FURO 13,2 -B] PYRANE DERI VATI VES USEFUL I N THE SYNTHESI S OF HALI CHONDRI N B
ANALOGS 5BACKGROUND OF THE | NVENTI ON The invention relates to
conpoundswo<efwilv43zm t he synthesis of anal ogs of hali chomdmrius2B1/022611

Eri bulin nesylate, a nontaxane m crotubule dynamics inhibitor, is a
structurally sinplified, synthetic analog of the marine natural product 10
hal i chondrin B. Methods for the synthesis of eribulin and other

hal i chondrin B a g FABSAK bﬁ‘ﬁ?ﬂ WO
2005/ 118565 and ﬁﬁgqg%at%eﬁlt Pgti%ﬂ( %ﬁﬁ@%ﬁmqwnﬁate or tEJO

synt hesis of halichondrin B ana I'n part| cular eribulin, are desirable.
15SUVMMARY OF THE | NVENTI ON In general, the invention features
conmpounds useful for the synthesis of analogs of halichondrin B, such as
eribulin, including pharmaceutically acceptable salts thereof, e.g.,
eribulin nmesylate. In one aspect, the invention provides a conpound havi ng
the fornmul & 20(1): Me X(1) BA\GK@RQUNDSDE&I‘HEE!NYSEN(’BI@NZ is a leaving

; i - 0) H, CH=CHC( 0O OYl OYl - CH 0)0Y1L: R
0O 2 Syt TA s oo relees 1o saEmoHRG Tl dhe SiiRLa Aot | ng

group; and 25 iBoddri B2: Exenpl ary corrpounds have the forrmula (la):
In particular enbo Iments, Qis -(CH2)30Yl, for exanple wherein Yi,

together with the @rﬁgﬂm mesyMte chnéritaxshelnichstubile dynamédsdnhibiar, bs)mat e,
car banat e, sulfonate or ether hydroxyl protectlng group. For exanple, Y1
i s pivaloyl, asactrallysmmified, prishesieotnakogoyl th e@mmwbbmdwt

e phanyl % ny B FERB MRl Sl T Py B iterim i oy Stk el élonarin B

het er oaryl ) si |a‘ﬁlalogg'afe(@es@ﬂiQe@ant&ha@ma@@uBﬁéfﬁfdﬁq{Ié! 1W@20@1P35|635'a)18' lyl, or
(C6-C10 aryl or C-C6 heteroaryl)di (Cl-C6 al kyl)silyl. I'n other

enbodi ment s, )UJSsPhtﬁh‘oEené 2;]141,(866r New mtd:raiedWcB ﬁrtmmmthﬂmﬁ)fal kyl sul fonate
(such as trifla hr om de). t her i ments, the conpounds
are of the fo %F’é"‘(qo W@%fn(ﬂaﬁ}c é‘ﬁﬁ 8¢ qf’%‘r‘i(-)[i’qepi val oyl , benzoyl,
p- bronobenzoyl, 1- naphthoyl, 2- naphthoyl, p- met hoxybenzoyl, or o-phthal oyl
or a salt thereof

15 SUMMARY OF THE INVENTION

In general, the invention features compounds useful for the synthesis of
analogs of halichondrin B, such as eribulin, including pharmaceutically
acceptable salts thereof, e.g., eribulin mesylate.

In one aspect, the invention provides a compound having the formula

20 ():

O
z X (D),

wherein X is halogen or oxo; Z is a leaving group; Q is -C(O)H, -
CH=CHC(0O)OY}, -C(R)H(CH,),OY}, or -C(RYHCH,C(O)OY; R is H or -
0Y3; Y, and Y, are each independently H or a hydroxyl protecting group; and

25 nis1or2. Exemplary compounds have the formula (Ia):
H
Ve A

O
z X (Ia).

Q



151 n certain enbodiments, Qis -C(0)I I, -CH=CHC(0)OY1, or -

C(R) HCH2C(0)0Y1; X is brono, chloro, fluoro, or oxo; or Zis halogen, C Cl2
al koxy, GReoGlIP/mkisyl sul fonate, C2-Cl2 al kenyl sul f onat e, pcaniseeymobice1 C6- C20
aryl sul fonate, C4-Cl9 heteroaryl sul fonate, nonocyclic O -C6

het er oaryl sul fonate, (C6-Cl5)aryl (Cl-C6)al kyl sul fonate, (C4- 20

C19) het eroaryl (Cl- C6) al kyl sul f onat e,

( Cl1- C6) het er oar yl (cIn p@ﬂ)faﬂfkwdmbndlmnatSeQ io -(AHazON Lfor esamplermsherain Bins

t hereof In other Y1, letrlflat and X is
i odide, Y1 is ‘H&f’t?‘ﬁﬁ W&?ﬂg@? OXW?é‘ﬁ h(?%h lt(lézg(é‘)‘@iaﬁan {eter gan PPUHF oAt Aggs 7 i s
triflate, X is and X
i's 25i odi de, ZS%B%‘E {gﬁﬁ@m 'b[rgregg?%g |§ %X%xa }elé?tl ]\ﬂ%% and X is
i odide, Q is nadetyl(kdd2p30 Yibrohmvbanaiyhes-nasinesbenidid, I-nupmhoyam 2fna@hmro§15,
conpounds haV| ng the formula y40Me00,,c Y30 2 0 ' M" MeQ Y40) ¢
SOPPh 0 Ys5@ ' ' o-phthaloyl, benzyl, p-methoxybenzyl, triphenylmethyl, trl(Cl -Cé alkyl)sﬂyl

tri(C6-C10 aryl or C1-C6 heteroaryl)silyl, di(C6-C10 aryl or C1-C6

heteroaryl)(C1-C6 alkylsilyl, or (C6-C10 aryl or C1-C6 heteroaryl)di(C1-C6

alkyl)silyl.

In other embodiments, X is halogen, and/or Z is halogen or (C1-

10 Cé6)alkylsulfonate (such as triflate, iodide, or bromide).

In other embodiments, the compounds are of the formula (Ib):

H
Ve ©

0)
OTf I OY1 (Ib), wherein Y; is H, pivaloyl, benzoyl, p-

bromobenzoyl, 1-naphthoyl, 2-naphthoyl, p-methoxybenzoyl, or o-phthaloyl or
a salt thereof.

15 In certain embodiments, Q is -C(O)H, -CH=CHC(0)OY;, or -
C(R)HCH,C(0)OY;; X is bromo, chloro, fluoro, or oxo; or Z is halogen, C1-
C12 alkoxy, C2-C12 alkylsulfonate, C2-C12 alkenylsulfonate, carbocyclic C6-
C20 arylsulfonate, C4-C19 heteroarylsulfonate, monocyclic C1-C6
heteroarylsulfonate, (C6-C15)aryl(C1-Cé6)alkylsulfonate, (C4-

20 Cl9)heteroaryl(C1-C6)alkylsulfonate, (C1-C6)heteroaryl(C1-Cé6)alkylsulfonate,
or diazonium; or combinations thereof.

In other embodiments, when Q is —(CH,);0Y, Z is triflate, and X is
iodide, Y| is not pivaloyl; when Q is (CH;);0Y}, Y is pivaloyl, and Z is
triflate, X is not iodide; or when Q is —(CH,);0Y, Y| is pivaloyl, and X is

25 iodide, Z is not triflate. Alternatively, when Z. is triflate, and X is iodide, Q is
not —(CH,);0Y .



MeO X(lib). In particular enbodi ments, Qis -(CH2)30Y1l. In these
enbodi nents, Y1, together with the oxygen atomto which it is bound, can be
an ester,woanhwmnaise, carbanate, sulfonate, or ether hydroryus2@nebmeti ng
group; Y3 and Y4 can each, 15 independently and together with the oxygen
atomto which it is bound, be an ester, carbonate, carbamate, sulfonate, or
et her hydroxyl protecting group, or Y3 and Y4 together with the oxygen
atoms to whi ch t heyinanethsoaspct dinc hwentiay fdatures eorbporatds having the fhomdaat e,
acetal, ketal, or cyclic silylene hydroxyl protecting group or

1,1, 3, 3-tetrai(§ﬁpr opyl sil oxanedi yl; T can be -0Y5; and/or Y5, together

with the oxygen atomié® whjcBoLphis bound, can be an ester, carbonate,

car banmat e, sul f on¥t@, oz—fvﬁer hydr oxyl protecting group. In these

enbodi nent s, Yﬁ,,ci\s/)\tgr exampl e, pivaloyl, acetyl, benzoyl, p-bronobenzoyl,
prmet hoxybenzoyl, 1- naphtq)ioyl, 2- naplkf hoyl , o-phthal oyl, benzyl, p- 5

met hoxybenzyl , tri phenyl mgt C6 al kyl)silyl, tri(C6-Cl0 aryl or
Cl C6 heteroaryl)silyl, di(C6-C10]ar QCl - C6 heteroaryl) (Cl-C6

al kyl)silyl, or (C6-Cl0 arMe&™ o het eroaryl )di (Cl-C6 al kyl)silyl; Y3
and Y4 are, for exanple, each indeperidentiM),tri (Cl-C6 al kyl)silyl,

tri (C6-C1l0 aryl_ or, Cl-C6 heteroarylé)_sil |, di(C6-C1l0 aryl or C-C6

het er oar y1) ( CIWesyel Xy$ halogen or gyo; ls(éoﬁe'aryl or A-C6

het er oar yl )di (&4 Si Y3<an b

di ( Cl- Csal k5§’| )(gillll ??I&fk@%w‘%@i)%eﬁgﬁ’f‘ﬁr L2 @ﬁ%tg@{)&}fﬂ Benibon-

pbr onobenzoy! ,OWs;eishiosybeng %! Y, kmdaphirbexdh indepaidehitp ¥ or @h%dl‘oﬂw hal oyl .
I n ot her enbodi nents, X is hal ogen. These conpounds can al so have t he

formul a (I1c) :prviecsag Broups$ds oXBS0-OY saandf B4 isdher a hydroxs! protecting group,

or Y, together with the oxygen atom to which it is bound, is a leaving group.

Exemplary compounds have the formula:

MeQ, SO,Ph
=¥l
Y4O\)\\~“

O

| QO
T‘\\
Q
Me O
10 X (I1a) or
MeOQ, SO,5Ph
yaf
Y4O\)\\“‘ ‘e,
0 H
Y50 C a
Me O :
X (ITb).

In particular embodiments, Q is <(CH,);0Y . In these embodiments, Y|,
togcther with the oxygen atom to which it is bound, can be an ester, carbonate,
carbamate, sulfonate, or ether hydroxyl protecting group; Y3 and Y, can each,

15  independently and together with the oxygen atom to which it is bound, be an
ester, carbonate, carbamate, sulfonate, or ether hydroxyl protecting group, or Y;
and Y, together with the oxygen atoms to which they are bound can be a cyclic
carbonate, cyclic boronate, acetal, ketal, or cyclic silylene hydroxyl protecting

group or 1,1,3,3-tetraisopropylsiloxanediyl; T can be -OYs; and/or Y5, together



H benzoyl benzoyl p-bronobenzoyl p-bronmobenzoyl pival oyl H pival oyl acetyl

pi val oyl benzoyl 2-naphthoyl H 2-naphthoyl 2-naphthoyl 1-naphthoyl H
1- napht hoy0 20tepdsv hoyl p- net hoxybenzoyl H PCT/US2011/022611
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with the oxygen atom to which it is bound, can be an ester, carbonate,
carbamate, sulfonate, or ether hydroxyl protecting group. In these
embodiments, Y is, for example, pivaloyl, acetyl, benzoyl, p-bromobenzoyl, p-
methoxybenzoyl, 1-naphthoyl, 2-naphthoyl, o-phthaloyl, benzyl, p-
methoxybenzyl, triphenylmethyl, tri(C1-C6 alkyl)silyl, tri(C6-C10 aryl or C1-
C6 heteroaryl)silyl, di(C6-C10 aryl or C1-C6 heteroaryl)(C1-C6 alkyl)silyl, or
(C6-C10 aryl or C1-C6 heteroaryl)di(C1-C6 alkyl)silyl; Y; and Y, are, for
example, each independently tri(C1-C6 alkyl)silyl, tri(C6-C10 aryl or C1-C6
heteroaryl)silyl, di(C6-C10 aryl or C1-C6 heteroaryl)(C1-C6 alkyl)silyl, or
(C6-C10 ary! or C1-C6 heteroaryl)di(C1-C6 alkyl)silyl, or Y; and Y, are
together di(C1-Céalkylsilylene; and/or Y is, for example, acetyl, benzoyl, p-
bromobenzoyl, p-methoxybenzoyl, 1-naphthoyl, 2-naphthoyl, or o-phthaloyl.
In other embodiments, X is halogen. These compounds can also have

the formula (Ilc):

MeO, SO,Ph
TBSO 4—(
TBSO._ A (-,

O

H
Y50 0
Me @)
1 OY1 (Ilc), wherein Y; and Y are
as follows:
Y; Y;s
H H
benzoyl benzoyl
p-bromobenzoyl p-bromobenzoyl
pivaloyl H
pivaloyl acetyl
pivaloyl benzoyl
2-naphthoyl H
2-naphthoyl 2-naphthoyl
1-naphthoyl H




p- met hoxybenzoyl p-nmethoxybenzoyl o-phthaloyl or salt thereof H A specific
conpound is MeQ TBSO TBSO SO2Ph 0 0,-- MeO OPiv AD I n

anot her ewbadivmmmizy the invention features a conmpound haeirngg2ath@2Bior mul a
(rrr): me0,S2Ph Y30 ) OyQ wherein Qis -C(0)H, -CH=CHC(0)O0Y1,
-C(RH(CH2)"0Y1, or - C(RHCH2C(0)0Y1;, Ris Hor -0Y2; nis 1 or 2; Y1, Y29
Y39 and Y4 are each independently H or a hydroxyl protecting group; Uis
hal ogen or -0Y6; Y5 is [H-maphehdyydr oxyl prot ecl- nﬁ;g]tgdsylup or Y5, together

with the oxygen atomtqewhich it 5 is boundiis | eaving grgup; and Y6 is
H or a hydroxyl protect |pn1geﬁmmberupylv6 togetHer W|th the oxylgen atomto
which it is bound, is FeavtRg—group provided—that—when—Q+Hs - (CH2) 30Y1,
Uis -0Y6, wherein -0YE>pi"§’°';' g‘é% group, %H‘W"Wgnmé’llld Y4 are

protecting groups, Y5 i[S_ canmpounds have the {f ornul a
(I11a): MeQsCePh D-pithaiblyl SFRTRh&esr CIR

A specific compound is

MeO SO,Ph
TBSO 4—(
TBsO A+

(@)
o 0]
Me (@]

| OPiv
AD

In another embodiment, the invention features a compound having the
5  formula (III):

MeO, SO,Ph
Y30

Y4O\)\

o._Q

}] (11D),



Y30 0 Y50" Y60 >'"11Ae ONQ 10(Illa). In particular enbodinents, Qis
-(CH2) 30Y1. In these enbodi nents, Y1, together with the oxygen atomto

whi ch it we 2bowma339i s, for exanple, an ester, carbonatepCtasbanmmrmsil

sul fonate, or ether hydroxyl protecting group; each of Y3 and Y4 is, for
exanpl e, independently and together with the oxygen atomto 15 which it is
bound, an ester, carbonate, carbamate, sulfonate, or ether hydroxyl
protecting growmremrQ YS- @(IG))HY%H@@H{(D(@)OYf,hC(RI}H(@I%g@Y@bﬁnB to which they
are bound are, for ex n%é a_cyclic carbonate, a(ﬁcllc boronate, acetal,

ketal, or cyclCEREBGHAERIONdRIZY oY 5 étis Aprgs upYorYs. and Y, are each

1133tetra|s 1., and/ or en
atomto which 1{1&9 H%rgﬁrnfaloor % %‘% ylg){gtr%linég g%lpaﬁ%i‘fjg’lgen 85%?3@15%

car banat e, sulcfrcar}grdeox rpr&*ea%g guﬂgq%ws, wg@ﬂ@iswlﬂﬂh%saygen 4tBrmSi&Ghith Gt
exanples, Y1 is pival oyI acety enzoyl , br onobenzoyl, pmet hoxybenzoyl,

1- napht hoyls, 4s heyid, hswllqavmg)gmbpj o Y bélipyh hydrmctyhpmthﬂmgygrpup or Y,
tri phenyl met hyl , h ‘é’% C6 al k SI lé trJ (CG ClO ar or
het er oaryl ) si Itﬁ?get e Q% |a ‘HPt Whigh ’zé@finéér%‘illkyl ysilyl, or

{ ndependant | y 1T PRE R SUFRSFIY ﬁ“ﬁs@ﬁc‘ijc%' ?‘? ?emYé&a@%%ﬂvﬁ{ge cach

het er oar yl ) si Igtbup,dindG6; €10arairy) atfer r6ikc ?ﬁﬁ?s Ml))ofﬁl Kenlkwl ) silyl, or
(C6-C10 aryl ogrt (%I)CG hettezr%oar | ) di Cl CKGm% Ky )g}a{yl or YBI?IdwY4 are

t oget her di ( Crompogsyshave heifgumera (Ikd/ or Y5 is acetyl, benzoyl,

p- br onobenzoyl , prret benzo % Ehnapht hoyl , 2-napht hoyI , or o-phthal oyl .
I n ot her errbodl me Rt P hydr oxyl protecting group; Y6 is H or
-0Y6 is a Iea up, S h as (Cl-Co6)al kyl sul fonate, (C6-Cl10 aryl or

Cl C6 heteroary ‘;Egu—l/TJgn - C15) aryl (C1- C6) al kyl sul fonate, or (Cl- 10
C6) het er oar yl (Cl Co6) al kyl suI fpnate. Specific |eaving groups include

mesyl ate, tol uenesul fonatg;Ov 'S opyl sul fonate, phenyl sul fonate, or

benzyl sul fonate. A specifi c exanpl e has the formula: M0, SO2Ph TBSO

TBSG c¢", AcGs's HO ",,c0 YgO -

“"Me
o__Q

10 }I (111a).

In particular embodiments, Q is —(CH,);0Y;. In these embodiments, Y,

together with the oxygen atom to which it is bound, is, for example, an ester,
carbonate, carbamate, sulfonate, or ether hydroxyl protecting group; each of Y3
and Y, is, for example, independently and together with the oxygen atom to

15 which it is bound, an ester, carbonate, carbamate, sulfonate, or ether hydroxyl
protecting group, or Y3 and Y, together with the oxygen atoms to which they
are bound are, for example, a cyclic carbonate, cyclic boronate, acetal, ketal, or
cyclic silylene hydroxyl protecting group or 1,1,3,3-tetraisopropylsiloxanediyl;
and/or Y, together with the oxygen atom to which it is bound, is, for example,

20 an esler, carbonate, carbamate, sulfonate, or ether hydroxyl protecting group.
In specific examples, Y, is pivaloyl, acetyl, benzoyl, p-bromobenzoyl, p-
methoxybenzoyl, 1-naphthoyl, 2-naphthoyl, o-phthaloyl, benzyl, p-
methoxybenzyl, triphenylmethyl, tri(C1-C6 alkyl)silyl, tri(C6-C10 aryl or C1-
C6 heteroaryl)silyl, di(C6-C10 aryl or C1-C6 heteroaryl)(C1-C6 alkyl)silyl, or



AE Additional compounds of the invention are described herein. 15The

I nvention further features use of the conpounds of the invention, e.g.,
Conpoundswa- 28094339t he manuf acture of ER-804028 and analpagassediibadeichondri n
B, such as eribulin, or a pharmaceutically acceptable salt thereof, e.g.,
eribulin mesyl ate. I n one aspect, the invention features a nethod
of synthesizing ER- 20 804028 by (i) reacting a conpound having the formula
(1): 0 X(1) wi(dé-€1¢aryendt-0ahctegoaryBdi(6 L6 alkiyl)silyl; Y@nd Y, are each

2011/ 094339PCT/ US2011/ 022611 Y30"-/ . 0,-S2Ph Y40 'Q """ "I .
RO (1) wherfspopdonty,ied-C& akoblsi: P Catantiey -6 heteigambeilyl

protecting group ¢ el - K &hi upl |t s to
produce a conpdggcn% '@(}g ea{r%lrﬁzu(?g C(G:_i‘f %f&%%@}ﬁ(ggocé Nﬂé@ﬁ@ﬂ’ %{%(ﬁ@%ﬁ% %rct?IZact i ng
the product ofCéheRrdary)dilCerCovalkel)sity1f sragiant ¥ hetogahel difons to produce a
conmpound of formula (I11): MO, |fSO2Ph Y30 O
5 Cé)alkylsilylene; and/or Y is acetyl, benzoyl, p-bromobenzoyl, p-
methoxybenzoyl, 1-naphthoyl, 2-naphthoyl, or o-phthaloyl.
In other embodiments, Y5 is H or a hydroxyl protecting group; Y is H;
or -OYj is a leaving group, such as (C1-Cé)alkylsulfonate, (C6-C10 aryl or C1-
C6 heteroaryl)sulfonate, (C6-C15)aryl(C1-Cé6)alkylsulfonate, or (C1-
10 Co)heteroaryl(C1-Cé6)alkylsulfonate. Specific leaving groups include mesylate,
toluenesulfonate, isopropylsulfonate, phenylsulfonate, or benzylsulfonate.

A specific example has the formula:

MeQ, SO,Ph
TBSO 4—(
mBso. A ..,

0
AcO™
HO

‘Me

“, O .
! OPiv

Additional compounds of the invention are described herein.

15 The invention further features use of the compounds of the invention,
e.g., Compounds E-AM, in the manufacture of ER-804028 and analogs of
halichondrin B, such as eribulin, or a pharmaceutically acceptable salt thereof,
e.g., eribulin mesylate.

In one aspect, the invention features a method of synthesizing ER-

20 804028 by

(1) reacting a compound having the formula (T):
H
Ve S

O
zZ X (I) with a compound having the formula (IV):

Q



Y5Cf'" U'"Me Cy) (II1); and (iii) reacting the product of step (ii) under

conditions for intranolecular WIllianson etherification to produce

ER- 804028wW0 2011/094339 I n anot her aspect, the invention Peatuse@s/o2eret hod of

synt hesi zing eribulin, or a pharmaceutically acceptable salt thereof, by

(i) reacting a conmpound having the formula (1): HM , o ZX(l) with a

conpound havi ng the forrrul a g ;%?e MeO, (-S@2Ph Y30 ) ss0'1 5CHO (1V),
Peffependently H or a hydroxyl protecting

wherein Y3, and Y4,
group, under NHIé)\/Kl i ng conditions to produce a conpound of forrmula (I1)
Me, - SO2Ph o~

CHO  (IV), wherein Y3, and Yy, are each independently H
or a hydroxyl protecting group, under Nozaki-Hiyama-Kishi (NHK) coupling

conditions to produce a compound of formula (II):

MeO, SO,Ph
Y40 Aol I,

(0] H 5
T Q
Me (@)
X (ID);

5  (i1) reacting the product of step (i) under Vasella fragmentation conditions to

produce a compound of formula (I11):

Meo SO,Ph
Y30

Y4O\/k

., 0O.Q

}j (IIT); and

(1i1) reacting the product of step (ii) under conditions for intramolecular

Williamson etherification to produce ER-804028:
MeQ SOzph

TBSO
TBSO.

A\ /,
s “ty,

a
S

\\‘\\

I/I
(d
Me

10 ;_7/\/\ (ER-804028).



Y30 ) H-1-1-.-"0 Me. ), (i1) reacting the
product of step (i) under Vasel I a fragrrent ation conditions to 10 produce a
conmpound w0 2bowowudsza (111): MeQSO2Ph Y30") O Y50''' U ' WeT@so110b16h) ;
(iii) reacting the product of step (ii) under conditions for intranol ecul ar
Wl lianson etherification to produce ER-804028: M0OSO2Ph TBSO TBSO o OH
(ER-804028); (iv) reacting ER-804028 with ER-803896:

In another aspect, the invention features a method of synthesizing

eribulin, or a pharmaceutically acceptable salt thereof, by

(1) reacting a compound having the formula (I):

Q

zZ X (I) with a compound having the formula (IV):

MeO, SO,Ph
s¥af
Y,0 A I,

5 CHO  (IV), wherein Y3, and Y4, are each independently H
or a hydroxyl protecting group, under NHK coupling conditions to produce a

compound of formula (II)

MeO, SO.Ph
Y40\)\\\\‘ e,

© H

0]

T
Q

Me O

X (D
(i1) reacting the product of step (i) under Vasella fragmentation conditions to

10  produce a compound of formula (III):

MeO, SO,Ph
Y40\)\\\\‘ e,

)

o_Q

}_f (I1D);

(iii) reacting the product of step (ii) under conditions for intramolecular

Williamson etherification to produce ER-804028:



OrBS OIBS( ER- 803896) under conditions to produce ER-804029: SO2PhH OIBS =
"OrBS TBSO TBSO OH 51 (ER-804029); and (v) reacting ER-804029 under

condi ti onsoto1pmessace eri bulin, or the pharmaceuti cal | yprataspiiabbzisal t
thereof . The nmethod may include salifying eribulin to produce the
pharmaceutically acceptable salt thereof, e.g., eribulin nmesylate.

Addi tional internmediates and reaction conditions are described 10herein.

Asymmetric or chiral d‘@t%&ﬁoépf‘ in the conpounds of the invention. The

present invention Pl udes{the various stereoisomers of the conpounds and

m xt ures ther e®$q ggs\othgrwi se specified. Individual stereoisoners of
t he conmpounds of the presé@nt invention are prepared synthetically from
15commerci al |y avail abl e st agk materials that contain asynmetric or

chiral centers or by preparati oh of m xtures of conpounds foll owed by
resolution as is well knoww~n-tHe art. These nethods of resolution are
exenplified by direct sepfration '"6f the mixture of diastereomers on chiral
chr omat ogr aphi ¢ col ums or, i PLC net hods. Met hods of chiral
separation have been descri fed/previ ousry (GB. Cox (ed.) in Preparative

Enant i osel ective Chromat ogr y, 5 2005, a@a . Publishing).

Al ternatively, chiral conpounds can be pr(%é egﬁ an asymmetric synthesis
that favors thev)reeRaizAR 04008 it MR BPBGYGOMEr over another. Geonetric

i somers may al so exist in the cQ S’ounds of the present invention. The
present invention includes thg yarious geonetric isonmers and m xtures
thereof resulting fro E e t of sub stituents 10 around a

car bon- car bon do@bl e [bond] su¢h as”isohers of the Z or E configuration. It
is al so recogni uctures in which tautoneric fornms are

possi bl e, the 1OnE on€@™§%aut oneric formis equivalent to the
description of both, unlessogkherw se sggegh3grh) | n certain enbodi nents, a
di astereonmer of a conpound of the invention is present in a mxture at a

ratio under conditions to produce ER-804029:
MeQ SO,Ph ., OTBS
TBSO o~ " OH
TBSO O
Me

5 (ER-804029); and

(v) reacting ER-804029 under conditions to produce eribulin, or the
pharmaceutically acceptable salt thereof. The method may include salifying
eribulin to produce the pharmaceutically acceptable salt thereof, e.g., eribulin
mesylate. Additional intermediates and reaction conditions are described

10 herein.

Asymmetric or chiral centers exist in the compounds of the invention.

The present invention includes the various stereoisomers of the compounds and
mixtures thereof, unless otherwise specified. Individual sterecoisomers of the
compounds of the present invention are prepared synthetically from

15 commercially available starting materials that contain asymmetric or chiral

centers or by preparation of mixtures of compounds followed by resolution as

10



150f 10:1, 20:1, 30:1, 50:1, or greater as conpared to other diastereoners.
Conmpounds useful in the invention may be isotopically |abel ed conpounds.
Usef ul i swoapawussel ude hydrogen, carbon, nitrogen, andpoxyuyenieegl, 2/ 4,
3H, 13C, 14C, 15N, 180, and 170). Isotopically-I|abel ed compounds can be
prepared by synthesizing a conpound using a readily available isotopically-
20 | abel ed reagent in place of a non-isotopically-Iabeled reagent. For
any of the folisowilhignatrein thelartdefftiené triethnsls ofl renobdtem drolekemphifiedihy directi ¢
synbol indicates that tal . nunber .of atons of that elenent fhat are
prosent in a pEPEANAN QL HHBHRKER O fiferyomees a sHira) ehiarealpieabit cobiias
atons, such as]h%qQﬁ & Rt i . ; i harein,
may be 25 pregént, d%’necégggyygkt§H§§§§%¢§aﬁﬁ%E@%@%ﬁ%@%“%ﬁﬁ%ﬁgggggﬁg. For

exanpl e, an unsebpubly(GBl Céx @dyih RiepwarveEntihodetdcivk EhréhidfbdapMhen used
with the groups defined herein, a reference to the nunber of carbon atons

i ncl udes t He di0A3 Blackwetiddblishingd eAlpmativelyechiral gpmppunds cancdhsenrepared

i ncl ude the cal bongl cartbon i@jpac | é(esteg carbonate. or .carbamate groups.
A reference to>t He® 3T RERSe™ SlSi% fvory g 1igRAration of ang diasterenmer n "o
heteroaryl grauRrahbthet. @ééi%@tﬁctimlﬁé‘rls M4 Bkt iﬁl%é‘b@m?@i_irgfigff) the

het erocyclic ring. 'acetal" iI's neant >CHR (o -), wherein R
is H alkyl, girksemyinveatign., The peasphtahksrtionBycludeytht viasiome gedmetgicO) R,
wherein Ris H, alkyl, alkenyl, aryl, or arylalkyl. In exenplary acyl
groups, R is HSOmREsEpd rauxwrsz therept tesulOrm romheatraseenentl sebsttgentes. c12,

- 06 al ety Jarbypd Eifrben Tattihvdoubfe g, Seengs isfersedf 57 oMy Co s
aryl ), nonocydon€ighiation. fieiselwakydgrifedihat fil®RAGYGFdsGn Gliri €l taabsinéedc C6

heteroaryl), C4-Cl19 heteroaryl (e.g., C4-Cl0 heteroaryl),
(C6- C15) ar y| ( dormas puel nopbibly, die dyriptien obend (aaton@sicafokspl is equivalent tothe

C19) het | (C1- 08) al kv defi ned_her ei.n, het | t
n hn acyl ot GHSCHRRI O, et B SR Lo AT CROGELREERT y |1 om 0.

N, and S. diadreombeK ¥t a coBpORANSS e 3h¥RHBALSs BresBitaRGNEEGRAL B r5@) Ur at ed
cyclic (i.e., cycloal kyl) or acyclic hydrocarbon group of from1 to 12

carbons, udl esd 1051, @0hk Bk s &0sl ex igfdatat.as Exerpat-al tp dhdrydiagereomsrs. ncl ude
Cl-C8, C1-Cs, (:I-c&;ﬂcz- C7, C3-f12 and G3-C6 al kyl . Specific exanples
i ncl ude nethyl, et fyAmpoundsusey] in the ipvepiion mayhs isgiopicaliy dalaled 1-but y! |

2-butyl, and t ' j , i
context herei rorpoutls UREPRoRndE Inak 3G, Bubbh, BBUER aal38S el 5T
aryl al kyl oxy, (exq,’HalfKyl’thi‘e, 20, '"bkardereyli 1diepicalykibaliiRompounds can

[al kenylial kyl am no, [aryl]alkylam no, [arylalkyl]alkylam no, dialkylam no,
si lyl, sul f onyie pregaspd by syrthesizingrarsynoundrusing ajesadily availabje isatdpydadlyr no” i s
meant - NH rein Ris.alkyl. By |alkenylj.alkylapmino" is neant -NRR ,
Wherei n Vs digrd et nfie @ is St TR PRt o i s moant
-NRR', wherein R i gFophkybf tRME1IRvidgScivital BYinktiing! AhtibeAfdtiohant 8" 1S
nmeant -NRR , wherein R1s alkyl, and R is arylalkyl. By "dialkyfam no" is
meant -NR2, watomicrsyoswh irdicaesthiaytotal smindet ef atontegfdhateriemynt that are By

"al kyl ene" is nmeant. a dival ent al ky roup, Al kylene groups, used in 30 any
context her ei PreS§PEINGHPITGRRRT 9h"srﬁ1l9§{ mgt?ttlédAF ﬁ“ﬁ%@ ugderstapgdnpder aloms ky|

groups. For eéﬂ@iphéél}y(ﬁ'ogn Aok EPERERMRt LdupSHR descrBYed HE&Y] A gethio is

meant -S-al kyl ene-S--
25  present, as necessary, to satisfy the valences of the atoms. For example, an

unsubstituted C2 alkyl group has the formula —CH,CH;. When used with the
groups defined herein, a reference to the number of carbon atoms includes the
divalent carbon in acetal and ketal groups but does not include the carbonyl
carbon in acyl, ester, carbonate, or carbamate groups. A reference to the

30 number of oxygen, nitrogen, or sulfur atoms in a heteroaryl group only includes

those atoms that form a part of a heterocyclic ring.
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By "al kylthio" is nmeant -SR wherein Ris alkyl. By "al kenyl" is
meant a straight or branched chain cyclic or acyclic hydrocarbon group of,
unl ess otwerwiism4mpeci fied, from2 to 12 carbons and 5 eomtuskeniogRédne or
nore carbon-carbon doubl e bonds. Exenplary al kenyl groups include C2-C8,
C2-Cr, C2-C6, C2-C4, C3-Cl12, and C3-C6 al kenyl. Specific exanples include
ethenyl (i.e., vinyl), 1-propenyl, 2-propenyl (i.e., ally!),

2- met hyl - 1- pr openy|By Tadetdl®iyyinear2->HIHR(pt ~CHRe), wigareinyR Js, Haalktyl, bikehike.

Al kenyl groups, used in any context herein, are optionally substituted in
the 10 sane nﬁﬁﬁb@r&§’@kﬁbl gr oups. Alkenyl groups, used in any context

"SR wherein R is ayron hERCOETW AR RIS sl iR, pf

nul ticyclic rigglasndt m&a@ﬁf{)mgy@mg%uﬁgomsa{ QRIS alliy198.g., mecslmldte ring
systemis carbocyclic or erocyclic. 15 Heterocyclic ary ¥ groups are al so

referred td asChéide(@acy) C@-rQﬂthsndE%@ﬁeH@é) y2- @ﬂba}kenmlcﬂetgi,e@lﬂ&,@% at oms

el ude o o0 bae et Coch T oo (e B nd T e Sk & BhkaaTary

group is a C6-@Q .y En C‘RU@I e?g@ﬂﬁdn%c%lﬁ{@ﬁ%Rﬁenahhggédrh&l& ¥1'1c groups

i ncl ude phenyl, in any naph ant hracyl, and

fl uorenyl . Exe(ﬂplcadrandlezélﬁ)l@ewﬂoagrlplﬂfsCllthttﬁl@arybfwg:ydln@ 10 Ingsroaspt),ng from
l1to 4 heteroatoms sel ect ed |nde{oendently fro and S and from1l to 6

carbons (e.g.,((&rCEB)and(CbA6)alkyl. (61 &)hcwemmsx 1{(@11(2,6)%5’13%&%!1 gr oups
f bl f O h
D of or abl 314 nar tBetef GRTCh S elafiel a SRR Phertlo! Gy RGLE R ko BHER, .

exanpl es of  hefh@hQRYYbrotp HdP Fron ¢ ke dheRybatdiklec@diiR@peRdéntly from O, Nd
an

di hydroqui nolinyl, isoquinolinyl, quinazolinyl, di hydrqu|nazonI,
t et rahydr oqui rm:io$yl Unl ess ot herw se specified, aryl groups, used in any

oot T o R L RS o i ST B
al kyl enedi t hi g,y R0gl h)’b XQEC g&%&%%h]%%@bﬁﬁ}@ a[ﬂi Kb Bh il NO.

[aryl al kyl ] al kyl am m no cyano, nitro,

car boxyl , 1or azthd@vlse @emf&rdylmlelnwlarylaﬂkmﬁﬁps-ﬁcﬁde GheReCn-(F8, G1sCal kyl ene,
and R’ |s aryl . ﬁ{ arEI al kyl oxy"” is neant - OR, wherei n Ris aryl al kyl . By

"aryl oxy" is 1 e HOR alleylaSpecific examples ipglude sratlataetaylils meant

aryial kyt . Peobfl ST 2T A ERARR, 1 buBTes B et BRK 1ot
al kenyl, aryl otRérvasehabiylkyl BgroupsBmse@ﬁrdﬁgwhtexlt fer®Rf ke ofidh@l, 1n free .

acid, ionized, or salt form clic bofonate" is meant -OB , wherein
Ris alkyl, aISklbﬁtgllltedl‘wﬂahyllogela@k(awkylryloxﬁ rRstgikyloxy 2038, dlkydtbian dophenyl .

By “cycli % Caratfl(() r.i;é‘lgeedlthlo aﬂ?y amino; %lggnyl]alkylammo [aryl]alkylamino,
[arylalkyl]alkylamino, dialkylamino, silyl, sulfonyl, cyano, nitro, carboxyl, or
azido.

By “alkylamino” is meant -NHR, wherein R is alkyl. By
“[alkenyl]alkylamino” is meant -NRR’, wherein R is alkyl, and R’ is alkenyl.
25 By “laryl]alkylamino” is meant -NRR’, wherein R is alkyl, and R’ is aryl. By
“[arylalkyl]alkylamino” is meant -NRR’, wherein R is alkyl, and R’ is
arylalkyl. By “dialkylamino™ is meant -NR;, wherein each R is alkyl, selected
indcpendently.
By “alkylene” is meant a divalent alkyl group. Alkylene groups, used in

30  any context herein, are optionally substituted in the same manner as alkyl

groups. For example, a C1 alkylene group is —CHj-.
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By "cyclic silylene"” is nmeant -0Si R20-, wherein each R is independently

al kyl, al kenyl, aryl, arylalkyl, or alkoxy. By "dialkylsilylene" is neant a
cyclic siwglene4ssberein each Ris alkyl. 15By "ester" ipsTrusant /02580 0) R,
where -C(O)R is an acyl group, as defined herein, that is bound to the
oxygen atom of a protected hydroxyl, as defined bel ow By "ether" is
nmeant -OR, wherein R is alkyl, alkenyl, arylalkyl, silyl, or

2-tet rahydropyranyIBy %Bylei’lbxﬁthig’éis méaltnﬁaaikylkhwpo chl oro, brono, or

i odo. By "ketal! is nmeant >CR21§S{ - wherein each Ris

i ndependent 1y al kyBY a@lk)élﬁlyp Imgant aniﬂr‘élpl&IS alkyl. pot h R groups are
toget her al kyl ene. .%“ IE l” mggl%taﬁ%ra@ﬁ%?kra%cpgachal c%hc &Sacln%ff(yl -5 R3

wherein each Ris i epe en ary or aryra

Exanpl es of sitk &oﬁifmfpgrdu Qifulﬁiﬁeisrdtﬁ&’kn Hﬁé'd) Sol2 to 12 bé@@n% aryl or
Cl-C6 heteroarypsilyl, di( -Cl10 aryl or CIL-C6 heteroaryl)(Cl-C6

al Ik?/l %)SI I ylj5 mtzgmﬁ@m@ cmmwre@armn-mbmd@ﬂﬂabym (Exengdaryl dkenyd i : il ] | t
B kenyl, aryl -enabsing iy CEOR, §2gﬁ+ay¢2yﬁ’68ﬁ§z$£%f 2 eaf 6 Bkgnst.

| ndependent |y gel.ged @lelp‘}@s ﬁ%fdd@%ﬁléﬁgg e, Vlgf! ggﬁ{eﬁgié%epngém j §p§.esent In

a silyl group has froml to 4 hetero ms s fomO, N,

and S. By "suldlyha2eatecthgl-tgaopenyd(-BhizRyl, \thtaiyﬂ (Re.| srodik\end thd Keayl , aryl,
or 5 arylalkyl. In exenpl aral sul fonates, Ris O-Cl12 al kyl (e.g. Cl Cs8,
Cl-CB, Cl-C4, Adkenyl groupsised Hranycepngst dergm,)are enﬂmail.\/aﬁmaétﬁyted(la tbe, c:2 C8,

C2- C6, C2- n carbocweclic C6-.C2 g
C6- C15, W cf&gl%éé‘é%%g g% é%“@%s@? yIP%l BrOHRR Oy @I ORIEX dig o

(e.g., Cl-C4 anéh s2sutRiiigtEnaaranl 1?@ 19 heteroaryl (e.g., C4-C10
heteroaryl), 10 (C6-Cl5)aryl (Cl-C6)al kyl, (C4-Cl9) heteroaryl (C1-Co) al kyl,
or (Cl- C6)heteroamy { 0)@6’)iallrkﬁﬁht—@8 wdkrme® betlgiln, any heteroaryl group
resent in a sulfonate graup ha roml to 4 heteroatom; sel ect ed
ipndep_endenjtly fro r%g, EN?{ ﬁ%egnfsamonocyclg‘yorngﬂ lticyelig ring syshemaving o R
wherein Ris alkybre a@&xﬁ@@%éng@rvyﬁerelﬁﬁ @h}iéggé%llnl %rb%ggléi c rl?fe?érg{: r&i. R

groups for sulfonyl are 't ane as t ose SCI’I ove or su onates.

By "hydroxyl featecytligagt graipsiage steandfeaad tgahgeroapalgteipmf Adhateatilng t he
oxygen atomto which it is attached fromreacti nIg or bondi ng. Hydroxyl
A/

protecting gr clp4P icddendvip 4 Hompaclspied iadependepiieearpddand:Swit s, 20

eene o Dot G5k A AU L. SR ST Be TSIk LRI Shcea 41,
they are attachgd)s-ane aryideppraantd a/r[ysgﬂd@fat@d d6-P0uR3 ehip. SRicimnat es,

car bamat es, sulfonates, and ethers. [n exenplary ester hydroxyl protecting
groups, R of tmﬂm@mf@ﬂr‘hﬂ@ycm ayCeraops lmlk@ﬂ Pmﬁlb’@ indadlyl,G8denid - mhﬂ@i C4

G- Cr, arl oA IR Y bt e ¥t G Fpan s 1098 0o 16,

C8-C20, and [ 1
C2-C het efo%%&ygg)f%%h%? ?g(?rlyl%qehégg@rog RERBt Infcflndelrly G OF

(C6- C15) ar yl ( CL-d0d)Shikd/ from( Ct> 6 8036GDHA3 (e eCiaCy| (CEI}4C61)¢CIQ}¢6) or
(CL-C6) heter O%\rflgrlugccy:/%:hc h?:t%lrcl)(a)gzl grgggsc II);elferably include from 5 to 9 ring members.
Other heteroaryl groups preferably include from 4 to 19 carbon atoms (e.g.,

25 C4-C10). Specific examples of heteroaryl groups include pyridinyl, quinolinyl,
dihydroquinolinyl, isoquinolinyl, quinazolinyl, dihydroquinazolyl, and
tetrahydroquinazolyl. Unless otherwise specified, aryl groups, used in any
context herein, are optionally substituted with alkyl, alkenyl, aryl, arylalkyl,
halogen, alkoxy, aryloxy, arylalkyloxy, oxo, alkylthio, alkylenedithio,

30 alkylamino, [alkenyl]alkylamino, [aryljalkylamino, [arylalkyl]alkylamino,

dialkylamino, silyl, sulfonyl, cyano, nitro, carboxyl, or azido.
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exanpl es of acyl groups for use in esters include fornyl, benzoylfornyl,
acetyl (e.g., unsubstituted or chloroacetyl, trifluoroacetyl,

met hoxyacwoyebi1/muisphenyl met hoxyacetyl, and p-chl or ophenexyarsediylor2611

3- phenyl propi onyl, 4- oxopentanoyl, 4, 4-(ethylenedithio)pentanoyl, pival oyl
(Piv), vinylpivaloyl, crotonoyl, 4-nethoxy-crotonoyl, naphthoyl (e.g., 1-
or 2-naphthoyl), and 5 benzoyl (e.g., unsubstituted or substituted, e.g.,
p- met hoxybenzoyl, By feyaityl( istabadi-RjRSawhereirsREls dkylene tahyt [Rahis meyland

pot assi um, p-bromgbenzoyl, and 2,4, 6-trinethyl benzoyl). As defined herein,
any heteroaryl grgg?ﬁ’ pﬂ‘@é@?ﬂloﬂh igmeast PRy MR SsIsAYakylt o 4 het er oat ons

sel ect ed i ndependent] ¥, , a | ary carbonate hydroxyl
protecting groups, rﬁ-%l |@@?C?W%y%’§gégi@?%§%01 Ce, d-4, -C7,
C3-C12, and C3-C6 aiykyda}barﬁﬁe’cﬂs%nedrk&@mgg&}g; whéRif8achQR i hdef@dehil

C3-Cl2, and C3-C6 al kenyl), car bocelcl iC -C20 aryl (e.g., ©C6-C15, - C10,
C8- C20, and CdHcikylarkkenyl, akytl - 6 heteroaryl (e.g., d-C4 and

C2-C6 heteroaryl), = Cl9 het.eroar . 15¢CA- C1Q .hetero | ),

(06- C15) aryl ( Cl- C6 Ri?ffll?on(a%zt-%{‘?fﬁ Té&&@)QR(&‘ eregp R Ry, "caB‘lr‘gm)‘s aryl,

(C1- C6) het er ogpyl-{16fky£6) al kyl . Speci fic exanpl es include nethyl,

9-fl uor enyl net hyl", elyhyl , 2,2,2-trichloroethyl, 2-(trinmethylsilyl)ethyl,

2- (phenyl sul f onyl ) &yhydarboaiyiiy/is, medrt W C(OYOHy fry free peid] ionhitednaydalt ford. benzyl
carbonates. As defined herein, any heteroaryl group present in a carbonate
20 group has from B #yelinbeengty drinesat <OBBO-+ whersan Basalkylsalkenyd, N, and

S. I n,ex I r e r I clkng groups, each Ris
i ndependerqtol yealﬂ,?" %[1%%1,%21’ gﬁ{ﬁ%&’ ?@5“‘%&3”@%@:‘/ , ClI -4, C-C7, C3-C12,
and C3-C6 al kyl), @R €lRliakk®omhtel & MeantCOE®)G2- C6, C2-C4, C3-Cl2, and

C3-C6 al kenyl ), carbocyclic C6-C20 aryl (e.g., C6-Cl5, Co6-Cl0, C8-C20, and
25 C8-C15 aryl), mbhotyelit silgdenchismetant o@OK,Qe vhereictacdiRdnd C2- C6

het eroaryl ), C4-Cl9  heter e gq., C4-C1Q heteroaryl),. -.C15) ar.yl (Cl-
C6) al kyl , (4l %eﬂé?fgiyoﬁg\ya’]lr’ %@fg&ﬁwlkwiaﬁaﬁ ?fc‘iﬂﬁ@@} Y eﬁe&?@v@iﬂ% i

1-C6) al kyl . Spggirh b G ENCIRIERe, Wikéid@adh RNEAKy1 2nd

N- et hyl - N- (0-ni tnrop%enylgligj}L car’t‘)%mat es.a As geydlyned herein, any heteroaryl
group predént in aByafdstrdisemathtgOin)RasvhieroonCO Roishnruelyegmappas sel ect ed
i ndependently fromO, N, and S. Exenplary ether hydroxyl protecting groups
i ncl ude C 1- Cdefingd Reycat plaatds paung to thy ogpgengptomeo! aprogsgteddprdegxylcas C12, and
C3-C6 al kyl), &%—%ge%wenyl ethers (e.g., C2-C8, C2-C6, C2-C4, C3-Cl12, and
C3-C6 al kenyl ), F - 5)aryl (Cl1- C6) al kyl et hers,

(CA- C19) het er oar y| Fyl-cgidralikieaitnad’, whéreih R idalkyl, alkenyl, arylalkyl, silyl, or

C6) het er oaryl (C1- C6) al kyl et hers, (Cl-C6)al koxy(C 1-C6)al kyl et hers; (Cl-

C6) al kyl t hi o( Ctic@shrdepyranyibr s, ( C6- C10) aryl ( Cl- C6) al koxy( Cl-

C6) al kyl et.hers, and, silylethers (e.g., tri(Cl:C6 alkyl)silyl, tri(C6-Cl0
aryl or (312506 het e%garlﬂ?hgffll%r,neéi‘?t(fgé’-r@lﬁﬂ Oy ProgRo. Q1% net er oar y1) ( C1- 06
al kyl)silyl, and (@8 GLerafyhet S¢R Er NEIEL LMk b IR GEi hyyl) -
Specific 10 exanpl g? of al kyl gt hers 2|c§(r:l ude )(r)’ret hyIl gn&d}}t - b@fh?ﬁ%ﬁg&an

exanpl e of an alitydealikényds drgt, or ardhlkyl, or BetnR|gesumfaratdgeshealakiyliatcher s and
al kyl t hi oal kyl et hers i ncl ude_pet hoxynet hyl, nethylthi onmet hyl,

[43

( 2- met hoxyet hoxy) nBPhyX0” gr§ODIs MeFftTd-hy| si | yl ) et hoxynet hyl . Exanpl es of

aryl al kyl ethers in £ [ Vib

3, 4-di net hoxybenzyg,yugrﬂyghlgg‘%a%t 1y Sk %rgf%%% Ihs( %E%ﬁn{dregl ﬁlzkyll’,

p-ni trobensyl alkenkhalagyaeszitylally161kasiyiey SeRT ¥ouph ifIaORRTINE6

napht hyl methyl, and 2- and 4-picolyl ethers. Specific exanples of
silyl et hers i ndiybisdyt tigea-6y} Dgirylyar G IFU8)hetarpami ity ls di(¢16-C TESR)y] or C1-C6

(1P “ana t ReBRADAS PRl R REIE ATl e8P hagetan RIS =1 !
ary! al kyl oxyaliiRhVe e bl R RKIIRhRY With lily] 6Rupindalitoeeh B8hsl.  any

het eroaryl group présent 1 n an ether group r roat ons

sel ect ed i ndep#oderikényl farpinhSterddryhiod aSlalkyl groupsljthesedrolpysdroxyl groups may
be protected with a diol protecting group, such as acetal (e.g., O-C6

al kyl'), ketal (e.g., C2-C6 alkyl or C3-C6 cycloal kyl), cyclic silylene,
cyclic carbonate, and cyclic boronate. Exanples of acetal and
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25 ketal groups include nethylene, ethylidene, benzylidene, isopropylidene,
cycl ohexyl i dene, and cycl opentylidene. An exanple of a cyclic silylene is
di - t but ylwol2gi1eme339 Anot her di ol protecting group is 1, 1P8TArS2011/022611

tetrai sopropyl sil oxanedi yl. Exanples of cyclic boronates include nethyl,

et hyl, phenyl, and 2, 6-di acet am dophenyl boronates. 30Protecting groups may
be substituted as is known in the art; for exanple, aryl and aryl al kyl
groups, such amdgh&ﬂbhﬂybﬂﬁﬁyﬂ AmahﬁhhyhmeﬁrapyhmdwmwylgmapphsenSmhst|tuted
with d-C6 aIkyI al koxy, nitro, cyang, carhoxy or _hal ogen. AIkyI
groups, such a¥ y}lrgfcrm haSé‘mwﬂ tou%%@f@ﬁwns wleﬁﬁ%iplyﬂepqndﬁﬁtﬂsyfronhobm ghd and
sec-butyl, andgal kenyl groups, such as vinyl and ally!, can al so be
substituted withh oxo, arylsulfonyl, hal ogen, and trlalkyIS|IyI groups.

Preferred protecti gy SagfondRs 1§1ﬁ1%aﬂ'133)8((§i)zﬁl WheRiPRES hikyY WyParyNef are
orthogonal are renoved under different conditions, as inh known in the art.

By "l eavind graulkyls ImesemplaryswimmatdsaR is QIGQkZpB&@é@h@uCllf@S L hémi cal

S
b N e
o N, 4R R g @Q“ragk@’cggﬂb“%"xl%@@&%% 8.l fonat e

(e.g., Cl-C8, CI5,ax-OT0; C8-CIR-ahd CSCB-lﬁihﬁyl) aﬂmh@el(iﬁcal(lié'hstufdaoﬂé(%@,,

C2-C12 al kenyl sul f onat e Cl2, and C3-C6
al kenyl sul f onde &4 @@r%&&w@m@aflhﬂﬂ 6}r19|h§tﬂwwb&eeg(@4§10 lmemlsvl)cs C10,

15 C8-C20,,an DA h te (e.g.
C4- C10 hetleofog(rcﬁg?%gga@e%)%gx g %Tq@@q Uﬁﬁfgﬁtﬁf@%ﬂ; ?@ﬁate (e.g

G -C4 and C2- QB¢ )hetcPb A/ U6 )h tA)cd fiféd KB My GEik oM %Eﬁmte
(C4- C19) heter oajrhyl (C1= C(,G al k) nggl fongtle y rdRY R b§) >
(C1-C6) het eroa ;ulfcmtmpap kg ﬁum‘ brat éeteamwloms aclecicdmdepehgdnglyl framdd.es,
al kenyl sul f onat yI sul fonat es, 20 heteroaryl sul fonat es,

aryl al kyl sul fgﬂa?‘hds and heteroaryl al kyl sul fonates can be optionally

(o9, G Co al Kony) SrsrErds pacall SQu:AeEherf RID ekl LB, 0o Sl by,

and C - C6 1tet exroBikyll oxyslilyl.ORferad KR | grbuyss f(oﬁs@fon}ﬂ]aré:ﬁleahkmlats hhexe |
al kyl enedi t hi o (e Cl- C6 al kyl enedithio), alkylamno (e.g., O- 25C6

al iyt am no), 14 M?@mﬁwm@ L Ca coterel ] (C400) o eyl ai no
Cobr ) ot ot i TR Bl Sronpt b iedhah g ot bR 61 ! 2M

C6) al kyl am no)p ro{e@ﬁ C%ﬂiew logh leydr fd mlc(lﬁtmaua[cﬁ@fr@ﬁpaeawﬁg&lb&m@g kyl ] (C1-
C6) al kyl am no, het eroaryl (Cl- C6) al kyl I'i O - C6) al kyl am no, and

30[ ( C4- C19) hetIéYdeyll mrcu_ec@eggrmms]a(rmmym thel axtyierm,) as deiserlibad ianvns, (e. g.

oG OB Y AT B el ekl 5 P Sl N £, o
al kyl)si 1yl g0 ﬂ%ﬁy%ﬁ&%@?@?ﬁ?@ﬁh)ﬂé SR R Y1)

cyano, nitro or azi onat e optl 'y su stltut ed
wi t h carbocyclthey an'eydtta(:becg are lptepdrideatly Isglected fomy ebters, CirbGRatbet er oaryl , or
C4-C19 heteroaryl (e.g C4- C10 het eroaryl). Arylsul fonates can be
optional ly sutf‘s"fl?ftf%ﬁt@% SNf?mﬁtﬁ‘i Rpd ethery. | C1-C6 aI kyl) or al kenyl (e.g.

2 ko) ISR SR D B SR g R BTy o o,

and S. Spesi ficl-exampk@geef, GUBaLI @Mcmgcgrwm-mgl asteCe @RIyl 0do,
10 brono, fluoro, net hanesul fonate C(&/I ate), 4- t ol uenesul fonat e

(tosylate), t (G234 Bredkastyh ngss @F@&aﬁb E]Zf-@é,t@i? (Pt pnd C3-C6 alkenyl),

eavi g or oup< HERFIES 60eAt 01 hoe ”Cnl Pk L Ol Skt b oAb 1 - By

"phar maceut i cal by, ﬁ@eﬁa@éﬁe%?éaa«{wesgur@ﬁm ﬁl(ﬁ@btcg\ﬁét@fﬁgr}ll?%@@qpe of 15

sound nedi cal jud sult se in contact wt hé ti1ssues of

humans and anihegdreamd (H@UCALQDURete@ardiI(C6-CI 5 )athyd{C b6 )alkyie(Qidc response
and the |ike and commensurate with a reasonabl e benefit/risk ratio.

Phar rraceuﬁocm¢39)h@t§@@fﬂfﬁb%@lk§1 aF €C i Dhatarnaryl( Gl Cogalkyt . Spmsifiexanypl e,

EE:; xggﬂ: : g:: | (ﬁf@%}pf gemlsl}% osr WBESn gs ér%ﬁh&u&'e Tor}inyll%,ebre%%ﬁtfor%llyl,’ ac‘]etyl
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20 66:1-19, 1977 and in Pharmaceutical Salts: Properties, Selection, and
Use, (Eds. P.H Stahl and C. G Wrnmuth), WIley-VCH 2008. Representative
aci d addiwoaniig@kizs i ncl ude acetate, adipate, alginate, pasasedmane6il
aspartate, benzenesul fonate, benzoate, bisulfate, borate, butyrate,
canphorate, canphorsul fonate, citrate, cyclopentanepropionate, digluconate,
dodecyl sul fate, 25 ethanesul fonatc, fumaratc, gl ucohcptonate,

gl ycer ophosphaﬂceg mﬁubsilmfedtoe chlvepacetyds miﬂdmmnqé,tmctthbyyhaetylpm de,

hydr ochl ori de, | act obi onaE A

i de, 2-hydr t nesulfon
| actate, |aur a‘T‘QKCIFy e Oxé(ﬁl‘th)élb and H’EH%EQ’TQP FROREAgLY S,%pb(ﬁml@roplony

oxal at o, pal m P opeTEAOR AN ARTS A AR b al E B iDL S B B
30phosphat e, pir6toabgl, 4phvthbayrotbhed] ﬁkqﬂftlﬁ)yl ﬁé garnabe2-kiphtiondt gad sul f at e,

tartrate, thiocyanate, tol uenesul fonate, ecanoate, valerate salts and
the like. A prisngpylde. goainsubsiituted orreglwtlémted,sﬁagt p-methoxytenieyl, phtheloyks and

Zﬁ\éa{lhggglsa?f thcg %&éﬁéﬁ |on w%ﬁtﬁﬁﬁar%{omfh f ol OWI n}gsaéﬁtscrl ption

i nvention provi @%strwmﬁaa% @n%mfﬂ%%&émt Hetéi%%g’r gﬁ@@ﬁg&@%s of

hal i chondrin B anal ogs.” I'n partl cul ar, the conpounds or the
synthesis of tdseer Gteupdds fpantli tord knéteﬂmatammgnha‘:htemmﬂepﬂmilengﬁ frolRO, N) a8@4028
is a Cl4-C35 fragnent that has been enployed in the synthesis of eribulin:
MeQSO2Ph TBSO‘ER- 804028. Hal i chondrin B anal ogs, e.g., eribulin or

phr Tmceytieal Y 29RSRUAR R AR D LARS PRl PR B BT £ i e
| nt ernati onal (Byhldrag on-0e. CM@42QQS(C11(8§@512 hild OBECE KR, @20@523“ bed in
t hese references, the Cl4- C35 ort| on, % ER- 804028, of the nolecule is

coupled to t heallgnytteas p@ﬂt@&r{: €69 C2-Ek @€8%6 and 63pﬁ5@dﬂmeyER‘-68bm029§ and
2L onal 1ok o R S R I ISR BB AT g
im0 el assestsppnt (o ghaterch iladung,of lomstearisie
oxi dat i on 1f5ol IM@dOﬂmtmeml/)a(C@Clﬁbzaryk{ﬁillf(bﬁl)ﬂlkyg,r(ﬁletpca%)tliewnoarle(CanDI ecul ar
gl)(zlzglk izegi gﬁgﬁ té%:)ﬁ{l]‘é(a Q|)l, C %ggelr(?arrl'yl%cli Oé%ilk?/? ISSé[c?frigggalm%lgs ngfllldCeh when
methyl, 9-fluorenylmethyl, ethyl, 2,2,2-trichloroethyl, 2-(trimethylsilyl)ethyl,
2-(phenylsulfonyl)ethyl, vinyl, allyl, t-butyl, p-nitrobenzyl, and benzyl
carbonates. As defined herein, any heteroaryl group present in a carbonate
20  group has from 1 to 4 heteroatoms sclected independently from O, N, and S.
In exemplary carbamate hydroxyl protecting groups, each R is
independently H, C1-C12 alkyl (e.g., C1-C8, C1-C6, C1-C4, C2-C7, C3-C12,
and C3-C6 alkyl), C2-C12 alkenyl (e.g., C2-C8, C2-C6, C2-C4, C3-C12, and
C3-C6 alkenyl), carbocyclic C6-C20 aryl (e.g., C6-C15, C6-C10, C8-C20, and
25 C8-C15 aryl), monocyclic C1-C6 heteroaryl (e.g., C1-C4 and C2-C6
heteroaryl), C4-C19 heteroaryl (e.g., C4-C10 heteroaryl), (C6-C15)aryl(C1-
C6)alkyl, (C4-C19)heteroaryl(C1-C6)alkyl, or (C1-C6)heteroaryl(C1-C6)alkyl.
Specific examples include N-phenyl and N-methyl-N-(o-nitrophenyl)

carbamates. As defined herein, any heteroaryl group present in a carbamate

30 group has from 1 to 4 heteroatoms selected independently from O, N, and S.
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t et rabut yl ammoni um fl uori de, undergoes intranol ecul ar oxy-M chael ring

cl osure. Pyridiniunp-tol uenesul fonate nedi ated ketal formation and

conver si omoabiideessver m nal al cohol to an am ne furni shegcenisbahiome1for
exanpl e, as described in WD 2005/118565 (Exanple 6), ER- 5 804029: TBSQO
Me OH oxidi zed, to produce ER-804030: SO2PhH OIBS = H TBSQ0 Me
(ER-804030); ER- 804030 is reacted, e.g., desulfonylated, to produce
ER-118049: H OTBS Exemplany ctheringioag) pretretingguaps include C1-C12 alkylethers

(e.g., C1-C8, C1-Cé6, C1-C4, C2-C7, C3-C12, and C3-C6 alkyl), C2-C12
alkenylethers (e.g., C2-C8, C2-Cé6, C2-C4, C3-C12, and C3-C6 alkenyl), (C6-
C15)aryl(C1-Cé6)alkylethers, (C4-C19)heteroaryl(C1-C6)alkylethers, (C1-

5  Cé)heteroaryl(C1-Cé)alkylethers, (C1-Cé)alkoxy(C1-Cé)alkylethers, (C1-
Cé6)alkylthio(C1-Cé6)alkylethers, (C6-C10)aryl(C1-C6)alkoxy(C1-
C6)alkylethers, and silylethers (e.g., tri(C1-C6 alkyl)silyl, tri(C6-C10 aryl or
C1-C6 heteroarylsilyl, di(C6-C10 aryl or C1-C6 heteroaryl)(C1-C6 alkyl)silyl,
and (C6-C10 aryl or C1-C6 heteroaryl)di(C1-C6 alkyl)silyl). Specific

10 examples of alkylethers include methyl and t-butyl, and an example of an
alkenyl ether is allyl. Examples of alkoxyalkylethers and alkylthioalkylethers
include methoxymethyl, methylthiomethyl, (2-methoxyethoxy)methyl, and B-
(trimethylsilyl)ethoxymethyl. Examples of arylalkylethers include benzyl, p-
methoxybenzyl (MPM), 3,4-dimethoxybenzyl, triphenylmethyl (trityl), o-

15 nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-cyanobenzyl,
naphthylmethyl, and 2- and 4-picolyl ethers. Specific examples of silylethers
include trimethylsilyl (TMS), triethylsilyl (TES), t-butyldimethylsilyl (TBS), t-
butyldiphenylsilyl (TBDPS), triisopropylsilyl (TIPS), and triphenylsilyl (TPS)
cthers. An example of an arylalkyloxyalkylether is benzyloxymethyl cther. As

20  defined herein, any heteroaryl group present in an ether group has from 1 to 4
heteroatoms selected independently from O, N, and S.

Adjacent hydroxyl groups may be protected with a diol protecting group,
such as acetal (e.g., C1-C6 alkyl), ketal (e.g., C2-C6 alkyl or C3-C6 cycloalkyl),
cyclic silylene, cyclic carbonate, and cyclic boronate. Examples of acetal and

25  ketal groups include methylene, ethylidene, benzylidene, isopropylidene,
cyclohexylidene, and cyclopentylidene. An example of a cyclic silylene is di-t-
butylsilylene. Another diol protecting group is 1,1,3,3-
tetraisopropylsiloxanediyl. Examples of cyclic boronates include methyl, ethyl,
phenyl, and 2,6-diacetamidophenyl boronates.

30 Protecting groups may be substituted as is known in the art; for example,

aryl and arylalkyl groups, such as phenyl, benzyl, naphthyl, or pyridinyl, can be
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reacted, e.g., under coupling conditions, to produce m xture
ER-118047/118048: 118047/118048 is reacted, e.g., oxidized, to produce
ER- 118046w0 20m1am433d t 0o produce ER-811475: MeO ( ER- 118@¢6)us26&R018046 i s
reacted to produce ER-076349: MO reacted, e.g., by converting the
primary hydroxyl group to an am ne, to produce eribulin. Pharmaceutically
acceptable salts of eribulin, e.g., eribulin nmesylate, can 5 be fornmed by

met hods known gubstitneedawith G1-Q6 alliyh, S1106 ﬂkbﬂ(ﬁglitfrdnﬁsyhhmaiarﬁ(ﬁ?ﬂ,airi}ﬁlbg%ﬁd
purification of the conpound or sSeparately by reacting the free base group
with a suit ablalkyl geavipe, tieha@s mathylnethyk asgprepylenipsemylnt-buyk nebitedand t h a

colution of VeSE 00, M Ghbnd b o PR ARG S R THNEBe T on 1
S0 L,50 SHCSUSBIeng, g RIS BB Sl piay
1) MsOH (05975reyps are TBS and Piv. Protecting groups that are orthogonal are removed
under different conditions, as in known in the art.
By “leaving group” is meant a group that is displaced during a chemical
reaction. Suitable leaving groups are well known in the art, e.g., see, Advanced
Organic Chemistry, March, 4th Ed., pp. 351-357, John Wiley and Sons, N.Y.

10 (1992). Such leaving groups include halogen, C1-C12 alkoxy (e.g., C1-C8,
C1-Ceé, C1-C4, C2-C7, and C3-C6 alkoxy), C1-C12 alkylsulfonate (e.g., C1-C8,
C1-Cé6, C1-C4, C2-C7, C3-C12, and C3-C6 alkylsulfonate), C2-C12
alkenylsulfonate (e.g., C2-C8, C2-C6, C2-C4, C3-C12, and C3-C6
alkenylsulfonate), carbocyclic C6-C20 arylsulfonatc (c.g., C6-C15, C6-C10,

15  C8-C20, and C8-C15 arylsulfonate), C4-C19 heteroarylsulfonate (e.g., C4-C10
heteroarylsulfonate), monocyclic C1-C6 heteroarylsulfonate (e.g., C1-C4 and
C2-C6 heteroarylsulfonate), (C6-C15)aryl(C1-C6)alkylsulfonate, (C4-
C19)heteroaryl(C1-Cé6)alkylsulfonate, (C1-C6)heteroaryl(C1-Cé6)alkylsulfonate,
and diazonium. Alkylsulfonates, alkenylsulfonates, arylsulfonates,

20  heteroarylsulfonates, arylalkylsulfonates, and heteroarylalkylsulfonates can be
optionally substituted with halogen (e.g., chloro, iodo, bromo, or fluoro),
alkoxy (e.g., C1-C6 alkoxy), aryloxy (e.g., C6-C15 aryloxy, C4-C19
heteroaryloxy, and C1-Cé6 heteroaryloxy), oxo, alkylthio (e.g., C1-C6
alkylthio) , alkylenedithio (e.g., C1-C6 alkylenedithio), alkylamino (e.g., C1-

25  C6 alkylamino), [alkenyl]alkylamino (ec.g., [(C2-C6)alkenyl](C1-
Cé6)alkylamino), [aryl]alkylamino (e.g., [(C6-C10)aryl}(C1-Cé6)alkylamino,
[(C1-C6)heteroaryl](C1-Cé)alkylamino, and [(C4-C19)heteroaryl](C1-
Co6)alkylamino), [arylalkyl]alkylamino (e.g., [(C6-C10)aryl(C1-C6)alkyl](C1-
Cé6)alkylamino, [(C1-C6)heteroaryl(C1-C6)alkyl](C1-Cé)alkylamino, and

30 [(C4-Cl9)heteroaryl(C1-C6)alkyl](C1-C6)alkylamino), dialkylamino (e.g.,
di(C1-C6 alkyl)amino), silyl (e.g., tri(C1-C6 alkyl)silyl, tri(C6-C10 aryl or C1-
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in NHACH (4 vol ), water (13.4 vol), ACN (12.7 vol) 2) Precipitation DCM (10
vol ) - pentane (100 vol) eribulin nesylate Schenme 2 15A schene for

pr oduci ngwvore1igwasspl e of a Cl4-C35 fragnent (ER- 804028pcirassas 1fooieh Dws
(Scheme 3). 9 (Me0)2P-,-02Me LiCl, (i-Pr)2NEt Me Me Stage OH 15 ORPiv 0.2
nol % Pd-C 1 nol % DI PEA 1. 04 bar H2 Me

C6 heteroaryl)silyl, di(C6-C10 aryl or C1-C6 heteroaryl)(C1-C6 alkyl)silyl,
and (C6-C10 aryl or C1-C6 heteroaryl)di(C1-C6 alkyl)silyl), cyano, nitro, or
azido. Alkenylsulfonates can be optionally substituted with carbocyclic aryl
(e.g., C6-C15 aryl), monocyclic C1-C6 heteroaryl, or C4-C19 heteroaryl (e.g.,
5 C4-C10 heteroaryl). Arylsulfonates can be optionally substituted with alkyl
(e.g., C1-C6 alkyl) or alkenyl (e.g. C2-C6 alkenyl). As defined herein, any
heteroaryl group present in a leaving group has from 1 to 4 heteroatoms
selected independently from O, N, and S.
Specific examples of suitable leaving groups include chloro, iodo,

10 bromo, fluoro, methanesulfonate (mesylate), 4-toluenesulfonate (tosylate),
trifluoromethanesulfonate (triflate, OTT), nitro-phenylsulfonate (nosylate), and
bromo-phenylsulfonate (brosylate). Leaving groups may also be further
substituted as is known in the art.

By “pharmaceutically acceptable salt” is meant a salt within the scope of

15 sound medical judgment, suitable for use in contact with the tissues of humans
and animals without undue toxicity, irritation, allergic response and the like and
commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, pharmaceutically
acceptable salts are described in: Berge et al., J. Pharmaceutical Sciences

20 66:1-19, 1977 and in Pharmaceutical Salts: Properties, Selection, and Use,
(Eds. P.H. Stahl and C.G. Wermuth), Wiley-VCH, 2008. Representative acid
addition salts include acetate, adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,

25 ethanesulfonate, fumarate, glucohcptonate, glycerophosphate, hemisulfate,
heptonate, hexanoate, hydrobromide, hydrochloride, hydroiodide, 2-hydroxy-
ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate,

30  phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate,
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Stage ONH2 Me 0 16 OPiv Et 0Ac 20C 9 R20 Zn CH3CN 20C 1) R Cl, Imd
DVF 2) Li BH4, THE 1)
WO 2011/094339 PCT/US2011/022611

thiocyanate, toluenesulfonate, undecanoate, valerate salts and the like. A
preferred salt is the mesylate salt.
Other features and advantages of the invention will be apparent from the

following description and the claims.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides compounds and methods of their use in
the synthesis of halichondrin B analogs. In particular, the compounds are
useful for the synthesis of the C14-C35 portion of halichondrin B analogs. ER-
10 804028 is a C14-C35 fragment that has been employed in the synthesis of

MeQ, SO,Ph
TBSO 4—(
TBSO\/I\\“‘ l"/

eribulin:

ER-804028.
Halichondrin B analogs, e.g., eribulin or pharmaceutically acceptable
15  salts thereof, can be synthesized from the C14-C35 fragment as described in
U.S. Patent No. 6,214,865 and International Publication No. WO 2005/118565.
In one example described in these references, the C14-C35 portion, e.g., ER-
804028, of the molecule is coupled to the C1-C13 portion, e.g., ER-803896, to
produce ER-804029, and additional reactions are carried out to produce

20  eribulin (Scheme 1):

20



1) 1) 1) 1) 1) 1) 3) Phi-G, TEADCM1) 1) 1) cat MOH THF E
(R1= TBS, 73% F (Rl= TBDPS, 72% G (Rl= TBS, R2= Bn, 74% H (Rl= TBS, R2=
CHPh2, 67A¥® 2b11(d84339TBDPS, R2=t-Bu) 1) AcOH THF-H20 O PCT/US2011/022611

TBSO
ER-804028
M
I ER-803896
vy, O
TBSO
.—>
TBSO
—>
—._>
eribulin
Scheme 1

5 Lithiation of the C14-C35 sulfone fragment followed by coupling to the

C1-C13 aldehyde fragment furnishes a mixture of diastereomeric alcohols (ER-
804029). Additional protecting group manipulation and oxidation followed by
removal of the sulfonyl group and an intramolecular Nozaki-Hiyama-Kishi

(NHK) reaction affords an intermediate, which, when oxidized and treated with

21



1-0 Mt 0 J (Ri= TBS) K (Rl= TBDPS) H ,i\--\ -==----- ...-0 tolueneMe H

\ ""ORIOPiv 88%fromH) 2) Pd-C, H2 EtOAc, (R2= Bn or CHPI12) TFA, DCM (R2=

t - Bu)

GROCGP V94830 L (R1= TBS, 70% from G M (Rl= TBDPBCTAK2)11/022611

tetrabutylammonium fluoride, undergoes intramolecular oxy-Michael ring
closure. Pyridinium p-toluenesulfonate mediated ketal formation and
conversion of the terminal alcohol to an amine furnishes eribulin.
For example, as described in WO 2005/118565 (Example 6), ER-
5 804029:

(ER 804029) is reacted, e.g.,
oxidized, to produce ER-804030:
Meq $O2Ph y OTBS

IIII

TBSO

TBSO n \1

CHO
}_7/\/ (ER-804030); ER-804030 is

reacted, e.g., desulfonylated, to produce ER-118049:

OTBS
TBSO m(
TBSO n
10 (ER-118049); ER-118049 is
reacted, e.g., under coupling conditions, to produce mixture ER-
118047/118048:
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1) PhNTf2 KHVDS THF-tol 2) 1) Tf20 pyridine DCM OPiv 2) Nal, DVF Me
Orfi OPtv iodo-vinyltriflate 0 3) HCl -1 PA MeOH (R1l= TBS) HF aqg, ACN (Rl=
TBDPS) wWORMH/DPBSY 83% R1= TBDPS: 84% 87% (one- pot) PCT/US2011/022611

TBSO
TBSO
; the mixture ER-
118047/118048 is reacted, e.g., oxidized, to produce ER-118046:
MeO H OTBS
(j/\”/ 0. ~_.OTBS
TBso—g oy O - OTBS

(ER-118046); ER-118046 is

Meq

HO

(ER-811475); ER-811475 is
reacted to produce ER-076349:
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Scheme 3 (part 1) WD 2011/094339 Me.sr-SQ2Ph TBSO TBSO , K, AcO' MO
PCT/ US2011/ 022611 Zn AcOH OPiv THF-H20 83%
WO 2011/094339 PCT/US2011/022611

MeO

(ER-076349); and ER-076349 is
reacted, e.g., by converting the primary hydroxyl group to an amine, to produce
eribulin.

Pharmaceutically acceptable salts of eribulin, e.g., eribulin mesylate, can
5 be formed by methods known in the art, e.g., in situ during the final isolation
and purification of the compound or separately by reacting the free base group
with a suitable organic acid. In one example, eribulin is treated with a solution
of MsOH and NH,OH in water and acetonitrile. The mixture is concentrated.
The residue is dissolved in DCM-pentane, and the solution is added to
10 anhydrous pentane. The resulting precipitate is filtered and dried under high

vacuum to provide eribulin mesylate, as shown in Scheme 2.

MeO: MeQ
1) MsOH (0.975 eq)
HO in NH,OH (4 vol), water (13.4 vol), HO
~H ACN (12.7 vol) N
HoN o
2 2) Precipitation HoN
“H DCM (10 vol)-pentane (100 vol) o)
Me—S-OH
0
eribulin
eribulin mesylate
Scheme 2
15 A scheme for producing one example of a C14-C35 fragment (ER-

804028) is as follows (Scheme 3).
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AF MeO TBSO TBSO',}.".. J., 2) NaOMe THF- MeOH AE OPi v 87%R- 804028 (2
steps) Schene 3 (part 2) 5 Cenerally, (-)-quinic acid is converted to
Conpound wWothrioggisost ages 1-13 as descri bed in | nternatipomals2”Rulbobicert i on
Nos. WD 2009/ 046308 and WD 2005/118565. As outlined in Scheme 3, oxidation
fol | oned by Homer Wadswort h- Enmons (HWE) reaction of the resulting |actol,
hydr ogenati on, and protecting group m)dl fication furnishes Conpounds E and
F. Blaise 10 reaction followed by nethy keton‘é éﬁl{cruabhon dehydratl on,

enol i zat i S tridd at iStaaes Hissi | yI ki nd i odj R produces 0 Vl|-l’ly|

triflate, Hoofrpdund O—NHK—eeu LA i @T ound-0ow t hER: 8Q6 i s{;

Conpound P. Aceta ation fol | owk by et r%nggg}%tﬁ gn, intranol ar
ot

WIlianmson et®erification, and proteghtfg grou ¢ation af fopdgdSia

Cl4- C35 f (-euminbcid5 ER- 804028. This sa@hene is advantageous as it results in
i nproved stereoselectivity at C27, i.e., 67:1 dr conpared to 13:1 dr in
previous processes. The scheme is al so advantageous as the Cl4-C26 starting
materi al and ¢14- C35 product of the NHK coupling of this schene exhibit
great er stMa®iR.i1cpMehan t he starting rratoélr”]ﬁ!il)lp d productof previous

met hods. The G4x&26 s 020 materi amgsr,l 14- GBS pr ct of the NHK
coupl i ng are stable me{i@)ﬁ@t romﬂ—tafperat,\;é' i NGchMe a
flexible manbfgturi Bg sChedule. M e |1 ed in the ant would al so

understand that variationg, |ghe above schéne are pos§idl@. For exanple,
t he hydroxyl protecting groups enployed in particular regctions may be

varied. In other variations, the |eaving groups enployed may be altered,
for exaanﬁeR ot tEiflate groups can be replaced with hal ogens such as iodine

or broni ne.owrh additi on, t&ough t he sq{ngllre/ﬁﬂepl cts Corg)ou d*g: et seq.
wi t h car begh's®HeTH: C16, g, ons | eading to the addit ar bons Cl4
and Cl15 5 s¢agqecur WE nyO 0| NtTYLLOr  t Qi fubtsy synt hegiy PR 80402 B,

Synt hetic s2@ps for addi ng c8Rbons 14 andHELS are d?sd"l”bsed i Rwo
2009/ 046308. In speél(FﬁrEBSe?(?é(ﬁpl es, Conpound A or ConpmrbsBrean 7he al tered
as shown in Scheme 4&aHPtHE” br oducts AG and AH subs®RitTBSeRb= £orh.@3rpound E

or Fin Scheme 3. I (R4= TBDPS, Rz=t-Bu)
H H

! %3('3120 HO Me © toluene " Me 0
e _ olene
2) Pd-C, H O O ° OR OPiv A o © OR OPiv

EtOAc, (Ro= Bn or CHPhy) 1 1

TFA, DEM (Ro= £8L) J (R=TBS) L (R,= TBS, 70% from G, 88% from H)

K (R;= TBDPS) M (R,= TBDPS, 87%)

1) PhNTf,
KHMDS H o
THF-tol Me 1) szg_ H
2 pyridine o
o) DCM Ve
2) HCHIPA - o Py :
MeOH 2) Nal, DMF 0 -
(R4= TBS) N ’ OTf | OPiv
HF aq, ACN R= TBS: 83% 87% iodo-vinyltriflate
(R1= TBDPS) R,= TBDPS: 84% (one-pot) o
ER-806067 MeO SO-Ph
ER-807363 TBSO F(
NiCl,, CrCl, TBSO_A / dr- 67:1 Ac,0
TEA DMAP
THE pyridine
Me O
62% | OPiv  84%

Scheme 3 (part 1)
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In accordance with the synthetic schene, the invention provides conpounds
having the formula: Me (1), e.g., Conpound 0, Conpound Al, and Conpound AJ,
15 wher eiwoXoiioabogen or oxo; Z is a |eaving group; QPCI/USEB(1A)NRL611
CH=CHC(0)0Y1, -C(R)H(CH2)"0Y1l, or -C(R)HCH2C(0)O0Y1l; Ris Hor - 0Y2; Y1 and
Y2 are each independently H or a hydroxyl protecting group; and nis 1 or
2. When both Y1 and Y2 are present, they may be the sanme or different. In
addi ti on, when Y'rng;tH&Qa Pon adj acent carbons, e.g., when n=1, they nmay
t oget her for mwmsdi val . .hydroxyl protecting group. Conpounds of this

br omobenzoyl, 1-napht hc?yl hthoyl , p-netidkybenzoyl, or o-phthal oyl 5
(i ncl udi ng sal ts such &%t ne and poEasSsi um . The i nvention al so
provi des conpounds havi nge I MeQagr - SO2Ph Y30 "? 0 X(I1),
e.g., Conpound P. Corrpound AD, IrrpounGP'AF Conpound AK, Conpound AL, and
Conpound AM wherein Xfis hal ogen or oxo; Qis -C(O)H - 10 CH:CHC(O) oY1,
-C(R)H(CH2), Ov1, or, C(R)HCHZC(O)OYl Ris Hor 0Y2 nis 1 or 2; Y1, Y2,

Y3, and Y4 are caeh |ng%?fdhently b @ hydre S@é’f’l ng group; T is
0xo or -0Y5; aBseYa. or a hydr&g; ..neprotﬂts@t\ﬁg oup, or Y5, together
wi th the oxygen atomto h it isbP@dund, is a IeaV| group In certain
enbodi nents, Y3 and Yzf‘Har t oget h%Ngo,\gsl vaI ent hydrc xy protecting 15
group. In other enbodi e Y1, THRWDHY4 ar e prqt ect Mhg groups, and i
i s orthogonal t@ Y3 and. Y4 Oa‘,,wther enbo Rm&r&%g JoHY4, and Y5 are
protecting groups; Y3 a Y4 ?r ehor& g{onal 4 hY5 ﬁnd Yl |rs]
orthogonal to Y5. Conpounds of this ude those having the
formul a: MeQSQ2Ph SCH&HE%S(I)&Q%

5  Generally, (-)-quinic acid is converted to Compound A through stages 1-13 as

described in International Publication Nos. WO 2009/046308 and WO
2005/118565. As outlined in Scheme 3, oxidation followed by Horner-

Wadsworth-Emmons (HWE) reaction of the resulting lactol, hydrogenation,
and protecting group modification furnishes Compounds E and F. Blaise

10  reaction followed by methyl ketone formation, dehydration, enolization,
triflation, desilylation, and iodination produces iodo-vinyl triflate, Compound
O. NHK coupling of Compound O with ER-806067 furnishes Compound P.
Acetylation followed by Vasella fragmentation, intramolecular Williamson
etherification, and protecting group modification affords C14-C35 fragment

15 ER-804028. This scheme is advantageous as it results in improved
stereoselectivity at C27, i.e., 67:1 dr compared to 13:1 dr in previous processes.
The scheme is also advantageous as the C14-C26 starting material and C14-
C35 product of the NHK coupling of this scheme exhibit greater stability than
the starting material and product of previous methods. The C14-C26 starting

20  material and C14-C35 product of the NHK coupling are stable indefinitely at
room temperature, allowing for a flexible manufacturing schedule.

One skilled in the art would also understand that variations on the above

scheme are possible. For example, the hydroxyl protecting groups employed in

particular reactions may be varied. In other variations, the leaving groups
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TBSO TBSO',,c 0 Y30"
Y5 H H benzoyl
piwal20yloossnz oyl

acetyl

I\:/Ie

NC

10

15

MeO Y1(Il1b), wherein Y1 and Y5 are 20as foll ows: Yi
benzoyl p-bronobenzoyl p-bronobenzoyl pival oyl H pival oyl
PCT/US2011/022611

employed may be altered; for example, triflate groups can be replaced with
halogens such as iodine or bromine.

In addition, although the scheme depicts Compound C et seq. with
carbons C14-C16, the reactions leading to the addition of carbons C14 and C15
can occur at any point prior to the synthesis of ER-804028. Synthetic steps for
adding carbons C14 and C15 are disclosed in WO 2009/046308. In specific
examples, Compound A or Compound B can be altered as shown in Scheme 4,

and the products AG and AH substituted for Compound E or F in Scheme 3.

1) Os i H 7 H
H o FPrOAc-MeOH Me O H OH 4) NalOy, Me 0 H
wH  2)NaBH, Nq)_\* THF-H,0 :
— INC o) OH{ —NC (] "OH
0 "OAC 3) K,CO3 OH o
Stage 13 Stage 14
A L ] B
E 1) 2-methoxypropene E MPM-OH
1 2) TBSCI e
¥ ¥
H H O
JOv as
: ™ NC 0]
NC (@) 0] o OMPM
OTBS
AG AH

Scheme 4
In accordance with the synthetic scheme, the invention provides

compounds having the formula:

: Q
z X (D, and

Compound AJ,

e.g., Compound O, Compound Al,
wherein X is halogen or oxo; Z is a leaving group; Q is -C(O)H, -
CH=CHC(0O)OY,, -C(R)H(CH,),0Y, or -C(R)HCH,C(O)OY,; Ris Hor -
OY3; Y, and Y; are each independently H or a hydroxyl protecting group; and
nis 1 or2. When both Y, and Y, are present, they may be the same or different.

In addition, when Y| and Y, are on adjacent carbons, e.g., when n=1, they may
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2- napht hoyl H 2-napht hoyl 2-naphthoyl 1-naphthoyl H 1-naphthoyl 1-naphthoyl
p- met hoxybenzoyl H p-net hoxybenzoyl p-nmethoxybenzoyl o-phthal oyl H

0- pht hal oyb,20twdives3byl am ne salt H The invention al so featrwses 100wpDUNdS
having the forrula: y30Me0,, 2S2Ph Y50" 'Me ONe,Q (II1l), e.g., Compound AE,
wherein Qis -C(0)H, -CH=CHC(0)0Y1, -C(R) H(CH2)110Yl, or -

together form a divalent hydroxyl protecting group. Compounds of this

formula includc those having the formula:

H
0]

lllg
(]

O
OTf I OY1(Ib), wherein Y, is H, pivaloyl, benzoyl, p-

bromobenzoyl, 1-naphthoyl, 2-naphthoyl, p-methoxybenzoyl, or o-phthaloyl
5 (including salts such as triethylamine and potassium).

The invention also provides compounds having the formula:

MeO, SO,Ph
" LS.
Y40\)\‘\\‘ ’/,'

0 H

O
T aQ
Me (@)

X (I), e.g., Compound P, Compound AD,
Compound AF, Compound AK, Compound AL, and Compound AM,
wherein X is halogen or oxo; Q is -C(O)H, -

10 CH=CHC(0)OY}, -C(R)H(CH,),0Y}, or -C(R)HCH,C(O)OY; Ris Hor -
OYy;nislor2; Yy, Y, Ys;, and Y, are each independently H or a hydroxyl
protecting group; T is 0xo or -OYs; and Y5 is H or a hydroxyl protecting group,
or Ys, together with the oxygen atom to which it is bound, is a leaving group.
In certain embodiments, Y3 and Y, are together a divalent hydroxyl protecting

15 group. In other embodiments, Y, Y3, and Y, are protecting groups, and Y is
orthogonal to Y; and Y,. In further embodiments, Y, Y3, Y4, and Y5 are
protecting groups; Y; and Y, are orthogonal to Y; and Ys; and Y, is orthogonal

to Ys. Compounds of this formula include those having the formula:

MeO, SO,Ph
TBSO ((
TBSO\)\\‘\\ ",

o)
Y50" O

Me O
I OY1(1Ib), wherein Y, and Y are

20  as follows:
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5 C(R)HCH2C(0)0Y1l; Ris Hor -0Y2
i ndependently H or a hydroxyl
H or a hywoasyloopsset ecti ng group or Y5,

which it 1is bound, is

protecting group or Y6,

nis 1 or

a | eaving group;

2. Yi,

is a leaving group, provided that when Qis -C(R)H(CH2)110YI

(CH2) 30Y1), U is -0Y6,
protecting groups, Y5

Ls

¥;0Y6 is a leaving gr

s not H 5 |n certain

G, and Y1, Y3,
prrhnrh pents, Y3

t ogether a divalent hy

¢Foxy!| pr ot ect i ng grOL

AL

In ot her enbodl nments,

Y3, and Y4 are protect
further enbodi ments, Yl
are orthogonal to Yi a
herein, the conpounds

ER- 804028 and in turn epivaldyin,

thereof, e.g., eribuli

The synt hesis of Conpo
2009/ 046308, which is

Compound D (3.05 g, 9.8
and i m dazole (1.00 g,
di ssol ution of imdazo
2510.3 mmol, 1.05 eq)

allowed to warmto roo
reaction m xture was d
mL). The organic |ayer
and concentrated to giy
as colorless oil (4.43
assunmed). The crude pr

bg[@ YU}JD d.llu IJ. I S

ting group<;

-bfemoBBfzoyl 'S ortnd

Y4, and Y5 are
)? the i nvention can K

10A9

% useé;ln ?%

al Procedures 15

Pa'a = Vs,

Cn
| Cl Cl CIIbC COTl

5043 i n DVE (61

N
l

157 added. Upon co
ed to 0 C, and

i@phsiidyl

red for an additi

rﬂi and mashed Wi {

IRAYAY ] V’H_t_h_m-t
Sy

n_nmesyl ate. Experinent

.mﬂﬂbﬁrom( ) - qui ni ¢

Ter¢€ t HbUIpuraLCd oY
1 eq) was dig

T

Q%a#hfhé%l xture was coo

pasapbthest The mi xture

ﬂﬂtaehthmylh MTBE (37 1

TehEBiha o
g -MEthOxJBeny
bauct S USFE

for t he

sol ve

S, theoretical

» next

Bl"rarrfé’ll, ey we
T.5€eq) W
m t enperature and stin
d S Nb NCIX
p-methoxybenzoyl

p-methoxybenzoyl

o-phthaloyl

H

o-phthaloyl, triethylamine

salt

H

red at ) C for

The invention also features compounds having the formula:

MeO
sliaf

SO,Ph

(1), e.g.,

Compound AE,

wherein Q is -C(O)H, -CH=CHC(0)OY, -C(R)H(CIL,),0Y}, or -

Y2, Y3, and Y4 are each
protecting group; U is halogen or -0Y6; Y5 is
toget her with tireT@wsygen2m®iomto

and Y6 is H or a hydroxyl
together with the oxygen atomto which it

i's bound,
(e.g.,
and Y4 are
and Y4 are
Y1,
3Hand Y4. In
Y3 and Y4
descri bed

e synt hesi s of
or a pharmagé¢utically acceptable salt

Conmpound D

aéﬂwlis described in WO

und E

m) at 22C,

| ete
TBSC1 (1.55 g,
1 h,
onal 1 h. The
h wat er (30
er (9.2 m),

100% vyi el d

C(RHCH,C(O)OY; RisHor-OYy;nis 1 or2; Y, Yy, Ys, and Yy are each

independently H or a hydroxyl protecting group; U is halogen or -OY§; Ys is H

or a hydroxy! protecting group or Y, together with the oxygen atom to which it
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5 reaction without purification. 1H NVR (400 MHz, CDC13): 8 4.20 (1H, m,
3.91 (1H, m, 3.85 (1H, m, 3.64 (3H s), 3.50 (1H, d, .7= 10.8 Hz) 3.45
(1H, d, Jwo201@9kmp, 2.90 (1H, m, 2.39 (1H m), 2.31 (rHEUSR11D2821 ( 1H,
dd, .J= 14.0 Hz, 8.8 Hz), 1.77-1.90 (2H, m, 1.60-1.74 (4H, m, 1.51 (1H,
m, 1.27 (3H, d, .1=6.8 Hz), 1.26 (1H n), 0.86 (9H, s), 0.02 (6H, s); and
13C NWR (100 MHz, 10CDC13): 8 17 4 .08, 122.93, 84.86, 75.78, 73.45, 66.82,
66. 31, 51.77, i4bo0dd, igaldeﬁfjngsgromp aﬁﬂY@iSHZﬁaZ@,dr@@cl@ﬁoteﬁmg grddp ot Ye22. 20,
18.51, 18.48, -5.12, hq51 npound E)4.2 g, l9?.8,m*ml, 1 eq) was

di ssol ved in Trgethorw )theaﬂwwt@atwmdvt 1§ Peypd, d9a fpaginggraip.on in THF,

12.2 m, 24.5 O\ to warm
to 20 C. Sti rrllﬂﬁgi mgih%ﬁ%nﬁuggwﬁcﬁf@?ﬂ%ﬂmK@H@P&ﬁ%% AnBt her
reactor was ch@w; @édallb!i/ LCandiY |, IYG, & ¥, GRGHBRYENS B diipk, 0Vl isdfot BI. 26
mmol, 2.6 eq) ang MTBI?E1 M% and tlthe met1 ure was Ié%gldéhb toslg C. The

reaction nisxt Uneenain emb@dlmenw Yhondly 4mmt®@thenaoh‘tai@tﬁ}ydrml Pragectiig ri c
aci d- MTBE whi | e msu ni ng, T=.i nt | ,<10 on co et e additian, the
T xture was stePhRAlthoigt Beodisen i ¥ g gﬁw@@r%ﬂ $tqys. ARgat 15
separated, se Al yiesHaed, Wit firthd) criibbd YOG (l@ygleand 2) 20
wt % NaCl (12 g), and concentr ated to give cru Corrpouncf

as colorl ess qirbte@ﬂn@@rcg;psﬁ%%amrﬁh ,areB@%qgoﬂhUtolYil éhdsngm)i YthoNNRg(QHHDO VHz

CDClB) 8420 H m, 3.93 (1H dd, J= 6.4 Hz, 254.8 Hz), 3.80 (1H, in),
357 2Hm) (1H d, J= 10.4 Hz), 3.42 (1H, d, 10.4 H) 288(1H

D 45168 Lo b” 5 é%%%%31h%‘éiwﬁﬁ?évﬁ&fd%%fﬁﬁ)vereﬁ°n6%nd%ela%ﬁ(lr%ﬁa b 05

(6H, s); and W@B&E@SWS £AGhIhin &1ARindOr a PharfracedBically: acédptable 67. 14,
66. 53, 62.87, 40.94, 38.18, 33.58, 29.91, 26. 36, 26 04, 22. 0 2.48 (30,

18. 478, 18. 43,salt3harepf, e, J@lbullnmesyttampound T(2.30 g, 5.78 mmol, 1 eq) was
di ssolved in CH2C12 (12 ml). TEA (1.612 nmmol, 2.0 eq) was added foll owed by
DVAP (71 ng, 0.58 mmol, 0.10 eq). The m xture was cooled to 0 C, and

pi val oyl chloride ( 1.05 eq) was added. The m xture was
allowed to vvarmto[%‘péﬁnigamlgrg{ﬁiﬁr;?éng was continued at 20-22 C for an
addi tional152 hlorpeundeaction mixture was diluted with MIBE (23 m),
sequentially washed with: 1) 20 wt%citric acid (aqueous sol uti on

12 ,
mol, 2.1 eq) and Ahesapihesised Genmponmd (%@@b(rﬁ quangeridrs desceibgd 15 WO b

0.95 eq), and t ale yellow oil. The
crude was pu“ﬁﬂ@@%@b&&ﬁgégs %%E\é?%glf(%gﬁ%g{e (1ll %%M (hept ane- MLBE 7: 3
v/v) to give Conpound E as pale yellow oil (2.79 g, 5.04 mmol, 87%vyield).
1H NMR (400 MHz, CDC13): 5 4.22 (111, m), 4.04 (1H, d, J= 6.4 Hz), 4.03
(1H, d, J—64Ccmzyound 3(1H dd, J= 3.2 Hz, 6.4 Hz), 3.85 (1H m), 3.50
(1H, d, J=10.4 Hz), 3.45 (1H d, J= Ifebc Hzn),d 2.92 (1H n) 2.21 (1H, dd,

J= 8.4 Hz, 13.6 Hz), 1. (_,}85(7H rr)DMF43(1H m
Me 2) LiBH,, THF Ve
NG © oM pve,Tea  N© © oPi
~l, v
OH Piv.C oTBS

D E
20 73% (3 steps)

12

Compound D (3.05 g, 9.80 mmol, 1 eq) was dissolved in DMF (6.1 ml)
at 22 °C, and imidazole (1.00 g, 14.7 mmol, 1.5 eq) was added. Upon complete
dissolution of imidazole, the mixture was cooled to 0 °C, and TBSCI (1.55 g,

25 10.3 mmol, 1.05 eq) was added. The mixture was stirred at 0 °C for 1 h,
allowed to warm to room temperature and stirred for an additional 1 h. The

reaction mixture was diluted with MTBE (37 ml) and washed with water (30
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20 (3H, d, J= 7.6 Hz), 1.25 (1H, n), 1.17 (9H, s), 0.87 (9H, s), 0.02 (6H,
s); and 13C NMR (100 MHz, CDC13): 5 17 8 .7 8, 122.96, 84.83, 76. 25,
73.45, 67WODRp11/06383, 64.43, 41.00, 38.94, 37.89, 32.98pCIWSAA1O3BY] 26. 47,
26.06 (3C), 25.60, 22.60, 22.52, 18.51, 18.48, -5.09, -5.15.

ml). The organic layer was separated, further washed with water (9.2 ml), and

concentrated to give Compound S:

H
Ve ©

NC 0 CO,Me
OTBS

S as colorless oil (4.43 g with residual solvents,
theoretical 100% yield assumed). The crude product was used for the next
5  reaction without purification. 'H NMR (400 MHz, CDCl;): 6 4.20 (1H, m),
3.91 (1H, m), 3.85 (1H, m), 3.64 (3H, s), 3.50 (1H, d, /= 10.8 Hz) 3.45 (1H, d,
J=10.8 Hz), 2.90 (1H, m), 2.39 (1H, m), 2.31 (1H, m), 2.22 (1H, dd, /= 14.0
Hz, 8.8 Hz), 1.77-1.90 (2H, m), 1.60-1.74 (4H, m), 1.51 (1H, m), 1.27 (3H, d,
J=6.8 Hz), 1.26 (1H, m), 0.86 (9H, s), 0.02 (6H, s); and *C NMR (100 MHz,
10 CDCls): 6174.08, 122.93, 84.86, 75.78, 73.45, 66.82, 66.31, 51.77, 41.04,
38.16, 31.44, 31.04, 26.20, 26.06 (3C), 22.51, 22.20, 18.51, 18.48, -5.12, -5.17.
Compound S (4.2 g, 9.8 mmol, 1 eq) was dissolved in THF (21 ml) and
cooled to 0 °C. LiBH,4 (2.0 M solution in THF, 12.2 ml, 24.5 mmol, 2.5 eq)
was added, and the mixture was allowed to warm to 20 °C. Stirring was
15  continued at 20-23 °C overnight (16 h). Another reactor was charged with 20
wt% citric acid (aqueous solution, 25 g, 26 mmol, 2.6 eq) and MTBE (40 ml),
and the mixture was cooled to 0 °C. The reaction mixture was carefully/slowly
poured into the pre-chilled citric acid-MTBE while maintaining T-internal
<10 °C. Upon complete addition, the mixture was stirred at 0-5 °C for 30 min.
20 The organic layer was separated, sequentially washed with: 1) saturated

NaHCOj; (12 g) and 2) 20 wt% NaCl (12 g), and concentrated to give crude

Compound T:
H
Ve ©
NC 0 OH
OTBS
T as colorless oil (3.32 g, 8.3 mmol, 85% yield in 2

steps). 'H NMR (400 MHz, CDCLy): & 4.20 (1H, m), 3.93 (1H, dd, J= 6.4 Hz,
25 4.8 Hz),3.80 (1H, m), 3.57 (21, m), 3.47 (1H, d, J= 10.4 Hz), 3.42 (1H, d, J-
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25 Conpound G 0 BnO Zn cat MsOH THF 74% Zinc dust (876 ng,
13.4 mmol, 10.0 eq) was suspended in THF (3.9 m). MOH (0.0087 m, 0.13
mrol , 0. Woegjrsesadded, and the m xture was heated at pcefusaxiifoere120 m n.
A m xture of Conpound E (0.645 g, 1.34 nmmol, 1 eq) and benzyl bronpacetate
(0.315 M, 2.01 nmol, 1.50 eq) in THF (2.6 M + 1.3 mM) 5 was added under
reflux. After 2 h, benzyl bronpacetate (0.10 m, 0.67 nmol, 0.50 eq) was
added, and heatQ. m@IMS&Qﬁﬂ;mmaﬁ? OYH_br), 8 ti8 (]H)rttd J%7}2 Iﬂ201t4a4 Hz),h)).68-Af t er

con 10 SO P A OB S S o B, o2l

ol e’ mxt ur e GG iR et i M@ﬁﬁﬁ&i cBlig; o390 B2 ?@‘z
| ayer was Sepafﬁ5§%7aflﬁ68%t3 @§'8#e40 Jhes @y _havAr 2yag, ?.b&?ﬁ. ,W'_th _
MIBE (10 ml). Al'T "organic |ayers’ were co |ne sequenti all'y Wwashed with:

1) saturated NEHEB()adB8d4G8s18&43,ubi1dn;5.86.2 Q) and 2) 20 wmt % NaCl (aqueous
solution, 3.2 g), and concentrated to give crude product as yellow oi|l. The

crude was 15 puri fl%nwflﬂig(%é@g( BFSsamel. lss@dess) dissiyqdiadeHefelo (iBmlR: 1 &

yield). 111 NFACESOR ke AT DoV, R TblionPy BY DA R RS - T
511 (1H 0. Jhhob 40 e 1% sobhireyaslocldt (0, ar a3 i (0,39, (1
m, 4.02 (2H , 1H, dd, J=5 Hz, 72|-i2 3.56" (1H, m, 3.54 (1H,

d, J= 10.4 Hz)m 3. 0476m ,1H05 ¢) was a@deﬂ He, mixtug Wawllqwed 2. & OH) °Qd,  J=
8.8 e, 141 HZI?d stlrrmg Was contlnued at 20-22 °C for an additional 2 h. The reaction
mixture was diluted with MTBE (23 ml), sequentially washed with: 1) 20 wit%
citric acid (aqueous solution, 12 g, 12 mmol, 2.1 eq) and 2) saturated NaHCO;
(aqueous solution, 4.6 g, 5.5 mmol, 0.95 eq), and concentrated to give crude
product as pale yellow oil. The crude was purified by Biotage (Uppsala,
15 Sweden) 40M (heptane-MTBE 7:3 v/v) to give Compound E as pale yeltow oil
(2.79 g, 5.04 mmol, 87% yield). "H NMR (400 MHz, CDCl;): § 4.22 (1H, m),
4.04 (1H, d, /= 6.4 Hz), 4.03 (1H, d, /= 6.4 Hz), 493 (1H, dd, /= 3.2 Hz, 6.4
Hz), 3.85 (1H, m), 3.50 (1H, d, /= 10.4 Hz), 3.45 (1H, d, J= 10.4 Hz), 2.92 (1H,
m), 2.21 (1H, dd, J= 8.4 Hz, 13.6 Hz), 1.48-1.85 (7H, m), 1.43 (1H, m), 1.29
20 (3H,d,J=7.6 Hz), 1.25 (1H, m), 1.17 (9H, s), 0.87 (9H, s), 0.02 (6H, s); and
3C NMR (100 MHz, CDCl,): §178.78, 122.96, 84.83, 76.25, 73.45, 67.11,
66.53, 64.43, 41.00, 38.94, 37.89, 32.98, 27.42 (3C), 26.47, 26.06 (3C), 25.60,
22.60,22.52,18.51, 18.48, -5.09, -5.15.

25 Compound G

0
H J\/Br H
Me 0] BnOZn Ve 0O
NC (@) ) BnO. 0 '
otes OPiv  catMsOH O NH, otes  OPW

THF

74%
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(10H, m, 1.18 (1H m, 21.17 (9H, s), 1.10 (3H d, J 6.8 Hz), 0.88 (911,
s), 0.04 (6H, s); and 13C NWR (100 MHz, CDC13): 8178.77, 170.63, 168.91,
137. 49, 1MB.26f/00283p, 127.99 (2C), 127.19, 84.27, 81.26, PCI132011/032668,
67.52, 67.17, 64.71, 64.44, 42.75, 38.94, 37.03, 35.46, 33.22, 27.43 (30,
26.08, 26.01 (3C), 2525.56, 23.50, 20.06, 18.51, -5.09 (2C). 70% (3 steps)
Conmpound G (0.596 g, 0.943 mmol, 1 eq) was dissolved in THF (3.0 5

ml) -water (1.0 m) ZinddustdB26intg) 133 @maoAcllH) €§) Basibyspdhdadnnl THB73.8apl)was
added, and th ] re was allowed to warmto roomtenperature. After 10 h,
the reaction Mbﬁ@% rﬁbg)i'léﬂmimﬂloaéoﬁﬂkwéﬁ?@‘ﬁ"é’d a@ﬂ@)mw&w&s IyptadaHoos
(4.8 g, 57 ) tef .. [ aql r i ayer
was separ at reTIjr?A t%%s e V%O trfil%vﬁl\ivaélel{r&?'lgg %?%ﬁﬁ%@gn@g%tsgzlé% ‘9@1031 gg&jcérhlﬁfde 10
product. The diandgl Wamoazeate! (01348 nM, R0 1t ehieg e 56 29) il THRGR.6pHT + i Beh1PY

Bi ot age (Uppsal a, Sweden) 25 M (heptane-Et0OAc 9:1 v/v) to give Conpound U
Me Bnal ry- %o\ wagrddettmgapeyrefloxaddiey 2 o bemaylimemoastate ¢9 40 ail, @H700imol,| ess

il. 15An | | ask har ged wi th 10 wt % Pd-C : 5 0. 014
i, 0. 050 od) 50 sEREPERSE B Emifeutis Onfotadiorgn afasianthim ol By
EtOAc (3.6 m )AnBScRAing oWl e RZetic i RittHeSkALHILAEMRHRNTBE'GD M

ced
with 112, and stirring was continued at roomtenperature for 2 h.pilnﬁe
m xture was fidoobadetd X HC.02Q Wt ¢iait afid Cejuebes {dluorg)3.2 ghe4maaot, @5 eqid t he
filter cake 20 were rinsed with EtQAc (3.6 m). The filtrate was
concentrat ed t¥aggdasdcansiusrious SHENgE Eanpiiged ags-1061Cokardd9nim. | The A

portion (1099 r g:gglp r.et.aj f.qr | vticC a tability
testing. %e r‘gl_fln(w)allgrrlliﬁ%glrpor ?ﬂ%gﬁ%ng% a;&%dngiﬁg%lggjl.\%@. g[ithsesooée\l/nelggﬁly%rt ol uene
(3. 0_ mL). The mwepﬁﬁtémd&ahﬁde.a’fhéﬁq&&umay&wasréxﬁra@le& bﬁﬂl PABR (L0 at ed

to give crude product as pale yellow oil. The crude was purified by Biotage

(Uppsal a; Swedeh) Albmganigdexare weropembided, sequintiablygvashedavifodndaturatad 0 nyg,
0. 220 |, 85%adjusted yiel.d) il...1H NVR (400, NHz, 13) :
8 4 08 (1M a0k ldisotisoiitiog 3f B §ha 32 St lstodigondfith. 3% (1iy
t, J= 5.6 H2),0)3aftBcdntbhirdihd to?‘gﬂé crddd pidductds yHlof dit) Thderdde Whtl, d. . 1=
10.4 Hz), 2.73°(1H m, 2.09 (3H s), 1.99 (1M, dd, J= 8.8 Hz, 14.0 Hz),

1. 32- 1. 75 1510 yrifigd, bylBibage (Hppsjla, Swaden) 26M Septahe OATER-B: 108 33Zv/A) 20 Hz) ,
0.84 (9H, s), Q.07 (6H, %)- and 13C NVR (100 Mz, CDC13): 212.79,, 178.68,
84.49, 76.05 &g Sompewndl asspleyellon odlgD.629 218).9%ommel, 486 yepdp o H 32 98

28.75, 27,37 (36 (S, ECHY: 63 (. B3, 72855 (AP T5. W (P,
12.8 Hz), 5.07 (111, d, J= 12.8 Hz), 4.58 (1H, s), 4.10 (1H, m), 4.02 (2H, m),
3.78 (1H, dd, J= 5.6 Hz, 7.2 Hz), 3.56 (1H, m), 3.54 (1H, d, /= 10.4 Hz), 3.46

20 (1H, d, J=10.4 Hz), 2.46 (1H, m), 2.15 (1H, dd, J= 8.8 Hz, 14.0 Hz), 1.35-1.82

(10H, m), 1.18 (1H, m), 1.17 (9H, s), 1.10 (3H, d, J= 6.8 Hz), 0.88 (911, 5), 0.04
(6H, s); and *C NMR (100 MHz, CDCls): §178.77, 170.63, 168.91, 137.49,
128.66 (2C), 127.99 (2C), 127.19, 84.27, 81.26, 75.91, 73.63, 67.52, 67.17,
64.71, 64.44, 4275, 38.94, 37.03, 35.46, 33.22, 27.43 (3C), 26.08, 26.01 (3C),

25 25.56, 23.50, 20.06, 18.51, -5.09 (2C).
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Compound W 15Conmpound L (109 ng, 0.218 mml, 1 eq) was dissolved in THF
(1.1 mM), and PhNTf2 (117 ng, 0.328 mmol, 1.50 eq) was added. Upon conpl ete
di ssol ut iwo 20f1/@k3NFf 2, the m xture was cooled to -30 C POTAISMI1KIoRISS!
(solution in toluene, 0.590 m, 0.295 mmol, 1.35 eq) was added, while

mai ntaining T-internal <-25 C. Upon conplete addition, stirring was 20
continued at -25 Cfor 1 h. 20 wt % NH4Cl1 (aqueous solution, 0.33 g, 1 2
mol, 5.6 eq) Gespewbld while maintaining T-internal <-20 C, and the
resultant mxture was allowed to warmtQaly$ The m xture was diluted with
water (0.33 g) and MIBE (2.2 m) and themifuig her stirred for 5 mn. The

organi c | ayer was se%r ,o washed w thpPdathy at ed Na eous

sol ution, 25 (}3,154 ) d ntrat ed_t Bt9Fve crugg ) u d H Me

oL\ O0 0 N o BSGR v 3) toluene o oTBs  OPiv
G 95 °C L

70% (3 steps)

Compound G (0.596 g, 0.943 mmol, 1 eq) was dissolved in THF (3.0
5 ml)-water (1.0 ml) and cooled to 10 °C. AcOH (2.0 ml, 35 mmol, 37 eq) was
added, and the mixture was allowed to warm to room temperature. After 10 h,
the reaction mixture was poured into a pre-chilled (0 °C) mixture of NaHCO;
(4.8 g, 57 mmol, 60 eq), water (6 ml), and MTBE (20 ml). The organic layer
was separated, washed with water (6 ml), and concentrated to give crude
10 product. The crude was azeotroped with toluene (20 ml) and purified by
Biotage (Uppsala, Sweden) 25 M (heptane-EtOAc 9:1 v/v) to give Compound

U:
H

Me/(\/Po)_\_\
BnO ~

0

T iy

o © OTBS

u (0.493 g, 0.779 mmol, 82% yield) as colorless
oil.

15 An inert flask was charged with 10 wt% Pd-C (wet-type, 15 mg, 0.014
mmol, 0.050 eq). A solution of Compound U (0.182 g, 0.288 mmol, 1 eq) in
EtOAc (3.6 ml) was added under N,. The internal atmosphere was replaced
with H,, and stirring was continued at room temperature for 2 h. The mixture
was filtered through a pad of Celite (1.0 g). The reactor and the filter cake

20 were rinsed with EtOAc (3.6 ml). The filtrate was concentrated to give crude
keto-acid Compound J as colorless film. A portion (10%) of crude Compound
J was retained for analytical and stability testing. The remaining portion (90%)
of Compound J was dissolved in toluene (3.0 ml). The mixture was heated at

95 °C for 15 min and then concentrated to give crude product as pale yellow oil.
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Vv Compound V was dissolved in MeOH (1.0 m) and treated with 6 M HC1
(solution in 2-propanol, 0.25 M, 2 mol, 7 eq) at 20 C. After 1 h, the
reacti on woxburm43sas cooled to O C, neutralized wth satrarTaSea1/MddCO3 (1. 6
5 g) and extracted with MIBE (6 nl). The organic | ayer was separat ed,
washed with 20 wt % NaCl (0.54 g), and concentrated to give crude product as
pale yellow oil. The crude was purified by Biotage (Uppsala, Sweden) 12M

( hept ane- MTBE Thd ciidg was\puvified bydbivtaged bposala, Sw¢dba) 12Nhp(heptan8EitAx |, 83%

15193 2L A B el

4, 9= 112 ﬁ)c%%%% P S I A S R T S L
br), 1.87 (1H Hp),3. 9183491 Y, ]56(58Hz) "_'5)81 @}35 J?=15L6 19, 341 @PﬁngZB 411‘(1121 h*Z)
1.20 (1H, n), 1.16 Hz) i3

CDC13): 8178, 76 10.4012063. 3931121@2@ macﬁzosz 7831H6m)7’509@3ﬂ7® 399 (6H,Eé
s 5 5 S tohabitlositon Bttt el s
c) o added Sro T2 632400 SO0 0GR PURU ST RMR O MY o8B

<-3 C). After 317, 79'1%@84519'[%@5@3‘92 65.30, 607, 68.3454343 y8BP9, 69@ded
fol |l onwed by Nal 0.52 mol, 25 3.0 e). Stlrrlng was continued at

20-22 C for 3 317 é&rﬁ@ 9% 88. 15087 3F43E€).36.9, ROUH(30as2 po3r 2283, lBat 7a 17.26,
pre-chille g}z n%éhure of MIBE (2.0 m) and water (2.0 ml). The organic
| ayer was epar5 ed’-and set aside. The aqueous |ayer was extracted with
MIBE (2.0 ml). Al organic |ayers were conbi ned, washed with a m xture of
water (0.4 m) and 10 wt % Na2S03 (0.9 g), and concentrate to give crude
product as yelCampoind WThe crude was purified by 5 Biotage (Uppsal a,
Sweden) 12M (hept ane- MTBE 85: 15 v/ v))Fth Tpl ve Compound 0 (95.6 ng, 0.153
mol, 87%vyield from ound W as Vg ess oil. 11HINMVR (400 MHz,

CDC13): g 5.08 (1Me, (d, .6 Hz), 5.10k+q1H d, Me 3 4.18 (1H, m,

4.05 (2H m, ¥ d, —64—I=Iz**9—2*‘|—|z 3.44 (1H, dd,

J= 1.2 Hz, 10.0 ok), 3 @THs1H, ORi, 102%%@‘\ 84 (1FonT), 2P82 (1H, dd,
1

J= 8.8 Hz, 14.0 Hz), 1.85 (1H m 76 (9H, M, @.22 (1H, m, 1.17
(9H, s), 1.13 (3H, d, J= 6.8 Hz); andg3aC NMR (100 MHz, CDC13): 5178. 75,
159. 70, 120.20, 103.21, 81.42, 76.18(2sths)51, 68. 06, 64. 18, 39.71, 38.96,
37.69, 35.43, 33.40, 27.94, 27.42 (3C), 25.51, 25.10, 20.10, 18.72.
15 Compound L (109 mg, 0.218 mmol, 1 eq) was dissolved in THF (1.1
ml), and PhNTY, (117 mg, 0.328 mmol, 1.50 eq) was added. Upon complete
dissolution of PhNTf,, the mixture was cooled to -30 °C. 0.5 M KHMDS
(solution in toluene, 0.590 ml, 0.295 mmol, 1.35 eq) was added, while
maintaining T-internal <-25 °C. Upon complete addition, stirring was
20  continued at -25 °C for 1 h. 20 wt% NH,Cl (aqueous solution, 0.33 g, 12
mmol, 5.6 eq) was added while maintaining T-internal <-20 °C, and the
resultant mixture was allowed to warm to 0 °C. The mixture was diluted with
water (0.33 g) and MTBE (2.2 ml) and then further stirred for 5 min. The

organic layer was separated, washed with saturated NaHCO; (aqueous solution,

25  0.54 g), and concentrated to give crude Compound V:
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15 Conpound P NHK coupl i ng 62% A solution of ER-807363: M (M NHVs
Me( ER-807363) (4.10 g, 13.8 nmol, 3.55 eq; WD 2005/118565) in THF (34.2 m)
was pur gesowiinolBofor 1 h, and CrCl2 (1.70 g, 13.8 nmolpCTAISRE 182061 1VaS
added under N2. The m xture was heated to 35 C, 5 and TEA (1.93 nl, 13.8
mmol, 3.55 eq) was added while maintaining T-internal <38 C. The m xture
was heated at 30-35 Cfor 1 h and cooled to O C. N Cl2 (75.7 ng, 0.15 eq)
was added, and tmee Fgtgre was purged with N2 for 3 min. A previously
degassed m xt uy e: of d 0 (2.44 g, 3.89 mmol, 1 eq), and ER-806067:
MeO SQ2Ph TBSOIOTBS ERT806067) (2.57 g, 4.28 mol, 1.10 eq; WO

2005/ 118565) i PHHF (17°18°) was added. The reaction was all owed to warmto
22 C over 30 min, and ¥tirring was continued at 22-24 C for 20 h. The

reacti on m xture cooled to 0.C and diluted with heptane (70 nil). A
sol ution of ethyl efednRRHNGEY Pas dissplved in MepH (é:Q)‘nBcf)“ditFPaWéit‘éqrth@]}\é) m) was

15 added whi | j i ni- - | r apt 4| xt )
vi gorously st ﬁ?gggﬂgﬁ*logl lg%f_%_rro b%[“ﬂ g%é I??P'?%rrn-ége]t{ﬂséﬁg@l g' é&?tq& 011% ’gg%gv;at e (2.4
g, rinsed witheddionl mbeiteans)cooldtetoq YaMeutraBy&] withSattefted NabIbOyasged W th
water (12 m), and concentrated toéﬁgl ve a green solid-oil, which was

suspended iSn I®pndreatracted with MIBE & ). f Dhe enganigdayasfwisRepaaRe3 washad
re-concentrat e\git}tl 90 wt% NaCl (0.54 g), and concentrated to give crude product as pale

yellow oil. The crude was purified by Biotage (Uppsala, Sweden) 12M
(heptane-MTBE 1:1 & 3:7 v/v) to give Compound W (94.1 mg, 0.182 mmol,
83% yield) as colorless oil. "H NMR (400 MHz, CDCLy): & 5.09 (11, d, J=3.6

10 Hz),4.87 (1H, d, /= 3.6 Hz), 4.12 (1H, m), 4.03 (1H, m), 3.84 (1H, dd, J= 6.4
Hz, 8.8 Hz), 3.59 (1H, m), 3.49 (1H, d, J= 11.2 Hz), 3.45 (1H, d, J= 11.2 Hz),
2.68 (1H, m), 2.19 (111, dd, J= 8.8 Hz, 14.0 Hz), 2.13 (1H, br), 1.87 (1H, m),
1.40-1.75 (8H, m), 1.35 (1H, dd, /= 5.6 Hz, 14.0 Hz), 1.20 (1H, m), 1.16 (9H,
s), 1.13 (3H, d, J= 6.8 Hz); and °C NMR (100 MHz, CDCl;): 5 178.75, 160.06,

15 120.20, 103.03, 83.76, 75.16, 73.41, 68.59, 67.83, 64.25, 40.08, 38.94, 35.47,
35.21, 33.36, 28.05, 27.39 (3C), 25.51, 24.55, 18.90.

Compound O
H H H
Me © pyridine Me © Nal Me Q
O [} O
oTf oH opiv DCM oTf ot  Opv DMF OT | OPiv
w AC 87% (o)
(one-pot)

20
Compound W (90.0 mg, 0.174 mmol, 1 eq) was dissolved in CH,Cl, and
cooled to -10 °C. Pyridine (0.042 ml, 0.52 mmol, 3.0 eq) was added, followed
by T£,0 (0.044 ml, 0.26 mmol, 1.5 eq) (T-intcrnal <-3 °C). After stirring at -5
to 0 °C for 1 h, DMF (0.45 ml) was added, followed by Nal (78 mg, 0.52 mmol,
25 3.0 eq). Stirring was continued at 20-22 °C for 3 h, and then the reaction
mixture was poured into a pre-chilled (0 °C) mixture of MTBE (2.0 ml) and
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20 give crude product. The crude was purified by Biotage (Uppsal a, Sweden)
25M (heptane-MIBE 2:1 & 1:1) to give Conpound P(2.64 g, 2.44 mmol, 62%

yi el d; Cavodn1166138Y as pale yellow oil. |FINVR (400 MHz pCTDS2@)/022671 88
(211, m, 7.64 (1H m, 7.57 (2H, m, 5.17 (111, s), 4.84 (1H, s), 4.12
(211, m, 4.00 (2H, m, 3.91 (1H m, 3.72 (4H m, 3.53 (1H dd, J= 5.6
Hz, 10.0 Hz), 253.30-3.50 (4H, m, 3.35 (3H, s), 3.06 (2H, m, 2.55 (1H,

m, 2.34 ( 1H, ‘d’dterBZ 8 nh-]Z The Oﬁgalﬂ'n) ],ayﬁr \283 écbblrated and].s&ﬁs@ﬂ:HThB)aquélm&8 (1H,
m, 1.40-1.83 (1 ﬁ& (3H,.d, J=6.8 Hz 085
(18H, s), 0.05 atfwa%%tf%t%ilw TBE (2%@1)13%1 RIgRN{CIIBReIRAEeTe oM

SRR KON N A e SRR
58.35, 57.65, concentrate to give crude product as yellow oil. The crude was purified by
5  Biotage (Uppsala, Sweden) 12M (heptane-MTBE 85:15 v/v) to give
Compound O (95.6 mg, 0.153 mmol, 87% yield from Compound W) as
colorless oil. 'H NMR (400 MHz, CDCl5): 6 5.08 (1H, d, J=3.6 Hz), 5.01
(1H, d, J=3.6 Hz), 4.18 (1H, m), 4.05 (2H, m), 3.74 (1H, dd, /= 6.4 Hz, 9.2
Hz), 3.53 (1H, m), 3.44 (1H, dd, J= 1.2 Hz, 10.0 Hz), 3.37 (1H, d, /= 10.0 Hz),
10 2.84 (1H, m), 2.32 (1H, dd, /= 8.8 Hz, 14.0 11z), 1.85 (1H, m), 1.44-1.76 (9H,
m), 1.22 (1H, m), 1.17 (94, s), 1.13 (3H, d, /= 6.8 Hz); and '*C NMR (100
MHz, CDCl,): 6178.75, 159.70, 120.20, 103.21, 81.42, 76.18, 75.51, 68.06,
64.18,39.71, 38.96, 37.69, 35.43, 33.40, 27.94, 27.42 (3C), 25.51, 25.10, 20.10,

18.72.
15
Compound P
NHK coupling
ER-806067 BSOTEC, <_(SOzF’h
ER-807363
Mo NiOh, CrCl,  TBSOAN /‘ ar=67:1
Me
: TEA
O .
OTf [ OPiv THF Me 0

] OPiv
0 62%
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44. 46, 44.31, 41.51, 38.92, 37.39, 5 33.60, 33.40, 32.31, 28.30, 27.43,
27.19, 26.20 (6C), 26.15 (30, 25.50, 25.20, 22.65, 20.84, 18.58, 18.37,
-3.89, -4v0211/B439 (2C). PCT/US2011/022611

A solution of ER-807363:

Me, N Me

MZ‘ Q/O e (ER-807363) (4.10 g, 13.8 mmol, 3.55 eq; WO
2005/118565) in THF (34.2 ml) was purged with N, for 1 h, and CrCl, (1.70 g,
13.8 mmol, 3.55 eq) was added under N,. The mixture was heated to 35 °C,

5 and TEA (1.93 ml, 13.8 mmol, 3.55 eq) was added while maintaining T-internal
<38 °C. The mixture was heated at 30-35 °C for 1 h and cooled to 0 °C. NiCl,
(75.7 mg, 0.15 eq) was added, and the mixture was purged with N, for 3 min.
A previously degassed mixture of Compound O (2.44 g, 3.89 mmol, 1 eq), and

ER-806067:
MeQ
("Tsozph
TBSO o ",
EHo
10 TBSO H (ER-806067) (2.57 g, 4.28 mmol, 1.10 eq; WO

2005/118565) in THF (17 ml) was added. The reaction was allowed to warm to
22 °C over 30 min, and stirring was continued at 22-24 °C for 20 h. The
reaction mixture was cooled to 0 °C and diluted with heptane (70 ml). A
solution of ethylenediamine (2.1 ml, 31 mmol, 8.0 eq) in water (12 ml) was

15 added while maintaining T-internal <5 °C. The resultant mixture was
vigorously stirred at 0 °C for 1 h and filtered through a pad of Celite (2.4 g,
rinsed with 12 ml heptane). The organic layer was separated, washed with
water (12 ml), and concentrated to give a green solid-oil, which was suspended
in heptane (20 ml), filtered for removal of ER-807363, and re-concentrated to

20  give crude product. The crude was purified by Biotage (Uppsala, Sweden)
25M (heptane-MTBE 2:1 & 1:1) to give Compound P (2.64 g, 2.44 mmol, 62%
yield; C27-dr 67:1) as pale yellow oil. 'H NMR (400 MHz, CDCls3): 6 7.88
(2H, m), 7.64 (1H, m), 7.57 (2H, m), 5.17 (1H, s), 4.84 (1H, s), 4.12 (2H, m),
4.00 (ZH, m), 3.91 (1H, m), 3.72 (4H, m), 3.53 (1H, dd, J= 5.6 Hz, 10.0 Hz),

25 3.30-3.50 (4H, m), 3.35 (3H, s), 3.06 (2H, m), 2.55 (1H, m), 2.34 (1H, dd, /=
8.8 Hz, 13.6 Hz), 2.28 (1H, m), 1.97 (1H, m), 1.88 (1H, m), 1.40-1.83 (13H, m),
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Conpound AF WO, z---SQ2Ph TBSCTI7)".405,", HO M OPiv 10 Conpound
P (620 ng, 0.574 mmol, 1 eq) was dissolved in pyridine (1.2 m, 15 mml, 27
eq). Ac20w0QoBlomd3s 3.3 mmol, 5.7 eq) was added, foll owedThs20MbE26(7. 0 ng,
0.057 mmol, 0.10 eq). After stirring at 20-23 Cfor 3 h, the reaction

m xture was diluted with toluene (12 m) and concentrated. The 15 sane
operation was repeated with toluene (12 m x 2) to give crude product. The
crude was puri Liléd9Hys)Bil O843H, (lJFp6 8l [z), S\%C(QBH ) M@, an&-MI@IHE, §);3 v/ V)
to give Conpound AF (541 482 mmol, 84% yield) as colorless oil. 1H
NVR( 400 N BRCIGINVER (1 06MU iz D) 7168, 7(11&156@,1379@1@2@6 199.78. 22" (1H

528 B O A e D i, By it s 12

i 2 J = 4.0
ﬁg, 41222) Hg) 3872%% 68d8|_?,~15_’795 59.2% '5%5 §7§§ 44415 4%)31 31§4 §§b‘zn§’f’39z 26 (1H

dd. J= 8.8 $z,3360 633Ht0 32211328(3])!427481 2711:9 626820—@3C)136 65Ifﬁ¢) 55002628, ),
2.04 (3H, s), 1.92 (2H 1. 45- ga 116 (9H, s), 1.01 (3H d,
J= 6.8 Hz), 0.0 4§)85825§366 3(%511 49) BCk6H, s): 13C NVR (100 Mz,
CDC13): 8 178.74, 170.37, 152.99, 139.98, 134.14, 129.69 (2C), 128.08 (2C),
110. 14, 85.58, 81.24, 81.07, 78.42, 76.39, 75.54, 73.52, 71.47, 68. 96,
68.01, 64.27,

Compound AF
MeQ, S0.Ph MeO, SO,Ph
TBSO 4—(- TBSO 4—(
TBSO\)\ N Ac,O TBSO\/|\ o "
H H
. o DMAP . o
HO' _— AcO'
Me o pyridine Me 0
1 OPiv t OPiv
10 P 84% AF

Compound P (620 mg, 0.574 mmol, 1 eq) was dissolved in pyridine (1.2
ml, 15 mmol, 27 eq). Ac,O (0.31 ml, 3.3 mmol, 5.7 eq) was added, followed
by DMAP (7.0 mg, 0.057 mmol, 0.10 eq). After stirring at 20-23 °C for 3 h,
the reaction mixture was diluted with toluene (12 ml) and concentrated. The

15 same operation was repeated with toluene (12 ml x 2) to give crude product.
The crude was purified by Biotage (Uppsala, Sweden) 25M (heptane-MTBE
7:3 v/v) to give Compound AF (541 mg, 0.482 mmol, 84% yield) as colorless
oil. "HNMR (400 MHz, CDCl3): & 7.93 (2H, m), 7.66 (1H, m), 7.58 (2H, m),
5.22(1H, dd, /=3.2 Hz, 8.0 Hz), 4.98 (1H, s), 4.90 (1H, s), 4.15 (1H, m), 4.12

20 (2H, m), 3.82 (2H, m), 3.73 (2H, m), 3.44-3.57 (4H, m), 3.44 (1H, d, /= 10.4
Hz),3.38 (1H, d, /= 10.4 Hz), 3.37 (3H, s), 3.12 (1H, dd, J= 4.0 Hz, 14.0 Hz),
2.96 (1H, dd, /= 10.4 Hz, 14.0 Hz), 2.63 (1H, m), 2.46 (1H, dd, J= 8.8 Hz, 13.6
Hz), 2.37 (1H, dd, J= 6.8 Hz, 13.6 Hz), 2.11 (1H, m), 2.04 (3H, s), 1.92 (2H,
m), 1.45-1.85 (12H, m), 1.16 (9H, s), 1.01 (3H, d, /= 6.8 Hz), 0.85 (18H, s),

25 0.06 (611, s), 0.02 (6H, s); °C NMR (100 MHz, CDCl;): & 178.74, 170.37,
152.99, 139.98, 134.14, 129.69 (2C), 128.08 (2C), 110.14, 85.58, 81.24, 81.07,
78.42,76.39, 75.54,73.52,71.47, 68.96, 68.01, 64.27, 57.97, 57.56, 43.88,
43.82,39.94, 38.94, 37.83, 33.54, 33.40, 32.72, 28.13, 27.43 (3C), 26.21 (3C),
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57.97, 57.56, 43.88, 43.82, 39.94, 38.94, 37.83, 33.54, 33.40, 32.72,

28.13, 27.43 (30, 26.21 (3C), 26.17 (3C), 25.51, 25.03, 22.21, 21.56,

20. 29, 18v6201118488, -3.87, -4.48, -5.09 (20). 5 PCTAiSn@ 1pessder (1. 54
g, 23.6 mmol, 50 eq) was suspended in water (1.1 m) and cooled to 0 C
AcOH (0.40 m, 7.1 nmmol, 15 eq) was added at 0 C. A solution of Conpound AF
(530 ng, 0.473 mmol, 1 eq) in THF (2.7 mM) was 10 added at 0 C, and the

m xture was al2@OWe@da)p2881n25.03202.8, A36020329%.18150£18.88,CB18M 4185109 Was
filtered for renoval of zinc powder. The reactor was rinsed with a m xture
of THF (1.1 m@Cnd water (1.1 ml). The filtrate was diluted with MIBE
(10.6 m), sequentially washed with: 1) 20 wt % Rochel |l e salt (aqueous
solution, 2.7 g, 4.0 eq), 2) saturated NaHC®3 (6.0 g), and 3) 20 15 wt %
NaCl (aqueous GohpbiRN4E2. 6 ), and concentrated to give crude product as

colorless oil. The crude was purified by Bi otage (Uppsal a, Sweden) 25M

( hept ane- MTBﬁBSg,Mei’ §oPo gi ve Conpound AE (393 ng, OTB§Q’1?° SOBB95 yi el d)

as col orl gsso 0l .. NVR (400 MHz, CDC13):,,8 7.93 (dd._HR .{ .66 (111 n,

7.58 (2H, m), 523°(H t HJ—64H2) 5.4&bH(1H, s), 4.95 °1(|)4, 1.6
o) — C

Hz), 204.88 (1H, ¥ J= 1T@ggzb—n 33 (1H, br¥sg4. 02 (3H m,

3.83 (2H, m, Me o
1 OPiv 83%

AF AE ";if\ﬂopw
5

Zinc powder (1.54 g, 23.6 mmol, 50 eq) was suspended in water (1.1
ml) and cooled to 0 °C. AcOH (0.40 ml, 7.1 mmol, 15 eq) was added at 0 °C.
A solution of Compound AF (530 mg, 0.473 mmol, 1 eq) in THF (2.7 ml) was
10  added at 0 °C, and the mixture was allowed to warm to 20 °C. After 3 h, the
reaction mixture was filtered for removal of zinc powder. The reactor was
rinsed with a mixture of THF (1.1 ml) and water (1.1 ml). The filtrate was
diluted with MTBE (10.6 ml), sequentially washed with: 1) 20 wt% Rochelle
salt (aqueous solution, 2.7 g, 4.0 eq), 2) saturated NaHCO5 (6.0 g), and 3) 20
15 wt% NaCl (aqueous solution, 2.6 g), and concentrated to give crude product as
colorless oil. The crude was purified by Biotage (Uppsala, Sweden) 25M
(heptane-MTBE 1:1 v/v) to give Compound AE (393 mg, 0.394 mmol, 83%
yield) as colorless oil. 'H NMR (400 MHz, CDCL;): 6 7.93 (2H, m), 7.66 (1H,
m), 7.58 (2H, m), 5.23 (1H, t, J= 6.4 Hz), 5.05 (1H, s), 4.95 (1H, d, /= 1.6 Hz),
20  4.88 (1H,s),4.83 (1H, d, J= 1.6 Hz), 4.33 (1H, br), 4.02 (3H, m), 3.83 (2H, m),
3.76 (1H, m), 3.60 (1H, m), 3.54 (1H, dd, J= 5.6 Hz, 10.4 Hz), 3.47 (2H, m),
3.37 (3H, s), 3.15 (1H, dd, J= 4.0 Hz, 14.0 Hz), 2.95 (1H, dd, J= 10.0 Hz, 14.0
Hz), 2.83 (1H, d, J= 5.2 Hz), 2.65 (2H, m), 2.40 (1H, m), 2.23 (1H, m), 2.03
(3H, s), 1.96-2.03 (2H, m), 1.81 (1H, m), 1.67-1.80 (3H, m), 1.40-1.67 (7H, m),
25 1.17(9H, s), 1.01 (3H, d, J/~ 6.8 Hz), 0.86 (18H, s), 0.06 (6H, s), 0.03 (6H, s);
CNMR (100 MHz, CDCl5): 6 178.80, 170.77, 153.18, 151.49, 139.77,
134.16, 129.67 (2C), 128.16 (2C), 109.77, 105.27, 85.84, 80.92, 80.15, 78.57,
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3.76 (1H, m), 3.60 (1H, n), 3.54 (1H, dd, J= 5.6 Hz, 10.4 Hz), 3.47 (2H,
in), 3.37 (3H, s), 3.15 (1H, dd, J= 4.0 Hz, 14.0 Hz), 2.95dd, J= 10.0 Hz,
14.0 Hz) ,wD.288/@ifBe, d, J= 5.2 Hz), 2.65 (2H, m, 2.40 @EIUS:YL/02628 (1H,
m, 2.03 (3H, s), 1.96-2.03 (2H, m, 1.81 (1H m, 1.67-1.80 (3H m,
1.40-1.67 (7H, m), 251.17 (9H, s), 1.01 (3H d, J= 6.8 Hz), 0.86 (18H s),
0.06 (6H, s), 0.03 (6H, s): I3C NMR (100 MHz, CDC13): 6 178.80, 170.77,
153. 18, 151. 4976 9BIATR, 7134, 68.8018008764.2%)58.0128715%, 430), 41.89, 4778 105. 27,
85.84, 80.92, 80.15, 78.57,  76.97, 74.59, 71.51 68.80, 68.05, 64.43,
58.01, 57.56, ¥69BDB4.R3355, 30.28831.38, P74, 2448332631 (30),26,1738C)7,

31.74, 2742 (#o 55¢51.51,18.60, 18.39, -3.87, -4.51, -5.11 (2C).

5 ER-804028
MeQ, SO,Ph MeQ, 8O,Ph
TBSO RN pyridine 18s0._J_. o
. DCM
AcO'
HO

P w— of
2) NaOMe “Me

“Me THF-MeOH |

., O
AE "“}E/V\opiv 87% ER-804028 }_7/\/\0'*
(4]

(2 steps)

Compound AE (280 mg, 0.281 mmol, 1 eq) was dissolved in CH,Cl,
and cooled to 0 °C. Pyridine (0.045 ml, 0.56 mmol, 2.0 eq) was added
followed by Ms,0 (58.8 mg, 0.338 mmol, 1.20 eq). The reaction was allowed

10 to warm to room temperature, and stirring was continued for an additional 1 h.
The reaction mixture was cooled to 0 °C, diluted with MTBE (5.6 ml), washed
with saturated NaHCO; (0.84 g), and concentrated to give crude product as
colorless film. The crude was azeotropically dried with heptane (3 ml x 2) and
re-dissolved in THF (7.0 ml). The mixture was cooled to 0 °C and treated with

15 25 Wf% NaOMe (0.13 ml). After 10 min, the reaction was allowed to warm to
room temperature, and stirring was continued for an additional 30 min. The
mixture was treated with additional 25 wt% NaOMe (0.045 ml), and stirring
was continued for an additional 20 min. The reaction mixture was diluted with
heptane (7.0 ml) and washed with water (1.4 ml). The organic layer was

20 separated, sequentially washed with: 1) 20 wt% NH,Cl (0.84 g) and 2) 20 wt%
NaCl (3 g), and concentrated to give crude product as brownish oil. The crude
was purified by Biotage (Uppsala, Sweden) 12M (heptane-MTBE 2:3 v/v) to
give ER-804028 (209 mg, 0.245 mmol, 87%) as pale yellow oil. 'H NMR (400
MHz, CDCl;): § 7.89 (2H, m), 7.64 (1H, m), 7.56 (2H, m), 4.85 (1H, d, /= 1.6

25 Hz),4.80 (1H, s),4.72 (1H, s), 4.61 (1H, d, /= 1.6 Hz), 4.23 (1H, br), 3.91 (1H,
m), 3.79 (1H, m), 3.76 (2H, m), 3.63 (1H, m), 3.50-3.60 (4H, m), 3.43 (1H, dd,
J=5.6 Hz, 10.0 Hz), 3.38 (3H, s), 3.32 (1H, m), 2.98 (2H, m), 2.61 (1H, br),
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(30, 26.17 (3C), 25.49, 22.78, 21.51, 18.60, 18.39, -3.87, -4.51, -5.11
(20). 5 ER-804028 Compound AE (280 ng, 0.281 mmol, 1 eq) was

di ssol vedwonoGHR@B2 and cooled to O C. Pyridine (0.045 mcr/id2&6/0meni, 2.0
eq) was added followed by Ms20 (58.8 ng, 0.338 nmol, 1.20 eq). The reaction
was allowed 10 to warmto roomtenperature, and stirring was continued for
an additional 1 h. The reaction m xture was cooled to 0 C, diluted with

MTBE (5. g m ), 2.54$hddm Zl.ﬁO léHﬂuna;jtZe@B RPACCBI, 612) 846q)H, m)dlﬁér(c’cH:;mr)aéed 'élo

With hept Snﬁr?ﬂ“f%(lésn@?]aﬁ@(ﬁgs e oL Elw%sb‘?%z%ﬁr L Qi 3,ash
| ed 0 C 0 t

(r:ggct?l OLOV\/as _f-n@ § ah%a/a\ti\%ﬁtt)lroogﬁpfér{%m/ﬁ and@gtl rsﬁi tr(l)edl\/\éq—xrgbn ©

continued for a 'AaddiiiroN®ao MOZTTOCIHG I'S(XBWIGSOV%S 139©@t9§hw1@9aﬁizdl tional
25 wt % NaOMe (0.045 ml), and stirring was continued for an additional 20

mm The redcti@)n38. 14 é2®9a§;051|10u81"eﬂ7 vaL92, W@p’k?aﬁédS@ﬂ?Mﬁj 77. %ﬂ%heﬂ \(/jm th
4 oml

Wi 9 2odw3vo AREDE S SP20NTTS. Sos BB KE B e 3P B thabint rat e

(Cppsala. " Svedaf PrIME BLE R0 o2l GCh 26 A AR e SR 14, 33, SE8S, 29°

0.245 ol , 87441as.1paR€)yel | ow oi | . 1HNVR (400 MHz, CDCI13): 8 7.89 (2H,

M, 7.64 (1H, n), 7.56 (2H, m), 4.85 (1H, d, J= 1.6 25 Hz), 4.80 (1H, s),
472(1H s) 4.61 (1H, d, J= 1.6 Hz), 4.23 (111, br), 3.91 (1H, ), 3.79

1H, 76 (2H 50-3.60 (4H, n), 3.43 (1H, dd, J=
ge Hz, 101.00 kéf‘e“‘éﬂgé“’(“éﬁ%’ )Oml?:‘)r%'?ﬁll 2(98 (rzr)H, m 2.(61 (1H. br),

Compound F
1) TBDPSCI, Imid
H o DMF H o
Me 2) LiBH,, THF Me
NC (0] CO,Me NC ()
3) Piv-Cl, TEA OPiv
OH DOM _ OTBDPS
D

72% (3 steps)
Compound D (0.657 g, 2.11 mmol, 1 eq) was dissolved in DMF (1.3 ml)
and cooled to 0 °C. Imidazole (0.287 g, 4.22 mmol, 2.00 eq) was added,

15 followed by TBDPSCI (0.576 ml, 2.22 mmol, 1.05 eq). The mixture was
stirred at 0-5 °C for 1 h and allowed to warm to room temperature. After
stirring overnight (16 h), the reaction mixture was diluted with water (5.2 ml)
and extracted with MTBE (5.2 ml). The organic layer was separated and set
aside. The aqueous layer was extracted with MTBE (5.2 ml). All organic

20  layers were combined, washed with water (2.6 ml), and concentrated to give

crude Compound X:

H
e ©

NC 0 CO,Me
OTBDPS

X as pale yellow oil. Compound X (2.11 mmol
assumed, 1 eq) was dissolved in toluene (4.6 ml) and cooled to -5 °C. 2.0 M
LiBH, (solution in THF, 2.43 ml, 4.85 mmol, 2.30 eq) was added while
25  maintaining T-internal <0 °C. A mixture of MeOH (0.196 ml, 4.85 mmol, 2.30
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(311, d, Wb 202@p433228. 14 (2C),

2.56 (1H, m),
m, 1.78 (1H,
77.09, 75.53,
5
10
15

2.50 (111, ), 2.08-2.22 (3H, m), 1.96 (111, m), 1.84 (1
m, 1.70 (1H, m, 1.42-1.63 (6H m, 1.28-1.42 (2H m),

71.59, 68.04, 62.88, 58.27,

eq) and toluene (0.80 ml) was added at <0 °C, and then reaction was allowed to
warm to 20-22 °C. After 22 h, the reaction mixture was carefully/slowly
poured into a pre-chilled (0 °C) mixture of 20 wt% citric acid (aqueous solution,
6.0 g, 6.2 mmol, 3.0 eq) and MTBE (20 ml) while maintaining T-internal

<10 °C. The organic layer was separated, sequentially washed with: 1)

saturated NaHCOj5 (3.0 g) and 2) water (3.0 g), and concentrated to give crude

Compound Y:
H
Ve ©
NC 0 OH
OTBDPS
Y . Compound Y (2.11 mmol assumed, 1 eq) was

dissolved in CH,Cl, (2.5 ml) at room temperature. TEA (0.441 ml, 3.16 mmol,
1.50 eq) was added followed by DMAP (26 mg, 0.21 mmol, 0.10 eq). The
mixture was cooled to 0 °C and treated with pivaloyl chloride (0.272 ml, 2.22
mmol, 1.05 eq). The reaction was allowed to warm to room temperature and
stirring was continued overnight (16 h). The reaction mixture was diluted with
MTBE (10 ml), sequentially washed with: 1) 20 wt% citric acid (aqueous
solution, 3.0 g, 1.5 eq) and 2) saturated NaHCO; (aqueous solution, 3.0 g), and
concentrated to give crude product as orange-colored oil. The crude was
purified by Biotage (Uppsala, Sweden) 25M (heptane-MTBE 7:3 v/v) to give
Compound F (0.920 g, 1.52 mmol, 72% overall yield) as colorless oil.
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57.73, 43.51, 42.82, 39.16, 37.68, 35.69, 33.31, 32.41, 31.89, 31.48,
29.79, 26.21 (30, 26.17 (3C), 18.58, 18.38, 18.13, -3.85, 4.71, -5.12
(2C). 10 wotermmizmsIRoute to Conpound W Conpound F 729CTAIS3E18/02)611
Compound D (0.657 g, 2.11 mmol, 1 eq) was dissolved in DV (1.3 nl) and
cooled to 0O C. Imdazole (0.287 g, 4.22 mvol, 2.00 eq) was added, 15
foll owed by TBDPSC1 (0.576 m, 2.22 mmol, 1.05 eq). The m xture was stirred
at 0-5 C for 1CbmpowhdM owed to warmto roomtenperature. After stirring
overnight (16 h), the reaction mxturg was diluted with water (5.2 nm) and
extracted with MIBEY 5.2 nl). The toBrggwgr | ayer was separ at eqy and set

= Zn °

/'\!I\e/CEO)_\_\ WW
~ -BuO. ~
NC (6] = (8}

cat MsOH

OPi OPiv
oTBDPs OPWv THE O NH, OTBDPS
F I
H
1) AcOH e o
THF-H,0 :
Me o
2) TFA, DCM o) oTBDPS OPiv
3) A M
87% (4 steps)
5 Zinc dust (982 mg, 15.0 mmol, 10.0 eq) was suspended in THF (1.8 ml),

and MsOH (0.0097 ml, 0.15 mmol, 0.10 eq) was added. The resultant mixture
was heated at reflux for 30 min and then cooled to 20 °C. A solution of
Compound F (910 mg, 1.50 mmol, 1 eq) and #-butyl bromoacetate (0.222 ml,
15.0 mmol, 1.00 eq) in THF (4.6 ml) was added, and the mixture was heated at
10 reflux. After 2 h, -butyl bromoacetate (0.222 ml, 1.50 mmol, 1.00 eq) was
added, and heating was continued for 4 h. 7-Butyl bromoacetate (0.111 ml,
1.50 mmol, 0.50 eq) was added, and heating was continued for an additional 6
h. After cooling down, the reaction mixture was diluted with MTBE (14 ml)
and cooled to 0 °C. 20 wt% citric acid (aqueous solution, 7.2 g, 7.5 mmol, 5.0
15 eq) was added at <10 °C, and vigorous stirring was continued for 10 min. The
whole biphasic mixture was filtered for removal of Zn. The reactor and Zn
were rinsed with MTBE (9 ml). The organic layer was separated, sequentially
washed with: 1) saturated NaHCO; (aqueous solution, 3.8 g) and 2) 20 wt%
NaCl (2.7 g), and concentrated to give crude Compound I as pale yellow oil.
20 Compound I (1.50 mmol assumed, 1 eq) was suspended in THF (2.5 ml)-water
(1.5 ml) and treated with AcOH (4.5 ml, 7.9 mmol) at room temperature for 2 h.
The reaction mixture was diluted with toluene (20 ml) and concentrated. The
same operation was repeated with toluene (20 ml x 2) to give crude Compound

Z:
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asi de. The aqueous | ayer was extracted with MIBE (5.2 ml). Al organic 20
| ayers were conbi ned, washed with water (2.6 nl), and concentrated to give
crude Compounth/044330e0 -' OTBDPS Xas pal e yell ow oil. Conmpownu$2041(022611 nmol
assunmed, 1 eq) was dissolved in toluene (4.6 mM) and cooled to -5 C. 2.0 M
LiBH4 (solution in THF, 2.43 m, 4.85 mml, 2.30 eq) was added while 25
mai ntaining T-internal <0 C. A m xture of MeOH (0.196 m, 4.85 nmmol, 2.30
eq) and tol uene (0.80,m) g added at <0 C, and then reaction was all owed
to warmto 20-22,C. Affef 22 h— the reaction nixture was careful ly/sl owy
poured into a prejchil '"edo % Mg ur e of 20 % citric acid (aqueous
solution, 6.0 g, 6. 2°mml, 3°PB§)"and MIBE (20 ml) while nmaintaining
T-internal 5 <10 C. The oégani c | ayer Tesrsdpanspadiied by Beotbga(Uypsahshed

with: 1) saturated NaHCO3 (3.0 and 2) water &3.0 g). and concentrated to
gi ve crude Conp¥edfp) ¥oMihentanegdpEE 4:1 v/v) to give Compound Z (1.062 g,dethbound Y

(2.11 mol as%ﬁﬁ)?i’@%%%ng)\/\@s%o?@%% lgd in CH2C12 (2.5 m) at room

t enper at ur e. 10 1.50 eq) was added fol |l owed by

DVAP (26 ng, 0.21 r@_(ﬁhpo&hdl@éﬁqm-g, T8 dhoel, Ur &)W disRied hal,&, png treated
with pivaloyl chloride (0.272 m, 2.22 nmmol, 1.05 eq). The reaction was
al | oned t o warmitandrtrsetad: withdiat () mhd 350 mmolp gt neas somperatued Alarhhght

washod v th: | The stRnpRitics oo ey batents (S e g sondeny T o) ane
2) saturated N LARUERUSI RN LA ohudle s ni FONAROLAALE R Bl

crude product as orange-co e crude was pu i‘ot age
(Uppsal a, Sweden)Coaipdupddd twas eidsbBled 1n Soluéi) (10anDi keaté&bapidmC For(30. @) g,
1.52 mmol, 72%overall yield) as colorless oil. Conpound M M \ OIBDPS

oPiv O and concentrated to give crude Compound M. The crude was purified by
10  Biotage (Uppsala, Sweden) 25M (heptane-MTBE 7:3 v/v) to give Compound

M (775 mg, 1.24 mmol, 90% yield) as colorless oil.

Compound W
1) PhNT
N o KHMDS Yo
WMe THF-tol Me
Me. A~ 0 _— ~ o
OPi 2)HF a OPi#
o) oTBDPS OPiv )A r a9 OTf OH v
M w
84% (2 steps)
15 Compound M (745 mg, 1.20 mmol, 1 eq) was dissolved in THF (4.5 ml)

and PhNTT, (641 mg, 1.79 mmol, 1.50 eq) was added at 20 °C. Upon complete
dissolution of PhNTT,, the mixture was cooled to -23 °C. 0.5 M KHMDS
(solution in toluene, 2.63 ml, 1.32 mmol, 1.10 eq) was added while maintaining
T-internal <-18 °C, and the mixture was stirred at -18 to -20 °C for 1 h. Under
20 vigorous stirring, 20 wt% NH,Cl (aqueous solution, 0.32 g) was added while
maintaining T-internal <-10 °C, and then the mixture was allowed to warm to
0 °C. The mixture was diluted with MTBE (7.5 ml) and water (0.74 ml), and
vigorous stirring was continued for 5 min. The organic layer was separated,

washed with water (1.5 ml), and concentrated to give crude Compound AA:
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t-BuO Zn cat MsOH THF 1) AcOH THF-H20 2) TEA, DCM 3) A 87% (4 steps) H M
Mey---..", . .... O\ 00rBDPS CPiv M 5Zinc dust (982 ng, 15.0 mmol, 10.0 eq)
was suspewdedil/m43BpF (1.8 m ), and MsOH (0.0097 m, 0. 1®cmroskg1102601 eq) was
added. The resultant m xture was heated at reflux for 30 min and then
cooled to 20 C. A solution of Conpound F (910 ng, 1.50 nmol, 1 eq) and
t-butyl bronpacetate (0.222 m, 15.0 mmol, 1.00 eq) in THF (4.6 m) was
added, and the m xtu was heated at 10 reflux. After 2 h, t-butyl
brormacet ate (0.%22[m] 250 mvl, 1.00 eq) was added, and heating was
continued for toHut yl onpacetate (0.111 m, 1.50 nmmol, 0.50 eq) was
added, and heatQTrflg was @urPs Mi¥d for an additional 6 h. After cooli ng down,

the reaction mxture aas dil ut echswellwaBBE—ddlélc o@ﬂﬁAmohseaiisﬁcﬂvéHﬁ 20
w%citric acid (aqueous solution, 7.2 .0 15 eg) was added at

<10 C, and vi doH (Q&ml)uamétméedcwﬁhﬁﬁufé&’ fﬁr(ammmsomﬁ@nm& E:) abrcmmzu c )

t filt f Zn. Th t t
VTBE (6 ). %ﬁ@%rsfa&gﬁ%r 20 0er B aiciBp an G Wa%%afﬁ&ﬂﬁyf’ SRy uddnti n: ")
saturated NaHQR gsﬁ&wrb%@M@Bﬁ(%nﬂwa% f/oah'a‘ﬁi‘aﬁ@oﬁw and

concentrat ed to g| ve crud Conpound | as palée ye w ol
5  g) while maintaining T-internal <10 °C. The organic layer was separated and

set aside. The aqueous layer was extracted with MTBE (7.5 ml). All organic
layers were combined, washed with 20 wt% NaCl (aqueous solution, 3.7 g),
and concentrated to give crude Compound W as yellow solid-oil. The crude
was purified by Biotage (Uppsala, Sweden) 25M (heptane-MTBE 1:1 & 2:3
10 v/v) to give Compound W (522 mg, 1.01 mmol, 84% yield) as pale yellow oil.

Alternate Route to Compound L

Compound H
o}
Mo Mo thHcoiJnVBIr Mo Mo
: ———————  PhHCO
" ° otes  OPW S 2 O NHp " Loms opw
X 67% H
15 Zinc (1.06 g, 16.2 mmol, 10 eq) was suspended in THF (2.3 ml). MsOH

(0.010ml, 0.02 mmol, 0.1 eq) was added at room temperature, and the resultant
slurry was heated at reflux for 30 min. After cooling down, a mixture of
Compound X (780 mg, 1.62 mmol, 1 eq) and benzhydryl bromoacetate (0.74 g,
2.4 mmol, 1.5 eq; Kume et al., Tetrahedron, 1997, 53, 1635) in THF (3.9 ml)
20 was added, and the reaction was heated to reflux. After heating for 3h,
benzhydryl bromoacetate (0.74 g, 2.4 mmol, 1.5 eq) was added, and heating
was continued for an additional 7 h. After cooling down, the mixture was
diluted with MTBE (16 ml) and filtered through a pad of Celite (1.6 g). The
filtrate was sequentially washed with: 1) 20 wt% citric acid (aqueous solution,

25 3.9 g),2) 10 wt% NaHCO; (aqueous solution, 3.9 g), and 3) 20 wt% NaCl
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20 Conpound 1(1.50 mmol assuned, 1 eq) was suspended in THF (2.5 ml)-water
(1.5 mM) and treated with AcOH (4.5 M, 7.9 mmol) at roomtenperature for 2
h. The resotzoowomidgt ure was diluted with toluene (20 m pcarub2@anesnt r at ed.
The sane operation was repeated with toluene (20 m x 2) to give crude
Compound Z: Me t-BuarThr,"" _o\ 0 0''OIBDPS Ply . The crude was purified by
Bi ot age (Uppsal a, Sweden) 25M (heptane-MIBE 4:1 v/v) to give Conpound Z
(1.062 g, 1.47(aquedus sBkfhon| 23d), ansdc@ioenirmd t@give doadpproddetZs(yello® ¢l. 1. 38

mml, 1 eq) was dissolved in CH2Cl12 and treated with TFA (1.00
m, 13.0 mol ) The cwdéma@w@ﬁdthyr%otagﬁt@ppwlm Swesteny éQM (hsntamMEB(E was
diluted with tgl d T

rlepgat(:aedwvm th (%%Zg)etg(g(‘ p)%ﬂlé‘} nce %gei 3(22 1 ’Ir%nd K was

di ssol ved in tywklgne (10 nl), heat ed at 100 C for 30 m n, and concentr at ed
to give crude Conmpound M The crude was purified by 10 Bi ot age (Uppsal a,
Sweden) 25M (heptane-MIBE 7:3 v/v) to give Conmpound M (775 ng, 1.24 mmol,
90% yield) as golorle oil. 84% (2 steps) 15Conmpound M (745 ny, 1.20
mol, 1 eq) wa O@P%@Gf@@d in THF (4.5 m) and PhNTf2 (641 ng, 1.79 nmol,
1.50 eq) was added at 20HC. Upon conpl ete dissol ution of PhNFIifZ t he

m xture was cool ed Meo (- 0.5 M KH\VRS; (solution in th 263n1
1. 32 mmol ,Ph4C e i | earmtani e and the
nmxture was stigregd,at - 18tso -20v C fF ™ h. Under @0ovi goro 86 reping, 20

wt % NHACL1 (aqueous sglution, 0.32 g) was added while mai R#ai ning T-internal
<-10 C, and then the mxture was allow&% to warmto O C. The mi xture was
diluted with MIBE (7.5 ml) and water (0.74 ml), and vigorous stirring was
continued for 5 mn. The organic |ayer was separated, washed with water
(1.5 m), and concentrated to give crude Conpound AA: Me \ OIf' OTBDPS OPi v

AAas yel | ow sol i d- @@dmp&aiPQUNT0 Ay, W flin®3.0l ¥@dvaddissolved in THF (0.77
ml) and cooled to 0 °C. Water (0.38 ml) was added followed by AcOH (1.54
ml). The mixture was allowed to warm to room temperature, and stirring was
continued for 8 h. The reaction mixture was diluted with toluene (15 ml) and
concentrated. The residue was further azeotroped with toluene (15 ml x 2) and
15 purified by Biotage (Uppsala, Sweden) 25M (heptane-MTBE 2:1 v/v) to give
Compound AB (716 mg, 1.01 mmol, 93% yield) as pale yellow oil.

Compound L
H
we O P we o
Ph,HCO - o ——————~ HO - o
opi EtOAc opi
o 0 oTBS v O O OTBS v
AB J
| 0]
toluene l\Elle
Me 0 |
A o) oTBs  OPWv
95% L

20
Compound AB (716 mg, 1.01 mmol, 1 eq) was hydrogenated with 10
wt% Pd-C (wet-type, 0.11 g, 0.050 mmol, 0.05 eq), H, (balloon), and EtOAc

(7.2 ml) for 2 h. The reaction mixture was filtered, concentrated, and re-
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CH3CN (9.0 M) and treated with 49 wt % HF (aqueous solution, 3.0 g) at room
tenperature for 20 h. The reaction mxture was carefully/slowy poured into
a pre-chiwbedi1(®43p m xture of MIBE (40 m), water (7.5pair)us2anad2idaHCO3
(8.5 5 g) while maiintaining T-internal <10 C. The organic |ayer was
separated and set aside. The aqueous |ayer was extracted with MIBE (7.5
m). Al organic |ayers were conbi ned, washed with 20 wt % NaCl (aqueous

sol ution, 3.7 di}solandnaohena(7.2nddl The giixeire wadedlodpolotl°OMas] yeilik.ow
solid-oil. The crude was purified by Biotage (Uppsal a, _Swedeg_ 25M

( hept ane- MTBE Aftar gpoing dpavn, the mixguis wes cawpeinaed and setifiad by Biotgemol |, 84%

yi el d) as pal | oL, nat e ( ound Co n Me \
OTBS OPi v thﬁ%%%lgxg eéﬁ?ﬁ@é@ﬁ ?%epéafﬁﬁ%f%%é i Y3 @mﬁsﬁgm@x 67%
15Zinc (1.06 gngl®9%4 mrmbl, 93% Weld)wasopresesnded in THF (2.3 m). MOH
(0.010n, 0.02 mmol, 0.1 eq) was added at room tenperature, and the
resultant Slurry was heated at reflux for 30 nm After cooling down, a
m xture of Conpound 80 ng, 1.62 nmol, 1 eq) and benzhydryl bronpacetate
(0.74 g, 2.4 poynt g, Kune et al., Tetrahedron, 1997, 53, 1635) in THF
(3.9 M) 20 was addedtf and the reaction was heated to reflux. After heating
for 3h, benzhyH yl |bronoacetate (0.74 g, 2.4 mwl, 1.5 eq) was added, and
heat i ng “"Me NIS Me 0
u, O o 2cetonitrile o
OTf '
ER-806730 Al

OH

||l§
o
I
@]
oioio
<
0]
I
@)

O
0 idi OTf | 0 Q
OTf | OH pyridine, rt o OH
Al 85% AJ
10 Compound Al was synthesized from ER-806730 (WO 2005/118565,

Example 2) by iodo-etherification with N-iodosuccinimide in acetonitrile.
Compound Al (2.95 g, 5.44 mmol, 1 eq) was dissolved in pyridine (3.0
ml, 36 mmol, 6.7 eq) and treated with phthalic anhydride (0.846 g, 5.71 mol,
1.05 eq) at room temperature for 18 h. The reaction mixture was diluted with
15 MTBE (200 ml), sequentially washed with: 1) 20 wt% citric acid (35 g); 2) 20
wt% citric acid (35 g); 3) water (9 g); and 4) water (9 g), and concentrated to
give crude product as pale yellow oil. The crude was purified by Biotage
(Uppsala, Sweden) 25M (heptane-MTBE 1:1 & MTBE 100%) to give
Compound AJ as colorless oil (3.20g, 4.63 mmol, 85% yield). 'H NMR (400
20 MHz, CDCl;): 6 7.83 (1H, m), 7.71 (1H, m), 7.53-7.59 (2H, m), 5.08 (1H, d, J=
3.6 Hz), 5.01 (1H, d, /= 3.6 Hz), 4.51 (1H, m), 4.27 (1H, m), 4.20 (1H, m),
3.87 (1H, dd, J= 6.0 Hz, 9.2 Hz), 3.54 (1H, m), 3.50 (1H, d, /= 10.8 Hz), 3.48
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was continued for an additional 7 h. After cooling down, the m xture was
diluted with MIBE (16 m) and filtered through a pad of Celite (1.6 g). The
filtrate woosagusati al |y washed with: 1) 20 wt % ci tri cratiu$2¢iagumsous
solution, 25 3.9 g), 2) 10 wt % NaHCO3 (aqueous solution, 3.9 g), and 3) 20
wt % NaCl (aqueous solution, 2.3 g), and concentrated to give crude product
as yellow oil. The crude was purified by Biotage (Uppsala, Sweden) 40M
(hept ane- MTBE (1H] dyJ% )1 018aHzg), QES4C(dhimu)mﬁ 38 (4H, ridj.é=>8e$sz131’6le()7Y(83ng, 1.08
mol , 67%vyield Compound  AB THFE-H20 rt 93% 0 0-'OTBS ORiv AB
T0Gommound’ H_ (b 198549 (BFh 1B i Has b13dalh f AP6-408877 ). and
cooled to 0 C. Water (0.38 m) was added foll owed by AcOH (1.54 nml). The

m xture was allowed to warmto roomtenperature, and stirring was continued
for 8 h. The r@@,ﬁp@@mmxture was diluted with toluene (15 m) and

concentr at ed. re5| due was further azeotroped W|th toluene (15 m x 2)
and 15 purlfnae Gt8ge (Uppsal a, Sweden) 25Mgg éiﬁ_gﬁ OMrBE 2:1 v/v) to
gi ve Conpaeasd AB 6 ny, 1 01 nmol, 93% yi el @gsoasip yeI I ow oil.
Corrpound L M NaOMe—MeOH
Me O THF, t Me' 0
I OPiv I OH
5 P 72% AK

Compound P (0.050 g, 0.046 mmol, 1 eq) was dissolved in THF (0.30
mL) and treated with NaOMe (25 wt% solution in MeOH, 0.10 ml, 0.44 mmol,
9.4 eq) at room temperature for 1 h. The reaction mixture was diluted with
10 MTBE (3.0 ml), sequentially washed with: 1) water (0.30 g); 2) water (0.30 g);
and 3) 20 wt% NaCl (0.30 g), and concentrated to give crude product as
colorless oil. The crude product was purified by preparative TL.C (MTBE
100%) to give Compound AK as colorless film (33mg, 0.033 mmol, 72% yield).

15  Compounds AL and AM

MeQ S0,Ph
TBSO 4—(
8s0._A_ L I,
OO H OMe
o” o
MeO, SO,Ph o
TBSO . o]
“ MeO
0 H MeO AL
HO™ 0, _— Vo0
- eQ, SO,Ph
Me o o pyridine, rt Tl\gﬁj\ (_f‘ 2
| TBSO
AK 0 H OMe
HO O
Me' O
| e}
o]
AM

Compound AK (0.175 g, 0.176 mmol, 1 eq) was dissolved in pyridine
(0.56 ml, 6.9 mmol, 39 eq). 4-methoxybenzoly chloride (0.066 g, 0.39 mmol,
2.2 eq) was added at room temperature, and the mixture was stirred for 15 h.
20  The reaction mixture was diluted with MTBE (7 ml) and washed with 20 wt%

citric acid (7 g). 'The organic layer was separated and set aside. The aqueous
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Ph2HCOyO 0 OThTBS AB 0 Me 0 O-'OTBS ORi v 95% Conmpound AB (716
ng, 1.01 nmmol, 1 eq) was hydrogenated with 10 wt % Pd-C (wet-type, 0.11 g,
0. 050 noWp 2011064339) , H2 (ball oon), and Et0Ac (7.2 nml) fPamr/ud26ni/03ise1
reaction mxture was filtered, concentrated, and re- dissolved in toluene
(7.2 mM). The m xture was heated at 100 C for 15 min. After cooling down,
the m xture was concentrated and purified by Biotage (Uppsala, Sweden) 25M

(hept ane- MTBE 13 ?/ér wivxtaotedi with MITBEl(f/‘dnlb Bdidrgamic 1890k erg@mbifddp yi el d)
as col orl ess oi Compound AJOTf -- NI SMeOCOH acetonitrile OIf
sequentially washed with 20 Wt% citric acid (3 g) and water (3 g), and
concentrated to give crude product as pale yellow oil. The crude product was
purified by Biotage (Uppsala, Sweden) 12M KP-Sil (heptane-MTBE 7:3 &
5 1:1)to give Compound AL (0.02 g, 0.02 mmol, 9% yield, colorless film) and
Compound AM (0.14 g, 0.12 mmol, 70% yield, colorless oil). Compound AM:
'H NMR (400 MHz, CDCls) 8 7.95 (2H, d, J= 8.8 Hz), 7.89 (2H, d, /= 7.2 Hz),
7.65 (1H, m), 7.57 (2H, m), 6.87 (2H, d, /= 8.8 Hz), 5.18 (1H, s), 4.85 (1H, s),
4.26 (2H, m), 4.20 (1H, m), 4.12 (1H, m), 3.92 (1H, m), 3.83 (3H, s), 3.70-3.80
10 (3, m), 3.53 (1H, m), 3.40-3.50 (4H, m), 3.36 (3H, s), 3.08 (2H, m), 2.57 (1H,
m), 2.38 (1H, dd, /= 9.2 Hz, 14 Hz), 2.29 (1H, m), 1.98 (1H, m), 1.71-1.92 (7H,
m), 1.52-1.68 (7H, m), 1.48 (1H, m), 1.18 (1H, m), 1.04 (3H, d, /= 7.2 Hz),
0.86 (9H, s), 0.84 (9H, s), 0.05 (6H, s), 0.02 (3H, s), 0.01 (3H, s).

15 Synthesis of Compound AD and Synthesis of Compound P from

Compound AD
Compound AD
MeO, SO;_Ph MeQ, SO2Ph
TBSO TBSO 7
t8s0._JA_ TBSO
Dess Martin \)\ O H
o}
(:Hz(:|2 o
Me O
OPiv ! OPiv
AD

Compound AD was prepared in the process of producing a mixture of
Compound P with its C27 diastereomer. Compound P (50.2 mg, 0.0465 mmol,
1 eq) was dissolved in CH,Cl, (0.50 ml). Dess-Martin periodinane (23.6 mg,
25 0.0556 mol, 1.2 eq) was added at room temperature. After 10 min, NaHCO;
(40 mg, 0.5 mmol) was added followed by isopropyl alcohol (0.014 ml, 0.19
mol, 4 eq), and stirring was continued for an additional 1h. The mixture was
diluted with MTBE (2 ml), washed with water (0.5 ml), and concentrated to

give crude product as a colorless oil. The crude was purified by Biotage
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10Conpound Al was synt hesized from ER-806730 (WD 2005/ 118565, Exanple 2) by
i odo-etherification with N-iodosuccinimde in acetonitrile. Conpound
Al (2.95 wp 2611409433001 , 1 eq) was dissolved in pyridine @8rsedi1/o3fs1nmol ,

6.7 eq) and treated with phthalic anhydride (0.846 g, 5.71 nol, 1.05 eq) at
roomtenperature for 18 h. The reaction m xture was diluted with 15 MIBE
(200 m), sequentially washed with: 1) 20 wt%citric acid (35 g); 2) 20 wt%
citric acid (3@ msala3dfweddrsri2)M (igdptarerSi TBE Rt &r1: Ipto@lve @othpoand &M (42 ed to
gi ve crude pr oduct as pale yellowoil. The crude urified by Biotage

CUppsal a,  Swed®8) Q%W@pﬁé%@ﬂﬂﬂ&ewcsﬂ(&lwsé TR GOgINEzcERTDRG AJ as

7aa (an m, 553 e am 7 G oS U (it S asile ) ©

5.01 (1H, d, , 3 87
o ((jd , 6318)%@1%%35@4(&%(%3%}1%7iéﬁzmm)%iﬁg )1351@, 3 o

VO 2011/ 09@339(!2617/11&)52@9](36122}33144((]1[{{ ), 3.43TE 1L d, &= HoY, H2), 8434((]1[-[, dmy 2.33

(1H, dd, J= 8 3 4 46- ( 22
(i m. 115 fofia 38 ey 67 ok &l T tirel bed oL S bad ol 1
eq) was dissol ) reat 0 5 sol ution
in MeOH, 0.10 %if%?y}k"ﬁéf(ﬁg,,g}zfzﬁtﬁ r@g%%ﬁem%?g?%?g%fﬁ% 114,\%10 The
reaction m xtuy. 98\(\&3 )| udsd. w(tlQHlﬁl)l\/ﬂ'BE (QH 9) maoR, (3$qu.¢ﬁt7lzale)/ v&shed
with: 1) water &ﬂo g/ 2) vvaterg&w g and 3) 20 wt % NaCl1 (0.30 g),
and concentr at@ ng? @Hsrsﬂbdbo'b( £0.88 (311 9 P8343Hi ). 0XR(EL Sde pr oduct
was puri fllf% by preparative TLC (MIBE 100% to give Conpound AK as
colorless T11m (33ng, 0.033 mml, 72%yield). 15 Conpounds AL and AM AM
Compound AK (OCéfZﬁonadﬁ 176 mmol, 1 eq) was dissolved in pyridine (0.56 m,
6.9 mol, 39 e nethoxybenzoly chloride (0.066 g, 0.39 mol, 2.2 eq)
was added atTgsggf Pt ure, and the ni xturem@dstyrPedfor 15 h. 20 The
reaction mesd.ule.@s, diluted with MIBE (7 migsand. ed with 20 wt%citric
acid (7 g). The orga ic | e was sepd and set 35|de The aqueous

| ayer was extracted®wlth 7 m )touedfTF or gani c | a;'ﬁQrs re 2 i ned,
sequenti al | y washed Mgi 2 wt° étl’l Gacid (3 g) and g), 'gd
concentrated to give cggide product as pale yellow oilp The crutle pr8d‘Uct

was purified by Biotage (Uppsala, Sweden) 12M KP-Si| (heptane-MIBE 7:3 & 5
1:1) to give Compound AL (0.02 g, 0.02 mmol, 9%yi eld, colorless film and

Compound” A (014 5o e S22 Yo G0 AASTR 0 e RREAY, 2 20
7.65 (111, m 1mZde'5‘t7y éx?ylﬂ‘l’eaﬁg. C@mﬁzund AD (33 mg, 0.031 mmol) was dissolved in
toluene (0.50 ml) and cooled to 0 °C. 2.0 M LiBH, (solution in THF, 8 ul) was
added at 0 °C, and stirring was continued at 0 °C for 10 min. 2.0 M LiBH,
(solution in THF, 8 ul) was added, and stirring was continued for an additional
20 10 min. The reaction mixture was diluted with MTBE (1.0 ml), sequentially
washed with 20 wt% citric acid (aqueous solution, 0.20 g) and saturated
NaHCOs; (aqueous solution, 0.20 g), and concentrated to give crude product.
The crude was purified by preparative TL.C (heptane-MTBE 2:3) to give
Compound P (24mg, 72% yield, C27-dr 5:1).
25
Other Embodiments
All publications, patents, and patent application publications mentioned
herein are hereby incorporated by reference. Various modifications and

variations of the described compounds of the invention will be apparent to
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(2H, d, J= 8.8 Hz), 5.18 (1H, s), 4.85 (1H s), 4.26 (2H n), 4.20 (111,

m, 4.12 (1H, n), 3.92 (1H n), 3.83 (3H s), 3.70-3.80 (3H, m), 3.53 (1H,
m, 3.40-80%2011(09ks39n), 3.36 (3H, s), 3.08 (2H, n), 2.57PCTRIS201MP22621 38 ( 1H,
dd, J= 9.2 Hz, 14 Hz), 2.29 (1H, m), 1.98 (1H, in), 1.71-1.92 (7H m,
1.52-1.68 (7H, m), 1.48 (1H m), 1.18 (1H m), 1.04 (3H d, J-= 7.2 Hz),

0.86 (9H, s), 0.84 (9H, s), 0.05 (6H s), 0.02 (3H, s), 0.01 (3H, s). 15
Synt hesi s of Ghoposkilled\in thadrtSyittidwe sliepartihg Goip thenstope hnd spicioopdiend AD
Conpound AD | . Conpound_  AD was prepared in the process of producing a
mi xture of ConpBeRitPIP Althayghithe ewngpla @%b%ﬁ‘@rﬁ@smb%ﬁwme@lqrwmz Ny,

0.0465 mmol, 1 i ssol ved in,CH2CGL2 (0,50 .. ss-Mart.in

peri odi nane (ﬁ?%}nn%\@ E%(glﬁpggsgéﬁ%ﬁbef eésé§0(¥/\g1§t %)dgﬁelﬁ onra&fllr?l{ngﬁperat ure.
After 10 mn, JNabdFot(#Qnmly BmRedfPbichv@sbigedtsd hddedaridusi sopr opyl

al cohol (0.014 m, 0.19 nol,” 4 eq), and stirring was continued for an

addi ti onal 3 h.mdicationsuwfghedsscdibed newtlesifoihcadfBig 0@t the inventishdlhtare h wat er
(0.5 M), and goncentrated. to give crude product as a colaqrless oil. The
crude was puri9avaeHsg (9% skylediphe Elevansiig denintonsiod n BE YR ThesEope 3 &
1:1) to give@m% AL, (42 nmg, 0.039 mmol, 84%yield) as a colorless oil.
1H NWR (400 : 5g 7.92 (2H, in), 7.63 (1H, in), 7.56 (2H, in),
5.96 (1H, s), 5.74WHdtis clymedtisl5 (1H, m, 4.04 (2H, m, 3.94 (1H d, J 3.2
Hz), 3.89 (211, m), 3.75 (2H, m, 3.54 5(2H, m), 3.39 (3H, s), 3.44 (1H,
m, 3.43 (IH, d,./.=10.4 Hz), 3.34 (1H, d, J= 10.4 Hz), 3.19 (1H, m, 3.02
(1H, dd, J= 10.8 Hz, 14 Hz), 2.98 (1H, dd, J= 8.0 Hz, 17.2 Hz), 2.81 (1H,
m, 2.42 (1H, m, 2.31 (1H, dd, J= 8.8 Hz, 14 Hz), 1.98 (1H, n), 1.45-1.85
(12H, m, 1.17 (9H, s), 1.02 (3H, d, J= 7.2 Hz), 0.87 (9H, s), 0.86 (9H,
s), 0.07 (3H, s), 0.06 (3H, s), 0.03 (3H, s), 0.02 (3H, s).
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10 Compound P MeO, SO2PhMeQ /- SO2Ph TBSO-',, TBSO TBSOIBSO, C ) LiBH4

tol uene-THF 0 OPi v72% AD 15Conpound P can al so be obtained fromreduction
of Conpouwd 280/09mBde by any means. Conpound AD (33 ngy, @Cc@ak20mmobicinas

di ssolved in toluene (0.50 M) and cooled to 0 C. 2.0 MLiBH4 (solution in
THF, 8 pi) was added at 0 C, and stirring was continued at 0 C for 10 m n.
2.0 MLiBH4 (solution in THF, 8 iul) was added, and stirring was conti nued
for an additional 20 10 min. The react cpammsture was diluted with MIBE
(1.0 M), sequentially washed with 20 wt%citric acid (aqueous sol ution,
0.20 g) and saturated NaHCO3 (aqueous solution, 0.20 g), and concentrated

to give crude product. The ude S. purjfied by preparative TLC
3y & gorgpod e {1 by

(hept ane- MTBE 2: PO : 72%vyield, C27 -dr 5:1). 25
O her Enbodi ment s Al I[Hpubl i cations, patents, and patent application
publications mentiomed frerei'A are hereby incorporated by reference. Various
nodi fi cations angd_vari ati ops /0=t he descri bed conpounds of the invention
wi |l be apparent fjo

Z X ),

wherein X is halogen or oxo; Z is a leaving group; Q is -C(O)H, -
CH=CHC(0)OY;, -C(R)H(CH,),0Y}, or -C(R)HCH,C(O)OY;; Ris H or -
0Y3; Y; and Y, are each independently H or a hydroxy! protecting group;

andnis 1 or 2.

2. The compound of claim 1 having the formula (Ia):

Q

z X (Ia).

3. The compound of claim 1, wherein Q is -(CH,);0Y};.

4. The compound of claim 3, wherein Y, together with the oxygen to
which it is bound, is an ester, carbonate, carbamate, sulfonate, or ether

hydroxyl protecting group.

5. The compound of claim 4, whercin Y, is pivaloyl, acetyl, benzoyl, p-
bromobenzoyl, p-methoxybenzoyl, I-naphthoyl, 2-naphthoyl, o-
phthaloyl, benzyl, p-methoxybenzyl, triphenylmethyl, tri(C1-C6
alkyl)silyl, tri(C6-C10 aryl or C1-C6 heteroaryl)silyl, di(C6-C10 aryl or
C1-C6 heteroaryl }(C1-C6 alkyl)silyl, or (C6-C10 aryl or C1-C6
heteroaryl)di(C1-C6 alkyl)silyl.

6. The compound of claim 1, wherein X is halogen.
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those skilled in the art without departing fromthe scope and spirit of the
i nvention. Although the invention has been described in connection with
certain ewbadimmmss, it shoul d be understood that the i mreentscan/oazic! ai ned
shoul d not be unduly limted to such enbodi nents. |Indeed, various 5
nodi fications of the described nodes for carrying out the invention that
are obvious to those skilled in the relevant art are intended to be within
the scope of the7 ﬁM&f‘édrﬂ;ﬁbunWtﬁtclalﬁl tvahereid Z § halégedl dBCll- A conpound
having the formul a wherein X is halogen or oxo; Zis a |leaving group;
Qis -C(O)H, - @g@@bc)y@nifonat@m) H(CH2) "0Y1, or -C(R)HCH2C(0)0Y1; Ris H
or - 0Y2; Y1 and Y2 are each independently H or a hydroxyl protecting
group; and nis 1 or 2. 2. The conpound of claim1l having the fornula (la):
s, The compound gf Rcdmountfiiictiith R Wiereio P ) 3kl idhiad e prgiiRRund. of
claim3, wherein Y1, together with the oxygen to which it Is bound, is an
ester, carbonate, carbanate sul fonate, or ether hydroxyl protecting group.
5. The conmpound qf claim4, wherein Y1 is pivaloyl, acetyl, benzoyl,
pbr onobenzoyl , pInethssapramdyat claimnhpaying e fopmmladblioyi ,  opht hal oyl ,
benzyl, p-nethoxybenzyl, tyi phenyl met hyl, tri (Cl-C6 aIkyI)sinI, tri(C6-C10
aryl or Cl1-C6 hetergpry Ql, di(CB-ClO aryl or Cl-C6 heteroaryl)(Cl-C6
al kyl)silyl, or 2 Cl-C6 heteroaryl)di (Cl-C6 al kyl)silyl. 6.
The conpound of ¢ erein i s hal ogen. 7. The conpound of claim
1, wherein Zis hajﬂfjgen or TICl- %)%Yk&b;ujvlﬁelra@t'ﬁ, i8 H, Tpiealophpeunsll1op- cl ai m
7, wherein Zis triflate, iodide, or de. 9. The conpound of claiml
havi ng the for muPEPMeRPNZOY}e @T’FWih‘{Ml,b)z f\ﬁ/ﬁ@ihé‘yh wrmethaxybepzeyil.oyer  o-
benzoyl, p- bro 2- napht hoyl , p-nmet hoxybenzoyl, or
"gﬁll%fiﬁ*&% ot a s?l?ﬁﬁe 20

ophthaloyl or a ereo conpound havi ng the formul a:

10. A compound having the formula:

MeO, SO,Ph
Y4O\)\\‘\\ i

O H o
T Q
Me O
X (II),

wherein X is halogen or oxo; Q is -C(O)H, -

CH=CHC(O)OY |, -C(R)H(CH,),0Y}, or -C(R)HCH,C(0)OYy; Ris H or -
OY;nislor2;Y,, Y, Vs, and Yy are each independently H or a hydroxyl
protecting group; T is oxo or -OYs; and Y is H or a hydroxyl protecting
group, or Ys, together with the oxygen atom to which it is bound, is a

leaving group.
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MeQ (----SQ2Ph Y30 CO Me O (Il), wherein X is halogen or oxo; Qis
-C(0)H, - CH=CHC(0)O0Y1l, -C(RH(CH2)"0Y1, or -C(R)HCH2C(0)OY1; Ris Hor -
0Y2; n iswb20r1/@433¥1, Y2, Y3, and Y4 are each independemrciryuskbion2m1hydr oxyl
protecting group; T is oxo or -0Y5; and Y5 is H or a hydroxyl protecting
group, or Y5, together with the oxygen atomto which it is bound, is a

| eaving group. 11. The conpound of claim 10 having the formula: MeQ SO2Ph

Y30 ) Y40 12. The Tenpoytaindfofelznm Olkaviay thegfothelaf or mul a: MeQS02Ph Y30
Y40-,>c 0" Y30" nnec&}l--/ - Xél [1)). 13. The conpound of claim 10, wherein
nﬁ@Pn‘?Jl of claim 13, wherein Yi, together with

Qis -(CH2)30YL. She
t he oxygen at %nc%\g?ggi\h Nt is bound, is an ester, carbonate, carbamate,
et ydrax
T\\‘

sul fonate, or pr ot ecu ng group;

0]
Q

Me O
X (ITa).

12. The compound of claim 10 having the formula:

MeO,, SOzph
Y4O\/l\\‘\\ e,

o H
Ys0" O
Me (@)

Q

X (Ib).

13. The compound of claim 10, wherein Q is —(CH,);0Y;.

14. The compound of claim 13, wherein Y, together with the oxygen atom
to which it is bound, is an ester, carbonate, carbamate, sulfonate, or ether
hydroxyl protecting group;
each of Y; and Y, is, independently and together with the oxygen atom
to which it is bound, an ester, carbonate, carbamate, sulfonatc, or cther
hydroxyl protecting group, or Y; and Y, together with the oxygen atoms
to which they are bound are a cyclic carbonate, cyclic boronate, acetal,
ketal, or cyclic silylene hydroxyl protecting group or 1,1,3,3-
tetraisopropylsiloxanediyl;

Tis -OYs; and
Y, together with the oxygen atom to which it is bound, is an ester,

carbonate, carbamate, sulfonate, or ether hydroxyl protecting group.
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each of Y3 and Y4 is, independently and together with the oxygen atomto
which it is bound, an ester, carbonate, carbamate, sul fonatc, or ether

hydr oxyl woabaeussg group, or Y3 and Y4 together with treTmsg@an2mtions to
whi ch they are bound are a cyclic carbonate, cyclic boronate, acetal,

ketal, or cyclic silylene hydroxyl protecting group or 1,1, 3, 3-

tetrai sopropyl siloxanediyl; T is -0Y5;, and Y5, together with the oxygen
atom to which it 15sTHetombound cfitlal B, witaeionas givaleylpasaticberobf, ppat e, or
et her hydroxyl protecting group. 15. The conmpound of claim 14, wherein Yl
i s pival oyl, acet ylbromehorspyl, pmeBiaxybenzsyl., 1 -panhtheidx3meplibgyl, 04- napht hoyl ,
2- napht hoyl , ophthal,oyl., benzyl, p-nethoxybenzyl,  triphenyl nethyl,
tri(Cl-C5 alkyl)si |F§‘|?1¥al?¥1r E%&az%ﬂbg’eﬁ XY§?1¥7@§3§§H?,1@{1@,€§§?{}¥5(§?{3¥, di (06- C10
aryl or Cl-C6 heter ; I iyl i - 7
heteroaryl)di(Cl-Cﬁﬂgﬁﬁﬁ%}gﬁps?Fﬁ?§¥&%%gtggﬁggﬁﬁggg?g??g?g¥¥h?ﬁ%ﬁ%ﬂg?n Y3
and Y4 are each i ndebé&odmttrbyryl )} C(-€16 akyBbikyll dis(d64C10taryl(aC&E1CC6 aryl or
Cl-C6 heteroaryl)silyl, di(C6- C10 ary| or Cl-C6 heteroaryl) (Cl-C6

al kyl)silyl, or (od Oafé(f')ﬂl(cdrc@]aﬂﬁ'l)%ﬁi’]er oaryl )di (Cl-C6 al kyl)silyl, or Y3
and Y4 are together di (Cl- C6al kyl)silylene. 17. The conpound of claim 14,
wherein Y5 is acetyl, benzoyl, pbronobenzoyl, p-nethoxybenzoyl,

1- napht hoyl, 2- naphtHeddmpduhd@@itldial DY whetdin Yihdopmewaeh ﬁfde?érﬁieﬁtlﬂz&
wherein Xi s hal ogen. 19. The conpound of claim 10 having the fornul a:

MeQ TBSO TBSO SO2p(C1-soalkydisilyl ciri( Corelloany] o1 Car(ch hFerary Daslyl. ali(@ws: i
Ys HH C10 aryl or C1-C6 heteroaryl)(C1-C6 alkyl)silyl, or (C6-C10 aryl or C1-
C6 heteroaryl)di(C1-C6 alkyl)silyl, or Y3 and Y, are together di(C1-

Céalkyl)silylene.

17. The compound of claim 14, wherein Y is acetyl, benzoyl, p-
bromobenzoyl, p-methoxybenzoyl, 1-naphthoyl, 2-naphthoyl, or o-
phthaloyl.

18. The compound of claim 10, wherein X is halogen.

19. The compound of claim 10 having the formula:

MeO, SO,Ph
TBSO ({

TBSO\)\\‘\\ ,/'l

o H

Y50™ 0

Me O
I OY1(IIC), wherein Y, and Y are as

follows:
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benzoyl benzoyl
pi val oyl benzoyl

p- br onobenzoyl p-bronmobenzoyl pival oyl H pival oyl
2- napht hoyl H 2-napht hoyl 2-naphthoyl 1-naphthoyl

acetyl
H

1- napht hoy0 28tepdsv hoyl p- net hoxybenzoyl H p- net hoxyben2eaylus2011/022611

p- met hoxybenzoyl

o- pht hal oyl or salt thereof

Y; Ys

H H

benzoyl benzoyl
p-bromobenzoyl p-bromobenzoyl
pivaloyl H

pivaloyl acetyl

pivaloyl benzoyl
2-naphthoyl H

2-naphthoyl 2-naphthoyl
1-naphthoyl H

I-naphthoyl 1-naphthoyl
p-methoxybenzoyl H
p-methoxybenzoyl p-methoxybenzoyl
o-phthaloyl or salt thereof | H.

20. The compound of claim 10 having the formula:

MeQ, SO,Ph
TBSO 4—(
TBSO\)\\\“ "

O

0O @)

Me @]

| OPiv

AD )
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H.  20. The conpound of claim 10 having the formula: MeQSO2Ph TBSO',,c TBSO
0 AD 21. A conpound having the formula: MeQSO2Ph )(400sc Y30 "' 0 Y5Css'
OyQ liii,wotergimss® is -C(0)I1, -C1=Cl-TC(0)0Y1l, -C(R) HCCHR»O1GMI261Dr -
C(R)HCH2C(0)0Y1l; Ris Hor -0Y2; nis 1 or 2; Yi, Y2, Y3, and Y4 are each

i ndependently H or a hydroxyl protecting group; Uis halogen or -0Y6; Y5 is
H or a hydroxyl protecting group or Y5, together with the oxygen atomto

which it is boung]. Agompoaad higngtiesformand Y6 is 11 or a hydroxyl
protecting group or Y6, teﬁet her with the oxygen atomto which it is bound,

is aleaving group, pr Meddd trarS@pBR Q is -(CH2)30Y1, Uis -0Y6, -0Y6 is
a | eaving group, and , Y3¥ and Y4 are protecting groups, Y5 is not H 22.
The conpound of &4& h b ,the formula (Ina): MeQSO2Ph Y30'2 Y40.0sCO
Y50" Y60

}J (TID),

wherein Q is -C(O)II, -CH=CHC(0)OY;, -C(R)H(CH,),0OY}, or -
C(R)HCH,C(O)OY;; RisHor -OY,;nis 1 or2; Yy, Yo, Y3, and Y, are
each independently H or a hydroxyl protecting group; U is halogen or -OYy;
Y is H or a hydroxyl protecting group or Ys, together with the oxygen atom
to which it is bound, is a leaving group; and Yy is IT or a hydroxyl
protecting group or Y, together with the oxygen atom to which it is bound,
is a leaving group, provided that when Q is —(CH,);0Y,, U is -OYy, -OY is

a leaving group, and Y,, Y3, and Y, are protecting groups, Ys is not H.

22.The compound of claim 21 having the formula (IIla):

MeO, SO,Ph
Y30 Y

Y4O\)\\\“ 0 e,

Y0
YO

’

'‘Me
0._.Q

}J (TTa).

23. The compound of claim 21, wherein Q is <(CH,);0Y}.
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>L' "Me OyQ (11lla). 23. The conpound of claim 21, wherein Qis -(CH2)30Y1.
24. The conpound of claim 23, wherein Y1, together wwth the oxygen atomto
whi ch it we2boumas39i s an ester, carbonate, carbamate, secTasad/2mi1 et her
hydr oxyl protecting group; Y3 and Y4 are each, independently and together
with the oxygen atomto which it is bound, an ester, carbonate, carbamate,
sul fonate, or ether hydroxyl protecting group, or Y3 and Y4 together with
the oxygen at oms24Theiotipdundyofaiam2B) Mhetdia ¥, tpethice witi thoalygen awal i C
boronate, acetal, ketal, or cyclic silylene hydroxyl protecting group or
1,1, 3,3- tetrai soprt@ﬁmlgh itax berendl, 4 an efier, y@bonagetanbamaies swlfonateoayefbar at om
to which it is bou i s,an ester carbonate carbamate, sulfonate, or

et her hydr oxyl pro'[l]é"éif(?w& tSY}ng§§ The conmpound of claim 24, wherein Y1
is pivaloyl, acetyly, zt}fd"?ﬁéﬁle ea@ll?rlﬁ B&aW an(PfogthlgPthBEtHE‘@)r% en]atﬂﬁipcﬂt hoyl,
2- napht hoyl , opht hal oyI enzyl, t hoxybenzy tri phenyl %

tri (Cl-C6 al kyl) si Iwhigch itris bG6ad kD eatey,l capbvorGle, eﬁruaﬁtadaﬁr (sarfyme)ts,l dr)dtherdl (C6-C10
aryl or d- CGheteroryl(ClCﬁaIkI)sHyI or Cl-C6

het er oaryl ) di ( CL- CAWYSr®&p ! PEQUESHNE SIQUDITPFe ac@wp‘éum r&iﬂéﬂhﬁmgmp@w Y3

3o het er oar ! 32??%”9%5%@ byt Gelitedohits; ofdiitofta £h6L
al kyl)silyl, or (ChefalCoredy llC@ﬂ leh&hy dneﬁ( I prdt 66t1}1§1g,(r&3p6i61 aI3k3/I )silyl, or Y3
and Y4 are together di (Cl ?,kyl si |yl ene he corrpound of claim 24,

wherein Y5 is acet yttralmﬂpylsllomdwhmdzoyl p- met hoxybenzoyl ,
of claim21,

1- ht hoyl , 2- h ht hal
RN AR T L KT ths R A Bh?fp“"h ”pb%‘ﬁageaﬁa&a% of &l aim
21, wherein Y6 is "c‘ar&ﬁateTB@rbﬁﬁﬁ&o'éunﬁmﬂfte QJr%'tHQr %%drd@?%ﬁ%&iusn%@oﬁﬁ a

IeaV| ng group. 31. The conpound of clal m30, whefein -

(C1-Co6) al kyl sul fonate, (C6-Cl0 aryl or O -C6 heteroaryl)sul fonate,
(C6-Cl5)aryl (C1- _C6)al kyl sul fonate, or

( C1- 08) het er oar yP{-Ghecmmapnr o cladmad‘e Whepein i ds em@ﬁadn@ebfl bangpyh 1,

wherein -0Y6 is ne e [

phenyl sul f onat e, ﬁ%ehgeqzto } Lbo%gﬁl%k&g%%% - 1§%’%I’tl%ﬁ)fdf H%lg lﬁffg};lm 21 havi ng

the formil a: NEQS%ﬂﬂlaT@SCbenz@L P mﬁﬁﬁ@y@eﬁzy@@ﬂen%e&yﬁ&n@l C6
alkyDsilyl, tri(C6-C10 aryl or C1-C6 heteroaryl)silyl, di(C6-C10 aryl or
C1-C6 heteroaryl)(C1-C6 alkyDsilyl, or (C6-C10 aryl or C1-C6
heteroaryl)di(C1-C6 alkyl)silyl.

26. The compound of claim 24, wherein Y; and Y, are each independently
tri(C1-C6 alkyl)silyl, tri(C6-C10 aryl or C1-C6 heteroaryl)silyl, di(C6-
C10 ary! or C1-C6 heteroaryl)(C1-C6 alkyl)silyl, or (C6-C10 aryl or C1-
C6 heteroaryl)di(C1-C6 alkyl)silyl, or Y; and Y, are together di(C1-
Cé6)alkylsilylene.

27. The compound of claim 24, wherein Y is acetyl, benzoyl, p-
bromobenzoyl, p-methoxybenzoyl, 1-naphthoyl, 2-naphthoyl, or o-
phthaloyl.

28. The compound of claim 21, wherein Y is H or a hydroxyl protecting

group.
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34. A nmet hod of synthesizing ER-804028: Me0., SO2Ph TBSO TBSO C)

conprising the steps of: (i) reacting the conpound of claiml1l with a
conpound wewhngtise formula (I1V): M, SO2Ph Y30 O0''Il C HOr(UsY)i/oxdser ei n Y3,
and Y4, are each independently H or a hydroxyl protecting group, under NHK
coupling conditions to produce the conmpound of claim10; (ii) reacting the
product of step (i) under Vasella fragnentation conditions to produce the
conmpound of claim2l; and (iii) reacting the product of step (ii) under

conditions for intranolecular WIIlianson etherification to produce
ER- 804028. 29. The compound of claim 21, wherein Yy is H.

30. The compound of claim 21, wherein -OYj is a leaving group.
31. The compound of claim 30, wherein -OYj is (C1-C6)alkylsulfonate,
(C6-C10 aryl or C1-C6 heteroaryl)sulfonate, (C6-C15)aryl(C1-

Cé)alkylsulfonate, or (C1-C6)heteroaryl(C1-Cé6)alkylsulfonate.

32.The compound of claim 31, wherein -OY is mesylate, toluenesulfonate,

isopropylsulfonate, phenylsulfonate, or benzylsulfonate.

33. The compound of claim 21 having the formula:

MeO, SO,Ph
TBSO 1—{'
1BS0. A . o

AcO"
HO

"“"Me
o) .
’ OPiv
. 5
34. A method of synthesizing ER-804028:

MeQ SO2 Ph
TBSO
TBSO\)\\\\\\\ “,

0]

aw

nny

O

N\ 1,
\\\\\ 11,

L, o

7, ,///

Me
OH
(ER-804028), said method

comprising the steps of:



WO 2011/094339 PCT/US2011/022611

(i) reacting the compound of claim 1 with a compound having the formula

(Ivy:

MeQ, SO5Ph
sl
Y4O\)\\\“ ""l

° CHO  (IV), wherein Y3, and Y4, are each independently
H or a hydroxyl protecting group, under NHK coupling conditions to
produce the compound of claim 10;
(i) reacting the product of step (i) under Vasella fragmentation conditions to
produce the compound of claim 21; and
(ii1) reacting the product of step (ii) under conditions for intramolecular

Williamson etherification to produce ER-804028.
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