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Pfizer in collaboration with R. B. Woodward and co-workers at Harvard University
(Hochstein et al. J. Am. Chem. Soc. 74:3708-3709, 1952; Hochstein et al. J. Am. Chem.
Soc. 75:5455-75, 1953; Stephens et al. J. Am. Chem. Soc. 74:4976-77, 1952; Stephens
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[0002] The primary tetracyclines of clinical importance today include

tetracycline (3) (Boothe er al. J Am. Chem. Soc. 75:4621, 1953), oxytetracycline (2,
Terramycin™) (Finlay et al. Science 111:85, 1950), doxycycline (Stephens et al. J. Am.
Chem. Soc. 85:2643, 1963), and minocycline (Martell et al. J. Med. Chem. 10:44, 1967,
Martell et al. J. Med. Chem. 10:359, 1967). The tetracyclines exert their anti-microbial
activity by inhibition of bacterial protein synthesis (Bentley and O’Hanlon, Eds., Anti-
Infectives: Recent Advances in Chemistry and Structure-Activity Relationships The
Royal Society of Chemistry: Cambridge, UK, 1997). Most tetracyclines are
bacteriostatic rather than bactericidal (Rasmussen et al. Antimicrob. Agents Chemother.
35:2306-11, 1991; Primrose and Wardlaw, Ed. “The Bacteriostatic and Bacteriocidal
Action of Antibiotics” Sourcebook of Experiments for the Teaching of Microbiology
Society for General Microbiology, Academic Press Ltd., London, 1982). It has been
proposed that after tetracycline passes through the cytoplasmic membrane of a

bacterium it chelates Mg*, and this tetracycline-Mg*? complex binds the 30S subunit
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[0005] There remains a need for a practical and efficient synthetic route to
tetracycline analogs, which is amenable to the rapid preparation of specific analogs that
can be tested for improved antibacterial and potentially antitumor activity. Such a route
would allow the preparation of tetracycline analogs which have not been prepared

before.

Summary of the Invention
[0006] The present invention centers around novel synthetic approaches for
preparing tetracycline analogs. These synthetic approaches are particularly useful in
preparing 6-deoxytetracyclines, which are more stable towards acid and base than 6-
hydroxytetracyclines. Doxycycline and minocycline, the two most clinically important
tetracyclines, as well as tigecycline, an advanced clinical candidate, are members of the

6-deoxytetracycline class.



(S)-annocycline The approaches are al so useful in

preparing 6-hydroxytetracyclines, pentacyclincs,
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C5-unsubstituted tetracyclines, tetracyclines with

heterocyclic D-rings, and other tetracycline anal ogs.
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The approaches are also useful in preparing 6-hydroxytetracyclines, pentacyclines,
hexacyclines, C5-substituted tetracyclines, C5-unsubstituted tetracyclines, tetracyclines
with heterocyclic D-rings, and other tetracycline analogs.

[0007] These novel synthetic approaches to tetracycline analogs involve a
convergent synthesis of the tetracycline ring system using a highly functionalized chiral
enone (5) as a key intermediate. The first approach involves the reaction of the enone
with an anion formed by the deprotonation of a toluate (6) or metallation of a benzylic
halide as shown below. The deprotonation of a toluate is particularly useful in
preparing 6-deoxytetracyclines with or without a C5-substituent. The metallation (e.g.,
metal-halogen exchange (e.g., lithium-halogen exchange), metal-metalloid exchange
(e.g., lithium-metalloid exchange)) is particularly useful in preparing 6-
deoxytetracyclines with or without a C5-substituent as well as pentacyclines. Any
organometallic reagent may be used in the cyclization process. Particularly useful

reagents may include lithium reagents, Grignard reagents, zero-valent metal reagents,
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[0008] The second approach involves reacting the enone (5) in a Diels-Alder-
type reaction with a diene (7) or a benzocyclobutenol (8).
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6-deoxytetracycline

In both these approaches, the chiral enone provides the functionalized A and B rings of
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carlier total syntheses. For example, certain substitutions about the D-ring become
accessible using the present invention’s novel methodologies. In certain classes of
compounds of the invention, the D-ring of the tetracyclines analog, which is usually a
phenyl ring, is replaced with a heterocyclic moiety, which may be bicyclic or tricyclic.
In other classes, the D-ring is replaced with a non-aromatic ring. The size of the D-ring
is also not limited to six-membered rings, but instead it may be three-membered, four-
membered, five-membered, seven-membered, or larger. In the case of pentacyclines,
the five rings may or may not be linear in arrangement. Each of the D- and E-rings
may be heterocyclic or carbocyclic, may be aromatic or non-aromatic, and may contain
any number of atoms ranging from three to ten atoms. In addition, higher cyclines such
as hexacyclines may be prepared. In certain classes, the C-ring may not be fully
formed, leading to dicyclines with the A-B fused ring system intact. The compounds of
the invention include isomers, stereoisomers, enantiomers, diastereomers, tautomers,
protected forms, pro-drugs, salts, and derivatives of any particular compound.
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role i r éat nent I nfectious diseases in_human '
antbodaents, theer ipfectoisciraeafsod by kérapgddinesesistantrosganisms. In certain

however, with the high.use.of these antibiotics over. .
s she s o B R RS S ERse isPo  E Bfigerative
REEEHNin WRIEAthicRe tompoials hay bRl Usefs irf BE treltehent of diseases such
devel opnent of tetracycline analogs with_ activit

&g shnest, apimaaipe dispeses. daflapmatoryndigeases aad dfﬁh@i“eﬂ%ﬁ@?ath}’- The

t vel . i .My W . .

85 SRR oS b EAMAL)  ABos pima

pholediag domsstrardnmithas.i Any agde 0s hdministatibo inctlidiepsrekand
S

l?)earelnrtl.!rzglll a%?nsmistration of the pharmaceutical composition may be used.

[0014] Given past work in the synthesis of tetracyclines, the present inventive
strategies represent a breakthrough, providing new synthetic routes to tetracyclines and

various analogs. The ability to prepare a wide variety of tetracycline analogs and the



[ 0015] Definitions of specific functional groups and

chem cal terns arc described in nore detail bel ow For
w@Roopas®ss of this invention, the chem cal el eneat/esm®017831

identified in accordance with the Periodic Table of

the El enments, CAS version, Handbook of Chem stry and

Physics, 75th Ed., inside cover, and specific

functi ona r S _are, ge ef escrib

PREPLioe R Wgri‘%ﬂsq@ Qiretregirxﬁi? O e ush % ShcR fna
GRS &M gk IdYseast§ maeitd anailvamRGlot bﬁlyflhl Bpithaitalrgaiié Sidngistrpbat also in
reactivity, are described in "Organic Chemstr

Tresiine. SHie tetracyclipg laysof taytllsetle%i@é phys# @ meeamr@gﬂ ingtlp treatment
AR olE P! B RSPl B0 OERPBY s hovever
pritistehighnise of these amipicics sver marpayeatsausistan@dusbecdnte ®major

stere0|s nmerie forng. The present inventjo )
PERRIEApITAE BEesEtintsHpn gtrw&e E‘/dai{]m'rsrigr i qei’@entéifi {ftracycline
%%?\B?ss WiRTEE ALy d@alrﬁﬂgtr&ﬁﬂﬂg bds QPR %rgagisﬁ‘ét ThERIGTE She

omers, (O-1soners, the racem ¢ m xtures thereof,
daveloprhents di:s;ctlbcceisertlhewﬁ cailpwahe feaiai:yqlrge wlasshofrantibistics to remain
scog& ﬁ% t.he jnventi on ;§ tasa/nmatric car bon
ymﬁénﬁﬂgggﬁﬁ1ﬁﬂnﬁa§ﬂ8§ﬂ? EAM 8HEE - as an al kyl
group. All such isoners, as well as m xtures thereof,
are intended to be included in this invention.
[0017] I soneric nixtures coRefamitiony any of a variety of
rrati tid ]
A?(gggi i n\}’een nﬁgcﬁls %E o‘% dc i%S?tldng v\%%ﬁgg Q‘Eilnc%% %atl i’ésr'%lﬁgrres

area:rn)em Mok detaikbelows Fcﬂpurpbm i@g t}ﬁ@mS@nncﬁthm&he&&aBélcments
80: 20, .90: 10, 95:5, 96:4, X éﬁﬁg
.agf‘oiﬁlértlfieéim&gcoari@cswthctbﬁ?eiﬁﬁle@é@e ﬂierféelﬁr% version,

gﬂ%dl@@f Chelr]19§t Zﬁic@ afsyh 1§ci(' inkidk Bode? eanﬂrsbec\ﬂﬁ!: Functional
r ea te t

y apprecr anal ogous ratios are
@OOMpS rapd gfmerhllbf@ieﬁnmhs dmcrdied)thcrsmne%ddmmllywneral principles of
1001811 f, .for |nshance arti CEIar enant | oner. of bed
OB, 7 VB 88 vt BFrEhmOtiGa A reactviy. fg lescribe
kg “Ot SRR CLnRYtrS YADRAS §6rrdl, Ulieshisy SQEndRBIRS, IS4atdlRe 1999,
with a chiral auxrliary, where the resul ting
dhaentize eontents of whichareincerpgestralrherein bameferenee.auxi | i ary
group cleaved to provide the pure desired enantioners.
ADoK nat i velortaindremmuntieofitbe prsbe ine@ntian mey ®&xisasi particular

functi onal ch as_ani no, Or agn ac

faﬁﬂeﬁri&reistegrowﬁimgﬁeiimas ey veosdpaeatiey gl such
éﬁuﬁ’dselrfcﬁfd iV nB s BERNR- Ah& SORhhEhdry, Bastdr¥&iners,

acid or base, followed by resol’ution of the

({Dhgpmees@ ﬁtérlgomq:rg,ghc tACAmIE Inyrtmrpgmer@iﬁ,gﬁnd other mixtures thereof, as
1‘?’1155%\%1 hlréﬁrtgls b et (e in%& 0 9'“&&3%&@'@%&% lcatjﬁgﬁ) mrﬂsr}nay be

SEquent —recover
G}fﬂ@efdhi iarEuBstitdéd lmfan@ﬁkﬂ rgﬁbupa Al ak:lhhéonheﬁs tad @vedlras mixtures
wi || appreciate that the synthetic¢ nethods, as
dberepf, pedntsades ta be llili“il‘ilcieilén 1§ Hvelign. of protecting
groups. By the term: 'protecting group", as used
HBO¥IIn, it Is@nmmxtmﬁ&@oréalpmgtam of avatiethi of Isorsr ratios may be
o)
m?lliggcy inraé:ggrtda%cre]: Vglghnthg é)rrggrrnj 1§v%1?§8t %gxte ia)/q;m: gfﬁ%?ékﬁ? two

dperhdie bref datinedemitties lcantammg 50:$0) 101400 M&BO cxmﬂ;@ndo 95:5,
referred enbodi nments, Protecting grggp re

I
b o7 BBF. 951 Ri0d0g tserentalies 476 o cHRGRBIAGLDY the present

fiﬁ@e%tn%ﬁ.t Shbdeade o'rc?iné?%%?{llelntt 1@%11@ &Hﬁf%@;ﬂ‘e&%%dﬂ%ﬂﬁogous ratios

e protéecting grou e se ect renovab
in good yield by readily avail abl e, preferably
non-toxi c reagents that do not attack the other
functional groups; the protecting group fornms an
easily separabl e derivativao(nore preferably w thout
the generation of new stereogenic centers); and the
protecting group has a m ni num of additiona
functionality to avord further srtes of reaction. As

N N | I



chl or o- 4- net hyl ) pheny1] - 4- met hoxypi peri di n-4-y1

(CTMP), 1, 4-di oxan-2-yl, tetrahydrofuranyl,

wo gdosalvpaely ot hi of uranyl , PCT/US2005/017831
2,3,3a,4,5,6,7, 7a-octahydro-7, 8, 8-tri net hyl-

4, 7- met hanobenzof uran-2-yl, 1-ethoxyethyl,
1-(2-ch|oroethoxy)ethy| 1- et hyl - Inethoxyethyl

1-nethyl =1 - I ox

_ageccrolrl%rp&]\lg,@ Src 8 p t?ifIlSdnierén 1§%u|i]%/“ chl or oet hyl ,

20018) et hy [ kdriheidty] a péhlélﬂﬁlemahﬁ@hamf%oh)ﬂound obthte)plresent
al lyl, pehl orophenyl, p-nmethoxyphenyl

gw,q:ng@rmstqegmqi@ Hymnay l{;’éﬁgmred By ﬁw%yﬁ éﬂgmms gr by derivation with
n
l %§MB§F Qﬂﬁre t‘ﬁg és'ithﬁ% eér{%(i/ ermpl%{/)gﬁg bsé%é?aﬁated and the
puxxhenyygrbimdydved 2o provideythe pdrep]iesmddydn,antlomers Alternatlvely, where

theol?lﬂ\hglll Bsgﬁéﬁgla%%qnc chgg)baé res | rret px%( N0, o?ag acidic functional

of NGNS BB ky1, &Qﬁ@ﬁ%ﬂﬂéhg bzﬂﬁea@y fdi‘ﬁkﬁ' With an appropriate optically-
p- nefhoxyphenyldlpheny

dpt@mmd]mph efqlw\yt;mlangplswguznybf the diastereomers thus formed by

8 ‘éWﬁt@m/ EQ %g %W,’ gﬁgﬁf{;ffﬁ%ﬂﬁ well known in the art, and

4ul§seqﬁ’en‘c tdcbSdr o5thecbtﬁé1éxwhﬁ§ﬁ%ﬁa| i m d0phenyl ) net hyl ,
-tris(levulinoyl oxyphenyl) et hyl ,

4,4 4"
1{901§ ben 7 o)ﬂﬂ@)@f orEprDssidhp|the art will appreciate that the synthetlc

I t
b Rt bR i ST L BIRTHOEL B
9‘p(09ec|tlh £ @ydupX aerstdsedlhérelnSBrt (Cmephetiny 2-paficaks fartibnat Im01ety, e.g.,
benzodi t hi ol an- , benzisothiazolyl S, S-dio

tq’ISW@f Ny;sé;mwrax(l}yl\)gyckefi,sp éliqﬁwrgqcpg;p cztnrlfésgame out seféct?\%ly at
¥l

%Pgﬂgﬁ}%@gﬁ& gtﬁh krr 4'1 glglgéfglég} on91 MJMDE% |S:> H'glﬁr@ﬁ:weﬁ lehdbbdiments, a

qutecﬁhlgl grdnquheis lsqléqtlvbb'uh)giodd yElchth svd g/ﬂr_o@'ﬁ&ldl\@])strate that is
siaPlesb e Refebi eactiph dhfgimatei e ERRALeIYE hecgatizelsyremovable

(11@55@ j{lel"élmj'trﬂdfﬁit DananE envtesiblydont thRI¥ISAgentsQhdfiotot attack the
beRzoyl format e, "acetate, chloroacetate,

ditteh lﬁmcoacaétgamms the poteasing 2eeipafoens an edsily sensaatie derbyative

ﬂlgheo[;%%{:az;ﬁ\g%&%ho%rthﬁ g S ab’g’gtﬁ’ % S e%({aggmc centers); and the protecting

%r AP ahiaRhen ¥ ddidomml @lﬂﬁlﬁbﬂﬂﬁ?t(ﬁa\(dl@wh'eflﬁfe@bf reaction. As
4- (et hyl enedi t hi 0) pent anoat c

detailed hersip, exyaenoudar.d1iyoges; qus eahen pragainggroupemay be utilized.

05408 T B, AP GR g o),
(oebyltho@hethyl (MR, ety iHiormnethilo (aieayldBndthylsitydyméthetymydthyl

%gyw?hgeéﬂﬁ&oya&twa |(Bb§{1)§t3fr%é Eg ayr’pggg?éxey@eahyﬁ ({’MBM) (4-

L

_(pt:nﬂenﬂewhﬁhsals(mm) Gﬂomwlhylnhmgh()?ew?lyl (lamdly{lp 2| 2,2-
it R R e R S e T

C(SEWI@} %traﬁ&d?bﬂf)yrﬁnmﬂ"ﬂ‘?%W&@Met%?&@ﬁ%ﬁyl @ltﬂﬁldﬂ'drothlopyranyl,

3, 4- di met hoxybenzyl  car bonat e - nit robenzy

dampibinaycyclodbi 4- pwﬁhquﬁehyzqrpp)@'amwé&}ﬂ’) H kyl
PRI O BEARPIN 5t LA R s

azi dobutyrate, 4-nitro-4-nethyl pentanoate,

0- (dlbronnnethyl)benzoate, 2- fornyl benzenesul fonat e,
2- (et hyl t hi onet hoxy) et hyl ,

(et hyl t hi onet hoxy) but yr at e,

(et hyl t hi omet hoxynet hyphenzoat e,

6- di chl or o- 4- met hyl phenoxyacet ate, 2, 6-
ichloro-4-(1,1, 3, 3-tetranet hyl butyl ) phenoxyacet at e,
4

4-
2-
2,
d
2 bIS(l,l- di met hyl pr opyl ) phenoxyacet at e,



butyl, cyclobutyl, -CH2-cyclobutyl, n-pentyl,
sec-pentyl, isopcntyl, tert-pentyl, cyclopentyl,
wo 88984 2943 opentyl, n-hexyl, sec-hexyl, cycl ohexyt/us2005/017831
- CH2- cycl ohexyl nopieties and the |ike, which again,
may bear one or nore substituents. Al kenyl groups
i nclude, but are not limted to, for exarrpl e, ethenyl,

PhRE- s AR one Rl e T s Pt 230

BfahldrBTur&isy1 | wtralSidPohiskuraryl PT 90X 35,6, 750N YY0) 7,8,8-trimethyl-
! 186 anda}tgﬁe like. XY’SZOZ’Q] The term a?d/:’o

4 hane b igenzoturausho. hestaiaciuk ar(@-cpisrefihersasihy g} syl 1-
etlpo g%ﬂhgf"sllr}{etg f B?xgzl)ﬁlo%(&%t?ﬁpqqn%tﬁ L FBFIEZ?IO%%t ﬁgbﬁ%‘éﬁ’xlyie 2,2,2-

rou
ﬁ@d‘lﬂ@bﬂhﬂnﬁaﬂmﬂﬂlﬁly]dﬂ’(}& ﬁ(ﬂhyhylsaéﬂw)&ﬂiyl renutly 1 ad 1k p#|

et s el B o R R T £
gfrﬁ&ﬂéxg%gg%@' (pmjcroi)gnzﬁe b pg{lﬁt)‘)&lzgf‘&%%lféhﬁﬁb 6 I(ﬁblﬂ(ﬁ{)benzyl p-

‘ment's and ‘al kynyl

gyaopenzyiypl- pigﬁa@llhenzyﬂ,hkplcnlyd:rﬂt pioolyl dmlatlhml 2-piolitliNpbsitdpc
bo |1 di t h ,
ineny et arRyfipersSHnL s SReon R GingRd ety o
lﬁ}aeﬁﬁfiﬁ%@r@me{hgl %e&bﬁﬁheﬁiﬁ%bﬁ@&%&zl tdh@- al kyl ,

groups contain 1 al 1 phatic

mMpmrUﬁBhelﬁkaﬁqlwleﬁl@fm@thkmpyen}ilmthﬂe%ﬂlt are not

d t t
RSl b S B kS B A ooy
Eﬂl@bﬁﬁhaﬂfmiﬂb b/bbﬂethy[lcﬂ age, trh(l&vﬁfr@ymyp}hdnm)hﬁmyl @,4’,4°-

met hyl t hi o, t hi o, rodplthlo sopropyl t
rﬁnsdmrgzpylﬁmbheahémﬁml Wﬁl@l a{zqiolznlphlﬁ@ f*erd%meﬁnoréw@ﬁvh@ethyl

oL 55 b AL T R A1 L i, -

Pﬁqﬂummantmpe 1 8- berhadittdolgn Quyl, mtsathuaom scds-dioxido,
{ t ts,
S SRRl Fisthy B e CHSRuoatsi BT F Shar bon
Qﬁrﬁfﬂi llggﬂrcﬁ)‘%sﬂ?f aepvebedin %wp?op}xltﬂ@ls@bEﬂiSztdlﬁleﬁfyRHB(ylsﬂyl t-

hé 1 nvention contain 1 atic carbon

éwmhthmethylssllyl (TBDM%,H -mryldiphemsily] (TBEPS), |t1plbmzvléllzjr wiap-

SRR Rty Rl Bne R RIS IS, b e GioRShenyisity

BT forsak Dohzaf RitmateExaat, &l @bacelake) il d16a@ ot PS
include, but are not Iimted to, nethylam no,

stiehjoransatase, trifnoiopseare, ﬁaeth@&)@cﬁat@ptylpamﬂ@ethoxyacetate
%ég%ogﬁ?gﬁ?%g %lﬁ&opﬂee%l){%{%% @o lhehgf;;) ﬁ&ﬁa’@ Qna{bgentanoate
Q‘Leehkh’fmgyh ar(effhg)lenedldn(b)benthmda& (1$Ha0iaby dhkiohetal), pivaloate,

"di al kyl am no" ers to a oup having the_structur
Wntozasﬁ,éar%wﬁatpe {;H&tfﬁxyapwnéﬁcﬁen&ﬂats4n Bmﬁt@n@ﬁla&é £6-

gﬁ?ngﬁlﬁrlﬂgﬁgoalf@ n'?ésﬁoat% a9 RethyRYarbénatd) 8- $@8nyPhethyl carbonate
ifferent In n dialkyarnino’noliety. In certain

éhimod), eyt sthylt dmebmnlatepaiayll %2 grtockgsroethyl edrhenate (lyoc), 2-

TR s R SR TR i WP SRR SatBiE seo. >
qirmnylblﬁbsys%m@)t By cardeaste TREICS, alityh esobliiyP barbbfat€ 2l §inyl
in the invention contain 1-8 aliphatic carbon

@ggmgte atkys ellyl|cadhonate, dkyaumitrephasny! easbongts, shed penzyl carbonate,
gt R S e T

al i phatic carbon atons. Exanples of dlalkylan1no
groups include, but are not limted to, dinethylam no,
met hyl et hyl am no, diethylam no, nethyl propyl am no,

di (n-propyl)am no, di(isopropyl)am no,

di (cycl opropyl )am no, di (n4butyl)am no,

di (tert-butyl)am no, di(neopentyl)am no,

di (n-pentyl)am no, di (hexyl)am no, di(cycl ohexyDamn no,
and the like. In certain enbodinents, Rand R are



menti oned substitutents, i.e., the substituents

recited for aliphatic noieties, or for other noieties
w@sodi sokpsed herein, resulting in the formatieor/o§2085/017831

stabl e compound. In certain enbodi nents of the present

invention, "aryl" refers to a nono- or bicyclic

carbocyclic ring systen1haV|ng one or two aromatic

rings including, t not limted to, ph |, pht hyl |

PR Conape R sy sorsnangh ol el Thggerbope, 4

ok} 1 TR cBRhte HhethPPdiBfi 6B nate) Y880 dtRRz0atd)8- L €7 M

heteroaryl", as used hefein, refers to a cyclic¢
az@nhutyzater, adiitcad- m@thylrpgntﬁmmq for(\dé)romomﬂlyi)bﬂgoateohs of

nﬁgnesul cg}a € aerﬁghyZ@%ﬁ;gett orXélf)ertg)ETr « Ogllyﬁﬂi%mlgthoxy)butyrate,
D%@tl@&&%ﬁethcﬁ)@ﬁ{&ﬁ}dﬁﬁhﬁd&teﬁ eleediteldrd- 4@mt@lﬁﬁhnoﬂ%eﬁte 2,6-

and the renni g atons are carbon e radi cal

SshiR50140f1 rﬂe%ﬁtt%}r@cmﬁéhxl uyDphenoryacetteddbistia any of
tdnﬁetﬁ%'Iﬁ%p?i)gﬁ@mﬁ%“e&tﬁa%hlo@&ﬁ%ﬁ?@&gﬁe géﬁ?dt?&é{e monosuccinoate,

raz pyrr pyrazoly
i(m-Yazadh i 2-butbnaare loy(metlmxazabyly)) besasea nalaphthoate, nitrate, alkyl

t hj adi 'yl ¢ [ lyl, .thi [, f [,
NSt BB Proiami O QY phorn o, porajs. |
Qﬁn&ﬁﬂ?ﬁ@dpﬂl@%éﬁa&lkﬂryh dﬁﬂﬁomﬁhﬂrsgméte SEIPHE M iRdhe AR fonate
unsubstituted or” substituted, wherein sUbstitution

|(me$y11|a;te)s bergylsalfen@ntandﬁoxyiaée (EshoFort prowetingt,2ner b3wols, the

S R B R b G Bt RO bt Byt e ket
|1L15Hehy31€tliyﬁder&| Heﬂil' B(Ehﬁghbbe_,lpﬁémﬁﬂdtkl{}m@%h&ace&ﬂ)d 2,2-

het er oary het er oaryl al kyl ;

| ;
éﬁl%lmgﬁhméqné raé%tﬁlk %@;@Gm%tcé%l@mrwl&@ye kefplg 9y<tlﬁhee<ylldene ketal,

Clgoh i LR B AR e QLS R E A it 2.

dCh¢tROty benHdERRKI L, 3 @Fdﬁﬁdlcﬂlbxymy?l&&@e h&tal; BhiydBenzylidene

OR; -0 Rx:; -&II(]\IRZ;
af«tf&i) wahozsmfél@@ne ac E@Wﬂ%(%%ﬁ actal.eld @(ﬁthgawe?thﬁﬁ%ortho
d
Sftert hoslGRRAERELY ?%*Lbz‘%#%eﬁ cthBitferhAidiE otlBslefh .
dlrytthb)k)y:thylldcnefmﬂemsmryd alekhoixybenzglhiding oathy ester, tIH@), V-
t |.i phat | al kyl . L

bR SRR TR i bbb Shperagigen dervace,

b_%@b mwt}bﬁelwm}xd dsudredt-ut ﬁw@&t grb%gﬁm@y mcn?m 3-

or unbranched, cyclic or acyc erein any of
M@lmwpy&mmg@rlmmy)l degiyptite; (tT @%IHS)S teleas/chutiredisalosans-1,3-

a &gld{eger ger}vawg {‘ﬁ?%%ug tl{ctcmb%gl %E cg/glgtf Fsrtg%%tgs eglyl boronate, and

I Ohal eXa ge era

pHOS bbioner! Amine-protetiaie @besh 1hMuH®ﬁleﬂﬁE6arBdlrﬁate ethyl
enbodi nents shown in the Exa I es that are descri bed
ﬁérrbémﬁnte{ Diiporemplanatiayl sarbaipat 9-(2aligytuerenyimethyl

ﬁlﬁteb?$§ h1diGidh] ﬂ&&og{ggrygtﬁ%ﬂaa}%ﬁgaté, ,f&-{ﬁut??ﬁéeﬁo 10-

era hree t0 ten
dymdoem l(yl(SIO -tet@hydtethidxahthgt)dmedy] daraniaee (DBD-Tmoc), 4-

R SRRy e Rk S b RSO SY FrB el (broo) 2-

@i R6th ﬁh&l@ﬁfﬂ tdrbahigt ?Té&b 'Zgﬂ?etngféthﬂ %az@gﬁﬁfec()@j 1% 1-adamantyl)-

noi etl es, opt i1 onal ‘be substituted w
slubsthyltethe/ht@bmn@tle lﬂdﬂp@) blftdlrncthyll Eﬂltalpeﬁtyt @rbamephdtl -dimethyl-

per SR o g Aol DRy CBERY Bl ey Ep G ihiproethy! carbamate
het er oar yl oxy al kyl thio; arylthio; heteroal kyl thi o;
heteroarylthio; -F, -C; -Br; -1; -OH -NO2; -CN,

-CF3; -CH2CF3; -CHO 2; -CH2OH, - CH2CH2OH, -Cl -1 2NH2;

- CH2S02CH3; -C(0)12,; -02(Rx); -CON(R) 2; -0C(0)R;

OCO2Rx; -OCON(Rx)2; -N(R)213-S(0)2R -NR(CO R, wherein
each occurrence of Rx independently includes, but is

not limted to, aliphatic, heteroaliphatic, aryl,

heter oaryl aryl al kyI or heter oaryl aI kyI vvher ei n any

o " o, o



[0032] The term "hal oal kyl " denotes an al kyl group, as

defi ned above, having one, two, or three hal ogen atons
w@tdosgiegs t hereto and is exenplified by such gronps208s5017831
chl oronet hyl, bronoethyl, trifluoromethyl, and the

l'ike. [0033]The term "het erocycl oal kyl " or

"heterocycle", as used herein, refers to a

o 0 .
LA TP Sy ERBAAR PP Lty
drméthylethiyt tarbargate YPBaMBHRY)] B(219 axﬁcus epiyrﬁdyl()eﬂﬁl‘rtk&bﬁﬂate (Pyoc), 2-
rin havi ng.  bet ween_ one and t hree_ het er pat
é‘g%@mgk}ﬁnyya&@%@etﬁymmﬁ U%WramamBOC) 1-

Qi OAParthhRREl k) i S Ch SRR TROE LA Ao Oyl -

wkmphipglaﬂighobsbamate IIpadma mnmfmmge:arbanﬂtes(lob); - m&bﬁme&nydrrs
be optio aI XIdIZ P n|t ogen ey
%‘%E%tﬁt R Yl(ﬁ‘"f Wt%z\%)(fé?’é‘f ei Yl S#ga %?‘&‘) alﬁh‘;‘ﬂlthlo
Q&rbhxlﬁﬁteapéh‘é?l &%a‘?ﬁ&@{@éi Cp-FrieRy BBy p&rlﬁa‘x‘&ﬁg N18z p-nitobenzyl
{ SR

benzene ring. Represent 4 ue et or otycles 1n
garbamate, p1brﬁm@htnzsd caﬂyﬁmatfl pdqhtgrbberpylrcatzbﬁmaw 2, 4 d1ch10robenzy1

gg%az otlgf% dhyd?%{é]}?\g ?wl ne)%% lglg%z)oé-'an hry)imethyl carbamate,

dphsaAalettyl 63tbamae PhRktyMhloetHy taBohE] Miethylsulfonylethyl
i sothiazolidinyl, and tetrahydrofuryl. In certain

erbampieesr(e oluenesulbuyw ey benrbamaie d@;(éﬁocathk@nyl)dmethyl carbamate
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bﬁ@b@@yﬁ@béﬁﬁhe d»})’@E)'bﬁtymcéirBMn@tfe dkhekylRAMahfate, cyclopentyl
het eroal i phatic, arylalkyl, or heteroaryl al ky

sarbample iopronsbe ke baseie m@my}%mrﬁthbwte 2,2-
S S O RIS DS b,
hetdinoty)s- (MMslimethglnhmoﬂamﬂb)mﬁ;m ammaanu,mﬁmefhmmpynyl

b b . Add | |
G bFRer 14 D DL o PeBe DUEEHme a SaRbergt P athy
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whi ch are described hérein: 34| "'Car boc
mth@xynlmnmbzq)bbmzyl carbamated! - hmt}&ilwcmbaf}é narbamaanl-

non- ar ti i n n whi.ch . ,each, at om
Pl R Pl 2B PR T G DGR SRR RERIRERE -1
@3@5aﬁhaﬁoxypmaey1}e&rymbaﬂbm§@enﬂwm>lm éﬁblﬁ:ﬁ&l@%pﬂeﬁyl%ﬁﬂ
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garbamate cl-athylql Gd@eyletbab@qrb@nate Alsn@w&lr(érmﬁyl)@thﬂ carbamate,
gl?én?\e%agrt%}géntgdpe ﬂh%n Q%ﬁ?%ﬁ?l Ea?beﬂigérw C%‘bgttrlq b eglgﬂc @Eﬁnate,
attached to enable t he detectlon of the conpound. In
general, labels typically fall into three classes: a)

i sotopic | abels, which may be radioactive or heavy

i sotopes, including, but not limted H, 367 H 32p,

35s, ,-, a, 995 T, 14



to, 2ulrTc (Tc-99m), | 1'In, 1231 12 ,169Yb and 186Re;
b) i mmune | abels, which nay be anti bodi es or
wa@dosgess Wwhi ch may be bound to enzynes (such psI/US2005/017831
hor seradi sh peroxi dase) that produce detectable
agents; and c) colored, |um nescent, phosphorescent,
or fluorescent dyes. It wll be appreC| ated that the

SRR B e RO b aaler be - RiRG R, it

F6rirlaniilly, a0étamlR! @lb®atdtihide OfrichlbeooEma) diflbadack@mide,
bei ng detected. In certain enbodi ment s, h droqen at ons

iPhert @mté@&ﬁdﬂeaﬂ@rcrp@para@éepwlmnu%t3ewr@m m{de-§V-

PG GBI IR g
@Lﬁupleahglae@tameie[ amwdpha@@cyﬁeexaxbﬁiesédemdetmh&fegew
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agent or the mcroparticles refers to an anmount

sufficient to elicit the desired biological response.
was0osiidospe appreci ated by those of ordinary skit/usionso17s3i

this art, the effective amount of a conmpound of the

i nvention may vary dependi ng on such factors as the

desired bi ol ogi cal endpoi nt, the pharmacoki netics of

BP0, SR ©

ﬁfeﬁﬁﬁ&bé&ﬁeﬁiﬁlﬁéﬁamﬁﬂe &nﬁlﬁn&ﬁﬁe}ﬂ@lbﬂ&n&ﬂ&ie@g-nﬁfdpyhldﬁieBLﬂfenamMe
is the ampbunt that results in a suffijci

pieset-toluengynl fenamigie (dpk éertﬂenwlfonw@eﬂ éﬁ -trgngthylr4-t he
@e%%ﬁﬁ%??ﬁe% f&@a‘ﬁﬁhé‘ gvﬁx{)‘ ?Zo‘lh@ &%{hg VEABGTEaIFRGLAR M), 2,6-

01N repro 0 suc n1croorgan|sns
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S pen Ul aps Ve Fmethes Y bergreesufion Sy PRl -
E}#}?ftlhwbgﬂehé’s'ﬁlfohﬁﬁld'égmg ﬁ%Vcﬁﬁqethﬁﬁg-ﬂerﬁ@thylW@ﬁiEh@suliBﬂérﬁrde

cul tures pro uction. Brief

DM;dsD iﬂ'ol P 8- pﬁfntam@hﬂphmmg 4-90%RamEidp(Perc], m¢thanssulfmamide

IR S RrR Shh GE D Mgl T AR 4o
qﬁﬁétﬁ&@nagﬂhm{eﬂ{ylﬁ)meheﬁﬂﬁn%lde(bmgs;awﬁéym@fonamlde

startin rom benzoi ¢ acid and involving an o-qui none

mfhmrhmd@ym&@md@@nd ipheracylsulfonamigen Expaplany prglecting groups

S8 20050 AL A b P Pl
Intersdet M@ bé Uindded S theltesrotectifg grohips @atliery & varigty iofi additional

steps (overall yield 8.2% . The synthesis includes the
CRAERIFBPrOIEC T ESTERPS G b ibAdily deriificn Uing UhrARGNG Siieria and

?ﬁgenegil 1C gll?e %g&?ﬁgy Fﬂle Iﬁ??seﬁtoilhgentl-me fddftﬁ)tna f Va%n%ﬁ%ﬁr@t‘é@tmg

seven Steps In t € syntnesi's
@fdup} ateatesaibedlin PeorsirdvarGronpsinginganiz. Sy[qﬂ@ﬁﬁ]'ll'-hlgilicb Gteene,

o Bland s g oBds nfobat U it o Yoy ok ERSS tanfiesontents
e B B el Penzocyel obut enol 11

[8020] i n t hét wylchappresiapéd thpt metolapgnmds}/ﬁe dgscribied areim may be
E{llgs%u%edz with any number of substituents or functional moieties. In general, the term
“substituted” whether preceded by the term “optionally” or not, and substituents
contained in formulas of this invention, refer to the replacement of hydrogen radicals in
a given structure with the radical of a specified substituent. When more than one
position in any given structure may be substituted with more than one substituent
selected from a specified group, the substituent may be either the same or different at
every position. As used herein, the term “substituted” is contemplated to include all
permissible substituents of organic compounds. In a broad aspect, the permissible
substituents include acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic substituents of organic compounds. For

purposes of this invention, heteroatoms such as nitrogen may have hydrogen

substituents and/or any permissible substituents of organic compounds described herein
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[0047] Figure 6 shows the synthesis of dicyclines.

Di cyclines preserve the hydrophilic region thought to
wmeoosapoeus ant for the antimcrobial activity ofCT/US2005/017831

tetracyclines. [0048] Figure 7 depicts the synthesis of

tricyclines via a Diels-Alder reaction with the chiral

enone 10 and a diene (41). Tricyclines preserve the

BRSSP oGy BB B Ao s mo
SHEHdR8 %6 Be AMmitee M ABYBANMRE By tHQRAR]sEiIbGUBsBusMOWBorghfic
synthesis of bridge tpent acycl i nes %1 reacting ani on 47

wpmpoundsh Cogbinationeo! JubsBudits ans earipbles gpvisioned ey this invention
SHPRUBED PSSR B0t SMBLH Rt
fesaeanEorsdxamiphyg of mfecipé digsdses @fpraliferative disorders. The term
P16 28 Wbt HoretY Peteraby reets to Shrpounde which possess stability
sufficient to allow manufacture and which maintain the integrity of the compound for a
sufficient period of time to be detected and preferably for a sufficient period of time to
be useful for the purposes detailed herein.

[0021] - The term “aliphatic”, as used herein, includes both saturated and
unsaturated, straight chain (i.e., unbranched), branched, acyclic, cyclic, or polycyclic
aliphatic hydrocarbons, which are optionally substituted with one or more functional
groups. As will be appreciated by one of ordinary skill in the art, “aliphatic” is
intended herein to include, but is not limited to, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, and cycloalkynyl moieties. Thus, as used herein, the term “alkyl”
includes straight, branched and cyclic alkyl groups. An analogous convention applies
to other generic terms such as “alkenyl”, “alkynyl”, and the like. Furthermore, as used
herein, the terms “alkyl”, “alkenyl”, “alkynyl”, and the like encompass both substituted
and unsubstituted groups. In certain embodiments, as used herein, “lower alkyl” is
used to indicate those alkyl groups (cyclic, acyclic, substituted, unsubstituted, branched
or unbranched) having 1-6 carbon atoms.

[0022] In certain embodiments, the alkyl, alkenyl, and alkynyl groups employed
in the invention contain 1-20 aliphatic carbon atoms. In certain other embodiments, the
alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-10 aliphatic
carbon atoms. In yet other embodiments, the alkyl, alkenyl, and alkynyl groups
employed in the invention contain 1-8 aliphatic carbon atoms. In still other
embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention contain
1-6 aliphatic carbon atoms. In yet other embodiments, the alkyl, alkenyl, and alkynyl
groups employed in the invention contain 1-4 carbon atoms. Illustrative aliphatic
groups thus include, but are not limited to, for example, methyl, ethyl, n-propyl,

isopropyl, cyclopropyl, -CH;-cyclopropyl, vinyl, allyl, n-blityl, sec-butyl, isobutyl, tert-
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WO 2005/ 112945PCT/ US2005/ 017831 [ 0053] Fi gure 12 shows
the total synthesis of 6-deoxytetracycline from

whenzaimsacid in 14 steps (overall yield 8%. Atmuionsti7ssi
ten steps are identical to the first 10 steps in the
synthesis of (-)-tetracycline shown in Figure 2.
[ 0054] Fi gure 13A shows the synthesis of a pyrl di ne

Bl e PauSEROHE elevuyhpigaid r PERYAIRYRY, R cpend.
E0Q85nt i WH Lcylcfodeanyl nliddRyE BevvheéxyllyoRhetl, ©HBAICRSRS]

het erocycl i nes, tetracycline anal ogs, pentacyclines,
mietiss e thellikeewhishienini mpy Peasone 95 moresupsiatuenis Alkenyl groups

rp; YU Y% t*lﬂx‘?ited[tgof%?]efdrg%ié tﬂegxgﬁggétlﬁ%gﬁlgtﬁ}n‘éﬂﬁ”l SRdthy1-2-

uctures of various
bulendleyl awy/dik like. Réprevemsativie raﬁ{ynm @dupsidclude, but are not limited to,

E%nﬁ{\éﬁ%fQ{Iﬁ?neytﬂ'ymw{?equﬁd%sw&?no ife ikt the
{23! or Ot G AEHOIANRRY Y, FUhibAA" aWARAHATOKIS T hiPalRGI

ural product and’i's now produced by fernentation
(gMupL\m g@wouw defihddeattacRed . th@pe@nmp@culgd@'ough an oxygen atom

Dl Rt e oy s oSt Yoy RGB!

odpet:@ﬁtﬁme)o alipahtic PR%YE ¥ohisn€n t2aif BthePembediBlehRRthe alkyl,
are clinically inmportant non-natural antibiotics

aH@nyleamybalhyrw&rgmm cortaid {0 aliphatic srbpn aterys dayet other

s @nmafngegln ?}He al loz[ ]ﬁ)% mﬁgtgﬁ&h%grﬁﬁfﬁdﬁﬁﬁﬁﬁd i the invention contain

G @ sliphatic carbohs atombe T agly Gihbﬂﬁﬁbd)dimBht@J the yl,kyﬁaﬁd&hﬁlt and alkynyl
and Medi cji ne (Birkhauser Verl ag

SRR SORtamelt6 ﬁlé?léitlﬁ CAKPOP GHoERSe rleaft ot gerr%lquieregma the alkyl,
aﬁ&ﬁgl;? ﬁr&ﬁ%wgg group %Bﬁtaﬁlylch 'aﬂ%dtlclﬁgrb%ﬁl 85 ah{}fids of alkoxy,

cann by any kno sem -synt hetic
padlindeshyut ateudot Whiieh tameethavy, ethorg @r@oeiy,byoprmmxy, n-butoxy, tert-

E’ggi;‘g %gélﬁg’%z S’g%t{)}%]@gg’& ?#gg}p €]§|0é ggge(, ib ﬁerxrg no? leted
& %&Hﬁm& r@ﬁyhfh%' {ﬁoﬁyhﬁlonBbfb%yHﬁlot ﬁ-'b(l@i:t}iﬁ)l hitEhe flikem

t Ke coupl i ng “of ctur al vari ed carbanionic D-rin
H9@&:Mr sor s T\hett¢rrre‘fatlltbéammb”tﬁerSABa;gr@mms'omsﬁhe’ stmctlae -NHR/,

L0 BB R B A TSR IR R o

tohing TIOEUJQIphhﬁc td1Bsh sond. mc&faﬁp@m@r érﬁlﬁ)dﬁﬁenﬁtﬁ ahélalssHatic group
enone 7 ({@the 4-step sequence shown, or to enone 8,

AgneinsdolEdiphatc eﬁrb@tb&tym Imyeiroshey catbediegests, fhe aliphatic group
%%{%@%E i B 1n€é§1t1%E %on%a e@ aﬁ %Qzﬁﬁ)oﬁ ?o In still. othelrI y

ure es S0 e clrnica

ieffﬂjbﬂtlﬂe’ﬂts atd dliphaid gro(lp ):entﬁimxy%ﬂlipha&c éa&borbéytombeln yet other
conver gent coupl ing of the o-toluyate anion deri v%
fembedingents ghe hphalfs gpuR GPripins érfbfﬁ@ hatic ¢fgpon atoms. Examples of

%9854:%8 %%&P QTACH%%QQ&/ D 483 mited to, methylamino, ethylamino, n-

propylamino, iso-propylamino, cyclopropylamino, n-butylamino, tert-butylamino,
neopentylamino, n-pentylamino, hexylamino, cyclohexylamino, and the like.

[0025] The term “dialkylamino” refers to a group having the structure -NRR',
wherein R and R’ are each an aliphatic group, as defined herein. R and R’ may be the

same or different in an dialkyamino moiety. In certain embodiments, the aliphatic
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[ 0059] Fi gure 18 shows the synthesis of structurally
di verse 6- deoxytetracyclines by coupling of
wetbdsgimgal |y diverse D-ring precursors and ABPCT/US2005/017831
precursors 7 or 8. The nunber of steps and overall
yi el ds from benzoic acid are shown in parentheses
bel ow each structure synthesized. M C val ues (ng/nl)
re alsg s whol e- cel

a I h fo | aptibacterial .testi f
BI00n° sty TR Rbeicadan s T craliaibes Saadimely i
Hiigl’(e@i@ s TORtainGQE TEARPAGE EFbdd &8mbOIn Y@ lotRe Klbbdignents, the
(1), atesting contraol, appear at bottom 100601Figure
abpletiiswsoups empbayar iin He invaskige cortaialcs akighatin sagpop giases. In still
| 1 r . 0 .
ShisTsphdidier e aNeRRE o coRlap BP0 Riptale Sabh AR, 3 yer
btlee ﬁm&odimﬁ&t ihe _rali;slwh@w'qas c[oﬂ(aﬁﬁ]ll;ell gligtetia t?xﬁbmmn’:jshe
synt hesi o) arl ous novel tetracycline ana S .and .
Fhamples of F“ébﬁgqﬂflﬂ §QYPP 1Sy bt aet imitred @gwﬂa ,
PR S oo i R Prop PRt URRAED nlind o
wiaiyl )emsnym tiewil eprofyd Badh ;i dylor a1t P2arsinoyb (et tbatyhaniing

equences. to AB. enone precursors from .. .
SRAReEDataine, i GrRy BaRBErE: LRy eEUER fie P s amiguand the
MRY e ln ERMAESMbSIiNBNBI Te G ROAR linkB@ &FfokA WS Sliclant@lre. The
i nvol ve the m crobial dihydroxylation of benzoic acid.

DesubtingeyciBesioictyye sy bsfaraaaticadrmoprasdmaatice dE@mtnden afwivelic

gg tilﬁgﬁll Vﬁ?&%):ﬁq{l]ﬂ{el&gﬁﬁ{ %‘g gf)tglﬁrgfeg %, aimnr}/ i l,i &ﬁro@fd?n\gjl,%?geridinyl,
morpholinyl, pyrrolyl, imidazolyl, 1,3,4-trianolyl, and tetrazolyl.

[0026] Some exémples of substituents of the above-described aliphatic (and
other) moieties of compounds of the invention include, but are not limited to aliphatic;
heteroaliphatic; aryl; heteroaryl; arylalkyl; heteroarylalkyl; alkoxy; aryloxy;
heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; Cl;
Br; I; -OH; -NO;,; -CN; -CF3; -CH,CF3; -CHCly; -CH,OH; -CH,CH,OH; -CH;NH3; -
CH,S50,CHjs; -C(O)Ry; -CO2(Ry); -CON(Rx)2; -OC(O)Ry; -OCO2R 5 -OCON(Ry):; -
N(Ry)2; -S(O)Ry; -NR4(CO)R, wherein each occurrence of Ry independently includes,
but is not limited to, aliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or
heteroarylalkyl, wherein any of the aliphatic, heteroaliphatic, arylalkyl, or
heteroarylalkyl substituents described above and herein may be substituted or
unsubstituted, branched or unbranched, cyclic or acyclic, and wherein any of the aryl or
heteroaryl substituents described above and herein may be substituted or unsubstituted.
Additional examples of generally applicable substituents are illustrated by the specific
embodiments shown in the Examples that are described herein.

[0027] In general, the terms “aryl” and “heteroaryl”, as used herein, refer to
stable mono- or polycyclic, heterocyclic, polycyclic, and polyheterocyclic unsaturated
moieties having pfeferably 3-14 carbon atoms, each of which may be substituted or

unsubstituted. Substituents include, but are not limited to, any of the previously
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tetracycline anal ogs via a convergent synthesis using

as an internediate, the highly functionalized chira
wermsa1®4as shown below. R R RS OP 00CP (9) wherpus2ob8017831

i s hydrogen; hal ogen; cyclic or acyclic, substituted

or unsubstituted, branched or unbranched aliphatic;

cyclic or acyclic, substituted or unsubstituted,
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) uted 1@)2 L@@((b)s{xl 10EO,R, br@mgmmx)gr-wngg aB(higR,; -
ar g @qubstltuted or unsubstitutcd, branched or

Q;Rqe@/hn@@requaroypurretmgf Ry @ﬂepenggpgly ingydes, but is not limited

N(S,Rﬁégatlcmgtgr%lag?}?at%% ?lc ﬁ%{oecl['}ﬁ gfallgf dr ep(gﬁﬂofﬁgﬁ Wﬂe}’em any

e tier aiphatiy) aéﬂeﬁbah'phz&icyaryailk}a,cmlhemm)e&ylyllkyaﬁubanwlents descrlbed
noi ety; a heteroary] noiet

y;, ,aryloxy, :
atbwq n g1 gyt sB Dstipted of “%ﬂ“l?%}}t%\tﬁil A0GES Pk yreaARGEd, cyelic
%g); cpgr CWP/erel an? BF Gl QRF 1Y%k }lpﬂeﬁ)aqu ?B%rtuents descriiR8 abSve and

ct om the group consistin ydr ogen,
hxafangmlay bs thimtxmtexi ecurmsnbstimgedb sAdditieohl alxalpphs pEgenerally

égglzgca:b{ ut gtltg{en% %2%12 tqutéﬂ ggthgﬁs'é%{{ g Ierln 1me@‘ﬁ shown in the
ERGhipRlskidt i Qosciabedi Heldi@, - NO2, am no, al kyl am no,
and dlalkyl am no grou P is independently

480234t ed frﬁmt@m“@ﬁb@&y& nssusyd|hn@1rofreﬁqgsoﬁpgg5galkyrto@roups
21?1{1'11%3 Ieggos ra/grlil E)ﬁ?f}i-h lydtg.geeq% %gcﬁge at(% %1 \ﬁtegé)’?e c%'tc%%kyls

benzocycl obut enol e, or dienes to yield tetracycline
anal ogs including heterocyclic tetracyclines,

di cyclines, tricyclines, pentacyclines, heterocyclic
pent acyclines, polycyclines, and heterocyclic

pol ycycl i nes. These new conpounds are tested for
anti-mcrobial activity against m crobes including
traditional ly tetracycline-sensitive organisms as well
as organi sns knomn to be tetracycllne resi stant.
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[ 0066] Compounds of the present invention include

tetracycline anal ogs, heterocyclic tetracycline
wapasage4s di cyclines, tricyclines, pentacycli nesyus2005/017831

het erocylic pentatcyclines, bridged pentacyclines,

het erocyclic polycyclines, bridged polycyclines, and

ot her polycyclincs. Particularly useful conpounds of

th resent invention include those W bi ol ogi cal
ey 658 polF R BB E s LS R s g b
icﬁdd@lliﬁpit}ﬂ Ang XY 1ikel wiith] M8 i@rtebéat ofethevaliphatid; GletefoedipRAt, or
the conpound may have a nean inhibitory concentration,

Wetereyeksmeteties, anay qpalonalbybasubstiivted with Substiugats inghading ut not
PRt SRR Ao TR0 RSl SL SeRE GRS kony

agylony; héteroatkoappheteroanyfoxgt alkpltidaymeithibyhedtdrealkplthioy ng
r gani y he treated with tim crabi C ou
b 1C3h-:Brtﬁa-r9%bé4 o5 ety ﬁ?ﬁéb@g@bu&%ﬁm "
L Q R t I 0 Nal .
S50 LLANALICSSOR IS IEBIRBOIUR L)L GRNO R
DE0Rgi {OCON(RNei-NERw1; aSE)Ry; rFNBL&E) Ridadrengih ehaksoccurrence of Ry

L.nfluepzae, Escherichia.colt, Bacterojdes fragilis,
GlsBFRA Y ieGRGe et BRiet o TRt phetE A RN hereroaryl
R RARNCHBhRSLATY IR, Wh&Kialang io@theadl‘l?' h&d, ﬂéﬂéﬂiaﬁ{)hdﬂ&, arylalkyl, or
ot'her” embodi nments, the conpounds of the invention
drierdaiylalipk substisberte described ahovi and herempoarhe subsidtutes or

SHBHL R ot SRR R0 80 OB IR 3AE W o
ReteroaryDubsBid(sldscribed above and herein may be substituted or unsubstituted.
Additional examples of generally applicable substitutents are illustrated by the specific
embodiments shown in the Examples that are described herein.

[0030] The term “heteroaliphatic”, as used herein, refers to aliphatic moieties
that contain one or more oxygen, sulfur, nitrogen, phosphorus, or silicon atoms, e.g., in
place of carbon atoms. Heteroaliphatic moieties may be branched, unbranched, cyclic
or acyclic and include saturated and unsaturated heterocycles such as morpholino,
pyrrolidinyl, efc. In certain embodiments, heteroaliphatic moieties are substituted by
independent replacement of one or more of the hydrogen atoms thereon with one or
more moieties including, but not limited to aliphatic; heteroaliphatic; aryl; heteroaryl;
arylalkyl; heteroarylalkyl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio;
arylthio; heteroalkylthio; heteroarylthio; -F; -Cl; -Br; -I; -OH; -NOy; -CN; -CF3; -
CH,CF;; -CHCI,; -CH,0H; -CH,CH,OH; -CH,;NH,; -CH2SO,CHs; -C(O)Ry; -
CO(Ry); -CON(Ry)2; -OC(O)Ry; -OCO,Ry; -OCON(Ry)2; -N(Ry)2; -S(0):Ry; -
NR4(CO)R,, wherein each occurrence of Ry independently includes, but is not limited
to, aliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or heteroarylalkyl, wherein any
of the aliphatic, heteroaliphatic, arylalkyl, or heteroarylalkyl substituents described
above and herein may be substituted or unsubstituted, branched or unbranched, cyclic

or acyclic, and wherein any of the ary] or heteroaryl substituents described above and
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The D-ring of 10 may include one, two, or three double
bonds. In certain enbodinents, the D-ring is aronmatic.

wo poshi®is enbodi nents, the D-ring includes onlyn02005017831
doubl e bond, and in yet other enbodinents, the D-ring
i ncl udes two doubl e bonds which may or may not be in
conjugation. The D-ring may be substituted with

def i ned .bel ow.
hitelonaxg SRRt ars e ARIHORL e TR Ep sty
W&hbk%@ﬁu&@m@ AfURthddd Bthe RpDIEOEHbOTIimENR SR Rthe
i phatic; cyclic or acyclic, substituted or
Ernembles that axedlesosibed dmein.or  unbr anched het er oal i phati c:
tut L1t uk ;
icyl I sﬂbgflL ? gs‘g@%un}é&lubkg Og(egr gp&%aanc e%?&rtggﬁg%% selected

ol ﬂmhﬁdckﬂbﬁhe, bsathisk] dndtiediner unsu bst | t ut ed,
branched or unbra cred heteroaryl
{32 a

he tegany atefgA an a@@k %,53upL Wﬁn%%@kyghavmg
) hreg rhamgﬁ oﬁlsea?tﬁgheQQHéfE&)%ﬁﬁ &s Menfplificd by such groups as

|ndepen ently a ro en, protecting group,
ahllopdmd:thy:l hmmiemyl atrlﬂednemehyll mdtthecllkm ety, an acyl

i‘?li}]%iy; Tﬁlﬁ)(ffrmmg{eteet ¥“3}'|°?ﬁ“%’ & Q% %rocgnlﬁ aér]hs?]cLherel}ll refers to a

dbAlatorh A 3106- Bﬁ?-%@:ﬁbé&le&)ﬁﬁg oPh pb@bwaagrrwﬁ mdpudmg &y not
I'n certai n enbodi ments, ¥dro gen, In oth

dintitsditera bi-sor tRCyElic growp porapxngmg used élﬁynemb?recérm%lsqvmg

h 0 n
:%)eB%/ % ﬁé rgc{/ tch$ ggr}egépry 1In§ Hnﬁbeﬂd%nng %a&%ted f‘r{)xtﬁy({xy%?xh sulfur and
@ﬁh(g@hmhﬁr&nl%l) dabh H&ﬁdmyﬁered:iéng has 0 toR2ddube tamdb ynkt e ré-
hal ogen; .cyclic or ac sti tuted

cl i
aesassed sing kas 0 b@r%@f&ﬁieobws 4R tﬁ%&fnépg 514&#. b@teroatoms may be

3 [§
T
({1v3 abvg of thatabae letaogivéid rings owalp rba tﬁmﬁeédo atbyrhzene ring. Representatlve
Tiprocyclan Sihtle, B Soror URse AR b FALE TP azolidinyl,
lﬂﬁhfa%@l‘fq{}@ Cinﬂ@iz%ﬁ@ﬁ&lglpen@(iﬁ L gr&ra’\zl(nlgc’(l —&aﬁ(E{I%in]réﬁ%B@azohdmyl
mmpj(lcﬂirmlhlamhmm(lmgthlazmws andetatrhhwmfurwefﬁ@rt@m RB

blgﬁ ﬁp gn F%l%syltu"ilech%e [ A (?3.11?l %8&%‘3@5}? gxroﬁﬁ R utﬂ[&ed and as

er Oa

fI@éthéfemafbfe’iﬁ ¥d a h@k@tyclodkylelr ele&adcyblerg@mqi; ' déﬂﬂed)above
al kyl thi o; arylthio; am no, alkglan1no

éﬂtwp’%hy ths indeneade FSplaseipentt ane: yatrihree of Hhedydeqagn atoms
t
tﬁrhjrgcg{ §ith %u{ezﬂ‘gglg{ I%E&?to ﬁ%lhhtgcr Iﬂéng(%g g%t%cé gr)ﬁ }%?erroar?/l arylalkyl;
Gietegnrylalkyt ailtoaynarghixgdhamnalkoxmetesoamylbmx)alkyllmlq; eat"ylthlo

Reiegery R B er e b i ook réhfkﬁ'wa‘i‘hﬁg ”ﬁﬁ%& A2 CFs: -

gﬂ%& dis,diyd t@m ﬁOHn @Hh@n -egPeso ey s¢( JGOZ(RX)

, and dro en. n certaln ‘e
N &)z&r@C((a}Ien @©@di,h e@COM (Roje; WMRc)ar-S@}sz |-NP<9€CO)RX,

het t
@eﬁé}g r%%(abl %u{{lfa'rp‘%d) 3 le{fn@ F‘?‘g ﬁ? "bci bél(gl IE% élml ed t%, dlllphatlc
Heroiutighatd, b %terbéﬁn ahaslkar owmér@mmldyl ehétbintag of the

c C|IC acyclic, substituted or unsubstituted,

inhatite betgtoa iphntisnailadk yhetr desaoaryatky] substupats deseribed ahove and
t it ranche h
SRR s R BE R oy O ARERE r Bfbhonched eyglic oracyelc
aryl ; substltuted or unsubstituted, branched or
unbranched heteroaryl; -ORc; =0; -C(:O)Rc; - CO2Re;
CN, -SCN;, -SRc; -SORc; -SQ2Rc; -NX®2; -N(Re)2;
-NHC(0) Rc; or -C(Rch; wherein each occurrence of Rc is
i ndependently a hydrogen, azprotecting group, an
al i phatic noiety, a heteroaliphatic noiety, an acyl
noi ety; an aryl noiety; a heteroaryl noiety; alkoxy;
aryloxy aIkyIthlo arylthlo an1no alkylan1no
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al koxy, lower alkyl, I|ower alkenyl, |ower alkynyl, or
hal ogen. R6 and R8 are absent if the dashed
wo 2ovs/1beusveen the carbon atoms which R6 and R8p@i/€52005/017831
attached to represents a bond, or are each sel ected
i ndependently fromthe group consisting of hydrogen,
hal ogen, substituted or unsubstitued aliphatic,

éﬁ% g%%{em %ng' ogithéjg}gpglslﬁét%rg% S/PSLH)?{% %Eﬁ@ ldb%a;ﬁgé %?\(Eve_agg:ﬁ’erein may
Belsutsstikited b umsubshifited. aﬂcﬁdﬁ@onaab*@yrhplmﬂ'g@neranﬁ aphl kg
am no groups, In certain enbodi

are )
sRsSAEnty el wartesrhyght st oS nga'astgﬁﬁxmples which
QQQggLﬁ§91¥gﬁﬁable nis an integer in the range of 0
to o,

inclusive. As will be appreciated by one of

| h
T or "er ieBRb G O ShiRel "Rl QBN in ek ls Wn

EyTeatierct hen-abdmeathaingeigrvticiaesth Ztonh of the ringiina carbon atom.
enbodi nrents, when n_is_2, the SUbStlt@ap i R7 are in

{9350r t ho chepgdently siectsdy: dihedermirip ly selgpigd” s used
inSrefn tolifl@icsty %&%g@%ﬁm&aﬂfldbﬁh& &r ddefnt.
I'n yet ot

conf i guration. odi ment's, when n is
20036he s u b S‘thbahﬁﬁ’t ARked hereim thehternmlabeledinis |11gamdf:kii tomean that a

AR Sh e s Sl s S B aB Bimate
ke &%ﬁ&u@fl N3 lﬂel donipdubdi & g&&l&pal q&aspsqyﬁi@awfauﬂﬁfomee cll@ses: a)

i ncl ude derivatives, | abel ed forns ro- rugs,
iispdorHe klbelan‘dhmhmammrrsdmaséwe@r he@efrlsqxapqsvms mgl b@telot limited

[t e R e A R R R G T B RS

fladelsy wﬂ(‘dhdn:{yebegantlbba{éﬁ at antigehd, waich ,meind oual €Rérezymes (such as
ol eate, valerate) salts. In certain enbodinents, the

haveradishaetaidsseribatanpdics deisciahlotagant:onie) Foloradatuminescent
R
fisgonpdrated Gao tMoR@oﬁﬂrd at any position that does not interfere with the
biological activity or characteristic of the compound that is being detected. In certain
embodiments, hydrogen atoms in the compound are replaced with deuterium atoms
(*H) to slow the degradation of compound in vivo. Due to isotope effects, enzymatic
degradation of the deuterated tetracyclines may be slowed thereby increasing the half-
life of the compound in vivo. In certain embodiments of the invention, photoaffinity
labeling is utilized for the direct elucidation of intermolecular interactions in biological
systems. A variety of known photophores can be employed, most relying on
photoconversion of diazo compounds, azides, or diazirines to nitrenes or carbenes (See,
Bayley, H., Photogenerated Reagents in Biochemistry and Molecular Biology (1983),
Elsevier, Amsterdam.), the entire contents of which are hereby incorporated by
reference. In certain embodiments of the invention, the photoaffinity labels employed
are 0-, m- and p-azidobenzoyls, substituted with one or more halogen moieties,
including, but not limited to 4-azido-2,3,5,6-tetrafluorobenzoic acid.

[0037] “Tautomers”: As used herein, the term “tautomers” are particular
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R60OH 0OHOO(10a) Isomers include geonetric isomers,

di astereoners, and enantioners. Tautoners include both
wdketos/1806 enol forns of carbonyl noieties as watt/us®05/017831

various tautoneric forns of substituted and

unsubstituted heterocycles. For exanple, the B-ring as

shown in formula 10 includes an enol noiety as drawn,

BomsE e SR bbb cteEn At Ao TP B S sk el ppgition
RathFtedPect tof&e other atoms of the molecule. For a pair of tautomers to exist there
must be a mechanism for interconversion. Examples of tautomers include keto-enol
forms, imine-enamine forms, amide-imino alcohol forms, amidine-aminidine forms,
nitroso-oxime forms, thio ketone-enethiol forms, N-nitroso-hydroxyazo forms, nitro-

aci-nitro forms, and pyridione-hydroxypyridine forms.

[0038] Definitions of non-chemical terms used throughout the specification
include:
[0039] “Animal”: The term animal, as used herein, refers to humans as well as

non-human animals, including, for example, mammals, birds, reptiles, amphibians, and
fish. Preferably, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a
rabbit, a monkey, a dog, a cat, a primate, or a pig). A non-human animal may be a
transgenic animal.

[0040] “Associated with”: When two entities are “associated with” one another
as described herein, they are linked by a direct or indirect covalent or non-covalent
interaction. Preferably, the association is covalent. Desirable non-covalent interactions
include hydrogen bonding, van der Wéals interactions, hydrophobic interactions,
magnetic interactions, electrostatic interactions, efc.

[0041] “Effective amount”: In general, the “effective amount” of an active
agent or the microparticles refers to an amount sufficient to elicit the desired biological
response. As will be appreciated by those of ordinary skill in this art, the effective
amount of a compound of the invention may vary depending on such factors as the
desired biological endpoint, the pharmacokinetics of the compound, the disease being
treated, the mode of administration, and the patient. For example, the effective amount
of a tetracycline analog antibiotic is the amount that results in a sufficient concentration
at the site of the infection to kill the microorganism causing the infection
(bacteriocidal) or to inhibit the reproduction of such microorganisms (bacteriostatic).

In another example, the effective amount of tetracycline analog antibiotic is the amount
sufficient to reverse clinicals signs and symptoms of the infection, including fever,

redness, warmth, pain, chills, cultures, and pus production.
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(RAI NH2 (10b) Other tautonmeric forns wll be

appreci ated by one of skill in the art and will depend
wemosheessibstitution pattern of the core ring pCcT/US2005/017831

structure. The fornul ae drawn are only given as

exanpl es and do not in any way represent the full

range of tautonmers that nmay exist for a particular

compound. [0071] Vari ous subcl asses of conpounds of the

formula 10 which include a substituted or

unsubstituted ar onBtieEDEdriptidnafehs Deuwingel ow. These
subcl asses i ncl ude unsustituted, npnosubstituted

§0043bst i t uffégrre 4shovs theumedular syaifess of teiacyclingypn tefrapycline
% gsiérgh% HISbéhfon R2, R3, Rh and R5 are as
esc

ove 1S hal ogen; cyclic or acyclic,
$0043] i t ut edigure Qrdsplikmtthds it dynthesasrchedtetncyehine atactingdrom

i phati.c; cycl |
racrict € inEi oot Brns AR Dt A Let fsaelighgtpeen the
%Hl?aﬁ?ehbﬁg BFa:Rf the BEMRT 15 BUt&H1 1P TRE BEGald zngwg)? Acedep

: substituted or unsubstitucd, branc
@ﬂbhqﬁﬁhe&1&$yl, substituted or unsubstituted,

R R W O o
‘yMcF@)Z%) TNH@{{IQM&?S inBludes3hE¥JadtioNbEthe chirdlagbne 23 with the anion

occurrence of Ro is independently a hydrogen,
B 62 wield the tqj};agyﬁjmeé;ﬁreaﬂ[}mfg@q sgvmﬁg@syare wlentical to the first seven

E%Pg n)c}ﬁl: gﬁﬂ%%sﬁs ofr{g-tﬁﬁgc C y§;} 2. an ar yl

eroary arylo

§004%] t hi 0; Fagurk Whhows alﬁirsm @nd aéclsydi gmdﬂmlonchyaihle;als afrisogazole 4
het er oar yl oxy; het er oar yl t hi o, noi e certain
Spslodithretinhesiy P -teiagy ehr and peosye nﬁyﬁagmn in Figure 2.
#)(Fﬁg | °W?§ur IsKKbw }g‘égﬁthéélé‘SWénzo S)QYS% e'ﬁbi‘i/ﬂ(éed ifPthe
I n ot er enb ment s cyc Ic or
amthd:snsoof (s)utbsracﬁclineais dwowaris dligtre Cut ed, branched or

hed , lic, ..
ST F e P h ko tetwrBees §r SRS obexeiinesmsserre the
S4B pRIEL Iréga@ﬁ {Houghtho Y)S‘imﬁ&ﬂih%'t f&ﬁﬁ@%tﬂ‘ﬁl@i&)ial Bétivify of

aim no, al kyl am no, or dial kyl am no. In other
é@’ftﬁl@mlmﬁts R7 is substitued or unsubstituted cyclic,

ocycli het er oar
SBYY et el 7eoiBne R ER il lufihs A fis-Alder reaction
1B Maikdl eHenesLGIdasdiese (‘Zlfl) UQﬁQQUﬁékSp@§er¢d1ﬁeh drdPhébic region
10 whi ch include a hydroxyl group at Cl O are shown:
thought to be important for antimicrobial activity.
[0049] Figure & shows the synthesis of pentacyclines.
[0050] Figure 9 shows the synthesis of bridge pentacyclines by reacting anion
47 with a chiral enone.
[0051] Figure 10 shows five compounds that may be used as analog platforms
for the synthesis of tetracycline analogs.

[0052] Figure 11 is a scheme showing the synthesis of a

pyridone/hydroxypyridine analog of sancycline.
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wherein the definitions of R, R, R3, R4, R5, RE, and
R7 are as descri bed above. In certain enbodi nents, the

w@oipaungs are 6-deoxytetracyclines as shown iwct/0s2009017831
N(RE)2 7 OH

[0053] Figure 12 shows the total synthesis of 6-deoxytetracycline from benzoic
acid in 14 steps (overall yield 8%). The first ten steps are identical to the first 10 steps
in the synthesis of (-)-tetracycline shown in Figure 2.

[0054] Figure 134 shows the synthesis of a pyridine analog of sancycline, 7-
aza-10-deoxysancycline. Figure 13B shows the synthesis of 10-deoxysancycline.
[0055] Figure 144 and 14B show a number of examples of heterocyclines,
tetracycline analogs, pentacyclines, and polycyclines potentially accessible via the
inventive method.

[0056] Figure 15 shows the chemical structures of various tetracycline
antibiotics. (—)-Tetracycline (1) was first produced semi-synthetically, by
hydrogenolysis of the fermentation product aureomycin (7-chlorotetracycline), but later
was discovered to be a natural product and is now produced by fermentation (M.
Nelson, W. Hillen, R. A. Greenwald, Eds., Tetracyclines in Biology, Chemistry and
Medicine (Birkhauser Verlag, Boston, 2001); incorporated herein by reference). (—)-
Doxycycline (2) and minocycline (3) are clinically important non-natural antibiotics
and‘are both manufactured by multi-step chemical transformations of fermentation
products (semi-synthesis) (M. Nelson, W. Hillen, R. A. Greenwald, Eds., Tetracyclines
in Biology, Chemistry and Medicine (Birkhauser Verlag, Boston, 2001); incorporated
herein by reference). Structures 4-6 are representative of tetracycline-like molecules
that cannot be prepared by any known semi-synthetic pathway, but which are now
accessible by the convergent assembly depicted in Figure 15B. Figure 15B depicts a
generalized Michael-Dieckmann reaction sequence that forms the C-ring of
tetracyclines from the coupling of structurally varied carbanionic D-ring precursors
with either of the AB precursors 7 or 8.

[0057] Figure 16 shows the transformation of benzoic acid in 7 steps to the key
bicyclic intermediate 14. This product is then used to prepare the AB precursor enone
7 by the 4-step sequence shown, or to enone 8, AB precursor to 6-deoxy-5-
hydroxytetracycline derivatives, by the 8-step sequence shown.

[0058] Figure 17 shows the synthesis of the clinically important antibiotic (-)-
doxycycline (2) by the convergent coupling of the o-toluate anion derived from 18 and

the AB precursor enone 8.
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(Rnri- OHO H3C NH2 OH OH 00 N(RE)2 H = OH

WO 2005/112945 PCT/US2005/017831

[0059] Figure 18 shows the synthesis of structurally diverse 6-
deoxytetracyclines by coupling of structurally diverse D-ring precursors and AB
precursors 7 or 8. The number of steps and overall yields from benzoic acid are shown
in parentheses below each structure synthesized. MIC values (pg/mL) are also shown
for whole-cell antibacterial testing of each analog against 5 Gram-positive and 5-Gram-
negative microorganisms. Corresponding MICs for tetracycline (1), a testing control,
appear at bottom.

[0060] Figure 19 shows a crystalline Michael adduct as the product of a lithium
anion and a chiral enone.

[0061] Figure 20 shows the synthesis of a pentacycline via a Michael-
Dieckman reaction sequence.

[0062] Figure 21 shows the synthesis of various novel tetracycline analogs and
their corresponding D-ring precursor. These compounds represent significant gaps in
the tetracycline fields, likely missing from the literature for lack of a viable synthesis.
[0063] Figure 22 shows alternative sequences to AB enone precursors from
18,2 R-cis-dihydroxybenzoic acid.

[0064) Figure 23 shows novel routes to AB precursors. These routes do not

involve the microbial dihydroxylation of benzoic acid.

Detailed Description of Certain Preferred Embodiments of the Invention
[0065] The present invention provides a strategy for the synthesis of

tetracycline analogs via a convergent synthesis using as an intermediate, the highly

functionalized chiral enone 9 as shown below:

R% RH

Rs

0 0 OP (9)
wherein Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,

branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
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5H OH OOH 00 wherein R7 is hydrogen, and the

definitions of R, R3, R4, R5, RE, and R7 are as
wolemsnidogsd above. WO 2005/ 112945PCT/ US2005/ 01#@B#s2005/017831

[0073] I n anot her aspect of the invention, the

carbocyclic D-ring of tetracycline is replaced with a

het erocyclic or carbocy C|IC nmoi ety as shown in fornul a

&\Jilx)a.gﬁ'ﬁé ﬂgR)% @Eﬁ%geﬁ%#ﬁgl %brse as)lgglylll%d %?gfﬂ;} Jléh%H?a:a/?,f substituted
bpuiBub&itd@d, brched or unbranched heteroaryl; -ORc; =0; -C(=0)Rc; -CO2R; -
CN; -SCN; -SR¢; -SORc; -SO2Rc; -NO3; -N(Rc)2; -NHC(O)Rc; or -C(Rc)s; wherein
each occurrence of Re is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubétituted, branched or unbranched heteroaryl; -ORp; =O; -C(=0)Rp; -CO2Rp; -
CN; -SCN; -SRp; -SORp; -SO;Rp; -NO3; -N(Rp),; -NHC(O)Rp; or -C(RD)j; wherein
each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic;‘substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; -CN; -SCN; -SRg; or -
N(RE),2; wherein each occurrence of R is independently a hydrogen, a protecting
group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a
heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety;

R is selected from the group consisting of hydrogen, halogen, substituted or
unsubstitued aliphatic, substituted or unsubstituted heteroaliphatic, substituted or
unsubstituted alkoxy, -OH, -CN, -SCN, -SH, alkylthio, arylthio, -NO,, amino, alkyl

amino, and dialkyl amino groups;
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09n ring represented by- -- can be a substituted or

unsubstituted aryl, heteroaryl, carbocyclic, or
whedosnooyc! i ¢ noiety, in which each occurrencepof/usons017831

selected fromthe group consisting of -0-, -S, -NR7-,

-C(R7)2-; nis an integer in the range of 1 to 5,

i nclusive; and the bonds between adjacent X noieties

are eif.her

singl e or doubl e bonds. Cc). | t ai
erboaiia fidepenteny KBt B i BoRp st sk RufBRt TR,
iY@ ingGeréip. Ohelehiral €k 9GanBE edatted WitHAhi®s of phthalides, anions
enbodi nents, -- is a nonocyclic noiety. |In yet other -

‘of tylvatas, benroeydelnitencle, or dignes ouiirld tetigerdingranalogs including
HRBARSL L RS O B e
pastdORlinéd) pelycypdimey,land hegroclytliopdigsyclines. These new compounds are
tested for anti-microbial activity against microbes including traditionally tetracycline-
sensitive organisms as well as organisms known to be tetracycline-resistant.
Compounds found to be bacteriocidal or bacteriostatic are used in formulating
pharmaceutical for the treatment of infections in human and veterinary medicine. The
compounds are also tested for anti-proliferative activity. Such compounds are useful in
the treatment of antiproliferative diseases including cancer, anti-inflammatory diseases,
autoimmune diseases, benign neoplasms, and diabetic retinopathy. The inventive
approach to the synthesis of tetracycline analogs allows for the efficient synthesis of

many compounds never before prepared or available using earlier routes and semi-

synthetic techniques.
Compounds
[0066] Compounds of the present invention include tetracycline analogs,

heterocyclic tetracycline analogs, dicyclines, tricyclines, pentacyclines, heterocylic
pentatcyclines, bridged pentacyclines, heterocyclic polycyclines, bridged polycyclines,
and other polycyclines. Particularly useful compounds of the present invention include
those with biological activity. In certain embodiments, the compounds of the invention
exhibit antimicrobial activity. For example, the compound may have a mean inhibitory
concentration, with respect to a particular bacteria, of less than 50 pg/mL, preferably
less than 25 pg/mL, more preferably less than 5 pg/mL, and most preferably less than 1
pug/mL. For example, infection caused by the following organisms may be treated with
antimicrobial compounds of the invention: Gram-positivives—Staphylocococcus
aureus, Streptococcus Group A, Streptococcus viridans, Streptococcus pneumoniae;
Gram-negatives—~Neisseria meningitidis, Neisseria gonorrhoeae, Haemophilus

influenzae, Escherichia coli, Bacteroides fragilis, other Bacteroides; and Others—
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Oon enbodi nents,is a pyridinyl noiety as shown:

Op,, In another enbodinment, '- - -- is selected from
wo b®sgrowp consi sting of OHOH. I n yet anot hepCT/us2005/017831
enbodi nent,- -- is a five-nmenbered heterocyclic ring

sel ected fromthe group consisting of:

Mycoplasma pneumoniae, Treponema pallidum, Rickettsia, and Chlamydia. In other
embodiments, the compounds of the invention exhibit antiproliferative activity.
[0067] In certain embodiments, the tetracycline analogs of the present invention

are represented by the formula:

0 OH O o) (10).
The D-ring of 10 may include one, two, or three double bonds. In certain
embodiments, the D-ring is aromatic. In other embodiments, the D-ring includes only
one double bond, and in yet other embodiments, the D-ring includes two double bonds
which may or may not be in conjugation. The D-ring may be substituted with various
groups Ry, Rg, and Ry as defined below.

In 10, R; can be hydrogen; halogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstitued, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; -ORa; =0; -C(=O)Ra;
-COzR4; -CN; -SCN; -SR4y; -SORA4; -SO2R4; -NO3; -N(Ra)z; -NHC(O)R4; or -C(Ra)s;
wherein each occurrence of Ry is independently a hydrogen, a protecting group, an
aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl
moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino,
heteroaryloxy; or heteroarylthio moiety. In certain embodiments, R; is hydrogen, In
othe embodiments, R, is lower alkyl, alkenyl, or alkynyl. In yet other embodiments, R;
is methyl, ethyl, n-propyl, cyclopropyl, or isopropyl. In still other embodiments R; is
methyl.

R, may be hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or

unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
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R7 (R7)n(R7)n(R7)n(R7)n \1727NCI O R7 (R7)n(R7)n(R7)n 0
(R7)n(R7)n co) (R7)n(R7)n 1/4 j1/4 j Various

wo edosacxed | nes (heterocyclines) of the inventipgor/asmoso17831
al so shown in Figure 14. 10074] O her conpounds of the
i nvention include pentacyclines of the fornula. WO
2005/ 112945PCT/ US2005/ 017831

or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rp; -CO2R5;
CN; -SCN; -SRB; -SORB; -SOzRB; -NOZ; -N(RB)z; —NHC(O)RB; or -C(RB)3; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety. In certain embodiments, R; is hydrogen. In other
embodiments, R, is hydroxyl or a protected hydroxyl group. In certain embodiments,
R; is alkoxy. In yet other embodiments, R, is a lower alkyl, alkenyl, or alkynyl group.
In certain embodiments, R; is methyl, and R; is hydroxyl. In other embodiments, R; is
methyl, and R; is hydrogen. In certain embodiments, R; and R; are taken together to
form a carbocyclic or heterocyclic ring system spiro-linked to 10.

Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR¢; =0; -C(=0)R¢; -CO;Rc; -
CN; -SCN; -SRc; -SORc; -SO2R(; -NO3; -N(R¢)2; -NHC(O)R; or -C(Rc)3; wherein
each occurrence of R is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety. In certain embodiments, Rj is hydrogen. In other
embodiments, Rj is a hydroxyl group or a protected hydroxyl group. In yet other
embodiments, Rj is alkoxy. In still further embodiments, Rj3 is lower alkyl, alkenyl, or
alkynyl.

Ry is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =0O; -C(=O)Rp; -CO,Rp; -
CN; -SCN; -SRp; -SORp; -SO;Rp; -NO;y; -N(Rp),; -NHC(O)Rp; or -C(Rp)3; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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RRR3IRR5 09" CHOHO (). wherein RI, R2, R3, R4,

R5, and ' - are as defined above. In certain
wenpsdizent s, the rings of the conpound are |irepus20b31017831

ot her enbodi ments, the ring systemis not Op. |

| i near. Each occurrence of the ring s- - - in

certain enmbodinents, is a monocyclic >0. (,)" ring
BAPLE, RGBSR 7 S b Bl SRS, Dbyt moi

hikegy e yiBRY; ek ylthiof afE e atdno, @k yS&ii@o; dRIKPREEAS, heteroaryloxy;

preferably, five-menbered or six-nenbered. O her

oF helsieardhiqiaietic yiB| ceraia cmborinrnts Srpoliriaeseds e piher
RO A2 oo G 00 00 o g
tthbodintbnisd R, is alkoxy. In still further embodiments, Ry is lower alkyl, alkenyl, or
alkynyl. In certain embodiments, both R3 and R4 are hydrogen. In other embodiments,
Rj and Ry are taken together to form a carbocyclic or heterocyclic ring system spiro-
linked to the B-ring of 10.

Rs may be hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; -CN; -SCN; -SRg; or -
N(REg),; wherein each occurrence of Rg is independently a hydrogen, a protecting
group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a
heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety. In certain embodiments, Rs is
amino, alkylamino, or dialkylamino; preferably dimethylamino, diethylamino,
methyl(ethyl)amino, dipropylamino, methyl(propyl)amino, or ethyl(propyl)amino. In
other embodiments, Rs is hydroxyl, protected hydroxyl, or alkoxy. In yet other
embodiments, Rs is sulfhydryl, protected sulhydryl, or alkylthioxy.

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, bran(;hed or unbranched heteroaryl; -ORg; =0; -C(=0)Rg; -COsRg; -
CN; -SCN; -SRg; -SORg; -SOzRg; -NO»; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein
each occurrence of Rg is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;

or heteroarylthio moiety. In certain embodiments, R; is hydroxyl, protected hydroxyl,
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gc/r, '--- represents a substituted or unsubstituted
aryl, heteroaryl, carbocyclic, or heterocyclic noiety,

wo ool each occurrence of X is sel ected fropat/082005017831
group consisting of-O, -S-, -NR8-, -C(R8)2-; nis an
integer in the range of I to 5, inclusive; and the
bonds between adjacent X noieties are either single or

doubl e bonds.. I n certai,n od| --- is a

B@‘P 38\”1“ ﬁ?ﬁ'l B’W&%‘ﬁ‘%‘ﬂé{‘ 18&‘??} lgyléy bR mi(l’geg or tricyclic

Moi et Ry afid Ry 4 dBkent fthe Uided BD Betwden i, carbonl a$orﬁs whlch R¢ and
nonocyclic noiety. In other enbodi nents, '-

Rulotst dttaghasdo sepreseatssshandueieare eaphawiecied lmepmﬂffatlm ﬁ@m the group
I

?(%s?s?%%%{ hgdr%g th 10 g:ﬁ tsgl’géf)tqt%d sgﬁgﬁ{éﬁgﬁ%ﬁﬂﬁ’?#f% ahl%‘rﬁtuted or

Clhsdbsﬂﬂmwdb&tdrdialliphﬁhm stitstiacyCod unsupstiedtyd alkox g eOHAHON, -SCN, -

enbodi nent s 1/2- - is not a sg i}ltuted

SH, alkylthio, -NO,, amino, alkyl amino, and dialkyl amino groups. In certain

embodiments, R and Rg are absent. In other embodiments, R¢ or Rg is absent.

[0068] The variable n is an integer in the range of 0 to 8, inclusive. As will be

appreciated by one of skill in the art, when the D-ring is aromatic n is an integer

between 0 and 4, preferably between 1 and 3, more preferable between 1 and 2. In

certain embodiments, when n is 2, the substituents R are in the ortho configuration. In

other embodiments, when n is 2, the substituents R; are in the para configuration. And

in yet other embodiments, when n is 2, the substituents Ry are in the meta

configuration.

[0069] A dashed line in formula 10 may represent a bond or the absence of a
bond. |

[0070] As will be appreciated by one of skill in this art, compounds of formula

10 include derivatives, labeled forms, salts, pro-drugs, isomers, and tautomers thereof.
Derivatives include protected forms. Salts include any pharmaceutically acceptable
salts including HCI, HBr, HI, acetate, and fatty acid (e.g., lactate, citrate, myristoleate,
oleate, valerate) salts. In certain embodiments, the inventive compound exists in

zwitterionic form at neutral pH with the Rs being a protonated amino group and the C-3

hydroxyl group deprotonated as shown in formula 10a.

NH(Rg)2*

0 OH O o) (10a)
Isomers include geometric isomers, diastereomers, and enantiomers. Tautomers
include both keto and enol forms of carbonyl moieties as well as various tautomeric

forms of substituted and unsubstituted heterocycles. For example, the B-ring as shown

33



(").1 or unsubstituted phenyl ring. In other

enbodi nents,- - is a pyridinyl noiety as shown: In
warmshepsanot her enbodi ment, - - is selected freaus®os/o17831

group consisting of qqg, In yet another enbodi nent,- -

- is a five-nenbered heterocyclic ring selected from

the group consisting of: '

in formula 10 includes an enol moiety as drawn, but the enol may exist as the keto form

in certain compounds as shown below in formula 10b and 10¢:

OH O 0 o (10¢)
Other tautomeric forms will be appreciated by one of skill in the art and will depend on
the substitution pattern of the core ring structure. The formulae drawn are only given
as examples and do not in any way represent the full range of tautomers that may exist
for a particular compound.
[0071] Various subclasses of compounds of the formula 10 which include a
substituted or unsubstituted aromatic D-ring are shown below. These subclasses
include unsustituted, monosubstituted, disubstituted, and trisubstituted D-ring.

RER% RER% R,H

R Ry, Rs R

1 1
4 ~
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[ 0075] Vari ous subcl asses of the fornula (12) include:
WD 2005/ 112945PCT/ US2005/ 017831 100771Vari ous

wobtdshawses of the formula (14) include: Rl RREcRUE®05/017831
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WO 2005/ 112945PCT/ US2005/ 017831 [0078] 1 n certain
enbodi nents, the tetracycline anal ogs of the present
wo mosnidopn are represented by the formul a: Pefbs H03017831
00 wherein X is nitrogen, sulfur, and oxygen, and RI,
R3, R4, R5, Re, R7, Rg, and flare defined as above
with the caveat that when X is S or 0, R is absent.

0TS PR AR SER, R RETROHRER: 2% s RNy
halogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted; branched or unbranched acyl; substituted
or unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORg; =0; -C(=0)Rg; -CO2Rg; -CN; -SCN; -SRg; -SORg; -
SO,Rg; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein each occurrence of Rg is
independently a hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic
moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio;
arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio moiety. In
certain embodiments, R7 is hydroxyl, protected hydroxyl, alkoxy, lower alkyl, lower
alkenyl, lower alkynyl, or halogen. In other embodidments, R is cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; or cyclic or acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic. In yet other
embodiments, R; is amino, alkylamino, or dialkylamino. In other embodiments, Ry is
substitued or unsubstituted cyclic, heterocyclic, aryl, or heteroaryl. In certain
embodiments, R is branched or unbranched acyl.

[0072] Various subclasses of compounds of the formula 10 which include a

hydroxyl group at C10 are shown:
N(Re)2

1
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Rio 5P 00OP00O(15) wherein R3, R4, and R5 are as defined
above. P is hydrogen or a protecting group. Ry is
whydsagew cyclic or acyclic, substituted or PCT/US2005/017831
unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted,
branched or unbranchcd heteroaliphatic; substituted or
unsubstituyje chegr unbr anched acyl ;
substltutg{ q? & ubssgt%éd branched or unbranched
F Asub€iH t ut ed, branched or

unbr DR1; -CN, -SCN, -SR]; or

- N( rrengg, of 121 is

i : prot ecting group, an
al'i phat|i c dft er oz I phatic noiety, an acyl

Y,
noi etyOHan &yl @biety a Keteroaryl noiety; al koxy;
aryl oxy; qikyé @JOR amyRiki o; am no, al kyl am no,
dlalkylan1no ﬂ Baﬁyloxy; or heteroarylthio noiety.
: Ry Ats hydrogen or | ower

;r al kynyl . I n other
enbo.\\ T grRMp. I n yet other
enbodi ¥ uted or unsubstituted aryl
group. di nrents, RO is a substituted
or uns&ﬁ&tlthedcﬁbtefbcycﬁ?c gr oup. R10 is
cyclic or acyclic, suhsﬁlm £drpor NiRsebst it ut ed,
branched or unbranched" h1 I €; cyclkﬁ4or acyclic,

substituted or ups e fhChed 0r unbranched
het eroal i phatic; p

or unbranched arW DA LUt unsiBsgti t ut ed,
branched or unbranghed N ¥ [ . In certain
enbodi nents, R10 i [ ubstit ut ed
phenyl ring. In ce ' RTO is a

substituted or unsubstngatedthta odyBEhc ring. In
certain enbodi nents, R10 #& & &y gk'_
unsubstituted aryl 3
a lower (G -CoRr,a gr oup.

Met hods of Synthe5| mNH.on al so
i ncludes all steps angd odo ogLes useo in preparing
t he conpounds of the(%nve i on &g Ael |
i nternmedi ates al ong the synthetlc rout e, Qhe pr esent

ents, R10 is

i nvention provides for tﬁe hkesis of
tetracyclines and its varp,us analk by _¢@Qi ning a

hi ghly functionali z will becone
the A- and B-r{Ragstof t with a
mol ecul e which w | I i : ANH2

tetracycline core. :
i nt er medi at es result&ﬂuwtue fopgatign ofgthe C-ring,
preferably in an enantiosel ective may REY, Thi s

nmet hodol ogy al so allowéhﬁgroﬂhe syntheg[s of
pentacyclines, hexac,\ [ riog systems as
wel | as the incorpg?: \
ring system |®zpaniicu
fragnents includes Vs

as descri bed above. [@081]dhe symtheels begi ns with
the preparation of the enone (9) starting from benzoic
acid. As shown in Figure 2, the first step of the
synthesi s invol ves the mcrobial dihydroxylation of
benzoi c acid using Alcaligenes eutrophus. The diol (1
in Figure 2), which is preferably optically pure, then
under goes hydroxyl -di rected epoxidation to yield the
allylic epoxide (2 in Figure 2). Protection and
rearrangenent of allylic epoxide 2 yielded the
isoneric allylic epoxide (37in Figure 2). The
net al ated i soxazole (4 in Figure 2) was added to the
isonmeric allylic epoxide to yield 5 (Figure 2), which
was subsequently netalated to cl ose the si x- menber ed

- I 1 T o " o - q —



skill in this art, functionalization and rearrangenent

of internediates 6, 7, 8 and 9 in Figure 2 will allow
wo 2oostiieapreparati on of different class of componusmonii7ssi

the invention. [0082]In one enbodi ment, enone (9) is

reacted wth an anion resulting fromthe deprotonation

of toluate (6). The toluate of fornmula: Ri oP 0

wherein Rl is hydrogen; Qaloggn cyqﬁic or acyclic,

substituted or unsubstitu} gk e fiche unbr anched

aliphatic; cyclic o ' 3 t-sﬂtr

unsubstitutcd,Rgra_phem et er oal i phati c;
substituted or'UAsybsti bra ched or uNpranched
acyl; substituted o et i ancked of

unbranched aryl; sub ostit ted,
branched or unbranchéwiheﬂbroaﬁyl @ORA; &0; -C(=0)RA;
-CO2RA; - CN, -SCN; - SRA - SGRRA; - NOZ;

-N(RA) 2; - NHC(0) RA; or -(i' 37 -ereln each
occurrence of RA i e ¥ dgen, a
protecting gr :

heteroallphatqH%ﬁD
noi ety; a heteroaryl ; OXY;

al kyl thio; arylthio; ), aIk ' o al kyl am no

bet er oaryl oxy; or hef%?oaﬁ&lthl nnﬁ%ty R7 is
Wﬂreglgﬂm deﬁaiém»genf Rg%ﬁg Rg Rar R%dy;g hﬂrl]d:%7 Sl‘ldhsgéicﬂbﬂﬂatﬁfve In
unsybstituyte anche unbranched al i phatjc

EFain Emy pd Pl ﬁv@ CoutpguRds st éﬂleewtatﬁ%%maaﬁwn in the
branched or unbranched h@teﬁyahgphaRgg substituted or
unsubstituted, branched orHuy) ;
substituted or u ‘

aryl ; substuh% ] | $ pr anched or
unbr anched hef8 0) RGNH; CO2Ro;
; -SCN, -SRG - SBR RG) 2;

-C(R ; rei occurrence of RG
%@%ently adﬁ'&dr@gen OaHpchectlcﬁg group, an
alwﬁhatug ﬁﬁ&Gh% N(RBgt er oal i phatic noiety, an acyl
moi fety; @nHat Aot ety; a heteroaryl noiety; alkoxy;

aEk P%hi o; ami no, al kyl ani no,

Hryl oxy; or heteroarylthio noiety;
thwyﬁange of 0 to 3, inclusive;
or -N(R02; wherein each
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i ndependently a hydrogen, a protecting group; a cyclic

or acyclic, substituted or unsubstituted aliphatic
woRjosh yzo4® cyclic or acyclic, substituted or PpCT/US2005/017831

unsubstituted aliphatic heteroaliphatic noiety; a

substituted or unsubstituted aryl noiety; or a

substituted or unsubstituted heteroaryl noiety; and

Pis selected fromthe ro D nsNgﬂg g of hydrogren,

| ower (Cl-C6) alkyl $§cyF group, and a

protecting group; f ndePHbasi c

conditions (e.qg.

e resulting anion
is reacted with R3 R4yd OP OP O
wherein R3 is hydteg . . s~ Or acyclic,
substituted or unsiyibstifuted| Wafchedllor unbranched
aliphatic; cyclic Br ac®clicOHsub®titufed or
unsubsti t ut ed, branched}p quqgch rRhgt eroal i phati c;
substituted or unsubstltﬁéedH ahcﬁed or unbranched
acyl; substituted o=t P v
unbranched ary %
branched or uit ﬁan
-CQ2Rc; - CN, -SCN
-NU%)Z - NHC( 0) Re; [
occurrence of Rc is Chdepéhdenﬁ%y a<hydrdben a
protecting group, an allph@tlc noi etN(Rg)a
het er oal i phatic noiety, afF dﬂyl nﬂléiy, an aryl

noi ety; a heteroar‘// : y;

al kyl t hi o; ary D; dlalkylan1no

het er oar yl oxy; HP , h NH, R4 is
hydr ogen; hal ogen; [ i g subgtituted or

unsubstituted, branc unbrian@Hdd al ilphati c;

cyclic or acyclic, sﬁ%%tlﬁhtedcﬁf uﬁ%ubst‘tuted
branched or unbranched hﬁxeroal|phaﬂiBezsubst|tuted or
unsubsti t ut ed, branched or= uabranEhed acy,

substituted or uns G P~ unbr anched

aryl; substityged $ anched or
unbranched heteroaNy 4 - 8B2RD; -
CN;, -SCN;, -SRD; - SORI o NER2;T - N(RD) 2;

-NHC(0) RD; or -C(RD) .l i n gach becurd ence of RD

i's independently a hydrogen a protectlng group, an
al i phatic noiety, a heterdhl BhgRy ety, an acyl
noi ety; an aryl noiety; E r: c i gby; al koxy;

aryl oxy; al kyl thi o Z G yl am no,

di al kyl am no, (Ret et g aryl thi o noi ety;
R5 i s hydrogen; halsges, 3 { cNH2
substituted or unsubgtitut B unbr anched

al i phatic; cyclic or ;¢f ¢ or
unsubstituted, branched or unbranchggaheteroal|phat|c
substituted or unsubstltuﬂEdH by ﬂche unbr anched
acyl ; substituted or_ynsubst et ueds b anc & or

unbr anched aryl ; sgbsti T f i tuted,
branched or unBranthed ;

-SRE; or - N(RE)2; Whg . S
i ndependently a hydr ilng gripup, an
allphatlc noiety, a hntermallphaﬂlccmnletq an acyl

W yelr o% ;1/{2 i nlil)f( rﬁerl??gﬁaetﬁqx df:f MSBs%ﬂ%F]‘g' , lﬂ?ﬁ ﬁ%aﬁlcll hoé% 'as

Hesdribel aboveo, heteroaryloxy, or heteroarylthlo noi et y;
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R6 is selected fromthe group consisting of hydrogen,

hal ogen, substituted or unsubstitued aliphatic,
wobdpstiidoyd ed or unsubstituted heteroaliphatic,pcT/Us2005/017831

substituted or unsubstituted al koxy, -OH, -CN, -SCN,

-SH, al kylthio, arylthio, -NO2, am no, alkyl am no,

and di al kyl am no groups; and P i s i ndependently

e ted from he ro onsi sting of r,0gen. or
BRSBEC 1 nolrists ofish i TRt Sheoer SR i Fpracyeline
yhepiatdd wakh a %tero%ﬂcho'%ﬁ caFéz)cycﬁlc A6idtyasahéwAsn fRmulad1):
above,; IS hydrogen Qlogen cyclic or
acyclic, substltute81o 20957 t+%uted branched or
unbranched al i phati i ' substitut ed
or unsubstitutcd, T i ¥
heteroallphat|@0n substi t ut ed,
branched or unbr-anrched-ax d'20r
unsubsti tued, branchefgl or nQﬁg'ched aryl; substituted
or unsubstltuted br apchedo@r upbr anghed qtrproaryl
C(RO RB; -CO2Rn; CN; -SCN;, -SRB; -
Is@gﬂ@ntlomﬁ ) Ra, mmﬁc(acg rasiese‘rbed@my%for \Kwrert'éa H0. The D-
each occurrence -of, RE; is independently a hydrogen, a
protecting gredp, |an aliphatic nmoiety, a

'ﬁ%‘g ?ef[p(%easlelnféﬂ %&e [ Sar y %B Ye a%Pbsq(thc?( gpﬁl%‘ilgstltﬁ@d gfy¥ : heteroaryl,

aéﬂw&;tchc Qir heteyddybli©motany, i wh&tiHQalchl m:cnmr;ende aﬂ Xyd sebdcreal, from the
het er oaryl oxy; or heteroar&thlo noi.ety. .As w || %\te
sippsengstig ByOons-oNReii- CiRDx; 1 iag laﬁeger ip the TpREe A leto S

W‘ae b ﬁ‘rﬁ%'cn bdnyf trb(%lét?és RrEdhpRl klﬂglréto? dotiBle bonds.
tion, phenyl_ rin Sf the fol uat e nmay
substltuted for am arpmatic heterocyclic ring such as
as pyridine ring & shown in Figures 11 and 13. O her
&x egrplireembédimantspcy el 1 s agrdlydyelieriog yystdne seahadsagscystic or
toluate (6) include: RRRR .--.
("Qn
tricyclic moiety. In other embodiments, ‘----" is a monocyclic moiety. In yet other

--
e 5

&,
embodiments, ‘~--- is a substituted or unsubstituted heterocyclic moiety. In certain

0
embodiments, '----" is not a substituted or unsubstituted phenyl ring. In other

on
embodiments, ‘~---" is a pyridinyl moiety as shown:

N
r N o
(R7)a—r (Rp)n—r . Ry (R = -

(X)n
In another embodiment, ‘----" is selected from the group consisting of
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O her toluates are shown in Figure 21. In certain

enbodi nents, polycyclic toluates are used in the
wdb@mbael+Di ecl unann reacti on sequence to formpCT/US2005/017831

pent acycli nes, hexacyclines, or higher cyclines.

Tol uates useful in preparing pentacyclines are

exenplified by the fornula: R70 wherein Rl is

hydr ogen; hal ogen; cyclic or acycl;gdjsubstltuted or

unsubsti t ut ed, l'i phati

cyclic or acyc ic, t utfed

br anched &%) 'ﬁ@ran Relphati c; ISt t ut gd or
unsubstitute cyl;
substituted or u substitued, brancheq| or unbranghed
aryl; substitute® or unsubgiH tuted, I anched orO
unbranched heteroaryl; -ORA;, =0; -C(0)RA; -CQ2Ra; -
CN; -SCN;, - SRA -SCRA -SOZRA -NO2; - N(RA) 2;

ubst Nt ut
nh@t ero

- NHC(0) RA; or M each rrence RA is
|nerenQeRh%y__ ] ec |ng &yPQ*Lan
al i phatic el oaI

%§ In acyl
noi ety; an ary a eroary iety; OXy;
aryl oxy; al kyl thilo; arylthlo am no, al kyl am no
di al kyl am no, hePeroaronxy, or heteroarylthio %oiety;
each R7 is independently rogen; u ogen cyclic or
acyclic, substituted or unsu ranched or
unbr anched al i phati é¥7)eyelic substi t ut ed
or unsubstituted, branche 67

heteroal i phatic; substituted or unsulstituted,
branched or unbranched acyPH substit @Hed or

unsubsti tued, branched-.or unbranched aryl; substituted
or unsubstltuted bbgnc ed or unbranched hetcroaryl

Ilg?%%ot%ewé{ocp %{IER%) 2(-)- %ﬁ%mbgﬁ Heﬁ%@ghc wﬁqg?ele%ed from

q&g?ogngﬁhﬁﬂg@fof RG i s independently a hydrogen, a
pro ectlng roup, an allphatlc nnlety, a

hetero p &lc i et , cyl n ar

noi et y& @7% /kO ;( 7)n>/

al kyl t hi o; \9r th| anlno a kyI nlno di a kylaﬁinoJ
het er oaryl o or het oarylth noi etvy;

-- represents a substituted or nsubstltuted aryl,
heteroar carboc clic, or het rocycllc nnle Y, i

whi ch &a e cion €20 "
conS|st|n@ of ss NR8 R8)2 R8 |s
hydr ogen; gen cC or a tuted

unsubsti t ut ed,

(R7dn \N:] (R7)n\',Nj (R7)n\ (R7)n \S (R7) N
(1R | j
1 IR TR R

Various tetracyclines (heterocyclines) of the invention are also shown in Figure 14.

[0074] Other compounds of the invention include pentacyclines of the formula:
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branched or unbranched aliphatic; cyclic or acyclic,

substituted or unsubstituted, branched or unbranched
wdedosnoels phatic; substituted or unsubstitut edpcT/US2005/017831

branched or unbranched acyl; substituted or

unsubsti tued, branched or unbranched aryl; substituted

or unsubstituted branched or unbranched het er oaryl ;

-ORH, =0; - O)Rll -SCN; -51t1. 1;

- SORH, -SO2RL | ; - P - Eﬁ-C(O%RH or

~group, an

» & h H,an acyl

noi ety; an aryl noiet > yety;” al koxy;
aryl oxy; al kyl thi o; arylnhlo {yl am no,

di al kyl am no, heteroaryl@xy oH heOeroa@yIthlo noi ety;
nis an integer in the,fa]ge of 1 to 5, inclusive; and

|ndependently ay % r 0g
al i phatic nnlet&

t he bonds between adj agent] X noieties are either

NHREHERPIR,IR '[;‘ lmeR? oRds - -andd{Sidfined Sh&et af c&’taﬁﬁ%ﬁah@dxmems
group consi s of substituted or unsubstituted aryl

thre finegsof dmrqolmp@nmil prs. line@0 98 Jother ambodisrentsythedingsystem is not

enone (9) is reacted with.an _anion, which is generated

through netall ation (e. Ik t al - hal ogen exchange,
taI- talloid e‘" hi um, hal ogen. exchange, .

TREh) A prroBeRialghe REE o by RPN RETPREGY i Bonocyclic

with the appropriate netal yeagent) of a toluate of "y

the the follow ng formea: J 0 wherein Rl is,

gt ?ﬂ;t Etﬁatd@é}ﬁﬂen&y@ e orig AsFIck I oSEHRISIdyENK. edhor’ is three-
unsubstitute

membered, four- membered, five-membered, six-membered, or seven-membered;
preferably, five-membered or six-membered. Other classes of pentacyclines include

compounds of the formulae (12), (13), and (14):

© (13)
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branched or unbranched aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched
wdedosnoels phatic; substituted or unsubstitut edpcT/US2005/017831
branched or unbranched acyl; substituted or
unsubstitued branched or unbranched aryl; substituted
unsubstltuted branched or unbranched heteroaryl

oy e rond S Sladeafmbatle el B arg 14

eachyoccurrence of RA is independently a hydrogen,
p@ogjctlng group, an aliphatic noiety, a
het. Q@Hrb%h@taﬂ substied Yr uﬂdﬂlbﬁﬁuiedmleﬁderoﬂm &Eu)ﬂocychc or
noiety; a heteroaryl moi ety; al koxy;
thRSQCV‘HICan@F}y It Whigh eagh orsurrangeyaf 3%18@6160@ élrovaythﬁ (PR,
r Yy het r.y|
PR oY O AR IERRR 1 2 it B i ranee o 1 A5 frSlusive;
amdst]ie&bnﬁﬂb@ﬁcedm@mheﬂ mmetmkmreaﬂdfee shnglelqnldatlble bonds. In certain
cyclic or agyclic, substituted or unsubstituted,
branched 0{ unTranched heteroallphatlc substituted or
stitu branched,.or. unbranch
SHBdeRied o1 (roRDREHoEa8 SEHaR RGP D bRl ancipglc moisty.
aryl ; substltuted ‘ory unsubstituted, branched or-
unbr anched heter(g)ary -ORG =0; -C( =0) RO; -O0Q2RO; - (-‘f)n
%the%odmﬁaﬁc S a RRPelic YRty - NGk émbodiments, ~---
RO; CXFK33 mhereln each occurrence of RG
|1$a mbdequmddmmsl;bs‘atutgdd progEtic oanpragematid erybenyelipmotsty, for
al i phatic noiety, a heteroaliphatic nviety, an acyl
nDiety an aryl noiety; a heteroaryj nqlety al koxy;
t hiio Ith| mno

%P@fl%fr%e g)émﬁethé g 0% )P Odg?enﬁ &t er oar yi’ts‘llrﬁsgpurtreod Bty;
n is an integer in the range of 0 to 3, intlusive;
RO is selected fromthe group consisting(bﬁ E
SHAHkfifuttdad @b cyeNs Hidsdty t I @ftady sthbimbBeth,er'ear yis not a substituted
groups; and Y is a hal ogen or Sn(Ry)S wher ei n
Ry is alkyl. The anion generated is &eac ed wth an

enone of formula: OP_OP 00 . v
or unsubstituted phenyl ring. In other embodiments, *---" is a pyridinyl moiety as

(RB /j Rs)n O RB)n O RB)n

M%
In another embodiment, ‘~--- is selected from the group consisting of

shown:
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wherein R3 is hydrogen; hal ogen; cyclic or acyclic,

substituted or unsubstituted, branched or unbranched
wa@biophedosc; cyclic or acyclic, substituted or pCT/US2005/017831

unsubstituted, branched or unbranched heteroaliphatic;

substituted or unsubstituted, branched or unbranched

acyl; substituted or unsubstitued, branched or

unbranched aryl; substituted or unsub$t|tuted

branched or unb aryl ;

0)12. Rc;
-ﬁ(oe;)-N(gz@,H_NN

occurrence of RCw
protecting group,i an aliphatic noiet
het eroal i phatic fbiety, an @tyl nmoiet§; an arylO

noi ety; a heteroaryl noiety; alkoxy; aryl oxy;

al kyl thio; arylthio; am no, aIkyIan1no dialkylanino,
het er oaryl oxy; o heterq th|o 4 1S

hydr ogen; en; | ] LLgted or
unsubstltﬁggd()bra ﬁéﬂ ﬁc F§%at C;
cyclic or acycl g, substitwed or un$U stitute
branched or unbré@nched beteroaliphatic; substitlited or
unsubstituted, bFPanched or unbranched acyl ;

substituted or unsubstit branch N\\r unbranched
aryl; substituted or gng_pstl 8tedl br.ahched or
unbranched het er oar yin -

CN;, -SCN, -SRD;, -SORD: -S r - NO2; (RD) 2;
-NHC(O) RD; or -C(RD)3; whe e|n each accurrence of RD
i s independently a hydrogeRH a prote®H ng group, an
al i phatic noiety, a heteroaliphatic noi ety, an acyl
noi ety; an aryl noighy; |a heteroaryl noiety; alkoxy;

|.OXx al k h|o ar It
3 SR ol oaryi on R PR Bl BRI Png selpgd from

Rfe droupyetsa@ap of:hal ogen; cyclic or acyclic,
substltuteqRor unsubsti tuted, branched or unbranched

l'iph , I I b g
nsubabebitdy o °y°r<*‘3 Zam e rpPondy

substi t ut ted rafjched w
acyl ; subst uted or substlt , branclked or S
unbranched aryl; substituted oﬁaunsubstltuted
branch d or unbranched het&roar

- ORE;
- SRE; 68 ReRE) R ‘3 o CU?BP f(RPi
i ndependeR{ |y hydﬁ gen teqting ou
al i phatic ety eroallp ICc noie an acym

noi ety; an aryl nnlety a heteroaryl nnlety alko§¥
arylox yIth|o yIt no al k Ianugo N

dlalky *§8n
R6 is sel fron1 roup<}on |st|n of hyd?gg
hal ogen, tuted @ unsubs ted ali

substltuted or unsubstituted heteroallphatlc

4051 i t ut ed/asiousighetpssastofithedfornmlaxi2) indpgle:-

- SCN, al kyl thi o, arylthio, -NO2, am no, aIkyI anino,
and di al kyl am no groups; and P is independently
sel ected fromthe group consisting of hydrogen or a
protecting group; to generate the product of formnula:
Rl RR3 RR5 wherein 121, R3, Rat, R5, R7, P, and n
are as defined above; and R2 i s hydrogen

hal ogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted,
branched or unbranehed heteroaliphatic; substituted or
unsubstituted, branched or unbranched acyl;
substituted or unsubstitued, branched or unbranched
aryl; substituted or unsubsgt#ituted, branched or
unbranched heteroaryl; -ORB; =0; -C(=0)RB; -CX®2RB; -
CN; -SCN, -SRB; -SORB; -SO2R8; -NO2; -N(RB)2;
-NHC(O)RB or C(RB)3 mhereln each occurrence of RB

N Y T o ' .




[0084] Any netal may be used in the netallation
reaction to generate the netal anionic reagent to be
wo 2asthiedqsv th the enone. In certain enbodi ment sB¢T/UE®05/017831
metal is a Goup | element on the periodic chart. In
ot her enbodi nents, the netal is a Goup Il elenent on
the periodic chart. In other enbodinents, the netal is

a transgtign al o Exgnplary metals useful in the
met al | at oﬁl,r Féfgi ﬂ ixicl ude sodium |ithium calcium
al,um j eadm M _scopper Oieryl | i um arsenic,

titanium zinc, nmanganese,
plr\ﬁi num pal | adi um
mef Cury SEOTEN, &rtdin preferred
, b ‘ fromlithium

magnesiQin t@tani®m ZPnc, @nd copper. In yet other
embodi mentg, RhR, MRt alRd s magnesium lithium sodium
beryl lium zpnd, zgedcury, arsenic, antinony, or tin.
i ' 3 fPlrent's, a |ithi um hal ogen
hi um hal ogen exchange may be
per f ag med ] fpge of the enone. The

' 3 S be prefornmed using any

i ncPudi ng, Wor exanple, alkyllithium

reagent@',l n-utyI(P"l't hi @m thutyI [ithium phenyl
I Rrhhigl,(ﬁﬁ)zand methyl lithium In

S =

certai n| enbéy & of her S ganomet allics reagents
ar-e -ge atteg th the enone. Exanpl es
iencl 3 §, zero-val ent netal

conpheye DI NHpn certai n enbodi nents,

t he netql b i £si um reagent i ncludi ng,

but not, limded tQ, “rggnesiym netal , nmagnesi um

ant hr acéne, activated nagnesi umturnings, etc. In

cert ai rﬁ7errEpR?_r|B§1t B, tM&ekeagent is zinc-based. The

r eagent] may~jfe=ge e@atéd irkﬁitu in the presence of

> CF ‘ ¢ 2945PCT/ US2005/ 017831

tely and | ater

S ; gt ai N enbodi nent s,

m | der iffi = zation are used (e.g.,

Aat) . 4 hl 1 be appreciated by one
t%%i S uate may be further

substituted i Ry hodi’nents. In addition, the

phenyl ring g € pmy beyrsubstituted for an

ar omat#c Ny ‘ ¥ |ng system such as a
Myaidyne r | pocyclic and
hetero S oruate~NpeNdde: R R Ri

H

and

OH o] OH 0 o]

[0076] Various subclasses of the formula (13) include:
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N'--/ RO R7 In certain enbodi nents, the halogen Y is

brom ne. In other enbodinents, Y is iodine. In yet
wotdwsni®wodi ments, Y is chloride. In certain pCcT/US2005/017831

enbodi nents, Y is a netalloid (e.g., tin, selenium

tellurium etc.). In certain enbodinents, Y is -SnR3,

wher ein each occurrence of R is independently alkyl

-S Afker the netallation reaction, Y
g)n talrh( )Rg) ‘ ?—k i R i um rmagnesi um zinc, copper
mi‘ E m g m pper,

antxl~ '_ ANES [n ©Ortain enbodi ments, Rl is
hydr[6 % Cl-CO In certain partlcul ar
s o

her toluates are shown
s odi nents, polycyclic
D op spare pentacycllnes
hexacy@Hi ne®, orOngh@ cyckines. Tol uates useful in
prepar ngf Beich cyclines are of the fornula.
égo Mhe?ila%gg Si!hydrogen hal ogen; cyclic or
acys# substituted, branched or
yclic or acycllc substi tut ed
) pched \i, unbr anched
het- oalla at ] <SU1StIt1 ed or unsubstituted,
bra br &t Hed d adyl; substituted or
unsu9§t|t9ed Qﬁancﬂed of unbranched aryl; substituted
or psubsﬂht F%Saﬂﬁhéd or unbranched heteroaryl
=0; 4G @ = - CN; -SCN, - SRA; -S(PA
% )

2 -

- 802 B R MAC( 0) RA; or - C(R43; wherein
each |ndependently a hydrogen, a
pr greg { 2 at iINHDi ety, a

Ret er ol | ph Noi = facyl moiety; an aryl

noi et y; . y al koxy; aryl oxy;
al kyl tﬁfo ar yl t hi o; am no, al kyl am no, di al kyl am no,
het gf aar yIRq/x ﬁR@,r Fhi_('et M%ﬂz ylthi o noiety;

R, O OH O 0 and
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each R7 is independently hydrogen; hal ogen; cyclic or

acyclic, substituted or unsubstituted, branched or
wolnbsamped al i phatic; cyclic or acyclic, subsedt/us®dso17s31

or unsubstituted, branched or unbranched

het eroal i phatic; substituted or unsubstituted,

branched or unbranched acyl; substituted or

stltu . branc ;. Substituted
X‘Wﬁsubst BRSPSt
=0; mC@%3Rm &QRL3 -CN, -SCN;, -SRG - SORG
; . =z -NHG(0) RG or wherein each
eperndent |y a hydrogen, a
phatic noiety, a
het eQ LS S , hoiety; an aryl
i el ;. al koxy; aryl oxy;
. al kyl am no, di al kyl am no,
heteroarylo y; eroarylthio nmoiety; Op.
%%sﬁkstltuted or unsubstituted aryl,
_ydl(: éy heterocyclic noiety, in
¢ is selected fromthe group
-NR8-, -C(R8)2-; R8 is
hytsQgen > : "C »NHacycllc substituted or
%8 jst i unbr anched al i phati c;
cyeti ¢ or facyclye, gibstig uted or unsubstituted,
branchgd or qpbranchegwﬁgteroal|phat|c substituted or
unsubs Ttﬁteu;ﬁy<-; # unbranched acy

gybst i fut ed> "tue@H branched or unbranched
ary fbsti tuted, branched or

unbr =0; -C(-O)Rll; -0O2R11; -
CN, 2 Ny - N(RH) 2;

: gr ei n each occurrence of RH
i's |ndepend@ntlyoﬂ ydrogem a protecting group, an
al i phatic ﬁﬂ’ 2 hejenpal i phatic noiety, an acyl

nDiety; a “%tﬁt a heteroaryl nmoiety; alkoxy;
&yl 0xy ¥ Q= t biGdt am no, al kyl am no,

di al ; or heteroarylthio noiety;
nis ; Qf,, ! to 5 inclusive; and
the b VSRR A8 eeBNtNX NoT eties are either
S|ﬁ@Je/or d D RO is selected fromthe

group consi &t i ngObf s@bstlﬁhted or unsubstituted aryl

or heteroayl rgr RURS; %b Y is a hal ogen or

Sn(Ry) 3, er ety Zptalkyl. 1n certain enbodi nents,
t he ) i ! r'tai n enbodi nents, the
hal ogen er enbodi nents, Y is

i odi ne, 2 NHY is chloride. In
certagn enpodi IE! neffal loid (e.g., tin,
$Rd)emum . Inlcertain enbodinments, v
Is -8 ocRurr ece of JRi s

|ndependently al kyl (e.g - Sn(CH3)3). After the
netal l ation rB&a %ﬁg,R¥ii§5a metal such as lithium
I n¢Z copfgers 3o0diugy nmercury, antinony,

etc. RI i s hydrogen or | ower

al kyl grticul ar enmbodi ments, R
is hyd e, R9 is phenyl or
§§5 'taln enbodlnents ort ho- R7
i's ohoxyo | n @t her enbodlnents, R7 is

hydroge*. Exenplary pol ycyclic toluates include:

NAPRES EIROENEER it ind Ve R B LS D R, 1
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X = OS OH Re5H ofri o0 may be prepared by

M chael - Di eckmann closure of a D-ring precursor
wolgiosnedsf rom t he correspondi ng anilide, phenob¢T/082005/017831

t hi ophenol. A representative exanple using anthranilic

acid (i.e. , anilide as the nucleophile in the M chae

addition reaction) is shown below. WO

2005/ 112945PCT/ US2005/ 017831 1008811 n anot her

enbodi nent, the enone (9) is reacted with a

BﬁﬂBPCy cl Ohﬂée@ﬁﬁi erhbodifefts dHE R@REydindRhAlbgEof the present invention

I s-Al der reaction. The enone of fornula:

MeaerieseniRd bysthpfermadgsn;  hal ogen; cycl ic or acyclic,

substituted or unsubstitu ed br clrgd or unbranched

al i phatic; cyclic or ady H%trtuted or

unsubstituted, brang &t oal i phati c;

substituted or_uynsil unbr anched

acyl ; substltd§é C )

unbranched aryl; sub : ~ fat ed,

branched or unbranched metler oarlyl QH-IORc; 7 -C(-0)Re;

-C2Rc; - CN; -SCN; -SRc; ©- SO?@H S@Rc; @ NO2;

wWheRE %is nmidgé@)sﬁmr Qkd og(glaﬁ) ahd IWhRE eR4n R?GEJ"R7, Rg, and n are

occurrence Rc is independent|ly a hydrogen, a
gelonadasishgvegvishihe cavieaithas waen X s @tQs Rids absent.

het er oal i phatic noiety, an acyl noiety; an aryl

noi ety; a heteroaryl noiety; alkoxy; aryloxy;

§00991 t hi 0; Caliiet IctaRsed;of avinpoundalo yHednvemion dicihdeydieydlines of the
het eroar¥l oxy; or heteroarylthio noiety;

formula (1
ﬂR;/ RH 25
Ro = ARG A OH
R1o NH,
o) oOP O 0 15)

wherein R3, R4, and R; are as defined above. P is hydrogen or a protecting group. Ry is
hydrogen; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted
or unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -OR;; -CN; -SCN; -SR;; or -N(Ry),; wherein each occurrence of
R is independently a hydrogen, a protecting group, an aliphatic moiety, a
heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety; alkoxy;
aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or
heteroarylthio moiety. In certain embodiments, Ry is hydrogen or lower (C;-C) alkyl,
alkenyl, or alkynyl. In other embodiments, Ry is a vinyl group. In yet other
embodiments, Ry is a substituted or unsubstituted aryl group. In still other

embodiments, Ry is a substituted or unsubstituted heterocyclic group.
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R4 i s hydrogen; hal ogen; cyclic or acyclic,

substituted or unsubstituted, branched or unbranched
wa@biophatoic; cyclic or acyclic, substituted or PCT/US2005/017831

unsubstituted, branched or unbranched heteroaliphatic;

substituted or unsubstituted, branched or unbranched

acyl; substituted or unsubstitued, branched or

unbra ched ar S

b anchau oy AleliracR R4 B & hoHIRHER. bl gr pppgnehed

mﬁ’& cye 1EDE acym,subsﬁﬁﬁed oﬁﬂ?»@ostrtﬁ@,%anché@r unbranched

-N(RD - RD; or -C(Ré wherei n each

b%ter@a @rwé ; %tostrrgtquor URSHDSBNE rhrwhs B wtched aryl; or substituted
sﬁﬁgtitﬁ'tgﬁ Hrbhed ﬂpur?drbrﬂ:'ﬂgﬁ h& roﬁ@’l %&{etyaln cert n embodiments,
eroa jat 1 c nolety, an acyF iety; %

R\m 1eb)subﬁmlltedl er ma;ny:*.tltumd ehanyl ahgokycertanyémb(qdlments Rppisa

A tiied iRyt Dha SRt e 4 fotaat pmbodmentsaiigs
B RE& or HlIRGRRed & %Fxlu'@ R otRG LaHo@imSHO R, | islétlﬁalexo(rCl Ce)

unsubstituted, branc or unbranched allphatlc

elkyl, alkeoyl, at:%;lkj/nyd grepbstituted or unsubstituted,

branched or unbranched heteroaliphatic; substituted or

unsubstitutcd, branched or unbranched acyl;

@Qbﬁhkb S@ﬁhgﬁvunsubstltued branched or unbranched

a substltuted or unsubstituted, branched or

m{))g/}phn ched Thepeesen mg,\{entlomEo mc@;des al$§1|qps argi'\tgeth@dologles used in

El(eﬁg%xg%thmg& anﬁ%(f[ﬁ%e ﬁ%i{tirog & %veﬂfas ﬁﬁellna dt eﬂgseﬁgr(gt?ng tsift}{thetlc
rotecting group

hﬁit@ r’Dl&J prﬁfbﬁt irﬁ/eﬂﬂibrﬁlir)évldasﬂtoad’}d rlngdlllat s}zynth@:éls af ;dtracyclmes and its

noi ety; a et er.oar noi_et al Koxy; aryl oxy, )

atrthtaﬁal@gs BY JMRIAE 8; l%ttlﬂ ety eflakige R en@teawﬁwraml&scome the
€ Y,

RS8Rt IR BN TR Y i hld e -

b&dhe geracyslinestord. UTled oming wishitzsttivo unidrmédlqibsaxtemdts in the formation

st t.ut ed nsubsti t ut ed heteroaI| atic,
St e -t due Greolin G psnridiee o er. Bie mefigdolagyglso allows
foptthe @Jnlﬂigstsmf Bent@EPtihd, ﬁexac%es affihiher Al ¥)st@iR &Owell as the

and di‘al kyl am no "groups; i's 1ndepéendent |y
mbemreéwnqu dametdtefclgs Olll@th?()'mI ssfstrenng Inatiigdlangbejodring of these

ect| S [8ag sui t.a ondi tjons
U S it R kit S b8 BT e s G S b AdaRih
ydaetigtisivili2dnong (ysdrdegeibed ABdRYEN; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched

H088hat i c; Thysynthessybegingavithethe prapsration o theginone (9) starting from

g%f&l ztciljct eé? thowH ﬁi%gz% b hegﬁ?{) Cdiafle B Rﬁés%aihbéibﬁsttgé

or unsub t|tu nched unbr an
ang/tbblalsdnhydinokyﬂhedn of banasid sitdi dsugdéilcdﬂt@ﬂahadr@hus The diol (1 in
bra ch arvyl stituted or_unsupsti
e hb ¢ <‘rh lérl?bf‘rfﬁﬁg‘g(étﬂ’“ﬁ iyew&rtwn un%re&es tsfroxri(dr@fm

Won o ﬁmld fh@ghlyllc %ide Ig%\%zgure?‘gz I3"}'otec{}5¥and rearrangement

wherei n each
oﬁdbﬂmmomdgﬂ ymdftdsthﬁ mmmn dﬁ]?lhct spaxidey@rindegure ). The metalated

T P BBl SR g S e i
Qplvﬂﬁé’n wés iitbb ueAly methited ﬁ&clos@'tl‘@éﬁ%m@ﬁb@ré&ﬂn% by nucleophilic
al kyl t hi o; th|o am no, al kyl am no, di al kyl am no,

Aléackrod ébryrmsr% . Jmhe haterapasiats b (Riger 4 wasythen rearranged deprotected,
and oxidized to yield the chiral enone 9 (Figure 2). As will be appreciated by one of
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R7 i s hydrogen; hal ogen; cyclic or acyclic,

substituted or unsubstituted, branched or unbranched
wa@bdophedoyx; cyclic or acyclic, substituted or pcT/US2005/017831

unsubstituted, branched or unbranched heteroaliphatic;

substituted or unsubstituted, branched or unbranched

acyl; substituted or unsubstitued, branched or

hed tituted
e g sl ishabeh i el et SRl elahs 6, 1) apd 9 in
F0witl alfV fortedlprepafation D%em SNASFBE cond¥@ids of the invention.

(Rn) 2; -NHC(O)RO or -C(R3) 3; wherein each
619(8@} renc elmnqmnb@llmMemd ENtis yeagted yi toaeanionresulting from

g {Jo‘?uat@l&) aLIJhQ Poe}uatg PPo'rr%h

an acy nole%y, an aryl

nnlety, a heteroaryl nnlety aIk0", aryl oxy;
al kylthio; arylthio; am no, alkyldm no, dialkylam no,
bet er oaryl oxy; or heteroar g~ DI et y; P are

each sel ected i ndependrny
of hydrogen or a protecting aRgl N i s an integer

in the range of 0 to 3, incl Jqlto formthe product

of formula: Rl R2)3 R45 E R63P OP 00 wherein RI,

R3, Rzi, R5, R6, R7, and P are defi ned as above; and

R2 is Wﬂ]l?@ﬂb&eh} hyﬁmg@gghaloggycq:}{c&lc oF agicliel qubstltuted or unsubstituted,

gfjaikr)lgteéi:c?urtu% ng]ile%neﬁl ?gttlé L u%l?cddr a'%{j@{&" Rfoq 1&%&&%@&%“%&

bRsUiRstt drtdmbﬁ'ﬁichd@lr lwﬂﬁhﬁtbh@ﬁc $abstamed eﬂumt)ﬂi’tmam rladhied pr
substituted or unsubstituted, branched or nc ed
g substltuted

seyenched geyl; suhstpteskoryasuhstived Jranchg ahemran
UPQ&&E&QE%Q,%MJBcheé %Eﬁ%&r&bﬁéh%&’ heferdARALL Q?RBL AT e@( O)R _CO,R ; -

br anc ranc etcroaryl; C(-d)
(BERKEN; -SEGl- SOEQ\LSOﬁR&NOﬁGRB&A)z,SNQRHO)RNGﬁ -C(Ra)3; wherem
- N( RB erel each

&2 %WE&RBS f@epﬂ@s&‘haﬁmw%aw P& groyp: an aliphatic

RHREtS C heteto Sl HdRe et dnPR9E inbieBRiaglakyl ndbiety; a heteroaryl moiety;
het efoal i phatic noiety, an acyl noiety; an ary

I
atkiosy yarylaxetleyl e, Bplrylthm) e@mino, @lll{oda@moaqhy]koj}@ymno heteroaryloxy;
hi o; am no, al kyl am no, dial kyl am no,

ﬁéFéF%@P&W&%VXwBBr heteroarylthio moiety. As will be

appr e®,a¢ Ryddygean Bal@%erﬁ lézéllc driacydlics substitutddng Uhaﬂfstlaﬂﬁcs
nay be substituted further_and still fall MAthIn th

axichestor ynbeancheshalinbatic; exalifppreacy elife SysERYEd o1 ‘H’éu‘?ﬁtlt‘tt%
%?2[}1{:9&}/ (9[] LQ‘I%%\%H&{ hcrtérgghﬂfﬁylc,bs%bgtﬂﬁtlag or ﬁﬁ%ﬁgtﬁthféh,eﬂanched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rg; -CO2Rg; -
CN; -SCN; -SRg; -SORg; -SO;Rg; -NOs; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein

each occurrence of Rg is independently a hydrogen, a protecting group, an aliphatic

the group consisting

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety; and

n is an integer in the range of 0 to 3, inclusive;

Ry is —ORy; -CN; -SCN; -SRy; or -N(R)),; wherein each occurrence of R; is
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10089] I n anot her enbodi nent, the enone is reacted wth
a diene in a Diets- Alder reaction to yield a

wo tiosyClokne. The enone of formula: 0 00 whepei/0s1985/017831
i s hydrogen; hal ogen; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted,

SR LA O U TS e it

ahRBbtthiel A pRAticURGIBYS A tYdIRGbr abycidc fidetittedw? Mhanstigted aliphatic
aryl; substituted or unsubstituted, branched or

betbroaliphatis nirdets; dabytitutedgramsulptitutef-ay Ruoietygop reubstituted or

1o 1 o o oP2Re; -NO2; -N(Re) 2;
%&ztﬁ%&hﬁé@%&rﬁ@i%d;em each occurrence of Rc is

I ndeperglssddiad faorh el @rgap corigtingo€ aydrogregy lower (GRCs) alkyl group,
al i phatic nojety, a heteroaliphatic noiety, an acyl
ARG proupnangd 3 Profastiag rouR; het eroaryl noiety; al koxy;

r - - - n . . .
B B e B P B g puling amion i
ieactédivdthhandmoge nf fonablagen; cyclic or acyclic,
substituted or unsubstituyted, bganched or unbranched
al i phatic; cyclic or acyCgi ﬁqsy%stituted or
unsubstituted, branched opfumbraqcheg heteroaliphatic;
substituted or unsubstit ed or unbranched
acyl; substituted or uns br alched or
unbranched aryl; subgt4 : rnsTulSt i t ut ed,
branched or unbranched hetrr@hfll; -ORD; =0; -C(0)RD
-COR2RD;, - CN. -SCN, -SRD, @SORDD - SOPRD; - NO2;

'\&Jﬂ@,x%@ ﬁ%is' d RB’IO%%B' C 15%) §%yc¥i@,esqlﬁétgut%a%p unsubstituted,
occurrence’o I's 1 ndependent’ly "a hydrogen, a

braptleel drn@baihohyd, aliphatéd; icpdlat dracyaicetybstituted or unsubstituted,
hﬁﬁetnéebr%?grgxgggpat él ]FCWHDI ergg\tmhg{llg,jasﬁés:twgg@ S} é}syggggtgg,l branched or
AhBYhdHA ey 1260 stifh e or%ﬁ&tiflﬁh,kﬁfhﬁdﬂe@ r uitirdhdhel 3R NQibstituted
heteroaryloxy; or heteroarylthio noiety, RS is

by dnsmbstitptet Apragehed oc yichranched heteyoakylp,ORa 56 i-E(R@RcorCORc; -

CPEr SN otk vapre! SRRRE: Nt AL B BF ey wherein
BAANSReHeRE &Rgriaﬁﬁegégxgag}yeﬁ rbgéiﬁaipeogga?h!gsgrw;h@qﬁﬂtaﬁc

unsubstituted, branc nbranched acyl; .
sty & haterdaliphatio swiety.i anussll mbietin eh ety oroiefsing beteteaty] moiety;

3&%%%%%“5%4%@’%‘%@3%%{ Q‘iua%%‘i’ia&?g@gg@g@g%%}i%rheteroaryloxy;

N REpRaryMARy @biegach occurrence of RE 1S independently
a hydrogen, a protecting group, an aliphatic nniet¥, a
het er Sall§ e hapeany cydis c@gycligpsubsttuted prapgybstituted,

R R T T
betnehaborinbrxanchat henab diphatiy;| substdutew be tiysubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =O; -C(=0)Rp; -CO2Rp; -
CN; -SCN; -SRp; -SORp; -SO;Rp; -NO;y; -N(Rp)2; -NHC(O)Rp; or -C(Rp)s; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
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R6 is selected fromthe group consisting of hydrogen,
hal ogen, substituted or unsubstitued aliphatic,

wobdpstiidoyd ed or unsubstituted heteroaliphatic,pcT/Us2005/017831
substituted or unsubstituted al koxy, -OH, -CN, -SCN,
-ST-1, alkylthio, arylthioxy, -NO2, am no, alkyl
am no, and dialkyl am no groups; are as defined above;

zé‘l?sg@rmlﬂ’gy &fkn% i 35 % ntﬁhénseh%@fﬁpﬂgf[ é’l?zslagﬁnqgixetepoaryloxy,

5?@9&@g-ﬁﬁgﬁﬁo§g;table conditions (e.g., heat) with a
di ene og formula: R)I OP wherein Rl is hydrogen

haI ogBm Is lwhbgeo, lmrlogeny eydlie or sewdic] substitytedror unsubstituted,

b titu ed or,. unbranc
e o5 bR P i B AR s R hbstaned
br.aoieddesd L@brammdamdwah @ﬁ@ rsQBdtﬂuﬁB@bﬂ @nsussmﬁtteﬂ tBtheHe®br
unsubsti tutcd, branche unbr anched acyl

sulzrgmhe@ta@d wbsumtummhéaweéﬁamhé@ opnkiarshsd apybcpubstituted
d
T g A B B gy RSO i s o
NK\RE)z SUérein SR oecSﬁRk:e of KARAIdepdd@ntly Nhf&rﬁgen a protecting
TR R B M ey ISR PRl GOt BRGEY BRI Jhens! motety; a
ﬁé:tbfb'a h lns-‘m laka/xr%armzﬁ mghhlrahéltyhﬁmﬂymﬁ{oy alk§RnfRy]

noi ety, et ef oar moi ety; ~al koxy;
draWycba:mnoalhdte;rbadylaxy etrlydtttrharalthlannmoty al kyI am no,

ana. Pareeied 1o e aton FonisEher ERG SR DR GRiled or

gﬁmbt&hw Qllﬂfatlbyéﬁbﬁﬁ@t@d 3nGnsuB§tRhiRE heREbalipRARS substituted or
yield a protected tricycline of formula: RL RR3 RR5
rambsitutgdalkoxy, -OH, -CN, -SCN, -SH, alkylthio, arylthio, -NO,, amino, alkyl
amino, and dialkyl amino groups; and

P is independently selected from the group consisting of hydrogen or a
protecting group;

to form the product:

oOP O OH O op
wherein Ry, Rs, R4, Rs, R7, P, and n are as defined above;

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rg; -CO2Rp; -
CN; -SCN; -SRg; -SO'RB; -SO2Rp; -NO;; -N(Rp),; -NHC(O)Rp; or -C(Rp)3; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic

52



wherein R2 is hydrogen; hal ogen cyclic or acyclic,
substituted or unsubstituted, branched or unbranched

wa@biophatoic; cyclic or acyclic, substituted or PCT/US2005/017831

unsubstituted, branched or unbranched heteroaliphatic;
substituted or unsubstituted, branched or unbranched
acyl; substituted or unsubstitued, branched or

unbr an substi t ut d or. unsubst | t

B e SrimEre ORTh b byt AR HaRiloidty hetgropy Loiety:
1% Byl IkylthfNaryl @RS 1lenS68 RBalkyldeRno, het loxy;

a FgR ry OX}@M Hoele)t RB,aryg hiS éa?rll?lg?a&yv\her BRE eg 0, heteroaryloxy;
@thqwrp@xiy&tblodnom iAs wﬂb@qowmﬁ%b)aow#r%dbw thig art, the toluate

ﬁ{é ?té)?. gélletm th%s?HRed ﬂﬂ:e?tla ngéﬁ%gg&gmn% ?fél%’aﬂdﬂg)n the )Plhenyl ring of the

tﬁhlla&é may Ebe Rebseinned ﬁdr amarcﬁﬁatl;c }&telmoyyhc any lsmbhyas as pyridine ring as

;oaryl thi
et e girsny | eI AT O SHOEFYHIC S RqrpeLC analogs
one of skill in this art, the enone and
Q?Eﬁ%&igégggk%urther substituted and st|II be
enconpassed VY]
anot her enbo-

i ment, the_enone is reac ed wiJt h an ani o

br anched or nbranched'%lip tic; cyclic on| acyclic,
substituted g branched or branched 0
heteroallphatlc substituted or unsubstituted,
branched or Rnbranched acylf;substltuted OR

or uns ted, br a
- ORc; 0) Rc;
ISR NERE)
each 0 e of Rc

protecting gfloup,
het er oal i pha®i ¢ noi ety, OFan &yl noi et @P anQaryl
noi ety; a heteroaryl noiety; al koxy; aryl oxy;

al kyl thi o; aryl thio; am no, Ral kyl anmi no, di &kyl am no, R4
het er oaryl oxy; or heteroaryljthio noiety;

hydr CF
y@iubgéltu ed, bggnched o unbr(,@.ﬁrh phatlﬁﬁh
or

branched Net e

unsubstituted, branched or branched acyI

substituted 8r unsubstitued, branched®r~ ufbranched © ©
aryl; substituted or unsubstltuted branched or

unbr anched Riet eroaryl ; - ORD, =0; C(R 0) R+ - C2Ro; - R1
CN;, -SCN, -[SRD; -SORD; - S{2RD; 7 N( RO) 2;

{ ORRDor - &7 : erein ea rence ofgﬁs

is igdep ndently a<t dr gen,(Q)QLE?;ct ng gr eRly,

alldgﬁ NOLR§Y, a 0 F%pﬁati Y, Ran acy Rg
noi et g, ryl noiety; et eroaryl ' al koxy

aryl oxy; i 0; anlnoc)alk am no,

di al kyl am no, heteroaryl oXy; or heteroarylthio nnlegy,

R5 is hydrogen; hal ogen; cyclic or acyclic,

uhattblupee areahown snbghad A1.chh cehnmraitedimnents)pohyanclivedluates are
cyclic or acyclic, substituted or

atic;
?@ﬁ'&é’?‘? Michaal-Dischman EFaghion srepehse i rweaeéfa&wlrnﬁﬁéwecyclmes
ofr
D L L e BB A ORBIIAC by the
unbranched aryl; substituted or unsubstituted,
branched or unbranched heteroaryl; -ORE, -CN, -SCN,
-SRE; or - N(RE)2; wherein each occurrence of REis
i ndependently a hydrogen, &3protecting group, an
al i phatic noiety, a heteroaliphatic noiety, an acyl
noi ety; an aryl noiety; a heteroaryl noiety; alkoxy;
aryloxy, aIkyIthlo arylthio an1no al kyl am no,

1 . I T Y L



is reacted under basic conditions (e.g., LDA Ph3CLO

with the anion of the phthalide of fornmula: (1R7)n OP
wow@sein4R is hydrogen; hal ogen; cyclic or acwyet/us2005/017831

substituted or unsubstituted, branched or unbranched

aliphatic; cyclic or acyclic, substituted or

unsubstituted, branched or unbranched heteroaliphatic;

S bstﬂtuted or unsubstituted, branched or unbranched

Wasubstituted or unsubstitued, branched or

unbranched aryl; substitute®&;or ®asubstituted,
branched or unbranched heterjoaryl|; -ORA; =0; -C(0)RA
-CO2RA; - CN -SCN; - SRA: ~SSRA - SO2RA; - NO2; - N(R42;
- NHC( 0) RA; or -C(RA)B&mMH‘ each occurrence of RA
i s independently a hydrage 2\progegting group, an
al i phatic noiety, a heteroalfl phaliff c mbieety, an acyl
noi ety; an aryl noiety; a héterodryl noiety; alkoxy;
aryl oxy; al kylthio; arylthi &7 am™no, alkyl am no,
chiviadrkivil Ra T B9dropét; BaIdaEN: cQUIYG orQicy F1RS, Stitsatuted br uthsaBNHRIY,
R7 i s hydrogen; hal ogen; cyclic or acyclic, )
supaghed g sebranchgd gliphatict %tc{'e or peygheHulstERted op pasvbpiEyted,

%rbﬁ@l@{i :of H?Bérgx?(!h'gg hggeﬁoggig%%tjcg s@%ﬂ&%«{glfggﬁgl?osg{utﬂ, Bhanched or

unsubs ranc nbranc er oa atic;
suibsdrichetd &g l;aubstivstatd ot Litsubstitued) baamchaborambrambhaharhle dubstituted

acyl; substjtuted or unsubstjtued, pranched o
Lmﬂvﬂa%ﬂeaeda&) nfh%?fmﬂfwé%ﬂ leﬁteraﬁgﬁbéﬁﬁ ﬁgéoé,FO)RA; ~CO2R4; -
najrag . u ne e o} |"ZN§K% F0: ~7 Gl®0).F :
%I&RO; S8 @%%\l QQ%{F@J ORI S O)-Tglﬁoé’f @D herein
-dCIRG AnrrendHI{ B) RApdependeadtiR@)13/drogesr ®protestiog group, an aliphatic

8‘?’%‘%’2 ? %%%r%{l@ﬁ%i’ci rg?]iie E gxg ﬁgﬁ ?rggi‘:’%i %{ %}’\//fj ! 8%%[2 ‘a h%teroaryl moiety;
hak &0 atyl BRaRIKGIRB] &4/ MhiodimAeY AlkiRhfhd, didkyl@hio, heteroaryloxy;

noi ety; a heteroaryl noiety; alkoxy; aryl oxy;
ribgtereprpithia myaiethii o; ami no, al kyl ami no, di al kyl ami no,

het er ogr.yloxy: t.erQar vl t hi i N . P ar

cach SOFLEPBmaRiendnBIRAI b o Sl or sty uByed o

afnshyditagd rorarchedor wbkatched slihatietycli@ooatycliQsulsstituted or

protecting group; and n is an integer in the range_ of

ornsebssitutedh drapshedor ynbranchediheleropbiphistic: wbstityieshor ansubpguted,

2000ntd 2P ﬁ?&&ﬁh@@%@ﬁ ,541@)@(?1%% oga%bstitued, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rg;
-CO2Rg; -CN; -SCN; -SRg; -SORg; -SO2Rg; -NO2; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3;
wherein each occurrence of Rg is independently a hydrogen, a protecting group, an
aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl

moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino,

heteroaryloxy; or heteroarylthio moiety;

PRI

(5'()"
*~---" represents a substituted or unsubstituted aryl, heteroaryl, carbocyclic, or
heterocyclic moiety, in which each occurrence of X is selected from the group
consisting of -O-, -S-, -NRg-, -C(Rg),-;

Rg is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
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OP 0OH 0 wherein R2 is hydrogen; hal ogen; cyclic

or acyclic, substituted or unsubstituted, branched or
wolnbsamped al i phatic; cyclic or acyclic, subsedt/us®dso17s31

or unsubstituted, branched or unbranched

het eroal i phatic; substituted or unsubstituted,

branched or unbranched acyl; substituted or

t b | - subst
JRRHE B e AP batE B ARGR SRl PERBRbyHh Y,
-Koithed Of un&ém&k@ﬁeterdﬂ@l&lﬁb subs@Nted &@Nsubsﬁﬁ@ed bﬁ%&’ad or
- SO2RB; - NQ2; ; B; or -C(RB)S3; wher e
éatbrﬁn@b%f#qyéw@bsttsmemr u@subﬁ&@% h&@ﬁhercyoralmbwlpb@bwyl aubstltuted
PJr%‘é‘&Jspﬂﬂ%cg%%Eheda& &Ha‘ﬁ@ﬁéd 1&1@}8&@ YORH C(I—O)RH, -COsRy; -

hetcroa tic nolety
NOINe4SCN; aSRﬁt S0y, ySOfR);J[ eNXD;_, M(RQ)Q}/-NHC&(DM pr -C(Ry)3; wherein

aIkIth|o t hi.o am no, di al kyl am nq
REb PERERL Rl iRdreras y|a3w5%§>g.%a obipteclineaiop P aliphati
%QQHﬁE%leoaﬁlﬁﬁatﬁstlﬁ&%tyr 8R&dyI ‘ﬁ’ﬁﬁet?r § Jr?ﬁ‘ﬁofegr BRferoaryl moiety;
functionalized, reduced, oxidized, rearran
mlknxyc mefépxyanlétyumpr aybbioeamino, 9dkgllanlum(h dla‘lk)rlahmeh@teredryloxy,
ari ous exenplary reactions used in the final

g%ﬁ% é%%%k%?nyﬁ%ytonpounds of the invention are shown

in Fi S}Ufs%nante%er id The rhdge @Mdo153 incAsiw; hhd be appr eci at ed
by one of skill in the art, various i sol ation and

pur i f ithabpists hebremi aél?égnh?ﬁ gloigtien grefdithensingle or double bonds; and
chro I

¢ hi nnﬁg g 5919 rc(l) rfrrg) gh{q@z&hélgﬂ‘ﬁéﬁ{ sﬁf)étit\gt@{l ?sublg!'t&’ed aryl or
ehetterozimygxbeps.lsed in t he course of synthesizing

conmpounds of the i nvention. These techni ques may be

used in the preparation or purification of

| 0bgs)Tedi ateSmofeAGRBSdmeRY, OEUHRYO) is SEARtdd i
JP sglvents Bﬂarnaceut?%ﬂq nég%Ft%%ﬁ?‘%gb%g%$ghihﬁdlm

[ gvmenataddhroagh oetallatipol ésg. amptahhmlagfaud:xchanhgepmpﬂmwalmid

risi | east one of ..1he nds as .describ
bR i b R RS X e P REE s SBTa 8 e toluate
ogfth MRl 'p}éﬁ)phﬁ@rrﬁé?tﬁl s reddHnDIbf GAH AN R $hd tﬂ@ kQidwihg forffugist h
of or Ki m croorgani sns, and, in certain enbodi ments
of special interest are |nh|b|t tie growth of or kill
tetracycline-resistant orga '
chl ortetracycline-resista
oxytetracycline-resi stRahtor gani sns,
denecl ocycl i ne-resi st ant
doxycycl i ne-resi stant organi sns,
organi sns, or any organi sns resigant to antibiotics
of the tet cline class used in, human or veterjnary
AT IS PROTBER a@m&vﬁécn?rsacya RIS Rsiutd
CMB%E@H fintthnch¥d A é}ehb \Sf Eéﬁlcﬁg %'uﬁﬁftut@& gp g@ﬁﬁ)btftuted
cell's such as cance ce1 er enbodi nents
tbrencxh@dpoumhianqhnth ihbtletoahp]mtlgr SlxhlShtutﬁfd ayunkulistitutedy bd)lnyhed or

ol 651N kB AR 3 Sc

mrmwsmﬁtmgkan@mmm%nbm Hwerazim DORN0B0OAICEMIR »; -CORA; -
antlprollferatlve act|V|t%ﬁband hus the i nventive

SNs SBne-SORes; ubOflor: NBakim W CEP)Ra; ourG(Bin)s; pherein
d 0 1.0 seases,

r@igﬂé é?(!un%ﬁ?e “:)ftnl-%ﬁﬁzn%#%lé%ghg% hyah%%ﬁ, #%teg{n%# groug an aliphatic
anoietdi aheteicalipkdticnrapiatyhyn adyt ewicty ngl aryl moieeyn @thlaefoaryl moiety;
aspect of the present invention, pharmaceutica
conpositions are provided, wherein these conpositions
conpri se any one of the conmpounds as descri bed herein,
and optionally conprise a pharmaceutically acceptable
carrier. In certain enbodi nents, these conpositions
optionally further conprisé&sone or nore additiona
t herapeutic agents, e.g., another anti-m crobial agent
or another anti-proliferative agent. In other
enbodlnents these conp03|t|ons further conprlse an

T Y

~
'nod?tline-resistant



[0094]1t wll also be appreciated that certain of the
conpounds of the present invention can exist in free

wa ovosmious treat ment, or where appropriate, as BCT/US2005/017831
pharmaceutically acceptabl e derivative thereof
According to the present invention, a pharmaceutically
acceptabl e derivative includes, but is not limted to,

p tlc c abl.e. sal est ar sal t s, of .
RIS EE b MBS RRRT Bt TR B oo maryions:
uﬁaﬁ&ﬁaﬁymmﬁhﬂﬂmyon to a patient in need is capable of
provi di ng, directl indirectly, a conpound as

ot her viko8 hadiogeT alperar e obacyslisrabbiioHPd ar Wisubsivighe

t
B35S s BN OO0 R SRS
thMeé at tusbrmtnhedh hanemahphatth; sulishmteslanpmmdfstlﬁm&m "ranched or

i ca U|tab use tact w
r%niclg“sft %Wﬁiigrml FtH beswched & tPraRsed EHMG gubstituted
t&)ﬂn&hﬂsﬁtutéd bfa‘né‘lﬁéc%’pun%b!n@ﬁ&i Ketérsa%gp N&R;280. IMed)RKECO.RG; -
and are commensurate with a reason geneflt /ris
r@Nl (SCI‘PhSREr&(SQRG e3D1Re; aN@ep-iNi(Bbh MC@R’@OM(R@L wherein
known i

S Prastreprte M s ibMpate e edigitnghe MalFEog EouBrap giphati
i RoidtyPh aemaEﬁat&ahoégﬂ BNE8E mdi&y; dr akPh mdiBH/ a heteéoaryl moiety;

i ncorporated herein b reference The salts can

pleqrars anylaxy; Qlkmhl@u?fb’ﬁ@lot arainp; allylameny, diallotaraimg, heteroaryloxy;
Y f.the conpounds of the invention, or
sdgglggegcfﬁmﬁgi}%ﬂeet cting the free base functi onal ity

W th alsuntuabg@ ivtgaang: ¢ tor3Q iphrive; aci d. Exanpl es of

phar maceut i cal | ¥ acceptabl e, nontoxic acid addition

sal t s Big selggted frgm the gwwengﬁtmpp frsubstideiedypt ppsubstituted aryl or

| q such as hydrochloric acid, hydrobromc
g%%g&ﬁgh%égé%?ﬁc acid, sulfuric acid and perchlorlc

aci d oY isma hdiogﬁngmﬁn(:Rva)@; whersindRy aallatehe asion gencvatad isareacted
acid, malei¢ acid, tartaric acid, citric acid,
‘ﬁ%%?9ﬁ99n88?8? & mal oni ¢ acid or by using other

met hods used in the art ayghq sHson exchange. O her
pharmaceutical ly acceptabbe [
al gi nate, ascorbate, asp3g
benzoate, bisulfate, bor
canphorsul fonate, citra { /
di gl uconat e, dodecyl Rg f 2, ®th@dnesul f onat e, fornate,

f umar at e, glucoheptonate |y@% ophospfsat e, gl uconat e,
hemi sul fate, heptanoate, hé& ano&t e, hydr oi odi de,

2- hy drwheyeie R anlegslrb gemn Adleger; agtlizhiraogdle, substitudddeor unsubstituted,

Iaur ulfate Iate, | eate, mal onate,
gﬁigwﬁ%ﬂ@ azph%a&rﬂyr% f ehayeli éH‘a&Uéute%%wufa%tt@ed
rHr&r{cﬂEdaor ﬁ{b?ﬁ{cﬁed H&@Joﬁi@xatl@aéd%ﬁtﬁfeﬁ or RAfRRLi&ted, bra ched or
pectinate, persulfate phenyl propi onat e, ﬁ] H
pinbraatksd asiyl aumtlmtecpommsobmnmd btaaaherdtoe unbmdmdair}el substituted

sul fate.. rirate,. thi te t ol nesy I fon
RSl b o BN reabiry- PRS0 OB -coaRes -
RNy -SERIL8R 1 LS ORI K HD,RRE Nxbg aN(R©;eNHAO)RL:r -6A-{)S; wherein
include sodium |ithiu ot assi um cal ci um
ﬁ&@h@%ﬂgﬁﬁlceaqfdiq in @depwg}en&n phdiogem Ariiveleeting granp,an aliphatic
t [ d [
r%%t@r&%ﬂ]%ﬁea?lﬁ él?(g/il’}tg 51 %c%uﬁnﬁléﬂgl ni;lnng&c Qﬂgttef)@&ﬁ moiety;
fadkdxgdarykxxygalkydtlnb aryldiis; aniab, dAkylhainod dl.alldWaiﬂilmiJ leb®sroaryloxy;
car boxyl ate, sulfate, phosphate, pitrate, |oweralkyl
sul fonate, and aryl sulfonate. 100961Additionally, as
used herein, the term "pharnmaceutically acceptable
ester” refers to esters which hydrolyze in vivo and
i nclude those that break down readily in the human
body to | eave the parent caéepound or a salt thereof.
Sui t abl e ester groups include, for exanple, those
derived from pharnmaceutically acceptable aliphatic
carboxylic acids, particularly alkanoic alken0|c




invention additionally conprise a pharmaceutically

acceptable carrier, which, as used herein, includes
wampsand4al | sol vents, diluents, or other |iqupcr/us2005/017831

vehi cl es, dispersion or suspension aids, surface

active agents, isotonic agents, thickening or

enul sifying agents, preservatives, solid binders,

Iu%} cant.s .and. Hhe like, as suited to the particul ar
e ls) 55%9?% LSS R Renlngton s Pharmaceuti ca
Sci enaesis hbibkas Malogbsli dybﬁ’@or iy, shistitited 6Malbstituted,
Publ i shing Co., Easton, g di scl oses vari ous
cpniched er w@éwqhﬁd ﬂ'él?h@ﬂlca%’ichg op#achitcabititetad or unsubstituted,
qﬁgﬁ%ﬁéé BE\E gd h m11gﬁa$ﬂnétﬂﬁ§§1tedoorr u‘iqa?qsﬁ{u?&la[)%cﬁéa or
thereo ce nso conventi onal carr
nebranchédsadyt) csohspmﬁtedb bﬁuwﬂubshlttldfde beanthedcan@eranchedayl) §sbstituted
of th |nv%£L|on such as by producj g any undesi r abl e

a

K Snghstititeds praveledpr ugbraesddietsrarrgh a@RpngO; 1 GO)RD; -CORp; -
delelsRiN; QSRDW@W -YOIH),; 3D, ONIRE),C NREAHIRL 5 - é(thp evherem
phar rraceutl cal onposi titon, 1ts uUse I s cont errp
mcmmdmmnceh@“ &chspadqprkndmls aj hydmgt:nmpro@m gwapmrﬁﬂlphatlc

an seryve har maceut .
Thedf: b ERup GG, R il ARG A birqasy! moiety;
SlgRyS alS Uy ; alkyhifi6! A5RhioJAHmOSAk MAhiSd) Al0sammbah&a8aryloxy;
such as corn starch and potato starch; cel’lul ose and
i rdietpeparylship wodetsuch as sodi um car boxymet hyl
cel | ul |
0o vvderlg S th?lglré)g rl]lt%ﬁ)gg rfa ?ffc glgggglﬁéﬁ Hl%s?%tﬁe@%fﬁxﬁhgsﬁltuted
Sahnshed pr exteanhed thl_ﬁl:tiCiby@B; Gﬂﬁd}fdlib,whbﬁi’tutlad] or unsubstltute(cjl
supposi tory waxes; Oi suc S .peanut oi cottonsee
diriched pr wihgaiehe hetCroaliplicobsgHd.g vapb ShB‘&‘rdn%@ithed or
mrﬁgﬂ&e %hbstltlﬁk? SP+I§Sub§HGJH Braik @#r%ﬁra@kﬂé‘c&lf I; substituted
esters su as et eate and ethy aur at e; g
mxftmeubstlglteﬁgbmh@wmnbannlmgld@@mmyhyGR@xﬂ'% S@N -SRg; or -

L m n dr oxi de aci,d; nfree wa
S el e o pimgef o RS s BB fiearbbrotasting

eshRABpRiHciRsics0h HetbRARphadT Eibly, @hsaccga hRietpaom atrmh@lety,
conpati bl e | ubricants such as sodlun1lauryl sul fa

disteroaryhmeictimabitoa s ay loxy sk yidig; angtiiel mmmgalls)g@mng,
t et eni ng,
fcﬁlzlalggﬁ%n% g&gﬂ; 2”1 )g??h%tr hgtgm%%ﬁ%o IE)lro ée\é\gr vatives and
ant i OMalﬂSctécafroﬁtﬂ the ghﬁlp&bﬁﬁﬁmg dfthytiiges, Qﬁﬂ%@htsubﬁhtuted or

accordhgg to the judgnent of the fornulator. of
ajinpptisn sHhshtissh o umpubs yseskhatergalph fbwghsrméted or

&Q&k r | a f ti
254 A0 AMEL Sy Lo 485y SRR 55" R, apin, i
ummnbv&@xhﬁbﬂaﬂnnmgsMpaumdn of a therapeutlcally

ef fectjve 3nnu t of the und or a .phar %ﬁutlcal

onp
acceptials| BIPERIPLY STECtEh FPROINC EEPUR onFie ofMYHEIEsR PR,
breBSH 1 KAsre j ) in need of it.
F30100f%%eﬂ%gﬁ%gﬁﬁggtand %ﬁgPﬁgggﬁ?{cal conposi tions
of the present invention RangBs S Lm treating or
preventing any dlsease or clndlﬁ'o ncludlng
infections (e.g., s ™ VG
urinary tract |ﬁ®ﬁ' i i nfctions,
system c infections)s *S4
cancer), and autoi nmune dis §
arthritis, lupus). The conppundspHg g.;harna@@utlcw
conpositions may be admi nistered to ani mals,
preferably mammal s (e.g., donesticated aninals, cats,
dogs, mice, rats), and nore preferably humans. Any
met hod of admi nistration may be used to deliver the
conmpound of pharnmaceutical conpositions to the aninmal.
In certain enbodi nents, thé&7conpound or pharnmaceutica
conposition is adm nistered orally. In other
enbodi nents, the conpound or pharmaceutica
conp03|t|on |s adn1n|stered parenterally [00101]|n

oy o, o N a




0.5 ng/ kg to about 30 ng/kg, from about 0.01 ng/kg to
about 10 ng/ kg, from about 0.1 ng/kg to about 10
wogdoggi2oand nore preferably from about 1 ng/ kgednusdeosldi7ssi

25 ny/ kg, of subject body wei ght per day, one or nore
times a day, to obtain the desired therapeutic effect.
The desired dosage may be delivered three tines a day,
two ti nge ver ay,. every

t hird Vgﬁge)g?m \)eréiﬁ:‘)1 R R’a;eEe dnt%/\rga%%egtneg ‘é%?n hr ee

weeks,R,dk hﬁd&@gm,l‘h@w‘gew&@kﬁc oﬂ dry€léy, E&bsﬁtt&é@&dﬁﬁﬁbﬁtﬁuted
the desired dosage may be delivered using nultip

ah%ﬁc'hi?‘é oy wtbrggirded aliphaticy gyglic phacyalic,sypgtituted oteunsstbs@tuted
Ie
gcé Sf ngl%ranndgkg ﬁ% gltogﬂ %at%r a%ﬁfﬁgtrl]tgg w[rgxg;ﬁ?%m}ﬂéde B%’nched or
dmﬂ@ehédxrdyg shbstitatedibr ensdbgianh bmmalhedaﬂmnbr@that droly substituted

GRS iohfr b HefesoBHE OBt i £fisOfRo: -CORRs -

S(ENP%@;’N Q8R,; -SOREPSSEYRY; qixo RERp)); nm@cd)kgnoﬂ e(kpg;i wherein

active conpounds, the [i d dosage fo

ieaeh ocatrfenesntfRcis rmtnpblgdeuﬁgd huydroigh]e aa)rt)tesmlmg]gtasp, a’nca‘liphatic
exan&l e Jat Er or ot.her sol ent 1

T he Bl Boie G f ] PRl e g RIS noiety;
G Ohrylﬁ(tyhéﬂk?’l@lﬂbbéwmﬁlﬁg arfiinByAlk AR, @1all¥3@£}ﬁiﬁb heteroaryloxy;
al cohol ; benz benzoat e propyl ene glyco
IK3EEURWﬂ€h%n§n?EoI di met hyl f or mami de, oils (in

AT 2 B2 AL B SENIR o LT B gpe et

ainmﬁtoﬁeagm kB feytied ovi@l the€ ohdhe AMdlcdraaid ymswlﬂxeﬁ@t e fn‘ndﬁefl isa
sorbitan, and m xtures thereof. Besides ine

ditoyp helsmephen e geriedigshat + IngriBereaboginents, ﬁhﬁ mg! is a Group 11
ae‘ijénlﬂéfﬁlgfx ?hesﬂé‘f‘f?)d?c AR ?&eﬁ&ﬁ%cﬁwe%é h{eYAI sga é%ltlon metal.
suspendi ng ‘agents, sweeteni ng, avorin

deteihpiary gesgendesul ih lﬁla}ﬁethhzittmneﬂmmnﬂmmk sfodrum lithium, calcium,

par ent er al adn1n|straL|oH t he conpounds qf t he

AN Yy A PR SPBRETAPETR MY dheNicy qﬁﬁ“‘ﬁﬁeﬂf‘s‘“@@@ﬂ“ﬁh titanium,
G nes@ RNl ﬁblkeci'mﬁ@g'laftl'nﬁﬁll Béﬂa?h aﬂ'd&%h& and

pol ysor bat es, cyclodextrins ol yners,

cothbhina i lorertaingrefoired @rﬁb)dcﬁm]entng the treidl és @mgaframu lshisim,

for exanp sterile bl e ueous or ol eagin
SCRapERTED i) e o Pt o Vi PSR Rethahe g
3hdgn¥§ilmglithitirh, %Hﬁmﬂj | ibeB8REh YEn® mdhlry ] 8enRd ARt oA d)r tin. In
suspendi ng agents. The sterile i njec abl e preparation

gﬁalalpgalc@tar gmbpdimants, p hifhdemalages skehangnis used pEpsiithinm-
glr % te%h%ﬂg vg b? 8&{{%}?&2 zg n%z‘{: {H:t%5§ esgncae%?%t %%lng The lithium-

habghbttarhadgomay Bﬁpﬁg‘oxﬁm uamgemy ilﬁblhl&m\/reiigeﬁt Bﬁluﬂﬁf@ for example,
sog&@nts t hat may are water

o e Bl S By B i e b, mesity! lthiu,
sl Weun lhthi Bem SIS, tﬁér’&?gangHeﬁl s“?%aggnts are

conventlon y eé%qoye as a 2ol ventoor susp
r@déraiml afd reatted svifiuthp esencaBraniplariocl idex@d gmarﬂ rmanthg&ero valent

R R S e R R
tnl;@neglemeaagehmc%mgnb&%@nlnet%d td, Qx@a]ggggla_lh‘?nétﬂlbﬁﬁkﬁé%hﬁn

fornmul ati ons can be sterilized, for exa
fanthracgng, @ﬁtlvaﬁed)m@gnealmwengeletcr dn &ﬁlﬁaln grrfopdmeants te rhagent is

|nc r|I|2|n

PR S 85 bl iof B AR B b Eret e 5f s gngpe, or the
dlspersed in sterlle wat er or other sterile injectable
medi um prior to use. [00106]In order to prolong the
effect of a drug, it is often desirable to slow the
absorption of the drug from subcut aneous or
i ntranmuscul ar injection. Th8s nmay be acconplished by
the use of a |liquid suspension of crystalline or
anor phous material with poor water solubility. The
rate of absorptlon of the drug then depends “upon |ts

. Y o



[ 00107] Conpositions for rectal or vagi na
adm nistration are preferably suppositories which can

wheoopnepas ed by mi xi ng the conpounds of this ipPyBE0$100$017831

with suitable non-irritating excipients or carriers
such as cocoa butter, polyethylene glycol or a
suppository wax which are solid at anbient tenperature

but |i qui t bo d, t

citbesrb Bitne deng Y PRl g Ml R B S UTRE Bt o Rerain
Camnpsdiiehnts,[0dH 8btitions B0 8RAGCHANKOE afeQIse@ (@4, a zinc reagent).
admi ni stration_i ncl ude capsul es, tablets, iils

P8R s, andss Yilhhrpraseciatad By epe gkl g thedpha@te mebe
AU BRTRRU AT el TLABEchiL, % ad A% ¥ e of i toute
aaaysbﬂsuhstmutddrfat &n adonchkic ahterammlpfrms@dnaﬁrfg gRhosuch as a pyridine
fill or e sugh as starches, |actose

SR Ry &e@ SHelieAnt eierogaliaaTaCEsof flyiate injpjude:

binders such rRs, for exanpl er;carboxynet hyl rel | ul ose, R4
al gi nates, gelatin, polyvinylipyrrolidi none, [sucrose,

and ac ¢s gl v
g i ntlegr atli ng a ng_such as a ;;hgarf cal ci gm

certaln
retardi ng agehts such as pardffin, O absorp ion

accel erators Quch as quaterner annonlun1coﬁpounds Q) o
wetting agents such as, for exanple, cetyl alcohol and
gl ycerol nondgtearate, h) ab3bdrbents such ag' kaolin
and bentypni t

m xt ur
pills, the dosage form fray allso conpri e buf f ering
agents. [001Q9] Solid cogposi Oi
may al so be enployed as fillers in soft and

hard-fill ed g@latln capsulesRPS|ng such equplents as R
| act ose or m|k sugar as wel | as hlgh ol ec T ar wei ght

polyeﬂj»N col
f or s fiof t bIet% _ggges I Y
ugies can be palr ed
as enb Rgzs andnGt R Re
t he pharmaceytical fornul ati : y
optionally cdhtain opacifying agents &hd cdh also be O o
of a conposition that they rel ease the active
ingredient(g) only, or preferentially, inra certain R4
part of the|intestinal tr ct optionBtly, [In a del ayed
nem; .@&Rgﬁ i conp ich c y
gs clude poI{fe g{ﬁg__ Sail
conp ?& m LAr typRe V%y d as Re
filler |n t and Rard- l'ed gel sul es ust
such eXcipiknts as lactosel or mlk s s wel |

hi gh mol ecuPar wei ght pol & hyl ene gI?coIsOand the ©O o
i ke. [00110] The active conpounds can al so be in
MhGERiIRRABE MRS the IR Pt SRR \ B8R Sy 3Siodine.
notedmabove The sg |(ﬂ%osa§e9§§¥hs ?3§FE$Q#£H&’YQ§dem
dnageetber autpsiihenss, Yid dhdgridendn gertain bmbod:ia’wntseYris e paatalbbid

etz e T R aRERe ooy BBk arherein each
“dwweﬂce of Reis RRperRieaty ikl (o goumk@m)gg Afidr-thd fe@YStion

solid dosage forns the active conpound may be adm xed
with at |east one inert diluent such as sucrose,

| actose or starch. Such dosage fornms may al so
conprise, as is normal practice, additional substances
other than inert diluents, 52.g., tableting |ubricants
and ot her tableting aids such a magnesi um stearate and
mcrocrystalline cellulose. In the case of capsules,
tablets and pills, the dosage forns may also conprlse

Y Y ) . T



[00112]1It w Il also be appreciated that the conpounds
and pharmaceutical conpositions of the present

wo tosaidogn can be enpl oyed in conbi nation theregi/es2005/017831

that is, the conpounds and pharmaceuti cal conpositions
can be adm nistered concurrently with, prior to, or
subsequent to, one or nore other desired therapeutics

r al .The parti cul ar. ¢o
bl £ « BB SRR huu B mRRASLEY Al PR ABlaghy rogiom, e
CI@ aaitdiﬂémeﬁdmegtsnamsmﬂdtogteabe ldwdr alkgt QOM0}L). In certain particular
conpatibility of the desired therapeutics and/or

srbedmans Rapghydaeeeite Sitherdolupies aiseshera e ffgee 2{0 be
ved. |

"’fﬁ“ o cs gl Bl AAPLRRE Fbdel 3L bl USed p propare
tpertasyntimes) ihsxacgelinesf @rhigheatryplirgs. divluatesaneiul m the prparation of
may, be .adm ni hgred oncurrently wi t h anot her
éH&t@ﬁﬂB@%mﬁﬁg fb 4t hey may achi eve different
effects (e.g., control of aRy adRerse effects).

1001131In stiII anot her aspgct, f{he present invention
al so provides a pharnapeu al_1 or kit conprising
one or nore contai ner(s( fi vvi th one or nore of the

i ngredients of the pha;_: al gmnpositions of the

i nvention, and in certain € 1od|| nt SRgi ncl udes an
addi ti onal approved therapeutic agent for use as a
conbi nati on therapy. CptlonﬁTIy Qssociated with such
GHkdah RE i H’))dr@g’éﬂ RRogen? eydlreebr Iaeyéltées%%tmear&%ﬁguﬂae@téw
a governnental agency regul ating t he manufacture, use
&rmshtcbordfnbymh dinbieticaychr otheyelic, substioHechot unsabstituted,

Finghed 5 ARRARHE nettrobfihaR R B%ifloq T ARSI, ordigh or

aﬁbﬁaﬁbl&d@cyl BebspitieeEt udsiyRifiddObrantied dR@nbrdhé@raryl; substituted
appreci ated upon consideration of .the foll ow ng

E’X&ﬁi}lbé%mteﬂhbf@hc}@ﬁié’r upbapehed hetsroaryl s@R&t‘é),céjl(T@)Rn -CORy; -
t f t
R SEN, R STROR TR OO NN Gl ALR(RY,. wherein

excingpdcamefecarfil 8is Indoperideatdy 8 hgacﬁrogeﬁ -a'lfﬁbtl‘eétmgcgrbtﬂ@ an allphatlc
[OQllS]GEneraI Procedures. reacti ons were

PRAIetr fBgeroliphatipmalety e whwaleabtap@faédma?tm Beteroagyl moiety;
n d

SRl Ao MHORRL. LB o R AN Weroaryloxy:

or hetlewiagdthiomedty; Al r - and noi sture-sensitive |iquids

and sol ons re,t sferre ia syrj.nge or.. .

ot g needuRSE Sndereiientiy B e delnaBuSdlio S acgetic, subpituted or

siRbubstiRRg, ﬁ&h%e@&ﬁmgﬁﬂéﬂe@% ?Matﬂi k%lwrlawclfcr ﬁﬁ)%ﬁtuted or
thaw cycles (> three

(I| ui d n|troge / evacuati on
ungy tltmﬁs))ranch iuabraprhad; }@tﬂgoa/lmhetuc@nbtelmuteréoemsnbstltuted

(i SPIRARAP oTn 0 BEDE BTG B o o o
éubsﬁh&&daxfudlsgbﬂﬂﬁ):d &ﬁarﬁ:ﬁé@bﬂ @ﬂﬁa&he(ﬁhétkﬂoa@ﬂ -@Rg, -C( O)Rg,

St
E@OI&@Z@I‘QQ%@N r%r%@Ret@@zﬁef@iQa W(RcébeNéWé@?Rc, or C(Rc)s,

I r
SRR LR ockhrchiee 3V RG 4 DGO PP Ry, R it group. an
Iaﬁpllmtisirh(bleta, ghd:tenoahplﬁ@;m ahadetyyart &Cyhnfolian}araﬁsamyﬂnﬁoxety, a heteroaryl
i ndi cat 254 nm . Thin |ayer chro ogr.a at es
e v Bt A prkalBigs i BhO6 it A BRS. DgRiamino,
RABR AUy 16P 33 HERrdaPy 18§ freicdyONi um ol ybdate or an
aci di ¢ sol’'uti on ofp-ani sal dehyde fol | owed by heati ng
on a hot plate. 1001161Materials. Commercial reagents
and solvents were used as received with the follow ng
exceptions. Chlorotrinethylsilane, triethylam ne,
di i sopropyl am ne, 2,2,6,6-tetranethyl pi peridine, N, N
N , N -tetranet hyl et hyl enediseam ne, DMPU, HWMPA, and
N, N-di i sopropyl et hyl am ne were distilled from cal ci um
hydri de under dinitrogen atnosphere. Benzene,
di chl or onet hane, ethyl ether, nethanol, pyridine,




t et rahydr of uran, hexane, acetonitrile,
N, N- di net hyl f onnam de, and tol uene were purified by

wo b@saeblpod of Pangbom et al. (Pangbom A. B.;PCT/US2005/017831

Gardello, M A ; Gubbs, R H; Rosen, R K ;
Timmers, F. J. Organonetal lics 1996, 15, 1518-1520;
i ncorporated herein by reference). The nolarity of
n-butyl li-thium s-butyllithium and t-butyllithium
wered(ter ned by titration wth atetrahydrofuran

sol utlah of 2- but anol tri n ne as .an

i ndi cat or” (‘ISHFFARRSP as‘tl_bsyﬁﬁ%ﬂg El?f'?lt‘}/tﬁggr P ﬁte@aéyl gathefyclic, or
]{%Ye(%oc fic nﬁﬁ@(g B4R Heh éeﬁ:ﬁ%ﬁ:&ﬁfé&@ gf Ras sd1éct&V from the group

refer ence 011711 nstrument ati on. Proton nucl ear

nepgRIsting:o @so'rSané\E{s(I C(RYWR) spectra and carbon

nucl e netic sqnanc 13C re,recor

wi v SR B EB O blb RSy pERLEiRuca,
Usthiighed Bougbrafthed 5ﬁﬂleMHZébe5 oMi&Xklic, Qﬁlbéﬁiﬁﬂed @r Mﬂu@bﬁt&lted

400 (400 MHz/ 100 MHz) NMR spectroneters.

shippahed ppEnkyARRhSH @efamhp@a@r ﬁ@dtlﬁuﬁdﬁﬁm@‘ﬁgl‘rw‘iﬁ brqnehﬁd or
S5k Beh 358,001 Gl SERCRIRL MRk e
(€CimdEkEtutéd, Iﬁrazxﬁhecﬁﬁmﬁlhranshe‘d Helfieroid@ Ik ~ G)RQD=0633(%D)RH, -COzRy; -

MG Nir SR isT8ao DA anCs: PRk rCHS s Se:fiByin: Sherein
d&\@ﬂ%b&ﬁf@n&é OMR L ?stlﬁ@éﬁ%hﬁ%lﬂﬁgl l@ﬂﬁ)g@ﬂda ?&)?ecﬁﬁé Efo%? ﬁgaﬂ;ﬁatlc

the carbon resonances of sol vent _
geDety, 5 heR&abiphDBPCabietys ad 4¢yd maBRPCirParyBmb®1y8 a heteroaryl moiety;

(aﬁg(?fg gg’ﬁoﬂ@ig(p Pﬁ‘yﬁeﬁf}r ?Wkﬁllocﬁt?lyl%e@[(eﬁg}q%og ?iéeﬁﬁyl@nmo ﬁ\gteroaryloxy,

dtuRtepdarylthic nidiétp] et , quartet, m= nultiplet, hr =
br oad), |nt egrat 1 on, coupl i ng const ant in Hz, and

assi grivisin integerin therapgeryf kivek inchusixs: andbt ai ned usi ng
a Per 04
fo o pof yaidsnegtichlack AR RARHEERARE of By 0GRS,
foll ovigg 1sfsélecw&|ﬁc>m the gtdup @hswrtgtdf(mbf{tﬁmﬂedi pr unsubstitaiet] yryl or
of absoi' ption = strong, sb = strong broad, m=

RSCRTORY WO“P%@E br =broad), and assi gnnent (where
appr opy i fljo @o r Sty BOWRLIRITR, WISy 106 EE P Eib@imnts, the
JASCO DI P- 370 Igital ‘polarimeter edqui ppe
slwdogemY sripomowr de cesdin gmbo@ﬁ@ntls the halogn iYlis :buirnmne .oln other

| | h | ut { t .
Caededhal ipuirs iy nas SERRURaie s SRaBRT f Sain
I\érﬁwdahhafhts OF fystewubiat (e@n 6B Qaitim NRBlriuRr 8831 B deainof

d ycer ol St ock Sol uti ons [00118] Al cal i genes eut rophus
Bsaangnte 1Y Gptinissutpovash socatengs olLandusngenty Al (c.g, -

g?t gytexptag%eﬁﬁﬁgﬁ %ﬁ%l&ibggg%aqﬁétalnéq: %@? lithium, magnesium,

&1@@; laepp@t sroyllu:h9 }ﬂ.&rcd@, andinfhy) enoe lrﬁcﬁ'taﬂpﬁﬂblﬁﬁmieﬂts R1 is hydrogen
nutrient broth prepared b% di ssol ving 8
I:S?rflewe@dlé!fld@‘lq@i rﬁneﬁftalsrp@ftr?we mibpdigentiaRo Yéir%@flelln certain
f u )
R Bt E Pl e s e Rbodiunisl bl R i
saokaxtyi sunh ¢4 fethopy. bf otherenbddiraenisRiss dpdrogérorExempidvy polycyclic
flgﬁgﬁcon ntratlon) was added, and the culture tube

at 250 rpmat 30 C untiI cell growth becane
apparent (3 d). An aliquot (250 i,tL) of the cellular
suspensi on was then transferred to 5 nL of Hutner's
m neral base nedi um (HVB, see paragraph bel ow)
contai ni ng sodi um succinate (16.7 |I.LL of a 2.5 M
aqueous solution, 5 rnlVlI final concentration) in a
20-nL sterile culture tube. The culture tube was
shaken at 250 rpmfor 2 d at 30 C, whereupon an
aliquot (250 j.tL) of the ®ernentation solution was
subcultured in a sterile Erlenneyer flask containing
50 nL of HVMB and aqueous sodi um succi nate sol ution
(1671AL of a 2 5 Msol utlon 5 nmM fi nal

o e -—t I T o, ~r~ £ ”~ A



[00120] Hutner's Metals 44 solution was prepared as

follows. Concentrated sulfuric acid (100 1;iL) was
wa@giedidogs nanopure water (50 ml) in a 250-nl BpdR0SRY617831

flask. Solid EDTA (0.50 g), zinc sulfate heptahydrate

(2.20 g), iron (I1) sulfate heptahydrate (1.0 g),

copper (lI) sulfate (0.39 g), cobalt (Il) nitrate

hexahydrage (58,ng) and sodlunthgtrah?rate decahydrage R

(36 ng) gre then added in sequ¢gnce, |[Tol | owed by 50
3 S Cel | ul QXY atlontﬁe
(Rs 121] A st [y ip V\Vaﬁ;ﬁ ak
o) er olo_st-0c -
oducy smay shagds (cx ) hé\mgoze Rg
were added to @ sterile 125 nL frlenffeyer flask R 5
contai ni ng’"HVB~ (25 nL) and aqueoUs sodi um succi nate ™’
solution f140 RitL of a 1.5 M sB iBn, 5 mMMfinal Ry Rq
The flask was shaken at 250 rpmfor [2
val i quot mhltﬁ// Y
s sol ut | (@F), % erred URgRga St ¢
S flian c& 2 G CGontaﬂhg g ~
(6 L) and Jaqueffus S%@IUH]SUCCInﬁte sPluti®n (20" nL Ro
5 mM final ation). The jar, 0
mas war med’ on a hot plate to an Internal tenperature
fottoftrfiltered air waB? spafged through thé7 Ry
medi wyn Afiter ? , the pwhite gr ogeneous
o) i OF r €at ed mntp¢aq-~ odirym ben Y
(Re)a mL. of a(Ra)nﬁ—M o) n) and(qu.creous
soUdNyP utlo‘\$ ~
i nduci ng oxylaﬂlon he rvsult ng n?%tur Re
aer at ed VRgoroost for 6 hours g} anpinternal o R; 0

tenperatuke of r30 C. After |hdUﬁt|on sufficient
agueous s@ |un1benzoate solutio 7(24 to 48 nL of a
) i

(Re) ati on
8 ter absorba ce
(é@ﬁ EN%U& tion

! . 0™
was #dded ever ) fourth houg. These afidi tions pr oceeded

over "18 hBurs,Othen the sol uti oRr wasOaer at ed overni §at O
at an |nternal tenperature of 30 C, to ensure conplete

o B B ST B e

SLA-3000) to renove celmflag mﬁteﬁgal The supernatant
was concentrated to ;a%g e o2 400 nL_using .a rotary
evapor at or (bat h#enge 4 HE concentrate
was cool ed &g)a_clgn& tthe to pH 3.0 using
concentrat ed aqueQusuydr e . acidified
aqueous sol ution Wds le y wth ethyl
acetate (8 x 500 ni, R¢ & 800 31 x UL). The ethyl
acetate extracts were dPied 9 odi uth sul fate before
may beprepared by dMichaediheckmanatchosyresofadoqrimp precubsat Herived from the
te rature <45 C ovi di ng, a pal e yel |l ow oILd
corie SRR anvile, heatl op T sPenel b BriRemalitexample usib
antlfth@iit QEQTES NafiRdd & the RBGedPhlle iPhe MMRHadt Md@Ti¥h Biclidh) is
vacuo af forded pure
showndel™):- 1, 2- di hydr oxycycl ohexa- 3, 5- di enel- car boxylic
acid (DRS1) as a white powder np 95-96 C dec (38 g,
74% J[cc]!) -114.8 (c 0.5 in EtOH), lit., ROD -106 (c
0.5 in EtOH) Jenkins, G N.; Ribbons, D. W;
Wddowson, D. A.; Slawin, A M Z ; Wllianms, D J. .1
Chem Soc. Perkin Trans. | 1995, 2647.). Epoxi de DRS2:
i-CP BA, EtOAc - CO2HO -> 23 C_ CO2H - OH1 OH HOHO
83%
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DRS | DRS2 1001221m Chl or oper oxybenzoi ¢ acid (nCPBA was
purified as follows: 50 g of 77% nCPBA (Al rich) was
wolb@salzwed in benzene (1 L), the benzene sol utpEnusHss/017831
then washed with pH 7.4 phosphate buffer (3 x 1 L) and
dried over Na2SO4 for 3 hours and concentrated (<40 C,
thermal detonation hazard) to provide pure nCPBA as a
white solid; 1 g, 3 mol, 1.2 equiv) was d
in three equal quoruﬁ)% over 30 nin. to a suspeﬁ'ga?;gmN/CHs
of the m crobi aIH drhydroxyl ation product D@Sﬁ (8. ].-Dgt

benzepe (2 x 15 2‘ res

pa%‘fy solid wes drPed in vacuo to pro¥ilde (Phe ePaxi d@ O
DRS2 as an anor phous white powder (7.36 g, 83%.

[00123] mp 87-91 C; NWR (400 MHz, CD30D) 86.23 (dd, 1H,

= 9.6, 3.9 Hz, =CHC(CCH)), 5.92 (dd, 1H J = 9.6, 1.9
[9&88] CHC( doarf)ther embralithent, thelendre (9) & repctedomMtiMp, 3. 58

b(e Sj:-lelj_tﬁlafﬂI{W eﬁ%nq{}ﬁzdimwg éh}gr rgsc%gs ':Il‘fe enone of

32818, 75.4, 70.9, 57.5, 50. 3 FT1IR (neat), cm 1 3381
(s, OH), 1738 (s, C=0), 1608 255 (m, 1230 (m,
1084 (m C-0); HAMVB (CI)RS B2l for (C2HB05- ENRO+
190. 0715, found 190.0707.2 Bl: |. TMSCHN2
CH3COH benzene 2. TBSOTf -) 23 C 70%

TBSO T CORCH3 TBSO

o" de

wherein Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR¢; =0; -C(=0)Rc; -COzR; -
CN; -SCN; -SR¢; -SORc; -SO3R¢; -NOy; -N(R()2; -NHC(O)R; or -C(Rc)3; wherein
each occurrence of R¢ is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =O; -C(=O)Rp; -CO,Rp; -
CN; -SCN; -SRp; -SORp; -SO;Rp; -NO3; -N(Rp),; -NHC(O)Rp; or -C(Rp)3; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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DRS2 [ 001241A sol ution of

trinmethylsilyldi azonmet hane in hexanes (2.0 M 25.5 niL,
w®10091m993 , 1.2 equiv) was added to a sol uti onpEf/usteesn17s3i

epoxide DRS2 (7.36 g, 42.8 mmol, 1.0 equiv) in

nmet hanol - benzene (1:3, 160 nlL) at 23 C. Extensive gas

evol ution was observed upon addi tion. The yel |l ow

sol.ut i.rred f S .conc ntra

SRoidie Re R Tleb otn Sal TbtechE ey R RS Pl Bl Tpoiey:
aulesdly| eyl oy glalkylittib pdrly Bifio f i PARVIBMEN alazq(ﬁa'inf@ib) het&ﬂﬁyloxy,

the dried solid was suspended in dichloronethane (2
A etengargithg meistyre (20 8 m, 149 mml 3.5 equi V) and

Lo UL MR bR A bSO EM B g

Fhrmuheld ogurbritehed) eliydnatis; colicibt a?d’yahér Rabstieaed bﬂﬁhsubstltuted

d
JBebes G e SR PR PGt c St M oF JrubSBuLE; bfghed o
%@ra‘fﬁeﬂed"%?l %Q@s@i@ut&@b} %Qst@b{eddb&hbwd%w&ﬁ&é@a% substituted

. The ofgani ¢ phase was separated and dried ovef
amhlysub@uwt@iomaum@mrfuab@nclﬁddlemrq)awl SORpt-CH -86Y; SRE, or -

dt trat rate rOVId
NG S e e ettt b e e Y By SPiodh ol
QRG@Tah QBP0 Yndibty 5hﬁ§ﬂb}{hp}@.@1@tﬂ%1&y, Eﬁ)bletﬁfafn%ﬂ'rﬁ(ﬂety,
the epoxide DIJBl1 as a lig el l ow oil %an 70%

dtsroayylgpeigtyy alkezy; agylogy; (aikydt ﬁwlthab@rratl@s iag) ;

0 J 9.8, 3.4 Hz,
gl%,’ Rﬁt%y(‘%?’%ﬂ?‘%ﬁgith&é‘g?‘ew 9, 1.5 Hz,
=CHCHBGGER) ectéd fidm(the gibhif codsistiigDf Hedro@eCBald@ElShibstituted or
igphifsa glippatic BAReIEH o et atedgigtercRliphis, bsTittghor

3 0. 3
e ?:lﬁ%?%m% 07 (}E}OEIH&% (%E:lsl\% i i ’(a{go ?M@%%fgj alkyl
MinQ. azddmmmln@groeps 69. 3, 68 4, 59. 7 52.5, 52.0,

Fi R ClRdider ey 1ageq Fﬁ)ﬂ%ﬁ%ﬁrow Faiipilic oLbyugngea

¢ : G0,
(b s At a s

%

(bepmazdobsengl of for found 414.2239. |soxazol e M3C2
(Met hod M R
)
7z D
R |
AN
OoP
OP

wherein R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORa; =O; -C(=0)R4; -CO2R; -
CN; -SCN; -SRa; -SOR4; -SO2R,; -NOy; -N(Rp)2; -NHC(O)R,4; or -C(Ra)3; wherein
each occurrence of Ry is independently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
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. MCl, Et31,4, D MAP, DCM --) 23 le 2. (043)2NH, DM

F N(CH3)2 O, r 4 [00125]Triethylanine (37.5 m, O
wW@0MsADlogs 1. 15 equi v), 4- (di nmet hyl am no) pyri dp@eU$§89017831

ng, 2.34 mmol, 0.01 equiv), and mnet hanesul f onyl

chloride (20.8 nL, 0.269 nol, 1.15 equiv) were added

in sequence to a solution of the al cohol M3Cl

STy S S TR, AP o

nﬁpmﬁi@ﬂﬂhyonﬁmnﬁs, R.; SchOn, M ; Laschat, S.; Jager

V. E . 1998, 473-479. 48. 0
mol | urles @bjﬁg gsn;g%ieog%rﬂys%ﬁreﬁ%ralﬁ% s&@éﬂmr %nsubst@ted
Tﬁ}snah@@si {ufRakbngd Hﬁﬁma‘ﬁ@scy%hb Bf cBt, sQbdithiel o?]u?suhsmuted

then was concentrated, aff an orange o
Ghrandhed odumteetohkd hetnmatlphauxdemmutesh anginsubstituted, bragelned or

dé%h;ii S '/ Ig%?% p{egxgspgitwge’%Bgﬁ%glged%:dnmagﬁlﬁc&jyl substituted
amm@u@ﬂdué& bragit et dhtnbRmbRd &eeréépzp -OR); Ab; T(CO)Rg; -COsRg; -

provi di ng a honogenous sol ution e sol ution was
SNy 186aN;abRo; @GRH -201R6; tNOn; WBaal N )XRa; warGiRpp; 2derein
n at te
el Rl 4135 RABSR P oAb DRSSt Fgb o Hiphaic
afoiesys hSt@ﬂialiﬁthic&ﬁdilb@D ai gcys eloidtl Ofir 21 6iely? a hetedd¥Pyl moiety;
and et hyl acetate-hexanes (1:1, 500 niL). The
%%a( aryprraselkndiiosapkbiat @alnan@lkwg@ﬁw digillestiarpinppleterparyloxy;
ﬁg lﬁﬂgnQﬁ d over anhydrous sodium sul fate The
Yution Whs filtered and the filtrate was
conce rH aratee@:h selaeraal intépegdentlyrieom theggbwpueonsikting pf byllicgen or a
urified by flash col um chromat ography (1:4 to
ﬂn?wgqma$”%%éw>te hexanes), affording the isoxazole
MGEC2 0: 74% . Rf 0.34 (1:1
ot hyl hsdn G i e es) eodlﬂlo t&’%mllv%h%%vgo Mz, CDC13) 8
Wo&@nVﬂslwwhmt@mbnnwhkb 5.82 (s, 1H, :Ckb, 5.23 (s,
2H, OCH2Ar), 3.48 (s, NﬁgHEEBQ 3) 2)g, 2-27 (s, 6H,

N(C113)2): 13C NMR (125 §, 471,09, 171. 2.
FTIR (neat), cml_ 2950 (l i 94 (s),

136.1, 128.8, 128.5, ] 5561, 45. 3;
1452 (s), 1136 @ﬁanvs N

oOP OP O O oP
wherein Ry, R3, R4, Rs, Rg, R, and P are defined as above; and

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORp; =0; -C(=0)Rp; -CO,Rp; -
CN; -SCN; -SRg; -SORg; -SO2Rg; -NO,; -N(Rp),; -NHC(O)Rp; or -C(Rg)s; wherein
each occurrence of Rg is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;

alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
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| soxazol e MC4: 1001261Chil |l ed di net hyl am ne

(condensed into a reaction vessel subnerged in a 0C
wmatos1uding a cold finger with dry ice/ acet onepcii062003/017831

1.94 nol, 2.2 equiv) was added dropwi se via eannula to

a solution of the isoxazole M3C3 (prepared in two

steps fromglyoxylic acid as reported by: Pevarell o,

st i Mol TR BB ar S Mg bt e Rctants
e beeabbtitafedTudthaiaad WaI$ fAI wrtmedh@&la&ae@ 1f1@ént1%nh Fot &Ruple, the
the cooling bath was renoved. The reaction m xture was

diheaylaingos thebanzeey clobutenokring miay e \Kﬁberosemtitmqéd at
dhﬁéwét enpe rlﬁtaHStﬁ l%o% dllﬂentTﬁl% em)ﬁ(et lEac %Eheh ks BICIS-
€ a C ar

en brine- Safur aqueous so i um ona
S@lklélttnewloﬁﬂto311e1d.afrldy):11mdl"lﬁ:tdmy>he atfiraul: (1.5 L). The
organi ¢ phase was separ at ed and t he agueous phase was
further extracted with etfyjRmcefate (3 x 400 ni). The
organi ¢ phases were comnbi ngQ an- dri ed over anhydrous

sodi um sul fate. The drle solY a\ filtered and
the filtrate was concentjlate
resulting in the fornakon T2 il

e of 500 ni,
e{precipitate. The
concentrate was filtered and @h filtnate was
concentrated, providi ng the i soxazol e M4 as an

4 I
SORRR K90 O STRL SRR Sl
eirmchecaceﬂnﬂir&ched(alﬁ;ﬂﬁ)lc @tﬁ@bdadyghct h&bStﬁm&&éﬂﬁrﬁuMMed

as a light yellowoil. [00127]R-0 30 (1:4 eth
Jranchedonnbisnsdsd heterpaliatic sntystipged oer_tm@ftl@lt%l brgnghed or

]u:l'lb} %drb)é? éugktlﬁl?t ur%b‘ost%%@%&%q; E%R%Bilﬁ%i egﬁHsubstltuted

m@nmbsﬁwtea, bnaﬁcle;d d%ﬁhaaocmltmetermL 103@,3#0;(4@(—0)19@4500211(;,

okt el 0 e e

Ee%‘{%%h%%ﬁ@ﬁﬁ Iﬁcgité éll%ﬁ%@ideﬁﬂy' 2] %y&Q)%eIg %q%otectlr&grgap,l an)ahphatlc

waeietde beteyseliphatigunaiety, aveay momty,cankﬁeyizrydneefl, @bh@roa@ﬂ moiety;

su m xty
B ARSI TlR, Pl dpegggoaryions,
bmmeteﬁﬁnﬁuh@niomy he neat i soxazol e M3C4 (143 g, 0.700
mol , 1. Oequw C. The resultln i ght brown
m xt urke 15AXdpEds éalog?p éEbiCléﬁ or gsxelic, prlsHEeder ynsubspitnte,

Z”E%%C‘a‘i'?‘ﬁ ox(sl%dﬁg&ﬁeé a4 Jlggc N ﬁ#&g RGBS B %rﬁtrhﬁg(f{tuted
dmzhched or urrbganshed hﬂem)alnpl&ldc;f smlbstiiﬁtemom unAdpsemtes], branched or
RSSO Ao R A . v
fd# hhﬁ%aﬁi@dr %h&féd%hﬁbﬁamle%%te%arﬂotd)kg n=$00fC(="=o§hAV' CO,Rp; -

ueous drochloric acid. The aquedus phases wer
Rob -SRax  331Red -IWQ2; -N(Rp)2; -NHC(O)RD, or -C(Ro)z., wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
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9 by slow addition of aqueous sodi um hydroxide (6.0 M

approx. 350 nL). The resulting m xture was extracted
wowdob/1thiogh| or omet hane (3 x 500 nl). The or gani BCT/US2005/017831

extracts were conbined and dried over anhydrous sodi um

sul fate. The dried solution was filtered and the

filtrate was concentrated, yielding the isoxazole M3C2

E\?Sr%rgcg?\é(g |8|r g%r?rllcheé% Zl'r ic: cy%h/?; or é{] gﬁ? zslblﬁgtitﬁt%h of %lbetltwa
asrefichke oheﬁﬂﬂﬁlﬁfhed hbtefbaﬁp%w;‘raiﬂgﬁmwd dr mmaiH%M{utéB; Biia’xlt:l&)d. or
affordlé}g the i soxazol e ht yellow o

%fdb.sebaawad wagnﬁua%tﬁwde Qranfkbedt %atnbfﬂﬁleh¢%al ppstituted

n 7

(RO RlRE BR St MEHO HorgrS P IORNICR SCN, 158 or -
NN(RIH; Q/lﬂte,m %h&cmm)énce of B égindependaslyaddeliogen, aprotecting
sol ution. .of fhe . soxazo 9.16 g, 39.5 nmol, 1.0.
S OFR PN;RHP R ERC R} B a%%h?% all§ ’Tgmftya?”q a@?/@ﬂ@letw’@ aryl moiety; a
rl?e?éfb&rkﬂlﬂofe@ys taﬂ&)%f Oz[r?ﬂ)@oéllé}lﬂﬂ@ a!‘% i&t dn'h'h@ dall%‘;tlam

wher'eupon”a 5ol Ution of e methyl ester
(GalBglaming Beterammdbxy; a)r @e@wndth moiesy;r ahydr of ur an ( 6

0 ia ca he tr,ansfer
ruant e B SHERed FORV® Srao oM & nyfRch BISHER ulfied or
TiiRubstituddtaiippatty, Svwdtia eI @Bubtituted hétérlipHatic, Mb&tithed or
1 h, then an aqueous(éﬁot assi um phosphat e buffer

S@sglpqtl(t)\ﬁe(( plikowy, 0OHy -ONMSCI0SHh alkyhikiogaraliliox s O2, amino, alkyl
l 3 C th
ARG AU S B A TR BRG] = 0" "

or %agl Ris 1ﬁddlfdeﬁ@drﬁlywﬂeetedtﬁﬂmb1 the é@r(&fﬂﬂ:d odﬁlllstmg cﬁllgfdrogen ora
an rous sodi um su e drij.e so ution

PP {eEREIEIRHR: 8 FrecieripRsr witable cersitenle g dged mm@\\ﬂ dienpt
afﬁyrﬁ{ll L,ow oi | . The product was purified by flash colum
chromat ography (1:9 to 1:3 et h¥z acet at e- hexanes),
affordi ng the ketone MC5 as aftight yell ow solid
(10.6 g, 73% . [00130] 1210.59 (J1: 3 et hyl

acet at e- hexanes); 11-1NWR (5 WHz, CDCl3) 5 7.44-
7.35 (m 5H, ArH), 5.90 (dddf 1H, J= 9.8, 5.9, 2.0 Hz,
=CHCHOSI ), 5.82 (dd, 1H, J= , 3.4 Hz, =CHCHOCC),
5.31 (m 2H, OCH2Ar), 4.58 (d, |1H, J= 4.2 Hz,

(0) CCCHOSO, 4. 27 (m 1H = O 3.94 (d, 1H J=
15.6 Hz, CHH N), 7 (d, IT-1, J=15.6 Hz H N),
3Wh_€f€l€ld§ is h})qirogen j;la]@gell, cycligor qu%;@d)s)ltutgi ggm@gbstlg}tpd

gé %ngeégor uxgt? %Zch%é ’ahglﬁ'ncg&é@go%gcgg,ssflls)gtﬁgtfg:6|r “ﬁ“&ﬁ’é}‘fe‘i’
ObrAched or BibraminetiBteroalipafict subsBidtedrQinsytistifudéd, bidnched or
(un%ranlz:@zd acCPCuggtltuted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR5; =O; -C(=0)Ra; -COzR4; -
CN; -SCN; -SRa; -SOR4; -SO2R4; -NOg; -N(Ra)2; -NHC(O)R,4; or -C(Ra)3; wherein

each occurrence of R, is independently a hydrogen, a protecting group, an aliphatic

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety; and

P are each selected independently from the group consisting of hydrogen and
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191.8, 176.3, 168.9, 136.5, 135.5, 128.8, 128.7,
125.0, 106.9, 72.4, 69.6, 67.8, 67.4, 55.3, 52.6,
w@2009118% 2, 26.0, 18.5, 18.3, -3.1, -3.8, -3.BcT/U52085/017831
FTIR (neat), cml 2952 (s, CH), 1682 (s, C=0), 1594
(s), 1502 (s), 1456 (m), 1097 (s, CGO0), 774 (s); HRMVB
(FAB) mz cal cd for (C32HSON206Si 2+Na) 637. 3105, found
637, 3097 Ket ones M3C6 and MGC7: M ; C5MEC6, 62%
NECEFCUERROP® 131] Sol i d | t hi um
trifl Lt@lrywmhbmaﬁwmpai@dfmnanm 0.490 nmol, 0.05
equi v) was added to a solutlon oé t he ketone NECS
(6.02 g, 9.80 nmol, 4,1 B%tol uene (500 ni) at

\65 C and was
T ¥ reaction

was pI aced in an oil
stirred at that tenp
m xture was cool ed t o223
solids were washed witfh t3
filtrate was concentred6 provi gi ng a%el l ow oil. The

AR R MR AR S -
SHrhfdhed oaant%é%c@eai QliphbBicleycNEHERYR1S QdbyInBd 624 RRBA I ed,

sol ution (300 ni) was added and extensive gas

vanaled ghummgnCdib@ Betorodliphsbic; subdtitutedror umsibshiiupadabiapched or

TEHPREe RS SR RGb G U Bt eI oty Sl
aﬁhm@muﬁuapdrauamesltdrﬁmbﬁncﬂda@ewrbﬁsﬂ S@RH{*(D’H-G(&@)RB, -COZRB,
f| I tered and the filtrate was concentrated, provid

LN obN:oSRs; $%Bprm -NRz -PiRi)es -DHEPIRE a@h%%lb)@ufﬁherem
SPFETERRHARTR | ik fpdory 8 oeBR 3 FLECEARGRm aliphaic
GRdptyaa tletelvalijledtiomeoibyCan &yl enovdtg;camlsylyrebietnva (hleierc(ai:ylﬁrﬁolety,
gdlko%%(;/%r'yloﬁ(}elg glﬂ)?lthméllthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety. As will be appreciated by one of skill in this art, the enone
and diene may be further substituted and still be encompassed within the present
invention.

[0090] In yet another embodiment, the enone is reacted with an anion of a

phthalide or cyano-phthalide. The enone of formula:
R

R

2
/

Al

wherein Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR¢; =0; -C(=0)R¢; -CO:Rc; -
CN; -SCN; -SR¢; -SORc; -SO2Rc; -NO»; -N(Re)2; -NHC(O)R(; or -C(Rc)3; wherein
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[00132] Rf 0.52 (1:3 ethyl acetate-hexanes); |IH NWR
(500 MHz, CDC13) 8 7.45 (m 2H, ArH), 7.36-7.30 (m
w@bhosAdels 5.96 (bs, 1H, =CH), 5.45 (bs, 1H, =f/usHoSe17831
(m 2H, OCHH Ar), 5.33 (bs, 1H, CH(ISl), 4.15 (d, 1H, J
8.8 Hz, CHOsi), 3.59 (d, 1H, .1 = 3.9 Hz,
CHN CH3)2) 3.34 (bs, 1H, C3CH), 2. 57 (bs, 111, OH),

ek o K s e S s

G6&i6)y, 8 hi@halphdtit8niety] Bi8adyl ndod&y3an al?l&ngl,etyl a%efbéoaryl moiety;
1 5.4, 106.4, 79.8, 72.3, 72.2, 6
zé“@‘% %ﬁ)ﬁ‘y’ gliylghio; %Wk*)hlo gmigo, ?fﬂrylame%éta}kyl@mnp lgergaryloxy;

. 2042 71698 (s, C=0),
(&?gte%yltﬁggg”&g’s, 1032 (s, d 0 “oni (s): HRVE (ES)

m 7 ¢ aR«:la hV@DgQ@ZBH%S&\WQE@& ackp (16 00bspia@dd of wnsnbktituted,
/.. [ 00 RlO 64
R BPEor AR Riisod st ot dybaidedor fppubsipied
bl'anché@l or h‘l%brapfblhb'ﬂ hetZro%leYat@Qs itufdid, or'?151!(“»‘1|)bst1§1{e%4 bfafléhed or
gmbprq}]qghed?@qu@;pstltlge@ gr ypubstitpeds {)Eang_lzedg)mmbraggmd a2l substltuted

%ré%%bf!ﬂ%ég@&ﬁq @B%g?l%%ﬂérteéﬁgryl,g_ gg (% -(i(ao)l{o; ~CORp; -

WQSO?IC)SBRD, BORL; €$D2Rld -NOz,J-NGRS)zQ WC(Q)@J???))%)L vsvherein

Soe T e @isyasof by bat{ceendiily ot fidh
gﬂﬂF Céﬁg?%e)o et egen yg, en,@ IUBtee ng gqup, an alip atic
PR R DR R Hel 0 i Syl Byl moteuy

wBoxg; aryRay 8alkglghis; arighis; anlidd, Akyladto? dialidyléininddheBeroaryloxy;
70% hgt’eroé%ylal’io gl%ie%/; 44.6, 43.2, 26.1,

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; -CN; -SCN; -SRg; or -
N(Rg)2; wherein each occurrence of R is independently a hydrogen, a protecting
group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a
heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; arhino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety;

R is selected from the group consisting of hydrogen, halogen, substituted or
unsubstitued aliphatic, substituted or unsubstituted heteroaliphatic, substituted or
unsubstituted alkoxy, -OH, -CN, -SCN, -SH, alkylthio, arylthio, -NO,, amino, alkyl
amino, and dialkyl amino groups; and

P is independently selected from the group consisting of hydrogen or a
protecting group;
is reacted under basic conditions (e.g., LDA, Ph3CLi) with the anion of the phthahde of

formula:

69



25.9, 18.7, 18.2, -3.6, -4.1, -4.3, -4.3; FTIR

(neat), cm| 3461 (bs, OH), 2940 (s, CH), 1693 (s,
wEFDs1120663 (s), 1647 (n), 1503 (m), 1080 (s, r&DVS2065617831

(s); FIRMS (ES) mz calcd for (C32HSOL\ 1206Si 2+H)

615. 3285, found 615.3282. Al kene DRS3: bROH3. 12

M3C60ORS3 [ 00134] Di et hyl azodi carboxyl ate (472 pL, 3.00

nmmol, 3.0 equiv) was added to a R4
7N

(Ron—r O
S

oP o

wherein R is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORy; =0O; -C(=0)R4; -COzR4; -
CN; -SCN; -SRa; -SOR4; -SO2R4; -NOj; -N(Ra)2; -NHC(O)R4; or -C(Ry)3; wherein
each occurrence of Ry is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

R7 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =O; -C(=0)Rg; -CO,Rg; -
CN; -SCN; -SRg; -SORg; -SO2Rg; -NO3; -N(Rg)2; -NHC(O)Rg; or -C(Rg)s; wherein
each occurrence of Rg is independently a hydrogen, a protecting group, an aliphatic
moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

P are each selected independently from the group consisting of hydrogen, lower
alkyl group, acy lgroup, or a protecting group; and

n is an integer in the range of 0 to 3, inclusive;

to yield a product of formula:
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solution of the ketone M3C6 (500 ng, 1.00 mmol, 1.0
equi v) and tri phenyl phosphine (789 ng, 3.00 mml, 3.0
wWEgosMI204 toluene (6.0 nL) at 0 C. The m Xt urgcmes2005/017831

stirred at 0 C for 90 mm wher eupon a sol uti on of

2-nitrobenzenesul fonyl hydrazine (651 ng, 3.00 mml,

3.0 equiv) in tetrahydrofuran (3 nL) was added

dropwi se vi a cannul a. TheRre ultipg mXture was

stirred at 0 C for 10 mn,, ’ha&lowedto warmto

23 C, stirring was cgg . at A n’pe@aturefor

23 h. An aqueous pofassiij er\sol ution

(pH 7.0, 0.2 MR Td I I ting

bi phasic m xture was™® 6 Yad:) hl© omathane (2

x 50 nmL) The organic gxtradgfs reop bi ned l§\nd dried

over anhydrous sodi umGul f&xe. Pte dro ed soPUti on was

filterafda dk h! Rl Gedtaey R BRIAIR! Sfbotitd A\ Gh&lBstituted

a yell owrs{l] éigge}?y %ée zvas pu?%fll eﬁﬂggl eI ash oS,

dodnghed azﬂmMICbgi dpﬂlrytlﬂé @Scl& omacycléc, eulbsyltuted or unsubstituted,

cet anes af f ing t ene
EEoBef e gferolal sep iy ied Sy SosgBiyER. Srafched Br
%&sﬁgﬁ&a@yp @@&}ﬁuﬁsd orludélaﬁsg u&&@ot()ﬂ&h@aed%&)an&%déa@l( §hbstituted
o - ’ m
DHunsbsidMEy, beneisd og gnbrapcheg-hetegoagyl; ZGBB,H;% -CCHOBs; ;:%OZRB,
9 12.

T3¥5E5Y: -SSR DA%: 08 T RECURy, b o Rorg gherein

@kdh o@urendecthf IUBHS ml’lell&xd%ntlﬂza hGHNEELR)p2dtectthgbfofsl dn alhbhatic

J=10.7, 3.9 ,. C3CH), 2.47 (m 8H, (,2,—CC112),_

@%stY(%hetgt}qah@(aéﬂ@}qssty, angacybmpiety; 3 argdjnegigly; a heferogryl goiety;

3 ARG R r{ilire. Mia dihfidiamind rtedoaryl

167"."8{%@5‘73 }}&2 r§ 1289 ‘izagg%ﬁlz‘/ 4%106m T80y IoNYs

2 héteroagylthio Bipicdy. 60 7, 43.0, 42.1, 26.0, 25.8, 23. 6

-4.6,.,-5.0; FTI cm |

2{@0 ’ 1-,1"615 p(%ducg__(g)%e %@&'i&iﬁil%ﬁg@ etlg)(lr\%ef%%tlege%lzed

Gedliced, Wx@dizddS reafraRed, tddE@d #epFoteattd e 1@Id the final desired

(026H36N2058| +H) 4852472, found 485. 245 DRS4:
Rehct 3y arigisiesamplorynRSians asrl mithe ﬁnal“sy@hes,es vﬁrhe compounds of
the invention are shown in Figure 2, 3, 11, 12, and 13. As will be appreciated by one
of skill in the art, various isolation and purification techniques including flash
chromatography, crystallization, distillation, HPLC, thin layer chromatography,
extraction, filtration, efc. may be used in the course of synthesizing compounds of the

invention. These techniques may be used in the preparation or purification of

intermediates, reagents, products, starting materials, or solvents.

Pharmaceutical Compositions

[0092] This invention also provides a pharmaceutical preparation comprising at
least one of the compounds as described above and herein, or a pharmaceutically
acceptable derivative thereof, which compounds inhibit the growth of or kill
microorganisms, and, in certain embodiments of special interest are inhibit the growth

of or kill tetracycline-resistant organisms including chlortetracycline-resistant
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76% DRS3DRS4 [00136] Acetic acid (83.0 M, 1.44 mmol,
2.0 equiv) and a solution of tetrabutylanmoni um

wo boooniges i n tetrahydrofuran (1.0 M 1.44 nl, AcH¥s2005/017831
mol, 2.0 equiv) were added in sequence to a solution
of the olefin DRS3 (350 ng, 0.723 mml, 1.0 equiv) in
tetrahydrofuran (7.0 nL) at 0 C The resulting |ight

L Gt e S5 B i

tdvxlyciotinpessidtattt @rgantsn’fs hinotlyelitee@sikiantnongani s, @r\wAg organisms

concentrated, .pr a.brown oil . The product was
JERFtAntda aevblmlg% E%teﬁr cling slass A &pRymgn oyvetginary medicine.

QBWﬁe\xﬁﬁ%géglgéﬁ% ﬁi&é%)npoﬁ?éso%l(%mfégga%c% Fé,l 8%34 @@1@ against

atcoplastace latsechaxcanes e lNVRN(YS0athit-tmbadbD@ei8}, the 70r5110unds inhibit

Itp‘g' Emg&}mg t kl@ g%d yrﬂm%p?g c_egﬁ%gg)as sgnéga%ﬁ%ma onlr cells.

h), 4. 455d1@éhsséd'&bol68(hél tdgent ehion profRiet Hovel Compounds
8.8 Hz, CHNCI‘Bqujé mlH CG3CH), 2.47 (s, 6H

N(a@mg)@)lm@oh@l g nt1ppq>hfgrat1ve eyctlvgy5aqqzthus t@@meptwechg@ounds

ﬁn% Ese%\gl foa%)%)# %@FT{F }nglgal crgiig%lfg%&;ltsd()@fa&gtmus

(ﬁsea&s@éanc@ﬁEutbﬁﬁmuhﬂl&&&ﬁnﬂﬁﬁ’mﬂabﬁdise‘a%s and diabetic

(C201 - 122N205+H) + 371. 1607, found 371. 1601.

ayHNQEYe Hifrerdimels; in another aspect of the present invention, pharmaceutical
compositions are provided, wherein these compositions comprise any one of the
compounds as described herein, and optionally comprise a pharmaceutically acceptable
carrier. In certain embodiments, these compositions optionally further comprise one or
more additional therapeutic agents, e.g., another anti-microbial agent or another anti-
proliferative agent. In other embodiments, these compositions further comprise an anti-
inflammatory agent such as aspirin, ibuprofen, acetaminophen, efc., pain reliever, or
anti-pyretic.

[0094] It will also be appreciated that certain of the compounds of the present
invention can exist in free form for treatment, or where appropriate, as a
pharmaceutically acceptable derivative thereof. According to the present invention, a
pharmaceutically acceptable derivative includes, but is not limited to, pharmaceutically
acceptable salts, esters, salts of such esters, or any other adduct or derivative which
upon administration to a patient in need is capable of providing, directly or indirectly, a
compound as otherwise described herein, or a metabolite or residue thereof, e.g., a
prodrug.

[0095] As used herein, the term “pharmaceutically acceptable salt” refers to
those salts which are, within the scope of sound medical judgement, suitable for use in
contact with the tissues of humans and lower animals without undue toxicity, irritation,
allergic response and the like, and are commensurate with a reasonable benefit/risk

ratio. Pharmaceutically acceptable salts are well known in the art. For example, S. M.
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DRS4DFt S5 [ 00138] Sol i d o-i odoxybenzoic acid (558 ng,

1.99 mmol, 3.0 equiv) was added to a solution of the
waolbmbk/ DR (246 ng, 0.665 mmol, 1.0 equiVv) in PCT/US2005/017831

di met hyl sul foxide (5.0 nL) at 23 C. The resulting

het er ogeneous mi xture was stirred for 5 m n whereupon

it becane honbgeneous. The brown reaction m xture was

Slgérg% teg alatdleéi)’ P% gflac}kiaggutféfalli/\g c%[)taﬁljeosaﬂ}?n 3 i%qf.j te*’garmace utical

excess

QS codiRusy BGﬂIZ 09 C194G] ﬂhcor"ﬁbeltdﬁ herelh ®ywefsrente. l’lgi‘e%dltm HelRepared in
f||t ate wa i tioned between saturated aqueous
faf‘aﬁ% rﬁglaéwg@pﬁp%ﬁc%wnﬁé theicomppgngy 9t theinvention, or

Eltjate I?}If%ta@a th@ e(fﬁné'tronﬁl‘li_’t Wit %;J}%b@(g&?ﬁd ?%1é1?rgamc

S sepa ate e aque us phase was
sactd artaatples dﬂpharnﬂ@ewﬂmaﬂig rat¢eprrbtd, nettoyic acid addition salts are salts of

e VO P R -
S&idﬂph@sﬁ)hf)gc 8ci) suffgrl%éld ahd E&%hfo?l@ amd)or vﬂﬂporgéﬁ@%l@é’ §lch as

nhydr ous sodi um sul f at e. e dried sol uti on was
facrsftl@m@t axalic adié rﬂalblCraatde tamsw eoidcetriaasiddyucopriowdidj ergmalonic

) S RIS B AR B8 e o oA el B, S0
%ﬂﬁ&@ﬁtl&dﬂ&,ac@mé sa3tZ idBudechdiphirs, aﬂgma?e JAsddtbatéy a's%artate

7.40-7.34 (m 698Fém1H: 6.
(l@aaenegthongte hglzgate, bnglfage orate bﬂtgp;@e,g)a)nphgra% campharpplfonate,

At e By e, ot
N{b 189, 2]ucohGTondidR g()&:ﬂﬁ)pldb@ha@[)@ﬁ&na&, heiddfateSBeplanoate,
]lggé.lgdatel g};drglod%cgzggﬁfygég(g etleaéle %fogl’gteél%gtggiog%t%g@gtﬁte levrate, lauryl
gi_lg;éfe) riléaﬁlé@ %11%%967 n{a‘l\'ﬁnag'gnetl{lazgszﬂf%ﬁate C?QAphtﬂa@Jrr%s??onatmg
(TES)tingfez nidrateg dleptgy 0%@@;%&2@&? M@MH) p&8dattdpdsulfate) 3e
3pqlen}:fliproplonat Bshosphate plcrch plvafgl?e Il:))r%lglonat/ stearate, succinate, sulfate,
tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically acceptable salts include,
when appropriate, nontoxic ammonium, quaternary ammonium, and amine cations
formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, loweralkyl sulfonate, and aryl sulfonate.

[{0096] Additionally, as used herein, the term “pharmaceutically acceptable
ester” refers to esters which hydrolyze in vivo and include those that break down
readily in the human body to leave the parent compound or a salt thereof. Suitable
ester groups include, for example, those derived from pharmaceutically acceptable
aliphatic carboxylic acids, particularly alkanoic, alkenoic, cycloalkanoic and

alkanedioic acids, in which each alkyl or alkenyl moiety advantageously has not more

than 6 carbon atoms. Examples of particular esters include formates, acetates,
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OrBS DRS5D RS6 [00140] 2, 6-Lutidine (75.0 p.L, 0.640
mmol, 5.0 equiv) and ten- butyl di nethyl silyl

wo tiokhuwogomet hanesul fonate (88.0 nL, 0.380 mmuob¢T/85£05/017831

equi v) were added in sequence to a solution of the
cycl ohexenone DRS5 (47.0 ng, 0.130 mmol, 1.0 equiv) in
di chl oronethane (3 nL) at 23 C. The m xture was

ol ffeS by Gl DR B R iR s e

E&dﬁﬁareﬂtavéﬂ Phasiymesbudhiisestsaseext racted with
di chl oromet hane (2 x 20 nL) and the organl c .extract

vi@PR7Iconbi nadthsrBogy the (Tl dthabmaspaiGlly sermtabls BFGF‘%{S as used
TGeidried 5 Blodt ?@gr%%f fiid 50‘?1?% ?%gfctfng Eregéllttxﬁ\?gﬁﬁ)gggﬁacg are,

concentrate the ohexenone
awithinttiee ToOpS bfddund mesliﬁal Jphdgment) sumtpbleXoise 1h@OA4d1] xMIh the tissues
exanes) ; NVR

1%3@%&5%%%@;15]@%1%%% éﬁg’%agg%hy,%rrggféne TgYe res onse, and the
Zlilgéocgm%énsﬁﬁéte Jith ﬁ%k@onalﬁe %@ne(ﬂvnsk g.:ﬂll& asr(%rc"i@?!%)ve & tAr intended
206, a3CrEtlnas)the 3w1mrlpdlc leHls Melﬁpmlb&e, otlth@Qmesvlz)ds 02 tg3

NP, TR “pafGy s pailyihds 15y sy Baayed in vivo
GoQfeld $he paként SbiepBurid df3ke M (drdtuldHer e)@ﬂ@legby hyld#8ly4is in blood.
187.9, 181.6, 167.7, 149.5, 135.2, 128.8, 128.8,

14 8hcgougt12(gsc61551§mg§ pgowggd mn T Adiggchi od y. S@lalPro@ugs as Novel

e o £ e 0P A BB e,
105 Biprevesitly Carfizss iaDrug Bleslyh, ASyicad PhatmbeahtitairAssociation and
I(\R%gal_n?gnl\llgr%sgl 62'3_9 bo'ﬁ‘lsof2 v::)ﬁigh agqugo(jrpégt%d%%gejfn b}|l< regfgrggce

[0098] As described above, the pharmaceutical compositions of the present
invention additionally comprise a pharmaceutically acceptable carrier, which, as used
herein, includes any and all solvents, diluents, or other liquid vehicles, dispersion or
suspension aids, surface active agents, isotonic agents, thickening or emulsifying
agents, preservatives, solid binders, lubricants and the like, as suited to the particular
dosage form desired. Remington’s Pharmaceutical Sciences, Fifteenth Edition, E. W.
Martin (Mack Publishing Co., Easton, Pa., 1975) discloses various carriers used in
formulating pharmaceutical compositions and known techniques for the preparation
thereof. Except insofar as any conventional carrier medium is incompatible with the
anti-cancer compounds of the invention, such as by producing any undesirable
biological effect or otherwise interacting in a deleterious manner with any other
component(s) of the pharmaceutical composition, its use is contemplated to be within
the scope of this invention. Some examples of materials which can serve as
pharmaceutically acceptable carriers include, but are not limited to, sugars such as
lactose, glucose and sucrose; starches such as corn starch and potato starch; cellulose

and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and

cellulose acetate; powdered tragacanth; malt; gelatin; talc; Cremophor; Solutol;
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80O 2 steps) [00142] A sol ution of nethyl nmagnesi um

bromde in ether (3.15 M 11.6 nlL, 36.7 mol, 1.07
weoesn)2ow@s added to a sol ution of the al dehydeciVEE®05/017831

(synthesized in 2 steps fromconmmercially avail abl e

3-benzy|oxy benzyl al cohol as reported by: Hollinshed,

S. P.; Nchols, J. .;Wlson J.WJ Org. Chem

1994 7

S baaeshd ?§°9068>69ﬁa3ﬂ% e el Restser o Bl fodnf ot

| do@bhsd@d oWNsasBbwéd (IR stameil; bliedoigtcorboiCand$oyBBar il glycols;

then was rtitioned between saturated aqueous

oY APERPY E‘Wlec&l)fc@b egi§Tsuurhy as %thwlwwnchﬁh%@wwe agast buftering

gég %%h aasr %Elggmdﬁl {kfsat o ﬁ@ﬁ%ﬂﬁfé%&%ﬂ%@{ﬁ 1Hirc a%% id; pyrogen-

fﬁréet eatec mmimt Mnné; Ringet esolasone ethgvbﬂt:dslaﬂ,@d]d pmbfpﬂada badifer

el [ .ow | 10, 1 . The product
i"t% Soellas of %&E’?ﬁ‘é’?c g%mwm tluby ﬁc)mtf wﬁ&gf@awdwl sulfate
?iéntﬁ:ﬂé%xfﬁéﬁl@té]@&e %g %feél{ﬁé&@loo)%t/lg %ént? ql‘:’l'eé@in%‘g%&n% goaq’lfng agents,
cswmteeqlgl, {iyvonmgend ppefiming @eqﬂaeprcmvatwas awl arttiogflanfs can also be

| | I b 10.1 .q, . 8
igrent 8 Euodylih, e Bi BRI EPe fiedent sbhiefmuderc
freshly prepared sol ution of sodium bi carbonate (690
8.22 mmol , 0.25 equiv) in comercial Corox bleach
n&wsﬁiyomgumig@qndd’hp@nqpe@zgq{@?wms@gded in one portion
L@O%ﬂe m lxlt'%Hv\ef‘lrrﬁpc)r( %Bﬁ%&&e?%?%gd d-getgo% él'g tE%a[tl%Eal%tIebtl(%s and

fmhlbihn@ thmehgroattin 0Ths Meihathisusl feis ttee z(dlmﬁlst}}ltlmf eﬁtﬂl@ﬁﬂeutlcally
qu} resulting. mxture was stirred for 15 mn at
@ﬁt%@nw of thesratponed orephammeesuticalboaceentably de@mw thereof
tg ( T A and
PR Bt pu AR 1BHRA & HRHARGr Wihnch A Gk
J00110] on wakhefdohtpeneds amdghhheackifi¢al adrepasdtions of the present

RSP A B YR PR i B Sb

VeBtiats (& kﬁﬁnﬁz@ﬁér@ G8ilt&1Bn, 8Q%rPUBEL 13fe§tt1@rﬁi%/§nto urinary
[00144] 12fd 80 (3:7 ethyl acetate-hexanes); |H (400

NpEEcti@pchsiengc miggiony), ;pg)ll(fmtlm-dlsazysﬁ) (e ga oggce(r)-nanQ dutpimmune

g %96‘%%3?34 o g Mpus b1 Cofuntits fppiikition
136hpBsitid28mdy bd 2@mihistdrdd t?anithdl3, ﬁrcfelélﬁ Aamkds lo. g, domesticated
71,3,30.9; FTIR (neat), cm-| 3065 (w), 3032 (W), 2918

(@wmalg, zgis, i‘%gs iqy) rats)5anl mege preferagly hymans 3 dary (nagthod of7 1
(agl:l)nslrilzl%tg%to yl—B‘ﬁﬁgg jr(( g%gvgm}% é:g)ﬁ'lg%g%é Q%Fﬂ%maceutlcal compositions to

the animal. In certam embodiments, the compound or pharmaceutical composition is

administered orally. In other embodiments, the compound or pharmaceutical
composition is administered parenterally.

[00101] In yet another aspect, according to the methods of treatment of the
present invention, bacteria are killed, or their growth is inhibited by contacting the
bacteria with an inventive compound or composition, as described herein. Thus, in still
another aspect of the invention, a method for the treatment of infection is provided

comprising administering a therapeutically effective amount of an inventive compound,
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Epoxi de M3C10: 94% M3COMSCI O

[ 00145] Di net hyl sul f oxi de (90 nL) was added dropw se
wok@sayoinge to a nmixture of solid trinethyl subdDysmosIN7s31

i odide (694 ng, 3.15 nmol, 1.3 equiv) and solid sodium

hydride (60%in oil, 126 ng, 3 15 mmvl, 1.3 equiyv,

vvashed wWth three 2-nL portions of n-hexane) at 23 C

rous F vol uti.on was_ obser ved qf addi t j on. §het.
R et S R R A et BaREP UL Ok bRt in
%e%eréd’felﬁ s@cls ahbiint® Bndfor klkeh tkat 8N nbkdstary %o Bhidve the desued
26.5 mol, 1.0 63UIV) i n di methyl sul foxide (30 nl)

88t lacersein sebpianeimef thaprevens inveatien ar thgepeutically effective
%&1%1&&" ﬁg m‘%ﬁt@veaco%lﬂgun réﬁa‘?ﬂ)acgéutlgbl h{b\éklﬁghﬁs@ﬁ?%ount

ne resulting orang was stirre
3dfdativé foe killing opmhtblmmg)uhe @rdyeth\wé dactéxia. iEhe( c’brﬂp)ouadﬂjand

et her (500 ni) ,The gan C se was .separated and
R R L e s o e

P&é‘iﬁg MY ﬂoun?gkﬁf‘anp%u@rcﬂ %Hﬂnﬁnﬁl%"t‘i%ﬁ%ﬁ@&h% @Pmﬁﬂw iARBiting the

dried over anhydrous sodiumsulfate. The dried
spbwth ofrbagigsiaf iThe exast amndnttrh@ulfqdl witlavary fiem subject to subject,

PRIl B e pBER Bt 0 ReiF e Bioh oh Pt Hitsg ety of he
siaicabe thepanafis contgound) ittnbddteo R@aNhidRatMaCtOnmdde 8f activity, and
clear oil (7.94 g, 949%) .

VO
2hebke.1 Phegmarungs obe dnvegtian aregualgsphiiormplated:ir dasagy unit
%%%Féagg 5PAREShist bR 1§I§R)QmM]%f d@%&é?’?t vﬁll%‘e%gaerstood,

however, that the total daily usage of the compounds and compositions of the present

invention will be decided by the attending physician within the scope of sound medical
judgment. The specific therapeutically effective dose level for any particular patient or
organism will depend upon a variety of factors including the disorder being treated and
the severity of the disorder; the activity of the specific compound employed; the
specific composition employed; the age, body weight, general health, sex and diet of
the patient; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in
combination or coincidental with the specific compound employed; and like factors
well known in the medical arts.

[00102] Furthermore, after formulation with an appropriate pharmaceutically
acceptable carrier in a desired dosage, the pharmaceutical compositions of this
invention can be administered to humans and other animals orally, rectally,
parenterally, intracisternally, intravaginally, intraperitoneally, topically (as by powders,
ointments, or drops), bucally, as an oral or nasal spray, or the like, depending on the
severity of the infection being treated. In certain embodiments, the compounds of the
invention may be administered orally or parenterally at dosage levels sufficient to
deliver from about 0.001 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about
50 mg/kg, preferably from about 0.1 mg/kg to about 40 mg/kg, preferably from about
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752 (m 6H, ArH), 7.10 (dd, 1H, J= 7.5, 1.2 Hz,

o-ArH), 6.88 (dd, 1H J- 8.1, 1.2 Hz, o-ArH), 5.16 (s,
w@bhos@3d2$h), 3.03 (d, 1H, J= 4.8 Hz, CHH OCCHZ)T/UR2085017831

(d, 1H, J = 4.8 Hz, CHH OCCH3), 1.67 (s, 3H, COCH3);

NMR (100 MHz, CDCI3) 8 155.0, 143.4, 136.7, 128.8,

128.4, 128.2, 127.2, 121.2, 112.8, 112.3, 71.2, 59.7,

S B0 el S0y RE i o6 0hRdke oo 3Tl o gbou
(05D mgAIQA0 ab&t,1 012G Rg, (@l mck Pfeféradly fHIRVEBOQES)m@kE teabond25

for (CI61- 113028r+|—|)1 318.0255, found 318.0254. |
Amlie.iof Fubject bodg weight prylay pone argnere sime agtay, fo-obsgi fhg)desired

W"Qé@b@ nﬁ@ét 1§r'hg aeﬁfedr&ogég%% V@f%&ﬁ ugxgé §H§§ a(d:!t % times a

\dag, aige andge, cdotyothdralag cleryothird dagasfeiyoweake ssaly two weeks every

contai ning a solution of_ the epo e MC 3.
35590 ek, O SVeBY BRGNS, e F RO Ot ddkpee may be
'dZﬁvé;'ed Iﬁﬁéﬁﬁlﬁt‘mlé b AMinY@lationy (%?S Wb Othrétafous tfivel G, &ven, eight,

wher eupon a sUspensi on’ of magnhesi um
bmm;rte(meel(awrg Bvelye, znlrtAennfmmeez, 03 m@rmadmlmstranons)

IS iR abe Sl P ot TR R Brion e, bu

ra@éﬁdtQHﬁteqftot;ﬁ{af@mdﬁ@ilwa@ gtm]@emaﬁwnguﬁﬁr&hﬁuﬁuns, solutions,
m xture was Sstirred at -78 for 60 mn, then the

soaensignh aympsvansl elivitsyiacadditiontte sherastive Pompenngs.the ligrid dosage

TR B AR on S D P 5 GRS v

o $tHer Solvéss, BOluledlngrﬁg@ntaqu& enalsifehaichers sthydhlcohol, isopropyl
sol utjon ﬁlO%wt/wt 1 and the resulting m xture
wwieohal, ethykeashonate, thyl ﬁ“;ﬂtat%c?é%}tl alcoboly borgyl banzoatgypropylene

S BH0R5S D AR RSt L e e
tgneuridniit, carnegeras olive) cestor, andeshsaxpe oils)lplygerah t@fﬂﬂlyd\ﬂ@lﬁlrﬁlryl
bR PERFuBlRpe ebialvaae By aidhirertobeotpirn gxd byt thereot
gfoefsfa'ég {ragt cmluemg rtﬁg}?{% F%rg%%l&ﬁ Whe ARb iMdRtdblidfivaits WH & wetting
agents, emu131fy1ng and suspending agents, sweetening, flavoring, and perfuming
agents. In certain embodiments for parenteral administration, the compounds of the
invention are mixed with solubilizing agents such an Cremophor, alcohols, oils,
modified oils, glycols, polysorbates, cyclodextrins, polymers, and combinations
thereof.

[00104] Injectable preparations, for example, sterile injectable aqueous or
oleaginous suspensions may be forrhulated according to the known art using suitable
dispersing or wetting agents and suspending agents. The sterile injectable preparation
may also be a sterile injectable solution, suspension or emulsion in a nontoxic
parenterally acceptable diluent or solvent, for example, as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's

solution, U.S.P. and isotonic sodium chloride solution. In addition, sterile, fixed oils

are conventionally employed as a solvent or suspending medium. For this purpose any
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R10.50 (3:7 ethyl acetate-hexanes); H NVR (500 MHz,

CDC13) 87.44 (br d, 2H, J= 7.5 Hz, ArH), 7.38 (br t,
w@bhoshRods 5 Hz, ArH), 7.22-7.34 (m 2H, ArH), gcB8si05/017831

1H, J= 8.5 Hz, o-ArH), 6.75 (d, IH 1= 7.5 Hz, o-ArH),

5.35 (d, IH, J=12.0 Hz, OCHH Ph) 5.25 (d, 1H, J=

12.0 Hz, OCHH Ph) ,471 (br d, H J= 5.5 Hz,
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dWIIH posronbhsnebilitsO Thik kate bhebsoF@iniof i d@ag tmé‘depends on its
Far ated and dri ed over anhydrous sodi um sul f at e.
ceqf dwsplwtipd vhighs i furg anayricpper vies vy rsaae@nd/&ﬁystalhne form.
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aacebmphsﬂedmmylvufg dronspending ke &imagzmmyoil obhitkenbljectable depot

e Y R Tt T
! I_(Iﬁ%merg sa¢h £§Boly’iﬁbtld‘é[ﬂibl6yg7)700%ﬂe ( mer&]dlng Qfdn the ra@losi);l d(’L% to
5p(3yn_lenjandﬁhp ngurejof t mlcm{mqiy‘glex)em}ﬂom (hg: rat,mqf dgug release can |

lbe n raaecf}{:’“gamﬁes ?f Qﬂie blé)glega&aa'l_@_ﬂymerf 1}1jrlcéh<éedpoi§(5§19e_sters) and
702 deldet)3)D dble Ruliors &e b&o pldpared B3- énfer h
i g R 100 s OBCTa) e 1ma e
14rge &1 lingppmes onmacragemylsigny whichgirey compegibie wit ’POQIY tlssues

) 23 bl B Rl By b e S

1541@905(1w)1es ®Bith canpe pilepafed (by)mixidpdbe ¢ohpoulddS 6f (t89 anéxﬁ(tﬁl with
(), HRVB (ES) miz calcd for (C22H3002Si+7 354. 2015
f Ytable son-isiame exc1p1ents or carriers such as cocoa butter, polyethylene glycol or

a suppository wax which are solid at ambient temperature but liquid at body
temperature and therefore melt in the rectum or vaginal cavity and release the active
compound.

[00108] Solid dosage forms for oral administration include capsules, téblets,
pills, powders, and granules. In such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable excipient or carrier such as sodium
citrate or dicalcium phosphate and/or a) fillers or extenders such as starches, lactose,
sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,

carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia,
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Vinyl Sulfide M3C13: wu(cH3)2 o, DRS5 I. PyrHBri, DCM
2. PhSH, DBU DMF, 0C 66% (2 steps) U CH3)2 | ee o OBn

wOkH0E3129400151] Sol i d pyri di ni um hydrobroni de perbhusmosier7s3i
(293 ngy, 0.917 mol, 2.5

c¢) humectants such as glycerol, d) disintegrating agents such as agar--agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate,
e) solution retarding agents such as paraffin, f) absorption accelerators such as
quaternary ammonium compounds, g) wetting agents such as, for example, cetyl
alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and
i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and
pills, the dosage form may also compﬁse buffering agents.

[00109] Solid compositions of a similar type may also be employed as fillers in
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar as
well as high molecular weight polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and granules can be prépared with coatings
and shells such as enteric coatings and other coatings well known in the pharmaceutical
formulating art. They may optionally contain opacifying agents and can also be of a
composition that they release the active ingredient(s) only, or preferentially, in a certain
part of the intestinal tract, optionally, in a delayed manner. Examples of embedding
compositions which can be used include polymeric substances and waxes. Solid
compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polethylene glycols and the like.

[00110] The active compounds can also be in micro-encapsulated form with one
or more excipients as noted above. The solid dosage forms of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings, release controlling coatings and other coatings well known in the
pharmaceutical formulating art. In such solid dosage forms the active compound may
be admixed with at least one inert diluent such as sucrose, lactose or starch. Such
dosage forms may also comprise, as is normal practice, additional substances other than
inert diluents, e.g., tableting lubricants and other tableting aids such a magnesium
stearate and microcrystalline cellulose. In the case of capsules, tablets and pills, the
dosage forms may also comprise buffering agents. They may optionally contain

opacifying agents and can also be of a composition that they release the active
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equi v) was added to a solution of the cycl ohexenone
DRS5 (135 ng, 0.367 mmol, 1.0 equiv) in

waolk@bh ooesret hane (4 nl) at 23 C. The brown sol pdi/os2008617831
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fodisf % R Al Sr®yfe ps By o R pr i B T
PhatnaveitjcalORCkIy k8 co8Priding b8BT oAmokBRIntRind§Tilléd with®nd or more
5 e Jhectdigns of i pngimag il ogpasttions of theigvgniogsand in certain
4ihbAdidfenty, ifchldes bR 8dditionat BpgrovédiBelapeutfedeent for use as a

combination therapy. Optionally associated with such container(s) can be a notice in
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3056 (w), 2943 (m), 2800 (w), 1711 (s, CO), 1682 (s),

1600 (m), 1507 (s), 1471 (s), 1451 (in), 1333 (m,
wd.28/1(9¥5 HRMS (ES) mlz cal cd for (C26H2405N2&64/¥S2005/017831

477.1484, found 447.1465. Diel -Al der Addition Product

MEC14 and Lact one MGECL5:

the form prescribed by a governmental agency regulating the manufacture, use or sale
of pharmaceutical products, which notice reflects approval by the agency of

manufacture, use or sale for human administration.

[00114] These and other aspects of the present invention will be further
appreciated upon consideration of the following Examples, which are intended to
illustrate certain particular embodiments of the invention but are not intended to limit

its scope, as defined by the claims.

Examples

Example 1-Synthesis of (-)-Tetracvcline

[00115] General Procedures. All reactions were performed in flame-dried
round bottomed or modified Schlenk (Kjeldahl shape) flasks fitted with rubber septa
under a positive pressure of argon, unless otherwise noted. Air- and moisture-sensitive
liquids and solutions were transferred via syringe or stainless steel cannula. Where
necessary (so noted), solutions were deoxygenated by alternative freeze (liquid
nitrogen)/evacuation/ thaw cycles (> three iterations). Organic solutions were
concentrated by rotary evaporation at ~25 Torr (house vacuum). Flash column
chromatography was performed on silica gel (60 A, standard grade) as described by
Still et al. (Still, W. C.; Kahn, M.; Mitra, A J. Org. Chem. 1978, 43, 2923-2925;
incorporated herein by reference). Analytical thin-layer chromatography was
performed using glass plates pre-coated with 0.25 mm 230-400 mesh silica gel
impregnated with a fluorescent indicator (254 nm). Thin layer chromatography plates
were visualized by exposure to ultraviolet light and/or exposure to ceric ammonium
molybdate or an acidic solution of p-anisaldehyde followed by heating on a hot plate.
[00116] Materials. Commercial reagents and solvents were used as received
with the following exceptions. Chlorotrimethylsilane, triethylamine, diisopropylamine,
2,2,6,6-tetramethylpiperidine, N,N, N’,N -tetramethylethylenediamine, DMPU, HMPA,
and N,N-diisopropylethylamine were distilled from calcium hydride under dinitrogen

atmosphere. Benzene, dichloromethane, ethyl ether, methanol, pyridine,
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[ 00154] A reaction vessel containing a mxture of the
vinyl sul fide M3C13 (131 ng, 0.275 mmol, 1.0 equiv) and
wo b®shenzocycl obut enol MEC12 (750 ng, 2.11 mmobCT/¥$2005/017831
equiv) was placed in an oil bath preheated to 85 C.
The l'ight yellow solution was stirred at 85 C for 48

h, then was allowed to cool to 23 C. The cool ed

T8, R o A SR AR RBAR wer
Emeif&dblydl&r maﬂhddfolf anghbﬂduczﬂ W@E@b@mﬂ% a; Gfd‘rdemyl ME A.; Grubbs,
foany _solid (145 , 64% he | act on

d-dds Rgpan, Rok.iol W@ner@% I ergﬂnméta%l@é ae%q elé Psi¥1dbo;

SFSFARAEIPI R, T LIRS B P g,

Q:budl Gthiem (v@redeem;ahechbyemmmmmm mbahydrblfd‘xhtfesc(lﬁtﬁlﬁl of 2 butanol
H, J

\fﬂnggtﬁpg%y%qetﬁglegaf i éc%tm‘ (D\é‘ﬁm Eﬁ’_bpal%ueg{%nt(g 8 llHOrg _Chem

719279HZ4 3@04’-'34055 117&)15'&)r3t5d glgileirﬁ@ reﬁfrﬁ%zogg 6. 252(9d( b;LH

ﬂpmm) 5. Imtremenmop Brotarpni@ledy magmHi¢ sONAnGs: dH NMR)

%%Eﬁ] 5 Cagbfnégwfemﬁgﬁ% Tésfggng glz C]@ﬂ%\ﬁge j'ecoféZ ed avith Varian

(Idmtylhiova] 60@(@0%Hz%&1%@n2t)yﬂn@v@ﬂ)0((@qo Miitk/135-Nik), or Varian
ddd, 1H,1= 6.6, 6.0, 4.2 Hz

Maqwd%(ﬁ 2(10(2 )NMRzmcth@lwcﬂhe@mk}h@ﬁmpmtons

%%?@ﬁe%ﬁ%%@@%g iéa& 8(?6 s%gfjsjgowgllﬁeéé "f_'{zo t&ﬁélaﬁﬂqylsﬂane and

Qurd Reférbnceldto rebidudl %(oHﬁm 1§|tl(eqkl‘m|§)l3énts @18, {87 2@ HeDYH: 5 7.15,
7.8 Hz, Si (CH2CH3)3): 13C NMR (100 Mz, CDC13)

M@?Dl&G i, Cm{Clék 8 3.83.(8 D HFEDRO: ]64349), Gh%t?hlﬁal shifts for carbon
1a§g re%ortec? 15n Iirts })er million (8 scale) downfield from tetramethylsilane and are
referenced to the carbon resonances of the solvent (CDCls: § 77.0, C¢Ds: 6 128.0,
D;COD: & 44.9, CD,Cl: 8 53.8, (CD3)2S0: 8 39.5). Data are represented as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad), integration, coupling constant in Hz, and assignment. Infrared
(IR) spectra were obtained using a Perkin-Elmer 1600 FT-IR spectrophotometer
referenced to a polystyrene standard. Data are represented as follows: frequency of the
absorption (cm™), intensity of absorpfion (s = strong, sb = strong broad, m = medium,
w = weak, br =broad), and assignment (where appropriate). Optical rotations were
determined on a JASCO DIP-370 digital polarimeter equipped with a sodium lamp

source using a 200-uL or 2-mL solution cell. High resolution mass specfra were

obtained at the Harvard University Mass Spectrometry Facilities.

Microbial Dihydroxylation Product DRSI1:

©\ A. eutrophus @ COH
COzH

= OH
74% HO

benzoicacid DRS1
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129.8, 129.3, 128.6, 128.5, 128.4, 128.2, 128.0,

127.8, 125.4, 121.1, 109.3, 108.4, 80.6, 72.4, 70.2,
wé081108%85 5, 61.7, 43.2, 42.0, 38.1, 37.2, 27p&r/ugHdHo17831

6.9, 4.9; FTIR (neat), cm1 3490 (w, OH), 3063 (w),

3023 (w), 2951(m), 2871 (m), 1715 (s, C=0), 1602 (m),

1589 (n). 1513 (s), 1457 (s), 1366 (m), 1260 (s), 1065

(e8] 61 Rbieei TNy k564915 “Tound 653, 3314,

[00118] Alcaligenes eutrophus B9 cells (lyophilized powder, 20 mg, generously
supplied by Prof. George D. Hegeman (Indiana University); Reiner, A. M.; Hegeman,
G. D. Biochemistry 1971, 10, 2530.) were suspended in nutrient broth (5 mL, prepared
by dissolving 8 g of Difco Bacto© Nutrient Broth in 1 L of nanopure water followed by
sterilization in an autoclave at 125 °C) in a 20-mL sterile culture tube. Aqueous
sodium succinate solution (16.7 uL of a 2.5 M aqueous solution, 5 mM final
concentration) was added, and the culture tube was shaken at 250 rpm at 30 °C until
cell growth became apparent (3 d). An aliquot (250 uL) of the cellular suspension was
then transferred to 5 mL of Hutner’s mineral base medium (HMB, see paragraph
below) containing sodium succinate (16.7 uL of a 2.5 M aqueous solution, 5 mM final
concentration) in a 20-mL sterile culture tube. The culture tube was shaken at 250 rpm
for 2 d at 30 °C, whereupon an aliquot (250 nL) of the fermentation solution was
subcultured in a sterile Erlenmeyer flask containing 50 mL of HMB and aqueous
sodium succinate solution (167 pL of a 2.5 M solution, 5 mM final concentration). The
flask was shaken at 250 rpm for 24 h at 30 °C. The resulting solution was used directly
for the preparation of glycerol stock solutions. Thus, a portion of the subcultured
cellular suspension (5 mL) was diluted with an equal volume of sterile glycerol, and the
resulting solution was divided equally into ten 2-mL sterile Eppendorf tubes. The

individual stock solutions were then stored at —80 °C.

Hutner’s Minerél Base Medium

[00119] Hutner’s mineral base medium (HMB) was prepared as follows. Solid
potassium hydroxide (400 mg) was dissolved in 500 mL of nanopure water in a 2-L
Erlenmeyer flask. Nitrilotriacetic acid (200 mg), magnesium sulfate (283 mg), calcium
chloride dihydrate (67 mg), ammonium molybdate (0.2 mg), iron (II) sulfate (2.0 mg),
Hutner’s Metals 44 solution (1 mL, see paragraph below), ammonium sulfate (1.0 g),
potassium dihydrogen phosphate (2.72 g) and sodium monohydrogen phosphate
heptahydrate (5.36 g) were added sequentially. The solution was diluted to a total
volume of 1 L and the pH was adjusted to 6.8 with concentrated hydrochloric acid. The

medium was sterilized by filtration or by heating in an autoclave.
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Lact one MGC15: [001561R10.55 (3:7 ethyl

acet at e- hexanes); 11-1NWR (600 WHz, C6D6) 87.34 (d,
w@bhosAmbs2 Hz, o-ArH), 7.02-7.18 (m 11H, Ar H) pCT/US2005/017831

6.72-6.84 (m 4H, ArH), 6.54 (d, 1H, J= 7.8 Hz,

o ArH), 5.73 (s, 1H, CHOTES), 5.49 (d, 1H, J= 6.6 Hz,

(C=0)0CHC=0), 5.20 (s, 2H, OCH2Ph), 4.60 (d, 1H, J=

Bofadic:. ) ThER dperey 24 sy anwep%%iké‘ dfipws. conopgtates

(s@lifun& la‘lud{ P vg%s a'zildz% to ﬁrﬁfﬁ ; éﬁ%ﬁ@ Cl—l:g i #250-mL Erlenmeyer

dlq;m—@pmﬂ-@ )TAQ(O]_fg) 2edinc iﬂfalehq;gal[ydrq)e & ?&g) iron (II) sulfate

Ry I s 0 kg o

G Go@iuitelriborittldeSihy G238 )3y ), wek 8 ChetMRdédLidGedlidhice, followed by
CDC13) 8 196.4, 176.0, 170.0, 157.9, 156.0, 144.0,

1596mE of pagppyre walsr.s 129, 8.

Cellular Dihydroxylation of Sodium Benzoate

[00121] A sterile pipette tip was streaked across the surface of a frozen glycerol
stock solution to produce small shards (ca. 10 mg). The frozen shards were added to a
sterile 125 mL Erlenmeyer flask containing HMB (25 mL) and aqueous sodium
succinate solution (140 pL of a 1.5 M solution, 5 mM final concentration). The flask
was shaken at 250 rpm for 2 days at 30 °C. An aliquot (10 mL) of the white,
heterogeneous solution was transferred using a sterile pipette to a mammalian cell
growth jar containing HMB (6 L) and aqueous sodium succinate solution (20 mL of a
1.5 M solution, 5 mM final concentration). The jar was warmed on a hot plate to an
internal temperature of 30 °C; cotton-filtered air was sparged through the medium.
After 2 days, the white, heterogeneous solution was treated with aqueous sodium
benzoate solution (18 mL of a 1.0 M solution) and aqueous sodium succinate solution
(10 mL of a 1.5 M solution), inducing dihydroxylation. The resulting mixture was
aerated vigorously for 6 hours at an internal temperature of 30 °C. After induction,
sufficient aquedus sodium benzoate solution (24 to 48 mL of a 1.0 M solution,

. depending on the rate of consumption) was added hourly to maintain a concentration
of 10-20 mM (determined by UV absorbance at 225 nm). Aqueous sodium succinate
solution (10 mL of a 1.5 M solution) was added every fourth hour. These additions
proceeded over 18 hours, then the solution was aerated overnight at an internal
temperature of 30 °C, to ensure complete conversion. The fermentation broth was
centrifuged, in portions, at 6000 rpm (Sorvall GS-3 rotor, model SLA-3000) to remove
cellular material. The supernatant was concentrated to a volume of 400 mL using a
rotary evaporator (bath temperature <45 °C). The concentrate was cooled to 0 °C and

then acidified to pH 3.0 using concentrated aqueous hydrochloric acid. The acidified
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129.7, 129.4, 128.9, 128.6, 128.4, 128.3, 128. 2,
128.1, 127.8, 125.1, 121.2, 108.8, 101.9,
WO 2005/112945 PCT/US2005/017831

aqueous solution was extracted repeatedly with ethyl acetate (8 x 500 mL, 4 x 800 mL,
8 x 1 L). The ethyl acetate extracts were dried over sodium sulfate before
concentration, using a rotary evaporator (bath temperature <45 °C), providing a pale
yellow solid relsidue. Trituration of the residue with dichloromethane (2 x 200 mL)
followed by drying in vacuo afforded pure (15,2R)-1,2-dihydroxycyclohexa-3,5-diene-
1-carboxylic acid (DRS1) as a white powder mp 95-96 °C dec (38 g, 74%, [a]p —114.8
(c 0.5 in EtOH), lit., [a]p —106 (¢ 0.5 in EtOH) Jenkins, G. N.; Ribbons, D. W ;
Widdowsbn, D. A, Slawin, A. M. Z.; Williams, D. J. J. Chem. Soc. Perkin Trans. 1
1995, 2647.).

Epoxide DRS2:

Q m-CPBA, EtOAc o;"@
~~CO,H 05 23°C "N ECOH

"5 OH - G OH
DRS1 DRS2
[00122] m-Chloroperoxybenzoic acid (mCPBA was purified as follows: 50 g of

77% mCPBA (Alrich) was dissolved in benzene (1 L), the benzene solution was then
washed with pH 7.4 phosphate buffer (3 x 1 L) and dried over Na,SO, for 3 hours and
concentrated (<40 °C, thermal detonation hazard) to provide pure mCPBA as a white
solid; 10.7 g, 62.3 mmol, 1.2 equiv) was added in three equal portions over 30 min. to a
suspension of the microbial dihydroxylation product DRS1 (8.10 g, 51.9 mmol, 1.0
equiv) in ethyl acetate (400 mL) at 23 °C. The heterogeneous solution was stirred for
10 h, then was diluted with benzene (80 mL) and stirred for 1 h The supernatant was
decanted and the solid residue was triturated with benzene (2 x 15 mL). The resulting
pasty solid was dried in vacuo to provide the epoxide DRS2 as an amorphous white
powder (7.36 g, 83%).

[00123] mp 87-91 °C; 'H NMR (400 MHz, CD;0D) & 6.23 (dd, 1H, J=9.6, 3.9
Hz, =CHC(OCH)), 5.92 (dd, 1H, J=9.6, 1.9 Hz, =CHC(CO;H)), 4.40 (d, 1H, J=1.3
Hz, CHOH), 3.58 (dd, 1H, J = 4.4, 1.3 Hz, CHCHOH), 3.49 (m, 1H, =CCHO); "*C
NMR (100 MHz, CD;0D) 8 175.8, 135.1, 128.8, 75.4, 70.9, 57.5, 50.3; FTIR (neat),
cm™ 3381 (s, OH), 1738 (s, C=0), 1608 (m), 1255 (m), 1230 (m), 1084 (m, C-O);
HRMS (CI) m/z calcd for (C7HgOs+NH,)" 190.0715, found 190.0707.
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75.9, 72.1, 70.1, 64.7, 64.6, 62.9, 41.4, 36.7, 35.6,
27.7, 21.7, 6.9, 4.9; FTIR (neat), cm1 3062 (w), 3033
wd vgos 12080 (m), 2874 (m), 1731 (s, CO, 1599 (MyT/UdMPH017831
(m, 1514 (s), 1453 (s), 1365 (m, 1259 (s), 1120 (s),

1059 (s), 1010 (s); HRVMS (ES) mz calcd for
(CA8H5402N2SSi +H) I 831. 3499, found 831. 3509. Al cohol
MEC16: [ 00157] Tri et hyl am ne tri hydrofl uoride (200
pL, 1.23 nmol, 8.5 equiv) was added to a sol ution of
thpxRieddIB Al der addi ti on product M3C14 (120 ny, 0.144
mol, 1.0 equiv) in tetrqlpmyﬂnguran (6 nL) at 23 C

The mi xture wag(stj rred yigorously at Cof or 12 h,
then was partiti oHet WEREB Gk aquEsas @85 um

phosphat e buf f ertdsdl ut i oBo RbL %+, 0. 288 30 nlL) and
ethyl acetate (30 nks) The organi c phase wasssepar at ed
and dri ed over anhydrous sodum sul fate. The dried

J00124]0n Vag sblutibebLeindmel1$iRedihidnidtRdiR iMBExanes %2.0 M, 25.5 mL,
concentrated, provi dlqggta light brown solid. The

pridimsolad epuiv) Wheeddsy tq & selhticropliihe eptidnBRSG (28R e, 42.8
0 iy 3 P AL PRy 5056 B0 g cvotuin
[W&31dbSdrRéd Opon alldtidn? - Thesflellyv saktibA s BExed RS )5; MIMRheh Mas
conéen%ggcslz af%oeri'n?g a light yellow solid. The solid was dried by azeotropic
distillation from benzene (2 x 25 mL), and the dried solid was suspended in
dichloromethane (200 mL). Triethylamine (20.8 ml, 149 mmol, 3.5 equiv) and fert-
butyldimethylsilyl trifluoromethanesulfonate (29.4 ml, 128 mmol, 3.0 equiv) were then
added in sequence, providing a homogeneous solution. The reaction solution was
stirred at 23 °C for 30 min. An aqueous potassium phosphate buffer solution (pH 7.0,
0.2 M, 300 mL) was added followed by dichloromethane (100 ml). The organic phase
was separated and dried over anhydrous sodium sulfate. The dried solution was filtered
and the filtrate was concentrated, providing a brown oil. The product was purified by
flash column chromatography (5:95 ethyl acetate-hexanes), affording the epoxide
DJBI1 as a light yellow oil (12.4 g, 70% over 2 steps).
R;0.50 (1:4 ethyl acetate-hexanes); 'H NMR (400 MHz, CDCl5) & 5.95 (dd, 1H, J=

- 9.8, 3.4 Hz, =CHCOTBS), 5.89 (ddd, 1H, J=9.8, 2.9, 1.5 Hz, =CHCHOCCO,), 4.63
(d, 1H, J= 3.9 Hz, O,CCCHOTBS), 4.42 (m, 1H, =CCHOTBS), 3.78 (s, 3H, OCHj3),
3.31(d, 1H, J= 2.0 Hz, CHOCCOy), 0.90 (s, 9H, C(CHjs)3), 0.89 (s, 9H, C(CH3)3),
0.09 (s, 3H, SiCH3), 0.08 (s, 6H, SiCH3), 0.07 (s, 3H, SiCH3); 1*C NMR (100 MHz,
CDCly) 8 170.2, 138.7, 122.6, 69.3, 68.4, 59.7, 52.5, 52.0, 25.9, 25.7, 18.3, 18.2, -4.18,
-4.27,-4.45,-5.21; FTIR (neat), cm™ 1759 (m, C=0), 1736 (s, C=0), 1473 (m), 1256
(w), 1253 (s), 1150 (s, C-0), 1111 (m, C-0), 1057 (s, C-0O), 940 (m); HRMS (ES) m/z
calcd for (C20H3805$i2)+ 414.2258, found 414.2239.

Isoxazole MGC2 (Method A):
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(dd, 2H, J= 7.2, 0.6 Hz, o-ArH), 7.24 (d, 2H, J= 7.2

Hz, ArH), 6.92-7.06 (m 12H, ArH), 6.76 (d, 1H, J= 7.8
woZoosArels 6.47 (d, 1H J= 8.4 Hz, o-ArH), 5. 4ic1/082085/017831

IH, CHOH), 5.18 (d, 1H, 1= 12.0 Hz, OCHH Ph), 5.16(d,

1H, J = 12.0 Hz, OCHH Ph), 4.57 (d, 1H, J = 12.6 Hz,

OCHH Ph'), 4.52 (d, 1H, J= 12.6 Hz, OCHH Phr), 3.44

(dg, 1H°J=6.6, & 4 Hz, CHBCH 2 98 (8y,1H J= 3.0
Hz, CHN(CH3)2), 2 9Q)(m : { C1-13%3), 2.76 (br
s, 1H OH), 2.32 ( ), 119 (m 1H
CH3CHCHCH2) , 1.79 (s ?g‘)ﬁ:g . 1.07 H,
CH3CHCHCH2), 0.84 (d, 31| Juw 6.6 Hz, CH); "C NMR

(100 MHz, CDCI3) 8 2895, 185.6, 179.2. 168.9, 156.9,

1861245 139. ”ﬂnetﬂ-ﬁﬂmﬂne (gﬁgnﬁ, Ollg@rﬁol 13@ ulvg-?éﬂ 6
128.8, 128. .6, 128.

1@6nghyla@m07pyr@1@ @89 my 264 rmnel @ 018321}13/,) am raethws@fonyl

g%kﬁid(ege a'% )n}]ig) n%,%f {;ﬁ%gl (5 e%md‘lbwer %%igg’ fﬂ V\ge:qu%rg;gio (1 W?l’uﬁlm of the

229&)310( MGCR8prtpdrad in twb3BedsSrorfCedhmeddilB z(vﬁllaHIe ﬂ))ethyl 8y droxy-
, 1583 (m), 1513 (s), 1471 (s), 1453 (s), n?_l
1521§3><§49iecar sYaferd prepaqus! Y(W)vortmvsR(eE@)R ﬁPh% %L Egpchat, S.;

f

i LB 55 O, (TG00 s i
’odlclddmnydd&mz ) at) at 2(59Thtgreadn<ﬁl4mmmuh wai 5tlﬂedéﬂ1llﬂ %() for 2.5 h,
%g’gg gcgqcér?t}:ﬁgede @Pf% | g?r%bqt)r%nge %? éﬂuﬂlvﬂq dlfnﬁthy amme %congensed
ddsﬂ%t ELVL] Hhéé})ﬁhﬂﬁdx(y%@ad&&neaié Z%LCO 4@0%6@? Wehhﬂig was added to a

het er ogeneous m xture was stirred f or wher eupon
i ixjyere aﬁﬁiemmgeml@gmredm@vc @@M%dlm@bx@rrmasde (150 mL) at 0

ect om I n ced in bat
S RSG50 et 8ol A iR ol Bl ot 0 PEf5r 2 . hen
Wy gl RuM&EH Yo tarnd %o 0 POf stikSndwai ttﬁiﬁm\aasatnﬂatttemp@a@eb for 24 h. The
bet ween sat ur at ed aqueous sodi um bi car bonat e

Iltmoil‘l(j’h'clsmartﬁ@nﬁgb@twe(:lz squrfted-pgu@ﬁ_u)s sgqi]lgmehlp@rbonate solution-brine
t
2@61 @bfmg,) gﬁg ﬁl foetate h&a)ne © %b@ 'lﬂlﬁ%?&% 1ase Was

e aqueous p e ma er-ex

Webdfratewan& SraBitedpoith boms(2et Y0 may, eindtdere&bhﬁf anbddrdps sodiem
ni c phases were conbi ned and dried over anhydrous

s%lgfg@ni k¢ dned solutipmavasfiliegedsaid the HHrajgwas pqnecenteied fgrnishing a
%}SWMSH efh@@?ocﬁxgpgrgggﬁrgﬁe%dq H‘ébﬁhﬂ&t&%%h&%ﬂﬂ 410 1:1

uct was purifi
oehhyj mattatgrk&pmesl hffArdandithie 1maz<ﬂe MGEanadight wdlfoov ol (4.1 g,
ketone M3C1l7 as a yellow oil (61.7 ng, 79%.
[ 1 O]Rf 0.45 (2:3 ethyl acetate-hexanes); 1H NWR

(B3 MFE1 effPAletiefrerdnes); '"H NMR (500 MHz, CDCl3) & 7.43-7.31 (m, 5H,
ArH), 5.82 (s, 1H, =CH), 5.23 (s, 2H, OCHAr), 3.48 (s, 2H, CH,N(CHs),), 2.27 (5,
6H, N(CH3),); *C NMR (125 MHz, CDCly) § 171.9, 171.2, 136.1, 128.8, 128.5, 128.7,
94.8, 71.7, 55.1, 45.3; FTIR (neat), cm™' 2950 (s, CH), 1615 (s), 1494 (s), 1452 (s),
1136 (m); HRMS (ES) m/z calcd for (C13H16N;0,)" 232.1212, found 232.1220.

Isoxazole MGC4:
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(d, 2H, J= 7.2 Hz, o-ArH), 7.40 (d, 2H, J= 7.2 Hz,

ArH), 7.18-7.23 (m 314, ArH), 6.94-7.06 (m 614,
wdds1104576-6.84 (m 3H, ArH), 6.59 (d, 1H, J=pd@r/Bs1d85/017831
ArH), 6.53 (d, 1H, J= 8.4 Hz, o-ArH), 5.09 (d, 114,J=
12.6 Hz, OCHH Ph), 4.96 (d, 1H, J= 12.6 Hz, OCHH Ph),
4.77 (d, 1H, J= 12.0 Hz, OCHH Ph'), 4.72 (d, 1H, J=
12.0 Hz, OCHH Ph'), 4.48 (br s, 1H, OH)uc4,,06 (dg, 1H

J= 7.2, 3.0 Hz, &), 3.15 (d. 1H =020 Hz,
CHN(CH3) 2), 2.20 (High, |H,£‘3£“§“4§_ﬁ:6, 5.4, 3,0 H,
CH3CHCHCH2), 2.13 (ddd, 1H °3%£™12.0, 3.0, §. 6 Hz,
CHCHN(CH3) 2), 1.81-1.88 (m 7, N(CH3)2, CHCHCHH,
1.78 (ddd, 1H J=YM%’8, 5.4, 0.6 Hz, CH3¥ECEHCHH),

1J00126]d, 31@hilldd-dimeZhymmin€k3@dEnsed 3o NivBacfidbA Feddelzsubmerged in a
87.5 167.8, 16

T pden e s ot wisglty ietasgione, 1psgit, [9pmob 3.2 bauiv) was
]a%ae@dro%gﬁseaﬂia degButh to 4%8huion of the isoxazole MGC3 (prepared in two steps
from glyoxylic acid as reported by: Pevarello, P.; Varasi, M. Synth. Commun. 1992,
22,1939.) (174 g, 0.884 mol, 1.0 equiv) in acetonitrile (2 L) at 0 °C. The reaction
mixture was stirred at 0 °C for 2 h, then the cooling bath was removed. The reaction
mixture was allowed to warm to 23 °C; stirring was continued at that temperature for 8
h. The mixture was partitioned between brine-saturated aqueous sodium bicarbonate
solution (1:1, 1.5 L) and ethyl acetate (1.5 L). The organic phase was separated and the
aqueous phase was further extracted with ethyl acetate (3 x 400 mL). The organic
phases were combined and dried over anhydrous sodium sulfate. The dried solution
was filtered and the filtrate was concentrated to a volume of 500 mL, resulting in the
formation of a white precipitate. The concentrate was filtered and the filtrate was
concentrated, providing the isoxazole MGC4 as an orange oil (143 g, 79%). An
analytical sample was prepared by flash column chromatography (1:9 to 2:8 ethyl
acetate-hexanes), affording the isoxazole MGC4 as a light yellow oil.

[00127] R;0.30 (1:4 ethyl acetate-hexanes); 'H NMR (300 MHz, CDCls) 6 6.26
(s, 1H, vinyl), 3.63 (s, 2H, CH;N(CH3)y), 2.30 (s, 6H, N(CHs),); °C NMR (100 MHz,
CDCl3) & 172.1, 140.5, 106.8, 54.5, 45.3; FTIR (neat), cm ~' 3137 (w), 2945 (m), 2825
(m), 2778 (m), 1590 (s), 1455 (m), 1361 (m), 1338 (s), 1281 (s), 1041 (m); HRMS (ES)
m/z caled for (CsHoBrN,O-+H)' 204.9976, found 204.9969.

Isoxazole MGC2 (Method B):

N(CH3), N(CH3)2
0 benzy! alcohol G
L Nz,ylzo °C L
Br OBn
63%
MGC4 MGC2
[00128] Sodium metal (32.63 g, 1.42 mol, 2.03 equiv) was added portionwise
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127.7, 126.7, 121.3, 118.0, 112.8, 108.3, 82.9, 77.5,
72.4, 70.3, 58.1, 47.0, 44.1, 32.4, WO

wQ 0051 1b2P45PCT/ US2005/ 017831 18.7, 18.0, 16. 3pcFHUs805/017831

(neat), cm| 3457 (w, OH), 3063 (w), 2939 (w), 2878
(mb 2795 (w), 1727 (s, C=0), 1704 (s, C=0), 1667 (m
C=0), 1593 (s), 1513 (s), 1471 (s), 1453 (s) 1371

505%5%%?%8%"@&3*1*3&%%%%%%@% R4 s Himed vigorousty
for 24 h, then was transferred via large bore cannula to the neat isoxazole MGC4 (143
g, 0.700 mol, 1.0 equiv) at 23 °C. The resulting light brown mixture was placed in an
oil bath preheated to 120 °C and was stirred for 20 h at that temperature. Ethyl acetate
(2 L) was added to the cooled reaction mixture and stirring was continued for 15 min.
Aqueous hydrochloric acid (1.0 M, 2 L) was added and the aqueous phase was
separated. The organic phase was further extracted with two 300-mL portions of 1.0 M
aqueous hydrochloric acid. The aqueous phases were combined and the pH adjusted to
9 by slow addition of aqueous sodium hydroxide (6.0 M, approx. 350 mL). The
resulting mixture was extracted with dichloromethane (3 x 500 mL). The organic
extracts were combined and dried over anhydrous sodium sulfate. The dried solution
was filtered and the filtrate was concentrated, yielding the isoxazole MGC2 as a yellow
oil (102 g, 63%). An analytical sample was prepared by flash column chromatography
(3:7 ethyl acetate-hexanes, then 5:95 methanol in ethyl acetate), affording the isoxazole
MGC?2 as a light yellow oil (spectroscopic data was identical to that obtained for
material prepared by Method A).

Ketone MGCS:
N(CH3); N(CHy)2
0 1. n-BuLi, THF, 78 °C ' .
I N ) ' C Jol N
@o TBSOY ™
Bn TBSO* ™Y “CO,CH3 886 © ©Bn
MGC2 ™SO0 puBt MGC5
73%

[00129] A solution of »n-butyllithium in hexanes (2.47 M, 16.0 mL, 39.5 mmol,

1.0 equiv) was added to a solution of the isoxazole MGC2 (9.16 g, 39.5 mmol, 1.0
equiv) in tetrahydrofuran (150 mL) at =78 °C. The resulting rust-colored solution was
stirred at —78 °C for 1 h whereupon a solution of the methyl ester DJB1 (9.82 g, 23.7
mmol, 0.6 equiv) in tetrahydrofuran (6 mL) was added dropwise via cannula. The
transfer was quantitated with two 1-mL portions of tetrahydrofuran. The resulting
brown solution was stirred at —78 °C for 1 h, then an aqueous potassium phosphate
buffer solution (pH 7.0, 0.2 M, 250 mL) was added. The biphasic mixture was allowed

to warm to 23 °C, then was extracted with dichloromethane (2 x 300 mL). The organic
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Per oxi de M3C18: [00161] A sol ution of
trifluoroacetic acid in dichloronethane (1.0 M 0.189

wokoo5@12589 nmol, 2.5 equiv) and a sol ution of pcT/US2005/017831
m chl or oper oxybenzoi c acid in dichloronmethane (0.5 M
0.228 nL, 0.114 nmol, 1.5 equiv) were added in
sequence to a solution of the sulfide M3CL7 (54.2 ny,

n di.chl or onet han
A vt g v A St 20wty afe Frda Bipuion
GwdsQllteddd dndthd fiRftd Wes cofBerirdddt, ProVading &@EW QilWThB peodict was
C bath. The m xture becane honn eneous upon wa

e neq b oA ShioPrer Aty 18 s Sy Hhodraie pevanggsatfording
AR ELOAORRICREL 1B BTG AUIRGHR. PP ARE) T hosphate

qoetrsopr orret}t}a)rﬁe) (1 BOethid)acdtar- Imxamp dthBE(S\GGSMHz CDC13) 5 7.44-
separated and dried over an %ﬁ ous sodi um sul f
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e at o I I
L CHCHRIC, St 2 DML AN A IO T ZAR B
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ke bR eI NP LB U 75 SRR OB It
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rﬁPktSn@HﬂNﬁéMf(s | 3HE 1560 Ha), 60 0F és, BH, SiGHe; WESNMR (125 MHz CDCl3) 8

BT T oSN B Suad 8 PR IS B8 e

ts%tj %9)6%5 5e6. %J@Zih%h% peLpxi-deg MBQ18s, qapmi éféa@ecm 2952
prepared by follow'ng the procedure réported

by
Waseid), rad2 fanC= G)elrﬁ94$®)c 15(129(85 14308n),4987 (4 £38),)774 (s); HRMS

SFeRa orith R CoboHS Y BTS105 ki »

equi v) and a solution of mchl oroperoxybenzoic acid in

di chl or onet hane 50 5M 29.4 tilL, 0.0147 mmol, 1.5
i sequence to a solution of t he

sul fide MC17 (7.00 nmg, 0.00979 nmol, 1.0 equiVv) in o-n
di chl or one H4he (0.5 M) at -78 C EkRéCHP)esultl«rrg)zN NS ~0Bn
cl oudy AL YY, was Letiused @t - 78 %40 mm_the

therBsJ was TrgpMaced Wt ath. The 0

ni xt utesébesantethonwgesous upon 1aad ﬁ]cng BThe sé‘i’sﬁ’f | gnOH
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1001641R 10.10 (2:3 ethyl acetate-hexanes); |IH NWR
(500 MHz, C6D6, keto tautomer reported) 5 8.95 (br s,

wd bhos@fdls 7.48 (d, 2H J= 7.0 Hz, o-ArH), 7.28c(/ds208417831
J=7.0 Hz, ArH), 6.96-7.16 (m 8H ArH), 6.53 (d, 1H,
J=8.0 Hz, ArH), 5.14 (d, 1H, J= 12.0 Hz, OCHH Ph),
5.03 (d, 1H, J= 12.0 Hz, OCHH Ph), 4.83 (d, 1H, J=

%ﬁﬁ?i%ﬁ a)n%ﬂérg gbe(*%arnhédr%%}éjdag@l |§|ul§a]t§ 4 %ﬁ% éri%ohjtizonl\igsoﬁltered and
Hhe ﬁEi'ﬂ‘lN’éQﬁ)caﬂtraté’d, béov(idiﬂg aZbH;wn] aill $hé)i)rdau’5t wits, purified by flash
G 2 1 s s S o one MG
SRR Ol FOCER A N 00
138%%, 187.8, 187.2, 182.3, 178.4, 171.9, 167.7,

BEORMEEST 1353 1345

[00132] Rr0.52 (1:3 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) 6 7.45
(m, 2H, ArH), 7.36-7.30 (m, 3H, ArH), 5.96 (bs, 1H, =CH), 5.45 (bs, 1H, =CH), 5.32
(m, 2H, OCHH'Ar), 5.33 (bs, 1H, CHOSI), 4.15 (d, 1H, J = 8.8 Hz, CHOSI), 3.59 (d,
1H, J= 3.9 Hz, CHN(CH,),), 3.34 (bs, 1H, C;CH), 2.57 (bs, 1H, OH), 2.39 (s, 6H,
N(CH3),), 0.90 (s, 9H, C(CH3)3), 0.16 (s, 3H, SiCH3), 0.11 (s, 3H, SiCH3); >C NMR
(100 MHz, C¢D¢) 6 189.2, 178.3, 168.6, 135.3, 128.5, 128.4, 128.3, 125.4, 106.4, 79.8,
72.3,72.2,67.1, 63.6,42.9, 26.1, 18.5, 4.0, —4.8; FTIR (neat), cm™' 3549 (bs, OH),
3455 (bs, OH), 2942 (s, CH), 1698 (s, C=0), 1617 (m), 1508 (s), 1032 (s, C-O), 906
(s); HRMS (ES) m/z caled for (Co6H3sN206Si+H)™ 501.2421, found 501.2422.

Ketone MGC7:

[00133] R/ 0.64 (1:5 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) 8 7.50
(d, 2H, J = 1.5 Hz, ArH), 7.40-7.32 (m, 3H, ArH), 5.94 (dd, 1H, J = 9.7, 6.4 Hz,
=CHCHCHOSI), 5.76 (d, 1H, J = 9.7 Hz, =CHCOH), 5.37 (d, 1H, J = 12.2 Hz,
OCHH'Ph), 532 (d, 1H, J = 12.2 Hz, OCHH'Ph), 4.09 (d, 1H, J = 2.9 Hz,
HOCCHOS1), 4.03 (s, 1H, OH), 3.88 (m, 1H, NCHCHCHOSI), 3.74 (d, 1H, J = 3.9
Hz, (CH3);NCH), 2.46 (s, 6H, N(CHj3),), 0.91 (s, 9H, C(CHs)3), 0.87 (s, 9H, C(CH3)3),
0.06 (s, 3H, SiCH3), 0.05 (s, 3H, SiCH3), 0.04 (s, 3H, SiCH3), 0.03 (s, 3H, SiCH3); °C
NMR (125 MHz, CDCl3) 6 194.9, 173.9, 170.5, 135.8, 132.6, 128.8, 128.5, 128.3,
127.9, 106.2, 81.6, 74.8, 72.0, 71.7, 69.5, 44.6, 43.2, 26.1, 25.9, 18.7, 18.2, -3.6, 4.1,
—4.3, —4.3; FTIR (neat), cm™ 3461 (bs, OH), 2940 (s, CH), 1693 (s, C=0), 1663 (s),
1647 (m), 1503 (m), 1080 (s, C-O), 774 (s); HRMS (ES) m/z calcd for
(C32HsoN,06Si,+H) ™ 615.3285, found 615.3282.

Alkene DRS3:
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134. 3, 133.5, 133.4, 133.1, 132.9, 131.0, 130.8,
130.2, 129.9, 129.7, 129.2, 128.9, 126.8, 126.7,

WO 2005/112945 PCT/US2005/017831

H L;‘(CHs)z . bTI(Cng

N L.PPhyDEAD Y N
Ho\v' y T % 2. NBSH Y = 4

TBSG H O  OBn » 886 S0  OBn
MGC6 DRS3
00134 Diethyl azodicarboxylate (472 uL, 3.00 mmol, 3.0 equiv) was added to a
y y p q

solution of the ketone MGC6 (500 mg, 1.00 mmol, 1.0 equiv) and triphenylphosphine
(789 mg, 3.00 mmol, 3.0 equiv) in toluene (6.0 mL) at 0 °C. The mixture was stirred at
0 °C for 90 min whereupon a solution of 2-nitrobenzenesulfonyl hydrazine (651 mg,
3.00 mmol, 3.0 equiv) in tetrahydrofuran (3 mL) was added dropwise via cannula. The
resulting mixture was stirred at 0 °C for 10 min, then was allowed to warm to 23 °C;
stirring was continued at that temperature for 23 h. An aqueous potassium phosphate
buffer solution (pH 7.0, 0.2 M, 30 mL) was added and the resulting biphasic mixture
was extracted with dichloromethane (2 x 50 mL). The organic extracts were combined
and dried over anhydrous sodium sulfate. The dried solution was filtered and the
filtrate was concentrated, providing a yellow sludge. The product was purified by flash
column chromatography (95:5 to 1:9 ethyl acetate-hexanes), affording the alkene DRS3
as a white solid (356 mg, 74%).

[00135] R 0.65 (1:3 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) 6 7.46
(d, 2H, J= 6.8 Hz, ArH), 7.39-7.34 (m, 3H, ArH), 5.81 (m, 1H, =CHCH,), 5.55 (dd,
1H, J=10.3, 2.0 Hz, =CHCOSIi), 5.39 (d, 1H, J=12.2 Hz, OCHH'Ph), 5.35 (d, 1H, J
=12.2 Hz, OCHH Ph), 4.15 (s, 1H, CHOSI), 4.04 (bs, 1H, OH), 3.76 (d, 1H, J=10.7
Hz, CHN(CHj),), 2.58 (dd, 1H, J=10.7, 3.9 Hz, C;CH), 2.47 (m, 8H, N(CHa),,
=CCH,), 0.86 (s, 9H, C(CH3)s3), —0.05 (s, 3H, SiCH3), —0.13 (s, 3H, SiCH3); °C NMR
(125 MHz, CDCl3) 6 191.5, 183.3, 167.9, 135.3, 128.8, 128.7, 128.5, 127.4, 106.8,
78.3,72.6,72.0, 67.9, 60.7, 43.0, 42.1, 26.0, 25.8, 23.6, 18.2, 4.6, -5.0; FTIR (neat),
cm™' 3528 (w, OH), 2933 (s, CH), 1702 (s, C=0), 1600 (m), 1507 (s), 1092 (s; C-O),
1061 (s, C-O); HRMS (ES) m/z calcd for (C26H36N205Si+H)+ 485.2472, found
485.2457.

Diol DRS4:
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124.5, 124.3, 122.2, 118.6, 116.9, 116.5, 113.4,
113.3, 113.2, 108.2, 107.9, 103.3, 83.7, 81.7, 80.1,

WO 203/112025 4, 70.7, PCT/US2005/017831

H '%I(CHa)z " §(0H3)2

: | O‘N TBAF, HOAc ; | ON
2 { THF 7 {

856 O OBn HO 1 OBn
76%
DRS3 DRS4
[00136] Acetic acid (83.0 L, 1.44 mmol, 2.0 equiv) and a solution of

tetrabutylammonium fluoride in tetrahydrofuran (1.0 M, 1.44 mL, 1.44 mmol, 2.0
equiv) were added in sequence to a solution of the olefin DRS3 (350 mg, 0.723 mmol,
1.0 equiv) in tetrahydrofuran (7.0 mL) at 0 °C. The resulting light gray solution was
stirred at 0 °C for 30 min, then was allowed to warm to 23 °C; stirring was continued at
that temperature for 5 h. The reaction mixture was concentrated, providing a brown oil.
The product was purified by flash column chromatography (1:4 to 1:1 ethyl acetate-
hexanes), affording the diol DRS4 as a waxy white solid (202 mg, 76%).

[00137] R;0.38 (1:1 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) & 7.51-
7.48 (m, 2H, ArH), 7.42-7.36 (m, 3H, ArH), 5.84 (m, 1H, =CHCH,), 5.55 (m, 1H,
=CHCOH), 5.36 (m, 2H, OCH;Ph), 4.15 (d, 1H, J= 8.1 Hz, CHOH), 3.69 (d, 1H, J=
8.8 Hz, CHN(CH3),), 2.67 (m, 1H, C3CH), 2.47 (s, 6H, N(CH3);), 2.43 (dd, 1H, J =
7.7, 1.5 Hz, =CCHH"), 2.36 (m, 1H, =CCHH); FTIR (neat), cm™" 3492 (w, OH), 3272
(s, OH), 1703 (s, C=0), 1606 (m), 1509-(s), 1008 (s, C-O), 732 (s); HRMS (ES) m/z
calcd for (C20H22N205+H)Jr 371.1607, found 371.1601.

Cyclohexenone DRSS:
H §(CH3)2 H §(CH3)2
3 0, IBX 8 O,
_ | N DMSO %N
HS 8 Bn 84% 8 OBn
DRS4 DRSS
[00138] Solid o-iodoxybenzoic acid (558 mg, 1.99 mmol, 3.0 equiv) was added

to a solution of the diol DRS4 (246 mg, 0.665 mmol, 1.0 equiv) in dimethylsulfoxide
(5.0 mL) at 23 °C. The resulting heterogeneous mixture was stirred for 5 min
whereupon it became homogeneous. The brown reaction mixture was stirred at 23 °C
for 36 h. Water (10 mL) was added resulting in the precipitation of excess o-
iodoxybenzoic acid. The mixture was filtered and the filtrate was partitioned between

saturated aqueous sodium bicarbonate solution-brine (1:1, 20 mL) and ethyl acetate-
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70.4, 63.9, 59.1, 46.1, 44.9, 41.4, 40.8, 31.5, 30.0,

26.8, 22.9, 21.4; FTIR (neat filnm, cml 3035 (w),
w@MS/1{2)s 1907 (w), 1731 (s, C=0), 1410 (s),prdBivS2005/017831

(m, 1235 (m, 1170(m, 1136 (mM; FIRMS (ES) nmz cal cd

for (C36H3209N2+H) + 637.2186, found 637.2190.

I\/GC18( )-tetracycline [00165] Pd black (14.1 ng, 0.133

Joveios 43 oS Thte. oy Bk PheseL e a3 ety d e Boymalse was
TuRh&Wirvdted Wifliasane ;fo@hdﬂ-&f é?ﬁyl 2 3ethte-HORarl '(‘Pifhﬁ'ieeor@fmlc

hydr ogen was introduced by briéefly evacuatin

feixtradts \Atelfecmnﬁblu@mrrdqvwh@% withraquénpd rso@em S(lllﬁtatsni)ltmﬂ %0 M, 50
Pd t.al t
R Bie 1 mGnt S e taRi St Sl e drisd splution was

THieraedrdane fRtLs %@&ﬁfé@l&rd&d(?%\&dm»@ﬂqe%yidoh@ﬁbr@he PRIS as a light
for 2 h, then was filtered through a plug of cotton.

Triewn foam (406 maB4oncent r at ed affording a yell ow

1 e 8RBT S SRR 7.0

Eglom rpt@, 34H£) AHH)WV no-730 cmerm{ ArH)ES. D&Oﬁl 19, itCﬁCNZM 12 (ddd,
uf( % ol vent B:. ace I‘I|§) ing an inje
Vidluireld 23@4 3/ Hiz, ﬂcﬂﬁ@))péﬁ%@h? @%Aé)eémdb&c% OH) 3.85

0] 0 r

(BT 5 S RE S REHD Bn 2 87 St o Lo M O i eGP, NcCH)
PéaNMR Y 2NN, cucu)fs 1o, wassapngzestlesd @md9 7,135.0, 128.9, 128.8,
concentrated, af év acyclin
hi2 8o 4 -8 1 e, 8- 7a7%§l &b “é)o‘mdé’ﬁ 218; ETWg (neatiognt 347 (W, OH),
I t

(IR DTS O IR BROR S ST &) rRms )
m/z calcd for (C20H20N205+H) 369.1450, found 369.1454.

Silyl-Cyclohexenone DRS6:

H §(CH3)2 H EI(CHa)z
S o, TBSOTY, 2,6-lutidine ¥
0 OBn :
OHRO . g
H % o78S
DRSS DRS6
[00140] 2,6-Lutidine (75.0 pL, 0.640 mmol, 5.0 equiv) and tert-

butyldimethylsilyl trifluoromethanesulfonate (88.0 pL, 0.380 mmol, 3.0 equiv) were
added in sequence to a solution of the cyclohexenone DRSS (47.0 mg, 0.130 mmol, 1.0
equiv) in dichloromethane (3 mL) at 23 °C. The mixture was stirred at 23 °C for 3 h,
then an aqueous potassium phosphate buffer solution (pH 7.0, 0.2 M, 15 mL) was
added. The biphasic mixture was extracted with dichloromethane (2 x 20 mL) and the
organic extracts were combined and dried over anhydrous sodium sulfate. The dried
solution was filtered and the filtrate was concentrated, affording the silyl-
cyclohexenone DRS6 as a white crystalline solid (56.0 mg, 91%)).

[00141] Mp 157-158 °C (dec); R,0.54 (1:3 ethyl acetate-hexanes); 'H NMR (500
MHz, CDCls) 6 7.51 (d, 2H, J= 1.5 Hz, ArH), 7.50-7.34 (m, 3H, ArH), 6.94 (m, 1H,
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100166111- INVR (600 WMHz, CD30D, hydrochl oride) 87.50

(dd, 1H, J = 8.4, 7.8 Hz, ArH), 7.13 (d, 1H, J= 7.8
wolZoosArels 6.91 (d, 1H, J= 8.4 Hz, ArH), 4.03 gcr/udddns/017831

CHN(CH3) 2), 2.96-3.04 (m 7H, HOC(CH3)CH, N(CH3)2),

2.91 (br dd, 11-1, J= 12.6, 2.4 Hz, (CH3)2NCHCH) 2.18

(ddd, 1H, J= 12.6, 6.0, 2.4 Hz, CHCHH CH), 1.90 (ddd,

G PG B,k ) B 5 @%‘%0%536&“ FRDLGHaAD

BB @, 1H37=80.71H8. THNI(H;)4), 2 83Gm) 2H;L@(ZC5Iz) %785(,m 7144 Cch)

9, 27.8,
711%@) gﬁ#ﬁﬁcﬁgﬂ %3% Q@%%(?gﬁz)s)_, 0. 2275@, 3(1-5, &cygi 9. qan(soaq SiCH,);
I I
R s MELEDHNSTSY) oA FRSD ORRISAD 1 128
328 801284 LOSM 83 .5, 7587 598, 4R.1, 4&1@%@5,@&1& 1B.3, Ez 2,-3.8; FTIR
eary, rck & Co.: Witehou

by o 3952 <a>9é%5dén€r§5? 5935 5 P02 s R0k )1053 (5, C-0),

2 ;
I kel T 20 g o

found 445. 1608 Exanpl e 2- Synt heS| s of (-)-Doxyeyeline

Lyl | i de MEC19:  ti(CH 3)2 HN(CH3)2 F7 ChHni,
%ﬁi%’%m 4 'N

Oy _CHs
CHO 1. CH3MgBr, THF, =5 °C
Br 2. TEMPO, NaOCI, NaBr Br
NaHCO;, THF, H,0, 0 °C

0OBn OBn

MGC8 MGC9
80% (2 steps)

[00142] A solution of methylmagnesium bromide in ether (3.15M, 11.6 mL,
36.7 mmol, 1.07 equiv) was added to a solution of the aldehyde MGC8 (synthesized in
2 steps from commercially available 3-benzyloxy benzyl alcohol as reported by:
Hollinshed, S. P.; Nichols, J. B.; Wilson, J. W. J. Org. Chem. 1994, 59, 6703.) (10.0 g,
34.3 mmol, 1.0 equiv) in tetrahydrofuran (90 mL) at =5 °C (NaCl/ice bath). The light
brown solution was stirred at —5 °C for 60 min, then was partitioned between saturated
aqueous ammonium chloride solution (400 mL) and ethyl acetate (400 mL). The |
organic phase was separated and dried over anhydrous sodium sulfate. The dried
solution was filtered and the filtrate was concentrated, providing a light yellow oil (10.1
g, 95% crude). The product was used without further purification.

[00143] Sodium bromide (846 mg, 8.22 mmol, 0.25 equiv) and 2,2,6,6-
tetramethyl-1-piperidinyloxyl (51.0 mg, 0.329 mmol, 0.01 equiv) were added in
sequence to a solution of the light yellow oil prepared above (10.1 g, 32.8 mmol, 1.0
equiv) in tetrahydrofuran (30 mL) at 0 °C. A freshly prepared solution of sodium
bicarbonate (690 mg, 8.22 mmol, 0.25 equiv) in commercial Clorox bleach (90 mL)
was cooled to 0 °C and was added in one portion to the mixture prepared above at 0 °C.
The resulting bright yellow mixture was stirred vigorously at 0 °C for 1.5 h whereupon

sodium sulfite (1.0 g) was added. The resulting mixture was stirred for 15 min at 23
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CH3CN, 23C00 Br .- TBSO 15 90% -1 M3C6M3C19

[00167] Tri phenyl phosphi ne (297 ng, 1.13 mmol, 3.5
w@enesn)208nd carbon tetrabronm de (376 ng, 1.13 pawius208s5/617831

equi v) were added in sequence to a solution of the

allylic alcohol M6 (162 ng, 0.324 mmol, 1.0 equiv)

in acetonitrile (2.5 nL) at 0 C. The resulting br own

SHE BRASIRbalfifonS bbROn Fardd (f0d BE) A0 ThIkackiRNABAG . The

co0l'1 ng was renoved m x ure s
\Migani¢ phddd was agparated and dripdvaver aihydions eddlain dubfate. The dried

e BB (isTedaod g BltetsOmi Sonaairadsh ARG &j@iguewn ofl. The
SREAULTAS E@Eﬁﬁﬁ@& ?roﬁpétHﬁdo‘P Fu rgg-t)éx ]Egl%n u K chas RRASR solid

was separated and the aqu€ous %h 5
d#f 108 e 8% onet Pistgps)addi ti onal 50 nil- portl on of et hyI

h d and d
JOEHA o 6 o83 Gl st TV WP Seflar SRy 5 7.26-
I n
48 G BHA06D; 6108 Ul IAARLIGS SCOMAEVCRITY, 2,81 &M, 09
cEIFG))ﬁH@hP@NNﬂg(Ia)@rMH@;LCHOH) 5208.4e 1 5§/5, 144.4, 136 3, 128 9,128.7,

0827187 BB s 2 IR £ 2o 08: PR inosy rerm, igep Ay, 3032 (w),
%mﬂgnﬁ?Q?bﬁ]seCh@ﬁaf‘%)(nﬁ,? M FQ %Zogkﬁz Jzﬁ;@g)log%é%gz}lms

r(E&}m}/z)calcﬂ fon(qld{n@lzBrﬂﬁ 800 00PAfGYnd W4TE06.dd, 1E1, 1=
10.5, 2.5 Hz, =CHCHBr), 5.71 (m 1H, CHECHCHBO, 5.17
(d, 1H, J= 11.5 Hz, OCHH Ph), 5.07 (d, 1H, J = 11.5
«aehrGeh: 4. 69 (m 1H, =CHCHBr), 4.43 (hr s, 1H,
OH), 4.24 (d, 1H, .1 = 7.0 Hz, CHOTBS), 3.57(d, 1H J
= 10.0 Hz, CHN(OK3§8), 2.69 (ddd, 1H, S a9.0, 4.5,
0.5 Hz, CHCHN(CH3) 2k 1.9Zmsi06k, N(CHI)2), 0.99 (s,
9H, Si O(CHB)3), @' (s, 3PysShaHB), - (s, 3H,
Si CH3): 13C NMVR (£285Mz, O6D6) 8 189. 3°1eh. 3, 167.8,
135. 2 129 5, 128. figes128. 6 98,5, 128.2,.0427. 6,
76.9, 72. 4, 8, 54.6. 46.3. 41.5, 26.2,
101031 55 Dimathy sutfexe (9Bl wee sideid dsaiaisg i spipee o & mixture

B -0 0 i S 68

sdiride-@RE i@EﬁJ) 126 mgc&llddmﬁmlt; 1 3G2i6il; HARBINAGSRieeH-FL portions

?3 e)5(e?n7e) at &u ‘%j élgorous gas evolution was observed upon addition. The

resulting cloudy gray mixture was stirred at 23 °C for 40 min, then a solution of the
ketone MGC9 (8.08 g, 26.5 mmol, 1.0 equiv) in dimethylsulfoxide (30 mL) was added
dropwise via cannula. The transfer was quantitated with a 2-mL portion of
dimethylsulfoxide. The resulting orange mixture was stirred at 23 °C for 35 h, then
was partitioned between brine (1 L) and ether (500 mL). The organic phase was
separated and the aqueous phase was further extracted with one 500-mL portion of
sther. The organic phases were combined and dried over anhydrous sodium sulfate.
The dried solution was filtered and the filtrate was concentrated, providing a yellow oil.
The product was purified by flash column chromatography (5:95 ethyl acetate-
hexanes), affording the epoxide MGC10 as a clear oil (7.94 g, 94%).
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Allylic Sul fide M3C20: [00169] Tri et hyl am ne (0.229

m., 1.64 mmol, 1.3 equiv) and benzenethiol (0.150 ni,
wd.20b51m998 , 1. 15 equiv) were added in sequencep¢nUS005/017831

solution of the allylic brom de M19 (712 ng, 1.26

mol, 1.0 equiv) in acetonitrile (17 nL) at 0 C. The

m xture was stirred at 0 C for 20 mn, then the

AR P e IR e G T M BB 57 20

s (nh, ST ) UY .80 (&1, 1105 s, 1Ti‘Hzr5‘«%QH)CH‘88T{c?8t 'PHer%Sl 1.2 Hz,
partltl oned betvveen etﬁ | acetate (1

)
R GeHpNOSHHA(S 1BLT-of. bdtl, GHIGOQEH)72.87 (6 15, J

th‘i ﬁ@é%ﬁ@’a%%%éhﬁgi (P3P RN EAEUPO RS 581 51550

adgmt i1 o6al 1230, Thg RO119. BN 205, et hy|112%et 84 8, 711716901 38R 67 9.
hases were qorrbl ned and dried over anh dr ous sodi um

ﬁIIRéﬂ%ﬁt) Fiie éQB‘bGN)s@?&ﬂtGVGnN?aSs(W); li%r(e'@ bed (5469 (s), 1423

P €300 EOTPRBICEN 588 GLEMBIR ol Sng by DsBres

(3080252 f8udid3 1B. @ZISB: 7 triethyl am nc-ethyl
acet at e- hexanes), affording the allylic sulfide M3C20
as a white foany solid (728 ng, 97%. [00170]Rf 0. 65

EVRE exanes); NMR (400 WHz, C6D6) 37.35
(ﬁenzo‘%,%n%’bte?sz (?IP ArH), 7.19 (m 21 1 o-ArH), 6.95
(m 3H, p, mA/K)GH6.89 (in, 2I-1, , tn- A&H) 6. 83
(d, 1H J= 7.2 Hz, op- Ar HyBuE, TRF-7) " Ih SCHCHSPh) ,
5.12 (m 2H, S, OCHHM#h)78 8305 (d~AFN= 12. 4
Hz, OCHH Ph), 4>73ofndt, 1Hg,dnz10.0, 208 Hz,
CHECHCHSPh) | 4. 3§,Ggm 1H, CHECHCHSPh), 3.47 1H,

CH32|¢K 92 (d, 1H, J= 2.0 Hz, CHCHN )2)
;[00]15175 sqhgmmg -butylhﬂzmu(nsln hgxanes(t;@Q:NB)%QS mp, 356 mmol,

ety sotila oyt g e Taghih 426 NI ERI

1:3ﬁ)taﬁnng1£&)lﬁt,101ﬂ-&t&héepolx2& MG(lﬂB(3311 4,207 2mmb2 4. ®equiv) in
71.7, 63 49.8, 43.4, 39.0, 26.6,
Igrailydmﬁurgn (Q(hmg} at,:—ﬁSFSC M;ultl@gﬂeuov&g@iglm sgq}'red at —78 °C

20 0 0B 500 50 O 310 i 2
equiyv) HRkBal(yHS) furaha 26 mmdvésmddé&ﬁzbﬂ'%\vﬂ%ﬁﬁiaﬂ-bf he transfer was
quantltateg w1tthc9vr(])(£ ? -m portlons of tetrahydrofuran. The resulting cloudy mixture
was stirred at —78 °C for 60 min, then the cooling bath was removed and the reaction
mixture was allowed to warm to 23 °C. The mixture became clear upon warming and
was stirred at 23 °C for 1 h. The reaction mixture was poured into aqueous Rochelle’s
salt solution (10% wt/wt, 1 L) and the resulting mixture was extracted with ethyl
acetate (2 x 400 mL). The organic phases were combined and dried over anhydrous
sodium sulfate. The dried solution was filtered and the filtrate was concentrated,
providing an off-white solid. The product was purified by flash column
chromatography (1:9 to 2:9 ethyl acetate-hexanes), affording the trans-
benzocyclobutenol MGC11 as a white solid (1.57 g, 67%).

[00148] R;0.50 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) § 7.44
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Lower Rr Sul f oxi de M3C21: MEC20M3C21 (* | ower
Ft edi ast)
wo 03/idogs ) [ (8, 8) - (Di chl orocanphoryl ) sunf onyl i exeBs10051017831
ne (118 ng, 0.395 mol, 1.5 equiv) was added to a
sol uti on of the allylic sulfide M3C20 (156 ng, O0.263
1 O equiv) in dichloronethane (2 nL) at 23 C

?d“& HLALY 3"1@% /§rtl—i) §g gt ,I"?xgrhf f7%er20A§%pr ‘é.!ﬁ-;bhééﬁ(sm, 2H, ArH),

ncen I OVl biowd

p@ mi(d;tl}Mﬂ% 8-z beidH)y6 5 e H; ol=ump H“zhboﬁ(mnpgsapctm}l J=12.0
(Q.001:2:8 to 0.001:3:7 triethylamn
o e BT B a0 Ml bt Db RE T RS, 4.7t gy 11, = 5.5 Hiz,

FOHOI BV 155 20 HA R AR R IR PG gy, 138

(3 WD), HEGIDETHS); *73C418MIUCIOOZMHZ, GDC&) 0, 1540514‘&9 137 4,131.5,
A 7.16
T8 a8 A 1 B 8) e, 73,8531 £B0.6.06.5 TR Ghgap) om ~ 3249

S Gk 872 0] 897 PO 033Gy, BRGNS0 & MRS ) s

cammﬂso@l)ﬂ%@)ﬁms‘ %0.1(160, folhd IZZHCI—M4CI—|3) 2), 2.85 (d,
1H, J= 2.5 Hz, CHCHN(CH3)2), 1.70 (s, 6H, N(CH3)2),
1.12 (s, 9H, S C(CH3)3), 0.39 (s, 3H, SiCH3), 0.36 (s,

%nz&%ﬁenbgﬁW&(125 Mz, C6D6) 8 189.5, 176.09,
130.2, 129.9, 129.0, 128.5,

128.4, 128.3, 127 féﬂ4 3ireshRdn®, 1P81:79.3, 72,4,

70.6, 67.8, 63.1, SSWG 26-47

FTIR (neat), cm - I 33% b o), 2927 54m TE%854 (m,
2792 (w), 1697 (s, C=0), 1621"0(3) 1505 (s), 1470 (s),
1365 (s), 1254 (s), Yeas (s), 1089 (s); FEFRS (ES) m z

CpbE4h)f or (GRAMASNZRGSSS wil: 1)1 6lfel283%q uﬁgﬂﬁkﬂtrlethylsﬂyl
609. 2452. Rearranged Al 3/1 i c Al cohol
trifluoromethanesulfonate (468 uL, 2.07 mmol, 1.2 equiv) were added in sequence to a

solution of the benzocyclobutenol MGC11 (500 mg, 1.72 mmol, 1.0 equiv) in
dichloromethane (10 mL) at 23 °C. The light yellow solution was stirred at 23 °C for
15 min, then was partitioned between water (30 mL) and dichloromethane (30 mL).
The organic phase was separated and dried over anhydrous sodium sulfate. The dried
solution was filtered and the filtrate was concentrated, providing a yellow oil. The
product was purified by flash column chromatography (5:95 ethyl acetate-hexanes),
affording the benzocyclobutenol MGC12 (609 mg, 99%) as a clear oil.

[00150] Rr0.85 (1:4 ethyl acetate-hexanes); 'HNMR (400 MHz, CDCl;) 6 7.48-
7.32 (m, 5H, ArH), 7.24 (m, 2H, ArH), 6.82 (d, 1H, J = 8.4 Hz, 0-ArH), 6.74 (d, 1H, J
=7.2 Hz, 0-ArH), 5.37 (d, 1H, J=11.2 Hz, CHH'Ph),), 5.20 (d, 1H, /=112 Hz,
CHH'Ph),), 4.87 (d, 1H, J= 1.6 Hz, CHOTES), 3.45 (dq, 1H, /= 7.2, 1.6 Hz, CHCHS),
1.42 (d, 3H, J= 7.2 Hz, CHCH3), 0.98 (t, 9H, J= 7.6 Hz, TES), 0.56 (q, 6H, J= 7.6
Hz, TES); >C NMR (100 MHz, CDCL3) & 154.2, 148.8, 137.6, 131.3, 129.0, 128.7,
128.1,127.8, 115.1, 114.7, 71.7, 49.9, 16.9, 7.1, 5.2, 5.1; FTIR (neat), cm ' 2952 (w),
2923 (w), 2854 (w), 1606 (w), 1469 (w), 1371 (m), 1265 (s), 1086 (s), 1057 (s), 1048
(s); HRMS (ES) m/z caled for (CppHz00,Si+H)" 354.2015, found 354.2006.
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[00173] Tri et hyl phosphite (0.620 nL, 5.26 nmol, 20.0
equiv) was added to a solution of the lower R allylie
waedobaxioge M3C21 (160 ng, 0.263 mmol, 1.0 equiM)T/US2005/017831
nmet hanol (5 nmL) at 23 C. The solution was placed in an

oi |l bath preheated to 65 C and was stirred at that
tenperature for 36 h. The sol ution was concentr at ed,
providing a light yellow oil. The product was purified
by flash col um chromat ography (0.001:1:9 to 0.001:2:8
tvinet SuthiaeM®Ee3:hyl acet at e- hexanes), affording the
allyltc al cohol N$§22 as a white solid (100 , 169 .

Ri 0.40 (3:7 etthyl “acet at ewhexanes); 114 M¥R'T500 Mz,

C6D6)  67. 30 | ,;NJ- 7. Qphizopuo- Ar H) | . 2H,
J= 7.5, 7.0 Mgipt? ,7@00(@ 1H, phd=~p=5 H
p-ArH), 5.85 rrmlI—P "=CHCHCH), 5. 42 (br @i 1H°B'1 10. 5

Hz, =CHCHOTBS), 5.0&& (d, 1¥’ zj‘“’ﬂ 12.5 Hz, OGHHhPh),

i%llj}l) " Soid By fiffingurh By Shyarhitd eyl @93@"0 917 mmol, 2.5

Bgﬂded?w 34;sol(uﬂbn of th%'cg&loh%on@DﬁSS((mS ﬁag 0.367 mmol, 1.0
11 5 CHCHN( CH3) 1H

@g@pqw(rghgl}lggomqh@g (ﬂ @L)@HB Cﬁgy ’p)owms@glqrgwasgslmed vigorously

2 8o B ket pnosfsogfh <RSI0 B a:TS shigh 375 epuiy) yes
b88ed, THe2A®s\2tingl @8k tBre vﬂz&&aaﬁ;tfzo]aﬂg g&we&ﬁ)ﬁn ﬁqueiﬁﬂs ﬁotagsiun‘:) phosphate
PR Yo OPh-0.2 B 39 o ardefihigiomp oy (GinE) Thy organic
}%Qs% Wik s,eﬁzargaed an@ ggxec( §‘)er , &t?_'s) Rsodi'ué%éslf o, ZT}ilescﬁ%él(s?—)utlon was

ca
@l@ﬁ’-ld%ﬂﬂ@@@trﬂtdf W&()Cbnzdﬂfa,tedﬁ pwvml@allgMowBémmw solid. The

%ﬁr 2 ai’e:lse lﬁ%medlalt—% w1t¥1819g2'tﬁer purllﬁcatlo B8 1 an

R;0.45 (2:3 ethyl acetate-hexanes); 'H NMR (500 MHz, CeDs) 6 724 (d, 2H, J=17.0
Hz, o-ArH), 7.02 (t, 2H, J = 7.0 Hz, m-ArH), 6.99 (d, 1H, J = 7.0 Hz, p-ArH), 6.42
(ddd, 1H, J= 6.0, 3.5, 2.0 Hz, CH=CBr), 5.12 (d, 1H, J = 12.5 Hz, CHHPh),), 5.03 (d,
1H, J = 12.5 Hz, CHH'Ph),), 4.00 (br s, 1H, OH), 3.25 (d, 1H, J = 11.0 Hg,
CHN(CHs)y), 2.28-2.22 (m, 2H, CH,CH, CH,CH), 2.16 (dd, 1H, J = 18.0, 6.0 Hz,
CH2CH), 1.83 (s, 6H, N(CH3),); FTIR (neat), cm™ 3397 (m, OH), 3063 (m), 2943 (m),
1714 (s, C=0), 1606 (s), 1514 (s), 1477 (s), 1371 (m), 1022 (m); HRMS (ES) m/z calcd
for (CaoH;90sBrNy)" 447.0555, found 447.0545.

[00152] Benzénethiol (39.0 pL, 0.378 mmol, 1.03 equiv) and 1,8-
diazabicyclo[5,4,0]undec-7-ene (56.0 uL, 0.378 mmol, 1.03 equiv) were added in
sequence to a solution of the product prepared above (164 mg, 0.367 mmol, 1.0 equiv)
in N,N-dimethylformamide (4 mL) at 0 °C. The resulting dark brown mixture was
stirred vigorously at 0 °C for 25 min, then was partitioned between ethyl acetate-
hexanes (1:1, 30 mL) and an aqueous potassium phosphate buffer solution (pH 7.0, 0.2
M, 30 mL). The organic phase was separated and the aqueous phase was further
extracted with two 15-mL portions of ethyl acetate-hexanes (1:1). The organic phases

were combined and dried over anhydrous sodium sulfate. The dried solution was
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DCM  M3C22M3C23 [ 00174] Benzyl chloroformate (120 pt,
0.841 mmol, 2.95 equiv) and 4- (dinethylam no)pyridine

wa@ 34/11mm945 0. 852 nmol, 3.0 equiv) were added i npGEUSBINE7831
to a solution of the allylic alcohol M3C22 (142 ny,

0.284 mml, 1.0 equiv) in dichloronmethane (3 nL) at
23 C. The reaction m xture was stirred at 23 C for 2

ti1t d .bet 1 .at 50
TigrsCaghas SRR et SREERPEN PR S Ret T o] Fof Bafatves
'Bahﬁeéf B? RN S Qhﬂ)ﬁﬁltd@rﬁp}@e(ﬂ 3183tted: @é’tﬁyltabaa@%&@ﬁb%)
phase was further extracted wth an additional 30-niL

pfuwslmrgdtbﬁ vah wlﬁé% MGER3 agpavhife deam €1 19HBSSH"RYE two steps).
d
JVERTSS) SO0 @9 RIacP R A MR B hhE cBigs 734

qaacentray ed1. 0MAYLAHNY7 23 ¢H.eM, Jok b.5(HA30- AT), 8%%7 04THe, 6H,
roduct was used in the next step wi t hout further

p“mH)f b 23t ddsh 1Hadk =ni 3, |1c(hHZs(éHpC§Phb§ 13r(dpHietm $y-0 Hz,

R HELFR S0P 53 BB ER3GH 90 T S o 68 . 1. -

1o, fHIay(tHN(GH:;)@I, R4 (addz,tla{ g=hBEXeLS,)3.0 Hif (OHQICHQ 2A2172.34 (m,
ben car bonate M3C23 a White solid. 001 R10. 60
gﬂﬂﬂlcﬂﬁﬂhﬂ e‘l7r(éx%hé%(}ifhm @WWO Zzﬁrbs Cly) »§88.9,

iy 24535, ey 0 BT otk

dm 0l 127 8‘101801 @o 3275 5&9 8 :KSHCHCDHBSS 9; ETIR?(I(eﬁn) chird,! 3445 (w OH),
(3@561154) 2?43 112) 528% (Wbéﬂlﬂ-ﬂ ﬁﬁh? 04 b6§2((é|) 1949 (113):1%(%7 ®: Hﬁ”l (s),

%’5‘&’{.5’5‘, 113@_@%?&@2)9 ’(mgﬁ%ﬂ{s d(ﬁ%}&/!gazlcq%%g@ghz)oshésﬁﬂ) 477.1484,

GbiEdNg4HB)EZ) , 3. 11 (m 1H, CHCHN(CH3)2), 1.92 (s, 6H,
N(CH3)2), 0.92 (s, 9H, SiC(CH3)3), 0.02 (s, 3H,
SiCH3), -0,02 (s, 3H, SiCH3): 13C NMR (100 Mz, CBDB)

Q)l%ﬁgi@er Al(Y(ﬂtlgll P]'@&u@t’Mé@54 %ndf[?a%tcﬁ)e Méw14; 133. 2,

6, 128. .7, 124.9, 107.0, 77. 3,
72 2 71. r@cHa)§9 6 66 6 60 3 Hﬁ:4.4 1\4(24.3)2 2 Hi
-4.8, A48, oFTl nests) , ¢ 3532 {wo OH)
2842 8* =0) &5-d | /Nf6‘E)‘
(syhs" 1 1 T, 1258 ST 0 ;
mz café& forBh( 3'1142N208§| -I-Eh!.)o+sf>’50 2789, found o o
635. 2786mcdd ol MEGZkn: MGCl4, 64 % MGCI15, 9%
[00154] A reaction vessel containing a mixture of the vinylsulfide MGC13 (131

mg, 0.275 mmol, 1.0 equiv) and the benzocyclobutenol MGC12 (750 mg, 2.11 mmol,
7.7 equiv) was placed in an oil bath preheated to 85 °C. The light yellow solution was
stirred at 85 °C for 48 h, then was allowed to cool to 23 °C. The cooled mixture was
purified by flash column chromatography (1:19 to 1:4 ethyl acetate-hexanes), affording
the Diels-Alder addition product MGC14 as an off-white foamy solid (145 mg, 64%),
the lactone MGCI1S5 as a clear oil (20.0 mg, 9%), and the recovered benzocyclobutenol
MGC12 as a clear oil (650 mg).

Diels-Alder Addition Product MGC14:

[00155] mp 178-179 °C; R,0.55 (2:3 ethyl acetate-hexanes); 'H NMR (600
MHz, C¢Dg) & 7.27 (d, 2H, J= 7.2 Hz, 0-ArH), 7.06-7.22 (m, 8H, ArH), 6.92-6.96 (m,
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MEC23M3C24 [ 00176] Acetic acid (40.0 1.1L, 0.709 mmol ,
2.5 equiv) and a solution of tetrabutyl anmoni um

wo bossni®es in tetrahydrofuran (1.0 M 0.709 niL, pEr/vé9Hos/017831
mol, 2.5 equiv) were added in sequence to a solution
of the benzyl carbonate M3C23 (180 ng, 0.284 mol,
1.0 equiv) in tetrahydrofuran (3 nL) at 23 C. The

LA st B e n ol el o TS T B A5 M 1y - 84

emrz @qmmps 7@% amsl@momﬁs; Bt @r bum LH$ Gl 16 (dOTH(PH12.0 Hz,
The or%&?l céﬁl)ase was separ at ed

a(Pu@HtPhBh)aédQé@,s%h%s &2 iy 66 Ebtl Hl /7 108 Hao
BcaFeRSTAboe 10y R ecO e T OLETRL T 2087 o

wer e co i ned dried over
TOHENATH8), S@IZL(Hq OoH,was7 8] 6. OGI!Ize(I}B,GH)IIIW {dddt IIHI £=8 6.0, 4.2

C°Tfifﬁéé%@§ﬁw£§%vléﬁ$ﬂﬁﬂa@%&§&“ﬁrﬁé%@{s GHEE 998 . on
h f.f

oNEH, B PRSI AT eaRs, 82 dRGHOReR, TGRS 8 1z,

(GHFCH), By10 (a@é{ dt=e7.RékaSEE,CHi): N & (BO6HNHz 7.50886)

ST e abndco s S5 s Lidiloabi Bl g, s,
2 H

(b Giagdiase 30 P dah, oY LR oy s

(185.41#21.3~100B3,0 0814, 8@36:!—11—2 43W)0 2, 668962.6, 6117—|43.]2;412) B8.HA37.2,

W%EI% E%‘-éﬁ?ﬁa- ﬁg@ei 31% (\J\\jﬁ%) é%l(wﬂ}@% (w), 5851 (m),

v QNS )18)(5 &@41602 (niL)HlsﬁJ@N(ﬁBS()s)?)msi %5136@(@ 11260 (s),

d@@ﬁé;), 1126(8) ﬁR(M§4FAB) ﬂ%caicd ACQHs AR, SSi+Nag 83.3318, found
%%g.%q 128.8, 128.7, 128.6, 126.4, 106.7, 76.6, 72.9,

3371903, 64.9, 60.3, 44 4, 43.3: ETIR (neat), cm .|
3468 (m DH), 3034

Lactone MGC15:

[00156] R;0.55 (3:7 ethyl acetate-hexanes); 'H NMR (600 MHz, C¢Dg) & 7.34
(d, 2H, J= 7.2 Hz, 0-ArH), 7.02-7.18 (m, 11H, ArH), 6.72-6.84 (m, 4H, ArH), 6.54 (d,
1H, J=17.8 Hz, 0-ArH), 5.73 (s, 1H, CHOTES), 5.49 (d, 1H, J= 6.6 Hz,
(C=0)OCHC=0), 5.20 (s, 2H, OCH,Ph), 4.60 (d, 1H, /= 11.4 Hz, OCHH'Ph"), 4.57
(d, 1H,J=11.4 Hz, OCHH'Ph"), 3.49 (d, 1H, J = 11.4 Hz, CHN(CHj3),), 3.23 (dq, 1H,
J=9.0, 7.2 Hz, CH3CH), 2.49 (m, 1H, CH;CHCHCHH"), 2.30-2.40 (m, 2H,
CHCHN(CHz;),, CH;CHCHCHy), 2.16 (dd, 1H, J=12.0, 0.6 Hz, CH;CHCHCHH"),
1.96 (s, 6H, N(CH3)2), 1.33 (d, 3H, J= 7.2 Hz, CH3CH), 0.73 (t, 9H, J= 7.8 Hz,
Si(CH,CH3)3), 0.46-0.62 (m, 6H, Si(CH,CHs)s); *C NMR (100 MHz, CDCl3) § 196.4,
176.0,170.0, 157.9, 156.0, 144.0, 136.6, 136.5, 135.6, 129.8, 129.7, 129.4, 128.9,
128.6, 128.4, 128.3, 128.2, 128.1, 127.8, 125.1, 121.2, 108.8, 101.9, 75.9, 72.1, 70.1,
64.7, 64.6, 62.9, 41.4,36.7, 35.6,27.7, 21.7, 6.9, 4.9; FTIR (neat), cm™" 3062 (w), 3033
(w), 2950 (m), 2874 (m), 1731 (s, C=0), 1599 (m), 1590 (m), 1514 (s), 1453 (s), 1365
(m), 1259 (s), 1120 (s), 1059 (s), 1010 (s); HRMS (ES) m/z calcd for
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(W), 2949 (m), 2798 (nm), 1738 (s, C=0), 1705 (s, C=0),
1606 (s), 1513 (s), 1475 (m), 1379 (m), 1261 (s), 1022
wa 2o5/1HSMS (ES) mfz cal cd for (C28H28N208+H)  PCT/US2005/017831

321.1929, found 521.1926. ...ycl ohexenone M3C25:

(CasHs407N,SSi+H)"™ 831.3499, found 831.3509.

Alcohol MGC16:
HC |, N(CH3); HC ,  DCHa
: N0 EtyNe3HF ) PO
: o) OB . . - e} B
BCresé gen " 7% Br0 HO sph 1 "
MGCl4 MGCle
[00157] Triethylamine trihydrofluoride (200 puL, 1.23 mmol, 8.5 equiv) was

added to a solution of the Diels-Alder addition product MGC14 (120 mg, 0.144 mmol,
1.0 equiv) in tetrahydrofuran (6 mL) at 23 °C. The mixture was stirred vigorously at 23
°C for 12 h, then was partitioned between an aqueous potassium phosphate buffer
solution (pH 7.0, 0.2 M, 30 mL) and ethyl acetate (30 mL). The organic phase was
separated and dried over anhydrous sodium sulfate. The dried solution was filtered and
the filtrate was concentrated, providing a light brown solid. The product was purified
by flash column chromatography (1:4 to 1:1 ethyl acetate-hexanes), affording the
alcohol MGC16 as a colorless oil (78.3 mg, 76%).

[00158] R;0.20 (2:3 ethyl acetate-hexanes); 'H NMR (600 MHz, CsDg) & 7.69
(dd, 2H, J=17.2, 0.6 Hz, 0-ArH), 7.24 (d, 2H, J = 7.2 Hz, ArH), 6.92-7.06 (m, 12H,
ArH), 6.76 (d, 1H, J= 7.8 Hz, ArH), 6.47 (d, 1H, J= 8.4 Hz, 0-ArH), 5.44 (brs, 1H,
CHOH), 5.18 (d, 1H, J=12.0 Hz, OCHH'Ph), 5.16 (d, 1H, J= 12.0 Hz, OCHH Ph),
4.57 (d, 1H, /= 12.6 Hz, OCHH'Ph"), 4.52 (d, 1H, J= 12.6 Hz, OCHH 'Ph"), 3.44 (dq,
1H, J=6.6, 5.4 Hz, CH;CH), 2.98 (d, 1H, J = 3.0 Hz, CHN(CH3),), 2.90 (m, 1H,
CHCHN(CHs;)), 2.76 (br s, 1H, OH), 2.32 (m, 1H, CH;CHCHCH,), 1.94 (m, 1H,
CH;CHCHCHy), 1.79 (s, 6H, N(CHj3),), 1.07 (m, 1H, CH;CHCHCH,), 0.84 (d, 3H, J=
6.6 Hz, CH;CH); *C NMR (100 MHz, CDCl3) & 202.5, 185.6, 179.2, 168.9, 156.9,
139.4, 139.1, 137.1, 136.5, 135.3, 130.5, 129.6, 128.8, 128.7, 128.6, 128.5, 128 .4,
128.3, 127.8, 126.9, 124.7, 119.3, 110.0, 106.8, 82.3, 72.5, 69.9, 66.4, 64.2, 59.3, 43.0,
39.1,37.8, 32.6, 25.3, 16.8; FTIR (neat), cm™ 3435 (w, OH), 3066 (w), 2964 (w), 2933
(w), 2871 (w), 1738 (s, C=0), 1698 (s, C=0), 1614 (m), 1583 (m), 1513 (s), 1471 (s),
1453 (s), 1369 (m), 1263 (m), 1035 (m), 1014 (m); HRMS (ES) m/z calcd for
(C42H4oO7N,S+H)" 717.2634, found 717.2631.
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en02cOu(cH3)2 "o I"IN (Dal NH N GC24 001781Solid

0- i odoxybenzoic acid (79.0 ng, 0.281 mmol, 6.5 equivV)
woemsatded n one portion to a solution of the eiwUS2005017831

M3C24 (22.5 ng, 0.0433 mol, 1.0 equiv) in

I'i met hyl sul foxide (0.7 nL) at 23 C. The reaction

m xture was initially heterogeneous, )ut becane

honogeneous within 5 mMmm The brown reaction m xture

was protected mmlight and was stirred vigorously at

A¥iketbe ML 1V: The resulting orange reaction mxture

was partition bet n ether (20 nL) _and wa (20

nm.). The orgaﬁ'ﬁ%Hm\gﬁgHéﬂas seé)ar at ed 58 théﬁCﬂé’ueous

phase was. f '|a0¢ ed

ether. The O :

mL, containing 0' NY Ghc$Odi um bi suI fi te " andwmbari ne
10 m) The washed sol ution was dried over anhydro

%ﬁﬁ?in sul £381id ogrdoryberaierid fhe me kohmmalak. cquiv) was added
SHDAER 95 0 oL 810: LABUALp19B0 03D, 3.0 i
elithgthylaclédadehemdnasl3 °C.HINMRs(4QH hilerageiidns miture @as stirred
for 5 min whereupon it beéame homogeneous. The reaction vessel was protected from
light and was placed in an oil bath preheated to 35 °C. The brown solution was stirred
vigorously at 35 °C for 18 h, then was partitioned between saturated aqueous sodium
bicarbonate solution-brine-water (2:1:1, 75 mL) and ethyl acetate-ether (1:2, 35 mL).
The organic phase was separated and the aqueous phase was further extracted with two
25-mL portions ethyl acetate-ether (1:2). The organic phases were combined and dried
over anhydrous sodium sulfate. The dried solution was filtered and the filtrate was
concentrated, providing a yellow oil. The product was purified by flash column
chromatography (1:2 ethyl acetate-hexanes), affording the ketone MGC17 as a yellow
0il (61.7 mg, 79%).

[00160] R/0.45 (2:3 ethyl acetate-hexanes); 'H NMR (600 MHz, CeDg) 8 7.57
(d, 2H, J= 7.2 Hz, o-ArH), 7.40 (d, 2H, J = 7.2 Hz, ArH), 7.18-7.23 (m, 3H, ArH),
6.94-7.06 (m, 6H, ArH), 6.76-6.84 (m, 3H, ArH), 6.59 (d, 1H, J=7.8 Hz, ArH), 6.53
(d, 1H, J= 8.4 Hz, 0-ArH), 5.09 (d, 1H, J=12.6 Hz, OCHHPh), 4.96 (d, 1H, J=12.6
Hz, OCHH'Ph), 4.77 (d, 1H, J=12.0 Hz, OCHHPh"), 4.72 (d, 1H, J= 12.0 Hz,
OCHH'Ph’), 4.48 (br s, 1H, OH), 4.06 (dq, 1H, J=17.2, 3.0 Hz, CH;CH), 3.15 (d, 1H,
J=12.0 Hz, CHN(CH3),), 2.20 (ddd, 1H, J=12.6, 5.4, 3.0 Hz, CH;CHCHCH,), 2.13
(ddd, 1H,J=12.0, 3.0, 0.6 Hz; CHCHN(CH3),), 1.81-1.88 (m, 7H, N(CHj3),,
CH3;CHCHCHH"), 1.78 (ddd, 1H, J=13.8, 5.4, 0.6 Hz, CH;CHCHCHH"), 1.01 (d, 3H,
J=17.2 Hz, CH3;CH); *C NMR (100 MHz, CDCl3) § 200.3, 187.5, 183.1, 167.8, 160.6,
146.4, 138.2,137.1, 135.3, 134.3, 131.7, 129.6, 128.9, 128.6, 128.5, 128.4, 128.3,
127.7,126.7,121.3, 118.0, 112.8, 108.3, 82.9, 77.5, 72.4, 70.3, 58.1, 47.0, 44.1, 32 4,
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(d, 2H, .1= 6.8 Hz, o-ArH), 6.99 (m 8H, ArH), 6.12
(ddd, 1H, J= 10.4, 4.0, 1.2 Hz, CH=CHCHOCO2Bn), 5.74
wd gbs/1idoys . 1= 10.4, 1.2 Hz, CH=CHCHOCCZ2Bn), 5.Hdr/(stm05/017831
1H, J= 4.0, 1.2, 1.2 Hz, CH=CHCHOCO2Bn), 5.18 (br s,
1H OH), 5.08 (d, 1H, J= 12.0 Hz, OCHEl'Ph), 5.01 (d,
1H, J= 12.0 Hz, CI?HHh 489(d 1H, J= 12.4 Hz,

TN o250 B Sty 520850 o o

ﬁ“ﬁ 17@735 &3, Hzo4 @F@&w %8721)1, Ci09215©3 (s)6t513 (s) 1471 (s), 1453
143 C NVR (100 192. 2,
](SX;) 1571 (11@)7 1%76 (04 1944 (napy P@M&s%smzmdfor (ﬂz@{goszs+H)

5 128.4, 127.8, 107.7, 78.9, 72.5,
§3§@§7%’é%gn0671415?%3 41.9; FTIR (neat), cm-1 3442 (m

, 3030 (w), 2948 (m), 2793 (m), 1742 (s, C=0), 1711

s, 608 (s), 1510 (s), 1448 (m), 1376 (m), 1258
(Repoxid 9&0 K HRVB (ES) nmiz calcd for

(C281- 126N30§+Ht)m5+459 1767, ,fcPnGa 519. 1773kc,pon |, NCHI:

DCM, -78 - 35 °C

2. Oy, PhH A
B0 O OQo OBn
MGC17 MGC18
[00161] A solution of trifluoroacetic acid in dichloromethane (1.0 M, 0.189 mL,

0.189 mmol, 2.5 equiv) and a solution of m-chloroperoxybenzoic acid in
dichloromethane (0.5 M, 0.228 mL, 0.114 mmol, 1.5 equiv) were added in sequence to
a solution of the sulfide MGC17 (54.2 mg, 0.0758 mmol, 1.0 equiv) in
dichloromethane (4.0 mL) at —78 °C. The resulting cloudy mixture was stirred at —78
°C for 10 min, then the —78 °C bath was replaced with a 0 °C bath. The mixture
became homogeneous upon warming. The solution was stirred at 0 °C for 30 min, then
was partitioned between an aqueous potassium phosphate buffer solution (pH 7.0, 0.2
M, 10 mL) and dichloromethane (10 mL). The organic phase was separated and dried
over anhydrous sodium sulfate. The dried solution was filtered and the filtrate was
concentrated, providing a bright yellow oil. The oil was taken up in toluene (1 mL) and
dried by azeotropic distillation at 40 °C under high vacuum. The resulting yellow oil
was dissolved in chloroform (2 mL) and the reaction vessel was exposed to
atmospheric oxygen. The mixture was allowed to stand until oxidation was complete
as evidenced by "H NMR spectroscopy. The mixture was filtered and the filtrate was
concentrated, providing the peroxide MGC18 as a brown oil. The product was reduced

immediately to tetracycline.

[00162] The peroxide MGC18 can also be prepared by following the procedure
reported by Wasserman (J. Am. Chem. Soc. 1986, 108, 4237-4238.).

[00163] A solution of trifluoroacetic acid in dichloromethane (1.0 M, 24.5 pL,
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[00180] Tri et hyl am ne (172 pt, 1.24 nmol, 3.5 equiv)
and ten- butyldinethylsilyl trifluoronethanesul fonate
wa@ 26b3/11doks 1. 06 nmol, 3.0 equiv) were added i npEEUSBINEI7831
to a solution of the cycl ohexenone M3C25 (183 ny,
0.353 mmol, 1.0 equiv) in tetrahydrofuran (8 nL) at O
C. The reaction m xture was stirred at 0 Cfor 40 m n,

was rt it tween C and
S M3 5 shhbaRihe SRMEGES: B B SbAb G R,
didhlorBmethivhe @5 N’L-)29 4TrfE OQT 1gammmopm@salumwer@mﬂaﬁ &fjuence to
and t he agueous phase ther extracted with a

asolytiop §f thesHlfide Mﬁﬁw (a@étnag é> 0098 mypefahileaphadies

|
YRGS RLBRRCIE £ 2L A B ARNMEL ORGP RALHD T ka7
carfoenl mad, glekn the 97/8 0} b@thawgs&h;blawdowtlya 8 SCiteth. The mlxture

roduct was urlfled .fI h col.um chr.ompt h .
%ﬁoa@m lapnzow UYsyapos ﬁis@éﬁlé@yn“@ﬁﬁwgqa ﬁ&%ﬁ& %0 min, then
%d/;ﬁhaﬁ%ﬁ&@ﬂ&%%&%ﬁad\%gp&%sﬁm%ﬁ% &tk buff@361tn (pH7.0,0.2
939 .

00181| Rf 0.50 eth acet at e- hexanes)
NMES dpanditizhlogeghar@ 8 L), diche @ghnid pltasg wag s@amw and dried

g)&eArrSa};%y@éhél ?ﬂéﬁwgﬁgegzhg Hﬁ%%luﬁr@%%&é@ 5%%&1% gﬁg'dte was
Lbhcedtratt@; p’iowéu%a &i@é{&lov@bﬁ%@%@%n% &8 tdi6the (1 mL) and
1H, J= 10. CHCHOCO2Bn 5. 65 r d, 1H,

glsieg bp azeptromqimdmem °C gndm h(girl vappym, The pesglting yellow oil

ms 'djssc'}l&%éd gx c&é’orgwﬁ%ﬂ)) an 4nr)8s5-t taap I_lrpng%émg%?_é%é QJ 979

?ﬁﬁﬁﬂ o kqul &ﬂs e(d@ed #tbn @hﬁ)l@?& throhigh4he
br 1. 96 s, 6H,

ms@h{ggmylxtqre ggde(r gUV gﬂzdlgo@((@éqw ég largpb@r mlgHThe mixture was

Pyt i s b gt haguiid Wi%ﬁ%%ﬁ@%?) Mefiis@3PBlechiarion

bBmeda-telidPhdhy lpbzlﬁ‘uﬁe ”E]i’&c&rluﬁ@ﬁnﬁure]ﬁz& fliterdP&hdQhe filtrate was
127.8, 108.6, 82.4, 72. 59.7,.50.2,

goncentroigd roviding the nergmdc M@Clﬁﬂlmhr yellaw solidm -1 2930

(e 1° S0 el pafiidbanetfiey nirtison 434, dfiieto
(tetoma23pdrsad) & BUEG(bE 5) LH, KIDE), () (AL H, aalmez,oas ArH), 7.28 (d,
C34HA0N208+H) F 633. 2632, found 633. 26

> Hael -0 Bize S ingnto- Adel(mi 8. Sidacs (N/déi?f 8.0 Hz, ArH), 5.14 (d,
1H, J = 12.0 Hz, OCHH Ph), 5.03 (d, 1H, J = 12.0 Hz, OCHH'Ph), 4.83 (d, 1H, J =

12.5 Hz, OCHH'Ph"), 4.74 (d, 1H, J=12.5 Hz, OCHHPh"), 4.60 (br s, I|H, OH), 3.54
(d, 1H, J=11.0 Hz, CHCHN(CH3),), 3.12 (dd, 1H, J= 18.0, 0.5 Hz, CHCHH'CH),
2.82 (dd, 1H, J=18.0, 4.5 Hz, CHCHH CH), 2.44 (ddd, 1H, J=11.0, 4.5, 0.5 Hz,
CHCHN(CH;),), 1.86 (s, 6H, N(CH3),), 1.01 (s, 3H, CH3); >C NMR (100 MHz, C¢Ds,
enol and keto tautomers reported) & 194.4, 188.6, 187.8, 187.2, 182.3,178.4, 171.9,
167.7, 165.6, 159.5, 158.4, 147.9, 145.9, 137.0, 136.8, 136.6, 135.4, 135.3, 134.5,
134.3, 133.5, 133.4, 133.1, 132.9, 131.0, 130.8, 130.2, 129.9, 129.7, 129.2, 128.9,
126.8, 126.7, 124.5, 124.3, 122.2, 118.6, 116.9, 116.5, 113.4, 113.3, 113.2, 108.2,
107.9, 103.3, 83.7, 81.7, 80.1, 79.1, 72.4, 70.7, 70.4, 63.9, 59.1, 46.1, 44.9, 41 .4, 40.8,
31.5, 30.0, 26.8, 22.9, 21.4; FTIR (neat film), cm™ 3035 (w), 2946 (w), 1907 (w), 1731
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0,-0Bn H3QON(Cf-13)2 |. LDA, TMEDA, THF, -78 C 2.
-78 -4 0 C
WO 2005/112945 PCT/US2005/017831

(s, C=0), 1410 (s), 1379 (m), 1235 (m), 1170 (m), 1136 (m); HRMS (ES) m/z calcd for
(C36H3,09N2+H)" 637.2186, found 637.2190.

(—)-Tetracycline (MGC29):

ch OOH H N(CHa)z v H3C OH N(CH3)2

H,, Pd black OH
O‘OU
Goimnte W0 O HORO O
MGC18 . (-)-tetracycline
[00165] Pd black (14.1 mg, 0.133 mmol, 1.75 equiv) was added in one portion to

a solution of the peroxide MGC18 (48.2 mg, 0.0758 mmol, 1.0 equiv) in dioxane (3
mL) at 23 °C. An atmosphere of hydrogen was introduced by briefly evacuating the
flask, then flushing with pure hydrogen (1 atm). The Pd catalyst was initially present
as a fine dispersion, but aggregated into clumps within 5 min. The yellow
heterogeneous mixture was stirred at 23 °C for 2 h, then was filtered through a plug of
cotton. The filtrate was concentrated, affording a yellow solid. The product was
purified by preparatory HPLC on a Phenomenex Polymerx DVB column (10 pM, 250
x 10 mm, flow rate 4.0 mL/min, Solvent A: methanol-0.005 N aq. HCI (1:4), Solvent
B: acetonitrile) using an injection volume of solvent A (500 uL) containing oxalic acid
(10 mg) and an isochratic elution of 5% B for 2 min, then a gradient elution of 5-50% B
for 20 min. The peak eluting at 11-16 min was collected and concentrated, affording (-
)-tetracycline hydrochloride as a yellow powder (16.0 mg, 44% from triketone
MGC17), which was identical with natural (-)-tetracycline hydrochloride in all
respects.

[00166] 'H NMR (600 MHz, CD30D, hydrochloride) & 7.50 (dd, 1H, /= 8.4, 7.8
Hz, ArH), 7.13 (d, 1H, J= 7.8 Hz, ArH), 6.91 (d, 1H, J= 8.4 Hz, ArH), 4.03 (s, 1H,
CHN(CHj3),), 2.96-3.04 (m, 7H, HOC(CH3)CH, N(CHj3),), 2.91 (br dd, 1H, J = 12.6,
2.4 Hz, (CH3);NCHCH), 2.18 (ddd, 1H, J=12.6, 6.0, 2.4 Hz, CHCHH CH), 1.90 (ddd,
1H, J=12.6, 12.6, 12.0 Hz, CHCHH'CH), 1.60 (s, 3H, CH;); "*C NMR (100 MHz,
CDs;OD) & 195.4,174.5, 163.8, 148.3, 137.8, 118.7, 116.4, 116.0, 107.5, 96.5, 74.7,
71.2,70.1,43.5,43.0, 35.9, 27.8, 22.9; UV max (0.1 N HCl), nm 217, 269, 356; [a]p =
-251° (¢ =0.12in 0.1 M HCI); lit. (The Merck Index: An Encyclopedia of Chemicals,

106



Bac CUL- 1- 280 OrBs MaC27

WO 2005/112945 PCT/US2005/017831

Drugs, and Biologicals, 12 ed. Budavari, S.; O’Neal, M. J.; Smith; A.; Heckelman, P.
E.; Kinneary, J. F., Eds.; Merck & Co.: Whitehouse Station, NJ, 1996; entry 9337.) UV
max (0.1 N HCI), nm 220, 268, 355; [a]p =-257.9° (¢ = 0.5 in 0.1 M HCI); HRMS
(ES) m/z calcd for (C2oH240gN,+H)" 445.1611, found 445.1608.

Example 2-Synthesis of (-)-Doxycycline

Allylic Bromide MGC19:
H g(CHa)z H '%I(CHs)z
z O\N CBry, PhP 3 O\N
HO\\-C;?I/\/% CH;CN, 23°C Br,Cg;Ef(
TS 8 Bn 90% T8s6 Q6 oBn
MGCs6 MGC19
[00167] Triphenylphosphine (297 mg, 1.13 mmol, 3.5 equiv) and carbon

tetrabromide (376 mg, 1.13 mmol, 3.5 equiv) were added in sequence to a solution of
the allylic alcohol MGC6 (162 mg, 0.324 mmol, 1.0 equiv) in acetonitrile (2.5 mL) at 0
°C. The resulting brown suspension was stirred at 0 °C for 10 min, then the cooling
bath was removed. The mixture was allowed to warm to 23 °C and stirring was
continued at that temperature for 10 min. The mixture was partitioned between ethyl
acetate (50 mL) and saturated aqueous sodium bicarbonate solution (40 mL). The
organic phase was separated and the aqueous phase was further extracted with an
additional 50 mL-portion of ethyl acetate. The organic phases were combined and
dried over anhydrous sodium sulfate. The dried solution was filtered and the filtrate
was concentrated, providing a brown oily solid. The product was purified by flash
column chromatography (1:9 to 2:8 ethyl acetate-hexanes), yielding the allylic bromide
MGC19 (164 mg, 90%) as a white solid.

[00168] R;0.30 (3:7 ethyl acetate-hexanes);'H NMR (500 MHz, CeDg) 6 7.30 (d,
2H, J=17.0, 0-ArH), 7.06 (dd, 2H, J= 7.0, 6.0 Hz, m-ArH), 7.01 (d, 1H, J= 6.0, p-
ArH), 5.75 (dd, 1H, J=10.5, 2.5 Hz, =CHCHBY), 5.71 (m, 1H, CH=CHCHB}r), 5.17
(d, 1H, J=11.5 Hz, OCHHPh), 5.07 (d, 1H, J = 11.5 Hz, OCHH Ph), 4.69 (m, 1H,
=CHCHBYr), 4.43 (br s, 1H, OH), 4.24 (d, 1H, J=7.0 Hz, CHOTBS), 3.57 (d, 1H, J =
10.0 Hz, CHN(CHj),), 2.69 (ddd, 1H, J=10.0, 4.5, 0.5 Hz, CHCHN(CHj3),), 1.92 (s,
6H, N(CH3),), 0.99 (s, 9H, SiC(CHs)s3), 0.22 (s, 3H, SiCH3), —0.02 (s, 3H, SiCH3); 1*C
NMR (125 MHz, C¢Dg) 6 189.3, 181.3, 167.8, 135.2, 129.5, 128.6, 128.6, 128.5, 128.2,
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OrBS MCC26 80% [ 001821A solution of n-butyllithiumin

hexanes (1.55 M 155 p.L, 0.241 mml, 5.1 equiv) was
wa@@edidops a sol ution of PCT/US2005/017831

N, N, M Nt t et ranet hyl et hyl enedi am ne (39.0 pt, 0.261

mml, 5.5 equiv) and diisopropyl amne (34.0 RL, 0.249

mol, 5.25 equiv) in tetrahydrofuran (1 nm) at -78 C.

R R L R RN
((ﬁeatp ey 3@9%6 (DH;:;I293@(15) ogu6 (/ﬁa) 12799 ewy, aly4 (o Ce0g N1 6(05 (s),
ia cannul a. The resulting dee

rléd4 ﬁs)xwrléswé%é) S)rIP88 () KAl 05 (S HEMS (ES) misealed for
| 0 [ cycl ohexenone M3C26
2%5%+§T7%3 Pj?n fo . %8%6% i n tetrahydrofuran
I rrL) was added dropvvl se via cannula. The resulting
I' t QE was allowed to warmslowy to 0 C
s partitioned between an aqueous
pot assi um phosphattﬁv(tm‘zfer sol ution (pH Z'@QHa)Q 2 M 10
mL) and di chl or gastharee (10 sk EN The o ophase was
separ at ed and lagligus phasen was fu leRt ract ed

with two 10- n%.ngHonnof di ;;Ioroma;glg dee

organi c phases vverewg_, [ybi ned and dried over anhydrous
sodi um sul fate. The dried solution was fil #88d and
t[A@L69] | t r atTrietipdacion (@229 atled,64pnmvl, dm@guav)ymh Ibenzeaéthiol

P AEEh S s ot 0 Sabtecg sefdion gt allvi
flrMideM € A9T7M-E D26 R@hyEND eﬁul\’)‘?ﬁ ﬁ@&ﬁhtrlles?b\iﬁm at® °C The

wat er) using an 1 n ection V0| une of net hanol
aweittaﬁvwas sterdaat 0 Cefion 20 @nndhem@%csolﬂmgbamwemwdp@ak

| hected ;and. concent .
SR By Bafoed o Bhafilhas o S R AR e
(taﬁp&aﬂ‘mg: f08 004miAs The kdagiién m@lth&vwai;qiaktdlonk@ 0d:SEMREhYI Betate

-4 et hyI acet at e- hexanes%lH NMR (500 06D63 5
160%'311()59 an aqugouspRIpssiuny phsppafe buffer sylutrpndpﬂzz.o, 0.2 M, 100

anf Hhe '%zgé.lnlf’c %ﬁjas% %?s selaara%%@%%@(gg% gh%g a)\jaz T%?neg gl(tracted '

9N1th arilacBhth,al H0-h)L, pdtidiBof dthyldicethtd, Thkordanic plzases were combined

AT e g pgot i s aT e e s e anl the

%i ﬁhs E:(_)ncfléilg%e& dfurnliﬁm%a‘cllagr al. !"?he Wt %s ?urlﬁe(ﬁ% flash

ol cfrompiographip (018 12 ogg3<7dtrnem1armae-gmysa«zate -hexanes),

2. 7.
b e fric Guids Mibcad Bha Wit Bty {78 ma 4. o
7.0 . 9
21?17%)& o 68@2%@thﬁ)acet&te%x§f_¥es)l Sg I\II\II\/R 1%@%%6@1;) 8735

CDAIBY 87266, 7- Alﬂi)(é§739 (m8@H9o- Agr’ﬂe @95 (187319, p, msArH), 6.89 (m, 2H,

Bdmioh b 1035215 hodiSs Pl Qe .12,

D@ﬁ(ﬁ{OBESCXDCBLH 8h), 34)58(d 1712 JLr 1@9, }Zz diﬁHﬁ P}§24 T3 (#3180 =
26.6, 19. X | R (neat

flplon# O HinH S0 GHERR). e (I\H Cst%Iicaﬁfh) PO dH,
CHEENEAD),S, 8:00%00, AL 39 K5 CHCHN(CHa),), 1.75 (s, 6H, N(CH3),), 1.14
(s, 9H, SiC(CHjs)3), 0.35 (s, 3H, SiCH3), 0.31 (s, 3H, SiCH3); >C NMR (125 MHz,
CeDg) 8 189.9, 177.0, 168.9, 136.7, 135.2, 131.3, 130.3, 129.2, 128.5, 128.4, 128.3,
126.2, 124.0, 106.2,79.2, 72.4, 71.7, 63.2, 49.8, 43.4, 39.0, 26.6, 19.1, -2.9, —4.5; FTIR
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c=0), 1606 (m, 1513 (m, 1471 (m, 1370 (m. 1260
(s), 1232 (s), 1148 (s); HRM5S (ES) in/z calcd for
wa 881120665012N2S0+ 881. 3681, found 881. 3684. |wpit/usd005/017831
Deprotection of M chael -D eckmann Addition Product
M3C28: [00184] Hydrofluoric acid (1.2 nL, 48%
aqueous) was added to a pol ypropyl ene reacti on vessel

”‘“%92%@@{%2%%9 @y@s%m?gﬁgg%?ﬁﬁg?r(‘s £0), 1621 (s),

elqi(DS\(Q), 1470@R 1065 (s),l 1254((9), 0148.(5), 2082 &) HRMB (B s/t taledifor
m xture was. stirre orously at 23 C for 60 h, then
et Ea S S SRa2a. (SR 20 ai ni ng K2HPO! (7.0

g). The resulting m xture was extracted wth ethyl
acetate (3 x 20 nL). The organi c phases were conbi ned
doovaRrSdlfovide MGER2dr ous sodi um sul fate. The dried
solution was filtered and the fjltrate was

concentrated, furnishing the_ Rédtacyclic phenol M3C28

as a yellow oi |l ( m(@lafrg, 99 ci The prod Newas used

in the next ste ut fu@’@ﬁer purifi

[ 00185] R10. 05 ( I acef at-e- hexan (600
Mz, ©6D6, cf g% 86 (br's, 1H,phn 5%9 895 (S,
1H, phenol), 7. (d, 2H, J= 7.8 Hz, , .14 (d,

oH, J= 7.2 Hz, o-ArM§®6. 04-7.02 (m HECIRPERRE g6

([i)017'|al|‘]16 28—(( %{(‘% lecﬁﬂﬁbearﬁp‘%h@yl s‘i‘mfollzﬁ]oiazugdlﬂe ?218 mg, C 0.395

P01 3. o) SO St afahe dlglic lTi GGD (136 me, 0.263

zrpfno&@%u? )Oligt dgf%'l(trambtfﬁne éﬁ mg) mm%)v%% s&rred at 23

2 Bor @dd, thbhlwat €8ndentrate@, pridvid pdG@HHEDIDW) solid. Bhe (pastiuct was
g2 132 36 M CH3CHCH), 2.78 (dg, 1H, 1= 13.2,
mwified by dagicrylump, chepmagogrgply GQ(QQJBZ)&;q 0.90b53: 7 tgiethglamine-ethyl

1a§§r_ Eé’ihefgg&%%%ﬁ@&%}ﬂpalwﬂ%sum' MECHEs Bwhite solid (165
mg, 99%).

[00172] R;0.18 (3:7 ethyl acetate-hexanes); 'H NMR (400 MHz, C¢Dg) & 7.43
(dd, 2H, J= 8.0, 1.5 Hz, 0-ArH), 7.16 (m, 2H, 0-ArH), 6.92 (m, 6H, p,m-ArH), 5.43
(m, 1H, CH=CHCHS(O)Ph), 5.33 (d, 1H, J= 5.0 Hz, CHOTBS), 5.09 (d, 1H, J=11.5
Hz, OCHH'Ph), 5.02 (m, 2H, CH=CHCHS(O)Ph, OCHHPh), 3.73 (m, 1H,
CH=CHCHS(O)Ph), 3.41 (m, 1H, CHCHN(CHz),), 2.85 (d, 1H, J=2.5 Hz,
CHCHN(CH3)2), 1.70 (s, 6H, N(CH3),), 1.12 (s, 9H, SiC(CHs)3), 0.39 (s, 3H, SiCH3),
0.36 (s, 3H, SiCH3); *C NMR (125 MHz, C¢Ds) 5 189.5, 176.9, 168.8, 145.5, 135.2,
130.2, 129.9, 129.0, 128.5, 128.4, 128.3, 127.8, 124.3, 122.9, 106.1, 79.3, 72.4, 70.6,
67.8,63.1, 43.4, 38.5, 26.6, 19.2, -2.6, —4.7; FTIR (neat), cm ~' 3310 (m, OH), 2927
(m), 2854 (m), 2792 (w), 1697 (s, C=0), 1621 (s), 1505 (s), 1470 (s), 1365 (s), 1254
(s), 1145 (s), 1089 (s); HRMS (ES) m/z caled for (C3;HagN20gSSi+H)"™ 609.2455, found
609.2452.

Rearranged Allvlic Alcohol MGC22:
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172.3, 167.9, 163.3, 154.6, 145.8, 136.6, 135.8,
128.6, 128.4, 127.2, 116.8, 116.0, 115.6, 107.6,

wd Ohsd12946. 8, 73.9, 72.5, 69.5, 60.3, 48.7, 4BcOUS2005/017831
41.8, 37.5, 15.3; FTIR (neat film, cncl 3424 (m OH),
3059, 3030, 2925, 2857, 1744 (s, C=0), 1713 (s, CO),
1614 (s), 1582 (s), 1455 (s), 1252 (s); HRVS (ES) mn z
calcd for (CSZI—BAHO@(&MQH—I) 667.2292, foungy 66org,300.

: 0] (0]
\ CH;0)3P \
0. [ N _(CHORP [ N
‘g N CH;0H, 70 °C H
Pi el O 0Bn 0 OBn

T8S6 H 76% (2 steps) 886 1 ©
MGC21 (*lower Ry diast) MGC22
[00173] Trimethylphosphite (0.620 mL, 5.26 mmol, 20.0 equiv) was added to a

solution of the lower Ry allylic sulfoxide MGC21 (160 mg, 0.263 mmol, 1.0 equiv) in
methanol (5 mL) at 23 °C. The solution was placed in an oil bath preheated to 65 °C
and was stirred at that temperature for 36 h. The solution was concentrated, providing
a light yellow oil. The product was purified by flash column chromatography
(0.001:1:9 to 0.001:2:8 triethylamine-ethyl acetate-hexanes), affording the allylic
alcohol MGC22 as a white solid (100 mg, 76%).

Ry 0.40 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, C¢Dg) 6 7.30 (d, 2H, J=7.0
Hz, o-ArH), 7.06 (dd, 2H, J=7.5, 7.0 Hz, m-ArH), 7.00 (d, 1H, J= 7.5 Hz, p-ArH),
5.85 (m, 1H, =CHCHOH), 5.42 (br d, 1H, /= 10.5 Hz, =CHCHOTBS), 5.16 (d, 1H, J
=12.5 Hz, OCHH Ph), 5.06 (d, 1H, J = 12.5 Hz, OCHH Ph), 4.44 (m, 1H,
=CHCHOH), 4.31 (br s, 1H, OH), 4.07 (br s, 1H, =CHCHOTBS), 3.34 (br s, 1H, OH),
3.33 (d, 1H, J=11.5 Hz, CHCHN(CH3),), 2.75 (br d, 1H, J=11.5 Hz,
CHCHN(CHjs)y), 2.03 (s, 6H, N(CHj3),), 0.89 (s, 9H, SiC(CHjz)3), ~0.11 (s, 3H, SiCH3),
—0.13 (s, 3H, SiCH3); *C NMR (100 MHz, C¢Dq)  189.7, 182.2, 167.7, 135.2, 129.2,
128.8, 128.3, 128.2, 106.6, 78.6, 71.9, 68.1, 64.1, 59.6, 48.8,41.2,25.5,17.8,-5.2, —
5.6; FTIR (neat), cm ~' 3515 (m, OH), 2917 (m), 2852 (m), 1708 (s, C=0), 1601 (s),
1511 (s), 1471 (m), 1369 (m), 1254 (m), 1100 (m), 1022 (m); HRMS (ES) m/z calcd for
(Ca6H3N206Si+H)" 501.2421, found 501.2424.

Benzyl Carbonate MGC23:

HO |, N(CHak BnO,CQ , N(CHy),
NAN-O BnO.CCl, DMAP N0
886 4 Bn T8s5 5 O Oen
MGC22 MGC23
[00174] Benzyl chloroformate (120 uL, 0.841 mmol, 2.95 equiv) and 4-
q

(dimethylamino)pyridine (104 mg, 0.852 mmol, 3.0 equiv) were added in sequence to a
solution of the allylic alcohol MGC22 (142 mg, 0.284 mmol, 1.0 equiv) in
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(-)-Doxycycline (M3C30): [00186] Pd bl ack (7.00 ny,
0. 0657 mmol, 1.75 equiv) was added in one portion to a

woadostinm of the pentacyclic phenol M3C28 (25.RCc110$2005/017831
0.0375 mmol, 1.0 equiv) in tetrahydrofuran-nethano
(1:1, 2.0 nL) at 23 C. An atnosphere of hydrogen was
i ntroduced by briefly evacuating the flask, then

YRR D BE SV PR S Pl gl o2,

AR RaAPREt IRt BebldéNREhyMaddtits (50 M) addsativraiel Qh}heous sodium
het er ogeneous ni xture was stirred at 23 C for h,

tm@nﬁquse folutioar &Y miny diig ﬁrﬁmm Rhgsovacspasied ang éhe aqueous phase

%ﬁlﬂ%& e%gct PR Rh" agl‘agnal rﬂk%&ﬁ f%ﬁ{}Jl ?%t#h] The organic
oxycyc i ne base ana e
th@shs Giersveamipived andedtidayover mﬂ@ﬁ&tmmydﬂdﬂiﬁliﬁ& & he dried solution

Ph%rbo Fr%r]d?n&ﬁgé fltres Xwgv&a%%?ﬂ@% r 4R H&HGF abmé)él)ls%%q”%) The
:ﬁd&%w@ use§qh mexﬁste%lmeﬁv ﬂlﬁhéreaun%%am ah aﬁwﬁfc%l Sfhple

unme of solvent A 0OA) containing oxalic acid
r@s mcpiir@mby pwiflvation of the utud@ne@ruos wiBufoby Rasipoluniren a

dhitnenathrta 4 48 100 0T0, v B i PP nge). afording

ahé Bé&yn&rﬁodate m@wﬁddwmt@y&rdochl oride as a yellow
powder (16.2 ng, whi ch was |qent|cal with

naeLrshl (- )Rf@cﬁq/(éy7c¢t yieachiptirixhnes)i HeNMR 6100 MHzedds 5 7.26

(824 2 TORE R, Ko PR S A I 305, By

é&cg[gcﬁd)cdzliﬁﬁ) 3537_(3(1b4 dalzmAr =H)1 0.542 404 &crmlo(r@s&)imfh 1H,

3Bn).25. BB(d éH éf112 wa@&g%m 5@65(8 f(fél, J =1+LQ > Hz,

T R

Jo@HH B 3441 ARG JCHCHATGN.38 GTIAR 1400, SHCHN(CH),)
133171 (7m 1ﬂﬁHCHM€Hg)z) 118. 6, 6*16%(%33960 82 (S72H531Q§§H§)3) 0.02 (s,

T S S SRy S 1588, (0 9hcus

‘1-5502, 165 6n133 @l?»NQ[WlS]@HQBISQ 12‘8:4) 1;28|3 127.¢.Tiest. WEIOGK) 773,722,
oped

Eﬁloﬁ é@ﬁcéﬁé 6@#&4 Aeéz ZBaéigth _485 ~4c§ REH?(HGM) gm; 3532 (w,
oyt BRI ) BN, B0, 17 o

3488 () 12 SEER, ( 010(in) NHRBIS G2 rin: ckici Yor (mmmmzosssfﬂﬂ) 635.2789,
ﬁ££(E O =1in 0.01 Mnethanolic HCl); HAMS (ES)
6% or ( C22H2408N2+H) 445. 1611, found 445. 1603.

Diol MGC24:
BnOZCC:) H QI(CHg)z Bn02CO N(CH3)2
N | O\N TBAF, HOA¢ 3 i \N
e 4 THF .
Tesé O OBn 92% (2 steps) HE 8 OBn
MGC23 MGC24
[00176] Acetic acid (40.0 pL, 0.709 mmol, 2.5 equiv) and a solution of

tetrabutylammonium fluoride in tetrahydrofuran (1.0 M, 0.709 mL, 0.709 mmol, 2.5

equiv) were added in sequence to a solution of the benzyl carbonate MGC23 (180 mg,
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Exanpl e 3- Synt hesis of 6-Deoxytetracycline Ester
CDL- | - 280: 1. sec-BuLi, TMEDA, THF,

wo d§130pH 2. EU, -78C -*23 CCO2H OveQOMe ani si BCT/US2005/017831
aci dCDL-1-279 1001881A solution of sec-butyllithium
in cycl ohexane (1.40 M 24.0 nL, 33.6 mmol, 2.6 equiV)
was added to a solution of

| f

Dt TR BRI A Dot Ritow

selstib vag styredd a\@3 0] fot # hnthea svas pardtitidnédbet@BerCethyl acetate (50
rature) .in a liquid nltr en- et hanol

|t
éfg'( :?%r %@8\‘ ; Bﬂtaﬁﬁ“m&pgﬂ?@@@ l%‘g#éﬂ sqlytieyhy Pg* 7.980-2 Mgp@ mL). The
%ré%nﬁ:%ﬂa‘de) whﬁse&a@ﬁaﬁe@%@&ﬁ’é é’fgéaus( }JH%IS@"V%S ﬂﬁﬁle?gﬂﬁqted w1th two 20-

dropwi se via cannul a over perio 30 mn
ydl partosodiiathdrcetaice The srdaniamhasrsange cembiped and)dnwhsver

G PRI ot b e
'c:@ﬁiiéﬁirﬁl@&l‘ q;ré\ﬁdﬂlgrﬂ-bro&g oiMihe pfodlicEWbd Mri Ay HRAR ‘éolu}mxe

m xture was allowed to vvarmtpo 23 C over 15"'m n, hen

whromsdegranhyddddodel obElropigtechexanes) mffording thet d1@lrM@©24 asa

0 ted and diluted with
Sl AP Re B2 B8 107 o0 m) he

r[tman} i Ng Wi, BHGSI(E:7wWisy] a¥dtitetiershed; t H mMRy(ISO@m@tC%D(s)“B 7.24
X 80 rnL) The organic |ayers were conbi ned and t

6280 Jov p%ﬁy‘%\\‘ u%O%ém»&IrhéLH} 4168 (bréd 141, Jed105 25Hz
t g f
concen? g) pér3o(\§£§| nlg_f]g b{r‘tg5 jM‘]Ir ?WHN@& (gde

HBHCHDCD%BnBIS&iW(S; sHof =11h® Kz, la)tBHHrmq;Jst)s @d}qmdﬂm 0 Hz,
ratio of the car box%lllc

@@Hlié}h)a‘h%ﬁ (ot Bt e S PP )(‘58@(fb71H o530 Bz,

l L4l 1 )
RGREEPIED 4 8 1L ~CHTHRED, T7PU6, LT S CREHN(CH)), 2.04
{0, HHsCHOHNE H),),th2s fbes) HieOHN) 1082c(s] mpmmmg@e”cz@MR (100

St AL 168K B ART bibbrde: G Fadet b 1297 1286,

?%@ﬁﬂt,ug %?@%ﬂ?bf ?ﬁ%f@f 3, I%é)@ @% 3 r2§4d£3n4g"!8 ?ﬁjﬁgﬁ&o" gx%M)|3468 (m,

D] 303, @v)e2N(n), 2008 (4*)( L7 38e(s Hy+@)yi1A6) sy CFA)NBB061E), 1513 (s),

P R e h g e Fan ST e GEQ eheR B’

sg1quﬂf5@ﬁ5a1hggg 23 C. Agqueous hydrochloric acid (1
M 50 nL) was added and the resulting mxture was

extracted wWth ethyl acetate (2 x 50 nL). The
—yclohexenone MGC25:

BnO,CQ |, M(CHa) | Bn0,CQ b ! (CH3)2
LI i FHZ
PV DMSO [ \N
G O OBn 0 OBn
MGC24 MGC25
00178] Solid o-iodoxybenzoic acid (79.0 mg, 0.281 mmol, 6.5 equiv) was added

n one portion to a solution of the diol MGC24 (22.5 mg, 0.0433 mmol, 1.0 equiv) in
limethylsulfoxide (0.7 mL) at 23 °C. The reaction mixture was initially heterogeneous,
yut became homogeneous within 5 min. The brown reaction mixture was protected

rom light and was stirred vigorously at 23 °C for 12 h. The resulting orange reaction
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organi c | ayers were conbi ned, then washed with an
aqueous sodi um hydroxi de solution (0.1 M 50 nL),
wo odosay®gs by brine (50 nli), and were then dri eecovei00s/017831
anhydrous sodi um sul fate. The dried sol ution was
filtered and the filtrate was concentrated, providing
a clear oil. The product was purified by flash col um

heREE bar bEBM NS e AT Firg o I R0 iy Thg jga phase
[v@ﬁjs@%_lzﬁted Qndzﬁle(aéu&ﬁls ?hﬁéé' wé&qﬁhﬂér%xﬁﬁé&@dﬂﬁﬁﬁm thI)fﬂN'\ﬁ gortlons

J= 7.
(e@her 1Hhe gﬁgamcg)hap;es vmrws/‘omtﬂngq_ami ‘Q&h(emmm-qatwtag aqugoggsodium

é)l@{blctl;llgte‘] hltlogé?z {%l) cogpa%l% ?(?m%grf sgy UI}l‘]tgsq_lfzigé) %%'_PIO mL).
ITh33vdshed s'ﬂ'l'hnoh—we?s cﬁlddzove&ﬂ@l‘lﬁ))us sbcﬁ(ﬁnWHa(ehﬁB ﬂl/ﬂd?e,d The filtrate
CDC13) 5 166. 156. 150.8, 142.8, 130.9

185 ogneepgrate, Ylilﬁln%the sygokexengns MGG as a \z%ltqsoﬂwhé (22.2 mg,
'5l,/l3(neat film, cml 2970 (m, 1740 (s, C=0), 1583

(sY 1488 (s), 1471 (s), 1438 (nm), 1298 (w), 1270 (s),
1236 (s), 1186 (5), 1158 (m, 1091 (m), 1046 (s).

38817%17;3 R 0 A e anes s O NVIOGI00 MHz, CoDg) 3 7.22

0 t f I n
I g#?o%ﬁsne?ggndeﬂfms d@O(ErPVSEF #rLﬁB ggl? dh! My, /= 184 4)0 1.2 Hz,
V= @H@é@@@z&m)sﬁmé(dc{)d}bﬂ# Hed,ds2 He, mECH@wocoeBﬂ) 5.41 (ddd,

o R 24t CHEERAODB5f o AR ) p e . -

7Q.0HR, GCHYI Ch), Whar@ungry S &b ona, @tl@H%ﬂ%S@@ﬂ'lWJ—- 12.4 Hz,
bi car bonat e soI uti on (50 m) was added. The resul'ting

EPEHEEPR ). 83 (& éHwds 1944 He.cddCHEE PRO, 32 (hitlHp /e, 8.4 Hz,
K epghﬂ&gle}zg%&%t §dd, fibl 283 209091l CHCRNRCE, I 92 s, o1,

€ ‘aqueous’ phase

NN(THGH) edCW nggoo 19z, ve) hane2. § SA6r., ) 80 Ehpsm a39i8¢ 141.8,

| ayers were conbi ned and then dried over anhydrous

s@éﬂuhﬁ%@ﬂ F2:%.12816e126-6.dd80 1 28 #012 Wad 07 71 6P - 088.9, 59.9,

g 5 U 8D S8° 0 ), P, B, B 49, BB, 170

C=0), 1711 (s, C=0), 1608 (s), 1510 (s), 1448 (m), 1376 (m), 1258 (s), 1056 (m);
HRMS (ES) m/z caled for (C28H26N203+H)+ 5 191767, found 519.1773.

Silyl-Cyclohexenone MGC26:

BnOZCQ: H __N(CH3)2 BnOZCO H 9 (CH3)2
' SN0, TBSOTY, Et;N A,
! I N THE, 0°C : I /N
o Bn 93% (2 steps) o0fio OBn
MGC25 OTBS M6
[00180] Triethylamine (172 pL, 1.24 mmol, 3.5 equiv) and fert-

butyldimethylsilyl trifluoromethanesulfonate (243 uL, 1.06 mmol, 3.0 equiv) were
added in sequence to a solution of the cyclohexenone MGC25 (183 mg, 0.353 mmol,
1.0 equiv) in tetrahydrofuran (8 mL) at 0 °C. The reaction mixture was stirred at 0 °C
for 40 min, then was partitioned between ethyl acetate (50 mL) and an aqueous

potassium phosphate buffer solution (pH 7.0, 0.2 M, 50 mL). The organic phase was
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[00191) Rf 0.47 (5:95 ethyl acetate-hexanes); |H NWR
(500 MHz, CDC13) 8 10.94 (s, 1H, OH), 7.49 (t, 2H, J=
WO 2Bsmpo4Ar H), 7.41 (t, 1H, J= 7.8 Hz, ArH), 7pBbu$i005/017831
1H, J=7.3 Hz, ArH), 7.24 (d, 2H, J= 7.8 Hz, ArH),
693(d 1H J= 8.3 Hz, ArH), 6.85 (d, 1H, J= 8.3 Hz,
3.13 ,2HJ-78HZ CH2CH3), 1.34 (t, 3HJ—

T {1 gl 40 G55 8o r o

lddta6, THeSorfanid fHasds wer@.cdmbired4and Hﬂih&o(memhydrohs’@qdlum sulfate

cm !, 2973 (W), 1670 (s, ,CG=0), 1609 (m, 1588 (m

('L]%e, drigg @glu%l:%l wag giitf(e]%l)and :C[l%géltr@m Waslcé)ggfen(tmed Rr:pgn;due &% yellow
1:82068Y4, Thd BRduBdwa el B)1ah EoleRnCrdRatography (1:9 to 2:8 ethyl
(CI'5H1403+H) + 243.1021, fodnd 243.1014. Ester

Cktate-xg@nesgtBoediog the- @wEh@lomnemmPhlem@h(zm mg,
C%l% %Boc CDL-1|-298CDL-1-299

1921 N, N- di i sopr opyl et hyl ami ne (520 kit, 2.99 mol,
1[061mw v), Rﬂ) sd @bﬂ&t}iyl éibfé?erli’é?@ﬁésﬁ HORIE 002Ml91§ @%@%6721
1.2 equiv 4- (di met hyl am no) r|d|ne
r(lddl ZH 11=57éql||0\P,Iz wehdHaddédd; Hs@q&@d&@ OtrA)rHi) §(§15l(t i26h J= 8.0

e S R RO T TR s L 2

YEHEQHCH@@O%BM B %@ @@nH s 83.5,230 e, @h&mmocoan% 5.65 (brd,

sat ur at ed a%ueous anmoni um chl ori de sol ution

v Jet 88cHz, BHEH(T e B Oudineg, 150 (drilH, %aleainédOém{ePh), 5.01 (d,

oS 58 e DRAB T o706 AT R ORRBP Ep dipn o 170 -

| y®Hs, @CHE ehnp3. mecﬂ amy] JEhENO Glrzl eElOIW(rCB,Qg :.um (brd 1H,J=
sul fate. The dried solution was filtered and

£1119 Ha GHEENCEhdb ?falseéH TﬁEQHs)zJ)i Ag84s. %M@Hsbﬁ@r@ (s, 3H,

r I h
REREHE 0., BTSS! R MRS VPO 6 s 9568 M0 3, 167.8,
crﬂ4o;r Ilees M6, 1\3@!3cm9:9,y18218&1 Imgsdlzspsmzsuam Mmd27.8, 108.6, 82.4,
over ni ght_ at 4 C ( nmp 58
724,696, 69.3, 597 50.2, 41 4 26. 196 —19 -3.4; FTIR (neat), cm ™! 2930 (m),
2855 (m), 1745 (s, C=0), 1722 (s, C=0), 1691 (m), 1613 (m), 1513 (s), 1473 (m), 1455
(m), 1378 (m), 1264 (s), 1231 (s), 1046 (m); HRMS (ES) m/z calcd for

(C34H4oN,0g+H)" 633.2632, found 633.2620.

Michael-Dieckmann Addition Product MGC27:

0
Bn

HaC u Q H N(CHa)2
Et 1.LDA, TMEDA, THF, —78 °C NGO
2 :
BocO B"OZCQ y NCHa) BocO O HO S0 ©Bn
CDL-I-280 i \ oTBS
MGC27
80%
[00182] A solution of n-butyllithium in hexanes (1.55 M, 155 uL, 0.241 mmol,

5.1 equiv) was added to a solution of N,N,N’,N'-tetramethylethylenediamine (39.0 uL,
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[00193] Rf 0.23 (1:9 ether-hexanes); NVR (500 MHz,

CDC13) 87.46-7.42 (m 3H, ArH), 7.31-7.26 (m 3H,
waeddsn126422 (d, 1H, J= 7.3 Hz, ArH), 7.15 (d, BdrUs2005017831

J7.3 Hz, ArH), 2.86 (q, 2H, J= 7.3 Hz, CH2CH3), 1.46

(s, 9H Boc), 1.31 (t, 3H, J= 7.3 Hz, CH2CH3);NMR (125

VHz, CDCIS) 8 165 1, 151.6, 150.6, 148.7, 144 5,

275 Tt e Sy it 4SO ARy Py in

(tétra}@awfuraﬁ $8 ﬁﬂ.()\ﬂ) 1-78|-‘49 1Tf1¥‘%sulhﬁ? ﬁlﬁt\ﬂ%wéﬁﬁl}regi\g)é%oré&’&ﬁ at ~78
S

1278 (s), 1234 1190 (s
(%?Fﬂvs g&fh)elzeue@m éaélfl%wn @ﬁbmé@z@& E&m 3.039@, Q.813 mmol, 4.5

A4S B ST L o

hed(mmetare(\&as%lrﬂdﬂ vighr@usly &.-088Cnfiopl 5 nfin Shﬁani;dll)thﬁ‘,Ef the sxlyl
R e)ge%oge &%&% ?ﬂ)n(amgdb OE%P nP ¥| a5n ecrl]uew)( 1}1 tetreilhydrofuran (1 mL)
Nvdy a%é&‘&l%b%i‘&’dnﬁﬁﬁy |T‘?1@ ?Qs'u?ffﬂ N&ht %EQ o'{o’&k“re ;&ragtgﬁ(_)\:;%d to warm

6 equiv) I n tetrahydrofdran
@lovqllneo p8euiver hiy, theh wab partiiasedshatweanchneaqueis Iﬁtefsslmnﬁlﬁhosphate

L ESHEHERR: PSP i e P B AT B i

;phbde WaSsepatdRd anfl o Hqnsowd phagPwhLEhrther dkitdabRd withGwo 10-mL
solution was stirred at -78 C for 75 nm then a

sortians oh dishlarpractbpemel @Rssar(t%phﬁsra@we@ ©upinadrnd diied over
%ﬂﬂ 2)u§ sQ)IdE @lf]%f% ?lfléJ& S()i\gl%n efs)ﬁl{@ésd ﬁﬁjiqﬁgﬁg}aée w§s
p red

e rea 1 ONn ﬁ]X ure remal
fcoh&emmteg, pxbelda@h yallom th"Eheprmtlwt@vamrlﬁbdl by\@deptatatory HPLC

H&I r 150 mn. ﬁ)on reachin
dltep iz herm QD Spand 1 M, ééogiollol}flm@ﬂoyvgp{eﬁ pmL/min,
%o%em Alﬁlefﬂa)lolv‘@élg@m%at Jgggt&lgaﬂ 'lﬁj%agmx%lmlﬁ%m(ipt it @

was extracted di chl ane
dmgthanel) had an sovlertic clontn oD% Mdfor 7herndiThe geakwduting at 36-42

hyd | f d .

AT S Teste PR Al o it SaEFact LheckGt ageisign
Prod@ict MIGORY (33T mgP8AYES a MBS yRHbWIsbea by preparatory
HPLC on a Coul ter U trasphere ODS coI um (511m 250 x

100¥83] £ 1 0BR035e(1 3 ShyHacetate-heSahasynH MMRAS0OMHSITand 16.55

8 Btk SO MG o G002 4 weHarial (F eHT43 .5 He, Ark), 6.5

Imdm aH, Ardl)L4.6648. nf(nﬁam%rﬁ) cTe(dacal, 2500, NS B, ArH) 5.73
31-40 min was col l ected and concentrated affordi ng

Ubchad i Hi BISICEHGED). BB (41357 002 5 Ha IS 3uf3 (d, 1H,

261 Vin e HITRLTAR Bon [ Mo 00 QR pdiags g s - 125

:Ht O}ﬁiﬂﬁh ROCIS@HH, 7~ 55 5T CHOMNAEH, B 51)35 @40, 03525,4.0
%CP&E%BW gt/ 7 a5 Hp CHCHY(Gling), 20 @ed 3= 12.5, 7.0

51‘42813}% ﬁ%) ﬁ'ﬂ;( ﬁ@@é}s% (%}@%)%f%%% 7.0 Hz,

IJH;@ZH)dl mes 9 CLEHE);HA, 61CHsIHBI<I}mN( mgtﬂxe)lmsgzm 'ed MR (100
Alkig: oty 818575186 Bus S, bk (0.0, 9h TrEs L 1608714%h, 136.1,
345730, 1605, s YED 0936 P, (325, 16261 0.2

17438 22.4,69.2, 60.8, 52.7, 43.2, 38.4, 27.5, 26.6, 19.5, 16.3, —1.8, =2.7; FTIR (neat
film), cm™ 2974 (w), 2933 (w), 2851 (w), 1760 (s, C=0), 1748 (s, C=0), 1723 (s,
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135.0, 134.0, 128.5, 128.5, 123.4, 123.0, 122.4,
108. 3, 107.4, 94.8, 83.9, 81.5, 72.5, 61.5, 46.4,

w@ 30091189 5, 34.9, 27.7, 26.0, 20.7, 19.0, 16.0cT/082005/017831
-3.7; FTIR (neat film, cml 2923 (m, 2841 (m, 1759
(s, C0), 1718 (s, C=0), 1605 (s), 1508 (s), 1467 (m,
1456 (m), 1369 (m), 1277 (s), 1262 (m, 1231 (s),

18444, 5506 &R0 35 { Mm), TRBFE376TA). 1260 (5), 1232 (), 1148 (s); HRMS

(ES) m/z calcd for (C43H56012N28i)+ 881.3681, found 881.3684.

Initial Deprotection of Michael-Dieckmann Addition Product MGC28:

Q o)

Bn Y—08n
SO S OO
2 2 HF, CH;CN s :
99%
MGC28
[00184] Hydrofluoric acid (1.2 mL, 48% aqueous) was added to a polypropylene

reaction vessel containing a solution of the Michael-Dieckmann addition product
MGC27 (33.0 mg, 0.0375 mmol, 1.0 equiv) in acetonitrile (7.0 mL) at 23 °C. The
resulting mixture was stirred vigorously at 23 °C for 60 h, then was poured into water
(50 mL) containing K,HPO4 (7.0 g). The resulting mixture was extracted with ethyl
acetate (3 x 20 mL). The organic phases were combined and dried over anhydrous
sodium sulfate. The dried solution was filtered and the filtrate was concentrated,
furnishing the pentacyclic phenol MGC28 as a yellow oil (25.0 mg, 99%). The
product was used in the next step without further purification.

[00185] R;0.05 (1:4 ethyl acetate-hexanes); 'H NMR (600 MHz, C¢Ds, crude) &
14.86 (br s, 1H, enol), 11.95 (s, 1H, phenol), 7.23 (d, 2H, J= 7.8 Hz, 0-ArH), 7.14 (d,
2H, J=1.2 Hz, 0-ArH), 6.94-7.02 (m, 6H, ArH), 6.86 (t, 1H, J= 8.4 Hz, ArH), 6.76
(d, 1H, J = 8.4 Hz, ArH), 6.28 (d, 1H, J= 7.8 Hz, ArH), 5.46 (dd, 1H, J= 3.6, 3.0 Hz,
BnOCO,CH), 5.12 (d, 1H, J=12.0 Hz, OCHH'Ph), 5.04 (d, 1H, J=12.0 Hz,
OCHH'Ph), 4.92 (s, 2H, OCH,Ph), 3.41 (d, 1H, J= 9.6 Hz, CHCHN(CHj,),), 2.82 (dd,
1H, J= 9.6, 3.0 Hz, CHCHN(CH3),), 2.65 (dd, 1H, J=13.2, 3.6 Hz, CH;CHCH), 2.78
(dq, 1H, J=13.2, 7.2 Hz, CH;CH), 2.05 (s, 6H, N(CH3),), 1.04 (d, 3H, /= 7.2 Hz,
CH;3CH); °C NMR (100 MHz, C¢Ds, crude) § 193.4, 186.2, 181.3, 172.3, 167.9, 163.3,
154.6,145.8, 136.6, 135.8, 128.6, 128.4, 127.2, 116.8, 116.0, 115.6, 107.6, 104.7, 76.8,
73.9,72.5,69.5,60.3,48.7, 43.0, 41.8, 37.5, 15.3; FTIR (neat film), cm™" 3424 (m,
OH), 3059, 3030, 2925, 2857, 1744 (s, C=0), 1713 (s, C=0), 1614 (s), 1582 (s), 1455
(s), 1252 (s); HRMS (ES) m/z caled for (C37H34010N2+H)"™ 667.2292, found 667.2300.
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cal cd for (C40H301\1209Si +H) 731.3364, found 731. 3370.

1001961Hydrofluoric acid (0.6 nL, 48% aqueous) was
w@ogedidoes a pol ypropyl ene reacti on vessel conteiTus®os017831

solution of the M chael - D eckmann addition product

CDL1-287 (15 ng, 0.021 nmol, 1.0 equiv) in

acetonitrile (3.5 nL) at 23 C. The reaction m xture

was stirred at 23 C for 55 h, then was poured into

water (20 nmL) containing K2ZHPO4 (4.0 g). The

reswoki®@line MEE3mas extracted wth ethyl acetate (4

x 20 ﬁ%; The o&ganl c phases were conbi ned and then

dried over anhydress sodi um sul fate. The dried

sol ution vvaBant;dzi'Harcedz and the filtrate Was, 9, MCH.

concent r arad origbng a | i ghtLyel | cﬂ\w‘ ~pPack

(7.6 ny, , A4 eqHFULoMas NEN

portion tgl ags gtol oroepf the residue mcn 0 Hoﬁo 0

met hanol -tetra ydrofuran (1: ™2 niL). Z sphere of
hydr ogen gas was i MSFB8duced by briefly eVacuating the

floasse] t herpd biabim M’gt(hOW Iﬁrﬂ?ﬂ/ qr@ﬁﬂll\‘)]wﬁtaﬁmed fﬁhﬁle portlon

m xture was stirred at
ctolacsplutlhawéw rfentanydhcgmen@/léﬂﬁm&(& @ank, & 7ISomnoIrHé) equlV) in

SRR bl ollE 1 A0 iR an ot gl Mhydrogen was

Yigtrb@we@ by btidfly BWcuatiiethp flask) ehen¥Bshidigiiti @de Bydrogen (1 atm).
preparatory HPLC on a Phenonenex_ Pol ymer x DVB col umm

(til Rsheatalny was igtiphy prepahay afige dispersionnbutgggrgapted mto clumps

q {tllﬁﬁlganmo ﬁl%gj\lgg&;%e{e}%%@leoé%&ﬁﬂé V\ES stﬂ‘?e%fzﬁ'%ublij F % 80 en was

ection at an 1 njectron volune 0
| filteredethbarphla pogbBéotiong Thx dlirate aas doneniwdtydiradfoedifid 8 yellow oil

s e rustine Gssaioa MR Fohou- 1B Biovints way preiie by
ThepRsdty BPLEIRG ﬁ{en&%eée@ﬁolgn@xmv@%oam 6948, 28t 10 mm,

concentrated to give 6-deoxytetracycline hydrochloride
(fGBL rdte 322nHB1iN, Sdvent yeInhathanobOded 1\{ 8. HGig ] 4&]&@1vent B

g'a%(e)t]é?}}?r]iiléihgil}é\l g’vrlie e50 {%P'}f)o n%ecg?iésopa:np %4&48(? hLor Irga %_Elg oxahc acid (10

E? andehnagoc@@atlcjeﬁltloﬁ of 5% B fbiz2 nfh Hhen é’rgﬁaleﬁﬁeluﬁcﬂl of 5-50% B for
l(\:{l 03 (br s, 3H, N(CH3)) 2.97 (br s, 3H,

e i )%hegpegb elubing @t 1217 mje wes cqileqied anpicprgeatigied) affording (-)-

eS8 ey oy oy S8 o TOGY Bty g idemicl

i\;ﬁf;hﬁgra@ﬁﬂcﬁk?@d“ﬁ@h@drﬂkhloﬂidéﬁl e(lﬂltéﬁbectl; = 13 7 12 7,
AL e N (APMb] BBy hydochlptide 8743 ( 11, /= 8.4 Hz,

280149 T S008I YR g,
O(CH),NEHCBIF3 (dd, 1H, J = 12.0, 8.4 Hz, CHOH), 2.95 (s, 3H, N(CH3)CH;"), 2.88
(s, 3H, N(CH3)CH3"), 2.80 (d, 1H, J = 12.0 Hz, CHCHN(CHa3)3), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CH3CH), 2.58 (dd, 1H, J=12.6, 8.4 Hz, CH;CHCH), 1.55 (d, 3H, J= 6.6
Hz, CH;CHCH); >C NMR (100 MHz, CD;0D) 8 195.3, 188.2, 173.8, 172.1, 163.2,
149.0,137.7,117.1, 116.9, 116.6, 108.4, 96.0, 74.5, 69.8, 66.9,47.5, 43.4, 43.0, 41.9,
40.0, 16.3; UV max (0.01 N methanolic HCI), nm 218, 267, 350; [a]p =—109° (¢ =
0.16 in 0.01 M methanolic HCI); lit. (The Merck Index: An Encyclopedia of Chemicals,
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N',r, CO2H OBn2 PhOH, DVAP CDL-11-41785%

[00198] 2, 4, 6-Tri chl orobenzoyl chloride (356 pL, 2.28
wonmsi12b4sl equiv) was added to a solution of tker/us200s017831

carboxylic acid CDL-11-417 (reported by A N Gsman,

MMIsmail, MA. Barakat, Revue Rounmai ne de Chine

1986 31, 615 624) (534 ng, 2.08 mmol. 1.0 equiv) and

S PR B RE o P e 0 NG e B Hgekeiman, P
\@SKf&eaf?dJ U EHsa gtk @Co. THEhifeBagseiSHtioN, K UI®6yasry 3496.) UV

stirred for 30 rmat 23 C. A soI utlon of phenol (489
meax @, (AON mreghanotic @Y um,;maam Jo=-110° (c =1 in 0.01 M methanolic

B TR BB GRN E  Grrb R  i Tha T fo51603

cannula to the reaction m xture prepared above at 0 C
The resultln m xture was allonwed to wvarmto 23 C over
- esiss0fi6-Pe owlingn at that tenperature.

ﬁgeq\%qaagot assi um phosphat e buffer solution (pH
. 0 nL) was then added and the resulti ng

m xture wasl.er¢-Baldt@ERM,t h di chl_or onelt HP@)2( BME (60.).m)

T gani ¢ &REr-86f€ were @ fbd andCHe@n dri ed o Et

a ous sodiumsutfare: dried Solutio

fi ;:er €0,HN2 Bthe?&°Cl-pRar€ coO ceﬁpb_létt@dph P'(D@M\A?ng a : CO,Ph
colokmkess oil. The product v@de purifi N ﬂ?efl OMe -

caplisigagidc hr omat ogr aphy (6: 94 acegog@@gnhgﬁqg@%a
affordi ng the phenyl ester ﬂ'ﬂ?}lg 464 as a white sol {gPL1280
(590 ny, 85%, np 65 C. [00199] R10.33 (1:9 ethyl

0618%) e- he)&@@@lﬁﬁon bﬁe% ﬁ@lﬁlnh/hﬁzeycm&e 84049, 140 mL, 33.6
H J= 7.3 Hz, -7.24 6H, ArH), 7.14

anrpol, 2:6 equv)pyas aAd@qi to aeso@glo@g)f 1\? NgY' Wtrqq}eth}gethgle(xéhamme (4.9

Kb P bl peiye i (4D S0 Gl

kéfution was €odled I@NHIC lidkrrdl tehabérature] #va Bquid Afirdgen-ethanol bath.
121.7, 118.1, 113.4, 67.8 241 19. 2; FTIR
4 Feljtion ot a-anisiggc(dy2.08-)1 3. 118mol, () equigdy totea ;Wdrffmn (10 mL)

(\g%sgadglégi &rog)g%ss; ( QaqTég)loV(nl? Eg’r’l_ﬁ% 30&@?1% (tl? }(]:eall L(tﬁ)n The
(rexiltidddeBgdHuspaiohdus, stitrod fiak a’&&ddi’trbﬁﬂ 30 Mim at —90 °C then was
ANIET S BRBGCLS GORVSH 4GB BDEIeE e tseaga ML, 52 mmol, 4.0
equiv) was added. The mixture was allowed to warm to 23 °C over 15 min, then was
partitioned between water (50 mL) and ether (50 mL). The aqueous layer was
separated and diluted with aqueous hydrochloric acid (1.0 M, 100 mL). The resulting
mixture was extracted with ethyl acetate (4 x 80 mL). The organic layers were
combined and then dried over anhydrous sodium sulfate. The dried solution was
filtered and the filtrate was concentrated, providing a brown oil (1.8 g). 'H NMR (500
MHz, CDCls) analysis of the crude product showed an 8:2 ratio of the carboxylic acid
CDL-I-279 (6 3.89, OCHj3) and unreacted anisic acid (6 4.07, OCH3). Oxalyl chloride
(1.0 mL, 11 mmol, 0.8 equiv) and N,N-dimethylformamide (100 uL) were added in
sequence to a solution of the residue in dichloromethane (20 mL) at 23 °C. Vigorous

gas evolution was observed upon addition of N,N-dimethylformamide. The reaction
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67% [ 00200] A sol ution of n-butyllithiumin hexanes
(.67 M 80 nL, 0.13 mmol, 4.2 equiv) was added to a

we edostiiogs of diisopropylamine (20 pt, 0.14 mMmobcT/éds05/017831
equiv) in tetrahydrofuran (2.5 nL) at -78 C. The
resulting solution was allowed to warmto O C over 15
mm  NasP-di net hyl propyl eneurea (17 vtL, O 14 mmol , 4 5

dt .
AR SRl 2 23S B RHGRAEE 48 1R B o
Pyridhe (23LEL, T0HambL-2454qiv)] aid4- (@nQ&@ldﬂiﬁbg)yﬁdﬂleQﬂ@‘h@ 0.081

in tetrahydrofuran (250 t.L) was _then adde
Tvaok, 800 erwiy) yerd asided 81 sranensehd3 861 The gesplingHropmreaction

o,
00 Sp PR B0 A0 A SNSRI L Py 5o
Wets addetbshdathe retlting nlilveure oas b;ttramddelapethglchmal@t @resovad.). The

"flowed to warmto O C over 4 _h. Acetic aci
vagang kers avere epmbiacdidhen washedivip ap@qugous S@gumohxdmféée solution

3?.256%) @H%?ﬁg@ﬁ%?ﬁﬁ_bﬁﬂ% gﬁ@q]ﬁﬂf ah& \Jéi-g thef d8&] HMer ARnydbhis

he r t1’ng yell ow m xture was
esmdiuacslfkﬂtalvi The dtiedisblutionmtak fittered 3nd thieKiltrale. wahvencentrated,

Jcetrat wer e, conbi ne n dried over
T GG b A bR PraEt e i By o0f Goibbn Shadoeraphy (5:95
fétl'x}ll %&&&tefﬂéﬁ gﬁ aftbidifAthe VRSCHINELS h:ad 86lorls AW (11718 50%).
a (ellow oil he product was purified by preparatory

HPLC on a Coulter U trasphere )DS colum (5 nm 250 x

A0 ot EA e e Rl 155y HARREISER Mite. C15Eh) 5 7.56
| i-ONS ¥l UAED of 3 HAOLIM,DYBQLANGER, 7.8 891297, SLUURD, 693
92-100% B’ over peak el uting a

slH,fJ 2di8ddz, aﬁrr&l)c@ﬁé édltlﬁitf(.SdS 8 dlzgiAvH),endl (SCEiii @62}14)38 79 9,

1911 AR I & At 21 B e ke MRy,

8:1509?5(1661?_"1%5 elllﬁ_sl)gls g@%,l%g@}% 201205, 129K, 17¥.6)120.9, 108.5,
55.9, 26.6, 15.6; FIIR (neat ﬁhﬁ) em™ 2970 (m), 1740 (s, C=0), 1583 (s), 1488 (s),
1471 (s), 1438 (m), 1298 (W), 1270 (s), 1236 (s), 1186 (s), 1158 (m), 1091 (m), 1046

(s), 1001 (w); HRMS (ES) m/z calcd for (C¢H605+H)" 257.1178, found 257.1183.

Et BBr;, CH,Cl, Et
: :CogPh 0°C ; :COZPh

Phenol CDL-I-298:

OMe 97% OH
CDL-I-280 CDL-1-298
[00190] A solution of boron tribromide in dichloromethane (1.0 M, 5.2 mL, 5.2

mmol, 2.0 equiv) was added to a solution of the ester CDL-1-280 (662 mg, 2.58 mmol,
1.0 equiv) in dichloromethane (10 mL) at 0 °C. The resulting yellow solution was
stirred for 70 min at 0 °C, whereupon saturated aqueous sodium bicarbonate solution
(50 mL) was added. The resulting biphasic mixture was stirred for 20 min at 0 °C,

dichloromethane (50 mL) was added, the layers were separated, and the aqueous phase
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12.7 Hz, OCHH Ph), 5.43 (d, J= 12.7 Hz, 1H, OCHH Ph),
5.33-5.28 (m 2H, OCH2Ph), 3.99 (d, 2H, J= 10.5 Hz,

wERNSAHS)2) , 3.04-3.00 (m 1H, CHCH2CHCHN( CH3)2dT/u820830017831
(dd, 1H, J= 16.1, 4.9 Hz, CHH CHCH2CHCHN(CH3)2), 2.74
(dd, 1H J= 16.1, 16.1 Hz, CHH CHCH2CHCHN( CH) 2) 2.53
(dd, 1H J= 10.5, 3. 9 Hz, CHCHN(CI 13)2), 2.51-2. 43

g"? Bx:tﬁ'qfxtzaé_tﬁccrlsw%fﬁl %5-BQ_B;NE}(G: or)ggr;_ﬁb la%g%)?w re’

QoRbikedand then Bt o ver é/ﬁﬁ)us 36diurhBSfate 1 3Ge UNEY Qélgﬁ)on was
WHz, CD2Cl2) 5 187.9, 1 182.5, 178.8, 167.

Tilered angiahe ﬁltraiezwagcorm@raz@ed poviding thegoheng. <iDL214223 asa
20% leeﬁ%glli‘Jﬁ(OS rgg,%?ZQB 5, FTIR (neat film, cml 2939

C=0), 1593 (s), 1510 (s), 1469
(nj 1449 (m, 1326 (s) 1254 (m, 1187 (w), 1157 (m,
1090 (m, 1064 (m, 1007 (r?é; HRVS QE% m z cal ed for
(89144 7 N30 AGi0ATS 7S £thyd goctafedisnancs 2HIPMR (500 Ylidz.§Pel) 8

qzogzl |y yg0a0 (097021 Falhadiofn BYBKOXI5-ofk AR RAD, 735
1H, J=17.3 Hz, ArH), 7.24 (d, 2H, J= 7.8 Hz, ArH), 6.93 (d, 1H, J= 8.3 Hz, ArH),
6.85 (d, 1H, J= 8.3 Hz, ArH), 3.13 (q, 2H, J=7.8 Hz, CH,CH3), 1.34 (t, 3H, /= 7.8
Hz, CH,CH3); *C NMR (125 MHz, CDCl3) § 170.3, 163.2, 149.8, 147.8, 135.1, 129.7,
126.4,122.0, 121.6, 115.9, 111.1, 29.8, 16.4; FTIR (neat film), cm™' 2973 (w), 1670 (s,
C=0), 1609 (m), 1588 (m), 1490 (w), 1444 (m), 1311 (m), 1295 (m), 1234 (m), 1187
(s), 1162 (s), 1105 (m); HRMS (ES) m/z calcd for (CsH403+H)" 243.1021, found
243.1014.

Ester CDL-1-299:

Et Boc,0, i-Pr,NEt Et
CO,Ph DMAP, CHyCl, CO,Ph

OH 86% OBoc
CDL-I-298 CDL-1-299
[00192] N,N-diisopropylethylamine (520 pL, 2.99 mmol, 1.2 equiv), di-#-butyl

dicarbonate (645 mg, 2.96 mmol, 1.2 equiv), and 4-(dimethylamino)pyridine (31 mg,
0.25 mmol, 1.5 equiv) were added in sequence to a solution of the phenol CDL-I-298
(605 mg, 2.50 mmol, 0.1 equiv) in dichloromethane (10 mL) at 23 °C. The reaction
mixture was stirred for 1 h at 23 °C, whereupon saturated aqueous ammonium chloride
solution (50 mL) was added. Dichloromethane (50 mL) was added, the layers were
separated, and the aqueous phase was extracted with dichloromethane (50 mL). The
organic layers were combined and then dried over sodium sulfate. The dried solution
was filtered and the filtrate was concentrated, providing a brown oil. The product was
purified by flash column chromatography (1:9 ether-hexanes), affordjng the ester CDL-
1-299 as a colorless oil, which crystallized upon standing overnight at ~14 °C (733 mg,
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ng, 0.0094 nmol, 0.7 equiv) was added to a sol ution of

the M chael - Di eckmann addition product CDL-11-466 (10

wogos@103t nmol, 1.0 equiv) in di oxane- net hanobct/szbos/o17831

10 nmL) at 23 C. An at nosphere of hydrogen gas was

i ntroduced by briefly evacuating the flask, then

flushi ng with pure hydrogen (1 atn). The resulting
F“S’ g stirred at 23 Cfor 2 h. The color turned

green fter 5 min and then gradually to yellow within

t[Re193¢act i ARy L231@:9 élfher-liﬁxaﬁesb € HEMHE (J00eviHg, ChCoyslr 46-7.42
pl ug of cotton_and then concentrated to a yellow oil.

B rHydr-dlih28 (e SHe AeH), :?72% (dibﬁ pHEY- T, AdBlod 16 dalH, J =
Sﬂé Hizi RAEPD $\@, 51§5F 448 i) %‘}@ 21 46 gsaPﬁLHEE%t 133 b(ltC3H J=173

The reacti’ on 5§ noni t ored

GMIGIQCHJM‘?GNMRK@MIZ} ommm) e( 565011115259150 6 ﬂsmn144 5,131.3,
flow rate TFA in

JP\ie h£0-B; 1?@ 110}@5rﬁA121n7 d89t5@§3 8r27 é 26@\/ lé&s EﬂR ﬁwahﬁlm) cm™
frzr%]%“ ?ﬁ%e l\ggg%’ ') gsg%r(%\,) i n%tlc(g}t? 7#9;) eS| |(§%fol\égg &Wgtlzm ),

A28é1(s)st190r(snd 1450(5) 3051 &t ); ZBRMS (rEs) aepeateor (ORHW+NH,)"
l.et e. an i Xture was concentrated to a yell ow

é%ﬁ%ﬁrefowﬂa@ﬁ%@'g ure was purified by preparatory

HPLC on a Phenonenex Pol ynmerx DVB colum (10 tm 250 x

10 mm flow rate 4 rﬂ/mn Solvent A 0.01 N aqueous

hitiehaehDig iditig 5 aE@8dmni tril e,

detection at 365 mu) usi an injectio ol urre
pl nmet hanol _cont ai n? 'Q\% acid rmng?gd{ atle Q}IQH

and a i ear! gr adi entT 5f‘7é @O% B ovge eak
el ut i 4@ 20-29 mMn was collected & Iecho
gi ve t héf hy@elhl ord d&® $f~>@0C- 11- 460Yas Y y& 'l

powder (QBC& my, 749 . [OHGY} I H NRcO5000 Mip, ¢ D30CRBN
hydrochl ori de) 66.3Z2~3A~J1tHp ArH), 4.06 (s, I(PiTBS

CHN( CHBPR)I-298. 05- 2. BHN N(CH3) 2, CHQEDI-28) 2,
CHCH2 CHCHN( CH3) 2) Ovfdd{ 1H, J = 16.1, 3.9 Hz,
CHHI CHCH2CHCHN( CH3) 29, : 23 55 ¢mid, 11-1, J= 16.1, 16.1
Hz, CHI TCHCH2CHCHN( b789 .DRse?0 (s, 3H, Ar-CH3), 2.18
(br. d, 1H, J = 12.7 Hz, CHI TCHCHN(CH3)2), 1.59 (ddd,
1H J = 12.7, 12,7, 128%k Hz, CHH CHCHN(CH3)2): 13C NMWR

g M"Z (A%M&Paf r?b&téﬁﬂﬁum%ﬁ%g?anf%gl?gégl\/bé?étLl Z96§ mmol,

60. 6, 159.8, 153.3, 11

6R efuiv)wds,add&d i, a sHiutfon F3iiSoprofylSminkI1@ uLHAMD! (ie)l, 7.1 equiv)
mz calcd for (C21H23N307+H)' 430. 1614, ftound

And NN -tokammsthy lghdonadiamaing (W niyt06f meobane gauivrie

SRR Rgo R aR "0 ¥ ot B oS eyt C for 30

VAR heRtipbal b BElution bﬁh@@t@hCDL 1-299 (17 mg, 0.050 mmol, 5.0 equiv) in

tetrahydrofuran (200 pL) was added, forming a deep red solution. The solution was

stirred at —78 °C for 75 min, then a solution of the enone DRS6 (5.0 mg, 0.010 mmol,
1.0 equiv) in tetrahydrofuran (100 pL) was added at =78 °C. The color of the reaction
mixture remained deep red following the addition. The mixture was allowed to warm
to 0 °C over 150 min. Upon reaching 0 °C, an aqueous potassium phosphate buffer
solution (pH 7.0, 0.2 M, 15 mL) was added. The resulting yellow mixture was

extracted with dichloromethane (3 x 15 mL). The organic layers were combined and
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CO2Et 66% JD131- 67- SMIDB1- 67 [ 00204] A sol uti on of

2-nmethyl-nicotinic acid ethyl ester JDB1-67-SM (0.589
w@20083158435m0l , 1.0 equiv), aqueous sodi um hydrexi/d€2005/017831

(2.0M 3.9 nm, 3.9 nmol, 1.1 equiv), and ethanol (5

m.) was heated at reflux for 18 h. The reaction

m'xture was allowed to cool to 23 C, and was

SBOR AP P RS RT3 s ST

Jﬁlﬂrﬁtee;@aslcmhcamateadpiedldﬁrcg aayenow oit. €Tl probigct G iER bR
salt in dichloronethane (20 nL) at 23 C. Vigorous gas

evrenanatpynHiReE oobls@u}@a Uutp?tsnh%ra @DS eHuUMMKS e 280 <ok mm, flow
et Pt oeRrR e Solie P Rut iy Vaidgion at 350 nm)

Sdsirfgr dnrlﬁj eb@én @Jluﬁg @E b' 0OnB |metﬁ%910[TW1tﬁtan3§’bc§&at1@ Qﬁﬂféh 0@ 834%B

mmol, 2.5 equiv), pyridine (864 )t
%@I peaks emtlea af ¥)-40 avinl vats eelidejddzand wgpwlitrdted @ff@mlngyhe Michael-

g added |t ]
PP B Gy TR o e L SO B g BBl ™ 114
001&9’8}' um plasph@: etebtihfdsfusal hixads)(BENTIFB00MBZMDCI;) 8 (s,

was ‘added. The resulting m Xture was

6ot DR e A e SGOHLY. 4@n7dsssgny4H AedDaf 40 (d, 1H,J
ot b Doy SRSk P OEHER S9 @C L 1hA 85 oy,

| 2862518, eHQQHBCHQQPEGGIGH)@BGG (M\dl tlfH = EEPENTEIzsodi um
q)glgr oxi de solutio (50_nm), and

R RS e ae T gotet b ity W7 He dr i o

B e o Pl R CHEEECR ), 156 o

fAFR ] .6, OH; Boe), OGHapINH, (rm)mzé(mﬁ TBS) o 13 (s 3H TBS);
tc-h t L
o OB LES RS gy | Bsbal s 0a80b e 167 60151 B alagR. 147.4,
tat 1
AABLAL94. bem' 59-;1)28 5] t&j\%’ﬁz’é_b%o@%i\’k'zlo gaD%% &fﬁ 813‘9@@7(8% 725,
Hzl 5, ﬁﬁm- m) 9, T0.8,B47,23.7( 06.0220.7 ArH), 167, 286,7.3 TOFTIR (blak film),

o 392Ul e 9 (1650 b L2 Y 455K 15, 1467 (),

1121@6 Im), 11349 Pm), 1i2Y7 Gs), 126b- @h), 1231 (s), 1144 (s), 1005 (w); HRMS (ES) m/z
caled for (C4oHsoN20oSi+H)™ 731.3364, found 731.3370.

6-Deoxytetracycline CDL-1-322

N(CHs)z
unlo000¢
2. H,, Pd black m

: 0 oBn THF-CH30H HO O HOé

BocO O HO :
OTBS 81%
CDL-1-287 CDL-l-322
[00196] Hydrofluoric acid (0.6 mL, 48% aqueous) was added to a polypropylene

reaction vessel containing a solution of the Michael-Dieckmann addition product CDL-
I-287 (15 mg, 0.021 mmol, 1.0 equiv) in acetonitrile (3.5 mL) at 23 °C. The reaction

mixture was stirred at 23 °C for 55 h, then was poured into water (20 mL) containing
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25.0; FTIR (neat film, cm1 3406 (), 1948 (w), 1747
(s), 1578 (s), 1487 (s), 1435 (s), 1273 (s), 1237

wd 30051120950 (s), 1046 (s), 915 (m, 822 (m, 748C1/6$2005/017831
689 (s); HRMS (ES) mz calcd for (CL13H | NO2+H)
214. 0868, found 214.0866. [00206] A sol ution of _
n-butyllithiumin hexanes (1.47 M 136 [IL, 0.200

3.equiyv dded t ut 4,00, of
Roelpoyt s i tdsp R AR yhO g drt Mol Bnflacgiare ¢4« 29 mL).
tTHeroaganill sasesamere Qoﬁﬁﬂletﬂahd #en-dfRd Gverldmbydas Ed@mn sulfate. The
m xture was br transferredto an i

tskaied solpfipn wap fl}t?r.eﬂ@né hedlirajsvas Gonesinaiscl. prgviding a ight yellow

equ?‘%aalgv\é/aﬁs@m gd t?n%iﬁgl $r314§te (8?@ ‘g?se%grgggl %Ogt lé?to%sé)luno“ of

(he eiglue @smkthamg- tmrad’tykir(ffumil 4t 2 l’rrLQd Afrmtrrﬁsphemmfdxydrogen gas

wher, [ |
ARy Briehy e isdht Ao B B0 itk e hydrgeep
gt TI‘R{‘mQItur% hﬁ‘as %ﬁ?r@dl atvIB¥e &F 2(13 OWRhIADS néh %@egcdmhan%ed from
equi v) he enone DRS6 (12.2 ng

]llghoy‘dmw to)darmyctlbw aﬁwwtmxx@m iz ﬁaer’edgsroagh a plug of cotton.

R bl ) B g vos pure

[drbddr RBSHPEL W8 QPR ARSIy RS IFE B Bl RPEaRNaE ©50 x 10
Eﬁféeésoﬁ&ﬂon(pH?%OZl\XSOnL anﬁhﬁl{1 .

cﬂ(xyhtatrr bHmdi/mam So[v25t Al inethahel- Q)B@Nriﬂ@l (dhﬁssolwmt B: acetonitrile, UV

SRR 50l R R BTRE el H Shett aBb o

%f&n&ﬁﬂ%ﬂfh@éﬂ l@rhq dinklea?l 18O ¢8tatid %hﬁf%h%‘f’% 8 & @ 'fé&ni‘SSrHinf #HeR-a linear
The dr sol uti on was decanted and concentrat ed

afrddierdiehgioa of é B166% Bah il 8l mithdhe peakuat utingat wm $ gtin foyas

Rl B B v
\e@%ng,w waet Rangl, g1dy) det ection at 350 nm) using an

i nj

tio voI ume of 500" jiL methanol and a |inear
doetizgnt el'Ht NMR oﬁoogﬁmo%emmdmamm) F ﬂis9|c(eailH at= 7.8 Hz,

SAah dTRAE ) LT RSN SRS B R Lo o

CHN(CHa),), 3.03 (br s, 3H, N(CHs)), 2.97 (br s, 3H, N(CH3)), 2.90 (br d, 1H, J=12.7
Hz, CHCHN(CHa),), 2.67 (ddd, 1H, J = 12.7, 12.7, 5.2 Hz, CH;CHCH), 2.61-2.56 (m,
1H, CH;CH), 2.30 (ddd, J = 13.7, 5.2, 2.9 Hz, CHH'CHCHN(CHs),), 1.54 (ddd, J =
13.7, 12.7, 12.7 Hz, CHH'CHCHN(CHs),), 1.38 (d, 3H, J = 6.8 Hz, CH;CH). HRMS
(ES) m/z caled for (CoHaaN,07+H)" 429.1662, found 429.1660.

Example 4-Synthesis of a Pvridone Sancycline Analog

Phenyl Ester CDL-11-464:
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[ 00207] Rf 0.07 (3:7 ethyl acetate-hexanes); 1H NWMR

(500 MHz, CD2C12) 8 15.21 (s, 1H, enol), 8.63 (d, 1H,
woz0dabolz, pyr-H), 8.19 (d, | H J= 7.5 Hz, pyertB2005017831

7.54-7.43 (m 5H, ArH), 7.34 (d, |IH J= 4.5 7.5 Hz,

pyr-H), 5.36 (d, 1H, J= 12.0 Hz, OCHH Ph), 5.33 (d,

1H, J= 12.0 Hz, OCHH Ph), 4.03 (d, 1H, J= 10.7 Hz,

CHN(CH3) 2), 3.36-3.31 (m 1 CHCHN( CHB) 2), 3. 23
(dd, 1H J= 16.3, 5.6 Hz, CHCHN( CHB) 2) . 2. 99
(dd, 1H J= 16.3, 16.3 Hzcl CHCHN( CHB) 2) , 2. 63
(ddd, 1H J= 1.6, 4.4, 107Hz N(CH3)2)
2.54:2.48,(m TH N OH3)2, y\@é(ﬁqg (dd,
1H J= 1.6 3 CHH CI—REHN(DHB) 2) H,
TBS), 0.26 (N TBS)—6—43—fs—3H- s —6—43+fs—3H TBS

(100 Mz, CD2CY2) @AB7.7, 183.5 182.6, 18P.2

161.2, 153.4, 08m. 6, 134 1Ph012@NE\P 129.1, 1990

126.8, 123.0,c9Q847 106.9, 82,2, 73.0, 6&0&"_4& 0,
42.1, 41.4, 301 98.4, 26.1, 33 2, 19.3, 5 4 %35,

HO0A98] ES)  1%,4,6-JaicblhrésnzgyC3BldBidmEDESi; 1) 2D Mad,686 equiv) was

f 602.2686.. ., WD. 2005/ 1129 005/ 0178

FUBDIS BB oG G 2D AL BeBORL A NefReman, MM
q%ﬁ@l NIA. malﬁo rﬁe‘v@@R&z@mﬁn@ gk eyiR1996, Bh%l@@h%@ﬁﬁlﬁ@b 08
(6 ng, O. ‘mmol, 1.0 equiv) in di oxane- net hanol

(rﬁmal 19 dﬂ]unvl.))anétrliﬂh;yl@nmﬁrﬁzﬂ pbsba& mendf 1.hyeduivyemtetalyydrofuran

f(E% §ﬁ3 ﬁlg S% {? h tnzf ]lul\%j{ g uﬁvaa% I:fg e?@;]uepo;}ﬁaglélplé e E’Eﬁfe)g{;tb?rbmlxture
Wask sSitred F&B0f 1R af 2BPC. asngblﬁﬁ@{bff}ihlea@lr(e@ Rr 990 li‘mﬁolpt BGquiv)

of cotton. The filtrate was concentrated, provid g
tand 4c(drrb@hﬂlmn@r@)mxchnq/@|88 g, §i20 rumob 2rigyquiida é@iwby rofuran (10

of l upri,c. aci d o
L B fisBhilub ISt sehlof MRS BRAES g0 o6, T8
tregul G Bbx@aIves allowad &f winini fo 13e°( 4veéd ll'lhx)mazindZ\aathlrr—Eh ffor 90
reaction mxture was heated to 35 C and was stjrred

trRigtat thatisapngraiiie. Fdraqpyoysrpotaspigmenhospletnlefieossplygen 70,02
36! $b A5 WA ARGNAG NI R DRRE AR Rk SRR i 5 -

he reaction m xturé was concentrate
aﬁémmmgqaae y33k I30\mIS)oI’IThé orddnéc erntedtsoveraasmpuned hncédlebydrled over

(Sr i S gat ﬁ"ﬂﬁ d? %ﬁ’iﬁﬂ)%)é}ﬁs\flg?/ﬁm ’é(ndgh/g éjg:trate concentrated,

t}frd)\flhhﬁ@ ra%ﬁﬁte's§01§01f§e hdduateds puﬁﬁlz&' 5? lagh c&uér{‘bhromatography
trifluoroacetic acid in nethanol -acetonitril 1),

(%94 sthet neatate-diex8B6), affprding thg phenyil nsftexc€DanIvtﬂ4m vite solid

igg)qﬁ gﬁ}panoés a¢d a linear gradient of 0-20% B over
35-45 min was collected and

omp)@;ptrat 1% *W&h At SaleOV¥xBihds); 'FNYMK {50083Hz, CDCly) § 7.49

g' ssol ved ?ﬁ ng anol , treat zad Wi th {:oncentrat eo?)

r(lsicﬁfd;,@fﬁ 33ildz, aPmIﬁ [ 2@7yAM)n 6&h drHhehl 4 6hetnd mat- 2zt ArH), 6.69

Hrg PRS0 E oBb GaRRRl St st G2 Eblpafl, BRT*'C Nk
fmis M}hi @DClg)s B659,1%09, 777.8M502411498! 137.3, 129.4, 128.3, 127.7,
127.6,125.9,121.7, 118.1, 113.4, 67.8, 24.1, 19.2; FTIR (neat film), cm™ 1738 (s,
C=0), 1600 (s), 1569 (s), 1492 (m), 1441 (m), 1400 (m), 1333 (s), 1272 (s), 1185 (s),
1159 (m), 1097 (m), 1051 (s); HRMS (ES) m/z caled for (C2HioNOs+H)" 334.1443,
found 334.1442.
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1) 7.91 (dd, 1H J= 6.8, 6.8 Hz, pyr-H), 4.12 (s, 1H
CHN(CH3)2), 3.41-3.22 (m 2H, CHH CHCH2CHCHN( CH3) 2,
WEHosI2 Bo3HN( CH3) 2) , 3.11-3.00 (m 8H, PCT/US2005/017831
CHH CHCH2CHCHN( CH3) 2, CHCHN(CH3) 2, N(CH3)2), 2.34
(ddd, 1H, J= 12.9, 4.4, 2.4 Hz, CHH CHCHN(CH3)2), 1.77
(ddd, 1H, J= 12.9, 12.9, 12.9 Hz, CHH CHCHN(CH3)2);
) > 6 ! 306+H) + 400. 1508,
‘ v 743 331 400. 1504.
Exanpl e 6 Synt hesi s of 10 Deosysancycl ine C 3(&0{(4):93)2

DVF, H{G - CH; phehdi® BMRP; pyr He ne  LCO2HIF99 8
JDBI- 113F SMIDBL- 113 16621608 N- di met iy ,2/N
tiL) wad RS 9d_@gq to,a.solutid
OBn (CH) BhO O HO : O  OBn
HZ o2 oTBS
CDL-lI-464 3 O CDL-I1-466
AN
oo OBn
OTBS DRS6
67%
[00200] A solution of n-butyllithium in hexanes (1.67 M, 80 pL, 0.13 mmol, 4.2

equiv) was added to a solution of diisopropylamine (20 uL, 0.14 mmol, 4.5 equiv) in
tetrahydrofuran (2.5 mL) at —78 °C. The resulting solution was allowed to warm to 0
°C over 15 min. N,N-dimethylpropyleneurea (17 uL, 0.14 mmol, 4.5 equiv) was added
to the mixture prepared above at 0 °C, whereupon the mixture was cooled to —-78 °C. A
solution of the ester CDL-11-464 (31 mg, 0.093 mmol, 3.0 equiv) in tetrahydrofuran
(250 uL) was then added at —78 °C. The resulting yellow solution was stirred for 5 min
at —78 °C, then a solution of the enone DRS6 (15 mg, 0.031 mmol, 1.0 equiv) in
letrahydrofuran (250 uL) was added at —78 °C. The resulting deep red mixture was
allowed to warm to 0 °C over 4 h. Acetic acid (40 puL) was added at to the deep red
mnixture at 0 °C, followed by an aqueous potassium phosphate buffer solution (pH 7.0,
).2M, 15 mL). The resulting yellow mixture was extracted with dichloromethane (3 x
15 mL). The organic extracts were combined and then dried over anhydrous sodium
sulfate. The dried solution was filtered and the filtrate was concentrated, providing a
rellow oil. The product was purified by preparatory HPLC on a Coulter Ultrasphere
IDS column (5 pm, 250 x 10 mm, flow rate 3.5 mL/min, Solvent A: water, Solvent B:
nethanol, UV detection at 350 nm) using an injection volume of 500 uL DMSO and a
sradient elution of 92-100% B over 30 min. The peak eluting at 21-29 min was
ollected and concentrated to give enol CDL-11-466 as a light yellow solid (15.0 mg,
y7%).

00201] R;0.55 (3:7 ethyl acetate-hexanes); '"H NMR (600 MHz, CD,Cl,) 8

6.05 (s, 1H, enol-OH), 7.52-7.26 (m, 10H, ArH), 6.66 (s, 1H, pyr-H), 5.57 (d, 1H, J=
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t he carboxylic acid JDB1-113-SM (500 ng, 3.67 mmol,
1.0 equiv) and oxalyl chloride (367 td, 4.22 mmol,

wd 2005198 v) in dichloronmethane (20 nl) at 23 g&T/US2005/017831
Vi gorous gas evol uti on was observed. After stirring
for 80 mn at 23 C, phenol (863 ng, 9.18 mmol, 2.5
equiv), pyridine (890 ptL, 11.0 mmol, 3.0 equiv), and

TR HROP RS SIET Tl YL ECHHEPR, SanE AR A,
VEHSRIDOR.98(d, 24 TeuR).  BlzaSFIN(DHR R ), 300%a8 .00 Ipmf iIEH
sol utian nL) was added.

] H(gffhﬁi%&dg“ﬁﬁ.-{. RPRUR 6 i it KT RN (S TROY
enj)zz‘tr ct lgt‘gl\néétllgqgﬁsg |t| ongﬁc%%mk@ﬂ%%) E?é‘ %W{S’J—IO'S’

acetat EHCHN(UH 2. 51 -Ragdns 10Hr N(@Hm)b,l AveGHa AHWECSHEHN (CHa),),

ﬁréﬂf‘ o7 T e MHT NG PGy AT S B g, s,

t?H iﬁg) d¥d R Pl d4 ER, WBSCORS 281, ?‘ﬁ(sggw' 1%)5 178.8, 167.9,

conc hirate affording a col of [ €ss ol Thé
plied D d61.8a548) BT |9;ebeb§' 120ds h2%6) 1290, A B8.anHt 70y ridpley 116.4,

08 198501075 8815 7P BT 16 0 48,28 083 Far 23 0,105,
243 A8: -6 1

it YR (GG T2 I 2857 AL TG0 057 (o) 1510

g65), 186H mIOM49Y (m)2 1826 (53,1254 (), IABTERB),:113BEnNNVROQ (10D 1064 (m),

1887 45 RS e g eal S denodRsird 22,552 ousd 722 3261,

(neat film, cml| 3046 (w), 2923 (w), 1739 (s), 1594
(n) 1487( X ), 1241 (s), 1189 (s), 1159 (m,
7 I -IE400:1 2z cal cd for

(o 4F11202+NH4) 118

30.1187. WO .

5/ 112943PCTH O /01%2%;51;8‘318& - 4 L3DRS6I0R] - 1184 pChalz - HC
[ ﬁ@@ \on- but STEe B | ' hexa
M 38 0 NGg0” /mmlgaa%mmv) well_ad NH,
sol uti dopr eyl ami ne, (7.4 pL, 0.05¢ nfol

on Bf 4
equﬂ?/’)ol notePFI {%/é]lrofuran (0451) nm.) at -78C, oThé)HOHO o
reaction megiytgswas briefly (10 m n) transferrggl_hgso
an ice bath, W|th stining, then was cooled to -
Hexanet hyl phosphoram de (13.9 gL, 0.113 mmol, 16 5
d60302] was Patlddidm ltydlrcbvedmlxtaxbw (0eptalebd, oy eatat mag.850%, 10

@;?:‘a‘ﬁ“s‘ﬁ"f: R S St ot AP e ich D RBkmann

raﬂﬁiﬂohlpﬂ&iu‘éﬂbmﬂ -PN460d 0 ek @ch 1dramel, 39 sudv)GRdvkhAe-ethanol
solution of the ester JDB1-113 (10.0 éq 8 0471 nmol

g1d8 1@ e 23 3ad Anradmesrhises aikggrqesn 3a~wgas ntrodesd hamleﬂy

t
18,0 PG R AR T, R 3eSing e
avdsowerdd ao2303C fort2oh. - The @lm\/t&fnea @réﬁnmftﬂﬂﬁl miaand then gradually to

B/G]{l%){gtrvblglgﬁ elbrggtxpvt%gan?en qelégg{lfltfyp e\gits e;in}éwggl? a?) utgeof cotton and
)
gg%ﬂé@t e érg(j]t%réﬁle lgglu({eﬂc_)u% %ﬁgsé@c\%a@l?rﬁcf{dﬁ@? éxt rogé*tLQJV as

vidtiéd @ sodietioni ofniad re2iduérin mpethinal {1 @mlgiachl &C oMkt Fabtton was

The .or gani hases were conbi ned and dried over
AHYORELE Ssliieal Gltare Clsr Hlirasghers QI3 eplumad wm, 250 x 4.6

Ei;n%aﬁbx%gat@riqnﬁﬁﬂ? %B e %ﬁfﬁ@)&% Qte? 9’0%8%’ 69% 9FA in

he’ product was purl y preparator’

Goetbherilel UVr desqrhion et TDSwapwvithm gddiery n‘lut125 @f X0 ZIIOO%T’B over 15
3.5 nL/mn, Solvent A: water, Solvent B: nethanol, WV
detection at 350 nn) using an injection volune of 500

pL met hanol and a linear gradient elution of 85-100% B
over 30 mm The peak at 25- 30 mm was col | ected and
concentrated to give enol 1dB1-87 as a white solid

(3.5 ng, 85%. [00213]RL O . 4 6 (3:7 ethyl

acet at e- hexanes); 1HNWMR (500 WMHz, CD2Cl2) 8




15.53 (s, 1H, enol), 7.94 (d, 1H J= 7.9 Hz, ArH),

7.54- 7.28 (m 81-1, ArH, OCH2ArH), 5.37-5.34 (m 2H,
wEXddR4s 4. 05 (d, 1H, J= 10.7 Hz, CHN(CH3) 2),pSr/292005/017831
3.18 (m 1H, CHCH2CHCHN(CH3)2), 2.99 (dd, 1H, J= 15.5,

5.6 Hz, CHH CHCH2CHCHN(CH3)2), 2.88 (dd, 1H,
J=15.5, 153 Hz, CHH CHCH2CHCHN(CH3)2), 2. 61 (dd 1H, J

o R et s T
%@'&ié&%@%o%%@omp@et@ §nc( the %%ﬁrg B2l co&egéaté%ﬁél owoil. The
rameamxmse was piidzedBby nﬁﬁarétory[H'PLYZ ol Rhéhontedsx Rolymerx DVB

gmyi 1)30 22501%%) gim, %é tefémg/rrgg 181(5\%1%1 4 %)2071 ng agueous
?ﬁéds hidic gcrdzgolgent@ a@etogr%'ﬂ@ U¥Helection a53 65' rﬁn) sn{r? BMﬁJectlon

mz calcd for ON306Si +H) 601
G@Iluni’e76:’t05 00[ r&omm]ahlylohonfahmmg oxalecicd r@ctndhydta,te @B&)%]g) and a linear

ot ok 0% Baner 1bminy e dRkRblingmaa0 S0 mip bees $olgTed ana
Qoggerhgrafeﬁ Y Fwe I OnRAGRridebt @Lqub b § yEdQy ?t; gfij-'@ R3ng,

resufting mxture was stirred vigorous
041’/0:)r 12 hr, then was poured into water (50 ni)

SR S 5RRT0 fne  Esh ERALS TR i 06

PRETAINIELS, CO0BLAInARE, (e CvpCHMDIgppus Sodi um

sul’'fate sol’'ution was filtered and the
fCHECHaCB O Cebng,enid Glide tEL, £ B hils BiSride, RHGH G AddCHNECHS)2),

2ot HioRE 165 PSR R Tt hap & e fiR e,

eth@aal, 180, 9>are7 (i; GHHECHCHMN(CHAR), At SIOGERENTE, Joi 12 7,12,7,12.7

hydr ogen was i ntrodHced by briefly evacuatin

fHZaQHH OREPHN (Qﬂﬁz)ng GANMR @0P é/IHy,c(C&bhﬁO() () 138 )] 183|7h,e1 77.8,

Tecoref Diahganr Hom D3R |GRPRR T3 2Pkt s 3.5 339,

rﬁarptquHMMS WES) Wagalcl 603 HANI@HST)" 231 618, &fund 430.1607.
cotton. The filtrate was concentrated to a yeIIow

soI id (13 ng) The product was purified by preparatory

Ha, Sol vent B: acetoriretqrMQH cthpoldsflect i on at 350 |un)

usi ng apNj njoegt i on val GRENsPMISEHICE, et hanol N__CH,

cont ai fiji ng[ oxal i ¢ acilcphetohAMATs Biriding 10 ng) i f t\

i njecti @ linear gradient elution of B,

30 mMmm The pea eI uting at 48222 mm was col | e%bed ahd

concent‘PEt'@gstVb gi ve 10- deoxysancycline

g[noiz(mhl or i Aol (1 &Bdf zLﬁth@L)no@ﬁn@ EIL étﬁyle@reﬁsDBﬁ%ﬂSMg(o 589 g,
[00215] I H NMR (500 IWHz, CD30D, hydrochl ori de)
mods, 1.4 pguiv), 7q@opy sodiwmihygdroside (4, M;L$19 mlz 379 guma, Bl

Teﬁpw@r aghftr?ngg(?(rggw%s% g)f;} az ge?ﬂtri(l_{og’ %( %;r_gﬂct’tgn 1%9xt&1% 'was

Jidked tc9&)0(1 @ 281, aewww%mr&agﬁfor@h@uwmmaw salt (710 mg)
N(CH3).2), 2.87 (dd, 1H, CHIT
@ﬂeprﬁmqeﬂkrlcﬁzﬁlzj Cthrl‘éfl(3(58dlL ftrq9tmn951415 eflgiv) Wap added to a

FRERERRAER I in e ol 7510, Vs

k&oﬁrtrbh wa@blbtse@b@l—tm(oﬁ:tdﬂahﬁ))n Eharqab&oﬂrrﬂtﬁkemrsgaﬂd at 23 °C for 30
Enan ect i nt | ute t ctural l

el Y SRR ar [ PeTAm sded A et SR orap agiional
tetracyclines, sem -synthetic approaches have led to

t he
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di scovery of the 6-deoxytetracyclincs doxycyclinc (2

in Figure 15A) and m nocycline (3 in Figure 15A),
wahiosicekd y the nost inportant agents in the chP@yes2005/017831

Deoxytetracyclines exhibit considerably inproved

chem cal stability as conpared to their 6-hydroxy

counterparts and show equal or greater potencies in

b3S S RGBS kS AGRT, 55 Aoty hafeBBEL. 107 mmal,
@(B&ﬂﬁ@[ ghd Eethylaeinbpaidihé (Batg) WweBiadiaDiy, se§idiae.SThyresulting

and Medi ci ne c£|B| rkhauser Verl ag, Boston, 20012 each
sPIufAN vas srrechios SP g Rk > F%r\@reﬁelwn@e@evwey asqigmipgosphate

I'
P O R B P TR BB aBE TRl was
g:laﬂ&tonambﬂmeelywafer (xvel) stad ethylwrce&tet Biamla). cFheraga¢ous phase was
struct

ﬁX&ect?@th 2 Hﬁnﬁéﬁmﬁwﬁﬁ@u' t éwfl ﬁ%ﬁtﬁtgg%@ Pﬁgﬁ@w%ayers were

heh®iRa%sl 'vx%sl?é@le\k'@lg% &BQS soditin 'ﬁ}f%kﬁle%élﬁtloﬁ’ﬁmﬁw 1M), brine
ring systens such as t pentacycline 6 (Figure 15A)

&P @md ) cand thmdrleﬁbss@ntanla'dwaksbélummbﬁam dﬂge Chgedtshbltlpn was

pat hway, these. s ruc ures a he ons

R iRl SR iodeiE ot B0 oCREL e R Yoas
sReAfed b{r AasHeuah Ehﬂ@hﬂitcb giphyies g5 el ﬁ&@&é-ﬂqeﬁan‘ébp ptoviding the
and efficient route for the ?nthem s of

entand PBAeTias al dolorissy eil (XIRE.O)- t he
j yt etr ?)Vl%' {1%1 a%E'E‘a@ Qﬁe%) agil femE Bod BekS L) 6 8.70

escri be aI e synt esi s

Gddlaokyt-et] naamlmz; @?r-Hi)Os tn4 vdd, NHY =vii.7, T8 Hzasyr I 7omy1.43 (m,
| at e- st age coupl l(ﬂNr eact i an

T B0 Y 2l 6P APl yrafl. B e HEGH i N (b Wiz,
\@5@9}31@{ 8d1'6fOf8€r1§@T4 B4 ng?bX C§/Sl]9r6 l%gg fﬁg 121, O 25.0;

*ded ounds such ’as

HAR(nédnﬁlrh)gtcm omm(m) m43|(wg,sl747md1578((|§) gasug,sms (s), 1273

$ b bt Skt 166 G Irb e Sebimb Iite: el aRaltis ) me

ENATEALS; 191 NS, BTt L0868 ABRELRLN08EY O V' ng a
| at e- st age &: ring construction (AB + D -> ABCD,

Figure 15B) is that nmuch of the polar functionality

known to play a role in the binding of tetracyclines

to the bacterial ribosone lies within the Al fragnent

(D. E. Brodersen alicib,. , Cell 103, 1143(2000); M N(CH3),

quydeth et al =VBQyJ 20, 1829 (2001 ); eacNof~WhiChA o
&l N by re#—e:—éneeg——»v\hlleleg N

i § ipcor por+at

S E m~6n or near THhe D-ring I"s”no
perni ssibl e, bgt: kas keen citPed as’%Cneans to overgeneo
bacteri al reS| Starese. The advanggog clinical candidat &TBS
tjogseycline (P. ,g% Sum P. Peter'§én, Bioorg. Meggqer
Chem Lett 9, 1% (1999); incorporated herein by
reference), a mnocycline derivative with a D-ring

400R06] t uentA solstiexefivpbuatyllithiamdinihexarnep Or.4 24,1186 i, 6260 mmol,

R0 s cRA o e e A o el Yapy Emal. 5.0

QYhiv) ifRirBhy dM BFRAR050 L) 48678 2804 he rdaBGH RXtale8hs briefly (10
herein by reference). Cassically, approaches to the

aWin) tiansifesredfto mhdeet bth, aohcsticrieg, Alwani \bai&nopbsi tf a@& °C.

HIARERS royaRt Rl T AR STR Y ilot! [0 R fad fhgRY B ¥

tdilﬁtu‘x‘bpﬁé}ﬂa’éﬂi abyvet 41698 SCOTThe resulting mlxture was stirred for 5 minutes
()-6-deoxy-6-denethyltetracycline (sancycline, 25

steps, -0.002%vyield) (J. J. Korst eta?., J. Am Chem
Soc. 90, 439 (1968); incorporated herein by
reference), the Shenyakin synthesis of
()-12a-deoxy-5a, 6- anhydrotmtracycline (A |. Gurevich
et al., Tetrahedron Lett. 8, 131 (1967); incorporated
herein by reference), and the Mixfeldt synthesis of
() 5 oxyt etracycl | ne (terranym n, 22 steps 0. 06%

o, ~ A N A NN N




m crobi al di hydroxyl ati on of benzoic acid with a

mut ant strain of Alcaligenes eutrophus (AL M Reiner
wé200Bk112degeman, Bi ochem stry 10, 2530 (1971); PFe1/682005/017831

Myers et al., Og. Lett. 3, 2923 (2001); each of which

i s incorporated herein by reference), producing the

di ol 9( Flgure 16) Wth >95%ee in 7996yie|d (90-¢

16 d d
pbserinspa oless Y pued TRomsipbgakywandses,
Ecirgégpse Qfacb\éhﬁiﬁg td Q?olﬁn&{ bk @Qeﬁﬂ@ﬂl-@# (3@0 ofg, 0469 1, 6.79

% yield; estcrification of this product

(ctqmw?mridyhgcmwlled)&%ﬁ@t%maeQ 04 mowba §)2quty) in tetzahydrofuran (1

PJ s o8 Bl RE i SRR i e B e SR F Ll 0 —s0
sqg}'/d)%r )SlO éﬁiﬁ%\ﬁd des tHehﬁbaﬁRMd B&ttREn ﬁa(ﬁ@bgyp(ﬁas'zhg.g% pRosphate
% vie . ers
(g selufon b OPad SO 50 a1 i cfaematbene (Banb JThe gganic
opha?%&éﬂ QX agdqgé Abg,'eslag n@fa@@%y Rl Qx8aaled VteR ?fralggnomethane

e~ sca ur-step sequence
oi3yokymly. dhé drghhic plkihse‘dme combifad amgdrle'ﬂ O\W abyyras sodium

rahedron Lett : arello, M :
v%eﬁa he hsoleaﬂ%/ﬁs ﬁe&‘n g gcmfggfzyte BBrd Gk el solid
' Tshé Cgﬁ@&d@ %@bﬁﬁﬁ&ﬁﬁf Qeétarﬁﬁﬂw&@a Colificy WEREARBDS Eolumn
but |un1 and the resulting
o(rlgam;IZSO bxi Lﬂmneé@enL/n(unZSmlmermﬁgumerl B9 lvertd tresharmd déW

e D P S s et W s i B

agredignte@tiont B 50f00AB ov¥NEMESh. SThEYRRSUD B-20mih Réas collected and
ketone 13 (Figure 16) to lithiumtriflate (5 nol % at

ee@neentfaggd t@\ge‘c; 4ppl BB &Tias@ whitepsphil (b0 e 72y | i ¢

St e g LogTLamepGRgnl i g 0CPR0y

af$.2T (spUHj éno¢)a8160 ({d oML EA %18]5 g lpy i) el @ (ol varhy HzT per-H),

transf ormati on 0 ure 16 0
S sk ARy mébiq eSS wE b Rel it J 2 12.0 He,
e(p_@gnﬂ?h% $3ha, Hq'\yd l@é@{ﬁ@p r 949P (4,9, weth Py,

yli1 de ormatlon and S|gmatr pIC rearran emsnt a
p‘EHN{@HzlzhétBG-333t émij mseﬁmﬁzeﬂqm(cs@me} 23 (ddallllsled— 16.3,5.6

(e oARE R bR U Hied ot 8 THY ¢ oyt Hmpotind 14

(EHWCﬂcmtmmgﬁ b l8s (ARQUHS /el 644, 10 7 Hz CHCHN(CHs),),
stereochen1st&& of the AB fusion as well

a2.66248t (ad 7H, N(dHmet GHIHE R SINEBIDDt %é?ﬁﬂdq éan’ Frined 4byHz,
t,l 13
SOHBECHOI R TRT (S o ERES G266, HnEBsy iniEhn 3 o

bNMR {109 MHZPCBE@II’Z)S&IS’EVLOHBG 5( 18%6518@@ 1629%161.111d3.4, 137.6,

Figure 16) a recursar

L8 TyaP k201 ol €6 Rl A8, Tadri2 b 708 61 870, 421,
5 Fhgur as 4det gi el ow.
%%% Oiil’%géy%fg%e% %glbﬁieéﬁB %?e@ﬂ%&%ﬁ%g%&{% gure
18)33HigNt @¢SieH) “a08. 2686 \wfasnd GbY.2686d t o reductive
transposition (AL G Mers, B. Zheng, Tetrahedron
Lett. 37, 4841 (1996); incorporated herein by
reference) in the presence of triphenyl phosphine,

di et hyl azodi carboxyl ate, and o-nitrobenzenesul f onyl
hydrazi de (added | ast, a procedural variant),
affording the transposed cycl oal kene 15 in 74%yi el d.
Hydrol ysis of the silyl ether group within 15 (HC,

nmet hanol ), oxidation of the resulting allylic al coho
(IBX, DMsO (M Frigerio, M Santagostino, Tetrahedron
Lett. 35, 8019 (1994); incorporated herein by
reference), and protection of the remaining (tertiary)
carbi nol (TBSOTf, 2,6-lutiddne) (E J. Corey et al.
Tetrahedron Lett. 22, 3455 (1981); incorporated herein
by reference) then provided the enone 7 (Figure 15) in
6696y|eld (3 steps) after flash colunn chronatography

o o o Y Y



17) is the parallel transformation of 18 wth the
enone 7 (Figure 18, entry 1), which forns

wd@ 20056t9e0xyt et racycline in protected form w thce@82085/017831

di astereosel ectivity, in 81%yield after purification

by rp-HPLC (di astereonerically pure; a mnor

di astereoner, epineric at C6, was al so isol ated

separately). gkngppears that additions to 7 and 8  ycH

pr qceed Hl ntlsi e cI uswéid\{? ? ? ion to fhe "HopH NCHa)2
V aq ’CH q

fce : (as gr ygétngi N
u

Cha-s
¢ g h V\,hy t higgyshoul d be the E

not ol¥i B8s: Q002 l]gAs the exanpl es of entrie® HE: O O

(Figure 18)O8Pdw, efficient and stereosel ective

conde®BAté7ons are not restricted to the o-tol udbB1-109

anion derived fromthe Dring substrate 18 (Figure

17); the novel D-ring heterocyclic analogs 4 and 5

(Figure 18) were synthesized by a rel ated sequence

floe2089- t ol Q&ttﬁa@mmgo@ 0Y&hindll 1.6 e4:@0} wad dddell X 680 pdtion to a
was the pent ac‘%al ne derivative 6 (Figure 18). In each

cabionof fgsenak Béaﬁﬂ;ﬁédﬁ&pﬁ 0 i @0l Hed el inidgoxane-methanol
d faro
TP 30 AR PR BSOSO AR As i,
vw@cdaaﬁg tieahdlcthes flushisg with pure Hyldeogehgs amer The drétd mixture was

none 7, either by selective deprotonati oneafr("‘&nt ry 3)
éﬁlrrsgf fori % Iy amd thsn @éﬁdébéehalhg alugercpites Hhesfilirate) wasy
I Iy \% .
A raRl, BIOL iy B b GRARAE WA YRS BISFO5HL) Aqueoys, o
diydrofluedc doidi (ngf/o; fh Sanlt),rwmddad genpolgpiopplent m_cttn@seersyeﬂd

effici.enci es .of ansf.ormati ons urprising i
|50gHAtniRs 2 pRpEon ?HHF gar, PWHSG%WFQ%?‘?@E Hat iy a3 (. The
3BAPiBn HEREE AWV ORe AT 135S R Witigkd thth tlr8 81 27%r. The

tlAy @%
an o-al koxy substituent (entries 3 and Qg :? strates
mm hvdwﬂgom abi e\matclumchmbwutprrn@hommmemsls(lﬁue (M5 mL, 25

5518 st TR HE ¥, OBl Aol PPy 15y product

| V%C?Spuh‘ﬂie@ by PRt HIEl© 6 B PRBhdHheR% PoAMEIEx (IWE Ebl‘é‘lﬁmd( 10 pm,

Is unprecedented. [00222] The effici encies of
1238 *slthinpe treLeeiguerves A4S aliflunrearefio acid e water, Solvent B:
LR AL ARG BRINAL (52 RR oo o win

&haﬁydaicdl wilimabf Slﬂ)O WL mm&epmu aqmm&r gladi2dt S100-30%UR bSIr-40 min.
M.ni mum i nhi bi tory concentrations (MCs) are reported

fldre neale At 3 Bn pas epllscied aad |°0wrrﬁﬁeé fogivar ysewpd. The oil was
[
gfr'f’égsgﬁlleé '}rﬁé? xggfrhgf?élsgrééf%@ﬂg Fgﬁc\éﬁtr%@ﬂgﬁag@gg ?chel (20 L), and
dlzeni mt:enzmteﬁl to lgiguhe hjtcﬂ))clhasdsmmm-ﬂw avs tyelﬂUv@ powderd3.7 mg,
tj\bacterial properties, with activity equal to or
?.%J‘Qt er than tetracycline in each of the Grampositive
J06209NS exapi ek %5'00 ‘MHQ'@I%(?E TiRdSchiéridd) & 871956 4N EGR, 319, pyr-

tetracycline, icil d vanconyci n.
ERrBP| (rsnd Hi &= 6[8)(62&5?@111&)@” 1P ddt (HN(CIA)Y), 3.41-3.22 (m, 2H,

S P ECERERL: KRl AR Rl bl

\@HH’@HQH%H&M(@}QWQH@W@W VR ORI B3 SU3£(dafl, BTg0R12.9, 4.4,
unl ess ot herw se not ed noi st ure-sensitive

1% dSHEAEHESINGG Hsprg, \A%? @dfir Hﬂef a2 8d1%Pal BY Hznge or
CIMRCENGREl) 0N B WA ToP B SEORT, ARy sLs, found
vacuum) . Flash col unm chromat ography was perforned on
silica gel (60 A standard grade) as descri bed by

Still et al. (Still, W C; Kahn, M; Mtra, A .1 Og.
Chem 1978, 43, 2923-2925;13oncor porated herein by
reference). Analytical thin-layer chromatography was
performed using glass plates pre-coated with 0.25 nm

230 400 rresh SI I | ca gel |n'pregnat ed W|th a fI uorescent

- e .




[00224] Material s. Conmerci al reagents and sol vents
were used as received with the foll owi ng exceptions.
wd tiostiipphzam ne, diisopropylamine, N, N, NcN - PCT/US2005/017831
t et ramet hyl et hyl ene-di am ne, DWPU, HWMPA, and
N, N- di i sopropyl et hyl am ne were distilled from cal cium
hydri de under an at nosphere of dinitrogen.
qogrll ﬁgomet hane, nethanol, tetrahydrofuran,
3 I'trile, and toluene were purlfled by the met hod
of Pangborn et al. (Pangborn A. B.; Gardello, M A ;
Grubbs R H; Rosen R K ; .Ti rrmers, F. J.
aplefrSynthesis ofddeeopysancyeline 520; i ncor por at ed
here| n by reference) lk&(jkﬂgﬁ}l\kfl apentation. Proton
nucl ea:,g\:efl C r esonanas, HMkp, neSpectra afd eSbon
nucl ea net| cC res pect rae
recor ded VMari an Unity/ jgpva 600 (600 MHz &Op”M
Uni ty/ jpeyaq158m (500 MHz/ 125 I\/Hz) or Varian Jugnqqu
400 ,g)ioo MHz/ 100 g)p NMR spectroneters. Chem c
409230 f or HpNotigsthy en@re@s@%uL) wamid@éwéladqlﬁd muaeﬁlutlon of

|
e SIS RO 8 LIPS 7t 0 B g chloride
&gé'B il, 4fQDhl€HJBI é&S&qﬁﬁ/) ir{ GCRIdy dohidbnie (B(t) i)} 23 AeMigabus gas
ifts for carbon are repor in parts i on
iee’a{ Ugipn 343 0ByesY Ge SrbEpaly g%elragfr?&or? f)gets%#@ 04 fs |
trﬁﬁofs 9 é\é%@v%( % %@O Pi 91.0 280 83 D eﬁ%ﬁf) %dqgggﬁyla%lnopyrldlne
r(é mgésmnt edctledsn Bezrlulemﬁs Thehresul trreg sod;llrtldntwasrmulrned o1 K min at 23 °C,

—singlet. d = doublet. t = triplet. q =
T B en Sibects o Bty Phharbg iR soTiiarih S0k EM, 0 m)
| iastddde® NMPheAS S RSB turel WS Fak@Ebrel Bhtvals Haka S:@mL_?_ and ethyl

spectra were obtal ned usi ng a Perkin-El nmer 1600 F
Feeteter(6p M orhbe @queons phassveas emafaecbmtb@wd@lﬁenal 50- mL portlon of

2#}%1? %gertgt'g.s ?131 %.n% la%}?%?/%x% co, q)n’?esd a%t/l\%d w1t SH %glfe%%s sodium

orp &n (c enS|t sorption
(l@drox&ler s@[lgl.onl'(BG:n’IEdl\@[Tbru\i% 60%@1@* anth‘hen Hl"le@dﬁ'er aAlgdrous sodium
gnment appropriate). Optical raqtations were

oﬁé{fetﬁmThe 6“9‘%?945“%(1 wwweae@@wgﬁraﬁﬁd affgrding ageleless oil

83 PRSI b SO ORD 8BRSy D R0 e

mstateSmexameshrpmd)\rigﬁnEahn ¢siteriJBB 1-1 Byast hadordeso bil (774 mg, 9%)

(2 AP Y H,0™ GHPLER AT SRhes); 'H NMR (300 MHz, CDCL) 5 8.18
(d, 1H, J = 8.1 Hz, ArH), 7.49-7.20 (m, 8H, ArH, OArH), 2.69 (s, 3H, ArCH;); °C
NMR (100 MHz, CDCl3) § 165.8, 150.9, 141.3, 132.7, 132.0, 131.2, 129.5, 128.5,
125.9, 125.8, 121.8, 22.0; FTIR (neat film), cm™ 3046 (w), 2923 (w), 1739 (s), 1594
(m), 1487 (m), 1287 (m), 1241 (s), 1189 (s), 1159 (m), 1041 (s), 733 (s); HRMS (ES)
m/z calcd for (C14H|202+NH4)+ 230.1181, found 230.1187.
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OTBS 8 79% [ 00226] A sol ution of n-butyllithiumin
hexanes (1.55 M 155 [IL, 0.240 mml, 5.1 equiv) was
wa@@edidops a sol ution of PCT/US2005/017831
N, N, AP, N3-t et r anet hyl et hyl enedi am ne (39 pL, 0.26
mmol, 5.5 equiv) and diisopropylamne (34 pL, 0.25
mol, 5.1 equiv) in tetrahydrofuran (1 nL) at -78 C.
The resulting m x ), nas stirred vigorously at -78C
f or 30%_[11 n wher etmtwgé é sol ution of H b p H(CHa
xygar 'ﬁt hyl phEP@HMPAbut vl crt
5 equi V)i n tetrahydrof '
Bayi @ cantubaro The resul ting 5Bn
deep-red m xtu s stirred vigorously at -78 f%Qc)BS
;ﬁ@ then a sol ution of enoné>8 (30.0 ngy, 0.0474
I“”l equiv) P& etrahydrofuran (1 ni) was ad@8414
dropwi se via cannula. The resulting light-red m xture

Wo6212) | Ovedy {uitGH SR Sb@VlhilR i Hex e (147 M, 3§3>%L 0.0565 mmol,
ice-cold product solutidon was then partltlone et ween

Mmy)pwaé@mambgphaﬁdummbmﬂammb T .# ., 09817 Tordiol, 8.3

e gl S L RE g ans AaRb it ThstREns o

eihy aeds@dradith lantidwoaimvmh Piefid, A »oés Rofdltorogret hane.
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HHed dverh&h@drbﬁs so@ﬁlﬂrrstﬂha)te 5hé3§r1<{(ﬂsoldddn was dbdarted Hnd
OCHH Ph), 4.99 (d, 1H, J= 12.5 Hz, OCHH Ph"), 4.93 (d,

fppceyti‘ath ajfop:ﬁmg gy,ﬂlgw@?hd 3Tlpgproduct ¥4s pyeifigd b preparatory HPLC

SH PR Py ekt 29 08 s S hen

Ivatek 2SS yent KO n‘rdzhanﬁl-l?bﬂ‘iileteé’tlolﬁat GSO nﬁbi usﬂiig @hﬁﬂ]&tlonho&ﬁne of 500
iliﬂgtF@O%ﬁl& 1@(\@%}%‘}% glugion @§ 834 Pp%@lsyer Wme. (Téle pgpk at 25-
Rt e R W D
33%)5 133.9, 128.7, 128.6, 128.5, 127.3, 123.8,

J[(?0?2'1;] 122 6O 4%9? .7 ethy ggetaSte h%)%anes) 8‘%[ I%MR (500 MHz, CD,Cl,) &
15.53 (s, 1H, enol), 7.94 (d, 1H, J = 7.9 Hz, ArH), 7.54 - 7.28 (m, 8H, ArH,
OCH,ArH), 5.37-5.34 (m, 2H, OCH,Ph), 4.05 (d, 1H, J = 10.7 Hz, CHN(CH3),), 3.24-
3.18 (m, 1H, CHCH,;CHCHN(CHjs),), 2.99 (dd, 1H, J=15.5, 5.6 Hz,
CHH’CHCH,CHCHN(CHs),), 2.88 (dd, 1H, J=15.5, 15.5 Hz,
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74.8, 72.4, 69.2, 60.8, film, cm-I 2974 (w), 52.7,
2933 43.2, 38.4, 27.5, 26.6, 19.5, 16.3, -1.8, -2.7;

woIbR1{»eat (w), 2851 (w), 1760 (s, C=0), 1748p¢HUS2005/017831
C=0), 1723 (s, C=0), 1606 (m), 1513 (m), 1471 (m),
1370 (m). 1260 (s), 1232 (s), 1148(s); HRVB

CHH’CHCH,CHCHN(CHs),), 2.61 (dd, 1H, J = 4.4, 10.7 Hz, CHCHN(CHs),), 2.54-
2.44 (m, 7H, N(CH3),, CHH’CHCHN(CH;),), 2.14 (d, 1H, J = 14.3 Hz,
CHH’CHCHN(CHj),), 0.86 (s, 9H, TBS), 0.25 (s, 3H, TBS), 0.12 (s, 3H, TBS); *C
NMR (100 MHz, CD,Cl,) 8 187.8, 183.0, 182.8, 182.4, 167.7, 141.7, 135.4, 133.4,
130.9, 129.0, 128.9, 128.9, 128.1, 127.5, 126.5, 108.5, 106.8, 82.1, 72.8, 61.5, 58.5,
46.9,41.9, 38.6,29.0, 25.9, 23.1, 19.1, 2.6, —3.7; HRMS (ES) m/z calcd for
(C34H4oN30Si+H)* 601.2734, found 601.2730.

1. HF(aq), CH5CN, 35 °C y NCHs)
2. Hy, Pd black OH
dioxane—~CH;0H
| O‘O‘
O HO i o  OBn O HO :
OTBS OH
JDB1-114 JDB1-130
[00214] Hydrofluoric acid (1.1 mL, 48% aqueous) was added to a polypropylene

reaction vessel containing a solution of the enol JDB1-114 (15.1 mg, 0.0251 mmol, 1.0
equiv) in acetonitrile (10 mL) at 23 °C. The resulting mixture was stirred vigorously at
23 °C for 12 hr, then was poured into water (50 mL) containing K,HPO,4 (4.7 g). The
resulting mixture was extracted with ethyl acetate (3 x 25 mL). The organic phases
were combined and dried over anhydrous sodium sulfate. The dried solution was
filtered and the filtrate was concentrated, furnishing the intermediate alcohol as a
yellow solid (12.2 mg, 99%). Pd black was added in one portion to a solution of the
residue in methanol-dioxane (1:1, 3.0 mL). An atmosphere of hydrogen was
introduced by briefly evacuating the flask, then flushing with pure hydrogen (1 atm).
The mixture was stirred at 23 °C for 20 min. Within 5 min, the color changed from
light yellow to green. The reaction mixture was filtered through a plug of cotton. The
filtrate was concentrated to a yellow solid (13 mg). The product was purified by
preparatory HPLC on a Phenomenex Polymerx DVB column (10 pm, 250 x 10 mm,
flow rate 5 mL/min, Solvent A: 0.01 N HCI, Solvent B: acetonitrile, UV detection at
350 nm) using an injection volume of 450 pul. methanol containing oxalic acid
monohydrate (10 mg) in two injections and a linear gradient elution of 5-50% B in 30

min. The peak eluting at 16-22 min was collected and concentrated to give 10-
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(ES) mz calcd for (C48H56N2012S0+ 881. 3681, found

881.3684. Deprotection Step 1. 1002281Concentr at ed
wagsauwsnydrof luoric acid (48 wt % 1.2 nl) vesr/estesior7ssi
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edth)dcile@ddi B =13yl 3afdzatﬁa‘ﬂé 139 ((ddZOHml)= 7. 3|'We3 BlzgArkly, 7.30 (d,

Qi 7 8 P AL P BN GRS e B ks, o™

f@H@H%Hcmcmncem@ %ﬁN(QHQ)zF‘Q S%dm}@dﬂﬁqs 4,43 Hz,
icted as a OW Oi Thi s product
mSHL@éaHu@Hﬂhéﬂ(ﬁémzxsz 6 G T K5 LG E,

ace (;ﬁéﬁlégg%‘é\ﬁ%%%} MY%O}‘I 12 8e % e é{ R GHCHN(CH,),),

14668@d4 brH, s/, = 128, EN®| 12,8 HiZ, @HH(’GHCHN(,CI—wanoI) 7.23
(d, 2I-1, J—78HZ oArH) 7.14 (d, 2H, J= 7.2 Hz,
0- Ar H), 6.94-7.02 (m 6H, ArH), 6.86 (t, 1H, J = 8.4
Hz, Aril), 6.76 (d, 114, J= 8.4 Hz, Aril), 6.28 (d,
11-1, J = 7.8 Hz, Aril), 5.46 (dd, 11-1, J= 3.6, 3.0
a (309.% ve mntibsélective BYnchetic Roudéiké Siructusa
) 4.92(s, 2H, OCHRY), 3.41

Silss o) 2,82 (dd, 1H, = 9.6,

wé% a |£hMé1‘é'§)i@))fll_1|né’sJ @éni—%the%@ap%ga@h%s Raveled ;_(Hile
(discogedy oiﬁ|(1@|—@§leg))xyte1ragyp11@gs_ d@gy.cy_chru::(Z m Elg]qze 1f(cz:},l_|)-)@’(13|d|)1n1nocyclme

%gén E‘l{\égre( I:ISOAq, M_Izlc’:alpqgg most 1%1%021ant a]g%ﬁ%ts n th]eSC(isasg. 6-181 3,
Deoxytetracyclines exhibit considerably improved chemical stability as compared to
their 6-hydroxy counterparts and show equal or greater potencies in antibacterial assays
(Stephens et al., J. Am. Chem. Soc. 85,2643 (1963); M. Nelson, W. Hillen, R. A.
Greenwald, Eds., Tetracyclines in Biology, Chemistry and Medicine (Birkhauser
Verlag, Boston, 2001); each of which is incorporated herein by reference). It is evident
that at present neither semi-synthesis nor modified biosynthesis is capable of
addressing the great majority of novel structures that a chemist might wish to explore in
pursuit of a lead structure like ’tetracycline; structures such as the D-ring heterocyclic
analogs 4 and 5 in Figure 15A, or new ring systems such as the pentacycline 6 (Figure
15A) are exemplary. Absent a viable laboratory synthetic pathway, these structures and
the regions of complex chemical space they represent must be ceded in the search for
new antibiotics. Here, we report a short and efficient route for the synthesis of
enantiomerically pure members of the 6-deoxytetracyclines from benzoic acid. The
route we describe allows for the synthesis of 6-deoxytetracyclines (both with or without
an hydroxyl group at C5) by a notably late-stage coupling reaction of the AB precursors
7 or 8 (Figure 15B) with a variety of different D-ring precursors, and has provided
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167.9, 163.3, 154.6, 145.8, 136.6, 135.8, 128.6,
128.4, 127.2, 116.8, 116.0, 115.6, 107.6, 104.7, 76.8,

w0 2009112625 5, 69.5, 60.3, 48.7, 43.0, 41.8, 37.&cT/U152085/017831
FTIR (neat film, cm1 3424 (m OH), 3059, 3030, 2925,
2857, 1744 (s, C=0), 1713 (s, C=0), 1614 (s), 1582
(s), 1455 (s), 1252 (s); HRM5S (ES) nilz calcd for

C&%é%xgcﬁs{sﬁ%ﬁg 1 o;xgz%)écﬁgz '(2 %r? lgi’guieoll“gr)g, &%ﬁe?e?&?fclic analogs 4 and S
(Figure 15A), the pentacycline 6 (Figure 15A), as well as other 6-deoxytetracycline
analogs.

[00217] The strategic advantage of a synthetic approach involving a late-stage C-
ring construction (AB + D — ABCD, Figure 15B) is that much of the polar
functionality known to play a role in the binding of tetracyclines to the bacterial
ribosome lies within the AB fragment (D. E. Brodersen et al., Cell 103, 1143 (2000);
M. Pioletti et al., EMBO J. 20, 1829 (2001);each of which is incorporated herein by
reference), while enormous structural variation on or near the D-ring is not only
permissible, but has been cited as a means to overcome bacterial resistance. The
advanced clinical candidate tigecycline (P.-E. Sum, P. Petersen, Bioorg. Med. Chem.
Lett. 9, 1459 (1999); incorporated herein by reference), a minocycline derivative with a
D-ring substituent, is exemplary, and is reported to be one of the most promising new
antibiotics under evaluation by the FDA (K. Bush, M. Macielag, M. Weidner-Wells,
Curr. Opin. Microbiol. 7, 466 (2004); incorporated herein by reference). Classically,
approaches to the synthesis of the tetracycline antibiotics have proceeded by stepwise
assembly of the ABCD ring system and begin with D or CD precursors, as exemplified
by the Woodward synthesis of (£)-6-deoxy-6-demethyltetracycline (sancycline, 25
steps, ~0.002% yield) (J. J. Korst et al., J. Am. Chem. Soc. 90, 439 (1968); incorporated
herein by reference), the Shemyakin synthesis of (+)-12a-deoxy-5a,6-
anhydrotetracycline (A. I. Gurevich et al., Tetrahedron Lett. 8, 131 (1967);,
incorporated herein by reference), and the Muxfeldt synthesis of ()-5-oxytetracycline
(terramycin, 22 steps, 0.06% yield) (H. Muxfeldt et al., J. Am. Chem. Soc. 101, 689
(1979); incorporated herein by reference). Only one published synthesis of (-)-
tetracycline itself has appeared, this from D-glucosamine (an A-ring precursor, 34
steps, 0.002% yield) (K. Tatsuta et al., Chem. Lett. 646 (2000); incorporated herein by
reference), while the most efficient construction of the tetracycline ring system thus far
is undoubtedly the synthesis of (+)-12a-deoxytetracycline by the Stork laboratory (16
steps, 18-25% yield) (G. Stork et al., J Am. Chem. Soc. 118, 5304 (1996); incorporated
herein by reference). The latter research served to identify C12a oxygenation as

perhaps the greatest challenge in tetracycline synthesis (it could not be achieved with
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0. 0657 mmol, 1.75 equiv) was added in one portion to a
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Zm(zgq’fd %gregéb_x qsffedfg_rpl;!ze) \?,S\r igtblo’zyagér? t:LA](, glioyéldlgr}tm‘l]lg §nal{hqg in the

%%ﬁtw th?I’S e dgx)qgt'hy%ﬂmo] %rogjé I(_)I@thlc\el CI—BTLEI(%Z"I% W%or%%d ¥ithout
(mehdifiddfiod= 12. 0 Hz, CHCHN(CH3)2), 2. 7f (dg, 1H, J=
i Fes B 8 it s e il

(i bMiaih _}’%9@}103 ol Bénz3ic ak&Bwih aﬂlﬁarﬁ,str&ﬁ%f lllcal rze%
149. 0, 13 117.1, 116.9, 116.6, 108. 4,

ggrephis AOM. Reirsr, AP 4egeman, Bmhegmsm 10, 2513.6 (1397 lm\Ar@xMyers
%Palo ]%ngggty I%agg%jl@\/lbﬁé 131’;] 6}112%1 v?hé%%g / 35%? l]égsemal?)% re?erence)
paddudingahie ¢iCR(H2ANrd 26Bwith bD5%AR id GQ%. yiélayool gbafeh 1 6108g/1,
Figure 16). Hydroxyl-directed epoxidation of the microcrystalline product (9, m-
CPBA, EtOAc) provided the a-oriented epoxide 10 (Figure 16) in 83% yield;
esterification of this product (trimethylsilyldiazomethane) followed by bis-silylation
and concomitant epoxide isomerization in the presence of fert-butyldimethylsilyl
triflate (3 equiv.), afforded the epoxy ester 11 (Figure 16) in 70% yield (A. G. Myers ef
al., Org. Lett. 3, 2923 (2001); incorporated herein by reference). Separately, 3-
benzyloxy-5-dimethylaminomethylisoxazole, prepared on the mole-scale by a simple
four-step sequence from glyoxylic acid (D. M. Vyas, Y. Chiang, T. W. Doyle,
Tetrahedron Lett. 25, 487 (1984); P. Pevarello, M. Varasi, Synth. Commun. 22, 1939

(1992); each of which is incorporated herein by reference), was deprotonated at C4
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WO 2005/ 112945PCT/ US2005/ 017831 [00232] Literature
val ues (The Merck Index: An Encycl opedi a of Chem cals,
woxaegsizoand Bi ol ogicals, 12t1i ed. Budavari, Sp¢T/US2005/017831

ONeal, M J.; Smth, A ; Heekelman, P. E.; Kinneary,

J. F., Eds.; Merck & Co.: Whitehouse Station, NJ,

1996; entry 3496.): W max (0.01 M nethanolic HCl), nm

AR AR RO 1 TR

SId88d to the époxy ester 11 (Figure 16), forming the ketone 13 (73%) (Figure 16). Ina
noteworthy transformation, and a key step of the synthesis, exposure of the ketone 13
(Figure 16) to lithium triflate (5 mol %) at 60 °C, followed by selective removal of the
allylic silyl ether of the rearranged product (TFA), afforded the tricyclic AB precursor
14 (Figure 16) in 62% yield after purification by flash column chromatography. The
transformation of 13 to 14 (Figure 16) is believed to involve initial Sy-prime opening of
the allylic epokide by the N, N-dimethylamino group followed by ylide formation and
[2,3]-sigmatropic rearrangement, a process that is reminiscent of the Sommelet-Hauser
rearrangement (S. H. Pine, Organic Reactions, 18, 403 (1970); incorporated herein by
reference). Compound 14 (Figure 16) possesses the requisite cis stereochemistry of the
AB fusion as well as an a-oriented N, N-dimethylamino substituent (confirmed by X-
ray crystallographic analysis of a derivative), and serves as a common intermediate for
the synthesis of both the AB precursor enone 7 (4 steps, 49% yield, Figure 16) and the
AB precursor to 5-a-hydroxy-6-deoxytetracyclines, enone 8 (8 steps, 56% yield, Figure
16), as detailed in sequence below.
[00219] To synthesize the AB precursor enone 7 (Figure 15), intermediate 14
was subjected to reductive transposition (A. G. Myers, B. Zheng, Tetrahedron Lett. 37,
4841 (1996); incorporated herein by reference) in the presence of triphenylphosphine,
diethyl azodicarboxylate, and o-nitrobenzenesulfonyl hydrazide (added last, a
procedural variant), affording the transposed cycloalkene 15 in 74% yield. Hydrolysis
of the silyl ether group within 15 (HCI, methanol), oxidation of the resulting allylic
alcohol (IBX, DMSO) (M. Frigerio, M. Santagostino, Tetrahedron Lett. 35, 8019
(1994); incorporated herein by reference), and protection of the remaining (tertiary)
carbinol (TBSOTT, 2,6-lutidine) (E. J. Corey et al., Tetrahedron Lett. 22, 3455 (1981),
incorporated herein by reference) then provided the enone 7 (Figure 15) in 66% yield (3
steps) after flash column chromatography. By a somewhat longer but slightly more
efficient sequence the intermediate 14 (Figure 15) could also be transformed into the
enone 8 (Figure 15), the AB precursor to 5-a-hydroxy-6-deoxytetracyclines. This
sequence involved the transformation of 14 (Figure 15) into the phenylthio ether 16

(with net retention), diastereoselective sulfoxidation using a chiral oxidant (F. A. Davis
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81% [ 00233] A solution of n-butyllithiumin hexanes
(.65 M 75 pL, 0.12 mmol, 3.9 equiv) was added to a

woe edostiiogs of diisopropylamine (17 pL, 0.12 mmobcT/85H05/017831
equiv) and N, N, Y, N -tetranet hyl et hyl enedi am ne (19
i.iL, 0.13 mol, 4.1 equiv) in tetrahydrofuran (1 nL)
at 78 C The resultlng solution was stirred at -78 C
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configuration (5aR, 6R) to that of known biologically active 6-deoxytetracyclines. A
minor diastereomeric impurity, believed to be 6-epi-19 (Figure 17), was also isolated in
separate rp-HPLC fractions (<7% yield). Michael-Dieckmann cyclization sequences
(T.-L. Ho, Tandem Organic Reactions (Wiley, New York, 1992); incorporated herein
reference) and condensations of o-toluate anions in particular (F. J. Leeper, J. Staunton,

J.C.S. Chem. Comm., 406 (1978); F. M. Hauser, R. P. Rhee, J. Org. Chem. 43,178,
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cm1 2923 (m), 2841 (m), 1759 (s, C=0), 1718 (s, C=0),
1605 (s), 1508 (s), 1467 (m), 1456 (m), 1369 (m), 1277

wa@ 3005112882 (), 1231(s), 1144(s), 1005 (w); HRMAEr/(EHBYs/017831
mz

(1978); J. H. Dodd, S. M. Weinreb, Tetrahedron Lett. 20, 3593 (1979); each of which is
incorporated herein by reference) are extensively precedented in synthesis, but we are
unaware of any example exhibiting the high degree of diastereoselectivity of the
present case. Phenyl ester activation in toluate condensations is also precedented,
though in a system that forms a fully aromatized cyclization product (White et al., J.
Org. Chem. 51, 1150 (1986); incorporated herein by refernce). We observed that the
presence of the phenyl ester group of the D-ring precursor 18 (Figure 17) was essential
for successful cyclization to occur; anions derived from simple alkyl esters and
phthalide-derived anions underwent Michael addition, but the resulting adducts did not
cyclize. Perhaps even more remarkable than the condensation that produces 19 (Figure
17) is the parallel transformation of 18 with the enone 7 (Figure 18, entry 1), which
forms (—)-6-deoxytetracycline in protected form with >20:1 diastereoselectivity, in 81%
yield after purification by rp-HPLC (diastereomerically pure; a minor diastereomer,
epimeric at C6, was also isolated separately). It appears that additions to 7 and 8
proceed almost exclusively by addition to the “top” face of each enone (as drawn),
producing C5a-sterochemistry corresponding to natural tetracyclines, though why this
should be the case is not obvious.

[00221] As the examples of entries 2-5 (Figure 18) show, efficient and
stereoselective condensations are not restricted to the o-toluate anion derived from the
D-ring substrate 18 (Figure 17); the novel D-ring heterocyclic analogs 4 and 5 (Figure
18) were synthesized by a related sequence from o-toluate anions of very different
structures, as was the pentacyline derivative 6 (Figure 18). In each case it was
necessary to optimize the specific conditions for o-toluate anion generation and
trapping. For entries 3-5 (Figure 18) anion generation was best conducted in situ, in the
presence of the enone 7, either by selective deprotonation (entry 3) or by lithium-
halogen exchange (entries 4 and 5). A number of potentially competing non-productive
reaction sequences (e.g., enolization of 7) might have occurred during in sifu anion
generation; the observed efficiencies of the transformations are surprising in light of
this. It is also noteworthy that in situ anion generation permits the use of o-toluates
lacking an o-alkoxy substituent (entries 3 and 4), substrates known to be problematic

from prior studies (F. M. Hauser et al., Synthesis 72 (1980); incorporated herein by
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cal cd for (C40HSON209SI +H) + 731. 3364, found 731. 3370.
Deprotection: 1. HF, CH3CN 2. H2, Pd bl ack THF- CH3OH
w@2MsLHo4s Htl (CH3)2 "OH 000.1 NH2 0 HO 0 HO H@r/0s2005/017831

reference). Finally, o-toluate anion formation by in situ or stepwise halogen-metal
exchange (entries 4 and 5) is unprecedented.

[00222] The efficiencies of the synthetic sequences have allowed for the |
preparation of sufficient quantities of each tetracycline analog for antibacterial testing
using standard serial-dilution techniques (5-20 mg amounts). Minimum inhibitory
concentrations (MICs) are reported for each analog in whole-cell antimicrobial assays
using five Gram-positive and five Gram-negative organisms (Figure 18). Thus far, the
pentacycline derivative 6 (Figure 18) has shown the most promising antibacterial
properties, with activity equal to or greater than tetracycline in each of the Gram-
positive strains examined, including strains with resistance to tetracycline, methicillin,

and vancomycin.

Experimentals

[00223] General Procedures. All reactions were performed in flame-dried
round bottomed or modified Schlenk (Kjeldahl shape) flasks fitted with rubber septa
under a positive pressure of argon, unless otherwise noted. Air- and moisture-sensitive
liquids and solutions were transferred via syringe or stainless steel cannula. Organic
solutions were concentrated by rotary evaporation at ~25 Torr (house vacuum). Flash
column chromatography was performed on silica gel (60 A, standard grade) as
described by Still ez al. (Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43,
2923-2925; incorporated herein by reference). Analytical thin-layer chromatogréphy
was performed using glass plates pre-coated with 0.25 mm 230-400 mesh silica gel
impregnated with a fluorescent indicator (254 nm). Thin-layer chromatography plates
were visualized by exposure to ultraviolet light and/or exposure to ceric ammonium
molybdate or an acidic solution of p-anisaldehyde followed by heating on a hot plate.
[00224] Materials. Commercial reagents and solvents were used as received
with the following exceptions. Triethylamine, diisopropylamine, N,N,N’,N -
tetramethylethylene-diamine, DMPU, HMPA, and N,N-diisopropylethylamine were
distilled from calcium hydride under an atmosphere of dinitrogen. Dichloromethane,
methanol, tetrahydrofuran, acetonitrile, and toluene were purified by the method of

Pangborn ef al. (Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K_;
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OrBS [ 00235] Concentrat ed aqueous hydrofluoric acid
solution (48 wt % 0.6 nL) was added to a

weologptpy| ene reacti on vessel containing a sopei/usmo0617831
the purified pentacyclic addition product fromthe
experinment above (15.0 ng, 0.0205 mml, 1 equiv) in
acetonitrile (3.5 nL) at 23 C. The reaction m xture

ti d.at 23 C.f d t
Eiarery 20 nRiE el i g8 ot SEET A FrobrbER b ASE R, o
(réfegerﬂ} The resulting m xture was extracted with

et hyl acet ate (4 x 20 I)a The organi ¢ phases ver e
d@ Med arasummentatioss: Faplopduolgsr maghictimresahdnse € H NMR)

ﬁ(%cgan %gctlééﬂ %%u?@%rr%a %ﬁe%c??sogmc_eggﬁ Iglkvélig Irssgc?rﬁh\%ere recorded with

r‘e@riﬁhll@mvﬁﬁqoda 660(600MHR), Veikiaa MRty 186 Va8 00d 500 MEA125 MHz), or
1, 2 n) and to the resultin sol uti on was added

p‘é@rra@dﬂatiwm HOAPG Me 1700 Mk N ectrpnaeterg Chymical gyiks for

B9 B S5, TR ABRESS AL S PRET s 1B FLAE o

[t tiee NYIR egeshtd (CRCH) § 7.26eCIRIH: 8W. 18, T, HCOIES3.S1 I CDHC],: §
at 23 Cfor 2 h, then was filtered through a plug of

050132 &ﬁDzH)@Da‘SQ tratd. Wdsmienh sleifis fertcathonad tpditedyingparts per

ow,0i | product. was i fi
RS (ashlsf 318 A0 btk S o e b s byepheeDCly: 8
|5

Eﬁ%ﬁ%ﬁ%" PTG EDRI S8, @FR:80, 53910 7 Bhia are
i rapresdnit@inas\follome chérﬁﬁ’tabdhli(t matlhphaty Gendiagled, dg dodibhegy t = triplet,
oxal i c_ aci d) chratijc Iutlon wth 1.8%B for 1Il—51
fl nqu‘[‘rff'éﬁ“gr‘aﬂ‘“@?ﬁt FURIPHA: teeratiog. Saing covtgnt isHgygnd
fadsSphmaite Int@ar@@-(m) RbsorbARE Sha v@éré‘Bbtﬁ&e@hsﬁg aPeddn-Elmer 1600
mn were collected and concentrated, affording
(s Bé&m@ppm?mbﬁeneefmmedch aoplyd@réa@ stangledd) @at@mnlenesented as

a0 M R0 o gon. -
(rﬁedulrlri wr=wéal8 bi“Ebroéd)H)md £s n{eﬂt (Widre rgprfaté'jz Opf¥ckDrotations
409(S,1H CHNCHSd 303 (br s, 311,

VG d(:t@fmgled gging a INSE @}13 37(2d1g@al(nglar§netgq-pquyp;pei with a sodium

e PR M Sty e e s whifyad Ui

MassiSpedtrorbet?y Fatiltiddz, CHHCHCHN(CH3) 2), 1.54 (ddd, 1H,
J=13.7, 12.7, 12.7 Hz, CH FCHCEI N(Cl 43)2), 1.38 (d,
31-1, J= 6.8 Hz, CH3CH); UV max (0.01 M nethanolic
HC, nm 269, 353; [cdo = -142 (¢ = 0.20 in 0.01 M
nmet hanolic HCl); HRMS (ES) mlz calcd for
(C22H24N202+H) I 1 429. 1662, found 429. 1660.
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Synthesis of a (-)-D-ring Pyridone Anal og of
Tetracycline Cyclization Step: 0 0 OBn OIBS 7 87%

wd.002372b4s sol ution of n-butyllithiumin hexanesct/tis®d5/017831

M 80 M, 0.13 nmmol, 4.3 equiv) was added to a
sol ution of diisopropylamne (20 kiL, OA4 mol, 4.6
equiv) in tetrahydrofuran (2.5 nL) at -78 C. The

resul ting solution to O C over 15
nm NX- di met hyl pr opﬁ%%i‘ﬁ?'%\éfei‘}?wcy‘g]"ﬂ mol, 4.5
el dti Aé\dded and the resulting solution was cool ed

to -78 C. sol ution of phenyl 2-(benzyl oxy)-
4, 6-di met hyl pyri di ne- 3- car boxyl ate (31. (S’Wn 0. 0930

nol, 2.99 equiv) in tge h drofuraasu3 30 iy, was then
added via syrj tto th%%ga%%'\ 53 hE ot i on. The
resulting yel soI ut 32 gR-cBASc St | Q!"'QG., nat -78

C, then a solu Qn qfnoze@om@gz (15,9 ng. .0 931denmmol , 1
equi v) in tetrahydrofuraf 0ja.) was adeed via
syringe. The resulting Lv”éd m xture was allowed to
warmto O C over 4 h. etlcoa,pld(401| L) was added
to the deep-red m xture atesO C. The ice-col d pr oduct
sol ution was then partitioned between aqueous

pot assi um phosphat e buffey, solution (pH 7.0, 0.2 M 15
nL) and di chl oronet hane (15 niL The organi ¢ phase was

slép23adt ed afhdolvhen afyrdutydlitphasm hexendsd DA, ktilad:249 mmol,

oLt e vl o B0 o AL P PR R sk myne 00 .

Wt‘é/ﬁifnﬂﬂ S5, §@Q&1Vmﬂﬂlfs@bl%pyfghﬁnéj(3|4% 995uhinen SV\Iaéqulv) in

filtered and t he |trate was concentrated, providing
aeyadiyidosfuail(] nilﬂm)eit pi78> 8Qc Thoeesultinginhixte bys piregsvigoronsly at —78

6 o0 oo SeksBbn 1 SApE3REF A SRR TRHSTR RethfPhert oty
Sakvopate (B3.0mes, lwanol mman4e$éq01@«) iM @trafRdrofen pt mDP/EQS added
ow

gradient elution with 92->100% B over 30 mn

r&ippwisg v qenpwnThe mshlting deep-eadunixiige seas gnﬂgbqunéwt -78 °C
I

b AR BT o0 L Fon bR EER G

ftefrdihy(di(ﬂ‘u&n@ mIARs aﬂdéd dlvpwyselViovansalal dhe resulting light-red

mixture was allowed to warm slowly to 0 °C over 2 h. The ice-cold product solution

was then partitioned between aqueous potassium phosphate buffer solution (pH 7.0, 0.2
M, 10 mL) and dichloromethane (10 mL). The organic phase was separated and the
aqueous phase was further extracted with two 10-mL portions of dichloromethane. The
organic phases were combined and dried over anhydrous sodium sulfate. The dried
solution was filtered and the filtrate was concentrated, providing a yellow oil. The
product was purified by preparatory HPLC on a Coulter Ultrasphere ODS column [10
pum, 250 x 10 mm, UV detection at 350 nm, injection volume: 400 uL. (methanol),
isochratic elution with methanol-water (9:1), flow rate: 3.5 mL/min]. Fractions eluting
at 36-42 min were collected and concentrated, affording the pentacyclic addition
product depicted in diastereomerically pure form (33.0 mg, 79%, a light-yellow solid).
[00227] R;0.35 (1:4 ethyl acetate-hexanes); 'H NMR (500 MHz, C¢Dg) & 16.55
(brs, 1H, enol), 7.26 (d, 2H, J= 7.0 Hz, o-ArH), 7.14 (d, 2H, J= 7.5 Hz, ArH), 6.85-
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[00238] Rf 0.55 (3:7 ethyl acetate-hexanes); NVR (600
Mz, CD2C12) 8 16.05 (s, 1H, enol-OH), 7.52-7.26 (m

wa dsnfwud ), 6.66 (s, 1H, pyr-H), 5.57 (d, 1H pdrudideso17831
Hz, OCHH Ph), 5.43 (d, J= 12.7 Hz, 1H, OCHH Ph),
5.33-5.28 (m 2H, OCH2Ph), 3.99 (d, 2H, J= 10.5 Hz,
CHN(CH3)2), 3.04-3.00 (m 1H, CHCH2CHCHN(CH3)2), 2.84

s b S b el s S B R R IE) R e, 5
(@ed, ) 97,040, @_ng%jl-s@zdgﬂﬁi NIEHR 225 ng (53);1(2}3%%(%'5“!03 (d, 1H,

10H, N%%ngz, Ar N%CI—B)Z), )
JE=1235 )CHHIFPHL4- 2940, GHBY 2) 12. D Hg2OCEIH 'BH), 4.83)d, 181,22 12.5

cp el § Euers =T AE RN, 5 Weli g s - 125,40

1164, (3, CHEH® 2.993(4, OH, 13316, HA, THECHNICH, ), 2.156ng,, 1H, /=12.5,7.0
128. 7, 127.9, 127.9, 116.4, 111.6, 108.6, 107.5, 82.0,
2. CHS D) 218 (5, $H, NSCH)2000 . 3 (sg@HC(Cldy)g, 136 (4, 3Hh4 5670 Ha,

- I . 290 AR AN i , 28
(o3 Gyl B SHIERS). DAt Prta R e 0o
(MHz, CBHECY) GriR9.71 B2@3 (90,9, 1284, (61.9, 15437 180),,150185744.9) 136.1,
1090 gnl 1064 &in) 1007 %gz' HRNB,éEsz m z cal cd for
(18291145 9NE875i1481P1 1283 13362123 .8uHd 75 322.62H08.9, 105.5, 83.0, 82.9,

Ckbong 749 f1¢0 A0,
RRLIBPEELN0 35, LD R L1 gD 2, R oo
dftjui)vom Wa§ 74 e 893 D(ve), 385 lutw)o h76F (st BeOpUITHE (£ d=0), 1723 (s,

pent.a I C jfion u om i ment abo
(e O tei 35 Fdl P4 PLGRNT 70 oot o8 338 relnblestel Hiwss
1@SVhz @llcdBr (€450 NYOTTSIPIER1 3681, RUAd 99ERc@as was

i ntroduced by briefly evacuating the flask, then
flushing wth pure hydrogen (1 atm). The reaction

m xture was observed to forma green color within 10
mm After stirring at 23 Cfor 2 h, the reaction

m xture was filtered through a plug of cotton and the
filtrate was concentrated. The oily yell ow resi due was
di ssolved in nethanol (10 nL) and to the resulting

sol uti on was added concentrated aqueous hydrochloric
acid solution (37 wt % 100 AL) at 23 C. The reaction
m xture was stirred at 23 C for 3 h, then was
concentrated. The product was purified by preparatory
HPLC on a Phenonenex Pol ymer); DVB columm [10 pin, 250
X 10 mm WV detection at 365 nm Solvent A: 0.01 N
aqueous hydrochloric acid, Solvent B: acetonitrile,
injection volunme: 500 tit (nethanol containing 30 ng
oxalic acid), linear gradient with 0->20% B over 40
mn, flowrate: 4 mM/mn]. Fractions eluting at 20-29
mnm were col |l ected and concentrated, affording the
D-ring pyridone hydrochloride as a yell ow powder (4.8

ng, 749%.
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1002401NMR (500 MHz, CD30D, hydrochloride) 8 6.37 (s,

1H, ArH), 4.06 (s, 1H, CHN(CH3)2), 3.05-2.95 (m 811,
WOKEek3)2845 CHCHN( CH3) 2, CHCH2CHCHN( CH3) 2) , 2. 79%¢mids20d3h17831

J=16.1, 3.9 Hz, CHH CHCH2CHCHN(CH3)2), 2.55 (dd, 1H,

J=16.1, 16.1 Hz, CHIt CHCH2CHCHN(CH3)2)), 2.40 (s, 3H,

Ar-CH3), 2.18 (br. D, | H, J= 12.7 Hz,

1.59 (ddd, 1H, J= 12.7, 12,7, 12.7

%Lp’géﬁlﬁgéﬁ%%m) 2); 13C NVR (100 MHz, (CD3)2S0) 8

187.3, 183.5, 177. 3)_172 1, 160.6, 159. 80>%053 3,

115. 3, 107.2, ngqL% O'?%*%v 74.2, 68.4, 4% (C§

5 o L e

met hanol i ¢ Tlc
43 d*olda‘ésél

OB f n
( C21H23N30243%° Found 430, £509. *0 WJ o8
2005/ 112945PCT/ U82005/ 017831 nt hesj s
9 28 nt ac )ﬁ(‘:qqc[s,@rat ugays hylr 1c acid (rt@m;_tﬁ/i,] 1p2 mL) was added to

ga%zog%ﬂrmﬁ{e fadidnWebdet Péd’ﬂemlfn@ ahs%mﬁ%f tfe }ﬁélfMj p%thZlC)"éh‘lc

addition product from the experiment above (33.0 mg, 0.0375 mmol, 1 equiv) in
acetonitrile (7.0 mL) at 23 °C. The resulting mixture was stirred vigorously at 23 °C
for 60 h, then was poured into water (50 mL) containing dipotassium
hydrogenphosphate (7.0 g). The resulting mixture was extracted with ethyl acetate (3 x
20 mL). The organic phases were combined and dried over anhydrous sodium sulfate.
The dried solution was filtered and the filtrate was concentrated, affording the product
depicted as a yellow oil (25.0 mg, 100%). This product was used in the next step
without further purification. |

[00229] Ry 0.05 (1:4 ethyl acetate-hexanes); 'H NMR (600 MHz, C¢Ds, crude) &
14.86 (br s, 1H, enol), 11.95 (s, 1H, phenol), 7.23 (d, 2H, J= 7.8 Hz, 0-ArH), 7.14 (d,
2H, J = 7.2 Hz, 0-ArH), 6.94-7.02 (m, 6H, ArH), 6.86 (t, 1H, /= 8.4 Hz, ArH), 6.76
(d, 1H, J= 8.4 Hz, ArH), 6.28 (d, 1H, /= 7.8 Hz, ArH), 5.46 (dd, 1H, J=3.6, 3.0 Hz,
BnOCO,CH), 5.12 (d, 1H, /= 12.0 Hz, OCHH 'Ph), 5.04 (d, 1H, /= 12.0 Hz,

OCHH Ph), 4.92 (s, 2H, OCH,Ph), 3.41 (d, 1H, J= 9.6 Hz, CHCHN(CHjs),), 2.82 (dd,
1H, J=9.6, 3.0 Hz, CHCHN(CH3),), 2.65 (dd, 1H, J=13.2, 3.6 Hz, CH;CHCH), 2.78
(dq, 1H, J=13.2, 7.2 Hz, CH3;CH), 2.05 (s, 6H, N(CH3),), 1.04 (d, 3H, /= 7.2 Hz,
CH;3CH); 3C NMR (100 MHz, C¢Ds, crude) § 193.4, 186.2, 181.3, 172.3, 167.9, 163.3,
154.6, 145.8, 136.6, 135.8, 128.6, 128.4, 127.2, 116.8, 116.0, 115.6, 107.6, 104.7, 76.8,
73.9,72.5, 69.5, 60.3, 48.7, 43.0, 41.8, 37.5, 15.3; FTIR (neat film), cm™' 3424 (m,
OH), 3059, 3030, 2925, 2857, 1744 (s, C=0), 1713 (s, C=0), 1614 (s), 1582 (s), 1455
(s), 1252 (s); HRMS (ES) m/z caled for (C37H34N200+H)" 667.2292, found 667.2300.

Deprotection Step 2:
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4.03 equiv) was added to a solution of phenyl

3- (brononet hyl ) - 1- net hoxynapht hal ene2- car boxyl ate (105
worgnos@12883 Mol , 4.02 equiv) and enone 7 (34. OpaM@uUs2005/017831

0.0705 nmml, 1 equiv) in tetrahydrofuran (2.80 nlL) at

-100 C. The resulting light-red reaction m xture was

allowed to wvarmto 0 C over 70 mn. The ice-cold

product solution gas then partitioned between aqueous

pot assi um phosphateobuf f er sol uti on &pH 7.0c0.2 M 15

nl) and di chi%rA) m&*é?ﬁ%z (15 ni). The®dyhanit phase was

separated a oS pPhaseckwag xtract ed
with two |5 0 of THi-¢"or orfe 2

or gani ¢ phases nee 6 Oco’r ned s@nd drtiCed® d\?e*ro aﬁhydr ous
sodi um sul fate. The dried sol uti on was)-fdhtier ed, and

e R O 1Bl i one
%ogﬁhﬁl th&rsoldhibh 8 Hﬁgﬁ@d@ﬁoﬁ%@ cL:éth "el%vez(gg ())inéQ) (5?‘7‘5 mmol, 1

UV det ection at nm Sol ven wat er ol vent
wgultvamdletrahydooﬁgepanathmqlm @cl. Dmmis) at230Cu lAreamlmsphere of hydrogen

3 B BB By oAk it i heBl i v e hidrogen (1
Uny; 10RO Ra@MBT cafdly s iditiONY si¥eRied 3o Be BB URbersion, but

Fractions eluting at 24-38 mn were collected and
cggeaned Hite dlumpsvotdn A gninh dhp exliey betero gamrdius Mixture was stirred at

@5\/\%&2?2@%{& )@?ag ?‘[‘;‘g%ﬁf’fﬁ%g‘l‘ é%l%ﬁo&?ﬁﬁﬁg’ Eltrlc\ter@as &%%/%ntrated,
atfotdih@a helkenel) The @rddwﬁva(s&ﬁﬁlﬂwlz)y pedpaladrydHBIEC 3h a( s,
ﬁhenégggpx% }g(cj:qluéglx_(leigg 26Mhx 1-f)1mm%\1_sletec7102@t 350 nm,
gt by s 5Ly s i g
@00 L2 HsolCHEHR CHEHMINEHS)Rg oiHid aCtdYHRGHEMN( DBirtd)2yvith 5% B for 2
S0 0 b S RO A N M b
RGP AR Ayt o

@loXﬁcy@ﬁne BydroctBS)de dkRGeNMR folkler M6z22 mgDAY3), vﬂiidlﬁ\XIaQi,dentical
w1€h ndtural (1 ?%oxycyc?ne h}’drocql{orlde eversze-phase HELC](CO “injéction), 'H
NMR (including measurement of an admixture of synthetic and natural doxycycline),
3C NMR, [a]p, UV).

[00231] - '"HNMR (600 MHz, CD;0D, hydrochloride) & 7.47 (t, 1H, J = 8.4 Hz,
ArH), 6.93 (d, 1H, J= 8.4 Hz, ArH), 6.83 (d, 1H, /= 8.4 Hz, ArH), 4.40 (s, 1H,
(CH;3),NCH), 3.53 (dd, 1H, J=12.0, 8.4 Hz, CHOH), 2.95 (s, 3H, N(CH;)CHj3"), 2.88
(s, 3H, N(CH3)CH3"), 2.80 (d, 1H, J = 12.0 Hz, CHCHN(CHj3),), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CHsCH), 2.58 (dd, 1H, J=12.6, 8.4 Hz, CH;CHCH), 1.55 (d, 3H, /= 6.6
Hz, CH;CHCH); C NMR (100 MHz, CD;0D) & 195.3, 188.2, 173.8, 172.1, 163.2,
149.0,137.7,117.1, 116.9, 116.6, 108.4, 96.0, 74.5, 69.8, 66.9, 47.5, 43.4, 43.0, 41.9,
40.0, 16.3; UV max (0.01 M methanolic HCI), nm 218, 267, 350; [a]p =-109° (¢ =
0.16 in 0.01 M methanolic HCl); HRMS (ES) m/z calcd for (C2oH24N;0g+H)"
445.1611, found 445.1603.
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135. 3, 129.5, 128.8, 128.7, 128.5, 127.5, 126. 4,
124.2, 121.8, 119.5, 108.7, 108.7, 82.4, 72.8, 63.8,
w®3006/1126805 8, 42.1, 40.7, 29.3, PCT/US2005/017831

[00232] Literature values (The Merck Index: An Encyclopedia of Chemicals,
Drugs, and Biologicals, 12" ed. Budavari, S.; O’Neal, M. J.; Smith, A.; Heckelman, P.
E.; Kinneary, J. F., Eds.; Merck & Co.: Whitehouse Station, NJ, 1996; entry 3496.):
UV max (0.01 M methanolic HCI), nm 267, 351; [a]p=-110°(¢=1in 0.01 M
methanolic HCI).

Synthesis of (-)-6-Deoxytetracycline

Cyclization Step:
1. LDA, TMEDA, S, My N(CHa),
Et THF, 78 °C :Z .
@COZPh 2.-78°C—»0°C :
OBoc n NCHa) BocO O HO : O OBn
N oTBS
I N
0:z0 OBn
OTBS
7
81%
[00233] A solution of n-butyllithium in hexanes (1.65 M, 75 pL, 0.12 mmol, 3.9

equiv) was added to a solution of diisopropylamine (17 uL, 0.12 mmol, 3.9 equiv) and
N,N,N',N'-tetramethylethylenediamine (19 pL, 0.13 mmol, 4.1 equiv) in
tetrahydrofuran (1 mL) at —78 °C. The resulting solution was stirred at —78 °C for 30
min whereupon a solution of 2-(phenoxycarbonyl)-3-ethylphenyl £-butyl carbonate
(31.8 mg, 0.093 mmol, 3.0 equiv) in tetrahydrofuran (250 pL) was added dropwise via
syringe. The resulting deep-red mixture was stirred at =78 °C for 90 min, then a
solution of enone 7 (15.0 mg, 0.031 mmol, 1 equiv) in tetrahydrofuran (250 puL) was
added dropwise via syringe. The resulting deep-red mixture was allowed to warm
slowly to 0 °C over 3 h. The ice-cold product solution was then partitioned between
aqueous potassium phosphate buffer solution (pH 7.0, 0.2 M, 15 mL) and
dichloromethane (15 mL). The organic phase was separated and the aqueous phase was
further extracted with two 15-mL portions of dichloromethane. The organic phases
were combined and dried over anhydrous sodium sulfate. The dried solution was
filtered and the filtrate was concentrated, providing a yellow oil. The product was

purified by preparatory HPLC on a Coulter Ultrasphere ODS column [5 pum, 250 x 10
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26.2, 23.1, 19.3, -2.2, -3.5; FT1IR (neat film, cml

2934 (m, 2852 (m, 1718 (s, C=0), 1610 (s), 1513 (s),
wd40081(s 1452 (m), 1369 (m, 1339 (w), 1293 faushidsHdrrssi

nm, 1190 (w), 1159 (m), 1067 (m, 1026 (w), 1011 (w);

HRVS (ES) nmiz calcd for (C39H44N207S i +H)+ 681. 2996,

found 681.2985. Deprot ection: 74%[00243] Concentrat ed

r of 0B, WE .. % .0 . .
\Aﬁ meaé/ctqlgn g pT 0 becf:l !)l}gélaec oéf \glgg%lgl?lolf; 1socm‘a}1c elution
GO Rlethanel- @atSﬂdSQtlllQ flood raltehe MUIflirﬂd Fm&a@yahm@ at 39-60 min
addi ti on product fromthe experinment above

ovagsollectedpndppneaptrateds %fﬁqrfim&ﬂée P YRLG acatlt%predflgﬁépwted in

LRI R SHEY % st Gl 0

rmmmenphqs,mmt (e § fealydgd furahHieexaesly 'H NMRT(S(I)lMHzV@EClg) 8 (s,
extracted wt acetate he or ganl Cc

|
phdé4nenal- Qléhﬂr 65%‘6 ki E féé*)@\?é’p -h#h f‘lﬁb&ﬁ@ﬂd? hbn(d, 1H, J
f d
P A 338 (0 oML QRIS sla2 (WPTAL) B1E WS cry(cHy),
rzesi -8.0¢ (ue2HJCHSCHy €8, CHCH, BAGGHd,diHYant0.{,15.1Hz5 nl)

HHCNEBER) oY 6. B3 240 ) THone
CRL poPNEY, Ot DA Q9213.075, CRA CHEHRAUARS, 1.56 (s,

Wbrl ef | y ‘evacUating the flask, then flushing w
piH, &y dt.65 ém 9H1Bac)ni) 84'(&&9&4@1350;/\0 A7 k¢, GHe THas, (513 GSer TBS);

280 KR M ol b M e gaant $5s 1R P RaSh 2, 1474,

W%'S'(P%@bl 128-'376128%5!?}11? 193%, @2@&0108631 104714 94.8,83.9, 81.5, 72.5,
di'chl’ or onet hane (4.5 nl) o the Yesul ting sol’ution

VielsS, dddled] 4, 305 134 9;@7071@ 2@@r2{h7,t1r9 Dri6i6, e26-3.70 FUIR (neat film),

ot 28000 2R b oLl 0y T8 1 640k 1605,@. 1508 @rldg7 am,

a1t453%m§ 138 (I%R512h7 etdanal), (20 (ﬁ}hmva& aﬂ)@ggw?f}qiRMSe(ES) m/z
resultin ow sol.ution was stirred

Tgkedder 40%501‘1\2\@933%3%c7érit3r3éﬂ>ef@umé?$ b%ﬁ(hg a yellow oil .

The product was purified by preparatory HPLC on a
Phenonmenex Pol ynerx DVB colum [7 um 150 x 21.2 mm
Deiteieeisn:on at 350 run, Solvent A: 0.01 N HCI,

Sol vent B: acetonitrile, inj ectl on val ure: 5NOO uL

(et hanol contj/bi n;g'?‘i'b’z mg 0xali g aci Wiy gmadi éf_pt

el ution with 25-¥5000 B° X

mL/ mn]. Fragthpny
and concentagt ed,Hog] ﬁor?ﬁ”ng t pent”ﬁcﬂ:l“Pm'é’ 5
hydrochl ori de as a ye | ow po er (13.1 ng, 749%.
[[002353] NVR (&afdbnthdtizd aquie3ad hydnyfilroaichictl soketjonG4 8 wa 64,(0ch mL) was
:—,Laq’égrcf tooquoqlp:%pyjlérrl%le%wtlo; \gedsr gox}g“%l%ng\]aﬁ(%tﬁ?o(ncﬂjm ’thq_Arpjlllrh) ed
éﬁztaz ic adhlﬁxon?rb&l)ct frzm]thé §X£e}1'ﬁ|len9‘5ﬂ>dvk (1540:11’4\% Q)S()2O§|'mmol 1

WWN(@H@ @5 @HV‘@!—RB—MM@@@uxt@e@%s (sdd¢d _a_tl—23 °C for

1, et S Ry R

10 o= Th r&ulthd. Bixtkd was EktractddHv £etadd @) 20M1BTh
(B0l G scmulibl it kg s Beracked AL EIN £ (1) 20 ML he

aJ
M@f@lq phasepweig copbined Bnfidrisd Regtemhydrpes Odumwfe(tﬁs?he dried

o8 A SRR S S oo T

residue was dissolved in methanol- tetrahydrofuran (1:1,2 mL) and to the resultmg
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Cyclization Step: LDA, HWA THF -95 C -? -50 C 76%
[ 00245] A solution of n-butyllithiumin hexanes (2.65

wok003319431t, 0 0945 mmol, 5.00 equiv) was addedr/i92085/017831
sol ution of diisopropylamne (13.2 RL, 0.0945 mmol,
5.00 equiv) in tetrahydrofuran (0.750 nL) at -78 C
The resulting solution was briefly warned in an ice

ba tWIaﬂﬂ%E%ﬁiISﬁ‘é‘Fﬁm@SC‘g &gé %‘% b @7&5@19?“%,? €qyiy) g one portion.

eﬂl‘ﬂ hitdosPRre BERRTogdd 2id Weals MigtrRluc&d %‘ bﬁ‘&ﬁy &%E&ﬁtin‘gﬁhe AR, then

this solution was then transferre col'd) dropw se Vi a
cushingavittopue b?zi‘lif@g@lbﬁ aont dhe b’ﬂ@%h’éﬁwe was stirred at 23 °C for 2 h,

%hgg%vhél hﬂé/rjaa ﬁlﬁf; g)? é{thoeht el"h(eéfﬁg%g s c?h&f?r%eﬂdrdmg a

i yellbﬁftdiBMQ dﬂig)f Uﬂlﬁ@rc(dﬂmt?&@s lm.r)ﬁeﬂtby IQEp&tof)OIFIPfLGQmai Phenomenex
qht-red m xture. The reaction solution was al

e Tias o 10 BB cobET L0UR, 256 il GiomrsY ftseRA A 365 B Sivent A:
Vﬂ&h&ﬁb@—@.m 1 (P25 K JPAINVBE B BSHE RS Snjection volume: 400 pL

(methanol containing 10 mg oxalic acid), isochratic elution with 18% B for 15 min,
then gradient elution with 18—60% B over 15 min, flow rate: 5 mL/min]. Fractions
eluting at 17.5-22.5 min were collected and concentrated, affording 6-deoxytetracycline
hydrochloride as a yellow powder (8.1 mg, 85%).

[00236] 'H NMR (500 MHz, CD;0D, hydrochloride) § 7.49 (t, 1H, J= 7.8 Hz,
ArH), 6.95 (d, 1H, J=7.8 Hz, ArH), 6.84 (d, 1H, J= 7.8 Hz, ArH), 4.09 (s, 1H,
CHN(CHa)y), 3.03 (br s, 3H, N(CHjy)), 2.97 (br s, 3H, N(CH»)), 2.90 (br d, 1H, J=12.7
Hz, CHCHN(CHj),), 2.67 (ddd, 1H, J=12.7, 12.7, 5.2 Hz, CH3;CHCH), 2.61-2.56 (m,
1H, CH;CH), 2.30 (ddd, 1H, J=13.7, 5.2, 2.9 Hz, CHH'CHCHN(CH3),), 1.54 (ddd,
1H, J=13.7,12.7, 12.7 Hz, CHH'CHCHN(CHj3),), 1.38 (d, 3H, J = 6.8 Hz, CH;CH);
UV max (0.01 M methanolic HCI), nm 269, 353; [a]p =-142° (¢ =0.20in 0.01 M
methanolic HCI); HRMS (ES) m/z calcd for (C22H24N207+H)+ 429.1662, found
429.1660. '
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pot assi um phosphate buffer solution (pH 7.0, 0.2 M 10
nmL) and di chl oronet hane (25 nlL). The organi c phase was
weepsnaloerd and the aqueous phase was further epd1/681005l017831

with three 15-nL portions of dichloronmethane. The
organi ¢ phases were conbi ned and dri ed over anhydrous
sodium sul fate. The dried solution was filtered and

the filtr ept

Solid ThoVEER of 818D i ??"39%‘58%?%’83’5 Tedachite.

LycliziitionrSted:t r asphere ODS colum [10 Rm 250 x 10 mm

WV detection at 350 nm Solvent A water Sg(lu\(ent B:
Ano

met hanol , i nJcec I en, vol v 00 RL. ¢

gradi ent el ut ﬁﬁ\ggf 85- HFOUYE B overl ?lCjz
3.5 nb/mn]. =N PBNS2 EBP-101g at 21¢ wet
col l ected and c8hcent r at gdicraf f or di®fy Ph‘éJ @,%g]t aeyel iC

addi ti on product in di anerically pure form (8.6
ng, 76% a white solld@@g@&mo. 0 7 (3:7 ethyl
acet at e- hexanes) ; NVR (500 MHop: CD2C12) 15.21 (s, 1H,
enol), 8.63 (d, 1H, J= 49®sHz, pyr-H), 8.19 (d, | H,

.J= 7.5 Hz, pyr-H), 7.54-7.43 (m 5H, ArH), 7.34 (d,
1H, J—45 7.5 Hz, pyr-#% 5.36 (d, 1H, J= 12.0 Hz,

Wjihl gﬁm m&l ’E‘P\s*ylé*}hlugl lgé*eéar@%Hﬁf @u&o 178.15%mol, 4.3
U R By 37t o pind 2 45 0% g6 i) i

Itﬁtrah@&lld'f@hl@(ﬂﬂﬂﬂbll‘dt CIBYQ) Theresdlting ddl,utldllrlwaﬂ 3lldw<€d t04/va4m to 0
10. 7 2.54-2.48 7( ni
rL10. @34 m:pzpl54 qulv) was added

wvwbim(l y%dlmgthwrwéenewﬁa (4

TG Dl Ruolebya o te R i SRl penprion)-

U dimetiy8pyridinek82afbox 18&2.(21.01hg, .09 930Gimal, ZJS@&qél.v) in
137.6, 134.1, 129.2, 129.1, 129.1, 126.8, 123.
iqgihydrofgen QSO&@)ZVas-ﬂg,erDaddsq vig sygppg@to tho cqoleqhgeagftnon solution.

e t80 usSofnatBed o By T, OB o o

@025 2688 .0. 03E1>e pﬁxﬁbmteq@m ir] @AAydBalrhadisomIhvasiadiel Aa syringe.
g%g 0.028 mmol, 2.6 eqwéiJ was added in one portion to
<§¢Witlftgrﬂeép'r¢dﬁ@l>ﬁ@ﬁlqu opehtawgen fac0 dda@vern b Acetic acid (40

L %%tasicfler to ékltxegc;eaeﬁ erg?eTgxtnﬁ grneoa[t%b’gf/ el‘}gedc% ﬂﬁ)proqu%%?lmp\%as then
@bﬂnﬁﬂb&baw%n k?uéb@g@iamﬁn Msbﬂﬁib‘ eeffedlRIongpHY .0, 0.2 M, 15

evacuating the tlask, then I ushi ng with pure hydr ogen

mL)eandydichforemethane (iSgLyr Besorganie pheseas sgmratpé ends.thezlaueous
i

e et TS IS SRR BB, T cranc

y:gtrhcnwwerel co(“ﬂonﬁhdmjjl)i thebhdriedeseduehydasis dodiaml suéfdtel Mhe dried

T Wbt b A oo RN AT
?%dﬁcﬂ?fhyﬁdrmd(b@%r%ardfb ngﬁLmo}l ASulRY @ﬁﬁjal#ﬂer% DS column [5

esulting solution at 2 The reaction nixture was
heat2ed <t 1d) B, OV deteQionhat 35Erme el vbytdk ofdtery Solyentdd:dnethanol,

ugfgt?qrx}lﬁv%l% H@ @dgwgo %éaé{&qqt 8&“?‘%& ] |gv£€d(§ IBI (?vrgz(re30 min, flow
?5’(@039 S‘HLQPn%g F@iét@ﬁgblﬂgné‘aﬁ’ﬁl DO RetebollTt8d RAPBHREntrated,

was purif preparatory HPLC on a Phenonenex

Rifoydieg she lpvmacx:dlla radditio0 productdsPicted i dianteroiedent yqpuroform
50 Sol vent. A %trifluoroacetic acid in

m-émg@?ﬁ’vsﬁ?h@el‘@ SW%flfl f1 uoroacetic acid in

net hanol -acetonitrile (1:1), injection vol une:

500111 , (nethanol), gradient elution with 0->20% B

over 40 min, flowrate: 4 nL/mn]. Fractions eluting

at 35-45 min were collected and concentrated to give a

yellow oil. The oil was dis®olved in nmethanolic HCL

(1.0 nL, 0.10 M and concentrated, affording

7-aza- 10- deoxysancycl i ne hydrochl oride as a yell ow
powder (3.7 ng, 79% | FI NI\/R (500 I\/Hz CD30D

N N N ey -— e~ oA



Cyclization Step: [ 00248] A sol ution of

n-butyllithiumin hexanes (2.65 M 59 [IL, 0.16 nmol,
wahdsemeiy) was added to a sol ution of phenyl pcT/US2005/017831

2- (bronmonet hyl ) benzoate (45.6 ng, 0.157 nmol, 3.97

equiv) and enone 7 (19.0 ng, 0.0394 nmmol, 1 equiv) in

tetrahydrofuran (1.57 nmL) at -100 C. The resulting

oline LK A% ea eedoiercn THEMR oMbz Eoih o

L [ hogPH@L r =
sol utg%on (pop !} (7”322 M@ﬁj OPP%Q&Z éalggcﬁl’ or oég @aﬁgﬂg’sm /=
ni2) 7 HIJ@CH‘PQHWL £.4plidsk= Wag sze@Hc XCEH Rh) 5t33e5.38) (moZB

OCRERH To0 M.t o ot R SR b B ohieTb, o e

C@H@Hg@pkc&md(cd{abﬁdz 94/ anhydrleqs 4304}, WHHWHEHSCHERY(CH,),),

dri ed sol uti on was ere and the filtrate was

chrtele HHt &d,16dE ﬂéd&ﬂm@%%@f&ﬁw&Hmwﬁdwc&H J=10.5,
S s GHOH N B BB b AT GUOR B 6P T e N o)

Vo e(d, 180l weidt2 Bz, @HH’@HGHN(C%BEW Xi’r(svf,blﬂ UTBS), mza (mBH TBS),
( et hanol r§d|ent elution with 00% B ove

rﬁ H (SUQ/Hd)EB&t 1 ONMR (HXoM#blg Cﬂzglm) éé?'é?? B2, rh§21§} h]S 8,167.9,

F I

L ABrS, B PP Tl ge B TR R a8 T B e 0, 116,

le\(zhCH,JQU8 Bn}ﬂﬂdsﬁm&{)ggggﬁg:%ﬂ Zé’fﬁ%92f0939r2,|(2|86,26mg 248198.0, 19.3,
Ite soll :

2k =1 ST BRI ARSI 00 RRST (00 6=0% 1593 (8, 1510

]@ 1@@’ (o) 114%@&43&@1&') &34@93121'% (6, "9157&2‘2‘1030?@281064 (m),

(D07 Lid); HRMBJ(ES) 'z ca(DHN(dr?IéB);mzN@ﬁﬂFH)é 7283268, fdurl,d 722.3261.
CHCH2CHCHN(CH3) 2), 2.99 (dd, 1H, J = 15.5, 5.6 Hz,
CHHLCHCH2CHCHN( CH3) 2), 2.88 (dd, 1H, = 15.5, 15.5 Hz,
CHWCHCH2CHCHN( CH3) 2), 2.61 (dd, 1H, J = 4.4, 10.7 Hz,
CHCHN(CH3) 2), 2.54- 2.44 (m 7H, N(CH3) 2,

CHH CHCHN(CH3)2), 2.14 (d, 1H, J = 14.3 Hz,

CHH CHCHN(CH3)2), 0.86 (s, 9H, TBS), 0.25 (s, 3H,
TBS), 0.12 (s, 3H, TBS); 13C NMR (100 MHz, CD2C1l2) 8
187.8, 183.0, 182.8, 182.4, 167.7, 141.7, 135.4,
133.4, 130.9, 129.0, 128.9, 128.9, 128.1, 127.5,
126.5, 108.5, 106.8, 82.1, 72.8, 61.5, 58.5, 46.9,
41.9, 38.6, 29.0, 25.9, 23.1, 19.1, -2.6, -3.7; HRWB
(ES) mz calcd for (C34F140N306Si +11) 601.2734, found
601. 2730. Deprotection:
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[ 00250] Concent rat ed aqueous hydrofluoric acid solution
(48 wt % 1.1 nL) was added to a pol ypropyl ene
WO 2mshiops vessel contai ning a solution of the pcT/US2005/017831

pent acyclic addition product fromthe experinent above
(15.1 ng, 0.0251 mmol, 1 equiv) in acetonitrile (10
rrL) at 23 C. The resulting solution was stirred

eéﬂy at 23 Cfor 12 h, then was poured into

f nmL) contai ni ng di potassi um hydr ogenphosphat e
(4 7 g) and therrpd%b wasH,exbH.act ed W th @t h)UlCHs

acetate e or4g&gra C-Phdsesy conbPhed
and dri ed 0 \s otk weorsul f at AN iFedNH,
sol ution was f I,toer d end thesfiltrate a9 wol o

concentrated, affot@ ng a yellow solid (12. 2 ny, 99%.
gbem}SI dU%Aﬁﬁlams%a&hyfseEm Hg, r@@dmﬁlno o%gaéa;l%nl)l;&aﬂs added to a

and pal | adi um bl ac
@qtutm)l ofidts ramuﬁ@d pentagyedic raé@lubn pngiusbﬂrmnuthmexpnnmeet above (10

3R 70 e 0N T R RO 1 70 it b 26 Appfrosphere
hofdvyaagen s wigthtrodited |b9$)kﬁ|1|eﬂy RGadub it thkf‘ﬂakl@%héﬁ ﬂﬁsﬂfx@ with pure

was stirred at 23 C for 20 mn, then was filtered
thyidenggn (hatudheeastion srixturhwas ohservad éo foam a green color within 10

\Actgglc gégiltcrrg{lﬁglgba?ﬁg Gb%{@ ath¥ ?ﬁgﬁ@ ﬁﬁ)&thl%ﬁiy]ashfﬁté%cp t%l igh a plug of

rep ara enontncx

Rxmlttyﬂﬁﬁd(th@\fﬁtrﬂe Iwamaoﬁckﬁtr@tﬁd 41 oﬂy J8loWitesidve ek @isko198d in
at g ra Solvent . A: 0,01 N HClI, Solvent B:
deethenal (1] mb) andhjodhe reéﬂlt%ﬁamwn yag ailﬂsd(%@%rﬁtﬂd aqueous

IR o B
atinged ag2htC 16-322, tinem m@nccﬂttaadt érmeqmmtmowaepmmiﬁﬁdel@

S e e T XTI,
?.Ydrd@féml&f 4132 n%‘? S%ﬁ/eﬁfjA @Ul Bﬂaqye&@hﬁ%chﬁgrk@ ach %%lvent B:

H J= 7.
'ﬁcgtomrllemn}e,)ctloﬂv@l@n(edﬁOO_mL (methaﬁolieoh{mnmg ) mgsz@ldc écsd) linear

| H CH@&%@—»%Q(@@Y% 1§1r18 g%v&ate i,ql rgln%rglctionsﬁtgmgfu 20-29

(HTH W@%%@ﬁh@ltra@d g%_ff({rg% tﬂéjt_) nixrf %%d%ne ﬁ;’dréc‘slh'émde asa

mlloqu@emmmas?%) 1 66 (ddd 1H, J= 12.8, 12.8,

s, A o Bk S B o 0

H”I*?( cedaiNC
11122[\?% 399 15@§8 ouﬁgﬁgggﬂ‘l%é §)ol ogi cal
t(éIgCHm@HCHN(CH3)2) 2.79 (dd, 1H, J=16.1, 3.9 Hz, CHH'CHCH,CHCHN(CHs),),

2.55(dd, 1H, J=16.1, 16.1 Hz, CHH'CHCH,CHCHN(CHs),)), 2.40 (s, 3H, Ar-CH3),
2.18 (br. D, 1H, J = 12.7 Hz, CHH'CHCHN(CHs),), 1.59 (ddd, 1H, J=12.7, 12,7, 12.7
Hz, CHH'CHCHN(CH3),); *C NMR (100 MHz, (CD;),S0) & 187.3, 183.5, 177.8,
172.1, 160.6, 159.8, 153.3, 115.3, 107.2, 106.9, 95.6, 74.2, 68.4, 41.5, 35.7, 34.5, 33.9,
31.0, 19.2; UV max (0.01 M methanolic HCI), nm 267, 370; [a]p =-146° (c = 0.43 in
0.01 M methanolic HCI); HRMS (ES) m/z caled for (C2H23N307+H)"™ 430.1614, found
430.1607.
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[ 00252] Whol e-cel | anti bacterial activity was
determ ned according to nethods recommended by the

wOogHok/S120Mat i onal Conmmittee for Cinical Laborapor/ys2005017831
St andards. 2002. Methods for dilution antim crobial
susceptibility tests for bacteria that grow
aerobically: approved standard-fifth edition. NCCLS
docunent MLOO- S12. ' I bttee f.or Clinical
Laborat ory Standar dg?}‘{?%}%é’f %r.ﬂ;)e'}tﬁ%yocr'%r ated herein
Wy cligaturesrep:) . Test conpounds were di ssolved in
di nmet hyl sul f oxi de (QEXBO) and the resulting solutions
were diluted,bn watgr (if: 10) to produce stock u u e

sol ut | ith a | ¢oNCent rak.iifn _o @@@‘ °
FCHO e

. tetracyehyYneosanal og:mwerinl. | aoxc96:0nel :
plate, 50¢H AL al i ggdts BF stockssol uti oftso Wer 80 £ 0
diluted serially intp cation-adjusted Mieller-Hi ALon
broth (MHB; Becton-Dickinson, Cockeysville, MD). Test

Wil sms  (Seclptien of 7-juiatlishigm indienanes (.65 B, 075 0.284 mmol,

p
t h ropriate lls of
T8 Bl DR PR IS PRI IREAS ) bl S
decaboxyddte Y1 Btm@D. 283 ramol, & lequiv) bhe ehdde T@.0.#g, 0.0705 mmol,
I owest) .conrgglr;(’{r g;t]? on of conmpound determned to Inhibit
Vi S94Uby énée[t. 0 r‘,@..@lgm ﬁbSliOpi e T&Wdeqqltmg llgh.t-red reaction
G- %@51%%@@@@%&51‘ Bl |t s ?g ﬁmﬁr q&? XRUN0E ohq.ﬁ esolution was

m ni mum i nhi bitory concentrat M assay
Chempapogored \betvaten aneousporsshia phys phatedadter salngors(pATTG 0.2 M,

21 { | ocaccu Lderm di s ACH 0016,
3 IR BB RIGRETY T The predui oty wemeisgand the
- Taq86ck ipha Mals ARG Q2 trh@ed/REh Mo 13BRL P¥&ioRs beSicRloRMethane. The
ent erococcus strain), and Staphyl ocoCcus aureus ATCC

Pogredopiases were wgmbingd mad Miedevesaahwhogseiodjum ifate. The dried

: i S ' re Pseudonmnas .aer.ugi nosa A
SHRTLA R SR TR RS o SIS RRREE R R0 e
DOORRt whs pirifidd APre A0y HRL CiolayCoulter Ultrasghere ODS column [10
antibiotjc-resistant), and E. coil ATCC 53868:: pBR322

Cf'gbr?ls 9l (g Uy detpstioneh é dinmgSolvent A: water, Solvent B: methanol,

I Engs ' C ST r I S 0
LSS L I USRS ) e p 2
onin dolievainisy &limsan gradiins tlatice with 9%and 1 009 Bi G&r 20 min, flow rate: 3.5

Ba@teri? strailgls_ G am Positive Organi sns: )
QLAY deactions ehifipg as2daninwenexcodesisn pnd eancenisated; afgding the

AEEE ROBER Gl AL RS FRICAI AT 1o o
feledal i s ATCC 700802

[00242] R;0.37 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) 6 16.25
(s, 1H, enol-OH), 8.30 (d, 1H, /= 8.3 Hz, ArH), 7.75 (d, 1H, J = 7.8 Hz, ArH), 7.59-
7.34 (m, 7TH, ArH), 7.26 (s, 1H, ArH), 5.38 (s, 2H, OCH,Ph), 4.02 (s, 3H, OCH3), 3.99
(d, 1H, J=10.7 Hz, CHN(CHj3),), 3.08-3.05 (m, 2H, CHCH,CHCHN(CHjs),,
CHH'CHCH,CHCHN(CH3),), 2.95-2.90 (m, 1H, CHH'CHCH,CHCHN(CH3),), 2.58
(dd, 1H, J=10.7, 5.9 Hz, CHCHN(CH,),), 2.51 (s, 6H, N(CH3),), 2.50-2.48 (m, 1H,
CHH'CHCHN(CHs)y), 2.20-2.14 (m, 1H, CHH'CHCHN(CHj3),), 0.82 (s, 9H, TBS),

0.29 (s, 3H, TBS), 0.13 (s, 3H, TBS); '*C NMR (125 MHz, CDCl;) § 187.9, 184.1,
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QC strain for MC testing Methicillin- and
tetracycline-resistant clinical isolate with .

wo pdosniegs at e resi stance to vanconyei n i ni capci/esioas/er7s31
(Achillion strain collection) Cinical isolate
(Achillion strain collection) Vanconycin-resistant
clinical isolate Gram Negative Organisns: E. colt
tAllfth) 23992157.8 959 A\ 555 58808 13R BREARs 98 138 9, fR's Wols,

126.4, 1242 121.8,119.5,108.7, 108.7, 82.4, 72.8, 63.8, 61.6, 46.8, 42.1, 40.7, 29.3,

26.2,23.1,19.3,-2.2, -3.5; FTIR (neat film), cm™ 2934 (m), 2852 (m), 1718 (s, C=0),
1610 (s), 1513 (s), 1472 (m), 1452 (m), 1369 (m), 1339 (w), 1293 (m), 1252 (m), 1190
(w), 1159 (m), 1067 (m), 1026 (w), 1011 (w); HRMS (ES) m/z calcd for
(C39H44N,0Si+H)" 681.2996, found 681.2985.

Deprotection:
1. HF, CH,CN
HoH N(CHs) 2.Pd, Hy, CHa)z
" __ dioxane, CH3OH_ OH
: 3.BBr, CHCl,
CHO O HO :o ©OBn —78>0°C Ho O HODO O
0T8S
‘ 74%
[00243] - Concentrated aqueous hydrofluoric acid solution (48 wt %, 1.0 mL) was

added to a polypropylene reaction vessel containing a solution of the purified
hexacyclic addition product from the experiment above (24.0 mg, 0.035, 1 equiv) in
acetonitrile (9.0 mL) at 23 °C. The reaction mixture was stirred at 23 °C for 22 h, then
was poured into water (50 mL) containing dipotassium hydrogenphosphate (12.0 g).
The resulting mixture was extracted with ethyl acetate (3 x 50 mL). The organic
phases were combined and dried over anhydrous sodium sulfate. The dried solution
was filtered and the filtrate was concentrated, affording a yellow oil. The residue was
dissolved in methanol-dioxane (1:1, 5 mL) and to the resulting solution was added
palladium black (10.0 mg, 0.0940 mmol, 2.67 equiv) in one portion. An atmosphere of
hydrogen gas was introduced by briefly evacuating the flask, then flushing with pure
hydrogen (1 atm). The yellow mixture was stirred at 23 °C for 4 h, then was filtered
through a plug of cotton. The filtrate was concentrated, affording a yellow oil. The
residue was dissolved in dichloromethane (4.5 mL) and to the resulting solution was
added a solution of boron tribromide (1.0 M in dichloromethane, 0.5 mL, 14 equiv) at —
78 °C. The dark-red mixture was stirred at —78 °C for 15 min, then at 23 °C for 3.5 h.
Methanol (20 mL) was added and the resulting yellow solution was stirred at 23 °C for
1 h. The solution was concentrated, affording a yellow oil. The product was purified

by preparatory HPLC on a Phenomenex Polymerx DVB column [7 um, 150 x 21.2
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Laboratory strain carrying a plasmd with a
tetracycline-resi stance marker E. colt

WSOVl ti pl y-resi stant clinical isolate (Achubsloogom7ssi
strain collection) Klebsiella pneunoni ae ATCC 13883QC

strain for MC testing Pseudononas aerugi nosu ATCC
27853@ strain for MC testing ATCC = Anerican Type

b AT SOSERR SIS S B

deﬂlﬂh@$00¢§,0(&ﬁdﬂﬁﬁloﬁ&ﬁmﬁnﬁ§ qwm@exmraerdqtgr@dleﬂfelﬁtm with
carbani onic D-ring precursor by netalization of phenyl

e?si—eﬁ(éﬁcﬁ over pgImias Bow eatevamibiisin]. Frastiens eluting at 30-35 min were
se f nsatlon S red.to u
S BB A AR e o TR FE Rt 5 Ao
Towevder eisengg, P%pn el ectron-w t hdraw ng subst | t uent on

. the a- carboléh]greatly i nproves the efficiency

862481 | o BHAMBO MU L HEDHoR chydsehlaniep A, THakd 7.7 Hz,

v G4 Tt 12 i AR P RER DY SRR B R Y00 1w

eleanr oL, @\rFBS7 b(f:ean QWHY, 4.10 @[ OMi GHN(@H@}zb 0913297 (m, 9H,
ucts_where (}éﬁl net al ation nP
ﬁ(CHﬂEQ{@HN@HB)@ o dHE TR ¢ Hyep, E%QH&H{Z\QHCFHN CHs),), 2.67

sin f n ﬁ%{i K a
Z(?Heplrspt[jrjpr ?‘é |§’n{1 ?/Hgt ggﬁgj éb(}jevel {)dpﬁr?gﬂtés{g%rg/&f ea t 2@.6, 49,
. QBIlZpCH}QCHéJW(O(bh)zb Ha64 @idd) HHhe= dﬁ)lﬁdl&ﬁ,ab}I.GBHan a

ti-kilo scale. Many different phen ester
bR R CROLE LD Ohg rsthanoUaHCY: St 368 345,402; [olo = -

C34P{d 2918871019 methanolic HCI); HRMS (ES) m/z caled for (CosHaaN,O+H)
465.1662, found 465.1656.

Synthesis of (-)-7-Aza-10-Deoxysancycline

Cyclization Step:
y N(CHa),
CHa % _ LDA HMPA
COzPh —95°C 3 -50°C
OTBS 76% OTBS
[00245] A solution of n-butyllithium in hexanes (2.65 M, 33.0 pL, 0.0945 mmol,

5.00 equiv) was added to a solution of diisopropylamine (13.2 uL, 0.0945 mmol, 5.00
equiv) in tetrahydrofuran (0.750 mL) at =78 °C. The resulting solution was briefly
warmed in an ice bath (10 min), then was cooled to —78 °C.
Hexamethylphosphoramide (33.0 uL, 0.189 mmol, 10.0 equiv) was added, producing a
colorless solution, and this solution was then transferred (cold) dropwise via cannula to
a solution containing phenyl 2-methylpyridine-3-carboxylate (16.0 mg, 0.0755 mmol,
4.00 equiv) and enone 7 (9.1 mg, 0.019 mmol, 1 equiv) in tetrahydrofuran (0.750 mL)
at —95 °C, forming a light-red mixture. The reaction solution was allowed to warm to —

50 °C over 50 min. The product solution was then partitioned between aqueous
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The optimal group for benzylic netal ati on, however,
may not be the sanme as the optimal group for

wo bdobiiweyhal ogen exchange. In addition, for thecT/us2005/017831
l'ithium hal ogen exchange process, besides ester
nodi fication, other netal reagents may be used
i ncl udi ng, but not I|mted to ot her al kyl l'i t hi um

GRS G pBRE N R T, MK G B o

anl). ZT icorpasie ghasysm B’Bparﬁadt bmcemetaw@u@ PHNel g Futthdrlexi?geted
expl ored using a variety of zero-valent netals for
OBittpthireryl S-mL portigngeof deshiqragrehaae uFaoergama phages wergecombined and

r%ﬁ%vgx?%r@%flﬁ)lﬁ% gwg]fn | Yot Y& 3ried Fkﬂuﬁér?&a ﬁH&%.; L&ME Wtrate

synt he oxytetracycline ana
fwasmohesmtmied, affordingt yllew solidt as proﬂﬁcSWmmrﬁ‘red by preparatory

ATLE R Aisiher Db D Serdionn £ 6 24T 2 4B 7 Ufection a

30k, R 1 vdAe AC waRT I SdMenP BE RIAIHALS 1ﬁﬁkétfon%14§n@ 500 pL (methanol),
substantial inpact on the synthesis overal

Aradientaiition of BHt+-hddesB efvet HemAB- ﬂOMngttqo BécmLémm] aFmctions eluting

A LR er i M Cap el o g i SentilySie ddiion
| bR &ﬁyéﬁam%@ﬂ@%r@fwfnt(s Pag, 1Bh, | AdhiRoTRSI at ed

pr ocesses, miniumion i nduce cl osures.
I-IIQM al entRﬂOdb'ﬁ @¢7 ethlgeptate-eagnes):s 6 NMRIEH9 MHgt €ReCL) §

a2 G P el 4B B TR A R P, £1960 TR s HoSovem,

mdmmﬂﬂ; SH| A6 R4]36h@, t1ar.£94i9)g.31ds, gyedD), 836 (d, 1H, J=12.0 Hz,
descrlﬁ@non of certain non-limting referred

pS34¢, the/ T he:8Ats &CHHiPéJée‘l (bl Aarlp BRe |
oxkenart awild 3 PPr AL CAEINACIANS £EAECHAND 165, 5.6

d@ﬂHHi@{CH@@{ChﬂJ(Qﬁmb 0. Qﬁ(dﬂpnﬂefzeﬂsnh% BrHisent

WA LB GRRARIDSS, A0 bR S A 1Bt SHORNGE ),
$844-2 48Ry, FHUR(CHSLBITH CHCHAYCRRY, X NEROIH, /= 1.6, 14.5 Hz,
CHH’CHCHN(CHz),), 0.87 (s, 9H, TBS), 0.26 (s, 3H, TBS), 0.13 (s, 3H, TBS); 1*C
NMR (100 MHz, CD,Cl,) § 187.7, 183.5, 182.6, 182.2, 167.9, 161.2, 153.4, 137.6,
134.1,129.2, 129.1, 129.1, 126.8, 123.0, 108.7, 106.9, 82.2, 73.0, 61.8, 47.0, 42.1,
41.4,30.1,28.4,26.1,23.2,19.3, 2.4, -3.5; HRMS (ES) m/z calcd for
(C33H39N;06Si+H)" 602.2686, found 602.2686.
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wherein 12.1 is hydrogen; hal ogen; cyclic or acyclic,

substituted or unsubstituted, branched or unbranched
wa@kdophadou, cyclic or acyclic, substituted or PCT/US2005/017831

unsubstituted, branched or unbranthed heteroaliphatic;

substituted or unsubstituted, branched or =branched

acyl; substituted or unsubstituted, branched or

i&&ﬁ % aryI substituted or unsubstituted, branched

or “unbranched heteroaryl -ORA; =0; -C(0)RA; -CO2RA
-CN, - SCN; -SRAH @ERA - SRRMC - NO2; -N(&Nanmh
-NF I O 0) RAY P93 WERIGh¥ach ¢ o
i s 1 ndependst n—ﬁrjnTnTKI
al i phati c; hrtmfo-llphatlc agyl ; aryl R HE
al koxy; aryl oxy;°8¥ kyl thio; arylthio; anino

m no; €

hg{%‘i@ar y tPhaﬂhélluKy‘tBlQ{E @'Q) mE 0, 9%@@} o(g %3 € lﬂ(f was %dded in one
goytodn to,a sphths)nl df theemlirdred lpﬂsuabygﬂmtadtlmdn pbrrchmt:fnend the experiment

b h
HbPs Ba g, A1 B AGhoISL siiv ki diomsae methastl 2, I RLI4ERS oc. An
Widbshble oftt§droglh 48 LAt MPB RIS cdtinp iRt f ﬂé%k then flushing

cyclic or acyclic, substituted or "unsubstritute
twndnpllrre @yémgmbflamﬁe dhiegsultinglergsinanixgure S\@b smnrwate?é °6rfor 7 hr,

bst b h d
JBLPR e o EOBE e B WRTAERE TS Fotseprang ltpraing o
G}Yeﬂbw SSIUP St B residuheedgiksdlvidad ,acélf)ﬁﬁﬂe €45 %LFgotransferred toa
unbranched heteroaryl; -ORG =0; -C(=0
-Podypropyitgge reastion vcg@;g@md cg@gm@ted AHCOBY hxﬂroﬂ,morchgg@utlon (48

\f%@y 2.8 H%C\Dasoa%(dg& Eoeﬂﬂg ?esﬁftm?@ofulﬁoh H{i?f&@dfﬂé l'e\éctlon mixture was

bgen, prot ec

Hehted cmaB5 ﬁlhd(bn 27, hra(Btdcess h@!di}dﬂuofieh@ﬂ @ak Yjuenchked 0 Yhe addition of
aryLoxy alky [thig; arylth no, al ky] am no,
Shepimethylsiprs @r%laﬁy%molbrTlﬁrer@écrtwaﬂmxﬁﬁﬁ ¥as gpyagntrated,

ta'?f%rcﬂﬁ%& SRow Qé’l&d V"bﬁébr@&udt Svas ?%H'Qc} W eBQra{o? MYLCona

drogén”or net nis nt eg rlnterane
dﬁ‘heﬁomcnex quymd:msl)VB column [10wint, 250 h<el anm; Iﬁbdttbcatontdn 850 nm,

%Yeé)f 8;& F ﬁ'&.\ (E)@ (&L r C.%l Iﬁlg C@g{/ tﬁ@%oroacetlc acid in

SAARMOI-abRenifrild (HPX Yﬂj&dtﬁ)ﬂ volith& GOY ‘Et'Lr(meH%hB@ NY&dliBnt elution with
tigecycline, mnocycline, 6- deoxyt et racycl i ne,

B-012Q0%\B dveegD-mipt flawyatki 4131,L/rﬁm] Fractions eluting at 35-45 min were

6 deo trac cli
S doPebSelRdi a1 iouest Theeoil yeadineyiingoethanoic
QE@P(}ItOQhLa@Y@ MY¥d concentrated, affording 7-aza-10-deoxysancycline
denethyl 6- deoxy- 4- epl-tetracyc i.ne,

hyédtechlogide 2812 yaljave ppwdsidBi7mag, 79%). "H NMR (500 MHz, CD;0D,

R PELLE H TR AL ALt g s i, 1

lelH GIHI&I@IEJ)DDEAI 3. 22 (m 2H, CHH’ CHCHZCHCHN(CH3)2,
ro-6- hyl- 6- xytetra

e GCENIETE 11103 00 Gy B BT CHCABAHIGHRN(CHo)

AR TR, R0 SR 1 HoY AP S i GHI GHOHN(CH)o,
doHp@ddd Hf/ <l 2P0 gl HY, SCHH? OHCHN Gt itpU ¥ amsd (S0117d
Cr)rfle:thanolic HCI), nm 264, 345; [a]p =-154° (¢ = 0.15 in 0.01 M methanolic HCI);
HRMS (ES) m/z caled for (CaoHaN3Og+H)* 400.1508, found 400.1504.
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and 3. A conpound of claim1 of formula: wherein R

R7 and n are as defined in claiml. 4. A conpound of
webasmbeof formula: wherein R7 and n are as dedt/08dos/0n7831

claiml. 5. A conpound of fornmula: or a salt,

pro-drug, isomer, or tautomer thereof, wherein R7 is

hydr ogen; hal ogen; cyclic or acyclic, substituted or

unsubstituted, branched. nched al j.phati c;

cyclic or acycli cg H’r?g'f ?&333{@@%@3%@% ut ed,

beyavigdrith Syep:unbr anched het eroal i phati c; substituted or

unsubsttituted, branched or unbranched acyl;

substituted, or unsuﬁ?ﬁgtuted br anched or unbraﬂ@ﬂ@d

aryl ; qug ut & wubstI¥U{Ed, bra

unbr anchettchet er {~ ORG "L °2°C( =0) '@@0@

-CN, -SCN;, - SRG o§ggea°sn SORR: - NHC( 0) RO; ®rHo- i;ggo?eg

wherei n each occurrence of RGis independently

hydrogen, a protecting group; aliphatic;
H@ﬂla‘%al i phasolutiometn- bufafﬂgthlunhmtfexmﬁ 65 MK, 0.16 mmol, 4.0

g5 o ndo Bl phey P2 Porliis U AR g e, 0157

trﬂﬁhop ROV @@iv) AAd eNdiRIT (R@ 0irfg, 0N SRS, 1RGuivS idRkrahydrofuran

¥drog€n or neth¥ and
(1.57 mL) at =100 °C. The resulting light-red solution was allowed to warm to 0 °C

over 30 min. The ice-cold product solution was then partitioned between aqueous
potassium phosphate buffer solution (pH 7.0, 0.2 M, 5 mL) and dichloromethane (25
mL). The organic phase was separated and the aqueous phase was further extracted
with an additional 15-mL portion of dichloromethane. The organic phases were
combined and dried over anhydrous sodium sulfate. The dried solution was filtered and
the filtrate was concentrated, affording a yellow solid. The product was purified by
preparatory HPLC on a Coulter Ultrasphere ODS column [10 pm, 250 x 10 mm,
Solvent A: water, Solvent B: methanol, injection volume: 1.0 mL (methanol), gradient
elution with 85—100% B over 30 min, UV detection at 350 nm, flow rate: 3.5
mL/min]. Fractions eluting at 25-30 min were collected and concentrated, affording the
pentacyclic addition product in diastereomerically pure form (19.2 mg, 81%, a white
solid).

[00249] R/0.46 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, CD,Cly) o
15.53 (s, 1H, enol), 7.94 (d, 1H, J= 7.9 Hz, ArH), 7.54 - 7.28 (m, 8H, ArH,
OCH:ArH), 5.37-5.34 (m, 2H, OCH,Ph), 4.05 (d, 1H, J = 10.7 Hz, CHN(CH;),), 3.24-
3.18 (m, 1H, CHCH,CHCHN(CH3),), 2.99 (dd, 1H, J=15.5, 5.6 Hz,
CHH’CHCH,;CHCHN(CH3),), 2.88 (dd, 1H, J=15.5, 15.5 Hz,
CHH’CHCH,CHCHN(CHas),), 2.61 (dd, 1H, J= 4.4, 10.7 Hz, CHCHN(CHa3),), 2.54-
2.44 (m, 7H, N(CH3),, CHH’CHCHN(CHz;),), 2.14 (d, 1H, J= 14.3 Hz,
CHH’CHCHN(CHs),), 0.86 (s, 9H, TBS), 0.25 (s, 3H, TBS), 0.12 (s, 3H, TBS); '*C
NMR (100 MHz, CD,Cl,) 6 187.8, 183.0, 182.8, 182.4, 167.7, 141.7, 135.4, 133 4,
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nis an integer in the range of 0 to 3, inclusive,
wWith the proviso that the conmpound is not
wa 200shiefogacycl i ne, chlortetracycline, oxytetragygusies/017831
denecl ocycl i ne, nethacycline, sancycline,
(-)-doxycline, aureonycin, terramnycin, tigecycline,
m nocycl i ne, 6- deoxytetracycline
a
qigfpoi%é 122%'09)&%[9? gz)és;dll%s ?36.5, 108.5, 106.8, 82.1, 72.8, 61.5, 58.5,
5oy di 9x98.6; maoxz)&% 280, 19.¢1 +56,y-3l.7; HRMS-(E8ei valcdfor

d
NS N 0% 273 i €41, 2980c i ne,

7-chl oro- 6- deoxyt etracycli ne,
7-thl oro- 6-deoxy-4-epi-tetracycline,
Déprosreeigir:deoxy- t et racycl i ne, 7-brono- 6- deoxy- 4-

epi -tetracycl i ne, N(CHA)
33 deoxyfttdacycl i ne

7-chl oro- 6:de 2 deoxqvmnee‘msﬂ"t etr @m@‘

7-chl or o-

VI- 6 deoxy-tghracycling q
7- br omo- 6- dePre‘[‘ch T236 "deoxy- 4- epi -tetracfcl”?ﬁé’ °A
conmpound sel ected fromthe group consisting of: 7. A

dR6250Ac eut i Caricentortpbaiuepenhysiootbudrisiactyl wlwmmid8md %, 1.1 mL) was

according.,to a one of clains . 1L to 6 d a .
SR Bt aPin SR Gafin N1 Bnufiotil  soTprygebe pentagyelic
Cdﬂﬂﬁ%']ﬂocﬁfe@ﬁbﬂi tﬁ@e ridignt e 5.¢hnad, 10251 henél, ﬂ@q@ub)?m
manuf act ur e of icament for treating an i nfectio

gicetanijgle (40 @&r)mt ag °€o The sesitvg salvéipa ivwas stiged mg@@mslmt 23 °C for

[

2 By RO, LIRS ey i Gnppospia
. 7ag)(ahamhm@gaxhdt\v&s @K@K dWith ethil acdtais €3 aes afldi Mhetodganic
claim8, wherein the infection is caused

an . .
dthgassivesre senbiaed and digd eves a@hyawscseﬁ@mqlﬁge ofhe dried solution

r o
R R e
|Elecramdeajwb:ydmlwdgama,}mnbbdloxam(tl t.8.0ml am@/pzilladmm black (6.5

se ding to cJ.aim rein the.infecti.on
.Iggaéﬁfe@eram&i%a SRR TR LA @? awﬁtng SRBKIRN &R PRg portion. An

atmosphere of hydrogen was introduced by briefly evacuating the flask, then flushing

with pure hydrogen (1 atm). The resulting light-yellow mixture was stirred at 23 °C for
20 min, then was filtered through a plug of cotton. The filtrate was concentrated,
affording a yellow solid. The product was purified by preparatory HPLC on a
Phenomenex Polymerx DVB column [10 pm, 250 x 10 mm, UV detection at 350 nm,
Solvent A: 0.01 N HCI, Solvent B: acetonitrile, injection volume: 1.0 mL (methanol
containing 10 mg oxalic acid), gradient elution with 5—-50% B over 30 min, flow rate:
5 mL/min]. Fractions eluting at 16-22 min were collected and concentrated, affording
10-deoxysancycline hydrochloride as a white powder (9.1 mg, 83%).

[00251] 'H NMR (500 MHz, CD30D, hydrochloride) & 7.96 (d, 1H, J=7.3 Hz,
ArH) 7.51 (dd, 1H, J=7.3, 7.3 Hz, ArH), 7.39 (dd, 1H, J=7.3, 7.3 Hz, ArH), 7.30 (d,
1H, J=17.3 Hz, ArH), 4.04 (s, 1H, CHN(CH3),), 3.31-2.99 (m, 8H,
CHCH,CHCHN(CH3),, CHCHN(CHj3)2, N(CH3)2), 2.87 (dd, 1H, J=15.4, 4.3 Hz,
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14. A use according to claim8, wherein the infection
is caused by an organismresistant to yanconycin.
WO 2005/112945 PCT/US2005/017831

CHH’CHCH,CHCHN(CH3),), 2.61 (dd, 1H, J=15.4, 15.4 Hz,
CHH’CHCH,CHCHN(CH3)y), 2.21 (ddd, J=12.8, 5.0, 2.5 Hz, CHH’CHCHN(CH3),),
1.66 (ddd, 1H, J= 12.8, 12.8, 12.8 Hz, CHH’CHCHN(CHj3),); UV max (0.01 M
methanolic HCI), nm 264, 348; [a]p =-147° (¢ = 0.15 in 0.01 M methanolic HCI);
HRMS (ES) m/z caled for (C1HxN,06+H)* 399.1556, found 399.1554.

Biological testing. ‘
[00252] Whole-cell antibacterial activity was determined according to methods
recommended by the NCCLS (National Committee for Clinical Laboratory Standards.
2002. Methods for dilution antimicrobial susceptibility tests for bacteria that grow
aerobically: approved standard-fifth edition. NCCLS document M100-S12. National
Committee for Clinical Laboratory Standards. Wayne, PA.; incorporated herein by
reference). Test compounds were dissolved in dimethyl sulfoxide (DMSO) and the
resulting solutions were diluted in water (1:10) to produce stock solutions with a final
concentration of 256 pg tetracycline analog per mL. In a 96-well microtiter plate, 50-
uL aliquots of stock solutions were diluted serially into cation-adjusted Mueller-Hinton
broth (MHB; Becton-Dickinson, Cockeysville, MD). Test organisms (50 uL aliquots
of solutions ~5 x 10~ CFU/mL) were then added to the appropriate wells of the
microtiter plate. Inoculated plates were incubated aerobically at 35 °C for 18-24 h.
The MIC was the lowest concentration of compound determined to inhibit visible
growth. Five Gram-positive and five Gram-negative bacterial strains were examined in
minimum inhibitory concentration (MIC) assays. The Gram-positive strains were
Staphylococcus aureus ATCC 29213, Staphylococcus epidermidis ACH-0016,
Staphylococcus haemolyticus ACH-0013, Enterococcus faecalis ATCC 700802 (a VRE
or vancomycin-resistant enterococcus strain), and Staphylococcus aureus ATCC
700699 (carrying the fetM resistance gene). The Gram-negative strains were
Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 13883, E. coli
ATCC 25922, E. coli ACH-0095 (multiply antibiotic-resistant), and E. coli ATCC
53868::pBR322 (containing a plasmid encoding tetracycline-resistance). These strains
are listed again below, along with certain other details of their origins and known

resistance to antibiotics.
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Bacterial strains

Gram-Positive Organisms:
Staphylococcus aureus ATCC 29213

Staphylococcus aureus ATCC 700699

- Staphylococcus epidermidis ACH-0018

Staphylococcus haemolyticus ACH-0013

Enterococcus faecalis ATCC 700802

Gram-Negative Organisms:

E. coli ATCC 25922

E. coli ATCC 53868::pBR322

E. coli ACH-0095
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QC strain for MIC testing

Methicillin- and tetracycline-

- resistant clinical isolate with

intermediate resistance to

vancomycin

Clinical isolate (Achillion strain

collection)

Clinical isolate (Achillion strain

collection)

Vancomycin-resistant clinical

isolate

QC strain for MIC testing

Laboratory strain carrying a
plasmid with a tetracycline-

resistance marker

Multiply-resistant clinical isolate

(Achillion strain collection)



WO 2005/112945 PCT/US2005/017831

Klebsiella pneumoniae ATCC 13883 QC strain for MIC testing

Pseudomonas aeruginosa ATCC 27853 QC strain for MIC testing

ATCC = American Type Culture Collection, Manassas, VA

Example 8-Alternative Routes to Tetracycline Analogs

[00253] Many of the studies described above show the generation of the
carbanionic D-ring precursor by metalization of phenyl esters of o-toluate derivatives.
These self-condensation reactions at timesl required to use of up to 4-5 equivalents of a
given D-ring precursor. The presence of an electron-withdrawing substituent on the o-
carbon greatly improves the efficiency of metalation and coupling as described in
Example 7 and elsewhere herein. Lithium-halogen exchange of benzylic bromides
conducted in situ in the presence of the AB electrophile has been found to provide
coupling products where benzylic metalation fails (see Example 7). These benzylic
bromides can be prepared with surprising efficiencies (near quantitative yields) and are
surprisingly stable. The developments may lead to a coupling reaction that could be
conductable on a multi-kilo scale. Many different phenyl ester substituents (see below)

may be used to optimize a coupling reaction.
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3
The optimal group for benzylic metalation, however, may not be the same as the
optimal group for lithium-halogen exchange. In addition, for the lithium-halogen
exchange process, besides ester modification, other metal reagents may be used
including, but not limited to, other alkyllithium reagents (e.g., phenyllithium,
mesityllithium), Grignard reagents (e.g., iso-propylmagesium chloride) and zinc-based
systems. Barbier-type couplings will be explored using a variety of zero-valent metals
for coupling.

The AB-ring precursors may also be prepared by alternative routes. The step-
count for the synthesis of most 6-deoxytetracycline analogs is 14 from benzoic acid.
Eleven of these 14 steps are dedicated to the synthesis of the AB-ring precursor. Any
improvements in the length or efficiency of the route to these AB-ring precursors will
have a substantial impact on the synthesis overall. Alternative syntheses of the AB-ring
precursor are shown in Figures 22 and 23. Among the strategies for alternative A-ring
closure sequences are intramolecular Michael additions, palladium-mediated processes,
and iminium ion induce closures. Hypervalent iodine reagents may also be used
instead of microbial dihydroxylation in the synthesis of the AB-ring precursors as

shown in Figure 23.
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Other Embodiments
[00254) The foregoing has been a description of certain non-limiting preferred
embodiments of the invention. Those of ordinary skill in the art will appreciate that
various changes and modifications to this description may be made without departing

from the spirit or scope of the present invention, as defined in the following claims.
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Claims

What 1s claimed 1s;

1. A compound of the formula:

or a salt, pro-drug, isomer, or tautomer thereof,

wherein R is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR; =0; -C(=O)Ry; -CO2R4,;
-CN; -SCN; -SR 4. -SOR 4; -SOzR 4; -NOg; -N(R4)2; -NHC(O)R 4} o1 -C(R 4)s; wherein
each occurrence of R, is independently hydrogen; a protecting group; aliphatic;
heteroaliphatic; acyl; aryl; heteroaryl; alkoxy; aryloxy; alkylthio; arylthio; amino;
alkylamino; dialkylamino; heteroaryloxy; or heteroarylthio;

R, is hydrogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; or -OH;

R is hydrogen; halogen; cyclic or acyelic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched heteroaliphatic; substituted or unsubstituted, branched or
unbranched acyl; substituted or unsubstituted, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =0O; -C(=0)Rg; -CO:R¢;
-CN: -SCN; -SR¢; -SORg: -SOzRg; -NHC(O)Rg; or -C(Rg)s; wherein each occurrence
of Rg is independently hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl;
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aryl; heteroaryl; alkoxy; aryloxy; alkylthio; aryithio;
amino, alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio; with the proviso
that when Ry is -NHC(O)Rg, Rg is not hydrogen or methyl; and

n is an integer in the range of 0 to 3, inclusive,

with the proviso that the compound is not (-)-tetracycline, chlortetracycline,
oxytetracycline, demeclocycline, methacycline, sancycline, (-)-doxycline, aureomycin,
terramycin, tigecycline, minocycline, 6-deoxytetracycline, 6-deoxy-4-epi-tetracycline, 5-
hydroxy-6-deoxytetracycline, 5-hydroxy-6-deoxy-4-epi-tetracycline, 6-demethyl-6-
deoxytetracycline, 6-demethyl-0-deoxy-4-epi-tetracycline, 7-chloro-6-deoxytetracycline,
7-chloro-6-deoxy-4-epi-tetracycline, 7-bromo-6-deoxy-tetracycline, 7-bromo-6-deoxy-4-
epi-tetracycline, 7-chloro-6-demethyl-6-deoxytetracycline, 7-chloro-6-demethyl-6-deoxy-
4-epi-tetracycline, 7-bromo-6-demethyi-6-deoxy-tetracycline or 7-bromo-6-demethyl-6-

deoxy-4-epi-tetracycline.

2. A compound of claim 1 selected from the group consisting of:
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H

and OH O OH

3. A compound of claim 1 of formula:

q”?

a

QAL b=

OH O OH

wherein Ry, Ry and n are as defined in claim 1.

4. A compound of claim | of formula:

OH O OH

wherein Ry and n are as defined in claim 1.

5. A compound of formula:
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or a salt, pro-drug, isomer, or tautomer thereof,
wherein R is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or unstubstituted,
branched or unbranched heteroaliphatic; substituted or unsubsttituted, branched or
unbranched acyl; substituted or unsubstituted, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORg; =0; -C(=0)Rg; -CO:Rg;
-CN; -SCN; -SRg; -SORg; -SO;Rg; -NHC(O)Rg; or
-C(Rg)2; wherein each occurrence of Rg is independently hydrogen, a protecting group;
aliphatic; heteroaliphatic; acyl; aryl; heteroaryl; alkoxy; aryloxy; alkylthio; arylthio;
amino; alkylamino; dialkylamino; heteroaryloxy; or heteroarylthio; with the proviso
that when Ry is -NHC(O)Rg, Rg is not hydrogen or methyl; and

n is an integer in the range of 0 to 3, inclusive,

with the proviso that the compound is not (-)-tetracycline, chlortetracycline,
oxytetracycline, demeclocycline, methacycline, sancycline, (-)-doxycline, aureomycin,
terramyecin, tigecycline, minocycline, 6-deoxytetracycline, 6-deoxy-4-epi-tetracycline, 5-
hydroxy-6-deoxytetracycline, 5-hydroxy-6-deoxy-4-epi-tetracycline, 6-demethyl-6-
deoxytetracycline, 6-demethyl-6-deoxy-4-epi-tetracycline, 7-chloro-6-deoxytetracycline,
7-chloro-6-deoxy-4-epi-tetracycline, 7-bromo-6-deoxy-tetracycline, 7-bromo-6-deoxy-4-
epi-tetracycline, 7-chloro-6-demethyl-6-deoxytetracycline, 7-chloro-6-demethyl-6-deoxy-
4-epi-tetracycline, 7-bromo-6-demethyl-6-deoxy-tetracycline or 7-bromo-6-demethyl-6-

deoxy-4-epi-tetracycline.

6. A compound selected from the group consisting of:
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7. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 6 and a pharmaceutically acceptable excipient.

8. Use of a compound according to any one of claims 1 to 6 in the manufacture of

a medicament for treating an infection.

9. A use according to claim 8, wherein the infection is caused by a Gram-positive

organism.

10. A use according to claim 8, wherein the infection is caused by a Gram-negative

organism.

1. A use according to claim 8, wherein the infection is caused by an organism
selected from the group consisting of rickettsiae, chlamydiae, and Mycoplasma

preumoniae,

12. A use according to claim 8, wherein the infection s caused by an organism

resistant to tetracycline.

13, A usc according to claim 8, wherein the infection is caused by an organism
resistant to methicillin,
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14, A use according to claim 8, wherein the infection is caused by an organism

resistant to vancomycin.
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