| NTERVEDI ATES | N THE SYNTHESI S OF ZEARALENONE
MACRCLI DE ANALOGS RELATED APPLI CATI ONS [ 0001] This

WDV EEII on clains priority to U S. Provi si orf4T/US2008/013512
Application Serial No. 61/012,411, filed on Decenber
7, 2007, U.S. Provisional Application Serial No.
ANTDERMEDIATESIN THESYNHIEESIS OFG0RARAISENONE MACROLIDE
Provi si onal Application Se%kg:%&@ 61/ 012,408, filed
on Decenber 7, 2007 and U.'S. 0 Fsi onal Application
Serial No. 61/080,048, filed on July 11, 2008, which
RELAGEIDARPIJ@ADPI@NSd herein by reference in its
entirety. BACKGROUND OF THE | NVENTI ON [ 0002]
Macrocycl i ¢ conpounds, . e.g., .zearal enone-lik .. .
[RaeHo| iyd@i%mngaéowsmm%&rzy t%wos-%rs)vnlﬁlml Application Serial No.
ANBUAIRRGIDAHE I HRITORES (B:6SisicRel AFHRERbE ScfidiTo.
an 5 nh e

¢erfaln | soners thereof inhibit
QHeI2pA09; filedtdnnBeeanthend, 300, Er.& Rroviapaal M) cativb iSegeleNo.
i.vatives of F152 als av hi bi t ed tivit .
QI hoitse e ercResethers G o i st Sonaf ApljgptlonSerial No.
ATGES43, KidaBieRly €1, 2008 Melich it REEDY iiebopitedNiereR by reference in
activation, and inhibitors AP- 1 activation, to nane a
ifsentiredy.t en, however, F152 and derivatives thereof are
obt ai ned by fernentation techni ques and nodifications
to the natural product and thus were limted in the
nunber and types of derivatives that coul d be prepared

BACKRYROUNP OF THRINVENTRDNact i vity.

10002] Macrocyclic compounds, e.g., zearalenone-like macrolides such as F152
(LL-Z1640-2), have advantageous biological properties. For example, F152 and certain

isomers

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 N‘F-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.



[ 0003] Chem cal synthesis of F152 and derivatives have
al so been disclosed (see, e.g., WD 03/076424),

Whmowenzs23 such synt heses are often conpl ex andP¢iEU82008/013512
many chromat ographic purification steps in order to

renove impurities. BRIEF SUMWARY OF THE | NVENTI ON

BREEKISUMBIARY. OF THEVYENTION pased. at | east in

part, on the discovery of new nethods and

Wb@r medi afgs pfeREntlifenPioR REBALA, R 166t IMBRHObA 8RSdiscovery of new
t hout wi shing to be bound by ‘any particul ar theory,

intthods bl intarextdiatestfosthe prépatrasiomed insacealidesy Wighaws afishing to be

€. 0..,.0n providin urijficatio oints in th
Sy Pyl i Ror 0B P Trsbad irmpy b vseful e
i Proididg pardRatidd PEInBAN S WyheheSRI QB HOGEAMY 6r SlefREMBYANg the
to that particular purification point. Wthout w shing
negdder enstly@nd jimengonsamingeahirematographig, stens ypsto ghaj particular

i g new et hqd Ll o
AP R g OB BB TR T R bR B, i oo
ulieléd/ thanthebdidve afeitbdy inflyche Wse il ifp proveding BbrpPositions of macrolides
conventional methods. [0005] Accordingly, . in song

ngEeased puriky apd msesesed yigklhinicompaesey with cegvengonal methods.

intermedi ates of formula (VII): wherein RL and R2 are
9965 i ndepAseudingly, deberoe enbpdiorentsh thegpresept tyartien isslpected to
of hydroge Ci 46 <yl , C3-6 unconj ugated al kenyl and
%gqn%ﬁlg PESEP%%aQ?ﬁtny|; R3 is selected fromthe
group consi sting of hydrog anQ a base stabl e oxygen
protecting group; R5 and Sar e, each i ndependent |y
sel ected fromthe group consisii ng of hydrogen,
hal ogen, C1-6 al kyl, C2gr6 , C2-6 alkynyl, G -6
hal oal kyl, Ci -6 al koxy, 4 d benzyl, wherein the
phenyl or benzyl are bstR wth 0, 1, 2, or 3
substituents independenyly sel ected from hal ogen,

OR11  (viD
wherein R, and R; are each independently selected from the group consisting of
hydrogen, C, alkyl, Cs.¢ unconjugated alkenyl and C;_¢ unconjugated alkynyl;
Rj 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 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;
R, 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):



and NH2; or R5 and R6 are taken together with the

carbons on which they are attached to forma 5-6
wWOoremwpersed unconj ugat ed carbocyclic ring; Rn aneiCRU2088/¢13512

each i ndependently selected fromthe group consisting

of hydrogen and a base stable oxygen protecting group;

or Rn and Ri 2 are taken togeth¢r to forma 5 nenbered

het er ocycl yl diyl of structure :wherein R and R20

are each independently sedeciyed Ypom the group

consi sting of hydrogen, -6\al kyl , G -6 hal oal kyl,

C -6 al koxy and phenyl, or R Qg t oget her

represent a fluorenyl noiety of structure (b): Ri3is

R4, RI5 RI16, R7, and R 8 are Bamhﬁ%ydependently

sel ected fromthe group consisting of H 'NO2, -NH3 +,

-COH, - CO( ekemirkRig)and-R3parte, eacloidependeady Gklectéd filoky the group

ebodi RSISIOE ORPDEER. Gealod Sra T ¢ SO RY Achgheny or R
0XY geihd R Rt thdtFerefind a BRG] mbietPbhstFuchire 3@3: nment s,

the present invention is directed to internediates of
formula (VIl):wherein R and —are\each i ndependentl|y
ing g hydrogen, C -6
al kyl , C3-6 unconj ugate & angd C3-6 unconj ugat ed
al kynyl; R3 is a first Mg- cont ai ni ng oxygen
protecting group; R and R dach i ndependently

sel ected fromthe group {ing of hydrogen,

hal ogen, C -6 al kyl, C2-¢ nyl, C2-6 al kynyl, Ci -6
hal oal kyl, G -6 ' (b); and

R|3 is

o Rig (VIID); and
R4, Ris, Rys, Ry7, and Rz are each independently selected from the group
consisting of H, NO,, -NH;", -COH, -CO(C) 4 alkyl), -COCl, -COOH,
—COOQO(C 4 alkyl), -NR3", -SO;H, nitrile, -CF; and halogen.
In some embodiments, Rj is a first aromatic ring-containing oxygen protecting
group.
[0006] In other embodiments, the present invention is directed to intermediates

of formula (VII):



al koxy, phenyl and benzyl, wherein the phenyl or

benzyl are substituted with 0, 1, 2, or 3 substituents
w0 pabepesseent | y sel ected from hal ogen, hydroxyl PCTZUSB08/013512

al kyl, and NH2; or R5 and R are taken together with

the carbons on which they are attached to forma 5-6

unconj ugat ed nenbered carbogycli*® ring; Rn and Ri 2 are

each i ndependently sel ected?frgmthe group consisting

of hydrogen and a base gt gen protecting group;

or Rn and R 2 are taken t%get her| to forma 5 nmenbered

het erocycl yl diyl of ot uctryce ( wherein R] and R2

are each i ndependently fromthe group

consi sting of hydrogen, A\C -6 al kyl, C -6 hal oal kyl,

C -6 al koxy and phen o, R20t oget her

represent a fluorenyl 2moiety¥f structure (b): Ri3is

a second aromatic ring-contai @Fng OXYVY#En protecting

group.In sone enbodinents, R3is R4, R5 R6 R7, .

and RvBergindR eanshRi ara epeiniadenangently sedecied fremithe prougcengisting of

© o0 ek 1 oty i s el oY et akomy
- CF3 Rd alfisogomatif Bi@-Chnlathis® o®y gentpoctc oty groufy i s

hydrogen. I n some enbodi nents, R2 | s hydrogen. In.
cer t akmandnifodfcsach wdependently salectedsiom the gmup £oPsisigpe of

benzyﬂydrcyg%g;[ gmélpﬁé%;%,ggnéﬂgz_égﬂk P2y ﬂﬁgﬁa@& haloalkyl, Cy.

substi‘tute substitue
i nde pedkakon phenyd ehé berexy ], fwiearein @hé; phe@y O dnizyl dre subditiPyted with 0,

i IC\I]H/(\ a ,@glja g lé%l/llggt 1&%&2 gﬁ%gﬁ%m ggcﬁéaflrétwh)aloaggg, hydroxyl, C,.3 alkyl,
4- met h@RE %W s-anli R are taken together with the carbons on which they are

attached to form a 5-6 unconjugated membered carbocyclic ring;

R;; 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):

R0 (ay;
wherein R ¢ and Ry are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C, haloalkyl, C,.¢ alkoxy and phenyl, or R9

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

Ri3 is a second aromatic ring-containing oxygen protecting group.



some enbodi nents, R5 is selected fromthe group

consi sting of hydrogen and C -6 al kyl, e.g., hydrogen
w@eooawtdsyd . I n some enbodi ments, R6 is sel ect eRCT/D8008/013512

the group consisting of hydrogen and G - al kyl, e.qg.,

hydrogen or nethyl. [0008] In sonme enbodi nents, the

conpo neﬁerflbwhmeatS(quuys is crystalline. [0009] In

sone enmbodi nents, one of R ,gRI5, R 6, Rn, and Ri8 is

sel ect ed fromthe gr oup cons! sting OFNO2, -NH3 +,

-COH, -CO(C -4 al kyR), -BEPH, -COO(C -4

al kyl), -NR3 +, -SC3H, -CF3 and hal ogen and

the other four of R4, 6, R7, and R 8 are

hydrogen. In sonme €m h | east one of Ri4,

R|5 R 6, R7, and R § teé:l7fromthe group

consi sting of NCO2, -N@3 +, C%RD 4 al kyI)

-C0d, -CO0H, -CcoO(C -4 aIkyI) -

nitrile, -RE3 R@P‘I’{ E‘fﬂl‘?%ﬁ I@Qgretéﬁgh ﬁidéﬁénd%tlﬁ'sé‘lectgéﬂom the group

R 6, Rn, and areﬁyro gen. In sone enbodinents,
is NO2 andcensisingiof ZNOzRiTSHs RC@H, aﬂ@(@&ﬁallﬂl@, COCl —COOH

the: comourGOSREs DL R ottt BBl ErREh T
[0007]2) : [ O0kdonderiBeEmRAROR| MEeHYidSogehhen S6P @bbdddents, R, is

formula (V1) is a conpound of formJIa (VI1Db): [0011]1
yeiregene In spitaiaicmbediments Rags sdlested frapehpnzen drdenzyl, wherein the

lqén%gflto“? %ehﬂll P garcﬁ%gbse?ftl‘ft%d g\flthf VAU lo? 3 (s}ﬂngtﬁélents independently
selected from -OH, -O(C,.4alkyl), -NH,, -NH(C, salkyl), -N(C;4alkyl),, amides, -
OCO(C.4alkyl) and (C;.4alkyl). In some embodiments, Rj is 4-methoxybenzyl. In

is
+

some embodiments, Rs is selected from the group consisting of hydrogen and C,. 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.
[0008] In some embodiments, the compound of formula (VII) is crystalline.

[0009] In some embodiments, one of R4, Rys, Ris, R17, and R g is selected from
the group consisting of NO,, -NH;3", -COH, -CO(C, 4 alkyl), -COCI, -COOH,
—~COO(C.4 alkyl), -NR3", -SOsH, nitrile, -CF3 and halogen and the other four of R4,
Ris, Ris, R17, and R, 3 are hydrogen. In some embodiments, at least one of R4, Rys, Ry,
Rj7, and Ry3 is selected from the group consisting of NO,, -NH;", -COH, -CO(C4
alkyl), -COCIl, ~COOH, —COO(C,4 alkyl), -NR3", -SO;H, nitrile, -CF3 and halogen and
the other of Ry4, Rys, Rj6, Ry7, and Ryg are hydrogen. In some embodiments, R¢ is NO,
and each of Ry4, R;s, Ry7, and R, are independently hydrogen.

[00010] In some embodiments, the compound of formula (VII) is a compound of

formula (VIla):



wherein R and R2 are each independently selected from
the group consisting of hydrogen and G -6 alkyl; R3 is
w@edoentrse from benzoyl or benzyl, wherein the Penps2o08/013512

or benzyl are each substituted with 0, 1, 2 or 3
substituents independently_selected from-OH, -0(C

4al kyl), -NH2, -NH(C -4alRgl) Rs-N(oM al kyl) 2, ani des,
-OCO(C, "nalkyl) and (G "al kKyl)e R5 and R6 are each

i ndependent |y selectedé£ & theygroup consisting of

hydr ogen, hal ogen, dkyl , -6 hal oal kyl, and

G -6 al koxy; Rn and Ry reRgggh ndependent |y selected

fromthe group consisti f Hydrogen and a base

st abl e oxygen protecti or Rn and R 2 are

taken together to fo Rrd heterocyclyl diyl

of structure (a): whefein RYnd R20 are each

i ndependent |y sel ected fron1ﬂh%ngrougnm2n5|st|ng of
hydrogen, Cl-6 al kyl, C -6 hal oal kyl - al koxy

WAM0lat | eabt sopreerapodimentsRihg compeundraf7formnte (Y1 lsgcompound of

&8 el e Re@kéron1the group consisting of NO2, -NH3 +,

- ) Cl-4 alkyl), -Ccod, -COOH, -Co(C -4

al kyl), -NR3 +, -SQBH, nit

the remainder OGR4, R 5

i ndependently H. [0012] In

are each independently;@ &

I -CF3 and hal ogen and
§R|7 and R 8 are each
® enbodi nents, R and R2
In sone amomnEMS

R3 is 4-net hoxybenzyl. 'R sone gnbodi ments, R5 and R6
are each independent ey’ or methyl. In some
enbodi ments, R6 is and edch of Ri4,

OR1u1 (vIIb).
[0011] In other embodiments, the present invention is directed to intermediates

of formula (VIIc):

(VIIc).

wherein R; and R; are each independently selected from the group consisting of
hydrogen and C, alkyl;

Rj; is selected from benzoyl or benzyl, wherein the benzoyl or benzyl are each
substituted with 0, 1, 2 or 3 substituents independently selected from -OH, -O(C,.
salkyl), -NHa,

-NH(C,4alkyl), -N(C;.4alkyl),, amides, -OCO(C,4alkyl) and (C,4alkyl);



Ri 5, Rn, and R18 are independently hydrogen. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0010] Figure 1 is a
wa@Revghessey ystal X-ray of internedi at e conpoundP@/US2008/013512

[0011] Figure 2 depicts single crystal X-rays of

i nternedi ates 002 and 01la. [0012] Figures 3-12 are

100VHRs 2ERNMR p@lmaemmelme feny By gEQpcqongising of

X CTPL At OHEH L S, RUBARRLALY, el pr o0t

DESCRRBTdrﬁNRIQéreTédEh indépbHdeny [seledtddl fibhethergeewgntonsisting of
i nvengi rovj des ne ods and internedi ate for

pr epaf\&fm& S e o QXY EEN ORI EEONRI ST it b taken
(1V) Whgt o Forfdds RentfddRRfod a}&%@&@péﬁaﬁdeyuré @A)ect ed
fro e group consisting of rogen, G -

C3- 6 unconj ugat ed al kenyl and 6 unconjugated

al kynyl; R and R are each independently selected from
the group consisting of hydr hal ogen, Ci -6 al kyl,
C2-6 al kenyl, C2-6 alkynyg, al oal kyl, C -6

al koxy, phenyl and benzyl, rein RQS phenyl or

benzyl are substituted Wit h 1\2, or 3 substltuents
i ndependent |y sel ect ed fron1ha|ogqn xggoxyl

al kyl, and NH2; or R5 and R6 are taﬁen get her mnth

the carbo n&h@xféml\kl, CAmdtRYE Yredah @Ade@@ﬂi&ﬂtly Qele@eMfdnbthe group
menber ed unconj ugat ed carbocyclic ring; R7 is sel ected

fromthe geuwitioses hs;qhioggn &h 6Iﬁ}]ébflo§emhqiﬁ@jkyl@g§ Gsealkoxy; and
R t
ar 'inlM ?gr%]opllilé‘t?ésd i al&h&’ %%gl%gtgﬁgllt Z‘m?hie}%?p consisting of

hydr oyén, - mgHy\M(@.m aBgyl), scOymrJ;q;(eoHopcmame alkyl), -NR3",

st abl e _oxygen. protectin
-SO5 %nrllep -CF5; and ha?ogen an?i the remainder of R4, Rys, Ry6, Ri7, and Ry

are each independently H.
[0012] In some embodiments, R, and R; are each independently hydrogen. In
some embodiments, Rj is 4-methoxybenzyl. In some embodiments, Rs and Rg are each
independently hydrogen or methyl. In some embodiments, R)¢ is NO; and each of Ry,

Rjs, Ri7, and R,g are independently hydrogen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a single crystal X-ray of intermediate compound 011.
[0011] Figure 2 depicts single crystal X-rays of intermediates 002 and 011a.
[0012] Figures 3-12 are 100MHz *C NMR (A) and 400MHz 'H NMR (B)

spectra of exemplary intermediates and an exemplary final product of the present

invention in CDCl;.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention provides methods and intermediates for the

preparation of macrolides, e.g., compounds of formula (IV)



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 , - SRUT/E82H08/013512

NReRf wherein Rb is hydrogen or a base stabl e oxygen

protecting group, wherein Rd is selected fromthe

group consi sting of hyﬂ;og & Fkyl, C2-6

al kenyl, C2- 6 al§< c erod| kyl, 5-7 nenbered

heteroaryl conpri Simg : pat ons, and C5-7

aryl and wherein Re @ I hdependent | y

sel ected fromthey > xof hydrogen, C -6

al kyl, C2-6 al kenyl, C& Ci -6 heteroal kyl,

5-7 menber ed het er oary QrioSi

het eroat ons, and C5-7 arRy o

protecting group; and RiO is sele(%d frométhe gr oup
consisting of hydrogen, hal ogen, - IkyI

: I
ﬁ’ﬂ?&ﬂ‘* ﬁgﬁﬁ aglléke%gy e@nyd’@n g%lg(%tﬁ(g %{){%{Sjthﬁ gk&%éeo#swtmg of
o!r a bpbregat, @ltseallqoty@;ag"umbnjugmbd lagcegylmmi Caammcl@njugatetd alkynyl;
? oﬁsia fe p&fgﬁg]arle%g g‘gge nrtéd%utlggl%lggt‘é m t he smpmg of
pr ot epfdrhgerd hRldBen, A, 6Fém<>anéf Bal%e&}n ec% @éﬂﬁ?nﬁogﬁg Rabalkgl, Ci6

forma 5 nenberéd heterocycly of structure
(a) : wilkoxy, phR1d aaddbeR20, whgegg{bh phﬂuépeh@n;ml pge substituted with 0,

2y ot 8 et PBes T RRe o HIBHR. moilgCra alo

and Raf NHQ&SHIE{ arldeRy 8¢ @idendoddiha Aty ihe ERIbBRY offwhich they are
structure conposli tions conpril Si ng t he sane.

Def | nattacbeétq @@3}@] 5-prinespbreed necomigated caahqoyclihEng;
conci ﬁr ISySCI%%I%%C#'CB’S nlitlét1 §t0 br?s%tmg?)tfthgfﬁr gen taﬂ& @kabﬁi@rem Ra 1S

the foll'own ons ‘are 1 0 provi
gui dalgirogen draa bdse stdRnoNygew protecting group;

Rg is 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, -ORs, C,.6 alkyl,
Cs.¢ unconjugated alkenyl, Cs.6 unconjugated alkynyl, C,.¢ haloalkyl, -SR4 and —
NRcRf wherein Ry, 1s hydrogen or a base stable oxygen protecting group, wherein
Ry is selected from the group consisting of hydrogen, C;.¢ alkyl, C,. alkenyl, C,.
¢ alkynyl, Cy.¢ 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, Ci.6
heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.;
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
Ri; 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):



specific terns used herein. [0015] It is to be noted

that the singular forns "a," "an," and "the" as used
whegoeorssehcl ude "at | east one" and "one or norECT/USL08$ 613512

stated otherw se. Thus, for exanple, reference to "a

phar macol ogi cal |y acceptable carrier” includes

m xtures of two or nore carrjiers as well as a single

carrier, and the like. [001

ranges are recited in gonné&ctign W th various

enbodi nents of the pregenty\ i nvéntion, e.g., anmount of

a conpound of the inventi _puéféhh in a conposition

It is to be understood that al N\ val ues and ranges

which fall between the val ues aforapges |isted are

i ntended to be enconpassed by the presént invention

unl ess exphvherein RsindtRod amt daeh widependeatly tseleotad Ifsom the group

is also ta be_.understqgod that .all n rical val ue
| st etonsishaE Rt PGOERb el GoukalfalRoing s AWORYART phenyL, or Ris
" abouind R}t6SSh&Reprebdnt alflubraly iRkt bhsihree-(b)fhe term
"about" as uSed herein in assoOciation with paraneters,
ranges and anounts, meanss«t’hat/~the\paraneter or anount
iswthin 1.0 %of the sfated pargpeter or
anount . [ 0017] As used Yerei \{alk | " groups include
saturated hydrocarbons 2ha e or nore carbon
atons, including straigh n al kyl groups (e.g.,
nmet hyl, ethyl, propyl, { pentyl, hexyl, etc.),
cyclic al kyl groups (or pal kyl" or "alicyclic" or
"carbocyclic" groups) (ewg cycl opr ', cyclopentyl,
cycl ohexyl, etc.), branched-chain al kyl groups
(i sopropyl and emhpdsitionls compeisingttlyd samesobut yl , etc.),
and al kyl -substituted al kyl groups (e.g.,
al kyl -substituted cycl oal kyl groups and
cycl oal kyl -substituted al kyl groups). In certain

nts, a straight-chain or branched-chain al kyl

roup may have 8 or fewer carbon atonms in its
8t4bone, I qder to mag desrlysndgoneisely dasonibgthaonbiigt prtter of the

claims, the following definitions are intended to provide guidance as to the meaning of

Nunmer ous val ues and

specific terms used herein.

[0015] 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,
reference to “a pharmacologically acceptable carrier” includes mixtures of two or more

carriers as well as a single carrier, and the like.

[0016] Numerous values and ranges are recited in connection with various
embodiments of the present invention, e.g., amount of a compound of the invention
present in a composition. It is to be understood that all values and ranges which fall
between the values and ranges listed are intended to be encompassed by the present
invention unless explicitly stated otherwise. Additionally, it is also to be understood that
all numerical values listed herein are implicitly modified by the term “about” unless
specifically stated otherwise. The term "about" as used herein in association with
parameters, ranges and amounts, means that the parameter or amount is within £ 1.0 %

of the stated parameter or amount.



branched-chain. In certain enbodi nents, a

strai ght-chain or branched-chain al kyl group may have
W@2@p/0f8ker carbon atons in its backbone, e.g.PCIUSI068/013512

for straight chain or C3- C6 for branched-chain. In

still other enbodi nents, an al kyl group includes about

food 8 4 car Bensed herepy Falkyle epennsiaglide sasratedibydrogpehops having
b%ﬁ&rﬂ’g&% cﬁp&)‘lﬁtatc]mF Qnﬁuﬁﬁ% RER ht {; i gﬁ(gﬁ%{%ﬁﬁs (e lilethyl ethyl,

ments, an alky ut 1
p@pbbbatyl Imnls&b,rl’mxgh‘[euﬂ) nmtcsa,lk)prgﬁhqm(ed‘ (fylcloyllky(jjf aupdicyclic” or

| u |
Yrpoeyiq 1568 € 6. TGOy clgpenig syffiexyhets T Beagched-chain
AIRY %&W%;}?l LerRan, ?écmﬁlwlg{seyml eRN Qx'ld‘blﬁ?l dubsBifed alkyl

car bon ‘at ons he term "hal oa heans al kyl “ gr oups
gilespe(ere. oy levubstitutsd cryc@alkyltgxtwps anchgyhl erdley]-sabstrtpted aliey1

OERRY IR -EFEH sobiriintae SRaeanCn pF AR eh Gtk B0 may

BRI 80gdevet érBokitbfs iRtk buékibee (ORIt @(-Ts Fbr dtﬁagaﬁ cBAR or C3-Cg for
doubl e or triple carbon-carbon bond respectivel

brenghiedschaine Jaicarteia emhodiaents hlaﬁtlmgm-&balb@r lbrembr%aham alkyl group
A 8850 058 Al B e 0SSR or

@4 Forbydnchedicldiky hyktllgbmﬂﬂﬁnbétﬁﬁ)eﬁfseaﬂMRlegmhpl g&llﬁfés about 1to4
with a _portion of the core nolecule. [0018] The te

by dapihgr egbedigrentss an abkyseroup Andrdes aharint tor3 carbons. In yet
c\%l b bk rhnsehk&lcér&glgﬁlcﬁfa@é 200K @ &hﬁ"e‘ %9&8& in

ne or nore of carbon atons in aln is
anbalimerisg profeined alkyd graugs horydef ©1-Ce xkhypgmppmi Thogems “C,-Cs”

THeIn e T rRleh oA s BRI e dotparcleeg i ean alky

?{B B LO@Inihg IQBWOIQJtQME’SThE‘ My %ld&ﬂ@/l’ofneﬁiﬁy 8kPf groups
he car bon atons in the chain is an el effent ot her %an

wherpioronefoy rmcerﬁemg)l, & to Aj hyrdoggen, ateros hawe, be@n r@pdy@p@lnml’rh dalogen.
t?eratre]mrrﬂsh ﬁg cr,hngl Lkrgc{1¥%lggﬁ?ul%feéﬁ§ﬁ%ugw§te hgtlc groups ana?ogous 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.

[0018] The term “heteroalkyl group” includes straight-chain or branched-chain
structures analogous to alkyl groups in which one or more of the carbon atoms in the
chain is an element other than carbon, for example, nitrogen, sulfur, or oxygen. The
term “heteroalkenyl group” includes straight-chain or branched-chain structures
analogous to alkenyl groups in which one or more of the carbon atoms in the chain is an
element other than carbon, for example, nitrogen, sulfur, or oxygen. The term
“heteroalkynyl group” includes straight-chain or branched-chain structures analogous to
alkynyl groups in which one or more of the carbon atoms in the chain is an element
other than carbon, for example, nitrogen, sulfur, or oxygen. The term “C,.¢ heteroalkyl”
and “C,-Cg¢ heteroalkyl” are used interchangeably to refer to a moiety that has from 1-6

carbons and one or more heteroatoms.
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al kynyl groups in which one or nore of the carbon
atons in the chain is an elenent other than carbon,

wo or09pxmepl e, nitrogen, sul fur, or oxygen. ThePCBUR20080)13512
-6 heteroalkyl"™ and "G -C 6 heteroal kyl" are used
i nterchangeably to refer to a noiety that has from1-6
OMBbns andhetsmorallmyyd aphutedrhssain meapsan alkylrgoup daying an oxygen

[
e R I B, R R o OB ¥t s Bine 1 0
addauo ] raxhon apsng. el dibe egibodjiseha\alkikylgrbwpsahclutie 8roups having 1 to
carb tons. In other enbaodipents, al koxy gr.oup g i
ahout g&er 9P 3lasas. astidptherembodinents allepxy grousgpgludg groups having
t ;

Rt e B0 ERES FRRS 1n AP EeOLRAS, AL AP aROe Boups

mnbldd Gyt adkoxpyr grbepsr itk apiesxof zrj;kcmypgroupmhulaide (but Eﬁ: not limited to,
%teq O’WP Ies of albko do i ncl ude, h lk
%?F OKtethq tSBBmlPéS %PIHBQV ut x%“ P ?ffyo%‘;‘?PB& ¢ alkoxy
HOAPON belitlaPhY-chARGr BecREY, 9roups. The al koxy ngUIOS
can be strai ght-chain or branched. [0020] The term
mat i c ‘ 1)
O ot PR A Bl o PP arl 5 PR MBS R REd and
ammatlu cmladly&imzbadrcmm‘s mlllmwasajmyttﬂdemdcammwmhetgrooyGes
nore rings. Ayl groups incl for ex l e - 8
Sy st 6F Fiard s ShBL Brup i orrai o> v higaups. Ar!
Hohps Ry 616 bk FuRd Jﬂ%h@g&?%ﬁh 'aﬁcidli&gﬁ h"efé%cy%h@ rif § that are not
- aromatic so as to forma polycycle (e.g., ‘tetralin).
Fpmatie sores ledforn aqypdydyclegegupttraling udes cl osed ri ng
structures anal ogous to carbocyclic groups in which
one ofhaterm, hetetpeycllg g@upt ir8judes clobe:d n'ag btouctartes msalbg]ous to
the rin s an e nt ot her th for, exa .
G acS Eeroba FuPhiEEonG of GEE e brPotyb o BRIy T the ring

i9@n SRiMEhAbSEr Man¥BtRH Ufo@'éﬁzgnplédﬂk'tﬂ)F&n alifyr, or L oxygen. Heterocyclic
het er ocycl i c groups (such ero
1

8rQ®Iéﬁ}ilhbb§/ paturgtddna] wisatummd rfydditigrellys bﬁtyrqcyﬁé@gmupﬁ@ych as
&l%tol}n, pyrldyl, 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

one of the carbons in the ring. Exemplary heterocyclic groups include, but are not

X _(““"“
eg., QN , QN , \——\\N and '%QN;
limited to imidazolyl, AR

o o) f‘" o
e () LT
morpholinyl, e.g T ’LLLL ' and '

[VaVa VoVl
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aromatic character, in which case they may be referred
to as "heteroaryl" or "heteroaromatic" groups. The

W@ 2oogoisseEr ocycl i ¢ group includes rings which BEEUS2008/013512
attached to the core structure via either a bond to
one of the hetgroatons in the ring or a bond to one of
the carbons in|the ring. Exenplary heterocyclic groups
i ncl ude, but aée n linited to i m fazol yl,
nmor phol i nyl ,~2. g Pi i
e.g., and pi|peraz|nyl,
pipetidinyhe.g', ‘@s used h
or substituted™nmoiety of ™t he f
Rx and Ry are each independently hydrogen,
aryl, or heterocyclyl, or Rx and Ry, taken t9Y¥ther
wWth the nitrog;pvaton1to whi ch they are attached,

forma cyclic ety flaving from3 to 8§ atons in the
ring. Thus, t ter pAoN ncl udes lic am no
poididied, sgc i peri j;rptl gr oups,

unl ess ot her w_se/st-at ed! cal nvieties
of the compounds of the inventi i ncludi ng those
groups di scussed above, may be "sUbstituted or
unsubsti tuted™™n sone enbodi nents, the term

"substi tut ed” ansxéhat tyhe noi ety has substituents

t
pl aced on th et t han hydrogen (i.e., in
pipstaziags e, r epl a¢i ng hydr pgen), which allow the
nmol ecul e to lperformits| i ntended function. It wll be
under st ood t hat~" surst i i "substituted with"

i ncl udes the inIipit proti so that such substitution
[0921]0 aCCOTHARSGH “Uhiike't e aRBAT b B MRIERGR{QE td difunsubstituted

substituted atom and the substituent, and that the

or substituted moiety of the formula -NRyR,, in which Ry and R, are each independently
hydrogen, alkyl, aryl, or heterocyclyl, or R and Ry, 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

pyrrolidiny! groups, unless otherwise stated.

[0022] The chemical moieties of the compounds of the invention, including
those groups discussed above, may be “substituted or unsubstituted.” In some
embodiments, the term “substituted” means that the moiety has substituents placed on
the moiety other than hydrogen (i.e., in most cases, replacing a hydrogen), which allow
the molecule to perform its intended function. It will be understood that “substitution”
or “substituted with” includes the implicit proviso that such substitution is in accordance
with the permitted valence of the substituted atom and the substituent, and that the
substitution results in a stable compound, e.g., which does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimination, etc. As used herein,
the term “substituted” is meant to include all permissible substituents of organic
compounds. In a broad aspect, permissible substituents include acyclic and cyclic,

branched and unbranched, carbocyclic and heterocyclic, aromatic and nonaromatic
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substitution results in a stable conmpound, e.g., which
does not spontaneously undergo transformati on such as

whyoopezseangenent , cyclization, elimnation, ePCT/USX08/013512
used herein, the term"substituted" is nmeant to

|nclude aII perm ssi bl e substltuents Ff or ganic
RORPERa ST oraanie qomneunds pbhe b regBnyentiongay have

6&0%49&&&3&1& doxﬁ”é?s &éésﬂlﬁ.{a heP&ﬁ”C hed and unbranched,
car bocyclic an et'erocyc aromati ¢ and
omat i Ml stituen [ Jh
928FeL SPGB Sy 0Lt BOTPA iy TOfyions” and v
lﬁmr areSushd heietit, lth)dySare asddesod tdomizeraes"peclﬁc cbﬁﬁ)ébﬁ]my\herhe core of
ounded chenlcal nanes

i SF ¢Biep! strughyet fBe Moty ha'ieé afthcat wetlﬂ@rlﬂhty Qetge,yar&]r'é ‘alkylaryl”),
Mg&’@ﬁ%h@ﬁ% & IF a%sctgcéo?ﬁsétédrﬁo HEUPRC \ﬁ'stéﬁ ylaf ﬁg@%ﬁp, for

emcal str ture nol ety |ste
¢xantphe is argalkyl grogp sutastiplted withahlayylaryup e, g.j shenhkmethyl (ie.,

GBS A S SRLEELE LS80yl e 5.
ﬁ%?tﬂhbhl)tl?ﬂe.wgﬂt&ygg aryl group (e.g., phenylnethyl
(1.e., benzyl)).

"al kylaryl"™ nmoiety is an aryl
group substituted with an al k group

(e.g., pnethyl phenyl (i.e., oly)). [0024 The
conventions " are used i erchangeab to ndicate a
[0624]l e bonThdherivegtionss® Subst i t ueTnsl, t Heare used

substituents er ci.s or tra 0025
lageééwﬁgffaiv?wo lgﬁéa'te@r‘fﬁ“% iying; o sﬂﬂg%tﬁhg&s’t‘%ﬁh%ﬁ}? a
ﬁggﬁhéﬁgﬁmg%g%nﬂgwggOpgggpuleS that further consist of

atons. A coOnmpound generally refers to a chem ca
ty, wh d
[gg%ﬁ]v\%et he ﬁg ngéd Hég‘?‘hg@e?ﬁ&% %Pglﬂggﬂﬁ 159{1&6 e e ﬁeﬁmstance

madd @i eﬂno@ouﬂpmtlmdﬁxrﬂnc ooniss 6f htbmsc hﬁenmmpd)umbgqnemﬂid refers to a
%%ﬁ)géaipﬁ?tﬁ\é\eksﬁhﬁ%mdﬁh So gi ga 4 %glseeous pha srep QnAJ het[P)er 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
isolated optical isomers or mixtures of optical isomers including racemic and non-
racemic mixtures; said geometric isomers to include transoid and cisoid forms, where an
isomer may be in isolated form or in admixture with one or more other isomers; isotopes
of the compound, including deuterium- and tritium-containing compounds, and
including compounds containing radioisotopes, including therapeutically- and
diagnostically-effective radioisotopes; multimeric forms of the compound, including
dimeric, trimeric, etc. forms; salts of the compound, including acid addition salts and
base addition salts, including organic counterions and inorganic counterions, and
including zwitterionic forms, where if a compound is associated with two or more

counterions, the two or more counterions may be the same or different; and solvates of
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i ncl udi ng polynorphic forns, said forns in mxture or

in isolation; free acid and free base fornms of the
w@ovpotasel i soners of the conpound, includi ng PEDOB100$/¢13512

i somers, optical isonmers, and tautoneric isoners, said

optical isomers to |nclude enanti onmers. and

the semppushapdudipaihemisol wpemonaspdvaiem disalviates. ¢isoiisiuding organic

SN s 1ﬁ81]r%al)r(é%ﬁfa&st Qid PokUAE drohal 1ﬁ91u8191g Jlﬁﬁgates, where if a

| SoMers or tures of optic | SOMers I nc
coangenind isagociaedaddniveo of mbrersebyensmiottcglesthe twe or more solvent

%mers to |n | ude tr&rt}émd and cisoid forns, where an

ﬁ%lFSWbﬁé?FPW%BT B¥ormor in admixture with
one or nore other isonmers; isotopes of the conmpound,

ﬁOH%ﬂudl ng GBETEEM RQCEHLE ETPRR eﬁﬂseéh@rémq refgrsde ppBiiader

gtllddél h}é)gf%tg ggﬁ tg;" oL | 8699%?6‘(1}{}!0?&119 P RES 95 BRES reaction can be

@lrlagi’mﬂtsekeaiﬂ/qu af ﬁr&nher\t&dtlad sme Bm mphlfunmﬂnhl mmpcmnd In various

forrgs of the co ound i nclu |rrer|a eh
bodiinghisea ProlctiBe §FoREaL Y 0P igld Ihgivg & protected

s%@gjt'rétb Bt 3tdBle ?@ﬁxe%ﬁ%ct@&l ?éakh@ﬁk ?@eﬁe%ﬂvél?%ﬁig{l&gm good yield by

organi ¢ counterions and inorgani ¢ counterions,
readiyuaharlgblzypreterably mootokar esgentshthatedd motaittadﬂﬂwmﬂhbrlfsnctlonal

ga%\%%%c Ié%a}%}}%?a&v%agﬁ% 52 %Ef‘egoravgatrgzg E)%:rl)rg{e]:ﬁb& gﬁtthoutatl% generatlon of

W MafeBgeré E&ReGD MRAWAS a niRh A b Hdd186hA Fhivcdohslity to avoid further
nonosol vat es, disol vates, etc. |nclud|n8 or gani c
it

siteb ohreastiom dComprtihilitycofshe pratesting gamwsm pRiaalty take into

c%?rLM&Iaﬁﬁ Ol{eclje?%h{hgco%ﬂ[o%ts T sub ét,%%ﬁa ﬁ%ggﬁ Cg{ldlthnS are

asSoCl a or nore Sso
WBEd,pretestihy gfﬁuprl’éhcﬁwl&&/aBEYOyﬂﬂlstchﬁoﬁﬁ@maf/ not be preferred

dlfferet [ 0026] Theterm"protectlng gro as us
Hevilerly, i P%lfié?r %0"@81%15;5‘5& VA BFOCAG EFAEaGH glegyable By acidic

Hoidties rQay Rot B ﬂ@ferﬁ:@' otte@t‘f’f%o 1@[1{)4 Q(segllﬁ’ 951‘?&115%%&%6&5 of the

reaction can be carried out select;vely at anof
preszot inventsint &e idesaibed lin infonad¢taid hedeirc d\vﬂ‘pthodsj forlramoving protecting

KRN RN R W T S——
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; methoxybenzyl
ether groups can be removed under acidic conditions, by hydrogenolysis, or by
oxidation; methylthiomethyl ether groups can be removed under acidic conditions;
pivaloyl groups can be removed under acidic conditions, basic conditions or with
reducing agents; tetrahydropyran groups can be removed under acidic conditions; silyl
ether groups (including trimethylsilyl (TMS), tert-butyldimethylsilyl (TBDMS), and
triisopropylsilyl (TIPS) ethers) can be removed under acidic conditions or with fluoride
ion such as NaF or TBAF; and methyl ethers can be removed with TMSI in
dichloromethane or MeCN or chloroform or BBr; in dichloromethane. In another
example, regarding typical nitrogen protecting groups, carbobenzyloxy groups can be
removed by hydrogenolysis; tert-Butyloxycarbonyl groups can be removed with

concentrated, strong acid such as HCI or CF3COOH; 9-Fluorenylmethyloxycarbonyl
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substrate that is stable to the projected reactions;

is selectively renoved in good yield by readily
w@r@plozske, preferably nontoxic reagents that POI/NS1008/013512

attack the other functional groups; forns an easily

separabl e derivative (nore preferabl wi t hout the
§OHRT ¢ lz?rfemOVﬁ‘éw@tb@ﬁ%wb 7 PIRSSRNGS anYilﬁf;Pumag%be removed by

gc{%%%%}}%rseact trﬁé%ﬂ@éﬂy% lt?ﬁg??ﬂ? )ghh%) 429 R vE i@ mmonium

the protecting
griong$V wikratet YA wﬂlhy:rdlmkhae fenth¢'beegabde’ protesting geoup refers to a
react.l on conﬁl i t.ion g uent

PG g S dhss Spls PUBRE BAF BrnBtitRsahs dferehar iy
SIrRpAR Vil o R84 SubdB Rt @%rﬂi%b!tld’fp&nd)ﬁld}r@fr&ﬁéﬁﬂ of the protecting

Simlarly, if acidic conditions are used, a protecting
@ounpsmeléajm, ys sedeheatinethp yeraciagidostahle’ pﬂOé@tlnﬁgrqmrefﬁéS toa

rred. Pratectin ro sedl
BB ER Efioe T iE RabR o Bkr M ARl io ot i renctionsof the
comigoudatviiith 8&ued subsdrlehO@prbettisrearvpritg to &@h@@dl Ioﬁ ;he protecting
groups are well known in the art. For exanple

grenar A skejladygstisan Wolg wadersiand ghat p fihasgrSibhE” pratsstipe group is not
SSUAALEARIER ERDYRL, 0 eho ALy Ea0d LiRaiadl bl
Iiyeloxide) bin destatsle italany bopdutilisedsn ametdaommaf thy lcomiphend which

groups. can be renoved under acidic itions;
?FéPF?o%k‘PB“élHE% t0 Y PFEF QY A LI0E S re5ROY @@ﬁg PTOREIES HOPR ¢

rulyo&ée st le gt’eﬁ%?@%lj é thcludE, 1&1& aPé(h(QQfdl@éH to acetyl groups,

t'hi onet ps can be renoved under
meihdxpethmryuhettlnyimher ;gmmsoxynbthgxmp@ybahewonwmmhbxybenzyl ether
under i, C co?l ons, basic c?ndl tians ,or 1v]
FEHR MR AGeEhy f‘éb?raawm o BYALY gl;owffstete%!wdﬁ%vwmwas sily

MR Hcbudi &hhétﬁ BilylISITIMS), &-hBhtyHigeRs1diyd T BD d
tr%?r%?ﬁgs:(& I ﬂ%] pt le}rlt but)yl di met h1 Fhlglyl BDI\/I%%E) "

ISP PEQLY] lcfbe B;‘SD gthr:ssb andrpethyl ethgess s3rbe Zw@xe/@ﬁ@w@l tert-
I
REHELy T efeS, e e Bl b RR e Lo b
Sikblarliyha 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.

[0027] The term “reacting,” as used herein, refers to a chemical process or
processes in which two or more reactants are allowed to come into contact with each
other to effect a chemical change or transformation. For example, when reactant A and
reactant B are allowed to come into contact with each other to afford one or more new

chemical compound(s) C (C’, C”, etc.), A is said to have “reacted” with B to produce C.

[0028] The language “large scale” as used in the language “large scale
preparation” includes reactions which result in product in an amount, e.g., greater than
26 g, e.g., greater than 30 g, e.g., greater than 35 g, e.g., greater than 40 g, e.g., greater
than 45 g, e.g., greater than 50 g, e.g., greater than 60 g, e.g., greater than 70 g, e.g.,
greater than 80 g, e.g., greater than 90 g, e.g., greater than 100 g, e.g., greater than 200 g,
e.g., greater than 500 g, e.g., greater than 1 kg, e.g., greater than 2 kg, e.g., greater than 5
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di chl oronet hane or MeCN or chloroformor BBr3 in

di chl or onet hane. I n another exanple, regarding typica
WORGPOTSE3 pr ot ecti ng groups, carbobenzyl oxy grPCpES29881013512

be renoved by hydrogenol ysis; r -Butyl oxycarbonyl

groups can be renoved with concentrated, strong acid

kg, €18 reaten thap lﬁ;kgmgreater than 20 kg, e.g., greater than 40 kg, e.g., greater

gaﬁkmgeﬂg gﬁ%&%ﬁxﬁy géJ ﬁ% a%h&f@@o@ H%Y@a@er%;ghSOO ke.

ase s pI perl groups ca renove

RO IR K b A8 MO U Reompos

soRstishe tk Mntefnh@lidtes, g’ hﬁﬁlﬁaoﬁha@bﬁfor@ﬁm(@qtah&/@r ¢gvDuhich
refers to a protectlng group that is stable under the

ipekyide a higher rattmﬁ oofsomy tq b zsomes thapfpre Heudy pispated cRRIRORitions.

ceurs, ubse X to renoval

¢ nBd Brads ohipiRuEpn) SR LeEhoRh b8losts e or n
t he tern1"aC|d stable" protectlng group refers to a
Eﬁ?ﬂ g group that is stable under the acidic

cond|t|0n5|{g ary reaction of the conpound whigl Rs
occurs subsequent to protection and prior tore

of the prot g group. A skilled artisan woul
understﬁmgbthat "base stable" protecting B§8up is

not ces table to every base, (eg.
be s?g %ﬁﬁﬂ centrated sodlun1hydrOX|g§
stabl e ases utilised in any reactio
conpou curs subsequent to protect
priomR4 o val 12t he protecting groupRj OR12

base stable p cting groups include, but are n

limted to acetfl groups, nethoxyet hoxynet hyl et her "
groups, netisvexermet hyl et her groups, net hoxybefaydmer
et her groups, nethylthionmethyl ether groups, pival oyl
EdratRscvIh-et rahydropyran groups, silyl ether groups
(including trinmethylsilyl (TWVMS), t-butyldinethylsilyl
:EEE% and

(TBDVS), and triisopropylsilyl (TIPS) eth
nethyl e o carbobenzyloxy groups, O
gr oups, benz&l

( PM@)RQr oups.

o isomer B isomer

Previously prepared compositions (see, e.g., U.S. Patent Application Publication No.
20060247448, published November 2, 2006; paragraphs [1242]-[1248]) typically have a
ratio of a isomer to B isomer of about 1:2. In some embodiments, the term “alpha -
enhanced” refers compositions which include compounds of formula (V) and/or (VI) in
an o to P ratio of at least about 1:1.5. In some embodiments, the term “alpha -
enhanced” refers compositions which include compounds of formula (V) and/or (VI) in
an o to P ratio of at least about 1:1, e.g., at least about 2:1, 3:1, 4:1, 5:1, 10:1, 25:1, 50:1,
100:1, 500:1, or 1000:1. In some embodiments, the term “alpha -enhanced” refers
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Simlarly, a skilled artisan woul d understand that an
"acid stable" protecting group is not necessarily

waee@blzssed every acid, (e.g., may not be st abl BCT/0S2008/013512
concentrated hydrochloric acid) but is stable to any
acids utilised in any reaction of the conpound wh

eRRASiiong b@@@m tslude sopperads qf&ﬁn&% (W) prg/or V'l é\ﬁwa |0n1y the
OflSOtn‘rlleg d? Sgl %enl%t?%&lgp?lgil% g%l%:lncg}] g ﬂlOI{S Oq{iflé ngentlon are not

S us em ca roces
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to cone into contact with each other to effect a

thedencvage oqiala?g@t@rneflraéﬁ’slﬁ @sqéamurefﬁfrem@ fo ﬁlﬁamsrreedlmérff g

SRR of APPSRy P gl PN e OB hPacscrivec i
gbeiasdl hgempound(s) C (C, C', etc.), Ais said to
have "reacted” with B to produce C. [0028] The

[oaBgLage "irge %gﬁ&?c' %flelﬁ-%nHe%ac@d"’ [ JsB& i RFRGUAGE 0 th@E@Rposition
scal’e preparati i ncl udes reactions which result in

prmoptising ¢amponngsobifirmuda V) syntbesizad ushngralpifa-gnhapceyd intermediate

SRS 33 & s AERbER HReGE o Bofpoairacs). These
&refstiont Made 591@1& Pielll of tBFgRBEShpdundne. go c@mpdBufds of formula (IV))
greater than ., Qgreater than

20
@r@mr@ﬂsqrhwﬁhgmmglct%sygthesg%a@@g n@h-alphﬁmggnceé igfermediate
&)rn? sﬁ{ongﬂﬁ (%gg elgxbogm%nts gdreet?l[n?r‘?% %%Ege’(gg.egé.rsgto’at least 5%

aer

@Tcﬁ!t&iirﬁl yie[tﬁ{fer&lﬁh néh- @lpha-@ﬁm&ﬂ cémpasitléh. km sotnegembodiments, the
greater_ than 20

eater than 40
Sro oy i saont ks © § 16ash) G 211 A 46, 8@%, @9’/ 70%, 80%
a t
%’2 f%/éhgggb%oﬁggﬁg’f‘ gln gtlrﬁlc‘%F fag{ Olrjls % I n re!f(&r ence toon It
thoaldcloenpued thaotheqengentagengsedhie thentomtert o aelesnt )aelg is intended to

ds of formul lor (M),
G ERBs Perdaoessrety it yRUY Bl fhe el ol h e et By Seieht
QVV@)O QE ﬁg)u‘l:d) ARO Bk hbféﬂ&hat%d%nﬁﬁﬁ':e@ cbﬁ@ﬁﬁf@n.@éf til@ ff¢¢hfon are not

(V) d (VI) are shown below. Fornula (V):
mtended to be limited by scale of the reaction that produces the compounds.

[0031] The language “purity-enhanced” is used in reference to the composition
comprising the final product, e.g., a composition comprising a compound of formula
(IV) as the therapeutic agent, which is significantly free of impurities, e.g., impurities
that are side-products of the reaction or residual starting material that would be
considered unsuitable for administration to a subject, e.g., a human, or preferentially
omitted by a skilled artisan from a pharmaceutical composition prepared for
administration to a subject. In some embodiments, the term “purity-enhanced” refers to
the purity of products synthesized using alpha-enhanced intermediate compositions
versus products synthesized using intermediate compositions which are not alpha-
enhanced (see, e.g., U.S. Patent Application Publication No. 20060247448). It should
be noted that purity-enhanced compositions of the invention are not intended to be

limited by scale of the reaction that produces the compounds.
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a isomer b isomer Formula (VI): a isoner b isoner

Previ ously prepared conpositions (see, e.g., US.
woa0en0t582ppl i cati on Publication No. 2006024744BCT/US2008/013512

publ i shed Novenber 2, 2006; paragraphs [1242] [ 1248])

t |caIIy have a ratjo of_a isomer to b isoner of
ég The) laggugees s ®if nisrtsed hegin, gréraeﬁefre%qeptﬂél composition of

tglP Bf&gr?tqpvén?\(}?rv%lgly [Eps?%'u' zﬁﬁ’lﬁ/ MS&Htrbl%B%ﬁWHQIQﬁg a

nato rati o of at
te6asiced lieut, fdr ekaﬁtpld an $mperityrivodi asgrsrssalddhydep lW'thh has been
enhanced" refers.co s tions MEICh i n

.|| | h
iSBRPEATAGRIOGNS FegFien Jreugh (A QY BRCHAATPCEs, BaT S, 1 Certain
érﬁﬁdcﬁ’m@ﬁts atrhe |laﬁf§%5g@‘kf?éét ot’l 131mot‘?n19nded3tb eh@@lﬁ%as@ ki’l%éﬁrltgesl for

dz@ﬁﬁrld, reSlchlaﬂ; e@rbummmhchhrimtbgen m@du@drﬂlrcarlgp h:avrronmental factors
nhanc fersc 03|t|ons whi ch include conmpounds

r&ﬁ‘?%ﬁ u?ﬁ/} P{ffc)e havi ng only the a i somer.

It _shoul d pe noted that a-.enh nced Itions of

0883} nvent Fb‘ﬁla&gléag’?ot“g Q@ér b%s #5e “t ﬁﬁ%@égl e

%F‘r ntrfi@an'tl ‘cffete'o‘fnmgﬁﬁﬁed@rcﬂgﬂ&@ﬁz&shﬁe 9%;91%&513 patitled, @7d Ydimers,

anglage a-internediate” is used in reference
ztoetdnl‘nia almnmammdpmﬁeeis, @ng)oundsawb@mmgﬂlahc gty ligel{nnated, etc.,
resent the a isomer
T BRI, elor TR O R DR UPH T At gy) as the
th}rrael:amergean Ge6n anSutSBSk ik Tosk BfaBrRRGEallte 10%E .. & less than or equal
conposi tion conprising conpounds of formula

V)
t@)ﬂ%he&r lesgithas ongaudl fh8%e algaess dhannraapeldp e e.8., less than or

Siol 1 ONS tient
SRAPRRh ER° K65 oo 1 <LEL PLRR 4200y, s o
?& dqmglhemly,l et dlesd thAog equat cnpilag., (essghan crran;palundss%f e.g., less
h
{130 RS 198] ot S P8 AR A ot o 155 THAR of equd 0 0.4%, e.2.,

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%. In specific embodiments the purity-
enhanced compositions of the present invention are significantly free of organic
impurities, e.g., impurities composed, at least partially, of carbon atoms, e.g., p-
anisaldehyde (or any other of possible intermediates or elimination products shown
herein). The language “substantially free of”” as used in the language “substantially 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 is 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 to0 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
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conpositions. In sone enbodinents, the term
"yi el d-enhanced” refers to at | east 5% additiona
W@ e@ba73seF sus a non- al pha- enhanced conpositi oNPCT/ONSHO81&13512
enbodi nents, the term "yi el d-enhanced” refers to at
I 10% 20% % 409% % % 709% % 9
tp(eﬁa;g}’:/ % % (t)légdbq?ro . lal](c)) Qéfg,c&\cfo . (%%O The gné)uageo @ubstantially
% - 820850 19994 ér&us’a
?ﬁr@” al E%’lﬁ%ﬂ,%&gre?ﬁmgﬂe_tﬂr&@ﬁcel 3f infpRntids He1e80h8H or equal to 5%,
at the percentages used in the context of percent
g igellas ithsani artegnaled 406 edesless then pecqpahteadfése. gelless than darequal to
e yield of the final_product (i.e., i.ght, by
%\Qﬁ’ ﬁlgt’?ewli}@n. or| etqugfnt83|.§j‘%af. 8o faﬁﬁghﬁatoé 8q¥\ﬁ é(? 1%, e’g., less than or equal

¥ @54 eRhangeshrcagiasl ol (4%, 8., 1§ tHaR\6? R No 813%,W0%., less than
intended to be Ilimted by scale of the reaction that

prr esghabios) 2 e . gorgss thatsor 4qoaide]0. 5% |caglessan or equal to 0.15%,

"purity-enhanced" 4 Sysed in reference e

e B P GH by ie 0ot Py B PRARLIC%. e g Jess than orequal
ROOTP%| & 2QMess BRARAN drqnal t8 0C3I 0L NEsOThah @F Btk 1§ D% %nd e.g., 0%.
the therapeutic agent, which is significantly free of

Itsheililbeaotedghaf. the prisentpggsaised Huthe gpatext efensppentpgstod igpurities is
@@&d%g %:Ecljésgﬂgg herrcgr?t%g%ﬁjglaﬁtvg{ot fgg QTR R fidd] %ﬁ'%d’ﬁﬁﬂ Iefjg. ,

e consi dere nsui of admi nistration t
phibaraadeutiealGompasitiondne., aeight Bf ecipht,i wiw)y Insome ethbbgingents, the
skilled artisan froma pharnmaceutical c i £ion ‘
PRTERTE ABPUNEES HEMSISEET 4% PSR %Hn%urétéi 2?-&3 ?’Wé nme
enbodi nents, the term "purity-enhanced" refers to the
purity of products synthesized using al pha-enhanced
i nt ermedi ate conpositions versus products synthesi zed

thogls i Inreatitiane conposi tions which are not
al phaenhanced (see, e.g., U S. Patent Application
POBY] cat i oThdpres2d60sdivndSiliredted, shiwastdn lpartnotrexyel mathods for

urity-enhanc C osi tigns,. of t i nvention .are not
PR beRltE VRO e R P e Shs RESTRARPGRn i pected t
REQAERrENRa A POHAGS IR0 IR hehBe1 hRNYWBFiRt een§Rardfméthiods for
used herei'n, in reference to a conposition of the i
pmgaesiving maenolidemofithe presens inyaptioni Saherhg | is a schematic showing the
fc)’rl'lo?e%igrq ta.hg Ir1|n§ o%gni%g%PLl%l %lsé/ mlo e%ﬁfepﬁ)ll%wed by couplingtoa
triphenylphosphonium salt, coupling to a bicyclic triflate and ring closing to form the

macrolide.
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referenced item for exanple, an inpurity (such as

p- ani sal dehyde), which has been introduced into the
WO 2@em7ses t hr ough the synthetic process. For eRGRpE™08/013512

in certain enbodi nents, the | anguage "free of is not

i ntended to enconpass inpurities, for exanple, OR

resi dual sodium which has been |ntroduced through 4

eyl r ﬁ actog®ra t hr ough R3O
synt process. 09&5 [ 0033] e I a E‘Uage "sjgnifficanfly

free as used in the | uage "significant
i mpwQ ti@s" charact erRg®s tOR,presence of
e.g., diners, acetonide elimnmnation products, OR11

compounds vvhere an allylic methyl is eIim'nate , etc.

in a final product, e.g., a conposition conprigingga Rs
conpound of formula (1V) as the therapeutic aggnt, H

an anount that is less than or equal to 10% e.|g@,,0 PPh3X
| ess than or equal to 9% e.g., ss than or equal to

8% e.g., less than or equal t®7% e.g., |less harhor

equal to ﬁ% ®. gRs | s t hats-Q
IessF{han or pguap—t9 4% e.q.

ess than or e&
han

3% elgy” ™NeSs equalRst OF 2%Tfe. g., | eBs |or
equal : ess than 0P equal toR

| ess RdhanYor ¥ 6 0.5% e.g., less than

to 0.4% Big. !\ | ess than or equal to 0.3% elg. S
than or equd —6Q2Y ©CR2g., less than or Bfjua OR12
0.175% e.g., |less ORan or equal to 0.15% e.g., $
than or equal to 0.125% e.g., less than or equal to
0.1% e.g. gch&ss 1t @%ﬂh&‘is Mﬁhufa‘{l ﬁ@r%ritﬁ)sg—,rohﬁsls
than or equal to O e.g., less than or equal to

E)O%g & andA%d ona n% thé BBl 1hg Ilﬁ)ﬁmgr esgﬁy@teﬁlr#l&eed as in Scheme 2,

uri yenhance josit1ons o venti on
azh&has a sd:}felnmrctshwarrgetbe q)fotemg)arand rmgmpeningerf A réhoge molecule,

I ] b .
TR N T M T R
hﬂé @fo@ﬁ%'t@?&% e BAdroiat i on products shown

OR,
o} Ri. R,0
OR
HO OH R1O0  ORy; R2 12
ORy4

Scheme 2: Synthesis of formula (IV) from ribose — route 2
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herein). The | anguage "substantially free of as used
in the | anguage "substantially free of inpurities”

W@b@parises i zes the presence of inpurities, e.gPCT/US2008/013512

di mers, acetonide elimnation products, conpounds
where an allylic nethyl is elimnated, etc., in

{00381 pr oddetordengly, in 50me AERsSIS: thePressAHINVERtRR 18 directed to
FRIRANRS RlkihPh WhhBokddfr Rimblaqyhherapeut i ¢ agent, in
an anount t ess t an or ual to 5% e.g., less
than or equal to 4% e.qg.,

€. g.
n or equal

. gR30

Ress Fihan or equal to 3%

e.g., less than or equal to 2% es.g., | ess than or
equal to 1.5% e.g., less th r equal to 1% e.g.,
| ess than or equal to 0.RY | ess than or equal
to 0.4% e.g., Iesstt&a |to 0.3% e.g., less
than or equal to 0.2% than or equal to
0.175% e.g., less than to 0.15% e.g., less
than or equal to 0.125% ess than or equal to
0.1% e.g., less than Bi275% e.g., less
than or equalto 0.5% é€.g., than or equal to
0.25% and e.g., 0% The |angu 8@31 "sub¥}antially pure"
as used herein lso refers to, the
pur woped Bt 18 e Bidtadyiishy sHaGETBSG: B gpaup consisting of
t han E{Tdr@@éﬁib andtecs 1£hconj|ug§t§d bh@ﬂyl‘l{nd@b%&lncbﬂjué%ed alkynyl,

ess than or equal % : ess than or
equal R} &5 selestgd feorg the £1euB conasingrof. g\qé@lgen end gipage gable oxygen
| ess to 0. 5% e.g., less than or equal
to é@?e%tlgég?o éss than or equal to 0.3% e.g., less
t han Rt agRahreteack intféperiieditly sd:leasd flbﬁﬂthe Fgr@.qmﬂnsis(ing of
0.175% e.g | ess than aqr _equal e,
t han Bydreggiahalogen Clnzs@%ylecge alkwéscztmlhyrwfl %qmlzﬁloalbyl Cie
0. 1% 51 Snfi R RY ﬁ&H hhyf B7beifryd LBsSifuted with 0,
t han %rmg}a F g g{%ﬂ " EQ-R’an o? qﬁraes sewl
0. 25%, hnd3eu@st1tu<ﬁ% mIdBpaidenlil)dsdim:tﬂbﬁeni halhagens lnfdroxyl C, alkyl,
per cent _used in the context of centage of ..
P 14 19E; & g Recti® (0o daRsthepevifiainE ERbagegn which they arc
rel at it¥RhéPtol f3fm\es- efﬂﬁen%er&chsnédnﬁaglatear&%&gemenﬂg,
phar amaceutical conposition (i.e., weight by weight,
w W) . Rlirend dte areraachiindeperdentli eelpetpéémm th«ngn@lm sansisting of
Meas uﬁye rogaesn G aaba%% Ispgperég}%erg progec‘tmg group, o)r R and R, are taken

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

R0 (ay;
wherein R 9 and Ry are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C,.¢ haloalkyl, C; alkoxy and phenyl, or Ry9

and R,y together represent a fluorenyl moiety of structure (b):
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Met hods of the Invention [0034] The present invention
is directed, at least in part, to novel nethods for

W@ wwhEseyi ng nacrolides. In some enbodi nent s, PET1ES2008/013512
present invention is directed to | arge scale
preparation of macrolides. Sch s 1 and 2 depict
exenpl ary net hods for g macrolides of the
present invention. Scheng gchemati ¢ show ng the
protection and ring ope i bose nol ecul e,
fol |l owed by coupling phenyl phosphoni um sal t,

ate and ring closing to

coupling to a bicyclic =

formthe macrolide. Sche Synt hesis of fornmula (1V)
fromribose - route 1 > Addi tionally, the sane
bui | di ng bl ocks may be~enpfoyed as vy, apghenme 2, which

is a schematic showi ng the protection and ring openi ng

of a Risbesdested dom e graip epneidting othxsdspgenpnds base stable oxygen
bicycligzgriflate, coupling to a triphenyl phosphoni um

salt BR ClP%&“%WOsing to formthe macrolide. Schene 2
[00SYNt hesi gofpoliddyaf farmbly) VH aersyhitesised by keadtifg a compound of
2[ 0036] Accordingly, in some aspects, the present

forpulatli on is directed to nethods for maki ng a conpound

of formula (V): wherein R and R2 are each

i ndependently sel ected fromthe dPBup consisting of
hydrogen, G- alkyl, G3-6 ¥%anj ated al kenyl and

C3- 6 unconj ugat ed al kyny\; g sel ected fromthe

group consi sting of hydrggen anfd a base stabl e oxygen
protecting group; R5 an gg i ndependent |y

sel ected fromthe grolf co tin@ # hydrogen

hal ogen, C -6 alkyl, C2-6 al kepy,, CQ-B al kynyl, C -6
hal oal kyl, G -6 al koxy, phenyl and beﬁ yl, wherein the
phenywhéreinRNE skleafed fEonk Hel droli® Eondisting &f hydrogen and a base stable

oxygen protecting group;

with a compound of formula (II):
Re Rs

- Rq30 PPhsX (1

wherein X is a halogen; under suitable conditions, such that a compound of

formula (V) is formed.
[0038] In some embodiments, suitable conditions for forming a compound of
formula (V) are suitable basic conditions. In some embodiments, suitable conditions for
forming a compound of formula (V) include the use of a base, e.g., a C,.¢ alkyl lithium, a
potassium C,¢ t-alkoxide, sodium hydroxide, sodium hydride, ammonia,
dimethylsulfoxide sodium salt and sodium hexamethyldisilylamide. In some
embodiments, suitable conditions for forming a compound of formula (V) include the

use of a Cj.¢ alkyl lithium base such as butyl lithium.

[0039] The compounds of formula (I) and formula (II) can have varying
stereochemistries at each chiral carbon. In preferred embodiments, the compounds of

formula (I) and formula (II) have a specific stereochemistry at each chiral carbon.
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1, 2, or 3 substituents independently selected from

hal ogen, hydroxyl, C -3 alkyl, and NH2; or R5 and R6
w@e@onzsen t ogether with the carbons on whi ch P¢BYS20$013512

attached to forma 5 6 menber ed unconj ugat ed

carbocyclic ring; and R 2 are each independently

/é%q%@pébr thegrsul g @%w@cﬂfé?wﬁ@ b?@%@d@@ﬁn%ﬁtareézchemlsmes

y f
R SO POF o BERNESh \e S iml, L AR dSmula

Of) isb compourel ¢fafprmulagVa):n R19 and R20 are each

i ndependently selected fromthe group consisting of

hydrogen, C 6 alkyl, Ci -6 HR%I oaﬂzg(yl C -6 al koxy and

phenyl, or R19 and R20 t ogeffhers represent a fluorenyl

noi ety of structure (b)gRi | ected fromthe group

consi sting of hydrogen aﬁ a baﬂ st abl e oxygen

protecting group. [0G® ouprds of fornmula (V) are

wherein Ris selected f
hydr ogen and a base 0 ORys ot ecting group;
with a conpound of forfula (N): wherein Xis a
hal ogen; under suitable condi BFons, gwap that a

ff I f
B oot Y o g e oS

conmpound of formula (V)gare i tabl e basic conditions.
I n some enbodi nents, suidabl® conditions for formng a

conmpound of fornmula ncl se of a base,
e.g., a G- alkyl '[&hﬁ%m a pot@g}éﬁ)ﬁ(ﬂ@i 6

t - al koxi de, sodi um h dr oxi sodi u dri
[0040] In some emboc}/ ments, t e ‘compoun: op % l% (’V) 1sa compound of
(Vb):

(Vb).

(Ib).
[0041] In some embodiments, the compound of formula (V) is a compound of

(Ve):
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di met hyl sul f oxi de sodi um salt and sodi um

hexanet hyl di silylam de. I n sonme enbodi nents, suitable
weomdirisens for form ng a conmpound of fornul a $GA/US2008/013512

include the use of a G -6 alkyl lithiumbase such as

butyl lithium [0039] The conpsﬁnds of formula (1) and

formula (I1) can have varyl &reochem stries at

each chiral carbon. In prefdrred enbodi nents, the

conpounds of fornmula (I la (I1) have a

speci fic stereochenistry'& chiral

carbon. Accordingly, t ' conpound of formula

(V) can have varying st istries at each chiral

carbon. For exanple, i odi mrents, the conpound

of formula (V) is an&? gula(Va) That is,

t he conpound of for a (11) yan be a conpound of

formula (Ha): [0040] In sone &fheding V‘It;’ﬁ t he conpound

of formula (V) is a conmpound of (Vb): at is, the

und o
Eﬁ@ﬂ?jo 1004 jlf‘t?ﬂ@‘gtoﬁeepeléﬁ#?ﬂlbﬁgﬁ{fd&?ﬁgﬁﬂg%ﬁ tg% ﬁ&tﬁfer%{{ tRe reactions
fabmgplace( &Y., itlse smtablﬂ'ptoudndonﬁ for ye)duc 4L ¢orsppundifdormula (V). In

ik ol G bl oy L Breeinh e (R e e g A PBi Eroups
Er PERAUBEDYL gmﬁgmmlz@ite fofgupd! n fothe ex'nBo&@ﬁE‘hts suitable

enbodi ment s, “sui tabl e oxygen protecting groups for R3

@Wu@eotqumareu@rfouﬁsmcélsieemlygg@ups Irwnmm@qdempgts suitable

%%gﬁlé ﬁ’“é? ‘[r)\?Psspfé}I &}plgclglge %’qbgg ud e SI %%mb%gln?ents the

¢Iﬂte%ﬁms oﬁ&b}fgéh@r}l 1§ ressilth irddprRdoMygREly mspd.sleﬁh lpngiugf @&HESeas if Ry3
Rl include silyl I.n _sone enbodi nents, the

ﬁradtyéqueana predgsjrpaty gvggngﬁpeg farmed; n gorpe emGAdimERLs. the cis

SIEﬁ fe'?reﬁr oduct, whereas if R 3 is a hydrogen, a

pre nant ytran_s olefinis formed. In sone

enbodi nents, the cis U
[0043] 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.

[0044] In some aspects, the present invention is directed to methods for making a

compound of formula (VI):

(VD)
wherein R| and R; are each independently selected from the group consisting of

hydrogen, C,.¢ alkyl, C3.¢ unconjugated alkenyl and C;.¢ unconjugated alkynyl;
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olefinis preferred. [0043] In sonme enbodi nents, the

doubl e bond represented by \ -=> represents a double
whoovd/ovises e t he substituents are situated in aPCI/BS2008/013512

position, relative to each other. [0044] In sone

aspects, the present invention is directed to nethods

for nBkisrglesteddrarn thrieronp consisiing qflaysiroggn and  hasy staklg oxygen

R2 ar endently selected fromthe group
consi P?%gn%ﬁﬁﬂggrogen, C -6 al kyl, C3-6 unconjugated

al keng}, isasetcfed-for nieogrjoup abesist alglof iy trogdn asd s bhecdtade oxygen
fromthe group consisting of hydrogen and a base
st abl RFOEEIHE8'PPot ecti ng group; R4 is selected from

th b
€ ORPIReRQRAIRirh Mgk %fo’llmégﬁél?%ﬁlge(ffglggg)g@ﬁ‘%ﬁd SORPWRerein R, is

oxygen protecting gro fromthe group
con&Bﬁdrngechrdeec@btc aygen ORgeatingrgeoup,Rg i s hydr ogen

sel ec glsfesfa <61 &%ﬁ%&fﬁ@%ﬁéﬁ%ﬂgngh& %g&rlgé%%?n -ORy, Ci alkyl,
hal ogen, unddRPugafdd zﬁk@ﬂy‘l‘)@y &%oé,ugﬁte@ Blk‘yﬁ?lt ﬁg&ah%@wl ~SRg and —

C3- 6 unconj ugat ed al ky hal oal

NRe Rf NR@Iéf whereiRRy is hbrylmg@g en a basesstalde exmeamr@te@txr}gg@wun wherein
pr ot egt erein Rd.i.s s ted from

or oupei el Bl GG sl e il ol Crc atkenyl, €2
al ke nydﬂky,(;a CBs Bétkoamlyl, 507 nfenitRk &) ieadrsityl cdmprisingher o3

heteroaryl conprising 1, or 3 heteroatons, and C5-7

aryl bgieroatomsennd Re7 and aml whewieRe pd Reepeadieindependently selected

sel ec Ikynyl, C
5L P U B IR Y. B DS 0060, @Sk .
5- 7 nisrbrenkdl,13eT etenibeydd loserpaiyd corgprsing 102 o83 heteroatoms, and Cs.7
heteroa}oms and (r‘,5-_7 ,
aryl or a base stable nitrogen protecting group; and
R is selected from the group consisting of hydrogen, halogen, -OR., C; alkyl,
C3.6 unconjugated alkenyl, C;.¢ unconjugated alkynyl, C,. 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 Ry; and R ; are taken

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

O

o—%Rm

Rao

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

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



aryl or a base stable nitrogen protecting group; and
Riois selected fromthe group consisting of hydrogen,
wh2000923823 - ORc, Ci -6 al kyl, C3-6 unconj ugat ed BCRES00§/013512
C3-6 unconjugated al kynyl, Ci -6 haloal kyl and C -6
al koxy, wherein Rc is hydrogen or_a base stable oxygen
protecting group; and Ri i~hd /R ar e each
i ndependently sel ected fr gup consi sting of
abt-4 3 prot ecti ng group; or
Rn and R 2 are taken toget 0 forma 5 nenbered
het erocycl yl diyl of stru (a): wherein R 9 and R20
are each independently § ed fromthe group
consi sting of hydrogen, pkyl, G -6 hal oal kyl,
C -6 al koxy and phenyl, k9 and - oget her
represent a fluorenyl noiety of structure (b):[0045]
[0948pbne enbns:ﬁrxmcmbodiwhtsabliebbcnmﬂ'ttiom£orfformi‘rxgra1<iqmg)oamd of

f f VI t abl e
ESABRA g st hasit pubifn b 088 eFupin Gun apiatjp gonditons
fo ffoxfnﬂh?h REMPoEANBOERAAUR (V) %drweathé Ve b€ bRl @atdBAt.

of a palladiumcatal yst. Palladi um catal ysts can be

Pajladium cafalyatsicen bp asédsinroyganic ehemisiry s facditats sarbeardsghen bond
f or mat,i on i t| t b bhond

PAGHGE BB RS BIAOR BPalp Ul

Eotﬁaﬁnhtaﬂyompldxacﬂmm { phNEdiemi cacdlyseinclude, lartarmﬁxit limited to
limted to tetrakis(triphen Iphosphlne)palladlun(

ﬁgpkla(ﬂnnhﬁnmh@ﬁm@e)aﬂ@dﬂanﬁ draliagium chipddeard palladaimmgdl) acetate.

BRI LA AR, 050 LBt tormuta v

mohude tHeok souplmgscmxmdxtmmbom sommd anbmdlmhtsesumbik Heokipbuplthg
Lti | ude, limited to the

conditions | are not
s Sgrden e ot i o B rensigh of b pPsae Sisckgligor wiflae
arhk ahalikRdafd §§fr§g§b&g@%ﬁd PG dR@h | cagl 4 R ayssibsmted alkene.

forma substitut al kene. [0046] Conpounds of fornula

(0dhe] ar e S¥BRPEEAFESt BEIETOT) 28 sthiRIRAYYeQeting a compound of

formula (I):

OR4
Ri_ R;0
R; OR12
with a compound of formula (III):

O:><iO
Rg o
Rg Y

Rio (111)

wherein Y is a halogen or a triflate (-O-SO,CF3)

under suitable conditions, such that a compound of formula (VI) is formed.
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formula (1): with a conpound of fornula (Il wherein Y

is a halogen or atriflate (-0-SO 2CF3) under suitable
we@omdirisens, such that a conmpound of fornula (RCY/UB208/013512

formed. [0047] The conpounds of formula (1) and fornul a

| | t h tri h )
b7 2 ar BB comaoprdsrasTogea i g R (e L BRsotmise
QbrebOehik@iek hi ea%H@hfrgnrés%&l (Ihlplréfenéer @mﬁo&?&%’tsf ttfe compounds of

stereochem stry at each chiral’ carbon. Accordingly,
fdnmutae(éhdutd fogmulartpib) i eaf specifimsteaeqchemistryrat nashechiral carbon.

ar ereo em stries each iral, carbon. For
KRy’ i ESREREHEb b SoRRRE (TDl4B mee kESRig rmul
£tM|e))che$m§tr1%9Wéﬁ@hﬂﬁl daobdi! | Bor eXAmple, thdime dmbddifents, the
conmpound of formula (1) can be a conpound of formula

¢ampounded 4emuy (Y Bis a cpmpperd ¢higrgrladydblary dependi ng
on the nature of the reactions taking place, e.g., the
suitabl e conditions for oduci ng a conpound of
formula (V). In sone ¢ nents, suitable oxygen
protecting groups for ' cI ude acetate groups, ester
groups, benzyl dRe bepzoat e gigRlps. I n some
enbodi nent s, sui t abl fgrot ectijng groups for R4
i ncl ude sinI gr Qups ¢

(oxygen and/ or nI‘®rogen) Ogr the slfpstituents of R8, RO
and RO (i.e., Rb-Rg) Rwll| be dependent upon the
resul ting substituent. Eogr « TUDRes the suitable
basi ¢ conditions of theReeactiony o produce a conpound
of formula (VI) wherein RO is - NRORf; g\ng)Rf can
each i ndependently be a suitably base sta | e nitrogen
Phastis ¢he crgmppuod pf fernynla (IBCD bSh wdingoinyd ofufiedenlat(fbke):

sui tabl e basic conditions of theogactl on to produce a
conpound of formula (VI) wherein is - can be
a suitably base stablB4 OXYRSO,,

Rs OR12
OR11 ().
[0048] Suitable protecting groups vary depending on the nature of the reactions

taking place, e.g., the suitable conditions for producing a compound of formula (VI). 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. Suitable protecting groups
(oxygen and/or nitrogen) for the substituents of Rg Rg and Ry (i.e., Rp-R;) will be
dependent upon the resulting substituent. For example, under the suitable basic
conditions of the reaction to produce a compound of formula (VI) wherein Ry is -NR(R¢,
R. and R¢ can each independently be a suitably base stable nitrogen protecting group,
e.g., BOC. Similarly, under the suitable basic conditions of the reaction to produce a
compound 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.
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protecting group. In sone enbodi nents, suitable oxygen
protecting groups for R 3 include silyl groups.[0049]

wo poosoms2enbodi ments, the doubl e bond represene@duk2008/013512
v=- | represents a double bond where the substituents
are situated in a cis position, relative to each
ot her. [0050] In sone aspects, the present |nvenrﬁé£<d/
0848 r ect eth somaembatimentsy thagleiblg band ommntﬁddiy

R2 are ea ndepend

ieBrseSa Cpybi oPRE Vet G sBRCH SR E RO IIEER OLRCY ative o
@ckwtherC3- 6 unconj ugat ed al kenyl and C - unconj ugat ed
al kynyl; R and R6 are each independently sel ected from
fggg%lgr oup ﬁpwesiég@&s Ghe BVQE&Q%ntBﬁ'@&%&(@O RetBbéfor making a

al al kynyl, G -6 haloal kyl, G -
qumwmdoﬁﬁHnyﬂaﬁhﬂ benzyl, wherein the phenyl or
benzyl are substituted Wi th 0, 1, 2, or 3 substituents
i ndependent |y sel ect eohf rom haIR@gen Rgydroxyl, G -3
al kyl, and NH2; or R5 and Hp ar &t akfen together wi th
t he carbons on BT e

menber ed unconjugat- [ ); R7 is selected
fromthe group c j ager and - OR wherein
Ra is hydrogen or®a bate st gen protecting

group; R8 is selected Rtoom
hydrogen and - ORg mherelﬁ oN\Ls kydr P&y, 0r a base
st abl e oxygen protecting group, s selected fromthe
group consisting of hydrogen hal n, -ORBY)C -6

g: tylnvperetaﬁRBQrﬁg]? ;léllx% etgm%l ke%é{%y g%ﬁg% rgontbp gra(iy%l:%)nsrstmg of

il\;e:]gl?}‘d?gg‘é?l 1 ﬁlms@;-sﬁfrﬁbﬁﬁg&té&' HREn I M UM oSfughted 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 benzy! are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,.3 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;
R is selected from the group consisting of hydrogen and -OR, wherein R, is
hydrogen or a base stable oxygen protecting group;
Rg is 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, -ORy, C.6 alkyl,
C;.6 unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C,.¢ haloalkyl, -SR4 and —
NRR¢ 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, Cy.¢ alkynyl, C,.¢
heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.;

aryl or a base stable nitrogen protecting group; and
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R<i is selected fromthe group consisting of hydrogen,

C -6 alkyl, C2-6 al kenyl, C2- 6 al kynyl, C -6
whedenombkyl , 5-7 nmenbered heteroaryl conpri siPgr/is2088/013512

or 3 heteroatons, and C5-7 aryl and wherein Re and Rf

are each |ndependently selected frogmthe group

consi Buqlﬁge Igsted framihs grown CQS‘S&PR%P? éosenaml@m -OB. 1.6 alkyl,
al kyn Y eEg!, Bdfoslkyl and C
compr Lt BRI BTN el TRARE R g U Pkl and .
base sikaky,evirir¢in dganhpdrogecoi alpsgsable, oxppeiRpoiéding group; and

sel ec d fr m t he nsi stin f h dro en _r

hal og 2 aecsach i dpgTdentty SeEii o edtns ey of

C3 6 W \Agérpagﬁit @Eiasélsﬁ%w’é)xyggx photédin %%r&)ﬂ o@'qu &id R, are taken
koxy, erein Ris hydrogen or a base stable oxygen

pr ot etogethgr tyrfoup;a amenReredigteRoQycyldiybatsiructure (a):

i ndependent|ly sel ected fromgtbe group consisting of

hydrogen and a base stabl e oxygen protecting group; or

Rn and Ri 2 are taken t%geth to forma 5 nmenbered

het erocycl yl di yl of st ): wherein R19 and R20
are each i ndependentl|y Ssel fromthe group

consi sting of hydrogen, C@ 19 G -6 hal oal kyl,

C -6 al koxy and phenyl, or R9 d R2 together
represent a fluorenyl noiety of rucanir e (b) [0051]

Compounds of fornula (1V) are_ synthesized comnbi rhg
a conpoundWhereinRugand QIO)aquch ll&le@é’f\#@ﬂﬁée]@fxeﬂ drory fhg group

(rn) | der
o FnshuSOTERNAR,. ol MplREL Sl b ghenyt, o R
for rrednd Ranpgethelsepiesém arfidozer(yl jnoidte ofistractdrel(p):and

formula (I111) are those |isted _abqve, in relation to

t he synthesis of conpound ‘ a (V) and fornul a

(V). I'n sone enbodinents, 3 of formula (IV)

are synt hesi zed by co ' ound of formula (I)
with a conmpound of forrful 8 or a conmpound of
formula (111) under suit agbfe

' (b).

[0051] Compounds of formula (IV) are synthesized by combining a compound

of formula (I) with a compound of formula (II) or a compound of formula (III) under
suitable conditions, such that a compound of formula (IV) is formed. Compounds of
formula (I), formula (II) and formula (IIT) are those listed above, in relation to the
synthesis of compounds of formula (V) and formula (VI). In some embodiments,
compounds of formula (IV) are synthesized by combining a compound of formula (I)
with a compound of formula (II) or a compound of formula (III) under suitable
conditions, such that an alpha-intermediate and a compound of formula (IV) are formed.
In some embodiments, the alpha-intermediate is a compound of formula (V). In other

embodiments, the alpha-intermediate is a compound of formula (VI).

[0052] 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

(), formula (II) and formula (I1I)). That is, as long as compound (I) is reacted with
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condi tions, such that an al pha-internediate and a

conpound of formula (1V) are forned. In sone
wepdodisent s, the al pha-internmediate i s a conppCmtSwhs/013512

formula (V). In other enbodinents, the

al pha-internediate is a conpound of formula

Fig5 99mpeunsi{kp Oéﬁ%apm&ﬂsl) threemapder €6 the sypt é‘?’%ﬂéﬂ)’rﬂf@ceed via
P ouié){hgy&&sgnloygpe'cﬁicg %nlléh'fﬂe tﬁgtlﬁyd %cﬂ%&b%ﬁo U\c%rd?llﬂé%y in some

ree specific start
@ﬁbddbmmmbﬁhé kdmpbadof f@nﬁh]la)(l)am deafcmdrmﬂt}at}'(elcbh)p))und' bfiformula (II)

as | on oun s reacted withejt
te&”ﬂ% aﬁampgvr}f of r?dWE“IC 1§ s subspauentis tE%Ftht’EH?lS ofa
OHPdga P fé%l@él%e%go 'efaerﬂb&ngteﬁtsE iR tcofRand8F formula (1) is
specifically i1nclude the third conpound. "Accordi ngly,
neaptscbwmtheh@wnpmmdq}f foaule (i) oo fieknoé compoundeof floymille (V1) , which

ct d h f f
& S e T SRS o &%gﬁé%m‘sfjgabélﬁ? VWioed in
h h f f f h
OB, rent &t somseralst Cogl'éﬁé (e Srasheni o ?qflypquéldﬁ BbfPRTA (V) is

IY}‘?&%HO{P% HISIQH w % (IH};”: gta.&ldgl Qorﬁ ufng§ @%ﬁg&dof formula
@y fernega éI)dndafounuhadHh)d (’fhatfls),nrmbme (emb)odnﬁ@ﬁs?.ﬂle present invention

) th th f d

PG Her ameimof The ek e At un ol (myl 0P SPmpring gombining a

&mfduha of fdrﬁ{u‘lé {19 “@mm%mn& lof f&mula emmﬁund of formula
| S

formula (1), mula (11) and formula (111
(1), soder suitalld |cnnd1t19ns tSIq@h qzhﬂte@,@crmpmwl@ftfpmula KBV g dermeed.

d for makin fo
AEifeboly PR ARAYSIIRNE SaRhobt Fiofnblath s egered win he
mmmua of ﬁfnﬁm (10 13 fhinh h cam@oandOMpaUOR (¥, WhIcHES Subsequently
III% under suitable conditions, such that a conpound

fSW? Pirhithe equypoyng qfcfpm&a (W&céla athsg Piylboqhme@éﬁsr&le compound of

r&
SR SRRl UG, Bl o
fofmﬁlar(mn) avh@c\m is smbseqhently xsald:ls@wuhnhd: yompaatdest fwmmiat(ma
compound of forrmula (I11). In other enbodi nents, the

[005gj0und Ofuitable protecting groups vary depending on the nature of the reactions
taking place, e.g., the suitable conditions for producing a compound of formula (IV). 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. Again, suitable protecting groups
(oxygen and/or nitrogen) for the substituents of Rg Rg and Ry (i.e., Rp-Ry) will be
dependent upon the resulting substituent. For example, under the suitable basic
conditions of the reaction to produce a compound of formula (VI) wherein Rg is -NRRy,
R. and Rt can each independently be a suitably base stable nitrogen protecting group,
e.g., BOC. Similarly, under the suitable basic conditions of the reaction to produce a
compound 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.

[0055] As with the synthesis of compounds of formula (V) and formula (VI), the

compounds of formula (I), formula (II) and formula (III) can have varying
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formula (1) is reacted wth the conmpound of fornula

(I'11) to forma conpound of fornmula (VI), which is
wGaaivgetsent |y reacted with the conpound of forPai/ES2008/013512

(I'1). [0054] Suitable protecting groups vary dependi ng

on the nature of the reactions taking ace, t he
serepehanaisEisn af eachebiralgarbery dngirelgrad é@@ﬁéwt%fhe dompounds of

f H}Q ) (iio}ﬁmla L@Ig S@gi?f %@ﬁghpergfgﬁ H&lh@@ e?eo‘eﬁé(rgﬁ:[}gtaé ?ach chiral

protec 1 g group tate groups,
girborpsAcdredingly, gicotepatiag doxbgnmnhcbfefognmllamk\!) dan lmamvarying

enbodi nent s, SUI le oxyge rotec |ng ro
RSP ERAPISNIZ AL gl i AEBAT, %@&ma R pliments, the
SRR Rg gﬁﬂ)_/lga cBh%EQ&FQ?%&&B]aL(Z@ apubstituents

R8 RO and pendent upon
the resul ting substltuent CFor exanphe, under the
sui tabl e basic conditi"ons gf tﬁ' regction to produce a
conpound of fornR : ’ g -NReRf, Re and
Rf can each independ be é)SU|tauIy base stabl e
ni trogen protecting R, eRg.,BOC/ Simlarly, under

t he suitabl e basRe A1ty RE reaction to
produce a conpound of H,gr Il a (VI) wherein RO is -ORb,
Rb can be a suitably base 6 rotecting
group. In sone enbodlneﬁﬁs suit{bl e oxygen protecting

groups for R include silyl groupsO&s¢/ or ggg @r groups
or allylic groups. [0055] As with the syntheSis of

Tlatps undsomsporindrafifbrnylw) IHacah Heoa carhpoynd of foinmgda (11a), as described
q?ngounds of formula (1), formula (Il) and formul a
$9'F) can have varyi ngstereochenistries at each chira

P@S@Pn | NTRE hBsisbsthests BRBhh oﬂft}ﬁnﬁl@m@ll)l(W}Scdhfbe present in

rmula (1) , formula (I1) and formula (I1l) have a
@rp'emmblnats:tnerle@@h@mnﬁmdynmts dhich hydrogen. besoprrembodiments, R, is

@9 | qgls&’ne elilnebo fr?igtlntg C}ﬂlgan%q‘%%)aqg Bgthtq'rydg'o ety lh‘? S&foy)embodlments

ave vary eregchems chira
Rgmbgﬂngﬁﬁmraxanple in sone enbodi nents, the conpound
of formula (1V) is. a conpound of formula flvaf: _
Ci.s alkyl. In some embodiments, R¢ is hydrogen or a C;¢ alkyl. In some embodiments,
Rs and Ry are each independently hydrogen or methyl. In some embodiments, Rs and Re
are taken together to form a 5-6 membered unconjugated carbocyclic ring, e.g.,
cyclopentyl, unconjugated cyclopentenyl, cyclohexyl or unconjugated cyclohexenyl. In
some embodiments, R7 is hydrogen or hydroxyl. In some embodiments, Rg is hydrogen
or hydroxyl. In some embodiments, Ry is -ORy, or -NR.Ry. In some embodiments, Ry is
hydrogen or a C. alkyl. In some embodiments, Rg is -NR¢R;. In some embodiments,
R. is hydrogen or a C;.¢ alkyl. In some embodiments, R¢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 Ry is hydrogen or a base stable nitrogen protecting group. In some

embodiments, Rjq is hydrogen.

[0057] The present invention is based, at least in part, on the control of the

stereochemistry at the carbon indicated below in formula (V):
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That is, the conpound of formula (I1) can be a
conpound of fornmula (Ha), as described above. [0056]
wab@owzsedus substituents on each of fornul ae PCHUEMDY/013512
can be present in any conbination. In sone
enbodi nents, R is hydrogen, In_sone enbodi nents, R2
i s hydrogen. In sone enbodi S R and R2 are both
hydrogen. I n sonme enbodi nent is hydrogen or a C -6
al kyl . In sone enbodi nengs hydrogen or a Ci -6
alkyl . In sone enmbodi ment's,” R5 afjd R6 are each
i ndependent |y hydr ogeR1 / In sonme enbodi nents,
R5 and R6 are taken together tgd+forma 5-6 nenbered
unconj ugat ed carbocycliciring, Je.g., cyclopentyl,
unconj ugat ed cycl opengeny Rxy|l or unconjugated
cycl ohexenyl. In sone énbodi E% i s hydrogen or
hydroxyl . In sonme enbodi ments,OR8 is fwyydrogen or
hydroxyl. In sonme enbodi ments, RO is -ORb or -NReRf
a1/ ey she cashen iidiatrdsbelqw in formplr O or a G -6 al kyl .
In sonme enbodi nents, Isg -NReRf. In sone
enbodi ments, Re is hydr or a C-6 alkyl. In sone
enbodi nents, Rf is hyd?oge‘, a C-6 alkyl or a base
stabl e nitrogen gpfoteckingigroup. In some enbodi ments,

Re is Gi-6 alkyl, & et Yl or etH9Rs and Rf is
hydrogen or a base d P
In some enbodi NeRY RA

pt ect i ng group.'
present invention is Q@ged
m d

x. [ 0057] The
) in part, on the
control of the stereoch Re._car bon i ndi cat ed
bel ow in formula (V):angjor ar bdPRindi cat ed bel ow

in formula (VI): In previous netfjgds of formng the
conpounds of formula (1V), the prepalatiobf this

I%;p?%gg“nﬁt lly'lgtfh%% gte Eopna{'%l 'St%e r(%r)r(l})g&neds%ff fct)rrr]neulg (I%B?th% ﬂresp%rrget]ro% of this
fragment afforded a 1:2 mixture of the o and 3 isomers of formula (V). It was
additionally determined by the present inventors that the o and 3 isomers produced
vastly different yields when used in the subsequent synthesis of the final macrolide

product. For example, in the production of compound 010, where the o and B isomers

of the compounds of formula (V) were:

the yields obtained from subsequent reactions are shown below in Table 1.
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additionally determ ned by the present inventors that

the a and b isoners produced vastly different vyields
wob@n/otssexl i n the subsequent synthesis of the PCTEE2008/013512

macrol i de product. For exanple, in the production of

conmpound 010, where the a and b isoners of the

Eetp ukisksor reasiieniseers iy iher aduckion of iemyewici fobt ai ned

i e R A S S R
of conpaund MGOU'PHngt hyl hAtion 75:41.:1r~t| on ger@fgséd an
~ 1:1 i xtur eE8tylatipa desired pro8e% andlan  ND*

el i mi npti on TS dlledvagdhe 2 pmat eri’a¥s wer ¢ not 42%**
separ apl e. Matrotag@bsizatfort he [TBS chiémvage I eactloen*4+s

based Lpon ERBoMPrbtditish Ure renti oped aboye. **Nprhe
yield pf [”%AEEfRQhéﬁﬂon'za on § ﬂption can Dbggoy

Ib:TEE?:-/ Mﬁ%ﬁaﬁ ﬁulgl ng I.U | igl\(; U 82%

Tabl e 1 th atlo re[acottlon rﬁﬁ an~ l' 1 mlxtu g; of h”?eswmroduft\%ld
€

1a

E].l in
af forde &“ fﬁ) @tc{eyva extioh 1?!) edI ugoﬁhppmﬁ&r%englaﬁd

subsequqa&ereactlons steps. Moreover, the elimnation
by pr oduoct= ywhiyedn g u{aereactbmzatimeaetimeb;amel ifpro@dd td §3€ §y changing to
i somer ilghidnngli(@iddethyieilydbmidat only a significant 1 oss in
yield, but also to an inpurity which is difficult to
[i)es&r ate. Ascaii 8¢ Bgnyin Tabit Withd® idonvdr difiklikgcontpoaad o ferthula (V)
g% particular theory, it is believed that the
QrﬁW senisisanty kepbyisld iggrmsimbsr of the bpsBERreattions sieas-a
\é%)eov\\/‘e)ru ltl‘lj {rr?%le{ c?n ngro u(itXN ich Bcgcu%red% ﬁ*e etfgﬂatlon (()jf thf: f isomer is

uent "reac SO a purer

l[na%ﬂx}e M ORE zﬁﬂ@ﬁﬂlcﬂﬁl’lb% inty€ld cmmundanmgurlty Whlch is difficult
conpositions are substantially free of elimnatio
tersepiaies Acsorlingly oradoniibaut gvishiag fbabquad)by any partlcular theory, it 1s

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.

[0059] In some embodiments, the compounds and compositions are substantially

free of elimination products, e.g., compounds of formula (XI):

protecting
group N\

(XD).

In some embodiments, the compounds and compositions are substantially free the

elimination product represented by the following structure:
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In some enbodi nents, the conpounds and conpositions
are substantially free the elimnation product

wo eppessed ed by the foll owi ng structure: [ 0060]PCT/US2008/013512
Accordingly, in sonme aspects, the present invention is
directed to nethod for making an al pha-enhanced
conposition conprising a cdﬁp@ﬁnd of “4orRl a (V). It
was determ ned by the pres@nt Onventor$ that an
al pha- enhanced conposition canibe ob{aied by using

stereochem stry. A&&prdl &
conposi tion conprisi NINa prmula (V) can
be formed by reacting compou la (1) with a
conmpound of fornmula ) under sSw==abl e @Qonditi ons,
such that an al pha-enhanced conposition{conprising a
conpound of formula (V) is forned. Similarly, in sone

d t
FUROELE L0, AL A0S PR o et
£ IRAHarPd I phREmRHnded éﬂrﬁposﬁi&fbo@xﬁbriﬁrlﬁ@c@ﬁﬁ@ﬂﬁ&ff formula (V). It

conposition can be forned by reacting a ound of
Vay deteraniped byvtherpraseabiyeuines that anca pha- @ﬁ(anp T}pcqmwrtlon can be

&HE&QE i)? u&%E q{aﬂxﬁ§%ate§1ﬂﬁmab n‘% otB% gpﬁ%sﬁ%% E%P&)Qﬁ%ﬂ str.ly.

f(\&;di‘&ﬂglyl theSipita %iﬂ‘ia?&]ltdl’ﬂblﬂ’([?i)sltiohébo mgricomfipdundafiférmula (V)
) is a compound o ormul a_ (IDb) 0061] The pres
amkerformed by reactine pgemgoung off fagaplai( b Wikl g cogpoy 31 fé@%ﬂula (1)

ﬁ b sGifabRd @4 lditLb%o' Qkch rthg?%h%p?ﬁ e‘ﬁﬂgncf.kég cbﬁx%lo ke coﬁéﬁgin a

at mni m rratogra Y I'S nee In't esyn esli
m’mpdwd ol orotulal €V pisddmedd.  Similerlgyvincomermspénds shopresent invention is

ormn nds of fornula (I . ..
PRl SR o TRis o uPh s Ra e cHBBoRGOT oPRFitiea compound
d)ﬂBHﬁhIﬁ'(W) Suefin a@plgi enh):ﬁQeg%/o gﬁgﬁiﬂn c&@bé‘%rﬂ‘%ﬂ)y reacting a
[1099]-[1 119]) Accordingly W t hout wi shing to be

mmnd;of oyl math ea¢omrrrmmdy>f formylg (1 lunderepitablgtconditions,

el|n1 t| of ghraomat.ographi ¢ step
Srlrléll i aé An alpt % Cé:% ézsbn 8%1??3 tcglliln HFlln%% cz)nmggo‘ilgd of formula (VI) is

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

(Ib):

(Ib).

[0061] The present invention is also based, at least in part, on the fact that
crystalline intermediates can be isolated, such that minimal chromatography is needed in
the synthesis of the macrolide product. In previous methods of forming compounds of
formula (IV), numerous chromatographic purifications were needed to remove
impurities. (See, e.g., WO 03/076424, paragraphs [1099]-[1119]) Accordingly, and

without wishing to be bound by any particular theory, it is believed that the elimination
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stereochem stry would i nprove the yield of the fina

macr ol i de product. [0062] Accordingly, in sone
werodisent s, the conpound of formula (1) is PCT/US2008/013512

crystalline. In other enbodi ments, the conpound of

formula (I1) is crystalline. In_still other
ribsRmategraghicstrps yHpBaidengncy of the Papr@pmu)e pugity and

§5r¥‘°‘5‘f€“‘%ff/3"°‘*“ 8*?2‘3‘%%@59?%& GFfe il S S PR,
L S R A R %na%éng%aouceoa s

ﬂst&lllhlﬁét anéthad énibeifm@nispthdcoiipdaid of foemuBaIDfis crystalline. In still
romat ogr aphy. I n other enbodinents, the conpound of

qtb‘Pfrﬁﬂl@déIWI}tS:l the ppmpochof farswlg<HRns caistajlinsurla otk gmbodiments,

B RAPRu D AR P PIBMEIA RESUpn by o Midhpu e wse of

dhsematopgraphnd Ixoéthémrﬁbldxan(eh’is) thle&oﬁfpxbaﬁcabf faneulal av Mé ptoduced in
Sgga preC|at Ekllled artisan ha} th
siantially; pusg femﬂ Y_‘{ft P'Htt ¢ Hesh é@é@n@ss@p Bt m@b%%%?qqulents the

dgg&@%ﬁ@ oggérﬁ{é;'ri]alt @515 gsy %1;39181%;1{ %A%ﬂzﬁ?‘gﬁf"g‘?‘?ﬁ%"“‘ tHE use of

awompategaiphpr nul a (V) and/ or the conmpound of formula
(VI) is formed as an internedi ate. As used herein, the

[0663h "cr ysmadnllli dthdsﬂ entdathegs, the eéxﬁpSuﬁcboftformolumvs and/or the

f or mul r.fornmula (V) i ch

AT e% Qfewl W it Festakling. étb\ivél lfeoap@éece%% P&th skdlid artisan that
e b{?@taﬁﬁia ibn HPirRérﬁieﬁia@& &d%? hbt ﬁe%@&%h ;Sr}S fb@?&g}é}\e};}
reaction steps. exanpl e, conpoun formu

efﬁcibmtﬂy fAcmndrmg(Whl) sanoembodiowits, dr)atallmwleoefnatdmof the compound

ens wWth tec r such. that .t he

FBYBAY) ABYEF Basomasen BEuEtls (2 B Fred Foft inEialae As used
Hekoif @k kdriRr@stAN2He aﬁafio%eméf@vset@ cbmp%uﬁmﬂhuﬁt(vp and/or
t he protectl n% group can hen be renpbved
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
crystallizable analog is employed in subsequent steps, the protecting group can then be

removed.

[0064] For example, without wishing to be bound by any particular theory, it is
believed that introducing two conjugated rings into one or more of the molecules of the
present invention can facilitate crystallization, e.g., by creating a favorable interaction
between the two rings. Such interaction can be, for example, stacking of the rings due to
the interaction of the pi-orbitals. This phenomenon may be referred to as “pi-stacking.”
Thus, in some embodiments, the molecules of the invention comprise two conjugated
rings, which are capable of pi-stacking. In some embodiments, the rings comprise one
or more substituents that facilitate pi-stacking. For example, pi-stacking may be
enhanced by providing rings with dissimilar electronic characteristics (e.g., one electron-
rich ring and one electron-poor ring). Such rings may be chosen, for example, based

upon the presence of certain electron donating groups and/or electron withdrawing
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[0064] For exanple, without w shing to be bound by any
particular theory, it is believed that introducing two
weopgweed rings into one or nore of the nol eRCl/8S2008/013512
the present invention can facilitate crystallization,
e.g., by creating a favorable interaction between the
EEYPS- “ﬁé@.l&&%ﬁ:wesm oh sleron depnting groups valldupically render a ring
of. . . .
AP SRl YLt SN o i SB ploupS il
fepidersd Ang imoge éledihorspodm Bxemplapkldiror dbsatirghgroups include, but are

nol ecul es of the invention conprjse t caopj ugat e
RotrRited o -Ch -GG -OXpablFe: - Rzpwngieacﬁdfé& ARVs35e" Branched
glﬁfsg?, : p'ﬂ@ﬁ'}t'lsgro&pﬁeanﬁ' c'&gﬁlgﬁfgaﬁﬂdeﬁ?lsp ‘E‘%‘(eﬁi&)la@ Efectron withdrawing

Ftuents that facillitate p -stacking. For exanpl e,
gioups ackidegbutmye het lenitethioe NGy, -NiHavi-tiR3g -BDaldsniniileh-CFs,

GBS arimsie £1 g ObhdC oG -CIEEH PGSO i oinen
' b h , o f le,. b d h
[40B3Eco of see smRowmsats, B cnviliZARY: el B @pEpound of

Rirfield @) ilh LOApBMdGRAMRR (Il s, the presence of
el ectron donating groups will “‘typically render a ring
nore el ectron-rich, vvhereasp;(ﬁt hegpresence of el ectron
W t hdrawi ng groups will typpcal 5 render a ring nore
el ectron-poor. Exenplary el on donating groups
include, but are not |igi, O, -OH -OR -NH2,
-NR2, am des, -OCCR , branched al kyl s),
phenyl groups and corj’ enyls. Exenplary

el ectron withdrawi ng gr ¢ups i nglude, but are not
limted to, -NO2, -NH + -SBH, nitrile, -CF3,
carbonyl groups (e.g.R; :
and hal ogens. [0065] In sone odi nents, the
crystallizable anal og of the oundVél, formul a (V)

é§ ?o&%@%%: of formula (VIl): e.g., fornula (VIF):

(VII*)
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;
Rs and Rg 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,
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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 unconjugat ed al RgTyk2008013512

is selected fromthe group consisting of hydrogen and

a base stabl e oxygen protecting group; R5 and R6 ar

e?cﬂ e lanerdhs #nd Refre daksy togedhsTonth Besarbossag i“gwlﬁféwy are
, i . - . - 6
o1 Ky RHER o REBS b el bfdnfudatocboRbd PN, ring

benzyR;, addeR giare ¢deh ipdepaydently sbleowy Ifromn ehesgrbeyt censiséidg of
with O .1, 2, or 3 substituents independently se|ected
from h%ﬂrsggh?nd%eﬁssm%?e SFYEEN RFUGHUNSRIONRAPT I%r a‘Fé grige taken
R ar edgaifePid RAASmeMbeled Reer6&/RARS 1 8P styltinGB (@hey

are attached to forma 5-6 nenbered unconj ugat e
carbocyclic ring; Rn and R2"re each independently
selected fromthe group consf sting of hydrogen and a

base stabl e oxygen proteect ] oup; or Rn and R 2 are
taken together to forma { nmenpered heterocyclyl diyl

of structure (a): wherein R 9 0 are each

i ndependent|ly sel ected fromth® group consisting of
hydrogen, G -6 alkyl, G -6 hal oyl , .C - al koxy and
phenyl, or R and R2ot oget her repr eseFﬁ)’a fl uor enyl

moi ety of gheredit RiLardB o ald éch $ndepomicptly selkcte@ fromh the group
(MI1l1): R4, R5 R 6, R7 and R are each

i ndepeangstng pf brdrogen € fsradlnlt Ges bploalkyle bns plkoxy gndphenyl, or Ry

N i Roy gl teprefods  thiofea ety of Wbdtare g0

hal ogen. 2 ’O

(b);
Rj3 is a moiety of formula (VIII):
R1s
Ris Rig
5 R17
o Rig (VIII); and

Ri4, Rys, Ris, R17 and Rg are each independently selected from the group
consisting of H, NO,, -NH;", -COH, -CO(C, 4 alkyl), -COCl, -COOH,
—COO(C 4 alkyl), -NR3", -SO3H, nitrile, -CF; and halogen.
[0066] In some embodiments, Rj is a first aromatic ring containing oxygen
protecting group, e.g., a benzyl or benzoyl substituted with 0, 1, 2 or 3 substituents
independently selected from -OH, -O(C, salkyl), -NH,, -NH(C,salkyl), -N(C,4alkyl),,
amides, -OCO(C,4alkyl) and (C,4alkyl).
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[0066] In sone enbodinents, R3 is a first aromatic
ring containing oxygen protecting group, e.g., a
wheo2pisses benzoyl substituted with O 1, 2 orPGI/US2008/013512
substituents independently selected from-OH, -QC M
al kyl), -NH2, -NH(C M al kyl), -N(C M al kyl >2, ami des,
C M a[rkggn)e gﬁgoctlgeng; Wp}"ysfq%b@bje e %ﬂgthe compound of
[ i e anal og of the conpound
%%?%r@?%gf%glggﬁgﬁcﬁgﬂn%%lﬁﬁgﬁgf formula (M1): e.g.,
formula (VIF): wherein R gnd R are each
i ndependently selected fro St h @r oup consi sting of
hydrogen, Ci -6 alkyl, C -6 nj ugat ed al kenyl and
C3-6 unconj ugated al kynRI13'oR3 i§ a first aromatic
ri ng-contai ni ng oxyggw protecti group; R5 and R6 are
each i ndependent |y sellsct &G the group consisting
of hydrogen, hal ogen, , C2-6 alkenyl, C -6
al kynyl, G -6 hal oal kyl koxy, phenyl and
benzyl, wherein the be@Ryy are substituted
wth 0, 1, 2, or 3 substitue f‘«’ﬂi ndependent |y sel ect ed
from hal ogen, hydroxyl, G -3 af®yl, &MH)NH2; or R5 and
R6 are tgkenlté\gﬁt her with the carbons on which they
are af8alMBW46¥Hdrm a 5-6 nenbered unconj ugat ed
carbocyclic ring; Rn and R, arRseach i ndependently
selected fromthe group cong st¢ ng of hydrogen and a
base stabl e oxygen protecti oup; or Rii and R 2
are taken together to fdp@Oa 5 nber ed
heterocycl yl diyl of sfruct r(s (a):wherein RL and R20
are each independently “sel B¢ fromthe group
consi sting of hydrogen, |G -6 alkyl, C -6 hal oal kyl,
C -6 al koxy and phenyl r Ri R 0 together
represent a fl uorenylRanoi @cture (b): Ris a
second aronmatic ring-containi Qxygen prot ecting

gr oup. (VII’)

wherein R and R; are each independently selected from the group consisting of
hydrogen, C, alkyl, Cs.¢ unconjugated alkenyl and C;.¢ unconjugated alkynyl;
Rj; is a first aromatic ring-containing 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.¢
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 R5 and Rg are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;

R, 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):
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[0068] In sonme enbodinents, Ri 3 is a benzoyl or benzyl
substituted with at | east one substituent, where each
waaimshiseent is i ndependently sel ected from - NSR2T/USNBB013512
+, - NH2(C, alkyl)+, -NH(CMalkyl)2 +, -N(CM al kyl)3
+, -S@BH, nitrile, -CF3, -CH.,.-CC 1- 4alkyl), -COOH
and -COQ(C al kyl). [0069] In sone enbodinents, Ri3 is
a noiety of formula (VII1): }0070] As used herein, the
term"aromatic ring cogtaix nd@xygen protecting

group” refers to an oxygen profecting group as
in—Rvy ch possesses in
the structure at | east one aromatic ring. An aromatic

descri bed in nore detai

ring refers to a ring system (eRyo, gcgpzene)

contai ning conj ugated doubl e bonds. Such a structure

typi cal | y whsrein Bid anddhpete each inttspondently seleated droan theegroup

ring system one odli ts, .t apomati c

ring- ﬁ%ﬁlsgflﬁ ioh By§?§8é%r%yg§¢l'%l&al%%]gﬂp 1§ a@(oxy and phenyl, or Rug

subst ddiR §dogdthéttEpiesdnt b UlRERISN ARty of Bing@ike (b):

enbodi nents, the aromatic ring-containing oxygen

protecting group is a subgtit Qf unsubstituted

benzyl. [0071] In sone enhodi the first aromatic

ri ng-contai ni ng oxygen ‘ [ group i s a benzoyl

or benzyl substituted Wit ast one el ectron

wi t hdrawi ng group and the ond aronatic

ri ng-contai ni ng oxygen { {ing group is a benzoyl

or benzyl substituted w | east one el ectron

donating group. In other -upodinents,b}he first

aromati c ring-containing oxygen protécfing group is a

benzoRl; ion sbemd\dromatisting-comdinmg dxyaken [peatsttingrngroup.
natin t.he second

[%lm?g]t ron dPn some gmg(r)cﬁyn%ntas? 13 1S a benzoyl or gern{)zgl?glllb%tituted with at least
one substituent, where each substituent is independently selected from -NO», -NH;", -
NH,(C,4alkyl)", -NH(C, 4alkyl),", -N(Cj.salkyl)s*, -SO;H, nitrile, -CF3, -COH, -CO(C;.

salkyl), -COOH and ~COO(C salkyl).

[0069] In some embodiments, R,3 is a moiety of formula (VIII):

R1s
R14 R1e

R17
O Rig (VIID).

[0070] As used herein, the term “aromatic ring containing oxygen protecting
group” refers to an oxygen protecting group as described in more detail herein, which
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
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ri ng-contai ning oxygen protecting group is a benzoyl

or benzyl substituted with at | east one el ectron
wowrabgdraas ng group. The el ectron donati ng and BPCEUS20081013512

wi t hdrawi ng groups may be any of those descri bed

above. In sonme enbodi ments, the first aromatic-

bargyle JRsams iCPOLIEu thi HOBRLF HGETPBIANING OXYEsBPBiFrting group is
Y ut}gﬁﬂﬁé/d Efﬁtftﬁﬂe&geﬂyﬁh at | east one substituent,

ere each stituent i ndependent |y sel ected from

o(CG 4al 4
T ) 2. ol b bt e forma P cdprd Hopegn
mt&txe@’gﬂﬁﬂpﬁelb&nzdym 6r barohshbstitmratwith bi legst oae tkicomg

%% n protectlnaggroup is a.benzoyl or benzyl
Aing gaunphh heseraiksiropalc Sngspniaiung OXW?QrPéOté‘été‘}g group is

S L TSRS Ao i

dmabddyingBts +t,he -ﬁS@ii-bmaliid n'iilg-eontaiﬁl?ig oxy@&hiprot&fingdraikisla)henzoyl or
ardi n oun s of fornul VI |

g Wi figal Ipgs! Pac fls 8 alpg Y %ﬂegomam

R:l’% -ESntRU Q96 Ben bfbt&‘?ﬁg g?&HPig laBRAL Sy oRbeﬁW Slﬁ%tlﬂ[’(@d with at least

h hydrogen.” I n sonme enbodi nent s, IS a benzy
eneladedtrontveithdrawing@roup. Phe dcctﬁnsdm@tlng ardelectron thhdrawmg

i nde%na}agntl j’Pt%losefiC esgg(:,%tf)%}xpggd;lngﬂ Ce)rr_éfg G k&l&g 'the HF& romatic

mieg_mmhmgwdygeﬂ Prot&img iis ABRh oyl I8P bbszyh ¥ebsaieaed Wlith at least
a CG-6 alkyl. In some enbodi ments, R6 is hydrogen or

qie-sgbstitugnt, where sachesubstimgntis rdeperdeatyl sRgcigd droaa PH, O(C1
LNIBPSREE N AL ATERN @ AR hnides, -0CO(C)4alkyl) and (Cyalkyl).
In some embodiments, the second aromatic ring-containing oxygen protecting group is a
benzoy! or benzyl substituted with at least one substituent, where each substituent is
independently selected from -NO,, -NH;", -NH,(C,4alkyl)", -NH(C,alkyl),", -N(C.
salkyl);*, -SO3H, nitrile, -CF3, -COH, -CO(C4alkyl), -COOH and —-COO(C_alkyl).

[0072] Regarding compounds of formula (VII), in some embodiments, R, is
hydrogen. In some embodiments, R; is hydrogen. In some embodiments, R| and R; are
both hydrogen. In some embodiments, R; is a benzyl substituted with 0, 1, 2, or 3
substituents independently selected from -OH, -O(C,4alkyl), -NH,, -NH(C,4alkyl), -
N(Cj4alkyl),, amides, -OCO(C,4alkyl) and (C,.4alkyl). In some embodiments, Rj is 4-
methoxybenzyl. In some embodiments, Rs is hydrogen or a C, alkyl. In some
embodiments, Ry is hydrogen or a C,¢ alkyl. In some embodiments, Rs and R¢ are each

independently hydrogen or methyl.

[0073] In some embodiments, one of R4, Ris, Ri6, R17, and R is selected from
the group consisting of NO,, -NH3", -COH, -CO(C, 4 alkyl), -COCI, -COOH,
—COO(C.4 alkyl), -NR3", -SO3H, nitrile, -CF; and halogen and the other four of Ry,
Ris, Rig, Ry7, and Ryg are hydrogen. In some embodiments, at least one of Ry4, Rys, Ris,
R;7, and R;; is selected from the group consisting of NO,, -NH;", -COH, -CO(C.4
alkyl), -COCIl, -COOH, —COO(C, 4 alkyl), -NR3", -SO3H, nitrile, -CF; and halogen and
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[0073] In sone enbodi nents, one of R4, R , R 6, R7,
and Ri8 is selected fromthe group consisting of NO2,

WO Mi3/075823 COH, -CO(C -4 al kyl), -COC, - COCH, PETZOSX0@8/013512
-4 alkyl), -NR3 +, -SQ3H, nitrile, -CF3 and hal ogen
and the other four of Ri4

the othsgehR 14 Ris &re %W@&Rmﬁ@éﬂydaqgmeagﬁoeﬁémgfbdlm%ts Ry6 is NO,
% e group
ggﬁ%aicglt"?ﬁ“‘ 5’@%@&5‘% ‘ﬁ‘%(‘ﬁgﬁiﬁ&glé&’%%g%ﬁ al kyl ),
- cod COO—| -COO(C 1-4 alkyl), -NR3 +, -SQBHRIP,J “,
-CF3 and hal.ogen ther of R
&P%" R 7, 4rems WE?‘L“%S}%%@%HUMF%OE&W‘%WBE%%nf\s,></
RbRsbrits Q@o@flg bBAG vhekethé sulﬁtlﬁlen@ ate sﬁ‘ﬁ‘cﬁleﬂnga as Eosmon relative to
|ndependen y hydrogen. I'n sone enbodi nents,
¢deh otlenbl e bond represent ed by represents a doubl e
bond where the substituents are situated in a cis
[9035] i on, Inxdomid erebddimenishthe chmpoupdof7fofmula (44kyes a compound of
@n‘oodl mjnts the conpound of formula (M) is a
ERBBUNAEdf formula (Vil a) [0076] In some enbodi ments,
t he conpound of forrrul a (VIl) is a conpound of formula
(M1b): [0077] invention is also based, at
| east in part, on t ¢t that ghi grﬁ% sol ubl e
i nt er redi at es can be pAL at eg omsithsol ubl e or
sparingly soluble inpufitiag hat | ess
chr omat ogr aphy i s needed i
macrol i de product. As

OR11 (VIIa)

[0076] In some embodiments, the compound of formula (VII) is a compound of
formula (VIIb):
O5N
R R
0 6 5
0
(0]
O- <
(VIIIb)

[0077] The present invention is also based, at least in part, on the fact that highly

soluble intermediates can be separated from insoluble or sparingly soluble impurities,
such that less chromatography is needed in the synthesis of the macrolide product. As
indicated supra, previous methods of forming 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
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i ndi cated supra, previous nethods of form ng conpounds

of formula (1V) relied on nunerous chromatographic
wW@eropoissat i ons to renove inpurities. Again, w REDUS2008/013512

wi shing to be bound by any particular theory, it is

believed that the elimnation of one or npre ofsuch

Richshamypaaphie staps pathmaintenange of {hsarprepriatp gurity and

ABBLOREHEEE WOHLd A0t AN e S SRITL BF e (RN bR idhct, bu
aks owep sy timband icos ofipebduioson arfd gecochse theaquaatity of reagents, e.g.,

decrease the quantity of reagents, e.g.,..organi

UEARE IPYentye Wylizedgn e Styﬂ@e§‘§g?? fIapQuRgE of Swagﬁ?qﬁé’ Jof
formula (1V). [0078] Accordingly, in sone enbodi nents,
0928} nt er mAgrdinglyfin sprae smégglmemtﬁav@nmeémeélawswé the present

e ' { t t_cof . .
PR o SRRty promorng
gotp.c hnemie ehbadigehtshibeiattgelpnanot anglubiliypromoting group is
reversible. For exanple, |n. sone enbodi.nmen the .. .
r&asrismi‘o Frexprplss ot ?@m P@b@%ﬁ@mtﬁ%@&gww B} thgyolbility-promoting
éﬂolﬁ}? g%g HeQiKeREd ébd@huauﬁﬂoﬁfofa ngwrge%? Bx?éenoﬁ%%ggr;/g group. Without

pro ing group. Wthout wshing to be boun
pishinggalbabothd by wny particslabtiedey éds belatved it abe attachment of a

of .a.sol ubil.ity-pronpti roup allo t.he, t arget

OUBETRIOTSBE BRI ¥ Be (Haesl ComPRERT o ARy water, thus

l@@@iﬁ%_ﬂnf Rtfietdliticht ART ndraeOdtBe deriva2td w8 thé s6lubilidy-promoting group

solubili1ty-pronmoting group in the organic nedia.

indhopigianigl qula-nAgwrglra&mmsqmm@boehnmm Biselubleaanalpgoif the
ripla (L) is for ag.ap jnternediat e«

SR RTRRNe 0 TRl b st s Bk PO @ sotubte

AU Relers@d coHppouds df fornmwha (I whasiehdie deemabdificide. g, by the
the attachnment of a solubility -pronoting

(e.g., by At ]
Qj&aegvaymsqf@rﬁ%mtymeyloaﬂé gEPU B that theyiarspeluble in aqueous

5O o o dified
ol OP8r ool X Rlona { OTBAHAARD Gnd @ B (V] can be modifie
pendefithepepdenoxpptls witls o kolbbility-prgmatingt grogp,guchi that the
such.that the solubility-pronptin oup facil.itates .
S RTPBIBE S TeoHbe iSO om b dhecdrapg Ui in aqueots medium.
The skilled artisan may then take advantage of the difference in solubility of the
compound of interest and the impurities to isolate the compound of interest without the

use of chromatography. The solubility-promoting group can be removed subsequent to

isolation of the compound if interest.

[0079] In some embodiments, the soluble analog of the compound of formula (I)

is a compound of formula (XIII):

R24 R2o
@]
R23
)
R
! R3O Ras Ro4
R, OR12
OR44

(XIID),
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The skilled artisan may then take advantage of the

difference in solubility of the conpound of interest
wW@paInms23 npurities to isolate the conpound of PCTUS208%013512

wi t hout the use of chromatography. The

sol ubi l'i ty-pronoting group can be renoved subsequent

@§,ﬁ§aﬂ%&¥%ﬁ15f the conpound if interest. [0079] In

some enbodi ments, the solublefggalogR%I t he conpound

of formula (1) is a conpound of\for a (Xill):e.g.,

formula (XI1F): wherein R & 2=a{ e each

i ndependently selected fro Q )y fnsi sting of

hydrogen, G -6 al kyl, C3-g7“uncol uggt ed é?kenyl and

C3-6 unconjugated al kynyl ;] R3 i g se\ected fromthe

group consi sti 358 stabl e oxygen

protecting group; ndependent |y

sel ected fromthe grouplconsi sting of hydrogen and a

base stable o eClORg group; or Ri and R 2

are taken together to $orma 5 nmenbered

het erocycl yl di yl of st QR tur e (a): wherein & pnd

R2oare each independently selected fromthe group o

consi whenein Bf and/By argeach @ideperalert}y selcited fom &galgkqup, consisting of

Ci -6 al kox d _ph [, or R19 and R2 t ther . .
Fepr eDulitEs B sRa e snubriyesd afke i, ey loopiygated aliomy
t WO OR; {shieRetedlfrdRithe g¥ddp cosdstinB2A hyafvgeiRdhd abase stable oxygen

o up SUNgAT .y ye
aci di c- hydrogen contai ning noieties or salts thereof,

and tPFOSCERABHW: of R21, R22, R23, R2 , and R25 are

each RFI o 8?9%? éa\éh E}yc%%g&fegtly ?ﬁ%&%h 'frowg{ei(ﬁé%ﬁgp_ ﬂ({/nglrsgag r(l)f

am no. [ 008 use rein, term"ac
cont ahydroagenmmidedt lydse sebkr axyigon proaedvsigi grongn tor & parpl R Baire taken

i ncludes at | east one acidic hydr n ci di ¢c- hydr ogen
cont aio8FRE Wot%s?i mMEeRPERsddieter cha‘i’ﬁfb?é%mlc V- SO
3H, -SO 4H, -PO 3H2 and - PO4i2.

§ 0
O«%Rﬂ)
R20  (a);
wherein Ry 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):
T O

(b); and
one, two or three of Ry, Ras, R»3, Rag, and Rys are acidic-hydrogen containing
moieties or salts thereof, and the remainder of Ry;, Ry, Ra3, Ras, and Rys are each

independently hydrogen, methyl, hydroxyl or amino.
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It is to be understood that an aci di c- hydrogen

containing noiety may be positioned ortho, neta orpara
wo eoowlzssedre of the conpound of formula (XI1),PCT/ES2008/013512

the moiety. In sone enbodi nents, an acidic- hydrogen

contalnlng moiety is ortho to the core of t he conp
B08Pbr mul aAs¥seg | Ke g, termm, “acidhe- f@/&w&pﬁeﬂ&a@mwww srefers toa

%L%l'_ﬁ% $r@u]§ glglﬁ cﬁ\ﬁfe r@g{) eaétrbné ggﬁl&{s&ggédéﬁﬁe%?dl%%g&@en

RaABainiR@4moiaties iR2lude efoewdmplm,dé)ﬁ(hld&rﬂosﬁ hSr@xH:,gé’ﬁ)zle and -PO4H,.
a. salt thereof

nbodi t
@gﬁn@ %#%@ tl;@lzaqu;llstc-h\ggﬁ_| ep lcongagxg}gt mpjely may be |pﬁsmoned
8RN, rﬁ&@%ﬂ{)%ﬂbﬁhe B of B0 nd 30 ebriRRPa d) @@cCkhe

I ndependent |y hydrogen. [0081] In sone e ment s,
R, R, R3, R 1, R 2, R 9 and R20 are sel ected from
the substitue é_provided in connection with Conpound
(1). For ex |®, in sone enbodinents, R and R2 are
gﬁch i ndependently hydrogen. In sone enbodi nents, R 1
( re taken t t her o
SO (B oh cplfom s R IR S ysrgepp gontainine
ar el each |ndependently C -6 alkyl. [0082] In sone
sYORhe conpounds of formula (1), formula
I) andfYormula (I111) are reacted to forma conpound
of fornul@R¢1V): which is subsequently converted to a

SRS At B

de rotection/oxidation. |It_has al sqg. been d&ﬁ %Pﬂ me

{09811 t he r Bneamg embodimsnis; Baxis ngOGHL Apa salt
Bﬂﬁb& Htscﬁzl fisorSr@'ﬁLﬁm(d Mt th&e8f. + In sBﬁle%ordmglRﬂfRL hR,,, and

xybenzy ether to forma hydroxy noiety)
ﬁgsrwe addbsingepgniswtlydehiyogen. g Aoins aindetinkent$ e e€i)OH or a salt
glggq%ﬂe}ri %)I’%l%ﬂ‘)(?({lylents I£22 1sp %Q)Q’hb(l)rea sf t thérggf fI(r)lrsggltel e%qq)o%lments

Rz1, Ra3, Ry, and Rys are each independently hydrogen.

[0081] In some embodiments, R;, Ry, R3, Ri1, Ri2, Rig and Ry are selected from
the substituents provided in connection with Compound (I). For example, in some
embodiments, R; and R; are each independently hydrogen. In some embodiments, R,

and Ry, are taken together to form a 5 membered heterocyclyldiyl of structure (a):

R20 (),
wherein Ryg and Ry are each independently C;_¢ alkyl.
[0082] In some embodiments, the compounds of formula (I), formula (II) and

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



wherei n substituents are as descri bed above. Al though
the dinmer was re-subjected to the reaction conditions,

w0 poodiozssedt degrade back to the nononer and  PCT/US2008/013512
p- ani sal dehyde. This indicates that it is stable.
Al so, sone initial biological testln i ndi cat ed t hat
the diner had | ower potewgty andRgreabPBnscytotoxicity
than the nononer, nakiQig |® an undgsirable inpurity.
[ 0083] Accordingp% [ fhrent s, the compounds
and conpositions of tion are
substantlally free 0 s. In sone

m xture. Wt hout mnshln k
theory, it is believed tHat thls y forman imne
derivative, which could precipitdR1from@mohution and

be renoved by filtration. [0084] In sone enbodinents,
%Hi@h@m&tﬂﬁﬁtlgﬁoﬁ%'t@aQb}npoﬁﬁH 81“1*0%(1%' (IV?Q% feyr mil a

(I'11) are reacted to forma conpound

r@a«mgacméaaepn ufling mtasmmatrlelteadh ainch @Lévgemwehmwotectlon/ oxidation.

m t he conS| ti f dr ogen

RS Betn i CHA Ba anRal ot b reedheeRRE Brip i paition of
RikMRYIV )R8 g, $heaD DI fensdvabbethe @yﬂemoﬁywney‘lt dthe 16 TP a hydroxy
R and R6 are each |ndependentl sel ected fromthe
HPEtD eenerates Pravgsabdehydelr pofensal¢rdiyde bas baon-feungd, ey furn, to be

| | oal kyl, Ci -6
%o%iﬁlé‘%ﬁélﬁ]ey{o an 12 éﬁ%@?ﬁkemc@h i t he phenyl or
benzyl are substituted MAth 0 , or 3 substituents
i ndependent |y selected fron1h§?ogen hydroxyl, C -3
al kyl, an
t he carbo
menber ed

wherein substituents are as described above. Although the dimer was re-subjected to the
reaction conditions, it did not degrade back to the monomer and p-anisaldehyde. This
indicates that it is stable. Also, some initial biological testing indicated that the dimer
had lower potency and greater cytotoxicity than the monomer, making it an undesirable

impurity.

[0083] Accordingly, in some embodiments, the compounds and compositions of
the present invention are substantially free of dimeric products. In some embodiments, a
semicarbazide hydrochloride in the presence of sodium acetate is added to the reaction
mixture. Without wishing to be bound by any particular theory, it is believed that this
may form an imine derivative, which could precipitate from solution and be removed by

filtration.

[0084] In some embodiments, the compounds of formula (I), formula (II) and

formula (III) are reacted to form a compound of formula (IV**):
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Ris -ORa wherein Ris a base stable oxygen protecting

group; R8 is selected fromthe group consisting of
woyapogses and - ORg wherein Rg i s hydrogen or aP@EBS2008/013512

st abl e oxygen protecting group; Ris selected fromthe

group consi sting of hydrogen, hal oge -ORb, G -6

al kyl, C3-6 unconj ugat &gl aICRenﬁb‘ C35;% unconj ugat ed

al kynyl, C -6 hal - d

wherein Rd is sel ectely consi sting of
hydrogen, Ci -6 al kg, CP - 6 al kynyl,

G -6 heteroal kyl, 5-7 rfewbeked heterfoaryl conprising

1, 2 or 3 heteroatons, aRrg ) and wherein Re

and Rf are each independently sel &ted fromthe group

consi sting of hydrogen, G -6 alkyl 8Naj kenyl, C2-6

al kynyl, C -6 heteroal kyl, 5-7 menbered et)eroaryl
conprising 1, 2 or 3 heteroatons, and -7 aryl or a ., .
base WhemsIeR nd Ryais cpeibindepsndgny ﬁf‘ﬁiﬁt%ﬁamﬁ% grQup consisting of
sel ec oM. t reu LSk § 0 : .
R R e R R I et
C3- 6 Rnzorhasgatabkt cdykymptotecBing @rdve; oal kyl and Gi -

| koxy, i i s, hyd b t abl
o1 ot ot P Re i Fach WrieBHdeBTE S Eted 8RR e EiPRraat s oh
conpopioin, hALEH, T, (lalyl, €, LalkerBY, GUPARAHENE ¢ haloalkyl, C).6

deprotection/oxidation. ‘Deprotection can occur at any
or alalkey, RBenykand bendyd, whergintthe phenyp pebenmybaretsybstivated with 0,

het er clyldiyvl of faroul.a Xll;ln ne ,embaodi ent s

opr obanp $blitysits e ARyl sctl R R0 1BIRR IRIbRY, s alko
r epr egRIMTEG dRtdhd Rueire takel edgetidr wWithathe tatbabs an (WKidh) they are

at the sanme tine. In other enbodi ments, deprotection
occur&taghedip formt5-6 mambsigdiunseniigpisd gahpcyclic ring;

SeBrOREELLRD iy 7 2163 L b1t romisargi o
Rg is 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, -ORy, Ci6 alkyl,
C;.6 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, 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, Cs.¢ alkynyl, Ci
heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7
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, Cs.¢ unconjugated alkynyl, C, haloalkyl and C,.¢
alkoxy, wherein R. is hydrogen or a base stable oxygen protecting group;

which is subsequently converted to a compound of formula (IV), e.g., by subsequent

deprotection/oxidation. Deprotection can occur at any or all of Rz, Ry or the structure

represented by the heterocyclyldiyl of formula XII:

46



[0085J In other aspects, the present invention is
directed to nethods for making a purity-enhanced
W@ 09po3ised on conpri sing a conpound of fornul a PCRYS2008/013512

was al so determ ned by the present inventors that a
purity-enhanced conposition can be obtained by using
starting materials having th ppropri ate

stereochem stry, and thus foring al pha-enhanced

internedi ates (e.qg., alg?a- ced conpositions

conprising fornmula (V) fRrmufa (VI)) as well as
targeting crystalline inter Hates which can be
isolated in substantially pure wi t hout

chr omat ogr aphy. The met hods for n@gﬁkg a

urityenhanced c osi fion conprj si.ng conpound of
FFIeanRAOUCI5SICBHIECHOPREEHAN el v P \B Bt rgpresented
i f (3l :
e R g L TR
dapodtedtivat ocauiat Ry firgnfodlosed bycubsesjuentalepudeqtionsit Rg and the

- conmpound of fqrmul a, (I is farmed. [0 Simlarl
fihenapraeped oy i e TR RRAY di rected i o
PS80 vt o T e SH P Spbor e & SRR matin

Cant | g L )
R iRl Kb oL RN S o] bR TF TR el
datérminsedCloymihe pnebenf infentoxsl that(d pyritgiedhanced opmposition can be obtained
formula (lI11), under .suitable conditions, .such that .
O et TR BrYIGE SRR SPrePgRinay.rhus rming
ApstAhtA inerine8RtRf(e. of, AfHaCenh AR cohpdsitidné €6iBEking formula
087] In still other aspects, the present invention
}\@ adifersutle GV Db asreel el targdingramkstaldine nyeraadiateswhich ¢an be isolated

CO Si.t 10N CORRri Si a,.compound. of ~f or mul . .
TR TSRy PR GG ThCRRes frpekird € puriy-
drhandddaotpbsitioh Rompeigifigelddangfuntl f fathiuld (IV) t@gichlB include

conmpound of fornula (Illz under suitabl e conditions,
ning grcogpound of formula (Ij with a compound of formula (1I) and a compound

of formula (III), under suitable conditions, such that a purity-enhanced composition

comprising a compound of formula (IV) is formed.

[0086] Similarly, in other aspects, the present invention is directed to methods
for making a composition comprising a compound of formula (IV), wherein the
composition is substantially free of organic impurities. The methods typically include
combining a compound of formula (I) with a compound of formula (II) and a compound
of formula (IIT), under suitable conditions, such that a composition comprising a

compound of formula (IV) substantially free of organic impurities is formed.

[0087] In still other aspects, the present invention is directed to methods for
making a yield-enhanced composition comprising a compound of formula (IV). The
methods typically include combining a compound of formula (I) 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.
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conmposition conprising a conpound of fornula (1V) is
fornmed. [ 0088] The skilled artisan would be able to
wWa@pppetisai e that the reaction conditions enpl oRELUS2008/013512
herein nmay vary. For exanpl e, many reagents can be
utilized in cou e%qthe conpounds of any of formnul ae

[0088) 1 11) Aheislulsd axsan would ksadleiorppesciaty Hhat Girdeaction
t Z
NS R RRR B il ). 6k AnBI A (Efkents cap b uilized in
scapling shel gungroweds af &sy. ofAddhtlae (H(11Y), antdl¥)i(Viewithoee another.

r the reaction may vary. dependjing uppn rea ents and, . .
M FR i P GO GG I Rl cH b e o g Clectonization

B{detﬁﬁéiﬁtlo'nrb\f@fﬁhbl‘i’@ln@%eﬁf&?éér AQfdltY(ﬁ‘lraMSI ntﬁe ftl%@tﬁkéﬁ fb‘i‘ &% reaction
Nurmer ous sol vents can al so be enpl oyed in

memzanycd@pemﬁmg hporpreag@m ammmtntmtlonSu Atddbl@aklnl the rastions of
21 nbi ent roomt att urel\?nd res (% 1
i pFeéﬁ’iéu ‘HV‘?’WOPH’éaX PUT & ‘é?tr%lt’% P YRe P%\? 5 canasso
B EmPIo GBI tBe DA SMbe F}ﬁe@éhﬂlﬂvetnﬁanr @ﬁtabwwsow&esfaé liquids at
solvents are not particularly restricted provided that
arhblymcr@ommpma@rrﬁ ané piissure pheemain én thediquidapie ynderthe

ent I
hpsisPE aB8 BhaR cudifnt (e B HERRL AR B ape o
]Qi?tl&dlﬁrlyl tesaiotal priooRried tisd hh@rﬁosndmlyteiferedVQK tHelresttion itself (that is,
degassed. Sol vents ma for exanple, aliphatic

‘Ih?ﬂ PrséerAbly e {I@I‘tgmlveﬁgs)l eﬁ@ééhem&%\zpeaj cerFqu@ p}@pHnt of the reactants.
h
gﬁﬁcgngg%;ﬁgetﬁg?ggurﬁg%ﬁéeg SotENEs 1?1 o] bgﬁfsm/ltz?] Srﬁéé%gﬁﬁa@avents may

rocar bons enechlorid
lod) f@rextboipia, aliphidvieritydtocadione (é. glehemnehlmptaeed;dmgmm petroleum
or di.chl qr obenze aroQ [

ffC{ %f?g)g:g? b %gee 8 nbethylﬁéwg-gﬁéne)taaa E\)@I;ﬁ)genatgg L;fgrocarbons (eg,

&@&&&BX&{IW lakﬁ?(lﬁ%ﬁﬁ ca%&ifét%ﬂﬁﬁﬁi% d1@ﬁlo¥d’étl@dh%) ¢hlorobenzene, or
ethérs (e.g., diglyme, nethyl-ter buty et her,

diehlnydbenzene)y Mmemmbydm@(rbms (e.@r, bebmnyl toé;qmg;tetrahydronaphthalene

| et her | e raof
SlbFhee Byl SRy e, MR s gy rer-amy1
&hat &M&Bt@ﬁgﬂ)lﬁ?m‘tb&i aRtHWEBED Gﬁ§0prd5b}tléthér$Setl(aﬁy&ofuran or
acetonitrile ketones (e.g., acetone); esters (e.qg.
meihylfetrabyds p@n@rd@)@m] imethoxyethane, or dlethyleneglycol dimethylether);
nitriles (e.g., acetonitrile); ketones (e.g., acetone); esters (e.g., methyl acetate or ethyl
acetate); alcohols (e.g., methanol) and mixtures thereof. The skilled artisan would be
able to determine, without undue experimentation, proper reaction conditions using the

teachings of the present invention.

Analysis of Beneficial Reaction Properties

[0089] In one embodiment, the methods of preparation of the invention are
advantageous over the methods that currently in use for the synthesis of macrolides of
the present invention. In certain embodiments, a method of the invention possesses a

beneficial reaction property (BRP).

[0090] The language “beneficial reaction property or BRP” includes a property

of one reaction that is beneficial over an existing manner of performing the same
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acetate); alcohols (e.g., nmethanol) and m xtures

thereof. The skilled artisan would be able to
wa@ledoeomisee, wi t hout undue experinmentation, proPEr/US2008/013512

reacti on conditions using the teachings of the present

i nvention. Analysis of Benefi ci a] Reaction Pro?ertles

regguy The Eﬁ%er@hﬁlém FeRY PTC{H‘?QYﬁB{t%a {0 eAMPATiSAR f thegpisting
thtoﬁglo VS%'E! eR uRy ﬁ?rg gﬁQH%r PURLr ih lﬁ@tu@ih'ﬁﬁ dproperty of

at cu ent y I'n r t e synthesis of macrol
thk ekiseing mesleniolagyv @nanthS dfisucleptoperiies mebatlepeitheyt lamitation,
met hod of .the.i nvent.i on possesses a benef

starting Ing)aﬁerbq.l 6&%}){ ge%cggp,)tl % §BYEY cqﬂerepgwé]ﬁgeéy, product mass balance

(rERREbh OF Vaste £ 2E4 i8R cWaﬁHﬁésE}’wQﬁe Eﬁ%ugh;ﬂﬁ' We&Sip2overall process
property of one reaction i s beneficial over an

@mesamdngfemimost ofothe pmgetmrmim Shecralopastiadartexemplesipd beneficial
ert e an ert suitable to ari son

eﬁ%t arbor g euitiis R 85 Prishetn o pf BRRA ARdslel betow.
:}%fto or better in nature than the property of the
flerdvetethodol ogy. Exanpl es of such properties

|ncI ude, wi thout I|mtat|on starting. material safety

089Lk i on t Imerepwing @%mwgrfi 10ethetethypations fithe arﬁﬁre?alaéletrogen (ie,
gaﬁlsfopﬂhﬁ'tf@)) G 3%‘8{1 %Yfﬁ?h@é\o Irf(ﬁl%%étﬁ&iol %y that has

eanl I ness, “"wast e, overa

Ppeoioasls bhemesedathé emh!)dataiﬂ oast lateflnttlhresymﬂtegfstwlmre) theaintire carbon
cial reaction

eral . t|c ar _exa Ies of
5&6 ot it ibba‘».aa& tafiqas gf e*yﬂ?twﬁ rS?Ct%rP,S%?GﬁHe entire
QbR ‘?néihdiﬁg' af8eh RMteriaRS ht Ilr::«,fkf b&%ﬁﬁﬁ%{&%ﬂlatl(ﬁl earlier,
preparing cohpound 0, the ethylation of the aromatic
the risk grenth(er fragmems |1snelfmmm¢|d@n(i lovgalli sgnthetlc convergence is increased.

hr o [imti Sste I n 0 t hat
ARTHRAG b7 tosk B R, st T TR Qs B0, of Frmuta a1
fsRacisthat ﬁkseﬁlkgvlawfaﬁ meedshB otflir ih 8ubskghen sepe irethefoinsation of a

pl ace. Thus, any limtations of the ethylation

¢qsmpaung @f foranda {IVD. entir e

Waste/Impurities

[0092] Theoretically, for the previous methods for synthesizing compound 010,
at least 33% of the mass on the product side is waste. For example, about 66% of the
compound of formula (V) produced in previous methods is the B isomer, and about 50%
of the product resulting from the B isomer is an inseparable elimination by-product of

the structure:

[0093] 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
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skel eton, including all starting materials, at risk.

By performng the ethylation earlier, the risk to
w@rden7seagnents is elimnated and overal | synediBEUB2908/013512

convergence is increased. Accordingly, in sone

enbodi nents, the substituent RO of the conpound of
ehspratography Istepb-s Syelereduetian ofovastasandedd ¢ srd@durthes savings in time,

in the formation of a
‘g"gs%{%‘ﬁ%r O%W%ggﬁg{ﬁgnef’f “\aste/ I mpurities [0092]
Theoretically, for the previous nethods for
synt hesi zi ng conpound 010, at |east 33% of the nass on

he product e i s waste. For exanple, about 66% of
M@%@@&e&% la (V) produced in previous

nmet hods is the b isoner, and about 50% of .the praoduct
[0994] t | ng The RTeseRE IBVENSIGREY alﬁ%dla?fst@qa%%a?tala part, Plo Intermediates for

‘%S 1H1t nﬂ{és@%TQBfﬂg?gﬁc%sqndtclaﬁl %ElElPﬁg & the lp['%?gt\::\%gctmetl’on, eg.,

reove wthre o the total anoun
tdimpoveidh ofiformiula dﬂe’) pAesl&mtlssledubﬂmd ans demrachrtbﬂmve crystalline

reduce, waste ov pre s nmet hods b mnatio
BERE w@&Sd@%&pﬁa{ lsefléﬁ TisaLprofuch et If fgrpglae%gqapriwy steps

ﬁgg e efmShated © further savings in tine, cost,
a ous waste treatnents, etc. Interrredi ates of the

G)F)? tion tqg)&) e l}ﬁlﬁrﬂS&Fﬁlg{ 1ﬂ M&P&ﬂ P@élﬁ(fomtermedlates listed

ted eas art, 'to |nterrre
iandhhmes ynahdesatovef the @memmdsemmd adrmmxosnmasms cxyStallirable

rese ventio unds of fornula . As
fiedous s suehpbmedioncs; $h BrSF PRGOSt a0S O TpEs o i sedeific
in%rﬁfeﬁﬁfgﬂfs% ih %cﬁélﬁessy Qﬁch? i n6f reddily G@éfflﬁfeﬂﬂy Q:Fystaélﬁze As

| east so that chromatography steps nay el i m nat ed
{300984d intmérs detailabouedetesmediates hart be m@defwdu suklbthat gheylaee able to

Be cer(}:llstgihzecli ngl?crhnr%gldﬁl edl ntermed9 ges will maintain their reactivity in subsequent

reaction steps.

[0096] Accordingly, in some aspects the present invention is directed to

intermediates of formula (VII):

Re Rs
R430
Ri_ R30
Rs OR12
OR1  (vi)

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

Rs and Ry 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,
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in Schenes 1 and 2, above, the present invention also
enconpasses crystallizabl e anal ogs of such

WO pioeonseld at es. I n sone enbodi nents, one or noPET/US200$1¢13512
specific internediates listed in Schemes 1 and 2 w |
not readily or efficiently crystallize. As described

i n nole2.@EBaupstipenieindeperidendiipeleded fram hpdogenahydredyl Cios alkyl,
such h b Al L :

o P YR ERROLE ciRn G SliRl e afbonSHA Mnich they arc
i N subsehednt formaci-b mermbapd unddPBtedAancmrcgcligiivg; i n

some aspects the present inventjon s directed to. .

"t or FrecAndt s astoaeh RARPANGpHIY peleged oy theEFauRicqRsistipg of
each j, gden RC4:8Beh pRITEATIE 6@ R RINSASR|,MHe tak
of hyd?%ggﬁ? Cj-%¥§§gtl,)ﬁg?Gbuncgn%&ggﬁgdrgﬁﬂenylband -
C3- 6 wgethnj wgatrec amkinbgied lRErocychdiivt oestrichom(a)he

group consi sting of hydrogep.ghd a base stabl e oxygen
protecting group; R5 and R dre each independently

sel ected fromthe grog% congihgti ng of hydrogen,

hal ogen, C -6 al kyl, | keyl, C2-6 al kynyl, C -6
hal oal kyl, Ci -6 al koxy5 phenyl fand benzyl, wherein the
phenyl or benzyl are subst Rigth 0,1, 2, or 3
substituents independently sel ected from hal ogen,
hydroxyl, G - al kyl, and NH2; oR2B5 angd R6 are taken
together with the carbons on which they are attached

t o f oRmisam@etyaffemada (K8bnj ugat ed carbocyclic ring;
Rn and Ri 2 are each independently selected fromthe
group consi sting of hydrogen an base stabl e oxygen

protecting group; or Rn aR¢,.R 2 are tRkgn together to
forma 5 nmenbered heterocycly 6f structure (a):

o R1g (VIII); and
R4, Ris, Ris, Ry7 and Ryg are each independently selected from the group
consisting of H, NO,, -NH;", -COH, -CO(C, 4 alkyl), -COCI, -COOH,
—COO(Cy.4 alky)), -NR3", -SOsH, nitrile, -CF; and halogen.

[0097] In certain aspects, the present invention is directed to intermediates of
formula (VII):
R430
Ri_ Rs0
Rz OR12
OR11 (v

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

Rj is an aromatic ring-containing oxygen protecting group;
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R4, R5 R 6, Rhand R are each independently
sel ected fromthe group consisting of H NO2, -NH3 +,
WO g@oplo758¢X C1- 4 al kyl), -COC, -COOH, -COO(C PAI/US2008/013512
al kyl), -NR3 +, -SQBH, nitrile, -CF3 and hal ogen.
[0097] In certain aspects, .the present invention is
dir eclie and Bs prorcarhiiensndsny Selgstrd ?ram( e igrounRgaRsisting gf

and j p e

consi T togert AEieth R CLr AR S R AIL SLREEARD. Cis

al kenglkoxyph&sylGindbenzylirghérent the khenyll pr Benzys amrsubstituted with 0,
and Rb 505 adesi e peRkeGy St B R Crs etk
consi gid KEL, A Kyl tdkdh @RMer FithBthdlcksbons 62 which th

al kenyl , Cﬁ-élg%/kyny% °G -6 haloalkyl, Q-6 alkoxy, o
phenyattaghed tveflormlia S-Gimesrebeted rcopfugaied corbdsyelis/tingr e

subst jt ut with 0, .1 2 of 3 substitugnts e

 ndopB it aiechegh itepfdshlty S SR oy ialon cqgpisting of

al kyl hydrogenNrid; a Bise aabmygelapﬁnéoaikq% ré Qg ok RS andd R are taken
the carbons on which they are attached to forma 5-6
nenbetodethgnedarm gax mgmbares deteeoqyelyddinhof struchg (9% 2 are

each i ndependently sel ect edrit-om t he group consi sting

of hydrogen and a base stablle oxygen protecting group;

or Rn and R2aretake%to er to forma 5 nenbered

het er ocycl yl di yl of st ): wherein R and R20
are each i ndependentl|y>sel fromthe group

consi sting of hydrogen, CQ ﬁ1,9 G -6 hal oal kyl ,

C -6 al koxy and phenyl, or R 9 d R20 toget her
represent a fluorenyl noiety of "$Pruture (b):

wherein R 9 and Ry are each independently selected from the group
consisting of hydrogen, C,. alkyl, C,.¢ haloalkyl, C;_ alkoxy and phenyl, or Rjg

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

(b);
R,3 is a an aromatic ring-containing oxygen protecting group.
[0098] Exemplary values for Ry, Ry, R3, Rs, R, Ri1, Ry2 and Ry3 are described in

more detail above in connection with the crystallizable analogs of formula (VII).

[0099] In some embodiments, the compound of formula (VII) is a compound of

formula (VIla)
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Ris a an aromatic ring-containing oxygen protecting
group. [0098] Exenplary values for R, R2, R3, R5, R,
wogo9RrsB2and R 3 are described in nore detail BODUS20081013512
connection with the crystallizabl e anal ogs of fornula
(M1). [0099] In sonme enbodi nents, the conpound of
formula (VI1) i Q2 orfpund of formula (Vila)[00100]
In some aspects, the S ingo\;ent iRon is directed to
an internediate of f “Swherein R and R2 are
each i ndependently selectedf fro group consi sting
of hydrogen, G -6 al kyl, GC§ gated al kenyl and
C3-6 unconjugated al kynyl. 1 n sone effbodi mrents, R is
hydrogen. In sonme enbodi ments, REQ.j s hydrogen. In sone
enbodi nents, R and R2 are efich i ndependently
hydrogen. [00101] In still other agects the present
invention is directed to an i QRe of fornmul a
(X): wherein R and R2 are each i pendently sel ected
fromthe group consisting of hydrogeh, C ¢\@lalkyl,
C3- 6 unconj ugated al kenyl and C3-6 unconj ugat ed
[@A0k§0]y| ; Rm sondk d&3pe@s,ahe prekerit intepana éndikectesiab eatisdrmediate of
%romth)ézgroup consi sting of hydrogen, hal ogen, C -6
Ryl %56 al kenyl, C2-6 alkynyl, G 6 hal oal kyl,
C -6 al koxy, phenyl and benzyl, wherein the phenyl or
benzyl are substituted with O, 10TBDPS§ 3 substituents
i ndependent |y sel ectred fr hal bgen, hydroxyl, G -3
al kyl, and NH2; or R5 gn e taken together wth
the carbons on which they areflattached to forma 5-6
menber ed unconj ugat ed rboc i ring; R8 is selected
fromthe group consifZing hydr ogen and - ORg wherein
Rg is hydrogen or a base sta oxygen protecting
group, (IX)

wherein R and R; are each independently selected from the group consisting of

hydrogen, C, alkyl, C;.¢ unconjugated alkenyl and C;_¢ unconjugated alkynyl.
In some embodiments, R, is hydrogen. In some embodiments, R, is hydrogen.
In some embodiments, R; and R; are each independently hydrogen.
[00101] In still other aspects the present invention is directed to an intermediate of

formula (X):

O/ﬁ X)

wherein R; and R; are each independently selected from the group consisting of
hydrogen, C, alkyl, Cs.¢ 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,.¢
alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are substituted with O,
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RO is selected fromthe group consisting of hydrogen,

hal ogen, -ORb, C -6 al kyl, C3-6 unconjugated al kenyl,
w@3e08/0Ta8ednj ugat ed al kynyl, G -6 hal oal kyl , - SRI/HI2H08/013512

NReRf wherein Rb is hydrogen or a base stable oxygen

protecting_group, wherein Rd is sel rom

gr oupl-coRE PStbsiusts Mdapaagently & ecéedgﬁg% a C@f“Ghyderoxyl C3 alkyl,
al kenylg N ﬁ% orR AYYdre taqeen @oé&%e? R thy |carb%n; oﬁwm tﬁgy are

heteroary conprising 1, 3 heteroatons, and -
aryl atetheder form aRe6 mminlﬁ‘rechumoaﬁxglatqdmad;wmdlemnngé

2L bR B R BB o
5-7 nﬁmsg&#omﬁsee%w o,sfgeippfo%écﬁaglgro@ Of

het er oat ons, and -7 ar or a base stable nltro en
pr ot eBy isrsglegtedifpom élrﬁcgrmm consissiaged hydr ogmrhadmng Ci alkyl,

consi stin of h e al ogen

s Gt DR FREN g B8 Rueri et B gty -SRaand -
G - hERgR} \&Héreﬁhfwb @hyﬁro@bk OKXY basaheitdd Bxﬁelnsprbl&dlli@gbup, wherein
or a base stabl e oxygen prot ectlg)g grou

e”t’Od‘Wfﬁe?C‘eFilfrq‘B thygroup epnsigting b hxd @ﬂﬁ@o@mqs%kxl Crpalkenyl, Cz.
hyd
5 SRR, ¢ DB STReA L e BB g1 or

hydr O@t&&o@fonﬁ; ﬁifld Q. ahM hnd WhergonR, md)hﬂarmemlsmdaﬁenldsntly selected

Peedgf’ o b g?%wgéﬁgﬁgfléﬁifﬁy 1'%#449%5@39 hs %‘H?Wﬁ&"f}fﬁkenwﬁ%géﬂﬂwnyl Cig

enbOdhéf%‘él& 1,B.% sheREQORRer0 i§RPedh BFB“h%ter(ﬂt&ns and Cs.7
IS hydrogen I'n” sone errbodlmets s - ORb
I n soanyl emebba:hersmhxlcsmtrlagen proh;pdnggsmpoanda G 6 al kyI

In so

enbodﬁeﬁaelﬁgaea rogl % @f?ﬂﬂ’eﬁ?}lﬁ]?még f h)é)drgger&7 haloggn,cOR, Ci-6 alkyl,
enbode e fdonjuFatddSal Ko, XYE incnjGhatéd alkkiyl, 0%  haldak§1 and Ci6

stabl e nitrogen protecting group. In sonme enbodi nents,
Re i salkpxys viersin Reds hydrogen ¢nyd base stebleyaxygen protecting group.

In some embodiments, R; is hydrogen. In some embodiments, R; is hydrogen.
In some embodiments, R; and R; are each independently hydrogen. In some
embodiments, Rs is hydrogen or a C¢ alkyl. In some embodiments, R is hydrogen or a
C,.¢ alkyl. In some embodiments, Rs and R are each independently hydrogen or
methyl. In some embodiments, Ry is hydrogen. In some embodiments, R)g is hydrogen.
In some embodiments, Ry is -OR;, or -NR¢Ry. In some embodiments, Ry, is hydrogen or a
Ci. alkyl. In some embodiments, Ry is -NR¢Ry. In some embodiments, R, is hydrogen
or a Cy¢ 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 Ry is hydrogen or a base stable nitrogen protecting group.
[00102] In some embodiments, the compound of formula (X) is a compound of

formula (Xa)
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and Rf is hydrogen or a base stable nitrogen

protecting group. [00102] In sone enbodi nents, the
w@eorpotased of fornmula (X) is a conpound of for MeCEHUS2008/013512

(Xa)wherein Re is selected fromthe group consisting

of hydrogen, G -6 alkyl, C2-6 al kenyl, C2-6 al kynyl,

Ci -6 heteroal kyl, heterod®¥l Oakd afyl; and Rf is a

base stabl e nitrogen praote gy’gr Oovp. [00103] In

ot her enbodi ments, the f nt 71 nvenfion is directed

to conpositions thatey A

(X), wherein the conpgsition | s su

conpounds of formula (fV): whéreii W and R are each

i ndependently selected fromthe gp consi sting of

hydrogen, G -6 alkyl, C -6 unconjugatedcadkenyl and

C3-6 unconjugated al kynyl; R5 and R6 are each

i nde : 1S bi f

Pyl g T 1S SEEEA TR IR B P s DRSS L ot o

al kynalkeny@ - 6 hal oal kyl, C -6 al koxy, phenyl and

benzyl,, erein the phenyl, or benz are substituted

with %%'6 %Y,ﬂy’?},’ ’ gﬁ Betglgxggﬁ}%{,t}{%eﬁ?zgyp ﬁ&ﬁ'@'rll ly sel ected

f rom Rals QdR8e sty m¥dgen frbechdoupand NH2; or R5 and

R are taken together with the carbons on which they .

[0&03t t achbdother dmbadimentssthamprdsentddventionns digegtedito compositions

rhocycli.c ring; .S 1 erei ' . .
ERBPEIE vy Gleailen Sty RIS P ColPody iR Rupppniatty free
dthngoands e0fsheki (Ig):of hydrogen and - ORg wherein

bstantially free of

1v)

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 Rg 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 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;

R 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;
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Rg is hydrogen or a base stable oxygen protecting
group; Ris selected fromthe group consisting of
whyapogsey hal ogen, -ORb, G - al kyl, C3-6 uncoP{T/ys10e8/013512
al kenyl, C3-6 unconjugated al kynyl, G -6 hal oal kyl,
- SRd and -NReRf wherein Rb is hydroge a base
stabl e oxy@ekﬁ sstesteddiom ghegraup CO%WSH#%@W%“%‘W{&@RN Cis

C278 al kerglo - Eoot e RS I G gkl o, o

menber ed hlsﬁlealkplryﬂ;&pmﬁprl sing 1, 2 or 3 heteroatorrs

and C5-7 ar ei.n and

i ndepende nt 5qlg %\bﬁ B)fpﬁrf)gf’él (brraollﬁﬁe é@ﬁgq (g(tylgﬁ% p{ﬂ&tectmg group,
hydr ogen, ,

het er oal kyI@me-§H %rf‘ggrgtgg fﬁdgtf g%%?‘l}lggm@@irn ?ﬁf%&dm@en Crg alkyl,

or 3 het er Gat aiksnylafisls @bynylaCyt hv:tf:roalktyé,s%7 m@weeed heteroaryl

G oup conSTSUPNG» PoR B AL 5 athend YRl R and Reare
al kyl, C3- SicUnhdipeH@dH KSR ledMdm tHe3grbup Betagaifegd C
al kynyl G c6 h&aglﬂgal kylls}'dsgnd G -éma}I@Egox;pI V\,herg]lgn R9| rsogen 16

hydr ogen oalkyl, Kas alksnyh Ce-s ebyygih Cor betsraalld, 3/ dogmberad
Rn and Ri 2 h d | |
other aspelfEeR EmelaRE T, Aenitsr oG i ot inf Phse stabe

i nt er medi afigrogén pevtedting grddp;) - Wherein Y is a hal ogen
or atriflate (-0-SO 2CF3); R8 is sele%edfromtr
group consRatip ﬁ%}e‘i’fﬁd froat by @FouRRPNSIBRAE RhBYdPACRGalogen, -OR;, Cis

hydrogen of; 9 RaSenSSfRlRLHKGRN, BLOAROL| U Myl C, .6
haloalkyl and C,.¢ alkoxy, wherein R; is hydrogen or a base stable

oxygen protecting group; and R, and R, are each independently

hydrogen.
[00104] In other aspects the present invention is directed to an intermediate of
formula (I1I):
%o
R
® 0
Rg Y
R1o (11D

wherein Y is a halogen or a triflate (-O-SO,CF3);

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

Ry is -NR.Ry; wherein Re is selected from the group consisting of C,.¢ alkyl, C2.6
alkenyl, C,.¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered heteroaryl comprising 1, 2
or 3 heteroatoms, and Cs_; aryl, and wherein Ry is a base stable nitrogen
protecting group; and

R g is selected from the group consisting of hydrogen, halogen, -OR., Cy.¢ alkyl,
Cs.6 alkenyl, Cp¢ alkynyl, C,.¢ haloalkyl and C,.¢ alkoxy, wherein R, is hydrogen

or a base stable oxygen protecting group. In some embodiments, Rg is hydrogen.
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Ris -NR eRf; wherein Re is selected fromthe group
consisting OC -6 alkyl, C -6 alkenyl, C2-6 al kynyl,

w@reos/omseer oal kyl , 5-7 nenbered heteroaryl conpeT/B52998/013512
1, 2 or 3 heteroatoms, and C5-7 aryl, and wherein Rf

IS a base stable nitrogen protecting group;.and R o

sel eclewne aRbadimenisoRp is Brdogen. nlg somerspbasimpnts, Re is aCys alkyl,

halog , . 6 al kynyl,
ﬁgro§$§§°rg{a@ ﬁl%XAﬁﬁgﬁ?ﬁnvhéfgyﬁ %5?% hydr ogen

[m)laS]b ase Bt stbl ethexxaspects, phepmstnt rigvention s difevtesitomn intermediate

v ogente (B e (ERIRED re AeSPRLATEANETS i G yihods

&clon. Methyl or ethyl. In some enbodinents, Rf is
-BOC. [00105] In stiII ot her aspects, the present

OﬂYﬁ tion \fot? 1r ﬁ& t%%})?e?v}t%\%nﬁsg llsatﬁl?ec&r e Qge of any one of

| ae ( escrlbe her ei n
ﬁb «wmpbmndshﬂ’ fbﬂmdiaxdel)ﬁﬁb)tor(W) ([200:5@f]intermediaterin the synthesis of a

as ect t he invention is directed to the use

Rapd of oty ﬁéﬁc% BYAERIC O P FIBRAITynys,dhg PiFseiy invention is
&1}Qctéd|t h@§se3(ﬁ‘ a'n?fo?lé %?q{eaéo?n oﬂn@l!‘@f ﬁ%ﬁﬁﬁ@%l)ﬁll@)‘ oXV)-(IX) as an
conpoun formul a exanpl e, In
mtdnmdduamnshe $)mehqsrwemuntmamcodl of ieki- erdraneozﬂ ¢ampdsgion

e Sy BG TR AL arid SPie Ry hepgpeng nvention i
@kctddyto @RNRCTAN Gl Hé%ﬂlﬂn&!ﬁl%ﬂ&%gltféﬁ%ﬁﬁirf[sir@rh compound of
conprising a conpound of formula (IV). In sone

forpblai (Y2 and/or farmule 4R ir therpyathesis pf p putiiy-enhaaeed o7 sigld-enhanced

c conprising a
é&?n%og g%oﬁl‘%ﬁ%‘{] &a‘ﬁ@%‘i ‘1“‘1‘ pﬁ{}l a (M) in the
synthesis of a purity- enhanced or yiel d-enhanced
conposition conprising a conpound of fornmula (I1V).

Compounds and Conpositions Prepared Usi ng Met hods of
ECovepdunds anid Slvmpositions Prepared Using Methods of the Invention

[00107] In some aspects, the present invention is directed to compounds and

compositions prepared using the methods of the present invention, e.g., alpha-enhanced
compositions. In some embodiments, the compounds and compositions are appropriate
for use in the therapeutic formulations. Such therapeutic formulations can be, e.g., those
described in more detail below. In other embodiments, the compounds and
compositions are appropriate for use in the synthesis of other products, e.g., compounds

of formula (IV).

Uses of Compositions of the Invention

[00108] In general, the present invention provides compounds useful for the
treatment of inflammatory or immune disorders and the treatment of cancer, particularly
solid tumors. In some embodiments, the compounds of the invention inhibit NF-xB
activity, and accordingly may be effective in inflammatory and immune disorders (see,
generally, NF-kB 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
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[00107] In sonme aspects, the present invention is
directed to conpounds and conpositions prepared using

wao b@ooeskdods of the present invention, e.g., PCT/US2008/013512
al pha- enhanced conpositions. In sone enbodi nents, the
conmpounds_and conp03|t|ons are approprlate for use in

EATECH; H&Cﬂ‘&b’é&'fq i watont(sae.iAraiosenaein Ratentiphelor Pharmacologic
&Qél’%t%l ﬁ%@trg t of an ert @8‘3&)\&?&1@{.{ Ipiggaslsg] all® Chronic
et al n ot e conpdund

er odi nent's S an
hxﬂmmsattqnoﬂharmaeohgmab&ewam 2000, 3x5@37n t he synt hesi s
of other products, e.g., conpounds of formula (IV).

[ova6910f Comaﬁﬂtﬂg(l)ﬁfin ebmé Bmbbdiviesitd, 06mpORHAI I tlllenpresent invention
general , the present invention FrOVIdeS conpounds

Eiubitad Co valwgs for DT RB NTGHon of [eamthand OyMr Th gkt other
t |
SOF%HE%E% ({Jﬁﬁs bf R éﬁgﬁgt 191%;&?6?10%11)1{%8% CoHh s 1{ s than 7.5

n sone I ment e Corrpounds
ke In carean emhodlrri'eint};i, torpoudds af thevprtge,nt mvendacexhdbiregl If°so values

(%sneam 539 0 Rt A0 15 et ddd T B ghe, Compounds of
#Eeseﬁtrm@é{tiog eg(ﬂﬁﬁ-ted 1@%'Va71)es 1ds¥ Rﬁdﬂed LK, l@s@ rtﬁﬁ‘ll G‘S uM, less than

: ounds of the invention have al so been shown

0 Bhiudtlegsabarpd.d M ylesssthare 7k nivh dess dlzani MnM o5 eredn lass than 25nM.

VEGr and PDGFr in vitro, and are useful for the
[002B]rent bif stdhether erhiediments geatapdusids Uflmesaréﬁﬁﬁnventlon exhibited

(épﬁ) ¥alies genfl%? I&i}j‘lblgggﬁ tﬂ'tp?glggwﬁg{)ﬁtﬁg%rr @ﬁ gg?s in vitro of less than 10 uM.
ﬁad'e%&vﬁﬁ&@nﬁfod%éﬁélmpoﬁﬂgs ﬁhﬁlg %é&exllglm’?mmte'xﬁﬂmed ICso values

Phar nacol ogi cal Revi ews, 0, 52, 237
lascthanli 715911\,4, Inj w@un@nbmdmldmsmmﬁpowdnpﬁm&dse&cht inivention exhibited

e i nv nt|o X it | \Y Iu s . f NE- kB )
shy ibes i G 5 IR TER ik &5 ofe B Bt T Syt Y et embodiments,
aeof the e&mwaﬁldafexhhﬁteanea,%uudsneys@mﬁmpms uM, less than
exhi bited |1 C50 val ues | ess than 7. mM In certain

e i psrian 028 mbbunesghest 04 h)é\’lplpgsstém 7% mvbdessdhan 50nM or even
RXRI begh ! C50 val ues

[00111] As discussed above, compounds of the invention exhibit
immunomodulatory activity and exhibit activity for the inhibition of angiogenesis
through inhibition of receptor tyrosine kinases. As such, the inventive compounds may
by useful for the treatment of a variety of disorders, including, but not limited to, sepsis,
glomerulonephropathy, rheumatoid arthritis (including ankylosing spondylitis), psoriatic
arthritis, osteoarthritis, osteoporosis, allergic rhinitis, ocular inflammation, inflammatory
bowel disease, atopic dermatitis, psoriasis, asthma, Crohn's disease, ulcerative colitis,
inflammatory pulmonary disease, hepatitis, autoimmune disorders, diabetes, AIDS, solid
tumor cancers, Leukemia, 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
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less than 5 nM less than 2.5 nM less than 1 nM In
certain enbodi nents, conpounds of the present

WO popetisen exhi bited | C50 val ues | ess than 0. 7BCTNB2008/013512
less than 0.5 MM less than 0.25 MM less than 0.1 MM

| ess than 75 nM | ess than 50nM or _even | ess
embgimenisacoraoungds of thejinvangiep agsRASHEHEHY gsefelotlﬁﬁawﬁtfgtment of

ak ﬁlgﬁl@ﬁr@rﬁ‘ﬁg %&Ya@ﬁt {’ﬂ%ﬁ.l]ﬁ? AlITNSS das %QTHY A@er. fiRcertain

|nH| Itron o P t unor nes in vitro

ﬁﬁbdcﬁmnﬂslmmﬁ(ﬁmﬂNbf the inemtiah Iareopdmwlenhjboshfuﬂdht the treatment of
npaungds of the .esent invent,jon.exhibited

araes. esainnobiSeRin cqrmpagis af fedmugtionRt Baricularly uscful

fo? ﬂﬁot%%erﬁfoftcgﬁce?r &S &&Hain E‘MB&hhﬁﬂtsel‘é}h Jrﬁg of %anentlon are
values less than 5 mMM |ess than 2. less than 1

pﬂ!?tlcularljc wyeffili fior theiraatmenttod atoom@mmadss oAddm@nplrleﬁafmatlon and

S AT R BT R Tal R 2D ek tcation

Jb‘li@at?& Aihbdresn6tonam £80my aitirevstientespwhithrare idMporated herein
00111] As discussed above, conpounds of the invention
exthipiefereragunonodul at ory activity and exhibit activity
for the inhibition of angi ogenesis through inhibition

of receptor tyrosine kinases. As such, the inventive
conpounds nmay by useful for the treatnent of a variety
Dbsatbies and dfodles bfddimthismutioput not |limted to, sepsis,

@lﬂiﬁe}g g: ggle %bﬁgfgpp%/ch)tgde tglgbqﬁ-]?: Igg{nggltg? an:dfcp p%(szlltllégé foimed
1L uﬁgl?é H‘: Iethod? %&‘ﬁ%ﬁ;ﬂ?%ﬁ ﬁrveﬁﬂl(l)r?fngy Be %Bfn'ﬂﬁlgtbl%d using any

anmat 1 on ammat ory bowel di sease,
ahopit@nd enymiuttt oﬁadrpmmtnaaen sffectbeHmathe Oreatimeng ofl pgeafihe disease

I tl t
e iteeled s HhindPrSar Rl e RF dnorauin ARpEagisreip for the
fraHMENICARGRICE, rek@y &ﬁﬂﬁﬁcieﬁf@h&ﬁﬁi%f ap&iitd agikt fheSgrowth of tumor
B-cel |l |ynphomas, chronical |ynphocytic |eukem a

qedisior, refecﬁ toj ayufigipl aspeunt &y Edueg thelcliisels o cgngeanhhe xast amount

required will vary from subject to subject, depending on the species, age, and general

condition of the subject, the severity of the diseases, the particular anticancer agent, its
mode of administration, and the like. The compounds of the invention are preferably
formulated in dosage unit form for ease of administration and uniformity of dosage. The
expression “dosage unit form” as used herein refers to a physically discrete unit of
therapeutic agent appropriate for the patient to be treated. It will be understood,
however, that the total daily usage of the compounds and composifions of the present
invention will be decided by the attending physician within the scope of sound medical
judgment. The specific therapeutically effective dose level for any particular patient or
organism will depend upon a variety of factors including the disorder being treated and
the severity of the disorder; the activity of the specific compound employed; 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 duration 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
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allograft rejection/graft versus host disease, eczemm,
uticaria, nyasthenia gravis, idiopathic

wWao booontxsey/'t openi a purpura, cardi ovascul ar di seBSEUS2008/013512
(e.g., nyocardial infarction, atherosclerosis),

hepatitis, productive negﬂritis, adenovi rus, . .
Hhesenestiey o sethdisliton fA. (Gitmans dHadmae and Ls Limkird gds., McGraw-Hill

Ifr%gg (fg?—’l 7?}' ?i @Efc}lﬁ%ﬂ{cﬁg%gﬁed ﬁfljeinelgﬁ%}”erm ih%fs e%rgtevaty).

reatnent of the's o mal ar i to name a

Bl T ar PO T ssp i e R Ao AR RIS, ..

MidrBY dddi parerR&AT inefiods oftdrhinatise beshasiifiravdabi@imindstration,
cancer. I n certain enbodi nents, conpounds of the

infropatitornal adnainiratiopuingpMysqudasfadmipisiratiqie IRFASQTORATE  of

i R .l.n tain.- i S. .
PRBER 1B P SRR B my P ERRB R RD, ifacpa
FlatiaBtratidd) sGBdutdieoueadmnhismrivs, transderaiah delivaty tihteatracheal
invention are particularly useful faor the treatnent of

A BISHa R SHPGHANS UM GRREP™ IR HERIRRIBIR UIgHPRance
OB YER 125891, Bl vl o,
iR08GUlR AFddBnatyreingintsiratorg ompeaghstiaf ofvhéathetar, by suppository and
[.ncorporated herein by this reference. Dosages and , . . .
b eSS ORGP RS oF BEet s ROSOToRs PPicEROTppiToRe] agigistration.
?ﬂﬁf“ﬁégt}ﬁg%ﬁﬁ@@ gafdﬁaiﬁe&atwm%kﬂpo@mni 6f R GraefOndémibn,

_ | _ the present invention may be _
iaddingsppropdiatesdasggeafoymardnsagesand dasipg rsolmdéle@fcan be found, e.g., in

S LRY S bLSFEE 2l A PR s ot v

2% RcRFSIrasd hefeli£6y thiSreféronddt "Tnasrtain@demplagy Bmbodiniches, the
treatment of cancer, refers to a sufficient anpunt of

igyanitvecomparnds may he ugndowtcnaeng fon sisntse &pydancs oy wting gompounds
. .1 C I

SR ERS: BRI TANE R DaBlG 3517 Byoasron

subj ect to subject, depending on the species, age, and

gener al
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condition of the subject, the severity of the

di seases, the particular anticancer agent, its node of
wa@elwvnoisey ation, and the |ike. The conpounds oPCT/D§2008/013512

invention are preferably formulated in dosage unit

formfor ease of admnistration and uniformty of

dosage. The expression "dosage unit fornm as used

i : to a physically discrete unit of

tdﬁ‘ﬂ@]pem : ‘f‘h@&es%lé@ﬁﬂrt it Jife réc%%nfz@,eor%ta'b% ds@rlfn using no
reated. It wl e understood, however, that the

toteathan eotine esperémertatitig neorypouhaiensstd thospeoific énbdiments of the

fhe present inventiqoqn will. he decided by the attend

iogalen descaibedhero b Sugk eppeviEn S STridtaneey toahe S kRRed DY the

mewiReOhin& therapeutically effective dose level for

any particular patient or organismw || depend upon a

vari ety of factors including the disorder being

}&hrléﬁ ;g: B%e&%ﬁ% he di sorder; the activity

S e CORpot oyed; the specific
E)QIIPS]SI t i OThe BPheNS &f all hefer@iCes, PAdits\id3fatent @ppI&tatibns cited
ealth, sex and diet of the patient; the tine of
thaorighput thistapphcatian Are heveby andorpaseted by seferenfgl rate of
excretion of the specific conmpound enpl oyed; the
duration of the treatnent; drugs used in conbination
or coincidental with the specific conpound enpl oyed;
and like factors well known in the nmedical arts (see,
for exanple, Goodman and Gl man's, "The
Phar macol ogi cal Basi s of Therapeutics", Tenth Edition,
A. Glman, J.Hardman and L. Linbird, eds., MGawHill
Press, 155-173, 2001, which is incorporated herein by
reference inits entirety). [00113] Pharnmaceutica
conpositions can be adm nistered systemcally, e.g.,
enteral and parenteral nethods of admi nistration such
as intravenous admni stration, intraperitonea
adm ni stration, intramuscul ar adm nistration,
intracoronary admnistration, intraarteri al
adm nistration (e.g., into a carotid artery),
i ntradermal adm nistration, subcutaneous
adm ni stration, transdermal delivery, intratrachea
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adm ni stration, subcutaneous adm ni stration,
intraarticular adm nistration, intraventricular
wa@elwvnoisey ati on, inhalation (e.g., aerosol), PCT/US2008/013512
i ntracerebral, nasal, naval, oral, intraocul ar,
pul nonary adm ni stration, inpregnation of a catheter,
lwﬁhﬁwﬂnd direct injection into a tissue, or
system cal | y absorbed topical or nucosal
HaMLeli st r aTK@fpllanan@mngwvgrymm%uS@drhﬁrﬁnst ration

of € ostttons—of —the present v retudi g
appr EMET at e dosage forns, dOScldrég]egwdSIté%SI ng schedul es
can Sigund, e.g., In US Pclttﬁmet}@m]yq erlbtide
publication nunber 2006/0247448 the entire _contents
of WRBBMSr e i ncor por at ed hereﬂfbuml dimethyt eidr ence. I n

cerftad S exetptary—enbodirents; S P VENLVE LUIIpUUIIUD
may used as coating for steﬁf £ p@WﬁéX’Ce for using

conppga@s of the invention In tt&k@ou@ﬁl%ﬁhbﬁﬁuﬁﬁﬂhd}ﬁle
found, for exanple, in WD 05/023792 FQU VAl ENTS

[ 001EMSIThose skilled in the cmodwlmeth%swgm ze, or be

abl e—tao—-asecertatn uolllg RO ||U|€ |.|| 1 t

exp;l?M#ent ation, many equival ent ﬁ’é’ ﬁléené’geci fic

enbo@rents of the 1nvention cqggaﬂebed herein. Such

equivalents are intended to be enconpassed by the

f ol |B®Cng cl ai ms. | NCORPORATI ONHBY | REFBREMCE [ 00115]
al |

raof o

Th ents—of—al—references atents arrc pat ent
appIM?ylll ons cited throughout |t¥i ﬁ’é’ F?D@Xli on are
heriefiyci ncorporated by referer qﬁ/rﬂ%ﬁﬁﬁlelhl:dr%}b@bke

[00116] The foll owing nam ng doaventions are used
her eTIaME{ 00117] Amounts of readéntd rg¢thE1rﬁtb%I ow are in

relia to—the—fi+rst—sted—reagen 1701 et
sche §\hen vol umes are gi ver%wyh%l?eélyg%{ﬁ%ﬁl at ed
usi n]gM/Qe conversion factor of dlmgglymnfu%bﬁnilne- IL of
voljume. Exanple 1: Synthesis off Conpound 010

)

~—+

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
[00117] 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.
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Schene 3: Synthesis of diolfromDribose Dribose }

Vi nyl MgBr Heptane Crystallization 001 [00118] D-Ri bose
W@ 2090rB23vas suspended in acetone (5 vol unmes) . PAUUS2008/€13512

acid (0.05 wts) was added and the m xture was stirred

until honogeneous. |Im dazole (0.6 ws) was added. The

Erxampled :\ \yathgsispidompound 145 ni nutes, and then the

acetone was distilled off. Acetone (0.5 vol) was

Satgmeett Synthesistafdioldeaudd-ribvsee acet one was distilled

of f and the procedure was repeated. D chloronethane

(0.5 ) s.charged into the reactorpyand @ stil ! ed
of f. ¥%Ie jma?éri\@H viadcetonee Ho%u cryge to Fjgéma:x\lt\OTBDPS
reaction. 0119] 7o TBRBSGckidarrge ( 1 wt s added
i m dazoH® (@36 wts). The nixture was susP din

di chl or oRéEPP¥ne (5 vols) at 25 C. The m xtAdre was
cooled to 00C and tert-butyldi phenylsilyl chloride (
1.4 wts) was added. A saturated solution of ammoni um

chloride (2 vols) glwhy%r (1 vo“ wasorddedrand t he
m xture stirred 1 platesrys o Z. 5 0ks) s addedps
to the m xture and stirred 5 rﬁnutesm
solution was separated and washed w th M%Z vol s)
and brine (2 vols). The organic |ayer was-toncentr ated
and the crude TBDPS protected | actol was ob0O@fined. The
mat eri al was taken crude to the next step. [00120] To

@pgﬁi\;gf ;;vnggiipgs(}egg@%%s%@g&awﬁ] 4dcetond(§ VoluthebiFSdifuric acid
(0.05 wts) was added and the mixture was stirred until 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.

[00119] 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.

[00120] 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 1@0940758The sol ution was allowed to sl owy warPCT/pS1008/013512
250C. The reaction was transferred to a cold m'xture

of saturated aqueous ammoni um chl ori de (4.5 vo
rrese) pas Sryﬁg[lgz%d Avoin hgntane. (T}gp sg)llggmere lgctga@@gd%ashed with cold

ﬂ\}\ﬁ,\{ es Wi aREfqat ed and the organic solution was

ed tw ce W|th wat er (2.25 vols). The organic

S LS ol AT Retehr Py o

dri bo (;_? yCryst allized fromheptane. The soli g);

were ol | ected sh pjcw EfincoliAlp hept anes, and” ai

dri arﬁgpﬁ'a by &TBDPS
Reduct ichn (5)01 002 [00121]5t3'|ﬁo1-|a;: stirred sol ut@onoof

diol 002 1 wts), dinethylam nopyridine (0.0DL wts)

and trie lam ne (0.76 vols) in tert-butyl
et her %Bfg vol s) at 00C was added acetic anﬂf%i)?l de

0. 46 voIs The solution was allowed to warmto
2as t hdpastifred selution oaé@bﬂﬂh(lhwtsménw&a/éamv@ﬁpyndme (0.002

st e ElRlahPg B B an FoBu g EFESEanE o b Ofaees
Ade QCethha?lh?dhgd’@ 03463{57@1?9 Tﬁ@§ol§ﬁ9§5@§ ﬁﬂox@&ﬂtd"@ﬁx'i‘x?ﬂ) y4and was

water (2 vols) followe brine (2 vols).
thom’smrmaﬂfom abeurti Ich. élaielrt:mmn\mmwg mae qoolad ech‘beaIad Gugnghed with

59550 Bt afvnd P EAE Ol « MRS yRE ht isey Ane
&rgaﬁ@ phhse)wastsepabttil andiviBhéDwii Wiltér) (23/dk) "f'bl'r_ov((é’d Uyﬂbﬁﬂe (2 vols).

The sol ution was cooled to 5C. Formic acid (O. vol s)
Teescanplipecherganic spfution waseonernitnaregrio @fforcbdwp@at&evlacws used

o St%ﬁﬁerggggggty%on of diacetate ( 1 ws) in THF ( 1

e m xture was heated to reflux (65
[%@22]0r 2 Rorgac%r was charged with catalyst Pd(Ph3P)4 (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). '>C and 'H NMR of 002 are depicted in Figure 3A and 3B.
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Upon conpl etion, the mxture was cooled to 0OC and

guenched with water (1.82 vols). Tert-butyl nethyl
we@emwen7ig2s 73 vol s) was added and stirred for 1BCT/US2008/013512

m nutes. After separating the aqueous | ayer, the

sol ution was washed with 10 wt % aqueous cysteine (2.0

Yefresne Lifoonveesion af deetatedo doimemAeeili de (" 1. 82 vol s).

The organi ¢ phase was concentrated. The crude oil

resi due was dP4%ol ved in P 21) (5 vols), OMPM

var 70C~ap@TERAS H, OH
crystallifie geetate 0023 g .|J Pad! cakefwa
washed WA}SC()' d | PA/ water : (0.5 vol s) an%(en

dried (6 8°oy|eldfrom001 MP. 64-670C). 13 d 1H
NMVR of 0029%r e depicted in Figure 3A and 3B. Sch@ﬁg 5:
Conversion of Acetate to Primary Al cohol H 002 003

[0082313] Acéretate W1 (W) wes suspgadesiagdiid 647 ival) T theasuppension

VR a3 38508 30 R Re ST R R A8 kiR of

PRARES BATbERIE (N3 tvas) i@ Me@HS()z 33rvolve Ohe hiix&ae wa& &ool&htb 10°C and
m xture was cooled to 1Q0C and then water (8.

e watar 6§.0 vobrandinetpy] ertHaityleghey 68 yolieyese d Af}qrtagrtatlon (15
B B ol bl ihed o el TS hBclhath: BHERIC Byer was

sppatal €the offfenio phaseivwasphaseasked wittebrivea@hed) addtdoncentrated. The
brine (4 vol) and, concentrated. The crude al cohol was

%é‘aa‘\ﬁPW&ﬂS‘EEﬁW eutPwHicalign124] The al cohol ( 1
nt1|2 was azg 51%81?&%% g%&@%&?&&a\% ar{hédi‘oulsﬁ%?MM 78 wis)

wat er eve <0.03% 'To the sultin
wid vatictdeveds waepeh83 %n Taf thd BAulting. dil7wes jdded atswpe(nmoot's)f TBAI

he hen cool ed.t The
B e BoER LRES SRRl S co B RESTES The rescor wes
theh thréP%itH20i ik HfotdssihinfeyEbdbtias uﬂTHFt(m Wélghts) 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.

[00125] 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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anhydrous THF (0.94 wt). The m xture was stirred for
15 m nutes. 4-nethoxybenzyl chloride (0.43 wt) was

wo b@n/ozseed. Upon conpl etion, the reacti on wasPCUEshg0l13512
with a 0.5M sol ution of sodi um net hoxi de i n net hanol
(0.55 weight). The mixture was then allowed to stir af
anbi ent tenperature. The m xture was concentrated a@d
the remainingwod | was partitioned between wat@PM(5

V\e\ght s) and:iter BHbut WMEnmﬁlﬁyﬂlEtset h%é/g_gv\%gg?d

hesor gzm—glayé ur aquéous
SOdI um£hl i de and was tdaen concentrat €d he crude
oi | was ed with purification. [00125] S|IyI
ether (71.0 wt) was dissolved in THF (2. 3 wei ght's) .
Tetrabutyop%tmmnl umfluoride ( 1.0 Min THE@ (1.9 ws)

dded |
Ty?géqcrﬁgwg@g) 1@ Wt&é&éﬁ’%ﬁ(ﬁ@&%ﬁczﬁ%s as added TBME

car bonate was a the m xt was
(é’)&SrwtsD doMIAR (Oe04nivts), them_lyldmmhy 0.8k )l aret piﬁhal(c]axﬁlydride (0.69

The cophi ned orga | ayers wer.e ed wt
W13 aengonplidaneongartmpEin B tararEagifl 15 adpris NaHCO; (9.98
%ﬁﬁ%CTh@U@rﬁbﬂY@@ a%t!ﬂ%ﬂs SONGRANIERbEThd SxtPACBBhIRef éfined to the
3a [00126] To the crude 003 1.0 vt based

mnctphemdr ben c\atbhedet@@e with haplded CTEVEY)2 Sodium Bydropppel .23 wts)

‘&?ﬁsn@lapl %‘z"?d( TRy lfras%p@ﬁﬁ g%ﬁ%{flg?lf%j 0®0%b S gdallbsldg%ler was

m&cﬁ-)stwlacrsmlwz 3 SAs)aque qwlﬁair%@& (a9eR8vareitighh hcentrated
The conbi ned aqueous sodi um bi carbonate extractions

mé\déﬂgr ey¢llavearange pi of cempowid TN 60Sn YiRdd frem Q%)ce Cand 'H

oW 0 hydroxi de (1.23 wts)
was ?ﬁen %ggigél.%t%l %Jrnvgr%%ﬁback to conmpound 003,
t he aqueous | ayer was extracted with TBVE (2. 73 wts).
The TBME organic | ayers were then concentrated

Seiednil 615 Os-pyHdiR¥oLidatige 0i | of conpound 003 (66.2%
yield from002). 13C and 1H

OMPM OMPM
AN A_OH S0, pyridine, DMSO W\
\/z—g\/ iPr,NEt, CH,CT, > Iy CHO
P P
003 004
[00127) 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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NMR of 003 are depicted in Figure 4A and 4B. Schene 6:
SOM- pyri di ne oxidation 003 004 [00127] Primary al cohol
wO@oB907B23t . ) was di ssol ved i n anhydrous PCT/US2008/013512

di chl oronmet hane (5.0 vol.). The solution was cooled to
0C, and then diisopropylethylamne (1.38 vol.) was
added. Sul fur trioxide pyridine conplex (1.29 wt.) was
di ssol ved i n anhydrous di net hyl sul foxi de (5.00 voI )
Smmes dpSimahesis efaticohol avidePIRORh PyiPNETY ForuEthoh Sk

ed I cohol / CH2CAl 2 sol ution. Upon conpl etion, the

8 dWr‘ff &ture was guenched with cold water (6.4

vol .). The organic | ayer was separated. The agueous
phase was extfacted w HhhDa, mext ure of heptang (4.50
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| ayer was < 3. The organi c phase was washedwith 10
M%aqueom bi caf)Rpeateg,N 2. 5Q vol . ), Wen
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and .t hen was cooled to -20C. Asol n.o
sk d’\g“ fe malgtajging airpactiop qraperalyed ocle v 05 oUp Fempletion, the
f&%&ﬁqr@w n@h&PRfthisaitrdt eahyérﬁnml&wchloﬁég(s k»!mn The
conpletio the reaction was quenched w th saturat
m@de@wasaﬁmmed widel with dthyl &etatd (6) volTepeh). The combmed 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.

[00129] 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.

[00130] 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 product 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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m xture was extracted twice with ethyl acetate (6 vol
each). The conbi ned ethyl acetate | ayers were washed
WO M00073823 h sat ur at ed aqueous sodi um chl ori de ¥GI/Us1008/013512
each) t hen concentrated under reduced pressure. The
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whied dire¢tly inrthe hextireadtioneacti on. [00130] The crude ester
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mufaued eqms emluﬁcltleﬁbbme €1 Wi}, batomatddydqueeris sodittny thiosulfate (2.5
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starting nateria hen” puri vacuum
[@0833]! | at i Bnpl@el@dpho]sﬁlﬁlﬁb (31 0 @) ovas)hept©d 13 100°TheTld iodidel(1.0 wt)

005 was di ss [ 0. JHF wt ),. and cool ed

and Pstmiss spoea gt bClanet Bt EtasGinBn. Byt
z{E@{alﬂ@(Seﬁﬂ hRbed MhdPihe deixfue 5&55 Waintainkl @ﬂre‘fl%ﬂﬁble!@ fhﬁhutes and
of the reaction, water (2.5 wt) was added fol | owed % 005)

tlhelp*cemed {03)°€. vifhe reswiting solichpkaspbemamaait M6 (TH4%hee
wasy flterd Srmvgg h§ t% a dltlongﬁethly c%gltesf))d volﬂ'nand then dried under nitrogen.
13C and '"H NMR of 006 are depicted in Figure 5A and 5B.

Scheme 9: Wittig Coupling

>_\ i) BuLi, THF '
N '
TBSO PPhal i

ii)Compound 004
006

[00134] 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 reaction 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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chloride (2.5 wt) and then concentrated under reduced
pressure. The crude material was used directly in the

wmeoop/orsarti on. [00132] The nesylate (1.0 wt) REBUS2008/013512
di ssolved in acetone (3.33 w). Sodiumiodide ( 1.0

wt) was added and the m xture was heated to refl ux.
Hedrane 6hfl ¥el)ovas added pad theimirtuga avas ditesyd and ‘%?%Fi With heptane (2
u dage t%l}lbe@ﬁsx&di'. Qvas added
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reaction. [00133] Tri phenyl phosphine (3.0 wt.) was
heated to 100C. The iodide ( 1.0 wt) was added and the
Bihénoe BO:\BeckRéacried at 100C until the iodi de was
consuned. Ethyl acetate (5 wt) was added and the

m xture was mai ntaigedsat reflux for 20 m'nutes,@%gd )
to QggpThe~yesulting solid phosphoni o)

then c d

salt 006 %72.4%%,@},@] tIrom 005) ‘was filtered, rihsed
Wi th onal ethyl” acd%é%%&d t hen

Boder Qgen. 1H f© ar e epjcred™

Fi gﬂ're 5A%hd 5B. Sc 9: Wttig Coupling TBS 007
[ 001'34] _ Phosphoni um sgﬁ 006 (2.40 wts) was dried by 0
azeot P8ffi ng wi th anh9rous THF (9.60 vol.). Anhydrou$8 O‘f
THF was added (4.80 vol) and the m xture was cooled to
OC. 1.6 Mn-butyl lithium(2.42 vol.) was added, and

00535 U0 Mle 1828 Doba €% wh), olefin 007 (1.0 wt), and

tris(dibenzylideneacetone)-dipalladium were combined in a reactor. N-

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 ., _oTBS

1) LIHMDS, then Etl__ o
2) TBAF, Imidazole-HCI Boc.
3) KHMDS, 50 vol THF

then TBSCI addition P

[00136] 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

69



for 20 mn. A solution of aldehyde 004 ( 1 wt.) in

anhydrous THF ( 1 vol.) was added to the reaction
worzoowrrs2and the reacti on was warnmed to 200C. REOOS2008/013512

conpletion, Celite (1.3 w.) was added foll owed by a
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depicted in Figure 6A an Schenme 10: Heck Reaction

¢oQeEEtednmder |r¢¢ucaql ere@ma @hé_ crudessily] eshesfciopceygrate was purified by

tri.s(diben d i pal | adi um wer e
%%T%geﬁé;gr Inhat%érP%l% ﬂg%?ﬁéf'gg?‘re%fzﬁd?none (3.3 vol)
pod3i cycl nhﬁwcbmwwaﬁmlae ((6 Q4 WE) wh dMﬁfl@ecﬁﬂldled M The
m xture was stirred at 80C. Upon conpl etian,

tefrrbuty lampenive dlusgide in 2HIE, (8a5nY501beA|SP tion of the s)llyéﬁthler (1.0 wt) in
t d
R
atuiedpus arfr@ohiunt clkibrde (/\lér(lavﬁm and attrateicthteedames el me(hyl tert—butyl
Sher a6t sacbyr S gombinre it s varervashsslyig water (3ol and

sAEl8E aﬁ‘l ou%’%sal%%}h&“dez 812, bhd-HelRencdnfia R dfinbereduced
TBAF, dazol e- HCI MDS,”” 50 vol THF then TBSC

preshiurd. obhe crude alcohol concentrate was purified by silica gel chromatography,
which afforded a 51.6% yield.

[00138] 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 S
1) DDQ
2) Dess-Martin
3) TFA > Hoyy
4) TBME/Heptane )
5) IPA/Heptane/water
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[00136] The Boc-am de 008 was dissolved in

di net hyl t et rahydr opyri m di none and cooled to 00C. A
wa2@9mrssed uti on of lithiumbis(trinmethylsilyl arddey2008013512
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haptans (2 &0l prd dﬁhh@r@n@rl@@ﬁé? Od@Hcmlthﬁh{tclgrwﬁénﬁ ﬁ?lilqeiﬂgateg under
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ution aSSI um rirne

Deds)Muaih p’wﬂamaay €0.68 w3.) kel d Py p(ﬁdon\luhe n Up@ﬁmbmtpnamn, the
a solution of tert-butyldinmethylsilyl_ chloride

wAgtiqnvasgrepghay wish fatméeda%éws Slgﬂbﬁn Et?ﬁihoé‘tiﬁedﬁ% ol A solution
L) SRS PRTBLIAT 810 s (48 O 4 v
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.

[00141] - 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% aqueous 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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with tert-butyl nmethyl ether (25 vol). After renoval

of the aqueous | ayer, the organic | ayer was washed
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[00143] The TBS ether 007 (1 wt) was dissolved in THF (0.88 wt.). A1.0M

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.
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of 10 wt % aqueous sodiumthiosulfate (5.5 vol.) was

added. The organi c phase was separated and the aqueous
WO 20001073825 extracted with a mxture of ethyl aREI/HS208/013512
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suspended in 2-propanol (5.0 vol) and warned to 65C.

Water (0.1 vol) was added fol |l owed by gradual addition

Vol hem hen cooled to OC
SRS BrbloceroBefoliol G5B, Hetk Splftpud 170007 M p. ' 157
159C) were filtered, rinsed with a m xture ©f  hept ane
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[00145] 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 methyl 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.

[00146] 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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[00142] Conmpound 007 was synthesized from conpound 003
as described above in Exanple 1. Schene 14:

wW@eopsHziskd ne i nternmediate G 1. [00143] The TBSPEL/N$2008/013512
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e crystal structure is shown in

was isol at ed,
1B NVR of 011 are depicted in Figgere ‘#

Figure 1. C and
9A and 9B. 3 o

[00147] 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

74



Schene 15: De-protection foll owed by Heck coupling
[00145] The p-nitrobenzoate ester 011 ( 1.0 w) was

waele@sorasesl in THF (2. 65 w) and net hanol (0.4 RY/USAOLO13512
Wt % aqueous sodi um hydroxi de solution (1.65 w) was

added and the m xture was warnmed to 35C. Upon i

E94A8ket i| on Compeund 820 wss syribesizsd| feam compowed 08§ asdescribed above
: was added foll owed by nethyl tert-butyl

élt%)gdrns(ﬁ(ué)l'vol). After separation, the organic |ayer was

washed with 25 wt % sodi um chloride (4 vol). The

sol vent was renoved under reduced pressure. [00146]

'E[he aEﬁy. riflate 1.26 wt.; prepared by treating

BIRPY 1:n DEPTSRRLIoh U fol lowed by a quench with

Et hyl i odide; 13C and 1H NVR depicted in Figure 1IA

Sefeemq B: Ransefeeliont ystal X-ray depicted in Figure 2]

and tris(di benzylidi neacetone) dipall adi um

were conbi FRQ i @ & relctor. A solution of t

(1.0 wt) i nks ) prroIquieorl]](S) (1.6 w)

fol | owed: b t hyl dPcycl o(hexy anjne o0,

m xture :ﬁ jled th 80C. Upom conpl eti g,

m xture s cooledgt ®200C. A slurry of lite ;

wt.) in MIBE (3.70 awt-l/\) was added. The mixjyre was

filtered afd®the solilds were rinsed 3 tinmes wth MB

(3.70 wt. each). The conbi | tFates WeLe | shed

with I N aqueous hydrochl orig .1 H%O ﬁ;{ce
) ’

with 5 wt % aqueous L-cys t he

aqueous sodiumchlorid The sol vent was
concentrate under reduced pre rEYoHpr ovi di ng conpound
012. C and 1H NMR of 012 are_ deppsted in Figure 10A
and 10B. Schene 16: Macr ol adt%ni zati on [00147] The

[ | 01 1 w. dj | dn. THE (2 |
DRTEEC: o°Tedreabmar Bt At ip Sichideptisthane 3.0 338} and
fethan AU @ dewhdladddl poths§8mvdhoriddi (DUkas) Virpdh ddfipletion, water (4.0

wt) and methyl fert-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%]. '>C and 'H NMR of 009a are depicted in
Figure 12A and 12B.

[00150] 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 tert-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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(19.7 vol.). Upon conpletion, a solution of
tert-butyldinethylsilyl chloride (0.33 w.) in THF

w@ 2002873823 . ) was added. Saturated aqueous sodiRET/US2008/013512
bi carbonate (3.5 vol.) was then added, and the sol vent
was renobved under reduced pressure, The resi due was

propal @ vl x R heanixtwrgwas healed yo 621G eThf( solytéign yagthgn cooled to a
ARSI R0BEYGR 05 AR LA ua A A0S PR e

(ﬁ(e aﬂd itheainthe wlisdsavap dileteld Thedetids edtecidnked vads2Hpsypanol (2.0 vol)

cro 009. . Sche 17: . Conpound
36948] E%&n‘p epkg NP AP ﬂ?é%‘”‘i‘@& Cf)meml%%bwﬂd? 6% yield

%% §§7qg§f¢'@@§tamﬁ¥t€odﬁ4ﬁ>ﬁﬁﬁl e 3:

protection of 009 Schene 18: rotectlon [00149] To
a solution of enone 009 (1.0 w) |n di chl or onet hane
(2.0 vol) and nethanol (2.0 vol) was added potassi um
fluoride (0.16 wt). Upon conpletion, water (4.0 wt)
and nethyl tert-b | xXy\ ether (4.0 vol) were added.
After separation of the aqueous |ayer, the organic
phase was washed with 25 wt % aqueous sodi um chl ori de,
then concentrated under reduced pressure. The crude
concentrate was sol vent exchanged with 2-propanol (2.0
wt). The crude product 009a was slurried into methanol
(5 vol) and heated to 65C. The solution was cooled to
-20C. The solids (67%yield; MP. 174-175C) were
filtered and washed wi th nethanol (5.0 vol) which was
pre-chilled to - 20C. [Overall yield fromO0l11 was
299 . 13C and 1H NWVR of 009a are depicted in Figure
12A and 12B. [00150] To a solution of phenol 009a (
1.0 wt) in dichloronmethane (8.0 w) and
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water (0.2 wt) was added trifluoronethanesul fonic acid
(0.51 wt). The reaction m xture was warned to 3Q0C
wopn/0Tsepl eti on, the reaction was quenched w PEIT/US2008/013512
aqueous sodi um bi carbonate (5.0 wt), and tert-buty\
net hyl ether (6.0 wt) was added. The aqueous | ayer was
. The organi c phase was washed with water (4.0
wt) and 25 wt % aqueous sodiumchloride (4.0 wt). The
Wegdaime phase was polish filtered, then concentrated
under reduced pressure. The crude product was sol vent
bxchafgeuntemn¢diatz of feropdm6OVII(:2. 0 wt) and concentr at ed
to dryness. The crude sollqamasRslurrled with
2-propanol (10 vol.). The miture was heated to 65C.
The sol ution was then cool e a tenperature of 40 0OC
and seed crystals were ﬁq d. T m xture was then
cooled to 0C, and th he solid| were filtered. The
solids were rinsed w't1 ol (2.0 vol)
pre-chilled to -20C. Th s then dri ed,
provi di ng conpound 010 hn 72.6% vyield (MP. 157-159C;
Optical rotation +47 'ORYROH) . CLAI M5 W
claim 1. An internedi‘ate of mula (VI1): wherein R
1 and R2 are each independent 1$el edvéld from t he
group consi sting dro e
unconj ugat ¥ er&l’k%h?‘? hﬂre(ﬁﬁ’&é ﬁﬁﬁ%ﬁﬂ&fféﬁ“%‘ g}?ﬂ&/‘lhe SEAP
i's sel ect eghfsi<Bify LBy gD @%mﬁtCﬁgueronﬁ»gdfeaeﬁ&n9n&ild Css
a base stabl e oxygen” protecting ‘group; R5 and
each |ndepmmwen@h¢¢a$¥ﬂﬂ£d fron1the group conS|st|ng

glf kg%SIr oge Le]"%g thecgrogp g?lﬁ(g%’lg Oaﬁlgﬁ g)ég”ﬁlaé:z base stable

benzyl , V\hei}%eﬁphhectn’(gegﬁshp,or benzyl are

Rs and Rg 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 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; 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):

R20  (ay;
wherein R g and Ry are each independently selected from the

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



substituted wth 0, 1, 2, or 3 substituents

i ndependently sel ected from hal ogen, hydroxyl, G -3
wabkdyh7ssand NH2; or R5 and R6 are taken toget heCT/Ab21008/013512

the carbons on which they are attached to forma 5-6

menber ed unconj ugated carbocyclic ring; Rii and R 2

are each i Plraybea&ne pyd e tegsther reprgssnt gdlugregypmoiety of structure

consistingagf hydrogen and a base stabl e oxygen

protecting group; or Rn and R12 are taken together to

forma 5 nenbered hetergeycly+Fary of structure (a):

wherein R19 and R20 are gac pendent |y sel ect ed

fromthe group consi $ting /‘gen, G -6 al kyl,
C -6 hal oal kyl, C -6 @al kp andphtienyl, or RL and R2
9 | noiety of structure

Ri 7, and Ri 8 are each

toget her represent a fl
(b): R3is R4, R 5,
i ndependent|y sel ect ed the group consisting of H,
NC2, -NH3 +, -COH, - 4 al kyl) - , - COCH
~C00(C Malkyl), -NR3 + “sosH, nit®5389 " cr3 and

hal ogen. 2R,;fke internediate of claim1l, wherein R3 is
a first aromatic ring-containi ng oxygen protecting
group. 3. An intermediate of forffmla (VIl): wherein Ri
and R2 are each independg?tly se ecteﬁ fromthe group
consi sting of hydrogen, C g ~® unconj ugat ed

y’f

al kenyl and C3-6
Ry7

O Rig (VIID); and
R4, Ris, Ryg, R17, and R, are each independently selected from the group
consisting of H, NO,, -NH3", -COH, -CO(C, 4 alkyl), -COCl, -COOH,
—COO(C)4 alkyl), -NR3", -SO;3H, nitrile, -CF3 and halogen.
2. The intermediate of claim 1, wherein R3 is a first aromatic ring-containing
oxygen protecting group.
3. An intermediate of formula (VII):

Re Rs
R430 |
Ri_ R3O0
R; OR12
OR11 (vip

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

R is a first aromatic ring-containing 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 phenyl or benzyl are
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unconj ugated al kynyl; R3 is a first aromatic

ri ng-containi ng oxygen protecting group; R5 and R6 are
weamb/oraseependent |y sel ected fromthe group coPGI/BE51008/013512

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

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

benzyl , whehstithtedwithife hyd, 058 sybsiitygntamdspisslently sedepted from

with 0, 1, it S i
o ot oyhfioefl pIaRUORYC,S YA S TR REDNA Y, 9L BRLE B gether
R are takewithaetdrbonsrt Whicheheedrbansched toforaha 5Héeyhconjugated

are attached to forma 5-6 unconjugated nenbered

car bocycl i BbsEpd REPOgHEliRiDE ar ¢ each i ndependent |y

sel ected fg -]%ﬁ' j Y oo ot £
base st abl e?l%gglﬁ%ér)%?ggtl E'%‘gelﬁ“ggp??'fe‘ér Rllroi gﬁoﬁ %ﬁjpag%nswtmgo
t aken t ogebhydrpgdrarfdor basa stableerryger drdtettmgarywy; \or @i yand R, are

of structur .wherein R9 and 0 are h
donendenke! BT BorPey PbEra SR gt gructure (a):
hydrogen, G -6 alkyl, C -6 oal kyl, G -6 al koxy and

phenyl, or R 9 and R20 togetlher represent a fluorenyl
noi ety of structure (b%: &S, @ second aronatic

ri ng-contai ni ng oxygen g group. The conpound
of claim3, wherein Ri %5, Ri6, R7, and R 8
are each independently sel@ 18m t he group
consisting of H NG, -NH3 +, -QOH -C(C 1-4 alkyl),
-Cod, -CO0H, -COO(Ci-4 alkyl), 2RR3(2);

wherein R ;¢ 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

. 2

(b); and

Rj3 is a second aromatic ring-containing oxygen protecting group.

4. The compound of claim 3, wherein Ry3 is
Ris
R14 Rie
R47
o Rig (VIII); and

R4, Rys, Rys, R17, and Rg are each independently selected from the group
consisting of H, NO,, -NHj3", -COH, -CO(C, 4 alkyl), -COCl, -COOH,
-COO(C)4 alkyl), -NR;3", -SO;H, nitrile, -CF; and halogen.

5. The compound of any of the preceding claims, wherein R, is hydrogen.
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+, -SGBH, nitrile, -CF3 and hal ogen. The conpound of
any of the preceding clains, wherein R is hydrogen.6.

wab@ozspbund of any the precedi ng cl ai ms, wheP&i/OSHA8/013512
i's hydrogen. 7. The conpound of any of the preceding

clains, wherein R3 is selected from benzo§8 or benzyl,
t

Qher ell he E0BPOEIAS ANy dhe prepeding elains avhsrein Beds hydregen.

h
11 B oy ] 4 HECnd AU SR
al kyl b&zoﬁl‘@rd&&zylamﬁe(eﬁl thlelyehzoyl 8r bé’ﬂwl mrqao}umbsufutethwlth 0,1,
& et 6Ky BERIREN SIndepE e BRRE oran%r%%alkyl) NH,

preceqmgss géﬁygg oarm% ; z,Féi‘anaé sst@géaf& 1P£H1c¥é¢‘°114.alkyl)

group co den and G
gonpolhecahpamd affany lvd thpr preexdingclaings, meremBn & frnRehdxybenzyl.

el ected fromth ro consi sting. of dro en a
3 & LRgempdiid o7l 2 scaeeciie RSO mEt Y BBty from the
C' ai n@ou%@ﬁﬁét&g%ﬂl@dl’b@éh%&@lQfalldwt hyI 12 The

onpound of any precedi ng ¢l ainms, wherein R6

}Q/dr o@bmcqmpmxdmflanypﬁ themrechmgodm @ﬁlemyRais &el@ted from the
precedi n und of formula
(Vll)groggc??nsﬁtgﬁ Mﬁr%ﬁ mﬁ%e égﬁgund of any of the

pr. eceThd\goripAindof ank f eheprocedinyf clidms, RihereiRR6 is ligidfogen or

and Ri8 is selected fromthe group consi st | ng of N2,

-NH3 methyboH, -0cQ( G -4 al kyl), -COd, -COOH, -COO(C

o4 oKy wmpdd}ﬁ"}bf any of the preceding claims, wherein Rg is hydrogen or

methyl.

13. The compound of any of the preceding claims, wherein the compound of formula
(VID) is crystalline.

14. The compound of any of the preceding claims, wherein one of Ry4, Rys, Ry, Ry7,

and R;s is selected from the group consisting of NO», -NH;", -COH, -CO(C4
alkyl), -COCI, -COOH, —COO(C.4 alkyl), -NR3", -SO3H, nitrile, -CF; and
halogen and the other four of R4, Rys, Ry¢, R17, and R;g are hydrogen.

15. The compound of any of claims 1-13, wherein at least one of R4, Rys, Ris, R17,
and R; is selected from the group consisting of NO,, -NH3", -COH, -CO(C14
alkyl), -COCI, -COOH, —-COO(C4 alkyl), -NR3", -SO;H, nitrile, -CF; and
halogen and the other of R4, R;s, Ry, Ry7, and R;g are hydrogen.

16. The compound of any of claims 1-13, wherein R;¢ is NO; and each of R4, Rys,
R)7, and R,g are independently hydrogen.

17. The compound of any of the preceding claims, wherein the compound of formula

(VII) is a compound of (VIla):
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+, -SBH, nitrile, -CF3 and hal ogen and the other four
of R4, RI5 R 6, R7, and R 8 are hydrogen. 15. The
w@ovpotased of any of clains 1-13, wherein at | eBGI/USII68/013512
of R4, R5 R 6, R, and Ri8 is selected fromthe
group consisting of NO2, -NH3 + -COH, -CQ(C -4
alkyl), -cod, -COOH, - < s alkyl), -NR3 +,
-SBH, nitrile, -CF3 and h n and the other O R 4,
R5, R, Rn, and R 8 e ydrogen. 16. The conpound
of any of claims 1-13, WASrein R 6 is N2 and each
OR 4, R5 R7, anBiR 8ReDE dependent |y hydrogen.
17. The conpound of any of thg preceding clains,
wherei n the conpound off fornmulla (VII) is a conpound of
(Vila):18. The Conpoy f Y YWRLhe preceding
cl ai ns, wherein the cénmpoundyof fornula (VII) is a
conmpound of (VII1b): 19. A co®Rund ofviigrnula (Viic):
wherein R and R2 are each independently selected from
the gFlsugerermsd of apy obthetyencdiperclaims. m)(xel@lrathwpmmun% of formula
sel ec fr benzyl, wherein the benzoyl
or be@&l‘t’ggg}@ggﬁ&éﬁ@gﬁ% uted with O 1, 2 or 3
substituents independent|Rgsel Bgted from-0OH, -OC
al kyl), -NH2, -N(C, -4alkyly2,5am des, -OCOCM al kyl)
and (C alkyl); R and R6 ar xxh i ndependent |y
sel ected fromthe groufRe@nsi st' ng of

OR1  (vIIb).

19.

(VlIc)

wherein R and R; are each independently selected from the group consisting of
hydrogen and C,.¢ alkyl;

R; is selected from benzoyl or benzyl, wherein the benzoyl or benzyl are each
substituted with 0, 1, 2 or 3 substituents independently selected from -OH,
-O(C4alkyl), -NH,, -NH(C,4alkyl), -N(C,.4alkyl),, amides, -OCO(C,.salkyl)
and (C,4alkyl);

Rs and R are each independently selected from the group consisting of

hydrogen, halogen, C;_ alkyl, C,.¢ haloalkyl, and C,_¢ alkoxy;
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hydr ogen, hal ogen, C - alkyl, G -6 haloal kyl, and C -6

al koxy; Rn and Ri 2 are each i ndependently selected from
wo b@ogrsep consi sting of hydrogen and a base sPeEbhiU£2008/013512

oxygen protecting group; or Rn and R 2 are taken

together to forma 5 nmenbered heterqgcyclyldiyl of |
st r ucRurad(Ryy aregash éndepradsntly melgetgd drogy s group consisting of

i ndep bR ] R tak
nyar oned NEERREPERl SRR PR R A Rl re aken
and atogkthasto form adf mRmiHeredReterocyRlldiyl & strucamd (8: 8 i s

sel ected fromthe group consisiipg of NO2, -NH3 +,

-COH, -CQ(C al kyl), -cod, - , -COO(C -4 al kyl),
-NR3 +, -SO3H, nitrile, -CF3 hal ogen and the

remai nder of R4, R5, Ri. , d Ri 8 are each

i ndependently H. 20. The t€onRound of claim 19, wherein
Rr and R2 are each i ndepende Brogen. 21. The
conmpound of any of clains 19-20, erein R3is

4- et hoxybenzyi . 22. The conpound RBgo anyy.of cl ai ns
19-21, wherein R and R6 are each independently
hydr ogen owhemsithRie angdR0 teecach inptspentently selgcted frpmuthesgroup

19-22, wherein..R 6.is,NO2 d eagh.of, Ri R 5,~Rn )

and R g ar %0115}?&185 é’ﬁ hg%rtolggln,@ Cfragl&’ghCLG ha'?loé‘lkyl an% C,.¢ dlkoxy; and
at least one of R4, Rys, Rys, Ry7, and Rg is selected from the group consisting of
NO,, -NH;", -COH, -CO(C, 4 alkyl), -COCl, -COOH, —-COO(C, 4 alkyl),

-NR;", -SO;3H, nitrile, -CF3 and halogen and the remainder of Ry4, Rys, Ry, R17,

and R;g are each independently H.

20. The compound of claim 19, wherein R, and R, are each independently hydrogen.

21. The compound of any of claims 19-20, wherein Rj3 is 4-methoxybenzyl.

22. The compound of any of claims 19-21, wherein Rs and R are each
independently hydrogen or methyl.

23. The compound of any of claims 19-22, wherein Rj¢ is NO; and each of Ry4, Ry5,
R4, and R3 are independently hydrogen.
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