than carbon, for example, nitrogen, sulfur, or oxygen.
Heterocyclic groups may be saturated or unsaturated. Additionally, heterocyclic groups.
(such as pyrrolyl, pyridyl, isoquinolyl, quinolyl, purinyl, and furyl) may or may not have
aromatic character, in which case they may be referred to as “heteroaryl” or
“heteroaromatic” groups. The term heterocyclic group includes rings which are attached

to the core structure via either a bond to one of the heteroatoms in the ring or a bond to

22
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di fferent. ©46] The tersq” [ group as used
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O S, or bein tenporarlly bl o ked so that a

moﬂeabﬁﬂoﬁgc car glectvelyat anot her
reactive srte in a Itlfmnctlonal clmpound. In
various enbodinents, a protecting group reacts
selectively 1 n good yield to give a protected
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N
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basi ¢ condi ns
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|
.
piperazinyl, e.g., [ j \[ j
and '
[0041] The term “amine” or “amino,” as used herein, refers to an unsubstituted

or substituted moiety of the formula -NR\R,, in which Ry and R, are each independently
hydrogen, alkyl, aryl, or heterocyclyl, or Ry and R,, taken together with the nitrogen
atom to which they are attached, form a cyclic moiety having from 3 to 8 atoms in the
ring. Thus, the term amino includes cyclic amino moieties such as piperidinyl or

pyrrolidinyl groups, unless otherwise stated.

[0042] The chemical moieties of the compounds of the invention, including

those groups discussed above, may be “substituted or unsubstituted.” In some
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used, a protecting group readily cleavable by basic

noi eties may not be preferred. Simlarly, if acidic
WQWANTi8dhs are used, a protecting group readi PI/US2008/013498

cl eavabl e by acidic noieties nmay not be preferred.
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methylphenyl (i.e., p-tolyh)).
T,

[0044] The conventions * " ” and \>-</ ” are used

interchangeably to indicate a-double bond having two substituents, where the

substituents may be either cis or trans.

[0045] As used herein, the term "compound" is intended to mean a substance
made up of molecules that further consist of atoms. A compound generally refers to a
chemical entity, whether in the solid, liquid or gaseous phase, and whether in a crude
mixture or purified and isolated. Compounds encompass the chemical compound itself
as well as, where applicable: amorphous and crystalline forms of the compound,
including polymorphic forms, said forms in mixture or in isolation; free acid and free
base forms of the compound; isomers of the compound, including geometric isomers,
optical isomers, and tautomeric isomers, said optical isomers to include enantiomers and

diastereomers, chiral isomers and non-chiral isomers, said optical isomers to include
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cerium( V) nitrate. As used herein, the term "base
stable" protecting group refers to a protecting group
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substrate that is stable to the projected reactions; is selectively removed in good yield by
readily available, preferably nontoxic reagents that do not attack the other functional
groups; forms an easily separable derivative (more preferably without the generation of
new stereogenic centers); and has a minimum of additional functionality to avoid further
sites of reaction. Compatibility of the protecting groups will typically take into
consideration the reaction conditions in subsequent steps. Thus, if basic conditions are
used, a protécting group readily cleavable by basic moieties may not be préferred.
Similarly, if acidic conditions are used, a protecting group readily cleavable by acidic
moieties méy not be preferred. Protecting groups used in various embodiments of the
present invention are described in more detail herein. Methods for removing protecting
groups are well known in the art. For example, regarding typical oxygen protecting

- groups; acetyl groups can be removed under acidic conditions or basic conditions;
methoxyethoxymethyl ether groups can be removed under acidic conditions;
methoxymethyl ether groups can be removed under acidic conditions; méthoxybenzyl

ether groups can be removed under acidic conditions, by hydrogenolysis, or by
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pro ecgng L o[ul %haq] 2 stabR'uf tXe ac&/hc conditions of any reaction of the
compound which occurs subsequent to protection and prior to removal of the protecting
group. A skilled artisan would understand that a ““base stable” protecting group is not
necessarily stable tb every base, (e.g., may not be stable to concentrated sodium
hydroxide) but is stable to any bases utilised in any reaction of the compound which
occurs subsequent to protection and prior to removal of the protecting group.
Exemplary base stable protecting groups include, but are not limited to acetyl groups,
methoxyethoxymethyl ether groups, methoxymethyl ether groups, methoxybenzyl ether
groups, methylthiomethyl ether groups, pivaloyl groups, tetrahydropyran groups, silyl
ether groups (including trimethylsilyl (TMS), terz-butyldimethylsilyl (TBDMS), and
triisoprbpylsilyl (TIPS) ethers) and methyl ethers, carbobenzyloxy groups, tert-
butyloxycarbony! groups, benzyl groups and p-methoxyphenyl (PMP) groups.
Similarly, a skilled artisan would understand that an “acid stable” protecting group is not
necessarily stable to every acid, (e.g., may not be stable to concentrated hydrochloric

acid) but is stable to any acids utilised in any reaction of the compound which occurs

subsequent to protection and prior to removal of the protecting group.
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The o and 3 1somers of formula (V) and (VI) are shown below.

Formula (V):

o isomer _ B isomer
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o isomer. It should be noted that alpha-enhanced compositions of the invention are not
intended tb be limited by scale of the reaction that produces the compounds. Similarly
the language “alpha-intermediate” is used in reference to the intermediates, e.g.,
compounds of formula (V) and/or (VI), which_repfesent the o isomer, as described in

more detail herein.

[0050] The language “yield-enhanced” is used in reference to the composition
comprising compounds of formula (IV) synthesized using alpha-enhanced intermediate
compositions (see, e.g., U.S. Patent Application Publication No. 20060247448). These
compositions have a higher yield of target compound (e.g., compounds of formula (IV)) -
in comparison with products synthesized using non-alpha-enhanced intermediate
compositions. In some embodiments, the term “yield-enhanced” refers to at least 5%
additional yield versus a non-alpha-enhanced composition. In some embodiments, the
term “yield-enhanced” refe_rs‘ to at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100% or.200% additional yield versus a non-alpha-enhanced composition. It
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enbodi nents, the |anguage "free of is not intended to
enconpass inpurities, for exanple, residual sodium

W78 been i ntroduced t hrough envi r onnent BET/US2008/013498
factors rather than through the synthetic process.

sho ﬁiODSSrL)ﬁ%ﬂtiatl HePe %ugsﬁﬁr'ag !%%Ifj;rll nctglrlgef)é? eﬂ?{l}t %%elc'lj Is mtenged to

desEisY Pa¢@fidges felath 0ItRS fiefEolhe ﬁﬁﬁlgﬁrbﬁlhcﬁ%, e. Bwight by weight,
di mers, acetonide elimnation products, conpounds
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equ to 6% e.qg. ess an or equal to 5% e.g
vy @%téle thexepeytic egentl whishdssigaifigantly Sessof impurisies, e%egjalmn%ltles
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equa an or
conkﬁSfédtuh&ﬂta‘B[e L) udimrtlarﬁl.o'i%) aGubject, bg&& Huli’rm oF pxe&maiually
to 49 | ess than or equal to Q.3% e. » | ess

ommﬁﬁw i&tﬁd@hﬁtﬁa fmrg%phérrgaceun@é §OmBQAHLIoN p@aarﬁﬁ or
/i 0

adnﬁlggtsr}tz??\ai’r? agsru% ect %@?3@% )’ﬂ@ﬁ‘t‘é e ef}m SF;L& (% ﬁﬁ%ﬁ?med relfers to
the porify. o‘f%xocmcg; s,ynﬂm&edl bsing atphethhnded uterthddiate cgmpostlesms

t han u to 0..5% e. | ess than or, .equal to
vergy pRucsn n ey 60 GRS IHOBRRAT FEmBIDEUIEHES St Slpha-
enhQﬁUe'dt(ye%n@gn@ﬁﬁl Fﬁ&ﬁ%ﬁlicgﬁén Pﬁbﬁé&ﬁoﬂf\l%s%‘(%dz@’?’m)' P should

are sighificantly free of organic inpurities, e.qg.

be natpslithat preiy-cohgasd ¢pmppsitiensof thamvieatidy aregfot oderisisd to be
h th f bl
im PP EF el s PEPLER A Tt o EeP e Broun her o . ;

TN e IR X CRARLE Sh
the ﬁlf@ng?gﬁ@ggé? ?ﬁ&?lsﬁiﬁﬁﬁ%ﬁy ofubktaRHAlly bi&mRetdly: lacking a
referenced item, for example, an impurity (such as p-anisaldehyde), which has been
introduced into the reaction through the synthetic process. For example, in certain
embodiments, the language “free of” is not intended to encompass impurities, for
example, residual sodium, which has been introduced through environmental factors

rather than through the synthetic process.

[0053] The language “significantly free of”” as used in the language
“significantly free of impurities” characterizes the presence of impurities, e.g., dimers,
acetonide elimination products, compounds where an allylic methyl is eliminated, etc.,
in a final product, e.g., a composition comprising a compound of formula (IV) as the

| therapeutic agent, in an amount that ié less than or equal to 10%, e.g., less than or equal
to 9%, e.g., less than or equal to 8%, e.g., less than or equal to 7%, e.g., less than or
equal to 6%, e.g., less than or equal to 5%, e.g., less than or equal to 4%, e.g., less than
or equal to 3%, e.g., less than or equal to 2%, e.g., less than or equal to 1.5%, e.g., less
than or equal to 1%, e.g., less than or equal to 0.5%, e.g., less than or equal to 0.4%, e.g.,

less than or equal to 0.3%, e.g., less than or equal to 0.2%, e.g., less than or equal to
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el i m nation products, conpounds where an allylic

nmethyl is elimnated, etc., in a final product, e.g.
WR2W8P8e8 t i on conpri sing a compound of forrruIECT/USQOO%(QIM%

the therapeutic agent, in an anount that is |ess than
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ual to % ess han or equal to 0.5
eg. eleg tﬂalp eggq F208%0 IA?%PC%‘%ﬁ ethégge%@ﬁ PyFity-
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impumties, 1@%1m®ugtl¢s ¢<HB}$)Sttﬂlaﬂl lezast Im{udlly,toﬁ c@rbdR Bmee.g., p-

.th
anisp ey ey agY g PhadsSplrihtmeatissor £ uiaon oyth v
herdif2 W}ﬁrla@élﬁgé “hubsinB B r80 8 Bstised Hfhe Tﬁ%ula@é‘%@ﬁ@ntxally free
'substanti a pure” as used herein, also refers to

of lmn@rltms s;éar@eteufzes thp mqsmce@f ompwe@@, giga rdlmcrse@ﬂmmd%
ehmemgutla n ngd%ﬁ&/s cgmgounc}sgvrg}é % ﬁll%hc ma?hg? ge(l)mét%te . é 1 final
prodlLQ;SSe & hasorapositiptadonifrisinddeor@p@und dfABEMAGIAATV Yods tEﬂﬂl@?apeutic

to, 1% e.g., less than or equal to 0.5% e.g., le .
agel@thmqano%m@qﬁ ahatipless thap oreqpal tq Fese ghinss élranézmapaltt@ W%, cg.
9/ o) 94 0
lessQ%ﬁnnBroeﬁuglth é’,:)e esg ﬁ?{;@% og.&g.?a’l tcf g"é»é %Hg%s"g (t)l?dneoqrue ﬁg‘l to 1.5%,
e.g. Dleéﬁ%m er glu,al toel?ﬁ & gah:smthaaqmahuztlao 0.522%4., Bsgthan bee@al to
ss than or %qual

to
4%9 eszeS%t %%neeg%l o i?a?r@cﬁg elﬁﬁﬁa‘i%a{l 8T BauRdfo R.2¢0. .8 elggs than or
equ&lhafo 1%'%3% | 1e40h 8 8Pqualith. ?5(% ﬁo(}/%ss 'tﬁansd}fé'dhgl tQ@ 125%,

noted that the percentages use e context of
e.g. plessctban agequal ta GrpYUs; igi, dessitkan cmezqrudbm) (.05 %esgr idsgethan or equal

AL NN N ENIEN L NIRRT —

purdeis@iREd Rire e hBb refedy tdthe prischR8Bf BAPGHi IR &s tﬁathebr equal to 5%,
percent inmpurities are neasured as area % .inpurity
e.g. {lessghan pyeqya] 0)4%, e.g., less than or equal to 3%, e.g., less than or equal to
2%, e.g., less than or equal to 1.5%, e.g., less than or equal to 1%, e.g., less than or equal
to 0.5%, e.g., less than or equal to 0.4%, e.g., less than or equal to 0.3%, e.g., less than
or equal to 0.2%, e.g., less than or equal to 0.175%, e.g., less than or equal 'to 0.15%,
e.g., less than or equal to 0.125%, e.g., less than or equal to 0.1%, e.g., less than or equal
to 0.75%, e.g., less than or equal to 0.5%, e.g., less than or equal to 0.25%, and e.g., 0%.
It should be noted that the percentages used in the context of percentage of impurities is
intended to describe percentages relative to the weight of the final product, e.g.,

pharamaceutical composition (i.e., weight by weight, w/w). In some embodiments, the

percent impurities are measured as area % impurity (e.g., by HPLC).

Methods of the Invention

[0054] The present invention is directed, at least in part, to novel methods for
synthesizing macrolides. In some embodiments, the present invention is directed to

large scale preparation of macrolides. Schemes 1 and 2 depict exemplary methods for
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Met hods of the Invention [0054] The present invention
is directed, at least in part, to novel nethods for
WQWPHESIYi ng macrolides. I n sone enbodi nent s, PEHES2008/013498
.present invention is directed to | arge scale
r > n :
sy T S e S hehe 8 5 RAR R, shgwing the
profecesemd nmig/eprtmmg}of eSclIstszBndled:Lﬂe ,doHowedrdy couingwb ag t he

rotection. and rin eni ng, of  a bose nol ecul e
trip Wﬁravaéahqwureéalﬁ qoaallf%toaa gwilrfeﬁﬁ it eI g form the
mm%&%w ing to a bicyclic triflate and ring closing to
ormthe macrolide. Schenme 1: Synthesis of formula
(1V) fromribose - route 1 [0055] Additionally, t@g4
same_bui | di ng bl ocks may be enpl oyed as hn Schene)j 2,

H a-gghenalti®s ro~{die, protecti
op g of—_a ribkose uIe toLLomedaby ouplilng to

a licyclic triflate, goupling to a OR;
t HOph&HY | phosphoni Bm@al PRand ri ng cI03|db to §n1tﬁe
macrol i de. Scheme 2 : Synthesis of formula (1V) from

ri bose - route 2 [0056] Accordingly, in sone,aspects,

the present invention is directed to nethods|{folRs Rs

maki ng a conpound of formula (V): wherein Ri {and ar e

each i ndependently selected fromthe group cgtgDsti ngPPhsX

of hydrogen, C -6 al kyl, C3- 6>Mfconjugated akkenyl and

C3- 6 unconj ugat ed alkynyl Q|
1Q

prRE.€C sigo)’ RS and RS 6 each |nde

sel ec T oup dWnsigst IHG of hyd

haloge f Czaﬁ_aLEih¥Lr—C2 Rakkymy., G - 6
I

Scheme 1: Synthesis of formula (IV) from ribose — route 1

[0055] Additionally, the same building blocks may be employed as in Scheme 2,
which is a schematic showing the protection and ring opening of a ribose molecule,
followed by coupling to a bicyclic triflate, coupling to a triphenylphosphonium salt and

ring closing to form the macrolide.
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al koxy, phenyl and benzyl, wherein the phenyl or

benzyl are substituted with O 1, 2, or 3 substituents
w0 pabepessdent |y sel ected from hal ogen, hydr oxyl PCTZUSB08/013498

al kyl ,and NH2; or R and R6 are taken together with the

carbons on which they are attached to forma 5-6 og,

nmenber ed unconj ugat ed carbocyclic ring; Bi and RJ2
H @ i\n@ﬁpenddﬁh\?ﬁ—?@(rﬁ@g,ﬁromthe grofaC®
consi sti ng—of hwdrogen and a base-stable oxygen
prof edti ng group; or nd R are taken hey” YoR,,

f 61Gn OB menber ed MRtEr oQRyl di yl of strﬁcturedé:g‘):
wherein R1 and R 0 are each i ndependently sel ected!
fromthe group consisting of hydrogen, C - alkyl, C -6
hal oal kyl, G -6 al koxy and phenyl, or R 9 and R20 o0
together represent a fluorenyl noiety of structure

(b): Ri3is selected fromthe group consistinlg 0
hydrogen and a base stabl e oxygen protecting {gr ¢
[ 0057] Conpounds of formula (V) are synthesi zed by Rig oT

reacting a orrﬁoundRof formula | : wherein IS
sel ect e®sf r gm t Re group co,gsis%fi ng of hydr, and a

w ( ,. rotect |Mp; %/ti}th B cooundI OR,
a (1) : whernei nR, s a en®~na SWi e
S\, Ut Psdrat aRé(%)upound ot%gfor U@ 1ié?8
fornmed. {,0048] In sone enbodi nents, sBitabfe

condi ti ongRf M@, conpound of f or mRia [
sui tabl e basic cd giti ons. In sone enbodi mewrss,
suitabl e conditions'for form ng a conpound of for mul @R

(V) include the use of a base, e.g., a C -6 alkyl
[ it hi um Seheme 2: Synthesis of formula (IV) from ribose — route 2

[0056] Accordingly, in some aspects, the present invention is directed to

methods for making a compound of formula (V):

Re Rs
R130
Ri_ R3O0
Rs OR4;

wherein Ry and R; are each independently selected from the group consisting of
hydrogen, C,.¢ alkyl, C3.¢ unconjugated alkenyl and C;_¢ unconjugated alkynyl;
R3; is selected from the group consisting of hydrogen and a base stable oxygen
protecting group;

Rs and R¢ are each independently selected from the group consisting of
hydrogen, halogen, C, alkyl, C,.¢ alkenyl, C,.¢ alkynyl, C,.¢ haloalkyl, C,.
alkoxy, phenyl and benzyl, wherein the pheny! or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,_; alkyl,



pot assi um C] -6 t-al koxi de, sodi um hydr oxi de, sodi um

hydri de, ammoni a, di net hyl sul f oxi de sodi um salt and
waeapomsiexanmet hyl di silyl am de. I n some enbodi PERUS2008/013498

sui table conditions for form ng a conpound of formnula

o) BATSHA L S RE B hacnd vl i P AR o

an d aftawhnadl toafo@ﬂnl 3 S5-6anerhbared uacqujmg;nedt @arsaybkatiagy i es at

each chi.r carb refer nment s,

n&) A S dofpelwf enflygeles gﬁe@romwsastmg of
Speﬁyérbgerﬁéxﬁfae%'a%fﬂbﬁé &% oRh p%}édh %@r&?ﬂ o?er,PQﬁH R are taken
Accordi Agly, the resulti'ng ‘fornul a can
hav togethey onfgretasy emrrtbemdsltettereeycastldlefhoﬁstumura I(a)c ar bon.
For exanple, in sonme enbogjgents, the conpound of
formula (V) is a conmpound jof fornmula (Va): That is,

t he conpound of formyla ( can be a conpound of
formula (Ha): [0060]. one(enbodi nents, the conpound
of formula (V) is a éonmjound/of (Vb):That is, the
conpound of formula (1) © Rygcompound of fornul a
(I'b): [0061] In sone enbodi ts, the conmpound of
formula (V) is a conmpound of RZ) (4)0062] Sui tabl e
protecting groups vary dependi ng on the nature of the
react i onyhergii Ry addoe areeeagh independently spleeted dion the @reup

f or . un f (
Lo AHEL PR RoBATRUI A CL ORI X ahss B ppengy or i
i nchnd:llezoac@maee@ewm,ﬂuesd@l m@iedy phstridireYb): gr oups

and benzoate groups. In sone_epbodi nents, suitable
oxygen protecting growps frg AN i nclude silyl groups.

(b); and
Rj3 is selected from the group consisting of hydrogen and a base stable oxygen

protecting group.

[0057] Compounds of formula (V) are synthesized by reacting a compound of
formula I:
_ OR4
Ri Rs0
R2 OR12

wherein Ry is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;
with a compound of formula (II):
Re Rs
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oxygen protecting groups for R13 include silyl groups.
I n sonme enbodi nents, the protection of oxygen by R 3

WO e®alts18 n a predom nantly cis-ol efin product PCTHIg2008613498
if Ris a hydrogen, a predomnantly trans olefinis

formed. .1 R SQ enhodi ;rent. the.cis ol efin.i
or e Papieity T R ST itic ot Railobs “Eh s p g of
I epf&sRM V) BYotnted=-/ represents a doubl e bond where
t he substituents are situated in a cis position,
[0058] at i ve lp sora@ Embadiments, pwitibly conditiopsdorfopaiiegss comround of

i avention.i : / oL reaki _

TorBh B2 QN SHEIEAS Bltic Sor oS, REschfle SRbORnl: D0l BBIE Mafions fo

foriminke p ecvdlpoirid/ofSfetravia ) fnchudetthe ugr afigpbasonsg. sb Ong alidyl lithium, a
hydrogen, Ci-6._alkyl, C3-6.unconjugated al keny] and

powlwnﬁ@drﬁ IQ%aO%PWWFQX@@ SpQEISE FTPBH o

dirtRPBuIRRRE Stididi s@ik alty HadgR Wne?ﬁgetﬂ¥lka?s§l?ha§ﬁi§9| fr Qfygen
protecting group; R4 1s selected fromthe group

embodisients, mgtable ¢onditoge hordodnmgrasenstual lo€ faxyge V) include the

rotecti oup. Ris selected fromthe group
“Sﬁfc)?)for?séhﬁlﬁgl I%IW@B?SS&%’ %Fnel?i‘ty herein Ry is hydrogen
r a base_stable oxy(%en protecting gro [

0 up, R9 is )
[005@] ect ed The sAMPRBNG B dprmadnsh apd fymda ﬂi?)oc‘raad@ﬁ? varying
‘o s l, 5 ] I

Qo ics Aok i) N In el EABpARA R I bPunas of
forhiméeR{) avitkefoeinnlaRil) ihavhy sireaffenstercochendstey sttaabh ehivalyegehon.

rqtecting group, wherejn I S ected fromthe group. .
Acggﬁg‘ , itmegreglfxltlﬂg 89{9@8‘”}& & f{c?gmalpi&b carhaveyaruRg pger%ggerglsmes
at each chiral carbon. For example, in some embodiments, the compound of formula

(V) is a compound of formula (Va):

(Va).
That is, the compound of formula (I) can be a compound of formula (Ila):
Re Rs
[0060] In some embodiments, the compound of formula (V) is a compound of

(Vb):



al kynyl, C -6 heteroal kyl, 5-7 nmenbered heteroaryl
conprising 1, 2 or 3 heteroatons, and C5-7 aryl and

wob@peiisiRe and Rf are each independently sel er€BUSTD®M3498
the group consisting of hydrogen, C -6 alkyl, C2-6
al kenyl, C2-6 al kynyl, Cr.6 hgteroal kyl, 5-7 nmenbered
heteroaryl conprising 1, ~heteroatons, and C -7
aryl or a base stable nit n protecting group; and
Riois selected froan e)grou consi sting of hydrogen,
hal ogen, - % al k C3-6 unconj ugat ed al kenyl ,
C3- 6 unconj ugat ed és O.0<6 hal oal kyl and C 6
al koxy, wherein Rc is|hydrogen or a base stable oxygen
protecting group; an are each i ndependently
sel ected fromthe gy si sPRag of hydrogen and a
base stabl e oxygen protecti I1r%roup or Rn and R 2 are
t aken toget her to forma 5 me ereﬁtheterocycI yl diyl
f tructure

Tha? i Cr?gg)r?f’lfl seq e(g)e?arnom?ﬁomﬁ?%lup Fg%n ﬁ%@%g of
hydrogen c- al kyI, G -6 hal c@Rkyl, C -6 al koxy and
phenyl, or R19 and 0 to et hel represent a fluorenyl
moi ety of structure’ In sone enbodi nents,
sui table conditions f ng a conpound of fornmnula
(VI') are suitable bas KN ons. I n sone
enbodi nents, suitalg i oRR1bor formng a
conmpound of formula (V) e the use of a palladium
catal yst. Palladiunrcatalysts1éan K&)used in organic

1006115 5yt F b R HRERRE SRR AR (PRl o

(cho form a pi coordinated conpl ex. Exenplary palladi um
catal ysts include, but are not limted to
tetraki s(tri phenyl phosphRrge) pag | adi un(0), palladium
chl oride and pal | adi un(I1 a(;et ate. '

(Vce).

[0062] Suitable protecting groups vary depending on the nature of the reactions
taking place, e.g., the suitable conditions for producing a compound of formula (V). In
some embodiments, suitable oxygen protecting groups for R3 include acetate groups,
ester groups, benzyl groups and benzoate groups. In some embodiments, suitable
oxygen protecting groups for R4 include silyl groups. In some embodiments, suitable
oxygen protecting groups for R;3 include silyl groups. In some embodiments, the
protection of oxygen by R,; results in a predominantly cis-olefin product, whereas if R;3
is a hydrogen, a predominantly trans olefin is formed. In some embodiments, the cis

olefin is preferred.
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In sone enbodi nents, suitable conditions for formng a
conpound of formula (V) include Heck coupling
weoendiotisehs. | n sone enbodi nents suitabl e HeckPCDUR10081g13498
conditions include, but are not |limted to the
reaction of an unsaturated halide or triflate w i
kene apd a strong base_ an al.l adi um cat al.yst" \t.o
L e e Nt R S ol T S
repke¥énts 8UBuSI¥ BbRE SheRAhE ¥ubLidsdnts Uie Sit¢REPRUNE s Pbsition Meladive to
[):with a conpound of formula (Il wherein Y is a
eachgthegen or a triflate (-O SORCF3) under suitable
condi tions, such that a conmpound of forrmula (VI) is
[0064) med. [10@GY asphes,gberpousentsnatibo indireted tp ragttiods for making a
f or myl 11 n have varying stereochem stries at
co é’l%é’ﬁiﬁslg}ul%gﬁon. In preferred enbodi ments, the
compounds of fornula (1) and formula (I11) have a
speci fic stereochem s;tng at each chiral carbon.
Accordingly, the res@fting conpound of fornmula (V)
can have varyi pg stefeochgm stries at each chira
carbon. For exafphe -Sofe enbodi gepts, the conpound
of formula (V) qu 06 fomula (VIb): That
is, the conpou 8 ‘(F‘)” can” be a conpound of
formula (Ib)[0068]
dependi ng on the natutte !
e.g., the suitable congd PORGyICci Nng a conpound
of formula (VI). In solfe enmbodiyents, suitable oxygen
protecting groups for R3 incIud@Fh¢etatevgyoups, ester
groups, . benzyl groups and benzoate In s

; r oups. ome . .
enbWBsRER sandsRy g speh W?@%\@eﬁbfe&‘g‘?%@o@ﬁbﬁ groupgionpgting of
i nc Iyl S. ] [ - .
(O ene G AP B3 ot B REAURA IR oG Batgg aormyt
andRRisGelected fronRbheRgdupcdisidtimg of hydrogen and a base stable oxygen

protecting group;

Ry is selected from the group consisting of hydrogen and a base stable oxygen
protecting group;

Ry is selected from the group consisting of hydrogen and -OR; wherein R, is
hydrogen or a base stable oxygen protecting group,

Ry is selected from the group consisting of hydrogen, halogen, -OR, C, alkyl,
C;.6 unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C,.¢ haloalkyl, -SRq4 and —
NReR¢ wherein Ry, is hydrogen or a base stable oxygen protecting group, wherein
Ry is selected from the group consisting of hydrogen, C,.¢ alkyl, C,.¢ alkenyl, C,.
¢ alkynyl, C, heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3
heteroatoms, and Cs.; aryl and wherein R, and Ry are each independently selected
from the group consisting of hydrogen, C, alkyl, C,¢ alkenyl, C,.¢ alkynyl, C;
heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.y
aryl or a base stable nitrogen protecting group; and

Ry is selected from the group consisting of hydrogen, halogen, -OR., C.¢ alkyl,
C;.6 unconjugated alkenyl, C;.¢ unconjugated alkynyl, C,.¢ haloalkyl and C,.¢

alkoxy, wherein R is hydrogen or a base stable oxygen protecting group; and
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dependent upon the resulting substituent. For exanpl e,
under the suitable basic conditions of the reaction to
w@e@dtsia conmpound of formula (VI) wherei n ROPCHUSNBS/013498

Rf, Re and Rf can each independently be a suitably

basg :

S i SR8 oft e R B R A7 RO P o cchbing of

r eabydrogentamdm ndusrbl o ppoprotctihg fgbsupy bﬁlbllq,\éln)d Ryh afectiaken
can b ui t abl ase_stabl e oxygen

proWSQPPHQfBFBﬁﬁ‘npﬁg§8ﬁ§e@ﬁﬁaﬁﬁﬁgﬁk%,“%HPF%BSE oxygen

protecting groups for Ri 3viwclude silyl groups. [0069]

In some enbodi nents, the double bond represented by
\=- >/ represents angoubl ond where the substituents

are situated in a ci- Siti relative to each
other. [0070] In so ajpect/s, .t he present invention
is directed to nethods @ Fh@ a compound of
formula (1V): wherein R and are each independently
sel ected fromthe group consis#?ng@f hydrogen, Ci -

2 Ky - SRgelR o K S B e B R P e e FRR BRI
fr %Bnh@ﬁn@bﬂh‘ﬁirﬁg’é'iﬁ sk 'a]lkgrl a, 6méﬂfa‘ll€3ﬂncl Dakegethd ;§Hen§l orRig

al kyl, C2-6 alk hal oal ky
G @daﬁzké@gﬁh%ﬁ@iwenhﬁﬂub@nzhfmowvm@l?mwﬂtrhéb)phenyI or
benzyl are substituted with O 2, or 3 substituents

i ndependent |y selecteo
al kyl , and NH2; or ang
t he carbons on mhlch
menber ed unconj ugate
fromthe group consis
Ra is

halo;en hydroxyl, C]-3
R4 are/aken t oget her with
ached to forma 5-6

= cgyclic ring; R7 is selected
¥ Mg=gf hydrogen and - ORa wherein

(b).

[0065] In some embodiments, suitable conditions for forming a compound of
formula (VI) are suitable basic conditions. In some embodiments, suitable conditions
for forming a compound of formula (V) include the use of a palladium catalyst.
Palladium catalysts can be used in organic chemistry to facilitate carbon-carbon bond
formation, e.g., by coordinating to a double bond of one fragment to form a pi-
coordinated complex. Exemplary palladium catalysts include, but are not lirhited to
tetrakis(triphenylphosphine)palladium(0), palladium chloride and palladium(II) acetate.
In some embodiments, suitable conditions for forming a compound of formula (V)
include Heck coupling conditions. In some embodiments suitable Heck coupling
conditions include, but are not limited to the reaction of a_n unsaturated halide or triflate

with an alkene and a strong base and palladium catalyst to form a substituted alkene.

[0066] Compounds of formula (VI) are synthesized by reacting a compound of
formula (I):



hydrogen or a base stable oxygen protecting group; R8
is selected fromthe group consisting of hydrogen and
WO OR9/OTsEY ei n Rg i s hydrogen or a base stabl e BXI/82908/013498
protecting group; Ris selected fromthe group
consi sting of hydrogen, hal ogenyg-ORb, Ci-6 al kyl,
C3- 6unconj ugat ed al kenyl, C3-6 néonj ugat ed al kynyl
G -6 hal oal kyl, -SRR@=and R, wherein Rb is
hydrogen or a base stapl e oxy§en protecting group,
wherein Rd is selectedifromthe group consisting of
hydr ogen, C -6 al kyIR Kk 1» C2- 6 alkynyl, C
-6 heteroal kyl, 5-7 rfenbered heteroaryl conprising 1,
2 or 3 heteroatons, and C - 70yl ang wherein Re and
.Rf are each independently selected fromthe group
Wltb@r?gp@ppﬁﬁogforwgq@g}én, C 6 alkyl, C2-6 al kenyl, C2-6
al kynyl, C -6 heteroal kyl, \5-7 nmenbered het eroaryl
conprising 1, 2 or 3 heter , and C -7 aryl or a
base stable nitrogen proté&tting group; and Rio is
selected fromthe grm, I skdng of hydrogen,

hal ogen, -OR0O, C -6 KY X -6 Ghconj ugat ed al kenyl
C3-6 unconj ugated al kyn Q

-6 hal oal kyl and G -6
al koxy, wherein RO iRghydogenyor a base stable oxygen
protecting group; and Rn n(g R 2 abﬁ%each

i ndependent |y sel ect ed fromthe gr consi sting of

hy divBgieih eh¢la AaldgsEoss fiflate QRYIOICR)Ot ecting group; or
Rn and Ri 2 are taken together to forma 5 nenbered

undge s\efablecongitihing] sugh that g gemprund af formbter(@ilhisHomrgedand R
i.nd d I t f .
L ey 3 L

ster€belfenabtiioxyt caol chifgRytbonONn Brekdred embodiments, the compounds of

5

formula (I) and formula (III) have a specific stereochemistry at each chiral carbon.
Accordingly, the resulting compound of formula (VI) can have varying
stereochemistries at each chiral carbon. For example, in some embodiments, the

compound of formula (VI) is a compound of formula (VIb):

(Vib)

(Ib).
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and R20 together represent a fluorenyl noiety of
structure (b):[0071] Conpounds of formula (1V) are
W@ WPHEsil¥ ed by conbi ni ng a conmpound of f or nmul BCT/D$2008/013498
with a conpound of formula (Il1) or a conpound of -
roula (1.1 suitable c dons, such t
[008 mpoun délélitat%eo?r&ﬁc n% lgv)upﬁ Yapyd e@ga& %38%]&191%? &??he reactions
takn‘ng fpladege. gl the sutibi¥lcandilibns fon@rdducifgl Acompouhd df GorbROSEVI). In
| 1sted above, in relation to the synthesis of
someaiplRsiereniss sw%blmwagmromang sravp for(Ry4 ipclufe aegigte groups,

et BRATEALD) ERIPAUIR Sl LRIBY! fy () e RN RERRC

oxygén brutenting grdups for Rﬁlmbmaauyﬁgr@ﬁpsf OSuitabR frbletingigdaps
sui tabl e ¢conditi ons, at _an_ al pha-internedi ate
(ox¥gh AR5 eREreD) B th%?LPSPéﬁlale{lﬁS\?)f Rarho 3o .4 R Rongill be
dep?ﬁm:%@ }xg&m\}})% 'restum?néa%1 g%ﬁ\gé o%%rﬂﬁl@t lhrﬁieﬁth%%ﬁﬁwg Ba9t
" conditipha of theeeantidh &b pradecaa compomrdjofcfbnﬁmharﬁ( Dewhafein. Ro is -NR(Ry,

R, %139%%%ﬁa?@s%ﬂ%enﬂgmfyo@?%ﬁfavaSt%éysFaﬁqEq perd mpicanRE v,

gl BORE SRERHE] ndet ﬁfets'uﬁﬂ)l%%(QIéG%tl6hs & the P&@H&Vﬁdﬁ‘rogﬁce a
formula (1), fornula (I1) and fornula (

compouh n@fcaml@o(r’iﬁb whdrefn 5{9 us—OIbJaBt) eah b & huuabdy’]batse stable oxygen

( t he renai.nder
o0 EFe" idorf SBBRRRRL. ilabli o'vefn PRI R ERER Ps 7 R
lndamgghﬁ@aahky i ncl ude the third conpound. Accordingly,
in some enbodi nents, the conpound of fornula (I) is
reacted with the conpound of formula (I1) to ;gpm
npoun I , I ed/An
mﬂ?ﬂe synt g@?? 0 gﬁgéﬁ%ghﬁgb&ﬁekéné ﬁg%ﬁ%§gyun ot her
represdntga deutils bondwhere nposiitdtinienfs ardsituatedlih aichs pexidrg gelative to
mﬁﬂg t he conpound of formula (111) to forma conpound
cachothepr nula (V1) , which is subsequently used in the

synthesis of a conpound of formula (IV).
[0070] In some aspects, the present invention is directed to methods for making a

compound of formula (IV):

1v)

wherein R; and R; are each independently selected from the group consisting of
hydrogen, C,.¢ alkyl, Cs.¢ unconjugated alkenyl and C;.¢ unconjugated alkynyl;
Rs and R are each independently selected from the group consisting of
hydrogen, halogen, C,.¢ alkyl, Cy.¢ alkenyl, C,.¢ alkynyl, C,.¢ haloalkyl, C,
alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,.; alkyl,



[0073] In sonme enbodi nents, the synthesis of conpounds

of formula (1V) is |limted by inclusion of all three
WQpWe758¢8 st arti ng conpounds (i.e., conpounds BET/US2008/013498

formula (1), forrmula (I1) and formula (I111)). That is,

o %gﬁg@ge;@%d |8 W Sare Iaﬂ@n Ragihel (v%th'li‘{ee{:‘irbéé’wr{"&hféﬂ%ﬁefme

kln a conp
Cormtalcﬁedlg fomirbls% n@nﬂae@mbnﬂxgm‘edfc@nbﬂuycmc(rh)g,w th a

d of f d of f |
(|| 5) llégalﬁg*éﬁi g)in tﬂréllln:%fmf#%ﬁghyr@gg% ‘i‘}%aTOP;r‘gu}éﬁ*f%&ﬁﬁs
of ﬁﬂﬁ%’n%r%'b\ﬁe éﬁbm&gg%l pﬁ&%ﬁﬁ%@b%’| )I,n some

enbaodi the conpo of for is reacted
wi t Rs tsiselectiag frondthefgréwy exrssting bf hydrogar anda-QRywwheraiah Ryfis

f | b t | ted with the
CSL@%%a g%aﬁﬂﬁhﬂ%§6%5§§?§gf %gP%égﬁgﬁgoganLts t he
COonpPMREle&Ed mh{weagr&&;) coristif@et ﬁydrwgérh hhRdgef, Q%U?% alkyl,

of formula (I11) to forma conpound f or mul
whi @hs unconjygeted atkenyly Cre aloc@uumtttdalkml,c@n@halﬂdkﬁf -SRg and -

depSReITEieiin Kne® Riirgrth o pits Bl CEvaRE pRRG a5 avherein
e ng lstsslectw ﬁbﬁbih@ eenltdrsiniag bohydtbeshI T RAlley1 C@Mt@g@l C..

of formula ( . I n sone enbodi nents, suitable oxyg

pr oaaéléqulthxgsrlmqs@alkblr SRmicmbrIed detesearyk ompriing |, et or
gr %ge%%tg@@ ZHa @ %?Pax%rk%é}%zf?a% LPHDS s bk LRy selected

SUI e oxygen preot ect'i ng group
| ncﬂrcud ehasgﬂoylb c@isisting. of Agdiagen SU ¢ AkyleCpg atkestll Qg alkynyl, C).
gr oups (oxygen and/ or, nitrogen) for the substituents
of IREerpalkre- i mempered hejgpoaryh camnrisingel. fefehbrifioatpgimand Cs7
th I under the
earflletﬁl?‘i Baksd Gtabid k?ﬁtrrb%éﬁ?ﬂatectflﬁ‘?% %I%E?gglc

sui tabl e basic condi tion to produce a
conl‘pm ushetlestedf foormihagiovb condistirey of }Rﬁmgn INRo &R, - (BEBc &nd alkyl,

an each in ently be.a su bl
iGN s R e SRS e S BT s Water T
t haaéﬁdidyt Wlﬁlsl%lrbRLSis%y@%ﬁéhtdr@ﬂﬁs@&aﬁlg %xygéi\lcﬁrb&@tlﬁg’ group; and
roduce a
g Rj; and Ry, are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or R}, and R, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):

O

L.

RZO . a ,
wherein Ry and Ry are each independently selected from the group
consisting of hydrogen, C;. alkyl, C;.¢ haloalkyl, C, alkoxy and phenyl, or Rjg

and Ry together represent a fluorenyl moiety of structure (b):
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conmpound of formula (VI) wherein RO is -ORb, Rb can be
a suitably base stable oxygen protecting group. In

WQ e/ 0&wibddi nents, suitabl e oxygen protecting RBEBHUP08/013498
for R 3 include silyl groups and/or ester groups or

allylic groups. [0075] with=t he synt hesis of
conpounds of fornula a yula (VI), the

conmpounds of fornul ) Q fA(II) and fornul a

(1'1'1) can have varyi epchem stries at each

chiral carbon. In pref enbodi ments, the conpounds

of formula (1) , forny ) and fornula (I11) have a

speci fic stereochem s each chiral carbon.

Accordingly, the resu g conpound of forrmula (1V)

can have varying stereocHenistries®bd each chiral

rbon 0

00 f or mir PR R BL Pyl A8 T SRERUTREDS com By ARG Ablne
of fmnulzt mmmwmﬁbuaﬁ of ﬁrrmﬂlzaa()l dr)a coaipovad af amudiiitl) ohder

formul a as descri bed ahove, [0076] The vari ous
Sult%hiﬁgqqdemt @Jceﬁh%tmrrwuflé phinraaly (1)) g3 foymedynCaapounds of

[ s

forn115 Tormh R 1Y 8RR (R oG ERecIAL HE b Ggn Bt 2
synthediooli copmionndRoAfvimizia () end dodmuly §v hg dm sotha esybo@iments,

enbo nts, is hydrogen.or a Ci.-6 alk
com@ rdala e Fﬁ? { ereofbeging aépuéouﬁ A fogmila
diﬁﬁto?afoﬁ%lﬁm) 56 @ RAl %flf&%ﬂs g\gﬁ Wity diysisiegen
or methyl. I n sonme ‘enbodi ment s, are taken

condlbgm, kegh that mlphaalrﬁer@edmrﬁbmdeajcmpmmdL@domla (IV) are formed.

In scgrs% ?%Eé%ﬁﬁ he%%}r %ggme&gkeal ﬁgtgﬁ]lp@b1§$ ggpdn%%?at &8 In other

embe}ighee ey Wipha-IntersRaRitERROGMPIALE of Rrhfulhpndn ogen or
hydroxyl I'n sone enbodi nents, R8 is hydrogen

[0072] In some embodiments, the synthesis of compounds of formula (IV) is not
limited by inclusion of all three specific starting compounds (i.e., compounds of formula
(I), formula (II) and formula (III)). That is, as long as compound (I) is reacted with
either compound (II) or compound (III), the remainder of the synthesis may proceed via
a route that does not specifically include the third compound. Accordingly, in some
embodiments, the compound of formula (I) is reacted with the compound of formula (II)
to form a compound of formula (V), which is subsequently used in the synthesis of a
compound of formula (IV). In other embodiments, the compound of formula (I) is
reacted with the compound of formula (III) to form a compound of formula (VI) , which

is subsequently used in the synthesis of a compound of formula (I'V).

[0073]) In some embodiments, the synthesis of compounds of formula (IV) is
limited by inclusion of all three specific startihg compounds (i.e., compounds of formula
(I), formula (II) and formula (III)). That is, in some embodiments, the present invention
includes a method for making a compound of formula (IV) comprising combining a
compound of formula (I) with a compound of formula (II) and a compound of formula
(III), under suitable conditions, such that a compound of formula (IV) is formed.

Accordingly, in some embodiments, the compound of formula (1) is reacted with the

41



or hydroxyl. In sone enbodi nents, R9 is -ORb or

-NReRf. In sone enbodinents, Rb is hydrogen or a C -6
WQRMW7S8IH sonme enbodi ments, RO is -NReRf. | n BGHES2008/013498

enbodi nents, Re is hydrogen or a C -6 alkyl. In sone

i ' r - | Kyl
corftfloF s () ot Sc0REBmBottorhul (U wieh s i ety
read®ed mgthGhe carhpyiind & fgrmulagilhy |In othee empodingamts, Bie dompound of
hydrogen or a base stabl e nitrogen protecting group.
form{edbs retss R e SomROB 8 RyBLal]) & Bem A confwund of

fi ' {g [ ithl | forrla (11§
e Rt e B e Wit R b Ol forfila (1P e

: | ow i ngf: . i ndj.cat .
0078 v | SRRy s hr A RAERN A GRYT o pacons
takinl eplave g thekssuithblie @onditiang foy)produemgpr @papaind of famuld(1y). In
fragment afforded a 1:2 m xt.ure of the a 2{{1“% b isoners
somgx e Ffs Spytableoxygen pratacting gaupy forReingiuge geaigie rups,

7 thd d ' : u
esté\i/’ go:i%, %éin?}fgg%g{)sc‘a cﬂfgrlz&%;\[g g?o@g. 1PsdROBRbSdiRfeAlUGEdble

yi el ds n used 1 n the subsequent
oxygympieaitinggiroupseof Rnalcludecilyl grdeppr Againg suitkole peotactplgegroups

in th roductian of conpound e the.a_and.
(xR R o) B R KRR o SRRV be
dep}éﬁd%lnd §p&bﬂ1@ir5‘§ﬂiﬁﬁg’ QUBsHHUBRE QR @karﬁﬁl%cﬁﬁdé'ﬂ %e?é‘uﬁa@l@ BWlc

below In Table 1. Table 1: Yields of reaction steps in

congdiwng pbthgaeaaiondd prasiipo asdmpeand offieemularylDawhemin Ro is -NReRy,

r tion generated an -1:1 miXjure t.he desire
R 45 el PR PR R f shefBh it deble 0 BeERil Elipg erove.
e.g WBOE . NSifni Belyatigd¥r ehe stitaMlie@asic @bndifiens BShe k@@Me8® produce a
reaction is based upon the 1:1 m xture nentioned
conyype of formula (VI) wherein Ry is -ORy, Ry can be a suitably base stable oxygen
protecting group. In some embodiments, suitable oxygen protecting groups for R ;3

include silyl groups and/or ester groups or allylic groups.

[0075] As with the synthesis of compounds of formula (V) and formula (VI), the
compounds of formula (I), formula (II) and formula (IIT) can have varying
stereochemistries at each chiral carbon. In preferred embodiments, the compounds of
formula (I) , formula (II) and formula (III) have a specific stereochemistry at each chiral
carbon. Accordingly, the resulting compound of formula (IV) can have varying
stereochemistries at each chiral éarbon. For example, in some embodiments, the

compound of formula (IV) is a compound of formula (IVa):

-(IVa).
That is, the compound of formula (II) can be a compound of formula (I1a), as described

above.
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*** The yield of the macrol actoni zation reaction can
be inproved to 63% by changing to |ithium
WO RMONTI8MEL hyl si | yl )ami de. [0078] As can be seREI/UB2008/013498
Table 1, the b isoner of the conpound of formula (V)
[0038{ O ded Tl Gaids SR terh 67 3t Golnfhue Y Bleaflbe Aent in
subsequent reactions steps. reover i m nation
anybgomtgidatn. ihisctne embudlmmhts lR,tlhbychfbg@d dnisomeainttddenénts, R, is

soner is indic Ilve onI n|f| ant | oss i.n
by P T I AL RS R ADA Ry Hih ROREets Fi e §mpegliments,
ngqg@&g&gor@ccordlngly and MAthout MAShIng to be bound
particular theory, it is believed that the
C,.eblkyi. datspwn eofbotimeenits, iRg asrhydrogert ¢rea € onplsyh dnsbmie@mhodiments,

Rs é%ﬁogéarﬁgﬁ?lppgduc Sﬂ& h)gﬁ? S %rorngttﬁgt Iéisgh%ﬁim%odiments Rs and Rg
are PAkRH USetld &7 Rirm! 015 $0AEMBEEQ @h@a?ﬁgated &h@b&%ﬁ@ HAgSe. @nd

conpositions are substanti al |l ree of elimnation

cycmmdt)/é,t@comugated cYchonsatenys Céfﬁ oheyyther anqmqgathﬁﬁmxenyl In

ri D [
S s T L L MR
or loMréAie. frDéan’)Mrﬂlg)cﬁmémt@tMS -ORQBOVRARC Gh dbgleyhbotinents, Ry is
some aspects, the present invention_is directed to

hydsegenc alors abexdi Ay SeRe smpadimsntiaRe ét-NWdRso 51 §qnesmembodiments,
Re %g{tyg{dr%%}ﬁ gga g;‘/ %?E{E/P uﬂldsogfe Jrf?l';(mﬁln@ntg\’ﬁ lﬁ Ig%df@%én aCjgalkylora

present I nventors
basalsqabh-rémbmqndtecmrg)mupl tmsamembodibteatsnBdisty, dudkylge. g.,

tarti havi ng t he ropriate
e EoreBHcistry P diodth o RGPS LT EOBHAPETEdiE . In some
mn&&ﬁp@§@tkgnﬂggﬁﬁ&h5|ng a conpound of formula (V) can
formed by reacting a compound of fornula (1) with a

[009ﬁjnp°U”dePJ eQe{n@'ﬁA\f%n&ﬁanc 9c?rat RUbtiabLA, &P{h‘é'ctoh%lsofthe

ch that an a-en nposi tion’ conpri si

stereocheatistely afthd oarhmh md{cdjedi beldi\m nmﬁdmuﬁl tarly, in soms
aspects, the present invention is




directed to nmethod for maki ng an al pha-enhanced
conposition conprising a conpound of fornmula (VI).
wEemb/0zZ381%l pha enhanced conposition can be forP&dUR2008/013498
reacting a conpound of formula (1) with a conpound of
. L I Ongi. t |
In ;{ar?%ﬁ‘gi_ ﬁaoh%: Eégfnggl%{ l%g 2 oﬁ%&r‘?p Jr}ﬁérltnjrx]lﬁgglvc) H‘l%g)r%];%%t oR'bf this
fragrénnakfardedla) 1:2 $nlf(ﬁi’réTBﬂthe |oDar&D[MkoﬁféM forphla,(V) hé was
conpound of formula (1) is a conpound of fornula
additianally de@thined &yghepreatnt iimxentrrs thrat the cairbp hepsests prduced

on the fact .t hat talli

vasi15 AnFerethictas woS visel i B sisieal it Piobis oA, i macrolide

pro@titOTFB} OGN Yin g HOQGQAMDN oF &Hﬁ)oﬁﬂ@hm%ﬁer@fhet&' fnd B isomers
macrol 1 de product. I'n previous methods of form ng

ofthonwanﬂsoffémM(‘é)WbM) nuner ous chr omat ogr aphi c
purifications weregneeded to renoye ||1pur|t|es ( See,
e.g., WO 03/076424 pasragraphs [1Q99] 5[ 1 119])
Accordingly, and w t wishing t ¢ bound by any
particular thaBSQ it i
of chronmat ographic ste
appropriate pur st er eoc NEN'GQ woul d i nprove
the yield of t Ie final macrolifle product. [0082]

Accordingly, i odi ments, orrpound of
formula (1) is c 2 In @i nents, the
compound of formula Rl) is crystal e. In st|II

ot her enbodi nents, tHhe '¢conpound of forHuI as(111) is
crystalline. In othee enbodi nents, Bhe conpound of

A N I R
' t th d of f d d
L

o O O AP TWlasd T 0T OISt [ T GREPOA ©
V\n. th I:( }ll Ck@uﬁuﬁgubcu T ouvgot/ocuul (@8 1 y %Igs Ul
“Ethylation 82% ND*
TBS Cleavage 75% 42%**
Macrolactonization 76% 20% **+
Phenol Protection 99% ND
MPM Removal 98% 86%
PCC Oxidation 81% 82%

* The ethylation reaction generated an ~ 1:1 mixture of the desired product and

an elimination product. The 2 materials were not separable.

** Yield of the TBS cleavage reaction is based upon the 1:1 mixture mentioned

above.

*** The yield of the macrolactonization reaction can be improved to 63% by changing to
lithium bis(trimethylsilyl)amide.

[0078] As can be seen in Table 1, the  isomer of the compound of formula (V)
afforded significantly less yield in a number of the subsequent reactions steps.
Moreover, the elimination byproduct which occurred in the ethylation of the B isomer is
indicative of not only a significant loss in yield, but also to an impurity which is difficult
to separate. Accordingly, and without wishing to be bound by any particular theory, it is
believed that the elimination of the B isomer of the compound of formula (V) would

produce not only a higher yield in subsequent reactions, but also a purer final product.
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chr omat ogr aphy.

[ 0083]

In sti

Il other enbodi nents, the

conpound of formula (V) and/or the conpound of fornula

w@ Xop/orssigerystal | i ne.
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be appreci at ed bRCT/II82008/013498
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by creating a favoﬁbbfe i nt etact?
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Accordingly, in some aspects, the present invention is directed to method

for making an alpha-enhanced composition comprising a compound of formula (V). It

was determined by the present inventors that an alpha-enhanced composition can be

obtained by using starting materials having the appropriate stereochemistry.

Accordingly, the alpha enhanced composition comprising a compound of formula (V)

can be formed by reacting a compound of formula (I) with a compound of formula (II)

under suitable conditions, such that an alpha-enhanced composition comprising a

compound of formula (V) is formed. Similarly, in some aspects, the present invention is

directed to method for making an alpha-enhanced composition comprising a compound

of formula (VI). Such an alpha enhanced composition can be formed by reacting a

compound of formula (I) with a compound of formula (III) under suitable conditions,

such that an alpha-enhanced composition comprising a compound of formula (VI) is

formed. In some embodiments, the compound of formula (I) is a compound of formula

(Ib):
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enhanced by providing rings with dissimlar electronic

characteristics (e.g., one electronrich ring and one
We@bk@enrssms poor ring). Such rings may be chosenpPCT/082008/013498

exanpl e, based upon the presence of certain electron

donating groups and/or electr@Rry thdraw ng groups.

That is, the prese'n_;;:e of el ectfron donating groups wl|

typi cally render [

el ectron-poor. Exenplary
el ectron donating gi0u OBy, but are not limted
to -0, -OH -OR I<|H2 - N am des, -OCOR, alkyls
(e.g., branched al kyls), ph R}I gr 6ips and conj ugat ed
al kenyl s. Exenplary el ectron wi thdraw ng groups

[0081)cl ude T}i@lﬂres%helnnattidd iglatsebabel, at Mﬁﬁ,m pﬁih‘ﬁ)n'lthe fdyRthat,
-SBH, nitrile, -CF3, rbonyl gr oups

crysl@@@ Internefiates gan m;atng quthihag@rymaj @gg@]atogﬁapgg Agneeded in
I
e
fornfuda (IM)am(rh/érE)ls clwbmiaeigrapRic purtfiddfions eeratdeded to remove
M T
witHegt %éﬁﬂ%%lb%%hﬁ&’ b? Iaﬁ}y Pthiculd? tHe%ryS &l 8 SE B efl Mk Qimination

group consisting of hydrogen and base stabl e oxygen
of cmomamgrapigc sfepupith R&Hanmarﬂe oatle ammpnamjmpem dedt |y

serifl %é%ﬁ‘? SRy RS G bl o EERIRY

| oal k :
[00& Accor%ingq% in some embodiments, the compound of formula (I) is

typically render a ri

crystalline. In other embodiments, the compound of formula (II) is crystalline. In still
other embodiments, the compound of formula (III) is crystalline. In other embodiments,
the compound of formula (IV) is produced in substantially pure form without the use of
chromatography. In other embodiments, the compound of formula (V) is produced in
substantially pure form without the use of chromatography. In other embodiments, the
compound of formula (VI) is produced in substantially pure form without the use of

chromatography.

[0083] In still other embodiments, the compound of formula (V) and/or the
compound of formula (VI) is crystalline. It will be appreciated by the skilled artisan that
the crystallization of intermediates does not necessarily proceed effortlessly or
efficiently. Accordingly, in some embodiments, a crystallizable analog of the compound
formula (V) and/or the compound of formula (VI) is formed as an intermediate. As used
herein, the term “crystallizable analogs™ refers to compounds of formula (V) and/or
formula (VI) which have been modified such that they are able to be crystallized, while
still maintaining their reactivity in subsequent reaction steps. For example, compounds
of formula’(V) and/or formula (VI) can be modified at one of the pendent oxygens with

a protecting group, such that the protecting group facilitates crystallization. When the
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al koxy, phenyl and benzyl, wherein the phenyl or

benzyl are substituted with 0, 1, 2, or 3 substituents
w0 pabepessdent |y sel ected from hal ogen, hydr oxyl PCTZUSB08/013498

alkyl, and NH; or R5 and R are taken together with

cry§t£‘lﬁz§tﬁé BNSe %rbrﬂﬁlb% lhtﬁﬁléseﬁﬁgntaﬁetpﬁcﬂfl@ ﬁrdtébtfn%rg'fb%) Sarfthen be

nber ed unconj ugat ed carbocycliC ring; Rn and 2 are

ren@aech i-ndependently selected fromt he group consi sting

of hydrogen and a base stabl e oxygen -protecting group;
[0084] Ri 1 aRat eRaphy, evithaliewishogebberbotind bpany parbicnientiepsd it is

| ocycl yl di of struc wher ei n 9 and R2
beliayes LRI HHIBEIOHD See BRecly ons gy QipmolcculdE of the
pre&ﬂpﬁv@ﬁﬁ&gcaﬂffa&lﬁ%@a‘?ﬁallgaﬁ@n %l §< by crEhtify ah?alvgﬁdbh%yﬂnteractlon
al koxy and phenyl, or R2Qx oget her

betweepr the &mo riags. | Smhsnyvlraqtmn@ay bg,ffos cxmlarséawb)g mse rlsgadue to

the FRBideror hihorael 1L ehElisnoh PP Rerelr o UER Psucking

Thd%oﬂﬂoﬁie' dibdfimEhts NG molddifesof thddaventida@omp¥isa ok lepnjugated
- COCH, G -4 alkyl), -NR3 +, -SQO38H
rmgs; whxclh@re capableaszlﬁ@pbggn In @08 grjnbpdm%tﬁeﬂ@rmgmcm1§e one

or n&rg tsg%%%tuents ! f’ifaglmate fﬁl stac %Oﬁ {)xa X%lgfgmg may be

enhﬁxhﬂbﬂtbytpibﬁdmg ﬁringflt}ﬂ-dlssﬁn@Iar 81esw&1ﬁt bhat@ﬁéﬁstlcs (e g, one electron-
[ ndependent ly selected from-0OH, -0(G.-4al E%/
rich gy @ dpnieyRlgCironNgackHINE Ly Pyoh, rl%%sbe choser, doy wa}pk%»ﬂaased

upo?IQﬁie érgrx%n%le% }:Qrtalll gf&@tﬁ)n {;l@neﬁﬂl@‘zgo% gﬁi‘? Efe%troﬁ l3\5?thdraw1ng

Crys | za e anal og o
groups. That is, the presence of electron donating groups will typically render a ring

more electron-rich, whereas the presence of electron withdrawing groups will typically
render a ring more electron-poor. Exemplary electron donating groups include, but are
not limited to -O7, -OH, -OR, -NH,, -NR;, amides, -OCOR, alkyls (e.g., branched
alkyls), phenyl groups and conjugated alkenyls. Exemplary electron withdrawing
groups include, but are not limited to, -NO,, -NH;", -NR;", -SO3H, nitrile, -CF;, |
carbonyl groups (e.g., -COH, -COR, -COOH and —~COOR) and halogens.

[0085] In some embodiments, the crystallizable analog of the compound of

formula (V) is a compound of formula (VII):

Re Rs
R130
Ri. R30
R4 OR12
OR11 (vID,
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formula (V) is a conpound of formula (VII): e.g.,
formula (VIF):wherein R and R2 are each i ndependently
w@edoentses from t he group consi sting of hydrogePCT/U52068/013498
al kyl, C3-6 unconjugated al kenyl and C3-6 unconj ugated
alekeyayd ¢ .is a first aromatic ring-containing oxygen
e'g’f)lfot ec%ﬁ%g group; R5 and R6 are each independently
sel ected fromthe group cRnsi Bsi ng of hydrogen,
hal ogen, C -6 al kyl, C2-6 kenyl, C2-6 al kynyl, C -6
hal oal kyl , G -6 al koxy, phenyk and benzyl, wherein the
phenyl or benzyl are s‘jub itutpd with 0, 1, 2, or 3
substituents i ndepdh ent%g sel gcted from hal ogen,
hydroxyl, G -3 al kyl,)an ; or R5 and R6 are taken
together wth the carpons on|which they are attached
to forma 5-6 menber uncomw ed carbocyclic ring;
Rn-and R12 are eaci®? ndeperigent! Y2sel ected fromthe
group consisting of hydrogerRynd a base stable oxygen
protecting group; or Rl and R12 a¥€lltaken together to

forma 5 nenbered heteracyclyldiyl of structure (a): .

whePBFRITF e Rptye SAeh ’é’QEPquﬁ’a‘g’b%ﬁé?ﬁ ﬁsf?mstb? grauBgonsiging of

t he NS1LSA | i | K\l oGl s :
}gg{rg%aﬁ’i’, @%6 _§lk§§, (f}%ytﬁ’igo Mgﬁ@@g enfHand C%éiﬁﬁconj%a&@d alkynyl,

hal ['kox n enyl, or R and

t ogR$ bseseleciep fmse fite grohp canséntiypg ofbydiogemindss basetstabée oxygen
(b): R3 is a second aromatic ring-containing oxygen

pr oP QPRSI Bup. [ 0088] In some enbodi ments, Ri3is a
bengoyld R} arlb@Ba&Y Indephiriehl 5 QEct frbmahe bRADLcoBBBing of

substituent, where each substituent is independently

sel lxdregent hagemiQa ¢ alkyH Gs.c alkeus (@M adk i) Gi¢ halpadion Cioe

al ké'ﬂ(gxzy, -Eheriyl}l(agd bgrllzkyY,I \lft?’erein the pheny! or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C;.3 alkyl,
and NH;; or Rs and Ry are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;
Ry and Ry, are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or R;; and R, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):v

R (a),
wherein Rj9 and Ry are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C,.¢ haloalkyl, C;.¢ alkoxy and phenyl, or Rj9

and Ry together represent a fluorenyl moiety of structure (b):



+, -S@BH, nitrile, -CF3, -COH -COQ(Cl- 4al kyl), -COOH

and -COQ(C al kyl). [0089] In sone enbodinents, Ri3is
wa@20mi0zw8ys of fornmula (VII11): [0090] As used heP@i/nS20081€13498

term"aromatic ring containing oxygen protecting

group” refers to an ox tQCcting group as

described in nore detal whi ch possesses in

the structure at quét ic ring. An aronatic

n

ring refers to a ri 2/9., benzene)
cont ai ni ng conj ugate ¢ bonds. Such a structure
typically results in gf ectfons del ocalized around the
ring system In sone \enbodi\nents, the aromatic

ri ng-contai ni ng oxygel prgfecting group is a
substituted or unsubstiTuted benzoy). In sone

e diments, t ar I+, ring-containi ng oxygen

p?ggég%?ﬁ6“§¥8€§”F§ﬁgR§L stituted or unsubstituted

benzyl. [0091] In sonme enbodi RRats, the first aromatic

ri ng-contai ni ng oxygen pr ot ect|i ng qgoup Is a benzoyl

or benzyl substituted Wik 3 cast~hBne el ectron

wi t hdrawi ng group and the sg dlaronmatic

ri ng-contai ni ng oxygens’pr ot g | 04 group i s a benzoyl

or benzyl substitute i at~Feastragne el ectron

donating group. In other|lenboqi nents, the first

aromatic ring-containingOoxygéhgprotecfyﬂg.gﬁpup is a

benzoyl or benzyl substituted with at |east one

el &Ry, RignRi-iang Ryg oreeaah thdehendeptpnelected fratri the group

ring- cont ai ni 0X R ect | oup yl

or Bariste eBarPEuR e Wi o o Cas g hE-cPl RO

Wi t_rth@pd NGIFIPURNIR; Thsogiiestiion cd9Rad haeand el ectron

Wi t hdrawi ng groups may be any of those described
[008Gjove. I|In somewnehddoeniaRsis atfingt afmatic HpgpentRiing oxygen
protecting group, e.g., a benzyl or benzoy! substituted with 0, 1, 2 or 3 substituents
independently selected from -OH, -O(C;4alkyl), -NH,, -NH(C,4alkyl), -N(C;4alkyl),
amides, -OCO(C,.salkyl) and (C,.salkyl).
[0087] In some embodiments, the crystallizable analog of the compound of

formula (V) is a compound of formula (VII):

Re Rs
R130
Ri R30
R2 OR12
OR11 (v,

e.g., formula (VII’):
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ri ng-contai ning oxygen protecting group is a benzoyl

or benzyl substituted with at | east one substituent,
WQRWPO7BEENh substituent is independently sel ecPEHUS2008913498

-OH, -0(CG - 4dalkyl), -NH2, -NH(CM alkyl), -N(C M

al kyl')2, am des, -0OCQ(C 3R64al iyl) and (Cl-4alkyl). In

sone enbodi nents, the sec@nd @aronati c ring-containing

oxygen protecting group i benzoyl or benzyl

substituted with at | @b one pubstituent, where each

substituent isi ndeﬁendent Ia/. sg) ected from-NO2, -NH3

+, -NH2(CM al kyl) +, kyl)3 +, -SG3H, nitrile,

-CF3, -COH, -COoCM al and -CO(C al kyl') .

[ 0092] Regarding co formula (VIl), in sone

embodi ments, Ri i sREydr I'RRspme enmbodi ments, R2

i s hydrogen. In sone enbodi ts, R and R2 are both

hydrogen. I n some enbodi nents,'" R3 19 benzyl

substituted with O 1, 2, or 3 subgltuents

I ndehgeaifdatdnd Roedre ei@dud@p@ﬁderﬂﬂj seldceed(febm ltkeygrpup cdid2sting of

-NH(C . 4al kyl) and I n sone e ' [

nethYé‘i%@ngyf ey, B H%C%M%Ebfg’q ap s hﬂ%ﬁ%@?ﬁ Ykynyl;
o Rl % a"’ﬁrgt?’etromhpc R0 gg?l?geﬁf}geﬁ Igr(ﬁ@cth% d1¥a.0gen or a

In sone™ enb and are each
rt yadhyiddempaderdly sebdchad ﬁon[rloﬁ@gr]oup gosDstng of

t O
s%%f%‘?ﬁf RUREERG A Corlii by ~alnial Crghgloaii, €
CQTkoxng)é;lyi dndbdiry), wietFthe pHeabr be@@i(aﬁ?e Mutiktea with 0,

1 2, or 3 substituents independently selected from halogen, hydroxyl, C;_; alkyl,

and NH;; or Rs and Rg are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;

Ry and R, are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or Ry; and R, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):

R20  (ay;
wherein Ry and Ry are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C,.¢ haloalkyl, C,¢ alkoxy and phenyl, or R

and R, together represent a fluorenyl moiety of structure (b):

)
%
.

R is a second aromatic ring-containing oxygen protecting group.
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+, -SBH, nitrile, -CF3 and hal ogen and the other four
of RM Ri5 R 6, R7, and R 8 are hydrogen. In sone
WepwshTwEht s, at | east one O R 4, R 5, R 6, R FCT/HB208/013498

Ri8 is selected fromthe group consisting of NO2, -NH3

0088} 1 IO R 5 R i R PG e s

onet substdtiérey whére Bach suBstithentRis independentindelBited &oem -NO,, -N}E—I;J', -
hydr oge | 0 nbodj nents, R 6 i a e 0

Nepd s R M TR 6 Ao A R pe e PRyt s gRrDH: -COC.

4MHJW99étKﬁFa&?ﬂsogﬂéggﬂﬂﬁﬁtS’ t he doubl e bond

represented b represents a doubl e bond where
e substi : L tplat: [ A S ReS RN
[00§5§| ati veﬁltslgH%ac O?Erﬁg?t.g’ IF’@BS%HO eﬁggirvre e??i{)\}dql 1ﬁiant S,
t he conpound of formula (V&I is a conpound of formula

(Vila)[0096] In sone enbodjments, the conpound of

formula (VI1) is a roppoung of Regmula (VI1b): [0097]
The present invention I'S dr'based, at least in part,
on the fact that highly
separated fromin

e~QrApari ngly sol ubl e
i mpurities, such thatf| | ess chroﬁﬂtography IS needed in
the synthesis of the crohide product. As indicated
supra, previous methods of form ng(¥8kbounds of
formula (1V) relied on nunmerous chromatographic _
[00Mr i fi cahs wied hereindhotesm Tapematid Brg colgainmg oxiygemprotecting

ol R RS RER Re AE S g PRGELgr . wrc
possesses in the structure at least one aromatic ring. An aromatic ring refers to a ring
system (e.g., benzene) containing conjugated double bonds. Such a structure typically
results in electrons delocalized around the ring system. In some embodiments, the
aromatic ring-containing oxygen protecting group is a substituted or unsubstituted
benzoyl. In some embodiments, the aromatic ring-containing oxygen protecting group is

a substituted or unsubstituted benzyl.

[0091] In some embodiments, the first aromatic ring-containing oxygen
protecting group is a benzoyl or benzyl substituted with at least one electron
withdrawing group and the second aromatic ring-containing oxygen protecting group is
a benzoy! or benzyl substituted with at least one electron donating group. In other
embodiments, the first aromatic ring-containing oxygen protecting group is a benzoyl or
benzyl substituted with at least one electron donating group and the second aromatic
ring-containing oxXygen protecting group is a benzoyl or benzyl substituted with at least
one electron withdrawing group. The electron donating and electron withdrawing
groups may be any of those described above. In some embodiments, the first aromatic
ring-containing oxygen protecting group is a benzoyl or benzyl substituted with at least
one substituent, where each substituent is independently selected from -OH, -O(C,.
salkyl), -NH,, -NH(C,4alkyl), -N(C,4alkyl),, amides, -OCO(C,4alkyl) and (C;4alkyl).
In some embodiments, the second aromatic ring-containing oxygen protecting group is a

benzoyl or benzyl substituted with at least one substituent, where each substituent is
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such chromat ographi c steps with nmai ntenance of the
appropriate purity and stereochem stry would not only

WO ppo781% he yield of the final macrolide prodeCt/US1vos/013498
al so lower the time and cost of production and

indésjpgﬁﬁéﬁ‘ eseietat%d%tﬁﬁ ?{] 14all§yl aNH @§aai 1)2 N(C,.

['ven utlllze e synt esis o ound
aalkyds m:ﬂ;(aﬁ( Inwyile, [- GﬁgspO&tcdﬁﬂCngdlkyyl) |—|€C§0Hmndnﬂl§1m1)(@malkyl)
the internedi ates of the present invention can be
[009Hnder edRépagdihy combuimds dﬂforﬁqhﬂa avlpchesmt eafbodiments, R is
solublllty pronotin I n sqnme enbodi nent s, t he
hydgqgenc faqine Wbﬁdw%bgp ig @ydﬁ?&%ﬂp Agmg eBpedingents, R\ and R are
I t
botf ARORUE o er MR s B T AORSHARE W 8, 2, or 3
subttltkaﬂemdtpbrﬁhmtl)asiﬂedtedafromf QA RO € pgpley I - Nbbgygém(CMalkyl)

NGtk PR i) 1) Ryl onembe R Ry is 4

metﬁgxﬁneﬁﬂjl ulh bdrhy = RbOdRidnRI RY Eéi’l‘x’}flir@%én% E ek Ar 38 Some

onpound to be drawn into water hus | eavi ng any
emhcduetrys tReds hyldrdgemor H€copkyH elni seate enstsbdninets Rigand Re are each

. .sol ubil it r onot i (gr oup in the organic nedia.
md%&e ﬁﬁ% 2EP BT 8 enbodi nments, a sol ubl e anal og of

e corrpound for d_as an internediate
W"iﬁ used [REPEEFM émf ?rﬂne éﬁ‘w 5>a‘1=1&|%@sandr%rr8é%%elft%ed from

the %&ﬁBQHﬁh‘i‘s?tln%foffN@{mN%( |LEomi eb(bflmkpﬁe ededLoR,

the attachment of a ty -pronoting
—CgOelip) alkyloh NRyat -SChEly nirike, s(blhmwﬂdémaiqgeaquédufs@bénﬁ)umstm,

R O S AGRRIF R " § SR ERE b LSty G Ris R

R”,vunaik,glsss@leutwlﬂ&mw &30 otk g WN@#CNHBhaCOHWeCO(CM

solubilit rormtmgﬂ}grmfamhtates di ssol utii on of
alkyl K eCE6 Hj nCQ&l( alkyBdiNia , T & litriles dCHy andskatogen and
the 5%?5 (%fhﬁ%[ Isbﬁlﬁt 47> Qﬁt?ﬁegua?r]é h%{fr%gnl% ];i;ngs;oence f)(%%ments Ry 1s NO,
and ieaqiusfi R1I4,eI$151 R;- amd Riseart hrlepaidentiynbydrbgemt er est wi t hout

t he
[0094] In some embodiments, the double bond represented by \>-</

represents a double bond where the substituents are situated in a cis position, relative to

each other.

[0095] In some embodiments, the compound of formula (VII) is a compound of

formula (VIla)

O,N




use of chromat ography. The sol ubility-pronoting group

can be renoved subsequent to isolation of the conpound
WO 200pM78I®st . [ 0099] In some enbodi ments, the BGI/LIBI0@8/013498

anal og of the conpound of formula (1) is a conpound of

mul a Of]

00 eh T e amaehrey s s ag sy B forhRERID {Fa2BRpBend of
formohg({iki)ng of hydrogen, Ci -6 al kyl, C3-6 unconjugated

al kenyl and C3-6 unconj ugat ed alkynyl R3 is selected

fromthe groupPyblans] \Lng of hydrogen and a base
st abl e oxygen prot @

g group; Rn _and Ri 2 are each
i ndependently sele front;ﬁ@ grBep consisting of
hydrogen and a base™stabhg”0

rotecting group; or
Rn and Ri 2 are taken togelther to rma 5 nenbered
het erocycl yl diyl of strucure (a):wherein RlL and R0
are each i ndependently selechqifr the group
consi sting of hydrogen, G - , Ci -6 hal oal kyl,
C -6 al koxy and phenyl, or d R2ot oget her
represent a fluorenyl noiet

@ 19 a
of

ture (b): one,

two or three of R21, R22, R23] , fand R25 are
aci di c- hydrogen cont ai ni ng noi et or salts thereof,
and the remai nder of R2 , R22, R23 AVIAbd R25 are

each independently hydrogen, nethyl hydr oxyl or
[009T]i no. [ DAOPlesés ingmtioh&r Abdbased, eatti@fstin part, on the fact that highly
"aci di c- ing moiety" refers to

drogen cont aj . .
soluhlpitis B%ee 25 s ereatef rpsblae orsgenngnsoubledmpurities,
sucl i @&@@mﬁ%wgrne&% iR Yrhedft SRS RO BIdiE As

exanpl e
1nd1cated supra, previous methods of formmg compounds of formula (IV) relied on

numerous chromatographic purifications to remove impurities. Again, without wishing
to be bound by any particular theory, it is believed that the elimination of one or more of
such chromatographic steps with maintenance of the appropriate purity and
stereochemistry would not only improve the yield of the final macrolide product, but
also lower the time and cost of production and decrease the quantity of reagents, e.g.,

organic solvents, utilized in the synthesis of compounds of formula (IV).

[0098] Accordingly, in some embodiments, the intermediates of the present
invention can be rendered highly soluble by the attachment of a solubility-promoting
group. In some embodiments, the attachment of a solubility-promoting group is
reversible. For example, in some embodiments the addition of the solubility-promoting
group may be likened to the addition of a nitrogen or oxygen protecting group. Without
wishing to be bound by any particular theory, it is believed that the attachment of a
solubility-promoting group allows the target compound to be drawn into water, thus
leaving any moiety that did not become derivatized with the solubility-promoting group
in the organic media. Accordingly, in some embodiments, a soluble analog of the
compound formula (I) is formed as an intermediate. As used herein, the term “soluble
analogs” refers to compounds of formula (I) which have been modified (e.g., by the

attachment of a solubility-promoting group) such that they are soluble in aqueous

53



It is to be understood that an aci di c- hydrogen

containing noiety may be positioned ortho, neta orpara
wo eoovlzsser e of the conpound of formula (X 1),PCT/ES2008/013498

the noiety. In sone enbodiments, an acidic-hydrogen

a ' r :
soh it 2101 Oty Ebthp B b 18808 G 0 EgBeHiied
at onéiﬁ}ﬁe(ﬁendem aky gdnlsevithod sollibiligepmnertingdirogy sechRBAL the

(BH or salt t eof . .I n sone enbodi nents, R22, )
solagy oMo tag AP Al oS SOl QB OL AU ARG oA o B GRbS pgdium.
TheSMedROM HBMhen 1488 aki%am%fh tRE dﬁffe?a{cfetlﬂ §6lﬁsifmy bfthe

some enbodi nEnts R22 is - H or a salt thereof. In

conyoued efrimdemnd ghe impritieRt@BolaR- thd compourRRH inteeest wathout the

d ent | dr o [0102]. In_sone_enbodi nent
use f ChiRGtapegapnt. e IDMiny ppgmating Resypare S BTRe{Eadpiegpe t
xsolhﬂﬁx SRS thbmpemidif Merékrded in connection with Conpound
(1). For exanple, in sone enbodinents, Ri and R2 are
ch in
O R 1 2 Pk s AR PolubR AR of B i of Bimula
is alvetnpowod/cf fphdilal(XdH):st ructure (a): wherein R i 9 and
R20 are each independently Ci-6 alkyl. [0103] In sone
enbodi nents, the conpounds R, formiha (1), fornula
(I'1) and formula (111) el to forma conpound
of formula (I1V): which i
conpound of formula (1V)

FERJ0l act oni zati on
sequent

deprotecti 0@{ oxi datl on.] It has also been determ ned
that the rendwal roteRbj Ng RQup at the R3
position of fofmula (V) (e.g., the DDQ renoval o f

t he p-net hoxyh er to forma hydroxy noiety)
generates p ' deR 1D- Ani sal dehyde has been

found, in turn, Ry
(X1,
e.g., formula (XIII’):
Ro4 Ra2
O
R23
O
R
! R3O R2s Ro4
R; OR12
ORs (XIIP)

wherein R and R; are each independently selected from the group consisting of
hydrogen, C; alkyl, C3¢ unconjugated alkenyl and Cs.¢ unconjugated alkynyl;
Rj is selected from the group consisting of hydrogen and a base stable oxygen
protecting group;

R,; and Ry; are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or R and R, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):
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responsi ble for the formation of a dineric

i nmpurity:wherein substituents are as descri bed above.
WOQRWROUGIS t he di nmer was re-subjected to the reBCEUBW08/013498

conditions, it did not degrade back to the nononer and

p- ani sal dehyde. This indiGales that it is stable.

Al so, sone initial biologijcal testing indicated that

the di ner had | ower gote and greater cytotoxicity

than the nonomer, nm undesi rabl e inmpurity.
[0104] Accordingly, ome fenmpodi nents, the conpounds
and conpositions of the® ®Bnvention are
substantially free of dinmericgproducts. In sone

enbodi nents, a senicarbazi de ﬁ?@ro@mloride in the

presence of saqdiumacetate is added to the action

It ur o “iERgHe R S G P6h DUPOGRYLYISHGA parPedTaP
t heQh¥isting of @d!?@%én?@?_? alikBALC s HafoaBY, ¢ 0F dIkéNY add giRnyl, or Ryo
derivative, which could precipitaté from solution and

be andrfty éxgether fapreseat & BnorehPliosiety of smakureodi ment s,
t he conpounds of fornula (I formula (I1) and fornul a

(I'11) are reacted toYfijorm/a conpound of forrmula (IV"):

wherein R and R aye €ach indeyﬁndently sel ected from

the group consi sti fg v og¥n, G -6 al kyl, C3-6

unconj ugat ed al kené - 6 unconj ugated al kynyl; R3
otecting group; R5 and R6

are each i ndependent ected fromthe group

consi sting of hydrog /ﬁlogen, 0-6 alkyl, C-6

al kenyl, C2-6 al kynyT; -6 hal ogbkwyhd C)-6 al koxy,

phenyl and benzyl, wherein_the phenyl or. henzyl are . .

sube; PR @dhigeal Fo). R RasoRagand Rastars addiehydrogen containing

I n L t reX
. AEPERLES! el SRIEAL A O ARAhOSE R TR, Sl s arecach
caribdepsndemtipttiydiogenemetyd, hydroxyl or amino.

[0100] As used herein, the term “acidic-hydrogen containing moiety” refers to a

)

substituent group that includes at least one acidic hydrogen. Acidic-hydrogen
containing moieties include, for example, -COOH, -SO3H, -SO4H, -PO3;H, and -PO4H,.
It is to be understood that an acidic-hydrogen containing moiety may be positioned

ortho, meta or para to the core of the compound of formula (XII), i.e., the

b

O
R
! R30 moiety. In some embodiments, an acidic-hydrogen containing
R, OR12
OR 11

moiety is ortho to the core of the compound of formula (XII).

[0101] In some embodiments, R,; is -COOH or a salt thereof. In some
embodiments Ry 1s -SO3;H or a salt thereof. In some embodiments, R2;, Ra3, Ras, and

R»s are each independently hydrogen. In some embodiments, Ry, is -COOH or a salt



attached to forma 5-6 nenbered unconj ugat ed

carbocyclic ring; Ris -ORa wherein Ris a base stable
W@20090758p8 ot ecti ng group; R is selected from tPET/JSmOP013498

consi sting of hydrogen and -ORg wherein Rg is hydrogen

ect i TR .
the?eo r{)s%zr%f i @CQ{ %ggt@kg i gb)féll o;ftaI sﬁg tlgfgrgﬁs élr) 88%1?.] ’embodlments,
R21t1 Rh@ 864 and Riare Gacrﬁmaéﬂeyitlent@hﬁirugmp nj ugat ed al kenyl,

C3-6 unconjugated al kynyl, G - haloalkyl, -SRd and -
010 Rf WhB{ @infk Eabédimeid! RUGD, RS, Iy l,traﬁ eR§taﬂB IRg,, QréYsERBted from

protecting group, wherein Rd is selected fromthe
thegrlbsmumpmdﬁﬁgl ednnggtnmoyith Comppognd (Ry [For ezarmale in some

Kk efe

emﬁ!x{ilglre}ét and 1§ %esex% 1n?epeéldgnt51§éﬁ¥]c{r?§r oall[n $ € e r‘%)@&ergs Ry
ancﬁRWare’iﬁHerv\J&)gé@ﬂeﬂtocibrrﬁl’aCS rBEn@EﬁdQﬁCdﬁodﬁQ&&@ﬂdﬁmchre (a):

selected fromthe group consisting of hydrogen, Ci-6

al kyl, C2-6 al kenyl, C2-6valkynyl, C -6 heteroal kyl,

5-7 menber ed heteroaryl c nprising 1, 2 or 3

het er oat ons, and C5-§ ar E%a base stabl e nitrogen

protecting group; am 0 isyselected fromthe group
consi sting of hydrogén al geg2 -ORc, G -6 alkyl,
C3- 6 unconj ugat ed aIken%D 1@nconjugated al kynyl
C -6 hal oal kyl and Ci -6 al koxg, wherein Ris hydrogen
or a base stable oxygen protec?PngG@roup which is
I 0 0 d of formula (1V),
wh U TR R AU GG D EPERRIC a2t o,
[01D8]or ot ecln wmcanbaligeiits athe @0ypotindl df fofmBS (1) Rormalat(lig and
structure re?resented by t he heterocycl%ldiyl of
formglafdiDarsrqactadio fomp 2 spppannkef formuls i ¥oect i on occurs
at all of R3, R7 and_the structure represented

avs,

which is subsequently converted to a compound of formula (IV), e.g., by
macrolactonization using potassium t-butoxide and subsequent deprotection/oxidation.
It has also been determined that the removal of a protecting group at the R3 position of
formula (IV’) (e.g., the DDQ removal of the p-methoxybenzyl ether to form a hydroxy
moiety) generates p-anisaldehyde. p-Anisaldehyde has been found, in turn, to be

responsible for the formation of a dimeric impurity:
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by the heterocyclyldiyl of formula (XII) at the sane
time. In other enbodi nents, deprotection occurs at R7

WO RG0gp7581%1 | owed by subsequent deprotection atPGBUS29ES/013498
the structure represented by the heterocyclyldiyl of
formula (XI'1). [0106] In othge aspects, the present
invention is directed to methods for making a

purity-gnhanged conpgs; ti onpouypd of
mmwaW%§%a%I9 ‘nj‘ ’mﬂ%t

i nvent gr$ t AQULAL Y- ER \ ion can be’
obt ai negidby uthg S ng

appropmri_at g0 sfter eok tr

al pha- enffanced i %! ) \gnced
conp03|t| f R (W (V1))
as weH Nas Fpg crystall|ﬁe i nt% i ch

can be |§$éated in substantlally pur € forn1 bhhout

whefah P BB ARt ST 0o S0 o AP I e wab (Frppbiseted to the

reacﬁ@ﬁ U&Hd@tu{r{s\/}t d‘id’ Hd)tccﬁbi'a)ﬂe ibaek tife GRIABNR BEd P—a‘ﬁ&ﬁm@ﬂfﬂ& Ofhis

formula (1) w a conpound of formula ( and a
1nd1@a1s¢sgb@mdlscsfcabﬂ@ r A‘ljib asqmd injtial hrdegica ugstiagl 1@1@@9@ that Bigdimer

at a anc OfP.0 r
R R S L
implifityot her aspects, the present invention is directed to

nmet hods for making a conposition conprising a conmpound

[0103] for MARoLdindly, WhB8hRicthBdABnERTRRS EdthPurds and compositions of
substantially Tree of organic inpurities. The nethods

the pry:pqncmvleytlcpmaﬂe udbst@mm&iwrfrqcfg)fahmmmdgct@f I mq:rabqqgnents a

ornul a
SemFBFbﬁﬁll%S%(aiFol#fgrlgﬁ axﬁ,he RIF %egBéT( %tl gog ?eé%tg @g&&%ﬁ t(? Lhe reaction
mlxﬁ@ap%ﬂhbupﬂlsﬁﬁglb ib2ibdgnd bg @nP pamdumf tHeoryitl ig bélﬁé«é)ad that this
substantially free of organic inpurities is forme

may[foro 8p iminesderivativg, narclhepde precipifaie fipra sahwtiop gpd IL?F iredﬂoved by
filiradpdi rected to nmethods for

[0105] In some embodiments, the compounds of formula (I), formula (II) and

formula (IIT) are reacted to form a compound of formula (IV’’):

wherein R; and R, are each independently selected from the group consisting of
hydrogen, C,.¢ alkyl, Cs¢ unconjugated alkenyl and C3_¢ unconjugated alkynyl;
Rs is a base stable oxygen protecting group;
Rs and Rg are each independently selected from the group consisting of

' hydrogen, halogen, C,_ alkyl, Cy.¢ alkenyl, Cs.6 alkynyl, C, haloalkyl, C;¢
alkoxy, phenyl and benzyl, wherein the phenyl or benzy! are substituted with 0,
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maki ng a yi el d-enhanced conposition conprising a
conpound of formula (1V). The nethods typically

w0 p@baTs1Eonbi ni ng a conpound of formula (1) wWETUS2008/013498
conmpound of formula (11) and a conpound of formula
(111,2, othehststituehtsdhdependaitiyt delveted feam haloher, hydroxyl, C, 5 alkyl,

oA 755 R ek e el it e RS B e ar
appiGehRH ® thhah stdRehBRRId oﬁ@g%& LamscRiRRged

herein may vary. For exanple ny reagents can be
ut i R4 2eORi, wherupRj, is¢p hdse stablepaygels pofiecng godupf, or nul ae

(s an -(VI) with .one_.another. over,. :
ek I.Séa%e}ﬁ@ Srofnifhe (o dn dns3uBE B F sgf‘émdm@ whertin R, is

de [a] 8 j ] oxi dati on of :
vapi[}gh(gg%ihr?? grbr?egggiﬁg}?ggg%jﬂﬁ Fégﬁg% {/b?lpi he tinme taken

f orR¢ ineeleetad fioonthegyouparonsistipg nfihydyoggio halogeryy e Rs, @ndalkyl,
concentrations., Additjonally,. the reaction f e

o Sennephivenen ol Cor eororipe0f Y RAG Crendia e SR and -
NUNRR RySwiepdit RYtiShFdbeetl S Be 8Bl en Proid@ing group, wherein

reactions of the present invention. Suitable solvents
ar eRd is gelieetsd Aomathbigerip qaysisiing ppbydiogere Can @yl dosalkenyl, Co.

or r ih ANt | qui L. the
o RO USRS BERbE MR b IR,
SOl hegdrbstoms Landal s fay it dndulBerbiyn ResidR akechchrinddpdadentiyatlected

thety do not interfere with the reactiagn itself (that
i s, Tem&e Frup epnpitipe A 8yHrger. Get alkrls 636 algaylt hagalkynyl, Cis

di ertai in v

on TREVEKR, 57 p@nBeRTRLSrod ) L FRCE Ut p R RRTehd s

degaglserd baSe ktabletrstrogyn pretecting gwxpngplde, al i phati c

hydy ocar bons, (e. g., hexanes, . heptanes, |igroin,

o RGO e pioRE SRSt B e RgHen Y SR e Cre Ak

andchaleespighed alayi0ca) RS i alk Bl Y] SRESAkAnd S, 4

chl o:{]%]E or n{ﬂlégar gpn%trgéhl orle%a, di cﬁlggr olleételﬁne,&1 e

chlabkaiyewhereen Rots hyidedgenroslodasesiable oaygrmenrptecting group;
Whi?%?%s%ﬁge:ﬁﬁglﬂt péc%erhvgpgdn %ezp goerpxp?()untdoolflfce)rr}r?ula (IV), e.g., by subsequent
deprotection/oxidation. Deprotection can occur at any or all of R3, Ry or the structure

represented by the heterocyclyldiyl of formula XII:

A

g 5
o
| (XII).

In some embodiments, deprotection occurs at all of R3, R7 and the structure represented
by the heterocyclyldiyl of formula (XII) at the same time. In other embodiments,
deprotection occurs at R first, followed by subsequent deprotection at R3 and the

structure represented by the heterocyclyldiyl of formula (XII).

[0106] In other aspects, the present invention is directed to methods for making a
purity-enhanced composition comprising a compound of formula (IV). It was also

determined by the present inventors that a purity-enhanced composition can be obtained
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et hyl benzene, or xylene); ethers (e.g., diglyne,

nmet hyl -fer/-butyl ether, nethyl-ter -anyl ether,
we@edwho7ses / - butyl et her, diethylether, PCT/US2008/013498

di i sopropyl et her, tetrahydrofuran or

r : | ' t -
o BRIV MEnEme Shans: Sl s g S
alphetlanied intexnediattsdags alphagenhamaed tcomppsitiess earsprisngyformula
met hyl a te oy ethyl.acetate);.alcohols (g.Qg. .
(VTR R T hhas well bt it i iderdigdia gt e flicanhe isolated
in SUB&hstANG R ﬁ)rﬁlowﬂﬁ&ﬁrcl’{}d?ﬁato%}?af_)m UthdkRedds for makin% ?] gurity-

experimentation, proper reaction conditions using
enhaeerdhionywsitibntchmppisiegertonpored of SmmulndVy sypicaly include

eneficial Reacti.on Properties [011 n_one
congiin e nRPoT Rt R aP St ar b b [ D and a compound
of fofMERYIIPNuRIR sARMAL tHIROSs, QDI thithepuiRy RAREnckd adbmposition
currently in use for the synthesis of nacrolides of
compsing eeamnpoundvddeinata (IV) s &prmeidn enbodi nents, a
nmet hod of the invention possesses a benefici al
[0108act i onSimmitapkyy inyothBRIBpectp,Ohd piesatenveatigu agdirected to methods
"beneficial reaction.property or P" in des a.
for R 4 Prifosti couSiRisR Sombod o covanyia i §heinhe
confpdsfionig suBtR@Ehl P freBerf B@amdlﬁmphhﬁess ang: memels %_icaﬁkl &nclude
property nmay be any property suitable to con&arlson to
3 mmﬁad

combiging i compegnée _ withgcdempeand phéorprspdbrapdijascompound
of fg%ﬁl .(fI , erlc% b%ti‘iet{le Ic&lc%?&%r uctlxt}ﬁ atclg) [st%%rcto%(np?ifsintghae
eX1 sfitng’ methddot ogy. anpl es ot sucht properties

conpdthd @€ forwiul haWY) shbdtardtiatliydree of baganiignpuikities issforged.et y,
reaction tinme, energy cost, reaction safety, product

[010%ss bal BN dth&hipedtOAhObrevds ifentib® ACdite@fed to methods for
cl'eanl i ness, waste, throughput, workup, overall

malipg eeieldenhanced AampoEtion Fomprsingp compornd gleforprladit . The
met%gé{se &%icaﬁ? rlrgcll&dél c%rmbqéﬁg%l c%%np%flmg) oF ?Jr}n‘fl'laael) with a compound of

formula (II) and a compound of formula (III), under suitable conditions, such that a

composition comprising a compound of formula (IV) is formed.

[0109] The skilled artisan would be able to appreciate that the reaction
conditions employed herein may vary. For example, many reagents can be utilized in
coupling the compounds of any of formulae (I)-(III) and (V)-(VI) with one another.
Moreover, many reagents can be utilized in protection, deprotection, macrolactonization
and oxidation of various intermediates. Additionally, the time taken for the reaction
may vary depending upon reagents and concentrations. Additionally, the reactions of
the present invention may occur at varying temperatures. Numerous solvents can also
be employed in the reactions of the present invention. Suitable solvents are liquids at
ambient room temperature and pressure or remain in the liquid state under the
temperature and pressure conditions used in the reaction. Useful solvents are not
particularly restricted provided that they do not interfere with the reaction itself (that is,
they preferably are inert solvents), and they dissolve a certain amount of the reactants.
Depending on the circumstances, solvents may be distilled or degassed. Solvents may

be, for example, aliphatic hydrocarbons (e.g., hexanes, heptanes, ligroin, petroleum
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reaction properties as applied to the preparation of
conpound 010 are discussed bel ow. Cost Effectiveness
WO Q02RTS8 prepari ng conpound 010, the ethyl at PGHUBF008/013498
the aromatic nitrogen (i.e., RO in formula (1V)) is a
as
R e N N i e S
memhlenayimmksclﬂowffem caft@nmmlchlerldardaddomlcéiaec whldrgbdngene, or

i3RI piogR B B St BT G HEpfonaphitalene,

ethyslBéHzEﬁé" @r Wlteﬁé)' @ih‘érs (@% rdlgl&meBMleﬁ@ﬂftM-ﬁh@g ethBE methyl-tert-amyl
hyl ation earli er, e risk to ofher fragrrent3|s

eth@l dthylrrartduiterethesydiethylethay ndilsepiopylesiey ciefjalnvsisofugan or

* el R R R B TP SRR By iy

nitril&. gNAcalolithiRY; lforRe €45, , beetOR dstdrt (S bﬁaeqiye Béettt @PSthyl
in the formation of a conpound of formula S

- acenpiedrabgahelsifeig i regthpunl) apd Thiswres:therepf. yThe gilledytisan would be
oo P SHETRORE e SARET TG GEPRRI Qg wing

teadhirigs @f atgpiresenabhoenti@b% of t he conpound of fornula (V)
produced in previous nethods is the b isoner, and

AndROW RRYEahI RO tiph PIusd-ribesul ting fromthe b isoner

I's an inseparable ell mnation by-product of the

[0180]" UCt Urf:onk QbliidybHt e@Y ‘?ﬁeth&istcﬂf pr &AM thdRvERIA are

anount of waste, the methods of the present invention
adveziagdous pharthe erttivels ket carrontly inprseiboihs symthessisf igcrphides of

the Gies iRt R Pnadn Setag b RRRS, Sl 180 R p R estls
ben6R& Al relABAPHOpEIWEBHT®. t reat ments, etc.

[0111] The language “beneficial reaction property or BRP” includes a property
of one reaction that is beneficial over an existing manner of performing the same
reaction. The property may be any property suitable to comparison to the existing
methodology, such that the property is equal to or better in nature than the property of
the existing methodology. Examples of such properties include, without limitation,
starting material safety, reaction time, energy cost, reaction safety, product mass balance
(reduction of waste), reaction cleanliness, waste, throughput, workup, overall process
time, and overall cost of the target product. Several particular examples of beneficial

reaction properties as appliéd to the preparation of compound 010 are discussed below.
Cost Effectiveness

[0112] In preparing compound 010, the ethylation of the aromatic nitrogen (i.e.,
Ry in formula (IV)) is a throughput-limiting step. In the’ methodology that has
previously been used, the ethylation occurs late in the synthesis where the entire carbon
skeleton is in place. Thus, any limitations of the ethylation reaction place the entire
skeleton, including all starting materials, at risk. By performing the ethylation earlier,
the risk to other fragments is eliminated and overall synthetic convergence is increased.

Accordingly, in some embodiments, the substituent Ry of the compound of formula (III)
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I nternedi ates of the Invention [0115] The present
invention is also directed, at least in part, to
WO paoeomsas at es for use in the synthesis of conpOUDsE08/013498
and conpositions of the present invention, e.g.,
d I
s SHATRAA AL PEE R KL jn AL BBBE RO Bl 0P
conpponhbesfemala @VHi nal product, at |east so that
chromat ogr aphy steps may be elimnated. [0116] It is
Wby@qﬁpwwngerstood that, in addition to the specific
internediates listed in Schemes 1 and 2, above, the
[01P5)esent TERRRIdaAP Bl &R REGEHPRSERAs Firk§h@biibiagRbpound 010,
anal ogs of such intermediates. In some enbodi rents
at leanie3 96 ofitheenass onithe pméuctf side isrwasterditir gkample shaag 66% of the

conBRyeR a1 FUlE (X0 MBLiSeH BLBrey i hceiia e 1 5aiRet, and about 50%

{
of hERTAITRIL i S8R RERTRAG I TS P SPGB et of
themmmnmaln their reactivity in subsequent reaction
steps. [0117] Accordingly, in sone aspects the present
invention is directed to i rmedij at e, of fornula
(M1): wherein R and R2 ch égndently
sel ected fromthe group conS|st|ng f hydrogen, G -
al kyl, C - unconj ugat ed Dale) -6 unconj ugat ed
al kynyl; R3 is selecteg consi sting of
hydrogen and a bBSe- Z ecting group; R
and R6 are each inde sel ected fromthe group
consi sting of hydrgggn,
al kenyl , C2- alkynyl, G- haloal kyl, & 6

[0114] Moreover, with regard to the total amount of waste, the methods of the
present invention can further reduce waste over previous methods by the elimination of
chromatography steps. Such reduction of waste can lead, e.g., to further savings in time,

cost, hazardous waste treatments, etc.

Intermediates of the Invention

[0115] The present invention is also directed, at least in part, to intermediates for
use in the synthesis of compounds and compositions of the present invention, e.g.,
compounds of formula (IV). As discussed above, it is desirable to have crystalline
intermediates in the synthesis of a final product, at least so that chromatography steps

may be eliminated.

[0116] It is to be understood that, in addition to the specific intermediates listed
in Schemes 1 and 2, above, the present invention also encompasses crystallizable
analogs of such intermediates. In some embodiments, one or more of the specific
intermediates listed in Schemes 1 and 2 will not readily or efficiently crystallize. As

described in more detail above, intermediates can be modified such that they are able to
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al koxy, phenyl and benzyl, wherein the phenyl or
benzyl are substituted with 0, 1, 2, or 3 substituents
w0 pabepessdent |y sel ected from hal ogen, hydr oxyl PCTZUSB08/013498
al kyl, and NH2; or R5 and R6 are taken together with
be cf‘rrngalﬁ%cp %h%d’iﬁé& I}ltérﬁl@ﬂ f?f hampae tﬂeﬁ rfeéUtMt? ip s@osequent
nmbered unconj ugat ed car ocyc IC ring;
reaciios seps.h i ndependently sel ected fron1the group
consi sting of hydrogen and a base stabl e oxygen
[01 m]ot ect i Agcogdiagly, inodontd dspactd the presuheinivakiton isdgetiséto t o
a 5 nenbered heterocyclyldiyl of structure (a):
lmeRPSdIP@Saff%melay(VéF) formula (MII1):Ri 4, R5 R®6 R7
and R are each independently selected fromthe group
consisting of H N2, -NRB +RscoH, -coc-4 alkyl),
-C0d, -COOH, -coOC -4 IkI) -NR3 +, -SOBH,
nitrile, -CF3 and hal gg 18] In certain aspects,
the present invention'13 redted to internedi ates of
formula (VI1): wheRe{n R,c;and /R2 are each
i ndependently sel ectegd fromifthe group consisting of
hydrogen, G -6 al kyl,§ C3-6 upconjugated al kenyl and
C3-6 unconj ugated 3| ; bR,aN aromatic
ri ng-contai ni ng ox%@ ctlng group; R5 and R6 are
each i ndependently seIectedCﬁmonwt?gngoup consi sting
of hydrogen, hal ogen, C -6 al kyl al kenyl, C2-6
al kwlheyéin Rgiang R;aﬂr@aadhyhdep@ndeltm Scdjx:yed fpdmeitlyd granpl consisting of

\?Mep}?égge%ar -6e eIdEylt, Brl?ceor}guga?ed Qﬁe Z}X lang ?6 %ylgosntjugta de a(l:lkynyl

R; is selected from the group consisting of hydrogen and a base stable oxygen

protecting group;

Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C.4 alkyl, Cy.6 alkenyl, Cy.¢ alkynyl, C,.4 haloalkyl, C;.
alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,.; alkyl,
and NH;; or Rs5 and Rg are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;

Ry and R;; are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or R;; and R, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):

R}; is a moiety of formula (VIII):



1, 2, or 3 substituents independently selected from

hal ogen, hydroxyl, C -3 alkyl, and NH2; or R5 and R6
wW@e@onzsesh t ogether with the carbons on whi ch PCEYSHNE013498

~attached to forma 5-6 nenbered unconj ugat ed

carbocyclic ring; Rn and R 2 @,e each independently

sel ected fromthe group consisting of hydrogen and a

base stabl e oxygen protReat JroypRieor RN and R 2 are

taken together to forma 5 |

of structure (a):wherepn R P and|R2 are each

i ndependently sel ect ; .%]consisting of

hydrogen, G - alkyl, C - a i -6 al koxy and

phenyl, or R19 and R2ot oget her,§eprese IrI'g,grworenyl

noi ety of structure (b): R3is a an aronatic

ri "B CRAL RjsNR YhndXR/ g aft daich itizhemiEngy eelpctedl @bhPihe group

Exemplary values for R1, R2, R3, R5, R6, R | R 2 and
Ri Foapistingeelddi NOd NHoeOdetGH(CaBBYY;: fGOEbm&PHon

(0125 P RS LR P G R RS G I

odi me conpound “formul a

01,0 e RTRRRET bR e b R PRt R Res o

formmb@vmgdi ate of formula (1X):wherein R and R2 are

each independently selected fromthe group consisting
of hydrogen, G -6 al kyl, RE - &Runconj ugated al kenyl and
C3- unconjugated al kynyl .2l n¢sone enbodi nents, R is
hydrogen. In sone enbodi R2 is hydrogen. In sone
enbodi nents, R and Rae eacl) i ndependently hydrogen.
[0122] In still oth&r aigﬁfts he present invention is
directed to an interhedi formula (X):

OR11 (v

wherein R; and R, are each independently selected from the group consisting of
hydrogen, C,.¢ alkyl, C;5.¢ unconjugated alkenyl and C;.¢ unconjugated alkynyl;
Rj is an aromatic ring-containing oxygen protecting group; '

Rs and Rg are each independently selected from the groﬁp consisting of
hydrogen, halogen, C,. alkyl, C,.¢ alkenyl, C,.4 alkynyl, C,.¢ haloalkyl, C;.6
-alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,.; alkyl,
and NH;; or Rs and Rg are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;

Rj; and R, are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting gréup; or R;; and Ry, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):



wherein R and R2 are each independently selected from

the group consisting of hydrogen, C]-6 al kyl, C3-6
wap@onjisgat ed al kenyl and C3-6 unconjugat ed al RgTYE2008013498

and R are each independently selected fromthe group

consi sting of hydrogen, gen, C -6 alkyl, C2-6

al kenyl, C2-6 al kynyl, G {6 hal oal kyl, G -6 al koxy,

phenyl and benzyl, mierel (ge phenyl or benzyl are

substituted with O, - 3 substituents

i ndependent |y sel ect ed ron1haFggen, hydroxyl, G 3

al kyl, and NH; or R5 a 9t aken together with

the carbons on which they arenattached to forma 5-6

menber ed unconj ugat ed carbocycP?c (@hing; R8 is selected

fromthe group,con tin dr erej
R T, hythGeE AN Raird et R S Rpmie b
gr GdéRsisti &BShyRIRb LG aIkemQ, Ghaﬁfa Co dk&ty 4id phknyl, or R
hydr o éﬁgghaﬁggé%% ?gﬁbkgO -Q 6 al k ng@ d%n% ugtonfﬁba¥ed ?
al ka2 tagetiBT tensessniaEbensl QS ¢ Jof tucBradoal kyl ,
-SRd and - NR Rf wherein Rb 4 ydrogen or a base
st abl e oxygen protectl?PNgr wherein Rd is sel ected
' ogen, Ci-6 al kyl,
C2-6 al kenyl, C2- al® eteroal kyl, 5-7
nmenber ed heteroaryl ng 1, 2 or 3heteroatonB

and C5-7 aryl and whept Re and Rf are each
i ndependent |y sel ect the group consisting of

hydrogen, C -6 al kyl, 6-al kenyl, C2-6 al kynyl, C 6

heteroalkyl 5-7 nenber-: heteroargﬂ conprising 1, 2
ﬁ heteroatons or a hase stable

n|t (¢]

TR DT - rBapine Qiess broRetBE Eitibad from
[Olié]e g r Obﬁ’xéﬂﬂﬁysxta!ﬂbg of Rhmr qu{k’, R'é'fgt g,gIQBaand ®RCare described in

, C3-6 ‘unconj ugat ed unconj ugat ed
momldcmlwboven @ngttaerl wyh thﬁm‘y@ 1@able analogs of formula (viD).

[0120] In some embodiments, the compound of formula (VII) is a compound of

formula (VIla)

O,N

OR1z
OR1  (VIIa).

[0121] In some aspects, the present invention is directed to an intermediate of

formula (IX):
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al koxy, wherein Rc is hydrogen or a base stable oxygen
protecting group. In sonme enbodi nents, R is hydrogen.

WO p080M81Enmbodi ments, R2 is hydrogen. |In sonme PCT/US2008/013498
enbodi nents, Ri and R are each independently hydrogen.
In sone enbodi nents, R5 is hysrpoes or a C -6 alkyl
In sone enbodinen}g, R6 i s hydrogen or a C -6 al kyl.
I n sone enbodi nent'’¥; [
hydrogen or methyl. |n sonmel enbodi ments, R8 is
hydrogen. In sone e s, RO is hydrogen In
sonme enbodi nent s, 3 [ © -NReRf. I n sone
enbodi ments, Rb is hydrog C-6 alkyl. In sone
enbodi nents, Ris -NReRf. one e;@ggl ment s, Re IS
hydrogen or a Ci-6 alkyl. In sonme e I ments, 'S
hy dyiRgein, R @and R farakddhl in@¢peadaBesefdcaddl forfitlie gl@ﬁpl COIlSlStlng of
protectlng group. In some enbodi ments, Re is

al Hmdrog@ng -6 Ay hih-c gpcaspgated alkenykeng Qshyafﬁ(ﬁg@g@t%iralbynyl
base -shanl o'a rhér%ei{‘ lggg%r%g A M3 s%'h%%z}géa(?&lgﬁt]s R s%gm%&en

enbodr men ‘for 'S a Co

of Iﬁ@bmelemt(oxaixeMeR@mﬂ RReart sacslah&qjeﬁderftrydmdtrdmng rou p

consi sting of hydrogen, G - alkyl aIk
[0122] kynyl In@tllle)t]apétaépq%q tila? IpI'eSﬁ]éttIEY%WPS (ﬁ}oy'arn m‘g:ﬁxaedxate of

a base stable nitrogen protecting group. [0124]

ﬁ“$ﬂh8§%er enbodi ments, the present invention is

directed to conpositkﬂﬂs dhaggincluge internediates of

formula (X), wherein e fonpogitign is substantially

free of conpoun : 9

each i ndependently

wherein R and R; are each independently selected from the group consisting of
hydrogen, C,.¢ alkyl, Cs.¢ unconjugated alkenyl and C;_¢ unconjugated alkynyl;
Rs and R are each independently selected from the group consisting of
hydrogen, halogen, C;.¢ alkyl, C,.4 alkenyl, C.¢ alkynyl, C,_¢ haloalkyl, C;.¢
alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C;.; alkyl,
and NHj;; or Rs and Rg are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;

R is selected from the group consisting of hydrogen and -OR, wherein R, is
hydrogen or a base stable oxygen protecting group,

Ry is selected from the group consisting of hydrogen, halogen, -OR,, Cy alkyl,
Ci.¢ unconjugated alkenyl, C;.¢ unconjugated alkynyl, C,.¢ haloalkyl, -SR4 and —
NRcR¢ wherein Ry, is hydrogen or a base stable oxygen protecting group, wherein
Ry is selected from the group consisting of hydrogen, C.¢ alkyl, C;. alkenyl, C,.
¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3
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consi sting of hydrogen, C -6 alkyl, C -6 unconjugated
al kenyl and C3-6 unconjugated al kynyl; R and R are

W22/ 078tependent |y sel ected fromthe group coPGI/E820A8/013498
of hydr ogen, hal ogen, G - al kyl, C2-6 al kenyl, C2-6

H&%’rbatmﬁdg]dr@ 7O£M‘ dw reﬁl %‘e Mf*’ar@mxgd@wdentg selected

b enz el n fihe pheny enzyl are su
W tﬂnonﬁ ,thd gro?p COMSlQlIIgLHfSﬂyIdeanI@| -4 aldelp Engelkehyl, €ek elkyayl, C

R ook o o BH RGO TR RGO op Rlg and Co

ar e,rgf §achie sttaglefrﬁ’trrggéi‘l p@b@cffﬁ Rupdagdiconj ugat ed
car bocyclic ring; is -ORa erein Ra is a base

st albloas mlyzg@hfr@ndh@gmup@ogm@mg offhyidgogss] kadogan, FOBmG kealkyl,

Py B EROR B Rughy K & §§y§%ﬁedp$§?ryﬁ’“¢i2§ﬁ%9§8ﬁnacl-a
I S ARb:8C Wadrehr Rmst*?@a%ﬁ‘“@ a%@@ ktable gty Sén ;msda'cﬁﬁ% gro

hal ogen, - -6 unconj ugat ed al
c3-ls seﬁ@cm}lwgan@as alidg hydrogexl Bl feancodngdimentsR. aﬁmrdrogen
R bl
B ol LR B AR

emtgydirdpnte,ORsSis iy diogebr :iny:qig @Q@h IfGonte @hbodimekid; R is hydrogen or a

al kenérla, C2-6_al kyn -6 heteropal kyl, 5-7 menbered
Crardkdr dapome ephpdingn %;SQRI ang R@rar%e%étuécie@awﬁély hyfepees oy

ALY 1n3BHe M08 rﬁe Ngh £ the O8RIR Y, is hyd .
me sg]?/egt e%efror% drR(?up gﬁ Fstﬁﬁ% of%gen, éls-gy rogen
In some embodiments, Ro is -ORb or -NReRy. In some embodiments, R;, is hydrogen or a
Ci.6 alkyl. In some embodiments, Rg is -NR.Ry. In some embodiments, Re is hydrogen
or a Cj¢ alkyl. In some embodiments, Ry is hydrogen, a C;¢ alkyl or a base stable
nitrogen protecting group. In some embodiments, R, is C,.¢ alkyl, e.g., methyl or ethyl,
and Ryis hydrogen or a base stable nitrogen protecting group.

[0123] In some embodiments, the compound of formula (X) is a compound of

formula (Xa)

Oﬁ# | (Xa)

wherein R, is selected from the group consisting of hydrogen, C,.¢ alkyl, Cs.4
alkenyl,
Ca.¢ alkynyl, C,¢ heteroalkyl, heteroaryl, and aryl; and
Rris a base stable nitrogen protecting group.
[0124] In other embodiments, the present invention is directed to compositions
that include intermediates of formula (X), wherein the composition is substantially free

of compounds of formula (IV):
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al kyl, C2-6 al kenyl, C2-6 al kynyl, C -6 heteroal kyl,

5-7 nmenbered heteroaryl conprising 1, 2 or 3
whedoenotons, and C5-7 aryl or a base stabl e nPCT/U§®N8/013498

protecting group; Riois selected fromthe group

consi sting of hydrogen, Eﬁlog n, -gRc, G -6 alkyl, C3

unconj ugat ed al kenyI”™7 C346 une '~g%ted al kynyl , O -6

hal oal kyl and K} NRC is hydrogen or a

base st abl eoxygen and Rn and R are

each i ndependent| ) In other aspects

the present inRg [ [

of forrmula (I11): peif] Y is a |halogen or a triflate

(-0-SOCF3) ; R8s s&h ' ;ﬁﬂagroup consi sting

of hydrogen and - ORg er ei \ ogen or a base

st abl e oxygen protecting group,OR4{s -NRgRf; wherein

Ris selected fromthe group consisting of C-6 al kyl ,

C2-6 al kelmertin KG ardl R dey mydh md]:peﬁdhﬁtyesre&m;ltddyﬂromﬁh@ group

menber ed het eroa conp 2 or .3 oat

ond G 7 CaPSPE ALY el Gy puSenitedies EIARYIRBE G
pr ot ect i p@ogHLEMRE aARy Rlo is selected fromthe group
consi sting of hydrogen hal ogen, -OR, C -6 al kyl,

C2- 6 al KRyarld RGare@aeh m;inmnde@ly ﬁlw@ado@omyhe grap@ongsting of

ooy, R DIRAE R D L i

I'n some @nParb-aE phényl Bh@ bb&yinyﬁmgﬁ Rhe plensPBEbenzyl are
enbodi nents, Ris a O - Kyl
substituted with 0,1, 2 or 3 substituents independently selected from

-ctlné)group
togefs [ @125]

halogen, hydroxyl, C,.3 alkyl, and NH»; or Rs and R are taken together
with the carbons on which they are attached to form a 5-6 membered
unconjugated carbocyclic ring;

R7 is -OR, wherein R, is a base stable oxygen protecting group;

Rg is selected from the group consisting of hydrogen and -OR; wherein
R, is hydrogen or a base stable oxygen protecting group;

Ry is selected from the group consisting of hydrogen, halogen, -ORy, C) .6
alkyl, Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C,.¢
haloalkyl, -SR4 and

-NR.R¢ wherein Ry, is hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, C, alkyl,
C, alkenyl, Cy¢ alkynyl, C;.¢ heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs.; aryl and wherein R, and Ry are
each independently selected from the group consisting of hydrogen, C,.¢
alkyl, C,.¢ alkenyl, C,¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable
nitrogen protecting group; '

Ry is selected from the group consisting of hydrogen, halogen, -OR., C.6
alkyl, Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C;
haloalkyl and C;_ alkoxy, wherein R, is hydrogen or a base stable
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e.g., nmethyl or ethyl. In sone enbodinents, Rf is
-BOC. [0126] In still other aspects, the present

w0 pooeitises) is directed to an internedi ate of aPgT/082008/013498
formulae (1)-(111) or (V)-(VIl) as described herein

above ing :
the. pr esSHEer Hiaain ABE R} Bl 4p R Rl aRaRh®
one of therogempounds of fornulae (1)-(111) or (V)-(1X)
an in diate in the synthesis of a conpound of
10188 i 2 W T 33BFCiB G ABTSEnT injeRigTes dirsoiat foa Glermggiate of
forBLRYANE i nvention is directed to the use of any one of
t he conpounds of formulae (I)-(111) or (V)-(1X) as an
intermediate in the synthesis of a purity-enhanced or
yi el d-enhanced conposition_es or|S|ng a conpound of
formula (IV). In sone enb8di meRt's, the present
invention is direct to e yke of an al pha- enhanced
conmposi tion conprising oun@ of fornmula (V) and/or
formula (VI) in the synl s of a purity-enhanced or
yi el d- enhanced conpaayti osFconpri sing a conpound of
formula (1V). Conpounds a- Cbnposgg ons Prepared
Usi ng Met hods of the Invention [01 } In sonme aspects,
t hewRdrEineN s 4 RMEREH h triglath (r@cs@gtmﬁ conpounds and
co ositions prepared using the nethods of the present
' iselacted frgm thel gspep reqmssncg of bdrpgen andordR,; WhergiorRy, is
|nenQ§a them%&n%ounds a d .conp Qsitions are

apprpr §°at%e f use PR s HEP I %%ééPPc formul ati ons.

Suchy, i haIRaRE uﬁhdielhq{eﬂyb@édtWﬁoﬁl&He BfoupRobsistidtdO®,) ¢ alkyl, C.6
described in nore detail below In other enbodi nments,

t helkaswbSurmadkomyd Ceomstspalkging- 7&@@9@#&%@%@ qogprising 1, 2
! g%ﬁﬁp%ﬁ& SnPE s LIHE anB W AAHGH Ry 1S Buse sEBIRAHOGS, Of

protecting group; and

Ry is selected from the group consisting of hydrogen, halogen, -OR., C,.¢ alkyl,
Cs.6 alkenyl, C,6 alkynyl, C,¢ haloalkyl and C,.¢ alkoxy, wherein R, is hydrogen
or a base stable oxygen protecting group. In some embodiments, Ry is hydrogen.
In some embodiments, Ry is hydrogen. In some enibodiments, R. is a Cy4 alkyl,
e.g., methyl or ethyl. In some embodiments, Ry is -BOC.
[0126] In still other aspects, the present invention is directed to an intermediate
of any of formulae (I)-(III) or (V)-(VII) as described herein above in the Methods

section.

[0127] In other aspects, the present invention is directed to the use of any one of
the compounds of formulae (I)-(II) or (V)-(IX) as an intermediate in the synthesis of a
compound of formula (IV). For example, in some embodiments, the present invention is
directed to the use of any one of the compounds of formulae (I)-(I1I) or (V)-(IX) as an
intermediate in the syhthesis of a purity-enhanced or yield-enhanced composition
comprising a compound of formula (IV). In some embodiments, the present invention is

directed to the use of an alpha-enhanced composition comprising a compound of
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Uses of Conpositions of the Invention [0129] In

general, the present invention provides conpounds
WQ2WPNTS8i®r the treatment of inflammatory or i PEAEB2008/013498

di sorders and the treatnment of cancer, particularly

| ]
forfil' () bHERE Sormly (3T G SQHERE b2 pl 5 TR A ephanced
conmpysition cehfpeiingvecdnipdund b fisratubs 1vand i mune di sorders
(see, generally, NF-kB in Defense and Di sease, J .
Ain. Investig 2001, 107, 7). Furthernore, certain
conmpounds of the invention have al so been shown to

5 aripositiond Pre
[om]e at rrenIn %&@p@@g ,thé fs@wﬂmenﬁ@h asddlfdaearts cf)ﬁn@@unds and
Angi ogenesi s: Potentials for Pharmacol ogic

compesiiops prapgred; usingtibe metwdgeh thedireseahinwention, e.g., alpha-enhanced

conGRELR RO PROSIASRS: o NJp UL Hol bk RETERS 8% cpprora
for ﬁ@:ciﬁrtﬂk't fh@fap,eutlmfcﬁmﬁﬁitleﬁi)Oﬂlhdlﬁhéﬁpetﬁtmﬁblﬁﬂﬁo@s‘ cdnlte, e.g., those

4 resent invention exhibjited | G0 val ues for I‘R!g kB
desE m9ag il beisev.t WephareraadTants e SpmPe

t f
TSR FanfPERENRLS ok BP HOOLA  compounis

of fembddif¥nt s, conpounds of the present i nvention
exhibited 1C50 values less than 5 M |ess than 2.5
mVv less than 1 mM In certain enbodi nents, conpounds
of the present invention exhibited | C50 val ues |ess

Usds Q2T oRpd Sitioh of 98 Iniehdgh 0.5 MM | ess than 0.25 nM
[ess than 0.1 nmM Tess than 75 nM | ess than 50nM or

[0199’]3” | esg, dhefal 2RO Meb Gt $dentibn ?FdeeszH%uﬁ&@&@ﬁﬂ%&ttﬁe

mpounds ©of the present invention exhibited IC O
treavraenle>§ nﬁlﬁrnmntlwr)bom munurwf dis¢rdenyrapditie wéatmantorf cartdr, particularly
nes in vitro | ess than 10 In certain
solig iR iicste Snfiieas: e SPmESurbesife FRbui pRoNNr-ca
actiO} dal taBEbrtifAzlyv My B8 effective in inflammatory and immune disorders (see,
generally, NF-xB in Defense and Disease, J. Clin. Investig 2001, 107, 7). Furthermore,

certain compounds of the invention have also been shown to inhibit receptor tyrosine
kinase activity such as VEGFr and PDGFr in vitro, and are useful for the treatment of
cancer, including solid tumors (see, Angiogenesis: Potentials for Pharmacologic
Intervention in the Treatment of Cancer, Cardiovascular Diseases, and Chronic

Inflammation, Pharmacological Reviews, 2000, 52, 237).

[0130] Accordingly, in some embodiments, compounds of the present invention
exhibited ICso values for NF-kB inhibition of less than 10 uM. In certain other
embodiments, compounds of the present invention exhibited ICs, values less than 75
uM. In certain embodiments, compounds of the present invention exhibited ICsq values
less than 5 uM, less than 2.5 pM, less than 1 pM. In certain embodiments, compounds of
the present invention exhibited ICsg values less than 0.75 pM, less than 0.5 pM, less than
0.25 uM, less than 0.1 pM, less than 75 nM, less than 50nM or even less than 25nM.

69



less than 7.5 mM In certain enbodi nents, conpounds of
the present invention exhibited | C50 values | ess than

w®G200B0748¢6s than 2.5 nM less than 1 nM | n cePCHUS2008/013498
enbodi ments, conmpounds of the present invention

ibite S dﬁ#% : s
“HEWF essg}%gﬁgg&q% nﬂfhﬁéését a693353@%%%&§2§§L§ﬁ§wQ§§mnai
ICsn M;llubse&s inthbitiod Of Megroetleof tuess ctlhéineZibnitro pOkES2ihand 0 pM.

: dISCUS bave und the inventi.on exhi Dbi
A R R SR b S PO s BER R 00 0 B8 | Cppratues
lesé ﬁ‘ﬁh bist A MINIOEer@ROERBRIRRhE, E4hPAEHASs biMhe tf)'ré§e9ﬂn9ént10n exhibited
receptor tyrosine kinases. As such, the’inventive

ICsq @#poumssthm§ b, lassethan 2 5aeMi lees mlrieéwérim agftaia epabradémgnts,
corf o B A8 TR AN 1 Y 0 25 ST n

0.5MEYegsharg0. 8 p M Vibdstthan 0. 118 ledd thén @5 hiV1, ildds$han 50nM or even
osteoarthritis, osteoporosis, allergic rhinitis,
lesothan 9nMnf | anmati on, inflammtory bowel di sease,
atopic dermatitis, psoriasis, ast hma, Crohn's di sease,
[0182kcer at i 4e disoussed ghovien Edmporeatds oy thpuihnonienyextitsease,

at i 01nnu di sorde s ab. es, DS, solid
g RSt A A TR B 5 roe S RB hpthengtoghesi
tm&éﬁﬁhﬁlbitﬁémmmor erbsInE ‘I‘(ﬂlasésyK@@QQV&lheCmI\/&HK@rﬂoﬂipounds may
, el oma, systemc Iupus eryt hemat osus,

| t
by %ﬁeﬁég‘?ragg trlelétjne?@f ngwf@rm of disoxdess, hepduding. dwa vet limiodiea sepsis,
glo{ﬁ%hﬁ%{)g Smaéﬁglb?)f)% %ug}{lllﬁs gﬁg{i} glgtarq(ﬁos%g g%oansdé/htls), psoriatic

art}(rﬁl.sgostedﬁythﬂﬁﬁ disetoporobidf alldrgie, rhinlithe bad el i@flegingYion, inflammatory
atitis, productive nephritis, adenovirus,

bOVtsqu9@5@8&%@?@&6&@?@15@?8@@18@ avtbma) Ciobp'y gissassy ylcgrative colitis,
inflaShda Qﬁﬁu HtpsEasé 1‘?ég§ﬁ§§ %utﬁWWWQor@Q cﬁé’d’et%sngDS, solid
t of nmal ar | ew.

treat eswmt to ndanme a
tumjon cwtsaLnukemla lymphomas, non-hodgkin's B-cell lymphomas, chronical

lymphocytic leukemia (CLL), multiple myeloma, systemic lupus erythematosus,
allograft rejection/graft versus host disease, eczema, uticaria, myasthenia gravis,
idiopathic thrombocytopenia purpura, cardiovascular disease (e.g., myocardial
infarction, atherosclerosis), hepatitis, productive nephritis, adenovirus,
diseases/disorders of the central nervous system (stroke, Alzheimer's disease, epilepsy)
and for the treatment of the symptoms of malaria, to name a few. In certain
embodiments, compounds of the invention are particularly useful for the treatment of
rheumatoid arthritis, psoriasis, multiple sclerosis, asthma and cancer. In certain
embodiments, compounds of the invention are particularly useful for the treatment of
psoriasis. In certain embodiments, compounds of the invention are particularly useful
for the treatment of cancer. In certain embodiments, compounds of the invention are
particularly useful for the treatment of atopic dermatitis. Additional information and
guidance for the treatment of such diseases can be found, e.g., in U.S. Patent Application
publication number 2006/0247448, the entire contents of which are incorporated herein

by this reference.
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enbodi nents, conpounds of the invention are

particularly useful for the treatnent of rheunatoid
W@eaobo7i%s, psoriasis, nultiple sclerosis, astPOEUS2008/013498

cancer. In certain enbodi nents, conpounds of the

Doddd¥ERhd Mddad 8 Adhiiserdkiohl y useful for the treatnment of
psoriasts. In certaln enbodi nents, conpounds of the

[013$iv ent i olm val degapreciatiddhpythe sempourds and gemppekpRseiormed
accgr ?rgégﬁ Io:the meﬁleordts %kpn ?}F%Q %Qrgt }?P@ 4 ﬁnstqgreh Iﬁ?m any
1 on are use or reat rre

am@lr@ ahd agkeroned of acﬁnlnﬁddlldm eﬂedtlvb Ifcﬁﬂhﬁ&t:htmbnanﬂargmfdhﬂ dBease
for the treatnent of such di seases can be. foun

statpsindicatedhgredmt T Aph hcBiPressiopuBITPEa1E M Wi Grofsed herein fot the

treat 3%/ OQ%QXC%%%B ey aeﬂgﬁ&@ﬂf:ﬁl% BFa%fnt Winglbifthe growth of tumor
I ncor por at €d her ei n i's r er ence. Dosages

cellh/,tm‘eefefsf toAchmfﬁt’tismtrmmlmntd f2838] thé effedts bf bancap ptisréxateamount

canpounds and co ons forned accordin
reaviged Wil Yy AUS S o SECrPeR it e 5 s otie, and Ebneral
conagmnmﬁﬁeeé'u% c%'sthé‘%v%m& @l“f?lé‘ Gtsee?s@g tﬁ@féaﬁl@ﬁ'lta?aﬁfcancer agent, its

mnistration ef cti or t etreatrrent of any o
modédef alinspmgaticn, anésha Inkct. CEleedipomadnof thh irsventipe are preferably

expressi.on "eff e anou u rel
for Bisdvi ovage oo Y6 BRe pLm gt e bR aidoSree. The
expBaSioh “H&sakBhRifbrnt’ D (G @WeddirDfe fdrt KD pE@idally discrétetbit Sf

to a sufficient anount to reduce the effects of

therapeiisragemappeopainte Bmdhimpaticatigi hedtpatad) 11t wall Pe ppdasstood,
howelilztg:{ %I‘(j}} tléeotﬁ’g‘fllll %?}2 q;ggt%ﬁgpedé ?dé Frg (ésr?tli'\’ ns%g?n xﬁrgg:nt

mv&itﬁ)@aﬁlﬂﬁae debilep &’Iytthélaﬂteﬁlﬁlm}iy@ﬂmamﬂageh& scoipk Sf Bmﬂhd médical
adm ni stration, and t The co unds of .th
judgmgintlihgspegidc ﬁreéefr@r%qlv @ffEﬁCHW dessdey g@”lfrﬂlftr patient or

org%rﬁ_[ng]v{/lﬁrd_?ﬁ )J;H n £AUHR 5 fa@{o'rsoﬁcﬂlﬁglg%ﬁb ti%rometr Ye g treated and

ression "dosage unit fornf as use
the besreeutmof the elrsxordan the phtydiycef thy sphcsfor etnepamidtenyfloyed; the specific

composition employed; the age, body weight, general health, sex and diet of the patient;
the time of administration, route of administration, and rate of excretion of the specific
compound employed; the dufation of the treatment; drugs used in combination or
coincidental with the specific compound employed; and like factors well known in the
medical arts (see, for example, Goodman and Gilman’s, “The Pharmacological Basis of
Therapeutics”, Tenth Edition, A. Gilman, J.Hardman and L. Limbird, eds., McGraw-Hill
Press, 155-173, 2001, which is incorporated herein by reference in its entirety).

[0134] Pharmaceutical compositions can be administered systemically, e.g.,
enteral and parenteral methods of administration such as intravenous administration,
intraperitoneal administration, intramuscular administration, intracoronary
administration, intraarterial administration (e.g., into a carotid artery), intradermal
administration, subcutaneous administration, transdermal delivery, intratracheal
administration, subcutaneous administration, intraarticular administration,
intraventricular administration, inhalation (e.g., aerosol), intracerebral, nasal, naval, oral,

intraocular, pulmonary administration, impregnation of a catheter, by suppository and
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WO 094079888 | y usage of the conmpounds and conposPET/bp2H08/§13498
the present invention will be decided by the attending
dlre‘EEMﬁ’écﬁbﬁ‘ E‘ntWattﬁbﬁE b §ys?&19ﬁ§ll§’5bs%%€'@lcbﬂf%gl' &%udo@ﬁgﬂﬁﬁﬁlstratlon
e specific therapeutically effective dose | evel
Guldmycepfar $ysmnmlaradp)amxsteaitonmf conpasitions of the pd@petndvm@n,
tors i ncl

inclin BpirogHate e E P e e SgPng SisineB R B fowpe g ¢ in

U. Soi’atteﬁleA?;ﬂﬁﬁlhBh SuBERIeH RCnHEP C0FP0R474NE, the ktirkicEntents of which
ositi on enpl oyed; the age, body melght gener a

are n@amomate@, b&reanlw thISetteffmencteh dn gertainskemplagy emhedigents, the
nistrat [ ti n

i G053 AL, SR BT B SRR TRl Whmpouncs
of tBmatntioh i@fthiskapidigahnbe tiourd) fgsexdmdtt, imWi 0bi0naT9InN

or coincidental with the specific conpound enpl oyed;

and like factors well known in the nedical arts (see,

for exanple, Goodnman and Gl man's, "The

Pharnacologlcal Basi s of Therapeutlcs Tenth Edition,
EQNIVALENES " J Hardman and L. Linbird, eds., MG aw Hill

[OI?f»e]eSS l’ﬁg’os% %ﬁ lea%) ?1‘} raﬁ{“yﬂpreféﬁég{ %E)ﬁg Egite%i %ﬁgﬂnrhsﬁyg no

ference i'n I S en arrraceu

moRAhRDBIUtihe BSpetimieritaioad Many staiveldns)s tl&rﬁpeaﬂc)embed@nents of the
enteral and parenteral nmethods of adnministration s

invepdion desciipef HEEeimaniioh S isIghareIpepdgsdp b@@ﬁé%ppassef by the
1bu6@ﬂkﬂhﬁﬁkat'°” i ntramuscul ar adm ni strati on,

I ntracoronary adm nistration, intraarteri al

adm nistration (e.g., into a carotid artery),

iR RO Y RERERENER, Supcutaneous

fsoetel delivery, intratrachea

[013¢) ni stTrd wﬁbmwbﬁui&&em PgItE a8l Ipatehpabphcatlons cited
intraarticul ar adn1n|strat|on i ntraventricul ar

throaghoutitkis applietioniarhiagrely mqomp@raﬁq bueafersote |
intracerebral, nasal, naval, oral

72



a cat heter,

adm ni strati on.

01501 s

nt raocul ar,

pul nonary adm ni stration,
by suppository anddirect
WO pMNE81Hr system cally absorbed topical
Qui dance for system c adm nistration

EXEMPLIPRELFiGRS of the present invention,
——approprrate aos

I mpregnati on of
injection into a
or

i ncl udi ng

age forns, dosages and d03|ng schedul es

f ’?Hg]fjo’#OWl

tron

Stk nastle P BucrinnS e

(RPhLERLT O

he en ire contents

C

dfrmii ch are incorporated hg

ertaln pypnnlarv enbodi nent

2 t@nBthlsilyhi s reference. In

s the |inventive pnrrnmmrlc

n

L tamethylsdy] ehloee f or usi ng

f

mWﬁ@Lused as coating for g
| S UI lllc IIIVCIILIUII |
0 K/&lor exanple, in WO 05/

e R

ENTS

—

P5] Those skilled in the
ble to ascertain using n

or be

afifsoprobylsilgicogni ze,

re than routine

@D

xPBAFment at i on, _many equi v

:Lﬂfémbstytl @Immmmgpéhlorlde

nda Al s ot o A f
I_%LI—ICIIL S Ul l [IC T IIVCIILI UT[

I[CI [SILAE DUL,II

W&‘Sﬁ%’gél Y by the

lents are intended to
aghew ng clai ns. [ NCORPORA

he contents aof all refereng

MCHES1008/013498

lp%let%xﬁtﬂeERENCE [0136]

patents and pat ent

QD =D

p@]‘fcatl ons cited thr oughOl

arahb

Jttrlﬂfittﬁs appl | cation are

HRcorpot-at et uy refet

‘ét;] The foll ow ng nam ng

ROl PEAmEL) o uoon

Pé'%r e used

aguenM: [0138] Amounts of rg
elation to the first liste

2 agaBhsxghaneyl bel ow are in

[ eagent far any nlvpn

0N = —~YVr—

dhede. When vol umes are gi

@wrldtrhlgy chlozochapmateat ed

<

£
;T%w IIC Conver OI O abl. Ot

Exanpl e 1: Synthesis
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Ygpesi S of diolfrom D-ri bd

D butyl diphenyl ether

DMAP dimethylaminopyridine
THF tetrahydrofuran
IPA isopropyl alcohol
TBAI tetrabutyl ammonium iodide
KOtBu potassium t-butoxide
DMSO dimethyl sulfoxide
TBS t-butyl dimethyl silyl
TFA trifluoroacetic anhydride
KHMDS potassium bis(trimethylsilyl)amide
DCM dichloromethane
[0138] Amounts of reagents given below are in relation to the first listed reagent

for any given scheme. When volumes are given, they are calculated using the

conversion factor of 1 kg of weight =1 L of volume.




1) Acetone, H SO4 2) TBDPSClI, |m dazole |IWnyl MgBr OH

OH 2) Heptane Crystallization " OIBDPS 001 [0139]
wmpoTses ( 1 wt) was suspended in acetone (5 ROI/UR®S§/013498

Sul furic acid (0.05 ws) was added and the m xture was

Exirg'greédﬁ%#mésism peR¥910! M dazole (0.6 wis) was

e mxture s allowed to stir 15 m nutes, and

Sc,}‘);,?gl&.t@(;,t;geggitozq?,gmgQj_ﬁttbiau ed of f. Acetone (0.5 vol)

was charg reactor. The acetone was

distilled off and the procedure was repea ed.
Di cht t\‘hagg' (19.A e L. ¥8s char gel®rnt oyt heoreses or
and di syill ed”oftTaHPst s Mas tak n crude to
the n thaction. [0140] To the acetonpded 1 wts)
was adg_er%oéem' dazol e (0.36 wts). The nmixtpke was
suspended 1 n dichl oronethane (5 vols) at 25 C. The

m xture was cooled to OC and tert-butyl di phenyl silyl

chloride ( 1.4 / §) \ added. A sat ursffed | ution of
amoni um chl ori 2 s er (1 vol3d was
added and the miXt{ure stirred I 'ﬁux/e\s’_?BNE/Pﬂngs

vol s) was added to the mixture and stirpedcp mnutes.
The organic solution was separated and washed with

water (2 vols) and brine (2 vols). The orgaqi c layer
was concentrated and the crude TBDPS protected | act ol

was obtai ned. The material was taken crude to the next
[0189kp. [ OD4RiboTo(lawdorastsuspended ihecerBRRS valumeeshi galfyriqacid

(0.(% \§VES) iwrells gg'(i:ed(angi'tﬁe \Iln%lctﬁ}e {ks §t?r9edo&1til homogeneous. Imidazole (0.6

wts) was added. The mixture was allowed to stir 15 minutes, and then the acetone was
distilled off. Acetone (0.5 vol) was charged in to the reactor. The acetone was distilled
off and the procedure was repeated. Dichloromethane (0.5 vol) was charged into the

reactor and distilled off. The material was taken on crude to the next reaction.

[0140] To the acetonide (1 wts) was added imidazole (0.36 wts). The mixture
was suspended in dichloromethane (5 vols) at 25 °C. The mixture was cooled to 0°C
and tert-butyldiphenylsilyl chloride (1.4 wts) was added. A saturated solution of
ammonium chloride (2 vols) and water (1 vol) was added and the mixture stirred 15
minutes. TBME (2.5 vols) was added to the mixture and stirred 5 minutes. The organic
solution was separated and washed with water (2 vols) and brine (2 vols). The organic
layer was concentrated and the crude TBDPS protected lactol was obtained. The

material was taken crude to the next step.

[0141] To a solution of the TBDPS-acetonide (1 wts) in THF (1.6 vols) at -20 °C
was added a solution of vinyl magnesium bromide (1 M/THF, 5.8 vols) at a rate
keeping the temp below —10°C. The solution was allowed to slowly warm up to 25°C.
The reaction was transferred to a cold mixture of saturated aqueous ammonium chloride
(4.5 vols), TBME (4.5 vols) and water (1.8 vol). The aqueous layer was separated and
the organic solution was washed twice with water (2.25 vols). The organic solution was

washed with brine (4.5 vols) and concentrated. Crude diol 001 (35.2% yield from d-
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was added a solution of vinyl magnesium bromde ( 1
M THF, 5.8 vols) at a rate keeping the tenp bel ow
WO 10094758The sol ution was allowed to sl owy warPCT/PS1008/013498
25C. The reaction was transferred to a cold m xture of
rib) YhELT U AUERIT RPRR. JRCGPIA YR cofleleliahd skl lith col
heptampsairaati et daied. t he organi ¢ sol uti on was washed tw ce
with water (2.25 vols). The organic sol ution was
Schmsehe Syntliehis vy iqreratébpAUplic Redindiononcent r at ed. Crude
diol 001 (35.2%yield fromdribose) was crystallized
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(0.76 \75@{ s) in tert-butyl nethyl ether (1. 7%gyols) at
0C was added acetic anhydride (0.46 vols). The
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i rred e Wwas coo
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[0143] A reactor was charged with catalyst Pd(Phs;P), (0.02 wts), triethylamine
(0.37 wts) and THF (3 vols). The solution was cooled to 5°C. Formic acid (0.17 vols)
was then added. After the addition of formic acid was completed, a solution of diacetate
(1 wts) in THF (1 vols) was added. The mixture was heated to reflux (65°C) for 2 hours.
Upon completion, the mixture was cooled to 0°C and quenched with water (1.82 vols).
Tert-butyl methyl ether (2.73 vols) was added and stirred for 15 minutes. After
separating the aqueous layer, the solution was washed with 10 wt % aqueous cysteine
(2.0 vols) and then saturated sodium chloride (1.82 vols). The organic phase was
concentrated. The crude oil residue was dissolved in IPA/water (9:1) (5 vols), warmed
to 70°C and then cooled to —5°C. The crystalline acetate 002 was filtered. The cake
was washed with cold IPA/water (9:1) (0.5 vols) and then dried (64.8% yield from 001;
M.P. 64-67°C). 3C and "H NMR of 002 are depicted in Figure 3A and 3B.



(1 ws) in THF ( 1 vols) was added. The m xture was
heated to reflux (65C) for 2 hours. Upon conpletion,

w0 b@onistgire was cooled to 0C and quenched wi t PCIHEHSZ08/013498
(1.82 vols). Tert-butyl methyl ether (2.73 vols) was
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aver
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(9:1) (0. 5 vol s) and then drled (64. 8%y| eld from001;
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was suspended in THF (4 t he suspensi on

potasgigavicaveanatq . 3wts) o MeOfd (.43 yolr)eBeﬂ mmgres\w;f@ﬁ@ﬂdﬁ 10°C and
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sep@réf@ét i15p o@RicPhashEgs f@ns%ztstlﬁ%wetilé)rmerﬁtht@ ﬁanfteﬂtsrated The

cru Q@Jﬂo‘f\xjagg\%d wﬁﬁ%r %ﬁﬁ?&tﬁ‘d}r The organi ¢ phase was

en washe i'ne (4 vol) and concentrated. The
[Olﬁ]ude al TohaltolwA$] ws.¢ svapiatduonopedd withfanbzdioosn THFO345).78 wtis)
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therocharg'ddewrt]e 30 twil% {pa@ssmm tert-butoxide in THF (1.4 weights) diluted in
anhydrous THF (0.94 wt). The mixture was stirred for 15 minutes. 4-methoxybenzyl
chloride (0.43 wt) was then added. Upon completion, the reaction was quenched with a
0.5M solution of sodium methoxide in methanol (0.55 weight). The mixture was then
allowed to stir at ambient temperature. The mixture was concentrated and the remaining
oil was partitioned between water (5 weights) and tert-butyl methyl ether (3.7 weights).
The organic layer was washed with saturated aqueous sodium chloride and was then
concentrated. The crude oil was used with purification.

[0146] The silyl ether (1.0 wt) was dissolved in THF (2.3 weights).
Tetrabutylammonium fluoride (1.0 M in THF) (1.9 wts) was added. Upon completion,
10% aqueous sodium bicarbonate (2.6 wts) was added and the mixture was extracted
twice with tert-butyl methyl ether (1.9 wts). The combined organic layers were washed

with saturated aqueous sodium chloride (2.6 wts). The organic layer was then

concentrated to provide crude 003.
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then charged with 20 wt % potassiumtert-butoxide in

THF ( 1.4 weights) diluted in anhydrous THF (0.94 wt).
Wapwy8itire was stirred for 15 m nutes. PCT/US2008/013498

4- met hoxybenzyl chloride (0.43 w) was then added.

Upon conpl etion, the reaction was quenched with a 0o 9M oH

sol ution of sodi um net hoxi de i n net hanol (%'Mg%

wei ght). TH¥ i xture vvas then al | owed to star
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wtsD] 9?59 e&%ﬁetlsgcém%&)d 0 @ma@aq wlnﬁsme]be%@ NW$CO; (9.98
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weights).. THheombinbd ageous gadmm Hl@]bw@tmmcmmwdre\mmmed to the

t d hl 2.6, w Th
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exn(aotedmvht EBME (3. %1 wis) afhe é”B(ME rganjg kyersayage mmnp@trated
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NMief 063vixe e fictdus Cusurs odi andh 4B.car bonat e extracti ons
were returned to the reactor and then washed tw ce

with heptane (2.27 wts). Sodi um hydroxide ( 1.23 ws)
was then added. Upon conversion back to conpound 003,
Scherte Gddamiding exidetien

OMPM ' OMPM
N “_OH S0, pyridine, DMSO w
\/Q—g\/ IProNEt, CH,Cl, - o o CHO
P P
003 004
[0148] Primary alcohol 003 (1 wt.) was dissolved in anhydrous dichloromethane

(5.0 vol.). The solution was cooled to 0°C, and then diisopropylethylamine (1.38 vol.)
was added. Sulfur trioxide pyridine complex (1.29 wt.) was dissolved in anhydrous
dimethylsulfoxide (5.00 vol.) in a separate reactor. The SO3Py/DMSO solution was
added alcohol/CH,Cl, solution. Upon completion, the reaction mixture was quenched
with cold water (6.4 vol.). The organic layer was separated. The aqueous phase was
extracted with a mixture of heptane (4.50 vol.) and dichloromethane (0.30 vol.). The
combined organic phases were washed with 5 wt % aqueous citric acid (5.0 vol.) until
the pH value of the aqueous layer was < 3. The organic phase was washed with 10 wt%
aqueous sodium bicarbonate (2.50 vol.), and then saturated aqueous sodium chloride
(4.80 vol.). The organic phase was concentrated and dried by azeotroping with heptane

(2 x 4.0 vol.), providing aldehyde 004.
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extracted wth TBME (2.73 ws). The TBME organic
| ayers were then concentrated yielding a yell ow orange
wo@ri09pfsseonpound 003 (66.2% yield from002). 1BC/asmb0od/é13498

NVMR of 003 are depicted in Figure 4A and 4B. Schene 6:

SO -pyridine oxidation 003 004 [0148] Primary al coho

003 E 1 w.) was dissolved in anhydrous

; : j ed to

S R e e R S T S
hydgibakyrdtell fur trioxi de pyridine conplex ( 1.29 wt.) '

was di ssol ved i n anhydrous di net hyl sul f oxi de (5. 00

vol.) in aDBeparate1r ctor. The SO Py 50 sol ution
was added_h| cologkl SRLIETN. ddeh campyetion,
the react’i on m xturg) pygAaL@uenched w cold water (6.4

vol .). The organic layer was separated. PA2 aqueous
phase was extracted with a mxture of heptane (4.50
vol .) and, di ¢hl or omet hane éO.SO vol.). The cembi ned
or gan ases e 9 eous &G tric
aci d té% voI.)P%Lti ) P SR ate off% e a uedﬁ?hr

| ayer was ©€08. The organi’c phase was washed%ith 10

wt % aqueous sodi um bi carbonate (2.50 vol.), and then

[01493t Ur at e4h ABUED S, dSOEIUYrall(0 kit JevasAd8Q 160l solutichef 2.0 M

~organi c phase was concentrated and dried b )
lithinmedtsoproprigmide 6l Ohepl 28 C( he mixgirg sas )st,lrrpg BFi3@i mgutes, and

al deh: 00 h h i.S..
thengpas g% g ﬁ?%oglc't ’gge lrﬁz‘ﬁ{’ %/fl%%ﬁfl Iéf}:'c!‘g% 9’3# %&'@ glt ) %3 4 wo) was
adddDOWARE miatiyihing-A Shctivntefpyiatiry batosv {1 SICWUpbnwasmpelthadthe

to a solution of 2.0 MI1ithiumdiisopropyl anide (
reacfipn wagquerbed THIh sHureigH @qugaus STRomun(CHIonss %Vﬁhi-é&}e

mixﬂ{}g was extracted twice with ethyl acetate (6 vol. each). The combined ethyl acetate

layers were washed twice with saturated aqueous sodium chloride (6 vol. each), then
concentrated under reduced pressure. The crude mixture was dried by azeotroping with
heptane and used directly in the next reaction.

[0150] The crude material (1 wt) was dissolved in anhydrous DMF (3.7 wt.).
Imidazole (0.77 wt) and tert-butyldimethylsilyl chloride (1.25 wt) were added. Upon
completion, the reaction was quenched with water (4 wt.) and extracted twice with
heptane (4 wt. each). The heptane layers were concentrated under reduced pressure,
then solvent exchanged to toluene and used directly in the next reaction.

[0151] The crude ester (1.0 wt) was dissolved in anhydrous toluene (1.22 wt.)
and the solution was cooled to -10°C. A solution of diisobutylaluminum hydride in
toluene (4.5 wt) was added maintaining a reaction temperature below 0°C. Upon
reaction completion, methanol (0.4 wt) was added. The reaction mixture was transferred
into a solution of cold aqueous hydrochloric acid (6.0 wt). The mixture was extracted
twice with methyl tert-butyl ether (2.3 wt. each). The combined organic layers were
concentrated under reduced pressure. The crude produét 005 (68.7% yield from Ethyl 3-
(S)-hydroxybutyrate starting material) was then purified by vacuum distillation (100-
120°C at 10torr).
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then was cooled to -20C. A solution of nethyl iodide

(1.8 w.) in THF (3.4 w) was added whil e mai ntaining
wW@200eatsioNn t enperat ure bel ow - 15C. Upon conpl BCT/082008/013498

the reaction was quenched with saturated aqueous
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0l i fo
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Upon reaction conpletion, nethanol wt) was added.

undamdmcad@msenremnﬁltuaccédmlytmalrrﬁsmemt r@dtlomt o a sol ution

0o o GREERBPR G W W 108 i Tigipe 10w

waseldied addhd nyiktur€aah ytirrdd & 100 WARDhe i@HaE 6/ab ayEsushede Behyl
concentrated under reduced pressure. The_ crude product

acetglpy5 (vegwaw}de@ andfthe MiEturs Yagmaingyiogd af reflppiar20dpigutes, and
thexgﬂsog)?cﬂ tpg) &ﬁt %)ltu’f?&lﬁd%s%nﬂrﬁ e8¢ b6 VRLAYield from 005)

was filtered, r1nsed w1th additional ethyl acetate (7 vol) and then dried under nitrogen.

13C and 'H NMR of 006 are depicted in Figure SA and 5B.

Scheme 9: Wittig Coupling

H i) BuLi, THF
. : »
TBSO PPhsl i

iilCompound 004
006

[0155] Phosphonium salt 006 (2.40 wts) was dried by azeotroping with
anhydrous THF (9.60 vol.). Anhydrous THF was added (4.80 vol) and the mixture was
cooled to 0°C. 1.6 M n-butyl lithium (2.42 vol.) was added, and the solution was stirred
for 20 min. A solution of aldehyde 004 (1 wt.) in anhydrous THF (1 vol.) was added to
the reactidn mixture and the reaction was warmed to 20°C. Upon completion, Celite

(1.3 wt.) was added followed by a solution of citric acid/D.I. water (0.13 wt./0.15 vol.).
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120C at I Qtorr).[0152] The al cohol 005 ( 1.0 wt) was
di ssolved in THF (3 w) and cooled to OC.

waegeepmstaim ne (0.51 wt) was added fol | owed byPCT/US2008/013498
met hanesul fonyl chloride (0.55 wt.). Upon conpletion

Hepﬁ;lfne (heo W@Bﬁ%h@ﬁﬂdeﬂ@h& the( RixBuidtyasWatered satwhsdkd onechdpyane (2
heptane (3.5 wt.). After phase separation, the heptane

x5. l?aw,lr) Vidis comblned fiirates sierqsenceniraied Haptang &7&1@1()2%56 added
o g DB OB SR, HOBT o3cH R dor SR dle
ﬁltra{t@ﬂ&@ﬂe coheentsad aidehé &ruﬁe\t\ﬁa)temaSvﬁlussd)Whﬁhtlmnﬁcaﬁme C
f) Sodiumiodide (1,0 wt) was added and the '
and rﬁINMRé) W99 arredericied & Figrre S a0p6R- conpl eti on, t he
reacti on was cool ed to anbi ent tenperature and wat er
(2 8 wt) was added. The m xture was extracted with
0 vol The heptane | ayer was washed
Sc"%ﬁ%@cﬁf’ gf‘fftlon)h sat urat ed aqueous sodi um
bi carbonate ( 1 ) .- saturated aqueous sodi um
thio fate (2.5 ). and sat urated aqueous sod\b({ w, OTBS
chl ari . . The heptane | ayer was concgnt jat ed
' e 1@pda,ubed odinvect |y in
| phenypresdpRinrse (3. Boct ,
e Podide ( 1.0 wt) was added and th
M xture was stlrr% 100C until| the iodide was o)
cormaaed. Ethyl aggtate (5 w) was added and the gog o—#
m xture was maintained at reflux for 20 m nutes, and
then cooled to OC. The resulting solid phosphoni um
salt 006 (72.4%yield fromO005) was filtered, rinsed
[015@th h addibeitflate 0®7RY1.1aagtaéfn 007 (100 wtpasd t hen dri ed
nder mtrogen 13C and 1H NWR of 006 are deﬁl cted in
tns(ﬁb@w@ dspeagpigneedipadadivi veere gpmpingd am a FFACHY;

methylpyrrolidinone (3.3 vol) and dicyclohexylmethylamine (0.77 wt) were added. The

mixture was stirred at 80°C. Upon completion, the mixture was cooled to 20°C, and
Celite (1.5 wt) and ethyl acetate (10 vol) were added. The mixture was filtered and the
solids rinsed with ethyl acetate (30 vol). The filtrates were concentrated under reduced
pressure. The crude concentrate was purified by silica gel chromatography, which

afforded a 72.5% yield.

Scheme 11: Macrolactonization

N 4, OTBS

1) LIHMDS, then Etl o
2) TBAF, Imidazole-HCI Boc.
3) KHMDS, 50 vol THF )

then TBSCI addition

[0157] The Boc-amide 008 was dissolved in dimethyltetrahydropyrimidinone
and cooled to 0°C. A 1.0 M solution of lithium bis(trimethylsilylamide) in THF (2.5
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TBS 007 [0155] Phosphonium salt 006 (2.40 ws) was

dried by azeotroping wth anhydrous THF (9.60 vol.).
wa\ndvgarssuwes THF was added (4.80 vol) and the m RECT/US200%613498

cooled to OC. 1.6 Mn-butyl lithium(2.42 vol.) was

.voli@?seﬁjddean &o‘éﬁgﬁﬁ k\gj‘w\ﬁ%@d&w {h%ﬁ‘%é‘ RAfxt@R WisWarfhed to 0°C.

ution of i n anhydrous THF (
Upatotanpletien, amsdmd(time Watseoobdab i06@ ami ytag qeeraahed mhth Saturated

t to,. 2 U
b BR e SATTL P0C  RSD SETRL L S i
ml)é‘l‘ﬁ‘eQ);erﬂtaﬂ@Me@ vé1§ adBméthy/] Gerl ButyPbthdr (?Qp‘gtﬁ? e’l"lﬁegc&ﬁbmed organic

was added and the m xturé was ered and
layaxs sieeiwadhet vridptaaurated ECIIXCCBIS 3adivgl chloriden@S vehtsind dlaen

cong%&aéeadt Lﬁ%le\f\ﬁerél%g% I?r}{%%gﬁer \thg ?mfi? gﬁyq gﬁleﬁ' ?%%cleﬂtdgtvem \%ﬁ%%?lﬁed by
silid¥eRll SR@niafogtaphy! Y/hicdl afforddd@94%nhelged filtrates were

concentrated and the crude materi al was used w t hout

[0188]r i f i calmigpzola Bdiraeioride (v wt) Wasdiasobveddpild ¥d i n

R AN e BT S SRR 8 130 T

THF (4 .8 (vd))benzaddedleUpae eérﬁﬁE)mﬁll the kﬂlmdrmwameemhmmm eaturated

in a reactor. Noreth rroljdinone (3.3 vol)
aquUEPLSATIBPRIKY FhieTA (dgnon‘é [y anarextigeied %é’reé ﬂa%vfa yth I‘Pﬁ@yl tert-butyl
ethéP(M Y Ce RS Fﬁé r%‘élgc 18%?@%{&@&&%&1 W‘bh \I/J&@r (33 vol) and
ture was coo . and ite )

satteatbgi' hquoes ad)chumldhlomie)@ wob, adiben cd'rmenmtxd unéerwa@ced
f||t ed and .t solids rinsed th et.h tat
prespufe, THeifugs e EETeRETRIcoUR ALY IR Rpces] ETER AT PhY
whilh 8ESHIe8 a ST, Gidigle concentrate was purified by silica
gel chromat ogr aphy, which
[0159] The alcohol (1.0 wt) was dissolved in THF (47 vol) and the solution was
cooled to 0°C. A 0.5 M solution of potassium bis(trimethylsilyl)amide (3.0 vol) was
added over a 3 hour period. Upon completion, a solution of tert-butyldimethylsilyl
chloride (1.0 wt) in THF (1.0 vol) was added. Upon completion, saturated aqueous
ammonium chloride (25 vol) and water (4 vol) were added. The mixture was extracted
with tert-butyl methyl ether (25 vol). After removal of the aqueous layer, the organic
layer was washed with saturated aqueous sodium chloride (25 vol). The combined
organic layer was concentrated under reduced pressure. The crude concentrate was

purified by silica gel chromatography, providing compound 009 (57.4 % yield). 13C and
'H NMR of 009 are depicted in Figure 7A and 7B.

Scheme 12: Compound 010

TBSO O 2
1) DDQ
2) Dess-Martin
3) TFA > Hy
4) TBME/Heptane : )
5) IPA/Heptane/water
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afforded a 72. 5% vyield. Schenme 11: Macrol actoni zation

D LiHVDS. then Etl . 2) TBAF, imdazole-HC 3) KHWDS,
WGQWHTSSTHF t hen TBSCl addition [0157] The BocPGHIUS2908/013498

008 was dissol ved in dinethyltetrahydropyrim di none

(01619 Coo'ﬁgolheo%fméa%chlMo%@ Pk Eh&ithllo!r&ﬁétﬁmle (2.7 vol.) was
e o

I's(trinmethylsilylam de) was ad
added)tdxxeltehetnecc(nlalamgt@lcma@dmm@benmmmnqmdﬂﬁQ,t Qjﬁé“m)a@d water

0 e e B e Sl o

bicdzhortd @) (APankPéaturatbd Sodiutt thoBulfae (@Wbl’)a@lf%i’ gﬂ‘n%eesf%paratlon
tinmes with a mxture of heptane (4.0 vol) net hyl

the mepusblavsn wast gydracied voth/d pyixturened eél@ﬁ@pﬁe@ 6 r3g\éfﬂ) gnd heptane
(2'6C\ﬁ )e Mt V&{rg)énm%sﬁggmw d&ﬁﬁé\%t‘érc%kgeqltr%%ﬂe glld %‘ag&é@c{ascsgg The

oril en concentrat

crud¥ @nseHtRte Whedissdlae] 1$1Ielth&1 aetther(l 6cm)¢mtdrtht: golwEisn was added to
urified by silica gel chromatography,. which afford

aso, t@@%fyﬁralcar apigedwrqohiamided ) &2 i presk Fadinm deetpts, (904

watdd. 9%8@0'%% ddhpletor HELI AR WK AR hHarhlBLéMitg gﬂ%ﬂ ﬁcetate
3. 3l4Wo]|)HH“h€:lhdeouslp}1amwasaxéd&d/ed tﬂ;zmnthe (fﬂphte!; amhthetdngamc layer was
o S BTN S L QSN AL o
hept¥Rb gl/ol gﬁd diRHioYdmEhBRY %2(@-Qoly (};ol@ﬁ?iMredTﬁ?d SHEBARREH under

org ['ayers were was wat er (33 vol) and

redgat preased, mqwdmths@blylumal@hh@rl de (33 vol), and then
concentrat ed under reduced

[0161] The allylic alcohol (1.0 wt) was dissolved in dichloromethane (4.0 vol).

Dess-Martin periodinane (0.68 wt.) was added portionwise. Upon completion, the
reaction was quenched with saturated aqueous sodium bicarbonate (7.0 vol.). A solution
of 10 wt% aqueous sodium thiosulfate (5.5 vol.) was added. The organic phase was
separated and the aqueous layer was extracted with a mixture of ethyl acetate (2.2 vol)
and heptane (2.2 vol). The combined organic phases were concentrated under reduced
pressure. The concentrate was dissolved in ethyl acetate (4.5 vol.), and was washed with
saturated aqueous sodium chloride (1.5 vol.). The organic phase was concentrated under

reduced pressure, providing the enone.

[0162] A solution of the enone (1.0 wt) in dichloromethane (6.5 vol) was added
to a 0°C solution of trifluoroacetic acid (6.1 vol) in water (0.3 vol). Upon completion,
the reaction was quenched with chilled (0°C) 15.0% aquebus ammonium hydroxide
(11.0 vol). After separation of the organic layer, the aqueous layer was extracted with
dichloromethane (2.3 vol). The combined organic layers were washed with saturated
sodium chloride (4.6 vol). The organic phase was concentrated under reduced pressure.
t-Butyl methyl ether (2.2 vol) was added and the mixture was warmed to 55°C. Heptane
(2.2 vol) was gradually added, then the solution was cooled to 0°C. The solids were
filtered and washed with a 0°C mixture of heptane (1.4 vol) and t-butyl methyl ether (1.4
vol). The solid 010 was dried and then suspended in 2-propanol (5.0 vol) and warmed to
65°C. Water (0.1 vol) was added followed by gradual addition of heptane (7.5 vol). The
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pressure. The crude al cohol concentrate was purified
by silica gel chronmatography, which afforded a 51. 6%
wQ e@bd758i9159] The al cohol ( 1.0 wt) was di ssSoP@BEUS1008/013498
THF (47 vol) and the solution was cooled to QC. A 0.5
mixVré YatitHearto8fedRO108S Shd Mebiotids bf OHY (30 B lyydld aish0@09; 34.0. 157-
vol ) was added over a 3 hour period. Upaon conpl etion
1598Cxweratiilisreds rinsed with amyictireraf hentane (214 ¥al) ard g@rqpengl (2.4

N THE, (B Q : [

vol){d ol 84 L SO HINBES o POEHe ARRRAIRTRRRS B iR

(4 vol) were added. The m xture was extracted with

tert-butyl nethyl ether (25 vol). After renoval of the

aquequs | ayer, .the or (G |ayer was washed with
Exa&&%gagw&saﬁ%&g%ﬂ@m{% oride (25 vol). The

conmbi ned organic |ayer was concentrated under reduced
Sc"ﬁﬂ"é§§ﬂf’é¥daﬁﬁéfeyﬂtm‘éy@/dfﬂgé;ﬂ“ﬁé‘ﬂé was purified by silica

gel chromat ography, providing conpound 009 (57.4 %

yi el d). @%{V@nd 1H NMVR of 009 are depicted | ure

. SC

7A and 7 H2: dRd SM8H0160] A 5ol ution of
macrocycle 009 ( 1 vvtl? ipﬂ%@(ji ’_@éromet hane” (2. 7 vol .)

was ad toya Peact MPMO,,

di chl or odi cy@rghenzoquisuenagHEDDQ, 0. 35 wt)

(0.6 vol). Upon conpl eti on\ the reactd o

wi th sat urat ed3 aqueou8) BB um BFPBar bonate ¥ 4,0 vol )
ﬁét\er phase

separation, the aqueous |layer was extracted with a

and saturated sodiumthoisulfate ( 1 vgly .

m xture of ethyl acetate ( 1.3_vol) and heptan 2.6
[0163)] ) . THeorapoWId MY WagAtheszey Bpm ‘%/%‘F@“é‘gr@ér?? 5§°é1&?ed above
: RE6le  educed pressure. The crude concentrate was
mEg Eel. . :

ssolved in ethyl acetate (1.6 vol) and the sol ution

was added to a solution of sem carbazi de hydrochl ori de
(0.22 wt) and sodium acetate (0.54 wt) in

Scheme 14: Crystalline intermediate 011.

4, OTBS

i) TBAF, THF
i) p-nitrobenzoyl chioride
DMAP, Et3;N, DCM

iilMeOH Crystallization -

[0164] The TBS ether 007 (1 wt) was dissolved in THF (0.88 wt.). A1.0OM
solution of tetrabutylammonium fluoride in THF (2.1 wt.) was added. The solution was
warmed to 50°C. Upon completion, the mixture was cooled to 20°C. 10 wt % aqueous
sodium bicarbonate (3 vol) was added and the mixture was extracted with tert-butyl
methyl ether (6 vol). The organic layer was washed with saturated aqueous sodium
chloride (3 vol) and was then concentrated. The crude material was used without

purification.



water (0.96 vol). Upon conpletion, the solids were

filtered and rinsed with ethyl acetate (3.34 vol). The
wauwentsiphase was renoved fromthe filtrates BCMUS1968/013498

organi c |l ayer was concentrated under reduced pressure.

[016B)e conae(mmaﬂglam&o)iaiyﬁam\(e@simﬁwa@ added o @fsollilaplh afithe
2 vol) and di chl oronet hane pol |

alcopp] (layg in anipdirewnHaR{(? ¥eled Hrﬂ%ylamwdéémP @@% added and then
I
e O35 0 15 P £, o i
was\ldn) stirfodss 3 B8 t Wporpemhpmeliiorg nise l(eﬁctﬁﬂl s, c)ooﬂmbtoa?(ﬂ)d@d 5 wt%
porti %nvvl se. Upon

aquEAYS sedum bFahonale &W%@W&é a%‘afiisJ1 Hoe %e'a‘{yﬂm?ﬂyﬂ gther (15
vol)( 7th ngAfa i9 ghé?g%@s%dsﬂéﬂ Rhth 28 Wf/%&\%ﬁé’wm&@%w}lde (10 vol).

hi osu was added. The organi ¢ phase
The\mgrm@]ﬂmsatved canckntied agd e}amsolvw excmse@mm@tbm \MttthanOl

(6 VGl i ko diorbu i gum verpiedde S B ourEE SRRkt So°c fo

30 rHiRERS e{rﬂctﬁ&ﬁgodlr@%m@ ThB@ry:edIERNolial(86 Wes yidids 0PV 86 89°C)
in ethyl acetate (4.5 vol.),” and was washed with

wasfdtemdamhqhwéb gsldgvethenn! ehd driedie Asinglg cysial pf comppound 011

s P R ST P £ o SR AR

de {CaedqangurepAdarﬁimE)rorret hane (6.5 vol) was added to a
00C solution of trifluoroacetic acid (6.1 vol) in
water (0.3 vol). Upon conpletion, the reaction was
guenched with chilled (QC) 15.0% aqueous anmoni um

Schieme1§x Deeprotettian foliowey by eckrcoypfing at i on of the
organi c |l ayer, the aqueous |ayer was extracted with
di chl oronet hane (2.3 vol). The conbi ned ani c.,|
wer e waslie B saturated sodi um chl ori . fol ).
The organi £ phase was concentrat ed und

MPMO,,

Boc.
ii) 0.5% Pd,(dba)s N

NMP P
072 0 O‘ﬁ

O 012
011
Boc- N~ o
011a
[0166] The p-nitrobenzoate ester 011 (1.0 wt) was dissolved in THF (2.65 wt)

and methanol (0.4 wt). A 10 wt% aqueous sodium hydroxide solution (1.65 wt) was
added and the mixture was warmed to 35°C. Upon completion, the reaction was cooled
to 20°C. Water (3.0 vol) was added followed by methy! tert-butyl ether (6 vol). After
separation, the organic layer was washed with 25 wt% sodium chloride (4 vol). The

solvent was removed under reduced pressure.

[0167] The aryl triflate 011a [1.26 wt.; prepared by treating 007a with LIHDMS
and DMPU followed by a quench with Ethyl iodide; ">C and "H NMR depicted in Figure
11A and 11B; single crystal X-ray depicted in Figure 2] and tris(dibenzylidineacetone)
dipalladium (0.12 wt.) were combined in a reactor. A solution of the olefin (1.0 wt) in
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t-Butyl nethyl ether (2.2 vol) was added and the

m xture was warned to 550C. Heptane (2.2 vol) was
w@e@dozishiyy added, then the sol ution was cool edP€DUSIBNS/013498

The solids were filtered and washed with a 00C m xture

N- rrféfth}h%pﬁéﬁ&n()ﬂe a.¢ O))wﬂ%ded ol oWed®f Ryme®l fiedyc(chedylamine

The solid 010 was dri ed and then suspended in

(0. 52 wtr)o Fn ohix(use wasqua)techmBQNécr e eongBiesiondheamixtere as cooled

o LA ORI Do S T A PHETS B Qe GR Ty FRL GRS e

filte$&d &rﬂ&h@ﬁol%%&@gn@& Zytueieg wWithOTBE3 . N wt. eddh)- T]:EQ&)abmed
were filtered, rinsed with a nm xture of heptane

filtrgigs pereriviashes Mol RAyepus hydiophlogis@cidard Wi, &gice 1’3% and”

aqu?é):?ls Ii'v‘%s?éng é;)wﬂ% Z]qse?ngf)jl \?{"ﬁ %ﬁ'p%bl}}r: dsggi&lgn %W(S% wt.). The

sol VX daft mﬁémfdwmgr Yéduced) peassipkj providaicRimGong @dad “@Dand 'H
was_ synt hesi ze rom compoun 03 as descri bed above
NMRpo Iﬂ@ R5F éePICte‘%b‘h]é‘rgEreﬂép @‘?g@gi line internediate O L
[0164] The TBS ether 007 ( 1 w) was dissolved in THF
(0.883 wt). A 1.0 Msolution of tetrabutyl anmoni um
fluoride in THF (2.1 wt.) was added. The sol ution was
Scheme l6d Masrd@Yenizafiom conpl etion, the m xture was
cooled to 200C. 10 wt % aqueous sodi um bi carbonate (3
vol ) was added, angyt he m xture was extractBRP wi S
tert-bwylonet hyl et her (6 vol). The organi
h. sapdrat ed aqueous sodi um chl or
enoconcnt r atkesipu, Ting, TBSICI ‘?P&t\
Reict. ¢ yl a
(OﬁB vvts) as ddded to a sol ution of tfie al coho (o)
in anhytouS>MpHF (9 vol .). Triethyl am ne (0 gvvt(ru%-(\

[0168] The alcohol 012 (1 wt.) was dissolved in THF (23 vol) and added to a
cold solution of 20 wt% potassium tert-butoxide in THF (0.88 vol) diluted with THF
(19.7 vol.). Upon completion, a solution of tert-butyldimethylsilyl chloride (0.33 wt.) in
THF (0.28 vol.) was added. Saturated aqueous sodium bicarbonate (3.5 vol.) was then
added, and the solvent was removed under reduced pressure. The residue was dissolved
with tert-butyl methyl ether (7 vol.) and the aqueous phase was separated. The organic
phase was washed with 25 wt% aqueous sodium chloride (8.4 vol.). The solvent was

evaporated under reduced pressure, providing macrocycle 009.

Scheme 17: Compound 010

TBSO O S
1) DDQ
2) Dess-Martin
3) TFA —> H.
4) TBME/Heptane )
5) IPA/Heptane/water
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4-ni trobenzoyl chloride (0.5 ws) as a solution in THF
(1.0 vol.). The reaction m xture was then stirred at
W@/ OTsdHh conpl etion, the reaction was cool edP€BHUS2008/013498
‘ 0C. 5 wt % aqueous sodi um bi carbonate (10 vol) was
[0169jded f abdLMRMd otwhlthesBEdbreddigouad 809 @k Hesclibed above
organi ¢ phase was washed with 20 wt % aqueous sodi um
in Exhinplei de (10 vol ). The organi ¢ phase was concentrated
and the sol vent exchanged to nethanol. Methanol (6
vol.) was added and the m xture was warnmed to 500C,
followed by stirring at 500C for 30 m nutes, and then
Exan@ple 30D éprofRfion DF@08r ystal | i ne solid (56. 1% yi el d;
MP. 86-89C) was filtered, washed with cold nethanol
Sch@ih@l@‘b% rotéetonngl € cryst al of conmpound 011 was
i sol ate and the crystal structure is shown in Figure
1. 13C &ggoll—é of O are depicted in &hgorq 9A~ and
9B. Schengl 15 Qr ot ecti onfol | owed by H&
[0166] T ¥_ nPt r oblenz oadeeccesitier Qi | (
di ssBlwec 65 Wt oA et hanoN” (¢
W % aqukous sldi R hydrOX| e sol uti on/él 65 W
added and the m ¥ yre was warmed to 35C. Upon
conpl eti og®, the redction was cool ed to 20®. V\ater (3.0

vol ) was added foll ovvedohy thyi tert-b | ether (6
vol ). After separation, gl gaqi ¢ | Tfatas washed

4l ) # TH&OsBEMent was
0167] The aryl

with 25 wt % sodi um chl §
renoved under reduced ~ .
triflate 011 a | 1./26vvt X Rared by treating 007a
with Li HOVS and DVPU fol | owed 3 °y guench with Ethyl
i odi de; 13C and 1H NWVR depiocted in Figure 11 A and 1l B;
single crystal X-ray depicted in Figure 2] and

[0170]i S( di bEaz yblutbneaesdnerO®) (1.0 wt) in dichloromethane (2.0 vol) and

methanol (2.0 vol) was added potassium fluoride (0.16 wt). Upon completion, water (4.0

~ wt) and methyl rert-butyl ether (4.0 vol) were added. After separation of the aqueous
layer, the organic phase was washed with 25 wt% aqueous sodium chloride, then
concentrated under reduced pressure. The crude concentrate was solvent exchanged
with 2-propanol (2.0 wt). The crude product 009a was slurried into methanol (5 vol)
and heated to 65°C. The solution was cooled to -20°C. The solids (67% yield; M.P.
174-175°C) were filtered and washed with methanol (5.0 vol) which was pre-chilled to -
20°C. [Overall yield from 011 was 29%]. 13C and '"H NMR of 009a are depicted in
Figure 12A and 12B.

[0171] To a solution of phenol 009a (1.0 wt) in dichloromethane (8.0 wt) and
water (0.2 wt) was added trifluoromethanesulfonic acid (0.51 wt). The reaction mixture
was warmed to 30°C. Upon completion, the reaction was quenched with aqueous
sodium bicarbonate (5.0 wt), and fert-butyl methyl ether (6.0 wt) was added. The
aqueous layer was removed. The organic phase was washed with water (4.0 wt) and 25
wt% aqueous sodium chloride (4.0 wt). The organic phase was polish filtered, then
concentrated under reduced pressure. The crude product was solvent exchanged with 2-

propanol (2.0 wt) and concentrated to dryness. The crude solid was slurried with 2-
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di pal l adium (0.12 wt.) were conbined in a reactor. A
solution of the olefin ( 1.0 wt) inN nethyl
w@porisds none (1.6 w) was added fol |l owed by PCT/US2008/013498
N- et hyl di cycl ohexyl ami ne (0.53 wt.). The m xture was
propHd} gg Vo?). 8@ i HRR WO &l b &3P CL }T%e bitiBh Qvad@en cooled to a
cool to"20C. A slurry of Celite (0.5 w.) in MIBE
temp&atme of 40 °Qasd setdedystathwend addede T\hasmlkium weetheagdoled éo

de3 L] ith MIB
Cofnd R s0u6s PRES okl \TRe S b Hintclr Vil LRtz 0 vo
preJaMH‘Fee @6112@%0 nfélcdké Grad theh dtied [ poGidinyl ddinfount #1061 228% yield
(N1Bhl%itelne wt.), then 25 wt % aqueous sodi um

1 2R8C¢ Opggalgptarion THE® sloim@ml wade@dhcent rat e under
reduced pressure, providing conpound 012. 13C and 1H
NVR of 012 are depicted in Figure 10A and 10B. Schene
16: Macrol actoni zation [0168] The al cohol 012 ( 1 w.)
was di ssolved in THF (23 vol) and added to a cold
solution of 20 wt % potassiumtert-butoxide in THF
(0.88 vol) diluted with THF (19.7 vol.). Upon
conpl etion, a solution of tert-butyldinethylsilyl
chloride (0.33 wt.) in THF (0.28 vol.) was added.
Sat ur at ed aqueous sodi um bi carbonate (3.5 vol.) was
then added, and the solvent was renoved under reduced
pressure. The residue was dissolved with tert-butyl
nmet hyl ether (7 vol.) and the aqueous phase was
separated. The organi c phase was washed with 25 wt %
aqueous sodiumchloride (8.4 vol.). The solvent was
evapor at ed under reduced pressure, providing
macrocycl e 009. Schene 17: Conpound 010[ 0169] Conpound
010 was synt hesi zed fron1conpound 009 as descri bed
above in Exanple 1. Exanple 3 : Deprotection of 009
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Schenme 18: Deprotection [0170] To a solution of enone
009 ( 1.0 wt) in dichloronethane (2.0 vol) and
woredobarnsis (2. 0 vol ) was added pot assi um f | uor i PET/{82008013498
wt). Upon conpletion, water (4.0 wt) and net hyl
CLAgViS- bnXy\ ether (4.0 vol) were added. After
T Separation of the aqueous | ayer, the organi c phase was
washed with 25 wt % aqueous sodi um chl ori de, then
concentrated under reduced pressure The crude

t h 2-propanol (2.0
L ﬁﬂéh}{e()%ci?ﬂ rI%oduct O&S@a was s m. ed i nto net hanol
(5 voI) and heat ed to 6560k TRe solution was cooled to
-200C. The solids (67%yi& d;sMP. 174-175C) were
filtered and washed vvith nol (5.0 vol) which was
pre-chilled to - 200CRi®veral | yield from 011 was
299 . 13C and 1H NMR, of ,Q(@a ae depicted in Figure
12A and 12B. [0171] ion of phenol 009a (1.0
wt) in dichloronethan ) and water (0.2 wt) was
added trifl uoronet ha ( %d (0.51 wt). The
reaction mixture wa2 war to C. Upon conpl etion,
the reaction was quenched WOR,,aquegus sodi um
bi car bonate (5.0 wt), and tert-buiy met hyl ether (6.0
W) was vakldeih R T4 Rodieesch indysndu@sy sebstradeflom Thegroup
organi ¢ phase was washed with water (4.0 vvt% nd 25
Wt % aquednsising Pl dnges Cae alkyl, cﬁwt}ncomﬁeate ghegnyl and Cs.
phase ed, then concentrated under
reduce\é\qglcggiugﬁ@d )'Igﬁ&%r ude product was sol vent
exchangeR) isistlecid fipnofieppbuf CorBisting ofhgdrogercamt a hasedstable

to dryness. The crude solid was slurried with
2- pr oparfBIYeER TYHIE L L ni xt ure was heated to 65C.

The sol ugj gy N@a?‘retegﬁpmggﬁérﬁ@nﬂﬁsée&m%&hé‘ @ﬁ)u@fcoﬁgls% of
and seed crystals were he m xture was

t he
cool ed thydrogen, halogen, Cy alkyl, C,¢ alkenyl, Cy alkynyl, Cr % haloalkyl

C1.¢ alkoxy, phenyl and benzyl, wherein the phenyl or benzy! are
substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, C,.; alkyl, and NH;; or Rs and R are taken together
with the carbons on which they are attached to form a 5-6 membered
unconjugated carbocyclic ring;

Ri; and R,; are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or Ry and Ry are

taken together to form a 5 membered heterocyclyldiyl of structure (a):

R20 (),
wherein R ¢ and Ry are each independently selected from the

group consisting of hydrogen, C,. alkyl, C,. haloalkyl, C,.¢ alkoxy and



0C, and then the solids were filtered. The solids were

rinsed with 2-propanol (2.0 vol) pre-chilled to -20C
WapWO#eEs was t hen dried, providing conpound ORQI/UBH2008/013498

72.6%vyield (MP. 157-159C, Optical rotation +47 at

Sng/ nL ighe RN, logetheBddioiint #FlubkINGoidty of structure

corrpouncfﬂlofhﬁ%? rruf‘;:_ag\1 (IY%): g\/\hereiﬂg Ri and R2yare eyach

i ndepend®itly sel ected fromthe group consisting of

hydrogen, C -6 al kyl, - 6 -upeonj ugat ed al kenyl and

C3-6 unconj ugated al t sel ected fromthe

nyl ;

group consisting o d :@ a base stabl e oxygen

protecting group; RN\ar e/each i ndependent|y

sel ected fromthe group si sting of hydrogen,

hal ogen, G - al kyl, a{ kenyl, C2-6 al kynyl, G -

hal oal kyl, G 6 al ki enyl and benzyl, wherein the
s¥ituted with 0, 1, 2, or 3

phenyl or benzyl are D3
substituents i ndependently sel ect(el ahdom hal ogen,

hydroxyl, C 3 alkyl, and NH2; or. RS d R are taken

t oget herRuit §FI4R PO R canTshg %deaqgﬁnmg%éf‘d“able
to form@g%é@ {@g&iing%;@lq);unconj ugat ed carbocyclic

ring; Rn d R 2 are each i ndependently selected from

t hecognprispngoreagingta wonpefundydfogeda xd a base stabl e
oxygen protecting group; or Rn d Ri2 are taken
together to forma 5 nenbered het®rocyclyl diyl  of

structure (a): wher& RRQornd/R20 are each
I ndependent|ly sel ecte

ORi
wherein Ry is selected from the group consisting of hydrogen and a base
stable oxygen protecting group;

with a compound of formula (II):
Re Rs

R13O PPh3X (H)

wherein X is a halogen;
under suitable basic conditions, such that compound of formula (V) is
formed.

2. The method of claim 1, wherein the suitable basic conditions comprise a base
selected from the group consisting of a C;.¢ alkyl lithium, a potassium C,.¢
alkoxide, a potassium Cy.¢ t-alkoxide, sodium hydroxide, sodium hydride,
ammonia, dimethylsulfoxide sodium salt and sodium hexamethyldisilylamide.

3. The method of claim 2, wherein the base comprises a C;.¢ alkyl lithium. |

4, The method of any of the preceding claims, wherein the compound of formula
(V) is produced in substantially pure form without the use of chromatography in

the production of the compound of formula (V).
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group consisting of hydrogen, C -6 alkyl, C-6
hal oal kyl, G -6 al koxy andphenyl, or R 9 and R20

WO ywe8i8 represent a fluorenyl noiety of struR€UPE2008/013498

5.

(b): Ris selected fromthe group consisting of
hy dfiRGEAHENEE 2 D6¥S8e piRblRg QRS Wi Oin@Eé EAEpeUrayT, formula
conprising reacting a conpound of formula (1): wherein
R4 (V9 isetysteliad. from t he group consisting of hydrogen
and, a hasge. st abl e ox n._pr ' roup; with a
corﬁ‘)Bl'f dgffor p@?%aac%gﬁwﬂvﬁg?ﬁdﬁy%gs aphal ogen;
under suitabl e basic sgAditions, such that conpound of
formula (V) is for : nmet hod of claim 1, wherein
the suitabl e basic cpnditjions conprise a base sel ected
fromthe groupRgqnsts o~ef a(:i-o%'kyl lithium a
pot assi um C - al kqii de, -6 t-al koxi de,
sodi um hydr oxi de, DN a,
di et hyl sul f oxRde sodi um '
hexamnet hyl di si |l yl amRig. 8. pt hod of claim 2,
wherei n the base conpri ses j H/ﬁl [ithium 4.

ms, wherein the

Y
conmpound of formula (V) is prodoggd in g\yﬁst antially
pure formw thout the use of chromatography in the

pr oduct i WRerdiin R endoenreeach mbiefcadentl yaseléredromtthe group
nmet hod of any of the preceding clains, ,V\,hergi H( t he
conpoundcassisting Afhedregan. iGo-c @yl Gte ynganjugated alkenyl and Cs.g

unconjugated alkynyl;

Rj3 is selected from the group consisting of hydrogen énd a base stable
oxygen protecting group;

R, is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

Ry is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group,

Ry is selected from the group consisting of hydrogen, halogen, -ORyp, Ci6
alkyl, C3.¢ unconjugated alkenyl, Cs¢ unconjugated alkynyl, Cy.¢
haloalkyl, -SR4 and

-NR.R¢ wherein Ry, is hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, Cy.¢ alkyl,
C,.¢ alkenyl, Cy.6 alkynyl, C)_¢ heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs.; aryl and wherein R and Ry are
each independently selected from the group consisting of hydrogen,

C1.6 alkyl, Co. alkenyl, Cp. alkynyl, C,.¢ heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable
nitrogen protecting group;

Ry is selected from the group consisting of hydrogen, halogen, -OR, Cis
alkyl, Cs.6 unconjugated alkenyl, C;.¢ unconjugated alkynyl, C,.¢
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6. A nmethod for making a conpound of formula (VI):
wherein RL and R2 are each independently selected from
W b@9grsup consi sting of hydrogen, Ci -6 al kyl, P@BUS2008/013498
unconj ugat ed al kenyl and C3- unconjugated al kynyl; R3
i s sel eqhednfyi amd Che aH:BQ%‘PwE&E‘i%' 15.tik RYdRkehy A PAERtANI
a base stabl € oxygen protecting group; R4 is selected

f rom t hexygouprotestisg stdupgand hydr ogen and a base

B

hydr ogemy@afogankag @ batedthisle Oy S profeotife %mg; & Ryfand RY, are
is selected Tfromthe group consisting o

hydr ogen,
hal ogen takeprpgetizsr-tg fernk g |5 mebeged, h@tsmcugla%%ﬂl SREERrE (3):
C3- 6 unconj ugat ed al kynyl.nA£C - hal oal kyl, -SRd and
-NReRf wherein Rb is-hydrpgen or a base stabl e oxygen
protecting group, rei is selected fromthe
group consisting of . ogerf) Gi-6 alkyl, C2-6
al kenyl, C2-6 al kynyt, ¥ -6 /heteroal kyl, 5-7 nenbered
heteroaryl conprising 10 B1iset er oat oms, and C5-7
aryl and wherein Re and Rf a each i ndependently
sel ected fromthe group consi's?d ngapf hydrogen, Ci -6
al kyl, C2-6 al kenyl, C2-6 al kynyl, C -6 heteroal kyl
5- 7" menber ed Weirendhe pnd Fieg‘?m@dieeng%tfy Fiedied o the
het er oatQag, cHiktile of hidirbkeR'C,3 AMBIECSL BibAkyl, Cy. alkoxy and

phenyl, or R and Ry together represent a fluorenyl moiety of structure

S

(b)
comprising reacting a compound of formula (I):
OR4

Ri_ R30

R; OR12

with a compound of formula (III):

>

@) (@]

Rg o
Rg Y
R10

wherein Y is a halogen or -O-SO,CF3,
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nitrogen protecting group; Riois selected fromthe

group consi sting of hydrogen, halogen, -ORc, G -6
WQRMWPIT7S8EB- 6 unconj ugat ed al kenyl, C3-6 unconj RGEHUB2908/013498

al kynyl, G -6hal oal kyl and G - al koxy, wherein Ris

hy dQEesRitable babideBndliaR, SuaNKELNCHARS B TEmaNeuyT) i Rshmed.
Rn and Ri 2 are each |ndependently sel ected fromthe

7. gr dths meshed of ¢laign 65 whereinghe reaghng step isw@talyzed| by HRalpdHm
pro':qulil ng group; or Rn and R 2 are taken together to
f or menber ed heterocyclyldiyl of structure (a):

8. WheTRirRetfb @ oty RO faieme&ch whedependesnpound elf éotnada (VI) is
fromthe group consisting of hydrogen, C 6 al kyl

G -PEoduged i substantpllspye lf@&@/wé‘h@uﬁo‘ﬁéﬁ% of romageimy e
ety of structure

(bgj%&h%oﬁ%m% %mengﬁn&uﬂﬁgﬁf% e o e (1.

9. W tAnstiednfpootiallingfa dompmlna of fdrmula @Wgrein Y is a
hal ogen or -0-SO 2CF , under ui table basic conditions,
such that a con‘pounﬁbof
met hod of cl aig 6, j ewCting step |s
. catalyzed by a ap
any one of clains he conpound of fornula
(M) is producggt [ %
the use of chroimatogy aphy in the productl on of the
compound of formula (Q/I P

OR44 (IV)

wherein R; and R, are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, Cs.¢ unconjugated alkenyl and C;4
unconjugated alkynyl;
Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C, alkyl, C,.¢ alkenyl, Ca.6 alkynyl, C;.6 haloalkyl,
C;.¢ alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are
“substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, C,3 alkyl, and NHy; or Rs and Re are taken together
with the carbons on which they are attached to form a 5-6 membered
unconjugated carbocyclic ring;

- Ry is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;
R; is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;
Ry is selected from the group consisting of hydrogen, halogen, -ORy, Ci.6
alkyl, Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, Ci.¢
haloalkyl, -SR4 and
-NR.R¢ wherein Ry, is hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, C.¢ alkyl,

Cs.¢ alkenyl, Cy alkynyl, C.¢ heteroalkyl, 5-7 membered heteroaryl
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wherein R and R2 are each independently selected from
the group consisting of hydrogen, G -6 al kyl, C3-6

wap@onjisgat ed al kenyl and C3-6 unconj ugat ed al RgTYE2008813498
and R6 are each independently selected fromthe group

consi sti Engh fsul'g?/lj rﬁ&ef‘hetgﬂiaﬁﬁ@sn andCs. ?a.@*ll k¥d wheiBR. and Ry are
al kenyl, C -6 -6 hal oal ky C -6 al kox

phenyl amhMPylllXenﬁMéP]éPi@dt toen Biecgioup ensiséing pf hygregen, Crs -

substi t ut

i ndepenol"ielg)(q 2§h11k9%¥1 gz'f‘ A n%lan RéttemﬁH(g)P Ime erefsd

al kyl, alﬁ‘dﬂerblkigzl C(&hplﬁﬁn@mQZ Br ahetetcdi@tis, tagg ﬂsh%.fyl\urtfifbase stable
t he carbqns on which they are attached to forma 5-6

menber edTAEBNPTAEALIBE SEMPBOCyclic ring; R7 is selected
from t heg grouR. GOD ﬁltthé‘%ttﬂ.{?l donds E‘f ecgf?hr}rl]l’ﬂgéne LOR,, C1

Ris hydr gen or a ase e oxy o

gr (cj)u p; RBkylsC&ghm@gadg,aieeréﬁyé, (g;t@monjnga;ted; allayg}élof:, 6
ydr ogen re|n n or as
stabl e oba%aiw é?%@t ygwggrﬁm &gﬁygg@eeeféﬁaﬁ%%le
the grog}%gﬁpgfﬁédtm g?glgg%gaogen hal ogen, -ORb, G -6

al kyl , uhconj ugat ed al kenyl, C3-6 unconj ugat ed
al kynyl , RGiané Rhahmeahakly indepSileatig selbiRedfromtbe eroupRivnsisting of

hydr ogen, or a base ,stabl e o rot.ect r

e ol Merodbn i G s T Fls T RS arbe B Ryapet R are
hydr ogentakdd etk fored- ﬁn@hlseféﬁlhete?&y@mam@ﬁ@tmc@re @a)
het er oal kyl , 5-7 nmenbered heteroaryl conprising 1,

3 heteroatorrs and C5-7 &Ny and wherein R and Rf are

% ®
o—éRw
R20  (a;
wherein R 9 and Ry are each independently selected from the

group consisting of hydrogen, C,.¢ alkyl, C,.¢ haloalkyl, C,.¢ alkoxy and

phenyl, or Rj¢ and Ry together represent a fluorenyl moiety of structure

(b):
T O
(b);
comprising combining a compound of formula (I):
OR4
Ri_ R0
R; OR12
R

wherein



each i ndependently selected fromthe group consisting
of hydrogen, C -6 al kyl, C2-6 al kenyl, C2-6 al kynyl,

W@Ro09KEBES oal Kyl , 5-7 menbered heteroaryl conpPCHEURYOS/)13498

10.

2 or 3 heteroatons, and C5-7 aryl or a base stable

ni trogen protRLisisBRc@H Pt tHa Qouﬁccﬁﬁisﬁﬁ@%ﬂhﬁldl@@'bﬁ A& a base
group consi sting of hydrogen, hal ogen, -ORC,

al kyl , C3- 6 ﬁpmg%@memowk@]g«qoup@ds unconj ugat ed
al kynyl
hyd?/oéen or gR%as?gl%é{é Ogﬁ]%lx% '%%Hé%ﬁ y‘?."ﬁg%‘?ggn ;Blda%]aase

Rn and Ri 2 arﬁatﬂaohygquﬁpendn@gﬂoypsel ected fromthe
group consi sting of hydr ogen and a base stabl e oxygen
pr ovide g cogPepnsif fogpulRdIdng Ri 2 are taken together to
forma 5 nenbered hetﬁrocyqig | diyl of structure (a):
wherein R and R20 are ch |ndependently sel ected from
the group consi sti hy ﬁ XCI 6 al kyl, C -6

hal oal kyl, C -6 al and phe 9713 )R 9 and R20
toget her represent a fI uorenyl noiety of structure
(b): cor¥#§™8iPng conbi ning a conpound of formula (1):
whereinR3 is g %g%lggeg r.@m the group consisting of
hydrogen and a base st abl e oxygen protecting group;
and R4 is selRgtigseléatedfromethg goump coosisiing pflgydspgen and a base

hydr ogen and abt]g%%getnapmtectmggr%r& protecting group;

and a compound of formula (III):

R0 (11D
wherein Y is a halogen or -O-SO,CF3,
under suitable conditions, such that an alpha-intermediate and a compound of
formula (IV) are formed.

The method of claim 9, wherein the alpha-intermediate is a compound of formula

(V):

Re Rs
Rq30
Ri_ R0
R ORy2

wherein R; and R; are each independently selected from the group
consisting of hydrogen, C, alkyl, Cs.¢ unconjugated alkenyl and Cs.¢

unconjugated alkynyl;
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with a conmpound of formula (I1): wherein X is a

hal ogen; and R13 is selected fromthe group consisting
w@boobydiseyyen and a base stabl e oxygen protecti PQI/US0$013498

and a conpound of formula (I11): wherein Y is a

hal ogen 1ofis sfle el Z6fthe YRGS condistiaP bEh¢dro gl arNEbass Weble

that an al pha-internedi ate and a conpound of fornula
(1V) ar exygemprptecting gThw; net hod of claim 9, wherein

the alp t

wherein anc}gﬁgg glrl% lggé enﬁerﬁ%@’%‘i‘%ﬁ{)/mge g}g t ég%)lsnng of
t he groufydesural bdlog, Qs Akt AiQralkeaivt, €, akyinyl, ((23-661aloalky1
unconj ugat ed al kenyl and C3-6 unconj ugat ed al k ;

' R3
s sel edteclkomphiny! grbhenzybmeiesein fge Birenpi e }ﬁ“’éﬁd
a base ggbsaktgtea 2l p&%@@ H;atu% tmd r&gdaﬂ@ BR AU rom

each i ndependent|y se ect ed rom-t p consisting
of hydr d@hrgenh]aj'dng:eﬂ CG alﬁyhhk@/N,Hzﬁop Bs anndkRpngle tak€d-tégether

al kynyl , | | oal kyl,. C.-6 al kox henyl d

penzyl . "WiB iR e op g Y ety hed BaoBA P rupeapred

with 0, [, gRed 3ardORAIcHRAt S | ndependent |y sel ect ed

from hal 058‘?%"“ hydr oxy!I%’?cq #%gl kyl, and NH2; or R5 and

R6 are tRufend Rogakieach independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or Ry; and R, are

taken together to form a 5 membered heterocyclyldiyl of structure (a):

@)

OJ<R19

R2o

(a);
wherein R9 and Ry are each independently selected from the
group consisting of hydrogen, C,.¢ alkyl, C,.¢ haloalkyl, C;.¢ alkoxy and

phenyl, or Rj9 and Ry together represent a-fluorenyl moiety of structure

e

(b); and
R is selected from the group consisting of hydrogen and a base stable

oxygen protecting group.
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with the carbons on which they are attached to forma
5-6 nenbered unconjugated carbocyclic ring; Rn and R 2

WQR2MWIOHEBIB | ndependent |y sel ected from t he grouPCT/US2008/013498
consi sting of hydrogen and a base stabl e oxygen

11. pr Olt"lﬁ%étﬁgd 8f QHRa 9OWhéRirAhE al%h% iAfembdikRns h esRpb@{d 10
forma menber ed heterocyclyl diyl of structure (a):

forlmkie@\él)n R19 and R20 are each independently sel ected
fromthe group consisting of hydrogen, C -6 alkyl,
G -6 haloalkyl, C -6 Xy and phenyl, or R19 and R2
toget her represent Oflu§tenyl noiety of structure
(b): Ri3 is segected fromthe group consisting of
hydr ogen and a basg stwbl €Qoxygen pPBsecting group. 11.
The nethod of cl ai V\her,:glﬁsct)he al pha-internedi ate
is a conpound qf a( ¥ ) éin R and R2 are
each i ndependentgl y selecjed fromithe group consisting
of hydrogen, C1-6 alKyI, ugat ed al kenyl and
C3-6 unconj ugat ed al kgl \R3 Bet ed fromthe
group consi sting of hyarogen a a base stabl e oxygen
prot ect i ng group Ris selected Bﬁbmthé\’@roup

oot eot | R BRdtrng e 388 BubRRSe Rl S e srow
consi st id@ﬁSl@{anMﬂﬁﬁggﬁn?@-G 2Ryl QhalmRbAijugated alkenyl and Cs.¢
unconjugated alkynyl;

R; is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

R4 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

Rj is selected from the group consisting of hydrogen and -OR; wherein
R, is hydrogen or a base stable oxygen protecting group,

Ry is selected from the group consisting of hydrogen, halogen, -ORy, Cy.6
alkyl, C;. unconjugated alkenyl, C;_¢ unconjugated alkynyl, C;.¢
haloalkyl, -SR4 and

-NR.R¢ wherein R, is hydrogen or a base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, C,.¢ alkyl,
C,.¢ alkenyl, Cy6 alkynyl, C,.¢ heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs.; aryl and wherein Re and R are
each independently selected from the group consisting of hydrogen, Ci.¢
alkyl, Cy. alkenyl, Cy.6 alkynyl, C;.¢ heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable
nitrogen protecting group;

Ry is selected from the group consisting of hydrogen, halogen, -OR, C
alkyl, Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C.¢
haloalkyl and C;.¢ alkoxy, wherein R, is hydrogen or a base stable

oxygen protecting group; and
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Rg is hydrogen or a base stable oxygen protecting

group, Ris selected fromthe group consisting of
whyaeogsm hal ogen, -ORb, C - al kyl, C3-6 uncoP{TIys10681013498

al kenyl, C3-6 unconjugated al kynyl, G -6 hal oal kyl,

- SRa andR' NRdR,, WR&aeh th eh@énh¥ gEl@&@(ﬁ‘ fidm e RS consisting of

stabl e oxygen protecting group, wnherein Rd IS selected

f r om t hehyiroggn adreshast istadpleodxyigynl pugeting @rowp; & Ryl and R, are

C2-6 al kenyl - 6 kyn G .- 6 heteroal kyl -7
nmenber edt"’gé‘f W%‘F&Toa%@gﬁﬁy % meﬂﬁnequ@geé?cygll)ﬁépépggpgﬁg e (a):
and C5-7 aryl and wherei nvRrand Rf are each

i ndependently selected frgmthe group consisting of

hydr ogen, C -6 al kyl kenyl, C2-6 al kynyl, C -6
het er oal kyl, 5-7 nme d heteroaryl conprising 1, 2.

or 3 heteroatons, an 7 yl- or a base stable

ni trogen protecting grodp; 5118 selected fromthe
group consi sting of hydrogen, Rhaloggn - , G-

al kyl, C3-6 unconjugated alken 6 unconjugated

al kynyl, -6, hal.akk a3 o] e PR entb SLELAA Rond e

hydrogen or a base st

andRn  angrobh Zoﬂdiﬂugaﬁlhyd[’@ﬂﬁﬂ d@ilkj/ly C$ ehslobkkdl, f@, leltda@ and
group consisting of hydrogen and a base stabl e, oxy

pr ot ect i PRENYE Gh e g ta&%}hmrzprsﬁe@tﬁéw@f?ne/b@@empg plgucture
forma SQ?Bnbered het erocycl yl diyl of structure (a):
wherein 9 and R20 are each independently sel ect ed
fromthe group consi st Ay of
hal oal kyl ,. C] -6 al koxy &

frydy ogen, Ci - alkyl, C -6

(b).
12. A method for making a compound of formula (IV):

V)

wherein R and R; are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, Cs.4 unconjugated alkenyl and Cj.¢
unconjugated alkynyl;

Rs and R are each independently selected from the group consisting of
hydrogen, halogen, C,_ alkyl, C,.¢ alkenyl, C,.¢ alkynyl, C,. haloalkyl,
C).6 alkoxy, pheny! and benzyl, wherein the phenyl or benzyl are
substituted with 0, 1, 2, or 3 substituents independently selected from

halogen, hydroxyl, C;.; alkyl, and NH;; or Rs and Rs are taken together
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phenyl, or RI9 and R2 together represent a fl uorenyl

nmoi ety of structure (b): 12. A nethod for naking a
w@eorpowsses of fornula (1V): wherein R and R2 arEr/Es19h8/013498

i ndependently selected fromthe group consisting of

hydr 0geRyitiihe@afoky bn whicifthe ardittagRéed falri@ryé nivatbefed

- unconj ugated al kynyl; R and R6 are each

i ndependwaeniygaied eabeeyclicdingt he group consi sting of

e o AR g5 Aol PN R, v
benzyl, Ryie h?diﬂfbgélher zpb&eyeltabw O)Q%l&ﬂ)plrotacttmgsgrbsp i tuted

with 0, 1, 2, or 3 substituents i.ndependently se|ected .
from ha|1%sgéﬁeleﬁ9<a fremythe groupcopsiiing Ogmséjr 3315#- whgein
R6 are t they
et t Ao YRR BEL YhdcTbdde %ﬁ“?ﬁﬁ%&%ﬁ“@“ﬁ?

car bocy®dis saslea:tgd filgvh ths gs@lpeatinsiitihg oﬁhydreggt, daak@gen -ORy, Ci-6

consisting.o dro wherei.n Ra,i s hydrogen
or a badek¥y b4 %@Wgﬁﬂﬁﬁ"ég Z?sﬁgm@?fat}%a‘e%ﬁﬁ‘/ g% £ve
sel ect eq,id it kR ,ghQ@uUP consisting of hydrogen and

- ORg V\heraela(lr}w Ry ;Qéj hydrogen or a base stabl e oxygen

prot ect i h@h@r wbpreuf& 1s§1ysie¢@otoed bfasetmablh@xggmwotectmg group,

375, el hal5- PR g 8458 R e Ll s
G - 6 hal©al diddnyl, @Fgaawi@l (NFgefF&ermgylelsm ﬁilambsrehmte@@m

or a base stable oxy% protectin grouyi)
comprising 1, 2 or 3 heteroatoms, and Cs.; aryl and wherein R, and Ry are

each independently selected from the group consisting of hydrogen, Ci.
alkyl, C,.¢ alkenyl, Ca. alkynyl, C,. heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.; aryl or a base stable
nitrogen protecting group;

R is selected from the group consisting of hydrogen, halogen, -OR., Ci.¢
alkyl, C;.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, Ci.¢
haloalkyl and C, alkoxy, wherein R, is hydrogen or a base stable
oxygen protecting group; and

R;; and R, are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or Rj; and R, are

taken together to form a 5 membered heterocyclyldiyl of structure (a):

o——éRw
(a)

R2o



wherein Ris selected fromthe group consisting of
hydrogen, C -6 al kyl, C2-6 al kenyl, C2-6 al kynyl, G -6

WOW0H0FRIKYI , 5-7 nenbered heteroaryl conpri siPGI/USZD08/913498

3 heteroatons, and C5-7 aryl and wherein R and Rf are

each i ndependgptdix I@i&rﬁpkﬁ)daré ERN 1hér®ega@mn eRR&ASEdA the
of hydrogen, C -6 al 6 kenyl, C2-6 al kynyl

C-6 hetgetvttpaﬂdnyllstln§017h>fdr§ﬁm &vrs h@fwér%ar}vﬂoa@@ﬁs&n s3lkexy and
1, 2 or ato n

nitr ogeﬁ’ﬁﬁ?yg’t ect'lgnlﬁd 2 logethig Tep re%‘Eplteal ecofrgnd‘h n$' toﬁg{rﬁaure
group c@psi sting of hydrogen hal ogen, -ORc, C -6

al kyl, C3-6 unconjugated al kenyl, C3-6 unconjugated
aIkynyI O -6 hal oal ky\wand/ T -8 al koxy, wherein Ris
hydrogen or a base stahl e Qxygenyprotecting group; and
Ril and R 2 are eac % y selected fromthe
group consi sting of hydrogep—and a base stabl e oxygen
protecting group; or d R 2 are taken together to
forma 5 nenbered hetierocygl yldiyl of structure
(a):wherein R 9and R20 arejeach i ndependently sel ected
fromthe group consist+ng”of hydrqg gen, C-6 alkyl, C

-6 hal oal kyl, G - al koxy and phenyl; or R 9 and R20
togmmbémngegmésgamoammhm®oéﬁymummmbty of structure

(b): conprising reacting a co und of formula (I):
wherein R3 is selected fromthg §roup consisting of

hydr ogen and a baseR t abRgopxygen protecting group;

and

OR14 )
wherein Rj is selected from the group consisting of hydrogen and a base
stable oxygen protecting group; and
R, is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

with a compound of formula (II):
Re Rs

wherein X is a halogen; and
Ri3 is selected from the group consisting of hydrogen and a base stable

oxygen protecting group;
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R4 is selected fromthe group consisting of hydrogen
and a base stabl e oxygen protecting group; with a

weeowpotasds of fornula (11): wherein X is a hal oPEnpSzNg013498
R13 is selected fromthe group consisting of hydrogen
and;n@dePa&sabie thakik @ oM 8RNtoofth @ohi}bufid OF irkhteV):
sui tabl e basic conditions to forma conpound of
fornmula (V): and reactinfet heRgonpound of fornula (V)
with a conmpound of formnul [1): wherein Yis a

ui t abl e basic

d of formula (1V) is

a compound of formula

ach independently

condi ti ons, such thatRﬁ onpo
formed. 13. A methdd, fog ki
(1'V): wherein R and are

al kyl, C3-6 unconj .
al kynyl; R5 and R6"@re each\ i ndepéndently sel ected
fromthe group consisting ofﬂhydroqqg, hal ogen, Ci -6

al kyl, C2-6 al kenyl, C2-6 al kynyl, C-6 hal oal kyl,

Ci -dndatdcting thepdvemydund od faremay (V) withagiompohad phtompiulalD):
benzyl are substituted with Q, 1, 2, or 3 substituents
i ndependent |y sel ect ed froE>ﬁ§logen, hydroxyl, G -3

al kyl, and NH2; or R and ®6 arg
the carbons on whic
menber ed unconjugatea
fromthe group consi sti

Rg

taken together with
theylare gttached to forma 5-6
Self bosycl TO ring; R7 i s sel ected
hydr ogen and - ORa wherein

R1o (1)
wherein Y is a halogen or -O-SO,CF3;
under suitable basic conditions, such that a compound of formula (IV) is formed.

13. A method for making a compound of formula (IV):

Iv)

wherein R; and R; are each independently selected from the group
consisting of hydrogen, Cy.¢ alkyl, Cs.6 unconjugated alkenyl and C;.6
unconjugated alkynyl;

Rs and R are each independently selected from the group consisting of
hydrogen, halogen, C,_¢ alkyl, C,¢ alkenyl, Cy.6 alkynyl, C,.¢ haloalkyl,
C).¢ alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are
substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, C;3 alkyl, and NHy; or Rs and R are taken together
with the carbons on which they are attached to form a 5-6 membered

unconjugated carbocyclic ring;
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R is hydrogen or a base stable oxygen protecting

group; Ris selected fromthe group consisting of
whyapogsm and - ORg wherein Rg i s hydrogen or aP@EBES2008/013498

st abl e oxygen protecting group; R9 is selected from

the group, gQpREel e Bf Cé%ﬁi;?( Q(S}%Thm%g@l’ RE@Bgen &AD-0XG wherein

al kyl, C3-6 unconjugate 6 unconj ugat ed
al kynyl Rﬁshﬁdmmat kibhse StSFkaomfgi:n -PrReFUnggrerRi n Ro i s

hydr.ogen, or e [

wher ei non? §gl§ é& %Frgf K‘gﬂsbs}lg g% rgg%f %}fg% wherein
hydrogerg, 1@hy@ro§?€lﬂbkab§?e §alik by, pr&%ctﬁugagﬂoylﬁy' Ci 6
het er oal k I nmenber ed heteroaryl conprisin

or 3 hetlérlééel@ﬁtgd from themroup eqnsishing ofhEdragen. ﬂeé?%ﬁ@ -RRs, Ci6
cons ot 1T EDR DAk AE G F 1 Al BBy, 1

al kyny!l ,ha@alioy ) SRaragd |- KR R @hareineRiie hedroaeh er aaagel stable
conprising 1, 2 or. 3 heteraqatans, % rKI or a

base st SBYEHPINSEES 859 ShTHY Rgrlwgectqsé omdhg groypt ed
fromth n )

G 8 ol Sofbisi: GPANIDE B G ny L2341, B
unconj ugwte&dalhyk)in’)yin,en@ereﬁl Ha:adm:ﬁykgdm}zrim'ing:l -Bbomb ketrypatoms,
wherein Rg 1S droe or e stable

pr ot ect i34 ¢jr (ﬁi% g‘?ﬂ “a]?fnanalskfé’f %e%hd?f?qp)étg gﬁf’é‘ﬁfcfglr?ﬂe? from
sel ect ednhf RN AsIGHRYBT BRIFSESH 1Y a1, r@é%;ﬂ&@@l mq ailkynyl

base stabl € oxygen protecting group;
taken t c@eathrmroalrkyf érhmn&er@d@@me@tyheqmpmyg ly? df §/|

ioL dztp(reﬁ e[_rpgg)g‘%t %rgf ég; %y M $ ﬁ%se spab?e nltrogerp protecting group;

R is selected from the group consisting of hydrogen, halogen, -OR., C,.

alkyl, Cj.¢ unconjugated alkenyl, C;_¢ unconjugated alkynyl, C.¢

haloalkyl and C,.¢ alkoxy, wherein R, is hydrogen or a base stable

oxygen protecting group; and

Ry; and R, are each independently selected from the group consisting of |
hydrogen and a base stable oxygen protecting groﬁp; or Rj; and Ry; are

taken together to form a 5 membered heterocyclyldiyl of structure (a):
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group consisting of hydrogen, G -6 alkyl, C-6
hal oal kyl, G -6 al koxy and phenyl, or R 19 and R2

WO ywe8i8 represent a fluorenyl noiety of struR€UPE2008/013498
(b): conprising reacting a conpound of fornula (I):
wherein R3 i syh&bREGUnd mm&*&c}grn‘aepeﬂaeﬂtw §diéddell ®bm the
hydrogen and a base stabl e oxygen protecting group;
and R4 |@ogetersistiogiof bydrogen,d gkl ofiss kalpallyylo€.s alkoxy and

hydr 0ge AN A RaoS03 bl L RYGRIL B OhESLL e BAHR strucure

halogen(g; - 0- SO 2CF3; under suitabl e basic conditions
to forma conmpound of formula (VM): and reacting the
compound of formula ( ' onpound of fornula
(I'): wherein X is a hal ogen; Ri3 is selected from
the group consistin and a base stable
oxygen protecting gr
condi ti ons, such that
formed. 14. The net hgp

appound of formula (IV) is
any one of clains 9-13,
wherei n t he conpound mula (1V) is produced in
substantially pure for Wt hout thﬁ»use of

chromat ography in the production of 't he conmpound of
f orovmipaisinie\factihig.a chmmeuhddf famulkadd):ng a conposi tion
conprising a conpound of fornukﬁh(IV)

Ri_ R;0

Rs OR;5
OR144 )
wherein Rj is selected from the group consisting of hydrogen and a base
stable oxygen protecting group; and
R4 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

with a compound of formula (I1I):

R1o (111
wherein Y is a halogen or -O-SO,CF;;
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conprising conmbining a conpound of fornmula (1):with a
conpound of formula (11): and a conpound of fornula

w@ kaobp7sseherein Y i s a hal ogen or -0-SO 2CF3; FRT/HSH0$AR13498
are each independently selected fromthe group
co I aTarels| t ed
aID%%%fbﬂ gﬁggﬂﬁﬂﬁﬁggﬁ?a§%§% &%ﬁgﬂﬁFdQ§$ls sgpggted
fromthe group consistxyg of hydrogen and a base
st abl e oxygen protechingqroup; and R4 is sel ected
fromthe group_consisting of hydrogen and a base
st abl e oxygen Psstee 3 gpoup; R aaﬁ R6 are each
i ndependent |y sel fron1the grogp“consi sting of
hydr ogen, halo%@ al kenyl, C2-6
al kynyl , oal kyl , OXY, phenyl and

benzyl, wherein the %hen‘l are substituted
with O 1, 2, or 3 subsy ' @Rﬁgdently sel ected
from hal ogen, hydroxyRz G - a or R and

R are taken together with the caﬁhons ogv |ch t hey
are attached to forma 5-6 nenbered unconj’ugat ed
car bocy candcreadting; thZompowel edbanula (Wi t he group

COﬂSlStIn of oge d -ORa wherein R is hydrogen
or Withasea HﬁPéP%%%QEﬁﬁgfotecting group; R8 is

sel ected fromthe grogp congjsting of hydrogen and
-ORg wherein

R130 PPhsX

wherein X is a halogen; and
R)3 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;
under suitable basic conditions, such that a compound of formula (IV) is formed.
14. The method of any one of claims 9-13, wherein the compound of formula (IV) is
produced in substantially pure form without the use of chromatography in the
production of the compound of formula (IV).

15. A method for making a composition comprising a compound of formula (IV):

comprising combining a compound of formula (I):

OR,
Ri_ R;0
Ry OR12
ORvt
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Rg is hydrogen or a base stable oxygen protecting

group; Ris selected fromthe group consisting of
whyaeogsm hal ogen, -ORb, C -6 al kyl, C3-6 unchdl/ugmb&e3498

al kenyl, C3-6 unconjugated al kynyl, G -6 hal oal kyl,

- SRe: R4 oiNRER o RIEHEINI | s hydrogen or a base
stable ogglen p?otectﬁggﬁgroup,mherein Rd is selected

fromthe group consi sReng qQRshydrogen, C -6 al kyl,
C2-6 al kenyl, C2-6 alkyhng\gg-6 het eroal kyl, 5-7
menber ed het er oar yIr,cohpr i sSNagppp, R §$ 3 het eroat ons,
and C -7 aryl and wherein Re and ﬁf( e each
in@ﬁﬁﬁﬂ&ﬁ%ﬁddﬁd%@mﬁﬁhﬁﬁggbpn1the group consisting of
hydrogen, G -6 al kyl, -6_al kenyl, C2-6 al kynyl, C -6
het er oal kyl , 5-7 nmenbered heyeroaryl conprising 1, 2
or 3 heteroatons, and C5-@7ar or a base stable
nitrogen protecting group;] Riolis selected fromthe
group consisting of drogeq -~ Mahpgen, -ORc, Ci-6

al kyl , C3-6 unconj ugat efd enyl , C3-6 unconj ugat ed

al kynyl, G -6 hal oal ang”eS -6 al koxy, wherein Rc is
hydrogen or a base st%bl e oxydﬁn protecting group; and
Rii and R 2 are each indeBahdentlyaﬁelected fromthe

group consisting of hydrogen and _a base stable oxygen
pr ot ect i WHSTEHOYps 2 Blogen %‘h‘(@'ﬁnggi’e t aken together to

forma SRW{QZ% ché&t ﬁlﬁeﬁéfrﬁie fi¢ Eé’lga@é frofd 46 LU doRdisting of

wherein R and oare each 1 ndependently sel ected from
t he hydrogen, C, alkyl, C5_6 unconjugated alkenyl and Cs.¢ unconjugated

alkynyl;

R3; is selected from the group consisting of hydrogen and a base stable
oxygen protecting group; and

R4 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C;.¢ alkyl, Cy. alkenyl, C>. alkynyl, C,.¢ haloalkyl,
C,.¢ alkoxy, phenyl and benzyl, wherein the phenyl or benzy] are
substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, C,.3 alkyl, and NH»; or Rs and R are taken together
with the carbons on which they are attached to form a 5-6 membered
unconjugated carbocyclic ring;

R7 is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;

Ry is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;

R is selected from the group consisting of hydrogen, halogen, -OR, Ci.6
alkyl, C;.¢ unconjugated alkenyl, C;¢ unconjugated alkynyl, Ci.¢
haloalkyl, -SR4 and

-NR(Rf wherein R, is hydrogen or a base stable oxygen protecting group,
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group consisting of hydrogen, G -6 alkyl, C-6
hal oal kyl, G -6 al koxy and phenyl, or R 9 and R20

WO ywe8i8 represent a fluorenyl noiety of struR€UPE2008/013498
(b): Ri3is selected fromthe group consisting of

hydr ogeny, g&dineR PR%EleSka P n SeYE6ED SrRisEfk of 8y @oger;C, .6 alkyl,
and X is a hal ogen; under suitable conditions, such

that a cOnpakemilote-cakypmilsCngheteroalikyb dntmsmbesidheteioaryl

(1v) is forned Y\&er' the. conposit i [ .

pur 1 ty- eviite Tyt e stk i or 29 880 gherelp Ry and Reare
free of QicHamiependapilyistieeted fiden theNgouptdmtbtial ofihydogen, C;.c
of the preceding clains, wherein Ris hydrogen. 17 .

The net hdlylof2-aalkenrleCof alkiaYlor ecedi ng cl ai ns, wherein

R is hydro 1 ¥e1 +D30r
o-17, whereraeraayl SIEpIBRE, erBibl BmphiahER, To03 0
of hydr ogeroatthsCand @k kattyl ol®basthseabietiiroge proaeryingfgroup;
clains 1-5 or 9-18, wherein R6 is.selected fromthe

group coﬁmilgﬁql?@e%frow@wg@wwaw@go ¥drpegens galogen, -OR;, Ci
met hod o Ny 0 [ - - ' '

hydr ogenguc()?’ ﬁé'? E??A ﬁ%.e#ﬂgerﬁg’t%é%%g? m&%‘/@g? lléc?ﬁlg\%’%'6

1-5 or Yh&@glkyltemdei n R i s hydrogen or nmethyl. 22. The

met hod of, a of cl ai. 9-21, wherein R js,hydrogen_or.
hydr oxyl ¢ 1-Q€§¥O>ﬁ5hé’\’c1}?§fflﬂ lﬁ)gydc{ﬂ%eno‘?r apasf ﬁ%%l’)e-%ﬁfgeg protecting
wherein gohﬁ; dhgdr ogen or hydroxyl. 24. The nethod of

any of clains 6-23, wherein RO is -NR Rf and wherein
Re  and RRnand Raaete danklpstepcedently selgeted fiom the gregumeaagisting of

or a basﬁyd?r'g)gaetfll and 4 lgarsggtealp)leo ch%'tggr(l: Hort]g:ting group; or Ryj and Ry are
taken together to form a 5 membered heterocyclyldiyl of structure (a):

(VaVAVAV Al

% o)
o——%Rw
Rao ()
wherein Ryg and Ryg are each independently selected from the

group consisting of hydrogen, C,.¢ alkyl, C;. haloalkyl, C,.¢ alkoxy and

phenyl, or R;9 and Ry together represent a fluorenyl moiety of structure

A
O (b;

R,3 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group; and

X is a halogen;
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WQQrWOATBIHhg group. 26. The nethod of cl ai m 24, PG ES290$/013498

16.

group. 25. The nethod of claim 24, wherein Re is C -6
al kyl and Rf is hydrogen or a base stable nitrogen

Re is nethyl or ethyl. 27. The nethod of any of clains

6- %ﬁxdef’@u%ﬁl‘e'&oﬁdi@ioﬁ sti&'ﬂjﬂﬁtg 8 BompSsitidi @orﬂ?ﬁlﬁﬁgi a@bmpBind of

one of the preceding clains, wherein Rl and R 2 are

t akfennmle §BOHe formeds whetein therpompepisian hepeityephinged; ield-
ruc 9 and . Wak&s each

i noe NG ﬁflﬁ%’ §qséaé?lggyfr68r$% FRANK GRS cgnsn sting of

Cl-Ttheah&ttbd oPhy driteofithé prededihg 2RYmS, l’\&h@émtmes by&mgeh ng
cl ai ms, wherein the conmpound of formula

(1
17. cr yE"tegnq:thp@ of any one of the preceding claims, wherein }%2 1s hydrogen

18.

19.

20.
21.
22.
23.
24.

25.

26.

27.
28.

29.

The method of any of claims 1-5 or 9-17, wherein Rs is selected from the group
consisting of hydrogen and Cy.¢ alkyl.

The method of any of claims 1-5 or 9-18, wherein Rg is selected from the group
consisting of hydrogen and C,.¢ alkyl.

The method of any of claims 1-5 or 9-19, wherein Rs is hydrogen or methyl.
The method of any of claims 1-5 or 9-20, wherein Rg is hydrogen or methyl.
The method of any of claims 9-21, wherein R; is hydrogen or hydroxyl.

The method of any of claims 6-22, wherein Ry is hydrogen or hydroxyl.

The method of any of claims 6-23, wherein Rg is -NR¢Ry and wherein R, and Ry
are each independently hydrogen, C;. alkyl, or a base stable nitrogen protecting
group.

The method of claim 24, wherein R, is C,.¢ alkyl and Ry is hydrogen or a base
stable nitrogen protecting group.

The method of claim 24, wherein R, is methyl or ethyl.

The method of any of claims 6-26, wherein Ry is hydrogen.

The method of any one of the preceding claims, wherein R;; and R, are taken

together to form a 5 membered heterocyclyldiyl of structure (a):

0O

gess

R20  (a);
wherein Rjo and Ry are each independently selected from the group consisting
of

Cy.6 alkyl.

The method of any one of the preceding claims, wherein the compound of

formula (1) is crystalline.
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