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[0003] Cancer is a leading cause of death in the United States. Despite
significant efforts to find new approaches yfor treating cancer, the primary treatment
options remain surgery, chemotherapy and radiation therapy, either alone or in
combination. Surgery and radiation therapy, however, are generally useful only for fairly
defined types of cancer, and are of limited use for treating patients with disseminated
disease. Chemotherapy is the method that is generally useful in treating patients with
metastatic cancer or diffuse cancers such as leukemias. Although chemotherapy can
provide a therapeutic benefit, it often fails to result in cure of the disease due to the
patient’s cancer cells becoming resistant to the chemotherapeutic agent. Due, in part, to
the likelihood of cancer cells becoming resistant to a chemotherapeutic agent, such agents

are commonly used in combination to treat patients.
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Further, the isolation of novel anti-cancer and anti-microbial agents that represent
alternative mechanistic classes to those currently on the market will help to address
resistance concerns, including any mechanism-based resistance that may have been

engineered into pathogens for bioterrorism purposes.
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PCT/ US2007/ 008562 SUMVARY OF THE | NVENTI ON [ 00081 The

enbodi nents di scl osed herein generally relate to the

total synthesis of chem cal conpounds, i ncluding

het er ocycl i ¢ conmpounds and anal ogs thereof. Sone

enbodi nents are directed to the chem cal conpound and
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OtherEhbsdimBts 4 Qitected (& khe [HViddal NEhBAY S8 isPMALsizing the chemical
descrjbed herein relates to a nethod for synthesizing
corgROWH MhBtrRe At ARRAMEdST fornula (V). [0011]
AnOt[‘ilﬂE‘] embadi JRhddifRC a8 N REEIdRLAlLS ntné%h@% fogf synthesizing

met hod for synthesizing an intermed ate conmpoun
Salingsporagidep arfdoigrianelagsithiouglh gu firgerreshatd icommpounie of fortmath (V):

herein relates to a methogyfor synthesizing an

i nt er medi ate conpouR 0 la (XV). [0013] Yet

still another enbodi nent\ des¢ri bed herein relates to a

met hod for synthesizi ngN €OooR)j at e conpound of

formula (XVil). [0014] odh ment descri bed herein

relates to a nethod ¢ Pal ng Salinosporamnm de

A and its anal ogs through gn i n medi at e compound of

formula (V). [0015] Another enbodinment descri bed

herein relates to a net hod r synthesi zi ng

Sal i nosporam de A and its anz} ogs through an

i nternedi ate conpound of forlnula (VI{v).[0016] Still

ﬁg? lt[]lgﬁrﬂ]] g?b&jlle régx%todgr?esn% rdlegc?ﬂ)eg %reSelirrll rélg{egttg ?1 nggthgd for synthesizing
an intermediate compound of formula (V).

[0011] Another embodiment described herein relates to a method for
synthesizing an intermediate compound of formula (X).

[0012) Still another embodiment described herein relates to a method for
synthesizing an intermediate compound of formula (XV).

[0013]) Yet still another embodiment described herein relates to a method for
synthesizing an intermediate compound of formula (XVII).

[0014] One embodiment described herein relates to a method for synthesizing
Salinosporamide A and its analogs through an intermediate compound of formula M.

[0015] Another embodiment described herein relates to a method for
synthesizing Salinosporamide A and its analogs through an intermediate compound of
formula (VI).

[0016] Still another embodiment described herein relates to a method for
synthesizing Salinosporamide A and its analogs through an intermediate co;npound of
formula (X).
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[0024] Some embodiments described herein relate to the individual methods
of synthesizing compounds of formula (III), (IV), (VI), (VI), (VID), (VIII), (IX), (X),
XV), (XVI), (XXII), (XXIII), (XXIV), (XXV), XXVI), XXVII), (XXVHI) and
protected derivatives thereof.

[0025] Other embodiments described herein relate to the individual
compounds of formula (II1), (IV), (VI), (VD), (VII), (VIID), (IX), (X), (XV), (XV]), (XXII)
(XXIID) (XXIV), (XXV) (XX VI), (XX VII), (XXVIII) and protected derivatives thereof.

[0026] One embodiment described herein relates to a method of forming a
compound of formula (X) from a compound of formula (V) comprising the steps of:
cleaving the carbon-carbon double bond of the compound of formula (V) and cyclizing
the cleaved double bond with the tertiary hydroxy group; transforming ~COOR; to an
aldehyde; and adding R4 to the aldehyde using an organometallic moiety containing at

least one R4, wherein R; and R, are described herein
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BRIEF DESCRIPTION OF THE DRAWINGS
[0030] The accompanying drawings, which are incorporated in and form part
of the specification, merely illustrate certain preferred embodiments of the present
invention. Together with the remainder of the specification, they are meant to serve to
explain preferred modes of making certain compounds of the invention to those of skilled
in the art. In the drawings:

[0031] Figure 1 shows the chemical structure of Salinosporamide A.



is after the renoval of PGl and reductively opening

the hem acetal, but before the formation of the four
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DESCRI PTI ON OF THE DRAW NGS [ 00301 The acconpanyi ng

drawi ngs, which are incorporated in and formpart of

the specification, nmerely illustrate certain preferred

enbodi ments of the present invention. Together with

t he renmai nder of the speC|f| cation, they are neant to

ser W32p eKigued 2 showﬁ er HadMbo slmtmfm ofithiengng@uhdiofi formula (1-1)
in éﬁr&ounds of the invention to those of skilled in the

art””’In the drawi ngs: [00311 Figure 1 shows the

che0033] st FiguteiBeslafwsSal THN QSR gpecthiemd.of the dMRr precursor to the

2007/ 91 P S2 08562 [0032] Figure 2 shows

CO*BR‘i‘f‘dr{ﬁ#F%SQBE‘@f@ﬂ Colgﬁ “conmpound of formula (1-1) in
CDC}6034) 003Biguld 98héws aSHANRIR spdetriYRo S5the qa&étea?eafes&h srecursor of
ester precursor to the conpound of formula (I1-1

thegompoung @b forpyte (lyld i CMdas a ' H NVR spect rum of the

pro d ep{fite PLRGHS 80 .
mﬁs? C[%e G5 808 5.@%‘5? 48 urBRIBIANE doibohil Bimula (11-1)

méﬁ’@éirum of the conpound of formula (I1-1) in CDC13.

QU 1 [\NXE -
n‘iﬁi 13 61?(‘!%64I a (ﬁ? i s}%%%tﬁptg ggt?ﬁ?__und of formula (III
l)ﬁbCEﬁldmvs a LC—I\/IS of the corrpound of forrrula (III-1)
OO i gu
ik o Eaffap iRt oL Wb BER et Rémgn
s h0\[\m)38] NOEBhgmsqs)@at bhiaws 2 HNMRcspﬁmumd:fm]ﬁe émpmhmi ¢fl f¥rmula (IV-
B% CDC13. [0040] Figure 7c shows a'H NMR spectrum
D Cb & compound of formula (IV- 1A) in CDO 3. [0041]

Fi ggoa397d sPptge ab ShbWVRNDESYTspactaim tolf ehec eompoutidl &ff formula (IV-
formula (I'V- 1 B) in CDC13. [0042] Figure 7e shows a
DIcEENEf the conpound of formula (1V-1).

[0040] Figure 7c shows a "H NMR spectrum of the compound of formula (IV-
1A) in CDCl;.

[0041} Figure 7d shows a 'H NMR spectrum of the compound of formula (IV-
1B) in CDCl3.

[0042] Figure 7e shows a LC-MS of the compound of formula (IV-1).

[0043] Figure 8 shows a '"H NMR spectrum of the compound of formula (V-
1A) in CDCl;.

[0044] Figure 9 shows a '>C NMR spectrum of the compound of formula (V-
14) in CDCl;.

[0045] Figure 10 shows a '"H-'H COSY NMR spectrum of the compound of
formula (V-1A) in CDCl;.

[0046] Figure 11 shows the crystal structure of the compound of formula (V-
1A).

[0047)] Figure 12 shows a '"H NMR spectrum of the compound of formula (VI-
1) in CDCls.

[0048] Figure 13 shows a '"H NMR spectrum of the compound of formula
(VII-1,) in CDCls.

[0049] Figure 14 shows a 'H NMR spectrum of the compound of formula
(VI1I-1p) in CDCl3.



[0043] Figure 8 shows a 'H NMR spectrum of the
conpound of formula (V- 1 A in CDC13. [0044] Figure 9
wehem1z2d8C NVR spectrum of the conpound of foPaUiUS2(0V008562
1 A in CDC13. [0045] Figure 10 shows a 'H' H COSY
NMR spectrum of the compound of formula (V-1A) in
CDC13. [0046] Figure 11 shows the crystal structure of
t he conpound of fornmula (V- IA). [0047] Figure 12
shows a'H NMR spectrum of the conpound of fornula (V-
1) [0056PC13FightkBihowvshe erybiil stroetsreaof thie BivRpsped of fomnula (VII-
of the compound of formula (VIl-la) in CDC13. [0049]
Figure 14 shows a 'H NWVR spectrum of the conmpound of
for (adsd] ( \Figuikb)6isho@OGL 3 NBIRAEp&AAiH W AR6 lcompound of formula

I \US 008562 [0050] Figure 15 shows the crystal
(Vgpﬁ't)d?ﬁﬁ:ggéf the conpound of fornula (VII- 1b) [00511

Fi gpo05216 Shigofe 27 'shbWVR 'SPROIR W 1Bé cbRPotAdBEY&smah (VIII-1,) in
formula (MI1-1b) in CDC13. [0052] Figure 17 shows a
NMR of the conpound of fornmula (MII-la) in CDC13

[ O0p¢s3F gUF%uile‘Slg; BiAss 2'EINNR &Gk Wtef cdifound of formula (IX-
conpound of fornmula (IX- 1 b) in CDC13. [0054] Figure

1)1 a' H NMR spectrum of the conpound of formJI a
pellP of PR shentg o VR e e T A ptpo b Gpgrute
1) 0OBBILFi gure 21 shows a 13C NMR spectrum of the
22 TSR RSO Shod e TR ettt B o8 Formula -
1p,B)dnGa@ls ( X-
[0056] Figure 21 shows a >C NMR spectrum of the compound of formula (X-
1,B) in CDCl;.
[0057) Figure 22 shows the crystal structure of the compound of formula (X-
1,B).
[0058] Figure 23 shows a "H NMR spectrum of the compound of formula (X-
1.B) in CDCl;.
[0059] Figure 24 shows a '>C NMR spectrum of the compound of formula (X-
1,B) in CDCl;. 4 : .
[0060]) Figure 25 shows a 'H NMR spectrum of the compound of formula (V-
1B) in CDCls.
[0061] Figure 26 shows the crystal structure of the compound of formula (V-

1p)

1B).

[0062} Figure 27 shows a 'H NMR spectrum of the compound of formula (V-
1C) in CDCls.

[0063]) Figure 28 shows a '>*C NMR spectrum of the compound of formula (V-
1C) in CDCls.

[0064] Figure 29 shows a NOESY spectrum of the compound of formula (V-
1C) in CDCls.

[0065] Figure 30 shows a 'H NMR spectrum of the compound of formula
(XXIX-1) in CDCls.

[0066] Figure 31 shows a >C NMR spectrum of the compound of formula
(XXIX-1) in CDCl3.



1 bB). [0058] Figure 23 shows a 'H NVR spectrum of the

conpound of formula (X- 1.13) in CDC13. [0059] Figure
wa4owhemia 13C NVR spectrum of the conpound oPCTmiSzera0s562

(X- 1,,B) in CDC13. [0060] Figure 25 shows a 'H NWR

spectrum of the conpound of fornmula (V- I1B) in CDC13.

[0061] Figure 26 shows the crystal structure of the

compound of formula (V- 1 B). [0062] Figure 27 shows

a' H NWVR spectrum of the conmpound of forrmula (V- 1 O

in @DGIR. 1Fig6R:13Fishawe 281N spectih NYRhs peaigount aff formula

of formula (V- 1 C) in CDCl13. [0064]
(X*ﬁg'&ﬁgmz)éky;ﬂbv\s a NOESY spectrum of the conmpound of
f or [osl68] (V- Figmf@) 31;] I%hGDSb3'-3C((j &@?ﬁ%sp&tg?m %t?@esdm) uad' df formula
ectrum of the conpound o ormul a XXl X-1) in
(X)%lé. "(Mét Figure 31 shows a 13C NWR spectrum of
the;myi;ounpk ofe BOTSRBLE a (PONKIR )spbdtrae¥3the -confdund of formula
2007/ 117591 PCT/ US2007/ 008562 [0867] Fi gure 32 shows

(XAIMAYBRR ipdellum of the conpound of formul a
(xxiddﬂ)} B) Fi?u%%ho@v@%ﬁgi%{ WMt [sPedring e EohifoulYFof formula

spectrum of The conpoun formula (XXII1-1B) in
(XXWHB-Bh) @ EPClRi gure 34 shows a ' H NVR spectrum of the

COTME ! pE S o SR e R o o
(XXurhdBe) if KIEIIB- Bz) in CDCl3. 100711 Figure 36 shows

?X)l(f}ﬁ%{i/gz Slgli%%ge{:%?ls%gwtshae TFOWRAY r&ge&];ur}; O((f‘%'eacompound of formula
(XXVp-1B-Bz-TMS) in CDCls.

[0073] Figure 38 shows a *C NMR spectrum of the compound of formula
(XXVp-1B-Bz-TMS) in CDCls.

[0074] Figure 39 shows a 'H NMR spectrum of the compound of formula
(XXVI1-1B-Bz) in CD:OD.

[0075}) Figure 40 shows a >C NMR spectrum of the compound of formula
(XXVI-1B-Bz) in CD3:OD.

[0076] Figure 41 shows a '"H NMR spectrum of the compound of formula
(XXVI1I-1B-TBS) in CDCls.

[0077] Figure 42 shows a '"H NMR spectrum of the compound of formula
(XV-1B) in acetone-ds. . '

[0078] Figure 43 shows a 13C NMR spectrum of the compound of formula
(XV-1B) in acetone-ds. ‘

[0079] Figure 44 shows a 'H NMR spectrum of the compound of formula
(XVI-1B) produced from the compound of formula (XV-1B) produced synthetically in
CDCl;.

[0080] Figure 45 shows a '>*C NMR spectrum of the compound of formula
(XVI-1B) produced from the compound of formula (XV-1B) produced synthetically in
CDCls.

[0081]  Figure 46 shows 'H NMR spectrum of the compound of formula
(XXII-1) produced from the compound of formula (XVI-1B) obtained synthetically in
CDCls.



[00721 Figure 37 shows a 'H NVR spectrum of the

conpound of formula (XXVp-1B-Bz-TM5) in CDC13. [0073]
woienrre788 shows a 13C NVR spectrum of the conpoumug2mi7/008562

formula (XXVp-1 B-Bz-TMS) in CDC13. [00741 Figure 39

shows a 'H NWR spectrum of the conmpound of formula

(XXVI -1B-Bz) in CD30OD. [00751 Figure 40 shows a 13C

NMR spectrum of the conpound of fornula (XXVI-1B-Bz)

in CD30D. [0076] Figure 41 shows a 'H NMR spectrum of

t he [@@8R)ounBignie #Dshowsa'H NfRIsptethBa BBS)e ¢am@DGHRS formula (XVI-

A 007 Figure 42 sho 1- ctrumof th .
- 1) lory E s R nR o e TS RS iR gally in DMSO-
de.Fi gure 43 shows a 13C NWR spectrum of the conmpound of

for (XM:1 B)_in acetone-(5. 9] Figure 44

shoiﬂi"’%l' H r%ﬁ%é??\ﬁw SPmeMﬁggﬂN&%ﬁg?m cgmpound (XV1-
1.A) P ducB sprithstitand ahl $on Reneampiernd of formula (XV-1B)

produced synthetically in,, CDC13. [0080] Figure 45

shol@08411 3CFigure 48ethomisng ofC MR erpsBuUmdohiher epmpoupd of formula
xR gx)lﬁ aREROBGR e ¢ Ilsgnaﬁdcmm ngéﬁpgmmir{egggyﬁﬁ)eﬁcany in

produced synt heti cal CDC13. I gure
DMBEOW- ' H NVR spectrum of the conpound of fornula

) RO PE et SR I e SRPRRRG0 6 W Gt 6 gompound
XNCI/A)320000e0 B@htB 2t cdl 3B rdrn Jemeendaticmhows 1H NVR

#PESHRT O Flt SRR bt AR of AR5 R i
CDynt hetical l'y | n DVMSO- d6. [00831 Figure 48 shows a

or odietd sy fiaet EaRPYS antl HMGh PSRN PLMe ARG 2] formula CX-
1 )ih@mel;49 shows a 13C NWR spectrum of the conpound of

For r?d(l)tlaS] Figure 53 s shows a '*C NMR spectrum of the compound of formula
(X-1,) in CDCl;. :

]0089] Figure 54 shows a 'H NMR spectrum of the compound of formula (X-
1p) in CDCls.

[0090] Figure 55 shows a '>C NMR spectrum of the compound of formula (X-
1p) in CDCl;.

[0091] Figure 56 shows the crystal structure of the corﬁpound of formula (X-
1p).

[0092] Figure 57 shows a plot of the inhibition of the chymotrypsin-like
activity of 20S proteasomes by the synthetic and fermentation compounds of formula
(XVI-1A).

[0093] Figure 58 shows a plot of the inhibition of the trypsin-like activity of
20S proteasomes by the synthetic and fermentation compounds of formula (XVI-1A).

[0094] Figure 59 shows a plot of the inhibition of the caspase-like activity of

20S proteasomes by the synthetic and fermentation compounds of formula (XVI-1A).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0095] Numerous references are cited herein. The references cited herein,
including the U.S. patents cited herein, are each to be considered incorporated by

reference in their entirety into this specification.

-9-



(XVI -1A) produced fromthe conmpound of fornula

(XXI'l-1) obtained synthetically in DVSO d6. 100851
woioure7¥0 shows a conpari son of 13C NMR spect paTmi2007/008562

compound (XVI-1 A) produced synthetically and from

fermentation. 100861 Figure 51 shows a 'H NWMR spectrum

of cycl ohexenyltributyltin in CDCL3. [00871 Figure 52

shows a 'H NWVR spectrum of the conmpound of formula-(X-

1,,) in CDC13. [0088] Figure 53 s shows a 13C NWR

spetdd96in of Embedinmqmqﬁdxedﬁvém'mmjhaludé,)bdt a)e hot 1GEA® to, methods
1 F| ure.54 .shows a 1H Nl\/Rds ectr iﬁ(P

ARt B NaripUS EReibpungs ppd efEmediilshoRid B gogpounds and

inté@mediamsssthambalCeNNR Sbﬂ&scérhbléﬂlﬁfenfsb ené @Eﬂhﬁtﬁe dubétitheftslldi® or more

in CDC13. [00911 Figure hovvs the cryst ‘al
cordp il Ve GHPY HLCUBRPIUA B efﬁ?Fﬁ‘\%F%‘ gxclydgd ingtsgysanc or more of

theMh&@Hb@s SricophpidddadiSicribéd kdse il Kaléwon of the
chym)trﬂpsn n-like activity of 20S proteasones by the

synl0f7l ¢ afeligasporsmtids i/ findolip Gnaless dhereek hgye various biological
act{v)ﬁ\i/és Fofexa QQ%ﬂe %bg%ﬁn&shglp%elﬁoﬁhmlz%% &Hﬁuty, anti-microbial,

inhibition o t e trypS|n- i ke act|V|ty 0
anthindlammatinns rgdiogdnsitizing, hed puoti-garrer eetidht: &udws have been conducted

I u
thaf QARG 188 o HordlalL Bl B! asploles a0 WU Cadop iRty By, effecr
NFetB ZﬂﬁBmguaémgqmismuy ant dhasy phti@niloaxancifigr nBalimisp@amide A and
ds of formu TAI LED DESCRI PTI .
sev T TR e e 1) B PRI PSPt SFuioed in USS.
Proazﬁﬁoxealtmdedtem;gjlmatlérﬁwmet 6DLI3023%0,Clile@ duiene| R003; 60/566952, filed

Artloo Ao lioFi Sl BB RS0 ko BB RC e Becamber 3

20@0t40784 3020 Nk d Nin%asP €S, $0032 60558889, HQdZIOQZéhIN‘é@ds 60/676533,
PCT/ US2007/ 008562 00961 Enbodi nents of the invention

filadnapiibad, BUAS: A0E67386! filed ABrit 80 AR AISTAFBS¢ filed June 18, 2004;
60@%5%?1&% Fu u%éégidggu%w{s%@@? e d 306 enflie? 138 Q004,850/644132, filed
January 13, 2005; and 60/659385, filed March 4, 2005; U.S. Patent Applications Nos.,

10/871368, filed June 18, 2004; 11/118260, filed April 29, 2005; 11/412,476, filed April
27, 2006; and 11/453374, filed June 15, 2006; and International Patent Applications Nos.,
PCT/US2004/019543, filed June 18, 2004; PCT/US2005/044091, filed December 2,
2005; PCT/US2005/014846, filed April 29, 2005; and PCT/US2006/016104, filed April

27, 2006; each of which is hereby incorporated by reference in its entirety.

for ltgﬁppg

[0098] Provided herein are methods for synthesizing Salinosporamide A and

its analogs through an intermediate compound of formula (V):

R, O
N COOR,
Ra
o OH

V)
[0099] The compound of formula (V) can be synthesized from readily

available starting materials, as described herein. The compound of formula (V) may be

-10-



i nternmedi ates thenselves. In some enbodi nents, one or
nore substituents, one or nore conpounds, or groups
wohowanpounds can be specifically excluded i n 2QY/US2®7/008562
or nore of the nethods or conpounds as described nore
fully below [0097] Salinosporami de A and its anal ogs
t hereof have various biological activities. For
exanpl e, the conmpounds have chenpsensitizing activity,
anti-mcrobial, anti-inflammuation, radiosensitizing,
subaeqheatlyi comverted det Sukingspo@mide ed havenblegs thenchfctBal example
[ anal ogs. hav
sallSbaRifi AU PERBS ORI G, B0 SLAN AR Y Yepme &
Sclengnal i ng pat hway, and have anti-anthrax activity.

Sal i nosporam de A and several anal ogs, as, meé; as R
bth@ activity o th sane, are descrd o0 U. S 4
Provi'si\ongdl Pat ent Appl'i Nos., 60[(f& filed HN
June 2 Q?ORQO/ 566952 H Ap | -

60/ 6@ ed‘:N@!Ge 2002—80P63 filegm—>= ©O

60/ 6588847 fil ed Mar ch 4, 200%; @O/ 676533, iled
April 29, | 005; 60/567336, fil ed Aprl | 30, 2 ;

60/ 580838,V¥ i ed June 18, 20®4; 60/591190, f(X‘V)ed July
26, 2004; 60/MNqR7462, filed Novenber 12, 2004,

60/ 644132, fi Jan ary 3, %005 and 60/ €5
filed March 4, [

10/ 871368, filed June 18N
29, 2005; 11/412, 476, '
11/ 453374, filed June 15, and Tnternati
Pat ent Applications Nos. US2004/ 019543, T
June 18, 2004; PCT/US2005/04408PC1fi|ed Decenbes 2,
2005; PCT/ US2005/ 014846, fil edvyril 29, 2005; (e

PCT/ US2006/ 016104, filed April 27, 2006; each of

which is hereby incorporated by reference inits

ent 10100 | 6@19%1]3 cpporaddsseriihhereia, arabiRrgogasyc carbon can be of

R &y@tct}ﬁﬁgﬁx‘aﬂgn S@ilm&%ﬁ%@gb&@ﬁ&cé&gouﬁdssemlm in ﬂ‘llS application
through an internediate conpound of formula (V): O

cam\begigRIcteqRsn D pprticulay) cqnigmtionh €ommepadn davingf @rhml the opposite
steﬁem:héiﬁi@tx@edt %X?tégfegx" aglgal %El‘ﬁg} 5@3\3#1%}]1 es tﬁ&%b#ﬁ%l flso envxslgned unless

starting” mate escri erern
othefwise spedified. VWheaychiral centérs\w f0ad/ih 17S gd_nvatwes of this invention, it

is P Ci)l'é g%égrg o/ogofggtesgle compounds encompasses all possible stereoisomers unless

otherwise indicated.

[0101] The term “substituted” has its ordinary meaning, as found in numerous
contemporary patents from the related art. See, for example, U.S. Patent Nos. 6,509,331;
6,506,787; 6,500,825; 5,922,683; 5,886,210; 5,874,443; and 6,350,759; all of which are
incorporated herein in their entireties by reference. Examples of suitable substituents
include but are not limited to hydrogen, alkoxy, cycloalkyl, cycloalkenyl, acyl, acylamino,
acyloxy, amino, alkyl amino, aminoacyl, aminoacyloxy, oxyacylamino, cyano, halogen,
hydroxy, carboxyl, carboxylalkyl, keto, thioketo, thiol, thicalkoxy, aryl, aryloxy,
heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino,
nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO,-H, -SO,-OH, -
SOs-alkyl, -SO,-substituted alkyl, -SO;-aryl and -SO;-heteroaryl, heteroaryl, boronate
alkyl, boronic acid, (OH).B-alkyl, phosphate and phosphate esters, phosphonooxy,

-11-



subsequently converted to Salinosporam de A or anal ogs

thereof. For exanple Salinosporanm de A or anal ogs
wohe7aaefsomay be synt hesi zed accordi ng t o SchenBCAUS2007/008562

Schenre AOR4 OHOR4 OF RL R R4 HNHN N COOR2 N OH

ORBRRE0O~0O bh. 0OOOR3I R3 OOCHOPA OH X (V)

(X) (XV) (XVI) R4 O R ORANOHNO R3 =O0OR3 OPG

X (XV1 1) (XXI i) [0100] For the conpounds descri bed

herei n, each stereogenic carbon can be of R or S
ph@Dmrngm’alﬂ(B’b razidal adideaikylt menmopaonf éacboompolraisalt of a carboxyalkyl,

wRTRLL {40 s, SRR E I oL PUE g2 oo

aryhbnposmrboxyst eyang halidustsuifonyl, adlyalg’ls\lﬂ'imﬁ‘,hlaﬂaixyﬂﬂﬂh?r, thiocyano,
m xt.

t hereof a envj_si.oned unl ess
b°r8'f"ﬁ er W@%ﬁg]p e cg?mg’& Gﬁaﬁ‘h‘aﬁ)ﬂ r é?lf%aégge ré aP@lsf Rind2j nsulfoalkyl,
alkbygutfehyMBdyl,V Qafcxyhiys 4 RYRMNA 8 kulfobxydlRyll Qlikysul fonyloxyalkyl
under st ood t hat the coppounds enconpasses all pOSSI

phasphenaspaikshs niBlls Obt Her RPeBhoRGMORIGH, [k mlﬂhomoxy)alkyl
ph(;sﬁﬁdr;]ﬁ‘g#aglré)kgsa st b8 phSGFhohI AKIT, LR FPHo P 1MIky 2Py i @HUPRIKy], a salt
of a pyridinylalkyl, a salt of a heteroarylalkyl guanidino, a salt of a guanidino, and
guanidinoalkyl. Each of the substituents can be further substituted. The other above-
listed patents also provide standard definitions for the term “substituted” that are well-
understood by those of skill in the art.

[0102] Whenever a group is described as “optionally substituted” the group
may be unsubstituted or substituted with one or more substituents as described herein.

[0103] As used herein, any "R" group(s) such as, without limitation, R, R;, Ra,
Rs, R4, Rs, Rs, R7, R, Ra and Rp represent substituents that can be attached to the
indicated atom. An R group may be substituted or unsubstituted. If two "R" groups are
covalently bonded to the same atom or to adjacent atoms, then they may be "taken
together" as defined herein to form a cycloalkyl, aryl, heteroaryl or heterocycle. For
example, without limitation, if R), and R;;, of an NR, Ry, group are indicated to be "taken

together," it means that they are covalently bonded to one another to form a ring:
—N('?a
RP

[0104] The term “alkyl,” as used hérein, means any unbranchéd or branched,
substituted or unsubstituted, saturated hydrocarbon, with C,-Cy4 preferred, and C;-Cg
hydrocarbons being preferred, with methyl, ethyl, prbpyl, isopropyl, butyl, isobutyl, and
tert-butyl, and pentyl being most preferred.

[0105) The term “alkenyl,” as used herein, means any unbranched or
branched, substituted or unsubstituted, unsaturated hydrocarbon containing one or more
double bonds. Some examples of alkenyl groups include allyl, homo-allyl, vinyl, crotyl,
butenyl, pentenyl, hexenyl, heptenyl and octenyl.

[0106] The term “alkynyl” as used herein, means any unbranched or branched,

substituted or unsubstituted, unsaturated hydrocarbon with one or more triple bonds

-12-



contenporary patents fromthe related art. See, for

exanple, U S. Patent Nos. 6,509,331, 6,506, 787,
w6 2000,1325; 5, 922, 683; 5, 886, 210; 5, 874, 443; aRdT/US2007/008562

6, 350, 759; all of which are incorporated herein in

their entireties by reference. Exanples of suitable

substituents include but are not limted to hydrogen,

al koxy, cycl oal kyl, cycl oal kenyl, acyl, acylam no,

acyl oxy, am no, al kyl am no, am noacyl, am noacyl oxy,

oxyﬂﬂ)ﬁﬂhm ndhe dywan o, cyabtabydh, refekg/dpomyy reardromalic, substituted or
unsglr%)%ﬁ?@&l % K%carb%ﬁtr?n&, gg%fgﬁl%%i)ﬁ h ('HVel ttgztl c \llekgtxo¥rls comprising the
rmgletlmrﬁreymbteg in s @rcxemcbmmmyc tHey&hQX‘y@@haﬂcyl” comprises fused ring

sys?egﬁ %%ésn%at(%g@l?@%lgpi& SPYATS glcgélf aHl Qg%% %ﬁcultxr%g al kyl,

502{031|0|8}’| THO Zerml b“&?blb&lk@ﬂylahjéwrs to S AbY-lardhslic, substituted or
- S02- etﬁ Qaryl, heteroary boronat e . al kyl bor oni ¢

unsybstifutedofy Spcartion |rm$aﬁlaf§¢ﬁ%lt1%65aﬁ dophisshand: Prferblys having five to
twdAOSHHAB O&Bﬁiprlsm% 1th¥0rig. Oﬁultiazéx%re P@ﬂ'/ %1’1%29933@9@ 38Reext, the term

phosphonooxyalky azi do, azid d% amoni um
“cyelgasnykl sqrnprisesdused wre %ys(ﬁea%w rithe deéimvé;qna‘fﬁvmﬁ bigyclic and

tnd?@hgsﬁﬁcdygsalkylan1no dlalkylan1no a salt of a
I am no, al kyl thi o, yl thi o, carboxy, cyano,

aI k il foﬁw telam k“&m@gdkynﬂyl refess ktgxa]ps'u hen-agamatic, substituted or
0 t
unséx@%t?t%gﬁ%k?ﬁy’dr ax g&t?&lﬁﬂdef k rﬂﬂé %ofia! %e%ll&ﬂy having five to
twedv cat«ymsl 6@nptisihgythe sing f d’olxtﬂnatmwe, ina #ml tpreskn@ context, the term
00XYV,a I.aI 0X sulfonlox

oy b htiac 558 S 1YXmE k5 s sigfpitiony povers bieyelic and
tnd&&hkmhﬂh&&@hooxy)alkyI phosphoryl al kyl, a salt of a

pho ryla L, (al ky h ) a |,

pyr j@ﬁﬁ‘}l al {Iﬁ %ﬁy{l ‘pgef' EP Blﬁ pgpﬁb%\g{p{(@lﬂ(yl dowey glkepyl, or aryl

corthedRUE ra@aéwsﬁtdents gHAN QhitdnyP gs@hy. Bkarples SMtRIds Oformyl acetyl,
and uanldlnoalky . Each of the substjtuents can

promaneﬂe\aerg@mb@n@ gtk Amawy! Seayche sbstimted ?rsttr@abﬁgwsﬁt s
aI SQoPIQVi an HeahehflcolridiNhd epRSatAP if HRedd®l M mean a carbocyclic

"substituted" that are well- understood by those of
arogpdtic| ring arheng systemo NoneoVie s ¢y “arydl pnglydeseBised g systems

wh@tkin gst h&%'o SM%? b ety oﬁ@&rtygﬁﬂd@t 1A% nR @5 s-cycloalky! share at

unsubstit ut e or substituted w one or nore” _
leastubisg Fhersicak bond. d¥wue ekadplesofi“aryl” [foEs 3ncinde @ptidnally substituted

R' S W At idm O
ph%gfl Qplﬁggﬁé%l ’ngﬂtﬁ’l@l, R@?‘Iﬂf@?“ﬂs,‘%ﬁ%ﬂaﬁa k@12 Indenyl, and
indaepk dsearyl gnwbpumammmﬁﬂumd gamshestdmtedched to t he
i ndi 0 u tltuted Qr
un SL!@@EZF]‘ t ut i}a %&i fpr? tgc%lfg@tr Oupgerglr Pest roar e ﬁf Imtended to mean a
heﬂeﬂm}erﬂc aforhdtie ganp whamone drOnam et bor af.iirmmh af hﬁnnatic ring have

t ak def h
beqno{sﬁ.}age% dﬁ’o‘%ﬂ%ﬁgorgl’lﬂ?&m 8’&“3 rsglgfﬁfig i %E’géggingrlsmg nitrogen,

sulf@d p@S@H@ﬂo@s, \tintl hexygen nFlﬁrﬂidr@lﬁre,l in Rha predl RoffexfNthe term

NRI $RI ro are dicated t
“he:tero?iryl’l;J cgmp%ses eé gmg systems w%

erein at ?east one aryl ring and at least one
heteroaryl ring, at least two heteroaryl rings, at least one heteroaryl ring and at least one
heterocyclyl ring, or at least one heteroaryl ring and at least one Cj_g-cycloalkyl ring share
at least one chemical bond. A heteroaryl can be substituted or unsubstituted.

[0113] The terms “heterocycle” and “heterocyclyl” are intended to mean
three-, four-, five-, six-, seven-, and eight-membered rings wherein carbon atoms together

with from 1 to 3 heteroatoms constitute said ring. A heterocycle may optionally contain
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together,"” it means that they are covalently bonded to

one another to formaring: a -N~RL b R [0104] The
woeoim1iaiokyl ," as used herein, means any unbr aRCaS2r/008562

branched, substituted or unsubstituted, saturated

hydr ocarbon, wth Cl-C24 preferred, and Cl-C6

hydr ocar bons being preferred, with nethyl, ethyl,

propyl, isopropyl, butyl, isobutyl, and tert-butyl,

and pentyl being nost preferred. [0105] The term
one' ai kenry lunSatasaters ddnte siaated e ansh anwa;a,nbowmdiethamran aromatic T~

branched, ,substitut oy .unsubstit ut
cleqlsi Dt IRU R T BB i BT < oxveen,
sulfXaBapd eﬁn@ge@,l lse w{er@mwmyn ghiele abitiin, oheng+ a{drylcarbonyl or
V|nyI croty tenyl, penteny], hexenyl, hepten
thiogaghagyt &mlonflermfo A éomﬁthaﬂsyﬁwon gl qsigec&onwém? and thio-

systRANSuAYs UREIMA)QRAIn&, DERNGHRES, criRsthidilhi&d, @Yclic carbamates,
unsubsti t ut ed, unsaturat ed hydrocarbon wi th one or

andyibe diker Hpteroayshd @ng; 21%?2’90?1/4&1&}739 be fpger o by ebedsgerocyclyl
nn%%ngst Uﬁ@ ég-s«?lj: s | t o egg lea'é@gu{)@tgltg%aléﬂélkenyl ring and/or at least

on-aromati C uns
ondnyﬁrseqald;ﬂcynyil ngng prush ethablthe hdefimigor i meludes thieyolie and tricyclic

| SI Fur re
st C&ng% n]it%x ?gelﬁzh eﬁ‘}séér %&%y %}j;%ﬁ s 1881%%?,| @gisar not limited to,
beffZiIﬁﬂiazsly‘ﬁhﬁm 13tl‘ﬁllﬂydrl‘.i@lmeblim: ceii methymenedmwbsnzkmeyrmg structures.

dt i, t 108
Somg K PRIeK Bhy ReCHaV BFS. B5dhy P aHe B HART o Sy fietigayren, 45
pyrah, tesHiyasdpyirad, eﬁlpeﬁﬂﬁfeQCmJﬂwklﬁl ngg-tivxané,n¢laudiesing 1,4-dioxane,

doubl e bon pre erably having five to
PiPEBHHIG sl Irgxe Je-otibtme] dopiatipne, twgam%gén‘?-th’ame’ 28-1,2-
ox &Y EXhleirhide, tsﬁédmmlaé/ Ch@Binls@h ¥ikid, GRiTBhIt®RSIcl i€ ddiokBfiperazine,
syst ems such that the definition caovers bicyclic _and
hydantipc| i cdiBydrouragiles. MOTbglinghe ttBPRINCyc| Befalydgor,3,5-triazine,
ARY ARG C . py3iid, | Ioyhiachif, line, lidi
teuraﬁ%%?%&%te% hyd?%car bon r’?ng thellitgl ]I ncll udegygo Hr“i ple yrw] e
pyrboin@pneprmfreqlmx}e hexterg)ire; \yragoliding| ireidgzelipg, imidazolidine, 1.3-
dloggféprllisshf&% fagg fBr}ﬁt id1er 9‘?{(&%] e, i§bxabSliY, ‘?s?ﬁtﬁ&o idine, oxazoline,
t ext R cycl dal kynyl " conprised fused ring
ox&psl;xﬁares o&amhdlﬂmte tihezalatej thiazaidimn\eedsl, Btwdiwl@ngn@ heterocycle
ructures acyl" refers to
ngd&é@‘é r\nvel ’\%lm A% ?ugs%l\%%ﬂro %gfr)]sﬂtmegr aryl
[0114] The term “alkoxy” refers to any unbranched, or branched, substituted

or unsubstituted, saturated or unsaturated ether, with C;-C¢ unbranched, saturated,
unsubstituted ethers being preferred, with methoxy being preferred, and also with
dimethyl, diethyl, methyl-isobutyl, and methyl-tert-butyl ethers also being preferred.

[0115] The term “cycloalkoxy” refers to any non-aromatic hydrocarbon ring
comprising an oxygen heteroatom, preferably having five to twelve atoms comprising the
ring. A cycloalkoxy can be substituted or unsubstituted.

[0116] The term “alkoxy carbonyl” refers to any linear, branched, cyclic,
saturated, unsaturated, aliphatic or aromatic alkoxy attached to a carbonyl group. The
examples include methoxycarbonyl group, ethoxycarbonyl group, propyloxycarbonyl
group, isopropyloxycarbonyl group, butoxycarbonyl group, sec-butoxycarbonyl group,
tert-butoxycarbonyl group, cyclopentyloxycarbonyl group, cyclohexyloxycarbonyl group,
benzyloxycarbonyl group, allyloxycarbonyl group, phenyloxycarbonyl group,
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connected, as substituents, via a carbonyl group.
Exanpl es include fornyl, acetyl, propanoyl, benzoyl,

wanw7aerwl. An acyl nmay be substituted or PCT/US2007/008562
unsubstituted. [01111 In the present context the term
"aryl" is intended to nmean a carbocyclic aromatic

ring or ring system Moreover, the term"aryl"
i ncludes fused ring systens wherein at |east two aryl
rings, or at least one aryl and at |east one
pyrElyl&xyspdionsl leyburs| hanrce thet likeedst athoxycérmrhomd| mapnbke substituted or
anples of "aryl" rings include optionally
unﬁggﬁflfet)aut ed phenyl, naphthal enyl, phenanthrenyl,
ant [rdd¢nyl The etmal 1‘(ny¢lpalkiyl)aikyhyk uﬂd&tbmgd ,asaadcycloalkyl group

i ndanyl . bstit
consieGRLes ¢ St suS i Ret Ao The (Eisltalibeliyloeroup and lower
alkyleat ef @Q&)}dloalk)ﬂ)dmj?lfg}dﬁ)ﬂniasl beBabstRutel Sk @hﬁﬂiéﬁhi_té‘d

aronati c gl‘ or nor. e]é&anr bon _at oms I n

ar ohHtl8E ri Fﬁg h é?éns g‘ﬁ’"?’@ﬁf cla t Adne (B?te%b’%lyl)alkyl” are

undgiieb@ak Q'Héte%%ﬁ@é gfbub’ QRhédigy, Qfsodiﬁlb%ﬁfﬂ%t S#id'9 lower alkylene. The
ni trogen, hosphorous, and oxy

hetFrcYHier BTTe, anﬁ “Wke Press Selilpenoénd , (elseoavilaialiyl group may be
suqsﬁﬁﬁ&{%ﬁéhbstfcg{éﬁ” ses fused ring systens wherein at

east one ar ring and at | east one heteroaryl ring,
at [Hd9] t whbherteray Gaylplkyl isgntended toemsan @merwher@m»}abcted as a

subrsitiﬂx%ﬁgn\%aa& }J)\S@rs Blkglﬁ:%e Igg g 9 %Ye llnXJi }{etg, 8- Cyciqg lgﬁcﬁﬁ)t and lower

6t er oar
alkyleng ofhear aylaéky Ieyshe sutzstmhei“mn ahsuhsnmtedA ﬂEetamplranyblude benzyl,

sotS e bRy &P o, SPBEIPPL 3 R oan

thr qmz()]f OuThe tdrive-"hegiroarylabsN'enis, lmﬂelrsmoghtasw&ﬁtemaayﬂ groups

rin wher.ei n carbon torrB et her froml 3
CO’H?P%aoﬁﬁ St Busilh o pdoBET Al Tang: caehy B e Reyoiseifp ] né heteroary)
an®Nbwen allyereO B & MeterdadyMRy? Q2603 Ini®P be substituted or unsubstituted.

PCT/ US2007/ 008562 one or nore unsaturated bond

Examplest eﬂmithiesugﬁhﬁnwmﬂom&gﬁenﬁlmfhﬂm gllré;}fﬁ?tg&l 7cthienylethyl,
pyﬁ'l)fgfzﬁf(ﬂn pyuayIakyH qg&aﬁ@?lﬁl@lsﬁmdw& yIRELAT ARt HF Rb&ituted as well

pendent [y sél’ected from oxygen, sulfur, and
ashmmc)@éwaxmlm erocycle may further contain one or
ﬁmﬁﬂ]b"”#‘&; 9¥rm t‘ﬁuleg&rapwl ad H0AtHLHa! fnteaﬁssanys&n@@f the radio-

t he inition 1nclude oxo-systens and thio-
stabgwuem uoiums 7 of therBsriodic Table f thy Hlements; d@sﬂuonne, chlorine,

brci_réxtff\‘lle,lr(grcl)‘i?gin%' mtﬂ%‘T‘Omﬁ}éCAnd%PFo@fngﬁ‘%\&%fso d the like.

I'ngsS na e fused to at
| eag0122}her Ameﬁmpioyg(thgmm thenfiplloating éasts hawe their accepted meaning

. -cycl k ring, at |east one C3_5-cycl oal kenyl
m ﬁ%ﬁg’egﬁ%ﬁ]g? r%%(m? east one C3.8-cycl oal kynyl ring such
t hato-BB& def i ni:t9-borabivgtliofix3.1imanaati ¢ and tricyclic

o L OB S Rl € ooVl

benzm dazol i di:semsyl tetrahydroquinoline, and
nmet r}syrlloeﬁedl oxyb%nzene c%glg structures.

enzyl al
BOPC1 :bis(2-ox0-3-oxazolidinyl)phosphinic chloride
t-BuOH :fert-butanol/tert-butyl alcohol
t-BuOK _:potassium terz-butoxide
Bz :benzoyl
DMIPS :Dimethyl iso-propylsilyl
ESI :electrospray ionization
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Sonme exanpl es of "heterocycles" include, but are not
limted to, tetrahydrothiopyran, 4H pyran,
woebw7ahy opyr an, piperidine, 1,3-dioxin, 1,3-#Coa82®7/008562
1,4-dioxin, 1,4-dioxane, piperazine, 1, 3-oxathiane,
1,4-oxathiin, 1,4-oxathiane, tetrahydro-1, 4-thiazine,
2H 1, 2- oxazine, maleimde, succinimde, barbituric
acid, thiobarbituric acid, dioxopiperazine,
hydant oi n, di hydrouracil, norpholine, trioxane,
hex&My8co- 1, 3, Sethyl atelate, tetrahydr ot hi ophene
t et gy drof yr ane, Al dli0GeogBtdedi ni um pyrrol i ne,
pyrrolidine, pyrrolidone, pyrrolidione, pyrazoline,
pyr &l di ne, i:ghudesealehpdrogemsdazol i di ne, 1, 3-
di oxqle, 1,3-dioxolane, 1 3-dithiole, 1,3-dithiolane,
i soxazol i ne, iSBQQE%ﬁﬁéﬁﬂﬁf oxazol i ne, oxazol i di ne,
oxazpAi di none, :isbpp@l al66holt hi azol i di ne, and

1, 3-oxat hi ol ane,, A heterocycle group of this
piytsesch may SlsisBramalo Py - TN SRES ORI [0114)
Thepfeg m " al koxpthikRd@ESprbpylamiddinbr anched, or
branched, substituted or unsubstituted, saturated or

unsMIr at ed et BYESS SHEEWWIR] - C6 unbr anched, sat ur at ed,

unswigli tut ed etRelLseh8ind &lishig red, w th methoxy
bei ng preferred, andeal sogvvl‘f':l{ﬁJl di net hyl, diethyl,

met Ig obut yl:sodawm methexidet ert - butyl ethers al so
bei mo%rtef er red;sc%c{ilgrilx]eﬂdpx-[@ee term "cycl oal koxy" refers

to any non-arormati c hydrocarbon ring conprising an
oxy d&iOhet er oat:Namethybherphbliye Nawiideg five to twel ve
ato gorrpri sing.the rin cl oal koxy can be

. Ac
sub uted or %ﬁ%g??$ﬁ%8&$°F 6) The term "al koxy

car Po(QAL)yr ef er:kall tettdayethienear, branched, cyclic,
satyrated, unsaturated, aliphatic or aromatic al koxy
attg’g@d to a CB¥%%HW’“§$18{}%?"°FH§3 exanpl es i ncl ude
et pe(y car bonyl:parididium aidiexear bonyl group,

propyl oxycar bonyl . _group, isoprqpyl oxycarbonyl group,
but XY Sar bonyl BY%‘&PB}“’%QC‘QB‘G{‘%%?E%W%WI group, :

t er WAl Oxycar bgiyiues Qifoni€¥&Ghopent yl oxycar bonyl
group, cycl ohexyl oxycarbonyl group, benzyl oxycarbonyl

gro®d, al | yl oxyresmpémgpergitrup, phenyl oxycar bonyl

groupp -14 WO, L7229 R {%ﬁ% 7/ 008562
pyr :é%‘yl} oxycar bd%\g&g%ogfg,% }én%ltl e Il ke. An al koxy
car B! nmay betrguedylsilyt ed or  unsubstituted. [01171

The A n1"(cychggh§mhk%hﬁé%whs understood as a

cycl'oal kyl group onnec as a substituent, via a
| owdiESal kyl ene.:tridtiyléidyicl oal kyl ) al kyl group and | ower

Subat it ed o HEIBES Y ebed. [ 0116] Thet erms
" (hdipey ocycl e) atrdkfhoroadetic ‘acidet er ocycl yl ) al kyl " are
TPAP :tetrapropylammonium perruthenate
[0123] The terms “organometallic moiety” and “organometallic moieties” as
used herein refer to any chemical compound that contains a metal-element bond(s) of a
largely covalent character. The term “metal” as used herein include those elements
traditionally classified as metals (e.g., lithium, magnesium, zinc, and tin) and those
elements classified as metalloids (e.g., boron).
[0124] The terms “protecting group moiety” and “protecting group moieties”
as used herein refer to any atom or group of atoms that is added to a molecule in order to

prevent existing groups in the molecule from undergoing unwanted chemical reactions.
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understood as a heterocycle group connected, as a
substituent, via a | ower al kylene. The heterocycle
warowrpiaid t he | ower al kyl ene of a (heterocycl efalusgio7/008562
group may be substituted or unsubstituted. [0119] The
term"arylalkyl" is intended to mean an aryl group
connected, as a substituent, via a | ower alkyl ene,
each as defined herein. The aryl group and | ower
al kyl ene of an arylal ky may be substituted or
Examglgbof proftasing gExamplodsties nod deberibahinyT, W. Sbsitd and BdG. M. Wuts,

e ol T OHe DS £ R RBR A e I sy 1999 and im 3w,

Mc(mnher Btamdzmﬁr’wpetro@rgdmgChevp&tryd{iam&ﬁtPed;s E9573 both of which are
subst i tue r al .ene, each. as def.i

herfey BientPoRgd erreReadicsr Ts 1ol bies Squfrtisl g be Shosen in such o

wapethal deayy bl stibleoothe 1eBMtidIEcEiliedns BpikdOind readily removed at a

coxglg?q%?xg“ﬂqtgﬁésgyg mpa}oxglpﬁsgyl nccl)vldg eréﬁ;rﬂ&el’]ﬁﬂ%l nexgxhzl)n-hmmng list of

profding |y%r@u}!f§/| incR)ge dyénawylsubétﬁ%az qie&ﬁl kyﬂkylcarbonyls (e.g., t-
i mdazo il al k 311 . and their substituted as wel

butguysash Dogarylplsylzarbomls ¢ @ gn Fﬁzamg@wcarbﬂwl' benzoyl);
sub%tcltd‘ﬂectf" B@{l) %H{r%ﬁ (gE al?é l‘ﬁg%sgﬁﬁll Q{heb s"{’i‘#ﬁt d eﬁm&? Q{h%r a substituted

at ons o rirodi c
berZlyk atihgrs tetralgfdrop)rrmyh ather;c kilyr pﬁ@rs (nggrrtrmagtthu}sﬂyl triethylsilyl,

.. Qd] C ferred.
tru%cga%é&?m lﬂ?}f}l@/{e}}a&ﬁg?g?lh (r'r Qéhg'eﬁil ?g%mﬁwg%lWIg m%stgrsv ge.g. benzoate
estexf);ebarbamatesp(eegj mﬁmmyguethyhodr@abd)e nmswlfdnakdst @r@attosydate, mesylate);

rabi c

9-BBN., ; ,9-b B

PRSI (Pt QUPTUS. BTty VoUF A oCc-n -BGREGRe B b dioxolanes);

acycherazg'tbl a&ekg&lﬁﬂeteﬁ%i@ghc hlel)me;]cetal hcychc he:rrx]1|1ace:taél and cyclic dithioketals
| QXO0 1.dl ny pno InICC" Il ae

(e.gy éa%t"%ﬂﬂ’t‘%%'l P efithiolars) A5useRBFTetn: dp PO" 3@@ f}i‘ﬁms without

lindi@Fibn, 0,0 PG} @ind BIG; regRaentla prblvbiig giaumms{y

| sof&}@gyl silyl ES| eI”e‘ptros ray ionization - - .,
200 591 btﬁm&aﬂlrmomfwda e&ésta@farlw P'aféfé%% “isolated

as used herein refer to the compound of the embodiment being free of other, dissimilar
compounds with which theA compound, if found in its natural state, would be associated in
its natural state. In certain embodiments described as “pure,” “purified,” “substantially
purified,” or “isolated” herein, the compound may comprise at least 0.5%, 1%, 5%, 10%,
or 20%, and most preferably at least 50% or 75% of the mass, by weight, of a given
sample.

[0126] The terms “derivative,” “variant,” or other similar term refers to a
compound that is an analog of the other compound.

[0127] As shown in Schemes 1-4, the starting compounds of formulae (1) and
(II) may be synthesized from readily available materials. As shown in Scheme 1-1, a
compound of formula (I) can be synthesized from a serine ester salt, an aldehyde (e.g. t-
butyl aldehyde) and a base (e.g., triethylamine) at elevated temperatures. In some
embodiments, the serine ester salt can be a D-serine methylester salt which can form a

compound of formula (I) with the stereochemistry shown in Scheme 1-2.
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FDH : format e dehydroganase GDH : gl ucose dehydrogenase
ID :internal dianmeter |PA :isopropyl alcohol LC M

wobhkbguittsochr omat ogr aphy - mass spectronetry  LBPA&T/US2007/008562
clithiumdiisopropylam de M5 :nass spectrum MsCl
:met hanesul fonyl chloride NaOwe :sodi um et hoxi de
NaCEt :sodi um et hoxi de NMO : N-net hyl nor phol i ne N-oxi de
NMR : nucl ear nagnetic resonance Pb(QAc)4 :lead
tetraacetate PCC : pyridiniumchl orochromate PDC

Schemg 1-4i ni um di cromat e PPTS : pyri di ni um p-t ol uene
sul fonate PTSA :p-toluene sulfonic acid RT :roompg,
tenperature SAR@sG ucture-activity relationship VB
tri Csi LYNHIBIS : t - but siidhyaybadesi |yl TES
triethyl sifyl THE :tetrahydrofuran—FFA HN O
:trifluordacktigpaci d TPAP :tetgapropyl anmoni um
perrut henate [01231 The terns "organonetal | i fety"
and "organonetal lic noieties" as used her&&@fer to
any chem cal conpound that contains a netal -el ene
bond(s) of a largely covalent character. The term

Schr 2" as used herein include those el enents
traditionally classified as netals (e.g., lithium R,
magnesi um zinc, ar@® ®in) and those elenents /§\
cl assi f i rRgp@c,met¥HB6l ds (e. gidehydethase [ 01241 T
ternms "prot ecuP@group noiety*and “Pprotrecting Q?'M/O
moieties" H ‘—opy A B

8
~

: R,00C

[0128) In some embodiments, a compound of formula (I) can have the
structure shown above wherein R; can be hydrogen or unsubstituted or substituted Ci¢
alkyl; and R; can be hydrogen, or substituted or unsubstituted variants of the following:
C1 alkyl, aryl or arylalkyl. In an embodiment when R, is hydrogen, one skilled in the art
would recognize that the stereochemistry at C-4 may not be retained upon conversion of a
compound of formula (IV) to a compound of formula (V) shown below. In an
embodiment when R is an unsubstituted or substituted C;.¢ alkyl, one skilled in the art
would recognize that the stereochemistry at C-4 would be retained upon conversion of a
compound of formula (IV) to a compound of formula (V) shown below. As an example, a
compound of formula (I) can have the following structure and stereochemistry:

t-Bu

»

HN 0}

-
&

MeOOC (1-1)
[0129] A compound of formula (II) can be synthesized according to Schemes
2, 3 and 4. The ester precursor of the compound of Formula II can be prepared according
to Scheme 2, starting with a B-ketoester and a base (e.g., --BuOK or NaH) and then
adding an allyl halide.
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as used herein refer to any atomor group of atons
that is added to a nolecule in order to prevent
wexEtiiTgy1 gr oups in the nol ecul e from under goi RQT/US2007/008562
unwant ed chem cal reactions. -16 WO 2007/117591
PCT/ US2007/ 008562 Exanpl es of protecting group
noi eties are described in T. W Geene and P. G M
Wits, Protective Goups in Organic Synthesis, 3. Ed.
Sc Qrﬁ 2WI ey & Sons, 1999, and in J.F.W MOQOnm e,
ctive Goups in Oganic Chem stry Pl enum Press,
1973, both of which are hereby incorporated by
reference. The protecting group noiety may be chogen
in , that they are stable to the reactian

congli ti onsoap l'i ed aadﬁ\e@%ky r enD\Pa%e at1 a
congeni ent stage using met'hodol ogyisgnaieh f r onRLhe a
A non-limting list of protecting groups inclu
benzyl; substituted benzyl; alkylcarbonyls (e.qg.,
but oxycar bonyl (BOC)); aryl al kyl carbonyls (e.g.,
benzyl oxycar bonyl, benzoyl); substituted nethyl ether
(e.g. nethoxynethyl ether); substituted et hylzz‘gftgﬁn%'f(f‘?;gg‘hi "
substituted ~benzyl ether; tetrahydropyranyl @ther . we
si | W13 her bn gameembedimantsh yhesests pre¢ursat dfyths cbiippund of formula
If Edrd B Y bidhdeie: showRUhddWl! | &1L pe & : ‘
( ): but yI di pheny] Si | Sﬂh )“'J;,l é%ltvgr\gﬁ%ljé%g.ﬁ %%’n %Z]p'grogggtogrﬁu,bstltuted or
unyubstiipinsh aariqnis @f thet fodloyring: hG| ¢ atidybnaiyd)or syl{fiRfA8E R; can be
HsBt I . l.ate) .. ;acyclic ketal (e.g,
sulkuded PVRBAEEMAS) or pAUTEAGREE! 90, ovfpaio, o
alkend, diaxoydoabynyl, anyclor carplaliydl ; AGY ekéBpREL aler precursor is the

I.c hem,acetal: cyclic hem acetal; and cyclic
Cmg?%{‘ﬁlldo}kaé?% t%le(‘fgli(.“ﬁf.n,gs FUs§:t hi ane or 1, 3-dithi ol ane).
As used herein, any "PG'|[group(s) such as, wthout
limtation, PG, P& and[|[PG3 represent a protecting
group noiety. [0125] The roms "pure,” "purified,”
"substantially purified," d "isolated" as used
herein refer to the c of the enbodi nent being
free of other, dissimlal coﬁ;&fanﬁsl with which the
compound, if found in its natural state, would be

associated in its natural state. In-certain

emb BNt S'lI’kltkepmtédnflﬁifjfaSiSr pRuiior of lﬂiéréd:jﬂuﬁﬁm'a of form}l]la (ID) can be
"substantia urifjed,” or "isolated" herein, the
pree%rﬁ,(g oaﬁﬁ%‘d% t% gﬁ,ﬁ?rpgé. a?[‘l\eelgfg?nq) cagbonyjloof the, esteprecyisor can be
proRtéd asiflg nDSitadle bastehing aloubemslet?Ridles 3940fc I8 herein. One
gj ven, sanple. [0126] The terns

by wei ght, of a . [
me 8@&?‘/@%&?@?8%?\}&‘?‘?%&, bonyl issthexm i Saheme kerm refers
SchHemmeaB conpound that is an anal og of the other
compound. [0127] As shown in Schenmes 1-4, the starting
conpoundg) of fornulae (1) and (I1) may be Bynt hesi zed
fromready | y avail abl e HiRgrH YRy As shown |In Schene

1-1, a or
HY-R, -Ry-YH
. R
R3 acid, A 3
COOR COOR -
|
O

Ra Rg

protected ester precursor of
the compound of formula Il
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conmpound of formula (I) can be synthesized froma
serine ester salt, an al dehyde (e.g. t- butyl
wahkdghyt®) and a base (e.g., triethylam ne) atpPermsaioedosse2
tenperatures. In sone enbodinents, the serine ester
salt can be a D-serine nethylester salt which can form
a conpound of formula (1) wth the stereochem stry
shown in Schene 1-2. -17 WD 2007/117591

PCT/ 07/ Rl R2Q0C N 3 O
al déﬁéchg/ bagrggiﬁ—ﬁgf’\n\e“?%@%‘w% 31‘3 Pyotepisd mstef Precugigiefhe compound

of fmzmm (IT) Dag (hake GActure Bhdkah lin AcHeMRILARRSEN \R cahlhY hydrogen or
In sone errbodl nent s,

S, R BT PR STy ke Rl Bt C BTy Corshplaty; R can
be ablﬁsh@utbdlleﬁein@ulﬁimﬁ@dl vaﬁadiy or %%JQRWH%S@P?&WP‘@ Seloalkyl, C,.¢

Ik '[92 %:I t ut g %% and can
alkg 36 GYelgalkenyln Q1) arpkaliey! Vggchaﬁﬁtcgmbﬁ: anhrzxygen or sulfur; and Ry
d ®ls! Wi B each rohL 3K
T enbodi ment a %%d%ml%ygi%%gﬁoﬁrf& %ﬁ '%/H ‘é%nSlW"lgh‘éf Sibgtituted or
uni}&@ﬁﬂ“&teﬂe\(ﬁtﬁ@ﬁﬁz@ thp fellewimes Ces atiohe@i salkynytand-a@,. d@¥ynyl, wherein

RA %93 Kﬁ%aﬁ%%ﬁ%ﬂalwggu&cp{&égﬁé# e, & o;itgz)rxrlggﬁ 6?\]?'5%@;6\% 6,7, or8

membemd he@rbmlyient vvhen RL is an unsubst ituted or

Subgdsis ted ky esk led in the art wou

rec gnlB e’?aﬁnep ISy eHree ﬂ‘éemc@{bf’?ylafna@ be \RER}F‘E}e‘E)é’Y feaCtmg the
eStq’rel"acm upthnl Lodingdivixpethade & fEGMROURHISEo1h me‘deﬁ)cychc ring as

sho(vn\@elﬁgo a conpound of formula (V) shown bel ow.
conpound of formula (1) can have the

f ol I oW ng struct ure and $it ereochem stry:

COO'-Bu
0] O
[0134] As shown in Scheme 4, the protected ester precursor of a compound of

formula (II) can then be hydrolyzed to the carboxylic acid equivalent using an appropriate

acid such as TFA or PTSA to form a compound of formula (1.

Scheme 4
R acid . R
8 COOR - 3 COOH
Y )
| |
R. Rs Ra Rg
{1

[0135] In some embodiments, a compound of formula (I) can have the
structure shown in Scheme 4 wherein R; can be substituted or unsubstituted variants of
the following: Ci alkyl, Cs.6 cycloalkyl, Co.4 alkenyl, Cs.¢ cycloalkenyl, aryl, or arylalkyl;
each Y can be an oxygen or sulfur; and R, and Rp can be each independently selected

from the group consisting of substituted or unsubstituted variants of the following: C,.6
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t-Bu HN O Me000~~ (1-1) [0129) A conpound of fornula
(I'l) can be synthesized according to Schenes 2, 3 and
wa 2007he7@st er precursor of the conmpound of For RUTAISEA07/008562
can be prepared according to Schene 2, starting with
a (3-ketoester and a base (e.g., t-BuOK or NaH) and
then adding an ally] halide. -18 WO 2007/117591
PCT/ US2007/ 008562 Schene 2 R3\ ~COOR + base o
S {i ester precursor of the
alkgjd i R S8 G redpL [‘tﬁeg@p Rmaud Ra capthsdintienaldy bowrst together

to ﬁﬁﬂem ppﬁ@nﬂly@nbaftutehg 6O B FheRfbefddr 1)
re shown above where, nﬂgg{érgc#l%l As8 bxample, the

have Stréﬂ@@

CORPaPY 8 ogipu AR GRwthe follopingistuctune:ed vari ants of
the followng: Cl1.6 al kyl), aryl or arylalkyl; and R3
can be substituted or u Lubstituted variants of the
foll owi ng: Cl.6 al kyl, cycl oal kyl, C2_6 al kenyl,
C3.6 cycloal kenyl, aryl, orgarylalkyl. An exenplary
ester precursor ist congound havi ng the follow ng
structure: COCL-Bu otected ester
precursor of the conp formula (11) can be
prepared according to $che 3.. The ketone carbonyl
of the ester precursor be protébﬂ&d using a

sui pr at . /rml
dos ToE 7 S B CHraRi ShipSThE L FumiE (Y from the startng
corppayisis of fervorgd (1) and@dbvim shcrw:SbéiemelnSchSﬁlleesne 3 HYRA +
SchnRBs
R, '

HN*O + _— e
y___/ R,
COOH

R,00C

M an

o
N
0 o} COOR,
av)

[0137] In step (a) of Scheme 5, a compound of formula (IIf) can be formed by
reacting a compound of formula (I) with a compound of formula (I) under suitable
conditions wherein R can be hydrogen or unsubstituted or substituted Ci6 alkyl; R, can
be hydrogen, or substituted or unsubstituted variants of the following: C,.6 alkyl, aryl or
arylalkyl; R3 can be substituted or unsubstituted variants of the following: C,.¢ alkyl, Cs.¢
cycloalkyl, Cz.¢ alkenyl, Cs.s cycloalkenyl, aryl, or arylalkyl; each Y can be an oxygen or
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or HY-RA -RB-YH R3 acid, OR3 COORCOOX YVYO11
RA KB protected ester precursor of the conpound of
wéanmiiza9il -19 WO 2007/ 117591 PCT/ US2007/ 008B62/US2007/008562
[0132] In sonme enbodi nents, the protected ester
precursor of the conpound of fornmula (I1) can have
structure shown in Schene 3 wherein R can be hydrogen
substituted or unsubstituted variants of the
or arylalkyl.; R3 can be

6 al ky ar
su ltg'ﬂb g?m %r&icép AR gﬁtgaf:btl e@an@g}tlyasﬁlgctqg frpmethe group consisting of

Ystitdteon ginsiBstifuted ki t@%fﬁhexsil |
- 83 6 cycl oal kelnyl arl§t/n arylm{&y;clég%ﬁ%(%(’%%yi and Co.s

alkypyl o RERINoR A anids BB cagn@e mloqﬁlﬂa lpmmdatoggélee dohform an optionally
subsBARRESIE N oY 8srﬁla1?1551%q Hef2R éygm ﬂ&oé%}rrypqg ScJt ﬁotnllg&n%fof formula (I)

substituted o unsubst it ut vari ants o
cary be |agdpch go acmnstum tham@%- 6 cmmuym afnfbrB] 6 (1), I@yrmld, base (e.g.,

. ' 9 tional boun et her
LR P AT SARRS SRLPIR o U S22 Bbfesstony
chlhéderttiﬁyoﬂoyrhetha[rﬁmﬂﬁ}nyﬂ:ohloﬁ)dam‘Jbldordrhahkl@dime car bonyl

may r ot cted ter cursor Wt

’ 2[@%@ drogy é‘{]ﬁé CE‘QI“%%P 8§og? %n(i), (II) and (III) may have
: thelfenewbxg)smdwcmresmglm‘moaﬁ&mmﬁel ow. COOx-Bu O O[0134]
As shown in Schene 4,, the protected ester precyrsor of

a conpgund of fornulla (11) can then be hydrol §fzed to
the ca boxyl ic acid i val ent using an appropKN

aC| as TFA or PTSA to form a conpound of fa&rnula
Sceme*l,J{SR3cidR3 R N\)

RzOOC Y oy Y Y 5 TOOR,

[0139] In one embodiment, the compounds of formulae (I), (II) and (III) can

have the following structures:

{-Bu I

”".//-O
HN O + Me N\>
COOH 2
M OOC\\\\\\‘. O\ /0 a—(;.:()Ol\/le
e
I-1n (II-1) (I11-1)

[0140] The compound of formula (III) can be deprotected to form a compound
of formula (IV), as shown in step (b) of Scheme 5, wherein: R; can be hydrogen or
unsubstituted or substituted C;.¢ alkyl; R, can be hydrogen, or substituted or unsubstituted
variants of the following: C;¢ alkyl, aryl or arylalkyl; Rs; can be substituted or
unsubstituted variants of the following: C,s alkyl, C3.¢ cycloalkyl, Cy¢ alkenyl, Cig
cycloalkenyl, aryl, or arylalkyl; each Y can be an oxygen or sulfur; and R, and Ry can be
each independently selected from the group consisting of substituted or unsubstituted
variants of the following: Ci.¢ alkyl, C.¢ alkenyl and Cy. alkynyl, wherein R, and Rg can
be optionally bound together to form an optionally substituted 5, 6, 7, or 8 membered
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COORCOONRRI Y ABRARB (Il) [0135] In sone

enbodi nents, a conpound of fornmula (11) can have the
weRouratitae shown in Schenme 4 wherein R3 can bePCT/US2007/008562

substituted or unsubstituted variants of the

following: C1_6 alkyl, C3-6 cycloal kyl, C2_6 al kenyl,

C3_6 cycl oal kenyl, aryl, or arylalkyl; each Y can be

an oxygen or sulfur; and RA and RB can be each

i ndependent |y sel ect ed fromthe group consisting of
heteygpalyl Qnegmethodrfonpemeying dbe ketopesarbosy! pregecting group (e.g., 1,3

k505 i PP SR L SRORH 08 GR Lo

basgBucharas reriopt {I3Hadhlgride beptabytyeteh ey sedoodfmeﬂmdrincludes reacting a
nal.! St L ut 5 or ered
corfeo 8o torfrbBa Ul 80 sedine (in. FoaBRg oo cis aio tgmperature.
Altérfhiﬁwe:l_wla bampotdiﬂa of ﬁi;]rhﬁwi (IIJI)Siahlhbt reacted MathXlithlishl tettdffdoroboride
I 0136 od of i.n of

ot 3G POl PCME A APTR 0 Sb AU LIoaY T DG the ketone

carl()dr)yl q:ﬁdte(;ﬁlhg gr§u1§ h@mﬁbebﬂn%‘vekinusﬁ@@ @Hﬁoﬁs h§ﬂlh>$ﬁﬁ: %ﬂlﬁnve and/or

olx|d qtate: éxjnet@q)ﬁ:&mhl:gg\ thgsq:ggsmbetq smct Flpe)cf( ]C’lﬂ:IP]?lbl ﬂﬁl MQ]/egll\es, (2003)
8, 663-9, 4vhich is incorporated by reference in its entirety.

[0141] Exemplary structures and stereochemistry of compounds of formulae
(III) and (IV) are shown below:

O 0) .éCXDRz

[0142] For example, the compounds of formulae (III) and (IV) can have the

following structures:

e, //o
HsC N \>
e} o} a?3OOMe
(11I-1) av-n

[0143] As shown in step (c) of Scheme 5, treatment of a compound of formula
(IV) with an appropriate base (e.g., t-BuOK, NaOMe, NaOEt or LDA) can induce an
intramolecular aldol reaction to form a compound of formula (V) wherein R; can be
hydrogen or unsubstituted or substituted C;.¢ alkyl; R, can be hydrogen, or substituted or
unsubstituted variants of the following: C, alkyl, aryl or arylalkyl; and R3 can be
substituted or unsubstituted variants of the following: C;¢ alkyl, C;s4 cycloalkyl, Ca.¢
alkenyl, Cs.¢ cycloalkenyl, aryl, or arylalkyl.
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50 Na 2 COOR () Jjr O2 3 RBRR3I N OH2 OO COOR

(V) (1V) [0137] In step (a) of Schene 5, a conpound
wohod7anmeba (111) can be formed by reacting a eomused008562

of formula (1) with a conmpound of forrmula (I1) under

suitable conditions wherein Rl can be hydrogen or

unsubstituted or substituted CL.6 alkyl; R2 can be

hydrogen, or substituted or unsubstitut ed variants of

the or yl al

éag‘h{]l tu oanoef‘amli’i ﬁ‘f Ferap %é’rf |f%tml§a%€l}<ft)wed V) may have the

foli(n;lnhg\&trnqure@:bna stdrégthensin®  cycl oal kyl, C2-6 al kenyl,

C3-6 cycl oal kenyl, aryl, or arylal kyl; each Y can be

an oxygen or -21 WD 2007/ 117591 PCT/ US20 74,008 8

sul fur; afjd RA and RB can be each i ndepen ént‘ly

sel ected firomtRe group consisting of substityted or

unsubstitu var I of the following: Cl1 6 COOR;

C2-6 al kenylSand C2-6 “al kynyl,_wherein RA Rs

to

ther to forman of?

substitu
exanpl e, corrp und ofz formul a (1) can be addedlto a
mixture c@ntai Png a cBRP&and of fornula (I11), a nm

base (e.g., triethylamne or N-nethyl piperidi ne)J
an acyl ati ng agent such as net hanesul fonyl chloride,

tri {0145 oneMmﬂ&@HilﬁOﬁijc/)sllsdéb]HpAvSUhdﬁ o@rformllnla (V)hmay adopt one of the
e an exanple, the
folf:owm% s{yx? ?mfcgr%m\ é%‘leﬁ ), (I1) and (I111) may have
the R@H INg structures amrg,, st Deo chemstry: R g, Rl o
HNO+F2\?N COOH R200" 1 1™ ”

“""COOR, “""COOR,

o OH o

R3 H R3

(V-A) (V-B) (V-C)
[0146) Exemplary structures of compounds formulae (IV) and (V) are shown
below:
l t-Bu,
’1," (®)
[ —
o) O COOMe
(1v-1) (V-1)

[0147] More specifically, a compound of formula (V) may adopt one of the
following stereochemical structures:
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[0139] In one enbodi nent, the conpounds of fornulae
(), (1) and (Il'l) can have the follow ng
weouratitmves: , t-Bu | | t-Bue HN O + Me I N MeCEHUSZODHDS562
MOOC~~ % O O COOve (I-1) (I1- 1 } (11l [01401 The
conmpound of formula (I11) can be deprotected to forma
conpound of fornmula (I1V), as shown in step (b) of
Scheme 5, wherein: R can be hydrogen or
subs ituted or substltuted Cl-6 al kyl; R2 can be
ydrfﬁ or substit dt¥g subst i t ut ed v &Buant
t he [l pw ng: Cl-6 aIkyI, aryp or arylalkyl; R3 §§B
stil, or unsubsiN £d variants of the
:é‘és&g 91, c2_6 alk yI,
[ bad kyl ; each b
an o ygen’or sul fur; and RA and~RB can be each
i ndependent |y sel ected frof t he group consi sting
substiputed or- unsubstitut variants of the
foll owfng: Cl1-6 al kyl, C2.6 /al kenyl and C2-6 aIkynyV
wherein.RA and RB can be optionally bound together’ito

form ionally substitut or 8 nenbered

-22 V@?é%g5/117591 PCT/USZOd$¢é§é562 heterocyclyl (V-10)

One [48jod Aocomeomvd pY fofieulk qvONGInCBE Rgsl to @9%€§£é Reterocyclic
di oxql.ane) i ncl udes reacting

co BRI il o SHHRROBHIAS s Dalscariheraol dinemmptiod can proceed

thrbegh 8 cob@mﬁn& 14 hl‘o@ﬁllﬁg K, Which|dah th&H B kdfsformed to Salmosporam1de
met hod i ncl udes reacting a

epta %@r @‘F
@Hﬁfﬂﬂ? ref’grqﬁ,ﬁ WO iy the \splemesobgraia. {m aa entbodianett, agompound
of firfitdd €0 dRMRYraluted- L
for mul a (IIF?qian befrggkfggﬁﬁ#?ﬁgk¥ 159@?¥ﬂﬂ%mm¢n8chmne6
tetrafl uoroboride at an el evated tenperature to form
Sclerg@gpound of formula (1V). If Y is sulfur, the ketone
carbanyl protecting group can be renpved using various

R, tic, oxidative ﬁggL§:O solid-state nethqgs s

""MCOOMe

H

"as \t hoe ﬂescrlbed and d i Habibi et a

Mol O0RQ03)y 8, 663- ®R, i nc rporated
refer egce.RN |mrety [0141 Exezrrp 2 tructyres C'SORz
Oan emi stry of ? fornmulae (bl 3

and (|lV) are shown bel ow Ry\R X r O

44)) OH (Vi) OPG,

CHO

x OPG, ax)y OPG, : v OPG,

[0149] In step (d) of Scheme 6, the carbon-carbon double bond of the
compound of formula (V) can be oxidatively cleaved and then cyclized to form a
hemiacetal with the tertiary hydroxy group to form a compound of formula (VI), wherein
R; can be hydrogen or unsubstituted or substituted Ci- alkyl; Ry can be hydrogen, or
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OO NR3 OCOOR2 OO COOR2 RA RB 101421 For exanpl e,

t he conpounds of formulae (I11) and (1V) can have the
wéabd7awrseg structures: t-Bu,.. t-Bu O O S e HBCINSk®T008562

N OOOCOOvw YY OOCOOWw (Il1-1) (IV-1) 101431 As

shown in step (c) of Schene 5, treatnent of a conpound

of formula (IV) with an appropriate base (e.g.,

t-BuOK, NaOwe, NaOet or LDA) can induce an

i ntranol ecul ar al dol reaction to forma conpound of
subsHiuted ar pnsubsiftated; varrutscefithe follqwingoGenaldsyl, aryl or arylalkyl; and R;

a:ﬁ@é HQ&E&&H& %g uﬂ%ulﬁﬂaﬁ&i tvbfltlﬁﬂs g}éﬁ%?JIMn% (Fj@vé; gp %3 6 (%ycloalkyl

drogen, unsubst it ut
Cat hkkeﬁril, IC‘ewcmgloaﬂitnﬁl ahﬂybr a)aﬂqlkylo rAra exenaplkmp meﬁmi ﬂéts preparing a

cofielCor BYRBH (V1) ek Rics ARURRL A EURBHADE BRILTy] B o sutable

oxidantboxr pridaat Icem}binatlanylsuclnas a)sﬂ4adirlcyNM92ﬂ)rV@vera] hours and then

g S BTN LR ERAAL 5, 0 BT . e

reab@bih O BYqEdnchied UsiRS safdbls i1 @dagiEl stry: | R (OR O

CpelFOLal 1 FrereBians ARUERGE 9 eSS Qo of ormulac

(VP4nd (\8) are shown below:

@)
RV//m..(O
""”"COORZ

R1 lllln,,(
.-\\\\\R3

"""“COORz

[0151] Examples of compounds of formulae (V) and (VI) are as follows:

@)
t-Bumn,,,, ( t-Bum, ( ©
2l COOMe

iCOOMe
LY Me

OH

(V-1A) (VI-1)

[0152] If desired, the hemiacetal of a compound of formula (VI) can be
protected by forming an acetal using a protecting group moiety (e.g. benzyl, substituted
benzyl, silyl, or methoxylmethyl) to form a compound of formula (VII), as shown in step
(e) of Scheme 6. In some embodiments, R, Rz, and R3 can be the same as described with
respect to the compound of formula (VI); and PG; can be a protecting group moiety.
Examples of suitable protecting group moieties are described herein.

[0153] As an example, the compounds of formulae (VI) and (VII) may have

the following structures and stereochemistry:
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foll owi ng stereochem cal structures: R,,,,,, /OCCO

CO N'"COOR2 N"COOR2 N"""COOR2 O OHOOMHORR3 R3
wol207d17291(V-B) (V-C) [0146) Exenpl ary struct BCEAIS®07/008562
conmpounds formulae (1V) and (V) are shown below. O

t-Bu ON --111CO0OM M2 H3CN- -TOOH YYOO

coove (I'V-1) (V-1) [0147] More specifically, a

compound of forrmula (V) may adopt one of the

foll owi ng stereochem cal structures: -24 W)

2007R14 75 / US2007/ 008562 rO0 OF§ Ox 0 N CooMe
N "" "COOVMe O OH O OH O SCH (\7 ) (V-1
B) (V.1C ,,1,4 compound of formula a

. used to synth S|'ze @Ri‘erocycl iC conpound Ea%B%Rz
Salin ~ARand anatogs—#her eof e mepladtRxan

proceed O

OH OPG;

[0154] Exemplary structures of compounds of formulae (VI) and (VII) are

shown below:

t‘Bu/lllu,,(o

+ulCOOMe

OH OBn
(VI-1) (VII-1)

[0155] As shown in step (f) of Scheme 6, the COOR; group of a compound of
formula (VII) can be reduced to an alcohol to form a compound of formula (VIII),
wherein R;, Rj, and PG; can be the same as described with respect to the compound of
formula (VII). For example, the COOR; group can be reduced to an alcohol using a
suitable reducing reagent (e.g., diisobutylaluminum hydride, lithium borohydride, lithium
aluminum hydride, superhydride) and known techniques.

[0156] Exemplary structures and stereochemistry. of compounds of formulae
(VII) and (VIII) are shown below:

R1/Ilu,.,(o

""””COORZ .nl\“\“\OH
,.n\\\R3 —_— coant R3

OPG, OPG,_

[0157] For example, compounds of formulae (VII) and (VIII) can have the

following structures:
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t hrough a conpound of formula (X), which can then be
transfornmed to Salinosporam de A and anal ogs thereof,
wa0wheme1i n the schemes herein. I n an enbodi MeaT/US2007/008562

compound of fornula (X) can be produced froma

compound of formula (V) as shown in Schene 6. Schene

6 ROIS55R OR ----( ON4 COOR2 (a) e N CO (e) N
COORS 023 RBR3--r RB OHOOOO 12 (V) (V1) OH
(V11) OPG c—é(n O15 R4 Ri(c) ~ 10 \ 515 HO N 4

N kF; 3 R3 02 3
X) OPGL (vui) OPGL [RSP?’ ns
'"”ﬁécg%? car bon doubl e bonad , of
can be oxidati vel
wMém a hermiacetal Wt iMe y
rma conpound of f &
an bg hydrogen or unsubstituted\or
substituted | kyl ; R2 can be hydrogen,
2007/ 117591 PCT/ U {/ 008562 substituted or “0Bn

o}
unsubstituted variants of the follow ng: CL 6 al kyl,
aryl or aryl al kgviI-Bnd R3 can be substi t ut ed VdH-1)

unsgﬁ%& It g; n%n\a/are )a&tf %c of tgrytlhe 0%4’03% gi 6gc?rlniggudd of formula

(VHDNYdan & oRidytedl #sihg aAnapreprptaloxidizinh agehoto ﬁrrepafa agmpound of

a . .
formula (IX), wherein R;, Rz, and PG, can be the same as described with respect to the

of Schene
compound
t hen cycli
hydr o
wherein R

compound of formula (VII). For example, an alcohol can be oxidized to an aldehyde
using an oxidant such as Dess-Martin periodinane, TPAP/NMO, Swern oxidation reagent,
PCC, or PDC.

[0159] Compounds of formulae (VIII) and (IX) may have the following

structures and stereochemistry:

0)
R-]f”"“'(o R1//lll:,.(
N .\\\\\\“\.OH N --I!IHICHO
B ——— e
Soantt R3 st R3
@) 0]
OPG, OPG;

[0160] Examples of compounds of formulae (VIII) and (IX) are as follows:

O.
t-BUIm,,,,(O t-BUII/m,.(

N m\\\\\\OH N ”'”“CHO
\\\\\Me ‘\\\\\\Me
) (0]
OBn OBn
(VIII-1) (Ix-1)

[0161] In another embodiment, the COOR; group of a compound of formula
(VII) can be reduced directly to an aldehyde to give a compound of formula (IX) in a

single step.
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compound of formula (VI) includes reacting a conpound

of formula (V) with a suitable oxidant or oxidant
woaodrinadion, such as OSO4 and NMO for sever al PODWIS2007/008562

and then adding an additional oxidant (e.g.,Nal04 or

Pb(QAc)4) to the reaction mxture. The reaction can

be quenched using suitable salt solutions. [0150]

Exenpl ary structures and stereochem stry of conpounds

Of f@iﬁllii ( wl%ni%’s’ \1/3'1 & &9 homti@g%g%ugji_offomule(l (X) can be

synth&&lid%B byCi'eIa@mgOah[&kmm&&ﬂfmhﬁet?fc&%ﬂgnﬁsl&gt one R, with a
Aa are as foll ows: -

°°{5’l§’,°f“,’, Texlfé%oﬂla @’gf%@*mm\ Ri, Rs. mﬂ&@lm@whe s@m/@s @escrxbed with

respcct%ollﬂ% c6hpBunddf( Mrindia Wﬁ) 1)3.nd [lgzlégxl Hel géi&%ci ¥bm the group

he. hem acetal of a conpound of
COBsr‘?Hr@c nf]e‘d‘bﬁ\}t"‘%ir?ﬁ W&uhﬁlta@ét‘@rlan@ﬁ gha fqziianglt |(E1,gC;2 alky] C,-Ci;
I SHi t
all%?wngzﬂ%,g)%‘%e?? (- CP%@?%ralrlﬁyg LESOE Oct};cg)dall%enyp Al rCia cyc%alkynyl Cs-
Cig VhftFTOCéiQIY!;h(ﬁml i lhem‘twyl ( e) argfallSdh ehaeﬁ)aryllﬂlkyn Mgcycloalkyl)alkyl,

, yd can be the
(hege S C?& g@%kaﬁ aﬁ}l > AC %ﬂe ?l%%’ gczg Bmg, ca:[r Qraaml,aammocarbonyl
am@v; 921d<mhkiyl P@illrmaﬂcyhesah q:frantmhoaﬂgylg cabRx PRk PL ¥alt of a carboxyalkyl,

eser %@Hlohe?a ta?l % t I n a&ﬁﬁgfgg&lyﬁ%hg@ﬁ%gnd@k of a
dmbliyl&mmmll@e, (VI ) p]@d’i@l (V|dll)ylﬂ‘ﬁé/aliaﬁye arylthioalkyl, carboxy, cyano,
alkanesulfonylalkyl, alkanesulfinylalkyl, alkoxysuifinylalkyl, thiocyanoalkyl, boronic
acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl, salt of a
sulfoalkyl,  alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl,  phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl. In some embodiments, R4 can be
selected from the group consisting of: " substituted or unsubstituted variants of the
following: C3-C;y heterocyclyl, aryl, heteroaryl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyl)alkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl,
azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl, carboxyalkyl, salt of a carboxyalkyl,
alkylaminoalkyl, salt of an alkylaminoalkyl, dialkylaminoalkyl, salt of a
dialkylaminoalkyl, phenyl, alkylthioalkyl, arylthioalkyl, carboxy, cyano,
alkanesulfonylalkyl, alkanesulfinylalkyl, alkoxysulfinylalkyl, thiocyanoalkyl, boronic
acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl, salt of a
sulfoalkyl,  alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, = phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl.

[0163]) A non-limiting list of suitable organometallic moieties include
organomagnesium compounds, organolithium compounds, organotin compounds,

organocuprates compounds, organozinc, and organopalladium compounds, metal
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the follow ng structures and stereochem stry: -26 WO
2007/ 117591 PCT/ US2007/008562 (O (O N -1,11000R2 N

WO 2WHITOOR2 O 0 O OH OPGL [ 0154] Exenpl ary sPCUaS202808562
of conpounds of forrmulae (VI) and (VIl1) are shown
bel ow. t-Bun,,,,,, / Ot-Bunn,,,, / ON +l1+000M N
-,1111000M W.,,, W OO0 0 CHO®B (M-1) (MI-1)
[ 01551 As shown in step (f) of Schenme 6, the COOR2

1) _can be reduced
caﬂa{r(]ﬂ R:C gﬂet?l H%g:é%%é&{: 8&9 gsa %1}( ﬁ%‘?’gﬁt&@ﬁ”fjf) e.g.. organoboranes
andharganasil@ies).RB) semd dﬁﬁﬁoduamtbetﬁahﬁg&ﬁﬁﬁeaﬂldjﬁﬁﬁétyhﬁﬂ be selected

o 55RER b ST Al 0 YA, Y, B o s

Memgnam Siaht sldoted EMEithY dré@e @Bhsit8nd of halogen, or substituted or

i sobutyl al u m hy? de, lithi um borohydri
unﬁlettsm‘ﬁﬁé e G Ty L lsoving iy kR, Brelorianaryl, arylallyl,
dpﬁfdtﬁh@ﬁ@ﬂ h&@rb&?lalﬁﬁmﬂr cYar%t%*l‘élkHﬁ)eswﬁ’é}glF \}If l'SlOI'e tgan one Ry is

stereochen1stry of conpounds of fornul ae
present; ithe By graupsganmptionally be bond kpgether o (foommmo@amy Bubstituted

F
cy%ﬁzj@g (£/I i )éacIS’]H r@éﬁ%@stuﬁ%@@%%k@rﬁ g%;ﬁyrkaeﬂey substituted
hetepgal ozozpp/oyg% substigTeUBEOMIGAZE6Rg; p can be an integer from 1 to 3;

and q can be an integer from 1 to 4. In an embodiment, the organometallic moiety is
(R4)p-B(R7)3.p. In certain embodiments, the organometallic moiety is Ra)p-B(R7)3p,
wherein Ry is 2-cyclohexenyl. In some embodiments, the organometallic moiety is (Rq)p-
B(R7)3.,, wherein R, is 2-cyclohexenyl, p is 1, and the two R groups are taken together to
form an optionally substituted cycloalkyl. In another embodiment, the organometallic
moiety is Rs-MgRy. In certain embodiments, the organometallic moiety 1s Ry-MgR5,
wherein Ry is 2-cyclohexenyl. In some embodiments, the organometallic moiety is Ry-
MgR3y, wherein Ry is 2-cyclohexenyl and R is a halogen (e.g., chlorine).

[0164] As an example, the compounds of formulae (IX) and (X) may have the

following structures and stereochemistry:

O.
R, (

@)

lCHO
-"“\\RS “——‘_‘_'>'

OPG, OPG;

(X-A)
[0165] As another example, the compounds of formulae (IX) and (X) may

have the following structures and stereochemistry.
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t-Bum,.,, ( Ot-Bum,,,. ON...1111000Me N ~-CH

,.,akMe |, %8k OO0OO0O00Bn OBn (VII-1) (MI11-1)
wpQdAN749n step (g) of Schene 6, the C S al cohetTal200me08562

conmpound of formula (VII1) can be oxidized using an

appropriate oxidizing agent to formthe conpound of

formula (I X), wherein RL, R3, and PG can be the sane

as described with respect to the conpound of fornula

(M1). For exanple, an alcohol can be oxidized to an
al delpzé g an oxidant such as Dgss;, |

perlo TPPAP/ NMO, Swern oxi dation reé

or unds of fornulae (VII

may have ol ' owng structures and

stere ' ((r) R,

-o" 00 O OO OPGL OPGL

follows: ,/ u-n,,,,, ON

OO0 OBn OBn (VW (1X-1) [0161] In another "opg,
enbodi nent, the COOR2 group of a conpound of fornula
(VI1) can be reduced di rectly to an al dehyde t&Xdhve a

o0 TR0 EXRPHES shirist el coflpBinds S WBrmafel ) and (0 are

shown below:

t-Buv,,,, (O

t‘Bu”lh,,,(O
ullll“CHO

..l\\\\ Me
o o
OBn "OBn
(IX-1) X-1A)

o
t'BU”I!n,,(

iliCHO
,.\\\\\\Me

OBn
IX-1) * (X-1B)
[0167] Various synthetic routes can be used to transform a compound of

formula (X) to Salinosporamide A and analogs thereof. In an embodiment, the synthesis
can proceed through the intermediate compound of formula (XV). Exemplary synthetic

routes are shown Schemes 7-1 to 7-5.
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[01621 As shown in step (h) of Schenme 6, a conpound of

formula (X) can be synthesized by reacting an
wonrganen®ial | i c noi ety containing at | east oneP&#/UsRE0N/008562

a conpound of formula (1X), wherein RlL, R3, and PGl

can be the sanme as described with respect to the

conpound of formula (M1); and R4 can be sel ected from

the group consisting of substituted or unsubstituted
ScHari nts of the follow ng: Cl-Cl12 al kyl, C2-Cl2

, C2-Cl12 al kynyl, C3-Cl12 cycl oal kyl, C3-Ci12

cycl gal kenyl , C3-Cl12 cycloal kyopyl, C3- Cil2 R oPG
Ri cl R, aryl, heteF@Er(F, ryLBd kyl , NP 2
I, gecycloal kyl hal ; . OH
( 15
atkyt>» acyl , a'\sl a\ ky ,OPGE—(L>

Ponyl oxy, car
azidoal kyl , ami noal kyl , \sal tPof an ami noal kyl ,
yl, salt of a carboxy

I,
I, salt of an alky y noal kyl ,
di al kyl'Bvi ndaf'’kyl, salt of a dﬁg$k§ﬁgﬁ1noalkyl, Xlp) OPG,
phenyl , al kylt hi oal kyl, arylthioal kyl, carboxy, cyano,
al kanesul fonyl al kyl, al kanesul fi nyl al kyl,

cyPsT ati nocarbonylcr

al kox§ @1 al kyl, thi ocyanoal kyl, bor onic “
aci dal kylf, poronic esteral kyl R noal kyl, salt of

guanH ¥l , sulfoal kyl, salt sul foal kyl, R, OPG,
al ko g4 al kyl , sul f ooxyat Realt of a

3 4__(!)__ HN R5

phospho ooxyaikyl, salt of OF p ooxyal kyl R
(al kyl prgsphooxy) al kyl , phosphor yl, salt of 3
phosphor ylldfkyl ,~ (al kyl phosphor kyl , O

pyri diddW gikyl, salt of a pyridiGiypaldeyl, salt of a
het eroaryl al kyl and hal ogenated al kyl i ncl udi ng X)) OPG
polyhalog?EﬂIed al kyl. In some enbodi nents, R4 can be !
sel ected f¥omthe group consisting of. ' substituted

or unsghstitgied variants of the follow ng: C3-Cl2

het er ocyc , yl, heteroaryl, heteroaryl al kyl,

yl, (heterocyclyl)al kyl, acyl,

acyl al C)yloxycarbonyloxy, car bonyl acyl ,
am g .~ azido, azidoal kyl, am noal kyl, salt of
an anm no car boxyal kyl, salt of a carboxyal kyl,

al kyl am noal Ryl , salt of an al kyl am noal kyl

di al kyl am™p#gl kyl, salt of a dial kyl am noal kyl ,
phenyl, alkkl thioal kyl, arylthioal kyl, carboxy, cyano,
al kanesul f'ontyl al kyl , al kanesul fi nyl al kyl ,

al koxysul finyl al kyl, thiocyanoal kyl, boronic

aci dal kyl , boronic esteral kyl, guani dinoal kyl, salt of
guani di noal kyl, sulfoal kyl, salt of a sulfoalkyl,

al koxysul fonyl al kyl, sul fooxyal kyl, salt of a

sul f ooxyal kyl, al koxysul f onyl oxyal kyl ,
phosphonooxyal kyl , salt of a phosphonooxyal kyl ,

(al kyl phosphooxy) al kyl, phosphoryl al kyl, salt of a
phosphoryl al kyl ,  (al kyl phosphoryl) al kyl
pyridinylalkyl, salt of a pyridinylalkyl, salt of a
het eroaryl al kyl and hal ogenated al kyl incl uding

pol yhal ogenat ed al kyl . '
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[0163] A non-limting list of suitable organonetallic
noi eti es include organonmagnesi um conpounds,
wonrganaefiot hi um conpounds, organoti n conpounds, PCT/US2007/008562
or ganocupr at es conpounds, organozi nc, and
or ganopal I adi um conpounds, netal -29 WO 2007/117591
PCT/ US2007/ 008562 carbonyls, netall ocenes, carbine
conpl exes, and organonetal | oids (e.g., organoboranes
and organosil anes). In sone enbodi nents, the
c tallic noiety can be selected fromthe group
consigsti ng of R4-MgR7, RA4- ﬁnR? &4 Li, (R4)p- B(R7)3$ﬁ'
R4 (R%) g-Ba(R7)4- q; whereln can sel ected from tHe
isting of hal og [
i tutéivariants of esY ol L ow ng: al kyl,
| oal ®yl,, ar »
heyl , hydr oxy, oxy,0and carbonylal?oxy,
nore than one R7 i resent, the R7 groups

can optlo u be bond together ft form an optionally

substi tft e yel oal kyl (e.g. Xb-BBI§1, optionally (XI)  OPG;
substituted cycl oal kenyl, optionally substituted

heteroal kyl or optionally substituted heteroal kenyl lm
ring; R _Gapoke an integer framslL.adi@ 3; and q can be

an i ntegdr fr 1to 4. In an ¥nbodi nent, the Ry OH
orga C noiety is Q 0-9"87)3 p. In certain

enbody nehy s, Lt he organonet aj | i+ m ety is HN Rs
( 3°p,  wherei =R ; qélohexenyl In so R
enbodi th& organonetal [fc nofety iT(RA)p- o 3
B(R7) 3_ wherein R4 is 2- cyc{ ohexenyl, p is 1, and O

the two 1IJroups are taken toQggtiker to form an

opt i onghA ubstituted cycl eahkyl . 1n another
enbodinentffthe organonetallick'ﬁbiety is RAe-MgR7. In
certain enbodi nents, the organonetallic noiety is

RA- {od8)  WASIsBbWn it step (B SHYSdhehR¥ERYihe ¢3 s%@&ﬁiai% hydroxy group

enbodi nents, the organonetal lic nmoiety is
of §ypPRP¥Ndf fogmzlac@@weﬂ deangteciga virya ﬁ@taéﬂmmow@ﬁg group moiety to

forfne a g}om}ﬁﬁlln@ r d)iﬂﬁgrmuﬁep @-ﬁ V@ﬁer@ﬁ‘l Rra aan ePG OBOWRASe same as

formul ae (1X) may have t omnng
de%tlb@fbmﬂesesaﬁ@ t@t@pmmimndtcrfyformu@ %, amcL PG4 cb@HI® Al protecting

grouf) %wty*. %ﬁﬁhmltm Rulits Qrerct%%rog golet f?é t@t can be used to

protect the C-5 secondary hydroxy group of a compound of formula (X) include a

X1 o

substituted methyl ether (e.g. methoxymethyl), a substituted ethyl, a substituted
benzylethyl, tetrahydropyranyl, a silyl ether (e.g. trimethylsilyl, triethylsilyl,
triisopropylsilyl, t-butyldimethylsilyl, or t-butyldiphenylsilyl), an ester (e.g. Eenzoate
ester), or a carbonate (e.g. methoxymethylcarbonate). Alternatively, in some
embodiments, the C-5 secondary hydroxy group of a compound of formula (X) can

remain unprotected, as shown in Scheme 7-2.

[0169] Compounds of formulae (X) and (Xp) may have the following
structures and stereochemistry:
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10165] As anot her exanple, the conpounds of fornul ae

(I'X) and (X) may have the follow ng structures and
weterraetieenm stry. -30 WO 2007/ 117591 PCT/ US200PCOAB2H2/008562

Ron,,,. ORhKU,,., ORMA N-,,,, ' CHONOH ,.0%W84R3 ; O

o0 .0O0OPGL OPG (X-B) [0166] Exenplary structures of

conmpounds of fornulae (IX) and (X) are shown below O

/ H t-Buru,,,,, ( Ot-Bua,,,,,,~ N""unCHO N ~~~"uCH
Op OO (Bn(Bn (IX1) (X1 A OH t-Bua,,,,,,. (
O M, M o.,,,, %M ORA OBn

(I X- 11)“ 671 Vari ous synt het'i ¢ out '?1"' be
used to g~ gonpound of formul a by

Sal i nospg Q% anal ogs thereof. | OPG,

enbocd>| e e §ant hesi s——

R1llun...(o R4

N

OPG4
(X-B) (Xp-B)
[0170] As examples, compounds of formulae (X) and (Xp) can have the

following structures:

@)
t—Buum...(

t-Bui,,, ( ©

N "M1OH > N
..\\\“ Me
o] O
OBn OBn
(X-1A) Xp-1A)
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can proceed through the internedi ate conpound of

formula (XV). Exenplary synthetic routes are shown
weehemes97-1 to 7-5. -31 WO 2007/ 117591 PCT/US2007/008562

PCT/ US2007/ 008562 Schene 7-1 NRa 5 OP&Q2 /O R4

Rl---( OkR45 (1) NOPG(i) HNOH O203CHO0O0 2

03 (X) OPG (Xp) OPGL (XIp) OPGL R4 5 OH (k) R4 OH

HNRs 4 RRA OP&R2 RZIHN2 OHRZIHNR5 OOR3 1300

(XIV) OH (XI11) Od ) (XIlp) OPGL RA 5 CHO HN4 QO

0 2 RB 13 3

PCT/ US2007/,00856

t‘Bu”lln,,(

OBn OBn
(X-1B) (Xp-1B)

[0171] The aminal of a compound of formula (Xp) can be cleaved using a
suitable acid (e.g. triflic acid, HCI, PTSA, PPTS, TFA, camphor sulfonic acid) to form a
compound of formula (XIp), as shown in Scheme 7-1. In instances in which the C-5
secondary hydroxy is unprotected, the same or another acid can be used to form a
compound of formula (XI) from a compound of formula (X). See Scheme 7-2. The
substituents and protecting group moieties (R, R, R4, PG, and PG, where applicable)
for compounds of formula (XI) and (XIp) can be the same as described with respect to the
compound of formula (Xp).

[0172] Exemplary structures and stereochemistry of compounds of formulae
X)), Xp), (XI), and (XIp) are shown below:

R1I/m.,.( ©

Ra__OPG;

N P, OH
\\\\ R3 P
o) O
OPG; OPG;
Xp-A) (XIp-A)

-35-



OH ORARA5OHR 55 N4 OHZ50HRO2 R3 O2 R3
t~R3 00O (X OPGL (XI) OPGL (XI1) OPGL 1 t1) R4

wo 20H/1R%B9D OH O R4 OH HN 4 HN 4 RS O R3 HN R5PCODUR2(87/008562

~(mMm O2 CHtl~OR3 3 13 13 (XV) OH (XIV) OH
(XIII) OH [0168] As shown in step (i) of Schenme 7-1,
the G5 secondary. hydroxy group of a conpound of
formula (X) can be protected with a suitable
protecting oup noiety to forma conpoun% of formula

( Xp) .RWhEr R, R, R4 and PGl can be th e
descri bed{with éct to the conpound of formila (X);
and P& c DN ctlng group noi ety OH
non-limting | f SU|tabIe protecting g oup

secondary h rox ogroup of a conpound of for
i nclude a uted nethyl ether (e.g.
nmet hoxynet hyl substituted ethyl, a substi
benzyl ethyl, tetra ppyranyl, a silyl ether (e.dppg
trimethylsilyl, triethylsilyl, triisopropylsilyl, 1
t - butyl di met hy(}id)yl, or t-butyl di phenylsilyl),dnA)

o=t St AR e PSR PRGBS, o, 0, an

(Xé;ﬁptmdlhmat}&,fotlbem(g finpegesaed yteftyehaxytrgr oup of a
compound of fornula (X) can renmin unprotected,
showrjuf,. S 101691 Conpounds of f
and ( Xp) e followng structures an
st er eocheny

OPG,
(XIp-B)
R, OH
HN OH

..\\\\\ R3

OPG; OPG,
(X-B) (XI-B)

[0174] For example, compounds of formulae (X), (Xp), (XI) and (XIp) can

have the following structures:
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-33 WD 2007/ 117591 PCT/ US2007/008562 O OR4A R4 N

""TOHN. "" "OPQR 10%W8MR3, .", AR3 OO0 00O OrPGl
WORMI/11(31 A) (Xp-A) OO Rih,,,,.. R4 R4 N CHPHTI/OREED7/MS562

O OPGlL OPGL (X-B) (Xp-B) [0170] As exanpl es,

conpounds of fornulae (X) and (Xp) can have the

followng structures: HH (0O t-Bu N'OHNOP&XR ,, ~i

M .Al\ MM 0OOOO OBn Bn (X1 A (Xp-1 A -34 WO

2007/ 117591 PCT/ US2007/008562 HHOp t-BUnr,,,.. (
t-BU Un,,.. / N OHHK S ., 09884k
t-Bun,,,, ( © _\\\\\\\OPGZ
N OH
__.__._>
O . O ‘.\\\\\Me
OBn OBn
(Xp-14) (XIp-1A)

. \\\\\\\O H

uul”IOH

—_— X
ant Me ,\\\\\\Me
)
OBn OBn
(X-1A) (XI-1A)

OPG,
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OOp O OBn GBn (X-1B) (Xp-1 B) 101711 The am nal
of a conpound of fornmula (Xp) can be cleaved using a
weubwrabt®iacid (e.g. triflic acid, HCl, PTSA, PeT8S2007/008562
TFA, canmphor sulfonic acid) to forma conpound of
formula (XIp), as shown in Schene 7-1. In instances in
which the G5 secondary hydroxy is unprotected, the
same or another acid can be used to forma conpound
of formula (XI) froma conpound of fornula X) See
Schene 7-2." The sub
noi eties- (RlL, R3, R4
for conBounds N
same asPddser] i t/T TE€spect to the conpe
formula (Xp)\ 10721 Exenpl ary structures and
stereochem s jounds of _forgl ae

(XI), and ewdeown below. O R4 R4 ,x“\Me
OH N } ﬁ)@N,,,aRs O O p OFEL
(Xp-A) (Xl p- A) 2007/ 117591 PCT/ US2007/ OO
OR4 ,,,,,,~ vaa,-~ R4 N"" " SOH HN OH
.., % R3,.,,xa 00 OPGL OPG (X-A) (X -A)
OBn OBn

(X-1B) (X1-1B)

[0175] As shown in Scheme 7-1, step (k), the C-15 primary alcohol group of a
compound of formula (XIp) can be transformed to Rs to form a compound of formula
(XIIp). Similarly when the C-5 secondary hydroxy group is unprotected, the C-15
primary alcohol group of a compound of formula (XI) can be transformed to Rs to form a
compound of formula (XII). See Scheme 7-2. R3, R4, PG, (and PG,, where applicable) of
the compounds of formulae (XII) and (XIIp) can be the same as described with respect to
the compound of formula (Xp); and Rs can be selected from the group consisting of —
C(=0)ORs, -C(=0)SRs, -C(=O)NRgR¢, -C(=0)Z wherein each Rg can be independently
selected from the group consisting of hydrogen, halogen, or substituted or unsubstituted
variants of the following: C;-Cz4 alkyl, acyl, alkylacyl, arylacyl, aryl, arylalkyl, p-
nitrophenyl, pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and
heteroaryl; and Z can be a halogen. For example, the primary alcohol group can be
converted to a carboxylic acid using appropriate oxidation conditions such as Jones
oxidation. Alternatively, the carboxylic acid group can be prepared from the primary
alcohol group of the compound of formula (XI) or (XIp) through an aldehyde. The
primary alcohol group of the compound of formula (XI) or (XIp) can first be converted to
aldehyde using appropriate oxidant such as Dess-Martin periodinane, TPAP, Swern
oxidation reagent, PCC, or PDC and then the resulting aldehyde can be oxidized further
to carboxylic acid using appropriate oxidants such as a combination of sodium
chlorite/sodium phosphate dibasic/2-methyl-2-butene. If desired, the carboxylic acid can
then be further converted to an ester, a thioester, acid halides (e.g., acid chloride) or an
anhydride using an appropriate alcohol, thiol (e.g., thiophendl, cystine), thionyl or oxalyl
chlorides, carboxylic acid (e.g., acetic acid, benzoic acid), and/or anhydride (e.g., acetic
anhydride).
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[0173] As anot her exanple, the conpounds of fornul ae
(X)), (Xp), (XI), and (XIp) can have the foll ow ng

werouratitves and stereochem stry: Rionr,,,.. (O RERCRUSLBGAS62
NOP& HNOH ,,a RBRRE OO0O0OO0O OPd OPGI (Xp-B)
(XIp-B) p RAOH ..~ RANOHHNOH ,,,a%R3 - ~00

0 OOPG OPGL (X-B) (XI-B) [01741 For exanpl e,

conmpounds of fornulae (X), (Xp), (XI) and (Xl p) can

have the followi ng structures: -36 WO 2007/117591
PCTIOLZED 07/ 4% 38 6xxampley theggampounds of) formulag B, (XIp), (XII) and

(Xlkyjn% ﬂr%\{eg\}}mh {éY,Fo,\yiintg\“s:tauﬁuQs%@ste%ah‘%&tMp- 1A (Xp-1

R4\ ‘\\\\\\OPGZ R4\ “\\\\\OP Gz
HN— OH
oy R3
O 5
(0]
OPG4
(X1Ip-A)
R4 WOH
Rs
» ,.\\\\\R3
o)
(0]
OPG4 OPG;
XI-A) X1I-A)
[0177] Other exemplary structures and stereochemistry of the compounds of
formulae (XI), (XIp), (XII) and (XIIp) include following structures and stereochemistry:
R, OPG,
HN Rs
3 ) RTIL R3
0]
(o]
' OPG, OPG;
(X1p-B) (XIIp-B)
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HNOH ,, %% M OOO OBn OBn (MA) (XI-ITA) HH O
oP&@ t-Bun,,,,,, NOPQ HNOH OO0 OO OBn OBn (XP-1
wapo(7xhipsel B) -37 WO 2007/ 117591 PCT/ US2007/ 088BAR200H008562
HOOH NOdHHNOCH ..011IM OO OO OBn OBn (X1 B)
(XI-113) [01751 As shown in Schenme 7-1, step (k), the
C- 15 primary al cohol group of a conpound of formnula
(XI'p) can be transformed to R5 to forma conmpound of
formula (Kl1p). Simlarly when the G5 condar
hydr oxy gréﬁp i ﬁk'g]rot ected, the G 15 4 o
al cohol group ceggound of formula (Xl)
t ransf or meiN rma conpound ofpyf
(XI1).
appli ce J
(XI'1p) can b& the @ane as described W th regpectcoto
t he conpound rmula (Xp); and R5 can be\se
fromthe group coRsisting of - C(=0 OR6, -C(=
-C(=0) NR6R6, - C(=Oppa@perein each R6 can be OP
i ndependently selected fromthe group consisting 0?1
hydr ogen, hal dgdmB) or substituted or unsubsti (XileB)

[0178] Exemplary structures of compounds of formulae (XI), (XIp), (X1I), and
(XIIp) are as follows:

OBn
(XIIp-1A)

.\\\\\\\o H

.\\\\\\Me .\I\\\\Me

OBn OBn
(XI-1A) ' (XII-1A)
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variants of the follow ng: Cl1-C24 al kyl, acyl,
al kyl acyl, arylacyl, aryl, arylalkyl, p- nitrophenyl,
woenmizafifor ophenyl , pent af | uoroet hyl, trifl uor eerhgkqo7/008562
trichoroethyl, and heteroaryl; and Z can be a
hal ogen. For exanple, the primary al cohol group can be
converted to a carboxylic acid using appropriate
oxi dation conditions such as Jones oxidation.
the carboxylic acid group_can be

gan first be converted t o<
usi ng appropri gtg =’f9ﬁnt such as Dess-Martin
: RAP, Swern oxidatjon reagehi
PDC and thén thg syl ting al dehyde can b
oyl i ¢ aci d usi ng appropfFral e _oXngdant s
such as a coni nat}on of sodium chlorite/sodjum ©

ester, a thioester,0OBaid halides (e.g., acid chl oricisy
or an anhydrid Si an appropriate al cohol hi
(e.qg., thiophengﬁﬁyé§§tine), t hi onyl or oxaly(}(ﬁp‘lg‘B
chl ori de carboxylic acid (e.g., acetic~acid, benzoic
qr anhydride (e.g., acetid
91 PCH,YS2007/ 008562 10
gaffounds of formul ae (X))

, x R3 0 00 0 PGl OPGL
(XI | p- Ry=F L.\ \\OH HN OH HN R5 4
.., %84 R3 0O O OQOPGL OPGL

OBn OBn
(XI-1B) (XI1-1B)

[0179] In some embodiments, a compound of formula (XII) can have the
structure shown in Scheme 7-2, with the proviso that if a compound of formula (XII) has
the structure and stereochemistry of the compound of formula (XII-1A), then Rs cannot
be —C(=0)ORg, wherein Rg is t-butyl.

[0180] A compound of formula (XIV) can be synthesized by removing any
protecting group moieties on the compound of formula (XII) and/or (XIIp) to form a
compound of formula (XIII) and then cleaving the hemiacetal of the compound of
formula (XIII). In some embodiments, R3, Ry, and Rs of the compounds of formulae
(XIII) and (XIV) can be the same as described with respect to the compound of formula
(XIlp). One method for reductively cleaving the hemiacetal can be using a suitable
reducing reagent such as sodium borohydride. In one embodiment, the formation of a
compound of formula (XIV) from a compound of formula (XII) or (XIIp) can be
accomplished in a single step. In another embodiment, the protecting group moiety PG,
on the compound of formula (XII) can be initially removed to form a compound of

formula (XIII) and then the resulting hemiacetal can be reductively cleaved to form a
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(XI-A) (XI1-A) [01771 O her exenplary structures and
stereochem stry of the conpounds of fornulae (Xl),
wOXbE)1179KI 1) and (Xl Ip) include foll ow ng strBCTAWSE®7/008562
and stereochemstry: R4 OPQR R4 OP&R HN OH HN R5
"IMRBOOOO0O OPGL OPGL (XIp-B) (XI'lp-B) -39 WO
2007/ 117591 PCT/ US2007/ 008562 R4 OH R4 OH HN OH HN R5
. BAR843 ."m%RS Op Op OrPGL 03(31 (XI-B) (XI'l-B)

COE?%)%?A ?E)f r;l;Pu rIgcﬁbg{hgg(F%?gﬁ? g?l’&?t;ﬁ{}& g:quluaemmetws PG,
and, PG; \&oP@Re , comp ounkl@f;(?l&‘f)rrhﬁh HNHF&'éﬁNbT_' %é@&%ch leQthmously or

sequentlgﬁy to g"ormp a compound of ?ormula (XIII) and then the resultmg hemiacetal can
be reductively cleaved to form a compound of formula (XIV). If the protecting group
moieties on the compound of formula (XIIp) are removed sequentially, they can be
removed in any order to form a compound of formula (XIII).

[0181] Compounds of formulae (XII), (XIIp), (XIII), and (XIV) may have the
following structures and stereochemistry:

Ra_ OH Ra__OPG; Ran_ WOH

Rs
...\\\\Rg OR

HN Rs Rs

.-\\\\\R3 ———— i R3 ——

(o) o o O 0 0
OPG, OPG, OH
(XII-A) (XIp-A) (XIII-A) (XIV-
A)
R4 OH R4 OPG, R4 OH Ra OH
HN Rs HN Rs HN Rs
REYIY R3 OR ottt Ra ———" caanid R3 — .\\\\\R3
®) o O o (o] OH
OPG, OPG, OH
OH
(XII-B) (X1Ip-B) (XIII-B) (XIV-
B)

[0182] Exemplary structures of compounds of formulae (XII), (XIIp), (XIII),
and (XIV) are shown below:
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O00O %M ",\OM OBn OBn (XI-1 A (XIl-1 A -40
WO 2007/ 117591 PCT/ US2007/ 008562 H H HN OH HN R5
w0 20001173910 W O O O O OBn OBn (Xl p-1 B) (Xl PpTARY00/H008562
H OHOH HNOHHNRs .,,""Me OO O O OBn OBn
(XI-113) (XI1-1 B) [0179] In some enbodi nents, a
conpound of formula (XIl) can have the structure
shown in Schenme 7-2, with the proviso that if a \
onpound of fornula (XIl1) has the structure and
onmul a (X |-1A)

& eochem stryhe conpound o
eh RS . cannot (b C(= whe
07180 R‘;’corrpoun of fp %gg (XI'V)

bmweu--
CO‘oO nd

of for A

1TE R5 of the conpdunds of
f or mul ae oeaXl II) and (XI'Vpggan be the sanme Bg
described with respect to the conpound of formula
(XI'lp). One nethod for reductively cl egvi ng the
hem can be using a suitable reducing reagent
such ggdl um borohy@% Igd AN n one enbodi¥HHNntA) t he (X1v-
1Af)orrmt|on of a conpound of formula (XIV) froma
onpound of fornula (XI1) or (XIlp) can be

OH OPG, OH
Rs OR Rs . HN Rs
~mMe ..\\\\\Me awMe
O o o 0 OH
OBn OBn
OH
(X11-1B) (XIIp-1B) (XI1I-1B) XI1v-
1B)
[0183] In some embodiments, a compound of formula (XIV) can be

synthesized by removing any protecting group moieties on the compound of formula
(XII) and/or (XIIp) and reductively cleaving the resulting hemiacetal of the compound of
formula (XIII) with the proviso that if the compound of formula (XII) has the structure
and stereochemistry of the compounds of formula (XII-1A), then Rs cannot be —
C(=0)ORs, wherein Rg is t-butyl. In other embodiments, a compound of formula (XIV)
can be §ynthesized by removing any protecting group moieties on the compound of
formula (XII) and/or (XIlp) and reductively cleaving the resulting hemiacetal of the
compound of formula (XIII) with the proviso that if the compound of formula (XIII) has
the structure and stereochemistry of the compounds of formula (XIII-1A), then Rs cannot
be —C(=0)ORg, wherein R is t-butyl.

[0184] In one embodiment, a compound of formula (XIII) can have the
structure and stereochemistry of a compound of formula (XIII-1A), with the proviso that
Rs cannot be —C(=0)ORg¢, wherein Rg is t-butyl. In an embodiment, a compound of

formula (XIV) can have structure shown herein, with the proviso that if the compound of

-43-



acconplished in a single step. In another enbodi nent,

the protecting group noiety PGL on the conpound of
woanimuiza9( Xl 1) can be initially renoved to for RC&US2007/008562

conpound of fornula (XI11) and then the resulting

hem acetal can be reductively cleaved to forma -41

WO 2007/ 117591 PCT/ US2007/ 008562 conpound of formnul a

(XI'V). In another enbodi nent, the protecting group

noi eties PGL and P& on the conpound of fornula

forpuxig Gfl\@ahﬂsﬁbe sERevedan] starepalrapigly i dhe campoend phfarpula (XIV-
1A> PR QHPOlggdoftﬁRg %&Hégéla 1@% %'cl gfw' nﬂ{tﬁﬂ bPEbutyl.

esu tI ng em a can e re eaved to
for mldiS&oanmndy,om ftep (m) a:f@)(h&:t)w:s p4l arlﬂa 7%, @t ewnpoupd of formula

K95 301 TOEL 67 A D8 ARIBONITr fref 81 FXI LAh! 0 ol Goriate base

noved "Seque
(.81 BOPQIpyirialing, aricthplamine) tofmﬁmsemu I]amtcmitdﬂ@n reh@ﬂx&il}md form the 4-

megﬁ{éﬁﬁgggﬁé{%&c c? b@gg\%/ égglgl :U CI%‘{J( Iaéxg) gﬁ%XI I c) saxgg das(ggsvl)lbed with
respt@ 1t @@ thsdund . of fdrmula ('Xﬁb‘loRGXII ). 1A @RPedtBdiment;if @Y iR4n ester, it
HHNRSHNRSHNR6 N Rs

can ﬁmegrms qu(ep)tocg egrepxylic acegq an Qctlvp?d%c@_paéjqe), or an
act(\?&ltéd' é)tel( @é m-mtr('(gﬂbhi'l éer( &ﬁ{aﬂﬂég&ergﬂ ester q:’e@af%r(gfhyl ester,

trlfblcuw;hrj e;t@H trigidgpoetipi, esm @rhicester.- y)(bqfws lesmg treated with an
apérél)}léte B)ea%%ﬂtvfo Blduce the lactonization reaction. For example, when Rs is

carboxylic acid, it can be treated with an appropriate base to affect the lactonization
reaction. In some embodiments, if Rs is an amide, it can first be transformed to a
carboxylic acid, an activated acid, or an activated ester such as those described herein
before being treated with an appropriate base to induce the lactonization reaction.

[0186] As an example, the compounds of formulae (XIV) and (XV) may have
the following structures and stereochemistry:

Raw_ wOH Raw__OH

OH OH
(XIV-A) (XV-A)
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[0182] Exenplary structures of conpounds of formnulae
(XI), (Xttp), (Xt1r), and (XIV) are shown below. -42
woI@00799117591 PCT/ US2007/ 008562 H H H H HN ReT/OR2(4iN008562
Rs --r HNHRs HNRs .,,~nMe ,' %Wk ,a~~Me "OMe O OO
OOO0OOH OBn Bn HOH (XI1-2 A (XIlp-1 A (XI11-1

A (XIV-1 A HHHOH0 OHHOH HNR$ OR HN Rs HN

RS -lo. HNHRs OOOOOOOO0H OBn OBn OHOH (XIl-1

B) ( - | B) (XI11-1 B) (XIV- 1 B) [0183] In sone

enb H‘r@nt s,I“é“nlgB’t‘?bSﬁ‘?{BBSft dFemReandxpiforgaaeyeXIV) and (XV) may
hasy tHehfefibaaitk SiuchaePihdder@BYhdhi®l-gCt i Ng group noi eti es

on the corrpog__]pd of fgrmula (XI1) and/or (XIlp) and

reductively ' he resul ting heni aBetal #®PHt he

conpound of fornula (XII1) with the proviso[that,/@f

the conpoundyn a (XIl) has the SHNJct

stereochem sty o compounds of for

then R5 o) (RG,_‘WTereig i
I n ot her “ermbo nt 5,0l conpound of Formu

noi eties on th onpound of forrmula (X1I)
(XI'lp) and reductiyely cleaving the resulting
hem acetal of the | conpound of formula (XII1) Iwth the
proviso that if tr%Hcorrpound of formula (XIII P*‘has
the structure agmreisyeochem stry of the corrp@gvcﬁ) of
forrwlgxs(XI IL1-1A), then R5 cannot

188] Exemplary structures of compounds of formulae (XIV) and (XV) are

as follows:

(XIV-1A)

OH

HN Rs
____.».

anwMe
0 OH

OH
(XIV-1B) (XV-1B)
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be -C(=0) OR6, wherein R6 is t-butyl. [0184] In one

enbodi nent, a conpound of fornmula (XIIl) can have the
werpuratitie and st ereochem stry of a conpound oPCTmiSzera08562

(XI'11-1A), with the proviso that R5 cannot be

-C(=O OR6, wherein R6 is t-butyl. In an enbodi nent, a

conpound of fornula (XIV) can have structure shown

herein with the proviso that if the conpound of -43

11759 / US2007 formula (XIV) R
L TR R e RSB DS o 35114 can e o
cafb@kyh«t am(iXInVsorﬁe émbo&hmrd?isc(mmeboﬂa ourtd 5deRBla la (XIV-14) can be

anp el oSt (S gt gipiad ﬁrgﬁlevgalgrqrtwurtn%&z; kg of the compound of
foﬁmﬂBOL(KdVOfAf OE:ﬂi\“ de (aWV) aGpatdie EQETeCLRY Ad egtdn?&ph%nyl ester,

onmpound of fornmula (XIV) with an appropriate base
Pe{"eﬂgoropbmél 9stfr PeRtABuoTopthyl Ryt rriflepracthyll msteretrighloroethyl ester,

thibBREO Rt Al Qﬁeﬁ%ei ﬂQ%fftﬂé &Ib% fa oﬁ‘;ﬂg@nﬁbg{w-ua) can be a

heterocycllc ring, ereln
caghoxylie a¢idblsanng Rmbpdiopmts, R;scpftthe compptmchdf fifrmiuder XV 1B) can be

an (Qé 1(/3&:8” gé Q) acxldnc}‘ﬁélx?%el}bhg E%ﬂ 1'11is c%ﬁﬁ‘e gﬂmpound of

be tran
fox@mlavdKéH H%) deqre. e, aaCi abtivateddeésterorsua:h @act pandti®ghenyl ester,

, ni.trophen st er ent af.| yor ophen
peRBpBbrobfefh oo PO CREL BERIBI P Bhlaroctyt estr,
thibestahbwr oet hyl ester, a thioester, etc.) before bei ng
tre an _ap rjiate reagent to_induce the
Iacﬁ@ﬁﬂgatl h PUELEt F‘B‘ﬁgd‘ﬁlﬁn x4 PQPOWfEnO‘gSfO%UIa (XV) can be
syRthefigodyby fjeﬁ@rlnﬂnﬁ latlagBAizB%or Fe@ad Gl oM lcBnipduA® BE Bhluld EXIV) with
base.to _affect the lactonization reaction. In some

thepiRyifortbat ¥ thy pompoyrdssef fopnylee (KIVY and (KV3thaye the same structures
and rs@éf@(‘;&{eﬁﬁﬁr}‘ Qs &he CRNONRAE of %hﬁula@!}é@@’t l)(?gxﬁﬁ (?W 9A), then Rs

an acti vated ester 'such as those cribe

Calyé?rtchee-ckie‘rﬂ)@&er whewsin Ris ihhydroggnor bpethar embedienents, the lactonization
RS A AR 308 AP Lt Q160 gy wen e
comgpoundst defdrpulapn>AY )sandu@ V) baveathd stueheecamdrststaogheriitry of the
conPu%ds%f%%quagl’ (X(I%jv}ﬂ?ncf é\(ﬁ%A)’. %m%serhﬁgéibegts, gcgr;llpound of
formula (XV) can be synthesized by performing a lactonization reaction on a compound
of formula (XIV) and/or (XIV-A) with the proviso that if Rs is —C(=0)ORg¢, wherein R is

hydrogen, methyl or t-butyl then R4 cannot be isopropyl. In an embodiment, a compound

of formula (XV) can have the structure shown herein with the proviso that if the
compound of formula (XV) has the structure and stereochemistry of the compound of
formula (XV-A) and R; is methyl then R4 cannot be 2-cyclohexenyl. In some
embodiments, a compound of formula (XV) can have the structure shown herein with the
proviso that if R3 is methyl then R4 cannot be isopropyl, cyclohexyl, or phenyl. In one
embodiment, a compound of formula (XV) can have the structure shown herein with the
proviso that if the compound of formula (XV) has the structure and stereochemistry of the
compound of formula (XV-A) and R; is methyl then R4 cannot be isopropyl.

[0191] A compound of formula (XV) can also be synthesized from a
compound of formula (X) as shown in Scheme 7-3. By. modifying the
protection/deprotection sequence, a compound of formula (XV) can also be obtained from

a compound of formula (X) as shown in Schemes 7-4 and 7-5.
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-44 WO 2007/ 117591 PCT/ US2007/ 008562 [01871 In
anot her exanpl e, the conpounds of fornulae (X V) and
woO XN/ 91 have the fol l owi ng structures and PCT/US2007/008562

stereochem stry: RA CHR4A OH HNR5 HN O::;:: OHR 3

OH OH (XIV-B) (XV-B) [01881 Exenplary structures of

conpounds of fornulae (XIV) and (XV) are as follows:

HH \OHHO HNREBHNOCHO ,,,,~~MO0 ~ M O™
Sch 07—|3(XIV-1 A (XV-1A) HHOHOHO HNR5S HN.,.u Me
SCNEMB -2 OH 0 Me OH OH

R1\( R4
N OPG

R3

© OH

X) xxivp) OPGs

xxviilpy OPG3 XXVip) OPGj; (XXvp) OPG,

xXv) OH
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(XIV-1B) (XV-1B) -45 WO 2007/117591 PCT/ US2007/ 008562
[0189] In an enbodi nent, R5 of the conpound of fornula

wOXborniZspican be a carboxylic acid. In sone PCT/US2007/008562

Sc

Ry

enbodi nents, R5 of the conpound of formula (Xl V-1A)
can be an activated acid (e.g., acid chloride). In
certain enbodi nents, R5 of the conpound of fornula
(XIV-1A) can be an activated ester such as

p- ni_trophenyl ester, pentafl uorophenyl ester,

h | uoroet hyl ester, trifluoroethyl ester,
trichoroethyl ester, thioesper, etc. In an

ntRa R5 of the Bb
oxylic acid. In
d of ®Fornul a (XI V-1

R chrortde). |

ester\ sugh as p-nitrophenyl gster, pentafl uorophenyl
ester, pantafluoroethyl ester;~tyifluoroethyl ester,
triflhoro®PRyl ester, thioestdr, etc. [0190] In some
enbgsgli nents, a conpound ofxday Ml a (XV) can be xivy ©OPGs
synt hesi zed by perform ng a | actonization reaction on

a compound of forrmula (XIV) with the proviso that if

t he conpounds of formulae (XIV) and (XV) have the sane
strRyctyres and stereochenRstiry @8 the conpounds of Ra OH
V-1A) and (XV-1A),[ then R5 cannot be
wherein R6 is s | n ot her HN
the I actonizafi of\ reaction includes_the
fet hyl_or t-buf
, compounds of fornulae (QIV) and (XV) have
tructures and stereochemgstry of the conpounds
of formusae (Xl V-1A) and (XV-1A13 In sone enbodi nents,
a compaund of fornula ( an synt hesi zed by «xxvy opc
?%N?brﬁﬂ%ﬁ a lactonizatio :¥@%€?$%h on a conpound o ?
fornuli££XIV) and/or (XIV-A) with the proviso that if

R5 is -C(=0 OR6, wherein R6 is hydrogen, nethyl or
t-butylYthen R4 cannot be isopropyl. In an enbodi nent,
oungu of fornula (XV) can have the structure
shown reipowith the proviso that if the conpound of
has the structure and stereochem stry of
of fornmula (XV-A) and R3 is nethyl then
e 2-cycl ohexenyl. In sone enbodinents, a
conpound pof fornula (XV) can have the structure shown
herei n_w th the proviso that if R3 is nethyl then R4
cannot 13 sopropyl, cyclohexyl, or phenyl. In one
enbodi memt , a conpound of fornula (XV) can have the

st r U&ur 8"shown herein with the
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proviso that if the conpound of fornmula (XV) has the

structure and stereochem stry of the conpound of
woaomilizf XV- A) and R3 is nmethyl then R4 cannoPCbaIS2007/008562

i sopropyl. [0191] A compound of fornula (XV) can also

be synthesized froma conpound of fornmula (X) as

shown in Schenme 7-3. By. nodifying the

protection/ deprotection sequence, a conpound of
So orm}lja (XV) can also be obtained from a conpound of

éX) as shown in ScherTeRs 7-4 and 7-5. -46 V\D
/ US2007/ 008562 7-3 000 R&

2007/ 117

Ra Rl Ra R1+ R 5Rb N a OH N a R3 ->. RBR3 R4
02002 13 OPGL X) OH ( XXI Vp) N
OoPG&3 4ok CP&S2*R40 HN-R5e-HN OH
OH 4 4 4 REROOOHO 2 OH 13 13 Rs
(XXVI |1 p) ORG3 £XXMI p) OPG3 ( XXVP) OH 0 R113 oH
(XV) OH
OPG,
(X) (XX1I) HO (XXIV) OPG,
R4 R OPG
S/OH 4 2
H\ ¥
N~ OH
o N ° o
2 Rs - R3
OH . OH
13
XXV1) org, (XXVp) OPGs
Ren s -OH Ras_-OH Ran_-OH
H H H (
o \4_"R5 T Rs N\k(o
_R3 0 —'—Ra © —0O
OH OH R,
(XXVID) Ho XXVD) opg, XXVIID opg,
LOH
—0
R3
13

HO (XV)
* PGj can be the same or different in the two compounds of formula XX VI shown above

[0192] A compound of formula (XXIII) can be synthesized by removing the
protecting group moiety on the compound of formula (X) and reductively opening the
hemiacetal. The protecting group moiety can be removed using known methods and the
hemiacetal can be reductively opened using a reducing agent (e.g., sodium borohydride).

In some embodiments, the substituents (and protecting group moiety where applicable)
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-47 WO 2007/ 117591 PCT/ US2007/ 008562 Scheme 7-4 OO0 O
RI~R4 R~/ 5Ra R Ra NaOdH\'N4 OHN OH R3 -a.-
We20RA17WMO O] OH O OH 13 OPGL (X) (XXI11) eEru20vposse62
o0P&B3 RA5SOHRM5O0HRAS5 OH OHN4 HN4 Rs HN 15 OH
ORBRRZ 002 ~_0OHOH ~- R3 13 13 13 (XXVII1)
OPG3 (XXVI) OPG3 (XXV) OPG3 OH O R113 (XV) OH -48 WO
2007/ 117591 PCT/ US2007/008562 Schene 7-5 RI"IY O R4

(RliR:l{\;;, h,gngéi’(ﬁ% fcl;\;'4compound of formulae (X) and (XXIII) can be selected from the
following: Ry can be hydrogen or an unsubstituted or substituted C)s alkyl; R3 can be
substituted or unsubstituted variants of the following: Ci.s alkyl, Cs. cycloalkyl, Cag
alkenyl, Cs.¢ cycloalkenyl, aryl, or arylalkyl; R4 can be selected from the group consisting
of substituted or unsubstituted variants of the following: Cl-élz alkyl, C,-C,; alkenyl,
C2-Cy2 alkynyl, C3-Cy2 cycloalkyl, C3-C;2 cycloalkenyl, C3;-C;» cycloalkynyl, C3-C),
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkylalkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl,
azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl, carboxyalkyl, salt of a carboxyalkyl,
alkylaminoalkyl, salt of an alkylaminoalkyl, dialkylaminoalkyl, salt of a
dialkylaminoalky], phenyl, alkylthioalkyl, arylthioalkyl, carboxy, cyano,
alkanesulfonylalkyl, alkanesulfinylalkyl, alkoxysulfinylalkyl, thiocyanoalkyl, boronic
acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl, salt of a
sulfoalkyl, alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, = phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl..

[0193] Compounds of formulae (X) and (XXIII) may have the following

structures and stereochemistry:

Rw,,,,,,(o R, Rﬂn,,,,,(o R4
N "OH N el ]
Rz — wwR3
o) o oH
OPG;/
OH
X-A) (XXII-A)
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N4NNRI OH--11 ORB OH-i.- OR3 OH OH OH 13

PG (X) (XXII1) HO (XXIV) OPG3 R4 5 OH Ré OPR R4
WA/ OH N 15 OH IN O 4 R5 O O 4 R3 R3 , r PCR/UR07/008562
OH OH OH 13 13 (XXVI) OP

OHOHROH HHH4 RS RS
OH OH R3 13 (XXVI1) HO (
450 H4 020 R3 1

X-B) (XXIII -B)
[0194] As examples, compounds of formulae (X) and (XXIII) can have the

following structures:

t-Bum,,, ( ©

N “MQoH > “OH
U Me .“\\\Me
o) O OH
OBn
OH
(X-1A) (XXIII-1A)
—

(X-1B) (XXIII-1B)

[0195] If desired, the C-13 primary and C-5 secondary hydroxy groups of a
compound of formula (XXIII) can be protected using suitable protecting group moieties
as described herein to form a compound of formula (XXIVp), as shown in Scheme 7-3.

Alternatively, only the C-13 primary hydroxy group of a compound of formula (XXIII)
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f HO(XV) * PG can be the sane or different in the

two conpounds of fornmula XXVI shown above [0192] A
woanpaursdi of formula (XXI11) can be synt hesi ze#CbgS2007/008562

removing the protecting group noiety on the conpound

of formula (X) and reductively opening the

hem acetal. The protecting group noiety can be renoved

usi ng known nethods and the hem acetal can be

reductively opened using a reduci ng agent (e.g.,
cars bel praiediet tshipami aledmpound ofdivemela(EXVonasshommein Scheme 7-4 and 7-

554 R0, 2551 090 BRI SRS 030 con b e

sari3 , asRdgscebetl MG réspectc impieu ndmpbudd pfifoaauiaXX)andd PG; can be a

XX 11) can be, selected framthe  fgll ow ng: C be
P o P AR En LB PR Pettnlor i & et om the group
comistilg, oRBubsituibd orsutsibtituteddat carisaiys (é. g Utedzoyl); substituted or

““%‘%*ig‘gi?‘g" %99?%333 {FRe ﬁ?ﬂq?‘)%?gﬁ@ig BahL h&ef (¢, ethgxymethyl);

sutstivitad k¥dhyl R4hean siietisab@ Cbe dnivsitdd bezPURether (e.g. benzyl, 4-
conS|st|n? tsof substituted or _unsubstituted vari ant
3|

meghoxyRen#yl WrOMWZe@P‘R yqll’ 1 eshery fe.8} ktéqutl’lylsirl]yl,s triethylsilyl,

triiSepropylsAlKY Mblut 1%&11%3@?49' oal l%)‘Huityl%ﬁx@l—:@silyl); carbonates (e.g.
cycl oal kenyl , -Cl12 cycl oal kynyl -C12 )

mqﬁ]@)@r@égﬂpypgnqu land ﬁg%@tngg? gq.g. Ig@sylaéc;, Kgsylate. In an embodiment, Ry,

Yihg! LY I described wi
Rs ?ﬁ*gfg‘?g{fﬁ?w ﬁoﬁyﬁ,ﬁa%n, yg’a%??k)y Icfm be the same as described with
respedty tooshec eerbpeyndory fomavlp o) and| PGannd Gy bam\be, protecting group

o . . . vl
mEidiotn, Ghg b EmerT P ehbr b bl cBol @ -B-o)Crr.CEt).
In atHey bmbbdimadnksy [PGisahtotdie aasulfuinkitel (@11 ,noethilate).

di al m nqgal kyl , salt of a dialkyl.am noal k
onol1385] KR, f srRple, B RemrosRr A TP RS KB TV, and
(XX1¥ay ey Haoa Heafolpivingsthanass biid siyteabherhistry:
al koxysul fi nyl al kyl , thiocyaq9alkyl, bor oni c 0
Rq@4.], % |, lgronic est&;a) uanhginoalkykgmﬁﬁft f R,

N

oy

yl, sul foal kyl, salf of a sul f oal ky

orrydbal kyl , sul foo gt of a "MIOPG,
ooxyalsRyl . al koxysul f ghyl oxyaRkyl, o Rz
al kyl, salto 9 honooxyglkyﬁ,
(al ky phosﬁ%boxy)alkyl, phosp orylgﬁkyl, salt of a OH

phospRoryl al kyl, (al kyl phospgoryl)al kyl ,
pyridi ny al kyl, salt of a pyridynylalkyl, salt of a
het eroaryl al kyl and hal ogenat edl al kyl i ncl udi ng

pol yhal dg€nat ed al kyl .. [01931 &ftounds of fornul ae ©OPGs
(X) and (XXI'Il) may have the following structures and
stereagfieRystry: OO (XXIV-A) (XXIVp-A)
R1llllu..(o R4
N

OPG,3 OPG;

(XXII-B) (XXIV-B) (XXIVp-B)

-52-



R m,,,. MRANOKHN" ,,a" OH OOOOH OPE ™H

(X-A) (XXI'll-A) -50 WO 2007/117591 PCT/ US2007/ 008562
we2m7/11739910 R4 R4 N OH N OH "' %88K R3 | ob oORBCOUS2(07/008562
OH OPGL OH (X-B) (XXIl'l -B) [0194] As exanpl es,
conmpounds of fornulae (X) and (XXII1) can have the
followng structures: e HH pO ~,,,~,. ~/ t-Bu

t-Bu ""u/CH N_N ..,,a\ M n,,,,,, .,,, %M 4
L,"TOHOOOOH OBn OH (X1 A (Xill-1 A HHt-B
unu,,, t-Bu/na,,, O (')

[0197] = Other examples of the structures and stereochemistry of the
compounds of formulae (XXIII), (XXIV), and (XXIVp) include the following:

OH OPG; OPG3
(XX1II-1A) XXIV-1A) XXIVp-1A)

OPGs OPG,

(XXIII-1B) (XXIV-1B) (XX1Vp-1B)

[0198] Similar to step (j) of Schemes 7-1 and 7-2, the aminal of a compound
of formula (XXIV) can be cleaved using a suitable acid as described herein to form a
compound of formula (XXV). In the case where the C-5 secondary hydroxy has been
protected, the aminal of a compound of formula (XXIVp) can also be cleaved using a
suitable acid to form a compound of formula (XXVp). In some embodiments, R3, and Ry
of the compound of formula (XXV) can be the same as described with respect to the
compound of formula (X), and PG; can be a protecting group moiety. In some
embodiments, R3 and R4, and PG, for compound of formula (XXVp) can be the same as
described with respect to the compound of formula (X), and PG; and PGs can be
protecting group moieties.

[0199] Exemplary structures and stereochemistry of compounds of formulae
(XXIV) and (XXV) are shown below:
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NOHNOH .,,,,kkMe ,,,.,\M OOOOCH OBn OH (X1

B) (XXIl'l-1B) [0195] If desired, the C 13 primary and
w@260751@TOndary hydr oxy groups of a conpound oPCTmiSzelra0ss62

(XXI'I'l') can be protected using suitable protecting

group noieties as described herein to forma conpound

of formula (XXl Vp), as shown in Schene 7-3.

Alternatively, only the C 13 prinmary hydroxy group of

a conmpound of fornula (XXI'11) -51 WO 2007/117591

PCT/U82QQ”LOO-' caane protected to R n1a£¥dnpound

of formula (% as éhown in Scheme 7-4 Jand 7- 5. In

some enbodi R H and R4 of tﬂﬁ co

formula (XX t sanme as desgri bgd mnth

respect to d oF—+e+ﬂuIa and R@Rean be

a protecting

P my.lnchmn
PG3 can be sel

substituted or &
benzoyl ); substithted or wunsubstituted a
(e.g. acetyl); subistituted nethyl ether (e.
nmet hoxymet hyl ) ; éﬂﬁ@tltuted ethyl ether: sHBF&it uted

or substituted ? l,ether (e.g. benzyl, :§¥ .
nethoxybenzyl); te rahﬁdropyranyl et her; gl %I éthers
H

(e.g., tr triethylsilyl, R4
triisopr Bﬂyldinethylsilyl,
t-butyldipenyIS|I ; arbonates (e. OH

met hoxynet hyl nate); OHnd sul f onat
nmesyl at e,
of the co Fpla (XX VpP~Tcan
described wth jrespect to the conmpound pf fornul a
(X), and P& an® PG3 can be protecting
noi eties. I n sonme gnbodi nents, PG3 cannot
carbonyl (e.g., -C(|FO CH2CH3). In other e
PG3 cannot be a sulR@ate (e.g., methylateOP®9196] As
an exanple, the ds of fornulae (XX XXIV)
and (XXl Vp) naﬁﬁﬁqggg?he foll ow ng struck%#és
st er[ez;w]erri Ndﬂ&tlonBl UbaampleO &8 ﬂReantrucwr@ RadR stareochemistry of
consgoll\lnds(g%l formulae (XXIV}()%2 and (Xﬁ%%) can bé as ?oRigows a\ R3

&&)PGZ

MMOPG,
A R3 —
0 OH 0
OPG; OPG;
(XXIVp-A) XX Vp-A)
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OOHOOHOOHOH OP&E OPG (XXI'1T-A) (XXIV-A
(XXIVp-A) OOORI R4 RIYREI NOHNJIZOH OP&R

WO 2001REB9t+ .,, . \\R3 OR a\\R3 O CH O CH O CH OPiCORS2007/008562
OoP&GB (XXI11-B) (XXIV-B) (YXI Vp-B) -52 WO 2007/ 117591
PCT/ US2007/ 008562 [01971 O her exanples of the
structures and stereochem stry of the conpounds of
formulae (XXII'l), (XXIV), and (XXl Vp) include the

following: HH b-&num,. Ot-Bu/mm. _Ot-Bu/n,,, ON
"OH N OH R, MR OH GOH OR O OH O

(XXITT- 1 A (XXl V- TXXIVp-1 A HH

t-Bun,,,,.. N , , alve H
.,,,% M OCHO OH\O OH OPG3 OPG3 B)
(XXI V-1 B) [6+98]>Si A 3(j) of

Schenmes 7-1 and

descri bed herein forma conpound of rmul a (XXV).
In the case where the C-5 secondary hydroxy]lhas been

OPG3 OPG;
(XX1Vp-B) (XXVp-B)
{0201} Compounds of formulae (XXIV), (XXIVp), (XXV), and (XXVp) may

also have the following structures and stereochemistry:

OPG, OPG,
(XXIV-1A) (XXV-14)

(XXIV-1B) (XXV-1B)
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protected, the am nal of a conmpound of fornula (XX Vp)

can al so be cleaved using a suitable acid to forma
woanpaursdi of formula (XXVp). I n sone enbodi nenPeT/UR307/008562

and R4 of the conmpound of forrmula (XXV) can be the

same as described with respect to the conpound of

formula (X), and PG3 can be a protecting group noiety.

In some enbodi nents, R3 and R4, and P& for conpound

of forrmula (XXVp) can_he the sanme as desgribed with

respect to the coof formula (X) PG&2 and

PG3 can be r ot e6 g group noieties.

Exe L 2. 0 stereochem st ky of

of ?{)ér%%/ e and (XXV) are shown D¥€l ow
2007/ 11759 < Q%H 08562 O R4 R4 ,,\\\CH

H

20PG3 OPG3  ( XXI V- Al

oPG3
exanpl es of
conpounds of
follows: O R4

BH (XXV-B) [02001 AJdPTT on
he structures and stereochem str
ornmul ae (XXl Vp), and (XXVp) canipe as
PR R4 ( """IOPGHNOH N2

OPG,
(XXIVp-1A)

@)
t*BU II"II',(

OPG; ‘ OPG3
(XX1Vp-1B) (XXVp-1B)

[0202] As shown in Scheme 7-5, the aminal of the compound of formula
(XXIV) can first be cleaved using one of methods described herein to form a compound
of formula (XXV). The C-5 secondary hydroxy group of the compound of formula
(XXV) can then be protected with an appropriate protecting group moiety to form a
compound of formula (XXVp). In some embodiments, R3, R4, PGy, and PGj of the
compounds of formulae (XXV) and (XXVp) can be the same as described in the
preceding paragraphs.

[0203] Exemplary structures of compounds of formulae (XXV) and (XXVp)

are as follows:
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,,-VWV R3 ,,al\ R3 OOH O OH OPG3 OPG3 (XXl Vp-A)

(XXVp-A) -54 WD 2007/117591 PCT/ US2007/ 008562
we2bd7hi17391. (O R4 R4 OP&Q N OP& HN OH ,,\a R3PCTRIS2607/008562

R3OOHOOH OPG3 OPG3 (XXIVp-B). (XXVp-B) [0201)

Conpounds of fornmulae (XXIV), (XXIVp), (XXV), and

(XXVp) may al so have the follow ng structures and

stereochem stry: OHH t-Bann,.. ,,,.~~—~0OH .N""1/CH
HN OH Ab. OH (PGBogDGB (XXIV-1 A) (XXV-1A) H tHN
OOHNOHOH .4 , % Me O OH PGc3

_55 WD 2007/ 117591

(XXIV-1 B) (XXV-1 B
OH HN

PCT/ US2007/ 008 OH

,..\\\\\R3 —_—— _..\\\\\R3

OPG; OPG;
(XXV-B) (XXVp-B)
[0204] As an example, the compounds of formulae (XXV) and (XXVp) may

have the following structures and stereochemistry:

OPG; OPG;3
(XXV-1A) (XXVp-14A)
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/| HHO,,,\\OP& N ""10P& HNOH O OH 0 OH OPG3

oPG (XXIVp-1 A (XXVp-1 A HHOOPRXR t-Bu
wane7/117591\N OPG2 HN OH O OH 0 OH OPG3 OPG3 P&KIUSR001/008562

B) (XXVp-I B) [02021 As shown in Schene 7-5, the

am nal of the conpound of fornmula (XXIV) can first be

cl eaved using one of nethods described herein to form

a compound of formula (XXV). The C-5 secondary

hydroxy group of the conpound of formula (XXV) can

then be prqtected with an appropri aje Qt ecti ng group

noi ety Ima conpound of fornu In sone
enbodi R3 R and PG3 ol of
formul ae ét")(XVp) can be the escr?bed

in the preceding paragraphs. [02031 Exenpl alr

structures @§ boun@H of fornul ae (
are as foll gws: O 20011591 PCT/ 200[@@&562
R4 ,,,oQHH4 ,, QPG HN OH HN OH -O -0. O

OPG,4 OPG;
(XXV-1B) : XXVp-1B)

[0205] In an embodiment, the primary alcohol group of the compound of
formula (XXV) and/or (XXVp) can be transformed to Rs to form a compound of formula
(XXVI) and/or (XXVIp), respectively (see Schemes 7-3 and 7-4, respectively).

[0206] In some embodiments, the compound of formula (XXVp) can be
transformed directly to a compound of formula (XXVI) as shown in Scheme 7-5. In an
embodiment, the protecting group moiety, PG,, on the compound of formula (XXVp) can
be removed simultaneously with the transformation of the C-15 primary alcohol to Rs
group to form a compound of formula (XXVI). Alternatively, in an embodiment, PG; can
be removed before or after the transformation of the primary alcohol.

[0207] The transformation of the C-15 primary alcohol group to an R5 group
can be achieved using the same or a similar method to the one described in step (k) of
Schemes 7-1 and/or 7-2. In some embodiments, Ri, R4, and Rs of the compounds of
formulae (XXVI) and (XXVIp) can be the same as described with respect to the
compound of formulae (XII) or (XIIp) of Schemes 7-1 and/or 7-2, and PG; and PG; can
be a protecting group moieties. ,

[0208] Exemplary structures and stereochemistry of the compounds of
formulae (XXV), (XXVp), (XXVI), and (XXVIp) can have the following structures and

stereochemistry:
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HNOHHNCH .,,,alR3 .,,,%R3 CH O OH U OPG3 OP&3

(XXV-B) (XXVp-B) [02041 As an exanple, the conpounds
wohodranmel ae (XXV) and (XXVp) may have the fol PORiUSZN07/008562

structures and stereochemstry: ,a,\OH,,..%A0P& tHN

H OHHNOCH MoM ,,tiuMe 0 OH OH OPG OPG3 (XXV-1

A (XXVp-1 A) -57 WD 2007/117591 PCT/ US2007/ 008562 H

HOHOPGR OHHNOH HN,,a%®e O 0 OCH H OPG3 OPG3

(XXV -1 B) (XXVp- |
pri mary al cohdta~gr @
(XXV) and/ or (XXVvg) can be

B) [02051 In an enbodi nment,
kbt the conpound oR, f orywiHa
"to forma

transforned to

compound of f Nnul and/ or (XXVI p), Rs
respectively ee Schenes 7-3 ang 7- 4, HNsspECt | Vel y) .

.n\\\\ R3

OPG; CN3G3
(XXV-A) (XXVI-A)
Rew  OH Ry OH
HN oH HN Rs
-ll\‘\\ R3 “\\\\ Rs
o] o) '
OH OH
OPG;4 OPG;,
(XXV-B) (XXVI-B)
R4 ““\\\\OPGZ R4 \\\\\\OP G2
OH Rs
.u\\“ R3
0] O

OPG3
(XXVp-A)

OPG;
(XXVIp-A)
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102061 In sone enbodi nents, the conpound of fornula
(XXVp) can be transfornmed directly to a conpound of
woanimuli a9 XXVI ) as shown in Schene 7-5. In an PCT/US2007/008562

enbodi nent, the protecting group noiety, P&, on the
conmpound of formula (XXVp) can be renoved

simul taneously with the transformation of the C 15
primary al cohol to R5 group to forma conpound of
formula (XXVI E Al te{)E’%itgi vely, in an enbodi nent, P&

can be renoved r after the tr

C- 15 primary grép to an R5 gr e

achi eved usin sa or a sinllar to the one
descri bed ' Schemes 7- oTR3 |
sone enbodi menty,” R3YOR4, and R5 of° of
formul ae (XXVI) gand (XXVIp) can be the s

described with r ect to the conpound formul ae
(XI'1) or (XIlp) of Schenes 7-1 and/or 7-2, and P& and

PG3 can be a prot %g group noi eties. [02 81
Exenpl ary structur d stereochem stry of QfEs

conmpounds of for ( XXVp) , XX(\“L* _
(XXVI p) can have (?al# ﬁé)l oW n structures and %Si
st er eochemi st rRu~_- 5&CIS2007/ 117591 PCTR SZOOZ®908562

R4 1110 OH R4 HN HNRS ,,,,a R3 O. OH O
oH OPG3 OP | - A) R4OHR4OH Hi()—| HN
RS OR3 OH G3_OPG3_(XXV=B) ( 1, ,
,\ OP G O2 oWWR3 wiR3

OPG;

(XXVI-A)
Ra OH
HN Rs
O ,.\\\\\\R3
OH
OPGs OPG;
(XXVp-B) (XXVI-B)

[0209] Other examples of the structures and stereochemistry of the
compounds of formulae (XXV), (XXVp), (XXVI), and (XXVIp) are shown below:
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4 ,,,.,~\OP& HNOHHNRs O.,,%W88R3 HOOH OP&
OPG3 (XXVp-A) (XXVIp-A) -59 WO 2007/117591

WOCH7$2007/ 008562 R4 OPQR R4 OP&R HN OH HN RBCT/DSL07H608562
OH OPE& OPG3 (XXVp-B) (XXVIp-B) R4 ,..\IOP&R R 4
0...,,\H HNOHHNR5 ,aaRg O.,,,,x\ R3 OHO MH
OPG3 OPE (XXVp-A) (XXVI-A) R4 OP&QR R4 OH HN OH HN
R5 ,,a\R3 , 2\ R3 O OHOOH OPG3 OPG3 (XXVp-B)
(XXVI-B) [02Q9] Ot her exanples of the structures and
st er eochem v of the conpounds p# f0 | ae (XXV),
(XXVp), (? and ( XXVl p) are shp oW

« n\\\\\o H

OH Rs
HN
wnMe ,..\\\\Me
o
OH
(XXV-14) ' (XXVI-1A)

OPG4 OPG,
(XXV-1B) (XXVI-1B)

WOPG,

OH

.u\\\\Me L

HN

OPG; OPG;
CXXVp-1A) (XX VIp-1A)
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-60 WO 2007/ 117591 PCT/ US2007/008562 HH ,,,,,OHd HN
OHHNRS ,,~-Me 0,%080 O OHO OHOPG OPG3 (XXV-1
woro(Mx34911A) HHOHOH HNOHHNRS |, %M PCTUSM®7MS562
OO0 HOH OPG OPG (XXV-1B) (XXVI-1B) H H,,\\\OP&X

2 HNOHHNRS .,,0-Me ,"% 0 OHO OH OP&3 OPG3
(XXVp-1 A) (XXVIp-1A) -61 WO 2007/ 117591

PCT/ US2007/ 008562 HHH OP&R HNOHHNR5 O

OPG;
(XXVIp-1B)

OPG4 OPG3
(XXVp-1A) (XXVI-1A)

OPG, OH

ul“‘\Me —_ _.(I\\\\Me
© OH © OH
OPG, 0PG4
(XXVp-1B) (XXVI-1B)

[0210] In some embodiments, the protecting group PGs on compounds of
formulae (XXVI) and (XXVIp) can be removed to form a compound of formulae
(XXVID) and (XXVIIp), respectively. See Scheme 7-5. The C-13 primary hydroxy of the
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,,011Me ---3.- ,0%uM OH O OH OPG3 OPG3 (XXVp-1 B)
(XXVIp-1B) HH .,,~\OP&R ,,,,. "OH HN OH HN R5

WO 200ON91-~- ,a% Me 0 OH O OH OPG3 OPG3  ( XXPPT/AIS2)07/008562
(XXVI-1 A) HH OP&R2 OH HNOHHN RS .,oMwe 30 "% O
OH O OH OPG3 OPG3 (XXVp-1 B) (XXVI-1B) [0210] In sone
enbodi nents, the protecting group PG3 on conpounds of
formul ae (XXVI) and (XXVIp) can be renoved to forma

d.of f XXV | d (XXVI1p),
cofgBRts o ol fed V1 catahen b topratgctngavithahe same or
diférehhgrotecBa ) R > i
RN iSgl PSSP Sy g cine
the ggﬁ)r’g &Y R & Kormeusd g€ fermulg (KX or (XX0( ke tcandgpe removed and
; - ; | '
A TSN AT o008 0 B RNl oo
ErquRR\ATY keownxiovihepe shilleBdnribenswie Foareampleplaabarrowl piotecting group
T VRN RN Y2 R —

removi’ng protecting grou

foinmula KEXMIN). oKX EHaNpl e, a benzoyl protecting group
(P& py B2Z) n be renoved usi a suitable base such
o WOTHHY o PRy RSB SefeoRhim ATy ot Ampands of formulae

(XBOAY) CRYV I ORI VI ead OKAI WIS ekl ShidineBeldaRe
st %4eoche&lstry of conpounds oRf fornul ae
4

n\\\\\\

R \\\\\\

Rs
.n\\\\Rs
OH
OPG; OH OPG3
(XXVI-A) (XXVII-A)
(XXVI-A)
R4 OH R4 OH
HN Rs HN Rs
.-\\\‘\R3 ,.\\\\\Rs
© oH —> ©
OH
OPG; OH OPG,3
(XXVI-B) (XXVII-B)
(XXVI-B)
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(XXVI), (XXVIp), (XXVI1) and (XXVIIp) are shown bel ow

R4 ,,,,,, OHR4 ,,,,.

wOoah@wR3739109%KR3 . .

.SOHR4 H HN RS HN R5 HN R5
, uXR3 0 OH CH OH OPG3 OH OPGB/US2007/008562

(XXVI-A) (XXVIT-A) (XXVI-A) R4 OHR4 OH R4 OH HN R5

HN R5 HN R5 ., 9884 %3 .,
OH OPG3 OH OPG3  ( XXVI - B)

%P3 .,,,MR3 O OH Am O CH

(XXVI1-B) (XXVI-B) -63 WO

2007/ 117591 PCT/ US2007/ 008562 R4 1111\ OP&X2 R4

e VOPR_ R4, ,~\OP&R2 HNRS HNRR HNRS OOH O QH
= ( XXVI p- A)

oPG3

.__._.»
OPG;
(XXVIp-A)
Ry OPG,
HN Rs
..\\\\\ R3
O OH —_
OPG;
(XXVIp-B)

PR®A)  (XxVI p- A) Ra

( XXVI p- B) Rs
\\\\\R3
© — O OH
OH ) OPG3
(XX VIIp-A)
(XX VIp-A)
R4 OPG,
HN Rs
.;\\\\\Ra
o . ——» O
OH
(XXVIIp-B)
(XXVIp-B)

[0212] Additional examples of the structures and stereochemistry of
compounds of formulae (XXVI), (XXVIp), (XXVII) and (XXVIIp) can be as follows:

““\\\O H

Rs

OPG;

(XXVI-1A)
1A)

aaonMe —_—

(XXVII-1A) (XXVI-

-64-



(XXVI p-B) 10212] Additional exanples of the

structures and stereochem stry of conpounds of
woansimuhiae1 ( XXVI ), (XXVIp), (XXVII) and ( XXVI | ppCtas2e/008562

as follows: HHH .,,,,,,OH,,,, ,OH,,,,,0H HNR5

HNRS HVRSE OOHOOH OCH OPG OH OPG3 (XXVI-1 A

(XXVIT-T1TA) (XXVI 1A -64 W 2007/ 117591

PCT/ US2007/ 008562 HH O OHOHH HNR5 HN RS HN R5

B) HHH xOP&
O,,a0 a "" ., 004k
HXXV I1p-1 A
R5 HN R5 HN RS

OPG, OH OPG;

(XXVI-1B) (XXVII-1B) (XXVI-
1B)

— —e
OPGs
(XXVIp-1A) (XXVIIp-1A)
1A)
OPG,
HN Rs
—_— .\\\\\Me —_—
o OH
OPG3 OH OPG;
(XXVIp-1B) (XX VIip-1B) (XXVIp-1B)

[0213] Further examples of the structures and stereochemistry of compounds
of formulae (XXVI), (XXVIp), (XXVII) and (XX VIIp) can be as follows:
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10. ..,,u%e 0- ,,a-M OOHO CHO OH OPG3 OH OPG3
(XXVIp-1 B) (YXVIIp-1 B) (XXVIp- | B) [02131 Further
wexenrplie®wi of the structures and stereochem str pCofUS2007/008562
conmpounds of forrmulae (XXVI), (XXVIp), (XXVIl) and
(XXVI'1p) can be as follows: -65 W 2007/ 117591
PCT/ US2007/008562 HHHH,,OH,"OOH,,,OH"~~0OH HN
RS HNRS HNRS HNRs ,,aMe IN,t"M OROOH O OH OH O
OH OBz OH OTES OTBS (XXVI-1A-Bz) (XXVII-1A)
| - 1A- TES) (
HNdRs HN Rs OR |
ESOTBS. ( XXVI - 1B- Bz} &XXVII-IB) (
s PR OPR2

o i RS HN RS e gah & --1" amgc  ORgw
oBH O OH O ® Bz OH BSoH
0Bz OH OTES
 (XXVI-1A-Bz) (XXVII-1A) (XXVI-1A-TES) (XXVI-1A-
TBS)
OH OH
HN Rs HN OR Rs
aMe — nwMe
© OH O o OH
OBz OH OTES OTBS.
{(XXVI-1B-Bz) (XXVII-1B) (XXVI-1B-TES) (XXVI-
TBS)

OTES OTBS

(XXVIp-1A-Bz) (XXVIIp-1A) (XXVIp-1A-TES)  (XXVIp-1A-
TBS)
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(XXVIp-1A-Bz) (XXVI1p-1A) (XXVIp-1A-TES) (XXVI p-1| A-
TBS) -66 WO 2007/117591 PCT/ US2007/008562 HHHH
WOREZ/1OPRG2 OPG2 OPGR2 HN R5 HN RS HN TRs OR O PATHN20(83/008562
u~a M ...uuMe GHOOH O OH O OH OBz OH OTES OIBS
(XXVI p-1B-Bz) (XXVI1p-1B) (XXVI p-1B-TES) (XXVI p-1B-
TBS) [0214] Using an appropriate base, a conpound of
formula (XXVII1) and/or (XXVIIIp) can be synthesized
i@ a lactonizatiop_reaction froma conpound of

( XXV1) respeg aly. See Sch
d 7-5 odi , RS
and Ac.)@\%ere r SheVant T oF conp PE{?;I’TM ae OPG;
Rs and (XXVI | L. be the sape ap _gescri bed Rs
SRR t____t_p_,the o ound of fornu (XXVI)oand
oA p d PG3 : it ect | xBPety. | wwMe
some]emb&Hi nent , th@“corrpound of ornﬁ?ﬁ'a ( XXV1) OH

( XXVI pbagan be an actlvabﬁd acid (e.qg. Sl OTBS
chl ori de) In certain enbodi nents, R5 of the compound

(XXVI) o | p) can be an activated
egfg%ll;%d@hBé)s p- mtr@%&ﬂéﬂ? EL)ster, peRtAVIRrdBopR&hy | (XX VIp-1B-
TESter, pentafluoroethyl ester, trifluoroethyl ester,
trichoroethyl ester, thioester, etc. [0215] In sone
enbd@2 kit s Using: enmnmrme bavenal confpaavit of) foramla XX VL) and/or

O SR o HReize v et 2 i teA R ol B Sbirpd 1 formuta
(XD c amb XN IS respectivelg. (X9€¢l Schemed 1-XX7H) frale7-5he In some
el e 85 RSt SRRl bt bl ETRBUICS, cocviny
anbe(XX!(ﬁI@)@aﬁ be\/\lhe rseme ds6deissriliydtnity @Bspebhtcdibie@ompound of formulae
ct onj zation reaction includes the

OGP o TR T GRALEEY R OB PESIAUE HURaaiG: i some Smbodiment,
RSE obﬂil;eglbohrg%ﬁ{ahghg??ﬁjgf‘g]ﬁ(ggﬂ)qg Goxmp)agn( BeY! ddrbodid acid. In an
embodiment, Rs of the compound of formula (XXVI) or (XXVIp) can be an activated
acid (e.g., acid chloride). In certain embodiments, Rs of the compound of formula (XXVT)
or (XXVIp) can be an activated ester such as p-nitrophenyl ester, pentafluoropheny! ester,
pentafluoroethyl ester, trifluoroethyl ester, trichloroethyl ester, thioester, etc.

[0215] In some embodiments, a compound of formula (XXVIII) can be
synthesized by performing a lactonization reaction on a compound of formula (XXVI)
with the proviso that if the compounds of formulae (XXVIII) and (XXVI) have the same
structures and stereochemistry of the compounds of formulae (XXVIII-1A) and (XXVI-
1A), then Rs cannot be —C(=0)ORs, wherein Rg is hydrogen. In other embodiments, the
lactonization reaction includes the further the proviso that Rg cannot be methyl or t-butyl
when the compounds of formulae (XXVIII) and (XXVI) have the structures and
stereochemistry of the compounds of formulae (XXVIII-1A) and (XXVI-1A). In an
embodiment, the compound of formula (XXVIII) can have the structure shown herein
with the proviso that if Ry is 2-cyclohexenyl and Rj3 is methyl, then PG5 cannot be —
C(=0)CH:CH3 and/or mesylate. In an embodiment, if the compound of formula (XX VIII)
has the structure and stereochemistry of the compound of formula (XXVIII-A) and if Ry
is 2-cyclohexenyl and R3 is methyl, then PGj; cannot be —C(=0)CH,CH; and/or mesylate.
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stereochem stry of the conpounds of fornul ae
(XXVI'11-1A) and (XXVI-1A). In an enbodi nent, the
woanpaursdi of formula (XXVII1) can have the strBCTAIS2007/008562
shown herein wth the proviso that if R4 is
2-cycl ohexenyl and R3 is nethyl, then PG3 cannot be -
C(=0) CH2CH3 and/or nesylate. In an enbodi nent, if the
compound of formula (XXVII1) has the structure and
Ster&ﬁf eniﬁér%lof t he conmpound of fornmula (XXVIII-A)
and 19416k L EXAPRIRe R ERpPURgs IO RErmtlare CXFVD) ehé(XXVIID) can
haRGBe g0 atesRad sfheioh heba iowesyl ate.  -67 WO
2007/ 117591 PCT/ US2007/ 008562 [02161 As an exanpl e,
conmpounds of fornulae (XXVI) and (XXVII1) can have the
structures and stereochem stry shown below. -68 WO
2007/ 117591 PCT/ US2007/008562 R4 HR4 HNR5S HNp OH
R3 OP& OPG3 (XXVI-A) (XXVI11-A) R4 OHR4 OH O HN
RS HN ."IOR3 O O OCHp R3 OPG OPG3 (XXVI-B)
(XXVI11-B) [02171 O her exenplary structures and
stereochem stry of conpounds of fornulae (XXVIp) and
(XXVII1p) are as follows: R4 ,.,,..\,, OP&R R4
v . ~OPQR2
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O HNR5 HNOO 0O OOH OR3 OPG3 OPG (XXVIp-A

(XXVI11p-A -69 WO 2007/117591 PCT/ US2007/ 008562 R4
WORE2/IRBIOPG2 O HN Rs HN ,"'OVR3 -ter- O O OPiCORS2007/008562

OPG3 (XXVIp-B) (XXVII1p-B) [0218) Additiona

exanpl es of the structures and stereochem stry of

conpounds of fornulae (XXVI), (XXVIip), (XXvill), and

(XXVII1p) are showmn beloww HH "', \ \"CH"\\\\OH O

HNR5 HN Am O _p\l e QO OH M OPG OPG3 (XXVI-1 A)
OXVITT-1 A HR_ Qe R

HN Rs

-“““RS

OH

—

OPG3 OPG3

(XXVI-A) (XXVIII-A)
R4 OH

HN Rs
Lo R3
OH

OPG;3 OPGs
(XXVI-B) (XXVIII-B)
[0217) Other exemplary structures and stereochemistry of compounds of
formulae (XXVIp) and (XX VIIIp) are as follows:

R 4 ‘\\\\\\O P G 2

OPG, OPG,4
(XXVIp-A) (XX VIIIp-A)
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O HNRS HNO CHO 0 M OPG3 OPGE (XXVI-1 B)

(XXVII1-1 B) -70 WD 2007/117591 PCT/ US2007/ 008562 H
wl2007/117909P&2 , 1111\OP&2 O HN R5 HN , %k - - - >POI/US207/008562
OH Me OPG3 OPG3 (XXV Ip-1 A (XXVIllp-1 A) HH OP&

OP& O HNR5 HN.,,%W0kMe ~~- O OO0 OH M OPG3

OPG (XXVIp-1B) (XXVIIIp-1 B) [0219J In the fina

step shown in Schene 7-3, 7-4 and 7-5, any protecting

group noi eti escan be ved froma conpound of

formula (XXVI | QF%I Il p) K OPG,
: Re

HN
onth R3 ——

o)
OH
OPG; OPG;
(XXVIp-B) (XXVIlIp-B)

[0218] Additional examples of the structures and stereochemistry of
compounds of formulae (XXVI), (XX VIp), (XX VIII), and (XX VIllp) are shown below:

\\\O H

Rs
Ay Me >

OPG; OPG,
(XXVI-14) (XXVII-1A)

—_— .

OPG3 OPG;
(XXVI-1B) (XXVIII-1B)
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to forma conpound of formula (XV), respectively. In

sone enbodi nents, R3 and R4 (and P&, where rel evant)
wofhodhe7®onpounds (XXVIIT), (XXVI1I1p) and (XV) PCauSk®7/008562

the sanme as described with respect to the conmpound of

formul ae (XXVI) or (XXVIp), and PG3 can be a

protecting group noiety. In another enbodi nent, the

protecting groups P& and PG can be renoved from a

conmpound of fQrmula (XXVIIIp) in a stepw se fashion to

forma conp ayof formula (XV); th gt ecti ng groups

can be reno n any order. In

enbodi nenty ot@OFGag groups R Id PROFE,
si mul t aneous y reffoved froma conpon “or myba
(XXVI1lp) to a3 ound of forrrula( AN an
enbodi nent , a gompound of formula (X\/) have t he
structure showh her kiwwMeni T t1T& pr ovi g M\ 4D the
conpound of has the s@

stereochem stry @f the conpound of formnul (WeA) and
R3 is nethyl the kenyl . -71 WD
2007/ 117591 PCT/ US
formulae (XXVII11), (XXVI11p) and (XV) can have the
foll owi ng structure®Pgd stereochem stry: R4)Pc-;3 <<~(]—|

OR4 %, ,,, P HN AN 31- O O O
PG OPG3 O (%‘fﬂgw (XXVI 1 1 p- A) (X\Q%VWIF@AM

OP& R4 O HN O- HNO OO0 oPG3 OPG H
(XXVI'11-B 11 p-B) (XV-B) [02 addi ti on,

conpounds |Q rrulaé ), ( and can
have the st™ as~and §tereoche 2ow. H

HH aaa!!\OHaaa \OD@

.\\\\\\Me ]

OPG3 OPG;
(XXVIp-1B) - (XXVIiIp-1B)

[0219] In the final step shown in Scheme 7-3, 7-4 and 7-5, any protecting
group moieties can be removed from a compound of formula (XXVIII) and/or (XX VIIIp)
to form a compound of formula (XV), respectively. In some embodiments, R3 and Ry
(and PGs, where relevant) of the compounds (XX VIII), (XXVIIIp) and (XV) can be the
same as described with respect to the compound of formulae (XXVI) or (XXVIp), and
PG3 can be a protecting group moiety. In another embodiment, the protecting gr.oups PG,
and PGj; can be removed from a compound of formula (XXVIilp) in a stepwise fashion to
form a compound of formula (XV); the protecting groups can be removed in any order.
In yet another embodiment, the protecting groups PG; and PG; are simultaneously
removed from a compound of formula (XXVIIIp) to form a compound of formula (XV).
In an embodiment, a compound of formula (XV) can have the structure shown herein
with the proviso that if the compound of formula (XV) has the structure and

stereochemistry of the compound of formula (XV-A) and R; is methyl then R4 cannot be
2-cyclohexenyl.
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O0\OH HNOORHNOHNO 000 M M M OP&E OPG3

OH (XXVI11I- 1 A (XXVIlIp-1 A (Xv- 1 A -72 W
waQe/11158591 PCT/ US2007/ 008562 H H H OH OPQX2 @ET/US2(07408562

HNHN HN o ORoO ----- 3- 0000 M M M OPG3 OPGE3

OH (XXVI11-1B) (XXVI11p-1B) (XV-1 B) [02221 Using an

appropri ate base, a conpound of fornula (XV) can al so

be synthesized via a |actonization reaction froma

conqa”[}ﬁm J g or mJI g%é%u}are @%@g&@%\ﬁﬂﬁ»ﬁ t;?lgf(ﬁﬁ)/f)apan have the

fol(wvglsmxcthIHslanm&redxmedﬁ@ tection. In sone
errbo‘gl nment R3, R4, R5, and P&, where relevant) for

of formul G2 (XxVI I p),  andRaXV) OH

Orespect to the i}

Ip). 102231 As an

AR of formul a | 4 3—E%xXV1 | p)",

tures and

3

OPG; OPG; OH
(XX VIIIp-A) (XV-A)

OPG3 : OPG;
(XXVIII-B) (XXVIIIp-B) (XV-B)
[0221] In addition, compounds of formula (XXVIII), (XX VIIIp) and (XV) can
have the structures and stereochemistry shown below:

OPG, OPG;,
(XXVIII-1A) (XXVHIp-1A) (XV-14A)
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OH(c) ""~R3 OHOH(XXVII-A) (XV-A) -73 W

2007/ 117591 PCT/ US2007/ 008562 R4 OH R4 OH O HN R5 HN
WORMRA1BI1IO 0 OH R3 OH OH (XXVI1-B) (XV-B) RAT/US2007/008562
vy, \OPR2 RA \OCPGOR4 ,,,., OH ""~020 HNR5 HN
HNO OOHO;~R3 R3 OHOHOH (XXVIIp-A) (XVp-A
(XV-A) RA OP&R2 R4 OP&R2 R4 OH O O HN R5 HN HN
...0%43 O0 OCHO'RiIiR3 3 OH OH OH (XXVIp-B)
(X¥R-B) (XV-B) [02241 lLq sone enbodi nents, a conpound

mul a (XV) can
OPG,
O O
OR —_—
OPG3 OPGB
'(XXVIII-IB) ' (XXVIlIp-1B) (XV-1B)

[0222] Using an appropriate base, a compound of formula (XV) can also be

synthesized via a lactonization reaction from a compound of formula (XXV1I), as shown

in Scheme 7-5, or lactonization reaction from a compound of formula (XX VIlIp) followed

by deprotection. In some embodiments, Rj, Ry, Rs, (and PGy, where relevant) for the

compounds of formulae (XXVII), (XXVIIp), and (XV) can be the same as described with

respect to the compound of formulae XVII or (XVIIp).

[0223] As an example, compounds of formulae (XXVII), (XXVIIp), (XVp)

and (XV) can have the structures and stereochemistry shown below:

Raw_  OH Rew WOH
o \.-‘ o
Rs HN
..‘\\\\\Rs O
o o -
OH /R3
OH OH
(XXVII-A) (XV-A)
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synt hesi zed by perform ng a | actonization reaction on

a conpound of fornmula (XXVI1) wth the proviso that
woRod7he7®onpounds of forrmulae (XXVI1) and (XV) Phaws2dne0ss62

same structures and stereochenistry as the conpounds

of formulae (XXVIl1 -1 A) and (XV-1A), then R5 cannot

be -C(=0) OR6, wherein R6 is hydrogen. |n other

enbodi nents, the |actonization reaction includes the

further provisqg,that %cannot be met hgl or t-butyl

when the conpou rmul ae (XXVI1)

the structures and | stereochem stry of th

of formul ae (AN sand (XV-1A). WQ -74 WO

2007/117591 PCJ/ US2Q07/ 008562 _gmbodi

of fornulad &8/ nt hesi zeg%

| act oni zation regcti omfQdh a conpound of

(XXVI'1) and/or ( I1-A) with the provi

is -C(=0)OR6, wherein R6 is hydrogen,

t-butyl then R4 cannot be isopropyl. In a

enbodi nent, a corrpmqﬂﬂ of formula (XV) can have the

structure shown here with the proviso thdtHif the

compound of for mMKXVIKB) has the struct@e-Bnd

st ereochem stry\of t he compound of fornmula (XV-A)_and

R3 Re\efdPGhen R4 cannBf. be 0Pl ohexenyl . |h#

enbodi ngnt, a conpound of fornyla ( can have the
Rgown herein with th viso that if [
t ructuregand
reocheaMBary o e co s Cf or mul a (
[ pthen R4 ©anno 4sopropyl. In an
a conpound of fogmul &R{ XVp) can have th
he proviso that if R3 I
d R4 is isopropyl themyP& cannot be DM PS
. some enbodi ments, a conmpound of formula OH
(XVp) ca@Hhave the structure s@bimn herein with the

pr ovi(gg(\mﬁ\_tAc?if t he conpound C(%(}){f\jptqhgul a (XVp) has ke,
|

\ \\\\\O H

structure and stereochem stry conpound of

for cA) and R3 is gethyl d R4 is isoprB® OH
t hen canndt be DM PS or TR % 5] In an o)
enbodi R. 2 conpound of for 1) can hay

shown herein w Hi ovi so t hat

octig stry of theg upe=of formula ( e
R3 isfmethfH and R5 is -C( O ORg, wherein R6 is
nmet hyg, H or t-butyl, then cannot be
xenyl. In one enbo nt, a compound of
formula { XXVIIp) can have the sfiructure shown herein
with thepproviso that if the cogpound of formula OH

( XXVI as..the structure and__stereochem stry of the
corrpéfﬁe}’lg‘?j%)or nmul a (XXVI | p- AfXMR3BY s net hyl ; R5 i@&Y-B)

[0224] In some embodiments, a compound of formula (XV) can be
synthesized by performing a lactonization reaction on a compound of formula (XXVID)
with the proviso that if the compounds of formulae (XXVII) and (XV) have the same
structures and stereochemistry as the compounds of formulae (XXVII -1A) and XV-1A),
then Rs cannot be —C(=0)ORs, wherein Rg is hydrogen. In other embodiments, the
lactonization reaction includes the further proviso that R cannot be methyl or t-butyl
when the compounds of formulae (XXVII) and (XV) have the structures and
stereochemistry of the compounds of formulae (XXVII -1A) and (XV-1A). In some
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C(=0) OR6, wherein R6 is hydrogen or nethyl; and P& is

TBS or DM PS then R4 cannot be isopropyl. [0226]
waeheriigseenpl ary structures and stereochem str pCofuS2007/008562

conpounds of forrmulae (XXVI1), (XXVI1p), (XVp) and

(XV) are as follows: -75 WD 2007/ 117591

PCT/ US2007/008562 HHO HNRS HNO OOHO M OH OH

(XXVI1- 1 A (Xv-1 A HH OH off 0B HNX\FjsllE_;'N Oﬁlﬁ%f
enibodinénlo a0k hpCury oftorm (S eam bet bRy performing o

lactonigativin taautiéh @n' & boRpoult O foMua YR Shl/ A (XX VIL-A) with the
proviso that if Rs is ~C(=0)ORs, wherein Rg is hydrogen, methyl or t-butyl then Ry
cannot be isopropyl. In an embodiment, a compound of formula (XV) can have the
structure shown herein with the proviso that if the compound of formula (XV) has the
structure and stereochemistry of the compound of formula (XV-A) and Rj is methyl then
R4 cannot be 2-cyclohexenyl. In an embodiment, a compound of formula (XV) can have
the structure shown herein with the proviso that if the compound of formula (XV) has the
structure and stereochemistry of the compound of formula (XV-A) and Rj is methyl then
R4 cannot be isopropyl. In an embodiment, a compound of formula (XVp) can have the
structure shown herein with the proviso that if R; is methyl and Ry is isopropyl then PG,
cannot be DMIPS or TBS.In some embodiments, a compound of formula (XVp) can have
the structure shown herein with the proviso that if the compound of formula (XVp) has
the structure and stereochemistry of the compound of formula (XVp-A) and Rj is methyl
and Ry is isopropyl then PG, cannot be DMIPS or TBS.

[0225] In an embodiment, a compound of formula XXVID can have the
structure shown herein with the proviso that if the compound of formula (XXVII) has the
structure and stereochemistry of the compound of formula (XXVII-A), R; is methyl, and
Rs is —C(=0)ORs, wherein Rg is methyl, H or t-butyl, then R4 cannot be 2-cyclohexenyl.
In one embodiment, a compound of formula (XXVIIp) can have the structure shown
herein with the proviso that if the compound of formula (XXVIIp) has the structure and
stereochemistry of the compound of formula (XXVIIp-A); R3 is methyl; Rs is —
C(=0)ORg, wherein Ry is hydrogen or methyl; and PG; is TBS or DMIPS then R, cannot
be isopropyl. )

[0226] Other exemplary structures and stereochemistry of compounds of
formulae (XXVII), (XXVIIp), (XVp) and (XV) are as follows:
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(XXMl Ip-1 A (XVp-1 A (XV-1 A) -76 WD 2007/117591
PCT/ US2007/ 008562 HHHOP& OP&R OH O HN R5 HN HN
w02007/1%89 Op O OHO Mo Me OH OH OH ( XXVI | pe1/UB2007/008562
(XVp-1B) (XV- 1 B) [0227] As shown in Schene 7-6, a
compound of formula (XV) can further be transforned
by replacing the G 13 primary hydroxy group of the
compound of forrmula (XV) to forma conpound of
formul a (XVI wherein R3 and R4 can _be the sane as
descri bed p espect to the conpgunthof fornmula (X)
and X can b al ogen (e.g., F, | Al By, and ). If
desired or ary, @4, in sonekgnbo¥ nent gopHcan be
protected andfor Ogprotected one or~Several timges in
any of the syntheti E&ps descri bed hereip. Séhene
7-6 R4 OH R4 CF HN Op O --HNORg

(XV) (XVI)
o)

OH
(XXVII-1A)

(XXVII-1B)

(XXVIIp-1A) (XVp-1A) (XV-1A)
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[0228] Exanples of the structures and stereochem stry

of conpounds of fornulae (XV) and (XVlI) are shown
woebanw175977 WO 2007/ 117591 PCT/ US2007/ 008562 RET/US2007/008562

b~ \VOHRE N\OHOO HNHN OOOON OR3Rs OHX

(XV-A) (XVI-A) RA OHRA OH OHNHN OO O ", ----- y-

OR3 R3 OHX (XV-B) (XVI-B) 102291 Further exanples

of the structures and stereochem stry of the

conmpounds of fornmula (XV) and (XVlI) are shown bel ow. H

OHp OHNHN O 000 MM OHAC

OH OH
(XXVIIp-1B) (XVp-1B) XV-
1B)

[0227] As shown in Scheme 7-6, a compound of formula (XV) can further be
transformed by replacing the C-13 primary hydroxy group of the compound of formula
(XV) to form a compound of formula (XVI), wherein R3 and R4 can be the same as
described with respect to the compound of formula (X) and X can be a halogen (e.g., F,

Cl, Br, and I). If desired or necessary, R4, in some embodiments, can be protected and/or

deprotected one or several times in any of the synthetic steps described herein.

Scheme 7-6 ] )
R4 OH R4 OH
O O
HN HN
(@) O
O —_— O )
Rs3 Ra
OH X
(XV) (XVD)

[0228] Examples of the structures and stereochemistry of compounds of
formulae (XV) and (XVI) are shown below;
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(XV-1B) (XVI-1 B) 102301 In one enbodi nment,
Sal i nosporam de A can be synthesized by chlorinating

wea 200nprend of formula (XV), wherein R4 is PCT/US2007/008562
2-cycl ohexenyl and R3 is nethyl. -78 WO 2007/117591
PCT/ US2007/008562 HH..~~~CH\ ,,,00CH OO HN HN O

) O OM M OHC (XV-1A) (XVI-1 A [0231] In sone

enbodi ments, a conpound of fornmula (XVlI) can be

pr epar ed byRsubsti ting the G 13 primary hydrox

group of the torpet (ﬁf formula (XV), w RS
d

provi so that the|co nds of fornmula (XV) and (
cannot be t g nds of fornula ()&ﬁg«p_j

)

(XVI-1A). In/certfai n.embodi nents, if the/conppund_ of
formul a has the structure and gochearStry
of the conpouny of%Zformula (XVI-A), then c&nnot be
i sopropyl or 2fcycl@hexenyl when R3 is net . aRe X is
chlorine. [023 In an enbodi nent, the C1 rimry
hydr oxy group of {he conpound of fornula ( can be

converted to a | ejyi ng group, as shown in Schenme 7-7.
A non- limting ITst of suitable |eaving grouB% (LG
i ncl udes sul f onéX¥-Axavi ng groups (e.qg. tOSWP@VﬁA)

(Qrs), mswﬁueuym,trHIMe(Oﬁ), | psyl at e

(OTps), and rEsy atgy (OWst)). Inan e '
and R4 can be the s as described with respect
the conmpounn
secondary hydr ox
converti

~—+
~

Secondary der ox¥1
eav

compound of rnﬁ?a (XV). After the [ gﬁgup has
been added, t C-53center can be deprotectfed Ad/ or
reduced to a h oXy group. -79
OH X
(XV-B) (XVI-B)

[0229] Further examples of the structures and stereochemistry of the

compounds of formula (XV) and (XVI) are shown below:

(XV-1B) ' (XVI-1B)
[0230] In one embodiment, Salinosporamide A can be synthesized by

chlorinating a compound of formula (XV), wherein R4 is 2-cyclohexenyl and Rj is

methyl.
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WD 2007/ 117591 PCT/ US2007/ 008562 Scherme 7-7 R4 OH R4

OHO HNHNOO R3 R3 OHLG(0233] Exanples of the
werouratities and stereochem stry of conpounds oPCT/US2007/008562

formulae (XV) and (XXXX) with a | eaving group attached

to the G 13 oxygen are shown below R4 ,,,,,\CH R4

\OH HNHN OOOO R3R3 HLG (XV-A (XXXX-A) R4

OHR4A OH OHNHN OO R3 R3 OHLG (XV-B) (XXXX-B)

-80 WD 2007/ 114591 PCT/ US2007/008562 H H O HN HN O

\ OH

Cl
(XV-1A) (XVI-1A)

[0231] In some embodiments, a compound of formula (XVI) can be prepared
by substituting the C-13 primary hydroxy group of the compound of formula (XV), with
the proviso that the compounds of formula (XV) and (XVI) cannot be the compounds of
formula (XV-1A) and (XVI-1A). In certain embodiments, if the compound of formula
(XVI) has the structure and stereochemistry of the compound of formula (XVI-A), then

R, cannot be isopropy! or 2-cyclohexenyl when R; is methyl and X is chlorine.

[0232] In an embodiment, the C-13 primary hydroxy group of the compound
of formula (XV) can be converted to a leaving group, as shown in Scheme 7-7. A non-
limiting list of suitable leaving groups (LG) includes sulfonate leaving groups (e.g.
tosylate, (OTs), mesylate (OMs), triflate (OTY), tripsylate (OTps), and mesitylate
(OMst)). In an embodiment, R; and R4 can be the same as described with respect to the
compound of formula (X). If desired, the C-5 secondary hydroxy can be protected or
oxidized before converting the C-13 secondary hydroxy group of the compound of
formula (XV). After the leaving group has been added, the C-5 center can be deprotected
and/or réduced to a hydroxy group.
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OO0 Op MM OHLG (XV-1 A (XXXX-1 A HH \ OH

H OO0 HNHNO--~"0 O O M M OHLG(XV-1B)
wWOXNKH1159B) [ 0234] The | eaving group of conporadasefo7/008562

formula (XXXX) can be displaced wth a nucl eophile

(Nu) using nethods known to those skilled in the art

to forma conpound of formula (XXXXI). See Schene

- In an enbodi nent, R3 and R4 can be the sane as

escribed wth respect to the conpound of fornula
‘g—%&%- Sui tabl e nucl eophil es include but are not

limted to ROS ROQ.g1al i de ani on, NR9aR9bg,  N3-, Ay

CO2R9, RI0Il-1, an

each be independent|ly | ected fromthe group

consi sting of MY or substituted or HN

unsubstituted of the follow ng:

al kyl, C2-& , C2- Cl2—alkymyl ,

cycloal kyl, C3-C1 cRgl oal kenyl , C3-Cl12 cycl

C3-C12 heterocyclyl, aryl, heteroaryl, arylal

het er oaryl al kyl , cl oal kyl ) al kyl ,

(heterocyclyl)al kyl ,| acyl, and al kyl acyl, whereiln R9a

and R9b can be takeromoget her to form an opti onakky

2 b??}éz—%g%d 8%%%@83@ £ e?'res 1‘-?10%11'652 ggg / s%él'rzgc :Lemlstry of compounds of

formulae (XV) and (XXXX) with a leaving group attached to the C-13 oxygen are shown
below:

R4 \‘\\\\\OH
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RA CHRA OH OO HNHNOO low 0O HR3 R3 LG Nu
(XXXX) (XXXXI') [02351 Exenplary structures and

weoeterraateen stry of conmpounds of fornulae ( XXKX)I/Ua2m7/008562
(XXXXI') include: R4 ,.~.~OHR4 ,,,,00H HNHN OO R3

R3 LG Nu (XXK-A) (XXX -A) R& OHR4E OH O p HN HN
OO0 O O= R3R3 LG Nu (XXXX-B) (XXXXI-B) -82 WD

2007/ 117591 PCT/ US2007/ 008562 OH O ,,,,\\OH tH 1-1 HN
o)

(XV-1B) (XXXX-1B)

[0234) The leaving group of compounds of formula (XXXX) can be displaced
with a nucleophile (Nu) using methods known to those skilled in the art to form a
compound of formula (XXXXI). See Scheme 7-8. In an embodiment, R; and R4 can be
the same as described with respect to the compound of formula (XXXX). Suitable
nucleophiles include but are not limited to RoS", CN’, RyO’, halide anion, NRg,Rgy", N3, -
CO2Ry, RyOH, and RoSH wherein Ry, Ry, and Rgp can each be independently selected
from the group consisting of hydrogen, or substituted or unsubstituted variants of the
following: C,-Cj; alkyl, C-C), alkenyl, C,-C;; alkynyl, C3-C,, cycloalkyl, C3-C);
cycloalkenyl, Cs3-Cj; cycloalkynyl, C;-C); heterocyclyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, (cycloalkyl)alkyl, (heterocyclyl)alkyl, acyl, and alkyl acyl, wherein Ro,
and Rop can be taken together to form an optionally substituted cycloalkyl.
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OO0 OM M LG Nu (XXXX- 1 A (XXXXI-1 A) HH OH
OHO OHNHN O -~ 0 00 M Me LG Nu (XXXX-1 B)
wOXH7R1 B) [ 0236] I n sone enbodi nents, the CPaB/US2007/008562
primary hydroxy group of the conpound of fornmula (XV)
can be oxidized. For exanple, in one enbodi nent, the
C-13 primary hydroxy group can be oxidized to an
al dehyde to forma conpound of fornula (XXX). See
SCE%BE% 7-9. In an enbodi nent, R3 and R4 of a conpound

0 la (XXX) can be the sane as described wth
respect to the 0 of fornula (XVII). K, desippd,

PCT/ US2007/ 00 chame 7-9 R4 OH R4 OH
p O---1r-
o) e &)

LG ' Nu
(XXXX) (COCKXI)

[023S] Exemplary structures and stereochemisiry of compounds of formulae |

(XXXX) and (XXXX]) include:

(XXXXI-B)
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OH (XV) (XXX) [0237] Exenplary structures and
stereochem stry of conpounds of fornulae (XV) and
woxX11a9e shown below Ra ",,,~, CHR 4 ,,,,, gEET/USMOMNISS62
Op R R3 CHO OH (XV-A) (XXX-A) RA OHR4 OH Op
HN HN Op R3 R3 CHO OH (XV-B) (XXX-B) [0238]
Addi ti onal exanples of the structures and
stereochem stry of conpounds of fornulae (XV) and
the follow ng: -84 WO 20Q7/117591
62 HH.o~~OH OO

\\O H

u“\\

(XXX) includs
PCT/ US200f/ 008

Me

- (XXXX-1B) ‘ (XXXXI-1B)

[0236) In some embodiments, the C-13 primary hydroxy group of the
compound of formula (XV) can be oxidized. For example, in one embodiment, the C-13
primary hydroxy group can be oxidized to an aldehyde to form a compound of formula
(XXX). See Scheme 7-9. In an embodiment, R3 and R4 of a compound of formula (XXX)
can be the same as described with respect to the compound of formula (XVII). If desired,

the C-5 secondary hydroxy can be protected or remained unprotected during the

oxidation.
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CHO OH (XV- | A) (XXX1 A) HH OOHOHO HNHV OO

O OM Me CHO OH (XV-1 B) (XXX-1 B) -85 WD
wQaQow/11$591 PCT/ US2007/ 008562 Scheme 7- 10 R4POHURZ00DNSS62
HNOO HN Op (0) OO R/ 3R3 R4I OHO(n HNR
(XX) G (XXXI11)

Scheme 7-9
R4 OH R4 OH
O 0
HN HN
@) o]
O —_—- 0
Ra Rs
CHO
OH

XV) (XXX)

[0237] Exemplary structures and stereochemistry of compounds of formulae
(XV) and (XXX) are shown below:

(XV-B) (XXX-B)
[0238] Additional examples of the structures and stereochemistry of
compounds of formulae (XV) and (XXX) include the following:
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R3CHO(P) RA OHO (X) HNO OR3 OH Ra (XXXI'V)

[ 02391 A conmpound of formula (XXX) can further be
wonrentgfizomed as shown in step (n) of Scheme 7PCOUSEI7/008562

one enbodi nent, a Wttig reaction can be used to

convert a conpound of formula (XXX) to conpounds of

formulae (XXXI), wherein R3 and R4 can be the sane as

described with respect to the conpound of fornula

(XXX), R can_be hydrogen, hal ogen,

-q=0 R O N(R')2, -C(=O SR,
and - ( CH2) {' can be a hydrogen p
unsubst i t Bt vaki aOldf the foll ow

al kenyl , al koxy, .rylo P and aryl al ko

more than one R’ .
different; X d8 e a\hal ogen; _ang n cah
A.nropr!. esQondi ti ons and Lgigent-

3, or 4.
known to t%ose

enbodi nent, n ca&Q_be 0. In another enbodi , h can
be 1. In still another enbodiment, n can be~3xphn yet
still another enbodi nent, n can be 3. In an

enbodi ment, n can K&4. -86 WD 2007/117591
PCT/USZOO?/OOSSQ%N;} 401 Exanpl es of the ;é&ges
and stereochem stry of conpounds of fornmul

and (XXXl s shown below R4 R QA4

HN O O
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OO R3R3 CHOR (XXX-A) (XXXI-A) R4 OHR4 OH O HN
HN OO ORZI R3 CHOR (XXX-B) (XXXI-B) HH

WO 2001L1¥390H O . ~\\\OH O HNHN O OO O M MPCTHI2M@7/008562
(XXX-1A) (XXXI-1 A) -87 WO 2007/117591

PCT/ US2007/ 008562 H H OHO CH O HN HN

Scheme 7-10

R, OH
o R4 OHO
HN HN ,
0
o} © o o
R3———————>— R3
Ra OH (n)
O / l
HN R
R|
o (XXXT)

o COOKI)
R3

cho ® Ra OH

O
(XXX) HN
O
)
R3
OH
Rs

(XXX1V)

[0239] A compound of formula (XXX) can further be transformed as shown
in step (n) of Scheme 7-10. In one embodiment, a Wittig reaction can be used to convert a
compound of formula (XXX) to compounds of formulae (XXXTI), wherein R3 and R4 can
be the same as described with respect to the compound of formula (XXX), R' can be
hydrogen, halogen, -C(=O)R", -C(=0)OR", ~C(=0)N(R"),, -C(=0)SR", -CN, -(CH,),0H,
and -(CH3)»X; R” can be a hydrogen or a substituted or unsubstituted variant of the
following: alkyl, alkenyl, alkoxy, aryloxy, and arylalkoxy, and when more than one R” is
present, they may be the same or different; X can be a halogen; andn can be 0, 1, 2, 3, or
4. Appropriate conditions and reagents are known to those skilled in the art and include
Wittig reagents such as triphenyl phosphonium ylides). In an embodiment, n can be 0. In
another embodiment, n can be 1. In still another embodiment, n can be 2. In yet still

another embodiment, n can be 3. In an embodiment, n can be 4.
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OO0 OO0 MM _.MBR (XXX-1 A (XXXI- | B) 102411

Sel ective hydrogenation of the side chain double bond
wohowanpound of formula (XXXI) can form a conpoumug2mi7/008562

formula (XXXII1), as shown in step (o) of Schene

7-10. In an enbodi nent, R3, R4 and R of a conpound of

formula (XXXI'11) can be the sane as described with

respect to the conmpound of forrmula (XXXI). In sone

enb o ts, C of,. formul a (XXX | can have
theolg? o Lt ﬁ%gﬁgﬂsi sf'r?r“v‘\’ag{rﬁs W‘ﬂes‘tﬁ?e&\‘if‘é'alsflbfaf’fiwmpounds of
formulag (KEPDy4nda@EXRY]) drs sy bglem:or chl orine then R4
cannot be i§oprop\§éH cycl ohexyl, or phenyl. 102421
o
1)

Exenpl ary strfi ZHId stereochem stry Egﬁ@ﬂl&%s

of fornul ae nd (XXXI'll) are shown

(XXX 11 - A)
OR4 OH

(XXX-B) (XXXI-B)

(XXX-1A) (XXXI-1A)
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(XXXI-B) (XXXII'1-B) [0243] In certain enbodi nents,
conpounds of fornulae (XXXI) and (XXXII1) can have the
woabd7awrseg structures and stereochem stry: H PCTASEH7@8562

HO HNHNO OO O MIM R R (XX-1A
(XXXI'ff-1rA) HHOHOH OO HNHNOO OO M MR
R (XXXI-1 B) (XXXI'lI-1 B) [0244] In another

enbodi ment, nonsel ective reduction of the conmpound of
formul a ( -A) or (XXX1-B) can be used to obtain the

conmpoundg qr mul ae -89 WO 2007/ S
: In sone
XX cagOhave

(XXXI'l), respec
Ghd of formula

the structure shoyr
cannot be hyq_h\?e

(XXX-1A) (XXXI-1B)

[0241) Selective hydrogenation of the side chain double bond of compound of
formula (XXXI) can form a compound of formula (XXXIII), as shown in step (o) of
Scheme 7-10. In an embodiment, R3, R4 and R’ of a compound of formula (XXXIII) can
be the same as described with respect to the compound of formula (XXXI). In some
embodiments, a compound of formula (XXXIII) can have the structure shown herein with
the proviso that if R3 is methyl and R’ is hydrogen or chlorine then R4 cannot be
isopropyl, cyclohexyl, or phenyl.

[0242) Exemplary structures and stereochemistry of compounds of formulae
(XXXI), and (XXXIII) are shown below:
Ra~_OH R4 OH

(XXXI-A) (XXXIII-A)
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OHOH 00 HNHNO ----~0 00 M MR R (XXX)
(XXXIt)y HH~O,,,\CH HOO HNHN O------ 00O
woRoivH17R1 R (XXX 1-A) (XXXI1-A) HH OH OH ecOuskN7/008562
HN 100 O 0 O "M M R R (XXXI -B) (XXXI'l-1 B)

[ 0245] A conpound of formula (XXX) can also be used to
forma conpound of formula (XXXI'V) using an
organonetal lic reagent as shown in step (p) of Schene

7- -90

(XXXI-B) (XXXIII-B)
[0243] In certain embodiments, compounds of formulae (XXXI) and
(XXXIII) can have the following structures and stereochemistry:

(XXX1-1B) (XXXIII-1B)
[0244]) In another embodiment, nonselective reduction of the compound of

formula (XXX1-A) or (XXX1-B) can be used to obtain the compounds of formulae
/
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WO 2007/ 117591 PCT/ US2007/ 008562 10. Suitable

organonetal lic reagents include but are not limted to
wonrganaefiot hi um conpounds, organoti n conpoundsPCT/US2007/008562

or ganocupr at es conpounds, organozi nc, and

or ganopal | adi um conpounds, netal carbonyls,

net al | ocenes, carbi ne conpl exes, and organonetall oids

(e.qg., organoboranes and organosil anes). In sone

XEEANLIRBLR e 8 0] gef‘;&?oﬁwg}n'glg ﬁgr?llggi.tlr{q!sgﬁ?,gqqpula (XXXII) can have
theRgrENRE shoRheiein WHR)iRe RORTLInE R 2026n 68 Kird?0 é%QrAt;h rine.

wherein R7 cap selected fromthe group conS|st|n

hal ogen, pStituted or unsubstituted

the follo ; al kenyl , cycl oa

aryl al kyl procappPieyl , hydroxy, a

car bonyl al koXy, whgrein Of nore than one R7 i 0O

present, the R7 gr
together to f 6t op‘lonally substit uted ey
(e.g., 9-BB '
opt i onal | yOstUbsiN ; '
substituted hetgroalMenyl ring; p can be an |ntegm@
froml to 3; and!lg can be an integer froml to 4 and
R8 can sel ected fromthe group consisting of

substituted or unsulistituted variants of the
foll owi ng: al kyl, alkenyl, cycloal kyl, aryl,

arylalkyl. In an enbodRirent, the organonetallic R’
nmoi ety is (R8)p- B(F@)& In certain enbodi ne I he
organonetal lic noiety |s (R8) p-B(R7) 3_p, wh 3

i's -(CH2)aOH. onme enbodi nents, the ~organonetallic
moiety is (R
is 1, and thé R7 g@@ups are taken

enbodi nent, aeA'allic nmoiety is
certain enbodl organonetal lic
R8- MJR7, wher PcH2yaOA Th sgm h
the organonetal | iy ﬁgty is R3- MyRY, mher-'n ﬁ@
l ogen (e.g., chlori ﬁ
some enbodi nments, and R4 of a conpound of
(XXXI'V) can be the s@ne as described with respect to
t he conpound of fornula (XXVI). In an enbodi ne
can be 1. In another entRdiment, a can be 2. In SR 11
anot her enbodi ment,xxéxf.a) be 3. In yet still nﬁf
enbodi nent, a‘'can be 4. In an enbodi nent, a can
In an enbodi e a can be 6. In stil AQt her

enbodi nent enbodi nent, a can b¢ [ 02461
Exanpl es of , uct oHeS and st ereoé >
conmpounds of #X) and (XXXIV) " are ownQ
bel ow. -91 WO 2q9]/1| PCT/ US2007/ 008362

(XXX1-B) (XXXII-1B)
[0245] A compound of formula (XXX) can also be used to form a compound

of formula (XXXIV) using an organometallic reagent as shown in step (p) of Scheme 7-
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R4 .,,,,\OHR4 O HN HNOO;R3 ~R3 OH CHO R8

(XXX-A) (XXXIV-A) R4 OHR4 OH O HN HNOO"OO‘tR3
We200@H178HO R8 ( XXX-B) (XXXIV-B) o0,\\,\0H O " PCY/USR@@H008562

O tHHHN OOO M M OH CHO Rs, (XXX-1 A

(XXXI'V-1 A -92 WO 2007/117591 PCT/ US2007/ 008562 H

OHO COH

10. Suitable organometallic reagents include but are not limited to organolithium
compounds, organotin compounds, organocuprates compounds, organozinc, and
organopalladium compounds, metal carbonyls, metallocenes, carbine complexes, and
organometalloids (e.g., organoboranes and organosilanes). In some embodiments, the
organometallic moiety can be selected from the group consisting of Rg-MgR;, Rg-ZnRs,
Rg-Li, (Rg)p-B(R7)3p, and (Rg)q-Sn(R7)aq; wherein R; can selected from the group
consisting of halogen, or substituted or unsubstituted variants of the following: alkyl,
alkenyl, cycloalkyl, aryl, arylalkyl, isopinocampheyl, hydroxy, alkoxy, and
carbonylalkoxy, wherein if more than one R is present, the R; groups can optionally be
bond together to form an optionally substituted cycloalkyl (e.g., 9-BBN), optionally
substituted cycloalkenyl, optionally substituted heteroalkyl or optionally substituted
heteroalkeny! ring; p can be an integer from 1 to 3; and g can be an integer from 1 to 4
and Rs can selected from the group consisting of substituted or unsubstituted variants of
the following: alkyl, alkenyl, cycloalkyl, aryl, arylalkyl. In an embodiment, the
organometallic moiety is (Rg),-B(R7)3,. In certain embodiments, the organometallic
moiety is (Rg)-B(R7)3p, wherein Ry is —(CH,),OH. In some embodiments, the
organometallic moiety is (Rs)p~B(R7)3.p, wherein Ry is «(CH,),OH, p is 1, and the two R5
groups are taken together to form an optionally substituted cycloalkyl. In another
embodiment, the organometallic moiety is Rs-MgR7. In certain embodiments, the
organometallic moiety is Rg-MgR7, wherein Rg is |(CH,),OH. In some embodiments, the
organometallic moiety is Rg-MgR7, wherein Rj is —(CH),0H and R is a halogen (e.g.,
chlorine). In some embodiments, R; and R, of a compound of formula (XXXIV) can be
the same as described with respect to the compound of formula (XXVI). In an
embodiment, a can be 1. In another embodiment, a can be 2. In still another embodiment,
a can be 3. In yet still another embodiment, a can be 4. In an embodiment, a can be 5. In
an embodiment, a can be 6. In still another embodiment, In an embodiment, a can be > 7

[0246] Examples of the structures and stereochemistry of compounds of
formulae (XXX) and (XXXIV) are shown below:
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O HNHNO300. O OO M M OH CHO R8 (XXX-1 B)

(XXXI'V-1 B) [0247J In certain enbodi nents, R8 can be
wWoREHANIEAH, wherein a can be selected from t hecgmusaw7/008562

consisting of 1, 2, 3, 4, 6, or 7. Exanples of the

structures and stereochem stry of conpounds of

formulae (XXXIV-1 B) when R8 is -(CH2)aOH i s shown

below R4 OH R4 OHO HNHNO OR3 R3 OH CHOa OH

(XXX) (XXXXI1) OHR4A O R4 (c) HHHNO OR3 R3 OH

CHO a OH R4 OH

(XXX-1A) (XXXIV-1A)
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( -A) (XXXXII-A) -93 WD 2007/ 117591 PCT/ US2007/ 008562
ROOHRA OHOHN HNp ORI R3IOH CHOa OH (XXX-B)

WOXOI9B) HHO 0 ,~~~~0H 0 O HN HN O O MeCKms200008562
CHOa OH (XXX-1A) (XXXXI1-1 A) HH OHOH 0 Op HN
HN Me Me

XXX-1B) (XXXIV-1B)
[0247] In certain embodiments, Rs can be —(CH,),OH, wherein a can be
selected from the group consisting of 1, 2, 3, 4, 6, or 7. Examples of the structures and
stereochemistry of compounds of formulae (XXXIV-i B) when Rg is —(CH>),OH is shown

below:

Rq OH
0

HN
o

Ra
OH

( a OH
(XXXXID)
\\\\\\O H

(XXX-A) (XXXXII-A)
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OH CHO a. OH (XXX-1 B) (XXXXI'l-1 B) [02481 When R8

is -(CH2) AOH, a conpound of formula (XXXI'V) can be
woabogemated to forma conpound of formnula (XXKET/US2007/008562

wherein X is a halogen (e.g., F, d, Br, and 1), as

shown in Schene 7-1 L. In sone enbodi nents, R3 and R4

of a compound of -94 WO 2007/117591 PCT/ US2007/ 008562

formula (XXXV) can be the sane as described with

respect to the conmpound of forrmula (XXVI

enbodi nent, a can be 1. In another enbodi

be 2. In stiRa_apn#Pher enbodi nent, a can be et
still another empodi t, a can be 4. InHﬁn‘

enbodi nent, ca 5. In anot her enbodi pent) an
be 6. In sti anot hgr enbodi nent, QA yet
still anot enbpamfent, a-ecandbe > -11 R4
OH R4 200 RBRBOHOH a OHagX
(XXX 1) ( [ (491 Exanples of the str Hand
stereochem str® of conpounds of fornulae ( ) and
(XXXV) are shown geilow. R4 ,,.a, CHR 4 ,. HN HN

O RBR3 OHOH

(XXX-B)

(XXX-1A)

XXX-1B) (XXXXII-1B)
[0248] When Rg is ~(CH;),0H, a compound of formula (XXXIV) can be
. halogenated to form a compound of formula (XXXV), wherein X is a halogen (e.g., F,Cl,

Br, and I), as shown in Scheme 7-11.. In some embodiments, R; and R4 of a compound of
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a OHa X (XXXXI1-A) (XXXV-A) -95 WD 2007/117591

PCT/ US2007/ 008562 R4 OHR4 OH OHNHN Opo - ORS
We&20070H70H a OH ° a X (XXXXI-B) (XXXV-B) H PCTDS2007/008562

,,-0,,O0Hop HNHN OONO OO Mo M OHOHaOH aX
(XXXXIT- 1T A (XXXV-1 A HH\ OHOH OO HNHNO

------ O 00

formula (XXXV) can be the same as described with respect to the compound of formula
(XXV]). In an embodiment, a can be 1. In another embodiment, a can be 2. In still
another embodiment, a can be 3. In yet still another embodiment, a can be 4. In an
embodiment, a can be 5. In another embodiment, a can be 6. In still another embodiment,

a can be 6. In yet still another embodiment, a can be > 7.

Scheme 7-11

R4 OH Ra OH

O O
HN HN
0] ()
o — s> O

R3 R3
OH OH

( a OH ( a X

(XXXXID) XXXV)
[0249] Examples of the structures and stereochemistry of compounds of
formulae (XXXXII) and (XXXV) are shown below:

(XXXXKI-A)
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M M OHOH CaOHav (XXXXI1-1 B) (XXXV-1 B)

[ 02501 The stereochem stry of the secondary hydroxy
waroerp1t®i1t he conpound of fornula (XVI-B) canPO®uUS2007/008562

inverted (e.g., by a Mtsunobu transformation) to form

a conpound of fornmula (XVI-A). -96 WD 2007/ 117591

PCT/ US2007/ 008562 R4 OHR4 , ,\CHO HNHN OO OWO

R3R3 XX (XVI-B) (XVI-A) [0251] In one enbodi nent,

Sal i nospor am de, A can synt hesi zed from a_conpound

with the struc?&r 8m§5ereochenistry of f Brmuy SH

(XVI-1B) as shown HH OHO0O HN,""\OH HN

OO0 M M CH 1 B (XVI- 1 A [02p4]

Al ternatively, ¢¢ochem stry of the

secondary ) be inverted via

process, for exanpl e,”’Rby oxi dizind t he Secon

hydroxy to a 30H

(

a OH a X

(XXXXII-B)

(XXXXII-1B) XXXV-1B)
[0250] The stereochemistry of the secondary hydroxy group of the compound
of formula (XVI-B) can be inverted (e.g., by a Mitsunobu transformation) to form a
compound of formula (XVI-A).
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ket one and then reducing the ketone to a secondary

hydr oxy of opposite stereochem stry. |n one nethod,
woheo7aempound of formula (XVI-B) can be oxi di zedTmiStde7/a08562

sui table oxidizing agent (e.g., Dess-Martin

peri odi nane, TPAP/ NMO, Swern oxi dation reagent, PCC,

or PDC) to formthe conpound of fornmula (XXIl). In

some enbodi ments of the conpound of formula (XXI1),

R4 cannot be substi%Hted or unsubstituted

cycl ohexenyl , * sQ%tuted cycl ohexa- Redi oW,

TMSO substituted|cyc exa-1, 3-dienyl, unsullstit d

phenyl , TNVSE Flut ed phenyl, when R3,j and

X i s hal ogeny enbodi nent, if the gonpound \of

formul a § 1 ﬁ@ structure and gochgamsery

of the conpouny of%formula (XX i -A), céﬂnot be
3

substituted or gunsubstituted cyclohexenyl,
unsubstituted cygl ohexa-I, 3-dienyl, TMSO s
cycl ohexa-1,3- dienyl, unsubstituted phenyl,
substituted phenyl, when R3 is nethyl and X i -97 WO
2007/ 117591 PCT/ US2007/ 008562 hal ogen. The c§ﬁpound
of formula (XXII)YX3dBY hen be reduced to ggypmapound of
re
tan

for (XVL-A) using..a suitable chepjcal gent such
as Md?l dm b(k)r} 0 %Crr?l&‘gqlmleﬂt’ OSP@%‘B{;\%@n , %phgnthemzed from a

compdunt with thastrinture and 3R dhedtistly fPehRelhi (XS 1ENTYE8hb&n below:
transformation._._In certain enbodi nents, the reducing
enzyme is a educt ase such as KR X Cl A
and/ or KRED- | Y. R4 CHO R4 O H4 L, OH HN HN
HN O O R3 R3 OH B) (XXI1) .

tituted

synt hesi zed from peind with the structure aggd
stereochem stry Sramti

Cl Cl

(XVI-1B) (XVI-1A)
[0252] Alternatively, the stereochemistry of the C-5 secondary hydroxy can be

inverted via a multistep process, for example, by oxidizing the secondary hydroxy to a
ketone and then reducing the ketone to a secondary hydroxy of opposite stereochemistry.
In one method, the compound of formula (XVI-B) can be oxidized with a suitable
oxidizing agent (e.g., Dess-Martin periodinane, TPAP/NMO, Swern oxidation reagent,
PCC, or PDC) to form the compound of formula (XXII). In some embodiments of the
compound of formula (XXII), R4 cannot be substituted or unsubstituted cyclohexenyl,
unsubstituted  cyclohexa-1,3-dienyl, TMSO  substituted cyclohexa-1,3-dienyl,
unsubstituted phenyl, TMSO substituted phenyl, when Rj is methyl and X is halogen. In
an embodiment, if the compound of formula (XXII) has the structure and stereochemistry
of the compound of formula (XXII-A), then R4 cannot be substituted or unsubstituted
cyclohexenyl, unsubstituted cyclohexa-1,3-dienyl, TMSO substituted cyclohexa-1,3-
dienyl, unsubstituted phenyl, TMSO substituted phenyl, when Rj3 is methyl and X is
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OO0 OO0OOM MM A A (XVI-1 B) (XXI1-1)

(Xvl 1 A [0254] Moreover, the stereochem stry of the
w@260751@TOndary hydroxy can be inverted at anyPCTms2007/008562

after the addition of the R4 group to the conmpound of

formula (X). For exanple, the stereochem stry of the

C-5 secondary hydroxy can be inverted in the

conpounds of formulae (X), (Xp), (XI), (Xip), (X1),

(XI I p%;’ RALRRE (XI i ;E&WH)( Ml‘pjngé;t;qu) to a compound of
l'41’}%5/@('\")[‘1*)a'fﬂ‘oqlng 5@41[%& Ql)lemfcgl ﬁ:@ﬁﬁmﬁ% Q?Q&dlu&r}?orolg’dnde In some

st ereochem stry e G5 seco ydroxy can
embadisnerds) the r%dusﬁ@n st pe pecsgagishad vm&m‘cﬂye @nhpmaticitransformation.

in 85k ISR ADSLSEIT PRl Bl e e e

Cltrakel/pl RBED-EXR4BiYSt ep process. I n an enbodi nent, the
C- 3, secgpdary hydroxy grou can bcr; oxi di zed usi ng an
appf at gy oxi di zi ng” agent Z~ Bess-Martin

i odi , TPAP/ NMO, Swern OXId fon reagent, PCC,

a keto group andN educed to a hydro

[ : t such as sodiu

s, the ketoroufPTan

tiRs transformation. In

g enzynme is a

ket or educt ase such as KRED-EXP-C|1 A and/or KRED- EXP-B

. [ for synthesizing X

Sal i nosporam de A and its analogs fromthe conpound

of farmula (V) can proceed through a conmpound of

for mEY-Bxvi1). scheme 8-1 shows 4XA€bhod of

xsMihesi zing a conpound of formula (XVIl) from a

corrpound of formula (V). Schene 8-2 shows a nethod of

syntlA2E]zi ndn anetbapemhediorent, fSalinosnergnidel 4 chn dmsanthesized from a

Coﬁl@gﬁgﬁgﬁgg he gt% }ggﬁngl)%%eogg\ I NO p%ﬁfg\)rrﬁﬂg% (%«(\éﬁgﬁ?%sﬂ)“ows'

5 ogsfroma corrpound mula (XVII1). -99 WO

/117591 PCT/ US2007/ 0088I§2| Schene 8

Ra~__ OH

Cl Cl

(XVI-1B) XXII-1) (XVI-

1A)

[0254] Moreover, the stereochemistry of the C-5 secondary hydroxy can be
inverted at any time after the addition of the R4 group to the compound of formula (X).
For example, the stereochemistry of the C-5 secondary hydroxy can be inverted in the
compounds of formulae (X), (Xp), (XI), (XIp), (XII), (XIIp), (XIID), (XIV), (XV),
(XXIID), (XXIV), (XXIVp), (XXV), (XXVp), (XXVI), (XXVIp), (XXII), (XXVIII), and
(XXVIIIp). Inan embodirhent, the stereochemistry of the C-5 secondary hydroxy can be

inverted in a one step process as described herein (e.g., by a Mitsunobu transformation).
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RRRF ORR OR ON COOR2 (d) N COOR2 (e) NCOOR2 O RS

RBRRB OHOp OO (V) (VI) OH (V11 OPG1 R4 NOR3
wO207/10%91]) OPGL [0256] For sone of the enbo#CmRISE®7/008562

descri bed herein, steps (d) and (e) of Schene 8-1 can

be the sane as descri bed above with respect to Schene

6. [0257] In step (f2) of Schene 8-1, R4 can be added

to a conmpound of forrmula (VIIl) using an

anonetal lic noiety containing at |east one R4 to
T‘Feo ?H%S'%rﬁﬁauﬂao drke placguinamulisiap) progess: einnai engodinpent, the C-5
BUﬁH Sddnt I1u
R Mgy AP *;gn“i hiflenE R s hitobed Bl agent e,
D%rMﬁﬁt”sPQﬁOdm?éef ABWW Sderp Oaidaylbn reageht, CC, or PDC) to a keto
I n t or. un Sti
w8l |l en R GAPF @ﬁ&gﬁ%"t“é ‘?ﬁqﬁ%l MRS kehuting agent such s
sogjurn (bgrqhyﬁpda I@’@n@tmlr Icmbpl:hméﬁﬂ, the &gt glabis eay lbe radlyzbd via selective

I 0 fin rou iety
engkgs% ?gﬁﬁl Ig\n%te ect ela F? ‘3“’8&’5‘?%‘9% ‘Ejn%f enzyme is a
kesorbdbdtasgtsndh a0 K REI3HISR-C U am/Mﬂ(REMEX‘Pf-BI Ye

fol | guipg: -C alk Cl2 aI nyl, C2-C
al kyﬂ’%g]g c%’&:f%t% a’i"ﬁ%’d eé{ﬁ‘:‘}% §|aké?§ﬂoram1de A and its
arﬁﬁrg@]fﬁ)rﬂﬂﬁ‘é &ﬁhf&)’tﬁﬂ of ﬁﬁrn@ﬁbz(V)Qiaﬁ rﬁ&d&h%mu@ﬁw compound of formula
ryI aryl al kyl , het eroaryl al ky
0{\2@% S FR | )laf’fpsws a m&ft@rqf@ymhﬁlmgmommw of formula (XVII) from
a @SHpAINAYIL forthM! (@XY S 'yhos)ﬁﬁws SALLABY lo‘rl*%illltpesxzmg a cofmpound of

am nocar bonyl, azido, azidoal kyl, am noal
fogRuiaXYIR) 9m 2 WW&?f@muls £K). S@hmt%kylad 9y? show methods of

L T R T a—

phenyl, al kylthioal kyl, arylthioal kyl, arboxy, :
cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,

al koxysul finyl al kyl, thiocyanoal kyl, boronic

aci dal kyl , boronic esteral kyl, guanidinoal kyl, salt

of a guanidi noal kyl, sulfoal kyl, salt of a sulfoal kyl,
al koxysul fonyl al kyl , sul fooxyal kyl, salt of a

sul f ooxyal kyl, al koxysul fonyl oxyal kyl, -100
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WD 2007/ 117591 PCT/ US2007/ 008562 phosphonooxyal kyl ,

salt of a phosphonooxyal kyl, (al kyl phosphooxy) al kyl
wohowphtoyl al kyl , salt of a phosphorylal kyl, PCT/US2007/008562

(al kyl phosphoryl)al kyl, pyridinylalkyl, salt of a

pyridinylal kyl, salt of a heteroaryl al kyl and

hal ogenat ed al kyl including polyhal ogenated alkyl. In

some enbodi ments, R4 can be selected fromthe group
Scﬁ%gggsflng of : substituted or unsubstituted variants

foll owi ng: C3-Cl2 heterocyclyl, aryl,

aryl , heteroarylélkylc3(cyc|oa|ky|)a|ky| o
cyclyl)alkyl acyT( acyl al kyl , R4

{yloxy, car bo @n1nocarbonyl

m noal o f__ﬁﬁﬂanlnom

I, salt of @& 'Ryl , al kylam n
salt Jof an al kyl am noal kyl kylaninoalkyl,
of aldj al kyl am noal kyl, phen al kyl t hi oal kyl ,
aryéghg al kyl, carboxy, cyang, @ anesul fonyl al kyl ,
al kahedul fi nyl al kyl , alkoxy%ulfinylalkyl,
t hi ocyanoal kyl, boroni c acidal kyl, boronic esteralkyliua
guani di noal kyl , salt of guanidinoal kyl, sulfoal kyl,

vinp  OPGy

salt of a sulfoal kyl, al koxysulfonyl al kyl, o

sul f ooxyal kyl, salt of a sul fooxyal kyl, Rr\ﬁ</ R,
al koxysul f onyl oxyal kyl , phosphonooxyal kyl, salt of \a
phosphonooxyal kyl, (al kyl phosphooxy) al kyl, N o

phosphoryl al kyl , salt of a phosphoryl al kyl ,
(alkylphosphoryl)alkyl, pyridinylal kyl, salt of
pyridinylal kyl, salt of a heteroaryl al kyl and
hal ogenat ed al kyl including polyhal ogenated al kyl .
Sui t abl e organonetal lic noieties are described herein. &V
[ 02581 Exenplary structures and stereochem stry of

gorrmsﬂis Ome S |(oéfeche (e}ﬂﬂo)dnﬂé}ﬁs Qi%é’érlb’lefﬁ%‘gﬂaz W5, (@) and (e) of
Schemegnl @4 lqedwe S@@@@CHMBC@B&I&I feBP&D 1o Erlmmt 6s of

the ﬁj?‘]' gE gfrgito f%Qf%&é%?ei%‘lif %%9%@&%@' 4 cgrrr]xgound of formula

v I&mzmg@@mrgmglhc moiety containing at least one R4 to form a compound of
formula (XVII), wherein R; can be hydrogen or unsubstituted or substituted C;.g alkyl; R,

(o]

OPG,

can be a hydrogen substituted or unsubstituted variants of the following: C;.¢alkyl, aryl or
arylalkyl; Rs can be a substituted or unsubstituted variants of the following: C,. alkyl, a
Cs.6 cycloalkyl, a Cj¢ alkenyl, Cis cycloalkenyl, aryl, or arylalkyl; PG, can be a
protecting group moiety; and R4 can be selected from the group consisting of substituted
or unsubstituted variants of the following: C;-C,; alkyl, C,-Cj» alkenyl, C5-Cy3 alkynyl,
C3-Ciz cycloalkyl, C3-Ci2 cycloalkenyl, C3-C2 ¢ycloalkynyl, Cs-Cyz heterocyclyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyhalkyl, (heterocyclyl)alkyl, acyl,
acylalkyl, alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl, azido, azidoalkyl,
aminoalkyl, salt of an aminoalkyl, carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl,
salt of an alkylaminoalkyl, dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl,
alkylthioalkyl, arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl, alkoxysulfonyloxyalkyl,
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t-Bun,,,-." OHO t-Bu/ N-111"000Me \\ O ,, %4884k

--]11- NO O,W M O OBn OBn (VII-1) (XVIl-1)
wOQaeAN751 conpound of fornmula (XVII) can al so BeT/US2007/008562

synt hesi zed froma conmpound of forrmula (X) by

oxi di zing the secondary al cohol group of the conpound

of formula (X), according to Scheme 8-2. The conpound

of forrmula (X) can be synthesized as descrlbed |n

h Oj R4 OH

LT T £ [ob6 1P SRRt ualdhasphooxyalkyl,

phesphooylalks], csbltfcxﬂramﬂoaplﬁdf}rlaﬂ{}(ﬂ ((a)ﬁﬂl;bﬁo OEP&ygﬁnkyi,%J /g}@lamyl, salt of
o N .'109

a ;1)6%3 n%fkésl O 0 ° F%;, ary alkyl and halogenated alkyl including

polyhalogenated alkyl. In some embodiments, R; can be selected from the group
consisting of: substituted or unsubstituted variants of the following: C;-C;; heterocyclyl,
aryl, heteroaryl, heteroarylalkyl, (cycloalkyl)alkyl, (heterocyclyl)alkyl, acyl, acylalkyl,
alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of
an aminoalkyl, carboxyalkyl, salt of a carboxyalkyl, alkylaminoalkyl, salt of an
alkylaminoalkyl, dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl,  boronic  esteralkyl,
guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl, alkoxysulfonyloxyalkyl,
phosphonooxyalkyl, salt of a phosphonooxyalkyl, (alkylphosphooxy)alkyl,
phosphorylalkyl, salt of a phosphorylalkyl, (alkylphosphoryl)alkyl, pyridinylalkyl, salt of
a pyridinylalkyl, salt of a heteroarylalkyl and halogenated alkyl including
polyhalogenated alkyl. Suitable organometallic moieties are described herein.

[0258] Exemplary structures and stereochemistry of compounds of formulae
(VII) and (XVII) are shown below:

R1 /III:,,,(O

""””COORz
..\\\\\R3 —

OPG; OPG;

[0259] Examples of the structures of compounds of formulae (VII) and (XVII)

are shown below:
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(X-A) (XVI1) -102 WD 2007/117591 PCT/ US2007/ 008562
~ON.. REOR4NOHNO O0,,% R3 .%80k R3 O0 OPGL
WORGL/11(41B) (XVII) HOH NOHNO 0,, a\ MeCTUS2(02i008562
M OO0 OBn OBn (X-1A (XVIl-1) H Ot-Bu,,,/O
t-Bu-n,,,.. NOHNO "10M 0 O 0 O

t-Bum,,, ( ©

t‘Bu”llu., O
i COOMe |

(@)

..n\\\ Me

OBn
OBn

(VII-D) XVII-1)
[0260] A compound of formula (XVII) can also be synthesized from a
compound of formula (X) by oxidizing the secondary alcohol group of the compound of

formula (X), according to Scheme 8-2. The compound of formula (X) can be synthesized

as described in Scheme 6.

Scheme 8-2:
O. O
R1\( R4 R 1 \( R4
N OH N O
R3 ——— R3
o () © O
OPG;, OPG,
10,9 (XVID

[0261] Exemplary structures of compounds of formula (X) and (XVII) are as
follows: '

O
R1”“““( R4 . R.,uu,,,_(o R4
N "MOH . N o)
..\\\\\Rg
o) O
OPG; OPG;
(X-A) (XVID)
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OBn --4z-0Bn (X-1B) (XVII-1) [0262] Additionally, a

conpound of formula (XVI1) can be obtained via the
weypmiThaetist Schenme 8-3. -103 WD 2007/ 117591 PCT/US2007/008562

PCT/ US2007/ 008562 Schenme 8-3 R ~(\ Rl~o R1~0 COO R2

(d) COOR2 (e) COOR2 R3 R3 --i- R3 pOHOO (V) (M)
OH (V1) OPGL WR3 Ri O RLRyi Rp N COOH or -COX O -E
RRR... R3 Op (XVI1) OPGL (XXXVn) OPGL (XXXVl) OPGL

[0263] A conpound of formula (VIlI) can be synthesized
froma conpound of formula (V) via steps (d) and (e)
of Sghene that are described above with rgspect to

Scheht"8.¢"Th dts of the conpound of Rfits a WM )R,
can be tr gd_to a carboxylic acid using ds
known to } PEd in the arf (e.g., hydkr

Li OH, alls ~ifRy oates such as Li SMe, Na

Li SC5, &t W ch can be further tra@
acid halidg
chloride, S&
(XXXV1). In an e glémsnt R3 and PA of the
compound of fornul3 (XXXVI) can be the sanme as OPG;
described w ghpgyespect to the conpound of ??1191

(M) and X is a halogen. [0264] Exanples

structures of conpg § of fornmula (M 1) and
are shown below O Q "1 COOR2 N COOH or COX
[ !t@@’luz,, t—BU/In,,,“(O
.nl[]l,OH
— N

.‘\l\\\\Me

OBn
X-1A)

OH

-\l\\\\ Me

OBn

(X-1B) XVII-1)
[0262] Additionally, a compound of formula (XVII) can be obtained via the
synthetic Scheme 8-3.
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OOO0OOPGL OPGL (VI1) (XXXVl) -104 WD 2007/117591
PCT/ US2007/ 008562 t-BU O O N | COOVe N COOH or - COX
woaleBMeEs91---~ ., ,,u%ke OO O i OBn OBn (VIIPLY/US2007/008562
(XXXVI -1) [0265] The carboxylic acid/acid halide of
the conpound of fornula (XXXVI) can be reacted with an
appropri ate N, O di nmet hyl hydroxyl am ne hydrochl ori de
[HCl . HNMe(OWe)] to formthe correspondi ng Wi nreb
sl d& 3 wherein Rl, R3 and PGl can be the same as
bed with respect to the conpound of fornula
nd R"" and R': ach independently be o

R d fromthe groﬁb onsi)sting of al kyl ('%\g-y
A co@Rgoxy(d)(e. g. ne OOJR9266] Exenpl ar COOR,
&, of TonpBunds a ( and Rs
atie as foll ows” oonn,,." o
\' R"" NNN OPGL (XXXVI) ( 1)
t-BUA""" t-BU /iu,. O
(viy OH (Vi) OPG,
R1\(O R.‘\(O
N~ R COOH or -COX
€ R3 \R"" - ———— R3
Y o)
XvVi)  OPG, (XXXVII) OPG; (XXXVI) OPG, :

[0263) A compound of formula (VII) can be synthesized from a compound of
formula (V) via steps (d) and (e) of Scheme 8-3 that are described above with respect to
Scheme 6. The ester of the compound of formula (VII) can be transformed to a carboxylic
acid using methods known to those skilled in the art (e.g., hydrolysis by LiOH, alkaline
thioates such as LiSMe, NaSMe, LiSC;Hs, etc.) which can be further transformed to acid
halide using a suitable reagent (e.g. Oxalyl chloride, SOCJ; etc.) to form a compound of
formula (XXXVI). In an embodiment, R;, R3 and PG, of the compound of formula
(XXXVI) can be the same as described with respect to the compound of formula (VID)
and X is a halogen.

[0264] Examples of the structures of compounds of formula (V II) and
(XXXVTI) are shown below:

R/, (

Rqtu,,, ( O o
ICOOR, N

COOH or -COX

Wy R3

OPG;, OPG4
(VID (XXXVT)
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NR.. OCOOHoOr -COKONN OOCBn OBn (XXXV I-1)

(XXXV 1'l-1) [0267] The Weinreb am de of the conpound
wofodranmela ( XXXVI1) can be reacted with an PCT/US2007/008562

appropriate organonetallic noiety containing at |east

one R4 to forma conpound of formula (XVI1). In an

enbodi nent, Rl, R3 and PGL can be the sane as -105 WO

2007/ 117591 PCT/ US2007/ 008562 described with respect

to the conpogpd of fornmula (VIl) and R4 can be

sel et—Budm,f.{/dm e group consisting Rbu?hy,,?%/n ted or

unsubstituted variants of the foll owm ng: -C1l2pal kyl ,
C2-C12 al k LGS sBReal kynyl, C3-Cl2 cyc ,%gl
C3-Cl12 cyc/f oal eniy\kn C3-Cl12 cycl oal kynyl -
het er ' het er garyr>ar yl al k

het er oar yl al , O
(heterocyclyl I, acyl, acylalkyl,
al kyl oxycar bonyl o%y, carbonyl acyl, am nocarb
azi do, azidoal kyl, @Bnnoal kyl, salt of an am noal k an

car boxyal kyl , t,,of carboxyal kyl, al kyl am noal kyl |
salt of an al k_éﬁ;ﬂi)noal kyl, dial kyl ani noal ky@piggﬂltl)
of 40265l ky Theicanakklit acigheiWhalidal dfthd bbrﬁ?xgllﬁyc, of formula (XXXVI)
Car@régt hi o;i\l(*yl car boxy, cyano, al kanesulfonyl a ﬁn
al Kand&ifts nW% AR | PR eRgIAIS UN‘,@rgm@lep}{droxylamine hydrochloride
[HChHDQVIa(@ielkKyto, folarae icerrésiodal i ; alKy!
) rréso n@"b\’eu{?gtf E.l;l/lllr'ld:e, g’zlfe?&% lﬁé Rs and PG,

rgigja i di noal kyl, .salt_ of a guanidino oal
carLBe thesyame 28 fesgribed, ith aespssyiothe epmipanid of formula (VII) and R*” and
R”3 ¢hil @goty fdk¥éndefih be QEI Yonsists

al koxysul fo%yr? ce)x%l ﬁyl ,eC%ﬁgtgp g‘ﬁ%%%blglclgwl,su%f’f alg?' I gz.g. methyl),
alkgry £ BIREERYR) kyl , (al kyl phosphooxy) al kyl |

phomyla I phesphoryl al kyl,

al klﬁ)l phos piﬁg?’{ﬁl)a??k%f‘%ﬁg?u | nyﬂ"&?‘%&?ﬁ? ggl forgyula, (XXXVI) and

(XBKMIG) a9 laafadiaws: sal t of a heteroaryl al kyl and

hal ogenated g kyl including pol yhal ogenat ed

sone dMpeditfenty, R4 can be sel ected gpam
consi sting\of: gubstituted or unsubstituteq varyants

Attt Me

of the folN : Hor> Gt er ocycl yl, ar Y\ N R"
het er oar yl ro I al kyl, gcyﬁloalkyl)alkyl,
(het er R \ﬁ:,@/acyl , acyl al'kyl, wmR3 \R
al kyl oxycar bofiyl ox§, carbonyl acyl, am ﬁ)ocarb yl,
azi do, azi doa am noal kyl, salt of an am Roal kil ,
car boxyal kyl , sal f a carboxyal kyl,
al kyl am noal kyl , salQP®f *an al kyl ani noal kyl , OPG;,
di al kyl am noal k t of a
y VoA (XXX VII)
t-Bu””"'-(O t—Bu’IHn..(O
N COOH or -COX : \ N/R"’
~tMe — \
o o ~wMe R™
OBn OBn
(XXXVI-1) (XXXVII-1)

[0267] The Weinreb amide of the compound of formula (XXXVII) can be
reacted with an appropriate organometallic moiety containing at least one Ry to form a

compound of formula (XVII). In an embodiment, R;, Rs and PG, can be the same as
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di al kyl am noal kyl, phenyl, al kyl thi oal kyl,

aryl t hi oal kyl, carboxy, cyano, al kanesul fonyl al kyl
wabkbanesuifi nyl al kyl , al koxysul finylal kyl, PCT/US2007/008562

t hi ocyanoal kyl, boronic acidal kyl, boronic

esteral kyl , guani di noal kyl, salt of guanidi noal kyl,

sul foal kyl, salt of a sulfoalkyl,

al koxysul fonyl al kyl , sul fooxyal kyl, salt of a
a

I I kyl ,
SIS GRS s o
gréwy korsihingitosbyiatddydn m&h@ﬁﬁﬁféﬂy\}aﬁlahﬁélcif Hlbudlind: ¢,-Ci; alkyl,
phosphor Lal yé, é‘ﬁal k¥| phosphoryl ) al kyl,
CZp@kZi &IW | L?;r “l2s MYy Loy (fb’ﬂl)@BHQka!Cyl@&g teyofoatkenyl, C3-Ci;
| @J- e ed I nc n
cyglglEl g?{’)ye@#aggd glaﬁ%c@,agg?t abl’e g?%an et zfpﬁ flfé(yg’ heteroarylalkyl,
(CXF(]D‘I"%]FYI& Ylar e (hetsrocypleBalksl.ei nacyl,0268dylalkyk er takyloxycarbonyloxy,

A TE o oy g LIS GEOMLY 2w i
caé?@ﬁ)’%‘ Ehemltt of) : carlidgyallgl,2 Glky1 4 itpalkyRCEalYS3004h ORRS Bininoalkyl,
LN R N T -
carbox98/888Yan®, , , alkhheSulfGhylalk¥s YVealk e A1 iPRIGEN alkoxysulfinylalkyl,
thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of a
guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl, alkoxysulfonylalkyl, sulfooxyalkyl, salt of
a  sulfooxyalkyl, alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a
phosphonooxyalkyl, (alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl. In some embodiments, R4 can be
selected from the group consisting of: substituted or unsubstituted variants of the
following:  C3-Cj2 heterocyclyl, aryl, heteroaryl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl,
azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl, carboxyalkyl, salt of a carboxyalky],
alkylaminoalkyl, salt of ‘an alkylaminoalkyl, dialkylaminoalkyl, salt of a
dialkylaminoalkyl, phenyl, alkylthioalkyl, arylthioalkyl, carboxy, cyano,
alkanesulfonylalkyl, alkanesulfinylalkyl, alkoxysulfinylalkyl, thiocyanoalkyl, boronic
acidalkyl, boronic esteralkyl, guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl, salt of a
sulfoalkyl,  alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl. Suitable organometallic moieties
are described herein.

[0268] In certain embodiments, compounds of forrnulaé (XXXVID) and

(XVII) can have the following structures and stereochemistry:
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(XXXVI'1-1) (XVI1-1) 102691 One net hod for obtaining
Sal i nosporam de A and anal ogs thereof from a conpound
wofodranmela (XVI1) is shown in Scheme 9-1: - 10PCWWDS2007/008562
2007/ 117591 PCT/ US2007/ 008562 Scheme 9-1 R OR4 R4 5
ORA O 1I5OHN4R3O0(92) ) HN4A4RBRHNR (h2) R3
02 002 OO0 (xvll) OPG (xVIn) OPA (XIX) OPG (12z2)
RAS0ORM50R 50 OR HN40 (k2) HNOG&G) HN4 R
500z3 OHARBHR3 13 t3 0 (XXI1) X (XXI') OH (xx)
OH (1291113,,,,1%/9 @ 5 OHO O HN HN
N

R1 iy, (O
Rlll
N/
\

(XXXVID)

R"l
N -~

atith Me \le

OBn

(XXXVII-1) (XVII-1)
[0269] One method for obtaining Salinosporamide A and analogs thereof from
a compound of formula (XVII) is shown in Scheme 9-1:
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40 O0O20RZR3 13 13 (XVI) (xv> XOH [02701

As shown in step (ga) of Schene 9-1, the amnal of a
woanpaursdiof fornmula (XVI1I) can be cl eaved t oPEDMUS2E@7/008562

conmpound of forrmula (XVI11) using an acid reagent

(e.qg., triflic acid or HCl). In sone enbodi nents, R1,

R3, R4 and PGl of a conpound of formula (XVII1) can

be the sane as described with respect to the conpound

Scl@% ;g_r;nul a (Xvil). -108 WO 2007/ 117591
007/ 008562 [02711 As an exanple, the conpounds
R1of f&gula (XVI1) and (XVIIR)._nayohave the fol | ow ng o

Re ORRLOOH 4NDO
H21 Exenpl ary

stXuct uy es d stereochem stry:
i Obm OO OP

15 R
oP compounds of la_(XVI1) agd (XVI °
o bel ow. coN3. .-/ NO=>H Ra
, \\Me 0000 © 0
(Xvin OPG, xviy  OPGy aX) Ol‘='G1

(k)

(XXID)

[0270] As shown in step (g2) of Scheme 9-1, the aminal of a compound of
formula (XVII) can be cleaved to form a compound of formula (XVIII) using an acid
reagent (e.g., triflic acid or HCI). In some embodiments, R;, Rs, R4y and PG, of a

compound of formula (XVIII) can be the same as described with respect to the compound
of formula (XVII).
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(XVIT-1) (XVII1-1) [0273] In step (h2), the C 15

pri mary al cohol group of a conmpound of formula (XVIII)
woam7ne7vonverted to R5, which can be sel ect edrETmisedon®08s62

group consisting of - C(=0 OR6, -C(=0) SR6, -C(=0) NR6R6

and -C(=0)Z , wherein each R6 can be independently

sel ected fromthe group consisting of hydrogen,

hal ogen, or substituted or wunsubstituted variants of

t he Wi ng, - C24 . al kyl , acyl, alkyl acyl
aryl Ogl%]o ar‘?ﬁ ,aglegfl{?lpgi’ Q@/ ’Coglpﬁﬁqso%#gﬁwaa (XVII) and (XVIII) may
haye theafol lowinp starylires pedbafdovRémiirpy| , trifluoroethyl,
triflhoroethy|, and heteroaryl; and Z can be a
hal og&Q, T nvergion of the primary al
to R5 may be achi eyetl by converting the al coh
to a carbo ' c)(RG:H) usi ng an apRig ri
oxi dati on such as Jones oxi datison.
Al ter nati 3
prepar€&d froRrt heYgri mary al cohol gro
conpound of f¥®rmnul/a (XVI11) through an al dehde. /The
pri mary al coh up of the conpound of fo
(XVI'11) can first bPepeggnverted to al dehyde using G
appropriate oxidant such as Dess-Mrtin periodi nact?":e, 1.
TPARD2B%er N Bxehihddry @Aut@AGIHeonPEhn a(*rs@v
ht he resul ting al dehyde can be o>I<3i di%sg%ﬁfgﬁg?ﬁe tltcl)ﬁ?r[21 (XVIL) are
sha t?SEWﬁ c acid using -109 WD 2007/ 117591
PCT/ US2007/ 008562 C ,
conbi nati on of sod
di basi c/ 2-net gyl - 2
aci d tBuaumg, '

forma conpound of formula
using an apk atwal cohal , thiol (e.gHnthigPhen&H
cystine), viMe acid (e.g. acetic acig Rengpd ¢
aci d), OF ank (e.g. acetic anhydoFd NG OITE
enmbodi nent s, R4 of a conpound of forRula £XI X)
can be the sarfe—ag described with respect to
compound of fornu I11). [0274] Conpounds o
formula (XVII11) and I X) may have the follow ng OBn .
structures an rgochem stry: R4 OR4 O HN R5
., ONR3_. ot t % AR Y TRVl

[0273] In step (hy), the C-15 primary alcohol group of a compound of formula

(XVIII) can be converted to Rs, which can be selected from the group consisting of —
C(=O)OR¢, -C(=0)SRs, -C(=O)NR¢Rs and -C(=0)Z , wherein each Rgs can be
independently selected from the group consisting of hydrogen, halogen, or substituted or
unsubstituted variants of the following: C;-Cy alkyl, acyl, alkylacyl, arylacyl, aryl,
arylalkyl,  p-nitrophenyl,  pentafluorophenyl, pentafluoroethyl,  trifluoroethyl,
trichloroethyl, and heteroaryl; and Z can be a halogen. The conversion of the primary
alcohol group to Rs may be achieved by converting the alcohol group to a carboxylic acid
(Re=H) using an appropriate oxidation conditions such as Jones oxidation. Alternatively
the carboxylic acid group can be prepared from the primary alcohol group of the
compound of formula (XVIII) through an aldehyde. The primary alcohol group of the
compound of formula (XVIII) can first be converted to aldehyde using appropriate
oxidant such as Dess-Martin periodinane, TPAP, Swern oxidation reagent, PCC, or PDC

and then the resulting aldehyde can be oxidized further to carboxylic acid using
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OPGL OPG  [0275] For exanple the conpounds of formula

(XVII1) and (XIX) nmay have the follow ng structures:
wo207179H OH HN RS .,,,%\ Me O O OBn OBn PCT/US2007/008562

(XVIT1-1) (XIX-1) [0276] In step (i2) of Scheme 9-1, a

conmpound of formula (XX) can be synthesized by

renmovi ng the protecting group noiety on the conpound

of formula (XIX) and reductively opening the

ting. hem acetal . As exanpl e, the hemni acet al
o SRtk OHATE P Joopertbgion of bedhies plerjaapaum phosphate
diblagic(p-mesiydH2ubatrey, OP\IEirslE the Eaﬂbﬁ)@yl‘m: aSADORY RAL S ﬁéﬁ?vened to an
a e

etR4, wd R5 of a co und of fornu (X)% can be t
Steharfb MRS Ly 1 ide fdparta compRend GfpioomdlaofXIX) using an

ropfiateaaléaiof) thioll Qg V@i P [/ 2 acetic aci
A o301 Q0010 L TS0 P20 i i
ber&?ﬂ&)@fﬂ% or gphydside (e &. aqexic)@nhadﬁdde()x)() s@ag elpbodisnents, R; and R, of a

cor_fxﬁf_)thrﬂ"@ti“ f(;o%ug B%@(Mh%%bwﬁggy%regpﬁégé%g compound

off%mu&@?ﬁbll@,. conmpounds of formula (XIX) and (XX) can

hav gﬁ ’gg HL'@EE\%%H& 3t rf(l)Jr(r:rtlu ge(%VIH) Han'é (7}1)8 r\na}9 lgve chle following

R5
structures and stereochemistry:

R4 O Ry o)
HN OH HN Rs
o iy R3 o ottt R3
. (®) (@]

OPG;, OPG; ,
[0275] For example the compounds of formula (XVIII) and (XIX) may have

the following structures:

OH Rs

———ee Y-
..\\\\\ Me ‘.“\\\Me
O
(@}
OBn OBn
(XVIII-1) (XIX-1)

[0276] In step (iz) of Scheme 9-1, a compound of formula (XX) can be
synthesized by removing the protecting group moiety on the compound of formula (XiX)
and reductively opening the resulting hemiacetal. As an example, the hemiacetal can be
reductively opened using a reducing agent (e.g.., sodium borohydride). In some
embodiments, Rs, R4, and Rs of a compound of formula (XX) can be the same as

described with respect to the compound of formula (XIX).
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v, %" XM OO0 OOOON OBn OHOH (XIX-1) (XIX-1

A) (XX-1) [02721 Using an appropriate base (e.g.
waeemzhapyti di ne), a conmpound of fornula (XXl) PCamwskm®7/008562

synt hesi zed from a conpound of fornmula (XX) via a

| actoni zation reaction, as shown in step (j2) of

Schenme 9-1. In an enbodinent, R3, R4, and RS of a

compound of formula (XXI) can be the same as descri bed
pect. Lt Q ound ~of formula (XX). -111
2009? %ﬁSQl %&ﬁ“/"ﬁ?é’é o%“r‘wgﬁ%% 8 stegeorhemisieypf égrrwpumhseof formula
(X$X) ard (XXpcanbk & folleagheni stry of conpounds of
formul a (XX) and (XXI) are shovvn beloww. R4 OR4 OO o
HN R5 0::

For exan‘pl , conpounds of for
have t hg RenM ng structures
OCHO o HN
3
© o

[0278] For example, compounds of formula (XIX) and (XX) can have the

following structures:

XI1X-1) XIX-14) XX-1)

[0272] Using an appropriate base (e.g. BOPCl/pyridine), a compound of
formula (XXI) can be synthesized from a compound of formula (XX) via a lactonization
reaction, as shown in step (j2) of Scheme 9-1. In an embodiment, R3, R4, and Rs of a
compound of formula (XXI) can be the same as described with respect to the compound
of formula (XX).
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(XX-1) (XXI-1) [02811 As shown in step (k2) of Schene

9-1, a conpound of formula (XXI) can further be
wonrentafiziomed by substituting the prinmary hydr orgTAK200M008562

conmpound of fornula (XXI) to forma conpound of

formula (XXII). In sonme enbodinents, R3 and R4 of a

conpound of formula (XXIl1) can be the sane as

described with respect to the conmpound of formula

( XXl nd can, be al ogen. -112 WD 2007/117591

PCT/‘B%’E%OW é@%&“@é"s Pgég%]s‘@fwiﬂ &P¢ detepeheanisy a9l compounds of
forstida €XXN antl $XIKY) &k showRouRee of formula (XXI) and

(XXI'l) are shown below R4 ORA O OO HNHN OO R3

R3 OH X [02 exanpl e, conpounds oRa
(XXI') and (XXII)| can have the follow ng striictur

HH OO\ RNO >0 OO l\/El\/E§
(XXI'1-1) hown step s12) of e , the
C- 5 ket ‘ééhed to the carb dj aceaeQ o R4

of a conpound for@dla (XXI1) can Ye re

secondary hydfoxy group using a suitable gedudfng

agent (e.g., s®di um borohydride) or an enz to form
a compound of forypula (XVI). In one enbodi neny, the
conmpound of fornu a OH

[0280] For example, compounds of formula (XX) and (XXI) can have the

following structures:

0]

Rs
wMe —
O OH

HN

OH

XX-1D XXI-1)
[0281] As shown in step (k) of Scheme 9-1, a compound of formula (XXI)
can further be transformed by substituting the primary hydroxy of the compound of

formula (XXI) to form a compound of formula (XXII). In some embodiments, R; and Ry
of a compound of formula (XXII) can be the same as described with respect to the

compound of formula (XXI), and X can be a halogen.
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(XXI'l') can be reduced to the conmpound of fornula

(XVI-A) and/or (XVI-B). -113 WD 2007/117591
wWOeCHI7usZ2007/ 008562 [ 0285] Exanpl es of the strBCTWSE®7/008562

and stereochem stry of conpounds of formula (XXI1)

and (XVl) are shown below RA OR4,,,,.. HRA OH ~

OO HNHNHN 00OV 0 ANDDORO Rg RBR3 X X X

(XXII) (XVI-A) (XVI-B) [0286] As another exanple, the

of for and (XVl) may have the

foI I ovvlgl%'5 S, ?ré'ssucg-x‘r‘fﬂlr%% ard stareerhsmistty pf iqoprpopndspof formula
(XO(IDand-I[SK)ﬂN) Iakd\klﬁvﬁx BeloWw0 ~" 0 ANDDOR O M Me M C C

A (XXIT-1)o(XVI-1 A (XV 1- 1 B) [0287] If desired,

t he stereoch f, the secondary hy d G he

conmpound of for

tist ep process, as

her ei n. ound of formula ( XX aoso be

used to

OH X

[0283] For example, compounds of formula (XXTI) and (XXII) can have the
following structures:

XXI-1) (XXII-1)

[0284] As shown step (l2) of Scheme 9-1, the C-5 ketone group attached to the
carbon adjacent to R4 of a compound of formula (XXII) can be reduced to a secondary
hydroxy group using a suitable reducing agent (e.g., sodium borohydride) 01: an enzyme
to form a compound of formula (XVI). In one embodiment, the compound of formula

(XXII) can be reduced to the compound of formula (XVI-A) and/or (XVI-B).
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compound of formula (XV), as shown in Schene 9-1. The

C-5 keto group of the conpound of fornmula (XXI) can
woeoraduoed usi ng an appropriate reduci ng agenPCsmwsk0as0ss62

t hose described herein to forma conpound of fornula

(XV). The C 13 primary hydroxy of the conpound of

formula (XV) can be used to obtain Salinosporam de A

or analogs thereof follow ng Schenes 7-6, 7-7, 7-8,

7-9, % 0 a =11 dg%ri bed herein. The -114 WO

20077189501 PERAIES 65 71Re cBBIstIres; pa csieteehernisyy 0bf thmpounds of

fomade (HXITE) dnddXoXY af shoh@ sepsgpound of fornul a (XVI - B)
can,be inyerted in a single step or a nmultistep
pro%’é n%c as those descr® d‘.\“\\\\QﬁSQ] In certain Ry OH

[ he conpounds of f

angn can have the follll,evvi ructures and

ixtry: R4 OR4 ,. 740 L RA\OH 0 0 HN HN HNN

a»R[ ( XV- B) R4f8),,,,, ' %ﬂ”k@@‘éﬁ?o

RA O40 ORSHN HN HN HN O 0 AND' ORR® 0 -)0 O AND/ OR O
0 RIWR3 OR3 R3 OH OH a (Xvly) (Xv-B) (XxvI-A)
(XVI-B) ¥~ H H H
X X X
(XX1) (XVI-A) (XVI-B)

[0286] As another example, the compounds of formula (XXII) and (XVI) may

have the following structures and stereochemistry:

XXII-1) (XVI-1A) XVI-
1B)

[0287] If desired, the stereochemistry of the secondary hydroxy of the
compound of formula (XVI-B) can be inverted in a single step or a multistep process, as
described herein.

[0288] A compound of formula (XXI) can also be used to synthesize a
compound of formula (XV), as shown in Scheme 9-1. The C-5 keto group of the
compound of formula (XXI) can be reduced using an appropriate reducing agent such as
those described herein to form a compound of formula (XV). The C-13 primary hydroxy
of the compound of formula (XV) can be used to obtain Salinosporamide A or analogs

thereof following Schemes 7-6, 7-7, 7-8, 7-9, 7-10 and 7-11 described herein. The
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O,,,,0M\HOH OOO HNHNHNOOANDORO 0OO

M Me M@ OHOHOH (XXI-1) (Xv-1 A) (Xv-1 B) -115 WO
waQe/11158591 PCT/ US2007/ 008562 H H H a, " OH OHPET/US2007/008562

,, OHOHO HNHNHNHN OOANDOR OOANDORO M O

M pMOM OHOHCGC (XV-1A) (XV-1B) (XVI-1A)

(XVI-1B) cl1 [02901 In sone enbodi nents, conpounds of

formula (XV) can be synthesized via Schene 9-2.

.9 QRRAEORI50 NO HN 4 15 OH
Ste(if‘mHi’,'%F"ﬁﬁgOHJ‘eﬁfc ary hydrexy ofcshe) Ogrr(p(o%le)d)of formula (XVI-B) can be

inverted in a single step or a multistep process, such as those described.

[0289) In certain embodiments, the compounds of formulae (XXI), (XV), and
(XVI) can have the following structures and stereochemistry:
Ra
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(XV11) OPG (XVIII) OPG (XIX) OPC (12) R4 5 OHO R4
50RA50 OHN4HN4HNR OO(i2) 4 OORO2O
We20RA11V¥113 13 (XV) OH (XXI) OH (XX) OH [ 029€T/UA2007/008562

conmpound of formula (XXI) can be synthesized froma
conpound of forrmula (XVI1) via steps (9g2), (h2), (i2)
and (j2) of Schene 9-2 that are described above wth
respect to Schenme 9-1. The C-5 keto group of the
sQmpound of forrmula (XXI) can be reduced to a
ondary hydr oxf{ QuUP using a suf'tabje reducing @
e

., sod borohydri de) QU engyme to fg
clic conpound off ornmul a CKV), Yoro exanpl €
tis (XV-A) aneh-of -B), vvherei;\n_-%m and X
“heANBIOR Pbed_wit h r 0 ANISOR
ouio,gi of for . -116 W82 317591 o
PCTAUS2007/ 008562 [O0R921 Exenplary str ctifes and
sterepchem stry of the gonpounds (XXl) a (XV) are
shownobelow. R4 0O ORA g4 OH OO HNHNAEN OO OOO &
AND(XR-TAR3 R3 R3  (XV-1B) (XVI-1A) (XVI-1B)
[0290] In some embodiments, compounds of formula (XV) can be synthesized

via Scheme 9-2.

Scheme 9-2

R4~ 520
o HN—~ T OH
2.
0
o}
(XVI) OPG; xviy  OPG,

R4 s -OH
O
HN 7 .
o @) ~—— -
R
13
Xv) (XXD XX)

OH OH

[0291] A compound of formula (XXI) can be synthesized from a compound of
formula (XVII) via steps (g2), (h2), (iz) and (j2) of Scheme 9-2 that are described above
with respect to Scheme 9-1. The C-5 keto group of the compound of formula (XXI) can
be reduced to a secondary hydroxy group using a suitable reducing agent (e.g., sodium
borohydride) or an enzyme to form a heterocyclic compound of formula (XV) for
example, compounds (XV-A) and/or (XV-B), wherein R3, R4, and X can be the same as
described with respect to the compound of formula (XX1I).
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OHOHOH (XXI) (XV-A) (Xv-B) HHH O",,aA0HOHO0 O

O HNHNHN OO0 O0OO0OOANDORO MMM OHOHM™M
wONMI7A1)59( XV-1 A) (XV 1 B) [0293] The conpoundPof/us2007/008562

formula (XV) can then be used to obtain

Sal i nosporam de A or anal ogs thereof follow ng Schenes

7-6, 7-7, 7-8, 7-9, 7-10 and 7- 11 descri bed herein.

[ 02941 Anot her nethod for obtaining Salinosporamde A

and s.thereof froma conpound of fornula (XVlI

i s s@g ?n Eté‘fﬂ@ﬁ%'y @E@?tufﬁ@d\ﬁn;mMQF%inthe com(PoundS) (XXI) and
XROBr&JSEOOTHEOBH62 Scheme 9-3 ,/O 0O - Y-RA RB R1---\

s%R~~%aR4Y— 5YRAS5NaONY-RBHNI s OH O

2 4

HN

(XXD) (XV-B)

(XXI-1) (XV-1A) (XV-
1B)

[0293] The compound of formula (XV) can then be used to obtain
Salinosporamide A or analogs thereof following Schemes 7-6, 7-7, 7-8, 7-9, 7-10 and 7-
11 described herein.

[0294] Another method for obtaining Salinosporamide A and analogs thereof
from a compound of formula (XVII) is shown in Scheme 9-3.
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O3 (XVIl) OPG (XVIlp) OPG (XVIlIp) OPA (h2) Y-RA
Y-RA' R4 Y-RB R4 Y-RB Y-RA 55 R4 Y-RBHNHNaR5 5 a
wolRA17910 &z) 0 OH H 02)) 4 R3 O R3 O 13 13PCtXXbqy/008562
OH (XXp) OH (XIXp) OPGL (k2) R4 O RA OH Y-RAB550
SOHNHNaR4 -RHNO 402 (12) O Op RBR3 R3 13

13 13 X X (XXIIP) (XXIl) (XVI) X [0295] Preceding
the cl eavage of the am nal, the ketone group of a
SCﬁQE—’ég‘#d of formula (XVI1) can be protected using a
e protecting group noiety/noieties to forma
d of formula (XVIIp) o In sone enbodi ments, Rl.g,
ndRPGL can bd S Rs described wRkh | Y-R,
YO®A 1), each Y gan

(Xvi) OPG, (XVip) OPG,

Y““RA

xixp  OPG,

(1)

(XXllp) (XX1) (Xv
X

[0295] Preceding the cleavage of the aminal, the ketone group of a compound
of formula (XVII) can be protected using a suitable protecting group moiety/moieties to
form a compound of formula (XVIIp). In some embodiments, R, Ri, Ry, and PG, can be
the same as described with respect to the compound of formula (XVII), each Y can be an
oxygen or sulfur, and Ra and Rp can be each independently selected from the group
consisting of Cj.s alkyl, Ca¢ alkenyl and C, alkynyl, wherein Ry and Rg can be
optionally bound together to form an optionally substituted 5, 6, 7, or 8 membered
heterocyclyl.

-118-



oxygen or sul fur, and RA and RB can be each

i ndependently selected fromthe group consisting of
wQ2e@/1atdyl , C2_6 al kenyl and C2_6 al kynyl, wheCeius2082008562

and RB can be optionally bound together to form an

optionally substituted 5, 6, 7, or 8 nenbered

heterocyclyl. -118 WO 2007/117591 PCT/ US2007/ 008562

[ 0296] As shown in Schenme 9-3, a conpound of fornula

( XV can pbe transfornmed to _a conmpound of fornula
(XX [P%%Glr ol FEWRRR AR SRS 23a8 Gumprseds ipmimla (XVIIp) can be

tranefopaed td @ cohpPEnd Bgfqrxr(dﬁz?b(}égip?f%lk(\i{iﬁxgthg%t}g si)aﬁo escribed with

Schene 9-1. Afﬁ;ShOWn.l n Sche rotec
resPPh B SRSy fsd-dia) ). andrkoheliScheRB, 9-dansishowarinSeteme 9-3, the
préte@ifigde o0 BE/@bietiE Oy I4 D) ing a suitable

et hogzg t oﬁ.g%?aﬁln a_le(t:l g%p%#ﬁ\ Wf%’?’rfuaﬁ Z’e( IVS:"!!j fregy a compound of
formlp (K¢l ushe & awitatile methasl folithie ketrapeury of Rek@H (XXII). For

eadP SRR AL SsubatubGs 38BE k8P nk {p?{%(t:tgﬁ go%%gepgg{) g%g Bﬁ gglected from the

those described wth respec
safifipetouest eyl theenpdasadbed Foith exappiteto Rbhe Bdsredhdmld unprotected

a f forguula (Xl Xp) can be selecte

°°f?8§d€h EGOEREHR R 5T Slifoohh BRPosial JmMINXIXp) can be
seleeted Goen drebaiaeionps as kORI W dsmala (R i
thel Shdbhas i Mol ot iR nq:g D)yl XK Egg‘% RSebodiments,

can - have t A&y eV KPR, § ) end (XXIIp), can
haws theheammer stRRAABE 1aRG/0R Ofieieb SHeRRL c . )
. Schenglxa 3§1 except _t hat the keto t?:egllrago{r%{yglpQég{]yri]o Bgzl;lgg non-protected
opRyrsis o Fehienh Vol exfephiibtheet earbomy copunis(sdtected 2@ a suitable
protéotiaklgroupg(fie ket one group attached to the carbon

adj acent to_R4 of a conpound of forrmula (XXI1) can be

redf®d]t o Binalwr eykefprsugroui attpched th tlaxbbarbos didfichst to Ry of a
BEANd dfFofy ' ' Qr._an enzyme to for .
o corrpouﬁgmcl)lfa %I%agq% %%? ,eh%?%&y BN ETPR PSiRg 2 HH‘;‘@F reducing
ageK (-2 By odinfe betohy fde)Rer, armrnzylac &n fdren &hengaiRd &F formula (XVI),

i e AW r&aRe t.0 t.he, copo of formul a _
m_c‘(;!% g}wfjo‘%gi ' an'é%b%%%f?}aﬁﬁ ?gg‘?ég%n‘i?g b5t the spmg|ag described
with xgspeetdn thecampoiresifAormulhgXIB. conpound of fornul a

( XV i S 0 iLh Sche 9-4. -119 WD 2007/117591
PCTW&?%BO?/S%O%@gTbOgHﬂ%'ﬁECWHO‘FQ&SF@ Rrmmla XVY-oprbe. REpthesized
froth@ d®niponnRBAf Formula (XVII) is shown in Scheme 9-4.
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NaON4Y---RBHNis OH 020 3 --~r- OR3 (gz) a

R3O0 O (XVIl) OPG (xvnp) OPG (XViIl OPG 4(hi)
wo201Y78A R4 Y-RB Ra Y-RB Y-RA 5 O 5 R4 Y- RBCHUSEN7408562

RSs 4HN O40R OUz) RBE(1:)) aR OHO3 R3O0

13 H 13 (XXIp) OH (XXp) OH (XIxp) OPG R4 O R4 OHs O

5 HN4HN4 00 OO R3IR3 13 13 (XXI) OH (XV) OH

[0299] A conpound of formula (XXl p) can be synthesized

Sc g conpound of formula (XVI1) via steps (g2),

‘%‘ﬁg%i 2) and (j2) of Scheme 9-4 that are described
abov Wit jorespect to Scheme 9-1, The protecting Y—R,
group noiety i Beies, Y-RR - ~®an be renove, Y—Rg

aRsui tabl e 5
mul vy ). I n aryy
Res desewi ped
0O o)

froma .c of formula (

enbodi

VI OPG;, (XVIIp) OPG, (XVlllp) .

(XXIp) o xixpy  OPG,

(XXD OH (XV) OH

[0299] A compound of formula (XXIp) can be synthesized from a compound
of formula (XVII) via steps (g2), (h2), (i2) and (j2) of Scheme 9-4 that are described above
with respect to Scheme 9-1. The protecting group moiety/moieties, Y-Ra and Y-Rg, can
be removed from a compound of formula (XXIp) using a suitable method to obtain a
compound of formula (XXI). In an embodiment, R3 and Ry can be the same as described
with respect to the compound of formula (XVII). The C-5 keto group of the compound of
formula (XXI) can be reduced to a secondary hydroxy group using a suitable reducing
agent (e.g., sodium borohydride) or an enzyme to form a compound of formula XV),
including (XV-A) and/or (XV-B), wherein R; and R, can be the same as described with
respect to the compound of formula (XXII). The compound of formula (XV) can then be
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with respect to the conpound of formula (XVIl). The

C-5 keto group of the compound of fornula (XXI') can
woeorradwoed to a secondary hydroxy group usi ngPaT/US2007/008562

suitabl e reducing agent (e.g., sodium borohydride) or

an enzyne to forma conpound of formula (XV),

i ncluding (XV-A) and/or (XV-B), wherein R3 and R4 can

be the sane as described with respect to the conmpound

f I XXI1). .The conpound of formula (XV) can
s i 85 Sqlitopseiniter i Grarbip P aryTeat BUpROOB Semmar s, 7.7, 78, 7-
9,76l @lahdi7nl ISedscribéPRérem. de A or anal ogs t her eof
fol | gwi Schenes, 7-6, 7-7, 7-8, 7- 9, 7-10, and 7-11
des c@ﬁ”ﬁ@ﬂ héf‘éieﬁt.a"{ e@beqhmqms«; dhe sbmpentdsdofmiortiailad (EX1p), (XXI),
sa@%%x%?che%g XV) can

stereochem stry: -RA
&HO HOH ) 00O Ra oH

Sal i nosporam dg¢ A and anal ogs
theregf are shown belowlin Schenes 9-5 a 9-6. The
PG ofovt he conpound of 6rnul a oH . o

(XXIp) (XX1)

(XXIp-1) (XXI-1) (XV-1A) (XV-

1B)

[0301] Additional methods for synthesizing Salinosporamide A and analogs
thereof are shown below in Schemes 9-5 and 9-6. The PG of the compound of formula
XVII) or (XVIIp) can be removed and the resulting hemiacetal can be reductively
opened as described above to form compounds of formulae (XXXVIII) and (XXXVIIIp),
respectively. The aminal of the compounds of formulae (XXXVIIT) and (XXX VIIIp) can
be cleaved as described herein to form compounds of formula (XXXIX) and (XXXIXp),
respectively. The C-15 primary alcohol group of the compounds of formula (XXXIX) and
(XXXIXp) can be converted to Rs using the methods described herein, wherein Rs which
can be selected from the group consisting of -C(=0)ORs, -C(=0)SRs, -C(=0O)NRgR¢ and
-C(=0)Z, each Rs can be independently selected from the group consisting of hydrogen,
halogen, or substituted or unsubstituted variants of the following: each Rg can be
independently selected from the group consisting of hydrogen, halogen, or substituted or

unsubstituted variants of the following: C;-Cap4 alkyl, acyl, alkylacyl, arylacyl, aryl,
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(XVI1) or (XVIIp) can be renoved and the resulting

hem acetal can be reductively opened as descri bed
wahora1t1f or m conpounds of formul ae ( XXXVl |) panaiS2007/008562

(XXXVI'l11p), respectively. The am nal of the conpounds

of formulae (XXXVII1) and (XXXVII1p) can be cleaved

as described herein to form conpounds of fornula

(XXXIX) and (XXXIXp) respectively. The C- 15 prinmary

ou t he conpounds of forrmula (XXXl X) and
ary?%%y(p *Xp)* ’G‘W%Bgn%lo nv&Fpduerephenylsi n gentaBuomoethydls  trifluoroethyl,
trndﬂsmret}fye,danha{e@éraaryvm 8hE maﬁ%e"‘%tﬁ]%f é}‘é{,@ 3%%mat,on of Ry, a

from gro p conS|st|n
comeemd RIE@RB‘ ?org@dras R@sardndtaé)qvn ceifergdpedtlty Schemes
9-saheatediff dQird hﬁlegéollép ﬁ Bgﬁg?l?%t)ll? 4.9 egmoé;ecéqd during the

hal ogen, or substltuted
oxidgHoR Off |Gri iy drastac grome Qfacronhmnunldm ab@rfemhaae IS CArRId (XXX IX )
and BRMLRSVEH FURsiFQNSi sting of. hydrogen, hal ogen, or

substituted or unsubstituted variants of the

follow ng: Cl-C24 al kyl, acyl, alkylacyl, arylacyl,
Scﬁ&%#gs 121 WD 2007/ 117591 PCT/ US2007/ 008562

yl, p-nitrophenyl, pentafluorophenyl,

uorgethyl trlfluorqgthyl trlchloroethyhu ando
yl/i5 and Z cdfr a n. After the
oon of R5, a Yo of formula (Xy],)
dras described abovet\with Tespect to Schenes
oF | f desir B primary hyds

(X%8p)  and, then rempwed i desired. Sche xghg
R-~ORA R RA R4 5 5 N 4/0 N4 O ~~oH
(XVI1) OPG, (XXXVIi1l) 13 (X0f%) 13 OH oH 1 R4 5 o‘i“

R& 50RIS5 O OO0

(XX11) X
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HN4 HNHN4 RS OEOER3O0O02 OH R3 R3 13 13 13
(xXU) X (XXI) OH (XX) OH (la) R 5OHO HN4 0O 02
We2007(1X¥9) 13 X -122 WD 2007/ 117591 PCT/ US200 P OABB2/008562
Scheme 96 RORF O5 R0 \ sa-RARRM YaONSG5
YYRA 02 RaYRBNaYR 3R3B Op O-~ ORs OH
(XVI1) OPGL (XVI1p) OPGL (XXXVIItp) 13 OH

Scheme 9-6

OPG,

(XVin OPG,

(XVlip)

(XXX1Xp)

(XX11p)

XX

[0302]) Additional methods of synthesizing compounds of formula (XV) are
shown in Schemes 9-7 and 9-8. The PG, of the compound of formula (XVID) or (XVIIp)
can be removed and the resulting hemiacetal can be reductively opened as described
above to form compounds of formulae (XXXVIII) and (XXXVIIIp), respectively. The
aminal of the compounds of formulae (XXXVIII) and (XXXVIIIp) can be cleaved as
described herein to form compounds of formula (XXXIX) and (XXXIXp), respectively.
The C-15 primary alcohol group of the compounds of formula (XXXIX) and (XXXIXp)

can be converted to Rs using the methods described herein, wherein Rs which can be
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Y-RA Y-RA Ra Y-RB R4 Y-RBY -RA -RA 55 Ra Y-RBR5 5
HNa OHNRS HNal5 OH OEOER3 OH RBOOH 13
WQ20WA179x Xl p) OH (XXP) OH (XXXl Xp) OH Y- RA BCRASH0TBIS562
O MYRB50O50HVHNaHNOO a02000-~R3

R3 R3 13 13 13 X X (XXI'IP) (XXII) (XVl) X [0302]

Addi ti onal nethods of synthesizing conpounds of

formula (XV) are shown in Schemes 9-7 and 9-8. The
P ompound. of f I XVI1L) or (XVIlp) can
sefgiiba drorh 26 ERTRCHESifog iy MaARecitaD)8RA 1REOINR ARG -C=0)2;

casteRyicaii belndepaaiatly 36lc6iRd FonP 8 ¢rBRO SN
OOV | 1) gan dﬂ%?&%ﬁglogp ,ydrogen, halogen, or

Sugsggpto&nds of bforrru ae .
PeSpett 9ty ERsposhvied yariants off thehlioyvipgui<Caf alkgl, mdyhealkylacyl,
ary1309KVI ldryl, angryiafkedy! | bRy cl describ

_herei t% forrm}(lco ouhg.)slng@fj ggwlpgg%w e'&’ﬁt}l pen%gﬂuoroethyl,
IYSERPIRYY , tichigseethyleryd hefereasl15ngr Lmeny b aolellogen. After the

traféfoHRattin bR COEBANBESI OF ! I @e nd L30)

“can be converted t g R5 uSi Iﬁ[‘g%%éir\ré% cfg‘é’l??‘; g(égesmbed above
w1§lileqe§pqq’t touehenes I, O, Q33.can Dd. A compound of formula (XV) obtained
via the methods of Schemes 9-7 and/or 9-8 can then used to synthesize Salinosporamide
A or analogs thereof following Schemes 7-6, 7-7, 7-8, 7-9, 7-10, and 7-11 as described

herein.

Scheme 9-7

(XV1iI)
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-123 WO 2007/117591 PCT/ US2007/ 008562 sel ected from
the group consisting of -C(=0 OR6, -C(=0) SR6,
woCivINR6R6 - C(=0) Z; each R6 can be i ndependeariug2007/008562
sel ected fromthe group consisting of hydrogen,
hal ogen, or substituted or unsubstituted variants of
the follow ng: Cl-Cz4 al kyl, acyl, alkylacyl,
aryl acyl, aryl, arylal kyl, p-nitrophenyl,
Schant 8fg uor ophenyl pent af | uoroethyl, trifluoroethyl,
trichloroethyl, and heteroaryl, and Z can be a

hal oggn. r t,t\;e transfq;rmtl of R5, a conpound

of fornula (XVLY tan be fortHed(as Ri bed above,

with respest: ﬁghemas 9-1, 9-% AndAo-4. A Y—R,
conpound /of a (Xv) obt ai ned #\vi 2 Ytr&snet hods o Y—R
Schen® or 9=8—ean b d synthesize 8
Sal i nospor A or anal ogs thdreof®foll owing ©

Schenes 7- 6,
describev)here Scherre97R R4 A R4 s O R4
$15 OH AONSC)HN4OR3|%"”P> 09RS" O Q OHCeVIIR)
(XVI1) OPGL (XXXVI1) 13 (XXX1X) 13 OHOH R4 5 OHR4 s On
ORA 30 OHN4HN4HNR OEO4R3 002 H R3 l

R3 13 13 0 1133 (XV) OH (XXI) OH (XX) OH
Y_RA Y‘_RA

R4 Y—RB
5

HN—f—Rs

Rs3
R ——— (@
OH
13
XXlp) oy (XXp) OH (XXX1Xp)

OH
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-124 WD 2007/ 117591 PCT/ US2007/ 008562 Schene 9-8 ~o0
RLR4RI-~/ORI O55 Y-RRLRAN4ONAS5Yy-RA O2
WE2067H1791Y-Rs N 4 Y-RB O O OR3 O R3 OH (XVi PLT/OBED7/008562
(XVI1p) OPGL (XXXVI11p) OH Y-RA Y-RA R4 y-RB R4 y-RB
Y-RA 5 O5 Rl Y-RB 5 HN4 HN 4 R5 HN 15 OH O R3 4
OEOEOHR3I O R3 OH 13 13 (XXip) OH (XXp) OH

(XXXIXp) OH RA ORF OH5 05 0 HV4 HN O 40 OO

[0303] Examples of the structures and stereochemistry of the compounds of
formulae (XXXVIII) and (XXXIX) (XXXIXp) are shown below:

R1/’I/n,.( © R4 R4 o

N o HN OH

ah R3

OH

.n\\\\Me

OH

[0304] In some embodiments, the compounds of formula (XXXVIIp) and
(XXXIXp) can have the same structures and/or stereochemistry as the corresponding non-
protected compounds of formulae (XXXVIII) and (XXXIX) except that the keto carbonyl
group is protected with a suitable protecting group(s).

[0305] In one embodiment, Salinosporamide A (compound XVI-IA) can be
obtained from a compound of formula (XXID), wherein R, is 2-cyclohexenyl, Rj is methyl

and X is chlorine.
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R3 R3 13 13 (XXI) OH (XV) OH -125 WD 2007/117591

PCT/ US2007/ 008562 [0303] Exanples of the structures
wana7ateveochem stry of the conpounds of for muPa@®/us2007/008562

(XXXVITT) and (XXXl X) (XXXl Xp) are shown below. R 1 O

RIN,,,,,. (ORARI O 4NO. RNpHVNOH OOOH OH
OPG, OHOHH~) H t-Buino,,, ( oN NOHNOH
--~Me "'~ -~ M '~ OO0 .,,,---Me 0 OHO OH OBn CH

OH [0304].0n sone enbodi nents, the conpounds of
M 11p) and (XXXl Xp) can

structu d/ or stereochem stry as

non- pr Pd._copgdunds of fornmul ae L
(XXXI'X) exCept tjfat tfe keto carbonyl f

pr ot ect ed i abl e protecting group(s)
In one enmbodi al i nosporam de A ‘
can be obtai o a conpoun®-of for

wher ei n 2
chlorine. -126§ WO Mﬁ)?/ 117591 PCT/ US2007/ 00

Cl | .
(XXII-1) (XVI-14A)

[0306] In another e}nbodiment, the compound of formula (XXII-1) can be
converted to a compound of formula (XVI-B). If desired, the stereochemistry of the C-5
secondary hydroxy of the combound of formula (XVI-B) can be inverted in a single step
or a multistep process to give a compound of formula (XVI-A), as previously described
herein.

[0307] Salinosporamide A or analogs thereof can also be obtained from the
compound of formula (XXI) and/or (XXIp). In an embodiment, the C-13 primary hydoxy
of the compounds of formulae (XXI) and (XXIp) can be modified following the
procedures shown in Schemes 7-6, 7-7, 7-8, 7-9, 7-10, and 7-11 described herein.
Reduction of the C-5 keto group to a hydroxy group using an appropriate reducing agent
(e.g., sodium borohydride) to produce Salinosporamide A or analogs thereof can take
place at any step shown in Schemes 7-6, 7-7, 7-8, 7-9, 7-10, and 7-11.

[0308] The stereochemistry of the C-5 secondary hydroxy can be inverted at
any time using one of the methods described herein or one known to those skilled in the
art. For example, the stereochemistry of the C-5 secondary hydroxy can be inverted in the
compound of formula (XV). In an embodiment, the stereochemistry of the C-5 secondary
hydroxy can be inverted in a one step process as described herein (e.g., by a Mitsunobu
transformation). The inversion can also take place in multistep process. In an
embodiment, the C-5 secondary hydroxy group can be oxidized using an appropriate
oxidizing agent (e.g., Dess-Martin periodinane, TPAP/NMO, Swern oxidation reagent,
PCC, or PDC) to a keto group and then reduced to a hydroxy group using a suitable
reducing agent such as sodium borohydride. In another embodiment, the keto group can
be reduced via selective enzymatic transformation. In certain embodiments, the reducing

enzyme is a ketoreductase such as KRED-EXP-C1A and/or KRED-EXP-B1Y.
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HHOO HNHN O ----~-- O00 MM d d (XXI-1)

(XVI-1 A) [03061 I n another enbodi nent, the conpound
wofodranmela (XXl 1-1) can be converted to a coORpPOMISZN0GH08562

formula (XVI-B). If desired, the stereochem stry of

the G5 secondary hydroxy of the conmpound of fornmula

(XVI-B) can be inverted in a single step or a

mul ti step process to give a conmpound of formula
()inéﬁ? reviousLéﬂdescrlbed herein. 103071
sal iitHor aft $8™& SPbOdimeds Rneruwt keah-carlobenenyl in any of the
combbamdseihdf xﬁ@tﬂb&@@escﬁgémﬂéi‘@ﬁﬁ ol

)? }g In an enbodi nment, the gh%gg%&)?%%%ﬁk%}%qgé%c#ohexenyl n
any gEthesiommanads ard metheds desceikxg hergint I Xptng)enttmndirhents, Ry cannot be

lsog'ﬂgiyﬁ if?gn)t ef {}QVEO?I&OthSl%ﬁH %g%}?g%% %g%}gﬁale ela%%l cﬁge r embodiments,

&P@ﬁeawwhm@ytqféh@csnm@s gndumethaisalehyribedhergnoup
usi ng an appropriate reducing agent (e.g., sodium
bor ohydri de) to produce Salinosporam de A or anal ogs
thereof can take place aEXAMPEE®p shown in Schenes
7-6, 7-7, 7-8 7- 9 7-10, and 7-11. [03081 The

sterﬁﬁﬁﬁeni he C., econdary hydr oxy can be

i nvd el B Ry TR e et baned from  Sigma-

Aldiwmnchwelreh&é&witlmm POSkNRN U Qs sSRASE 'fFIkNir\]/lfgmd?WReand H-'H
of the G5

h t
OB, sntsiin, Vg drized A5G Mo on coBrake! s trogsigromsthsmmical shift
aref @V éRn®-(alMes [dpinjaeresiied &mtreghna s%ix%ﬁa?g&ﬁ?{ﬂl&‘owm fcpcls) at

the C-5 secondary hydroxy can be inverte
7.24ran9 Bf-8@.crsspastivelys dhe HerMi® daiaweee gbtaineyl faorvidnsAgidéit HP1100

Hﬁ@@ﬁé?é@%lﬂp% Zgﬁeﬂtnﬁ‘ﬁAy teg&ngnael Sﬁfq]i)@%kel-ggé as iinmlxture of

p process.-ln an
C}b@bbm!h}‘lyo)mpdrl‘dsp gseup Terophealoxtatiohe Gvets bb@irRd from Autopol-IIT

|t e igdl 21N ent Martin
e @RRE R0l BT oM T e {5 Hotn R Temganparacpoc
or PDC) to a keto group and then reduced to a hydroxy
group using a suitable reducing agent such as sodi um

bor ohydri de. In anot her  dreiifld 1the ket o group can

be reduced via sel ect® NTHESIS, ansformation. In

certai n enbodi nents, the reducing

t-Bu

NH3CI

MeOOC( s +BUCHO/Et,N N o
Pentane, 50°C

H OH \/

MeoOC |,

[0311] To a suspension of D-serine methylester hydrochloride (25 g, 160.67
mmol) in pentane (800 mL) at room temperature were added t-butyl aldehyde (20.73 g, .
241 mmol) and Et3N (17.85 g, 176.74 mmol). The reaction mixture was refluxed for 15
hrs at 50 °C using Dean-Stark apparatus. The resulting reaction mixture was cooled to
room temperature, filtered through celite, and the celite cake was washed with pentane 2
x 40 mL). The combined filtrate was concentrated under reduced pressured and dried
under high vacuum to afford product, I-1 (24.5 g, 131 mmol, 81.5% yield) as clear oil,
which can be used without further purification. The compound I-1 was characterized by
'H-NMR (CDCl;, 500 MHz). See Figure 2.
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enzynme is a ketoreductase such as KRED-EXP-C 1 A
and/ or FRED-EXP-B 1 Y. -127 WD 2007/117591
wWeeHI7u$Z2007/ 008562 [0309] In sone enbodi nent sPCRAIS2007/008562

cannot be 2-cycl ohexenyl in any of the conpounds and
nmet hods descri bed herein. In other enbodinents, R4 is
2-cycl ohexenyl in any of the conpounds and net hods
descri bed herein. In sone enbodi nents, R4 cannot be
i sopropyl in any of the conmpounds and net hods
descri bed herein. In other enbodinments, R4 is
hsopropyl Lﬁ any of the cempoupgg 2and net hods

escr iSYANITHESE OF FXAYRITER PRETEY r-Gi

avai | abl e conmpounds were on?a.nedﬁé§§ﬁ?§55w9?kﬁﬂ§Pﬂbﬁ”
and were used wi thout purification unless stated. 'H
NVR, 13C NVR, and 'H'H COSY spectra were recojfded at

50 on a Bruker spectronmeter and chem cal shifts
are |venCKHD§quJuegggQ%E%ﬁieferkﬁe@&-to the restdual
sol vgnt peak chl orof orm 3) .at THF 24 and 77.0

respectively. The LC-MS data were QO ined fr
Agil ent HP 1100 HPLC equi pped w N Agi | ent
detector (the nobile phase was QbﬁgQ%ﬁPe of CKBCN and
H20) and MSD system The optical rotations were

Methodidned from Autopol -111 automatic polarimeter and
Tenp EXAVPLE

t he i ng..poi nt was from Mel - appar at us.

1 é@ﬁ’#llESI ér%&“(]}‘t-“il} of I-Batylmt%e@m&p,g, ONHBRD) in dry THF (800
mlt) BOCHG &S addetiNEIOR] (&4 Pen ~ 1 10311 ,
forl Qe $HS ensi on of D(.se?ii’%’ewn%te‘ﬁ/ﬁ Ce&gztfg/%%ad]rd o%ﬁf%‘l"f‘%‘élvas stirred
or( ub, TEB‘“G? A%F‘)midﬁ (b%ﬁ?&]@ 16808ohiWasatdded and the solution was

stifredRe0 at Uoe a0Eit8 -+ ot vl _al dehyde (20.73 g, .
241 rmol) and Et %ﬁdﬁg"%éﬂgg %f?§W%I%WBq as iz allowed to warm to

rogg 5%‘??% uﬁ?g‘éj strrgd Jor @bfl’lmée_lii_(r)]tﬁrs runliEf tai_’ireﬁmaiph'é?e. 6f N,. The above
UEbA chiDRAD Soc, THE, Liesu 0wk
reabt i fsQﬁ%ﬂme g&?%& %(? g 5 %,t%lﬁ%(é}e w}tb t}%d E}a(g)r B, and extracted

.m Xture was coo
Withh Bt (3 et 20@ mBhdTlich eomblrieticorgaiie pase Wash@gedVbbd Na;SO, and

e T RTINSO
chromatography (5 ¢cm ID x 45 c¢m) using a solvent gradient of 100% hexanes (1.5L) to
1.5% EtOAc/hexanes (3 L) to 2.5% EtOAc/hexanes (1 L) to 4% EtOAc/hexanes (700
mL) to afford pure product (14.5g, 0.073 mol, 38.5% yield). Alternatively, The crude
product was purified by fractional distillation (130 °C oil bath, 90-95 °C bp) under high
vacuum (12 mm Hg) to afford product, the ester precursor of the compound (II-1) (66%

yield).

Method B

[0313] To a solution of t-BuOK (50g, 95% wiw, 0.42 mol) in dry THF (1.5 L)
at 0 °C was added t-butylacetoacetate (65 g, 0.41 mol) and the solution was stirred for
about 15 minutes under an atmosphere of N,. Allylbromide (47g, 0.39mol) was added
slowly and the solution was stirred at 0 °C for about 20 hours. The reaction mixture was
allowed to warm to room temperature and stirred for additional 15 hours. The reaction
mixture was then quenched with H,O (1L) at 0 °C and extracted with EtOAc (3 x 0.5
mL). The organic phase was dried over MgSO, and concentrated under reduced pressure,

The crude product was purified by fractional distillation (130 °C oil bath, 90-95 °C bp)
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under high vacuumto afford product, -1 (24.5 g, 131

mol, 81.5%yield) as clear oil, which can be used
weiodTaatsofi urt her purification. The conpound |- BCWAS2007/008562

characterized by "H NWR (CDO 3, 500 MHz). See Figure

2. -128 WD 2007/ 117591 PCT/ US2007/ 008562 EXAMPLE 2

SYNTHESI S OF THE ESTER PRECURSOR OF COVPOUND | 1-1

(COotBu + t-BuOK O THE 66% COOXBu Distillation OY

und0 A GrbERT1 TRaR 17 1 aRBebione mpdia” e onis mmeieebr of the
compuK(I(-23. 6% .0 9AR6ING6S, Neid), '@pNMAF{@lI{)érlg,m eki{ﬂlzg_rt% 5.68 (m,

f or_about 15 m nutes.

tirred

1) 508 farsiddry. WeHzalidb d-Gher die /s 8) 10 HanlMps3.35( v+ @ 1H), 2.48
(brat . .& A19y, 2additdpnals reaction m xture was

t hen alzr}gjvved S(o m}grmtgéé’ %gr%egg?rﬁ)uer?gture and stirred

for about 5 hours under an atnosphere of N2. The above

reacti on m xture was thelbg 59: L0 0 C, quenched with

SEeHRA w@mg&q{@ﬁbﬁgg% PRI AR SR AR
concentrat ed under reduced pressure. The crude product
was purifijed by silica gel flash chromatqgraphy (5 cm
ID x 45 ¢ usi ng a sol-papdrogémede ent of 10Q% hexanes

(1.5 L) to 31.5% Et OATEEO@freashek@ed ) to 2.5
Et OAc/ hexa 1L)t % y anes (70 n) to
afford pufe pF&S’Eﬁ}{ (L%&%‘@i%%% a?ﬁp)l 3PSy YFerEy.

Al ternatively, The crude product was pu(lf'yed by

fractional distillation (130 C oil bath, -95 C bp)

und&rs hi gh _vacuum (12 mm Hg) to afford product, the

est EB1A} ecuFa asolutioned thepetesumecyrsar-(45 g 68% myl)éh pxanes (1.6 L)
we¥eh ol ugi - (RO, 95% W w,

0, 4%% Y %’V%Z‘)?é’siﬂ? ) LR s & V6 Won. The
reagliqi i tukcet gaisuaeda B5°Qpsitg DeantStjrkappatanes 50 butay® Note: 28.5

o 098 4 5] Bl SO LU S Wl SRBLACRRE TS e o
maigitain tiisecoslobnlta'ti(on),whm sboled @6l réém Qefapt@turdDTHE rétion mixture was
thert‘ %gﬂéa'liz-!c- %vi{he @8& Iuﬁnoir%t; %rng d\{\ﬁ%ed with H20 (500 mL). The organic layer
was separated, dried over NaySOy4 and concentrated under reduced pressure to afford
product, the protected ester precursor of the compound (II-1) (44 g, 0.18 mmol, 80%
yield), which can be used for the next step without purification. '"H-NMR (CDCl;, 500
MHz) (8): 5.72 (m, 1H), 5.06 (dd, J=1, 17 Hz, 1H), 4.97 (d, J= 10 Hz, 1H), 3.94 (m,4H),
2.60 (dd, J=3.6, 11.5 Hz, 1H), 2.43 (m, 1H), 2.29 (m, 1H), 1.42 (s, 9H), 1.38 (s, 3H). See
Figure 4.
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allowed to warmto roomtenperature and stirred for

addi tional 15 hours. The reaction mxture was then
wquestchegdiwi t h H20 (1L) at 0 C and extract ed weCH/USR@A008562

(3 x 0.5 nL). The organic phase was dried over MgSO4

and concentrated under reduced pressure. The crude

product was purified by fractional distillation (130 C

oi | bath, 90-95 C bp) -129 WO 2007/117591

PCT/ US2007/ 008562 under high vacuum (12 mm Hg) to
afford the product, E@—%&&ﬁ’ursor of the
conpound (11-1) ( 1) ' H NMR

(CDCI 3, 500 MHz) (S): 5.68 (m 1 H), 5.03 (br dd,
J=1, 17 Hz, FH), 4.97 (br dd, J= 1, 10 1 H), 3.35
(t, J= 7.5 A H, 2.48 (br t, J=7.0, 2H), |P.16 (s,

i—|). See Figure 3. EXAVMPLE 3™~S§YNTHESI S
D ESTER APRECCRSCR OF COMPOUNZE || -1

3H), 1.39 (s,

1, 2- Di hydr et @% yuPBTS 4 RTOPhE]) , h % COOx Bu
Ref | ux atQ95 iEs Ro ChchBEberaphal ¥ ( OCH
chr onat ogr\@U) O O 0 [03141 T6 B “sol uRj o of t he

ester precursor (45 g, 0.23 nol) in hexa (1 6 L)
wer e added ethyl ene glycol (70.5 g, 1.15 ¥dl) and PPTS
(2.85 g, O 011 rml) The reaction m xture was

r ef I[gé(ieg SI ng Dean- Stark apparatus for 6 days
( Not 8. %@nnﬁ?ﬁ thef estarhyvithrrotgictivg | groms masieie precursor
(28g;0tlh6 he Gﬁ UhE) SVES mai.nt ai
> ‘M’% T SR i B R aBL TP A e, 56

e7$? HE’?)n%‘??ithexM‘Pt@WQS stitnech foreabounlSi mird Miet lea@RD Mlxture was
theﬁfallw t8 Rehril tlo%gﬁll %r : E%Qa(ug ggﬁgng%d-rrzﬁflao h g‘?’ﬂe reaction mixture

| ayer ~was separ at ed over
wag 6‘He€fﬁ‘t with é%HaQsz 400 mE) ead eptragedindtht ioe @bfdowter (3 x 300 mL). The

org@.ﬁf&d El& A\:\&l@ edt{%loégé‘rt ﬁg ! %@n&iﬂ%%r di)s ngc&a(%lfr@hg&gﬁgggsoulﬂg dand dried
e}@ macl@lhe foe xabost emeV\hdlhoaﬂb I[étﬁolvfel @3t ieSiual TFWYRo afford the

pro! g&%émffiﬁé’d IW@; % 0. 9?3 ﬂ% ypelpé a55 gggqygl(}jgvugg_llwhmh can be

useg. 60 techukxt 38p6yitidut pubiZicatids) THe. c%%a;!of&hd Jd'Dl was gl%r%cg%{lzed by 'H

NN%%)(%%W? %@@@ﬁéﬁ&%ﬂ&%@%é@sﬁ%@ (®): R (m, 1H), 5.10 (br dd,

J=1, 17 Hz, 1H), 5.02 (br d, J= 10 Hz, 1H), 4.00 (m, 4H), 2.76 (dd, J=3.8, 11.0 Hz, 1H),
2.43 (m, 2H), 1.41 (s, 3H). See Figure 5.

EXAMPLE 5
SYNTHESIS OF COMPOUND (11I-1)

Y
1). EtsN (3 eq), MsCl (2 eq),
CH,Cl, at 0°C [
COOH N\)
o 0 2).1-1 (1.5 eq), o 0 z
\ / 0°CtoRT, 15 hrs \ / O ¢o
> OMe
~ 66 % (Chromatography)

1I-1 111-1

[0316] To a solution of compound II-1 (4.8g, 25.81 mmol) in dry CH,Cl,
(200 mL) at 0 °C were added Et;N (7.82g, 77.42 mmol) and methanesulfonyl chloride
(5.89g, 51.62 mmol) and the solution was stirred for about 10 min. Then compound I-1
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EXAVMPLE 4 SYNTHESI S OF COWOUND (I1-1) TFA, CH2C12
COOxBu 0 Cto RT, 1 hr COOH O O No chronmat ography O O
wpQeWwAEN75p0 a sol ution of the ester with protecPCHgS2007/008562
group noieties precursor (28g, 0.115 nol) in CH2C12

(28 mL) at 0 C was added trifluoroacetic acid (TFA

neat, 56 nl, 0.727 nol) and the solution was stirred

for about 5 mn. The reaction mxture was then
omtenperature and stirred for

Io to rmto
(53 #:%3 mf’)\rll\:ﬁwaéa%q‘{ gn the yeagHian midurdi was adlowiedto warm to room
terﬂib&ﬁix?e éléﬁi@y Hﬂxd stiiell R¢labaat BSInA gﬂeﬁ &gét%@égare(was quenched

rie over

gani c_|l ayer was
Wl@%ﬁ?:(gk% ‘?Oa?'gél apg éﬁra‘it%mt%@%@s@ﬂ @0 mlL)dThe dombiigd rorganic layer
- wabidéigd \beeNmSior By nove the r al
WaTFA) to af f@ ord an%%%e’ﬁ%u%t 86%“‘3‘6%"31’ 1 (‘w%ga mixture of two
diagteggpmerp)| (3: 272%69|%lg§ye b. |Thgh¢ruyle|proam| Wwas wmdcaﬁ silica flash

r tifi
chie ot & oph 1BF S b et B ePidienigoR Thuridg misie o:1 (500
mIe)17:3 KSOVRIHADCE S, (150D) M—IZ)I (16L% h&;ﬁ%ﬁl@@ﬁclﬁ afferdlfhe product,
rd J=
CO&B%\S%H 1 A(Eé 1%3%11?1(5 %5 @3(9_ ¢ gompound [If-1 wgs qlgaracterlzed by
H(NMRZ(H)DCE 300 YEHz)380e Figer: EiNS KESE nﬂ%&%ﬁ@
SYNTHESI S OF COVPOUND (I11-1) LtB t3N '3 eq),
MsCl (2 eq), joO Cw-ICHZCIZatOC ~Q/~JOCto
RT, 15 hrs 0 COQ - tograhy) [1-1
I11-1 [0316] To ! 2 0% NP
25.81 mmol ) in dry CHZCIZ (200 rrL) at 0 C were added
(7.82g, 77.42 mmol) and net hanesulfog chl ori de

(S. &9g, 5:B&2 mmol) and the sol.ution was t|rrengor
about™N10 m n% Then conpound 1-1 -131

\\\

N Method A, /\ Q
Method B or N
Q H " 4
\ / O COOMe Methed C o) o) ECOOMe
III-1 Iv-1

[0317] Method A: To a solution of compound III-1 (6 g, 16.9 mmol) in
CH3:CN (350 mL) were added sodium iodide (3.3 g 21.97 mmol) and cerium (III)
chloride heptahydrate (9.45 g, 25.35 mmol) and the reaction mixture was stirred at 60-
65°C for 4 hours (the reaction progress can be monitored by LC-MS). The above reaction
mixture was then quenched with water (200 mL) and extracted with EtOAc (3 x 150 mL).
The combined organic layer (cloudy) was concentrated under reduced pressure to remove
all of the CH3CN/EtOAc, leaving about 20 mL of H,0 (CH;3CN soluble part), which was
further extracted with EtOAc (100 mL). The organic layer was dried over Na,SO,, and
concentrated under reduced pressure to afford the product, IV-1 (4.4 g, 14.2 mmol, 83.5%
yield) as a mixture of two diasteromers (3:2). See Figure 7e. If desired, the product can
be used for the next step without purification. The compound IV-1 was characterized by
"H-NMR (CDCl3, 500 MHz) and NOESY (CDCls, 500 MHz). See Figures 7a and 7b. MS
(ESI) myz 312 [M+H]. A portion of the product was further purified by reverse phase
HPLC using C-18 column (150 mm x 21 mm), and an isocratic solvent system of 40%

acetonitrile in H,O at a flowrate of 14.5 mL/min to afford individual diastereomers IV-1A
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WO 2007/ 117591 PCT/ US2007/ 008562 (5.31g, 28.4 mmol)

was added, the reaction mxture was allowed to warmto
woaamiit®nmperature slowy and stirred for abouPCTASEUS/008562

Then the reaction m xture was quenched wth H20 (200

m.) and extracted with CH2Cl12 (3 x 100 nL). The

conbi ned organic |layer was dried over Na2SO4 and

concentrat ed under reduced pressure to yield a mxture

QfIVtm as YubS Eﬁﬁfﬂ? 1§stg‘)eog§?sfe {g ' eqll ?g’nlalér E%Fé éﬁgricterlzed by

.. product _vas
H(@W(FJDCJG, QOOMZN&@@@rMc\/e&ﬂthgradl ent of 19:1

e [ SEIEETE Wbt 1o

12 (m11M56.05L6, 9’%1}1@5}5"@)64 = 1H), 4.53

% ) d,J

- EaTeuR bl Fes £0B AehoT hach gfi&z B8 (L MHT7.0 Fo. 1ED, 2.60 (m.
2HEABPLS 361) (S%K&Eﬁ)s W&\%@Iﬂ | t-B u,

tco?ﬁfé”ﬂlw?; ?ogmppun § ¥hp: I{Hlthﬂéfck ACD%lis,gS(ngmzp(ﬁ(;O% 76 (m, 1H),
5. 2%?21@!51@ 1l ('gg I%%ﬁ@g ?ig 1?{)”5'@5;) d, J;l 1@?31 1%) gn@tem 1H), 4.52 (d,

c%*?:}é?n](}i[)ls )88 ahd Bi), e hpt, A8 F6(s( ﬂﬂﬁ@dgs (xag 6?{5 2.63 (m, 1H),
2. 2'1"(9 ﬁH)aBQMt Qa}’%)e%é 2‘9?1? waggl}’f(/e@g?%r Lg rrgtnl t o; ed by

our S ere on pr
LC— mgzo] TheMbwcéRe@amtxxMe officsingbenddH-1 PETS ﬁl%eoql@gqnmol) and

. d t d th Et

10d¥ﬁ_e)d'i2\’%]xg)§c§ 395 nzﬁx%ls Sxéﬁg%o{le:&é)empﬁ%dﬁlu%at 56 °C for one hour.
The errecinh maixéate unate theh adolRI0 PR ES

reggq CH? aA st gaw d atggut g}g!' Sniett%%é' ﬁ)@‘f%mo@éél\lu%er reduced
P Gt (%VSF{S © LRAFHIT REoduck Way fispolusd im EFBEIM20NME). Cliee CH,CI,
sol(lﬁxﬁﬂwﬁi.),vaslﬁﬂles&f:@@%@ Witk 884 Waiseodt sEguay OSNEF%}%E@O malg) H20 (10

ntrat ed_under reduced pressure to a
Lg Efle (§QL) (hhejregulting opganipphass 3&8%116@ (BdedNaﬂ)@ concentrated
und¥ ¥ddted plesbne afli 's
desi red, Beﬁe rao %ghﬁ%&gﬁ? lcg%?émig ﬁ?é(pg cm) using a

solygnt ggﬂglgenémﬂlp} 1£59 m‘dn) toFhé (tQQun)nd 4t1\/(1:00vm£) to 3:1 (100 mL) to 7:3
(lOiﬁCDdaﬁEﬂdSW to fo gRldélcp:Dc%lufg couIp 00 M_%)“gl (()Egpg pﬁ/SiZ mmol,
6 YiglkH) . A porti on of the product was further

U S35 AR 22 £ St L ol oy
LiBF, (200 mg, 2.1 mmol) in CH;CN (6 mL, wet with 2% H,0) was stirred at 70 °C for
1.5 to 2 hrs (the reaction progress can be monitored by LC-MS). The above reaction
mixture was then quickly cooled to 0 °C, filtered through a short silica plug and
concentrated under reduced pressure. The product was purified by silica gel column
chromatography (1.25 ¢cm ID x 5 cm) using a solvent gradient of 19:1 (50 mL) to 9:1 (50
mL) to 4:1 (50 mL) hexanes/EtOAc to afford the purified product, compound IV-1 (260
mg, 0.84 mmol, 60% yield).
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acetonitrile in HHO at a flowate of 14.5 nL/mn to
afford individual diastereoners |IV-1A -132 WO
waQe/11158591 PCT/ US2007/ 008562 and | V- 1B as puPeT/US2007/008562
sanpl es. The diastereoners |IV-1A and |V-1B were
characterized by "H NWR (CDC 3, 500 MHz). See Figures
7c and 7d. [0318] Conpound IV-1A: 'H NVR (CDC13, 500
MHz) (8): 5.73 (m 1H), 5.34 (s, | H, 512 (m 1 H),
= 10.1 Hz, 1 ng 4. 64 (7d

5.05 (d, J , J =6.3H, | H,
4.53 (d, J_ 8.2 Hpo 3 IS B 1 H,
3.80, (s, 3H, 2 : 60 (m

oH), 2.27 (s, 3H), 0.91 (s, 9H): I\/IS(ESI) mz 312
[ MiH - F. [0319] Conpound |V-1B: ' H NVR-BW@LC130 500
I\/Hz)()576(m1H) 5.28 (s, IH, 5.18( (br
17.3 IH), t'@"QS (d, J=18k0k Heyr! H),

4.52 (d, f—g—a—&s—e-m» 1 H . 81 Y"(@DPAMe
H) 2088 T, 15kin 2. 63 —~HAl
(s, 9By : MSO%ESle)d nf z 312 [ MR- " .

[ 0320] m xt uCeysdllieatgmound 111 -§ (175 ng

0. 493 gnol ) cand certhipe (12.52 ng, 0.0493
acetone (20 nL) was refluxed at 56 C for one
The reacti on N1 xture was then cooled to RT,

acet one was ‘réhoved under reduced pressure, ¥Yrldthe

cr uges22gact i 193 damfimtf db@ﬁoo@héivw?z% AL yAeN %g’?gﬁkﬁ THF 27 L)

sol uti on was washed sSuccessi v

at lgd%waaa@gg%%t ?B&I%m eheotld runel)( The ﬁta)Ctlom(lme)wantt)rred at RT for
15 akig d%ﬂblnﬁl bchtbs gkére of N, mﬁeﬁ'qugn&{egﬁwtﬁ ég)a@%gmaf) and extracted

dri ed over concentr at
with QA @ >aﬁ90 FLIF)P The gompinsid| arganigphase! wap waiherm;vx@lﬂ sdiurated brine

rad ent ,of 19:1 ]
SOIG{%I{Q Q:}_ffe(cﬁi 08/ 1‘§55§§9 ﬁf ?(il{f%gﬁ%t’ig dfr ]_re%llc(?g m'_e)s %é reaction
mixtag0 was ) diseduerk Sh Et QAethien ahéxands t(ne m[oéu@li aﬁ@rfmsﬂadred to a
0,
e, 3 T e 2SS kL MRS o, e
crybiBFE( 20) ngsre 2sei>?ﬁf7§81 by Ifdbcﬂrﬂﬁ@g\k}geﬁ rﬂfcl?]er udﬁ*I l'I'l‘nz?m/‘ystals were
a or 0 rs

ol R L5 B S0 2 g ek s mothr e

andawashes a8 Cbhahtratddxinderedased prefsudd! bk ledisORe8Gn 19 Gher:-hexanes
C .filtere throunashort silica plug and

(503l a6k} 3R che sl izatioe @Eposee ves repeatvdeingrcormselizatin process as
ST ST 0 5 S0 B o
Theyery Sfewerﬁmast%gwb iy (Aix) 10hakaned hetades (2 » 18fmhk). The two crops
of dﬁ%%lal@ Wéré 'cSﬁlle{eﬁqH Ghtaif 0OMBLRH VM A (28 Q459 mgloisASl 9% yield by
crystalhzatlon) gﬁge mot%er liquor was chromatographed on a silica gel flash column (30
X 4 cm) using solvent gradient of 19:1 (500 mL) to 9:1 (I L) to 17:3 (500 mL)
EtOAc/hexanes to yield the compound XXIX-1 (247 g), compound V-1A (3.05 g),
compound V-1B (250 mg as a mixture) and compound V-1C (1.81 g). The two crops of
crystals were combined to obtain a total yield of 63.6% of the compound V-1A.
Compound V-1A was obtained as a colorless crystalline material. The structures of
compounds V-1B, V-1C, and XXIX-1 are shown below.

[0323]  Compound V-1A: 'H-NMR (CDCl;, 500 MHz) (8): 5.96 (m, 1H),
5.15 (brdd, /= 1.5, 17.2 Hz, 1H), 5.05 (d, J = 10.1 Hz, 1H), 4.93 (s, 1H), 4.50 (d, /= 8.9
Hz, 1H), 4.26 (d, J = 8.9 Hz, 1H), 3.77 (s, 3H), 3.10 (t, J = 6.7 Hz, 1H), 2.56 (m, 1H),
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-133 WD 2007/ 117591 PCT/ US2007/ 008562 EXAMPLE 7

SYNTHESI S OF COVPOUND (V-1A) C I t-Bu, t-BuCK, THE N
wO2020¥591N O RT, 15 min O.,, 50%Yield OH PCIrgs2007/008562

stall iziation 0 0 COOvMe f 1 1V-1 V-1A[03221 To a

solution of compound IV-1 (26 g, 83.6 mml) in dry THE

(2.7 L) at RT was added t-BuCK (4.68 g, 41.8 mmol).

The reaction m xture was stirred at RT for 15 min
nched with H20

ngder r f and t hen_ qu
234088 1R ARE L EaBits. o A st @nBH] S G MR (PTG M) (5
17200V h8( 186.9a01 6.6pheL80aS 7925 D, Whtsh 553) %ga% ﬁ%eir’ "I (3xCHy)
e 2

“"MCOOMe

23]%05%1{? 3n dried over Na2SO4 and concentrat
PediCed! 1rldé St Erystrheobiaied ifovm Indiethpl eter:bbxased)y Bl b 8.4 (c
0960CHENS! R (ESIRRYASPE TRy e GAEN). @nd {ransierred to

a castalllzatlon di sh, ere it was allowed to stand

and [8324t al The somppumt ValA Ivaisra)sot dbaracedrizell 8y S ChaVIR (CDCLs, 125
MIEHCH Mg e cant.i ther |iquor.

T@e cr?qsat a@é%@%gﬁgﬁw%ph I\g}(glﬁi :g%(sim'?&“rﬂ)g Indhe structure
of ¢ranperasl Y2 A whe conflrmebhgy ceabireelloRhpRy, o sAbh in Pfhre 11.

washes was concentrated under reduced pressure and

redi ssolved in 1:1 ether: hexanes (50 nL each) and the
t-Borystadl i zation processsuwas rgpeated the t-Bu,, o

cry§talj zati on process as'{ dedgri bed above. The (

alf (2nd crop) were s ed by decanting the
I'i"gOOMe The cryst greomshed with et her
—aid hexanes (@ J—— The two cropsg

crystal s=were conbi ned to obtain. gonpound V-1A (13.

g, 43.4 mol, 51.9%vyield by crystallization). The

not h | i quor was chromat ographed on a silica gel

flash{colum (30 x 4 cm usi/hg sol vent gradi ent of /

19:1 ('500 nmL) to 9:1 (1 L) to 17:3 (500 nL)

Et QAc/ hexanes to yield the conpound XXI X-1 (2.47 @),

confddhd V-1A (3.05 g), coWpbGnd V-1B (250 ng as axXIX-1

m Xjg428) a“éo&BHB%P RA1N: %;%n(pldu%gi 'gll'B wag pt)u\ﬁ)ﬁecéir 89 Si'e\(?efrsed phase
HPLC using the solvent gradient of 30% to 70% CH3CN/H,0 over 30 min, at a flow rate
of 14.5 mL/min to yield pure compound. '"H-NMR (CDCl3, 500 MHz) (5): 5.88 (m, 1H),
5.09 (brdd, J=1.5, 17 Hz, 2H), 4.9 (s, 1H), 4.52 (d, J=9 Hz, 1H), 4.2 (d, /=9 Hz, 1H),
3.77 (s, 3H), 2.68 (m, 1H), 2.51 (t, J= 7 Hz, 1H), 2.45 (m, 1H), 1.29 (s, 3H), 0.89 (s, 9H).
See Figure 25. MS (ESI) m/z 312 [M+H]*. The structpre was confirmed by x-ray
crystallography, Figure 26.

[0326)  Compound V-1C: 'H-NMR (CDCl, 500 MHz) (5): 5.93 (m, 1H), 5.16
(brdd,J=1, 17 Hz, 1H), 5.06 (br d, J = 10 Hz » 1H), 4.88 (s, 1H), 4.58 (d, J = 9.5 Hz,
1H), 3.96 (d, J = 9.5 Hz, 1H), 3.79 (s, 3H), 3.43 (dd, J= 6.3, 8.5 Hz, 1H), 2.53 (m, 1H),
2.17 (m, 1H), 1.27 (s, 3H), 0.86 (s, 9H). See Figure 27. *C-NMR (CDCL, 125 MHz) (5):
175.8, 171.5, 135.8, 116.9, 96.2, 80.9, 78.3, 68.8, 53.3, 52.6, 36.5, 28.8, 25.0, 20.2. See
Figure 28. MS (ESI) m/z 312 [M+H]*. The relative stereochemisfry was determined by
NOESY, Figure 29.

[0327] Compound of XXIX-1: '"H-NMR (CDCls, 500 MHz) (8): 5.81 (m, 1H),
5.04 (br dd, J = 1.5, 7.5 Hz, 1H), 5.02 (s, 1H), 4.78 (d, J = 8.5 Hz , 1H), 4.66 (s, 1H),
3.74 (s, 3H), 3.18 (d, J=8.5 Hz, 1H), 2.97 (t, /= 6.5 Hz, 1H), 1.83 (s, 3H), 0.91 (s,
9H). See Figure 30. “C-NMR (CDCl;, 125 MHz) (3): 178.4, 170.0, 151.9, 133.4, 132.8,
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crystals were conbined to obtain a total yield of

63. 6% of the compound V-1A  Conpound V-1 A was
wohb@imedias a colorless crystalline material . PTNAIS2007/008562

structures of conpounds V-1B, V-1C, and XXI X-1 are

shown bel ow. 103231 Conpound V-1 A 'H NWVR (CDC13, 500

MHz) (b): 5.96 (m | H), 515(br dd, J = 1.5, 17.2

Hz, 1 5.05 (d, J = 10.1 Hz, H),493(s 1H)

H),
d 4 26
141 796%’ 789708, 329035 2, Flo, 450188, spp Fiaireat MS (ES) iz 204
[MHH]". - 134 V\o 2007/ 117591 PCT/ US2007/ 008562 2.31 (m
1H), 1.96 (s, IH), 1.30 (s, 3H), 0.87 (s, 9H). 13C NWR
(CDC13, 125 MHz) (S): 177.9, 171.8, 136.7, 116.86,
96.7, 80.4, 79.2. 68 0 ZXKAMPMESR '35 5 27.9, 250
(3xCH3), 23.0. SWISTHESIS OFCOMPOURND (YI-dbt ai ned from
:1; diethyl ether:hexanes). [a]22 D 8.4 (c 0. 96,
t (ESI) mz 312.(MrH). See Fi gurg [ 03241
The npo nd V- 1A vvas aI so characterized by 13

( CDCIN—Y2 ¢ (.05 eq)y MY (Nm®R ( CDC13, {500

VHz )/ 'ﬁ@@r"é@ 9“3]%’;? atRd Brefcture  of fHund

Q: ceriHi r med HRP 3 Akt by | ograpQ% WrOOMe
in Figire%1. t-Bu,,,,,,cO t-Bu,,,, cot N

" "COOMe r N""'COOM OOHa O~ - 18%

V.1 CXIX-1 [03251 Conpound V- 1B: Corrpound V-
[ by reversed phase HPLC using the sol vent
gradi e of 30%to 70% CH3CN H20 over 30 mn, at aQH

flow rat ¥-14f 14.5 nml/nin to yield pure corrpound VI-1

"H NVR (CDC13, 500 MHz) (S): 5.88 (m 1H), 5.09 (br

dd, [0328] 1. 5To a7soHrtign af—l):omﬂolﬁlc( V-1A (HBO Mg 52, 7(1§lnmoi) m Q‘HF/HZO

(1: IH%Z n]&ggv ag% %%Mé)_(SQ‘g‘q_g%w pg.]}eoug sq]gtl §51)r|;L }_214 zgnoélé and OsO4
2. 53’Er|)wt %9. I&Q%Ihﬁ@—yrop%& i lgH:fLe 885 Q‘En&lgsﬁxe rll;i:s%.lltmg mixture was

ure was confirmed

stlr%m}gtg |fgrg T2 bayrs. fihgar Nab, CRO326) 1¢5npnmﬂ1)dwv3 46ed to the above
reacéignNg'Bc_tﬁ%DQ@ stin®@ M‘_la)hdi(tlé}nal § l%§ agra ng ﬁ%gcno&x gbxxture was
queqcl'@g \(/gh saptun)ted Naf&q; d10 ;i @dEsa’fth'ated NaHCO;; (10 mL) and extracted
with CHyCl, (3 x 20 mL). The combined organic layer was dried over Na,SO, and
concentrated under reduced pressure. The crude product was purified by silica flash
chromatography (1.25 ¢m ID x 5 cm) using a solvent gradient of 19:1(50 mL) to 9:1 (50
mL) to 4:1 (50 mL) hexanes/EtOAc to afford compound VI-1 (170 mg, 0.54 mmol, 94%)
as a mixture of diastercomers. The compound VI-1 was characterized by 'H-NMR

(CDCl3, 500 MHz). See Figure 12. MS (ESI) m/z 314 [M-+H].
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Il H, 3.96 (d, J = 9.5 Hz, 1 H), 3.79 (s, 3H), 3.43

(dd, J =6.3, 85 Hz, 1H), 2.53 (m 1 H, 2.17 (m |
welppo7hi1Zp1(s, 3H), 0.86 (s, 9H). See Figure 27PCLBS204MBI8562

(CDCl 3, 125 MHz) (S): 175.8, 171.5, 135.8, 116.9,

96.2, 80.9, 78.3, 68.8, 53.3, 52.6, 36.5, 28.8, 25.0,

20.2. See Figure 28. M5 (ESI) nmz 312 [M+H +. The

relative stereochem stry was determ ned by NCESY,

Figure 29. [0327] Conpound_of XXI X-1: 'H NVR (CDC 3:
500 MHz) (8): 5. IHEXAMPBE 9 by dd, J = 1.5, 7.5
Hz, 1 H), 5.02 (5 Sl PO VALY | | H),

|

4.66 (s, 1 H), 3.74 (s, 3H), 3.18 (d, J= 8.5 Hz, |H),

#8097 (&, J= 6.5 Hz, | H), 1.83(5, 3H), 0.91 (s, 9H).

Seé- |% re 30. 13C-NMR (CDd 3, !133’6 (6): 17884, O
51.9, 13Bn@H (332 8, -135 W) 2007/ 117591 (
PATHORRSGBF:-EvB.(8:3 c95. 9, 78, 529, N

' Q
zmll@, 24 7 I .o-ﬂ o | ESI
et e o= i IFD

, OO0 N(@ até a GQ)1 N
THF/ H20¢at RT for o/n t hen NalOZ
"COOVe (BH V-1A VI-1 [0328] To a sol upgpn of OBn
compound V-1 A (530 ng, 1.7 nmmol) in THF/ H20 (1:1, 12

L) \r/;ﬁ%]e added NMO (50% w w aqueous sol ution, 750 L,

3.4 J and Os04 (2.5%wt.%in 2-¥WBehyl - 2- pr opanol VII-1,

1. 1 [032910. 085 ' Lxt Ur €. was .
Sti r[r ed ]at RT a{‘%?ht)i%n zﬁrgg?rglﬁ %L%n?ﬁ@&“%’z%gﬁ@fw?.“i@ry CH:Cl,
€ m#dl‘yawaglegmggﬂ(m hlb Ieomenoly ﬁﬂkoMedrbyhrBRi.Eﬁ@ @041, 0.16 mmol).
. . itj.on t 25 C.__The reaction
TSP Bhr AR 4 Bl e o £208 ity mimc) s
addeddiosthe abave tbabladiCaR x (u2d witkoh ' .
e ERE Zgéﬁ) o A R REuried Yottowed by silica
L column rf%\@f? Xah @m) Chrpeestograpbyl usinger seleehtcqmadient of 19:1(50

IpneSsu(3 miheo aF R ML RN L]
:)nzil ash (chrrngbrrat ogr g%h %’?%eﬁ%ﬁ?%ﬂgb §h§?% Q%%’? %‘énd;en'l 2 (83 mg,
: dPWRt"@r%?Wdo Hth, {1&bma. 0.26mend). (806 total yield of compound

VII-1, and compound VII-1,,.

[0330] Compound VII-1,: 'H-NMR (CDCl3, 500 MHz) (8): 7.30 (m, 5H),
5.24 (dd, J = 4.4, 6.3 Hz , 1H), 4.77 (s, 1H), 472 (d, /= 12.0 Hz, 1H), 4.64 (d, J= 8.5
Hz, 1H), 4.45 (d,J=11.7 Hz, 1H), 4.17(d, J= 8.5 Hz, 1H), 3.78 (s, 3H), 3.36 (d,/=8.5
Hz, 1H), 2.81 (ddd, J = 1.0, 6.3, 14.2 Hz, 1H), 2.13 (m, 1H), 1.37 (s, 3H), 0.86 (s, 9H).
See Figure 13.

[0331] Compound VII-1,: 'H-NMR (CDCl3, 500 MHz) (8): 7.27 (m, 5H),
5.19(d, J=50Hz, 1H), 465, J=11.4 Hz, 1H), 4.65 (d, J = 8.5 Hz, 1H), 4.60 (s,
1H),4.45 (d, /= 12.0 Hz, 1H), 421 (d,J = 8.5 Hz, 1H), 3.76 (s, 3H), 3.17 (d, J= 8.5 Hz,
1H), 2.60 (d, J = 13.2 Hz, 1H), 2.13 (m, 1H), 1.23 (s, 3H), 0.82 (s, 9H). MS (ESI) nv/z
404 [M+H]. See Figure 14.

[0332] The structure of compound VII-1, was confirmed by crystal structure,
as shown in Figure 15.
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m) to 4:1 (50 nL) hexanes/EtQAc to afford conpound
VI-1 (170 ng, 0.54 mml, 94% as a m xture of
wdizesti@r®oners. The conmpound VI-1 was char act ePCTAS2(Y/008562
"HNVMR (CDC1l3, 500 MHz). See Figure 12. Ms (ESI) mz
314 [MrH] . -136 WO 2007/117591 PCT/ US2007/ 008562
EXAMPLE 9 SYNTHESI S OF COVWPOUND (MII-1) O
t-Bu,,,..,.ro 0 BnCH (3 eq) N ""CIIM@ 13F3. Et 20 (0. 3
eq) N "' COOMe COOMe N %: &H 15 hrs. O+ 0
-1tlIn 0 86% yj éélgigrashy) OH OBn OBn
VI-1 VIl-1la VII= onpound
VI-1 (170 ng, 0.54 nmmol) in dry CH2Cl12 (3 nlL) was
t@degd (170 pl, 1.64 nmmol) foll owed b&gBFB EtZO
(20 I(/g 1§ mol ). The reaction mixture W@¥%stjrPed
15 hour s. é& t3N 100 I, l)
I Y-e mhlch mas

rea
WFO Pf’?é&mmﬁ sh col umm

" chr omat ogr aphy using a solv i Dk

c to afford conpound VII-1 a (83 ng,} O. 9P
mol ) and cgnpound VII-1b (104 ng, 0.26 nmol). 8
total vyield®inhconpound VII-la and conmpound VII-1 b

[ 03301 opnd VI I-1a: *HNVR (CDC13, 500 I\/Hz (S): OBn
7.30 (m b 524 (dd, J = 4.4, 6.3 Hz , -4, 77

s, [03 47162 d - 4

( [0333). e §(§1ut1 nof%@mgzﬁkd v kg(zi(gnfgdo(ﬁmxgolg xﬁéﬁy THF (2

1),
m@mt -2 ‘ﬁgweg ad Ll/fglI-QeQ(OdM, j’é ;g Q lSI—m;ndl)—I)ThleeS&mn mixture was

3
a!lé\g’g@ to Warm to 5 C 1&041 O%n@z |t§%ﬁd f%iﬁn afig%@il'ﬁp %%m% u’ﬁlbe reaction
mixfure g_vbs theH-cNVRCIQMtB satoB@edvhipleo(Spotadsidm s(oﬂiurﬁ krtrate (5 mL) and

ext%%g%&gg Egtg,?\c 3:x §|Z I%l)}——é} }_cl)thBu,]ecﬁ. %@h}(;é,ayer was dned WIJth MgSO4 and
concentrated under reduced pressure to yield a crude product which was purified by silica
flash chromatography (column 1.25 cm ID x 10 ¢cm) using a solvent gradient of 19:1(50
mL) to 9:1 (100 mL) to 4:1 (200 mf,) hexanes/EtOAc to afford the product, compound
VIII-1p (19 mg, 0.051 mmol, 50% yield). The compound VIII-1, was characterized by
'H-NMR (CDCl;, 500 MHz). See Figure 16. MS (ESI) m/z 376 [M~+H).

EXAMPLE 11
SYNTHESIS OF COMPOUND (VIII-1,)

t- B u -, ’lm

e it
'COOMe LiBH, (5 eq), THF " 0H

Lol RT, 3hrs o

UL

(0]
6Bn 2”
_ OBn
VII-1, VHI-1,

[0334] To a solution of compound VII-1, (90 mg, 0.22 mmol) in dry THF (5
mL) was added lithium borohydride (2M solution in THF, 558 uL, 1.1 mmol,) and stirred
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1 H,4.45 (d, J =12.0 Hz, | H) 21 (d, J = 8.5 Hz,

1 H, 3.76 (s, 3H), 3.17 (d, J 5 Hz, 1H), 2.60
wOdpo7h175913. 2 Hz, IH), 2.13 (m 1H), 1.23 (s, BEN/USL03808562

(s, 9H). M5 (ESI) mz 404 [ M+H]. See Figure 14.

[ 03321 The structure of compound VII-Ib was confirned

by crystal structure, as shown in Figure 15. -137 WO

2007/ 117591 PCT/ US2007/ 008562 EXAMPLE 10 SYNTHESI S OF

. t.- Bu/ N Li Al H4 (2
at ;?SVP AT uéMlé&t&; ?%stgu&g %fhagg)lrﬁgogo ul) @zals @iplecb(w&gq:ac@on mixture
at RT Q}oo@ﬂeﬂdpéraﬁhe Wrdsl mlahu(\)tﬁ?ﬂi bB/loe?%:ﬁ;aggﬂle Q'eécglo J'n(?x&{%f with water
mol ) in

nd Vi1 -| ,
baﬁ‘SnR%ﬁ g’?ﬁéﬁs 8g 8&%‘“8? Hlum(l& the Maacvlgmmlx@u@ BNaﬂ‘mie)lched with H,O
(2(r|neL)r RRCELR ST With et cretafé | t | O%\Pf}{ N%?ng)bmed ?FFeamc layer was

E‘}i n.and stirred fo
washed wi nbrmﬁﬁ Ourk). daigdtaven N?eﬁ(ﬁc hm;:tjcwdehtrstatl wndtettduced pressure

affeRDd S rt §
ot e IR heaech U2 vl 96 viewo
w}]ué{ygqn hausagh ingthe wexhsthy Sdrhoan alny cﬂnﬁﬁmma;haﬁ g’ The compound

VIEHRE PRERRIEL S éﬂ*@%%?g@&i%%&?se%“ghéﬁ%q MES (S vz

37€Wﬁﬁ]xarm039&1[)MtNahg a solvent gradient of 19:1(50
m) to 9:1 (100 nL)' to 4:1 (200 nL) hexanes/EtQAc to

afford the product, conmpound VIII-Ib (19 ng, 0.051

nmmol , 50%vyield). The co ¢ ¥l 1o - 1b was
characteri zed bWYNFHNERK RPOON .1, 5ee Figure
16. M5 (ESI) miz 376 [ M+H]. HESI S OF

QC@/P NDéVIII-la) t-Bu.,,,, NOt-BuO ,, "
U,,h 0

©

4.
8.

|.

t‘ B u ////I,

RTIY
A \OH TPAP (cat.) / NMO G eq),
CH,Cl,, RT, 18 hrs

“uwiiCHO

o QUL _
(@] (90% yiEId) O O
O
OBn
VIII-1, IX-?,, Bn

[0335] To a solution of VIII-1y (30 mg, 0.08 mmol) in dry CH,Cl, (1 ml)
were added NMO (28 mg, 0.24 mmol) and TPAP (3.0 mg, 0.008 mmol). The resulting
mixture was stirred at RT for 18 hours. The reaction mixture was then concentrated and
purified by silica flash chromatography (column 1.25 ¢cm ID x 10 c¢m) using a solvent
gradient of 19:1 (50 mL) to 9:1 (100 mL) to 17:3 (200 mL) hexanes/EtOAc to afford the
product, compound IX-1y, , as clear oil (27 mg, 0.072 mmol, 90% yield). The compound
IX-1, was characterized by 'H-NMR (CDCl;, 500 MHz). See Figure 18. MS (ESD) m/z
374 [M+H]. '
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|COOve LiBH4 (5 eq), THF NOH O RT, 3hrs 0 O O bBn
bBn WVII-18 VII1-18 [03341 To a solution of conpound
woR7Ha7990 ng, 0.22 nmol) in dry THF (5 rnlL) wras/uvagdedosse2
['ithium borohydride (2M solution in THF, 558 uL, 1.1
mol ,) and stirred -138 WD 2007/ 117591
PCT/ US2007/ 008562 at After 15 m nutes of
stirring, nethanol (100 uL) was added to the reaction
‘m xture at RT (roomte was mai nt ai ned by .
cooling the reaé H};W%ter bath). After
3 hours of addi t¥ A LOMPE, ileh m xture
V\?% quencped vvlth H20 (20 nL) and extracted with
yf"" e (2 x 20 nL). The conbined oryBhig |

th brine (20 m_) dried over Na2$
to afford the

C rrpoun R‘/III f‘%_‘f& c{k rgdgF‘F (75 ny,

ny coI um chromat ography. The co
VIIl-la aracterized by 'H NWVR (CDC13, 500
See Figu . M5 (ESI) mz 376 [ MtH and 398 | /
EXAVPLE 12 SYI\ITHESI S OF COWPOUND I X-1 b) t-Bu CO %
t-Buy,,,.,.. CePOH TPAP (cat.) / NMD (3 eq), -.i1llICH®Bn
0 c2a 2, ¥Hg hrs uul 1l O nnlllt (90%yield) QL

OBn [633%] VI tb-d %lﬁﬁﬁn{ Qf Lig:g%az é%p?ﬁ lV;ﬁi xk 4@{ g}églé)dm? mmol) in
Ary B Deadded MO (3T oAz, ($30 myol)CarBOBPRPOEITS me, 0.1
mnTJl? TIRShEd SHmi et \%sest‘f@éts%gttﬁ{'r %ﬁ}‘? E‘ggﬁ 8veh1%lélcr:t?on mixture

he reaction mxture wa en CO
was then concentrated and purified by silica flash chromatography (column 2.5 cm ID x 6

cm) using a solvent gradient of 19:1(50 mL) to 9:1 (100 mL) to 17:3 (200 mL)
hexanes/EtOAc to afford the product, compound IX-1, , as a white solid (34 mg, 0.091
mmol, 85.5% yield). The compound IX-1, was characterized by '"H-NMR (CDCls, 500
MHz). See Figure 19. MS (ESI) m/z 374 [M+H]) and 396 [M-+Na].

U

out

EXAMPLE 14
SYNTHESIS OF 9-CYCLOHEX-2-ENYL-9-BORABICYCLO[3.3.1INONANE

O S 0

cyclohexa-1,3-diene 9-BBN 9-cyclohex-2-enyl-9-BBN

[0337] To a solution of 9-borabicyclo[3.3.1]nonane (9-BBN) in THF (0.5 M,
10.0 ml, 5.0 mmol) was added 1,3-cyclohexadiene (97%) (490 pl, 5.0 mmol) and stirred
for 24 hrs at RT to afford a solution of 9-cyclohex-2-enyl-9-BBN in THF (0.5 M) which

was directly used to couple with compound of formula IX-1.
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purified by silica flash chromatography (colum 1.25
cmID x 10 cm using a solvent gradient of 19:1 (50
woi2do7t1e79¥11 (100 nL) to 17:3 (200 nlL) hexanes/ BCOAS2100/008562

afford the product, conpound IX-Ib , as clear oil (27
ng, 0.072 mmol, 90%yield). The conpound I X-1b was
characterized by 'H NVR (CDCl 3a 500 MHz). See Figure

18. M5 (ESI) mz 374 [MH . -139 WD 2007/ 117591

PCT/ US2007/ 008562 EXAWP ESI S OF COVPOUND

(I X-1a) CO t-BU& / NMO (3 eq),
N-""IlCHO O CH =k ) LB +nl I O
bE;r]3 VIIl-la OBn IX-Ia[03361 Toasollétlon of

al colfel anound VI K- 1a (40 ng, 0. 107 PHtro] - n

CH2C12 (3 des NI\/D( , 0. 32%
TPAP (3 i9% t|on m xLur,
Thy_abgve '
wa®Th ' U'éntrat—ed—aﬁd—m*H—H—ed—by ' ¥
chr omat (col umHE. #8¢mtbRK 6 cm) u§ing
sol vent ent of 19: 1(50 rrL) to 9:1 (1004n)
17:3 (200 hexanes/ Et O8”t o afford the pr
conpound | X-0Bn, as a white solid (34 ng, 0.091%gpml,
85. 5% vyi ?:IE@T The conpound | X-1a was characterized by
"H NWR ( % 500 MHz). See Figure 19. M5 (ES{uBi z

37410338} afid a38Butidd-dBEomBNNPLE 1 1,4 I\%%Aﬁﬁé ol) in THF (0.5

C BI CYCLO 3. NE T
ml ?}' %L"g_'ga%§%cf %E?(g o_yq;)A hax-2nenyd9 gg&N solution (see Example 12) in THF

(0.9M:A20Ql1e8 1 3 rRAMBL): ?h@?éﬂcn[n@%ﬁ%&r Q’ O a8t
d9 bor abi cyc| o[ 3. 3. 1] nonane - a@aﬁ tow%nwlto RT over 1.5 hr
and stirred for addmonal 10 hrs at RT. Ethylamme (16 pl, 0.265 mmol) was then added

to the above reaction mixture, and stirring continued for an additional 16 hrs at RT. The
reaction mixture was then concentrated under reduced pressure and the resulting residue
was purified by silica flash chromatography (column 1.25 ¢m ID x 10 c¢m) using a solvent
gradient of 19: 1(50 mL) to 9:1 (100 mL) to 17:3 (200 mL) hexanes/EtOAc to afford the
product, compound X-1,B, as a white solid (17.0 mg, 0.037 mmol, 70.4%) which was
crystallized from hexanes/ethylether (1: 1). The compound X-1,B was characterized by
'H-NMR (CDCl3, 500 MHzZ), and *C-NMR (CDCl, 125 MHz). See Figures 20 and 21.

The structure of compound X-1,B was confirmed by X-ray crystal structure. See Figure
22. MS (ESI) m/z 456 [M+H] and 478 [M+Na].

EXAMPLE 16
SYNTHESIS OF COMPQUND (X-1,B)

t' BU/,,II" (/O t-Bu//,’l rO
"”"'“CHO ©_\‘B_®
(o}

T 2o

(o] THF, -78°C to RT
71%)

-141-



10.0 mM, 5.0 mmol) was added 1, 3-cycl ohexadi ene (97%

(490 41, 5.0 mmol ) and stirred for 24 hrs at RT to
wahbwrid7ai sol uti on of 9-cycl ohex-2-enyl - 9- BBN PaT/TiSEN07/008562

(0.5 M which was directly used to couple with

conmpound of formula I X-1. -140 WD 2007/ 117591

PCT/ US2007/ 008562 EXAMPLE 15 SYNTHESI S OF COVPOUND

(X—I bB) rotBU/lll rH N. -""CHOBNO mull O

OBn | X-1b X-1bB

OBn
Fggég o a so IP'B?P 8§T aldshyds samprupd I{(z!a rf§0 r0g.0%5861 mmol) in
THHQ.9 mi) ZHE7§ oC 5va dddali thd 9- &cm%xazdé@‘ PN jeljtion, in THF (0.5

cl.ohex: 2-e BBN sol uti'on (see
M08 iyt (el it d g reestiomaminture rseroblawed m ettt over 1.5 hr
&\@ﬁ@df&% r stirred for
anaddlirt i onal qllt;()O%?:}rmlsa(5 g%gagiﬁl:@ﬁglﬁm be Hll 65? g5wmeyl added to
thegkoveHgactiphg mixturey atnklestabog &oﬂﬁlama“dl fon afi aﬁdﬂtﬁ@)al al'Edhrs at RT. The
ed for nal. 16 hrs at RT. The
reabfioh hifihet s (UP Corl AR S P Lareaie and danyisseling residue
wag pasfied bly ailitatflash bhﬁmhzttd)glﬁplli)eﬁdoiﬂuﬁn 1\/26%& %bl)al‘ lD (?mel)i{smg a solvent
ol umm cm X
gfa%?_%nlt 8%1% ﬂ%] Snglﬁ/té)n?tl %Pg %}lég Bpqugs/EiQég teafford agpure product, a
cor@ﬁ@gld”?x m,n 1328 (@40 oréLm hﬁ*@\l/‘\ﬁ%o@@“c THe %Ei‘ngbgn& NR-1,B was
uct, . CQ as_a white
°h% ‘8%“/2 by | ﬁ%wﬂg@(%i@ﬁ%MH@r yad a?¢11‘£1\43~ ((Elaﬁda, 125 MHz). See
Fighessaremidet M (BSY) /b 455 [M 'Emgjifi'-» bB was
characterized E%/lsnll—l- NI\/R[(EII%%21 50 M‘ﬁ%]l and 13C NMR
(CDC13, 125 MHz). See Figures 20 and 21. The
structure of conpound X-gwﬁéﬁddnfi rmed by X-ray
crystal struct ENTEESISION COMPOUNIS(XKEH-1) m z 456

[M-H] and 478 [M+Na]. EXAVPLE 16 SYNTHESI S OF
t-Bu,,,,,, OO N mCHO B N

Dess-Martin Periodinane
-

Cl

XVI-1B XXI1-1
[0340] To a solution of compound XVI-1B (3.5 mg, 11.2 umol) in CH,CI, (1

ml) in a scintillation vial (20 ml) were added Dess-Martin periodinane (23.7 mg; 56

Cl

hmol) and a magnetic stir bar. The reaction mixture was stirred at RT for about 16 hours.
The progress of the reaction was monitored by analytical HPLC. The reaction mixture
was then filtered through a membrane filter (0.2 pm) and purified by normal phase HPLC
using a Phenomenex Luna 10u Silica column (25 cm x 21.2 mm ID), ELSD detector, a
solvent gradient of 25% to 80% EtOAc/hexanes over 19 min, 80 to 100% EtOAc/hexanes
over 1 min, holding at 100% EtOAc for 5 min, at a flow rate of 14.5 ml/min to afford a
pure compound of formula XXII-1. 'H NMR (DMSO-ds, 500 MHz) & 1.54 (5, 3H), 1.59
(m, 2H), 1.66-1.70 (m, 1H), 1.73-1.80 (m, 1H), 1.96 (m, 2H), 2.0-2.11 (m, 2H), 3.09 (t,
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THF, -78 Cto RT (71 % "OBn *OBn |X-11 X-1,,B -141

WO 2007/ 117591 PCT/ US2007/ 008562 [03391 To a solution
woho@ldeteyde, conpound I X-la , (60 ng, 0.161 nROT)USRW7/008562

THE (2.0 nL) at -78 C was added the

9-cycl ohex-2-enyl -9-BBN solution in THE (0.5 M 0.96

m., 0.48 mmol) and the reaction m xture was allowed to

warmto RT over 1.5 hr and stirred for additional 10

re— . s then added
ujiloj3 ﬁw%ﬁ%os\%? '%g?ﬁgn"(?n?;(tg&r&" 8[&9“"}3(9)%\[4‘;’?6@ &g“t?ﬁ%ééd 1H, J =
2.f16r Hah Sd(dd, dkBl/ £ @.5)r19 Hi), RT70 (sha H, Ny (VIS EST JWE 812 (M+H)"
an @g_ﬁq oncentrat ed under reduced pressure an
resul gresidue was purified by silica flash
chromat ography (colum 1.25 cmID x 10 cm using a
solvent gradient of 19: IKpAMPDELY 9: 1 (200 m.) of
hex@mtEE@S:O‘POC@MFtDQI\@ RAHG
X-1,,B (52. 0wy, O.
X-1laB was
and 13C-N
M5 (ESI) mz34
SYNTHESI S OF
Dess-Martin P
XVI - 1B XXl | < ‘ . \LaelOXVI - 1B
(3.5 ng, k

Cl Cl
XXI1I-1 XVI-1A
10341] The compound of formula XVI-1A was synthesized by reducing the

keto group of the compound of formula XXII-1 with a common reducing agent(s) under

various reaction conditions as shown in the Table 1.
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m) in a scintillation vial (20 mM) were added
Dess-Martin periodinane (23.7 ng; 56 nol) and a
worgrati7®istir bar. The reaction m xture was SPCTAUSL00AD08562

RT for about 16 hours. The progress of the reaction

was nonitored by anal ytical HPLC. The reaction m xture

was then filtered through a nenbrane filter (0.2 pm

and purified by normal phase HPLC wusing a Phenonmenex
TABLE f¢na 1 Qu Silica colum (25 cmx 21.2 mm D), ELSD
detector, a solvent gradient of 25%to 80%
Et-OActhexanes-over 19 min, 80 to 100% Et OAc/ hexanes
over 1 MReactipn Gonditions 100% Et OAc fdr 5 nin, aPradttiRatio
raje of 14.5 m/mn tolaffordf a pun ound
fofrmula XXII1-1. '"H NVR|(DMVSO d6, 50(

3H{, 1.59 (m 2H), 1.66]-261.70 (m 1),
14), 1.96 (m 2H), 2.0-Pemdp [ MimH), 3 ,
N;E(I:%D b007) 18pb@ntbCT] US? 07i00856an1H) =7, 8P )
(bts, 1H), 3.83-3.88 (M °1H),| 3m&P- 3. 93 (jm ™4 H)
(d¢, 1H, J= 2, 10 Hz)| 5.92 |(dd, I |H J 2.5
Hz), 9.70 (s, 1 H, NH)| M (BSI), mlz 312 {MH)
334 (M-Na) +. EXAMPLE 18 SYNTHESI S OF (@Qﬁw
1 VI A MdBbbigAle RERUGEON] H7BT (O Q4AN[AN G O O
1 Cl | Qvon¥xlyimel XM walr 13413 1jhe jgonpoundzgf o
1 XV| - MBn@alntey Al BEShiEed] DY or eqUCHHY {1Te3REef 0 g
2 _the vRABENME Ol of WERET B R T[T v th T CORgomT ¢
I a0PMiohbe HIREET 1947@hIPUF TRBRCTi O Topdi tigns as
0.5 N TORnIFRERE 1% wirr " 400 11 o9t PeTH 200+
0.25 TPRichBe A TPIWSRF I s [P qpiuet—RatLp
1 IPA + 1% water RT 10 50
0.5 IPA + 1% water RT 12 60
0.25 IPA + 1% water RT 8 50
0.25 IPA + 5% water RT 8 10
0.5 IPA RT 8 40
0.5 IPA 0 8 30 70 0
0.25 IPA RT 8 No reaction ‘
1 THF + 1% water RT 10 50 0 5(
0.5 THF + 1% water RT 12 50 50 0
0.25 THF + 1% water RT 8 30 70 0
1+ LiCl | Monoglyme + 1% water - 78 10 5 95 0
1 +LiCl | Monoglyme + 1% water 0 10 27.2 36.4 36
1+ LiCl | Monoglyme + 1% water 10 10 10 30 61
1 +CeCl; | Monoglyme + 1% water -78 10 5 95 0
1 +CeCl3 | Monoglyme + 1% water 0 10 25 50 2!
1 + CeClz | Monoglyme + 1% water 10 10 20 60 21

Degradation or little to no product was observed using the following reagenis. 1. NaBH
on 10% Basic Al,O3, 2. K-S%lectride, 3. KS-Selectride, 4. BTHF-(R)-CBS, 5. BTHF-(S)-
CBS, 6. NaBH(OAG)s, 7. (CH3),NBH(OAG)3, and 8. iPrMgCl; ®) » 5. BTHF-(S)

> Methy] and ethyl ester derivatives were formed when MeOH and EtOH was used
respectively. ’
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H \ ,OH\ OHOOMH Tenp Tinme HN HN NaBH4 Sol ventb

iHninooHN #eqd4~ Cmn Mane C C  VI-1A
woMi7A1Bp1l Mono 1 e + | %water - 78 14 5 95 OPCT/US2007/008562

Monoglyme + 1 %water - 10 14 30 50 2( 1 Monoglyne +

| %water 0 14 33.3 33.3 33. 2 Mnoglynme + 1 % water

RT 8 50 0 5C 1 Mbno Lyne + 1 % water RT 8 45 10 45

0.5 Monoglynme + 1 % wat er R;I' 8 501(5)';0 0t e(r) %5_ g/gngolome

PA T 0 Wa

+|%vvatrRT85500 e AMPLE, 16 025'8A+1%

3 AN g ' -

0.25 IPA RT

0.5 | PA O~ ‘
8 No jon 1 THF + 1% wat er RTlO 50 0 5¢(
+ 1% RT1250500 0.25 THF + 1 % wate
70 0 LAPnogl yrisetordductant €B1Y/CIA)L0 5
Li CI MonoHL %)V\Bﬁeﬁ9ﬁhd@h2t_élﬂlfﬁ:6 4 36
Monogl yng g 10 1032393¢ 6(
O >
O
NAQ \N‘AD g——o
CHj
N /—\
Co-Factor Recycler Cl
FDH or GDH
XX1I-1 XVI-1A

[0342] Method A: Compound XXII-1 was subjected to enzymatic reduction
using ketoreductases KRED-EXP-CIA and KRED-EXP-B1Y (BioCatalytics, Pasadena
CA). 20 mM of compound XXII-1 (62 mg, added as a DMSO solution, 0.4 mL), 60 mg
of KRED-EXP-CI1A or KRED-EXP-B1Y, 50 mM sodium formate 1 mM NAD+ and 30
mg of FDH-101 were dissolved in 10mL of phosphate buffer (150 mM, pH 6. 9. "The
reaction was stirred at 30 °C for 1 hour before it was extracted with EtOAc. The
combined organic layers were evaporated to dryness using a speed-vacuum giving the
product, compound XVI-1A, as a solid white powder. HPLC analysis (C18 reverse phase
column (ACE C18, 5 m 150 X 4/6 nm)) and NMR showed only the formation of XVI-
1A, as shown in Table 2. Both KRED-EXP-CIA and KRED-EXP-B1Y showed product
formation. No detectable formation of the other diastereomeric alcohol, compound of

formula XVI-1B was observed.

TABLE 2
Ketoreductase XXI11-1 XVI-1A XVI-1B
KRED-EXP-C1A 18%' 82% Not detected
KRED-EXP-B1Y 21%' 79% Not detected

'Includes a minor impurity similar to compound (XXI1-1) in the calculated yield

[0343] Reactions (10-100 mg scale) were performed on KRED-EXP-C1A and
KRED-EXP-B1Y using ghicose and glucose dehydrogenase (GDH) as a cofactor recycler |
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1 + CeCl13 Monoglynme + | %water - 78 10 5 95 0 1 +

CeCl3 Monoglyne + | % water O 10 25 50 2: 1 + CeCl3
wohowoghysre + | % water 10 10 20 60 2(  Degr adat POM/US2007/008562

little to noproduct was observed using the o ow ng

reagents. a 4 on 10% Basi c A1203 2. K-Sel ectride, 3.

KS-Sel ectride 4. BTH5. BTHF-(S)- CBS, 6. NaBH( QAcb7J.

(CH3) 4NBH( QAc) 3a and 8. il rMgd ; b Methyl and et hyl

' [ formed when MeOH and Et OH was
at plﬁ:%grav?‘?etéé%g:kﬁvg’él @S‘Erﬁf@&ﬁ Aesedote)/ 11irE products were extracted with
EtORCHHd S20044008582C. EXANRLE 42 HYNEHESLSF COVPOUND
( XVI - 1A)Q%€{0\/I COVPOUND (SXXI [ 182 VFE @ﬁ% TI C
REDUCTI ON H O Ket oreductase (Bl YYC1 A HHpH®G6.9

TARpOsphate buffer ',,,0H 32-39 CHO 0 OO CH3 NADH
NAD P‘J—B C__Co-Factor Recvcler C FDH or GDH XXl I -1

XVI|-1 A [03421 NMet hod A: Qonpound XXII-1]was subjecfed o
XXIi.9 |e ductaseeduct ugi ng ket or educt Jrses - Conversion®®
(mg§RED- @'w)A an%%)am BolveXit (iBiva@at al yt l’é)‘g, from
agadena CA). 20 of “canpound XXI1-1 (62 n) added XXII-1 to
as |la DVBO sol utijon, 0.4 ), 60 myg of KRED-EXP-C 1 A XVI-1A
10or |KREDAEXP-B 1Y, S0snM s;odkgm/;_pmel | TV IYADT 2T 70
1030 | ng1af FDH 101 Wey.g a1 $50198¢; hYLATE O phosphate—
10bufif eC1AIS0 WM PH & P). e _2hoFBMST Vs Sty red—at—g,
1030 [C &pp T|NQur [DETHF 1T Y o) e A LS A e 50
100'N¢ C1A 1 0.1 ~20% DMSO 1 70
100 ClA 1 0.1 ~20% DMSO 3 80°
50 ClA 1 0.1 ~20% DMSO 4 90°
10 Bl1Y 1 0.1 ~20% DMSO 1 90
10 B1Y 1 0.1 50% t-BuOAc 1 40
20 50
10 Bl1Y 1 0.1 50% n-BuOAc i 0
24 20
10 B1Y 1 0.1 350% TBME 1 5
24 80
10 B1Y 2 0.2 ~20% DMSO 0.67 95
10 ClA 2 0.2 ~20% DMSO 0.67 70
20 BlY 2 0.2 ~20% DMSO 0.67 95°
50 B1Y 2 0.2 ~20% DMSO 0.67 90°

°At pH 6.9 using GDH, NAD, glucose

®Based on HPLC analysis of organic extract

‘Recovered yield 40% after purification by flash column chromatography. Some
decomposition product was detected in aqueous layer

‘Recovered yield 90% after purification by flash column chromatography

‘Recovered yield 85% after purification by crystallization

[0344] As shown in Table 3, when KRED-EXP-C1A ketoreductase was used
the conversion from XXII-1 to XVI-1A was 70% complete after 1 h on 10 mg scale.

3

Based on HPLC analysis of the organic extract, the conversion was 90% complete when
the reaction time was increased to 3 h, but subsequent evaluation of the aqueous extract
revealed that a portion of the product had decomposed, which is an expected hydrolysis
product that forms in aqueous solution. The decomposition product has the structure
shown below. Decomposition was minimized when biphasic solutions (50% aqueous t-
BuOAc, n-BuOAc, TBME) were used, but the percent conversion was generally very low

even with longer reaction times (20-24 h), except in 50% aqueous TBME. Of the two
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conmbi ned organic |ayers were evaporated to dryness

usi ng a speed-vacuum gi ving the product, conpound
woaho7hA79as a solid white powder. HPLC anal ysi BCT@S1®7/008562

reverse phase colum (ACE C18, 5 m150 X 4/6 nm) and

NVMR showed only the formation of XVI- 1A, as shown in

Table 2. Both KRED-EXP-C 1 A and KRED-EXP-B 1 Y showed

product formation. No detectable formation of the

i.a i | cohol, conmpound of fornula
ke%? (ﬁgﬁggg\/\biiﬁg e gbﬁlgkﬁc’é‘e@% [3SRSY 35 BPEPHEEKRIN-EXP-C1A in the
coXVArsioA of\X XT1-1 IEo XREDA ENBubitAy #% et 88
GISFEREXBLB LY 25, % 19% Mo e ec%cg'ge/ﬁt?‘ﬁfé’ S S RREH pxP-B1Y and
i mpu )glegreﬁqlp%rt o TedtiBu g Xxeplter) inn betier yields and minimal
dec(ﬁhpmﬁlﬁ(b@dfp‘ﬂoﬂh@{ (QL@ 31 Reactions (10-100 ng scal e)
were performed on KRED-EXP-C 1 A and KRED-EXP-B 1 Y
usi ng gl ucose and gl ucpe dehydr ogenase (GDH) as a
cofactor recycler -14 Q 2007/ 117591
PCT/ US2007/ 008562 at p 9 .(PHt hod B is the
optim zed procedure). Thenprfoducts were extracted with
Et OAc and anal yzed byoHRLC. OPisults are shown in
Tabl e 3. TABLE 3 %Ketortuase b XXIl-1 GDH Tine
Con ersion' - (ng) eq (Wwo#eq (Ww % Solvent in
GC?H‘POFIPBWTWF to 1-1A 10 A1 0.5 -20%

DVE@ASTO Mokl oo s fiefBO 1 70 10 GIA 101
-20% 02 85 10 Cl1A 1 20% DMSO 3 90 100 ClA 1

0.1 -20%DVBO 1 70 100 CIA 1 0.1 -20%DVBO 3 80 50

CIA 1 0.1 -20% DVBO 4 90 pBlogY 1 0.1 -20% DVEO 1
[0) =

90 10 13%%}95&1558#"601%@%% ?%(III—IB) VIA (X-1,B)

Method A
or

Method B

st

0OBn

Method A: 1) HCI (0.5 M); 2) NaBH,
Method B : 1) Na/NH; (lig.); 2) NaBH,
X-1,B XXJ11-1B
[0346] Method A: To a solution of X-1,B (400 mg, 0.88 mmol) in THF 20
mL} was added aqueous HCI (0.5 M, 2 mL). The reaction mixture was warmed to 60 °C
and stirred for 10 hrs at this temperature. The above reaction mixture was diluted with
H,0 (20 mL), then extracted with EtOAc (2 X 20 mL) and CH,Cl, (3 X 20 mL). The
combined organic phase was dried over MgSO4 and concentrated under reduced pressure.
The crude residue was re-dissolved in THF /H,0 ((2:1; 22.5 mL), then NaBH, (100 mg,
2.63 mmol) was added and stirred at 25 °C for 30 min. The reaction mixture was diluted
with H>O (20 mL) and extracted with EtOAc (2 X 20 mL) and CH,Cl, (3 X 20 mL), and
the organic phase was dried over MgS0y and concentrated under reduced pressure to
" afford XXIII-1B as crude white solid (260 mg, 81%) which can be used in the next step
without purification. The compound XXITI-1B was characterized by '"H-NMR ¢ {CDCls,
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20560 10BI1 Y 10.1500n-BuCAc 10 24 2010B1Y

10.150%TBVE 15 24 80 10 131Y 2 0.2 -20% DVSO
wO02607/19%9110 CIA 2 0.2 -20% DVSO 0.67 70 20 1BaY/UR2®7/808562

-20% DMSO 0. 67 95 50 131Y 2 0.2 -20% DVSO 0. 67 90e

aAt pH 6.9 using GDH, NAD, glucose bBased on HPLC

anal ysis of organic extract Recovered yield 40% after

purification by flash colum chronat ography. Sone

0Si,tib 0 was_ detected in aqueous | ayer
SO RARID Fhe GaNR ‘gﬁﬁ%ﬁbf%%?%)i $eecighiss 38\antl 38 MS (EST) m/z 368.3
[MeHLiom chr omat ogr aphy ' Recovered yield 85% after
purification stallization [03441 As shown in
Tabl@‘l;%ﬁ Mé\ﬂe%‘?ﬂ&EﬁP digmn, metalo¥al i3nag el ﬁﬁsnn‘mé)dwas dlssolved in
l1thdﬁa1@1ﬁfﬁhﬁia[ 3 4L 410 Oy 70%00
B 1 4078 5 and oS Sl B e ey ey Sered for 5

after h on
mipp A %sal‘gtm of XxkpBaBOmg, D66 ammwed sinadry EISF Q@%rﬁDfWAsesﬂ@wly added to

theMive rﬁi@loherﬂﬁ{tm%rlmhl s[ﬁ?rfewaﬁ é;g% gas ed%&i?pgal 2 }I\rév%mg} degmmonium

subsequent eval uation 0
chlorige QBT |4@mg)fwahad¢¢d)dlm®trlyhtadt}ﬁefgaeﬁ&§@glxuﬁ,gl @RidlS was then

S that forns in aqueous
e S Y O oy oo e b 12 g sl dmonia was

evaplouatnd Behng\/waﬁaam’rﬁdﬁl\iflmw‘l—eme WaRiviasBed wWitheskikl zﬁﬁa&t&cted with
BuOAc, n-BuOAc, TBME)

50% .a t-
Et(z‘gLéS gu?rg%ﬂlé ]éai%g 2‘?#33 CoRfrrafategntaationt eards hymwgptyl which was

dlr¢®lblusedemthmﬁel‘ktk&@@6ﬁ vﬁﬂx@ﬁib&iﬁéa‘n@ﬁs (20-24 h), except
f% que the two -146 WO 2007/117591

07/ 8’5 ufl%?%ﬂ@cﬂb@tvaé@mlmemﬂﬁmmo (2:1; 1.5 mL) was

addedt]miIBEﬂ;j €8 an 0)"(’!;? P;%{l@?g'%l {elgctmEB')EFSP Qaﬁﬁ{lrreé B8 1 hr at RT and

iQn o
theg gfluged it Brige gpdiRemomRPYiSh VB, mmadwdphaseasw Gried with
MBSl E6RehirdRd undlBr feRaUd & b
o SRRl AR un ggxl ety Oﬁgsgupe Qn %réﬁ%ci)/gy chal}gsh chromatography
(EtOAc in hexanes, 10% to 30%) to afford trlol XXIII-1B as clear oil (18 .mg, 0.049
mmol, 74.2% yield over two steps). The compound XXIII-1B was characterized by 'H-
NMR (CDCl;, 500 MHz), and "*C-NMR (CDCl3, 125 MHz). See Figures 32 and 33. MS ’

(ESI) m/z 368.3 [M+H]".

EXAMPLE 21
SYNTHESIS OF COMPOUND (XXIII-1B) VIA (X-1,B)

1) Na/NH; (liq.)
2) NaBH,

X-1,B XXII-1B
[0349] Sodium metal (Na, 20mg, 0.88 mmol) was dissolved in liquid
ammonia (3ml) at -78 °C and the resultant dark blue mixture was stirred for 5 min. A
solution of compound X-1,B (20mg, 0.044 mmol) in dry THF (0.5 ml) was slowly added

to the above reaction mixture and stitred at -78 °C for additional 2 hrs, Solid ammonium
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\ ,~~CH HN OCOOH O Deconposition product. [0345]

Met hod B: see Exanple 31. EXAMPLE 20 SYNTHESI S OF
waaMPAwND1 XI 11-1 B VIA X-1 bB t-Sup,.,,,, O HPCTMBS%007/008562

O~H Mthod ANOOHo o OOCH ,unl Method B CH OBn

HO Method A: 1) HO (0.5 M; 2) NaBH4 Method B : 1)

Na/NH3 (1iq.); 2) NaBH4 X-1bB XXII1-1B [0346] Method
A Toasolution of X—le(4OO ng, 0.88 nmol) in THE
dde uge 2 m). The
cHige % 4 @mg #E%"% %Dﬂ@ Teaediont mixtare, fwdrich was then

reactron mx

allmvddrm alarmhﬂoth[‘emg'efeaﬁwlﬁ tHharp RS tpre
ted with H20 (20 t(%rL tr)ﬁen e&étt(?]geg%blg Hﬂ: onia was

evé?ﬁ&g r%gzwazm}lp -ahle W@r@m{@ was2@ashell. willhbrine and extracted with
EtOondi ”ﬂﬁi offa@a bﬁasféh%§ MRASe At RO QY G" e'%{ﬁ %Pﬂeazgure to afford crude

hcon eﬁ‘{itrat ed under reduced pressure.
CPudsedrleviigh was digpeibonseddn the MUNE réaefion (ithoht pRRti&ativh) |

h H4
ot Do, bR sPRion of e TR nHRRCRET B AR K0 (2UG 1.5 mi) was

added Nagit ((SzmgnQ)Banmoé)xt The radtivh ttixfirOas (stirr§dBr T at RT and

( i ¢ phase was
th&{] ?g%g\%lr%h V%}lékéﬁl g;('t%:aocﬁ eWWaE&gﬁgﬂE $ OFganic Phase was dried with
Mg¥@s g:gp@er[tnatedaﬁrfdgr dedi¥éd prek&iraang pufie ;ytsﬁlc%qlldsﬂ cﬁ?oqgatography

EffAC used..in the_next s

( pur | ?l} ca)t(l on’ Tbl‘%atoc%br‘@oﬁ’nﬁff |tFipl i@‘%&*ﬁaﬂa@t el |(izba mg, 0.031
mmgl "HONYRIA GXEE Ao steps). The 'H-NMR (CDCls, 500 MHz) and "*C-NMR
(CDCls, 125 MHz) spectra were the same as shown Figures 32 and 33, respectively. MS
(ESD) m/z 368.3 [M~+H].

EXAMPLE 22
SYNTHESIS OF COMPOUND (XXIV-1B) VIA (XXIII-1B-Bz)

BzCl, Et;N
10hrs

BzO
XXIII-1B ' XXIV-1B-Bz
[0351] To a solution of XXIII-1B (120 mg, 0.33 mmol) in CH,Cl, (5 mL)
were added Et;N (120 pl, 0.86 mmol) and benzoyl chloride (BzCl, 60 pl, 0.52 mmol).

The reaction mixture was stirred at 25 °C for 10 hrs. Then the reaction mixture was

directly concentrated under reduced pressure and the resulting product was purified by
silica flash chromatography (EtOAc in hexanes, 10% to 30%) to afford XXIV-1B-Bz
(136 mg, 0.29 mmol, 87%). The compound XXIV-1B-Bz was charactenzed by '"H-NMR
(CDCl3, 500 MHz). See Figure 34. MS (ES) m/z 472.3 [M+H]".

-149-



-147 WO 2007/117591 PCT/ US2007/ 008562 500 MHz), and
13CG-NVR (CDO 3, 125 MHz). See Figures 32 and 33. M5
wOBSI7j11m9r 368.3 [M-Hl + 103471 Method B: Sodpamiusedoai0ss62

(Na, 30ng, 1.30 mmol) was dissolved in |iquid amonia

(3 nm) at -78 C and the resultant dark blue m xture

was stirred for 5 mn. A solution of X-1bB (30ny,

0.066 mMmol) in dry THE (0.5 m) was slowy added to

the above reaction mxture and stlrred at -78 C for an

addi ti | hI ori de (NHCI,
40ny) RESUGERe IF SMP (XU B -Ba) MIAI(DE ‘
was then vvarmto RT(by removi ng the dry
i ddlag et h). Ammoni a was evaporated duri
warm up. Th esi due was washed with bri
extracged

. (Hierghgaihfophase i

concept r atted ™g_af f or
Prectl y s,ﬁ,dlﬂﬁthe lgg)?(c‘ég 3:86% ’thout

t
purifigatiyn. [0348] To F;SO ’Eff‘}hrn of t¥e
@H THF: H2O (2:1; 1.5 nL) was ad
(8 ng,\Q.20 mml ). The reaction m xture was stir
for 1 hy at RT and then diluted with brine
extragied with Et OAc. The organi c phase was dfied wth
MgSO4, concentrated under reduced pressure gad
purifi ed %¥I€+1B-Ba f| ash chromat ogr aphy ( Et &R V-IB-BZ

hex q 10%.to0 I -1B as cl ear

oi | (1 ] %8 A’S‘Mr%f"&g&og'gﬂ{ﬁ Q%é 'B&e(? ? yneh ép SF3CH0H (2
mE¥iveere adpem ﬂlﬂ-p%bhrhedhﬁl 206 paragiksl) 284 L\lg&
Hé?%s i d{lgc_ N%R ( CDCl% atBé égl; nt of aqueous

0l lf,[‘dme:;,rgactm mixtare waf 5tiged. 63 gOMEH[for+3-4 hr, concentrated

FeXAMRICEA resSY o
un o) t%%Bu/ NT H‘lehg r%:ulf{‘?%/lz> %IQN&@% t@:ﬁp&r_‘ﬁ%sl by silica flash
chrRExqugraphyn&Et@Ag_;n hexnmm t2t)°/0€l 8@GRBI afford XXV-1B-Bz (110 mg, 0.27
mmol, 94%). The compound XXV-1B-Bz was characterized by 'H-NMR (CDClI3, 500

MHz), and >C-NMR (CDCl;, 125 MHz). See Figures 35 and 36, MS (ESI) m/z 404.3
[M+H]".

EXAMPLE 24
SYNTHESIS OF COMPOUND (XXVp-1B-Bz-TMS) VIA (XXV-1B-Bz)

TMSCI, Et;N

—

it

oH RT, 12 hr

BzO . BzO
XXV-1B-Bz XXVp-1B-Bz-TMS
[0353] To a solution of XXV-1B-Bz (70 mg, 0.17 mmol) in CH,Cl, (2 mL)
‘were added EtsN (480 pL, 3.47 mmol) and TMSCI (220 pL, 1.74 mmol) and the solution
was stirred at 25 °C for 12 hrs. The reaction was quenched with saturated aqueous

NaHCOj3 (5 mL) and extracted with CH,Cl, (3 x5 mL). The combined organic phase was
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HO X-1aB XXII11-1B [0349] Sodium netal (Na, 20ng,

0.88 mmol ) was dissolved in [iquid amonia (3m) at
woze7G1289d t he resul tant dark bl ue m xture wasPETIUS2@®A/008562

for 5 mn. A solution of conpound X-1aB (20ng, 0.044

mmol) in dry THE (0.5 m) was slowy added to the

above reaction m xture and stirred at -78 C for

additional 2 hrs. Solid ammonium -148 WO 2007/117591

008562 | orjd NH4C1, 30 was added -
drgﬁymyigl?g(éh go?ceegg?fegﬁlor{q:e&? ge’d RIGSHHE \%g)g themsapuriﬁed by silica flash
chedrhatogdphy (B A iroh&Eane®)\20Ls f080 NaR1BGSS-

I d bqt Ego Al njr vvasQ evapor a(t%g(tjld gﬁ(r)i n)éx\}éf%nﬁﬁ}g{ 1Ms (44 mg,

e\t ("éé‘ggﬁe E\l%QOWEQW@H Yor1B-Brd MiSdwesx chasttedzed by 'H-
NMRt (CDEL P60 MiES), . tg at.ed under

(CDECom Ve, 6 2 AR DI BT B 55 s

duced pressure to afford cru
(Eéﬁl’%t“l’]?'?ﬂ%’ﬁl{rn t he next reaction wthout

purification. [03501 To a solution of the above

hem acetal in THF: H20 (2:1; 1.5 m) was added NaBH4

(5 , 0.13 mmol). The r &AMPLE2Xture was stirred

f or SYMFHESISOFGOMROENDH(XXVed BABENVIAI(RX A9 B-Bz-TMS)
extracted wth Et QAc,_ The organi c phase was dried W ih
MySO4, conggntras der reduced pressure and
il h chronmat ography (Et QA
hexanes, HLO%® 0 30% 1o afford triol XXII |41k

ol I (11. ! 031 mo}-,P K3t d over Newd
The O=HFAIMR (|CDC130THISO !\}-12)13 Ra” 13C W
VHz) spey t he same—as—shoewn Fig ,
respectifely.ONS (ESI) nlz 368.3 [ MtH]. 55 22
SYNTHESI'S_ OF COVPOUND (XXIV-1 B) VIA (XXI{1 1 B Bz)
t- BU ej Vt-Bu,,,, Or H NN O Bzd,
10 hrs B‘ "~u OH H
z0 BzO
XXV[)-]. B-Bz-TMS XXVI-1B-Bz

[0354] To a solution of XXVp-1B-Bz-TMS (120 mg, 0.25 mmol) in CH,Cl, |
(5 mL) was added Dess-Martin periodinane (118 mg, 0.278 mmol) and the reaction
mixture was stirred at 25 °C for 2 hrs. The reaction was quenched with saturated aquéous
Na3S8,0; (3 mL) and saturated aqueous NaHCO; (2 mL) and extracted with CHCl, (2x 5
mL). The combined organic phase was dried over MgS0O, and concentrated under reduced
pressure to afford the crude aldehyde as a white powder which was used for the next step
without purification.

[0355] To a solution of the above freshly prepared aldehyde in t-BuOH/H,0
(2:1; 4.5 mL) was added NaH,PO, (400 mg, 3.33 mmol) and the reaction mixture was
cooled to 0 °C. Then 2-methyl-2-butene (2M in THF, 3.70 mL, 7.57 mmol) and NaClO,
(175 mg, 1.93 mmol) were added sequentially and stirred at 0 °C for 1.5 hrs. The reaction
mixture was then diluted with brine (5 mL) and extracted with EtOAc (2 x SmL). The
aqueous phase was acidified with HCI (0.5 M) to pH 3.0 and extracted with CH,Cl, 3x 5
mL). The combined organic phase was dried over MgS0O4 and concentrated under
reduced pressure to yield a white solid residue which was purified by reversed phase
HPLC using an ACE 5u C18 column (150 x 21 mm ID) and a solvent gradient of 10% to
100% CH3CN/H,0/0.05%TFA over 22 min, holding at 100% CH;CN/0.05%TFA for 3
min at a flow rate of 14.5 mL/min to afford the carboxylic acid XXVI-1B-Bz (66 mg,
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HO BzO XXI'11-1 B XXIV-1B-Bz [03511 To a sol ution of

XXI'l'1-1B (120 ng, 0.33 mmol) in CH2CI2 (5 nmL) were
wadagd1E98N (120 1, 0.86 nmol) and benzoyl chl eCcTas2007/008562

(BzA, 60 1, 0.52 mmol). The reaction m xture was

stirred at 25 C for 10 hrs. Then the reaction m xture

was directly concentrated under reduced pressure and

the resulting product was purified by silica flash

y .(EtQAc in hexanes 10%to 30% to
0. ﬁ?f ora X%?%Q}i yi OV§BEWRY Steps)p g hﬁn‘}lagbOSYbﬁ acftheXXVI-1B-Bz was

cheowpeoizad bYXHVNMR RTDYOD, R RELS |v5 ESl l{r';éﬁpgg 125 MHz). See

See F 34
F‘%‘Mﬂiq]’g and %ﬁg’%b;;%% iﬁﬁ’ﬁﬁ uszoow 008562 EXAVPLE
23 SYNTHESI S OF COMPOUND fxXXNiss i gsz) VI A (x><| V1B

Bz) 1 H sYNVHESSD PRGSO o
OH -~="60 C 3-4 nr O OF

B-Bz [0352] To a solwion of XXI V-lB- Bz
rmol) in CF3CH20H
oiedi t hi ol (200 R rr‘gpbh and a cat al
anmount of aqueous HCl (12N L). The reaction H
g~wosoistirred at 60 S-fQragdpdyhr, concentr aw
ced -pressureo resul ting cyude
] é'ﬁrl fied by silic z8AH chr omat ogr aph
DAC & n hexanes, 20%to 2to afford XXV-1B-
) 0.27 mml 949 . \Jhe conpound XXV- 1B- BA wa

(eBi3, 125 MHz). See Fi guggs 35 and 36. MS (ESI)O%Z

(WV Hélﬂéz T'VB)EXCIVKL[(E Xmﬁi EDOE CN:OV(F;QTJHD (XXVI-1B)

PG; = TBS or TES

H\ O
o) l
—o °
HO OPG,
(XVv-1B) (XXVIII-1B)

PG; = TBS or TES

[0356) Method A: 1) K,CO3;, MéOH; H"; 2) TBSCI, imid.; 3) BOPCI; 4)
HF Pyr '

[0357] To a solution of XXVI-1B-Bz (14 mg, 0.033 mmol) in MeOH (0.5 ml)
was added K2COs (14 mg, 0.10 mmol) and the reaction mixture was stirred at 25 °C for
15 hrs. Then aqueous HCI (200 pl, 1.0 M) was added to this reaction mixture which was
directly concentrated and dried under high vacuum to afford XXVII-1B in which the
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Et3N O OTM5 RT, 12 hr CH eOH BzO BzO XXV-1B-Bz
>S<>(?V’p-18- Bz-TM5 [0353] To a solution of XXV-1B-Bz (70
wageo7a11spinmol ) in CH2CI 2 (2 nL) were added Et BET(U43®7/008562
L, 3.47 mmol) and TMBCl (220 p.L, 1.74 nmol) and the
solution was stirred at 25 C for 12 hrs. The reaction
was quenched with saturated aqueous NaHCO3 (5 ni) and
extracted with CH2C12 (3 x 5 nL). The .conbi ned organic
hase was 150 V\D 2007/ 117591 PCT/ US2007/ 008562 .
beg??yé &r%‘{Pe*Pasl\EgMep aerdcnhydaesen asrmiwhite echidieg whids®al @irectly used

& f | ash chromat ography
mﬂmjndﬂﬂmpm‘im‘fdt%mgoﬁ/?f% 800 to afford

(Bt SA\%# rB]Z h%)%]gcimlwyof the m@@cﬂmbta,mdﬂa‘i/omnﬁé fheviolB&tep in CH,Cl,

(0.50TR gw&gz%é{@d 1Rid% %@%@ﬁ?&%@t@ ! rﬁg}aﬁg)ao% 0.066 mmol)
ané:ltlgeu pgge,tugezuag@hg@d a[t/BS °CEfeir) 10ntirz. FRén 31\5{ i\AAabﬂlX% nﬁ%ﬁgi\é: Was directly
oA Ie] SRl e PR P 08 ALY ik vatuomive aford XxvI-1B-
%We @esidues- whictOnvek ditktIoHsBI %Qexw \Ajitf%uggurt-foSpunﬁcatmn
55%]82 3{30354?‘ t;[)[%na%@é};l%gT%) 32?5-{125 40 ml) were added
pymélsxs -(W&f)tml) apdrBORChEATem,1d.866hm6l) 248 Rl G0 hiddl& was stirred
at 2§ aétfop 6 hrs. Then the reaction mixture was concentrated under reduced pressure
and the products purified by silica gel chromatography using EtOAc/hexanes gradients
(20% to 80%) to afford the XXVIII-1B-TBS (5.0 mg; '"H-NMR (CDCl3, 500 MHz) See
Figure 41) and XV-1B (3.0 mg) as white solid.

[0360) To a solution of the above XXVIII-1B-TBS (5.0 mg) in THF (0.5 ml)
were added pyridine (30 pl) and HF pyridine (30 ul) and the reaction mixture was stirred
at 25 °C for 2 hrs in a plastic tube. Then the reaction mixture was quenched with saturated
aqueous NaHCO; (1 ml) and extracted with CH2Cl: (3 x 1.0 ml). The organic phase was
dried over MgSO,, concentrated under reduced pressure and purified by silica gel flash
chromatography using a EtOAc/hexanes gradient (20% to 80%) to afford XV-1B (4.0 mg,
0.013 mmol). Overall Yield = 73%. The compound XV-1B was characterized by 'H-
NMR (acetone-ds, 500 MHz), and *C-NMR (acetone-dg, 125 MHz). See Figures 42 and
43. MS (ESI) m/z 296 [M+H]".

[0361] Method B: 1) K,CO;, MeOH; H; 2) TESCI, imid.; 3) BOPCI; 4)
HF.Pyr 28%

[0362] To a solution of XXVI-1B-Bz (240 mg, 0.575 mmol) in MeOH (3.0
ml) was added K,COj3 (240 mg, 1.74 mmol) and the reaction mixture was stirred at 25 °C
for 15 hrs. Then aqueous HCl (600 pl, 1.0 M) was added to this reaction mixture which
was directly concentrated and dried under high vacuum to afford XXVII-1B as a white
residue, which was directly used for the next step without further purification.

[0363] To a solution of the product obtained from the previous step in CH,Cl,
(5.0 ml) was added imidazole (195 mg, 2.87 mmol) and TESCI (0.39 ml, 2.30 mmol) and
the reaction mixture was stirred at 25 °C for 18 hrs. Then the reaction mixture was

directly concentrated under reduced pressure and dried well by high vacuum to afford
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m xture was stirred at 25 Cfor 2 hrs. The reaction

was quenched with saturated aqueous Na2S2Q3 (3 nl)
wana7satvr at ed aqueous NaHCO3 (2 nL) and ext r aeCeaSori08562

CH2Cl12 (2 x 5 nL). The conbi ned organi c phase was

dried over MgSOH and concentrated under reduced

pressure to afford the crude al dehyde as a white

powder which was used for the next step w thout

Xﬁ% :ﬁ i on. 3551 0 a solution of the.above
o r 8% &r 1tg|ra% N evhigh twasy, dirpetbp usqd i they nextnstep without
fumné‘r]mhfﬂiedn&laI—QPOAf (400 ng, 3.33 Mol ) and the reaction

mxtM cooled to O C. Then 2-nethyl - 2-butene (2M
in Todl3. 7&% soputipm MVM%@Q Cmczsr 30 miP3vere added

pyﬁHﬁJe)G‘@exh eé&@qﬁgPéﬁfﬁ% Hhia Ly nﬂx@&i%ﬁx%c?]meer a u on eragwxr?ﬁvas stirred at

he reaction xture wa
ﬂ f% 1(85hrﬁL5Fh@m theetenetinat mixmie Wagfilaced( Througﬁné_};horﬂ'bﬂlca-plug, the

ﬁlg'%g Q)g&)%fcroggbﬁlg t 8{% Ec? ggﬁvs\ns&rg a%gg.laﬁéul\%lb Lﬁ@ato afford TES

-Bdaqqam KWHMB«A’IHESCHSI £dhity essid@pS@hidn das Aneetly L8dEH the next step
reduc ressure to yield a white solid residue
W‘a}‘? gﬁ‘qﬁﬁgp}ﬁ‘iﬁf‘ﬁ Fé‘d by reversed phase HPLC using an
ACE [6%65]C18160) 4oMitibd 39 ke gﬁomisé))g %g’?%#i%}ﬂg Qf(%(zVIII-IB—TES)

radient of 10%to 100% CH3CN H2Q/
, SHbm); wierezadded ridHRANS 0 106 Wid ATF pyridiner(l 0 al) ard the reaction

W\Jfg&@ﬂ'g% éé QS &&orr% g %Ig%fg%ﬁg(i %@Eﬁ (i’%rﬁ‘:l’l? %?l(é/ lrelagtl Oal‘lc {nlxture was

querChed8a00sAH 066 E &ﬁuébu]st aH00; (lfﬁﬂmﬁ%ﬁil exhrdcted &¥ith ®P,Cl, (3 x 10 ml).

h aci Bz
T RN SN P ———
) 110%5ﬂ£él’12 hr o % -
puﬁl8 @57) si i EéXA ('\)/Eﬂ;ﬁg)gé Gﬂ% Eﬁl—?E%? éﬁ%}(ﬁ&ﬁ %ﬁ(éskd/ )Iit(f afford B
1a°€ﬂ13&¥w( 0 me) 0.1 mmgal). Oyeraliohietd+= 28% N COOH N N
COON COON OO0 CH OH O+

EXAMPLE 27
SYNTHESIS OF COMPOUND (XVI-1B) VIA (XV-1B)

OoH
H\ (@] PPh3C12
16 hrs
O
1]
HO
XV-1B XVI-1B

[0366] To a solution of XV-1B (35 mg, 0.118 mmol) obtained from Example
26 in CH;CN (250 pl) were added pyridine (250 pl) and Ph;PCl, (80 mg, 0.24 mmol) and
the reaction mixture was stirred at RT for 18 hrs. Then the reaction mixture was
concentrated under reduced pressure and purified by silica gel flash chromatography
using a EtOAc/hexanes gradient (5% to 20%) to afford XVI-1B (21 mg, 57% yield). The
compound XVI-1B was characterized by 'H-NMR (CDCls, 500 MHz) and *C-NMR
(CDCls, 125 MHz). See Figures 44 and 45. MS (ESI) m/z 314 [M+H]". MS (ESI) n/z 314
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PG30 HO OPG3 (XXVI-1B) (XXVII-1B) (XXVI-1B) PG3 = Bz

PG =TBS or TES HH OHOH NNO OOOO0 HOOPE
WOXMW7HB)S9( XXVI 1 1 -1B) PG3 = TBS or TES 10356] REThS2002008562

1) K2CxB, MOH H, 2) TBSCl, imd.; 3) BOPCl; 4)

HF. Pyr [0357] To a solution of XXVI-1B-Bz (14 ng,

0.033 mol) in MeOH (0.5 mM) was added K2CO3 (14 ny,

0.10 nmol) and the reaction mxture was stirred at 25

fpr T 1 (200 41, 1.0 M was

m@d‘é@d”{'%é? RF§I>/2)§§5.433%§39“£+&5'§< dfor fasH21 GiNOg 3M.1159, A = 2.4
ppogncentrat ed and dried under high vacuumto afford

XXVI'1-1B in which the -152 WO 2007/117591

PCT/ US2007/ 008562 benzoyl group has been repl aced by

hydrogen as a white resi queappjigehgWas directly used]

i n the nex¢yRtrefEWkt i DUk i [ 358

To a solution of %gg%)%g Ug\ﬂ?gf uucETlui?g‘?h(?d.g}zcl'{g)

previ ous st Q CH2Cl 2 (0.50 m) wer

]

i m dazol e 0.10 nmmol ) and TBS 0 ng, 0.066
mol ) and ®Re M xt yog was stirred at X 40 hrs.
Then the reactjon xt u(ge was directly AT at ed
under reduced §pB ezand dried well by Hi vacmum

Bp apabiigupesi due,
ext—step—mt h8

purification.
CH3CN (0. 40
BOPCl (17 ng, 0.066 nrnol) and the reactq on m xture
was stirred at) 25 C for 16 hrs. Then the reaction
m xture was cgfcentrated under reduced pressure and
t he productscburi fied by silica gel chraimatography
usi ng Et CAc/ heggqgy gradients (20%to 80‘%980 afford
the XXVII11-1B-TBS (5.0 ng; 'H NVR (CDC13, 'll\/Hz) See
[0367] To a solution of compound XVI-1B (10 mg, 32 pmol) obtained from

Example 27 in CH,Cl; (4 mL) in a round bottom flask (25 mL) were added Dess-Martin
periodinane (20.35 mg, 48 umol) and a magnetic stir bar. The reaction mixture was
stirred at RT for about 2 hours then quenched with saturated aqueous NayS,0; (5 ml) and
saturated aqueous NaHCO; (5 ml), and then extracted with CH2CL (2 x 5 ml). The
organic phase was dried over Na;SO,4 and concentrated under reduced pressure. The
resulting crude product was then purified by silica flash column (0.4 ¢cm ID x 3 cm)
chromatography using a solvent gradient of 19:1 (5 mL) to 9:1 (5 mL) to 17:3 (5 mL) to
4:1 (10 mL) hexanes/EtOAc to afford XXII-1 (6 mg, 19.3 pmol, 60.3% yield). The

compound XXII-1 was characterized by '"H NMR (CDCl;, 500 MHz). See Figure 46. MS
(ESD), m/z 312 [M+H]" and 334 [M+Na]".
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Figure 41) and' XV-1B (3.0 ng) as white solid. [0360]

To a solution of the above XXVI1I1-1B-TBS (5.0 ng) in
worE)7(1@791mM ) were added pyridine (30 |) and PCT/US2007/008562

HF pyridine (30 |) and the reaction m xture was

stirred at 25 Cfor 2 hrs in a plastic tube. Then the

reaction m xture was quenched with saturated aqueous

NaHCO3 (1 nml) and extracted with CH2Cl2 (3 x 1.0 nl).

The organi c phase was dried over MgSO4, concentr at ed

under reduced pressure and purified by silica gel

flash _chromat ogr aphy usila§AMBEEPP/ hexanes gradi ent

( 208XDELIEB8AS OF Gt (PR I-BAD Vi, GO0 ) BYWBNAYMATIC
Overall Yield = 73% The él_\}d(v 1B was
characterized by 'H NW 6, 500 MHz), and

13C- NVR fdacetone-d6, 125 MHz). See Figures 42 and 43.
M5 (ESI)

96 [ MrH] + [0361] Met hod B:
MeCH, HH ESCg imd.; 3) BOPCl; 4) \
[ 0362] To 3 SONE |on 0 | -1B- Bz (240 NG

| Ne . ueRstd A R2003 (240 1. 7%
mol ) "in MeRH (3. 0 lyl (2404,

nol ) and the T on M xture was Stirred
for 1% Then afue&i3 Bigt 3¢ Bo@Omin 1
to this reagtidn n‘?xture which was directl
concentr at aizd dried under high vacuum.to
XXVIl-1B aS a white residue, which was dir€ctly used
for the nexty step without further purificatign. [0363]
To a solutign of the product obtained fromtMpe

previous $tep in CH2A 2 (5.0 m) was added,’i m dazol e
(195 ny, 2.8XX#wbl ) and TESCI (0.39 m, 2.30 quLﬁAand

t he tio m'xt revva at 25 Cfor 18 hrs.
Ther{f'?ﬁ@ realt fot? eﬁmi % Mg 1183 dRebniny AMEO (0.4 mL)
obtaiekelr froad Bxach pis QSSiH C] @ﬂﬂd dotoeh MRkk (DY ﬁ%ggg(g%ﬁlﬂj@f potassium

to aff 007/ 117591 PCT/ uszoo7/

PhiShyRt 1%%§1§ MG, L MERS Kipredw K BERLBRPYBIY, 12 mg of
woesl n

B D O O g bSOV P BENAD (1

wej pddest e aboyei rgrgtion @ixgurel Wasn sdrr@ORCB 73301 uf@r abbutao min and

t r red at
T ltacRE HCPIGRE (A0 AT B e M Shed LB phded s dried over
Nap$P o arerh concshbated sindecedptadgpressues.  Thistaffutréedratsout 5 mg of XVI-1A.

(65 2R 00 8 Bl T VG B 3R Rudft B nSiaempgttprLc using
a Rhﬂnbleem%Lml OpBilich cobsnrd(2Sewth ky2 1UE atin ID) ukiag Aestvent gradient of
25‘§t & 80% tﬁ&%c/ﬁelilc%gsegv T li fnimfx:l,atSiOO{]d 100% EtOAc/hexanes over 1 min,
holding at 100% EtOAc for 5 min, at a flow rate of 14.5 mL/min and monitoring the
purification by evaporative light scattering detection (ELSD) to afford 2 mg of pure
XVI-1A. [a]p =70 ° (¢ 0.05, CH;CN). The compound XVI-1A was characterized by 'H-
NMR (DMSO-ds, 500 MHz) and '*C-NMR (DMSO-ds, 125 MHz). See Figures 47 and
49. The 'H NMR spectra were in complete agreement with those of an authentic sample
of XVI-1A (Figures 48 and 50 respectively). MS (ESI) m/z 314 [M+H]". HRESIMS m/z
314.1173 [M~+H]" (calcd for C;sH,CINOQy, 314.1 159, A =45 ppm).
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[0365] To a solution of the above TES-[ 3-1actone

residue (XXVII1-1B-TES) in THE (5.0 mM) were added
woypoi7diim®1 (150 1) and HF. pyridine (150 |) and PO®/uUS2007/008562

reaction mxture was stirred at 25 Cfor 5-6 hrs in a

pl astic tube. Then the reaction m xture was quenched

W th saturated agueous NaHCO3 (10 ml) and extracted

with CH2C12 (3 x 10 m). The organi c phase was dried

over MySO4, concentrated r ced pressure and
ﬁurgf,{iNeﬁ{@gISsbpl P t T2 h\¥L- Et OAc_in S A
eX8BRA et

0. J.g Tor ) .I overat N : A ENAOAL RODUCT OF
SYNTHESI S OF COMPOUND (xe'%keﬂ-J HH OH OH
-~ 016 hrs 00 Cl  Xv-1B

H O PPh3Cl 2
XVI -1 B [ 0366]&JT NG solutlon of XV-1B , 0.118
nol ) obt ai ned ¥FomB8nple 26 in q) were

added pyrldlne (ﬂﬁ\_pl) @nd Ph3PCl 2 (80 g, 0. 24)nnnl)
and the reﬁ !

hrs. Then the r
reduced pressur
chr omat ogr aphy
209% to afford
conpound XVl - 1B
500 MHz) and 13C-NMR (CDC13, 125 MHz) ./See Fi gures 44

and 45. NS %ﬁ’i’@g“ 314 [MrH ). MB (ESI) miz 314
-154 WO 20070 Y1741 PCT/ US20077 008562 [ M-B{XTI-HRVE

(ESIW368)z 3T6. aksrht{owckﬂ xvica N&ﬁsE fn% ﬁ;}g@pgo%med as a semi-

Mﬁﬁ/?@&rpf %Vxﬂl,g (v\;{w MR} obaided by fermentation of Salinospora
tropica as disclosed in U.S. Patent No. 7,176,232, issued February 13, 2007, which is

hereby incorporated by reference in its entirety) in CHzCl> (35 mL) in a round bottom
flask (150 mL) were added Dess-Martin periodinane (202.5 mg; 0.48 mmol) and a

magnetic stir bar. The reaction mixture was stirred at RT for about 3 hours, over which

the progress of the reaction was monitored by analytical HPLC. The reaction mixture was
then quenched with saturated aqueous Naz8,03 (40 ml) and saturated aqueous NaHCO;
(40 ml), and extracted with CH,Cl, (2 x 40 ml). The organic phase was dried over
Na;SO; and concentrated by reduced pressure to afford XXII-1 (70 mg, 0.22 mmol, 94%
yield). '"H NMR (DMSO-ds, 500 MHz) & 1.54 (s, 3H), 1.59 (m, 2H), 1.66-1.70 (m, 1H),
1.73-1.80 (m, 1H), 1.96 (m, 2H), 2.0-2.11 (m, 2H), 3.09 (t, 1H, J = 7.0 Hz), 3.63 (brs,
1H), 3.83-3.88 (m, 1H), 3.89-3.93 (m, 1H), 5.50 (dd, 1H, J =2, 10 Hz), 5.92 (dd, 1H, J =
2.5, 10 Hz), 9.70 (s, 1H, NH); MS (ESD), m/z 312 [M+H]" and 334 [M+Na]".
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OHO NON O Dess-Martin 0 0 2 hrs 0O C C XVi-I1B

XXI'1-1 103671 To a solution of conmpound XVI-1B (10 ng,
waO2oerit)soobt ai ned from Exanple 27 in CH2A 2 (2CWUB200m/008562

a round bottom flask (25 nL) were added Dess-Martin

periodinane (20.35 ng, 48 nol) and a magnetic stir

bar. The reaction mxture was stirred at RT for about

2 hours then guenched with saturated aqueous Na2S2(3

m and ~saturated a NaHCC3 (5 ml), and then
c(aitg ) by A qﬁ@&ﬁ E3he orgam c_phase
was ALY de i

pressure. The resul t| ng mp@@mb@duct was then

purified by silica flash columm (0.4 cmID X 3 cm
chr omat ogr usi ng a sol vent gradient :

to 9:1 (5 o0 17:3 (5.m) to 4:1 (1
hexanes/ Et CK afFord XXIl-1 (6 ng,
yield). The I-COﬁ‘OUﬂdo Xidredhert@vabar act e
NMVR ( CDCL13, WS

2= VB4 5392% @MHESI S

(XVI-1A) VIA/(X41-1) BY ENZYMATI C REDUCTI H N
Ketoreductase, NAD O INHN O GDH, 37 - G 40 mn
000 A dNXXIl-1 XVI-1A [0368] To a sol\ution of
XXII-l(Gng 19.3 prol) in DMSO (0.4 )

: Cl

XXI11-1 ' XVI-1A

[0370] To a solution of XXII-1 (50 mg, 0.16 mmol) obtained from Example
30 in DMSO (1 mL) in a round bottom flask (25 mL), 5 mL of potassium phosphate
buffer (150 mM pH 6.9), 100 mg of ketoreductase KRED-EXP- B1Y, 10 mg of glucose
dehydrogenase (GDH), 2.5 mL of glucose (50 mM) and 2.5 mL of NAD (1 mM) were
added. The above reaction mixture was stirred at 37-39 °C for 40 min and then extracted
with EtOAc (2 x 25 mL); the combined organic phase was dried over Na,SO, and
concentrated under reduced pressure to yield a crude product which was crystallized in
1:1 acetone: heptane (6 mL) in a 20 mL scintillation vial (by slow evaporation under
nitrogen gas) to afford XVI-1A as white crystalline solid (42 mg, 0.13 mmol, 85% yield).
The structure of XVI-1A was confirmed by comparison of its mp, specific rotation and

'H- and ®C-NMR spectra with those of an authentic sample.

EXAMPLE 32
SYNTHESIS OF 2-CYCLOHEXENYL ZINC CHLORIDE

: BusSnH, Benzene C’/SnBua Buli, ZnCl, ©/ZHC'
Pd (PPhg)s, 15 min, RT

THF, -78°C, 1 hr

[0371] To a solution of 1, 3-cyclohexadiene (0.96 g, 12 mmol, d = 0.84, 1143
uL) and Pd(PPh3)4 (462.2 mg, 0.4 mmol) in benzene (10 mL) under nitrogen atmosphere,
was aplded BusSnH (1.16g, 4 mmol, d = 1.098, 1.06 mL) dropwise at room temperature
and stirred for 15 minutes. After the solvent was removed on rotavap, the product was
purified on silica flash chromatography (column 1.5 ¢cm ID x 20 c¢m) using a solvent
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obt ai ned from Exanple 28 in a round bottomflask (25
m.), 600 L of potassium phosphate buffer (150 mM pH

w6 .2807/11121ny of ket or educt ase KRED- EXP- B1lY, 1. RCmysSef07/008562
gl ucose dehydrogenase (GDH), 300 gL of glucose (50 nV)
and 300 pL of NAD (1 mM were added. The above
reaction mxture was stirred at 37-39 C for about 40
mn and then extracted with EtOAc (2 x 10 n); the

o R0 LR 93085 55,1 ) S0P o ot

Cyabbmerﬁltnyumuﬂ(VKBF Az, L q.82. rﬁﬁfu}ll @m%asynélc?r e a clear liquid.
uct was er nor ma
RGPS B Ao Ardby "B, PER e V. See Figure

51cm x 21 2 nm I D) using a sol vent gradient of 25%to

80% E{‘% anes qQver 19 mn, 80 to 100%

Et AT il and® ktion /f Ryclobgsieayivabuty tino(e82ee .18 mwpl)3n THF (5
ml) 8 -7 °@ uhi@VhitdkEn Qﬁas%d@d'ﬂﬁ\.ﬂl larﬂﬂ RO gglluﬂgntlﬁ%exane 2.5

purification by ev rative t scattering detectl
mr(‘EDsbftef an adqll@paalzﬂfrgnmsnpmge Znl4 (380 mga2.0 mmol, cﬁmlved in 2 ml

ot PP s, e AR O BRI T Bt 2

Cywlglh?xensbémﬂlglmm 47 and 49 The 1H NI\/R spectra wer e
in conplete agreenent with those of an authentic
sanmple of XVI-1A (Figures 48 and 50 respectively). M
(ESI) mz 314 [ M+H +. HREXABIPNE33 314. 1173
[ MtH] +(cal cd for SYISHABESISGOE CAMPOUSD XA1= 4.5 ppn).
-156 WD 2007/ 117591 PCT/ US2007/ 008562 EXAMPLE 30
SYNTHESI S OF COVPOUND (XXI'l1-1) VIA (XVI 1B) (OBTAI NED

YNTHET! C DERI VATI VE OF A FERENTATIEN

AS'B\]///,,,,S ”

P OF SALINOSPH OHN---0 N'F’H
Dess- | o—-XMi- 1B XXI'1 -1 .
a sol ufi on '"?'C%I -1B 5, 0.24 nmmol) (ofgt ]
; O

QHitIH

O THF, -78°C, 3 hrs

OBn %’OBn
IX-1, X-1,

[0373] To a solution of IX-1, (30 mg, 0.08 mmol) in 5 mL of THF at -78 °C, 1
mL of cyclohexenyl zinc chloride (freshly prepared; Example 32) was added and stirred
at -78 °C for about 3 hrs. The reaction was quenched with H,O (15 mL) and extracted
with EtOAc (2 x 15 mL). The combined organic phase was dried over anhydrous NaySO,
and concentrated under reduced pressure to yield the crude product which ‘was purified by
silica flash chromatography (column 2.5 cm ID x 6 ‘cm) using a solvent gradient of 19:1
(50 mL) to 9:1 (50 mL) to 17:3 (50 mL) to 8:2 (50 mL) to 7:3 (50 mL) of hexanes/EtOAc
to afford pure cyclohexene derivative X-1, (26 mg, 0.057 mmol, 71.4% yield). The
compound X-1, was characterized by 'H-NMR (CDCl;, 500 MHz), and 'C-NMR

(CDCls, 125 MHz). See Figures 52 and 53. MS (ESI) m/z 456.3 [MH]" and 478.3
[M+Na]".
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synthetic derivative of XVI-1A, which was obtai ned by

fernmentation of Salinospora tropica as disclosed in
wal2817/1Pavent No. 7,176, 232, issued February 13pCRA82007/008562

which is hereby incorporated by reference inits

entirety) in CH2Cl2 (35 nL) in a round bottom flask

(150 nmL) were added Dess-Martin periodi nane (202.5 ny;

0.48 nmol) and a nagnetic stir bar. The reaction

m xture was stirred at R! for about 3 hours, over

whi ch the progr 2 t was nonitored by
anal ytical HPLC. MM&C 1y t hen
guenched with saturated aqueous Na2S2C3 (40 nml) and
satgﬁg}ed agueous NaHCO3 (40 m), an extracted A

K< 0 m). The_ organic phasé&
Na2SO4 and coficentr at ed Y
XXlI-1 ( -,lml@Héz )

1. 66- \
2.0-2.11 ( ,3Q€m¢t,7810@41r 0 Hz :
1 H, 3.83 8 (m | H, 89393(m1H)

(dd, | H J ,10Hz),592(dd 1H J=
Hz), 9.70 (s, ©BA, NH); MS (ESI), mz 312 [MF
334 [ MrNa] +. -IXGT, WO 2007/ 117591 PCT/ US2007/ 62
31 QUND ( XVI - 1A) VI 1
T aﬁEBJ@P ‘g!ix &35rrpg=c9 PPhmmp@iHin HoL of THF at -78 °C,
12maLooed3mms@ NARACH R ridd
137 396, 4p(g1 ) 0 L Gl @fi‘%; 0%’8’?"’% 33) was added and
stirgeh &t 7% Gffosgbputy3 (g T@e rgnctign mvnsl f)uftmhed néth FLON(15 mL) and
tﬁ?éﬁﬂplv@th Bohe PVRO201 t.omflask (2
2 20 Oghﬁ @orﬁg%g g?fSBh%ﬁ/l Wﬁé_l c?rled over

nh%) of potassiump ate
anhydfgus I\ia@§0|4rﬁnq,poxk0@pgp@du@ﬂals@dmm[pr@sﬁrelﬁl}){eldh(]lqtﬁd edsidue. This

resngh%‘%%lss.gﬁz@H S ggﬁﬂ %%ﬁ?%ﬁrgrs%md %Il%wgé' to tar% P %Oﬂll‘ A white solid

was precipitated from the residue, which was separated by decanting the solvent. The

solid material was further washed with hexanes (2 x 2 mL) and dried on high-vacuum to
afford pure X-1;, (32 mg, 0.066 mmol, 75% yield). The compound X-1,, was characterized
by 'H-NMR (CDCls, 500 MHz), and *C-NMR (CDCls, 125 MHz). See Figures 54 and
55. MS (ESID) m/z 456.3 [M+H]* and 4783 [M+Na]*. The stereochemistry was
determined by X-ray crystallography (See Figure 56).

EXAMPLE 35
IN VITRO INHIBITION OF 208 PROTEASOME ACTIVITY BY COMPOUND XVI-
1A OBTAINED FROM SYNTHETIC AND FERMENTATION SOURCES

[0375] The compound XVI-1A as obtained synthetically using a method
described herein and by fermentation as described in U.S. Patent No. 7,144,723, which is
hereby incorporated by reference in its entirety. Both the synthetic and fermentation
compounds XVI-1A were prepared as 20 mM stock solution in DMSO and stored in
small aliquots at -80°C. Purified rabbit muscle 20S proteasome was obtained from
Boston Biochem (Cambridge, MA). To enhance the chymotrypsin-like activity of the
proteasome, the assay buffer (20 mM HEPES, pH7.3, 0.5 mM EDTA, and 0.05% Triton
X100) was supplemented with SDS resulting in a final SDS concentration of 0.035%.
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added. The above reaction m xture was stirred at 37-39
Cfor 40 mn and then extracted with EtQAc (2 x 25
wai2dq7/tifs1 conbi ned organi ¢ phase was dri ed ovePCRAR3104/008562
and concentrated under reduced pressure to yield a
crude product which was crystallized in 1:1 acetone:
heptane (6 nL) in a 20 nL scintillation vial (by slow
evaporation under nitrogen gas) to affO{d XVI - 1A ?3)
white crystalline sqlid (42 , 0.13 mo 85% yi e
Then SUbS{TRIF BtfdeaF SROTLLPAY v@MCcngﬁﬂuPﬁ%nwypémﬁyawlﬁahteowemﬁca“y

clédved bR thé BRFhbir GpditIiRE laBfiviR & thi ?‘ro%x%ﬂé{(é&%g@ &f@l%cﬁerﬁ)rmed ata

with those of an authentic sanp
prgx*dnmq@sncsn@nt@t@mfmwmunza I‘ﬁhdtHLcﬂRhBEﬂ)ZﬁD;ﬂSﬂHS&well Costar

SR RE atts BOR IR Winhe Dt frdimaon Sotapaur LY T were ested as

el@tmt(ﬂIBE aelsp@nee €arves with fidalrovabentehtion®d rédhind Hbén 500 hM to 158

AR (5 & bt e v
préifohbatedl &t 37°0Hr fﬂveQﬁmﬁie)s il OBibeRNEE cORPENIEIRBIAKHA Ascent 96-
W&gd stirred foé\TgS mnutes. After the solvent was

osrertatsrepdarATherme Flechiond Walthams be)j Qvringgthisrpreincubation step,

hé& kb f dvasdil
Rl L T 0 S s R Oty s e

pegiFd @macgpnsme@ initFoedhby theqdd@ion(afol® iwhof thodduted gdifirate and the
f . ]
Pl e BB Blald OLIeB" (e fipal sopeenygtion of. sypggate in the

re@sioas cvasa20 IuMUIRiuore@e@xlce lo@ e ¢leiated @byt;xdd Ehb&&%te was measured at
c racterl ed H NVR_(CDC13, 500 MHz See °Fi gure
A s‘% Orrp 712? =‘g6yos'amuﬁ“o¢@f6ﬁ~eé§/ eplprasteqyary fivisuniputssifor 2 hour and

pléiedd e rgea'f_h mﬁﬁhdaﬂe ddik (pﬁht "'1:% Rt‘,smvgﬁleg (H{éd(ﬁ{lﬁ concentration at

ni trogen was added nBulLi ut’l on
wingl §A% ob the mawimal relafive flugresaeiwietis dnkibitéd) were calculated by Prism

(G%&ﬂhrPraH %ﬁv@agl%l 023491 idd- IR ngn.@ SEaANE glofpg rfiogel. To evaluate

THF) was stirring scénlnue
thq:nantl‘aty off heCreroparirfdsragaihst (tl}e:ba}spesmhlyé agtivity ofikler 2@ proteasome,

@Ng}v«%ﬁ? %erf§1¥n[}gd_| Ess ldescdieg:g'})/gve except :l'hat I&—LL’EA% was used as the
peptide substrate. Both the synthetic and fermentation compounds XVI-1A were tested at
concentrations ranging from 5 uM to 1.6 nM. For the evaluation of these compounds
against the trypsin-like activity of the 20S proteasome, the SDS was omitted from the
assay buffer and Boc-LRR-AMC was used as the peptide substrate. The concentration of
the test compounds used in these assays ranged from 500 nM to 158 pM.

[0376] Results (ICsy values) shown in Table 4 and in Figures 57-59 illustrate
that both synthetic and fermentation compounds XVI-1A_have similar inhibitory activity
against the chymotrypsin-like, trypsin-like and caspase-like activities of the 208

proteasome In vifro.
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On~ll THF, -78 C, 3 hrs OBn't Bn [X-1la X-la [0373]
To a solution of IX-1a (30 ng, 0.08 nml) in 5 nL of
wolk7at 75978 C, | nl of cycl ohexenyl zinc chl or Pde/US2007/008562
(freshly prepared; Exanple 32) was added and stirred
at -78 C for about 3 hrs. The reaction was quenched
mﬁth H20 (15 nL) and extracted with EtQAc (2 x 15
The conbi ned organic phase was dried over

TAﬁ@&dr&Uﬁ‘g{ﬁgﬁ? é concent r at ed undeﬁhéggﬁiajﬁEAs@MES By
THES PRI N%!a AV UL S SN

cn) using a solvent gradient of 19: 1 (50 rrL) to 9:1

l'l
P
2,

AY
=J

(50 m.) to 1I7: Bg(bu no)yto 872 \09 F(: 5
Comploaxd esl-EA OA 20 VAl

&

derivative X 1a |( Z&ymptrypsDElik , ThipsiiPAike el d) . Spase-like

P

conmpound X-Ta WgS characterized 'uy —HNVR-(-CBEH 0

Mst)mexamdoriBC-\lQlﬁ(R (CDC18, 125 MHz). Seg Figurs
and 53. M5 (ESI) m z 456.3 [MH] 4 and 478.3 [ M

+FnNaq

]5 387

-159 WO 2007/1174591 PCT/ US2007/ (008562 EXAMPLE

SYNPHMRSUS OF COYPOUND X3-2b rt-Byq,,, O7t-Bu,,
+HH11CHO-</J9yInC) N Q - 1111111 O OH THF, -78 C,_ 3

ZHg o9

467

hrs OBn OBn IX—Ib X-1b [0374] To a solution of

%
(35 mg, 0.094 mmol) in frEdE at -78 C, 1.2 nL o
EEBEC PO enenTyE éHWﬂ%%gﬁgﬂﬁ PSP R0 MES IN
32) NP6 3COEEEIS BYCHMRSD NDdix?LlA’o A M

The react KA PRET 2 _
extract ed Wi T r@’sﬂ\fz é% St hE oot RSl organic

Ig 2 Cant r at edMS %%A ﬁ?ﬁ%?ggégﬁ ‘?‘ga'g;/l{q’éﬂlt&?]ﬁ npyedppg cell line,

was wgﬁutbdem REMI Y@EOI MiMSs@pﬁﬂéﬁt&ﬂ hWI'Eh 2 A%I\/V\Af;’fl_, -Glutamine, 1%
n our. It
Pemélﬁfﬁ{'?‘gtrgpt%r%?cﬁl 1 §SEE HRPESARG 1%, Ko Tle Geri L “37C, 5% CO,

and 95% humidified air. To evaluate the inhibitory effects on the chymotrypsin-like

s OBn -1b
f

activity of the 208 proteasome, test compounds prepared in DMSO were appropriately
diluted in culture medium and added to 1x10%ml RMPI 8226 cells at final concentration
of 1, 5 or 10 nM. DMSO was used as the vehicle control at a final concentration of 0.1%.
Following 1 hr incubation of RMPI 8226 cells with the compounds, the cells were
pelleted by centrifugation at 2,000 rpm for 10 sec at room temperature and washed 3X
with ice-cold 1X Dubach’s Phosphate-Buffered Saline (DPBS, Mediatech, Herndon,
VA). DPBS washed cells were lysed on ice for 15 min in lysis buffer (20 mM HEPES,
0.5 mM EDTA, 0.05% Triton X-100, pH 7.3) supplemented with protease inhibitor
cocktail (Roche Diagnostics, Indianapolis, IN). Cell debris was pelleted by centrifugation
at 14,000 rpm for 10 min, 4°C and supernatants (=cell lysates) were transferred to a new
tube. Protein concentration was determined by the BCA protein assay kit (Pierce
Biotechnology, Rockford, IL). The chymotrypsin-like activity of the 20S proteasome in
the RPMI 8226 cell lysates was measured by using the Suc-LLVY-AMC fluorogenic
peptide substrate in the proteasome assay buffer (20 mM HEPES, 0.5 mM EDTA, pH
8.0) containing a final concentration of 0.035% SDS. The reactions were initiated by the
addition of 10 uL of 0.4 mM Suc-LLVY-AMC (prepared by diluting a 10 mM solution of
the peptide in DMSO 1:25 with assay buffer) to 190 pL of the cell lysates in 96-well
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was precipitated fromthe residue, which was separated

by decanting the solvent. The solid material was
woéuoi7harssmashed with hexanes (2 x 2 nL) and dr PET/USZ007/008562

hi gh-vacuumto afford pure X-1b (32 ng, 0.066 mol,

75% vyield). The conpound X-lb was characterized by

1H NMR (CDC13, 500 MHz), and 13C-NWR (CDC13, 125 MHz).

See Figures 54 and 55. M5 (ESI) mz 456.3 [ MtH] + and

(%?ﬁ rﬁxcEchS lfnieo ( gnﬁé})%rega 8%%;@%% Sgggg{v%@wgggqu plate reader

at \7I7°KRO HlNHieBie]ibQ)lf e clehvel Bl XdsirAle Mad thdadived at A.,=390 nm and
OUND XV| - | A OBTAlI NED SYNTHETI C AND

y e RPATY mamllepwgm}eryr ifiare qoimptag nidr 2\VhourA 'Hise total protein
uchp}’c?r' g %gtvbgstidi ﬁé 2 d azlglggf:%écgg{rht?% df § ks -:?é\clgl £1d DMSO

and by ntatio

wab, 2D44M7 23, 0.980, edspe&riveler ABr SuRCR6H 3F
pBot ﬁm{ahe s§/nt het i c{1 gng%f@énént g?%@%alues from

its.entir
wedg pagyku %}ei,@“ﬂe?"é’sﬁé?té partbe ahsenpe ofiiedlt bysktels cheibitivity of test
coh@o%@vé’sﬂgx §e@0ad '% 1§H1‘Elitkona|ak W32 18 qge proteasome  activity

Purified rabbit mnuscle S proteasone was ob

obpqryed “’B‘@S@WS@iWﬁf{I@@ﬂmﬂwge MA) . To enhance the

ChyTIMP Rl gt gl Wi ARE RO s s o

fermeption,grtsyntheie @O)nmedSKMll-mmhdd \ith taldoSBBependent inhibition of

eI S ———.

wag obdervad vwheo -dglllv\dvawdﬁx%@eﬁ Ito @bﬁ@eﬁmdﬁ Xpepl A_lt_iﬁﬁzﬁﬁ@@ {faefimentation
) ve hynot rypsi n-Ti ke
Orw(?O%H *V{ ﬁg‘ el%%’lnggg%‘ﬁb nc ays were performed at a

pr ot easorre concentrat| on of I pg/m in a final volune

O[ Co mcrotlter | ates. Both the
LiKEe ACTIVITY OF
%‘% béﬁ%@ %‘%Ts]es rlé pO NS BETIL AMPt FERMIBNTATION
t’ﬂﬂ‘\' Arangl ng from500 nMto 158 pM After
addition of test conpounds to the rabbit 20S

proteasones,—the sanples were prejncubated at 37C for
five minutes | r%mmxbnmroatwm&méagbxhe@hﬁnu&w%ﬂme activity in
Co%&ﬁﬁhog%]\,l;’vﬂ | mcroplate readRPMITg@rmllgl ectron,

BDurmg—thisprerncubattop—step,—+the

substrate wag di |l ut eddoBeptigni n SDS- cpnt ai ni n@yathstiy

buffer. Aftef the prei nc:?lg?tlon fpc;:([)l Pd’ftgﬁ rgiaI ogs
Ltion o Q e e

substrate and the plateséwere returnepl to the pl'pge

readﬂi. The i mal concemratiom of—substrate—in—the
reactions was 20 M_Fluordscence of the cleaved 96

pepti de substrate was neasured at

[0379] The examples described above are set forth solely to assist in the
understanding of the embodiments. Thus, those skilled in the art will appreciate that the
methods may provide derivatives of compounds.

[0380] One skilled in the art would readily appreciate that the present
invention is well adapted to carry out the objects and obtain the ends and advantages
mentioned, as well as those inherent therein. The methods and procedures described
herein are presently representative of preferred embodiments and are exemplary and are

not intended as limitations on the scope of the invention. Changes therein and other uses
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Xex 390 nmu and X, .=460 nm All data were coll ected
every five mnutes for 2 hour and plotted as the nean
wohoduptiscat e data points. The 'I Cso val ues (t ReTaAIS2®7/008562
concentration at which 50% of the maximal relative
fluorescence is inhibited) were cal culated by Prism
(GraphPad Software) using a signoidal dose-response,
vari abl e sl ope nodel. To evaluate the activity of the
onpounds, agai nst .t.he caspase-li ke activity of the 20S
with g?%‘ég&fé? F@E‘i‘ilsr%'e ahihy aver grepmepasshss withre the spirit of the
inedimea. except that Z-LLE-AMC was used as the peptide
substrghe. Both the synthetic and fernentation
conp8dfitls xVA Vil berieadibs tapgargnt te omeeskilled iianthe art that varying
sub&@iswss ddd Mt shskaf ygluatl an of o
t hese conpounds  a gi.nstb,gt aed:e? ?Jﬁp@?ﬁﬁ?c?i%en c‘?’FV}Pfiﬂ Rgrein without
depgrding dionp therssapoard spitito3hS imeentioni t t ed from t he
assaysguf fer l RR-A s used.as the peptide |
. s_ubgt rg%ie. ﬁ%gnlgaé‘ﬁgg ratplu%ﬁc%&onst H‘ée“flgg‘f‘} cBmp¥urgscification are
indjs@tivei of thedseclasdaisser skilfatiinf (b9 wiikth ehel 38eRbn pertains. All

7 Its (1 C50 val ues) sh in Table 4 and in
f’a{??%ua?‘é‘ﬁg’f?? &ﬁsfﬁf%?ﬁea’t BCoTRIIchBY FefeipRe E the sameg extent as if each
indieiduehpuatilication o apscisical add\il@vRIugIihdAEatkd ) BE tiﬁi&porated by

I ke

re eget icvi ty against the chynotrypsin-like, trypsin-|
and %‘aspase-l i ke activities of the 20S proteasone in

vi t (03831161 THO i2QOfiod ikt 621 , :
: EQI‘?VI TRO | NH Bl TLON CF PURIE) D‘k%f\%%{‘_@%@‘ %ﬁ%m‘m“d
in ge APSENCYRITIAEY| ElemRpt PERNEMTAK GIGHPROONDBNiBRions which is not

spdciibdHyAli 3YbsedAher&GRO TYR! - K Y
P Chym){yr ;psi ne- like Tr]\}%st?ﬁl?? %gg%g@g%}ﬂfé\ﬁaw ﬁeen employed are
usqehdsisARS AT defcripBosandagt ofdymitatinn, and 1Rr8 s ME &AL in the use

o THE YRSINLLKE ACTIVI TY. OF
g A e —
andagsriRED OF ROONS YNTHET [GAIrécH gANBA RREVaRCRY ENEATEAEns are possible
: CC1CCL- 155) .. the.h Itinpl
widAEFESEM: BEARLAECGEL ek o DEgRR sN HAP e prsen

invsoiiph baebreadpedifibally dibélbsdd byt prefdited ehbodiments and oFJtional features,

10 M HEPES and 10% Fet a

Renicillin/ Strepto in
mog;ﬁn\l/cia ign uv&ngﬁggfg%ﬁ%%wts herein disclosed can be resorted to by those

skilled in the art, and that such modifications and variations are considered to be falling

within the scope of the embodiments of the invention.
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and 95% hum dified air. To evaluate the inhibitory

effects on the chynotrypsin-like activity of the 20S
wonoei7aazonme, test conpounds prepared in DVSO WeCE/US2007/008562
appropriately diluted in culture nedium and added to
1x106/ mM RMPlI 8226 cells at final concentration of 1,
5 or 10 nM DMSO was used as the vehicle control at a
final concentration of 0.1 % Following 1 hr
j | 8226 cells with the conpounds, the

‘et ed by centrifugation at 2,000 rpm

for 110 S%nﬁthd@@ﬁﬁl&ﬁiﬂh@%ﬁtﬁéﬁs@&ﬂ g {c ghs W Lh
ice-cold | X Dubach's Phosphat e- Buf ered Sali'ne (DPBS,
Medi at ecH®) T9efiireoh compoynd gffsnwadhed cel I's were |ysed
on ice for 15 mn in lysis buffer (29 nMHEPES, 0.5
nmM EDTA, 0.05% Triton X-100, pH 7. %uppl enented with

\"4

protease inhibitor cocktail (Roche Diagnostics,

I ndi anapolis, IN. Cell debris wag“pelisted by
centrifugation at 14,000 rpm for \10 nyYn, 4C and
supernatants (=cell |ysates) mererred to a new
tube. Protein concentrationryasdleterm nfis by the BCA
protein assay kit (Pierce B| ot echnol ogy,*/Rockf or d,
L) . The vdllyaodomppwidef fokaukaqiivity of the 20S
proteasonme in the RPM 8226 cell |ysates was neasured
by using the Suc-LLVY-AMC fl uoff ogenic peptide
substrate in the proteasone as buffer (20 mM HEPES,
0.5 mM EDTA, pH 8.0) containingla final concentration
of 0.035% SDS. The reactiogs werg initiated by the
addition of 10 pL of 0.4 “LEVEOWMG (prepared by
diluting a 10 nM sol ution o¥” thg peptide in DVMSO 1: 25
with assay buffer) to 190 plL of [the cell lysates in

96-wel | - 162 WO 2007/ 11759;PDAPCTRUSZOO7/ Q@B562 Costar
mcrotit Iate and m(é&bated the Therno Lab
Syst ens cﬂ’b%ﬁ%m O PE‘EH]@r( it 37C. Fl uor escence

of the cleaved peptide suljptrate was neasured at

% ,=390 nmand Xem=460 n Al | Rﬂlata were col | ected
every five mnutes for 2 h ® protein used
for each assay was 20 g. The|(fi naI conc ntration of
Suc- LLVY- AMC and DVMSOgrwas 2Q pM a 0. 2%

respectively. After subtPgetio t background (the

val ues from wells cont fer apd substrate in
the absence of cell lyspte),|th® activiA3OBE test
conpound was expressed Rg %Rdhi bition as norpmlized

to the proteasone activity observed in the

t r eat ed Condepobtecidd the {@BFGIndRes tibrhaula {ITAR €orh ah@dMpound of
rﬁ}‘ﬁ@ e of RPM 8226 cells to the fermentation

or syntheti ¢ conpounds XVI-1A resulted in a

dose-dependent inhibitionilof the 20S proteasone

chynotrypsin-like activit In gddition, a simlar

inhibition profile o]

R3

(¢) performing an intramolecular aldol reaction on the compound of

formula (IV) to form a compound of formula (V):
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was observed when cells were exposed to conmpound
XVI - 1A obtained via fernentation or to conpound
wahe7iA7Obt ai ned synthetically. TABLE 5: | NH BpTT/ms200/008562
THE CHYMOTRYPSI N- LI KE ACTIVITY OF PROTEASOVE | N RPM
8826 CELLS BY SYNTHETI C AND FERMENTATI ON COVPOUNDS
XVI-1A % inhibition of the 20S proteasone
chynotrypsin-like activity in Concentration (nM RPM
8826 cells Fernentation Syntheti 13832 586 79
10 97 96 [0379] The exangLegid’ (i bed above are set
forth solely to assist in the\undefstandi ng of the
enbodi nents. Thus, those skill ' t wll
appreciate that the nethods € derivatives
of conpounds. [0380] One ' art woul d
readi |y appreciate that the pre Ohvention is well
adapted to carry out the objectg and obtain the ends
and advantages nentioned, as as those inherent
therein. The nethods and procedureg described herein
are presently representative of preferred odi ment s
and are exenplary and are not intended as Y'¥mtations
on the sdépelesvingithe icaxhontdadmn @Ghiblegdend béitkd Bompeund of formula

ot h - ;117591 PCT/ US2007/ 008562 wi | |

ccea FaF Bl e e 1o Bapd Wi R ey B oy eroup to form
enc@moaywedd wif fdrnmula (él)spirit of the invention.

[0381] It will be readily appargnt to one skilled in

the art that varying suBsilt s and nodifications

can be nade to the enbodi nent cl osed herein
wi thout departing fromthe s gcﬁﬂ&rit of the

i nvention. 103821 Al patents/ and\pu %icdiions
mentioned in the specifi i ar indi cati ve of the
| evel s of those skilled in the whi ch the

invention pertains. Al patents, and/publications are

herein incorporated by reference To Whe sane extent as

i f each individual publication was spesifigglly and

i ndi vi du Ilg indicaﬁeg to be_ incorporated by

ref er enc §) rotecting the hemiacetal of the compound of formula (VI) to form a

compound of formula (VII):

R1\(O
COOR,
Ra
o
o
OPG1 (v

(f) reducing the COOR, group of the compound of formula (VII) to an
alcohol to form a compound of formula (VIII):
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[03831 The invention illustratively described herein
suitably can be practiced in the absence of any
welkemantsoor el enents, limtation or |imtati onBCTISZI97/008562
is not specifically disclosed herein. The terns and
expressi ons whi ch have been enpl oyed are wused as
ternms of description and not of [imtation, and there
is nointention that in the use of such terns and
expressions indicates the exclusion of equival ents of
the features shown and glescrj or portions thereof.
It is recogni zed that variou§ nodyfications are
possible wthin the scope of),the i é'on. Thus, it

shoul d be understood t-hat al t/hou t he esent

i nventi on has been specifj Rssed by preferred
enbodi nents and opti onal “Teat dification and
variation of the concepts herei cl osed can be
resorted to by those skilled i art, and that
such nodi fications and variations ar sidered to be
falling wthin the scope of the enbo i ment¥lBf t he

i nvent i or(g) -oxédzig the GildahdT 59 thCIinpgSeRd 6rABBRE6R WA

IS gbﬁg%ﬁﬁh%ﬁ%bl d% hod of chem cal synthesis ( o form
conprising t elg}ép f: (a) reacting a conmpound of

formula (1): RL HN O R2000 (Lp  with a conmpound of

formula (I11): R3 COOH YR RA (I'1) to forma
conmpound of forrmula (I11): R\O N~ OCOOR2 RA RB
(111) N CHO

o)

OPG, (IX)
(h) adding Ry to the compound of formula (IX) by reacting the compound

of formula (IX) with an organometallic moiety containing at least one R4 to form a
compound of formula (X):

OPG;, 0]

(i) removing PG, on the compound of formula (X) and reductively

opening the hemiacetal of the compound of formula (X) to form a compound of
formula (XXIII):
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(b) deprotecting the conpound of formula (I11) to form

a conpound of formula (IV): | R O R3 NO 0 COOR2
woORMy7/11Tp1 perform ng an i ntranol ecul ar al dol r eaTwiSLW7/008562

on the conmpound of fornmula (1V) to forma conpound of

formula (V): -165 WO 2007/117591 PCT/ US2007/ 008562 R,

ONCOOR2 R3 OOH (V) (d) cleaving the

car bon-carbon doubl e bond of the conmpound of formula

(V) and cyclizing the cl eaved double bond wth the

tertiary hydroxy group R rppound of formula

(VI): R, COOR2 0 NR3 Yrotecting the

hem acetal of the conpound o 6 ) to forma

conpound of fornmula (VIl): F O orPGl

(M 1)

OH (XX1ID)

() protecting the primary hydroxy group of the compound of formula
(XXIII) to form a compound of formula (XX1V):

OPG,

(XX1V)
(k) cleaving the aminal group of the compound of formula (XXIV) to form
a compound of formula (XXV):

R4 OH
HN OH
Rs3
O OH

(1) protecting the secondary alcohol of the compound of formula (XXV) to
form a compound of formula (XXVp):
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(f) reducing the COOR2 group of the compound of

formula (VIl1) to an alcohol to forma conpound of
woasimuhiao( VI I1). -166 WO 2007/ 117591 PCT/ US200PCOABB2/008562

RLONOH OR3 OOPGL (MIIl) (g) oxidizing the

al cohol of the conmpound of formula (VIIl) to forma

conpound of formula (1 X): RL---(O NCHO R3 OO

OPGL(IX) . (h) adding R4 to the conmpound of formula

(I'X) by reacting the conpound of formula (IX) with an

organonetal | i ¢ noi ety cont aiffd R@ast one R4 to

forma conmpound of fornmula (X);] RL R4 NOH ORa O

OPGL (X) (i) renoving PGl d of formula

(X) and reductively opening the\hem acetal of the

conmpound of formula (X) ound of formula

(XXI'I'1): -167 WD 2007/ 117591 7/ 008562 R~ O

R4

(m) converting the primary alcohol group and removing the PG, protecting

group moiety on the secondary alcohol of the compound of formula (XXVp) to
form a compound of formula (XXVD):

Ry OH
HN Rs

Rs

o OH

(n) removing the PGj protecting group moiety on the primary alcohol of

the compound of formula (XXVI) to form a compound of formula (XXVII):

R, OH
HN Rs
Rs
) OH
OH X VI

(o) protecting the primary alcohol of the compound of formula (XXVII)
with the PGs protecting group moiety to form a compound of formula XXV,

wherein the PGj3 can be same or different from the PGs in step (m):
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NOH OR3 OH OH (XXIIl) (j) protecting the primary
hydr oxy group of the conpound of formula (XXIIl) to
wéanmia7wonpound of fornula (XXIV): Ri---,( RaPCRUSEHI07/008562
R3 OOH OPG (XXIV) (k) cleaving the am nal group of
the conpound of fornmula (XXIV) to form a conpound of
formula (XXV): R4 OH HN OH R3 Ooff OPGE (XXV) (1)
protecting the secondary al cohol of the conpound of
formula (XXV) to forma conmpound of fornula (XXVp):
-168 WO 2007/117591 PCT/ US20 0856 R4 OPG2 HN OH
R3 OH OPG& (XXVp) (mM convertfing the primary
al cohol group and renoving the fptecting group
noi ety on the secondary al colyol t he conpound of
formula (XXVp) to form% R¥f ornul a ( XXV1) :
OH

OPGs  (xxv1)

(p) performing a lactonization reaction on the compound of formula
. (XXVTI) to form a compound of formula (XXVIID):

R, OH
O
HN
O
O
Ra
OPG,

(XXVIID
(@) removing the PG; protecting group moiety on the compound of
formula (XXVIII) to form a compound of formula XV):

OH 0:4%)

wherein:
R, is hydrogen or substituted or unsubstituted Ci alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: Cy_¢ alkyl, aryl, and arylalkyl;
Rj 1s selected from the group consisting of substituted or unsubstituted

variants of the following: C,4 alkyl, Cs¢ cycloalkyl, C,, alkenyl, Cs;
cycloalkenyl, aryl, and arylaikyl;
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R& OH HNR5 R3 OOH OPG3 (XXVIh) (n) rermv: nghg:ﬁeof
rotectin roup noiety on the primary alco
wglg{;ngomound gf gforﬁrul a (XXVl) to form a conpeanasedo7/008562
formula (XXVI1): R4 OH HNR5S R3 OOH OH (XXVI1) (o)
protecting the prinary al cohol of the conpound of
formula (XXVI1) with the PG3 protecting group noiety
to forma conmpound of formula (XXVlI), wherein the PG3

age qr different fromthe PG3 in step (m: _
?iggb\iosz 7541 786 159K 3007/ B aBBRD ReneFing 66 subStituted o

%, A s ke i SRR € Gy . 1
Conp%ml’ogj3f€'r2nfﬁ otk /1 Gar € 12 Reclak eyl HIT: €81, G f3oalkynyl, C3-C),
OPGhet 88 dIyl) aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyi,
(beterocyclylalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl;
Rs is selected from the group éonsisting of —C(=0)ORg¢, -C(=0)SR, -
C(=0)NR¢R¢ and -C(=0)Z: | '
each R¢ can be indepehdently selected from the group consisting of
hydrogen, halogen, or substituted or unsubstituted variants of the following: C;-
Cis  alkyl, acyl, alkylacyl, arylacyl, aryl, arylalkyll p-nitrophenyl,
pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl,
Ra and Rp are each independently selected from the group consisting of
substituted or unsubstituted variants of the following: Cy.5 alkyl, Ca.4 alkenyl and
Ca. alkynyl, wherein Ry and Ry can be optionally bound together to form an
optionally substituted 5, 6, 7, or 8 membered heterocyclyl;
Y is oxygen or sulfur;
Z is a halogen; and
PG, and PGs; are each a protecting group moiety.
2. The method of Claim 1, further comprising substituting the primary
hydroxy group of the compound of formula (XV) to form a compound of formula
(XVI), wherein the compound of formula (XVD) has the following structure:
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(gq) renoving the PG3 protecting group noiety on the

conpound of fornmula (XXVI11) to forma conpound of
woaomaizad( XV): OH O RIR3 OH (XV) wherein: RPCTAIS2007/008562

hydrogen or substituted or unsubstituted Cl -6 al kyl;

R2 is selected fromthe group consisting of hydrogen,

or substituted or unsubstituted variants of the

following: Cl1 6 alkyl, aryl, and arylalkyl; R3 is

sel ected fromthe group consisting of substituted or

unsubstituted variants of the Rak ow@bt Cl-6 al kyl,

C3_6 cycloal kyl, C2-6 al kenyl, C3-6 @al kenyl ,

aryl, and arylal kyl; -170 WO 2

PCT/ US2007/ 008562 Rd can be se

consi sting of substituted ot

of the follow ng: Cl-Cl2 al kyl,

al kynyl, C3-Cl12 cycloal kyl, C3-Cl cydﬂnalkenyl

C3-C12 cycl oal kynyl, C3-Cl2 heterqcyclyl, aryl,

heteroaryl, arylal kyl, heteroaryl al kyl,

(cycl oal kyl ) al kyl (heterocyclyl)al5zl, acyl ,

acyl al kyl , al kyl oxycar bonyl oxy, carbényl acyl,

am' nocar b»dmtém)aisiadlﬁhlo@ea{ doal kyl, am noal kyl, salt of

m noal,ky car hoxyal kyl salt of car boxyal kyl,
al kf’/‘r am 3‘16’§| Ripthodg 8? Cigm ai; a?ﬁmmﬁmg/lsu stituting the primary
dhyalkdoysl @mdﬁo@ﬂ | contuhd At Brdipl b&t i Eyédmpound of formula

yIthloaIkyI aryl t hi oal
c@éﬁoﬁj é(Yah% Bdhg ?%W‘Hldk%flfoma‘ﬂké?ié’étﬂ)fhasyhafd{yiwmg structure:
al koxesul finyl al kyl, thiocyanoagkyl, gggonlc :
aci dal kyl , boronic esteralkyl Ineal kyl, salt
of a guani di noal kyl , quoaIkyI, a sul f oal kyl ,
alkoxysulfonylalkyl, sul f ooxyaH
sul f ooxyal kyl, al koxysul f onyl
phosphonooxyal kyl , salt of @ p ﬂooxyalkyl
(al kyl phosphooxy) al kyl , phosphory alkﬁi salt of a
phosphoryl al kyl , (alkylphosphory )aIkyI
pyridinylal kyl, salt of a pyridiny kyl, salt of a
het er oaryl al kyl and hal ogenat ed al ky including
pol yhal ogenat ed al kyl ; X

m t he group
& ed variants
C12 al kenyl , C2-C12

wherein X is a halogen.
4. The method of Claim 3, further comprising the steps of:

(1) oxidizing the secondary hydroxy group of the compound of formula
(XVI-B) wherein the compound of formula (XVI-B) has the following structure:

to form a compound of formula (XXII):
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R5 is selected fromthe group consisting of -C(=0) OR6,

-C(=0O SR6, - C(=O NR6R6 and -C(=0)Z; each R6 can be
wondepercdent |y sel ected fromthe group consi st Pagust007/008562

hydr ogen, hal ogen, or substituted or unsubstituted

variants of the follow ng: Cl- C24 al kyl, acyl,

al kyl acyl, arylacyl, aryl, arylalkyl, p-nitrophenyl,

pent af | uor ophenyl , pentafl uoroethyl, trifluoroethyl,

trichloroethyl, and heteroaryl; and RB are each

i ndependent|y selected fromthe nsi sting of

substituted or unsubstituted variant]s of /Phe

following: CL.6 alkyl, C2.6 al kg C2.6 al kynyl,
wherein RA and RB can be optionglly oucg together to
forman optionally substit menber ed

heterocyclyl; Y is oxygen or sul fty —Z |s a halogen

and PGl and PG3 are each a protectf ng group noi ety. 2.
The nmethod of Caim1l, further co I sing substituting
the primary hydroxy group of the cofpound of fornula
(XV) to forma conpound of fornula 1), wherein the
compound of forrmula (XVl) has the foltow ng structure:

-171 WO 28D 7e¢dutitipothe RET gisapw/tﬁms&ﬁgomﬁ%f fon%a%b@l) to form a

O Io en. The nmet hod of
R%Omf?é %?’? ﬁ‘gﬁn%ﬁg rfgﬁ’ | SI VESTEL, 1F sOPReuRd o f formulay(XVI-A) has
hydﬂb«?ﬂ@woupsmﬁahhm conpound of formula (XV) to form
a conmpound of formula (XVI-B), wherein the conpound
of fornula (XVI-B) has the foll \$@H%§ture R4 OH
HN O

5. The method of Claim 3, further comprising the step of:
(1) inverting the stereochemistry of the secondary hydroxy carbon center

of the compound of formula (XV I-B), wherein the compound of formula (XVI-B)
has the following structure:

to form a compound of formula (XVI-A), wherein the compound of
formula (XVI-A) has the following structure:
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X wherein X is a halogen. 4. The nmethod of Caim

g,R?urther conprising the steps of: (1) oxidizing the
weecenda9y hydroxy group of the conpound of foPauiua2007/008562

(XVI-B) wherein the conpo%ng?;Sf o;(nultg 1S3)<>/Im S) has
he follow ng structure:
E:orrpound of fgorrrul a (XXI1): -172 WD 2007/117591
PCT/ US2007/ 008562 R4 OHN O OR3 X (2) reducing the
keto group of the conpound of fg“m_Jla XXIl) to forma
conpound of formula (XVI-A), whe n«RE conpound of
formula (XVI-A) has the following $tru gre.. R4
..\\OH HNO OR3 X5 Thef _ ?!Lngsihe
further conprising the step of: inverti
stereochemngtry of the secop e carbon center
of the conmpound of fornula (XVI- V\bRerel n the
conmpound of formula (XVI-B) 3

6. The method Claim 1, wherein PG; and PG, are each independently
selected from the group consisting of benzyl, a substituted benzyl, an alkylcarbonyl,
an arylalkylcarbonyl, a substituted methyl ether, a substituted ethyl ether, a substituted
benzyl ether, a tetrahydropyranyl ether, a silyl ethér, an ester, and a carbonate,

7. The method Claim 1, wherein the organometallic moiety is selected form
the group consisting of an organomagnesium compound, an organolithium compound,
an organotin compound, an organocuprates compound, organozinc compound,
organoboron compound, and an organopalladium compound, a metal carbonyl, a
metallocene, a carbine complex, and an organometalloid.

8. The of method Claim 1, wherein:

the organométallic moiety is selected from the group consisting of Ry-
MgR5, Ra-ZnRy, -Li, (Ra)y-B(R1)3.p, and (Re)q-Sn(R7)s.q;

R7 is selected from the group consisting of halogen, or substituted or
unsubstituted variants of the following: alkyl, alkenyl, cycloalkyl, aryl, arylalkyl,
isopinocampheyl, hydroxy, alkoxy, and carbonylalkoxy, wherein if more than one
R7 is present, the Ry groups can optionally be bond together to form an optionally
substituted cycloalkyl, cycloalkenyl, heteroalkyl or heteroalkenyl ring;

p is an integer from 1 to 3; and

q is an integer from 1 to 4.

9. The method of Claim 1 wherein Ry is 2-cyclohexenyl.

10. The method of Claim 1 wherein R; is methyl.

11. The method of Claim 1 wherein Rs is ~C(=0)ORs; and Ry is hydrogen or

substituted or unsubstituted Ci-Cyq alkyl.

12. The method of Claim 1 wherein R; is -C=0)Z;and Z is a halogen.

13. A method of forming a compound of formula (X) from a compound of
formula (V) comprising the steps of:
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has the followi ng structure: R4 OH HNO OR3 X to
forma conpound of fornula (XVlI-A), wherein the
woanpaursdiof fornmula (XVI-A) has the foll ow ngCT/US2007/008562

structure: -173 WO 2007/117591 PCT/ US2007/ 008562 R4
HN O OR3 X 6. The nethod Caim1, wherein PE and
P& are each independently selectgdbfron}the gr oup

i sti substitute enzyl, an
consi sting of benzyl, a n Zubstituted

. | al kyl nyl ,
ety e R g GRS Yo St
benzyid eichieing the tleavahyaibdpysanylth B @ftiard h?&hlogy grou:
et her, an_ester,. and arbonate. 7. The nhe ho. ar'm
1, wherei Ha‘?%fg"%'f‘éa—r%ﬁ@%aﬂpi & glstebyde, | wheseineBs dsl sélscted from the

h weBELE oM By@bget) &F SAAREASH U BRI Cariants of th
;neogbgﬁgf i thi ugh corgr)r,)ou%d, an organot | nnggg%pouneg, aipants of the
or gatﬁ?ggﬂ’b‘?%t"gsﬁ allothihand sndali pnd clolrrpg_und,

: 0 i urn . -
Commound. & netal car bany e AR BshBEHiL mejgy, pontaining a
CorrplF’%%E,onﬁr’Fﬁ‘h arheseigaRo iresedédiel GronBtheTieup fcorsibtigd of substituted or

P ol BB 2. ko, <,
R4- Z2lmyl, Cs;Ci %)qh)aﬂ(ﬂn@'@szna{ﬂgoéiﬂﬁgﬁy%% Sﬁ(a(:ﬁgzgéﬁ:%aégnyl, C3-Cy
Subat T et br Sline SR ot I anbe SRS (eyeloalkyDalkyl,
f ol I(beterngyclaalilyl, alasgny! acydaigyioal Kbiox@Erbonyloxy, carbonylacyl,
aryla%;il%gcl:drbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl..

14, A method of forming a compound of formula (XV) from a compound of

formula (X) comprising the steps of:
cleaving an aminal group;
removing PG, and reductively opening the hemiacetal, wherein PG, is a
protecting group moiety; and
forming a four membered lactone ring.

15. The method of Claim 14, wherein the cleaving of the aminal group is
before the removal of PG, and reductively opening the hemiacetal, and before the
formation of the four membered lactone ring.

16. The method of Claim 14, wherein the cleaving of the aminal group is after

the removal of PG, and reductively opening the hemiacetal, but before the formation
of the four membered ring,
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i sopi nocanpheyl, hydroxy, al koxy, and carbonyl al koxy,

wherein if nore than one R7 is present, the R7 groups
woamaptisonal | y be bond together to form an opPComakdoy/008562

substituted cycl oal kyl, cycl oal kenyl, heteroal kyl or

het eroal kenyl ring; p is an integer froml to 3; and

gis an integer from1l1l to 4. 9. The nethod of Claiml

wherein R4 is 2-cycl ohexenyl. 10. The nethod of C aim

1 ein,R3 is hyl.. 11. The nethod of Claim1l

ahor . 8 MehSeBEE e asommaind of Ayagy ERVED fom a compound of
s iivstuld (M)ecbnaprisits thesstdps wifed Cl - C24 al kyl . 12, The

met hod of .Caim.1 wherein RS is -C(=0Z; and Zis a

hal ogen. 4%V the trRowFarbeR orble bandmfdhn doufpoind whlfarmula (V)

(X) dnteftiziag mos1as ealdonbRr - | sing the

st eps of. “174 V0 2507/°f;75%h%&%§§%ﬁo®§%§§y group; and

cl eavi ng adiing Fubafer aydizatidoubitle thertertiaky thydreompestid using an
of fREdAshEAl 7 he. cl egved doubl e bond |

wi t R éér ﬁé’?{x‘%ﬁé@"@%&&%ﬁt Op§ %Wh?fﬁ}w cE5Hp R is selected
t o drprathecgrpup contisting of sabstitated ek eabwstifuted iiis F Peloliowing:

congt Ski.n drogen, or substituyted or

unsa%lg(?ﬁzt g‘tn%’ C%? Fg%t‘gk%?ylt hgz'éf%I#[SW%g:CCFBS eyqealkyl, Cs-Cip
ar ylcyclaalienyly CaiGqy b?/clamlﬁyﬁﬁld(?wlﬁfi?t&@)cyaw,%{;ﬂ@ lhaft@ﬁ)taryl, arylalkyl,
usi nonet al | i ety containing a eas
one%g{tf?gb\ﬁ%g%il’n Fgfyfié’ag%(ﬁgh‘tyied f(g?)tﬁchﬁély o acyl,  acylalkyl,
consliyloxygarkonglolyg] i t tdrbenyhcyl,UNSaRsbotiMbed. Vanhapt S .

of the f Iov&agg: El- C12 a}?kcyl, C2-C12 al ﬁghw ,E‘k‘ . oy Fidealkyl,
al kyRYTO*83. c9t| 84 Rypinogtarlcicarbgxyadiarik esalt | of carboxyalkyl,
C3- Gl Leiyiplonialyk y Bk , o&mplﬁkylaﬁﬁﬁaﬂﬁﬂf' Sty BiYhoalkyl, salt of a

heteroaryl , arylal kyl, heteroarylal Kyl,

(Cygfaglé’flé?moé‘iw’l , Phawyler alkykhipalisl, kyarylthieslkyl, carboxy, cyano,
acy hidakydul foal lanyaxy ca | .

an nogat kl)lony zay(zP’l dgl;ﬁélgézgiagiggﬂlﬂl’, %?ﬁ%%%ﬁ%)ﬂ?l% tthigeyanoalkyl,
an heionisaprigalkyl,cbereniey edteralkyl, sgianidifioalkylh cuit abficy | guanidinoalkyl,

al kubisiRAS ! of $sheBlneAn AldyLamnoally!
di al kyl alErTE?hosa?fk?/f, salffégllg?’ fﬁ&éf@ﬁgﬁ gg' Wo,o xyalkyl, salt of a
phepyifooxaklyl,t hiadigj}dylyllxll;fc;(ny?mWaltldgil,oalﬁh?b?phdi?bf&ﬁéﬁ%tyl, salt of a
€Y BRospRbiGRS AN O RoxIRESL |
al _kgx%sé’ ur'rrnylarkyl ,\/algﬁli‘)ﬁgg)})gﬂ%’éﬁﬁ P’ bBﬁ%sﬁgErY){alkyl’ salt of a
aci dbésphbryldbyl alkyRsioeptairitydlkyl, @yaainideal kyk aofsaatiiridinylalkyl,
of 2,184 nhoy noal kly(l syl f oal k%/I , sz?l,t of. a sul f oal Kyl ,

or'a heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl.

18. A method of forming a compound of formula (XXII) from a compound of

formula (XVII) comprising the steps of:
cleaving an aminal group;
removing PG; and reductively opening the hemiacetal, wherein PG, is a
protecting group moiety;
forming a four membered ring via a lactonization reaction; and
removing any protecting groups on a ketone.

19. The method of Claim 18, wherein the cleaving of the aminal group is
before the removal of PG, and reductively opening the hemiacetal, and before the
formation of the four membered ring via a lactonization reaction.

20. The method of Claim 18, wherein the cleaving of the aminal group is after

the removal of PG, and reductively opening the hemiacetal, but before the formation

of the four membered ring via a lactonization reaction.
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al koxysul f onyl al kyl, sul fooxyal kyl, salt of a
sul f ooxyal kyl , al koxysul f onyl oxyal kyl ,
wohowphtmooxyal kyl , salt of a phosphonooxyal kyPCT/US2007/008562
(al kyl phosphooxy) al kyl, phosphoryl al kyl, salt of a
phosphoryl al kyl, (al kyl phosphoryl ) al kyl ,
pyridinylal kyl, salt of a pyridinylalkyl, salt of a
het er oaryl al kyl and hal ogenat ed al kyl incl uding
pol yhal oggnated.al kyl .. 14, A nethod of formng a
conp%dnd %fm?tg?ﬂ‘g fagremn& ? GAmRCeRshpbinrenuls (11K sompkising the steps
(o: conprising the steps of: cleaving an am nal group;
renovi ng PG%.and reductively opening the hem acetal,
wher ei n~ PEI°HNE 3 coppoyndeafifagmygadlp noi ety; and form ng
a four nenbered lactone ring. 15. Thg nmethod of O aim
14, wherein the cleaving of the amn 1 group is .
before the renoval of PGL and reductAvely opening the
hem acetal, and before the forngiron t he four
menbered | actone ring. 16. The nethod ¢f d ai m 14,
wherein the cleaving of the anzzgﬁggroﬁp is after the
renoval of PGl and reductive,pomieni ng t hem acet al
but before the formation of the four nenbered ring.
-175 WO 20872 ¢ampoundafiiobsaRA) 008562 17. A net hod of
formng a conpound of formula (XVIl) froma conpound
of formula (V) conprising the’steps of . cleaving the
car bon- car bon doubl e bond of t compound of formula
(V) and cyclizing the cleaved dduble bond wth the
tertiary hydroxy group; ang.  addilng R4 after
cyclization with the tertiaPy drogp@Moup usi ng an
organonetal i c noi ety contalni ngyat | east one R4,

wherein wherein R4 is selectled flromthe group
consi sting of substituted o Aunsﬁbstitutqmgvariants of

the fol | gyeng: - I -Cl12 al kenyl, C2-Cl12
alkynyl,g%%ﬂgﬁ Cé%%%%ék%¥%¥n@%- 2 cycl oal kenyl ,
C3-C12 cycl oal kynyl, C3-ClR heterocyclyl, aryl,
heteroaryl, arylalkyl, heteroagylal kyl,

(cycl oal kyl')al kyl, (hetero lyl) o acyl,
acyl al kyl , al kyl oxycar bonyl car bonyl acyl

am nocar bonyl, azi do, Rgzi do nam poal kyl , salt of
an am noal kyl , carboxyal of ~¢ar boxyal kyl ,

| T o) COOR,
(IID)

wherein:

R, is hydrogen or substituted or unsubstituted C.¢ alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,.¢alkyl, aryl, and arylalkyl;

R3 is selected from the group consisting of substituted or unsubstituted

variants of the following: Cis alkyl, Cig cycloalkyl, Csg alkenyl, Cs,
cycloalkenyl, aryl, and arylalkyl;
Y is oxygen or sulfur; and

Ra and Rp are each independently selected from the group consisting of

substituted or unsubstituted variants of the following: C; alkyl, C,.¢ alkenyl and
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al kyl am noal kyl, salt of an al kyl am noal kyl,

di al kyl am noal kyl, salt of a dial kyl am noal kyl ,
woheotyii759al kyl t hi oal kyl, aryl t hi oal kyl, car boxPCTAZ200/008562

al kanesul f onyl al kyl , al kanesul fi nyl al kyl ,

al koxysul fi nyl al kyl, thiocyanoal kyl, boronic
aci dal kyl, boronic esteral kyl, guani di noal kyl, salt of
a guani di noal kyl, sul foal kyl, salt of a sulfoal kyl,

| k xyal kyl . .sal f
gul %%i%/ﬂg’l&g%/ Waeﬁ\!%;(%/g EHI a rﬁ/?{%&%lqg}?)gaﬁy %our?d together to form an
phosphionabxsubistiited $,40,17, of 8 menieasiliaaooyaal. kyl

(al kyl ph hoo al kyl. ospharyl al kyl, salt of a
phols%hor;ﬁ%?e@hfgﬁ?%ggs‘%%&?’?r) al kyl .

pyri di nylthé kypotd 6f formalanyy hadithy biabdee:  salt of a
het eroaryl al-kyl and hal ogenat ed al kyl _i ncl udi ng
pol yhal ogenated al kyl. 18. A net hod oﬁ4forning a
conmpound of forrmula (XXIl1) froma cgg?g;nd of fornmula
(XVI1) conprising the steps of. cle an am na
group; renoving PGL and reductivéﬂv open¥ng the
hem acetal, wherein P is a protegting group noiety;
formng a four nembered ring via gsTactonization
reaction; and renoving any BsOO£Lti ng groups on . a

ket one. The neth of im 18, wherein the

cl eavi ng]tg? C?rﬁgo%nré %QH%HBP%‘SH??@S &‘ﬁesfrgf"té“?zhe removal of
PGL and reductively opening theijhem acetal, and before
the formation of the four nenbéred ring via a

| act oni zation reaction. 20. The hod of C aim 18,
wherein the cleaving of the amnalsgroup is after the
removal of PGL and reductivdlar o '29 t he hem acet al ,
but before the formation of urCRetkbered ring
via a | actoni zation reaction. -176|MD 2007/ 117591

PCT/ US2007/ 008562 21. A nethqquOHQQreparing a
conpound of forrmula (I111) conprising the steps of.
react i ng the earnpeunddofoformulariDehss|the stRyctuteN O R200C

(I) wth a conpound oflfornula (rry:
Ry

Y T o COOR,
Ra Rg

23. The method of Claim 21, wherein:

the compound of formula (I) has the structure:

-Bu
N Do
MeoOC" a1

the compound of formula (II) has the structure:

-178-



R3COOH YY1i RARB(IlI) to forma conmpound of
formula (111): RL ~~-O RS XNRRO COOR2 RAB(II)
woher7aii?s91 Rl i s hydrogen or substituted or PCT/US2007/008562
unsubstituted CL.6 alkyl; R2 is selected fromthe
group consisting of hydrogen, or substituted or
unsubstituted variants of the followng: CL 6 al kyl,
aryl, and arylalkyl; R3 is selected fromthe group
consisting of substituted or upsubstituted variants
of the follow ng: Cl1.6 alkyl, -6 cycl oal kyl, C2-6
al kenyl, C3-6 cycloal kenyl, akyl, and arylalkyl; Y is
oxygen or sulfur; and RA and RB aJe each independently
selected fromthe group consisti of substituted or
unsubstituted variants of M wing: Cl-6 al kyl,
C2-6 al kenyl and -177 WO 20 175%0O0H
PCT/ US2007/ 008562 C2_6 al K§nyl , Gwherein RA and RB can
be optionally bound t oget her\_to /form an @Pﬁ}onally
substituted 5, or 8 nmenbered heterocycliyl. 22.
The met ho CSP"’@P’AIPCM%@MMH) has thhetroctopEound  of
formula (1) has the gtructure: R HN O R2000 the
conmpound of formula '|)tﬁﬁﬁ the structure:

CooMe
(I11-1).

24, A method of preparing a compound of formula (IV) comprising
deprotecting the compound of formula (1) to form a compound of formula av:

R e

COOR, COOR,

B

(110 av)y

wherein:

Ry is hydrogen or substituted or unsubstituted C.¢ alkyl;

R, is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,¢ alkyl, aryl, and arylalkyl;

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cj. alkyl, Cis cycloalkyl,
cycloalkenyl, aryl, and arylalkyl;

Y is oxygen or sulfur; and

Cas alkenyl, Cs¢

R4 and Ry are each independently selected from the group consisting of

substituted or unsubstituted variants of the following: C,.4 alkyl, C,.4 alkenyl and

Ca.6 alkynyl, wherein Ry and Rg can be optionally bound together to form an
optionally substituted 5, 6, 7, or 8 membered heterocyclyl.
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R3 COON Y Y1 RA RB the conpound of formula (I11)

has the structure: R X R3 Y|l OCOOR2 RA RB 23.
woheo7metieod of Cl aim 21, wherein: the conpoundPof/US2007/008562

formula (1) has the structure: t-Bu HN O MOOC

(1-1) the conmpound of formula (I1) has the structure:

-178 WD 2007/117591 PCT/ US2007/ 008562 M O X0 COH

\/ (I'l-1) the conpound of fornula (III) has t he

str ur QO\-j OCOOw 24. A
rreth%od osnberlélﬁ roar%%a{aleb%w eigf forrrul a (1V)

conpri si nt@edempotnatbfm@nhraeﬁlnpﬂmaegﬁe&u&@f mula (111)
to forma conpound of formnu (1v):

Q
Ra \)
T COOR,
Ra Rp

the compound of formula (IV) has the structure:

-

R; N

9!

o) ) COOR,
26. The method of Claim 24 wherein:

the compound of formula (III) has the structure:

,
I'.//lo
Me N\>
o~ o E
\ 0 COOMe

dm-1
the compound of formula (IV) has the structure:

, t-Bu,
I
Me N.\>

A method for preparing a compound of formula (V) comprising

performing an intramolecular aldol reaction on the compound of formula (IV) to form
a compound of formula (V):

[0

27.
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R (r) R O RBNRINY Y OCOOR2 OO0 COOR2 RA Re

(rrr) (rv)y wherein: RL is hydrogen or substituted or
wansurhgtvtuted CL_6 al kyl; R2 is sel ected fronPCinas2007/008562

group consisting of hydrogen, or substituted or

unsubstituted variants of the followng: Cl_6 alkyl,

aryl, and arylalkyl; R3 is selected fromthe group

consi sting of substituted or unsubstituted variants

of the follpw ng: Cl-6 alkyl, C3.6 cycloal kyl, C2_6

al kenyl , 6 cycloal kenyl, aryl, agd. Y
IS oxygen sul fit; and RA and RB aré &ich

i ndependent |y selegEFd’ omthe group consist/n f
substituted or[ unsulgstit Ut ed~varants of COOR;
foll owm < > -6 al kenyl an Nyl ,
wherein RAland RB can be optionally Hto

pyed 5 6, 7, or}8 nenbered
het erocyclyl. -179 WD 2007/117591 PCT/ US200%/ 008562
25. The nethod of C aim 24, wherein: the conpgund of
formula (I11) has the structure: R ~-OR3 COOR2
RA RB the compougghof formula (1V) has the st u?yyre:

| Rti wherein:

Ry is hydrogen or substituted or unsubstituted C; 4 alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: Cj.¢ alkyl, aryl, and arylalkyl; and

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: C alkyl, Cs¢ cycloalkyl, C,¢ alkenyl, Cs.
cycloalkenyl, aryl, and arylalkyl.
28. The method of Claim 27, wherein:

the compound of formula (IV) has the structure:
-

17,_,¢)
Rs N\)

'e) O COOR,

the compound of formula (V) has the structure:

29. The method of Claim 27, wherein:

the compound of formula (IV) has the structure:
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a R3 NOOCQCOOR2 26. The nethod of C aim 24 wherein:
the conpound of forrmula (I11l1) has the structure: |
wo-28U/11799 "t::: N OO\ / OCOOw -J (I11- PCY/uskiee008s562
conmpound of forrmula (IV) has the structure: r t-Bu,
M N NOOCQGCOOWw (IV-1). 27. A nmethod for preparing a
conpound of formula (V) conprising performng an
i ntranol ecul ar al dol reaction on the conmpound of
formula (I1V) to form a conpound of formula (V): -180
WO 2007/ 117591 PCT/ US2007/0Q8562 R1 O R1--, (O N COOR2
RENRZI OH OOOQOOR2 (1V) wikrein: RL is
hydrogen or substituted or unsubstit Cl 6 al kyl;

R2 is selected fromthe group gonsi ssilg>f hydr ogen,
N

or substituted or R3
o) o) COOR,

the compound of formula (V) has the structure:

Rqmum,, ( o

""””COORZ

30. The method of Claim 27, wherein:
the compound of formula (IV) has the structure:

‘ t-Bu,,/

Me N

g

the compound of formula (V) has the structure:

Bu mn.,.( ©

"MCOOMe

(V-1).
31. The method of Claim 27, wherein:

the compound of formula (IV) has the structure:
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unsubstituted variants of the followng: Cl_6 alkyl,
aryl, and arylalkyl; and R3 is selected fromthe group
woanmei13tiong of substituted or unsubstituted VvRCTAISE®7/008562
of the followng: Cl1_6 alkyl, C3.6 cycloal kyl, C2.6
al kenyl, C3.6 cycloal kenyl, aryl, and arylal kyl. 28.
The nmethod of Claim 27, wherein: the conpound of
formula (1V) has the structure: R, OR3 N O O COOR2
t he conpound of fornula ( has the structure: O N
,.111nCOOR2 R3 0 OH 29. [fhe nethod of C aim 27,
wher ei n: the conpound of flgrnuit&u V) has the
structure: -181 WO 2007/117591 PCF, 07/008562 |
RT O RBOOCO(thheconp nd off fornula (V) has
the structure: Rz/u,, Me 61MR3 O OH
30. The nethod of Caim?2 the conpound of
formula (1V) has the stru Bus, COOMe V-1

the compound of formula (V) has the structure:

f-BUIIn,,,,(O

Ll COOMe

ot \“\\“\

(V-1A).

32. A method of preparing a compound of formula (VI) comprising cleaving
the double bond of the compound of formula (V) and cyclizing the cleaved double
bond with the tertiary hydroxy group to form a compound of formula (VI):

O
Rf\\</ Rr\\</°
N COOR; ———» N COOR,
Rj R
3
o OH o o
OH
V) \%
wherein: VD

R is hydrogen or substituted or unsubstituted C; ¢ alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C;. alkyl, aryl, and arylalkyl; and

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cis alkyl, Csg cycloalkyl, Cyg alkenyl, Cig
cycloalkenyl, aryl, and arylalkyl.
33. The method of Claim 32, wherein:

the compound of formula (V) has the structure:
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," M1 N OOCOOWw (IV_1) the compound of formula

(V) has the structure: /O t-Bunr,,,,, N--1111000Me
wCB7/18739H (V-0- 31. The nethod of Caim 27, wWReTAISHN07/008562
the conpound of formula (1V) has the structure: -182

WD 2007/ 117591 PCT/ US2007/008562 t-Bu, O Me N OO
CoOve (I'V-1) the conpound of formula (V) has the
structure: t-Burrr,,,,. ON-111 "COOV O OH | (V-1
A). 32. A nmethod of preparing a cgnpound of formula
(VI') conprising cleaving ®hg,d bond of the
conpound of formula (V) and cyc\i zi the cl eaved
double bond with the tertiary FOXN Y. %toforma
compound of formula (VI): R -- ! (?H N COOR2 N
COOR2 R3 R3 o

,.\\“\ R3

the compound of formula (VI) has the structure:

R1 Illu,,,(o

OH
34. The method of Claim 32, wherein:

the compound of formula (V) has the structure:

t-BUHuu,,(O

i COOMe
.\\\\\ Me

(V-1A)
the compound of formula (VI) has the structure:

t-Bu Illn,,,(o

i COOMe
At Me

OH  (v1-D.

-184-



OOHOO™ (V) (M) wherein: R is hydrogen or

substituted or unsubstituted Cl-6 alkyl; R2 is
weeb@watiedifrom t he group consi sting of hydr ogeRCT@IS2007/008562

substituted or wunsubstituted variants of the

following: C _6 alkyl, aryl, and arylalkyl; and R3 is

sel ected fromthe group consisting of substituted or

unsubstitut ed variants of the following: ClL 6 alkyl,

ycl gal C2-6 al kenyl, C3-6 cycloal kenyl,
aryl §andR F’Q/%/g?i f pyeparinge amsompaued ~ of dormalz, (VII) comprising

Rit€iting thRyE £
i sy SR 0ol g s o

ﬁt}l*ffom@md of formulREVI) @ Eyim 2 hempowpbofdrmblaf MUl a
(VI) has theOstructure OR In,,,,, ( 'I(]?éN "
UW-~ OH 34. The net hod of ' S
wher ei n: t\he cdgnpound of fornula (V) has Y he
structure: N ~€COO0R, » (O N -1111000Me N
oH

O

(VD (VID)
wherein:

R; is hydrogen or substituted or unsubstituted C s alkyl;

R: is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C, galkyl, aryl, and arylalkyl;

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: C,.¢ alkyl, Ci. cycloalkyl, Csg alkenyl, Cig
cycloalkenyl, aryl, and arylalkyl; and

PG is a protecting group moiety.

36. The method of Claim 35, wherein:
the compound of formula (VI) has the structure:

@)
R1 lty,,, (

L COOR,
Lt R3

OH
the compound of formula (VII) has the structure:

R1 My, (O

ullll”COOR2
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(V- I A the conpound of formula (VI) has the

structure: "O N'-'" "COOM O OCH -184 WO
waQm7/11158591 PCT/ US2007/ 008562 35. A net hod of PCT/US2007/008562

preparing a conpound of forrmula (VII) conprising

protecting the hydroxy substituent attached to the

oxygen-cont ai ning heterocyclic ring of the conpound

of formula (VI) to forma conmpound of forrmula (VII):

R -~ O: : 3. (VIl) wherein: Rl is

hyc?r7égenTkgfmg@ggtcﬁftg&@;%’rW%%{é%bst ituted C1 alkyl; R2

i s sel ecthedofponnd befogmula(Mphes theiskrycigte:hydr ogen, or

substituted or unsubstituted pariants of the

foll owi ng: C1-6 al kyl, t-Buyl., ~4n rylalkyl; R3 is

sel ected fromthe group congigti of substituted or

unsubstituted variants of t LWhi@QOOREe Cl -6 al kyl,

C3-6 cycl oal kyl, C2.6 al keny/, O cl oal kenyl ,

aryl, and aryl al kyl; and S otecting group

moi ety. 36. The method of O aifgn 35,0wherein: the

conpound of formula (VI) has thg styucture: O R~

[tlrr,,,

OH (vI-1)

the compound of formula (VII) has the structure:

t-Bunu,,,,(O

ICO0OMe
L Me

OBn (VII-1).
38. A method of preparing a compound of formula (VIII) comprising reducing
the COOR; group of the compound of formula (VII) to an alcohol to form a

compound of formula (VIII):

O O
g g
N COOR2 N OH
Ra —— Rs
© (o] © 0
OPG, OPG;4
(ViD (VIID
wherein:

R; is hydrogen or substituted or unsubstituted C;.¢ alkyl;

R, is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,.s alkyl, aryl, and arylalkyl;

R; is selected from the group consisting of substituted or unsubstituted
variants of the following: Ci.¢ alkyl, Cs¢ cycloalkyl, Cis alkenyl, Css
cycloalkenyl, aryl, and arylalkyl; and

PG, is a protecting group moiety.
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N~11CO0R2 0 OH the conpound of formula (VIl) has

the structure: O A!lrr,.. N.,1 "COOR2 ..0%W08R3 4
WORGE/14185 WO 2007/ 117591 PCT/ US2007/ 008562  3PCT/TIS2007/008562

met hod of C aim 35, wherein: the conpound of fornula

(M) has the structure: O N ..IILI1000OM: .,,, %80 M
OO0 OH (VI-1) the conmpound of formula (VI1) has the
structure: ,/O N--""1COOMe ..nmMMe O O OBn

(VI13d) . 38e nfbeieet S0Ciafth 38! GREjNY @ compound of
formula (VI11) conprising reducing the COOR2 group of

t he conpothfcrostrousd efiferntule (YII) basthe strecthot: to form a
compound of formula (VII1): RI---éo R1---(o N COOR2 N
OH R3 ~-Nm R3 Rwu,,,,(

LaCOOR,

OPG,

the compound of formula (VIII) has the structure:

o
R1 lllm,,(

.-\\\\\\\\OH

OPG;
40. The method of Claim 38, wherein

the compound of formula (VII) has the structure:

t‘BU llll,,,,(o

i COOMe
.n\\\\ Me

~ OBn (vII-1)
the compound of formula (VIII) has the structure:

t'BU/IH,,“ {o

u\\\\\“\OH

,,;\\\\Me

GBn (VIII-1).
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OO0OO0OO0 orPGL oPGL (M) (Vi) wherein: RLis
hydr ogen or substituted or unsubstituted Cl.6 al kyl;
we2007g11z®liect ed fromthe group consisting of hydragen;/008562
or substituted or wunsubstituted variants of the
following: C1.6 alkyl, aryl, and arylalkyl; R3 is
sel ected fromthe group consisting of substituted or
unsubst ituted variants of the follow ng: Cl.6 al kyl,
cyc %Hﬁ ’oﬁgeﬁ:ﬁg%%fh?oﬁ & foﬁMﬁllaQ@(y@M{msmg oxidizing

ary ary ugr ot ecting group
mtm etcy»hol gi®p YIOURDEFMPoTED bf Homh zowﬂl)owsgezald@yde to form a

38, wherein the conpound of
'%Hunﬁ‘l“p‘?&?‘}’ﬁa@k?he structure: O N -1111100082
'O/O TR(@G t he conpound of fokrrula AJ1) has

the ure:y ON O OPG 40. The! od of daim

38, V\/nereln th ound of formula (VII

structure:NT=Bu ia,OH (O N I"' coowe
———e— P

wherein:

R, is hydrogen or substituted or unsubstituted C;_¢ alkyl;

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: C,4 alkyl, C;s cycloalkyl, C,¢ alkenyl, Cjs
cycloalkenyl, aryl, and arylalkyl; and

PG, is a protecting group moiety.

42.  The method of Claim 41, wherein

the compound of formula (VIII) has the structure:

R1Illlu.,(0

'"““\\\OH

.u\\\\ R3

OPG,
the compound of formula (IX) has the structure:

R1/mu.. (O

-ulll”CHo
Lot R3

oPG, )
43. The method of Claim 41, wherein

the compound of formula (VIII) has the structure:
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oBn (M 1-1) the compound of formula (M 11) has the

structure: t-Bu (O NOH uO OOBn (MII-1). -187 WO
waQwr11158591 PCT/ US2007/ 008562 41. A net hod oPCT/US2007/008562

preparing a conpound of forrmula (1X) conprising

oxi di zing the al cohol group of the conmpound of formula

(MII'l') to an al dehyde to forma conpound of fornula

(IX): R ORL _ (ONO®H J\HO R3_R3 000 (r)

OPGL OPGL (VIT1) (IX) \A%erel , 1s hydrogen or

substituted or unsubstif i"é’dg lkyl; R3is

sel ected fromthe group consigtin m\f\subst ituted or

unsubstituted variants of th 1 n@H C1{ al kyl,

C3-6 cycloal kyl, C2_6 al kenyl/, C3- 6““\|v|)écl oal kenyl ,

aryl, and aryl al kyl; and tecting group

noi ety. 42. The nethod of C ain 41, Quherein the

conpound of formula (VII1) has t ructure: O N

L. 0H L 1%WBA R3O OPGL

OBn (VIII-1)

the compound of formula (IX) has the structure:

t'BU e, (O

s CHO
l.\\\“‘Me

OBn (1X-1).
44, A method of preparing a compound of formula (X) comprising adding Ry
to the compound of formula (IX) by reacting the compound of formula (IX) with an

organometallic moiety containing at least one R4 to form a compound of formula (X):

O (0]
R1\( R‘]\( R4

N CHO N OH
Ry ~— > Rs
© (o] © 0]
OPG;, OPG;
(IX) (6,9)
wherein:

R, is hydrogen or substituted or unsubstituted C, ¢ alkyl;

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: C,¢ alkyl, Cszs cycloalkyl, Ca,s alkenyl, Cs.s
cycloalkenyl, aryl, and arylalkyl;

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,-C)2 alkyl, C,-C), alkenyl, C,-Cy3
alkynyl, C3-C)» cycloalkyl, C3-C, cycloalkenyl, Cs-Ci; cycloalkynyl, C3-Ciy
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alky!,
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the conpound of fornmula (1 X) has the structure: O

.00R3 OO OPGL 43. The nethod of Caim41l, wherein
woOher7aerpound of fornmula (VII1) has the struct BCEUS2007/008562

-188 WD 2007/ 117591 PCT/ US2007/008562 t-BUONH 0 O

OBn (M 11-1) the conpound of formula (IX) has the

structure: O N -nulCHO ,,,iMMe 0 O OBn (IX-1). 44.

A net hod of preparing a corrpound of formula (X) )Qr
ConpleabOIANNY Ryt 0 o ,ggaIOf I
by%act%gﬁﬁeﬂgonpgund cathy ¢arbonylacyl,

or gamneserbonys regids; y azcduaﬁiyrh,l ngmatoallﬂ/a,st sahe 0R4 dno ammoalkyl
{\IOEE%BW’RSQIR@§ %%8%1@%ylw&aﬂ{y%§ah( % gm al]?ylammoalkyl,
whedigikylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalky),
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryDalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alky! including polyhalogenated alkyl; and
PG, is a protecting group moiety.
45. The method of Claim 44, wherein the organometallic moiety is 9-
cyclohex-2-enyl-9-borabicyclo[3.3.1nonane.
46. The method of Claim 44, wherein

the compound of formula (IX) has the structure:

R1lllu,,,(o

CHO
..\\\\\R3

OPG;,

the compound of formula (X) has the structure:

R“’lllln,(o

Ra4

,nll,”OH
,.\\\\\R3

OPG, (X-A).
47. The method of Claim 44, wherein

the compound of formula (1X) has the structure:
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Rl is hydrogen or substituted or unsubstituted Cl-6
al kyl; R3 is selected fromthe group consisting of

weubwtiitaied or unsubstituted variants of thePCT/US2007/008562
follow ng: Cl1-6 al kyl, C3-6 cycloal kyl, C2.6 al kenyl,
C3-6 cycloal kenyl, aryl, and arylal kyl; R4 can be
sel ected fromthe group consisting of substituted or
unsubstituted variants of the follow ng: Cl-Cl2 al kyl,
C2-C12 al kenyl, C2-C12 al kynyl, C3-Cl2 cycl oal kyl,
C3-0)2 cycloalkenyl,’@ﬁwﬁiéxg | oal kynyl, C3-Cl12
heterocyclyl, aryl, heterqarylf arylal kyl,
het er oaryl al kyl , (cycl oal tieyCHO - 189 WO
2007/117591 PCT/ US2007/ 008562 \ ( heterocyclyl)al kyl,
acyl, acyl al kyl, al kyl oxy, carbonyl acyl,
am nocar bonyl, azi do, azi doad kyl,oarninoalkyl, salt of
an am noal kyl, carboxyal kyl \_sal/t of carboxyal kyl,

al kyl am noal kyl, salt of an al ky 1 noal kyl ,

di al kyl ami noal kyl, salt of a dial k{?#i noal kyl ,

oo LR b O N ipygon b0

cyano, anes anesul T1nyl al ky),

alkoxysulfinylalkyk,lthi anoal kyl , boronic
aci dal kyl , boronic &$taf al ani di noal kyl, salt
of a guani di noal kyl , salt of a sulfoal kyl,
al koxysul f onyl al kyl ,

yaIkyFﬁ*salt of a

sul f ooxyal kyl, al kox vhoRyal kyl ,
phosphonooxyal kyl , 9 a Prosphonooxyal kyl,

(al kyl phosphooxy) al kyl , psphoryl al kyl, salt of a
phosphoryl al kyl, (al kyl ph® oryl)al kyl ,
pyridinylal kyl, salt of a pyrid | kyl, salt of a
het eroaryl al kyl and hal ogenat ed gPEﬁlogﬁgiuding

pol yAml ogeR@in@thod! df ) lain?4! JidkeinS @ protecting group
noi ety. 45. The nethod of C aim 44, wherein the

or ganonet e cp@papnd pf/formuln (1Xy) baphesime@si| - 9- bor abi
cyclo [3.3.1 ]Jnonane. 46. The nghhod of C aim 44,
wher ei n the conpound of tHBsrmal ( has the

structure: Rioin, (0O N".111)1 .., W R3 O
it CHO
.,\'\\\\Me
O
OBn(1X-1)

the compound of formula (X) has the structure:

""II,IOH
..\\\\\ Me

OBn (X-1A).
49, The method of Claim 44, wherein

the compound of formula (IX) has the structure:
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OPGL the conpound of fornula (X) has the structure:
Rina,, RQ N""OH ..%1 R3 OOOCPGL (X-A). 47. The
wortdtad7oi C ai m 44, wherein the conmpound of feCcmiS2007/008562
(I'X) has the structure: -190 WO 2007/117591
PCT/ US2007/ 008562 Rgnu,,,, ~_O2iiiiGHO O OPGL the
conpound of formula (X) has the structure: ~ NOHIR4
OOOCPGL (X-B). 48. The nethod of d aim44, wherein
the conpound of fornmula (1X) haspthe structure: O
t-Bulfw', ( N-'il+CHO t.-l?wma-v\g OBn (IX-1) the
conpound of formula (X) has the stgucture: H
lCHQO

. u\\\\ Me

OBn (1X-1)

the compound of formula (X) has the structure:

OH

..\\\“ Me

OBn  (X-1B).
50. A method of preparing a compound of formula (XXIII) comprising
removing the protecting group moiety on the compound of formula (X) and

reductively opening the hemiacetal to form a compound of formula (XXIII):

0
R1\{ R4
N OH
Ra
— O
OH
OH

x . (XX1)

wherein:

R is hydrogen or substituted or unsubstituted C_ alkyl;

Rj3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cj¢ alkyl, Csg cycloalkyl, C;s alkenyl, Cs
cycloalkenyl, aryl, and arylalkyl; ’

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,~C2 alkyl, C,-C); alkenyl, C»-Ci»
alkynyl, C3-Ci» cycloalkyl, C3~-Cy; cycloalkenyl, C3-Cy» cycloalkynyl, C3-C)»
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O/~ \N,,,,I1JOH ,,,,a\ M OO0 OBn (X-1A). 49. The

nmet hod of C aim 44, wherein the conpound of formula
woOhkd)71hams1t he structure: -191 WO 2007/ 117591 PCT/US2007/008562

PCT/ US2007/ 008562 O t-BU N "IIIICHO .,,I0Me 0O OBn

(I X-1) the conpound of forrmula (X) has the structure:

/| H Ot-BUrrrn" /~\NOH OO 4 OBn (X-1B). 50. A

met hod of preparing a conpound of formula (XXII1)

CONHekstbEet1yIl egﬁ){' nﬂe E grﬁr O&:ﬁglk v19 HLQ e}fml'kg LYy (Qf{:cloalkyl)alkyl

t he conpound of reduct |
t he (héﬁ%f%dékyé)alltyd;, f@rcma wi@lbmhd amcyrownmbanxmxyl | )carbonylacyl

R, - Mn%ar&nyl,—( 92188, %%lklj\{, ga.mmoalkyl, salt of an aminoalkyl,

carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulﬁnyléllkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl,  phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

PG, is a protecting group moiety.
51, The method of Claim 50, wherein

the compound of formula (X) has the structure:

ul;"”OH
Lottt R3

the compound of formula (XXIII) has the structure:

R"”ll“,,(o

OH (XX1MI-A).
52. The method of Claim 50, wherein

the compound of formula (X) has the structure:
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R3 ~~- O0OO0OOH OPA OH (X) (XXI1l) wherein: R is

hydr ogen or substituted or unsubstituted ClL 6 al kyl;
we&20i7s113®i ected fromthe group consisting of PCT/US2007/008562

substituted or unsubstituted variants of the

following: C1_6 alkyl, C3-6 cycloal kyl, C2.6 al kenyl,

C3-6 cycloal kenyl, aryl, and arylal kyl; R4 can be

selected fromthe group consisting of substituted or

unsubstituted varla ts of é¢he follow ng: Cl-Cl12 al kyl,

C2-C12 al kenyl, Yl kypyl RC3- C12 cycl oal kyl ,

C3-C12 cycloalkenyl, C3-C12 oal kynyl , C3-C12 -192

WD 2007/ 117591 PCT/ US200;/7008562 OHet er ocycl yl, aryl,

het er oaryl , arylalky% et er har ks al kyl ,

(cycl oal kyl ) al kyl , het erngcy cyl)alkyl acyl,

acyl al kyl, al kyl oxycar bonyhoxy carbonylacyl,

am nocar bonyl, azi do, azidoa , am noal kyl, salt of

an am noal kyl, carboxyal kyl , saDEGo;x boxyal kyl ,

al kyl am nopal kyl , salt of an _al kyl am yl,

di al kyl a ﬁaa pnd gbformgla GO Ih@ylﬂemstrwalrkyl

phenyl, al kyl thi oal kyl, parylthioal kyl, carboxy,

cyano, al kanesul f diatkyly al Ranesul finyl al kyl |

al koxysul finyl al kyl, thiocgangal kyl, boronic

aci dal kyl, boronic estegrarkyl, (ﬁtanldlnoalkyl sal t

of a guani di noal kyl ul fo hk@ﬂ salt of a sulfoalkyl,

al koxysul f onyl al kyP~ suNBoYgLky!, salt of a

sul f ooxyal kyl , al koxysug f onyl oxyal kyl ,

phosphonooxyal kyl , sal't a phosphonooxyal kyl ,

(al kyl phosphooxy) al kyl , phdsphoryl al kyl, salt of a

phosphoryl al kyl, (al kyl ph hor yl g*bé B

pyridinyl al kyl, salt of a pyridiny 1B)salt of a
het ek oar I an aloco ted al kyl including

Ao R ik -

pol yhal ogena s a protecting group
noi et y. tﬁﬂcorﬁpmmmﬂmdnaa (%) BaHe Qrrubhies:ei n

t-Buin,,,, ( ©

OBn  (X-1A)
the compound of formula (XXIII) has the structure:

OH (XXTII-1A).
54. The method of Claim 50, wherein
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the conpound of fornmula (X) has the structure:

Rlihn,.~/ RA N"""CH j.,%%WeR3 O O OPGL (X-A) the
woaogaursdi of formula (XXI11) has the structurePCT/US2007/008562

Rvu,,,,. Ra N""""OH OOH OH (XXIIlI-A). 52. The

met hod of C aim 50, wherein the conpound of formnula

(X) has the structure: -193 WO 2007/117591

PCT/ US2007/ 008562 R m,,. ORa NOH "~R3 0O O OrPGlL

(X- B) thetmmmmddoffémmwm) 16a>§>€hé Lr}u&&% the
structure: Rinr,,,,,~ R OH(XXII'I-B).

t-Burum..( o

OBn X-1B)
the compound of formula (XXIII) has the structure:

OH~ (XXIII-1B).
55. A method of preparing a compound of formula (XXIV) comprising

protecting the primary hydroxy group of the compound of formula (XXIII) to form a
compound of formula (XXIV):

R1%
N

OH | OPG;4
(XXIID) ' (XXIV)

wherein;

R, is hydrogen or substituted or unsubstituted C,_¢ alkyl;

R3 is selected from the group consisting of substituted or unsubstituted

variants of the following: C, alkyl, Css cycloalkyl, Cyg alkenyl, Cig

cycloalkenyl, aryl, and arylalkyl;
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53. The nethod of C aim 50, wherein the conpound of

formula (X) has the structure: H O t-Buru,,,,. N
WO\MIH/1169£:Bn (X-1A) the conpound of fornmula (KECiUS2007/008562
has the structure: H Ot-Buru,,,., N,,,,ruCH O

OH OH (XXII1-1A). 54. The nmethod of C ai m 50,
wherein -194 WD 2007/ 117591 PCT/ US2007/ 008562 the
compound of forrmula (X) has the structure: H O

Formi o (30 FT Pas-t hacs: POl ure; BRRE EBRHRINE of ustineed or
O+ ‘wwsubstituted variants of the following: C,;-C;; alkyl, C5-C;, alkenyl, C;-C»
alkynyl, C3-Ci, cycloalkyl, C3-Cy» cycloalkenyl, Cs-Cyz cycloalkynyl, C3-C),
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyl)alkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, suilfoalkyl, sait of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl; salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and
PG; is a protecting group moiety.
56. The method of Claim' 55, wherein
the compound of formula (XXIII) has the structure:

..,,””OH
A R3

OH (XXII1-A)
the compound of formula (XXIV) has the structure:
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OH OH'" (XXIl1-1 B). 55. A nmethod of preparing a

conpound of formula (XXIV) conprising protecting the
wonroomanysohydr oxy group of the conpound of for mBC&US2007/008562

(XXI'l'l') to forma conmpound of formula (XXIV): Rl---(O

R4, ORR ONOHANOH R3 -~- R3 OHOHOH OPG3

(XXIT1) (XXIV) wherein: R is hydrogen or substituted

or unsubstituted Q6 alkyl; R3 is selected fromthe

group consisting of subsp tuted or unsubstituted

vari ants of the fdti"owmAg: - ®Rqal kyl, C3.6

cycl oal kyl, C2_6 al kenyl, . & cycloal kenyl, aryl,

and aryl al kyl; -195 WO 11°759# PCT/ US2007/ 008562

R4 can be selected fr t he @Rgup consi sting of

substituted or un Sty riants of the

follow ng: Cl1-Cl2 al kyl, C2-CE%Palkenyl, C2-C12

al kynyl, C3-Cl12 cycl oal k¥, C3-Cl2 cycl oal kenyl ,

C3-C, 2 cycl oal kynyl, C3-C1 het er ocycl yl, aryl,

heteroaryl, arylal kyl, heteroarylal kyl,

(cycl oal kyl ) al kyl (heterd%@@$yl)QREMNLAacyI,

acyl ¥l ky| Thametiodofnino 4§) whateincar bonyl acyl ,

am nocar b I i do..azi doal ,, am noal kyl, salt of
an ani noa@%l‘)’,”p%é’é‘?fﬁgﬁ°§g‘l“%y¢,&ﬁbl has ghe SmABFEy al Kyl |

al kyl am noal kyl , SQL; of.0oan al kyl am noal kyl ,

di al kyl am noal kyl ,  S4t¢ of jya dfal kyl ami noal kyl ,
phenyl, al kylthioal kyl }, a kﬁzlkyl, car boxy,
cyano, alkanesulfonylarﬁyl, al_kanesul fi nyl al kyl ,

i ocyail6al kyl, boronic

al koxysul fi nyl al kylq,

aci dal kyl , boroni c esterg kyl"OH guani di noal kyl, salt
of a guani di noal kyl, sul goal kyl, salt of a sulfoal kyl,
al koxysul f onyl al kyl , sul xyal kyl, salt of a

sul f ooxyal kyl , al koxysul f onyl oxyal kyl ,
phosphonooxyal kyl , salt of @thospQ2§ﬁﬂﬁgflkyl,

the compound of formula (XXIV) has the structure:

| OPGs  (XXIV-B).
58. The method of Claim 55, wherein

the compound of formula (XXIII) has the structure:

OH (XXIII-1A)
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(al kyl phosphooxy) al kyl, phosphoryl al kyl, salt of a
phosphoryl al kyl ,  (al kyl phosphoryl) al kyl

woyoirditveph al kyl , salt of a pyridinylal kyl, sal PCOfUS2007/008562
het eroaryl al kyl and hal ogenat ed al kyl i ncl udi ng
pol yhal ogenated al kyl; and PG3 is a protecting group
nmoi ety. 56. The nethod of C aim55, wherein the
conpound dF° FUPRATY QHEImyle (Kad VD has therstiyietwe: O R R4
N""nOH OOH OH (XXIII-A)
(XXI'V) has the structure:
PCT/ US2007/ 00856 ' . {""OH .,,~aR3 O
OH OPG3 (XXIV-AJ. . °
wherei n the conmpound o ”,I(XXIII) has t he
structure: RIU",,./ RANOH ©CH UR3 OOH OH
(XXI'1'1-B)

OPGs (XXIV-1A).
59. The method of Claim 55, wherein
the compound of formula (XXIII) has the structure:

t-Buuy,,, ( o

OH (XXIII-1B)
the compound of formula (XXIV) has the structure:

OPGs (XXIV-1B).
60. A method of preparing a compound of formula (XXV) comprising

cleaving the aminal group of the compound of formula XXIV) to form a compound
of formula (XXV):
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the conpound of fornula (XXI'V) has the structure: OH
Oiy M OH OPG (XXIV-B). 58. The nethod of Claim
wo300nvhewei n t he conmpound of fornula (XXI11)" Ras/uskh®7/008562

structure: H t-Bua,,,, ON'"SOH OOH OH (XXIII-1A)
-197 WO 2007/117591 PCT/ US2007/ 008562 the conpound of
formula (XXI'V) has the structure: H Ot-Bunn,,,, N
OOH OPGE (XXIV-1A). 59. The nmethod of C ai mb55,

of formula (XXI'l1l) has theR4 " OH
OH OH (XXI11-1B)

wherei n the_conpo
structure: N

OH HN OH

R3 R3
© OH 2 o OH
OPG; OPG3
(XXIV) XXV)

wherein:

R, is 2 hydrogen or substituted or unsubstituted C, ¢ alkyl;

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: Cs alkyl, Cs.s cycloalkyl, Cys alkenyl, Csg
cycloalkenyl, aryl, and arylalkyl;

Ry can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-Ci» alkyl, C,;-Cy, alkenyl, C3-C,»
alkynyl, C3-Cy2 cycloalkyl, C3-Cj> cycloalkenyl, C3-Cj; cycloalkynyl, C3-Ci;
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyDalkyl,
(heterocyclylalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalky!l, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

PQG; is a protecting group moiety.

61. The method of Claim 60, wherein
the compound of formula (XXIV) has the structure:
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the conpound of formula (XXIV) has the structure: H O
t-Bulu,,,, NOH .,,, %M OO OPG (XXIV-1B). 60. A
wortdtad7i preparing a conpound of formula (XXPET/US2007/008562
conprising cleaving the am nal group of the conpound

of formula (XXIV) to forma conpound of formnula
(XXV): -198 WO 2007/117591 PCT/ US2007/ 008562 o R4 R4
OH NOHHNOH RBREOOCHOOH OP&B OP&AB (XX1V)
(XXV) wherein: Rl is aphydrogen or substituted or
unsubstituted ClFo%alkyl; selected fromthe
group consisting of substyftuyed or unsubstituted
variants of the follo Cl."6PH"l kyl , C3.6

cycl oal kyl, C2.6 al kehyl, \G3R8 cycl oal kenyl, aryl,
and aryl al kyl ; R4Qcan ed fromthe group
consi sting of substitutgd or unsubstituted variants
of the follow ng: Cl-Cl® al kyl, C2-Cl2 al kenyl, C2-C12
al kynyl, C3-Cl12 cycl oal ky C3-C12 cycl oal kenyl ,
C3-C12 cycl oal kynyl, C3-C1 het erocyclyl, aryl,

heteroaryl, arylalkyl, het®@FGaryl XXIV-A)
(cycl oal thglcpaipkyhd of sy GEYY) by thklstrictusey | |
acyl al kyl , al kyl oxycahgonyl\@,(,y, car bonyl acyl

\‘\‘\\

OPG3  (XXV-A).
62. The method of Claim 60, wherein

the compound of formula (XXIV) has the structure:

R1lllu..,(o R4

OPGy (XXIV-B)
the compound of formula (XXV) has the structure:

R4 OH
HN OH
st R3
© OH

OPGs  (XXV-B)
63. The method of Claim 60, wherein

the compound of formula (XXIV) has the structure:
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am nocar bonyl, azido, azidoal kyl, am noal kyl, salt of

an am noal kyl, carboxyal kyl, salt of carboxyal kyl,
wabkbyiiarnoal kyl , salt of an al kyl am noal kyl , PCT/US2007/008562

di al kyl am noal kyl, salt of a dial kyl am noal kyl ,

phenyl, al kylthioal kyl, arylthioal kyl, carboxy,

cyano, al kanesul fonyl al kyl, al kanesul finyl al kyl

al koxysul finyl al kyl, thiocyanoal kyl, boronic

aci dal kyl , boronic esteral kyl, /—gtani di noal kyl, salt
of a guani di noal kyl, sul foal kg al] t of a sul foal kyl,
5 salt of a
oxyal kyl ,

al koxysul f onyl al kyl ,

sul f ooxyal kyl , 5¥R@% ul
phosphonooxyal kyl , sa
(al kyl phosphooxy) al kyl
phosphoryl al kyl , é
pyridi nyl al kyl, sa ofN&'p 6ﬂinylalkyl, salt of a
het eroaryl al kyl and hal ggenated al kyl i ncl udi ng

pol yhal ogenated al kyl; aad PG3 is a protecting group
nmoi ety. 61. The nethod of YOl ai m 60, wherein the
compound of formula (XXl V) E,s the structure: -199 WO
2007/ 117591 PCT/ US2007/ 0085553 R1111(MXIV-1RJ N "" SOH
.,, AR3 - compound of fornmula
( XXV) hastlltgrfegw’é’t"?ﬁé;téﬁ ?%%“Y%Qb‘w fies thE 3R e

XV-A). 62. The nethod of O aim

OPGs  (xxXV-1A).
64. The method of Claim 60, wherein
the compound of formula (XXIV) has the structure:

OPG3 (XXIV-1B)
the compound of formula (XXV) has the structure:
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"AY%R3 O OH OPG 3 (XXIV-B) the compound of formula

(XXV) has the structure: Ra OHHNOH . 'w R3 OCH
WORER/11704Y- B) 63. The nethod of O aim 60, whepeTmskine008562

conmpound of formula (XXIV) has the structure: -200 WO

2007/ 117591 PCT/ US2007/008562 H (O N"OH ,,,0M O
OH OPG3 (XXIV-1A) the conmpound of formula (XXV) has
the structure: H,,,,.SOH HNOH 0 OH OP&

(XXV-1A). 64. The aetphod of C aim 60, wherein the
compound of forrrul\/) has the structure: H O

OPGs  (XXV-1B).
65. A method of preparing a compound of formula (XXVp) comprising
protecting the secondary alcohol of the compound of formula (XXV) to form a
compound of formula (XXVp):

R, OH Rq OPG,
HN OH HN OH
Rs3 R3
© OH © OH
OPGs OPG,4

(XXV) (XXVp)

wherein: -

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cis alkyl, Css cycloalkyl, C,s alkenyl, Css
cycloalkenyl, aryl, and arylalkyl;

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: Ci-C)2 alkyl, Cz-Cj; alkenyl, C,-Cj
alkynyl, C;-Cy> cycloalkyl, C3-Cj> cycloalkenyl, C3-Ci2 cycloalkynyl, C;-Cj;
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
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t-Bu/ NOH ,,,,\\Mn O OOCPG& (XXIV-1B) the
conpound of formula (XXV) has the structure: -201 WO
waQwr11158591 PCT/ US2007/ 008562 H OH 0 on  HNPOHUS2007/008562
., 0%/ OPG3 (XXV-1B). 65. A nethod of preparing a
conpound of fornmula (XXVp) conprising protecting the
secondary al cohol of the conmpound of formula (XXV) to
forma conpound of formula (XXVp): R4 OH R4 OP&R HN

OH HalkOKlysuRBnfI3IKSY, Orihfd TR :
vvhereikgdy,RS igasl,(gll ect egﬁoggﬁe%@ﬁp %%%%‘f@ﬂﬁgo&fc esteralkyl,

subsepgiidingalkyl, | galt pef ia guagidinealkydnt silfohlidyhe salt of a sulfoalkyl,

fol | abRGulfendtafcal KY! - | oal kyl , -6 al kenyl
C3-6 cy%? oalniean 1” ar _\’j‘fl,g%’é‘ﬁ%&igyl a|-°1%§| ; candpe sulfooxyalkyl,

sel egﬂ(@ﬁy@ﬂ@ﬁfybpmglgb'bu phospienedxyalicydf saHoSéf talt BHoPhonooxyalkyl,
ST PRI dRAATE® BotlSrihal M Sobi 5o hosphorytatr,
g?l GdlishyhosplsryQpkyty ohyeiingdaikll, €At C3L £YEYRRRKMIN, salt of a
C“l"l‘e?teroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and
PG; and PG; are protecting group moieties.
66. The method of Claim 65, wherein
the compound of formula (XXV) has the structure:
OH

OPGs  (XXV-A)
the compound of formula (XX Vp) has the structure:

‘\\\\\\O PGZ

OPGs  (XXVp-A).
67. The method of Claim 65, wherein

the compound of formula (XXV) has the structure:
Rq

OPG;  (XXV-B)
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heterocyclyl, aryl, heteroaryl, arylalkyl,
het eroaryl al kyl , (cycl oal kyl ) al kyl

woOhet7anwoycl yl ) al kyl , acyl, acyl al kyl, PCT/US2007/008562
al kyl oxycar bonyl oxy, carbonyl acyl, am nocarbonyl,
azi do, azidoal kyl, am noal kyl, salt of an am noal kyl,
car boxyal kyl, salt of carboxyal kyl, al kyl am noal kyl
salt of an al kyl am noal kyl, dial kyl am noal kyl, salt
of a dial kyd @mhpnal I thloa
aryl t hi oal kyl , carbg¥¥bnﬂﬂ§KXk‘gﬁ§§%é§d??%h§¥alkyI
alkanesulfinylalkyl R
PCT/ US2007/ 008562 alkoxysulflnylalkyl
t hi ocyanoal kyl, boronjg H boronlc est eral kyl
guani di noal kyl , salt o uagﬁdlnoalkyl sul f oal kyl ,
salt of a sulfoalkw | fonyl al kyl
sul f ooxyal kyl, salt of arsul OBixyal kyl ;
al koxysul f onyl oxyal kyl , ghosphonooxyal kyl, salt of a
phosphonooxyal kyl, (al ky hosphooxy)alkyl
phosphoryl al kyl , salt of a |phosphoryl al kyl,
(al kyl phosphoryl) al kyl , pymnﬂ;nylabgkgp aIt of a
pyrigh nyl t er oa and
haIogenatgggg%ﬁnﬁqkﬁg?%%?% Wﬁ%? Vhal ogenat ed al kyl ; and
P& and P&8 carmmpn@oﬁﬁnm@ @(XNDJhHDIhetstrﬁ&ure 66. The
nmet hod of C ai m 65, sherein the conpound of fornula
(XXV) has the stry R4 .,,, ~\OHHNOH .",WR3
OH OPG3 (XXV-A) sQpound of formula (XXVp) has
the structure: R4S HN CH O OH OPG3
(XXVp-A). 67. The met hod Jof O ai m 65, wherein the
conpound of formula (Mx\ €S TR struct ure:

.,.\\\\Me

OPGs  (xxV-1a)
the compound of formula (XXVp) has the structure:

OPGs  (xXVp-1A).
69. The method of Claim 65, wherein

the compound of formula (XXV) has the structure:
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R& OHHN OH O OH OPG3 (XXV-B) -203 WD 2007/117591

PCT/ US2007/ 008562 the conpound of formula (XXVp) has
woOher7stiTiect ure: RA OP&R2 HN OH O "IMR3 OH OPEBT/US2007/008562

(XXVp-B). 68. The nmethod of C aim 65, wherein the

compound of formula (XXV) has the structure: H\\CH

HN OH ,,0%W84k O OH OPG3 (XXV-1A) the conpound of

formula (XXVp) has the structure: H,\,,xOP& HN CH

0 OH OPG (XXVp- 69. The nethod of C ai m 65,

wherein

OPGs  (XXV-1B)
the compound of formula (XXVp) has the structure:

OPGs  (xxVp-1B).
70. A method of preparing a compound of formula (XXVI) comprising
converting the primary alcohol group and removing the PG, protecting group moiety

on the secondary alcohol of the compound of formula (XX Vp) to form a compound of
formula (XXVTI):

R4 OPG, R, OH

HN OH HN Rs
o R3 R3
OH — 0 OH

OPG, OPG;

(XXVp) XXV1)

wherein:
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the conpound of fornula (XXV) has the structure: -204
WO 2007/ 117591 PCT/ US2007/008562 HOH HNOH d M O
wOR070RPE31 ( XXV-1 B) the conmpound of fornula (XKEpUSh®3/008562
the structure: HOP& HNOH O ., ONMe OH OPG3
(XXVp-1B). 70. A nethod of preparing a conpound of
formula (XXVI) conprising converting the primry
al cohol group and renoving the P& protecting group

noi ety g hRIeespndal heahrRbodonsfstih & fcibp@iubdd &f unsubstituted
formul a (XX%/]F_? to forma conpound of formul a (XXVI2:
R4 epagniRqoHheoipliawmgr FGis Rakp Copi extlegbes, cPag alkenyl, Cse

( XXYPA1oAREH) aryViGH S flalkyRO5

Rs can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-Cj» alkyl, C,-C;, alkenyl, C;-C;2
alkynyl, C3-Cj2 cycloalkyl, C;-Cy2 cycloalkenyl, C;3-Ci; cycloalkynyl, C3-Ciy
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic . acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
he;teroarylalkyl and halogenated alkyl including polyhalogenated alkyl;

Rs is selected from the group consisting of —C(=0)ORs, -C(=O)SRs, -
C(=0O)NRsRs and -C(=0)Z;,

each R¢ can be independently selected from the group consisting of
hydrogen, halogen, or substituted or unsubstituted variants of the following: C;-
Cos alkyl, acyl, alkylacyl, arylacyl, aryl, arylalkyl, p-nitrophenyl,
pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl;

Z can be a halogen; and

PG, and PG; are protecting group moieties.

71. The method of Claim 70, wherein
the compound of formula (XXVp) has the structure:
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WD 2007/ 117591 PCT/ US2007/ 008562 R3 is selected from

the group consisting of substituted or unsubstituted
woaoi7ant®i1of the following: Cl1_6 alkyl, C3_6 PCT/US2007/008562

cycl oal kyl, C2.6 al kenyl, C3.6 cycl oal kenyl, aryl,

and arylal kyl; R4 can be selected fromthe group

consi sting of substituted or wunsubstituted variants

of the follow ng: Cl1-Cl2 al kyl, C2-Cl2 al kenyl, C2-C12

al kynyl, C3-Cl2 cycl oakRkyl, Qgpégz cycl oal kenyl ,

C3-C12 cycl oal kynyl, C3-Ct" heterocyclyl, aryl,

heteroaryl, aryl al kyl, ¢ I kyl,

(cycl oal kyl ) al kyl, ( y ?alkyl, acyl ,

acyl al kyl , al kyl oxyca XyR3 car bonyl acyl ,

am nocar bonyl , azi 8, az eoa , am noal kyl, salt of

an am noal kyl, carboxyaljkyl, salt of carboxyal kyl,

al kyl am noal kyl , salt of &an al kyl am noal kyl ,

di al kyl am noal kyl, salt of di al kyl am noal kyl ,

phenyl, al kylthioal kyl, arylthioalkyl, carboxy,

cyano, al kanesul fonyl al kyl gﬁkaneémXN@n&balkyl,

al koxysul fhercphgiokpd of fdrimuty EXRFTKYds, thd Stradtine :

aci dal kyl , boronic esteFaIkyI y guani di noal kyl , salt

of a guani di noal kyl, sultosl&¥! salt of a sulfoal kyl,

al koxysul fonyl al kyl , sul fooxyal kyl, salt of a

sul f ooxyal kyl, al koxysipt yal kyl ,

phosphonooxyal kyl , sal t/ of 3 pRsphonooxyal kyl,

(al kyl phosphooxy) al , | al kyl, salt of a

phosphoryl al kyl , (al kyl pposph y) al kyl ,

pyridinylal kyl, salt of alpyridinylalkyl, salt of a

het eroaryl al kyl and hal ogenaf ed al kyl i ncl udi ng

pol yhal ogenated al kyl; R5 is| sel ected fromthe group

consi sting of -C(=0) OR6, - CERFSRXXVIB)=0 NR6R6 and

-C(=R.Z; EachmeBodoAIClhien 7Todehasigent |y sel ected from

the group,consi sti f e hal ogen, or

subst it ut ¥3 °8F“H9H'§€ 8@%@&‘%@5@%’? B?Ft‘ge é%“%fw@i
follow ng: Cl- C24 al ky) agwkPsc,al kyl acyl, aryl acyl
aryl, arylal kyl, p-nitroph€nyl, pentafluorophenyl,
pent af | uor oet hyl , triL uor by trichloroethyl, and
heteroaryl; Z can be hal ogen; and P& and PG3 are-
protecting group Lot +™Rs The nmethod of O aim
70, wherein the corpoun ornmul a ( XXVp) has the
structure: -206

OPG,3 (XX Vp-B)
the compound of formula (XX VI) has the structure:

Ry OH
HN Rs
K1) \\\R
o N
OH

OPG; (XXVI-B).
73. The method of Claim 70, wherein

the compound of formula (XXVp) has the structure:
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WO 2007/ 117591 PCT/ US2007/008562 R4 ,,,11"OP& HN CH
OH OPG3 (XXVp-A) the conmpound of fornula (XXVI) has
woheo7stivsocture: R4 ,,,,,\OH HN RS .,,a-~ R3 pOr@s2007/008562
OPG (XXVI-A). 72. The method of Caim 70, wherein
the conpound of fornula (XXVp) has the structure: R4
OP&2 HN OH .,~ull\ R3 OCH OP& (XXVp-B) the
compound of forrmula (XXVlI) has the structure: R4 OH
HN RS .,,~~aR3 O Gk _OPG3 (XXVI-B). 73. The nethod
of C aim 70, wherd b conmpound of formula (XXVp)
has the structure: WO %(;%7/ 117591
PCT/ US2007/ 008562 o 2

OPGs  (XXVp-14)
the compound of formula (XX V1) has the structure:

OPG3 (XXVI-1A).
74. The method of Claim 70, wherein

the compound of formula (XX Vp) has the structure:

OPGs (XXVp-1B)
the compound of formula (XXVI) has the structure:
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H.,."0"OP& HNOH 0 OH OPG (XXVp-1A) the

conpound of formula (XXVlI) has the structure: H "\OH
woloRs11759MIVe O CH OPG3 (XXVI-1A). 74. The perhsgnoonosse62

Caim70, wherein the conmpound of fornula (XXVp) has

the structure: HOP&Z HNOH ,,,,~aM O OH OPG3

(XXVp-1B) the conmpound of formula (XXVI) has the

structure: -208 WO 2007/117591 PCT/ US2007/ 008562 H OH

HNR5 0 OH OPG3 -1B).

OPG; (XXVI-1B).
75. A method of preparing a compound of formula (XXVII) comprising
removing the PG protecting group moiety on the primary alcohol of the compound of
formula (XXVI) to form a compound of formula (XXVII):

Ry OH R4 OH
HN Rs HN Rs
o R3 R3
—_— )
OH OH
OPG3 OH
XX VI) OCXVID)

wherein:

Rj; is selected from the group consisting of substituted or unsubstituted
variants of the following: C,g alkyl, Cis cycloalkyl, C,s alkenyl, Cis
cycloalkenyl, aryl, and arylalkyl;

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,-Cj; alkyl, C»-C); alkenyl, C,-Ci
alkynyl, Cs-Cjz2 cycloalkyl, C3-Cj2 cycloalkenyl, C3-C;; cycloalkynyl, C;3-Ci;
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
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75. A nethod of preparing a conpound of fornmula

(XXVI'1) conprising renoving the PG3 protecting group
woni@iy7on the primary al cohol of the conmpoundpraf/us2007/008562

formula (XXVI) to forma conmpound of formula (XXVII):

R&A OHR4A OH HNRS HNRS R3R3 OOHOOH OPG COH

(XXVI) (XXVI1) wherein: R3 is selected fromthe group

consi sting of substituted or unsubstituted variants

of t@@arf‘&lhbﬁl‘k&'ﬁgsalplois aaléiﬁhrdu{zénéﬂcysﬁifa@'kﬁ' sale xg A sulfoalkyl

al kenyl , C3-6 cycl oal kenyl, }3; and aryf a
can °§bﬁ“é@9¥'@1kyﬂ’om t sfogrpelkyGonsisslti ng off a  sulfooxyalkyl,

fsg Ff%‘%"ﬁﬁgﬁ%l&gmﬁyﬁstp%%'%g q%ra'l keny?tf (@ % phosphonooxyalkyl,
al ky(a}kylpmpm@cm&kybal Lp;abspkﬁsylﬂkgl cychival bényh phosphorylalkyl,

het %&qéﬁ‘l?’ ‘5’&?‘{2’“ P H%}get ! Stiky yc%y pidihylalkyl, salt of a

( CyChQIallolay}ﬂalkiykgdd haléémhed@ﬂw} |1r)dh)cﬁh§)bblyha¥b§gbnated alkyl;

acylalkyl al k car bo car pan

ani nocar bon s\ékff% gog’zF o%ﬁ‘%?lco \ﬁ‘ﬂ%é?a%K'ﬁC‘@Qﬁh of(=O)SRe, -
an aﬁ'(#mmm andc;@(ﬂa@)wal kyl, salt of carboxyal kyl,

al kyl am noal k sal t of an al kyl am noal kyl ,

di al kyl ar f#Sho 6k§ﬂn bg aindepsmdgntly selegtednfinbhlthy 1group consisting of

phenwdrogérkyiatdgbﬁaélkydbsm@éd/bﬁ QhQdkhted %fﬁ%fif the following: C,-
cyan&gﬂ Iah$ anesul fonyl al kyl , al kanesul fin
Su

al ko Yyl #XRy! | a’ﬂ‘ﬁh@b‘yan@faﬂq@yl @tzyil,onawlalkyl p-nitrophenyl,
aci dgdrtafiuor 21 %eﬁt%h@&%leh%'ll ’tf(lﬂr,lg'lQJ%t ; O?Ql§4ée}}?ﬁ,9§hd heteroaryl;

PCT/ US2007/ guani di n
guani di noalq%ylbe as}@lqg@alm sal t of a suI f oal kyl ,

al koxysul kyl, salt of a
sul fooxyaf7 ?,4 ﬁjoﬁétln%%su fony oxyal kyl ,
phos%onoﬁkqmeﬂyjd of9G@lhim @5, ‘ahqﬁ-lmsphonooxyal kyl ,

S A SR A et © 2

pyridinylalkyl, salt ofRa pyfiahinyl al kyI salt of a

Rs

‘n\\\\R3

OPG3 (xxVI-A)
the compound of formula (XX VII) has the structure:

Raw_ OH

OH (XXVII-A).
77. The method of Claim 75, wherein

the compound of formula (XXVT) has the structure:
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het eroaryl al kyl and hal ogenat ed al kyl i ncl udi ng
pol yhal ogenated al kyl; R5 is selected fromthe group
woanwiiztiong of -C(=0) OR6, -C(=0 SR6, - C(=0 NRe&®/Uammb7/008562

-C(=0)Z; each R6 can be independently selected from
t he group consisting of hydrogen, hal ogen, or
substituted or unsubstituted variants of the
follow ng: Cl- C24 al kyl, acyl, alkylacyl, arylacyl,
aryl, arylalkyl, p-nitrg ghenylc,H pent af | uor ophenyl ,
pent af | uoroet hyl, trifluorsefhyl, tricloroethyl, and
heteroaryl; Z can be a halooqg and PG3 is protecting
group noiety. 76. TheHNtH0OG Claim 75, wherein the
conpound of formula ( ag“R$e structure: R4
,,,,VOH HN RS ., oMK N2 (XXVI-A) the
conpound of formula (XXVI he structure: R4 \CH
HNRS OOH OH(XXVII-AR, 77. The nethod of O aim
75, wherein the conpound of ~ornula (XXVI) has the
structure: -210 WO 2007/117b591 PCT/ US2007/ 008562 R4
OHHN RS "' %A0KR3 O OH  OPGs (XXVI-B)

the compound of formula (XXVII) has the structure:-

>

OH (XXVII-B).
78. The method of Claim 75, wherein

the compound of formula (XX VI) has the structure:

OPGs (XXVI-1A)
the compound of formula (XXVII) has the structure:
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OPG3 (XXVI-B) the conpound of formula (XXVI1) has the

structure: RA HHNRS ..,~~aR3 O OH OH (XXVII-B).
w@&oo7fihesomet hod of C aim 75, wherein the conporad/usto07/008562
formula (XXVlI) has the structure: H",,,,OH HN RS

L, WAk OOH OPG3 (XXVI-1A) the compound of formula
(XXVI'1) has the structure: -211 WO 2007/117591

PCT/ US2007/008562 HHN RS ,, %M Me O OH OH
(XXVI1-1A). 79. Thewethod of Caim75, wherein the
conmpound of formul ) has the structure: H OH

HN R5 O OH _WOH

Rs

canth Me

OH XXVII-1A).
79. The method of Claim 75, wherein
the compound of formula (XXV1I) has the structure:

OPGs  (xXVI-1B)
the compound of formula (XX VII) has the structure:

OH (XXVII-1B).
80. A method of preparing a compound of formula (XXVI) comprising
protecting the primary alcohol of the compound of formula (XXVID) with the PG;
protecting group moiety to form a compound of formula (XXVI), wherein the PG; can

be same or different from the PG, in Claim 57:
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OPG3 (XXVI-1B) the conpound of fornmula (XXVI1) has the
structure: HOH HNRS ,,,,uoMe O OH OH

wOXd0h7seB) . 80. A nethod of preparing a conpora@/usto07/008562
formula (XXVI) conprising protecting the primry
al cohol of the conmpound of fornmula (XXVI1) with the
PG3 protecting group noiety to forma conpound of
formula (XXVI), wherein the PG3 can be same or
different fromthe jgim57: -212 WO R,
2007/ 117591 PCT/ US2007/
RBRBOO OHOH OHOP
is selected fromthENy
or unsubstituted [
al kyl, C3-6 cycl©
cycl oal kenyl, aryl, an

1) (M)
nsi sting of subd

6 al kenyl 3. C3-
arghrl kyl ; R4 can be se|ect e®H

unsubstituted variants ofNthe follow ng: C, -Cl2
C2-C12 al kenyl, C2-C12 alkynyl, C3-Cl2 cycl oal kyl
C3-C12 cycl oal kenyl , C3- GdH& cycl oal kynyl, C3-Cl2 OpG;

het erocycl yl, aryl, het aryl al kyl ,
het eroaryl al kyl, (cycl oéﬂ%&ﬁ%al kyl, (XXVI)

(het er ocyelhetaiml kyl , acyl, acyl al kyI
al kyl oxycar bony| oxy car bonyl acyl, . am nocar bonyl,
azi do, azRadalslectedafipmoliergIoup Sansisung of sahﬁﬁe@rlk@n unsubstituted

car ?oig'aﬂéééygfl tﬁ@g%l%gwéﬁgg@lxé’aélwl s kylcmianal Kyl alkenyl, Cig
cycloalkenyl, aryl and arylalkyl;

R; can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-Ci; alkyl, C,-C; alkenyl, C;-C;»
alkynyl, C;3-Cj2 cycloalkyl, C3-Cj2 cycloalkenyl, C;-C), cycloalkynyl, C3-Cj» .
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkylalkyl,
(heterocyclyl)alkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyi, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl;

Rs is selected from the group consisting of —C(=0)ORg, -C(=0)SRs, -
C(=0O)NRgR¢ and -C(=0)Z;

each R¢ can be independently selected from the group consisting of

hydrogen, halogen, or substituted or unsubstituted variants of the following: C;-
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di al kyl am noal kyl, salt of a dial kyl am noal kyl ,

phenyl , al kylthioal kyl, arylthioal kyl, carboxy,
woyertai7al kanesul f onyl al kyl , al kanesul fi nyl al kptT/US2007/008562

al koxysul finyl al kyl, thiocyanoal kyl, boronic

aci dal kyl , boronic esteral kyl, qguanidi noal kyl, salt

of a guani di noal kyl, sul foal kyl, salt of a sulfoal kyl,

al koxysul fonyl al kyl , sul fooxyal kyl, salt of a

sul f yahlkyl, , ko nyl kyI .

phos g%nooxga ka@} )&Yl&%é;ﬁ aﬁﬁ on ¥ aI ?rt)'fa]kyl p-nitrophenyl,

(al kWﬁ‘HﬂS‘QW@bRly))lapwalﬂqumbplhmﬂumbé«w tmailmroemya and heteroaryl;

phosphoryl | phosphoryl ) al kyl
pyri di nyl a ?Eﬁﬂ’e %gﬂ%ﬁ aﬁgpyrl di nyl al kyl, salt of a
het er oar ylmwylpr@ndldwrogpmagl al kyl i ncl udi ng

pol yhal og t Ik v RBd S selected fromthe group
cons:%gtl ngﬂ%rgq&a) 6}(@?6 58 - C(=O) NR6R6 and

- (=0 Z elanstmﬂﬁomnbfhermmdgu emds»théedr@&tlﬁd from
the group consisting of ro hal ogen, or
substituted or unsubsti 4 dw® Hlants of the
followi ng: Cl- -213 WO 20074117591 PCT/ US2007/ 008562
C24 al kyl, acyl, alkyl Weacyl , aryl, arylalkyl,
p- ni trophenyl, pentafl poropheny| pentafluoroethyl, ,
trifluoroethyl, tri vt nd heteroaryl; Z can
be a hal ogen; and P $ﬁ|ng group noiety. 81
The nmet hod of C ai m 80, erein 't he conpound of
formula (XXVI1) has the s cture: R4 ,,,,.SOH HN R5
Rg OOH OH (XXVII-A) the g¢onpound of formula (XXVI)

has t he structure: R4 ,,,,,\ HN RS " 943
(XXVII-A)
the compound of formula (XXVI) has the structure:

WOH

OPGs (XXVI-A).
82. The method of Claim 80, wherein

the compound of formula (XXVII) has the structure:

OH (XXVII-B)
the compound of formula (XXVI) has the structure:
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OOH OPG3 (XXVI-A). 82. The nethod of C aim 80,

wherein the conpound of fornmula (XXVI1) has the
woeboaratizaoe: R4 OH HN RS O OH OH (XXVII-B) PCiais2007/008562

conmpound of forrmula (XXVlI) has the structure: -214 WO

2007/ 117591 PCT/ US2007/008562 HN R5 .,,, %8 R3 O OH

OPG3 (XXVI-B). 83. The nethod of C aim80, wherein

t he conpound of fornula ( I1) has the structure: H

,yy, A0H HN RS O CH G 1A the conpound of

formula (XXVI) has the gtructuie; H.,,,,\\OH HN R5

O™ " O

OPG3 (xxVI-B).
83. The method of Claim 80, wherein

the compound of formula (XXVII) has the structure:

OH (XXVII-1A)
the compound of formula (XXVT) has the structure:

OPG; (XXVI-1A).
84. The method of Claim 80, wherein

the compound of formula (XXVII) has the structure:
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OPG3 (XXVI-1A). 84. The nethod of C aim 80, wherein
the conpound of formula (XXVII) has the structure:
we20d5/\MB92007/ 117591 PCT/ US2007/ 008562 H OH PITRS2000008562
OH OH (XXVI1-1B) the compound of formula (XXVI) has
the structure: HOH HNRS5 0 u%e OH OPG3
(XXVI-1B). 85. A nethod of preparing a conmpound of
formula (XXVII1) conprising performng a
| act oni zati on react ies _on the conpound of formnula
(XXVI) to forma nd of formula (XXVI11): R4 OH
R4 OH O HN R5 HN OM™H---~ OR3 0OPG OP&3
(XXVI) (XXVIIT1) ~NR3 P sel ected fromthe
group consi sting of substitjuted or unsubstituted

O

OH (XXVII-1B)
the compound of formula (XXVI) has the structure:

p OPG3 (XXVI-1B).
8s. A method of preparing a compound of formula (XXVIII) comprising

performing a lactonization reaction on the compound of formula (XXVI) to form a
compound of formula (XXVIII):

R4 OH Ra OH
o)
HN Rs HN
o Ra e}
OH ©
Ra
OPG; OPG;4
XXVD (XXVIID)

wherein:

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cjs alkyl, Ci¢ cycloalkyl, C,¢ alkenyl, Cs
cycloalkenyl, aryl, and arylalkyl;
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variants of the followng: Cl-6 alkyl, C3-6

cycl oal kyl, C2-6 al kenyl, C3-6 cycloal kenyl, aryl,
wand7anyial kyl ; -216 WO 2007/117591 PCT/ US2007PODRSSED7/008562

R4 can be selected fromthe group consisting of

substituted or wunsubstituted variants of the

followng: Cl-Cl2 al kyl, C2-Cl2 al kenyl, C2-Cl12

al kynyl, C3-Cl12 cycl oal kyl, C3-Cl2 cycl oal kenyl ,

C3-C12 Cyﬂ oal k?’%g%’ e%?%dczlt’?omh%ﬁe ?r%)ﬂ?l anméﬁﬁg 'of substituted or

het er oary eteroar
(CthQﬁbétyht)adl ke}tla,nts @ﬁetheribﬁywir;g )@l- K\ﬂ allatyCa-Cia alkenyl, Co-Cyz

b 1SS SRRl an. or:

an agideaydyl . ar}ilafhét&b%bﬂy' ary&ﬂk)tl Ohetewabﬂau@ll kyeycloalkylalkyl,
al kyl am noa

It of [k | K
di a thmﬁyﬁafai/auwsasaawf of MUl PlaFrbaRpYiony,  carbonylacyl,

phenyhinoghdk¥hihi @aldey! aﬂld@ﬁﬂ(lyt hi GainkXlky1, CadalIXOXMf an aminoalkyl,
cyano, al kanesul fonyl al ky alkanesulflnélalk

al koﬁ}@yw}'@lkWI salkof caqbﬁxb@g}éln@gqyﬂ@pmo%y salt of an alkylaminoalkyl,
aCI d&kﬁ(yamd\ggﬁl ?‘kylsgﬁt %'fau(yhlalky%ﬁﬂbglk pal k}Sheny‘L’fa' £l|ky1th10a]kyl

a gu I noa sul foal kyl ;| salt of "a sul
aI k cary Bbidof kyl;| aldapboxysul exaoRy al Mipgnesgidpnylaikyh alkanesulﬁnylalkyl

sul f gpxval kv 0 |
phos%)ﬁ 5 oxygq?(lk?ll, Fg?w&ogﬁ¥%h?sﬁp%x}g%o éﬁldaf'ﬁ'l boronic esteralkyl,
(al kydanidiapdikyix yjat kQ'ﬂ a [eesphoailyd| Isylfpalkal tsdf of a sulfoalkyl,
ngfap%,\%%ﬁgé%gﬂg&l( ? | (l; dl{.&g?@?g‘r ﬁlyl) gl!i yI sfal t & asulfooxyalkyl,
het eﬁlﬁaiyguﬁ’okjﬂloxﬁzﬂdyh a Iphgmhe@kﬁmw,l satic| ofdi gphosphonooxyalkyl,

gngF@fﬁ %a.lg;@%Rio @?@E@ f ed from he gr%ﬁlgsphory]alkyl

- O =(a) JZylpmgho@@ag@m qﬁ/ridmﬁmmesm yosed epy@ainmauml salt of a

t he group consi st | ydr ogen, . hal o

subsheteippadaliy! %ﬂ%@gq%@@@&w anqludipg PB?Y%F]‘P@enated alkyl;
fo' | owd ”gRSC}E se@fedafr&vﬂ theagﬁblup éﬂdﬁiéhﬂg)df, —@(%(bmzﬁl, -C(=0)SRs, -

aryl p- ni t rophenyl pent af | uor ophenyl

pent Qﬁ@)ﬁ%&mﬂ ~-GFP¥uor oet hyI trichloroethyl, and
het er oar yl,, %ch Rs g{h ?g% ﬁmd@?‘%‘rﬁ%ﬁ y %ﬂ%te%@ro‘n? thE oér%ﬁﬁ'd?ﬂmstmg of

group noi e I'm 85, wherein the
conpbydrdgatf, lfabrgtml ar subsurytedas unsubstitutet variants oRshe following: Cy-
T C’ysojﬂkyl, acyl, alkylacyl, arylacyl, aryl, arylalkyl, p-nitrophenyl,
pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl;
Z can be a halogen; and
PG; is protecting group moiety.
86. The method of Claim 85, wherein
the compound of formula (XXVI) has the structure:

‘\\\\\O H

OPG; (XXVI-A)
the compound of formula (XXVIII) has the structure:
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HN RS 0 OH OPG (XXVI-A) the conpound of fornmula
(XXVI'11) has the structure: -217 WO 2007/117591
wWOeCH7u$Z007/ 008562 R4 ,,~~~0H HN O O R3 OPGBCT/US2007/008562
(XXVI11-A). 87. The nethod of O aim 85, wherein the
conmpound of formula (XXVlI) has the structure: R4 CH
HN RS R3 OOH OPG3 (XXVI-B) the conpound of fornula
(XXVII1) has the structure: R4 CHHN O OR3 OPG3
(XXVI11-B). 88. The d.oPHd ai m 85, wherein the
conmpound of formula (XXVI) |has e structure: H

‘ OPG3  (XXVIII-A).
87. The method of Claim 85, wherein

the compound of formula (XX VI) has the structure:

OPGs (XXVI-B)
the compound of formula (XXVIII) has the structure:

OPGs  (XXVIII-B).
88. The method of Claim 85, wherein

the compound of formula (XXVI) has the structure:

OPG;  (XXVI-1A)
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vhss,VWWOH HNRS OOH OPG3 (XXVI-1A) -218 WO
2007/ 117591 PCT/ US2007/ 008562 the conpound of fornula
wOXhtp1has the structure: H,~%0H 0 HN 0 @CERIS2007/008562

OPG (XXVIIT1-1A). 89. The nethod of O aim 85, wherein
the conpound of formula (XXVI) has the structure: H
OH HNR5 ,,,,,nMe OOH OPG3 (XXV I-1 B) the

coorrglﬁlugd %te coffptuha of Fofulld (X RITf e the bedtiiree: H OH

OPG3  (XXVII-1A).
89, The method of Claim 85, wherein
the compound of formula (XXVT) has the structure:

OPGs (XXVI-1B)
the compound of formula (XXVIII) has the structure:

OPGs (XX VIII-1B).
90. A method of preparing a compound of formula (XV) comprising
performing a lactonization reaction on the compound of formula (XXVII) to form a

compound of formula (XV):
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Me OPG3 (XXVIII1-1B). 90. A nethod'" of preparing a
conpound of formula (XV) conprising performng a
woact7an7®at i on reacti on on the conmpound of for POTAS2007/008562
(XXVIl) to forma conmpound of forrmula (XV): -219 WO
2007/ 117591 PCT/ US2007/008562 R4 OH R4 OHO HN R5 HN
RBO OO0 OHR3I OHOH (XXVI1) (XV) wherein: R3is
selected fromthe group consisting of substituted or
unsubstituted gvarianpyy of the follow ng, CI. aoﬁlkyl
C3-6 cycl oal kyl, al kenyl, C3.6 cycfo eny®D,

aryl, and aryIaIkyI' 4 can be sel ected fro gr oup
consi sting of rtut’ed or unsubsti HN ant s
of the follow pg: al kyl, C2-C12 2- C12
al kynyl , Cgy al Kyl C3-L12 ¢ yl,
C3-C12 cycl oal kynjyl , &pr C12 heterocyclyl, |,

het eroaryl, aryl al kyl, heteroaryl al kyl, 3

(cycl oal kyl ) al kyl >~_(heterocyclyl)al kyl, a

acyl al kyl , al kyl oxydar bonyl oxy, carbonyl acyl,

am nocar bonyl , azi dgyyazi doal kyl, am noal kyl ogppal t of

an am noal kyl , gnpoxyal kyl , salt of car boxy I,

al kyl am n gllgy,{(xxsapt of an al kyl am noal kyl , ey

di al kyl am noal kyl , salt of a dial kyl am noal k I

phenyi , aRkyi$ tshlieetafl yom thargrpvmuceawtwa of avlmtyted or unsubstituted

cya I,
al k%ﬁ%%?ﬁ?ﬁ% F%m{#ocyanoa Kyl {)fyoir?lat:@y Cos alkenyl, Cas
aci dtadckgdlkeriyhramyib andasttyaib}'lkyl guani di noal kyl, salt

of a guan di noal F{y?elecl‘ée({ ofarox%yltpi:(ygrlotug co%n?l%é ogfl l%)ﬁlb':‘»tltl»lte(i or

al koxysu ony sul f'ooxya
sul famapstitiiyed, varddnioof sthk f foblpwdxg:aCkydi, alkyl, C,-Cip alkenyl, C;-Ci2

phosmgo cio>ty & cycloaﬂL 063;81 rc‘%%ﬁenﬁxy&-&; tycloalkynyl, C3-Cj2
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl;
Rs is selected from the group consisting of —C(=0)ORs, -C(=0)SRs, -
C(=0)NRsR¢ and -C(=0)Z;
eacl; Rs can be independently selected from the group consisting of
hydrogen, halogen, or substituted or unsubstituted variants of the following: C;-
Cos alkyl, acyl, alkylacyl, arylacyl, aryl, arylalkyl, p-nitrophenyl,
pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl;
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(al kyl phosphooxy) al kyl, phosphoryl al kyl, salt of a
phosphoryl al kyl ,  (al kyl phosphoryl) al kyl

woyoirditveph al kyl , salt of a pyridinylal kyl, sal PCOfUS2007/008562
het eroaryl al kyl and hal ogenat ed al kyl i ncl udi ng
pol yhal ogenated al kyl; R5 is selected fromthe group
consisting of -C(=0 OR6, -C(=0) SR6, - C(=0) NR6R6 and
-C(=0) Z; each R6 can be independently selected from
the group .St f ydr ogen, hal ogen, or

G e e

substi t ut ) unsu ed variants of the
f ol | owi ngwithithe @aavisd thpt theaopipouad oy Famyula CaXYIBeyl the compound

aryl r | Kyl -nitrophe . ._pent af | uor qphenyl , .

pent ok ﬁ%u &Jgae(i%\ﬂ ?A%tnP i #‘zf‘ﬁ%p% g‘%ﬁ"ﬁw l,ng EIPEHSS PBEISW‘ZC}‘E\WWYY :
het er oaryl 20 WO 2007/ 117591 PCT/ 8Q7/ 008562 Z

can be a and with the provi t he
compound of la ORKVI1) and the g
formula (XW ~have the foll owi ng
stereochem stry: O HSOHtH O HN RS ,,
OH M OHOH wRrex®S 5C(=O OR6; and R6 if
nmet hyl or t-but 1. Qe nmet hod of d ai

wher ei n t he &+ " ormul a (XXVI'l ) bad
structure: sl -, HHN RS "I M R3T O Ofy” CH
(XXVI1-A) the conpound of formula (XXVI) hasjthd
structure: R4 ,,,, SOH »

<

OH OH
where Rs —C(=0)ORg; and Rg is hydrogen, methyl or t-butyl.
91. The method of Claim 90, wherein
the compound of formula (XXVII) has the structure:

OH (XXVII-A)
the compound of formula (XXVI) has the structure:

-\\\\\\\O H

_ OH  (XV-A)
with the proviso that Rs cannot be —C(=0)OR4_ wherein Ry is hydrogen,

methy] or t-butyl; when Ry is 2-cyclohexeny! and Rj is methyl.
92. The method of Claim 90, wherein
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HN O Me OH (XV-A) with the proviso that R5 cannot be

-C(=0O OR6, wherein R6 is hydrogen, nethyl or t-butyl;
woher/ iR s 2- cycl ohexenyl and R3 is nethyl. 9RCT/TiIS2007/008562

met hod of C aim 90, wherein -221 WD 2007/117591

PCT/ US2007/ 008562 the conmpound of formula (XXVI1) has

the structure: RA OH HNRS .,,, %®8R3 OOH OH

(XXVI1-B) the conmpound of formula (XXVlI) has the

tructure: 3...The nmet hod of
Sél aium SO, tv\gh or eP%f%ng’ﬁ‘émgmgﬁsr%I g“ W& 1) has
the structure: H,,,,\ HRJORD OC]—|C]—I(XXVII-1 A)

t he conpound of fornula ( has the structure:
-222 WD 2007/117591 PCTF/"hJSZ 0408562 H

OH (XXVII-B)
the compound of formula (XXV]) has the structure:

OH (XV-B).
93, The method of Claim 90, wherein

the compound of formula (XXVII) has the structure:

OH (XXVII-1A)
the compound of formula (XXVI) has the structure:
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v hrs,,OHO HNO O Me OH (XV-1A) with the proviso R5

is not -C(=0) OR6, wherein R6 is hydrogen, nethyl or
woO-200r1y759194. The nethod of C ai m 90, wherein POE/US2007/008562

compound of formula (XXVIl) has the structure: H CH

HNRS OOH OH (XXVII-1B) the conpound of fornmula

(XXVI) has the structure: HOO HNOO M OH

(XV-1B). -223 WD 2007/117591 PCT/ US2007/ 008562 .95. A

nmet hod of preparing g pound of formula (XV)

I11) to forma conpound

t he conpound of for
HHNHNOO 00

of formula (XV): R4

OH  (XV-1A)

with the proviso Rs is not —-C(=0)ORg, wherein R is hydrogen, methyl or
t-butyl.

94. The method of Claim 90, wherein
the compound of formula (XXVID) has the structure:

OH

HN Rs
,n\\\\Me
OH

OH (XXVII-1B)
the compound of formula (XXVI) has the structure:

OH  (XV-1B).
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R3 R3 OPG OH (XXVIII1) (XV) wherein: R3 is selected
fromthe group consisting of substituted or

wanewhgtiotuted variants of the foll ow ng: Cl_ecaiusyio;/008562
C3_6 cycloal kyl, C2.6 al kenyl, C3-6 cycl oal kenyl,
aryl, and arylalkyl; R4 can be selected fromthe
group consisting of substituted or wunsubstituted
variants of the follow ng: Cl-Cl2 al kyl, C2-C12
al k I, i = , spiresi i
cycl%“ggl ke[n%?, CS(-)%%%‘%I%:% %%%é%ﬁghgydxw% 10 removing
hidxe G prsitedtingagrplip metetr omrthe compgind kY formula (XXVIII) to form a

?‘ﬁoﬁéor @Glf%‘ll%ﬁgﬁgf%pl oal kyl ) al kyl ,

ocycly acyl, acyl al kyl,
al kyl oxycar bonyl oxy Rscar ho@yl acyl, am noca
azi do, azidoal kyl, am ngal ky,Q salt of an ani no O

salt of an al kyl am
of a dial kyl am no
aryl t hi oal kyl , cxano, al kanesul¥ony
al kanesul finyl al kyl, [al koRysul finyl al kyl,

t hi ocyanoal kyl , boronilg aci dal kyl, boronic esteral kyl,
guani di noal kyl , salt of guani di noal kyl , sul f oahkyl ,
salt of a sulfoal kyl, allkoxysul fonylal kyl,
sul fooxyal kyl, salt of aQf®EBfooxyal kyl, OH
alkoxysulfonyloxyalkyl,kgagﬁﬁhonooxyalkyl, sal t %&X%
phosphonooxyal kyl, (al sphooxy) al kyl ,

phosphor wigdrkyk , salt of a phosphoryl al kyl,

(al kyl phasphoryl)a |, pyridinylalkyl, salt of a )
pyri di ny!’ k%/P‘?Ie‘)é‘?A Ery%? the gFRReFeRsiSing) Rl pubshifiited or unsubstituted
hal aggRskedratiey lfoll Ii ag , palkyhalggeratissikgl kyd,; 1, Ci.
PG3 i salgt%pr ot eﬂgi n %&%p@n& gtkg’.n C%% Q%]eglngg’hgé sofanény >
d ais¥rosikenple poil pnd ylallpl 2007/ 117591

PCT/ US20 0085 : f s XXV el :
Qi[ Q8562 s%fé%tlte%g 'H%%Jg?;@ghé() )52{)”9{) ru%%xgtﬂ(év df! kubstituted or

I, alkylthi oalKkyl,

has the structure:
unsubstituted variants of the following: C,-C,, alkyl, C,-C;; alkenyl, C,-Ci>

alkynyl, C3-C), cycloalkyl, C3-Cj» cycloalkenyl, C;3-C)> cycloalkynyl, Cs3-Ci;
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkylalkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
_arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

PGj3 is a protecting group moiety.
96. The method of Claim 95, wherein
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the conpound of fornmula (XV) has the structure: OH O

RIRR3 OH (XV -A). 97. The nethod of Caim 95, wherein
woOher7aerpound of fornula (XXVI11) has the strueCumus2007/008562

OO RR3 OOPGE (XXVIIl -B) the compound of formula

(XV) has the structure: R4 OHHN O OR3 OH (XV -B).

98. The nethod of C aim 95, wherein the conpound of

formula (XXVII1) has the structure: -225 WO

2007/ 1175%e R{ﬁﬁbdﬂﬁaoﬂfbﬂﬁﬁémﬁu? hes ttieQtuctib:R> O OH

OPG3 (XXVIII -1A) the conpound formula (XV) has

the structure: H ., 6 \\, S,

OPGs  (XXVIII -A)
the compound of formula (XV) has the structure:

OH XV -A).
97. The method of Claim 95, wherein

the compound of formula (XXVIII) has the structure:

OPGs  (XXVIII -B)
the compound of formula (XV) has the structure:

OH (XV -B).
98. The method of Claim 95, wherein

the compound of formula (XXVIII) has the structure:
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HNO O Me OH (XV-1A). 99. The nethod of d aim 95,

wherein the conpound of formula (XXVI11) has the
weboaratizaoe: H OH O HN O O Me OPG (XXVIII1 PaEBUS200M008562

conmpound of formula (XV) has the structure: -226 WO

2007/ 117591 PCT/ US2007/008562 HOH O HNO O M OH

(XV-1B). 100. A nethod of preparing a conpound of

formula (XVI) conprising substituting the primry

hydr oxy group of the npound of forrmula (XV) to form

a conpound of for c RAOHR4A OH O

\\\\\\\O H

OPGs (XXVIII-1A)

the compound of formula (XV) has the structure:

OH (XV-1A).
99. The method of Claim 95, wherein
the compound of formula (XXVIII) has the structure:

OPG; (XXVIII-1B)

the compound of formula (XV) has the structure:
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HNHNOOOO -~~ R3R3 OHX(XV) (XVI) wherein:
R3 is selected fromthe group consisting of

weubstiitwied or unsubstituted variants of thePCT/US2007/008562
following: C1_6 alkyl, C3_6 cycloal kyl, C2_6 al kenyl,
C3-6 cycloal kenyl, aryl, and arylal kyl; R4 can be
sel ected fromthe group consisting of substituted or
unsubstituted variants of the follow ng: Cl-Cl2 al kyl,
C2-C12 al kenyl, C2-C al kynyl, C3-C12 cycl oal kyl,
C3-C12 cycl oal kenyl[, C3-T12 cycl oal kynyl, C3-C12
het erocycl yl, aryl,|_hectee
het er oaryl al kyl , (cytheal Ry
(heterocyclyl)al kyl, acyl, ,a kyI,
al kyl oxycar bonyl oxy, ca&hNbor
azi do, azidoal kyl, 1 N{
car boxyal kyl , sal t

galt of an am noal kyl ,
(yal kyl, al kyl am noal kyl ,
salt of an alkylan1noalkyl dmalkylan1noalkyl sal t
of a dial kyl am noal kyl, pl al kyl t hi oal kyl ,

aryl t hi oal kyl, carboxy, o, alkanesulfonylalkyl,
alkanesulflnylalkyl alkoxyuulflnylalkyl

t hi ocyanoal kyl , bor oni ¢ aci d@tkyl , C%%rﬂﬁtc esteral kyl,

_22hofP 2007} s fnoaﬁ%ﬁﬁh%ogw B SHrfhd ORVY! comprising

al t” of a guani sm

ssm:fsoaitkmygl the paﬂrrkan)()hydtdxgrgabab lof lthe smthf)o.mdyaf Ryhx,ulas@tV) to form a
of a sul a al koxysul f onyl oxyal kyl,

phYLBA ‘brfﬁjf%%ép écvs%‘lt of “a phosphonooxyal kyl ,
(alkylphosphoﬁm PH phosphoryl al kylRssalt ©f a

phosphoryl al kyl , hosphoryl ) al kyl ,

pyri di nyl al ky| a pyridinyl al kyl a
het er oar yl al k§ hal ogenat ed al ky! %

pol yhal ogenat gd al -Oand_w th the pr O the
conpound d® a\(XV) and the c formul a

(XVI) cannot have theg follow ng structure
stereochemstry:{Ra ,,,,,zOHR4 ,, OH

OH X
(XV) (XVD)

wherein:

R; is selected from the group consisting of substituted or unsubstituted
variants of the following: C;¢ alkyl, Cs¢ cycloalkyl, C,¢ alkenyl, Csis¢
cycloalkenyl, aryl, and arylalkyl;

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-Ci; alkyl, C,-C; alkenyl, C;-Cj»
alkynyl, C3-Cj; cycloalkyl, Cs3-Cj2 cycloalkenyl, C3-Ci» cycloalkynyl, C3-Cia
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
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HNHN OOOSt. 0 RZIR3 OHx (XV) (XVl) where R3

is methyl; R4 is 2-cyclohexenyl; and X is chlorine;
woQdo7/1itm1met hod of C ai m 100, wherein the conmpoums27/008562

formula (XVlI) has the structure: ROH OL OH (XV-A)

the conpound of formula (XXI1) has the structure:

-228 WD 2007/117591 PCT/ US2007/008562 O RIR3 X

(XVI-A) with the proviso that if R3is nmethyl and X is

chl ofimiinddiey), RhiCainat dbignidinoaM&,0RENEAKL 142 of TRE sulfoalkyl,
met hod of O al m 100, wherein the conpound of fornmula
( xvi glkepgisutfpeylatkylict ursedfoorualiod, O sptO ©OfR3 aoH  sulfooxyalkyl,

g n/ L%%ﬁ)ﬁ)’espﬁoﬁﬁwyﬂﬁﬂ, th&s%'hHHl»&)&m,l )saltaSoft NE phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

with the proviso that the compound of formula (XV) and the compound of
formula (XVI) cannot have the following structures and stereochemistry:

R4 “\\\\\O H R4 \\\\\\O H

OH X
XV) XVI
where Rj is methyl; Ry is 2-cyclohexenyl; and X is chlorine;
101. The method of Claim 100, wherein
the compound of formula (XVTI) has the structure:
““\\\\OH

OH (XV-A)
the compound of formula (XXII) has the structure:
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R& OHO HNO OR3 X (XVI-B). 103. The nethod of

Cl ai m 100, wherein the conpound of formula (XV) has
woOher7ativTaect ure: -229 WO 2007/ 117591 PCT/ US200PL0A82H2/008562

HOHO HNO M 0O OH (XV-1B) the conpound of fornula

(XVI) has the structure: HOHO HNOM 0 d (XVli-1

B) 104. A nethod of preparing a conpound of formula

(XXI'l) conprising oxidizing the alcohol group

attached to the G5 carbon adkgacent O] R4 of a

conmpound of fornula (XVlI) to é“ton%toforma

conpound of formula (XXI1): R4 R4 (ONO)

HN

X (XVI-A)
with the proviso that if R; is methyl and X is chlorine, then R4 cannot be 2-
cyclohexenyl.
102.  The method of Claim 100, wherein

the compound of formula (XVI) has the structure:

OH  (XV-B)

the compound of formula (XXII) has the structure:

. X (XVI-B).
103. The method of Claim 100, wherein

the compound of formula (XV) has the structure:
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HNHN OOO R3R3 XX (XVI) (XXIl') wherein: R3is

sel ected fromthe group consisting of substituted or
wanewhgtiatuted variants of the foll ow ng: Cl- 8caiusyio;/008562

C3-6 cycl oal kyl, C2-6 al kenyl, C3-6 cycl oal kenyl,

aryl, and aryl al kyl; -230 WO 2007/117591

PCT/ US2007/ 008562 R4 can be selected fromthe group

consi sting of substituted or unsubstituted variants

of the follow ng: Cl1-Cl2 a |, C2-Cl12 al kenyl, C2-Ci12

al kynyl, C3-C12 cycl oal k B-Cl12 cycl oal kenyl ,

C3-C12 cycl oal kynyl, C3 eteregyclyl, aryl,

het eroaryl, aryl al kyl, ¢ LA Kyl ,

(cycl oal kyl')al kyl, (heterocyclyl\)alk

acyl al kyl , aIkonxycarbonon N

anlnocarbonyl azi do, azi doa

O acyl ,

.n1“oalkyl salt of

an am noal kyl, carboxyal ¥ Qarboxyalkw
alkylaninoalkyl, salt of antnoal kyl ,

di al kyl am noal kyl, salt of a dia kyNhn1noaIkyI
phenyl , al kyl thioal kyl, arylthi's carboxy

cyano, alkanesulfonylalkyl al kane quinyIaIkyI
al koxysul fi nyl al kyl , thlocyanoalkyl bor oni c
aci dal kyl , boronic esteralkyl, gudMidi noBX¥yIB) sal t

of a guan , sul f oal kyl
al koxysul ongh%gécﬁ%h Of? lg%g%\,:l&?/%%saﬁ tgrfe' a
bhosphonooxyal kyl ,

sulfooxyalkyl alkoxys, oy
of,a
ohO ghorylL@Hkyl, salt of a

phosphonooxyalkyl sal t
phosphoryl al kyl , (alkylpﬂ» pho

(alkylphosphooxy)alkyl

pyridinyl al kyl, salt of a pyrldlvyla,: , salt of a

het eroaryl al kyl and hal ogenat ‘ i ncl udi ng

pol yhal ogenat ed al kyl ; ' alggen. 105. The

nmet hod of C ai m 104, wher,' he »enpound of formula

(XVl) has the structure: R4 O

Ci XVI-1B)
104. A method of preparing a compound of formula (XXII) comprising
oxidizing the alcohol group attached to the C-5 carbon adjacent to R4 of a compound

of formula (XVI) to a ketone to form a compound of formula (XXII):

R, OH R4 O
Q O
HN HN
] O
O 0
XVvD (XXID)
wherein:

Rj3 is selected from the group consisting of substituted or unsubstituted
variants of the following: C;s alkyl, Css cycloalkyl, C,s alkenyl, Ci.s
cycloalkenyl, aryl, and arylalkyl;
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HN O OR3 X (XVI-A) the compound of formula (XX I)
has the structure: -231 WO 2007/117591

WOeCH7u$Z007/ 008562 R4 OO HN O R3 X (XX ). PCt@82007/008562
The nethod of C aim 104, wherein the conpound of
formula (XVI) has the structure: OH RA HNO OR3 X
(XVI-B) the conpound of formula (XXII) has the
structure: R4 O HNO OR3 X (XXIl). 107. The

met hod OfR4C| AhMpk04e1c ¥R Gioth the group consisting of substituted or

unsubstituted variants of the following: C;-C;» alkyl, C,-C,; alkenyl, C;-C;
alkynyl, C3-Cjz cycloalkyl, C3-C;2 cycloalkenyl, C;3-C;> cycloalkynyl, C;—C,z'
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, c¢yano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

X is a halogen.
105. The method of Claim 104, wherein

the compound of formula (XVI) has the structure:

OH

S
=

X (XVI-A)
the compound of formula (XXII) has the structure:
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the conpound of fornmula (XVlI) has the structure: -232
WO 2007/ 117591 PCT/ US2007/008562 ,--10 Ht HO HNO

wO 20/11391 ( XVI - 1A)  the conmpound of fornula (XKECTUSh®3/008562
the structure: HO HNO O M d (XXIl-1). 108. The
met hod of C aim 104, wherein the conpound of fornula
(XVI) has the structure: t HOHO HNO O M d
(XVI-1B) the conpound of fornula (XXII) has the
structure: -233 WO 2007/ 11759,;\L4 PCT/ \ 52007/ 008562

X (XX1D).
106. The method of Claim 104, wherein

the compound of formula (XVI) has the structure:

X (XVI-B)
the compound of formula (XXII) has the structure:

X (XXII).
107. The method of Claim 104, wherein

the compound of formula (XVI) has the structure:
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HOO HNO O M CL (XXIl-1) 109. A nethod of

preparing a conmpound of fornula (XVI) conprising
woedraiimgl t he ketone attached to the carbon agaamsmio7/008562

to R4 of a conpound of fornmula (XXII) to an al cohol

to forma heterocyclic conmpound of formula (XVI): R4 O

RA OHO HNHNOO R3R3 x x (XXIl) (XVlI) wherein:

R3 is selected fromthe group consisting of

substituted or unsubstit variants of the

follow ng: ClL_6 alkyl, ycl oal kyl, C2_6 al kenyl ,

C3_6 cycloal kenyl, ary ' aryléhkyl; R4 can be

sel ected fromthe group™Sg oY of substituted or

()

C2-C12 al kenyl, C2-C12 alky ’12 cycloalkyl
C3-C12 cycl oal kenyl, C3-Cl1l2 ¢ 3
het erocycl yl, aryl, hetera. A Bkyl
het er oaryl al kyl , (cycl oal Kyl ) aMNs

(heterocyclyl)al kyl, acyl, acyl §
al kyl oxycar bonyl oxy, carbonyl ac¥
azi do, azidoal kyl, am noal kyl, sa of an am noal kyl ,
car boxyal kyl, salt of carboxyal kyl | al kyl am noal kyl ,
salt of an al kyl am noal kyl , dialk?lanin@xhhqu)salt
of a di al gyl | t hi oal kyl,
aryl t hi oa aH]car%%i%#“gp ﬁ%knéﬁ 8§HP? W1 al kyl |
alkanesulflnylalkyl al
t hi ocyanoal kyl , boronic

am nocar bonyl ,

I finylalkyl,
kyl, boronic esteral kyl,

Cl (XXII-1).
108', The method of Claim 104, wherein

the compound of formula (XVI) has the structure:

Cl (XVI-1B)
the compound of formula (XXII) has the structure:
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-234 WO 2007/117591 PCT/ US2007/ 008562 guani di noal kyl ,

salt of a guanidinoal kyl, sulfoal kyl, salt of a
weubd7aatieyl , al koxysul fonyl al kyl, sul f ooxyal kytT/Usalot/008562

of a sul fooxyal kyl, al koxysul f onyl oxyal kyl ,

phosphonooxyal kyl , salt of a phosphonooxyal kyl ,

(al kyl phosphooxy) al kyl , phosphoryl al kyl, salt of a

phosphoryl al kyl, (al kyl phosphoryl) al kyl ,

pyri di nyl al kyl, salt a pyridinylalkyl, salt of a

het er oaryl al kyl angd ogenat ed al kyl including

pol yhal ogenat ed al nd X is a halogen. 110. The

met hod of C ai m 109 ' 4

using an enzyne or NaBH4 af etuci ng agent. 111.

The method of O aim 11l eLekn the enzyme is

. ¥ Qod of d a|n1109
wherein the conpouﬁa of Ternmala (XXl |I) has the
structure: R4 O HNO OJR3Me& (XXII) the conpound
of formula (XVI) has the ructure: .OH R4 HNO O R3
X (XVI-A). 113. The nethod pf Caim 109, wherein the

conmpound of forrmula (XXI'l1) has the structure:
Cl (XXII-1)

109. A method of preparing a compound of formula (XVI) comprising reducing
the ketone attached to the carbon adjacent to R4 of a compound of formula (XXII) to

an alcohol to form a heterocyclic compound of formula (XVI):

R4 O R4 OH
O )
HN HN
) O
®) ——— (@)
R 3 R3
X
(XX1I1) XVDh
wherein:

R; is selected from the group consisting of substituted or unsubstituted
variants of the following: C;¢ alkyl, Cs¢ cycloalkyl, C,s alkenyl, Cis
cycloalkenyl, aryl, and arylalkyl;

Rs can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-Ci; alkyl, C3-C;; alkenyl, Cy-Ci»
alkynyl, C3-Cy, cycloalkyl, C3-Ciz cycloalkenyl, C3-C;; cycloalkynyl, C;3-C)»
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
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-235 WD 2007/ 117591 PCT/ US2007/008562 O ORR3 X
(XXI'l') the conmpound of formula (XVlI) has the

woebtoaratizave: OH R4 HN O OR3 X (XVI-B). 114PCThis2007/008562
met hod of C aim 109, wherein the conpound of fornula
(XXI'l') has the structurez: H OO HNO 0 M d
(XXI'l-1) the conpound of formula (XVI) has the
structure: -236 WO 2007/117591 PCT/ US2007/ 008562

- Qﬂnicﬁné’él@l, It of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylyalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alky} including polyhalogenated alkyl; and

X is a halogen.
110. The method of Claim 109, wherein the reducing comprises using an
enzyme or NaBH, as a reducing agent.
111. The method of Claim 110, wherein the enzyme is selected from the group
consisting of KRED-EXP-B1Y and KRED-EXP-C1A.
112.  The method of Claim 109, wherein
the compound of formula (XXII) has the structure:

X XX1I)
the compound of formula (XVI) has the structure:
OH

R4

X (XVI-A).
113.  The method of Claim 109, wherein

the compound of formula (XXII) has the structure:
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O OM d (XVI-1A). 115. The nethod of d aim 109,

wherein the conpound of fornmula (XXI|I) has the
weboaratizaee: H OHNO O OMe O (XXlI1-1) tReT/US2007/008562

conmpound of formula (XVlI) has the structure: HOH O

HNO O M C (XVI-1B). 116. A nethod of preparing a

conpound of formula (XVI-A) conprising inverting the

stereochem stry of the secondary hydroxy group of the

conmpound of fornula (XVI-B) kg formya heterocyclic

conmpound of formula (XVI-A): - 2097/117591

PCT/ US2007/ 008562 Ra OH Ra O p O_20

X XXID
the compound of formula (XVI) has the structure:

X (XVI-B).
114. The method of Claim 109, wherein
the compound of formula (XXII) has the structure:

Cl (XXII-1)
the compound of formula (XVI) has the structure:
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Oi'" OAB A3 XX (XV1-1B) (XVI-1A) wherein: R3is

sel ected fromthe group consisting of substituted or
wanewhgtiotuted variants of the foll ow ng: Cl_ecaiusyio;/008562

C3-6 cycl oal kyl, C2-6 al kenyl, C3-6 cycl oal kenyl,

aryl, and arylal kyl; R4 can be selected fromthe group

consi sting of substituted or wunsubstituted variants

of the follow ng: Cl1-Cl2 al kyl, C2-Cl2 al kenyl, C2-C12

al kynyl, C3-Cl12 cycl oal k C3-C12 cycl oal kenyl,

C3-C12 cycl oal kynyl , : heterocycl yl, aryl,

heteroaryl, aryl al kyl,

(cycl oal kyl)al kyl, (he

acyl al kyl , al kyl oxycar bonyl oxy,

am nocar bonyl, azi do, azidoah

an am noal kyl, carboxyal kyl car boxyal kyl ,

al kyl am noal kyl, salt of a memQal kyl |

di al kyl ami noa] kyl, salt d? a dhatkyl ami noal kyl ,

phenyl, al kylthioal kyl, arylth}oalMel, carboxy,

cyano, al kanesul fonyl al kyl, al k&pesul finyl al kyl ,

al koxysul finyl al kyl, thiocyanoal ky§, boronic

aci dal kyl , boronic esteral kyl, guénidinoal kyl, salt

of a guanidinoal kyl, sulfoal kyl, s@lt of &vsulshoal kyl,

al ko ul | kyla~Sul faoxyal kyl, salt of a

sul f ic%sfiy aﬁﬁgﬁe%ogly %9';?%‘? g’n‘éﬁ%& al kyl ,
phosphonotreyaippund sffdrmafa GXEHY hahoeeaxy@kky!

(al kyl phosphooxy) al kyl, phgsphoryl al kyl, salt of a
phosphoryl al kyl , (al kyl ghospRoryl) al kyl ,
pyridinylal kyl, salt of ja pyrijdi nylal kyl, salt of a
het er oaryl al kyl and hal dggpat®d_al k@ i ncl udi ng

pol yhal ogenat ed al kyl ; and [ al g@en. 117. The
met hod of Claim 116, wherein the [couOund of fornula
(XVI-B) has the structure: N O 2007/ 117591

PCT/ US2007/ 008562 H CH

al'kyl , acyl,
@ acyl ,
g'noal kyl, salt of

Ci (XX11-1)
the compound of formula (XVI) has the structure:

o] (XVI-1B).
116. A method of preparing a compound of formula (XVI-A) comprising
inverting the stereochemistry of the secondary hydroxy group of the compound of

formula (XVI-B) to form a heterocyclic compound of formula (XVI-A):
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O HNO O M C (XVI-1B) the conpound of fornmula

(XVI-A) has the structure: HHO HNO 0 M C
wOxXM7A117991 118. A conpound of formula (111): RpCOUSRD7ADSS62

p COOR2Z RARB (IIl) wherein: Rl is hydrogen or

substituted or unsubstituted C1 alkyl; R2 is selected

fromthe group consisting of hydrogen, or substituted

or unsubstituted variants of the follow ng: Cl-6

al kyl, aryl, q@d ary kyl; R3 is selected fromthe

group consi sti ng §5|tuted or unsub$

variants of the f : Cl1L 6 alkyl, C3.6

cycl oal kyl, CH I, C3-6 cycloa

and aryl al kyl ; en or sul fur;

Su

(XVI-1B) (XVI-1A)
wherein;

R; is selected from the group consisting of substituted or unsubstituted
variants of the following: C,¢ alkyl, Css cycloalkyl, Cys alkenyl, Cis
cycloalkenyl, aryl, and arylalkyl;

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,-Ciz alkyl, C5-C;» alkenyl, C,-Ci,
alkynyl, C3-Ci2 cycloalkyl, Cs3-Cj2 cycloalkenyl, C3-Ci» cycloalkynyl, C3-Ciz
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, = carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

X is a halogen.

117.  The method of Claim 116, wherein
the compound of formula (XVI-B) has the structure:
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RA and RB are each independently selected fromthe
group consisting of substituted or unsubstituted
woaoi7ant®i1of the following: Cl1_6 al kyl, C2-6 abPkemgko07/008562
and C2-6 al kynyl, wherein RA and RB can be optionally
bound together to forman optionally substituted 5,
6, 7, or 8 nenbered heterocyclyl. 119. The conpound of
Claim 118, wherein the conpound of fornula (111) has
the structure: RL Ra O RA RB 120. The conpound
of Claim 118, wherein tf pound of fornula (111)
has the structure: t-B M NOOOCOOwe 121. A
conpound of formula (1VR SH
(I1'V) wherein: Rl is hydrogen or sug; Ituted or
unsubstituted C1_6 al kyl; Rgy\i okcted fromthe
group consi sting of hydroge
unsubstituted variants : oWrng: Cl.6 al kyl,
aryl, and arylal kyl; an ekected fromthe group
consisting of substituted or upsubdgituted variants
of the follow ng: Cl-6 al kyl, &C3-6 cycl oal kyl, a
C2_6 al kenyl, C3-6 cycloal kenyl ,yaryl, and aryl al kyl .
-240 WD 2007/117591 PCT/ US2007/ 008562 122. The
compound of C aim 121, wherein tHe' conpGEN&I® fornul a

(1'V) has e compound of formula (XVI-A) has the structure:

Ci (XVI-1A)
118. A compound of formula (III):

w/ O
Rs N
T "’ o) COOR,
Ra  Re (111)

wherein:
R, is hydrogen or substituted or unsubstituted C,.¢ alkyl;
R, is selected from the group consisting of hydrogen, or substituted or
" unsubstituted variants of the following: C,.¢ alkyl, aryl, and arylalkyl;
Rj3 is selected from the group consisting of substituted or unsubstituted
variants of the follov:Jing: Cis alkyl, Cs cycloalkyl, C,¢ alkenyl, Css
cycloalkenyl, aryl, and arylalkyl; :

Y is oxygen or sulfur; and
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the structure: R -zz O R3 N O O COOR2 123. The

conpound of C aim 121, wherein the conpound of fornula
wOhkM)71ha®1 the structure: t-Bu,,- Me N O O COORET/US2007/008562

(I'v-1). 124. A conpound of formula (V): R O N COOR2

R3 OOH (V) wherein: Rl is hydrogen or substituted

or unsubstituted Cl1-6 alkyl; R2 is selected fromthe

group consisting of hydrogen or substituted or

unsubsti tg ri of th ing: Cl-6 al kyl, ..
aryl, and ﬁr 31 Fallgli% aﬁe?éa?ch Eépel%ge%q \gl?&gd %M ehgmé‘i’ dipsisting of
conss@smtrug?docﬁr wnsiobitittteti acriants wfshds)fdlldwihgﬂcl yaﬂdyﬂr&% alkenyl and

of t Wi_ng. al a.C3.6, c

‘Eﬁr &@‘Xiﬁ?‘ ‘%r%n]% 8??% SR 10e %gﬂngﬁ% 5 ;iP&rtizsn to form an
125 optmanpmmnde@s 6 Riof'8 hedmbab®héibrbe 3\091 .conpound
of f (V) has _the structure -241 2007/ 117591
PCT/ ‘gilt)ss'eegum’( ef Claim 118 viwerin the compepnd offormmda (11 has
ceHaRmgdr@f C aim 124, wherein the conmpound of formula
(V) has

COOR,

Ra Rs

120.  The compound of Claim 118, wherein the compound of formula (III) has
the structure:

121. A compound of formula (IV):

wherein:

R is hydrogen or substituted or unsubstituted C;.¢ alkyl;

Ry is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,.¢ alkyl, aryl, and arylalkyl; and

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: C,.s alkyl, a Cig cycloalkyl, a Cpg alkenyl, Cs.¢
cycloalkenyl, aryl, and arylalkyl.
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the structure: R (0O N.1IUO000R2 ,,,a\ R3 0 OH 127.

The conmpound of d aim 124, wherein the conpound of
wobaoomuhia9(V) has the structure: t-Buun,,,. ( CNUS2007/008562

-""InlCOOMe Me O OH 128. The compound of C aim 124,

wherei n the conmpound of formula (V) has the

structure: -242 WD 2007/117591 PCT/ US2007/ 008562

t-Burru,,,, N.ollllCQQOwe ,k%weeke 0 CHI (V—IA)

(1)?:| 9. Ry C 321@9 léﬂg]p%(ﬂ QF @Jﬁlg’l L é%q g)e%h%?mg&tg SPMPQRRd, o Rg Iformu(Pa (IV) has

ukesudtengt ed C1 6 al kyI R2 is selected fromthe
group consisting of hydfogen, or substituted or
unsubstituted variants Lf th follomﬁng: Cl.6 al kyl,

aryl, and arylal kyl; a el ected fromthe group
r buted

consi sting of substituted
Rz N

e

O o} COOR, _

123.  The compound of Claim 121, wherein the compound of formula (IV) has
the structure:

/"]/O
Me N\>

o o) COOMe (1y_1)
124. A compound of formula (V):

R1\(O

N COOR;
R3
0 OH

V)

wherein:

R, is hydrogen or substituted or unsubstituted C;_¢ alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,¢alkyl, aryl, and arylalkyl; and

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: Ci. alkyl, a Ci¢ cycloalkyl, a C,¢ alkenyl, Cs
cycloalkenyl, aryl, and arylalkyl.

125.  The compound of Claim 124, wherein the compound of formula (V) has
the structure:
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variants of the followng: Cl1 6 alkyl, C3.6

cycl oal kyl, C2.6 al kenyl, C3.6 cycloal kenyl, aryl,
wand7anyial kyl . 130. The conpound of C ai m 129pCTusSe®7/008562

the conpound of fornmula (VI) has the structure: O N

..~ 11"000R2 . I"MR3 OO0 OH 131. The conpound of

C aim 129, wherein the conpound of forrmula (VI) has

the structure: -243 WO 2007/117591 PCT/ US2007/ 008562

Ot-Bu N"" COOv O OH (VI-G) 132. A conpound of

R R3 O OPGL (VII)

ituted or

group consi sting of hydrogen, qr ngstltuted or
unsubstituted vari ant & s(J owi ng: C1-6 al kyl,
aryl, and arylalkyl; R3 is s¢lect&fromthe group
consi sting of substituted or}unsubstituted variants
of the follow ng: Cl-6 al kyl, C3 6 cycl oal kyl, C2-6
al kenyl, C3-6 cycl oal kenyl, I, and arylalkyl and
PGL is a protecting group nnlet

126. The compound of Claim 124, wherein the compound of formula (V) has
the structure:

QUi COOR2
.n\\\Ra

127.  The compound of Claim 124, wherein the compound of formula (V) has

the structure:
t"'BUlIIIn.,(O

1 COOMe

(V-1).
128.  The compound of Claim 124, wherein the compound of formula (V) has
the structure:
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133. The conpound of C aim 132, wherein the conpound

of formula (MIl) has the structure: O N -1111100082
WO02007%19%9R3 O O OPGL 134. The conpound of C aPar/A832007/008562

wherei n the conmpound of formula (VII) has the

structure: -244 WO 2007/ 117591 PCT/ US2007/ 008562 t-Bu

ONUWJIICOOW®E O O OBn (VII-1). 135. A compound of

formula (MIl1): R ---(0 NOH R3 O OPA wherein:

Rl is hydrogen or substituted or unsubstituted Cl -6

al kyl; R3 is selected FBBMI{@ ghpup consi sting of

substituted or unsubstituted\ vaniants of the

followi ng: Cl-6 al kyl, C3_6 alROOME2. 6 al kenyl ,

C3-6 cycloal kenyl, aryl, an akk ; and PG is a

protecting group noiety.Q ound of Claim

135, wherein the conpound of.f rmul a I11) has the
structure: QO
(V-1A).
129. A compound of formula (VI):
R1\\j</o
N COOR,
Rs
© O
OH (V)

wherein:

R, is hydrogen or substituted or unsubstituted C;_¢ alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,.¢ alkyl, aryl, and arylalkyl; and

R; is selected from the group consisting of substituted or unsubstituted
variants of the following: C;. alkyl, Cs. cycloalkyl, C,s alkenyl, Css
cycloalkenyl, aryl, and arylalkyl.
130. The compound of Claim 129, wherein the compound of formula (VI) has

R1 iy, (O

the structure:

.-nmlC()()R2
Rs

OH
131. The compound of Claim 129, wherein the compound of formula (VI) has

the structure:
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Row, N,,"~~-~CH O O OPG 137. The conpound of C aim
135, wherein the conpound of forrmula (VII1) has the

webrowrctiteoe: -245 . . .. .. ... .. WO 2007/ 117591 PCT/US2007/008562
PCT/ US2007/ 008562 /O t-Burr,,,,, \N ,,,""" -"OH OO
oBn (M11-1). 138. A conmpound of formula (IX):

Rl---(O NCHO R3 OOOPGL wherein: Rl is hydrogen
or substituted or unsubstituted Cl-6 alkyl; R3 is

sel ected fromthe group cqysisting of substituted or
unsubstituted vartiBhes. 6f t™he following: Cl1.6 al kyl,
C3.6 cycloal kyl, C2_6 al\kenyf, C3-6 cycl oal kenyl ,
aryl, and aryl al kyl; andN ngC@QMet ecti ng group
moi ety. 139. The conpourd of \Cl ahg 138, wherein the
conmpound of formul ac Nhe structure: RIO N

-11,11CHO .., ,s%Wo R3
i OH (VI-1).
132. A compound of formula (VII):
R4 o
N COOR,

Rs

© O
OPGy (v

wherein:

R; is hydrogen or substituted or unsubstituted Cy.¢ alkyl;

R; is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,¢ alkyl, aryl, and arylalkyl;

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: Cj¢ alkyl, Css cycloalkyl, Cps alkenyl, Cs.
cycldalkenyl, aryl, and arylalkyl; and

PG, is a protecting group moiety.

133. The compound of Claim 132, wherein the compound of formula (VII) has

R1 I]Il”,, (O

the structure:

L COOR,

OPG,

134.  The compound of Claim 132, wherein the compound of formula (VII) has
the structure:
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O O OPGL 140. The conpound of C aim 138, wherein the
conpound of formula (1 X) has the structure: -246 WD
waQer/11158591 PCT/ US2007/ 008562 O t-BU I rrrr,, PCNUS2007/008562
-141111CHO O OBn. (IX-1) 141. A conpound of formnula
(X): R---,( RaNOH RB3 OOOPE wherein: RLis
hydr ogen or substituted or unsubstituted ClL 6 al kyl;
R3 is selected fromthe group consisting of
substituted or unsubstituted variants of the
followi ng: C I1-6 atBuwyilu,. cycl oal kyl, C2_6 al kenyl,
C3.6 cycloal kenyl, aryl\, ang arylal kyl; R4 can be
selected fromthe group N “SkCOoOME substituted or
unsubstituted variants f Qhkow ng: C1-C12 al kyl,
C2-Cl12 al kenyl, C2- W -C12 cycl oal kyl
C3-C12 cycl oal kenyl , cycPoal kynyl, C3-C12
het erocycl yl, aryl, aryl al kyl ,
het eroaryl al kyl, (cyel oal kyl')alkyl,
(heterocyclyl)al kyl, acyl, acyl al®m, (VIiI-1).,

al ky ycar bonyl oxy,._car Qo cyl, am nocarbonyl,
azi do, 'az?‘o"é’ﬂ‘%}ﬂ"? of e ?%h,ﬁ:sal t of an arninoal kyl,
car boxyal kyl, salt of car boxy\aled) al kyl am noal kyl ,

salt of an al kyl am noal kyl R
N OH
Ra
© O
OPG;,

wherein:

R, is hydrogen or substituted or unsubstituted C, alkyl;

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cs alkyl, Cis cycloalkyl, Cys alkenyl, Cs
cycloalkenyl, aryl, and arylalkyl; and

PG; is a protecting group moiety.

136. The compound of Claim 135, wherein the compound of formula (VIII) has

the structure:

OPG;

137.  The compound of Claim 135, wherein the compound of formula (VIII) has

the structure:

-245-



di al kyl am noal kyl, salt of a dial kyl am noal kyl ,

phenyl , al kylthioal kyl, arylthioal kyl, carboxy,
woyartai7:al kanesul f onyl al kyl , al kanesul fi nyl al kpCT/US2007/008562

al koxysul finyl al kyl, thiocyanoal kyl, boronic

acydal kyl , boronic esteral kyl, qguanidi noal kyl, salt

of a guani di noal kyl, sul foal kyl, salt of a sulfoal kyl,

al koxysul fonyl al kyl , sul fooxyal kyl, salt of a

sul f ooxyal kyl, al koxysul fgnyl oxyal kyl,

phosphonooxyal kyl ,t-Buaki.. hosphonooxyal kyl ,

(alkylphosphooxy)alkyl,KSLOS horyl al kyl, salt of a

phosphoryl al kyl , -247 W TR TIZHRL
PCT/ US2007/ 008562 ( al kyl phokphauy!) al ky! ,
pyridi nyl al kyl, sal ty pyPRdl nyl al kyl , salt of a

het eroaryl al kyl and hal ogegQat edQal kyl i ncl udi ng

pol yhal ogenated al kyl; and¥YG As a protecting group
noi ety. 142. The conmpound o I m 141, wherein the
conpound of fornula (X) has the GBmrywilrly: R4 N ""OH
1 O OPGL ( X- 4 The conmpound of C ai m
141, E\%erg?ﬁmﬁf’é‘n&ﬂé&?ﬁfgja@#or mula (X) has the
structure: Ryurmf~ R4A_ N OHOR3 O O OPGlL (X-B). 144.

The conpound of d ai nRT2¢"whénei n t he conpound of
formula (X) has the strucNure'

OPG,
wherein;

R, is hydrogen or substituted or unsubstituted C;_¢ alkyl;

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: C,¢ alkyl, Ci.s cycloalkyl, C,s alkenyl, Cig
cycloalkenyl, aryl, and arylalkyl; and

PG,isa protecting group moiety.

139.  The compound of Claim 138, wherein the compound of formula (IX) has

the structure:

OPG,_

140.  The compound of Claim 138, wherein the compound of formula (IX) has

the structure:
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O/ N""""SOH OOOBn (X-1A). 145. The conpound of

Cl aim 141, wherein the conpound of forrmula (X) has
woOher7stivaect ure: -248 WO 2007/ 117591 PCT/ US2007PODRSSED7/008562

/ HO t-Bun,.,,,, NOH .,,a~~M O O OBn (X-1B).

146. A conpound of fornmula (XXII1): RlI~ Ra N OH R3

OH OH wherein: R is hydrogen or substituted or

unsubstituted Cl-6 alkyl; R3 is selected fromthe

group consi st.i ng of substikyted or unsubstituted

vari ants of the foltiBowi.ng’ 6 al kyl, C3-6

cycl oal kyl, C2_6 al kenyl §/C3- cycl oal kenyl , aryl,

and aryl al kyl; R4 can be Gligslydr om t he group

consi sting of substitute unspbstituted variants

of the followi ng: Cil WCE C 12 al kenyl, C2-C

12 al kynyl, C3-Cl2 cycl oaKkyl, "@3-C12 cycl oal kenyl ,

C3-C12 cycl oal kynyl, C3-Ct2

OBn . (1X-1)
141. A compound of formula (X):
o
R1\( R4
N OH
Ra
o)
0
OPG;,

wherein:

R is hydrogen or substituted or unsubstituted C,.¢ alkyl;

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: Ci.s alkyl, Cs.s cycloalkyl, Csp alkenyl, Cs;
cycloalkenyl, aryl, and arylalkyl;

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,-Cj» alkyl, C,-C> alkenyl, C,-Ci»
alkynyl, C3-Ci2 cycloalkyl, C3-Ci2 cycloalkenyl, C3-Cj» cycloalkynyl, C;3-Cj»
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclyl)alkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an atlkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkpxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,

247-



heterocyclyl, aryl, heteroaryl, arylalkyl,
het eroaryl al kyl , (cycl oal kyl ) al kyl
woOhet7anwoycl yl ) al kyl , acyl, acyl al kyl, PCT/US2007/008562
al kyl oxycar bonyl oxy, carbonyl acyl, am nocarbonyl,
azi do, azidoal kyl, am noal kyl, salt of an am noal kyl,
car boxyal kyl, salt of carboxyal kyl, al kyl am noal kyl
salt of an al kyl am noal kyl, dial kyl am noal kyl, salt

of ' ] A - a | thi oal kyl.

o LB PRI o B, PRIV LA o, s ot «
al karesohfylalyyladndtalogeabied ekl idcludih@pdlyhalogenated alkyl; and

t hi ocyano bk ui bg&$nic aci dal kyl , boronic esteral kyl,

guani di nog k;{ﬁ t PROSGINE BrUPRISI i noal kyl, sul f oal kyl ,

sal t14¥. aThelkbmpbin of CHMikkOXyB UMk tBE kdmpound of formula (X) has

S%&JOOXﬁ?|ky|, salt of a sul fooxyal kyl,
af dﬁ?@ ®onyl oxyal kyl , phosphonooxyal kyl, salt of a

phosphonooxyal kyl , -249 YWD 2007/ 117591

PCT/ US2007/ 008562 R14tkyT phogphoBxy) al kyl ,
phosphoryl al kyl , salt of\ a osphoryl al kyl,

(al kyl phosphoryl ) al kyl , wdi nyt4DMyl , salt of a
pyridinylal kyl, salt of /a hetargarylalkyl and

hal ogenat ed al kyl i N hal ogenat ed al kyl; and
PGL is a protecting group iety. 147. The conpound of
Cl ai m 146, wherein the co of forrmula (XXI11)

has the structure: O N"10H .%,,,NR3 O OH OH
(XXI11-A). 148. The conpound of BOFS+XLA5, wherein the
&Ogﬁ%ﬂnd '?{lti %rrngualueaﬂ_é)%(élla{illr) 14ﬂav§/hetrgi% t terc%(r:r}puo{lgd o(f fglf‘rmula (X) has

the structure:

OPG1(x-B).
144.  The compound of Claim 141, wherein the compound of formula (X) has

the structure:

t-Bum,,,, ( o

ulll[/,OH
|\\\\\\Me

OBn  (X-1A).
145.  The compound of Claim 141, wherein the compound of formula (X) has
the structure:
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OH (XXI'11-B). 149. The conpound of C aim 146, wherein

the conpound of forrmula (XXIlI1) has the structure: H
wo207u,17591 N auOH ., , , \\Me OH OH (XXIlI- | ALT/USD7/008562

The conpound of C aim 146, wherein the conpound of

formula (XXII1) has the structure: -250 WO

2007/ 117591 PCT/ US2007/008562 H (ONOH ,.,,\\M O

OH4 Od (XXII1-1B). 151. A conpound of fornula (XXIV):

RLORM NOH R3 OHOPG whe Rl i s hydrogen

or substituted or unsubstituteg/ alkyl; R3 is

sel ected fromthe group gpnsis subst ituted or

unsubstituted t-Buiuy,,,

OBn  (X-1B).
146. A compound of formula (XXIII):

wherein:

R, is hydrogen or substituted or unsubstituted C,.¢ alkyl;

R; is selected from the group consisting of substituted or unsubstituted
variants of the following: Ci¢ alkyl, Ci¢ cycloalkyl, C,s alkenyl, Ci.s
cycloalkenyl, aryl, and arylalkyl;

Rs can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-C;2 alkyl, C>-C;, alkenyl, C;-Cy,
alkynyl, C3-Cj2 cycloalkyl, C3-C)2 cycloalkenyl, C3-C)2 cycloalkynyl, C;3-Ci2
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkylalkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
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variants of the following:. Cl-6 alkyl, C3.6

cycloal kyl, C2.6 al kenyl, C3-6 cycl oal kenyl, aryl,
wand7anyial kyl ; R4 can be sel ected fromthe greapus2007/008562

consi sting of substituted or wunsubstituted variants

of the follow ng: Cl-Cl12 al kyl, C2-Cl2 al kenyl, C2-C12

al kynyl, C3-Cl2 cycl oal kyl, C3-Cl12 cycl oal kenyl

C3-C12 cycl oal kynyl C3 Cl2 heterocyclyl, aryl ,

(335&3?%"?5’3 (F%Jﬁélwl( heP %’i‘g ’%"?‘al {ﬁ‘i‘“ a8f) @ phosphorylalkyl,
acy'(alwmsphwl)a’*yhawﬂﬂwmwl caultb oty | ACyridinylalkyl, salt of a

?a{égr?'%*y] ané g(l%?s gﬁ‘ﬁ‘}}fﬁ&ﬂl{ lgégga gl)é!g%ﬁs‘:%,plkyl and

aI kyl am np@al| kyd pro&fthh @ko I am noal kyl ,
di al kyl am _noal kyl , F ? a dlalkylan1noalkyl

phenA’; aflig F?‘HPB‘&PCWf Clanarr JA% vhsarinythe compoyrg of formula (XXIII)

CHaNBe sBh&apesul fonyl al kyl, al kanesul fi nyl al kyl ,
al koxysul fi nyl al kyl , thiocyanoalkyl, bor oni c

aci dal kyl , boroni cg 9§t§:9 guani di noal kyl, salt
I fo

of a guanldlnoalkyl , salt of a sulfoalkyl,
al koxysul fonyl al kyl, s kyly, salt of a

sul f ooxyal kyl , al koxygul f n%hgxyalkyl
phosphonooxyalkyl of hosphonooxyalkyl - 251
WD 2007/ 117591 PCT/ US2007/ 008962

(al kyl phosphooxy) al kyl , ghosphoryl al kyl, salt of a
phosphoryl al kyl, (al kylp phoryl)al kyl ,
pyridinylal kyl, salt of a pyridinylalkyl, salt of a
heteroaryl al kyl and hal ogeraled al RyKIirng). udi ng

pol yhal ogenat ed al k nd i.S a protecting. group

noi e‘?\? g@'ﬁe °m?ﬂ‘é‘“{8ﬂ$$*ﬂﬁ’dﬁ§ Kol T ‘ES Fompoupd jof feraula (XXIII)
chagpmergu@bird-ormula (XXIV) has the structure: RIR4 N

"JOH ,,,%\ RBOOH OPG3 (XXIV -A). 153. The

conpound of d ai mgapl, einRghe compound of formula

(XXI'V) has the struct\re: 4)

OH (XXIII-B).
149.  The compound of Claim 146, wherein the compound of formula (XXIII)
has the structure:

OH (XXII-1A).
150. The compound of Claim 146, wherein the compound of formula (XXIII)

has the structure;:
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NOH ,,%\.\RB OOH OPG& (XXIV -B). 154. The

conpound of C aim 151, wherein the conpound of fornula
wOxXMITI759has the structure: -252 WO 2007/ 11759BCT/US2007/008562

PCT/ US2007/ 008562 H t-Bu-i,,,,,. ON"10H O CH

OP& (XXI'V -1 A). 155. The conpound of C aim 151,

wherein the conpound of fornmula (XXIV) has the

structure: H t-Bub,,,,,, ONOH .,,\,\ MO 0;4 838

(XXI'V -1B). 156. A conpound o ar mul.a ( XXV) :

HNOH R 3 OH OPG3 wherein: S, sel ected fromthe
group consi sting tOBf subspi t ut & unsubstituted

= u'lllh..

OH (XXIII-1B).
151. A compound of formula (XXIV):

OPG3

wherein:

R, is hydrogen or substituted or unsubstituted C;.¢ alkyl;

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: C;¢ alkyl, Css cycloalkyl, ‘Cay alkenyl, Csg
cycloalkenyl, aryl, and arylalkyl, \

R4 can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-Cy2 alkyl, Cz-Cjz alkenyl, C»-C,,
alkynyl, C3-C;; cycloalkyl, C3-C, cycloalkenyl, Cs-Ci» cycloalkynyl, C3-C;»
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
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variants of the followng: Cl1 6 alkyl, C3-6

cycl oal kyl, C2.6 al kenyl, C3-6 cycloal kenyl, aryl,
wand7anyial kyl ; R4 can be sel ected fromthe greapus2007/008562

consi sting of substituted or wunsubstituted variants

of the follow ng: Cl-Cl12 al kyl, C2-Cl2 al kenyl, C2-C12

-253 WD 2007/117591 PCT/ US2007/ 008562 al kynyl, C3-Ci12

cycl oal kyl, C3-Cl12 cycl oal kenyl, C3-Cl12 cycl oal kynyl,

= g%gcggé}]%gﬁlﬁc&%%lg% ggﬁs);;p?gl%yﬁr Yhate N ¥F 3 KV phosphorytaliyt,
(rEt(lel’kydzgthSplhqra})kW}’l, @B’Yiginy&fl}yyla: kit ,of a pyr;)dinylalkyl, salt of a
a xyca i car bgn cyl, .. am nocar bon

i 5 e EBlRM R PaneeRa G Rl T liing Po RS rrak) gy and
oy ey L

o7 o ot T Clled s of ot c01v
an¥ thBisfadtayd:, carboxy, cyano, al kanesul fonyl al kyl

al kanesul fi nyl al kyl , al koxysul fi nyl al kyl,

t hi ocyanoal kyl , qugpi i dal kyl, boronic esteral kyl,
sa t"Q?/

guani di noal kyl , di noal kyl , sul foal kyl ,
sal't of a sulfoal kyl, \ Mbégnylalkyl,

sul f ooxyal kyl, salt ofy/ a syl f goxyal kyl ,
alkoxysulfonyloxy%; , nooxyal kyl, salt of a
phosphonooxyal kyl , ph¥gphooxy) al kyl ,
phosphoryl al kyl , salt off a phosphoryl al kyl ,

(al kyl phosphoryl)al kyl , ridinylalkyl, salt of a
pyridi nyl al kyl, salt of a Yheteroaryl al kyl and

hal ogenat ed al kyl includinﬁﬂgolyhalogenated al kyl ; and
PG3 is a protecting group Gsy. 187x1vhg).conmpound of

he 99 ucTt Sompaind AF DY thieiseain hgomapind o forma (XXIV)

Chagrhe RGuaired ai m 156, wherein the conmpound of formula

( has t he structur%j - 254 WD 2007/117591
PCT/USZOO?/OOSS62;Wmm<T' Ry
N OH

OPGs (XXIV -B).
154.  The compound of Claim 151, wherein the compound of formula (XXIV)
has the structure:
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RA CHHN OH O OHOPG (XXV -B). 159. The conpound of

Cl ai m 156, wherein the conpound of formula (XXV) has
woOher7stivaecture: H,,,,,,OH HNOCH .,,,, % M 0COHS2007/008562

OPGE3 (XXV -1A). 160. The conpound of C aim 156,

wherein the conmpound of formula (XXV) has the

structure: HOH HNOH ,,,ti WVEO OH OPG& (XXV -1B).

161. A conpound of fornula (XXVp): -255 WD 2007/117591

PCT/ US2007/ 008562 R4 OP& HN R3 OH OPG3

wher ei n:

OPG,3 (XXIV -1A).
155.  The compound of Claim 151, wherein the compound of formula (XX1V)

has the structure:

t’Bu,/HM,,(O

OPGg (XXIV -1B).
156. A compound of formula (XXV):
R4 OH
HN OH
Rs !
o]
OH
OPG3

wherein;

Rj3 is selected from the group consisting of substituted or unsubstituted
variants of the following: C,¢ alkyl, Csig cycloalkyl, C,.¢ alkenyl, Csg
cycloalkenyl, aryl, and arylalkyl,

R4 can be selected from the group consisting of substituted or

unsubstituted variants of the following: C;-Ci2 alkyl, C,-C), alkenyl, C;-C;,
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R3 is selected fromthe group consisting of

substituted or
wbabdrowrseg: C,
C3-6

_6 al kyl,
cycl oal kenyl

unssubsti t ut ed

aryl ,

C3-6 cycl oal kyl
and aryl al kyl ;

variants of the
C2- 6 atkaisydo;7/008562
R4 can be

selected fromthe group consisting of substituted or
unsubstituted variants of the follow ng: CL-Ct2 al kyl,

C2-C12 al kenyl ,

hetg$é39% kfaE

(het
al k

C2-Cl12
kenyl

al kynyl ,

2 _cyc
igr Gycloaliy er%‘a? G
het eietarbyyal Ky |aryl,( cu&bﬁ@myl h@lldw 1, heteroarylalkyl,

et By

acyl, I

azi dggmnaéérggﬁbllky |amd%m %Qﬁlokbk&l

car boxyal k

saJt“%W”%ﬁﬁ%Mk

of al kvl , cphen
aryﬁ?%kggﬁébﬁakggrgg%ypfcebn%amg%<anesuP$
al kaarglibalkyy| alckstoxy, al &y s ul dlkanesalféaystlalkyl,

quar B RaG et |

of car boxyal

yl,
acxlar ba?og)rt ¥ alka(}ﬁ%@ré’%blﬁw,

C3 Cl12 cycl oal kyl ,

)lz'% Fé‘pﬁw Cs- |zcc%}?cloalkynyl C3-Cyz

| (cycloalkyl)alkyl,
a
carbonylacyl,

ﬂnlefk%'Pn &

g ngal kyl , ]
ylan1noalk%% aminoalkyl,

Ky

§ﬂ1'faﬂf aukpKRyalkyl, alksilanyingalkybaaktyof, ars alklylaminoalkyl,

n| C acl

Ay A8, o

al k
ony

Féié?r%;,l alkylthioalkyl,

alkanesulfinylalkyl,
hor oni

%Ingf‘Cld%gie}' t glgc%kg%él "esteralkyl,

sal tguahidinealkflpasalkty |of a&lglﬁ@ﬂﬁkdﬁid)hﬂ@nyk&]f&ylkyl, salt of a sulfoalkyl,

2l kORI RSyl

Tsriieth

xyaI

k
noox?éFklefsal?-of gplfooxyalkyl,

phosq)km&’y@ﬁ%@lkyﬂlalkyl( apKydpRbASHEANNY,) adakylof a phosphonooxyalkyl,

pho
(al

hal ogenat ed
P&

P
PCT/

( KaMe 'sﬁ)x%t%]

conpoun

158.

has the structure:

Glkgteameaaiyaf

pyr |(§1krjrl/ﬁ}ﬂisf§ﬂérzl)§%l Qiyrlamﬁkﬁkﬁr

“ormul a ( XXVp)

t. of

i ncl Odi ng

“\\\\\

OPG3

e g8 sy

a phosphoryl al kyl,
Xyl PB%&STYHVF&'I kypalt san oft aPhosphorylalkyl,

oghy| &t kylp

hal ogenat e

dﬁnﬁnylalkyl

It of
al K .

Frtzéa"ayleanérl@i%@pmé agwé upyhrrﬁ;nepp!efbalomzatedméyl and
conpound §, ( 2k
( XXV has tﬁgbstruc
200Yhooempoundraf Claim | §RGRhéedinOhe @nipdundR@formula (XXV)
63. The conpound of C aim 161, wherein the

has the structure:

he conmpound of fornula
WO 2007/ 117591

R4 OPG2

XXV -A).

The compound of Claim 156, wherein the compound of formula (XXV)
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HN CH ,1111 R3 OH OPG3 (XXVp -B). 164. The conpound

of Claim 161, wherein the conpound of fornmula (XXVp)
woaeoTihesost ructure: H -"\OP&QR HN OH ,, MV OpOHUSEHGEB08562

(XXVp -1 A). 165. The conpound of C aim 161, wherein

the conpound of fornmula (XXVp) has the structure:

-257 WD 2007/117591 PCT/ US2007/008562 H OP&R2 HN COH

OH OPG& (XXVp -1B). 166. A conpound of formula

(XXVI): R&A OH HN R5 _R3 HO OPG3 wherein: R3 is

selected fromthe grou’%" ing of substituted or

unsubsti t ut ed

OPGs  (xxV -B).
159.  The compound of Claim 156, wherein the compound of formula XXV)
has the structure:

OPGs  (xxV -14).
160. The compound of Claim 156, wherein the compound of formula (XXV)

has the structure:

OPGs  (xxV -1B).
161. A compound of formula (XXVp):
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variants of the followng: Cl-6 alkyl, C3-6

cycl oal kyl, C2.6 al kenyl, C3-6 cycloal kenyl, aryl,
wand7anyial kyl ; R4 can be sel ected fromthe greapus2007/008562
consi sting of substituted or wunsubstituted variants

of the follow ng: Cl-Cl12 al kyl, C2-Cl2 al kenyl, C2-C12

al kynyl, C3-Cl2 cycl oal kyl, C3-Cl12 cycl oal kenyl

C3-C12 cycl oal kynyl, C3-Cl2 heterocyclyl, aryl,
heteroaryl, arylal kyl, hetﬁroarykﬁﬁéyl,
(cycl oal kyl )al kyl, (heterot arRyl , acyl,
acyl al kyl, al kyl oxycar bonyl oxy} carbonyl acyl,

am nocar bonyl , azido, azig , anph%alkyl, salt of
an am noal kyl , carboxyal al t ,of carboxyal kyl ,

al kyl am noal kyl , salt ant noal kyl ,

di al kyl am noal kyl, salt of aydi al am noal kyl ,
phenyl , al kylt hi oal kyl, aryl|thioal kyl, carboxy,
cyano, al kanesul fonyl al kyl , anesul finyl al kyl ,

al koxysul finyl al kyl, thiocyanoa} kyl, boronic
aci dal kyl, boronic esteral kyl, Ogggnidinoalkyl, sal t
of a guanig%noalkyl, sul foal kyl7 s8It of a sul foal kyl,
al koxysul 'OV kyl , sul fooxyal kyl, salt of a

sul f ooxyaRk)k ,seleaiclﬂoﬁyﬁluih%Ogﬁb{]}ﬁ&hﬁkikﬁﬁg of substituted or_unsubstituted
sal,t of a phosphonooxyal kyl , 25

\%"3 h%ﬁ%%&%&ﬂ%@éb@?l%asmh Css cycloalkyl, Ca a?kenyl, Cs.s
5 susmepton ez s

pyridi nyl Brk§an  ba gelegtod f59mi dheyy Eedupy | consiating o6f asubstituted or
ol yaRbMtcleh Lartiils V! 4 RS K01 M G alkeny, C2Cia
consilsynylg GfCrCeyadpairgl, CLCROrBRealkenyl( ) OR6REclanlitynyl, Cs-Cs

-C(= : ca L ndependent | el ected.from '
the_lg%%%;%gp]s Ry nge‘%?Wﬂyd?%aé‘%yﬁhéf% %%T?’fa 1, " (&eloalkyDalkyl,

?ulbf,@ietemtbwgd)alkcyz’lsuhlmgl,lt utaeylakkgt,i ?Eﬂ?fl@f}ichhﬁny}oxy, I carbonylacyl,

0 wi ng; , Cl- 4. y a , a cyl, arylacyl, .

aryl a,(‘)rmélro yi“QP’R’{}r , aﬁloﬁﬂ’t %iﬁﬂ%ﬁ%’ L aIBB%tag(f-’)I{’u of bhé’ﬁyla,n aminoalkyl,

ﬁetntafr‘ﬂ)mglraﬂ@ﬂ,hs/dlt of ghlfﬂouﬁdlfaﬁ[ hﬂ&ylaﬁlgio%m ) it 65 b a8 daminoalkyl,
et er.oar . can a _nal ogen,; . ang IS a .

pr ot %@‘BP@%EW&P& T F67¢ ‘aﬁ‘ﬁ(éa’ﬁ’é‘ﬁﬁ]éfdbd ofPhepd; nilkylthioalkyl,

166, aryiiloglkyl,t heaf¥okypr OtReb] NOalRARRIERYISTY,] S _le_llBkSanesulﬁnylalkyl,

sel ect ed prn1tEe group consi sting of benzoyl, .
and <ysygnylaficel. ¢ Shpevangaliyl. obarenie s cidaifonei hotonie  esteralkyl,

conpgiRtifbalk Al M@ d£¥%Vighanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,

alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylatkyl,
(alkylphosphoryDalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

PG; and PG; are protecting group moieties.
162.  The compound of Claim 161, wherein the compound of formula (XXVp)

has the structure:
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has the structure: R4 ,,,,,,0H HNRS ."%880R3 O OH

OPG3 (XXVI -A). 169. The conpound of C aim 166,
woher7ailvsot he conpound of formula (XXVI) has t ReT/US2007/008562

structure: RA OH HNR5 R3. O OH OPG3 (XXVI -B).

-259 WD 2007/ 117591 PCT/ US2007/ 008562 170. The

conpound of C aim 166, wherein the conpound of fornula

(XXVI) has the structure: HHN RS 0 OH OPG (XXVI

-1A). 171. The conpound of Cpdn 166, wherein the

conmpound of “formula ( ~“Ras % he structure: H OH

HNRS ,,,,0 M OO

HN

OPG;  (xxvp-A).

. 163.  The compound of Claim 161, wherein the compound of formula XXVp)
has the structure:

R4 OPG,
HN OH
it R3
O
OH

OPGs  (xxVp-B).
164.  The compound of Claim 161, wherein the compound of formula (XXVp)
has the structure:

OPGs  (xXVp-1A).
165. The compound of Claim 161, wherein the compound of formula (XXVp)
has the structure: ‘
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OPG3 (XXVI -1B). 172. A conpound of formula (XXVII):

R&A OH HNRS R3 OH OH wherein: R3 is selected from
woOher7gnTaep consi sting of substituted or unsubspCcrasem7/008562

variants of the following: Cl1L 6 alkyl, C3_6

cycl oal kyl, C2.6 al kenyl, C3-6 cycloal kenyl, aryl,

and aryl al kyl; -260 WD 2007/ 117591 PCT/ US2007/ 008562

R4 can be selected fromthe group consisting of

substituted or wunsufstituted variants of the

foll ow ng: Cl-Cl2 C2-Cl12 al kenyl, C2-C12

al kynyl, C3-Cl2 d C3-C12 cycl oal kenyl ,
OfGer ocycl yl, aryl,
heteroaryl, arylal kyl, hetleroaryl al kyl,

(cycl oal kyl ) al kyl , pal kyl, acyl,
acyl al kyl, al kyl oxyc oxy, carbonyl acyl,

am nocar bonyl , azi do{azi déat¥¥e , ani noal kyl, salt of
an arni noal kyl , alt of 'carboxyal kyl ,
al kyl am noal kyl , salt off an aPﬁ@laninoalkyl,

di al kyl am noal kyl, salt %f a dial kyl am noal kyl ,
- phenyl, al kylthioal kyl, anhylthioal kyl, carboxy,
cyano, al kanesul fonyl al kyl ,| al kanesul fi nyl al kyl ,

al koxysul finylal kyl, thi oc{¥éal kylxxbos o)

aci dabkyl A aanmpourd dFbahahlxbviyguani di noal kyl, salt
of a guani di noal kyl, sul foalkyl, salt of a sulfoal kyl,
al koxysul fonyl al kyl, sul f oo OHsalt of a

sul f ooxyal kyl , al koxysul f onyl oxyal kyl,
phosphonooxyal kyl', salt of g, Rgnooxyal kyl ,

(al kyl phosphooxy) al kyl , | alkyl, salt of a
phosphoryl al kyl,  (al kyl Reky! ,
pyridinylal kyl, salt of “a pyrid nyt@hkyl, salt of a
het eroaryl al kyl and hal ogenat ed al kyl i ncl udi ng

pol yhal ogenated al kyl; R5 is | ected fromthe group
consi sting of -C(=0 OR6, -C(=0 , - C(=O NR6R6 and
-C(=0 Z;

OPG;

wherein:

Rj is selected from the group consisting of substituted or unsubstituted
variants of the following: Cis alkyl, Ci¢ cycloalkyl, C,s alkenyl, Cas
cycloalkenyl, aryl, and arylalkyl;

Ry can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,-C;, alkyl, C,-C;z alkenyl, Cy-Cj»
alkynyl, C;-C); cycloalkyl, C3-Ci cycloalkenyl, C3-Ci; cycloalkynyl, C3-C;»
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylyalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyi,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxyéulﬁnylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
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each R6 can be independently selected fromthe group

consi sting of hydrogen, hal ogen, or substituted or
wanewhgtion ut ed variants of the follow ng: Cl- €24/US2007/008562

al kyl, acyl, alkylacyl, arylacyl, aryl, arylalkyl,

p- ni trophenyl, pentafluorophenyl, pentafluoroethyl,

trifluoroethyl, trichoroethyl, and heteroaryl; Z can

be a hal ogen; and with the provisio the conpound of

for ot tru re

¢ erdiRlbSdok FARC . DRMERONEI | GHET EofUty  sphosggoryialio,

- ,(al\kﬂpﬂosxblkbryﬁalkyl Oﬁyﬁ&my@l@ﬂ At (XM | pyAddinylaMiy]l, Werlt of a

2007/.117591 .,PCT/ 207/0052.V\he.e ' net hyl ;.. R4

e it T NG

Icwjydr ogen, Rmid bylbctedrfrdmbuhéygrou%la?mgm @;ﬁmn%(;bz%om -C(=0)SRg, -
compound of fornul a

hai'é?ﬁ@ﬁ%% B e ‘Féb% , rm \OH HNR5 O OH OH

(XXVI'l - Agachi RP) Jaheb@rlﬁélép%haeﬂt kelebed ff8ml hedBE6W consisting of

R5 is -C(=0 OR6; and i's met hy

t - bdwgrogeny splogen, mﬁ@ﬁtlw@dzorcvﬁugﬁéx@dwarlammof thgefollowing: C;-

commaundagf) A g6 174k I‘M‘ﬁr e'd?yl%@_fl Oﬁgpun%ﬁélkiflor MnGrophenyl,

(XXVIT) has the struc ure’
pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl;

Z can be a halogen; and
PG; is a protecting group moiety.
167. The compound of Claim 166, wherein the PG; protecting group moiety is
selected from the group consisting of benzoyl, TBS, and TES.
168. The compound of Claim 166, wherein the compound of formula (XXVI)

has the structure:

OPGs (xxVI-A).
169. The compound of Claim 166, wherein the compound of formula (XXVI)
has the structure:

R4 OH
HN Rs
it R3'
O
OH

OPG3 (xxVI-B).
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OH OH (XXVIl -B). 175. The conpound of Claim 172,

wherein the conpound of formula (XXVI1) has the
woeboaratizade: H HN RS O OH OH (XXVII -1A) - 282TNR2007/008562

2007/ 117591 PCT/ US2007/ 008562 wth the proviso R5 is

not -C(=0) OR6, wherein R6 is hydrogen, nethyl or

t-butyl. 176. The conpound of Claim 172, wherein the

compound of formula (XXVII) has the structure: H CH

1l‘_| glr rﬁ?{ ao( QFIF"}’X% &éﬁ}" blf\élézh%éﬁg B ﬁ%lég’oum(é}fefpﬁnula (XXVI)

RBas thesguetred from t he group consi sting of
substituted or unsubsgituted variants of the

foll owi ng: Cl-6 al ¢3_6 cycl oal kyl, C2-6 al kenyl,
C3-6 cycl oal kenyl and aryl al kyl ;

‘\\\\\\

Rg

.\\\\\\Me

OPGs (xXVI-1A).
171.  The compound of Claim 166, wherein the compound of formula (XXVI)

has the structure:

.u\\“ Me
OH

OPGa (XXVI-1B).
172. A compound of formula (XXVII):

Ry OH
HN Rs
R
o 3
OH
OH

wherein:

R3 is selected from the group consisting of substituted or unsubstituted
variants of the following: Cis alkyl, Css cycloalkyl, Cas alkenyl, Cs.s
cycloalkenyl, aryl, and arylalkyl;
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R4 can be selected fromthe group consisting of
substituted or wunsubstituted variants of the

wéabd7awrsegy: Cl1-Cl2 al kyl, C2-Cl2 al kenyl, C2- CRRT/US2007/008562
al kynyl , C3-C12 cycl oal kyl, C3-Cl12 cycl oal kenyl
C3-C12 cycl oal kynyl, C3-Cl2 heterocyclyl, aryl,
heteroaryl, arylal kyl, heteroaryl al kyl,
(cycl oal kyl )al kyl, (heterocyclyl)alkyl, acyl,

acyl al kyl alf;ﬁ ! Bé(ygeeféé?gd’]y}'r&l‘r{’tpg ag%%ﬁg éﬁoﬁ%ﬁlpfin% aPf sypstituted or

am nocar bo azi do, azi doa
an amsubaithgeld vamﬁbmfy&bkﬁoﬂlpusﬂgtcmlpaﬂm;(mugw alkenyl, C,-Cj,

al ky o f n al kyl.a
di al ly%ﬂi lz%’( k’zyFqu h% G IR@‘ dér‘f?w cycloalkynyl, C3-Cr,

phenbydteroaydiyl, t hirgal Kytbroarﬁr yhiyMIRAL K hkter&ayRANY (cycloalkyl)alkyl
cyan al ka | fonyl al kyl , al kanesul fi nylal kyl", 263
sieracysbdplingr) (zsybov Péxiatinb allinepsanboniilepal kydarbonylacyl,

t h' Oﬁﬁﬁxﬁ@@bhﬂilg ReidNi GzRAehus, kyimm%?ﬁ(?f“ CsofSt GF alKY! aminoalkyl,

guani dj noal k){ salt of a guani di noa sul f oal Kyl

sal tcaspoxyaligyils salt RY ParboayalbxlyMyﬂmy:balﬂcwylsalt of an alkylammoalkyl
sul f gy Binikb I f ul

al koxysul fon ?Iluézl;altsﬁﬂ ,&piao éﬁﬁﬁgag‘l)@é%lﬁﬂ SEP?ny&’f %}kylthloalkyl,

phoshishieatkyhl k)ﬁlarboxyal kplaphos pHanegidibripthlkyl, alkanesulfinylalkyl,

phosg sa hps hor | al k
(al kyF&f%SﬂLrJg | lﬁﬁlf)g)tablgerlllﬁﬁfny c @glliyl,of b%fomc esteralkyl,
pyr |Ejlanyilmdﬂyjlfl sﬁﬁ tofoh guarhdhtbalkalt,ylsalfkadkylanls’al:t Iof a sulfoalkyl,
hal ogg [ kyl . inclu yhal ogenated a
is aﬁp&g{ gg?‘%ﬁ }X( oup ﬁ’r‘gtl 8’?’9'&%3 V\F% thé’?pr oW so Su%oxyalkyl
thatalkmsutfombddmyiblbjﬂ fphéﬁph&n&@ﬁ?ﬂkb/l) saRNyt ahaiffl?osblli%ooxyalkyl
SE(X&%‘{ U anﬂ Ch% %ﬁ’iﬂ a conpound of
kyln %SP Phighealky, R3sals ngf hys; Racsphorylalkyl,
2 cy(an@lmmﬂhdryl)amh PGS rilimyidk O)Qr{ZQhB Pl py hRye-
178., The c oun ?al my 17 wher ei n the co% k salt of a
of RSISTRRTY g@&\ﬂnmh)a loggpated Alkys incinding polyRdlogenatel #kylkiN
Rs is selected from the group consisting of —C(=0)ORs, -C(=0)SRg, -
C(=O)NR4Rs and -C(=0)Z;
each R¢ can be independently selected from the group consisting of
hydrogen, halogen, or substituted or unsubstituted variants of the following: C;-
Cas  alkyl, acyl, alkylacyl, arylacyl, aryl, arylalkyl, p-nitrophenyl,
pentafluorophenyl, pentafluoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl;
Z can be a halogen; and
with the provisio the compound of formula (XXVII) cannot have the
structure and stereochemistry of a compound of formula (XXVII-A):
R4 WNOH

OH  (XXVII-A)
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0 OR3 OPG (XXMl -A) with the proviso that if R4

is 2-cyclohexenyl and R3 is nmethyl then PG3 cannot be
WwWOoCiIIAIRCH3 or nesylate. 179. The conpound oPCTIUAR97/008562

177, wherein the conmpound of formula (XXVII1) has the

structure: -264 WO 2007/117591 PCT/ US2007/008562 OH

ORR3 OPG& (XXVIII -B). 180. The conpound of Caim
177, wherein the conmpound of forrmula (XXVIII) has t he
1l -1A).

t t
?h;ugo%guﬁamo&éf ﬁﬁﬁ?ﬂé\ifgf’%‘?l @y]e&Fpléu—r@(“ )0R6 and Rg is
f or nhydrogeRMidthyl, oh@butyhe structure: HOH O HNO O

173.  The compound of Claim 172, wherein the compound of formula (XXVI)

has the structure:

OH (XXVII -A)
with the provisio that when Rj is methyl; Rs is —C(=0)ORsg; and Ry is
hydrogen, methyl, or t-butyl, then R4 cannot be 2-cyclohexenyl.
174.  The compound of Claim 172, wherein the compound of formula (XXVII)

has the structure:

R4 OH
HN Rs
..\\\\\R3
O
OH

OH (XXVII -B).
175." The compound of Claim 172, wherein the compound of formula (XXVII)

has the structure:

OH (XXVII -1A)
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OPG3 (XXVIlI -1B). 182. A conpound of formula (XV):

-265 WD 2007/117591 PCT/ US2007/008562 OH O O RIR3
wokbonvhewei n: R3 is selected fromthe group CORETAISRING 008562

of substituted or unsubstituted variants of the

following: Cl-6 alkyl, C3-6 cycloal kyl, C2.6 al kenyl,

C3.6 cycloal kenyl, aryl, and arylal kyl; R4 can be

selected fromthe group consisting of substituted or

E°er2 ol Y ARLPRES Sard 1O B Bl SRRt et o

C3- &batydycl oal kenyl , C3-Cl12 cycl oal kynyl, C3-Cl12

hgf é?rgg%ﬁlé%/@p?g%@oj@%ﬁwﬁ%mﬁﬁ 1L.hae| é(c}/rrlxpound of formula (XXVII)

(lstthe seyahigt ) al kyl , acyl, acyl al kyl,

al kyl oxycar bonyl oxy,._carbonyl acyl, am nocar bonyl ,
azi do, azi doal kyl yoal kyl , salt of an am noal kyl
car boxyal kyl , sal ar boxyal kyl , al kyl am noal kyl ,
salt of an al kyl a®s ) QHl al kyl ami noal kyl , salt
of a dial kyl am noal Kyl , , al kyl t hi oal kyl

aryl t hi oal kyl , carboxM al kanesul f onyl al kyl ,
al kanesul fi nyl al kyl, "'gl ko ysu?finylalkyl,

t hi ocyanoal kyl , boroni/c acildatM¢l , boroni c esteral kyl
guani di noal kyl , sdP guampdi noal kyl , sul f oal kyl ,
salt of a sulfoal kyl, a}koxysulfonyl al kyl,

sul f ooxyal kyl , salt of aRgul f ooxyal kyl,

al koxysul f onyl oxyal kyl , phosphonooxyal kyl, salt of a
phosphonooxyal kyl , (al kyl phosphooxy) al kyl ,
phosphoryl al kyl, salt of a ®HosphOEYVHIRB).

(al Kyl7phaos ehorwpphid bk formupy @UEIVIEN):al kyl , salt of a
pyridinylal kyl, salt of a 5peteroQWIalkyl and

hal ogenat ed al kyl i ncl udi ng* quenated al kyl ; and
with the proviso that the conpdund formula (XV)
cannot have the structurey eochem stry of a
conpound of formula (XV-A);

OPG;
wherein:

R3 is selected from the group consisting of substituted or unsubstituted
variants of the foliowingz Cis alkyl, Cs¢ cycloalkyl, C,s alkenyl, Css
cycloalkenyl, aryl, and arylalkyl;

R4y can be selected from the group consisting of substituted or
unsubstituted variants of the following: C,-C,; alkyl, C,-C,,; alkenyl, C;-C)3
alkynyl, C3-Cj2 cycloalkyl, Cs;-Cy2 cycloalkenyl, Cs;-Cys cycloalkynyl, C;3-Ci,
heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkylalkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
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-266 WO 2007/117591 PCT/ US2007/ 008562 OH O RIR3 CH

where R3 is nethyl; and R4 is 2-cycl ohexenyl; and with
wohersantsvi so that the conpound of fornula (XV)PCaWSIi07/008562

have the structure: RA OH HNO OR3 OH where R3 is

methyl ; and R4 is cycl ohexyl, isopropyl or phenyl.

183. The conpound of C aim 182, wherein the conpound

of formula (XV) has the structure R4,,O—I HNOO O

oH e SOt
RA gé}{%’é@%ﬁv‘%&k% ot irogganolalkytl~I Cyl&quWé;xﬁmdq ]§3Gp hﬁsﬂmc esteralkyl,
or pkesmydinodByl, e mrm@mzdmoam;m munaal,kyvxh@alel Bftahesulfoalkyl

o T NETENEY IS UL S g
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl;

PGj; is a protecting group moiety; and
with the proviso that the compound of formula (XXVIII) cannot have the

structure and stereochemistry of a compound of formula (XXVIII-A):

- OPG,
where Rj is methyl; Ry is 2-cyclohexenyl; and PG; is —C(=0O)CH,CHj; or
mesylate.

178.  The compound of Claim 177, wherein the compound of formula (XXVIII)
has the structure:

OPGs  (xxvii -A)

with the proviso that if R4 is 2-cyclohexenyl and Rj is methyl then PG;
cannot be —C(=0)CH,CHj; or mesylate.

179.  The compound of Claim 177, wherein the compound of formula (XXVIII)
has the structure:

264-



RIR3 OH (XV -B) with the proviso that if R3 is

met hyl , then R4 cannot be cycl ohexyl, isopropyl, or
wohermyl1759185. The conpound of C aim 182, wher ePaTUS2007/008562

conmpound of forrmula (XV) has the structure: HOH O

HNO O M OH (XV -1B). -268

OPGs  (xxviI -B).
180. The compound of Claim 177, wherein the compound of formula (XX VIII)

has the structure:

OPGs (xxVIII -1A).
181. The compound of Claim 177, wherein the compound of formula (XXVIII)

has the structure:

OPG3  (xxVIil -1B).
182. A compound of formula (XV):
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WO 2007/117591 PCT/US2007/008562

R4 OH
O
HN
O
O
Rs
OH

wherein:

Rj; is selected from the group consisting of substituted or unsubstituted
variants of the following: C;¢ alkyl, Cs;¢ cycloalkyl, C,s alkenyl, Ci.g
cycloalkenyl, aryl, and arylalkyl;

Ry can be selected from the group consisting of substituted or
unsubstituted variants of the following: C;-C;; alkyl, C,-C;; alkenyl, C,-Ci;
alkynyl, Cs3-C; cycloalkyl, C3-Cj2 cycloalkenyl, C;-Cj» cycloalkynyl, C3-C;;
‘heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkylalkyl,
(heterocyclyDalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl,
aminocarbonyl, azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl,
carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalky],
dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,
arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl, alkanesulfinylalkyl,
alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl, boronic esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, salt of a sulfooxyalkyl,
alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphoryl)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a
heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl; and

with the proviso that the compound of formula (XV) cannot have the

structure and stereochemistry of a compound of formula (XV-A):
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where Rj is methyl; and Ry is 2-cyclohexenyl; and

with the proviso that the compound of formula (XV) cannot have the

structure:

R4 OH

O
HN

O
O

Rs

OH

where R3 is methyl; and R, is cyclohexyl, isopropyl or phenyl.
183.  The compound of Claim 182, wherein the compound of formula (XV) has
the structure:

OH  (XV-A)
with the proviso that if R; is methyl, then R4 cannot be 2-cyclohexenyl,
cyclohexyl, isopropyl, or phenyl.
184.  The compound of Claim 182, wherein the compound of formula (XV) has
the structure:
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OH XV -B)
with the proviso that if R3 is methyl, then Ry cannot be cyclohexyl,
isopropyl, or phenyl.
185.  The compound of Claim 182, wherein the compound of formula (XV) has
the structure:

OH XV -1B).
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