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SYNTHESIS OF SALINOSPORAMIDE A ANALOGS
CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims priority to U.S. Provisional Patent Application Nos.
60/790,168, entitled "Total Synthesis of Salinosporamide A and Analogs
Thereof," filed April 6, 2006; 60/816,968, entitled "Total Synthesis of
Salinosporamide A and Analogs Thereof," filed June 27, 2006;
60/836,155, eAMEEHIGE QIhtheEENS Sos poraihideANAd X malogs
Thereof," filed August 7, 2006; 60/844,132, entitled 10 "Total Synthesis of
Salinosporamide A and AnalogsﬂThereof," filed September 12, 2006; and

60/885,379, erftiiePOrBIAT BYHINESiS 6t BElirnospbramidd Aeh@Afalogs
Thereof," filed January 17, 2007. BACKGROUND OF THE INVENTION
15Field of the Invention The present invention relates to certain

compounds and 1&imatREERG thaPrapinatiold of Celtamyissmpolraat haplication
oass bespserd insthe digldsof chamistynandimedicing;RARgaEHREON OBINE Analogs

Related Art Cancer is a leading cause of death in the United

Stteo D d8pte g hficHite O fXile hsiiedpprotad s orsireatifiglinosporamide
CRRGEAr AhARIMARYdseatmentRREONS PeNRIBBEgerys chanriherapy & thesis of
radiation therapy, either alone or in combination. Surgery and radiation ,
AR HBwEer 4Rl gerrpaty tRssratoniyadr iy, ceétifeP/BES b2, entitled
canearsandais of §mitedpssaniaidieatianpatients ity disseraigalrbnber 12, 2006;
disETas Chemotherapy is the method that is generally useful in treating

BRGNS St hetBitis dales rbi<d SafibarauartdssAetint madogs Thereof,”

Alvougtughemotoerapy 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 30 agent. Due, in part, to the likelihood

of cancer cells becomipg Ceigtant  OrRCRaMGt herapRUtiOagent, such

ts Le ommonly used in combination to trea.t patients.
g@ﬁéﬁ%ﬁﬁ@%@é@disemes caused, for example, by bacteria, fungi and
protozoa are be@([jﬁip]géélﬁétr Qﬁ@%%@ﬁﬁ%ﬁ%&c@’ﬁ@ﬁﬁﬂﬂr@dﬁdﬁxﬁfﬂnd to methods for
example, more and mqre bacteria, fupgi and protozoa are developin .
TS HRRAES St AMIBRTES A S ApEa B eI E irspregisry and
efslichénicrobes include Bacillus, Leishmania, Plasmodium and
Trypanosoma. Furthermore, a growing number of diseases and
medical conditions are classified as inflammatory diseases. Such
diseasesomoliithe Rehditdons such as asthma to cardiovascular diseases.
These diseases continue to affect larger and.larger numpers of people )
worldwide despit{f“‘-:-aﬁcce{\a/\r/tse?lap?ff:‘1 %R ﬁ?é%li@gla?%} n@eége URbd Biates. Despite
significant efforts to find new approaches for 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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Therefore, a need exists for additional chemotherapeuties, antimicrobial
agents, and anti-inflammatory agents to treat cancer, inflammatory
Vdiszmsas7and infectious disease. A continuing effort is beingeeade i /oosses2
individual investigators, academia and companies to identify new,
potentially useful chemotherapeutic and antimicrobial agents.
Marine-derived natural products are a rich source of potential new
anticancer agents and anti-microbial agents. The oceans are massively

complex and hmus;elmgl VEIECIRSECIRIA0E QLEUEraBeSINARCCHY Wheteria, fungi

s gf.extreme variations re, salinity, and temperature
arﬁpa}%ﬁ:g Qn;}lgcr%o%ocr%ga(r%l%gﬁwg have %eé]gféi;é? eve'L1Jo g A e e thBbaRRle, more

andh B RResl alyasi Rr RRe RS @“ﬁl?@&ﬁmegmmahm extremeetamdbiotics and
chatietidiahitaits, dpuhalsopiierihe B@tgﬁﬁlﬁlﬁ@c%ggéjquﬂ@@%@&?ﬁ}hﬂémhmama
PN odd ot be (}bserved from terrestrial microorganisms (Okami, Y. 1993

Mar Blotec%’nol Yo §§’) ﬁepresentatlve structural classes of such

metabolites incRI& taEmfes gpeytidasipblykétilies san drdompider dsnaitions are

cmbiﬁtecbi@snﬂﬂtf@giat?ﬂg'trligea{‘g@fnysaﬁllsh&%@aﬁeﬁ’ iecuias Pavasamansirab8ihma to
umor. anti-bacterjal, anti-fungal, anti-inflamma
St Llz:rl'vmes %% CRtinge o ﬂ%ﬁﬁ%%bl%%&f%f&%rs of

Immunosuppressive ac
rPepiMottiyils dospitegney tiNEapiRBAN2 00Tk adsaRmrmacol Sci 23:404:

Kerr, R.G. & S. $h&8f6rk999 ExpdOpiEhesPateits al 20 Maqse: ];_)Qrt?bs anti-

m Nat Pr%d 3 Fa IknercD J. 2001 Nat Prod Rep 18:
IJ\f/Iga%%erfH RESH: avfe}gnji AR R0 PR KnLeeaacsy. ?M%ﬁﬁh‘ﬁﬁ@ag@s and

“’tf?étlﬂﬂftydéﬁeﬂﬁ% sotirceTEPIEBEatRigThval balsie thedspoutitndiadts! Fuvtisegators,

a&h@elﬁﬁladi@ncﬁﬁ{@@ﬂ%saﬂ&tlr@@fﬁﬁ?rw %ﬁﬂﬂf?@@éﬁg%ﬁ%mﬁu%ﬁﬁeﬂd anti-
c?lnge r;nechanlstlc classes to those currently on the market will help
to a &S resistance concerns, including any mechanism-based
resistance that Ma?fﬁ’a@@%ééﬁ%m@hé efdudiirns paihbgewséorf ipoteitigrisrw anti-

cNIPQRRELs VMMAR oW aT BiedNVENTIMhs are mastReIRRANIMERIS house a
disclosed h eln neraII rel%e to the total synthesis of chemical

dggﬁ%oﬁﬁe s, m‘%ﬁ ing he erocyélc CompouRt AR ENS S SHispag variations in
PISETHES e FHBTMmETS BmPpeRaEted Matire cnismieedassmpobmc dhdrefore developed
umtﬁﬂﬁﬁéﬁi&mm@ﬁi@ﬁ%l@tbﬂr epbacinents am disciaduie Ha@vwal in extreme

Mé@h do%r? Iss%nﬂf]feegﬁ’nn% ntxsﬁ mlc%'dgorggxouart])%la that would not be

S
mtermedlate com ound n emboé’lmen ISC osec}ehereln

ohsaysd tﬁ%{rhf@frr@mr @ﬁ%iﬂ#‘@@a@l@é@@ré’rmb@% dnblldrs Bivatolyzol 1:59).
Ritppughaaivintermediste tampowtd gicformulabiiied (Mbiude terpenQE‘e peptides,

Qﬁpe eﬁ{ddg %%BQSQSQ%W nx%ﬁlligtt?%%os}an 1@0(%1]‘(” sy%eSIZIP gn ese molecules

ate compount er em oaime

a\é‘“scﬁiﬁérﬂ’ﬁ%@}? re%%’glfﬁ‘%rméﬂ%ﬁqﬁﬁ%hth%%ﬁg’% int@khidlagematory  or
imompouwpdredsioemuativiigs (Bull, A.1Std} anotbeo ennbeshroenisiesssibrel 64:573;
d;lsgg"a;rﬁ&a%t? RS RLINESAING, A0 NI RedIe cOmROUNg U e

formul ag) Yet still another em |ment descii ear’nere in
QZ

R T LA o %?gilﬁtﬁag'%lﬁ@af?ﬂﬁe?rﬁ%%@a{@éé)ﬁ%&% Hf-fAnBRalkner,
D(XVID01 Nar Pro@erenthodimentdasaribes] NekRirLeplates toom methed s Res

2§M§lﬁs'€ma%ﬂg%§%§ﬁ8? QF tﬁx?‘m %Pl?g@tﬁgroﬂﬁ, :g:)lnt medl%c agents

comp ound of formu Another |ment escrl erein

a
FHifAtes G a AR f&# EpnRheetsi rﬁi"&?%i‘llr‘?é’é‘péf‘é’rﬁmér%b%da%%éﬁgsmpwsent
akﬂqmmg?ﬁanamgnmedlatesmEﬁpoﬂmdeownﬁmﬁa;(h/ Bhe market will help to address

resistance concerns, including any mechanism-based resistance that may have been

engineered into pathogens for bioterrorism purposes.



Still another embodiment described herein relates to a method for
synthesizing Sa nosporarnide A and its analogs through an intermediate
V@ apBLsPof formula (X). Still another embodimentdescribeds?
herein relates to a method for synthesizing Salinosporamide A and its
analogs through an intermediate compound of formula (Xp). Yet
still another embodiment described herein relates to a method for
synthesizing Salinosporamide A and its analogs through an intermediate

compound of formula @UMMARY OPneenkediensgescribed herein

relates to a mefhod %bs(y(pthe iZi ?alin sporamide A and its analogs
through an intermed%ate cérrrﬁ%%%ngc?sg ?(S)?ﬁu%r&*/).genemuy Kifdtndp the total

- syaihpBunhehtaisat romaEadsnirekdinzheternerabid forppnthisizinghalogs thereof.
Scaatinogpdiamiteats anddtsinaleamtmaug Q&ﬁd&&@{@&%ﬁiﬁﬁ%ﬁﬁgﬁ&%@&%ound&
S

oMU (X% %}1 . _Still angther emhodiment described herein relatés
to a metho otrss?krr?tﬁé%ei%?#g%%&‘gl&a% RO &‘é%ﬁ%@@%&r‘gﬁhmwai

comppRited R Bt EsHipEAEBPaAnula (XVI1p). Yet still another
ae%mpodiment de&@"ﬂﬁﬁdgﬂfﬁ@tﬁ ?ﬁﬁ&ﬁ&%rﬁﬁt@%égﬁéénﬁb&ﬁgdqgr sr%lélth]?sizing
nd its analogs through an intermediate compound o
> fo?r%%%%%(@ﬁ%g% s an%?'%s erﬁ%‘&g‘ iR RSB P PR ALk dosrraly (V):
method for synthesizing $g inospéfamide A and its analogs through an
intermediate compound of formula (XXIII). Some embodiments
described herein relate to the ingiv ejhpgds of synthesizing
compounds of ,formula (Il1), (1V), (V) \(VI RQVII), vhn, (1X), (X), (XV),
t-xvo, (nu), (nap, (xxiv), (X \!_4II), (XOCVIII) and protected
derivatives thereof. Otherjembodiments described herein relate
to the individual compounds of formaula (l11), (IV), (VI), (VI), (VII), (VIII),
(I1X), (X), (XV), (XVI), (XXI1) (XXI1) (XXIV), (OCV) (XXVI), QOCVII),
(XCVIII) and protected derivatives thefeof. v ‘One embodiment
described here&pnreeelta;l S gn%nr;ngtho oénggrm_ing a compound of formula
(X) from a compound of 1ormula (V) compretid HEeS ok b bebin gtpdesizing
anJRIREEAEB GPTRRIBIE Potaratie & sompound of formula (V) and cyclizing

the cleaved doublerondmiduinederiRbydroxy,grouptiansforming . o o

2GQOR E 9 aldehyde; and adding R4 tq the aldehyde using an
Sy?)rganémetaﬁﬁ%cr%%?g%/gﬁgﬂ%ﬁﬁng _é’%grfé’é{%}“z‘hgw, wherein R2 and R4 are

described hereftill another empodimsadidrsntitiedchityeth heteies relatesitardd for
symbthiathp hfoiingediaanapaipodmal dorsmlaLB6,ffom a compound of

formula (X) C'owg{igqg the.steps .of:.cleaying an aminol group; removing
PG, and reductively %p%rﬁcl?}l}bertr?én %%%%Igtg ;ng%%ﬁ?ﬁﬁ‘é‘ EigiGp to a method for

Sy RSHIE R B U ME HiAts, SORSIRIRdRE femme(X Bidtecting group moiety
described heriemdle:aboatnembedinesishdharcienving s NEABIRY JHRsiine
SafialRGRH,Refer rempval.of PG1 and reductively opening the
aherrsugacetall, and%%%ﬁ%%ﬁ%%‘%%}na&lfﬁg o%grl?ﬁég?ﬁﬁ%‘ﬂ‘gﬁféﬁ%‘?ﬁl@@w-
In other embodHHEREE, frrekadimany slessekahinrgiouplears ogcur aftethod for

synfesiing BhlofRBitaanide eduetviely SRENNGHAR HERIAERAL DRI ound of
foﬁlﬁgggoemgtion of the four membered ring.

Still another embodiment described herein relates to a method for

synthesizing Salinosporamide A and its analogs through an intermediate coinpound of
formula (X).
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Another embodiment described herein relates TO a method of forming a

compound of formula (XVII) from a compound of formula (V) comprising
YRSWEPIYL: cleaving the carbon-carbon double bond of thePEItigRs0OTIo0S 62

formula (V) and cyclizing the cleaved double bond with the tertiary

hydroxy group; and adding R. after cyclization with the tertiary hydroxy

group using an organometallic moiety containing at least one R4, wherein

12.4 is described herein; On embodiment described herein

relates to a mehiddl afddreniegiecdonepoutdeiietnigia (X>eihdom @ method for
sﬁmm}%@dﬁﬁ%&gw%?&\é'&%m%%&@% %ﬁégﬁf:agl.em Y N2MNal i of
£ ro%%movmg_ G, gnd reduct_lvel_y openm_gt e’hemiacetal; forming 5

bered ring via a lactonization reaction; and removing any

protecting groupsiostid ketoine, avibetkineRCican e aatateelinggioMhethod for
syneishsdessibeeliaiidnsonicembodiments, the cleaying of the aminal . -

group can occur before the removal of PG1 and réductively opening the
TRERiECetAl, and before the formation of the four membered ring via a
lactonization reQutionnbodithertelsbatineirtsithelsleavingnefitie aniathesizing
sERLR iR AlKEE ese 'RQX@AQ%&%QQQ E{SQH&%%%Q[B%%Q ot{‘x%% NFRIACEahey).

but before the formation of the four membered ring via a'lactonization

reaction. BRIEF'BERERIPPRINDIE FRACTINRAVRRRYS relates to phanethod for

sateriajen Pl ndsawvimyisiewhiehdaite incooperateshim andifesmaastottighound of
f&gg@y@@{}@ﬂ} merely illustrate certain preferred embodiments of the
present invention, Together with the remainder of the specification, they

are meant to serod BReETRiRPRedine (Hetebed hetengrelatairio @ method for
syohepiaing S ofrtbe invmidio n terih oseanh kighetiisuhe artinerheddiswinggound of
drigrie - Gingyvs the chemical structure of Salinosporamide A. Figure 2

shows a 11-I NMR spectrum of the compound of formula 0-11 in CDCI3.

Figure 3 shows SRR Goatifs FrertiRertdleprabariserrentrdatenip sunataed for
syotimsilbr(t -3lindSGidide A and Fguradeshbmssgh 1 Mhidihspeetetmpbund of
tSRGURIQteGief ester precursor of the compound of formula (1I-1) in CDC13.

Figure 5 shows a 1H NWIR'. spectrum of the compound of formula (11-1)
One embodiment described herein relates to a method for synthesizing

Salinosporamide A and its analogs through an intermediate compound of formula
- (XX,

Some embodiments described herein relate to the individual methods
of synthesizing compounds of formula (III), (IV), (VI), (VD), (VID), (VIID), (IX), (X),
XV), XVI), (XXII), (XXIII), XXIV), (XXV), (XXVI), XXVID, {XXVﬁI) and
protected derivatives thereof.

Other embodiments described herein relate to the individual
compounds of formula (I11), (IV), (VD), (VD), (VID), (VIID, (IX), (X), (XV), (XVI), XXID)
(XX (XXIV), (XXV) (XXVI), (XXVII), (XXVIII) and protected derivatives thereof.

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 Ry are described herein



1) in CDC13. 1) in CDC13. 1A) in CDCI3. IS) in CDC13. 1A) in CDC13.

IA) in CDCI3. Figure 6a shows a 1H NMR spectrum of the compound of
wioemoata (H: Figure 6b shows a LC-MS of the compound of fomntdzorinnsiy2

Figure 7a shows a 1H NMR spectrum of the compound of formula (1V-

Figure 7b shows a NOES Y spectrum of the compound of formula (IV-

Figure 7c shows a 1H NMR spectrum of the compound of formula (IV-

Figure 7d shows a 1H NMR spectrum of the compound of formula (1V-

Figure 7e shovs aekfbduimenhithr comRPruBetaf {ermmdac(ly vhethi@uet Sorming a
SRR PR P oL s Sonpopd G L EE B e
cleaving an aminal group; removing PG and reductively opening the hemiacetal; and
forming a four membered lactone ring, wherein PG, can be a protecting group moiety
described herien. In some embodiments, the cleaving of the aminal group can occur
before the removal of PG; and reductively opening the hemiacetal, and before the
formation of the four membered lactone ring. In other embodiments, the cleaving of the
aminal group can occur after the removal of PG and reductively opening the hemiacetal,
but before the formation of the four membered ring.

Another embodiment described herein relates to a method of forming a
compound of formula (XVII) 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; and adding R4 after cyclization
with the tertiary hydroxy group using an organometallic moiety containing at least one
Ry, wherein Ry is described herein;

On embodiment described herein relates to 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;
forming a four membered ring via a lactonization reaction; and removing any protecting
groups on a ketone, wherein PG, can be a protecting group moiety described herien. In
some embodiments, the cleaving of the aminal group can occur before the removal of PG,
and reductively opening the hemiacetal, and before the formation of the four membered
ring via a lactonization reaction. In other embodiments, 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.

BRIEF DESCRIPTION OF THE DRAWINGS
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 certainn compounds of the invention to those of skilled

in the art. In the drawings:

Figure 1 shows the chemical structure of Salinosporamide A.



Figure 10 shows a 11-1JH COSY NMR spectrum of the compound of

formula (V-IA) in CDC13. Figure 11 shows the crystal structure of the
Veoamounaef foilia (V- Figure 12 shows a NMR spectrum ofethe/cszmpoesse:

of formula (VI- 1) in CDCI3. Figure 13 shows a 1H NMR spectru of he

compound of formula (VII-1a) in CDCI3. Figure 14 shows a 1H NMR

spectrum of the compound of formula (VD-Ib) in C:DC13 Figure 15 shows

the crystal structure of the compound of formula (VII- Figure 16 shows

aNMR spectrurfigiihe sespowitd wiierspdia-0dl b GRS Boe A4 (1-1)
in%wg.a 1H NMR of the compound of formula (VIII-lo) in

Figure 3 shows a 'H NMR spectrum of the ester precursor to the
compound of formula (II-1) in CDCls.

Figure 4 shows a 'H NMR spectrum of the protected ester precursor of
the compound of formula (II-1) in CDCls

Figure 5 shows a "H NMR spectrum of the compound of formula (II-1)

in CDCls.

Figure 6a shows a '"H NMR spectrum of the compound of formula (II1-
1) in CDCl;.

Figure 6b shows a LC-MS of the compound of formula (ITi-1).

Figure 7a shows a 'H NMR spectrum of the compound of formula (TV-
1) in CDCls.

Figure 7b shows a NOESY spectrum of the compound of formula (V-
1) in CDCls.

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

Figure 7d shows a 'H NMR spectrum of the compound of formula av-
1B) in CDCl;.

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

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

Figure 9 shows a *C NMR spectrum of the compound of formula (V-
1A) in CDCls.

Figure 10 shows a 'H-'H COSY NMR spectrum of the compound of
formula (V-1A) in CDCls.

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

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

Figure 13 shows a 'H NMR spectrum of the compound of formula
(VII-1u) in CDCls, ’

Figure 14 shows a 'H NMR spectrum of the compound of formula
(VII-1p) in CDCl;.
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CDC13 Ib) in CDC13, lo) in CDCI3 | bB) in CDCI3 | bB) in CDC13. | bB).
loB) in CDCI3. loB) in CDC13, 1B) in CDC13. 1B). i C) in CDC13, IC) in
woRfeA3.7Ke) in CDC13. Figure 18 shows a 1H NMR spectreirakboer0osss2
compound of formula (IX-Figure 19 shows a 1H NIVIR spectrum of the
compound of formula (IX-Figure 20 shows a IHNMR spectrum of the
compound of formula (X-Figure 21 shows a 13C NMR spectrum of the
compound of formula (X-Figure 22 shows the crystal structure of the
compound of ferpulay Xk g2 atavma il MR SBEEIHHN A Wemula (VII-
compound of formula (X-Figure 24 shows a DC NMR spectrum of the
lbcompound of formula (X-Figure 25 shows a 1H NIVIR spectrum of the
compound of fBigwuta (& g2 BIShBVR treatrysiadStiecrmemfithe of formula
(veampaurerefformula (V-Figure 27 shows a 11-1INMR spectrum of the

compound of formula (V-Figure ows a 13c NMR spectrym of the ,
compound of fgfﬁ’lﬁfalglgﬁ?@ﬂsré“ %g Msoi &i%ﬁ‘gﬁpgb’édct? e Vil-1a) in

CIebimpound of formula (V- Figure 30 shows a 1H NMR spectrum of the

compound of fesmyla;RosXH I REviR HOUES LERRWSRpbdfa NMBamula (1x-

spectrum of the compound of formula (XXIX-1) in CDC13.
1) In CDCla,

Figure 19 shows a '"H NMR spectrum of the compound of formula (IX-
1a) in CDCl;,

Figure 20 shows a 'H NMR spectrum of the compound of formula (X-
1pB) in CDCl;

Figure 21 shows a 3¢ NMR spectrum of the compound of formula (X-
1,B) in CDCl;.

Figure 22 shows the crystal structure of the compound of formula (-

1B).

Figure 23 shows a 'H NMR spectrum of the compound of formula (X-
1.B) in CDCls.

Figure 24 shows a °C NMR spectrum of the compound of formula (X~
1.B) in CDCls. _ : :

Figure 25 shows a '"H NMR spectrum of the compound of formula (V-
1B) in CDCls.

Figure 26 shows the crystal structure of the compound of formula (V-
1B).

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

Figure 28 shows a >C NMR spectrum of the compound of formula (V-
1C) in CDCl. ‘

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

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

Figure 31 shows a *C NMR spectrum of the compound of formula
(XX1X-1) in CDCls.
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WO 1007/H7591PCT/US24107/011S562 Figure 32 shows aNMR

spectrum of the compound of formula palll-1B) in CDC13. Figure
V83 o RIC NVIR spectrum of the compound of formula (30¢dd20B)é8s62
CDC13, Figure 34 shows a 1f1 NMR spectrum of the compound
of formula (XXIV-1B-Bz) in CDC13. Figure 35 shows a H NMR
spectrum of the compound of formula (XXV- | B-Bz) in CDC13.

Figure 36 shows a 13C NMR spectrum of the compound of formula

(XXV-1B-Hz) nf5deel 32 shows a HYURRY § Vieent JrHtMrﬁB@&gﬁjg}"%rmu}a
()%I?Ql\gj\%ng%g formula 90(Vp-1B-F3z-TMS) in CD013. Figure

sho ‘NMR spectrum of the compound of formula
(XXVp-1B-Bz-TSy4nEp@ss a *C NMRysre@shofitha dbNMRI of formula
cspaetiwnigidhe gompound of formula (XXVI-1B-Bz) in CD30D.

Figure 40 shows. a 30 N1VIR spegtru the compound of formula
(XXVI-1B-Bz) \f\r&?‘é‘r_’fﬁ,(%.g{“’ws 2 Ehg?f}?éﬂ’%‘ﬁ%kﬁé & ThP NRIRPEpREAnformula

CefiNeldo®ponrieléiformula (-50,7ViB-TBS) in CDC13. Figure 42
show a H NMRpspeeirasnsahihe compewnid QJ&%G?H'@KM‘%&%BMM of formula

c2LR19Rede . epa,.

Figure 36 shows a *C NMR spectrum of the compound of formula
(XXV-1B-Bz) ‘'n CDCl;.

Figure 37 shows a 'H NMR spectrum of the compound of formula
(KX Vp-1B-Bz-TMS) in CDCl;.

Figure 38 shows a *C NMR spectrum of the compound of formula
(KX Vp-1B-Bz-TMS) in CDCls.

Figure 39 shows a 'H NMR spectrum of the compound of formula
(XXVIi-1B-Bz) in CD;OD.

Figure 40 shows a C NMR spectrum of the compound of formula
(XXVI1-1B-Bz) in CD3;QD.

Figure 41 shows a 'H NMR spectrum of the compound of formula
(XX Vill-1B-TBS) in CDCls.

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

Figure 43 shows a *C NMR spectrum of the compound of formula
(3{V-1B) in acetone-~ds. '

Figure 44 shows a2 '"H NMR spectrum of the compound of formula
(XVI-1B) produced from the compound of formula (XV-1B) produced synthetically in
CDCls.

Figure 45 shows a >C NMR spectrum of the compound of formula
(H{VI-1B) produced from the compound of formula (XV-1B) produced synthetically in
CDCls.

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.



Figure 43 shows a 33C NMR spectrum of the compound of formula
(XV-1B) in acetone-d6. Figure 44 shows aNMR spectrum of the
compound of formula (XVI-1B) produced from the compound of formula
(XV-111) produced synthetically in CDC13. Figure 45 showsNMR
spectrum of the compound of formula (XV1-1B) produced from the
compound of formula (XV-113) produced synthetically in CDC13.

Figure 46 shows_114 NMR spec of the compound of formula 23ClI-I)
produced from '[Sr%géléﬁw%qo%}hogv cs)f%% ERVASEE) Shit e syHitbatAmriHia V-

D Ergduced from tiRiqumapblshofvi disNd VIR Specthuamef thentenmyxolynth DMSO-
@f formula (XVIIA) produced from the compound of formula (XXII-))

obtained synthetically in DIVI50d6. Figure 48 shows a comparisonH NMR
spectra of compdURE A ELAT BrEutaR S fetiCally Bridtrain of compound (XVI-
telanermtatiohsynthetically Egurer 9eshosmsasdt3C N.IVIR spectrum of the

compound of TOrm@@ré&\é['%)wergdu@%ﬁﬁ@sﬁk%&&mI%‘?%Q QH%HM% of formula
%%CII-I obtained synthetically in DIvISO-d6. Figure 50 shows _

org g)rigb(f?‘é‘fet?c RAP S BB P o AT BIRMIHAXRATE: RIgrainsdemthetically in
Bviietically and from farmentatiom Figure 51 shows a 11-- NM11

spectrum of CVC'QHQ&%“X'W'QHME%QSR%SM of PC NMR spectra of compound
(XV1-1A) produced syntherically and frorm fermentation.

Figure 51 shows a 'H NMR spectrum of cyclohexenyltributyltin in
CDCls. ‘

Figure 52 shows a 'H NMR spectrum of the compound of formula (X-
1oy in CDCla.

Figure 53 s shows a '>C NMR spectrum of the compound of formula
(X-1,) in CDCls.

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

Figure 55 shows a °C NMR spectrum of the compound of formula (X-

1) in CDCl.

Figure 56 shows the crystal structure of the conipound of farmula (-
1e),

Figure 57 shows a plot .of the inhibition of the chymotrypsin-iike
activity of 20S proteasomes by the synthetic and fermentation compounds of formula
(XVIi-1A).

Figure 58 shows a plot of the inhibition of the twypsin-like activity of
208 proteasomes by the synthetic and fermentation compounds of formula OXVI-1A),

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
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la) in CDC13. (X-1,) in CDCI3 Ib) in CDC's, Ib) in CDC13. 10, Figure 52

shows a IH NMR spectrum of the compound of fatgala (X- Figure 53 s

shows a 130 NMR spectrum of the compound of formula Figure 54 shows

a 'H NMR spectrum of the compound of formula (X-Figure 55 shows a

13C 2\IMP__ spectrum of the compound of formula O-Figure 36 shows the

crystal structure of the compound of formula (X- Figure 57
showsmpidirefrtseinivibitiontiof thelutoymetirdp Sor distiviepaodtROS{ various compounds

@ﬁ@ta&&%e&i&&y the syntbelic.ad fammentaiendcompienes af trmeuWmbodiments,

% e or mo S substituents OQ%urrerr%geSpo?nW%uaﬁ lOtﬁoégfrmle ;Eg;%rtrll%%%ﬁghc%n be sgemﬁcally

rosm II e activity of roteaso ermentati

EoPHISE SRS Ri M el thgamethods or cemﬂyaéé WWWmMW@OW
inhibitiniofsteacadnaseatikeiactivily of 1bepli dieasomaad\pibloghuitheticities. For

@Mg’é"qgéay&ﬁ %9%9%9%9@%@3?&1% \Agtlg"l&,) aIQ ErIAIJﬂE‘Q anti-inflammation,
RIPTION E)F THE PREFERRED E BODH}éIENT Embodi

SHeE AN MdudRTHSIRT A FEY e preSSFatith f USHbUSCESHSE: ung%t show
antinprerrmediaresndrit thelegmipountpscaienintelipéeriarey tilemberes1B / 1« B

§%ﬁﬂﬂ1@ﬁé@dﬂﬁ3ﬁﬁfﬁi PAR entMere-subsiiuents) 1ﬁ5@@ﬁlm@é’%0@m&@w}d§ana]ogs as
rRUBR fCO{T‘IaP QUi d%fc A0 sbaem%pgrcelfac ?J: bng CL ?F? Iﬁr@&qylo%g?lgartmog%phcanons
& methods or co pounds as describe more
Nos 60/480270, filed June 20, 2003; 60/566952 filed Aprll 30 2004; 60/627461, filed
November 12, 2004; 60/633379, filed December 3, 2004; 60/643922, filed January 13, 2005;
60/658884, filed March 4, 2005; 60/676533, filed April 29, 2005; 60/567336, filed April 30,
2004; 60/580838, filed June 18, 2004; 60/591190, filed July 26, 2004; 60/627462, filed
November 12, 2004; 60/644132, 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. Endo et al. J. Am. Chem. Soc. (2005) 123, 8298-8299 provides a synthetic route
for obtaining Salinosporamide A. International Patent Application No. PCT/US2005/014846,
corresponding to PCT Publication No. WO 2006/028525, also provide a fermentation method
for obtaining Salinosporamide A and semi-synthetic procedures for obtaining analogs of
Salinosporamide A.
Provided herein are methods for synthesizing Salinosporamide A and its analogs through

an intermediate compound of formula (V):

R4 ©
N COORs
Rs
S OH

M)
The compound of formula (V) can be synthesized from readily available starting

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

-10 -



5 Salinosporamide A and its analogs thereof have various biological

activities. For example, the compounds have chemosensitizing activity,

anti-microbial, anti-inflammation, radiosensitizing, and anti-cancer activity.

Studies have been conducted that show Salinosporamide A and its

analogs have proteasome inhibitory activity, effect NF-KB | B signaling

athway, and have anti-anthrax activity. Salinosporamide A and several

SAnAfoy: s BT adDhictBUICP UL of thesatnalore thestribethin example
Se}igoProuisidnal-R atent Applicatians dos,HeM4362 10 diled-Jine. 20, 2003;
<BRLRR6952, filed April 30, 2004; 60/627461, filed November 12, 2004;
760/633379, filed December 3, 2004; 60/643922, tiled January 13, 2005;

-60/6%8884, filed March 4, 2905; 60/676533, filethAp 'Pﬁg, 2005; Ra_-OH
60/§67§36, filed April 30,2 ileq, June #8, 2004; 1A
60/59119¢, ! T GUPB27462, filed' 15\Noyember 12, 2004 )/\O
607644138k filedJant s ar “filed March4; 2005~
U.S. Ratent Applications Nos.,-10/871368, filed June 18, 2004; R

11/118260, filed April 29, 2005; 197412,476, filed Apyil 27, 2006; and
11/4533#4, filed June 15, 2006;,and International P t Applications )5\:-
Nos., purmm%()é:/019543, filed Juno 18, 2004; PCT/US2005/044091, . VD

filed Dece ,2005; PCT{1JS2005/014848, filedAggi29, 2005;-and
PCT/US2006/016104, filed 2
Soc. (2005) 123; 8298-829¢

2006/028525, also provide a fermentation method for obtaining.
Salinosporamide A and semi-sypthgtic procedures for ghtaining analogs

e

of Salines poram ide A. 25Provided herein are methods or synthesizing
Sal inosporamidj_eo,ré\tand its analogs th_roy h»ar] in'germediate compound of
formula (v): (v) " “FHE BBIRBE SWUF?T%W&‘W?WWQWWM can be of
1?‘r(ﬁ’l‘"ns( eabigvadRb|é Brartizly thrateris, asfescrides fepBiMed Mehis -application
cOMROuRsl @Edormula L may RassHbeauenty.capyeted o . w. oo
Spaiing Sé)o.lrs%rnlrtileaé,og‘gnalogs: th_greof. For exarfr)\ple §a|}|nos oraml‘d[‘éx ADROSE
analogs theredt ATdy heByHHisTsRE: Q& CoHHHE to SEr i Alssehemenal Maisss
GUNE Y| S| specifigd. When cihural centers are found in the derivatives of this invention, it
is to be undersiood that the compounds encompasses all pcssible'stereoisomérs unless
otherwise indicated.

The term “substituted”™ has its‘crdinary meaning, as found in numerous
contemporary patents from the related art. See, for exampie, UL, Patent Noe. 6,509,331,
6,506,787, 6,500,825: 5,922 ,683; 5,886,210 5.874,443; and 6,350,759,

Examples of suitable substtuents
include hydrogen, alkoxy, cycloalicyl, cycloalkenyl, acyl, acyiamino,
acvioxy, amine, alky! amino, aminoacyl, aminoacyioxy, oxyacyiéminm cyang, halogen,
hydroxy, carboxyl, carboxvialkyl, keto, thioketo, thiol, thioalkkoxy, - aryl, aryvioxy,
heteroaryl, heteroaryioxy, heterocyciic, heterocyclooxy, hydrexyamine, alkoxvamine,
nitro, -80-alkyl, -8O-substituted alkyl, -80-aryl, -SC-heteroaryl, -SO,-H, -50,-0OH, -
SOr-alkeyl, -SO:-substituted alkeyl, -SOz-aryl and -S5O :-hetercaryl, heteroaryl, boronate
alkyl, boronie acid, (OH},B-aliyl, phosphate and phosphate esters,

phesphonooy,

11



N-4---- COOR2h:-e----'OH\ \ k R-i-, ---0/ .,--- 3-4------0- Dt-----.,,c7"-0 i OH
)3\ R3Ih3 I'7 t 11'0FiG1I --'1 OHX (V) \(X)(xv)p(vt) For the
WebphpouRtss described herein, each stereogenic carbon carpbe/off8iongsse2

configuration. Although the specific compounds exemplified in this

‘application can be depicted in a particular configuration, compounds

having either the opposite stereochernistry at any given chiral center or

mixtures thereof are also envisioned unless otherwise specified. When
pholptaincenieis:drefdioneziddhieylprivatbiasaf $aisryanyon: kisdPherboxyalkyl,

a‘“&%%%?&%%%ﬁfﬁa?%ﬁ%*;? £A68MBARSeS ANGFSIRIeRIGreolSomers | o,
arylthio, carboxy, cyano, alkénesulfonyl, alkanesulfinyl, alkoxysulfinyl, thiocyano,

boronic  acidalkyl, boronic esteralkyl, sulfoalkyl, a salt of a sulfoalkyl,
alkoxysulfonylalkyl, sulfooxyalkyl, a salt of a sulfooxyalkyl, alkoxysulfonyloxyalkyl,
phosphonooxyalkyl, a salt of a phosphonooxyalkyl, (alkylphosphooxy)alkyl,
phosphorylalkyl, a salt of a phosphorylalkyl, (alkylphosphorylalkyl, pyridinylalkyl, 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.

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

As used herein, any "R" group(s) such as, without limitation, R, R;, Ry,
Rs, Ra, Rs, Rs, Ry, Rg, Ry 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 Ry, and Ry, 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:

a
—NZ Eb

The term “alkyl,” as used hérein, means any unbranchéd or branched,
substituted or unsubstituted, saturated hydrocarbon, with C,-Cy4 preferred, and C,-Cq
hydrocarbons being preferred, with methyl, ethyl, prépyl, isopropy!, butyl, isobutyl, and
tert-butyl, and pentyl being most preferred.

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

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

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

-12-



The term 'substituted’ has its ordinary meaning, as found in numerous
contemporary patents from the related art See, for eKattlp LC, U.S. Patent
wiasy74,688231: 6,506,787; 6,5500,525; 5.922.683; 5,886,21&01/5 3 d¢h44352
and 6,250,759. Examples of suitable
suhatituems include hydrozen, ataxy, cycloalloyl, cycloalkenyl, acyl,
acyiarnitio, asevioxy, amine, alkyl amino, aminciacyl, amanoacytexy,
oxyacylamino, cyano, halogen, hydroxy" carboxyl, carboxylalkyl, keto,

thicket Eliot, thkgaliegy, %%}damwese%a;si%f%@fﬁbﬂm&@mstmcd or

erocy li eterocyclooxy, arnlng alkox ino, nitro,
o B, CUSSE RN IoR AP 30 AT B AT A pomprising te
rll%OE@HGt@Dﬁall@ythﬁS@essabsumw@l aﬂcyterscwa@yhéﬁdzompnses fused ring

sysRtds BRIRT@ar YheNRIGHARIY . LRRFH %;iche R GRS § QdrdethFezalkyl,

phosphate and phosphate este QsﬁEy noossy, phosphonooxyalkyl,
azido, azidoalk af‘ﬁ’fﬁ’onf@(ﬁ? %{5?6’3 :f T 'St WORAOBR iy ubsututed or

ungiifoptitrriado, kacbalrta@bqn allgy kantio digikyladmibt, bl pfedediblkylamiimp five to
twBlY gAY RER oM (}Yx?gWOFéyﬁ?é?ﬁﬁHgO'}M' akanestingdnrext, the term
aikoxysulfinyl, thIQC ano, QOFOI‘]IC amdalkl}/ ic esteralkyl, sulfo:—lljl
R SRS B A RS SRS ATy LA LA g o bieyEi and
trisytlooxyadiyiesalkoxysulfonyloxyalkyl, phosphonooxyalkyl, a salt of a
phosphonooxymummm@m@@m@m phosahapdaliomdasalk@b@uted or

o RN P S B H R DIREY B il Qiﬁf? Rt i e o
twahat galammrp@aupyimﬁacﬁl@mm s@bsmmman b@mfu rvseulsstitenéd the  term
“cJORARYPIRNE fﬁ@f&ﬁ@ﬂ%%@&&ﬁ@%%ﬁ@%%&%ﬂw@mtti%ychc and

term "substituted" that are well-understood by those of skill in the art
TiGYRLRETRFH R oup is described as "optionally substituted” the group may
be unsubstitute@hertsub Sty dafdta wn@'érqmelewbsat&ﬂnlb‘asrdéb@nbew aryl

BRI as substfRMSEdinereidBoly ! RerShaURLS ) SINER a%cmﬁ@%myx acetyl,
Ilmltatlon RI, R2, R3, R4, RS, R6, R7, @fs RA nd RB rsegres

prgasgw&eﬁg% AR S g up may
be substituted dr timsptestingtehidk il Rgfeups a@f@oquﬂymmh@cycﬁc

arkIRRRMBIRM %@meme@&%&; tm@ntémy Iy bR Ik iRgethar 8Fstems
geflned herein to fo

ycIoaI erg or heter cycle F
SR T T T T N ROATEEURT G o share a
leirntliontechtomtica!'thiwedh féfgem@ﬁamm*eaﬁ fmé’[ théﬂsa@b&?aimﬁwﬁﬁbhé@@“mmd
pﬁ@x@'ﬂe ﬁ’é}@ﬂﬂ%l’e‘i@forﬁh@nﬁﬂgreﬁﬂ NarrfBRicenyl, tetralid@liefMoRiy], " i88enyl, and
% ‘%reln means ae}y unbgaptu%e or bra chegégsubstltuted or
in ﬁgﬁ‘o 1 (],lgsa‘t‘ﬁrmt drocar on Wi preferred, and Ci-C6
hydrocarbons b&n@@@@ﬂ@d?%wm&ﬁwc@hwemw stsprvisyHdsuty| mean a

h&&%@%}@%ﬁﬁb@%ﬁduﬁﬂﬂh&%ﬂ&ﬂ@&i%dﬁoﬁ&ﬁ@%@ﬁs in an arom-ﬂ"@ ring have

term §¥A’:t}?gnuseﬁd h(t)erehgferrgg%rr‘gsan ucn(l‘? | ne d go ( \? I’acmn ném%mtrogen
or unsu Iﬁ‘] d unsaturate y FOCB. Inin

Slri@re d@em@mﬁas.asén@{%nﬁéﬁmk%yp@ré%ﬁ)mme@nwt the term

“8eaAty! ,csiﬂyshxfd@mbebuﬁag)éb@aﬂbewbrbmdﬂaaaewh ang @ﬁEBﬂMeast one
The term "alk us dhere| ns an unbranched or bhranc
ey Ao Rl R S S L e T s one

hmb@ﬁagng, or at least one heteroaryl ring and at least one Cs.g-cycloalkyl ring share
at least one chemical bond. A heteroary! can be substituted or unsubstituted.

The terms “heterocycle” and “heterocyelyl” 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

-13-
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The term "cycloalkyl" refers to any non-aromatic, substituted or

unsubstituted, hydrocarbon ring, preferably having five to twelve atoms
comprising the ring. Furthermore, in the present context, the term

"cycloallcyl" comprises fused ring systems such that the definition covers

bicyclic and tricyclic structures. The term "eyeloalkenyl" refers to

any non-aromatic, substituted or unsubstituted, hydrocarbon ring that

ingdusie s areauievvarad, mmﬂerablyth@ﬁfngd&heatwW@v&t@msﬂ@mmri@ﬂa@atm -
tgch 1g- s)%r f}g MQLE 111 thﬁlp %ﬁ#t ?1% the term %%Cg)n%entl selected from
comprises fused ring systems suc thatt finifion covers icyclic and
PrRdIs Stidieturas. mtrogen AMeg@ﬁW}@ygmaWer e@féggnt@lgq—]yr more carbonyl

@@mh%@m&xlsﬂbﬁﬂ%ﬁgﬁtwsyﬁ@%b%ufﬁﬁe hydrasamesaringithrt HeJUde&ms and

triple bond, era havin five to twelve atoms com rlsn the,ring.
%ﬂrth rr%%qrse S|n0$he p?%éémiseo% i%)&esthe%eﬁlc 1@9@%03&%?? corrlmmldes and cyclic

fersbantiniep sy csigt tﬁmenweﬂmﬁ@n@él}erglmcwﬂlcfamﬂtri@y(ﬂic least other
m%ége@ﬂ ring, at 1chEJHRITT; AeYL1FaIRYS IhBYdragsi A%V@Q alkybiloghy! ring

[, or aryl co ected substituents, via a ar 0
00 Forter A e Atoh fetshs i Sh ekt icyclic and
iy dde sukistittited.or Hmmm&tﬂute}cﬂ benzo- fushdtheqnemmﬁjdontgmm include
Er%@m?ﬁ/zizé%ﬁ%%ﬁge%ﬁ%mgﬁ%ﬁfﬁmgcyﬁg%ﬂf@@?ﬁg& 8£J£%9e3¥% rsn[ruetures

Moreover, the term ary includes fused rin wherein at leas
PRingEXBRRaRastbne ARjiartcksicast’s %:3 @@9&5@&9@9!@%{?@& 4H— pyran,

Ieaahpm@pﬁemlpqid@mde Somﬁcexampje@@taﬁyk Alagscincludealpptionafiperazine,

stit e he [, naphthalen nanthre th | tetr y
%ren%/ en&l1 an&%&énﬁl’%n arylaa?i)u|toe{r%{:%11 a%? g’%b ]tl% 85}} »2-oxazine,

meém@m@twmmmlde barbm@l@p@géﬁhwar@aunwce@ndxmmmnﬂs hydantoin,
gakieim eﬁf@@ﬁtﬁlﬁeocmbﬁﬁ@mﬁés&gyawwﬂﬁ%m 0@4Bydrothiophene,

arbon atams in an romatic ring have been repl with one.or more
P o T VB BB B B SEone, Byrrolidione,
phicsphous;rand idkygemiBerthmelloreidmztheline skit dortext, Tttfedemﬂane 1,3-
‘heiriearyl] sompisesd usega;aagﬂgemw&% iRiat 'ea%&%‘&%y' NG 70lidine,

and at least one_heteroar égl ring, at least two hetcroary nng}le at least one
ReterdkRRg ARg e Fiaterody by ridhiorae i detiachteany of this
fing@nchahisdst anst@oddycloalldtiingdéhare at least one chem|ca|

bond. A heteroa?llll can be.sybstituted or unsubst utcd
terms "heterocycle™ an het;%rocycfyir'sare inMtendet r}%hreﬁiégﬁ Hﬁggheflé Jrbstituted

fveunsphstaiash- S@Iﬁeﬁ@i@h@rmgﬁ?ééﬁ@ednﬁgsem\@r@in%aﬁbonmn@ed saturated
iegathetwith faesl 6@1§gh®¥€f@@€‘am$vﬁﬁnﬁigéhf@x§al§%fﬂgg ARSIEIOGYEICAlso with

a io ontaj un rate bond S|tu ted in such a.
R e R oS G orE SR elop s St e B
heteroatoms areTh@iéqwméiemlyaéé{ecffédeﬂi@mtowemolwkf@maamdhydrocarbon ring

FQ980n A HEIRrOeNCIs A It hBLFORIRY Wx%’ R CRIPRAYABMs comprising

thlocashonyl fimetionalities, so as to make the definition include

ot GpstenEcarik gﬁhﬁ?%)l?ﬁé‘fﬁg%@ﬁ 85 1aerkitvistiones, cyclic imides,

cyclic th|0|m|desThe\damclrmﬂwa@ammyﬂemfemycwam gﬁqaaa,ybranched cyclic,
y leas ng, at lea

el &}E e e T gy Toe

©gg0 Wﬁym%o§weﬁbﬁaykr&rw1 rﬁﬂwmnb@@glbafy@w@ arrpyloxycarbonyl

wieyslicstsustyresy Exaonples o henzoxiiseoneteraaysIvkeoupBs yosHeRy1 group,

%.ertqger%mmé%rzollqlno?oedtetrah gro ullngllgaefba%dlmethglenedl xybenzene bonvl
fing structures. S %ex%’mp?/e O PReterody e ingl(gR:  cyeiohexyioxycarbony
@mamybmwbpwmbmﬁpgranpmﬂammmlpgpsrmupé;em;@@dmrbonyl group,
I IR Myt ARIONANB uPIRET BT y bt hignepd @i or unsubstituted.
1,4- oxathlane tetrahydro-1,4- thlazme 211-1,2-oxazine, maleimide,

succinimide, barbituric acid, thiobarbiturijg acid, dioxopiperazine,

hydantoin, 15 dihydrouracil, morpholine, trioxane,

hexahydro-1,3,5-triazine, tetrahydrothiophene, tetrahydrofuran, pyridine,
pyridinium, pyrroline, pyrrolidine, pyrrolidone, pyrrolidione, pyrazoline,
pyrazolidine, imidazoline, imidazolidine, 1,3-dioxole, 1,3-dioxolanc, 1,3-

dithiole, 1,3-dithiolane, isoxazoline, isoxazolidine, oxazoline, oxazolidine,
nvazolidinnone thiaznline thiazolidine and 1 2.avathinlane A hetarocyv/ele
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The term "cycloalkoxy" refers to any non-aromatic hydrocarbon ring
comprising an oxygen heteroatom, preferably having five to twelve atoms
comprising the ring. A eyeloalkoxy can he substituted or unsubstituted.
The term "alkoxy carbonyl" refers to any linear, branched, cyclic,
saturated, unsaturated, aliphatic or aromatic alkoxy attached to a carbonyl
group. The 30 examples include methoxycarbonyl group, ethoxycarbonyl

group, propyloxyrigébemyl gf@yﬂgﬁﬁpmﬂ/@x)ﬁ@a[{?ﬂ@wt@&u@s a cycloalkyl group
kgg}%)é)égad’bongl I %qstlfglen? Cvguthxvcar )},0?8% oH{l)e St(ertlgﬁo r%% Hrou SI%UP and lower

group Clo entylox carbonyl group, €

b@ﬂdylmﬁaﬁbmyh&ﬂdﬁika Igmw@mbmsglrmt@wmxb@amdyl
group, and pyridyigxycarhanyk Q{%Fbcﬁxﬂlégmwfaé%nyl (H@%éﬁ)% clyalkyl” are

substituted or unsubstit e ter loalkyl) I |s
ROERRBL A DORDAT £ U S LBt SEm LTI Wb nalkylene. The
Ibwanatkyie peodhe(dy clealkyhalkyligienp andaloetrcatkylBamlafyh group may be

%@@J{&q) kyls QB@H{%{E@V be substituted or unsubstituted. The terms
"(heterocycle)al 1\:iheand (heteroc cIyBaIkyI are 5 understood as a
u

heterocycle gro dﬁ%c@aa&%y "o BRI B S IR B RR cog cted, as a
hetsthoyele ﬂmua@n&th&mmer aﬂcyimedeﬁadcﬂleiar@ﬁyde)aﬁqyﬂ%m and lower

”1t?e¥1be S%bgrtl't reﬁﬂ gr%%[%‘ggtuted dr un;rlﬁa t‘i%{.gd a@él es mclude benzyl,

d to mean an ary b(cf connected, as a substltuent via a lowe

anaenscd heprss dafsay pdigin W@élm%u@émnhm}aibﬁ}kylene of
an arylalky may bacsufstituteg @riansidbstituted. Examples ingludebi@azyl, groups

Rt R A éﬁ%@@%ﬁ A CB bR feteroar
asGubstituetks|ovia aﬂwmtaikyteh&xéagh)als defindd kebsiiu®deor unsubstituted.
W&d andipyer aligy tHyheteijﬁfé/rl@!%%tﬂ up £ f“f’?‘bfnt?&h I, thienylethyl,

substituted or unsubstituted. 15 Exam hg)fes include 2-thienylmeth

DriehAtEthyY sk Hethyls ez piridRAaldA! a}r.&%mlr substituted as
iseXazohatkyfysomidazdlygtalkyl, and their substituted as well as

benzo-fused anajggs. “lhalolga Thederms G?é%%?e%o{%?ea&s lﬁ?gne of the radio-

herein, means an?[‘/l ne of o -stable atoms of column

iahlsaréonsbrd 60 tHRETeptehesPedodiridiahle dhibsikdemonitorhtmelgprine, chlorine,

ipeinenavith bmmineiane chipdnadengrpreRir@threferred. As employed
herein, the foIIowAn%ter ) t&aﬁ/e their, a ctc%pted meanlngalnt e chemical

literature. oyed herein, owing térms fave their accepted meaning
in the chemical literature.

9-BBN : 9-borabicyclo[3.3.1]nonane

BF;.Et;O : borontrifluoride diethyl etherate

Bn : benzyl

BnOH : benzyl alcohol

BOPCI : bis(2-0x0-3-oxazolidinyl)phosphinic chloride

t-BuOH : tert-butanol/fert-butyl alcohol

t-BuOK : potassium ferf-butoxide

Bz : benzoyl

DMIPS : Dimethyl iso-propylsilyl

ESI : electrospray ionization

- 15 -



9-B13N: 9- borabicyclo [3 .3.11nonane BF3.EI20: borontri fluoride diethyl
etherate Bn: benzyl BnOH: benzyl alcohol BOPC1.:

Wiz epeaid?3oxazolidinyl)phosplunic chloride t-BuOH: tert-buraratisest-imessi2
alcohol t-BuOK: potassium tert-butoxide 30Bz: benzoyl DM1PS: Dimethyl
/so-propylsilyl ES I: clectrospray ionization WO
2007/117591PCT/US2007/008562 EtOAc:ethyl acetate FDH:formate
dehydroganase

EtOAc :ethyl acetate

FDH :formate dehydroganase

GDH :glucose dehydrogenase

1)) :internal diameter

IPA :isopropy! alcohol

LC-MS :liquid chromatography — mass spectrometry
LDA" :lithium diisopropylamide

MS mass spectrum

MsCl :methanesulfonyl chloride
NaOMe :sodium methoxide

NaOEt :sodium ethoxide

NMO ‘N-methylmorpholine N-oxide
NMR ‘nuclear magnetic resonance
Pb(QAC), :lead tetraacetate

PCC :pyridinium chlorochromate
PDC :pyridinium dicromate

PPTS :pyridinium p-toluene sulfonate
PTSA :p-toluene sulfonic acid

RT :room temperature

SAR :structure-activity relationship
™S :trimethylsilyl

TBS :-butyldimethylsilyl

TES :triethylsilyl

THF tetrahydrofuran

TFA :trifluoroacetic acid

TPAP tetrapropylammonium perruthenate

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).

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.

-16-



GDH:glucose dehydrogenase ID:internal diameter IPA:isopropyl alcohol

-Ms: licudid chromatography - mass spectrometry LDA:lithium N
V%%ompﬁé%)%%dmide MS:m%ss spectrum MsCl:methanesulfony?&%ﬁ&@w 008362
NaOMe:sodium methoxide NaOEt:sodium ethoxide
NMO:N-methylmorpholine N-oxide NMR:nuclear magnetic resonance
Pb(0OAc)4:lead tetraacetate. PCC:pyridinium chlorochromate

- PDC:pyridinium dicromate = ) ‘
Xampics ol protecting group moisties are described in T. W. Greene and P. G. M. Wuts,

Protective Groups in Organic Synthesis, 3. Bd. John Wiley & Sons, 1999, and in J.F.W.
McOmie, Protective Groups in Organic Chemistry Plenum Press, 1973 ,

The protecting group moiety may be chosen in such a
way, that they are stable to the reaction conditions applied and readily removed at a
convenient stage using methodology known from the art. A non-iimiting list of
protecting groups include benzyl; substituted benzyl; alkyicérbonyls (g, t-
butoxycarbonyl (BOC)); arylalkylcarbonyls (e.g., benzyloxycarbonyl, benzoyl);
substituted methyl ether (e.g. methoxymethyl ether); substituted ethyl ether; a substituted
benzyl - ether; tetrahydropyranyl ether; silyl ethers (e.g

g., trimethylsilyl, triethylsilyl,

tritsopropylsilyl, t-butyldimethylsilyl, or t-butyldiphenylsityl), esters (e.g. benzoate

ester); carbonates (e.g. methoxymethylcarbonate); sulfonates (e.g. tosylate, mesylate);

acyclic ketal (e.g. dimethyl acetal); cyclic ketals (e.g., 1.3-dioxane or [,3-dioxolanes);
acyclic acetal; cyclic acetal; acyclic hemiacetal; cyclic hemiacetal; and cyclic dithioketals

(e.g., 1,3-dithiane or 1,3-dithiolane). As used herein, any "PG" group(s) such as, without
- limitation, PG, PG, and PGa represent a protecting group moiety,

The terms “pure,” “purified,” “substantially purified,” and “isolated”
as used herein refer to the compound of the embodiment being free of other, dissimilar
compounds with which the compound, if Tound 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.

The terms “dervative,” “variant,” or other similar term refers to =z
compound that is an analog of the other compound.

As spown in Schemes 1-4, the starting compounds of formuias (D) and
(II) may be synthesized from readily available materials. As shown in Scheme -1, a
compound of formula (I) can be synthesized from a senne ester salt, an aldehyde ( e.g t-
butyl aldehyde) and a base (e.g., triethylamine) at elevated Iemperatures, In somsz
embodiments, the serine ester salt can be a D-serine methylester salt which can form =z

compound of formula (I) with the stereochemistry shown in Scheme 1-2



PPTS:pyridiniurn p-toluene sulfonate PTSA:p-toluene sulfonic acid
RT:room temperature SAR:structure-activity relationship
WR/metirivéthylsilyl TBS:t-butyldimethylsilyl TES:triethylsilyl PCT/US2007/008562
THF:tetrahydrofuran TPA:trifluoroacetic acid TPAP:tetrapropylammonium
perruthenate 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
Sebemeimbtal" as used herein include those elements traditionally classified
as metals (e.qg., lithium, magnesium, zinc, and tin) and those elemgnts
classified as metall @é@g boron). The terms 'protecting
group ReRBP ‘orétecting grolfi4RBISREIESE used hereingfer toany
atom or group’of\atoms that is added to a molecule in order to pi;evet;‘t
ical

existing groups in the’ holecule from und going unwanted che
reactions. Examples of protecting group moieties are deBelib¥d in T. W.
Greene and P. a. Protective Groups in Organic Synthesis, 3. Ed.@phn

Swg%\é %’Sons, 1999, and in J.F.W. McOmie, Protective Groups in Organic
—%:He'rﬁ‘l'ﬁfy Plenum Press, 1973

R4
NH@)C? /g\
00C, 3 aldehyde/base
R00 ;/Q y HNT o
H OH A /

&

\ Rzooc‘\

In some embodiments, a compound of formula (I} can have the

structure shown above wherein R; can be hydrogen or unsubstituted or substituted C;
alkyl; and R, can be hydrogen, or substituted or unsubstituted variants of the following:
Cis 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,.s alkyl, one skilied 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™ a-n

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 PB-ketoester and a2 base (e.g., t-BuOK or NaH) and then
adding an allyl halide.

~-18-



The protecting group moiety may be chosen in such a way, tiaat they are
stable to the reaction conditions applied and readily removed at a
wapmeenigststage using methodology known from the art. Ariarelauiirgpsise
of protecting groups include berizyl; substituted henzyl; alkylcarbonyis
tbutoxycarbonyl (BOC)); arylalkyicarbonyls (e.g., benzyloxycarbonyi,
benzoyl); substituted methyl ether (e.g. methOxymethyl ether); substituted
ethyl ether, a substituted bernwl| ether; tetrahydropyranyl ether; silyl ethers
-S%@-?‘g?—?—éimethylsilyl, triethylsilyl, triisopropylsilyl, t-butyldimethylsilyi, or
t-butyldiphenyisilyl); esters (e.g. benzoate ester); carbonates (e,g.
methoxymethylcarbanate); sultanates (e.g. tosylate., mesy+ate);Ealcyclic

ketahte’g. digngtyp acetal); cyclic ketals 1.3-ciigxame or 1,3-diaxo
acyclic acietal; cyclic a%etaminiaeeé'—g‘eﬁahemiacetal;
cyclicociithiciketals (e.g., 1,3-dithiane or 1.3-iiib 98). As U

any "PG" group(s) such as, without limitation, P01, PG2 and.PG
represent a protecting group moiety, The terms "pure,@
"purified,” "substantially purified," and "isolated" as used herein refer tg the

ter precursor of the

compound of the embodiment being free of other, dissimilaiiggmp@mgtﬁﬂa 1

with which the i inits natural state, would be associajed

in its natural staﬁ?ﬁ%&%ﬁ%ﬁ%ﬁ#&%rel'?geagé%ﬂggg gfsot%ucrcér,np%ﬁh i fc'omula_
(LY, FAB ftiEI K p SHERES Ghou ey e nWRSHEINE. cambo didrresy: consphigituted or
uatieaBt@d %arlAis 586, the Unltuvaads, @nd ames! piefesablyyalISRSLROR Olcan be

9 h ight. v, le. The term

e b TR S Hlihodn ALy oo
alkgnylo Gr-theyolprikenthpgtthdor arylalkyl. AdAsheweMAISEhessasPTequebns is the
cetartimgldevipguhe Sotibiorputag-fiyeand (I1) may he synthesized from

readily available materials. As shown in Scheme 1-1, a compound of

formula (I) can be synthesized frgm a serine ester salt, an aldehyde (e.g.

butyl aldehyde) aldehyde) and a basetriethylaminel at elevated

temperatures. In some embodiments, the serine ester salt can be a

D-serine methyltster salt whic 0 gpmpound of founula (1) with

the stereoohemisfry shown in Scheme 1-7. Scheme 1-1 R2000

Scheme 1-2 e a R20 05¢cN:3C1 ©

The protected ester precursor of the compound of formula (II) can be

prepared according to Scheme 3.  The ketone carbonyl of the ester precursor can be
protected using a suitable protecting group moiety/moieties, as described herein. One

method for protecting the ketone carbony! is shown in Scheme 3.

Scheme 3
HYR, + HYRg
or
HY-R, -Rg-YH o
R acid, A 3
’ COOR -
COOR \l( \],
© Ra Rg

protected ester precursor of
the compound of formula I1

~-19.



aldehyde/base HN OH R200C In some embodiments, a

compound of formula (I) can have the structure shown above wherein Ri
anbemyinogen or unsubstituted or substituted CI-6 alkyl; BAw/BE2002/08852

hydrogen, or substituted or unsubstituted variants of the following: C1_6

alkyl, aryl or arylalkyl. In an embodiment when R1 is hydrogen, one skilled

in the art would recognize that the stereochemistry at 0-4 may not be

retained upon conversion of a compound of formula (IV) to a compound of

formula (V) sh&wiPBEISH bR EREBIMISE  RTeifclTA ST RLPrRE A seh Sl Batteparpound

of&bﬁﬁbﬁtlcmﬁeh@haﬁzalktyhoane skilled in Maﬁmmad&@@gmz&ﬂ&atﬁ%ogen or
hem b f |
Sug%?%grt(r%r:&u akl IR ALSGeed wedld &{ ggg,-fnt?ﬁ%g”éo” U go‘%‘ SOTARONN, can

IVV) to a comp oun show

beeseézﬁ%véech%dﬁawwwfm@m %fa%é@)éomgtgo@m.ﬁ&swm rrderfkyl, Cos
2lIGIRYBATHEESHIBIVL, aryl, or arfARMpesshd0tioreuha 0Ryean Besulfur; and R,

an yﬂthes'ztgd ?""ﬁ‘g_éﬁordd o5k %en%heé‘é‘r%%téffarhq % Thr%Eést@ 1S C“%rsg 9" O e o
ounda o ormu can prepare accor Ing'to Starting

uwﬁstalﬂeréewrég@é% %@@@H@&(@gct@w Spwallksnahalm&n aemfgiawherein
Ra8yd RYVEIR004h1ibADM Beuhd Ao 2604700 85672 mchebgally substituted 5, 6, 7, or 8

membered heterocyclyl.

For example, the ketone carbonyl may be protecied by reacting the

ester precursor with 1,2 dihydroxyethane to form a 1,3-dioxolane heterocyclic ring as

shown below:

COOQ“Bu
O O

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 (II).

Scheme 4
R acid R
3 COOR g s COOH
T 7 T
Ra Rg Ra Rg
(In)

e
In some embodiments, a compound of formula (II) can have the

structure shown in Scheme 4 wherein Ry can be substituted or unsubstituted variants of
the following: Ci.s alkyl, Cs.¢ cycloalkyl, Ca.¢ 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

~20-



0 ester precursor or the compound of Formula 11 In some
embodiments, the ester precursor of the compound of formula (I) can
way@ihersitucture shown above wherein R can be hydrogepr@rus2007/008562
substituted or unsubstituted variants of the following: C1.6 alkyl, aryl or
arylalkyl; and R.; can be substituted or unsubstituted variants of the
following: Ci..6 alkyl, C3-6 cycloalkyl, C2-6 alkenyl, 03_6 cycloalkenyl,
aryl, or arylalkyl. An exemplary ester precursor is the compound having
alithie (ollowiagy sttty alk@nyl, whereifl [¥o, pratdtieche bteopienlis doohdhegether
1o GOMPRUD BLIATHR () GRB, Re PraPRIeHAGSRRHIREIB-FOEMS & I,ba@lnp;e, the

etone carbonyl of the ester precursor can be protected using a suitable
coprRpERtiNg KratrideRbTETRS falloydae U8 Wsrein. One method for
protecting the ketone carbonyl ig;shown in Scheme 3. Scheme 3
protected ester precursor of the compound of formula Il

_/ (Ii-1)

A method of preparing a compound of formula (V) from the starting
compounds of formulae (1) and (II) is shown below in Scheme 5.
Scheme 5

T

HN O +

R,00C

®

In step (a) of Scheme 5, a compound of formula (III) 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 C,.6 alkyl; Ro can
be hydrogen, or substituted or unsubstituted variants of the following: Cy.¢ alkyl, aryl or
arylalkyl; R; can be substituted or unsubstituted variants of the following: C,. alkyl, Cs.¢
cycloalkyl, Cz.¢ alkenyl, Cs.¢ cycloalkenyl, aryl, or arylalkyl; each Y can be an oxygen or

21



In some embodiments, the protected ester precursor of the compound of
formula (II) can have structure shown in Scheme 3 wherein R can be
Wodwge s substituted or unsubstituted variants of the follorgmg:s@&b 08562
alkyl, aryl or aryialkyl; R3 can be substituted or unsubstituted variants of
the following: C14 alkyl, C34 cycloalky/, C2.6 alkenyl, C34 cycloalkenyl,
aryl, or arylalkyl; each Y can be an oxygen or sulfur; and It4 and R9 can
be each independently selected from the group consisting of substituted
subfiy resudbRtitatddRarants chifieifidipmwident@ IsSatioq], fenglxikenaybarwdsisting of
subiR @KU WReHRIRRARADRBro@n '?@\199@9@3‘33{-?%8@, tegethiREA9] and Caus
form an optionally subpstituted 5, 6, 7, or 8 membered heterocyclyi. onall
allegply BRBRT the 1R8BS PRIQVHE proHesdassy Féef@ti%( A
sujpseioutesiof, With, b2 &dihsaiexgétirasredyrivinier £:3uidzotarraripotardoydienula (D
NG 23530 DElRVore containin%AaS&ﬂ%m:lﬂ Sehsmad ths roteetadse (e.g.,

ester precursor of a compound of formula Ili can then be h%drol zed to fony]
iRy ARSI AR R L DR DRI AR R S5V OBIRR BT BRth R EATRFs lonY
cHRESA, teifarm amabanpeulfichpf ¢bimmidadi ¥hBotmeteylforsaigcture shown in

Scheme 4 whergin, R3.can kegubstipiedQramstastitier vayianiohthRy have
following: C).6 alkyl, C3.5 cycloalkyl, C2.6 alkenyl, C3.6 eycloalkenyl, aryl,

- thgtollopipg I SEURHTE A5 HEEFBYYSEN or sulfur: and RA and R5 can be
each ind@;gendently selected from the group consisting of sulysti
unsubstitgted variants of thefollowing: C1-6 alkyl, C2.6 alkery| and'C2.6
alkyr% in RA and RB cak be optionally bound together togorm jﬁ:\)
optionally s stitufed 5r6. 7, membered heterocycly,
the coppound of formula an ha¥&%he following structure” y
R,00C Yo v Y o COOR;
Ra Rp . Ra Re

In one embodiment, the compounds of formulae (I), (I) and (III) can

have the following structures: ,
-Bu l

HN O  + Me

COOH B
Meooct O\ /O Coome
(1-1) (Ti-1) (II1-1)

The compound of formula (III) can be deprotected to form a compound
of formula (IV), as shown in step (b) of Scheme 5, wherein: Ry can be hydrogen or
unsubstituted or substituted Cy.¢ alkyl; Ro can be hydrogen, or substituted or unsubstituted
variants of the following: Ci alkyl, aryl or arylalkyl; Rs can be substituted or
unsubstituted variants of the following: Ci alkyl, Cs.s cycloalkyl, Coy alkenyl, Cs
cycloalkenyl, aryl, or arylalkyl; each Y can be an oxygen or sulfur; and R and Rg can be
each independently selected from the group consisting of substituted or' unsubstituted
variants of the following: Ci.s alkyl, Co¢ alkenyl and Ca.¢ alkynyl, wherein R, and Rg can

be optionally bound together to form an optionally substituted S, 6, 7, or 8 membered
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A method of preparing a compound of formula (V) from the starting

compounds of formulae (I) and (ll) is shown below in Scheme 5. Scheme

5RI HN\} 52000 CO In step (a) of Scheme 5, a compound of

formula (II) can be formed by reacting a compound of formula (1) with a

compound of formula (I) under suitable conditions wherein R) can be

hydrogen or unsubstituted or substituted Ci_6 alkyl; R-, can be hydrogen,
het@io@'j'@%'t'@%g Retinsubstituted yariants;ofi the following; %%eécﬁé;ﬂr&!e{' Qo 13-

g XIaIB yl; R3 can be substituted or unsubstituted varlan s of the following:
ok A8 K S SR BR I OB 5 [T R D ANKE§Adi tgfide and & Lewis
ba&arylaﬁkwlﬁe&om{ CE) bdanidxygemalydrate. A second method includes reacting a

compound of formula @II) with iodine in acetone at an elevated temperature
Altematively, a compound of formula (IIT) can be reacted with lithium tetrafiuoroboride
at an elevated temperature to form a compound of formula (IV). If Y is sulfur, the ketone
carbonyl protecting group can be removed using various hydrolytic, oxidative and/or
solid-state methods such as those described and cited in Habibi et al., Molecules, (2003)
8, 663-9,

Exemplary structures and stereochemistry of compounds of formulas
(III) and (TV) are shown below:

Ryj> N \\;>
~ B B

T { 5 COOR, COOR,
Ra  Rg

For example, the compounds of formulae (I1) and (IV) can have the
following structures:

t- Bu, I Bu,
// R
.._._._...._—..»..

\ 74 COOMe i i 20

(III-1) (Iv-1)

As shown in step (¢) of Scheme 5, treatment of z compound of formula
(TV) with an appropriate base (e.g., +-BuOK, NaOMe, NaOEt or LDA) can induce an
imtramolecular aldol reaction to form a compound of formula (V) whersin R, can be

hydrogen or unsubstituted or substituted C.¢ alkyl; Ry can be hydrogen, or substituted or

unsubstituted variants of the following: Ci.¢ alkyl, aryl or arylalkyl; and Ri can be

substituted or unsubstituted variants of the following: Ci; alkyl, Csg¢ cycloaliyl, Cou

allkeenvl, Cag cvcloalkenyl, aryl, or arylalicyl,



WO 2007/117591PCT/US2007/008562 sulfur; and RA and RB can be
each independently selected from the group consisting of substituted or
=substituted variants of the following: C1. alkyl, C2.6 alkenyl and C2-6
W%H%w%}ygplerein RA and Re can be optionally bound togetherta, farmdass2
optionally substituted 5, 6, 7, or 8 membered heterocyclyl. For example, a
compound of formula (1) can be added to a mixture containing a
compound of formula (1), a mild base (e.g.; triethylamine or N-methyl
piperidine) and an acylating agent such as methanesulfonyl chloride,

trifluoromethangsulfanyinghlgridecemphlaremetiyfenmates) and (V) mASi@Re the

xam Ie{ the com upds f for u!ae (N, (H) and (lll) may have the
fo o‘f%"wﬁwé’é’t?&’é?ﬁr%%gasne eé’f%’r"‘énc}éﬂr%mistry: HN7N COON <<" R2000- RA

RS In one embodiment, the compounds ofﬁgym&:lﬁae? (1) and
(1) can hav }the following structures: The compoung of
formula (111) ¢an be &eprotected to form a compound of for W)i@S0R,
shown in step (B of Scheme™g, wherein: Rl can be hydro R
:substiwted or substituted Ci b alkyl; RZTanbe hydr Heigd

or =substit S of the following: C1.6 alkyl, aryl or arylallcyl; R3

can be substjtuted o :subst%g q%variants of the following; C1-6 alkyl.,

C3.6 cycloalﬂ/l, c2® alkellyl, ?{) “cycloalkenyl, aryl, or arylallcyljleach Y

can be an oxygen or sulfur; and RA and R5 can be each independently :

selected from thg groyp GROSISIING,0f SURRILIE AL ESHPSTIUIEELYRIIBNLS of the

of the following: C1-6 alkyl, C2.6 alkenyl and C2-6 alkynyl, wherein RA
follnyivg s AE BRI AIRPBYSd together to form an optionally substituted

5,6, 7Rr.8 bered Rw,,,,(o Rw,,,‘(o

TMCO0R,

.'V””COORZ

o OH o == OH o R
Rj : ’Rs OH
(V-A) (V-B) V-G
Exemplary structures of compounds formulae (IV) and (V) are shown
below:
't-Bun,,,,..( ©
’ t—Bu,/// o N i CO0OMe
// Me
.____..._._....». O
HaC N\> OH
O O %ODMB
(Iv-1) v-1)

More specifically, a compound of formula (V) may adopt one of the

following stereochemical structures: .
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heterocyclyl. One method for removing the ketone carbonyl Protecting
group (e.g.; 1,3- dioxolane) includes reacting a compound of formula (111)
wwitkhogadmarm iodide and a Lewis base such as cerium (I11) ciGHidS2007/008562
heptabydrate. A second method includes reacting a compound of formula
(1) with iodine in acetone at an elevated temperature. Alternatively, a
compound of formula (lll) can be reacted with lithium tetralluoroboride at
an elevated temperature to form a compound of formula (IV), EV is sulfur,

e carbonyl protedtiy ,grga@ an be removed u&h@‘\/argua@

Jé apjli-et al., Molecyles{20P3)8,,663-9. nGOOMe
plar / structures and % ed compounds ef

(IV) ca have the

y

(V-1A) (V-1B) (V-1C)

A compound of formula (V) can be used to synthesize heterocyclic

compounds such as Salinosporamide A and analogs thereof. One method can proceed
through a compound of formula (X), which can then be transformed to Salinosporamide
A and analogs thereof, as shown in the schemes herein. In an embodiment, a compound

of formutla (X) can be produced from a compound of formula (V) as shown in Scheme 6.

Scheme 6

) R, O
o Q o

4%\ OH (Vi)  OPGq4

(N
e~

N CHO
Rs
O

x) OPG, ax) OPG,

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; R, can be hydrogen, or
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As shown in step (c) of Scheme 5,, treatment of a compound of formula

(1),r) with an appropriate base (e.g., t-EtuilDIL, NeOlvic, NaOEt or LDA)
VEAAMHAIE® an intrarnelecuiar aidol reaction to foul) a compAGTAsINGYPHgAE

(V) wherein a, can be hydrogen or unsubstituted Or substituted C1.6 alkyl;

Ra can be hydrogen, or substituted Or unsubstitutecl variants of the

following: C alkyl, aryl or aryialityl; and R, can be substituted or

=substituted variants of the following: C1-6 alicyh CI3.4 cycloalktyl, (22,.6
subgitsegyeiomsubriyMtay vasiealyididydfoNg@ing: Cigalkyl, aryl or arylalkyl; and R,
cad0Fd LLPHAERE TSN UO8EE2nts of the foASARLXAMRIRYING, ¢ cycloalkyl,

compounds of formulae (LV) and (V haye the following structures .
R L TN GRS SSRa Bl o SXers AT U erne =
cippagbtdJorteln{YR (uyiutey micprorcofiprufyllefingrterEoretnicahitable

oSLRIELSx Rint cHRbied Rehck QOB AR 2WIOHBOROBS! hours and then
adc%?’)gR :%/nobdditional oxidant (e.g.,NalOs or Pb(OAc)s) to the reaction mixture. The

reaction can be quenched using suitable salt solutions.

Exemplary structures and stereochemistry of compounds of formulae
(V) and (V) are shown below:

utllluCOORz
.‘\\\\\Rg

OH

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

t-Bunu,,..( © t-Bun, ©
bt ln,,
nnH"COOMe (

N G OOMe
.,\\\\\ Me
O RN ‘,‘\\\\Me
OH O
OH
(V-14) (Vi-1)

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
(&) of Scheme 6. In some embodiments, R;, Ra, 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.

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

the following structures and stereochemistry:
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N (V-A)(V-B)(V-C) Exemplary structures of compounds formulae (IV) and

(V) are shown (V-1) More specifically, a compound of
wormula (91 may adopt one of the following stereochemical BUnEisr@S008562
WO 2007/117591PCT/US2007/008562 (V-1 A)(V-1B)(V-1 C) A

compound of formula (V) can be used to synthesize heterocyclic
compounds such as Salinosporamide A and analogs thereof. One method
can proceed through a compound of formula (X), which can then be

transf%rrped toGalinosporamide A and analogséhgreo shown in the
schemé&s'Hefein. Ilyan embodiment, a compound of formulg (X) can be
produced fro QMpRYRE.of formula (V) as shown i emedor,

OH OPG;
Exemplary structures of compounds of formulae (VI) and (VII) are

shown below:

t‘BU/Um.,(O

il CO0OMe
aaniie I

s COOMe
_,.\\\\Me

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

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 Ry, Rs, 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.

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

O
quzm.,.{

ilCOOR, ""‘\\\\\OH

OPG, OPG,

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

following structures:
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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
WiemMideetatwith the tertiary hydroxy group to form a compo&hd/G8Fee0$as2
(VI), wherein RI can be hydrogen or unsubstituted or substituted Ci..6
alkyl; R2 can be hydrogen, or substituted or unsubstituted variants of the
following: C1-6 alkyl, aryl or arylalkyl; and R3 can be substituted or
unsubstituted variants of the following: C1-6 alkyl, C3.6 cycloalkyl, C2.6
alkengb&;iﬁ Qalkenyl, aryl, or arylalkyl. Anteggampl {pethod for

[y

compoy d of formula (VI mcludes reactln a compound of

below: 0 Examples of

r’

gywounds t-Bu (ffilllCOOMe Me OH OBn
(VII-1) (VIII-1)

In step (g) of Scheme 6, the C-5 alcohol of the compound of formula
(VIII) can be oxidized using an appropriate oxidizing agent to form the compound of
formula (IX), wherein R, Rs, and PG, can be the same as described with respect to the
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.

Compounds of formulae (VIII) and (IX) may have the following
structures and stereochemistry:

o)
R‘] ’II'II,,{

o

R1Ilia,,,,(

mu\\“"”\.OH N
e — et
it R3

SasiCHO
“\\\\\RB

oPG;, oPG,

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

t-BUlHIu,,(O

anlillfC HO
wwie

GBn OBn
(VIII-1) IX-1
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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(V-1A)(VI-1) If desired, the hemiacetal of a compound of formula

(V1) can be protected by forming an acetal using a protecting group moiety
wie2gohanayl, substituted benzyl, silyl, or methoxylmethyl) toPfgFRiS&007/008562

compound of formula (VII), as shown in step (e) of Scheme 6. In some

embodiments, Ri, 1(2, and 1(3 can be the same as described with respect

to the compound of formula (VI1); and PG, can be a protecting group

moiety. Examples of suitable protecting group moieties are described

herein. As gBODRAEPIEVRE 2o ihdscoffoormdad fatiakad X) can be
syMzBsmacy bave dbeniollowingashnetdes ﬁ&qe‘@;e@ﬁﬁkiﬁm'gst&we\é\épone Ry with a

07/1 1PC17 20 7/00 Exem lary structure
objgungg cl)'f’%ojfm aeé 3’%\/2% re%r]l%\}/vncﬁ%low%é%e e SErived wit

respect to the compound o formula (VI); and R4 can be selected from the group
consisting of substituted or unsubstituted variants of the following: C,-C, alkyl, C,-Cy
alkenyl, C2-C,; alkynyl, C3-C)» cycloalkyl, C3-Cy; cycloalkenyl, C3-Ciy cycloalkynyl, Cs-
Crz heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalikyl, (cycloalkyl)alkyl,
(heterocyclylalkyl, 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,
(alkylphesphooxy)alkyl, phosphorylalkyl, salt of a phosphorylalkyl,
(alkylphosphorylalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl. In some embodiments, R; can be
selected from the group consisting of: ' substituted or unsubstituted variants of the
foliowing:  C3-Cy» heterocyclyl, aryl, heteroaryl, heteroarylalkyl, (cycloalkyl)alkyl,
(heterocyclylalkyl, 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,
(alkylphosphoryDalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl.

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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(VI-1)(VII-1) As shown in step (f) of Scheme 6, the COOR2
group of a compound of formula (VII) can be reduced to an alcohol to form
VEOcTpaindd of formula (VIII), wherein R), R3, and PG, can BeThig286iies562
as described with respect to the compound of formula (VII). For example,
the 000R2 group can be reduced to an alcohol using a suitable reducing

reagent (e.g., diisobutylaluminum hydride, lithium borohydride, lithium
inum h}/(il{ide, su%grrgydride and known techniques.

calgorpl q e € i
Exempiany Structures SHa sferoBEers R b PEBTRPBE RIS G 6f ulareteappranes
aghP(EangEirasiolmosioverE®diGRG] the orgmoﬁ;@f{r%%z selected
frempeuRasldanmas (Khvand (Y1) fan Ravs the Jollgwing stuchyress -
q;W W] 321%917/ 71 7<:5aglsFé%gel:JdS 9)9n /81(3:821'602@ consisting o; halogeri, or subs:itutid i)r
unsubstituted variants of the following: alkyl, alkenyl, cycloalkyl, aryl, arylalkyl,
isopinocampheyl, hydroxy, alkoxy, and carbonylalkoxy, wherein if more than one Ry is
present, the Ry groups can optionally be bond together to form an optionally substituted
cycloalkyl (e.g., 9-BBN), optionally substituted cycloalkenyl, optionally substituted
heteroalkyl or optionally substitutedAheteroalkenyi' ring; 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
(Ra)p-B(R7)3.p. In certain embodiments, the organometallic moiety is (R4)y-B(R7)sp,
wherein Ry is 2-cyclohexenyl. In some embodiments, the organometallic moiety is (Rq)y-
B(R7)s.p, wherein Ry is 2-cyclohexenyl, p is 1, and the two R; groups are taken together o
form an optionally substituted cycloalkyl. In another embodiment, the organometallic
moiety is Re-MgR7. In certain embodiments, the organometallic moiety is Ra-MgR5,
wherein R4 is 2-cyclohexenyl. In some embodiments, the organometallic moiety is Ry-
MgR5, wherein Ry is 2-cyclohexenyl and Ry is a halogen (e.g., chlorine).
As an example, the compounds of formulae (IX} and (X) may have the

following structures and stereochemistry:

O
R1Hhm.{

:»IUIIICHO

oPG, OPG,
X-4)

As another example, the compounds of formulae (IX) and (X) may

have the following structures and stereochemistry.
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OBNnOBnN (VIII-!) In step (g) of Scheme 6, the C-5 alcohol of the
compound of formula (VIII) can be oxidized using an appropriate oxidizing
waggntta-farm the compound of formula (1X), wherein RI, R.8cand 06 hesa2
be the same as described with respect to the compound of fortnula (VII).
For example, an alcohol can be oxidized to an aldehyde using an oxidant
such as Dess-Martin periodinane, TPAWNINIO. Swern oxidation reagent,
PCC, or PDC. Compounds of formulae (VIII) and (1X) may have
the folkc‘;vxing{s\ ctures and stereothemistry: 0 \.R3 0 OPG 1 Examples of

compouhdg¢f formpulae (VII) and (IX) are as fo IR
.n!)lllCHO

OPG; oPG,
(X-B)
Exemplary structures of compounds of formulae (IX) and (X) are

shown below:

t"Bu”lJ“,,(O

t"BUII“n.,{D
“"””CHO

N N " OH
awMe e
O o] \
OBn . OBn
(IX-1) (X-1A)
]
-Buny,,, ( t—BU’Hn“..( °
N ot G O N
,‘.‘\\\\Me
O 0
OBn OBn
IX-1 : (X-1B)

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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In another embodiment, the COOR2 group of a compound of formula (VII)
can be reduced directly to an aldehyde to give a compound of formula (1X)
WR 3087HdF8%tep. WO 20071117591P CT/1182007/i108562 PCT/US2007/0#8562

shown in step (h) of Scheme 6, a compound of formula (X) can be
synthesized by reacting an organometallic moiety containing at least one
R4 with a compound of formula (1X), wherein K1, K3, and PG/ can be the
same as described with respect to the compound of formula (VII); and R4
—S%%@c?e'zélelected from the group consisting of substituted or unsubstituted

variants.of the following; 0,-C12alkyl, 02:012 alkenyl, C2-012 alkymy], OPG,
pﬁ?o(w flyl, 03-012 cycloalkenyl, 037012 cloalkynyl, C3- C 12

alkylamin{;gli blpggalicylaminoalkyl, salt of(ﬁ)g lkylaminoalky I, phenyl
alkylthioalkyl, arylthioalkyl, carboxy, cyano, alkanesulfonylalkyl,
alkanesulfinylalkyl, alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl,
boronicrgsterallsyl, guanidinoalkyl, salt of guanidinoalkyl, sulfoalkyl, salt ofl{k)
a sulfoalkyl,Jalkoxysulfonylalkyl, sulfooxyalkyl, sait of a sulfooxyalkyl,
alkoxysti oxyalkyl,phosphonooxyalkyl, palt of a phosphonooxyafkyl,

'XIp) OPG,

(alk jalkyl, phosphorylalkiiy phosphorylalkyl,
(alkylphosphoryPalky!, pyseifydalk Rs

Rdinylaliy!Ysalt of gy

e group consistiig on
substituted/punsubstituted variants of thesdallowjng: C3-03, heterocyclyl,
aryl, heteroaryl, heteroarylalkyl, (cycloalkyljalkyl, (heterocyclypalkyl, acy}lmp}
acylalkyl, alkylexycarbonyloxy, carbonylacyl, arninocarbonyl, azido,
azidoalkyl, amiinoalkyl, salt of an arninoalk-yl, carboxyalkyl, salt of a
kPlaminoalkyl, salt of an alkylaminoalkyl, dialkylaminoalkyl,
ioalkyl, phenyl, alkylthioalkyl, arylthioalkyl, carboxy,

4

potdnic acidalkyl, boronic esterallcyl, guanidinoalkyl, salt of
sulfoalkyl, salt of a sulfoalkyl, alkoxysulfonylalkyl,

salt of a sulfooxyalkyl, alkoxysulfonyloxyalkyl,

alkyl,salt of a phosphonooxyalkyl, (alkylphosphooxy)alkyl,
mrsalt of a phosphorylalkyl, (alkylphosphoryl)alkyl,
pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl and
halogenated alkyl including polyhalogenated alky!l. A
non-limiting list of suitable organometallic moieties include
organomagnesium compounds, organ.olithium compounds, organotin
compounds, organocuprates compounds, organozinc, and
organopalladium compounds, metal WO
2007/117591PCT/US2007/008562 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 R4-MgR7, R4-Znit7, R4-Li,
(R4)p-B(R7)3-p, and (R4)g-Sn(R7)4_ 4; wherein R7 can selected from the
group consisting of halogen, or substituted or unsubstituted variants of the
following: alkyl, alicenyl, cycloalkyl, aryl, arylalkyl, isopinocampheyl,
hydroxy, alkoxy, and carbonylalkoxy, wherein if more than one R7 is
present, the R7 groups can optionally be bond together to form an
optionally substituted cycloalkyl (e.g., 9-B13N), optionally substituted
cycloalkenyl, optionally substituted heteroalkyl or optionally substituted
heteroalkenyF ring; p can be an integéffrom 1 to 3; and g can be an
integer from | to 4. in an embodiment, the organome,tallic moiety is
(R4p-B(R7)31. In certain embodiments, the organometallic moiety is
(R4)p-B(R7)3.p, wherein It4 is 2-cyclohexenyl. In some embodiments, the
organometallic moiety is (R4)1B(R7)3.1" wherein 1/4 is 2-eyelohexenyl, p

is 1, and the two R7 groups are taken together to foun an optionally
cribhetitiited aveloalley/l In anothear embodiment the oraartometallic moiety



OPG1 (X-A) As another example, the compounds of formulae
(IX) and (X) may have the following structures and stereochemistry. WO
wWRC0T7117F301PCTPOS2007/008562 OPG10ral (X-B) Exenii§l&fys2007/008562

structures of compounds of formulae (1X) and (X) are shown below:
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

SclEny Exemplary synthetic routes are shown Schemes 7-1 to 7-5.
Ra_ 5.-OH Ra OH
HN 15 ~OH HN Rs
4
o ) Rs (k) R3
O © O
XD OPG;, XI) OPG;
lm
R 5 OH Ra_ 3 OH
o) Ry OH
R
HN— HN— 6 =
0 Ra HN 5
0 2 (m) '} 2 OH 0 Rs
Rs o o
(XY) OH X1y on X1 oH

As shown in step (i) of Scheme 7-1, the C-5 secondary hydroxy group
of a compound of formula (X} can be protected with a suitable protecting group moiety to
form a compound of formula (Xp), wherein R, R3, R4 and PG, can be the same as
described with respect to the compound of formula (X); and PG, can be a protecting
group moiety. A non-limiting list of suitable protecting group moieties that can be used to
protect the C-5 secondary hydroxy group of a compound of formula (X) inciude a
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. benzoate
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.

Compounds of formulae (X) and (Xp) may have the following
structures and stereochemistry: 0

-33.



WO 2007/117591PCT/13S2007/008562 WO
2007/117591PCIATS2007/008562 As shown in step (i) of

WE2AEIIE?Y, the C-5 secondary hydroxy group of a compobfal B AeHietac2
(X) can be protected with a suitable protecting group moiety to form a
compound of formula (Xp), wherein RI, Ra, R4 and PG, can be the same
as described with respect to the compound of formula (X); and PG2 can
be a protecting group moiety. A non-limiting list of suitable protecting

grougneies at cag be used to protect thegdsp, secohdary h){groxy
group of aéfmp
(e.g. metho

n offormula (X) include a substl uted ethyl &ther

a compound of formulag@.can remain unprotected, as shown irogcheme
7-2. nds of formulae (X) and PCp) may have the
following structures&3 %)stereochemlstry WO B?F"AS
20074L1,759 = TRITS@OO7/008562 rRIME &
of formula {Xp) ,f

al of a %%mpound
be’ cfeaved using a suitable acid\(e.g. fifle gcid, 1-1C1,
Nahor sulfonlc acid) to form a eprmpetndsfdgawla

2d, the same or another acfd k :
compound of «h XI) from a compound of formula (X). Seg Scheme
7-2, The substitttents,and protecting group moieties (RE R3;Ra,
and PG2 where applicab#es} for compounds of formula (XI) and (X3pJagan
be the same as ?ﬁ_s&'ibed with respect to the compouncb&l:_@{mula (Xp).

As examples, compounds of formulae (X) and (Xp) can have the

following structures:

O
t"’Bu”INn.(

N i OH — N OPG,
Lt Me Lt Me
O < O ‘
OBn OBn
(X-14) (Xp-14)
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Exemplary structures and stereochemistry of compounds of formulae (X),
(Xp), (XI), and (X1p) are shown below: R4xN.' OPG2 HNkrOH 0"OtR3
wORar(XTp9A) OPG1 (Xp-A) PCT/US2007/008562

t“‘BU/IHn..(O

OBn OBn
X-1B) (Xp-1B)
The aminal of a compound of formula (Xp) can be cleaved using a
suitable acid (e.g. triflic acid, HCl, 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 (Ri, R3, 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).

Exemplary structures and stereochemistry of compounds of formulae
X)), (Xp), (XI), and (Xip) are shown below:

Ra WOPG,

“\\\\\

OPG,
XIp-A)
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WO 2007/117591PCT/ITS2007/008562 As another exatnple,
the compounds of formulae (X), (Xp), (XI), and (Xlp) can have the

WIbRARUIHG8tructures and stereochemistry: 0 R4 OPG1 (XT-B¥T/US2007/008%12
example, compounds of formulae (X), ()(p), (XI) and (XIp) can have the
following structures:

OPG, ' OPG;,
(X-4) (XI-4)
As another example, the compounds of formulae (X), (Xp), (XI), and

(XIp) can have the following structures and stereochemistry:

Ra OPG,
OH
> O
.._._-.___......_,»
oPG, OPG,
(X-B) (XI-B)

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

have the following structures:
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WO 2007/117591 PCT/US2007/008562

t"BUImn,. ( =

N HOPG,
.\\\\\ Me .
© Ao
OBn OBn
(Xp-14) (Xip-1A)
\\\\\\\OH
OH
> HN
,‘\\\\\Me
O
OBn OBn
{X-14) (XI-1A)
OPG,
OH
mmcemrnmter e
Lawvie
O
0OBn

(Xp-1B) (XIp-1B)
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OBn (Xlp- 1A) (Xp- 1 A)

WO 2007/117591 PCT/US2007/008562

f-BUiﬂm.,(O

OBn

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

(XIlp). 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)NR¢R¢, ~-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\-Cy 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, Swem
oxidation reagent, PCC, or PDC and then the resulting aldehyde can be oxidized further
to carboxylic acid using appropriate oxidants such as a combipation 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), thiony! or oxalyl
chlorides, carboxylic acid (e.g., acetic acid, benzoic acid), and/or anhydride (e.g., acetic
anhydride).
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WO 2007/117591 PCT/US2007/008562

As an example, the compounds of formulae (XI), (XIp), (XII) and
(Xp) may have the following structures and stereochemistry:

f24 »&&3FK32 FQ_ &&CDFKBQ

sttt R3

OPG4 OPG4
X1-A) (X11-A)
Other exemplary structures and stereochemistry of the compounds of

formulae (XI), (XIp), (XII) and (X1lp) include following structures and stereochemistry:

R4 OPG,
HN Rs
) ,u\\“ R3
> 0
(@)
" OPG, OPG;
(Xip-B) , (X1Ip-B)
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Lttt R3

OPGy .
(XI-B)

Exemplary structures of compounds of formulae (XTI, (XIp), (XII), and

(XlIIp) are as follows:

OBn
XIp-1A)

aawMe

OBn
(XI-1A)

-40-
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OPG,
(XII-B)

Lot Me

OBn
XIIp-1A)

+ \\\\\\O H

.u\\\\Me

0OBn
(X11-1A)



OBn

WO 2007/117591 PCT/US2007/008562

‘.u\\\\Me

OBn
(XIip-1B)

.n\\\\Me

OBn OBn
X1-1B) X11-1B)

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)ORs, wherein R 1s t-butyl.

A compound of formula (XIV) can be synthesized by removing any
protecting group moieties on the compound of formula (XII) and/or (XIlIp) to form a
compound of formula (XIII) and then cleaving the hemiacetal of the compound of
formula (XIII). In some embodiments, Rs, R4, and Rs of the compounds of formulae
(XIID) 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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compound of formula (XIV). In another embodiment, the protecting group moieties PGy
and PG; on the compound of formula (XIlp) can be removed simultaneously or
sequentially to form a compound of formula (XIII) and then the resulting 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).

Compounds of formulae (XII), (XIIp), (XIII), and (XIV) may have the

following structures and stereochemistry:

R4 “\\\\\O H R4 ‘\‘\\\\O PG 2 R 4

~ WOH

Rs
~wmRs OR

HN HN Rs Rg

Wk Ry g anitd R3 B

O o o O
OPGy OPG, OH
OH
(XII-A) (X1Ip-A) (XIII-A) (XIV-
A)
R4 OH Ra OrFG, Ry OH Ra OH
HN Rs HN Rs HN Rs HN Rs
it R3 OR .-»\\\\Ra e i RTINS R3 e ,m\\R3
O o @, o e} o 9] OH
OPG, OPG, OH
OH
(XII-B) (XIIp-B) (XIII-B) (XIV-
B)

Exemplary structures of compounds of formulae (XID), (XIIp), (XIII),
and (XIV) are shown below:
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HN Rs

S eeT ) Me

OBn

(XII-1A) (XIIp-1A) (XII-1A) (XIV-

OH
. HN Rs
u\\\\Me
OH
OBn
OH
XII-1B) (HKip-1B) (XITI-1B) (XIv-

1B)

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, 2 compound of formula (XIV)
can be éynthesized 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)OR¢, wherein Ry is t-butyl,

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
R cannot be —C(=0)ORs, wherein R is t-butyl. In an embodiment, a compound of

formula (XIV) can have structure shown herein, with the proviso that if the compound of
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formula (XIV) has the structure and stereochemistry of the compound of formula (XIV-
1A), then Rs cannot be —C(=0)ORs, wherein Rg is hydrogen, methyl, or t-butyl.

Finally, in step (m) of Schemes 7-1 and 7-2, a compound of formula
(XV) can be formed by treating a compound of formula (XIV) with an appropriate base
(e.g., BOPCl/pyridine, triethylamine) to induce a lactonization reaction and form the 4-
membered heterocyclic ring, wherein R3, Ry, and Rs can be same as described with
respect to the compound of formuta (XII) or (X1lp). In an embodiment, if Ry is an ester, it
can first be transformed to a carboxylic acid, an activated acid (e.g., acid halide), or an
activated ester (e.g., p-nitropheny! ester, pentafluorophenyl ester, pentafivoroethyl ester,
trifluoroethyl ester, trichloroethyl ester, a thioester, etc.) before being treated with an
appropriate reagent to induce 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.

As an example, the compounds of formulae (XIV) and (XV) may have

the following structures and stereochemistry:
R4 \\\\\\\OH

HN Rs

it R3 R

OH
(XIV-A)
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In another example, the compounds of formulae (XIV) and (XV) may

have the following structures and stereochemistry:

R4 OH
HN Rs .
Ry e
© OH
OH .
(XIV-B) (XV-B)

Exemplary structures of compounds of formulae (XIV) and (XV) are
as follows:

(XIV-1A)

HN

OH
(XIV-1B) (XV-1B)
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(X-1B)(XI-1B) As shown in Scheme 7-1, step (k), the C-15
primary alcohol group of a compound of formula (XlIp) can be transformed
W8 R&7tH T8 M a compound of formula ()Clip). Similarly whenPg®2807/008562
secondary hydroxy group is unprotected, the C-15 primary alcohol group

of a compound of formula (XI) can be transformed to R5 to form a
compound of formula (XIl). See Scheme 7-2. R3, R4, PGl, (and PG2,
where applicable) of the compounds of formulae (XIl) and (Xllp) can be

the same as deScHbERRRHELh&t 8 thiecosmmpruhe@bicumial &) Aanen be a
cRPElicbeiselectet dranbtiingsoupROaSEHRGabo -8R e GEBRE) can be
anGUHOME 2214 6e. 2C G MIGIRIN §aH. £ can,be independenily selected

3!
-Jrom the group consisting of hydrogen, a?%f&?%r"snfgg%tu a}o)éhfj compound of
Uhtibstetiea (Hriafi8 oPthe 3BllotHAtes - CSaralliciacyls alkytiggbheny!  ester,

parptiytopinyhyarsiatkyhepnifioprerty] usetafitaimpbenyl, estafluanoribn cster,
SuRroetbY kARG AR P IREN A4 OB DE 8 NIRARR, FOC.

example, the primary alcohol group can be converted to a carboxylic Acfgn be @
CHEMG HppFish Ao BKi AR et Srsodian spsnponad ekiftationa (XIV-1B) can be
arAketivaivedyidhe. carsod yiid @it grow peaath henpRpa@asr o dPenR iRaPbund of
scalfaiol gy he;comouR ofJaula (KLor (XAp) thiough &g

aldehyde. The primary alcohol group of the compotind of forfiis (RIFar  ester:

y p
PERE By MR Ry e eonbentatiuerartun et siFHg upsproph cva oxitiahieaetny! ester,

thageBesstMartin periodinane, TPAP, Swem oxidation reagent, PCC, or

PDC and then the ti I c xidized further to. carboxylic

acid usin appropr:éz;l%'[?aﬂ;J oxriégrell%l?? gl%%é?%%%ﬁ ?Hggor?%f%)%ﬂlr% &% can be
SHEsEss S BB LS lactmBiatieL icatHgn PR atesepadsiciringa (XIV) with
theaploostictacid tanctiepobeds i ésrouue CRIMD A €SIeT, hibioestemagificures
a6 S {8, 8midel ' ' in appropriate alcohol

thiol (e.g. t@éﬁéﬁ%ﬂgﬁ%ﬂ%ﬁwﬁﬁ‘g% c%%?ﬁgle@c%fsbtggﬁg%&fh en Rs
caEN0t Be A REe N bETE R dR)is shhyRIsteT R basimeanthydrcenization
réAtGo20 011875 $iP CRLS2PDMB08HER Rs cannoABAMBKRAMNPIE B8yl when the

¢ I I L(X1Ip). may have the f IIoYvin .
S R O R R Bt or o

CPRRRAYR Hyformutac (el ke dtrictiresran aahadimansmiseprapound of
fetreuwlefipdunds of fpnthakieeOd), (XTpimiXd handPiippinedaceciolawibgmpound
oPHUEIUIESanNg ﬂ@@@%@}rﬂﬁﬂ%ﬁ%m that if Rs is ~C(=0)ORs, wherein Ry 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 Rz 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.

[6191] 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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WO 2007/117591PCDUS2007/008562 OPGi (XI-B)  OPG1 (XII-B)
Exemplary structures of compounds of fommlae (XI), (flu), (XII), and (XlIp)

are as follows: WO 2007/117591PCDUS2007/008562 OBnOBn
(XIp-IB)(XIIp-1B)

Scheme 7-3

(xXxviipy OPG, (XXVip) OPG, (XXVp) OPG,

(Xv) OH
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OBn (XI-1B) (XII-1B) In some embodiments, a
compound of formula (XII) can have the structure shown in Scheme 7-2,
WRIBHXHEL Fviso that if a compound of formula (XI1) has the RELERE 7468562
stereochemistrY of the compound of formula (XII-1A), then R5 cannot be
-C(=0)0OR6, wherein R6 is t-butyl. A compound of formula (XIV)
can be synthesized by removing any protecting group moieties on the
compound of formula (XII) and/or (X11p) to form a compound of formula
Sclism®) BAd then cleaving the hemiacetal of the compound of foimula (XII1).
In sove embodiments, 12.3, 12.4, and R5 of the compounds of formulae

a single step. 9
the compourﬁi’Sﬂ formula (XII) can be |n| lly removed to form a
comfBund of formula (XIIl) and th&f#He resulting hemiacetal c&i'Be

reductively cleaved to form a l

Rs~_ 5 -OH Rans OB
15~OH
HN 5 Rs HiN
R o Rs
- O OH ——— OH
13 13
XV OPGs (XXVD) OPG, (xXV) OPGs
Ry 5 OH
O
HN—;
e}
o
Ra
13
(XVy o+
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WO 2007/117591PCDITS2007/008562 compound of formula (XIV). In
another embodiment, the protecting group moieties PG and P02 on the
woampauridiof formula (Xllp) can be removed simultaneousBrUS2607/008562
sequentially to form a compound of formula (XIII) and then the resulting
hemiacetal can be reductively cleaved to form a compound of formula
(XIV). If the protecting group moieties on the compound of formula (X11p)
are removed sequentially, they can be removed in any order to form a

d of foimula (XIII). Compounds of formulae (XII), (XIIp),
(X, and have the foIIowin&1 res and stereocheniistry:
Exemplary strycturg’s gifsompounds of formula
(XIV) are S,h '
(XII-1A) 1A)

(X) (XXII1) HO (XXIV) OPG,

R‘;\’S// OH F: OPG,
H
NI N OH
o 4 ? o
2 TRS e Rg
OH ) OH
13
(XXVD) opPG, (XXVp) OPGs
¥
Rax s -OH R‘*\/OH R4 OH
n\ H H
-~?__R5 \*Rs N
o —_— 0 —_—
2 "’“’Ra """Rg, o)
OH OH Ra
13
XXVID) no (XXVD) ope, XXVID) opg,

* PG5 can be the same or different in the two compounds of formula XX VI shown above

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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In some embodiments, a compound of formula (XIV) can be synthesized
by removing any protecting group moieties on the compound of formula
WXmoandrs(Xllp) and reductively cleaving the resulting heriaesabofabse:2
compound of formula (XIII) with the proviso that if the compound of
formula (>OI) has the structure and stereochemistry of the compounds of
formula (3(11-1A), then R5 cannot be - C(=0)012.6, wherein R6 is t-butyl. In
other embodiments, a compound of formula (XIV) can be synthesized by
RreRipRrg aA P Frotetiggrong o Srenadas end FESURcof formisetaX Apm the
foaﬁdﬁ%(ﬂlmﬁnﬂerﬁFWﬁi@ﬁ@Mﬁ&ﬁg&%ﬂaﬁd&iﬁEknf&xbﬁmi&%?@;' LA R, can be
n ORMLL with t ovjsq that if the c oyn
supPiRY g%nhubst aié(%( ‘) q ?S{l P B wm g%?;ﬁo"é’ﬁ%?&%ﬁ’ Cosg

formula (XII1) has the structure and stereoc emr%try‘o“f

alkshrl F&s(@ewmbk%éh@ﬁ ey LCRGrors, sieiesiArRS tbd-putyt consisting

oﬂrsmatembedrmeﬁtssataempmmelt@fcfpfﬂ;fwfaxi%%ag:fl@ll)@vg %ﬂ%ﬁ@%ﬁeﬁlkmﬂ
r opnd.of for with the provi

hat 5@2 2{1 ot be é?yéj;%?%%}? Eégellﬁ I-% W‘ I]%A\a(r:l‘ferﬁ ﬁ%(é’ﬁ?’a Cr2
heggnefatiifid offEtmuleErP@Ean ha@éﬁ‘h&ture@ﬁ@%ﬁéﬁe{h wikty¢healkybalkyl,

(harmya;tpmmft}theu?sta;nmuﬂaﬁf WM&){]@@X\@&?I&%H@%QMcarbonyx
reQc ry o orf 10r a
2 é% O% 6%35%1(3% Xm ﬁ? 89 ?L#( 1;02 Hcy? alt o%nalzcargﬁfyalkyl

Whereln rog en me

al}ﬁ/@!@ﬁl@ﬂ}%‘f Sd@étme%ﬁ |aand8?k21aanemﬁbw@mdfbﬁlﬂ@rmmac(@mybans&gé of a

di&)k&l&dﬂm&dlﬁﬁtlng a Cﬂmﬁ)ﬁ}mdaﬂf}f?ﬁmd%)(%|V)a}/ymﬁlaﬁll%9proiéﬁﬁ;§xpasecyano
| I triet to,|nduc zaftion react

al orm ]t'lﬁlpﬁy { bereénﬁse‘%%am ﬁ koSt %gg4 and-RB%¢a q’ommc

eroe c crlng wherein

a%ﬁ?ﬁ@'hsbﬂ&ﬁﬁ tﬁé@r\ﬁmlr@a@eﬁwqﬂef&acﬁﬂpaﬁ ﬁda@fﬁmqﬂma,(xmifwl(xupgh of a

sdITc&lIlc?m bodim@tsdffa@iaaﬂ estenloeanJdist be wansfopmed 40 asulfooxyalkyl,

ol ggcb% amd actlv ed Cld BQA ?Idh ige) Qran acti ate ggtg{c kvl

j , p- mt?’op en?: ésteP e%ta iluor 1h(‘e/ﬁyl eter, pentaﬁ"uor(g’ estar.y
YirlchIoPééfﬁbPﬁét’éF}’a thioéa¥er, e before behsgphorylalkyl,

(MSA{BANHO AN @@ﬁﬁﬁﬁi&ﬂgﬂmiﬁ oo itEnalefizalionfeasieranylalkyl
alch X gr RISy X‘fﬂ?ﬂntc %%%Tg{égl acid. it cap e treated with an

appropfiate base to a ect forization reaction. In some

embodiments, iFRBROEAAIETPEERT HEY R Arisfehh Serto havarBxfhblowing
stentelrap actisiatestaeitisaran activated ester such as those described

herein before being treated with an appropriate base to induce the

lactoniZation.;eactiop. Ry As an example, fhe:compotipds ok,
formulae (Xv) nay have the following structu o
stereochemisy RE\OHRA8E OH WO N 'OH
200711 So0%7.1008562—=  In P, the
compounds of ulaggXIV) and (XV) may havethe fol tures
and stereochemiggry: R4AOHOH
OPG4
OH
X-A) CCXIM-A)
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OHOH (XIV-B)(XV-B) Exemplary structures of compounds of formulae
(XIV) and (XV) are as follows: OHOH (XIV-1 A)(XV-1A) WO
wW20é7h17H91PCT/11S2007/0118562 In an embodiments2RE/afss562
the compound of formula (XIV-1A) can be a carboxylic acid. In some
embodiments, R5 of the compound of formula (XIV-1A) can be an
activated acid (e.g., acid chloride). In certain embodiments, R5 of the
compound of formula (lv-1A) can be an activated ester such as
p-nitrtheny ster, pentafluorophenyl ester, pea tafluoroexhyl ester,
trifluor fhyi ester prichfofoethyl ester, thioester, gte 1 an ep bogditnent,
R5 of the co Adof la (XIV-1B) can be a car it aef
embodiments fth compound of formula (XIV4B can |

compound of foK :
p- nitrophenyl esti ntafluorophenyl ester, pentafluorod
thyl ester, thioester, etc. In some
embodiments, a compound of formula (XV) can be synthesized by
performing a lactonization reaction on a compound of formulz?f'S(IV) with
the proviso that if thé{eBmpounds of formulae (XIV) and (X\ZrH&eBhe
same structures, and stefeochernisinuas e SAmRosadsf fRIuRgan have the
q&XIV'_lA) and (XV-1A), then R5 cannot be -C(=0)ORG, wherein R6 is
f "YrB8ier embodiments, the lactonization reaction includes the
further proviso that R Qt be methyl or t-butyl when the comp
formulae (XIV) and ~’ e the structures and stereochemlstr e
‘o sdiments,.a

lactonizatiomrea¢tion dtt@rcompound of fgrmula (X1V) amd

the proviso/that iNRWBeC(=0)OR6, wherein R4 is hydro

t-butyll be isopropyl. In an embodin{&nt, asgn

formula (XV) ¢ n have the structure shown herein with the rowso that if

the compound of formudw(n(V-A) and Rs is methyl then R4 cannot be
2-cyclohexenyl. In some embodiments, a compound of formulac{V) can
have the structure s ¥V‘% herein with the proviso that if R3 |§}&tﬂ I then
R4 cannot be isopropyl, cyclohexyl, or phenyl. In one embodiment, a

compound of formula have the structure shown herein wit}
proviso that if the co ~ of formula (XV) has the struct e and

OH
(X-1B) (XX11-1B)
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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protection/deprotection sequence, a compound of formula (XV) can also
be obtained from a compound of formula (X) as shown in Schemes 7-4
Wb 7/B1759(X) H3 (XXVIIN OPG3 111 F240H 0 H3 13 1 (XMO)1@1s2007/008562

can be protected to form a compound of formula (XXIV), as shown in Scheme 7-4 and 7-
5. In some embodiments, Ry, R3, and R4 of the compound of formula (XXIV) can be the
same as described with respect to the compound of formula (X) and PG; can be a
protecting group moiety. In certain embodiments, PGs can be selected from the group
consisting of substituted or unsubstituted arylcarbonyls (e.g., benzoyl); substituted or
unsubstituted alkyl carbonyl (e.g. acetyl); substituted methy! ether (e.g. methoxymethyl);
substituted ethyl ether; substituted or substituted benzyl ether (e.g. benzyl, 4-
methoxybenzyl); tetrahydropyranyl ether;'silyl ethers (e.g., trimethylsilyl, triethylsilyl,
tritsopropylsilyl, t-butyldimethylsilyl, or t-butyldiphenylsilyl); carbonates (e.g.
methoxymethylcarbonate); and sulfonates (e.g. mesylate, tosylate. In an embodiment, R,
R3 and Rs of the compound of formula (XXIVp) can be the same as described with
respect to the compound of formula (X), and PG, and PG; can be protecting group
moieties. In some embodiments, PG; cannot be an alkyl carbonyl (e.g., -C(=0)CH,CHa).
In other embodiments, PG; cannot be a sulfonate (e.g., methylate).

As an example, the compounds of formulae (XXIII), (XXIV), and
(XXIVp) may have the following structures and stereochemistry:

O
Ry, (

N G IOPG,
R OR woRa
© OH © OH
OPG; OPG;
(XXIII-A) (XXIV-A) (XXIVp-A)
)
R1/II:,,,,(O R4 R'{“ln,,,( R4
N OH N
,.»\\\R3 s .\\‘\\RB
&) O
OH OH
OH OPGy OPG;,
(XXIII-B) (XXIV-B) (XXIVp-B)
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WO 2007/117591PCTMS2007/008562  (XV) OH A
compound of formula ()CCM) can be synthesized by removing the
w@roteating group moiety on the compound of formula (X) ak@ FaeRIeHR/&1§562
opening the herniacetal. 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) (R_1,
R3, R4, and PG) for compound of formulae (X) and (XXIII) can be

selected from the fo ”% 18! Gan be hydragen or an URRUBSIIUISEAS of the
substituted C1 6 alk ﬁ@f”@g an be substituted or unsubstltuted variants of

CORROHI I e A %%Vé%an&ﬁ%%’am IBegolRmgntkenyl,

aryl, or arylalky consisting of

substltué[}ed or ituted variants gf the f % Qving: C1-C12 alkyl,
+ED2C22 A 12 alkﬁlyb,..%z’ ‘ |, C3-GEReyclosl
C3-CY2 eyLloglkynyl, C3-012 heteroc

yl heteroaryl arylakkyl,

R/é)a yl, acyl, acyialk
) onyI agigo, azides

..nl]//OPGZ
.\\\‘\Me

O O B
boror@j@@ﬁd%yl boronlc esteralkybggﬁmmgoalkyl salt ofguanlmikyl,l A)
sulfoalkyl, salt of a_sulfoalkyl, alkoxysulfonylal sulfooxyalkyl, salt of a
sulfooxyallcyl, 2 yalkyl,salt of

aphosphmnooxygl alkylphé)sphoo g)alkyl\ghosp orylatl Ilsal
%‘h’fﬂs ory : IkyI alkylphosphoryiyafkyl, pyridi ya yl, saltof a &
i yh-<Sadigf,a heteroarylalk H-hdtes OPG,

8pr ng Structuf? O OH
OH OPG; OPG;
(XXIII-1B) (XXIV-1B) XXIVp-1B)

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 R4
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 Ry, and PG, for compound of formula (XXVp) can be the same as
described with respect to the compound of formula (X), and PG; and PGz can be
protecting group moieties.

Exemplary structures and stereochemistry of compounds of formulae

(XXIV) and (XXV) are shown below:
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ORG." (X-A) OH (3DCIII-A) WO 2007/117591PCT/US2007/008562 OH
(X-B)(WITT -B) As examples, compounds of formula (X) and
WO E&EAhave the following structures: OH PCT/US2007/608562

O

OPG, OPGs

(XXIV-A) (XXV-A)
R4 OH
i R 3
© OH
OPG; OPGa4
(XXIV-B) (XXV-B)

Additional examples of the structures and stereochemistry of

compounds of formulae (XXIVp), and (XX Vp) can be as follows:
‘ Raw_ WOPG2

OPG, OPG,
(XXIVp-A) (XX Vp-A)

-54-



(X-1B)(XXIII- 1B) If desired, the C-13 primary and C-5
secondary hydroxy groups of a compound of formula (XOCIII) can be
worpkeeiedeising suitable protecting group moieties as descriogdiRsreinogs62
form a compound of formula (XXIVp), as shown in Scheme 7-3.
Alternatively, only the C-I3 primary hydroxy group of a compound of
formula (XOCIII) can be protected to form a compound of formula (XXIV),
as shown in Scheme 7-4 and 75, In sonic embodlments It R3, and R4 of

ula (X) and PG3 can b ( rotectlng

group moiety. In ceaytal @p@g PG3 can pgseléeted fiédhthe
group consisting of substityted or unsubstituted agylearbonylg (e.g.,
benzoyl); subst 0 bstltutea aIRVI F5ONW (0.8 etzgl)

substituted methyl ether (e.g: Hlethoxymethyl) substifuted ethyl ether;
substituted or substit®ed benzyl ether (e.g. benzyl, & methoxybenzyl);
tetrahydropyranyl ether; 3jlyl ethers (e.g,., trimethylsilyl, tyiethylsilyl, tri
isopropyl silyl, t-butyldim si)yl, or t-butyldiphenylsilyl) bonates (e.g.
methoxymethylcarbonate); ant sulfonates (e.g. mesylate, tosylate. In an
embodiment, R3 and®XbfrH@)compound of formula (XX¥AR)-Ean be the

same as descrll@%%w&hu@mﬁaﬁas @@mn@uamf\igjrmbw ) aREBES) may
a20d P :‘hg?rh prot ctlgg roucp m0|e6§és In some embodlments PG3
5

CANALE bE AN am'y?% CEGIETESEH3). In other

embodiments, PG3 cannot y \Ifonate (e.g., . As
an example, the compound ulae QUM ( and (XXIVp) may
have thetfgllowin tereochemisti

207/117591PCT. U8207108562 Other examp

structures and stéreoctremistipef the compounds of fggm

(XXIV), and (XX ludBiehe followimg>eXX 111- IBYXXIVALB)pfXIVp- 1
B) tep,(0 of Schemes 7-1 aprF7 aginal of a

compound of formula (XXIV) can be cleaved using a suitaible ac%Has
described herein to Texm a compound of formula (XXV). K the case where

compound of formula (XXVp). In some embodiments, R3, and R% of the
compound of formula G- ééﬁ be the same as descriﬁ’éXWih‘\Bespect to

In some embodlments R3 df A, and PG2 fp ound of formula
(XXVp) cagpe, th bed with resps nd of
formula (X), and G2 aj ; can be protecting group mo'

‘ e rophemistry of compopmjso
(XXIV) and (XXV are s owm@elow WO,

N
o
o
\‘
~~
=
[ERN
\l
al
(o]
C
\]
?
a1
(o]
N
of
B
®
w
0

OPG, OPG;
(XXIV-1B) (XXV-1B)
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(XXIV-B) Additional examples of the structures and
stereochemistry of compounds of formulae (XXIVp), and (3CXVp) can be
WaSAGNAWS?1 WO 2007/117591PCT/US2007/008562 OPGBORER07/008562
PCXIVp-B)-(XXVp-B) Compounds of formulae (XXIV), (XXIVp),
(XXV), and (XXVp) may also have the following structures and

stercochemistry: OPG3

t“"BU’/In,,,(O

oPG,
"‘\\\Me ,m\Me

OH

OPG, OPG,
(XXIVp-1A) (XX Vp-14)

OPG; ‘ OPG4
(XXIVp-1B) (XXVp-1B)

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, Rs, PG, and PG; of the

compounds of formulae (XXV) and (XXVp) can be the same as described in the

preceding paragraphs.

Exemplary structures of compounds of formulae (XXV) and (XXVp)

are as follows:
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(XXIV-1A)  OPG3 (XXV-1A) OPG3 (X_PXV-IB) WO
2007/t17591PCT/US2007/008562
WO 2007/117591 PCT/US2007/008562

..m\\\Rs
OH

OPG, OPG,

(XXV-B) (XXVp-B)
As an example, the compounds of formulae (XXV) and (XXVp) may

have the following structures and stereochemistry:

OPG,
(XXV-1A)
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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

Wb ourg of formula (XXV). The C-5 secondary hydroxy gPéE8foi7en08562
compound of formula (XXV) can then be protected with an appropriate
protecting group moiety to form a compound of formula (30(Vp). In some
embodiments, R3, P.4, PG2, and PG3 of the compounds of formulae
(XXV) and (XXVp) can be the same as described in the preceding

paragraphs~Exemplary structures of compoungdsofformulae (XXV) and
(XXVp) As an exal g compounds of
formulae and (>05Mp) may have the fokewingdstructyyesand
stereoche 007/117591PCT/US2007
» OH OH
aMe — ,...m\Me
OPG, OPGs
(XXV-1B) ‘ (XXVp-1B)

In an embodiment, the primary alcohol group of the compound of
formula (XX'V) and/or (XX Vp) can be transformed to Rs to form a compound of formula
(XXVI) and/or (XX VIp), respectively (see Schemes 7-3 and 7-4, respectively).

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 (XX Vp) can
be removed simultaneously with the transformation of the C-15 primary alcohol t©¢ 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.

The transformation of the C-15 primary alcohol group to an Rs 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, Rz, R4, and Rs of the compounds of
formulae (XXVI) and (XXVlp) can be the same as described with respect to the
compound of formulae (3II) or (XIip) of Schemes 7-1 and/or 7-2, and PG, and PGs can
be a protecting group moieties.

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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OPG3 (YOCV -1B) OPG3 (XXVp-1B) In an embodiment,
the primary alcohol group of the compound of formula (XXV) and/or

wor (i@ @an be. transformed to R5 to form a compound of faroudacPsdgRs2
and/or (X)CVIp), respectively (see Schemes 7-3 and 7-4, respectively).
In some embodiments, the compound of formula (XXVp) can be
transformed directly to a compound of formula 2,:xvo as shown in Scheme
7-5. In an embodiment, the protecting group moiety, P00, on the
compound of formgja (X. )(Mp) can he removed smwltaneoqﬁ,y with the
transformation of the Cy15 primary alcohol to R5 group form a
compound of formpyja TAdigrnatively, in an embodimgnt, PG2 can
be removed befor ora ert transiatma;mn of t ry a{jlcohol
The transformpat 15 primary alcoho RRgroup can
be achieved using th§ same Bt a similar methad to therdne deseribed in
step (k) of Schemes §-1 andior 7-2. In some embodimgnts, R3, R.4, and
R5 of the compounds offpormulae (XXVI) and ()OXVIp)xan he the same
as described with respect to the compound of formulae (X|I) or (X11p) of
Schemes 7-1 and/or 7-2,3/dPG2 and PG 3 can be a prdﬁ%ﬁﬁmg group
moieties. Ex goustructures and stereochespistry g the
compounds of formulae (XXV), (XXVp), (OCVI), and (XXVIp) can have the
following structureS'& chemistry: OPG3 (R

OH

L R3 o

HN

OPG,
(XX VIp-A)
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of the structures and stereoehemistry of the compounds of formulae
(XXV), (XXVp), (XXVI), and (XXVIp) are shown below: OPGa0 PG3
WOGOYUIVAIEXXVI- IA) 0 PG3 (XXVI - 1B) PCT/US2007/008562

Ry OPG,
HN Rs
‘..\\\\\Rg

Ra OH
HN Rs
iR
OH
OPG3 ' OPGs
(XX Vp-B) (XXVI-B)

Other examples of the structures and stereochemistry of the
compounds of formulae (XXV), (XXVp), (XXVI), and (XXVIp) are shown below:
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0 PG30PG3 (XXVp-1 A)(XX VIp- 1A) WO
2007/117591PCT/LIS2007/008562 OPG30P03 (XXVp-I A)(XXVI-1A)
winmomerembodiments, the protecting group PO 3 on comppan@s2067/008562
formulae (XXVI) and (XXVIp) can be removed to form a compound of
formulae (XXVII) and (XXVIIp), respectively. See Scheme 7-5. The C-13
primary hydroxy of the WO 2007/117591PCT/US2007/008562
compounds of formulae (X3CVII) and (XXVIIp) can then be reprotected

TES protecting group.
are known to those
group (PG3 = Bz2)
form a comp@ytver

cen theHrt. For example, mben

& ren}g ed Using & suitable base

Ry otecting
SucC es IcO01 to

it

OPG, OPG,
(OCXV-14) ' (XXVI-14)

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

WOPG,

OH
mu““ﬂe —

OPG; OPG;
X Vp-14) (XX VIp-1A)
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Exemplary structures and stereochemistry of compounds of formulae
(>0<V1), (XXVIp), (XXVII) and (XXVIIp) are shown below:

WRANTPAGER400H ,"\OH OPG3 (XXVI-B) (XXVI-B) WO  PCT/US2007/008562
2007/117591PCT/US2007/008562 (XXVIIp-A) (XXVIp-B)(XXVIIp-B)
(XXVIp-B) Additional examples of the structures and
stereochemistry of compounds of formulae (XOCVI), (XXVIp), cxxviD and
(Vllp) can be as follows:

OPG;
(XXVIp-1B)

WOH

OPG;
XXVI-1A)
OH
HN Rs
- amMe
o
OH
OPG, OPG,
(XX Vp-1B) (XXVI-1B)

In some embodiments, the protecting group PG; on compounds of
formulae (XXVI) and (XXVIp) can be removed to form a compound of formuilae

(XXVH) and (XX V1lp), respectively. See Scheme 7-5. The C-13 primary hydroxy of the
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(XXVI-1A)(XXVII-1A)(XXVI- IA) WO 2(107/117591PCT/US2007/008562
OCCV1p-1/3)(XXVIIp-IB)()OCV1p-113) Further examples of

wthsstuetares and stereochemistry of compounds of formuler([{SLgIy008562
(XXV1p), (XXVII) and (XXVIIp) can be as follows: WO
2(107/117591PCT/US2007/008562

compounds of formulae (XXVII) and (XXVIIp) can then be reprotected with the same or
different protecting group. For example, in one embodiment, a benzoyl group protecting
the C-13 hydroxy on a compound of formula (XXVI) or (XX VIp) can be removed and
replaced with a TBS or TES protecting group. Suitable methods for removing protecting
groups are known to those skilied in the art. For example, a benzoyl protecting group
(PG3 = Bz) can be removed using a suitable base such as K,COjs to form a compound of
formula (XXVII) or (XXVIIp). A

Exemplary structures and stereochemistry of compounds of formulae
XXV, (XXVIp), (XXVII) and (XX VIIp) are shown below:

\\\\\\\OH R4 “\\\\\O H Ra ’\\\\\\OH

OPG, OH OPGs
(XXVI-A) (XXVIL-A)
(XXVI-A)
Ra OH R4 OH
HN Rs HN Rs
I R3 _\\\\\\R3
© oy ——>= O —
OH
OPG, OH OPG,
(XXVI-B) (XCXVII-B)
(XXVI-B)

63~



(XXVI- 1 A-BZ)(00/11-1A)(GXVI- | A-TES)(XXV1-1 A- TBS) TBS) (XXVIp-
| A-B z)(XXVIIp- IA)(XXVIp-1 A-TES)(XXVIp-1 A- TBS) WO
WE0?7111 7891 PCT/US2007/008562 PCT/US2007/008562

————-—-.«-»»—
OPG; OPG4
COVIp-A) (XX VIip-A)
(XXVIip-A)
Ra OPG; Ry ORG,
HN Rs HN Rs
Rg Ry
© OH —> © ' >
OH
OPGy OH OPG;
{XXVip-B) (XXVIip-B)
(XXVIip-B)

Additional examples of the structures and stereochemistry of
compounds of formulae (XXVI), (XXVIp), (XXVII) and (XX VIIp) can be as follows:

‘“\\\‘\O H

HN Rs

e Mg
O OH
OPG, . OH
(XXVI-1A) {(XXVII-14A) (XXVI-

14)
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(XXVIp-1B-Bz)(XVIIp-1B)(XXV Ip- 1B-TES) (33CV1p-1B-TBYS)

Using an appropriate base, a compound of formula (XXVIII) and/or
w@viitpycan be synthesized via a lactonization reaction fPORIlE2007/008562
compound of formula (XXVI) and (XXVIp), respectively. See Schemes
7-3, 7-4 and 7-5. In some embodiments, R3, R4, R5 (and P02. where
relevant) for compounds of formulae (X'XVITI) and (XXVIlIp) can be the
same as described with respect to the compound of formulae (XXVI) and

V1p), and PG3 can be a protetting group moiety. In some
R dlmenb 5 of the compou : rmula (XXVI) or (XXV1p)
arboxyliefacid. In an embodimer : :

or g_‘XCVI :an be an activated acid (e.g acid chloride), In certain R
H §
eml hodiments, Rs of the compound 6 wla fXXVI) or (aTVIp) cand

eM&fluorophén yI ests

DE) with the proviso that if the cggnpounds of formulae (XXVIII) OPG,
and (XXVI) have the same structures and stereochemlstry of the
comp ?\/\:}1 ormulae (X(VIII-1A) an?ﬁg%I then R5 cannot be VT
--C(--- erein R6 is hydrogen. in"ot bodiments, the ( i}
1E{%ctonlzatlon reaction includes the further the prowso that Ris cannot be
| or t-butyl when the compounds of formulae (XXVIII) and
y of the compounds of fa

Sytéte. In"an‘e'rﬂbodiment if the oncmaund‘cf'fo’rmula
e and stereocherﬂlstry ofthe ompound of formu

2007/117%9 CT/U82007/008 562 As an example, compounds

of formulae (XOCVI) and (X3CVIIl) can hav¥ the structures and OPGs
stereochemistry shown below: OPG3 XXVI B) Other exemplary
structdfée’Ip-14) 1A) (XX VIp-

1A)

OPG,
HN Rs
e ‘\\\\\Me g
O OH
OPG4 OH OPGy
(XX VIp-1B) (XX VIip-1B) (XXVIp-1B)

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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OPG3 (0(VI11I-B) and stereochemistry of compounds of OPGsOPG3
(XXVIp-A)(XXVIlIp-A) WO 2007/117591PCT/US2007/008562
WOR@I (KXW Ip-B) Additional examples PCT/US2007/008562

wonhMe OR

OBz

OTES

’ (XXVI-1A-Bz) XXVII-1A) (XXVI-1A-TES)
TBS)
OH
HN Rs HN
Mg
G OH O
OBz OH OTES OTBS.
(XXVi-1B-Bz) (XXVII-1B) (XXVI-1B-TES) (XXV1-
TBS)

OTES OTBS

(XXVip-1A-Bz) (XXVIIp-14) (XXVIp-1A-TES)  (XXVIp-1A-
TBS)
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OPG3 (XXVIlIp-B) of the structures and stereochemistry of compounds of
formulae (XXVI), (NDCVIp), (XXVIII), and (XXVIlIp) are shown below:

wORBBRGE3 (ICKVI-1A)(XXVIII- 1 A) WO PCT/US2007/008562
2007/117591PODUS2007/008562

OPG, OPG, OPG, OPG,
HN Rs HN Rs HN Re  or HN Rs
o Mg i onMe ——>= anMe anlMe
OH © OH © OH o OH
OBz 0

B H OTES OTBS

(XXVIp-1B-Bz) XXVip-1B) (XXVIp-1B-TES) (XXVIp-1B-
TRS)
Using an appropriate base, a compound of formula (XXVIII) and/or
(XXVIIIp) can be synthesized via a lactonization reaction from a compound of formula
(XXVD and (XXVIp), respectively. See Schemes 7-3, 7-4 and 7-5. In some
embodiments, R3, R4, Rs (and PG,. where relevant) for compounds of formulae (XX VIID
and (XXVIllp) can be the same as described with respect to the compound of formulae
(XXVI) and (XX VIp), and PG; can be a protecting group moiety. In some embodiment,
Rs of the compound of formula (XXVI) or (XXVIp) can be a carboxylic acid. In an
embodiment, Rs of the compound of formula (XXVTI) or (XXVIp) can be an activated
acid (e.g., acid chloride). In certain embodiments, Rs of the compound of formula (XXVTI)
or (XXVIp) can be an activated ester such as p-nitrophenyl ester, pentafluorophenyl ester,
pentafluoroethyl ester, trifluoroethyl ester, trichloroethy! ester, thioester, etc.
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 (XX VIH) and (XXVI) have the same
structures and stereochemistry of the compounds of formulae (XXVIII-1A) and (XXVI-
1A), then Rs cannot be ~C(=0)ORg, wherein Rs is hydrogen. In other embodiments, the
lactonization reaction includes the further the proviso that Rg cannot be methyl or t-buty!
when the compounds of formulae (XXVII) and ({XVI) 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 R; is methyl, then PG; cannot be —
C(=0)CH2CHs and/or mesylate. In an embodiment, if the compound of formula (XX VIID)
has the structure and stereochemistry of the compound of formula (XXVIII-A) and if Ry
is 2-cyclohexenyl and R3 is methyl, then PG; cannot be —C(=0)CH,CHj; and/or mesylate.

-67-



(XXVIp -113)(XXVIlIp- 1 B) In the final step shown in Scheme
7-3, 7-4 and 7-5, any protecting group moieties can be removed from a
WELHHAUAY bf formula (XXVIII) and/or (XX'VII1p) to form a cBAEIBEANT9P8562
formula (XV), respectively. In some embodiments, R3 and R.4 (and P02,
where relevant) of the compounds (OCVIII), (XXVIlIp) and (XV) can be the
same as described with respect to the compound of formulae (XXVI) or
(30(VIp), and PG3 can be a protecting group moiety. In another
embodiment, tH&® FFOIEXIHE B SOPPPEgsant e tm (BN evdd HEWIEL) can
hagonipatdtofefoinidepadhdi¥a)inia ste pyise: fashion to form a
compound of formula (XV); the protecting groups can be removed in any
order. In yet another embodiment, the protecting groups PG2 and PG3
are simultaneously removed from a compound of formula (XXVIlIp) 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 Rs is methyl then R4 cannot be
2-cyclohexenyl. WO 2007/117591PCT/U 52007/008562
Compounds of formulae (XXVII1), (XXVIlIp) and (XV) can have the
following structures and stereochemistry: OH (XV-B) In addition,
compounds of formula (XKVIII), (XXV1IIp) and (XV) can have the
structures and stereochemistry shown below: WO
20071117591PCT/US2007i008562
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Using an appropriate base, a compound of formula (XV) can also be
synthesized via a lactonization reaction from a compound of formula
wOWit) msishown in Scheme 7-5, or lactonization reaction POITUs2007/008562
compound of formula (XXVIIp) followed by deprotection. In some
embodiments, Ra, R4, R5, (and PG2, 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). As an
example, compoundiqf fogg@tae 00CVII), (XXVIIB),(XVR)@nd (XV) can
have the structures and stereochernistry shown belowRe,.009,0hIR4H
WO 2007/117591R4q mbodiments,
a compound of formula ( V}ﬂgag be-synthesized '
iactonization r on.asgmpound of for VY @ith'the proviso
that if the compounds f formfHe (XXVII) and (XV) have tTﬁ% same
structures and stereockemistry as the compounds offormulae (XXVII -1A)
and (XV-1 A), then R.5 canpot be -C(=0)0126, wherein is hydrogen. In
other embodiments, the lagtonization reaction includes the further proviso
that R6 cannot be methyl gr’:"[%utyl when the compoundsocﬁ%rmulae
(XXVII) and (XV) havedievaagtures and stereochenistoy i tAe
compounds of form@ige (XXWL-1A) and (XV-1A). Ir}}a‘?ome
2007/117591PCT/US2 085G2 embodiments, a €

oung,of formula

(XV) can be synthesized rforming a lactonization ona
compound of formula (XXWVI11) and/or (XXVII-A) w roviso that if 12.5
is -C(=0)0R®, “hﬁﬁrogmﬁ hernR4 cannot be
isopropyl. In an' embodiment, @tompound of tormul V¥can have the

structure shown hereingwith the proviso that if the coppound of formula

(XV) has the structure and.stereochemistry of the compaund of formula

()CV-A) and R3 is methyl then It cannot be 2-cyclohexenyl. In an

embodiment, a compound®@Pfarmula (XV) can have the §tRé&iure shown

herein with the provisq-ifa{;if fie compound of formul hhas the

structure and s;&r%ochermistry of the compound of formula (XV-A) and R3

is methyl then RASENFSTBRIAY ST PSAMRS aAMnBaRfReI S o fpSemapmds of
Tdomplata(BX/pirand@vl B mstrne s odloswn herein with the proviso that if

R3 is methyl gnd R&is |soe\(\@;ycl3 en P02 cannot ge DMI\!\?@FquTBS.In

some embodiments, a compound of formula (XVp) camtave tlge structure

shown herein with rovigsgthat if the compound of for
- the structure and stgreochemistry of the compoung’of formula (XVp-A)

and R3 is met R4 is@ropyl then P -

In an embodiment, a cgmpout@Hof formula (XXVI1) cgf hake the structure

shown herein with the proviso that if the compound o formufa (XXVII) has

the structure and stereochemistry of the compound of ula (XXVII-A),

1t3 is methyl, and R5 is -C{r-0)OR6, wherein R6 is methyl, H or t-butyl,

then R4 cannot be 2-cyclo (5 yl. In one embodiment, £B&wapound of

formula (XXVIIp) can haveshestructure shown hereisgittntis. poviso

that if the compound of formula (OCVIIp) has the structure and

stereochemistry of the compound of formula OCKVIIp-A); R3 is methyl;

R5 is - C(=0)OR6, wherein R.6 is hydrogen or methyl; and PG2 is TBS or

DMIPS then R4 cannot be isopropyl. Other exemplary

structures and stereochemistry of compounds of formulae (XXVII),

(XXVIIp), (XVp) and (Xv) are as follows:
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W() 2007/117591PCT/US2007/008562 OHOH (30CVII-IB)(XV-1B)

OHOHOH (XX VIIp- 1A)(XVp- 1 A) WO 2007/117591PCT/1152007/008562
WOR007/117591 PCT/US2007/008562

OPG3 OPG3
(XXVIp-B) (XXVIIp-B)
Additional examples of the structures and stereochemistry of
compounds of formulae (XXVI), (XX VlIp), (XXVII), and (XX VIIlp) are shown below:

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

OPG3 OPG;
(XX VI-1B) (XXVIII-1B)
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OHOHOH (XXVIIp-113)(XVp-1B) 15) As shown in Scheme 7-6,
a compound of formula (XV) can further be transforrned by replacing the
wg 2087 puiveary hydroxy group of the compound of formula (ROTTESTIT 8562

compound of formula (XVI), wherein R3 and R.4 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

OPG, OPG,
(XX VIp-14) (XXVIIIp-1A)

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

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, R; and Ry
(and PGz, where relevant) of the compounds (XXVIII), (XX VIIIp) and (XV) can be the
same as described with respect to the compound of formulae (XXVI) or (XXVIp), and

PGj3 can be a protecting group moiety. In another embodiment, the protecting groups PG,
and PG; can be removed from a compound of formula (XXVIIIp) 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 (XXVIlp) 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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OH (XV -B) Further examples X (XVI-B) of the structures and
stereochemistry of the compounds of formula (XV) and (XVI) are shown
WEIAT11CEXVI- 1 B) PCT/US2007/008562

Compounds of formulae (XXVIII), (XXVIIlp) and (XV) can have the
following structures and stereochemistry:

R4

WOPG,
0

OPG, OPG,
(XXVIII-A) (XX VIIp-A) (XV-A)

C”3C53 ’ CDPCB3
(XXVII-B) (XX VIIp-B) (XV-B)

In addition, compounds of formula (XXVIII), (XXV IlIp) and (XV) can
have the structures and stereochemistry shown below:

HN

OPG, OPG,
(XXVII-1A) (XXVHIp-1A) (XV-14)
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In one embodiment, Salinosporamide A can be synthesized by
chlorinating a compound of formula (XV), wherein R4 is 2-CyClOileXellyi
wanaRa1ssmethyl. WO 2007/117591PCT/US2007/008562 EXH@KEMN/6d8562

A)(XVI- 1 A) 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

compound o mula (XV). After the Ieavmg Yroup has been added, ek
C-5 cent&X&MIbd Beprotected and/éXKeediided B) a hydroxy group. (K@-1B)

2007/117591P Gy a2 08410086 1A 8 BEn5dund of fomula%ﬁ@@@?also be
{th St[uctudr(-f orhng%%r??gh?m' ﬁé/ of com%)urgs of. formulae#ovﬁg

HES With'a 188VikG Grotp attAcHEn & TRERONY S GERUR ShWH: as shown

in @@hﬁme 7-5, or lactonization reaction from a compound of formula (XX VIIp) followed

by deprotection. In some embodiments, R;, R4, Rs, (and PG,, where relevant) for the

compounds of formulae (XXVII), (XX VIIp), and (XV) can be the same as described with
respect to the compound of formulae XVII or (XVlIip).

oxidized befg *gcgonvertlng the C ] secondary hydroxy group of the

As an example, compounds of formulae (XXVII), (XXVIp), (XVp)
and (XV) can have the structures and stereochemistry shown below:
R4 ‘“\\\OH

OH
(XXVII-A) (XV-A)
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WO 2007/117591PC T/US2007/008562 The leaving group of
compounds of formula (73iCX) can be displaced with a nueleophile (Nu)
Wesipgyiéiods known to those skilled in the art to form a cEGPOEHE 108562
formula (3000(1). See Scheme 7-8. In an embodiment. R3 and R4 can be
the same as described with respect to the compound of formula (XXXX).

Suitable nucleophiles include R9S", CI\i", R90, halide anion, NR9,R9,-,
N3", - CO7R9, R90OH, and R9SH wherein Rg, 12.9," and Rgb can each be

7-8 LGNu ZOOOO(XXXXI) Exemplary structunes and
stereochemistry of compogggs of formulae (XXX'X) and£)PODO) include:
R4.0,00H

' (XXVII-B) (XV-B)

Ra "\\\\\DPGg A Rg R4 _.‘\\\\\OH

WOPG,
a® O

OH
(XXVIip-A)
R4 OPG,
HN Rs
PRI R 3
o}
OH
OH
(XXVIip-B) (XVp-B) (XV-B)

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)ORg, wherein Rg is hydrogen. In other embodiments, the
lactonization reaction includes the further proviso that Rg 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

T4



LG (XXMC-A) Nu (XXXXI-B) WO 2007/117591PCMJS2007/008562 Nu
(XXXXI- 1B) In some embodiments, the C- | 3 primary hydroxy
wornupaf7sthe compound of formula (XV) can be oxidized. FaCaxaspsieipse2
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 (XDCX) can be the

same as described with respect to the compound of formula (X'VII). If

erpRAgiBY ke T ozmondan Hpdrody dafVbeqerotbetesronasredingd performing a
lacinpratecteeeaifidgdne QURBHRRd of formula (XXVID) and/or (XXVII-A) with the
proviso that if Rs is ~C(=0)ORs, wherein Rg is hydrogen, methy! or t-butyl then R
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 ({V) has the
structure and stereochemistry of the compound of formula (XV-A) and R; 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 R; 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 isopropy! then PG,
cannot be DMIPS or TBS.In some embodiments, 2 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 R; is methy!
and Ry is isopropy! then PG, cannot be DMIPS or TBS.

In an embodiment, a compound of formula (XXVID caﬁ have the
structure shown herein with the proviso that if the compound of formula (XXVID has the
structure and stereochemistry of the compound of formula (XXVII-A), R; is methyl, and
Rs is —=C(=0)ORs, wherein R¢ 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
stercochemistry of the compound of formula (XXVIIp-A); R; is methyl; Rs is —
C(=0)ORs, wherein Rg is hydrogen or methyl; and PG, is TBS or DMIPS then R4 cannot
be isopropyl. ’

Other exemplary structures and stereochemistry of compounds of
formulae (XXVII), (XX VIIp), (XVp) and (XV) are as follows:
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WO 2007/117591PCT/US2007/008562 Scheme 7-9 OH (XV)(XXX)
Exemplary structures and stereochemistry of compounds of formulae (XV)
WAh#P¢X XY lire shown below: R4no.NSDH  OH (XV-A)  PCT/US2007/008562

(XXVII-1A)

(XXVII-1B) (XV-1B)

(XXVIIp-1A) (XVp-14) XV-14)
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04,"HO ( Additional examples of the structures and
stereochemistry of compounds of formulae (XV) and pO(X) include the

wiéptipvingsor WO 2007017591PCT/US2007/008.562 SchemRCTAER007/008562
(XXXIV)

o

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

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 R; 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, Ry, in some embodiments, can be protected and/or

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

Scheme 7-6 ‘, )
Rq OH Ra OH
O O
HN HN
@) O
O e O .
Ra R
OH . X
(XV) (XVD

Examples of the structures and stereochemistry of compounds of
formulae (XV) and (XVI) are shown below;
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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
WOt E8hvert a compound of formula (XXX) to compound$BURAeeRse2
(X.XXI), wherein R3 and R4 can be the same as described with respect to
the compound of formula (XXX), R' can be hydrogen, halogen, -C(=0)R",
-C(=.0)0R", -C(=0)N(R™")2, -C(=0)SR", -(CH,),0OH, and -(CH2)X; R" can be
a hydrogen or aR substituted or unsubstitmed variant of the following: alkyl,
alkenyl, alkoxy, afyte y}\\gﬁﬁélrylalkoxy, and when m a6t R" is
present, they may be|the game or different; X can be a halpgen;

be 0, 1, 2, 3, oFH |ate conditions and reageprts n to those
skilled in the 8 Wittig reagents such as friphe

phosphonlﬁ’m ylidesy- IlLan embodiment® can ther
embodiment, n card be 1R still another embodlment n ¢an b&2. In yet
still another embodiment, n can be 3. In an embodiment}xi can be 4. WO
2007/117591PCTRES2007/008562 Examples ofthe structures
and stereochemistry opgpmpounds of formulae (XXX), and {X00CI) are
shown below: R4t0 X-B) (30(X-1A)CiOCX1-1 WO
2007/117591PCT/U J008562 (XXX- | A)XXXI- | B) (XVI-A)

Selective hydroﬁe ’F‘t e side chain double bonB nd of

the compdd lﬂﬁ (X)OCI) ~4a-serme em Gompound of
ith thEsprowso

that if R3 is methy cannot be

isopropyl, cyclohexyl, dr phenyl _
OH X
(XV-B) (XVI-B)

Further examples of the structures and stereochemistry of the

compounds of formula (XV) and (XVI) are shown below:

(XV-1B) ‘ (XVI-1B)
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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Exemplary structures and stereochernistry of compounds of formulae
(XXXI), and (xxxin) are shown below: R40'NOH 0 (300CI-A) WO

wa0T A1 H91PCT/US2007/008562  Ft (XXXI-B)(XXXIII-B)PCT/US2007/008562
certain embodiments, compounds of formulae (XXXI) and (X)OCIII) can
have the following structures and stereochemistry: (XXXI-1B)(XXXIlI-1B)
In another embodiment, nonselective reduction of the compound of
formula (XXXI-A) or (X'XXI-B) can be used to obtain the compounds of
formulae

(XV-14) (XVI-1A)

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
R4 cannot be isopropyl or 2-cyclohexenyl when Rj is methy! and X is chlorine.

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 suifonate 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 (X'V). After the leaving group has been added, the C-5 center can be deprotected

and/or reduced to a hydroxy group.
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WO 2007/117591PCT/US2007/008562 (CXXII), respectively. In some
embodiments, a compound of formula (XX3CIl) can have the structure

WehiLBfain with the proviso that R' cannot be hydrogen GrSHleaeng /008562
A compound of formula (30(X) can also be used to form a compound of
formula (XXXIV) using an organometallic reagent as shown in step (p) of
Scheme 7- WO 2007/1175911TT/US2007/008562 10. Suitable
organometaliie reagents includeorganolithium compounds, organotin

8 #Ads, organocuprates compounds, organozinc, and
organopalladium catgpoundsHmetal carbonyls, metallocgges, carbige
complexes, and organomnjetallgifs (e.g., organoboranes and
organosilanes). Ini$Q diments, the organometaﬁ

selected from the gfoup isting of R8-1vlgR7, R8-2nR7, RG-Li,
(R8)8,-B(R 7)3; -Sn(R7)4.4, whegein R l%m the

hydroxy, alkoxy, and ear

present, the R7 groups cah optionally be bond together to form @an

optionally substituted cycloalkyl (e.g., 9-BEN), optionally substittfed

cycloalkenyl, oﬁi@ﬁ&ﬂ?%%sﬂiﬂtém@aﬂ@l steoptibealiyusukstitsi@gdounds of
fohateaed KON HNMNCICEN wienan G EE L AP iR Re ARIHAMN 5’%@% AN hown
bdlQ 1 to 4 and R.8 can selected from the group consisting of substituted

or unsubstltuted variants of the following: aIkyI alkenyl cyC|oaIIcyI aryl,

1t7 groups aré-take
In another embodime
certain embodiments,

ether to form—&ﬁ—ep%)&nally@ Stituteecycioalkyl.
the'%:arganornetallle m0|ety is R8-1v, ngR[n

R.8-MgF,7, wherein R8 isgi¢H2),01-1 and R7 is a halogen (e.%;e
chlorine). In some embow[& , R3 and R4 of a compound of formula
(=V) can be the same as described with respect to the com%ﬁ%b’p

formula (XXVI). in are

a can be O
compounds of formul
(OC>C-B)

ples of the struetdres an istry of
(XX and (XXXIV) are shown belojv: (ReK-A)

OH LG
(XV-B) (XKXXX-B)
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R3 (XXXIV-B) Rg (M-1A)(XXXTV - 1A) WO
2007/117591PCT/US2007/008562 R8 (XXX-1B)(XXXIV- 1 B) In
Wbttt EFfBodiments, Rs can be -(CH2)a0H, wherein a can el gizuieesse?
from the group consisting of I, 2, 3, 4, 6, or 7. Examples of the structures

and

(XV-1B) (XXXX-1B)

The leaving group of compounds of formula (XX) 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 ReS, CN’, RyO", halide anion, NRg.Rgy, N7, -
COzRg, RoOH, and RgSH wherein Re Rg, and Ry, can sach be independently seiected
from the group consisting of hydrogen, or substituted or unsubstituted variants of the
following: C-Cyz alkyl, Co-Cis alkenyl, Cy-C;» alkynyl, C2-Cys cycloalkyl, C3-Cy,
cycloalkenyl, C3-Cjz cycloalkynyl, Ci;-C), heterocyclyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, (cycloalkylalkyl, (heterocyclylalkyl, acyl, and alkyl acyl, wherein Rg,
and Ry can be taken together to form an optionally substituted cycloalkyl.



stereochemistry of compounds of formulae (XX.XIV-113) when Rg is
-(CH2),0H is shown below: R4-OH a OH (oo(-A)CO(XXII-A) WO
WR00T/117891PCTIUS2007/008562 formula (=CV) can be theCsarsme08562
described with respect to the compound of formula (XXVI). In an
embodiment, a can be I. In another embodiment, a can be 2. In still
another embodiment, a can be 3. In yet still another embodiment, a can
l%e 4, In an embodiment, a can be 5. In another embodiment, a can be 6.
SR =8 other embodiment, a can be 6. In yet still another embodiment, a

can be > 7. Sche:]? %(

(XXXXI)
Exemplary structures and stereochemisiry of compounds of formulae
(XXXX) and (XXXXI) include:

-8§2-



(X)C)OCII)(=CV) Examples of the structures and stereochemistry of
compounds of formulae (XXXXII) and (300(V) are shown below: R4'00H 0
WEAROG IR (XXXV-A) WO 2007/117591PCT/1152007/0089@7/152007/008562
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). WO
2007/117591PCT/US2007/008562

- (XXXX-1B) . (XXXXI-1B)
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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In one embodiment, Salinosporamide A can be synthesized from a
compound with the structure and stereochemistry of formula (XVI-1B) as
wWeoom tstow: Alternatively, the stereochemistrg of/#160Q088562
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
agent (e.g., Dess-Martin periodinane, TPAP/NMO, Swem
oxidation reagerl;, PCC.onPDC) to form the compougd of forggula (XXII).
In some embodimen oft ompound of formula PQM canggt be
substituted or d cyclohexenyl, unsubstituted
cyclohexa-1,3- substituted cyclohexa-1,3-di
unsubstltu substituted phenyl

R4 cannot be substittted or unsubstituted cyclohexenyl, tituted
cyclohexa-1,3-dienyl, TMSO substituted cyclohexa-1,3- dienyl,
unsubstituted phenyl, PMsO substituted phenyl, when R3 is methyl and X

is WO 2007/117591¥)/US 2007/008562 halogen. The carmpgyind of
formula (XXII) @%@Wﬁﬁﬁﬂ&%%}%%t‘é%g und off mula XVI A
O&ﬁq %9 WEIE chemical reagent such as so%?un’rﬁslt:)r ro é o)f dormulae
*hé %‘Hﬂ&%‘h can be accomplished via selectlve enzymatlc
transformation. Ra ertat@éfmbodlments the reducingrg zym\@cma
ketoreductase such as IC -EXPC | A and/or ICRED-EXP-B

(XV-B) (XXX-B)
Additional examples of the structures and stereochemistry of
compounds of formulae (XV) and (XXX) include the following:
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(XVI-A) In another embodiment, Salinosporamidc A can be
synthesized from a compound with the structure and stereochemistry of
wipshowia{sy!-) B) as follows: Moreover, the stereochanistyse2

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), ()Cp), (XI), (Up), (XII), (X.Ep), (XH1), (XIV),
XXN), (XXIVP), (XKV), (XXVp), (> , (XXVIp), (XXI1),

secondary hyg Psan beotverted in a one s agdsscribed
herein (e.g., by a Mitsuhobu tz&hsformation). WO )
2007/117591PCH\ 608562 The inversion can alsg tak& place in
multistep process./In an\embgdiment;-the-€»5 seco )Xy group
can be oxidize i -appropriate oxidizingsgemt (e.9-% -Martin

group can be reduced via selective enzymatic transformation. In certain
embodiments, the reduchB enzyme is a ketoreductase such as
KRED-EXP-CIA and/GfYERED-EXP-B1 Y. An(EliExnatiye method

compound of f0
compound of forrmda
9-1 and 9-2 show pneth

(XV-1B) (XXX-1B)
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For some of the embodiments described herein, steps (d) and (e) of
Scheme 8-1 can be the same as described above with respect to Scheme
We) 2007/117591 In step (f2) of Scheme 8-1, Rq can be added tearcosmpounge?
of formula (VII) using an organometallic moiety containing at least one R4

to form a compound of formula (XVII), wherein RI can be hydrogen or
unsubstituted or substituted C -6 alkyl; R2 can be a hydrogen substituted
Sor unsubstituted variants of the following: C1_6 alkyl, aryl or arylalkyl; R3
a-substituted or unsubstituted variants of the following: C1-6 alkyl,
a C3.6 cycloalkyl, a C2_6 alkenyl,/;3-6 cyelealkenyl, aryl, or arylalkyl; PGI
can be a protecting group moiety; and R4 cap®e selected fro
consisting of substituted or unsupﬂi
alkyl, C2-01, alkenyl, C2,C12 alkyhyl, C8-012 cycloalkyl, C3

alkyl, salt of carboxyal
, dialkylaminoalkyl, salt of
ioalkyl, carboxy, cyan
# alkanesulfinylalkyl, alkoxysulfinylalkyl, thiocyanoal

aikyl, bomnic esteralkyl, gugﬁfaﬂ?oalkyl, salt of a (XXX

yl, salt of a sulfoalkyl, alkoxysulfonylalkyl,
salt ofaa‘%@i)xyalk |, alkoxysulfonyloxyalkyl, WO

2007/117591PSTPL1S200 A00856 YT
phosphonooxyalkyl, (alkylphosphooxy) 4
phosphorylalkd@alkylphosphory ekt nyIaIkyI, salt of a
pyridinylalkyl, salt of a heteroarylalkyl ang hatpgenated alkyl including
polyhalogenated alkyl. In sor&"embadihents, RA can be selected from
the group consisting of: substituted off unsistituted variants of the
following: C3-C2 heterocyclyl, aryl, heteroapydrheteroarylalkyl,
(cycloalkypalkyl, (heterocyclyOalkyl, acyl, {acylalkyl, alkyloxycarbonyloxy,
carbonylacyl, aminocarbonyl, azido, azidglkyl, aminoalkyl, salt of an
aminoalkyl, carboxyalk.yl, salt of a carboxyalkyl, alkylaminoalkyl, salt of an
alkylaminoalkyl, dialkylarninoalkyl, salt i stigtkylaminoalkyl, phenyl,

alkylthioalkyl, apylthigalkyl,, carboxy,.cy Ikanesulfonylalkyl,
_ alkanesulfinylaf{%;/{o QES‘%’/%U%%@%/T i0¢ a?%‘a?ﬁw,’ad Bifesiaemand ps shown
n 5t e BERehaRA ot i i aripo datteot.quBitt mralitonsulidalkyk dsalttofivert a

compuﬁb@@foﬁhﬂxmmylﬁwh;ﬁiﬂfﬂ@)ﬁﬁﬂfﬂh!ﬁﬂtWIWXHJ Ii%l and R4 can

beKOXN4sifony kyl. phosphonooxyalkyl, salt of a phosphonooxyalkyl,
e(aIkyIphos(|€1)[$1(()lgxy aﬁg 'I‘Bq;‘orss %crty%I@, éégﬁ‘%?‘ﬁ’ﬁr? TR0, R can be

hydifigApHBBEshy qﬁ%%@rf&ﬁfﬂ%)l@%ﬁsﬁﬁﬂﬁ‘ﬁwm@)swum -(CHy),OH,

anhe{_@Ha}yjauﬁil’ afnad lﬁ:ﬁ%%ﬁ”ﬁ" jn%ﬁ&ﬁplyb%m%mgdawlam of the
Sulirahle ieties are descri erein,

fo Exemp Iaérqy[%%%%%gr?s’ gir%b(ezgﬁ}é’rﬁ%%ﬁfa CORBSIN ISP RAR R is

PrESRR RPN AR RS HRRW: dbiFent PUroBRMBURE taRE @0 BPGL 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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Examples of the structures of compounds of formulae (VII) and (XVII) are
shown below: WO 20(17/117591 PCT/11S2007/008562  OBn (VII-

wb W kst A compound of formula (XVII) can alsopergyathesiges
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.

Examples of the structures and stereochemistry of compounds of
formulae (XXX), and (XXX]I) are shown below:

(XXX-B) (XXX1-B)

(XXX-14) XXXI-1A)
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Scheme 8-2: Exemplary structures of compounds of formula (X) and
(XVII) are as follows:
WO 2007/117591 PCT/US2007/008562

(XXX-1A) (XXX1-1B)

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 (XXXIIT) 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 Ry is methyl and R’ is hydrogen or chlorine then R4 cannot be
isopropyl, cyclohexyl, or phenyl.

Exemplary structures and stereochemistry of compounds of formulae

(XXXI), and (XXXIIT) are shown below:
R4 “,‘\\\OH

XXKI-A) (XXXHI-A)
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OPG1 (X-A) (XVIl) WO 2007/117591PCT/ EI S2007/008562
Additionally, a compound of formula (XVII) can be obtained via the

waYhbpatiesscheme 8-3. PCT/US2007/008562

(XXXI-B) (XXXIII-B)
In certain embodiments, compounds of formulae (XXXI) and

(XXXIIT) can have the following structures and stereochemistry:

(XXX1-1B) (XXXI-1B)
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 2007/117591PICIT1US20071008562 A compound of

formula (VII) can be synthesized from a compound of formula (V) via
Weae7(HYHAd (e) of Scheme 8-3 that are described above WG 6530680048562

Scheme 6. The ester of the compound of formula (V1) can be transformed

to a carboxylic acid using methods known to those skilled in the art (e.qg.,

hydrolysis by UCH, alkaline thioates such as LiSMe, NaSMe, LiSC2H5,

hich can he further transformed to acid halide using a suitable

ofx reag A (EGC ER Ry L RRIPIEMBeskémenie 3 gomenevadcfripoud GLIOKHLan have
thpesxarurelshawmehebadimienth&RbrR3sanehPS] @hibe somasynd of faimmia

(X'XXVI) can bethe same as described with respect to.the compound of
® a halogen. Examplgs of the structures of

formula (VII)
20(XV1) are showr] below: cx ni COORZ

compounds @ a (Vi) 5
0 PG1 (VIl) WG*2007]3 T/US21101/008562

HN

(KXX1-B) (XXXI11-1B)
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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OBNOB n (XXXVI- 1) The carboxylic acid/acid halide of the

com%oun(_j( of formula (XXXVI) can be reacted with an appropriate )
Y B iy ihydroxylamine hydrochloride [1401.1-INMe(OM&TISREPRIRRs>
corresponding Weinreb amid; wherein RI, R3 and PG, can be the same as

described with respect to the compound of formula (VII) and R" and R"

can each independently be selected from the group consisting of alkyl
16e- g fpathyl),-alko . methoxy). Exemplary structures of

com?)ounds 0 for%ﬁgr&dﬁy\eﬂfiﬁac&%vu) are as follows: organolithium
C‘ﬁ“ﬁaox‘z\%%ﬁreaf&?ﬁm@ of ierReBHRouIt BifomTE OO wars beoigagiethc, and
ovgﬁho@ai&pMﬁpﬂaﬁepe{@aaomei@H|§am5%tyspggg§mg}grp¢tsle§§b%g§ R04t exes, and
o@é%&&%ﬂb%’é* 9 of gorrgryggoxvu . Indan embodiment, RI, R.3 ancci 58

can be the same 58 déscribed with TS pBEr IS A eOm B FHEPsf arbadinents, the
CTRATP AR Sriche waldteaitried fiergriupzoonsistingsahSWISHILLEERO! Ry-ZnR ;.
Runsulistipitedvarianisoftng. felowing: Odailz,alkyl, 0g-Qlg alkenyl,
C&g;%%agg%% G3-C12 oycloalkyl, 03-012 gycloa}(k(g%)g/l%fﬁ%fge Mo whe group

cycloalRynyl, 8 heteracy ey AT HESFO%A Y aipRifclf the following: alkyl,
a‘r‘féf@?oarﬂéﬂwf,k(féyclé@fkyl)&lw%llfh’ete@ommaiﬂt;e&l_,acyiywﬁdkyhmoxy, and
catkyheiyearyonyes Eﬂm&ﬁwwb%@%?ﬂx@%"t%'%' ai%llg °a|k¥| 'optionally be

[ -Saltof an aminoalkyl, carboxyalkyl, salt of carbox a?kcy,
R BARyiet G Ao, SRS, opionaly

SaieyiahiRtARefkpengpiaRgIthicaltylrathioatotlearboXypaYaNG; substitted
halkaabauifonyaliy baallkanesulfindatioh alkexysiifiny '@ny LLhiogyanoalkyl, .
aQé)'i%nL%ﬂ%i 9&@@ ibox%ome §rsteraIkX§I,,%uanidinoalk_yl, salt of a _ '
guanidinoalkyl, sulfoalkyr, SaltRrRISAHEHIRH SHbNysHrenyRIRstituted variants of
t%ﬁ@&WL 3y lof lsmidoxgaliopt kalkoxysl foryiiixyialkd, an embodiment, the
ophesphascoxied salirfp-Bhesphongoxyalky 'e@%@dﬁﬂ%@hqgé‘ygfaégémemxlic
np&ggpi}gryéﬁlkyhf?g#t of a v&hosgl rylalkyl, &{gléggs horypalkyl, ,
oyTi inyTaI 'y?’ i a 3 3éf’pyrlcﬁﬁ§} |3§‘, Eito a |aﬁgyp§_ngmbod1mems, the
OFERRIBRESE BIRiHe (Ringlyhaloyerate RalkyH THSDE ep AR RES, two R,
glvhsamhe selaciediim therghaur.Csisting, of; itted of, n e
a%@%ﬁ%@% teg)é/arilgnts of tg .foIIowing}%%HO Ziﬁﬁé%lngry?}wl' . another
heteroary#,’ hetero&ry ARy ?&@C%%W)é&ﬁg(h@%c%lﬁfﬂk%, geyipdiments, the
oxEnamyiaRifceiRica BorleRy, varbomyRicil -&iHpRcAbONyhmazisabodiments, the
oﬁﬁﬂ&aMIi@rﬁiﬁﬂa}kﬁ! ,@aMQR%nv@{EFQQﬁi&Yls Q%@%)ﬂéllk{y&n%aﬁp{saa halogen (e.g.
cﬁ%rrl?r?gsy%% aék%’rln%m' ioaélrigl, alt %f ﬁ%n ?Ikylamlnoalkyl i |
dialkyraminoalkyl, Salt of a dralky PR Aics £ BHETTC AtkyRABARGICKIV) can be
Wy tHTSalRS 1, GEAFHERY, BEnasatanesulenytatiovnalkarfesotinylalkytx v, In an
calaiysetfinyiatkye thincyasealkyhhorenic acidalkyl, paronic, %%ﬁ%:tﬁ%'rké/r'nbodimem,
y

idli t of guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,
a%ﬁ%@ggﬁ%ﬁ%\,aé‘ﬁﬁé%"xy‘é‘ﬁ%‘?}%‘éﬂto? SRS xRy T RPRGIRSDHGriATobe 5. In
apFERSAIBRaLsprnboSy bkl saitterzphosiphonopxyaistbodiment, a can be = 7

(alkylphosphooxy) L. Phgsphorylalkvl. salf of osphorylalkyl
" %@Qh% ryl%ag%xinglalkyl, saf?)f%“%y%g‘%?%iﬁgé%t% gompounds of
eteroaryla jé,/i and Halog ?‘éﬁeahﬁm‘g‘ll}?ﬁ{ﬂﬁ’ding poiyhaiogenated allcyl.

Suitable organometallic moieties are described herein. In
certain embodiments, compounds of formulae (XXXVII) and (XVII) can
have the following structures and stereochemistry: WO
2007/117591PCITS20417/008562
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One method for obtaining Salinosporamide A and analogs thereof from a

compound of formula (XVII) is shown in Scheme 9-1: WO
WADDP1/1178301PCT/US2007/008562 As shown inpstep{e@Yy/0d8562

Scheme 9-1, the aminal of a compound of formula (XVII) can be cleaved

to form a compound of formula (X.VIII) using an acid reagent (e.g., triflic

acid or HO). In some embodiments, RI, R3, R4 and PG1 or a compound

of formula (XVIII) can be the same as described with respect to the

compound of formula (XVII). WO 2007/117591PCT/11

structures of compod ula (XVII) and (XVIII) ar
e )

(XXX-1A) (XXXIV-1A)

-2,



shown below:

WO 2007/117591 PCT/US2007/008562

(XXX-1B) (XXXIV-1B)

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 Rj is —(CH,),OH is shown

below:

Ra OH
Rg OH o)
HN O

o) o}
O Rs
- Rs OH
CHO (
a OH
XX) CXOXXXID
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OBn, (XVII-1) 11-]) In step (h2), the C-15 primary alcohol
group of a compound of formula (XVIII) can be converted to R5, which can
WH2HE(EEEA from the group consisting of - C(=0)0R6, -C(=0FSRES2007/008562
-C(=0)NR6R6 and -C(=0)2 , wherein each R6 can be independently
selected from the group consisting of hydrogen, halogen, or substituted or
unsubstituted variants of the following: C1-C24 alkyl, acyl, alkylacyl,
arylacyl, aryl, arylalkyl, p-nitrophenyl, pentafluorophenyl, pentafluoroethyl,

trifluoroethyi, trichloroethyl, and heteroaryi: and 7, carf%a foden. The
conversion of th&ptimas4icohol group to R5 may be achi ved
convening the alcoho groyg 7% a carboxylic acid (12 8%

appropriate oxiéat |t|ons such as Jones oxidagion. Alterpatively the

TPAP, Swern oxidatiorféagent, PCC, or PDC and then the fesulting
aldehyde can be oxidized further to carboxylic acid using
2007/117591P 07/008562 appropriate oxi as a
combination of%%%ﬁrﬁhlonte/sodlum phosphate ‘&Q&%&Cg
dibasic/2- i
convened|to &gester, R thioester, or an anhydri de ta form a compound of
formula (XBRRUSIND~a S
carboxylic acid (e.qg.

following structures:

(XXX-1A)

(XXX-1B) (XXXXII-1B)
When Rg is ~(CHz)sOH, 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 R, of a compound of

-94.-



In step (i2) of Scheme 9-1, a compound of formula (XX) can be

synthesized by removing the protecting group moiety on the compound of
wionmala ¢¥dX) and reductively opening the resulting hemiacetal/#sa@m008s62

example, the hemiacetal can be reductively opened using a reducing

agent (e.g., sodium borohydride). In some embodiments, R3, R4, and R5

of a compound of formula (XX) can be the same as described with respect

to the compound of formula (Xx). WO 2007/117591PCT/(J S2007/008562
forpsragRiSifucaarbs tindsteresdesibiry it osapeasne $:ef éompelen i Yormula
S (O Gan haraaiialipw H Forexample, co

o t{)orjr;% (XLX) and (xxgcgﬁﬁﬁtgfxgthlé“ féﬂgﬁfﬁgeﬁ?u)é?urgf ??‘5(%21 o siill

sing gn Approptafe st glBEd ciibynathe, Wé@ﬁﬁ‘ﬁ?@ﬁhdaoﬁéforhm% In an

cpbrieantbe wyntivdsizethfrtrr arsbodhasng Of 4ArRWAKSEI Vi&dther embodiment,

a laglorizatiopfeatiabias shRwaiesieR ) @fs S?heme 9-1. In an
embodiment, R3, R4, and R5 of a compound 6f formula (XXI) can be the

same as described with respect to the compound of formula (XX).

Scheme 7-11

(XXXXID) (XXXV)
Examples of the structures and stereochemistry of compounds of
formulae (XXXXII) and (XXXV) are shown below:

Ran_OH

HN-——-/(

-05..



WO 2007/117591PCT/US2007/008562 Examples of the
structures and stcreochemistry of compounds of formula (XX) and (XXI)
Whaughabelow: R40 OHOH For example, coP{pousrig7¢i8562
formula (XX) and (XXI) can have the following structures: As
shown in step (1Q) of Scheme 9-1, a compound of formula (XXI) can
further be transformed by substituting the primary hydroxy of the
compound of formuja (XXI) to form a compound of formula (X_XII). In
some embodiments,

(XXXXII-1B) (XXXV-1B)
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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Exemplary structures and stereochemistry of compounds of formula (XXI)
and (Xpm) are shown below: R40 For example, compounds of
wiosgadla136X1) and (XOCII) can have the following structurespcT/us2007/008562
As shown step (12) of Scheme 9-1, the C-S ketone group attached to the
carbon adjacent to Rzt of a compound of formula (XXII) 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 (XVI). In one

embodiment, thBeampa@itl of formula (XXII) can be ucgg\m{he

compound of formula (XV())and/or (XVT-B). WO O
2007/117591PGNATS2887/008562 Exampl ructures
and stereoche pounds of formula (XXII) and (XVI) are shown

(XVI-B) (XVI-A)
In one embodiment, Salinosporamide A can be synthesized from a

compound with the structure and stereochemistry of formula (XVI-1B) as shown below:

(XVI-1B) XVI-14)

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 R3 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 R; is methyl and X is
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OGUD(Xw-A)(XVI-B) As another example, the compounds of
formula (XXII) and (XVI) may have the following structures and
Wahefgoehemistry: CICICI pO(11-1)(XVI-1A)(XVI- 1B) pCif/desivethsse2
the stereochemistry of the secondary hydroxy of the compound of formula
(XVT-B) can be inverted in a single step or a multistep process, as
described herein. A compound of formula (XXI) can also be
used to synthesize a compound of formula (XV), as shown in Scheme 9-1.

halpge©-3 iketeogrpopndf tfefoonupo (WK Eh foamutenXid) eandze edsceshpound of

for$ing AXARRIQREALS "SNP AYRRLE m&ﬁ g&%ﬁeag %gg,r &t&legofge{rﬁg}ig%. In some
form.a compound of formula (XV). The C-13 primary ydroxy of the
e’%ogﬁgbfaaﬁf& OPISHTLTA X P LB ASEURIEARS BtarieSanheapIratindeapstyrmation.
Inagerteys thdwbffeliowing Sdneinmesnztng -8, 7 18;tdr8iuktabandh 2 IKRED-EXP-
cgssipsaheieinEper WO 2007/117591PCT/US2007/008562

ster%)chcn%ﬂry of the secondary hydroxy of the compound of formula
XVI- ednverted in a single st ultistep process, such afia~_ wOH
ed, In certain embodjgents, the compounds of

llowing structures and™™

0 isty: .. oerXVLAAF(XVI-1 In some o
embodimeifts, compounds of formula (X carige synthesized
X X X
(XVI-B) (XX
(XVI-A)

In another embodiment, Salinosporamide A can be synthesized from a

compound with the structure and stereochemistry of formula (XVI-1B) as follows:

(XVi-1B) (XXI-1) (XV1-

1A)

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), (XI), (XIIp), (XII), (XIV), (XV),
(XXIID), (XXIV), (XXIVp), (XXV), (XXVp), (XXVI), (XXVlp), (XXII), (XXVIII), and
(XXVIp). 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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via Scheme 9-2. Scheme 9-2 OH OPG (XXI)OH A
compound of formula (XXI) can be synthesized from a compound of
wipmmiaAsy1l) via steps (92), (h2), (i2) and (j,) of Scheme 9p2-thaher®008562
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 fonn a heterocyclic compound of formula (XV), for example, compounds

ThXMrAraree/ QfalX WidB) 1bepgiteR3. Ruhiasg Xreamberhasamement, the C-5
sdesariber with tespect to the compoupd of formula (U ooy ey

xemplary st(u%tl%respanans ereochénistry of ?ﬁe OO RBEE S R rfgent (8-
Dersr)areshevatinelsw TRGS HdG7/ S50 pRZ2101 3¢G68T0DES62r PDC) to 2 keto
giouerApIRRSTrweiuEes apth iompecherisin:aidhe comPRURASGEXNENE such as
SC(C)ﬁ}.!/l)n%Fgr&E]}?all\fll ep %lno \évriother 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.

An alternative method for synthesizing Salinosporamide A and its
analogs from the compound of formula (V) can proceed through a compound of formula
(XVII). Scheme 8-1 shows a method of synthesizing a compound of formula (XVII) from
a compound of formula (V). Scheme 8-2 shows a method of synthesizing a compound of

formula (XVII} from a compound of formula (X}. Schemes 9-1 and 9-2 show methods of

synthesizing Salinosporamide A and its analogs from a compound of formula (XVII).
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R400H The compoundcompound of formula (XV) can then be
used to obtain Salinosporamide A or analogs thereof following Schemes
WO-890m#71,7398, 7-9, 7-10 and 7- 1 | described herein. PCT/ARIKITAI08562
method for obtaining Salinosporamide A and analogs thereof from a
compound of formula (XVII) is shown in Scheme 9-3. WO
2007/117591PCIl/US2007/008562 Preceding the cleavage of
the aminal, the ketone group of a compound of formula (XVII) can be

S using a suitable protecting group moiety/moieties to form a

d of formula (XVIlp)Q In some embodiments, R1, R3, R4, agd

withyrespect to the compo‘ﬁ

together to form an optlonally substitited b, 6, 7, or 8 membered
heter\%cy yl. R5 R3H NRs 02) R3 -11 8- As shown in Scheme
9-3, a compound of formula (XVIIp) can be transformed to a compouhg’of
formula (XXllp) ft:Bowing the methods as described with respect to steps
(92), (h2), (12), (32), and (k2) of Scheme 9-1. As shown in Scheme 9-

the protecting group. moiety/moieties, Y- 124 and Y-126, can bg rem d

compound of formula (XXII). For each step, the substituents of the
protected compounds can be selected from the same groups a

example, R3, R4, PG1 and R5 of a compound of formula (X1Xp) can be
selected from the same groups as a compound of formula (X1X). In SO,
embodiments, the compounds of formula (XVIIp), (XVIlIp), (3CIXp),

(30Cp), (XXlp) ?Gp MQ %t?)th%agh%%\éﬁrmgtss %mscgbrglc Lég%snagg for cgfi) and (e) of

ereochemlstry as the correspon compounds

Pg@ on- prOteCte
SEemsiTel 51 BR dBP S TR ESeETDPERABSHS b apSEE rt Sekanwith a
suitable protectingtgraifip)(sf.Scheme 8-1, R4 can be added to a compound of formula

(VII) using an organometallic moiety containing at least one R4 to form a compound of
formula (XVII), wherein R; can be hydrogen or unsubstituted or substituted Cis alkyl; Ry
can be a hydrogen substituted or unsubstituted variants of the following: C.salkyl, aryl or
arylalkyl; Rz can be a substituted or unsubstituted variants of the following: C;. alkyl, a
Cs. cycloalkyl, a Cu alkenyl, Css cycloalkenyl, aryl, or arylalkyl; PG, can be a
protecting group moiety; and 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,
C3-Ciz cycloalkyl, Cs-Ciz cycloalkenyl, C3-Cip cycloalkynyl, C3-Cyy heterocyclyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkybalkyl, (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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Finally, the ketone group attached to the carbon adjacent to RA. of a
compound of formula (XXII) can be reduced to a hydroxy group using a

wsuitable ducing agent (e.g" sodium borohydride) or an enzgmesenionvess2
compound of formula (XVI), including (XVI-A) and/or (XVI-B), wherein R3,
R4, and X can be the same as described with respect to the compound of
formula (XXI1). In an embodiment, compounds of formula (XV)
can be synthesized from a compound of formula (XVII) is shown in

Phesphaneogyalyho 268ly/1 10759 1P C THOSH00300PEE8R SofabimipBedphooxy)alkyl,
P}f@ﬁ?mﬂ@foﬂw'@kfi(c?égt)ha?@;ﬁsh?z@ngﬁzﬁgfﬁg@?yﬁ ABMORRLL sait of
via steps (92), i2) an of Scheme'9-4 thatare*
. doggs%rigégg a %i/easva%h rgespgct%’gjfg%;ﬁggr%ae 91 H??jﬁsﬁ{ﬁ&ﬁroﬁlﬁyl including
rahsriegrHstetics kYLR I e Eashoshiminsseoven fimmsel aneapdiund ke group
cdiavisting ¢K Xdphasningicosutiaiernes it R abiaing &9 &fﬂ%ld féonpula :
arga()ﬂlté% nlerggt%g(i)@e%kl?fls nle can be th samg)] as ésg%iggd%\é/?ﬁocydy L
Fespect tg%é compound of ‘foicr%cui)aa ?;gbﬁhée}@f%r‘%@fﬁlﬂpéwlof%= acylalkyl,
alk Yy BY fofn GrToOYRednani rechrbetyio zzslec andanyikiyy ) ngAUR, salt of
arlISiRgrd AKIRDEBSHEING 1208 (6504 SOAlERRArohY g YR o
199N AOMRoYnd of formyla (SX}/),aP”ICI .dinf(@Agfﬁ%&B&&\%, &%, £ an
wherein ?'g?dndalé&' can be EYe’sgrthg a% g‘@&@ﬂﬁ@d‘\ﬂﬁfﬁ%sﬁ%ﬁﬂb By lthioalkyl,
aryBhiprdkin of forerRAEEXXI1) cTe .compdismet ot fonylalay(X V) calkdhesmiimylalkyl,

2lMIQYR007{1AIRHD 1P AF3LS2001/Q08562-sted to,ohiain Salingsporamide A, )
&rn%qgl%%s fherggﬁ folloc%yvm Sc; l%ma 1-6, 7-7, 7-8, 7-9, 7-10, and 7-11 ‘

& Gescribed herein. mudinpati hsuiteat thédbmBdunds cfulfoalkyl,

alfspstntedxip). (oafyoxmeliixy)selin vlave safdottyuiing, stlkokyresfangoxyalkyl,

pIRIROCRBIAEEY; -RAalt  of 2 phosphonooxyalkyl,  (alkylphosphooxy)alkyl,
phosphorylalkyl, salt of a phosphorylalkyl, (alkylphosphorybalkyl, pyridinylalkyl, salt of
a pyridinylalkyl, salt of a heteroarylalkyl and halogenated alkyl including
polyhalogenated alkyl. Suitable organometallic moieties are described herein.

Exemplary structures and stereochemistry of compounds of formulae
(VII) and (XVII) are shown below:

OPG‘} OPG1 .

Exampiles of the structures of compounds of formulae (VID) and (XVI)
are shown below:
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Y-RB AND/OR R3Rs OHOH (XV -B) ,OHOH 0 0 AND/OR
Additional methods for synthesizing Salinosporamide A and analogs

WA EPaEt Hfélshown below in Schemes 9-5 and 9-6. The PG PET#E2007/008562
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 (XXXVIII) and (XXXVIlIp) can be
cleaved as descrilasad herein to form compounds of formula (XXXIX) A
(X3C<IXPurespectively. The C-15 primary alcohol group oféhe
compounds of Tprmulg (XOCTX) and (X00C1Xp) t&uwhe, conve
using the meth setBePMerein, wherein R5 which can
from the group/consisiing eC(0)0R5,-C(.3:-0)NR6R6 and\=
R6 can bec?ndep entlrselected from the group consi
halogen, or substit§fed oy unsubstituted variants of A& followi

(VII-1) XVI-1D
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
R‘I\{ Ry R’l\( R4
N OH N o
5 Ra P S Rz
O © O
OPG;, OPG,
X (XVID
Exemplary structures of compounds of formula (X) and (XVII) are as
follows: '
RQ“U:,.,{O R4
N "MOH ;
..m\\Rg
O
OPG;
X-A) (XVID
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arylalkyl,p-nitrophenyl,pentafttiorophenyl,pentafluoroethyl,trifluoroethyl,
trichloroethyl, and heteroaryl;, and Z can be a halogen. After the

woansformsation of R5, a compound of formula (Xvi) can be REFBE2EE/008562
described above with respect to Schemes 9-1 and 9-3. If desired, the
C-13 primary hydroxy group can be protected during the oxidation of C-15
hydroxy group of compounds of formulae (XXX1X) and (XXXIXp) and then
removed if desired. WO 2007/117591PC TMS2007/008562 Scheme 9-6
OH (X Xlp) OH(XXO OH(XXX1Xp) OH

Rq Uy, {O R4

(X-B) (XVII)

IOH
U O
..u\\\\Me
O O ,,.\\\\\Me
OBn OBn
(X-1A) (XVI-1)
t-Bumn,,, ( ©
OH —
u\\\\\ Me
O
0Bn
(X-1B) (XVII-1)

Additionally, a compound of formula (XVII) can be obtained via the
synthetic Scheme 8-3.
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Additional methods of synthesizing compounds of formula (XV) are shown
in Schemes 9-7 and 9-8. The PG) of the compound of formula (XVII) or
W9 EdAlbe removed and the resulting hemiacetal can b&GEAHRIR7AI8562
opened as described above to form compounds of formulae (XXXVIII) and
(XXXVIIIp), respectively. The Euninal of the compounds of formulae
(XYVIII) and (X,arVIlIp) can be cleaved as described herein to form
Scc:génng)eoggds of formula 200(1X) and (XXXIXp), respectively. The C-15
“primary-alcohol group of the compounds of formula ()DOW() and
H can be converted {0 R5.48ing the methods descr‘i_{bed herein,
whefein R5 which can be selected frgm the group consisting 6

-R@ﬁ)SRﬁg)-Q(:O)_NR. .
‘:the group congi Fogen, halogen, or

unsubstituted variants of the followiRng: C2-C24 alkyl, acyl, al

the transformation of Rs, a compound of formula (XVI) can be formed as
described above with respect to Schemes 9-1, 9-2, 9-3, and 9-4. Ai
ORgd offprmula (XV) ahtaj ja the methods of Scnge
alinggporamide A oﬁﬁsalo S
8, 7-9“\ 7-10, and 7-11 as
T608362 Scheme g

VI oPG, (XAXVI OPG; CIXXVI) OPG;,

A compound of formula (VII) can be synthesized from a compound of
formula (V) via steps (d) and () 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 chioride, SOCI, etc.) to form a compound of
formula (XXXVI). In an embodiment, R,, R; and PG, of the compound of formula
(XXXVI) can be the same as described with respect to the compound of formula (VII)

and X is a halogen.

Examples of the structures of compounds of formula (VID and

(XXX VT) are shown below:
qu/m..,{o

R-}/luu.,(O\
""””COORZ N

COOH or -COX
it Ra

OPG; OPG,
(VID (XXXVT)
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Y-RgROH 0/ C (XXXV111p) OH

WO 2007/117591 PCT/US2007/608562

t-Bu nm“.( ©

t-Bu I/llu..{O
it CO0OMe COOH or -COX

it Me

OBn OBnR

(VII-1) (XXXVI-1)

The carboxylic acid/acid halide of the compound of formula XXXV
can be reacted with an appropriate N,O-dimethylhydroxylamine hydrochloride
[HCLHNMe(OMe)] to form the corresponding Weinreb amide, wherein R;, R3 and PG,
can be the same as described with respect to the compound of formula (VII) and R*” and

R can each independently be selected from the group consisting of alkyl (e.g. methyl),
alkoxy (e.g. methoxy).

Exemplary structures of compounds of formula (XXXVI) and
(XXXVII) are as follows:

R-}I/n,,,,(o me,.,{o
RIII
N COOH or -COX N N/
.n\\\\Rs e i .\\““R3 \ e
o o R
OPG; OP Gy
(KXXVI) XXX VID
t-BUIII:.,,,{O t—BU//Im..(O
A Rll!
N COOH or -COX N N/
awtMe ——— oie \R
8] @
OBn OoBn
(XXXVI-1) (XXXVII-1)

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;, Rz and PG, can be the same as
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WO 2007/117591PCT/US2007/008562 Examples of the
structures and stereochemistry of the compounds of formulae poocvm)
WARP{ENRFX) (X)OCIXp) are shown below: 0 AR3 OH OP @GLTH$2007/008562
In some embodiments, the compounds of formula (XXXVIlIp) and
(XXXIXp) can have the same structures and/or stereochemistry as the
corresponding non-protected compounds of formulae (Xxxviii) and (Xxxix)
except that the kern carbonyl group is protected with a suitable protecting

deggriRis| Sy ith respect il ERBERAAE FRSMHOSEb Rt RicoAN Be whesierifrom the
erol odiis)stian be abtaines fommtatipaudndhokformEta UowEEreinR4 alky),

Czlé%%;%%%ggqi%ﬁ%%%%@g éségglé IS&QI&HQ)% V&QCIZ cycloalkenyl, Cs3-Cys
cycloalkynyl, C3-C;» heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
(cycloalkyDalkyl, (heterocyclyhalkyl, 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, alkoxysulfinyialkyl,
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 heteroarylalky!
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: C;-Ci; heterocyclyl, aryl, heteroaryl, heteroarylalkyl, (cycloalkyDalkyl,
(heterocyclybalkyl, acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl, aminocarbonyl,
azido, azidoalkyl, aminoalkyl, salt of an aminoalkyl, carboxyalkyl, salt of a carboxyalkyi,
alkylaminoalkyl, salt of "an alkylaminoalkyl, dialkylaminoalkyl, salt of a
dialkylaminoalky]l, 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,
(alkylphosphoryDalkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkcyl. Suitable organometallic moieties
are described herein.

In certain embodiments, compounds of formulac (X VI) and

(X VII) can have the following structures and stereochemistry:
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In another embodiment, the compound of formula (XXII-1) can be
converted to a compound of formula (XVI-B). If desired, the
wetesenahiemistry of the C-5 secondary hydroxy of the comp8ahd S0fG PRI
(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.
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 hidgxy compounds of formulae (30C‘]_,g and (XXlp) can be
modified following thefprocedures,shown in Schemes"76; ¥
7-10, and 7-11 ag;f Reduction of the C-5 ketq,group o
hydroxy group ¥sing an amropriate reducing agent (e.g., g
borohydrid@yto C Iincfgsporantide A or analogs-tH q'5ke

time using one of the methasalescribed herein or one known to thosg, -
skilled in the art. For example, the stereochemistry of the C-5 secondary '
hydroxy can be invertédh ?Iﬁ@ compound of formula (XV). In an(XVII)

embodiment, the stereochernistry of the C-5 secondary hydroxy can /z-

© inverted,ig 3 one st8p progess as described herein (e.g., by a Mits
transformation){ The ig el ion caa,also take placqhiQLmlultis c’e procegg

esagdary hydroxy group can béa S
an appropriate gxidizi gﬂg\mt\(g;g., Dess-Matrtin periodingne, £
TPAPTNMGFS ox sation Feagent, PCC, or PDC) to 3 keto“ )

"

then reduced to a hydroxy-group using a suitable redne

the reducing enzyme is a ketoreductase such as KRED-EXP-C | A anghf

KRED-E'XP-B 3Y. @9&0\9@11;17591PCT/U82007/008562 (XVI-1) In
some embodiments, R4 cannot be 2-cyclohexenyl in any of the
compounds an{RTRRISEE ahRipFE Ratingrpata@i dbarerraaregs theteof from

a Pooywhohéxd hiytimian{Xoflihés chovpolingishamd paethods described herein. In
some embodiments, R4 cannot be isopropyl in any of the compounds and
methods described herein. In other embodiments, RA is isopropyl in any
of the compounds and methods described herein. EXAMPLES
Commercially available compounds were obtained from Sigma-. Aldrich
and were used without purification unless stated. 11-1 NMR, 13C NMR,
and 1H-1H COSY spectra were recorded at 500 MHz on a Balker
spectrometer and chemical shifts are given in 8-values [ppm] referenced
to the residual solvent peak chloroform (CDCI3) at 7.24 and 77.00,
respectively. The LC-MS data were obtained from an Agilent HP1100
HPLC equipped with an Agilent PDA detector (the mobile phase was a
mixture of CI-I3CN and 1120) and MSD system. The optical rotations
were obtained from Autopol-IIl automatic polarimeter and the melting point
was from Mel-Temp apparatus. EXAMPLE 1 SYNTHESIS OF (I-1)"'
t-Bu HN\ Me00C 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 lu-s 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, (24.5 g, 131 mmol, 81.5% vyield) as clear oil, which can be
used without further purification. The-¢6/pound I-I was characterized by
1H-NMR (CDCI3, 500 MHz). See Figure 2.



EXAMPLE 2 SYNTHESIS OF THE ESTER PRECURSOR OF
COMPOUND (lI-1) Method A To a solution of
WO ECEtbacetate (30 g, 0.19 moll in dry THE (800 mL) atf§ BESH{)4¥008562
added t-BuOK (23.41 g, 95% w/w, 0.21 rnol) and the solution was stirred
for about 15 minutes. Allylboromide (18.39 g, 0.152 not) was added and the
solution was stirred at O C for additional 15 min. The réaction mixture was
ch‘é%@"?wed to warm to room temperature and stirred for about 5 hours
“—under an atmosphere of N2. The above reaction mixture was then cooled

rR{Q0 Oy encragd with 1120 (300 mB) Extracted with Et0Ac (3 X200 .0
mL)\The ¢on hined organic phase was dried_over Na2S04 and
con der rgduced press THe eruds produ&t was purifs Rs
ili :chrcrmatog’raph 4Rem) usmg—a—s&lvent Ry

hox anes (3 L) to 2.5%°

(14.5q, 0. 07 ayTalA 38 5% yield). Alternatively, The crude product was ‘
purﬁ’(%él by fractional distillation (130°E'Bh bath®§0-95 C bp) under figh OPG,
vacuum (12 mm Hg) to afford product, the ester precursor of the (i)
compound (II 1) (66% Method B To a solution of t-BuOK (50g)

QY 42mol) in dry THE (1.5A,) at:0.€ was added Raw_ 5.0
IES nder an ag{mosphere of

~ : romide (479, 0.39mo1j
ided slawhPand the-sotation was dtirre C for abeﬂg-ze hours.

reactigh mixture was allowed t&war rqom temperature and $tirre
additignal 5 hours. The reaction mixtyre Was then quenched with 1420
(1L) at O~¢rand extracted with EtOAc (30,5 mL). The organic phase wa
oghited ovef, MgSO4 and concentratgguinder reduced pressure. The cr&g
product was purified by fractional distillati®¥f(130 C oil bath, 90-95 C bp) ©H
under h;grr vacuum (12 mm Hg) to afford the product, the ester precursor

of the compound (11-1) (54 g, 0.27mol, 6§% yield). 11-1-NMR (CDC13,
500dylHZ) (8)15.68 (m, 11-1), 5.03 (brRdd, =17 Hz, 1H), 4.97 (hr dd, J

1, 10 Hz7111),8.35 (t, J= 7.5 1H), 2.48 (bi t, .12%.0, 2H), 2.16 (s, 3H),

ee Figure 3. EXAMPLE8 ESIS OF THE
(HESTER PRECURSOR/OF OUND (11-11
B O

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, Ry 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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To a solution of the ester precursor (45 g, 0,23 mol) in hexanes (1.6 L)

were added ethylene glycol (70.5 g, 1.15 rnol) and PPTS (2.85 g, 0.011
waobp7iiesyeaction mixture was refluxed at 95 C using DearrStar$e007/008562

apparatus for 6 days (Note: 28.5 g, 0.46 mol of ethylene glycol was added

to the reaction mixture every two days to maintain its concentration), then

cooled to room temperature The reaction mixture was then neutralized

with 800 p.L of Et3N and diluted with H20 (500 mL). The organic layer

was separatedAdriadeseaitaisoemnauesh@infriradynddrife ot dg VD may
halEassysB s aifaschpredyehdRepuiestedester precursor of the compound

(1I-1) (44 g, 0.18 mmol, 80% yield), which can be usedgfor the next step

withoumur,i]‘jﬁlo 1H-M)IR (CDC13, 500 MHz) (8): 5.7 H), 5.06

(dd,..i=1, 17 Nz, 11¥1), £.97 (d,1= 10 Hz, 1H), 3.94 (m,4H),{2

J=3.6, 11.5 HK,

, 1.38 (s, 3H).
1R TFA,

OPGy OPG,

Exemplary structures of compounds of formula (XVII) and (XVIII) are

shown below:

t—Bumu..‘_{O

OH

N —
aanie
O O
OBn OBn |
(XVII-1) (XVII-1)

In step (hy), the C-15 primary alcohol group of a compoi.md of formula
(XVIID) can be converted 10 Rs, which can be selected from the group consisting of ~
C(=0)ORs, -C(=0)SRs, -C(=O)NReRs and -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,-Cas alkyl, acyl, alkylacyl, arylacyl, aryl,
arylalkyl, p-nitrophenyl, pentafiuorophenyl, 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
(R¢=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 (XVII) 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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No chromatography00 \J 311-1 To a solution of the ester
with protecting group moieties precursor (28g, 0.115 mop in CH2C12 (28
WY1 Was added trifluoroacetic acid (11.A neat, 56 mLPOT/O2eHGIP8562

and the solution was stirred for about 5 min. The reaction mixture was

then allowed to warm to room temperature and stirred for one hour. The

reaction mixture was diluted with CH2C12 (400 mE) and extracted with ice

cold water (3 x 300 mL) The organic layer was dried over Na2S04,
APREBRLET QEHeTRI S TR AR el SPERRAE AR I iR iR P HRIFIS/ SR fBfosphate
dibafiotmeehhbPHbiteteni6 dedhredrestdualbbkfictadtforehthiesproducmverted to an
esGOUPRHACLS (45 50,0080k, T206,Y1EIEh ARG Y2l WA Cllng o

e used for the next step without purification. The compound Il-1 was

APRIARFERe AEQE Ay i RiRIYEPERS: SH6tIMElz A bk FETEDe 83 288 acid,
berdiz h683), o dnfindBdtQelar debtidwhhidddiz) IihBehde(bsdibnadrs1 B Hnd R, of a
co %E%uédo& %‘rrﬂhg ’(?(‘I;% @éﬂ B]ezt%?eg szgr?leoab éeg&ﬁae%' %tﬁ@%{{'}é@bﬁ'ﬁ(ﬁeﬁ%ﬁpomd

. See Figure 5. EXAMPLE 5 SYNTHESIS OF COMPOUN
of fyreENIBYEY):MsCI (2 eq), CH2C12 at OC 2). L-1 (1.5 eq),
Compounds of formula (XVIII) and (XIX) may have the following

structures and stereochemistry:

Rs o R, o
HN OH HN Rs
R R3 ottt R3
QO O
. O O

OPG, OPG, ,
For example the compounds of formula (XVIIT) and (XIX) may have

the following structures:

OH Rs
‘._..._—._..».
FRELANS Me .,.\\\\Me
o O o
OBn OBn |
(XVIII-1) XIX-1)

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 formuta (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, Rz, 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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0 C to EtT, 15 hrs - 66 % (Chromatography) 7-9 0\2 -6001Me

To a solution of compound 11-1 (4.8g, 25.81 mmol) in dry CI-12C12 (200
witdoat 0'81were added EtsN (7.82g, 77.42 mmol) and metR&iEstai8H #8562

chloride (5.89g, 51.62 main!) and the solution was stirred for about 10

rnim Then compound 14 (5.31g, 28.4 mmol) was added, the reaction

mixture was allowed to warm to room temperature slowly and stirred for

about 15 hrs. Then the reaction mixture was quenched with 1120 (200

ML) and extraEEsRARY CITBRENrSS( 3541 SRR ST oM LTRBP ARG R formula
(xiayenwasxlyies oves NakS@4 and concentrated under reduced pressure

to yield g mixture_of two diastereorners (3:2). See Figure 6bgJhe cr

product W&

using a solvent I;gsdient of 19:1 (500 mjL) tg 9:1 (500 mL) 0,4 L:3 smL)
to 4:1 (! 3:1 (1 L) hexanefit Sfford the product/ compound
-1 9 rR3655% yreld)/ The SomyFauma =T aracteuze
by 11-1-N 13, 500 N#Hz). Fidese 6. MS (ESI) ink 356 [M-I-H],
EXAMPLE 64 SYNTHESIS OF CO (Iv-I)

QPG OH S

For example, compounds of formula (XIX) and (XX) can have the

following structures:

(XIX-1) (XIX-14) (XX-D
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 5-1. 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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Method A: To a solution of compound 111-1 (6 g, 16.9 mmol) in CH3CN
350 mlL%qwere added sodium iodide (3.3 g, 21.97 mmol) and cerium (l11)

WO AE Réptahydrate (9.45 g, 25.35 mrnol) and the reactioRGHXEEPA7(R2§62
stirred at 60- 65C 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
CHscN/EtOAe‘?’féﬁ\ﬂ'rt?a é‘goﬁ}ezé%i“ﬁﬁé‘&d(d%@@%‘ib%% pc))grt OmpRyRds of

formak U prek(PaXie dravitho B10&lo(@O0 mL). The organic layer was dried
over Na2S04, gnd conggntrated under reduced preggure to afford the
product, 1V-1 (44 g;124.2 mmol, 83.5% yield) as a mixtu
diasterorners (3:2). kigure 7e, If desired, the pm\?luct
the next step out\purification. The compound V-1 was, characterized
by 114-N Hz) and NOESY (% MHZ), See
Figures 7a and 7By MS (E21) miz 312 [M+FI]. A portion f thégroduct was
further purified by geverse phase HPLC using C-18 colgmn (1§O mm x 21
mm), and an isocratis.solvent system of 40% acetonitrile T8,H20 at a
flowrate of 14.5 mL/rnin to afford individual diastereomers IV-1A and
IV-IB as pure samples?the diastereomers IV-IA and IV-1BRNkre -
characterized y,1HNMR (CRGH30800MHah Se¢:EguEsa TRRAIAL. have the
Compound IV-1A: 11-1-TiMR (CDC13, 500 MHz) (8): 5.73 (m, 1H),

foBowing SIFPEY89S (m, 1H), 5.05 (d, J = 10,1 Hz, 1H), 4.64 (d, J= 6.3 Hz,

Iy, 4.53 (d, J z, 1H), 3,90 (t, J= 7.6 Hz, IlI), . 3H), 3.67 (t, J
= 7.6 Hz, 1H , 2H), 2.27 (s, 31-1), 0.91 (s S (ES!) m/z 312
[M+H] QV-IB: 1H-NMR (CDC1S 9): 5.76
(m, 111), 5.28 (s, 1H), 5{18 (hr d, = 17.3 Hz 114), 5.08 (d, J = )

1H), 4.88 (m, 1H),4 Rs 8.2 Hz, 114), 3.88 (m, 1}/ , 111),
3.76 (s, 3H), 2.88 (jh, 1H) 2.634m, IN)-2.22m{s, 3H), 0.8¢ 4)..MS
(ESI) m/z 312 f§4+H ‘ orMethod B: A mixturey gt coqpetnd I11-1

(175 mg, 0.493 mmol)fand iodine (12.52 mg, 0.0493 mmol) jn acétene (20

solution was washed successively with 5% aqueous sodium thiosulfate
(10 mL),1420 (10 mL) @ds-byine (10 mL). The resulting organi&hdse was

dried over Na2SQ4; canceniiaied yngesLrauced preseisaand Beffiasby (xx1)

silica gel plug column (2.5 cm ID x 6.cm) using a solvent gradient of
copo e (59T i) HPALECPIBD P50 FROPRER (TOURAL) B 7 (ROpoune of

forth)haxaNBEToAe daatipraiieHioducta CSRBoUNG NS @ToRAGINEBL R, and Ry

Cfﬂg’tg&%ﬁ% Welrmula _ II.%NE%WQQ GheA s ue @s@ﬁﬁ&om lHedoect to the
(50%{‘2%, 1.40 rrumol) and LiBF4 (200 r%%‘ 2.1 mmol) in CH3CN (6 rnL,

COPRIDG EFuPY) LRy 270 P87 2250 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 int) to 4:1 (50 InL) hexaries/EtOAc to afford the
purified product, compound 1V-1 (260 mg, 0.84 mmol, 60% yield). WO
2007/117591PCT/US2007/008562 EXAMPLE 7 SYNTHESIS OF
COMPOUND (V-1A) IV-1V-IA To a solution of compound V- |
(26 g, 83.6 mmol) in dry THF (2.7 L) at RT was added t-BuOK (4.68 g,
41.8 mmol). The reaction mixture was stirred at RT for 15 min under an
atmosphere of N2 and then quenched with 1-120 (900 mL) and extracted
with EtOAc (3 x 400 mL). The combiné&lgfganic phase was washed with
saturated brine solution, dried over Na2S0O4 and concentrated under
reduced pressure. The reaction mixture was dissolved in 1:1 ether :
hexanes (75 mL each) and transferred to a crystallization dish, where it
was allowed to stand and crystallize. After an hour, the crystals (1st crop)

were separated by decanting the mother liquor. The crystals were washed
with ethear (2 v 10 ml ) and havanecec (2 v 10 ml Y The combined mothar



Compound V-1A: 11-1-NIviR (CDC13, 500 MHz) (8): 5.96 (m, 1H), 5.15
(hrdd, J=1.5,17.2 Hz, | H), 5.05 (d, J'= 10.1 Hz, 1H), 4.93 (s, 1H), 4.50
wi@l2dm/81%Hz, i), 4.26 (d, J= 8.9 Hz, IFI), 3.77 (s, 311), 3.1@Ck/ 0B HI8562
1H), 2.56 (m, 114), 2.31 (m, 1H), 1.96 (s, 1H), 1.30 (s, 3H), 0.87 (s, 911).
3C-N1).(1R (CDC13, 125 MHz) (8): 177.9, 171.8, 136.7, 116.6, 96.7, 80.4,
79.2, 68.0, 53.3, 52.6, 36.5, 27.9, 25.0 (3x0-13), 23.0. M.P. 113-114 C
(crystals obtained from 1:1; diethyl ethenhexanes). [cti22 o0 8.4 (c 0.96,
CH3CN). MS (ES}rphizy3s2u@itees) a8 sEigeakesiistry of cofhposbdspoufidmula

o AnwesRispchanactergeskby 13C-NMR (CDCI3, 125 MHz) and 1H
-111 COSY N (CDC3, 500 MHz). See Figures 9_and 10. ghe

HPLC using the solvent g of\30% to
@¢hin, at a flow rate of 14 weld pure
(@DClS 500 MHAZ(5): 5,00 (hr dd,
3 1H), 4.52 (d, J -= 9 117, 1H),}4.2 (& 9 Hz,
68 (m Hi), 2.51 (t. 1 7 fiz, 1H), 2.4 , 1H), 1.29 (s,

3H), 0.89 (s, 9H). See|Figure 25. MS (ES!) in/.r 312 [M+Hr. The structure
was confirmed by x-ragiarystallography, Figure 26. XCompound

V-ACIHNIVIR (GBS, 200 MEz _, 17
, I H), 5.06 br"aﬁ’ii‘”i@%z‘““)f’llff‘}z;’%% ?19%5@121 Egg% w S fjave the

foBc%r(q stn@tglz, 111), 3.79 (s, 31-1), 3.43 (dd, J = 6.3, 8. 5 Hz, 1H) 2.53
(m, 11-1), m, 1H), 1.27 (s, 3H), 0.86 (s, 9 Figure 27.
13C-NM 3, 125 MHz) (8): 175.8, 171.5, 16.9, 96.2, 80.9,
78.3, 68.8 3%02.6, 3635, 28.8, 25.0, 20.2. Seg
312 [M+11]t i

S (ESI) m/z
Figure 29. Comgound of XX1X-1:11-1-NMR (CDC| 3,800 MHZz)

(5)581(m1 dd, J = 1.5, 7.5, Hz, 111), 78 (d, J
=85 Hz , |5h-A ?374(5 3H)318(dGJ 2,97 (1,

274, 24.7,12.1. See Figre 31. MS (ESI) m/z.294 bv|+Fi/21 )I(AMPLE 8
(XXI-1) XXII-1)

As shown step (1) 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) or 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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SYNTHESIS OF COMPOUND (VI-11 0804 (0.05 eq), NMO (2 eq) "™COO
Me in THF/H20 at RT for o/n OHthen Nal04 (3 eq), 3 hr V-1A
WHFHEBIRIAN of compound V-1A (530 mg, 1.7 mrnol) in THREEGER (47408592
mL) were added NMO (50% w/w aqueous solution, 750 gL, 3.4 mmol) and
0804 (2.5% wt% in 2-methyl-2-propanol, 1.1 mL, 0.085 mmol). The
resulting mixture was stirred at RT for 17 hours. Then, Nal04 (250 mg,
1.16 mmol) was added to the abave reaction mixture and stirred for
additional 3 hr&¥aBies. thhe SNSRI WisteqaRRieY Wwithcompounds of
forsaila AN add ZRY Laenhpand<aturated Nal-1CO3 (10 mL) and
ext@gted with C1-12C12 (3 x 20 mlgy, The c\:\@;ppined organic layer was
dried o a25©4 and concentrated UngsY redgced pressure. The cru
product

Eto a.fiordcgmp%
om

Fastereomers. The

(XX1II) (XVI-A) (XVI-B)
As another example, the compounds of formula (XXII) and (XVI) may

have the following structures and stereochemistry:

(XXII-1) (XVI-1A) (XVI-
1B)

If desired, the steresochemistry 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.

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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"COOMe ""/COOMe"COOMe aftCH,C12, RT, 15 hrs.+ 086% vyield.0
(Chromatography) OH' banOBn VT-1VII-1"VII-Ib To a solution of
woanpawrsdiV14 (170 mg, 0.54 nano in dry CH202 (3 mL) wesTzdsheal/008562
Bn01-1 (170 pl, 1.64 mmol) followed by 3F3.Et20 (20 41, 0.16 mmol). The
reaction mixture was stirred at 25 C for 15 hours. Then Et3N (100 al, 0.7
mmol) was added to the above reaction mixture which was directly
concentrated, followed by silica flash column (1.25 ern ID x 5 cm)
sterslondneraistyy aphipa siegreisoenrgradié thotedi¢sadrat Yootk (BOVHhB) toan be
invAred3d %ﬁ@@éé}ﬁ%’%ﬂﬁ&&%ﬁ HerdeconpaLndiile &4&%@&9 0 21 mmol)
and compound VII-lb (104 mg 0.26 nunol) 86% total ¥|eld QV
VII-1" and comPSGRETY firtbodiments, A compabed D, (Rv), and
mmw@mommm@mgmqmesmw@ammw4 6.3 Hz lH) 477
1), 4.78 (d, J= 12.0 Hz, 1I-1), 464 (d, QC,QSSHZ 111), 4.45 (drJr 11 _oH
A7 (@, J= 8.5 Hz, 11- 1) 3.78%%) 3111 3.36 (d, J 8.5 Hz, 11-
FI), 1.37 (s, 3H), 0.86 (s
: 111-NMR (CDCI3
DI RBH ORI
(d, J 12.0 Hz, IN), 4.21
85H32 1H), 2.60 (d, J = 13.2

m,-511), 519
8.5 Hz, 1H), 4.50 (s,
§, 3.76 (s, 311), 3.17 (d,
, 111), 1.23 (s, 3H), 0.82 (s,

1

-

confirmedfbr?| crystal structure, as shown ifigure 15.
(XX X

(XV-1B)
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WO 2007/117591PCT/US2007/008562 EXAMPLE 10 SYNTHESIS OF
COMPOUND (VIII-Ibd  Vlil-Ib To a solution of compound VU-i1,
(40 mg, 0.1 mmol) in dry THE (2 mL) at -20 C was added LiA1H4 (2.0 M,
75 ul, 0.15 mmol). The reaction mixture was allowed to warm up to -5 C in
rr&mm and stirred additional 20 nLiWe reaction mixt as then
[

nched with saturated aqyeous potas sodiym tartrate gr}l_\)n%g
\66< [ R The corﬁ%\o ic layer was d 0

tra ted org
“ under reduce;dqweszre to yield agrut \

mg 0. @§1 rnmol, 50% yleld)} The compound VIH It was characterlze by

11-1:NMRACDCI3, 500 M(ﬂ!jh])}3§ee Figure 16 ?1) inlz 37@;[{‘\/1[ ﬁ(&g)

EXAMPLE 11 SYNTHESIS OF COMPOUND Viil-1a) OBn B n

VIFLVIN-L, 7 5ome $00pdigishtn Srusplun davua (80 hgn e nihesized
viarticiebninodty THT (5 mL) was added lithium borohydridc (2M solution in

THI', 558 uL, 1.1 mmol,) and stirred

Scheme 9-2
R4 5 O
( HN ; 15~0OH !
22) Rs (hy)
0
0
(XVID OPG;, (XVI) OPG;

(XXID)

OH 9 oK

A compound of formula (XXI) can be synthesized from a compound of
formula (XVII) via steps (g2), (hy), (i) and (j) 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, Ry and X can be the same as
described with respect to the compound of formula (XXII).

Exemplary structures and stereochemistry of the compounds (XXI) and
(XV) are shown below:
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at RT . After 15 minutes of stirring, methanol (100 tit) was added to the
reaction mixture at RT (room temperature was maintained by cooling the
Wi attio Bitkture with water bath). After 3 hours of additionaP SHHFRYY Hess62
reaction mixture was quenched with H20 (20 mL) and extracted with ethyl
acetate (2 x 20 mL). The combined organic layer was washed with brine
(20 mL), dried over Na2804 and concentrated under reduced pressure to
afford the product, compound VIlI-1, as clear oil (75 mg, 0.2 mrnol, 90.9%
yield), which cﬁméﬁﬂ‘?ﬂgﬁe%&dsigﬁw&ﬂf%fg BifrRmpounds (XXI) and
CXohrarn siegrapélywt he compound was characterized by 11-1-NMR
(COC13, 50yMHz). See Figure 17. l[;!\/IS (EShn/z 376 [1v1+1-1] ar]g 398 _on
[M+Na~g AMF&LE 12 SYNTHESIS® C%)MP@UND (IX-1b)

y silic las chromatography {colum
ID X io cm) using a solvent gradient df 19:1 (50 mL) to 9:1 (190

was chara@#drized by 1B-NMR (CDC13, 5600IMHz), See Figure 18. MS OH
(ES!) m/z 374 [M+I-11. WO 2007/117591PCT/US2007/008562

EXANLE 13 SYNTHESIS OF COMPQUINE) (TX-11) OBnOBN (XV-B)
alcohol, compound VlllI-la (48.mg,

added NMO (37.5 mg,
Q O 3, b
ed

The rg@qtlon mixture
The above reaction mixture wgs then concentrs

_,‘/

XXI-1) (XV-1A) XV-

1B)

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.

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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SYNTHESIS OF
9-CYCLOHEX-2-ENYL-9-BORABICYCLOr3.3.11NONANE
W eI8Héka1,3-diene9-BBN9-cyclohex-2-eny1-9-80N PCTIHI$2007/008562
solution of 9-borabicyclo[3.3.1]Jnonane (9-BBN) in THE (0.5 M, 10.0 ml,
5.0 mmol) was added 1,3-cyclohexadiene (97%) (490 d, 5,0 mmol) and
stirred for 24 his at RT to afford a solution of 9-cyclohex-2-eny1-9-BBN in
STEHE (;ég M) which was directly used to couple with compound of formula

2007/117591PCT/1152007/008562 EXAMPLE 15
§YNT eSIS OF COMPOUND x.-lb $X- 1 bX403 Toa SO{}JJ;IQQ of
compound)iXs ‘(20 mg, 0.053 o) iny TI- 'F@ 5ml) at-78 C & etRs
the 9-& =eny1-9-BBN soluf| Xamiple 12) in THE (65
302 /ol). The reaction i RS éﬂ%%vgg to warrt P
15 hr d for addition&™10 Ethymrmm

conc%nfﬁated under reduced preséﬁi’épénd fH’ésresultlng reside@vas e
purified by silica flash chromatography (column 1.25 cm ID x 10 cm) %Jhs)lng
a solvent gradient of 19.:1(50 mL) to 9:1 ON mL) to 17:3 (200 L) l

to afford the produgt, cdmj
mmol, 70.4%) WhICh S crysfalllzed from R4
tbB was characterize

Ta.g solution of aldehyde, compound IX-4,,, (60 mg, O. 161 mmol) in THE
(2.0 mL) Q¥-78 C was added the 9ERI0REx-2-eny1-9-BBN sol@i3H in ©7
THE ((Q( iM 0.96 mL, 0.48 mmol) and the reaction mixture was allowed to
warm to RT over 1.5 hr and stirred for additional 10 bra at RT. Ethylamine
(50 pi, 0.81 mmol) was then added ®a-the above reaction mixtugg, andon
stirgn rEYm,lgd for an additional 16 bra at R¥. The reaction mixtefe w

ient-ef34941(50 mL) to e (200 ml_)_&h.exar%s/Et (o

re product, a compound X-10B (52.0 mg, 0.114 mmol,|70. 5’%)
The c mp:&md X-1,..B was characterizet| by 3H-NMR (CDC13, 500\MHz),
and 13C\MiVIR (CDC13, 125 MHz). SeeyfFigures 23 and 24. MS (ES)) rn/z
458"M+14] and 478 [M+Nal. EXAMPYE 17 xvy

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, R3, 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 Cys alkyl, Co¢ alkenyl and Cop alkynyl, wherein R4 and Ry can be

optionally bound together to form an optionally substituted 5, 6, 7, or 8 membered
heterocyelyl.
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SYNTHESIS OF COMPOUND (XXI1-11 CICI MIA 13 To a solution of

compound XVI-1B (3.5 mg, 11.2 timol) in CH2CI2 (1 ml) in a scintillation
woiad(20 1R} were added Dess-Martin periodinane (23.7 mgPS&/ LAY}/ ¢i§ep2

a magnetic stir bar. The reaction mixture was stirred at RT for about 16

hours. The progress of the reaction was monitored by analytical TrIPLC.

The reaction mixture was then filtered through a membrane filter (0.2 um)

and purified by normal phase HPLC using a Phenomenex Luna 10u Silica

coltunn (25 crivx Slovmiin IBhaes B Heteetrparssivenigradiedof igogan be

uaﬁ%%@ﬁ@é\é hexs0rs oV RSk Bip (E00% I AHNChenciies avsdtibed with
AR SR e AT e U MU B 0.
profsr8kg) 21089 Pk Ipidties.- . R)«(md IR @P@@em\@ﬂ fyom. 9@ gmpound of
forétilla %}@@1& x{éﬂlg&@hlﬁﬁg(he@{dd 1 Gbtald HZLBR3R0I6f Idih3:03:3188 For
eaénmgtg:}% ﬁq%g%g}gt% tif]ﬁHﬁﬁ-r?f W% (;Il__rélgdt d/ Zc%ffjgo H l)x_'| + aZP]cgddé Lf%% f%\cim the
saray T .gEXAN R @S YAITIHBS] SWith GSIRD YN DWwwAgwmlng unprotectcd
cobblRMICAL: RERHETROMNR,, PG, and Rs of a compound of formula (XIXp) can be
selected from the same groups as a compound of formula (XIX). In some embodiments,
the compounds of formula (XVIIp), (XVIIlp), (XIXp), (XXp), (XXIp) and (XXIIp), can
have the same structures and/or stereochemistry as the corresponding non-protected
compounds of Scheme 9-1 except that the keto carbonyl group is protected with a suitable
protecting group(s).

Finally, the ketone group attached to the carbon adjacent to R4 of a
compound of formula (XXII) can be reduced to a hydroxy group using a suitable reducing
agent (e.g., sodium borohydride) or an enzyme to form a compound of formula (XVI),
including (XVI-A) and/or (XVI-B), wherein Rj, R4 and X can be the same as described
with respect 1o the compound of formula (XXII).

In an embodiment, compounds of formula (XV) can be synthesized

from a compound of formula (XVII) is shown in Scheme 9-4.
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The compound of formula XVI-1A was synthesized by reducing t_he keto
group of the compound of formula )0(11-1 with a common reducing

WARNT($) 8hder various reaction conditions as shown in the Teibles 200 es6:
2007/1175911107 1l S2007/008562 TABLE PI Reaction Conditions
Product Ratio Nal3H4 # eq &Anne Temp in

Scheme 9-4

(XViD OPG,

Y"‘"RA
R4 Y“"Rg
3
HN——Rs
- ) ”,
© (e}
XX o xixpy  OPG,
-.-———.—..._»..
XXn OH (XV) OH

A compound of formula (XXIp) can be synthesized from a compound
of formula (XVII) via steps (g2), (h2), (i2) and (§2) of Scheme 9-4 that are described above
with respect to Scheme 9-1. The protecting group moiety/moieties, Y-R4 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, R; and R, 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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C Time ini min 100, 0 HO ci (XVI-1 A) OH 0 1--

WO 2007/117591 PCT/US2007/008562

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.

In certain embodiments, the compounds of formulae (XXIp), (XXD),
and (X'V) can have the following structures and stereochemistry:

XXIp-1) XX1-1) (XV-14A) (XV-

1B) |
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
(XVI) or (XVIip) can be removed and the resulting hemiacetal can be reductively
opened as described above to form compounds of formulae (XXXVIII) and (XXXVIIlp),
respectively. The aminal of the compounds of formulae (XXXVIII) and (XXX VIip) 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(*O)SR(;, -C(=0)NRg¢R; and
-C(=0)Z, each Re can be independently selected from the group consxstmg of hydrogen,
halogen, or substituted or unsubstituted vanants of the following: - each R5 can be
independently selected from the group consisting of’ hydrogen, halogen, or substituted 6r

unsubstituted variants of the following: C;-Cys alkyl, acyl, alkylacyl, arylacyl, aryl,
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N I (XVI-1B) Monog yrne + 1% water -78 14 595 0

WO 2007/117591 PCT/US2007/008562

arylalkyl,  p-nitrophenyl,  pentafluorophenyl,  pentafluoroethyl,  trifluoroethyl,
trichloroethyl, and heteroaryl;, and Z can be a halogen. Afier the transformation of Rs, a
compound of formula (XVI) can be formed as described above with respect to Schemes
9-1 and 9-3. If desired, the C-13 primary hydroxy group can be protected during the

oxidation of C-15 hydroxy group of compounds of formulae (XXXIX) and (XXXIXp)
and then removed if desired. ‘

Scheme 9-5

(XVID OPG4 (XXXVII) 13 (XXXIX)

R4 5 O
HN— Rs
e B e 4 R,
o 2 OH
13
(XXID X (XX) OH
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1 Ivlonoglyme + 1% water -10 14 30 50 2C | Monoglyme + 1% water O 14
33,3 33.3 33.

WO 2007/117591 PCT/US2007/008562

Scheme 9-6

(XVp) OPG,

Y"“"RA
R4 Y““RB
5
R
HN—3 5
Ra
O R — &)
OH
13
KXipy Ay (XXpy OH (XXX1Xp)

l

(XX1ip) e

Additional methods of synthesizing compounds of formula (XV) are
shown in Schemes 9;7 and 9-8. 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 (XXX VIIIp), respectively. The
aminal of the compounds of formulae (XXXVIII) and (XXXVIIp) can be cleaved as
described herein to form compounds of formula (XXXIX) and (XXXIXp), respectively.
The C-15 primary aicohol group of the compounds of formula (3XXXIX) and (X3XIXp)

can be converted to Rs using the methods described herein, wherein Rs which can be

-123-



2Mortoglyme + 1% water RT 850 0 5C IMonoglyme + 1% water; RT 845
10 45 0.5 Monoglyme + 1% water RT 8
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selected from the group consisting of ~C(=0)ORs, -C(=0)SRg, ~-C(=0)NRgR¢ -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-Cy4 alkyl, acyl, alkylacyl,
arylacyl, aryl, arylalkyl, p-nitrophenyl, pentafluorophenyl, pentafluoroethyl,
trifluoroethyl, trichloroethyl, and heteroaryl, and Z can be a halogen. After the
transformation of Rs, a compound of formula (XVI) can be formed as described above
with respect to Schemes 9-1, 5-2, 9-3, and 9-4. 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

vy OPG; XXXVID

HN——— s
e R3
(o] 2 OH
13
xX) OH
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50 50 0 0.23I 1VIonoglyme + r% water IPA + 1% water RT8 RTI10 50 50
5000cc

WO 20067/117591 PCT/US2007/068562
Scheme 9-3
© Q.
R‘;“\/ /R4 R1 R,;
\N 3 5 Y_RA
4 R o N 4 Y"‘Rg
o 2 : — - Ra
¢ QH
N\
xXvny OPG;y XViip) OPG, (XXH V1)

(XXip) (XXp) OH (XXX1Xp) S

Ra (o] R4 OH
5 0 \5( o
HN— HN—Z/(
0 e}
O e o]

R3 Rg

13 13

Xx*h - oH XV oH

-125-



1 0.5 IPA+1%water RT112 60 10 3( 0.25 IPA + 1% water
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Examples of the structures and stereochemistry of the compounds of
formulae (XXX VIID) and (XXXIX) (XXXIXp) are shown below:

R4 o)

HN ~OH

In some embodiments, the compounds of formula (XXXVIIIp) 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).

In one embodiment, Salinosporamide A (compound XVI-1A) can be
obtained from a compound of formula (XXII), wherein R, is 2-cyclohexenyl, R3 is methyl
and X is chlorine.
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Cl ,
(XX1I-1) (XVI-14)

In another embodiment, 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.

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.

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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In some embodiments, R4 cannot be 2-cyclohexenyl in any of the
compounds and methods described herein. In other embodiments, R4 is 2-cyclohexeny! in
any of the compounds and methods described herein. In some embodiments, R4 cannot be
isopropyl in any of the compounds and methods described herein. In other embodiments,

R4 is isopropy! in any of the compounds and methods described herein.

EXAMPLES

Commercially available compounds were obtained from Sigma-
Aldrich and were used without purification unless stated. '"H NMR, *C NMR, and 'H-'H
COSY spectra were recorded at 500 MHz on a Bruker spectrometer and chemical shifts
are given in 8-values [ppm] referenced to the residual solvent peak chloroform (CDCls) at
7.24 -and 77.00, respectively. The LC-MS data were obtained from an Agilent HP1100
HPLC equipped with an Agilent PDA detector (the mobile phase was a mixture of
CH;CN and H;0) and MSD system. The optical rotations were obtained from Autopol-II1

automatic polarimeter and the melting point was from Mel-Temp apparatus.

EXAMPLE 1
SYNTHESIS OF (I-1)

+-Bu
NH@CI | ;\
MeOOCK_\ 3 +-BUCHO/EtsN HN (o)
Pentane, 50°C \ /
H OH s
MeOOC |

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 Et;N (17.85 g, 176.74 mamol). 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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EXAMPLE 2
SYNTHESIS OF THE ESTER PRECURSOR OF COMPOUND (1I-1)

COO'Bu +-BuOK
\\ﬂ//\\ +  FFN__-Br THF

© ~ 66% coo'BuU
Distillation O

Method A

To a solution of i-butylacetoacetate (30 g, 0.19 mol) in dry THF (800
mL) at 0 °C was added t-BuOK (23.41 g, 95% w/w, 0.21 mol) and the solution was stirred
for about 15 minutes. Allylbromide (18.39 g, 0.152 mol) was added and the solution was
stirred at 0 °C for additional 15 min. The reaction mixture was then allowed to warm to
room temperature and stirred for about 5 hours under an atmosphere of No. The above
reaction mixture was then cooled to 0 °C, quenched with H,O (300 mL), and extracted
with EtOAc (3 x 200 mL). The combined organic phase was dried over Nay;SO4 and
concentrated under reduced pressure. The crude product was purified by silica gel flash
chromatography (5 cm ID x 45 cm) using a solvent gradient of 100% hexanes (1.5 L) to
1.5% EtOAc/hexanes (3 L) to 2.5% EtOAc/hexanes (1 L) to 4% EtOAc/hexanes (700
mlL) 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

To a solution of t-BuOK (50g, 95% w/w, 0.42 mol) in dry THF (1.5 L)}
at 0 °C was added t-butylacetoacetate (65 g, ¢.41 mol) and the solution was stirred for
about 15 minutes under an atmosphere of Na. 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 vacuum (12 mm Hg) to afford the product, the ester precursor of the
compound (II-1) (54 g, 0.27mol, 66% yield). "H-NMR. (CDCls, 500 MHz) (8): 5.68 (m,
1H), 5.03 (br dd, J=1, 17 Hz, 1H), 4.97 (br dd, /=1, 10 Hz, 1H), 3.35 (t, /= 7.5 1H), 2.48
(br t, /=7.0, 2H), 2.16 (s, 3H), 1.39 (s, 9H). See Figure 3.

‘ EXAMPLE 3
SYNTHESIS OF THE PROTECTED ESTER PRECURSOR OF COMPOUND (I1-1)

|

1,2-Dihydroxyethane,
PPTS (0.05 eq), hexanes

Reflux at 95 °C, 4-7 days

COoBu ~80% (No chromatography) (®) ()

COOtBuU

To a solution of the ester precursor (45 g, 0.23 mol) in hexanes (1.6 L)
were added ethylene glycol (70.5 g, 1.15 mol) and PPTS (2.85 g, 0.011 mol). The
reaction mixture was refluxed at 95 °C using Dean-Stark apparatus for 6 days (Note: 28.5
g, 0.46 mol of ethylene glycol was added to the reaction mixture every two days to
maintain its concentration), then cooled to room temperature. The reaction mixture was
then neutralized with 800 L of EtsN and diluted with H0 (500 mL). The organic layer
was separated, dried over Nay;SO4 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 (CDCls, 500
MHz) (8): 5.72 (m, 1H), 5.06 (dd, /=1, 17 Hz, 1H), 4.97 (d, /= 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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EXAMPLE 4
SYNTHESIS OF COMPOUND (1I-1)

TFA, CH,Cl,

cootsy O°CtoRT, 1hr COOH
(&) )] Wo chromatography o O

-/

To a solution of the ester with protecting group moieties precursor
(28g, 0.115 mol) in CH,Cl; (28 mL) at 0 °C was added trifluoroacetic acid (TFA neat, 56
mL, 0.727 mol) and the solution was stirred for about 5 min. The reaction mixture was
then allowed to warm to room temperature and stirred for one hour. The reaction mixture
was diluted with CH,Clz (400 mL) and extracted with ice cold water (3 x 300 mL). The
organic layer was dried over Nap804, concentrated under reduced pressure and dried
under high-vacuum for about one hour (to remove the residual TFA) to afford the
product, compound TI-1 (15.5g, 0.083 mol, 72% yield) as light yellow oil, which can be
used for the next step without purification. The compound II-1 was characterized by 'H-
NMR (CDCls, 500 MHz): 'H-NMR (CDCl;, 500 MHz) (8): 5.77 (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 (1II-1)

| L

1). BN (3 eq), MsCl (2 eq), o
CH,Cl, at 0°C N/\\)
COOH —— -
o 0 2). 1-1 (1.5 eq), o H
0°Cto RT, 15 hrs \ / O COOMe

~ 66 % (Chromatography)
-1 grap -1

To a solution of compound II-1 (4.8g, 25.81 mumol) in dry CH,Cl;
(200 mL) at 0 °C were added EtN (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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WD128457a12¥an or little to nQproduct was observed using the PoliGWEHg 7/008562
reagents.a 4 on ID% Basic Al203, 2. K-Selectride, 3. KS-Seiectride 4.
BTHF-(RT-C13, 5. BriITHF-(S)- CBS, 6. NaBI-(0Ac)3, 7.
(C1-13)4NBI-1(0Ac)3, and 8. ihMgCl; b Methyl and ethyl ester derivatives
were formed when tvle01-1 and EtOH was used, respectively.

(5.31g, 28.4 mmol) was added, the reaction mixture was allowed to warm to room

temperature slowly and stirred for about 15 hrs. Then the reaction mixture was quenched
with H20 (200 mL) and extracted with CH,Cl; (3 x 100 mL). The combined organic layer
- was dried over Na;SO, and concentrated under reduced pressure to yield a mixture of two
diastereomers (3:2). See Figure 6b. The crude product was purified by silica flash
chromatography (3 cm ID x 30 cm) using a solvent gradient of 19:1 (500 mL) to 9:1 (500
mL) to 17:3 (500 mL}) to 4:1 (1.5 L) to 3:1 (1 L) hexane/EtOAc to afford the product,
compound II-1 (6g, 16.9 mmol, 65.5% yield). The compound ITI-1 was characterized by
'H-NMR (CDCls, 500 MHz). See Figure 6. MS (ESI) m/z 356 [M-+H].

EXAMPLE 6
SYNTHESIS OF COMPOUND (IV-1)

ik t—Bu,e “\\ t-Buy,
o
N/\ Method A, /9
Method B or N\)
o) O : " T
\ [ O CooMe  Method C o) o) COOMe
IIE-1 Iv-1

Method A: To a solution of compound III-1 (6 g, 16.9 mmol) in
CH3CN (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,O (CH3CN soluble part), which was
further extracted with EtOAc (100 mL). The organic layer was dried over Na,SQs, 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 V-1 was characterized by
"H-NMR (CDCl;, 500 MHz) and NOESY (CDCl;, 500 MHz). See Figures 7a and 7b. MS
(ESD m/z 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-14
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COMPOUND (XVI-1A) FROM COMPOUND (XCII-1) VIA ENZYMATIC

wBEROWGEHEDON Ketoreductase (31Y/C1A) pH 6.9 phosphatebuiiezi8 2688562
C NADHNAD Co-Factor Recycler

and IV-1B as pure samples. The diastereomers IV-1A and IV-1B were characterized by
"H-NMR (CDCls, 500 MHz). See Figures 7¢ and 7d.

Compound IV-1A: 'H-NMR (CDCls, 500 MHz) (8): 5.73 (m, 1H),
5.34 (s, 1H), 5.12 (m, 1H), 5.05 (d, J=10.1 Hz, 1H), 4.64 (d, J=6.3 Hz, 1H),4.53 (d, J
= 8.2 Hz, 1H), 3.90 (t, J = 7.6 Hz, 1H), 3.80, (s, 3H), 3.67 (i, J = 7.6 Hz, 1H), 2.60 (m,
2H), 2.27 (s, 3H), 0.91 (s, 9H); MS (ESI) m/z 312 [M+H]".

Compound IV-1B: '"H-NMR (CDCl;, 500 MHz) (8): 5.76 (m, 1H),
5.28 (s, 1H), 5.18 (br 4, J=17.3 Hz 1H), 5.08 (d, /= 10.1 Hz, 1H), 4.88 (m, 1H), 4.52 (d,
J = 8.2 Hz, 1H), 3.88 (m, 1H), 3.81, (m, 1H), 3.76 (s, 3H), 2.88 (m, 1H), 2.63 (m, 1H),
2.21 (s, 3H), 0.86 (s, 9H); MS (ESI) m/z 312 [M+H]". |

Method B: A mixture of compound ¥I-1 (175 mg, 0.493 mmol) and
iodine (12.52 mg, 0.0493 mmol) in acetone (20 mL) was refluxed at 56 °C for one hour.
The reaction mixture was then cooled to RT, the acetone was removed under rcpluccd
pressure, and the crude reaction product was dissolved in CH>Cl: (20 mL). The CH,Clh,
solution was washed successively with 5% aqueous sodium thiosulfate (10 mL), H>O (10
mL) and brine (10 mL). The resulting organic phase was dried over Na;SOq, concentrated
under reduced pressure and purified by silica gel plug column (2.5 cm ID x 6 cm) using a
solvent gradient of 19:1(50 mL) to 9:1 (100 mL) to 4:1 (100 mL) to 3:1 (100 mL) to 7:3
(100 mL) hexanes/EtOAc to afford the product, compound IV-1 (97 mg, 0.312 mmol,
63.3% yield).

Method C: A mixture of compound III-1 (500 mg, 1.40 mmol) and
LiBF, (200 mg, 2.1 mmol) in CH3CN (6 mL, wet with 2% H>O) 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 (§0 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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FDH or GDH XX11-1XVI-1A Method AlCompound XXII-1 was
subjected to enzymatic reduction using ketoreductases KRED-EXP-C1A
WA KRIBPLEXP-B 1 Y (BioCatalytics, Pasadena CA). 20 n¥ITHfS2007/008562
compound XX11-1 (62 mg, added as a DMSO solution, 0 4 mL), 60 mg of
KRED-EXP-C1 A or KRED-EXP-BIY, 50 mM sodium formate 1 mMNAD+
and 30 mg of FDH-101 were dissolved in 10mL of phosphate buffer (150

naM, pH 6.9): The reaction was stirredat 30 C for 1 hour before it was

‘ G Ia[ ers were evaporated to
dryness using a spee ot rﬁe@,\—,é%%ound XVI-1A, as

a solid white powder. HPLC analysis (C18 rever§_e\BBt1ase (is)lumn (ACE
C18,5 rH 150 X 4/6 am)) and NMR showed only the f’drgﬁu of XVI1A,

as showp in Tahlg,2. Both KRED-EXP-C| A and KRED-|oXP-BIY showed

product ation. Ro detectabfé%%.tmauon_gi the other/diastétépnene
alcohol, co poundxffTo ula XA, 1B was obsernvefTABLE Z=o H
Keto Ny 1 1-1ANYIVIBKRED-EXP-CIA 8%'82%
z Crystallization
O O  CoOMe
V-1 V-1A

To a solution of compound IV-1 (26 g, 83.6 mmol) in dry THF (2.7 L)
at RT was added t-BuOK (4.68 g, 41.8 mmo)). The reaction mixture was stirred at RT for
15 min under an atmosphere of Nj and then quenched with H>O (900 mL) and extracted
with EtOAc (3 x 400 mL). The combined organic phase was washed with saturated brine
solution, dried over Na;SO4 and concentrated under reduced pressure. The reaction
hlixture was dissolved in 1:1 ether : hexanes (75 mL each) and transferred to a
crystallization dish, where it was allo@ed to stand and crystallize. After an hour, the
crystals (1% crop) were separated by decanting the mother liquor. The crystals were
washed with etﬁer (2 x 10 mL) and hexanes (2 x 10 mL). The combined mother liquor
and washes was concentrated under reduced pressure and redissolved in 1:1 ether:hexanes
(50 mL each) and the cri/stallization process was repeated the crystallization process as
described above. The crystals (2™ crop) were separated by decaﬁting the mother liquor.
The crystals were washed with ether (2 x 10 mL) and hexanes (2 x 10 mL). The two crops
of crystals were combined to obtain compound V-1A (13.5 g, 43.4 mmol, 51.9% yield by
crystallization). The mother liquor was chromatographed on a silica gel flash column (30
X 4 cm) using solvent gradient of 19:1 (500 mL) to 9:1 (1 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.

Compound V-1A: 'H-NMR (CDCl;, 500 MHz) (8): 5.96 (m, 1H),
5.15 (br dd, J=1.5, 17.2 Hz, 1H), 5.05 (4, /= 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 (¢, J = 6.7 Hz, 1H), 2.56 (m, 1H),
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Not detected KRED-EXP-131Y 21%1 79% Not detected E Includes a

minor impurity similar to compound (XXII-1) in the calculated yield
wBeatinn®(10-100 mg scale) were performed on ICRED-EXErTkAEridsse2

KRED-EXP-B | Y using glucose and glucose clehydrogenase (GDH) as a

cofactor recycler WO 2007/117591PCTIUS2007/008562 at pH 6.9

(Method B is the optimized procedure). The products were extracted with

EtOAc and analyzed by HPLC. The results are shown in Table 3, TABLE 3

2.31 fabl1H), 1.96 (s, 1H), 1.30 (s, 3H), 0.87 (s, 9H). *C-NMR (CDCl;, 125 MHz) (8):

177.9, 171.8, 136.7, 116.6, 96.7, 804, 79.2, 68.0, 53.3, 52.6, 36.5, 27.9, 25.0 (3xCHa),
23.0. ML.P. 113-114 °C (crystals obtained from 1:1; diethyl ether:hexanes). [a]*p 84 (c
0.96, CH;CN). MS (ESI) m/z 312 (M+H). See Figure 8.

The compound V-1A waé’ also characterized by *C-NMR (CDCls, 125
MHz) and 'H ~ 'H COSY NMR (CDCls, 500 MHz). See Figures 9 and 10. The structure

of compound V-1A was confirmed by x-ray crystallography, as shown in Figure 11.

t“BUI/“' (O t'BUu,,'.(O

MCOOMe

t-Bu t,,

' MCOOMe

o
“ . OH

V-1B V-1C XXIX-1

Compound V-1B: Compound V-1B was purified by reversed phase
HPLC using the solvent gradient of 30% to 70% CH3;CN/H20 over 30 min, at a flow rate
of 14.5 mL/min to yield pure compound. 'H-NMR (CDCl;, 500 MHz) (8): 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/ 312 [M+H]". The structure was confirmed by x-ray
crystaliography, Figure 26.

Compound V-1C: "H-NMR (CDCls, 500 MHz) (8): 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, /= 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. BC-NMR (CDCls, 125 MHz) (8):
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 stcrcochemisfry was determined by
NOESY, Figure 29.

Compound of XXIX-1: "H-NMR (CDCls, 500 MHz) (5): 5.81 (m, 1H),
5.04 (br dd, J = 1.5, 7.5 Hz, 1H), 5.02 (s, 1H), 4.78 (d, /= 8.5 Hz , 1H), 4.66 (s, 1H),
3.74 (s, 3H), 3.18 (d, J=8.5Hz, IH), 2.97 (1, J= 6.5 Hz, 1H), 1.83 (s, 3H), 0.91 (s,
9H). See Figure 30. '*C-NMR (CDCl;, 125 MHz) (8): 178.4, 170.0, 151.9, 133.4, 132.8,
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116.1, 96.9, 78.0, 70.5, 52.9, 35.2, 27.6, 24.7, 12.1. See Figure 31. MS (ESI) m/z 294
[M+H]".

EXAMPLE 8
SYNTHESIS OF COMPOUND (V1-1)

t-B Uz,

050, (0.05 eq), NMO (2 eq)
“MCOOMe in THF/H,O at RT for o/n

then NalOy (3 eq), 3 hr "COOMe

OH O renitill}

(@]
OH

V-1A Vi-1

To a solation of compound V-1A (530 mg, 1.7 mmol) in THF/H,O
(1:1, 12 mL) were added NMO (50% w/w aqueous solution, 750 pL, 3.4 mmol) and OsOq
(2.5% wt.% in 2-methyl-2-propanol, 1.1 mL, 0.085 mmol). The resulting mixture was
stirred at RT for 17 hours. Then, NalO4 (250 mg, 1.16 mmol) was added to the above
reaction mixture and stirred for additional 3 hrs at 25 °C. The reaction mixture was
quenched with saturated Na,S;05 (10 mL) and saturated NaHCO; (10 mL) and extracted
with CH2Cly (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 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 compound VI-1 (170 mg, 0.54 mmol, 94%)
as a mixture of diastercomers. The compound VI-1 was characterized by 'H-NMR
(CDCl;, 500 MHz). See Figure 12. MS (ESI) m/z 314 [M~+H].
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EXAMPLE 9
SYNTHESIS OF COMPOUND (VII-1)

t”Bu//",( t“BUI/,”"

BnOH (3 eq)
" COOMe BF;.E1,0 (0.3 eq) o “"COOMe “UCO0OMe
o suiatid] CHZC‘Z? R.T, IS hI‘S. i + R
) 86% yield. () (@]
{Chromatography)
OH -OBn OBn
Vi-1i VII-1, Vil-1

To a solution of compound VI-1 (170 mg, 0.54 mmol) in dry CH,Cl;
(3 mL) was added BnOH (170 nl, 1.64 mmol) followed by BF;.Et;O (20 ul, 0.16 mmol).
The reaction mixture was stirred at 25 °C for 15 hours. Then EtN (100 pl, 0.7 mmol) was
added to the above reaction mixture which was directly concentrated, followed by silica
flash column (1.25 cm ID x 5 cm) chromatography- using a solvent gradient of 19:1(50
mL) to 9:1 (50 mL) to 4:1 (50 mL) hexanes/EtOAc to afford compound VII-1, (83 mg, |
0.21 mmol) and compound VII-1;, (104 mg, 0.26 mmol). 86% total yield of compound
VII-1, and compound VII-1,.

Compound VII-1,: 'H-NMR {CDCl;, 500 MHz} ®): 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, /= 8.5
Hz, 1H), 4.45(d,J=11.7 Hz, 1H), 4.17 (d, J= 8.5 Hz, 1H), 3.78 (5, 3H), 3.36(d, J=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.

Compound VII-1,: '"H-NMR (CDCls, 500 MHz) (8): 7.27 (m, 5H),
5.19 (d, J = 5.0 Hz, 1H), 4.65 (d, J = 11.4 Hz, 1H), 4.65 (d, J= 8.5 Hz, 1H), 4.60 (s,
1H),4.45 (d, J= 12.0 Hz, 1H), 4.21 (d, J= 8.5 Hz, 1H)}, 3.76 (s, 3H), 3.17 (d, /= 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) m/z
404 [M+H]. See Figure 14.

The structure of compound VIE-1; was confirmed by crystal structure,

as shown in Figure 15.
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EXAMPLE 10
SYNTHESIS OF COMPOUND (VIII-1;)

t" B u /#; e,

Lo LiAlH, (2M), THF, i
COOMe  _soci00°C, 30 mins OH

Wil

OoBn
VIE-1, VIIE-1,
To a solution of compound VII-1;, (40 mg, 0.1 mmol) in dry THF (2
mL) at —20 °C was added LiAlHs (2.0 M, 75 ul, 0.15 mmol). The reaction mixture was

OBn

allowed to warm up to -5 °C in 10 min and stirred for an additional 20 min. The reaction
mixture was then quenched with saturated aqueous potassium sodium tartrate (5 mL) and
extracted with EtOAc (3 x 5 ml). The combined organic layer was dried with MgSO, 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 mIL) hexanes/EtOAc to afford the product, compound
VIIE-1, (19 mg, 0.051 mmol, 50% yield). The compound VIEI-1, was characterized by
"H-NIMR_ (CDCl3, 500 MHz). See Figure 16. MS (ESI) m/z 376 [M~+H).

EXAMPLE 11
SYNTHESIS OF COMPOUND (VII-1,)

t-BU //’Iu O

-

14y A0 \“\*
HCOOMe LiBH, (5 eq), THF N ‘ OH
O il RT, 3hrs G ]
O 0O
OBn %OBn
VII-1, VIHI-1,

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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" at RT . After 15 minutes of stirring, methanol (100 uL) was added to the reaction mixture
at RT (room temperature was maintained by cooling the reaction mixture with water
bath). After 3 hours of additional stirring, the reaction mixture was quenched with H>O
(20 mL) and extracted with ethyl acetate (2 x 20 mL). The combined organic layer was
washed with brine (20 mL.), dried over Na;S0O4 and concentrated under reduced pressure
to afford the product, compound VIII-1, as clear oil (75 mg, 0.2 mmol, 90.9% yield),
which can be used in the next step without any column chromatography. The compound

VIII-1, was characterized by 'H-NMR (CDCl;, 500 MHz). See Figure 17. MS (ESI) n/z
376 [M+H] and 398 [M+Na].

EXAMPLE 12
SYNTHESIS OF COMPOUND (IX-1p)

t_Bu//I/,( (

TPAP (cat.) / NMO (3 eq), N
CH,Cl,, RT, 18 hrs

- O
(90% yield)

o)

‘"”'“CHO

O

OBn
IX-1,

To a solution of VIIi-1, (30 mg, 0.08 mmol) in dry CHzCly (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 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 clear oil (27 mg, 0.072 mmol, 90% yield). The compound

IX-1, was characterized by 'H-NMR (CDCls, 500 MHz). See Figure 18. MS (ESI) m/z
374 [M+H]. :
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EXAMPLE 13
SYNTHESIS OF COMPOUND (1X-1,)

t“BU///,l" (

11 TPAP (cat.) / NMO (3 eq), N

CH,Cly, RT, 18 hrs
m - O

O

"""“CHO

arriihl

O Q
©OBn %Bn
VIII'la IX"IQ

To a solution of alcohol, compound VIII-1, (40 mg, 0.107 mmol) in
dry CH,CL (3 ml) were added NMO (37.5 mg, 0.32 mmol) and TPAP (3.78 mg, 0.01
mmol). The reaction mixture was stirred at RT for 18 hours. The above reaction mixture
was then concentrated and purified by silica flash chromatography (column 2.5ecm ID x 6
cm) using a solvent gradient of 19:1(50 mL) to 9:1 (100 mL) to 17:3 (200 mlL)
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].

EXAMPLE 14
SYNTHESIS OF 9-CYCLOHEX-2-ENYL-9-BORABICYCLO[3.3.1INONANE

- = 0

cyclohexa-1,3-diene 9-BBN 9-cyclohex-2-enyl-9-BBN

To a solution of S-borabicyclo[3.3.1jnonane (3-BBN) in THF (0.5 M,
10.0 ml, 5.0 mmol) was added 1,3-cyclohexadiene (97%) (490 ul, 5.0 mmol) and stirred
for 24 hrs at RT to afford a solution of 9-cycichex-2-enyl-9-BBN in THF (0.5 M) which

was directly used fo couple with compound of formula IX-1,
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EXAMPLE 15
SYNTHESIS OF COMPOUND (X-1,B)

O t“B U///’l,. O

L CHO &BO
o

ettty

(o) THF, -78°C to RT

corntilith

@]
(70%)
OBn OBn
IX-1, X-1,B

To a solution of compound IX-1;, (20 mg, 0.053 mmol) in THF (0.5
ml) at -78 °C was added the 9-cyclohex-2-enyl-9-BBN solution (see Example 12) in THF
(0.5 M, 320 ul, 0.16 mmol). The reaction mixture was allowed to warm to RT over 1.5 hr
and stirred for additional 10 hrs at RT. Ethylamine (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 cm ID x 10 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 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-1yB was characterized by
'H-NMR (CDCl, 500 MHz), 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+Nal.

EXAMPLE 16
SYNTHESIS OF COMPOUND (X-1,B)

t-Bu/’l/,, e}

N
O

THF, -78°C to RT

(71%)
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To a solution of aldehyde, compound IX-1, , (60 mg, 0.161 mmol) in
THF (2.0 mL) at -78 °C was added the 9-cyclohex-2-enyl-9-BBN solution in THF (0.5
M, 0.96 mlL., 0.48 mmol) and the reaction mixture was allowed to warm to RT over 1.5 hr
and stirred for additional 10 hrs at RT. Ethylamine (50 pl, 0.81 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 cm ID % 10 cm) using a solvent
gradient of 19:1(50 mL) to 9:1 (200 mL) of hexanes/EtOAc to afford a pure product, a
compound X-1,B (52.0 mg, 0.114 mmol, 70.9%). The compound X-1,B was
characterized by 'H-NMR (CDCl;, 500 MHz), and “C-NMR (CDCl;, 125 MHz). See
Figures 23 and 24. MS (ESI) m/z 456 [M+H] and 478 [M-+Na].

EXAMPLE 17
SYNTHESIS OF COMPOUND (XXII-1)

Dess-Martin Periodinane

oo

Cli
XVi-1B XXI1-1

To a solution of compound XVI-1B (3.5 mg, 11.2 umol) in CH,ClL (1

ml) in a scintillation vial (20 ml) were added Dess-Martin periodinane (23.7 mg; 56
umol) 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 XXTI-1. 'H NMR (DMSO-dg, 500 MH=) 6 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,
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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, /=
2, 10 Hz), 5.92 (dd, 1H, J = 2.5, 10 Hz), 9.70 (s, 1H, NH); MS (ESI), m/z 312 (M+H)Y

and 334 (M+Na)".

EXAMPLE 18
SYNTHESIS OF COMPOUND (XVI-1A) VIA CHEMICAL REDUCTION

XVI-1Aa

XX11-1
The compound of formula XVI-1A was synthesized by reducing the

keto group of the compound of formula XX1I-1 with a common reducing agent(s) under

various reaction conditions as shown in the Table 1.
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TABLE 1*
Reaction Condifions Product Ratio
Temp | Time
N;:I:(I;I" Solvent® in in
°C min
Ct

(XVI-1A) (XVI-1B)
i Monoglyme + 1% water - 78 14 5 95 0
1 Monoglyme + 1% water - 10 14 30 50 20
1 Monoglyme + 1% water 0 14 33.3 33.3 33.
2 Monoglyme -+ 1% water RT 8 50 0 5C
1 Monoglyme -+ 1% water RT 8 45 10 4%
0.5 Monoglyme + 1% water RT 8 50 50 0
0.25 Monoglyme + 1% water RT 8 50 50 0
1 IPA + 1% water RT 10 50 0 5(
0.5 IPA + 1% water RT 12 60 10 3(
0.25 IPA + 1% water RT 8 50 40 1¢
0.25 IPA + 5% water RT 8 10 0 1(
0.5 IPA RT 8 40 50 1(
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 30 50 0
0.25 THF + 1% water RT 8 30 70 0
1+ LiCl Monoglyme + 1% water - 78 10 5 25 0
1+ LiCl | Monogiyme + 1% water 0 10 27.2 36.4 36
1 +LiCl | Monogiyme -+ 1% water 10 10 10 30 61
1 +CeCl; | Monoglyme + 1% water - 78 10 5 95 0
1 4+ CeCly | Monoglyme + 1% water 0 10 25 50 2!
1 + CeCl; | Monoglyme + 1% water 10 10 20 60 2!

% radation or httle to no roduct was observed using the following reagenis, 1. NabHy

83?3 10% Basic Al,O, electride, 3. KS8-Selectride, 4 BTHF (R»CBS, 5. BTHF (S}

NaBH(OAE)s, =K (CH;)sNBH{OAGY, and 8. x}er

& Methy] and ethyl ester derivatives were formed when MeOH and EtOH was used,
respeciively.

-144-



aa,_TTr__rimy, -20% DMSO 0.6790' i-u pr v. using" glucose "Based on
HPLC analysis of organic extract 'Recovered yield 40% after purification
wbydbaah7smiumn chromatography. Some decomposition proitiGU#z887/008562
detected in aqueous layer dRecovered yield 90% after purification by flash
column chromatography 'Recovered yield 85% after purification by
crystallization As shown in Table 3, when KRED-EXP-C IA
ketoreductase was used, the converS|on from X.." ClI-1 to XVI- IA was

orgad
was incr

expe e(!l~l gdrolysis\product. Q%Ee@f@assérkg %J%solun

decompdsitjon sroduct has £.508 w. DeC™
was minimized whe hasic sol§§o§§d§0% agueous tBuOAC| H

n-Bu%A ) were useﬁ??paw

very Iow ev ttOnger reactjdn times (2024 h), except™ L O
aqueous T E’C(Q;f the two Eductase, D-EXP-B 1Y (‘3
ketoreductaSe was superlor to | - CIA in the conversiofy of s

XX11-1 to XVI-1A. Doubling thw{cc’n/—rﬁn%j of KRED-EXP-B1Y and
GDH and dgfcreasing the reactidn_time resulted in better yields ajid
minimal decomposition of proo%%fm SBEtBmposition produict: Method

13: see Example 31. Method A: I) HO (0.5 M); 2)
NaBH4 Meti&dIBt 1) Na/NH3 (lig.); 2) NaBI-14 XVI-1A

Method A: Compound XXIJ-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-C1A 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. T’ng
combined organic layers were evaporated to dryness using a speed-vacuum giving the
product, compound XVI-14, 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-C1A 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 KX11-1 XVI-1A XVI-1B
KRED-EXP-C1A 18%' 82% Not detected
KRED-EXP-B1Y 2194 79% Not detected

"Includes a minor impurity similar to compound (XXJ¥1-1) in the calculated yield

Reactions (10-100 mg scale) were performed on KRED-EXP-C1 A and
KRED-EXP-B1Y using glucose and glucose dehydrogenase (GDH) as a cofactor recycler ‘
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X-11,BXXH1-113 Method A: To a solution of X-11,B (400 mg,
0.88 mina in THE (20 mL) was added aqueous HO (0.5 M, 2 rn.L) The
reaction mixture was warmed to 60 "C and stirred for 10 Firs at this
teMpREUEIThe above reaction mixture was diluted with 113Q-¢2& 5008562
then extracted with EtOAc (2 X 20 mL) and Ckl2C12 (3 X 20 rnL). The
combined organic phase was dried over MgSO4 and concentrated under
reduced pressure. The crude residue was re-dissolved in THE /1120 ((2:1,;
22.5 mL), then NaBF1.4 (100 mg, 2.63 mmol) was added and stirred at 25
at oL £ So(isthach & risatitfoAnTimizee wasadiutad With pAB¢R0wele) afthcted with
Etextragtd it DtOAETELX. 206k h AR diC HRG A2 305104ML), and the
organic phase was dried over MgSO4 and concentrated under reduced
Tig%essure to afford XXI1I-1B as crude white solid (260 mg, 81%) which can
dd in the next step without purification. The compound XXIII-1B was
characterized by 'IT-NMR (CDCI3, [500 MAz), and 3 3C-NWHR{EBE13;
< ¥25MHER SeduFigaares 3225, 33 MS (EST) nz/z 368. [M%—l]t Conversion™
(Methqd BY Sudtim metal (N3, A0y, 71 30 veme) waer dissolVEEFin liquid *from
ammania (3 mL) at -78 C and thé resultant dark blue ixture( as stirreptX1i-1 to
for-5-min=Assolttiop-et-X4bB-{30mg-0-066- mmol) in dry TI-IF (0.5 mi) was/I-1A
q%wiy aqéi%:ﬁ to t'rr%a ove-tEaction ming%z/ SRYSPred ot -78 € for an 70
3UdTIONGE ZA TS Sgift ammgTitme .:u.%f PMSO 40he) wak addell 70
Slowly todhe ree ctlpTTr}'rTiXIur@_,lwhi(, T Vvq\‘aﬁ%bﬁgé;\/ed to war’.éh. to-RT(
t@movingthe dry ige-acetong Cold Dath LyRHRIEEG Was cvap%rated iy
wHrm upCThe white residuepwas washed ywiibhigg and extragted Wifh
BfDAC. TRE Arganid phase wabk concentrated Tvedtord grude nemiacetal—gg?

%

vhich wag!direatly ised in tAe next reaclOBWGIVMSTE pufification. 90
T8 a soldfibh of|the above Hemiacetal iBOPHFBLOIAC(2:1; 1.5 ML) was 40
qnldec NapH4-(S Gy 0-20-rrtmal) Thg_teé-lr‘finn mixture was sifired far 1 hr50
at RT|and then diluted|with Brine and eXdracrR it EtDAc, The organic  ©
NiRASE WS et with MO-04 concentrateg trdekreduced-préssure-and— 20

dfford triat XrX.11121BJas clear oil (I8 Rl BRgs@mMol, 74-2%yietdover—¢
tWo stepgsyiZhecompaund XXI11413 waschametenzed Dy THEMR 70
E&DC13,.5808 MHzE and 13C6-NMR (CDQIB,I26i8HZ). See Fgures 82 53¢
a2 33 NESYES!) rdilz 368 F[R-1-111]- EXAMPISO21 SYNTHESIS OF  o0°

ZA&WE}’%@% 1I¥-‘i’i§) PCTK:|aB) Sodium metal (Na,

%@EQ,QE 004 g’ gﬁ@%ﬁ% fig monia (3m1) at -78 C and
dbsS :

purified by silica flash chromatography ( t(ﬁ?’lﬁn exanes, 10)‘3{9 to 30%) to 850

© b WA id a
3 Siyian 5{5% MRUXIL e%%agqﬁgtﬁgi%i%%gmpﬁoma&g@hy. Some
i

R NG ld 1320 GuB44i 5ArBEe £9:.5ml) was slowly
‘Radideet4o YhacatsovasieaptiedainHIs apmbsliad al - /8 C 101 additional 2
hrs. Solid ammonium chloride (NH4C1, 30mg) was added slowly to the
reaction mixturé:swhttiviag divkn Zalivee dBREIREN Po@R I (byr semaying the used,
thel rydmﬁﬁ@i%ﬁ@(%)a%%ﬂ%&@%@@%@%%@?g! arm f‘b_?ﬂqeg scale.

a: ' i shed with brine and extracted with EtOAc.
Bo%%%ﬂ%%?e%&é%%%%@ﬁt%ﬁe Gnderredlicsaprassn et Aoreraplges when

thﬁéﬁ%%&&téf%?&?ﬁme&ﬁ%&ﬂ? fide it tHeserunteaelioninithOtte aqueous extract
reperifidationa 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% agueous 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 twa
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To a solution of the above herniacetal in THF:1-1,0 (2:1; 1.5 ml) was

added NaBH4 (5 mg, 0.13 mmol). The reaction mixture was stirred for 1 hr
warRTangpthen diluted with brine and extracted with EtOAc PrARESHHAIES62

phase was dried with MgSO4, concentrated under reduced pressure and

purified by silica flash chromatography (EtOAc in hexanes, 10% to 30%) to

afford triol XXI11-1B as clear oil (11.3 mg, 0.031 mmol, 70% yield over two

steps). The 1H-NMR (CDC13, 500 MHz) and 13C-NMR (CDC13, 125
ketpigrgsectiRFEHERR-BAY desrsHanpFiyaresnzian P ARt RvelA in the
colN@AES ) miaﬁii&o o KWAAL D EAMPRE &b SNt SES@ED-EXP B1Y and

MPO XXIV )VIA XX 11 1B- B XIV- 1

s%l)u?’bn o] 1% Sﬁzd mg 1%%5 Su BC) { rm{ e\lf\(/iérearéddé%mmal
de@@mmm@ﬁmw%ﬁﬁoﬁ)“@nd benzoyl chlorlde (BzCl, 60 td, 0.52 rnmol).

The reaction mixture was stipre [

mixture was directly concen

resulting product was purifie

hexanes, 10% to 30%) to afford

under reduced pressure and the
Hicasflish chromatography (EtOAc in
QC1V-1B-Bz (136 mg, 0.29 mmol, 87%).
racterized by 'H-NMR (CDC13, 500

200&;3@%8{;5{{9,53&&7/008 62 EXAMPLE 23 SYNTHESIS OF
COMPOUND JaB‘f % a‘f}f To a solution of
XXIV-113-Bz ( Mg, U.29 ram F3CH20H (2 mL) were added
1,3-propanedithiol (200 2 mmol) and a catalytic amount of aqueous HO
(12N, 10 tiT ). The reaction mixiea w®s stixoed at 60 C for 3-4 hr,
concentrated YhIEHESTE Gl Qadsaresnd g TR BiliNG A 0de siroduct was
then purgled by silica flggmehromatography (EtOfegln hexanes, 2t

80%) to afforg V-1 @ 110 mg, 0.27 mmol, 949"
XXV-113-Bz \vas ghaydcterized by 11-1.-NMR (CDCIQ;O
13C-NMR (CDTI3, 185 yIHz), Se¥#ifdres 35 and 36.

404.3 [N+ o -

Method B

HO

Method A: 1) HCI (0.5 M); 2) NaBH,
Method B : 1) Na/NH; (liq.); 2) NaBH,
X-1,B XX1K1-1B
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,O (20 mL), then extracted with EtOAc (2 X 20 mL) and CHyCl, 3 X 20 mL). The
combined organic phase was dried over MgS0, and concentrated under reduced pressure.
The crude residue was re-dissolved in THF /H,O ((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 HoO (20 mL) and extracted with EtOAc (2 X 20 mL) and CHCl, (3 X 20 mL), and
the organic phase was dried over MgSO, and concentrated under reduced pressure to
" afford XXJII-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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EXAMPLE 24 SYNTHESIS OF COMPOUND (XX-5/13-1B-Bz-TMS) VIA
(ycx-v-1B-Bz) To a solution of XXY-113-Bz (70 mg, 0.17 mmol)
Wi BHLED2 (2 mL) were added Et3N (480 uL, 3.47 mmol) aPfelltioRge 008562
(220 [IL, 1.74 mmol) and the solution was stirred at 25 C for 12 hrs. The
reaction was quenched with saturated aqueous NaHCO3 (5 mL) and
extracted with CH2C12 (3 x 5 mL). The combined organic phase was
dried over MgSO4, concentrated under reduced pressure and then
SOtz B siltcARAEH Chiotnalitn PRI GERORENHER SXes3 2OV (6:8Bum 18 683
[Maffrd XXVp-113-11z-TIVIS (44 mg, 0.093 mmol, 53% yield). The
compound XX ~TR/IS wa ragie b NMR(CDC
500 MHz) and}é%?ﬁé%ﬁﬁl\%? %é(tﬁ)%\ﬁ{éﬁ]lg%?l@%z %Sggge élég'resné / Qv %%?\ﬁged in
l‘qt‘l‘_ﬂsi’)“?ﬁﬁ“&ai@s"f%it 118 EX ARiPPE %H'WNWEB@@PW@NW for 5
mifXX\Se B d3z) \HAL (EX Yl B-BoébMS)hoDBEBZ T HF (0.5 ml) was slowly added to

me?%we FERAE TR M RRod a1 75 o 1 8 29351“5' ampmms Soli

-111-Bz-TMS (120 mg, 0.25 nunol) in CH2C was aéidmgmomum
ch‘B'éég mﬁﬁaﬁlpéﬁatﬁha%s(fié%@imvswﬁmeaﬁwé%ﬁmms&u@s then
allwesdstsredmat 26 B To(H hramdviag ehetian Wasaqeenehesiwisbtsatuatacnia was

evmqsgusdwﬁ%%(ﬁlgnﬂm\%@}%@&s&i @&U%%eﬁl @H%Qé%@a%éxmm with

extracted with CH2C12 (2 x 5 raL), The combined organic phase was

Eldfcd dber wrgaki &haSEOWEén‘fP&fe?aﬂ{ﬁaért?eaﬁeaa s%%%m@%rmh was
dirertigensdd éhyitenagtaaubitenpoitden winiflvmias.used for the next step

without purificafion. o1y on ofTrRa asRLEen.f (&Q@S %’E"i‘f?ﬁfﬁsﬁz p{eP%r%t) was
aldeh%de in t-BuUuOH/H20 (2:1; 4 5 mL) was added NaH2PO2

adged ) éﬁa&h%%eaefwm kRS &SRR SRRETS 128 STREA for 1 ‘B &t RT and
tharrdﬂthyd Rituteihe (204 iaxiibdted WANMELADY T al)gantt Nd&@st0R-sl dbied with

c%%&é%%&é("&ﬁﬁ&qg&ijcé g&-&%@%@%ﬂ%%ﬁﬂ@& %}a%'%c% R‘Isg' %%ato%raphy

he feaction mixture was then diluted with brine (5 ML) and extracted wit
(Eé?@ﬁe“ﬁé’i’@ﬁ?ﬁ).lﬁ’(é RqdBGUSHRECETHS X RithsHregarocs MPtagH-049
midd), anEektydteovaithvoHRGE. (Bre BamiphhhXoiThinedvarganiacphase by 'H-
RS B9 040 MASP4: A Caneanieird undenietlicedAFRRa 40Pl s
a white solid residue which was purified by reversed phase HPLC using
(Eﬁnﬂﬁzé@ﬁ%i@%mn (150 x 21 mm ID) and a solvent gradient of 10%
to 100% CH3CN/H20/0.05%TFA over 22 min, holding at 100%

CH3CN10.05%TFA for 3 rnin atm&éfeﬁf 14.5 mL/min to afford the
carboxylic adaXXEESIS F (@MEOUND (XXIII-1B) VIA (X-1,B)

t‘Buﬁ,,% t—BU/,/m I®)

1) Na/NH; (liq.)
2) NaBH, ‘
- O

Z,
o

OBn

HO
X-1,B XXIHI-1B

Sodium metal (Na, 20mg, 0.88 mmol) was dissolved in ligquid

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 m!) was slowly added

to the above reaction mixture and stirred at -78 °C for additional 2 hrs. Solid ammonium
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WO 2007/117591PCI/US2007/008562 0.16 mrool, 62.6% yield over two

steps). The carboxylic acid 301-V1-113-Bz was characterized by
WORLONNRICD301), 500 MHz), and 13C-NivIR (CD30D, 12B®AH320E 68562

Figures 39 and 40. MS (ESI) m/z 418.2 [M+Ht EXAMPLE 26 SYNTHESIS

OF COMPOUND (XV-113) VIA (XXVI-1B-Bz) Method A: 1) K2CO3,

MeOH; 1-r; 2) TBSCI, imid.; 3) BOPC1,; 4) HP.Pyr To a solution

of XXV1-111-11z (14 mg, 0.033 namol) in MeOH (0.5 m1) was added
chiradO U g Wed iinsorddad thevviattidhemigbgronwas simedrdids @as then
all ik 1Brsvakien aguedys et (20tch 49 Mkwa&&@edxmm@) reackifbhia was

Varlnixrturaévhlch was d|re %/hco (I:%r}terse} u% gvgg vglvrleg GQQ h va u}tétm tt 4 with
VR RV B TR WAiGH e 8&% extracted wi

enzoyl group has
EtQydrodbn axzanivhiphasssidae, apiiehivgted dirslerlymaduekin mk@mttst@ﬁford crude
he?ﬂﬂﬁ&@tﬁl Wﬁﬁhﬁr\ﬂdrﬂi@ﬂ%ﬁd in ‘éhe I@(ﬁr%’&igﬁl Wﬂhmﬁ %Qﬁ&pg'ned

rom the preV| S ste wer zole

mg, 0.10 mmol ands #Ig@%?l %Cé m%) ﬁwar%%tﬁ? ﬁ?ﬁ%% # % mi) was
addedrdtBH2%50er 20 hromitien The r@mﬁmmwnewasme@tfyr 1 hr at RT and

m&oa%&gaata%unaﬂﬁé ERQAUEREANESSHIR %@ﬂaedy&eﬁ YriNOPMEC U Bicd with

rd XXVI-1BT Wh| idue, whic Was in the next
Mgge 5 o GoREeT aii; it §u“ ey |0§ pressure an de by sxﬂ %ash chromatography

(EtOAc in hexanes, 10% to 30%) to afford triol XXIII-lB as clear oil (11.3 mg, 0.031
mmol, 70% yield over two steps). The 'H-NMR (CDCl;, 500 MHz) and “C-NMR
(CDCls, 125 MHz) spectra were the same as shown Figures 32 and 33, respectively. MS
(ESI) m/z 368.3 [M+H).

EXAMPLE 22
SYNTHESIS OF COMPOUND (XXIV-1B) VIA (XXII-1B-Bz)

BzCl, Et;N
10hrs

BzO
XXIII-1B ' XXIV-1B-Bz
To a solution of XXIII-1B (120 mg, 0.33 mmol) in CH,Cl (5 mL)
were added EtN (120 pl, 0.86 mmol) and benzoyl chloride (BzCl, 60 ul, 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 characterized by 'H-NMR
(CDCl3, 500 MHz). See Figure 34. MS (ESI) m/z 472.3 [M+H]". 4
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To a solution of XX.VI-1B-TBS in CH3CN (0,40 ml) were added pyridine
O 40 ml% and BOPCI (17 mg, 0.066 mmol) and the reaction mixture was
WQHAH™ATPS C for 16 hrs. Then the reaction mixture was coRE&AtPaEHI08562
under reduced pressure and the products purified by silica gel
chromatography using EtOActhexanes gradients (20% to 80%) to afford
the XXVIII-1B-TBS (5.0 mg; 1H-NNIR (CDC13, 500 MHz) See Figure 41)
and XV-1B (3 0 mg) as whlte solid. To a solution of the above
3C.XVIIL:1B 0.mg L S-wisrere added pyridine (30 W)
and HF 7 e e it was SRRl 2B for 2
hrsBln a plastlc tub e the reactlon mixture was quenched with
saturéi eous NAHCO3 (1 ml) and extracted with CH2G42 (3
ml). Th i as qr d.over M q4 concentrated ¥nder /4
i

;'-. a@and puri fg&% chromat,'ara
@hr X\ .

* exa e&graarént (2

mmol) o\r-(l'eld 73%.-Fhe-eompeure-¥V-1B was'x
LHNM one-d6, 500 MHz), and 13C-NMR (acetongf

MeOH; HY; 2) TESC1, |m|d 3) BOPC1; 4) HF Pyr 28% Toa
SO|UtIORZ& XXVI-1B-Bz (240 mg, 0.575 mmol) in Me01-&A43.0 ml) was

added 1(208X{2408+ky, 1.74 mrnol) and the reaction mixtukekivasssired

at 25 C for 15 Kis ., TRRMiSUeMRIHQ K080 alzé &é"h‘ﬂé%‘?%‘@:ﬂ‘@mol—l @

reaction mixture WhICh was directly concentrated and dried under h
mi) MermpistetrorarBraRmetBhie LRMive: re sue) wRkh %é?éﬂ?e%ﬂ?‘ﬂ%éﬂ fgrsous
Hahe 1Bkt steplWwitmdet kudhien phistiieations stirred at T80 @colstiomafithe@ncentrated
unRQJUEL O Otg%%%’mfé%ﬂ&% Pé%“ﬁ%"“s Ste 20 %ﬁéc'%}%@m WPS aé’d ﬁ'lca flash

|m|cfazo e 7 mmoI mo a

chrameiRs 38 L(Fé%% %t.hfé&rmszgoéﬁm &%go THEFNS B AR ikfLres, 0.27
mwels dirgnthyreencermiel XIRIel BeBEHcResFRaadte-and syeqwmmmg, 500

MU 0 WOAADOTH 591 PCT 0071008002 XN BITER 25

ite residue, wh |c was fhe nex step withou
MstFfication. To a solution of X.3" CVI-1B-TES in C1-I3CN (3.0
ml) were added pyridine (3.0 ml) and BOPCI (290 mg, 1.15 mmol) and the
reaction mixture was stirred at Zénggglr % rs Then the reaction mixture
was fiterepRradahra hor Sl N@E@%ﬁ%‘@% CARCERIFHSE yoder

reduced pressure and dried by high vacuum to afford TES 13 [actgne

pyrldlne
stirred at

XV-1B (47. O)mgf-QE,@minal) Overall Yield = 28%. EXMPjgﬁ‘;Zg 1B-Bz-TMS

SYNTHESIS OF COMBOHNE L8461 1885Y B PN b  mmol) in CH,CL (2 mL)
-were added EtN (480 uL, 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
NaHCOs3 (5 mL) and extracted with CHzCl, (3 x 5 mL). The combined organic phase was
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HO XV-1BXV1-1B To a solution of XV-1B (35 mg, 0.118 rnmol)

obtained from Example 26 in CH3CN (250 ul) were added pyridine (250
wobmndiP¥3PC12 (80 rug, 0.24 nunol) and the reaction mixRGrE WA BHset

at RT for 18 hrs. Then the reaction mixture was concentrated under

reduced pressure and purified by silica gel flash chromatography using a

EtOAethexanes gradient (5% to 20%) to afford XVI-1B (21 mg, 57% yield).

The compound XVI-1B was characterized by "H-NMR (CDCI3, 500 MHz)
drigghavaMeRR (CTSOTed FeT Apdoee MERTEE ARG SPA PRk Ay $ifigs flash
cmaﬂarﬂ!ﬂﬂtr B ERSHMéz L4, TV SOMVIE FGH) XY BIBIRE I MB-He mg,

alcd f?z S%/sélﬁzl&r\w 314, 1159 ----- %éx@E?J’%‘sEx a E%Ec?e%zed by 'H-

NM® ecamrm%r\éumpeumd’wmw@% 3351iMbirloBesiféertrs i’ and 38. MS
Edxampley (Ek2C12 (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 wrth saturated aquects NSO (5 mI and saturated agueous
NaHEASIBERS QR GEMPOVINL g
phase was drled over )f*
The resulting-spude ptod as then purified by silica fla
cm ID x 3 gin) chypomagedgraghy usrng a solvent gradiept ofy
o374 mL)to41]£% é’é’/EtOAct
0% WaME Thé compotind XXt=t=was chi a‘gteﬁ%‘ed by
IHNMR (ChEeT3y, OO MHz). See Figure 46. MS (ESI), )17z R12 [M-1-H]-
| NalzPHwo 20071117591PCT/US2007/0§8562 "

BzO - BzO
XXVp-1B-Bz-TMS XXVIi-1B-Bz

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 reaetion
mixture was stirred at 25 °C for 2 hrs. The reaction was quenched with saturated aqueous
NayS,0;: (3 mL) and saturated aqueous NaHCO3 (2 mL) and extracted with CH,Clz (2 x 5
mL). The combined organic phase was dried over MgSO, and concentrated under reduced
pressure to afford the crude aldehyde as a white powder which was used for the next step
without purification.

To a solution of the above freshly prepared aldehyde in t-BuOH/H>0
(2:1; 4.5 mL) was added NaH,PO4 (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 mmo)) 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 5mL). The
aqueous phase was acidified with HCI (0.5 M) to pH 3.0 and extracted with CHCl> (3 x 5
mL). The combined organic phase was dried over MgSO, 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 2 solvent gradient of 10% to
100% CHsCN/H20/0.05%TFA over 22 min, holding at 100% CH3;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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EXAMPLE 29 SYNTHESIS OF COMPOUND (XVI-1A) VIA (30C11-1) BY
ENZYMATIC REDUCTION XVI-1A To a solution of XX11-1 (6
WRG099137A%ho in DMSO (0.4 mL) obtained from Example 2&GTA/$2Wi08562
bottom flask (25 mL), 600 pL of potassium phosphate buffer (150 mM, pH

6.9), 12 mg of ketoreductase KRED4DXP-B1Y, 1.2 mg of glucose
dehydrogenase (GDH), 300 pL of glucose (50 mM) and 300 1.IL of NAD
(1 mM) were added. The above reaction mixture was stirred at 37-39 C for

0. b%o@mm nfiR-&rd Yidth Exeacivg WitRRORee (ZHUBIHC); 3pe cEhNihdB-Bz was
charganitzphase’ wandried Dye DN a@S Odian dicoFeenxaredamaenredecgdiz). See

r&%cﬂ;ab VI-IA. (82.7% vyield) as a crude
Fmgu(?d%ctw @vﬁv\ég urt e?’%u%ng %/)E/ir%lrmal phase HPLC usmg a

Phenomenex Luna 10p :
solventgr ettt SEIEGR, -Jg? 00%
JAC hexanes over 1 m|n, h fAg.at 100% EtOAe for 5 m| e flow rate

BCN). The compound XVIHIA as characterlzed by HN‘.’Q/IR
‘H*%%?PMHz) and 138 NIYIR TOTIRd6, 125 MHQ Sele |§§’°H

151-121 CINO4, 314.1159, A = 4.5 PInt), EXAMPLE 30 SYNTHE IS OF
CORRPOUND rxxn-n VIA (XTVI-118P(OBTAINED AS A OPG,
SEGEXVINBYETIC DERIVATIVEBORVAIFERMENTATION PRQENE®T-TF)
SARIB;EGIR:OR/En PG;=TBS or TES

HO OPG,4

(XV-1B) (XXVIIL-1B)
PG; = TBS or TES

Method A: 1) K,CO;, MeOH; H'; 2) TBSCI, imid.; 3) BOPCL; 4)
HF.Pyr ‘

To a solution of XXVI-1B-Bz (14 mg, 0.033 mmol) in MeOH (0.5 ml)
was added K»>CO; (14 mg, 0.10 mmol) and the reaction mixture was stirred at 25 °C for
15 hrs. Then agueous HCI1 (200 pl, 1.0 M) was added {o this reaction mixture which was
directly concentrated and dried under high vacuum to afford XXVII-1B in which the
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X X11.-1 To a solution of XV1-1B (75 mg, 0.24 mmol) (obtained

as a semi-synthetic derivative of )CVI-1A, which was obtained by
wéersnentatdon of Salinospora trapica as disclosed in U.S. PE&tERUNRS07/008562

7,176,232, issued February 13, 2007 ) in 0I-12C12 (35 mL) in a round

bottom flask (150 mL) were added Dess-Martin periociinane (202.5 rag;

0.48 mrnol) and a magnetic stir bar. The reaction mixture was stirred at

12T for about 3 hours, over which the progress of the reaction was
benmonitpoed by dealyterdddd® bg hifdre goanetiorviniciursidvas wherh guenitretly used

in tHAtNSAUAIEH RAVERMS L RARR A3 (40 ml) and saturated aqueous
NaliCO2 (41) ml), and extacted with CH202 (2 x 40 m1). The organic,
phase was drit8 698MHg28 ﬂ%ﬁﬂ%ﬁ%fﬁ‘n&%‘é@@‘r'él&ﬁ:rgﬁlf)‘fgﬁ?@rg’ {gHiCla

(0.3 oty Ae ke g @@ 2miiaod ] © 474 yiredd 2. IHIMNMER @D/ B85G6 (BDOd.vE96H §mol)

o AL 00,8803 A7t T
, , 2.U=-Z. , , O. o -1.= . 9. ra, ,

congeniratéchunles rpdused prgsirs an-dricdowel] E@é“ﬁi’- yagpus tfd‘%ilef XY YI-1B-
TB@iel wiiite 251016, WhjeD s ErdkiMBet BiSe nin® 5 fivivithiuarfia tBSzipurification,

EIVEFNa:17. WQ, 2007kLA 750 3REN A4S 2HR7A00REHEXAMPAE Here added

SYNTHESIS OF COMPOUND (XVI-1M -
pyﬁ%&ﬁdﬂ) and BOPCI (17 mé,, 0.066 m\{rlx'g\l)%t)x(cllt%% lfD’echc%onZ gxMtﬁ;l;:l %as stirred

at 25 °C for 16 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 (CDCls, 500 MHz) See
Figure 41) and XV-1B (3.0 mg) as white solid.

To a solution of the above XXVIII-1B-TBS (5.0 mg) in THF (0.5 ml)
were added pyridine (30 nl) 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 CHxClz (3 x 1.0 ml). The organic phase was
dried over MgS0,, 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]".

Method B: 1) K,COs, MeOH; H'; 2) TESCI, imid.; 3) BOPCI; 4)
HF.Pyr 28%

To a solution of XXVI-1B-Bz (240 mg, 0.575 mmel) in MeOH (3.0
ml) was added K,COs (240 mg, 1.74 mmol) and the reaction mixture was stirred at 25 °C
for 15 hrs. Then aqueous HCI (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.

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 trs. Then the reaction mixture was

directly concentrated under reduced pressure and dried well by high vacuum to afford
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Cl X_X.11-1XVI-1A To a solution of XXII-1 (50 mg, 0.16 mrnol)
obtained from Example 30 in DMSO (1 tnL) in a round bottom flask (25
WORYIBITBEIDT potassium phosphate buffer (150 mM, 6.9), 108cmgsabo7/008562

ketoreductase KRED-EXP-B1Y, 10 mg of glucose dehydrogenase (GDH),

2.5 mL of glucose (50 mM) and 2.5 mL of NAD (1 rriM) were added. The

above reaction mixture was stirred at 37-39 C for 40 min and then

extracted with EtOAc (2 x 25 tnL); the combined organic phase was dried
XXVErl RaPED asanddvisceasiraradwiride rves] dixegthyewssh drntotyde st etaplevithout
fuPhOopet Migdhwas crystallized in 1:1 acetone: heptane (6 mL) in a 20 ni.L.

scintillation vial (by slow evaparati er nitrogen,gas) to afford XVI-1A

as white crysta I%’nea 5561%“(9& %W%%@#%S% %é%ﬂé&ﬁg étl’ﬁ%c)[u‘ﬁeergf added
pYRURA b B ontr B8 Gy(2paribdd ol hapddbecificiotativrtundvisstirred at
258001 3¢ NMR1sRaclke withihoss.alanwahmticsamplen BXAMPEEA21ug; the

SYNTHESIS OF 2-CYGLOHEXENYL ZINC CHLORID
Slugifies 8?'1?%%?8%% 6arcff”’e‘;{n%eC %résé??f’zaﬁg olfe® g@ﬁ,"fﬂ% ) 3%&% TES

-f Palie Rh M IB21B 1§, Vad swily irebidnzewbi¢hOvmd Jinecer nitddeihe next step
wiBIRSRRALE pi¥ASAGGed BU3SnH (1.16g, 4 mmol, d = 1.098, 1.06 mL)

dropwise at room temperature and stirred for 15 minutes. After the solvent
was removed OFPratsRAAHOMBlRsRRY haSEufirkeqtenr Jftidyr g X V II-1B-TES)

inCHENStogIaptd calisanp:Rie (130 A0 end) g AGa/Es0 Wi knd the reaction

2007/117591PCT 2007/008562 gradient.of 10:0.£100 mL) to 19:1(100
i R EDR s g S L s s
qugnohgdiwitbIsarerewst elgpesNaElEhtsl(d b mlepd srekeivd tvBhtie g x 10 mb).
TEOK2618¢1 28 Y Ad3 MR (P Ghs ) 0cMidentord igise Sluced pressure and
purified by silica flash chromatography (EtOAc in hexanes, 10% to 80%) to afford P-
lactone XV-1B (47.0 mg, 0.16 mmol). Overall Yield = 28%.

EXAMPLE 27
SYNTHESIS OF COMPOUND (XVI-1B) VIA (XV-1B)

XVi-1B

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 PhyPCl; (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 (ESD) m/z 314 [M-+H]". MS (ESI) m/z 314
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To a solution of cyclohenexyltributyltin (0.92 g, 2.5 nunol) in THF (5 mL) at
-78 C under nitrogen was added nBuLi (1 mL, 2.5 M solution in hexane,
wa.menmotpiAfter an additional 30 min stirring, ZnC12 (340 mGl/2Bagwiaes 562
dissolved in 2 ml of THF) was added and stirring was continued for 30 mm

at -78 C to afford 2- cyclohexenyl zinc chloride. EXAMPLE 33
SYNTHESIS OF COMPOUND X-Ig bBn OBn IX40 Toa
solution of 1X-1. (30 mg, 0.08 mmol) in 5 mL of THF at -78 C, mL of
[MaJHOHERBEYKERI ericride! (fPadMy-Bie fealed fexemble G2y Qvad 14dded dhd -2-4
ppr2) irred at -78 C for about 3 hrs. The reaction was quenched with 1320 (15
mL) and extracted with EtOAc (2 x 15 mt.). The combined organic phase
was dried over anhydrous Na2S04 and concentrated under reduced

chromatograph {edi: YU h) 2 p-
19:1 (50 rnL) to.9- mL) to 7.3 (50 mL)
of hexanes/E ve/ X-12 (26 mg,

0.057 mmol, 74 ‘ s Che
1H-NMR (CDC13,,500¥Hz), gnd 13C-NMR (CDCl?H 12
Figures 52 and 5 NMSE .
2007/1175 /U
COMPOUND

Cl
XVI-iB XXI1i-1

To a solution of compound XVI-IB (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 Na;S203 (5 ml) and

saturated agueous NaHCO; (5 ml), and then extracted with CHxChk (2 x 5 ml). The

organic phase was dried over Na;SO4 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 umol, 60.3% yield). The

coﬁpound XXII-1 was characterized by 'H NMR (CDCls, 500 MHz). See Figure 46. MS
(EST), m/z 312 [M+H]" and 334 [M+Na]".
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t-lamb/17-Th \\ / /N To a solution of .1X-1b (35 mg, 0.094
mmol) in 5 mL of THE at -78 C, 1.2 mL of cyclohexenyl zinc chloride
Wt \iibared; Example 32) was added and stirred at -7@Crfosmboois3e2
hrs. The reaction was quenched with H20 (15 mL) and extracted with
EtOAL (2 x 20 mL). The combined organic phase was dried over
anhydrous Na2804 and concentrated under reduced pressure to yield a
liquid residue. This residue was dissolved in S mL of hexanes and allowed
to stand for an hour. A white solid was precipitated from the residue,

: _} )
Whlc%%% na aed b dalr%&ﬁé@;lm The SO|Id materlal was

afford pure X- Ib (32 mg, O 066 mMRBDTS% g d) The compoundX Ib was
characterized-by 1H-N1vfft (CDCI3, 500 MHz), and 130-1NIvIR (CDCI3,

125 MHz). 5 gures 54 and 55. MS (EST) raiz 456 +1-ITl and
478.3 [M-rNgy. TRe stergochemlstry was determined {
crystallography (Se® |gure 5 AMPLE 35 IN P72¥QARK BAFION OF
205 PROTEAS®ME ACTA! 8%’6“&&0 XVI-1 A QBT

FROM. §¥ 1)§I§HRIyl7EI\_1,%@gI N SOURC The
compound XVk1263--aembtained synt efica Iy usm% a ‘g_ezgribed

Purified rabblt muscle 205 protcasome, was obtained from/Boston.
Biochern (Camb;%ggia MA). To enhance the chyrnotrypsth-like activity of
the proteasome, ésay buffer (20 riIVI HEPES, p1-17.3XY & kM

EDTA-,.., and 005% TohairX bDEXKlas stppigmentedunih $ODresoltings mL)
otitaintB ol Eeanseo RN Of QRO Yotom fask (25 mL), 600 pL of potassium
phosphate buffer (150 mM, pH 6.9), 12 mg of ketoreductase KRED-EXP-BlY, 1.2 mg of
glucose dehydrogenase (GDH), 300 pL of glucose (50 mM) and 300 pL of NAD (1 mM)
were added. The above reaction mixture was stirred at 37-39 °C for about 40 min and
then extracted with EtOAc (2 x 10 mL); the combined organic phase was dried over
Na;S0y4 and concentrated under reduced pressure. This afforded about 5 mg of XVI-I A.
(82.7% yield) as a crude product which was further purified by normal phase HPLC using
a Phenomenex Luna 10y Silica column (25 cm x 21.2 mm ID} using 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 and monitoring the
purification by evaporative light scattering detection (ELSD) to afford 2 mg of pure
XVI-1A. [alp =70 ° (¢ 0.05, CH3CN). 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 respeciively). MS (ESI) m/z 314 [M+H]". HRESIMS m/z
314.1173 [M+H]" (caled for Ci5Hz CINO,, 314.1159, A = 4.5 ppm).

-156-



WO 2007/117591PCT/US2007/008562 The substrate used was
suc-LLVY-AMC, a fluorogenic peptide substrate specifically cleaved by
the ehymotrypsin-like activity of the proteasome. Assays were performed
at a proteasorne concentration of 1 ughnl in a final volume of 200111 in
96-well Costar microtiter plates. Both the synthetic and fermentation
compounds XVI-IA were tested as eight-point dose response curves with
final concentrations ranging fropS08aiEtgcl58 pM, After addition of test
corﬁhﬂﬁﬂ@m he ﬂfbh{?m\ummwmmesqme}samnb&wgﬁ&\mm AS A
X 20 =g A Yoy ledDUCT OF

were initiated by the ado t‘bn of 10 j.d of the diluted subjm{’e and the

plates were returnegt ite reader. The final chince ntra%l@' n of

substrate in t ctions was 28%avi4igore e of the cleaved peptide

substrate was mea dar2,ex-24890 am and ?,,) All data were

collected every fivegmindtes for 2 hour and plotted @s the mean of

duplicate data points, Theleso values (the drug concentration at which

50% of the maximal,felative fluorescence is inhibited) were calculated by

Prism (GraphPad Software) using a sigmoidal dosg-response, variable

slope model, Taeyatgate the activity of the compoundsgﬁnﬁt the

caspase-like vty he 2 reacgtions were erfqrmed as ,

described abg\?g e‘%‘xc‘gi { that g #IJ_{% ﬁaé Wasguse%fglg’fﬂg)p figiged as a semi-
Syt A&t His thé §Qﬁ¥weft1c whiFe Nrie nedtiinedo inp dermasdib AfwBe nospora
irdgistedsaticoneentalings rargingirom 17 s 10 L&aM:drorhe avalyation

of these compounds against the trypsin-like, aé éof the 203

proteasome, the SDS was omitted from the's g% ffép dRYy) in & round bottom
flagly (4 RRIAME Frasdissd ReshdMpeinidesebisrate (76 Tongeritrfionmos!) and a

mihectesteopoTd suseehindhese assays+anaea 1om 200.0M 18,158 M- which

ng§ § I V. shown in. Tab 4 an in F s 57-59 illustrate thatg
both synté%est[ﬁ: 8%1 %é)rnmenta %%Ztgé%p c?sv%%%?&\% SHRTEFRRRRGFye was

th%bmw%émﬁﬁétmm%§ww@&z%sﬁwm@m saspasd-fikesous NaHCO;
O Ao BT D00 REEs TR AN e s s red over
Ng%%#gg%Agsﬁgdgg SROTERESHEY B, rHrPEﬁ"F’C Opffpgrmol, 94%

>”¢3EhMthﬂ&1f@r@S@m‘ﬂﬁ@@M§@©Fl FORMBDA XSA-UA EXBMBICE. 36 (m, 1H),

1. BEFECTS ON THE %HYM@,TBU POINALIKEAGTVITY QF 7 = 7 ¢ ). 3.63 (ors

LLS BY COMPOUNDS XVI-1A

L TAINED EROM SYRTHE AL Oy a0 R OM FERMERATIONES, 157 =

2-RpfFerte’iKTCE; b’éiwé%)(ptﬁ@ matAivtiplE ayeimaveeiidife, was
cultured in RPMI 1640 medium supplemented with 2 naM L-Glutamine,
1% Penicillin/Streptomycin, 10 mM HEPES and 10% Fetal Bovine Serurn
at 370C, 5% CO2 and 95% humidified air. To evaluate the inhibitory
effects on the chymotrypsin-like activity of the 20S proteasorne, test
compounds prepared in DMSO were appropriately diluted in culture
medium and added to IxX106/m1RMPI 8226 cells at final concentration of |,
5 or 10 nivl. 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 IX 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 nIM EDTA, 0,05% Triton X-100, p% :17. 3) supplemented with protease
inhibitor cocktail (Roche Diagnostics, Indianapolis, IN). Cell debris was
pelleted by centrifugation at 14,000 rpm for 10 min, 4C 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 chyrnotrypsin-like activity of the 203 proteasome in the RPMI
8226 cell lysates was measured by using the Suc-LLVY-AMC fluorogenic

nantide cirihetrate in the Nnroteacome acceavy hiiffar (20 MM HEPE< 0O K mNM




nm. All data were collected every five minutes for 2 hour. The total protein
used for each assay was 20 pg. The final concentration of Suc-LLVY-AMC
WhaPO12®was 20 40/1 and 0.2%, respectively. After subtractivosedahesse2
background (the values from wells containing buffer and substrate in the
absence of cell lysate), the activity of test compound was expressed as %
inhibition as normalized to the proteasome activity observed in the DIMS

treated control cells. Results in Table 5 show that exposure of
RPM 8226 ceIIs to the fetlnent' AN SN ENGtic compounds
X1r XN O LANNIA ;

chymotrypsm I|ke activity. In ad@mza”sl Nar |nh|b|t|on proflle was
observed when-eglls were exposed to compound XV17-1A_obtained via

Cl ‘
XXEi-1 ' XVI-1A

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>SOs and
concentrated under reduced pressure to yield a crude product which was crystallized in
1:1 acetone: heptane (6 mL) in a2 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 CHI.ORIDE

@ BU38nH‘ Benzene OSﬂBUg Buki, ZnCls ©ch‘,§
Pd (PPhg)a, 15 min, RT

THF, -78 °C, 1 hr

To a solution of 1, 3-cyclohexadiene (0.96 g, 12 mmol, d = 0.84, 1143
ul) and Pd(PPhs)s (462.2 mg, 0.4 mmol) in benzene (10 mL) under nitrogen atmosphere,
was added 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 cm) using a solvent
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79 10 97 96 WHAT IS CLAIMED IS: 1.A method of chemical synthesis
comprising the steps of: (a) reacting a compound of formula (1): Ri HNNO
wie2003 1(jowvith a compound of formula (11): COOH PCT/US2007/008562

gradient of 10:0 (100 mL) to 19:1(100 mL) to 9:1 (100 mkE) of hexanes/EtOAc to afford
cyclohexenyltributyltin - (3.5 g, 94 mmol, 78.6% yield) as a clear liquid.
Cyclohexenyltributyltin was characterized by 'H-NMR (CDClz, 500 MHz). See Figure
51.

To a solution of cyclohenexyltributyltin (0.92 g, 2.5 mmol) in THF (5
mL) at -78 °C under nitrogen was added nBulji (1 mL, 2.5 M solution in hexane, 2.5
mmol). After an additional 30 min stirring, ZnCl, (340 mg, 2.5 mmol, dissolved in 2 ml

of THF) was added and stirring was continued for 30 min at -78 °C to afford 2-
cyclohexenyl zinc chloride.

EXAMPLE 33
SYNTHESIS OF COMPOUND X-1,

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 Na,SO,
and concentrated under reduced pressure to yield the crude product which ‘was purified by
silica flash chromatography (column 2.5 cm ID x 6 ;:m) 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 (CDCls, 500 MHz), and '*C-NMR

(CDCl;, 125 MHz). See Figures 52 and 53. MS (ESD m/z 456.3 [MH]" and 478.3
[M-+Na]",
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Y Y RA Rs to form a compound of formula (Ill): COOR2 (l11) (b)
ing the compound of formula (lIl) to form a compognd of formula
W?i?g‘%%%%%m (IV)  (c) performing an intramolecular aldéi ¥&atioPsiie?
the compound of formula (IV) to form a compound of formula (V): WO
2007/117591PCT/US2007/008562 (V) (d) cleaving the N
carbon-carbon double bond of the compound of formula (V) and cyclizing
the cleaved double bond with tg%ltsﬁgiygh%drgxy group to form a

compound of formulay (b r<15 6F compPoUND -1,

t-Buy, O

O st Foen il
G THF, -78 °C, 3 hrs 0
OBn OBn
IX-1, X1y

To a solution of IX-1, (35 mg, 0.094 mmol) in 5 mL of THF at -78 °C,
1.2 mL of cyclohexenyl zinc chloride (freshly prepared: Example 32) was added and
stirred at -78 °C for about 3 hrs. The reaction was guenched with H>O (15 ml) and
extracted with EtOAc (2 x 20 mlL). The combined organic phase was dried over
anhydrous Na,SO, and concentrated under reduced pressure to vield a liquid residue. This
residue was dissolved in 5 mL of hexanes and allowed 1o stand for an hour. 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-1p (32 mg, 0.066 mmol, 75% yield). The compound X-1, was characterized
by 'H-NMR (CDCls, 500 MHz), and "C-NMR (CDCl,, 125 MHz). Sec Figures 54 and
55. MS (ESD) m/z 456.3 [M+H]" and 4783 [M+Na]'. The stereochemistry was
determined by X-ray crystallography (See Figure 56).

EXAMPIE 35
IV VITRO INHIBITION OF 208 PROTEASOME ACTIVITY BY COMPOUND XVI-
1A OBTAINED FROM SYNTHETIC AND FERMENTATION SOURCES

The compound XVI-1A as obtained synthetically using a2 method

described hersin and by fermentation as described in U.S. Patent No. 7,344,723,

Both the synthetic and fermentation
compounds XVI-LA were prepared as 20 mM stock solution in DMSO and stored in

small aliquots at -80°C. Purified rabbit muscle 208 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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COOR2 Rs 0 OH (VI) (e) protecting the hemiacetal of the compound
of formula (VI) to form a compound of formula (VII): 000R3 R3 0 CPGI

w@\t)7/11746) reducing the COOR2 group of the compound oP{aruse (VIB562
to an alcohol to form a compound of formula (VIII); WO
2007/117591PCT/11S2007/008562 OH R3 0 OPGL1 (VIII) (9)
oxidizing the alcohol of the compound of formula (VIII) to form a
compound of formula (1X):

The substrate used was suc-LLVY-AMC, a fluorogenic peptide substrate specifically
cleaved by the chymotrypsin-like activity of the proteasome. Assays were performed at a
proteasome concentration of 1 pg/ml in a final volume of 200u! in 96-well Costar
microtiter plates. Both the synthetic and fermentation compounds XVI-1A were tested as
eight-point dose response curves with final concentrations ranging from 500 nM to 158
pM. After addition of test compounds to the rabbit 20S proteasomes, the samples were
preincubated at 37°C for five minutes in a temperature controlled Fluoroskan Ascent 96-
well microplate reader (Thermo Electron, Waltham, MA). During this preincubation step,
the substrate was diluted 25-fold in SDS-containing assay buffer. After the preincubation
period, the reactions were initiated by the addition of 10 pl of the diluted substrate and the
plates were returned to the plate reader. The final concentration of substrate in the
reactions was 20 pM. Fluorescence of the cleaved peptide substlfate was measured at
Aex=390 nm and A=460 nm. All data were collected every five minutes for 2 hour and
plotied as the mean of duplicate data points. The TCsy values (the drug concentration at
which 50% of the maximal relative fluorescence is inhibited) were calculated by Prism
(GraphPad Software) using a sigmoidal dose-response, variable slope model. To evaluate
the activity of the compounds against the caspase-like activity of the 20S proteasome,
reactions were performed as described above except that Z-LLE-AMC was used as the
peptide substrate. Both the synthetic and fermentation compounds XVI-1A were tested at
concentrations ranging from 5 pM 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.

Results (ICs¢ 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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OPGi (Ix.) (h) adding R4 to the compound of formula (IX) by reacting

the compound of formula (IX) with an organometallic moiety containing at

BaserEl RPto form a compound of formula (X): (1) remane B Msse2

the compound of formula (X) arid reductively opening the herniacctal of

the compound of formula (X) to form a compound of formula (XXIl1):

OH(XXIII) (J) protecting the primary hydroxy group of the compound of

formula (XXII1) to form a compound of formula (XXIV): OPG3(XXIV)
T%}@éa%%‘@@ BUPO O @ CRIPIEN B aRRrmpis MO des By
TR M dRFE S oI E NEPBOROODMPOUNPHRERORMULA XVI-1A

secondary alcohol of the compound of formula (XO(V) to form a

compound of formula; (XXVp):
Comgound om ( p) __ ICsp Values {nM}
Chymotrypsin-like Trypsin-like Caspase-like
Fermentation C 2.6 a5 387
Synthetic 32 - 37 467
EXAMPLE 36

EFFECTS ON THE CHYMOTRYPSIN-LIKE ACTIVITY OF PROTEASOMES IN
RPMI 8226 CELLS BY COMPOUNDS XVI-1A ORTAINED FROM
SYNTHETICALLY AND FROM FERMENTATION

RPMI 8226 (ATCC, CCL~155), the human multiple myeloma cell line,
was cultured in RPMI 1640 medium supplemented with 2 mM L-Giwtamine, 1%
Penicillin/Streptomycin, 10 mM HEPES and 10% Fetal Bovine Serum at 3 7°C, 5% CO,
and 95% humidified air. To evaluate the inhibitory effects on the chymotrypsin-like
activity of the 208 proteasome, test compounds prepared in DMSO were appropriately
diluted in culture medium and added to 1x10%mi RMPI 8226 cells at final concentration
of 1, 5 or 10 nM. DMSO was used as the vehicle control at 2 final concentration of 0.1%.
Following 1 hr incubation of RMPI 8226 celis with the compounds, the cells were
pelieted by centrifugation at 2,000 rpm for 10 sec at room temperature and washed 3X
with ice-cold !X 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, 1L). The chymotrypsin-like activity of the 208 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 & 10 mM solutioh of

the peptide in DMSO 1:25 with assay buffer) to 190 uL of the cell lysates in 96-well
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WO 2007/117591PCTRUS2007/008562 OPG3("XXV p)  (m)

onverting the primary alcohol group and removing the PO2 protecting
“’;’%é}&“g /r}rllnyé%g%y on the secondary alcohol of the compound of f8frilizet07/008562
(XOCVp) to form a compound of formula (XXVI): R4OH hiN R5

Costar microtiter plate and incubated in the Thermo Lab Systems Fluoroskan plate reader
at 37°C. Fluorescence of the cleaved peptide substrate was measured at Aex=390 nm and
hem=460 nm. All data were collected every five minutes for 2 hour. The total protein
used for each assay was 20 pg. The final concentration of Suc-LLVY-AMC and DMSO

was 20 uM and 0.2%, respectively. After subtraction of the background (the values from

wells containing buffer and substrate in the absence of cell Iysate), the activity of test

compound was expressed as % inhibition as normalized to the proteasome activity

observed in the DMSO treated control cells.

Results in Table 5 show that exposure of RPMI 8226 cells to the
fermentation or synthetic compounds XVI-1A resulted in a dose-dependent inhibition of
the 20S proteasome chymotrypsin-like activity. In addition, a similar inhibition profile
was observed when cells were exposed to compound XVI-1A _obtained via fermentation

or to compound XVI-1A obtained synthetically.

TABLE 5: ~INHIBITION OF THE CHYMOTRYPSIN-LIKE ACTIVITY OF

PROTEASOME IN RPMI 8826 CELLS BY SYNTHETIC AND FERMENTATION
COMPOUNDS XVI-1A

% imnhibition of the 208 proteasome chymotrypsin-like activity in
Concentration (nM) RPMI 8826 cells
Fermentation } Synthetic
1 38 | 32
i 5 86 | 79
| 10 97 | 9




R3  (XXVI) (n) removing the PG3 protecting group moiety on the
primary alcohol of the compound of formula (30{VI) to form a compound of
Worepa1&x%VvIl): R4OH OH pocvm (0) protecting the prim@ryUatetheisss2
the compound of formula (XXVII) with die PG3 protecting group moiety to
form a compound of formula (XXVI), wherein the PG3 can be same or

different from the PG3 in step (m):

WHATIS CLAIMED IS:

1. A method of chemical synthesis comprising the steps of:
(a) reacting a compound of formula (I):

j1\
HN O

with a compound of formula (I1):

|

Ra

Y Y
| ?

COOH

to form a compound of formula (I11):

MCSLLP

COOR,
Ra  Re (11D
(b) deprotecting the compound of formula (II) to form a compound of
formula (IV):
-
7/0
Ra N

(¢) performing an intramolecular aldol reaction on the compound of

formula (IV) to form a compound of formula (Vy:
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WO 2007/117591PCT/13S52007/008562 OPG3 (XXVI) (p) performing

a lactonization reaction on the compound of formula (OCVI) to form a MCSLLP
VWO MPOLIPdf formula (XXVIII): R40H OPG3 (frVIID (gpramtsdng tisse2

PG3 protecting group moiety on the compound of formula (XXVIII) to form

a compound of formula (XV): R4OH OH(XV) wherein: It1 is hydrogen or

substituted or unsubstituted C).6 alkyl, R2 is selected from the group

consisting of hydrogen, or substituted or unsubstituted variants of the

following: C1..6 alkyl, aryl, and arylalk »O-_R3 is selected from the

group consisting of substituted or unshbstituted variants of the following:

C1_6 alkyl, C3.6 cycloalkyl, 02-5 alkernyi oobbrikenyl, aryl, and
arylalkyl; Rs
= OH
I

(d) cleaving the carbon-carbon 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):

(e) protecting the hemiacetal of the compound of formula (VI) to form a

compound of formula (VII):

R1\(O
COOR,
Rs
© o

{f) reducing the COOR; group of the compound of formula (VII) to an

alcoho! to form a compound of formula (VIII):
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WO 2007/117591PCT/ITS2007/008562 R4 can be selected from the

group consisting of substituted or =substituted variants of the following: MCSLLP
WG 00T1raikyl, C2-C12 alkenyl, C2-C12 alkynyl, C3-C12 cyRIG&lI8zN07/008562

C3-C12 cycloalkenyl, C.3-C12 cycloalkynyl, C3-C12 heterocyclyl, aryl,

heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkypalkyl, (heterocyclyOalkyl,

acyl, acylalkyl, alkyloxycarbonyloxy, carbonylacyl, arninocarbonyl, azido,

azidoalkyl, aminoalkyl salt of an aminoalkyl, carboxyalkyl, salt of

thlocyanoalkyl boronic aC|daIkyI boronic € ter@{kyl guartidinoalkyl, salt of
aguanldlnoalkyl sulfoalkyl saltefa sulfoalky afkoxysulfonylalkyl

: l, (alkylphosphooxy)alkyl,
phosphoryialkyl, salt of a phosphorylalkyl, (alkylhoees rqg,r% Ikyl,

pyridinylalkyl, salt of a pyridinylalkyl, sail of a heteroary Qand
halogenatetalRyidizingding plsgialicdchateerairypd of Rrgndadletiedo form a
fromdbgrenpsassisiiagat:-C(--.0)0R6, -C(=0)SR6, - C(=0)NR5R5 and
-C(--0)zZ; each 1t6 can be mdepende@tly selected from the group
consisting of hydrogen, halogeri} stitted or unsubstituted variants

of the following: CI-C24 alkyl, acyl, alkylacyl; arylacyl, aryl, arylalkyl,
p-nitrophenyl, pentafluorophenyl, pent 1Qrifluoroethyl,

trichloroethyl, and heteroaryl, seach independently
selected from the group consistir% or unsubstituted variants

of the following: C1.6 alkyl, C2.6 alkenyl and C2-6 alkynyl, wherein RA

and RB can be optionally bound together to formwan optionally substituted

5, 6, ?, or 8 membered heterocyclyl; Y is oxygen &RGaKY is a halogen;

and PG1 ap%ﬁ%ﬁgw@&% PARIFGHRS SrRummRIEty oy thgmathnd <Qvfmpound

Claim 1, further comprlsmg substituting the primary hydroxy group of the
comRARERH o LY B BOLTRI GBI P el form &

the coomppend of formula(@Ovo has the following structure: WO

2007/117591PCLUS2007/008562 o
R1\( R4
N OH
R3 '
© O
OPGy 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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wherein X is a halogen. 3. The method of Claim 1, further comprising

substituting the primary hydroxy group of the compound of formula (xv) to MCSLLP
e Edfibound of formula (XVI-B), wherein the compounB@Eseaualersse2

(XVI-B) has the following structure: OH 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: R40OH

X to form a compound of formglla (=1): (Zf)ireducing the keto group

of the compound of formula (XXII) t§ form & cq, 6ound of formula

(X-VI-A), wherein the compound of f

structure::

OH (XX
() protecting the primary hydroxy group of the compound of formula
(XX1II) to form a compound of formula (XXIV):

OPGs (XXIV)
(k) cleaving the aminal group of the compound of formula (XXIV) to form
a compound of formula (XXV):

R4 OH
HN OH
Ra
& OH

OPGs  xxv)
(1) protecting the secondary alcohol of the compound of formula (3XXV) to
form a compound of formula (XXVp):
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5.The method of Claim 3, further comprising the step of: (1) inverting
the stereochemistry of the secondary hydroxy carbon center of the MCSLLP
weornpounsd of formula (KVI-B), wherein the compound of forraumla$20vi4B9562
has the following structure: X to form a compound of formula (XV I-A),
wherein the compound of formula (XVI-A) has the following structure: X
6. The method Claim I, wherein PG1 and PG2 are each independently
selected from the group consisting of benzyl, a substituted benzyl, an
alkylcarbonyl, an arylalkylcarbonyl, B substjtatecmethyl ether, a
substituted ethyl ether, a substituted benkyl ether, a tetrahydropyranyl
ether, a silyi ether, an ester, and A6R . ~@HThe method Claim 1,
wherein the organometallic moiety ig sele tedFQorm the group consisting of
an organomagnesium compougean.or ithitma compound, an
organotin compound, an organocupratgés compound, organozinc
compound, organoboron compound, and an organopalladiurn compound,
a metal carbonyl, a metallocene, a carbine,complex, and an
organometalloid. 8. The of method Claim 1, wherein: the
organometallic moiety is selected from thecbpgep conSxetiNgof R4- MgR?7,

R-4-ZnR7, '(H G'Sﬁ‘&@nﬁi(g@@ %(Béﬁﬂoﬁ%@én@remoﬁ%é%h%%ﬁtﬁgtectmg
from the group consistin C? gr sagiiututed or unsubstituted

o1 BRLE3 50 HE, ISR e S PTG Sl OOV 10
isopifiooampiveyduhgdrioformalkotdrxatist carbonylalkoxy, wherein if more

than one Ry is present, the R7 groupsgan optggally be bond together to

form an optionally substituted cycloalkyl, CyCloalkenyl, heteroalkyl or
heteroalkenyl ring; p is an integer ffom“lto is an integer from 1 to 4.

OPGs  (xxvD
(n) removing the PG; protecting group moiety on the primary aicohol of

the compound of formula (XXVTI) to form a compound of formula (XXVII):

R, OH
HN Rs
R3
O OH
OH CXVID)

(0) protecting the primary alcohol of the compound of formula (XXVII)
with the PGs protecting group moiety to form a compound of formula (XXVI),

wherein the PGz can be same or different from the PGs in step (m):
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9. The method of Claim 1 wherein R4 is 2-cyclohexenyl.  10. The
method of Claim | wherein R3 is methyl.  11. The method of Claim 1
WOrepaiH Relis -C&-0)OR6; and R6 is hydrogen or substitute®or/us2007/008562
unsubstituted C1-C24 alkyl. 12. The method of Claim 1 wherein RS 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:
cleaving the carbon-carbon double bond of the compound of formula and
cyclizing the cleaved double bond Witathe sefdtby hydroxy group;
transforming -ODOR, to an aldehyde, wheyein a, is selected from group
consisting of hydrogen, or substitut imted variants of the
C.i.43 alkyl, aryl, and aryialltyl; and adding 114 ngthe aldehyde using an
organometallic moiety containing herein RA is selected
from the group consisting of substituted jfor unsubsatuted variants of the
following: C-C, alkyl, C2-1,7,1, allcenyl, glicynyl, 020t2 cycloalkyl,
C13-C12 cycloalkenyl, Cs-C12 cycloalicynyh, C'rCi2 heterocyciyi, aryl,
heteroaryl, arylalkyl, heteroaryialkyl, (cycloa alkyl,
(heterocyclypalkyl,actyl,acylalkyl,alkyloxycarbonyloxXyi&arbonylacyl,
aminocarbepy| pazicianagidoabdohiAIMakhiosAlbeT 48 MK of formula
carbaxyalfyl, salk-o L ol oY radyla alsepy: salt of an
minoa Ey ) on ’

alkyl
R4

O
HN
0

Ra

OPGs  (xxvin
(q) removing the PG; protecting group moiety on the compound of
formula (XXVIII) to form a compound of formula (XV):

R, OH
~_ o
- HMN
o
O
Rs
OH XV)

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;

Rj 1s selected from the group consisting of substituted or unsubstituted
variants of the following: Cis alkyl, Cze cycloalkyl, Cos alkenyl, Css
cycloalkenyl, aryl, and arylalkyl;
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dialkylaminoalkyl, salt of a dialkylaminoalkyl,phenyl, alkylthioalkyl,

arylthioalkyl, carboxy, eyano, alkargesulfonylalkyi, alleanesulfinyialkyl, MCSLLP
walkoxysimylalkyl, thiocyanoalkyl, boronic acidalkyl, botaniecstosadkykosse2

guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,

alkoicysullonylaikyl, sulfooxyalkyl, salt of a sulfooxyalky!l,

alkoxysulfonyioxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,

(alkylphosphooxy)alkyl, phosplaorylalkyl, salt of a . phosphoryialkyl,

(alkylphospReryealityk pyeiditadaikydpsathef grpyridiegialkyhgsaltfofsabstituted  or

hetetgandatizyl andhhaleoenajed ﬁlh&é‘w‘i}%m&“g:ﬂ 'm@kogc%r@}ze%ﬁe% Cr-Ci

methaod of forming a compgund of formula (XVII) from a compound

formBIYEY comprigity s Sidpd a2 g ifle Sar%anceam%}ﬁsaw&b@a—cw
bondhefetheyodyhpoargt] ohéoermar,(\V paialouclizingddeeytidayied Gguliatkylalkyl,
bond(hmt&m?c&@ﬁmsmhydgew 9rquPYAAY, S2gine, 1 7-afiei SUEiZaligBonyiacyl,

with the tertiary Hydroxy group using an organometalllc m0|et contalnlng
i alleh
G2k

at le A IGREARRIneriifRa 2iiaptegt nBRIRARIGbUSbNsKtingPof aminoalkyl,
substisrbed yalltyiswidstifitadbragalitg ,Oﬁmkbéafmﬂmwmtgl GaKCdf2aallafkylaminoalkyl,

C2-Ciaidamvlo@diC- Kaalkypyl, C3iinld Lyeloakyl C3'&Je?l alkylthioalkyl,
cycloalkenyl, C3-C12 eycloalkynyl, C3-C12 heterocycl , aryl, %eteroar

arylaﬁf;‘/’fﬂﬂg?é%hrylaﬂ%ﬂ‘”@fyclo‘éﬁﬁ%alkﬁ kppeshiifergR M)am}}f’aga}}hyny alkyl,
acylakybxgHajfoxyieBridonyldogycaddbplylabyloaiminacadoylyl, Batdoic esteralkyl,
azidoglkxldﬁf&naa'kséalﬁaHfofaafg@mmﬂﬁJMyxcamﬁ%Fy' SAL Qfr a sulfoalkyt,

carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalky dlalkylammoalkyl

salt ot OMRVI%WW&%IIWI pﬁ%‘ﬂ?/?xé’ﬁ‘&ﬂy{hl alk§Phrylthid %Ikyl %arboRy)! fooxyalkyl,

cyanca}la:lkaméﬁnﬂﬁdnyjalkyﬂ, alkarspduthiogtaidiz;] alkety stetfiny lafplsphonooxyalkyl,

thioc é:@. b%ﬂc?l aC'Pﬁ&E}SM}QYQQW eSt‘éE‘?’t'ky|oﬁUaQ'd"}Q@Mmylalkyl
n

salto aguanl I suifoa kyl salt ofasulfoalkyl alkox f{ysuh‘on Ialk

sulfodyaRhe Y aRlxy Sifoio&y AN

phosphmmyalml ,asélhaiﬁaeph!@épihkwmoxwm pEibdlsizespied aligyalkyl,

phosphory'ai@hssééi&@ RRgsPRendalky! dalkdphosrhory -C(=0)SRe, -

pyrldln lalkyl, salt ofa r|d| lalkyl, salt of a heteroarylalkyl Oand -

halog hard % yq?ﬁlu %thalogenated 15. A method for

preparing a eashp8unchof forimdipgvdatinprsingpeiformihg goup consisting of

intramglecilar Qﬁ%@%‘i‘/‘&g%&@ﬁh@c@@fﬂ%@gﬂk&m&q%@v&ﬁ%@‘fml@wmg Ci-
ula

compound of form
pC24 alkyl, ac alkylacyl, arylacyl, aryl, arylalkyl, p-nitrophenyl,

nylalkyl, salf of a

pentaflunorophenyl, pentaﬂuoroethyl, trifluoroethyl, trichloroethyl, and heteroaryl;

Ra and Rp are each independently selected from the group consisting of
substituted or unsubstituted variants of the following: Ci.¢ alkyl, Ca.¢ alkenyl and
Cy6 alkynyl, wherein Ra and Ry can be optionally bound togethér to form an
optionally substituted 5, 6, 7, or 8 membered heterocyclyl;

Y is oxygen or sulfur;

Z 1s 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

(XVTI), wherein the compound of formula (XVI) has the following structure:
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wherein X is a halogen.
3. The method of Claim 1, further comprising substituting the primary
hydroxy group of the compound of formula (XV) to form a compound of formula

(XVI1-B), wherein the compound of formula (XVI-B) has the following structure:

wherein X is a halogen.
4. The method of Claim 3, further comprising the steps oft

(1) oxidizing the secondary hydroxy group of the compound of formula
(X VI-B) wherein the compound of formula (XVI-B) has the following structure:

to form a compound of formula (3XID):
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NiC,DrOR2 ov OH\ ‘wherein Ill is hydrogen or substituted or

unsubstitarted ClI _,5 alkyl; R., is selected from the group consisting of
whbymoogerseor substituted or unsubstituted variants of the follawing26@1/0@562 MCSLLP
alkyl, aryl, and arylalkyl; and RH; is selected from the group

consisting of substituted or unsubstituted variants of the following: C1_6
alkyl, C3-6 CyClOali231, C2.6 alkenyl, cycloalicenyl, aryl, and aryialkyl, 1
6 . The method of Claim 15, wherein: the compound of formula (TV) has
the structure: ftRi \ 11

(2) reducing the keto group of the compound of formula (XXII) to form a
compound of formula (XVI-A), wherein the compound of formula (XVI-A) has
the following structure:;

R4 "‘“\\\OH

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 (XV1-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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CC-0DOR2 the compound of formula (V) has the structure: ci Ri it
N-4.."0"11C_;00R, OH 1 7.The method of Claim 15, wherein: the

WoatpounTadf formula (IV) has the structure; RI ? 1 0760C2RITIhE2007/008562
compound of foimula (V) has the structure:

MCSLLP

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 ethé'r, an ester, and a carbonate,

7. The method Claim 1, 'wherein the organometallic moiety is selected form
the group consisting of an organomagnesium compound, anor‘ganolithium 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 organometalioid.

8. The of method Claim 1, wherein:

the organométallic moiety is selected from the group consisting of Ry-
MgRy, Re-ZnRy, -Li, Ra)p-B(R7)z.p, and (Re)q-Sn(R7)s.q;

Ry 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 R7 groups can optionally be bond together to form an optionally
substituted cycloaltkyl, 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)ORg; and Ry is hydrogen or
substituted or unsubstituted C-Cy4 alkyl.

12. The method of Claim 1 wherein Rs is -C(=Q)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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0, illitODOR2 NNv'<ms.3 7 OH 18. The method of Claim 15, wherein: the

compound of fcnioula (TV) has the structure: C,00Mes avw the . MCSLLP
WO 20868Hp8UNd of formula (V) has the structure: 19. The methot/osaint:6;

wherein: the compound of focinula (FV) has the structure: the compound

of formula (V) has the structure: t-Buio "... 01 COON] e

cleaving the carbon-carbon double bond of the compound of formula (V)

and cyclizing the cleaved double bond with the tertiary hydroxy group;
ransforming —COOR; to an aldehyde, wherein Ry 1s selected from the

group consisting of hydrogen, or substituted or unsubstituted variants of the

following: C,4alkyl, aryl, and arylalkyl; and

adding R4 to the aldehyde using an organometallic moiety containing at
least one Ry, wherein Ry is selected from the group consisting of substituted or
unsubstituted variants of the following: Ci-Cry alkyl, C3-Cjy alkenyl, C,-Cy

allcynyl, C3-Cyiy cycloalkyl, C3-Cyy cycloalkenyl, C3-Cyp cycloalkynyl, C3-Cio

heterocyclyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, (cycloalkyDalkyl,

(heterocyclyllalkyl, acyl, acylalkyl,  alkyloxycarbonyloxy, carbonylacyl,

aminocarbonyl, azido, azidoallcyl, aminoalkyl, salt of an aminoalkyl,

carboxyalkyl, salt of carboxyalkyl, alkylaminoalkyl, salt of an alkylaminoalkyl,

dialkylaminoalkyl, salt of a dialkylaminoalkyl, phenyl, alkylthioalkyl,

arylthioalkyl, carboxy, cyano, alkanesulfonyialkyl,

alkoxysulfinylalkyl, thiocyanoalkyl, boronic acidalkyl,

alkanesulfinylalkyl,
boronic  esteralkyl,
guanidinoalkyl, salt of a guanidinoalkyl, sulfoalkyl, salt of a sulfoalkyl,

alkoxysulfonylalkyi, sulfooxyalkyl, salt of a sulfooxyalkyl,

alkoxysulfonyloxyalkyl, phosphonooxyalkyl, salt of a phosphonooxyalkyl,
(alkylphosphooxy)alkyl,  phosphorylalkyl, salt of a phosphorylalikyl,
(alkylphosphoryDalkyl, pyridinyialicyl, salt of a pyridinylalkyl, salt of a

heteroarylalkyl and halogenated alkyl including polyhalogenated alkyl.
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10

15

20

OH 20. A method of preparing a compound of formula (V1)
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 MC
compound of formula (VI): +f CV)(IVI) wherein: RI is hydrogen or
substituted or unsubstituted C _6 alkyl;

14. A method of forming a compound of formula (XVII) 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; and

adding R4 after cyclization ‘with the tertiary hydroxy group using an
organometallic moiety containing at least one R4, wherein Ry is selected from the group
consisting of substituted or unsubstituted variants of the following: C;-Cy; alkyl, C;-Ci
alkenyl, C,-Cj; alkynyl, C;-Cjy cycloalkyl, C;3-Cyp cycloalkenyl, C3-Cjy cycloalkynyl,
C3-Cyp 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,
(alkylphosphory)alkyl, pyridinylalkyl, salt of a pyridinylalkyl, salt of a heteroarylalkyl
and halogenated alkyl including polyhalogenated alkyl.
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Pr, is selected from the tgroup consisting of hydrogen, or substituted or
unsubstiruted variants of the following: tThas alkyl, aryl, and arylalkyl; and
wo 20R3igsselected from the group consisting of substituted pryRSYRSIINES MCSLLP
variants of the following: C1_6 alkyl, C cycioallsyl, 02.5 alicenyl, Cs-s
cycloalicenyi, aryl, and aryialkyl. 2 1 . The method of Claim 20, wherein:
the compound of formula (V) has the structure: the compound of formula
(V1) has the -structure: ,.0 Rl N\S"I1I1000R2 flOtr 22The method of Claim
20, wherein: the compound of formula (V) has the structure: t'au hi/ J". \
"1100010e

15, 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):
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17.

\ zZACWRe \ the compound of fo ula (VI) has the structure vf..1 WO
2007/117591PCT/1152007/008562
WO 20076G0R2 R3 OH

23. A compound of formula (V): 0
PCT/US2007/008562

o

Ri\/
AT

— - COOR,
WN¥ )<R3
g 4 COOR,

av)
wherein:

(V )
R is hydrogen or substituted or unsubstituted C, ¢ alkyl;

Rs is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: Ci.¢alkyl, aryl, and arylalkyl; and

Rs is selected from the group consisting of substtuted or unsubstituted
variants of the following: Ci.¢ alkyl, Css cycloalkyl,
cycloalkenyl, aryl, and arylalkyl

Cz.ﬁ alkanyl, C3 4
l6.

The method of Claim 15, wherein

the compound of formula (TV) has the structure

.

r'\1 .
-0

. L)
|

O o
the compound of formula (V) has the structure

R-ﬂlu;, /Q

"“"COOR9

A;/kw/(
7

The method of Claim 15, whersin

the compound of formula (IV) has the structure
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(V) wherein: R, is hydrogen or substituted or =substituted 01.6 alkyl;
It2 is selected from the group consisting of hydrogen, or substituted or

WO 241Astb&tituted variants of the following: Ci_6alkyl, aryl, anBCHASHRYT/0Af2 MCSLLP

R.3 is selected from the group consisting of substituted or =substituted
variants of the following: C1.6 alkyl, a C3.6 cycloalkyl, a C2.6 alkenyl, 03-6
cycloalkenyl, aryl, and arylalkyl, 24. The compound of Claim 23, wherein
the compound of formula (V) has the structure: ' WO
2007/117591PCT/US2007/008562 25. The compound of Claim 23 ,
wherein the compound of formula (V) h(fé1 e str%cture allon"( COOR2
,,O0R3  26. The compound of Claim 23, the compound of
formula (V) has the struct%g j

i

o O CQOOR,

the compound of formula (V) has the structure:

"”””CDORZ
~'“\“R3

18. The method of Claim 15, wherein:
the compound of formula (I'V) has the structure:

the compound of formula (V) has the structure:

=Buty,,, (

i CO0OMe

19. The method of Claim 15, wherein;

the compound of formula (I'V) has the structurs:
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t-Bubh”,.s.,” N/cum! COOMe Me OH CV-1).

23, wherein the compound of formula (V) has the structure: t-Buin.
WO 2{icEdMe ".,mksMe OH (V-1A).

27. The compound of Claim

PCT/US2007/008562

-Bu,
/NJ
the compound of formula (V) has the structure:

l’»BU/um.,(

O

U

Q

s COOMe

TN

20.

(V-1A).

A method of preparing a compound of formula (V1) 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

Y
COOR; ——= N—A—
Ra \ R
O

Y COOR,
3
QH o { o
<%
wherein:

OH

(VD

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

variants of the following: Ci¢ alkyl, Css cycloalkyl, Cag alkenyl, Csg
cycioalkenyl, aryl, and arylallyl,
21.

Rs is selected from the group consisting of substituted or unsubstituted
The method of Claim 20, wher=in:

the compound of formula (V) has the structure:
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WO 2007/117591

PCT/US2007/008562

Q

R—g Hiy,,, (
N—:mmscomz
.m\\\Rs
© OH

i\ ; and

" the compound of formula (V) has the structure:

22.

O
R1 tin,,

Sl COORQ

N
y/ it RB
- oy

e

OH

- The method of Claim 20, wherein:

the compound of formula (V) has the structure:

t*BUIHu,.,

“ (V-1A) ; and

the compound of formula (VI) has the structure:

O]
i“BUU:m,,( N
\ )
N (ot CO0OMe
) A

‘,u\\\Me

O

OH  (VI-1).

180

MCSLLP



MCSLLP
WO 2007/117591 PCT/US2007/008562

23. A compound of formula (V)

O
N COOR;

Ra
—
o OH

W V)

R, is hydrogen or substituted or unsubstituted C,.¢ alkyl;

wherein:

R, is selected from the group consisting of hydrogen, or substituted or
unsubstituted variants of the following: C,.s alkyl, aryl, and arylalkyl; and
R; is selected from the group consisting of substituted or unsubstituted
variants of the following: Ci alkyl, a Cse cycloalkyl, a C¢ alkenyl, Csi
cycloalkenyl, aryl, and arylalkyl.
24.  The compound of Claim 23, wherein the compound of formula (V) has
the structure:
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25. The compound of Claim 23 , wherein the compound of formula (V) has

the structure:

26. The compound of Claim 23 , wherein the compound of formula (V) has

f—BU 5))“4..(0

the structure:

il GOOMe

5 (V-1).
27 . The compound of Claim 23, wherein the compound of formula (V) has

the structure:
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(V-1A).
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