SYNTHESI S OF TETRACYCLIJNES AND ANALOGUES THERECOF Rel at ed Applications
100011The present application clainms priority under 35 U S. C. 119(e) to
U. S, provisional patent applications, USSN 60/660,947, filed March 11,
2005, and USSN 60/573,623, tiled May 21, 2004, each of which is

i ncorporated herein by reference. Governnent Support [00021The work
descri bed herein was supported, in part, by grants fromthe Nati onal

I nstitutes (g Healthlé RO1 A148825) and the National Science Foundation
( pr edoet or alS YNTHREE ORIGYERA C YRLIDES &N B ANALQSyEESERERED Kave
certain rights in the invention. Background of the Invention 00011'the
tetracyclines are broad spectrumanti-mcrobial ageilts that are w dely

used in human and veterinary nedgi jnger et al., "Tetracyclines:
Anti biotic Action, Uptake, and %@%@?é‘r@gnﬁg sr;ni sns" Arch. M crobiol.

165: 359- 69000896; M Tischresent MedicetionatlaiRegemrichusker B2$].S Wok,1 19(e) The.S.
Chem stry of the Tetracycl|ine ibjotics | ker. l.nc. Yor k,
1978) . TheprP?S‘lS‘é’!“alrﬁ%?i’lﬁéPl?l%F‘%S%§§ga@@{q’%€%@%@%tlnt%qqsoﬁ“do&g%

sem -synt hggss 68 m&gél,' 00k & ch BOURRRAS irRbrpdRiiEd Kerbi@ by rBRFerkgar . The

first tetracycline, chlorotetracychno (1) (Aureonycinfn), "was isolated from
the soil bacterium Streptarnyces aureofaciens by Lederle Laboratories

(Wet h- Ayerst Research) in the %‘?45 &Duagﬁr Ann. NY. Acad. & . 51:177-181,
1948; Duggar, Aureon-tyein and PrefAPRERLRUBROE, e U S. Patent 22482, 055,

1949; incofopozat ed heReyBriyest Sl ANRREEvas Qppofibd A pett| tlegrbdy fivasthesol at ed
soon after fromS. rinosus by scieniists at Pfizer Laboratories (Finlay et

al , Sci encWatiaml Bstitut@sd)HealthéR et Alkt836 pandohe Matiord tSetenaefeyrndasomnd

" | uci b ) . Df i ) .
iR 5 CaRaintu i bt IS e bElE Do Tkiy Prbiecd et "o
| . Am  ChefphtSacthe IkhicdhO8- 3709, 1952; Hochstein et at J. Am Chem Soc.

75, 5455-75, 1953; Stephens et at Am Chem Soc. 74,4976-77, 1952; Stephens
etal. 1. Am Chem Soc. 76:3568-75, 1954). Tetracycline (3) was |later

prepared by the hydrogenol ysﬁc@émﬁph%gﬁecfl{vgwgﬁi ne and was found to
of C rote

retain the anti-mcrobial activi 0 racyclirie and

orytetracyoonp and magtetracyctiasestede@ddi dpedtyung Bovhlierobid agdntsithatiare Chem
Soc. 75:4621, 1953: Conover et at | Am ,CherrL Soc. 75:4622-23, .1953).
Tetracycl i Wadehrusadip Brmep andiveteritay medining (e MPESEE Hp SerapyFiRSSaci ens, S.

viridgfaci ﬁﬂﬁbioﬁegcﬁbn, Irjf)tgPé, YRd Resistance Mechanisms” Arch. Microbiol. 165:359-69,
1996; Mitscher, Medicinal Research Series, Vol. 9, The Chemistry of the Tetracycline
Antibiotics, Marcel Dekker Inc. New York, 1978). The total production of
tetracyclines by fermentation or semi-synthesis is measured in the thousands of metric
tons per year. The first tetracycline, chlorotetracycline (1) (Aureomycin™), was
isolated from the soil bacterium Streptomyces aureofaciens by Lederle Laboratories
(Wyeth-Ayerst Research) in the 1945 (Duggar, Ann. N.Y. Acad. Sci. 51:177-181, 1943,
Duggar, Aureomycin and Preparation of Some, U.S. Patent 2,482,055, 1949,
incorporated herein by reference). Oxytetracycline (2) was isolated soon after from S.
rimosus by scientists at Pfizer Laboratories (Finlay et al. Science 111:85, 1950). The
structures of chlorotetracycline and oxytetracycline were elucidated by scientists at
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
etal. J. Am. Chem. Soc. 76:3568-75, 1954). Tetracycline (3) was later prepared by the
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Chl orotetracychne (3) OH OOH O etracycline (31 Oxytetracycl Be (2) CF13
:11:2 kILt2 10002] The primary tetracyclines of clinical inportance today
i nclude tetracycline (3) (Boothe et al. Am Chem Soc. 75:4621, 1953),
oxytetracycline (2, Terranycinnl) (Finlay et al. Science |li 1:85, 1950),
doxycycline (Stephens etal. J. Ant. Chem Soc. 85:2643, 1963), and

m nocycl i ne (I\/artel | et al. J Med. Chem 10:44, 1967; Martell et at], Med.
Chan. 10: trac clines exe i. n t|vity
by i nhi bit y ’f?gﬁ’FO %%%Pg‘;]ﬁ%ro e&a&z 1ff 28 H’taﬁg ng © E?e%?l%yéng %‘@lﬁ@ 1V%;Eds

Ant i et i ighloRaeddtly etV AICaSdifac{dneliagd had ﬂaﬁa@‘drsmﬁluy@é@the vi &lyJ

Rel ati onshi ps The Royal Soci ety of Chem str dg}e UK 1997). Mbst

t et racycl i4resClare She.aldt42il oE1%8t Cener Heg/. {’h‘é’ﬁ %&?’c §PFC (QF'iaé sen et

al . Antim.crob. Aent ot 19 Var.dl aw,
Ed. "The BadPsfqigs %Cr fﬁﬂn{%po eaé%%%ggr%di%t0f§n§')r & ?%?gfllrl?gﬂl Sour cebook
of Experi negatss #@6ud he Teachi ng of M crobi ol ogy Soci ety for General

M cr obi ol ogy, Academ c P gss th‘ London, 1982). It m’:lé bee? gr oposed t hat
after tetrac I n B the cyt opI a§81 CCHE bacteri um
it chelates Hs Eet racycl i ne- NC congl b nells ihe 308 subunit

of the bacte Q- 36A, 1983).

Bi ndi ng of 103 bosore i i : |

am noacyl! - R nhi bitj on §_(W sgjmat m et
at Forum MD )2 = ' @ﬁ_,t arsAt X : No84) .2
Tetracyclines hav aI SO beﬁn foun to hind eakaryotl C

ri bosonme; hovaver,Ot heyodo not achi eve suf fOiti erﬁJ con@ent r@tion9 in
eukaryotic cells &m&f@c@%(,pr otei n synthesi s beogusedtbey are net actively
transported in eukaryotic cells (fipe cl_| @I FCEI%S Ley. 213:443-47, 1987).

OH O OH 0 O
Tetracycline (3)

[0002] The primary tetracyclines of clinical importance today include
tetracycline (3) (Boothe et 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+2 complex binds the 30S subunit
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100031Structure-activity relationships for the tetracycline antibiotics
have been determ ned enpirically from50 years of sem -synthetic

nodi fication of the parent structure (Samei at Cwm. Pharm Design
4:119-32, 1998), Pernutations with the upper |eft-hand portion of the

nat ural product, also known as the hydrophobic domain, have provided new
therapeutically active agents, while nodifications of the polar hydrophobic

d i [t f jvity. . J t i |
nature had HhsEal ReraEr ekt ST B 9o0 s har e BGHE §F epat e
and studi g, cdiBfex to/EEBibosdmFnibitPrh XA ol @hindedst RN s(Bpullil@id 1 The

tetracyclines are conposed of four |inear I%}rf used six-menbered rings with a
hi gh densiitljibsfondipenteifissmtheson@Visspanmel o tier wodhidratiek2 ol EXPL1 5P ¢n 1962,

Whodwar d and -wor.ker. t the.fir i r rnic 6-
desnet hyl - %@&Qﬁ 3&?&?%??%2 ?gg %’;%/EP?thZd,R’e %3% %% %ri%gfl&r:p%g(ti %%hgla@gi cally
active tetdBEMELT AikafyoBDEBEIonaL AbvevehRBey Eh et achieoe slficiddPr2dntrali®n?) . The
synthetic route was a remarkabl e achievenent for the tinme and Er oceﬁeded by

the stepwiissukwoneic edlsitonfest prosein synhesis becauseitheyare SeiAsENEY tEPsested; eps
(overall i -0, 0039 The i ihWesglegddye synthesis

of (-)-tet rlzri%i'/lg?r?«g%c @){%‘?‘?%%atl'h@%%‘?ng%ﬁg?ﬁ?’s?rgb' | ucosam ne (34 steps,
0. 002% ovelnabd] yi el Btrwagenepdtyt ethtioyshliat forithe tetratyclnommtikiotiss have2860
(Tatstita el at Chem, Lett, 646-47, 2000). her %gfﬁ)r oachgﬁlgto t he

synt hesi s @terpanqdegririraly 201 PBIYSRE 05 SRR CHE RO R SHODPLEELIER by t he
stepwi se asenhl ¥l ol d1ecuASER, bl B RY St A0 HEIbOR)! ParbihiorR with B
precursors, 1nc e the 'Flerrya I n syfthesis of _ .

(*) - 12a- deqdpicy lBish£hd aohtjwr aftthd nateat piodect( Gewr knvaverhasathe hyéophdtad domainet t .
8:131, 1967; incqrporated herein by.reference) and.the Mixfel dt, synthesis
of ()-5- oh3EHPAL %@e’(%‘r‘ti‘ﬁéﬁyégﬁhv,e agenigs ¥ e,mﬁ.’é’é?}&?)lseq)f&‘je RS xf el dt et
al . JAm nqgﬁﬁbt %}ﬁgfc doktn 68 ik 9T Rs of RGRAHOTRARIch 86 fynbiesisfyatsanee) . Due

to the le poor efficiency of the few existing routes to
t et racycl i msre hahiiolitedgreenumehes of thirsyphiod apdp st da e Preparqdaasid stydjed.
synthesis of tetracycline analogs is sth\I i/r@'..{sed. H' .CH

CHs
S

OH O OH (@] O
Tetracycline (3)

[0004] The tetracyclines are composed of four linearly fused six-membered
rings with a high density of polar functionality and stereochemical complexity. In
1962, Woodward and co-workers reported the first total synthesis of racemic 6-
desmethyl-6-deoxytetracycline (sancycline, 4), the simplest biologically active
tetracycline (Conover et al. J. Am. Chem. Soc. 84:3222-24, 1962). The synthetic route
was a remarkable achievement for the time and proceeded by the stepwise construction
of the rings in a linear sequence of 22 steps (overall yield ~0.003%). The first
enantioselective synthesis of (-)-tetracycline (3) from the A-ring precursor D-
glucosamine (34 steps, 0.002% overall yield) was reported by Tatsuda and co-workers
in 2000 (Tatsuta ef al. Chem. Lett. 646-47,2000). Other approaches to the synthesis of

tetracycline antibiotics, which have also proceeded by the stepwise assembly of the
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1.1 H OH OCH 0 Samdcline (4) 100051There remains a need for a practical
and efficient synthetic route to tetracycline anal ogs, which is anenable to
the rapid preparation of specific analogs that can he tested for inproved
anti bacterial and potentially antitunor activity. Such a route would all ow
the preparation of tetracycline anal ogs which have not been prepared
before. Sunmmary of the Invention [00061The present invention centers around

novel synt .C. approaches for prepari tetracycli,n . These

e o b RO OB Ll Y BRAL e S AN LD AR A

6- deoxyt etk AG¥GS HNES-1200AEE) -8, 6-aiRfdRots @k End @aEdsh aci/dTantheiame drhan 6-
hydr oxyt et f acyel i nes. Doxyci/lcl i ne and m noc ine, the two mpst clinically

C ,
i npor t ant & Bl A8/ linaveporatad howsin byasfarengekand thadMuxdeldenptiseie @t €t cal

candi date, a menbers of t.he,H-deo tr L | asss ., i.nes,
Caubat il TR LSk 2 PR S ShE By BULRRIE LASE) 4 SRAY Sk
tetracyclimesssol 19790aicerReed hGciRbyira@sencandwi thekie leepthany pbome anal ogs.

100071These _novel synthetic approaches to tetracycline an Iogs i hvol ve a
conver gentefBeifndyedit e&ww@lrxgéwta%WWWCM%WQ@W&W DR geseHddRY v
functionaljzgd.chi ral. hC.: : ' h:al: The first approach
i nvol ves tﬁgﬁggégéﬁﬂ%ﬁht ’%H%még%heg%fcthﬁgé?\élgéﬁsﬁgWg?hrrgg' by the
deprotonation of a toluate (6) or netaltsaswi orCbt a beTEZyli halide as shown
bel ow. The deprotenation of a toluate is patticularly useful in preparing
6- deoxytetracyclines with or_w t hout Cg-s bstigyent. The netallation

net al - hal ogen exchange (e.# i kO exchange), netal-netalloid
exchange (e.g., lithium ng s particularly useful in
preparing 6- deoxytetracyckine Ssubstituent as well as
pent acychnes. Any nganonetal | i sed in the eyclization
process. Particularly usefulgyeaggnts &g l'ithiumreagents,
Gignard reagents, zero-valent netg|.hgagents,

[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.



and ate conplexes. in certain enbodinents, mlder conditions for the
cyclization reaction nmay be preferred. 1-13a.".',CH3., CH Nr HH 1:1 111
?51H 1 OHOCOH O -.-cvoNytc3r",-...yc 6-deoxytetracycl rt

OH 0 OH 0 0O

Tigecycline

] OHch\ _CHj

wZ

(8)-doxycycline

HaC._ _CH HaC

3
N CH3

~o 7

OH 0 OH 0 6}

(S)-minocycline

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,
5



H3C,.." ""CHB NH=,.t. ..... S e 1,-. ,---,...,", Hal10 \ 11//N
.OR'1',....7,y I'1\OB On [00081The second approach involves reacting the
enorie (5) in a D els-A den

and ate complexes. In certain embodiments, milder conditions for the cyclization

reaction may be preferred.

HaC._ _CHs HaC._ _CHs

~

CHs

ullZ
anl X
|| Z

H

OH @) OH 0 0] OR 0]

OH 0 OH O 0 OR O

6-deoxytetracycline

[0008] The second approach involves reacting the enone (5) in a Diels-Alder-

type reaction with a diene (7) or a benzocyclobutenol (8).
HaC

= H H

/CH3 HaC /CH3

h R

iz
al| X

il =

6-deoxytetracycline

Hj

(@]

CH3 N\
CHs ~pn

alx

H H H

OH ©) OH 0] 0 OR

6-deoxytetracycline

In both these approaches, the chiral enone provides the functionalized A and B rings of
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type reaction with a diene (7) or a benzocycl obutenol (8). H3C .." $,..CH3
H3C. N-:.: .. .... 7TH72=-, OH-_N H[ I Il OHOP 7 H3C, XNN H

the tetracycline core, and the D-ring is derived from the toluate (6), benzylic halide, or
benzocyclobutenol (8). In bringing these two portions of the molecule together in a
stereoselective manner the C-ring is formed. These approaches not only allow for the
stereoselective and efficient synthesis of a wide variety of tetracycline analogs never
before prepared, but they also allow for preparation of tetracycline analogs in which the
D-ring is replaced with a heterocycle, 5-membered ring, or other ring system. They
also allow the prepartion of various pentacyclines or higher cyclines containing
aromatic and non-aromatic carbocycles and heterocycles.

[0009] Through the oxidation at C6 of 6-deoxytetracycline analogs, 6-

oxytetracycline analogs may be prepared as shown in the scheme below:

{-)-Tetracycline (3) 6-deoxytelracyciine

The 6-deoxytetracycline is transformed into an aromatic napthol intermediate which
undergoes spontaneous autoxidation to form the hydroperoxide. Hydrogenolysis of the
hydroperoxide results in the 6-oxytetracycline. This oxidation of 6-deoxytetracycline
analogs can be used to prepare tetracyclines in which the D-ring is replaced with a
heterocycle, 5-membered ring, or other ring system as well as pentacyclines and other
polycyclines containing aromatic and non-aromatic carbocycles and heterocycles.
[0010] The present invention not only provides synthetic methods for preparing
these tetracycline analogs but also the intermediates, including chiral enones (5),
toluates (6), dienes (7), benzylic halides, and benzocyclobutenol (8), used in these
syntheses, and novel derivatives accessed by them.

[0011] Some of the broad classes of compounds available through these new
approaches and considered to be a part of the present invention include tetracyclines
and various analogs. Important subclasses of tetracyclines include 6-deoxytetracyclines
with or without a C5-hydroxyl group, and 6-hydroxytetracyclines with or without a C5-
hydroxyl group. Many of the analogs available through these new approaches have

never been synthesized before given the limitations of semi-synthetic approaches and
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In both these approaches, the chiral enone provides the hinctionalized A
and B rings of the tetracycline core, and the D-ring is derived fromthe
toluate (6), benzylic halide, or henzocycl obutenol (8), In bringing these
two portions of the nolecule together in a stereosel ective manner the &ring
is formed. These approaches not only allow for the stereosel ective and
efficient synthesis of a wide variety of tetracycline anal ogs never before

prepared, hut they also | ow fo reparatj.on of .tetracycli logs in
whi ch t he SBFT W&?i5¥ntL%ﬁSF-2%%roeW[F’ ge %"?bébg}’gf’gs, ab?_-uh@rerg%%légrglco%g‘? or ot her
ring systgmesdiBRYisRlpSRe Alcb@WidvegtidH $R& hiRthdablogk] duserpantlagyebi nes or

hi gher cycli nes contgal ning aromati ¢ and non-aromatic carbaocycl es. and

het er ocyclcempofiiBBYf Teriougtionhise dxiingof bn tefracpdings amlep oxigh Bsaddct i ne

anal ogs, 6- oxytetracycline anal ogs be. p r : W3 schene
bel ow: p?ﬂ@ﬁ INGelS X5R &5 ARYL THE Fgﬂgrdﬂ%?b%ﬁggn%ﬁg%§§§ﬁ§¥gﬁgﬁp%ngaptho

i nt er medi g} gthebbiakses NEEDANESIs 380 RESUSn@MEroNiadatingn The sizebfitei@ ring

hydr oper oxi de. Hydroeenol ysis of the hydroperoxide r%sul ts | n J;te

6- oxyt et r d¢§led heldimifed te soxingEOESH r@gs,@uag@%g@ SRR srem e Frﬁé °BHn be
used to prepare tetracycli .0 whi j ' ?&%w-ﬁéga

het et ocycl%?r%r%?%lgrng%ﬁ?ér%g,%e%éﬁ 0 g%}eé,ﬁﬁéggéﬂépg%e;%a@%f as yptlant acycl i nes
and ot her tholiy€disss Mepocony abtbalthear @rmiahgeraad. rich af tredd4 anddaribecycl es and
het erocycl es,  10010] The present _invention naot on“K rovi des sxnth tic

met hods f R ReAeTPAElicoB SEOPEXHEcRY PH@FORmHF ShROHAOMANS A Nd{RaY contain

i nt er medi ' ' ' ' t qh Yadigsn (1§dher & &®s 6@oh
benzylic ﬂa&??xgredg,@?gfr‘%blﬁgﬁ@gé@ﬁ%ﬁﬁg&%giﬁte%ggo,msused iln Etlhe%eersgnt hgses, and
novel der iatakkassliaseessadbyartdiei 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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100111Somre of the broad classes of conpounds avail abl e through these new
approaches and considered to be a part of the present invention include
tetracyclines and various anal ogs. |nportant subcl asses of tetracyclines

i ncl ude 6-deoxytetracyclines with or without a C5-hydroxyl group, and

6- hydr oxyl etracyclines with or without a CS-hydroxyl group. Many of the
anal ogs avail abl e through these new approaches have never been synthesized
before given the | g{n tatjo ohssem' -synthetic approaches and earlier

total synthe&es, For, @4@% gertain substitutions about the D-ring becomne
accessi bl e u§i t hefuresént= iAventodn' s novel nethodol ogies. In certain

cl asses of cofp 0 ion, the Dring of the tetracyclines

anal og, whi ch ringy,is replaced with a heterocyclic

noi ety, '7 Neyclic. In other classes, the Dring is
replaced wth a|non-g . 1he size of the O-ring is al so net
limted to six-Renbefed riohgs, Cbut ihstead it may be three-nenbered,
four-nmenbered, five-nenbered, s ens rﬂan‘qgreﬂs, or larger. In the case of
pentacyclines, the five rings prH pg he linear in arrangenent. Each
Y carbbeyclic, nmay be aromatic
atons ranging fromthree to
5 hex,qﬁ%/cl i nes may be

Noe f1dly fornmed, |eading
The conpounds of the

i nvention include isonmers, storeoiCsone™®{ emfanti érners, diastereoners,

t ant or ner ot ect f : = dr : 1S4 dot@tih viessyafheany

parti cul aﬁoggir}pound?ﬂﬁsﬁé%gblfg?@wg ag%gggﬁtaési lﬁtvegﬁ??%tgggl so incl uy?Ies

i nt er medi aifesmpsefids ofithe prasens invehtgs. STeke nterpodiatts iodludaehifp) eranss,

i nvention. These internedi ates_ inclu hi ral, enones,.. t ol.u i ylic
hal i des, aRbaBENSSEYIY SN Peﬁﬁﬁéyﬁﬁf‘g?ﬁoé-d%rﬁ‘f B FReid athERnafigte
substi tut eéillbfstﬁtﬁféﬁ’f InSOIRERrs tAMRLD kR e0iSdiére BhfiARE Geri FliveS thepddd.
derivatives ther eo?. (0013] 7 n another aspect, the present invention

provi des n@0hdids of ramatheeatpesinthephesentioeentiosaroigesrpehedsf treemeMi ng t he
novel compounds of the present invention, Th har ' nposi tions
may al so i gmaceliich! FRRBRT LI raé{gctgf)f’%ﬁ?gglg%\g%ﬁg)g%ﬂecﬁhsgﬁfret hods arid
phar maceut jngahtid0 MR HhhintSutidY chfpoks@shs indayt 4 @aihclady aiphfieiceaticailycl udi ng
chol era, influenza, bronchitis, acne, nalaria, urinary tract_ infections,

sexual |y t acanpibletadipint cHyonethady and mgrmgqshiical sompesigenigprngused 1o

Legi onnairgs' disease, .L di e al fevRrirac® fever,
t yphus, buﬁ%%iaey mﬁélﬁ’&‘,m‘éé@“éSﬁn‘g?‘%ng‘,ﬂﬁgﬁ%?%@g?%% arsa?é’%%%g%r?gl caugh. and
ant hrax. | mfegibhaisex@mpedhsmited didhes indwhitg onpbilaradgauseedy
tetracycline-resistant oraanisms. In certain inst ar&azs, t@z cownds of

t he i nvent Legioesabics] diseant iLymeapseass ifocky Mmmtainspatict dpdty Y &St YRy, in
whi ch case . C u Dl d Meid atfiradi $€8&@8n Such as
cancer, auP%tltbwgB?ﬁ’ ggﬁ agg?'en?,ﬁ]@‘)’tg%sgf 3113?@3%5(2@}1 andadi.rgbeti c _n

r eLi nopat hymbJdimens} the dsfeativchs aonpostd byoresaomyinbecsisad organisnsatindgegaase in
humans and ot her ani mal s incl udi n% donest i cat ed an, rTFI S Ang ﬁc?qet.\gé‘

adni ni st r atSBRCTEICFATRGURAT BHE BRIWR fay a ACRISHY 8t kP "YRe

phar maceut h*ctﬂjit COMPRSH AR I RSundS Bfky teQRLALE MeBeRBitht YOdikedsh dulR
synthesis o tgfracyc ines, the pr esen%y inventive strategies represent a
br eakt hr oughcanpenwitdirmgunedissapey, eftanomatout diseases, tied diabstid teHaapasing Vi i ous

? EZI 09s- Tpn%th%tc)lls Ia{lé %:lorglgos}?trioe sarlrrlaey tﬁe ggeg ?0 %/réaz{tld‘lasteXseOl];) htul(:ixqtagls‘?l gl¥(f (I)t'hgre an%%%isc’gs and

or non-aromatic, and may '(:b-gf‘éf
ten atons. In addition, ﬁi"g »ér |
prepared. In certain classés, "th

including domesticated animals. Any mode of administration including oral and
parenteral administration 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
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use of sone of these conpounds in the treatnent of di seases such as cancer
and infectious di seases marks an advance not only in synthetic organic
chem stry but also in medicine. The tetracycline class of antibiotics has
played a nmajor role in the treatnment of infectious diseases in human and
veterinary medicine for the past 50 years; however, with the high use of
these antibiotics over nany years resistance has becone a major problem

The present ipventi fortunately.allows fof.t d I f
tetracycl i“ﬁ%ogsr? eo‘ﬁgﬁl%etcﬂmgi}‘frwi‘ ?eérgeﬁ'ir%eélg Ofgl %E%%%%ﬁﬁg?%g ant

or gani sns .infEhehBiidksses iiekdavak aent snldes syntieid diginéd chewlistty @ltlabw ihhe
tetracycline class of antibiotics to remain part of ~a physician's

art nam zi tregdicing. abfz tesecychnedassef adietesdws phyed AMMAGIRIIDSIBEPFH t i ons
of specifig¢.functiqnal. .gr ] - ' | re
et ar | pelbil oS s LR e B B B S W B S P e

i dent i fi edyiththa GeHNAaBE thewd dtibidies Besrimatiycycimhkdstoficetiae betoamenmsjor CAS

ver si on; Handbook of Chem stry and Phklsi CS, ﬁ%dggél i ns!oggedcov and

/5 , ,
speci fic friplenoddp Peseupaveatian qumepsly lceriohil daucloRaet FeK s . o
Addi ti Onala'nXl’oiggglﬂﬁra@t!ivig; A% s?ieﬁﬁcﬁiin@?&%@}!n@ OF%QEMF ferefsteWBE! as specific
nofret reac y ed

functi onal ies an Ivity, are descr In "Organic Chem stry",
Thomas Sordeetlopmbiits descsibtd hGeinentlelBaaks tetiSayrdiak ictass 090D otichéo wmain e
contents of which are jncorporated herei.n by reference. 10016j Certain
conpounds R5ft AfRePhypieian SrarmAPEHAToR aﬁ%ﬁ?“é?feggmi 'SEEPY i cul ar geonetric or
stereoi soneric forns. The present invention contenplates all such
conmpounds, including cis- and trans-isoners. R and S-enantioners,

di astereoners, (D)-isoners, (0-isonPefnitiome racenm ¢ m xtures thereof, and

ot her m xt ur thereof, .as fallin ithin the sco of. ' ntion.

Addi t i onal [Ldggmmt ri efbr}i?%rf%lé?%‘ﬁﬁc ﬁnﬁ’ﬁ{}%‘éal ﬁoélggﬁ?gf errgcggggﬁsﬁfﬁent such as
an al kyl  gitibedAh mcrt!@htail SOIBRY For ParpdBdslofdlsis Mvehtisigshd rneed cleents nt ended
to be included in this invention. ;2 1711 sonmeric m xtures containing any of

a vari ety @t idestifret inacodenerayithederipdigdablapidee Bleaentse CS AR present
i ti .o F . |. i i i
contai ni ng8goesk ohpnghist Gha Ry, 587 elys Mle gReg iR IRGnEIORRT 58 o

or 100: 0 i SQUBY art 28l AddTinel ls aantibapihatond Ayditibeally; geremdl primeipisioadn.

' Those of ordinary skill in the art will readily 2*al?ﬁprec,i ate that . ndal ogous
ratios aregewntchemistyets Wl asfpediie Simstienal RAIRRSS a9 XearHEdy: AQOTEEPEC f or

i nstance, a parti. - enant r - o: i 19eNtion is
desired, it ﬁ%ﬁ%g%‘%@bﬁ&eg{“ oﬁssmeﬁg%gz%E@F%?B%£gﬁeri vation with

a chiral atmsichii@rontentsarfavititieare ésdokpdringd et ey ederemdee i xture i s separ at ed
and the auxiliary group cleaved to provide the pure desired enantioniers.

Al ternati vgloye] wher eCERﬁn'E@Jn?@ﬁﬂc@ oF B @edtat mvbasiromby aditi iapattiogtaoup, such
as amno, or an acidic. functional group, such as car box¥l ldgugﬁtereoneric

salts are gommsdc oi sthreaisomppe pmisaflac gpsptanygation contemplates’al
compounds, including cis- and trans-isomers, R- and S-enantiomers, diastereomers,
(D)-isomers, (L)-isomers, the racemic mixtures thereof, and other mixtures thereof, as
falling within the scope of the invention. Additional asymmetric carbon atoms may be
present in a substituent such as an alkyl group. All such isomers, as well as mixtures

thereof, are intended to be included in this invention.

[0017] Isomeric mixtures containing any of a variety of isomer ratios may be
utilized in accordance with the present invention. For example, where only two
isomers are combined, mixtures containing 50:50, 60:40, 70:30, 80:20, 90:10, 95:5,
96:4, 97:3, 98:2, 99:1, or 100:0 isomer ratios are all contemplated by the present

invention. Those of ordinary skill in the art will readily appreciate that analogous ratios
10



active acid or base, followed by resolution of the diastereoners thus
formed by fractional crystallization or chronmatographic neans well known in
the art, and subsequent recovery of the pure cnantioners. [001910One of
ordinary skill in the art will appreciate that the synthetic nethods, as
described herein, utilize a variety of protecting groups. By the term
"protecting group”, as used herein, it is neant that a particul ar
functional noi et orarlly bl ocked so that a

reaction éﬁﬁxﬁgmégggigﬁ“&ﬁ?°@3?@éf$@%??“ "“Shother "reactive site in a

mul ti functpegpl compoeidnstddie P plreédl acknentrasémeFatcompauipd of the piasentgr oup
reacts selectively in good yield to give a protected subs‘arate that is

st abl e t o investipr 5jdesires itmeaachs mmared 'Pneaqdm%? P)‘nj o OpLERTIAHOB &
sel ecti vel ygggeaﬁltx pal{ﬁa\ﬁhn &gq SYlh %Yetr%&lqg‘i '14 &Phﬁtedparnﬁftﬁé ably

non-toxic-r o Mot e ot unctional groups; the

prot ect i NGugiliaderbes eavad t@@ﬁdvhde tﬁepafeailekleedolmanmnmeAatﬁmaequy;ewmrabl y
wi t hout the generation of new stereqgenie c%nt ers and tp{frl;ﬁr ot ecfl ng

group has the mplscwasPRiring adasic Siefional EquPe FRAN; 8T Q4 87 ACE RN} t es of
reaction. f?@u del & Js%grbia%le%iﬁfte%éﬁﬁgw%}&'"ﬁré rmel Wi ihOBEDpr At R Ay -

prot ecti ng groups ma roxyl protecting groups ‘i nclude

met hyl; meictiexydidret buge, foMEMd byﬂfﬁsbﬂjahbﬂnoéﬁmelﬂds;drdonmai thius lfwrmvétuyyl
henyi di net hyl sil yi nethox nmet hyl ben
épmtﬁoxybm%n B RpAFAIOR PAERPIHCS PRGNS SO BRI R AL P pr AON)
cuai acol gy hpé’éqgérﬁigwoveé'% é}f ﬁem(mmefg pent enyI ox?t met hyl (POV,
et hoxyar

si l oxynmet h I neth rethyl (MEM, 2,2,2- trichloroethoxynethyl,
bi s( 2- ehl qoom] hoxy) r@ud‘qﬂ qrdmanyrskdbmnye 3nt I\wBeplbrcwyWéhﬁyhe $YBENICR) |

tetrahydro THR),..3-hromt et r al.r ydr.o t hi opyr anyl ,

| et hoy G e i RORHIBEE AN FHFSy PGy B/ et opyTany

mot hoxyt et ﬁ&x&l{r@t bapyasaqméh heflﬁmmexﬁmataarwam mﬂcytfo&w}yllnoﬁt}&e@i oxi de,
(2- oro-4-nmetliy hen&kﬁ - rnet boxypi peri di n-4-yl MP) ,

t et r ahydr odus,am\N, is teempmyzdb dﬁg}h@myneact@ngpagge 4ar51eé opt Sﬁéccéwely at

ahydro-7, S, 8-trinethyl ofur 2 P
~(2- chl or oL I526EY lte i aﬁ‘é‘flﬁ@ F et %mp(g@lgt ﬁgg ref%;rrec?&?ﬁ&?fﬁtex?ﬂé
-benz. yl OXMQ{eBMﬁngro'up Té@isfk)éiectlﬂely begal }@eﬁﬁ't@gifvlera(}j‘raetth& bubstrﬁteZhﬂ-ls
trichl oroet hyl trinmethylailylerhyl, 2-(p enlseleny

al lyl, pchl ml’dp Frethy IprojectefbteReas! the Wteqtmigr&“ ¢ be Seg‘éﬁﬁ V. remova%

t hoxyb I
b- hal obens ooy siedb sl L EHEGY BERE R PR %9%%*‘#;9" ;“R‘zitf*‘gﬁ*%e?'eol i,

g geL hy! - Zolgbxcﬂlhwtilﬂnl?ﬂ} gnr&l)upb) lthdﬂprfﬂ;lbelﬁlyé gmmfdﬂr?haml ea;shilm;dpaofolmdwfhw
| penzosuper Il en | ne | ri.i n nme .

i -net box@mfééﬁ gabwgﬁ%%éfmeng@ l?‘bﬁg‘?‘g%itﬂ%gﬁw Eﬁﬁ@ﬁr Iapagprtecung
rifp-met bg%}&g'ﬁgé‘é{ fﬁ, AR Ry bs %d‘& fihar ﬁ!ﬂw&%ﬂﬁ}%@%l@w@m& belicab@sty | et hyl

p-
t
4, 4" 4" -tr or opht |at|mdo [')rnethyl,

4,4 4"-t rdaelnmmlmmmygmy,mbkfmy@tmmwnd c&rb4>'n potecting gyobrsrray boniNgsden
yI)|n ethyl, 3 -firth da zel -

1

, 1- bi s(4- HH@W&S&V&?@HQ&;YOMS W}L@ﬁﬁq?@'pﬁ]y tho§y1mtwﬁ' )91%1\']9 x ) phenyQrnet hyl,
O (9-phenypLaaihlchRn f? oaider. Gxel AN Isi eihbeni

t hi ol an- 2- 34, ben2|soln|azo di oxi do, trlnlethyIS|I |trkethyIS|Iy|

(TES), tri (Si‘d@ﬂ\d))pbcrszlylcycyn‘(eﬂh}’ﬂ’@QWt preadilydxysepipymsty) (P

o ech sopgp S CEEIE) LS tho AL 11
pentenyloxymethyl (POM), siloxymethyl, 2- methoxyethoxymethyl (MEM), 2,2,2-
trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2-(trimethylsilyl)ethoxymethyl
(SEMOR), tetrahydropyranyl (THP), 3-bromotetrahydropyranyl, tetrahydrothiopyranyl,
1-methoxycyclohexyl, 4-methoxytetrahydropyranyl (MTHP), 4-
methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxide, 1-[(2-
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xylylsilyl, triphenylsityl, diphenylnethylsilyl (DPNS),

t - butyl i net hoxyphenyl shy' (TBMPS), thnnate, benzoylformate, acetate,

chl oroacetate, itlichloroacetatc, trichloroacetate, tritluoroacetate,

rnet hoxyacetate, triphenyl met hoxyacetate, plienoxyacetate,

p- ebl or ophenoxyacet ate, 3-plienyl propi onate, 4-oxopentanoute (levulinate),
4, 4- (et hyl enedi t hi o) pent anoate (| evulinoyl dithioacetal), pival oate,

e L ?fﬁ@%ﬁ&%ﬁ%ﬁ,ﬁp@ﬁ@ﬁ”@é&g‘%x@w&y” percar kgt GV oikeandt e oo ©
9-finor en){%}f&ﬁ&oet rﬁf’ylcar r(gt ﬂyl 2k ISX|4 536 hyh-ceahbaaat g s- tﬂlﬂétﬂyl—

2,2,2-tric roe) - rlrrethyIS|I?/peth carbonate
(TMBEQ), 2KT- phﬂmyolsamlzéfnreyn-a ybtl Ifgthowathlybda(ﬂechéc}?g@tquy)gthy 1-methyl-1-

i pli I b | k
b iyl vt nyRREaB R e oa R yRORRibd e o bRy o PR oG i A bonat e,
al kyl ber iy ﬁmo&@{h@ma&aemmemy] ;ih%yt@@l@metmrmﬂt sllylgbky '

3, 4-di r net hoxybenzyl car bonat’e nitrnbenzyl carbonate, alkyl

p-nitr obermjnrold@nbbpan@howPhWylS,ﬁénzybphehﬁbh@ltidh pamethoxdienasly 3 eapt i nhyl

bonat di th b 2
A1 T o 4 HEER R aR O Lo o (SRS RERbE AT BoRib aeen Y bR, -
forinyi benzanasubiig ﬁ'—%h@nyll?en&ﬂeﬁgbl/doﬂw mﬁn@m heesi-dydicolyl N-oxido,
4- (et hyl t h| onet hoxy) but'yrate - (i net hyl t hi or net hexynet hy I ).13enzoat e,

2,6-dieli Idlphﬂldflmﬁbﬁyp pl d@ﬂm@eaéladsxleS dﬂveezosab@bil m@m nlet hy, 03 3

- t etraneth acet

di et hyl pr 5&?’% E}@%i C %&%’dﬁpﬁ& %]Imet%)flaglgj i sobutrat e,
nonosucci ﬁﬂéﬂa@xyﬁb%yl%ﬁi&ﬁ&lhﬂhyl’ tﬁ(}i ﬁﬁu@kyphsny()mﬂiyhﬂy@a{ bonyl ) beri zoat e,
ii-naplithoate, nitrate, t et.ramet hyl pl i osphor odi ai ni dat e,

al kyl Mph@ﬁmoeh¢rwaylﬁmenﬂaf¥ alﬂf‘él,ylra?thﬂt f‘vﬂl Ahd8finot hl oyl , al kyl

2,4-dinitr t t a ’

ber 1oyt st | A PSR EHLLERBhEn A £ FOUNRARRHLC ABRRCS pRsmRER
prot ect i ngtrg(hwmlox}@huqe)mmhﬁylimadméﬂ egﬂ)blsﬁéh%il’-ddeﬁbomﬁlayl)mﬁhyl

-t-b | ethylid k h |
SR T DI C—
acet oni de, 1. ?@%Qﬁ)\é h?ﬁn?S kehad githfolsl-2Re pehlidanR zE§t 8)S-dioxido,

eyel i tthep}? dene benzyli dene acét’al , p-inet oxybenzyl i denc aeetal,
di et hox ybmnetﬁyllel(TﬂM&) tkletbals;lyB(TéESd; mmpmyiﬂde!h(zTﬂPShene acetal ,

R L L ST N L

1- edi oxyet Buﬂylﬂheﬁygnmfrm%sy etblltﬁdlt)ﬂé ROKPEDPY), hﬁt&iﬂ@yl@lﬂ)ﬂhm-pst er,

a- met hoxybenzyl i dehe or Ndi nt et hyl am no) et hyI | enc

derivati veKylalSllﬁ/Ntm\lbhedylﬁ!éylh?llphﬂi}ihmﬂhéhzlyl (DR, d’@ﬂi%?ﬁhﬁ?éyp enylsily

2- oxacyclo ne ortho ter t DTBS), 1,3-( |
%1755 s SRR oS St PRt atiaryptald BRSIERRIA

tetra-t- b%rﬁ?hl/&b&de&a%@ﬁlﬂu&o&etdﬂé hdteeneacese] viphényémethBoS)cetatycl i ¢
carbonates, cyclic boronates, et hyl horonate, and phenyl boronate.

A no- pr ot eberionyacgtast pschlerephanex Hset, e B&lrﬂ’ﬁ&%(’na& Hy*OPSRIBRGANL e,

9-fl uoreny amat e,
9-(2, 7-di bll(lgﬁlhg%# u%{‘g &%ﬁ%‘{l%’g‘f)b %éﬁen ‘%‘}uﬁﬂé’qgw& iy ﬂytp ?%%até(]lo 10-
di oxo- 10, 1@daRantéate eircstahatelmﬁqbtmxaﬂbtoyiht)el beaizbyte, ;eahd:razﬂbwzreaté BBDHSTi noc) ,
met hoxyphenacyl earbarnate (Phencie é tri htior oet1 ai nate
(Troe), 2- mppihybengaats (IASEOH ilkafla%%i GAr Olta‘ff‘eg’ Bre ‘Bﬁ&é{%’é AL
car bant ate I 1 t Aci poe

1, 1-di et h %ﬁbgllkﬁl(%tﬁg%{c@rﬂ éi %1”6(1 122@ dltimgﬁ;fMtcﬁglf)gﬁéZ(‘g?br gm)e!toh I)
ear bar nat e (t(rﬂﬁetﬁle[}ﬂ)ethyl cdrbdnate éfMS}E!J—),?Z @}@nylsulﬁnyd))r@bylwﬁtboaahetia -

TCBOC 1- 4- hi ph |
(1 (3, 5)d| me&]? élwg’)peiﬁ ?/‘Eé%gr?;‘} ?(hwc%il?ﬂ 9%&4-‘/5%@%’)0%%}?7%18@ ving_ (2 . and
4" pyri dyl) etiyghate @r@@mwl%am%lk@ p- ﬁlwpﬂagy@mb@awlaqxant@emﬁ ghdbopathy!

car bamat e, 1- bntyl carbamat e amant - VI carbai nate (Ache); vinyl
car bamat ealaligl ganﬁhmtbem(yAlcmtboylate,lalkyl§o‘bdt§1p<§ih<a1)1b9112>'é srbangieeliyl waoc) ,
chumry' carbarnate (Coo), 4-nitrocinnanyl carbamate (Noc), 8-quincilyi
carbamat e, N-hydroxypi neridnyl carbarnate, aikyldithio carbarnate, benzyl
ear barnate (Cbhz), p-net hoxybenzyl carbamate (Mz), p-nitobenzyl carbamate,
p- bror nobenryl carbani ate, p-chl orobenzyl carhamai e, 2,4-dichlerobenzyl
carbamai e, 4-nethylsnifirryl benzyl carbonate (lvisz), 9-anthrylinethyl

car barnate, dipbenylincrhyl carbai nate, 2-nethylthieethyl carbarnat e,

2-mei hyl sul t hnyl enyl earbarnate, 2-(p-tol uenesultbnyl)ethyi

car bonat e, carbarnate (Dnoc), 4-i net hyl t hi ophenyl carbanate (M pc),



carbarnate, 1l-nethyl-I -phenylethyl carbamate, | -nethyl-1-(4-pyridypethyl
carbamat e, phenyl carbarnate, p-(phenyl azo)benzyl carbarnate,
2,4,6-tri-t-butyl phenyl curb:mnme, 4-(tri-nmethylamoni un) benzyl
carbantate, 2,4,6-trinetbyl benzyl carbarnate, fornmam de, aeotan de,

chi oroacetam dc, triehloroacetamde, trilltioroacetarnicie,
pheltylacetanldc 3-plienyl propanam de, picolinam de, 3-pyridylcarbox

a1 1 opheny PAECEAT A8 OOB Db HER L PLaR: ARGy By ARpgosessrl de, o
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2,2,5,7, 8- ?@1%&%@ 2 0591?% g‘ﬂgaﬁ?/ﬁc lealgﬂtgslh S hbutﬁ/e? pfoélnoar ni de
(Ms), P-tr umbmol 9, i0(1@tdﬁanﬁ&uihﬁmamy%néﬁﬁﬁ)arbaemﬁa(Ithmmes),: kf onani de,
di met hoxynapht hyf met h yDbenzenesul f onam de ( nzyI sul f?yzam de,

trifl uor onBreHipx mmﬁﬁmad?@m%@hsm&e%ﬂ§ﬂﬂﬂ18ﬁ%§ﬁhy&€a apRErp| prot ecting
i t

ot oaont 1 nyBRERUEABSE ElDan OEURD, > phoitlcdy REARRIHEAR 1390%‘@"‘.“?%’3‘gr oups:

rather, a vanétylythef cz&ddhaﬁeQAabo@quﬂmﬂneuhyl pmatocedtyl ngbgm@uap's,lshmeml readi ly

|dent|f|ed usi ng the above crlterl d

present i neentiPErnoclydicpibamaly (P é%\pg;n) éﬁy‘i Z*B’?&tze% rl%ﬂ; rﬁ?tgﬁlg%aoléarnége
described in Protective Goups |n Organic Synthesis, Third Ed, Geene, T.W
and Wits, P.G, Eds., John Wley at Son$} New York; 1999, the entire
contents of which are hereby incorporated by reference. 109201lit will be
appreci ated that the conpounds, as described herein, may he substituted

wi th any nunber of substiwents or functional noieties. In general, the term
"substituted" whether preceded by the term"optionally" or not, and
substituents contained in formulas of this invention, refer to the

repl acenent of hydrogen radicals a given structure with the radical of a



100211The tenn "aliphatic", as used herein, includes both saturated and
unsaturated, straight chain (i.e., unbranched), branched, acyclic, cyclic,
or poly-cyclic aliphatic hydrocarbons, which are optionally substituted
with one or nore thnetional groups. As will be appreciated by one of
ordinary skill in the art, "aliphatic" is intended herein to include, but
is not limted to, alkyl, alkenyl, alkynyl, cycloal kyl, cycloal kenyl, and

c, ycloal kynyl noieties. 'Thus, as.,used herein, _th Yal kyl 'y ingl udes
st ?/ai ght, ﬁé&@&ﬁeh“&ﬁ&’lﬂy@r ‘Eheé‘WES‘/]ea‘@'?Sﬂg%‘T‘atﬁﬁB%% 1 %g%g-]éh-?%%/&ae% “applies
to other Q%%gfét}éffz%arﬁ%r@t-ﬁﬁm%@é)!@-’{‘)”'— and &’%%wyy)uhzl édiblarhfie (Pydey,. 2-

e, a$ used al kyl™, "al

Furt her nor e, herein, the terns enyl", "alkynyl", and
the |ike éhodbdizaslshboldarsuestida)ethglcagdrmanaimsbbst cerbemategBGSS: 11 n” certain

enbodi nents, as used heregj "l.ower ,al kyl %, i e |, gl _those al kyl
groups ( cféﬂl?’er}tyf;@yﬁal?ﬁg? Fé%i’f%’t‘f"?ﬁ?’ ﬁ’,amﬁﬁs(y ng’ iap glt Ce(rjlg a%%)drté;ﬁ'%lﬁog%’elor

unbr anehedyo Wi darbas@eRRAod! BifBam QA ke @iy, al-nitreainosthpent s, the

al kyl, al kenyl’,;” and ai kynyl groups enployed in the invention ci)dgq%ai n 1-20
al i phat i c cediehote @loshs-quinolybearbimate tfbydrexpipgrifamy sarbapgte, alkyldithinyi - and

al kynyi groups loyed in the~nventi ] - I it bon
At S e g e R i e e

enpl oyed idardahfitd, PURBinoBEZ§ DEHrBdnfatd, pSciabropbradyl carbandter?,dosidorobenzst i | |

ot her enbodi nents, the al kyl, al konyl, and all Q nyl n%gr Oﬁps enpl oyed in the
i nvent i on @HROHI% 41m6h&1|5111|§1ﬁ&£bﬁez§éﬁ?’%é‘ﬁ‘at&t(M?é).’ 9r3r‘i‘ra§f¥¥ R ﬁr@%‘ﬁi ments, the
al kyl, alk | r y. I end i ntain 1-4
carbon at Oﬁgl%(énwﬁg)(lfcg I \%kea?i‘ﬁﬁgﬂt@ggiﬁgu%%akﬁﬁ% aﬁ%éct%lggffé%tﬁgr e not
limted tocarfe@fatgRapbRienesaibyyl)etiefl kyibamate; (el 3-ditsiepyldjpydthyl cgdeoptopy|

-012-cycl opropyl, vinyl, alkyl, n-butyi, sec-butyl.. isobtit tert-

butyl , ycyc‘&i"b‘i’%y‘l‘meﬂﬁ?{t-hﬁﬁe‘@% catbampte, (ﬁfpﬁeﬁf‘?ﬁ?‘eé‘é@blﬁgﬁ?w Fxrl!b%‘ﬁ%nt yl,

tert-penty, 3 . tﬁa\‘n‘?%t ATk aidexgyl cycl ohexyl,

- Cli2- cycli%megg(té’l(\d ﬁl&f‘s@%@{%getgﬁg&%{ e ?%?&%itgﬁhﬁggﬁhfp}%&y boar yone or nore

subst i t uentashanfdtk Eippk), drlodipsethyie-adepetbyit cagramat tr-thlaio-pdcyloxydeseylexanpl e,

et henyl , propenyl, tenyl, | -nmethyl-2- puten-l.-vi, .and el

Repr esent a?qr%“%?’l&?&i;i?ydé‘g’ﬁﬂ?ﬁg’qbi’?ﬂ? %r,ba%{%, g&)gnﬂ%c{xaizﬁ)l%ngeeﬂé}t']tcg%ﬂag}edﬁ%} r%yl ,

2- propynyl Qﬂi?ﬁ&@ﬁﬁ%ﬂ&ﬂ))é-cﬂrbﬁfo%@%ﬁy] At Tletdeg, m-hitddpB3dyhariaatan, " al koxy",
y

or "t hioal " as used herein‘refers to an al ky group, as preyi%ﬁsl)ﬁ
defined, ad.fatmedioxbenhg qeraerte, voliteldnayh darlsmgtic, S-Sk Yat- 8H B $Ar ough

a sulfur ato i.n certain. enbodi , cenyli oy, 1kynyl

gr oups con€aéf5n%“%9’2%65)/‘??'8%‘?&%?8“&5%@ Cgibggrr??é’ ?ﬁéné)g?%éﬁ (I(%P %g&g% odi ment s,
the al kyl, dalJeg0y N Rk fonlyl BiiasRsbe9hiaivative, 10- al i phati e carbon atons,
In yet other enbodinents, the al kyl, alkenyl, and al k?/rtyl roag{)s enpl oyed

in the i nvehwmybwnisethioghhonylglesivpipteat-prybea Pnata: Hhenzy] thidsery Ker
nbodi nent s, i iDcdpdital | phat i
A e L R AT

carbon ato rments, t enyi; and al kynyl
groups contabimadteAcyaloppdiplethgbedoamat.grecylxabpizybcabarabtkoXy; i ncl ude but

are not limted to, methoxy, ethoxy, propoxy, .isopro n= but oxy,

t est . but ox§imaasyerenylviny %Prharﬁ%tﬁo@(ﬁ@&%}yé r Xaﬁﬁ%ﬁﬁwﬂ C?rh?ﬁ%t&e, but
are not |imgt Al BNl i r okl j0,

n- but yl t hi (IT)Q,1 (gﬁlg{h& E}gW&?F%F%ggﬁﬁ%&%&g?%opglC‘I%ﬁég{ﬁ%imﬁg}'l ?12@3’?}29%6%%? group

havi ng t hecabametedi€-pididgl)mdthylaiarbaRiate, £-fakdnyha¢thyl, cagdmnpéd,i2niedo¢tbylei n. I n

certain enbodi nents, the aliphati.c group, contains 1-20 aliphatic carbon
atoms. |n &%fg't“a?tﬁ’ SRR R oD ﬁgrbsmshﬁf’?leot&ygﬁﬁrbéﬁﬁ%af?' “1- 10
ali phati c Wtﬁg%lﬁ%&fﬁ%p)ﬂeﬁzﬂ%ﬁr&mﬁ‘eﬂ 1%1'519511%9@6&%}/1 daandlté,phat i ¢ group

enpl oyed int vention contain 1-8 aliphatic carbon atons, In still
ot her ~ enbodietieitys]ohchy arbaptet,ilemgthylip-cydapaipiknahy catliapteée ilcmet@ybbn at ons.

In yet oth enbodi nent s, t al.i phati.c oup ,cont ai, n - jphatic carbon
at ons. Exaﬁ%?'éiém‘ca) OWPQW% céfbc?ﬁﬁze’ilﬁgthéfé?' Ll rl%Z%R%?éilﬂm}{?ed to,

net hyl ani n@arbehhe! & diRyl- 11 3herRI @R icaPainae, 118&hpr Dpybafidyimthyl carbamate,

cycl opropyl am no, n-butyl am no, tert-butylam no, neopentyl arnino,

nper i tyl ampheny! cabsyprtsnpiphenylpephsaxy} icarvemate, ded-trhebpiykienyl carbamate,

14



10251The term "di al kyl am no" refers to a group having the structure -NRR
wherein R and R are each an aliphatic group, as defined herein. JR andmay
be the sane or different in an dialkyam no noiety. In certain enbodi nents,
the aliphatic groups contains 1-20 aliphatic carbon atons. In certain

ot her enbodi nents, the aliphatic groups contains 1-10 aliphatic carbon
atons. In yet other enbodinents, the aliphatic groups enployed in the

invention contain 1-8 aliphatic carbon,atons. .l i enbodi nment s,
the al i phdr(tdmg %@B‘én%?ff‘gieﬂéyl i3 a@?ﬁep?‘fg'ﬁf Embeé}}}{g%%tzgtégﬁ% %H%i yet ot her
enbodi Ment§yy dfige alcbaiald EhofasRsmiieNkidhRdEoatetdmale pifhiokeacemaniidn at ons.
Exanpl es of dial Kyl am no groups include, but arc not limted to

di met hy| amheyil@etamsititya-phenbilprepsnersidedpiee amidhBrivyridyise e amilsy (Vai ni no,

di (n-propyl)am no, dj (i r 0 rnin i eam no,
ai (- br i tyshareny GloyEREBRG BaPhfifee P b ARARTET N
di (n- pent yp@pRinycedinidie sl @fheabnacetain(dey sdeataeatyin)denime, and the like, In
certain enbodinents, R and R are linked to forma cyclic structure, The
resul t i ng didbeazydenisabondamp ) istag dtrat (PCGFOXRIBA %ﬁ%@%‘?‘l‘%_x% 1 es of
SRR i T L L b R el
1, 3, 4- 1 1 i ahohylhzophBEbxyBiropaaiyde, 4100360 Barmemidx Arpbbs]-diitselanamidnos of t he
above-descri bed aliphatic (and other) noieties. of coppounds of the
i nvention mﬁ@‘ﬂﬁ{@é‘?ldﬁd’t"a%ﬁt)él“}’?&lmlllpﬁﬁ?ré‘{f“f'% Oa’i“itrﬁhea‘lzia’@,ld%«@f eroal i phatic; aryl;
het er oar ! e oyl i BERAROR, Mlsakiisidny1 BLdsasMin- Bloké, O PhiblinInAL koxy;

y yi thi‘o; ar

het er oaryl oxy; “a yl'thio; heteroal kylthio; heteroarylthio; F, C;

Br; |; -OHjithid¥@RcininGie (DI (\32,3-diiR6FByalei @iz 22,5 @imgthipyrrole Gkbo £-4

- CH2N1712; - S02 ; -(O)R -0 i (R.) 2" ) % 0CCPR: d

- OCON( R) 2;tetrargllf%)'1§}$ VispprysIRpentang ﬁ%‘%&)@?%ﬁéﬁ“@é‘g& %%:%%“FF@% of R
i ndependent b ¥_:Belcydegex adRUlofes SQQBstltthHtl,@ddib@lzlyﬁh Bphatazscychigeramalonphat i e,
aryl, heteroaryl, arylalkyl, or heteroaryial kyl[, wherein any of the

al i phati c, 1etstitwed 3,phaiiro;4-pyridoakidyHmetiylamie e sdlylamingY-[Subst i t uent s

d i bed ab d i b byt i td+C: hed
nbr anched Ry Ry pARERY e Yanie SR oF  Sio A prihale M1RopBp A0 Yl o
subst i t ueng sitfesokbBes oo e-y@athiine geitbrnaBya@osiuhsdaits UV-@dnzylamine, N-

unsubstituted. Additional exanples of generall 3{ appl i cab{ﬁ%‘ ng'gt]iét uents are
i || ust r at edi(bymethuxyshrsoi)ethydamiogi MerdiBengagsr ilaming eV ERBREIYSECHRMIRG o

descri bed in., 100271LnN \ [ A y 8, as
used hor ei M e EB oL B R NRl By g RN oA IR DRESRENbE L e,
and pol yhetmirocy-oli-gichsabluatedimehglchesihaw-figrqeeefieetthiamido (Herahibon
atons, each of which may be subst.it tgtg or unsubstit t(;:-d, ﬁ@’bs“ men

i ncl ude, bétiephdamsto Ni-%lfl‘*ed\/—tld;dlawﬁw I(Wéh)g?wv‘b‘t& VOt FGARRE S
substi t ut ept ' - [ inf_fyd ' feryati.phatic noieties, or
for other ﬁotn?eéwxge%?ﬁl ?%%&ggééé\} ﬁfgﬁé&?;ﬁm@@ lse]ti}lg%?lﬁllg ]ivﬁtthe formation of a

st abl e conpgtidyd)mdsitylieicthgiameanbedVr@nNs-dahethilenpnesghylengoming oY -" ar yl "

refers to a nmono- _or bigyclic carbocyc]ic r.ing.syst hayi. n e or two
aromatic r iSﬁB%OPVH‘é‘frlﬁéﬁaﬁtj‘,%/e’ y '“H&bep?%‘{"%a“%?’%ﬁéWﬁ&%&ﬁmﬁg{/\? gl
t et r ahydr opgghishydviigbRdaiyd, v-{8a62-hamdx yiRnkhenylietk Aei@iningmpodi ment s

of the present Invention, the term"heteroaryl”, as used herein, refers to
a cyclic acprshdxylidenhmale, Nalindinfatiorh 3 oxce ] coclobexenypymiaeoNdostmenhi ch one

ring atomis.selected fr 5,.0,.and N. z 0 r L atopp are
addi ti onal IFEYALMVE &Wepﬁg]s%w&éﬁ‘?‘rewg{'éYeeﬁ'@&*%ﬂ@“&“ N a%wgﬁllg%ﬁﬁl%ngp t he
remaini ng EiMgeAfaondSnhdl RRRBppét@chadicahe BRlNg V-aitheehihg N-he rest of
d .
the nol ecule via any of the ring atons, such as, for exanple, p?,,tridyl;

pyrazi nyi , nyasbamiienathine proxidg, diphspytohesshinamige §apoh yi , t hi azol yi ,

oxazolyl, i,so0 olvl, t.hiadj l.yhoxadi.az |+t hi | 4 anyi ,

i soqui nol i Rw&hglﬂaogl}gépliup%%dea(ﬁpt%raxp)f"negylﬁng}g%sphlhﬁh%r{?w, dlalfk'_s’f
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,

benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-

15



190281it will be appreciated that aryl and beteroacyl groups can be
unsubstituted or substituted, wherein substitution includes replacenent of
one, two, three; or nore of the hydrogen atons thereon independently wth
any one or nore of the followi ng noieties including, but not limted to:
al i phatic; heteroaliphatic; aryl; heteroaryl; arylalkyl; heteroaryl al kyi;
al koxy, aryl oxy; heteroal koxy; heteroaryl oxy; al kyithio; arylthio;

het er oal kyI t.hi 0; hetér oarylthiaq NO2, - CN; CF3,;

- CH2CF: 3: “Htr(i‘@éenes fen Eenta@ﬁ@ﬁ‘fﬁ‘le&m%‘@?“iézr%l‘b@% -0-12802Cl1- 13:
-C(0)Ri ci %%nesum} Ariph@QRtTRN sul A &R B -mi EHINK) R sulfehadd®, 02;

- S(0) 2R; CO Rx, wherein each occurrence of R, independently includes,

but is notMNpys) p-e(duttrmsulﬁmapim (Ts), bh@ﬁé?%‘é@ﬂﬁﬁ@ﬁ 23.6gtymethHed-er oar y! |

aryl al kyl ter oa al k» i ahatil

het er oal i %‘gﬁ?’@%e%‘n’ws 1{99 %84%%58%&1%&]0%% egitdlft ueﬁ?g(l\étbgcrl bed above
and her ei e b&n&dﬂ%@ybéﬁﬂeﬁékuﬁbnmaubﬁhb)t D13e5d6- tdnfamwmd or unbranehed,
cyclic or ac R, and erein any of the aryl or_het er&%)\é} gsu stituents

descri bed m@gv@bamnh%ﬂ@nm@ﬂ%@ dumpthpheignel fopanigs d-%"Addi t i onal
exanpl es r | S t t he
spegﬂlp fic ce)[ﬁgl%gj e% %Sﬂg&\/\ﬁ{nﬁ&b@ﬁs?%@ &llnf 'tﬁo‘?(? hggnggsdeﬂel&%ésf%%lggﬁgﬁgel n.
100291The (ivdsm 2 Q}':I}’Y &@bktﬁinethy&ﬁxrdjﬁzﬁd&hellﬁﬁmmlde @frer)smsthecésblfosdriet o gr oups

R
cycl openty ‘L“’Fﬁ*\(’%ﬁ%@wmftﬁ%‘ﬁ &Q%leo Adad (qugg»; béﬂg%,lgmfor@ﬁnu@ t he case of
phatic oa

ot her ali atic, eterc clic moieties, may optionally
be substi tmﬂadrmdtﬂiylsﬂﬁmhmidmemtcisphen@dyﬂsiﬂﬁogambigt Emnplarmptr@tacttrtg #P¥prhat i c;

het er oal i pl het er oar etero a | koxy;
aryl oxy; ! E%IPB ﬁ?‘kg‘?@m haverpdr ‘f}'m) i‘?%?(ﬂk‘iab QFvF? enltl }e{tl Serrl(gal k§|>/t hi o;
het er oar yi ﬁl(ﬂf‘l_lged o be lifdted t‘oaﬁese pkotectgg &r%tathe@'\i Var{éﬁ%f ad@l'ﬂﬂﬁEB - CHC12;

- CH201 0l1; -Cl42N C(0) R31-0321A, ) ;. - CON( Rx) 2;
~0C(0)R , eqt@@lﬁﬂprotec@@@l‘g@@@ﬁmn B OB)aQﬂb(ldent\ﬁ@Q cgRhe ahpet gitrrie arch

occurrence e Iude I phati c,
het er oal i p'ﬁgﬁeé 1n ih'e Qﬁ%(g?gtﬁ"f‘)\éfeﬁ?n "é‘fe)l}?g? |dd1t1%n£1f§{ r \)ta{el%é’?)gp }&e(ftﬁllﬁ
wherein an oﬁf)s i Qe ibRd @t Protedi®t €roms!ip hﬁg’uﬁzc Soviybsas, Kihird Hat. Greene,

hot or oar yl aI kyl substituents described above and herein may be substituted

or unsubst TtWit and, WetsaR&heBdsorlobmbYitgyckSans.dYay Verksr 1990y beicttire 8 Shier ei n
any of the J het.er Qar s described above and herein may
be subst i tﬁ’?‘@glcgrar%%ﬁlﬁy Ié?racflaboi}dHSFe?i&%%al exanpl es of generally

appl i cabl ejgpabpt i t ut @nyigl b%ra(pptdclattﬁitthﬂttbdc&lypdlhﬁs,sqseicsdrlbcd ansodimeeriies shown
|n the Exanples that are described herein, 100301The .te i“ 1. the t

"|'i et er c: abibsHEtgdewith gay peaberiod sehstituepistas fangtional MEIgEes & B BE ' Rat
contain one gy rQ0E5hal RN S RBO B Ssubtitushtsi con at ons,
e.g., in pl %%(satngf “9% ?g{60§&gdbl§/t?ee{rycr)%ll [ gﬁatlg nmoi ef | essumay be branched,
unbr anchedcomtyigkd o formalzy of ihis mnehtmcterﬁcteo ﬂm:uplat:@uermdhmdfgg@rumdtcw in

het erocycl es such as norpholino, pyrrol tc..ln certain enbodi nents;
het er oal i pPlgh‘teF‘étrHBtPE@chégqlfrré @%}bﬁ@ﬁpﬁ‘i‘é&i B’é’ b Wi]‘érhfmFe tzlla"%\(%rnant of one
or nore Of drb tﬁl@f-:uré BRY 80 ButMihile PRRh PhorGHAA JdHRls@bdt@gent nCI udi ng,
but not atl c; heteroaliphatic; aryl; hotor oaryl I al kyl;

het er oar yI ad:lkgtbd frahkmmp1fmd3grmpythetssbﬁﬁwlt Imimbe difdereihe 4 pe oX i eéﬁﬂt? t hi o;
aryl thi o; heteroal kylthio;, het er o

SO\, - C1- 78VerY PRIHIOrrgs used efoin. ¢ Pl ugét@}gmdqhte%m@ml%g%zm;
-(0) Rx: p%&ﬂ%le subs@ﬁ%n@ & orgm @anl}?ounds O @ hoad 2SHNIRBZErmi NHR: 32;

-S(0) 2R, ; NR, (CO R, " wherein each occurrence of R, inde endentlal
i ncl udes, bubstiteentroncluferreystic and cyalicpbranshed and uabsarhadhearpecychie gid

het er oar yI y t er oar I e phati c,
het er oal | pﬁgeef%;yafé )?fdaﬂl%ﬁ an%&onﬁrgpﬁggrym El\g{pgld’f%r nq?ggrgéor}{nggdgéﬂcrl bed
above and harRisés csmulsbﬁv@xubﬁthewbﬁdm@rsuamubtsogemuh&sdhav@rmmndged or

unbr anehed, cyclic or_ acyclic, and wherein any of the ar%1ts or heé%r os, ryl
subst i tti entestidesnis anger daeoanisnble samwwrs@lgamw dascgiped hereiri
unsubstituted. Additional exanples of generally applicable substitutents
are illustrated by the specific enbodi méats shown in the Exanples that are
descri bed herein.



100311The terns "hal 0" and "hal ogen" as used herein refer to an atom
selected fromfluorine, chlorine, bromne, and iodine, 100321The term
"hal oal kyr denotes an al kyl group, as defined above, having one, two, or
t hree hal ogen atons attached thereto and is exenplified by such gonps as
chl oronmet hyl, bronmoethyl, trifluoronethyl, and the Iike. 100331The | ei
"heterocycl oal kyl" or "heterocycle", as used herein, refers to a
non-aromati c 5-

,. 6-, or. 7- nmenbered rin r ol iclic group,.including,
but not | ivighesptisly the Klencigs chrﬂi‘e-W‘EVP?ter"gr gﬂ’ﬁﬁ%g’r‘?b%%? Hae?%%ﬁ%?fx-rrenbergd
rings havi n&%ttés"gsﬂn{?{éei@%&&Qﬁ&?bk)%eege@lhﬁ%i%l@sdbg&%aﬁ@dﬁ&tgbﬁﬁcsel ected from

n

oxygen, sulfur a nitrogen,” wherein (i) each 5-menbered ring has 0 to 1
doubl e bordmpamdise &omtbrativesrthesubetitnenig amhwar@bies eavidioned by Bon@gent(an ) t he

ni trogen and sul fyr heteroatons be. .opt | L1y b i, di wuliii) the
ni trogen H&t @F%&?@H}‘r‘?ﬁ?t bfeis'gﬁéﬁ 'Hg)f%’élaaﬂgf’fe?q%}%&%r}’pg‘h“g‘é{’g ‘\%F@ﬁ?é of the
above het gf QY& i {6r & e, TR O&ichY aREaskPoRproRfZANE dijonders. REy @ARNt ati ve
het er ocycl es i nclude, but are not limted to, pyrrolidinyl _ii;azol i nyl,

1

pyrazol i di‘siable”, as used herein, prefedabiy Féferis iy Pompaysep M ENOSSSS PEPAN nyl |

oxazolidin . soxazolidinyl. morpholinyl . .th azoli.di ' ' i dinyl,
and tetr ar%‘tﬂ%"rfﬁ?‘y?a‘f""r Waelé’?éftgfenanéi%qblﬁ}? lrﬁt%l%‘ If'l‘ga%%g,’gg{ ‘lﬂ?lth gc)fﬁ%d}fd%%

het er ocycl@ahdkatt periodef he €yisd tecdbdoind préfetiblyl foz edutiintnaperisidf thee & n,
refers to a heter oc%/cl oal kyl or heterocycle group, as defined above,

subst i t ut eut usgfud frs thplspessadpieileelireidenent of one, two or three of the

hydr ogen t her Lth .ar Lt j G

het cr oal i 3&1’@ I'c; aryl; tg%lﬁ earlg)ﬁétﬁi;’ g%{r?%ﬁgfletegﬂ’?&ﬂ%(%egrbgg{r% a% {;}/Iw;ld al kox.vy;
aryl oxy; hefsgiaaddoxsightrebhir(@ar yhiaxyched), bydnthdd) pcyatiy) dyklig;oripetyeydad kyl t hi o;
heteroaryithio; -F, -d; -Br; -1, -Ql; -N®2; -CN, -CF; - CF3, -. CHC12;
-012014;  -dmpeippdrocadprpphich erq antiopally subgligioswith eptrEpgre NEHRRIR) 2.
-0C(O)R"; gafga,, 0 ‘25 b )Realinzrd( R the aRaERA &R Wher ei n each
occur rencegrggpsg. i%ﬁp@?%%%ybx (E}g%%uféﬁgl?a@tf?hi?s n%%l I r@feo(l: to, aliphatic,
het er oal i pihanied haeinlto invhider bariyhot lamitd tal &gy, alsenHealeyrodrgpclialsyl,, wher ei n

f th i phatic, . h | i phati c, | al kyl , het -al kyl
Subset t uonpelaeny R ORGHR T ROt Himg et bt i EER gt
unsubst i t ueghde iR Qhe BRI 8RR RH:y1 §¥ubs CARRnABYSIs onverdidd appRéei n any

of the aryl or fieteroaryl substituents described above and herein may be
subst i t ut eth ahergesabsteimusuet as Ad¥etilanalkyeyznpidghe bke. gdnEeanpie, appicicabl e

substitutents. are.illustrated, by.the.specific, e i i e
Exanpl es wWhTTEH> BF &S 8bﬁygedﬁ}ﬁ@{yéi’n.glk¥8§3’zﬁndgg? oég%%::i!eli%&llﬁdgﬁ%\(gebrs%ﬂn&p

"ear bocycl gng ushy@Red BRIUGE.Nin defthBY dntddiBentar:ewedd lgeroin, flowepdlkytetis ¢ ring in
whi ch each atom of the ri ng is a carbon atom (00351"I ndep,end(gntl y

sel ect ed" : uspHdo inskignite thagrepbyldeansycxdicerayelie, spBstijaieds WeRRRUFES trighedt e

that the R_grou n._he . nt.i r different, 100361"Label ed": As used
her ei n, thgr@g)rr?ﬁocﬁiﬁggl&wél 'l'lglgarli)ﬂ'i?géﬁglceéd to mean that a

[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, -CHa-cyclopropyl, vinyl, allyl, n-butyl, sec-butyl, isobutyl, tert-
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conpound has at |east one elenent, isotope, or chem cal conpound attached
to enable the detection of the conpound. In general, |abels typically fal
into three classes: a) isotopic |abels, which nmay be radi oactive or heavy
i sotopes, including, but not limted to, 2H 3H, 32P, 33S, 670a, 66"lile
(le-99m, tin, 1231, 121i1,169Yb and 166Re; b) immune |abels, which may he
anti bodi es or antigens,which may be bound to enzynmes (such as horseradish

per oxi das hat. produ det.ect abl e agents: d. | pr.e um nescent,
phosphor ez%ﬁ'ﬁrtc?’ °18$utp'ﬁG@ﬁé’%‘éﬁ?‘u?@ygﬁeﬂ%ﬁ SW'P?n%@élséé%nﬁgC%gﬁge& t)%l’nat the |abel s
may be i neosipRH S H NERIdpRALyE AIRAYT decdbexdNyploBryl 00 H Agtloless not
interfere With the biologi paly activity or characteristic oI thle conpound
that is beidigiedenédiedike, Whichagriai mayhtrsenaenhmere whehitBeEn atkshr! FAhe
conmpound ar epl.aced wit. r t S h _ngs%}_; ation of
conpound i"ﬁcef\llcl{e\’/ ut %réOtmcl)}’ 1??%? g%f))ge% elg’tes, g‘ﬁ?%lor%? Ylét‘géhg)pégati orllﬁ%:j)f t he
deut er at edhutet I-9G ¥6d {heeike MRy pleeertdtivertkynhegrebys inclodgdsi ag rohbmilad te,l i f e of
the conpound in vivo. in certain enbodinents of the invention,

phot oaf f i ethypyl, asuppyiy! (rsorareyly Aceropyryliang ts Fiset el uci dati on of

internol e inter | ' i ologj » ; [ 1 known

phot ophorjgbfg n be ﬁﬁ%ﬁ%@{eﬁm%ﬁrg‘?%n 1 %%ﬁieﬁg?{)eé@ﬁé\fgsst?g%a% di azo
conpounds,grédd, depreviousigidafingd, arschied taile pereasmotectlartvongls aif SexgenBeyhey, H.,

Phot ogener at ed Reagents in Biochem stry and l.ecul ar Biol.o 983),

El sevi er, OAﬁ%rPBglﬂ%tﬁ‘jlfurtaFPé“-e]r’i‘t‘ieftémc%’i‘ﬁ(@ﬁflgnt%ft%ﬂﬁxlha@?‘éﬁh@}deagqug' cor por at ed
by refere ! 3 @ﬂ% ' o ThRerthil wa eRBodinltatsphRtpaff i nity

| abel s en{)gqgufes(fggfrég{%??@h aﬁ&hﬁg?ﬁdobenzoyll& substiotlut edspvvi taﬁé}gne or
mor e hal oggkenyhiaed akynyli gnodpsdiongin bud ahiphaticicaibogdtangs. In yet other

4-azido2, 3,5, 6-tetrafl uorotienzoi cid, 100371" Tautoners': her ei n,
the term "¢ Hﬁ%‘}%i‘heaagyla?]{k?“ %s%ﬁé’il%y‘m g‘é’uB%WBBHH%& 1“%&29"8%@“ ﬁ@ggggen and
doubl e bondghaMechan@adiResihisan oMd Bmbe&iRRets, tHe e, Hkdst, aati anenel t he
nol ecul e. For a pair of tautoners to exist there nust be a nmechani smfor

i nt er convegrevmItoniExm gl diphaic casbrnortens. Imydt gther Rabedigials, heRl

i m ne-enam.ne for am de-i m no.al cohol fo 1. di pe-.am.nj gl or ns,
ni t roso- ox"}lﬁ@y allyRylE So(i‘i)g?aérhi:’t qq%’}]atfcoéa@?n ﬁ%go_ﬁgaﬂﬁg%’fﬁlg&%ns,

ni troac/ - nintiu@e Hor 478 no@dnitdol SheMidRy, x X6t ylisoproboxyrsi-butoxy, tert-

[ 0038] Definitions of non-chemcal terns used. throughout the s ation

. cifi
i ncl ude: [0} neerenteky; anfiiehexerin Bramples obibiqaded inedids; hut arer ﬁgfluél " humans

Il =h il 110G i £, , birds,
Fopti 1 es. Snpnoi e cAY: Sroph G Gy S, ORTELE, RS ral (e
mammal (e. @024 rodeThe te@n MAlkyRMino’t @fers 0 a globp haviag terdteyiura-dd8,, a cat, a
rimate, or_a pig). A _non--human, ani mal. may .be ran ni .

I[00040] " AsSBbFET : ‘)wltlrrhatlcwé*ﬁﬁfl%h%ﬁﬁ {p gertafp sm%a@‘we s%ﬁm‘fmt}f-grm
anot her asfiea! | BBBRNRIArbdhNBnA' i dehiBibiindientbodinh G, R aliphdic ithup

coval ent or non-cov interaction. Preferably, the associationis
coval ent. &esiinabl16 ahiphatcaasioardtornnt rygt bihensmbedimgate, thy @hiplepdie owdi ng, van

der Waais interactions, hydrophaobic interactions, magnethc,.interactions,
el ect r ost a?‘PElOD’?ffB‘rtg‘éﬂvﬁﬂ on § *?‘n[lo%@ﬂiﬁthaf%? f’%rb?‘i’ (‘}f@me?ngﬁﬁtt’]'fl Sl general , the
"effective ﬁﬁ@d{ﬂ{eﬁts%eﬁﬁp%ﬁ:'g\rﬁ@lllf'&ﬁlffﬁinéjf-6_talﬁ ha¥ CIaPRAT dtbib. e ye&bifes to an
anount suf?l cient to elicit the desired biological response. As wll be

appr eci at eembyditieosethefaliphaticrgoyp ekitdins |4 aliphaticgarbon fiemaf Esgnplggohnount of

d of the i L dependi fact. th
Gesirea.bi BRsTS BBGREE RS e Shl SRS aPn Rl DS bRRBOEN RS (e
di sease behﬂﬁyrahﬁﬁé,qsi)-plfobﬂamﬁ& c?élo?ﬁ)??&hﬁhé,&iblﬁylanﬁrm térhBufghdniiaes . For

exanple, the effective anmount of "a racycline anal og antibiotic is the
anount t haneapssiilansinp m-gensplpfriied, dexyleoinge Ay Hakaxglinpo, PHdb&life of the

i nfection i1l th 1 Craor isSm G i t i i emmwei dal )
or to inhi L‘ﬁ}zgi he r egﬂpg}ﬁﬁ@[ i%?)%ﬁl%]? %én&%gﬁequtr%&%} g%énﬁgs@gé ?@gg@@?ﬁg{%‘?; c).
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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I n anot her exanple, the effective anount of tetracycline analog antibiotic
is the amount sufficient to reverse elinicals signs and synptons of the

i nfection, including fever, redness, warnth, pain, chills, cultures, and
pus production. Brief Description of the Drawi ng 100421Fi gure 1 shows the
nmodul ar synthesis of tetracycline and tetracycline analogs starting from
benzoic acid. 100431Figure 2 depicts the total synthesis of (+tetracycline

startlngfromben20|c ci.d and invol ving, an _o-quj non i e Diel s-Al der
react i on t%‘?‘Wééﬂm?’r‘i‘é ‘é’lhaté%%‘iléo“lﬁogﬁdm{"ﬁga qﬁé‘?{c‘?@ gb ntéir;é 11. The

overal | gﬁatfccgm&ﬂa%o%rﬁtlem ARt abdRSohs 1 %0 ydtQads bbgdineend, ile: t he
t ot al synt sis of (- doxycycline in 18 steg)s (overall yield 8.2% . The

synt hesi s aﬂ1phdtw®sunsrwm1@)@dtlndw ipfention comipingl-3 piphkatiz Fakop Blae IaﬁPHn 24 to

y|eldthetetra I|n or rile first, seve to the
first sevetNde “?s‘ngl s@ﬁbﬂgsgrgwc?fcoata% Bl g@é@%@%ﬁg\%ﬁ%ﬁ Iﬁ:%ur e 2,
100451Fi gl!ﬁl%r‘én%ti@l\ﬁé?en?s fHeraiﬁ?hﬁlUigrS@?sm@dtmmen ahplmm&yﬂbhemrm of isoxazolc 4
used in the synthesis tetracycline and 0 c cline as shown in

Figure 2, Bxoowis |dgﬁl|k)éaml®®wstlmféu%h%1%§ pat 1 éﬁ“ Ot @nol 11 used
o LA SRS eSS o e o
region t h%@ﬁﬁl)abﬁn@&h@cp’ﬂ@pﬁo@pmarﬁmb dihebaugt)amtiror dlfieatbugyaminby of
tetracyel Idq(en?eopentyl)ammo di(n-pentyl)amino, di(hexyl)amino, di(cyclohexyl)amino, and the
like. In certain embodiments, R and R’ are linked to form a cyclic structure. The
resulting cyclic structure may be aromatic or non-aromatic. Examples of cyclic
diaminoalkyl groups include, but are not limted to, aziridinyl, pyrrolidinyl, piperidinyl,
morpholinyl, pyrrolyl, imidazolyl, 1,3,4-trianolyl, and tetrazolyl.
[0026] Some examples 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; -CHCl,; -CH,OH; -CH,CH,0H; -CH,NH3; -
CH,S0,CH;; -C(O)Ry; -COa(Ry); -CON(Ry)2; -OC(O)Ry; -OCOR; -OCON(Ry)2; -
N(Ry)2; -S(O)2Ry; -NR,(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 preferably 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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100481Fi gure 7 depicts the synthesis of tricyclines via a Diels--Alder
reaction with the chiral erione 10 and a diene (41). Tric.yclines preserve
t he hydrophobic region thought to be inportant for antimcrobial activity.
100491Fi gure 8 shows the synthesis of pentaeyclines. 100501Fi gure 9 shows
the synthesis of bridge pentacyclines by reacting anion 47 with a chiral
enone. [0051] Figure 10 shows five conpounds that may be used as anal og
platforns for the synthesis of tetnacyclineﬂsnalo 21Figure 11 is a

[ . 100
schene shawinHgnedHubEIHERBST &, B SWSHIHENESFACA Fefr %}W @Bieﬁgs’é’ﬁ '8 Bt
sancycl i n%oietie@%?ﬁi]sglifogw}?%éig ém%%fnhﬁ_e thatios ¥ fesleSoRbound. In

6- deoxyt etracycline frombenzoic atid in 14 steps (overall yield 8%. The
first ten csiteipsmboéinicdenifitb@apresant irtventiom, Seryf Orereios: manq-Hs bsgystitesi s of

E,]: lzat S;: ?%% !glcn iéfrg%\,\sggieé]lalﬁi(y%rqenﬁé;r t\%g gl%ﬁlalt:iicgllljlrgs? inlc?'udéllngs, BQt"\@otﬁi%te%%B} hesis
phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl, and the like. In certain
embodiments of the present invention, the term “heteroaryl”, as used herein, refers to a
cyclic aromatic radical having from five to ten ring atoms of which one ring atom is
selected from S, O, and N; zero, one, or two ring atoms are additional heteroatoms
independently selected from S, O, and N; and the remaining ring atoms are carbon, the
radical being joined to the rest of the molecule via any of the ring atoms, such as, for
example, pyridyl, pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl,
oxazolyl, isooxazolyl, thiadiazolyl,oxadiazolyl, thiophenyl, furanyl, quinolinyl,
isoquinolinyl, and the like.

[0028] It will be appreciated that aryl and heteroaryl groups can be
unsubstituted or substituted, wherein substitution includes replacement of one, two,
three, or more of the hydrogen atoms thereon independently with any one or more of
the following 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; -NO3; -CN; -
CF;; -CH,CF;; -CHCly; -CH,0H; -CH,CH,0H; -CH,NH>; -CH,SO,CH3; -C(O)R; -
CO4(Ry); “CON(Ry)2; “OC(O)Ry; -OCORx; -OCON(Ry)2; -N(Rx)2; -S(O)2Ry; -
NR,(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 substitutents are illustrated by the specific embodiments shown in the
Examples that are described herein.

[0029] The term “cycloalkyl”, as used herein, refers specifically to groups

having three to seven, preferably three to ten carbon atoms. Suitable cycloalkyls
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aza- 10-dcoxysaneycline. Figure 1311 shows the synthesis of

10- deoxysancyclinc. 10055] Figure 14,1 and |14B show a. nunber of exanples
of heterocyclines, tetracycline anal ogs, pentacyclines, and pol ycyclincs
potentially accessible via the inventive nethod, 10056] Figure 15 shows the
chem cal structures of various tetracycline antibiotics. (-)-Tetracycline
(1) was first produced sem -synthetically, by hydrogenol ysis of the

f tati. duct aur in (7-ch t et linc), but |at
(i SCover ednibieBULA apLiRob aEEp Y <Y QOB YOG sthskfent at ton (M
Nel son, chﬁo'hkg?l’ and thNik Svaemal g thEdsse of belef AgyHalit MRSerddipRaed, QY ,

Chem stry and dicine (Bi'rkliauser Verlag, Boston, 2001); incorporated
herei n by hetdreycdnce)ictics; hay Dotyelty b sebsfiRitedawith sihsomgatsiipdudiay, tay aot
clinically,.i rtant non-natural. antjbiotics. and.ar. f ed b
il 11 - ot epbRErRlPha RS RLPGh R s nEYE Aot Rl AR PO R A ed Y
(sem - synt ook ) heldvbaliglys BBterodfylbity; laByithid; aAlthia; Bewmalkdlthiods. |
Tetracyclines 1n Biology, Chemstry and Medicine (Birkhauser Verl ag,

Bost on; 20@tgreanylikier ﬁéréb eldr; hbr e -WO2r-ENe rehs e H2GF 3 oeblie sCH2@Har e
represent aty,v t climed [ ke. ul t . ared b
an;F/) knoma(ts"tg?@-{&%t%e 2?@?/2’ b%@%\/\%}t/{ﬁﬁh%biﬁ’i’éﬁéé@ ’ﬁgmg@té’s-mﬁgﬁgy t he Y

conver gent OassRTbOY Ol 51 @U R, 3; N(OWRE; -NE(COM guhereihixBchiepiwcteacaof R,
general i zed M chael - D eeknann react] on sequenc that@gor ns e Crinpg of

tet racycl i HEPNAFY AL S Pyt 1h§OIdimEed igclinhae. eleseal et AHAMSHHPRYD- ri ng
precur sors_\W i f : : Fi shows
Pho tr anst &y udh dh biERouRisho)R ofldrdh BEHEARE Bihalle Raaonelic PRy

i nt er nedi ahaerddrylalltyl Sulstiocinct desqitedebousad Heoeip nepyaresubsigutdBopr ecur sor
enone 7 by the 4-s sequence shown, or to nmono 8, AS precursor t

6- deoxy- 5- uwg?t%’&éﬁ{; ?E‘fg‘?‘g Py H‘g’r@?é:?‘f"@’ yPlieer acléfﬁl“_i’ 7ad y@iegba@eﬁffg?\ ?:Ié'? Shown,

[ 0088] Fi gun&fl%zrf %\ﬁ%éﬁz B‘%‘*“? g%yd??b@@%béve%dthlafeirl%iﬁﬂl'b%f@hﬁs‘litdté@@rr&rﬁﬁbstﬂﬁ%ﬂ.bl otic

(-)- doxycyclin e convergent coupling the o-tohiate anion
derived fr Addili8naredamples ABgpreedlyrapphicabhondsgutentsons dusirgiad &y 118 sgevlis t he

synt hesis of structurall %i rse. 6-. deoxytetr cl.ines by coupling of
structural F‘?b%‘#IV‘SPt§é£@’E¥rh € 8‘6‘8}?51?62_3 S_ﬂﬁ’%ﬁéﬁeﬁ?'sor s? or 8. The nunber
of steps apghzgyeral | THé REGShbleRMiBRNAZO] £4 1RE HerdinereflrWhaliphapaneiéthgses

bel ow each structure synthesized. MC values (p.g/nL) are also shown for

whol e- cel | thahedrteiooee pamotestigay suffusairosanathogpheges. As silisorcramsposi th ve and
5. oG e, PLELSELIRD! A SREASOBERIAT el B SRR Ry 1) @
M chael addpgdychsaddi@cRidedatGiatedf and unkdthiatsd edrody cidduéeh ghno@hokmane.
L0061} F gurp;efrrgllci)dirsl}q?emg. Enhceertsa¥nnér?1§géil§ner?tfs, }?etgrggﬁp%%yig lrriori]eqcie\s{ iaga s%byitﬁt% %ly-

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; -NO,; -CN; -CF3; -

CH,CF;3; -CHCl,; -CH,0H; -CH,CH,0H; -CH,;NH,; -CH,SO,CH3; -C(O)Ry; -

CO2(Ry); -CON(Ry)2; -OC(O)Ry; -OCO,R; -OCON(R,)2; -N(Ry)2; -S(O)2Ry; -

NR,(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
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Di ccki nan reaction sequence. [0962] Figure 2] shows the synthesis of various
novel tetracycline analogs and their corresponding D-ring precursor. These
conpounds represent significant gaps in the tetracycline fields, likely
mssing fromthe literature for lack of a viable synthesis. [0063]Figure 22
shows alternative sequences to AB (novie precursors from

1S, 2R- ci s-di hydr oxybenzot e aci d. 10064] Fi gure 23 shows novel routes to AB

precursorsg. These, rout do not Jnvqlve,t mi, cr obi i xyl ation of
benzoi ¢ aci®tfm may bﬁé\%%éﬁ%?%ﬁgﬁe‘g’ép Sﬁ‘:(‘%% ‘8?1&%8%1ael’{%gﬂr%ge?gé%%%m%nbodi ments of
the | nventépgnca%%ls@éa{m@n@ra%ﬂmtratedfwtHe@pe@ﬁ@umd@ﬁmn@tsmwgythfeor t he
synthesis of tetracycline analogs via a convergent synthesis using as an

i nt er medi db@mpldshatiaghdssetibeddieréional i zed chiral enone 9 as shown bel ow
0P (9) VgLl 0 R i YAl agen ' hah A0S o YEld iferdf raEY6ldh o YL LR Ut ed or
, or u i phati c; IC

/ [+
unsubsti t branche noranche cyclic or acyc

subst i t ut efor® fludfisd) REIorAE eEmidey, antia@theor unbranched het eroal i phat | (o
substituted or unsubstitut gd, br agched or u)rébr anchegeé_acgli) subst.i tuted or
tinsubsti tl083] br anchedesr “hpenlay]c Aetesap alkd grat eLEEHB AOUs 1BEPBt ut ed,

branched oy .u r : : nd 1Sk gf-d-bgggag- supEh - SCN,
-SR/; -S en;e’ %gg@{ﬂ@%@@&_ %{ ﬁgll%)tﬁac ﬁ%ﬁg(e Bcgﬁgl%)r(%% lIgc) ; \Ah%rroéllpn each
occur r encechddromBthyl, dromeepangdhikomahyly ardapetike.a protecti ng group, an
aliphatic noiety, a heteroaliphatic jety, .an acyl noi .an aryl noiety;
a het emar yl003d)i et y; Talffkt.eﬁ’&y{?etearp(ji"%%}gﬁa%ﬂeﬁ{?@f&%r%‘Esﬁgb,gfeéﬂﬁr‘?%r,s toa

al kyl am noy g I 100 7. RRNBIRAHQY: pPcy RS BoaBTHblng, BRIt Y

R4 is hyd(r)%oéjenr@nllég% gggn’?ﬁ)gyc }lg;eor ra(:g?/(’}cfl ip(?fpycsyubs it gtled_ orgti_nsubsi ttuted,
branched olimitebtoaaieih edtratyopik @raup; comprising fosedaty vleimberedubngs hevingd or

unsubstituted, branched or urn;ranched heteroal j phatic; substi d or
unsubst i t&eéﬂ?eno‘?@r?é’ﬂé]?fei‘) e'ﬁWBFOéWclﬁg?PeQ Ly Sgﬁﬁgeﬁi 1o SYyesP Sﬁ#sufrjg}sl i tued,
branched of;uy F&d(@%gs-@g&lwea%a a0 &MYt bbadsemhd daclasched or

, e
unbr anched he?ég{ oaryl ; : : =0)REi ; -CO2RD; CN, -SCN, -SRD; - SORD,
-802R0; - N@embenyd RDehas Oy 2 dopidy Rondsefil)-tigy mRixpgen sisbsudivR heigontoseclirY Bace of

D 1S L IeBIDER! L, Bl BS5R R EASEL B Yhso B SRR LY.

moi ety; ai {i¢ay; of Ay ALY hebdcghlic @8gs maybd fised toanbanaeneaidgy | Repiresentative

di al kyl am no, heteroaryloxy; or lieteroaryithio noiety, L
heterocycles include, but are not limited to, pyirolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl, isoxazolidinyl,
morpholinyl, thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl. In certain
embodiments, a “substituted heterocycloalkyl or heterocycle” group is utilized and as
used herein, refers to a heterocycloalkyl or heterocycle group, as defined above,
substituted by the independent replacement of one, two or three of the hydrogen atoms
thereon with 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; -CHyCF3; -
CHCly; -CH,0H; -CH,CH,0H; -CH,NHj;; -CH,SO,CH3; -C(O)Ry; -CO2(Ry); -
CON(R,),; -OC(O)Ry; -OCO2Ry; -OCON(Ry)2; -N(Ry)2; -S(0)2Ry; -NR(CO)Ry,
wherein each occurrence of R, 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,
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R5 is hydrogen; hal ogen; cyclic or acyclicsubstituted or unsubstituted,
branched or tinbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranclied heteroaliphatic, substituted or
unsubstituted, branched or untiranchoti acyl; substituted or unsubstinted,
branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORE, -CN;, -SUN, -SR; or- N(RE)2; wherein each

occurrence Qf RE.is in endently a rogen, .a protectin rou an

al i phat i ¢ FBi"dtEn 5‘?%%?"_5?8%4?@"?"%‘9?‘%'?%5 %I?tsgﬁscﬁi?f/éa_ S 95%6%%’11&51?% _
noi ety; a felpiRALY br MuBiuted! KRN onaAEXdnaNYs ofdekiallppplicabl¢l t hi o; ami no,
al kyl am no, dial kylam nci, heteroaryl oxy; or hoteroaryithio npiety;

Rc, is selwbstiatehts om illheragedupthe spesifee ¢mipdimenty dhaygei thaExegales wau@st i t ut ed
or unsubsti tged .ﬁ!%(iﬂghati Cc; substituted or unsubstituted heteroaliphatic,
subst i t ut €d° 0F° CURSUREY 't ut ed al koxy, -OH, -CN, -SUN, -SH, al kylthio,
arylthio, - , amng, alkyl am no, gnd diajkyl amno groups; Pis
i ndependen[pp Isel ect &i‘rl?o_r"% t-@@%ﬂ&%ﬁ%&iwﬁ H‘Hﬁg‘r Besgr_ﬁt%?n a

prot ecti NG, ghPor niCarbihbfi@linEMONRICR £&AMhtAR JF BRGHAM s WckiboaRt@RS of
phthal i dea, anions of toluates, benzocyclohntenole, or dieries to yield

t et racycl i [183%nal ogs Ihdepkudtintly stletted’d clied term tisderpanyentlynwtectedi’ éyedeines,

tricychnes, pentacyclines. Qheterocyclic nt. ac i nes, polycyclines, and
het er ocyclsl?eé‘gﬁé(? ‘ia}ectg?tﬁgg. &ﬂ%g\éﬂb&’d&gﬁﬁ%ﬁﬁggﬁ? "tested for
anti-m crofpad) acti viftpeRgai Ashisddi et @R ke tendl UteRg” i iathtiédRahéan that a

tetracycline-sensitive organisns as well as organi sne known to be

t et racycl i sepoasi besatticasCompdemery, Solanel of sheyeichlpomnoupé pighed fo enable
bacteriostati,c. _are din for,milatin [ RC [ .eat nent of
i nfect i onst%.‘fﬂe‘ﬁ%%?éh&iﬁﬁc‘?}@% Indp §oriss 1@?%%%%%@5%%6%%?2%&%5 o tested
for anti - prebopicastdld, whidthhybé yadicaueve @aiepepiRd®pay, endisdhg)lbut nottlieitéd eat ment
of antiprol jteratjve diseages including capncer. ,anti-inflammatory

di seases, @utfbﬁﬁ,%ﬁu%& tlia-ff3§easB?s(Tch%"r*ﬁl)(aI Innedpl abns ¥ b 538!@@?1?‘5“““

ret i nopat o T LNE0H, YR ARRLAAT LGRS HAL BESh b dighhacyali Ae

anal ogs al or Iclent synthesis o ny conpounds never before
pr epar ed ohorsaradislapdrexidsiel thae arddues deteuidtds agamds; sedic) symrethdtimmesemhni ques.

Conmpounds 10066] Compoungs of th rese i nvention, i ncl tetracycli ne
angF ogs, h %PH%?%’EH%OT ﬂmraweﬁ ‘?W?g §ﬁ§ﬂ§’§§ppw tb?fég‘? Pﬂﬁ?’ﬁ%‘?%gs
pentacycl i ﬁ%&gofb?éd%ﬁ%le 'csmg&m tg}{ggi)é}ﬁ‘én thaf ESt9edt RERCYEhitRes,

I ¢ polyeyeli ridge

het er ocycl nes, ycyclines, and other polycyclines.
Part i cul ar biplagsetf adtivityrop obardstenstictdfehqemsmnind ithmi énbdiondétededide aeHeige wi t h

bi ol ogi cal ti.vity., In certain, epbodi nents, the ¢ unds .of t.he invention
oxn B0 Canentadimsht iy B Syt e cpanmce feneEd MRD R RAEl 4855 2 ooan
i nhi bi t or _y(zlmft;ﬁamﬁé B&hadatioh P ESBPSEGEH 191d. Pelth Gdhde dRelsCéizgmatt | ess

than 50 liglint", preferably |ess than 25 Egl ini." nore preferably |eas
than 5 1.t d¢gradation afitherdsstergedtetnetsiiped mey be Hawed thesemincieasing lgisife,

i nf [ b he .f.ol | ow ; ' : ' :
ant | i or obl 1 OSBRI dF Yo Ret Ry ant  broc EeRos 38 hH RO MMM ococcus

aur eus, St :88liMQCOCEUSedIod tH divecSEINERARSOSTHRmiblet anigterdtivapindsionglial
pneunoni ae; G am ncgatives-Nei sseria neningai di s"Vei sserja gonorrhoea-c,
Haermophi | usystams | A apses of kksewe PhetAPherestan bemammieyedo@es el 9%, ot her

Bact er oi deg; I S-q: I e i - [
R oket Ui ab R0 et e KR AR RO BRRLRE, o HiEAR B RN ChE
i nvention BxYiehjH., ahbtopérkité@Raides iABidhehystry H@BdlenulaeBickogy @ABDYI ment s,
t he tetraCécI i ne anal ogs of the present jnventiqQn are repres &ted by the

formul a: THECPL ARYegrmMp theshtiyecnirass frghich grs hepfoyRFRROGEIYe bonds. | n

certain 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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enbodi nents, the O-ring is aromatic. In other enbodinents, the 1)-ring

i ncl udes only one 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 various groups R7, R6, and Rg as defined
bel ow. In 10, R can be hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranehed aliphatic; cyclic or

acyclic; substlt ted or bsti.t yt ed r

het er oal | bsr‘i’é’ﬁr%o E HH f’ g[ﬂ%’? a't“{ ﬁl&gﬁeg?@nhcgggﬁ ﬁ%ghﬁgsflgnched acyl ;
substi tut %tlﬂ’ésﬁé@ﬁt@bﬁé bthb‘leﬂombbﬁfh@hhﬁﬂe@le wtbramﬁhﬁdammél’s t® elhsltthenet ed or
unsubstituted, branched or unbrane. hed _heter oaryl

- OCRRA. - ONist bemechaiem for STmonvasEpRAEXAZPS of RYRRFS mdN‘f‘&_k?}E’%’ :
wher ei n each ogeurren ectlng
e el LA Rk AR RUARD o Sel O i “*nf@‘fset yi an
aryl noi etnYtrosa dxaherf&arsyﬂhldrleat@teyene&ima}ams al-yitroxyhydbkydzo Hous, artsa-t hi o;
am no, al kyl arni no, dial kyl am no, heter oargl oxy; or heteroarylthio noiety.
la cert ai WeenbodPranead PYHldIP%e RydiPeRdefOBihe  enbodi ment's, 121 is | over
al kyl, al kenyl, or alkynyl. In yet other enbodinents, R; is nethyl, ethyl,
n- pr opyI cycl opropyl, or isopropyl. hi still other enbodl ments R is
met hyl . [0038] R2 nﬂ)efbmdn)scdxfnge-nhedmahldgﬂmsusc@'dlrocghwt tieypediBcationbst i t ut ed
or tlnsubstltuted branched or unbranched aliphatic; cyclic or acyclic;
subst i t ut é8°lBfe unsubst i t ut ed, branched or unbranched heteroaliphati c;
substi tut 3@({9}] unsuhsy 151915’e¢he|?érﬂpé}hﬁgl 9§ udtabeane irERe Beyinans BOWEIN st ed or
unsubsti t branched or unbranehed aryl; substituted or unsubstituted,
branched arontinbsarmheasHetledioay fpk pxaniB; margmalsdpirdy) REUICSC@BPiBblanS @vd - soN;

- SRB; R5 h
occurr eng}B I Pﬁgz’%ly’ mfé}ﬁ’é‘mm Ha‘H%P%Eﬁﬁ?Sgp? |anndoyé\£rég%gdtnaﬁac

al i phati c fphietamorke)f &0 alchD AFkinftdTRE gpg) thﬁﬁ?urﬂarf@hﬁhb’maﬁbe aryl
noi ety; a hetéroaryl noiety; alkoxy; aryloxy; alkylthio; aryl thio; am no,

al kyl am norandgedikgniaehi no, heteroaryl oxy; or heteroaryititio noiety. In

certai n erRUTENt . Kb Y HAUE Ry NGl CIDOULER il b Sndier oY

or a prote i h Certarn e I's al koxy. In yet

ot her emboghi dsdited hBreih, Shéy dr@%ke(ﬁlb)kéyﬂlre@bkﬁﬂ)mct aoWalahﬂ«ymph oglvdlm I'n
certain enbodinments, R is nethyl, and R2 is

embodi ment @termitions Prasenahly; themesariatiog l%ﬁfﬁ’lak?@%nl)eﬁlﬁ teéppa‘ioh’algﬂtol&iﬁr?f‘é’ﬁfl% RI
and R2 are, <C £dtiogs,r i Ng system
api T oo1 1 nicBaep s B8 Bty LB A RaRM s Ch Ao RRRY R e

subst i t ut eghaictiensighstibisytledrosmatriateedtions, arebr anched al i phatic; cyclic or
acyclic, substituted or unsubsti tui ed; br aﬁcme& c[?r i nbr ag,ct}ed tive

bet er oal i pHAfik:  subskifeqlive amerntindp 68152 uihe d ST S CHY b P TGRBF Yhe hod acyl
substitute betkiahyldesisddasbiogithed or
unsubsti tu?%gf Oﬁtﬂancﬁﬁga%lgﬁgﬁ @éﬁ?%@%ﬁﬁgﬂt&teéﬁgﬂg{@}}ﬁ Oli 881 -C(-0 )ERC

-CO R c; CNsperSENAs—\ABFRbe-aﬁpﬁcLatedmmkse of onNtiRary-skil Re)this artp\ﬂne@ﬁqyw or

-0(RO3; wh b Lu f d dent
pr ot et | ngagPBS! SEATRPIHS e THONERY Mok ViSSP AT HOr LY Tan acy!
moi ety; angidiph bEB?b%EM en@pdift ﬁ{eogﬂfayrhad&i&h&’s ofahk expoady HRxiscasd barhg hi o;

aryl thio; amno yl am'no, dial kyl am no, heteroaryl ox or heteroarylthio
noi ety. | ntreged, ahomerbotiidreinistrativg and thwmt@gfeﬁor exarBplsethe eHBeHierAsUEt * R3 i s

a hydr oxyl or. a rot ect.ed.h X r nts,
R 15 ot kogbh Ceiin? eRpe ERUFOUEHIT e E R Bl i S BUAR cFRBRMATRTL ©
al kynyl,  at the site ofthe hr&‘e&}(ﬁlrtggkﬂlﬂihehﬂicﬂﬁﬁ@nlﬁry €duisthgahe adyaionc, Subst! t ut ed
or unsubstltuted branched or unbranched aliphatic; cyclic or aCétoll)IC,

subst i t ut efbasterigpidabsr i iphidd the repednsdon T sHBrRIREIPEEATHERE(DASETIAH
substitute ynsy t Lt i; d or
unsubst i tugrban r%ﬁé%%éfeb%rﬁeugfg?tgﬁeaﬂ&g&q of etlld lgltg ??%tg %gﬁe@"’tﬁﬁgﬁ ?‘ﬁ‘ﬂ‘i‘@d
branched orsuﬁﬂiratvhambe&s&elhﬁmamghs andG?Bxpte;ﬁs oft(ﬁ(e-lﬂ)aaﬁm 1R0RRYg feveiCN; - SCN,;
-SRD;, -SORD; -S02R0; - ; ~N(RO) 2; - NHC( RIR or -0(R0)3; wherein each
occurrencer%ilnemwaémihﬂﬂ@ﬁeﬁﬂ%tcll utgs, HE?QIPB@; WAIHy ot ecti ng group, an
aliphatic noiety, a heteroaliphatic noiety, an acyl noiety; an aryl

noi ety; a heteroaryl noiety; al koxy; ar$¥oxy; alkylthio; arylthio; am no,
al kyl am no, dial kyl am ne, heteroaryl oxy; or heteroaryithio noiety. In
certain enbodi ments, R4 is hydrogen. In other enbodinents, R4 is a hydroxyl
group O a protected hydroxyl group, in yet other enbodinents. R4 is

al koxy. In still further enbodinments, R4 is |ower alkyl, alkenyi, or

al kynyl. In certain enbodinents, both R3 and R4 arc hydrogen. in other
enbodi nents, R3 and R4 arc taken together to forma carbocyclic or



Rf, and kg are absent if the dashed |ine between the carbon atons which R6
and Rs are attached to represents a bond, or are each sel ected

i ndependently fromthe group consisting of hydrogen, hal ogen, substituted
or unsubstitued aliphatic, substituted or unsubstituted heteroaliphatic,
substituted or unsubstituted al koxy, -OH, -CN, -SCN, - SH, al kylthio, -NO?,
am no, al kyl am no, and dial kyl am no groups. In certain enbodi nents, R5
and RSC are absent. In other enbodinments, R6 or Rg is absent. [00681The
variable nis an integer in the range of O to 8, inclusive, As wll he

appreci ated by one of skill gripfDRScr@stion @B DirAgidg ring is aromatic a is an
i nteger between 0 and 4, preferably between 1 and 3, nor referabl e

) e .
bet ween | [80dR]2. | n Fogwred shoerisanpdiferssyniigan ohtefracysling gad igsYiPgent s R7

are in the h nld [.on., ot her enbodi nents, when n is 2, the
substi tuenatnglro%(S-)téitﬁlglgif%lo%fl Eé’{z%%raéfkdgonfi guration. And in yet other

enmbodi ment[gp43shen n Figuig, 2 ddpectstibsdthl yyatiesis Bf (-ptaracyclingstareggfrom

configuration. [00691A dashed line in for I@,J‘O re%ire e?t a bond or
t he absencléené?lcémééﬁél.mV[O(IJ‘O%]“Ag'qWTIOPCSE‘“%E%P ParedeIsaBB PSPV RIS in this

artcompoyngeeat. B ikR sl deri val R fiabehal fonap, sl ts,

pro-drugs, 1soners, tauto ereof Derivati'ves include protected
forms. Saldyatheisobasdel%dny pharmaceutically acceptable salts including HCL,
Har, Hl,

tate, d fatt) id (e,g., lactate, citrate, i st ol eat e,
oreate. oot o onfiewe | % Gt sm Buenoeftedins i 18 sl [ttt pound
exists in U%WdtSt yo..Oﬁﬂ&sgﬁlﬁ{e(ﬁjri‘s%clllﬁ&'éttﬁegﬂeaaﬂn"@fttlﬁb e Bsorkeindtiatherarmt ed

am no cro and the C ydroxyl group deprotonated as shown in fornula
:10a. | soletosyield chatdeagebnetore.c The fint sevendiens preridontisakto therfirst Aeei or ner s.

Tao oiners i nclude both k nd enol . forns of carbonyl noieties as well as
vari ous t alitRsnB -eCsy]ngpﬂg 2 %‘S}%%’E?&'ﬁ{nﬁtsgﬁwﬂ%Fﬁ“ﬁ%g‘bsti %lut ed h. oterocycl es.

For exanpl gogtjhe B- 1 g a8 sishaWifirst shd Resad @ndfitionelntiess effisepablenpi ety as
drawn, but the enol may exist as the k.eto formin certain _conpounds as

shown bel owseilin fhersprathasie 0b(-rdragodine @nthén-doAvRYSHRY ACShRIAIN Figweidt | be
appreci ate one of..skikl, in the t.a L] | bstitution
ﬂ)@ﬁé} {7 fgl%e ks ts}}ol%s[ the synq SIS %eﬁ%(}c C §9t%%jl ﬂ”usfeﬁﬁ? fid

pattern of cove uré’ e € drawn are only given as

exanpl es agghtihgisP-)ittrRPYliveas sheph esEnfuré e full range of tautomers that
may exi st for a particular conpound. [Q0711Various_subcl asses of, conpounds
of the for B9 10 whiFigwre fehqretbg synthesis of dicyclines. Dicyclines preserve the

hydrophilic region thought to be important for the antimicrobial activity of
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 hydrophobic region
thought to be important for antimicrobial activity.

[0049] Figure 8 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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substituted or unsubstituted aromatic D-ring are shown bel ow. These

subcl asses i nclude unsustituted, nonosubstiluted, disubstituted, and
trisubstituted D-ring. wherein the definitions of R, R2, R3, R4, and
R5 are as described above, and R 7 is halogen.; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstittited branched or unbr anched

het | tit t ut d |
o AR, sk aSPo ) SRSk oP g RHEERS A HRRIRREDES o7V
unsubsti t ycridn lhrs&.l% rQFthlﬂQ‘%iﬁCIhﬁCﬁrEl&E@ﬁ@ﬁ Mb ndenﬁm,to tH; first(0=0¢RG;

_OO2R0: -CN; -SCN, -SRo: -30R0: - SO2ROl -NC2: -14(R0)2; -NHC(0)RG or
-C(Re,) 3; intter o thesia oh (-bisaeySine shorn ROFigyrd fidependent |y a hydrogen, a

prot ecti nﬁO% up, ar}’zgurepir}at Pgwme Xt’heﬁs? S{in)cghém 4Rk tllaf An acyl

noi ety; noi et eroaryl noie oxYy, ox kyl dti o;
aryl thio; a’zmlDmeoﬂﬂrday&ﬁﬁhﬂoﬂgdlrea!J{Bjﬂmmsnbe syhﬂteers@zirlg)ldexyysamychee eroarylthio

noiety, in certal n enbodi nents, R7 is hydroxy pr ed d oxyI al koxy,
| over ~ al kylP033lower df’&@’ﬁyll"/‘l Mg SHP R yAriipmb CBF’%F?E%“H’S fthF Qj%g’@

embodi die qg:l?acg@? nasqn ﬁ%@ al?eﬁtaﬁg%lﬁféy Ghld :pol':/y;gﬁ I E)H{eﬁgalgf addBSNS Valtkd ed,

branched or r acyclic, substitut ed or
unsubsti t uheshfivbmaticlded or unbr ancheci hetereal i phatic. in yet. other

enbodi nent 7 is al k m no, .or dial k n ot her

enbodi rns*nt@05 7 is Ztmsgte Iéusé‘ﬂx'élt H’b"saﬁ ?tf‘&ﬁt‘ér&g/ef/lﬁrtoéls teﬁ@%‘?}%ycl ic, aryl,
or heter cafpybiotik f?fﬁe%gycﬁﬂpﬁ’ﬁ'\ﬁ%'ﬁr& pr&iu%e&%erﬁf %ﬂft@@alw bynbr anched aeyi .
[ 00721Various subcl asses of conpounds of the forrula 10 which include a

hydr oxyl glmduggeaolysils@f tredesimawiion prodmeate“cmnme (H@hlomt@trmghmﬁ) it latRe, R,
R4, R RE, re as _des ts, t he

compounds 4 EMEecsdye b R sbGET PSS, ECK By rofERABY erfTRAHLE
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.

26



RLrN(RE) 2 " OH ,mi2 5H 60H 00 H3CR3 p, N(RE.)2 7 c.).H

[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 (ug/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
15,2R-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 hi ghly
functionalized chiral enone 9 as shown below:

R3 55
<

0
al| ™
I

Rg

0 o) OP (9)
wherein 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
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unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR¢; =O; -C(=O)Rc; -CO2Rc; -
CN; -SCN; -SR¢; -SOR¢; -SO,R¢; -NOs; -N(R¢),; -NHC(O)Rg; or -C(Rc)s; wherein
each occurrence of Rc 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(=0)Rp; -CO2Rp; -
CN; -SCN; -SRp; -SORp; -SO,Rp; -NOy; -N(Rp),; -NHC(O)Rp; or -C(Rp)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;

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),; 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;

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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7 -7:CH .""NH9 'y OH I OH 00 wherein R2 is hydrogen, and the
definitions of R, R3, R4, R5, RE, and R7 are as descri bed above. [00731lIn
anot her aspect of the invention, the carbocyclic fl-ring of tetracycline is
replaced with a heterocyclic or earbocyclic noiety as shown in formula
(11): OH OyOH 00 The definitions of R, R2, R3, 11,4, and R5 are as

descri bed above for fornula 10. The Dslr.I 'ling represented by 1/4-- can

et o ooyel | o BCyPRRRN sHeasEioB L pPance or kol SLBRRE %t o the
004, OSSRl O Ly sk s o e
single or ’oddxnlbdites, boml’d)syclob_ﬂtenole, or dienes to yield tetrajcycline analogs including erther

heterocyclic tetracyclines, dicyclines, tricyclines, pentacyclines, heterocyclic

pentacyclines, polycyclines, and heterocyclic polycyclines. 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
pg/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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In certain enbodinents, '-- 1is a polystiyelie ring systemsuch as a
bicyclic or (X), tricyclic noiety. In other embodinents;is a nonocyelic
noi ety, in yet other enbodinents is a substituted or unsubstituted
heerocychc noiety. in certain enbodi nents,is not a substituted or

unsubstituted phenyl ring. in other enbodinents, '---- is a pyridinyl
noi ety as shown:

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:

o) OH O 0 (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 R7, R¢, and Rg 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; =O; -C(=O)Ra;
-CO3R4; -CN; -SCN; -SR4; -SOR4; -SO3R4; -NOy; -N(Ra)2; -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

30



f\li\lé/SSHI I n anot her enbodi nent,is selected fromthe group consisting of
0

or unsubstituted, branched or unbranched heteroaryl; -ORg; =O; -C(=0)Rp; -CO2Rp; -
CN; -SCN; -SRg; -SORg; -SO3R5; -NOy; -N(Rg)2; -NHC(O)Rp; or -C(Rg)s; 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, R; is hydrogen. In other
embodiments, Ry 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.

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; -OR¢; =0; -C(=O)Rc; -CO2Rc; -
CN; -SCN; -SR¢; -SOR¢; -SOsRc; -NO3; -N(R¢)2; -NHC(O)Rc; or -C(Rc¢)s; wherein
each occurrence of Rc 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, Rs is a hydroxyl group or a protected hydroxyl group. In yet other
embodiments, Rs is alkoxy. In still further embodiments, Rj is lower alkyl, alkenyl, or
alkynyl.

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(=O0)Rp; -CO2Rp; -
CN; -SCN; -SRp; -SORp; -SO;Rp; -NO,; -N(Rp)2; -NHC(O)Rp; or -C(Rp)s; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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HNc,-- 4,,,,,,---rj." 111fl R"'- OH (Xtn in yet another enbodi nent,
'--- the group consisting of:

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, R4 is hydrogen. In other
embodiments, R4 is a hydroxyl group or a protected hydroxyl group. In yet other
embodiments, R4 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,
R; and R, 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; -SRE; or -
N(Rg),; 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, 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, branched or unbranched heteroaryl; -ORg; =0; -C(=O)Rg; -CO;Rg; -
CN; -SCN; -SRg; -SORg; -SO,Rg; -NO,; -N(Rg)2; -NHC(O)Rg; or -C(Rg)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, R7 is hydroxyl, protected hydroxyl,
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R7 is a e-rnernhered helerocyclic ring selected from Vari ous
tetracyclines (heterocyclines) of the invention are also shown in Figure
14. 109741C her conpounds of the invention include pentacyclines of the

f ormul a: ifl1 OHOCHO er(.)n wherein Rh R2, Rz" R4, Rs, and "'--
are as defined above. In certain enbodinents, the rings of the conpound are
linear. In other enbodi nents, the ring systemis not

alkoxy, lower alkyl, lower alkenyl, lower alkynyl, or halogen.

R and Rg are absent if the dashed line between the carbon atoms which Rg and
R, are attached to represents a bond, or are each selected independently from the group
consisting of hydrogen, halogen, substituted or unsubstitued aliphatic, substituted or
unsubstituted heteroaliphatic, substituted or unsubstituted alkoxy, -OH, -CN, -SCN, -
SH, alkylthio, -NO,, amino, alkyl amino, and dialkyl amino groups. In certain
embodiments, R and R; are absent. In other embodiments, R¢ or Ry 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.
ﬁH(RE)z+

Ry RyR3 R
R p H 2

8~

Q|

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
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(1<i" linear. Each occurrence of the ringin certain enbodi nents' is

nmonocyelic " ring system Each occurrence of '- is heterocylic or
carbocyclic.-is throe- nenbered, four-nernhered; fiverinetnbered,
si x-menbered, or seven-nenbered; preferably, |ive-nenbered or six-nenbered,

O her classes of pentacyclines include conpounds of the fornulae (12),
(13), and (14): p1l1 RR3 R RS wherein Rh 172, R3, R, R5 and R7 are as

defined above, In fornulae 12, 13, an esen tituted
or unsubsti famel Wriprludgsangnghmpiety rBWEWH(t%en(?fR’%F’&S %Sytgf k@R iety, in
whi ch eac &%MW’ \&eteRrhtiamobhad qoeup consisting of -0-;
-3-, -NRB?HQ- -?gamﬁgbgﬁq%ﬁﬁﬁger in the range of | to 5, |ncIu5|ve
and the bonds between adj acent_B

bonds, in certain enbodlnent3|
or trlcycllc noi ety.

'et i'®g are either single or double
yel i ringsystemsuch as a bicyclic

(10c)

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.
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(y), I'n other enbodinents, '- ' is a nonocyclic noiety. In other

enbodi nents, " is a substituted or unsubstituted, aromatic or nonaromatie
carbocyclic noiety, for tkL1 exanple a phenyl ring. In yet other

enbodi nments,is a substituted or ey- - unsubstituted heterocyclic noiety. In
certain enbodi ments, "---not a substituted (ipol or unsubstituted phenyl
ring; In other enbodinents,is a pyridiny,| noiety as shown:

Ry P
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CVO, In another enbodinent.' s selected fromthe group consisting of

100751Vari ous subcl asses of the fornulainclude: 100761Vari
of the formula ( ) include: : ari ous subcl asses

wherein the definitions of Ry, Rz, R3, Ry, and Rs are as described above, and R7 is
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; -CO,Rg; -CN; -SCN; -SRg; -SORg; -
SO,Rg; -NO»; -N(Rg),; -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, 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, R7 is amino, alkylamino, or dialkylamino. In other embodiments, R7 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(R
Ry RﬁRg Ry, N(Re)2
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RO R, R3RORL Fl4 NORE)2 /OH 00 ,OH 8H1111 00 6Rl ft, Ra Ri (R8)n-1-
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NN <1. 1i
Rf i RP..5 ROH"

100771Vari ous subcl asses of the fornula (14)
I

i ncl ude:
gillf (VY)fiOOHc., R7 RL Iv,: HI

R f1R3, ::
RAR5 Hz0 NH oHi

OH

OH 0] 0
wherein the definitions of Ry, Ry, R3, R4, Rs, Rg, and R; are as described above. In

R4

R
HRi

~
.,

certain embodiments, the compounds are 6-deoxytetracyclines as shown in the

N(Re)2

o
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OHO R7 RL Fl.. Ra k NNRE)2 R?0OH ""NH2 \ 6H [0078]In certain
enbodi nents, the tetracycline anal ogs of the present invention are
represented by the fornul a:

OH O OH @] 0
wherein R; is hydrogen, and the definitions of Ry, R3, R4, Rs, RE, and Ry are as

described above.
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wherein Xis nitrogen, sulfur, and oxygen, and Rh R3, RA, R5, R6, R7, Rs,
and n are defined as above with the caveat that when Xis Sor 0, RLis
absent. [0079] O her cl asses of conpounds of the invention include
iiicyclines of the formula (15). wherein R3, R4, and R5 are as defined
above. P is hydrogen or a protecting group. RO is hydrogen; cyclic or
acyclic, substituted or unsubstitnted, branched or unbranched aliphatic;
cyclic or acyclic, substjtuted 0{ unsubstitutedl5 branﬁhed 9ﬂ1ﬂQbE Qghed
heteroal i oA i o, sibanqtheiraspechpt R dMsaE Rt B WY SRS TR YCANG- | ed
acyl; substi i; s UpRhanededlanyd;; substituted
or unsuhs?%#%#%%?Wgﬁgzgﬁg§§%¥ééﬁ%gﬁgzgggﬂg?gﬁgaryI, -ORl;zagN? -SCN; -SRI

or -N(R02; wherein each occuﬁ@e 3 '?Btgﬁs i ndependently a hydrogen, a
protecting group, an aliphati ¢, %y ,=a-heteppal i phatic noiety, an acyl

noi ety; an aryl noiety; a hegeroa 0 W~ al koxy; aryl oxy; al kylthi o;
aryl thio; am no, alkyl ankno, eteroaryl oxy; or heteroarylthio
moi ety, in certain enmbodiren 9 q Hi ower (C1-C(,) aikyl,

al kenyl, or alkyrtyl. In other|enbo-' RY is a vinyl group in yet

ot her enbodi nents, RO is a subgtituly titutieyl aryl group. In stil
ot her enbodi nents. RO is a substituted or unsubstituted heterocyclic group.
Ri0 is cycllieddefinitamayof Rg, R,sRERi st Rarers desstibet dtowe er, formeladAe I he D-
tinbranched aliphatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranehed &gte oal i phati e; substituted or unsubstitued,
branched or unbrasiched“dryll; or substituted or upst branched or
unbr anche dHEtCBISHISH D¥roiet’y Ca1 BF %%‘%FH?“&F%WBEH%&@% , arﬁ, })‘&%gggyl’subst i tuted
or unsubSt {bceti RBPAMkroLl (It mbiRHCRT {/ AR CRIHALLABINEDE X Risdletd dromtitiat | t ut ed
or unsubstitut eterocyclic ring. In certain enbodiments, Riois a

subst i t ut egroop comsstibg O H34, e¥F, a¥Rd-, 1G(Rg)z-; Inris o Heegea bbdir#estd ! tRSo i s a

I - 4 al k , I I hod - ' h
orecent i rPEWET BRI &G0 P Poiaeh o gt B u ENG® A b THlL BE8, Bt SRR The

preparing the conpounds of ttiewinvention as well as internediates along the
synthetic route, The presemm"ijvention provi des for the nodul ar synthesis
of tetracyg iAgs GMhdithsntyal ousis arp@kfagaid%g' gjistengich abadhdyyli€ unet i onal i zed
chiral enone, which will becone the A- and Brings of the tetracycline core,
with a nolecule which will becone the D-rijng of the tetracycline core. The
joining of these two internedi ates reSth t in the formation of the Cring,
pr ef er abl ytrioyclanmeregnt Inoskdreotiodinemdniner- -~ Thit SIOREEYHEMAGY- AP ¥ UP¥ows for
the synthesis of pentaeyclines, hexacyclines, or higher ring systens as
wel | as the incorpor ioE of heterocycles into the ring system In

particular, the jojnirig of these fra i ,O rtai
nucl eophi | F@%%(ﬁdepfson r eattd %‘ﬁgtltg#e Oéygflg)gg@%}{oen?&!r)égg? Fgoﬁé&w%? 'enone (9)
as descri bed above. LOUB%lThe synthesis begins with i he preparation of the

[ J6)

enone (9) starting feégm benzoic acid. As shown in Figure 2, the first step
of the synthesdigenftyol-vesid g arubdtdltedbr thdaysitcony patnydmngf libethzoi ¢ aci d
using zlicaligenes emrgc,:phus. The diol (1 in Figure 2), which is
preferably optically .puré&, then undergoes hydroxyl-directed epoxidation to
yield the allylic epaxidg¢ (2 in Figure 2). Protection and rearrangenent of
ai lylic epewbdéingnis el-ded it hpyridioyteneietyAs|sPPVe: epoxide (3 in Figure 2). The
net al at ed i soxazole (4 in_Figure 2) s added tg _the isonenic allylic
epoxide to yield 5 (Fi gur ), Wwhi

the six-nmenbered rirog nuql @ophiti e
internediate 6 (Figure s the
yield the chiral enone 9 WFigure 2), As

o
In another embodiment, ‘---- is selected from the group consisting of
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skill in this art, tbnctionalization and rearrangenent of internediates 6,
7, 8 and 9 in Figure 2 wll allow for the preparation of different class
of conpounds of the invention. [0082]in one enbodinment, erione (9) is
reacted with an anion resulting fromthe deprotonation of toluale (6). The
toluate of formula: TI (R7) OP O wherein Rl is hydrogen; hal ogen;
cyclic or acyclic, substituted or unsubsututed, branched or unbranched
aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or
itti branched heteroaliphatic; substituted or ubstituted, blanched or
unbranehed acyl; substi or umsubst)i tued; branchedfor branelied aryl;
substituted or unsdBQbhnuted Grenanpr andkBenhgt er dpsyl ; - ORA; =0;
-0(---0)RA; CN;, -SCN, - : X : ;<N TI C(0) RA; or
-C(RA) 3; wherein each occufrence of i s independently hydr ogen, a
protecting group, an aliphatic noietgy a heteroali phati cOmiety, an acyl
noi ety; an aryl noiety; a beteroaryl noiety; alkoxy; aryioxy; alkylthio;
aryl thio; am no, alkylam no, dialkylamno, heteroaryl oxy; or heteroarylthio

noi ety; R7 is hydragen; halo . cyclic g acyclicDsubstituted or
unsubsiituted, branched[or u branqﬁﬁﬂ Iiphqf?c; C cliﬁpor cyclic,
substituted or unsdB8titut ed|(Rsmanched [Beunbr anghedh Rt er dal i phatii c;
substituted or unsubsti , bra or unbrgriched acwW  substituted or
unsubstitued, branched or [unbranthed aryl: substituted of unsubstituted,
branched or unbranched het®roaryl; -ORG =0; -C(-0)R0O; -0O2R0O; - CN, -SCN;
-SRG -SORG -S02R0; -NO2; -N(R0)2; <N1120)RO;Nor -C(Rc)-<; wherein each
occurrence of Rrj is independently a hydrogen, @™ protecting group, an

al i phatic noiety, a heteroalihatiic noil&tnn—@n adyl noiety; an aryl noiety;
a heteroaryl noiety; alkoxy; aryl ~Zal kyl thhg# aryi t hi o; am no,

ai ktyl ai ni no, dial kyl am no, heteroarlyl oxy; or heteroarylthio noiety; and n
is an integer in the range of 0 to Hinclusivey R is -ORl; -CN, -SCN'
-SRI; or -1\10-{02; wherein each_occurrence of RL is independently a
hydrogen, a protecting group; /a cyclic or acyclic, substituted or
ansubstituted aliphatic noiety;: ajcyclic or acyclic, substituted or

unsubst i t utnest angtherembediaes oat i phidtiive- membere] hetgrosyelig g sedertest from
unsubst i tu%‘g%r&{pyéon@giﬁég{; or a substituted or unsubstintted heteroaryl

noi ety; an '

R7

(R7)n<,NJ (R7)n\\ (R7)n\//j (R7)n\€j (R7)n\\ij|
R-N 4 /4 (4
N LN QR | QO | QS |
7

7

R

(R7)nl\"“--.._ (R7)n S — (R7)n\o (R7)n\r\8 (R?)H\N
RN RN RN N

R

i

RN~ RN~ RO~ RS~ RN
IR R
S o) N N NT .

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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Pis selected fromthe group consisting of hydrogren, |ower (CC5) alkyl
group, an acyl group, and a protecting group; is deprotonated under basic
conditionsl1l12S), and the resulting anion is reacted with an enenma of
formula: RS QP 00 wherein R3 is hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched

het er oal i phatic, substituted or unsubstifut Qg, branched or unbranched acyl;
substituted or unsubstitued, bratichdd *op funbranched aryl; substituted or
unsubstituted, branched or__unbrapé eroaryLOH+ 0R-2; -0; C(-0)Re;
-021k; - CN; -SCN, -M; £S N( RO2; -NEIC(0)Rc; or
-C(Rch; wherein each occﬁ?"r )ﬁce' pendegtl y a hydrogen, a
protecting group, an aliphati'¢” nmo iphatic noiety, an acyi
noi ety; an aryl noiety; a heteroaryl IXy; arytoxy; alkylthio;
arylthio; am no, alkylamo, dial kgl am @ hétero& yl osy; or heteroarylthio
noi ety; R 4 is hydrogen; ,jatogen; cyclic or acyclic, substituted or
=substituted, branched or unbrafchef aliphatic; cyclic or acyclic,

substi t ut - UWNsEbst i Huted ranc r ar ' LC;
substitute eg%m%gﬁﬁg{% lthgd?n ranche ag?e%ragﬁgﬂgg%@élﬁ;&gdgggﬁﬁtﬁ’t ed or
unsubst i t ukerinfy effthb esimpsundride Hneheth athyd emisudiatiits, uhedngsystams isstti t ul cd,
branched or unbranched heteroaryl, :.ORD, =0; -(-0)RD; -COBRO; - CN, -SCN,
-SRD; - SORD; - SO2RD; - NOZ, -N(R6)%" -NIFIC(0)RD, or -C(RD)3; wherein each
occurrence of RO is independently %P hgjdr_ogen, a protectin ng;r oup,.. an

al i phat i c lrspetEachpcpuraice af theiiie; e‘wﬁi,é‘%‘g&“aahefa‘&%ﬂlm%‘?éﬁg; %’Cg?lsﬂ noi et y;
a heteroaryl noiety; alkoxy; ar nyoxi; al kyl t hi o; . hi o; am no;-al kyl am no,

di al kyl ami no, heteroaryloxy; or Rgtefoarylthio noiety; &, [R5 is
hydr ogen; [ : [ clic/; bt £, 80 cWisubSi 'yt efrbe-
branched o{ﬁ?énﬁgfeglhc%ecg dé’F‘f‘g “é’?i%}c’; cycllslsﬁ(g?%?é%cycl |ac, c&bsti tuted (gre
unsubst i t uhecberod Aochedmberednbyvanehddredesirmpahbapéior sgvesubenbared,ed or

unsubstituted, branched or unbranched aeyl; substituted or,.unsubstitued,

br anched o?reg?ﬁ%’?%ﬂrgvﬁéﬂe‘ﬁg?ﬁ‘,&l%ﬂﬁﬂqrﬁﬁrgg éﬁ‘%ﬂ@ﬁﬁ%?ﬁe‘l’ﬁ%ﬁ%&l,‘neﬁF%Cﬁ'é‘#ed or
unbr anched; gl Rhaabthe f@lg%lféeopg}l;(m),sg}{(m)S;RE:, or- ;W?2; wherein each
occurrence of RE. is independently a hydrogen, a protecting group, an

al i phatic noiety, a heteroal Rphaﬁli o" ﬁ, An acyl noiety; an aryl noiety,;
a heteroaryl noiety; alkoxy; it ;R Kyt hi o;oiaryl thi o; am no,

al kyl am ne, di al kyi am no, e ¢ ef€roaryl thi o noiety;

It<6 is selected from®&he ydr ogen, hal ogen,
substituted or unsubsti'tu H2 unsubst i t ut ed

het er oal i phati c, , -OH, -12N,
- SCN, al kyl t hi o, (12)
NH,
R, O OH O (13)




am no, and di al kyl am no groups; and P is independently sel ected
fromthe group consisting of hydrogen or a protecting group; to ibrmthe
product: wherein RI, R3, RI, R5, R7, P, and n are as defined above;

R-) is hydrogen; hal ogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubsti t ut ed, branched or unbranehed heteroaliphatic; substituted or

unsubsti t ut.e r b 1 tituc:d,
br anched o‘?’hegeﬁgr é’nc’ne dR‘\’?/?I &%%%Q?gg g hab(ﬁ‘}r%saglﬁﬁ tut e%r P%#c éd or
unbr anched, teteroaryl; -ORB; -0; -C(-0)RE, -02R5; CN; -SCN; -SR 3; -SORB
- 502Rs3; NK)2 J N(RU) 2; -NHC(O0)R5; or -0O(RE)3; wherein each occurrence of

RSﬁ is i n:jepﬁ depitckentaa Eubdﬁmmlmrllmswsﬁtumdtarwghqemawl cmrbce;b'clmhatl c noiety,
a eteroa i phatic noiety, an acyl noiety; apn.a no, a heteroaryi

moi et y; g%swc He {odstys: in FhEgh qash eccwwt ?ﬁa 218 %%?C%‘ frog ?ﬁgﬂ ght'o,

di al kyl am%ﬁ%y &earyle ;3- Oé hgl, - eﬁgaa'iﬁhﬁgér(}nmﬁhé’e o Bt lidclii8ve;

appreci ate e of’ sKi toluate may be further

substi t ut eatdithe b@ids beuwwn‘ad;dcmhftmmetles additbéromgle tredqblriydnds.i Fgeeptairt he

toluate may be substij.uted for an aromatic heterocyclic ring such as as

pyridine ring as shg%/n In Figures /1 and 13. Clher exarrpl es of carboeyclic
.bgs

and heter ocycl iC an of teltiate [ ncI 11
mbodiments, '----" is a polycyclic rm stem Such as a b1cyc 1¢ or tricyclic moiety.

“-na .
e \ ¢

& &0,
In other embodiments, ‘----" is a monocyclic moiety. In other embodiments, *----

is a substituted or unsubstituted, aromatic or nonaromatic carbocyclic moiety, for

-

0
example a phenyl ring. In yet other embodiments, ‘~---" is a substituted or
0,
unsubstituted heterocyclic moiety. In certain embodiments, ‘+--- is not a substituted
(X
or unsubstituted phenyl ring. In other embodiments, ‘---- is a pyridinyl moiety as

(RB)n /j RB O {Ra)n Q (R8)n \J

(X)n
In another embodiment, ‘----" is selected from the group consisting of

shown:
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(R7)n ROt.". O her toluates are shown in Figure 21. In certain

enbodi nents, polyeyclic tobtates are used in the M chael - Di eekmann reaction
sequence to form pentacyclines, hexacycl MCS, or higher cyclines. Tol uates
useful in preparing pentacyclines are exenplified by the 53 fornula:

H
N O
~ Ny N
(Rgh—1 Re = R | Ren— l
HN P
0] OH (0] 0

N N o
=z AN =
e e o)

@] O
N
X A
(Reh—ir <Re)n—'1(
N A 7
OH .

OH

30,
In yet another embodiment, ‘---" is a five-membered heterocyclic ring selected from

the group consisting of:

Rg
(Rehn N (Reln~/~, (Reh \\ij (Re)n \\ij (Re)n \/z’j
R i 74 /4 (4
) Ty K]
Ng
Rg
(Rg)n ’\\ (Re)n ~‘\"“--\ (Ra)n Yo (Rg)n \S (Redn \N jl
NP RN AN AR N AR
ﬁs
(Rg)n \N (Rg)n \'N (Rg)n -\:O (Rg)n \S (Re)n N
IR R R
S @] N N N :
[0075] Various subclasses of the formula (12) include:
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R70 wherein R is hydrogen; hal ogen; cyclic or acyclic, substituted or
unsubsti tuted, branched or unbranehed aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranclied heteroaliphatic;
substituted or unsubstituted, branched or unbranclied acyl; substituted or
unsubstittied, branched or unbraneherl aryl; substituted or unsubstituted,
branched or unbranehed beteroaryl -ORA; -0; -C(=0)RA; -02RA; - CN, -SC '
-SRA; - SORA; - SG2 R -N(FEgA)Z , N1- 1C(0)RA; or -C(RA)3; wherein
each occurrence of § & épeadently a hydrogen, a protecting group, an

al i phatic nDLet, a_ket eroal Zphad @i ety, an acyl noiety; an aryl noiety;
a heteroaQ%l axy; al kyl thio; aryithio; am no,
aIkyIarnlno arylo . or hetcroarylthio noiety;

each R7 is indepg al’ogén; cyclic or acyclic, substituted
or unsu. bstltuteo, s i ched aliphatic; cyclic or acyclic,
substituted or UNéub§@|tut@H bPanch@d or unbranched |ieteroaliphatie;
substituted or unsuh§tR%$@e@ bRanched or unbranched acyl; substituted or
unsubstltued br ancheg Eianehed aryl; substituted or unsubstituted,
branched or.- OHORG -0: -C(-0)RG -CRRG -ON; - SON:
- SRG -SCJ:@h -NHC(O)R G or-C(Roii; wherein each
occurrence'of hydwggen, a protecting group, an
ic fyoiety, an acyl noiety; an aryl noiety;
a beteroaryl noiety; & |ony al kyl thici; aryithio; am no,
al kyl am no, dial@ﬂyla?nino i 8roarVl oxy; or hetcroarylthio noiety; 60"
represents a subSti Ryt Fﬁ;suﬁ%ﬁztuted aryl, heterearyl, carhocyclic, or
het erocyclic noi ¢ S each ogﬁurrence of X is selected fromthe
group consi,stim NRs<",” - C(Rs) 2-; Rs is hydrogen; hal ogen;
cyclic or @®gyg nsu bstituted, branched or unbranched
al i phati c; ‘cyel 'tur®® or unsubstituted, branched or
unbranched litit#§ |uted or tinstibstiluted, branched or
unbranched acyl ; z tittied, branched or unbr anched aryl;
substituted or unéubs |tuted branched or unbranched heteroaryl; -ORR =0;
-C(=0)Rii; -002113R1 CNNRBORr i ; - SO2R11; - NQ2; -N(R11) - 2
-1\11-1C(0)RH; berzei n %ﬁph occurrence of RH is independently

a hydrogen”«a RFOTEC hes an &l phatic noiety, a |aeteroaliphatic
noi ety, ankacy , ety; a heteroaryl noiety; aliroxy;
aryl oxy; al'kyl4d A alLNigyl am no, di al kyl am no,

het er oaryl oxy; o g{r Ci noifety; Uis an integer in the ram e of
to 5, inclusive; ween adj acent X noieties arc either
single or double i cted fromthe group consisting of
substituted or unsubst?tuﬁ%ﬂf%wiy o Eéteroaryl groups. 100831l n anot her
enbodi nment , enorB(Q) s redgctedMithzan agron, which is

(Rehh—"

and

OH O OH 0 O

[0076] Various subclasses of the formula (13) include:
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generated through netallation (e.g., netal-hal ogen exchange,
net al -netal |l oi d exchange, |ithium hal ogen exchange, lithiumtin exchange,
eic, by reacting the toluate with the appropriate netal reagent) of a
toluate of the the follow ng fonoula: (ROn-1- wherein R is hydrogen;
hal ogen.; cyclic or acycl c, substituted or unsubstituted, branched or
unbranched al i phatic; cyclic or acyclic, substituted or unsubstituted,
branched or unbranqﬂe oah phatic; substituted or unsubstituted,
branched or b an substltuted or unsubstitued, branched or

A S Ub& '. ' = or~uns$vst i | ut ed, branched or unbranched
het er oaryl ; ) CO2RA; - CN; -SCN;, SRA; -SORA;, - SO2RA;
- NC2; -N(RA32 ) 3; Mherein each occurrence of RA s

F e g g group, an aliphatic noiety, a

heteroallphatlc noi et I nmoilety; an aryl noiety; a heteroaryl
noi ety, alkoxyfﬁhryﬁbxy G| Wthi® arylthio; amno, alkylam no,
dialkylanlﬁﬁi‘het@rqgé¥4q%é Rgr heteroarylthio noiety; R7 is
hydr ogen; IOgen'/ r:acycllc substituted or unsubstituted,
branched of,_unab clic or acyclic, substituted or
unsubsti t ut mnebed heteroaliphatie; substituted or
unsubstitti anchrd,acyl; substituted or unsubstitued,
branched or tH ftuted or unsubstinited, branched or
ti nbranehed hdterodryl; |-0R3;ll -0; It C4=0) Ro; -02R0O; - CN, -SCN, -SRG
- SORG, - S02R0OH NO@ SMRY 2; Q NHC(Q)) RG or-C(RG 3; wherein each occurrence
of RGis |nd%gendenR1yRﬂRbyd od¥Re)ia protecting group, an aliphatic noiety,
a het er ai phatie noi et 3 I'nnle Y, an aryl noiety; a .heteroaryl
noi ety; al koxy; V2 ryithio; amno, alkylanlno di al kyi am
E10, .frieter yIthle noiety; nis an integer in the
range of 0 tg Rry NHs sel ected fromthe group

consistinanf sUpst i tit edSp Substftuted aryl or hcterearyl groups; and
Y is a hal ogen qf Aay) 3, é?; in Ryis alkyl. The anion generated is
reacted with an & ione of ?ornu a. 10 wherein R3 is hydrogen;

hal ogen; cyclho or Rgy
unbr anched allph-tIC’
branched or tubFan
branched or u
unbranc_hed 3a
het er oar yi R7’-
-N®2; -N(Re)2;
i ndependently a t
bet ereal i phat i

noi ety; algqﬁy+r

di al kyl am no,

G%§@ ubBfRetzut ed or unsubstituted, branched or
OE acyghlc substituted or unsubstituted,
phat'i’'c; substituted or unsubstituted,
|tuted or unsubstitued, branched or
TISINBSIi i tlited, branched or unbranched
H Re; - CN, -SON, -SRe; -SORG -S021RG
Qﬁ) ¢ 4, wherein each occurrence of Re is
pro ect|ng group, an aliphatic noiety, a
nnu@ty an aryl noiety; a hcteroaryl
phiHo;z"aryl thie; am no, al kyl am no,
e &yl thi o noi ety;

NH,

R 0] OH o O and
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R4 is hydrogen; hal ogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranehed aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatie; substituted or

ti nsubstituted, branched or unbranched acyl; substituted or unsubstitued,
branched or =branched aryI substituted or unsubstituted, branched or
unbranched heteroaryl; -ORD, C(=0) RO; -0Q2R0; - CN, -SCN, - SRD;

- SORE) ; )3; wherein each
occurrencjggﬁqRD IS |n8§%59%§ﬁ$?$kggﬁgéﬁggeﬁflgggggtectlng group, an

al i phatic noiety, t|c nD|ety, an acyl noiety; an aryl noiety;
a heteroanyl i p al kylthio; arylthio; am no;
aIkyIanlno 1v oxy; or heteroarylthio noiety; R5
i s hydrogen; acyclic, substituted or unsubstituted,
branched or | cLWNd2 or acyclic, substituted or
unsubsti t ut ifled heteroaliphatic; substituted or
unsubsti t ut eck branc.-d or, acyl; substituted or unsubstitued,
branched or ur oranched ar(1 ﬁuostrtuted or unsubstituted, branched or

i mbr anched het T yReRs QRE: Z%CN; - SCN, - SRE; or- N(RE)2; wherein each
occurrence of K4 ent |l y @qhydrogen, a protecting group, an

al i phatic nup at’l C nDiety, an acyl noiety; an aryl noiety;
a heteroaryl al kyithio; arylthie; am no,

al kyl am no, y; or heteroarylthio noiety;

Rc, is sehgp =aJ8]0 con:rstlng of hydrogen, hal ogen, substituted
or unsubsti‘tuéd alig i ted or unsubstituted heteroaliphatie,
substituted or u@substlt teg aI BXY -CN, -SCN, -SR, alkyltbio,

aryl thio, -hKQ, mi 7D, ﬁ 30, and di al kyl amino groups: and P

IS I ndepeng
protecting gr
R5, IU P, an
cyclic or acycl &

aliphatic; ayglic or |a ccnstbstliuted or —substltuted branched or
=branched heteroal i phati c;0omubsbitut@d or =substituted, branched or
=branched acyl ; sub§t| &Fed ROT NS bstitued, branched or =branched aryl;
substituted or =subsiip tit & ibranc ed or unbranched het eroaryl ; - ORB; —0

- C1=0) RB; RPO ‘ = >SRB; OBORB;, - SO2R8; - N2; -N(Rah

-NIIT0)R9; o Ach occurrence of R5 is i ndependently a
hydrogen, a pi I|phat c noiety, a beterealiphatie

nmoi ety, an acyl s het eroaryl nvoiety; al koxy;

aryl oxy; almyhthict 3 i alkylantno di al kyl am no,

hct er oaryl oxy; or het@roar@chl@ nol@ty 100841Any metal may be used in the
netal | ation react|0R7thge@£§9tﬁ the nmetal anionic reagent to be reacted
with the erotic. Injcerta enfio |nents the netal is a Goup | elenent on
the periodic ; psledn the netal is a Goup Il el enent
on the periodic c nents, the netal is a transition
metal . Exenplary alNHgt i on reaction include sodi um
l'ithium calci pper ; beryllium arsenic, antinDny,
tin, magneflelmtitgni umll zi nc ﬁﬁnnanesr, iron, cobalt, nickel, zinc,
pIatlnunt pal | ath .y neréhry,(and &t her? um | ghgertain preferred

enbodi ments, the netal is chosen fromlithium nagnesium titanium zinc;
and copper. In yet otheRy Ediﬁﬁnﬂ§ the netal is magtesium |ithium

sodi um berylléun] zi nc, “ffe cu y=z a senig, antimony, or tin. In certain
parti cul ar enbddinge a N R ggen exchange is used. The
['ithium hal ogen e med in situ in the presence of the
enone. The [ithiw® 3 ] gl2pr ef ormed using any |ithium
reagent in dilng; ' i um reagents, n-butyllithium
sbutyllith i tehi and nmethyllithium In certain

enbodi nent s, oth-f’brganonetalllcs reagents are generated and reacted with

t he enone. | es includ rd re o-val ent netal conpl exes,
ate conpl efxo‘gglf‘?f‘taqyﬁh%eéf’?g?edngﬁ%@d‘l%%g nh‘t"i‘fe ‘E4fe 1r4gagent is a ™

magnesi um r eagent including; but not it ed to, magnesium netal, nagnesi um
ant hracene, activated magnesiumturnings, etc. In certain enbodi nents, the
reagent is zinc-based. The reagent may be generated in situ in the presence
of the enone, or the reagent may he generated separately and | ater
contacted with the enone. In certain enbodinents, mlder conditions for the
cyclication are used (e.g., a zinc reagent). [00851As will be appreciated
by one of skill in this art, the toluate may be

gowup consi sting of hydrogen or a

product of formul a: wherein RE, R3, R4,
R7 i s hydrogen; hal ogen;

tituted, branched or =branched




further substituted in certain enbodinents, In addition, the phenyl ring of
the toluate may be substituted for an aromatic heterocyclic ring or ring
system such as a pyridine ring. Exanples of carhocyclie and heterocyclic
anal ogs of toluate include: In certain enbodi nents, the halogen Y is
brom ne. In other enbodinments, Y is iodine. In yet other enbodinents, -Y is
chloride. In certain enbodinents, Yis a netalloid (e.g., tin, selenium
tellurium etc.). In certain enbodinents, Y is --SnR3, wherein each
occurrence of Ris independently alkyl (e.g., ---Sn(04.3)3). After the

met al | ati ¢g0078] eact i Gmcerdhin smbodimicatls, the tdiraagclinetahalogy ofithp oxisenhinwintion
copper, antinony, sodium_etc. in certain enbodinents, R is hydrogen or

| oner al kyfe reeiesetsd puthedP % parti cul ar enbodi nents, Rl is hydrogen.

Gt her toluates are shown in Figuregll, g10QB86Hsn ot her enbodiments,
polycyclic toluates nmay be used Ro Iprepapelpént acyclines, hexacyclines, or
hi gh eyelines. Tol uates usef ™~ o= . i such eyclines are of
the fotimla: vvherei&Fl'iﬁ% cyclic or acyclic,
substituted or unsubst i(bl7 ed g hednal i phatic; Cydi C or
acyclic, substituted or unsub A unbr anched

het eroal i phatic; substituted or Bedubstiltuf&d| brahched or unbranehed acyl;
substituted or unsubstitued, branched orPtinbrAnched aryl; substituted or
unsubst i t utlegein X RRGAGENOSul fiRMARRhesh, Bed R, IAaRy,IRs, ROR;, RE)and G(axd) RA,
-CO2RAt - CN, -SCN; -SRA; -SOR A, -SO2RA; - NOZ2; -N(RA%Z; -Nfi C(0) RA; or
_0(RA): 3; defiapdisabexe WibdherreaaaorhmalisS phidePeRds®ltly a hydrogen, a
protecting group, an aliphatic noiety, a heieroaliphatic noiety, an aryl

nmoi ety; an aryl noiety; a beteroaryl noiety; al koxy; arytoxy; alKkyithio;
aryl thi o; [@o79j0, al kythentlages off @nkyhadsadéfithe inveetioanyluds dicyoindsef drecoar yl t hi o

noi ety;
y formula (15).

0 OP O o) (15)
wherein R, R4, and Rs are as defined above. P is hydrogen or a protecting group. R 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; -SRy; or -N(Ry)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. In certain embodiments, Ro is hydrogen or lower (C;-Cq) alkyl,
alkenyl, or alkynyl. In other embodiments, Rg 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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each 11.7 is independently hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched

het er oal i phatic, substituted or unsubstituted, branched or un.brariched
acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -ORc,; =0; -C(=C)RG
-02R0; - CN, ) erein
each occurrenceﬁd\{fs ?@Iléés&%cxgepe ent(g%ﬁ) ﬁ%%@nbrﬁk%%%e@faﬁgﬁ%%up, an
al i phat i c alfphaicycyctic Ioeb@rcha,l supdtatied om)msabgt;tumd taeydhedor eltllyancéwdar yl noiety;

het | t K | | kyl t hi L t i
21 Kyl o NP Ry B i G s R ot WSt A (o Bued

e o ePoe ARl BShiel P dnBhndol SRR iEY. af Mértau*ﬂ%%&ﬂfeﬂs

car bocyclic; et erocyclic nolety, in which each occurrem,c of Xis
sel ected fklmmatdmbstgntedpr cosvbititiied phefiyl Gng. llchrta-erEmbOdm‘@(lﬁslesa Rs is
suhbsti t ut ed ubst i tut ed,

hyd
Y noher shou el e sibifto e BB i Tt SRt R Rt sl oy

unsubsti t uhsgitutby 69&1%9&%&&'9@1 anghefomet @hinalmBRAIR G is §ld)bﬁi (tuced or
unsubstituted, branched or unbranehed acyl; substituted or unsnbstitaed,

br anched caﬂk}{ll,rﬂikqlryblmedlkanyllgrombstl tuted or unsubstituted, branched or
unbranched heteroaryl; -ORri; -0; -C(=0)Rg; -CRRit; - CN, -SCN, -SRH
-SOR}l; -802REi; -NO2; -N(RH)2; -NI-I1C(0)Rp; or -C(R11)3; wherein each

occurrencq/]m,oggl-bﬂ@nm@ggpendentI y a hydrogen, a protecting group, an
aliphatic noiety, a heteroaliphatic noiet an anyl noiety; an arg noi ety;

a het er oarl{?8toi et y: Theiikesept inzenfionsajeo iaplkgesta %GPS&PQIWW 10&‘1‘?%"
| kyl di al
al kyl ami n rpr?%a'r%g%l){e (?()moqu)%]hd{%%tgé?@ex iKY wll a g‘&{:}@% %mn% ét ttﬁ'etlgn is an

i nt eger usi ve; jacent X
noi eti es &b&teﬁ%h@fcs&ﬁtﬁﬁ{/e&ltl@ﬁ pﬁtﬁuklﬂséfoxbuhedmdular synth&%s miétetsmyehneschnﬂntsm t he

roup consisting of substituted or unsubstituted and or. het r roups;
and war@uagmgﬁd%owngghlelabl)‘/sfunmﬁlém %W’sef%sepﬁwhwli* W@P%Oﬁ% nd' O4P
embodi ment g, ar{dr@ rog 0B + rdg?clMe%@%ntH &mﬁ%’fcﬁl@'vﬂumﬂﬂbé@m&he Dhgnhal ogen

V is bronmne. er e ment s Is 1odine. In yet other enbodi nents,
"I is chl osfi thletetrbcydmae taiden Tlhn‘gmdmgmﬂtlse,se two mtq:rmedlam@tramlf@|11mlﬂ(eefognathn| n,

sel eni um te rium, etc.). In certain enbodi V\/nereln
each occur®ld ‘?: THtE quf%rablﬂdgﬁ’éﬁ%ﬁ’f’? ec&’lvﬁﬂanﬂ‘gpaﬂns fneﬁf?{’&"%)ﬂg’ allgySer the
met al | at ' r fIRAGhIHeYs o érﬁac%cfﬁ?ésaﬁex%b'ﬁl‘méss ok highkrhg SReHN@SAsUNRIL Zd the,

copper, fum Jmercury. antimony, eta In certain enbodinents, Rl is
hydr ogen omcdnpmmtloalolibd:ter(ocycl%l)lto tha rmersv%tcm papeticulentheisboas pElese R i s

hydr ogen. ertain _enmodi nents or,. su enyl. In
certain entt‘ﬂV d‘% HEPELS MGHORRYARP P 3“%“3%%10 %{;ﬁhé/n rea%(}nﬁ%ﬁ({l/ Cglt’%r)leﬁf)&tlt[lﬁ(nl
enbodi ment gactfFhs watherdhO @B Ms dBBIBRA abikePol ycyel ic toluates include:
Compounds of the fornula beloww Rl P. RS HrH
[0081] The synthesis begins with the preparation of the enone (9) starting from
benzoic acid. As shown in Figure 2, the first step of the synthesis involves the
microbial dihydroxylation of benzoic acid using Alcaligenes eutrophus. The diol (1 in
Figure 2), which is preferably optically pure, then undergoes hydroxyl-directed
epoxidation to yield the allylic epoxide (2 in Figure 2). Protection and rearrangement
of allylic epoxide 2 yielded the isomeric allylic epoxide (3 in Figure 2). The metalated
isoxazole (4 in Figure 2) was added to the isomeric allylic epoxide to yield S (Figure
2), which was subsequently metalated to close the six-membered ring by nucleophilic

attack of the epoxide. The intermediate 6 (Figure 2) was then rearranged, deprotected,

and oxidized to yield the chiral enone 9 (Figure 2). As will be appreciated by one of
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I NH2 OHI'I OOH 00 may he prepared by M chael - Di eckmann el osore of a
1)-ring precursor derived fromthe correspondi ng anilide, phenol, or

t hi opheriol. A representative exanple using anthranilic acid (i.e., anilide
as the nuel eophile in the Mchael addition reaction) is shown bel ow

[ 008811 n anot her enbodi nent, the enone (9) is reacted with a

henzocyci ohutenol in an o-quirtone dinethide D els-A der reaction, The
enone of fpsmula; - ' %@ﬁ@g : , HO iQr
acyclic, ssglilrsl‘tf iﬂ?a? ret’olfug(r:tloél% Stf)lhié B@%ﬁ‘l‘%‘é an(ﬁggﬁgﬁrhﬁg%%gﬁé%’g%%g??ﬁﬁati C;
cyclic or Figyellivill aslobsbi thetpegbacutionng difgtrért utastlof domgroahédofghe iveaniehed

hcatroal i phatic; substituted or =substjtuted, branched or unbranched acyl;
substi t ut égoa%] unsubid P14 eREeIBENH EMES (l()))rlsﬁ?ﬂﬁfegﬁ’&lﬂbﬁ" qroR feséjlﬁ’ﬂg?rf%t ed or
unsubsti t td &rotBRARG D104 WP ITARGNBS beterRar Yy -ORe; - C(-0)Re; -CO R c;

Ry
| A
(R7)n_|
G Ro
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; -OR4; =0; -C(=0)Ra; -CO2R4; -
CN; -SCN; -SR4; -SOR; -SO2RA; -NOy; -N(Ra)z; -NHC(O)R4; 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;

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(=O)Rg; -CO3Rg; -
CN; -SCN; -SRg; -SORg; -SO,Rg; -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; 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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ON; -SON.-SR; -SORc; -SQ2Rc; -NO2; -N(R2)2; -NTIQ(0)Bc; or - Rc)3; wherein
each occurrence of Rc is independently a hydrogen, a protecting group, an
al i phatic noiety, a heteroaliphatic noiety, an acyl noiety; an aryl noiety;
a heterciaryl noiety; alkox.y; aryloxy; alkylthio; arylthio; am no,

al kyl am no, dial kyl am no, hetcroaryl oxy; or licteroarylthio noiety;

Ri is hydrogen; hal ogen; cyclic or acyclic, substituted or unsubstituted,

br anched £d or
br anched, SlasjRERF IRGyPELP IS G BUBhUE soRocle i SUBBHI4GED of
unsubsti t unham,suﬂnrealrmbbﬁlmolmynbrcymhoodreadycaxcytubstsmtmitqrwus@stlmtedmwhbsc i tued,

branched or =branched aryl; substjtuted or ut ed, branched or

=br anc hed?‘ﬁ@f‘@ll‘BgartVlmow@RE)S“bS@tute‘&r-‘E’f%&m pégnmertmras%@q R - SORn;

- 802RD, Quted }}?Nroﬁgl(l% ag({ -0(RO) 3; wherein each occurrence of RD

IS |ndepen e ‘protecting group, an aliphatic nmoiety, a

het er oal i phat| @ 1ms¢1e¢tyd fram the ploupobetistingad hadipgramloatey (CaChletler @zeyn,

noi ety; al koxyl 1@% (i< al k1¥1| thio; aryithio; am no, alkylam no,

di al kyl ami®i&cY'HE?Ee 44 %PH&W 88 WG er oaryl t hi o noi et y: RS is

hydr ogen; 1&1@&&%ﬂate&uﬁder 6af cAREdrsGe. oS WS IHMDSY, aﬁhﬂ thRIShj beibads

branched or unbranched aliphatic; cyclic or acyc substituted or

unsubst i nireasted witlamc bredeof forbndmched het er oal i phatl c: substituted or

unsubsti tuted, branched or unbr anq.\heq% acwl; substituted or unsubstitued,

branched or unbranched ar yl; subst |/; ?ed—or unsubstl tutcd, branched or

unbranched heteroaryl; -ORE;, -CN, SHE, ®r - N(RE)2; wherein each

occurrence of It:, is independent \ a protecting group, an

al i phatic noiety, a heteroaliphat eyl noiety; an aryl noiety;

a heteroaryl noiety; alkoxy; & ; arylthio; am no,

al kyl am no, di al kyl am no, heteroar yI oxcyp or g;car yl thi o noiety; Rs

is selected fromthe group consisti@®g of thydrogen, hal ogen, substituted or

unsubsti t [ u spahahatic,

substitute réh&?ﬁg uﬁ%ﬁ?%ﬁt ggbgﬁtcg@hc%égya @%Ushfh&&%gfiﬁ%ﬁ hi o, arylthio,
-NO2, ani roanchkd gt uidminmbed alm[daadc,ast}lcyb oamynbc,qubnmted or unsubgititsd,

i ndependent | | ected t he
prot ect i n&f@‘ﬁ‘ﬁ%or P%br?‘&i‘ﬁé)g]ﬁtemli&?a Sufto§ E‘iuée °6ﬁ‘gﬁ$q BH}S( dég éwhe eat) with a
henzocycl obt£iRéd Q:fyl,fs%ﬁh!ﬁt@d of Bfobdiltkd, Branck& &Finbranched aryl; substituted

or unsubstituted, branched or unbranched heteroaryl; -OR¢; =O; -C(=O)Rc; -CO2Rc; -

CN; -SCN; -SR¢; -SORc; -SO3R(; -NO3; -N(Rc)2; -NHC(O)Rc; or -C(Rc)s; wherein

each occurrence of Rc 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; =0O; -C(=O)Rp; -CO2Rp; -
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

moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety;
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wherein R is hydrogen; hal ogen; cyclic or acyclic, substituted or

unsubsti tuted, branched or unbranehed aliphatic; cyclic or acyclic,
substituted or unsubstitutcd, branched or unbranched heteroaliphatic;
substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubs, titued, branched or unbranched aryl; substituted or unsubstituted,
branched or i nbranched heteroaityl - C(-0)RA, -02RA; - CN, -SCN
- SRA; - ;@nﬁiﬁo fJa@¥1Bxgach
occurrence o?yéggggyﬁ% epen %ﬁﬁi%g“ﬁyﬁ gen, éﬁgﬁo§%%%1ggagﬁb%p,ﬁen
aI|phatlconbﬂamygmamhebenoal|phat|c noi ety, an acyl noi ety; an aryl noi ety;

a heteroar yI i et al k o) al ky hi..0;

al kyl ani no, di 5R§/\¥3§t‘ﬁ’ g?ﬁég g‘#?l%)?{j‘ydl(gr 8‘8@?8&( P?"ﬂ) gtu P et y

R7 is hyd'begeﬂed M&%@he&é‘l%&aﬁc Qi RNl Blic, Siaatudddratsasstiuneybst i t ut ed,
branched or tinbranched aliphatic; cyclic or acyclic; substituted or
unsubst i t braghebermambhedhet haerbalametisdubyiteledar uxpﬁuhttrtetedsbm@qhed @fed or

bstitut d b h b tued,
branched oPPanBRaeRea e SRR E e ST bt R o7
unbr anchedrhgh@k@@tedl bran€hRd oranraﬁlﬂtc@)wB@roarmg, -ENCNSCNSGR; 0SRG - SORE ;
-SO2RO; NO2; --N(RG 2; -NFIC(0)RG or -C(R0)3; wherein each occurrence of RG
i s i ndepen¥@ml} y/harenwﬁbgewrreac?)@%eetltl citentlp 2 hyArogen phaetestingi et y, a
net er 3?" ggétt;y, DL Ay ?rét atatcmetg% nyprlsteg of sk GhGEGaRY!

di al kyl ar memoartalehenegeautbmgyaryloxy,radt)emmarayﬁmlm QN atky)ammo P are each
sel ected i ndependently ficonr the g rou;lgl consi sting of hydrogen or a

pr ot ect i ngligkpaminos Aeferoarylaxys ar pete@gefthimpkdsr ange of 0 to 3, incl usive;
to formthe pr ; nd P are
dofi ned as_abod qg&igtselgéted REAUh & groupREh&TheRE hy@%%eﬁ?‘i’rald?ér osgﬁgsnﬂtaﬁgloggen;
cyclic or mﬁyb}itttued akpbzﬁtcr, tubsethtair orumsulssnited leederoMipdat hedbsitutedbr anched

al i phati c; cI|c ac c, tute unsubst i ed, .brapched or
unbr anchedmﬁ Rstifg IESW@%/ bh’ sqgs%m g](t_][ %r‘ymgﬂ 1Pu§\gf§2 i ﬁ(é(g

unbr anehed, 3gy! andAH A& GroRbs;upgubst i tued, branched or unbr anched aryl;
substituted or’ 11nsubstitutéd, branched or unbrancl i ed het er oar yl; -ORB;
=0: -C(-0)RB; -Disdmbpediently SSkited SR the@RBIP cosgisiE of vdpogeni R5) 2;

-NI TC(0) RE or &%35%?3 wherein each occurrence of R8 is i ndependentl y a
hydr ogen, group, an aliphatic noiety, a heteroaliphatic

noi ety, a%%ﬁfﬁﬁ@r@dﬁ&. an aryl noiety; a heteroaryi noiety; alkoxy;

aryl oxy; alkylthio; arylthio; amno, alkylam V\E di al kyl am no,

het eroaryl oxy; or heteroarylthio r*?m ' A Pl be appreciate by one of
skill in this art, the react ant i -uted urther and still fall
within the claimed i nvention. ' ring of the
benzocycl obut enol ring méy)be N

OP

oP 0 OH 0]
wherein Ry, R3, 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(=O)Rp; -CO2Rp; -
CN; -SCN; -SRg; -SORg; -SO;R; -NO,; -N(Rp)2; -NHC(O)Rp; or -C(Rg)3; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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1008911 n anot her enbodi nent, the enonc is reacted with a diene in a D els-
Al der reaction to yield a tricycline. The crione of forrmula: R3 R45 N oPOP
0 0 wherein R3 is hydrogen; hal ogen; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic,
substituted or tinsubstituted, branched or unbranched hetenmaliphati c;
substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubsti t ye b p%ﬁdt ut ed,
branched oroqet%’ba[r%%ﬁagoh% %g{bpétf%ﬁ%ﬁ&ﬂy&? ﬁH&?Ho‘ié{'& edph& rom§, & CN, -SR;
-SORc; - S@adry; arNGRy; amg(lﬂaoo 2rylthiv; Jaﬁa(lm) Rﬁgylammo a(lﬂaglarrmheiemae}d@hy,

f R d t
al i phat | o ShBreeyyBicBOERoat BHAYS BRIGTEE oY e el farise HetoBp " noi et y:
a heteroany] dq@ghﬁﬁ%1su9§tﬁ&§3 in @é%ﬁéirpé?ﬁ{bod%hgﬁfh t 1 Qiditdny tielphenylafignd the

a-Nylon:in, [ am no, heterearylexy; or lideroarylthio noiety;
R4 is hydrtdgan;mdyédecsgbmtutcg}(ﬁbnw appmatiylettdrocycliabiogisuelt aschspTIdImS TSt ast ut ed,

neubst i t BPRY ML BHERGd B Tan bl o crua R EreR Bl ARk AP,

unsubst i tq,tf@(quatp(@qgagaie or tinbranched acyl; substituted or tinsubstintd,
brandi ed or unbr anched aryl; substi tuﬁed or unsubst 'Rt uted, branched
unbranched het eroar yI Ri-ORD; =0; 10)Ro; -CO RD; UN, -SCN, -S

- SORD; --802RD; N( RD) 2; HC(O RO; or - ; wherein

occurrence of RE ’ndepende ydr ogen, tecting gﬂou‘b‘,\

al i phatic (mp), het er (g, noi eRy),—an acyl noi éR’y)n noi ety;
a he,teroaryi ne < Roxy:; %/{ - _Alokyi tRi i 0; i Re

ai kyl am no, di al kyl am o, heteroaryl oyy; or heteroarlylthio noi ety, IS

hydr ogen; hal ogen; cychic or acyclic;gsubstituted orgunsubstituted, O
branched or =branched aliphatic; cyclic or acyclic, substituted or
=substituted, branchedor =branched hg;eroallphatlc Rsubstituted or Ry
=substituted, branched|or =branched a¢yl; substitutef or unsubstituef,
branched or =br
=br anched het erfjoar yl; ,  — GN X ;1o ; efle
occur rencefeh RE i s )| dent | y hydr;@gnN a tectﬁéngﬁ‘]
al i phatic noi ety ety, an [ ,
a heteroaryl noiety; alkoxy; arylloxy; llal kyithio] arylithio; amn
al kyl auni no, di al kyl anf®no, heter@&ryl@ky or he@@roapylthlo nleEy
R6 is selected fromthe group consisting of hydrogen, hal ogen, substituted
or unsubstitned aliphatjc, substitute@ior =substituted heteroaliphatfc,
substituted or =substituted al koxy, -UN, -SCN, jSH alkyithio,
, al kyl Fﬂp ~and di al 2

aryl thioxy, - N(Q2/,N
defi ned ab@{‘éﬁ*ﬁ!@nd

Other toluates are shown in Figure 21. In certain embodiments, polycyclic toluates are
used in the Michael-Dieckmann reaction sequence to form pentacyclines, hexacyclines,

or higher cyclines. Toluates useful in preparing pentacyclines are exemplified by the
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P is independently selected fromthe group consisting of hydrogen or a
protecting group; is reacted under suitable conditions (e.g., heat) with a
di ene of fornula: op wherein Rl is hydrogen; hal ogen; cyclic or acyclic,
substituted or =substituted, branched or =branched aliphatic; cyclic or
acyclic, substituted or =substituted, branched or =branched

het eroal i phatie; substituted or =substituted, branched or unbranched acyl;
substit ut ed.Qjfi.-unsubstitued, branched or =branched aryl; substituted or
tlnsubstltuteJi branched or =branched heteroaryl -ORA; =0; -C(=0)RA
--CRRA; - ON, -SCN -SRA -SORA: - SPRARL NOR; -N(RA)Z - NHC(0) RA; or
-C(RA) 3; wherein each occurrence of RA iglindependently a hydrogen, a
protecting group, an aliphatic,noig a heteroaliphatie noiety, an acyl
moi ety; an aryl noiety; a hetekwpar i ety; al koxy; aryloxy; alkylthio;
aryl thio; am no, alkylam no, di‘al-KW g i Reteroaryl oxy; or beteroaryithio
moi ety; and P are each sel ected independept!ly T omthe group consisting of
hydrogen and protecting groups; to gjeldpa protected trieycline of

f or mul a: wherein R2 is hydrogen; hal ogen; clic or ac C|IC

subst i t ut echeosin Bnsuibstrogent kaogds: ayrdisad a@))rCharﬂblbéFﬁé%éd’f anwﬁta cyclic or

acyclic, subs or,unsubst.i futed, br

het er oal i #@} ‘Hﬁ%?FPﬂf@&R%ﬁcdﬁ%h%%&%?“% gﬁ%gﬁgﬁgﬂng unBranehed acyl ;
substi t ut qﬁla&hedl&smﬁéﬁchetmeteﬂaamﬁheokuegmumbroauem@lmateyu brammwrt uted or
unsubstituted, branched or unbranched heteroaryl %& lkgf
-0024; CN;unbgghed BRB: subss@RBi or gepRisitued; brapghed %@Rél)agchedr&tk‘}( Bt

-C(RB) 3; wherei h, 0 urren tl d n,_a
pr ot ect i g §Ph ﬁtl{%g Tanﬁ atqr@%fgrrl)aﬁ&feﬁ%eﬁ%dr?gr oal dﬁtzatc?(eé | ettg,g Ran acyl
moi ety; anc|f WCNYDERY Y-SOR HeS @GN, IR Y, I\HMZ(IX)RA, ar -}G(Rx)ls, wakiey t hi o;
aryi thio; am no, alkylam no, dlalﬁﬁlanlno het er oar.yl ox or heteroarylthio

moi ety. Ascagh ProuFEneh i R isapperiengie hyfragen a Projecting gropran 31phatis one” and
di b i Ao t
| e nay ﬁﬁﬁ%émﬁ{nﬂ(’?@?ﬁ&dc 1#{)11%& Ql?ng C%Frﬂdn!:t bg, £9CAPRAS 29@terbdrli ofehig presen

i nvention ano |nen the enorie is reacted with an
ani on of alphiyhatyiske,; alkyklyianaiyitiviot hmlnodaelkyrﬁhencc aoaileyl rhinfohetenoarYIRe; R e-

or heteroarylthio moiety;

each R, is independently 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(=0O)Rg;
-CO,Rg; -CN; -SCN; -SRg; -SORg; -SO2Rg; -NOy; -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;

&,
*~..-* 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-, -NRs-, -C(Rg),-;

Rg is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,
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oP 00 wherein R3 is hydrogen; hal ogen; cyclic or acyclic, substituted or
unsubsti tuted, branched or unbranehed aliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranelied |icteroaliphatic;
substituted or unstobstituted, branched or unbrariched aCyl; substituted or
unsubstitued, branched or tinbranclied aryl; substituted or unsubstituted,
branched or unbranehed heteroaryl; -Otc; -0; -C(-0)Rc; -CQ2Rc; CN, -SCN;

- Sac; SOBFanche%Cgr%hbran% aliphkR( %}éhc GrMEthOQ\Bﬁémtqu or%b&a)sﬁfutéﬂ"ler ein 68
each occurrence of Rc is independently a hydrogen, a protecting group, an
al i phat i c bravicked or umbtratlesddztdrptiphiatic; spbsityted amur&ébﬂtltwﬁd drgnchghomryl i ety;

21 Kyl o notoanalg RSt el o BB P By (EbRRes

i s hydr ogepindtdk@ged; bradéhet ©r 0fibragdhel hetercatISIOR YE=E -O(= cumbsomm ed,
branched or unbranched aliphati c; é‘ﬁéd ic or aﬁ/cl i C, substituted or

unsuhst i t GNEESCHY: ahRiie808w; WibRanaWed Nt oo NHERAR T -6(heki VigTed or

b t d titued,
b anched. SraforsPRNERS Ry iHRBERAEAPEROG sen, THRAELEE St flan dIBHER, U
unbr anc hednd”ietty;%z[ Dﬁét&bhhph&lﬁﬁmo&&y, ar(%@) mOjety; Qﬁﬁﬂ.yl@nmémd; a hﬁémaryl ﬁRﬁbty, SORD;

-S02R9; - NQ2; - %}gyli) ) 3; gﬁ){l ﬁgocc%r ence of RD
is mdeperﬁ‘Hﬁ%b’l %fy]é’xbiy%ikﬂaB% arﬂt}ﬁ?mr@e?, @fPB‘ﬁpdla agpip e ety a
het cr oal i acyl noiety; an aryl noiety; a heteroaryl

noi ety; %Eg%?,&agﬁ{hl?%ﬁlyf dl kyl thio; arylthio; am no, alkylam no,

di al kyl am no, heik an aaegd dxshe rmgehﬁtletodahmlusiviepandoi ety; R5 is

hydr ogen; hal ogen; lic or acycl substituted or titute

branched or unBr&p ‘ET%%‘GQYQCBHQFF%‘ )439‘8191“85 ¥ e&ﬁ?fcgl"?g?e O‘é‘?fﬁ‘g’? (H‘[dé’da
unsubstint ed, B 30chedePtrothE B%gnshﬁfn%rogﬁhlﬁdﬁlﬂﬁéd 8 P&t h8d opr
unsubstltuted branched or unbranched acyl; substituted or unsubsti nied,
branched dretdnodmylagrohmd aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORE; -CN, -SCN;, -SRE; or - N(RE)2; wherein each
occurrence of RE is independently a hydrogen, a protecting group, an
aliphatic gpsgty, a ReheheAthPBhks:, BRIRLY) is dhca@Wlithei etiya, wlickisy| i ety;

a heteroar yI noi ety; al koxly aryl oxy; al kylthio; arylthio; am no,
al kyl at ni rgsnerra@ﬁéh@aglymk«g}an@m (dhpt @eGhhyloBeT oxchpias petal-metalloig | s sel ect ed

fromthe i st ro h upst
tinsubstit ngéféeﬂb bnlggﬂb%x[ ? eg?&numﬁnseg(gﬁ% gté u‘{’lw ytrg%& fl? tp?rll%att? c,
substi t ut egitlpthelpsripsibictéteitteaddnopif.a tolte of €N the SﬂMW1ﬂ§Ifbrrmild<yl tino,
arylthio, -NO2, amno, alkyl amno, and dlfgl kyl am no groups; and P
i s independently selected fromthe group c nsi sting of hydrogen or a
protecting group; is reacted under nditions (e.g , LDA, Ph3CLOw th
t he ani on of the phthalide of IRog
7/n

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; -OR ; =O; -C(=0)R; -CO2R4; -
CN; -SCN; -SRa; -SOR4; -SO5RA; -NO3; -N(R)2; -NHC(O)R4; or -C(Ra)3; wherein
each occurrence of R4 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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krvrin .16 OP wherein Rl is hydrogen; hal ogen; cyclic or acyclic,
substituted or =substituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or =branched

het er oal i phai |l e; substituted or =substituted, branched or =branched acyl;
substituted or unsubstitued, branched or =branched aryl; substituted or
=substituted, branched or =branched heteroaryl; -ORA; -0; .C(0)R -CX2RA, -

CN, - SCN, anesRvary 1§£§%%1kyh§£82 1thidNRiing, MRA)Rio, - MAIGHENRA, hewroaCIRY):3;

wher ei n each occurrence of i s i ndependent|y a hydrogen, a protecting
group, anoahﬁphabmbmnnoeby a heteroallphatlc moi ety, an acyl noiety; an
aryl noiety; a heter ry. I ryithio;

am no, al kyl a dlio “ngy“'hﬁé%%’glﬁ’ y4u§§¥tute§ Oﬁgﬁh%wrsgtg}e@f thio noiety;

R7 is hydnageRed é}ain@%ehedoaﬁdham eyclacrekidic, ﬁlbbﬁmtddLﬂreﬂsxﬂj‘stltcSmbstl t ut ed,
branched or =branched ali phati c; éC|IC or acyclic, gStlt#FEd or

=subst i t ubeanchestermhemched hawspalibnbel sHatidHeRPi W&Wtﬁute fed or
e A Brap ANl T ANEORMARK braRBB I LB olIoUBSEA ed,

branched or 2Bfanc d aryl; subs =substitute br anched or
=br anched ohehgbenyed; braﬁRﬁd or anraﬁi(hed O} tRaiaryl COPR;;6:0;CN(= omu, -COgRG;- - SORG,

- SO02R6; - NC2; RO)2; -NI-I R f
RO s | nddpendens rita Aplhcoston PRar dtomg o BIRORRY PSS! ory.
heteroal i phat 6&uHQﬁ{e FRAY u&&%ﬂer}]&ﬂél? ydr%%c@raﬂrot@mr?gt Foud RRNiBHARS Y|

nmoi ety; al koxy; am no, ai kyl am no
di al kyl ammetybehaemahyﬂauxynmew, dredogt mareyy,tah|aoylrrm1etlyya heteroaryl nmatrye each

sel ected i ependentl fromt rou i stin pwer al kyl
gr oup, aC\Fn?q}b’ ot Oxbfr H‘P%ﬁt"égﬁ? g BBtngﬁ%mHm ig 135‘% “9%338? "I%7the range
of O0to 3Knmg&hﬂéﬁﬂﬁbnkgﬁyI6|d a product of fornul a: wherein R2 is

hydr ogen; hal ogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbriamchedgalin giratngs; ofdytol3i merSlVQCycI ic, substituted or

unsubat t ut od! TARCRGE BN PaeRas S cubery ot ettt bR Clea.

br anched qkuy&ggpggﬁﬁgagdyl substltuted or unsubstltuted branched or

uri branched het eroar yd; CRB =0; _C(0)Rs; -CO2RB; CN SRB; - SORB;
-S021{B; - NC2; Yns(a?mlggenqnﬁ@mmawﬁ@rﬁmfs( R)aél(ylmﬂéﬁénwnéswa@ééme?@ﬁée of RB
IS |ndepend ntI ?nﬂgﬁa a protecting group, an aliphatic noiety, a
heteroalldﬁ an'acyl noiety; an aryl noiety; a heteroaryl

noi ety; aIkoxy aryloxy al kyl t hi or; ary! thsi o; ami no, al kyi aEni no,

di al kyl am no, heteroaryl oxy; or he.t éarflthlo nmoi ety. 100911The products
of the above reactions arc then f : alized, reduced, oxidized,
rearranged, protected, and depr of ¢ el d M he flnal desired product.
Vari ous exenplary reactions used i : gynt heses of the conpounds of
the invention are shown in Flgﬁge 2, 36 12\ and .13. As will be

appreci ated by one of skill in the gtt, v;riousoPsolation and purification
t echni ques i ncluding flash chronatogra h crystallization, distillation,
HPLC, thin Iayewhmhnnmﬁmbgdmghwfmhx@nan@?onra@mh%ﬁabﬁéth@fénﬁﬁﬁme@ used

my he uodensieERE UBEBaIAA BRAGY SO T rea oo o ek UFRE. Pe Rt o
products, shaAkHcdRY uiBhBEAIIRterdliphatid, 8MSitutehar m&ssﬁtmaj bréidiedstt i ons
unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted
or unsubstituted, branched or unbranched heteroaryl; -OR¢; =0; -C(=O)Rc; -CO2Rc; -
CN; -SCN; -SR¢; -SORc; -SO2R¢; -NOs; -N(Rc)y; -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;
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[00921Thi s invention al so provides a pharmaceutical preparation conprising
at | east one of the conpounds as descri bed above and herein, or a
pharmaceutically acceptabl e derivative thereof, which conpounds inhibit the
grow h of or kill mcroorganisns, and, in certain enbodi nents of speci al
interest are inhibit the gromh of or kill tetracycline-resistant organi sns
i ncluding chlortetracycline-resistant organi sns, oxyteAtacycline-resistant
or gani sms or HeBBEHAGNChbRE; I €Si stant organi sns, tioxycyclinc-resistant

organi sms, mnocycline-resisiant organisns, or any organi sns resistant to
anti bi otics of Rupehydeegeachalogenecyaligss agistie, ubstituignr Besubeittetednary medi ci ne,
I n ot her enbadiment t.h onpounds. s yit i [ iCc activity
agai nst n§5apngges TR F}ée saﬁlg Eﬂécs gX%‘r?cog(r%%CZ%él %&E%teg}e@ ugﬁ?tgfr?ttug odi nent s,

t he conpoubrisShéddtidbiantihel Ipt@vdliphefic; eubkitutbd oeypisdbytiteted;ibdimped et | s such as
stinmulated inflammtory cells. [0093 di scussed abo the pres

As t
i nvention upbréwhfé@cw@wstl%%am&sbwL\Wﬁga%ﬁlilﬁi A BI?QSB‘?%‘?& ahg sv stituted

antiprolif j tii Vi LAY emtn Ve ¢ oppg S . seful for
fhe Fr eat SoRE bR bt o D TR e
di seases, (MNEEN, -SRib; 0B ORUNS ARseAS@S -N{(If)};ahitEi(O)RodirsEERSs, wizareindi abet i ¢

retinopathy, Accordingly, in another aspect of the. present invention,

phar naced teﬁ?,}h‘i’ccl’}’aﬁ%sq%ﬂ%dﬂ é“dﬁp@dﬁ’ﬁ&? gé 08%h érpé‘?tﬁ‘:tl‘%e@%u% 3%@3‘?‘#1"0 ns

compri se amhenehdlroblithGONRAUILS A3 HBRE: AAHIMRSGY W haBaARHAAS! | Y
conprise a pharmaceutically acCeptable carder.” In cértain ernbodi nents,

t hese conpisixyj agpxppalkytiad; ayylftue;tamsno,cdimpringe, dinkybminerheteoktyoxpnal

t herapeutic,agents, .e.q., another anti-mcrobial agent or another

anti - prol iOF@Ptgfqa&gfhé‘b@?He.ty’l n other enbodiments, these conpositions further
conprise an antg ik fjd8pIRhALYeR G SURCIRS s@sBivtddor nbubtiafted),

acet am nophen, etc., pain reliever, or antipyretic. [0094]It will also be
appr eci at ddartched oventraichedlihatic;cyrhoomabyclid, subrsitpedaewsupsifasdi on can

exist in free, formfor treatnent r. Where approppd

phar maceut F&EPF O%Wéﬂchﬁfgetargﬁl 1|cvéé\1%§tﬁtgtre§c§£ v g%@é@@quhgsdp ghetdhoer pr esent
i nvent i on,undrbREIRSE Whbstiahtby 02eGaPitAde behathedadrivvmBranoeddels suistituted  not
limted to, pharnaceutically acceptable salts, esters, salts of such

esters, ororangubstivésd, hrpadead esungenrhesthelaosiph; cARapdiadhmhrf B8t ron to a
patient i d ks ¢ I i di I jndi Y., a conmpound
as ot her wnr}\]sg{EE g@%%‘ﬁ%ﬁﬁé’?%ﬁ@%&%% % Oh??‘@ﬂgﬁ)@é%%%&éf’?ﬁ%}légf, e.g., a
prodrug. 10095%kAslipseid mees] ahetehelipetinmgbigr meslnicial) an agceptehleae sal t”
refers to those salts which are, within the sc_gape_ of é)gund medi cal

j udgenent , hesgiparabmeiehy alkexy; griloxymlhdihigy ar HhRARINe s AN s and | ower
ani mal s wi i ElaTs) 1E1L- LAk j: .al,l ergi c response and the |iKke,
and are co&ﬁf%gfgur at’gﬁgﬁ}%ylgk}tf’)ebéggﬁg af-ghll)(g%eo#? Irisk ratio. Pharnaceutically
accept abl e sal tR, @arseleved froknhesgraup doheistéang of sdrogerampd gen, SibstiutedBar ge, et

al . describe phar eutically acceptable salts in.detail . in J.

Phar maceut 68 St@&rggﬁ‘@gg}c’ ’ﬁbszi‘f-t‘i‘g? ‘T’ég@s m?tﬁ‘iB?t.ﬁr(?ra]é&&:’fch%\béﬁltﬁgegfrr ef er ence.
The sal ts ¢ag,d8uld SR8k Ao -GNt L5 eI isRg ali§fhfol Adthios a1, i28lin& ndkyl _
purification of the conpounds of the invenfion, or separately by reacting
the free basieofamiotialeyladning graupk; andsui t abl e organi ¢ or inorganic acid.
Exanpl es of phagmaceuti cal ccept abl.e, nont oxi ¢ _acj ddition salts are
salts of an am EIBE?H?BS‘TIBfryyr‘?g%CW(S&WW rg A %Onégﬁ%ogﬁ% 1988 Hiyldr ochl ori c
acid, hydrgbiefhe grebdo RRasRRE prodasd of.fosmltlhuri ¢ acid and perchloric acid
or with organic acids such as acetic acid, oxahiﬁc acid, maleic acid,

tartaric acid, citric acid, sueci niPo/ .ﬁif&, '%Jf[i al onic acid or by using
other methods used in the art such ag_ienexehange. her pharmaceutically

acceptabl e salts include adipa aspartat e,
henzenesul f onat e, benzoat®;),bi e canphor at e,
canphorsul fonate, citrate, cyshopen gl uconat e,

dodecyl sul fate, ethariesul fonate, ) : gl ueohept onat e,

gl yeer ophosphat e, gluconate, hernisupffitey I agpt anod®®®, hexanoat e,
hydr oi odi de, 2-hydroxy-ethanesul fonate, |actobionate, lactate, |awate,
lauryl sulfate, nalateffinaleate, nmalortate, nethanesulfonate,

2- napht hal enes-illicit:ate, ni cotinate,”nitrate, ol eate, oxal ate,

pahni tate, panpate, pectinate, persulfate, 3- phenyl propi onate, phosphate,
pi erate, pival ate, propionate, stearate, suceinate, sulfate, tartrate,

t hi ocyanate, p-tol uenesuifonate, undecanoate, valerate salts, and the I|ike.
Representative alkali or alkaline earth netal salts include sodium
[ithium potassium calcium nmagnesium and the |ike. Further
pharmaceutically acceptable salts include, when appropriate, nontoxic



ester” meters to esters which hydrolyze in viva and include those that
break down readily in the human body to | eave the parent conpound or a salt
thereof. Suitable ester groups include, for exanple, those derived from
phai maceutically acceptabl e aliphatic carboxylic acids, particularly

al ka. noi c, aikertoic, cyeloal kanoi c and al kari edi ote acids, in which each
al kyl or al kenyl noiety advantageously has not nore than 6 carbon atons.
Exanpl es of pagheci R, Rg,SRP,'R% RNP biden heraLesed Mo0E;anés,  propi onat es,
butyrates, acrylates and ethyl succinates. In certain enmbodi nents, the

esters are cl eRvethysyogsnziyalegenseshic a5 agsstiersabeiutef 00T LRHIREr nore, the
term "pharnmaceutically acceptabl e prodr : e ers to those
pr odr ugs éfanflﬁegi Oéd’ﬁb’géﬁlbegi ag‘%?athce % 1ecsoérailk‘J %ﬁ‘ﬁvgﬁ? ‘;ﬁgﬁq\ﬂp E‘é bgtruél?gd\’/vi thin the
scope of $amokkdddingainchddhenesdliphsatid; tsabtieutédor wsebstiuteditrached i t h t he

ti ssues of humans and | ower animals with undue toxi ci itation,

. , Y, 1rri
al | ergi ¢ vekjpashed acylysubshited gansesinspdurnahed ¢f tlfllbrémsﬂéééwﬁra?ﬂ} gitute
benefit/ri i f i Ifol ended ey ras veld..as the
zwitteri Or%?(lén#u%%t#gt,edmg?%eégg@%&@%gp Et{aﬁdgfyé’orrrq)%d%?g g t)hg’ i anenBt’i on. The
term " pro@NigSCNet SR8 -SORG OISR BIN D h atl(Ra) S -WHEI(O)Rs; tor aiSeds; me@rdim vi vo to
yield the parent conpound of the abovewg ornmula, for exalrtrpnpl e Héhe{'}ydr ol ysis
i n bl ood( eAch prEPBERMY diksdadyirpmdeatiyng BYdraed: pRTOFCUGEFT AR AT AHEPAYC Stel | a,
Pr o-drugs i t - 1 b8ty AChetSroasy HRASEUM
Series, an th‘?ﬁ\kﬁ%l@%ﬁ&(&(ﬁé?’ agl?,yl Aé?%%égrag ble C r_r(i3 er sa@iln Dr ZQ Desi gn,
Aneri can Rhaxypeelkiycakylfss,ocylidtioemiandBdagaepdialkysesno,188Toarplorl; of whi ch
are incorporated rein by reference, 100981As descri bed above, the
phar maceutd _St'ler "Pt%hs of the present invention additionally conprise
a phar macqpgdgal |y acrept@Phgy 680idiah thovikehatidsretard B eedirite thwabtatles any
and all solvents, diluents, or other liquid vehicles, dispersion or
suspensi omnaingdsieagant falpereaged withdeerose. Isetrai enbybmests, HaMSkEn dig or

enul si fyi agents, preservati.ve spl i.d binder i tthe i ke,
as sui ted%Bugﬁgfeﬁﬁpf?rbﬁ‘leé’lmﬂ%gﬁgéétfg‘r‘?ﬁﬂéﬁ%roggﬁer&éxﬁ%\%tg %[r}fs:d (I%’%gmgceuti cal
Sci ences, driddRentke FiokichartEin ¥heManbodimeMactke Rl iishiragitim metahst on,

Pa., 1975) discloses various carriers used in formulati thphar maceut i cal

conposi t i dremphary krrowh usedelhintepiaetaH gion eectionapelpda SOSHRHERYEE calepinpt

i nsof ar as,any.conventional caffi ' LS: ] ' ALY S VR B

ant 1 - canodt SEPHEEUHAT AR rets bR kRS SRELARIEM, Wi,

undesi r abl gnQ)inhggisalirddf tanlt, Ricke] fiae,wismunypellaitmngeicorya adél et er i ous
manner w th any other conponent(s) of the pharmaceuti cgl COtEPOSi tion, its
use is corutiepivar el cegaBrofierRi AMppdmsatsplearetplip §hqsay Iem WHSone exanpl es
of materi I car - | Rt @dblhgtpagriers

i ncl ude, bu?gn\agrglgﬁg(tf?aqﬁrﬁﬁe?{%cg aﬁgc%ggﬁgﬁgh{c ﬁgﬂgg?(gg{éos’e, gl ucose and
sucrose; shagbesm, sitdbmasodhonbesyltinmhziandnpotat erssiaratimong dnfiresle and its
derivatives such as sodi um earboxynet hyl cellu] ose, ethyl,cell.ul ose and
cel | ul ose HE@RAENCY Wém%&ﬁﬁgﬁﬁhgﬂﬂ&%?"c ElE e Hs,egt Q]hs,lt}gfl@ﬁophor;

Solutol ;  exGIdiSDl o8 UEl RHABRAR] PULAGH 1R RHBPOSE BhondNaMRSjthidhl-s such
as peanut ol [T cottoriseed oil; safflower oil; sesane oil,; olive oil; corn
oi | and solydezn eachgnggimaydlegrefouned esipg apylithnen tages|incledingrior expmplas et hyl

ol eate and et hyl. |aurate; ar. buffer] agents . as _I1a. j

hydr oxi de %lﬁ}ﬁi%l%fﬁ%ﬁﬂ’%y’&%ﬁ%l&h%uﬁh|"3ﬁ“tﬁrﬁg‘h3@i"d’?le@ﬁ‘?&&ﬁ? e eeggﬂ\g@edrﬁg}’i sot oni c
saline; R fgehedyRlithl AR cer®dil ¥nbaliaRne, othdneraphanebaice rdagtftearesol uti ons,
as well as other non-toxic conpatible lubricants such as sodi um | at hyl

sul f at e angenesderemidumacedaithtle erasewBkimplss inslusiei Grigragbivegenty, greasdl e
agents, coat] agents, sweetenin flavorin I i -

preservat i ngai‘g%&gmsr 83?i°8559§e§w%§ ¢ afSsHa eﬁ’?’ é’g{e}ﬁ?ﬁ?e’ﬁﬁ%{ag{)& %gﬁ ton,

accor di ng faghddfinh Hagemiticleding it horlitel @f mapbasumindampagidisnand

Phar maceuti cal Conpositions [0099] The invention further proyides a nethod
of treati ngthispens: peivatedmaranasipm (HniRes: erfoln gFTER ANbIHBIhiS: HEA48500Bves t he
adm ni strat.ion of [ oV ﬁé‘r@% Qdmpeud or a
phar maceut%légl%ﬁ%dair@tgB?@%Fﬁrﬂggég%g%@éé ﬁﬁ%}ruégft t Eégns?%}vg%? n?i ncl udi ng, but
not limted to a human or animal) in need of it, 1001001The conpounds and
phar maceuti cal conpositions of the pres¢nt



invention may be used in heating or preventing any di sease or conditions
including infections (e.g.; skin infections, G infection, urinary tract
infections, genito-urinary infections, systemc infections), proliferative
di seases (e.g., cancer), and autoi nmune di seases (e.g., rheumatoid
arthritis, lupus). The conpounds and pharmaceuti cal conpositions may be
adm nistered to animals, preferably manmals (e.g., donesticated animals,
cats, doggeaoHiiGay H@geﬁtpate@rtépmeﬁ/ Pakter @dkactdaumBnSe cAdyk. Matcbaginof
adnlnlstratlon nay used to deliver the conpound of pharnmaceuti cal
conposi ti @mboqllmenﬁem@ldﬁtrmndltllons s thegyslicariopdrnesstd $e.2+ AGINCIRHSHNd or

phar maceu conp n is ad i ster d di nent s,
t he conpo:wt@%&)r pha?‘r’?&wg “ieRBIE {nd%gsoltntglog%(lﬁslmﬂé it tﬂ@t fe?)‘th"teél fm Ygﬁt erally.

[ 0010111 n fiyreter autatifi@ed 1ﬂiﬁﬁﬁlh,enﬂ)@)dﬁﬂiditmgntadd1hbﬂ thephogsriog ofﬁeaoluetlet of the
present invention, bacteria are killed, or their gromth S |nhlgwted by
cont act i nghavthe syhgiteed @rwntarplaﬁlq hijaaeyclie riag p HOB &Y I SHTHASSA R
descri bed r ntion, a nethod
for the t rr@ %'XQ plEF' oPe yl%%%hllh%ﬁé!&%\ﬁ;f‘é gllegﬁ %p?ﬂs)llu%gqgg?ngﬁl stering a
therapeutlcally effecﬁhve anmount of i nventive co N
phar maceutical conposijti on conprising| an inventive
need t hereof,
the desireg y
"t her apeut i ¢al Il
phar maceuti cal
inhibiting the growth lof bacteria. Thg conpounds andyconpositions,
according to the nethod of the present invention; may be adnlnlstered usi ng
any amount and any rouyte of adntnlstrﬁtlon effectlqufor killing or g,
inhibiting the growth of bacteria. The exact anount eqU|red wi T v ry from
subj ect to subje
t he subj ect,

ound or a

or killing or

e erity of the i
: _.Pg)%

of the inventio
adm ni stration and uni
that the total daily usage of thePconﬁounds andDBonp@S|t|ons oKWthefbresent
invention will be decided by the attendi ng physician within the scope of
sound nedi cal judgnmentg, The specific Rherapeutical | y\Reffective dose Revel
for any particul ar pat ent or organls wi |l depend upon a variety of

factors |nclud%pg4 '§prder ted erity Y

di sorder; the dct \Wty of e SpeC|fic c ound e ;Q} i
conp05|t|o 7 __Toye ; ( Se | bodyl_wei g head, An di et of
the patient; the dm11 Nrrat hgn, route i rate

ni strati off,
of excretion of the spieci fi ¢ compound llenpl oyed; theaﬂrtatlon ofll t he
treatment; drugs used @n conbi nation 6r coinci déntalOwi th the §Be0|f90
conpound enployed and |ike factors well known in the nedical arts.
1001021Furthernmore, gfter fornulatimn with an appregriate pharmacegically
acceptable carrier i a desired dospge, the plarnmaceutical conpositions of
this inven
rectal ly, %ﬁfzfn
i ntraperitonea
as an ma] or n ay, t he severi
i nfection being trea ed. In certainllenbodi ment conmpoundg! of tlhe
i nventi on may be adnPnistered orally or parenﬁbralﬁ% at dosag@ levd s
sufficient to deliver fromabout 0.001 ng/kg to about 100 na/ kg, from about
(101 ny/ kg RéttenthoblifiBHtK Oy iioaaeut 40
ny/ kg, preI£§E%PR§%r0n1ggéhﬁehabg&?qugﬁ?%ﬁgggﬁ? %b i ng/ kg, from about 0.01
ingi kg to hbﬁmbﬂﬁﬂemmgmkgmmtNosnhbudt 0 dertaty &kgbaddmanteuY iSometplie and nore

preferably from about | out 25 QJ ht per
day, one of¢§mi SERHEE: 558591%1 tegc JobP&FTp ﬁgﬁ)&égﬁngd t 1 lé‘ersa?tlp u\%?tl?egglel &ekgt The
desired dog@@,ereﬁwoﬂqelgﬂhépéﬂﬂﬁdl}lélgﬁ%gl MBS(@HH9Y Aftenehd insRHattorday, once a
day, every other day, every third day, every week, every two weeks, every

t hree weeks, or every four weeks. In ce Tain enbodlnents the desired
dosage may be delivered using nmultiple adm ni strations (e g., two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,
fourteen, or nore admnistrations). j001031Li quid dosage forns for oral and
parenteral admnistration include, but are not limted to, pharmaceutically
accept abl e emul si ons, m croenul sions, solutions, suspensions, syrups and
elixirs. In addition to the active conpounds, the |liquid dosage forns may




[ 0010411 nj ect abl e preparations, for exanple, sterile injectabl e aqueous or
ol eagi nous suspensi ons may be fornul ated according to the known art using
sui tabl e di spersing or wetting agents and suspendi ng agents. The sterile

i njectable preparation may also be a sterile injectable solution,
suspension or enulsion in a nontoxic parcnterally acceptable diluent or

sol vent, for exanple, as a solution in 1, 3-butanediol, Anong the acceptable

vehi cl es @éb@ti&@lw;%@txﬁetgr@&h HﬁMth’i\ﬁn,&H@&M@ﬁ, Bine, Wbt anthdgesodiumpémt i on,

U.S.P. and isotonic sodiumchloride solution. In addition, sterile, fixed
oils are dopsrtn ¢robedimgntenpi ioywdrogen or leweyaky! (6n-ClsPTHRRP IR TM  For
thi s purpas N bLand f.i xed oj dr-d i ng synthetic nono-
or diglyc§F$8§§¥nPhkéH§PPF)e?'?%&?@ag%?ﬁgggﬁ%ﬁyggﬁgP§+%ﬁacid are used in

t he prepaneggepn of iImp@et ahb&Bmed®bblmldhetolnta@chabeusedtaplepticons can be
sterilized, for exanple, by filtration through a bacterial-retainjing
filter, omeRgcychipes perasysihigs.«rdigheicyrlingsadehptes upeipha t};’%Pfﬁ%fP“@% 8ile solid
conposi ti i: disgel ved or dispersed in sterile water or other
sterile igﬁégﬁggﬁguﬁggfﬁﬁfprlog to use. [00106]in order to prolong the
effect of a drug, it is often desirdfe thi sl ow the absorption of the drug
from subcut aneous or intranuscular ipjection. This may be acconplished by
the use of a |iquid suspension of- St al'| Pye or anorphous material with
poor water solubility. The ratg)of arption of the drug then depends upon
ns rate of dissolution which, i'n.t4 ray _depend upon crystal size and
crystalline form Alternatively, delayed HbsorPrion of a parenterally
admi ni stered drug formis acconplishgd byndi ssolving or suspending the drug
in an oil vehicle. Injectable depot forns are made by forning

necr ocncapshdrén Ratis hyeksgadf hilbgerdcudici ot abyddegbadabiderpobybsttgedsuch as

pol yl acti de- pol ygl yeol i de, Dependi ng upon the ratio,of drug.to.polyner and
the nat ur @reFcheher pbrancaed é]ﬂp}HSF'y?ﬁ‘égc Bhiﬂyﬁﬁ%&}‘bst“ﬁ‘éte‘ii at @‘SBFgHP‘ﬁ& rel ease can
be controly stk XA ARhed h?EJ&%fi%IpdtiggﬁﬂE@q&lalﬁ uRQIEIRES, bRGLMdOr

pol y(orthoesters) and pol'y: (anhydrides). Depot injectable fornul ations are
al so pr epamdcanbledentyt;apitingted heububgiitied, biapokwi arewmbumchddearpk sl ssitwes whi ch

are conpatible with dy tissues. [00107] Conpositions 4.0r.ec or vagi na
adni ni st r a‘tri%ﬁubﬂl@t‘iﬁf Brehg 37 ‘%‘E]&ﬂ&g’%? el E‘gn"%(g‘ber‘é’p'ar 284y m xi ng
the conpounds.sefN;t BRS; ISHENtEOIR Wi-ND,SIN(RAB SNPOB)R; bf ab(RNY:; @heidyh ent s or

carriers such as cocoa butter, polyethylene glycol O a suppositqry wax
whi ch ar e &oh becvatenandi Rnts indepsadentiyradiysageni fpiotcHnS By, deMdrlt ure and

therefore nelt in the.rectumaor vaginal .cavi . rel ound.
[00108] Sol Wale@oégﬁﬁr‘%a&Pﬁ%“‘f hpiehy 47 Aol oifSy peidy ‘é“%g%e?-%aﬁ%i&%%g’iﬁﬁg%@
tablets, pilkd:§; apoNdeakyltRddagithidy b@to, AikyButho, sidlkdadarapetcfoaryiexy;t he
active conpound i's mxed with at [east one inert, pharnmaceutically
accept abl eordyetdrpirghitiogroielsi ri er such as sodiumcitrate or dical ei um
hosphat e and/ o fill [ h.as; S ,
2 ucr 85 e, gluc osttr’aa,cﬂr{d r11§nllntd gﬁge%dglﬁw f?%?lbﬁ%lggﬁ,’ Cg‘?lcg)ltr%ggéri?’ Séul}J é ﬁ&g@f&f
exanpl e, caishbstitied yrhedkd ot osteandhkdnlipliatis, cyght at acyclic, substituted or

ol yvinyl pyrroliditione, sucrose. and acacia, . . :
oty y pt)llnsubstituted, branched or unbranched ﬂeteroaﬁphatlc; substituted or unsubstituted,

or

branched or unbranched acyl; substituted or unsubstitued, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; -ORg; =O; -C(=0O)Rg;
-CO,Rg; -CN; -SCN; -SRg; -SORg; -SO3Rg; -NOy; -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;
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humect ants such as glycerol, d) disintegating agents such as agar-agar,

cal ci um 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 arnmoni um
conpounds, g) wetting agents such as, for exanple, cetyl alcohol and

gl ycerol nonostearatc, h) absorbents such as kaolin and bentonite clay, and
i) lubricants such as talc, calciumstearate, magnesium stearate, solid

pol yet hyl ene g!gjécol s, sodiumlatiryl sulfate, and m xtures thereof In the
case of capsules, tlablets and pills, the.dosage f,or I rjse

buf feri ng agent s’ " 168PI6¥IEA ?‘@gtétBkaé’éPP?ué’ﬁ%tug% a&y]&w&%rﬁ%%’l,t% ;?%’3"3@}?8*50 be
enpl oyed ggtetdd bR Sioldlly, 39 ivhicAndchaédnbhdd UK galeRkicd frapdiel @supisi ng such
excipients as lactose or m |k sugar as well as high nol ecul ar wei ght

pol yet hyl enesigingadl-9-,ahd -NRe-, FCEa)2-;The sol i d dosage forns of tablets,
dragees, capsul es ills,.and granul es ¢ e atings and
shel I's such as ‘8t Bﬂrgg%gg R Cﬁﬂbc %t%gagcg‘&sﬁﬁlgﬁgﬁs Shglvtvi&l&i n the

phar maceutyrghed 6F iibraich8dalgitatic; [dyelic sBacyolpd, isoaihityd comtsabstitpad, f yi ng
agents and can al so be of a conposition that they release the active

i ngr edi entb(TQJ)Ch@fhDlyl,lnb@@ncb?‘bh@?@gﬁ]ﬂmﬂp%wﬁtﬁuﬁdOééflﬁvé’ﬁthtuﬁfgr pragehedit | nt esti nal
tract, optionally, i i . I i sitions
whi oh can BERgsi B BB EY SF bRk, PR E Dl SHRRE S SRR
conposi t i afsnefbsatusddyblaathddypanbiyclddsetdearelypOBypdOaLC(FO)Rer-€QRusof t  and

RO s e e DA iR 200
[0011(9The,, B&%?reﬁgmngangﬁ)%egén AN dtdbel] &ﬁ@t&ﬂﬁ?@ﬁiﬁb?&ﬁ&liﬂlﬁﬁm with one

or nore exelprents as note he "soli d dosage forns of tablets,
dragecs, capietil, @detepiadlibbaticandictygamacyl amiaanamaybmemw;@dﬂeﬁr@%hybmatemgs and

shel Il s such as enteric_cpatings,. release controlli coat S.a t her
coatings wWBKEXYkADUREY ﬁlkb’ﬁ OpRal th’é’éé‘ﬁmocéllky]f%HmeldlézilFﬂ@“éﬂ'ot’ .he rﬁ"“?ﬂ% ’sol i d
dosage for(gﬁlew;gargﬁﬁib\{&i&?npound may be adm xed with at |east one inert
di l uent such as sucrose, Factose or starch. Such dosage fofins may al so
conpri se, as i snisamnalegpriadhd wege afitiia §.onelbsigaiesd ances ot her than inert

diluents, e.g.,_ tabletin | upricapts .and ot her t.ahl eti [ uch a
magnesi um st ear ¢ oﬁﬁ%bertr’gé‘?noaéﬁ%%f’gglr?%gheé@ﬁﬂ 3%%1%Q1enotrtdﬁgblggggd§df capsul es,
tablets and pi H{?is sehieted FRA0 R REUB IR SOsubSTddSE ubsitistnitaigargigent s.
They may optionally contain ()pacifying agents and can al so be of a
conposi t i oneteroatyl gtoaps;raadease the active ingredient(s) only, or
preferentially,  i.n ert ai a f 1 I [ - ' ly, in a
del ayed manner. Y'éig%ﬁ)ggn of é]ré(#ﬁ?e%dﬁl r?grgéngg 1%%1?? % olﬁg:le{/\tiaﬁ% bggﬁgidégglzéed

i ncl ude pohyFEs ¢ iShHds AN ClasceRni@ entbodimerit§ QA Rpsiag e tromise. florothapi cal or
transdermal adm ni stration of a conpound of thif,i r}len(&it qn i ncl ude

oi nt ment s, eiphedimsntscY daipsing Jpiyshatherganodimerisey & Ciiqs i'BHE By ays,

i nhal ant s Sv ; I of; | $e1REX therile

conditi onsQ@Mbgﬂ%%nghgrlgg&%ﬁ%%ﬁ%’ %E%g%? %lg}’zelcaru r i’gfc";rr}g%gﬁ? needed
preservat i v@Boditnehtsf frag sSaR;, Werdie eaddoecueehce O Rt ikandependeof yralkad (qam, —ear

drops, and eye drops are al sQ conteng%la%ed as aﬁei V\fl hhi n the scope of

this i nvenSn@il)Addifte gramptpllatigigrepstione Xeis p A SPEhAC SR HIEL " he use of

t ransdennal, . iC Pito VR dk Rgdeeat r ol | ed
%mg’a%%ﬁp 5 lsj(r)%ﬁxln Hy{eﬂfe%\’% ggeﬁlo%g%ﬁg RONARAGEH A mBtO R dk RY gy

delivery o to dosage forms can be made [

di ssol vi ngoplowdir alkghelipgs)t e cataip pamiduianembedipreoseR 1 vduidurgen Abs et on
enhancers ca | so be used to ingreas he flux of th 0 und, agross the
skin. The F Q&Eéﬁl?tsog‘) ) qresagggutgﬁphg}ylp rb%rﬁli”hﬁmgocﬁg)t%ggt%rg Ty ng
menbrane or by di $PRMERGK . NS FRIRAIHAEirhdhtd RIQS HyRbgdRImiondry gelycyclic
[00112]1It wll " also be appreciated that the conpounds and pharnmaceuti cal
conposi t i ohduges tnkkidpr esent i nventi on can be enpl oyed i n conbi nati on

t herapies, that is, the conpounds and pharmaceuti cal conpositions can be
adm ni stered concurrently vyith, prior to, or subsequent to, one or nore
ot her desired therapeutics or nedical procedures. The particul ar

conbi nation of therapies (therapeutics or procedures) to enploy in a
conmbi nation regimen will take into acco6mt conpatibility of the desired

t herapeutics and/or procedures and the desired therapeutic effect to be
achieved. It wll also be appreciated that the therapi es enpl oyed may
achieve a desired effect for the sane disorder (for exanple, an inventive
conmpound may be adm ni stered concurrently with another anticancer agent),
or they may achieve different effects (e.g., control of any adverse
effects).



[00113]In still another aspect, the present invention also provides a
pharrnaecutieal pack or kit conprising one or nore containers filled with
one or nore of the ingredients of the pharmaceutical conpositions of the
invention, and in certain enbodinents, includes an additional approved

t herapeutic agent for use as a conbination therapy. Optionally associ ated
with such container(s) can be a notice in the formprescribed by a
governnent al agency rggul ating the manufacgpre,ruse or sale ofg, Ry

phar maceut i cal products ich notice reflects .pproval by the agen y of

manuf act ur e, human
aspects of IO@§MA
consrderatr@% Iomn@

Procedures AI
nodlfled SchRenk

sol utions were concemtsated by rotary evapepation at -25 Torr Bhouse
vacuum) . Fl ash col um_chr omat ogr aphy was perforﬁed on silica g%I (GQ A,
standard grade) as d i bgd by Still etal ?(St | W C.; Kah M "Mtra,
A J. Og. Chem n197 43,1.2923- 2925; N ncopporated herein :

Anal ytical thip onatogr hyZnaspery
pr e- coat edRew T 0, 230- éOO silrce/g
fluorescent in hi

ay € g ‘ :
vi sual i zed by exposure¢ to ItraV|oIet I'i ght] andjlor exposur- to eeri @
amoni um nol ybdat e orRan &i di ¢ sol uti on ofp- anPsai dehyde 9ol | dked Y
heating on a hot plate, [Qfll61Materials. Gmrercial reagents and s@vents
were used as received|wi th| the follow ng eXceptilons. Chlorotrinethylsilane,
' ; i \

tr|cthylan1ne 0 ne, & et | pirgeLi

AP, An- tetr ny ne( Bﬁ%ﬁ, A Eﬁ Y

M/Nwﬂrsenr&%mett ore disti ium hy € O

di ni t rogen at nospher €y Bengene,Rodi chl l et h§b et her, , Ro

pyridine, tetra ydro‘uraqo hexane, aceton%{rrl;‘ N, PI-drtneth.‘fonW.nide,
7 7

and tol uene were

[0087] Compounds of the formula below with a heterocyclic C-ring:

R R% RB
A < OH

all| T

0 OH 0] O
may be prepared by Michael-Dieckmann closure of a D-ring precursor derived from the

corresponding anilide, phenol, or thiophenol. A representative example using
anthranilic acid (i.e., anilide as the nucleophile in the Michael addition reaction) is

shown below:
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purified by the nethod of Pangbometal. (Pangbam A B.; Gardello, M A ;

G ubbs, R H; Rosen, R K ; Timers, F. J. Oganonetallics 1996, 15,

1518-1520; incorporated herein by reference). The nolarity of

n-butyllithium s-butyllithium and t-butyllithiumwere determ ned by

titration with a tetrahydrofuran solution of 2-butanol using

tri phenyl net hane as an indicator (Duharnel, L.; Palquevent, J.-C J. Og.

Chem 1979, 44, 3404-3403; cl ncoppgrated herein by refer enceq%

1001171l nstrunent ati on, Iﬁratm)ﬁ nucl ear nmagneti c resonance 1PIN\II\/R) spectra

and carbon nucl ear magnetch ¥esonance ('3C NWVR) wer & rﬂcor déd Wi th Varian
: B0 5 i anoUn -tgz*ltnpv 50Q_(50Q= 5~ (? “or

> y ' ”, 2 )
sol vents (CHCl 3: 3°7.26 FDbH: 6 BplS, D2HCOD: 31, CDHCPP: I 65. }'

( CD2H) CD3SOOR2. 49) . Cheni caP shifts for car borpfbre(?epor(?"éd i% pars per
mllion (6 scale) downfield fromtetramethylsilane and are referenced to
t he carbon resonances of the solvent (CDCI5: 8 77.0, C6D6: 8 128.0, D; COD:
8449. (CD202; 8 53.8, (CD3)2S0: 3 39.5). Data are represented as foll ows:
chemical 46088f, nul fn photherteynb(odlmfrmthgbmne (8) is repsids with at - tr| pl et q =

guartet, ni ul tipl et r oad) ti i in Hz,
and assi grrgﬁ’é?ﬂcydf’ ‘Pt?%‘?lé‘aa? mu"goagé T’P%{R ?%aSB@g?rﬁggqﬁél ;fgegg n El mer
1600 FT-1R,shast rophotoneter referenced to a pol ystyrene standar d. Data are
represented as follows: frequency of the ?]5)§orpti on (cnm), intensity of
absorption (s - strong, sh = strorg ¥ medium w = weak, br =broad),
and assignnent (where appropriate). g al ations were determ ned on a
JASCO DI P-370 digital poiarineter f (%#\ a sodi um | anp source using
a 200-nL or 2-nml., solution cell. A mass spectra were

obt ai ned at the Harvard Universi pretry Facilities. M crobial
D hydroxyl ati on Product RSI: "l t nEq); @paration of dycerol Stock
Sol utions 1001181A | cal i genes eutrophus B cel I&P (I yophi i zed powder, 20

Rei ngre”_ek‘)”ﬁa' ! B s bR hSBRER I oS Ta e 1 DRl YR ) e
[ VT g e RS ERRTRCLIRN: Ut SRl 008,04 Sﬁ‘fb?‘?;‘ﬁaén' " an
aut ocl ave tahnch28 oO()bramchad Deterdaliphasici Fubst trteduprainsulsbituted beangged or

unbranched acyl; substituted or unsubstitued, branched or unbranched aryl; substituted

or unsubstituted, branched or unbranched heteroaryl; -ORc; =0O; -C(=O)Rc; -CO3Rc; -

CN; -SCN; -SR¢; -SORc; -SO2Rc; -NO;; -N(R¢)2; -NHC(O)Rc; or -C(R¢)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;

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; -CO2Rp; -
CN: -SCN; -SRp; -SORp; -SO,Rp; -NOy; -N(Rp)z; -NHC(O)Rp; or -C(Rp)s; wherein

each occurrence of Rp is independently a hydrogen, a protecting group, an aliphatic
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sodi um succi nate solution (16.7 pl. of a 2.5 M aqueous solution, 5 nMfinal
concentration) was added, and the culture tube was shaken at 250 rpna at 30
"C. until cell growth becane apparent (3 d). An aliquot (250 pL) of the

cel lul ar suspension was then transferred to 5 nal _ of ilatner's mneral
base nedi um (HVB, see paragraph bel ow) containing sodi um succinate (16.7 pL
of a 2.5 M aqueous solution, 5 nMfinal concentration) in a 20-nk sterile
cul ture tube cul.t C,

wher eupon nbrlnété’l qqheﬁ?)rf’al %ﬁf)gﬁ%ﬁj ac?l}ﬂﬁ{aﬂ% h?ﬁl? %%ogég?ugtl?%ﬂg lﬂltgheg%ul tured
in a ster iali®xfrdroreykylfi@ iyl ton aéiing, agkyfdnind, distkylaidi, angraqyienys sodi um
succinate solution (167 jiL of a 2.5 NI solution, 5 triN final

concent r ator Befproamidid magkyswas shaken at 250 rpmfor 24 h at 30 'V, The
resulting solu S hg, r ycerol stock
sol uti ons. ThutsIé %h%g %e% ﬁ&io?é %ia cthttﬁre %@FQU&?P%SE%&%SI on (5 ink)
was di | ut éghanshédorambegidhéd aliphbitie cgéhcsdsreacydzle: gibstiertal or wisubstihged,esul ti ng

| ut ded t Eppendor.f .t ubes, Th
i vi dualorSBEOBER BHoh HEP R TR Puu Bt TSR AR S M ner al
Base Medi gﬁ}a{ag i ag!;kfﬂ@shﬂﬁe axksnﬂ?eaebﬁﬁd{ear@r (Abdh&edvas; Alepated as

foll ows. ium OXI was di ssolved in 500 m. of
nanopur e mhesubsntussdz‘eﬂan&rdd@m luralyranclfekiahstcrowlt rORet-EMNaeSENe - @r ( 200 np)

magnesi um_sul f at 283 cal c mch ori rate (67 anmoni um

nol ybdate]\i@E 'ngrg“l eraﬁf’l ?% ”56“8?1? ‘E@‘E’ pﬁn%ﬁ’fl ﬁoépn’s Rt nﬁ €44 sol ution
(h m." %ﬁl%?&lﬁclﬂ%la‘p’)ah&@?&ﬁﬂpﬂhﬁb%&é@t& 4] Pory; dpOkASBOIUE a

di hydr ogen phosph (2,72 and sodi um rnori ohydrogen phosphate

hept ahydr dteeeraéesylaﬁog)y,‘aéqoey,a@dyi@dysﬁélqdélm,laéﬁﬂyo anngo sﬁgF}GQm@ﬁ, was diluted to
a total vo uste t068W|th concentrat ed

hydr ochl or‘i %@8‘“&’0 ﬁ‘ﬁtgroﬁ%?’fﬁh gggters(}agfﬁﬁ mOI By filtration or by heating in

an autocl ave. ﬂ&@%&@&té@ﬁﬂﬂxﬁhé P&b%ﬁsﬂﬂmg&iﬂlﬂﬂtdgﬁnVm%genmlhstﬁdtedsnf ol | ows.
Concentrated sulfuric acid % itL) was added to. nanop er (50 m.)

C
in a 250- rﬁllSE?SltléWd@Jﬂéhatfq, lﬂqstltu%i @rdme@wl{t@ﬂ %erg)ﬂlp@#ﬁéug%ﬂtf“&?é’r
hept ahydrat ) f e er (1)
sul fate (0@563%]}1%6(1 oﬂ @Ell)(élﬁi tsr%z:l}\!tI egt ratrgm?l% I\ﬁo ag:])rilldo ggﬁp

t et r abor at #nidecalayiilrylentid6 grapswer e then added in sequence foll ov\ed by 50

mL of nanopurc water. Cellular Di hydr oxyl ation of So Benzoate 1001211A

sterile pi pettePtsllde@‘@’tﬂﬁ’éﬁ]@éW Aonp s e RsFRE0 By C893%én gl ycer ol
stock sol ozen shards were
added to :115 o gtrulrlé) %ﬁ%gg‘gﬁé ri enhﬁlwseg;@%gl Icggﬂtlcon a@P %ﬁeﬁfgnﬁtﬂﬁ\u 13 (25 na) and
aqueous soinumyzicboicnal ef foahuli on 0 40 pi of a 1.5 Msolution, 5 [P M fi nal
concentration), The -Bask was shaken at 250 rg«\mfor 2 days at 30 'C. An
aliquot (10 nth) of the white, heter ous 50l ution was transferred usi ng
a sterile pipette to a manmal i a gel_ jar containing HVE (6 L) and
aqueous sodi um succinate sol uti é)n a 1.5 Msolution, 5 inN final
concentration). The jar was warnmed on hot ﬁ@ﬁe to an internal
tenperature of 30 'V, cotton-filtered air was sparged through the nmedi um
After 2 days, the white, heterogeneous®Solution was treated with aqueous

sodi um benzoat eywséteti R PR h@/&ﬁ) 8h;haligen; dyclc b aselivfsubn)tuddr agusstistesodi um
succinate solution (10 m fg a 1,5 Msolution), .inducing dihy (goxyl ation.

The resul tbli@gchﬁiﬂtr Gﬂbra%dteda?éltph{ﬁéfd cyelgar sEdlE, Pastigiterbresapstigfed:nt er nal

t enper at ur r S p-benzoat e
sol ut1 on ( DATEs R it et QEHE B s BB EBhe BHERKCy ARG

consunpt i ofgbrudheadehadsubotituted drmnawbsntmdnbrandred@)e nhbahcted aofl; Wbs@itddn N4
(determ ned by UV absarbance at 225 ngl} ou(i%soﬁé gn&saﬁ%h b sol ution
(10 na, of OléuWUBStNFteé,d?r&@qhﬁﬂPr werandgd de 35 Pt H e5&2Refdi ti ons
proceeded g e. ut LSy Redo 08RG he@in an

i nt ernal terrper atUre Aéfsgg %tdozhehZﬁ)dr)ze }gg@ Pﬁt f%@vgr%. ‘gﬁ lllg e

f er ment at i eschbrcotrhenwasf ®aris mdbplgeidntly mhp@ogemrmromtu@)gt@upmm(lxeeatwcal | GS-3
rotor, nodel SLA— 3000 o.renpve cellular materi.a at ant -was
concent r at BYi% aahe\?‘HP%]fﬁLahaB? BHY AR 45 rﬁlﬁleéy’ra&aé}flﬂme\?gpSF’gtjg ar)?ba?lﬁty’
tenperature <45 'Q The concentrate was cooled to 0 "Cland then acidified
to pH 3.0 using concentrated agueous hy@ ochloric acid. The acidified




aqueous solution was extracted repeatedly with ethyl acetate (S x 500 inL,
4 x 800 ailL, 8 x I L). The ethyl acetate extracts were dried over sodium
sulfiite before concentration, using a rotary evaporator (bath tenperature
<45 DC), providing a pale yellow solid residue. Trituration of the residue
wi th dichloronethane (2 x 200 nm.) followed by drying in vaeno afforded pure
(18, 2R) -1, 2-di hydroxycycl ohexa- 3, 5-di onel-earboxylic acid (DRS1) as a white

wd i - ) i 0 ._ ' ; _ .
Fal D 1064675 87ty ey ankdhis S, “R M@k JetQpBidlac), b '

A.; Sl aw gy hﬁEroMgll:tzKio;mU%!yU ams, D. J. ..l. Chem Sae, Perkin Mans. | 1995;
2647.). Epoxide S2: '-C:VSA, Er.QAe -fri Ho LA 1

R is hydrogen; halogen; cyclic or acyclic, substituted or uns%)st-itu ed,
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(=O)Rg; -CO;Rg; -
CN; -SCN; -SRg; -SORg; -SO2Rg; -NOy; -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;

P are each selected independently from the group consisting of hydrogen or a
protecting group; and

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

to form the product of formula:

R
R1/’ ?%R% R?j

OP

oP

oP °0 0

wherein Ry, Rs, Ra, Rs, Rg, R7, 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; -ORg; =O; -C(=0)Rpg; -CO2Rg; -
CN; -SCN: -SRg; -SORg; -SO,Rg; -NOy; -N(Rp),; -NHC(O)Rg; or -C(Rp)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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DES | On COBK 53%NO DRS1 1001221t n-Chl or oper oxybenzoi e acid (i nCPBA
was purified as follows: 50 g of 77% nCPBA (Alrich) was dissolved in
benzene (I L), the benzene solution was then washed with pH 7,4 phosphate
buffer (3 x 1 1.,) and dried over Nal 804 for 3 hours and concentrated (<40
p("1, theimal detonation hazard) to provide pure ni.CPBA as a white solid;
10.7 g, 62. 3 nuricil, 1.2 equilv) was added in three equal portions over 30

mrt toas enS| n. of. hem blal Lk r t (8.10 g,
5170 mnorer hoogudth §fichh Tl EhBre i BIBE Y 31 BtnBl00 U et
het er Ogenelmys’oe%abytwt@@ finveer sﬁd stiiefllfvdthid ik klaiineé mvweasordi Farteedmplet thebenzene

(80 ink..) and stined for I h The supernat ant Was decanted and the solid
resi due wabenyl ringoathsdonradclgbnigaslaingansy hesfulie) ubsifie¢-esul t i ng pasty sol i d

(736 o, AT S0, SR A By BB e BB A R 1. e

3.9 Alder reaction to yield a tricycline. The enone of formula:

R3 R?"‘

0 o) OoP
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(=O)Rc; -CO2Rc; -
CN: -SCN; -SR¢; -SOR¢; -SO:R(; -NO;; -N(Rc)2; -NHC(O)R; or -C(R¢)s; 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; -CO2Rp; -
CN; -SCN; -SRp; -SORp; -SO,Rp; -NOy; -N(Rp),; -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;
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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Hz, -C1C(CCH)), 5,92 (dd, 11-1, J= 9.6, 1.9 Hz, -CHC(CO2H)), 4.40 (d,
-1, J=1,3 Hz, Cl1011), 3.58 ((id, 114,1= 4.4, 1.3 Hz, CHCHOH), 3,49 (ot,
I H, =CCHO); 13C NWR (100 MHz, CD30D) 8 175.8, 135.1, 128,8, 75.4, 70.9,
57.5, 50.3; FTIR (neat), em 3381 (s, OH), 1738 (s, C=0), 1608 (nm), 1255
(m, 1230 (m, 1084 (m (7-0); HRM5S (Cl)calcd for (Cr71-1805-(1:41-141+
190. 0715, found 190. 0707 85 Ifaip2c14L112413,1: 1 .N tS1.1111N2

%Eééggl li g'a?lgl%‘én(g A8 '@nche ahjp%hc cycli clor ]é]c'yc%lc, glfb'st]ﬁ%l}e%’or _uggub%t%u?ed, ALP

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; -SRE; or -
N(Rg),; 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;

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, arylthioxy, -NO,, amino, alkyl
amino, and dialkyl amino groups; are as defined above; and

P is independently selected from the group consisting of hydrogen or a
protecting group; is reacted under suitable conditions (e.g., heat) with a diene of

formula:

/ \_z

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; -OR4; =0O; -C(=O)R4; -CO2R4; -
CN; -SCN; -SR4; -SOR,; -SO5R4; -NO3; -N(Ra)2; -NHC(O)R4; 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 sclected independently from the group consisting of hydrogen and
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70% [ 001241A sol ution of trinmethylsilyldiazonethinme in hexanes (2,0 M 25,5
M., 51.0 mnol, 1.2 equiv) was added to a solution of the epoxi de DRS2
(7,36 g, 42.8 mio), 1.0 equiv) in nmethanol -benzene (1:3, 160 nl-,) at 23
C. Extensive gas evolution was observed upon addition. The yell ow sol ution
was stirred for 5 mn, then was concentrated, affording a |light yellow
solid The solid was dried by azeotropie distillation frombenzene (2 x 25
and tQﬁ qued solid was suspended in dichloronmethane (200 nL).
Trlet hyl affh&EPEE B P , 149 31111101, 3.5 equiv) and |
eributyl di net hyd weldydpxbfdcfehw@éﬂnﬁébﬁfolnﬁﬁlalfonate (29.4 m, 128 nmol, 3.0
equi v) were then added in sequence provi |ng a honngeneous solutlon The
reaction sol ution was stirredia ﬂ gr4,;30=°m n. An aqueous porn urn
phosphat e buffer solution (pH % = 300 hnL) was added fol |l owed by
di cl al or onet hane (100 mi). @ 7 e Was separated and dried over
a~prey

anhydrous sodium sul fate. The
was concentrated, providing N JheTpL
col um chronatography (5:95 et hyl paeet gheit hexii\nes), affording the epoxide
DJ131 as a light yellom10|l (1254 §,070%@ver Zogteps) R. TO 50 (1:4 ethyl
acet at ehexancs) ;

NER (400, Mg COCLS COTBS) ,
5.89 (ddd, 111 “_‘Lheée“é dr‘ig°§ "ndi@b@tf%c ey ‘%%t‘tPE?d OIﬁ“S‘?b titotegl o™

02CCCHOTBY) an fledtér &ﬂ@ranl:h'ed algﬁ%@%&_}éc & a?:?cl(@ suE’sHtutmnsuﬁst&ited d | H j
2.0 Hz, CHOCC®), %a (s, 9H, CX"CH31.3), 0.09 (s,
W

3H, SiCl I dyanchedsr \(révrar@qu h@ar@&l@ghatlg, st(tatedgﬁunsgibeltw;i; breaeheoR (100 Mz,

T3 15, Jnbrue syl sy oitsthstSiba prrRhefor Bibringil fyls Sllun&P, 7
C-O) 1736)r64§sub§ff@1)ed Bl‘hﬁaleﬁ”@r,unﬁlaﬁ@leﬁ%terda%ﬂ:?(@)lg, AQ5Q#O)REG~QD,RE1-11 (m
1057 940 (m; HRMS nilz Gated for (C25H3805Si 2)*

414 2258, élﬁuﬁ@l\hlﬂﬁmo 85 YR %ANQR@NENWOA?B, or-¢a S8t hyl ani ne
(37.5 | t 9 ny,
2 34 ol eaBIQB%%%eHPJ Sfléﬂaljszn‘ﬁeg%f}n‘g AP 4R F‘? iﬂ%‘ %’Eg %‘%ﬁ 8£fﬁ{£ﬁ’h(%@§69”grml
1.15 eqwOI \m).omezl; eha@ﬂﬁdp?mlcma@nmagt}cbln?nag,laﬂe:r;ohnon‘etyc, héetr caoplahoM3CL
t t '
é%?ﬁ?&iﬁl?wﬁ%zfm@?éku&b‘ig} %@E@L%ﬁw@% saiemyncs Sl TBtn by betpispoons
Sehon, ,Orl.lh%§?eq lthl mmel@ Isrwi-bela Pﬁ e&a@'dgb ﬂ&%%klﬁqg%lsﬂ%é%ﬁoﬁe (48 0 g,

0. 234 nol Iorone ane 0 MO at "C, The reaction
m xture vvaemdsilerrenmy It ﬁx@thélcsmbsmtufbdfand stild Ibe nnmspa@mdoeﬁvn Seepreseat f or di ng an
orange oil, Chilled din-telly:amne (condensed using a cold finger with dry

i eel acet on8YeEN2 i . 0.480 nol, 2.0 equiy) was added to a mixture of ihe
orange oi | ggs@par ed @by ARG ch¥oiAliiTBhhYhdRr e Riabicdey il 0artisi bja at 0 ' C,
provi di ng a homogenous sol ution. The solution was stirred at 0 OC for 2h,

t hen was aplitiolisld or oyawarphthadide23 The esenerafifognwieis conti nued at that
temperature for 24 h. The sol ution_was pagtitioned between saturated
aqueous sodi um bi car bonat e SOlUti0ﬁ7f ﬁne:(z 1, 300 md) and ethyl

acet at e-bexanes (1:1, 500 lull:). THE_ar ga |c phase was separated and
washed with brine (2 x 200and dri d&d ové s sodium sul fate The dried
solution was filtered and the f||trate centrated, furnishing a brown
residue. The product was purifged ~as) co {m chronatography (1:4 to

1:1 ethyl acetate-hexane, $), af?orlegophL i sox
oil (40.1 g, 74%. 0

wherein Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted,

Sole M3C2 as a |light yellow

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(=O)R¢; -CO2Rc; -

CN; -SCN; -SR¢; -SOR¢; -SO,R¢; -NOy; -N(R¢)2; -NHC(O)Rg; or -C(Rc)3; wherein
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Rl 0.34 (1:1 ethyl acetate-hexanes); NVR (500 MHz, CDC13) 6 7.43-7.31 (m
5E1, Aril), 5.82 (s, 1H, -04), 5,23 (s, 2H, 0012A, 3.48 (s, 2H

012N(CH3) 2), 2.27 (s, 611, N(C11.3)2), /3C NWR (125 MHz, CDC13) 6 171.9,
171,2, 136.1, 128.8, 128.5, 128.7, 94.8, 71.7, 55.1, 45.3; nil; (neat),
crif 2950 (s, CH), 1615 (s), 1494 (s), 1452 (s), 1136 (nm); HRN4S (ES) ftilz
eal cd for (C(3H16N202)4.232.1212, found 232.1220. |soxazole M3C4: (CHt hNft

NNW--* G "C 79,6 1 126 |IIe dhne | am n S ca reaction
vessel sulsAEHYSHTFRFED %‘ P\enﬂg ﬂy(%?)gdl ?‘Pﬁoet\ec(t %Iré? drggafl@{e acet one,
106 i, 1 n%et@ﬁhet@ro&h;ﬂ%bYﬁoxéﬁ@lsanadéﬁﬁﬂoiéfﬁlamﬁﬁ n‘\tilﬁyCzﬁhemaﬂoaryﬂ modetgpl uti on
of the isoxazol e MC3 (prep ared in two stops from gl yoxylic acid as

report ed taikoxs"earaloew aikyll;hlo avdhaesiaming, aiptarpino chatryliminodsteronsyloxszg ) (174
g, 0,884 np lheo ﬁl 3‘}‘ nacetonltrlle(z L) at 0 "C. The reaction
mxture was gttfra% &f or then the cooling bath was renoved. The

reaction m xt Uﬂﬁly\/ﬁ%r@gérﬁh@ldgérﬁ cyiafdﬁrtaeyaﬁ: ﬁxbsﬁhntefdrorngsmatmmqtl nued at
that tenperature for 8 it The m xture was partltlpg?ped bet we
1

bri ne- sat thrancked Qbmh%diml%lcdﬁh%‘éﬁ?&b’%h%émﬁ ?rlu“besimge‘F_) and et hyl
oo e AR PSR gyt s

further extrac he’ organi ¢ phases were

conbi ned amdraicheihoyl etbstinhydooususoidiadnbsutifedtos unihectidiaed; sdistititegh was

filtered and the filtrate was concentrated to voI 0 00 resul ting
:g‘t(eégé%’ F&B@

in the foraranFdstigfedsbipnehed gspabiapehedihsteragrys ¢ E’en red and
the filtr aélq G ﬁg,e@m@t e FQ{ OND? WRBQE Nﬁ@e@ml 8r M@g?]aa,hg,@lrpr ange

oil (143 g . Ananal ytical Sanple was prepated by flash colum
ehr omal og reap]hlocc(uireﬁcd«if R; 8 mddpyhdeadgtadlydﬂgemaamgyectmg gronp angaltpll‘i@mt soxazol e

| M6C4 as a |ight | N0127 0 (1:4 eth t at
111 NI MR ‘P@Iﬁg’ R/h\ﬁl %g\él%‘sc TROIEYp &1 %‘g’t‘wy«ﬁ l)r%m:?yyaé%l e?oa%ﬂem %?8?3) 2),
&Hl@k}l&ﬂmb; hété@aBloxhl6.

2.30 (s, 6&1190 ﬁl‘;’h@( 2)1k ﬂhl%@zh] 18Qin¥HAK 1

54.5, 45, XTYNR né,at Y W‘m A T NEe - 2378 (m) ' 1590
(s), 1455 c(rdieterqazﬁllhnom)01ety338 (s), 1281 (s), 1041 (mM: HRMVB (ES) ral/z caled
for (CeHOBr N20- ﬁs is I'Pydroégréx1 h% ogefl Jy%f‘c or acy4hc sggstltuted 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; -SRE; or -
N(Rg)2; 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;

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 phthalide of

formula:
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SO S awm s MC2 (Met hod 13): benqgl a lcahol Nicti3)2 it M2 Ns,

MCC4 63%

Rq
7N
(R7)n___|" O

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; -OR4; =0; -C(=0)Ra; -CO2R4; -
CN; -SCN; -SR4; -SOR,; -SO3RA; -NOy; -N(R)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;

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; =0O; -C(=O)Rg; -CO;Rg; -
CN; -SCN; -SRg; -SORg; -SO,Rg; -NO,; -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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1001281Sodi um netal (32.63 g, 1,42 nol, 2.03 equiv) was added portionw se
over 8 h to benzyl alcohol (1 L) at 23 '"C. The resulting m xture was
stirred vigorously for 24 h, then was transferred via |arge here cannula to
t he neat isoxazole M4 (143 g, 0.700 nol, 1.0 equiv) at 23 'C. The
resulting light brown mxture was placed in an oil bath preheated to 120 "C
and was stin:ed for 20 h at that tenperature. Ethyl acetate (2 L) was added
to the cool ed reaction mxture an stéréln@ was continued for 15 min.
Aqueous hydrochloric acid (1.0 M ﬁ dd@d and the aqueous phase was
separated. The organi c phase was.f 8 oM th two 300-nL portions

of 1,0 M aqueous hydroch EﬁrL;f wer e conbi ned and
the pH adjusted to 9 by

approx. 350 nl4, The resultingyr wi th d ichloronethane
(3 x 500 inL), The organic extrlacts dried over anhydrous
sodi um sul fate. The dried sol utQfon s fi9H erddl and the filtrate was
concentrated, Wiek&h®gid Mrbg&xa@l@% Nf}%ﬁ% ASccliehibetuaid or ths@Rtiged3% . An
anal yti cal sanple was prepared ol utm chr omat ogr aphy (3:7 et hyl
acet at e- héxanvdsd ot yrdrargh alﬁﬂlah&rﬂylcll‘# fr astyRg, salestitiedypr uWP%PEFF t he

i soxazol e IIo ol ntical to
hat oot ahEE PSP iRty Kot Ry BRERSR ARG G R dR
MEC2TBSC lﬂibfhnZﬁé’dl) 490 buBditAcs 61 lhﬂshbﬁlt@ffd Braauliad drivinbiancined aryl ewxla;neﬁec( 2.47 M
16.0 M., 39.5 mmo

or unsubstituted, branched or unbranched heteroaryl; -ORg; =O; -C(=O)Rg; -CO,Rg; -

CN; -SCN; -SRg; -SORg; -SO,Rg; -NO;y; -N(Rg),; -NHC(O)Rg; or -C(Rg)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.

[0091] The products of the above reactions are then further functionalized,
reduced, oxidized, rearranged, protected, and deprotected to yield the final desired
product. Various exemplary reactions used in the final syntheses of the 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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1.0 equiv) was added to a solution of the istixazole M2 (9.16 g, 39.5
nmmol, 1.0 equiv) in tetrahydrofuran (150 nL) at -78 'C, The resulting
rust-colored solution was stirred at -78 'C for |IL whereupon a sol ution of
the nethyl ester WM (9.82 g, 233 1111110], 0.6 cquiv) in tetrahydrofurart
(6 triL) was added dropwi se via cal-1mla. The transfer was quantitated
with twoportions of tetrahydrofuran. The resulting brown sol ution was
stirred at_-78 'C for 1 .h the ihdmdphos Bhahenhuf f er

sol uti on (PE"7FMY Oﬁft%rwdﬁqfore%s%?%\;\}é%q%ggggr.ng%hgﬁgllhg?\%s| C mxture was

al | oned t Qowsdydlih@reddtdat oiighSBmWARinexjdlidctexdstat bhgatisetsl or orynephasies (2 x 300
m d). The or,g{ani c 89 extracts were cqnbined and dried aver anhydrous

sodi um sulresient trpiibdptics 9T St tEErFRIRE2PiUSE TR VRETPFP P Y as
concentr at L4l BiyRis ko BgtoBEAdLELyUBRIcRUA Sekiddy f1 ash
col um chrlg%}}egé@g%ﬂwgtf%gx?!&%?: gtsh(ill gtget at e- hyéxanes), a};?%lr_di ng the
ket one MG@Boplssti dellghichyslchouer selsi dn (diMtergmbpdientRIRINPO5AdY inhdiet hy|
acet at e- hexanes); 1H NMR. (500 . , 313) 5 7.44- 7.35 (rn H Aril),
5,90 (ddd.NaBIowsh of g g T ,ydzw%@%@ﬁ&éﬁéw{ateé.l%f%a“alaat,%%‘i?”% = 9.8, 3.4
Hz, =CHCHQgE93) 5. 31 AdisRkked Qb¥A e prédseBinkBatidnl rovidas fovel Efmpd@HECCHCSI )
4.27 (m U, =CHCH080, 3.94 (d, IH 1= 15.6 Hz, CHH N), 3.77 (d, 1H 1 =
15.6 Hz, QGMnN)antiBiddbigldand abliprodiferativie Stivity, aHCOTE(thy nveptivezoppoupgs

S Craky) " Groaerd Tons regnaiid £ horsty puhaiel eapahil iithingdnRBibgy 5P o o).
13C NWMR ( 18%aMiZantfChddind3dnSBdischéss, ﬁ}ﬂaﬂrﬁﬁat&g dasch, arliiBatetic128. 8, 128. 7,
125.0, 106,9, 72.4, 9.6, 67.8, 67,4, 55. 3, 2.6, 45.9, 26.2, 26.0, 18,5,

18. 3, - 3. Iretingathy. Ag:cgrdingy,in aMRh¢rrsaedt of hapreseobipvendionopjarmpggsicels ¢ 0)

, {. . C - 0) ... . m
caled ror PIBelEh s RRESR P wS colihiiofl Cophidss AV SN s
and MCC?, c2aohf@laldesalted heteit)iafoptidfally b mpEthapeshiatarticall padcéptableny,

0,490 malol, 0.05 equiv) was added to a solution of theh ket one MCS (6.02

g, 9.80 nmestrier] Ipcestpin gnbedimeaisuidgte oumysitiapy opifonaBy fgthey GaMpHESq 1S ¢g

het er ogene | A v, i e |1 I ated to

65 ~C and 0 b B BB B B A r e was

corded to @3lifecativandemasn bihki enbelimehts, thedei dmpasitionwasthedcomnprisetaplangne (50

m.) and the filtrate was concentr a&)ed, 8{;0\” di ng ﬁ\%{el | ow. Oi The oil was
P4 ang

covered wi PHARMBHYAGHES 5P prdagyy G ,pagbrglime)r, %nd t he
resul ting 't?é}t)ﬁgt@c_was stirred at 23 92 for 18 h. Aqueous sodi um bi carbonate
solution ($00 rriL) was added and extensive gas evolution was observed upon
addi tion. [DAB4]bi phasitevilvialst beepp@siagKithaceganwif the aingolpds efthe pregantx  $00
mL) and the organic ex%r ts. were .

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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conbi ned and dried over anhydrous sodiumsulfate. The dried solution was
filtered and the filtrate was concentrated, providing a brown oil. The
product was purified by flash colum chromatography (1:9 to 1:5 ethyl
acet at e- hexanes), affording the ketone M3C6 as a white foam (3.20 g, 62%
and the ketone MCC as a viscous yellowoil (1.68 g, 28% . Ketone M3C6:
1001321R10.52 (1:3 ethyl acetate-hexanes); ?0AR (500 MHz, CDCl13) 87.45 (m

211 al H) 2B Z$esgt %ﬁesw qseﬁgée}llefb c ?atﬁ@&:lts I detail g‘.')d?h@r%?cle%%a‘z]l_ 1% % "

CHosi ) .3 SoRntad, 66:1119,1078. 1BcdrlZQrat€&Ihéﬂ:ﬂrﬂ))21)efer&1C34T1(l€bSﬂtS t#n bopepared ip. 57

S oie) " 0.skk dpdie eyt ielsfion i ASCR oo S amas 8T g P ipgrs. (o5 o
}1258 528 :Lsépa{%tglg b‘iﬂ re&&i%g%he A&bfte fikRBodhlity Hitda sﬁﬁa@e oFg’ém% or@dorgani63. 6,

-4.8; FTIR (neat), cm 354 S OH), 3455 (bs,
OH), 2942 asl, E@a@npl@@@&h@mac@d&)ﬂ,ly ammablm norm&0og agig pe dliugrszal(Ssare el)of 906

1HRVS (E "2- Glled for (C261: 06S1+1 d
(5?))1 2422. (aR ‘If’ﬁgg’iﬁ)&f‘)mfég’i@k?‘rﬂf NG 3gH's (Sil}%as Y ‘T?ng%‘ectagi)dlhﬁexa "u“gelg;J ik

NI HR (500 Mdz ph %@ac@d suﬁgrlé @ald glﬂi perl:hlon&a&dHZWltArdr&amJaGi@s-%pBHs(| n,
3H'AtsH), 5.94 (dd, 6.4 Hz, =CHCHCHOSL), 5.76 (d, 1H_ J- 9.7

Hz - CHOORYetiG8Td, (odahqacld Inalene aml, ripgic a@bHyi R suasimoaqid, Orml onic= 12 2

NG O OSB“(gﬂih Fahetas oS %@)M‘} g’f\%%l?éé O (o SV oo m

N( C1113) 2)phafm&Eufi&ily %bbe HHR) 3 ncltieBidifase, alihatCaEbIRNG)aspHtads (5, 3H,
Si CH), 0..05 (a, 311, S GH3), 0.04 (s, 3H S CH3), 0.03 (a, 3H .S OHB): ' 3C
NVR (125 Mapzenepeiogpiegbargaate, biggifie botate, Hutysae, @amfégraée camphgsylfmake, 158 3,

citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate,
fumarate, glucoheptonate, glycerophosphate, gluconate, hernisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-
phenylpropionate, phosphate, picrate, pivalate, propionate, 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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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; FUR (neat), un-/ $461 (ha, OH), 2940 (s,
CH), 1693 (s, C=0), 1663 (s), 1647 (n), 1503 (in), 1080 (s, CO0), 774 (s);
HRVS (ES) naz eal cd for (C32H50N2QoSi 2+1-1) 615. 3285, found 615. 3282.

Al kene DRS3: . 1"Ph3, DEAD 2. N13SH 7 4% M3C6PRS3

1001. 341D et h. yl azodi carboxylate (472 L. 3,00 mew, 3.0 equiv.) was added

E ?I Shz(r)l;/ Iué)lﬁ %g%rgteﬁ ;}%%t &?yl%/t[%:gné éﬁglsﬁ'&glaée sOh Egﬁélm erhb&liS@HisVtheand

equiv) in toluene (6.0 nL) at O
C. The m k&t@fs&ard\@l&a\ﬁeulbyreadyraés qich boest@8sesni N wher eupon a sol ution of
2-ni trobenzenesulfonyi hydrazjne (65

tetrahydr dP7an (3 APHhenese. dbgieE oP @’é‘cgl?y CG%PMFé’rO UI” %é‘uﬂ i ng
mxture was, i 1L fibs ;t)rog'ﬂ:ggf)f tlc ofnﬁﬁr@)f WRSpraédehOMRehtion WiitRatep 23 ' 0;

stirring was continue t tenp ture for 23 h. An aqueous potassium
phosphat e Vhtlfnfl éfe ssopeudfisonnd piedigalgpd@néhtNujtalde foriuse Wneordaid edthahel tipshes

resulting pbaS| C xture X cte i chl prone 50 nth
The or gani% NERARY O\V?(é’i@"%mﬁmﬁb ‘@ﬁé"’iﬂ?‘}@n’em‘&%@ %}neﬁ%l o §H's;eb%\|{d2ut%>ésul fat)e
The dried gQl é&m&qs\(y?a‘%e \‘;vithta‘?éé%gnmgbérféﬁt/ﬁbﬁ taia! dWIfecE AR Midivinadded
providing a yel I ow sl udge. e product was purl fied by flash colum

chr omat ograplag v(e@lEﬁSBhet zwllt‘eﬁom's IﬁgﬂnSaWé@f&th%@)%dﬁébf) corapquadPhgct he al kene

DR
S3 as a 1\1,1\I\rl1eln 10n Sﬂqel temg 3 rodrr{% re er@to compounds that are rapidly transformed in vivo

to yield the parent compound of the above formula, for example by hydrolysis in blood.
A thorough discussion is provided in T. Higuchi and V. Stella, Pro-drugs as Novel
Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, and in Edward B. Roche,
ed., Bioreversible Carriers in Drug Design, American Pharmaceutical Association and
Pergamon Press, 1987, both of which are incorporated herein by reference.

[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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1001351Rf 0.65 (1:3 ethyl acetatc-hexanes); HNM( (500 MHz, 01)03) 7.46
(d, 2H, J- 6.8 Hz, ALE), 7,39-7.34 (in, 3H, Af), 5.81 On 111, =CHCH?),

5.55 (dd, J- 10.3, 2.0 Hz, -CHOGSi ), 5.39 (d, 1H 1= 12.2 Hz, 001-11-1
'Ph), 5.35 (d, LH 1 = 12.2 Hz, OCHI I Ph), 4,15 (s; 1ft, 0110Si), 4.04 (hs,
1H, oW 3. 76 (d, 1H 1= 10.7 Hz, CHN(OH3)2), 2 58 (dd. tH'I- 10.7, 3.9 Hz,
030H), 2,47 (m 8H, N(0113)2, -00112) 0.86 (s, 9H, (C(0113)3), -0.05 (s,

T67 o, 138X8picanavE bipgdyugsgng by S s Sathef 81 0 (1907,

60. 7, 43. Qottdrdedd o@@aﬁlo@oﬁ; sedam®oil:13ive oil: &)rﬁoll-aﬁd@OyHEIm Ril{ gigadl};, cn¥I
3528 (w O, 2933 (s, Cf, 1702 (s, C=0), 1600 (m, 1507 (%;1 1092 (s,
CO), 1061 speh apr-ooylenﬂmlq extyrs peghzaseslye glepisrangd etey leynee peasbyiéeuns 2472

found 485. 2457, A

cquiv)  andiassidil sfeltim iy ARA 0 Bhinfn P g(oRRichatdh add A TR 2
(1.0 M 1.4 witer] isdtohit saTd; ,Rlﬁgdﬂ’s%mﬂtl\osh Wl@lc&ﬂdk—;‘dnd ph(sphalehuﬁelt 0 a

sol ution of the ol efin DRS3 (350

t et r abydr eplians @y well s pier agn- @Xﬂ@om@@bkégmqapﬁéuﬁ @%ﬁ%ﬂb‘ﬁéiﬂ%ﬁlsﬂﬁ‘t&n was
stirred at i ng was
cont 1 nued 56 ighfiye] bl o) 80 at@FoRht QUEE, ety fcRaling Hhkd.!

co In centr ﬁts&(éetepfngvﬂdlolmgg and pefimoig| agemmqarmmwes amisanpuxlldﬁmte datbglsé bash
colum c romatography (1;4to 1:1 eth cetate nes affordl ng the diol
DRS4 as a RABSEY! Wirthe eonarnsitipng %Qrdrlkgg g%“ Btl%t}'}ﬁ OYB“‘ '(1:1 ethyl

acet at e- hexanes) ; NMR (500 VHz, CDCl3) 6 7. 51 7.48 (m 211, AH). 7.42-7.36
(m 3H, MJ), 5,84 (in, 111, -CHCH2), 5,55 (m 111: =CHCOH), 5.36 (m 2H,
OWI ), 4. 115ise@df B‘Ompdes@bm%arr@ac@Qtiz(ad,CozzfpmitiansB Hz, CIEN(CF13)2), 2.67 (n,
1H, C3C11) WHOA .2, 43 Hlal+), 2.36

(m 1H, - FTlHle lt’}ﬁ“é’é‘f’j‘ furdher P&A’g‘?s%\wﬁ?et@ffbf%‘?;?gé‘%f“t 703 (s,

0-0), 1606 ﬁﬁ%ltl 390f slowtd: 0P8 fi8sho@Rvolved 2hd SdminfstrEin 61&3}16fhbbﬁtxcﬁﬂyCd for
(C201 1221\ 1205- (111+ 371. 1607, found 371.1601. Cycl ohexenaone, DRS5:
effective amount of the compound or a pharmaceutically acceptable derivative thereof

to a subject (including, but not limited to a human or animal) in need of it.

[00100] The compounds and pharmaceutical compositions of the present
invention may be used in treating or preventing any disease or conditions including
infections (e.g., skin infections, GI infection, urinary tract infections, genito-urinary
infections, systemic infections), proliferative diseases (e.g., cancer), and autoimmune
diseases (e.g., theumatoid arthritis, lupus). The compounds and pharmaceutical
compositions may be administered to animals, preferably mammals (e.g., domesticated
animals, cats, dogs, mice, rats), and more preferably humans. Any method of
administration may be used to deliver the compound of pharmaceutical compositions to
the animal. In certain 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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3)3 X N(cH3)2 Li 6 Ir O HOO1Th ENSO g 4% DRS4DR55 [001381Solid

0o-i odoxybenzoie acid (558 ng, 1.99 mmol, 3,0 equiv) was added to a solution
of the diol ORM (246 nig, 0.665 ETEMD1, 1.0 equiv) in ditnethyl sulfoxicie
(5,0 rriL) at 23 C. The resulting heterogeneous m xture was stirred for 5
m n whereupon it becane honpbgeneous. The brown reaction m xture was stirred
at 23 C for 361, Water (10 nL) was added resulting in the precipitation of

par 1 1 onc e o e e R e ah br i o

(1:1, 20 mineedtidreef iy lsudcehames aror such time as is necessary to achieve the desired
result. In certain embodiments of the present invention a “therapeutically effective
amount” of the inventive compound or pharmaceutical composition is that amount
effective for killing or inhibiting the growth of bacteria. The compounds and
compositions, according to the method of the present invention, may be administered
using any amount and any route of administration effective for killing or inhibiting the
growth of bacteria. The exact amount required will vary from subject to subject,
depending on the species, age, and general condition of the subject, the severity of the
infection, the particular compound, its mode of administration, its mode of activity, and
the like. The compounds of the invention are preferably formulated in dosage unit
form for ease of administration and uniformity of dosage. It will be understood,
however, that the total daily usage of the compounds and compositions of the present
invention will be decided by the attending physician within the scope of sound medical
judgment. The specific therapeutically effective dose level for any particular patient or
organism will depend upon a variety of factors including the disorder being treated and
the severity of the disorder; the activity of the specific compound employed; the
specific composition employed; the age, body weight, 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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hexanes (2:1, 45 311 L). The organi c phase was separated and the aqueous
phase was further extracted with a 45-nmt, portion of ethyl acetate-hcxanes
(2:1). The organic extracts were conbi ned and washed with agueous sodi um
sulfite solution (220 M 50 m.;), brine (50 nL), and dried over anhydrous
sodium sul fate. The dried solution was filtered and the filtrate was
concentrated, providing the cycl ohexenone DRS5 as a |ight brown foam (206

, 849 01 I MHz,
Cc1s) b e SaPpd 2iiRe ot Ba RN ERI g ik Mk LR
JZ-JI-|1- éCH-Z ArG'tl)f}lﬁl)g) 4/k7ggto(hgoﬁtd(;@:)§-hig/kgllafh mgéggaergﬂly(frorﬂ aBoutid,mg/RYE( @)opt 25. 35 (i 2 o
, S
(m 3H, c3uke-cderbipet bpdyaveight Pellﬁaylxre'@f-l%?%)e ““?%Sé %V\)PF?H?%gg:\\lﬂ(ﬁé‘re%Dcw

192.8, 18 1
107,570, 4 s’ R tApan iy S ol ey “Cavi 5447 (w O,

1707 (s, @aQ) onc]:&my(e;/er}Cetmtr day6 0@t yjhirdiday 2eves)y weG_IOI?BerQ/gWOG\ze@)(S eY8Y (s);
FIRVS (ES).rez calcd for (C. 20H20, 20, 3+ 369..1 54.
[0014012 eth’LthVYe& HET Eﬁyé&ﬁlwee .6 H0F A m@dﬁngaﬂig‘j d%?Hﬁg@%S"‘%g o b

but yl di rfetcteﬁlvéﬂeh uylhgtrﬁduftheqaﬁmme%fagf oRRL iréS %R, fve, Gix388cnyAight, 3.0

equiv) were added iR sequence to a sol Ution of t he cyel ohexenone DRS5 (47,0
myg, 0 1 30ning tmlelev@_n,owekm th)rtqen, faidernppometeraenicatiqns).) at 23 ' C. The

m xture rred 3 r 3:.h he phat e
bur  er - so QEFBH' ( pri Bt t5eqpmiar vt iR 8 FOHB B TATRA RSP 12
was extr aCér@ﬂot’%ﬁlhecﬂiocﬁlﬁd?ﬁﬁﬂ@itlh@l'ﬂ}eac(capt&blaeriulldl(brls) madrderhtileions,gahitiongxt r act s
wer e conbi ned and dried over anhydr ous sodi um sul fate. The dri ed sol ution

was filterwepeustnssripsland alisrnds adbieeitthaeetys camperefisngicdiqaid dosage
P57 L SIEDRIS BN 8 Ml L YL LR 3840 (o, Qe Sk,
(500 MHz, &IXA&)soBerdtssbivtlizirgladends dtd, ermbflfidrs3dcH M etByd,alodhbl), ;soﬁrdm'l (rn,
111, 94 alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene
glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed,
groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.
Besides inert diluents, the oral compositions can also include adjuvants such as wetting
agents, emulsifying 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 formulated 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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=CHCl - 12), 6.10 (ddd, 111, .1-= 10,3, 1.5, 1.5 Hz. =CTIC(0)), 5.36 (n, 211,
OCH2Ar), 3.79 (d, 111, I= 10.7 flz, CHN(CH3)2), 2,83 (m 21-1, =CCH2), 2.78
en, 11-1, QCH), 2.46 (s, 6H N(CH2)2), 0.84 (8, 9H, C(CH3)3), 0.27 (s, 3H,
SiCH3), 0,06 (s, 3H, SiCl113); 13C NMR (125 MHz, CDC13) 6 193.4, 187.9,
181, 6, 167.7, 1493, 135.2, 128.8, 128.8, 128.8, 128,6, 108.6, 83.5, 72.8,
59,8, 48.1, 422, 26.3, 25.8, 19.3, -2.2, -3.8; FUR (neat), cnvl 2942 (s),

1719 (s, ¢0),-.1678 (s; C0 N : S);

HRVE ( ES) T fk’jﬁ$8ﬁ chi g e‘(‘&%’?&‘ﬁ’gﬁﬁ% Sgé?‘%ﬁi&‘%ﬁ‘%&gg%géé%dg Sl adifiod 5)

I\K/let ﬂeGIVGCfEt_ ty g;éds%saeﬂds'l?léicia@lod;iré Qme_dd;l tmrbydéatagnffd‘ Shjactalbi;emrri de in eth her (3.15
.6 nit .7 mnol, 1. equi v) was added.t sol utiqn t he

al dehyde NP5 synt Hdsiniegahlp formsyatioas £3nd %gﬂi?ég'cfgéf”ﬂmé?f%yl fﬁgfltéon

3-benzyl o | G : pQr ) W iR-the Nrghs s, J.

B.; WI soﬁ?{roggﬁ] %&Lﬁt%ggg%h@ﬁéiggﬁ g%&}{%r%ggé %tb?%?%a%e?ts?h.t; mnol, 1.0

equi v) i n steeile ahiddoafposisiong ©Bichichn b¢ diséplved. or(dNpetseé e Benlhwvaterios offigght  br own

solution was, stirr ﬂ%%t -5 'Cfor 60 mn, then was partitioned between

sat ur at ed Sé‘iﬁ’l.‘f‘eﬁ’d&c“ag’ RYUM R &Y P¥e sol ution (400 rn. 1.,) and et hyl

acetate (48010%}) - ThE oI aNhG1RBARENRS o5 £ BAIAL @b i cBiriine tosléw taihydr ous
sodium sulfate. The dried solution was filtered and the filtrate was

concent r atabsqrppeouf i dgrgafrérh ghtcujasicbesprantraniusouler ipjeatisn, Episdegy derhe product

wa ed without further ification. .1001431Spdi r omi , 8.22
ol o, 2eeeciapisped b5 wBat b inbR aeho Pl SRl T RS bR, "hy

0. 329 i nmo}ith fokvREHULMbIING! Thadess iRopaanente dgy tesdepdndonpaf itt he | i ght
yell ow oi |l prepared above {(10.1 g, 32.8 miol, 1.0 equivV) i

n.

t et r ahydr ofieraf dfss¢laton which) ingimg mag, deperid ensnioyysial sisa 28¢ costaliinedAmdf sodi um
bi car bonat 690 1.8 22 . nol 2 | I [ J orox bl each
(90 nb) delt"%%tfvé’j}gtdSI%ESe%bﬁﬂ?%\?/gg?%8%5@%4#\%%3“ rpl)l(g){r%g%ﬁg%\rﬁ% ?Tﬁg m xture
prepar ed ahey@pRdhed byQissdigl@Susdehdigig litid Gl ity e bidwehithe! njeetabdesdepbt r r ed

vi gorously at 8 "Cfor 1.5 h whereupon sodium %Li]@fd teg%b_&gs %ggfd. The
resul ting ferRs seanadgdydenpinganierpencapsye magtices 81 the drig ERPIGRETHEPLS t i oned

bet ween . - et hyl t [ k) i,C phase was

\A%Oq{gmééggﬂ{% olﬁgahd;%; %ﬂ%ﬁgg Beéﬁﬂ&glgoh _It_he 8 PeaMo

separated an er’ an odi um he dried solution was
filtered apdymbearfditht nate ofalse poticdnt pedgreer, enprloydddihegate of idgrg relpassweanoi | .

i 6 Sol 16 FBIOHS] EAa0ps st DRIRETI O TR CI60Be (S OB T o o
acet at e- b%l%ﬁﬂ&drﬁes)’.\"\fﬁpﬁﬂgﬁ)ec% oAb BbnSaré a6 prepared by entrapping the

drug in liposomes or microemulsions which are compatible with body tissues.

[00107] Compositions for rectal or vaginal administration are preferably
suppositories which can be prepared by mixing the compounds of this invention with
suitable non-irritating excipients 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, tablets,
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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7.48 (m 6H, ArH), 6.98 (m 2H AYH), 5.19 (s, 2H, OCH2Ph), 2.62 (s, 3H,
C(-0)C113); i3C N :MR (100 KHz, CDCl13) 6 202.4, 155.5, 144.4, 136(3, 28,09,
128.7, 128.3, 127,2, 120.3, 115.2, 109.1, 71.3, 30.9; FUR (neat), cm-1
3065 (w), 3032 (w), 2918 (m), 1701 (s, C=0), 1565 (m), 1426 (m), 1300 (s),
1271(5), 1028 (m); HRVB (ES) in/z eaied for (CL5H1202fir+I1)+ 304.0099,
found 304.0105. Epoxi de MCCl O LA efir SO, 23t 0 . 94% MG COMCCI O

mxtur e of) BT TRLERg e Pt o A BB S B | equi v

an ?hs?lhl d cﬁlfbdirlﬁi:mﬂbl/dﬂ(ﬁ bﬂ@p{oﬁ?%atdh dliginic &26 camain 31111:5te$moﬂ sodiv® auinaie, washed
Wi ree 2-mh. portions of n-hexan rous gas. evol ution was
(C):bfser vig @b?ﬂﬂ\uﬁﬂﬂeﬁr@ﬁg AgHEs Fu68 @ P?rﬁﬁj%ﬁo%}?awa?%“ﬁ&ww‘ﬁ %ﬁ%s stirred at 23
or NEGR(8; 08 cgam26, &tymol , 1.0
equiv) in ‘L‘} ﬁﬂ? OXI %;Qﬁbo%%& %ﬁ gr&ggded dr onvi ge r?/Ilaa caml a( The

transfer w&&;hqlmﬂtgljzcamdnomosﬂeamteZh) aﬂsprbpmﬂstsudedqao?dnmmt@mefcéw @8d The
resul ting or nge m xEure was, stirre

partitionddy E?%WC @5 les caleyyym %fﬁ‘i‘iat@? ‘tﬁég“e(s%‘ﬁbs'tgqrﬁ?te%fﬂg pggéﬂqﬁ%{\%%phase was

separ at ed g"?yfb% Etf‘dlaﬂqlﬁﬂgssumé%m&tﬁﬁ tHRRof eX tha e ® T vhsileonebBamL
portion of ér. The organic phases were conbined and dried over anhydrous

sodi um sulpildﬁ, éheTdosagerfosd nwlalntq@mpmsbﬁffﬁm@mnﬁnd the filtrate was

concentr at
col um chrlﬁmgg\ép%ﬁg 03 lﬂ% &Jéfl é?’ﬁ?retﬁg S@ﬁ%fsy‘ﬁ%%@%ygﬁ'a@ﬁu é‘éLgir de
MXC10 as goglag@haLfilldd 1r&ap§ﬂ8@u31ng3&@lléﬁéhﬁkﬁts%@lz(cﬂ)sg oetrin'lﬂ(lsugar as

ot
acet at e- hexanes) : 11 Nl\ﬁ-'t 300 ,  CDCl 3]) 6 7.20- 7.52 (J{ , ArH), 7.10
(dd, 1H 7. \gellaslzglnzmolqwulameng)ht p@lystsyl(emgycqlmnd thedike. Tilezolilg OBSArH), 5.16

e R
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 hi gh
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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143.4, 136.7, 128.8, 128.4, 128.2, 127.2, 121,2, 1118, 112.3, 71.2, 59.7,
55.9, 22.9: FTIR (neat), cm-1 3034 (w), 2981 (w), 2925 (w), 1595 (w), 1567
(s), 1469 (s), 1423 (s), 1354 (s), 1300 (s), 1266 (s), 1028 (s): HRwWVS

(ES) Gated for (C;5114;502Bri-11)+ 318.0255, found 318, 0254,

Benzocycl obut enol M3C11: .t) , 3 NIgE3r-s ->23 "C .57% (704c: 300fti n

rei caoMCCl 1001471A solution of MUyllitili UMin hexanes (1.60 8. 25

a7 eact | onrwtedd o a e RGP ET R SRR ROt e “%&d%’%”ﬁ 8 7

mnol, 1. Q defiyed nahfler! Bkdraplyss Rinteating 20mpoiitignsabhiell 8arlbe Tded incedd t| ng
yel l ow solution was stirred at -78 C.1 for 20 Mr, whereupon a suspension

of rragnesmmnmn@rwbﬁar(cgsg@waxezl 4 EML10/, 2.2 equiv) in tetranydrofaran

(25 nil. im 1fdded 4y, ggg;oﬁgegdrrg?@ggntopugﬁsden@%dﬁﬁrﬁaﬁi%ﬁ ot 2ofitiBntd t at ed

with two portion uran. e resulting cloudy m xture
was stirredtlds invéBida intlade oMties, paktes) ctdamsplodbmmgelbmdwdm solatitonsed and t he
reaction mxture was allowed to warmto 23 The xture @Rﬁ)ng cl ear upon

war mi ng arf@raXgdnialanty egpasghes3ibe aqt“’ﬁ Coq“H%ner“é&c’ideBﬁe ‘39?[1 PEr! §GPEd i nt o
aqueous Roghel | b\nﬁarﬁaé 1%?1?}95&Ebt%6%%91é X\ﬁd ’ne%déd) _Ip@wiivétﬂ@s beSHkdé Rg M xture

was extracted acetate he organi ¢ phases were
conbi ned anay lo;trnequireﬂvdbp}ahdhymirfmsukaodmmarémbi amé eydfmopslpiceadsosol ut i on was

Sl A GERERE A U SRR, Lol
y
acet at e- h%ﬁ@éﬁ%@ﬁ coﬁ%&?fa@ésﬂﬂe ﬁﬁ%f&ﬁaﬁ%ﬁﬁﬂzﬁ%% QtiERpie thikddedagvant
solid (1 g, 679 001481 Rl 0.50 (3:7 et hﬁ/ acet at e- hexanes); 1 NIVR
(500 @IpTWldlBg c8mralled delivery of a compound to the body. Such dosage forms can be
made by dissolving or dispensing the compound in the proper medium. Absorption
enhancers can also be used to increase the flux of the compound across the skin. The
rate can be controlled by either providing a rate controlling membrane or by dispersing
the compound in a polymer matrix or gel.
[00112] It will also be appreciated that the compounds and pharmaceutical
compositions of the present invention can be employed in combination therapies, that
is, the compounds and pharmaceutical compositions can be administered concurrently
with, prior to, or subsequent to, one or more other desired therapeutics or medical
procedures. The particular combination of therapies (therapeutics or procedures) to
employ in a combination regimen will take into account compatibility of the desired
therapeutics and/or procedures and the desired therapeutic effect to be achieved. It will
also be appreciated that the therapies employed may achieve a desired effect for the
same disorder (for example, an inventive compound may be administered concurrently

with another anticancer agent), or they may achieve different effects (e.g., control of

any adverse effects).

[00113] In still another aspect, the present invention also provides a
pharmaceutical pack or kit comprising one or more containers filled with one or more
of the ingredients of the pharmaceutical compositions of the invention, and in certain
embodiments, includes an additional approved therapeutic agent for use as a

combination therapy. Optionally associated with such container(s) can be a notice in
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d, 211,1= 7.5 Hz, Aril), 7.38 (hr t, 211,1 7,5 Hz, Affl), 7,22-7.34 (m
214, Ad), 6.82 (6, 1H, J- 8.5 Hz, o-ArH), 0.75 (d, 11-1, - 7.5 Hz, o-Art1),

5.35 (d, 111, |- 12.0 Hz, OCHHT11), 5.25 (d, 111, 1= 12.0 Hz, OCHIT10,),
4.71 O d, 1H | - 5,5 Hz, CHOH), 3.31 On q, 111, - 7.0 Hz, CHCHA 2.21 (hr
d, 1H 1= 7.0 Hz, OH), 1.38 (d, 3H, J- 7.0 Hz, CHCH 0; 13C NWR (100 Mz,

CDC13) 6 154.0, 148.9, 137.4, 131.5, 128.5, 128. 4, 127.8, 127.3, 115, 2,

114.6, 77. 7 , 1602
(i 1e00t S EedSelyy HoRmbli SRR dey SRR A By 1RESP Y

( CH, H16024ﬂf1;>}1hrr12a4:@utilc115&,odﬁaumdn&ﬂﬂotﬂcwéﬂecmmbbyot’nte|agemeyl of M3C12:

[ 00149] Thet hyl am ne (336 p 2.41 mol .4 equiv) and triethylsilyl
trifiuor or@%ﬂﬂ’éﬁ‘fé‘érﬁilfsﬁﬁéﬁfée(‘lfé@“}@f} ad@1rgs,tr%| 1,2 equiv) were added in
sequence to a solution of the benzocyel ehti tenol MGCLl (500 mg, 1.72 mmol,
1.0 equiv) in dichloromethane (10 niL) at 23 '"C. The light yellow solution
was stirred at 23 12, for 15 min, then was partitioned between water (30
nt h) and di chl oronmet hane (30 snL). The organi c phase was separated and
dried over[oanbyjdr ousTiseehnthothed dspéces offthe prisére dneation ivdlhbevésthier | t ered and

the filtrate was concentrated, providjing a_yellow The duct was
purified APPFICESe ‘Blﬂnlfﬁﬁmé?f%%‘t’%? %W"(‘%Eé@}n%lﬁﬁw%l%%‘f’é?tsg‘{f‘éfgnes)

af f ording | h erh
[001501R10tug§ ‘?% ﬁi@&g%ﬁ%oﬁfﬁ&eﬁ%gﬁ@g%Jéﬂtloﬁﬁwar@ﬁoﬂn& LD 7 48,
7.32 (m 5115]scopelﬂ);deﬂneﬁ4>y(th'cclﬁhhsAffl) 6.82 (d, IH 8.4 Hz, o- Affl) 6. 74
(d, 114, = 7.2 Hz, o-Affl), 5.37 (d, 1H1- 11.2 Hz, CHH Ph),), 5.20 (d,
111, J = 11 .2 Hz, CHHT11),), 4.87 (d, 1H 1.6 Hz, CH( TES), 3.45 (dq,

1H, 7.2, 1.6 Hz, CHCH3), Examples

Example 1-Synthesis of (-)-Tetracycline

[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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HA2 (d, 314, = 7.2 Hz, CHCH3), 0.98 (t, 9H,1 7.6 Hz, TES), 0.56 (g, 614, -
7.6 Hz, TES); I3C NMt (100 MHz, CDC13) 8 154.2, 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-1 2952 (w), 2923 (w), 2854 (w), 1606 (w), 1469 (w), 1371
(m, 1265 (s), 1086 (s), 1057 (s), 1048 (s); FIRMS (ES) ml/25 cal cd for
(C22113002Si +H) 354. 2015, found 354.2006. Vinyl Sulfide M3C13:

[00151] Sol i nmol , 2.
equi v) Wast‘l:taélgHlt 8If&l8£|a}}ég%)rfyutg§egﬁﬁglﬁ% qﬁe eyc{hg g%r?ﬁ)lﬁg%ggg%u?&ﬁ&rz}g, 0. 367
ranol , 1. Qmﬁtﬁﬂ(ﬂ by thelmethcdlbmegboﬂmaanel (Bargboin) AaB.;X3iatdello,MeAr@whbsol uti on

res by ST SO TP Trebio b IBETE, SOl 1 e, (150

bet ween an, &ﬂ]‘ﬂ@gﬂéé h%ﬁ@@ﬂe%%mpswmh%lahw bE4- bﬁ@lmhmem sERHTth@im Gnd M 30
m d) and dichl oronethane (30 md). The organic phase was separated and

dried overt-tmmimrmsvem@tmxm H)atuteatIOﬁWelﬂda te@r@hxgbpﬁntramlm ofi2-pwsrd and

the filtrat trated, f Th
product - wasesERaar e g in i iRl g LR I Vi et vy
acetat e- heaay, EDuOMRISORoMacRERI ) Tiddcky. 2H 1= 7.0 He, o AH)
7.02 u, 211, , ArD 6.99 (d, 111,1 = 7,0 Hz, 42 (ddd,

1H, .1= 6. [0011:5']5 2I@smmemt@e+ r?rotglwle(dﬂmagwt@rwnaqu( H@FMR 1-)3, 5.03

(L e lFon M gl S8 s S BB el Wiy § 100

Hz, CH2CH)Unily/B3v4 600 gsbb MNej, J&&ham UnftyRn¢viesi0) (50@ M2/ 1 38RHZ)j ox, Vadtdn, 3063

2943 1714 2 0 06 1514 , 1371
(13)22 oS MRt ) MK 500 el MR splstism s Sk el shibs BisgBotors g

i i 2o eyt SPBTH B RAGs! Pitish 3P diegte S dGTiRly hyguSEAMGHRLC o>

added i n SREWIBERCAId0ReskRlalbioBlOh thARMX 9slugiis RTIEOR! 84, 28boyBsH. B6A 151,
0,367 mml, 1.0 NU ) inlsiaNditnethyllomamde (4 tick) at 0 'C. The

resul ting BEHRODr 5B IpCRHEle: &\&éz,s(UDzHéGDﬁ@oﬁ' 248). yClaamigal s@iffsder ogbet n,
then was partitioned between _eth cet at f—:‘ nes (1: %h)go L) nd an
aqueous po*"l%@’éﬁoﬁﬁﬁi Hh%ﬁﬁ&f@lg@flf(éﬁcai “t%ﬁ ‘%%F’in?et m Sla\?iean ). The
or gani c plrgﬁé? A’X%&tcf%%%t st%ﬁﬁ?cebi?f %%81% fds'glrj hgnogyt ract ed

wth two I ons o ace ex nes (1 13) Ke or gahi c phases

ver e combi D?@bpnsi 44oi eth,01es 5@@%@39@ saoxb SYMI3dth hidtrepreddneeddisifedowal ut i on
was

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 absorption (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-pL or 2-mL solution cell. High resolution mass spectra were

obtained at the Harvard University Mass Spectrometry Facilities.

Microbial Dihydroxylation Product DRS1:

@\ A. eutrophus @COpH
COzH - 0 .

H
74% HO
benzoicacid DRS1
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filtered and the filtrate was concentrated, providing a brow oil. The
product was purified by flash columm chromatography (15:85 to 1:4 ethyl

acet at e- hexanes), furnishing the vinyl sulfide M3C13 as a white foam (116
ng, 66% over two steps). 100153]Ri -0.47 (2:3 et hyl acet at e- hexanes); 1H NWR
(500 MHz, CA) 7.34 (dd, 2H, .1 7.0, 1.0 :Hz, o-ArH), 7.23 (d, 211, 1= 6.5
Hz, o-ArH), 6.85-7.04 (in, 6H ArH), 627(ddd 111.1= 6,0, 3.0, 10Hz

CH- CSPh HTh), 5.02 (d, 114,12.0 Hz,

0(." HHzl'h) e’%f’]’%é‘g’%?(%’!ce]’iﬁ’g%m%"” )1H'I - (10,5 Hz. CHN(CHB)2), 2.44
(ddd, 114,[064180. 0, Si/&ligdud euzrppmmeuszlyaﬁhinzei@c(wdermmgme@ptous]y 2CH) ,
1. 87 611, 1\ 1( C113)2 C 188 187. 4, 182.5,
167. 6(a14§ulap lejéy Pof. )E@é gf% fgl%e@an%% %‘@r%w}i Ang, R E’g Hegepas, 37 108 0.
127.8, 10& Iy, B%Qch%mzszé/@vﬂ@go %63(9'ngre s‘41§p€41ded2§1 &trlg-['bﬁ)tﬁgﬁﬁm réﬁﬁfbd"l 3445
(w, 01-), 3056 (w) 1711 (s, a), 1600

(in), 150by(d&9splvinp/d s Dlﬂzdehct(o@) NuttﬁaﬁBB(ml) in 1020 n@mqp)lre Mﬁﬂel\/quOQNES)byt th
cal cd for 61-12405N23+11) 4 477, 1484, nd 447.1465, Diel - Al der Addition
P oduct  MAGHET I DEACO I A2 V100 28 M NRE I ITH GBERIEBHc o ng a

m xture ofg hie, c@i}é&%&ﬁt g@ 6%&%5@%%15 W?qugq}gs7s%hﬁfbﬂo§ mM-fhafqui v) and the

benzocycl ohnt eho 7 equiv) was placed in an oil
bath pr eheaahesﬂmﬁﬁoxﬁfwas@dda'd)anﬂ tl@htultyt&l thbswsothakeoa Ad@spstat B0EE wttil 85 C. f or
48 h, then was allowed to cool to 23 'C. The coqol ed mx{@;re was purified by
flash col ueH ez ibrbseasns apryent ©3 4o vn aligop a0 11 @dth lIHEL SHPEySionpadr di ng

the Diels- I id (145 ny,
64% , the tﬁ%gt?%nﬁge% ?%ﬂ?of‘)ﬁﬂﬁ e%ﬁéﬁﬂ%ﬁg%aﬁ%} l’i@%B? aﬁ%ﬂt{%gﬁ{r ecovered
benzocycl alvenehtalMaid fodsmauedigas (1.1 %155@ 2053090 aquEin e s‘é}uﬁodﬁfs mAddinfal on
Product MCCl4: [001551rap 178-179 "C, 55 (2:3 eth

acet at e- heaoap@@)atloma iNWRO(B b Gtenile culsoBIbes The pulfure tubg wap=s algenﬂz 25@rpmr H) |
7.06-7,22 f()pk da 30 %tw%éreuponzan allquotC&SO uL) 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 Mineral 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.

83



100 31-1"AWH), 6,85 (6, 1H J- 7.2 Hz, Ark!), 6.70-6.75 (m 3H, Ari
6.55 (d, 11-1"/' 8,4 Hz, o-ArH), 5.75 (s, 1H, CHOTES), 5.29 (br 8, 1H OH),
1H, 1z, 12.0 Hz, OCHHTh), 5.10 (6, 11-1, 1= 12,0 Hz, OCHH Ph),

5.16 (ri,

4.66 (6, 1H, 3 = 10.8 Hz, OCHH*Ph'), 4.63 (6, 11i,10.8 Hz, OCHH Phr),

(6, 1H J 6.6 Hz, CHN(CH3)2), 3,02 (dg, 1H, J= 7.8, 6.0 Hz, CHsCH),

(666, 1H,

CHCHI TCH)

),

4, 36
2.77

16.6, 6.0, 4.2 11z, CHCHN(CH3)2), 2.41-2,52 (m 2H, | CHH'CH,

043040404%012\%40?(:]( ?—):y A@f‘j @Kt?’%%})lgt}é%l S %ﬁ:‘pldﬁ?o;%ollljev/s Cje%c&ltra%(ﬂ 4.

2 Hz,

Si (CH2C11 31)1]31)r;c 2idlg 0() QL) Gulab ,add’ed&o Hanopuréw@fél‘-lwhﬂlB) B)g zmmme@@r MHz,

CDC13) 5 19

186. 181 168,
ask. Solld EDTA (0.50 g) zinc sulfate hepta?lyg’rate (2.20 g), iron (II) sulfate
heptahydrate (1.0 g), copper (I) sulfate (0.39 g), cobalt (II) nitrate hexahydrate (50 mg)
and sodium tetraborate decahydrate (36 mg) were then added in sequence, followed by

50 mL of nanopure water.

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 aqueous 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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143.9, 137.6, 136.6, 135.4, 130,6, 129.8, 129.3, 128.6, 128.5, 128.4,
128, 2, 128.0, 127.8, 125.4, 121.1,

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 residue. 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., [o]p —106 (c 0.5 in EtOH) Jenkins, G. N.; Ribbons, D. W ;
Widdowson, D. A.; Slawin, A. M. Z.; Williams, D. J. J. Chem. Soc. Perkin Trans. 1

1995, 2647.).
Epoxide DRS2:
O m-CPBA, EIOAG oy-@
_A=COZH 0-23°C RN HcozH
Y &1 Y
HO 83% HO
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), Bc
NMR (100 MHz, CD;0D) § 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 caled for (C;HgOs+NH,)" 190.0715, found 190.0707.
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109. 3, 108.4, 80,6, 72.4, 70.2, 66.0, 62.5, 61.7, 43.2, 42,0, 38.1, 37.2,
27.4, 20,5, 6.9, 4.9; F11R (neat), ern-1 3490 (w, OH), 3063 (w), 3023 (w),
2951 (m), 2871 (m, 1715 (s, C=O, 1602 (in), 1589 (m, 1513 (s), 1457 (s),
1366 (in), 1260 (s), 1065 (s), 1012 (s); HRVMS (PAM n::: Gated for
(C48H5407N2SSi +Naf 853. 3318, found 853.3314. Lactone |1V1IGC15: 1:001561R
0.5S (3:7 ethyl acetate-hexans); H NVR (600 WHz, Q D6) 37.34 (d, 211,1 -
7.2 Hz, a-At-H), 7,02-7.18 (m 1111, ArH), 6.72-6,84 (n, 4H, ArH), 6.54 (d,
114, - '7.8 Hz, o-ArH), 5,73 (s, 11-1, CHUMS), 5.49 (6, 114,J- 6.6 Hz,
( C=0) OCHCE®pxido IRBI( S, 214, OCHZPh) 4.60 (6, 1H, J= 11.4 Hz, OCHEEPti),
4.57 (6, 114"/ = 11.4 Hz, OCHI—rl'Iq #9 (6, 111, J-11,4 Hz, CHN(CL13)2),
3.23 (dg, 111, 1" 9.0, of gjﬁbemg 49 (in{[" 1k CHsCHCHCHTE)
2.30-2,40 (m CHCHN( CH3)' 3 pﬁgﬁg}r TR oldd; dr- 12.0, 0.6 Hz,
0- 13CHCHCHH ), 1.96 (s, Bﬂ I\/C113§c21)ﬂ60_123a3 (d, TB§T1 J 7,2 Hz, CH3CH), 0.73
(1, 9H, | = 7,8 Hz, Si(CH2Gh3)3), 0.46-0.62 (m 611),1BIS|(CI—|2CI—I3) 0; 13C NWMR
(100 MHz, CDC13) 8 196.4, 176.0, 17070, 157.9,

[00124] A solution of trimethylsilyldiazomethane in hexanes (2.0 M, 25.5 mL,

51.0 mmol, 1.2 equiv) was added to a solution of the epoxide DRS2 (7.36 g, 42.8

mmol, 1.0 equiv) in methanol-benzene (1:3, 160 mL) at 23 °C. Extensive gas evolution
was observed upon addition. The yellow solution was stirred for 5 min, then was
concentrated, affording 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 tert-
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, CDCl;) & 5.95 (dd, 1H, J =
9.8, 3.4 Hz, =CHCOTBS), 5.89 (ddd, 1H, J=9.8, 2.9, 1.5 Hz, =CHCHOCCQO,), 4.63
(d, 1H, J = 3.9 Hz, 0,CCCHOTBS), 4.42 (m, 1H, =CCHOTBS), 3.78 (s, 3H, OCH3),
3.31 (d, 1H, J = 2.0 Hz, CHOCCO,), 0.90 (s, 9H, C(CHj3)3), 0.89 (s, 9H, C(CH3)3),
0.09 (s, 3H, SiCH3), 0.08 (s, 6H, SiCH3), 0.07 (s, 3H, SiCH3); °C NMR (100 MHz,
CDCl,) 6 170.2, 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 (C20H3805Si2)+ 414.2258, found 414.2239,

Isoxazole MGC2 (Method A):
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156. 0, 144.0, 136,6, 136.5, 135
128. 4, 128.3, 128.2, 128.1,

.6, 129.8, 129

.7, 129.4, 1218, 9,

128. 6,

OH 1. MsCl, EGN, DMAP, N(CH)2
I O\N DCM, 0 =23 (C | 0~N
4 2. (CHy),NH, DMF ¢
Bn n
74%
MGC1 mMGc2

[00125] Triethylamine (37.5 mL, 0.269 mol, 1.15 equiv), 4-
(dimethylamino)pyridine (289 mg, 2.34 mmol, 0.01 equiv), and methanesulfonyl
chloride (20.8 mL, 0.269 mol, 1.15 equiv) were added in sequence to a solution of the
alcohol MGC1 (prepared in two steps from commercially available methyl 3-hydroxy-
5-isoxazolecarboxylate as previously reported by: Reiss, R.; Schon, M.; Laschat, S.;
Jager, V. Eur. J. Org. Chem. 1998, 473-479.) (48.0 g, 0.234 mol, 1.0 equiv) in
dichloromethane (450 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 2.5 h,
then was concentrated, affording an orange oil. Chilled dimethylamine (condensed
using a cold finger with dry ice/acetone, 26.2 mL, 0.480 mol, 2.0 equiv) was added to a
mixture of the orange oil prepared above and N,N-dimethylformamide (150 mL) at 0
°C, providing a homogenous solution. The solution was stirred at 0 °C for 2 h, then
was allowed to warm to 23 °C; stirring was continued at that temperature for 24 h. The
solution was partitioned between saturated aqueous sodium bicarbonate solution-brine
(2:1, 300 mL) and ethyl acetate-hexanes (1:1, 500 mL). The organic phase was
separated and washed with brine (2 x 200 mL), and dried over anhydrous sodium
sulfate The dried solution was filtered and the filtrate was concentrated, furnishing a
brown residue. The product was purified by flash column chromatography (1:4 to 1:1
ethyl acetate-hexanes), affording the isoxazole MGC2 as a light yellow oil (40.1 g,
74%).

R 0.34 (1:1 ethyl acetate-hexanes), '"H NMR (500 MHz, CDCls) & 7.43-7.31 (m, 5H,
ArH), 5.82 (s, 1H, =CH), 5.23 (s, 2H, OCH,Ar), 3.48 (s, 2H, CH,N(CHs)2), 2.27 (s,
6H, N(CH3),); >C NMR (125 MHz, CDCl3) § 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 (C13H16N202)+ 232.1212, found 232.1220.

Isoxazole MGC4:

87



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), erri-1 3062 (w), 3033
(w), 2950 (m, 2874 (in), 1731 (6, C0), 1599 (nm), 1590 (n), 1514 (s), 1453
(s), 1365 (m, 1259 (s), 1120 (s), 1059 (s), 1010 (s); FIRVMS (ES) trilz
ealoct for (C431-13407N2SSi Cr)' 8 1.3499, found 831.3509. Al cohol M3C16:

cl N(CH3)2

l O‘N (CH])zNH, DMF I O\N
{ 0> 23°C ¢
Br Br
MGC3 9% MGC4
[00126] Chilled dimethylamine (condensed into a reaction vessel submerged in a

0 °C bath using a cold finger with dry ice/acetone, 106 mL, 1.94 mol, 2.2 equiv) was
added dropwise via cannula to a solution 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 MGC#4 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, CDCl;) 8 6.26
(s, 1H, vinyl), 3.63 (s, 2H, CH,N(CHj3),), 2.30 (s, 6H, N(CH3),); 3C NMR (100 MHz,
CDCl3) 8 172.1, 140.5, 106.8, 54.5, 45.3; FTIR (neat), cm “13137 (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 (CeHoBrN,O+H)™ 204.9976, found 204.9969.

Isoxazole MGC2 (Method B):

N(CH )z N(CHg),
O\ benzyl alcohol 0
L Na, lzocfc W
Br Bn
63%
MGC4 MGC2
[00128] Sodium metal (32.63 g, 1.42 mol, 2.03 equiv) was added portionwise
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NI GC: 14MCC. 6 [00157] Triethylam ne trihydrofluoride (200 4,, 1.23 mol,
8.5 equiv) was added to a solution of the Diels-Al der addition product
M3C14 (120 ng, 0.144 mol, ,0 equiv) in tetrahydrofuran (6at 23 C. The

m xture was stirred vigorously at 23 T. for 12 h, then was partitioned
bet ween an aqueous potassi um phosphate buffer solution (pH 7.0, 0.2 M 30
m.) and ethyl acetate (30The or gani c phase was separated and dried over

anhydr ous so uI f T e dr| t Itrate
was concer?t?d%fégg I%Phﬁg 13 t ?ﬂgl\%ﬁés@fﬁlégﬁ %&R&%%ﬁg{q Bg%sf rified
by flash G@lMthr@mmgfea@hw(mg@ boee dannelhhgtheareettlameazblemw(14affor di ng

the al cohol M3C16 as a col orless il /%1 00158+R1 20 (2:3
et hyl a. ce% 81780 Fokan@8guiv) ati 2RVR- Té@(yewgltag%bs e Plasef iman 7 5" g g

I(—|(zj, ? Ar |‘|) 1]%)ag12ﬁzﬁ%ﬁq)2t$4 éé § ?18 Wai s(\rré(fl ?or 2@ hga%’tﬁat %@np(e?ﬁturjez Eh)(l%"cétlaie 6.76
CHOH), 5. 181L{ ehas dfiedts tmezqomddzrpadﬁemmmye arﬁl sx’ﬁru(lgiwmc@mtmed focHist i) | 4 57

d, 111,126 He 5 1H' f 6.Hz, OCILII'Ph'), 3,44 (dq,
I(fl 1=6. 6‘*%@@?@%@%“2@4(?&)%%35‘“ angl th aqysoRly PSS 142 )2 90 (|§1 :

lll CHCH 94
(in 111 N@%ﬂ%’f)ﬁ) Th@o%gm(:?has% Wis!'ﬁlrt%')eﬁgr\getlgfwgﬁl?wo :BU(C)) ﬁ%g@?ﬁm O M.

CH3CHCHCH2) peis 4 diodhloBkiacid. The 6qeeaiis phaeg@ele conbinadvird(thopH vepstedriol 3) 8
202.5, 185 6, 179,

130.5. 12 *evsla\zgdéhoaﬁ a@?‘ieog%d@mh@%ide@‘\i apjl?%* §5°f§3 gﬂheigg 3

124. 7, 11934 )Qurejv&)a@ catraded gelnha?chﬁ)rox%%thgne gﬁx 400 £4,)2Tho8rgdnic43, 0, 39.1,
37.8, 32.6, 25. .8; FTIR (neat), cirn- OH), 3066 (w), 2964

(W), 2933 exwmpets 8&7elco(n\'{b)med1a7ﬁdfiir(©d ovex ﬂ)hydmssoc(lgm s@lf@t)e The dzied ﬁ@1)1t1011583 ( m,
LREIRLNONE NOMEE NI e RN
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(CHa)z N(CHa)z
O 1. n-BuLi, THF, =78 °C . O\
L) 2 [ Jeoli N
@_‘_30 TBSOY
on TBSO™ ™Y~ YCO,CH3 TBSG ©  ©Bn
MGC2 T8S0  DpIBI 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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H39 ..,,CACH,,02 i 11.-:1- MK,..7.,,.." ...t.: DNISO...1 79%l:11:uBn h
MOO? [001591Sol i d o-iodoxybenzoie acid (459 ng, 1,64 nmmol, 15.0 cquiv) was
added in one portion to a solution of ihe alcohol M3Cl6 (78,3 ng, 0.109
mol, 1.0 equiv) in dinethylsulfoxide (3.0 m.) at 23 'C. The resulting

het er ogeneous m xture was stirred for 5 nun whereupon it becane
honogeneous. The reaction vessel was protected fromlight and was placed in

an oil bat eheated. t0,35.'.C . T Ut ty ‘Lgor ousl y
o0 Sec PoRgBEaRE SR B g PR AU SEUEL A R st g o
bi car bonatgs siikiet lagd tHerfiletewads@bndedtrated, pfbvitlinigla yellawbilket The pradwet stes- et her

(1:2, 35 nth). 'The organic phase was separated and the aqueo hase was
furt her emuﬁ%\%dc @dﬂ@ﬁhtqe?wmmc}zsmﬁ@gf?@hﬂbﬁéo LB 3&%?5#’8’-‘@%&‘% The

organic p f [ i \ hydr ous sodiun1su|faté. The
dried solu ﬁ%%n@ﬁé%?ﬁﬁ%%ﬂ&%ﬁgﬁgﬂ¥%@kﬁﬁpgﬁgﬁéﬁghs concentrated, providing a
yel | ow oi [[g01B0p pr o@yeSORS eftiyll bédt et hbyarfeh)asih NOGR YRG0 bitn CRXEgrapHy- (1: 2

t hyl tate-h ,_afford t he ket MGC17 I il (61.7
. 7959 . TRGHGOFRATE) S @, Uit Odcbed B Hex sHEOSP 1§ FRasR. P60’ nit

C6D6) 8 7973 4 Hz, <CHCHOCC), 5.31 (m, 2H, OCH,Ar), 4.58 (d, 1H, J = 4.2 Hz,
(0)CCCHOSI), 4.27 (m, 1H, =CHCHOS}), 3.94 (d, 1H, J = 15.6 Hz, CHH'N), 3.77 (4,
1H, J= 15.6 Hz, CHH'N), 3.17 (4d, 1H, J = 3.4, 1.5 Hz, HCOCC(O)), 2.35 (s, 6H,
N(CHi),), 0.89 (s, 9H, C(CHa)s), 0.83 (s, 9H, C(CH)s), 0.06 (s, 3H, SiCHs), 0.05 (s,
3H, SiCH3), 0.04 (s, 3H, SiCHs), —0.07 (s, 3H, SiCHs); '*C NMR (125 MHz, CDCl;) §
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,
553, 52.6, 45.9, 26.2, 26.0, 18.5, 18.3, 3.1, 3.8, —3.8, =5.1; FTIR (neat), cm ' 2952
(s, CH), 1682 (s, C=0), 1594 (s), 1502 (s), 1456 (m), 1097 (s, C-0), 774 (s); HRMS
(FAB) m/z caled for (C3aHsoN2OgSi+Na)* 637.3105, found 637.3097.

Ketones MGC6 and MGC7:

0-N
N(CHg), y NCHa) (CHa)N, A\ P~o8n
o] ) ° =N -0,
""(O | ;N 1. LiOTf, toluene, 60 °C I ;N o Hite
TBSOY " 2. TFA:DCM (9:1) HOY N2 i /=0
TBSG © OBn  0-23°C T8S6 H 0  OBn TBSO" X o
TBSGO
MGCS MGCS, 62%
MGC7, 28%
[00131] Solid lithium trifluoromethanesulfonate (76.0 mg, 0.490 mmol, 0.05

equiv) was added to a solution of the ketone MGCS5 (6.02 g, 9.80 mmol, 1.0 equiv) in
toluene (500 mL) at 23 °C. The resulting heterogeneous light yellow mixture was
placed in an oil bath preheated to 65 °C and was stirred at that temperature for 3 h. The
reaction mixture was cooled to 23 °C and was filtered. The solids were washed with
toluene (50 mL) and the filtrate was concentrated, providing a yellow oil. The oil was
covered with dichloromethane-trifluoroacetic acid (10:1, 165 mL) and the resulting
mixture was stirred at 23 °C for 18 h. Aqueous sodium bicarbonate solution (300 mL)
was added and extensive gas evolution was observed upon addition. The biphasic

mixture was extracted with diethyl ether (4 x 300 mL) and the organic extracts were
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(d, 211,1 =
3H, ArH), 6,
7,8 Hz, ArH), 6 (

OCHI I' Ph), 4.96 (d,12.6 Hz, OCHHE Ph), 4,77 (d, 1E1,1- 12.0 Hz, OCH1-1The),
4.72 (d, 111,12,0 Hz, OCH ITIO, 4.48 (hr s, 1H, OH), 4.06 (dg,- 7.2, 3.0
Hz, C}BC}D, 3.15 (d, 114, 12, 0 Hz, CHN(CE3)2), 2.20 (Eidd, 111"7- 12.6,

5.4, 3,0 (3 C112) 13..( ddd :

CHHNG 1 1878y hed el AT Ehy S e T e o By rifle8a biRg |
13,8, 5, 4the%1§at@3vas@b§@ﬂ9hf5 vidiagQloro@n o8H ThE prodictHRas Mﬁd)by fl36 NVR
(100 MHz, CDC13) 6 200. 3, 5, 183.1, 167.8, 160.6, 146,4, 138 2, 137.1,
135. 3, 134013mnm10rrratog.tagh>6(1 91@81 § cthybaregite-horanes), affpding thoketane MGC6

as a white foam (3.20 g, 62%) and the ketone MGC7 as a viscous yellow oil (1.68 g,
28%).

Ketone MGC6:

[00132] R;0.52 (1:3 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) & 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, CHOS;), 3.59 (d,
1H, J= 3.9 Hz, CHN(CHa),), 3.34 (bs, 1H, C;CH), 2.57 (bs, 1H, OH), 2.39 (s, 6H,
N(CH3)y), 0.90 (s, 9H, C(CHs)s), 0.16 (s, 3H, SiCH3), 0.11 (s, 3H, SiCH3); °C NMR
(100 MHz, C¢D¢) & 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 calcd for (C26H36N206Si+H)+ 501.2421, found 501.2422.

Ketone MGC7:

[00133] Ry 0.64 (1:5 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCls) & 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,
=CHCHCHOS), 5.76 (d, 1H, J = 9.7 Hz, =CHCOH), 5.37 (d, 1H, J = 12.2 Hz,
OCHH'Ph), 5.32 (d, 1H, J = 12.2 Hz, OCHH'Ph), 4.09 (d, 1H, J = 2.9 Hz,
HOCCHOSI), 4.03 (s, 1H, OH), 3.88 (m, 1H, NCHCHCHOSi), 3.74 (d, 1H, J = 3.9
Hz, (CH;),NCH), 2.46 (s, 6H, N(CH;),), 0.91 (s, 9H, C(CH3)3), 0.87 (s, 9H, C(CHs)3),
0.06 (s, 3H, SiCHs), 0.05 (s, 3H, SiCH3), 0.04 (s, 3H, SiCH3), 0.03 (s, 3H, SiCHj;); Bc
NMR (125 MHz, CDCl3) & 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 caled for
(C32HsoN,0¢Sip+H)" 615.3285, found 615.3282.

2 Hz, o-ArH), 7.40 (d, 211, J:= 7.2 Hz, ArH), 7.18-7.23 (in,
6 ém 6H'ArH), 6.76-6.84 (m 3M Aril), 6.59 (d, 1H, J=
2

1H, .1= 8.4 Hz, o-Arki), 5,09 (d, 1H, f= 12.6 14z,

7.

94-7.0
53
d

Alkene DRS3:
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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,

n NCHs) §(CH3)2

< : (6]
R 1. PPhy, DEAD 3
o ) 2.NBSH O
A=Y S { 25
TBSO (10 ©OBn T8SG 1 O Bn
74%
MGC6 DRS3

[00134] Diethyl azodicarboxylate (472 pL, 3.00 mmol, 3.0 equiv) was added to a

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, CDCls) 8 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, =CHCOS}), 5.39 (d, 1H, J = 12.2 Hz, OCHHPh), 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(CHas),), 2.58 (dd, 1H, J = 10.7, 3.9 Hz, C;CH), 2.47 (m, 8H, N(CH;),,
=CCHy,), 0.86 (s, 9H, C(CH3)3), —0.05 (s, 3H, SiCH3), -0.13 (s, 3H, SiCH;); ®C NMR
(125 MHz, CDCl3) § 191.5, 183.3, 167.9, 135.3, 128.8, 128.7, 128.5, 127.4, 1006 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-0),
1061 (s, C-O); HRMS (ES) m/z calcd for (CogH3sN,05Si+H)" 485.2472, found
485.2457.

Diol DRS4:
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103 18,7, 18.0, 10.3; FTIR (neat), cm1 3457 (w, OH), 3063 (w), 2939
(w), 2878 (w), 2795 (w), 1727 (s, C0), 1704 (s, C=0), 1667 (in, 0-0),

(s), 1513 (s), 1471 (s), 1453 (s), 1371 (in), 1276 (an), 1044 (n); HRVS
(ES) liez ealcd for (042H3RO7N284-W 715. 2478,

MGEC18:

t n-ehl or oper oxybenzoi ¢ acid igcdi,chl oronethane (w3 M 0,228 nth, 0.114
5 equiv) were added-

n sequence to a-8olubi on of the sul fide MC17
. ty) iTHARHOAC .
]'; { THF Tz
T8S6 H O  OBn HO R =

m nol, 1.
(54.2 ny,

f ound 715, 2483. Per oxi de

1593

[ 001611A solution of trifluoroactetie acid in diehloronethane (1
M 0.189 InE, 0,189 mmol, 2.5 equiv) and a sol ution of

0.0758 mml, 1

DRS3 DRS4
[00136] Acetic acid (83.0 pL, 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, CDCl;) & 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, C;CH), 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 (Cz()H22N205+H)Jr 371.1607, found 371.1601.

Cyclohexenone DRSS:
H §(CH3)2 H ';J(CHs)z
@%\,Q e LIy
HG 3 B 84% 8 4
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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di chl oronethane (4.0 m.) at -78 "C, The resulting cloudy m xture was
stirred at -78 ec for 10 mn, then the -78 C bath was teplaced wwith a 0 'C
bat h. The m xture becanme honbgeneous upon warm ng. The solution was stifled
at 0 "Cfor 30 min, then was partitioned between an agueous potassi um
phosphate buffer solution (pH 7.0, 0.2 M 10 md) and dichi oronet hane (10
nth). The organic phase was separated and dried over anhydrous sodi um

| f at he d | filtered and t |t trated,
ot ovi i ng PAXBEP Gt et bul B T Errnebber g read e g BB SR “BnL) “and
dried by azeed Lopl&ediih h'4*5§ﬁL?8m%h of Gty pace%@ﬁéxa'ﬂbg{? Vaduemrgabie resul ting

yel l ow oi|l was dissolved in chloroform 2 n;@)s and t reacti on vessel was
exposed t@xuamwpﬂemontbllmdwgémaleewnh Rquspes sgalsura spldietpletions@dh aft i |

oxi dati on S ence ct#0s xture
was fil terr‘g@ 131 ngr(? Wfé ag %‘??tspgltug}jsuﬁfé?eovf %“(%%H%QRIJB&‘%H% de
MC18 as &ilRfMndPhd ﬁltrﬁtbew@sr@@lueﬁramsmoewmelc Hi:@hehy/DRS5taetigdycl i ne.
1001621The peroxi de M3C18 can al so be prepared by followi ng the procedure

reported Byowaswar QA (g, 8AVn. Chem Soc. 1986, 108, 4237-4238.): 10016: 51A

| uti | d hi L, 104
0 0oas mraPotB 5 oo HrRR A A ae sk e R Peb dntle mcefo 8 1y
di chl or Oﬁqahﬁmeli @,35Hi\/lAr¥ﬁ 744@7 3Q (Bl4H, mmg ,6.98 énemJI:\OH@HE)eéaa(ie@dl n

sequence to a solution of the sul fi de MaCl1 00979 ol

equi v) i n Id,oht b3l RahBz(BCHGP)LY 3a1(m, ZHJéCfbAf)rlfﬁg 5r(Bs U, 1Y); élgéudy

el aced it el 090C b GReonPee bR e TR 2 Fhoraliln,

. [ he sol ut?ommag 153 MHAEDt,)Q 192.8,1188.2308718 6711 @9 wals:smntzspl, 0P, bet ween
an aqueous potassium phosphate buf fer sol uti On’é%ﬁ?a@ N 0. 2 NI, 8 rial.
€8

)
and di chl or28rfet A&el 70,170t Th ¥2.8T6k4.ct5ar &, phds p%ilf*at?’é@ﬂ BcOHD ed

i T1rate Wb Sorcam Tara, CorbvRlP s a e Fntb 5ah SR 10 SHERAERLE, ien

up in tol ugnealcd deF(CQ()Hz@KIEbQH)E%@Ms@zmhagngm sti I I atl on at 40 cf, under
hi gh vacuum The resulting yellow oil was dissolved in chloroform (2and

ni eso-t etraphenyl porphine (0.6 ng, 0.979 0.10 equiv) was added in one
portion. %%Y € has .ed through the resulting m xture under W
irradiati “‘for 10 mn. The m xture was concentrated to
0.5 inL and was diluted vatthCFWEt hanol (5resultingyEA"reci pitation of
nmeso-t et raphenyl por phin 0 eSU|TESlOITI1gZ6HEhd)6$UI’ Wtered and the
filtrate was concentrat |d|ngt perox%allght yel | ow
solid, [00 164]Rf O , 10 ghy| acet ate hexanes), 1PE1 NVR (500 MHz,

C6D5, keto tautoner reported) 8 8.95 (br s, 11-1,00011), 7.48 (d, 2H, J =
7.0 Hz, n--Ant), 7.28 (d, 211,pks0 Hz, ArH), 6.96-7.16rgm 811, ArH), 6,53

(d, 1M1 =[0%'190]HZ’ A£,|6i12dtid15rie](475.%dpiL, 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, CDCl5) 8 7.51 (4, 2H, J= 1.5 Hz, ArH), 7.50-7.34 (m, 3H, ArH), 6.94 (m, 1H,
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1H, | = 12.0 Hz, OCHH Ph), 5.03 (d,J 12.0 Hz, CHU 'Ph), 4.83 (d, IH 1 --
12.5 Hz, OCHHePlit), 4.74(d, 114,1= 12.5 Hz, OCHHTIC), 4.60 (lar s, 1H,
oH), 3,54 (d, 1H, j 11.0 Hz, CHCHN(C143)2), 3.12 (dd,18.0, 0.5 Hz,
CHCHWCH), 2.82 (dd, 111, J= 18.0, 4.5 Hz, CHCHWCH), 2.44 (ddd, 111,1-=
11.0, 4,5, 0.5 Hz, CHCHN(CH3)2), 1.86 (s, 6H, N(CH3)2), 1.01 (s, 311, CHG
3C Ntvl R 100 MHz, C6D6, enol and kern tautoners reported) 8 194.4, 188.6,

a7 i%cﬁ{céggg‘ 30t T, 71375 15° {5, Lo E0)) Fs6m, AT Somzkt; O 1459
3.79 (d, 1H, J = 10.7 Hz, CHN(CH3),), 2.83 (m, 2H, =CCHy), 2.78 (m, 1H, C;CH),
2.46 (s, 6H, N(CHs)y), 0.84 (s, 9H, C(CH3)s), 0.27 (s, 3H, SiCH3), 0.06 (s, 3H, SiCH);
'>C NMR (125 MHz, CDCl3) 6 193.4, 187.9, 181.6, 167.7, 149.5, 135.2, 128.8, 128.8,
128.8, 128.6, 108.6, 83.5, 72.8, 59.8, 48.1, 42.2, 26.3, 25.8, 19.3, 2.2, 3.8, FTIR
(neat), cm™ 2942 (s), 1719 (s, C=0), 1678 (s, C=0), 1602 (m), 1510 (s), 1053 (s, C-0),
733 (s); HRMS (ES) m/z calcd for (Ca6H34N,05Si+H)" 483.2315, found 483.2321.

Ketone MGC9:
O+ _CH
CHO 1. CH3MgBr, THF, =5 °C :
C[z’ 2. TEMPO, NaOC|, NaBr Br
. NaHCOj3, THF, H,0, 0°C oBn
MGC8 MGCY
80% (2 sleps)
[00142] A solution of methylmagnesium bromide in ether (3.15 M, 11.6 mL,

36.7 mmol, 1.07 equiv) was added to a solution of the aldehyde MGCS8 (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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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,

°C, then was partitioned between water (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 brown oil. The
product was crystallized from ethanol, furnishing the ketone MGC9 as a white solid
(8.08 g, 80% over 2 steps).

[00144] R,0.80 (3:7 ethyl acetate-hexanes); 'H NMR (400 MHz, CDCl3) & 7.26-
7.48 (m, 6H, ArH), 6.98 (m, 2H, ArH), 5.19 (s, 2H, OCH;Ph), 2.62 (s, 3H,
C(=0)CH3); '*C NMR (100 MHz, CDCl3) & 202.4, 155.5, 144.4, 136.3, 128.9, 128.7,
128.3,127.2,120.3, 115.2, 109.1, 71.3, 30.9; FTIR (neat), cm 13065 (w), 3032 (W),
2918 (m), 1701 (s, C=0), 1565 (m), 1426 (m), 1300 (s), 1271 (s), 1028 (m); HRMS
(ES) m/z caled for (CysH,30,Br+H)" 304.0099, found 304.0105.

Epoxide MGC10:
O« _CHa 2 _CHs
Br (CHyRS ' (0)CHy~ Br
DMSO, 23°C
Bn OBn
94%
MGC9 MGC10
[00145] Dimethylsulfoxide (90 mL) was added dropwise via syringe to a mixture

of solid trimethylsulfoxonium jodide (694 mg, 3.15 mmol, 1.3 equiv) and solid sodium
hydride (60% in oil, 126 mg, 3.15 mmol, 1.3 equiv, washed with three 2-mL portions
of n-hexane) at 23 °C. Vigorous 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
ether. 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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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, 703, 70.4, 63.9, 59,1, 46.1,
44. 9,

[00146] R,0.90 (3:7 ethyl acetate-hexanes); '"H NMR (300 MHz, CDCl3) 8 7.20-
7.52 (m, 6H, ArH), 7.10 (dd, 1H, J = 7.5, 1.2 Hz, 0-ArH), 6.88 (dd, 1H, J = 8.1, 1.2 Hz,
o-ArH), 5.16 (s, 2H, OCH,Ph), 3.03 (d, 1H, J = 4.8 Hz, CHH'OCCHj3), 2.87 (d, 1H, J
= 4.8 Hz, CHH'OCCHj,), 1.67 (s, 3H, COCH3); °C NMR (100 MHz, CDCl3) 3 155.0,
143.4, 136.7, 128.8, 128.4, 128.2,127.2,121.2, 112.8, 112.3, 71.2, 59.7, 55.9, 22.9;
FTIR (neat), cm ~' 3034 (w), 2981 (w), 2925 (w), 1595 (w), 1567 (s), 1469 (s), 1423
(s), 1354 (s), 1300 (s), 1266 (s), 1028 (s); HRMS (ES) m/z caled for (Cy6H;sO,Br+H)"
318.0255, found 318.0254.

Benzocyclobutenol MGC11:

Q

H3 \\CHS
- 1. n-BuLi, THF, -78 °C §
2. MgBry, —78 23 °C @0‘ ’
On 67% (+1%cis) oBn
MGC10 MGC11
[00147] A solution of n-butyllithium in hexanes (1.60 M, 8.25 mL, 13.6 mmol,

1.4 equiv) was added dropwise via syringe down the side of a reaction vessel
containing a solution of the epoxide MGC10 (3.11 g, 9.74 mmol, 1.0 equiv) in
tetrahydrofuran (90 mL) at =78 °C. The resulting yellow solution was stirred at —78 °C
for 20 min whereupon a suspension of magnesium bromide (3.95 g, 21.4 mmol, 2.2
equiv) in tetrahydrofurén (25 mL) was added dropwise via cannula. . The transfer was
quantitated with two 2.5-mL portions 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 irans-
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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41,4, 40.8, 31.5, 30.0, 26.8, 22.9, 21.4; FTIR (neat film, enml 3035 (w),
2946 (w), 1907 (w), 1731 (s, 0-0), 1410 (s), 1379 (m, 1235 (in), 1170(m,
1136 (m); FIRMS (ES) oilz caled for (C36113209N2-1-11)+ 637.2186, found
637.2190. (4-Tetrae thine (M3C29): |3laoFQ2 L.. (44% fromtilt kHonc MCC/ 7)
MODS( +t etracycl i ne 1001651Pd bl ack (14,1 nmg, 0,133 mnd., 1.75 equiv) was
added in one porti on to a solution of the peroxide 114GC18 (48,2 ny, 0.0758

1.0 in di L >
intr oduce&berg%rb%{ (%P7§ Oﬁ@&&%ﬁggﬁ%%ﬁt angCH% lf‘)f P%gﬁiﬁn%-w&/ﬁi)()gen was
hydrogen gXkogimy, e sRe; %aAﬁi)ysm\(asm mi vaIsz opc};ﬂ;)eﬁ]'gsag’ 4, t.)i=ne2 0

di spersion, but aggregated into clunmp The %elldagwfz
het er ogen&bu®CEH iPX, l5r2§ (\daéHsfrrl?-é)d{étO@éH' ltb)f)o‘?' 7?(1H d, {He bl tered

R e A M T e e o et Py

Pol ynmer x BMB eo] ginp, Cﬂ{@mm’cmlwa(mnmcmlg\@ T5ate 1480, tahd,ni3n,s, Sol vent
A: net hanol ©0. 005 N act 4), Sol

128.5, 128.4, 127.8, 127.3, 1152 114.6, 77.6, 71.2, 50.6, 16.5; FTIR (neat), cm ~' 3249

(m, OH), 2958 (w), 1602 (m), 1580 (s), 1453 (s), 1261 (s), 1039 (s); HRMS (ES) m/z

caled for (C¢H160>+H)" 240.1150, found 240.1154.

Benzocyclobutenol MGC12:

CH CHy

ST TEsoTr, EgN ¥
i DCM, 23 °C TES
OBn 100% 0Bn
MGCI1 MGCI12
[00149] Triethylamine (336 pL, 2.41 mmol, 1.4 equiv) and triethylsilyl

trifluoromethanesulfonate (468 pL, 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] R;0.85 (1:4 ethyl acetate-hexanes); "H NMR (400 MHz, CDCl3) 8 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, o-ArH), 5.37 (d, 1H, J= 11.2 Hz, CHHPh),), 5.20 (d, 1H, /= 11.2 Hz,
CHH'Ph),), 4.87 (d, 1H, J = 1.6 Hz, CHOTES), 3.45 (dq, 1H, J= 7.2, 1.6 Hz, CHCHj),
1.42 (d, 3H, J = 7.2 Hz, CHCH3), 0.98 (t, 9H, J = 7.6 Hz, TES), 0.56 (q, 6H, J=T7.6
Hz, TES); *C NMR (100 MHz, CDCl;) § 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 712952 (w),
2923 (w), 2854 (w), 1606 (w), 1469 (w), 1371 (m), 1265 (s), 1086 (s), 1057 (s), 1048
(s); HRMS (ES) m/z calcd for (C22H30028i+H)+ 354.2015, found 354.2006.
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acetonitrile) using an injection volume of solvent A (500 tit) containing
oxalic acid (10 ng) and an isochratic elution of 5%B for 2 mn, then a
gradient elution of 5-50% B for 20 min. The peak eluting at 11-16 mn was
col l ected and concentrated, affording )-tetracycline hydrochloride as a

yel | ow powder (16.0 trig, 44%fromtriketone M3Cl7), which was identical
with natural (-)4etracycline hydrochloride in all respects. 10016613H NMR
(600 MHz, CD30D, hydrochloride) 57.50 (dd. 11-1, J = 8.4, 7.8 Hz, Aril),
7.13 (d, 1H'./ =7,8 Hz, Ar1,1), 6.91 (d, 1H | = 8.4 Hz, Arll), 4.03 (s,
111, CHN( @dd)Rfide2V@C3:04 (m 711, 110C(C113) CH, N(CH3)2), 2.91 (br cid,
111, J- 1276, 2.4 Hz, (Cl13)2NCIICll), 2.18 (ddd, 1 = 12.6, 6.0, 2.4 Hz,
CHCHTECH), 1.90 (ddd, 13£*T% 12, 6,.ra2u6pcMi2. 0 Hz AC14), 1.60 (s, 3H,
C1113); E3C NwP, (10 |EXJSOD) 2BusiPBU 4, 174§ . 34 148.3, 137.8,
118.7, 116.4, 116.0, {96. 5, PUETC 71. 2,,rn&UylS , 43,0, 35.9, 27.8,
22.9; 11Vrrax(01N Bﬁ217 269. 3% [a]PH251(c - 0.12 in al M
HO; lit. (The Merck | ndex ‘DRAN Encf&f%%céﬁl a of Chem osks, Drugs, and

Bi ol h | P.
E. ﬁ?hﬁi‘a&uﬂﬁt 7 Sotggurdinhs bgrb ohsteid GoP oh ey HBEE 2 Sne sy
9337 HRI\/B gﬁf@ (?Gva?%%((lj |tb Q%%luh&%?%@cy&@ﬁ@wﬁ&ﬁDRSﬁPlE m§5(7397 OnpljN00.1 M

408N2+1-1)t 445.1611, found 445.1608. Exanple
2- Synt hesieguio} ir( dxphlmnn}atml(ﬁmwat 28 PC. Bhohiaen sBtiog: was sti sy

at 23 °C for 17 h whereupon sodium sulfite (150 mg, 1.19 mmol, 3.25 equiv) was

=]

added. The resulting mixture was partitioned between an aqueous potassium phosphate
buffer solution (pH 7.0, 0.2 M, 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 light brown foamy solid. The
product was used immediately without further purification.

R, 0.45 (2:3 ethyl acetate-hexanes), '"H NMR (500 MHz, C¢D¢) & 7.24 (d, 2H, J = 7.0
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, CHH'Ph),), 5.03 (d,
1H, J = 12.5 Hz, CHH'Ph),), 4.00 (br s, 1H, OH), 3.25 (d, 1H, J = 11.0 Hz,
CHN(CHs),), 2.28-2.22 (m, 2H, CH,CH, CH,CH), 2.16 (dd, 1H, J = 18.0, 6.0 Hz,
CH,CH), 1.83 (s, 6H, N(CHs),); 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 (C20H|9O5BrN2)+ 447.0555, found 447.0545.

[00152] Benzenethiol (39.0 pL, 0.378 mmol, 1.03 equiv) and 1,8-
diazabicyclo[5,4,0]undec-7-ene (56.0 pL, 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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[ 001671Tri phenyl phosphine (297 ng, 1.13 ranol, 3.5 equiy) and carbon
tetrabromde (376 ng, 1.13 mmol, 3.5 equiy) were added in sequence to a
solution of the allylic alcohol M3C6 (162 ng, 0.324 innol, 1.0 equiv) in
acetonitrile (2.5 m.) at 0 'C. The resulting brown suspension was stirred
at OC for 10 mn, then the cooling bath was renoved. the m xture was
allowed to warmto 23 'V and stirring was continued at that tenperature for

sat ur at ed WREaE S aRaR b ch BN e et a R ML ¢ phase

was separ @hﬂﬁe@nﬁﬂhﬂﬁ;oaqmemnﬁtb@s@hmss 851tct heretlgzkamaxwdxanes)h an

addi tional 50 inL-portijon_of ethg3 ace HQ §,C Rhas

]E:oln‘:n neg Mls(htrigé?efs%ﬂrsua s M Cefu g’@[“f EQ ggrﬁg/%ﬂ eégv%f‘)tfs]ﬁﬁi on was
iltere e fi tr Fels I lid,

The produi@gﬁgg pur| 3%%%ﬁ$? %%ﬂﬁg% g%r%ﬁﬁvggSg%ﬁ§{p$ggg%§vgxssgtLy|

acet at e- hgJd,mes )= 7!/091 dmgoiphﬁ)m 23 yd €, bre=0od e, MACHD, €.254. (}4§(m 809 as a

whi t lid, 100168Rf : th h
a6y 39 SOHG0 3 d% T 3= 0, .Gtz “@ﬁ%%'%?@d%?ﬁ'lﬁbﬁ%o 5 o0 M.

L, ol i A e i e

1H 1 - 11.19.4#7, (CEH((EHBEI)) 2. 44 (6&1 (1R, J E12D0,0,-5CHGHB Y, CH,@13), kX7 - %34@1 011),

ggﬁg:ﬂlgﬁ £(§HZS?H AH5CH), 8. Ws 6@*@4@% ‘;HNﬁﬁégoszgﬂ}g@e@é%?z 5 99

|

Mz, CoDo) 6 1483 167y 145 1 o1 s EER g BG SR A T A s 126, 2,
_1(2379 1_2471 gl,zslgliéﬁs 813, 8,.8073679.5, YQS 445 65418, 258; BTIRIG1e3Y), of, 54426~,20ng 4,
(W), 1704 Y056 (@)@431@5)52899)@) 11§114(S( g?ro) Léigf(ékig&ié‘%)z)l?%f?i ‘éé]%?%)s) 7?244
{ound g, SEH R (R 1D R AR 58 AR oHRORHBRORGS HIF) A7 RER41O T,

f ound 563.
found 447.1465.

Diel-Alder Addition Product MGC14 and Lactone MGC15:

(CHa)z HC i N(CHz)
7 _neat 2 7
| / :k} T N *+ BnO
PhS TES :
Bn OBn B : Bn
TESG SPh
MGC13 MGC12 MGC14, 64 % MGC15, 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 MGC15 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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MCC/ 9NI CC24 1001691Tri et hyl am ne (0.229 inL, 1.64 mmol, 1.3 equiv) and
benzenethiol (0.150 m., 1.45 mml, 1.15 equiv) were added in sequence to a
solution of the aliyhe bromde MCC19 (712 ng, 1.26 mmol, 1.0 equiy) in
acetonitrile (17 nll) at 0 CC, The m xture was stirred at Ofor 20 min, then
t he cooling bath was renoved. The reaction m xture was allowed to warmto
23 'V and stirring was continued at that tenperature for 10 mn. The

raucous ot BREEHhYS BarFeRTabRat b tBH boSS SR iy T he
organi ¢ phase.-X\as) S&B, ﬁﬁ—?@ﬂ’(‘)‘ﬂESﬁS Z@C{Uﬁ@uﬂ DS 8.1648, fHurthed. Oéid,ract ed

with an addi'ti onal 30-nL portion of PU%] acetate. The o&g&nlc phases were
conbi ned #OHHIPlOdS5 3044, ﬁhk{ydll)gé{zs@@ Phy - §%ide | HThe 185 8% sol ution was

filtered f hing - . Th
br oduct wal BT LG FHIZE O RO CRE ) QG IS 88 0 0 015 7
}vgcg}) hyl ar@HV\EQ?HS)]@yB .02ged, i’ilHi Jhexst6 oe&) CH@CHQ,B%Z?@dﬁhH{N Fyla, «75 G5 d1 | : de
as a |t e oa SO e
acet at e- hékardd§HNEE m/p2(440b 3“/1()%(3;71 &M@ﬁ% &%§ & é}tgy
Arll), 7 Ar 9 6,89 ¢ m, 2H,
8 mArl)l) N@ﬂ@% 8§ﬁdd PrLY L'lézng 52/{?% C;ﬁCﬁH Eﬁgﬂﬁu A) 3HOJ %%ﬂﬂcﬁsph)

5d12 (m zgﬂsmpvm (t, @&H@n)ﬂz s;(cﬂzcgl;é)g OH48 (ﬂ GH A= Hz&HZJCI—ITI Thy, 4.73
i, 1H 1 in,
g:HCHNO 1103 cﬁgzlggg?ﬁ‘c HMRz(lﬁoMHZ é:n(ll%é 1861r ﬁgH(f‘ %%%1@?,3;3[?%0(43) 2),

R (195 W8 T a0 1198 9 B 1y 19830y Rhy 11500 190

129. 2, 1281%, 4, 128 14109L2,81084 226, '224172)42 ©6.016B6.5261. 7432, 422,38.1731 .2, 63 2,
49.8, 43.4 39 0, 26. 3310
S Sk H0rk 65 ash FIT (heapgen o190 {wooHp B 0oatey, 30285801295 Ui ey
(o1 i aon e agh s E AR 60Z 4R 158 (uf 358 () iasTI BN ddl, €2 for

1065 (s), 1012 (s); HRMS (FAB) m/z calcd for (C48H54O7N2881+Na) 853.3318, found

853.3314,
Lactone MGC15:
[00156] R;0.55 (3:7 ethyl acetate-hexanes); "H NMR (600 MHz, C¢D¢) & 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 = 7.8 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, J = 11.4 Hz, OCHHPh’), 4.57
(d, 1H, J=11.4 Hz, OCHHPh"), 3.49 (d, 1H, J = 11.4 Hz, CHN(CH3),), 3.23 (dq, IH,
J=9.0, 7.2 Hz, CH;CH), 2.49 (m, 1H, CH;CHCHCHH), 2.30-2.40 (m, 2H,
CHCHN(CH3),, CH;CHCHCH,), 2.16 (dd, 1H, J = 12.0, 0.6 Hz, CH;CHCHCHH"),
1.96 (s, 64, N(CHs),), 1.33 (d, 3H, J= 7.2 Hz, CH;CH), 0.73 (t, 9H, J= 7.8 Hz,
Si(CH,CHy)s), 0.46-0.62 (m, 6H, Si(CH,CHs)s); °C NMR (100 MHz, CDCl;) & 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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Lower RI SUthXide MXC21: G N(CH)2 HF. - 0o ornrav. Fh'T. BS6 M3C2i: M ;
C. (.kweei P.; dihst)

1001711(-)-[(8,8)-(Di chl orocanpl aoryesunfonyl i exazi ni dine (118 ng, 0.395
rnnol, 1,5 equiv) was added to a solution of the allylic sulfide M3C20 (156
mg, 0.263 nunol, 1.0 equiv) in diehloronothane (2 m.,) at 23 'C. The

m xture was stirred at 23 C for 20 h, then was concentrated, providing a

light bro ¥ p S i d by flash colum chromat ogr aphy
(0.001: 2; gﬁt‘%ﬁ@é%ﬁgﬁ ??ﬁgﬁyﬁg‘ﬁ“ﬂ%ﬁﬁe E{)ﬁ acet at e- hexanes), affording
the | ower Rf aIIyIie sul f oxde M3C21 as a V\/mte solid (165 ng, 99%.

[00172] R10. 18 (3: 7 ethyl acetate-hexanes); IH NW (400 MHz, C6D6) 6 7,43
2H" . " —81’elc01105\4@910ArH) 7.16 (rn, 211, o-Art!), 6,92 (in.

611, p,rn-Artl), 5.43 (.mgo 1H, N(ahlgs;ZCHCHS(O)Ph) 5.3, (d N(bl'isiz, - 5.0 Hz,
CHOTBS), 5.09 (d, 114 i =tEl 5102

CH=CHCHS(0) Ph, COCl I |
CHCHN(CH3) 2) , 2.85 ( 16560 (s, 611,
N(Cl13)2), 1.12 (s, Ls6Si 5 ), 0.36 (s, 311,

Si CH3); UucNNW (125 MHz, C6D6) Bcd89. 5 176 9 168. 8 149%:36  135.2, 130. 2,

129.9, 129.0,_ 128.5, 128 4,
[00157] 'Triethylamine trihydrofluoride (200 uL, 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, C¢Dg) 6 7.69
(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 Hz, ArH), 6.47 (d, 1H, J= 8.4 Hz, 0-ArH), 5.44 (br s, 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, J=12.6 Hz, OCHHPh"), 4.52 (d, 1H, J = 12.6 Hz, OCHHPh"), 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(CHas)y), 2.76 (br s, 1H, OH), 2.32 (m, 1H, CH;CHCHCHy), 1.94 (m, 1H,
CH3;CHCHCH),), 1.79 (s, 6H, N(CH3),), 1.07 (m, 1H, CH;CHCHCH,), 0.84 (d, 3H, J =
6.6 Hz, CH;CH); °C NMR (100 MHz, CDCl;) & 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
(Ca2H4O7N,S+H)" 717.2634, found 717.2631.
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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, FUR (neat), cm 3310 (m OH), 2927 (m), 2854 (m,
2792 (w), 1697 (s, C=0),

Triketone MGC17:
HC N(CHa)
: HE™ o
s 9
Bi 8 \an
79% SPh
S MGC17
[00159] Solid o-iodoxybenzoic acid (459 mg, 1.64 mmol, 15.0 equiv) was added

in one portion to a solution of the alcohol MGC16 (78.3 mg, 0.109 mmol, 1.0 equiv) in
dimethylsulfoxide (3.0 mL) at 23 °C. The resulting heterogeneous mixture was stirred
for 5 min whereupon it became 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
oil (61.7 mg, 79%).

[00160] R, 0.45 (2:3 ethyl acetate-hexanes); 'H NMR (600 MHz, C¢D¢) & 7.57
(d, 2H, J = 7.2 Hz, 0-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, /= 7.8 Hz, ArH), 6.53
(d, 1H, J = 8.4 Hz, 0-ArH), 5.09 (d, 1H, 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 (brs, 1H, OH), 4.06 (dq, 1H, J= 7.2, 3.0 Hz, CH;CH), 3.15 (d, 1H,
J=12.0 Hz, CHN(CH,),), 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)a,
CH;CHCHCHH"), 1.78 (ddd, 1H, J=13.8, 5.4, 0.6 Hz, CH;CHCHCHH), 1.01 (d, 3H,
J=17.2 Hz, CH;CH); '*C NMR (100 MHz, CDCls) § 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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1621 (s), 1505 (s), 1470 (s), 1365 (s), 1254 (s), 1145(s), 1089 (s); FIRwVMS
(ES) ink called for (C321140N208SSi +1-0- 609-2455, found 609. 2452, Rearae.d
Al'lylicAl cohoi Mz 12: [00173] Tritnethyl phosphite (0,620 int:, 5.26 mmol,
20.0 enuiv) was added to a solution of the lower Rr allylic sulfoxide M3C21
(160 nmg, 0.263 mMmol, 1.0 equiv) in nmethanol (5 at 23 'C. The solution was
placed in an oil bath preheated to 65 C and was stirred at that tenperature

or oduct udd. pibrt [ by RsER et G AL IR RO D, 002 6

tri et hyl aiser7ey hylC-amet Aldeshexanasy? (rﬁI@@@ﬁllﬁQ?a {Hel ABI(5), 1 47 lalsp K6 MEC22

AR (300 e 30 (096) 2757m [ 648 (ron RS Oy cglodbon (et brogiatt) or = 7.5,
7.0 Hz, ng”éfw&lféu’%g7%8%’ll 1- 7.5 Hz, p-Ar 11) 5.85 (m 111, - CHCHO1l),

5,42 (hr CHCHOTBS), 5.16 (d, 111, - 12.5 Hz,
OGH13131-), 5.06 (d, 111, - 12.5 Hz, OCIII1'Ph), 4,44 (m 11-1, =CHCHOH),
4.31 (hr S 114, 4.07 (Ix s, 1H, -CHCHOTBS), 3.34 (hr s, 1H OH), 3,33
(d, 1H, 1- PeroxidpMG N(CH3)2), 2.75 (hr d, 1H 1= 11.5 Hz, CHCHN(CH3)?2),

2,03 (s, 6H N(CH3)),
-0,13 (a, 3H SiCK
129.2, 128.8, 12

0, 8Os, 9H, ,Sh(G113)3), - ]
R (100 Mizs ,CoP6) 8 18¢
| 706. 6, 5t8mp, 71.9, 6 :
41.2, 25.5, 17.8, I-5[ 2T sFTIR (neat), cm -1, 351 r39 loled), 2917 (m),
2852(m) 1708 (s, C O¥en 1801 (s), 1511 (a), 1471 1369 , 1254 (m),

1100 (), 1022 (m); HEMS (B&"iri/z calcd for (C251136N206SiT11)1 501. 2421,
found 501,[@6861] BenzylsolGaohonaifordicEr3cid in dichloromethane (1. OM 0.189 mL,

0.189 mmol, 2.5 equiv) and a solution of m-chloroperoxybenzoic acid in

-m4Q§MGBH Si CH3) ,
2 167.7, 135.2,
' 9. 6, 48.8,

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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100174] Benzyi chl orof ormate (1200.841 mol, 2.95 equiy) and 4-

(di met hyl am no) pyridine (104 ng, 0.852 nuriol, 3.0 equiv) were added in
sequence io a solution of the allylic alcohol NLGC22 (142 ny, 0.284 mmoi,
1.0 equiv) in diehloromethanc (3 m..) at 23 'C. The reaction m xture was
stirred at 23 01:11 for 211, then was partitioned between ethyl acetate (50
tnl,) and saturated aqueous sodiun1bicarbonate solution (50 inE), The

organic p ar at fher extracted
with an a3ﬁ¢§? Pg ‘ﬁ?“sﬁgf IHP %ﬁﬁd&y %H%rganlc phases were
conbi ned afishistoineehady €.5 8NP OUD. ($1Gdlrnmbt$llll5f®1hﬁl) wﬁneactﬂedmlsmbmaton was
filtered and the filtrate was concentrated, provi g:pne%wrv)cl ear oil (180 ng,

99% . The aobuigatol HessulfadedVIGE Y HE Wene LI Ripele Her purification.
An anal yt '(ﬁ(?l’ilox%ﬁn u@§c I)%Pa €. b?‘%@l’é%\'&ilh%@fohegnf?{tul;mascsm%@ af eagtion

m xture by oma ograp to 0.0
tri et hyl arfiCnfer €0 hyh ther ﬁbaﬂ@ﬁ@x&ms)rwlaéedwrﬂh af *Cretlbefymixdancbonat e M3C23

whi t I 1001751R10. 60 (3:7_eth t 111 500
Ve CBE Sreoymehamagemeais el (e soluRRves SB90 T tarir AdpiD @"%( Cbr
dd. 11-1 1.
C CHCHOTE S]was!]_);ggt?lo(l\gd get?zeen aﬁ%@%&uﬁ gﬁ@sgﬁ@t@ bqgfirE%hﬁioz 2(g§l 18,0 OCHH' oh).

5.06 (d, IXI; 8 pil-)badSiddnro@SHehd{E)mLy, "Qlle ogrgamg plhase weas sgpagateg andodrgd ' Ph" ),

T2 STkl Theef Ve ipenf 5 (Sl Y0

Nt CL1312 SHHR)o0! ap 11?d 311
Si CHB) : ?3°é)ch§NgRra(e?081%Hld"% :96%%1@%%\»8/ og @%?g)ﬂ 9W%;ﬂgl§3 1%%“31?6(?315 )66 135. 4.

133. 2, 128dgd Me@repi@@sullatmat 30 °Camdar, hlghzmaoyumloﬁleaeswngsyelw ol 716,
N A
112 (5, AL s A0, R S e o
BnC2COU( CH@¥ydting mixture under UV irradiation (200 W Hg lamp) for 10 min. The mixture was
concentrated to 0.5 mL and was diluted with methanol (5 mL) resulting in precipitation
of meso-tetraphenylporphine. The resulting mixture was filtered and the filtrate was
concentrated, providing the peroxide MGC18 a light yellow solid.
[00164} R;0.10 (2:3 ethyl acetate-hexanes), 'H NMR (500 MHz, C¢Ds, keto
tautomer reported) & 8.95 (br s, 1H, OOH), 7.48 (d, 2H, J= 7.0 Hz, o-ArH), 7.28 (d,
2H, 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, OCHHPh), 4.83 (d, 1H, J =
12.5 Hz, OCHHPh"), 4.74 (d, 1H, J=12.5 Hz, OCHHPh"), 4.60 (br s, 1H, OH), 3.54
(d, 1H, J=11.0 Hz, CHCHN(CHj;),), 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(CHa),), 1.86 (s, 6H, N(CHs),), 1.01 (s, 3H, CH3); >C NMR (100 MHz, C¢Ds,
enol and keto tautomers reported) 6 194.4, 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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(s, C=0), 1410 (s), 1379 (m), 1235 (m), 1170 (m), 1136 (m); HRMS (ES) m/z calcd for
(C3H32,00N,+H)" 637.2186, found 637.2190.

(-)-Tetracycline (MGC29):

H3C O0H H N(CHs)z HaC, OH N(CH3)2
H,, Pd black OH
O‘OO
(44% from the 0 HO H 0O 0
ketone MGC17)
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 uM, 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 pL) 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, CD;0D, hydrochloride) & 7.50 (dd, 1H, J = 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(CHs;)y), 2.96-3.04 (m, 7H, HOC(CH3)CH, N(CHs)2), 2.91 (br dd, 1H, J = 12.6,
2.4 Hz, (CH;),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, CH3); >°C NMR (100 MHz,
CD50D) 6 195.4, 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° (¢ =0.12 in 0.1 M HCD); lit. (The Merck Index: An Encyclopedia of Chemicals,
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1001761Acetic acid (40.0 (IL, 0.709 mmol, 2.5 equiv) and a solution of
tetrabutyl anmonium fluoride in tetrahydrofuran (1.0 NI, 0.709 mL, 0.709
tninol, 2.5 equiv) were added in sequence to a solution of the benzyl
carbonate MaC23 080 ow, 0.284 inraol, 1.0 equiv) in tetrahydrefuran (3
inL) at 23 'C, The resulting yellow solution was stirred at 23 C for 4 h,
then was partitioned between ethyl acetate (50 nit) and an aqueous

pot assi um phosph buf f er.. solu rgani c
Phace was CUgaiAR diriara nie ot BOER hhas O e ye b o el Ofpell B0 1
20- nL porg jRiseaf, BFHdsacedralt & Cd. hwmegame Statibases 1866;entyBBAgd éand
dried over anhydrous sodi um sul fate. The dried sol ution maﬁ}flltered and

the filtranax @WelsNdiadam 228,888, Triolaling d-Bremd  vin 0-1 MHEQESHME was
fied | ash h t t hyl tate-h ,
T or i ng ERem: Slepr S SE0REHPR L8] { P850 sver o atepsy )

[00177] R10. 15 (3 7 ethyl acetate-hexanes); /11 NNIR (500 VHz, Co6D6) 8 7.24

(d, 2E1,1= 70Hz oArH) 702(m 811 Atli), 5.68 (br dd, 114, 1= 10,5,
2.5 Hz, =dxamonedehynthe peyelime] = 10.5, 3.0 Hz, -CHCHOH), 5.26 (m
1H -d| & é 114 / =120Hz OCHHTI), 5.05 (d, 11-1,1=
12.0 Hz, : t, IH, 1= 12.0 Hz, OCHH Ph'), 4.86 (d, 1111 -
12.0 Hz, OCHFI'Ph"), 4.16 .Gmc”aizll - Cli 011011) 3. a!c!(c(*ﬁz 114,1 6.5 Hz,
CHCHN( CH3) 2), 2. 94 (m N( CH3¥2}sP_2, 25s, 1,82 (s, GV
N(CH3)2); 13C NMR (10Q | 3) 8&nEB8:t, 154 ,1 '134.9, 132.2,
128.9, 128.9, 128, 8 1335570 12 sra 12644, 106, ﬁBsaé ,9, 71.3, 70.3,
64 9, 603, 44.4, 43.3; FTIR (p ern 7i 3468 (M Qb 3034 (W), 2949

1370 (in) 0K (s 1‘r'1mwpﬁysp%fq%5 7 inec] 1P ik Gateghivg gpd carbon . 147° {1
o oR BB P oo G LG g Pt ARRRR 31 2

the allylic alcohol MGC6 (162 mg, 0.324 mmol, l 0 equlv) 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);lH NMR (500 MHz, C¢Dg) & 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, =CHCHBI), 5.71 (m, 1H, CH=CHCHB}r), 5.17

(d, 1H, J=11.5 Hz, OCHH 'Ph), 5.07 (d, 1H, J = 11.5 Hz, OCHHPh), 4.69 (m, 1H,

=CHCHBI), 4.43 (br s, 1H, OH), 4.24 (d, 1H, J= 7.0 Hz, CHOTBS), 3.57 (d, 1H, J =

10.0 Hz, CHN(CH;),), 2.69 (ddd, 1H, J = 10.0, 4.5, 0.5 Hz, CHCHN(CHs),), 1.92 (s,

6H, N(CH;),), 0.99 (s, 9H, SiC(CHs)s), 0.22 (s, 3H, SiCH3), —0.02 (s, 3H, SiCH3); °C

NMR (125 MHz, C¢Ds) & 189.3, 181.3, 167.8, 135.2, 129.5, 128.6, 128.6, 128.5, 128.2,
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Ccni NI GC24TEEI CEC25 [001781Sol i d o-i odoxyhenzoic acid (79.0 ng, 0.281
nrtiol, 6.5 equiv) was added in one portion to a solution of the did |
M3C24 (22.5 ng, 0.0433 minol, 1.0 equiv) in dinethylsulfoxide (0.7 nit) at
23 'C. The reaction mxture was initially heterogeneous, but becane
honbgeneous within 5 mn. The brown reacti on m xture was protected from
light and was stirred vigorously at 23 'V for 12 h. The resulting orange

(201 1)) . 2 O St TN bk e FBoel R e aghBous e e

further exhéasted!' Bidd (o OHLQ9B) (mPOBSs @RS 289NeN), 1 TIe(spCgali I60pligses wer e
conbi ned and Wwashed with saturated aqueous sodi um bi carbonate solution (8

nal, cont all5r1|14|6‘ij BY 1rte), (1J$623Q§M|1Gﬁ15 bﬁ)slﬂl4ﬂ|(§)e}0%3r1@) BIRME (ESdmi galedrife washed
sol ution F6Hf5 aﬁ% §¥ ﬁﬁo%%nﬁgﬁg YER S sul fate and filtered. The filtrate
a | ng

was conce exenone M3C25 as a white oily solid
(22.2 ng, 99% [00179]Rt 0, 33 (2 3 ethyl acetate-hexanes); /11 NWVR (400

MHz, C6D6) (d 20 1= 6.8 Hz, o-Arfl), 6.99 (m 8H Arm 6.12 (ddd,
111, 1 10. f 1 ufd CHCHOOORBN), 5.74 (dd, 10.4, 1.2 Hz,

C. HECHCHOOORBr i ), 5. 41 (dk| du(cmsy - 4.0, 1.2, 1.2 HzgwCH=CHCHOOCR13n), 5.18
(hr s, 1H 011), 5.08 (d Hz, GGhliTh), 5.8E4do 1H 1= 12.0 Hz,
OCHHTP1), 4,89 (d, 1H, 1 [4MHz, OGREHTW (¢ . ,
QCl-111Th'), 3.28 (d, % _|o- 8. %y, Hz, CH(/:HN (0 . 8% 111, 1= 8. 4,
4,0, 1.2 Hz, cHoAN(aHe) 2% ™0 02 (s, N(C1: 02): C5D6) 8
192, 3,

[00169] Triethylamine (0.229 mL, 1.64 mmol, 1.3 equiv) and benzenethiol
(0.150 mL, 1.45 mmol, 1.15 equiv) were added in sequence to a solution of the allylic
bromide MGC19 (712 mg, 1.26 mmol, 1.0 equiv) in acetonitrile (17 mL) at 0 °C. The
mixture was stirred at 0 °C for 20 min, then the cooling bath was removed. The
reaction mixture was allowed to warm to 23 °C and stirring was continued at that
temperature for 10 min. The reaction mixture was partitioned between ethyl acetate
(100 mL}) and an aqueous potassium phosphate buffer solution (pH 7.0, 0.2 M, 100
mL). The organic phase was separated and the aqueous phase was further extracted
with an additional 30-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, furnishing a clear oil. The product was purified by flash
column chromatography (0.01:2:8 to 0.013:7 triethylamine-ethyl acetate-hexanes),
affording the allylic sulfide MGC20 as a white foamy solid (728 mg, 97%).

[00170] R;0.65 (3:7 ethyl acetate-hexanes); 'H NMR (400 MHz, C¢Dg) & 7.35
(d, 2H, J= 7.2 Hz, 0-ArH), 7.19 (m, 2H, o0-ArH), 6.95 (m, 3H, p,m-ArH), 6.89 (m, 2H,
p.m-ArH), 6.83 (d, 1H, J= 7.2 Hz, p-ArH), 5.51 (m, 1H, CH=CHCHSPh), 5.12 (m,
2H, CHOTBS, OCHH Ph), 5.05 (d, 1H, J = 12.4 Hz, OCHHPh), 4.73 (dt, 1H, J =
10.0, 2.0 Hz, CH=CHCHSPh), 4.38 (m, 1H, CH=CHCHSPh), 3.47 (m, 1H,
CHCHN(CHa,),), 2.92 (d, 1H, J = 2.0 Hz, CHCHN(CHs),), 1.75 (s, 6H, N(CH3),), 1.14
(s, 9H, SiC(CHs)3), 0.35 (s, 3H, SiCH3), 0.31 (s, 3H, SiCH3); >C NMR (125 MHz,
C¢Dg) 6 189.9,177.0, 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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186.2, 180.5, 167.8, 154.8, 141.8, 135.3, 135.2, 129.9, 128.6, 128.6,
128.5, 128.4, 127.8, 107.7, 78.9, 72.5, 69.9, 59.9, 48.4, 41.9; FT1R
(neat), cm-/ 3442 (in, OH), 3030 (w), 2948 (m, 2793 (m, 1742 (s, CO0),
1711 (s, CG0), 1608 (s), 1510 (s), 1448 (in), 1376 (m, 1258 (s), 1056 (m;
HRVS (ES)eal cd for (C28H26N2054H)/ 519.1767, found 519. 1773.
[001801Triethylamne (172 pt, 1.24 mmol, 3.5 equiv) and reit-

(neat), cm 13310 (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 calcd for
(C32H4N,05SSi+H)" 593.2505, found 593.2509.

Lower R¢ Sulfoxide MGC21:

H3C-CH,
cl
N(CHy); u N(CHa),
X o 0=§8 B
PhSY 2 DCM g N
785G £ Bn Ph18sS B B
MGC20 MGC21 (*ower Ry diast)
[00171} (-)-[(8,8)-(Dichlorocamphoryl)sunfonyl]oxaziridine (118 mg, 0.395

mmol, 1.5 equiv) was added to a solution of the allylic sulfide MGC20 (156 mg, 0.263
mmol, 1.0 equiv) in dichloromethane (2 mL) at 23 °C. The mixture was stirred at 23
°C for 20 h, then was concentrated, providing a light brown solid. The product was
purified by flash column chromatography (0.001:2:8 to 0.001:3:7 triethylamine-ethyl
acetate-hexanes), affording the lower Ry allylic sulfoxde MGC21 as a white 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, o-ArH), 6.92 (m, 6H, p,m-ArH), 5.43
(m, 1H, CH=CHCHS(O)Ph), 5.33 (d, 1H, /= 5.0 Hz, CHOTBS), 5.09 (d, I1H, J=11.5
Hz, OCHHPh), 5.02 (m, 2H, CH=CHCHS(O)Ph, OCHH Ph), 3.73 (m, 1H,
CH=CHCHS(O)Ph), 3.41 (m, 1H, CHCHN(CHj3),), 2.85 (d, 1H, J= 2.5 Hz,
CHCHN(CHs),), 1.70 (s, 6H, N(CHjs),), 1.12 (s, 9H, SiC(CHjs)s3), 0.39 (s, 3H, SiCH,),
0.36 (s, 3H, SiCH3); *C NMR (125 MHz, CsDs) 8 189.5, 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 calcd for (C3H4oN,06SSi+H)" 609.2455, found
609.2452.

Rearranged Allylic Alcohol MGC22:
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butyl di nnethyl silyi trifluoronethanesul fonate (243 ifl1" 1.06 inflict, 3.0
e) were added in sequence to a solution of the cycl ohexenotie |V1GC25 (183
ng, 0.353 rinnol, 1.0 equiv) in tetrahydrofuran (8 rrilL) at 0 'C. The
reaction m xture was stirred at O I'" for 40 min, then was partitioned

bet ween et hyl acetate (50 ml4 and an aqueous potassi um phosphate buffer
solution (pH 7.0, 0.2 M 50 ml4. The organi c phase was 113 separated and
the aqueous phase was furthgyextracted with a 25-1om].N(pH3Q0rtl on of ethyl
acetate. The organi ¢ phasés wer e combi n%d and driedt ayes anhydr ous sodi um
sante. The dried sol u:u 5 |Itere§—’ahel~the fi s concentrat ed,
provi ding a yel |l ow obrﬁy ) H’he pF8guet" was urgé ledbBy flash colum
chromat ography (1:9 to B30 & ‘et hy aceﬂéf/e(éﬂehéxanegs A fw%r ing the

sityl - eyel ohexenone M®CEB “lagr Fgdieg)| ear oi | (207 ng, 93%. 01811R10 50 (3 7

t h I t !
o iy IO, St CFORER) 5 S0l egfld bl gty o
in-Arli), ﬁllﬂﬁn(olﬁlheélblweﬂc‘lrgfa‘hfyh&.)sulfcﬁuc‘%)l\’(@ﬁﬁl (150 Ing, D-26B0mHpl, 3, (D¢qU2Y)0nHz
CH=CHCHOO 21 5 114 5.65 (I
d, 111, 1= Betha n) @1361(-@4&3&%50 u*sor&was(lgac“%ﬂn aﬁﬂllﬁt@wag 5. 0(1 "

d, lH AP v 2 (d,
g.H 1= 12, Sa:hazv@as%_lre%th%@tggmmtu d%’i_’%gql él?hje-]so%rjt_loé%va@,cbkeen SN )vdfhgg 921 (hr

d, 1H 1= 2lightkellowCHTHNhEp:diByyas moBieddy Bish cop@D-chaymitograpds (s, 9H,

Code) 8 19808713815 G001 15ty Sy Jackrerntiogsd) fbHgnd gfle] 570

128.6, 128u8ol fcBa2 128 i Jay 900%2%,73%)108 6, 82.4, 72,4, 69.6, 69.3,
59.7, 50,2, 4 L4, 26 FTIR (neat), cnl 2930(n_)Ql 2855
1

(m, 1745 I@sQ 40:@30) ¢thy17®2ta(eshex@nes)),, HIBHIR (580, MHB;LG(,IQG)')B 7. 3632 sy ; 73 (M),
1455 (1) 3T U 288 ) 53 ) AR B B o
Addi tion P5.9§|Hﬁ,t 1IN LE4EHON), 5.42 (br d, 1H, J = 10.5 Hz, =CHCHOTBS), 5.16 (d, lH, 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(CHs),), 2.75 (br d, 1H, J=11.5 Hz,
CHCHN(CHa),), 2.03 (s, 6H, N(CH3),), 0.89 (s, 9H, SiC(CHs)3), -0.11 (s, 3H, SiCH3),
—0.13 (s, 3H, SiCH3); ">C NMR (100 MHz, C¢Ds) & 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 13515 (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
(Ca6H3sN,06Si+H)" 501.2421, found 501.2424.

Benzyl Carbonate MGC23:
HQ |, N(CHg, BrO,CQ |, N(CHo)2
-: | C}N BnochchM DMAP Ej?{:
TBS6 9 Bn 8S6 H Bn
MGC22 MGC23
[00174] Benzyl chloroformate (120 pL, 0.841 mmol, 2.95 equiv) and 4-

(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

110



80% |1 001821A solution of n-butyllithitimin hexinmes (1.55 M 155 ulL, 0.241
nmmol, 5,1 equiv) was added to a sol ution of

AT, N11/1, Ari-tetramet hyl et hyl enedi am ne (390 0.261 M T101, 5,5 di:11v) and
dl i sopiopyl amine (34.0 p.1_, 0.249 rnnol, 5,25 equiv) in tetra. hydrofuran
(1 1TIL) at -78 CC. The resulting m xture was stirred vigorously at -78 C
for 30 mn whereupon a solution of the ester CO.-1-280 (73.0 ng, 0.213

I, 4.5 f 1.m) . o } | a.
The 1 esul Eiteele RERYURS Chadnatty Poip i FCE AP RSE i 1S, oTor 75
mn, t hen tﬁen&mstﬁahﬁrbn@a biees bihyl ¥ ekoBoxenpne sMacked §@Ro0s stgiud. 0474
|nm)l uiv) in tetrahydrofuran (1 nalL) was fﬁgg]l%&lunw se via eannul a.

The resul tbll qna@rsplmxea (40 r@hmrsga@slclpbwwewé? QYA PEFver 2 h,
th tal t | ut
en_was 8@ e‘fg? ?&V‘Oﬁg% &lrh?% ﬁ&ﬁﬁé}ﬂg@h&%@ﬂ@ thd4hge sol ution

(pH 7.0, or onet The or ganl c phase was
separ at ed pangts taleee aﬂmﬁﬁusarmh&sea dNaﬁarfhydtdueSOdaumrsaﬁ‘ated Tk tlhied sdutd@r nt h

portions of dichloronethane. The organic ph i ne d.dried
over anhydrasdyteesdaindriefiltrig was crmee ’ial’["é‘dp@c‘ﬂ ‘Eg%ﬁ f&% gg% Jq‘le

filtrate Ta rified
b;/ pr epar ‘é{@@dp&?ﬂé{@é gﬁlﬁ g%&eR géér %P?l?tgﬁsl% gi‘i’%éstlogo %}?n%r&q}?%uﬁganmééaguxl 1:)

mm | ow redsepréabediist mirificaGot vitht cﬁdemﬁchamohxtu@dtw@asb cBlunwat er) usi ng an

i njection voI ume of 400 d an e el n,of 10% B
for 75 i rehvoraopase ot i UBRLES ik Be ESri LR Bl b oBelciRPoBiee .

af fordi ng {,bg %@J&%MQW 5 Addid @ product MEC27 (33.0 rag, 80% as a
Iight yellow so 001831R10.35 (1:4 et hyI acet at e- hexanes); 1H NMR (500

MHz, C6D6)[061756. 55 (11}10@1(3:1 tthyleeta)e-héka2®);( ', NR (DOMBzHEDed 3 A d), 7.14

My e 1) 10 b, Foa i S0, S g 18 P s S0, 5
BnOCBCH) érglg dfbng]rN 570@1%% HZI JQ%H Efs)Hz icQ?cH@TBE} 437 §n21112 5 Hz,

QCHH) Ph) , 11), 4.93 (d, 1H J 5 Hz,
OCHHTh' ) , =1(5IBCHQCO;1-H$n)J5 1:0(1(11,151 Hflx}rﬂzll\@c&m ")), 53636, Ude 1A53Hs 12,5, 4.0

He, RS 111, 1 C 11{, J= 12.5,
7.0 Hz, ,Pg) ﬁg?q((g ﬁ%ﬁ=§%§ﬁ§'§8&%§>%@é i, &gﬁ%ﬁj@% e (d,

311, 7. 0 HzecHiBeRD), 4.41 L, (I%—@I'I’CH@TE@)%%B (dOLIBY £ 3.5 rsij,crmﬁN(cH3)3ﬁ (s, 3H
C143)° 13C NVR (100 M. GO 3) 6 189.7. 186.3. 180.90. 178.4, 167.9, 154.7

152. 1, 1503.8] (0AB1GHCERN(CH:L35. @ (s164. §(CH9®), §.92 {2815 Siagdiay), 457 (s,

123.8, 122313 s&%ﬁ) —0032 3“?{ 51815{3) BE/MR (18070 131Hz CeDg) 8 188.9, 179.9, 168.3,
155.2, 135.6, 135.4, 133.2, 128.6, 128.5, 128.4, 128.3, 127.7, 124.9, 107.0, 77.3, 72.2,
71.6, 69.6, 66.6, 60.3, 44.4, 42.2, 25.9, 18.2, —4.8, —4.8; FTIR (neat), cm ~' 3532 (w,
OH), 2948 (m), 2842 (m), 1738 (s, C=0), 1708 (s, C=0), 1608 (s), 1512 (s), 1471 (m),
1383 (m), 1258 (s), 1101 (m); HRMS (ES) m/z calcd for (C34Ha2N,OsSi+H)" 635.2789,
found 635.2786.

Diol MGC24.
Bn0,CQ |, MCHs) BnO,CQ 3 N(CHa)2
NN TBAF, HOAc NN
O:@:[\iq THF : Ly
TBSé 8 Bn 92% (2 sleps) Hé 8 OBn
MGC23 MGC24
[00176] Acetic acid (40.0 uL, 0.709 mmol, 2.5 equiv) and a solution of

tetrabutylammonium fluoride in tetrahydrofuran (1.0 M, 0.709 mL, 0.709 mmo], 2.5

equiv) were added in sequence to a solution of the benzyl carbonate MGC23 (180 mg,
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74,8, 72.4, 69.2, 60.8, 52.7, 43.2, 38.4, 27.5, 26.6, 19.5, 16.3,

-2.7: FTIR (neat filmn), C311-1 2974 (w), 2933 (w), 2851 (w), 1760 (s,

1748 (s,

C-0), 1723 (s,

0.284 mmol, 1.0 equiv) in tetrahydrofuran (3 mL) at 23 °C. The resulting yellow
solution was stirred at 23 °C for 4 h, 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 separated and the aqueous phase was further extracted with two 20-
mL portions 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 oil. The product was purified by flash column
chromatography (2:8 to 1:1 ethyl acetate-hexanes), affording the diol MGC24 as a
white solid (135 mg, 92% over 2 steps).

[00177] R;0.15 (3:7 ethyl acetate-hexanes); 'H NMR (500 MHz, C4D¢) & 7.24
(d, 2H, J= 7.0 Hz, 0-ArH), 7.02 (m, 8H, ArH), 5.68 (br dd, 1H, J=10.5, 2.5 Hz,
=CHCHOCO,Bn), 5.63 (br dd, 1H, J = 10.5, 3.0 Hz, =CHCHOH), 5.26 (m, 1H,
=CHCHOCO;Bn), 5.09 (d, 1H, J = 12.0 Hz, OCHH 'Ph), 5.05 (d, 1H, /= 12.0 Hz,
OCHH'Ph), 4.89 (d, 1H, J=12.0 Hz, OCHH'Ph"), 4.86 (d, 1H, J = 12.0 Hz,
OCHH'Ph’), 4.16 (m, 1H, =CHCHOMN), 3.24 (d, 1H, J= 6.5 Hz, CHCHN(CHzs),), 2.94
(m, 1H, CHCHN(CH,),), 2.25 (br s, 1H, OH), 1.82 (s, 6H, N(CHs),); >C NMR (100
MHz, CDCl3) 8 168.1, 154.8, 135.1, 134.9, 132.2, 128.9, 128.9, 128.8, 128.7, 128.6,
126.4,106.7, 76.6, 72.9, 71.3, 70.3, 64.9, 60.3, 44.4, 43.3; FTIR (neat), cm 13468 (m,
OH), 3034 (w), 2949 (m), 2798 (m), 1738 (s, C=0), 1705 (s, C=0), 1606 (s), 1513 (s),
1475 (m), 1379 (m), 1261 (s), 1022 (m); HRMS (ES) m/z calcd for (CagHsNoOg+H)"
521.1929, found 521.1926.

Cyclohexenone MGC2S:
BnO,CQ |, N(CHa) BnO,CQ |, N(CH)2
AEALD, IBX NN
XN wws %
Hé 8 8n 2 .
MGC24 MGC25
[00178] Solid o-iodoxybenzoic acid (79.0 mg, 0.281 mmol, 6.5 equiv) was added

in one portion to a solution of the diol MGC24 (22.5 mg, 0.0433 mmol, 1.0 equiv) in
dimethylsulfoxide (0.7 mL) at 23 °C. The reaction mixture was initially heterogeneous,
but became homogeneous within 5 min. The brown reaction mixture was protected

from light and was stirred vigorously at 23 °C for 12 h. The resulting orange reaction
112
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115 C=0), 1606 (n-i), 1513 (m, 1471 (m), 1370 (m, 1260 (s), 1232 (s),
1148(s); FIRVS (ES) nilz calcd for (C451i 36012N2801 881. 3681, found

881, 3684. Initial Dcp:rotcction of M chael -D eCkniann Addition Prod t GC28:
1001841Hydrolluolie acid 0 .2 nth, 48% aqueous) was added to a

pol ypropyl ene reaction vessel containing a solution of the

M chael - Di eckmarin addition product M3C27 (33.0 ng, 0.0375 mmol, 1.0 equivV)

in acetonitrjle (7.0.m . ' LKY. isthidecd
i gor ousty strSuby ptgh b ety GUMALLFRENLTITHES [T RS bR
cont ai ni ngvds GkRRked Zndthgaquddue phes w dsifmghariextrantel wilk tex adt-partiaing h et hyl

tate (3 x 20 inL). Th i c_ph i d dried.
anhyar ous e s SERTIEPEISCTRECRURNEONTL Y DHCURAT P LTCOUSAl TRET T ¢ at o
was Conce%g%a@é&qaehs%%@gg%ﬁg cBH@inH?gJi@xﬁg%lfb@dimmlﬁ%ﬁaﬁbm @oy@ly. ow oi |

(25.0 nm, uct ‘'was used in"the next step w thout further
puri fi cat iTe,wdsBE8BIREOVB5dr{el: of eetrtytiroms eedivm-shfrignad filtered Nkpfiliraoo Mz,

SHLa 7.5 R ngiaied. eyt e eichexkaone g s it oREBISI B 2 ;S 1 0
ArH), 6.8606), 1H 1= 8.4 Hz, AAm6.76 (d, 1H 1= 8.4 Hz, Aril), 6.28 (el, |

El, 1=7.8 H, ArH), 5.46 (dd, 1H, J= 3.6, 3.0 Hz, 13n0CG3CH), 5.12 (d,
H,12,0 Hz, OCHH 'Ph), 5.04 (d, 114, = 12.0 Hz, OCHH Ph), 4.92 (s, 2H,

o, ORG | RIBAS; 2) R B B 8w CogBaybo s & %O
(d, 2H, J = 6.8 Hz, 0-ArH), 6.99 (m, 8H, ArH), 6.12 (ddd, 1H,J=10.4, 4.0, 1.2 Hz,
CH=CHCHOCO,Bn), 5.74 (dd, 1H, J = 10.4, 1.2 Hz, CH=CHCHOCO,Bn), 5.41 (ddd,
1H, J=4.0, 1.2, 1.2 Hz, CH=CHCHOCO;Bn), 5.18 (br s, 1H, OH), 5.08 (d, 1H, J =
12.0 Hz, OCHH Ph), 5.01 (d, 1H, J = 12.0 Hz, OCHH 'Ph), 4.89 (d, 1H, J = 12.4 Hz,
OCHH'Ph’), 4.83 (d, 1H, J= 12.4 Hz, OCHH Ph"), 3.28 (d, 1H, J= 8.4 Hz,
CHCHN(CH,),), 2.85 (ddd, 1H, J = 8.4, 4.0, 1.2 Hz, CHCHN(CHa),), 1.92 (s, 6H,
N(CHs),); >C NMR (100 MHz, C¢Dg) 5 192.3, 186.2, 180.5, 167.8, 154.8, 141.8,
135.3, 135.2, 129.9, 128.6, 128.6, 128.5, 128.4, 127.8, 107.7, 78.9, 72.5, 69.9, 59.9,
48.4,41.9; FTIR (neat), cm ' 3442 (m, OH), 3030 (w), 2948 (m), 2793 (m), 1742 (s,
C=0), 1711 (s, C=0), 1608 (s), 1510 (s), 1448 (m), 1376 (m), 1258 (s), 1056 (m),
HRMS (ES) m/z calcd for (Ca3Ha6N,Og+H)" 519.1767, found 519.1773.

Silyl-Cvclohexenone MGC26:

BnO,CO H N(CHa)? Bn02C(2 H l;l(CHg)z
RS . TBSOTY, EtzN ~ O\N
A LN THF, 0°C | |
5 En 93% (2 steps) oio ©OBn
MGC25 OTBS vGca6
[00180] Triethylamine (172 uL, 1.24 mmol, 3.5 equiv) and tert-

butyldimethylsilyl trifluoromethanesulfonate (243 pL, 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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(dc, 1H 13.2, 7,2 Hz, CH3CH), 2.05 (s, 6H, N(CH3)2), 1.04 (d, 31-1, I= 7,2
Hz, CH3CH); "C NWR (100 MHz, C6D6, crude) 8 193.4, 186.2, 181.3, 172.3,
167.9, 163,3, 154.6, 145.8, 136.6, 1358, 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 filn), cn¥l 3424 On, OH), 3059, 330, 2925, 2857,
1744 (s, C-0), 1713 (s, C=0), 1614 (s), 1582 (s), 1455 (s), 1252 (s); FIRVS

ES) m | C37H34010N24- 11f 667 Do
6 ONGC30) SePeite B TR R DAy co i S boggbecuyy ) Doy eve

added in ca@etaeonmb@rgam 1ﬂ1a§é%|vldérb@@m61fned&ﬁi&%ﬁ@&yﬁﬂlh}drcpiaendﬂuni\mm% (25 0
nmg, 0.0375 mna 1.0 cquiv) in |etrahydrofuran-nethanol é 1, 2. 0 InL) at 23

'C. An at r?iieph@déoleﬂowm ﬁ@erﬁdmethe Hiraig s GoRsEnBRied ATV idinga v OWg the
f sk | el LS ool RS RUE b0 {dhuth Bhron ity (@AbYSS oty

initially Pesent  as ut aggregate nto cl unps W|th|n5
m n. The yaebﬂa&vhdsteﬁ&y,@@bﬁﬁ@gjﬂlemilyl-wo&)}wﬁmo&eMGé:t%azts 23edC AilogR02mnig,, t hen
was filtered through a plug of cotton. The filtrate was concentrated,

af f ordi ng 9a” g/)el I ow oi |l (>95% doxycycline based on H NVR anal ysi s). The

product. a1 1 d: byscneparat iRl anyavkheneyIens g yer DYE

col um ( l'ow ra Sol vent
met hanol - Qd@0F, N -a9.5, HGIHz(,b Ah)H) BabvenH, d%&étl—tﬂ;llotAnH)ey 06<t, 241, drr 8.0j ect i on

vol une of sol vent Afbé cont ai ni ng. oxal i% (é%ﬁ?) and an
i sochrat i cHéI"Erk‘\irH% 8@%%{#’7@»" -/ocHh; 30 (g 1, {Jral {0 on of 5-50% B
f 20 m {k :L? ted
a191[ or di nmg ) g@gy%ﬁﬁhe%ﬁ)@a 31Lﬁflorl({i%e as a’ ye Iowﬁgggjggnp%ggg%a? 80%
whi ch was iHieht b Odz, WHFCHEHOGD,R)) 5. u@)@dﬂevmﬁ hﬁdr@@ﬂ}bi’h)jé Olr(dal I

ts. 001871EH NM < d
e ke W (5atn (e A S . 5D Tty Y SRRk I sT gty Ak
4,40 (s, Loldp,( @U@])ff-ﬁigi}s 1¥§§31149d=111b*HzJCHcm&jH§) 2blz(beHGH J=2.95 (s,

3H, N(Cl13)¢H3"). 2. 88 N(C113) C113(), 2.80 (d, °712.0 He,
CHCHN( CH3) P).Q H2, czmo(ltl@(c}ts)zix,m 86 (866H NﬁCHOIzB(LZDIS)(S 9H, &C(@ds);) 058 (3 3,12, 6,

€4 1% LA SR St S ke ST £ R A0
154.9, 140.9, 135.6, 135.3, 129.9, 128.6, 128.5, 128.5, 128.4, 128.0, 127.8, 108.6, 82.4,
72.4,69.6, 69.3, 59.7, 50.2, 41.4, 26.5, 19.6, -1.9, —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,Og+H)" 633.2632, found 633.2620.

Michael-Dieckmann Addition Product MGC27:

(0]
Bn

H3C N(CHa)2

Et . I:' 1:1
1. LDA, TMEDA, THF, -78 °C
2.-78 50 °C

BnO,CQ |, N(CH3)

CO4Ph

BocO

QTBS
|, MGC27
Bn

CDL-1-280

{%TBS
MGC26
80%
[00182] A solution of n-butyllithium in hexanes (1.55 M, 155 pL, 0.241 mmol,

5.1 equiv) was added to a solution of N,N,N’,N -tetramethylethylenediamine (39.0 uL,
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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; W max (0.01 N nethanolic HO, rim 218, 267,
350; [a] = -109" (0 0.16 in 0,01 Mnethanolic NC); lit. (The Merck I ndex:
An Encycl opedi a of Chemicals, Drugs, and Ri ol ogicas, 12th ed. Budavari, S.;
O Neal; N, J.; Smth, A ; Heekel man, P. P.; Kianeary, j. F., Eds.; Merck
8r. Co. V\hltehouse Statlon , 1996; entry 3496.) WV max (0.01 N

e S 233 df%%!ym%%a"ne G5l MR Beop o

3- Synt hesit@trdhzdl%f@ﬁ@éb’ﬁ&%ﬁﬁﬂw&nﬁdi‘éﬁlﬂﬁnm.xtﬂr-em :stirrkd viigeroushOat-C8COR 1- :

2. Etl: -78 "C *23 " anisic acid 1001881A sol uti onqa% sec- gdf d|th| um
in cycl ol i*6xtand0 pin whewpp@ya elpin ofghe estehfpPL-1228) @g&r’(};

solution of N,N ﬁ"(‘h1§§1¥t 25
equiv) in etqe&v a%tlé%%]b?d éf?ﬁhﬁ(@é%&%@éh@d‘%h@%& \nfea&?lgsul tlelgg] 1 ov?/ sol ution
was cool eded mlxta& Vas(stirie@ Mipphodsrperararfe) 75 mirg thanquiodutivintafe ml)ét hanol

bat h. | f o id .1 .ol 1. iy) i
Lot ranyc apelehepens Ve 20D Gt b opatle U rd i BrEH baitog of a0
mn to th%éeidggd’\ax%glu&&%'v@@%anmﬁ 188 Wbl 1GhBRAG RUGDAASLBOWUEE i r ed for

an addi ti onal hen was al to warmto -78 C over 15
mn, wher estlmolly td 6dCatverh b, (hén msrpamﬁanad bﬁt‘d¢en4armqelq®ns\&3)0tmlsmaﬂﬁ§ﬁhat¢he

pet woen waviier goome il M L6 ey Srotiedhan Bt ML Cepar ot e

and di | ut eghaut \tN!i's S%?HI%.%SAHHXEH &ﬁl@bﬁy pHas@whdfitthePexactt@vitnivlo 10F, resul ting

m xture was extr ed with ethyl acetate (4 8 80 ni.). The organic |ayers
wer e comnbi pretorand didiémonteihede. oTllm orgailly ghasas wetsdionrhingd gngrdsied pyer dr i ed,

sol ution wa ter tra dlngabrown
oil (1.8 a* %yirfuismﬁn(sgﬁ%}e VDS dr(féﬂ')%méln%?syﬁ%g&é f‘hg%}ﬁzﬁég}%r oduct showed
an 8:2 rat ddﬂcéﬁtrawaepfo@lc@@g(y gélfovaéildTﬁEﬂ)roﬁu&Was(lﬁlrﬁﬁeSBy pE@ial:at&)yHPlﬁC
unreacted anisic acid 7, 0Cl1 0_2/5& chl oride L0 itil, 11 mol,

0.8 equi v)oramﬂomtwlﬂtrﬁ@ﬂﬂnsﬂ @BS@QMM@O(HM X 1 Quey ﬂé’dﬂ@éF 3-A =leftiRnce to a
sol ution o§ en Ar%'lse't}qgl%l 'S%I\Q: dgl ?,%%ﬁq} p‘%%%,&%‘]%gtl&wﬁ tr480 | E Vi gor ous gas

evol ution mas bser dpon a ornal |de The

reacti on (methanol) and an isochratic elution of 10% B for 75 min. The peak eluting at 36-42
min was collected and concentrated, affording the Michael-Dieckmann addition
product MGC27 (33.0 mg, 80%) as a light yellow solid.
[00183] R,0.35 (1:4 ethyl acetate-hexanes); 'H NMR (500 MHz, C¢Dg) 8 16.55
(brs, 1H, enol), 7.26 (d, 2H, J = 7.0 Hz, 0-ArH), 7.14 (d, 2H, J = 7.5 Hz, ArH), 6.85-
7.05 (m, 6H, ArH), 6.66-6.74 (m, 2H, ArH), 6.51 (dd, 1H, J= 9.0, 1.5 Hz, ArH), 5.73
(br d, 1H, J = 4.0 Hz, BnOCO,CH), 5.17 (d, 1H, J = 12.5 Hz, OCHH 'Ph), 5.03 (d, 1H,
J=12.5 Hz, OCHH Ph), 4.99 (d, 1H, J=12.5 Hz, OCHH'Ph"), 493 (d, 1H, J=12.5
Hz, OCHH'Ph"), 3.58 (d, 1H, J = 11.5 Hz, CHCHN(CH3),), 3.35 (dd, 1H, J=12.5, 4.0
Hz, CH;CHCH), 2.99 (d, 1H, J = 11.5 Hz, CHCHN(CH3),), 2.56 (dq, 1H, J=12.5,7.0
Hz, CH;CH), 2.18 (s, 6H, N(CH;),), 1.33 (s, 9H, C(CH3)3), 1.16 (d, 3H, J=7.0 Hz,
CH;CH), 1.11 (s, 9H, C(CHa)y), 0.61 (s, 3H, CH3), 0.36 (s, 3H, CH3); °C NMR (100
MHz, CDCl;) 8 189.7, 186.3, 180.9, 178.4, 167.9, 154.7, 152.1, 150.8, 145.9, 136.1,
135.5,133.9, 128.7, 128.6, 128.5, 127.3, 123.8, 122.7, 122.6, 108.9, 105.5, 83.0, 82.9,
74.8,72.4, 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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m xture was stirred for 2 la at 23 DC, whereupon phenol (1.4 g, 15 mol,
1.1 equiv), pyridine (2.4 m" 30 nmmol, 2,3 equiv), and

4- (di met hyl ar ai no) pyridine (10 ng, 0.081 nmol, 0.006 equiv) were added in
sequence at 23 'C. The resulting brown reaction m xture was then stirred
for 2 la at 23 CC, Aqueous hydrochloric acid (1 N4, 50 rialL) was added and
the resulting mxture was extracted with ethyl acetate (2 x 50The organic

| ayers were conpj , e i u sol ution
(0T M "Sersh Dy B e PEO RN P D BRSPS TS 5 U
sul fate, Ths) g/ @fdse! W ilRonasshi kgesasd, andd8Be3684.trate was concentrat ed,
providing a clear oil. The product Was purified by flash col um
chromat ography (5:95 et hyI acet at e- bexanes) af fording the ester CDL-1-280
as a col or . ,l, I
acet at er hll?IFD i i @?r({dﬁcﬁﬁ(ﬂt:m/ el- 7.8 Hz, ArH),
7.37 (t, 1H | :78Hz 731726(m 3H ArH)»_ 3(d 114,1= 7.8
Hz, Aril), 6.85 (d, 1 —08,\%4;—;2 Aril), 3.91 (sHsCBI—b ), 2.79 (g, 214,1
3341t M 7.8 Hzg, GH2CH3); 0125 MHz, CDC13) 5
. . BONO, 1285~ 125.
108.5, 55.9, 26.6, Ib.© at fidgp), tanc g
1583 (s), 1488 (s)B°“°_L41 ?5}35 1428 (m, 1298 (W, , 1236 (s),
1186(s), 1158 (m), 1091 (m, w46 (s), 1001 (w); HRVB (E&)zstrilz calcd for

C16H 603-ii-if 257.1178, found PhS1P9ic. P 1901A
gol uti on dPO0H¥Mon trllﬁ}rBﬂ?%‘iCﬂfié Wio?gﬁ’&qﬂ?ﬁ’r@)f"is @%Ptogpﬁ pr % nanol ,

2,0 equi V%e%m%?&%ﬂc%@ %l sdetlgﬂ o@fhetMﬁh§§tl§1rec% a%i%glcﬁl%gddw 2,58

mnol, 1.0 equiv rorre hane ) C. The resulting
yel | ow sol MIG@2T @és) g ¢.0¥t5 thowl, 100 cqa,um) 1am¢@0ﬂ1@}16%@md@pﬁ©ﬁ3 S&t Uhst ed

aqueous sodi ym bi car bonat e s | ution dded. The suI iLn
biqphasi e rﬁe%ﬂﬁ?%n\}ﬁgres‘i’?srspér& f"lﬁor%ly(n%%ﬂﬁ_% g@tﬁ el&magﬂ%%rteﬂgﬁe J |gr| L)

was added, sphher) &x%ﬁﬁnwzﬁpmpﬁo? etlhe RBE L MiRMHeOSeNaRe wieghflar t her
extracted W|th di chl oronet hane (50 raL). The organic | ayers were conbi ned

and then diceltt Gve20 aihy dhousgasudihasassydre eerebinghendidiiekows bulydsersnas

fil d he fil . d h CHL- 1- 298
s o col or 1en gty 656 ST SHIR ST BITRInIGh Al il B SRS
acet ate- heafashs 1M GaARMIMGEEIE ADodbi @5 (ko 90HIThT. 49 (1

211, J=17.8 41 (t, J- :
product was used in the next step w1th0ut further purification.
[00185] R/ 0.05 (1:4 ethyl acetate-hexanes); 'H NMR (600 MHz, C¢Ds, crude) &

14.86 (brs, 1H, enol), 11.95 (s, 1H, phenol), 7.23 (d, 2H, J = 7.8 Hz, o-ArH), 7.14 (d,
2H, J = 7.2 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, OCHHPh), 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(CH,),), 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
(dg, 1H, J = 13.2, 7.2 Hz, CH;CH), 2.05 (s, 6H, N(CH3),), 1.04 (d, 3H, J= 7.2 Hz,
CH;CH); *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 calcd for (C37H34010N2+H)+ 667.2292, found 667.2300.
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111, J= 7,3 Hz, Aril), 7,24 (d, 2H, J= 7.8 Hz, Aril), 6.93 (d, 1H" 1=8.3
Hz, Aril), 6,85 (d, 1H, J 8.3 Hz, .ArH), 3.13 (q, 211,1= 7.8 Hz, CH2C143),
1.34 (t, 3H 1=7.8 Hz, CH2C113), 13CNMR (125 MHz, CDC]) 6 170.3, 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 filnm), CTH 2973 (w), 1670 (s, C=0), 1609 (n), 1588 (m, 1490
(w), 1444 (m, 1311 (rn), 1295 (m, 1234 (m, 1187 (s), 1162 (s), 1105 (m;
FIRMS (ES) ratz ealed for (ClJ-1140344-)f 243.1021, found 243.1014. Ester
CDL-1-299. CO2Ph Boo [O001921AlI"N -diisopropylethylam ne (520 4, 2.99
mol , 1.2 egDb¥yceychihe (MO@39h: di carbonate (645 ng; 2,96 innmel, 1.2 equiv),
and 4- (di net hyl am no) pyridine (31 rag, 0.25 nmmol, 1.5 equiv) were added in
sequence to a solution of_ghe phenol CHL-1-298 (605 ng, 2.50 mnol, 0,1
equi v) in diehl oromet:baye, (tOxnt h) at 23 C. The "Beactl E‘ﬁ”g\g xture \vas

stirred for 1 h a e‘ wher.eupon §afdakat ed @ﬂ' pni um chl ori de
NALS L) . VS

solution (50 nl) ed. _Di/thl or cnetd@ne ( atidted, the |ayers
HQ

were separated, ang tRhe leowsn phase was ext ract i bh i chl or onet hane
(50 nL). The organic layers were conbi'ffed and theg)_%;}jcﬁg{wover sodi um
sul fate. The dried solution"i&8 filtered and the filtrate was concentrat ed,

provi di ng [@ofeWn Oifg hddkE7TRIQAE L 048PT, 1 FA5e@dully wak a8fedalowsRortion
chronat ography (1:9 ether-hexanes), affor mg the ester Cffir 1-299 as a
col or | ess toialspluiihi ofthemgataaydlicpbdnal pde B8RV mee, HV&r7Ainghel, At)-comy) iz (733

, 869 tri.p .58 'C..[0019 N2 ~9.ether-h : 0 Mz,
e 3) 8 /of?%%‘rﬁ)ﬁlgoﬁf%ratl?ﬁ?th%‘f%?iﬁ 982@?%#03 5 at‘%’?ﬂh)%%("a"fﬁ@%% 11, 1= 7.3
Hz, Aril),intfoded By bilidfly evachatfgdhbiflasiiMen fRisBidig(th @itk BydrogeB(1Ham).

CH2C1-13), 1.46 (s, 9H Hoe), 1.31 (1, 31-1".1- 7.3 Hz, CH2C113); 3C NMR
(125 Mz, Tipdibgataystess initialsy prgsent 892 Gne digergion by ageregaed mto ¢hignns 126, 8,

R T Yo

1278 (s), flZ34d thsgughbk0g 69 cottbh4 The $iltratd 6l chmgentratb®MBof &Y anellawwdl cd f or

(G 201- 122((;%;‘!2I)F(1|04>1()ygyc:1)’i%2 b%s%:é]b’n '];{ONUR/H{ Sn%?)}s:il'sgo %he 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 (400 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 12-17 min was collected and concentrated, affording (-)-
doxycycline hydrochloride as a yellow powder (16.2 mg, 90%), which was identical
with natural (—)-doxycycline hydrochloride in all respects.
[00187] 'H NMR (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, J= 8.4 Hz, ArH), 4.40 (s, 1H,
(CH;),NCH), 3.53 (dd, 1H, J = 12.0, 8.4 Hz, CHOH), 2.95 (s, 3H, N(CH3)CH3"), 2.88
(s, 3H, N(CH3)CHj;"), 2.80 (d, 1H, J = 12.0 Hz, CHCHN(CHa),), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CH3;CH), 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;OD) & 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° (c =

0.16 in 0.01 M methanolic HCI); lit. (The Merck Index: An Encyclopedia of Chemicals,
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M chael - Di eekrriann Addition Product Cl1L4-287: 83% [ 001941A sol uti on of
n-butyllithiumin hexanes (1.45 M 47 pl. 0.068 nmol, 6.8 equiv) was added
to a solution of diisopropylamne (10 pl, 0.071 nmol, 7.1 equiv) and

I V, N, NCAP-t et r ai net hyl et hyl enedi am ne (10 pL, 0.066 mne', 6.6 equiv) in
tetrahydrofuran (300 4.) at -78 'C. The resulting solution was stirred at
--78 'Cfor 30 mm wher eupon a solution of the ester CDL- I-299 (17 ng, 0.050
m ne!, ui j.n tet rofuran .(200, d napdeep red
sol uti on. %ﬁ"fg %gf&%c@\é’é%tdqdr E%avgfl §7§N q)flgfﬁ gﬂﬁtﬁ A egélg&so ution of

t he enone HDRSﬁmééyOJ mg,Ed@ Dclmnte.: Whkelsiise Bation, Nhtmaﬁymlntxqf&swén {00 WO
was added at ---78 'C. The color of the reaction mxture remained deep red

f ol I owi ng mdxe(044dY miegranolinl G, xmu6d, das (et Dwkt)°t® ek QoMysgdanalsy i n.

Upon reac : gueo ution (pH 7.0,
02N o e ] RO OGN R aPROR B ] 5B ract ed wi ¢h
di chl or orret hanc (3 x 15 inl2). The organic |l ayers were conbi ned and 121
then dried over anhydr ous sodi um sul fate The dried solution was filtered
and t he fillxample 3vinatiesiscofft-Peoxdetraeyelinegi ng a yel low oil. The product was
purified %%_’ste?@%laisﬂry HPLC on a Coulter U trasphere ODS colum (5 }nu,
250 x 10 ; e 3.5 rriLimn, Solvent A, water, Solvent B;

met hanol , UV det ect i brse@Bul35MEDY, usi ng an i njletiQ@hn, DMFdﬁ%)of 500 pi

met hanol wi an i soclr&t-ioe °@l ut i on §! 506 B. CHibfe2 peak el ut i

mn was col ed a rdlngThE—M‘GW%‘Plle_’
CDL4' 287 as & liaght! g.dltl o8 “Sobi2d °C6. rrgco%%z P °'1E?M C 1 ‘
(2: 8 tetfahydmef uran- hexanes): ifi NTYOiR (500 MHZY™EBC13) (s, l- e16 24,

enol - OH), ahidebacik 50 (rn, 3H, Aril), 35

L= 7.8 He Ail), 5.39-5 34 (m 2Hz°b?:?—é’9 éd%fé‘%“’a'ﬁéﬁéal . '&%’7 ,
CHN(CH3)2), 2.81-2.71 (m 2H., CH3CH, CH3CHCH) 2.55 (dd, 1H, 1 10.7, 5.7
Hz, mmNgEg@tﬁ) 2 A8olh8on Qiisjec Hﬂ@}@ﬁt}@&)n %16}{&51%&4146 M~324:O:1=14L ki
CHHCHCHN( 131 (ddd, 1H, J= | TCHCHN( CI—|312) 1.56
(s, 31-1, rﬁ]ﬂ@),,Z @ecﬁﬁv)(\sas aded Hoeesolutmatf J\( Y N'Mietrmthylethzlﬁne@amgmG 9TBS)

0.13 (s, 3HL 3§3m)rriol 2.5 equiv) in tetrahydrofuran (25 mL) at —78 °C. The resulting yellow

solution was cooled to —90 °C (internal temperature) in a liquid nitrogen-ethanol bath.
A solution of o-anisic acid (2.00 g, 13.1 mmol, 1.0 equiv) in tetrahydrofuran (10 mL)
was added dropwise via cannula over a period of 30 min to the yellow solution. The
resulting orange suspension was stirred for an additional 30 min at —90 °C, then was
allowed to warm to —78 °C over 15 min, whereupon iodoethane (4.2 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, CDCl;) analysis of the crude product showed an 8:2 ratio of the carboxylic acid
CDL-I-279 (5 3.89, OCH3) and unreacted anisic acid (6 4.07, OCH3). Oxalyl chloride
(1.0 mL, 11 mmol, 0.8 equiv) and N,N-dimethylformamide (100 pL) 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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33C NNVIR (125 M+, CDC13) 187,4, 183,1, 182.8, 181.6, 167,6, 151.7,
150. 2, 147.4, 135,0, 134.0, 128.5, 128.5, 123.4, 123.0, 122.49 108, 3,

107.4, 94.8, 83.9, 81.5, 72.5, 61.5, 46,4, 41.9, 39.5, 34,9, 27.7, 26,0,
20.7, 19,01 16.0, -2,6, -3.7; MR (neat film, etril 2923 (m, 2841 (iii),

1759 (s,
(m), 1277 (s), 1262 (n), 1231 (s), 1144 (s), 1005 (w); HRVB (ES) rii/z

C=0), 1718 (s, 0-0), 1605 (s), 1508 (s), 1467 (m), 1456 (m),

ga:jlegg\/{ g,[r? %g{)vljéggl _o? ? '_11%;3%%3 ()J+w}71f::3r:<la'up30%6 en(];l%l.ng, ngnrﬁ&??l equiv),

pyridine (2.4 mL, 30 mmol, 2.3 equiv), and 4-(dimethylamino)pyridine (10 mg, 0.081
mmol, 0.006 equiv) were added in sequence at 23 °C. The resulting brown reaction
mixture was then stirred for 2 h at 23 °C. Aqueous hydrochloric acid (1 M, 50 mL)

was added and the resulting mixture was extracted with ethyl acetate (2 x 50 mL). The
organic layers were combined, then washed with an aqueous sodium hydroxide solution
(0.1 M, 50 mL), followed by brine (50 mL), and were then dried over anhydrous
sodium sulfate. The dried solution was filtered and the filtrate was concentrated,
providing a clear oil. The product was purified by flash column chromatography (5:95
ethyl acetate-hexanes), affording the ester CDL-I-280 as a colorless oil (1.7 g, 50%).

[00189] R;0.28 (5:95 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl3) 8 7.56
(t, 2H, J= 7.8 Hz, ArH), 7.37 (t, 1H, J= 7.8 Hz, ArH), 7.31-7.26 (m, 3H, ArH), 6.93
(d, 1H, J= 7.8 Hz, ArH), 6.85 (d, 1H, J= 8.3 Hz, ArH), 3.91 (s, 3H, OCH3), 2.79 (q,
2H, J = 7.8 Hz, CH,CH3), 1.33 (t, 3H, J = 7.8 Hz, CH,CH3); °C NMR (125 MHz,
CDCl3) 8 166.9, 156.5, 150.8, 142.8, 130.9, 129.5, 125.9, 122.5, 121.6, 120.9, 108.5,
55.9, 26.6, 15.6;, FTIR (neat film), cm™' 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 (C16H|6O3+H)+ 257.1178, found 257.1183.

Et BBr3, CH,Cl, Et
;j :COZPh 0°C : :‘002Ph

Phenol CDL-I1-298:

OMe 97% OH
CDL-1-280 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-I-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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N(CHg/ - -4 1. sq. HF, CH3ON 2( 12, Pd bl ack THF- Cl-130H 8194
H3CN(C11, 112 ,NH2 1 HOC HO 0 1 OH CDL-1-322

was further extracted with dichloromethane (50 mL). The organic layers were
combined and then dried over anhydrous sodium sulfate. The dried solution was
filtered and the filtrate was concentrated, providing the phenol CDL-1-298 as a
colorless oil (605 mg, 97%).

[00191] R;0.47 (5:95 ethyl acetate-hexanes); "H NMR (500 MHz, CDCls) &
10.94 (s, 1H, OH), 7.49 (t, 2H, J = 7.8 Hz, ArH), 7.41 (t, 1H, J= 7.8 Hz, ArH), 7.35 (t,
1H, J=7.3 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 caled for (CysH403+H)" 243.1021, found
243.1014.

Ester CDL-1-299:

Et Boc,0, i-Pr,NEt Et
E;[cozph DMAP, CH,Cl, QCOZPh

OH 86% OBoc
CDL-I-298 CDL-1-299
[00192] N,N-diisopropylethylamine (520 pL, 2.99 mmol, 1.2 equiv), di-t-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), affording the ester CDL-
1-299 as a colorless oil, which crystallized upon standing overnight at —14 °C (733 mg,
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[ 00196] Hydrofluoric acid (0.6 rilL, 48% aqueous) was added to a

pol ypropyl ene reaction vessel containing a solution of the

M ehael - Di eckmann addi ti on product CD1,- 1-287 (15 ng, 0.021 11171101, 1.0

equiv) in acetonitrile (3.5 rriL) at 23 CC, The reaction m xture was

stin-ed at 23 C. for 55 li, then was poured into water (20 inL) containing

K.2HPO4 (4,0 g), The resulting m xture was extracted with ethyl acetate (4

x 20 ME). The organic phases were conbined and then dried over anhydrous

sodi um sul¥able™PPRe Cdri ed solution was filtered and the filtrate was

concentr at rovi d ld b deQWig MR sbh a8k (D 61,187 48. 044 1 no!,

3.4 equi v)lgg}agsﬁadde firbgmca)(rl]ég %gérrt}?églﬁ ef[é')éf’ a soIlRSgi on o%’ the3er§si due in

met hanol - t(et, 3&al, ryH),of 2ir-2a6 (th; 35, 2ri, 7)22 (ANl tatresBhdre\rdl), hyblddéh Jgas was

i ntroduced, by briefly evacuatin he f I , n_fl uyshi i ur

nydr ogen_ (1 B AT, 26 r ke e GHacHEs o ot B0 5 ST 5

the odor ong: Rt R £, 13016 1483ct 9B, Mixjure was

filtered f}%g%gzﬁ:%s’l??ygmgf(l%%ﬂ}gﬁg lgaq[l 5%/r’ate was concentrated,

af f or di ng Royellbes mid.1,(126.4nt)1.7,TR6.5pBRELET. 5 \s8, pr6; FTERI (gt Pinepamat or y

HPLC on a Phenopenex Pol yrmerx DYE col u 00,. fLow.rate 5

M 11mne SAGERTIA TSIt Rkl | G2 IN Q21487 (VB 452 A OB LB AT 19N 6. v

det ection gh4365) gy U3hae) afbsh MnFOIR OIS (h UBcAtd HRQCHH, e

cont ai ni ng oxggi’c eg(;‘%i rmngg%yg)r a?e?’( 10 rrgggsgnd an isog(h:&r{’atzg{z5 Ig?{l}?: on of 18%

B for 15 ni&f,18lheiouad B6MERS. gr adi ent el ution of 18-60% B in 15 min. The

peak eluting at 17.5-22.5 mn was collected and concentrated to give

6- deoxyt etraeyel i ne hydrochl oride (CD1.44-322, HC1) as a yellow powder (8.1

my, 81% . LALARTDicckn¥Rn (BRQiMEaGELIN )28y dr ochl oride) a 7.49 (t, 111,

|- 7.8 Hz, Aril), 6.95 (d, 11{, J = 7.8 Hz, Add), 6.84 (d, 1H, 1= 7.8 Hz,

ArH), 4.09 (s, 11-1, CEIN(Cl13p217MBDA3 (br s, 38k m(cmﬁ@ﬁazz 2.97 (hr s,
| \ q g o 4

3H, N(('-13)), 2.9Q (Bir d, 1HTHF=782C7 Hz, 2 67 (ddd, |B.
J= 122, 127, 5.3 Hz] CH3CHGH)—2-61-2.56=(i n| @ =
13.7, 5.2, 2.9 HzZChith,Bh1 CHN(C1:A3)@)G 1. 54 13

30 (ddd, |

12,7, 12.7 Hz,
CHHI CHCHN( 0- 13) 2) ¢pd, 38 (d, 3H, 1s@H8),Hz, GEREH) . oHRWBS:(&S) ©Bhz cal cd for
(C221124N207+11)t 429. 1662, fquhd: 429, 1660. Exanpl e 4- 8yBshesis of a
Pyridone Sancyclgpie.f¥eal og P| en t CD1, 11-464: cpL.-287
100198] 2, 4, 6-Tri chl oroberi zo 2hl origde (356 4. 2.28 mol, 1,1 equiv) was
added to a solution of the carlbox licnggid CDL41-417 (reported by AN
Csman, MM Ismil, MA. Barakd : gva%%oumai ne de Chine 1986, 31,
615.-624) (534 ng, 2.08 mmol. 1. q and triethylamne (320 L, 2,28
11131101, 1,1 equiv) in tetrahyasafuran (25 m,) at 23 '"C. A white

reci pitat f or med on addition, The reactjo 1 Xt ure stirred for

S0 min at B8I5F A oBsallion ogﬂgba%ﬁ@runeme%?s @:‘%dwn%ﬁ,is %B@f?gawlv) and

4- (di nmeth [Nl i i . i: 0 2 i i .

Lot 1ol gy oF saulf MR BAGenE aeBah B g dpRlbubinilPl 10 G CARL cquiv)

prepared a:hﬁVN,]\@N’,]O’-t'eﬁ:‘ama_th?leﬂ?@dﬁ'e&iiaﬁgnd@mtuu’,@.Ot%ﬁ‘mrabl,Gmui\i) imarmto 23 C
or

over 10 mn, and was stirred 90 rain at that tenperature. An aqueous
pot assi um ighrekyhefuean3Nf i) sot 1t i nTigueswitiog s@uttorNaas goradiat)-748€ foh&h added

and the resulting m xture.was. extrac | i chl oronet h 3.x .30 nth).
The or gani I(I,mé‘%b_?lg@?(g’ W‘éﬁ %ﬁﬁ%ﬁera(hﬁﬂfwggi% Op rmglr?ﬂ&gq %‘i}g‘)’()slei um
sul fate. T@%aﬁgfdr@ﬁraﬁpdzue 12y wWARSdddd| Fish 28 BE sbiblibd ok SHEENyAST ed,
providing a colorless oil, The product was purified by flash col um

chr omat ogr sipted at 679ACdoh}A mag ¢t eesoheioandshe eraht AR M.Q e, phédyimelst er

COL- 11-464, as ite so]i 590 859 65 ' C,
1.9 quiv n tetrahyclro{%ragn (100 ﬁ%’) was added B —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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[ 001991Rf 0.3% (1:9 ethyl acetate-hexanes); 1H NVMR (500 MHz, CDC13) 67.49
(d, 2H, J = 7.3 Hz, ArH), 7,40-7.24 0-11, 6H'Ark:10, 7.14 (d, 2H J= 7.3
Hz, Aril), 6.69 (a, 1H pyr-H), 5.49 (a, 2H, CH2Ph), 2.47 (s, 3H, CH3),
2,43 (s, 3H, CH3); 13C NMR (125 MHz, CDC13) 8 165.9, 160.1, 157.8, 150.7,
148,5, 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 filn), cra- 1738 (s, C0), 1600 (s), 1569 (s), 1492

I EN IO P RO T SO N MR

334.1442. giNkretyal 3bRcenBated, prBRdinka yellbhQAHL THS JebdRORRs Bd8Bed - 11466
preparatory HPLC on a Coulter Ultrasphere ODS column (5 um, 250 x 10 mm, flow
rate 3.5 mL/min, Solvent A: water, Solvent B: methanol, UV detection at 350 nm)
using an injection volume of 500 pL methanol with an isochratic elution of 89.5% B
The peak eluting at 31-40 min was collected and concentrated affording the Michael-
Dieckmann product CDL-I-287 as a light yellow solid (6.1 mg, 83%), mp 114 °C.
[00195] R,0.37 (2:8 tetrahydrofuran-hexanes); 'H NMR (500 MHz, CDCl3) 8 (s,
1H, 16.24, enol-OH), 7.55-7.50 (m, 3H, ArH), 7.40-7.35 (m, 4H, ArH), 7.10 (d, 1H, J
=7.8 Hz, ArH), 5.39-5.34 (m, 2H, OCH,Ph), 3.92 (d, 1H, J = 10.7 Hz, CHN(CH;),),
2.81-2,71 (m, 2H, CH;CH, CH;CHCH), 2.55 (dd, 1H, J=10.7, 5.7 Hz,
CHCHN(CH3),), 2.48 (s, 6H, N(CHs3),), 2.40 (d, 1H, J=14.7 Hz,
CHH'CHCHN(CHj3),), 2.31 (ddd, 1H, J=14.7, 9.3, 5.7, CHH'CHCHN(CH3),), 1.56 (s,
3H, CH3), 1.55 (s, 9H, Boc), 0.84 (s, 9H, TBS), 0.27 (s, 3H, TBS), 0.13 (s, 3H, TBS);
C NMR (125 MHz, CDCl;) & 187.4, 183.1, 182.8, 181.6, 167.6, 151.7, 150.2, 147 4,
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,
61.5,46.4,41.9,39.5,34.9,27.7,26.0,20.7, 19.0, 16.0, -2.6, -3.7; FTIR (neat film),
cm™’ 2923 (m), 2841 (m), 1759 (s, C=0), 1718 (s, C=0), 1605 (s), 1508 (s), 1467 (m),
1456 (m), 1369 (m), 1277 (s), 1262 (m), 1231 (s), 1144 (s), 1005 (w); HRMS (ES) m/z
calcd for (C40H50N209Si+H)+ 731.3364, found 731.3370.

6-Deoxvtetracycline CDL-I-322
HaC H N(CHa)2 ’;jCHS

O, 1.aq.HF, CH3CN O"‘
N
2. H,, Pd black m

BocO O HO : o ©OBn THFCHOH i f 5 wo i o

OTBS 81% OH
CDL.-1-287 CDL-I-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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0 .zE OLICII OTBS ERN 67% [ 002001A solution of n-butyllithiumin hexanes
(.67 M 80 }AL, 0.13 mnol, equiv) was added to a solution of
diisopropylanine (20 rd., 0.14 mmol, 4.5 equiv) in tetrahydrothran (2.5 ml)
at ---78 C The resulting solution was allowed to warmto 0 'C over 15
mn. Al, "-di methylprop2,,lencurea (17 rit" 0.14 mol, 4.5 ecgAiv) was
added to the m xture prepared above at 0 C, whereupon the m xture was
cooled to

370 oqui Kt 0Ny GhbIHARECES0% 1) SUESCEAEN dBet A Ura bis) The

resul ting -yl d-omi Soladtd \Q&e\ﬁ’@ﬁbﬁfeﬁ raﬁ@ @hefl%‘he@ oWrinBYdrons J(ﬁuﬁi_l sulfdienThe
sol ution of the enone DRS6 (15 1 mol, 1.0 equiv)

t ei rahydr airlwdanlu(lﬁs(\)/ap filtdredasd &Méﬁafawas 'pgnce@tratpﬁ,eorp‘élgmgtq I#Bjﬁ eV r ed

m Xture was to 0 s @added
at to the @ dlezflpfJ lgv\% %(ﬁp\,\%g)@k malogéo Xf"%‘flf}) %Saa%@g 1a{lno acfit?gtcl)(tgjnst% aoﬁ%lg}gg’unf?
phosphat e theifdsRiue $PMethafd -teRdthydrdfurad (2. 1M mn Amodierd eildidgeg guel | ow
m xture was extracted with diehioronet hane x 15 rith). The organic

extracts \wasdniceduseh by bepdy evashating thel ﬂéskeﬁheaﬁhlyhllﬂsm\éthswd? brdegr @t e. The
dried solutl, nTﬁ\%Slggrletv%{s%grr%d d #?‘PC ket a@&ﬁr‘th 19 qgﬁ{%&%h%ggegﬁ@w ding a

yel | ow oi I urifi ed by prepa

Ul t r aspberighORSientoudank (8l1dw.NThe@actionl@ixtire wak @Wefeatthroagls apivg dfivoitom Sol vent
A. water, Solvent B: nethanol, UV detection at 35% nm 3;&&? an in ectlon
vol ume of Booilipie Ww)lcealﬁf@teé Yradingmyepwiaildd 0gre)od g B%Puf

e o ac hePgahy BPLET PhlBihaAR naSkEG BUB ERARGEDIT B 8t 610 3e9d
et hyl acetf@dwrité SXIﬂEVﬁﬁI),S‘GL]VdW ARr{e6080 M2 1\(19020124) $61.v@5t K scemnditfld) UV
7.52-7.26 (in, 1011, Aril), 6,66 (s, 111, pr-H), d, 114, 12.7 Hz,

OCHI EPh) , @&tergiop df 335 nmpusing-n injertion voj@mqldwpo u@raghgn goptgingayyion) , 3. 99

S8 1) g i fhoBotifaray BT e sk altiyeidy s B (SIS R R D)

16. 1 Hz, GiMEkiEdarN(1GHR1Y) B id.153nind dhhe bk 61uﬂiﬁ’g5tl735 92 Han@H@HN( CH3) 2)
2,51-2.43 On, 10H, N(01-13)2, Ar-CH3, CBHCHCHN( CH3) 2),.2.07 (d

14. 2 Hz, cmlremmé CHBpRiyatedicag vy 6-deorytetraggylinaiparqcl orsllq (CPasy- 32@ HL@) (s,
3H TBS): 13C N.VI Rvsd?f gSEl/Hz Cl2) 187.9. 185.2, 182.5, 178.8, 167.9,
128.7, 127%¢ Yoy 18-hm&B8I%) 58" 6 26 1 24.6, 23.0 19,3,

[00197] '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(CH,),), 3.03 (br s, 3H, N(CHy)), 2.97 (br s, 3H, N(CH3)), 2.90 (br d, 1H, J = 12.7
Hz, CHCHN(CH,),), 2.67 (ddd, 1H, J = 12.7, 12.7, 5.2 Hz, CH;CHCH), 2.61-2.56 (m,
1H, CH3CH), 2.30 (ddd, J = 13.7, 5.2, 2.9 Hz, CHH'CHCHN(CH3),), 1.54 (ddd, J =
13.7,12.7, 12.7 Hz, CHH'CHCHN(CH;),), 1.38 (d, 3H, J = 6.8 Hz, CH3CH). HRMS
(ES) m/z caled for (C22H24N207+H)+ 429.1662, found 429.1660.

Example 4-Synthesis of a Pyridone Sancycline Analog
Phenyl Ester CDL-11-464:
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-2.4, -3.5; FTIR (neat film, crifit 2939(m, 2857 (w), 1720 (s, 0-0), 1593
(s), 1510 (s), 1469 (m; 1449 (m, 1326 (s), 1254 (m, 1187 (w), 1157 (m,
1090(m, 1064 (in), 1007 (m; HEMS (ES) rth ealed for (C411147N307SH11)1
722, 3262, found 722.3261. PYridorie Sancychne Anal oacnt-11-460: 1. H2,
Pd(OH) 2/ C di exane, CH3OH 2, E4 HO, MeOH 74% [00202I Pal | adi um hydr oxi de on
carbon (20 wt. A Pd, wet, water max. 50% 10 ng, 0.0094 mmol, 0.7 equivV)
was added to a solution of the M cha%- Di.ecki narin addition product
CDL-11-466 (10 ng, 0.014 mml, 1.0 equiv) in dioxane-nethanol (1:1, 10 ml.)
at 23 *C. An atnosphere of hydroqem ga as I ntroduced by briefly
evacuating the flask, then flushing wt

resulting mxture V\%s stir;q(?fj at 23 CN {0 lltHsE,Fhe olgnsturnéd green
after 5 mn and thg m %y to yeELRWHE t hin tm@@ctlon time. The
!

mxture was filtered firough a ptug—ef—eettoen-and ee%entratedtoa
yell ow oi |, Aqueous hydioch@Hic acid (37% 100 61,.l.) Wa$ added to a

sol ution of the residueOBm net hadolPhOHODMAP) at 23 "C" The reaction Vi a3

nmoni tored by anal ytic lfs on a Coubter U trasphgpe,Jep colum (5 1. 1ETE,
250 4.6 ram flow rat ?Dfl—l%ﬁni n, Solvent A 0.1% TER in water, Solvent B:

0. 1% TPA i[601@8¢t oni t2r4,6-AYrichiStobdet®d thlorida(3589H., 238 mirtoh lal epadieast el uti on
of 10- 100%5 over 15. The peak at 7.0 m n indic te‘gﬂ\} e desj ﬁ’g
product . Affed togysopytion@f thercasbaxyhe agid CDLIEA14 &Pty Y- %M) te and
t he m xtun 0 : - 0 T jaxt S

buri 11 od Lo M O TRRL bl R A Lo D O B e 230 oo m
250 x 10 nmmof. I @ve¢quat) and tridtvytmine$620/ gbf 2.28 nind);11.Neqojureoustriiydrafoldnor i ¢
acid, Solvent B acetonitrile, DV detection at 36§iﬁ_anj gsi ng.an injection
vol une of (BdBLUE Fthafol NigLRIEsPHRE g a8 ened Wen ddtiiaBhy Be EREUYBBIYYC and a

[ near 9" alailef Gragiia 29ver A0ifich oThennanko Flus pDa gl 3028y n was

f
col | ected an§ concentrated to give t rochl ori s a
yel | ow powdé#-((dn@hylaginojdddind GB82 03d, 5t20 tiviRl, 25D8quiAzin t@Bhdiofuran (10

?%/]dr gahl &E@ﬁ%ﬁ%ﬁd@é&@l@?? ﬁ\aretrg'gcﬁoé 'molgtugesf)reg)'ail'r%d al%_\qg(a%ﬁbz)’l’he& 05-2.95
resulting mixture was allowed to warm to 23 °C over 10 min, and was stirred for 90
min at that temperature. An aqueous potassium phosphate buffer solution (pH 7.0, 0.2
M, 30 mL) was then added and the resulting mixture was extracted with
dichloromethane (3 x 30 mL). The organic extracts were combined and then dried over
anhydrous sodium sulfate. The dried solution was filtered and the filtrate concentrated,
providing a colorless oil. The product was purified by flash column chromatography
(6:94 ethyl acetate-hexanes), affording the phenyl ester CDL-II-464 as a white solid
(590 mg, 85%), mp 65 °C.

[00199] R;0.33 (1:9 ethyl acetate-hexanes); 'H NMR (500 MHz, CDCl;) § 7.49
(d, 2H, J = 7.3 Hz, ArH), 7.40-7.24 (m, 6H, ArH), 7.14 (d, 2H, J= 7.3 Hz, ArH), 6.69
(s, 1H, pyr-H), 5.49 (s, 2H, CH,Ph), 2.47 (s, 3H, CH3), 2.43 (s, 3H, CH3); °C NMR
(125 MHz, CDCl;) 6 165.9, 160.1, 157.8, 150.7, 148.5, 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 calcd for (Cy HgNO3+H)" 334,1443,
found 334.1442.
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Cliell211311CHN(013)2), 2.79 (dd, 1H, - 16.1, 3.9 Hz,

CHH CHCH2CHCHN( C, H02), 2.55 ((I1d,16.1, 16.1 Hz, CHHCHCH2CFI CHN(CH3)2)),
2.40 (s, 311, Ar-C113), 2,18 (hr. d, 1b1,1= 12.7 Hz, 0/111-11CHCHN(CH3) 2),
1.59 (ddd, 1H'1 = 12.7, 12,7, 12.7 Hz, CHI TCHCHN(CH3)2); 3C NWR (100 MHz,
(CD3)2S0) 6 187.3, 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; FIRMS (ES) 1th
cal cd kir (C2i HOSN3O7-rf-)l1 430 1614 faoupd 430.1607. S5-liyallansis of

Ppi rlitnt “SEtdmy AL DS s =2 ai m NaCOH, ethanol, reflex 2.
CC.C.)0)2, DVg, CM3 ? 10=01, DWA?, Eéri dine )2 Et 66?40\] MG&T3)SM 100204] A
sol ution of 2ypet hyl - mgot i ni-dLAcPYPEL hyl 'ﬁ)fﬁ --67=-SM _@.5 3.56 nmol
1.0 equiv), aquegus godi um hydittxir&eC( 1.0 .

and et hanol (5 nal neat ed at reflux for NLg§2h

was al | owed to cool to 23"T.2 AAdCwRS “©oncent raf ed, af g or g de

carboxyl ate salt (??0 ng) as a WhiNtaissol i d. ayl QhT'Br i e ($57 M.. 4.09
m nd, 1.15 equivV) ded to. a m xtyure of the e, arboxylate salt in

di chl or onet hane (#ﬁ-f‘l ,) a \T(/)lgrgor ous gas evo@g?l}‘gﬁéwas observed
upon addition. The reaction M.} Abs stirred at 23 C2 for 30 mn, then
N, AT- di met hyl formarni de (20 Ir gded. After stirring for an
additional 30 mmat 23 'C., 3 6 "y, 8.90 mol, 2,5 equiv),
pyridine (864 ut., 10.7 mmol, 3.0_equiv), and dimethyl ani nopyridine (3 rag)
wer e added in sequence. 'The r es 'Y ng solution was stirred for 90 mn at
23 ee, mgown an AeEMSoPRbASAIHIhPRATRARS €1 6w M &0 |H9loutd @l pkb 7. 05,
0.2 M 5.0 m..) was added. The fesulting m xture was partitioned between
wat er (30 dqniv) warndddidhyla sabibatoé dii@prefidn)ine Riepladubbmsngivhs equiakinext r act ed

with an additiqnal 50-EnT. portign of ethyl acetate. The gani c, | ayers
wer e conbitﬁté?ilygﬁgu%é%édnlvﬁ actﬁ7gn8aa‘§)?§6?§§né’(5(§f) OHWGLEPWSS ol BT E?n@( 50
rith, 1M ,.-btj W) 4 ' r 0 j te.
The dri ou Sl LB e e e s 0 R 3 e o fees
oi | (900 nyg)he mheuppechacdd abase pul ? ¢ iveltbrépoh Itiasiniamleuwas coblednat-08f @phy

(25:75 ethy| acetate-hexanes), providing the ester JIMA47 as .a col orless
oi | (500 nglutiepgy Fh%%t?z@llmliﬂ@@1(1@.8,70'&%’9?‘1[“038@5ﬁﬂ‘éy}m@isﬁﬁ%‘é’?ﬂﬁml‘( 300 Mz,
CDC13) 5 8(2?6) nL) 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
tetrahydrofuran (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 pL) was added at to the deep red
mixture at 0 °C, followed by an aqueous potassium phosphate buffer solution (pH 7.0,
0.2 M, 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
yellow oil. The product was purified by preparatory HPLC on a Coulter Ultrasphere
ODS column (5 pm, 250 x 10 mm, flow rate 3.5 mL/min, Solvent A: water, Solvent B:
methanol, UV detection at 350 nm) using an injection volume of 500 pL DMSO and a
gradient elution of 92-100% B over 30 min. The peak eluting at 21-29 min was
collected and concentrated to give enol CDL-II-466 as a light yellow solid (15.0 mg,
67%).
[00201] R;0.55 (3:7 ethyl acetate-hexanes); 'H NMR (600 MHz, CD,Cl,) &
16.05 (s, 1H, enol-OH), 7.52-7.26 (m, 10H, ArH), 6.66 (s, 1H, pyr-H), 5.57 (d, 1H, J =
125



(dd,"1= 1.7, 4.95 Hz, pyr-H), 8.44 (dd.J- 1.7, 7.8 Hz, pyr-H), 7.487.43
(in, 2171"4,M, 7.33-7.20 (m 411, AM pifi-H), 2.93 (s, 1H CH3); >C NWR
(100 MHz, CDC13) a 164.8, 160.8, 152.4, 150.5, 138.9, 129.5, 126.1, 124.5,
121.6, 121.0,25,0; FTIR (neat filnm), em | 3406 (n), 1948 (w), 1747 (s),
1578 (s), 1487 (s), 1435 (s), 1273 (s), 1237 (s), 1191 (s), 1046 (s), 915
(m), 822 (m), 749 (s) 689 (s); FIRVMS (ES) in/lz Gated for (CIA | NOR.+B)"
214. 0868, found 214. 0
2.7 Hz, OCHHPh),543 (d, J=12.7 Hz, 1H, OCHH'Ph), 5.33-5.28 (m, 2H,

OCH,Ph), 3.99 (d, 2H, J = 10.5 Hz, CHN(CH3),), 3.04-3.00 (m, 1H,

CHCH,CHCHN(CHa),), 2.84 (dd, 1H, J = 16.1, 4.9 Hz, CHH'CHCH,CHCHN(CHj3),),

2.74 (dd, 1H, J = 16.1, 16.1 Hz, CHH'CHCH,CHCHN(CHjs),), 2.53 (dd, 1H, J=10.5,

3.9 Hz, CHCHN(CHs),), 2.51-2.43 (m, 10H, N(CH3),, Ar-CH;, CHH'CHCHN(CH3)»),

2.07 (d, 1H, J = 14.2 Hz, CHH'CHCHN(CH3),), 0.82 (s, 9H, TBS), 0.22 (s, 3H, TBS),

0.10 (s, 3H, TBS); *C NMR (100 MHz, CD,Cl,) & 187.9, 185.2, 182.5, 178.8, 167.9,

161.9, 161.8, 154.8, 137.9, 135.6, 129.1, 129.0, 129.0, 128.7, 127.9, 127.9, 116.4,

111.6, 108.6, 107.5, 82.0, 73.0, 68.1, 61.7, 46.9, 42.0, 39.2, 28.6, 26.1, 24.6, 23.0, 19.3,

-2.4, -3.5; FTIR (neat film), cm™' 2939 (m), 2857 (w), 1720 (s, C=0), 1593 (s), 1510

(s), 1469 (m), 1449 (m), 1326 (s), 1254 (m), 1187 (w), 1157 (m), 1090 (m), 1064 (m),

1007 (m); HRMS (ES) m/z calcd for (C4|H47N307Si+H)+ 722.3262, found 722.3261.

Pyridone Sancycline Analog CDL-I1-460:

iy MCHa), 1. Hy, Pd(OH),/C

HaC_~ SN O, dioxane, CH3;0H H3sC
| N ¥
N = : ¢ 2. aq. HCl, MeOH :
BhO O OH: 0 OBn 74% O O OH O O
OTBS OH
CDL-1I-466 CDL-11-460
[00202] Palladium hydroxide on carbon (20 wt. % Pd, wet, water max. 50%, 10

mg, 0.0094 mmol, 0.7 equiv) was added to a solution of the Michael-Dieckmann
addition product CDL-I1-466 (10 mg, 0.014 mmol, 1.0 equiv) in dioxane-methanol
(1:1, 10 mL) at 23 °C. An atmosphere of hydrogen gas was introduced by briefly
evacuating the flask, then flushing with pure hydrogen (1 atm). The resulting mixture
was stirred at 23 °C for 2 h. The color turned green after 5 min and then gradually to
yellow within the reaction time. The mixture was filtered through a plug of cotton and
then concentrated to a yellow oil. Aqueous hydrochloric acid (37%, 100 uL) was
added to a solution of the residue in methanol (10 mL) at 23 °C. The reaction was
monitored by analytical HPLC on a Coulter Ultrasphere ODS column (5 pm, 250 x 4.6
mm, flow rate 1 ml/min, Solvent A: 0.1% TFA in water, Solvent B: 0.1% TFA in
acetonitrile, UV detection at 395 nm) with a gradient elution of 10-100% B over 15
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1002061A solution of ri-butyllithiumin hexanes (1.47 N, 136111,, 0.200
nfnol, 8.03 equiv) was added to a solution of diisopropylamne (26.5 i.L,
0,202 mmi, 8.05 equiv) in tetrahydrofuran (0.750 inL) at -78 "C, The
reaction mxture was briefly (10 mn) transferred to an ice bath, with
stirring, then was cooled to -78 'C Hexanet hyl phosphoram de (49.0 ft, L,
0.399 innol, 16,0 equiv) was added Mthe m xture prepared above at -78 'C

The resultlng i xtyre rre wher eu shess

sol uti on W& F?PHE% aty Fb’é‘ﬂ]cf‘ﬁeaéhes%qsﬁf‘{n%rﬁgv\ﬁs %&I%’T@gg&v\?gé%?abeannul a
to a sol utghome %teétﬂ)% v@a%tc%hpﬂé%g-afildﬁz dl%r@wﬁmaonQer&ﬁ%drt@m@eﬂoﬁlﬁblleqrhe\/) and
t he enone, g 2,2 ny, 0249 nrnol, 1,00 equiy) in tetrahgdr ofuran (1

n) at --@@@@mmpwaseurwﬁ@d laepmpﬂratorwﬂBLCm@mPheéamﬁﬁl%Rﬂ ¥6RsDYPBl owed to

warmto -50 "C and was art d t aqueous
pot assi umcﬁ}’ﬂggb %??pf e{b 08 LfJ]toiWorraf ( IIT-’IVE’ §oﬁ) p%l Og?ﬁ\%ﬁ%ﬁ?pand

di thlor Orrfhtytiﬁ)raﬁloﬁ%%mes&rvaﬂm GcRbASReVOY @w@%@meﬂssam@ ushey @dufetisn phase
was furthef extracted with dichloronethane (3 x 15 tril). The organlc

phases wenelwonti 08d lamdthdnoleuntirng axdigdciusordainn GQimataad atineadr i ed
sol uti on was, decant nd concentrat ed ffor ello d., The
pr ogulct wa%adﬁﬂ}tlo?f)ég’%g Odre%%(g?’é‘i‘ PIRITEISS ‘B’Hgégéggi; 1“3¥ &P CV%A%CS%J gid CDS

col um (1QoRMntraRE tf ¢t thihyd3ehlérid JTIADL 304668 a HellWabewderIalavapt
nmet hanol, UV detection at %0 11111) using an injéection volune o 500 pi,

met hanol aMdo)a |inear gradient el ut| on of 35 100% B over 30 m n. The peak
21- 27 - 8 whi

ol 1 d (1180372 ﬁ%&%@%&%"cﬁfﬁwﬁ& hlprakE 27 0 A0y FBTve (500

Miz, CD2aZ)y %ﬁﬁg&}%)?g.o%% )N(cfﬁhgz f—ItHIN(CP;;)ngHZ pyr 11) 819 (d,

[1t, J= 7,5’ H 4y 54-7.43 édJ— 5, 7.5 Hz,
pyr-111), GHEH,CHCHN(CH:})- 2192(ddHiH DeHe, B 9521311(1&% T GHEENICHz)y),

OCHHTI O, d, 1 = 7
oo S ehsy E g I 1, e ctudiemhca il i neioye o)
2.99 (dd, At} k& 1¥ﬁJ3q121¢H% B H CHOHGHOHR GhIGHNY 21,2163, (2dd14.76, 4.4,
10. 7 Hz, CHCH?\I CI-13)2 it () f

Hz, CHH CHCHN(CH3)2) 3C NMR (100 MHz, (CD3),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; HRMS (ES) m/z calcd for (Cy Hy3N;07+H)" 430.1614, found 430.1607.

Example 5-Synthesis of Pyridine Sancycline Analog (7-Aza-10-Deoxysancycline)
1. aq. NaOH, ethanol, reflux

N_ _CHs 2. (COCI),, DMF, CH,Cl, N_ _CHs
&I 3. phenol, DMAP, pyridine _ @
ZSC0,Et - Z > COo,Ph
JDB1-67-SM JDB1-67
[00204] A solution of 2-methyl-nicotinic acid ethyl ester JDB1-67-SM (0.589 g,

3.56 mmol, 1.0 equiv), aqueous sodium hydroxide (1.0 M, 3.9 mL, 3.9 mmo], 1.1
equiv), and ethanol (5 mL) was heated at reflux for 18 h. The reaction mixture was
allowed to cool to 23 °C, and was concentrated, affording the carboxylate salt (710 mg)
as a white solid. Oxalyl chloride (357 pL, 4.09 mmol, 1.15 equiv) was added to a
mixture of the carboxylate salt in dichloromethane (20 mL) at 23 °C. Vigorous gas
evolution was observed upon addition. The reaction mixture was stirred at 23 °C for 30

min, then N,N-dimethylformamide (20 uL) was added. After stirring for an additional
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2.54-2.48 (m 7H, N(CH3)2, CRIECHCHN(CH3)2), 2.19 (dd, 1H, I= 1.6, 14,5 Hz,
CHWCHCI | N(C113)2), 0.87 (s, 911, TBS), 0.26 (s, 311, TBS), 0,13 (s, 311,
TES); 13C NNW (100 MHz, CD202) a 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, 261, 23.2, 19,3, -2.4, -3.5;
FIRVB (ES) 'nig calcd for (C331139N306SHEI 602.2686, found 602.2686. |.

H2, Pd bl ack cli .- C1-12,0 ] f . CH3CN,.. 3 o 81Pd
bi k(3. Q0w BIDIS MB35 ek a0 vmoked hedh PVRUBRISEHE: 17 PSR
sol ution afy &ﬁ.\gv)?m di&%g cifin%_zoﬁ))ﬁ‘id?%e”(ggn@w@&é 28083 in sdquRnequite)rebulting

di oxanc- net hanol™ (7: 2 ni | C. An atnosphere_of hydrogen was
i nt r oducedolyiohmiastiyedfoa®0 atin a2t Ko Whezgsipon ehagrePPHRARHYTIPRPSDH e

hydrogen (1.atm...Th ] e S.stin- : . hen filtered
t%r ough a(bﬁf%bé%?tloéb@%gg’wgsﬂrpg@as idegbﬁg%%‘%gpgﬁggﬁmgl?g&a%i ng the
car boxam dRnafnad Yekleaiwaick (107mQ) i) ethAGkeate soyrofihsaniuaphase(W89/ a, 0.5

riit) was added to a polypr op;l ene reaction vessel _containing a solution of
the car boxeaided withas edéitionsliS0eml pogionif efhyhacepaie. Ehe quganicdayery Wi €ni xt ur e
was heated to.35 ' n [ t: - inelNE
excess hydﬁpg\?O nﬁ@r@?@éﬁﬁﬁ%%h@%@ Se%)d\}él{?ﬁg'(rlr%lg %Eéﬁlpﬁ %%@Fd’s?llﬁg’nmen?e& 5 md,

25 mine: ) .(5The) aiché®oried e bshyasuscodivandul fatee dTheafrfed sdiutign avayel | ow sol i d,
The product was purified by preparatory Iinﬁ: on azP enorrgn(gx Pol ymer x DVB
col umm ( 10lepanied amlcopcamivptds piferding asenlerksss OO Be-+ G PIQErSaESti ¢ acid in
water, Sol went 4By fuPBikih' 1462805 bk aBEBEBHek Hes RHRIAME Eid ©

(1: ), vaélg{ﬁteeg? ygfr%s}g%‘@lg@k} %W%@éﬁ%ﬂ%ﬁgi?j ec}{?iaon voleum§ )g? 500 tilL

met hanol  assttr IDIB1RETds ecdall@nbil ¢S00OmB09%B. over 40 nin. The peak at 3545
rnin was c

|l ected and concentrated to giv | i i S

di ssol ved ﬂz%ﬁi nt: lfvg)t]ngﬁbf?&’ﬂaéﬁttaéedh%%’ewﬁc%%@WFR@@@M%%@ EIE)??@ aci d
(20and t hE@dsﬁ@,Cﬁm ratesh 1o (g9, the iy droghl oni e mf pyDRY-71087as (m,yel | ow
powder (3.7 ma, 86&«) . .

2H, ArH), 7.33-7.20 (m, 4H, ArH, pyr-H), 2.93 (s, 1H, CH3); "C NMR (100 MHz,

CDCl3) & 164.8, 160.8, 152.4, 150.5, 138.9, 129.5, 126.1, 124.5, 121.6, 121.0, 25.0;

FTIR (neat film), cm™ 3406 (m), 1948 (w), 1747 (s), 1578 (s), 1487 (s), 1435 (s), 1273

(s), 1237 (s), 1191 (s), 1046 (s), 915 (m), 822 (m), 749 (s), 689 (s); HRMS (ES) m/z

caled for (Ci3H, NO,+H)" 214.0868, found 214.0866.

H N(CH3)z . H o f;l(CHa)z
N__CHs N0, LDA, HMPA S N0
H// * W{N THF_ l = L/N
CO,Ph : [ bl S
2 & 5 5 OBn 95 °C —» -50°C O HO : O OBn
oTBS 72% oTBS
JDB1-67 DRS6 JDB1-87
[00206] A solution of n-butyllithium in hexanes (1.47 M, 136 uL, 0.200 mmol,

8.03 equiv) was added to a solution of diisopropylamine (26.5 pL, 0.202 mmol, 8.05
equiv) in tetrahydrofuran (0.750 mL) at —78 °C. The reaction mixture was briefly (10
min) transferred to an ice bath, with stirring, then was cooled to —78 °C.
Hexamethylphosphoramide (49.0 pL, 0.399 mmol, 16.0 equiv) was added to the
mixture prepared above at —78 °C. The resulting mixture was stirred for 5 minutes
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[ 00209] EH NNW (500 MHz, CD30D, hydrochloride) 8.79-8.77 (m 2H, pyr- 1I)
7.91 (dd. 1/4"I = 6.8, 6.8 Hz, pyr-H), 4.12 (s, 1H, CHN(C1-1:3)2,),
3.41-3.22 (nn, 2H, CHI PCTI CH2CHCHN( C113) 2, CHCH2CHCHN(CH3)2), 3.11-3.00 On,
814, CHWCHCB2CHCHN( C1-13)2, CHCHNCI-13)2, N(CH3)2), 2,34 (drid, 1H, J 12.9,
4.4, 2.4 Hz, CHElI)CHCHN(013)2), 1.77 (ddd, 1H J- 12.9, 12.9, 12.9 Hz,
CHWCHCHN( CH3) 2) ; HRMS (ES) ml: cater! for (C201-121N3064-1-0° 400 1508,

found 130 .400. 1504 th f1 .

(o) 2. e e cqr s SRl S tbas s Redita SRR 8561115 ou

[ 002101N, H’t’dé'w’@t\hé’bzfrfﬁﬁﬁ'tQWsdﬁtlf)K@fﬂl'e)esﬁéﬁSDdeﬂC{W\BSng@dleS@ rnmoa 658 uti on of
the eathoxs,:lie acid JDB1-113-94 (500 ng UI \Y 8nd exal yl

chloride ¢®8Y), )iqch.thezxnme DREAG]2 2 mez1 8.0848 mmoln hoﬁ P&lﬁvhwdﬁé?héf L'1e at

é?’ Cp h \efn g IO g'n(cig ég él?)i)g}lée%a YRS APFRL ¥ %’reﬂntn?t{xres\;/ésrarll'o%d tO%Waff dlsp at 23

°C over 50 min and was then partitioned between an aqueous potassium phosphate
buffer solution (pH 7.0, 0.2 M, 5.0 mL) and dichloromethane (25 mL). The organic
phase was separated and the aqueous phase was further extracted with dichloromethane
(3 x 15mL). The organic phases were combined and dried over anhydrous sodium
sulfate. The dried solution was decanted and concentrated, affording a yellow solid.
The product was purified by preparatory HPLC on a Coulter Ultrasphere ODS column
(10 um, 250 x 10 mm, 3.5 mL/min, Solvent A: water, Solvent B: methanol, UV
detection at 350 nm) using an injection volume of 500 uL methanol and a linear
gradient elution of 85-100% B over 30 min. The peak at 21-27 min was collected and
concentrated to give enol JDB1-87 as a white solid (11.0 mg, 72%).

[00207] R,0.07 (3:7 cthyl acetate-hexanes); "H NMR (500 MHz, CD,Cl,) 8
15.21 (s, 1H, enol), 8.63 (d, 1H, J = 4.5 Hz, pyr-H), 8.19 (d, 1H, J = 7.5 Hz, pyr-H),
7.54-7.43 (m, 5H, ArH), 7.34 (d, 1H, J= 4.5, 7.5 Hz, pyr-H), 5.36 (d, 1H, /= 12.0 Hz,
OCHH’Ph), 5.33 (d, 1H, J = 12.0 Hz, OCHH"Ph), 4.03 (d, 1H, /= 10.7 Hz,
CHN(CHs),), 3.36-3.31 (m, 1H, CHCH,CHCHN(CHa),), 3.23 (dd, 1H, J=16.3, 5.6
Hz, CHH’CHCH,CHCHN(CHs),), 2.99 (dd, 1H, J=16.3, 16.3 Hz,
CHH’CHCH,CHCHN(CHs),), 2.63 (ddd, 1H, J = 1.6, 4.4, 10.7 Hz, CHCHN(CH3)y),
2.54-2.48 (m, 7H, N(CH;),, CHH’CHCHN(CHs),), 2.19 (dd, 1H, J= 1.6, 14.5 Hz,
CHH’CHCHN(CH,),), 0.87 (s, 9H, TBS), 0.26 (s, 3H, TBS), 0.13 (s, 3H, TBS); e
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
(C33H30N;306Si+H)" 602.2686, found 602.2686.

129



raniol, 2.5 equiv), pyridine (890 4, 11.0 nmul, 3.0 equiv), and

di nmet hyl am nopyridine (3 ng) were added in sequence. The resulting solution
was stirred for 90 mn at 23 "C, whereupon an aqueous potassi um phosphate
buffer solution (pl-1 7.05, 0.2 NI, 5.0 m.,) was added, The resulting

m xture was partitioned between water (50 inE) and ethyl acetate (50 inL).
The aqueous phase was extracted with an additional 50-rtiL portion of ethyl
acetate. The organic g@ﬁaﬁs wer e conbl ned and washed with an\ggugous sodi um
hydr oxi de slgdutllsn (60" na™ IpFi Adb I_gt) andt hentdrifd ovg,

anhydr ous Fsukfa The dr | gg" e0 ?3\1 ee nte d goncentr at ed,
af f or di ng ol o Le§1\s oill V850 f Liagh
colum chro gr&phyﬁ 25)75 et hyl acgé te- hexanes) ﬁ)w di t he ester
3DB1- 113 as a €Ol HD |- e@s 0idB( 774 1002111R10,23HQ3: P et Ryl
acet at e- hextines); 'G7BSN 1R (300 NHz CDCE) 8 8.18 (d, 1H, %"= 8.1 Hz,
Ara), 7,49-7.320B{(-87 8H ArH, CQArll), 2.69 (s, 3H ArCH3)DBT-B®Z NVR (100 MHz,
CDCE) 165.8, 150,9, 141.3, 132.7, 132.0, 131.2, 129,5, 128.5, 125.9,

125,8, 121.8, 220; FTIR (neat film, cm 3046 (w), 2923 (w), 1739 (s), 1594
(m, 21487 (n), 1287 (m, 1241 (s), 1189(s), 1159 (m), 1041 (s), 733 (s);
FIRVB (ES z ca ) oA 14187.
[002121A io 2’08{ on oipﬁ%lgc t@ﬁ??’%?fﬁ?%ﬂé&e&%%é%&d lfn%@g) i 0 pL, 0, 0565
mi nd, 8, 26olatjon vj tha@soladBES8T (6.5 nen DXl | emmolf l@quswpnmfbr}bkmmethéﬂom 02,

0. 057 I t rahydr of Th t
i Xt ur o wd&2E0 atyat 01 6Cn i oSt bdroRn e R EEReY BN st i ng, |
then was Q%ﬂu‘é‘ﬁln% fhe ﬂ'aleQhéﬁ ﬂﬁs‘hﬁ?@he'ﬂ?ﬁﬁﬂélb@ﬁl‘?fg&h or af)dghé kel nfikiure wis 113

mmol , 16.5 equiV dded to m xture prepared above at -78 'C. The
resul ti ng stirsd ford hna@dsihm filketed Grrodgind plug ef coikrex: ellisdtraledigisor | ess sol uti on

was forned. Th sul t.i,n oIU|on sad ddr rantla to a
sol ution 8?“?‘7?&”851@?"@ }tg & 65 ?‘rﬁe %Wmﬁil Aqg @% equi v), and
t he enone HORIBlubRe acﬁ%é;o@ 09684 vtﬂ@rﬁdhed b @?ol?ﬂ@ﬁ}llehe teactiat veakardr of ur an

(0.50 InL) at ---95 ( dropvmse via carmu ellght red m'xture was
al | owed t cowaining dslgdoreighe carBoxanide dnepeigadtriindn il 6§33 Snebbbet ween an

aqueous pOt%gﬁ}é mlgl O@Q a‘teeflbcgf %e’b %ﬁl\bgs sﬁﬁe& QHthtQ g@rat?urg/lfori L fipk) and

di chl or onét he “0or gani c rated an the aqueous

phase. V\ﬂ%xﬁésﬁhbdifoﬂﬁ&ﬁé adl st‘qhéﬂ’thadlwﬁiﬁdhéth@mhmémyhﬂaMBtﬁ wh, 2§
di chl oronet hane. The organi c phases were copbi ned and drg1 Tgl\{é nhydr ous
sodi um sul&eR. Tip&cagHPREIEBIC Y FSANGRNSaHsle AP &y O8hosHt r 'ffor di ng

ayello Was o RPRR I ter

ul %/r as p\rllver eEl é%gf ;85%11%?%8&5 (ggﬁl I’I)ggorgé/neg 5m ?%anVnggﬂ \% rp?ozmcow;t er,

SoI vent B.250et Namei, 4 hl/ntiaf Bt eram: aIS%?oﬁﬂuomacemmmg 1a|watq1u SdvérdM:vol ume of
00 pL neth d I di ent el '

oo e ARS8 oaa e LB S e P SO 30U R o

as Nﬁ/R"m'Sgganszeb@or{ HolemPBs 560 mé’t%i—% g—ﬁné‘a? gfa%lle?lt 6? Oéﬂb‘V@B%éﬁﬁ}Wanes)

CD2C12) 6°15.53 (s, |H enol 6, 111, 7.
Ant), 7 54The peaR 8t ﬁmsamwAs kpllec@d| ar@mnyqnt@temoalm yabho W2l Jthg-mbms 4.05
6, 113. 1 1.2 2
500" (o 4, disol8 fn 1L Fpbtstl. bededihic o Suspl i S b e S T

1H, . 1- 1545 chkBemirdtd to W@ﬁ%hﬁhuémbm,l@ £1 yetldw pbikdet (3.7 hgd, 10.7
Hz, CHCHN(Cf102 2.54- 2.44 7H, N(Gfl? CHN( CH3) 2), 2. 14 (d,

111, :1= 18%). Hz, CH PCHCHN(Cl 13) 2), 086(s 9H, TBS), 0.25 (s, 314,

1595, Okl TERNR T80 CHOB e RAay €70l Mnghy 192,

126.5, 108Hp7. 91@&1 8LH &zas égk&,p 1H3y, 4. BB(s5 1HAGHN(CH;P), B81-6.2228, OH, 25. 9,
23,1, 19.1 (ES) riilz ealed for gC34144 N2, 06Si 4-1i j i
601. 2734, @%@H@hcﬂw(cﬂﬁoﬁﬂ Hy@Hé‘ﬁN(&Hs&z)a’tih @ (@, BBy | 48% aqueous)

vwas added ERppCPRUYPIRPYNERS,),, CHCHN(CH,),, N(CHa),), 2.34 (ddd, 1H, J = 12.9, 4.4,
2.4 Hz, CHH’CHCHN(CHs),), 1.77 (ddd, 1H, J = 12.9, 12.9, 12.9 Hz,

CHH’CHCHN(CH3),); HRMS (ES) m/z calcd for (Ca0H2N;3;06+H)" 400.1508, found
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reaction vessel containing a solution of the enel JDB1-114 (15.1 ng, 0, 0251
rinnoi, 1.0 equiv) in acietonitrile (10 nL) at 23 'C. The resulting m xture
was stirred vigorously at 23 C. for 12 hr, then was poured into water (50
inL) containing K 21-1PO4( 3 g). The resulting m xture was extracted with
ethyl acetate (3 x 25 rt(L). The organic phases were conbined and dried
over anhydrous sodiumsulfate. The dried solution was filtered and the
filtrate was concentrated furnishing the internediate al cohol as a yell ow
solid (12 490.h204.9999 . Pd bl ack was added in one portion to a solution of

t he residue in nethanol-dioxane (I :1, 3.0An atnosphere of hydrogen was

i ntroduced by briefly evacuating the flask, then flushing with pure

hydr ogen (Ekaatpid 6-SThthenis>of df-Daevagsaicyelimed at 23 ' C for 20 min. Wthin 5

mn, the col or changed from I| C){)eld fl% green. The reaction nmxture was
filtered throug pDUg of c mlm@mf uufgte was ¢ Hated to a
yellow solid (1 The pr duct—was—put+i+ed by preparatory HPLC on a
Phenonmenex Poly

colum (10 J 250x10nm owcoahe 5 nlimn,
Sol vent A: 0. 01 lvent B: acet) %“m trile, CV detgpgigqpat 350 nin)
using an inj ecti on vo?| ume of 450 tiL nethanol containing oxalic acid
nonohydr at[@0210p ng) N  N-dimethiyfpeeinmida $20and) wad dddedag rédbident selutivh ofi of
5-50% B in 30 mn, Q@IDDeak elutin

1 [l
concentr attlégcatrlgp)@,hg@.m Blydbkydh é‘l‘&r”n’ﬁh‘}?ﬁ’t"g]clﬂq \%\ﬁﬁis“@ga%@feb%%'?dhl g‘im) as
V\Ih t 4 I
ﬁydr:)cﬁl gg?@:’)‘l g%%l’é’ggl é%léfmlvwggl;@g’s&ﬁhﬂe% (&9% Fid g 7.3 7.3
Hz, MB), %v3@tipadas ZbHser\zed7 Ater BtiBingzApor 20 H)n at7233@ @Uenol (863 rmg, 97183 Hz, ArH),

é*%‘}'NE E_B)@moﬁggge%g?’ )2 yréi3 @ﬁ?é&%gif_ﬁlrerg] } Q %‘Q%?ZW%HN& lamePlozpyridine

CHI - chgagﬁ%gl dd addRd)in senicd It re&iﬂmg]soldtﬁm“waslﬁn‘éd%’r 90 min at 23 °C,
CH3) 2), 2.21 (ddd, = 12. 5 Hz, CHI VCHCHN( CH3) 2),
1.66 (ddd W}leIelxpon@ﬁ aqee®s pQ@sﬁummoa)th buﬁqr R@*@JII\KD@—V 63)02 M, 5.0mL)

Exanpl 1k | |
Cam) & OB LA AR Sy P R ioo g Basise

sem - syri theticqSapHr)OanRegueRY ephh@dwtscextraaeawsmcmeﬁymﬁaltimemL portion of
6- deosyt etrac yclines doxycychne (2 in Fi gure 15A) and m nocycline (3 in

Fi gur e 15Afhylgrstatec dibk prashic lnpas werprmbingd aa@m%ed With38 agpeys sogum
De:ny-tetr I as
conpar ed (el R L f By ARAR bARC MY KLY, TRA BB LR B AT odik

pot enci es siuifa'&nﬂihbalﬁeéSolatlom%ﬁﬂ&aﬁﬁﬂapﬂleﬂﬁceatrataﬂ, affoMnng@fwhrleSpml 85, 2643
(Bil 2I6gggy Mcﬁgwpif %HEPdMEde%ﬁ I?Pélﬁ(e&bb’%?g M&Bﬁtogag&{%%gﬁ%@eseégh of
which is i @t present
el ther *sentELRGahEY FIEUEIE (Y plig ‘?22%?%%2?@?%“"&‘332%”?‘2? AR ddr essi ng
the great [HApLH]i ty oRfm413/(a‘i7sﬁllemIetm<ehe>tahast) AHOWER SO0 MIGhtCRMEBNS 8d 8expl or e

in pursuit o ru re ak~as the
D-ring het I)Ié gdlﬁ d‘g"}@ 9418 %&én &%E@Az%gr(s ﬁ%ﬁﬁ %ﬁgy’s%tenﬁ such
as the penNWﬁ'obf}@Hé éﬁb@;t)"sel@%Als@Qelﬁ@rmtarnz Aosent 129.¥] B3

| aboratory- synthetic pathway, these structures and the r % ons of conpl ex

chemical siic® 12h8y 12 eprBs@mT IRu(seat fidmp eded346 (N2 W3dmahl BEr(s)&dP4

o enant i ol 125! B ERRL 1D 87 so Rl ke it G e P HRIRMS Y enzor ¢
aci d. The ppuhidwer desgl,0beNalL) 986.110r1, fbiral B3Nt I¥Si S of
6- deoxytetracyclines (both wnth or without an hydr oxyl group at C 5) by a

not abty | ate-stage coupling reaction of the AB precursors 7 or 8 (Figure
15B) with a variety of different D-ring precursors, and has provided
conpounds such as doxycyclinc (2 in Figure 15A), the heterocyclic anal ogs 4
and 5 (Figure 15A), the pentacycline 6 (Figure 1.5A), as well as other

6- deoxyt etracycl i ne anal ogs,
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[ 002171The strategi c advantage of a synthetic approach involving, a
| ate-stage C- ring construction (AB + 0 ---> ABCD, Figure 15B) is that nuch
of the polar ninctionality known to play a role in the binding of
tetracyclines to the bacterial ribosone lies within the AB fragnment D. E
Brodersen ciat., Cell 103, 1143 (2000); M Pioletti etal., EMBOl. 20, 1829
(2001) ; each of which is incorporated herein by reference), while enornous
structural variation on or near the D-ring is not only permssupbﬁé) but has
been cited as a neans tom e me bacterial resistance. The advanc d

i ne

clinical c @a!tae ti (P. - ELD&uHrMP/P Pet er eﬁ
Lett. 9, 14 (1999Y; h n orp rg:i‘{ ed herei p,by / refere \
derivative Wlt CgPtO-ri n stV t uent ,_95°e—ex7re|°rpl ary, and ils rleporte érp be

one of the nost prom si fg ﬁew Wi bi otics under eval uati &h F{R/ e FDA (K
Bush, M Macielag, M WeifSr-Vells, Curgs(1lpin. M crobial. 9 466 (2004):
i ncor por at@81her ei n by rlERSﬁr ence). O assically, approacHBEHY the synthesis
of the tetracycline antibiotics have pr oceeded by stepw se assenbly of the

A BCD rin em and begin or recu X i f by the
Woodwar d g?f‘iﬁ%iasr s ‘?‘th? d%%':\lr/’l ‘éhlﬂ@r‘ ’ﬁaﬂef {etracyé?%ﬂ'ﬁ“ ?@23% glﬁe 25
steps, . -4)2d00R%) ¥iRladded td-a sblutibaroF dii&préiylardine Ay pChHews7 Sanol, 80, 439

(1968); | ncorporated herein by reference), the Shernyakin synt he@ s of

() - 12a- de@ryivbim t@tralardwma@t(@tsr)a@y)catn@(‘@ The reaghey erureTses biE GR Lett, s,
131 (1967 cor, ted h referenc xfel dt synthesis
of (§ 5- oZIS}‘PbePP%Fé G4 ﬂé‘“(’? %%W@Yﬁ%‘rﬁ%tﬁ‘?‘e‘@“"g%gé 3§e d) (H Mixf el dt
at, J Am [EhemethSahospiRlamP8911.997.9).113 aeaslpts. Atqdyheaeiddebyo thef er ence) .
Only one publlshe synthesis of (-)- tetraeyel ine its A%’ gas appear ed,
this fromrmxgtrnw@awdr&bw(%t ~A8rCn hﬁrf%%‘m%dﬁlxugﬂwéﬁéﬁ%e (59’%“&18& d) (K.
Tat suta et i ref erence),
while the \?%e&upé)ftfa coloIT $so1Q% %\(Igs%%ed T emflﬁé sc! (lfkﬁf ®hdladBd

C|en COI’]S ruction of the tet yCl I ne rlng systemthus
far is undpupiediia daheulsyns belsiien of thé pstd2EDBRALY (L0 ey 0100 Ak Myolt H88 St or k

(1986) 1 Tesbiomebaenaeanisny -+ arepOied motol Pt ip R epved 1o
identify .qr? s%amgﬁtg@@ ati QBpRRe Iragréaﬂmﬁtﬁe 19g'reeéd%txt@rwas Qngfed B warm

tetracycline synthesis (1t cou not he achieved with
12a- deoxytet7acgalviend0 asn amd)was‘émepartmonwbdtwswo%m FVSPTYRAFPSHY t he resul ts

f ff
(1068) - A Piesplas Byfisoption oR 74 panidap o Lnd T g Aty 38
hi | uxf el dt ergﬁrﬁgk)hase‘lrvas%@par%@'ﬁhd %%%umrphﬁﬁavémﬁﬁérr ex@@etad ofithwi ch i s

i ncor por at ein reference roblemis significant, for Cl2a

oxygenat i oaddalpptam@s-ntlop(gtleapf gich rran@barmﬂhﬁ%gw Hhas%‘t"Pr\‘i’lCPVl bingd aRGgal ski ,

i n Handboo rinental,. Pharmac Boot he, Eds.
A a5 RO TOREE VHIe thsg Yol Mg HEmich ey

( Spri nger - I ncorporated herein by

ref er ence) corfdelitited, @BbHIIL: & eltdwsawtmprcdmwa@paﬂnﬁembﬁpmpmgmgﬁmc| i nes
that we have developed is that it introduces the d 2a Mr oxﬁ0 |n t he

first stepomf Qohberslékqﬁa&t@ée OPiSqetemn 6)0 iR Pse 40 e ¢

, reduced in t p t | To
pr otect th&f E@I %smcegtl éﬁt@é} g‘%:tgoﬁao uar‘rgwgﬁﬁo?lﬂﬁtﬁg%ﬁ?fﬂékﬁm %gg%(fhe
5- benzyl ox uLsmtml angzi Dhkar deadednoprdoh i 85-008%ah dvédadgetiorFhefreak ahal-

purpose (G Stork, A A Hagedorn, 111"/ Soc. 9,. 9 (1978);

i ncor por at 391 mH M ﬁOlﬂﬁPtqdeqﬂérC@H?;f‘él}rateéﬁo ﬁtﬁ‘?&%‘gi ‘r]ﬁ?%hé‘ts aﬁY}Bt]? 81192?'3 i"&él ly
enabling igpsghe present work, while the dinmethylamno group of the A-ring
was i ncor pora ‘ed w thout m)dl fication, 10021810.“’ synt hesi s of

6- deoxyt et [@Q2Y8] i nes Rpag6i(hiTtdtlal adethby-hehaies); c'él NMMW CiBldpoxyl at i on

R Ei?z‘"cf %‘%'32@3“&%5)@ eaticrry a8 2585 1957578 O S ¢ ot at,

Lett. 13 37.8a0 rrszﬂl\’@J(ﬁJtP 4,051, pOr ated NELeCANITH, RS & Bnce)
produ0| ng the dlwé ’|7:I gur(e "16) vmt?hhz%%g{e in 79%é| eld (90- é batch, -13

git, Figur@.18&m, 1Hyd}Hf>‘d;HCIdrCHMCHd)zh|@cﬁa(ddtllénlofIStSh 6rHYerrerysta|||ne

product (9, a-or t oxi de 10 (Figure 16)
in 83%yi elca&ﬁﬁéﬂiz%ggﬁ(gﬁfﬁ fﬁg&dpfﬂdﬂctlsﬁst?rl?q Iﬁ;yl sil yldiazonethrine)
foll owed by his-silylation and concom ti2t epoxide isonerization in the
presence of tcrt-hutyldinmethylsilyl inflate (3 equiv.), afforded the epoxy
ester 11 (Figure 16) in 70%vyield (A G Mers et at, Og. Lett 3, 2923
(2001); incorporated herein by reference). Separately, 3-

benzyl oxy- 5-di net hyl am nonet hyl i soxazol e, prepared on the nol e-scale by a
sinple four-step sequence fromglyoxylie acid (D. M Was, Y. Chiang, T. W
Doyl e, Tet rahedron Lett. 25, 487 (1984); P. Pevarello, M Varasi, Synth,

A N P~ P~ 4 A PN PN PN\

Chen




with n-butyllithium and the resulting organolithiamreagent (12 in Figure
16) was then added to the epoxy ester 11 (Figure 16), form ng the ketone 13
(73% (Figure 16), In a noteworthy transformation; and a key step of the
synt hesi s, exposure of the ketone 13 (Figure 16) to lithiumtriflate (5 not
% al 60C followed by selective rerranal of the allylic silyi ether of the
rearranged product (TEA), afforded the tricyclic AS precursor 14 (Figure

L Ansf or nt 150 G e BRAGHper s Q0 dt v 58, FEL B CBCATRIEBTEY: o

SA-prime QmaqmngHON(eh?)z,acbhg enemtem)é) tohet (¢ AT; gi-matshigk,ani no group
foll owed by ylidc fornation an - |natro I C rearran(_%lememg3 a process

that is r&MRIGHEAN(GH:)he. 864 é" % s, f”]éaT Bh @t 3H-IBY; B ne,

Organic R [ 8,4 ) 304l o] r ref nce)
o und TRt o) S IRTR) 13 GGRIROTE £ T PRSI RN ¢ e
AB fusi on1@69vv329lo aasanlm QQBGnIIEDIS Nl%di mes.5y1 (08, 130. mm;m BetR S,(confi | med

by X- t - d t
cﬁmmﬁa.ynﬁr@éf@ﬁpafs% 7Bib, B8 Bk Wb 3 (ot 3o PRAER S 5 BEAi0r enane 7 (4

st eps, ¥ a recursor to

5-a- hydr O{&X&Eeoé\g rg(():ll?lz‘l“hggmhle%?(l)??% (8 steps, 56%yield, Figure 16),
as detail ed in sequence beI ow. [00219] To synthesize the AB precursor cnone
7 (Figure 15), intcrngﬁ{:gte 14 was subjected to reductlvetran ition (A
G Mers, B Them |I|' Hedr on Lé@(an¢H3QBM°C( 1996) ; |ri¢orpr herein

by refere ence of 2.thifghe hosphi pexd
azodi car bg&yl |ni, oben J:Lydr%Ta ast N
pr ocedur al i . affondi ng the transposed eyel 0al kgne Fl’% yi el d.

Hydrol ysi s of tdeqsit et®®r group within 15 (MJ, nebhali) O oxddation of
the resulting anylicomsohol (1BX, DMS0) (M Frigerio, M Sé&ttagostino,
Tetrahedron Legpgq.132, 8019 (1994); incorporated herein pbpsragerence), and
protection of the remaining (tertiary) carbinol (TBSOT, 2,6-Intidine) (E
J. Corey et at, Tetrahedron Lett 22, 3455 (1981); incorpor at ed herein by

r ef er ence)082igh pr oﬂyih!dﬂludm: asitbicl Ml W%mee%; wiaha@Bgoty p @PHYPIPYEIEps)

ft flash I t h t
ot 1 ci ent SRR HE TP Ao g aF s Rl DRPL 118/ PEB e, Ogpaf it 1o more
transf or ”‘%@uiv’)“ir@adeﬂﬁutﬂ'l@(l@ LY dtixgLce "ljlﬁ)resdlth@ pﬁ&tweeﬁasrssﬁ'ed tvigorously at
5-a- hydr oxy- 6-deox ytetracyclines. This sequence involved the

t r ansf or med3i “‘énfosfl 2 hay tbfﬂi et ourg) infwater (0 lﬁheﬁﬂflt%lﬁl% Kot (46 YwiThR net
E. A..
bevi o ot e TREBERS R FElh gy b B RGBT wDTLE B Gemigphedey |

r ef er ence)wdr99orhbhret asd dMed yyer aanyzﬂrbud swlwmslﬁﬁeaﬂSThed!ne@ﬂmmnNas( E. N

Prllezhaeva Russ. Chem Rev % i ncor por at ed re|n by
S deghp

ref erence)fl teﬁ‘?‘b%ﬁi’ctﬁﬁéjltf%%wéﬁ P%qeﬁtr%{la tIhFI IggeRSale ?Fé‘ps) Hi gh

di astereo o gU feSet bﬁjt fo@kheonl y one
di asterea 18?’ gﬁﬁh VZQPH o@'r bﬂﬁﬁgr t%ga((l:%inﬁﬁ)tl %rst speC|Sf| el((tl)§1 under went

ef ficient I'ehéuermlmethmmmn@anem 1, 370 tdr). priodtemsplome of htdnegealwad i e al cohol 17

(o, Lohlnd RN ool en oL TR 2 SENTE, RIMED! b6, o e

transf or mmemm&ae' s WrBE BEY ~CRIDONHS WithiA A, mr&hefge@man 15) in
85% yield (56%yield and 8 steps from 14). 10022016- Deoxyt et racydi nes were

assenbl ed lnght Iyel;hcbw to geen.sTherdaotat inowaleivwag fdt@d@ds&lé)‘@b@ﬁé% ef ¢ajtonn Taesi ngl e

t I n thi th B | ed
o tha ranBlves cRerimeaou IR BT BT PRy Trebiafubridifighiby e coupte
M chael D e@é@ﬁ%ri BREU Q% PRGERAEK Pdlynlerx DUB &ﬁﬁﬂam@gaaso xReagii, ons

(W1 ey, 1992); 1 ncorporated herein by ref erence) that fornms two
car bon- car fhon rdtteﬁdsL/amd $dieer@-A:iOny NfHCtlthOEenlteB)m@mta@y@N driectiomiagur es
15B, 17, and 18 The process p illustrated.in detail by the
3-step synt 5r9e‘§?£usd‘?g o ‘“13%85%9’8&}’5?&{)‘?1{‘{@ @Wﬁ@“ﬁ?"ﬂ%@?ﬂggﬁh@cﬁ igure 17).
Depr ot onat a8 , el ofTVEDA B Tty - 78
0. synt hefél?fz?%@fdrétggd%g /%E?%?’Sda“a%rlﬂ“rﬁézﬁ‘? el o T by

addi ti on ofhirt. hﬂl@pﬁahehﬁln@ht éq-lZiZ\n;un-wasmllecteéami @)ncelprajqd Wegive he& tetracyclie
coupling product 19 (Figure 17) in diadB&reonerically pure folio in 79%
yield after purification by rp-HPLC. Renoval of the protective groups (2
steps; 90%yield) and purification (rp-EIR.,C) afforded (-)-doxycycline
hydrochl oride (18 steps, 8.3%yield frombenzoic acid). A renarkable
feature of the convergent coupling reaction that produces the tetracyclic
product 19 (Figure 17) is its stercoseleetivity. A though in theory four
di aster eorrerl C pr oducts can he for rred Iar gel y one was pr oduced



[ 002211As the exanples of entries 2-5 (Figure 18) show, efficient and
stereosel ective condensations are not restricted to the o-toluate anion
derived fromthe D-ring substrate 18 (Figure 17); the novel Dring

het erocyclic analogs 4 and 5 (Figure 18) were synthesized by a rel ated
sequence fromo-toluate anions of very different structures, as was the
pentacyline derivative 6 (Figure 18). In each case it was necessary to

optim ze the specific conditions for o;ﬁéﬁ)ti at ﬁ ani o gt er atj Q}B and
Crappi ng. drovsempplinedhyareshiards (TRBIGPOLIGbES & ERUF BYVER (Gas Bedt Ve onduct ed
in situ, idhot pres hv & i 06 €4t g =dEpIHDL onat i on
(entry 3) [6&218@ it hlﬁWﬁgﬁg%gﬁhg%g%gy%gﬁ?ﬁlg%fang&S). A nunber of
pot ent i al lArHY Grigetid nigl,non7 fr dddt, ivH) re3tddohséqiendesidnatial 38kdof  7)

m ght have_occ i in sit ni g ratd on;..t he observed

effici encﬁé‘ssﬁwﬁ‘g’g?‘rﬁ\ga%*r(ﬁaﬁ’o#@ﬁé@g;}é)u?gii@.dnﬁn’i8#4ight of this. It is
al so not e\@iéﬁ%/cﬁbﬁw(bmﬁj CHCRIN (@M, GENEC L), 0. 878 a] 1S, A-hes use30fz, 0- t ol uat es
| acki ng an o-al koxy substituent (entries 3 and 4), substrates known to be

probl emat ICHAIERCHCBEHN(GHi: 23 2.6 (dd, |HHATslor4.80.4ddZ, 4nt hesis 72(1980) ;

i ncor por at [ e ) 141 pa , Q-4 09l i t{on by
n st tu ol R boHEER BRI cliinget b+ R S UG S HREEABE)

unpr ecedent@ddd002221The, ef § i1ciene i @SHoEHCRRN(EYhkhet i ¢ sequences have

all owed for the preparation of sufficient quantities of each tetracycline
anal og for antibacterial testing using standard serial-dilution techniques
(5-20 nmg anounts). Mninmminhibitory concentrations (MCs) are reported
for each analog in whole-cell antimcrobial assays using five G ampositive
and five Gamplegat iCoaver@aniBnmtipokilguive St8}hetitiumité & Strubeirpnt acycl i ne
derivative 6 (Figure 18) has shown the nost prom sing antibacteri al
properti eé}lvwseﬁglaeomvtntrgpvgqgmgbw&g greater than tetracycline in each of
the G am jthve stgaj b ' ks ' i i stance to
et racyol | e e B 31 Gom 1.1
Pr ocedur esliscAltryrof det 6-descyweraey@mes doxpegcline R liafude 1 24) arsumihobwilingmed or

nodi fied Sehl enk (Kieldahl shape) flasks fitted wth rubber septa under a.
posi tive d?é%_ e @&Pgﬁﬁ?lfyuﬁgé’@t ’6‘_99%53% %gé’nﬁd{]gif Cqﬁsr % and _
i st ur e- S80Sk tdieydiindyE,dshiabshsiiRtdbly RiiFoWeT ehehfi@ staBilitees Sindpdyd ionge or
stainl ess steél eanitula. Oganic solutions were concentrate _bg rotary

(&

evapor at i dheiab-hyd®xyaonntehous end souedual @ grshiecprtermicschBeHRRCIRApIHYWas

e 1 o med Qo3 I Qohfh. B4 FBIRA 0B A dEogr e Y £11 L et at.
i ncor por at @teRQLIB] BADYTdRESHBRE 8) BiofRa) Thirkialry Lhd Mddayes (Bifkhanst ogr aphy was

performed using gi ass plates pre-coated with 0.25 ram 230-400 nesh, silica
gel i npr egWeriagd Bepton, 2001 ) seeleefbwhich iniarerapmied esun hiyretengmes). | lhipgyident

chr OBt 001 AR pPUSBHSRING Sl s SHALL LG DY RXPBRUAL WIChiMYd of et |7 ght
and/ or exposuré’fio eert e ‘anmoni um i noly date or’ an aci ocﬁc sol ution of

p- ani sai deqiaesihglhoyes hyjofisaifimgelanuatuhstthatl sathemist figR4dvht@ e @EbS.in
Commerci al reagents and sol vents were used as recei vedRWi t f}l Ehe fall ow ng
except i onsPUTHT ek hppd R rraure dike Sy Pineatiureirenpuks aafls 1A ring heterocyclic
tetrarriti i ani , ; 5 : i

hi , N-di tso%{r%dgIt“rtg‘%t{1 h%"ﬁ gﬁ%gm&ggéoﬂé;v%%lp% éyds It‘%‘yllr?gggnl}lcgrglg(t:}}eupnf’:lnﬁaf/:():I/(r:limdee6 (lfrl%uéﬁ an
at nospher el ) ate pkémglgon . Aot vinblddtvaatery syethietinphthwigs thadeystinefugesamd
acetonitrile, and tol uene were

( Par t gbor nthe Aegigfs of gory qfﬁ{m‘f\ﬂﬁ) gﬁécl,; it@d%ﬁ@?ﬁ%mqﬁ {;g %6@@ ﬁnf)&%%g%? 2

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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Timrers, F. J. Organonetailics 1996, 15, 1518-1520; incorporated herein by
reference). 1002251l nstrnnentation. Proton nucl ear magneti c resonance al
spectra and carbon nucl ear nagnetic resonance (C NVR) spectra were recorded
with Varian Unityllnoya 600 (600 MHz), Varian Hnity/lnova 500 (500 MHz/ 125
MHz), or Varian Mercury 400 (400 MHzli 00 MHz) NWVR spectroneters, Chem cal
shifts for protons are reported in parts per mllion (8 scale) and are

referenced to residyal protiumij.n the N | vent " CoD5H. 8
7.15, D2HELDPOWS3§uC @5.4@@ycﬁn%{%gﬂ%%%&%weréc@?gf@%%gﬁfg. shifts
for carborigh@ 158900t BehthdycRA & SFip@k 131h ] dsarell & Blaicejecandiracyelinef er enced

to the carbon resonances of the solvent (CDC13: 8 77,0, Ce6D6: 5 128.0,
CD3CD: 8 4dal@gs. CD2C12: 5 53.8, (CD3)2SO 839.5). Data are represented as

fol | ows: ical shift L tiplicit = si o = > ]
t?i pIO\gtS, E&%HZ ?el Stﬂﬂi’ ﬁtﬁ?tguprlﬁﬁ‘lé &fnk%lf O%ra gggﬁﬁt% ‘ﬂ%kog%? élﬁogvﬁggggdtﬁglgtiaﬁécconst ant
in Hz, angi\asshOREBS (AB B as e @R)Fighe a5 BancRashedt ¢fahwpsler obt ai ned usi ng

a Perkin-Elmer 1 600 ET-1R spectrophotoneter referenced to a polystyrene
st andar d. fidatianaite knepn ss@lay edolasn thelbirslirg of tesepyehiess thabsteaBSor pt i on

cWMd), intensity.of the absgrption = y o i ak, br
ot ond) | " asert G UR (R B e 55 ERA AN b pell B, s (I000R2
det er m nedyusbRE; & JASHR Y P03 7820{2001 gdachof avhidies arcogquitppkeeinittyh a sodi um

| anp source, Hi %h- resol uti on nmass spectra were obtained at th? Har vard
Uni ver si t yelSisaed) whide eyormaes ptraqtesal varigiion pasr 8eagthe YImgdy 80in'¥ ¢ e

cvdi zari Orf)ersr}liggiale?ﬁlﬁ'}fas b&dhn cited ab §mehd foCovRrcome batteri¥fresis¥RE¥N THHF, - 73 " C

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. 1. Gurevich et al., Tetrahedron Lett. 8, 131 (1967);
incorporated herein by reference), and the Muxfeldt synthesis of (£)-5-oxytetracycline
(terramyecin, 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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2 -78'C-40"'C, EIn02&0r.1(C1-13)2 orst: 6 ma a 79% 1002261A sol ution
of n-butyllithiumin hexines (1.55 M 155 pl." 0.240 mmol, 5.1 equiv) was
added to a solution of ,N N Ncti-tetranethyl et hyl enedi am ne (39 pi-, 0.26
mmol, 5.5 equiv) and diisopropylamne (34 111.5 0,25 mml, 5.1 equiv) in
t et rahydr of ur an (1 m.,) at -78 'C, The resulting m xture was stirred

vi gorously at -78 V for 30 mn whereupon a solution of

2- (phenox carb t hyl phenyl t-butyl. carbona 213 iurnol,
4,5 equi v¥ ‘i‘ﬁe‘t er“éﬁ %@ﬁ?‘gﬁtretf) tar‘io?"l&ﬁgn éléﬂfé’g %E8§Wf‘§%“1§%£p“8nnul a. The
resul ting, ﬁalcr&fé)r@(rtwksrw@sazstﬂMe@hém %E@(ﬁhw @It968)78x IQ}quK/ch@tm n,

then a soI tion of enone, 8 (30 0, 04 nol |, eqtaiv

t et r ahydr of. uTaatmh(edromU)ettV\&,sl 3ad¢1%17)dH0M\m®édt\¢t al..chtim IQ*!W””TFHEC ﬂ@blﬁSP ing
light-red l.owed to 0 e-cold
prgduct sé%& P‘ﬁhr‘tg ‘88‘?‘%’9%6 EF“E)h Wn%auggg Orbl%égkssllén ng’sphat e

buf fer solgtdon &@gle%uen aPpearsVo é&uy%ﬁhme%ﬁ:@%&aw@ﬁmﬁm Rﬂ:@alﬂh, ., The

organi ¢ phase was Separated and t he aqueous ase was further extracted
o

with two 10Mendivokiof Ewrmermlﬁhawmm’ahé &aor Fakoethshhdes were

mbi ned apd.d di Fi
i Tcered dnrittios SRrRE el SHE 9NN, B0 PR s M melilfa et aRtati Ry, 1ho
product wask@tfehfuteek tlaysymmmqopmayt&mébmtm@um gt ws hMesqhsh&etoqoedDS

colum [10 f.tin, 250 x 10 nm etection at $50 nm in ectz vol une:
400 filL (retebnaiiodupesdhnEazs hydépwlugmmwﬁlpﬁ Hast ﬁslhef thigeRienedy F1§ufef| ow

rate: 3.5 lgbjhﬁd”#%& th Fs'ié?‘&%%g:ﬂf& {eﬁ@f;/o’&ﬁc&itmggat%% M Bla¥Eae &P&th&@ﬁﬁ%e?‘nd

concentr at cl'ic addi t| n product depicted in
di aster eon‘ﬁrgetqablleyulpmre pfcs:técmtl(e&’dnﬁog@;s caf¥mia atii dinctipelof 6w A-winigdye

(o5zztin | 03 (1.4 et ol hoca Lo M LG M, 3T 510,55 (v

6. 85- purpose (G. Stork, A. A. Hagedorn, I1L, J. Am. Chem. Soc. 100, 3609 (1978);
incorporated herein by reference), an innovation that proved critically enabling in the
present work, while the dimethylamino group of the A-ring was incorporated without
modification.
[00218] Our synthesis of 6-deoxytetracyclines was initiated by whole-cell,
microbial dihydroxylation of benzoic acid with a mutant strain of Alcaligenes
eutrophus (A. M. Reiner, G. D. Hegeman, Biochemistry 10, 2530 (1971); A. G. Myers
etal., Org. Lett. 3,2923 (2001); each of which is incorporated herein by reference),
producing the diol 9(Figure 16) with >95% ee in 79% yield (90-g batch, ~13 g/L,
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 tert-butyldimethylsilyl
triflate (3 equiv.), afforded the epoxy ester 11 (Figure 16) in 70% yield (A. G. Myers et
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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7.05 (n, 6H Aril), 6.66-6.74 (in, 2H Aril), 6.51 (dd,- 9.0, 1.5 Hz,
Aril), 5.73 (br d, 1H, J= 4,0 Hz, Bn0002CH), 5.17 (d, 1H, J= 12.5 flz,

001141Th), 5.03 (d, 1H, = 12.5 flz, 001111 Tl), 4.99(d, 114, 1= 12.5 Hz,
00/ 111"Phr), 4.93 (d, 114, - 12.5 Hz, 00II111Ph"), 3.58 (d, 111,1= 11.5 Hz,
CHCHN(CH3)2), 3.35 (rid, 111, J- 12,5, 4.0 Hz, CH3CL/01-1), 2.99 (d, 1.H J
= 11.5 Hz, CHCHN(C413)2), 2.56 (dg, 11-1"1 = 12.5, 7.0 Hz, CH3Cl1l). 118

153205, N&v%lns-%%t@hréyéfaé%he?els?lgm%&%' eligung rgetrdr2 § Fiegia g B AR o
Mz, CDCl3)4da td 3 x}%ﬁeﬁn (f@%xreaﬁ)l?&nﬂn tllé_keﬁme15‘€r737’/,o) (PS@Jr&m)LSI@LzB 1458,

136.1, 135,5 133, 128 127.3, 123.8, %22 7.1
108, 9, 105oewoshy0ans§mtlomarslawwp Hdhesyngpsis, exppsure o theketong. @ 27 5,

325? 19, %Flgure 1%) to llt’huim tr12ﬂa¥e (SF BA)s Qte&)t é,'fl)l'BWem éele%aze rén‘f@val P33 (W,

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 epoxide 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 (TBSOTHT, 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-o-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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(w), 1760 (s, 0=0), 1748 (s, 0=0), 1723 (s, 0=0), 1606(m. 1513 (m, 1471
(m, 1370 (m. 1260 (s), 1232 (s), 1148 (s); HRMB (ES) 111./Z calor' for
(040456 N20128-1)+ 881.3681, found 881.3684. Deprotection Step 1:

et al., J. Org. Chem. 57, 7274 (1992), incorporated herein by reference) (99:1
selectivity), and Mislow-Evans rearrangement (E. N. Prilezhaeva, Russ. Chem. Rev. 70,
897 (2001); incorporated herein by reference), producing the allylic alcohol 17 in 66%
yield (4 steps). High diastereoselectivity in the sulfoxidation step was essential, for
only one diastereomer (the major isomer under the conditions specified) underwent
efficient thermal rearrangement. After protection of the allylic alcohol 17 (Figure 15)
using benzyl chloroformate, a sequence nearly identical to the final three steps of the
synthesis of 7 (Figure 15) was employed to transform the resulting benzyl carbonate
into the enone 8 (Figure 15) in 85% yield (56% yield and 8 steps from 14).

[00220] 6-Deoxytetracyclines were assembled with all requisite functionality and
stereochemistry in a single operation. In this process the AB precursors 7 or 8 (Figure
15) are coupled with a range of different carbanionic D-ring precursors in a Michael-
Dieckmann reaction sequence (T.-L. Ho, Tandem Organic Reactions (Wiley, New
York, 1992); incorporated herein by reference) that forms two carbon-carbon bonds and
the C-ring of the 6-deoxytetracyclines (Figures 15B, 17, and 18). The process is
perhaps best illustrated in detail by the 3-step synthesis of (-)-doxycycline from the AB
precursor 8 (Figure 17). Deprotonation of the D-ring precursor 18 (4.5 equiv, LDA,
TMEDA, THF, —78 °C), synthesized in 5 steps (42% yield) from anisic acid, followed
by addition of the enone 8 (1 equiv, —78 — 0 °C), provided the tetracyclic coupling
product 19 (Figure 17) in diastereomerically pure form in 79% yield after purification
by rp-HPLC. Removal of the protective groups (2 steps, 90% yield) and purification
(rp-HPLC) afforded (-)-doxycycline hydrochloride (18 steps, 8.3% yield from benzoic
acid). A remarkable feature of the convergent coupling reaction that produces the
tetracyclic product 19 (Figure 17) is its stereoselectivity. Although in theory four
diastereomeric products can be formed, largely one was produced, corresponding in
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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[ 00228] Concent rat ed aqueous hydrofluoric acid (48 wt % 1.2 m..) was added
to a pol ypropyl ene reaction vessel containing a solution of the purified
pentacyclic addition product fromthe experinent above (33.0 ng, 0.0375
mol, 1 equiv) in aeetonittile (7.0 nL) at 23 'C. The resulting m xture was
stirred vigorously at 23 'C.', for 60 h, then was poured into water (50 nlL)
cont ai ni ng di potassi uni hydrogenphosphate (7.0 g). The resulting nixture

d with ethyl
banbi ned Sl S BaDaoRr. AT bt Teetamrott 2DorsoR 2o mh AR Sy RhistE
filtered ?&‘35;% éhé&{nﬁ&fem&%@%ﬁ&ﬁﬁ%a? prabd nali 1H9yﬁth8§1@fb‘adwefaréiepl ct ed

as a yell ow 25 0 hi s product was used in the next step
wi t hout f wunthee opeany Exacatle @rhlbltlﬁgﬂﬁlhmh deens: ¢fidiaptasegpplechwbs efitee hexanes); I H

NVR (600 MHz, .CB ude) 8. 14, 86 1H,

phenE)I ), ?rf’é%“t(‘:és‘“‘) g’ﬂenylfsg’?? aghivahon m &?‘i"fe) co“%‘“lsiﬁ‘ﬁ%ég Eﬁg’ 1’56%‘?‘1/&’36% “ArH),

E|z 94A7 H;JZ tl(dﬁgh Grla sﬁi’téﬂx thd® fﬁ%s(a}_fzullﬁ bonEz&d é}édﬂ%atlogtr prg)-(llict 6\:)3V'ane (edal IJH J - 8.4
I Cl

13n0002&00rg5chqn (ii,, 1130 (19§&) 1@0@0;@«':3 hx;ﬂﬂ totipterged 4 Wepbsarygd ghat %123 0 Hz,

B s
CH3CHCH) , {3 si8cdssifdl cylclikation tbdclur; anidnklderi ¢dd3edh ,smﬂ)lé)ElkélbestﬁHand\l( C113) 2),
18242 6’1 8%E@ailiqge§veﬁ@w%ﬁgi%§@%? I\C/:hcl}lllﬁa{eRl addltlonlv{)_lzt the resultlng aggue ts gld ngo? 4
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 sifu 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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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), 305..3030, 2925, 2857, 1744 (s, C=0),
1713 (s, 0-0), 1614 (s), 1582 (s), 1455 (s), 1252 (s); HRMS (ES) in/ 1z

eal ed for (C371-134N2010+1-11- 667.2292, found 667, 2300. Deprotection Step
2: 1002301Pal | adi um bl ack (LQU ing, 0.0657 mml, 1.75 equiv) was added in
one portion to a solution of the product fromthe praoc re _abov 25.0 ,
00378 rraieroncglg FAIY: pielatte ARpBROTTA DA RHGE R I Se TGRS bt g ¢ &
An at rmspt%%}@dn%g (‘ﬂmqigsqg% %@uﬁﬂ;&{egg%&d by briefly evacuating the flask,
then flushing th pure hydrogen (1 atm, The palladium catal yst was
initially [0022]ved tiheléficeddesefdispatisiioncquantes dger diprtaddor fto ¢l unps

within 5 mn. The yel |l.ow het er.ageneo m xt yre irr. C for 2
. then WSS PG TRBLGH S R U e T ORE e HnephEdie Shink
concentr atl%ﬁlﬁ S@Jnﬁgfdcﬂeﬂgl-(ﬁldi%wté&ﬂnmlhles (STHEmpraatiuats) WeSnipiini frihédtoby
preparatory HPLC on a Phenonena Pol ynerx DVB, col um élO_!Am 250 x 10 mMm
UV det ect jconcetraiss GMCssaisireprirted.fongsch andpg 0 wogenekh gntingsrohial assays o) vent
B: acetorntril Lnjection val .40 . nt-al N 0
oxalic acilg}n,g f?‘zseo(%'ﬁ‘ BRI & i%ﬁ%ﬁaﬁgg&lﬁrgéﬁ%ﬁ%ﬁﬂ@@hﬁz g?%%{ag’%?éel ﬁi on
Wi th 5-*50%nBci@neRrivitivie (e 1 8f1eis sHown tHe/mbstprorhisagtantbactelalit i ng at
12-17 mn were collected and concentrated, affordi nge@%-)- doxycycline

hydr ochl orfreRertes, ¥ iyl prberorErater thay tegpoyelingy hﬁéglei(é‘)éﬂifi cal with
natural (-)- el i hyr: OF | - : hyieet i on),
T R (1 T L ey e
doxycycl i ne),van&adR.UV) . 1002311NVR (600 MHz, Cl11) 30D, hydrochl ori de)
37.47 (t, 1H, ji 8.4 Hz,

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 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.
[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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Atli), 6.93 (d, 1H J= 8.4 Hz, Aril). 6,83 (d, | H1 - 8.4 Hz, Aril), 4.40
(s, 1H, (Cl-13)2NCH), 3.53 (dd, 11-1, 1= 12.0, 8.4 Hz, CHOH), 2.95 (s, 311,
N(CH3) CH3' ), 2.88 (s, 3H, N(CL13)Cl13), 2,80 (d, 1H 12.0 Hz, CHCHN(CH: 02),
2.74 (dq, 1H,) = 12.6, 6.6 Hz, CH3CH), 2,58 (dd, 1H, J= 12.6, 8.4 Hz,
CH3CLHCH), 1.55 (d, 31-1"/ 6.6 Hz, CIELCHCI-H 13C NMR (100 Mz, CD30D) 8
195.3, 188.2, 173.8, 172,1, 163.2, 149,0, 137.7, 117.1: 116.9, 116.86,

108,4, 96.0, 74,5, 69,6 8; 66. 434, .0, 41, 40..0, 16.3; 1JV max
(0.01 Mr WH%% ¢ ”Omﬁfﬂﬁﬁg&‘gé% 1%@0‘5421?&]‘160@0”%65‘““(‘%" 0.16 in 0.01
M et hanoliibrdiQd), 11RMS (ES) ink caled for (C221-124N20F+H. ) 445. 1611,

found 445.1603. ~ 1002321Li terature values (The Merck Index: An Encycl opedi a
of Cheni cdP&%25br ugs Inamdentﬂtmgl Padten nucledy neagneBurtasaance (5. NMB)Neal |

NA. .| . Eds Co.
Lol oS S8 e SRR v oy B nd Rl 1y
rim267; 35a¥1an[mﬁ@/lﬁové|-6(ﬂﬁ(600 MHD), Q’aQQnUh MM@ODQSO@MZ/WS&} Arsol ution
of n-butyllithiumin exaneg@il 65 75 1 12 mmol, 3. s@quslv) was

added to a/awndderewystoodios Yatwpia Mﬂﬁzanbﬂ\(ﬂhpwtrome@r&zcwal fequi v) and

r4 tetranet hyl et enedi am. 13.n in

ot ahyer dFUPRNEE TR0 RS Biltn et Daod s BEPEBR SstulBbltiv! 8 o
-78 C for 13%6W%1W@}?018% w%@émh 87(1@1@39&mr5bpwbbﬁcgt Byl phenyl
t-butyl carbonate (31.8 .0 équiv) in tetrahydrofuran (250
pa) was add&y (ﬁD@Iﬁ)@BjSO/ISaZ £9r |th&ucaThlﬁfts s uhthongraeppreciol prrtkpar e was
stirred at -78 ci-; for 90 mn, then a solution of el 1011C 7 (15,0 ng,

0. 031 i nmonillion @gaple) andrare sxfersRoadrioths erbqrossonanges\ph shesolieat €rldpli Se vi a

over 3 h. MG G L AR BT A TETRRSD: b e Mot ° ° ©

aqueous p%ﬁ&&m&a LesPhatcaehithl &ift Srﬁhl'ﬁbh@ify (sPHbidgl8h, 46 duMet k5 iMplat, and
a

di chl oronet hane (15 nlL). The organi c phase was separ at ed and the aqueous
phase was (Tuﬂtlﬁ@t Byt Pakipled, Mﬁbroe%lr&@ratﬁon pomtingsenssant d Bl #idonet hane.
The or gani S ate.
The dried SSEORTSn ERSH FRIZbRACuRS pREFrorp bR B R ARG 0

provi di ng lar\yleIsb@ﬂophdtommereffmdwdttowq;@bmyrerfd sechdayd. ﬂ]’a&@all’ear'epm’reyenledlzBLC on a
Coul ter Uhraspbere ODS column [5 uni, 250 x 10 nun, UV detection at. 350
am i nj ectﬁOHﬁwcfrmencyszfdhwbsormwat(ﬁanwlyten%fd?;fﬁheaebserr&wﬂt(? ortrAngHN

nmet hanol - ( L. %n?@n 39-60
mn were coF g@f@%%%}?ggng}égﬁpftgﬁgg% olrtg(ik'ﬁflre '@‘?jﬁéﬁ%c Clé“&%ﬁ%l on
product deperetdettrminedivasip el JresaitDIR-E70 yh gmlat polﬁmnme( &@nﬁpenlgmtli%a%dxam
I'ight-yellow foan) &02341RI-0 37 (2:8 etrahxgcg H n- he nes 11 I NI MP,
(500 My, @MBeodFeqHid-igsopiion giasyspefisy wergobiphebatshe fapard mve

7.40-7.35 (my %‘éﬁr&%ﬂl}'i’a&lt}f& (d, 1H, | = 7.8 Hz, Aril), 5.39-5.34 (m 2H,
oCl | 2P11), 3.92 (d, 1H, | Hz, CHN(0113)2) 2.81-2.71 (m 2H, CH3CH,
CH3CHCH), 2.55 (dd, 1H, J= 10, 7 5,7 He,
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CHCHN(CH3) 2), 2.48 (s, 61-1, N(C1113)2), 2,40 (d, 111,J- 14.7 Hz,

CH TCHCHN(C H3) 2), 2.31 (ddd, 1H, | - 14.7, 9.3, 5.7, CHACHCHN(CH3)2), 1.56
(s, 311, CH3), 1,55 (s, 9H, Hoc), 0,84 (s, 911, TBS), 0.27 (s, 311, TBS),
0,13 (s, 3H, TBS); 13C NNW (125 Mz, CDC13) 6 187.4, 183.1, 182.8, 181.6,
167.6, 151.7, 150.2, 147.4, 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, 46.4.41.9, 39,5, 34.9,
27,7, 26.0, 20,7, 19.0, 16.0, %1 f? D FTI“I&%eat film, crril 2923
(rn). 2841 (rn). 1759 (s. C OPRHSPPTDPEYYlinGos" (o) 1508 (s), 1467
(m, 1456((ym,zan1,3@9ep(n') 1277 (s), 1262 (m), 1231 (s), 1144 (s), 1005 (w);
HW S (ES) m.7. caled for (G4ttH50N209Si +1-0+ 731. 3364, found 731, 3370.
Deprotection: [00235] Concentrated aqueous hydr of?w@gr,l c acid solution (48 wt
% 0.6 InL) was added to a pol y%pm@wgne reaef qptm wesgel containing a
solution of the purifi ptentacyre#necaddlt' - proaustofromt he experltne it
above (15.0 ng, 0.020 T.eqgiEN)-d N ae f'(35rnt ) at 23 'C.
The reaction mxture vvaO%oc WB;OC;@ aledy C o] d hemn was poured into

water (20 mL) contai ning dipota dydr ogenphosﬁﬁ%‘ite (4.0 2). The
resulting m xture was extractemhyl acetate (4 X20 nil,). The
organi ¢ phases were conbi ned an dOI egy,over anhydrous sodi um sulfate The
dried solution was filtered and t&esfiltrate was concentrated, affor di ng a
light-yellow oil. The residue was sdi ssol ved i n net hanol -tet rahydr of uran
(1:1, 2 rtiL) and to the resulting,1l47 solution was added palladi um bl ack

(7.6 nmg, 0.071 innmol, 3.5 equiv) in one portion. An atnosphere of hydrogen
gas was i H09Bsliced by sdniief o§n-butabitbitinig hekanes ek M, tIA8mLE O@4AImmmOWi t h pur e

hyd Il 23.C f h
(7t ereq ont i vesaigd Bre et i Y it dF @ heBRuamiRo L ot or ai ng
a yellow qjjs lﬁqian)l @3 e%;f/gﬁarfar(ﬁfgb‘ﬁ& 11{%L{BhyLed.2l9¥nrﬂ5p'Q®hW)¥n HPLC on a

Phenomenex Pol ymer ? col um f| n detection at 365
ran, Sol véeﬂrahé(dmfmtaheﬁth)(M 928 T‘C HB: nes(tlllpg)rmX@m W@mtlr@d vagapusly ei 79 e,

rar |
| Shohr at i tones Gt e Rt e o RBR 95 LRt RAbgr Mo Bha BRUE 1
18- - >, 60% Brivele iﬁorﬂ@,o F13GHMbRUSS ediv)ih tdtﬁhmroﬁrram a0y wak uddedg at

17. 5- 215 mn were collected and concentrated, affording 6-dcoxyt etraeyel i ne
hydr ochl ordrdewiss via apahylawl hovaselting @edp-radgnixgBogyas sGUsBELAIQUAM# — 7§ 560" Mz,

7 b, Aer ] MEhi pSohy ol R0 Aer 04 el by W Ny g o 7

103 (br S teﬁﬂlde(fﬁ}dﬂ)() mI Pk ddaed Sropdist, V1N:ﬁr13)a) Th% r&ﬁhlt(ﬂgrhght rdd-1, J 12.7
Hz, CHCHN(CHBY2), 2.67 (ddd, 1H'f= 12 7. 12.7, CHB %
2.61-2.56 rpﬁﬁturwaS@IIPWP ordrm slogly fodhe oyqri2 h. 111161136-1201(1513r uozs

1P DAl onde ity (ARl g rbep M T3 i 1002 1y
ran 269, 39310 hid )=and H&2Mhremethaz®(1Ml rﬁL}) ITIN orpedtib ahaseiveas HepdratetHRMBthEES) | n/  z

cal cd for (C22H24N207-i-1if 429,1 f ound 429. 1660,
a(queousp ase was further extracteg with two ﬂ) iport]fons 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
um, 250 x 10 mm, UV detection at 350 nm, injection volume: 400 pL (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) 8 16.55

(br's, 1H, enol), 7.26 (d, 2H, J = 7.0 Hz, o-ArH), 7.14 (d, 2H, J= 7.5 Hz, ArH), 6.85-
142



Synthesis of a (-+D-ring Pyridone Anal og of Tetracycline Cydi zadon Step:
102371A solution of n-butyllithiumin hexanes (1.67 M 60 jil", 0.13 nrnol,
4,3 equiv) was added to a solution of diisopropylamne (20 iti" 0.14
innaol, 4.6 equiv) in tetrahydrofuran (2.5 nL) at -78 'C. The resulting
solution was allowed to warmto O C over 15 m n. NX-di nethyl propyl eneurea
(17 jiL, 0,14 mmol, 4.5 equiv) was added and the resulting solution was

4 6- i ot g ARl Baefralll (4D & BGOSR O hidie A6 Zaui v) i n

t et rahydr qbp,am, (2580 M7 Bhbo®meH)hen7 added v . SHE GGHH 'Bh}, BG(BC(GQIHQI
reactl on solution. The resulti ng yellow solution was stirred for 5 mn at

-78 ' C, t henlas $b OGHIR PoY, 499 @nd) 77/ 8920 g, OGHBEEN ).a9id, 1H, U2 in

tetrahydr 0 ) d T epnred
i xt ar o v S b & VTR0 6 odve SN ), 330G o g R SRy

added to ting CIBERICIY] 2HOXHUTTE, At 10.5'Hz, CHEHNEEHH9), 8.5p1(dgludt, Jsolusina was
then partitioned between aqueous pot assi um phos hate buffer so ion (pH
70, b2 Nz, CHECKBLY. 184w 6ok BN U bl tAe B CRERg -1 aHodim €0 bHase was

ted f t Ilht
;glro'?lr gng o@qgflléﬂ ?ggfe%ﬁggwigﬁe or%a%ilrlc@g frggté[(g%&g(rte ngll\\!]}gdl(gngthen

dri ed overMaRhgDOLYS 18304 UE.Sulg0H, @78 FhEs70l,1164.75D32U1,i160.80@s5.9) 136er,ed and
the filtrate was concentrat ed, row din 328 m)éel |l ow oil. The product was

purified bA35ps é%?ak%r"&ﬂ?l&écl%ﬁa a2C3ull 2 Vh ﬂ&%éh@r@ dO&3¢d}-On¥t-P5 pm
250 x 10 d c 0 n Y A t

met hanol mﬁﬁn%?ét“l §%§v&? g)rSZa-); égg H H\l?g(gbeq?asdlj%%\? g? utzlsgn W :(ﬂg‘l‘@z 4100% B
over 30 (rjnmmajmmgaa ew), 3953 m) m;m (w)Ewiaqsp@souawn&gs &=D11 73 & n uer e

CcO ecte an e, oneentrate n t he iti roduct
dopi ot eq ia) A60aFBhaS LGy TELRE 1 ST LSEE to. 26795) ELAY GHIRES ow

sol i d). 7 t H NVR (600 VHz,

CD2C12) 16 ogggz;'&%ﬁ%égl{éi)qw‘%é’%%ﬁtgﬁgﬁﬁgﬁﬁ%ﬂ) 6.66 (s, 1H,
pyr-H, 5.57 (d. 1H, 12.7 Hz, OCHH Ph), 5A3 (d, J.= 12.7 Hz, 11!, OCH tPh),
5.33-5 28 (in, 2H OCI2Ph), 3,99 (d., 2H J= 10.5 Hz, CHN(O-13)2),
3.04-3,00 (En. 1H, CHCH2CHCHN(CH. 02). 2,84 (dd, 1H, J= 16,1, 4.9 Hz,

CHI TCHCH2CHCEN( CHB) 2), 2. 74 (dd, 1H, J =16.1, 16.1 Hz,
CHEPCBCH2CHCHN( CH3) 2) . 2.53 (cld, 1H | - 10,5, 3.9 Hz, CHCHN(CH3)?2),

2. 51-2.43 (m 10H, N(Cl113)2, Ar-CH3. CHI TCHCHN(CH3)2). 2.07 (d, 1H J:::
14.2 Hz, CHHVHCHN(C1-13)2), 0.82 (s, 914, TBS), 0.22 (s, 3H, TBS), 0.10 (s,
3H TBS); 13C NMR (100 MHz, C132Cl2) 5 187.9, 1852, 182.5, 178.8, 167.9,
161.9, 161.8, 154.8, 137.9 135.6, 129.1 129.0, 129.0, 111.6, 108.6,
107.5 82,0, 73.0. 68.1, 61.7, 46.9, 42.0, -2.4. -3.5 FTIR (neat film,
Gni/ 2939 (m), 2857 (W),
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128. 7, 127.9, 127.9, 116.4, 39.2, 28,6, 26.1, 24,6, 210, 19.3, 1720 (s,
C=0), 1593 (s). 1510 (6), 1469 (m, 1449 (n), 1326 (s), 1254 (in), 1187
(w), 1157 (m, 1090 (m, 1064 (m, 1007(m; HR M5 (ES) nilz ealcd for
(C4d147N307SHI -) 1 722, 3262, found 722.3261. Deprotection: 1.11CH31 1 H2.

Pd(OH) 2ICH, .. - doxi ane. OH30H 2. He.!, MeOI-1 NH,;! , I:il 749 0 H
Deprotection Step 1:
0
QBn
CHy H, O = N(CHa)
HF, CH,CN AEIA o
H - G
OH O HOS o OBn
[00228] Concentrated aqueous hydrofluoric acid (48 wt %, 1.2 mL) was added to

a polypropylene reaction vessel containing a solution of the purified pentacyclic
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] R, 0.05 (1:4 ethyl acetate-hexanes); "H NMR (600 MHz, C¢Ds, crude) &
14.86 (brs, 1H, enol), 11.95 (s, 1H, phenol), 7.23 (d, 2H, J= 7.8 Hz, o-ArH), 7.14 (d,
2H, J=17.2 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, |H, J=12.0 Hz,

OCHH Ph), 4.92 (s, 2H, OCH,Ph), 3.41 (d, 1H, J= 9.6 Hz, CHCHN(CHa),), 2.82 (dd,
1H, J=9.6, 3.0 Hz, CHCHN(CHa,),), 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(CHs),), 1.04 (d, 3H, J=7.2 Hz,
CH;CH); >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 (C37H34N,010+H)™ 667.2292, found 667.2300.

Deprotection Step 2:
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1002391Pear | man's catal yst (10 ng, 0,0094 mmol, 0.68 equiv) was added to a
solution of the purified pentacyclic addition product fromthe experinent
above (10 ny, 0.014 mol, 1 equiv) in dioxane-nethanol (1:1, 10 m.,) at 23
"C. An atnosphere of hydrogen gas was introduced by briefly evacuating the
flask, then flushing wth pure hydrogen (1 atn). The reaction m xture was
observed to forma green color within 10 mn, After stirring at 23 C for 2
h, the reaction m xture vas filtered through a plug of cotton and the
filtrate was concentrated. YThe oily yell ow residue was dissolved in

met hanol (10 nl) and toe, h@lﬁm@sml ting sol uti o, §‘L.&“&‘iﬂ’ 4 concentrated
aqueous hydrochl ori c-acid-sotutd.on (37 puai G#ﬁm “4t 23 C. The
reaction m xture was 1. a vas-toncent rat ed. The
product was purified By prefar atcery HelL ona R endhenex Pol ymer x DVB
colum j10 nm 250 x 10 min, UV detection at 36opRpan Sol vent A: 0,01 N
aqueous hydrochl oric acid; SoI vent B: acetonittile, injection volunme: 500
ut (et harl6023nt ai rﬂaﬂgdlafm b?g:kdﬂé]mmg,dm&w mimphéab eguafdmmaddﬂdtlh 00¢>20% B

g\cl)lelreéto etrzln pg’ﬁtbgnlctgr?cstgﬁ{t‘roﬁt i&le Hi‘r%] g"f) gtﬂléoocgﬁlfrisﬁg ‘6{}@8@&8%2’ @39736}}?18 de as a

yel I ow pOV&Q{ﬁfV} (feeta roﬂlﬂa@-metﬂﬁ&agmﬂb B\diM & 23(°@OQAM%OSQB3@@ hydrogen
hydrochl oride) 8 6,3 (s" . (s, 1H, CHN(C113)2), 3.05- 2 95 (tn,

811, N pllx@)szmrmmqumsﬂmvmm@@h@ﬂ kctippAiushipg roth rige hydrogen @l. 1, 3, 9
oHi TG G, G@é%?ﬁ “?1322%1%5% (‘g‘“a@WbS&rW I&%%Q %f“fy%{p%m%bbﬁt 12,7 He,

Q| FFCHCHI ) ,mt&»cﬁﬁn}{sddﬂun Shhih. meélelld-\ﬁh&em]g%ngmﬂlmxﬁr&‘lw& ktGHNzﬁ 13) 2);
13C NVR (100 MHz, (CD0230) 8 187. 3, 5, 177.8, 172,1, 160.6, 159.8,

153.3, 11833°C o2 I thepgvay, ﬁl@sedahrorl&hz plggofscottan. Bhe GHrape W@&C@CGBtBath 31. 0,
19.2: W h 146 0. 43
6 o il AN TR AN kSl s p MR oty P EERSR - 090 1S T

430. 1614, HFeuoteds3Raaiéx DBRrohesi 6 09fm a2 50-x )0 Rentldd velettien 4ty3SDinat i on
St ep:

Solvent A: methanol-0.005 N aq. HCI (1:4), Solvent B: acetonitrile, injection volume:
400 pL (solvent A containing 10 mg oxalic acid), isochratic elution with 5% B for 2
min, then gradient elution with 5—50% B for 20 min, flow rate: 4.0 mL/min].
Fractions eluting at 12-17 min were collected and concentrated, affording (-)-
doxycycline hydrochloride as a yellow powder (16.2 mg, 90%), which was identical
with natural (—-)-doxycycline hydrochloride [reverse-phase HPLC (co-injection), 'H
NMR (including measurement of an admixture of synthetic and natural doxycycline),
BC NMR, [a]p, UV).

[00231] 'H NMR (600 MHz, CD30D, hydrochloride) & 7.47 (t, 1H, J = 8.4 Hz,
ArH), 6.93 (d, 1H, J= 8.4 Hz, ArH), 6.83 (d, 1H, J = 8.4 Hz, ArH), 4.40 (s, 1H,
(CH;);NCH), 3.53 (dd, 1H, J=12.0, 8.4 Hz, CHOH), 2.95 (s, 3H, N(CH3)CH3"), 2.88
(s, 3H, N(CH;3)CH3"), 2.80 (d, 1H, J= 12.0 Hz, CHCHN(CH3),), 2.74 (dq, 1H, J =
12.6, 6.6 Hz, CH;CH), 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 HC1); HRMS (ES) m/z calcd for (CpoHasN,Og+H)"

445.1611, found 445.1603.
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[ 002411A solution of n-hutyl]ithiumin hexanes (2,65 M 107 ill, 0.284
nmmol, 4.03 equiv) was added to a solution of phenyl

3- (hronmonet hyl ) - 1- met hor ynapht hldene2- car boxyl ate (105 ins, 0,283 rinnol,
4.02 equiv) and enone 7 (34.0 ng, 0.0705 nmol, equiv) in tetrahydrofuran
(2.80 nmL) at -100 C. The resulting light-red reaction m xture was all owed
to warmto OC over 70 m n. The i ce-cold product solution was then

02 N, 1900 o R aben e NS L) PR G R hes |

separ at ed s Ihg BEBERYE, Pifege BYasy kUKL ENesX M. 3¢ SadihMal; médwmia& m
portions of |chI or onet hane. The organi c phases wer e combi ned and dried

over anhydE-psmnsardi L. Jidst; Mesck &Heo. dee"@h@l!ﬁle@MU@ﬁ, Nes! 9901 endiyeit26dnd t he

Filtrate on trat ol Th t was
purified ﬁ€§ﬁwgﬂ§%ﬁ ﬁﬁ@@?%ﬁﬁgnégaﬁ% Sl 6“2“8 gp Fﬁﬁn 110 i nn,
250 x 10 qﬂahthqng.tlon at 350 urn, Solvent A wat er, Solvent 13:

nmet hanol , two separate injections (750 jil_, each, acetonitrile),

i soehratic elution with 94% B for 20 nin follomed by a |inear gradient
elution with 94-4100% B ovsr 6§.nig 2t 31gen1l ki ng Fractions
eluting at 24-38 mn were M & 03 %ﬁ?@@ af fording the
hexacyclicc guﬁdﬁmuﬁyoduct in diastereonerlcally pure form (36,1 ng, 75%
a white [00242]Rf 0.37 (3:7 ethyl acet at e- hexanes); 1H NVR (500 MHz,
CDC13) 6 16.25 (s, 1 H, engg 1&AaQEAd 1H% M 8%, Aril), 7,75 (d,
1H, 7.8 Hz, ArH), 7.59- 4 (it, ™ (s ﬂq ArH), 5. 38(s 2H,

OCH2Ph), 4,02 (s, 3H, ,h3. D98k 0811, . CHN(CHB) 2),

3.08-3.05 (m 211, CHCHREGHCHN( C113)MEH)CH BEIHCH2 CH M) 2), 2,95-2.90 (m
111, CHH CI I Cl 1 2CHCHN( CH3) 2), 2 8, 111, 1= 10.7, 5.9 He, CHCHN( CH3) 2)
2.51 (s, 614, N(Cl113)2), 2.50-2: M 1H, CHHOI 1 CHN(CHB) 2), 2. 20-2. 14 (m

1H, CHH CHCHN(C113)2), 0.82 (s, ©Ho TBS), 0,29 (s, 3H TBS), 0.13 (s, 3H,
TBS); 13C NWR (125 MHz, CDCl13) 6 £8F. 9, 1841, 1810; 182.0, 167.8, 159.2,
137. 5, ;%

[00233] A solution of n-butyllithium in hexanes (1.65 M, 75 uL, 0.12 mmol, 3.9

equiv) was added to a solution of diisopropylamine (17 puL, 0.12 mmol, 3.9 equiv) and

N,N,N',N'-tetramethylethylenediamine (19 nL, 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 pL) 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 um, 250 x 10
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136.7, 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, 61,6, 46.8, 42.1, 40,7, 29.3,

mm, UV detection at 350 nm, injection volume: 500 pL (methanol), isochratic elution
with methanol-water (89:11), flow rate: 3.5 mL/min]. Fractions eluting at 39-60 min
were collected and concentrated, affording the pentacyclic addition product depicted in
diastereomerically pure form (18.5 mg, 81%, a light-yellow foam).

[00234] R,0.37 (2:8 tetrahydrofuran-hexanes); "H NMR (500 MHz, CDCl;) & (s,
1H, 16.24, enol-OH), 7.55-7.50 (m, 3H, ArH), 7.40-7.35 (m, 4H, ArH), 7.10 (d, 1H, J
= 7.8 Hz, ArH), 5.39-5.34 (m, 2H, OCH,Ph), 3.92 (d, 1H, J=10.7 Hz, CHN(CHz)y),
2.81-2.71 (m, 2H, CH3CH, CH3CHCH), 2.55 (dd, 1H, J=10.7, 5.7 Hz,
CHCHN(CH3),), 2.48 (s, 6H, N(CHs),), 2.40 (d, 1H, J = 14.7 Hz,
CHH'CHCHN(CHj;),), 2.31 (ddd, 1H, J = 14.7, 9.3, 5.7, CHH'CHCHN(CHs),), 1.56 (s,
3H, CH3), 1.55 (s, 9H, Boc), 0.84 (s, 9H, TBS), 0.27 (s, 3H, TBS), 0.13 (s, 3H, TBS);
3C NMR (125 MHz, CDCl;) & 187.4, 183.1, 182.8, 181.6, 167.6, 151.7, 150.2, 147 4,
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,
61.5,46.4,41.9,39.5,34.9,27.7, 26.0, 20.7, 19.0, 16.0, -2.6, -3.7; FTIR (neat film),
cm™' 2923 (m), 2841 (m), 1759 (s, C=0), 1718 (s, C=0), 1605 (s), 1508 (s), 1467 (m),
1456 (m), 1369 (m), 1277 (s), 1262 (m), 1231 (s), 1144 (s), 1005 (w); HRMS (ES) m/z
caled for (CaoHsoN2OsSi+H)" 731.3364, found 731.3370.

Deprotection:
1. HF, CH3CN
2. Hy, Pd black
THF-CH,0H
85%
[00235] Concentrated aqueous hydrofluoric acid solution (48 wt %, 0.6 mL) was

added to a polypropylene reaction vessel containing a solution of the purified
pentacyclic addition product from the experiment above (15.0 mg, 0.0205 mmol, 1
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 dipotassium hydrogenphosphate
(4.0 g). The resulting mixture was extracted with ethyl acetate (4 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 a light-yellow oil. The
residue was dissolved in methanol-tetrahydrofuran (1:1, 2 mL) and to the resulting
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26.2, 23.1, 19.3, -2.2, -3.5; FUR (neat film, cin-1 2934(m, 2852(m, 1718
(s, GO0), 1610 (s), 1513 (s), 1472 (m, 1452 (in), 1369 (in), 1339 (w,
1293 (rn), 1252(m, 1190 (w), 1159(m, 1067 (m, 1026 (w), 1011(w); fi RVS
(ES) rth ealcd for (C391-144N207Sit-Hl 681, 2996, found 681. 2985.

Depr ot ecti on: [ 002431Concent rat ed aqueous hydrofluotie acid solution (48
wtl1l.0 ralL) was added to a pol ypropyl ene reaction vessel containing a

bove (240l b Do ERNacs (G ogee e RPE S S i phefo SR e

reaction 'ﬂrf(a{tleong@?egoﬁ{ydi‘dg%Q 84 wésintedude@bydeiefly eﬁﬁ@@hﬁ@ﬂlefﬂa@lﬁ @Heri Nt 0 wat er
(50 mL) containing di potassi um hydrogenphosphate (12,0 The resul ting

m xt ur e webiskeirg Mathtmlde Iy drbgeet (yakm h c Bregredl opvanix tig g “@1 itllledq TS 6r §aRite phases

wer e conbined a do anhydr.o ol ution
nes t 1t o B R o AL CEHS TS LT U bty 0P aBbldif 80 HH T OF,
resi due i I TheBidaanolasiueXiad 8y plcphratdr L(aanl Ph mdmerreasul tin
sol uti onﬁg&zg’gg @(ﬂ%) adfrgm bl ac€II<qu 10.0 o p%ra(SQquBnato ?%(5667 equiv) i ng

one porti d%@lym@rxél §91Néme[16ﬂmh)259691@r1“@1a eqtigf bR @, B VER‘ef | y
evacuat i ng e, '0"621&1 {rﬁcgg%g%f\ténpﬁ #&oﬁ]tﬂw \ﬁaéés‘é{@h%ﬁﬂné :‘h-()ﬁﬁ.lo The yel | ow

m xture was stirre I'ltered t ugh a plug of

cotton. Thgefliahtr@heivag 1 ¢anpcenlic atiay isoahfadt diutign avithel 3% W foi 15 mihe resi due
was di ssolved in dicffloronethane (4.5 inL) and to the resulting solution
was added thersgpdientoiutim wish dPt00V 0B oneide M, dlom ie: amiHMRlofeHERE, 0.5 nt "

i tnon gt T2 B NGB {Bentio® bhARER Fhe s BB Bl ng

yel | ow solnyidideRlonds ashiyell@d paivd&3 8. 1Gn§085%t) h. The sol ution was
concentrat ed, afforql ng a yellow oil. The product was

pr epar at or02361PLC oH Mﬂq rMHéxCDdPQ OCIbVBlQ?éJIBJrﬂ'?p(EYIHAVt 7§ééz’x 21.2

chnet (L)% ?tef‘iﬁéi) 8%]52%11%@ [ uPrI‘ZE égzﬁ(d ?hano%‘II CO%&I ni n&gBll% oxalic

acid), or &UHBJK\CH%);IBIOQF(W\& t3m1 Z\b'zcﬂég%z B7QMQ;I’ 3HONICH;)),f1. 00\ br alt &H, ﬁErlacfl i ons
eluting at 30-35 m nwere coll ected and concentrated, affordi 9 %d
pent acycl i e (YdHdERHok). d&744dd NoIDle-po\kder 4 13, (iHi’ﬁ:IéCH? /5 218054411 H

NVR (600 My, ci51e89P0 dvdae oM, 9 08, 53 & 88 (EnrithcImich)y),HEs4 (ddd,
1H,J=13.7,12.7, 12.7 Hz, CHH'CHCHN(CHs)y), 1.38 (d, 3H, /= 6.8 Hz, CH;CH);,
UV max (0.01 M methanolic HCI), nm 269, 353; [a]p =-142° (¢=0.20in 0.01 M
methanolic HC1); HRMS (ES) m/z caled for (C22H24N207+H)+ 429.1662, found
429.1660.
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Artl), 7.74 (d, 111, J= 7:7 Hz, ArH), 7.64 (dd, 11-1, = 7,7, 7.7 Hz, Aril),
7.50 (dd, 11-1, 7.7, 7.7 Hz, Ad), 7.1 (s, IFl. ArH), 4.10 (s, 1H,
ClH3)2), 3.13-2.97 (m 9H, N(CH3)2, CHCHN(013)2, Cl11CH2C1-I| CHN(CH3) 2,
CH TCHCH2CHCHN( CH3) 2), 2.67 (dd, 1H, J= 14.3, 14.3 Hz,
CHH CHCH2CHCHN(CH3) 2,), 2.22 (ddd, 1H, = 13.6, 4.9, 2.9 Hz,
CHI TCHCHN(CH3) 2), 1,64 (ddd, 111, Jr- 13.6, 13.6, 13.6 CHH ClI | CHN(Cl/ 342);
1,3V max (0.01 N4 nethanolic , J1Ef 268, 345, 402; I\/IP -- 1130 (c = OAS
in 0.01 M net hanoh&Ypthesis ofp cing PyrigoneApglag of I etrasyiIping 07 +H) *
465, 1662, . 656. Synthesis of (4-7-Aza-10-De.oxysancycline
Cycli zati oér‘ﬁg?égg?i%eﬂ:( 002451A solution of n-butyllithiumin hexanes (2.65
M 33.0 ILL, 0,0945 mml, 5.00 8% ), was added to @*Skution of
di i sopropyl ami ne (13"$~ )™ 0. 09457mtnol 5. Ui V) T t et rahydrof uran
(0.750 ral..) at -78 " J,/;ngng €5 Ustd ngc sol uth ~priefly warmed in an
ice bath (10 nmin), then was cool ed @, 78 ' G HoxanephyPPhosphorami de (33.0
nt, 0.189 mmol, 10.0 equiv) was addedy, producing a ¢6forl ess solution, and
this solution was then transfer @o ohd) ilropwise via eannula to a
sol ution containing phenyl 2-nethylpyni,di ne-3-earboxylate (16.0 in,g,
0, 0755 nmoi, 4.00 equiv) and eneffeg gk (5. 1 ng, 0,019 nmml, | equiv) in
tetrahydrofuran (0.750 m.,) at -9%5 '(1, formng a light-red m xture. The
reaction solution was allowed to waggmto - 50 'C over 50 mn. The product
solution was then partitioned between aqueous

[00237] A solution of n-butyllithium in hexanes (1.67 M, 80 uL, 0.13 mmol, 4.3

equiv) was added to a solution of diisopropylamine (20 pL, 0.14 mmol, 4.6 equiv) in
tetrahydrofuran (2.5 mL) at —78 °C. The resulting solution was allowed to warm to O
°C over 15 min. N,N'-dimethylpropyleneurea (17 pL, 0.14 mmol, 4.5 equiv) was added
and the resulting solution was cooled to —78 °C. A solution of phenyl 2-(benzyloxy)-
4,6-dimethylpyridine-3-carboxylate (31.0 mg, 0.0930 mmol, 2.99 equiv) in
tetrahydrofuran (250 L) was then added via syringe to the cooled reaction solution.
The resulting yellow solution was stirred for 5 min at =78 °C, then a solution of enone
7 (15.0 mg, 0.0311 mmol, 1 equiv) in tetrahydrofuran (250 puL) was added via syringe.
The resulting deep-red mixture was allowed to warm to 0 °C over 4 h. Acetic acid (40
uL) was added to the deep-red mixture at 0 °C. 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
extracts were combined and then 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
um, 250 x 10 mm, UV detection at 350 nm, Solvent A: water, Solvent B: methanol,
injection volume: 500 pL DMSO, gradient elution with 92—100% B over 30 min, flow
rate: 3.5 mL/min]. Fractions eluting at 21-29 min were collected and concentrated,
affording the pentacyclic addition product depicted in diasteromerically pure form

(15.0 mg, 67%, a light-yellow solid).
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pot assi um phosphate buffer solution (pli 7,0, 0.2 M 10 rrilL) and

di chl or onet hane (25 The organi c phase was separated and the aqueous
phase was thither extracted with three 15-nlL portions of dichloronedil ne,
The organi ¢ phases were conbined and dri ed over anhydrous sodi um sul f ate.
The dried solution was filtered and the filtrate was concentr at ed,
affording a yellow solid. The product was purified by preparatory HPLC on a

Coul t Ut h 0D | 250,8 10 t 350
rim Sol vdRe3 %?&osg&%aé«”ﬁyl[eceta@m?w» wmg&%% U0

th | f 1y 3.5
(et hano >ract (Ctid ePF{)ﬁR'% f&tweﬁ Al 9481, ecfpévgn) BQW(&alPPJ

mjmn]j. m h we e co ahd concentrat ed,
af f or di ng 12{EHpEDCHEYRY)] 5:431(ttjut=t oh7 pizptidcO CHM'Bh)as Bé+Setfhteni2d8l | y pure form

8.6 76% whi t lid 002461Rr 0.07
gcet alt gl fleQ(éHP ;3 ?—II(‘F\I%\W"S(O’SIO@ ; CHpseap), ﬁmé&zé“ fﬁ’H enol), 8,63 (d,

514 e )ECﬁ\Z;HﬁMFgN(bﬁﬁl ngszgéid i'#r' JL1s 174 91 cmsr'b?ﬂa%ﬂdzcﬁcﬁﬂ(d}{étﬁ)é( m

OCHH Ph), 578@ld( tH, 1£16.1;16.11%, cmcmummmwcm;)ﬂ& £3(dd1 V=109, 7 Hz

T6.5, 5 & 10 HURNG RN CReyar 18Toy((Hgs At I o Gickgnagl: @ -
g*gzﬂgﬂzgq( dr)nﬂz!;l(ifl-}@):%)é% ﬁzG@Hﬁdﬁq‘CHﬁé@EHﬁf 0.8 4, 9@@1583%2&@14@%!;1({16%1)32) o

CHI PCHCHN((CLALG) 2}, TBSB7°Q SMRK 0088, CD,Ch) & $87 3)—18512333)32 5017%8,(167.B1- 1,

TES): 13C MAR (100 Mz, CD2C12 9. 161.2,
153, 4, 137,689 g§h8,115418zd3§9 } 6’11]2% 25291?5 %—é’eo é%%zgﬂo&%aé %%66%06 9. 82.2,
73.0; 61. 8,114/ 163 64?(9%54& 733088128 #4626 43 0, 382 2184963, 226423 03193, HRVE
(ES)cal cd for (1C53| NBOBSEH 1)+ 602. 2686, found 602. 268
Depr ot ect i -Grt, 3\1601TIB:3()1@at flim) @99 2939 (m), 2857 (w) 1720 (s, C=0), 1593 (s), 1510

(s), 1469 (m), 1449 (m), 1326 (s), 1254 (m), 1187 (W), 1157 (m), 1090 (m), 1064 (m),

1007 (m); HRMS (ES) m/z calcd for (C4|H47N3,O7Si+H)+ 722.3262, found 722.3261.
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-1.H Pd black di oxan9-CH: 101-1 2. HF, CFI30N, 35t 79% 6Tas

[ 902471Pal | adi um bl ack (3,0 ng, 0,028 mmol, 2.6 equiv) was added in one
portion to a solution of the purified pentacyclic addition product fromthe
experinent above (6.5 ng, 0.011 nmmol, 1 equiv) in dioxane-nethanol (7:2,
9.0 niL) at 23 0C. An atnosphere of hydrogen was introduced by briefly
evacuating the flask, then flushing wwth pure hydrogen (1 atm. The
resulting green mxture was stirred at 23 Cfor 7 hr, then was filtered

t hrough a{4gPtedoréotton. The filtrate was concentrated, affording a yellow

oil (7,0 ngy). The residue wagcdi ssolyveg.ip acetonityilenéd.5 inh),
oneent

transfned to a polypropylene~reacti omawegsel H:Cand Cdt ed aqueous
hydr of l uoric acid sgl Y rcOmedr ME) added! e resul ting

solution at 23 "C. THe feact] a§§60t5§3i
Excess hydrofl uoric acid wasssquenched by the addition of

met boxytri Isili 3,,5 mh nul | AT i ! S
concentraﬂ@@bgiffor5%%&%§198W99§ﬁ@8f?%FﬁgﬁénBB@dggs%ag§98E$?%#§§0%§
pr epar at orsylukibh 6f e pariRbe peneniekc Badisreprod Brao theroxpédfientrabo?60 010 nm LTV
detection at 350 inn, Solvent A: 0.5%tritluoroacetie acid in ma%

Sol vent Bm® 0s¥kHmamp], d st ét diexansrmeianahél haHOMLA 8t  Anjagmesp

‘il for 27 hr.

er,
1§59

i njection : . i er i i - 42:Q09 over 40
e o1 ow o BT B Rk PRIRAG0 blicn SEat Ele G ey Rall A B kYD DL oT
and concerydajgel (1 atnQi e acactibh auktaid wasTdtsewied toxasmdi grsal eader withimgtthanol i ¢

ydlr ochl orTiBk AT AT 04 FOW h{Be Fakiion POUTe WA R 800 TRE O CDBOD,
0 ) BB R g R 8.0 11
CHCH2 CHCHMp &4 &)a2 )10 B L) dndtoOBe cemnltidl, soICHWCMGE AGHOHNO Gint@) <@, aq@FIGHN( C1- 13) 2,
NOD2) it oSt s i ol TRABRINGHR A 317
i SRS K3 1P oG Byt B bt 10
Synt hesi s @EpdratpeylBP DE oxysBirayminareP dymkixZay Bowhseepto gm, 250 x 10 mm,

UV detection at 365 nm, Solvent A: 0.01 N aqueous hydrochloric acid, Solvent B:

acetonitrile, injection volume: 500 pL (methanol containing 30 mg oxalic acid), linear

gradient with 0—>20% B over 40 min, flow rate: 4 ml/min]. Fractions eluting at 20-29

min were collected and concentrated, affording the D-ring pyridone hydrochloride as a

yellow powder (4.8 mg, 74%).

[00240] 'H NMR (500 MHz, CD;0D, hydrochloride) 8 6.37 (s, 1H, ArH), 4.06

(s, 1H, CHN(CH3),), 3.05-2.95 (m, 8H, N(CH3),, CHCHN(CHjs),,

CHCH,CHCHN(CH3),), 2.79 (dd, 1H, J = 16.1, 3.9 Hz, CHH'CHCH,CHCHN(CHj3),),

2.55(dd, 1H,J=16.1, 16.1 Hz, CHH'CHCH,CHCHN(CH3),)), 2.40 (s, 3H, Ar-CH3),

2.18 (br. D, 1H, J = 12,7 Hz, CHH'CHCHN(CHj3),), 1.59 (ddd, 1H, J =12.7, 12,7, 12.7

Hz, CHH'CHCHN(CHj3),); °C NMR (100 MHz, (CD3),SO) & 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; [o]p = —146° (¢ = 0.43 in

0.01 M methanolic HC1); HRMS (ES) m/z calcd for (C21H;;_3N3O7+H)+ 430.1614, found

430.1607.
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[ 002481A solution of it-butyllithiumin hexanes (2,65 1\4, 59 itbh" OA6
nmmol, 4.0 equiv) was added to a solution of phenyl 2-(brononethyl)henzeate
(45.6 ng, 0.157 nmmol, 3.97 equiv) and enonc 7 (19.0 ng, 0.0394 mmol, equiY
in tetrahydrofuran (1.57 m.) at -100 'C. The resulting light-red solution
was allowed to warmto O 'C over 30 mn, The ice-cold product solution was
then partitioned between aqueous potassi um phosphate buffer solution (pH
7.0, 02 M 5iriL) and dichl ororret,hai?e ()%5 rraié:& .The organi c phase was
separated and the aqueous ph2¥EheHEok 3 PDHSAANDEed with an additional
15-nL portd'vﬂn Rond:ehl or omet hane. The organi c phases were conbined and
dried over anﬁyé}r ous sodium sulfate. The dried solution was filtered and
the filtrate was concentrat ed %kfording a yell ow soli . H’H‘EHmduct was
purified by pr 0y BRI Xjonr4, Coul trenu.tHIFtra ‘| [10 nn,
250 x 10 nm S e Watets~ SOl vent —idi3c - met hamohy? Snjectd oft vol une: 1.0
friL (nmethanol), gradi ent ed api of®w th 855100% B @wer 03@ i"rT\g% O¥ det ecti on
at 350 nm flowrate: 3.5 rﬂ?Tﬁ?n]. Fractions eluting at 25730 min were

col l ected and concentrated, affording the penta.cyclic addition product in
di ast er eot[fe241¢al | y pssletiboofn-phiQliRhing, inSk%nea (Wh5 Mg 193 11Ld).284@6R4D1Rf 0. 46

e L

5. 37-5. 34 i&rb&&%&lﬂo%ﬁﬁ%,oé‘ss%n{o@A.dz édu&vflaﬁd%ﬁoie Hes4. 03N 60130 2hmod; 243. 18
On, 111, GATCH2CHCHN(CH. 3)2), 2.99 (dd, 113, .1= 155, 5.6 Hz,

CHI TCHC1' 12€id\GHitedhbh8IRfyra (2880 (dld at 1108, °C= T rSsultisg Bghtred reaction

N T
CHI PmmN(tﬁl%riL/Rﬁarmionéa-t%@vée%’a a%usg)%@ssiugvﬁﬁs%ﬁaie SEor sdiBSdn (FH 12, 09, M313,
TBS); '3C NVR (100 Mz, c02812) 187.8, 183.0, 1818, 182.4, 167.7, 141.7,
135. 4, 1331%mL) agbdighlot@eethane 28 nd.). The ogganicaghage wapsepgrateppgidghe 108, 5,
106.8, 82.1, 72.8, 61,5, 58.5. 46.9..41.9 . 38.6,..29, Q,; ,

10010 50 7 doue s g fusthge urg SRy Wit @ ot yicbordpetidng y he

601. 2730. dXMiopReet GRie 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
um, 250 x 10 mm, UV detection at 350 nm, Solvent A: water, Solvent B: methanol,
two separate injections (750 uL each, acetonitrile), isochratic elution with 94% B for 20
min followed by a linear gradient elution with 94—100% B over 20 min, flow rate: 3.5
mL/min]. Fractions eluting at 24-38 min were collected and concentrated, affording the
hexacyclic addition product in diastereomerically pure form (36.1 mg, 75%, a white
solid).

[00242] R;0.37 (3:7 ethyl acetate-hexanes), 'H NMR (500 MHz, CDCl3) § 16.25
(s, 1H, enol-OH), 8.30 (d, 1H, J = 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(CH3),), 3.08-3.05 (m, 2H, CHCH,CHCHN(CH3),,
CHH'CHCH,CHCHN(CHs),), 2.95-2.90 (m, 1H, CHH'CHCH,CHCHN(CH3),), 2.58
(dd, 1H, J=10.7, 5.9 Hz, CHCHN(CH3,),), 2.51 (s, 6H, N(CH3),), 2.50-2.48 (m, 1H,
CHH'CHCHN(CHzy)y), 2.20-2.14 (m, 1H, CHH'CHCHN(CHs),), 0.82 (s, 9H, TBS),
0.29 (s, 3H, TBS), 0.13 (s, 3H, TBS); °C NMR (125 MHz, CDCl3) 8 187.9, 184.1,
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[ 002501Concent rat ed aqueous hydrofluoric acid solution (48 wt VG 1.1 nl)
was added to a pol ypropyl ene reaction vessel containing a solution of the
pentacyclie addition product fromthe experinent above (15.1 ng, 0.0251
mol, 1 cquiv) in acetonitrile (10 trili) at 23 'C. The resulting solution
was stirred vigorously at 23 T for 12 h, then was poured into water (50 ni)
cont ai ni ng di potassiurn hydrogenpliosphate (4.7 g) and the product was

tracted with eth t at mbi ned
and. ari o 18900 1EHIE7 SuoCodr 4381 ob 8 5 HeS o kTR TER WS 11 1 Lored.
and the fibglale 1as) conEealfRledos &l {01, dbiK 68 5y61 b8 801 405228310, 9996 .

The residue was di’ssol v i’n metf hanol -di'ox| me (1:1, Oand pal [ adi um bl ack

(6.5 ng, Q@6M623.1N 191812.22:345;dUR heardidmp e d29 (tnﬁe2$@5(lm)t 1A GdFT®Pdon in

one porti p f dr ag y cuating
the fl ask%ﬂ% Bk ‘g’f%&“fo) Jﬁ?r@% %92@@“5{%? @n@qfﬁ’é Phag ilnl?ba
l'i ght-yel (g 1%§$M§qo\6@%m§t1lot26?«d ,a01 28w )T HRaviS28s iz dah@rfomas fil tered
through a p ‘ug of cotton trate was concentrated, affording a yell ow

solid. ThdCpltodittSidd’ &It 299 douny G &9&pat ory HPLC on a Phenonenex

Pol ymerx DYE columm [10 min, 250 x 10 nm UV detection at 350 Mrh, Sol vent

A: 0.01 N HCI, Solvent 13: acetoni trile, injection volune: 1,0 n1,

(et hanol n@m&,@&twmg 10 ng oxalic acid), gradient elution with 5--*50% B

over 30 mn, flowrate: 5 nallmn] Fractlons eluting at 16-22 mn were

col | ected and concentr at ed,N(oa.ng ord - deoxysancycl i ne Nbbyu;;r ochl ori de as a

white powder (9. /8 60251 ijf, CB
n(d —71H,0 d7 3 Hz,

57.96 (d, 111, 1_
(dd, 1,1=73, 7.3 Hg

CHN( CH3) 2) , 3. 31- 5‘59 m oébl CHCH2CFI CHN( CH3) 2" )2, N(CH2),
2.87 (dd, 1H, 1= 15.4, 4.3 Hz, O IH &% CH2CHCHN(CHA?), 2.61 (dd, 11-1,1-=
15. 4, 15, P 3) &c%%ldéjﬂlﬁlon 48|w‘f°/121 GmId.vbhs 2.5
., CH|rcﬂ?:HN3(EF 10%6&%&%6&%6 11‘1?%‘i g ollor B

CHI PCHCI HN(dQHS)OZE) palyprvaxlei@ra@etion vased! lsamteinirsy mlytlormﬁth@nun@%is [alp -

- 1475 0..15 in ec

(G2, 11. 127158BEkC 6&‘}‘3@’@p?%g‘nf?‘?%glhede"é’ﬁﬁm%&%@ﬁ %éﬁgc()%g% 1 ‘1“];‘3 m
1002521Wholcgrontttile (@Mihbpgstar i@l Tiaclehdtionyni@se ek etﬁmmacmf@:fmr dp mgthten
nmet hods recommended by the NCCLS (National Commttee for Clini ng)

Labor at or ywt pavees it waignd0 vkl ning diRAtasFIIHRY HREIRNRPEBICAL 2

St andar .1 THRRRS bR AEGHLR Wil IR 0YASS AYERLL I MEBRMADE . ¢ or
Cinical Lghessavaeyosbanrdandsdried\dydanhRitous sodduon pﬁilfzae efhdére soligion

reference). Test conpounds were dissol ved i.n_di rret ul f oxi de (DWVS0) and
the resul t VAgli$arden n&k@ filsate vas copcsgtrptsd i foading £ V¢ ?Wt%l é*t‘}da% USVatk

sol uti ons %golTve% ih ﬁ@ﬁam%??fb?gﬁé @tf %rlnﬂf agic th@re&?&lﬁg%ﬂﬁ libGadh@eag per inL.

In a 96- mcrotiter ate |quots sol utions were
di | ut ed sepdlatiuyn bllatlo(lcﬂa(l mfgnQ a%msmd Mietdwev) iHiome partlomo tAn thqg)here of

Becton-Di c son, Cockeys Test o n uots of
sol utions K@q%%ag“@ﬁ ‘%?Lolf?f&edel?y gg%%" ?‘f?swtg@g@ﬁh?%?f*%ﬁﬁ%%&‘ “wel I's of
the mcr Oth)ta% &l (@ta?m) | PRCLH RUERHRhRLES SWREE af TEUDAreth, aBsORhClkdryd at 35 °C
for 18-24 T% NM was the | owest concentration of corrpound determned to

i nhibit vi Ehlrclm@ agiwg hf cdEione T(Beetﬁtrpioymswveceatrdtem aféordingiareeyatl viiebact er i al
strains were. examned .in m itQry. concentrati ays. The
G am posi tfeé’éiugf”taég}%o%q@ ‘g?@g nl& éﬁg nélu)r%ﬁ“ Qgﬂﬁg%@ §I ococcus
ephi er m ti h&ieA&HoRibA of BbRRMbRMAEE KIS0 Rap@LNbidhughavelH 0B, 14Euqmr)cacoccus
jaecalis ATCC 700802 (a 'RE or vancoi nyei n-resistant enter oeocet | s strai n),

and St aphyV%&@cfﬂasd@lﬂrr@dmsxmmasiauﬁ@lgﬁ(—&&rprlhbSmh‘bﬂtlf@tart@ﬁ ket 3ddhce

gene). The ve St r e 853,

4 ebs el | MSHETRD RPN et i o VB B e DR A B ] 6

(mul tiply amtitiedbiution Q&ls%bﬁdﬁrﬂrateamffdidmg(al Jtell&w@Ea. BH&QﬂodlijR&Rjau(iﬁemt ai ni ng
a plasm d encodi n(tg tetracycline-resistance). These strains e %mt ed again
bel ow, al oRyPIPEH %HP:M%@W@ﬁma’@%r&m@lwerﬁﬂéw el swan ;
resistance to antibiotics.
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Bacterial strains GamPositive O ganisns: Staphyl ococcus aureus ATCC
29213 St aphyl ococcus mucus ATCC 700699 St aphyl ococcus epidertnidis
ACl - 1- 0018 St aphyl ococcus haet nol yti cus ACH 0013 Ent erococcus faecalis ATCC
700802 QC strain for MCtesting Methicillin- and tetracycline-resistant
clinical isolate with internediate resistance to vancomycin Cinical
isolate (Achillion strain collection) Cinical isolate (Achillion strain
col l ection) , e

mm, UV detection at 350 nm, Solvent A: 0.01 N HCI, Solvent B: acetonitrile, injection

volume: 500 pL (methanol containing 10 mg oxalic acid), gradient elution with

25-550% B over 60 min, flow rate: 6 mL/min]. Fractions eluting at 30-35 min were

collected and concentrated, affording the pentacycline hydrochloride as a yellow

powder (13.1 mg, 74%).

[00244] 'H NMR (600 MHz, CD;0D, hydrochloride) 6 8.36 (d, 1H,J= 7.7 Hz,

ArH), 7.74 (d, 1H, J=7.7 Hz, ArH), 7.64 (dd, 1H, J= 7.7, 7.7 Hz, ArH), 7.50 (dd, 1H,

J=17.7,7.7Hz, ArH), 7.1 (s, 1H, ArH), 4.10 (s, 1H, CHN(CH3),), 3.13-2.97 (m, 9H,

N(CHj3),, CHCHN(CH3),, CHCH,CHCHN(CH3),, CHH'CHCH,CHCHN(CHa),), 2.67

(dd, 1H, J=14.3, 14.3 Hz, CHH'CHCH,CHCHN(CH3),), 2.22 (ddd, 1H, J=13.6, 4.9,

2.9 Hz, CHH'CHCHN(CH3),), 1.64 (ddd, 1H, J=13.6, 13.6, 13.6 Hz,

CHH'CHCHN(CHj3),); UV max (0.01 M methanolic HCI), nm 268, 345, 402; [a]p = —

113° (¢ =0.18 in 0.01 M methanolic HCI); HRMS (ES) m/z calcd for (CasH24N,07+H)*

465.1662, found 465.1656.

Synthesis of (—)-7-Aza-10-Deoxysancycline

Cyclization Step:
y N(CHa) HoH N(CHa),
Ny _-CHj : 0, LDA, HMPA N SN 0,
(L« N — - [N
ZC0,Ph : SE e [
0:ip OBn e 0 HO : 0O OBn
OTBS oTBS
7 76%
[00245] A solution of n-butyllithium in hexanes (2.65 M, 33.0 uL, 0.0945 mmol,

5.00 equiv) was added to a solution of diisopropylamine (13.2 pL, 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 pL, 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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Vanconycin-resistant clinical isolate G am Negative Organisns E, ccli
ATCC 25922 coli ATCC 53868::pBR322 C strain for MC testing Laboratory
strain carrying a plasmd with a tetracycline-resistance marker E. coli
ACl -0095Mul tiply-resistant clinical isolate (Achillion strain collection)
Kkhsi ei | a pnewnoni ac ATCC 13883QC strain for MIG testing

potassium phosphate buffer solution (pH 7.0, 0.2 M, 10 mL) and dichloromethane (25
mL). The organic phase was separated and the aqueous phase was further extracted
with three 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, affording a yellow solid. The product was purified by preparatory
HPLC on a Coulter Ultrasphere ODS column [10 pm, 250 x 10 mm, UV detection at
350 nm, Solvent A: water, Solvent B: methanol, injection volume: 500 uL (methanol),
gradient elution of 85—100% B over 30 min, flow rate: 3.5 mL/min]. Fractions eluting
at 21-27 min were collected and concentrated, affording the pentacyclic addition
product in diastereomerically pure form (8.6 mg, 76%, a white solid).

[00246] R;0.07 (3:7 ethyl acetate-hexanes), 'H NMR (500 MHz, CD,Cl,) &
15.21 (s, 1H, enol), 8.63 (d, 1H, J= 4.5 Hz, pyr-H), 8.19 (d, 1H, J= 7.5 Hz, pyr-H),
7.54-7.43 (m, 5H, ArH), 7.34 (d, 1H, 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, OCHHPh), 4.03 (d, 1H, J=10.7 Hz,
CHN(CHs),), 3.36-3.31 (m, 1H, CHCH,CHCHN(CH3),), 3.23 (dd, 1H, J=16.3, 5.6
Hz, CHH’CHCH,CHCHN(CHs),), 2.99 (dd, 1H, J=16.3, 16.3 Hz,
CHH’CHCH,CHCHN(CH3),), 2.63 (ddd, 1H, J = 1.6, 4.4, 10.7 Hz, CHCHN(CH,),),
2.54-2.48 (m, 7H, N(CH;),;, CHH’CHCHN(CHj3),), 2.19 (dd, 1H, /= 1.6, 14.5 Hz,
CHH’CHCHN(CHs),), 0.87 (s, 9H, TBS), 0.26 (s, 3H, TBS), 0.13 (s, 3H, TBS); Bc
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
(C33H30N306Si+H)" 602.2686, found 602.2686.
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F' seudor nooas aerugnosa ATCC 27853(QC strain for MLC testing ATCC - Anerican
Type Culture Collection, Manassas, VA Exanple 8-Alternative Rotates to
Tetracycl i ne Anal ogs [ 00253] Many of the studies described above show t he
generation of the carbanionic D-ring precursor by netalization of phenyl
esters of o-toluate derivatives. These self-condensation reactions at times
required to use of up to 4-5 equivalents of a given Dring precursor. The
presence of an el ectron-w thdrawi ng substituent on the a-carbon greatly

i nproves tepraédtioar ency of netal ati on and coupling as described in Exanple
7 and el sewhere herein. ngaiun}halogen exchange of bemz%klc brom des
conducted in situ in ‘presence "G @oBoAB cl e i

provi de coupling ' Nz S5t ai ,

These henzylie br o de e prepareg with surp gﬁ)m@ gl ficiencies (ticar
guantitative yields) %ﬁﬂ(ﬁ&ﬁ surpr|S|neg stabl e. "The oevelopnents may | ead
to a coupling reaction that could be concluctable on a It -kilo scale.

Many di ff d0@7] phenﬁalléfbtl@rblglkt@tolm&ém?sg Eeb 2AfpBWy) Wty 9 {7s@¥ t o
optimze a cou lin eac r | ati on,
roever . hey e B AR bugt ﬁeﬁgﬂcﬂ@n%?%?%ﬁ‘%%ﬁﬂ(?ﬁﬂﬁéfﬁﬂﬁ?%‘éen
exchange abﬂve?'@dﬂ nig0M01 f ¥ind] hBequﬁhhldﬁr})daﬁé-ﬁgﬂrmek(dHh@gbmm ocsY;. Baesi des
ester nodification, other netal ents nmay be use@}_& k‘ﬁ ﬂ 1lhut not
linited t ®tmetpheie qilhwgtqum maa mtwéa@«%rhySbr(e@ygevaaﬁﬂéﬁ q1igs ushing
Gignard r jo d
systens. BATHPdr RybBetag it PhERREERHT L e Bl 22 eopp Pa

zer o-val enhemaﬁﬁﬁeré@thrm@glm plog of cotton. ThediliBe masgopreatated ffordmy aal so be

prepared by alternative routes. The st count f t hesi s of nost
B, Gooxyt eorHayAr 10 Bk Bsrerduaer dg e areoadila b uerersEod 4

steps are rﬁﬁhﬁ% eetioR&eSHNG ?? ShiiecRiratth §q&'§u§ hGoREQELLSOSoluhbty (48
S e

i mpr ovenent I'ength or ‘efficiency of 'the route to these AB-ring
pr ecur sor swifiol 0.5halewas sidbd t(ﬁthtﬂ@ultmmahmoomt Eh&CsyT he Frastien ppeg Was

Al ternative synt AB-r| recursor_are 22 and
23. “Among HELS? PST0gPEs Foraprdra o cA R s Wendle Db BIsE, o

i ntranol e%ktﬁBleﬁﬁﬁﬁﬁmlﬁﬂéj(ﬁS 2115 25 PahbijdTHO ARG A eduRvasessesragdd | m ni um
i on i nduce closures, "Hypenial ent iodine reagents may al so be used instead

of microbi aifordllmgyﬁmeljﬂylsahd ofh¢ nrosih@t veasrINist Sy oF eHaF?éOTAB‘-'PIr(ﬁQn Br ecur sor s as
h 4 f
Gosor pti QPP RGN B a2 VP DR i P o Dy veRrE e " b Tvent i on.

Those of og@liaarny 0sdeh ltliflidtoddec asit m\Maler appvat Bans% hiéfluoreacete scid hanges and
nodi fications to this description may be made w t hout de artlgﬁ framthe
spirit or webpeolgicetonirilsréderniniernRrerrirma; SMkhlggnetharpl). gt OBWY lﬁb

cl ai ms. 0—20% B over 40 min, flow rate: 4 mL/min]. Fractions eluting at 35-45 min were

collected and concentrated to give a yellow oil. The oil was dissolved in methanolic
HCI (1.0 mL, 0.10 M) and concentrated, affording 7-aza-10-deoxysancycline
hydrochloride as a yellow powder (3.7 mg, 79%). 'H NMR (500 MHz, CD;0D,
hydrochloride) & 8.79-8.77 (m, 2H, pyr-H) 7.91 (dd, 1H, J = 6.8, 6.8 Hz, pyr-H), 4.12
(s, 1H, CHN(CHs),), 3.41-3.22 (m, 2H, CHH’CHCH;CHCHN(CH3),,
CHCH,CHCHN(CH3)), 3.11-3.00 (m, 8H, CHH’CHCH,CHCHN(CHj,),,
CHCHN(CHs),, N(CH3),), 2.34 (ddd, 1H, J=12.9, 4.4, 2.4 Hz, CHH’CHCHN(CH3),),
1.77 (ddd, 1H, J=12.9, 12.9, 12.9 Hz, CHH’CHCHN(CH3),); UV max (0.01 M
methanolic HCI), nm 264, 345; [a]p = —154° (¢ = 0.15 in 0.01 M methanolic HCI);
HRMS (ES) m/z caled for (CaoHa N3Og+H)"™ 400.1508, found 400.1504.
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Claltris Wiat is clainmed is: A conpound of the fornula: or a salt, isoner,
or tautoner thereof, wherein R3 is hydrogen; hal ogen; cyclic or acyclic,
substituted or unsubstihted, branched or unbranehed aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranehed

het eroal i phatic; substituted or unsubstituted, branched or unbranched acyl;
substituted or unsubstituted, branched or unbranched aryl; substituted or
unsubstitute,d, branched or u.nbranched heteroaryt; -OR c; =0; -C(=0)ft.c;
-CO-Rtc; -CON -SCN,-SORc; Syohdgicof ()-ApDeoxygancyglime - NF| C(0)Re; or -glitch,
wherein e h,ocpuE{ence of Rc is independently hydrogen, a protecting
group, ali ﬁ%@WBP ﬁ%%eroaliphatie, soy!; aryl; heteroaryl; alkoxy; aryl oxy;
al kyl thio; aryithio; am no, atkyl arnino, di al kyl ar ni ng, yI“®t=er oaryl oxy; or

het er oaryl t hi o; CHBr R4S~ r ogemnpulm@k ogen; 8¥clic,
substituted or &:;ﬂbstiT ( %{hnche®%0$w!nbran : {ic; cyclic or
acyclic, substituteddr unsuBst biut ed,sibr anched or unboanched”

bet eroal i phatic; substitute@®dr unsubstituted, branched®? unbranehed acyt;
substituted or unsubstituted, branched or unbranclied aryl; substituted or

unsubsti t bran ) )65 MORDLI=0; 16O MRD;
R - G -C”g%')“?‘;“- AR he R 0.0 N(RO) 2, - NLi C{ 0)RD; " or
- C(R0) 3; whaiviivas eddd toaculutien oéplodny RD (hromiontépdlhdazaats/(4Aydnedeh’ a
protecting group, alijphatic, roal i tic yi.aryl. yl,

al koxy; aryfgky: 974K ta’hﬁs 8‘?‘)“&?76 1§ fitge a&%ﬁé?mgﬁﬁteﬂpwg,l %Lﬁtrgw%;ﬁféﬁ?%{ no,

het er oar yl 9%y 10f athgb@POAMHKE tAiRing light-red sBRitiof v ANegedto WakogemsCcyclic or
acyclic, substituted or unsubstituted, branched or uribranched aliphatic;

cyclic or ceysd indn. Bebst-caldpedivot soltpubsasi thet eattitipnedeEEGAUEHSr anci hed

het eroal i phati.c, substituted or .un ti tut r ed acyl,
substituté@uﬁﬁuﬂhéﬁﬁéh%?ﬁhéﬂfo lgﬂiﬁgji%bﬁdﬁﬂ?gﬂ@%@gQ§$9 ?ngﬁgé?p%ﬂted or
unsubsti t yhegd, ThY @Bsd1eghak wilhepdate tnd alee @iy iphaseQis furthdy extd@dl - SRE; 03
N(R5) 2; wherein each occurrence of RE is |ndependently,h¥proqﬁg, protecting
group, al iphash edditienadd danl perdion©f dighlgromgthgpe. K¢ arggRIcNasesBky; aryl oxy;
al kyl thio; anylthio; . amno, at ] ' y L AY¥ind OF
heteroaryl?%ﬁ ?edhdadnegkvfgmﬁvg%%gg%?&ﬁgFggéh&ﬂégbggfggﬁég&ggﬁgﬁgubgtituted
al i pgai i ;: tthé ghxsattt vt e&léﬂ:ﬁtrat%aqwlﬁ&g%tilglh@rglllzdlmﬁel;icba”ll"lilqapmdmi ,wals tmgﬁied bKEg or
i o &l KyFDHONGLPbF o Ryler LHTHFheroD8 GENTBEQ B el "ofd B o
i ndependeng |y AVAROGENSOleR B RLRSI NGB @ Polume: 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,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(CHs),), 2.99 (dd, 1H, J=15.5, 5.6 Hz,
CHH’CHCH,CHCHN(CH;),), 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(CHa),), 2.54-
2.44 (m, 7H, N(CH3),, CHH’CHCHN(CHa),), 2.14 (d, 1H, J = 14.3 Hz,
CHH’CHCHN(CH,),), 0.86 (s, 9H, TBS), 0.25 (s, 3H, TBS), 0.12 (s, 3H, TBS); "°C
NMR (100 MHz, CD,Cl,) & 187.8, 183.0, 182.8, 182.4, 167.7, 141.7, 135.4, 133 4,
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2. The conpound of claiml of the formula: H 061n 3. The compound of
claiml, wherein each of R3 and R4 are independently selected from

hydr ogen; hal ogen; -ORE, =0; -0(-0)RE, -OQ21RE; or |ower alkyl (CE-C4). 4.
The conmpound of claim 1, wherein both R3 and R4 are hydrogen. 165 5. The
compound of claim1, wherein R3 is nmet. and R 4 is hydrogen, 6, The conpound
of ﬁlg&ﬁ}l,.mgereig R5|ish-N(R.02, 7. The conpound of claim6, wherein

eac i s independently hydrogen or |ower alkyl (Cr-C68), 8. The conpound
of clai m 8308h&2%0,1 286 h2&E 1é2r8d,ri%’t’-ﬁyl26-5,998?5hg0%é)rﬁ301uﬂé-80§1-éi %ﬁ% 1, w

wherein Lifio,} 3 IWErRI$%s 9 23.1,19.1, -2.6,-3.7; HRMS (ES) m/z caled for

(C34HaoN306Si+H)" 601.2734, found 601.2730.

Deprotection:

1. HF, CH4CN W o NCHs)

2. Hy, Pd black z z OH
dioxane-CH;0H
—_—r A NH,

83% 0 HOP{O 0

[00250] Concentrated aqueous hydrofluoric acid solution (48 wt %, 1.1 mL) was
added to a polypropylene reaction vessel containing a solution of the pentacyclic
addition product from the experiment above (15.1 mg, 0.0251 mmol, 1 equiv) in
acetonitrile (10 mL) at 23 °C. The resulting solution was stirred vigorously at 23 °C for
12 h, then was poured into water (50 mL) containing dipotassium hydrogenphosphate
(4.7 g) and the product 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, affording a yellow solid (12.2 mg, 99%).
The residue was dissolved in methanol-dioxane (1:1, 3.0 mL) and palladium black (6.5
mg, 0.061 mmol, 2.4 equiv) was added to the resulting solution in one 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, CD;0D, hydrochloride) 8 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 = 7.3 Hz, ArH), 4.04 (s, 1H, CHN(CH3),), 3.31-2.99 (m, 8H,
CHCH,CHCHN(CH3),, CHCHN(CHj3),, N(CH3)), 2.87 (dd, 1H, J=15.4, 4.3 Hz,
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10. The compound of claim1, wherexo R is -SAr, wherein Ar is a
substituted or unsubsiinited aryl noiety. 11. The conpound of claim1l,

wherein R
noi ety,

is -SPh, wherein Ph iS a substituted or unsubstituted phenyl

CHH’CHCH,CHCHN(CH3),), 2.61 (dd, 1H, J=15.4, 15.4 Hz,
CHH’CHCH,CHCHN(CH3),), 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° (¢=0.15in 0.01 M methanolic HCI);
HRMS (ES) m/z calcd for (C2|H22N20(,+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 g tetracycline analog per mL. In a 96-well microtiter plate, 50-

pL 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 107> 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 tetM 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)



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 times required to use of up to 4-5 equivalents of'a
given D-ring precursor. The presence of an electron-withdrawing substituent on the a-
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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HaC._ _CHg

OCHj OCHg N
Ar\“/o ArYO Ar\[ro ArYO
0] @] \O\ 0 o}
OCH; H3CO OCHg4
CHj Cl
Ar\[rOCH 2CF3 Ar\[(o Ar\n/o Ar\lro
0 0 \O\ 0 0]
NO, H3C CHj Cl Cl
H,C CHs
/-,_—.N ® CHs
Ar N \) Ar S Ar (0] Ar 0] CHgq
0 0 0] (] CHj @] 0]

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 is claimed is;

1. A compound of the formula:

or a salt, 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; -ORc; =0; -C(=0)R¢; -CO;Rc; -CN; -SCN; -SRc; -SORc; -SO2Rc; -
NO;; -N(R¢)z; -NHC(O)R¢; or -C(Rc)s; wherein each occurrence of Re is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl; aryl; heteroaryl; alkoxy;
aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or
heteroarylthio;

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
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORp; =0; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO;Rp;
- NOy; -N(Rp)2; -NHC(O)Rp; or -C(Rp)3; wherein each occurrence of Rp is independently
hydrogen, a protecting group, aliphatic, heteroaliphatic, acyl; aryl; heteroaryl; alkoxy;
aryloxy; alkylthio; arylthio; amino, alkyLamino, dialkylamino, heteroaryloxy; or

heteroarylthio;
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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
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORg; -CN; -SCN; -SRg; or -N(Rg),; wherein each occurrence of Rg
is independently hydrogen, protecting group, aliphatic, heteroaliphatic, acyl; aryl;
heteroaryl; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylarnino,
heteroaryloxy; or heteroarylthio;

Rs is hydrogen, halogen, substituted or unsubstituted aliphatic, substituted or
unsubstituted heteroaliphatic, substituted or unsubstituted alkoxy, -OH, -CN, -SCN, -SH,
alkylthio, arylthio, -NO,, amino, alkyl amino, or dialkyl amino; and

each occurrence of P' is independently hydrogen or a protecting group.

2. The compound of claim 1 of the formula:
HsC.. .CHjs HsC.,..CH,
b N HyC.-CHa ho
: 0, H = : 0
l 2N 7 o | N
LN phs %
00 OBn = O :0 Bn
OTBS or 095  OBn OTBS or
HsC....CHs
I:I -
I O\
| N
PhS :
lo) OHO OBn
Br The compound of claim 1, wherein each of R3 and Ry are independently selected

from hydrogen; halogen; -ORc; =0; -C(=0)Rc; -CO2Rc; or lower alkyl (C,-Cé).

4, The compound of claim 1, wherein both R3 and R4 are hydrogen.
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5. The compound of claim 1, wherein R; is methyl; and Ry is hydrogen.

6. The compound of claim 1, wherein Rs is -N(Rg)a.

7. The compound of claim 6, wherein each Rg is independently hydrogen or lower alkyl
(C1-Ce).

8. The compound of claim 6, wherein both Rg are methyl.

9. The compound of claim 1, wherein Rg is hydrogen.

10. The compound of claim 1, wherein Re is -SAr, wherein Ar is a substituted or

unsubstituted aryl moiety.

11. The compound of claim 1, wherein R is -SPh, wherein Ph i$ a substituted or

unsubstituted phenyl moiety.
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