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bi ol ogi cal properties. For exanple, FI52 and certain isonmers OH F152
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BACKGROUND OF THE INVENTION

[0002] 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 NF-kB activation, and inhibitors AP-
1 activation, to name a few. Ofien, 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.



BRI EF SUMVARY OF THE | NVENTI ON [00041The present invention is based, at

| east in part, on the discovery of new nethods and internedi ates for the
preparation of macrolides. Wthout wishing to be bound by any particul ar
theory, it we:2b®hiswed that such internedi ates nmay be weefusboseisgps, in
providing purification points in the synthesis, thus decreasing or even
renovi ng t BRIPEIUMMAEL BF YHEYVENBIGQNSUM ng chromat ographic steps up to
t hat parti ar_puaritication polnt. Wthout wi shing to be bound by any
particular theory, it is also beljeved that these new nethods nay be useful
in provi di H§08bnpodlihe PERet STven i bagsd<t ipattiin gert 98 s Ve ot S and

i ncreased yeglds idd iR@ARAHSI0r ik bRp&ABNES hRRMdcsTediass wikiBROR)peccor di ngl y,
in sone enbodi nents, the present invention is directed to_nethods for

nmaki ng a chegsdy@npartieenthepry.\ is beiievre that soh ierpediatormay bepsefyh ¢ gherein R
and R2 are; i.pde : LS4l of

hydr ogen, 1?@“%1“%9 n@ﬁ@&@bﬁﬁtgéﬁ}h&é ’?tg%ffisg’a keg%?eag{?g%pcg‘?%qgﬁg‘tgh?gléat ed

al kynyl ; Reeeddorumbibicanddinia-emsumhing ghwmstagmpbicstapn yp &f thaypirtegdan and a base

st abl e oxyge . Ot i R R j ly sel ected
fromthe gﬂ%ﬁ%géﬁwgﬁgtS%HQ%P%%9§§§%gﬁ?“%%?%géﬁfﬁﬁégﬁhgﬁﬁgﬁ?g%@56_a|keny|
C2. 6 al kynbdlievédlithéi that ael knethodC€ina§ baubdidyin ppiveing coanubsitienzofl macvdigesi n t he
A R o T L
and R6 are en tqggether. with the.carbons.on whi.ch they. at ached to
forma 5- 6[0 ere %ﬁ?{ @ﬁ]yugxaﬁo&? eggaipg%ey S tlhg p};ﬁ:ls%nd ;mvenﬂor}/ 1s%1rgct9t} {o

methods for making a compound of formula (V):

V)

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

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

Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C, alkyl, Ca.¢ alkenyl, Cz.s 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;



and R12 are each independently selected fromthe group consisting of
hydr ogen and a base stabl e oxygen protecting group; or Rl11l and R12 are
taken together to forma 5 nmenbered heterocyclyldiyl of structure (a):
awlJ, 1. G@nakvg7R30 (a); wherein R19 and 1(20 aceweambiols4es

I ndependent|ly selected fromthe group consisting of hydrogen, Cl-6 alkyl,

Cl. 6 hal oal kyl, Cl_&,phkoR)y aﬁd’@o}pﬁa@@ndexmry sEb@edREmkh?Soh P8Rk R drepr esent

a fluorenyl noiety of structure (b) b); "and R13 is selected fromthe
group consisting of Wgupeeyan aab?ae%talﬂawg@wmt%wa&g@@n, Wlat wdRimgregr oup;

conprising reacting ifcqUHRMPE 8fm § SmBM R dd Neter&dPyldiyi of structure (2):

(@]
0%"“9
R2o  (a)
wherein R and Ry are each independently selected from the

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

phenyl, or Ry9 and Ry together represent a fluorenyl moiety of structure
T O
i (b); and

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

comprising reacting a compound of formula (I):

OR4
Ri_ Ry0
Rs OR42

wherein Ry is selected from the group consisting of hydrogen and a base
stable oxygen protecting group;
with a compound of formula (II);
Re Rs

wherein X is a halogen;

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



wherein 1(4 is selected fromthe group consisting of hydrogen and a base
st abl e oxygen protecting group; with a conpound of fornmula (11): R6R5
R130PPh3X (n) wherein X is a hal ogen; under suitable conditions, such that
conpound ofwéasmmuisais(V) is fornmed. WO 2009/ 075818PCT/ BE2Q8BWHA13498

10006] I n sone enbodi nents the conmpound of forrmula (V) is a conpound
accordi ng [000g)Vb) : In somRemiRTirRh&hé cdRING of formula (V) is a compound

according to (Vb):

(Vb).

(Ib):

(Ib).

[0007] In some embodiments, the suitable conditions are suitable basic conditions,
e.g., conditions including, but not limited to the presence of a base selected from the
group consisting of a C,.¢ alky! lithium, a potassium C, 4 alkoxide, a potassium Cy4 t-
alkoxide, sodium hydroxide, sodium hydride, ammonia, dimethylsulfoxide sodium salt
and sodium hexamethyldisilylamide. In some embodiments, the suitable basic

conditions include a Cy_¢ alkyl lithium base.

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

compound of formula (V).

[6009] In other embodiments, the present invention is directed to methods for

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



and wherein the conmpound of formula (1) is a conpound according to formul a
(I'b): RL\ n) OR4 R",COR12 ORii(Ib). [0007]In sonme enbodi nents, the
suitable conditions are suitable basic conditions, e.g., conditions
i ncl udi ng, vibmtoosrarssisi mted to the presence of a base setewkmos/dizosn t he
group consisting of a Cl-6 alkyl lithium a potassium Cl4 al koxi de, a
pot assi um C44 t al koxi de, sodi um hydRgxi @, sodi um hydride, anmmoni a,
di met hyl sul f oxi de sodi um salt and so#i ugh hexanet hyl di silylam de. In sone
enbodi nents, the suitable basic congrtiops include a Cl..6 alkyl [ithium
base. [0008]In sone enbodi nent s, R13 comfjound of formula (V) is produced in
substantially pure formw t howR, f chromat ography in the production
of the compound of forrmula (V). ot her enbodi nents, the present
invention is directed to nethodsifor ki ng an al pha- enhanced conposition

, RQ09/ 075818PCT/ US2008/ 013498

ORu )

comprising reacting a compound of formula (I):
OR4
RiL Rs0

Rs OR12

with a compound of formula H:
Rs  Rs

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

conditions include a C;.¢ alkyl lithium base.

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

structure (a):

(%)}



R6 RS ( RI130 R\ R30/ R2 CORi 2 ORi (v) conprising reacting a conpound of

formula (1): OR4 R30 011.12 ORI .1(1I) under suitable basic
conditions, such that an al pha-enhanced conposition conprising a conpound
of formul a w&poop/s7skmsr ned. PCT/US2008/013498
_gag\o
c)——(%'R19
R0 (a;

wherein Ry and Rap are each independently selected from the group consisting

of

C]-ﬁ alkyI.

In some embodiments, the compound of formula (V) is crystalliné. _ _
[0011] In still other embodiments, 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, C;.¢ unconjugated alkenyl and Cs.4
unconjugated alkynyl;

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

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

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

Ry is selected from the group consisting of hydrogen, halogen, -ORy, C.6
alkyl, C;.5 unconjugated alkenyl, C;¢ unconjugated alkynyl, C;.¢
haloalkyl, -SR4 and

-NRR¢ wherein Ry, is hydrogen ora base stable oxygen protecting group,
wherein Ry is selected from the group consisting of hydrogen, Cy. alkyl,

Cz.6 alkenyl, Cy6 alkynyl, Ci. heteroalkyl, 5-7 membered heteroary!



1000101l n sone enbodi nents, the suitable basic conditions include a base
selected fromthe group consisting of a C1L 6 alkyl lithium a potassium
Cl. 6 al koxi de, a potassium C44 t-al koxi de, sodi um hydroxi de, sodi um

hydri de, anwoneprsdisret hyl sul f oxi de sodi um salt and sogicyRis2008/613498
hexanet hyl di sil yl am de. In sonme enbodi nents, the suitable basic conditions

include a C1_6 al kyhompﬁmymzhﬁsmete%ﬁ M@P{@yl@ﬁb%sf&iﬂﬁand%a&é .
hydrogen. In some enbodiments, R2 is % rogen. In sonme enbodi nents, R5 is

sel ected fromthe gF%’@}ﬁn‘?ﬁqueﬁ‘th W P gaerpspsieneat hydrggen, Gig. |
hydrogen or methyl. o €9 aﬁiPQﬂ!ﬁ%?b cﬁﬁhétéroélﬁideﬁ?@ﬂlenﬁﬁe%@the gr oup

consi sting of hydro en and ydrogen or nethyl. In sone
enbodi ments, Rii an etmzryéﬁrénwmd t2dgéthq@roat@w§ e Byhosalbasestrble

het erocyclyl diyl of s R 9 R0 (a); wherein R19 and R20 are
each independently Se g%:&tp% € c?rﬁ%r?lﬁpé group consisting of Cl4 alkyl. In sone
enbodi nents, the coBposseeatdd fi‘Qm the| groyp\Gonkistingrof dydiopem balog®O QR Ghst i | |

other erbod rents. b B SSRMhpUERLAR, G5 kSRS dgafEElpds Tor i
haloalkyl] and C,. alkoxy, wherein R is hydrogen or a base stable
oxygen protecting group; and
Ry and R;; are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or R and R;; are

taken together to form a 5 membered heterocyclyldiyl of structure (a);

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

phenyl, or Rjg and Ry together represent a fluorenyl moiety of structure
(b):
i (b)

comprising reacting a compound of formula (I):

OR,
Ri_ R3O0
R OR42

with a compound of formula (III):



Rio 01112 ORI (VI) wherein RI and R2 are each independently selected from
the group consisting of hydrogen, Cl-6 al kyl, C3-6 unconjugated al kenyl and
C3-6 unconjugated al kynyl; R3 is selected fromthe group consisting of

hydr ogen arfOa0d3a%81isst abl e oxygen protecti ng group; R4 RCI/usedoeotsess from t he
group consi sting of hydrogen and a base stabl e oxygen protecting group; RS
is selected fromthe group consisting\g¥ hydrogen and -CRg wherein Rg is
hydrogen or a base stable oxygen pro4eCthing group, R9 is selected fromthe
group consi sting of hydrogen, hal oge Cl4 al kyl, C3.6 unconjugated
al kenyl, C3-6 unconjugated al k 4, & Tl oal kyl , -SRd and - NReRf wherein
Ro i s hydrogen or a base stable ox protecting group, wherein Rd is

sel ected fromthe group consi sty ne ogen, Cl.6 al kyl, C2.6 al kenyl,
C24 al kynyl, Cl1.6 heteroal kyl, 57 nenbered heteroaryl conprising 1, 2 or
3 .heteroatons, and C5.7 aryl and eein Re(lddd R1 are each independently
sel ected fromthe gr . LSkl f rqgen, Cl-6 al kyl, C2.6 al kenyl,
C2-6 al kynyl, C 4 he%%%&ﬁgéﬁgbg&fqﬁg' g ed heteroaryl conprising 1, 2 or
3 het er oat ons, wder URable aonditions, saclbémea sdnadplued nf forrogle (VPriofoeatd.ng gr oup;
1:220 is s ted fromthe group cqnsisting,of,.hydr n, hal ogen, -ORe, Cl4
ai kol 3 B0lcon; udBrene SnRidihs B snetta Pl it eh LFR A SRR ol oai ky)
and Cl4 al koudingnb€VBin Re i s hydrogen or a base stable oxygen protecting
group; and R, and R12 are each independently selected fromthe group

consi sting of hydrogen and a bad¢/stabl e oxygen protecting group; or Rll
and Ru are taken together to f 5 nmenbered heterocyclyldiyl of
structure (a):

(VIb)
and the compound of formula (1) is 2a compound according to formula (Ib):
OR,
Ri RaOs,

L4

R2 OR12
ORu1  my).
[0013] In some embodiments, the suitable conditions are suitable basic

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

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

compound of formula (VI).

[0015) In some embodiments, R, is hydrogen. In some embodiments, R is
hydrogen. In some embodiments, R is hydrogen or hydroxyl. In some embodiments,
Rg is -NRRrand wherein R, and Ry are each independently hydrogen, C,. alkyl, or a

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



R19 R20 (a); wherein RI9 and R20 are each independently selected from
the group consisting of hydrogen, Cl.6 al kyl, Cl4 haloallcyl, Cl1_6 al koxy
and phenyl, or RI9 and R20 together represent a fluorenyl noiety of
structure (W20080)58onpri sing reacting a conpound of f ®@CHWKZ008018498CRA R \
R30 R2/ \COR12 OR11 with a conpound of fornula (111): R10 wherein Y is a
hal ogen or [036B802CF3n still other embodiments, the present invention is directed to methods

for making a compound of formula (IV):

IVv)
wherein R and R; are each independently selected from the group
consisting of hydrogen, C;. alkyl, Cs.¢ unconjugated alkenyl and Cs¢
unconjugated alkynyl;
Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C,¢ alkyl, Co¢ alkenyl, C; alkynyl, Ci.g héloalkyl,
Crs alkoxy, phenyl and benzyl, wherein the phenyl or benzyl are
substituted with 0, 1, 2, or 3 substituents independently selected from
halogen, hydroxyl, Ci; 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;
Rj is selected from the group consisting of hydrogen and -OR, wherein

~ Ra is hydrogen or a base stable oxygen protecting group;
Rg is selected from the group consisting of hydrogen and -OR, wherein
R, is hydrogen or a base stable oxygen protecting group;
Ry is selected from the group consisting of hydrogen, halogen, -ORy, C¢
alkyl, Cs unconjugated alkenyl, Ci.¢ unconjugated alkynyl, Cy
haloalkyl, -SR; 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,.s alkyl,
C,.¢ alkenyl, Cy¢ alkynyl, C, heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl and wherein R, and Ry are
each independently selected from the group consisting of hydrogen, C.s
alkyl, Cy.¢ alkenyl, Cs.¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered
heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs._; aryl or a base stable

nitrogen protecting group;



under suitable conditions, such that a conpound of formula (VI) is forned.
[0012] I n sone enbodi nents, the conpound of forrmula (VI) is a conpound
according to (VIb): OR (VIb) and the conpound of fornmula (1) is a conmpound
accordi ng twof2emomdsss (I b): OR4 RIR) R22\CORi 2 (1b). [GRuAiskevssns:s

enbodi nents, the suitable conditions are suitable basic conditions. In sone
enbodi nents, the reakp isnglesled ProiSthe gicap vaeaiby oPhyddddeathaldpes aDR], WS,

[0014] I n sone enbodia@;snt% t he .co % ng of fogr{rm_ly(;IQl (%/I%a;}?e rgg{ﬁé% in
substantial |y pure AP ShistHRGRRUE Yo Fs-c¥icomueyesd alsryliGist he production

of the conpound of fraroalkyBard\t)s alkdR91whdréln RQ FEhyaRH2es bPBPisS stable | S hydrogen.
I n sone enbodi nents, R2 Is .

oXygen protecting group; and

Ri1 and Ry, are each independently selected from the group consisting of

hydrogen and a base stable oxygen protecting group; or R;; and R, are

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

O
Rao  (a;
wherein Ris and Ry are each independently selected from the
group consisting of hydrogen, C alkyl, C,- haloalkyl, C,.¢ alkoxy and

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

comprising combining a compound of formula (I):

OR,
Ri_ R;0
R3 ORs2

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

with a compound of formula (IT):



hydrogen. I n sone enbodi nents, R9 is hydrogen or hydroxyl. In sone

enbodi nents, RO is -NReRf and wherein Re and Rf are each independently
hydrogen, Cl.5 alkyl, or a base stable nitrogen protecting group. In sone
enbodi ment syo Riegroissishydr ogen. WD 2009/ 075818PCT/ US2008¢94849801368916] | n
still other enbodi ments, the present invention is directed to nethods for
maki ng a conpound of fornula (IVhé (h¥) wherein RI and R2 are each

i ndependently sel ected fromthe groups consisting of hydrogen, Cl-6 alkyl,
C3-6 unconjugated al kenyl and Q?Tﬁimgu aied al kynyl; Rs and R6 are each
i ndependent |y sel ected from t h&8¥group coﬁg?EtKHb of hydrogen, hal ogen, Cl.6
al kyl, C2-6 al kenyl ,;62:6 alicYnYl, Cl.6 hal oal kyl, Cl1.6 al koxy, phenyl and
benzyl, wherein the ghenyl or benzyl are substituted with 0, 1, 2, or 3
substituents independent Pissdhlegtmdnd r om hal ogen, hydroxyl, Cl.3 al kyl, and
NH2; or R5 and R6 are taken t (.wWth the . bo n_whj they are

M tached to forma 5.6 momeratiion st oSt i PRa g 1Y o
selected fromthe group sw@hleiogsygengraéctingg@gropen and - ORa wherein Ra is

hydr ogen or a base .st abl e otecting group; It is selected fromthe
gr oup consistiﬁﬁESFOW?ﬁF§d§ﬁ¥§H%1@%¥© wherein Ry i s hydrogen or a base.

st abl e oxygen protecting group; R9 i | ected fromthe group consisting of
hydr ogen, hal ogen, -ORb, Cl4 al kyl, -Bpunconj ugat ed al kenyl, C34

unconj ugat ed al kynyl, C1-6 hal oal kyl S124 and -NReRf wherein RI, is
hydrogen or a base stabl e oxyg et TRg, group, wherein Rd is selected
fromthe group consisting of hydrqg 6 al kyl, C2.6 al kenyl, C24

al kynyl, Cl-6 heteroal kyl, 5-7 gren eteroaryl conprising 1, 2 or 3

het eroatonms, and C5_7 aryl and Wherein RE and Rf are each independently

sel ected fromthe group consisting of*hydrogdH) C1.6 al kyl, C2-6 al kenyl,

C2.6 al kynyl, Cl1-6 I, -7 Rl d heteroaryl conprising 1, 2 or
3 heteroatons, and ?gk%hg?§¥X%¥° nﬁgggggfgg?e nitrogen protecting group;

under suitable conditions, such that an alpha-intermediate and a compound of

formula (IV) are formed.

[0017] In some embodiments, the alpha-intermediate is a compound of formula
V) |
Re Rs
R130 ‘
RiL. R0
Rs ORy2
ORit ()

wherein R; and R; are each independently selected from the group
consisting of hydrogen, Cy.¢ alkyl, C3.5 unconjugated alkenyl and Cy ¢
unconjugated alkynyl; .

R3 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;

R;s and R are each independently selected from the group consisting of
hydrogen, halogen, C;.¢ alkyl, Ca.¢ alkenyl, Cy.¢ alkynyl, Cy.¢ haloalkyl,
Ci¢ alkoxy, phenyl and benzyl, wherein the pheny! or benzyl are

1]



R10 is selected fromthe group consisting of hydrogen, hal ogen, -0lte, Cl-6
al kyl , C3-6 unconjugated al kenyl, C3-6 unconjugated al kynyl, Cl1.6 hal oal kyl
and Ci..6 al koxy, wherein Rc is hydrogen or a base stabl e oxygen protecting

group; andwlioesndsi®l2 are each independently sel ect edetr@mnovd@sgeoup
consi sting of hydrogen and a base stabl e oxygen protecting group; or Ril

and RI2 are taken t%ﬁ%hﬁﬁéd\bi%é qr W&S@uﬂﬁ%fﬁ%&%&h@éﬁ@éd&d@&dﬁ of

structure (a): 0 (a); wherein R19 R20 are each i ndependently

sel ected fromthe g#!akqserthr@"p&xh Grep %lfylwdﬂﬁ@eﬂr R@d@a&rwken tegeteerhal oal kyl |
Cl.6 al koxy and phe'@&ﬂh,th@é%@ngoﬁl%dﬁ?tﬁ Rﬁg 4 r%ﬁédtro?&'ﬁ?ég%tméngclr&f)r enyl

noi ety of structure conpri si Ining a conpound of formula
(1): OR4 wherein R 3In¢onjugated curbecyclioting:he group consisting of hydrogen and

a base stable OXYyQEerg, Pin(at}?]%}e QQch%&éb@hde%ﬂ? selected from the group consisting of
. hydregen and a base stable oxygen protecting group; or Ry and Ry are

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

O

L

R20  (a);

wherein Rjg and Ry are each independently selected from the
group consisting of hydrogen, C,.¢ alky'l,rC]_é haloalkyl, C,.¢ alkoxy and

phenyl, or Ryg and Rjo together represent a fluorenyl moiety of structure

(b):
A
O Gyiand

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

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

{VI):



R 4 is selected fromthe group consisting of hydrogen and a base stable
oxygen protecting group; with a conpound of fornmula (I1): R6R5 r'13Vpoph vy
(11) wherein X is a halogen; and R13 is selected fromthe group consisting
of hydr ogewrudy/arsszase st abl e oxygen protecting group; PERUS20EUMIBUND of
formula (111): RLO(IIl) wherein Y is a hal ogen or -0-802CF3, under

sui tabl e conditions, such that | pha-i nternmedi ate and a conpound of
formula (IV) are formed. 10017]4 gme enbodi nents, the al pha-internediate
is a conpound of fornula

(VD)

wherein R, and R; are each independently selected from the' group
consisting of hydrogen, C.¢ alkyl, C3¢ unconjugated alkenyl and Cs.¢
unconjugated alkynyl;

R; is selected from the group consisting of hy-(drogen and a base stable
oxygen protecting group;

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

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

Ro is selected from the group consisting of hydrogen, halogen, -ORy, Cy.6
alkyl, Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C;
haloalkyl, -SRg4 and

-NR.R¢wherein R, is hydrogen or a base sta_b_le oxygen protecting group,
wherein Rg is selected from the group consisting of hydrogen, C;.¢ alkyl,
Ca.¢ alkenyl, Cy¢ alkynyl, C;.¢ heteroalkyl, 5-7 membered heteroaryl
comprising 1, 2 or 3 heteroatoms, and Cs_; aryl and wherein R and Rrare
each independently selected from the group consisting of hydrogen, Ci5
atkyl, Cy.¢ alkenyl, Cy.¢ alkynyl, C;- heteroalkyl, 5-7 membered
heteroaryl comprising I, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable
nitrogen protecting group;

R)¢ is selected from the group consisting of hydrogen, halogen, -OR, Ci
alkyl, Cs.¢ unconjugated alkenj'l, Cs.¢ unconjugated alkynyl, Cy.g
haloalkyl and C,.¢ alkoxy, wherein R, is hydrogen or a base stable

oxygen protecting group; and
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(V): R RS ( R13- \ R30 It/ A \COR12 OR(v) wherein Itl and R2 are each

i ndependently sel ected fromthe group consisting of hydrogen, Cl.6 alkyl,
C3. 6 unconjugated al kenyl and C3-6 unconjugated al kynyl; R3 is selected
fromthe gMRIPIHHEEBsti ng of hydrogen and a base st abl ECHXGWRHIBAYSt ect i ng
group; R5 and R6 are each independently selected fromthe group consisting
of hydrogen, hal ogeR;; 4d. R ateleyth in@hebdentli erlgdtod B2 Gheadriymepnsisting-of

hal oal kyl, C1.6 al kexy, phenyl. an enzyl. whereln. the phenwl, of _benzyl are
substituted with O, %Xé,{“’%%)“%‘ 2 s‘%tf? g Bmfer‘fég%g‘r%g’n"tr%;}' BERLEES 1 om
hal ogen, hydroxyl, @Gkestopktiyt to famta BiimberedMbteanngclRaiyd pEsituaiven(a).oget her

wi th the carbons on which they are gjtached to forma 5-6 nenbered
unconj ugat ed carbocyclic ring; R11l ahd R12 are each independently sel ected
h

and a base stabl e oxygen protecting

fromthe group consisting of hydrog
group; or Rl1 and R12 are take et to forma 5 nenbered
het erocycl yl diyl of structure (a):
0O R+g
R0 (ay;

wherein Rj9 and Ry are each independently selected from the
group consisting of hydrogen, C.¢ alkyl, C.s haloalkyl, C,.s alkoxy and

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

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

according to (IVa);

R, 0 Rg §_R5

ORy  (1va)

and the compound of formula (1)) is a compound according to formula (Ila):
Rs Rs

Ryg,Oh—PPh;;X (Ifa).

[G6020] In some embodiments, the compound of formula (I) is crystalline.
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VIAV. OR g R20 (a); wherein R19 and 1t 20 are each independently

sel ected fromthe group consisting of hydrogen, Cl.6 al kyl, Cl-6 hal oal kyl,
Cl 6 al koxy and phenyl, or R19 and 1t20 together represent a fluorenyl

noi ety of YO awp/orse18(b): (b); and RL3 is sel ected fromPCRASENHIBI98oONSI st i ng
of hydrogen and a base stabl e oxygen protecting group. [0018]In sone

embodi ment ﬁmyhe al phgorhdtRbemslEmE, @hd SonthoGRNPIREI IV &Y prodied M ) ©:  OR(MI)

wherein Rl and R2 are each i ndependently selected fromthe group consisting
of hydr ogeprbstentialy areyform withgut thcisajof shrpwatograrlanip theprgdesiipn gﬂg‘ﬁ nj ugat ed

al kynyl ; @o&@uﬁ@h%hﬁﬂaﬁ\ﬁ)mthe group consisting of hydrogen and a base

st abl e oxygen protecting group; R4 is selected fromthe group consisting of

hydrogen apga®y base 13lakiifer @Xb6@MeRis Othe flebehdinEithis directed to methods for
' making a compound of formula (IV):

comprising reacting a compound of formula (f):
OR,
Ri_ Rs0

Rs OR12
with a compound of formula (II):
Rs Rs
' R1 30 PPh3X (II)

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

R3O0
Ri. Rs0

R5 OR12
OR1 (V)

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



R8 is selected fromthe group consisting of hydrogen and -ORg wherein Rg is
hydr ogen or a base stabl e oxygen protecting group, RO is selected fromthe
group consi sting of hydrogen, hal ogen, -ORb, Cl-6 al kyl, C3.6 unconjugated
al kenyl , CQWQZH%@$ﬁ?%gated al kynyl, G _6 hal oal kyl, - SFRET/USAWSONESRS
wherein R6 is hydrogen or a base stable oxygen protecting group, wherein
124 is selected fromthe group consistNag of hydrogen, Cl-6 alkyl, C2.6

al kenyl, C2-6 al kynyl, Cl.6 heteroal gyl ,"(b-7 nenbered heteroaryl conprising
1, 2 or 3 heteroatons, and C6_,_, aryl |and wherein Re and Rf are each

i ndependent |y sel ected from t h&® | gonStsting of hydrogen, Cl4 al kyl,
C2.6 al kenyl, C2.6 al kynyl, Cl14 hel al kyl , 5-7 menbered heteroaryl
conprising 1, 2 or 3 heteroatong, C34, aryl or a base stable nitrogen
protecting group; R10 is selected frgmthe group consisting of hydrogen,

hal ogen, -012e, Cl14 al kyl, C3.6 unconfhgated(%mkenyl, C3. 6 unconj ugat ed

al kynyl, G -6 halRabdinbledRse Loldit@dhk Qi thmoﬁilgﬁuﬁoﬂfénmgﬁwmoﬁﬁed@ base
stabl e oxy&gn frotectlng gro%g; and  R11 and R12 are each independently

sel ect ed f H¥R3k he griwhesembadimeniyy the praseat inyention ifcHisgeted semsthady fr oxygen
protectingn?%@ ; re taken together to forma 5 nenbered
het erocycly |§P08 52?@3€?ﬁ&€5#§¥? VWWI OR g R20 (a); wherein 1219
and R20 are each independently sel egtedgfro he group consisting of
hydrogen, C1.6 alkyl, Cl.6 hal odl | cyl ' al’koxy and phenyl, or R10 and
R20 together represent a RsugrLes tructure (b): (b). [00191In
sone enbodi nents, the conpou is a conpound according to
(rva):

Rg
OR12
OR 11 (Iv)
comprising reacting a compound of formula (I):
OR4
Ri RsO
R2 OR12
with a compound of formula (II1):
o
R
8 0
Rg Y
Rio (IID);
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and the conpound of fornula (Il) is a conpound according to forrmula (Ha):
R6R5 R130)p \ PPh3X (Ha). 100201l n sone enbodi nents, the conpound of
formula (1) is crystalline. WD 2009/075818PCT/ US2008/ 013498 [0021] I n sone
enbodi nent YO eW&OEBWpound of formula (1V) is produced PRTYEWSYHABal |y pure
formw thout the use of chromatography in the production of the conpound of
formula (1V). [@Qe&2hiblyBisicohitiombdekin®dmpouhdef foiesieiVI)i nvention is
directed to nethods for making conmpound of forrmula (IV): (1V) conprising
reacting a conpound of formula ( :O

(VI);
and reacting the compound of formula (VI) with a compound of formula (IT):
Re Rs

under suitable basic conditions, such that a compound of formula (IV) is formed.
[0024] Values for R;j-Ry3, X and Y are as described herein. In some
embodiments, R, is hydrogen. In some embodiments, R; is hydrogen. In some
embodiments, Rs is selected from the group consisting of hydrogen and C, ¢ alkyl, e.g.,
hydrogen or methyl. In some embodiments, Ry is selected from the group consisting of
hydrogen and C, alkyl, e.g., hydrogen or methyl. In some embodiments, Ry is
hydrogen or hydroxyl. In some embodiments, Rs is hydrogen or hydroxyl. In some
embodiments, Ro is -NR.R¢and R, and Ry are each independently hydrogen, Cy.¢ alkyl,
or a base stable nitrogen protecting group. In some embodiments, R, is Cy¢ alkyl, e.g.,
methyl or ethyl, and Ry is hydrogen or a base stable nitrogen protecting group. In some

embodiments, Ry is hydrogen.

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

making a composition comprising a compound of formula av):

Ry 0O Rs Rs

comprising combining a compound of formula (T):

17



Or4

OR* ORLI(lI) wth a compound of formula (I1): ReR5 Ri 30

WO 2009/075818 PCT/US2008/013498
OR,
Ri_ R0
R2 OR1 2
with a compound of formula II:
Rs  Rs
R430 PPhaX (ID)
and a compound of formula 11I:
0><0
R
® 0
Rg Y -
Rio (1)

under suitable conditions, such that a composition comprising a .compound of formula
(IV) is formed, wherein the composition is purity-enhanced, yield-enhanced and/or
substantially free of organic impurities. Values for Ri-R;3, X and Y are as described
herein.

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

protecting group. In some embodiments, Ripis hydrogen.
[0027} In some embodiments, the compound of formula () is crystalline.

[0828] In some embodiments, the present invention is directed to one or more of

the intermediates described in more detail herein.
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PPh3X (11) wunder suitable basic conditions to forma conpound of formnula
(V): R RS ( RI3_ R \ R30 In,/ D rCORL2 OR11 and reacting the conmpound of

formula (V) with a conpound of fornula (111):
WO 2009/075818 PCT/US2008/013498

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 is a single crystal X-ray of intermediate compound 011.
[0030] Figure 2 depicts single crystal X-rays of intermediates 002 and 011a.
[0031] 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

[0032] The present invention provides methods and intermediates for the

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

avy
wherein R, and R; are each independently selected from the group consisting of
hydrogen, Cy.¢ alkyl, C3.6 unconjugated alkenyl and Cs.¢ unconjugated alkynyl;
Rs and Rg are each independently selected from the group consisting of
hydrogen, halogen, C,.¢ alkyl, Ca alkenyl, Cy¢ alkynyl, C,¢ haloalkyl, C;.¢
alkoxy, phenyl and benzyl, wherein the pheny! or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C;.; alkyl,
and NHj; or Rs and Ry 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 Rg is
hydrogen or a base stable oxygen protecting group;

Ry is selected from the group consisting of hydrogen, halogen, -OR,, C,.5 alkyl,
Cs.¢ unconjugated alkenyl, C;.¢ unconjugated alkynyl, Cy¢ haloalkyl, -SRy and —
NRR¢ wherein Ry, is hydrogen or a base stable oxygen protecting group, wherein
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R1O(I11) under suitable basic conditions, such that a conpound of
formula (1V) is fornmed. [0023]1In other enbodi nents, the present invention
is directed to nethods for making a conpound of fornmula (I1V): with a
conpound of WO SMHATSEIB (1 11): R10 under suitable basic FERASOYHHIIBo form a
compound of formula (VI): OM and reacting the conpound of fornula (VI)

wi th a conmpoundRpis stle¢teddrem thd) grodfeddnsisad@yf hydrogen, g alkyh ED;'{; ambg/l@si c
condi ti ons, Sucﬁh al ynyﬁ C{;} 6 n;%ahl( fj Q;memgered ﬁetf(.roaryl éo?ngrlgmg 1,20r3
heteroatoms, and Cs_; aryl and wherein R, and Ry are each independently selected
from the group consisting of hydrogen, C;.¢ alkyl, Cs.¢ alkenyl, Co.6 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,
Ci.6 unconjugated alkenyl, Cs ¢ unconjugated alkynyl, C).¢ haloalkyl and C;.¢
alkoxy, wherein R, is hydrogen or a base stable oxygen protecting group; and
Ri1 and Rz are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or R; and R, are taken

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

O
Rag

(@)
_ wherein Ryg and Rzo are each independently selected from the group
consisting of hydrogen, Ci.¢ alkyl, C,¢ haloalkyl, C¢ alkoxy and phenyl, or R

and Ryp together represent a'fluorenyi moiety of structure (b):

5
%
.

and compositions comprising the same.
Definitions
[0033] In order to more clearly and concisely describe the subject matter of the

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

specific terms used herein.

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

include “at least one” and “one or more” unless stated otherwise. Thus, for example,
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[ 0024] Val ues for R1-R13, X and Y are as described herein. In sone

enbodi nents, It, is hydrogen. In sone enbodi nents, R2 is hydrogen. In sone
enbodi ments, R5 is selected fromthe group consisting of hydrogen and C 6
al kyl, e.gWOMUIEEN or nmethyl. In sone enbodi nents, REVUS206#113¥%Eed from
t he group consisting of hydrogen and Cl1.6 al kyl, e.g., hydrogen or nethyl.

I'n some enRegidreid S phirnatoloBichlHiREMALIO barliteliiies miftued BRIV GLireENt S, RS
i s hydrogen or hydroxyl. In sqme enmbodi ments, RO is -NReRs and Re and Rf

are each i fyasreAtweH P2 SREF eATHS, andithelikg- Kyl | or a base stable nitrogen
protecting group. In_sone enpodinents, 12, is.Cl 6 alkyl, e.g., methyl or
ethyl, andl®88Sli s nydheaepsorlugs pedangss 365 reciisr in eRRRet d‘(‘g’c‘faf’ﬂ'és group. In

sone enbodi B MiSentfHChd SrefMHERTR, &. %9&5&»&@ of #6drhungBbadinemtc t he
present invention is directed to nmethods for neking a conmposition

conpri si ngPraseebifFemposition ot iip ke prdgrstoodchet afkvaluesang rroees iRl ORI 1 (1)
and a conppuyderihe i/ﬁﬁé?‘d}l@relnbés' listed are intqnded to be encompassed by the present

inventioﬂ unless explicitly statéd 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.

[0036] As used herein, “alkyl” groups include saturated hydrocarbons having
one or more carbon atoms, including straight-chain alkyl groups (e.g., methyl, ethyl,
propyl, butyl, pentyl, hexyl, etc.), cyclic alkyl groups {(or “cycloatkyl” or “alicyclic” or
“carbocyclic” groups) {e.g., cyclopropyl, cyclopentyl, cyclohexyl, etc.), branched-chain
alkyl groups (isopropyl, ferr-butyl, sec-butyl, isobutyl, etc.), and alkyl-substituted alkyl
groups (e.g., alkyl-substituted cycloalkyl groups and cycloalkyl-substituted alkyl '
groups). In certain embodiments, a straight-chain or branched-chain alkyl group may
have 8 or fewer carbon atoms in its backbone, e.g., C;-Cs for straight-chain 61* C3-Cqg for
branched-chain. In certain embodiments, a straight-chain or branched-chain alkyl group
may have 6 or fewer carbon atoms in its baékbone, e.g., Cy-Cs for straight-chain or Cs-
Cs for branched-chain. In still other embodiments, an alkyl group includes about 1 to 4
carbons. In other embodiments, an alkyl group includes about I to 3 carbons. In yet
other embodiments, an alkyl group includes about 1 or 2 carbons. In some
embodiments, preferred alkyl groups include C,-Cs alkyl groups. The terms “C;-Cg”
and “C.¢” as in “C;-Cg alkyl” and “C.¢ alky]l” are used interchangeably to mean alkyl
groups containing 1 to 6 carbon atoms. The term “haloalkyl” means alkyl groups
wherein one or more, e.g., 1 to 3, hydrogen atoms have been replaced with a halogen.
The terms “alkenyl” and “alkynyl” refer to unsaturated aliphatic groups analogous to
alkyls, but which contain at least one double or triple carbon-carbon bond respectively.
In complex structures, carbon chains may be branched, bridged, or cross-linked. The
terms “unconjugated alkenyl” and “unconjugated alkynyl” respectively refer atkenyl and

alkynyl groups that are not conjugated with a portion of the core molecule.
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Rio(l1l11) under suitable conditions, such that a conposition conprising a
conpound of fornmula (1V) is forned, wherein the conposition is
purity-enhanced, yield-enhanced and/or substantially free of organic

I mpuriti es.wvaloglessfsor R1-R13, X and Y are as descri be#Cheszmosio134802611 n
sonme enbodi nents, Rl is hydrogen. In sone enbodi nents, R2 is hydrogen. In
some enbodjggBAt S,  RorHe Serihe&idmkyf gféﬂp’t 1B@uﬂés%&91gﬁpé}§lnsdrlb%cﬁgd-dwﬁr ogen and
Cl.6 alkyl, e.'g., hydrogen or nmethyl. In sonme embodi nents, R6 i s selected
from the giBGBrscRalPEeusyalsy! gigups ag@hwhﬁae erimgref fhgjcarbgn gloms iy teogen or

Tet hyl . | NORAIE oRBIRAGMERE ShanRhinbid fWQ{"aﬂ@ﬁnm%gQﬁ’gtﬂﬁffy&rox}é}nsm
enbodi nents, Rs iIs hydrogen or r oX | n sofre enbodi nen RO i s - NReRf
and Re andtemp “heterpalkesat propp; @@p‘éﬂﬁ?éﬁﬂgz t-¢haity eseanchadichgingtmgiires or a base
stable nit al kyl,

o g ot r PR R URch e e 67HRChER b Sme R Sditisdet |

pr ot ect i ngelgmenipthet thas carbore Aidyedamplat irogRnosulfr, oy dxggenTh§ BOR711 n sone

enbodi nment ) some
enbodi mnt?ete%ﬂg(y%?@ggﬁ '?‘%ven? é%%tachgl i ie’is']f“(gﬁcfyé tctggloﬁgn%trm%mr e oi‘lﬁt

I nt er medi ailbﬁlydigmopsi inevhichonewr enotbadfathd canmnedtems inBh &fairDESCEERENON CF THE
DRAW NGS 0 ure.l is si.n cr.yst al enned| conpound
011. [ooso‘%“g?‘" ﬂg"’aefﬁf E’iaE‘Pz‘i AigEe, e’bfﬁ’ﬁ/‘a‘i’r %Yﬁﬁyaﬁ}?qe% weneaeatel 002 and
0lla. [ oosan]dli‘ic:g;ms @steibalks] adreuskl HizhadigeabiMs refy} toantloihatihas froiViS ( B)
spectra of exen‘g?pa?r%/? | nter di ates and an exenplary final product of the

present i nSAEROD fSEE\WPEED DESCRI PTI ON OF THE | NVENTI ON

[0038] The term “alkoxy” as used herein means an alkyl group having an oxygen

atom attached thereto. In some embodiments, alkoxy groups include groups having 1 to
about 8 carbon atoms. In other embodiments, alkoxy groups include groups having 1 to
about 6 carbon atoms. In still other embodiments, alkoxy groups include groups having
fewer than about 4 carbon atoms. In some embodiments, preferred alkoxy groups
include C1-Cs alkoxy groups. Examples of alkoxy groups include, but are not limited to,
methoxy, ethoxy, isopropyloxy, propoxy, butoxy, é.nd pentoxy groups. The alkoxy

groups can be straight-chain or branched.

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

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

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

to the core structure via either a bond to one of the heteroatoms in the ring or a bond to
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[ 0032] The present invention provides nmethods and internediates for the
preparation of macrolides, e.g., conpounds of fornula (V) R/R5 R1I0 R20ORi 2
ORii(IV) wherein Rl and R2 are each independently selected fromthe group
consi sti ng vé 209y/drseigen, CL. 6 al kyl, C3.6 unconj ugat ed BCREspDs/EBLIS C34
unconj ugated al kynyl; R5 and 126 are each independently selected fromthe
group Cconshgt ek c@fboﬁé’ H8e ﬁgg I_Li}éhﬁﬁ%ff‘ hetérbeR1ig |gl®(l%s 111%6 Hukgayhs C2-6

al kynyl , Cl4 hal oal kyl , koxy,” phenyl and benzyl, wherein the phenyl
or benzyl hméﬂbmb@ukﬂﬂvbd with 0, 1, 2, or 3 substituents independently
sel ected -from hal ogen, hydroxyl, O _3 alkyl, and NH2; or R5 and R6 are

t aken togethe&ﬂﬁnth the carb on which they are attached to forma 5-6

menber ed unconj ed cag yclh ng; R7 isy ected fromthe group

consi sting of hydrogen gnd {OR ein Rais hy ogen .or a base stable
oxygen pro&gctiigbgﬂbupi§§%?ﬁs e mednd Loup consisting of

hydr ogen and -OR8wherein™Rg is h drogen a b se stabl e oxygen protecting

group; Rg is selected fromthe grqup consisting of hydrogen, hal ogen, -ORb,
Cl4 al kyl, C3.6 unconjugated al k€Y1, C3-6 unconjugated al kynyl, Cl-6
hanaIkyI, -SR. and - NRoRf wherelnoRb |s ydr@ en or a base stable oxygen
protecting group, mher Rd is eIe ﬁPT:: i:r group consi sting of
hydrogen, C _6 al kyl, | keny|l , 6 allkYllyl, Cl.6 heteroal kyl, 5-7
nenber ed h@@@h@‘mﬂale&a n et and C5.7 aryl and
wherein Re and Rf are ea h ind end&ntly selecﬁed from the group consi sting
of hydrogen, Cl.6 al kyl ,LG2.6 al kenyl, C2-6 al kynyl, Cl.6 heteroal kyl, 5-7
menbered heteroaryl copprising 1, 2 or 3 het er oatoms, and C5. 7 aryl or a
base stable nitrogen pr?tecting group, and RI() is selected fromthe group
consi sting of hydrogen, nhal ORe, Cl.67alkyl, CB.6 unconjugated

al kenyl, C3.6 unconjuygate Cl. 6 fhal oal kyl¢gand~C1- 6 al koxy, wherein

12c is hydrogen or albase stabl e oxygen protedting group; and
piperidinyl, e.g., and ;

"‘/'w
N {
pyrrolidinyl, e.g., Q D and /l:>; and

wuanony

b S
piperazinyl, e.g., [ ] f j
ooy

[0041] The term “amine” or “amino,” as used herein, refers to an unsubstituted
or substi‘tuted moiety of the formula -NR,Ry, in which Ry and R, are each independently
hydrogen, alkyl, aryl, or heterocyclyl, or Ry 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

pyrrolidinyl groups, unless otherwise stated.

[06042] The chemical moieties of the compounds of the invention, including

those groups discussed above, may be “substituted or unsubstituted.” In some
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R11 and RI 2 are each independently selected fromthe group consisting of
hydr ogen and a base stabl e oxygen protecting group; or Rl11l and R12 are
taken together to forma 5 nmenbered heterocyclyldiyl of structure (a):
VUXI ROYO pigy/075818 wherein R19 and R20 are each PRUEHURHEAPy

selected fromthe group consisting of hydrogen, Cl.6 al kyl, Cl.6 hal oal kyl,
Cl-6 al koxxmﬁaﬂnﬁﬁ'@r}}f nf?F‘ fRuREPImEa tﬁﬁ%trgﬁétg'ﬁ?ﬁﬁmémé%l%eﬂ%ﬁenyl

noi ety of structure (I , and conpositions conprising t
Definiti onﬂle[r@@etx]omr &aambydr@gﬂnrfm einghesedsys, m&hcmmdlyde:lgyn)dwh@h allev t he

subj ect ”alhfg%olé’ffulétﬁ el(ﬁl)rﬂ’l Bintehdly fflﬂ#do%""'ltrkgi]u%% E‘ér&tb&’d‘r%af“ ﬁbshputt%“ded to

provi de gui dance as neani n Speci used [0034] It
is to be not %ubstitated whig’ lscln@psltbﬂflrrfpbucnprdmp 'thdta:mh ubsmai.ltimheih aasordemeel her ei n

L)r(lglml;ldg " akvith?l?esﬁengﬁ'@d vglen e O?H’l sgbstlrr%c?ato un e SISzlt)s ee(ljlt g})cht% fs:e' Thus, for
, substitution results in a stable compound, e.g., which does not spontaneously undergo

transformation such as by rearrangemeﬁt, cyclization, elimination, etc. As used herein,
the term “substifuted” 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
substituents of organic compounds. The compounds of the present invention may have

one or more substitutions, as described herein.

[0043] - When compounded chemical names, e. g:, “alkylaryl,” “aryloxy,” and the
like, are used herein, they are understood to have a specific connectivity to the core of

the chemical structure. The moiety listed farthest to the right (e.g., aryl in “alkylaryl™),

is the moiety which is directly connected to the core. Thus, an “arylalkyl” group, for
example, is an alkyl group substituted with an ary} group {e.g., phenylmethyl (i.e.,

" benzyl)). An “alkylaryl” moiety is an ary! group substituted with an alkyl group (e.g.. p-
methylphenyl (i.e., p-tolyD)). -

P

[0044] The conventions « .  7and \>-=/ ” are used
terchangeably to indicate a-double bond having two substituents, where the

substituents may be either cis or trans.

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

diastereomers, chiral isomers and non-chiral isomers, said optical isomers to include
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reference to "a pharnmacol ogically acceptable carrier” includes m xtures of

two or nore carriers as well as a single carrier, and the I|ike.

[ 00351Nuner ous val ues and ranges are recited in connection with various
ermbodi ment VOROYPSEr esent i nvention, e.g., anount of BCEHFPEUNAMSET t he

i nvention present in a conposition. It is to be understood that .all val ues
gnd l’angeslsM\Yﬁi(jeﬁEpﬁ@Lisoﬁ%\bﬁﬁﬂxmﬁeoﬂaﬁtuﬁﬁs@lﬁs inalding rhdeﬁiliteahdaroﬁ— id nt eﬂded to
e enconpasse t he present |nvention ess e Cit st ated ot herw se.

b TagemicgiyQres, 4 ailoqsamsit P st

Addi t i onal Tagemicgiixiures) sapl eQmGHIC RS togaeludemnsy S WRFOR% | st ed

herei n ar ejsbBH thayl el i isoRAEd fofifl obih ddfifixth@IWith' @He@H nordEth@SSorsdas Géotdpeal | y
stated ot hervm se. The term "about" as _used herein in assgm ation with

par amet er s9 { the,eREOUAG ANCANG Seuter g 84 HM-poRAIRAR SABPRINCS AN npunt |

wi thin 1. Q@b c&rﬂﬁo@ﬁ?&&ﬁalﬁﬁ@%@&to&% rﬁﬂﬁ’diﬁ%me{aggﬁ@laﬂ%ﬁ a4ged herein, .

“al kyl " groups I'nclude saturated hy dr ocar bons aV|ng one or nore carbon

atons, i ncqhegimgcaﬁrwea‘bcgmrafh@ziscﬁomswpltrgreaa of the compeynd, inclyding] | propyl

butyl, penjilerc *L%X ¢, efel fb'rﬂ-x s%)f%ftﬁ un@ nﬂa@(ﬁné Kid acfar@&psahmd or
allcycllc or ocyclic groups , cycl opropyl, cyclopentyl,

cycl ohexylbaseadﬂlt)on solts ircheting trganic mmnogsrmsipsorgmsemt@tﬁﬁons @ed t - but yI

2 k- subsph APV PhE e Bher B Conal b PO ik o BEOHER: LP D1

groups). |avuaeridas, the ewb otinoendoantedosst mai lphbe sng ox dififerent pandiselyatchef n al kyl

group may have: 8 or arbon at ons | S on for
straight-c 5???“%‘?““@“@5\,\@1?%ﬁ 3&3‘]%%(5“%]}%? ‘ﬁatésr %‘?@gér(‘?mﬁ u}e}%"%d“ gm?% %3 a

strai ght - clodlaresand tmbﬁgaﬁh(sdhafee,l slldahchrghmgmbmnesrmqludmg/bycﬁater whewdf a car bon
atons.in its bac {rbone dg\ﬂ for stral tl-ca?ﬁihr}v or C3- i:6 {jor

br anched- c1PFUng 1§ assppipte ﬂ’e’?”oé’ﬁﬂl?&? FPéYﬁnEmo i Groms™s Y les "about 1
to 4 car bQﬁ§1ecd1£brﬁéﬁ%’th@§di@d>ﬂfﬁfﬁr§nt an al kyl group includes about 1 to 3
car bons. In yet ot her enbodi ments, an al kyl group includes about I or 2
carbons. |po46]me eméltdmﬁbﬁoted@ﬁlgfg&mpeds@dckyiére@l;fdﬂlstd mﬁdnmd -Cs al kyl

h G - | K
g; gu 5: edTl ﬁ?}f‘%l%é[mhl&ﬂ@@%{b? &> posn%rzlﬁjbﬁmgﬁmbqrﬂf%&ofb‘?ﬂ % tﬁ%r‘i‘d"z’ft‘f’% ! lFZr go ny

at oms. Thegh it fdcAdI Wl anofRA RS itk 1104 ﬁMR&uﬂdﬁ@ﬁaﬂ'c&nﬁﬁlﬁx@ n 0&foRs €.9., |
to 3, hydro en atons have been replaced with a hal o The terns "al kenyl "
and " al ky ripRbodiaqnty a PEIeFHIE STrRTeRstselepiel 18 EgpRis fargé‘lec?gaa@“f"‘b al kyl's,
but whi ch ﬁxaema«'ee Bardé sthﬁ@&; the o tjElQéﬁblleﬁctﬁﬁs tig ée@cﬁv&ﬂéﬁ%&@ﬂf%ﬁgnche%

respective I'n conpl ex structures, carbon chains nay be
bri dged, orachky@ysuabimk@ﬁera% sontexigseapents the} dajpat edacy tk%ﬁtypr fupgtignal

"unconj ug witi rfgups t hat
are not c%‘&ﬂ) at g;gé’&}’éaﬁﬂﬂ? gg ;B iéoar?ﬁcl\)’%ﬁ“;ee@%geo@éﬁ%wecu ' ﬁle{(%oﬂéﬁu& A
2009/ 0758 1@@@@@@2@@8@@1@9@ pm}ﬂmmtcé paditional émam@yry tgrageig furthee | udes
straight - c a L kyl groups in
whi ch one 6 cIkr@gmg}%l ?ﬁﬁ{ﬁﬂ;tﬁﬂ% df1 rrr!élt%‘}t#{g mﬁ’gﬁ'lé? | S ggakglnlg%{rent ot her than
car bon, f aongdeaaniinahe ruattmgemd:txsud iusubsequent styppe (Thug; HEbasaraonditiersaroal kenyl

ol konyl | oristibe raedReP i e Eh PRE BOPG AL A PR e < an
el enent otdigilaflylafacihc hﬁﬂmdn@lmeucedmlpeotecningrgﬂg@rrczachlgrlciamvabloby acidigen. The

St ot ur e SR POt T BB BEPR A LGS CBPPRBERS & P e car bon
atoms in theserfiavdhtion aRUcSirHRE i mofetiRtailHafin. CEhOds fof eermcfm@mbectmgu trogen,
sul fur, or oxygen. The term' le(gheteroal " and "Cl- heteroal kyl" are

used i nteré'é‘l’%g"{é’a‘ﬁ‘? 1L knoyvn ig s arf- eﬁf’[‘ﬂ‘%‘?f"@%@f’g RpLeaf PRYEER PEICEPHons and one
or nore hek&iRAMRHF grobf8 bEhembRidinda deRiycondRions 6baiRIcBhditio@ans an al kyl
group having an oxygen atom attached thereto. In sone enbodlnents al koxy
groups i ndﬂﬁh@‘yﬁﬂ@w%dﬁh?g grouppcan remgvedmggircidioranditionsiot her

embodi mentg al’g[%uﬂsrb%h baéﬁ‘erﬂaveuraﬁdela@Mum@oﬁdﬁl@n@mﬁbxﬁb&@bon at oms.
In still ot%er enbod koxy groups_ include groups hayving fewer than
about 4 cathsoaroapvean beiremeadaing WU@@Fﬁ@%@§mnbﬁ€ﬂéﬁﬁﬁﬁn§¥%%k@ b%roups i ncl ude
Cl- C6 al koxy groups. Exanpl es of al koxy groups include, but are not limted
to, methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy groups. The
al koxy group- s can be straight-chain g branched. 10039)The term "aromatic
group”™ or "aryl group” includes unsaturated and aromatic cyclic

hydr ocarbons as well as unsaturated and aromatic heterocycl es containing
one or nore rings. Aryl groups include, for exanple C5.8 aryl groups. Aryl
groups may al so be fused or bridged with alicyclic or heterocyclic rings
that are not aromatic so as to forma polycycle (e.g., tetralin).



[ 00401The term "heterocyclic group” includes closed ring structures

anal ogous to carboeyelic groups in which one or nore, e.g., 1,2 or 3, of
the carbon atons in the ring is an el enment other than carbon, for exanple,
ni trogen, swo faoso7sews oxygen. Heterocyclic groups may becsasiseedsor
unsaturated. Additionally, heterocyclic groups (such as pyrrolyl, pyridyl,

B v
" het er oar opineloxl'grepns upsbe fEmevedwndchadtidie cenditiang, igsiogpndiviris@aedhr i ngs whi ch
R g e e L
Exenpl ary tbt¢ragroupy ¢intlodige eirpsthylsitl! (TS), bart-batyldimethylsilyli(TBROMS), dandi dazol yl ,
gg; P?)IO: Icilnxy is,o%'éo%'ﬁljsi,lﬁ (%ISPSB ie %IESB gaimr%lrémgw're%' unldterza%idic éo%gﬂio}ls ér Wit ﬁl‘}t;ride
ion such as NaF or TBAF; and methy! ethers can be removed with TMSI in
dichloromethane or MeCN or chloroform or BBr3 in dichloromethane. In another
example, regarding typical nitrogen protecting groups, carbobenzyloxy groups can be
removed by hydrogenolysis; tert-ButylokycarbonyI groups can be removed with
concentrated, strong acid such as HCl or CFsCOOH; 9-Fluorenylmethyloxycarbonyl
groups can be removed with base such as piperidine; benzyl groups can be removed by
hydrogenolysis; and p-methoxyphenyl (PMP) group can be removed with ammonium
cerium(IV) nitrate. As used herein, the term “base stable” protecting group refers to a
protecting group that is stable under the basic conditions éf any reaction of the
compound which occurs subsequent to protection and prior to removal of the protecting
group. Similarly, as used herein, the term “acid stable” protecting group refers to a
protecting group that is stable under the acidic conditions of any reaction of the
compound which occurs subsequent to protection and prior to removal of the protecting
group. A skilled artisan would understand that a “base stable” protecting group is not
necessarily stable t6 every base, (e.g., may not be stable to concentrated sodium
hydroxide) but is stable to any bases utilised in any reaction of the compound which
occurs subsequent to protection and prior to removal of the protecting group.
Exemplary base stable protecting groups include, but are not limited to acetyl groups,
methoxyethoxymethyl ether groups, methoxymethyl ether groups, methoxybenzy! ether
groups, methylthiomethy! ether groups, pivaloyl groups, tetrahydropyran groups, silyl
ether groups (including trimethylsilyl (TMS), fert-butyldimethylsilyl (TBDMS), and
triiSOpr;)pylsilyl (TIPS) ethers) and methyl ethers, carbobenzyloxy groups, tert-
butyloxycarbonyl groups, benzy! groups and p-methoxyphenyl (PMP) groups.
Similarly, a skilled artisan would understand that an “acid stable™ protecting group is not
necessarily stable to every acid, (e.g., may not be stable to concentrated hydrochloric
acid) but is stable to any acids utilised in any reaction of the compound which occurs

subsequent to protection and prior to removal of the protecting group.
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siS ; and pi perazinyl, e.g., and 10041] The term "am ne" or "am no," as
used herein, refers to an unsubstituted or substituted noiety of the
formula -NR 'Ry, in which Rx and Ry are each independently hydrogen, alkyl,
aryl, or h&@pe®¢isigl , or Rx and Ry, taken together w PATUNZ$II1B49gen at om
to which they are attached, forma cyclic noiety having from3 to 8 atons
in the ri nPM'ﬂ]hUS 'R 1Rl “RRARGIOad ﬁh‘éhﬂ%fn FX&S {dha @I pRL&L beS such as

pi peridinyl or pyrrolidinyl groups, unless otherw se stated, 100421The
cheni cal npfPeasses3n which o poMBTsUPREENGS are pllowadie aeme ito m@cuwrthgaqhhose gr oups
di scussed GRAUS offiRY ohénichtRde ot LA GimaHBR 4P b dinen tAc BRI and

enbodi nents, the term "substituted" neans nol ety has substituents
pl aced on TepRiantd ase pllevaddp comamtmm@gWh(eiacfeothentmaﬁﬁqrdton@arsmgre newpl aci ng a

120 NS e RS A A RS 1, |

wi |l be unders |tu I ncl udes the
inplicit pfgydiSo: b & h the permtted
val ence of[%ﬁel sub ?ifhfz#%ga%;&%?nééa}ﬁgfe %]eugeéf)s?'f?a %%gq ﬂa?% %%ilgt t he

subst i t ut i pepargBwl’ irchides wasioabivbich oesuisum grodectdn an ahowt, edpegyeatgtthan

spont aneo der sformat i as b enen cl | zati on,
SF T nat 1 o2 & e B bR Pl R 03D 78 e ek B EAPEEE el

i ncl ude alﬂharpe‘jf gn'esg; drbaterahensiOl ¢, e.@ntgscatd: tingary, agggfep&uﬂmdﬁm gne 2, broad
aspect, perm.ss subst | t ts Jinclude a | i nd cyclic ched and
unbr ancheds™ ¢ ?Jb cFie §ﬁ‘f‘i‘ g? rglgc%iélgi @reag#g'}?ﬁqp@ga‘?ﬁ HERT :?[{b

substit uens g, gtatortganson & e eracs thahekeC 08N Qteads thah 21kiaee P @B&BE thardyent i on

may have ne or nore _su itutions escri bed herein. 100431\Wen
conpounde &:ﬁémgﬁeéFefH’éﬁgﬁs‘g’eef@ sreﬂaqtﬁmgq - 08 ERGART Yiap 40 kg qy8-y preater

than 60 kg, e.g., greater than 100 kg, e.g., greater than 300 kg e.g., greater than 500 kg.

[0049] The language “alpha-enhanced” is used in reference to the composition
comprising the intermediates, e.g., compounds of formula (V) and/or (VI); which
include a higher ratio of o isomer to B isomer than previously prepared compositions.

The o and P isomers of formula (V) and (VI) are shown below.

Formula (V):

o. isomer _ B isomer



| i ke, are used herein, they are understood to have a specific connectivity
to the core of the chemcal structure. The noiety |listed farthest to the
right (e.g., aryl in "alkylaryl"), is the noiety which is directly

connect ed 4ty bdign@eke. Thus; an "arylal kyl" group, forperasibsoizdes an al kyl
group substituted with an aryl group (e.g., phenylnethyl (i.e., benzyl)).
An "alkylaf ILI ety is an aryl group substituted with an al kyl group
(e.qg., %gﬂp enyl (i.e. , p-tolyl)). 100441The conventions ""and \---1
"are used interchan bly to indicate a doubl e bsgd havi ng two
substituents, wherg the substituents nay be eitgfer @is or trans. f0045]As
used herein, the tkerm'jconpound” is integggd to a substance nade up
of nol ecul es "Bhs St ¥ consi sprgf at ons® generaDRy refers to
a chem cal entitj

r .6 the solid, |iqu QUS phase, and
whet her in a F zpat i fied ang #50 \pds enconpass
the chemical ¢ tself ap well as, wier e anmor phous and

e conposgd, including po gk phic forgs, said forns
in mxture or in isglathon—dTeeORei d and free brge AR PRe conpound,
i somers of the conpound, inc ing geonetric isonmers, opt¥gal isoners, and
tautomeric isoners, said opticdl isoners to include enant irorférs and
di ast ereoners, chi regisorh&oners and non-chiral isoners,pisama optical isoners
to include isolated optical isonmers or mxtures of optical isoners

i ncl udi ng PREGBIKIE prepdedMMBRIGNE (s68, ¥IgU &S ; Pasant A ppiéaation PuldichS@ride.s t 0

i nclude transojd and cisojd forns re an is i.n.solated form
or in adni ngd’ﬁ#é] ﬂ?“@ﬁ&"t‘)ﬂ"?ﬁ??@r &t %  PARRTRRDS ?@éb@égﬁ %macapﬂ z’a‘éeoahpou nd,
i ncl udi ng gdaybes isdier AFisbhbd druBdl QR ahRbiE ceBEdIRERE She RAA “alpRd udi ng

conpounds contai ni ng radi oi sotopes, including therapeutical]y-_ and

di agnost i cenhhycedt fefass sompositighoivaish dstuge campeynds pf forpale k) #1d/H¥ DB pound,

including dinmerdc,. te ' G f : Sefl ngqﬁa%qnd, i ncl udi ng
aci d addit%H%E)aﬁ?g%gﬁgaﬁgggug%gftﬁgﬁﬁg%?ﬁg#ﬁ?ﬁg%uégﬁg organi c counterions
and i nor gaghencedlnfes comwsitiangiwhick inclidegomppunde of foninulaf(¥) aml/on(Nérie if a

conmpound is asspciated with two or npre cqunt.eripons,, tl \ ) re
counterion§1%ﬂvfﬁﬁopﬁglgﬁhaxwrﬁéi%&eﬁéﬁ?f§3H6£i6£C§%%éhgﬁbﬁﬁ%9é3ﬁ§0und,

i ncl udi ng fuen, 500:Y.araso0: MOhOale\Aitddimditss tHet@ie alphat énhandedt tefihs ng or gani ¢
sol vates and i ngrganj.c so|vates, said_ jnor i ¢ sol vates, inc]uding

hydr at es; SHFEROSIIPRS \ahle*bmbldﬁaomgouaes&%éoawg?% ’P’ﬁ‘?“tr\%géia‘"ﬂ% Pﬁfyst'g? vent

ol ecul es, o tAget WP sIRuldBY Rt M BhalBh&f Wk BsinpRMticR€of E invBifonQire st f erent .
[ 0046] The term "protecting gro%p" as used herein, refers to a particular

f unct i onal inteniestty be dimited bp sca; ofshe Mactinathaj prasiwpesitee pampayndse IRdRLIY t hat a
reaction cgn l&?ua@%ﬂ‘&gﬁg‘ ?éf#xe&i?i!eefstds&? {VreflenBO R HeIndrBRGRY e Sl L€ 1N a

mul tifunctionafF ¢onp und. TR var i ous enboéinents, a protecting group reacts
sel ect i vel gonippugisad forimalal V) andfor @/ Ty, witidi eptesoht gehsisomere ag deatribed ist abl e to
t he projectedé*gﬁg%%ons; is selectively renoved in good yield by readily
avai | abl e, ™ Y nont oxi ¢ reagents that do not attack the other

functional grqups; for an easi separ,abl e. derjvative, (more preferably
mﬁthout'thggaﬁnerati ﬁﬂgguﬁﬁmﬁ§kg¥gﬁﬁgﬁi@‘@8%?@? ‘?c%ﬁ&hgggm%mﬁoﬁinun1of
addi t i onal comhiging @BRpininds bOformeladIV Wyhiedizedivsing alpfhateahaicedinterGedipat i bi | ity
of the protecting groups wll typically t . intq.c | lon. t he
reaction c??ﬁﬂﬁof‘f‘ﬁ?ﬁs(s?%e-guﬁs%d}ﬁgﬁf Agglé‘ﬁg‘.’“ ﬁ'ﬁﬁ@?@%&‘b%@ﬁé@gﬁﬁ% i[}B?‘? are
used, a prohafkitibk Iﬁiﬁz@h'Bigh@l?&qga]li)bffa!r@qﬂf_@rhb@mb)(e.?.@ﬁdrgpdtﬁdﬁbﬂBﬁmlil_ﬁ)(/[\’l)p't be
preferred. Simlarly, if acidic conditjons are used, g&ghﬁgtlng group
readily cI1@&9@5@%9‘“@@%‘\9‘3@1“@?’?@‘ﬁ%’é‘ﬁnﬁﬁlal é‘%‘i‘"‘é‘? Pegne Bt ect i ng
groups usegdiidsi¥iahd. QH SorREBABSATRBAS, (RE tehh @yiRIde BB celiMMeE to0f IakEs%lescr i bed
in nore detal’l herein. Methods for renoving protecting groups are well
known i n tadditienel yigképerascemisinealphaceniipericd gomppmiean 1B 2ype AmPIBMEREI Yy gr oups;
acetyl groyps ;;ggiﬁ-yepﬁaé{cgmgﬁ% {0 fRhsta08 ,a@%s:sm,ld 40013090 boRaF0%, gORdI ti ons;

met hoxyet hoxy er groups can be renoved under acidic conditions;
met hoxy et 399h, 160Yar 2§0%wdditional yirdd vermupsonpnepiipharenhancgd eommpesifian; dhs;

met hoxybenzyl ether groups can be renoved under acidic conditions, by

hydr ogenol ysis, or by oxidation; nethylthionethyl ether groups can be
renoved under acidic conditions; pival gyl groups can be renoved under

aci di ¢ conditions, basic conditions or&ith reduci ng agents;

t et rahydropyran groups can be renoved under acidic conditions; silyl ether
groups (including trinethylsilyl (TM5), tert-butyldinmethylsilyl (TBDWVS),
and triisopropylsilyl (TIPS) ethers) can be renoved under acidic conditions
or with fluoride ion such as NaF or TBAF;, and nethyl ethers can be renoved
with TMSI in dichloromethane or MeCN or chloroformor BBr3 in



WO 2009/ 075818PCT11182008/ 013498 [0047] The term "reacting,"” as used herein,
refers to a chem cal process or processes in which two or nore reactants
are allowed to come into contact with each other to effect a chem cal
change or twemedessmti on. For exanpl e, when reactant Apemusmezcsant B are
allowed to cone into contact wwth each other to afford one or nore new

chem cal c nd(s) . .C(C, C', etc.)., Ais said to h ."reacted” with B

to produc eS%g,‘.%%F’S 5&8% %E&F B TeRss '“?eé%lb fhese ﬁﬁcét")fﬁji’grcﬁ%te}%\f? i l?ﬁlé&ldg% guage

"l arge scajeferibeRRbmided Pelativead tidaseld ofmit iiaslprovducclier esight by weiphpduct in an
anount, e.g,, greater than 2 .€e..0. reater t.han e.d., _qreater than
35 g, e.g. V" g‘éﬁ@#‘??lﬁ%he Q@e‘gt,hgglédje“bqrgﬁf‘é‘?mﬂoﬁ‘élﬂnﬁ%ag?m@@ﬁgp abegg)gt er than
50 g, e.J.intcBdIRb 8¢ lifnftedbPEtalk of thelreactidh @t flodidd8the Onpourkisg. , greater than
80 g, e.g., greater than 90 g, e.g., greater than 100 g, e.g., greater than

200 g, e. gosyr eat emhd RapuapeOp@ity-enBancedi€aded lin fcfsdéncd 1k lhe compositior eat er
than 2 kg, e.g., greater than 5 kg, e.ig., greater than 1 %}(}% %g greater
than 20 kgeompriging the final prpdyghcgrg. AoFORRPOSIHOR COMPYRSINY -G0MAY rgae g.

great er t ha@) AR fheap&iid agerd] WIS sléﬂﬁﬁa&ﬁﬁfr&%f@m?mitieﬁ!@@} igfputiigan 500 kg.

[ 0049] The 1| anguage "al pha-enhanced" 1s used in reference to the conposition
conpr i si ngthatreee sidrrrpdnsth ofttbesreadtion or resisplotpndng Baterg thaiweuldbe and/ or (V1) ;
whi ch 1 ncl 4dGagedhlifthid B binflsndidb@Runke, L2, 4 RORRL of ?@&raﬁﬁny ously
prepared conpositions. The a and 13 isoners of fornula and (VI) are
shown bel ownittBdbynskillqd\artisan Erprmaiphangsgentical gompnsition peepad Previ ousl y

prepared c LLd ons . . pLi &at.l Qlfeat i on No.
2006024744@%%3% ‘Pgr%e%&'ﬁg%%@esrgmﬁ ?@%ﬁ%&?%bﬁphﬁ%ﬁ%ﬁ%%& fypically
have a r atthepwity af produvesy synthedized uwsorpmiphafenbiwed inter@edipie compesidonsodi nent s,
the term"al pha -, enhapced’, ref er (L] Wi thel conpounds of
forml a (\7531'%587081‘“ vpﬁlef%‘:‘da'fl?ugl %’nﬁwgg it op%p %gwg:gsa%&g%g%? ®1:1.5. In
sonme enbodinfi@ited (sed,log., EE NPatalt pipalication Rrablvatidn Nef2006024344R)s ttshowld whi ch

i ncl ude canmpou of .forpul a and/or.(Vl) in an a tg 13.raiio of at

| east - abouempie the Dty SafineB tarbnfiins ot e entondle Soraflodebg i °, 51 2 o)
100: 1, 500indited®y s¢LOBK the rdabricrofie: prodiees e bérapouinie t er m "al pha - enhanced”
refers conpositions which include conpounds of formula (V) and/or (V)

havi ng onljposd)e a i TheRhgudge “frboof”ds ied hatindintrbfetenat pHecopipositios df

conpositions of the invention are nof intended to b mted by scale of
the react i ‘BhPERRE mﬁ?‘ﬁ’&ﬁé@’é‘m{ K& ’r‘fﬁ?}b'nﬁ‘g’.mgﬁ’ Ioélp?’?leﬂ[ghbn'}a‘éﬂﬁ%ﬁge

"al pha- i ntgferadiditedn, forexampR, AflinipRlier @ideas ptanisaRiehytey rwiid lais®sen €. g.
conpounds of formula (V) and/or (VI), which represent the a isoner, as
descri bed pHodRssdintpdhe repctinmy throygh the'synthetic process. For example, in certain

embodiments, the language “free of” is not intended to encompass impurities, for
example, residual sodium, which has been introduced through environmental factors

rather than through the synthetic process.

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

| therapeutic agent, in an amount that ié.less than or equal to 10%, e.g., less than or equal
to 9%, e.g., less than or equal to 8%, e.g., less than or equal to 7%, e.g., less than or
equal to 6%, e.g., less than or equal to 5%, e.g., less than or equal to 4%, e.g., less than
or equal to 3%, e.g., less than or equal to 2%, e.g., less than or equal to 1.5%, e.g., less
than or equal to 1%, e.g., less than or equal to 0.5%, e.g., less than or equal t0 0.4%, e.g.,

less than or equal to 0.3%, e.g., less than or equal to 0.2%, e.g., less than or equal to
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100501The | anguage "yi el d-enhanced” is used in reference to the conposition
conpri sing conpounds of fornmula (1V) synthesized using al pha-enhanced

i nternedi ate conpositions (see, e.g., US. Patent Application Publication
No. 2006024v3#8)n7sdisese conpositions have a hi gher yi ebdr/o$200smses conpound
(e.g., conpounds of forrmula (I1V)) in conmparison with products synthesized
using non- ha-.en ' Ry e Intdr QS 1d 11 504TE £NhQdi ment s,
the term "(j;ilfegl/%-e'gﬁﬁ%ﬁg%g'p&'?i%[ers tsg%’gtgc’ﬁge%g@ng% g%dft@ona/?%g?e d versus a
non- al pha-temhareqed t@ Ao 8.igt, lesnthar or gpakio 8t e itss thanleeequal i 0.5%,

"yi el d-enhanced", refers.to | east % %: 9 9 %.:60% 70% 80%
90% 10006~ ES U AGANY }‘%%gf%yﬁ?‘gle'&'\]Pg/?'slﬁgsge;&%%%f{?é?‘g'ﬁeﬁt%ﬁ’% il

conposi t i Giharctd camsitidnbef thepesknt imatntioharqagriBranty ése aS@danin t he cont ext

of percent, yield is intended to describe ceptages relative to the yield
of The 11 TmPUSGchEr Imres coprpeth St BB, ST H IR REuPd al o be not ed
that yi el dnRplEKAedorcanRAR! bf Resbleinttmediars @ntliminatoreprodicts shbended to be
limted by scale of the reaction that produces the conpounds. 051] The

| anguage. STt The HASHRES R en R o 0 st bk PosvRe SOy P

conpr i si NG ridpurltiedadhabicReisithe frefbnce 6 IGHUROE] &g 0 BintRd)REdiGidg a conpound of
formula (1V) as, the therapeutic agent, which is si'[igni ficant) yaf“ e of

i mpuri ti esliminagon PT"ﬁ’ﬁEFPsi‘i"F’@Bw’tdﬁéﬁhe’&raé aQV]dFemﬁﬁh_éS]déE %‘"’Bfedt‘_ﬁ%’ PEAE¥ on or
residual  stafid, @.gr.,q%ﬁ%bﬁdioﬂ QipridRp laGoRBosHAINTISIANAATVINSLULE BlRfapedtRr

adm ni stration to a subject, e.g., a human, or preferentlally omtted by a
skill ed aragemain ahemepet thatay lesscban ¢ earal &b Ao B+ leshthpr epravaldo A4 e-&-

admi ni straty t {o2CJ barENL S b&dihl 10 1.5%,

MU ty- copaaRnt ofuf WIRiLs, kR BETR GRIRRATGE Slest i bV 10 176,

al pha- enharg.dessitimnar eaehl & Bocagrploss thiroerequalite 05% egd dess $hasphediakiozed usi ng

i nt er medi co i.llons i re_n | z , U S
at ont - Apgt bt s S egt S O £ 8 BB YRR GIAE o B tartr. 1\
purity- enhgoa esl0.6 25t os g lesrtharodr eqhad to A\ EWY £.g1 leas thamot equakte®d@8% o be
limted by scale of the.reaction th [0 t-ag, CO i 2] The
| anguage .efgr,glgssglran qrgq%éodﬁﬁgmr %\g‘niesﬁi'm?% %’rldgﬁ?:g jtgé’ ’%‘ggg%gggﬁ tolr(% gf t he
present i Ryestd,ely., Mk tHanios eqiatoi (2566, nt v.g. , Vb sTierbngilage/“sobstadiaidy et el y

| acking a referenced i.te for exanple, an.i rit such a o

p- ani sgl dPHFd &S Pse@ﬁxew’ﬁgg %tg‘@r‘io ﬁ’ﬁﬁ%ﬁr&gé’g "flﬁﬁglef ﬂéc%Setg%I{ ?rc?ﬁu%lﬁ? ddyh t he
o e Mot e L oD T L F e, T ar - aAnDl o rosi dual - sodi Um
o] is not_in :

whi o has 256115 CEERE E8 Ff badnt-Entros DANEHIBAL 1P A% Sk 4SBT #918h t hr ough
the synthgg bgw@%g_@&@mahwéélﬁm.d%mggg@s then @Niqhhlaa 013ky efgl,@@s@an as used
in the Ianguage "significantly free of ippurities’ characterizes the
presence &f eﬂ‘??’bi?r‘?-@'%e%&s@? than g sgugldo 04J “oﬁﬁdkséfhiaﬁf’ﬁ%&“?t)‘ﬂ Op]rZ’P({?Sjucts, .
conpounds MhaEr a3l dtlehyd k0. MBIV g | 1€ss8hdrBrRaliR g 0844 .g., 1dds thah bh@juapr oduct ,

e.g., a conposition conprising a conmpound of fornula (I as the -
t her apeut ite 03§¥ne.g., lass than aneanal o036, 6 &. lewsdban argquiio B4od adr-2 ¥%- e. g. |

| ess than IPJh.yﬁ/galﬁglno_e? tﬁ?ao{‘ihe%c entap&iRed atﬂ% gcfné@c? Hg{_jer&éﬁta%%/%f fm;%lritiei @ss than

or equal to e. g ess ‘than or equa .g., l'ess than or equal to
5% e.g., inteskdthdescibe pyccatageorektive to. the weightef thtfinal prodeguak-to 3% e.g.,

€58 e iSOkl LGl L OGR!y e Ll | o5 {hor

or equal ess than or equal
to 0.4% ecgent impestidshanmeasueegaakret & BnBRity €. g hy HRBIE).t han 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.qg., less than or equal to 0.75% e.g., less than or equal to 0.5%

e.g., |esydrhmh ofithedumeation o 0. 25% and e. g., 0% In specific enbodinents
the purity-enhanced conpositions of the present invention are significantly
free of ofesd] c i mplihe pregmt inyeufion i§ dipestad; atdeast arpses echovalimetbedstfomar ti al | y,
of carbon atpns. e.qg....pani e : : i

i nt er nedi 418 esbzﬁngerfllg%mﬁ%t%i (ﬁ)r?]?c%% 0 u%t% lsn(islisd\;\ﬁn{wéy %ée)s:egﬁ%\)r&fu_?_ e a"’EJSﬁ?ge

"subst ant ilapéd scaferpeepandtionad masetidésn Schenésadnapdaydepios exsmrdary inzethogds foree of
inmpurities" characterizes the presence of inpurities, e.g., diners,
acetonide elimnation products, conpo%@ds where an allylic nethyl is
elimnated, etc., in a final product, “€.9., a conposition conprising a
conmpound of forrmula (IV) as the therapeutic agent, in an anount that is

| ess 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.qg.,



[ 0054] The present invention is directed, at least in part, to novel nethods
for synthesizing nacrolides. In sone enbodi nents, the present invention is
directed to | arge scal e preparation of macrolides. Schemes 1 and 2 depict
exenpl ary ks tvodlersdier synt hesi zi ng nacrol i des of the pceEssmbs/aiBwention,
Schenme | is a schematic showing the protection and ring opening of a ribose
nol ecul e, owed b I pllng to
a bicycli & {ltlhesfl?fé% grof; ge%%lf 'tl'{%g)lrésgntqn\;ernh&?eéléﬁ Eg%ﬁg%ﬂg#%fﬁb%ngggﬁ

Synt hesi s m@éteétimhnmé ang bpemxigc:fmrrholsn)meleeuie,dutlweli E[yoc@»sﬂ)nwdlatl onal ly, t he

Shovi ng. t HEPAPO PR OoR R PR e A 0P it alRLgth fPmber CLTT LY

coupl i ng tmaciolflecyclic triflate, coupling to a triphenyl phosphoni um salt

and ring closing to formthe macrolide. Schene 2: Synthesis of formula
(1V) fromribose - route 2 10056] Accor dingly, in sone aspe@Rs, the present
i nvention lHa di rect ed —_ Ri_ Rs0
R OR+2
RO O©OR 2
HO OH 1 12 R
R130}—§\—PPh3X
o A
Rs o | Rg OTf R130 |
Ri © - Rio Ry R3O
Rg
Rio
R4 ORy2 _ Rs OR12
0R11 ’ OR11
Scheme 1: Synthesis of formula (IV) from ribose —route 1
[0055] Additionally, the same building blocks may be employed as in Scheme 2,

which is a schematic showing the protection and ring opening of a ribose molecule,
followed by coupling to a bicyclic triflate, coupling to a triphenylphosphonium salt and

ring closing to form the macrolide.
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met hods for mal dng a conpound of formula (V): COR12 (v) wherein R1 and
R 2 are each independently selected fromthe group consisting of hydrogen,
Cl 6 al kyl, C36 unconjugated al kenyl and C3,6 unconjugated al kynyl; R3 is
sel ect ed f npgndofiers@igoup consi sting of hydrogen and a baseusicaddigssexygen
protecting group; R5 and R6 are each independently selected fromthe group
consi sting of hydrogen, halogen, Cl,6 alkyl, C2.6 alkenyl, 4 6 al kynyl ,

Cl.6 haloalkyl, C 1 -6 al koxy, phenyl and benzyl, erein the phenyl or
benzyl are P gM th 60 r~rgubst i t ue pendent |y

sel ected from% ?gen,_hy-dr-.gxyl al kyH—-and- NH R5 and R6 are
t aken toget her the carbo ich they are d OBysf orma 5-6

menber ed uncor"ﬁougzﬂ"bd car bocycl! H i ndependent|y
selected fromthe group consisting of hydrogen and a base stabl e oxygen

protecting group; or R11 and R12 are taken together tojform menber ed
het erocycl yl diyl of structure (a): JINVI Rg RO (a); ein R19 and
R20 are each independently selected fromthe group consi R hydr ogen,
Cl 6 alkyl, Cl1_6 haloal kyl, Cl.6 al koxy and phenyl, or RI 9 @ RSO t oget her
represent a fluorenyl noiety of structure (b): OTf
Ry O Rs Rs
Rg o Rs Rs
] R1307—\—PPh3X
Ri O
Rg -
Rio
Rs OR;2
ORy4

Scheme 2: Synthesis of formula (IV) from ribose — route 2

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

methods for making a cornpound of formula (V):

Rg Rs
R430
R4 R3O0
RS ORy2

wherein R, and R; are each independently selected from the group consisting of
hydrogen, C;.6 alky], Cs.¢ unconjugated alkenyl and Cz.¢ 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,.4 alkyl, C; alkenyl, Cy.¢ alkynyl, Ci.¢ haloalkyl, C,.¢
alkoxy, pheny! and benzyl, wherein the phenyl or benzyl are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,. alkyl,



(b); and R13 is selected fromthe group consisting of hydrogen and a base
st abl e oxygen protecting group. [00571Conpounds of formula (V) are

synt hesi zed by reacting a conpound of forrmula I: OR4 COR12 OR 1(l) wherein
R4 is sel eptemodideszt he group consisting of hydrogen andr/gasivesmsssabl e
oxygen protecting group; with a conpound of fornmula (Il): Rg pph . . -3-y

and NHs; or Rs5 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 Ry; and Ry are taken

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

A

O R1g
R20  (a)

wherein Ry and Ry are each independently selected from the group

consisting of hydrogen, Cy.¢ alkyl, Cy¢ haloalkyl, C¢ alkoxy and phenyl, or Rie

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

S

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

protecting group.
[0057] Compounds of formula (V) are synthesized by reacting a compound of
formula I:
» ORy4
Ri Rs0O
R2 0R12
OR1 1 (I)

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

with a compound of formula (II):
Reg Rs
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wherein X is a hal ogen; under suitable conditions, such that a conpound of
formula (V) is fornmed. [0058]In sone enbodi nents, suitable conditions for
form ng a conpound of formula (V) are suitable basic conditions. In sone

enbodi ment §yq sdsbbaRlse conditions for forming a conpoungcpbsfoosesdon (V)
i nclude the use of a base, e.g., a ClL.6 alkyl lithium a potassium Cl.6

t - al koxi de, sodi ym hydroxi de, sodi um hydride, a i.a,. di net hylsul foxi de
sodi um sal t andY8g8ius ?’Wﬂﬂisgitﬁ‘%ef %ﬂgglé’?s’lrpﬁr&s%%ea ccéjjﬁ‘%g |d¥r%ff1t s,
sui tabl e condi t fRRSIal(W) isffemiddng a conpound of formula (V) include the use

of a Cl4 alkyl l|ithium base suych as butyl 1ithiuym. [Q059] The ¢ ounds of
fornul a (Iimialx"ﬁh f or kI sgme FP’Pog‘ﬁ’ﬁmﬁaﬁV&a%%F%dH@%?O&f%‘%E% oé?r‘Foluggggt each
chiral car bgguid (V) RfefuREHI & BastydoastiioR 1 sorhdemBaTIRents @aitable donditishafof | ) and
formula (11) have'a specific stereochem stry at each %ta‘rgh(yggtﬁlbon.

&

Accor di ngl Jorming=2 sosaneund plGlorBwa baclyfe the pirafs bess ¢ga {h g

st ereochem i . d& Bbdidth hG@LRABA. sofiRm ABlaghmdnih, SOME enmbodi nent s,
t he conpou g{agéf"ﬁ?g?}’n}ﬁg&’?v)’ i s@g go.npounsg of }?g_rﬁnul a mNan;jh:’ ;. \--PPh3X (Ho.
[0060] | n sdimctesipdigiide sedium spibandsapivoriexamnethydisilylamidg) Ip 80m€ conpound of
(Vb):  R6 bf}i%bdiments, suitable conditions for forming a compound of formula (V) include the

use of a C, alkyl lithium base such as butyl lithium.

[0059] 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,
Accordingly, the resulting compound of formula (V) can have varying stereochemistries
at each chiral carbon. For example, in some embodiments, the compound of formula

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

(Va).
That is, the compound of formula (II) can be a compound of formula (lla):
Re Rs
R-JSO)KPPhaX (1ia).
[0660} In some embodiments, the compound of formula (V) is a compound of

(Vb):



Rl \ R3044./ A) \COR12 (Vb). That is, the conpound of formiail) can 30/4)
be a , conmpound of fornula (Ib): R.eOR12 CRii(lb). [0061]In sone

enbodi ment s, t he conpound of formula (V) is a conpound of (ye): (Vc).
100621Sui t @l Bosi@eCt i Nng groups vary dependi ng on t hepewtsaoesoadsog he
reactions

Re Rs
R3O
Ri R3Oy,
Rj OR42
That is, the compound of formula (I) can be a compound of formula (Ib):
OR4
R‘l R30f,‘,"
R ORy2
OR1 1 (Ib).
[0061] In some embodiments, the compound of formula (V) is a compound of
(Vo)
(Ve).
[0062) Suitable protecting groups vary depending on the nature of the reactions

taking place, e.g., the suitable conditions for producing a compound of formula (V). In
some embodiments, suitable oxygen protecting groups for Rj include acetaie groups,
ester groups, benzyl groups and benzoate groups. In some embodiments, suitable
oxygen protecting groups for R, include silyl groups. In some embodiments, suitable
oxygen protecting groups for R;; include silyl groups. In some embodiments, the
protection of oxygen by R)3 results in a predominantly cis-olefin product, whereas if Ri3
is a hydrogen, a predominantly trans olefin is formed. In some embodiments, the cis

olefin is preferred.
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taking place, e.g., the suitable conditions for producing a conmpound of
formula (V). In sone enbodi nents, suitable oxygen protecting groups for R3
i ncl ude acetate groups, ester groups, benzyl groups and benzoate groups. In

sonme enbodiwghserssyl t abl e oxygen protecting groups fopchésiongdibyde silyl
groups. In sone enbodi nents, suitable oxygen protecting groups for R13

i nclude silyl groups. In sone enbodi nents, the protectionsof woxygen by R13
results in redom nantly cis-olefin uct, where FRiB%%’ s a
hydr ogen, @%ﬁﬁeddniH%HFP?éPV§W§mB¥é$?ﬂgﬁgqp8aﬁ?ﬁ$aﬂﬁ9§%nee odi ments, the
ci s ol ef i Nrepesdisef @ubR®bond WRerR AR B4R BROLE 208 4 QikIbSifion, frelatileitb t _

n sone enbodi nents, e doubl e bond represente ---/ represents
[ 0063] | nmbod t t he doubl e bond p ted by \ / p t
a doubl e bBFE°RRFkere the substituents are situated in a cis position,

relative to each other. [0064]1n sonme aspects, .the present invention is
directed t@%dt hods ¢ same2oREdHE) the RIGIFELIKAIGR lsf%WFﬁﬁflEP ("ﬁi?és @Rﬂ?‘i"%}%? wher ei n
R and R2 @nfo8REEr fonslaRemgent |y selected fromthe group consisting of
hydrogen, Cl.6 al kyl, C3.6 unconjugated al kenyl and C34 unconj ugat ed

al kynyl; R3 is selected fron1th§§%ioup consi sting of hydrogen and a base

st abl e oxygen protecting group;q s selected fromthe group consisting of
hydr ogen and a base stabl e oxygg otecting group; Rs is selected fromthe
group consisting of hydrofe e “v.mherein.ﬁg i s hydrogen or a base

st abl e.oxygen protecting gro romthe group consisting of
hydr ogen, hal ogen, -012.1" 43 onj ugated al kenyl, C3.6
unconj ugat ed al kynyl , C1. &shal oal k and - NR Rf wherein 14 is
hydrogen or a base stable oxygéﬁopr group, wherein R4 is selected
abRyd , C2.6 al kenyl, C2-

OR44 (VD)
wherein R; and R; are each independently selected from the groﬁp consisting of
hydrogen, Cy. alkyl, C;. unconjugated alkenyl and Cs.¢ unconjugated alkynyl;
R; is selected from the group consisting of hydrogen and a base stable oxygen
protecting group;
R, is selected from the group consisting of hydrogen and a base stable oxygen
protecting group;
Rg is selected from the group consisting of hydrogen and -OR, wherein R; is
hydrogen or a base stable oxygen protecting group,
Rq is selected from the group consisting of hydrogen, halogen, -ORs, Cy.6 alkyl,
Cs.s unconjugated alkenyl, Ci.¢ unconjugated alkynyl, Cy.¢ haloalkyl, -SRq4 and —
NRRs wherein Ry, is hydrogen or a base stable oxygen protecting group, wherein
Ry is selected from the group consisting of hydrogen, Ci alkyl, Ca. alkenyl, Ca.
¢ alkynyl, C,.¢ heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3
heteroatoms, and Cs_y aryl and wherein R, and Ry are each independently selected
from the group consisting of hydrogen, C,. alkyl, Cy. alkenyl, Cy¢ alkynyl, Ci¢
heteroalkyl, 5-7 membered heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.y
aryl or a base stable nitrogen protecting group; and
Ryo is selected from the group consisting of hydrogen, halogen, -OR., Ci.¢ alkyl,
Cj3.5 unconjugated alkenyl, C;.¢ unconjugated alkynyl, Cy.¢ haloalkyl and C.¢
alkoxy, wherein R is hydrogen or a base stable oxygen protecting group; and
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6 al kynyl, Cl1.6 heteroal kyl, 5-7 nmenbered heteroaryl conprising 1, 2 or 3
het eroatons, and C94 aryl and wherein R and Rl are each independently
selected fromthe group consisting of hydrogen, Cl-6 al kyl, C24 al kenyl,
C2. 6 al kynyo 2bsi-84192l kyl, 5-7 menbered heteroaryl conpei/gsngsoiss® or 3
het eroatons, and C6.7 aryl or a base stable nitrogen protecting group; and

Rig is selected, fromthe gr.oup copnsi.sti.n hydr ogen . , -OR,, d _s
al kyl, C34 uncﬂﬁfﬂ'& léa’f‘a‘igﬁéw@?lfen‘&%lﬁly6‘?%8%%‘}%’%%%‘@%@%%"y“ﬁﬁ"?%gfrom kyl and
Cl4 al koxy, whdiygiogenlahd d kasdstalilo gerpen proteciag grompady|Ra; andyRyearepalehect i ng
group; and R11 and R12 are each independentl.y selected fromthe group
consi sting of H%ﬂ%@@’négﬂa%dn%’éc@ Edgfegeg?cé"@%%}é’rﬁswc&%g%i ng group; or Rl1
and R12 are taken together to form menber ed het erocycl yl di yl of
structure (a): Rig R0 (a); erein Rj9 and R20 are each
i ndependently selected fromthe gr nsi sting of hydrogen, Cl.6 alkyl,
Cl. 6 hal oal kyl, C1.6 al koxy an®™pRenyl ;/ or Rig and R20 together represent a
fluorenyl noiety of structure (b):2%(b R)Q6511 n some enbodi ments, suitable
conditions for formng a conpound cc?f fermula (VI) are suitable basic
conditions. In sonme enbodi nents, sui tabRrooer?ii tions for formng a conpound
u

of formula (V) include t-he use of a pall adi ‘catal yst. Pall adi um catal ysts
can be used in or gamhereghRmiasd Ry aredch iridepanderthycsstenisd fomy tho srovpnd

formation, e.g.. by ' [ d d et ,to forma
pi - coor di nat ed c%%%‘l“é)%%ﬁf@%})‘l g?ilél%é{??‘ésgl ur%ﬁ(ejgfg{rﬁfg{%?lgﬁd Hl:?gg,’ but are not
linmted to tetraakRg(tbgdticheepyréspitasthivreny) maickoefi strét@ie, (bpal | adi um chl ori de and
pal | adi um(H) acetate. In sone enbodj nep suitable conditions for form ng

a conmpound of formula (V) includ cl Bl i ng conditions. In sone
oY /ns include, but are not limted
@- d triflate with an al kene and a

enbodi nents sui tabl e Heck coupki ng
orm a substituted al kene.

to the reaction of an unsat urated
strong base and pal |l adi um cat al yst
A {ynt hesi zed by reacting a conpound of

[ 0066] Conmpounds of fornula (VI)
formula (1):

(b).

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

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

[0066] Compounds of formula (VI) are synthesized by reacting a compound of
formula (I):
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R30 OR12 OR11(l) with a conpound of formula (I1l): RLO(IIl) wherein Y
is a halogen or atriflate (-0-802CF3) under suitable conditions, such that
a conmpound of forrmula (VI) is formed. 10067] The conpounds of formula (1)
and fornul av@ 2dop7s8i&n have varyi ng stereochem stries aPCERESHWIRNB4%] car bon.
In preferred enbodi nents, the conpounds of formula (1) and forrmula (I11)
have a specific stereochemstry at each crral carbon. Accordingly, the
resul ting conmpound of forrmula (VI) can haye varying stereochem stries at
each chiral carbon. For exanpl e,'\j nRs@ue enbodi ment's, the conpound of
formula (M) is a conpound of for b) : R4 R1 \ R30/4,
,) R2/\ COR12 ORi WD 2009/ 075818RCT1U 8/ 013498 [ 0068] Suit abl e
protecting groups vary dependi n&Rike of the reactions t aki ng
pl ace, e.g., the suitable conditions f RHrodgﬁing a conpound of fornmula
(VI). In some enbodi nents, suitable oxygen pro¥ecting groups for R3 include
acet ate gr agtha.co@pbheid offetinga (IMeNzyl groups and benzoate groups. In sone
enbodi ments, suitable oxygen protecting ,groups for R4 include silyl groups.
Sui tabl e protecting groups (oxygen angd&kor nitrogen) for the substituents of
Rg, RO and Rio (i.e.,Rb-Rg) will be @epeRdent upon the resulting
substituent. For exanple, undegthe guitalle basic conditions of the
reaction to produce a conpound of Ml a ©vVI) wherein RO is -NReRf, Re and
Rf can each independently be a sui base stable nitrogen protecting
group, e.g., BOC. Simlarly, umRiEr ¥ i t abl e basic conditions of the
reaction to produce a conpound of faggula (th)wherein RO isRI, can be a
sui tably base stabl e oxygen

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

under suitable conditions, such that a compound of formula (V1) is formed.

[0067] The compounds of formula (I) and fc-n‘mula (III) can have varying
stereochemistries at each chiral carbon. In preferred embodiments, the compounds of
formula (I) and formula (IIT) have a specific stereochemistry at each chiral carbon.
Accordingly, the resulting compound of formula (VI) can have varying
stereochemistries at each chiral carbon. For example, in some embodiments, the

compound of formula (V]) is a compound of formula (VIb):

(Vib)

(Ib).
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protecting group. In sone enbodi nents, suitable oxygen protecting groups
for RI3 include silyl groups. ;Ns [0069]1n sonme enbodi nents, the double
bond represented by-/ represents a double bond where the substituents are
si tuat ed | wwa@zoe/grspesition, relative to each other. [08Z0BwoBWRsaspects,
the present invention is directed to nethods for maki ng a conpound of

formula (1M, e,R10 ORi i (). wher e e endently
sel ected fﬁ%ﬁit he 5%6‘&%"%%%%‘%%‘%@ %BU%CTV ?ﬁ%&%ﬂg %% gamfekéﬁﬁe r&g

unconj ugat waking plees)\lg. aﬁujsu%ISCmmidIﬁiﬂslﬂ@qk@ﬂlcﬁiglﬁ)wmbbmﬂtﬁ' famdxlaF{WIarIe each

I ndependent |y sel ected fro roup .consisti.n dro halogen Cl-6
ko g R eriso S R R POt GO BT T G M Pophony ] and
benzyl Whtep igfoubk) @efdye pivhipindlbeibple g@biehsS Ubsdnic dmitddinidntd)sidtable, 2, or 3
substltuents | ndependent |y selected f.rom hal ogen, hydrox Cl.3 al kyl,

and NH2; OY<YEED BlecEg grpwpsiandaringladesilyd grofps. HSuiiak °B%PFT?8H§gWPM| ch they are
at t ached t@xﬁgeh%@oémﬁogﬁmwuga&eéﬁm% @amp@wmm willbe R7 is

sel ected fromthe group consisting of hydrogen and - erein Rais

hydr ogen ofependsatepoa thayewlingaybriitgnmtt Berexergplgr wdp, th%mtaéle@éflect ed fromthe
group consl.akiidgs &f th@%gétﬁ))g%‘ B}%Bgce D& pMiRd 6 Brittla [P1) WHRPRNIsARRR pase

st abl e oxygen protecting g
.~ Reand Ry can each mdependently 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 Ri3

include silyl groups.

e
[0069] 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.

[0070] In some aspects, the present invention is direcied to methods for making a

compound of formula (IV):

av)
wherein R, and R; are each independently selected from the group consisting of
hydrogen, C, alkyl, C;.¢ unconjugated alkenyl and C3.s unconjugated alkynyl;
Rs and R¢ are each independently selected from the group consisting of
hydrogen, halogen, C, alkyl, C;. alkenyl, Co alkynyl, C,.¢ haloalkyl, Cj.s
alkoxy, pheny! and benzyl, wherein the phenyl or benzy! are substituted with 0,
1, 2, or 3 substituents independently selected from halogen, hydroxyl, C,.; alkyl,
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RO is selected fromthe group consisting of hydrogen, hal ogen, -ORb, Cl.6
al kyl, C3.6 unconjugated al kenyl, C3.6 unconjugated al kynyl, Cl1.6

hal oal kyl , -SR, and - NReRf wherein Rb is hydrogen or a base stabl e oxygen
prot ecti ngwyy moggrssmBerein Rd i s sel ected fromthe groupCUUMRYPSM1B49g oOf
hydrogen, Cl.6 al kyl, C2.6 al kenyl, C2- 6 al kynyl, Cl-6 heteroal kyl, 5-7
menber ed heter COMIL SN 0 LGy ardr Yyl and
wherein Re and%g?%?fb&g%&?ﬁggé% etﬁ%ﬁt}gérggt ?E:et%}ﬁﬁg%tﬁ:e gryoalrjp consi sting
of hydrogen, Chttéched lo/foym €2-Gmainkenay unco@iig@led bachonyklic @1g:6 het er oal kyl , 5-7
menber ed het ergar.y| rising 1. 2 Qr. r0at Ons /.aryl or a
base stabl e ni %6%%3#%%[0Oéncéhle%{gougrcgﬂsps;ungr?gﬁiﬂgﬁ&lggg gz?%g?g%{g?ﬁ%@t he group
consi sting of hydiogeresr,a Hasd sigide pxygeRprotlinggmigyyl , C3. 6 unconj ugat ed

al kenyl, C3.6 ypconjugated al kynyl, Cl.6 | pal kyl . - 6. al koxy, wherein
Re- 1 5" hydr ogen i SR8 &R BeEtovlopating ob PulPchynd 208 TRt td and Ri2
are each i ndepeiydepéd of atakestie ofygempiditigg gtopp,consi sting of hydrogen and a
base stabl e oxygen protectin roup; .or Ri nd Rl2 are ken together to
forma 5 msrrbery]gds'f? @F’g@?'t’ihgIgg‘iuylcoﬁ“"\“"t’é‘ﬁroﬁE’t’cﬁ?@n%‘?gefl&% ! tu@Q’F\’ZO (a);
wherein R19 and:3§2:9c@5@a@amehﬁg@p&ﬂ@gﬂhgafe@aﬂkﬁgt,eq.ﬁhaleﬂmylbesmraﬁwp
consi sting of hydrogen, Cl.6 alkyl, G .6 haloal kyl, Cl1,6 al ko% and phenyl,
or R19 and R20 %eWh‘E?ereﬁ?bﬁ?ﬁe“é”ﬁlb%rs@ﬁlﬁl°W6‘fr”el%’9t36‘fngs%r?% tFE(b) :
(3). [0071] Compouagdsectl Hfof i lafouplc¥hsi@ing O?Hf{tf.rgé‘ei' éﬁ,dallé%ﬂ, CoMkMyN T, 2

h dof formula (Il

conmpound of forrmula (I) with a conpoun or a conpound of

fornula (111) untenylstigherealidntt tmeshsredhgterprary] gpmprigpgpol®ic® of formul a
(Iv) is formed. {;&ER n f r § f (rren)
are those |ist ehé a 03‘53 g-lﬁin@srqe atalgglr‘lﬁ]te%hr%%e%gm%géﬁi%?ﬁéggeﬁtgtf%é@%f

fornmul a (V) andrdmothengtoap cotisisting of bydregennt oditkdn€se alkesorh Sve dkyeyl, €ier nul a
(I'V) are synthesj z : Lo . Of I i a conpound
of formula (I1 ?’%{SF"%Q‘Y%%%%HQS?g?%‘?%%%ﬂ% ldfrzlg’é ?%gﬁf({ag%ﬁmé cd(}r:lsd" itions,
such that an alapflar & basestabidindttegenprbtectiog gpoaprmhdof fornula (1V) are forned.

I n sonme enbodi nents,, the.al pha-internedi ate i.s Q nd,of~ f la (V).
In other  enbodieiictie e ESate ar Faphliafbihiiosty SBRREOR GBI 7. iy
[0072] I n sone alhadionpighted alkesyls@nd iesnjagaéd diomybh g haloblkfloadd,z (1V) is
not limted by inclusion gf. all _three ecific starting conpounds (L e.,
Corpounds of t aratersn Rt isygrooh pry SR G0l el LT B s s | ong
as conpound (I)R;| snd e @8chintiépenténigiscleaapoomdhd grbup eonsBangpefund (111), the
remai nder of tﬂg synt hesi s ma%bgroceed via a route thatdnlgoes ot

speci fical l'y i MYAIFAEN 34 Bass $1able BRARSH REPISCHRE B1oYP+YIRy! 2793 affd@Mbodi nent s,
the conpound ofodeffeftdl Bk bk hémbRari@doclyiiiying seesimeys)d of formula (11) to
forma conpound of formula (V), which is subsequently used in the synthesis
of a compound of formula (1V). In other enbodi nents, the conpound of
formula (1) is reacted with the co und of forrmula (111) to forma
compound of forrmula (VI) , whi I equently used in the synthesis of a
conpound of forrmula (1V). [007 enbodi nents, the synthesis of
conmpounds of formula (1V) is limt el usi on of all three specific
starting conpounds (L e., conpounds of Yormula (1), formula (I1) and
formula (111)). That is, in sonme enbodi M&At s(a);t he present invention

i ncludes a nethod for_makin conpound of f.or I | Sing

conbi ni ng a conmpound’ hgﬁgmfh%)‘f" %ﬂ?gz"(a{r?eﬁ}t“h& enggntwﬁﬁaggﬁopﬁ&gﬁdg%(l ) and a
conpound of f orcongisding bf hydrogend€r.s skl @ lealaatitydli @, isalloxy and phenlhbr Bisconpound

o 0 2 1V PSS A8 o SRS o e compound
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compound of formula (1l) to forma conmpound of fornmula (V), which is
subsequently reacted with the conpound of forrmula (l111). In other

enbodi ments, the conpound of fornmula (1) is reacted with the conpound of
formul a (1 WO200m07818m a conpound of formula (VI), whi cRCT/ESHMIMAGsIent |y
reacted wi.th the conpound of forrmula (I1). [0074] Suitable protecting groups
vary depending on the nature of the ressFions taking place, e.g., the
suitabl e conditions for producing|é&cg d of formula (I1V). In sone

enbodi nents, suitable oxygen p?%g *%\ pups for R3 include acetate
groups, ester groups, benzyl group pH—tenzoate groups. In sone

enbodi nents, suitable oxygen protes

g groups for Re include sily'l gr oups.

Agai n, suitable protecting groug dygen and/ or nitrogen) for the
\ Rb-Rg) will be dependent upon the

substituents of 11/4 R9 and RI10
resul ting substituent. For exanp nder thgysuitable basic conditions of

the reaction to produce a conpound of formula (V) wherein RO is -NReRf, Re
and Rf car0®4th i ndepapelads pffopaula (Biaresynihegizeddbystoatbinings ¢9eRfaAd pr ot ect i ng

roup, e. Ml i.tal uﬁg&i i of the
?eacltoi on ?’gfoﬁg% I?b:éﬂ%%d&oun%%@h?@?m%}a(%ﬂp% er efl&rrlﬁﬁRgHFsshﬁé%b Rb can
be a sui t ahitapldrmaditignsabhch that pgemppumitaf dorimwip @V disdornied. Compoendsedli nent s,

sui tabl e t r i S| . and/ or ester
aroups. or STST Ok FgEA0 thEkSERA diflard o RE RS e BBE DO O
formul a (\énthsib df osmpdumdé v Jormula €V arifornnds (BF). frosomel embobimentsor mul a (11)
and formula (111 n ha varyi .Stereochenm stries a ch i,ral carbon.
o of or cabatfbal HEne (RO SaRistd S tpRaratraft o MG {1 | T ang
fornul a (Idilh)a ddaipousi SiTeminil AT @ cemphaRrl of ttsynudd (IBpedlechiible car bon.

£t or cocharb Bk tabariph PAPEFB B & FOFPaRA g ma P Ot Hbbd: ment s
t he conpouRsbd erhiViai#nds, (He\JpHaSnRrrE g isntotipofudt! shfbanid M3) In Beed 25 RL 0
OR12 OBI(IVa). That is,_ the conpound of for can be a compound of

. [ pou la (]I
fornul a ( 1Epodigsnigdbe alphastptepse telsv\@fzmﬂgg%&lsb 2008/ 013498 [ 0076] The

various substituents on each of formulae (I)-(VI) can_be pr nt in
[0072] In some embodiments, the synthesx(s o)f Ct()mpgunds of E)rmlg)la ?I is not

limited by inclusion of all three specific starting compounds (i.e., compounds of formula

(D), formula (II) and formula (IIT)). That is, as long as compound (I) is reacted with

- either compound (II) or compound (II1), the remainder of the synthesis may proceed via
a route that does not specifically include the third compound. Accordingly, in some
embodiments, the compound of formula (I) is reacted with the compound of formula (II)
to form a compound of formula (V), which is subsequently used in the synthesis of a
compound of formula (IV). In other embodiments, the compound of formula (I} is
reacted with the compound of formula (1) to form a compound of formula (VI) , which

is subsequently used in the synthesis of a compound of formula (IV).

[0073] In some embodiments, the synthesis of compounds of formula (IV) is

- limited by inclusion of all three specific startiﬁg compounds (i.e., compounds of formula
{D), formula (I1) and formula (1I1)). That is, in some embodiments, the present invention
includes a method for making a compound of formula (IV) comprising combining a
compound of formula (I) with a compound of formula (II) and a compound of formula
(II), under suitable conditions, such that a compound of formula (IV) is formed,

Accordingly, in some embodiments, the compound of formula (I) is reacted with the
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any conbination. In sonme enbodi ments, Rl is hydrogen. In sone enbodi nents,
R2 is hydrogen. In sone enbodinents, RL and R2 are both hydrogen. In sone
enbodi ments, R5 is hydrogen or a C1L 6 alkyl. In sone enbodinents, R6 is
hydr ogen owoee0®107881&l kyl . I n sone enbodi nents, R5 and FEI/HS2808443498

I ndependent |y hydrogen or nethyl. In sone enbodinents, R5 and R6 are taken

toget her tQnf80MR & femfiIABRE 15 AMniuHY8f Ren BB TPR WHdH if subsdfentB: 9-
cycl opentyl, "unconj ugat ed ‘cycl opent enyl , cycl ohexyl or_ unconjugat ed

cycl ohexerfgicted withsibgsompeyrdioffarmyla (@) Is ofipr ebediments. fhakomppind iy some
enbodi nent | K | RO is -ORb or
PR R 1Ty O) SRR ol Detormbh GRTE (BEPREHIRINS of B e

enmbodi nentiormtg (Y1, winlbirfsubsequestlyrecagiet) adibrtbqrecrnpound of formylalKldgen or a Cl. 6
alkyl. In some enbodi ments, Rf is hydrogen, a C..6 alkyl or a base stable
ni trogen pP84dct i ng Syitahlpprotentinggreupsisncdspendisg oRdbe ngtug of gheaiepapions e, g. |

met hyl - or tﬁlhﬁ%blg}:%g%i,%en%ugtaﬁg{?&n%%%ﬁ% rp?o&%%ﬁa% fgcg@gi)%mf%mﬁ;g@; of,ecting

group. In so 01Ss ogen. e prese nvention is
based, at somasmbbdimsarsi suiteble bhyges pniteating gfouph for 8 anchelehestats groppat t he

carbon indigated belowin formyla (V): Re Re R130 .\ Qf. {{ OR 12 OR
ST andelf bRl BapBheprcind e Ret el FProlemeshimsm ikl T
previ ous netybansoeétidfeqronpdot Rdndodgpalyhgioupd. Aginywhisablel protectingegrqupepar at i on
of this fragnment affarded :2 mxture i he and Lsoner.s of formula
(V). It wa‘gg%g&ﬂi &WF??“&@F@?%“H%H“W (Efﬂ%- a@éi&w "I"'ﬂg‘é':@o‘?’ %hat the a and
0 isoners depadaitghon dRtrbsaititisl subdtititint. YF &l elsmpib aimdersthél suitable besis ubsequent
synthesis of .the fjnal nacroli ge product . thir eéa%e, in the duction of
compound *PBAitigRsARELhe raction o grofuseasopoupst of franila (N srkarenRs i 5 fa (V)
wer e: R. and Ry 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 (V1) wherein Ro is -ORy, Ry, can be a suitably base stable oxygen

protecting group. In some embodiments, suitable oxygen protecting groups for Rj3

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

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

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

R, @ Rs $~R5

OR11 (va).
That is, the compound of formula (II) can be a compound of formula (I1a), as described

above,
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) T TBSOBSO MPMD/ """/ MPMD41/ 4/ LCOR 12COR. 12 OR11OR a the yields obtained

from subsequent reactions are shown below in Table 1. Table I: Yields of
reaction steps in the production of conpound 010 Stage a isomer yieldst p
| soner yi ektpioostessasCoupl i ng 75% PCT/US2008/013498

[0076] The various substituents on each of formutae (I}-(VI) can be present in

any combination. In some embodiments, R, is hydrogen. In some embodiments, R, is
hydrogen. In some embodiments, R and R; are both hydrogen. In some embodiments,
Rs is hydrogen or a _

C, alkyl. In some embodiments, R¢ is hydrogen or a Cy¢ alkyl. In some embodiments,
R; and Rg are each independently hydrogen or methyl. In some embodiments, Rs and Rg
are taken together to form a 5-6 membered unconjugated carbocyclic ring, e.g.,
cyclopentyl, unconjugated cyclopentenyl, cyclohexyl or unconjugated cyclohexenyl. In
some embodiments; Ry is hydrogen or hydroxyl. In sbme; embodiments, Rg is hydrogen
or hydroxyl. In some embodiments, Rg is -OR,, or -NRR¢. In some embodiments, Ry, is
hydrogen or a Cy.¢ alkyl. In some embodiments, Ry is -NR.Ry. In some embodiments,
R, is hydrogen or a Cy.¢ alkyl. 'In some embodiments, R¢is hydrogen, a Ci.s alkylora
base stable nitrogen protecting group. In some embodiments, R, is Cy-¢ alkyl, e.g.,
methyl or ethyl, and Ry is hydrogen or a base stable nitrogen proteéting group. In some

embodiments, R pis hydrogen.

[0077} 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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60- 65% Et hyl ati on 82% ND* TBS C eavage 75% 42% * Macr ol act oni zati on 76% 20%
*** Phenol Protection 99% ND MPM Renoval

WO 2009/075818 PCT/US2008/013498

In previous methods of forming the compounds of formula (IV), the preparation of this
fragment afforded a 1:2 mixture of the o and B isomers of formula (V). It was
additionally determined by the present inventors that the o and B 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 & and p isomers

of the compounds of formula (V) were:

m","”

uull""

the yields obtained from subsequent reactions are shown below in Table 1.

Table 1: Yields of reaction steps in the production of compound 010

Stage o, isomer vieldst | B isomer yields}

Heck Coupling 75% 60-65%
Ethylation 82% ND*

TBS Cleavage 75% 42%**

Magcrolactonization 76% 20% **+
Phenol Protection 99% ND
MPM Removal 98% 86%
PCC Ogxidation 81% 82%

* The ethylation reaction generated an ~ 1:1 mixture of the desired product and
an elimination product. The 2 materials were not separable.
** Yield of the TBS cleavage reaction is based upon the 1:1 mixture mentioned

above.
*** The yield of the macrolactonization reaction can be improved to 63% by changing to

lithium bis(trimethylsilyl)amide.

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

produce not only a higher yield in subsequent reactions, but also a purer final product.
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98% 86% PCC Oxi dation 81% 82% * The ethyl ation reaction generated an - 1:1
m xture of the desired product and an elimnation product. The 2 materials
were not separable. ** Yield of the TBS cl eavage reaction is based upon the
1: 1 m xt ur ayoenbssesd above. *** The yield of the macr ecaasmnseatison
reaction can be inproved to 63% by changi ng to Iithi um

bi s(trinmet I 1yl) e soner

t he conpouml’lgrf formsgﬁf\}gﬁg&?& “8"% ﬁ(?sc%ﬁtc es‘g‘s%ees}i’ |n§a nunber
of the subﬁeqofeahunmaemuu)mﬂusts,setgp@mpbbnctsc}féwnnuld(éil)aI i m nati on byproduct

whi ch occurred in the ethylation of the O isomer is indicative of not only
a significant loss in yield, but ' ‘

separate. Accordingly, and w thoy” wicshing tq be bound by any particul ar
theory, it is believed that ghe ¢l imppatigpwof the 13 isomer of the

conmpound of formula (V) woul onl y(a hi gher yield in subsequent
reactions, but al so a puwrdesing | C, ND-2009/.075818PCT/ U52008/ 013498

[0079] I n sone embodi ment® e co fds and Jconpositions are substantially

Re L

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

elimination product represented by the following structure:

[0080] Accordingly, in some aspects, the present invention is directed to method
for making an alpha-enhanced composition comprising a compound of formula (V). It
was determined by the present inventors that an alpha-enhanced composition can be
obtained by using starting materials having the appropriate stereochemistry.
Accordingly, the alpha enhanced composition comprising a compound of formula (V)
can be formed by reacting a compound of formula (I) with a compound of formula (II)
under suitable conditions, such that an alpha-enhanced composition comprising a
compound of formula (V) is formed. Similarly, in some aspects, the present invention is
directed to method for making an alpha-enhanced composition comprising a compound
of formula (VI). Such an alpha enhanced composition can be formed by reacting a
compound of formula (I} with a compound of formula (11} under suitable conditions,
such that an alpha-enhanced composition comprising a compound of formula (VI) is
formed. In some embodiments, the compound of formula (I} is a compound of formula

(Ib):
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In some enbodi nents, the conpounds and conpositions are substantially free
the elimnation product represented by the follow ng structure:

[ 0080] Accordingly, in sone aspects, the present invention is directed to
met hod f or woloaigse® al pha- enhanced conpositi on conpri ecrgsmoszaspsund of
formula (V). It was determ ned by the present inventors that an

al pha- enhanced conposition can be obtains@, bS, using starting materials
having the appropriate stereoghem stry. ccord|ngly, t he al pha enhanced
conposition conprising a conp% d B#O4,ormul a (V) can be fornmed by reacting
a conmpound of formula (1) with conpo nd of fornmula (11) under suitable
condi tions, such that an al pha-gqhanc conposition conprising a conpound
of formula (V) is forned. SinRfarlMy—n Obne aspects, the present invention
is directed to nmethod for making an a -enﬂggced conposition conprising a
conpound of forrmula (VI). Such an alpha enhanced conposition can be forned

by reactl conmpound of for ou f of la (111)
under sui tg‘fﬁqé condﬁ‘]‘mfﬁ?m 2y OPFFaatI al??sﬁfrﬂﬁlﬁasg%ﬁt &Eé?fgglg?t i on

conpris :j ng]{ﬁ%aﬂﬁﬁnﬁtl bmd:dgaftesfc@ﬂi Basistlatcd) s%j:cllz fﬂ)a]t: Sirdimel chh::m?)ﬁdgm)h?ﬁbﬁniﬂemimt s, / t ?e
conpound o ornu a 'S ound o or R30/") R2
CORL2 ORi thq fymthesty pie mptigli e 1%@%?%%@ éﬁg’ %A’Hz%sf@amoa%%lsw ast in
part, on tf&%uﬁ@@V),hﬁﬁEro% M%Bﬁbtbgﬂaﬁmb phefemdhaies néled Rereme0t at ed, such that
m ni mal chromat ography is needed in the synthesis of the naErollde product .

I n previ ougpwitissotfeeots: fWﬂﬁ%@ﬁé%Wéﬁﬁtﬁ’thloﬁﬂrmll%D (Aogprdi us

chromat og Cwiith td%ﬁ@ﬁ Bri@eH bohy? ifi€HMEeed tHRURL SlifRatidnSee, €. 9.,
WO 03/ 0764@%%@1?%1 % hs [109359%’11119D Acgf)fr)dllngl y, and wt houti:“vvl shing to

be bound Wclynytaqgampmeateasthhmmname af $heyrprapyiets PuRBtandhe el i mi nati on of
chr omat ographk fendbfPSotth bp/ded ik SRANGELO findi RaciMAE pRIGLAL € purity and

[0082) Accordingly, in some embodiments, the compound of formula (I) is

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

chromatography.

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

a protecting group, such that the protecting group facilitates crystallization. When the
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stereochem stry would i nprove the yield of the-final macrolide product.

[ 0082] Accordingly, in sone enbodi nents, the conpound of formula (1) is
crystalline. In other enbodinments, the conpound of formula (Il) is

crystal | i ngvo tooe/@ksil ot her enbodi nents, the conpound pér/ismoediaeg| 11) is
crystalline. In other enbodinents, the conpound of formula (I1V) is produced
i n subst ant@ifidbRUnSoE A Fpbyich AiubbOiRieMSRpe fthE oREBI OGO aPENA thdnbeot her
enbodi ments; the conpound of fornmula (V) 1S produced In substantially pure
form wi t hoe®ovdde use of chromatography. In other enbodinments, the compound
of formula (VI) is %roduced in substantially pure formw.thout the use of
chr omat ogr[ﬁéﬁﬂ]. [ 00897 axample, ithjt Meshirg 1 b bt by any parcyRpBGH> 1S f or nul a
(V) and/ orychiBgedGRABRNARIAL nLoRlediel Hhis info 6ok iidhd dfiFe mblecited df e
appreciated by the skilled arti'san that the crystallization of

i nt er medi gressnidoesntipn tanfecilititeanrystalligstionceg), tofdrenting a Sajoyably interactien ent | v
Accor di ngl i ogli . t j : npound
Formul & (sl AR SR EhRTRE e dh She) B Lof R, S0 G0 inetRe ROTPO

i nt er medi aheinteAactios efithh pi-erbitalst Bhis phenonienoy man b ieferteiddo andi-ctpsking.éfers to

conpounds .af f.ornul a and/or _f.or qul V, I i i fied such
Charthey Tes B FpbolmBREfmbBOTH & dheplotidh EimpRY R EEDERY | |
reacti vit wings, whitis@e ugnblerof aitthakings tle peme Bmbodimeanty| ths ricgspopristsoref -
formula(V) and/or fornula (VL) can be nodified at .one.of theg pendent
oxygens wi¥ARALe Fibstitueats gt %?‘Mﬂﬁp‘ﬂﬂ?ﬁmghg?r TREP r%‘t’s&clkf“ﬁdmd'ﬁ’c?up facilitates
crystal | i zahiesd by\werididdainge Withldissinika bleeraiatingacicsistesib.gy etk élactmubsequent
st eps, the_ogrpt ectl ng group can géhgn be rem)\i)ed :{00 4;3For e arTEI e, W thout
wi shing t JiBEMESRA AESIECHYRISH Hrgy Sysh HingsSay bejchoges, igr pramply bpyvd

i ntroduci Ngoh MR FQRhGREEhiK EIBGfoni dehRiRR0Ws aiBbeelefronathiarivasgl es of the
present invention can facilitate crystallization, by creating a

. . e.g.
f avor abl e 8toHRsr ABatils theesrpesyPielsstrpmdonating groups Wi picdlAeRdes A TREN be, for
exanpl e,  shée KieBPorRficH, Mierchd @8 pldhck 8f L1B&ronhid{dRRiih® Brofips wWiPypicalyf bi tal s.
Thi s phenonenon may be referred to as "pi-stacking.”™ Thus, in some
enbodi nentrender pangBIoECalecErOngoOX. Hixemplasy elegFoncdonphnEgroeRidnd vl bf#f%ed ri ngs,
whi ch ar € (aRRRLED- POISIGRINI, -NH), Sfids, 0RO BROL%e.o! BindlledOs compri se
one or nore substituénts’that facilitfate pi-stacking. %pr exanpl e,
pi - st acki radkyeyphsrylemdnps eedicdnjugpicd wikgnyls Exemplanyjclagtron withdriawing el ect roni ¢
characterigsti ' Olahl Sl RGR.and e .ehection- poor ring).
Such ri ngsg§ %%%?%cg@dg%ustg%f’h%{ glrrﬁgig)hpr}\l—mgz,’ géémsp’og’cgﬁémgrpg’sg%e of certain
el ect ron derbatylrgoups dups-Col/ -QOR HEQQd mdv-COAR mdIplageoups. That is, the
presence of electron donating groups will typically render a ring nore
el ectron- r[pe85] wher enidemipdisets theatyssillizableanalog vhite sampopngrobups wi | |
typically yendep,a. ring more.el ectron-poor. Exenplary ‘el ectron donating
gr oups incf{)%fle?f‘gdfag? onuélfiolfl?om fé‘c&?%‘-O', SOH, -OR -NH2, -NR2, anides,
-OCOR, alkyls (e.g., branched al kyls), @henyl groups and conjugated
al kenyls. Exenplary el ectron w thdrg@aw groups include, but are not
limted to, -NO2, -N113+, -NR3+, nit&4+&, -CF3, carbonyl groups (e.g., -COH,
-COR, -COOH and -COOR) and hal oggs@®. [0Q85] I n sone enbodi nents, the
crystallizable anal og of the ﬁpﬁpo#rgj off formula (V) is a conpound of
formula (VII): 3
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e.g., formula (MI"): (M1"') wherein Rl and R2 are each i ndependently
selected fromthe group consisting of hydrogen, Cl$ al kyl, C34 unconjugated
al kenyl and C3.6 unconjugated al kynyl; R3 is selected fromthe group

consi sti ngwal 2000¢ts8agen and a base stabl e oxygen prot echerrgsgosaupps RS and
12.6 are each independently selected fromthe group consisting of hydrogen,
hal ogen, C1,6 I .6 al kenyl, C24 al kynyl, Cl.6 hal oal kyl, Cl1-6

al koxy, phé%??ﬁ&ﬁ%(ggﬁgyl, wherein the phenyl or benzyl are substituted
with 0, 1, 2, or 3 substituents indBpenffently sel ected from hal ogen,
hydroxyl, Cl.3 al kyl, and NH2; or R6 are taken together with the

carbons on which they are attachgd m a 5-6 nmenbered unconj ugat ed
carbocyclic ring; R, and R12 _are'ach ipdependently selected fromthe
group consi sting of hydrogen t abl e oxygen protecting group; or
Rii and R 2 are taken together q formfa 5 nenbered heterocyclyldiyl of
structure (a):-JlI AWP R20 (a); erein Rg and R 20 are each
i ndependently selected fromthe g 15ting of hydrogen, Cl-6 alkyl,
Cl4 hal oal kyl, Cl4 al koxy and phenyl, Ri g and R20 together represent a
fluorenyl noiety of structure (b): "Iy

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

hydrogen, C1.¢ alkyl, Cz ¢ unconjugated alkenyl and Cs.s unconjugated alkynyl;

Rjs 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, Cy.¢ alkynyl, C;. haloalkyl, Cy.¢

alkoxy, phenyl and benzyl, wherein the pheny! or benzyl are substituted with 0,

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

and NHy; or Rs and Ry are taken together with the carbons on which they are

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

R11 and Rz 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):

R0 (a);
wherein Ry and Ry are each independently selected from the group
consisting of hydrogen, C, alkyl, C haloalkyl, C;. alkoxy and phenyl, or Rg

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



(b); R13 is a noiety of formula (VMIII): ORE (VIII); and R14, R15, RI16,
R17 and R15 are each independently selected fromthe group consisting of

1, NO2,-COH, -CQ(Cl.4 alkyl), -00C1, -COOH, -COQ(Cl4 alkyl), -NR3+,

-S0311, ni g Jeeoe7sdek3 and hal ogen. [0086] 1 n sone enbodpemBoswes/oRBios s a first
aromatic ring containing oxygen protecting group, e.g., a benzyl or benzoyl
substituted with 0, 1, 2 or 3 substjtyents independently selected from-CH,
-0(Cmal kyl ), -NH2, -NH(C1-4alkyl), yl) 2, am des, -000(Cl 4al kyl) and
(Cl.4alkyl). [0087)In some enbodi_er ¢ crystallizable anal og of the
conpound of forrmula (V) is a cgn‘p ormula (VI1): e.g., fornmula
(MP): RB RS

(b);
Rj3 is a moiety of formula (VIII):
Ris
R14 Ris
jf‘ R17
O Rig (VHI); and

Rua, Ris, Rie, Ry7 and Ry are each independently selected from the group
consisting of H, NO,, -NH;", -COH, -CO(C.4 alkyl), -COCI, -COOH,
—~COO(C;4 alkyl), -NR;", -SO3H, nitrile, -CF; and halogen.
[0086] In some embodiments, Rj is a first aromatic ring containing oxygen
protecting group, e.g., a benzyl or benzoy! substituted with 0, 1, 2 or 3 substituents
independently selected from -OH, -O(C4alkyl), -NHz, -NH(C, 4alkyl), -N(Csalkyl),
amides, -OCO(Calky!) and (C;qalkyl).

[0087] In some embodiments, the crystallizable analog of the compound of

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

Re Rs
Ry30
Ri. R3O0
R; ORy2
ORu (v,

e.g., formula (VII*):
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R( -13- R Rsouty N OR12 R2 OR11 (M), (VII") wherein Rl and R2 are each
I ndependently selected fromthe group consisting of hydrogen, Cl.6 alkyl,
C3. 6 unconjugated al kenyl and C3.6 unconjugated allcynyl; R3 is a first
aromati ¢ r wizeewevs@BNI Ng oxygen protecting group; RS arndi/BRSoes@3asch

I ndependent|ly selected fromthe group consisting of hydrogen, hal ogen,. Cl.6
al kyl, C2.6 al kenyl, C2-6 al kynyl, @91. R; hal oal kyl, C1.6 al kaxy, phenyl and
benzyl, wherein the phenyl or benzyl:; arg substituted with-0, 1, 2, or 3
substituents independently sel ected hal ogen, hydroxyl, C1.3 alkyl, and
NH2; or R5 and R6 are taken togeRfzé&r with the carbons on which they are
attached to forma 5-6 nmenberggd ungonj ughted carbocyclic ring, Rll and R12
are each independently sel ected group consi sting of hydrogen and a
base stabl e oxygen protecting g R11 and R12 are taken together to
forma 5 nenbered heterocycly#22 lﬁ@ure (a): JUNRig

(VIT’)

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

Ri; and Ry, are each independently selected from the group consistipg of
hydrogen and a base stable oxygen protecting group; or Ry, and R, are taken
together to form a 5 membered heterocyclyldiyl of structure ta):

R2o  (ay;
wherein Rys and Ry are each independently selected from the group
consisting of hydrogen, C,.¢ alkyl, C,.¢ haloalkyl, Ci.¢ alkoxy and phenyl, or Rjg

and Ry together represent a fluorenyl moiety of structure (b):
(b);
R,3 is a second aromatic ring-containing oxygen protecting group.
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R20 (a); wherein R19 and R20 are each independently selected fromthe
group consisting of hydrogen, Cl.6 al kyl, Cl.6 haloal kyl, Cl.6 al koxy and
phenyl, or RI9 and R20 together represent a fluorenyl noiety of structure
(b); (b); RiAB00w078818€econd aromati c ring-contai ni ng oxy§eNURLIHEEPE ng gr oup.
WO 2009/ 075818PCT/ US2008/ 013498 [0088] I n some enbodi ments, R13 is a benzoyl

or benzyl qeggtitut Wsd%ééh%rdxdm&ﬁssk;ﬂ@% b%h%?tértﬂé suﬁéﬁﬁﬁeﬁ WAL 1gkbst i tuent
i s i ndepen ntIy sel ected from - NO2,

- NH( C1. al kgrge)sphstitueny, @ihemaamysuuem soswpendepﬂy $eéccted(fpt3n ﬁ@s 1HH;", €Q( C1-

- COCH and a ety of
formul a (\)ml@:f?)a %@é W(ﬁ‘%a gﬁérel %ﬁe e t%@r%’ "dzgzgna%/l cring
cont ai ni ngabwibg@@ﬂ@néeCO%CMﬂkyl)

[0089] In some embodiments, Ry3 is a moiéty of formula (VIII):
Ris
Ris Ris
s Ri7
O Ru (VIID.
[0090] 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
benzoyl. In some embodiments, the aromatic ring-containing oxygen protecting group is

a substituted or unsubstituted benzyl.

[00°1] - In some embodiments, the first aromatic ring-containing oxygen
protecting group is a benzoyl or benzyl substituted with at least one electron
withdrawing group and the second aromatic ring-containing oxygen protecting group is
a benzoy! or benzyl substituted with at least one electron donating group. In other
embodiments, the first aromatic ring-containing oxygen protecting group is a benzoyl or
benzyl substituted with at least one electron donating group and the second aromatic
ring-containing oxygen protecting group is a benzoyl or benzy] substituted with at ieast
one electron withdrawing group. The electron donating and electron withdrawing
groups may be any of those described above. In some embodiments, the first aromatic
ring-containing oxygen protecting group is a benzoy! or benzyl substituted with at least
one substituent, where each substituent is independently selected from -OH, -O(C,.
aalkyl), -NH,, -NH(C,alkyl), -N{C,4alkyl);, amides, -OCO(C,4alkyl) and (C;4alkyl).
In some embodiments, the second aromatic ring-containing oxygen protecting group is a

benzoyl or benzyl substituted with at least one substituent, where each substituent is
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group” refers to an oxygen protecting group as described in nore detail
herein, which possesses in the structure at | east one aromatic ring. An
aromatic ring refers to a ring system (e.g., benzene) containing conjugated
doubl e bongg 20deks@ Structure typically results in el ectusnesdsdocal i zed
around the ring system In sone enbodi nents, the aromatic ring-containing

Oygen B QLA PLAUR Rl SRS LG ELMBBIONHLAG DY@ . | sorTe

enbodi men I'c ring-éontainin n protectln glroupls a
subst i t ut edkghs 1HSOWM stifrile;t-EHs, BEAHY+COHEHHI), ﬁC%a@TH‘d@l@ng kyD.t he first
aromatic ring-containing oxygen protecting group is a benzoyl or benzyl
substit ut 48098t h at Regading oprepaindgof formuik (), dwsome mbadimentsd Ry ife second
aromatic rj nt.aiain r. g r.benzyl
Subst t ut dYOhePR "R BpOHHARG, R BhESbLA0 1 SOHPakBodmBRE Kiha R ud

enbodi nenttoth h}meogfenrhisom'emwdmdmmtsmg; rsaﬁieaz)rh”sulgtiumdg@nﬁ\ frlpZ.eeBi ng group is

a benzoyl o en st on ect ting group
and t he sesélﬁﬁlgue& rtd%PI ec?ei’ilt\l%f’%% (9 rﬁ%ﬁﬁﬂﬁgﬁd )Z’Z

bﬁnzo?/l orN(nRﬁbZWI)z,Sd.ﬂﬂﬂaés fj@mlecblmlk?ll)aﬁd J(ﬁaﬂkylmnm ﬁhﬁ@mbﬁdﬁmﬂgfshﬁjmm Pg %r oup.
The el ectron, dopati and e ron wt.h up e any of those
descri bed ’E‘HBW Pgﬁﬁ%m%ﬁ‘ﬁg@#‘%’i’ﬂs 5 1§ f?gqﬂg){%;gf@ﬁﬁﬁyrgﬁl‘ﬁ -cont ai ni ng
oXygen pr QinfeHinitéts mﬁR@iﬂlﬂy&ﬁ)ﬁé’n m&ydlmrlmﬂ@embﬁums: Rgadimatrheaah | east
one substi tuent ere each substituent is independently selected from -CH,
-0(CL_ al kydependepiiphydrogepermetelil ) | - N(C] 4al ky1) 2, amides, - 000( C, 4al kyl)
and (C1. 4al‘l§¥3ﬂ I n_sone enbaodi nents, the secongharorrgd;t rin ont ai ni ng
oxygen prd i ng gF’bi?H‘eieénb&dH’éqﬁ%We?fr 'b&léﬁlﬁ’ # Rupi PG HeR | east

one substi 5, S L o Al exdgnicoogel ect ed from
- NOR, -|\|H3ﬂt3“j’J Rﬁ—lZ(Clﬁa NBR CgRne s R

- NH( Cl4al -N(CG . 4al ky03+, -S03H,
e RN SR P +|Qa§71$ B T cBptia ogew(ctqhe&ﬁq%k&q%s TRu,
100921Regag digg R%Pfaﬁgﬁg%e Rgfrdr(f)é%hmfﬂ ?on(e\@rﬁt)odldléhtsggﬂﬁas@m@mrm R,421 1S

hydr ogen. I'% “sGne i ment 127 1's hydr I n some enbod |msnts Rl and
122 are b&Rih an‘}élnwgeﬂectqdrfr@orﬁlwgmnh@mgsof . PNHg, Sy LCOGbstituted with

T T B e A R T e e PR

In sone enbc)olhﬂmfﬁi%RRBRmsMhmmthWmeh In spmseEmbodinirothi Rent NO:R5 i s

hydr ogen or Ln is hydrogen or a Cl1.6
alkyl. In scd)r?%cge &‘ﬁ%i’% ‘h@ %E{%%gafegﬁghiﬁm nhdependent |y hydrogen or
met hyl . [0093]1In sone embodi rrents one of R 4, R15, R16, R17 and Reis

selected f t he group consi,stin 4 al kyl),
-coal, - L Coq%lsﬁgﬁﬂqgé]?ofhm "l\ﬁg?glg doutlg} PPA\IWPFF?qt% and hal ogen and
the ot her #gedentfa dolibip biidwhird the sebstitneatthrdiBiatdan by pogton, rdlaieade

enbodi nent s, L | east one of R14, R15, R16, R17, and Ri5 is selected from
t he group%‘h Qting of N2, -NH3+, - COH, cqc_m al kyI) -CoCl, - COOH,

-COQ(CL. 4 ), - N1t 3t 0 nitrile, gen and the_other of
R 4, R15, | 965¥ R17, I‘aﬁ?&'eﬁz{fg’ 3}“@3 c?a@ﬁ"“’}%; éw‘%éﬁg’d? AEPROUNBOE ' o Nop
and each gpmRile¢vIR}S, RL17, and RI g are independently hydrogen. [00941ln
sone enbodi nents, the double bond represented by-/ represents a doubl e bond
where the substituents apsNsituated in a cis position, relative to each
other. [0095]1n sonme enbodi ny the conmpound of formula (VIl) .is a
conpound of formula (Vila) O Rs' Rs
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1(5 RBOly CORtz ORI (VIla) WD 20091075818PCT/ US2008/ 013498 [0096] I n some
enbodi nents, the conpound of fornmula (VIl) is a conpound of fornmula (VIIDb):
02N (VIIIb) [0097] The present invention is also based, at least in part,

on the facwaideewo7baighl y : PCT/US2008/013498
[0096] In some embodiments, the compound of formuia (VII) is a compound of
formula (VIIb): | '
O,N
o e Rs

o+
(VIIIb)

{6097] 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
such chromatographic steps with maintenance of the appropriate purity and
stereochemistry would not only improve the yield of the final macrolide product, but
also lower the time and cost of production and decrease the quantity of reagents, e.g.,

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

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

attachment of a solubility-promoting group) such that they are soluble in aqueous
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sol ubl e internedi ates can be separated frominsol uble or sparingly soluble
inpurities, such that | ess chromatography is needed in the synthesis of the
macrol i de product. As indicated supra, previous nethods of formng
conpounds &jo b@sek@ (1V) relied on nunerous chronmat ogpapiesmopaitiski cati ons
to remove inpurities. Again, wthout wshing to be bound by any particul ar
theory, it_is. bely | i 1 i [y o)

chr omat ogrs@fl[l)%lloggs °§\é§£9é1€’ﬂ°&#§?§td§Rgir?c’@gféf(%ﬁg’%éﬁb%?“é‘gr(i g'?%ﬁ l[3u]crn|ota i;ﬁg{nd

st er eochenitshe yf the pércientatxy garls withrpo ibdity-penyitiol @gravp, sublethef al nacr ol i de
product, bu Lso | ower the fir d st pr j. rease the
quantity o%oal}bzlétﬁé’ﬁ% ,tmé .gécfu,p t%crﬂggtﬁ?glsssog%og r?t?fgfe cﬁﬁ‘?’?’?&zdelg gﬁ‘?]e%tq %%gglﬁf hesi s of
conpounds TDie dkillethdttzar inyy theh GO 8dvaneage di the ldifference sossinbditpofitheent s, t he

i nternedi ates of ,the present .inveption n,be rendered highly sol uble by
e at ¢ acERES! SR M S BrRe PG PO SR PT e SO o, <t ho
at t achment uselof ehromhtoBiaphsi, YFHIsORbili grofiodiup ghodp &V By eimblvel subssquexanpl e, in

sonme enbodj nents the additjqgn of the solubility-pronoting group may be
| i kened to‘s?lﬁtémafﬁélli‘f’t‘io&ﬁ"’ﬁ?d'glrﬁ?rf’g}logen or oxygen protecting group. Wt hout
wi shing to _be bound_by an rticular ory, it is believed that the
at t achment 08913 sol %qu%%@m%,ﬁgsghgﬁﬁﬂ g@%\&’efﬂ@p‘f‘ﬁ‘ﬁé’ﬁo% und to be
drawn int qsw%lgr,@unuw%ﬂngﬁ\(mlg);any noi ety that did not becone derivatized
with the solubility-pronoting group in the organic nedia. Accordingly, in
some enbodi nents, a soluble anal og of Rhe carypound forrmula (1) is forned as
an internedi ate. As used -herein, tgse "6ol ubl e anal ogs" refers to
conmpounds of formula (1) which haveyb pdi fied (e.g., by the attachnent
meyR.ar € sol ubl e i n agueous
sol utions. For exanple, conpoundsOo /a (1) and/or formula (VI) can be
nodi fi ed at one of the Fglend oxygens Au a solubility-pronoting group,
such that the solubility-pr Wwig gr&ap fadikitates dissolution of the
conmpound i n aqueous nedi u The |skilled artisan may then take advantage of
the difference in sol uhilA conpound of interest and the inpurities
to isolate the corrpouncﬁzof rest W thout the use of chronat ography. The
sol ubi lity-pronoting group can ®84renoved subseque IIS o isolation of the
conpound if interest. [0099]1n sone enbodi nents, the Sol ubl e anal og of the
conmpound dofg fformulb §XiI'): i s a compound of formula (XI11): (XIIl), e.g.,
formula (XITF): (XI11") wherein R ang, R2 arg each independently sel ected
fromthe group consisting of hydrogen, a’kyl , C3.6 unconj ugat ed

gerRf)rotecting group; R, and
Z group consi sting of hydrogen
; 9r R, and R12 are taken

Lyl dimJ, of structure (a): 20(a);

(X1II%)

wherein R and R; are each independently selected from the group consisting of
hydrogen, C,.¢ alkyl, Cs5 unconjugated alkenyl and C;.¢ unconjugated alkynyl;
R3; is selected from the group consisting of hydrogen and a base stable oxygen
protecting group;

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

together to form a 5 membered heterocyclyldiyl of structure (a):
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wherein R19 and R20 are each independently selected fromthe group

consi sting of hydrogen, Cl.6 alkyl, C -6 haloal kyl, Cl.6 al koxy and phenyl,
or RI9 and R20 together represent a fluorenyl noiety of structure (b): (b);
and one, two movdresiee O R215 R225 R235 R245 and R25 apet/asiogk/@s4yydr ogen
containing noieties or salts thereof, and the remai nder of -R22, R225 R235
R245 and R25 are each independently.nhydrogen, met hyl , hydroxyl or am no.

[ 0100] As used herein, the term "acidj c- hydrogen containing noiety" refers
to a substituent group that in | east one aci di ¢ hydrogen.

Aci di c- hydrogen cont ai ni ng ITDI% ude, for exanple, -COOH, -SO03H,
-SO4H, -P03112 and -PO4142. It ob Wderstood t hat an aci di c- hydrogen
cont ai ni ng noi ety may be p03|t|one@ onkt 0,'°meta or para to the core of the
conmpound of formula (XI1), Le., the E ORj ?10(1%I n sonme enbodi nents, R21 is
~COON or a salt thereof In some enbodinef #21 is -S03H or a salt
threof I n some enb,n%aigmﬁmandﬁ%% E&B&cﬁg&deﬂ@&em'ﬁd&foﬁlmaghafupndependentIy
ydrogen. |In sone, enbodi nents, R22 is - 0 salt thereof. In sone
enbodi ment s R2SORSSngeBhydseses, Sy fﬁ@%@r%‘ﬁﬁ‘v Giko éhﬁ'&gﬁﬁ}?ehlr %{ﬁlﬁzl, R23,
R24, and R25 angd RaG eReReRN flubréimeRe ef shildiR] (b sone enbodi nent s,
R, R2, R3, RI11, R%Zbgdlglgbg and R20 ar‘jtgaﬁ"wsj gg?oed from('%he substituents

provi ded in connection with Conpdtind {T) N\ For exanple, in some enbodi nents,
Ri and R2 are each independentlyjh In sonme enbodi nents, R11 and R12
are taken together to forma 5§ d Weterocyclyldiyl of structure (a):

_ (b); and
one, two or three of Ra;, R2, Ra3, Ras, and Ras are acidic-hydrogen containing
moieties or salts thereof, and the remainder of R;, R2:, Ra3, Rag, and Ras are each
independently hydrogen, methyl, hydroxyl or amino.
[0100] As used herein, the term “acidic-hydrogen containing moiety” refers to a
substituent group that includes at least one acidic hydrogen. Acidic-hydrogen
containing moieties include, for example, -COOH, -SO3H, -SOH, -PO3;H; and -PO4H;.
It is to be understood that an acidic-hydrogen containing moiety may be positioned

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

3y

O
Ri R3O moiety. In some embodiments, an acidic-hydrogen containing
R3 OR4;
OR 44

moiety is orthe to the core of the compound of formula (XI1).

[0101] In some embodiments, Ry, is -COOH or a salt thereof. In some
embodiments Rz, is -SO3H or a salt thereof. In some embodiments, Ry, Ras, Raq, and

R;s are each independently hydrogen. In some embodiments, Rz, is -COOH or a salt
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R20 (a); wherein R 9 and R20 are each independently G _6 alkyl. [0103]In
sone enbodi nents, the conpounds of fornula (I), forrmula (11) and fornula
(I'11) are reacted to forma conpound of formula (IV'): which is

subsequent lwo comysstsed to a conpound of fornula (1V), ecgus2008013498

macr ol act oni zati on usi ng potassi umt-but oxi de and subsequent

deprotecti i val of a
protecti ngﬂgﬁegﬁ ﬂg’%ﬁltg Emb{%mgom |%ﬁ8(§ oa?%%&%({fe\/ﬂﬁ ME& en{ﬂ?’ﬁl et%{EDDDQ removal
of the p- rrBtz:theyBﬁrmylleeaﬂﬂ@acltloddpcmdnnayhyfitpgbuy noi ety) gener at es

p- ani sal dehyde. p- Ani sal dehyde has been found, in turn, to be responsible
for the fofCti82) on oflnsonié embedimentniRii Ry R;, KR 12)vkve red Raosudwlectednims are as

descri bed ] he reaction
conditi onsﬂ'tg%ﬁStt ntts%? Vgﬂgrlggmg%ac %S?Welp&ngéﬁeggraen%%B eaﬁllsg%?dehyde. Thi s
i ndi cat es bxhh:bdamtnts R;ahd B} ere eAdlsiadependmtly hydrogdn. h ebmagelebidimenst, iRig
indicated th di nmer ower, ot en nd ter tot icity than

t he nonomef® ﬁﬂ)kef’ttoggﬂleﬁﬁ)o‘lgg? Fa @Qeﬁ%ﬂfe?ﬁcﬁ@ﬁﬂﬂﬁ ﬁﬁgl y, in sone
enbodi nent s, the conpounds and conpg@sitions of the present |nventi on are

substantially free of dinmeric products. In sone enbodi nents, a
sem car bazi de hydrochl ori de i nv\é he sence of sodiumacetate is added to

the reaction m xture. Wthout be bound by any particul ar theory,
it is believed that this may formB§gn i r]:gderivative whi ch coul d
precipitate fromsolution and be r 2 filtration. 1010511 n sone
enbodi nents, the conpounds of formula (Q, f(()rrml a (H and

2):

wherein Ryg and Ry are each independently C; ¢ alkyl.
[0103] In some embodiments, the compounds of formula (1), formula (II) and

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

{Iv?),

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

responsible for the formation of a dimeric impurity:
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formula (111) are reacted to forma conmpound of formula (I1V'): wherein Rl
and R2 are each independently selected fromthe group consisting of
hydrogen, Cl.6 al kyl, C3.6 unconjugated al kenyl and C3.6 unconjugated

al | cynyl ; R® 2089/4r5818se st abl e oxygen protecting group; PREUSZGB/REA%8r e each

i ndependently selected fromthe group consisting of hydrogen, hal ogen, Cl.6
al kyl, C2.6 al kenyl, C2.6 al kynyl, Clpfehal oal kyl, Cl-6 al koxy, phenyl and
benzyl, wherein the phenyl or benzyl &re substituted with 0, 1, 2, or 3
substituents indepgpdentgy el egged n hal @ggeng droxmy , Cl.3 alkyl, and
NH2; or R5 and R6 arg _takerj] t oggt IRg b caffbong.__af which they are
attached to forma et ; ’ i ing; R7 is -0ORa
wherein 12., is a is selected from
the group consi sti 28 npe > hydr ogen or a base
up; 1 RO IIs sef ected fljomthe| group consisting of
hydr ogen, hal ogen, «ORb, 4_alfeyl Ro 3./ urRenjdgat ed -V@gnyl, C34
unconj ugat ed al kY91, £1.6 hBeoal kyl, -8124 arf®t - NR B rein Rhis
hydrogen or a base st8ble oxygen protecting group, whéttkin Rd is sel ected
from the grherein sbstitiiants argandespryjhgdaleve, Adthouglt thg dimerovas reppybissipd to - 6

al kynyl, C1. I Vi - > N ;o 2 0or 3
het er oat orrréa c Q%Aqn%t"ggggg Igrd;/? n(g[hd églﬁ%@%ﬁéj&gﬁoﬁ%&% Mlgrig%g%?:dﬁﬁ?% e.%yésndent |y
sel ect ed fixdicutds et griostgble oAksb stoimegnitial teldgioy destingindgated it thecdimegr a| kenyl |

C24 al kynyl ,. Cl -6 het eroal kyl - 7. i.Sil 1, 2 or 3
4 ﬁ’ﬂd logyerpency aﬁgﬁea%éF bgé%”élscé% g?ﬁ%@&“%ﬁ%%’g%ﬁ%%*ﬁ%% oup; and

het er oat o

R10 is selimpiitgl from the group consisting of hydrogen, halogen, -OR, Cl.6
al kyl , C34 unconj ugat ed al kenyl, C34 unconjugated al kynyl, | 5 hal oal kyl
and Cl-6 gbloaxy, whAtmidingly, inissmbymbodjmentsrthacdramwnds anidlcempssitiens obr ot ect i ng

group; which is subsequentl cnetedf[ﬁoaco u f L;l[%tgl\/), e.g.,
by subs eqdmreﬂgﬁf%‘?"é@? P’i?r‘?}%ﬁrg'ﬁﬁ ﬁ' © OSepriat Ot Cgsﬁ qglasﬁltﬂg glgléér;ma "Xy or all
of R3, R7 smichibezidd Kydeddhic@ide 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.

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

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

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

' hydrogen, halogen, Cy alkyl, Ca alkenyl, Ca6 alkynyl, C,.¢ haloalkyl, C;.¢
alkoxy, phenyl and benzyl, wherein the pheny! or benzyl are substituted with 0,
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represented by the heterocyclyldiyl of fornmula XiI: Prits LCo o (XIl). In
sone enbodi nents, deprotection occurs at all of R 3, R7 and the structure
represented by the heterocyclyldiyl of fornula (XIl) at the sane tinme. In

ot her enbodydedbsiss@eprotection occurs at 1t7 first, febirosmdsdgssubsequent
deproteetion at R3 and the structure represented by the heterocyclyl diyl of

for Eulja ]SX| 1) . 1, 0146] substididaeyindeppelehy sdifitedfies RalbgannehbiydrCi;2lgl,r ect ed to
nmet hods for making_a purity-enhanced conpositjon conpri Si a conpound of
formla (1v). 1% %.’I%&J"“é@tﬁ 0 }_rlgtgl"i%t B %%WQBW@%%W Fhat a

puri t y- enhancediaHER Sfolh @15 -6 Abmbe-c@ bha@infipgted BMboSLh@risg;ar ting material s
havi ng the appropri ate stereochem stry, and thus form ng al pha-enhanced

( VA
i ntermedi ates (R.14:ORaVisD BntdheediseRInpOECE PEISUESAIFPSI ng formula (V) or
formula (V1)) 6153aw@élécteaﬁ'r&naﬁﬁ%@g;oﬁwﬁxﬁ%fhya}egen%etomg{wa&,eﬁl Rhsch can be

isolated in substantially pure formw thout” chromat ography. The mnethods for
maki ng a puri t yhyérmigemereobasosplde PXyesh PEBeRYIPE 8108 a conpound of formula (1V)

typically incl j T . Oof a W ound of
formula (I1) a%@g?e@%ﬁéﬁi%d%gthgig f%r ?%u%ig‘n%°F|ilf‘?‘H%gﬁ‘a‘é§“’%eﬂi tda]%f g‘%%i tions,
?:J{J/;‘l _tha]E a pgr(ists}nilemmgao -Si @Fllk??ﬁpﬁgé lzriccﬂiug@@ﬂ@m@na heloaspliriRasid for nul a
is forned. . in r : iayention is
directed to matlﬁ% §w; %rre mr%’l%?%%%fgeg ol ﬁ%tggé%tﬁt%ﬁeo%gh%}?régﬁ%ﬂa& ?:lgpr‘r%)”(%ﬁ% of
formula (1V), \hds sdlevtddifeons thiepomiptconsisting of bpdbgamt Cal iyl CeeallbdnybiGgani ¢

inmpurities. The t hods i cal.ly._include .conbining a.co of formula
(m) with a conﬁ@ﬂ%&%&f%%%ﬁ?ﬁ k 7 )meé%“’% '%?geﬁ%%%ﬁag‘Bf‘s‘P%%?ran’d (111), under
sui t abl e condi theRfsatonsd) el CHadrylaand eifiefesn R] o1d Rrargoatls indgpeadeamiyselectedd of
formula (1V) substantially free rgani.c ifpurities s, formed. .[0108]1n
ST ot her | aspiet &6 ste rutBaet haaes bre HE et R ARG t o
nmeking a yi el d-Rphaness-Taepdsied heBroafBomhpdsity B 260 Neierchidis, ied 03 a (1V).

The net hods typically include conbining a conmpound of formula (1) with a
conpound of f or#ilioa 2 prseystahlepitEoReB BERIBRES STO% ol a (111), under suitable

condi tions, suqghyishalecd GORMRRS bl BorsRiRE bSlydsogan aRresndrofc famyyl a (1V)
's formed. Cs. unconjugated alkeny!, Ci¢ 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 R3, R; or the structure

represented by the heterocyclyldiyl of formula XII:
o~

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

structure represented by the heterocyclyldiyl of formula (XII).

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

determined by the present inventors that a purity-enhanced composition can be obtained
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[0109] The skilled artisan would be able to appreciate that the reaction
condi tions enployed herein may vary. For exanple, many reagents can be
utilized in coupling the conpounds of any of forrmulae (1)-(111) and
(V) - (V1) wawgroengsanot her. Moreover, nany reagents canpdpusdddizaeg in
protection, depr ot ecti on, macrol actoni zati on and oxi dati on of various

|t o1 el af i Aflhld BBk hallEink bifSobBKERert Ay SAGhITOHY Vary
dependi ng upon reag nt{é{&lénd %oncentir;%?%ons erAddlet Pgﬁal ly, the reactions of
t he pr eseripliaranbantced interppdiotes (-2 aalpheawyxamdwnmmﬁ@@pnmw@ﬂeﬂé sol vent s
can al so LEAlEifn: EHERL whit € bORolaiBY! ! DI e
sol vents g@g%”?oaﬁ%i%%g?aéﬁgil nt gl:#pl@lgér]glttéalﬁ)e and pressure %? remain in
the |i qui dnstistantielidpire fonm wmmmomategranhv prhegeathals formtkingompuriised in the
reaction eful sol vents are .n t vi ded t hat

t hey do no‘?tlrj’gi"}??%??rg?% Hmpﬁsm %8‘% %dr?ﬁl @0&1 la((ﬁﬁ t%blgélﬁqu]ﬁg@e preferably
are inert @albidng sicommddbﬁﬁmmla@omlea congenhdofiformdal () apfl atcomppwgeict ant s.

Dependi ng th i tan vent be distill ed egassed

Sol vent s o ?a @M’ ag’?e ‘éﬁ"ﬁ@ iRt rad’é’ﬂpb%ﬁgm(eg PO Ssnexanes

hept anes, dd;@ﬁ@in@ac@ﬁbcﬁ@id&ﬂ%mﬁﬂd’(@‘?) isdymedhexane, or net hyI cycl ohexane) and
hal ogenat ed hydrocarbons (e.g., nethylenechloride, chloroform

car bont et rjggér]or i deSuﬁliileﬁ'hrl, i stdragRets, mbbmsmemm is directédoth hetaldenzene) ;
aromati ¢ hydrocar bons benzene, tol onapht hal ene,

o1 by ! benz CHEMABRE 2y PRMIoteomBrng 8 cmpounlg e P eREr B bty ot her
met hyl - t erdond¥itio {sRebstanBihily fred & drgdtlid Mpueitibe 'The GheBiiday kygidady include

di i sopropyl et her, tet rah%drof uran_or. methyltet rahydrlghlf)[qng di oxane,

di met hoxyertonrmreng wrorepaant of rayleybovithn spsnoyndehigmu [AESTPR

acetoni tr 'Aﬁ%mdf@flﬁ?%ﬁd&%u&b&e &ﬁ@ﬁt@ﬂ?)suclﬁﬁit%rc%mﬁasmﬁen cdiRiriditle sacet ate or

et hyl acetate) cohol s g' &rs nmet hanol nd m xtures thereof The skilled
arti san woempobed efifbenuln (s sehsiphaly fise @Eﬂanlfﬁﬁhﬂé“@?ﬂ%fq%t ation, proper
reaction conditions using the teachings of the present invention. Analysis
of Benef i ci0AP8]React lmsilpthpraspacis thegresentiipveatien is dBededionrethedsdotret hods  of

pr epar at aaighs 4 i ANERH BOnAsAIGLLABBNE QUomAN R of RemAR dofloTchal

currently In use for t synt eS|s of "nmacrol 1 des of the present invention.
I n cert ai nmethbdsdipieattysncladenonthintingd cempound péformpla (Bogtheasenstporngehef i ci al
reactl on Q;ldlj?f n property
or i g%ﬁgﬁggﬂ)a&grgg%gf ty o gﬁgﬂé 'tblﬂ gﬁ Sm? (lf'dng ighse ?@ﬁgétqover an

exi stl ng nmmpesmolﬁccpaprismgmWuomde‘éfmnuleéfé&)umm%e property may be any
property suitable to conparison to the existing nethodol ogy, such that the
property il@184jual td‘hgskibgt@résaniwnuidtbmiéetm;ﬂechstbatdlpﬂamgﬁoof t he existing
net hodol o f er, i on,
starting Q%Pgﬁﬁﬁ{@%@? G h&e‘}‘ﬁé@g VR tFjli)}rre %‘3’?“& nft;lér%&e{g)gtuli g%médg’téf ety,
product masspled taelc@mémmdhmﬁangrmf ﬁfnnmmk))(ul)raad&’) -Of) sfitbant pomdl®, wast e,

t hr oughput,, . wor ku over a oce s tine 8,1 ar get
product . SHPBPYET %gxpﬁeggﬁng a&r@ 759 “@)Probcéﬁ%l} @rg{egy%’ae}aflghackpgﬁ efties as
appl i ed t(hnﬂhﬁldaﬁﬁpﬁﬂ\&hbﬁ]n&hnéﬁﬂmbmﬁﬂlﬁ&ﬁllﬁﬁﬁb Giins editers fod thrademmion Cost

Ef fecti veness [0 121| n ari n?s aggound 010, ége r.le?ﬁ ation of _the
aromat | ¢ rPEY GEACRendiBe Sperepgp IR SPRFpraoRS, Additi REEOT 8 (i ng st ep.
I n the netihedrRbadinvkhtdhn MaSodkei vatysigteRféitutes ENumeRRs e&h@ﬂw&m&moccur S
|late in the synthesis where the entire carbon skel et n IS Iﬂg@' ace. Thus,

any |imit f@?i’éoif?ﬂ in the reacHons At ithsrpreseatiny o) SuEalln s %fmt% e higwds & on,

i ncludi ng htlierd bédnk leﬂﬂmfﬁﬁﬁ@ﬁﬁ@fn@ssuﬁ:torrrérﬁﬁn iBe RHliQtatE Widef A€ et hyl ation
earlier, the risk to other fragnents is elimnated and overal| synthetic

conver genclemperaluFrcand pseseure peritiensiiged/in theyeactive. Blsplrohentsre #¢te subst i t uent
R9 of t hesgaagtg@gl gqes‘?.xtlcté B%ld@d ﬂmla{ tillhéy ab ﬁotsibiﬁhertam thOreadtonliatlir Ahatigeds to

occur in t steps int or mat 1 on a conpound of formula (1V)
they preferably are inert solvents), and they dissolve a certain amount of the reactants.
Depending on the circumstances, solvents may be distilled or degassed. Solvents may

be, for example, aliphatic hydrocarbons {e.g., hexanes, heptanes, ligroin, petroleum
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Waste/lInpurities [0113] Theoretically, for the previous nethods for

synt hesi zi ng conpound 010, at |east 33% of the mass on the product side is
waste. For exanple, about 66% of the conpound of fornula (V) produced in
previ ous nstdhmdsesEst he 13 i soner, and about 50% of t hBCHESRRNI3498sul ti ng
fromthe 13 isoner is an inseparable elinination by-product of the

STrucCt ur €ether hOSAKEAD bERKENIcy¥bhdkah 34 Halbenblie@ hy@badrbaaip; of waste, the
nmet hods of tﬁeog’present invg{}l’t |yon can‘gfurt?legereduge vveiste o%er previ ous

met hods bymethdenschlmidmebloreiorm, exbentatrasgloagmdichiarpabans YPrPRAEE  Gn of waste
can lead, f.iGsrob enff:}j ra}%tgﬁggﬂog?-ﬁ?ﬁge%,@Enzeﬁé}%luerﬁ,a@@ﬂ@@i‘bﬁaw@e,

treatnents, etc. Intérne nventi on [0115] The present | nvention

i s al so dietlsdlenetneaur xybeask etharsgagt dighone, metwhriegi-butdethenmeilyd-ferfrapiile

synthesis gf c un C hL i vgntion, e.g.,
conpounds egi?er’feo Sprr%rgg?}’%wer’,@%ﬂg%%‘lé gg%p 2%3%2{,% r’ﬁ%@g&ggisr%r(gbl eto hage
cryst al | i neethyiteeninedifataes dioxand) dimsstaxyetbinse, of digthflencalycplt dimgtwlethgr); | east so

t hat chromat.ogr.aph t ) be, el i_m e [ nde
that  Cin_ HEER festpRER et % PR S B Mty sferk @bt 1P L B0
aboxe_, t hacaggg?mhéifw;mahaﬁ)s?mm giesf. CPheskidled azisdl wordéhb¢ ogs of
such inter iates.. I n.sone enbodi ments,. one or re of...h | fi
i nt er medi a?PT%‘W F@?@He’ivﬂa@%%‘é eXpeLgnBtion, |PF°PﬁB‘Eeg$¥é’£&P?‘§}‘t‘%nr% ugif?lglﬁg Ie(r:1t ly
crystal | i zgachigs BORE prebeadliriventigar € det ai | above, internedi ates can be
nodi fied such that they are able to

' Analysis of Beneficial Reaction Properties

[0110] 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).

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

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

Cost Effectiveness

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

Accordingly, in some embodiments, the substituent Ry of the compound of formula (II)
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be crystallized. Such nodified internediates will maintain their reactivity
i n subsequent reaction steps. [01171Accordingly, in sonme aspects the
present invention is directed to internediates of fornula (VI1): wherein Rl
and R2 ar eweamiw/i7pgdependent |y sel ected fromthe group eonssmed/mssnf
hydrogen, Cl.6 al kyl, C2.6 unconjugated al kenyl and C3_6 unconjugated

al kynyl ; i : hSdid : and a base

st abl e ox%’%dr?ﬁg% g%‘%%‘%ﬁ%g%ﬁ%ﬁ%!&%ﬁ%hgﬁgu %@Pﬁ%ﬁ%*&ﬁ%ﬁ%&ﬁ‘ggﬁ ly sel ected
fromthe gooppuslofdersniladVef hydrogen, hal ogen, Cl1_6 al kyl, C2 6 al kenyl,
C2-6 al kynyl, Cl1_6 hal oal kyl, Ci1-6 al koxy, phenyl and benzyl, wherein the
phenyl or Weve/ipipuaities substituted with 0, 1, 2, or 3 substituents

i ndependent |y sel ected from hal ogen, hydroxyl, Cl.2 alkyl, and NH2; or R5
and R6 ar d0ti@ken t odbeduetically,tfor thtpregignpomthognionpimshestzigcompeungktlfched to
forma 5- T ] qg%g : 1.C .1 QG re each
independe%’tt y sgﬁ’ectt%g(}%%gé}%t eg%]%gaigggﬁisste'stqghéﬁé?d@i%f‘gggﬁrﬁ a base

st abl e oxygmpopidadféatmug(\rpsenredin prRiviowmbtiRid? isthe Stistoen, andgenhié6%t o form a
5 nmenbered heterocyclyl diyl of structure, (a): D (a); ,R13 is noi ety of
formul a (\ﬂflﬁ}e)l?""do“c%‘iﬁi‘éf“}ﬂ %Pff‘;th%{iﬁo’ﬁiﬁ’,s ARy ?Bﬁ%e?glﬁ';‘a%d’yﬂf%&‘ﬁf gf each

i ndependenid dnsgkected fromthe group consisting of Fl, NO2, -NH3+, -COH,
-CQ(C14 al kyl), -COCl, -COOH, -COO(Cmalkyl), -NR3+, -SO3H, nitrile, -CF3
and hal ogen. 101181ln certain aspecythe pr es&qt invention is directed to
i nt er medi at es of o~ o s

o |
Boc.. MPMO,
N . | -
) — O
L

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

cost, hazardous waste treatments, etc.

Intermediates of the Invention

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

may be eliminated.

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

described in more detail above, intermediates can be modified such that they are able to
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formula (M1): R6 RI30) R1 \ R30"1",,, A \COR12 wherein 12, and R2 are
each independently selected fromthe group consisting of hydrogen, Cl1 6
al kyl, C3.6 unconjugated al kenyl and C3.6 unconjugated al kynyl; R3 is an

aromat i Cc riwtg2009s@ignNi Ng oxygen protecting group; RS apgrigsedsaszsHech
i ndependently selected fromthe group consisting of hydrogen, hal ogen, Cl.6

al kyl Iﬁ:gé%e henyl
and benzylbgc\?\%%a?]g%é?l tsﬁ'g)Ig%dgﬁ&flﬂgc%n%eﬁtzei/?ﬂgﬁlgﬁg%&st+{eﬁte g“ﬁ i 2,
subst i t uerresctiondiependent | y sel ected from hal ogen, hydr oxyI ClL.3 al kyl , and
NH2; or R5 and 126 are taken together with the carbons on whi ch they are
attached tl81¥9rm a Beeordslyeinsdmenspasjsubaprestntiavéngiopdd diteciedivy; 111, and R12
are each i; I ed fromthe group consisting of hydrogen and a
base st abl {e}ggﬁ%%%%grf% ec 4&} gr oup; or R, and R12 are taken together to
forma 5 nenbered heterocyclyldiyl F@f skructure (a): Rg R2 (a);

wherein RLO and R20 are each i ndepe e y selected fromthe group

consi sting of hydrogen, Cl 6 al kyl, hal oal kyl , Cl1.6 al koxy and phenyl,
or RI9 and R20 toget her r-epreserR13@ fl uq enyl noiety of structure (b): 0:0;

OR45 (viD
wherein R; and R are each independently selected from the group consisting of
hydrogen, Cy.¢ alkyl, C;.¢ unconjugated alkenyl and Cs.¢ unconjugated alkynyl;
R; 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, Cy.s alkynyl, Cy.6 haloalkyl, Cis
alkoxy, phenyl and benzyl, wherein the pheny! or benzyl are substituted with 0,
1,2, or 3 substituents independently selected from halogen, hydroxyl, Cy.3 alkyl,
and NH;; or R;s and R are taken together with the carbons on which they are
attached to form a 5-6 membered unconjugated carbocyclic ring;
Ry, and R; are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting group; or Ry; and R, are taken

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

Rj3 is a motety of formula (VIII):



R13 is a an aromatic ring-containing oxygen protecting group.

[0119] Exenpl ary values for RI, Rz, R3, R5, Reo, Rl11l, R12 and RD are
described in nore detail above in connection with the crystallizable

anal ogs of wesswbmasigVI ). [0120] 1 n sonme enbodi nents, t kreTwsIpSRBDSOf
formula (MIl) is a conpound of formula (Vila) 02N R6 R5 ( R303 rOR12 Onl4
0 R1s

Rig Rig

JJ:.'

Rz
O R1s (VIIID); and
Ris, Rys, Rig, Ry7 and R, are each independently selected from the group
consisting of H, NOz, -NH;*, -COH, -CO(C; alkyl), -COCl, —COOH,
~COO(C4 alkyl), -NR;", -SO3H, nitrile, -CF3 and halogen.

[0118] In certain aspects, the present invention is directed to intermediates of
formula (VII):
Re Rs
R420
RiC R0
Rs OR12
ORit  (vm)

wherein R; and R; are each indepéndently selected from the group consisting of
hydrogen, C;.¢ alkyl, C3.¢ unconjugated alkenyl and Cs.s unconjugated alkynyl;
Rj; is an aromatic ring-containing oxygen protecting group; '

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

R;; and R;; are each independently selected from the group consisting of
hydrogen and a base stable oxygen protecting gr(')up; or Ry and Ry are taken
together to form a 5 membered heterocyclyldiyl of structure (a):



[0121] I n sone aspects, the present invention is directed to an internediate
of formula (1X): OIBDPS RI AcO \CC((I1X) wherein RI and R2 are each

i ndependently sel ected fromthe group consisting of hydrogen, Cl.6 alkyl,
C3. 6 unconjwigadoedrsaiskenyl and C3. 6 unconjugated al | cynpCT/UBROSOII®S

enbodi ments, Rl is hydrogen. In sone enbodi nents, R2 is hydrogen. In sone
enbodi nents, Rt and R2 are each ind dently hydrogen. [0122]In still

ot her aspects the present invention js directed to an internediate of
formula (X): (X) wherein Rl an ach independently selected fromthe
group consi sting of hydrogen, —q al kyl, C34 unconjugated al kenyl and C34
unconj ugated al kynyl; R5 and R6 ar® e mgdependently sel ected fromthe
group consi sting of hydrogen, hal ogyen, \CL.6 al kyl, C2.6 al kenyl, C2.6

al kynyl, Cl.6 hal oal kyl, Cl-6 al koxy, pRgyl (aznd benzyl, wherein the phenyl
or benzyl are substituted wth O, 1, 2, or 3 Substituents independently

sel ect ed from hal ogevherdiyRoaxy Roo 204 eRhahdeptndentiydseMidR:d fom e Graapd R6 ar e

t aken together w th. the. carbons o }.C h e att ma 5-6
menber ed unconjG§ITHEE 0%3?(%8%% f%i ‘{té]wvwns&h?éoaf‘fél’s rﬁé'?foég%(f@]r%h?lh IéIQ%? oup
consi sting of hidRopEPetBddepredait afedrenyh miviety 6f stindiuerg®h or a base stable

oxygen protecting group, o O
i (b);

Ry3 is a an aromatic ring-containing oxygen protecting group.

[0119] Exemplary values for Ry, Ry, R3, Rs, Rg, Ri1, Ry2 and Ry3 are described in

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

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

formula (VIla)

0,N

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

formula (IX):
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RO is selected fromthe group consisting of hydrogen, hal ogen, -ORl), Cl.6
al kyl , C34 unconjugated al kenyl, C3.6 unconjugated allcynyl, Cl.6

hal oal kyl, -SRd and - NReRt. wherein Rb is hydrogen or a base stable oxygen
prot ecti ngwgraogm7ssaberein Rd i s sel ected fromthe groupCUHUREISANIE49Y of
hydrogen, Cl.6 al kyl, C2-6 al kenyl, C2- 6 al kynyl, Cl1_5 heteroal kyl, 5-7
menbered heteroaryl conprising 1, 2 or @reeseroatons, and C5.7 aryl and
wherein R, and Rf are each |Edependentl sel ected fromthe group consisting
of hydi ngen, Cl.6 alkyl, C2-6 al kynyl, Cl1.6 heteroal kyl, 5-7
nmenbered heteroaryl conpri si ng]l 3 heteroatons, and C5-7 aryl or a

base stable nitrogen protectin nd R10 is selected fromthe group
consi sting of hydrogen, hal ofén, , €14 al kyl, C3.6 unconjugated
, O hal oal kyl and Cl.6 al koxy,

al kenyl, C3.6 unconjugated all cynyl
wherein R is hydrogen or a base stabl e ‘oxygerl2Pr ot ecti ng group. In

sone enbodi nent IS dr oge I.S.: gen. In
some enbodi ment'®ere h%gqéf:%% Qg’ggﬁe"?ﬁ'gré’p epbpgfﬁiomr}%yg? (@écé}rﬁxsﬂﬁg ég

ﬁ”ﬁ"di ment s, RBydrSgéh?(d:ﬁ.lg)ﬂEﬂ, 0% vncbiljgatdalkenyl andsOypureotjoghitadeditysiyl. R6 i s
ydrogen or a Cl1.6 a ., In so nbodi jrent s are.each

i ndependent | y O(S‘Pn?‘?é%ﬁf/nﬁlyﬁwgg’& S@ﬁ‘ﬁﬁmbﬁé‘m‘?‘sﬁe‘s h¥drﬁ§?ﬂ‘ ogen. In
sone enbodi nentrssonie%rﬂ&dirﬁedwmmzmbea@qmpeﬂmflymb .ROis -ORb or
-NR, Rf. In sone enbodi pnents, R6 is hydrogen or

SO
IS SRR e toma byt e bt s
al kyl . I n¢saim: epbodi mnents, Rf is hydrogen, a Cl-6 al kyl or a base stable
nitrogen protecting group. In sonme enbodi nents, Re is CL.6 alkyl, e.qg.,
met hyl or ethyl, and Rf is hydreggenpgor Ra bas&sstabl e nitrogen protecting
group. [0123]1n sone enbole{rent d of formula (X) is a conpound
of fornmula (Xa) Re. (Xa)

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

Rj 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, Cy.¢ alkyl,
Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, C;.¢ haloalkyl, -SRy and -
NRR¢wherein Ry is hydrogen or a base stable oxygen protecting group, wherein
Ry is selected from the group consisting of hydrogen, Ci¢ alkyl, Co.¢ alkenyl, Ca.
¢ alkynyl, C.¢ heteroalkyl, 5-7 membered heteroaryl comprising i, 2 or 3
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wherein Re is selected fromthe group consisting of hydrogen, Cl1.6 al kyl,
C24 al kenyl, C24 al kynyl, Cl14 heteroal kyl, heteroaryl, and aryl; and Rf is
a base stable nitrogen protecting group. [0124]1n other enbodi nents, the
present i nWsh20pwe7s818 directed to conpositions that incPOHESIMER4GRAI at es of
formula (X), wherein the conposition is substantially free of conpounds of

formula (1V): 1BlRafdRisard M), 2M1@h&Wherbdh R, #AR B2 e@él@mﬁ@;f&idédﬂsl%aeﬁ&ﬁ ntly

sel ected fromthe group consisting of hydrogen, Cl-6 al 5%@1
unconj ugat ed alffesnipe ey compissing AERYIToRsR: ke myﬁ%walkwf alﬁﬁnyéf%lﬁeach

i ndependent | 'y %@Jeﬁo%t@ﬂ sfmmé}ed R4 m&tﬂgmgz%isméf&aﬁﬁ; atietagen, Cl-6
al kyl, C2.6 alkenyl, "C24 al ynyl, hal oal Kyl', Cl4 al koxy, phenyl and

benzyl wher ei lﬂl')tlheabﬁeﬁtfble@#“qgéﬁpsﬂtecém&gwnsﬂmﬂtuted with 0, 1, 2, or 3

substi tuents i pd %«éag&ggﬁg ?l?é%%%f?-g%fsfsﬂ Jt;kﬁ]ytgﬁ)ggn, hlgg)%&pxghc |§%yﬁl kyl, and

Nl-12;, or RS and’ are ta carbons on they are
attached to f oGk uncigatee atkenyddCirsoniugrtdedkyral Koe paloblsylrand &1 R7 is - OR

the group- cons tORRGVEIAREisBSERE B ARE e o8 BrorcTinl Bk 0 T L P
st abl e oxygen [lm mrm:d:mbugugemn, islydbdgen s Irseectdddiments, Rhis hydwgen.consi sti ng
(ncon ugauBoF AT nRs Ty pgRa st oG P EREIThSeme! kemt . 5. 6

embodiments, Rs is hydrogen or 2 Cy.¢ alkyl. In some embodiments, Rg is hydrogen or a

C).s alkyl. In some embodiments, Rs and Ry are each independently hydrogen or

methyl. In some embodiments, Rg is hydrogen. In some embodiments, R is hydrogen.

In some embodiments, Ro is -OR,, or 'NReRf. In some embodiments, Ry, is hydrogen or a

Ci-s alkyl. In some embodiments, Rg is -NRRy. In some embodiments, R, is hydrogen

or a Cy alkyl. In some embodiments, Reis hydrogen, a Cy.¢ alkyl or a base stable

nitrogen protecting group. In some embodiments, R, is C,.¢ alkyl, e.g., methyl or ethyl,

and Ryis hydrogen or a base stable nitrogen protecting group.

[0123] In some embodiments, the compound of formula (X) is a compound of
formula (Xa)
| OH O
Re-~ N
Ry

o
O—I/\ (Xa)

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

of compounds of formula (IV):
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-NReRf wherein Rb is hydrogen or a base stabl e oxygen protecting group,
wherein Rd is selected fromthe group consisting of hydrogen, Cl.6 alkyl,
C2.8 al kenyl, C2_6 al kynyl, Cl4 heteroal kyl, 5-7 nenbered heteroaryl
conpri si ngwl 2089/@8818 het eroatons, and C5.7 aryl and wheceuseobtgciassl Rf are
each independently selected fromthe group consisting of hydrogen, Cl.6
al kyl, C2.6 al kenyl, C2-6 allcynyl ,OCIRQ het,ggoal kyl, 5-7 menbered

het eroaryl conprising 1, 2 or 7het roatoms and C5_ 7 aryl or a base stable
nitrogen protecting groupRs '

om the group consisting of
hydr ogen, hal ogen, -OR' C1_8 nj ugated al kenyl, C34
unconj ugat ed al kynyl, Cl-6 bhd

p| ot ecti ng group; and 1211 and R12 are
each independent|y hydrogen. [&1®5]lln ot herlaspects the present invention
is directed to an intermediate oRsfohmul g (ITOR1z2 Rio(l11) wherein Yis a
hal ogen or a triflate (-0-S02CF3); R8 is fﬁl ected fromthe group consisting
of hydrogen and -ORg wherein Rg i s hydrogén'br a @¥se stable oxygen

protecting group, 1 rLR8eeh ke eiubhe group
consi sting of Cl4 al eﬂcﬁ‘%zuﬁg éé%%{‘/%{d@@gedt@ s'écynyl, Cl- h%t er oal kyl ,

5-7 menber ed heteroatrrgﬁistmgm’bh)l@g@g, @15 aks8rCs3 uneanivgsiadabenyland Csg. 7 aryl |

and wherein Rf is a itrogen protecting group; and R10 is
selected fromthe P%ﬁoﬁ% gttﬁglmk? ﬂg of hydrogen, hal ogen, -012e, Cl.8 alkyl,

C24 al kenyl, C2.6 aRkymryR.s ar€tadh ihddpeaddntly beleotad fEim &%Tkwnslmﬁl n Reis
2 hyarogen. "1 n- sonbEREBuRIBATSCh b ca el Chs i SRCE BRARAL L O e
is a Cl4a alkyl, e.gC. aikbhy phatyl mtd’lbdnzyll whsaw&hmlbuyll artbabzy) axﬁzl is -BCC
i[ gtltza?]rrlegl ZE IeI l)f o;ﬂ;r as&eﬁ% }hé' ’)0r |~°1“F§t“‘i,eﬂ1 S(elgéépggﬂelp Y gélécgeesc(rjl Lgdaﬂer ein
above in the Methodsalsgst hadroxyl, C1.3 alkyl, and NHy; or Rs and R are taken together

with the carbons on which they are attached to form a 5-6 membered

unconjugated carbocyclic ring;

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;

Ry is selected from the group consisting of hydrogen, halogen, -ORy, Ci

alkyl, Cs.¢ unconjugated alkenyl, Cs.¢ unconjugated alkynyl, Ci

haloalkyl, -SR4 and

-NR.R; wherein Ry is hydrogen or a base stable oxygen protecting group,

wherein Ry is selected from the group consisting of hydrogen, Ci.¢ alkyl,

Ca.¢ dlkenyl, Cy¢ alkynyl, Ci.5 heteroalkyl, 5-7 membered heteroaryl

comprising 1, 2 or 3 heteroatoms, and Cs.; aryl and wherein Re and Ryare

each independently selected from the group consisting of hydrogen, Ci.¢

alkyl, Ca.¢ alkenyl, C2 alkynyl, C).s heteroalkyl, 5-7 membered

heteroaryl comprising 1, 2 or 3 heteroatoms, and Cs.7 aryl or a base stable

nitrogen protecting group; '

Ry¢ is selected from the group consisting of hydrogen, halogen, -OR., Cis

alkyl, Cs.¢ unconjugated alkenyl, Cs¢ unconjugated alkynyl, Ci.¢

halealkyl and Cy.¢ alkoxy, wherein R is hydrogen or a base stable
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[0127] 1 n other aspects, the present invention is directed to the use of any
one of the conpounds of formulae (1)-(I11) or (V)-(1X) as an internedi ate
in the synthesis of a compound of formula (I1V). For exanple, in sone

enbodi nent syo tdogoBE®Sent invention is directed to the merusfoomnyssene of the
conpounds of formulae (I)-(111) or (V)-(1X) as an internmediate in the

synthesis of a purity: I e ANRRShdn! conprising a
conmpound of fornula(%Y%@E%?%ﬁgg%%m%hg%ﬂ$Hgﬁfgﬁ%gﬂg'preggﬁ?g?wvention is
directed to the use hgfirogen.al pha- enhanced conposition conprising a conpound
of formul and/ior .t o I,k 2 S, ' ri.ty-enhanced
or yieId-e@%%ﬁ%ed Cgﬁg%gﬁ%%%%Q%éﬁ%%?gﬁﬁéﬁﬁnﬁ%ﬁ%%ﬁ%ﬁggﬁhF%Fﬁua% V).
Conmpounds fandul@gii)osi ti ons Prepared Usi ng Met hods of the Invention [0128]1n
sone aspects, the present invention is directed to conpounds and
conpositions prepared using the nethqgﬁgof the present invention, e.g.,

al pha- enhanced conpositions. In_ somgp odi nents, the conpounds and
conpositions are appropriate f%r usel in fhe therapeutic formulations. Such
t herapeutic fornul ati ons can bée®# Wge described in nore detai

bel ow. I n other enbodinents, the g
for use in the synthesis of ot s{,S, e.9., conpounds of formula
(I'V). Uses of Conpositions of the Inyention £0129]In general , the present
i nvention provides conpounds useful T8r the €Hkat ment of inflammatory or

i mune di sor derspas vtibg Hhibgat SaRkaRE (YRBOKIF;;Particularly solid tunors. In
sone enboditnents, the conpounds of the i nvengi on inhibit NF-icB activity,

and accor di ngl yReiagelésteddtdm gei syenpi opnsiptingpihudoesp ad dORaihereindieddr der s ( see,
general ly, NF- diﬂﬁepg%gsﬁﬂg°g%%ﬁ§§‘ﬁe°‘ﬂ§§9“' n. lnvestig 2001, 107, 7).
S 0 I nve

Furthernore, certarn conpoun _ I on’ have al so _been shown to
i nhi bit recept Qs is yNBRmnehdeinds és sisctedifiop e groupsonda@ng obGds #EE24 n vitro,

-~ and are useful t he n i i i rs (see, :
Angi ogenesi s: ﬁ@%iel#tl &f éslkfrg;rl’rgﬁg?%%ao dg‘ﬁnﬁdﬁl{%gﬂf’ gg!ﬁtﬁ% Sﬁplkdr?qqrﬁe ¥ gat ment of
Cancer, Cardi ovasdislearatdiss emb€ss argln andGvhayeih R isnd baaersraltle omrog#har nacol ogi cal
Revi ews, 2000, 52tb 237%. [0130] Accordingly, in sone enbodi nents, conpounds
of the present PIRreae i85Pe bited 1C50 values for NF-KB inhibition of |ess
than 10 AM | n Rygistsaletted frberthe ploap comiztisg oflompayendslapln t-DR,, [T, atkyl,
i nvention exhihitedq | va] ue ess. t 7.5 AM 1n .certain. enbodi nents,
conmpounds of t 'ﬁﬁﬂﬁgﬁg}‘i ﬂkﬁii%ﬁi@?ﬁ{@fwaéﬁ%w’dﬂ?&n ﬁé?&ygﬁﬁf‘PS AM
less than 2.5 Al bh&stabldddygdn AMeclifl ohs. aintopekadbdiaRhs, RCSEPAUgEs of the
present invention exhibited | Cso, val ues | ess than g 75 AM. less than 0.5
AV | ess than dnsemagmpbediments.fypisgiydroggs. Insemeembpdimenisake if 859 elh 50nM or
even | ess than Zpnithyl\WPeR9) % A58 ERBsdimbind 0084 H3d98

inds and conpositions are appropriate

[0126] In still other aspects, the present invention is directed to an intermediate
of any of formulae (I)-(IIT) or (V)~(VII) as described herein above in the Methods
section.

[0127] In other aspects, the present invention is directed to the use of any one of

the compounds of formulae (I)-(1II) or (V)-(IX) as an intermediate in the synthesis of a
compound of formula (IV). For example, in some embodiments, the present invention is
directed to the use of any one of the compounds of formulae (I)-(III) or (V)-(IX) as an
intermediate in the syﬁthesis of a purity-enhanced or yield-enhanced composition
comprising a compound of formula (IV). In some embodiments, the present invention is

directed to the use of an alpha-enhanced composition comprising a compound of
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10131]In still other enbodi nents, conpounds of the present invention

exhi bited 1 C50 values for inhibition of the growh of tunor cell lines in
vitro of less than 10 p.M In certain other enbodi nents, conpounds of the
present i nwanoprsarhi bi ted | G50 val ues | ess than 7.5 BR/USM084E34980 n
enbodi nent s, conpounds of the present invention exhibited |ICso val ues | ess
than 5 pMg B8k dnadd breTHM ShHBEIS ,
conpoundsiéf tﬁe prggﬁﬁ?“?%%éﬁﬁﬁgﬁ;%éﬁfﬁf?g%p+?%0 valuesgless than 0.75 gM
| ess t han @npopNpn taeprisingarroopeendpiiprmpadVihan 0.1 p. M |ess than 75 nM

| ess than 50nM or even less than 25nM 101321As di scussed above, conpounds
of the invention exhibit inununonodul atory activity and exhibit activity
for the inhibition of angi ogenesis through inhibition of receptor tyrosine

Ki nases. ASomptadids Mamimemhsvm@@@u@wmsbzrmsxafeudmﬁ or the treatnent
of a varie f disorders, includin dt ys,

gl oner ul on@#’éjopat hg“ SQIPRATRE IS P é‘?sgwr’f‘ﬁngmﬂ fsr#éﬁeﬁtﬁﬁgﬁocowu?‘%%? ng

spondyl i ti g@inpoBiEess Répagedalsingithd hétho@sdferarbdeni ihivéhnoﬁSet,ge,oappifaeaﬂlmcedil | ergic
rhinitis, ocular inflanmmation, inflamuatory bowel disease, ato

der mat i t i sCOmPOFHpRSsila some sPbRIIMeNS, khp compourdsand CEEPB%*F‘H{“F%*‘BB’PB’P?‘%

| nf | anmmat oy udeh Eflafil@éré(peq{]&%ﬁlan&}@p%hbﬁ ﬂﬁrapé.ﬁfc%ﬁ?ﬁd]&iﬂﬁswdgr shoseli abet es,
Al DS, solid tunor cancers, Leukem a, onas, non-ho gkl n's B-cell

| ynphorms ; deseribsd inmpre demiihslopt: i IB"F*’@HR‘@%‘?[H;’“E@EL#C CORRoPREY a9y el oma, systenic
| upus er yt&, Exﬂﬁx’rﬁ'sare %%’d @ﬂfaﬁzfﬁ)r ﬁs‘%hn’?ﬁfe's?ﬁﬁm&ﬁ@éftow?ﬁidﬁc@(}% Rpease, eczenm,
uticaria, nyas t eni a i di opat hi € thrombocyt openi a pt upur a,

cardi ovasc@ﬂfammtll*@‘é%se (e.g., nyocardial infarction, atherosclerosis),
hepatitis, productive nephritis, adenovirus, diseases/disorders of the
central nervous system (stroke, Alzheiner's disease, epilepsy) and for the
treatnent of the synptons of nalaria, to nane a few. In certain

enbodi mntMﬂﬁ&M&ﬂMﬁﬁ@ntl on are particularly useful for the

treatnent of rheumatoid arthritis, psoriasis, nultiple scl er |s, ast hma
and cancer{012H cert 3n generababe P@Wélnvéﬁwmséf’m?ﬁ@dﬁ HEEHEPIAC ar e

par i oul ar a8 bHnbAnaldiP ol G AR RYordals 1A%d @hrfon: blcahéd plrfloatiodi ment s,
conmpounds o e 1nvention are particularly usefu eat nent of
cancer. | nsotidturadm. lasbodembodipents dhpenmupyn Oft’thﬁemvmlemmt WFaBparticularly
useful for Pﬁ%{y @laisbieRy(8Rt i on and
gui dance f%:trng%r’ie ??‘% di%f%a?i)ggfg tg?gdgggg%h’%g) e 3&% ls . .,( uU. S

Pat ent  Appgédneatly OWF &Bthe&hsmdrB;sﬂamIz@@ﬁllmwl tQ7e7krft éﬂmtents of
whi ch are incorporate this ren es of

A i ot af B oAy o fenpvepton e dsh RSl AP o IIRAER oM S

conmposi t i okifiase@utivey sacica UEGEr dnd POIGFri® vitodsdodfre uskeéxlgfmretheueatmnMexﬂt i on may
be adm ni st ered. usi.n e..of ni st | on effective
for the tr@&?‘f‘fe‘ﬁf“‘é‘l“géﬁff%(‘)‘fm’fs eedﬁ%‘&%@%‘fgyé?uﬁlﬁé qmt el n. Thus, the
ex]E)r essi OnInte’i‘fzd‘fn];ﬁﬁﬁ iMBe reathint oﬂSaride@d:aifal&fmdmlafrg)jsehﬁﬁ, atnﬂé}lirairﬁmt f of cancer,
refers to a sufficient anount agent to it the growth of tunor
cells, or P@F@F@t‘?%PQaWF?IPﬁF@ﬁicvﬁ%ﬁuéﬂoto # agj@uce the effects of cancer.

The exact armunt re |red vary fr.om subj ect bj ect endi ng on
the speci e¥13%ge, a %Im Wd‘%{"ﬂl?"é‘ﬂnﬁs’?%‘f@p%f}f 8@# R 1s"é'\&}et}olnty of the
di seases, &)&%lﬁaﬁ@:gowiueg foR NIFL MG cAQE Mss tHah 3 0 piMleInqkrtaidmiet st rat i on, and

the like. The compounds of the invention, are e ably for din
dosage uni ?mlPQS‘f"ﬁ?fft%ICO@a%‘éldéPf@EH’feﬁ‘frgfrf"éflﬁ"%’ne"éﬁ’b‘ %ﬁﬁ#’(‘ﬁ‘l %vsgkandogage The

expr essi on vAdgSaaeinERtodinRint¥ cafpouf bRy Gbnt Bi&HtDnleRhiBitdd 3| Clies Y

di screte un|t of therap eutlcmﬁent appropriate for the patient t%di%
treated. |lessdhpn 5 ubd, laseithen 2 SodM, lnswkanel LMt Inpertaig smbgdigieniasqpoya of the

conpounds g.h e%mhﬁéxﬁé?&b‘ﬁ%d RS vRLESIER AT Y PO Rs¥hhs 0 BgNMlgeisded by the

attendi ng siclan wt e scope of sound nedi cal ud ment. The
speci fic thabapbless than Oyl 14 flesstthane’ Srdd dessahan SOndf oraygn &R patient or
organismw I | depend upon a variety of factors includi ng t he di sorder being

treated and the severity of the disorder; the activity of the specific
conpound enpl oyed; the specific conposition enployed; the age, body weight,
general health, sex and diet of the patient; the tinme of adm nistration,
route of adm nistration, and rate of éfretion of the specific conmpound
enpl oyed; the duration of the treatnen drugs used in conbination or
coincidental with the specific conpound enployed; and |i ke factors well
known in the nedical arts (see, for exanple, Goodman and Gl nman's, "The
Phar macol ogi cal Basis of Therapeutics", Tenth Edition, A G| man,

. 1. Hardman and L. Linbird, eds., McGawHill Press, 155-173, 2001, which is
incorporated herein by reference in its entirety). 101341Pharnaceuti cal



direct injection into a tissue, or system cally absorbed topical or nucosal
adm ni stration. Quidance for system c adm nistration of conpositions of the
present invention, including appropriate dosage forns, dosages and dosi ng
schedul es ewmzdogossend, e.g., in U S Patent Applicati ear/psdobd/@aes on nunber
2006/ 0247448, the entire contents of which are incorporated herein by this

reference. gigycert aijp s@X Bl MpsaRRERL LoBPhBds SfiRe prRYGDIVMRIcaRRRIGII]S MRy be
used as coati ng for stents. Cuidance for using conpounds of the_ invention

in this caffacvalyesdamnhibitiongfthe grayrtheok tmar ecll finesypvigng/ab by ten oM VALENTS

101351Thosg, éehsih'oﬂ{%r Lrﬂbad?ﬁeﬁg,tcmwp&dnd@ %?ﬁﬁﬁ»kc’sﬁg iNenfibh Sllfeld fCSRBEE @i N

using no nore than routine experinentatio ny equivalents to the
speci fic elebotimBhudl. &f cariain ¢ophpdimdrdh compeyndpelth presdnt invenfias exhibitedal ent s

i ntend ] kaj : Tl ON BY
RErERENCE: b LT HER TIATAES gk 2 Pl R B TOE K8 hin SOOI
appl i cat i ocenmiutdschittie mesghoinventinn sxlpitdd ICst vabies kesethhe PZByM, lesothanr at ed by
f R LIFl I 0137].T. | | ow ] ti d
T ence. s ERFYBHRGH B SRS BRAIT Rl R B4 P9n B SE) g 2@ use

less than 25nM.

[0132] 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, atherosclerosi_s), hepatitis, productive nephritis, adenovirus,
diseases/disorders of the central nervous system (stroke, Alzheimer's disease, epilepsy)
and for the treatment of the symptoms of malaria, to name a few. In certain
embodiments, compounds of the invention are particularly useful for the treatment of
rheumatoid arthritis, psoriasis, multipie scl:rosis, asthma and cancer. In certain
embodiments, compounds of the invention are particularly useful for the treatment of
psoriasis. In certain embodiments, compounds of the invention are particularly useful
for the treatment of cancer. In certain embodiments, compounds of the invention are
particularly useful for the treatment of atopic dermatitis. Additional information and
guidance for the treatment of such diseases can be found, e.g., in U.S. Patent Application
publication number 2006/0247448, the entire contents of which are incorporated herein

by this reference.
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TBDMS t-butyl dinmethyl silyl TIPS triisopropylsilyl TBAF tetrabutyl
anmmoni um fl uoride TMSI i1odotrinethylsilane PVP p-net hoxyphenyl -OTf
triflate BOC t-butyl carbamate

WO 2009/075818 PCT/US2008/013498
Dosages and Modes of Administration
[0133] 1t will be appreciated that the compounds and compositions formed

according to the methods of the present invention may be administered using any
amount and any route of administration effective for the treatment of any of the disease
states indicated herein. Thus, the expression “effective amount™ as used herein for the
treatment of cancer, refers to a sufficient amount of agent to inhibit the growth of tumor
cells, or refers to a sufficient amount to reduce the effects of cancer. The exact 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
mod.e 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 compositions 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, genéral health, sex and diet of the patient;
the time of administration, route of administration, and rate of excretion of the specific
compound employed; the dur;cltion of the treatment; drugs used in combination or
coincidental with the specific compound employed; and like factors well known in the
medical arts (see, for example, Goodman and Gilman’s, “The Pharmacological Basis of
Therapeutics”, Tenth Edition, A. Gilman, J.Hardman and L. Limbird, eds., McGraw-Hill

Press, 155-173, 2001, which is incorporated herein by reference in its entirety).

[0134] Pharmaceutical compositions can be administered systemically, e.g.,
enteral and parenteral methods of administration such as intravenous administration,
intraperitoneal administration, intramuscular administration, intracoronary
administration, intraarterial administration (e.g., into a carotid artery), intradermal
administration, subcutaneous administration, transdermal delivery, intratracheal
administration, subcutaneous administration, intraarticular administration,
intraventricular administration, inhalation (e.g., aerosol), intracerebral, nasal, naval, oral,

intraocular, pulmonary administration, impregnation of a catheter, by suppository and
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MPM 4- et hoxybenzyl FCC pyridi ni um chl orochromate TBMVE t-butyl nethyl ether
TBDPS t-butyl di phenyl ether DVAP di nethyl am nopyridine THF tetrahydrofuran
| PA i sopropyl al cohol

WO 2009/075818 PCT/US2008/013498

direct injection into a tissue, or systemically absorbed topical or mucosal administration.

Guidance for systemic administration of compositions of the present invention,

including appropriate dosage forms, dosages and dosing schedules can be found, e.g., in

U.S. Patent Application publication number 2006/0247448, the entire contents of which

are incorporated herein by this reference. In certain exemplary embodiments, the

inventive compounds may be used as coating for stents. Guidance for using compounds

of the invention in this capacity can be found, for example, in WO 05/023792.

EQUIVALENTS

[0135] Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims.

INCORPORATION BY REFERENCE
[06136]) The contents of all referénces, patents, and patent applications cited

throughout this application are hereby incorporated by reference.
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TBAI tetrabutyl ammoniumiodide KO Bu potassiumt-butoxide DVBO di nmet hyl
sul foxi de TBS t-butyl dimethyl silyl TFA trifluoroacetic anhydride KHVDS
pot assi um bi s(trimethyl silyl)am de DCM di chl or onet hane

WO 2009/075818 PCT/US2008/013498
EXEMPLIFICATION
[0137] The following naming conventions are used herein:
T™MS trimethylsilyl
TMSCL trimethylsilyl chloride
TBDMS t-butyl dimethy! sily}
TIPS triisopropylsilyl
TBAF tetrabutyl ammonium fluoride
TMS! iodotrimethylsilane
PMP p-methoxyphenyl
-OTf triflate
BOC t-butyl carbamate
MPM 4-methoxybenzyl
PCC pyridinium chlorochromate
TBME : t-butyl methy! ether
TBDPS t-butyl diphenyl ether
DMAP dimethylaminopynidine
THF : tetrahydrofuran
IPA isopropyl alcohol
TBAI tetrabutyl ammonium iodide
KOtBu potassium t-butoxide
DMSO dimethyl sulfoxide
TBS t-buty! dimethy! silyl
TFA trifluoroacetic anhydride
KHMDS potassium bis(trimethylsilyl)amide
DCM dichioromethane
[0138] Amounts of reagents given below are in relation to the first listed reagent

for any given scheme. When volumes are given, they are calculated using the

conversion factor of 1 kg of weight = 1 L of volume.



101381Anounts of reagents given below are in relation to the first

reagent for any given schene. \Wen volunes are given, they are calc
usi ng the conversion factor of I kg of weight = 1 L of volume. WO
20091075818 dxoaspissaisl: Synt hesi s of Conpound 010 SchenecBusiysitibesi s of

di ol

0-ribose  RTLLSI00RALASCHEbound 010

Scheme 3: Synthesis of diol from D-ribose

o .. ' HO Pt
HO “SOH _1) Acetone, H,S0, ~OTBDPS
2) TBDPSCI, imidazole
HO OH 0, ©
D-ribose ><
1) VinylMgBr OH OH

2; Flep'iane Crystallization » MOTBDPS
><
001

[0139] D-Ribose (1 wt) was suspended in acetone (5 volumes). Suifuric acid

(0.05 wts) was added and the mixture was stirred until homogeneous. Imidazole (0.6
wis) was added. The mixture was allowed to stir 15 minutes, and then the acetone was
distilled off. Acetone (0.5 vol) was charged in to the reactor. The acetone was distilled
off and the procedure was repeated. Dichloromethane (0.5 vol) was charged into the

reactor and distilled off. The material was taken on crude to the next reaction.

[0140] To the acetonide (1 wts) was added imidazole (0.36 wts). The mixture
was suspended in dichloromethane (5 vols) at 25 °C. The mixture was cooled to 0°C
and tert-butyldiphenylsilyl chloride (1.4 wts) was added. A saturated solution of
ammonium chloride (2 vols) and water (1 vol) was added and the mixture stirred 15
minutes. TBME (2.5 vols) was added to the mixture and stirred 5 minutes. The organic
solution was separated and washed with water (2 vols) and brine (2 vols). The organic
layer was concentrated and the crude TBDPS protected lactol was obtained. The

material was taken crude to the next step.

[0141] To a solution of the TBDPS-acetonide (1 wts) in THF (1.6 vols) at -20 °C
was added a solution of vinyl magnesium bromide (1 M/THF, 5.8 vols) at arate
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 dicl 001 (35.2% yield from d-
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OrBDPS 0)0 1 VinyjgBr OHOH -- Tep ane Crystallization--BOPS 0 0 001
101391D R bose (1 wt) was suspended in acetone (5 volunes). Sulfuric acid
(0.05 ws) was added and the mi xture was stirred until honogeneous.

| m dazol e @b fwosdsdiswas added. The mi xture was al | owedptousionsioiidss m nut es,
and then the acetone was distilled off. Acetone (0.5 vol) was charged in to

Lie, T 8ACt Ofeslf 108 ANRA VR pBiL! LRSS wARUohIR PLASANEIS MRS epeal ed

Di chl or onret arged 1nto the reactor and distilled off.
The mat er i kdptanes andddiedriedn crude to the next reaction. [01401To the
acetonide (1 ws) was added imdazole (0.36 ws). The m xture was suspended
i n di chl orSvhevdadnSynthesisolfAcetate lyAllplic Reduationt ure was cool ed to 0C and
tert-butyldi phenglll silyl chloride (1.4 ws) was added. A saturated sol ution
of ammoni um chl @hi deQ2 vols) a water bihagol) was add&f°and the mixture
P

stirred 15 fes. TBRPPS 5 t % QBRRE stirred 5
m nutes. The orgdnix sol ution SERER ?:'ate and waspedpgM th water (2 vols)
and brine (2 vol §< The organic |ayer was concentrated and the crude TBDPS

protected | act ol V\®§ obtai ned. The material was taken & ude to the next
step. [01411To a soOl'ution of the TBDPS-acetonide (1 W\O.S) in TI-1F (1.6

vol t -20 C dded | uti .of i | i b 1d M THF,
205 hors) BT 1ot o TRastine SalHin e 98] lvis) GenetRramop U (OMIE 1 | oued
to slowy mz&nmﬁm@ﬁ&(oﬁh%rs}%ﬁuqa&.oaﬁtymamﬂe)amgg%vs QelsfAoec @b d nixture of

saturated aqueous a nium chloride (4.5 vo ME (4.5 vols) and water
(1.8 vol) . adibdaticadydrilaffett win). Bepalutivevasaltbwdddo wagame 25°Cand™adpn was

washed twi ce with water (2..25 val.s)..The i é j hed with
brine (4. 5&\9‘6¥¥§eg5?fcf‘tl’88[nlclé‘rﬁ’?§ aé:%:’i‘.) @%XE%%“&E g(ﬁgi%fgtfw éh g%@“ﬁ%ﬁ%ﬁ@f om d-
saturated aqueous ammonium chloride (2 vols). TBME (1 vols) was added. The
organic phase was separated and washed with water (2 vols) followed by brine (2 vols).
The combined organic solution was concentrated to afford diacetate which was used

without further purification.

[0143] A reactor was charged with catalyst Pd(PhsP)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
10 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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ri bose) was crystallized fromheptane. The solids were collected and washed
with cold heptanes, and air dried. Schene 4. Synthesis of Acetate by
Allylic Reduction OH CHOAc 1) Ac20, Et1N, DVAPp----.0TBDPS 2) Pd(PPh3)4,
HCO2H 0 OEx@Nooold6Q9® ) c 001002 [0142] To a stirred sol ubcmus2oésodsses 001 (1
wts), dinmethylam nopyridine (0.002 ws) and triethylamne (0.76 vols) in

tert-butylg, gg,f,p%dC,sgpgyon(,#ﬂcgf%ql,%)ﬂ,ﬂ;,yggW added acetic anhydride (0.46

vol s). The i on was to warmto 25C and was then stirred for
about 1 h. The reacti ggpdri xture was cooled to 0C and quengiwaal with

saturated aqueQus amMmDyi USYSHBLO) BECE Me@H), sﬁFﬁPW@ﬁs added. The
organi c phase%{\;e(\d‘fed and 2\MPNEH KMBuhTRAAT er ol | owed by
brine (2 vols). Mnbl ned or gamBaF.d8Futi on was co&ggrat ed to afford
di acet at e which ed without further purificatio 143] A reactor was
charged with catal y& Pd(Ph3P)4 (0.02 wts), triethylan? (0.37 wts) and

THF (3 vols). The solution was cooled to 5C. Formc acid (0.17 vols) was
t hen added014after tAecta®02 (lowt)ovas Susprided dwTHF (&3 velnfx e sespensiagiol ut i on of

di acetate add heated to
ref | ux (6?&55;‘&%‘3%)1‘5‘3@3@53 (’%B\c‘)lor?%%ﬁ%ﬁ“eltnlgoﬁs%g?%e M X é%%{‘%aué\?égol ed to OC and
qggng hedd\@OEaBSImabaPoﬁaie gﬁ; weh @Medﬁ;(tnabmblyl Ilmmt ilaguire wamvoh lefi20 T Clamkds) vvaﬁ
added and stirred_for m eralnt er, the
sol ution VAL WA ﬂ@ﬁ"\ﬂptaﬁdﬂ?mt W@gﬁgé‘& RRE fér#@ Hg!’Q%%/hen
?I_ ﬁt ur at gd ﬁiﬁﬁtbﬂmhs gﬁa@ﬂidrd@asgalio&%? Mg&k (17 henusyamd the pimme laommlvasnncent r ag ed.

e crude oil residue was dissolved in vol s),.warmed to
70C and t Hepargteth| Big organicphaseryyas ?W%’P%F‘ik “%%E% %éi%@fg{}ﬁgt’?tf 1 8%d. The
cake was Vasfetkohhl t\ﬁs%gémtfﬂ?@-ﬁfwané@ 1) (0.5 vols) and then dried (64.8%

yield fromO001;, MP. 64-6 3C and 1H NMR of_ 002 aPﬁ? dep éed in Figure
3A and 3B.[0145) The alcohol (1 wt.) was azeotroped with anhydrous THF (3 x

until water levels were <0.03%. To the resulting oil was added a suspension of TBAI

(0.17 wt) in DMF (1.05 wt). The mixture was then cooled to —1 5°C. The reactor was
then charged with 20 wt % potassium teri-butoxide in THF (1.4 weights) diluted in
anhydrous THF (0.94 wt). The mixture was stirred for 15 minutes. 4-methoxybenzyl
chloride (0.43 wt) was then added. Upon completion, the reaction was quenched with a
0.5M solution of sodium methoxide in methanol (0.55 weight). The mixture was then
allowed to stir at ambient temperature. The mixture was concentrated and th_e remaining
oil was partitioned between water (5 weights) and tert-butyl methyl ether (3.7 weights).
The organic layer was washed with saturated aqueous sodium chloride and was then
concentrated. The crude oil was used with purification.

[0146] The sily! 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% agueous sodium bicarbonate (2.6 wis) was added and the mixture was extracted
twice with tert-butyl methyl ether (1.9 wis). 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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Schene 5: Conversion of Acetate to Primary Al cohol OAcOWM OTBUPS 1)
K2CO3, MeOH, THF 2) MPMCI, KOt Bu, TBAI 0 03) TBAF, THFO.,x0 )C 002003

[ 0144] Acetate 002 (I w) was suspended in THF (4.7 vol) To the suspension
was added Ma®:e0¢/27588 vol ). To this resulting suspensi oRCWHS2088MH&¥8a sl urry
of potassium carbonate (0.3 ws) in MeOH (2.33 vol). The m xture was cool ed

to 10C and then water (8.0 vol) and nethyl tert-butyl ether ¢ wer e
added. After agitation $Ml5 m nutes), the reaction wagl | oje o settle (15
m nutes) and the orga@”c | ayerigiesmasfRar at ed. The of ganic e was then

5 used

washed V\Athwoand pITAE enjdidl ed ™ ¢

wi t hout purificatf orh 10145TTe aj cpnof (Wtrop i t h
anhydrous TI-1F 9%3-% 1.78 wts) until water |ev®hgwere <0.03% To the
resulting oil was~atded a suspension of TBAl (0717wt ) in DWF (1.05 w).
The m xture was them cooled to -15C. The reactor %8s then charged with 20

W % POL aRiAM t er tr Yt 8k @ oUFhabdy dh EGAPhag) bl £ mEABY T ous THE

(0.94 w). m xture was s m nut es. xybenzyl chloride

(0.43 wt) @S5 wig DMAPR 04 Wsdnrictoyiphiaei(@d] widendphthaliomhyddde@éiched with a

0.5M sol uti f sodi nmet hoxi LN L, (9.5 i h 1 Xture
was t hen aW&S@WQ?"&#&P“&?mB%\g?H?a {6 g?n%%rﬁﬁg% Sr""f‘é@l 3.{553%5)( u%%c%@'dy

concent r at @gighisyl THeeombinad aquegusaioliunabiciraonatd dxtraettbnb eterereturngitte the( 5

wei ghts) and tert-butyl . ngthyl .ether Lghts). .The or i ¢ layer was
washed wi t 7F2&at 44 %‘dxaéa‘ﬂjet ‘%‘ﬁh‘?ﬂﬁ’%ﬁ"&ﬁ%%? %«l@ g%‘ﬁmgdﬁoﬁ@ﬁ?gginc Sbn rated.
The crude @id thvRaddds eUpi édhversioh badkabicompolrd 048] hhequeblyleyetweer (1.0 w)
was dissolved in THE (2.3 wei gt,f%eo e abutélll amoni um fluoride (1.0 Min
TI-1F) (1.%5geEy wighd &73&% n ﬁ%ﬁ”@{qrﬁiﬁ? Y XET5BCRER AR bi car bonat e
(2.6 wts) y@ﬁin% flo® Rehnk b Bil OF niioRndVB63 @6[2AGIRIGImMEH. WC dhdt'er t - but yl
nmethyl ether (1.9 wts he conbi ned organic | ayers were washed with

sat ur at ed MyReel 3 ssiapistedtn Siauert4 2ndd8it s) . The organic | ayer was then
concentrated to provide crude 003. :

Scheme 6: SOs-pyridine oxidation

OMPM ' OMPM
SN A _OH S0, pyridine, DMSO w
\/E_g\/ Br,NEL CH,0, > Iy CHO
< P
0063 004
[0148] Primary alcoho! 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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TBVME, DMAP, NEt 3, phthalic anhydride NaOH 003 [0147] To the crude 003 (1.0
wt based on theoretical nmass) was added TBME (2.95 wts), DVAP (0.04 ws),
triethylamne (0.31 ws), and phthalic anhydride (0.69 ws). Upon

conpl et i on weapoumnsis003a was extracted with 3% aqueouspdEHROBINHDS

wei ghts). The conbi ned aqueous sodi um bi carbonate extractions were returned
to the reactor and then washed twice with heptane (2.27 ws). Sodi um
hydroxi de (1.23 ws) was then added. Upon conversion back to conmpound 003,

the aqueoys,b,Ay 21 Syies® bf ARGChEIGn W PHdsplidhEurk Sall fromB byl 3-(Be TBVE or gani ¢
| ayers were then concentrated yielding a yell ow orange oil of conpound 003

(66. 2% yi &véroprlaiyratg2) . 13C and ill NVR of 003 are depicted in Figure 4A
and 4B. Schene 6: SOrpyridi ne oxidati on OVPMOVP 803 pyridi ne, pyridine
DMBO O 00 O 003004 10% 8] Pri rraﬂxnglmhol Q03 (1 was di ssolved in
anhydrous di chl oro Bt 02)UBSC) imidhbae SolBsPon RRooled to 0C, and

t hen dii sopropyl et hyl ani ne (1.38RtH) was added. gl fur trioxide pyridine
conplex (1.29 wt.) was dissolved in anhydrous dinethyl sul foxide (5.00 vol.)
in a separate react The 5031>y/ DI\/SO sol uti on vva agded al cohol / CH2Q 2
sol ution. Upon COITDM the NOBCLEQN m xiu senched with cold

wat er (6.4 vol.).TB$Re orygaRtic I%gﬁ&?ﬁi par at'@?@o The afUkbus phase was
extracted with a m xt upe of hep .) and @fshl or onet hane (0. 30
vol .). The conbi ned organi c phases were vvashed with 5 wt % aqueous citric

aci d (5.0 y0lgy) unt iy fﬁ&)%ﬂrdﬁ%ﬁ&ﬁa@(lﬁﬁ@v&ﬂﬁ%ﬂ&o h ayletionéf2. 681 The
organi c ptﬂase was vvas% wt % aqueous sodi u bonate ﬁz 50

vol .), andithitmrdiigenrenyianeide Qo ds 0 %o dl hrmbtirs gl 31%%’07’ e organic
\Fjgf‘s e vas tﬁe%;}%%& ﬁ‘ah g ﬁ!fsbﬁﬁmpaf A&EALbAE (108 W) iR mp(tsm)(“&sx 4.0
, providing aldehyde 0

added while maintaining a reactlon temperature below -15°C. Upon completlon the
reaction was quenched with saturated aqueous ammonium chloride (8 vol.). The
mixture was extracted twice with ethy! acetate (6 vol. each). The combined ethyl acetate
layers were washed twice with saturated aqueous sodium chloride (6 vol. each), then
concentrated under reduced pressure. The crude mixture was dried by azeotroping with
heptane and used directly in the next reaction.
[0150] The crude material (1 wt) was dissolved in anhydrous DMF (3.7 wt.).
Imidazole (0.77 wt) and tert-butyldimethylsilyl chloride (1.25 wt) were added. Upon
completion, the reaction was quenched with water (4 wt.) and extracted twice with
heptane (4 wt. each). The heptane layers were concentrated under reduced pressure,
then solvent exchanged to toluene and used directly in the next reaction.
[0151] The crude ester (1.0 wt) was dissolved in anhydrous toluene (1.22 wt.)
and the solution was cooled to -10°C. A solution of diisobutylaluminum hydride in
toluene (4.5 wt) was added maintaining a reaction temperature below 0°C. Upori
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 methy] tert-butyl ether (2.3 wt. each). The combined organic layers were
concentrated under reduced pressure. The crude i)roducit 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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Schenme 7: Synthesis of Al cohol and Phosphonium Salt from Ethyl 3-(S)-

hydr oxybuOrate OH 1) LDA, Mel 2) TBSCl, im dazolex TBSO OH 3) DI BAL-H 005
1) MsCl, EtIN TBSO/- \--OH 2) Nal, AectoneTBSO \---PPh31 3) PPh3, then

Et 0Ac 0050Gf0 bddd4R%dst hyl 3- (S)-hydroxybutyrate (1 w.) remssmbiasiso a
solution of 2.0 MIithiumdiisopropylamde (10 w.) at OC. The m xture was

stirred fo M NUETES alcSH 0651@D W was ARSI i THROG wiflariiQdobllell @0gf. et hy |
|od|de(1@§ﬁ in THia:c %sa dded vvhllle nalntalnlc:h%areactlon

t enper at ur’&ldﬁ@lwne (e “’&Wﬁ a@d‘)ﬂr@@%@r‘i’)’ methaneadfopylsHlaRds (GPeWhed with
sat ur at ed é\g&bh%%p&gegétmg{\%e Elééu‘& %@sz(ﬁw\é%as)addeﬁ%ume@ BY &P%@(ﬁt ract ed

twce with he conbi ned ethy acetate | ayers
wer e mshemxmﬂaephase kepswtion, ahe@paqg@dgswwmsbﬁwﬁhwvre@ 6aliyB| . each),

then Concegﬁonad%ﬁi’% Ddandtﬁe% S‘eﬂu@é&ﬁﬁ&é’iﬁdﬁ{&ﬁa %aqemawg RalbAs whsi ed by

azeotropin tane and use rec e next reaction. [0150] The
crude mat emsbdiﬂlre(ciﬂyvmhemrchcsmol ved in anhydrous DMF (3.7 wt. ) Im dnol e

(0.77 w) tert |..chl ori Ged.
conpl eti on@?@e r eaﬁ{?%‘ﬁ q%wﬁ aédhs\(/ém&tv%ﬁmgat%ag’le(é%3% ext r act egpon
twice w thilvepd azﬁeaddéd whd the&ﬁkt)ue vﬂ'd’sélekteqbtoaﬁﬁmt aUmmwmi@onﬂh@Eﬁ@tmt ed under

reduced pressure sol vent
t he next pr%(f"f’? ﬁ‘i.toam r}en’c temperaturg)él(l: wa r&é&t)t“(?alsl.‘lagge% aﬁme mlilsed dl rectly in

extracted with heptane (4.0 vol). The heptane layer was washed consecunvely with
saturated aqueous sodium bicarbonate (1 wt), saturated aqueous sodium thiosulfate (2.5
wt) and saturated aqueous sodium chloride (2.0 wt). The heptane Jayer was concentrated
under reduced pressure and used directly in the next reaction. '

[0154] Triphenylphosphine (3.0 wt.) was heated to 100°C. The iodide (1.0 wt)
was added and the mixture was stirred at 100°C until the iodide was consumed. Ethyl
acetate (5 wt) was added and the mixture was maintained at reflux for 20 minutes, and
then cooled to 0°C. The resulting solid phosphonium salt 006 (72.4% yield from 005)
was filtered, rinsed with additional ethyl acetate (7 vol) and then dried under nitrogen.
¢ and '"H NMR of 006 are depicted in Figure SA and 5B.

Scheme 9: Wittig Coupling

_ R iy BuLi, THF
TBSO PPhst  ji)Compound 004

006

[0155] Phosphonium salt 006 (2.40 wis) was dried by azeotroping with
anhydroﬁs 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 reactic;n 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./(.15 vol.).
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[ 0151] The crude ester (1.0 wt) was dissol ved in anhydrous tol uene (1.22
wt.) and the solution was cooled to -10C. A solution of diisobutylalum num
hydride in toluene (4.5 wt) was added maintaining a reaction tenperature
bel ow 0C. Wpmeosremensi on conpl eti on, nethanol (0.4 w) RETUIWRW349Fhe
reaction mxture was transferred into a solution of cold aqueous

hydr ochl orgda6 tsd9c(~ﬁ>1 QWAE ddded agd fie Xitiktufe WaSfilexddramd weshadwiiteheptanh (2ret hy |
tert-butyl ether (2.3 . each). The conbi ng‘geﬁ nlg é éfé Wﬁd]@

concent r atxet2 Y@érm%mdﬁlgét%‘ﬁ%mcmnﬁt ?ﬂq"ﬁﬁé %y byield
from Et hylan§the(s§ﬂ1t19ﬂ@5§3ﬁl¥é}éu Yi@he whthdehtamo(21ed. 78 Vall)) Th\aﬁorﬁﬂmal purified by
vacuumdi stillation (100- 120C af 10torr). WO 2009/075 8PCT/l 2008/ 013498
101521The fétrgehutre ooseptaie! wd)ﬂl@/\’ra%df‘c%%@l\r@a usgd vitgeur BarfieRtioll g cool ed to
0C. Triet S{ﬁmﬁz hened by net hanesul fonyl chloride
(0.55 w. %h pon corrpﬁ?l o%?l%*f@&tnﬁggrﬁgg%%on water (2.5 wt) was added

fol | owed by heptane (3.5 wt.). After phase separation, the heptane |ayer
was washed with saturated sodiumchloride (2.5 w) and then concentrat ed
under redufckemplGIEaekReadfor crude material was used directly in the next
reaction. 101531The rresyl ate (1.0 wt) was dissolved in acetone (3.33 wt).
Sodi um i odi de (1.0 wt) was €d and the mixture was heakéd teo raBsinc.
Upon conpl etion Xae r eat#san s cool ed to anbi ent tel?petoatur and wat er

(2.8 wt) was ad The nMRWEr e Wae, e)lida WysNiliewi t h he ©470~ol ). The
hept ane | ayer waghed Lcansecuti vmrysw:ﬁlﬁrss% urgte sodi um

bi car bonat (M oTsat ur te ueous sodi um t hi osul ) and
sat urat ed aqueous sodi um chl (2.0 wt). The hept
concentrated urmdsr reduced pmessure and used directly in tbhs R reaction.

101541Tri phenyl phosphine (3.0 w.) was heated to 100C. The iodide (1.0 w)
was added and the m xture was stirred at 100C untiI t he i odi de was

consumed. Ethyl acetate (5 wt) was added an%(t),rﬁ ture was maintai ned at
reflux forl0H8] ni nut She triflate 407akl.-L 56). alsin 400 e®%esul ting solid

phosphoni LlHl(tﬁl‘%L:rfzyﬁgéleQ&?oné ﬁbhﬂ%{dﬂlrﬁ 5o QRPincas a bdabbgmMed, rinsed with
e

addi ti onal acetate then dried under npitro 3C and
| HNMR of Omfﬁh)dp}e‘rczlhéplom 6*(;13 vel) mcgdj¢@1wﬁmtfghml%@€MWCWﬁ%§?% upl i ng
mixture was stirred at 80°C. Upon completion, the mixture was cooled fo 20°C, and
Celite (1.5 wt) ahd 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 Efi
2) TBAF, Imidazole-HCI Boc.
3) KHMDS, 50 vol THF

then TBSCI addition P,

[0157] The Boc-amide 008 was dissolved in dimethyltetrahydropyrimidinone
and cooled to 0°C. A 1.0 M solution of lithium bis(trimethylsilylamide) in THF (2.5
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007 10155] Phosphonium salt 006 (2.40 ws) was dried by azeotroping with
anhydrous TI-1F (9.60 vol.). Anhydrous THF was added (4.80 vol) and the
m xture was cooled to 0C. 1.6 Mn-butyl lithium(2.42 vol.) was added, and
t he sol uti ewvo wasosgisrred for 20 min. A solution of al debyas200003498 Wwt.) in
anhydrous THF (1 vol.) was added to the reaction m xture and the reaction

v e 1ec bt R052ed MOAHPIE] b ivas GBI el hcTnivtud wipSadidagofe | oved by

a solution of citric aci water (0.13 /0.15 vol

2009/ 0758 1$PMpSRETsn b mguEEss soded B BE anéway qu‘asheé’dw&usa&%rﬂé he m xture
was filter @eeﬁa%m%ﬁhﬁﬁcm d;ﬂ: (gg%lz”%é %lﬁméu@eyﬁcteh mrzpﬁmepmh ped

filtrates e concentrate was added and the sol ution
was fil t ermikture pfilgiptege (4.6 Molbletpxtlactb}'(@mbua'l V@CIV(élO o). fihe cewhiBpdh@@ats | t r at es

were concentrated a t h rification. 13C
and NMR of abeﬁsiwerlpé”aae |Wclt(€h e%hﬂﬁ@ng%cgﬁg %&I a%&%‘&%‘%&g‘%ﬁtg&ymck React i on
1015?11 TBe dontdritated uﬁd&&ec{uﬂ:edlpmxs)me alhe ferude il ethier Gonaer)iratcawas purified by

tris(di benzyli deneaceton ombined in a reactor.

Nrret hy| pyr%‘%?alﬁffﬂﬁ%at{@a yvmh;%g:g#ﬁrdc??&?\élﬁ}r e@yl net hyl ami ne (0.77 w) were
add?add ;I'he[g(![)rscagturg \lckglﬁiaﬁdlehycﬁdc}%nc&(ml44uppwmﬂplveﬁ iloh{ M he m Xture was

cool e o] an It t hyl, acet 0.vo dded
The ni xt urterahey! W‘P?@P@&ﬁ’gﬁé P’f?g&%@ag H%ﬁ ﬁb‘r%glé‘ao'%\?ﬁ é‘g’?{ﬁ‘fhe ree(go Sol)
The filtrat@p @eV8) GansRIRET Bheslcotsleion 8@ usieRlrdwasRisiched With sauutmhd

concentrate was purified silica gel h
72.5%yi el AUCEE AERonIE cma%f#eoﬂlaletvaﬁ%féﬁi?%ﬁr‘f%aﬂtﬂgg GRS it Moo @

ether (10 vol each). The combined organic layers were washed with water (33 vol) and
saturated aqueous sodium chioride (33 vol), and then concentrated under reduced
pressure. The crude alcohol concentrate was purified by silica gel chromatography,
which afforded a 51.6% yield.

[0159] The alcohol (1.0 wt) was dissolved in THF (47 vol) and the solution was
cooled to 0°C. A 0.5 M solution of potassium bis(trimethylsilyl)amide (3.0 vol) was
added over a 3 hour period. Upon completion, a solution of tert-butyldimethylsilyl
chloride (1.0 wt) in THF (1.0 vol) was added. Upon completion, saturated aqueous
ammonium chloride (25 vol) and water (4 vol) were added. The mixture was extracted
with tert-butyl methyl ether (25 vol). After removal of the aqueous layer, the organic
layer was washed with saturated aqueous sodium chloride (25 vol). The combined
organic layer was concentrated under reduced pressure. The crude concentrate was
purified by silica gel chromatography, providing compound 009 (57.4 % yield). C and
'H NMR of 009 are depicted in Figure 7A and 7B.

Scheme 12: Compound 010
TBSO O
1) DDQ
2) Dess-Martin
3)TFA > Hey
4) TBME/Heptane : )
5) IPA/Heptane/water
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10157] The Boc-am de 008 was di ssol ved in dinethyltetrahydropyrirnidi none
and cooled to 0OC. A 1.0 Msolution of lithiumbis(trinethylsilylamde) in
THF (2.5 vol) was added. |odoethane (1.2 w) was added, then the m xture
was war med wo28@207s8i3on conpl eti on, the m xture was cooPEFTSHYB3PAd was
guenched with saturated aqueous ammoni um chloride (25 vol). The m xture

was extracfoggoyt hr ee Al JolRidn W ifdcrdcyBl < doy @ vaf) ihaiphlafmetitn® (X Phol)and net hyl
tert-butyl ether (4.0 vol). The conbined organic | ayers \éﬁée washed with

sat ur at ed aidedmpreagrriconridmectishierodisyangbenzogppne kRFQ: 8o e #ut Waiefunder

reduced pr@sigie UpblSopldfcn, e réhetiBhRRE obRRRANIITAI LIRS afiebid dodfbuby silica
gel chronma ographf, which afforded a 94%yi el d. ]50158] | m dazol e
hydr ochl or bicasbggied4.0p)) andhsaturpied spding thejsuifaty (Lveldt ARBUPRASFRRBIHEMM f | uori de

in THF (8"(%&%@]6))115 l‘aﬁ%e?@ay&tﬂl'ate fovith ke bt @h1GEethid (03 Vb)) shdheline( 4. 8 vol )

was added. n co etion, the mxture was ‘quenched w th saturated aqueous
anmoni um c@léovdl)d d'hé tembinebdrzanin thyerstweae cangentiated anderrediogd pressyes: Hihe

tert-butyl ether iy i i r shed

w th vat orrter e (A aRR T in FH ) SR (8 A B R B e o

t hen concengohation@df sendearbazitihydrbepiosde (.22 wifhed sydie acetato{bl4 woicent r at e was
purified by silica gel. chromatoaraphy,.,whi ch, af f orded - 8% vyield.

10159] The ‘é?‘&‘b‘lﬂz?g "t’ﬁz *‘JP%E 5°’6ﬁ§“°3‘r e lidsers P‘lﬁ‘ﬁﬁé %}9‘}1%1? )“'%r?g‘;? K‘l“é’%geol uti on
was cool ed3t3a voF. The Squzold phakdivasarmotedibdm seifilmaths adtthé omghiiy layed wis) ani de
(3.0 vol) was added over, a 3 hour riod. Upon c et.i.on. .a sol.ution of
tert-butyl Wﬁ%’ffﬁg‘igé‘?f? FedBRRaRTEIIRe( %%6 cQRoFntrAe T?ﬁl‘%?;%.i‘@d\%f’ fm%ﬁrse %dded. Upon
conpl et i ONpepfab 1 Rl Phd AHNER LG BBTEIRI OB POl ifittered 2nd\cohgenandd wadeer (4 vol )
wer e added. The m xture was extracted tert-butyl nmethyl ether (25

\ i th

vol ). Aft eiedyeefpieaiurc provifingihe é‘”‘}l"a‘ﬁh\&, the organic | ayer was washed with
sat urated agueous sodium chloride (25 vol). The goppi ned, or ic.layer was
concent r at @460nder TBaAAYE a;‘ﬁ“’@%‘s(ﬁroe‘?’t?ﬂ?éd%f?qlﬁg ‘Egﬁg@ﬁql}l‘%ﬁ‘@e&g‘@ Srified by
silica gel pelnvimah pScaRRNe (0N80N. At daedptisiivi®) Udnlcompletivhehel) . ' 3C and
114 NVWR of 009 are depicted in Figure 7A and 7B. Schqe;&e %Pﬁ %o aund 010
VO 2009107581 RPERs Us2oug oilnsetsated agirpis wgrm bisabenate 4 WlycAeoBHen (1 w . ).
i n di chl or anRtAINGuéRs Sodi@in-Dhio¥BAddehl § QafaddBRACTRY orgAME phitt M
di chl or odi{g;}[gnobenuoqai%one (m ) e86.3535 w?) a?lc_ivwat er0 0. 6§vol). pon
conpl et i onseparhied prebibe poIsOVRIeYE AT ENBEEEd With s mixivgof gthybarstats2<odum
bi car bonat g . V@ls)an [ 1 RleehdAtigiel ind@rdduchf t €r phase
separat i on&dthr%gg%eq@ézovl??' fté%%&fﬁ&\g%@ggﬁ%ﬁggﬁg@g Wi teh am xteure ofr g’fhyl acetate
(1.3 vol ) pesuteeJhapmicentrate was dissolved in ethyl acetate (4.5 vol.), and was washed with

saturated agueous sodium chloride (1.5 vol.). The organic phase was concentrated under

reduced pressure, providing the enone.

[0162) A solution of the enone (1.0 wt) in dichloromethane (6.5 vol) was added
to a 0°C solution of trifluoroacetic acid (6.1 vol) in water (0.3 vol). Upon completion,
the reaction was quenched with chilled (0°C) 15.0% aquebus ammonium hydroxide
(11.0 vol). After separation of the organic layer, the aqueous layer was extracted with
dichloromethane (2.3 vol). The combined organic layers were washed with saturated
sodium chloride (4.6 vol). The organic phase was concentrated under reduced pressure.
t-Butyl methyl ether (2.2 vol) was added and the mixture was warmed to 55°C. Heptane
(2.2 vol) was gradually added, then the solution was cooled to 0°C. The solids were
filtered and washed with a 0°C mixture of heptane (1.4 vol) and t-butyl methy! 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

82



(2.6 vol). The conbi ned organic | ayers were concentrated under reduced
pressure. The crude concentrate was dissolved in ethyl acetate (1.6 vol)
and the solution was added to a solution of sem carbazi de hydrochl ori de
(0.22 wt) syarhoswersaisn acetate (0.54 wt) in water (0.96 poIyS2004m05498
conpletion, the solids were filtered and rinsed with ethyl acetate (3.34
vol ). The nageONS thieee]edas 0TEmavee sdlide b 010e(8074 yield doneéd; MiR 167 gani ¢

| ayer was concentrated under reduced prﬁssurfcsq2 Thﬁ c&gcentrﬂtg was
di ssol ved 1PHQ Wersdilisred, gipsedopiihhmixture PE spians d2-4iveH 28e s EPRAAE?¢2. 0 vol ),
pol i sh filhBr oM mansicaOfcaniraNadR WrOLY ak adpicrd iPFigas Bneand@Bovi di ng t he
allylic alcohol. [0161] The allylic alcohol (1.0 wt) was dissolved in

di chl oronet hane (4.0 vol). Dess-Martin periodinane (0.68 w.) was added
portionw se. Upon conpletion, the reaction was quenched wi th saturated

aqueous S%H?l@i;f@hhﬁ@ﬁwc@?n u¥®010 . A solution of 10 wt % aqueous sodi um
thiosulfate (5.5 vol.) was added. The organi ¢ phase was separated and the

aqueous | RupEmNBE ONiddIR% BRoWId Wity Chagltiage of ethyl acetate (2.2 vol) and
heptane (2.2 vol). The conbi ned organi c phases were concentrated under
reduced pressure. The concentrate was di ssol ved in et WyIBSacetate (4.5

vol .), and was wash®PMir+ uraed aguequs sodium ghloride (1.5 vol.).
The organi ¢ phase was co centraf’%&;" . ‘Q{e' geduced pressure, providing the

: r G HL Gl ) g
enone. [0162] A sol ony{ofOt he enong Efl.ﬁ_wt) i megligzh’or onet hane (6.5 vol)
was added to a OC sol ut 0e@of trijBlomrwacetic acid (6.1 vol) in water (0.3
vol ). Upon conpl etion, the reaction WUench i ghilled (0C) 15.0%
aqueous ammoni um hydr oxiooe (11. GWBEY. FBY separali gh of the organic
| ayer, the aqueous |ayer was extracted with di clbpro ane (2.3 vol). The
conbi ned organic |ayers were washed with saturated sodiumchloride (4.6
vol ). The ni ¢ phase : - But yl
ot hyl ot HRT2. 5 VoRRPolR R YRS SRR s R R e ST ot et ane
(2.2 vol) inasargpladual | y added, then the solution was cooled to OC. The
solids were filtered and washed with a OC m xture of heptane (1.4 vol) and
t-butyl nethyl ether (1.4 vol). The solid 010 was dried and then suspended
in 2-propanol (5.0 vol) and warned to 65C. Water (0.1 vol) was added
fol | oned ISeheradaalrystailine irgernedlidfecptlane (7.5 vol). The m xture was then
cooled to OC and the solids of 010 (80.7%yield from009; MP. 157- 159C)
were filtered, rinsed«wiPhBRa m xture o hept ane (2. 4+yolOPNBnd 2- pr opanol
(2.4 vol), and then drijed. 13C "ﬁiﬁb.‘t':rlagé ZN Igrfd 010 are gdepicted in Figure 8A
and 8B. Exanple 2: Syrthgsis of Dggérpgw@,"’xal 8chene Oxi dation fol |l owed
Wttig Coupling wmeEMd63} Co ' ' sse@d,, f Fom conpound 003 as
descri bed above in Exanple |. Sanemw dstaizetieat al |ine ipternediate 011.

T

)

[0164] The TBS ether 007 (1 wt) was dissolved in THF (0.88 wt.). A1OM
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
methy! ether (6 vol). The organic layer was washed with saturated aqueous sodium

chioride (3 vol) and was then concentrated. The crude material was used without

purification.
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[0164] The TBS ether 007 (1 w) was dissolved in THF (0.88 w.). A1.0 M
solution of tetrabutylamoniumfluoride in THF (2.1 w.) was added. The
solution was warned to 50C. Upon conpletion, the m xture was cool ed to 20C.
10 wt % aqwapieeeesisum bi carbonate (3 vol) was added apdr/ufueosnixsir e was
extracted with tert-butyl nethyl ether (6 vol). The organic |ayer was

washed wi t{mesqt ur at eqdlﬁﬁu@mn@pﬁldjﬁe (©lo3oxtk)heas(addatbio)a saludomastht hen
concentrated, The crude materi

200910758 Hsobs/(Lgss@Enhydsoussl fé@]‘)t fxﬁ%ﬁpﬁ%@ﬁﬁ@%{f;: cut‘?lé‘g‘?&}‘cas wts) was

added to at-ﬁﬁ\bt%k cRbritd\@. PR soﬁdhowtiamﬂ(aowmomférdcaanmﬁ;am«eol ).
Tri et hyl am ne (0. dﬁgﬁ was added. and then 4- nltrobe SZP%}Q Mglde (0.5

w's) as a vesithenistre B Ynongorpgletipn, thigeastion yas ROl " hen stirred

at 35C U 108D IWRAINRSIRONEES) Lty Afethyd etiedp1aqueous
sodi um blcl?fl gﬁgégta‘ﬂ%?%&\?ghgg\(ma?agdd%d f ol Ioowe Cﬂ%y t-ﬁutylﬁrt?et heyl ether (15

vol). The vot)ga*hi: ergpma@baswaz@smm«vxm Wnwirpagyeonssgdusulalgi(thydhl ori de (10
1).. Th
vol).. The '[%Et %hlol g%%s%?ceﬁﬁﬁ&@@g tﬁé &ﬁv&@ Srdhbifzed % MeMEmAX Shanged to

met hanol . was a d the mXxture was warmed to 50C,
fol | owed H§ vel)iwasiaddedeand SB:Gnixture $0s wammndég 50&3@“%‘@?1 by sbminggt 3GCHer  The
crystalll SO|Id 190 wi el doo vmth cold
met hanol (ﬁna?tes ESd‘;%egF?}%in 190 d\/lﬁfe cgfsta&}l?@sgﬁ’ﬁ ry\;??Ii/acgqlins)o ated, and the
crystal stwaydiitered, washedwith cold nﬁﬂg:uoleanﬁi dr&&OAasmglq qustmzf otmpound 4dk depi ct ed

(i ssof ved T4 Pk 98 R oRE RANT: R el - Ao R OB b T0 i i

hydr oxi de d@ﬁmaumng(nk%am% was added and the mxture was warnmed to 35C.
Upon conpl etion, the reaction was cooled to 20C. Water (3.0 vol) was added
fol | oned by mnet hyI tert-butyl ether (6 vol). After separation, the organic

| ayer was washed with 25 wt % ride (4 vol). The sol vent was
removed urdbeme Ly flabrofreden i "’e‘fg’iﬂ%’;‘;’ﬂl‘??é‘f’ 75 trlflate Olla [1.26 wt.

prepared by treating 007a with Li HDM5 and DVPU f ol d by a quench with
Et hyl iodide; BC and, 1hhig,depicted in Figure 11A0 118: Qi"'ngl e crystal
X-ray depicted in Figyfe 2] and tris(dibenzylidingac d| pal | adi um

(0.12 w.) were conbj i
N- et hyl yrrollgft e lf 1. 4 ’
N- et hyl di cycl oh 3’\%5;: ine (0i83%Rda{dbaldhe m xt'lreé vvas| heatjed to 80C. Upon
conpletion, the m xtu was cool BdPto 20C. Aslurry o et ™pe (0.5 w.) in
MIBE (3.70 wt.) dged. The m xatire was filtered andt solids were

rinsed 3 tinmes with (3.70 W@ Qach). The conbined filtlrates were
washed vvithINaqueocg hydrochl &id (5.1 wt.), twieBwith 5 w%
aqueous L-cysteine ( O % aqueous sodi um chloride (5.33 w.).

The sol vent was concentrate ugder r@diteced pressure, providing compound 012.
13C and 1H NWVR of 012 are depicted in Figure WA and 10B. Schene 16:

Macr ol act quiﬁ’?t i ON The p-nitrobenzoate ester 011 (1.0 wt) was dissolved in THF (2.65 wt)
and methanol (0.4 wt). A 10 wt% aqueous sodium hydroxide solution (1.65 wt) was
added and the mixture was warmed to 35°C. Upon completion, the reaction was cooled
to 20°C. Water (3.0 vol) was added followed by methy] tert-butyl ether (6 vol). After
separation, the organic layer was washed with 25 wt% sodium chloride (4 vol). The
solvent was removed under reduced pressure.

[0167] The aryl triflate 011a [1.26 wt.; prepared by treating 007a with LIHDMS
and DMPU followed by a quench with Ethy! iodide; °C and 'H NMR depicted in Figure

11A and 11B; single crystal X-ray depicted in Figure 2] and tris(dibenzylidineacetone)
dipaliadium (0.12 wt.) were combined in a reactor. A solution of the olefin (1.0 wt) in
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10168] The al cohol 012 (1 wt.) was dissolved in THF (23 vol) and added to a
col d solution of 20 wt % potassiumtert-butoxide in THF (0.88 vol) diluted

with THF (19.7 vol.). Upon conpletion, a solution of

tert-butyl eeagmbdpybsel yl chloride (0.33 wt.) in THF (0. E8r/usdoogyoisas added.

Sat ur at ed aqueous sodi um bi carbonate (3.5 vol.) was then added, and the

sol vent V\’f}@n{eﬁfy@ ﬁ%hﬁﬁ.@lﬁé 1@@9%%@&@&6&&% bljhenfeegnkﬂmzolmymmsol ved with
er
tert-butyl et h ((7

vol.) and th
or QAN 6 DHASE Wil TS Wt bFaied 1B OiCh Rt B b RO S IR voi )

The sol veny b 1684 ) i <) dded. O ThélinRgureRe: I
0009. Schemeze‘j\lgiS gl%guﬁgagi? ) qug%%uggﬁgwaga déﬂsyn?ﬁem edE?(r:g% e

conpound (ft)@r@@ndiés@phldse@rabwé 3|W%W'€ E GEQ yraeh)s . Thespipbipetti on of
009 Sc hermﬁ]&;ﬁes \Pé:f‘Q r;v%h%ﬁ %ﬁqﬁ%%&%ochlonc acid (5.1 wt.), twice with 5 wt%
aqueous L-cysteine (5 wt.), then 25 wt% aqueous sodium chloride (5.33 wt.). The

solvent was concentrate under reduced pressure, providing compound 012. 3C and 'H

NMR of 012 are depicted in Figure 10A and 10B.

Scheme 16: Macrolactonization

> ., OH

KOtBu, THE, TBSCI  BOC~

[0168] The alcohol 012 (1 wt.) was dissolved in THF (23 vol) and added to a
cold solution of 20 wt% potassium tert-butoxide in THF (0.88 vol) diluted with THF
(19.7 vol.). Upon completion, a solution of tert-butyldimethylsilyl chloride (0.33 wt.} in
THF (0.28 vol.) was added. Saturated aqueous sodium bicarbonate (3.5 vol.) was then
added, and the solvent was removed under reduced pressure. The residue was dissolved
with tert-buty] 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

1) DDQ

2) Dess-Martin

3) TFA —» H.
4) TBME/Heptane )
5) IPA/Heptanefwater
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OH 010 [0170] To a solution of enone 009 (1.0 w) in dichloronethane (2.0
vol ) and nethanol (2.0 vol) was added potassiumfluoride (0.16 w). Upon
conpletion, water (4.0 wt) and nmethyl tert-butyl ether (4.0 vol) were
added. Aft aY0 2wpdi58i8i on of the aqueous | ayer, the orgaRFEUPHEHEIHM8s washed
wi th 25 wt % aqueous sodi um chl oride, then concentrated under reduced
pressure. [@#f¢y]cr udeConpeail018tveas\wsthasided éom @xphamb@lP asideseridegatopancl (2.0
wt). The crude product  009a was slurried into nethanol (5 vol) and heated
to 65C. THBEX#PBEilon was cooled to -20C. The solids (67%yield; MP.
| 74-175C) were filtered and washed with nethanol (5.0 vol) which was
pre-chilled to - 20C. [Overall yield fromO01l1 was 29% . 13C and I FI NWR of
009a are depict eg i.n Fi %gfe éﬁ%and 12B. [0171] To a solution of phenol 009a
(1.0 wt) i FamRIAPoPSHEAS 'HB"(j‘ %0 wt) and water (0.2 wt) was added
trifluorongthanesulfonic acid (0.51 w). The reaction m xture was warnmed to
30C. Upon %WFS?‘]M’”‘F‘H@W eaction was quenched with aqueous sodi um
bi carbonate (5.0 vvtts ang ten butyl nethyl ether (&P was added. The
aqueous | ayer was r organi ¢ phase was wagkh WO water (4.0 wt)
and 25 wt % aqueous s i de agdodKRMt ). The c@: 0Dhse was polish
filtered, then c& der—u—e-ggc-ed—*preg%ctme. I fde product was
anol ( Y Wt ) andtoncentratad to dryness.
The crude solid was slurrie ‘Qv%th 2- propanol (10 vol .).olfg m xture was
heated to 656C. The ®®ol uti on Was then cooled to a%@pperature of 40C and
seed crystals were added. The m Xtomeo #hen cogl€d to 0C, and then the
solids were filtered. The solids wage ed Wi gFr panol (2.0 vol)
pre-chilled to -20C. The cake was id ' conmpound 010 in
72.6%yield (MP. 157-159C, Optfcal rwtatijon +47 at 5ng/nl in MeOH).
CLAIMS 1. A net hod for nmaking a/éorrpo_u

010

mochl g
ed®

S

[0170] To a solution of enone 009 (1.0 wt) in dichloromethane (2.0 vol) and
methanol (2.0 vol) was added potassium fluoride (0.16 wt). Upon completion, water 4.0

" wt) and methy} tert-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.

[0171] To a solution of phenol 009a (1.0 wt) in dichloromethane (8.0 wt) and
water (0.2 wt) was added trifluoromethanesulfonic acid (0.51 wt). The reaction mixture
was warmed to 30°C. Upon completion, the reaction was quenched with aqueous
sodium bicarbonate (5.0 wt), and fert-butyl methyl ether (6.0 wt) was added. The
aqueous layer was removed. The organic phase was washed with water (4.0 wt) and 25
wi% 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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R30 Lt./ Ak) R2 CPOR12 \ ORi wherein Rl and R2 are each independently

sel ected fromthe group consisting of hydrogen, Cl.6 alkyl, C3.6

unconj ugat ed al kenyl and C3.6 unconjugated al kynyl; R3 is selected fromthe
group consiveo coegroskishydr ogen and a base stabl e oxygen pcomszbs/eugsogr oup; RS
and R6 are each independently selected fromthe group consisting of

hydr ogen, RapRBEN0 vbil). &h@lnhyhuex%rﬁaﬁal@wb TGBsﬁuadod @asnhd:n cooled@o bal oal kyl ,
Cl_6 al koxy, phenyl_ and be wherein _the benz

he or
subst i t ut @mpeRRRrgof 49 °Czand 6?°d§ﬂ§@b%‘t"FTF @ddrds ]%ﬁ&'é Es s hsp ‘%/’B\Ggé‘{ ed from
hal ogen, hytgi Qo/then &ése’iuﬁ'v}% e W20l wite riagd With 2pephdik €no vaiget her

with the carbons on which they are attached to forma 5-6 nenber.e g

unconj ugat erercbidied srcg@iG. cmquﬁﬁhﬁh@ﬂwméﬂd@lwwméﬂa%ﬁ% ¥ielde| ect ed
fromthe P10 i L@Bep ?gn@ tabl e oxygen protecting
group; . or 'g'éﬁgﬂ%ﬂ%(g&%aggﬁﬁﬁgtogetﬁgl o“9§§nFZ 5 -nenber ed

het erocycl yl diyl of structure (a): wherein R19 and R20 are each

i ndependently sel ected fromthe group consisting of hydrogen, C16 alkyl,

C _6 hal oal kyl, Cl1.6 al koxy and phenyl, or R19 and R20 together represent a
fluorenyl noiety of structure (b): (b); and R13 is selected fromthe group
consi sting of hydrogen and a base stabl e oxygen protecting group;
conprising reacting a conpound of forrmula (I):
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ORLI ORI 2 OR(lI) wherein 124 is selected fromthe group consisting of

hydr ogen and a base stabl e oxygen protecting group; with a conpound of
formula (11): R6 PPh3X wherein X is a hal ogen; under suitable basic
conditions, such that conpound of forrmula (V) is forned. 2. The method of
claim1l1, wherein the suitable basic conditions conprise a base sel ected
fromthe group consisting of a CL.6 alkyl lithium a potassium Cl6

al koxi de, a potassium C4.6 t-al koxi de, sodi um hydroxi de, sodi um hydri de,
amoni a, di net hyl sul f oxi de sodi um salt and sodi um hexanet hyl di si |yl am de.
3. The nmethod of claim2, wherein the base conprises a Cl-6 alkyl lithium
5. The GeAMMS of claim4, wherein Rl and R2 are hydrogen.

1. A method for making a compound of formula (V):
Re Rs

R450 |
Ri. R0

Rs OR45
OR14 '\

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

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

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



6. The nethod of any of the preceding clains, wherein the conpound of
formula (V) is produced in substantially pure formw thout the use of
chromat ography in the production of the conpound of formula (V). 7. The
met hod of any of the preceding clains, wherein the conpound of fornula (V)
is crystalline. 8. The nethod of any one of clains 1-7, wherein Rl is
hydr ogen. 9. The nethod of any one of clains 1-7, wherein R2 is hydrogen.
10. The method of any of clains 1-7, wherein Rs is selected fromthe group
consi sting of hydr ogeWhsrri Fog 2 Reojas each jndeendeny sedrgtegrirom fhegrow| ai ns 1- 7,
wherein R6 is se io&ﬂg {54l f 6

al kyl. 12. The Jr:r(gﬁﬁg% g%‘lwaﬁr%]@éég’f‘g'(ri ai #B@I%%%ﬁam%réeﬁféna%yigg&%%?g85%190r

met hyl . 13. The st Rodogstheargprasent@l fhiommyll mpietywistcmre®):i s hydr ogen or

met hyl . 14. The nethod of any one, of ckajns 1-7, wherein RI) and Rl12 are

t aken together to forma 5 menb&} ed ocyclyl diyl of structure (a):

)
(b); and

Ri3 is selected from the group consisting of hydrogen and a base stable oxygen

protecting group;

comprising reacting a compound of formula (I):

OR,
Ri_ Rs0
R2 OR12

wherein R4 is selected from the group consisting of hydrogen and a base stable
oxygen protecting group;
with a compound of formula (IT):
Rs Rs

R1 3OKPPh3X (ID

wherein X is a halogen;

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

2. The method of claim 1, wherein the suitable basic conditions comprise a base selected
from the group consisting of a Cy.¢ alkyl lithium, a potassium C,_¢ alkoxide, a potassium
Cy t-alkoxide, sodium hydroxide, sodium hydride, ammonia, dimethylsulfoxide sodium

salt and sodium hexamethyldisilylamide.

3. The method of claim 2, wherein the base comprises a Cy¢ alkyl lithium.

89



R20 (a); wherein R19 and 1220 are each independently selected fromthe
group consisting of Cl1.6 al kyl. 15. The nethod of any one of clains 1-7,
wherein the conpound of forrmula (I) is crystalline. 16.The nmethod of claim
1, further conprising the step of reacting the conpound of fornula (V)

under suitable conditions to formthe conpound:

4, The method of claim 1, wherein the compound of formula (V) is of the structure:

5. The method of claim 4, wherein R; and R, are hydrogen.

6. The method of any of the preceding claims, wherein the compound of formula (V) is
produced in substantially pure form without the use of chromatography in the production

of the compound of formula (V).

7. The method of any of the preceding claims, wherein the compound of formula (V) is

crystalline.
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10.

11.

The method of any one of claims 1-7, wherein R; is hydrogen.

The method of any one of claims 1-7, wherein R; is hydrogen.

The method of any of claims 1-7, wherein Rs is selected from the group consisting of

hydrogen and C;¢ alkyl.

The method of any of claims 1-7, wherein Ry is selected from the group consisting of

hydrogen and C; alkyl.
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12.

13.

14.

15.

The method of any of claims 1-7, wherein Rs is hydrogen or methyl.
The method of any of claims 1-7, wherein Re is hydrogen or methyl.

The method of any one of claims 1-7, wherein Ry; and Ry, are taken together to form a 5

membered heterocyclyldiyl of structure (a):

O
R (ay
wherein Ryg and Ry are each independently selected from the group consisting of

C[.ﬁ alkyl.

The method of any one of claims 1-7, wherein the compound of formula (I} is crystalline.
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16.

The method of claim 1, further comprising the step of reacting the compound of formula
(V) under suitable conditions to form the compound:

#,, OPNBz
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